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ABSTRACT

Three series of o & p substituted 2;2-dichloro—l—Y—phen&lethanes (where
Y = OH, F & C1) have‘been“preparéd with a view to investigating the stereo-
selective contfol,»by oftho'ging substituents, of.eliminations towards dia-
stereotopic.chlorine atqms;ifirst observed in the 'abnormal Michaelis-Becker -
reaction. VWhen Y = OH, Y-eliminations produce O-chloroepoxides and when
Y = F, B-eliminations produce fluorostyrenes. Eliminations were not performed
on the Y = C1 series. .

The work is split into three parts :.

PART '] deals with the necessary background and the preparation of the starting
‘materials. General stereochemical concepts and the origins of the problem
inveséigated are discussed. The main elimination mechanisms are outliﬁed and
the pertinent literature on stereoselective eliminations_is reviewed. Confor-
- mational analysis by conventional nmr and by lanthanide induced shifts (LIS)
is also reviewed. : )
PART 2 deals with the conforﬁational analysis of the starting materials and
the prediction of the elimination product isomer ratios. ABX spectral ana- -
lyses were required as part of this work but standard texts were found to be
confused. A detailed study of the ABX-system was therefore undertaken and is
pre§ented here. ’ ’

9., 13

- The conformational data coﬂtained in the accurate lH, F, and ~C nmr
spectra of the three series is discussed at length and indiCates that the
conformations adopted by the various derivatives are similar in all three -
series. The use of Karplus-type equations to calculate individual rotamer
3JHF & 3JHH couplings, in highly substituted species, is shown to be unfeasible
by a re-examination of 3JHF couplings in a series of deoxyfluoro pyranoses.
Values taken from these and other model systems are used to obtain accurate
estimates of the individual rotamer 3JHF

These are then used, in a simple determinant method, to calculate the rotamer

& 3JHH couplings in the Y = F series.

populations from the observed time-averaged couplings. From the gqualified
assumption that elimination should proceed to the product isomers in proportion
to the rotamer populatiohs, the expected elimination product isomer ratios for
the Y = OH and F series, are predicted.
The development of a computer program, METFIND VII, for the rotational

. optimisation of molecules from their LIS data i1s discussed and two shift re-

agent studies on the Y = OH series, with Eu(fod—dg)3 and Yb(fod—dg)j, reported;
the former being used to verify that conformational preferences, as monitored

by coupling constants, remain unchanged on adding the LSR, the latter to opt-

imise the molecular conformation. The LIS rotational optimisation results
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generally support those obtained from the conventional nmr spectra.

PART 3 deals with the eliﬁination'feactions of the Y = OH and F series. The
. cholce of base is discussed and the results of three sets‘gf elimination reac-
tions performed on each series presehted. For both series several types of
préduct were formed, with the major species usually from the desired reaction.
The Y = F series underwent predominantly stereospecific elimination whilst
ithe Y = OH series underwent both stereospecific and Stereoselective elimin-""
ations, depending on the base employed; the latter approximately corresponding
to the predicted product ratios. The factors controlling the mechanisms of
both the main and side reactions are discussed. Under the conditions used,

both series appeared to eliminate by an EleB or EleB-like mechanism.
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Still round the corner there may wait
A new road or a secret gate,

And though we pass them by today,
Tomorrow we may come this way,

And take the hidden paths that run

Towards the Moon or to the Sun.

J.R.R.Tolkien
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CHAPTER 1
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1 STEREOSELECTIVITY IN ELTMINATTION REACTIONS

1-1 Introduction : Prochirality, Enantiotopism and Diastereotopism

The term "PROCHIRAL", although proposed by Hanson in 1966l (just two
years after the general adoption of the term "CHIRAL" proposed by Cahn, Ingold
and Prelog ) has not found wide usage and a definition is appropriate. '

Of the six possible combinations of four groups arranged tetrahedrally »
about a central atom (see FIG.1-1.1), E and F stand out, as although they con-
tain the same groups "ghij" they cannot be superimposed. This property of an
-asymmetric centre is termed "CHIRALITY" and the ENANTIOMERS E and F may be as-
signed an unambiguous configuration (R) or (S) by applying the seguence rules
of Cahn, Ingold and Prelog™’” '

gw gw gw | s h@g
g
. Qi = Qi
g 8 g 1 i i i J i 9 i J

A - B C . D E . P
PROCHIRAL CHIRAL
FIG.1-1.1 The Six Tetrahedral Arrangements

Hansonl pointed out that of the four remaining combinations D aiso has
a special significance, because if either of the two "point ligands" "g" were
replaced by an "h", a CHIRAL arrangement E or F would be produced. Point lig-
ands have only two properties :

(1) Any two point ligands may be identical or non-identical.

(2) Any two point ligands cannot occupy the same point in space.
Definitibnl: If a chiral assembly is obtained when a point ligand in a finite
non-chiral assembly of point ligands is replaced by a new point ligand, then
the original assembly is PROCHIRAL (from PRO = before, CHIRAL).

Cc may be termed a PROCHIRAL CENTRE, just as C

ggi] ghij _
CHIRAL. The two ligands "gg" in a prochiral group are referred to as "paired".

may be termed

These may be assigned individual identifiers pro-R and "pro-8" by the
following method :

Take one of the paired ligands and raise its sequence rule priority
without affecting its priority relative to the unpaired ligands. Now arrange
the modified (chiral) centre with the ligand of lowest priority away from the
viewer (FIG.1-1.2) and assign its absolute configuration. If the modified

1 1t

g8 ‘ ' '
m‘i Say priority i>g>J - ng.

b

S with g' elevated priority

sequence is clockwise (R).
With g" elevated priority
F1G.1-1.2  g' = pro-R; g" = pro-S sequence is anti-clockwise (S)
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centre has R cﬁirality then the elevated paired ligand is assigned as pro-R
and the other as pro-S, and vice versa. .

In the context of the title of this thesis, the expression "Prochiral’
Leaving Groups" refers to the two chlorine atoms on C-2 in compounds of the

general structure :

<!
1

= OH, F, Cl;

X = a range of ortho and
: para substituents.

F1G.1-1.3
As can be seen from FIG.1-1.3, C-2 is prochiral due to the two chlorine

atoms, but the chlorines thémselves cannot possess prochirality. It has been
pointed ou't4 that whereas R and CHIRAL refer to the same structural element
in a molecule, pro-R and PROCHIRAL do not. For complete correctness, "Prochiral
Leaving Groups" could be replaced by "Paired Leaving Groups on a Prochiral

*
Centre", or alternatively "Diastereotopic Leaving Groups".

Two identical groups attached to the samé atom in a molecule may possess
one of three. sterecisomerie relationships, ie. they may be EQUIVALENT,
ENANTIOTOPIC or DIASTEREQOTOPIC, As the expanded definitions of these terms

5

have been thoroughly'examined in the definitive review of Mislow and Raban”,

only a brief description will be given here.

TABLE 1-1.1 The Principal Attributes of the Spatial Relationships Among_Groups5

Type of Group { Symmetry Criterion|  Substitution Criterion |Excluded Point Groups|.

EQUIVALENT Interchangeable No isomers are generated Conical (Cdb) and
by C, (eopn)1) with achiral or chiral non-axial (ci’cs’ci)
. test groups -

- ENARTIOTOPIC Interchangeable | With achiral test groups Linear (Ces , D"’h)

only by Sn enantiomers are generated. and chiral
With chiral test groups (c,p, T, 0 I)
n’ "n
dlastereomers are generated .
DIASTEREOTOPIC Not With achiral or chiral Linear (C“b’ Ihh)
: interchangeable | test groups diastereomers -
by any symmetry are generated
operation i
. As, by definition, the unpaired ligands on a prochiral centre are non-

identical, the paired ligands cannot be EQUIVALENT (see FIG.1-1.4).

A § A c A' § A FIG.1-1.4 For A and A' to be equiv-
\\éf 2 - \\é£” alent, X must = ¥. Equivalent groups
/I (Rot® by 21/2) Y//i\\ ‘are superimposable.

X 7 Y i X .

] ]

Paired ligands can meet the requirements for ENANTTIOTOPISM (sée FIG.1¥1.5).

’ : - . .- 110
* Unfortunately, this common misapplication of the term "Proehiral"l was only
appreciated after the thesis title was formally and irrevocably registered!
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AL oA LA Al A

\\hf C2 ' A\\ reflection in \ ‘s
C o — C —P-

SN, ot o 1N o pame N,
1 '

FIG.1-1.5 This rotation/reflection operation (¢ = S.),
the requirement for A and A' to be enantittopic.

Enantiotopic groups are non-superimposable, but are normally "equiv-
alent" being indistinguishable by nmr and by tpeir reactivity towards achiral
reagents. 7 S

When'enantiotopic groups are reacted with chiral reagents, however, the
transition states become diastereomeric; and as such states have different
activation energies, the react1v1ty of the enantiotopic groups will become
unequal and stereoselectlvity may be observed. Similarly, enantiotopic
groups may become distinguishable by immersion in a non-racemic chiral solwvent.

Frequently the distinctiveness of enantiotopic groups in chiral
extramolecular environments is vanishingly small, but in some ciréumstances,
especially in enzyme reactions, 100% selectivity (stereospecificity) of one
enantiotopic group can occur with the formation of only one diasteréotopic

product§

Naturally, paired ligands will meet the criteria for DIASTEREOTOPISM
if one or both of the unpaired ligands is chiral (N.B. by definition the
unpaired ligands are non-identical). ‘

Diastereotopic groups are non-superimposable, and barring accidental
equivalence (which occurs quite frequently in nmr), are non-equivalent. Such
groups will therefore have different physical and chemical properties, even

in achiral extramolecular environments, and a degree of Intrinsic stereo-
| selectivity is to be expécted.

In the three series of compounds studied in the present work, the two
chlorine atoms on C-2 are adjacent to a chiral centre (C-1) and are therefore
dlastereotopic (see FIG.1-1.3). Unfortunately, we are unable to directly
observe their physical non—eqﬁivalence by nmr, 5ut it should be borne in mind
that this is present and cannot be removed by bond rotation!

7

For example, Pople’' considered the phenomenon of the methylene group
adjacent to a chiral centre (FIG.1-1.6). The three rotamers are physically
distinct and in the frozen out spectrum,$ three AB quartets occur. Under
rapid rotation, the environments of H1 and H2 cannot be averaged out, their
* Stereoselectivity may refer to (a) the diserimination between enantiotopic
groups by a chiral reagent, or (b) the discrimination between diastereotopic
groups by any reagent(5). -

$ See footnote p.20. ' '



A F:\ A A
X Y Z X Y Z
< ) - -
By H2 ‘ Hl H2 ] H1 H2 FIG.1-1.6
z _ Y X :

‘resultant time-avefaged environments are still non-equivalent, and a single
AB-quarﬁet emerges. This chemical shift non-equivalence under conditions of
rapid rotation has been termed "intrinsic anisochronism' (Aﬁi) by Gutowsky?
- Dabrowski and chhart9 have observed 1H nmf non—equivalénce in both
methylene protons and isopropyl methyl groups, in compounds analogous to

.those examined here :
OH

:@: FIG.1-1.7 ' Me Me
Ph (Pri = iso-propyl) Ph CHQOPr1
OPr H
A5H0.223ppm; JHngm9.42Hz. N A5Meo.l4lppnu AJH_MeO.O7Hz.

The literature contains severai reviews .on non-eqﬁivaleﬁce of diastereotopic
groups?’lo 511

In the study of elimination reactlons involving diastereotopic chlorine
atoms (FIG 1-1. §) we observe a high degree of stereoselectivity, dependant on )
the nature of the aromatic ortho substituent X. It is our contention that ‘the
major cause of this stereoselectivity is not the chlorine atoms' intrinsic non-
equivalénce, but is the preferential population of certain rotamers in these
molecules, prior to reaction. Such preferences have been reported by various
authors studying diastereotopic nonfequivalence.

- Norris and Binsch12 have examined the 9 nme of a large number of
penta-halo substituted phenyl ethanes at low and ambient temperatures
(eg.FIG.1-1.8) The assigned shifts and couplings from the geﬁinal fluorines
in the "frozen-out" rotamers, weighted with the rotamer populations, were used
to calculate the components of the time averaged geminal anisochronism ((A> )
and were found to be in good agreement with the anisochronism observed at )
ambient temperature Oﬁ ) (see TABLES 1-1.2 and 1-1. 3).

Several interestlng points arise from this data. The rotamer prefer-

ences are in accord with the expected steric repulsion of the bulky chlorine
and phenyl groups. The intrinsic anisochronism term'<A2?r dominates the ob-
served-anisochronism and is opposite in sign-to the conformer population term
<A> Rotamer (2) is an example of accidental equivaleﬁbe of the. geminal
fluorines. This also occurs under rapid rotation, if <A> and <&> are equal
$ At low temperatures the rates of molecular rotation may be reduced suffici-'

ently for individual rotamers to be observable on the nmr time scale. This
is referred to as a "frozen out spectrum’
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C1L

o - cL o
‘ F F c1 P F c1
ﬁf:g&[:'B_ ‘ ﬁ‘:Q$I: A bB FIG.1~1.8
' F F : F
| e M Fy oo ¥, M |
Rel.Popr (1) 54.8% (2) 8.5% (3) 36.7%

- TABLE 1-1.2 Low Temp. Spectrumv(lO%m/v in CFéCl2) Oppm @94.1MHz rel.int.CFCl :

3
A T
Rotamer 5, 65 Ang Ig | Iam!| TBu <2$;T <A>? : <ﬁ>§T

T 1-66.87 | -66.%6 | -0.41] 169.8 | 12.1| 7.9
2 }-70.33|-70.33| O AM |21.3|21.3 | 0.52 | 0.54 | -0.02
3 -64.07 | -66.09| 2.20|174.5{ 2 [11.9 ‘

'TABLE 1-1.3 Ambient Temp. Spectrum Sppm @24.1MHz rel.int.CFCl3

n
Solvent | Conc qA 5B AAB I Iam | Tmm

CH2=CHCl 10% | -65.970 | -66.591 | 0.621 | 168.9 | 9.6 |10.2

CFC1 0.4M | -66.177 | -66.757 | 0.580 } 168.9 |10.0 {10.2

3

and opposite in sign].'2 ) :

In an interesting re-examination of Intrinsic Asymmetry, Anderson}3
instead of comparing diaétereotOpic groups, has examined individual groups ih '
prochiral situations where no orientational preferences exist, (eg. comparing
the low temp lH nmr shifts of geminal methyl groups in MeZXC.CYMee). Differ-
ences of zpproximately O.lppm are claimed in CHMeQCClMee.

From an examination of solvent effects on the JHF and JFF couplings of
CFzngHFCl, Soon Nglu concluded that the rotamer with hydrogen gauche to the.
geminal fluorines was the most populated. This is somewhat surprising on

By steric grounds (gauche Cl and Br) (see FIG.1-1.9). When

Cl:£$1:—F Norris and Binschl® examined the frozen out spectrum of

F F this compound they found the major rotamer (50%) to be
H the anti-periplanar for'm15 (applying the sequence rules2)
FIG.)-1. with the syn-clinal form, preferred by Soon-Ng, present

in 424%.

1-2. The E/Z Geometric Isomer Notation

The cis/trans isomer notation for distinguishing isomers of 1,2-disub-
stituted alkehes may be unambiguously applied by considering the spatial rel-

ationships of the two hydrogen atoms about the double bond (F1G.1-2.1).
H*\\C===C,/’H CIS H\\\C===C’//¥ TRANS
Xf/, \\‘Y (Latin - same) . k,/’ \\‘H ~ (Latin - .opposite)

FIG.1-2.1
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In the event of tri- or tetrasubstltutlon where no two groups are alike
this simple nomenclature becomes ambiguous ‘as deeciding which group 1s ecis or
trans to Whlch becomes purely arbitrary. Recently, the prefixes cis- and »
trans- to describe geometric isomerism have Been replaced by the IUPAC de-

.seriptors E and Z16 The set of operating rules for this notation was suggested

by Blackwood et al-17 :

Reference plane containing the
Tt - bond.

FIG. 1-2.2

¢1) Determine the relative priority of the groups A, B and C, D by applying
the sequence rules of Cahn, Ingold and Prelog (Normally the Atomic No. (Rule
52) of the directly attached atoms, or the size of the group when two alkyl
groups are geminal, 'is sufficient).

- (2) Tne configuration with the two groups of higher priority on the same side
of the reference (t) plane is assigned as the Z-isomer (German ZUSAMMEN =
same). . ‘ | T

(3) The configuration with the two groups of higher priority on the opposite
side of the reference plane is assigned as the E-isomer (German ENTGEGEN =

opposite).

A

1-3 Origins and Scope of the Problems Investigated

This study was prompted by observations made by P.A.Worthington18 whilst
examinihg the course of the "Abnormal" Michaelis-Becker Reaction In the
"Normal" Michaelis-Becker Reactlon,9’20 (SCHEME 1), a dialkyl phosphate is
reacted with an alkyl' halide to form a dialkyl alkyl phosphonate (X)

e Q.
(RO) .PNa + R'X —— (RO)_.PR + NaX
‘2 2 (X) - v

SCHEME, 1 . The Michaelis-Becker Reaction

When the alkyl halide 1s aﬁ arhalocarbonylcompound, however, the reac-
tion can take several different courses (SCHEME 2). :
. " Of the three main products, the ketophosphonates (XII) can be considered
the 'normal product' by SCHEME 1. The 'abnormal products' are the epoxyphos-
bhonates (XIII) and the vinyl phosphates (XIV). '

The course of the reaction depends on tﬁe nature of R, A, B and X in

(}(1)26—31 and the effect of variation of any of these groups on the product

* Compounds (I) to (IX) have been reserved for the general series of eompounds
used in the experimental part of this work - see Chapter 2.
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g ¢
-CCl, ———— (MeO) B
>3 2 ﬁ

stable a‘ 20 °c

0
NaOH _ (MeO) PO. ,C1

(a )21 3 9
CCJ_j —_— 2 H>'“\/01

(MeO) 21:1{ +

o=-Q=0

ol 0 0 Et_N - Q O

(b) (BtO) P +  CCH,CI _L_, (E'bO) i’-C-CH 1 g:ggt (Et0) af"-Cf—-CHa

| I 40-50°C !
stable >20 c

(o) Q 9 0 ONa f
(e)® (EtO) PNa + MeCCH Cl—'5——>(Eto) P-é-CH 01 efluxI (E£0) PO\ H

M H
‘'stable at 20 C
( d) 26 O 0 Et 20 O
(EtO) PNa + MeCCH C1 —————»(Eto) i>c + (Et0) PCH CMe
2" reflux 2 e CH, 2

. (Major Product)
Generalised Reaction -

o OAO »
after Arbuzov27’28 : : (EtO) P—é-E-R (x11)

» N 2
0A4. / ¢ 0L
iS-c “C-A (XIII)

g
(E'bO) e + i ~CX T (Et0) ,P-C—
B R B _
(X1) Q
(Et0) _P-0-C=C-A - (XIV)
- | 2 5 ,
SCHEME 2 Products of the "Abnormal" Michaelis-Becker Reaction

ratios can now be fairly accufately predicted.

The nucleophilic species in both the normal and abnormal reactions is
believed to be (RO) PeO because of the isolation of the o-hydroxyphosphon-
ates L’ 22(SCHEME 2(a—c)) The most likely meckanisms are shown in SCHEME 3 :

R." O R'
6y (RO) P@‘\'»C&X —t (RO)QP-C —R" - (RO), goc_cﬁ{'
O==C—-—R . RR

Ketophosphonate (III)  Vinyl phosphate (XIV)
CQR' t -
(B) (RO) f‘g\»c-g i G N (RO) c-c-tx

’ 2 REH

‘0~hydroxyphosphonate (basic conditions)

R R"
vinyl phosphate

oo fPr e \
(RO) P‘_/;§ x-—-—-»” (RO), YCT}—.—’ .(RO-) POC=CR

(RO),, ﬂ—c—cﬁc -3 (RO),, gc__cn' |
R R R R SCHEME 3
‘eppxyphosphonate
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‘Step (A-1) is the most likely route to the normal Michaelis-Becker pro-
duct, ie. éttack on the O~carbon bearing the halogen. Step (A52) via a Wittig
type 4-centre I_-earrangement32
Perkowj& is unfeasible”” as the ketophosphonate (XII) (R' = F' = H; R = Ph)
resisted all attempts to rearrange i1t to the isomerie vinyl phosphate (XIV).

to the vinyl phosphate proposed by'Cramér33 and

Step (B-1) with phosphorus attack on the carbonyl carbon and ‘subsequent
rearrangement. to the vinyl phosphate (B-2), or elimination to epoxyphosphonate
6,37
arhydroxyphosphonate 1ntermed1ate523-25
18,21-3,38

Preference for the two routes (B-2) or (B-3)

(B-3), was proposed by Bengledorf3 and is supported by'isolation of the
and their proven ability to reérrange

to vinyl phosphates.

" depends on the relative electrophilic properties of the phosphorus and the

22 and'the steric crowding of the arcarbon%s This leads to a delicate

0~carbon;
balance between the vinyl phosphate and epoxyphosphonate formation depending
on the substituents on C-2. _ . .

Prior to Worthington's study}8 the geometry of the products of the
'Abnormal’ >Michaells—Becker Reaction was unreported apart from the observation
by Pudov1k (SCHEME L) that treatment of diethyl phosphonate with o-chloro-
ethylacetoacetate in the presence of triethylamine gave cne epoxide (XV)
stereoselectively (Geometry undetermined but it was suggested that 4J mlght

identify the E/Z isomer).

0 Et_N o 0
| 0, 3 1] AN
(EtO) + CHBCCHCJ.CO Et —<—p> (Et0) P-C—CHCO, Et
, 2" 2" e 2
SCHEME 4 ' (xv)

The epoxyphosphonate fofming reaction (B-3) occurs less frequently than
the vinyl phosphate forming reaction (B-2) and often produces only one isomer

(eg. SCHEME 5.1).

O Q g Q\ ' Only one
(1) R—C—CHEX + (Eto)aPNa — (Et0)2 Q/——CHe possible
- - é R isomer
O H 0 Q 0° H 2/
(2) RU-L-Br +  (EtO) 2i3Na —& |(E£0), P—g %-C¥-Bp | —p> (EtO) PCi\CHMe
: . Me - 2 R Me 2%
Intermediate - (X))
: two- possible
isomers

5 (R = Me or ﬁ X = C1 or Br) Geometry of (XVI) not disclosed in

literature?l

A study of the geometries of the reactions in SCHEMES 4 and 5.2 would be

extremely interesting as the intermediates both contain two chiral centres

(see SCHEME 5) and can exist as two diastereomeric pairs of enantiomers.
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Elimination from enantiomers leads to the same products, but as there

are two possible steric pathways (m and anti - see SECTION 1-4.2) and two

diastereomers of the intermediate, the reaction has four possible courses
¥* .

(SCHEME 6). If both diastereomers of the intermediate are formed in egual

18,37

‘amounts (formation of the intermediate is rever51ble, so the lesser ster-
ically favoured diastereomer may not be present)-and both eliminate by the

" same route at similar rates, a 50 : 50 mixture of° E/Z epoxides would result.
But if one diastereomer preferentially eliminated by the éxg-pathway and the

other by the anti-pathway, or one eliminated at a mueh higher rate, a stereo-

.selective elimination would occur and one isomer would predominate.
o ogr‘
H e antl
4———- e L
0=P 4 ellm elim R =0
» 7\ Br
SR (or ‘RS) E—Isomer . 858 (or RR)

@ N | ogr
H He anti ; :9: :
< n M
R P=0 elim elim HR
Br/ \ : / \O )
SS (or RR) Z-Isomer : "~ SR (or RS)
: SCHEME. 6 ’

On reacting dimethyl phosphonate with 2-chloro propiophenone,
Worthing;*t.on.]‘-8 observed (from lH nmr) that only one isomer of the epoxyphospho-
nate (XVII) was formed (SCHEME Z) Subsequent isolation and treatment with

0O O
| (Mg0)21’H o+ }2505I Cl__N_HZ'_> (MeO) P;\/{e + (MeO) g%« 4 (Me0)2g%/__\CHMe
) 20 c e - )

E-16% Z-3% (XVII) 5%
Q : ) 1 isomer
(MeO) ﬁC/O\CHMe ————————b-(MeO) b_ g -CEC1Me (XVIII) 1 diastereomer

(Me0)2gH + ,eSccﬁ——NHl> (Meo) go\_,H + (MeO) gﬁ 500

| 2 |
(X1X) Z-30% (XX) 70% 1 isomer
SCHEME 7

gaseous hydrogen chloride converted this to dimethyl 2-chloro-l-hydroxy-l-
. 1
phenyl-propyl phosphonate (XVIII) (only one diastereomer by "H nmr). The

* An interesting discussion of” this topic in terms of addition rather than
elimination rezctions is given in the introduction to S.I.Goldberg's Asym
etric Selection via Eliminations) Selectlve Organic Transformations,l,363
(1970), (Ed B.S. ThyagaraJan)
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-geometry of the epoxide product was indeterminable in the absence of suitable
models for the J PH coupling data. A similar reaction with 2-chlorobenzyl
phenyl ketone (XIX) also produced only one isomer of the epoxide (XX).

The geometrfy' of the vinyl phosphate—foz;ming reactlon was examined in
considerable detaill8 to gain an understanding of the interactions controlling
the E/Z isomer ratioc. The results of these experiments are summarised in
TABLES 1-3.1 to 1-3.4. ,

. The E/Z isomers were aésigned from the “H nmr. . 1,2:-Disubstituted ethy-

lenes could be readily assigned from the coupling ccnstants : 3JI_lH(tra.ns) >
3Jm{(cis). It was hoped that the 4JPﬁ. vould be similarly useful for the tri-
substituted ethylenes, but the relative magnitude of the cis and trans J's

" varied with the substituent R (see FIG.1-3.1) making this technique unreliable.
It was pos’oulatedl8 that when R = H, the {P-0-C=C) moilety is planar and there

is 1ittle TM-bond contribution to the 4J coupling path. With a bulky R 'group

PH
, 4 4
For R = H "I, (CIS) < J gy ( TRANS)

1
(EtO? 2PO\ X {HCIS 3 )
R" ‘HTRANS X For R=f "Jp,(CIS) > J oy (TRANS)
FIG.1-3.1 '

(Me or @) the system tends to be non-planar which introduces a negative T~

bond contribution to the 4J As the two coupling constants are opposite in

FH'
signl,m and ]erPH(trans)l decreases and ]4JPH(cis) inereases on going from R =
H to R = §, this phenomenon is readily explained if the trans J is positive and

the c¢is J is negative, and both decrease as the ‘(P-O-C=C) moiety becomes non-

planar.

The lH chemical shifts were used as the main tool for assignment with
' 5H(E) > 5H(Z). Application of the substituent shielding coef_ficierits to the
equaiion of Pascual et all,+3 below, was of ‘but limited use as additivity only

holds for small substituents : ]'\,@

8y = 7.28 + oCIS A + OTRANS B + 0GEM C B ¢
‘ Summary of Stereoselective Vinyl Phosphate Forming Reactions from RCO.CHXY
Basic Reaction :  RCCHXY —p—29 JPO\ JE +  DPO_X
ase had Pa¥
R X E R H z
TABLE 1-3.1 Results of the Perkow Reaction

R XY P Base. | Solvent | TEMP PE 97
Jo Br (MeO)jP / | MeCN 95% 1| 99
Me Cc1 (MeO)jP / | MeoN |115% | 92 8
oH o ' 40 | 60
BqoF | C1 | (MeO.p | / | MeoN | 20°C | 12 | 88
oC1 - . "3 o7
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TABLE 1-3.2 Major Effects on Changing R, X, Y and Base/Solvent Conditions

R X Y 3 Base | Solvent| TEMP %E Bz
NHL, ' MeOH
Me CL|CL | (MeO),PO.H Bt N | MeCN 20°c | 100 0
NaH THF
(1e0) 0. 1 { L, MeOH QOZC, 95 5
: BN | MeON | 20°C | 95 5
J4 c1lc (M<0) 0. Na { N, | MeOH 20°c | 100 0
. Bt | MeCN 20°c | 100 0
(MeO) PO.H | NaH THF 20°% | 100 0
J' Br | Br || (MeO) ;PO. H | NaH | TdF 20°C 0 | 100
N MeOH | 30% %% 67
8 Me | C1 || (MeO),PO.H Bt N MeCN | 20% 20 80
- NaH THF 20°C 75 25
g | £ |c1 | (MeO) PO.H N MeOH | 30°¢ | 100 0
TABLE 1-3.3 Effects of-Changing ortho and para Ring Suﬁstituents
R x |y P Base | Solvent| TEMP %E | %z
oH _ ' 95 5
oF 60 { 40
. o0l | ' - 17 | 83
B oBr C1 | C1L | (MeO) PO.H BtV ‘MeCN | 10°%C. 9 91
oMe ' 7T 23
oOMe ' 5 95
oMo, | | - - 37.5| 62.5
pF
pCl »
# pBr CL | C1 | (MeO),PO.H Bt N | MeCN 10°¢C 95 5
. pOMe )
pNOe |
o+pCl : 30 70
B otpMe | C1 | C1 | (MeO),PO.H Et3N MeCN | 10°C 8% 17
20+pF . : ‘ 83 17

- Significant success in predicting lH chemical shifts was obtained
through a 'model system' approach using observed substituent chemical shifts
(scS) in analogous compounds to those being studied. This had previously been
suggééted by Tobey‘lm as the only reliable ﬁay of allowing for steric inter-
actions between adjacent groups. | ‘

The most striking results of the vinyl-phosphate forming reactions are
those in TABLE 1-3.3 where the variation of the o-substituent in 2,2-dichloro-
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TABLE 1-3.4 Effects of Cﬁanging Phosphorus Reagent & Solvent/Base Conditions

'R | XY P Base | Solvent | TEMP %E | %z
oH . 100 0
6F | a1 | (meo) EH Et,N | MeCN 10°% 90 1"0‘
oC1 - 28 72
oC1 : NaOMe| MeOH 20°C 50 60

| S | NaH THF 40 60

g oCL| c1 (Eto? 215}1 . Btom 20°C 50 50
oH (1)mL,  (1)MeOH (1)20°% | 95 5
f oF | CL | MeO /igH ) ’ | 45 55
oc1| Me (2)Bt,N (2)MeCN _|(2)10°C 5 | o5
oH ) ) ) 7 23
BoF | c1 | Mo R L Et,N | MeCN 10% ) €5
oC1 | Me 5 | 95
g | c ”E'Igg,i%H N | MeoH | 20% | 8 | 15
g oc1| c1 Meoju,H' N, | MeOH 20°C 0 100

The assignment of the E/Z isomers Presented in TABLES 1-3.1 to 1-3.4 was
performed as noted in the text. The E/Z ratios were determined by averaging
‘the' Integration from the “H nmr peaks and from the g.l.c. trace, which were
always in close agreement.

2'-substituted acetophenones has a marked effect on the E/Z isomer ratio.

The vinyl-phosphate forming reaction proceeds firstly to the O-hydroxy-
rhosphonate by an addition reaction (see step (B-1), SCHEME 3). The next,
‘elimination step, may proceed by either a penta-covalent phosphorus species
as an intermediate (PATHWAY 1), or as a concerted process (PATHWAY 2) SCHEME 8.

stepwise

| 0
0 fO° R! it
(Ro)tﬁ—g—{:—y (1) (RO), ;/ c-—Y (RO) P g>c=cYR'
X

(TS)

_ . (6]
L (2) i
(Ro)a \¥{ *;;Y Goncerted (Ro)epg;C=CYR’

(TS) | o , SCHEME 8

As kinetie studies were beyond the scope of the work, a mechanism could
not be established. It was assumed that in either case the transition state
(TS) for the elimination involved an anti-periplanar arrangement of the (P-Cl)
and'»(ce-x) bonds. Where X = Y = C1, two such orientations could arise and the
geometry of the final product was determined by the preferred conformations in

the transition state (see SCHEME 9).



X\g C1 © 'x\ﬁ C1

P X\ﬁ H P
c1:qIsz H:¢{Cl cujzp:cr
R,P=0 (1) R P=0 (2) R,P=0 (3)
l_c1e l-c1e -
No direct anti-
0 Y elimination pathway
| ¢> <oi5R2 | ¢> <OPR2
¢t MH B “CL
E-TSOMER ' Z-ISOMER SCHEME 9

It was concludedl8 that a preponderance of E-isomer would occur where
there is little interaction between the phenyl and dichloromethyl groups (ie.
para X substituent). Under these conditions, Rotamer (1), with the negative
oxygeh moiety adjacent to the hydrogen atom on C-2, is pfeferred.

This situation is similar to that envisaged in Cram's rule for carbonyl
addition reactions, which states that the preferred conformation is that in
which the carbonyl group is flanked by the smallest group on the Grcarbon%5
Similarly, in additions of a nucleophilic reagent (R#X) to O-chloro carbonyl
compounds (R?R?ClC.CO.Rz) the major chlorohydrin product was predicted by
Cornforthgﬁ to be that in which R4 was anti to the larger group of R; and R?

when the chlorine and hydroxy groups were also anti to each other (SCHEME 10).

1

I

0 OH _2
X+ R}R?ClC&B; R; R Preferred product

PR wmen®E Y B
1 " SCHEME 10

An ortho substituent on the phenyl ring has a marked effect on the
course of the elimination (see TABLE 1-3.3); (X = H,F,Me) gave predominantly
the E-isomer, whilst (X = Cl,Br,OMe,NOe) gave mainly the Z-isomer of the vinyl
phosphate. The size of the ortho substituent could not be the only factor
controlling the isomer ratio as the ortho methyl derivative (sterically sim-
ilar 4o chlorine or bromine) gave TT# E-isomer. It was therefore proposed
- that the ortho substituents were interacting with the oxygen anion on the o~
carbon in the reaction transition state. N

An analagous system of several ortho substituted 4-fluoro-&,0.-dimethyl
benzyl alcohols had previously been studied in these laboratorieslf7 Analysis
of the l9F chemical shift data indicated that ortho X = H,F,Me substituents

Me COH X Cale 9 HO Me X Calc 8

%Ax H 40° o -B‘L*X 1 _362
. F 485 | Br  -30
(1) -Me Me 15,59 (2) Me I. -17°
FIG.1-3,2
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adopted conforﬁation'(l) (see FIG.1-3.2) whilst X = C1,Br,I preferred (2).

If such alignment of the ring substituent and‘oxygen atom was present in
the 0-hydroxyphosphonate anion species then in the compounds with X = H,F,Me
there would be little interaction betweeh the.ring substituent and the pro-
chiral C-2 group. This would therefore adopt the‘preferred rotamer ((1) in

FIG.1-3.3) as the major conformer, with a lesser amount of (2), and subsequentr
elimination would give the E-isomer as the major product.

With X = C1,Br,0Me,NO,. the ring ‘substituent would lie away from the neg-

2
ative oxygen moiety and be well placed to interact with the two chlorines on
C-2. This repulsive interaction would favour rotamer (2) over rotamer (1) and

the Z-isomer should predominate :

PO H
) Pro-R

Pro-R 0

E-ISOMER

PO
>g ) Pro-S
MINOR ROTAMER (2) Z-ISOMER MAJOR ROTAMER (2)
Conformations adopted ‘ Conférmatibns adopted
by X = H, F, Me ] I by X = Cl, BI', OMe, N02

FIG.1-3.3 The descriptors Pro-R/S refer to the boxed chlorines. These are
preferentially eliminated as they are anti-periplanar to the:
phosphoryl group.

Similar arguments explained the course of the reactions with the 24"~
disubstituted (X = C1,Me) and the 2)4!6'-triflucro-acetophenones (the small
size of the second ortho fluorine explained the’lack of Z-isomer preference).
It was suggested;8 that 3JPH coupling constants of the O~hydroxyphosphonate
intermediates would have confirmed the proposed structuring of the transition

48,49 50

state (3JPH having a Karplus relationship to the dihedral angle; see

SECTION 1-5-1), but these compounds were too reactiyé to isolate.

On changing the reactivity of the phdsphorus.reagent (see TAELE 1-3.5)
the E:Z isomer ratio was still mainly determined by the ortho phenyl substit-
uent. Trimethyl phosphite was. slightly different as 1t carried out this
reaction without added base (the Perkow Reaction), but otherwise appeared to
conform to the structural habits of the dialkyl phosphonates and phosphinates
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in the intermediate H

SCHEME 11 The Perkow Reaction

The varying ratios of the E:7Z isomers produced with the five phosphonat—
ing reagents was linked to their reactivity. For the more reactive reagents,
the transition state should resemble the preferred conformation in the aceto-

45

phenone. ‘Cram's rule © would apply,. and the E-isomer would predominate. This
represents kinetic control of the reaction.

For a less reactive phosphorus reagent, thé intermediate should be pro-
duced in equilibrium with the starting materials, giving ample time for the
repulsive interactions between the ortho substituents and the chlorine atoms ‘
on C-2 of the intermediate to fully develop. This represents thermodynamic
contrpl and the Z-isomer would predominate.

TABLE 1-3.5 Effects of Modifying the Phos- The eoncept of elimination

phorus Reagent on the E:Z Isomer Ratio from the preferred rotamer cont-

" rolling the geometry of the

Deriv X H o-F 0-Cl dlefin product is supported by
. o of .
PﬁReagent RE| %2 | #E | 72| ZE %Z observations of the dehydro-
é? = (MeO)BP noleol12]88] 3|97 chlorination of 2—chloro‘alkyl
Bl 5 ' phosphonates (XXI), the ground
§ - ﬁzo):'éH 7712335 65| 5|95 state conformatiohs of which
: EQ Me S ' were determined by 1H and l9F
E? ,§ Me’>PH 95| 5| 4|56 5195 v nmr studies?l These eliminat-
a 5 9 ions occurred steréospecifically
o| & (MeO)ePH 95| 5|60|20( 17|83
9 5 - by both syn- and anti- routes
Fﬂ' (MeO)eﬁH 100| /|90{10] 40|60 probably via an EleB mechanism,

) to form olefins in which X and
Y are cis (XXII), an arrangement resenbling that found in the ground state
(see SCHEME 12),

, ' - (X=F, Cl; Y = CL F)
(RO) gCHX.CHClY —~HC1 » (ROIR M T -'
2 | (Xxrr) ~ SCHEME 12

The epox1de formlng reactions of Nourl Blmorghl5 253 were cited18 as

the only similar llterature examples. In these elimination reactions both
2,2-dichloro-1-methyl-1l-phenyl ethanol and 2,2-dichloro-l-phenyl ethanol
formed just one epoxide (geometry unspecified) on treatment with potassium

‘hydroxide (see. SCHEME 13).
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c1
P~ ,R an'ti-elimn. R >LL<O H
. " CL H 4 C1
OH G | ®
p-C—C—H + O
R C1 \ Iy
‘ , ? B enti-elim” R>L§<O cl
SCHEME 13 (R = H, Me) H c1 J H

@

Worthington suggested that if the proposed interactions between the
ortho substituent and the dichloro hethyl group in the Q~hydroxyphosphonates
were correct, then similar changes in the nature of the ortho substituent in
the 2,2-dichloro-l-phenyl ethanols should bring about preferences for differ-
ent isomers in the epoxide-forming eliminations. ‘

This has been peféued in the current work. These compounds have proved
to be good models for the interactions suggested for the reactive intermediate
in the "abnormal” Michaelis-Becker Reaction, as their preferred conformers may
be examined whereas those of the 0-hydroxyphosphonates could not. Their
structures have been determined from the various coupling constants across the
"free-rotation" bonds and from a study of the effects of adding Lanthanide
Shift Reagents (LSR) to them in solution.

The directly analogous elimination reactions for the 2,2-dichloro-1-
fiuoro-l-phenylethanes have also been fully investigated. These were an
obvious choice as inclusion of the fluorine atom greatly increases the nmr
data, especially coupling constants, available in determining the geometries
of both the starting materials and the elimination products,

A series of 1,2,2-trichloro-l-phenyl ethanes was also prepared with the
intention of examining both their nmr properties and the products of elimin-
ation. Preliminary elimination reactions, however, showed significant re-
verse elimination of the.C-l chlorine. This, and the inherent difficulties
in determining the geometry of the tri-substituted ethylene elimination
products, heralded the abandonment of this set. of reactions. .

For comparative purposes it was desirable to have the same range of
ortho énd para derivatives in these series of compounds. A variety of elec-
tron withdrawing and donating gfoups were chosen in order to ascertain the
electronic effects on preferred conformation. Availability of the starting
materials and difficulties in synthesizing precursors led to a final total
of fifteen compounds in each of the three series. These were (in Hammett

Order) : ortho and para : OMe, Me, H, F, C1, Br, CF5, NO,.

This number and range of compounds generated sufficient data for a realistic

assessment of the properties of the three series.
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lf4.Elimination Reactlon Mechanisms

Kinetic studies were not carried out as part of this wofk, and as such
. no direct evaluation of the mechanisms of either the olefin-forming (B-) or
epoxide-forming (Y-) eliminations could be undertaken. Analogy with the work

of others, and scru%iny of the results does; howevér, make discussion of the

54

mechanisms plausible. A resumé of the characteristics of the main mechanisms

will therefore be given as a background to this discussion.

1-4~1 The Main Mechanisms

The 1llustrations in this section will be confined to 1,2-(B~)eliminations,
although much of the material also applies to 1,3-(y-) and 1,4-(6-)eliminations.

1-4-1.1 The E2 Mechanism ("Elimination, bimolecular")

This is the most commén elimination mechanism and is typified by the
base-induced loss of HX from a saturated hydrocarbon, to form an olefin
'(SCHEME 14). The accepted mechanism was proposed by Hanhart and Ingold in
192755 The process is concerted and follows second order kineticss6 (EQN.1).

| K
Be/tglq':- 1 edd + m o+ SCHEME 114
. & /N .
. " Rate = x| B°][rx] EON.1

1-4-1.2 The E1 Mechanism ("Elimination, unimolecular")

This elimination occufé in the absence of base, as a reversible ionis-
ation followed by the faster loss of a pr-oton57 (SCHEME 15). The overall rate
of the reaction (EQN.3) may be deduced from the steady state approximation of
the.carbonium jon concentration (EQN.2). Normally the ibnisation is irrevers-
ible (K_l[X@]<< K2) and the rate reduces to first order (EQN.4)

K K /
| 1 (G2 e 2 2\
H—(E-(l:& <—ﬁ H- ’ -¢ + L /C=C + ig + Xe

£ A ° SCHEME 15
AP Lo - IR - 510 mane
_- ® K K [RX]
Rate = K2[R] -'K_l[xe]+ - BON, 3
Rate = 'K [FX] , EON. }

This mechanism need not be considered further, as apart from the Smali
amount of auto-elimination okserved in the 1,2,2-trichlorophenyl ethanes, all
the eliminations performed in this study had to be induced by fairly strong

bases.
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1-4-1.3 The ElcB Mechanism ("Elim. unimolecular, from the conjugate base").

- This is similar to the E2 mechanism, being promoted by a base-induced
removal of the B -proton, but with the resultlng carbanion stabilised and the
leaving group departing in a separate step (SCHEME 16)

' K K
1] | /
B ul0—c—x 1= ey 4+ m—2» >c=c\ + B o+ 2
K
-1 : SCHEME 16

By utilising the steady state approximatidn for the carbanion concentration

the overall rate may be deduced in a similar manner to the El mechanism (EQN.S)..
KK [RH][B@].

Rate = K [ﬂa] EQN.5
K [BH] + K, :

If‘the second step is much faster than the reversion to the starting
material, the rate limiting step (r.l.s.) is the initial formation of the
carbanion and the kinetics become second order and indistinguishable from E2
(EQN.1). Alternatively, if the rate of reversion to starting material domin-"
ates, the kinetics become more complex and in theory, distinguishable from E2 :

K K, [ 7] [ 7]
K, [BH]
A third limiting case has been investigated by Bordwell

Ir the substrate i1s very acidic but the leaving group is poor, as excess of

Rate = EQN.6

2 and Rappopor't60

base will rapidly generate the carbanion which will then slowly undergo first
order deeomposition to products. Under these conditions the reaction will be
first order in substrate but zero order in base (EQN.T).

Rate - K,[m] | | EQN. 7

1-4-1.4 The Variable Transition State Theory

The idealised E2 mechanism involves the simultaneous formation of a base-
hydrogen bond and a carbon-carbon TT-bond, and the breaking of a hydrogen-carbon
bond and a carbon-leaving group bond.

In the variable transition state theory the timings of these processes
are expected to vary slightly under different circumstances, and hence in the
transition state itself some processes may be more advanced than others.

Variation in the structure of the elimination transition state was cited
by Cram et al6l to explain observations of rate changes on modifying experi-
mental parameters (leaving group, base, etc.). Similar theories by other
authors were collated by Bunnett62 who presented a comprehensive review of the

theory and implications of the "variable transition state".
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In the full realisation of this 'l;heor'y'63 the original concepts of three
distinet elimination mechanisms become blended together in a “spectrum" of
reactions; variations of the concerted E2 reaction forming the middle of this
spectrum, with the stepwise E1 and ElcB mechanisms at the two extremes (see
FIG.1-%4.1). The prefix "Paene" (Latin = almost) was coined by Bunnett.

The transition state utilised in a particﬁlar reaction system may be
predicted to some extent from the structure of the substrate. Thus introduec-
tion of an electron-withdrawing group at CB should shift fhe transition state
character to the right, whilst electron donors at Ca should give a leftward
shif’c?3 The central transition state should be stabilised by the same factors

that stabilise the final produet, and should have similar geometry§1

Xb i x|
N, Nl N Nl \5___}f/
c—od’ Crez==x( Cz== CH=- c=-C
/1 BN\ VAR TN /B N\ /1 N e
H H i | §
- : i {0+
- B -
- -
(a) E1 (b) El-1like (e) Central (d) EleB- " (e) ElcB
- Paenecarbonium Paeneolefinie -like - -
Pgenecarbanion

v
3 Range of E2 Transition States
The Bunnett Variable E2H Transition State Spectrum

FIG» l")'l‘ L] l

- It was further prOposed62 that the transition state in the central méchanism
need not oceur at 50% rupture of the C-H and C-X bonds and 50% formation of
the CfC‘m—bohd but could oceur at any other point where these three processes
were equally advanced. The ability of the transition state to be "Reactant-

like" or "Product-like" completes the Bunnett elimination spectrum. .

Product

ElcB -
| EleB-1ike  Productlike

Centrai
E2

B1-like |-
El

Rupture of C-H—»

Reactantiike

Sﬁarting

Material Rupture of C-X ——»

Fig 1-4.2 An ingenious schem<
atic representation, developed
by Z4vada et al?u.illustrates
all possible variations in
elimination transition state
structures with the exception
of the syn- and anti- stereo-
chemical types.

Observations that very weak bases which are good SN2 nmucleophiles, such

65,66

as thiolate ions

and halide ions in acetone,

67

were some ten times more

efficacious in indﬁcing eliminations in tertiary-butyl chloride than ethoxide
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jons in ethanoi65 (which is a factor of 1010 stronger as a base) lead to a
search for a significantly different transition state for this %ype of system.
2 (FIG.1-%.1) is that
the base attack is always at the B-proton. This system has therefore been

labelled as E2H§8 An -alternative transition state spectrum was proposed by

The common feature throughout the Bunnett spectruné

Winstein and Parker69 to cater for the new circumstance. The initial suggest-
ion67 that the SN2 and E2 reactions might proceed from a common intermediate,
in which the nucleophile was bound to both the O-carbon and fB-proton, was

rejected7o

because the anti-stereochemistry of the elimination was retained
even when the base and leaving group were identical. The so-called Winstein-
ParkerE2C-E2H Transition State Spectrum69'(FIG.l-4.§) favours base to G-carbon
interactions for weaker bases and merges into the Bunnett Spectrum in the ElcB-
like region as the base strength or substrate acidity increase.-

X0~ x0- X

HGol"l"-B The

1 ' \ V4 N H- ' C * N
>¢ g( g C\ :/gé ..... C< Winstein-Parker
P §f3 o ; E2C-E2H Transition
5o+ - SO H State Spectrum
. !5_
(a) E2C (b) EoC-1ike B™ (¢) Eom

. “Numerous arguments have been presented for and against these two *= -
theories?l the deficiencies of which an intermediate spectrum by McLennan§8
has tried to circummavigate. For our purboses an awareness of the continuum

‘of mechanisms from E2 to ElcB should suffice.

1-4-2 Stereochemistry

At one time it was thought that as the E2 mechanism is concerted, it
should‘proceed stereospecifically via an anti-pathway; and since the carbanion
‘Intermediate 1n‘the ElcB mechanism is not configurationally stable, it should )
have no important stereochemical consequences. Both of these views, although
" largely true, have proven to be drastic over-simplifications.

As stated earlier, the idealised E2 reaction involves the synchronous
making and breaking of four bonds, with two extreme geometries for the Gy -X
and Cn-H bonds in the transition state of the process, ie. anti-periplanar or
syn—periplanar15 (see FIG.1-4.%4). Planar alignment of the bonds involved is
favoured on stereo-electronic grounds as this arrangement provides maximal
orbital overlap for transfer of charge. As there is no readily available
method of distinguishing between "periplanar" and "clinal" orientations in the
transition state, it is normal practice to simply refer to anti- and syn-

eliminations.
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Eﬁ%\\ _ v : (‘X Preferred elimination

H\<jl;§’ By > transition states.
oit¥ C (-l L) C— C’lm-.

o

anti-~periplanar syn-periplanar FIG.1-4.%4

In the majority of elimination reactions'the observed anti/syn preference
is of the order of 1000?2

difference between arrangements which are quantum mechanically very similar?4

Many facﬁcrs have been invoked to explain this vast

Electrostatic repulsion of theibase and leaving group favours anti-elim-
ination.73 In the anti-orientation, electrons released from the C-H bond can
displace the C-X bond by rear attack?4’75 Steric repulsions in the staggered
(anti-) configuration are likely to be at least 3Keal/mole less than in the
eclipsed (syn-) configuration. McLennan has pointed out that this factor
alone makes the anti/syn ratio ~16070 _

In the majority of cases where the syn- pathway dominates, elimination
takes place a;;oss a bond whéch is rotationally constrained by the system, le.

i

.within cyeclic or bicyclic structures. Even in aliphatic cases of syn-
elimination there is usually considerable steric cbngestion and the structure
glving rise to the syn- pathway is closer to that of minimum energy than the

61 studied eliminations from a series of l,2-di-

anti- structure?9 Cram et al
phgnyl—l-X-propanes (X =, Br, NMeﬁQ) with a range of solvent/base condit-
ioﬁs. In every case the threo isomer (See FIG.1-4.5) gave the expected trans
olefin and the erythro isomer, with the exception of X = NMe;a, gave the cis
olefin,

Me X

Ph x ~
VLN b, 54
[ Ne /N @ ek &S

'("a) "THREO . '(b) ERYTHRO (¢) ANTI-ROTAMER (d) SYN-ROTAMER
et - - A - Preferred as less steric
FIG.1-%. : conjestion
The preferred syn-elimination of the erythro isomer to the itrans olefin
when X = é? may be rationalised by comparing steric congestion in the two

rotamers (c) and (d) in FIG.1-4.5 (the bulkier groups are circled).

A recent quantum mechanical treatment by Charton has shown that steric
considerations are probably more important than electronic factors in control-
ling the course,of'Ee eliminations from substrates with bulky B-alkyl groups?o

In the absence of recognisable extenuating circumstances the anti-rule
'for E2 eliminations from aliecyelic reactants should apply.

If, in the ElcB reaction, the carbanion intermediate is fairly stable,
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rotation ofvthe qx~CB bond may be expected to occur before the second,elimin-

ation, step takes place. The stereochemical outcome will therefore be unpre-

. dlctable. If on the other hand, the carbonium ion is fairly short lived, and

external structural factors limit the rotation of the Gy group, some retention

of configuration might be expected. Whether the mechanism is formally syn~ or

anti- would depend on the preferred structure of the starting material?l
The formation of époxides (oxiranes) from the dehydrochlorination of

chlorohydrins has been shovm to proceed via a Yy-ElcB mechanlsm§l with a formal

anti-pathway leading to inversion at’ Cot (see SCHEME 12)82’83
9\ 8\ H
A"?C_C\ T K, A““ \c AB/ CH
g a1 - ' A

-~

. ‘ SCHEME 17
The rotation of the QI group prior to the second step in order to attain -

the anti-configuration of the X-group would doubtless take place if this

rotamer was not already significantly populated.

1-4-3 A Survey of the Pertinent Literature

In the current work, the results of two different sets of elimination
reactions have been interpreted in the light of predicted rotamer preferences

for the starting materials (see SCHEME 18). Both the olefin-forming

| - P ®
o c1 H c1 c1
PHCHOHCHCL, + - . Bt om o
| Soa H

(IV)

Hmm O "y CI H“'A"“H NO direct
. P H Ph ¢1 - anti-route

E Z
) . F R F
; : . H C1 Cl H Cl. - C1
| : .
PROHFCHCL, ——% oy, B * P 5 Ph H
) 1 e H

No direct E§F=4<H + >F==< 1
anti-route Ph Cl Ph H
SCHEME 18 ‘ .. E Z

B-eliminations and epoxide-forming y-eliminations have one proton available
for abstraction by the base, while having a choice of two "identical” chlorine

leaving groups. Even if the anti-mechanism operates exclusively, both series
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“ecan produce both the E and Z isomers by eliminating either of the diastereo-
topic chlorines. '

As the reactions involved are dissimilar, the f-elimination may be E2 or
ElcB whilst the ¥-elimination is probably all EleB; they will be dealt with

separately.

1-4-3.1 Olefin-forming B-Eliminations

It is common in the literature fo find studies with a choice of B-pro-
tons for abstraction by the base (Prequently on different carbons, leading to
discussions of Hofmann 84, 55/S ytzeff85 preferences)5 but there are seldom
cases with a choice of geminal leaving groups. In the cases of DDT (XXIII)86
and DDD (XXIV)87 studied 5y MeLennan et al, both have choices of geminal
leaving groupé, but as the d-carbon is prochiral in both cases neither have

interesting stereochemical consequences and no conclusions about the elimin-
ation pathway (syn/anti) can be drawn (SCHEME 19).

‘ ' -HCl1 by Ar, /C1
N —_—
ArCH. CC1, Ar,CHCHCL,, o route Ar>=<H
(XXIII) DIT (XXIv) DDD (Ar = pClC ) SCHEME 19

The only literature example of a conventional B-elimination towards
diastereotopic leaving groups, is that of Boyce et a151 Full nmr analysis of
a series of 1,1,2,2-tetrasubstituted ethanes of which (XXV) is a member,
showed ﬁhat»they exlst predominantly in the single conformation in which the
two hydrogens are gauche. Mild elimination (triefhylamine in refluxing ether
for seven days) proceeded stéreospecifically by the anti-route to the E-vinyl
phosphonate (XXVI) (SCHEME 20)

O_P(OEt)

0
R ] .
H 1 antd-el i’ . (Eto? o H
B{‘H F o1
: C1 : ,
(xxv) , . (XxXvI) SCHEME 20

Aiunni and Bacioecel have produced>a series of papers in which they
examined the cis/trans olefin ratios of compcunds of the general type
PhCHQCHXMe, (X = Br, I, OTs)88 They cite anti-stereochemistry with a predom—
inance of the trans isomer (which has much less steric conjestion in the
transition state than the ois isomer).

Most authors have interpreted their B—eliminatiohs as concerted E2 or

EleB-like processes. The EleB mechanism has found favour where qﬁelectron
withdrawing or resonating groups are present. DDT80 has been shown to elim-

inate entirely by the EleB mechanism whilst DDD87 only uses this mechanism



- 40 -

20-30% of the time. Rappoport89 concluded that the base-promoted elimination
of phenoxide from XCH CH OPh (X = electron-withdrawing group eg. NO Ac, Bz)
followed . ElcB klnetlcs, whilst Flandanese et al’e '
sterecspecific elimination of HF from the sulphonyl-activated fluoroethane

(XXVII) as involving an EleB mechanism with possible ion pairing (SCHEME 21).

interpreted the syn-

S0 Ph

' PnSOy  H
_ B N >=< o+ B \ |
(XXVII) o . | H\NEB
‘ |
) Ph N

Possible Transition
State

PnSO H :
B S G P >
D SPh | '
SCHEME 21

1-4-3.2 Epoxide Forming Y-Eliminations

The stereochemistry of epoxide synthesis was comprehensively reviewed
by Berti91 in 1974. He found that the majority of epoxides formed by 1,3-
elimination reactions were derived from (-halohydrins (sometimes generated in
situ), although other leaving groups such as tosylate, sulphonate and quater-
nary ammonium salts were also used. The mechanism of elimination was ElcB
and the geometry of the products was congistent with an anti-periplanar arr-
angement of the hydroxy and leaving groups. An interesting demonstration of
this 1s the rihg opening of trans stilbene oxide, with hydrogen chloride in
chloroform, which ocecurs by an ion-pairing mechanism (see SCHEME 22) to prod-
" uce the threo-chlorchydrin exclusively,' Subsequent recyclisation with base

produces the cis-epoxide stereospecifically?2

H
| Sc1 \o\ c1 o |
H% 0 He., ,C’® C'\\\\Ph B Ph Base Ph“» 0 \\‘,Ph
74 Ny Ph Anti-elim® H' i
TRANS ' SCHEME 2 I8

Elkik and Le Blam.c93 prepared several ®-fluorc epoxides by elimination
of HBr from mixtures of the diastereotopic alcohiols (XXVIII) and (XXIX). They
observed that the relative percentages of the E;(XXX) and Z-(XXXI) epoxides
formed, corresponded to the ratio of the integrationé of the 19F signals of
the erythro- (XXVIII) and threo- (XXIX) signals respectively. The sole part-
icipation of the anti-mechanism 1s apparent from this data (see SCHEME 23).

A previous study by Atlanti and Leroy94 on isomeric compounds had produced

similar results.
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. J .
,/ Base 7
R = .
" ,c é —_— ...H>C\O —CG (R = H, Me, Ph?
OH _ . :
(XXVIII) ERYTHRO (XxxX) E
- Br
ﬂ\c é/F Base fd\c /F
H”] 7R > ne o S
OH
(XXIX)THREO (X)CXI) zZ ' SCHEME 23

Unlike the B-ellmlnatlons, con51derable work has been performed with
Y-elimlnatlons in which there are two geminal leaving groups. Even so, there
has been relatively little investigation of the stereochemical consequences of
this arrangement. |

The bulk of these studies appear in the French literature, and are
centered on the'original and continuing work of Kirrmann, Duhamel and Nouri-
Bimorgh195 who were the first group to successfully lsolate and fully charac-
terise o~chloro epoxides (SCHEME 24). ’

0
PRCCL,CH OH ———————»%,GN?)OH Cl;c—-/ \‘C<H
o PH H

SCHEME 24

The main interest in these compounds was in their thermal and acid-

96,97,98

iﬁduced rearrangements; so much so, that in subsequent papers; where
the preparation of the isomeric 2-chloro-l-phenyl ethylene oxide from 2,2-

dichloro-l-phenyl ethanol was reported, on mention was'made of its geometry :

PhCHOHCHCL,, _Dase PhCH/O eHCL _—éﬁc—l" PhCHC1-CHO

SCHEME 25

Delmond et a199 have reported a series of studles involving the elim-
ination of tributyl tin chloride from compounds analogous to those of Nouri-
Bimorghi. Again the main interest was in the Q-~haloaldehyde product, . although
the symmetry of the starting materlals excluded stereoisomers of the epoxide
intermediate (SCHEME 26).

x 0 . .. R

X /
R—é-——C—X ﬂ-—» oo A, R—G—Coy

BuBSnO é R/ \H » X

Not isolated (p_ g Me; X = C1, Br) SCHEME 26

A geometry for the d~haloepoxides was first mentioned by the Duhamels.

They prepared three arhaloepoxidesloo’101'by elimination of HX from the corr-

esponding alcohols (RCHOHCHX.; R = tBu, X =Cl, Br; R = pNoeg; X = Br) and
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showed from the 3JHH (all 1.0 - 1.5Hz) that the three products all had trans

geometries. This indicates anti-elimination from the least-hindered rotamers :-

@( S @1 S
X
(LEAST HINDRANCE) TRANS (MOST HINDRANCE) CIS SCHEME 27

’ Two years prior to Nouri-Bimorghi's isolation of the first q-chloro-

. epoxide, Martinov and Tit0v102 had reported the preparation of the a;chloro-
O-ester epoxide (XXXII) by the Darzens reaction103 (see review ref.91). From
the data‘presented by the Russians, however, McDonald and Schwablo4 were able
to show that they had in fact isolated the isomeric l-chloro-l-phenyl-pyruvate
(XOXIIT) (SCHEME 28).

H Cl
‘ b
CHCL,.COMe + P = 0‘9012002Me _FhCHO Pn—(— E—COEMe
: 0
o C1
/5\ Cl1 0
— > PHCZ—C—CO Me — & Ph cI: cI: co_M
; - —C—C— e
B 2° T o
H C1 . H
(XXXII) o (x:ocxu) : SCHEME 28

Compounds of this type were eventually prepared by Villieras et a1105’106

usiﬁg both the Darzens route, and a modification of the Nouri-Bimorghi route.
The base for the latter route had to be similar to the group R' (SCHEME 29) in

order to prevent transesterification. For one com-

Rl R2 RE pound, sodium hydride in etherlos.Was successfully

‘Me | H 100 used. The geometry of a series of epoxides (XXXIV)

Et | H 100 (R' = iPr) produced by the Darzens reaction was

Ipp| B || 100 | determined by nmr. This indicated that the E:Z iso-

iBu H 100 mer ratio from this reaction was dependent on the

Me | Me [| (50) relative size of R and R, (see TABLE 1-4.1).

?i_ Ve & The authors interpreted‘these results in terﬁs
r|Me 95 of rapid interchange between the two rotamers (XXXV)

TABLE 1-4.1 Product Ret- and (X3OVI) with the ratio of elimination from the
ios of Darzens Reaction

less hindered rotamer (XXXV) being faster than from

the more hindered rotamer (XOXVI) ie K D KE> KZ

Several more recent papers1 7,108 have used the LiCH012 modification of -

the Darzens reaction (SCHEME 30) as a route to forming o-~haloaldehydes. The
geometry of the (0-haloepoxide intermediates received little attention as migra-

tion of the chlorine in the ring opening turns the a-carbon into an aldehyde.
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base Ri\ //O\\ //Cl
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~ __THE N 2 U
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) Ry Ry ¢p H
MgBr, R /0

SCHEME 30 | | Ry g H

- Pinally Fougerousse and Rieh1109 have studied the addition/elimination
reaction of methoxy ion to aldehydes of the general type (XXXVII). Unfortu-
nately, all attempts to isolate the epoxide (XXXVIII) failed, as only the
rearrangerent product (XXXIX) is stable (SCHEME 31).

X/0 H

X

] H I 1 A Q0
R—?—cmome ——R—mC—H — R—clij—OMe R—é—clz—-OMe

Y 8:0 . Y OMe X H , X
(3oXVII) o (OXVIII) - {XOXTX)

Where (X =Y =C1; X=Y =Br ; R = pentyl, hexyl, phenyl) SCHEME 31

1-5 Structure Petermination in Solution

- In this work, we hope to prove that the results of therelimination of
HC1 from two series of similar compounds may be interpreted as arising from

preferred conformations present in the ground state prior to reaction. 4n

important part of this study, therefore, is to establish, by methods
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independent of elimination results, that such preferences exist.

As the evidence preseﬁted in the previous section shows, the products of
elimination reactions aée expected to resemble the structures of the transition
states. Similar criteria may be applied to other chemical processes, which
make them an inappropriate tool for examining the ground state structures. We
mist turn, therefore, to physical techniques.

The obvious method of examining conformations in the solid state is
X-ray crystallography, but the relevance of such observations to the struct-

- ures pertaining in solution is arguable.

All of the three main spectroscopic techniques available to the organic
chemist (UV, IR, NMR) may be performad in solution. Calculating rotamer pref-
erences in complex molecules is, however, beyond the scope of standard low- |
resolution infrared spectroscopy. Also in this instance, electronie (UV/
visible) spectroscopy would be of 1little help as alterations in the confor-~
mation of a side-chain, into which there is no conjugation, will have neglig-
ible influence on the MW~T* transitions in the phenyl ring. Purthermore any
variations observed may be attributable to alterations in the excited (TL¥)
state and not in the ground state. ,

Fortunately there exist several well tried methods of studying confor-
mation using various aspects of the nmr experiment. These fall into three
fields : ) _

(a) Coupling constants across the bonds in question (mainly 37 constants).
(b) Chemical shifts of groups aftached to the bonds and affected by their
rotation.

(c) Lanthanide Induced Shifts (LIS).

Others have dealt comprehensively with these subjects in rigid, and to a les-
ser extent, in 'free' and 'hindered' rotation molecules. Here our interests
lie in the latter case and so the discussion of these topics will be mainly
in this area. )

LIS is potentially the most powerful too; of the three in examining the
6verall conformation of a molecule, but the interpretation of LIS data is not
completely stralghtforward and there may be considerable limitations in its
sensitivity to moderately large rotational changes. '

The structure determination of the elimination products (which have

rigid side-chains) will be dealt with in Chapter 7.

1-5-1 Conformation Dependence of Coupling Constants

o~

In the phenyl ethanes studied we are interested in rotational conforma-
tion about two bonds only, ie. the C-l'/b-l bond (orientation of the side-
chain to the plane of the phenyl ring) and the C-1/C-2 bond (orientation
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within the ethyl group) (see FIG.1-5.1).

v H cl Y ¥
FP2 : : "H C1
H Cl X ,
X b: ‘
- H R Ph H
R ' , 4]
) c1
(a) | (b) @ ()
Where ¥ = F, Cl, OH.  C-1'/8-1 | c-1/c.2 Useful J
Numbering convention Conformation Conformation Couplings
The dihedral angles will be measured
F1G.1-5.1 clockwise in the S enantiomer as shown above.

The‘main couplings useful in this context are those which depend on the
dihedral angle determined by these bonds, ie. 3JHH ahd 3JFH for the latter and
3JFCvand BJHC for the former. The 3JHH couplings have obviously received most
attention in the literature; the key work on quantifying their relationship to
dihedral angle was first published by Karplus in 195948 (see EQNS.8 & Q).
Later, whilst revising his original equations49 (see EQN.10) Karplus péinted
out that these simple relationships oniy hold under a small'range‘of idealized

conditions.
3 = %05 - K (0% #<90°) . EeN.8
7 = 78%0s2g - (90°¢ # < 180°) EQN.Q
J=A + Beosf + Ccos2f (for all ranges of f)  EQN.10

(Typical values of constants : JQ = 8.5, J180 = 9.5, K=0.28, A = 4,42,

B=-0,5 C=4.5). The earlier equations are easier to visualise and for
most practical purposes produce identical results (see FIG.1-5.2).

"Perturbations" which can upset these relationships are associated with :
(a) adjacent electronegative substituents
(b) the orientation of the substituents | _ )
(¢) the degree of hybridisation of the intefmediate carbon atoms

(d) the relevant bond angles and bond lengths |
Perturbétion (a) may be allowed for to some extent in free rotation systems,
eg. mono-110 or l,l--disubstituted.lll ethanes, where there are no significant

rotamer preferences :

3 ' | X
in CH,CH.X Tg = 9.5 - O.8E | EQN. 1T
in CHLOHXY 3JHH - 18.0 - O.85E EQN.12

(Where E equals Huggins electronegativity)

* An alternative equation: 3J = 8.4 - 0.4E is given in the same reference
for the completely.averaged coupling ie. JHH = l/}(Jt + 2Jg).



- 46 -

SOLID CURVE - EQNS. 8 and 9
BROKEN CURVE - EQN.10

F1G.1-5.2 Comparative plots
of the
Karplus Equations

0 ' l‘solhedrol 90 Angle © 135
Additivity of electronegative effects of substltuents breaks down for

1,2- or higher substitution, due to unequal rotamer populations and the vary-
ing orientations of the electronegative groups to the icc:upling path'.

Evidence of substituent orientation dependence in vieinal couplings was

presented by Bhacca and Williamsll2 from 3J and 3J in sterols (see
ax,eq eq, ax
FIG.1~5.3).
. _ Me HAX
Newman Projections ®$( Ve

along the C-2/C-3 bond z Y {

of Ring A in a sterol. : HEQ . Ne

\ ' Hy (0 ® (11)

 (®-= 0H, OAc) 3,;}&1 = 5.5 18z 25 = 2.9+ 0.5Hz

) ' : ' FIG.1-5.3

Their conclusion that ®exer'ts a greater electronegative effect when it
is trans to the coupling path was supported by the work of Booth. 115 The effects

of (c) and (d) are thoroughly examined by Jackman and Ster'nhelllllL

A purely empirical approach to the variation of 3JHH in 1,2-disubstitu-
ted ethanes was adopted by Abraham and Ga'l;'l:ill5 who identified five different
coupling arrangements (see FIG. 1-5. 4). Graphical solutions of the dependence
of these eouplings on the substituents X and Y led to BANS.13-17. Phillips
and Wray116 later pointed out that EQNS.1% and 15 should produce the same
results in mono-substituted ethanes but do in faet diverge as the electro-
negativity of the substituent increases. Using a modified graphical techriique

they reinterpreted the data of _Abra.ham and Gatti to produce EQNS.18 and 19.

. | &
25 in X - " /g
HH g__—H H % g8 —H ——
- J
1,2-disubstituted t\HW’t By T &
ethanes after . Y ‘ Y '
: £4115 | | .
Abraham and Gatti Trans rotamer Gauche rotamer

FIG.1-5. 4  Superseripts denote the orientation of the coupled protons,
subscripts deno'be the rotamer.
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e = i.;; + 0.63(8, + B) '  EQN.13
J_E = 18.07 - 0.88(E, +E,) | EQN.14
o = 8.9k - 0.0M(E, +E) EQN.15
Jg' = 1045 - 1.43(E, + E) EQN.16
. = 1647 - 0.60(BRg +E) EQN. 17
Jg = 351 + (B, - 0.91)(0.367 Ey - 0.402) EQN.18
Jg = 340 + (B - 1.93)(2.950 - 1.003 E,) EQN.19

These equations are consistent with the earlier observationsllg’113

that substituents exert a maximum effect when they are anti-periplanar to the
coupled nuclei. As might be expected, on going from di- to tetra-substitution
as in the compounds studied here, additivity of electronegative effects

17-8 have .studied

becomes both more complex and more uncertain. Reynolds & Wobdl
-séveral. '1,2,2-trihalophenyl ethanes, pfgdicting preferred rotamers in differ-
ent solvents from Abraham's electrostetic theory of solvation119 and M,O.
calculations. Trends in the 3JHH couplings agreed with the calculated prefer-
ence of the trans H-H orientation in basiec H-bonding solvents, but specifie
work on quantifying electronegative effecté on 3JHH was omitted.

. 3JHH coupling across a séturated‘C—C bond operates almost entirely by

the. Fermi-contact mechanism. Even in olefins, the Tt-system is not involved

in 3JHH coupling to any great extent%go With 3JHC and 3JHF the situation is
not as simple:."‘go’l‘gl In saturated systems these couplings may still obey the

122,123 as only O-bonding electrons are used to transmit the

Karplus rule
coupling. In unsaturated systems, however, both ¢- and TT-bonds may be used
and the simple Karplus relation can no longer be applied.

Wasylishen and,Scheaferlgg’124 found that the 3JCH coupling in propane
obeyed the Karplus equation (EQN.10 : A = 4.26, B = -1.0, C = 3.56Hz) but the
corresponding couplings in propene and toluene did not (see FIG.1-5.5). The
weak dependence of the 3JCH in toluene on the dihedral angle was explained by .
considering the C-C linkage ih the phenyl ring as a composite of the single
and double bonds in propane and propene respectively.

Williamson et all25 have shown that 3JHF behaves in a Karplus-like

126

fashion with a general cos?ﬁ dependence. Phillips and Wray examined 3JHF

couplings in a series of deoxyfluoro-D-glucopyranocses. As expected they

observed the 3JHF trans > 3JHF gauche and that diréctly_attached electro-
negative substituents redaced these coupling constants in a stereospecifiec
marmer. They also observed the additional. complication. that these effects
depend upon the carbon atom (ie. G- to H or F) to which the substituent is

attached.
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PROPENE

FIG.1-5.5 (Adapted from
Refs. 122 and 124). )

The 3JCH coupling constants
were all calculated using
the FPT INDO method.

PROPANE
0. 30 60 90 120 150
13cCCH Dihedral Angle

In three bond couplings involving a proton, transmission of the coupling
is mainly via sigma bonding electrons. Unfortunately 3JFC couplings, even in
saturated systems, use several competing mechanisms, including "through spacel

which makes their prediction/evaluation a hazardous procedure. A good example
| oﬂ the complications arising even in a fixed saturated system is that of a

serles of methyl-2,2-difluorobornanes studied by Grutzner et al:,127

‘ been discussed in detail in Stother's book on 130 nmr%28 In FIG.1-5.6 a seleé-

tion of these couplings are illustrated (by heavy bonds) for those cases where

which have

one fluorine shows markedly larger coupling than the other over 3 or 4 bonds.
Illustrations 6 and 7 show results which are difficult to explain and which

highlight the idiosyncrasies of the 3JFC coupling.
e wemeswos -F‘

Me F F :
1 2 Me 3 o s 5
£ £ FIG.1-5.6 3 & 6 apply to any Me posn.
In 7 both F's give same value J for all
F- ‘ F Me posns. except C-1 or syn-C-T.

1-5-2 Conformation Dependence of Chemical Shifts

In this rather broad subject, the circumstances involved and the inter-

pretations used will vary considerably from one case to another. Each case,
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therefore, needs to be evaluated on its own merits by applying the criteria
thought appropriate (for an example of 9F conformational shift dependencel2
see FIG.1-1.8, TABLE 1-1.2).

Similar effects on chemical shifts in frozen-out rotamers are well

documented fof many systems. In our case, where there appears to be consid-
erable rotational restriction at ambient temperatures, some benefit may be
obtainable from a loose tre . Sment of this kind which may at least indicate
trends in the configurations adopted by the ethyl side-chain within a series
of compounds

It may also be possible to obtain information on the C-1/C-1' bond
orientation in the phenyl ethanes by analogy with the nmr data of phenyl vinyl
phosphatesJ.'8 Worthington found that the lH shifts of the C-2 proton in the Z-
isomer of the 2'-substituted phenyl vinyl phosphates ( SCHEME 9) did not pro-
duce a linear plot against the lH shift of the corresponding proton in the
2'~substituted styrenes, whereas similar plots for the E and Z 4'-substituted
and E 2'-substituted isomers were linear. ‘To explain this ahomalous behav-
lour it was postulated that in certain cases the orientation of the side-~
chain brought the H-2 proton into the shielding cone of the benzene ring.
Examination of Dreiding models of the phenyl ethanes studied shows that this
interaction could easily occur for certain combinations of C-1/C-1' and C-1/
Cﬁ2 rotamers (ie. the.H-2 may penetraté the shielding cone which subtends an
angle of ,,330 to the centre of the plane of the benzene ringleg).

The work of Phillips et alI‘L7 on cooformational preferences in ortho sub-
stituted para fluorcacetophencnes, O-methyl styrenes ond.d,a—dimethyl benzyl
alcohols (already cited) compared observed variations of the 19F shift for
various ortho substituents (ie. SCS - substituent chemical shifts) with the
calculated T-electron densities at the para-carbon for a range of side-chain
angles (using the CNDO/2 M.O. program) (see FIG.1-3.2). They were able to dir-
ectly correlate the changés in the T-electron density at C-4 with the lgF SCS
by using a calculated proportionality constant of 661.5 ppm.shift per unit
electron density.

A recent study of a similar system (see FIG.1-5.7) by Anderson and
Pearson130 has used a combination of chemical shift information taken from lH

dynamic nmr spectra, 130 data and from shifts induced by the Lanthanide shirft

Me ' - ' :
t
Bu X M X
51\49 %MG %— Me
X Me FIG.1-5.7

(X = H, OH, OMe) Major rotamer Minor rotamer
- (X = OH, OMe only)
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reagent Eu(fody The overall evidence indicated only one major rotamer pre-
sent at amblent temperatures in all three compounds, with the minor rotamer

shown present when X = OH or OMe.

1-6 Lanthanide Induced Shifts (LIS)

In 1969 Hinckley > reported that bis pyridine tris B-diketone Buropium
(III)_complexes induced large shifts in the';H nmr spectrum of cholesterol,
without significant line broadening, and the field of "shift reagents" was
born. - The poteﬁtial of shift reagents to simplify spectra was uniVersally
recognised and development of new shift reagents was rapld. 122,133 Early quan-
titative work on "LIS" which used an r -2 dependency for the induced shift
(where r = the metal/proton distance) was shown to be invalid, as shifts of
the wrong magnitude and sign were reborted:!'34 The necessity for an angular
term in the shift equation was pointed out by Horrock5135 and the simplified
version of this, the already established MeConnell-Robertson equation}36
found wide aceeptance137(see.SECTION 1-6-4.1). This led to a flood of public-

ations in which LIS data was used as a tool for studying molecular geometry as

well as the "standard" uses for spectral assignment and simplification.
At its height (1972-74) the applications of LIS were the subject of sev-
138-140

eral reviews and- have since been briefly reviewed anmually in the

Specialist Periodical -Reports- on. NMR]'4 An excellent treatment of the applic-
ations of LIS in conformational analysis, by Hofer, appeared in 1976142 Very
recently the whole field of Lanthanides, their electronic structure, complex
formation, and interaction with organic molecules has been presented in the
one review. This all encompassing introduction to the subJect by MeaneJad}43
was found extremely useful.

As part of the work undertaken in this project was the development‘of a
computer program which optimises molecular conformation to achieve "best fit"
of observed and calculated LIS data, it is necessary to review the relevant

theoretical and practical aspects of analysing such data.

1-6-1 The Components of the Induced Shift

The formation of an adduct between a Lanthanide chelate and an organic
substrate produces an internal anisotropic magnetic field around the substrate,
which modifies its observed chemical shifts. If all these "induced shifts”
were attributable to the same mechanism one would expect all the lanthanides
to produce similar shift ratios with a given substrate. It was quickly noticed
that this is not the case133 as different lanthanides not only produce shifts
of varying ratios but also of different signs. 1In fact the observed induced
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144-146 (see EQN.20), the degree of

each present depending upon the particular lanthanide ‘used, the nature of the

shifts comprise three separate interactions

binding site on the substrate, and the nucleus examined (eg. 1H, 19F 130 ete)
5 ==A5 ’ A ol
observed dipolar * 5contact * AGdia.magnetic EQN. 20
Whéré Aaobserver = the observed induced shift. _
AQdipolar = the through space or_fpseudo—contact" interaction (PCS).
Aﬁbontact = the through bond or "Fermi-contact" interaction (CS).
Aﬁdiamagnetic = the directly bonded "complex-formation" interaction (CFS)

Frequently the pseudo-contact term dominates and it is now standard
practice to ignore.the CS and CFS terms nnder certain circumstances. In the
treatment of LIS data undertaken in Chapter 6 this assumption is made éna will
therefore be justified in the following pages. . The mathematical aspects of
the CFS and CS terms need not be considered here as they play no important
part in our results. They will only be mentioned qualitatively and for further

2
details the reader should turn to the reviews already clted;43’138 -142

1-6-1.1 The Dipolar Interaction (Pseudo-Contact Shift PCS)

This is a direct through-space interaction between the electron magnetic
moment of the paramagnetic ion and the ‘magnetic moment of the resonating ’

nucleus. This averages to zero under conditions of rapid tuibling if the mag--

netic moment of the lanthanide ion is isotropic (as in La?+ Gd?+ and Lu,jfsee

' SECTION 1-6.3). For an anisotropic lanthanide ion (ie. one in which the 4f

orbitals are unsymmetrically filled) pseudo-contact shifts are produced. These
are a function of the substrate geohetry and the anisotropy of the molecular
maghetic susceptibility tensor of the lanthanide'complex and-are given by the

equation of Horrocks and Greenberg147 :

e« Ll - 20+ ][22 - [y - o[l sonn

Where Xygs Ry X, are the principal molecular susoeptibilities
N is the Avogadro Number '

Z.
r,.ﬂ,-¢ are defined in FIG.1-6.1
FIG.1-6.1 The definition of the polar . : ¢

the principal components of the magnetic \<<\\J
susceptibility tensor.

When the magnetic moment of the comolex has axial symmetry xx xY and
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FQN.21 simplifies to : AfL IR 2
an R _ Scos @ -~ 1
R R o e

If the lanthanide is isotropic Xy = Xy = xz and.AHDIP/H averages to zero. The )
vmain assumption of virtually all computational approaches to solving_ the
metal position relative to the substrate in a lanthanide-substrate adduct is
that the complex formed has effective axial symmetry (this was not assumed by -
Cramer et a1148). Under these conditions the simplified version of EQN.22,

the McConnell-Robertson Equation (EQN.23) can be used :

H
The constant K is the same for. all nuclei in a given complex and their

- ' AEDIP = K(3c0s2¢ - 1)/&3 o ’ EQN, 23

relative shifts are given solely by the geometrical term.

The success of assuming axial symmetry in analysing LIS data is quite
remarkable in the light of X-ray observations of lanthanide chelate-substrate
complexes. For axial symmetry the complex should have at least a three fold
symmetry axis passing through the lanthanide ion. This is definitely not the '

149-151 152 suggested that this apparent dich-

case in the solid state. Horrocks
otomy could be rationalised if the lanthanide-substrate complex underwent a
dynamic equilibrium between thirty or more geometrical isomers which were
disposed. such that.the average orientafion of the substrate lay in'proximity
to the lanthanide's maximum susceptibility axis. This model would justify
assuming effective axial symmetry for the'complex, and a "fixed" position of
the metal relative to the substrate. _ ' )

Not only.does the assumption of effective axial symmetry seem fully Jjust-
ified by the success of its application, but the further assumption that this
symmetry axis lies along the lanthanide-substrate "bond" has been profitably
applied on many occasions. In several papers this orientation of the prinei-
pal symmetry'vector has been challenged but on optimisation has always been
found to lie, within experimental error (= 2° ), along the metal-substrate
vector153 -159 '

An interesting consequence of the McConnell Robertson Equation (E@E__j)
is that the value of (3cos] { - 1) passes through zero when ) = 54°44' and the

sign of the induced shift is inverted. This is the so-called "magic angle".

1-6-1-2 The Fermi-Contact Interaction (Contact Shift - CS)

This involves the direct delocalisation of unpaired 4f electrons of the
lanthanide to the molecular orbitals of the substrate. The effect spreads over
several bonds and the changes in the. local. electron densities induce contact

shirts160 which fall off rapidly with distance. As might be«expected‘m-bonds
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are better transmititers of this effect t“ n 0- bonds161

H nuclei, in contrast to 30 and - nuelei only suffer from cs to a
very limited extent (CSK 10% PCS for Iy closest to binding site) (relative
CS 1.00 : 8.76 : 35.91) %

The degree of delocalisation 1s very dependent on the nature of the.Ln
- (III)-substrate bond. As this bond becomes stronger {more covalent) the con-
tact shift contribution increases%62 As the higherAlanthanides have smaller
radii163 (see SECTION 1-6.%) they are less able to form strong bonds. Varia-

tion of the lanthanide 2’ 04-167
169

the B-diketone chelating groupl68 and the

.substrate donor group increase the contact shift :

,%<h<m<m<%<h<m<m<m
dpm € fmd  pfd { fod  (the order of the chelate s Lewis acidit 170)
-0H { -COR =< -CONR, £ -NH,

Vlrtually all authors agree that Ytterbium based chelates are the ideal

eg.162,165- 167:169’171 as they produce

shift reagents for accurate LIS work

- shifts to lower field, (the altefnatlve, Praseodymium, shifts to higher field)
which have negligible CS contributions in all but the carbon 0~ te the binding
site. In alcohols even the O-carbon has negligible contact shift (CS + CFS =
50,167 169) 166,167
have feportea better flt of the calculated IIS data to the 3C observed LIS

than to the 1H observed LIS. )
Because of its spherical symmetry Gadolinium does not produce any PCS
and has therefore been used by several authorslus’162 to study CS and CES
contributions; it has well established use as a "relaxation" or broadening
agent (see SECTION 1-6.2). ' '
Contact shifts may be expected to be larger in the arnﬁcleus transoid to
the I=X bond (see FIG.1-6.2) than in the other O-nuclei. 158,172,175 Th

been used to justify low CS in arprotons}42 as relief of steric compression
195

in bieyelo heptanols - poss.i% CFS In faet several authors

is has -

favours a cisoid relationship between the arproton and the I-X bond.

(L = lanthanide 1on,
X = substrate donor)

@S‘%>%g%

FIG.1-6.2

1l
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O
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The interesting observation that contact shifts frequently alternate
sign from the G- to the B-carbon has been made on several occasion5165’171 174
In the case of Eu(fod) with sterols165

field CS whilst the B—carbons suffered similar upfield CS's. Similar cbserv-

the Q-carbon suffered a large down-

ations were made with the alcohols studied in this work (see Chagter 6).
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1-6-1.3 The Diamagnetic Interaction (Complex Formation Shift - CFS)

This term is independent of the paramagnetism of the lanthanide and
arises solely from pertufbafions of the substrate's electrons caused by the
bonding to the shift reagent. Most authors have ignored CFS contributions in
their calculations of induced shifts although its nartlclpatlon was guestioned
by Bleaney et al 175 in 1972

' As Lanthanum (La ) and Lutetium (Lu ) are diamagnetic (neither possess
unpaired 4f electrons) and therefore do not produce PCS or CS shifts, their
induced shifts, which are surprisingly similar for extreme lanthanlde5145’146
have been used to estimate the CFS contributions of other 1anthanidesl69’176
this effect is normally only significant very close to the lanthanlde binding
si‘l:e.z7 Chadwick and Williams 169 have estimated the CFS contribution to the
Yb(dpm)5 induced shifts of the O-carbon to be as high as 17% in ketones but
only ~ 4% in alcohols. They suggested that the ability of the carbonyl group
to donate electrons fron the oxygen atom, leads to efficient transmission of
charge away from the O-carbon, and subsequent deshielding.: '

Most authors have concluded that CFS contributions to lH shifts may be

142,169,177 but that it is worthwhile
145,

’ disregarded in non-aromatic protons
estimating it in other atoms d- to the binding site. 177 For most purposes
the CFS and CS "contaminants" of lanthanide induced shifts are undesirable,
and the technique of estimating both terms from the gadolinium induced shifts

(which have no PCS contribution) has proven fairly popular145’162 »175

1-6-2 Line Broadening

As well as the included shifts already mentioned, the addition of a
lanthanide chelate to an organic substrate in solution enhances the nuclear
spin-spin relaxation rates which is observed as a broadcning.of the spectral
lines. In molecules with 1little CS the line broadening may be interpreted

solely from the metal-nucleus disteance :

Broadening (% )ac —1-6 ' EQN. 24
2- r

This effect is very short-ranged énd because there is no angular term is
reasy.to calculate. It has found some use in configurational studies (invaria-
bly in conjenction with LIS data155’l78) and is also a useful aid to line
assignment. Gda(III) complexes are the ideal "relaxation reagents as their
induced shifts are usually small. ) '

In many circumstances line broadening becomes a nuisance as essential

information such as accurate shifts and coupling constants may be obscured.
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1-6-3 Properties of the Lanthanides ~ Choosing a Lanthanide Shift Reagent

The Lanthanides or Rare Earths comprise 15 transition elements which
form aisubgroup within Group (III) of the Periodic Table. Through this series
the 4f subshell is progressively though irregularly filled. Two electron
configurations are found (see TABLE 1-6-1) : '

12l sat 652 ana 47 50 6s
Asifhe Lt electrons are well screened by the 5s and 5p subshells they play no
part in bonding. In{III) is the most stable oxidation staté and is formed by

2

losing the 6s2 and a 4 {or 5dl where present) electrons which results in a

regular filling ofbthe 4f subshell. The lanthanides are physically and chem-

>+ 5+

ilcally similar although the closed shell configurations in L and In” make

these diamagnetic whereas all cther Ln3+ ions have unpaired I4f electrons and

are paramagnetic.

The general decrease in ionic rédii on going from La3+ to lu;+

1179

as the "Lanthanide Contraction
als giving imperfect shielding between the 4f electrons. This leads to an inc-

is known

and is caused by the shape of the Uf orbit-

rease in the effective nuciear charge causing contraction of the 4f subshell.
Although the acidity of the Ln:+ ions increases along the series, a trend
which would normally increase their binding strength, the reduction in avail-

able space for binding leads to steric hindrance. The strongest compléxes

with organic molecules are therefore found for Ew?+ Tb3+ and Ho3+

the largest induced shifts}33’145 but also have large CS contributions

(see FIG.1-6.3).

The criteria applied in selecting a lanthanide shift reagent will depend
13
C

which give

on the specific purpose for which it is required. For the assignment of a
(lH noise decoupled) spectrum, a shift reagent with a large overall shifting

" .
ability eg. a Dy3 or Tb3+ chelate would be ideal, as the amounts of CS or

-500¢t . .FIG.1-6.
_ The PCS (Solid line) and
L e85 (Broken line) for the

®~carbon in n-octylamine

The shifts are in ppm

(+ve to low field) for

the Ln’(fod)3 chelatesl D

eas”"

+300} -
Ta Pr Nd Sm Eu Gd Tb Dy Ho Ef Tm Yb Lu




TABLE 1-6.1 Properties of the Lanthanide (3+) Ions. (Compiled from refs :

143,145,151,163,180-183)

Reiationship X=In(ch),|Relative
Electron Ionic =z |
) v between Hydration| Shifts C .
Element & Symbol ﬁt Cpnf;guration Config Radil Colour & No.| Properties| Before &|DCS/BFCS Relative SEQ.
o of 3+ | Co=-ord . . Broadening
_ of L 08 of Unpaired After o-C in
Neutral Atoms N 6
Electrons Vacuum |n-octyl-
bt 54 65 (4f 5p amine
- 0 1 200 - 6| 1.061 | colourless |DIAMAGNETIC| X, .3H O | CFS
Lanthanum La | 57| 4 54" 6s°|4F 5p 1o o CFS Only X§;l§§0 Only / /
Cerium Ce | 58 e 5do 6s°|uet 5p6 1'334 cologrless " : ; / /
0 2,2 - 61 1.013 green yellow on =17 :
Praseodymium | Pr | 59 | 42 53° 6s2|4f° sp S 12 s T anding " o5 | 00058 |
. - 4 0 2 6 0. ddish , - ,
Neodyium Na | 60| 4et 58° 65240 5p 8H9§2 re gl " +g.70 / 8 .
Promethium Pm | 61| 4£° 5do 65° 4f4 5p6 0'379 pinkﬁyellow spontaneously decays
Samarium Sm | 62 4f6 5do 65|42 5p6 gﬁ9§g ygélow n _3'5 0.02 B /
. 7 1 21,6 -6 | 0.950.] pale pink {white on . +12 K
Europium Eu | 63| 4 5da 6s7|4f 5p | gi7s 6 standing " +0.80 | 0+003 B 9
) ol 1 217 «.6 | 0.938 | colourless |CS + CFS . CES .
Gadolinium Gd | 64| 42! Ba- 6s7|4e" Bp° | gp?To 7 only " +0S / /
9 0 2 8 6 0.923 pale pink X.H.0 =27
Terbium Tb 65| 4r 54" 6s8°{4f 5pv 7H 6 X2 ~0.01 0.1 B | 6
Dysﬁrosium Dy | 66 4f10 5dp 6s2 4f9 5p6 0'228 ye%low " :2513 / 3
Holmium Ho | 67| 4et 5a° 657 |4 0550 o.ggu pink/yellow i 0 | 0002 |5
12 0 2 11 6 0.881 reddish . +9
Erbium Er }| 68| 477 54~ 6s7|4£ " 5p 7H 3 " +0.25 / 7
13 .0 2i,l2. 61 0.869 green . +20 :
Thulium Tm | 69| 457 53~ 6s°|4£ “5p 7H 5 " 10.07 / 2
1 0 136 | 0.858 lourl . +10
Ytterbium vo | 70| 421 500 62|4st 55t 7}51 L ©ess " vo.05 | 002 B |1
W - 2| pel¥= 6| 0.848 | colourless |DIAMAGNETIC . CFS
Lutetium Lu | 71| 42" sab es®|ArtTEp° | Ted S CFS Only " Only / /

SEQ. = The order of preference for LIS conformational analysis studies; H = co-ord. no. of the hydréte.

_99-
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‘broadening present would not matter. For assignment of a spectrum with many

>t 5t

fine ¢ouplings the best reagent would be a2 Eu or Pr”  .chelate, for even tho-

ugh considerable CS would be present with Eu 3+ both give very short spin latt-

-12

ice relaxation times (~10 secs) which result in narrow nmr lines and no loss

of fine structure.84 - . :

La?+ Iu3+ and G&3+ have found épeéial uses for estima%ing bFS and CS
contributions, whilst Gd3+ with its generally small overall shift (CFS and CS
_ only) is extensively used as a broadening reagent.

For conformational analysis, shifts with the minlmum of CFS and CS are
essential and Yb3+ or Tm3+ chelates are 1deal. The most commonly used reagents
for this purpose are ij chelates, they do however produce significant line
broadening and coupling information may be 1ost18 Birdsall et a1188 have shown
that, in complex flexible molecules, cénsideration of the coupling information
is as important as the LIS and broadening data when determining the overall
conformation. Also comparison of couplings before and alter adding a shift
reagent is a good check that dramatic changes in conformation dc not take
'place. This is most conveniently done with a Eu3+ chelate, although the shift
data obtained is unreliable for conformational work.

Most authors have used a variety of ISR's in any cne study to make allow-
ance for CFS, CS and changes in conformation; so selection of appropriate
reagents is very important.

As well as variation of the lanthanlde there is also the choice of a
varlety of chelates143 In general chelates containing the polyfluorinated
species (fod) (see FIG.1-6.4) have been found to be the most soluble in organic
solvents, and due to the higher Lewis a01d1ty of Ln(fod) over other chelates,
produce larger shlftsl7 As Ln(fod) chelates are readlly available and have
the most favourable properties tney were the automatlc choice for this work.
(N.B.to avold confusion in lH spectra the two shift reagents used were both

deuterated le. Eu(fod-d.)..and Yb(fod-d.).).
Ay’ dy/3

L1t | |
. /3 \ © FIG.1-6.4 |
'o 5 : (fod) = 1,1,1,2,2,3,3-heptafiuorc-
I' I /E‘ 7, 7-dimethyloctane-4, 6-dionate.
C\ "c
\ /

toy” N/
! C l\
| 7N

* Several acthors have reported varying amounts of "ehemical exchange spin de-
‘coupling when using shift reagents (185-187). This 1s observed as a decrease
in coupllng constants and in extreme_cases couplings are completely removed.
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1-6-4 Treatment of LIS Data

The use of LIS aata in determining structural information in both rigid
and flexible molecules has invariably involved some form of the MeConnell-
Robertson equétion. A variety of assumptions and épproximations arevusually
made and several different methods of obtaining the "metal position" are in
‘general use., So much so that choosing and Justifying a,suitable'methoa of
handling LIS data becomes a difficult decision.

1-6-4.1 Basic Assumptions

That although the LSR-Substrate complex is in rapid equilibrium, the
metal can be con51dered to occupy one flxed position relative to the
substrate.

The more general aspects of this have already been mentioned.l5 (see SECTION
1-6-1.1). Several authors have argued that the metal might occupy a pair bf
positions with a symmetrical substrate and have tried to allow for this by

reflectlng the metal test position in the plane of symmetry of the

. Substrate142 155,159,169

That the induced chemical shifts are proportional to 30052¢ - l)/r3 and
that any shifts used in the calculatlon of the metal position are free
from CS and CFS, .

Some authors have either assumed that the LIS data used was free of CS and CFS

137

and have accepted the congeguences or havé,deliberately omitted those shifts

165 In the more precise work, various ISR's
_ 162,167 3+
have been tested to find the best reagent (uSually a Yb chelate) or

allowances have been made for CS and CHES by using La; o+ Lu3+ and Gd:+ induced
Shifts 145,169,188 :

over which there was some doubt.

That the "Principal Symmetry Axis of thn metal complex lies along the
metal-substrate donor atom vector.

Most authors now accept this és a statement of fact. Optimisation of the dir-
ection of the metal's Principai'Symmetry Axis has been performed on many sySt-
ems by many different authors and all have found this assumption to be valid
within experimental error%53_159 Wing et alls7 did not even assume axial symm-
etry but.found that the McConnell-Robertson equation was adequate.

That the geometry of the substrate does not change on binding to the LSR.
This appears to be true in most examples in the'literature, but should be
checked in individual cases by monitoring coupling constants ete. before and
f“l:e:r' adding the LSR. For example, small conformational changes have been

reported for hexanols on adding Fu(dmp ) 166
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1-6-4,2 Basiec Methods

There are several basic methods. All as their starting point assume

that the coordinates of the substrate are obtained from standard geometries or

. specific X-ray data and that at least part of the molecule is rigid relative

to the metal. It is also expected that the LIS data used will have been adj-
usted so -that only PCS contrlbutions are present. '
The main method used involves searchlng a regular grid of possible
metal positions (anything from 6 points on two vectors to 50,000 points at
0.13 intervals throughout a hemisphere centered'on the'donor atom) to find the

‘"best fit". At each search point the induced shifts of every atom are cale- .

 ulated from the McConnell-Robertson equation and the average error or "fit" of

the calculated and observed data is determined. The main variation on this
‘'method, apart from the selection of the search points, is the formula used in
determining the fit of the calculated data. Methods of error testing will be

- considered in the next subsection. This general method of multi-site searching
has the advantage that "contour plots" of fit vs. metal position can be gener-

189.

ated. For example, Armitage et al have produced planar contours of norm-
alised variance as a function of the lanthanide position (PLﬁJQ), whilst
Willecott et all71’190

. Sanson-Flamstead sinusoidal equal area ‘projections :

chose to display their polar coordinate contours using

Contours of normalised variance vs. . Contours of the agreement factor R

lanthanide position for diacetone- at intervals of 0.12, with the outer
glucose.. One of a set of such maps contour @ R = 0.12. For each map the
by Armitage et al (189). Ln-donor. distance is constant (190).

FI1G.1-6.5 Two Examples of Literature Representations of "Metal Search" Results

Most authors who have uéed this method, have defined their coordinate
system with the donor atom at the origin and have located the metal search sites

by polar coordinates. Some have chosen different origins (eg. Barry et al 55)

1 .
whilst one method 57 even places the lanthanide at the origin and recalculates
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all of the substrate's coordinates for each search point!
Several alternative methods have been devised; for example ApSimon and
191
Belerbeck

" and used Newton's iterative method of linear least squares optimisation of the

expanded the McConnell-Robertson equatian into a Taylor series

coordinates of the metal to obtain a rapid convergence onto the "best fit"
metal position. Although they obtained similar results with borheol and iso-

137 there is always the disadvantage with

borneol to previous literature work
this method that an overall picture of the "best fit" cannot be obtained and
an initially poor guess might produce a false optimum position. This method
was also used by Ammon et al%56,

Rafalski et a1192 used the geometric term of the McConnell-Robertson
equation to calculate the shifts for each proton in a variety of molécules.
The constant K was found by a least squares fit of the observed and calculated
shifts. The metal position was then varied over a regular grid and the error.
terms E and b (see EQNS.25 and 26) were plotted against metal-donor distance.

The best fit was that position in which E and b were both at their lowest

minimum.
Si = K(}cos2¢i - 1)/%? + b EQN, 25
E = (5,(obs) - 8 (eale))® EQN. 26

158

Ha&kes et al}sj’ in a similar approach, minimised the error function iter-
atively. In a study of LSR-substrate comblex stoichiometry, by Johnston et
al}93 absolute rather than relative shifts were calculated. To reduce the
coordinate variables, adamantane nitrile was chosen so that only the Ln-N
distance had to be varied (see FIG.1-6.6). A computer non-linear regression
method was used to isolate the A; (from iS),and.A2 (from L82) contributions to

6 (see EQN.27) and to find the rate constants k, and k, (see EQN.28).

A

: ‘ _ (1] A, [Lsg]A
g 6 = 60 + [s] i + = ) EQN, 27
FIG.1-6.6 o
k k
L + S=I=15 + s=2>1s, FQN, 28

R

1-6-4.3 Fit Factors and Significance Testing

The basic method method of comparing two sets of numbers i1s the root
mean square of their difference (see EQN.29). This and the host of related

tests which have been used to evaluate "goodness of fit" of LIS data have been

reviewed by Hofer%42 The Hamilton agreement factor R (see EQN.30), was
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orlglnally intended for use in a crystallographic context but since its intro-

duction to LIS caleculatiocns in 1972190 has found wide usage.

_ . ,
ol L - .
Zi(Agbs - Agalo) e (n = total No. of observations)

Error = - 5 o EQN. 2¢

[ obs calc,2 %A
Ziwi(Ai - Ai ")

w0, (AP9HZ | EQN. 30

.The R factor differs from most tests in that it has weighted factors Wy
which are introduced to allow for those cases in which several equivalent. atoms
produce one shifted signal. As only one signal is observed it should not be
"treated preferentially to signals from single atoms and so the two or three
calculated components of the signal are given weightings of 0.5 or 0.33 as
appropriate so that each signal has a total weighting of 1.0,

' The usefulness of the R factor becomes apparent if two minima are found
in a grid search with agreement factors of Rl and R2 (R = 0 is a perfect fit
whereas R { 0.0} corresponds to agreement within expetrimental error).

194

Hamilton™”" has produced "Significance Tables" for R factor ratios (see TABLE
l;@;g) which may be used to express the "confidence level" at which one result
may be rejected in favour of another. ‘Defining the coordinates of the metal
and scaling the calculated shifts involveg four degrees of freedom. As the R
factor ratio. significance tables fequire one or more degrees>of freedom at
yleast 5 shifted centres are regquired. Say Rl = 0.07, R2 = 0.04 and there are
9 shifted centres; then R ratio = 1.75, degrees freedom = 5, so the Rl mininmam

may be rejected at the 97.5%_oonfidenoe level (from TABLE 1-6.2).

1-6-4.4 Likely Sources of Error in Calculating Metal Positions from LIS Data

The most likely errors are in the shift data itself, especially ﬁheﬁ
shift reagents with high CS or CFS contributions are used. These can be minim- -
ised by careful chéice of ISR and also where préctical by ommitting data from
the atoms nearest to the binding site.

Where shifts are very small K< O.Ibpm) errors of measurement alone may
also be significant. The standard method of reducing fhis error ls to use
several additions of ISR and extrapolate the induoed shift to a 0.5 : 1 or
1 : 1 ratio. Non-linearity of the plot of Ab vs. moles LSR may be due to ekp—
erimental error in weighing the necessary milligram quantities of LSR (ApSiﬁon'
and Beierbeokl96 have considered this problem and have shown that thils ¢an be
’ overoome} or to concentration effects of excess LSR.

Several authors have thought that the apparent insensitivity of the R
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TABLE 1-6.2 ‘R Factor Ratios Significance Tablel9-l1L

®Freedom | 505 | 75% | 9% | 958 | 97.58 | 99% | 99.5%

1 || 1.414 | 2.613 | 6.392 | 12.746 | 25.471 | 63.665 |100.000

2 1.155 | 1.512 | 2.204 | 3.203 | 4.500 | 7.089 | 10.012

3 1,093 | 1.294 | 1.687 2.092 2.610 3.517 4.8
4 1.066 | 1.205 | 1.462 | 1.711 | 2.01% | 2.510 | =2.972
5 1.051 | 1.157 | 1.346 | 1.524% | 1.732 | 2.062 | 2.357
6 1.082 | 1.127 | 1.276 | 1.413 | 1.570 | 1.814 | 2.026
7 1.035 | 1.107 | 1.230 1.341 1.467 1.658 1.822
8 1.031 | 1.092 | 1.197 |- 1.200 | 1.395 | 1.552 | 1.68%
9 1.027 | 1.081 | 1.172 | 1.282 | 1.3%2 | 1.47% | 1.585
10 1.02% | 1.072 | 1.153 | 1.223 | 1.300 | 1.6 | 1.511
11 1.022 | 1,065 | 1.137 | 1.200 | 1.269 | 1.370 | 1.45%
12 1,020 | 1.059 | 1.125 | 1.181 | 1.243 | 1.333 | 1.407
13 1.018 | 1.054 | 1.11% | 1.166 | 1.222 | 1.30% | 1.369
14 1.017 | 1.050 | 1.105 | 1.15% | 1.20% | 1.278 | -1.338

. .
factor to small changes in ILn-donor bond length have meant that errors in the

190 and Williamson

substrate coordinates were unimportant (eg. Willcott et al
et al:,L96 who both derived their coordinate measurements from applying rulers
to . Dreiding models!). Detailed studiee of coordinate errors and their effects
~on LIS calculations have since been performed by Hinkley and Brumleyl97’l98
who concluded that the expected coordinate errors of + 0.1% would make errors
in calculating LIS greater than in measuring them; and although this would
only lower the overall fit in rigid molecules, it mey make it impossible to
distinguish between closely related conformers. They suggested that using
coordinate data from X-ray structures would minimise these errors and that

suitable models should be chosen if neceesary

1-6-5 Conformational Studies Using LIS

Many LIS studies have been performed on rigid sﬁbstrates of known geometry,
using a variety of techniques for analysing the data. From this work several
general observations can be made which provide a useful background for the
more complex conformational studies. ,

(a) Most authors accept the McConnell Robertson equation with the

* This phenomenon is well known (190,199,200) and has been the subject of -
several studies (169,201). Cramer et al (201) observed small changes in the R
factor over the Eu-N bond range 2.15-3.15A, for several nitrogen heterocycles
“which were almost insignificant when examined with Hamilton's confidence test
(194). Similar observations lead Sneider and Weigand (167) to propose that var-
iations in the fit of calculated LIS data of less than 3% were not significant.
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metal's Pr1n01p1e Symmetry Axis lying along the In- donor bond. v

(b) The donor atom is normally placed at the origin of the search co-
ordinate system and search points are deflned us1ng polar coordinates.

(c) Hamllton s R_factor is the most widely used error measurement for
compariné the observed and calculated LIS. Fits better than R = 0.10 are
acceptable though poor. The best fits reported have R factors of 0.02 to
0.015 (ie. less than 2% average error).

(d) Ln-donor bond lengths are usually.in the range 2.5-3.5%.

(e) In-bond angles depend on the‘nature of the donor group and usually
fall in the range 110-180; averaging ~130° for -OH and ~C=0-groups.

(f) Wherever possible the metal occuples the position with the least
steric crowd1ngl67’ 195,202

(g) -In molecules with several potential binding sites, exclusive select-

ivity of the most favourable binding site has been observedeoj’204 (ie. that

203

with least crowding; notAalways the best donor Similtaneous bonding of

205-210 Two of these stud-
which has nine potential lanthanide binding

the metal to two adjacent sites is well documented.
ies were on tetracycline209’21
sites, but at any one pH unly offers one metal location. Celofti and

Fazakerley209 found three different sites populated at three different pH

values, two of which had the metal "shared" between two donor groups.

; Conformational work may be divided into two general areas :
(1) The relatively simple task of deciding between a choice of isomers,
eg. cis/trans, E/Z, endo/exo, axial/equatorial, etec.
(2) Trhe more complicated task of selecting the preferred conformation
in a molecule with a degree of flexibility, ie. a "free-rotation" bond or a
distortable ring. ' ' ’ :
In many literature examples both of these problems are present in the

same molecule and are tackled simultaneocusly.

Many claims have been made for the usefulness of lanthanide shift
reagents; but that of Gore and Armitage}gg that "Eli(fod)3 could be mimicking
some steric/electronic feature of the olfactory receptor eites of the |
European Elm Bark Beetle" was definitely a milestone. This conclusion was
voiced after studying the shifted lH nmr of four diastereomers of multistri-
atin (a dioxabicyclo[}.Q.ﬂ octane), one of which was known to be the aggregat-
ing pheremone of the said insect. This molecule has two potential binding
sites (see FIG.1-6.7) with one, OB,‘more hindered than the other, but surpris-
ingly favoured in the active d-isomer, drawn. In the three other structures,

which had negligible biological activity, the lanthanide was found to favour

OA. The four isomers were identified from their shifted spectra.
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The four isomers were derived
from the various combinatione
of axial and equatorial posi-
tions available to the two Me
groups.

Q-miltistriatin

FIG.1-6.7

Hinkley and Brumley197 were able to distinguish between cis and trans
pinocarveol (see FIG.1-6.8) from their LIS but reported that their expected
coordinate errors of +0. 13 made the determlnation of the degree of folding
about the C-2/C-L axis less certain.

OH —
H | C_To ~Eulfodly

CIS TRANS . :
Pinocarveol FiG.1-6.8 a bicyclo[2,2,1] octeneanhydride F1G.1-6.9
207 .
Craig et al examined a series of endo- and exo- bieyeclo octene anhyd-

rides (see FIG.1-6.9). They found no difficulty in identifying the isomers

"shared" between the two keto-

and concluded that the Europium chelate was
groups. .

Several authors have studied simple rotating systems including the seem-
ingly trivial problem of methyl group fotation, which has no effect on confor-
mation but which can have marked effect on calculated LIS. In a comparative
.study of nmr and X-ray techniques the structure of 3,3-dimethylthietane-1-
oxide.Eu(dpm)3_was determined. The authors asserted that all reasonable methyl
rotamer averaging should be done before the LIS assignment could be regarded as
correct%s7 Lenkinski and Reuben211 assessed various methods of averaging the
rotation of the methyl and tertiary bﬁtyl group In pinacolone in conjunction
with two proposed metal positions of different populations. Again they insis-
ted that appropriate rotamer averaging was essential in caleculating LIS.

Wherever possible LIS étudies which have involved calculating preferred
rotamers have beenlperformed in systems which afe partly rigid, so that the
 metal position can be fixed by using the "known" LIS data and then the "vari-
able" LIS data can be adjusted (ie. the group rotated) to find the optimium
posltion. Hofer212 examined the orientation of an ar&l methoxy group in three
indanols(see FIG.1-6.10). Once the metal position was fixed the expected
shifts of the methoxy groups could be calculated. Non-hindered methoxy groups
were found to have two minima whilst hindered groups had one, always in the
plane of the ring (preferred for oxygen orbital oveflap with T-system). The
results were in good égreément with.bbserved shifts.

Montaudo et-a1200,213 have reported several studies on a range of
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: Mé/o
Methoxy indanols - also had

substitution at 1 and 3. FIG.1-6.10

compounds which have two rigid parts connected by a rotatable bond (see FIG.
1-6.11). They found the best metal position from the "fixed" part of the mole-
cule then added the data from the "rotating”" part and optimised the rotamer
from the overall fit of the calculated LIS. As all the systems studled were
capable of conjugation they were able to ascertain which of the two "in plane"
ro%amers was preferred.

0 g . | -~ | ] |
X=9H -predonimantly trans y ¢¢O
: N /0, )I(

R & OR -cis/trans mixture

X : NR2 ~predominantly cis [ ]
. ) FIG.1-6.11

Armitage et a1189 consideréd the interesting problem of rotation in

b
n

substrates which were rigid except for their point of attachment to the lanth- _i
anide (ie. via -OH and -NHé groups). They found that highly hindered molecules
such as diacetone glucose (FIG.1-6.12) gave good calculated LIS fits for static

complex models, but more compact substrates,

:X(O such as aniline, required internal rotation to
\ 0 0 be taken into account before optimim fits
H 0 could be found. ) .
0~AY_ Several studies which combine choice of

isomer and selection of rotamer have been per-

formed. Falk et a1214

uration of a 3,4-dimethylpyrromethanone using a conbination of LIS data and

FIG.1-6.12 Diacetone glucose

determined the config-

Nuclear Overhauser measurements. Irradiation of the 4-Methyl group enhanced ;
the olefiﬁic proton by 30% (see FIG.1-6.13), hence indicating a Z-configuration.
From LIS data with Eu(dpm)3 the E-configuration could be rejected at the 99%
confidence level. The final best fit for the Z-isomer was the twisted syn-
configuration shown. ' ‘

For the slightly more complex structure shown in FIG.1-6.14 Sullivan215
found only poor correlation coefficient differences between the correct and
incorrect assignments of the endo- and exo- diastereomers. He was unable to
detect the effects of conformatiomal changes of the non-rigid paft of the mole-
cule on the calculated LIS.

Studies of very complex systems, ie. those with three or more rotating .
bonds, several possible binding sites, or large difficult-to-assign structures,
have met with varying success, and usually many different sources ofldata, not

Just LIS, have to be interpreted to produce sensible results%88
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e Me » B
L3 | 0
Ha . ' OMe
7 “N-H
FIG.1-6.13 Twisted 0.0.p. ~ 40° | . FIG.1-6.14

The earliest'study on‘nucleotides was that of Barry‘et all78 where the
first problem tackled was how lanthanides bind to phosphate groups. Their
.conclusibn, similar to that of later work by Lavallee and Zeltmann?l6 was that
the metal lies in the plane of the phosphorus and two of the oxygens, with its
Principal Symmetry Axis directed towards the phosphorus atom. The alternative
metal position, ie. tetrahndrally dlsposed between the three available phosph-

ate oxygens, produced no solutions to the LIS datal78

178

One of the weaknesses of Barry et al's work on AMP and TMP was the

scanty amount of TH LIS data used (5 shifts in both cases) considering that
four free rotation bonds were being optimised. The later work of Angerman,
Danyluk and Victor208 on the antimalarial drug chloroquine (see FIG.1-6. 15)
was on a firmer footlng with 14 H shifts considered at two temperatures.
Although’ thls molecule,has three potential binding sites, the ring nitrogen
was found to be ten times bétter at coﬁplexing with the LSR fhan the side-
chain amines. Firstly the LSR (Pr(tmh)B)_was fixed relative to the quinoline
rings and then the side-chain was added stepwise, each group being rotated to
the optimum position before adding the next. Both structures determined by
this method varied considerably from the X-ray structure of diprotonated
chloroquine. This is discussed in detail in the paper along with the methods
of the nmr assignment and LIS analysis. '

In a study which used both lH and 130 LTS, Williamson et al166 examined
the conformations of all 18 possible C6 aleohols. They assumed the Ln-0 bond
length was 38 and the bond angle 130O and performed an initial crude screening
of the large nunber of staggered conformations,.by a manual search (ie. from a
log~log plot of In-X distance vs. LIS they selected those conformers which gave

a correlation ccefficient of better than 0.5 to a line of slope -3). Having

H
B
’ v . n—heptanol
NS
<::> Et  Et
_ gauche . trans

c” . - °N

'. Normally 25g 75t ) :
FIG.1-6.1F Chloroquine With LSR 10g : 90t - FIG.1-6.16
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thus selected 6 or 7 trial conformers for each alcohol these were then subject-
ed to a standard computer LIS calculating routine. Thus they were able to
assign diasteréotopié atomg with assurance, but warned that some_LSR induced
‘ conformational changes occurred (see FIG.1-6.16).

A large number of studies of conformations in amides have appeared in
the literature. As these have recently been reviewed by Mednejad 143 they will
not be dlscussed here. The methods used are similar to t@ose reported above
and a typical example of a complex structure determination is that of N,N-di-
isobutyl-1,1, 1-trifluoro acetamidé which has five rotatable bonds and was
Anvestigated by IH, 130 and 19FILIS}43 Spectral analysis was very complex
because the iso-butyl groups contain assymetric centres and the molecule there-
fore exists as a pair of diastereomers. A combination of double resonance
experiments and computer analysis of the LIS data was nécessary to assign the
spéctra; the conformational optimisation then followed using only the cale-

" ulated LIS,

It is recognised that the examples in this section by no means exhaust
the fiéld and because of the need for brevity much interesting detail has had
to be omitted. Once again the reader is referred fo the article by Hofer}
which presents an overview of the rdle of LIS in conformational analysis, and

to the references clited both here and by Hofer.

A
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CHAPTER 2
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2 PREPARATIVE CHEMISTRY L“ADING TO THE THREE SERTES OF STARTING MATERIALS
FOR ELIMINATION STUDIES

2-1 Introduction

The factors governing the choice of the starting materials have already

been given.

The basic preparative sequence is giﬁen in SCHEME 32 :

)
Me | Cotwl CHCl, o ACy |
HCO,H/CCl, CLCHCO.Cl
(11) Ar) ' (1)
X X | X
NaBHA
MeOH
NaOH
H F - H _c
Et,NCF,CHFC! .
4_2.___2____.
| CHCL, or ELNSF, CHCly ——5=—» PC% HCL,
(v (1V) (VI)
X X
. |° B> Jﬁa
________________ ]
F . Ho 0 . Ct . '
=——CHCI HCL =—=CHCU!
. 1
. i
(Vi) : (vir) (IX) :
X ' X X ¥
SCHEME 32

 Any compound may be identified by its series number (III), (IV), (V) ete.
and its ring substituent. ‘
eg ¢ 2,2~dichloro-l-hydroxy-1- (4 trifluoromethyl-phenyl) ethane
could be referred to as the pCFB Type (IV) alcohol, or merely pCF (IV). This
system of identification will be used where it aids the clarlty of the text. or

where space (eg. within tables) demands.

As;the preparative scheme overleaf shows the ability to make a partic-
ular Type (III) ketone is the linchpin of the synthetic approach as the steps
from (III) to (IV), and (IV) to (V) and (VI), are fairly straightforward.

2-2 Experimental
.Infrared spectra. (IR) were recorded.using either a Perkin Elmer 157
(Sodium Chloride Prism) Spectrophotometer or a Perkin Elmer 157G (Grating)
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‘Spectrophotometer. 0ils were fecorded as thin £ilms, solids as mulls in nujol.

Routine 1H nmr spectra were recorded in either carbon tetrachloride or
deuterio-chloroform solutions on one of four Varianh Associates NMR spectro-
meters (depending on availability). Two 60MHz instruments, a T60 and latterly
an EM-360A, were used (both without field/frequenecy locking facilities), and
two 100MHz instruments, an HA 100 (somewhat modified) and an XL 100-12, both
with field/frequency locks and homo-nuclear decouplihg facilities. 19F
tra were recorded on the XL 100-12 at 94.16MHz in CDCl3 solution.

Gas liquid chromatography (gle) was carried out using a modified Perkin

spec-

Elmer Fll gas chromatograph with a variety of 2m x 3mm OD colums and employ-
ing a flame ionisation detector. Approximate product ratios were determined
manually, _ _

Reactions were normally followed by thin layer chromatography (tlc) on
home made plates (20 x Sem and 7.6 x 2.5cem) using Merck silica gel F254

Column chromatography was carried out using Hopkins & Williams silica
~gel MFC (100-200 mesh) usually eluting with carbon tetrachloride/ethyl acetate
mixtures. '

Routine mass spectra (MS) were recorded on a V G Micromass 7070, whilst
‘gas chromatography mass spectra (GC/MS) were recorded on elther a Perkin Elmer
MS 270 or an MS 30. ]

| All boiling points were measured whilst distilling products under red-

uced pressure. (Distillations were stirred magnetically without air bleeds).

2-3 Preparation of the 2,2-Dichloroacetophenones (Type (III) Ketones)

The following acetophenones (compound (II) in SCHEME ié_were commercially
avallable : X = H; ortho Cl, Me, OMe, Nog, CF3, NH2§'
para ¥, Cl, Br, OMe, N02, and CEB. 8
Several other members of the series were available in this laboratory, namely :
X = oF, pMe, and pNH2.

Only the oBr acetophenone was unavailable.

217

2-3-1 Preparation of 2'-Bromoacetophenone

This was'prepared from 2'bromobenzoic acid és shown in SCHEME 33.
o' _Bromobenzoic acid (24.67g, 0.12M) was stirred with thionyl chloride (75ml,
124g, 1.10M) for twelve hours at 25°C, then refluxed for two hours. Excess
thionyl chlbride was removed at the pump. The product was distilled under
reduced pressure to yield 2'—bromobenzovl chlorlde (XI) (21.91g, 81.5%),
B.P.117%/ 10mm- Hg (Lit217 133-135/20mm Hg).

Dry ethanol (2.5ml,0.04M) and dry carbon tetrachloride(0.5ml) were. added
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CO Et © LOEt

/2 2
dry EtOH, Mg
CH ' reflux @Cl EtOMgCH
. E '
COEt _ cant (XL)
COEH. 30012 COC1
@ " reflux 2hrs @I

Br o Br (XLT)
. ; ) , 0

o
[

coc1 ' , :
(XL) 1in CH(CO.Et) . D50y Me
A > 272 ~eRoon ™
. PAC1 12 hrs B, 502

Br 2 hrs reflux 110° Br
(XLI) (I1)

SCHEME 33

to magnesium turnings (3.95g, 0.16M) in a 500ml three necked flask equipped
with a dropping funnel, condenser and dry nitrogen‘inlét. As soon as reaction
started dry chlorobenzene (25ml) was added as solvent. Diethyl malonate (26g,
0.16M) in dry ethanol (10ml, 0.17M) was then added dropwise at 70°C. _The mix-
ture was then refluxed for one hour at 100°C and then cooied to “room temper-
ature. The resulting diethylethoxymagnesium malonate (XL) was then reacted

in situ with the 2'-bromobenzoyl chloride (XLI) (21.91g, 0.1M) which was added
dropwise in chlorobenzene (45ml) solution. The mixture was stirred at 25°C
for twelve hours. 25% Sulphuric acid (25ml) was added and the organic layer
was.separated. This was concentrated in a rotorvapor at 100°C. Further 25%
HESO4 (25m1) and glacial acetic acid (25ml) were added and the mixture refluxed
at 110°C for two hours. The product was worked up by ether/water extraction,
neutralised with saturated sodium bicarbonate and then dried over anhydrous
sodium sulphate to yield 2'-bromoacetovhencne (18.6g, 93.5%), a colourless oil
B.P.112°C/10mm Hg (Lit% ! 133-5°C/20mm Eg); 'H nmr §7.0-7.5(4,m); 2.42(3H,s).

2-3-2 Methods Used in Preparing the 2,2-Dichloroacetophenones

Considerable difficulty was encountered in preparing some of the Type
(III) dichloroketones, especially those containing methyl or methoxy ring sub-
stituents. Eventually three separate methods were adopted, which will be 1ll-
ustrated in turn with the substituents for which they were found best suited.
A11 attempts at preparing the o and p amino derivatives failed and work on
these substituents was eventually.abandcned.'

N.B. All handling of thése chloro-ketones was done wearing gloves, in .

a fumé cupboard, as they are powerful lachrymators and skin irritants.

METHOD 1 (Successfully used for X = H; oF, Cl1, Br, N02, CF_; pF, CI, Br, NO2

3
CF;).
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eg. Preparation of 2,2-dichloroacetophenone (H(III)) by Direct Chlorination

'\ | » '\ -
| CH 01 |
(‘ CI% 4 o1 _FASTy @ + HOT FAST o1

(1I1) . | _ ' , SLOW
] o|\ ) L
T FAST ot « noh
—— C1" +
. X
: III
VERY 1 (111) SCHEME 34 For the derivat-
SLOW- | :
. 1 ives given overleaf, stop-
o) , : # 0 ping this reaction at the
cc1 _ ST [“CCle dichloro stage is fairly
> +C1° <T + HCI easy. v
X 2 X

Acetophenone (21.5g, 0.18M) was dissolved in 95% formic acid (75ml). The
desired uptake‘of chlorine was calculated as 12.6g. ‘The flask was tared and
chlorine was slowly passed through the stirred mixture, whilst irradiating
with a UV lamp for a total of 50 minutes. Periodically, small aliquots were
extracted for micro-slide tle (silica gel eluted with benzene) and the flask
weighed. A typical tle slide is shown in FIG.2-3.1, and the reaction was seen

fet * to proceed rapidly to.the dichloroketone.

When the uptaké of chlorine reached 13g, the supply was
) turned off and the flask stirred until tlc indicated that
CHClE— {:) only the dichlorcketone was present. Excess chlorine was
CHECl- (:) removed bylpassing dry nitrogen through the mixture. The
formic acld was evaporated off under reduced pressure on a
SM- O rotorvapor. . The product was ether extracted, neutralised
with saturated sodium bicarbonate solution, dried over
_ anhydrous sodium sulphate and then distilled under reduced
FIG.2-3.1 | pressure to yield 2,2-dichloroacetophenone as a colourless

0il, B.P.83°C/0.4mm Hg (Yield 30.1g, 88%) “H nmr 68.12-7.94(2H,m),8.68-8.31
(34,m),6.66(1H,s) . '

METHOD 2 (Successfully used for X = H; pBr, Me, OMe)
eg. Preparation of 2,2-dichloro-4'-methyl acetophenone (pMe(III)) by Friedel

Crafts Acylation (see SCHEME 35)

Dichloroacetyl chloride (29.6g, 0.2M) was added dropwise to a mechanically
stirred suspension of finely powdered alumunium chloride (29.4g, 0.22M) in
freshly distilled sodiumdried toluene (IOOml), under dry hitrogen. Some



‘ O
ch1 &01 + AL01 ——— GHGL 6------eAlCL4

L

A1C1 CHOL, o
2 ‘ + HC1 4——-— + ALCL,
X .

/AlCl

o, o
, | _
' ) CHCL, B0 CHCL,,. ‘
- , —_— + A1(OH) + 3HC1
x> o x7 | 3

COMPLEX PRODUCT ’ SCHEME 55

cooling was necessary to control.the reaction. When addition was complete the
mixture was refluxed for one hour, then cooled to room temperature.,'Water
 (140ml) was added dropwise over 30 minutes to destroy any unreacted aluminuim
chloride. Concentrated hydrochloric acid (15ml) was added to break up any
remaining solid complexes. The organic layer was separated, ether/water ext-
racted, neutralised with saturated sodium bicarbonate solutibn, and then dried

over anhydrous sodium sulphate. 2,2-dichloro-4'-methyl acetophenone, a colour-

less oil, was purified by reduced pressure distillation. B.P.78°C/0.2mm He
(Yield 23.16g,55%) Yenme 6V8'.O3—6.91()+H,m),6.12(1H,s),4.ll(3H,s).

METHOD 3 (Successfully used for X = oMe, oOMe, pOMe)

When the ring substituent was methyl of methoxy, Method 1 led to the
undesirable products shown in SCHEME 36.

: CHClé

CHCl2
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The reaction scheme for Method §'is similar to that for Method 1 (SCHEME
j&) with conditions adjusted to favour chlorinatiqn of the acyl methyl group.

eg. Preparation of 2,2-dichloro-2'-methoxy-acetophenone (oOMe(III)) by Direct

~ Chlorination under mild conditions

2'-methoxy acetophenone (20.4g, 0.156M) was dissolved in carboh tetra-
‘chloride (125ml) and deuteriochloroform (5ml). The flask was kept in semi-
dark conditions at ﬁflOOC. Chlorine gas‘was'passed slowly for 30 seconds into
the solution and the contents of the flask stirred until the yellow colouration
»had.cleaned, before passing chlorine for a further 30 seconds. After three of
these additions a fine white precipitate started to form (the mono chloride).
This was dissolved by adding 5ml aliquots of deuterio chloroform. -After 7 add-
itions a sample was withdrawn for lH nmr. Subsequent additions of chlorine
Wére for 15 seconds only, with lH nmr at the completion of each stage. After
the passage of chlorine for 315 seconds, lH nmr showed virtually 100% yield of -
the desired product. Any unreacted chlorine was b;dwn off with dry nitrbgen.
The product was washed with saturated sodium bicarbonate and dried over anhyd-
rous sodium sulphate to yield a colourless oil, 2,2—dichloro-2'-ﬁethoxyacéto-
phenone, B.P.85°C/0.6mm Hg (29.4g, 98%yield) M nmr 68.03-6.91(4H,m);6.12(1H,s);
4,11(3H,s). ' ' :

2-3~3 Physical Properties of the Type (ITI) Dichloroacetophenones
TABLE 2-%.1 Physical Properties of the Type (III) Dichloroacetophenones

DERIV X | M.W. wﬁgg) oéz;}% STATE . [SiST
H 189 1&2 83°/0.4 colourless oil
O F 207 1 70°/0.1 | colourless oil
o C1 223.5 1 74°/0.25 | colourless oil
o Br 268 1 94°/0.35| colourless oil
o Me 203 3 85°/0.6 colourless oil
o OMe 219 3 95°/0.5 | colourless oil
o NO, 238 1 yeliow oil MeOH | 84-85°
o CFB 257 1 759/0.3 colourless oil
pF 207 1 71°/0.4 | colourless oil _
p C1 203,5 1 - colourless cryst| MeOH | 61-62°
p Br 268 | 1&2 colourless cryst| MeOH | 62-63°
p Me 203 2 . 78%/0.2 colourless oil
p OMe 219 | 2& 3 [146°%/0.5 | colourless oil
p NO, 238 1 119%/0.% | yellow oil since eryst
p 033 257 1 v7o?/0.2 colourless oil
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' . . *
TABLE 2-3.2 1H'NMR Data of the Type (III) Dichloroacetophenocnes
DERIV X AROMATIC PROTONS STDE-CHAIN 1H DERIV 1H

_ 8.68-8.31(3H,m), .
Ho - 8.12-7.94(2H,m) 6.66(14, s)
- - 6.63-6.60(1H, 4,
oF. 7.90-6.90(43,m) Ju2.OHz)
o C1 7.60-7.18(4H, m) 6.66(1H,s)’
o Br 7.70-7.20(4H, m) 6.60(1H, s)
7.80-7.60(1H,m), ) '
o Me 7.45-7.10(3H.m) 6.54(13,5? 2.42(3H,s?
o OMe 8.03-6.91 (4H,m) 6.12(1H,s) 4.11(3H, s)
' 8.36-8.10(1H,m), ’
o Noy 7.90-7.35(3H, m) 6.32(1H, )
o CF, 7.75-7.65(4H, broad s) 6.53(1H, s)
8.10-7.90(2H,4d,J=5.0/8,3Hz) ,
pF 7.22-6.90(?,‘{,;,,J=8.3Hz) 7| 6.37(1H,broad s?
" 8.02-7.80(24,d,J=8.3Hz), .
pCl 7.44-7.20(24, 4, J=8. 3Hz) 6.42(1H, s)
7.95-7.75(2H, d,J=8.3Hz), o
p Br 7.62-7.40(2H, d, J=8. 3Hz) 6.47(18,5)
7.97-7.74(24, 4,J=7.CHz),
p Me 7.30-7.01 (24, 4. J=7. OHz) 6.48(11-1,5? 2.36(3H,s-)
8.12-7.958(2H,q,J=9.0Hz), L
p OMe 7.04-6.68(2H, d,J=9.0Hz) §-65(14,3) +-89(3H, )
P N02 8.26-7.96(UH,m) 6.58(1H, s)
8.18-8.07(2H, d,J=8.0Hz), '
p CFy 7.72-7.60(2H, 4, J=8. OHz) . 6.45(28, 5)

* All spectra were recprded in CCl4 with internal TMS reference at 100 MHz

WARNING :

ible with water and difficult to remove from the skin.

All are pungent, very powerful lachrymators and irritants, immisc-

2~ 4 Preparation of the 2,2-Dichloro-l-phenyl ethanols (Type (IV) Alcohols)

The reduction of the Type (III) ketones to the Type (IV) alcohols was

performed, in every instance, using the sodium borohydride mei:hodg18

This was
found to be quick, reliable and clean, unlike the similar lithium aluminium
hydride method52 which was found to be inconvenient and unreliable due to var-

iations in the condition of the LAH itself.

2-4-1 General Sodium Borohydride Method (see SCHEME 37)

Sodium borchydride (2.0g,0.05M) (2-fold excess) in 0.2N aqueous éodium
hydroxide (20ml) was added dropwise to the dichlorcketone (III) (0.1M) in
Analar methanol (100ml) at such a rate as to cause the methanol to gently
Any borohydride clinging to the dropping funnel was washed into the
The mixture was refluxed for 30 minutes before

reflux.
reaction flask with water.
removing the methanol on a rotorvapor. The resulting white glutinous mixture

‘was ether/water extracted, the organic layer being dried over anhydrous sodium



®©
q /eBH H  OBH,
NaOH ,
¥ (11) X
CHCl2
CHC, H,0 @><
SCHEME 37 '

sulphate prior to removal of the ether and distillation. Yields were quantlt-

ative and the products very clean.

2-4-2 Physical Properties of the Type (IV) Alcohols

. These are generally highly viscous oils, possessing a characteristic

iodour and mild irritant properties.

TABLE 2-4.1 Physical Properties of the Type (IV) Alcohols

DERIV X | M.W. 22.5 °q§;£‘Hg | STATE gggggﬁg M.P.
.H 191 | 1.5590 | 77°/0.35 | colourless oil | since | cryst.
oF 209 1.5382 73°/0.20 colourless oil | since eryst.
o C1 225.5 | 1.5702 78°/0.10 | colourless oil
oBr | 270 | 1.5893 | 92°/0.30 | colourless oil
o Me 205 1.5581 939/0.10 colourless oil
o OMe 221 1.5590 colourless cryst| hexane 72-740
o No, | 240 | 1.5835 '124°/0.30 |yellow oil since cryst | 63-65°
oCF, | 250 | 1.4858 | 68°/0.05 | colourless oil |
p P | 209 | 1.5332 | 76°/0.25 | pale yellow oil
pCL [225.5| 1.5653 | 98°/0.225| pale yellow oil
p Br 270 | 1.5082 | 103°/0.005| colourless oil
p Me 205 | 1.5525 | 102°/0.25 | colourless oil
p OMe | 221 | 1.5647 | 100°/0.25 | pale yellow oil
p NO2 240 1.5888 | yellow cryst hexane 89-91O
D CFB 259 | 1.4856 | 70°/0.20 | colourless oil

Detailed lH, 19 ana ¢ nmr spectra were recorded of the Type (IV),

(V) and (VI) compounds and are fully discussed in Chapter 4.

OH
In the mass spectra of the Type (IV) alcchols (see
TABLE 2-4.2) a major species (underlined) present in all
X

samples was the X-substituted hydroxy tropylium ion : (M = 106 + X).
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TABLE 2-4.2 Mass Spectral Data of the Twype (IV) Alcohols

DERTV| M+ | Sup™ Pattern | 100%| 2™ 574 yon 5% | e
H. | 190(1) 2c1 107 | 79(57) { T7(37) | 51(17) | 91(8) |108(8)
o F | 208(1) 2 C1 125 | 97(28) | 77(22) | 51(10) [ 126(8) |109(7)
o C1 | 224(n) 3 C1 141 | 77(73) | 143(33) | 51(17) | 113(13) | 50(11)
oBr | 270(1) | 2C1, 1 Br | 77 |185(90) | 187(82) | 125(32) | T78(31)| 51(30)
o te | 204(n) 201 121 | 93(44) | T7(34) | 91(34) | 65(12) | 39(11)
o OMe | 220(5) 2 C1 137 | 77(80) | 125(79) | 155{60) | 107(60) | 121(50)
o NO, | 235(n) 2 28 | 77(89) | 125(75) | 152(61) | 121(50) | 175(41)
o CF, p241(1) 2 C1 155 |127(73) | 175(53) | 156(23) | 75(10) | 77(9)
p F | 208(n) 2C1 125 | 97(44) | 77(3%) | .51(15) | 109(14) | 126(12)
p C1 | 224(n) 3 C1 w1 | 77(67) | 143(29) | 113(14) [ 125(14) | 51(14)
p Br | 268(1) | 2C1, 1 Br |185 |187(95) | 77(85) | 78(40) | 51(22) | 50(20)
p Me | 204(n) 2 C1 121 | 93(36) | u(z1) | 77(30) | 65(11) [122(9)
p OMe | 220(2) 2c1  |137 | 77(25) | 109(27) | 9M(15) |121(11) |138(10)
pNOj 235(1) | 201|152 | 77(18) | 7B(16) | 106(15) | 51(13) | 94(12)
p CF, [x241(5) 20 175 {127(72) | 173(17) | 176(13) | 145(12) | 147(9)

n = negligible % ;  * indicaﬁed highest observed line not M+ but.M—IT

. TABLE 2-4.% Micro Analysis Data of the Type (IV) Alcohols

DERIV ] " REQUIRED FQUND

X c H c1 N,F,Br - c H c1 N, F,Br
H [50.29|4.22 |37.11 50.50 | 4.41 | 37.25
oF [ 45.96|3.37|33.92| 9.09(F) | 46.17|3.40|34.06 | 9.22(F)
0 Cl |42.61]3.31 | 47.16 42,70 | 3.15 | 46.63
o Br {35.59|2.61 |26.27 | 29.60(Br) || 35.60 { 2.58 | 25.64 | 28.89(Br) *
o Me [52.71|%4.92 | %4.57 || 52.60 | 4.87 | 33.87 '
o OMe | 48.89 | 4.56 | 32.07 48.66 | 4.35 | 32.80
o No, 50.71 | 2.99 [30.03 | 5.93(N) || 41.81 |3.40|28.98 | 5.46(N)
o CF, | 41.73 | 2.72 | 27.37 | 22.00(F) | 41.73 | 2.70 | 25.30 | 22.26(F)
p F|45.96 | 3.57 |33.92 | 9.09(F) [/ 46.00|3.42|31.50| 9.56(F)
p C1 [ 42.61{3.13 |47.16 43,97 13.26 | 43.85
p Br [ 35.59|2.61 |26.27 | 29.60(Br)-|| 36.55 | 2.93 | 27.71 | 31.08(Br)*
p Me [52.71]4.91 |34.57 52.66 | 4.83 | 33.53 '
p OMe | 48.89 | 4.56 | 32.07 48.67 | 4.46 | 3L.75
p NO, § 40.71 | 2.99 | 30.03 5.93(N) { 42.90{3.39 |29.88 | 6.17(N)
P CF3 41.73 | 2.72 | 27.37 | 22.00(F) [ 43.35 |3.05 | 21.92 22,48(F)

*

Cl and Br analysed for simultaneously.
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TABLE 2-4.4 Infrared Data of the Type (IV) Aleohols.

DERIVH Film] Peak Peak Peak Peak Peak Peak . Peak Peak Peal Peak Peak Peak
X frvee| 1 2 3 4 5 6 7 8 9 10 | |
H #ull | 3350 v| 1490 m | 1330 m| 1190 s| 1100 5| 1070 s} 1020 m| 950 m| €60 s {80 s | 735 s | 700 s

oF 1iq | 3450 s 1630 m| 1580 m| 1480 m|] 1450 s| 1210 s} 1070 s 1050 s | B20 s | 790 s | 760 s {1 720 s

oCl f-1ig] 3350 s{ 1585 w | 1565 w| 1460 m| 1430 s 1180 m | 1085 s 1045 5 |1030 s | B0 m {760 8 | T15 m

o Br [mll|3250 5| 1585 w1560 w| 1320 m] 1200 & | 1120 s | 1090 5| 1020 m | 8B40 m{ 770 s {750 8 | 710 s

o Me 11q {3350 s | 2900 m | 1600 w) 1480 m} 1450 m| 1200 m| 1110 m ] 1050 s | 780 s { 740 s

o OMe | 0221 | 3250 v | 1600 s | 1580 m{ 1480 v [ 1280 5] 1230 v{ 1080 s | 1020 s | 9560 m|B00 5 | 760 8 { T30 s

o NO, f mu1l | 3450 m | 1600 m | 1560 m| 1500 v | 1330 v 1220 5} 1170 s | 1000 v | 850 5| 805 s {770 s [ 740 =&

o CF, | 1iq[3350 s 2850 w | 1600 w] 1580 w{ 1450 m| 1302 v | 1160 v | 1110 v {1040 s | 790 5 |T70 s | 740 s

pF 149 | 2350 v | 1600 s | 1510 s} 1220 v{ 1150 m] 1050 m| B30 s| 820 s} 790 m| 745 m

1pc1 § 1193350 v | 2590 m| 1490 s 1400 m{ 1190 m| 1090 v{ 1000 5| 830 m | 700 s| 770 s

p Br 1iq [ 3350 v [ 1580 m 1480 5{ 1390 m| 1180 m 1076 s{1010s| 8B20m] 7908|760 s

p Me 1iq | 3400 v | 2450 m 1605 w| 1510 m| 1190 s | 1085 s | 1040 8| 820 s | 800 s | 74O s

pOMell 1iq| 3400 5| 2850 m {1610 g} 1510 s} 1300 m|{ 1250 v} 1170|1030 v | B30 s| 790 s | 720 m

p N02 mill | 3550 m | 1600 m | 1520 v{ 1340 v} 1180 m} 1080 s| 830 m| 770 s | THO s | 700 s

p CF3 14 {3350 511620 m | 1810 m| 1320 v 1160 v | 1120 v {1060 8| 1020 s | B4O 5| 790 s |7T50 m | T30 s

The major peaks are listed in descending order of their wavenumber (cnfl).

Relative intensities : v = very strong; s = strong; m = medium; w = weak.

2-5 Preparation of the 2,2-dichloro-l-fluoro-l-phenyl-ethanes (Type (V)
FWuorides)

The preparatlon of these compounds by the direct fluorination of the

Type (IV) aleohols posed several practical problems, not the least of which

was the preparatlon and handllng of the fluorinating reagents. Reaction of

the alcohol to give the fluoride was normaily instantaneous and quantitative.

2-5-1 Preparation of the Fluorinating Reagents and the Type (V) Fluorides

Two reagents were used, diethylamino-2-¢hloro-1,1, 2—trif1udro ethane
(pACTE) 9222 (X1T) and diethylamino sulphur trifluoride (DAST) (xV)52
both successfully, although both had their own disadvantages.

Two special sets of apparatus were designed for these reactions, The
first (FIG.2¥5.1) was rather makeshift, consisting of a variety of parts both
readily available and specially made, and had to be dissembléd during the prép—
aration of the fluorinating reagent. The second, purpose built, (FIG.2-5.2),
incorpecrated modifications which overcame most bf these problems.

Both reagents were prepared in both sets of apparatus, but here the prep-
aration of (DACTE) will be described using the first apparatus, and (DAST)
using the sécond. All fluorinations were done in a specially preparéed fume-
eupboafd,'observing all the precautions necessary in the handling of such

dangerous materials.,
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2-5-1.1 Problems Involved in the Preparation of Diethylamino-2-chloro-1,1,2-
trifiuvoro ethane (DACTE).

The basic method of preparation was simply to bubble the gas, chloro-
trifluoroethylene, through diethylamine for several hours and then distill off

the product of the addition reaction :

== ——
Et NH + CF,== CFC1 Et, NCF, CHFC1

SCHEME 38 ° (xT)
The main problems encountered‘were : )

i) Increasing the reaction yield to more than 20%

11) Wasting the minimum amount of chlorotrifluorocethylene

111) Keeping the reagent under dry nitrogen at all times

iv)  Handling an extremely dangerous fluorinating reagent which gives
of f HF fumes immediately on contact with air.

The basic apparatus for preparlng the reagent is shown in FIG.2-5.1 (a)
After the apparatus had been flushed with dry nitrogen, the gas was passed
through the anti-suck-back flask, through the reaction flask and condensed at
the dry-ice cold finger. Any uncondensed gas or pressure fluctuation was rel-
eased through a valve containing diethylamine. | ,‘

Several factors need to be considered in attemptlng to increase the
reaction yield :

(1) cF CFCl condenses at -27°C.

(2) EtaNH freezes at -48°C.

(3) Rate of reaction decreases with decreaslng temperature.

(4) Gas-liquid reactions are likely to be very inefficient compared to
liquid-liquid reactionms. |

Assuming that tne dry ice condenser (at -78°C) condenses all of the
chlorotrifluoroethylene it receives (a reasonable assumption) there are two
basic, extreme methods for the preparation. )

(A)' Keep the reaction flask between 0° and 25°C. Pass the gas slowly
and allow the condensate running back from the cold finger.tb react with the
diethylamine. Continue for up to ten hours before flushing the unreacted gas
and distilling off the product. ' ‘

(B) Cool the flask to -30°C. Pass the gas quickly until a slight
excess has condensed. Stop the gas flow. Warm the flask (to —lOOC if this is
possible) and keep pouring dry ice into the condenser so as to contain the
chlorotrifluoroethylene. Continue for as long as possible (usually 3 to 4 hrs)
,_before flushing unreacted gas and distilling off the product.

Both of the above methods, and a variety of intermediates, were used with
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FIG.2-5.1 Apparatus Used in the Preparation/Distillation/Reaction of DACTE -
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varying degrees of success. Method (B) generally seemed the more effective

although average yields were only ~20%. (Yields of 44% & 61% have been
219,220 : , S

reported :
Early attempts at conventional reduced preséure distillation of the pro-
duct broduced a reagent which, although it fumed violently in air, was unreact-
ive towards alcohols. -On distillation the reagent was collected in a flask
(which was later fitted with a suba-seal) under dry nitrogen, and was dispensed
with a syringe. As this proved unsuccessful it was decided to react the reagent
with the alcohols before it could deteriorate. To do this a distillation app-

aratus involving a "vacuum lock" was designed (FIG.2-5.1(b)). This will be

deseribed below.
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PROCEDURE 1 Preparation of Diethylamino-2-chloro-1,1,2-trifluoroethane (DACTE)

Diethylamine (36.5g, 0.6M) (ffeshly distilled from anhydrous sodium car-
bonate) was placed in the flask (FIG.2-5.1(a)), with a further small quantity
in the release valve, and cooled to —3500 in an ethanol/dry ice bath. The
condenser was cooled to -78°C and the gaseous chlorotrifluorcethylene was
slowly bubbled through the diethylamine “ntil sufficient (56g, 0.5M) had con-’
densed. The ethanol/dry ice bath was aliowed to warm to -5°C (over lhr) and
the mixture was kept gently refluxing for 4hfs.'(This requlired continual top-
ping up of the ethanol/dry ice condenser. It was necessary to gently warm the
lower bath to maintain it at —5OC as the refluxing gas withdrew heat from it
‘ at a significant rate), .

» The upper condenser was then allowed to warm ub grédually so that any
unreacted éhlorotrifluoroethylene could be vented from the system. The flask
was warmed to rcom temperature and flushed with a slow stream of dry nitrogen.

The distillation part of the apparatus (FIG.2-5.1(b)) was thoroughly
flushed with dry nitrogen, and with the aid of several*well placed Jets of dry
nitrogen, was attached to the reaction flask without exposing the reagent to
the air. '

The apparatus was connected to"a rotary. pump via a mercury manometer, a
nitrogen trap and two air bleeds. The- pressure waé very slowly reduced until
the unreacted diethylamine boiled off (25°/250mm Hg). This was condensed at
the.liquid nitrogen trap. The water condenser was connected, the flask heated,
and the pressure further reduced until the reagent began to distiil over
(B.P.50-55°/20m: He; Lit: B.P.32-33%/6mm Hg220).

A which was always maintained at the distillation pressure. Vessel B was norm-

This was collected in Vessel

ally kept flushed with nitrogen but could readily be pumped down to the same
pressure as A. ' _

In this condition distillate could be run from A into B without stopping
the diéﬁillation. Vessels A and B would>then be isclated, distillation con-
tinuing in A whilst'B was let up to room pressure under nitrogen. Vessel B
was graduated so that aliquots of the fluorinating agent could be run directly
onto the alcohcl samples in the exchangeable reaction vessels C. Using this

method as many as twelve samples have been fluorinated in quick succession.

The aleohols, if liquids, were reacted neat; if solids, dissolved in the
minimum amount of analar dichloromethane. To each 0.5g of alecohol (MW 200-270)
was added 1.5ml of (DACTE) (MW.189.5). More accurate measurements were not
attempted as this allowance was considered generous and was always sufficient.

The reaction vessels C were Bl9 jointed side-arm test tubes. With this

arrangement, dry nitrogen could be flushed over the reaction, and the copilous
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white fumes of HF liberated could be vented to the fume-cupboard flue.

Reactions were instantaneous and were characterised by the bright red

colouration of the complex (XLII)?22 whiéh was later broken up by the addition

of water.
o F F |
& A §©_ ROH l f _
t,NCF,CHFC1 ———~ |t N=C—CHFC1| F ———#- Et _NCCHFC1 + HF
A | (V) (l)R
(XLID) : \”\
| N u o
R-F  + Et N—C—CHFCL «— 20— [EteN—(IJ—CHFC1J ©
L OR
SCHEME 39 (V) (XL.IV) . (XLIIT)

After shaking»fdr a short period, the reaction products were treated
~with water, dissolved in dichloromethane and transferred to a separating
funnel. The‘organic layer was repeatedly washed with water and then neutral-
ised with saturated sodium bicarbonate solution. After drying over anhydrous
sodium sulphate, the mixture was passed down a short Florosil column to rem- ,
ove the 1—chloro-1;fluoro-N,N-diethyl acetamide (XLIV) giving the Type (V)
fluoride in good yield and in most cases, high purity. Trace impurities of
the by-product (XLIV) in the final fluoride product were instantly charact-
erisable by both lH énd_lgF nmr, and were removed by repeat chromatography
of the product. ((XLIV) 'H nmr -CHFC1 66.28(1H,d,J,=50.6Hz); '9F nmr 0/S
36190-36250 (Relative to CDClB lock) ie. 142.8 + O.3ppm to highfield of
CFClj (JHF 50.5 + 0.6Hz) shift dependent on solution concentration).

. This method. was used successfully with the following Type (IV) alecohols :
(X = H; oF, C1, Br, Me, OMe; pF, Cl). It failed to incorporate-flubfihe in

both o and pNO2(IV), and was not tried with the remaining derivatives.

2-5-1.2 Problems Involved in the Preparation of Diethylamino Sulphur
Trifluoride (DAST)

The basic method of preparation is similar to that of the (DACTE) in

that it involves reaction of a gas with liquids at low temperatures, and

purifying the reagent by distillation-c-
B CFCL, . : .
Et,MSiMe, + SF, — > B JNSF;  +  FSiMe
(XTv), (DAST) . SCHEME 40

The problems associated with this preparation are similar to those of
the (DACTE) preparation. An additional problem was the volatility of the
sulphur tetrafluoride and the fluorotrimethyl silane both of which tended to

bump rather than disfill. A very long distillation was therefore required,
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during which the sulphur tetrafluoride (B.P.-40°C), fluorotrimethyl silane
(B.P.17°C), and the trichloroflucromethane (B.P.25°C), had to be removed bef-

"ore the DAST (B.P.56%/12mm Hg) could be isolated. |
The apparatus uged for this preparation is illustrated in FIG.2-5.2. It

combines all the . functions of the two sets of apparati FIGS.2-5.1(a) & (b)"
in one piece of glassware and therefore made the handling of the fluorlnatlng

reagents more efficient and safe.

The apparatus was thoroughly baked dry before use. On assembly it was
kept flushed with dry nitrogen. A wide temperature range silicon grease was
used on all joints except the Bl19 cone which took the exchangeable fluorin-
ation reaction vessels C. This was fitted with a ptfe sleeve to avoid joint

selzure. The only two taps that the DAST reagent came into contact with were
greaseless ptfe barrel "RUI’AFLO" stopcocks (3) and (4). |

Vessel A (a B29 test-tube, nominal capa01ty 60ml callbrated in 1ml
divisions was equipped with a small ptfe coated magnetlc.follower. The main
reasons for using a test tube as a reaction vessel were :

i) It -could be calibrated

1i). It could be completely immersed in a dewar containing an ethanol/
dry ice bath. This improved the efficiency of condensing the SF 4 gas and
also reduced the amount of tOpplng up necessary in the dry ice bath.

Ci11) If the mixture bumped during distillation it was easier to contain.
Note that the Joint in the reaction veSsel A was well below the surface of
the ethanol bath. This gave no problems with leakage. Also, stirring of the
reaction mixture was necessary because the liquid partitioned into two phases.

The upper ethanol/dry ice condenser was designed with an angled drip
for distillatlion purposes énd was fitted with a large vacuum jacketed reservoir
to reduce the frequency of "topping up" with dry ice. The top of the cond-
enser assenbly carried a B24 joint. For dry ice use this toock a powder
funnel, but later when a conventional. water condenser was required a dreschel
head with a polythene extensibn tube was fitted; and the condenser flushed
with water in a normal fashion.

All flexible tubing used to carry gases, waste and vacuum was polythene
and was renewed after each use. The waste outlet was continually flushed
with nitrogen. As before vessel B was graduated for metering the amount of
DAST used in each fluorination. _

Only one minor change of configuration was required during the course
of the reaction: the interchange of a dropping funnel with the\BlO distill-

ation thermometer, which was accomplished by using a slight positive pressure

of nitrogen within the apparatus and the dropping funnel (empty at this stage).
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FIG.2-5.2 Apparatus Used in the Preparation/Distillation/Reaction of DAST
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" PROCEIURE 2 Préoaratidn of Diethylamino Sulphur Trifluoride (DAST)

Vessel A and the condénser weré cooled to ;7800. Tap j was closed and
tap 5 was opened to the flue. The nitrogen supply to tap 1 was stopped and
the "magic bubbler" (see FIG.2-5.2) was used to test the opening of the needle
valve'on the sulphur tetrafluoridé'cylinder. The needle valve was closed and
the traces of SF

4 .
nitrogen. Tap 1 was then adjusted to isolate the bubbler, and a slow stream

in the bubbler were flushed into the apparatuS'with dry

of sulphur tetrafluoride was passed into the apparatus. Periodically the
ethanol/dry ice dewar'was lowered to check the level of condensate. By this
method a total of 5.7ml (0.1M) of sulphur tetrafluoride was collected. The
gas supply was stopped and the inlet line flushed with nitfogen before being
closed at (2). Chlorotrifluoromethane (15ml) previously chilled to -60° was
r™un dropwise-onto the sulphur tetrafluoride. A chilled (—600) solutidn of
diethylaminotrimethyl silane (13.6g, 0.09M) in chlorotrifluoro methane (14ml)
was then added, very slowly, to the stirred reaction mixture. Two layers )
formed, the upper being dark.red in colour and compriaing about 60% of ‘the
mixture. _ B

The mixture was slowly warmed to -éOoC and allowed to reflux for 3hrs.
During this period the ﬁpper layer contracted until it comprised only 10%
of the mixture. The condenser was allowed to warm up and any unreacted )
sulphur tetrafluoride was gradually released to the.flue; the reaction flask
was allowed to warm to room temperature. - ‘

The oll pump was started with both air bleeds fully open and (5) open
to the flue. Tap (6) was adjusted so that vessel B was connected to the
nitrogen inlet. Tap 5 was opened to the pump, and very slowly (to prevent
bumping) the air bleed at (7) was closed. The liquid nitrogen trap was
positioned and the air bleed at (8) finely adjusted until the fluorotrimethyl
silane gently boiled off, (16°/755mm Hg). The pressure was further reduced
to remove the chlorotrifluoro methane (B.P.20°/600mm Hg). This stage took
several hours, both volatile compounds being condensed in the liquid nitrégén
trap. h '

The water condenser was turned on, and vessel B was connected to the
vacuum via tap 6. The pressure was further reduced and vessel A heated until
the product diethylamino sulphur trifluoride (B.P.56°/12mm Hg) began to
distill. Tap 3 at the reflux-ratio take-off was opened and the distillate

run into vessel B. As before, vessel B could be isclated from the system
and let up to rodm pressure for carrying out fluorinations.

_' A total of 13.5ml of DAST (a pale yellow 11quid) was produced (100%
theory yleld = 14.5g, Lit. yield = 84%, density unknown ... probable yieid

~80%), sufficient for hine successive fluorinations.
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1.0g samples of the Type-(IV) alcohols (ﬁw 200-270)’were dissolved in
Analar dichloromethane (10ml) andAcooled to —7800. To each sample was added
DAST (1.5ml, MW 161). The reactions were far less violent than the similar
DACTE fluorinations. The treated samples (stoppered with a teat placed over
.the side-arm) were shaken, then warmed to room température and left overnight.

By this method all of the alcohols were successfully fluorinated with
the exception of the oOMe derivative (which failed to incorporate fluorine
three times., This was later fluorinated by the DACTE route).

The reactions were very clean as the only by-product (XLVI) decomposed

on work-up :

F
: l
EtNSF, + ROH > Bt NS—OR - + arh
F :
(L) i
. 0 ' Fl‘
i
Et NSF  + KF Et N— ?oe %
| . !
0 |
EtNéF + HO —————»SO* + HI‘+ + Et_NH
2 2 2 » z

(xLv1) SCHEME 41

2-5-2 Physical Properties of the Typé (V) Fluorides

These compounds are readily soluble/in a range of solvents, possess a

characteristic odour and are mild irritants.

Notes on TABLE 2-5.1 (overleaf)

GIC conditions : 1yl injections; column :2m x 4": 5% SP1000 on Chromosorb P
(65-80 Mesh); @ 113°C (Range 5x10°). . '

RT (retention time) normalised relative to H = 100. Actual retention time
H = 8.65cm (from Eiab) at chart speed 15"/hr = 13.5 mins. Impurity RT's»
normalised to individual derivative.

The figures in parentheses in the glc impurities are % relative to Type (V)
Fluoride = 100%. ’ -

Both NO2 derivatives were undetectable by flame ionisation, -~ =~ ==
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TABIE 2-5.1 Physical Properties of the Type (V) Fluorides

DERTV 5.5 | GLC Properties
X MW np STATE Prgguct -Impurities RT
H 195 | 1.5375 | colourless oil| 1C0.0 br.4(1) §161.3(1)
oF 211 | 1.5050 | colourless oil| 61.3 [50.0(%) | 11.3(0.5)
o C1 | 227.5| 1.5394 | colourless oilf| 167.6 {50.7(2) | 58.6(1) ~ | 39.3(0.5)
oBr | 272 | 1.5585 | colourless oil| 287.9 |53.8(8) - -
o Me 207 | 1.5290 | colourless oil] 127.2 -
o OMe| 223 | 1.5324 | colourless oil] 342.2
o NO2 254 | 1.5460 yellow oil _
o CFB 261 | 1.4674 | colourless oil|l 41.0
p F 211 | 1.5048 | colourless oil| 110.4 [35.6(3)
p C1 | 227.5| 1.5397 | colourless oilj 368.8 {45.5(1) | 30.4(1) 11.1(1)
pBr | 272 | 1.5630 | colourless oil| 682.6 |41.7(7) ' '
p Me | 207 | 1.5260 [ colourless oil} 157.3 | 73.5(1) | 28.5(0.5)
p OMe | 223 | 1.5353 | colourless oil] 637.5 ' S
D NO2 254 | 1.5523 yellow oil ,
p CFy 261 | 1.4695 | colourless oil| 94.5 |88.0(1) | 47.8(1) 40.3(1)
TABLE 2-5.2 Mass Spectral Data of the Type (V) Fluorides.
DéEIV e Paf:zzn 1008 204 rd yth 5th oth
H 192(25)] 2 cC1 109 [ 110(27) | M+(25) | 83(17) | 157(16) | M+2(16)
oF | 210(13)] 2cC1 127 [128(16) | M+(13) | 175(21) | M+2( 8) | 101( T7)
o C1L | 225(10)] 3 CL |143 |145(48) | 144(20) | M+(10) | M+2( 9) | 75( 8)
o Br [*272(24)|2 C1,1 Br|189 | 187(93) | 108(36) | 143(31) | M+2(2k) | 120(20)
o Me | 205(14)| 2cC1 123 |103(18) | 124(17) | M+(2%) | 115(11) | 77(10)
o OMe|| 222(16)| 2 c1 [139 | 91(71) | 109(24) | M+(16) | M+2(11) | 240( 9)
o NO, 237( 1) 2 C1 |154 [109(82) | 177(58) | 123(46) | 127(24) | 51(23)
o CF, | 260(10)| 2C1 {177 |127(51) | 178(43) | 168(18) | 109(17) | 151(17)
pF | 210( )] 2¢c1 [127 | 57(25) | 207(15) [ 101(25) | 75(14) | 128(13)
pCl | 226( 6)] 3C1 {143 |145(40) | 75(21) | 107(20) | 83(18) | 50(18)
p Br [¥272(13)|2 C1,1 Br|187 |189(98) | 108(20) | M+2(13) | M+( 8) | 188( 8)
pMe | 206( 5)| 2 c1 |123 [115(35) | 83(12) | 63(12) |103(11) | 77(11)
p OMe| 222( 8)| 2C1L |139 | 96(22) | 109(14) | 63(13) | 83(13) | 85( 9)
D N02 o37(18) 2 €1 |15% | 95(25) | 124(18) | M+(18) | 155(14) | M+2(10)
{p CF, 260( 6)| 2¢C1 1177 |127(50) | 178(17) - 75(13) | 169(10) | 158( 9)

* indicates M+2 line highest in moleﬂular ion group

‘Again the major specles present (IOQ% lire in every instance) was the X-
substituted fluoro tropylium 1on.(M = 103 + X).
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TABLE 2-5.3 Micro Analysis Data of the Type (V) Fluorides.

DERIV| REQUIRED - . ~ FOUND

X ¢ | H F c1 N,Br ¢ |Hu F-|-C1]| N,Br

H . [[49.77|3.65] 9.64{36.73| - 50:49]3.72110:67|35.27
o F [45.53{2.87{18.00|33.60 - j46.52{3.13|17.33|32.04
0 C1 {42.24|2.66| 8.35|46.75 42.5412.60] 9.06|45.75
o Br [35.33|2.22| 6.99|26.07|29.38(Br)|36.77|2.30| 7.42|25.03|28.20(Br)
o Me [52.20(4.28| 9.17|34.24 -~ is.27|3.07| 8.89{=28.51| @ -
o OMe [|48.4614.07} 8.52]31.79 48.4514.32| 8.68(31.62
o NO,|37.82|2.38| 7.48|27.91| 5.51(N) |36.68(2.08| 8.50(25.96| 4.54(N)
o CF, [41.41]2.32|29.1127.16 "~ 42.20|2.54(28.%1|25.81 )
p F [45.53|2.87|18.00(33.60 40.81(2.36{19.63{32.77
p C1 [h2.28|2.66| 8.35|46.75 44.02|3.26| 9.97|38.47
p Br [35.3%|2.22| 6.99|26.07[29.38(Br)||36.40|2.47| 7.19{23.81{26.84(Br)
p Me {52.20(4.38( 9.17|34.24 “52.63]4. 421 9.32(33.63 )
p OMe [48.46|4.07| 8.52|31.79 46.76|4.14| 9.59|31.87
p N0, |37.82|2.38| 7.48 27.9i‘A5.51(N) 40.79|2.66| 8.23|24.08| 5.84(N)
D 033 41.41(2.32({29.11{27.16 © 41.78{2.41 (28,4524 .52 )

* Cl and Br aﬁalysed for simultaneously. Due to instrumental problems the
‘microanalysis of these samples was held up for 10 months during which time
some decomposed.

TABLE 2-5.4 Infrared Data of the Type (V) Fluorides

DERIVY Peak Peak Peak Peak Peak | .Peak Peak Peak Peak Peak Peak | Peak { Peak | Peak | Peax

R 1 2 3 L} 5 6 7 8 9 10 11 12 13 14 15

H 1485 w2445 m 1210 m [ 1060 m| 1025 m [ 1010 m} 755 s 75 s 740 s 700 =
oF [1615 m|1590 m| 1490 s | 1450 s {1225 51075 51020 s | 825 5| B0O s | 765 s
aCl §1500 w1570 w | 1470 m | 2440 m | 1220 m | 2130 m | 1080 m [ 1050 m| 960 m| K00 6| 780 v | 160 6 | 720 m
oBr 1500 m| 1570 m (2370 s | 1'%0 s | 1275 m {1210 8 {1125 & 1080 81020 s | 950 s | 830 m}| 800 s 780.5 760 v| 720 s
oMe 1600 w| 1430 m (1455 m {1210 m [ 1065 m {1005 m| 865 m| 790 5| 765 m| 745 2| 720 m '
o OMe }f 2900 m | 1600 s | 1495 s | 1460 s | 1440 m | 1285 s | 1250 v | 1075 8 | 1050 s |1015 s [960 m [ 800 s | 765 s | T30 s
o NO2 1603 w | 1570 w {1530 v 1345 v [ 1305 m (1210 w | 2090 m | 1065 m| BEO m| 795 s | 775 8| T4O s ]| 7TCO m |~
a CFy 1600 w1580 w | 2450 w {1310 v [ 1165 v [ 2120 v | 1075 m | 1060 m | 1040 8 1 960 m | 800 s | 775 s | T40 &
PF 1605 s|2510 v 1225 v [ 1160 5 [ 1070 m [ 1010 m]| B4O s | B10s| 750m| 750 m
pCl 11590 m{1485 8| 1400 m {1205 m | 1050 s [ 1010 8| 8208 | 795 s| 7658 TiOm
pBr 1500 m| 1430 m 1500 m [ 1205 m | 1070 6 {1010 s | B20m| 795 8| 58| 75
pMe 1605 m|1505 m}1200 m |2075 m {1020 m} 1005 m| B0 s | 795 s| 7208 ] 710 m
p OMe |l 2900 m| 1615 & | 1555 m | 1515 8 | 1460 m | 1305 8 | 1250 v [ 1180 5 [ 1065 m 1035 v | B840 s {800 | T35 m
“lp N0 1525 v | 1340 & | 1300 m [2090 m | 2060 m| 860 m| 790 m| 770 8| O8] 700 m

4 .
p CF, [ 1620 w | 1415 m | 1325 v [ 1170 s | 2130 s} 1070 s | 2015 m 840 m| 80 m| 760 m

3

All spectra were recorded on liquid films. -1
The major peaks are listed in descending order of their wavenumber (em ).
The relative intensities are denoted by the abbreviations : v = very strong;
s = strong; m = medium; w = weak. ’
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2-6~Pfeparatioﬁ of the 1,2, 2-Trichlor0phenv1 Ethanes (Tvpe (TV) Chlorides)

As with the preoaratfon of the Iype (IV) alcohols from the Type (III)
» ketones, this step was very stralghtforward- and in most cases proceeded almost

quantitatively and very cleanly.

' 2-6-1 General Phosphorus Pentachloride Chlorination Method

H. OH
CHCL,, CHCl, , poci. + HCL
o 001 | R
=g ol
_ _ 2
. (IV?‘ v (VI?V. ' H3P04 + 3HC1

'SCHEME 42

The Type (IV) alcohol was dissolved in the minimum amount of analar
carbon tetrachloride and two equivalents of finely powdered phosphorus penta-
chloride was added direcfly to the solution. The mixture was then refluxed,
with stirring, for half an hour before cooling and carefully quenching with
water. This converted the phosphoryl chloride and any unreacted phosphorus
to orthophosphorie aecid, which conveniently partitions into the aqueous
layer. The organiec layer was separated, washed with water and then saturated
'sodium bicarbonate solution, before drylng over anhydrous sodium sulphate to
yleld the crude chloride (VI). o

Pilot elimination reactions with the Type (VI) chlorides showed that
"pack elimination” of the Ochlorine readily took place. It was therefore
decided not tovcontinue with eliminations from this series. As these comp-
ounds were eventually prepared on a small (O-}g) scale, solely for comparative

nmr studies, they were only purifled, where necéssary, by column chromatography.

2-6-2 Physical Properties of the Type (VI) Chlorides

As with the Type (V) fluorides these compounds are readily soluble in .

a range of solvents, possess a characteristic odour and are mild irritants.

Notes on TABLE 2-6.1 (overlear)

GIC conditions : 1 injection; eelum : 2m x " 5% SP1000 on Chromosorb P
(65-80) mesh (range 5 x 102). o A

All other notes as for TABLE 2-5.1 except H RT = 5.05 cm.
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TABLE 2-6.1 Physical Propertieé of the Type (VI) Chlorides

DERLYV | 2.5 B GLC Properties
X M nD $TATE Prgguct :; "impurities RT
H 209.5 | 1.5605 | colourless oil| 100.0 §{17.8(1) | 39.6(1) '
o F [ 227.5]|1.53%92 | colourless oil| 64.3 §23.1(6) | 49.2(3)
0 Cl || 224.0]|1.5706 | colourless oil| 155.4 122.3(17) | 54.8(12)
o Br | 228.5{1.5888 |colourless oil| 257.4 |22.6(7) | 55.4(4) | 13.0(0.5)
o Me |223.5]|1.5600 |colourless oii| 108.9 |16.3(3) -
o OMe | 239.5 | 1.5520 | colourless oil| 271.3
o NOé 254.5 | 1.5802 | yellow oil
0 055 227.5 | 1.5020 |colourless oil| 41.6 }19.1(15)
p P [227.5|1.5379 |colourless oil| 114.8 {18.1(2) | 39.6(1)
pCl |244.0]1.5723 cdlourless oilll 358.4 {39.8(1) | 17.1(1)
p Br [288.5]1.5921 |colourless oill| 663.4 |39.1(2) | 16.7(1) | 9.3(1)
p Me [[223.5|1.5532 |colourless oil| 146.5 |20.3(1) : T
p OMe | 239.5 | 1.564% |colourless oill 64%.6 |23.1(1)
p NO, | 254.5 1.5830 yellow cryst
p CF; |277.5 | 1.4962 |colourless oil| 88.1 16.8(9) 7.9(5) | 41.6(%4)
TABLE 2-6.2 Mass Spectral Data of the Type (VI) Chlorides
D?EIVV - Pai::2n 1008 2nd | 5rd yth sth cth
H 208(12) 3Cl 125 [127(50) | 51(17) | 103(16) | 77(13) | 126(13)
oF [ 266( 8)] 3c1 145 |145(47) | 144(11) | 122(20) | 120( 9) | 191( 8)
o C1 E244( 8)| &c1 |159 |161(60) | 77(18) | 137(18) | 101(17) | 136(16)
o Br [¥288(13)|3 C1,1 Br|205 [203(85) | 207(30) | 136(23) | 75€21) | 101(17)
o Me |222(24) 3c1 [139 [141(80) | 115(60)7| 103(33) | 140(27) | 222(24)
o OMe238( 7)| 3C1 [155 | 91(23) | 125(16) | 157(14) | 89( 9) | 238( 7) |
o NO, | 253( n)| > C1 |170 |112(78) | 28(65) | 75(60) | 51(58) | -8K50)
o CF_ | 276( 5)| 3 C1 |193 {195(41) | 151(26) | 158(14) | 194(12) | 75( 9)
p F |206( 6)] 301 143 1145(42) | 120(12) | 121(11) | 144(11) | 101( 9)
p C1 pauh( 6)] 4 c1  |159 |161(64) | 75(12) | 101(11) | 136( 9) | 137( 9)
{p Br [¥288(10)|3 C1,1 Br|205 |203(75) | 207(24) | 136(14) | 102(13) | 188(10)
p Me |222( 6)] 3C1 139 [141(28) | 115(15) | 103( 8) | 140( 8) | 117( 6)
p OMe | 238( 6)] 3 C1 [155 |157(30) | 168(14) | 203(10) | 89( 9) | 156( 9)
pNO, | 255( 7)| 3 CL |170 | 28(68) | 172(33) | 150(17) | 136(17) | 110(16)
p CF, 1276( )| 3 C1 1193 |195(31) | 151(10) | 194( 9) |'172( 7) | 75( 6)

* indicates-M+2 line highest in molecular ion group. .
- Again the major species present (100% line in every instance) was
substituted chloro tropylium ion (M = 108 + X).

the X~
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TABLE 2-6.3 Micro Analysis Data of the

Type (VI) Chlorides

A A

DERIV CALCULATED FOUND
X C H N C H N
H 45.86 | 3.37 45.35 | 3.40
oF Yo, o4 | 2,66 41.67 1 2.80
o C1 | 39.39 | 2.48 4 .16} 2.80
o Br |33.322.10 34,78 12.32
o Me [18.36|4.06 48.66 | 4.07
o OMe | 45.13 | 3.79 4y.14 | 3.68
o NO, 137.76 | 2.38 | 5.50| 40.27 | 2.72 | 5.42
o CF, 38.95 {2.18 4o.44 | 2.45 All notes as for
p F Yo, o | 2.66 44,38 | 2.97 TABLE 2-5.3
pCl |39.39|2.48 41.38 | 2.86 '
p Br _ 33.3212.10 33,19 12.19
p Me |48.36[L4.06 4o, 49 | 4.04
p OMe | 45.13 | 3.79 45,70 | 3.95
p No2 37.76 1 2.38 | 5.50] 37.94 | 2.58 |5.02
p CF3 38.95 | 2.18 | 43.49 | 2.97
PABLE 2-6.4 Infrared Data of the Type (VI) Chlorides
DERIV § Peak Peak Peak Peak Peak Peak Peak Peak Peak .| Peak | Peak | Peak | Peak
X 1 3 4 5 6 7 8 ‘g 10 11 12. | 13
H {3000 m {1495 s {1400 s {1205 5 {1190 m {1080 m (1010 m| 610 s | 745 s {720 v
o F 2950 w | 1620 m | 1590 m { 1490 v | 1460 s {1240 5 11100 s | 820 s 780 v| 750 s| 710 s
0C1 #3000 m [1610 m|1595 m 1570 m | 1470 s 1445 s 11275 m | 1055 5 {1040 s | 920 m | 820 s | 760 s | T40 s
o Br' 3000 m {1615 m| 1590 m | 1575 m | 1470 v [ 1440 v | 1280 5 [ 1190 5 | 1040 5 1920 5] 820 s T60 v
oMe 2950 m[1600 w|1490 m | 1460 m [1210 m [1180 m | 810 s| 760 8| 74O 5| 705 s
o OMe [ 2900 w {1600 m | 1490 s | 1465 s | 1310 m [ 1250 v [ 1030 s 820 s| 7655|705 m
) N02 .3000 m {1610 m{1580 m|153C v {1350 v [ 1190 m |2005 m| 870 s} 820 5| 795 s T45 s
o CF, §2900 m |1610 m| 1460 m [ 2310 v {21170 v [1125 v {10405 | 930 m 825 s {805 s| 780 8| 720 8
pF 2900 w 1605 5| 1515 s | 1420 m | 1230 v {1060 s | 1020 m | 850 s 810 s | 740 s
pCL 2900 w {1600 m|1500 s | 1410 m | 1100 g {1020 s | BSO m( 84O s 780 s | 740 s
p Br {2900 w1600 s|1490 s | 1405 s | 1080 s {1020 s| 850 m| B30 s} 75 s 40 s
pMe 12900 m|1610 m|1515 m|1205 m (1180 m| 910 m| 830 s| 790 s| 750 v]| 700 m
p OMe || 2900 m | 1615 s (1510 s [ 1460 s | 1310 s | 1250 v | 1180 5 [ 1120 s | 1040 v | 840 5| 800 5| 750 v
P NO2 3000 m | 1610 s | 1530 s {1350 8 | 1215 m | 1020 s | 865 m] 780 m| 750 s| 700 m
ie CF3 2900 m | 1620 m} 1420 m| 1325 s | 1170 s 1130 s {1070 s | 850 m)| 760 m| 720 m
A1l spectra were recorded on liquid films. -1
The major peaks are listed in descending order of their wavenumber (em ™)
Relative intensities very strong; s = strong; m = medium; w =.weak:
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2-~7 Type (IV), (V) and (VI) Compounds Reported in The Literature

34 out of the 45 compounds in these series are unreported (formula index
"in Chemical Abstractsvup to June 1977). Most of the reported compounds (see
TABLE 2-7.1) were isolz.ed in studies'related'to pesticides of the DDT (XXIII)
and DDD (XXIV) type.

TABLE 2-7.1 Physical Properties of the Type (IV), (V) and (VI) Compounds

Reported in the Literature.

DERIV || Series| Registry No. Physical Properties -Réferences
| MP 5452,224 56225,226; :n1230 1.5626| 52
H 2162-36-4 | BP 93°/2miig®> 121. 50/ mmiig 22 2047
1700/16mmHg226 038
o) 230 20
o C1 27683-60-9 | BP 127°/4mmHg ny 1.5675 230-2,238
o Me 18067-50-0 | BP 100-5°/Ummtg 205
(1v) o 228 o 229
p C1 41521-04-4 | BP 140-5 /2mmHg 158" /4mmtg 208-9, 231, 238
p Me not reported | BP 132-4°/6mnllg | 225
1
o OMe 58622-56-3 H nmr.d 7,03(J_9?,6.57(J_9?, 033
5.78(J=5),4171(J=5).
p.No, not reported | MP 92°C (Recryst. Pet.Ether) 237
H (V) 345-63-1 No details in paper. 234
' o 226 o 235
H 1674-29-9 | BE 1307 Ls e /10miig™" 1 117.8, 206, 235
np 1.5613
o ' 20 -
b Cl (vI) ot reported BP 99-103} /0. 2mnHg ,egD 1.5949 229
. : BP 150-2"/15mnHg ; ny 1. 55385 236
1 ;
b Me | 53056-g7-4 | B o (CDC13_) Vy 5-89, vy 5.09 117
o ’ JAB 5.98 Hz.
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PART 2

CONFORMATIONAL DETERMINATION OF THE STARTING MATERIALS
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CHAPTER 3
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3 BASIC SPECTRAIL. ANAT.YSTS

There are two basic nmr parameters, the chemical shift (§), which dep-
ends on the applied field and is measured in ppm, and the coupling constant
(J), which is independent of the applied field and is measured in Hz. The .
chemical shift parameter 0(delta) has its usual mathematical meaning - "diff-
erence" - and is used to indicate the frequency difference between a signal

15

and a fixed reference point (eg. a TMS g or. ”C resonance). In this section

the additional term v(nu) will be used for an absolute chemical shift (as in
Vh) and § will retain its "difference" connotation (as in GAB)’ :

The purpose of spectral analysis is to obtain these parameters from
the spectrum for every resonating nucleus. This is a simple task in 1lst
order spectra as internuclear perturbations (spin-spin couplings) can occur
without spectral distortions, 1e. the mid-point of a doublet corresponds to
the uncoupled resonance frequency of a nucleus. The basic condition for two
nuclei A and X to engage in first order coupling is for qMB)-IOJJAB; Ir
this condition does not hold the spectrum will become 2nd order, distortions
of the doublets willkoccur_(an AB-system) and their simple analysis will

become increasingly more inaccurate.

3-1- Obtaining the Spectral Parameters: from an AB-Svstem

AB-systems may be readily identified by their characteristic "quartet"
appearance (see FIG.3-1.1). The system ié absolutely defined by three
parameters \h, Yé and JAB although only two parameters 6AB (from \k - VB? and
JAB are necessary to define its appearance. Only two parameters, JAB and
VAB (the mid-point of the quartet), may be measured directly from the spectrum
(see FIG.3-1.1); SAB’ v, and Vg require calculations. The whole system is
defined by three equations (EQNS.§1-§§)239

which also apply to the "apparent
AB—quartets" of the ABX-spin system (see SECTION 3-2). ’

YA »A . VI}B . N ’ TB

! E , I | FIG.3-1.1
B 5! _piE

1 AB ]

1 L ]

Arg  Aup -'B;F' BHF |
Iag = Mr - fwr = B - Bwp EQN.Z1
Sy = Vo - Vg = /(g - Bp) (g - Brp) BQN. 32
[od/lngd = B/l = (g - B/ (hyp - Byy) BOLT3

(Where LF = low fleld, HF = high field, and | | denofes infensity)




- 96 -

As 5AB decreases; the distortions of the intensities of the two pairs
of spectral lines increase, so that YA and VB remain approximately at the
"centre of gravity" (ie. the average position of the peaks weighted by their
intensities) of the lines from A and B. Tt should be emphasised that this
commonly used analogy is only an approximation (see APPENDIX I).

_ In all cases where chemical shifts (vA and VB) were oObtained from AB-
systems, 2nd order analysis was performed graphically using EQN.%2 in conj-
unction with EQN.34 (see APPENDIX I). ' '

Vi = 20V Jvr»"B)_ = i(App + Ayp + Brp + Byp) EQN. 54 4‘

3-2 Obtaining the Spectral Parameters from an ABX-System

Obtaining spectral parameters from simple lst order systems such as the
© two-spin AX and three-spin AMX-systems is trivial as both couplings and shifts
may be read directly from the spectrum. As we have seen, analysis of the 2nd
order AB-system remains straightforward but caleculation is required to obtain
the shifts. On proceeding to the three-spin partially 2nd order ABX-system
many more complications afise; but, unlike the fully 2nd order ABC-system,
analysis may still be accomplished by hand. In this work, the side-chains of
the Type (V) fluorides provided classic examples of ABX-systems, le. HA’ HB’
Fy (see FIG.3-2.1). . _

a A detailed study of ABX spectral analysis H Ek
was undertaken after attempts at working through - A
the standard methods of analysis in the text

book by Pople et al®”? and the article by x Cl o
Banwell2)+O both produced contradictory results?ql FIG.3-2.1

3-2-1 Summary of Theory

The gquantum meéhanical calculation of the transition frequencies and
intensities which meke up an nmr spectrum is based on evaluating the trans-
ition prdbabilities between nuclear spin energy levels. In a lst order three
spin system, AMX, the energy levels are the eigen values of a Hamiltonian
operator with 8 "basic product spin functions" (bpsf's), simply obtained by
taking all possible product combinations of the & and B miclear spin wave-
functions of each nucleus (see TABLE 3-2.1).

In the partially 2nd order ABX-system mixing occurs between those bpsf's
in whieh the A and B nuclei both change spins. This generates the new eigen-
functions 3', 4', 5' and 6' which reduce to 3, 4, 5.and 6 in the AMX limit.
TABLE 3-2,1 lists the total spin (Fz) for each ABX stationary state wave-
function, together with explicit expressions for the corresponding energy

levels in terms of experimental parameters (for definition of the additional
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terms N,L,D and § see EQNS.35-42).

TABLE 3-2.1 AMX Basic Product Spin Functions and .ABX Stationary State
Wavefunctions and Energies (Taken from Ref.239)

AMX-SYSTEM . ~ ABX-SYSTEM
BASIC PRODUCT| 2 STATIONARY STATE| = STATIONARY STATE -
STATE|SPIN FUNCTION ||(Xm )| STATE| WAVEFUNCTION ©  *ENERGY |
A M X ] ABX '
I ja a a |+ 1 o, BV tvgtv) + (3, I )|
. 1 - 15 g
2 la o B 2 aof 2(Vy+vg VX? + 5 (9 5-Iay JBX_)
' . cosﬁ_,_(OLBOL) ' L L
1 v py _ i
3 | B a4 > + sing +(Bcccn) 2Vx - W t D,
| | - sing, @fo) L
Bl o« ]+ cosp, (Baa) Vx - Wt
' cosf_(af3f) . )
5 a ]3 g ,5 + sin,@_(BCLB) ‘§VX = ?JAB + D
. | - sing (@Bp) .
6 B oL B -3 6 + COS,G_(BU«B) ~§VX - EJAB - D_
, (v _v.- L5 g - |
7 g B a 7 Bpa z(Ve- vy VB_) + u(JAB I JBX_)
: 3 1 1/
8 g B Bl 8 BRB- 'E(VA'WBWX_) + (7 astd AX*’JBX_)

Basic Equations :

'-1‘3+0052ﬂ5+‘ = %(GAB + L) EQN.35
D_cosQﬁ- = %(5AB - L) EQN. 26
D+sin2¢+ = Dsin2f = %JﬁB ' EQN-;Z
D.'_". = %[(GAB-_i- L)2 + J!2\B]§ EQN. 38
Vg = vy +vp) EQN. 39
5AB = VA - VB EQ,N.)-I-O
N = %(JAX + JBX) EQN. 11
L o= 33,y - Ig) EQN. 42

239

. N.B. D+ and D were defined by Pople et al as arbitrarily assigned inter-

changeable positive quantitiles.- Banwell?40 however, specified the relation :
D> D ) O o | .

The fifteen transitions, allowed by the selection rule : AFZ = +1,
between the eight energy levels are given in TABLE 3-2.2. Three of these are
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- combination transitions in which nominally all nuclel change their spin

simultaneouslyQ

of the transitions (5'—s4" & 6'—»3') involve mixed states, they do appear in

the ABX-system.
ABC-systems).

In the AMX-gystem none of these lines are seen, but as two -

(N:B. Transition 7—s2 always has zero intensity except in

TABLE %-2.2 The 15 Allowed Transitions, and Their Origins, for an ABX-System

AFZ AF AF - AF AF :
L., |oRIeIN| 2 | |ORIGIN} z _|oRTGIN} 2 _|ORTGIN} 2 |ORIGIN
2 T -2 ™3 -] - Ay -3 >3
2—»1 X 5'—»2 B 6'—s2 A 7—2 | COMB |8 —s5'| A
3l 5'—s3'| X |I6'—»3'| COMB [T—s3"'| A [8—sb'
L'l A S5feplt! | COMB |i6'—sl'] X T7T—l'l B 8—s7 X

The origins of these transitions (ie..the identity of the nucleus whose

_spin has changed) and the spin stéte(s)'of the corresponding lst order nuclei
(ie. X for A or B, and A+4B for X) aré given in TABLE 3-2.3 together with the
transition frequency (energy) and relative intensity (both of which were der-

ived from the expressions in TABLE 3-2.1).

convention that B resonates to high field of A, ie. §AB

Throughout this work we adopt the

is always +ve.

. Several observations may be made from TABLE 3-2.73 :

i) - The AB-region has eight lines and the X has six (although two of these
are combination lines and may not be observed).
2) ‘The AB-region consists of two apparent AB-quartets, namely lines 1-3-5-7

involving the parameters D and ﬂ;, and 2-4-6-8 involving D+ and.ﬂf+ (see
EQNS.35-42), which have all the pfopertiesyof normal AB-quartets with regard
to line spacings and intensities (see SECTION 3-1). '

3)
4)

The X-region is symmetrlcal about Vy -
Many other relationships may be derived from the table - see EQNS.}43-53.

Equations Derived from TABLE 3-2.3

. n . o) : n In
Wagl = Sergzg = Seppg = Sempp = Sery;
n . no.
Sep—s-u_ = 2D+ _:_D_,N._)-“{ .: Sep,.{_} - 2D_

Midpoint G-quartet (nha - Midpoint B-quartet (mB) = 2lJAX+JBX| = N

Sepip g = |Tax+Imy| = N
Sep-io_ll = é(D+ _iD_) - EQN.48 ; sep%54l4 = 2(D + D )
Sepyp 1y = Sérgz EQN.50 ;  Sepys_ip Sepg o
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TABLE 3-2,% The Energies and Intensities of the 14 Observable ABX Transitions

3-2-2 Analysis of an ABX.Spectrum

TRANSITION | ORIGIN ENERGY " "RELATIVE INTENSITY
1{8—6"| B B Vg - 2Wg + M) =D | 1 - sin2p_
o | 7—si! B o Vg - %(JAB - N) - D, 1- sin2ﬂ5_|'_
3|52 | B B Vg +2(Jpg - N) = D_ 1+ sin2f_
I 3'_>1} B Vg * %—(JAB +N) - D, 1+ sin2,6+
v ] 1 o
5| 8—5 A B Vag ~ 2(JAB +N) +D 1 + sin2f_
[ 1 _
6| 7—»3 A q Vg - 2(JAB N) + D, 1+ sin2,®+
1 1 ' .
7| 62 A B vp +2Wyg - N) +D_ 1 - sin2f
8| 4—»1 A o Vip * %(JAB + N) + D, 1 - sin2d,
9| 8—7 | X BB Vg = N 1
10| 5—3"| X Ba vy + (D, - D) eose(ﬂL -8)
. 2' -
11 6'———»4'. X of vy - (D+ -D) cos (,€5+ - ,@5_.)
12 2 —»l X oa vX + N 1
14 | 5' 4" | Comb. (X) vy - (D, + D) sin®(g, - £_)
15 | 6'—»3" | Comb. (X) Vy + trq + D) sin2(¢+ -£)
Equations Derived from TABLE 3-2.3 (etd.)
n n n ’ vn-
SeP—fE‘—lO = Sep—il_9 = Sep—LI_3 = ‘Sep§-l = JBX(_-{:JAB) EQN.5”2
n - n n n
| Sepi-e__11 Sep—io_9 = Sep-8-_7 = _Sep-6-_5 = JAX(iJAB) EQN.53

" Let us adopt the analysis method given by Banwell240; (essentially a step-

wise treatment of the original text by Pople et 'a1239) and _appiy it to the ABX
spectrum. of the side-chain of the o fluoro Type (V) fluoride (see FIG. 2—2.2).

083 17-73
N NP a9
j
B

w0

o2
I

on

0
L}

28 o

. 20
080
on l _

P38

1773 mes

080

St7 467 4F3 305 304 254

o0 |

FIG.3-2.2° The ABX Spectrum of

o F Type (V) Fluoride. (1ine-form)
(a) The AB-region (lH @ 100MHz)

“{b) The X-region (19F @ 94.1MHz)

The lower numbers aré the shifts
(in Hz), whilst the upper numbers

are the intensities relative to
lines 9 and 12 in the X-region.
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Note that four lines in the AB-region are significantly bréadened by long-
range coupling.

.The only equations used in both texts, were those defining D+ and D_,
and those derived from TABLE 3-2.3, ie. EQNS.35-53. These are sufficient to
obtaln all the ABX spectral paraﬁeters excepting the sign of JAB’ which has

no influence on the spectrum. Similarly, only the relative signs of JAX and
Jpy may be obtained. ‘ ’

3-2-2.1  Analysis (1) Assuming D Y D > 0

A1l six 1ines of the X—region are visible. Appling EQN;QZ, the separ-
ation of the strongest lines (9 and 12) gives : lgAX BYI = 57.7Hz.

Applying the D_ rule (above) to HONS, 48 & 49, lines (14,15) must always
lie outside lines (10 ll) 240 giving the assignment for the X-region as :
12-15-10-11-14-9. The fact that the cémbination lines (1%,15) are more int-
ense than lines (10,11) in this assignment is surprising, but we shall. proceed
with the analysis.

From BQNS.48 & 49 : 2|D, - D| = 15.1Hz ; 2(D, + D) = 35.5Hz.
This leads to the solution D = 12.65 ; D = 5.1Hz ‘

+

In the AB-region the two quartets may be easily identified as they do

not overlap, and application of EQNS.44 & 45 to determine Sepy 8 y and Sep7 3
leads to the assignment : T7-5-3-1-8-6-4-2, lJABI is immediatly seen to be
5.0Hz. From EQNS.46 & 47 the separation of the mid-points of the two quartets
should equal ~Sep—2 9’ which it does. This assignment therefore passeslall

0
the checks given by Banwell 2k

From EQN.37 : _9+ = 5.7 or 84.3° and B = 14.67 or 75.34°.  Since
in our assignment [14,15] > [10,11], cosg(ﬁ+ -8)< sine(ﬂ+ - B_) (see TABLE
3-2.%). Therefore, either (a) ﬁ+ =5.7Tand §_ = 75.34 or (b) ¢+ = 84.3 and

ﬁ = 14, 67o These two results are of course equivalent with regard to the

intensities of the X-region lines (due to the 'square térmr masking the "trivial

reversal of sign"eqo) but. if both p0551b111tieé are utilised in EQNS.35 & 36

apparently different results emerge :

From EQN.35 : %SAB +3L = (a) 12.30  (b) -1l2.40

From EQN.36 : %SAB -3 = (a) -4.35 (b) bL.45
Adding EQNS.35 + 36 gives {';§AB =  (a) 7.95Hz (b) -7.95Hz
Subtracting EQNS.35 - 36 gives : LEAX = JBX) "= (a) 33.7Hz (b) -33.7Hz

As tJAX BX] = 57.7, is mamerically larger than (JAx = jBX) these

‘functions must have the same sign. This leads to four possible $olutions :
From (a) &7 = 7.95 and (i) Ty = ¥5.7 5 Jgy = 12.0Hz

or (i1) J,y =-12.0 ; g = -45.7Hz
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From (b_) Byp =-7.95 and (i11) Jpg = 12.0; Jg = 45, THz
or (iv) JAX = =45.7 ; JBX = =12,7Hz

Solutions (i) and (iii) are equivalent, as are (ii) and (iv), (A and B
have merely interchanged in both cases), therefore (1i1) and (iv) may be dis-
carded. However, (i) and (ii) are not equivalent as the larger J resides on
a different mucleus in each case. Choosing which solution is correct may be
done from the AB-spectral region. From TABLE 3-2.3, lines.(l—4) are derived
from B and lines (5-8) from A. As Sep— > Sep; 5 the only acceptable sol-
ution is : & = 7.95; I, = 12 0; Jpy = 45.7Hz.

The system is now fully analysed, but checking this by re-calculating
the AB-region line positions and intensities according to TABLE 3-2.3 produces

the bizarre spectrum shown in FIG.3-2.3. The calculated AB-region is in fact
53 o ) R 53
8 2 8 2
7 1 FIG.3-2.3
1 ||' 'l-—-—-"l -lj’lli |
Obs. Calc. i :

a mirror image of the original spectrum, butrinstead of the line assignment
adopting the mirrored sequence, they have kept the original low to high
field order with the 8-6-4-2 quartet now placed to low field of the 7-5-3-1
quartet. o |

Obviously aomething is amiss, and: the problem may be traced to the

0
statement that D must be greater than D 2h

3-2-2.2 Analysis (ii) Assuming D ) D, ), 0

Repeating the procedure used in analysis (i) leads to the assignments :
8-6-4-2-7-5-3-1 for the AB-region, and 12-15-10-11-14-9 for the X-region.
This yields : D, =5.1, D_=12.65, J,;=5.0 and (a) 125 = 75.34 and
$_=5.7 or (b) B, =14.67 and §_= 84.3°. | |
Similteneously solving EQNS.35 & 36 gives @ -§AB (a) 7.95 (b) -7.95Hz

and (Jpy = Joo) (a) -33.7 (b) 33.THz

Again, this gives two non-equivalent solutions of which only :

QAX = 12,0 ; JBX = 45, 7Hz, fits the assigned line spacings.

The calculated spectrum now -agrees in every detail with observed

spectrum and in the absence of further information would be accepted as the
ecorrect analysis. In this case, however, four lines in the AB-region are
broadened by long-range coupling into the aromatic ring. The broadened lines
mist be attributable to the same mucleus, but our assignment suggests that
the loﬁ'field pair are f;om A whilst the high field pair are from B!

This dichotomy arises from the :statement:323_9’24o that D+'and 1y are both
positive., They may in fact have opposite signs and this alters the spectral

assignment.
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3-0-2.3% Analy51s (11 ) Assuming D and D _of Opposite Sign

A suitable ass 1gnment for the AB—reglon is 4-2-8-6-7-5-3-1 and for the.
X-region 12-11-15-14-10-9. Applying the usual relationships (as in analysis
(1)) leads to the following parameters : -
| 165.22° ; B = 5.7°

D+ = =5.13 D = 12.65 ; ¢+ =
_§AB= 7.95 5 Jyp = 5.0 5d,y = 12.0 3 Jo =-45.7Hz

The calculated spectrum now agrees exactly with experiment, and now the
outermost pairs.of lines in the AB—région originate from the same source, B,
In addition lines (1%,15) are of low intensity (as befits combination lines)
unlike their counterparts in the earlier assignments. Note that lines (14,
15) 1lie within (10,11), contrary to statements elsewherepqo

This clearly is the correct solution, although it is identical to that
obtained previéusly with both incorrect sets of assignments! Obviously a

more systematic approach to this problem is necessary.

3-2-3 Thé Origins of the ABX Spectral Lines

ft is valid to describe the'AB—region of an ABX spectrum as resulting
from the perturbation of a normal AB-quartet by the o and B spin states of
242 When JAX and JBX have the same sign (assumed-to be positive for conven-
ieqce), the interaction with X in the . spin state results in pairs of Aa

and,ﬁi lines to low field of their origins \h and Vg This is illustrated
'in FIG.3%-2.4 :

FI1G.3-2.14
{a) T
" (a) The original AB-quartet’ I'_JAB AB—1
- |
in the absence of the X A , /\‘Am Bu-'
. nucleus. | .
. -~ B‘ '/ \ s B
(b) The formation of the ABy- ﬁ t6 [ AB L" (4
L
quartet by perturbation from q%& !

the O-spin state of X. The
ABB-quartet is formed-in a

similar manner.

The resulting AB—quartets, Aqx and-ABB obey the standard relationships
(BQNS.31-34). If Jpx and Jo, have opposite signs (arbitrarily with Jpx neg-
ative) therd and 3 halves of the A spectrum change identity, ie. the Aa lines
lie to highfield of the AB lipes, and the.ABa and_ABB-quartets are formed as
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before, commonly with the AB -quartet within the AB -quartet.

Equations Derived from FIG.}—2.42A2(N.B. * 1s used to denote "apparent”)

: n n ' 1
5%, - /(Sep’g_g?(sepé_u) = Gt RUyTy) = B+l EANSH
. 1 - 1 _ '
VKBa = Vig * ‘*(JAX"IJBX) = Vg * sN = My, ‘ EQN. 55
fa_ N o ’ 1 _ ’
%’B = @Wf_—l)(sepg_j) = By - 2(JAX-JBX.)_.: = §yp-L EQN. 56
' 1 : Ly .
" From EQNS.54 & 56 : SXB - SKB = 2L EQN. 58
o . 6KB0L‘ + KBB = QGAB EQN.59
From EQNS.55 & 57 : Ve = ¥ = N - _ EQN. 60
v + Vv#% = 2V EQN.61
AB(1 ABB _ AB

The formation of the AB-region from the original AB-quartet, for a range
of values of 5AB (decreased in steps of %JAB,.with JAB’ JAX and JBX held con-
stant at 1, 3 and 5 respectively), is illustrated for JAX and JBX the same
sign (FIG.3-2.5) and opposite signs (FIG.3-2.6). Note that both series of
spectra suffer simplification of the AB-region by line overlap (cases (b),

(@) and (f) in the former, and (h), (j) and (1) in the latter) and by a
"cb}lapsed'quartet" when 8,5 = L, .For 5ABJ>'L;'in both series, D_and D_ are
positive, ie. within both apparent quartets the lines originating frcm A are
to low field of the lines from B, and the quartets may be termed "normal! For
QE3< L, in both series, D+ and D_ have opposite signs, ie. one quartet is
"inverted" with the lines from A to high field of the lines from B.

It is convenient to recognise four separate types of spectrum :

Type I : JAX and Jo, same sign ‘ I(a) D, and D_ same sign
. I(b) D, and D_ opposite signs

Type IT : J,y and Jo, opposite signs II(a) D, and D_ same sign
II(p) D+ and D_ opposite signs

In the absence of the X-region, the (a) and (b) assignments of the two
chosen quartets of any AB-region are indistinguishable. The spectrum "Type",
for each assignment, may be determined as follows @ _

Type I Spectra have the Ay lines to low field of the AB lines.

Type II Spectra have the converse (Arbitrarily fixing JBX as +ve in both).
Normally the "Type" of the spectrum (ie. I or II) is the same for both assign-
ments, with the one exception that the alternative to a Type I(a) in which
8,5 > N is a Type II(b) in which g N '

The formation of the X-region spectrum from the original X-singlet may

be explained in a similar manner to the formation of the AB-region, with the
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added difficult& of the mixing of the A and B spins. With A and B in the same
spin state their interaction with X produces an ag-line (12) and a Bf-line (97,
which always have unit intensity and whose shifts (+N) are independent of 5AB;
The degree of mixing of the bpsf's 3 and 4 to give wave functions 3' and
: 4'; and 5 and 6 to give 5' and 6' (see TASLE 3-2.3) in a system with fixed
coupling constants, varies with GAB’ as thne mixing'coefficients ﬂ are depend--
ent on §AB (see EQNS.35-37). Lines (10,11,14 and 15) are derlved from trans-
itions from states 5' and 6' to 3' and 4'. Consequently, changes in the p051—'
"tions and intensities of these lines (defined in terms of D, and ¢+ respect-
ively) on_varying QAB are difficult to visualise. This is evidenced by the
'mis—interpretations of the X-region of ABX spectra in the literature, eg. in
the analy51s of 2,4-~dichloro-6- fluorophenol,39
is incorrect due to the wrongful definition of D+ and D_ as positive. Sur-~

the assignment of the spectrum

prisingly, correct analytical results are obtained (as in Analyses (i) and (ii)
above) because the method used only relies on identifying lines 9 and 12 in
the X;region, and then measuring the separations of the inner and outer pairs
of 1ines (10,11 and 1%,15) without needing to know which pair is which. This
leads to the correct magnitudes for the D's, although not necessarily to‘the
correct sign or assignment. The "flexibility of sign" possessed by EQNS.35-37.
accounts for any earlier mistakes. ) | ‘ _

. It is worthwhile examining the X-region in some detail, as this will
- elarify several problems that may arise in the proceés of line assignment
and analysis. _ : ' '

The positions of lines (10,11) and (14,15) are dependent on 2D, and 2D_.

If these terms are plotted against EAB in a perfectly general ABX case, discont-
imiities occur when 5 = +L (see FIG.3-2.7). Although unexpected, reference
to FIGS.3-2.5(i) to (k) will explain how Sepg y changes sign so rapidly as the

a ~-quartet inverts.

In FIG.3-2.8 the positions of lines (10,11,14 and 15) are plotted for a
range of 5AB' The "immer" and "outer" paifs of curves do not cross but are
both asymptotic to the lines (Freq = +L) and (Freq =-i5AB)’ changing their
identity where these lines intersect. Lines (10,11) are roughly parallel to
(Freq = +L), whilst (14,15) parallel (Freq = +5 ).  Apart from a few except-

ions 2h2-24h this change of identity when 5 = +L has been overlooked in the

literature. For example, in the context of decepfive simplicity, the 1:2:1

240, 242,245

X triplet is fregquently incorrectly assigned as 12-(10,11)-9 when

5AB = 0, when.it should be labelled as 12-(14,15)-9 (the former assignment is

only correct if L is also exactly zero.
It should be noted that unlike lines (14,15) the ordering of (10 11) is

~ dependent on the magnitudes of J,, and %K ie. 10 1s to low field of 11 if
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FIG.3-2.7T L = S.JAB H JAX< JBX FIG.3-2.8 L = E'JAB . All axes in
: A units of JAB'
et 80} | TTTTTTTC 80| FIG. 35-2.9 The choice of solutions
X T for (f, - #_) and the definitions
+ --
1 B A ofA+ and A
Af 1 5_1
l A 2 - (a) D_and D_ both positive, ie.
- ------L-'I.S- - == -—--%Ql Type I(a) or Type II(a)
T - A
g2 _1 (b) D, and D of opposrbe signs,
Tl oTAS ie. ‘Type I(b) or Type II(b).
42 | e
- g2 A = |5 - Esinl 2D)|
R TORET EEREEEEEE * , 2 ae/
o b | EQN. 62

> JBX’ and vice versa.

From TABLE 3-2.3 [14,15] is given by 'sin (ﬁ - £.). Solving EQN.37 for
125+ or §_ (abbreviated ﬁ ) will always give two values which will be symmetric-
-ally disposed about }5 45 if D is positive or }?5 1350 if D+ is negative
(see FIGS.3-2.9(a) and (b) andEQN62) | -

Therefore for&'/ any set of values of D_*; D and BAB’ there will be two
values of (f, - #_) and hence two values of [14,15]. In FIG.3-2.10 the
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‘solu’cions for [14, 15] are plotted ovef a rarige of GA_B for the condition L =
Jap Asain note the discontimuity when §,5 = L. In FIG.3-2.11 the "accept-
able" solutions for [14,15] (always the lower value), are plotted for several
values of L. Obviously for 6AB> L the solid curve in FIG. 3-2.10 has the cor-
rect value for [14,15] (ie. given by singlA+ - A_l ); for SAB( L it is not so
apparent, but in our experience all solﬁtions lie on .the dotted rather than
the solid curve (ie. [1#4,15] = singl 90 - (A+ - A_)l ). It may be easily proven
that the range in which [14,15] > 0.5, is given by EQN.63. (see APPENDIX II):

sin?(@, - B) > 0.5 ween: LD 8,55 [ - o) BQN. 63

—m el e, .. — - -
A Y

~
~
\
A
N
N
\
s
’ .
4 .
3

o
g
-‘-\\
(=)
~
\
AN
[
\
II
;’

O 0 mssT 4
FIG.‘§-2.10 - FIG.3-2.11

F1G.3-2.10 The SOlld lines represent solutions obtained from sin IA - A |
when 5 > L and sin (90 - ]A - A l) when 5 { L ; The broken lines are
solutions of sin® (B, + A ) and sin |9O - (A, n—A Il

FIG.3-2.11 The ' acce_aptable values of [14,15] for L =3, 1 and 2.J,5. The

broken curves ou’bline the "discontinui’cy enyelope", the right hand curve also

acts as the boundary for the maximum value of [14,15].

In FIG. 5-2.11 the "inner" and "outer" pai‘rs of lines (10,11) and (14,
15) interchange identity at the same point at which [14,15] undergoes its
dramatic discon’cinuity It is therefore more helpful to plot the variation
in intensity of the "inmer" and "outer" pairs of lines as 5 varies (see
FIG. 3-2.12). The smooth curves obtained when coupled w1’ch ’che smooth curves
obtained in FIG.3-2.8, demonstrate how the change of iden’cl’cy of lines in the

X-region is easily overloocked.



- 109 -

F1G.3-2.12 The intensities of the
inner and outer pairs of X-region
lines. The circles and broken lines
indicate where the pairs interchange
identity. The value of [outer] tends

to zero as 6AB increases.

0

0 [OUTER PAIR] [ixner PAIR] 1

3-2-4 Line Assignment and Analysis of ABX Spectra

This section is written in the form of a "working text" from which an
inexperienced student should be able to assign and analyse virtually any ABX
spectrum. FIGS.3-2.5 & 3-2.6 will be found particularly useful for identif-

ying those conditions under which lines overlap and spectra simplify (ie. con-
tain less than 14 lines).

3-2-4,1 Line Assignment

From the AB—regioh select two AB-quartets which comply with EQNS.31-33,
Accurately measure the separation of the midpoints of the two earmarked
quartets and check that this exaétly equals half the separation of the two
strongest lines in the X-region (see EQNS.46 and 47). (If the X-region only

contains four approximately equally intense lines, this may correspond to the
inner or outer pair of lines). If this teét fails, the two'AB—quartets have
been chosen incorrectly and must be re-selected.

The quartets may now be assigned using the following rules :
(1) The ABy-quartet has its midpoint to low field of the ABB—quartet
(ii) The numbering of the lines is determined by thelr origin, ie :

lines originating from B have numbers 1-2-3-4

.. .. .. A .. .. 5-6-7-8
e LI . . e B ’a . o 1-3"5’7
.o P . 2-4-6-8

v The lines always occur in pairs, separated by JAB’ so it follows that
the numbering for each pair is : Ay = 8-6 ;-AB =753 B = b-2 ; BB = 3-1.
(With the larger number always to low field). : '

(111) There are two possible assignments for any AB-region, only one of which
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is correct. These assignments differ in one quartet only and for any spectrum

this cholce will only occur in the‘narrower quartet (ie. the guartet with the
smaller SKB - ‘see FIG.3-2.4).

The assignment of the broader quartet is therefore straightforward with
the lines originating from B to high field of those from A,
ie. for the AB -quartet 8-6-4-2 ; for the ABg-quartet = 7-5-3-1

Of the two possible assignments for the narrower quartet, the "normal"

"inverted" assignment will be :

. assignment is given above, whilst the
 for the AB,-quartet 4-2-8-6 ;  for the ABB—quartet 3-1-7-5
’ We now have the two possible assignments for the AB-region and will
proceed to do likewise with the X-region. v

The two most intense lines, used in the first test, méy immediately be
assigned as 12 and 9. The assignment of the pairs of lines (14,15) and (10,
11) may be rapidly carried out by using the relationships in EQNS.50-5%, (NB.
Use the sign convention thap a measurement from low to high field is positive).
| With both AB-quartets "normal", lines (14,15) should lie outside (10,11),
and conversely for one AB-quartet "inverted". If JAX and Jp, have the same

sign (Type I system), (10,11) will be inside (9,12), ie. N> L. If J,y and

Jgx have opposite signs (Type II sys-
050 : - © tem) the converse is true, ie..N <'L.
[ : ! Normally "inverting" one quartet will
40_50_ E  not change the general "Type" of the

: spectrum, but this may occur under
150170 E certain circumstances (see SECTION
F30-160- E Having completed the two assign-

i >/ ments, we must choose which is cor-
40150+ ;Q' S 1 rect. This is simply done by deter-
o g N A mining the expected intensity of lines
50401 E . (14,15), for both assignments, and
: : " rejecting the one with the wrong
-60--30- ' A .

E FIG.3-2.13 This is a "ready reckoner"
7020 v for calculating [14,15] in any AEX

'E spectrum (see text for instructions).
-80-+10+ . ' The 'A' curve is simply a plot of

E |45 - sind|, whilst the '[14,15]"
90"00 i j% é % <% % ? ? é : ecurve is a plot of singﬁ. A larger
B (4720 and  [w1sl version of this figure will be found -

in APPENDIX I.
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solution. 'It should be emphasised that 1t is perfectly in order fer [14,15]
(which, as combination lines, are expected to be weak) to be greater than
[10,11] . A rapid method of calculating [1%4,15] is as follows :
(1)  Calewlate |J,./2D | and |J,./2D | .
(11) Calculate A_ and A_, either using EQN.62, or the 'A' curve in FIG.3-2.13,
reading A off on the f(A) scale. :
(iii) (a) For.D,_ & D_ the same sign : calculate |A - A | and sight against

'[14,15]" curve, using the B(A) scale; or use sin IA -Af.

(b) For D, & D_ opposite signs : calculate (A + A ) and sight against
the '[1%4,15]"' eurve, using the #(B) scale; or use sin |9O - Qﬁ + A H

Only one assignment of the X-region will fit the predicted [14,15] and
once this has been unambiguously obtained we can proceed with the analysis.

Z-2-4.2 Spectral Analysis of the ABX Spin-System (The method used is essent-

ially that of Abrahamgug)

Having made the assignments, as above, oﬁly the AB-region is necessary

for the subsequent analysis. |J l may be read directly from the spectrum (EQN.

* * %
43). The values of BABgf 6AB , VAB and V¥
(see FIG.3-2.4, EQNS.54-57 and APPENDIX I). It is important to note that when

calculating BKB for an "inverted" quartet, the sign of the answer should be

may also be readily'obtained

neggtive (ie. take the negative root of'the product of two negati?e numbers).

Application of EQNS.58-61 will give values for L, N, 85 and Yy, whilst BQNNS.
6l & 65 give JAX and JBX (It careful attention is paid to the signs of L and N
the relative values of JAX and JBX may be obtained unambiguously, without res-

orting to the selection procedure used in analyses (i) to (iii)).

From EQNS.41 & 42 JAX = N + L . EQN. 64

‘ ru and D_ will already be known from determlning the correct assignment
earlier. The aczeptable conbinations of values of ¢+ and ﬂ_ for a Type I(a)

or II(a) spectrum are given by :

¢+ = b5 -8 5 B - 5 -8 or g o= W5 +A ;B = 45+A_
and for a Type I(b) or II(b) spectrum :
(1) 8, = 135+48_ ; # = 45-4 Or p+ = 5+A ;B =135 - A
(1), = 135-8, ;3 B = ¥5+A or g = 45-4.; 8 = 135+ 4_

It should be emphasised that it is always worthwhile to re-create the
" observed AB-region from the calculated parameters, as this is the most con-
vineing method of verifying the analysis.
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CHAPTER 4
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4 CONFORMATIONAL ANALVSIS OF THE TYPE (IV), (V) AND (VI) COMPOUNDS FROM
THEIR CONVENTTONAL *H, Pc awp ' MR SPECTRA

4-1 Experimental

All spectra were recorded on 0.5M solutions of the purified compounds in
deuteriochloroform (M{ in mg dlssolved in 2ml CDCl ) using a Varian Associates
XL100-12WG speotrometer operating at 23.5 KGauss. Apart from thetlH spectra of
the Type (IV) aleohols, which were recorded in Smm tubes, 10mm tubes were used
throughout. TA11 spectra were recorded with an internal deuterium frequency-~
field lock onto the deuteriochloroform signal. ‘ _

1H spectra were recorded at 100.1MHz in continuous wave (CW) mode for
the Type (IV) and (V) series, and in Fourier transform (FT) mode, using a
Varian 620L computer with 16K store, for the Type (V) and (VI) series. Where
necessary, specific homonuclear and 19F heteronuclear decoupling (lH[19F])
were performed. A little variable temperature work (ambient to -50°C) was
performed on the Type (IV) alecohols to determine the temperature sensitivity
of the 1H chemical shifts, us1ng 0.5M solutions made up in 1:1 CDCL /CFCl3

Op spectra were recorded at 94,1MHz in the FT mode for the Type (IV)
and (V) series only. Because of the need for accurate analysis of the ABX
system'of the Type (V) compounds, care was taken to ensure that the 1H and
19F\speotra were recorded on the same solutions on the same day, to minimise
concentration/temperature effects. All 19F spectra were also recorded with
1H noise decoupling (19F[1H]).

130 spectra were recorded at 25.16MHz in the FT mode with broad band
1y noise decoupling, (lBC[lHﬂ). Iy "gated decoupled" 13¢ Spectra* (IBC[GD-IH]),
which give all the nJC-H )

£rum, but retain the signal/noise benefits of the Nuclear Overhauser enhance-

coupling information of a high resolution 3¢ spec-

ment (NOE), were recorded on the Type (IV) alcohols. These spectra were in-
valuble for assigning the side-chain 130 resonances and also provided useful
283 4

JCH couplings, by

using specific narrow band 1H deooupling (ie. irradiating the aromatic protons

coupling information. Several attempts at observing

but not the side-chain protons) were unsuccessful. Previaus work with single
frequency 1H deoouplingll+3 had been successful, but it was found ;mpossible

to irradiate a band 60Hz wide without giving off-resonance (parﬁial decoupling)
effects to 1H signals 100-400 Hz from the edge of the band. This resulted in
*"Gated Decoupling" describes the following sequence of operations in an FT
eycle: (1) Pulse delay with full noise decoupling; (2) Fire pulse;

- (3) Acquire free induction decay (FID). The noise decoupler is turned off

during steps (2) and (3). 13 Each cycle- (1-3) may be repeated many thousand
times before acquiring a ~~C (FID) suitable for Fourier:Transformation.
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residual coupllngs in the .30 spectra. _
Further details of Spectral parameters w1ll be given where appropriate.

4.1-1 Accuracy of Spectral Measurements

The manufacturer's specification for the 12" magnet XL100 Spectrometer,
a signal resolutlon of at least 0.3Hz, was routinely obtainable.

A1l CW chemical shifts, shift differences and coupling constants were
measured to the nearest 0.1Hz. Where two or more measurements were averaged,
the result has been recorded to the nearest 0.05Hz. .

_ In. FT spectra the computer listings give shifts to the nearest 0.1Hz,
but the digitisation rate (speeified as He/point) was normally larger than
this, ie @ '

1H and 9F spectra - max errors + 0. oHz (ie. ~O. 002ppm)

3C spectra - max errors + O.BHz or O. 63Hz (When X = F or OMe requlred
sweep width of 2500Hz); (ie. ~ 0.020ppm). _ _ .

-

‘These errors are equiralent to the digitisation-rate.

The likely errors iﬁ frequency between lines in different spectra should

be better than + 1.0Hz. In an exercise involving 11 samples, the absolute
machine offset of the 1H TMS resonance was determined by adding its offset
from the edge of the FT spectral "window" to the spectral offset from the
2D CDC1_ lock signal. The average deviation of the 11 individual offsets

) )
from the overall mean (44811.6Hz) was + O.5Hz.

4-1-2 Naming Convention Used in NMR Assignments

The naming convention adopted is

]
|

an extension of that used in Chapter 2,
nuﬁbering ring substituents with a prime
eg. X-n'. The « and B side-chain
carbong are nurbered 1 and 2 respect-
ively whilst the protons are lettered

A, B and C in low to high field order. * H-3

Where necessary the side-chain fluorine - When X is para, 5' and 6' degen-
' ’ arate to 3 and 2! respectvvely.

will be numbered Fl and the ring sub-

stituent fluorine F, (see FIG.4-1.1) . = © FIG.A-1.1

4_2 Spectral Assignment

1H resonance assignments of the side-chain protons were straightforward
and were aided, where necessary, by decoupling and deuterium exchange exper-

iments. The assignment of'the aromatic 1H resonances was»only”attempted on
the seven para substituted compound in each of the three series. ‘The AA'BB'
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spectra were tréated as pseudo-AB spectra to obtain the relevant shifts, and
" no further analysis was attemoted. Full AB 6r ABX analyses were performed on
the side-chain protons in the Type (IV) and (VI) or Type (V) spectra.
195 spectra provided no assignment problems. Where two fluorines were

present their charécteristic'lH coupling.pattefns gave instant identification.

.Assigning 130 spectra was more difficult. Usually the ortho and para
fluoro compounds in each series were assigned first, with the aid of the nJFC
couplings (which in fluorobenzene decrease regularly with distance, ie. C-1
-245,3; C-2 21.0; C-3 7.7; c-14 3.3H2246),and subsequent. assignments utilised
readily availableles’246 benzene substituent chemical shifts (SCS). Once the
Type (IV) alcohols had been assigned, the'SCS data from this "model system"
was used to assign the Type (V) and (VI) spectra. Assignments were checked by
comparison with literature SCS data and in the case of the Type (IV) alcohols
by lJCH
analysis of LIS data. .

couplings from 13C[GD-lH] spectra, comparative NOE measurements, and

4-3 ABX Analysis of the 1y and 19p Spectra of the Type (V) Fluorides

As this subject has élready been treated in depth it is appfopriate that
this series of ‘ABX .analyses be listed in full. Althdugh this is normally un-
necessary, the fifteen analyses illustrgte many of the points discussed in
Chapter 3. TABLE 4-3.1 lists the shifts and heights of the 14 ABX lines and
the 4 AB lines (from the lH[l9F] spectrum) for each derivative, together with
the assignments allocated to the lines by the method given in SECTION 3-2-4.1.
The relative shifts (offsets) of lines (1) to (vii) in the AB region are ref-

erred to line (viii) whose offset from TM3 is given in Hz. Lines (I) to (IV)

from the AB[X] spectrum are also referred to line (viii) for convenience. The
X-region lines (i) to (vi) are referred to their overall mean, their absolute
shifts being listed in SECTION 4-4-2. The height measurements (mm) are only
consistent within individual spectral regions and are appended with the 1etter
(b) where significant broadening (long range Iy coupling) is present. The
third row indicates the origin of the spectral lﬁnes (A or B) and its possible
assignment(s).- In each case the subscript indicates the incorrect assignment.
The naming convention adopted for the side-chain protons is the. same as. that
used in the Type (IV) and (VI) compounds (see FIG.3-2.1). On all but three
occasions (X = of1, oN02 and oCFé) this labelling also agrees with the
"nmucleus B to highfield of nucleus A" convention. In these three cases, the
structural assignments of A and B are retained in the analyses, so that JAX’
Inx 0,5 V, and Vg refer to the same coupled nuclei as in the remainder of the
" series. TABLE 4-3.2 shows the intermediate and final results of the analyses,
using the method given in SECTIONS 3-2-4.1 & 3-2-4.2. The important coupling
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TABLE 4:3.1 Relative Shifts, Intensities and A551gnments of the ABX and
AB[X] Decoupled Spectra of the Type (V) Fluorides

AB-REGION X- TG0 _alR)_peen e
DERIVE (1) | (11) ) (o) | 64) \:1)] (vit) (v (1) | (it | () (v) (vi) J(z )4(”) (m () _I
iyl P AN Mg 4+ o e Ty A o it A
G1.7] 56,0 | 51.6 | B0.7 ] 45.1 | 59.3] 5.4 ; 17.0 o0
H-§ 34 &2 50 48b | €4 19% | 35b 200 102
Ay, AE1AT Blglas (B3| B3 115 B
50.5] 45.5 { 41.3 [ 36.2|30.2125.1] 5.1 17.2 7.8 {-T.6 22.6
oF 36b| 1225 1481 41 €5 14| 8™ 9 159 37 - 29 40b
Blg|B2-|A8 |A6,|AT |AS5 | B3 1,5 115, 14, B
. <8 83.5] 45,15 31.75 28.45) 15,15 11.89 3.3% 5%1.8{30.85 ] 14.25 2:3 -2.45
o Cl 32b| 4Sb{ 90 69 3 o] 52b | 32b § 233 233 27 26
B8 |B6 |ay |az |a 3| A 15| B 74 35412 1055 | 159 1%,
48.1| 45,0 37.0(34.0 [19.7|16.7| 3.1 {579.831.2 | 13.7 2.7 {-2.7 29.2]26.
oBr | ¥bl-~7v| 157| 85 110| 152 77o| 51b 243 | 232 | 30 29 234 246 70b{161b
B 48 Bala 8,[A6,(A7T A5 | B3| B1 12 1, 15, 184 |10 9 Sh | AB
52,91 46.5]40.8|34.4 | 32.2|25.9| 6.3]557.1{27.45]119.05| 8.05 | -7.75} -18.95{-27.55} 38.6(32.2]/ 28.8{22.4
o Me 409 1125 | 168| S6 7 10| 88o | 50b §2C2 170 37 27 169 205 | 28 | 118} 383b} 19b
Bhg[B 2o |A 84 A6,|AT [A5 | B3| B1 [12 1lyg | 15, 1410 10, ] A A B| B
49.6 | 46,01 45.3|41.9 |28.5 | 25.1 [ 3.4 {573.2131.45] 14,95 | 10.55 | -10.55 =14.75|-31.55 33.3|34.9]26.5123.2
o OMe] 30bj134b| 279 40 1651 200 | 63b | Lob {212 167 56 66 162 213 j133 | 230{1C3b| 62b
Bhg B 4 8,|A6,|AT7T A5 | B3| Bl 12 L 15;;, |18, {104y 9 A_ A B
. «§56.8154.8]21.5(|19.5 [11.1} 9.1| 2.0 611.7{32.5 | 13.1 T 1e13.1 |-32.6 §33.7(31.7)12.0110.1
oNO,} #3b| 48| 105| 98 | 37| 5m} 120| & ;139 | 135 138 | 138 tla2ab{150%; 235 208
B8 |B6 |[AL (A2 573 85 A37A15 12 1015 . 1, 9 B B A A
«E51.91458.2120.9[17.2 | 8.1 &.4} 3,715%1.1p9.45]13.3 ~13.25(-30.45¢ 30.3|26.1{12.3]| 8.7 | .
° cp) 8b | 55b | 165 | 124 | 250 {1006 | 1661 25 152 128 132 147 | 64b|102b] 172} 122 |
B8 {B6 |A4 [A2 2-373 le A37A15 12 ;10ls 1, 9 B B A A
60.7 [ 55.3150.9 | 49.7 [45.5 | 64.4 | 5.3 |533.5{5.95 | 17.15 =17.15]~26.95§55.6|50.2! 27.6(22.2
pF 98 2811 215{151b | 222! A1 {101b| 7T9u | 151 139 o138 148 | 1761 273{123b| 95b
AB,‘ AS,|AT |Blg|as5 |Bg| B3| Bl |12 115 10, 9 A A B| B .
60.95 | 55.56 |50.8 | 49.5 | 45.6 | 44.3 1 5.3 |533.2127.25 | 17.25 ~17.25|-27.25;55.7150.5{27.3{22.5 |
ipCl 100} 290 | 222 {230b | 230 /1005 { 160b | 150b{ 134 133 147 | 156 § 107| 154|109b). 790 !
AS,‘ ASEAT B &g A5 |B2,| B3| Bl |12 1115 10, 9 A A B B
62.0 156.1 152.014%9.5 | 45.8 { 44.01 5.3 [531.1 $7.25 | 17.15 i -17.15|-27.25:56.6|52.5| 2.3 |23.0" |
p Br 79 192 133 |1C2b | 150} %501 T2b | 56b | 211 203 202 212 | 143} 185[135b{ S50
A8y A6, |8 T BlU4zfas |Bz; 33| 31 |1 116 10,, 9 A A 3 B
6%.9 159.3 155.0150.0 |49.5 {34.5 | 5.0 |528.7[7.3 |17.3 -17.3 |127.3 {60.5{54.8|29.0{23.5 |
P Me 85 1971 133 1106b | 137} 285§ S9o | 46b | 124 127 119 127 7189 | 570f 390
A8, IAE,|AT |BUg1a5 |B2 . 33 B1 |12 11,g 0, | 9 A A B B8
66.0 {50.3 |56.8 | 51.0 |50.3 {4%.5 | 5.8 [526.825.85 | 17.55 ~17.55|-26.85]€1.0i55.3|28.01{22.3
p Mef 27 52 42 56 275 { 13b) 2% | 18b- | 255 252 252-] 258 § 66 | 90 | 43b| 3lb -
A8y |A6,1AT {AS B-’tsszs B3| Bl |12 11, 10, 9 A A 3| B
52.7 148.1 | 47.4 |52.8 | 81.1 {36.6 | 4.6 |550.0f27.5 [20.8 |15.8 |-15.8 {~-20.6 (-27.5 j46.9]k2.3|27.6(23.0
-ip N02 23 260 {1005 | 1%b | 110 123§ f2b 4251181 64 145 124 59 187 1051 156|11¢b} 670
A8y A6, |BUg B {AT A5 B3| Bl {12 15 |15 10, 4,4 9 A A B B
56.0 [51.0 {49.0 [45.2 |4k 2 [40.2] 5.0 |5k2.6 7.25 | 16.65 -16.65(-27.35150.7]%46.0{27.2 123.0
pOF. I 34 183| 670 | 90 17o } 130 43| 34b{ 172 169 150 | 183 110} 164| 91b| 58b
3la8, [a6, |Bug (a7 |Bog|a5 | B3| 51 f12 |11, w, |9 a|l a| B8

and shift data produced in TABLE 4-3.2 appears elsewhere in this chapter in _
more convenient forms. Seven different line assignment patterns are found for

the fifteen spectra (see TABLE 4-2.2 s illustrating the pointlessness of pro-
ducing line assignment aids - it is far quicker to perform this task empirieally.

The characteristic broadening of the lines originating from HB in the
Type (V) ABX spectra is illustrated in FIG.4-3.1. Similar broadenings, due to
weak long range couplings in the aromatic ring, (4JHH) were- also observed
throughout the Type (IV) and Type (V) AB-spectra. |
= Origin B to lowfleld of Origin A (labels for A:and B derived from structure

‘not nmr).



.1 and 3-2-4,2

‘TABLE 43,2 Intermediate and Flnal Results of the Type (V) ABX Analyses Using the Method in Sections 3-2-4

I ASSIGNMENT CHECK SPECTRAL ANALYSIS RESULTS DATA FROM AB(X]
DERIV| Jpot 2D, [T, /2D A, [i4,15] | my | Zin- Ay, 5 'fo Iy VA'B b ’vA L) .JAB Vg | Om f
il 2D [T,/2D | A s, mg Am Ang | A0 : Vg | Absvy
A B R e e B e e e e B e
o P | 52130 | 5:30| 0208 | 39:0| 0:095 112130 | 20.23 | 2uiora|-zorog|1- 141836 2923 8.46|22 B) 2033 | 5.20/30.20| 801
0 0"} 70| 1085 | 0276 | 30.8 0:005 | 759 | 30.87 |10:38 | 27.qh [1T-00|HheH|23.02| 2.5 58| E2-TB| (2350
0 Br | 2150 | 16:62| 0.383 | 30:6| 0.028 | 5:68 | 3115 | 16,366 |-e0.ap [LT-65| Mh-65 2545 28815000 E5d0] e
oo | oo | rsol ooia | o | 0rtos 12130 | B [ 20150 | oarop | 9-B5|1.25|29.88| 7.45|2:38) 23010 | 6.40[s0.50| 7.2
o an| Zhol Aol atm irs s e | e | e n 2o e uncn .5 10232 600201 5 0. 1| s
o] Eion e o | Bl e P | 8 Ria | e vel s o[ oo oo 258 338 | oo o0 s
A R R e A e e e e e
PT | 5100 | 15,28 ] 01125 | 1e5| 0200 |2raa | 9120 | 15e503 |-35.48) 9-26|Mh-98[38.97| 2r.ko 23T B8-33 | 5.k0)58.0) 2n.47
P | S22 | 1523 | 0112 | 11.6| 0.008 |2a.na | 57,05 | hseoua |-39.20 | 956 4T+ 99:00| 26.66 520 B2 32 | 525 39.12] 27 45
per | 220 2R O |3 810 Btk | B3R [ |1 2| oo oo em.0 B2 203 s z0fuo. s | ok
ptie | 2020 bhiio| 0208 |43 60k [3rien | 57 131408 |oa:iL] o-16|e-o8 |vr.c8| 5148 2208 225-30 | 5.6011.95 | 30.90
p Ote| 20 | 32700 | 01ase |1.7| 0.060 | 2540 | o608 | 50460 |-36.55| B-59|5-12 /183 | 3240 552 | 30012 |5.70 w165 | 32.50
p o, | €01 27010068 [uh 1] 00 |00 85 | 2:652) 8 stho. o o | .05 ot 2| 203 Lucolos | 36,1
b ory) -%o| 15 50| 0.1 | ik Sben |20.60| Lviia | 26280 |-sa.12| 9-89| 45-o1|36.33| 22.38| L) 25775 #-80|36.90] 2229

- JIT -



FIG.4-3.1 The AB-region of o Me (V).
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TABLE 4-3,3 ABX Line Assignments in the Type (V) Fluorides

DERIV

CORRECT ASSIGNMENT

ALTERNATIVE ASSIGNMENT

AB-REGION X-REGION ~ AB-REGION ~ X-REGION
ﬁéﬁ?;ﬁgl 8-6-7-4-5-2-3-1|  12-11-10-9 | 4-2-7-8-5-6-3-1 12-15-14-9
OF, 0BT ) o 8 6-7-5-3-1|12-11-15-14-10-0) 8-6~H-2~T-5-3-1|12-15-11-10-14-9
oMe, oOMe . ‘
oCl . 8-6-4-2-3-1-7-5|12-10-15-14-11-9| 8-6~4-2-7-5-3-1|12-15-10-11-14-9
oNO,, oOCF,| 8-6-4-2-7-5-3-1| 12-10-11-9  |8-6-4-2-3-1-7-5| 12-15-14-9
pOle 8-6-T-5-4-2-3-1| 12-11-10-9 [ 4-2-7-5-8-6-3-1| 12-15-14-9
pNO, 8-6-4-2-7~5-3-1|12-15-11-10-14-9| 4-2-8-6-7-5-3-1|12-11~15-14-10-9
BCF, 8-6-4-7-2-5-3-1|  12-11-10-9  |4-2-8-7-6-5-3-1|  12-15-14-9

4-} Chemical Shift Data

Analysis of the conformational data deducible from the various chemical

shifts and coupling constants will be deferred to SECTIONS 4-7 & 4-8.

It is

hoped that the compact presentation of the raw data will make referenéing

more convenient.

4-4-1 LH Chemical Shifts

5

The chemical shifts of the sife-chain protons are listed in TABLE 4-4.1.

The shifts of H,., the hydroxy protons in the Type (IV) alcohols, are strongly

TABLE 4-4.1 Variations of the Chemical Shifts of HAL—EB and HC-

DERTV

HA‘

oz

e

%5

X

(IV)

(V)

(VI)

™ W

(VI)

(IV).

(Iv).

(v) | (vI)

H

577.65

587.25

599.45

493.65(558.

95

520.15

299.70

84.00

28.30{79.30

F
c1
Br
Me
OMe
NO2

CF_5

593.95
604,70
607.50
580.85
608.75
619.65
589.40

598.65
60%.55
606. 70
590. 70
608.80
622.50
502.10

606.85
608. 20
607.75
602.45
616.75
618.95
602,25

531.85|590.
546.10|606.
544.20]603.
520.00{583.
522.30(597.
573.50|644,
545,75|608.

20
10
80
25
50
60
70

552.80
580.75
580. 40
547.05
568.25

607.50

563.05

503.95
310.25
322,00
295.40
334.15
327.00
312.10

62.10
58.60
63.30
60.85
86.45
416.15
43%.65

8.45|54.00
-2.55|27.45
2.90j27.25
7.45]55.40
11.%0|48.50
-22.10{11.45
~16.60]39.20

F
C1
Br
Me
OMe
N02

v ' W W W W W|o 0o O O O o o

CE3

575.75
573.75
572.75
575.65
573.45
583.05
578.35

586.15
585.55
585.15
585.50
584.85
594.05
590,10

595.35
595.05
594.70
597.30
595.50
601.35
599.55

493.95|558.
492.85(558.
490.401556.
489.80|554.
448.15 552,

512.75|574.
502,10{567.

[
85
25
05
45
60
(e

518.15
516.15
514.55
516.80
515.80
529.00
525.15

302,00
289.00
297.70
287.90
297.10
328.00

305,30

79.80
80.90
82.35
85.85
85.30

70,30
76.25

27.40|72.20
26.70|78.90
28.90180.15
31.50(80.50]|
32.40{79.70

19.45]72.%5
22.35| 75.40
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c
DERIV - H, Hy H, GAB

(Iv) | (V) (vi) | (Iv) | (V) (vi) | (Iv) (zvy{ (V) | (vI)
$H | 577.65 |587.25 [599.45 |463.65 [558.95 [520.15[299. 70| 84.00] 28.30| 79.30
F | 16.30| 11.40| 7.35| 38.20| 31.25| 32.65| 4.25]-21.90|-19.85-25.30
c1 | 27.05] 16.30| 8.75| 52.65| 47.15| 60.60] 10.55-25.40|-30.85|-51.85] |
Br | 29.85| 19.45| 8.30| 50.75| 44.85| 60.25| 22.30[-20.70 |-25.40|-51.95
Me | 3.20| 3.45| 3.00| 26.25| 24.30| 26.90| -4.30|-23.15|-20.85|-23.90
oMe | 31.10| 21.55| 17.30| 28.85| 38.55 | 48.10| 34.45| =2.45|-17.00|-30.80
No2 42.00| 35.25| 19.50 8Q.05 85.65| 87.35|| 27.30{-37.85|-50.40{-67.85

TABLE 4-4.2 SCS of Hy; Ho and H, in the Type (IV), (V) & (VI) Compounds (Hz)

o)

o)

O O O O

o CF, | 11-75 4.85| 2.80| 52.10| 49,75} 42.90| 12.40}-40.35 |-44.90|-40.10
pF -3.90| -1.10| -4.10) 0.30] ~0.20| -2.00| 2.30] -4.20| -0.90| -2.10
p C1 ~3.90| -1.70| -4,40| -0.80} -0.10| -4,00}{-10,70f -3.10| -1.60!| -0.40
p Br -4.90| -2.10| -4.75| -3.20| -2.70| -5.60| -2.00} =1.65| -0.60] 0.85
pMe || -2.00| -1.75| -2.15} ~3.85| -4.90| -3.35(-11.30} .1.85| 3.20| 1.20
p OMe | -4.20| -2,40| -3.95| -5.50| -6.50 | ~4.35] -2.60| 1.30| &.10| 0.%0
pNO_| 5.40| 6.80| 1.90| 19.10|15.65| 8.85 28.30}-13.70| -8.85| -6.95
p CF3 0.70} 2.85| 0.10f 8.45| 8.80| 4.00f 5.60§ -7.75| -5.95| -3.90
i All values are referred to those in the 'H' row, which are taken as zero.

These protons showed couplings to 38 - normally only seen in very dry systems.

TABLE 4.4 .3 Chemical Shifts and SCS of H-2' and H-3' in the para-Series

DERIV : H-2' H-3' 6a'-3
X (v) | () (vI) | (Zv) | (V) (Vi) || (xv) | (v) | (vI)
H 737.00|742.00{Th2. 70| 737.00| T42.00| 7T42.70 0 0 0
pF 738.05|742.95|745.20|[704.80|712.05| 707.20|| 35.25| 30.90| 38.00
p C1 | 73%.10|738.70|737.70| 73%. 10| 738. 70| TB7. 70| O 0 0
p Br 728.10|73%4.25|733.55(|749.15[759.30| 751.45[|-21.05 |-25.02 |-17.90
p Me 727.351730.05|743.95||717.35 | 722.25| 719.85|} 10.05| 7.80| 15.10|SHIFTS
p OMe || 730.60|734.10|738.10(687.70|692.65|690.00( 42.55 | 41.45( 48.10
p No, || 763.60763.10|769.65 821.20(826.10|823.95 ||-57.60 |-63.00 |-56.30
p CF 755.10|756.80|763.10(763.10|768.50| 763.10| -8.00|-11.70 0
) Sl Wi T FS Y I—
pF 1.05| 0.95| 2.50}-32.20(-29.95|-35.50 -2 -30
p Cl -2.90| -3,30| -5.00} -2.90| -3.30| -5.00 -6 -2
p Br -8.90| -7.75| -9.15| 12.15| 17.30| =8.75[LITI*| —13 +22
p Me -9.65(-11.95| -7-75[-19.65|-19.75|-22.85 -9 -17 ]sCs
p OMe -6.40| -7.90| -4.60(-49.30|-49.35|-52.TO|VALUES}| -9 -43
p Noe' 22.60| 21.10] 26.95{ 84.20| 84.10| 81.25 117 | 495
p CF, 118.10| 14.80| 20.%40) 26.10| 26.50{ 20.40 (0014) +20- +80
H-2 H-3
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affectedubyvtraées“of.moisture and.are not. readily related to conformational
properties ofAthe<molecules; -Although these. compounds. were dried over.anhy-
drous .sodium sulphate during the ether extraction-stage.of preparation, and
subsequently vacuum-distilled and-aessicated, this was probably insufficient
to remove all traces of water. The g scs for H,, Hy and H, are given in
TABLE 4-4. 2.

TABLE 4-4.2 shows the chemical shifts of the H-2' and H-3' pairs of aro-
-matic protons for the symmefrical (para) members of the series. These shifts
were derived by the approximate analysié of the AA'EB'-system as an AB-system.
A similar techneque could not be applied to the. ortho compounds'whose aromatic
protons form ABCD-systems. In all three series, the unsubstituted derivative
(X = H) gave 1H spectra of the aromatic region which approximated to singlets.
The offsets of these lines were used for calculating the SCS data. -

The SCS data given in TABLES 4-4.2 and 4-4.3 1llustrate the effects of

changing the aromatic sub-

TABLE 4-4.4 SCS of HA and HB Between the Type stituent (X) within the

(IV) and Type (V) or Type (VI) Compounds three series, while TABLES
» - 4-4.4 and 4-4.5 illustrate
DERLY %A ﬂB ' the effects of changing the
X |- (vI)-(av)) (V)-(1V)| (VI)-(IV) side-chain substituent (Y)
H 9.60 | 21.80 || 65.30 | 26.50 ° on going from the Type (IV)

oF 4.70 12.85 58.35 20'95 alcohols to the Type (V)
o Cl -1.15 3.50 59.80 34.45 fluorides and Type (VI)

0 Br -0.80 0.25 59.40 36.00 chlorides. The average Y.
oMe | 9.85 | 21.60 ) 63.35 | 27.15 SCS, with standard deviations
o OMe 0.05 8.00 75.00 45,75 are appended.

o N02 2.85 -0.70 70.90 33.80
o] CEB 2.70 12.85 62.95 17.30
p F 12.40 21.60 || 64.80 24,20
p Cl || 11.80 21.30 66.00 23.30

p Br 12.40 " 21.95 65.80 . 24.10
p Me 9.85 21.65 64.25 27.00
p OMe | 11.40 22.05 64.30 27.65
p NO, | 11.00 18.30 || 61.85 16.25‘

o} CF_ﬁ 11.75 21.20 65.65 22.05

Average| 3.48 10.02 64.38 30.24

o Y.SCS|+ 4.06 | +8.26 ||+ 5.49 | + 8.53

Average| 11.28 21.23 64,74 23.88

p Y.SCS[[+ 0.98 | + 1.14 |+ 1.26 | + 3.41
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TABIE 4-4.5 SCS of H-2' and H-3' Between the Type (IV) and Type (V) or Type
’ : - : (VI) Compounds

DERTV H-2' H-3'
X (V) =(1v) | (vI)-(IV) ]| (V) - (TIV) | (VI)~(IV)
H 5.00 | 5K.70 5.00 | 5.70
p F 4.90 7.15 7.25 2.40
p CL 4.60 3.60 4,60 3.60
p Br 6.15 5.45 | 10.25 2.30
p Me 2.10 7.60 h.90 | 2.50
p OMe 3.50 7.50 | 4.95 2.30
prO, | 3.50 | 10.05 | 4.90 | 2.75
D CFB___ 1.70 8.00 4,60 0.00
Average 3.93 6.88 5.81 2.69
p Y.8CS ||+ 1.42 | +1.82 [+ 1.86 |+ 1.48

TABLE 4-4.6 H-X Shifts and SCS Data

DERIV SHIFTS scs (X)) scs (Y)

X @] @ | oma| o o] -] @n)-av)
oMe |235.0| 241.9| 240.0 ) ) ’ 6.9 5.0
p Me |232.0]2%6.8| 236.6|-3.0|-5.1|-3.4] 4.8 4.6
Y| o OMe || 380.5 | 385.2 | 387.1 4.7 6.6
| p OMe [377.2|381.1| 380.4 | -3.3 | -4.1| 6.7 3.9 | 3.2

4-4-2 '9F Chemical Shifts

19F chemical shifts were referred to the absolute machine offset from
the 2H (CDClB) lock signal, in preference to using an internal 19F reference

such as CFCl,. This system was chosen because the accurate coupling measure-

3

ments performed necessitated the use of narrow spectral widths (BOOHz or less), -

19

and since the ~“F shifts observed ranged over 12700 Hz, with some lines

18000 Hz from the standard CFCl_ resonance, incorporation of an internal

3

reference was impossiblé. The original "machine offsets" have been set rel-
ative to CF’Cl3 by subtracting the machine offset of a 10% CF‘Cl3 in CDCl3
solution (CF’Cl3 = 45956.1 Hz - the other observed shifts lay in the range

31500-44200 Hz, ie. to high field of CFClB). In TABLES 4-4.7 and 4-4.8 the

shifts are expressed in ppm (1ppm = 94%.1 Hz).
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and SCS for the Type (V) Side-
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TABIE 4-4.8 12F Chemical Shifts and SCS for

the -~F and ~CE§ Aromatic Ring Substituents

in the Type (IV) and (V) Series

DERIV Offset SCS

X (IV) V) (Iv) (V) _jav)-(wv)
oF |-118.305 [-117.496 ) .} 40,809
p F [-112.956 |-111.412] 5.349| 6.084| +1.544
o 033 -58.024 | -58.003 40,021
p CF3 -63.191 | -63.342-5.167 |-5.339} -0.151

DERIV| SIDE CHAIN F

X SHIFT | SCS

H |[-174.003 /
o F [-182.709| -8.706
o C1. -190.713|-16.710
o Br |-189.630|-15.627
o Me [-172.845( +1.158
o OMe [-192.552 (-18.549
o No2 -190.013 [-16.010
o CF,|-182.00%| -8.091
p F [-172.143] +1.860
p C1 [-173.824| +0.179
p Br [-174.215| -0.212
|p Me [-172.530| +1.473
p OMe [-169.729 | +k.724
p NO, |-176.633 | -2.630
p CF, [-175.986| -1.983
4-4-3 12 Chemical Snifts

For reasons similar to those discussed in SECTION 4-4_2 it was impract-

ical to use an intefnal TMS le reference.

Instead, all 3¢ spectra were

;nitially referred to the centre line of the CDCl3 triplet and subsequently

set relative to TMS (CDCl3 =
spectral widths of 2000Hz or 2500Hz (where X =

77.009 ppm from TMS).

giving digitisation rates of 0.5 or 0.63 Hz.
Because of the high degree of electronegative substitution in the ethyl

group, the C-1 and C-2 shifts were within a few ppm of the CDC

in all three series.
The shifts in the following tables have all been derived from data to

-three decimal places.

"shifts of the three series of compounds.

the ring substituent has been recorded.

This enabled minirmum

F or OMe) to be used throughout,

1., resonance

3

TABLES %4-4.9 to 4-4.11 1list the observed ¢ chemical
Where appropriate the l}C shift of
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TABLE 4-4.9 ¢ Chemical Shifts of the Type (IV) Alcohols (from TMS)

x | c1t | coa' | 3t oot | cost {c6' | co1 | co2 | cx
H |137.34|127.08|128.16|128.71|128.46|127.08] 78.76|76.38
F [124.81(159.87[115.37|130.44]124.38[128.51) 73.13| 75.35
c1 |135.08|132.14|129. 42|129.90|127.07|128. 78| 7%. 93| 75. 07
Br [136.69|122.21 |132.70|130.21|127.63|129. 14| 76.95|75. 13
Me 1135.91(135.77|130.61|128.70|126.31 [126.37}75.21|76.08| 19.49
OMel|125. 7% |156.11 |110.40]129.71|120.81 {128.53| 75.31 | 75.43| 55.41
NO| 132, 9% [147.81 |124.71[129.61|133.63 |130.13| 73.60| 75.61
CEB 136.14|127.90(125.91{128.98132.12128.86] 74.01|75.82{124.13
F ||133.12|128.96|115.42]162.98 78.1576.28
c1 [|135.741128.53 |128.64 |134.86 " |78.09|77.09
Br |136.28|128.82|131.61|125.07| 78.16|75.98
Me [|134.49]127.00]129.16{138.86( 78.70|76.49| 21.09
OMe[129.51 |128.37/113.88{159.04| 78.46|76.53| 55.26
NO,||144.20|128.26 123.49(148.17 77.67{75.50

CF3 141.14{127.62]125.39| * 78.13|75.89]123.89

o]

- - v W T T WO O O O O O

TABILE 4-4.10 ¢ Chemical Shifts of the Type (V) Fluorides (from TMS)

X c-1' | ¢c-2' | ¢c-3'" | c-4' [ ¢c-5' | C-6' || C-1 | C-2 C-X
b H [133.92|127.01|128.48(129.83{128.48|127.01{9%4.99(72.00
| F |121.87[159.84|115.62(131.58]{124. 46 |128. 64| 90. 00| 71. 06
c1 {172.33|151.84|129.62|130.80|127.17|128.58| 91.88 | 70. 87
Br {133.91|121.41]132.84|131.06|127.73|128.89| 93. 74| 70. 93
Me |132.78|136.04{130.82|129.69{126.31 |126.84(92.39|71.98| 19.35
OMe|123. 04 |155.92{110.43|130. 61 |120. 78|127.80[91. 36| 71.38|| 55.50
NO_J130.45|146.79|125. 01 |130. 45|134. 02 129.61/90.85|71.51

2

CF * * [126.23]129.96{132.25128.80[91.09!71.66(123.99

F 1129.68]129.17|115.57|163.58 94.33|71.83
c1 {132.27]|128.55|128. 74 |135. 93 . lor.23{71.65
Br |132.67|128.77|131.66|124.15 94.12|71.53
Me {130.95(127.02]|129.16(139.88 94.99172.08| 21.26
OMe|125.89|128.60|113.89160.71| 9h.86|72.15| 55.24
NO,,{140. 09(128.21|123. 48 [148.78 | fo3.46|71.01

CF3 137.47{127.62{125.43(130.25 fok.on|71.404123.78

* ~ Of the 330 carbon resonances present in these 45 compounds, only 4 could
not be detected. These signals (C-4'pCF_(IV), C-1' and C-2'oCF_(V) and C-4'
pCF_(VI)) were all split into quartets (gr double-quartets whenY = F), by
coupling- to the nearby ~CF, groups and could not be distinguished from the

spectral noise. Unobtainagle data is indicated by * in the following tables.

W ™9 v W W TV.T|O 0 0o 0 0 O O
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- TABLE 4-4.11 7C Chemical Shifts of the Type (VI) Chlorides (from TMS)

X lca|c2 |c3 jc4|c5 Jc6"|]cCc1]c2] cx

H ||135.67|128.48|128.51{129.52|128.51|128.48]|67.20| 74.55
o F [123.58|159.76|115.66|131.25|124.52|130. 07| 60. 74| 73.64
o Cl [[133.8%4|133.84[129.69|130.54|127.31|130.25}63.66| 73.59
6 Br || 135.45(123.41|132.97|130.78]127.92|130.43{ 66.05 | 73.66
o Me [|135.01|135.94|130.73|129.24|126.67(127.67|63.45| T4.41| 19.56
OMel 124 .54|156.24{110.79]130.56|120.83[129. T4{63.17| 75.96| 55.68

O

o No2 130.541148.40{124.76(130.35|133.43{131.66§61.78|73.96
o CF,}135.42/128.98|126.02)129.49|132.50|129.75] 64.24| 73.87|123.81
p F |131.29|130.49|115.51|163.23| - 66.17|74.48
p C1 [[133.88]129.96(128.71]135.61 66.12{74.25
p Br {|134.38{130.22(131.68|123.81 66.17]T4.14
p Me [|132.751128.32]129.19|139.58| 67.14|T4.67|| 21.19
p OMe[l127.62[129.77{113.87|160.42 66.94 74,81 55.30
p NO,|141.77{129.97|123. 24 [148.38 65.2473.63
p CF, 139.16(129.19|125.49| * 65.95|73.980123.76

TABLES 4-4.12 to 4-4.14 1ist the SCS within the three series. The C-X data is
unchanged as there are no suitable references. The usual convention of +ve ‘
shifts to low field of the X = H shift are used throughout.-

. ¥

. TABLE 4-4.12 130 SCS of the Type (IV) Aléchols (Relative to X = H)

X | c-1'{ c-2" | c-3" | cu -5 |C-6'|C1|Cc2| CX

H [137.34]127.08(128.46|128.71|128.46(127.08|78.76|76.38
o F ||-12.53|+32.78{-13.09| +1.46| -4.08| +1.43|-5.691-1.04
o C1 || -2.27| +5.06| +0.95| +0.92| -1.40| +1.69|-3.82|-1.31
o Br | -0.69| -4.87| +4.24| +1.53| -0.83| +2.06[-1.81|-1.25
o Me || -1.44| +8.69| +2.15| -0.28| -2.15( -0.71-3.54{-0.30{ 19.49
OMel[-11.62+29.0%3(-18.06| +1.00| -7.65| +1.45]-3.451-0.95 55.41

(o)

o NO_Il ~4.41]+20.73| -3.75| +0.63| +5.17] +3.05|-5.15|-0.78
|o CF,| -1.20| +0.81] -2.55| 0.00 +3.66 | +1.78]-4.75|-0.57 (124,13 |
p F || -4.22| +1.88]-13.04 |+34.00 -0.61|-0.11
p C1 | -1.58| +1.45| +0.18| +5.89 -0.67]-0.29
p Br | ~1.07| +1.74| +3.14| -5.91 | -0.61|-0.41
p Me || -2.86| ~0.08| +0.70| +9.89 -0.06 [+0.10 || 21.09
|p OMe|l ~7.84}| +1.29(-14.58 |+31.06 ~0.30 [+0.15 | 55.26
p N02 +6.86( +1.18| -4.98 |+19.19{ - -1.09 -0.88 '
P

CF, | +3.80| +0.54| -3.08| ' | -0.63 |-0.49 [123.89
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TABLE 4-%.13% 130 SCS of the Type (V) Fluorides (Rélativevto X = H)

X |l cc1t | c-2' | ¢c-3" | c-4' | c-B' | C-6' || C-1 | C-2 c-X
- H |1133.92]127.01|128.48 {129.83 |128.48 |127.01|9%.99 [ 72.00
o F ||-12.05(+32.75(|-12.85| +1.75| -4.02| +1.54(-5.00(-0.9%
o Cl || -1.59| +4.75| +1.14| +0.97| -1.31| +1.49(-3.11]-1.13
oBr || 0.00| -5.68| +4.36| +1.23| -0.75| +1.79|-1.25{-1.07
o Me || -1.14| +8.95| +2.35| -0.15| -2.17| -0.26-2.60]-0.02| 19.35
o OMe|-10.87|+28.8%|-18.05 +o!79 -7.70| +0.70}-3.63]-0.62| 55.50
o NO, -3.46 |+18.31| -3.47| +0.62| +5.55| +2.51 -4.14{-0.49
o CF3 * * <2.255 40.13| +3.78| +1.71|[+3.90]-0.34]123.99
p F || -4.24{ +2.08{-12.91{+33.75 | |-0.66|-0.17
p Cl || -1.69] +1.45| +0.26| +6.10] -0.76|-0.35
p Br || -1.24| +1.68| +3.19]| -5.68 -0.78 |-0. 47
p Me || -2.97] =0.07| #0.70|+10.05 -0.01 [+0.09] 21.26
p OMe| -8.03| +1.50|-1%.59 [+30.88| -0.13|40.15] 55.25
p NO|l +6.18| +1.12| -5.00+18.97 |l-1.5% [-0.99
p CF3 +3.56 | +0.53( -3.04| +0.43 - [l-0.95|-0.60(123.78

TABLE 4-4,14 D¢ scs of the Type (VI) Chlorides (Relative to X = H)

X |l c-1t | c-2' ¢33 |cu't|c5' | c6" | Cc-1 |C-2] C-X
H ||135.67|128.48]128.51 |129.52 [128.51 |128.48[67.20 |74.55
F _ [|-12.08|+31.30|-12.85| +1.73| ~3.99| +1.60|[-6.46|-0.91
C1 || -1.82{ +5.37| +1.18| +1.02| -1.21{ +1.77}||-3.33|-0.97
Br || -0.21| -5.06| +4.46| +1.26| -0.59| +1.95[-1.14}-0.90
Me || -0.64| +7.46| +2.22] -0.28] -1.84| -0.81|l-3.74{-0.14| 19.56
OMel{-11.42 {+27.77|-17.73| +1.04| -7.68| +1.27|-4.02}-0.59| 55.68
No [l -5.12|+19.93| -3.76 £0.83| +4.91| 43.19(-5.42]-0.59
cr | -0.24} +0.51| -2.49| -0.03| +3.99| +1.28|-%.96 |-0.68(123.81

o O o o

(o]

(o]

(o]

p F 2 -4.,38] +2.02{-13.00|+33.71 -1.02|-0,08

p CL || -1.79| +1.49| +0.20{ +6.09| . -1.07|-0.30

p Br || -1.29| +1.75| +3.17| -5.72 -1.03|-0.41

p Me || -2.91| -0.16| +0.68+10.06 , -0.05 |+0.12]| 21.19
p OMe|| -8.04| +1.29|-14.64[+30.90 -0,26 |+0.26|| 55.30
p NO,|| +6.10| +1.50| -4.97 +18.86 : f-1.96}-0.92

P CFB +3.50| +0.72| -3.02 * ' "-1.24 -0.571123.76

TABLE 4-4.15 is analogous to TABLES 4-4.4 & 4-4.5 in that it presents
the 12C SCS due to changing the side-chain substituent (Y) on going from the
Type (IV) alcohols to the Type (V) fluorides and Type (VI) chlorides. Again,

' avefage Y.SCS'with their standard deviations are appended{
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TABLE 4-4.15_‘130 SCS of the. Type (V) and Type (VI) Series Relative to the

“" Type (IV) Series

C-4'

c-X i

4.5 Coupling

Constant Data

DERIV c-1' C.2! C.3' c-5' c-6* Cc-1 Cc-2
X vl ooy (nvlom)y|] (wylomny] (av]omy| avleeny| mefoy] (v §oovy] onyjoenel (nvl D
H -3,431-1,E8]+0.01L}+L,39|+0.02|+0,05{+1.13|+0,.82| +0, 62| +0.05| +0,01{+1 3uf+16.24}~11.56|-4.30]-1,.8% i
oF -2.94]-1,231+0,03[=0.09|4C.26 |+0.30{+1.13{+0,81 [+0, 08140, 14(+0.12}41.56] +16.87{-12.39] -4.29| -1.T1
o C1 |-2.75|-1.24]-0.30(+1.70[+0.20{+0.28}40.90|+0.64|+0.10} +0.24]-0.19]+1 B7|+16 95}-11.27]~4.2C]-1.49|
o Br |-2.78|-1 24|-0.80]+1.20|+0.14 {+0.27]+0.83|+0.55{+0. 10{+0. 29} -0.25]+1.29}+1&. 79| -10.90{ -4. 21| -1, 43
o Me |-3.13{-0.89] +0.27(+0.17[40.22{+0.12]+0.99[+0.54| 0,00{+0.%6]{+0.47!+1,30[+17.19|-11.76] -4.11}-1.67| -0;15 +0,08
o OMe {-2.69]<1.19]-0,19]40,13|+0,03]+0. 3y |+0.91{+0.85] -0, 03] +0.02{-0. 74| +1.21{+16.05| -22.14} -4 05]-1.48]/+0.09]+0.27
o No, -2.49(-2,40-1.02|+0.59 |+0. 30 | +0. 04 [+0. 84| +0. T4| +0. 39 ~0.21 | -0.52] 41,53} +17,25| ~11.83 -4,10|-1.€¢ .
o CF, #  [.0.72| * [+1.09]+0.32{46,11]+6.98140.51]40.13}+0,36|-0.06+0,89f+17.08] ~11.77] -4.16]-1.95[-0.41)-0.32
pF - |-3.44]-1.84[+0.21[+1.53|+C.15[40, 05 {+0.60]+0,25 +16.18]-11.97[ -4.45]-1.8¢ i
p €1 -3.47(-1.87[+0.02]+1.43]|+0.10]+0.07|+1. 07|40, 4 +16.07] -11.97} <& 33]-1.84 D
p Br }+3 61{-1.90]|-0.05{+1.40}40,06|+0.G7{+1.08[+0.73 +16.05]-11.99] -4.45]~1,83 :
p Me 1-3.540-1,74|+0.02{+1.32]-0.01[+0,03]|+1.02|+0,72 +16,23]-11.56| -4.40]-1.82 +0.18 40,10
p OMe }-3.62|-1.88]+0.23]+1.40]+0.01[~0.01{+0.67}+0.38 +16.40]~-11.52| -4, 36| -1, 724-0.01{+0.04
p N02 =4,11|-2,44|-0.05]+1.T1| 0.00[+0,C5(40.61{40,21 +15.78]-12.44] ~4.49|-1,88
P cr~'3 -3,67|-1.98] 0.00(+1.57(40,05]+0,10f * | # +15.911-12.18| -4.50]-1.91}{-0.11{~0.13
Average]-2.89|-1.32}-0,29|-0.77}-0.91 |+0.20|+0,9€[+0.68]+0.10} +0,26 | ~0. 15| +1. 33} +16.80] -11.70] -4,19]-1.&E
o Y.SC3{+40.29|40.48]+0.42}40,62{40.11 [+0,12]+0,11|40.13]|40,12|40,.19]+0.35|+0.21) +0,41] +0.44)+0,10(+0.16
Bveragel-3.61|=1.92]+0.05[+1.47 (+0. 05 [+0.04 |40, 884G, 55 +16.11}-11.90] -4, 42[-1.82
p Y.S505]+0.2140,22] +0.10|+0,12 10.05‘:0.0: 40, 22]+0. 24 30.19; #0.31 +0.05(+0.05

As in the previbus.section, the data is presented by class of coupling -

rather than by ,type of compound, since this facilitates comparison between com-

pounds. Again, conformational discussion will be avoided as the immediate aim

is merely to present a large amount of'da;a in a compact, logical fashion.

TABLE 4-5.1 EQHH Couplings Between the Side-Chain Protons H,, H_ and H,
g

DERIV JABCoupling Constan,tlJAB X.SCC Rel to H s Y.SCC Rel (IV? w;ggE
X () | (V) | (vI) | (IV) (V) (vI) | (V)= (V)| (VI)~(IV] | spmy
H 5.35 | 5.40 | 5.90 ' ‘ "I +0.05 | +40.55 | 3.95

oF 4.50 | 5.10 | 6.15 || -0.85 | -0.30 | +0.25 || +0.60 +1.65 | 4.50

6Cl | 3.20|3.30|5.25-2.15 | -2.10 | -0.65 | +0.10 +2.05 || 4.30

oBr | 3.00|3.05|5.05]-2.35 | -2.35 | -0.85 | +0.05 | +2.05

oMe | 6.00]6.35 | 7.40|+0.65 | +0.95 | +1.50 || +0.%5 +1.40 || 3.50

o OMe| #4.10!3.40{5.50 || -1.25 | -2.00 | -0.40 || -0.70 +1.40 6.50

o NO,| 2.85|2.00|4.15-2.50 | -3.40 | -1.75 | -0.85 +1.40

o CF_| 4.00|3.70[6.40 |-1.35 | -1.70 | +0.50 | -0.30 +2.40

pF 5.50 | 5.40 | 5.50 | +0.15 | 0.00 | -0.40 | -0.10 0.00

pCl | 5.320|5.25|5.50|-0.05 [ -0.15 | -0.40 | -0.05 +0.20

pBr | 5.30|5.20|5.40 ||-0.05 | -0.20 | -0.50 | -0.10 +0.10

p Me 5.50 | 5.50 | 5.80 || +0.15 | +0.10 | -0.10 || 0.00 +0.30

p OMe| 5.50|5.70|5.80 [ +0.15 | +0.30 | =0.10 || +0.20 +0.30 | 3.50

p NO,| 4.90| 4.60|5.25| -0.45 | -0.80| -0.65 | =-0.30 +0.35 ||

p CF| 5.15| 5.00| 5.50| -0.20 | -0.40 -0.40| -0.15 +0.35
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45-1 ‘EQHP Coupling Constants v
) For the side-chain protons H,, Hy (and HC) the 3JHH

readily measured from the spectra to an accuracy of +0.1Hz. These couplings

couplings could be

and the equivalent of the SCS, the "substituent coupling constants" are given

" in TABLE 4-5.,1, Similar information was

TABLE 4-5.2 3J Couplings Between

—HH
H-2 and H-3 in the Para Derlvatives

- of (IV), (V) and (VI)

DERTV| - “Jig; H-2' and H-3'
X | @) (v) | (1)
F 8.6 8.8 | 8.6
. C1 junknown [unknown |unknown
Br 8.5 8.75 8.7
- Me 8.5 8.6 8.55
. OMe| 8.85 8.7 | 8.7
: No,| 8.9 | 9.0.|. 8.8
CF3 8.5 8.6 unknown

also recorded for the aromatic protons
H-2' and H-3' in the three sets of para
derivatives (see TABLE 4-5.2) but be-

cause of the approximate nature of the

AA'BB' analysis, the errors in measure-

»ment of the 3JHH

larger eg. +0.2Hz.

.couplings are probably

These coupling constants are only
listed for completeness. J's marked
"unknown" could not be determined be-

cause the aromatic proton signals had

‘collapsed to broadened singlets.

2 3
4-5-2 “Jyp and “Jon

These couplings were derived by the ABX analytical'method detailed in
SECTION 4-3 and are probably accurate to +0.1Hz. In one case only (pF(V)),

Couplings from the Type (V) Fluorides

~ TABLE 4—5.3‘nJ Coupling Data for the ABX Anal&sis of ihe;Type (V) Fluorides

~CF
DRV Co =0 | Chm = | = Te | Tam t Tay) |
X | gy [Rel to H] J,. [Rel to HlJ ~ [Rel to H| ¥ [Rel to H|| Other nJHF
H |[4.75 9.75 | . 5.40 15.15
o F |14.35] -0.40 [12.15| +2.40 {|5.10|-0.30 [17.25]| +2.10
o CL [us.75| 0.00 [17.00| +7.25 [3.30[-2.10 [20.30| +5.15
o Br |44.65] -0.10 [17.65| +7.90 [3.05|-2.35 [20.70| +5.55
o Me [145.25| +0.50 [-9.85|+0.10 [6.35|40.95 [16.20|+1.05 |[1.0 5JHM .
o OMe[45.00| +0.25 117.80| +8.05 }3.40|-2.00 [21.20 | +6.05 €
o NO|i45.80 +1.05 [19.40] +9.65 |[2.00| -3.40 |[21.40| 4+6.25
o CF_[44.70| -0.05 ]16.30 +6.55 [(3.70{-1.70 [20.00| +4.85
p F|u4.95| +0.20 | 9.25| -0.50 |5.80| 0.00 [14.65| -0.50 [0.85 AJH 7
pCl [44.75] 0.00 | 9.55|-0.20 |5.25]|-0.15 [14.80| -0.35 271
p Br [44.70| -0.05 9.60| -0.15 [5.20]-0.20 [14.80| -0.35
p Me |44.90| +0.15 | 9.45]| -0.30 |5.50|+0.10 |14.95|-0.20 |1.3 7JHM .
p OMe|45.10| +0.35 | 8.60| -1.15 [5.70|+0.30 [14.30 -0.85 - €
1p No2 44.35| -0.40 }10.75 | +1.00 14.60 | -0.80 115.35! +0.20
p CF,|45.00| +0.25 | 9.90| +0.15 |}5.00 | -0.40 14.90| +0.25
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uJHF_couplings'Were observed between the two H-2' protons and the side-chain

fluorine. As there was also a 6JFF coupling,” the expected 4 line X region of
the ABX system became a 24 line X region in an ABMEXZ system. The two 19F
signals of the pF(V) fluoride are reproduced in FIG.4-5.1. N.B. Through space

& HAF]and OCEB(VI)[GJHAFJ.

JHF's-of 0.3Hz were also observed in oF(VI)[BJ
4_5-3 EQCF Couplings ~ Observed in the 130 Spectra

EQCF,Couplings Involving the -F and -CF, Ring Substituents
J

DERTV c-1' c-2! C-3"
X @) v (vI) | (Iv) | (V) (vi)| (zv) | (V) | (VI)
o'F | 12,8 12.55 | 12.6|246.8 p48.3 [249.3| 21.4 | 21.0 | 21.7

TABLE 4-5.4

o CF3 1.5 * 1.5 %.31 * |=z.1| 5.8| 5.7| 5.7

p F 2.4 3.2 3.5 8.1| 8.45| 8.5 21.8 |21.9 | 22.2
1p CF,| 1.5| 1.5 |~1.3| O 0 ol 3.8] 3.7] 3.8

DERIV c-4! cz5" c-6'

| X (Iv) | (V) (vI) | (zv) | (V) (vi)f (xv) | (v) |(vI)
o F 8.71 8.45 8.9 3.7 3.7 3,51 3.6 3.05| 3.7

o CF, | © 0 o| o.8}:1.0 | 0.8] o0 0 0
p P [ph7.6 p49.6 |249.5
P CFs| * |33 *

DERIV C-1 -2 Cc-X
X [ & || || @] ] (i)
o F 1.8] 1.9 2.2 2.6 2.55| 2.8 ' | ’

o CF | 2.2| 2.5 250 1.6 1.7 o lo74.0|273.5|274.0
pP | o o | of 1.6] 1.3 | 1.1 |
pCR | O 0 0 0 0 o le7e.2l272.51273.5

Since these J's were measured from the 130 spectra they are subject to
an error of +0.5Hz. In practice, however, observed errors are normally +0.3Hz,

as estimated from the CDCl3 lJCQH couplings.

In the Type (V) series the side-chain fluorine showed coupling to all
~the carbons apart from those meta to the side-chain (ie. C-3' and C-5'). The

only exception to this occurred in the oNO2 derivative which possessed-a

4JCF coupling to C-5' of 1.6Hz. The remaining couplings are listed in TABLE

4-5.5.
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FIG 4-5.1 l9F Signals of
(a) The aromatic fluorine

in p F Type (V) fluoride.
These show the 2.6Hz 6J
and 0.85Hz aJHF in

addition to the normal
nJHF aromatic coﬁplings
and the 4 line X-region

of the ABX spectrum.

FF

{(b) The side fchain“fluorin'e '

(&)

2 OH=z2 )
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TABLE 4-5.5 fgéF Couplings Involving the Side Chain Fluorine in the Type (V)
' : - Fluorides.
DERTV c-1' c-2' | C-y c-6' c-1 Cc-2
X J AT} J | AJ J | AJ J Ad J |AT | J AJ
H }20.7 6.6 1.8 | 6.6 186.8 32.5
o F.[21.95( 1.2 5.6 |-1.0|1.45|-0.35| 6.95{+0.35 187.5|+0.7[30.05| ~-2.45
oCl (22,3 | 1.6 {5.7 {-0.9 [ 1.2 |-0.6 | 9.0 [+2.4 |{188.9(+2.1{26.7 |-5.8
oBr [|22.5 | 1.85.8 |-0.8 1.0 [-0.8 | 9.5 |+2.9 || 189.5|+2.7{26.4 |-6.1
o Me [19.5 |-1.2|5.0 |-1.6 [2.0 |+0.2 | 7.4 [+0.8 ] 185.5{-1.3|32.5 0

OMe|21.2 | 0.5 5.5 |-1.1 1.2 |-0.6 | 9.4 |+2.8]186.4}-0.4126.5 | -6.0

o]
o NO,|22.0 | 1.3 3.6 |-3.0]0.9 |-0.9 |13.6 |+7.0[189.8|+3.0|24.7 [-7.8
o CE_ | * /] / |1.8] 0 | 9.1 |+2.5[1187.9(+1.1|27.6 |-4.9
pF |21.2 | 0.5 |6.65/40.05/1.9 |+0.1 | 6.65]+0.05| 187.0]+0.2|33.1 | +0.6
pClL {21.3 { 0.6 | 6.8 [+0.3 [1.8 0 | 6.8 [+0.2{187.5|+0.7|32.5 0
p Br |21.0 | 0.3 | 6.5 {-0.1 [2.0 {#0.2 | 6.5 |-0.1 || 187.5|+0.7|32.5 0
p Me |21.0°| 0.3 |6.4 |-0.2|1.5 |-0.3 | 6.4 |-0.2(186.4|-0.4|33.1 | +0.6
p OMef21.3 | 0.6 | 6.3 |-0.3 }1.0 |-0.8 | 6.3 |-0.3}186.0[-0.8[34.4 |+1.9
p NO,121.0 | 0.3} 7.2 |+0.6 |1.3 |-0.5 | 7.2 [+0.6 [|185.4|+2.6|31.5 | -1.0
p 033 21.0 | 0.3 | 7.0 |+0.4 | 2.0 |+0.2 | 7.0 {+0.%4 [|188.4|+1.6|31.7 | -0.8
4-5-4 -EQFF Couplings in the Type (V) Fluorides
TABLE 4-5.6 J_- Couplings in ~ Although these couplings were taken
_fhe Type (V) Fluorides from FT l9F spectra, small spectral widths

DERIV oF oCFE oF PCEE and therefore small digitisation rates

were used; The errore should therefore be

n .
Tpp | 1-%| 2.6[2.6] 1.0 small eg. +0.1Hz.

No.bonds || 4 5 6 7 The large 5JFF coupling in the OCEB(V)’

fluoride 1s probably a good example of

"through space" rather than "through bond" coupLing.

4-5-5 Verification of the 130 Assignments of C-1 and C-2 in the Type (IV)
Alcohols

A preliminary analy51s of the Eu(fod—d9) induced shifts of the Type (IV)
alcohols indicated that the assignments of C-1 and C-2 in the oCl and oOMe

derivatives might be incorrect (these signals are only separated by 0.139 and
0.124 ppm respectively). This was also suggested by the relative intensities
of the signals compared to those in the other Type (IV) alcohols.

A oheck, using 2C[1H-GD] spectra (see SECTION 4.1) comfirmed the deduct-
ions made from the LIS data, as the lJCH couplings were éharacteristic for the
two carbons. The data 1s given in TABLE 4-5.7, using the correct assignments.
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TABLE 4-5.7 Data Useé for Verifying the ¢ Type (IV) Spectral Assignments

"DERIV || Data from 'Gated Dec.' Expt. | Ht Ratio
O l;HC—E 2;H102 SﬁlﬁZf;o 0_1(0-2
H 147.9 179.2 | 3.45 0.56 1.52
oF 147.8 | 180.0 | 1.7 0.90 1.40
oC1 | 150.8 | 179.2 | 2.7 0.68 1.13
o Br 150.4 | 178.1 | b - 0.68 1.47 Because of complex
o Me 148.0 | 178.3 | 3.8 0.83 1.27 splitting patterns, the
o OMe | 149.8 | 178.9 | .3.7 0.78 - 1.15 J's given in this table
o NO2 150.0 | 180.7 | 2.0 0.80 1.10 ~are likely to have errors
o CF% 149.0 | 178.8 1.5 0.73 1.35 of +1.0Hz.
p F 148.6 | 178.0 | ® 1.05 1.76
p C1 148.6 | 178.5 | 2.85 0.58 1.25 b - indicates unresolved
p Br 148.9 179.0 | 2.9 0.78 1,16 coupling - only broadening
p Me 7.6 | 175.8 | 3.5 0.84 1,02 observed.
p OMe 148.3 175.9 | 3.45 1.00 1.33
pNo, | 149.6 | 178.5 | b 0.57 0.94
p CF, | 148.6 | 178.3 | 2.05 0.60 1.57
Average | 149.2 |'178.3 ’
Sta.Dev +1.6 +2.5

4-5-6 Attempts at Obtaining °J c

Couplings in the Type (IV) Alcohols

HEC, . -
FIG.4-4.1 shows that determination of the EJH.BC coupling should give
some indication of the conformation about the 3 2 C-1/C-1" bond. Unfort-

unately this information cannot be derived directly from the gated decoupled
13C spectrum as the C-2' signal shows couplings to all the aromatic protons as
well as the side-chain protons. Obviously what is required is a high resolut-
ion 13C spectrum with selective decoupling of the aromatic protons.r

13C assignment by single frequency lH decoupl-

ing of 130 spectra --had been successfully performed by M. Medne.jad.l43

same instrument, it was thought that recording selective broad band lH decoupl-

Since some related work -
on the

ed 13C would be straightforward. However this was not the case, for it was
found impossible to irradiate the aromatic protons without giving off-resonance
(partial decoupling) effects to the remainder of the nJCH couplings.

The pOMe Type (IV) alcohol was chosen as a model, because the C-2' and
C-3' resonances were well separated. Spectral accumulation times were very
.long (24 hrs instead of 4 hrs) to comﬁensate for the loss of NOE. 1In ali the
partially decoupled spectrum was attempted four times -~ initially with a 100Hz
noise decoupled band at 10W power, and finally using single frequency decoupling
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.at 0.17TW power. Even wit.. this very weak localised decoupling, 70% decoupling
efficiency was observed in 1JCH couplings whose protons lay 327Hz from the
frequency being irradiated (see TABLE 4-5.8 and FIG.4-5.2).

1 : 1 _
Coupling. NORMALJCHDEC Dec&fpled D%igzn;:c.g TABLE 4-5.8 Extept of
C-Z/HA 148.5 |19.8 86.7 130 Hz Decoupling 'Spillage' from
C-1/Hy 176.5 |34.9 || 80.2 | 216 HZ Single Freguency Low Power
C-X/Hoy, || 144.1 |46.4 1 67.8 %07 Hz Irradiation.

FIG.4-5.2 Desired vs. Achieved 1H Ebcouplihg Profile for Selective Decoupling

—100

—80 - - Achieved
Profile

_.60-..
% Desired

DEC Profile
40

- 20 -

I 74 1 ' Hla ' : Hp 1 | Kome
. 0ls . .

0 50 100 180- From 200 250 .. 300 350

| l | |Decoupler | ] : | N

From FIG.4-5.2 it is obvious that even if better decoupling control could
be achieved, there would undoubtedly be a degree of partial decoupling of the
desired 3JCH couplings which would render them useless.
The successful use of single frequency decoupling in the earlier work143

may be attributed to the criterion applied. In that exercise, "success" en-
tailed the assignment of a 130 signal by significantly diminishing its lJCH

coupling, the magnitude of the lesser affected coupling constants being unim-
portant, whereas in this study the magnitudes of the remaining couplings are

eritical.

4.5-7 Temperature Effects in lH Spectra of the Type (IV) Alcohols.

To facilitate the recording of low temperafure (-50°C) spectra a 1:1
CDClB/'CFCl3 solvent mixture was used. The low temperature spectra showed that

JAB remained unchanged whilst significant chemical shift changes occured.
Typical temperature induced shifts (for pMe(IV)) are shown in FIG.4-5.3 and
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TABLE 4-5.9 Significance of summarised in TABLE 4-5.9. The major con-

1H Temperature Shifts. clusion that may be drawn frbm this data is
o | Ratg | Change % Error that the conformational preferences of the
Hz/ | in 5 C| in LIS side-chain, as monitored by J,p, appear to be
H-2 1 0.13 0.65 1.25 insensitive to a lowering of the temperature
#-30.04| 0.20 | 1.30 by 75°C (ie. either a single conformation is
HA 0.25] 1.25 2.00 : significantly occupied at room temperature or
HB 0.34 | 1.70 1.65 no preferences exist over the temperature
H, || 3.40 | 17.00 | 4%.25 range studied).
OMe | 0.01 | 0.05 0.50 A secondary motive in performing this

experiment was that the spectrometer was over-
hauled between recording the spectra ofithe Type (IV) alcohols with and without
shift reagent, and the changes in the magnet cooling system may have altered
the ambient probe temperature by up to 500 (although 1—200 was more likely).
The data in TABLE 4-5.9 clearly ShowsAthat.any temperature induced errors in

the LIS data would be very small K2%). HC was not used in the shift study,

and a glance at its remarkable temperature dependence is sufficient to dis-

count its SCS data as a source of conformational information.

All lines are drawn from arbitary

[“ Tc ‘ origins. ‘

Both J,, values originally 5.5Hz.

LH? \ Broken' Tine shows H. change rate
l_ . \ " onh same scale as otger protons.

. Likely errors : +5°C ; +0.2Hz
within a spectrum (vertically)
- and +1.0Hz between. spectra.

| . o P ' Harom

' » 1 I I ] T I T —
30 20 10 0 -10 -20 -30 -40 -50 TEMP C

FIGi#-B.B Variation of 1y Shifts in pMe(IV) on Lowering the Temperature.




4-6 Parameters Governing Substituent‘Effects.

Several sﬁﬁstituent broperties,,for example, steric size, electrdnegat-

ivity, ability to participate in resonance hibridization, etec., combine to=

gether to define the "substituent effects"

‘ chemistry.

observed in all aspects of organic'

TABLE 4-6.1 Parameters Governing Substituent Effects

SuB'" o o TAFT | TAFT | I & R ||HUGGINS | AE"®8
X (0, + oR) (07) o 0. | EFFECIS Ef’eg'lll* E, - E
OMe || -0.268 +0.02 | 0.115 +0.02 | 0.23 |-0.50|~I <R 3.50 1.3
Me || -0.170 #0.02 |-0.069 #0.02 |-0.05 | -0.12 | +I +R 2.50 | 0.3
H 0 0 0 0 / /|| 2.20 0
F | 0.062 +0.02 | 0.337 4#0.02 | 0.50 | -0.44 | -T +R 3.95 1.75
C1 || 0.227 +0.02 | 0.373 +0.02 | 0.47.|-0.24 | -I +R 3.20 1.0
Br { 0.2%3 4+0.02 | 0.391 +0.02 | 0.45 |-0.22|-I +R 3.00 0.8
CF, | O.54 #0.10 0.4% +0.10 | 0,42 |0.12 |[-I -R 3.0 | 1.2
NO, || 0.778 #0.02 | 0.710 0.02 | 0.63 |0.15 |-I -R 3.35 1.15
J 3.0 0.8
OH 3.50 1.3

; One of the more useful gauges of these effects, the Hammett Substituent

_Paraneters (0 and 0

)248 249

are listed in TABLE 4-6.1.

These parameters

provide a measure of the total electronic influence of the various substit-

uents, independent of any steric or conjugative effécts, since they are der-

ived from the linear free enefgy relationships between meta- and para-~ benzoic

acid dissociation equilibrium constants

o8 Ky

EQN. 66

Where Kx is the dissociation equilibrium constant for the m~ or p- substit-

tituted benzoic acid; KH is the dissociation equilibrium constant for the

unsubstituted benzoic acid; .p is defined as 1. 00 for benzoic acid and may vary
from <6 to +4} for other equilibria; O

X

for the meta (0 ) or para (0 ) substituent..

is the Hammett Substituent parameter

o is mainly a measure of polar (inductive) effects, and combines both

1nductive and resonance effects (these have been isolated by Taft
given in TABLE 4-6.1 as O

+
meters eg. qn, Op,

a .,
R

T and 0 ).

qp,

250

and are

A large range of Hammett/Taft type para-

0, 0, 0, OR,

¢', etc., have been generated in

the literature (249) from substrates in which various other interactions,

such as charge stabilisation by direect conjugation, can occur.

Although _

correlation between some of these parameters and nmr chemical shifts are well
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 known (eg. 128,251) they will be uéed here only to establish general trends
of similarities and differences. It is felt that more information than is
available from these three series of compounds would be required to make any
more constructive use of these parameters.

Huggin's Electr'onegativi-ties.(EX - the list in TABLE 4-6.1 is from ref.

114) have also been correlated with certain 130 chemical shifts?sg

but no v
suzh correlations were found in these series. Their relationships to coupling

constants are, however, well established (see SECTION 1-5-1) and they will be

used in this context later in this section.

47 Interpretation of the Chemical Shift.Data

The first and obvious observations to make on the chemical shift data,
are the similarities between the three series, especially between the para
derivatives. In the ortho series differences are more -apparent but in virt-
ually every instance trends between the individual derivatives mirror those
in the other series. This is illustrated for the 1y data in FIGS.4-7.1 &
4-7.2 which essentially present the data given in TABLES 4-4.1 to 4-4.5. The
scales of the plots should be noted as these vary considerably. Hence HA’
which is further away from the ring substituents than HB’ responds in a broad-
ly similar manner to varying the ring substituent X, but at about half the
scale (see FIG.4-7.1(a) & (b).

The relative shifts of the Y SCS data (see FIG.4-7.1(c) & (d)) are, of
course, dominated by the proximity of HA'and HB to the side-chain substituent
Y. The near linearity of the para Y SCS demonstrate that the '

'pure" through
bond electronic effects of the X substituents are virtually independent of the
nature of Y. The erratic nature of the variation in the ortho Y SCS, which
should contain a similaf, though probably stronger, electronic component to
the correspondihg para Y SCS (assuming a similar conformation), demonstrates
the steric effects of the ortho substituent, which are not independent of Y,
especially in the case of EB which is adjécent_to Y. Since the changes in
the shifts of HA and HB on going from ortho to para X could arise from at
least three interactions, their interpretation is not straightforward, ie :

1) Conformation changed; through bond electronic effect of X modified.

2) Conformation changed; local electronic effects (eg. of CH012 on HB)
modified. o ’

3) Direct through space shielding of the side-chain by X possible in ortho
derivatives. ' '

The para H-2' and H-3' data (shown in FIG.4-7.2) are dominated by the

proximity of the protons to the substituent X.  When the expanded scale of
plots (c) and (), and the likely error of +1.0Hz for the Y SCS, are taken



- 137 -

(a)

A 51

Laof :
HA XSCS
304 1 -
0] | .
L10- /
o
Y~ Ne—e_y
: HA Y.SCS

Orsde

Me

b

T i T T T
F Cl B'r Cfa NO»l

" T T A- T T T T
Oie Me B £ ¢ & G Ny

FIG.4-7.1 X & Y.SCS of H, & H.. Key: 5/. = o/p{IV); o/m = o/p(V); aA = o/p(VI).
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FIG. 4-7.2 X & v.5CS of H-2' & H-3'. Key as for FIG.4-7.1 (para data only)
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FIG.4-7.3 Type (V) Series Side-Chain % 505 vs. Hammett Opand Op,.
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into account, the scatter of the Y SCS data is relatively small.

The side-chain l9F SCS of the- Type (V) compounds, and their relationship
to Hammett's Op and Om are plotted in FIG.4-Z.§.. Again the changes in the para
SCS are fairly small and "well behaved" when compared to the ortho SCS. The

para data shows good correlation to.Op'and reasonable correlation to Om, provi-
ded the substituents are split into two groups.

1) Those with lone-pair electrons eg. F, Cl, Br, OMe (also NR2 OH, etec.),
labelled A. 252 . . : ' )

2) .Those without lone-pair electron eg. H,Me, CFB, NO2 (also CN, COMe ete.),
labelled A, %52 (Although Me can behave as a "pseuds lone-pair donor" via hyper-
conjugation'there is 1ittle evidence of this here). ’

252 and is a recur-

This agrees with some of the findings of Inamoto et al
rent trend throughout the 130 SCS data. There 1s little correlation between
the ortho SCS and either Hammett parameter (the F-C1-Br apparehﬁ linearity is
: mofe a function of the closeneSS of the Hammett parameterc than a property of
" the SCS data) apart from the A series with Om‘ This may, however, be purely
coineidental sinee any changes in the side-chain conformation could have little
effect on the “°F chemical shift.

Phillips and Wray, as part of a series of papers on the structural dep-
endence of the inductive effect, examined vicinal substituent effects on 9F
chemical shiftsasj’254 The difference in shielding between the two fluorines
in the fixed conformation molecule CF_X.Cabc (see FIG.4-7.%4) was considered®>”

. 2 , ;
to be dependent only on the angular primary and secondary vicinal delocalisation

interactlons
2
FIG.4-7.4 b c

Thus AFlF2 could be defined by EQN.67 :

; c o 0 )
A?ng’= EFE k (005180 - cos60 ? + EFEbkbl(cos6O - cosl807) +
_ ) o _ ) 6
E%ﬁ%k 2(003180 coe60 )+ EFEckca(cos6O cos1807) EQN.6T .
; K _ .
=3 K - -
2Ep(Eg(Ky - K o)+ Bo(K o - K p)) | BoN. 63
If b and c are both halogens then K, =K,y and Kb2 LIP and_EQN.68
reduces to 3 _ 3r (r . _
A AFlF . = 2EF(K2 Kl) (Ec Eb) EQN. 69

(N.BJ the EX values are the Hﬁggins electronegati?ities of the substituents).

General values for the proportianality constan.ts‘Kl and K2 could not be
derived from the compounds studied, but literature data (255) indicated that
AFlF2 was largely dependent on.the- value ofAAE%C.~(see TABLE 4-7.1 & FIG.4-7.5)

The AF1F2 value derived for compounds of the type CFéX.Cabc is directly
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_ . analogous to the change in .
10+ , ¢ shift of the Type (V) fluorine
on changing the side-chain con-
formation. FIG.4-7.6 shows the
Agxn ' vicinal inducdtive components of
\ the TOF chemical shifts of the
three possible Type (V) rotamers.
The components are equal 1In
rotamers 1 and 2 (analogous to
a=H b=c=Clin CFEX.Cabc)
which should therefore "have

9p shifts. Rot-

amer 3 has different component

very similar

T
0 Zé shifts, (analogous to b = H,
B T
0 @ @b 1 AE C:i) 2 a=c¢ =Cl in CF XCabe), and
1 | be 1 . 2 .
: should therefore have a diff-
FIG.4-7.5 Relationship of AE %o AR F, erent 1°F shift. Since

254 AEH_cl = 1.0, by comparisen to
TABLE 4-7.1 Relationship of AE%C to AFLEQ_ ohy Gata plotted in FIG.A-T.5,

o sw™ fswt ARy |AF T the expected TOF shift differ-

No. b ¢ |(Huggins)| ppm ence between rotamer 3 and rot-

C) Br c1 0.2 0-3 ‘ amers 1 or 2 1s ~5.5ppm with

@] a F 1.0 ~Y rotamer 3 to higher field.

G| H F 1.75 ~10 If modification of the
C-1/C-2 conformation (through

steric control by the ortho substituents) can induce 19F shifts of 5-6 ppm, it
-1s reasonable to expect that modification of the C-1/C-1" conformation can also
induce l9F shifts (ie: depending on whether the C-F bond is periplanar or
orthogonal to the phenyl ring). In addition the ortho substituents are two
bonds closer to the'C-F moiety than the para substituents, and, as well as
being able to influence the fluoriné directly "through space", should have
stronger "through bond" interactions. Considering the combined effects of
these interactions, the differences in the ranges of the ortho (20ppm) and
para (7opm) 19F shifts do not seem unreasonable. From FIG.4-7.3 the likely-
hood of a high percentage rotamer 3 is : oOMe, C1, Br,'NO2 > oF, CFS > oMe and
para series. ’

To draw conclusions from the 130 data, it 1s first necessary to sort it
into some logical order. If the ring carbon SCS are plotted against X (as in
FIG.)-L—;.].( a)), the shifts are seen to be dominated by the X substituent eff-
ectéa 2247 with only slight effects from the Y side-chaln substituent. The
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FIG{4—7.6 Conformation Dependent Components of Vicinal Inductive Effects

H Cl . C1 H C1 . Cl1
g H ﬁ 2 H
c1 . c1 . , . .
Rotamer : 1 t : 2 ‘ 3
Gauche Component : cos60° (H+C1) , c0s60° (H+C1) c0s60°(C1+C1)
Trans component :  cos180°(C1l) cos180°(C1) cos180°(H)

L.————.--The .=_;ame———-——--—J

Difference equivalent to

" FIG.4~7.4 (a = ¢ =Cl, b = H)

TABLE 4-7.2 Carbons with Similar X SCS in the ortho and para Series.

X Substituent EffectfCarbon Atom|{No Bonds from Y ?$§E?§$)i?V§S?%?V) Raiéicspm
1pso o C-2'. 3 ' 6.49i' -b.62i' %0
p C-4' 5 0.22 0.24
o C-1' 2 0.29° | og®|
) o C-3' 4 0.11- 0.12 23
B p C-3' K 0.05 0.03
: o C-4' 5 0.11 0.13
‘ m o C-6"' 3 0.35 | 0.20 y
p C-2' 5 0.10 o.12¥
o o C-5' L 0.12* 0.19* 1k
p C-1' 2 0.21 0.22
C (3 bonds) o C-1 1 o.m’ [ o [ -
C (5 bonds) p C-1 1 0.19" 0.31" '
C (4 bonds) o C-2 2 0.10 0.16 | , 5
c (6 bonds) p C-2 2 0.05 0.05 '

$ Y.SCS scatter, although large, is not unreasonable when compared to the
range of the X.3CS

ring carbons therefore fall into the four groups listed in TABLE 4-7.2, If
the X and Y effects were totally independent (ie. with the same conformations
" for all three Y substituents, and the two SCS were additive) then the ring
carbon Y.SCS (see TABLE 4-4.15) would have very little scatter (eg. std.dev.
0.05ppm). Those carbons with rather more deviation in the Y.SCS than is reas-
onable from experimental error, are indicated by (*) in TABLE 4-7.2. The 126
and H Y.SCS are illustrated in FIG.4-7.7. o

For the most part plots of the ring 130 SCS merely follow the standard

X.8CS profiles predicted in the 1iterature128 2hT and are therefore.of little
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FIG. 4-7.7 lH_ana D¢ v.scs (From Mean Values of (V)X - (IV)X and (VI)X - {(IV)X).
The ortho and para caseé—Q standard deviation givén-in parenthesis. a
_A‘o. 03(0,04) o A}0.10(0.08)

2

0.65(0.05) B 4.19(0.10) ~0.30(0.08) B 2)-1.66(0.16)

e6.8(0.41) <11.70(0.44)

-1-2.89(0.29) 3
@;-2.89(b.29) | 1.33(0.20)

]-1.32(0.48)

-0.15(0.35) @)-77(0-62)

0.10(0.12) 0.19(0.11) 0.16(0.19) 0.20(0.12)

0.96(0.11) : ) 0.68(0.13)
: - A(0.11(0.01) ) - A1 0.21(0.01)
-1.83(0.05)

0.65(0.01)8 -4,42(0.05) 0.24(0.03).B

0.04(0.01) 2 -3.61(0.21) 0.07(0.02) 2 -1.92(0.12)
' 0.05(0.10) ' 1.47(0.12) .

o.05(o.05) 0.06(0.03)

O.Q3(0.0l)g

0.06(0. 02)3, 0.55(0.24)

0.88(0.02)
help in determining the side-chain conférmations. The only carbon shifts
which might be of some help are those of C-1 and C-2 themselves, together
‘with C-1' and C-X. ‘ ‘

In TABLE 4-7.% all the chemical shift data (130, 4 ana 19F) available on
the X substituent groups are summarised as the shifts‘incurred on changing
from para X to ortho X. In the 130 data, the average methyl group shift is
' quite large, whereas the methoxy
and triflucromethyl (with the

TABLE 4-7.% AX Shifts (para - ortho)(ppm)

Nucleus | Deriv| (IV) | (V) (VI) |  exception of oCF3 (IV)) groups
Me 1.60 1.91 | 1.63 barely shift at all. The obvious
12¢ OMe | -0.15 | -0.26 | -0.38 inference is that all the oMe
CF% 0.76 | -0.21 '-0.05 1 -  derivatives and OCEB(IV) prefer
1H Me | -0.0%0| -0.051| ~0.034 | _conformations in which they
OMe |-0.033| -0.041 | -0.067 - interact with the substituted
19F F 5.349 | 6.084 NO " ethyl side-chain, whilst all the
CF, -5.167| -5.339 | - DATA oOMe derivatives and oCFB(V) and

| (VI) favour the X and side-
chaln groups to be as far apart as possible. Unfortunately there is no supp-
orting evidence for this in either the M or 1% gata. | ,

The X and Y.SCS for C-1 and C-2 are plotted in FIG.4-7.8, and for C-1' in



L. 4.5

Key as for FIG.4-7.1

l o { | | | !
OMe Me H F Cl Br CF3 N02
1 I ] I I ! 1 |

FIG.4-7.8 X and Y.SCS of the Side~Chain Carbons
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FIG.4-7.9 C-1' X and Y.SCS. Key as for FIG.4-7.1
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FIG,4-7.10 C-1' - ‘ :
7.1 1 A & C-2 X.5CS vs. Hammett cp. C-1 X.SC8 vs. O,,. Key as for FIG.4-7.1
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FIG.4-7.11 X.SCS C-2 vs. X.SCS C-1'
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FTG.4-I.9. Again the trend for the para X.SCS to undergo regular variations
is present whilst the 0X.SCS are erratic. This is also in evidenbe in the Y.
SCS for C-1, although‘for C-2 and C-1' both the ortho and para Y.SCS.are
'fairly regular. - * The carbon skeleton of the phenyl ethanes appears to behave
" as an alternate hydrocarbon, with pC-1' énd pC-2 X.S8CS correlating well with
Hammett O whilst pC-1 correlates with < (see FIG 4-7.10). It is somewhat
' surprlslng that the two Sp3 side-chain - arbons should fit into the altermate
hydrocarbon scheme as this is a property usually associated with TT-systems.
The oC-1 and oC-2 X.SCS show a lesser degree of correlation with 0 amd G ,
with the A and A groups 252 falling on separate lines. Since Hammett para? A
meters are not expected to correlate well with ortho substituent effect3248 249
(this is borne out in the oC-1' plot), the degree of correlation observed is
quite surprising. Several groups_(eg.‘oMe in the C-2 SCS, and H and oOMe in
the C-1 SCS) consistently lie off the A or A 1lines indicating.thaf steric as
well as electronic factors contribute to the X.SCS. ' -
FIG.4-7.11 illustrates the alternating nature of the ring substituent
effects into the side-chain.
but V

c-2
(a related effect is noticeable in the ~J

VC_l shows little correlation to WC—l' or Va_o
is quite well correlated to V 1, in both the ortho and para series.
CF coupling data where both ortho and
para fluorines show larger couplings to C-2 than to C-1 | This effect is
normally only seen when the side-chain is unsaturated, eg. in styrenes and
,étilbenes, where spin coupling is transmitted over long distances by resonance
”effect3256 21 _ see FIG.4-8.17).

' Used by itself, the shift data is insufficient to deduce many specific
details about molecular conformations; it does however provide several useful
generalities : _

1) Substituent effects are very similar within the three series - indicating
similar overall properties.

2) The para series behave as predicted by Hammett parameters etec., and
probably all have the side-chain in similar conformations or in "free rotation"
with no conformational preferences. .

3). The ortho series produce seemingly erratic'shifts from the side-chain
nuciei, which are paralleled in all three series. These indicate a considerable
amount of steric control of the side-chain by the ortho ring substituents
which is reasonably independent of Y, ie. possibly dominated by interactions
between X and the —CHCl2

Further confirmatory details are undoubtedly contained in the shift data,
which may only be unlockéd by reference to the coupling information. Any such

* From the Y.SCS data the X = H derivative anpears to fit well into the para
series but poorly into the ortho series. Instances of this behaviour occur
throughout the chemical shift data of all three nueclei. '

group rather than between X and Y.
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points arising from the data presented here, or in SECTION 4.4 will be dealt

with later in this chapter.

4-8 Interpretation of the Coupling Constant Dafa'

Before commencing detailed diséussions on the various couplings measured,
it is worthwhile briefly summarising whiéh’couplings are observable (or have |
been recorded) for each of the three series studied (see TABLE 4-8.1). The
limited "common ground” between the three series, ie. 3JAB and nJCF (3J2i3'
is neither accurate enough for detailed consideration nor very relevant
- to the molecular conformational analysis) mist first be examined to establish
- their main similarities and/or differences. The wealth of data presented by
the Type (V) fluorides and the Type (IV) alcohols may then hopefully be util-
ised in conjunction to interpret their conformational preferences. The coup-
ling constants particularly useful in analysing the side-chain conformatidns

are illustrated in FIG.4-8.1.

TABLE 4-8.1 A Summary of the Types of Coupling Data Recorded in Section 45

Coupling| Type (IV) Type (V) ‘Type (VI) A1l Series
AB BC © AB - AR *
ny . . ]
I_H{ H2'3' H2|3| He.ljl [*
i AX BX
g
HF Fiilohg range (Ring F long range
op Ring F/CF, Ring F/CE, Ring E/CEB *
Side-chain F
Between ring F
n; _
I _ & side-chain F
n Between HA/gB
HC and CI/CQ
FI1G.4-8.1 Useful Couplings H
a) over 3 or more bonds
b) over 2 bonds
¢) over 1 bond
(b) »(c)

4-8-1 Similarities Between the Type (IV), (V) and (VI) Coupling Constants

The 3JHH coupling'constants listed in TABLE 4-5.1 are plotted in FIG.4-8.2.
As with the chemical shift data (see FIG.4-7.1 (a & b)) the couplings in the
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OMe Me H F Cl Br CF.

3 ] 1 L 1 1 I3

FIG.4-8.2 Variations in'?JAB Throughout the Type (IV), (V) and (VI) Series.

para derivatives show much less variation than those in the ortho derivatives.
In all three serieé there is a .small but fairly.well defined trend for the
para couplings to decrease along the Hammett bp series (from OMe to NO2).
This trend is also present in the ortho couplings with the notable exception
of the oOMe derivatives and,_to a lesser extent, the oCF3 derivatives.
Although the couplings for the ortho (and to a lesser extent the para)
-T&pe (VI) chlorides are significantly larger than those for the correspondihg
Type (IV) or (V) compounds, the overall trends parallel each other féirly
. elosely, indicating that this effeect is probably mainly a consequence of the
side-chain substituent (Y = Cl) contributing a smaller negative electroneg-
ative effect to_the 3JAB than either the hydroxy- or fluoro- substituents '
(EX : Cl = 3.2,v0H = 3.5, E = 3.95). It is, hoﬁever, unlikely to acecount for
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all the observed differences, as the relative J's of the Type (IV) and (V)
series are very similar even though the electronegativities are fairly
dissimilar (AEX = 0.45). .

Siight incpnsisténcies in the Type (VI) data relative to the Type (IV)
or (V) series are not, fortunately; of major concérn here as no elimination’
reactions were undertaken on this series. The very close parallel of the
Type (IV) and (V) data is however crucial, for if the various coupling data
collecfed from both series can be combined, then we have a very powerful tool
for conformational analysis. ' .

Turning to the nJCF couplings (see TABLE 4-5.4) we find that all three
series respond similarly with the scatter from the mean normally well within
the expected +0.5Hz error. Only three ‘couplings stand out, namely the o and
pF(IV) lJCF.coupiings to C-2' and C-4' respectively; and the oCEE(VI) 5JCF
coupling to C-2. It has already been mentioned that the oCFj(VI) 3JAB coup-
ling is slightly anomalous- so it is probable that this compound adopts a d4iff-
erent conformation to its Type (IV) and (V) analogues. This is, however, not
thought to be the case in the o and pF Type (IV) aleohols. | N

It 1s well established that 19F chemical shifts and lJCFAeouplings are
extremel y sensitive to small changes in the electronic environment of the
carbon atom%28 Although this dependence is complex, Muller and Carr258bn6ted
that there is a linear relationship betﬁeen 19F shifts and lJCF couplings
within a family of compounds, such that the largest ¥JCF values occur for the
most deshielded fluorine. This has been shown to hold true in substituted

259

fluorobenzenes by Weigert and Roberts where the average slope of a plot of

1JCF vs. 5F is -0.90 (extrapolated from Figure 7)?59 Not unexpectedly, the
ortho substituent data shows considerable scatter in this plot. The gradient
between the oF Type (IV) and oF Type (V) shifts and ecouplings is -0.55. whilst
the pF gradient is -0.77 (both of these figures are subject to very large
errors). The effects observed are therefore analogous to those reported in the
substituted fluorobenzenes, ie. they merely reflect the different inductive
effects of the side-chain Y substituents. Fluofine and chlorine can be cdns-
idered fairly similar in this respect, ie. they are both strong 0-bond electron
withdrawers with a weaker ability to donate electrons from the nén—bonding o}

(or d) orbitals, whereas the oxygen of the hydroxy group is both a strong g-

"bond withdrawer and a Strong p electron donator. On balaﬁce, therefore, when

Y = F or C1, electrons will be withdrawn from the O-bond framework thus de-
shielding the ring fluorine, whilst when Y = OH, the electron withdrawing/
donating characteristies of the hydroxy group will tend to cqncel.

On the basls of the. rather. limited.comparative coupling data available,

it is reasonable to conclude that the interactions observed in the Type (IV)

4
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and.Type (V). series.are very similar, indicating that the corresponding mem-
bers. of. these series adopt similar side-chain conformations. There'is some’
evidence that the Type (VI) chlorides behave slightly differently and this may

be a cdnsequeﬁce of the steric interactions present when Y = Cl.

4-8-2 A Detailed Examination of the Three Bond Coupling Data

4.8-2.1 Trends Observed in the 33 and 23 Couplings
HF

HH
The side-chain.szH'and 3JHF couplings for the Type (IV) and Type (V)
series are plotted in FIG.4-8.3 against op; In the para couplings we observe
3 ;
.JH

P decreasing and-jJﬁH increasing as the

the expected lipearity with Op;
electron donating ability of X increases. This reflects the opposite polar-
isation of the C-H and C-F bonds. Electron donation from the ring to C-1 red-
uces C-H ionic character but increases C-F ionic character thereby increasing
the coupling transmitted iﬁ the C-H bond but decreasing the transmission in
the C-F bond. These effects are very small (para 3JHH ranges aver ~1Hz,
para 3JHF over ~2Hz) indicating that similar conformational preferences per- :
sist throughout the para series. The average para couplings (including X = H)
are 23, (IV) = 5.32Hz; 23, (V) = 5.26Hz; 25, (V) = 9.61Hz and 23,5, (VI) = 5.58Ha.
As with the chemical shifts (see FIGS.4-7.1 and 4-7.3), the ortho coup-
lings appear to be very erratic. Some trends are present, eg. the A-line
(NO_~CF-H) and the A-line (Br-C1-F-H) in the 3 -

least one member of the A- ar A- group lies well off the line so the signif-

data, but in all cases at

icance of these observations is debatable.

It is interesting to note that the H and pMe 3JHF couplings lie parallel
to the "best fit" line of the remaining para derivatives (as in the chemical
shift data - see FIG.%4-7.3(b)) and that only poor correlation is available if
an A line is consldered. A similar effect has been observed in the chemical

256

shift data of 4'-X substituted-U4-fluoro-diphenyl acetylenes and 1s currently
under investigation.
In FIG.4-8.4 the HF

19F shifts. The para data shows good correlation to a single straight line,

3J couplings are plotted against their corresponding

and althbugh more scattered, the ortho data follows a similar trend. This is

258,259 mentioned earlier and demon-

analogous to the 1 P 6F relationship
strates that both 1 F spectral parameters are highly dependent on the elec-
tronic character of the C-F bond.

~ From an inspection of FIG.4-8.4 the Type (V) fluoride appears to fall
into three groups : (1) all the para derivatives and oMe; (2) oF & oCFB

(3) o€1, Br, OMe, and NO x which are the same as the three groups observed in
FIG. 4—[.2. The temptatlon to assign .characteristic structures (rotamers) to

each of these groups will be resisted for the present, on the grounds of

insufficient data.
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33 35

. In FIG.4- 8.5 ug 1S plotted..against Jyp for the Type (V) fluorides.

Two stralght line plots, one for each of the ortho and para series, emerge.

Again the H and pMe derivatives lie parallel to the best f£it para line, but

‘even so the linearity of both series.is good. This result was unexpected, for;

if the angular dependence of the substituent electronegative effects isbigno-

- red, both J's.are controlled by a cos?ﬁ parameter48 and since,they are 120°

out of phase some form of ellipsoid should be generated. This is illustrated

" in FIG.4-8.6 where the two synthesised coupling constants are plotted against.

each other over the full'range of B. Although an ellipsoidal relationship

~does exist between the individual values. of 3J and 3JHF, this is not pro-

&uced when the observed couplings are plotted against each other‘becauselthese

J's are derived from weighted averages of all the molecular conformations

adopted and not from a single rotamer. In the free rotation limit both J's

will lie at the centre of the ellipsoid, (see FIG.4-8.6 - note that the "full"

average J's are given by (JO_+ J180)

(when 5 O.895J180)
Interpretation of FIG.4—8.5 is therefore far from stréighfforward since

each experimental point represents the weighted average of all the rotamers

/4 and the "three-rotamer" average J's

give a figure ~1.9% larger).

adopted. - The plot is, however, useful for identifying groups which probably
adopt similar conformations. Again thpge groups are apparent : (1) all the:
para derivatives and possibly oF and olMe; (2)_001, Br, OMe, and CEB; (3) QNOE'
Unfortunately the composition of these groups differs from the earlier groups
seen in the plot of 3JHF vs. 6F (see FIG.4-8.4). ‘

In order to proceed further a closer look at the theoretical aspects of

3 3 . -
JHH and JHF couplings is necessary.

3J and BJHFL

HH
In SECTION 1-5.1 the dihedral angle dependence of 3JHH and 3JHF couplings '
48

was discussed in some detail. The straightforward Karplus relation (EQNS.8-10

4.8-2.2 Empirical Approach to the Calculation of

breaks down in the presence of electronegatlve substltuents but nevertheless

remains a useful gulde, even in systems with tetra substitution (as in 3JHH)
as it defines the "maximum expecued coupling.

In the absence of electronegative effects 3JHF obeys the Karplus

. 125 '
equation :

Iqp = 31coe.2¢ 0° g <9o° EQN. 70

2 o 0 : '
Jyp = bheos @ 90 < Jo) <180 EQN. 71

EQN. 71 was derived from the trans 3JHF coupling of 43.5Hz observed in

. _ 0 '
the axial conformer of cyclohexyl fluoride at low temperature2§ and may rep-

" resent a true "unperturbed" maximum for BJgg. EQN.70, however, is probably

-
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an underestimate,uas,the o° coupling.on.which it is.basedles (see FIG.4-8.7)

is undoubtedly lowered by the electrohegative effects of the two ester groups.’

>
JHH

easing electronegative substitution was ment-

ioned in SECTION 1-5-1 (see EQN.12711). Follow-

ing this work, Abraham and Cavalligsl obtained

The linear decrease of averaged with inecr-

a similar relation for 3JHF
\ZR
BJQF ‘= '53.03 - 3.382E (std.dev. 1.3Hz)

EQN. 72

couplings are ~4 times more sensitive to

From this it appears that

e

' electronegative effects than HH'

In order to eliminate variations in bond and dihedral angles when study-~
ing vicinal couplings, Ihrig and Smith262 examined couplings in the Diels-
Alder adducts of hexachlorocyclopentadiene with various fluoroethylenes (see

FIG.4-8.8).

cl ct Where ABC = H, AC =H, B=F.
Cl™ cf | | :
oo FIG.4-8.8

These systems are extremely rigid giving dihedral angles of o° and 1200
but with slightly dlstorted C-C-H bond angles of ‘vllj The electronegative

substltuent effects were summarised by the equations :

BJSIF = 53.11 - 3.311TE (0 = 2.44Hz) | EQN. 73
3J%§O = 34.5-2.65% (0 = 1.83Ha) EQN. 74
5JI?IH = 17.174 - 0.885E (0 = 0.355Hz) | EQN. 75
.3J%I§° - 16.132 - LOSYE (0 = 0.MIOHz) EQN.T6

These indicate that for 3JHF the cis (0°) coupling, and for 3JHH the

trans (1200) coupling, are slightly more sensitive to electronegative substit-
ution (a factor which inhibits the derivation of a single equation that des-

eribes all rotamer/substituent effects on 3JHF or 3JHH couplings) and support
the observation of Abraham and Cava111261 that 3JHF

sensitive to electronegative effects than 3JHH. It was also noted that BJHﬁ

> e
but this line was not persued.
By combining BJHF data for @ = 60° and 180° (from unstrained systems)
with § = 0° ang 120° data obtained from the-[2.2.1) -bieyclo heptenes (see
FIG. 4-4.8) ( a risky practice as the bond angle sensitivity of 3JHF is well

is considerably more

was dependent on the siting

of the substituents, eg.
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195.- _ o .
established 5) Ihrig and Smith also obtained a family of Karplus-type equat-
ions for different values of 3 E (1e ZE& for the 4 substituents excludlng the

H and F nuclei) : | . SE A B
BJHF = Acos 125 0£ 8 £90 EQN.-Z'T 9 - 24y - B2
L . 11 15 32
33 = Beos®# 90 o
- cos“@ 90 @ <180 EGN.78 13 8 16
The parameters A and B were found 4
. A o 2x10 .m0
to obey the empirical relatlonships : - (ZE)3 ’ )
- The linear dependence of 3JHF on substituent electronegativities
(ie. 25 = A - BYE), assumed by most authors was questioned by Hall and

iy .
Jones?6§ They reasoned that if a substituent X reduced a coupling constant J -
from J to (J - Y) then a second substituent X would not reduce J to (J - 2Y) ’
but rather should reduce it by the same fraction to (J - Y)Q/J .

ie. dJ/dE = &I or J = a.exp(-kE) o EQN. 79

This argument is clearly more logical than the linear dependence of J
on LE as the electron density along the coupling path cannot be limitless.
This theory was tested on fhe 3JHF couplings observed in a series of fluoro-
substitufed acenapthenes (see FIG.4-8.9) where the dihedral angles are fixed
at‘Oo and ~lOO°. Both linear and exponential equations were calculated for
the.observed data (see EQNS.80-83%), the exponential equétions giving signif-
ifcantly better r.m.s. fits (N.B. $E only refers to the two non-participating
substituents X and Y. |

Ho X Y

3ng = 87.75 exp(-0.25225E) (Deviation +0.87) _E_QN_89
. 3J%§° - 085.68 exp(-0.8749%E) (Deviation iO.lS) EON. 81
3J§_F = 16.37 - 4.525E (Deviation #1.32) EQN.82
FIG. 4-8.9 3J%Ig° = 38.13 - 5.155E (Deviation +3.35) HAQN.83

The various studies of three-bond couplinés in rigid systems already

 discussed show that :

a) the unperturbed coupllngs possess a Karplus dependence on the dihedral
angle .

b) as electronegative substitution increases the coupling decreases
(possibly exponentially).

¢) the rate of this decrease depends on the geometry of the rotamer (H—
dihedral angle #).

d) the electronegative effect varies with the siting of the substituent.

. Considerable attention has been paid to the JHF coupllngs in fluorinated

carbohydratesle6 264 s these provide "rigid" systems with the potential of a
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large variety of substituent/geometrical arrangements. A closer inspection of

the study by Phillips & Wray126 (already cited - see SECTION 1-5-1), in which
5
J

10 deoxyfluoro-D-pyrancses giving rise to.4 trans and 14 gauche
were examined (see TABLE 4-8.2), is worthwhile here, as it illustrates the com- -

HF couplings,

- plex dependence of 3J couplings on both geometry and substitution patterns.
" In order to analyse substituent effects the unperturbed trans and gauche

260 and 16. OHz 261 respectively.

couplings were taken as 43.5

- For the 4 trans 3JHF couplings, it was only noted that one oxygen on the
"coupléd fragment", ie. the F‘C——C\H bonds, reduced the coupling from its un-
perturbed value by ~10Hz (to 30/32Hz), whilst a second oxygen lowered the value
still further (to 2Q/27.2Hz)%26'A closer inspection of the geometrical relat-
ionships of the various sugar oxygen functions to the coupled fragment ident-
ifies five possible electronegative interactions that might affect the observed
couplings. These are indicated under each structure in TABLE 4-8.2 by a set of
memonics and were selected by applying two criteria :

(1) 1Is the function directly attached to elther carbon of the coupled frag-
ment? This is a primary (l/2-bond) interaction and is denoted by the letters '
F or H to identify the carton involved. |

(2) 1Is the oxygen-carbon bond anti-periplanar to any of the bonds in the

coupled fragment? This is a secondary (3-bond) interaction and is denoted by

one of three symbols : Fs - anti—periplanar-to the F-C bond;
SH - anti—periplanar to the C-C bond from the H end;
SF - anti-periplanar to the C-C bond from the F end.

If these interactions are assumed to be additive then the equations for
the 4 trans coupled moieties may be solved simultaneously to produce the unique
solutions illustrated in FIG.4—8.10. If these parameters are substituted back
into equations of the type: J = J5 + Zg(perturbation) ; the observed
trans couplings are regenerated exactly.

3 R
JHF Couplings .

F F F E ' F F 0
0 .
H H H 0 H H H

(43.5Hz) F -4.3Hz H -12Hz Fq -1.5Hz S, +0.5Hz . Sy 0 Hz

FIG.4-8.10 Perturbations to Trans

~ As trans 3JHF couplings in pyranoses involve di-axial groups, there'is '
no possibility of planar W-type Interactions. This simplification is not pres-~
ent in the-14 gauche couplings for which a total of 18 perturbations need to be
considered (see TABLE 4-8.2). These were identified by extending the method |
already used to include W(4-bond) and 5-bond interactions. The criteria applied

a
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TABLE, 4-8.2 Stereosvecific Electronegative Interactions in Deoxyfluoro-pyranoses:

Name Ia 18 M-IIq M-II(
CH,0H CH,0H CHOH CH,0H
i Hom F ™ ,FO
HO HO . F HO H HO " OH
OH ] OH i
= E H H H
Iyp t-il, gl &l | teH t-H) | teHy
Actual 27.2 12.0 7.5 30.0 20, (o] 32.0
Cale — (13.0) ( 6.0) | (w==n) | (mmm) | (=mmm)
Ring O F F H / H /
-OH, N . e | F H Sp
-OH2 H H * * * *
-0 S s3(w.) siw)| H - s H
H, H HF F\H F
<OH, / '5Fo 5,0 Sy ./ Sy
~OH, / / / / / /
Nanme IIa IIB iIla 1118
H . H
CH.0H CH,0H CH,0H CH,OH
Ho 2 Ho e H 2o iHo 20
HO HO OH F f g H
F : OH OH
H OH H H QH
’JHF g-H, | &k gty | &-Hy g-H, | &-H, g-H, | g-Hy
Actual 0.5 14,5 2.5 14.5 12.0 12.0 13.5 13.5
_Cale | (2.0)](15.5) | (2.0))(15.5) | (11.5)(11.5) § (13.5) | (11.5)
Ring 0 | ¥%(7g) | F3 | #(FY) | Fg 7 / / /
e 7y a ",
B B / H Sp Hs | /0 | %R | %
-052 * # * * H SF H SF
-OH3 S;_,('d._i) H S:. H = * * *
: * a P 'Y e e :
-OHI' wF(sﬂ) sH(wF) Wa sH(wF) sF H Sp H
g | /|7 / /.| 7 A
Name IVa Ivp KEY
__ CH0H CH,OH Comoound name : .
F /B refers to C,-X orientation
HO HO OH 1
OH OH II etc. refer to position of F
» H ____OH H " M - indicates Mannose (all others
HP 8 HB & HS s H) 5% are glucoses)
Actual 4.5 15.0 4.5 16.0
Cale | ( %.5)|(15.5) | ( 4.5)| (15.5) )
< Couplings :
a a
.Ring‘o F§ H (F§) FSe LH (Fs) ‘ t = trans ; g = gauche ; all calec.
-OH]_ / / 5g9 5% and actual values taken from (126)
a a . .
-0, | SpWp) | wg spWg) | Wy
-0t H Sp H Sg Interactions :
=OH, * * * ¥ # = gite of F ; / = no interaction
-0H6 TF HSSHTF‘ TF HSSHTF mnemonics are explained in text.
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being similar to (2), ie :
(3) Is there a 4-bond 'trans-trans' planar path between the oxygen atom and
either of the coupled nuclei? This is a tertiary (4-bond) interaction and is

H
can participate in W-interactions.

denoted by W, or WF. In eyeclohexyl-type structures only di-equatorial groups

(4) Only one arrangement of groups (l-eq and 4-eq) in the D-pyranoses has
the correct geometry for a 5-bond interactions between O and F (or H). Al-
though the transmission of an electronegative effect has éwo potential routes,
. ie. via 02-03 or C- 05, only tﬁe latter is thought viable. This is supported
by the'pbservatlon of larger JHH couplings via oxygen-containing W-1links,
than via similar alkane awrangements%e6 Five bond interactions may be cohsid—
ered as two planar S-interactions (to the 0-05 bond) with a dihedral angle of
60°. These are denoted by 5,0 and 5,0 in TABLE 4-8.2 with the additional para-
meter SFOH indicating that two bonds of tne coupling path are involved in the
5-bond perturbation (see FIG.4-8.11). -

The superscripts in the mmemonics indicate the orientation of the nucleus.
TABLE 4-8.2 shows that some -OH functions give rise to several types of per-
‘turbation. These are listed in order of importance (primary ) secondary, ete. ).
Two additional perturbations to coupled nuclei adjacent to the rotating C6
fragment are included, namely TF - a through-space interaction between -OH6
and F#’ and H'SSHTF - a multifunctional parameter for couplings between Fu'

and H (see FIG.4-8.11). ' :

The evaluation of these parameters was performed in a similar manner to
those of the trans couplings. Of the 18 perturbations considered (see FIG.
&:ﬁ;;l) only 12 could be -solved uniquely; these do,however, completely cover
12 of the 14 gauche couplings. The remaining 6 perturbations (marked * in
FIG.4-8.11) each occurred only once; three in each of M;IIa(g—H ) and IIa(g-H )

and are therefore known only as two sets, ie E

H (FS) + sF(wH) + wF(5H) = -11.5 S EQN. 84
H?(Fg) + s;(wH) + 540 = -5 EQ,N.85‘

Tentative evaluation of these paremefers has been performed by utilising
several " justifiable" approximations, ie : 5y OF1; W =W (5 ) = +1.5;
H (F ) = Ha(Fe) = -11 ete.
In a similar, though far less exten51ve, examination of the gauche
‘coupling data, Phillips and Wfav126 only identified five perturbations.
~ These, using the mmemonics in FIG. 4-8 11 were : '
For H=-2.5; any H(FS) = -7.0;

Sg- or Sl,eﬂ(WH) = -2,0; S%(WH) or SE(WF) = +2.0.
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FIG.4-8.11 Perturbations to Gauche -J Couplings

HF
: o ; _ o E
HM H H (M H
: F F F H F :
L E 0 Hexv , 0 .
: e e, e *
(16.0:) F -2.5 H -4.0 *.Ha(FS? -;1;0 H (FS;) -7.0
' _ ) F 0 F
HQr/’J‘:ST’ Qrf"&‘érﬁo Hﬂr—‘J?\QroO HQT—"*‘Q*—O H
F F F
H *
FS +1.0 sg 0 se(w ) -2.0 sa(w ) +2,0 Hg 0
0 0
F
F
! +o 5 4
a(w ) +1.5 W (5H) +1. 5 HgS,Tp -2.0

- With this limited set of parameters the gauche couplings could be pre-
dicted with an average error of +0.T5Hz. With the full set of parameters
given above, predicted and observed J's were identical in every case.

This illustrates the extreme sensitivity of EJHE‘ couplings to

=3

FIG.4-8.12 Comparison of Perturbations Common to both Gauche and Trans 3 JHF-
F o F S 3 ,
-12.0 —2{'-3 "1.5 OW W
H H H - o F +0.5 H
G | '
A F F F o ‘
U H H H H
¢ ~4.0 "2 +1.0 OQ)N,F OW
H 0 v - _ E
E 3 +1.5% 0 H
[*NB: Wp = =1.5.". H prob = O]
IH)

Related Gauche | :
Perturbations RlNG RING
‘ (H)

' -2.0 :

-11.0 -7.0
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substituent effects, even over 4 or 5 bonds. Comparison of the perturbatiohs
common to both the gauche and trans couplings fsee FIG.4-8.12) gives an ind-
ication of the difficulties present in deriving equations of the form :

BJHF = e(B) + b2(Ey. £(V)) + e EQN.86

(where § = the HF dihedral angle; V = the XH or XF dihedral angles; and b and
¢ are constants); which adequately define the dihédral angle and substituents/

dihedral angle dependence of 3JHF in non-rigid systems. Such is the problem

- posed here for before the 3JHF'and_EJHH coupling data of the Type (V) fluorides
(which undoubtedly arises, not from single rotamers, :but from population weigh-
'tedbrotamer averages) can be utilised to calqulate>bfeferred rotamer geometries
we require some model on which to base aécurate eétimates of the individual
rotamer couplings. ‘ '

If the orientatioh dependence of the electronegative effects are taken
into account it should be relatively easy to rank the three main rotamer
couplings (even is their actual values are much harder to calculate). This
is 1llustrated in TABLE 4-8.3 where EQN.86 has been applied with the following
assumptions : _ ‘

(1) both £(B) and £(¥) are cos2 functions, ie. gauche effects are & the

size'pf trans effects.
(2) the magnitudes of the electronegative effects are proportional to thev
"4ifference" Huggins electronegativity, ie. EX(X-H) - see TABLE 4-6.1.

TABLE 4-8.% fgm and j;IHF' - Prediction of the Relative Size of the Three
Rotamer Couplings ’
ROTAMER 351 E 55 Expected| -J._ E 55 Expected
CONFORMATION HH "neg HH HF " neg HF
NUMBER " iContributions Value Contributions Value
F HH trans ’ HH gauche 1
H C1 »
1 P H C1 0.5 A -1.15b Cl 1.25 |0.25A' - 1.45b"'
. C1 F 0.25 + e B 0.25 + c!
g 0.25 ;
F HH gauche 1 - _ HF gauche 2
C1 H _
2 . P H Cl1 1.25 |0.25A - 2.50b Cl 1.25 -|0.25A' - 2.05b!
C1 F 0.25  + e g 1.00 | + e!
g 1.00
F HH gauche 2 HF trans
C1 C1 ' — :
3 P - ClL 1.25 |0.25A - 3.20b C1 0.5 ~A' - 0.70b’
F 1.00 . + e g 0.25 .+
B 0.25 : ' -
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Even though A,A'b,b',c,&c' are unspecified in this approxixation the
rank of the J's can readily be seen to be : J(trans) j>J(gauche 1) > J(gauche 2)
v From the figures overleaf, the time averaged coupllngs under free rotation
are : 0.5A - 2,28b + ¢ and O.5A" - 1.40p' + ¢' 1ie. nearer J(gauche .1l) than
J(trans). ' - T
From purely steric considerations, the order of preference for the three
rotamers (when the ring substituent is in the para position) would be :
) Rotamer 1 > Rotamer 3 » Rotamer 2. ’
this does not, however, take account'of the more specific electronic repulsions
present between the halogens in the Type (V) and (VI) series or between the
hydroxy group and the two chlorine atoms in the Type (IV) alcohols. For
~ example, the most stable rotamer in 1,1,2,2- tetrachlbroe%hane has the hydrogens
gaucne and not trans as might be expectedg65 v
From a detailed examination of the temperature dependence (over the
range 210-470°K) of the
Gutowsky et al265

individual rotamers. Although the values of these couplings are the main

H and ;9F spectra of a variety of polyhaloethanes,
27 23

were able to isolate the HH and HEF couplings due to the
concern here, the analytical method used is of direct relevance to any further

work on the compounds under study and will therefore be briefly summarised.

The observed couplings. (or shifts) may be given by an equation of the

type ¢ A S -zl o ng2 + XBJ;’J EQN. 87

Where the indices refer to the rotamers and x denotes the mole fraction.

The population ratios x, : Xyt x3 are dependent on the relevant energies

1
. i =E - E =EKE ~E :
of the phree ?otamers ?f we define AEl Ll ~3 and AE2 o 5 thenv
X P Xy Xy exp(- EI/RT? : exp(- Ez/RT? : 1 EQN. 88

The averaged coupliné is then given by EQN.89 :
G. > < I emm(-AR /RT) 4 T exp(AB,/RD) + 73] - BON.89
1] [exp(-AE /RI‘) + exp(-AE/RT) + 1]

If the temperature dependence of <§i;> results only from changes in the
equilibrium proportions of the rotamers then it is possible, by a five para-
meter least squares type analysis, to calculate the individual couplings (or
shifts) and AE's involved. ' o

The couplings calculated for several halo-ethanes are given in TABLE
4-8.4 with particular attention paid to CHFCl.CHCl2 in TABLE 4-8.5.

In TABLE 4-8.5, the assignments of the two 3JHH gauche coupllngs (mark-
ed '*') have been interchanged w1th those given by Gutowsky et al 265 because @
265 '

(1) The assignment given” - is much less likely than the one chosen above;
ie. trans effects should be stronger than gauche effects.

(2) The method used derived the:i%ﬁﬁ and JﬁF couplings independently from
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TABLE 4-8.4 EEHH and 3JHF Couplings in Polyhaloethanes, from ref.265 unless
: otherwise stated.
trans 3JHH gauche 3JHH ‘trans 3JHF ~ gauche 3JHF

H Average ‘ H P P
mﬂlm 35 g.70 | CL KH Cl:dﬁ( c1 c1 H
g O
C1 cal o c1 c1 c1 c1 c1 c1
& Obs: g.lo & I : 1
{ (e 227¢C) : : .
16.35 + 0.8 2.01 + 0,08 | 17.9 + 0.5207 <267
18.20 + 0.08 1.00 + 0.02
Average ) :
i ?JHH be| o H ' Br
F Pl obs: 7.75 F>$(F Br>®:Br. BrIP:Br
Cl C1 (e 2200) 03] H Br é Br Br ~H
= H , F .
JHF 7.75 ’ .
obs ' 266 66—
0.25 £ 0.4 | 2.00 £ 0.09 22.2 1.15°

each other and the structures. The assignment of the couplings to the rotamers
was then performed "by eye", using the caleulated AE values (which in this

case were very variable) as a guide. The authors stated that the 3JHF gauche
couplings could be misassigned because of theipoor'AElagreement between the
JHF and JHH analyses. From our experience it appears more likely that the

%3 g data is misassigned (see also SECTION 4-3-2.3).

Repeated attempts, both graphical and algebréic, at deriving single
equations to describe the 3JHF cquplings observed in the three cases shown in
TABLES 4-8.% and 4-8.5 and in the unperturbed case ( Iy = 43.5, Jg = 16.0Hz),
were unsuccessful. The approaches used were based on EQN.86 and its "improved"

successors EQNS.90 and 91.

I = 3, + FHEFW) + EXELW) + £(6) . EAN.9O
280 L 5+ FNESW) + HEEEFW) + £(6) BON.01

Where Jg, Jt’ F and H are constant for all cgmpounds.

EF and EH are the separated vidinal E interactions to F and H resp-
. neg :
ectively. : :

f(Y) is a dihedral angle function such as cos%U, cosW, |cos¥|, ete.

f(G) is a geminal geometric term, constant for all three rotamers of
any compound.

The EF and EH terms were calculated with and without the electronegative
interactions of the coupled nuclei themselves using Huggins and "difference"
Huggins values. ' '

Since a unique solution could not be found for these simple cases (three
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3.0 3 ) 265
-8. C : C .
| TABLE_4 8.5 ,ngH and JHF oupllngs-in HFC1 CHC12_
3 TR O 3 3
RON conporvaTion] ~TH Tneg |CDSERVED il Vyp Freg |OBSERVED EJHF e
No. / CONTRIBJTIONS|EXPECTED )JHH CONTRIBUTIONS |EXPECTED -J HE
F HH trans 16.5 + 0.3 HT gauche 1| 13.2 + 0.4
H - C1 :
1 c1 H Cl1 0.75 |A - 1.19b €1 1.150. {C.25A' - 1,50b'j49.1 + O.2
Q F 0.25 C+e ' +e'
P HH gauche 1| 1.63 + 0.15%| HF gauche 2| -2.8 i'O.ll- .
2 €1 H Cl 2.25 {0.25A - 2.69bjl- C1 2.25 |[0.25A' - 2.25p'[[49.1 + O.2
(_:l 'lH. F 0.25 +e +c! '
F H gauche 2|-2.62 + 0.65*%] HKF trans 37.3 £ 0.3
3 Cl:@:(’l €l 1.5 [0.25A - 3.24) C1 0.75 [A' - 0.75b' 49.1 + 0.2
C1 H F 1.0 +e ' ' o+ ’
H
EXPECTED TIME - 5.17 15.9
Av COUPLINGS 0.5A - 2.38b 0.5A" - 1.5b' 39.1 + 0.2
+c + e’
OBSERVED AT 22°C 3.64 + 0.07 9.07 + 0.13 [49.1 + 0.2
of the four compounds having only one gauche coupling) this approach was aband-
oned. Although unable to calculate "from scratch" values for 3JHF and 3JHH
couplings in the Type (V) compounds, a clear route to their close estimation
from the analysed model éystems of Gutowsky et al265 was still open. The con-

stituent couplings of CHCl .CHFCl are partlcularly helpful here, as, in terms
of electronegatlvitles, thls model is almost identical to the Type (V) fluorides
(seeTABLEs483&485)

4.8-2.3 Calculation of Rotamer Populations in the Type (V) Fluorides.

\ 3 )
If the constituent JHH and JHF
a compound such as CHFX.CHCl2 then the relative rotamer populations may be cal-
culated from the observed population weighted values (ie.'<3JHH> & <?JHF>0 by

using the following equations : ' N ' .

couplings are known for each rotamer of

3 3 HH 3. HH 3. HH
<JHH> S S A P e
/3 3 HF _ 3.HF 3 HF
< JHF> N Ne A R s EQN. 93
HH _ i H
b T Ty S 7 noy el 1% 7
JHF> Iy 95 I QHF> I I 9, Cp LR S
11 1 1 1 ~1 1 1 11 1

1
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| If the céupling constants for CHFCL.CHCl2 in TABLE 4-8.5 are taken as
being (a) correct and (b) approximately equal to thée couplings in the Type (V)
fluorides, the above determinant (EQN } can be expanded to EQNS.96-98 to
directly calculate the rotamer populatlons in the Type (V) fluorides (see
TABLE 4-8.6 and FIG.4-8.13. '

x, = (53.463 - 101 - 425 ))/-664.286 EQN. 96
x, = (-650.034 + 2h.1KF > + 19.12(? )/ ~664 286 EQN.97
xy = (-67.726 + 16.O<JHH> - 1b. 87J ")/-664.286 EQN. 08
| 265

Unfortunately on inspection the calculated'couplings for CHFCl.CHCl2
are rather dubious. This is particularly noticeable in the two trans J's :
3JHH = 16.5; 3JHF = 37.3Hz. The former is 4Hz or so larger than the noérmally
expected range of trans BJHEIA whilst the latter is barely reduced at all from:
the unperturbed value of 43.5Hz. 260

The problem undoubtedly lies in the difficulty of the analysis under-
taken by Gutowsky et al.65 Whereas all the compounds in TABLE 4-8.4 have two
equivalent gauche rotamers and only require a three parameter analysis,
CHFC1.CHC1, has three non-equivalent rotamers giving rise to five parameters.

2
Errors in the analytical method are therefore more prominent in the latter case.

TABLE 4-8.6 First Approximation to the Rotamer Populations in the Type (V)

) Fluorides:
Deriv X <3JHH> <3 JHF> X x, | %
H 5.40 9.75 30.79 | 50.20 | 19.01
oF 510 | 12.15 | 30.51 | 44.38 | 25.11
o Cl 3,30 17.00 2.75 | 36.95 | 40.30
o Br 3.05 17.65 21.66 | 35.99 | 42.36
o Me 6.35 9.85 36.65 | 46.47 | 16.95
o OMe 3.40 17.80 | 23.86 | 34.29 | 41.85
o NO,, 2.00 19.40 16.44 | 34.76 | 48.80
) CF3 2.70 16.30 18.68 41.14 40.18
p F 5.40 9.25 30.47 51.64 17.89
p C1 I 5.25 .9.55 29.75 51.32 18.93
p Br 5.20 9.60 29.48 | 51.35 | 19.16
p Me 5.50 9.45 31.20 50.70 18.10
p OMe 5.70 8.60 31.86 | 52.42 | 15.72
p NO, - 4.60 10.75 26.60 | 50.22 | 23.18
p CF, 5.00 9.90 |} 28.47 | 51.22 | 20.31
Av,pX(ine H)| 5.26 9.61 29.79 51.18 | 19.04
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FIG.4-8.13 Rotamer Populations for the
Type (V) Fluorides Assuming that the
Individual Rotamer Couplings are the

Same as Those Caleulated for
CHFC1.CHC1 ) by Gutowsky et a12>?

3.HH
Jl

e

A I N

Couplings Used :

16.5Hz
1. 63Hz
-2.62Hz
13.2Hz
-2.8Hz

37.3Hz

'LQI'




- - 168 -
If the trans 3JHF couplings in CFCIQCHCI (18. 2Hz).and CFBrQCHBr (22. 2Hz)
are taken as being cérrect then it is-found- thau they™ are fairly accurately
predicted by a modification of the method.developed earlier for the deoxy-
fluoro pyranoées (see FIG.4-8.10). This merely involves scaling the perturb-
ation to the electronegativity of the new substituent eg. perturbation 'F'
when substituent = C1 is given by -k. 3(E - EH)/(E EH) = -3.3Hz. Thus

the following trans 3JHF couplings may’ be ca]culated
CFC1,CHC1 (18 4Hz); CFBr CHBr, (23. 4Hz) CHFClCHCl (21.7Hz); CHEﬁCHCl (22.4Hz).

2 2
If allowance is made for the apparent systematic error ie. CF0120H012 adjusted
to 18.2Hz and CFBrQCHBr2 to 22.4Hz we obtain CHFClCHCl2 (20.9Hz) and CHEﬁCHCIQ'

(21.4Hz).' Before adjustment there was excellent agreement between them and

.the values for the two symmetrical molecules as calculated by the method of
Gutowsky et a1265 266 This was clearly not the case for CHFC1.CHC1
some fundamental error in the five parameter fitting routine used?gS We will
3JHF couplings..

A similar approach to the calculation of the gauche 3JHF couplings,

indicating
use the adjusted values as the "best estimate" of the trans

using the "additive perturbation method", may be adopted.

From observation of the factors affecting both the gauche and trans 3JHF

coupllngs (see FIGS.4-8.10 & 11 and the work of Abraham and Cavalllesl) there

is an ocbviocus trend for perturbations which withdraw electgons from the C-H
bond (ie. perturbations 'H' or 'F(HS)') to reduce the coupling significantly
more than those affecting the C-F bond (ie. 'F' or 'H(FS)'). This is presum-
ably because transmission of the coupling depends on the electron density
throughout the "coupling path" and it is far easier to withdraw electrons from
the C-H bond (hence reducing the transmission) than from the C-F bond. As
stated in the previous sub-section it was found impossible to solve EQNS.90 &
91. for the 3JHF data considered, particularly for the gauche couplings in
CFBr CHBr2 (1.8Hz) and CFCl CHCl2 (1Hz). Since the latter has the same basic

2 2 .
substituents as CHFC1CHC1,. and CHEﬁCHCl2 it is a better model than the formey.

2 )
Using the ratio C-H : C-F perturbations = 4 : 2.5, we obtain: 'H' =4, 'F' =
2.5, 'H(FS)' = 5 and 'F(HS)' = 8. These give the following gauche couplings :
CFC1,CHC1, (1Hz), CHFC1CHCL, (7.15,2.92Hz) and CHE¢CH012 (7.54%,4.15Hz), which

although approximate, are probably more realistic than those given by Gutowsky
265

et al. 3

The "best fit" Jpg coupling constants for a mumber of 1,1,2-trihalo-

phenylethanes and 1,1,2-trihalopropanes have been calculated by Reynolds and
Wood118 (see SECTION 1-5-1) to be 9.3 2.6 and 1.8Hz. These were assigned to
118 o earlier (see FIG.4-8.5) the

rotamers 1,3 and 2~ but as with CHFC1CHC1
gauche assignments have been reversed here. In fact, if thé original assign-

ments are used with the oN02 Type (V) data, a negative population is found for

“
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rotamer 1!.. Thé population calculated by Reynolds and Wood for 1,1,2-trichloro-
phenyl ethane' (ie. the unsubstituted Type {VI) chloride) were Q.S}, 0.34 & 0.13
for rotamers 1, 2 and 3 respectively. TheSe'éive calculated 3JHH couplings

_of 5.88Hz by their assignment and 6.05Hz by the assignment used here. The lat-

ter compares favourably with the observed 3JHH of 5.98Hz%18 The resequenced

BJHH values of Reynolds and Wood will be used for the Type (V) fluorides. The

derived values for the various couplings in CHFﬂCHCl2 are therefore :

TABLE 4-8.7 Best Estimates for the BFHé and 3JHF Couplings in the Type (V)
ROTAMER 1 5 3 Fluorides
25 9.3. 2.6 1.8
37 3
T 7.54 4.15 21.

If the calculated values of 3JHH and 3JHF for CHFﬂCHCl2 are substituted

in EQN.95 the following equations are obtained @

x; = (48.17 - 17250 > - o.8<§HF>1/-118.287 BQN.99
xp = (-185.448 + 13.86{ gD + 7.5 I )/-118.287 . EQN. 100
X5 = (18.991 + 3.39<gHﬁ> - 6.7<;HF>L/-118.287 : ‘ EQN.101

The calculated rotamer populations from the "raw" Type (V) coupling data

are shown below :

TABiE 4-4.8 Rotamer Populations in Type (V) Fluorides using "Best Estimate"
) " * Coupling Data

Deriv X <3JHH> <3J HF> X, X, X
H 5.40 9.75 44,62 | 31.69 | 23.69
oF 1 5.10 12.15 43,87 19.98 38.15
o Cl 3.30 17.00 18.90 | 10.32 70.78
o Br 3.05 17.65 15.69 9.13 | 75.18
o Me 6.35 | 9:85 58.54 | 19.92 | 21.54%
o OMe 3.0 | 17.80 | 20.90 | 4.08 | 75.02
o NO, 2.00 19.40 1.56 | 10.34% | 88.10
o CF_ 2.70 16.30 9.68 | 21.79 | 68.53
pF 5.40 ‘;D?.ES 4y 28 34,86 20.86
pCl 5.25 9.55 42.30 | 34.71 | 22.99
p Br 5.20 9.60 41.60 | 34.98 | 23.42
p Me 5.50 9.45 45.98 | 32.42 | 21.71
p OMe 5.70 8.60 48.22 | 35.46 16.32
p NO, 4,60 10.75 33.63 | 34.72 | 31.65
p CF, 5.00 9.90 38.89 | 35.42 | 25.69
Av.pX(ine.H)| 5.26 9.61 | 42.48 34,21 23.30




- 170 -

Since the bara substituents can have no steric influence on the rotamer
preferences of the ethyl side-chain, their only mechanlism of affecting the
" eoupling constants is electronic. This may take two forms :

(a) The rotamer preferences are the same for all the para derivatives and
the differences observed in the couplings merely reflect‘the electfgn dohating/
withdrawing abilities of the ring substituent.

(b) By donating/withdrawing varying levels of electron den51ty from the side-
chain the para substituents alter the relative energies of the three rotamers.
This would lead to slight differences in the rotamer population ffom one
- substituent to another.

The latter case is allowed for in TABLE 4-8.8. If the approximation that
- the through bond electronic influence of the substituents is the same in both
the ortho and para deriﬁatives then the variations in the coupling constants
not due to rotame; preferences in the ortho substituent may be allowed for,
(see TABLE 4-8.9). In reality a mixture of these two interactions probably
oceurs. ' ’
Since the couplings observed when X = H (see FIG.4-8.5) lie off the straight
- line given by the remainder of the para derivatives; the deviation of the
couplings for the individual substituents are referred to the overall average
of the para couplihgs. ) '

« The rotamer population calculated in TABLES 4-8.8 & 4-8.9 can only‘be :

assumed to be rough guides to the sfructures pertaining in the chloroform

solutions, because of the inaccuracies inherent in the various routes adopted

TABLE 4-8.9 Rotamer Populatlons in the Type (V) Fluorides using para-Adjusted
’ ortho Coupling Data

DERTV I Crey Adjusted Rotamer
para ortho para © " ortho Populations
X Obs Obs | Adj Obs . Obs Adj | x X X
PR I R g | N J J 1 2 >
para Avij 5.25 ' 9.60 : ol 42.33 | 34.39 | 23.28

oF ||5.40 |+0.15{{5.10| 4.95 [ 9.25 | -0.35 | 12.15 | 12.50 || 39.92 | 19.52 | 40.56
oCl ||5.25 0 | 3.30]3.30 {| 9.55 | -0.05| 17.00 | 16.95 | 18.87 | 10.64 | 70.50
oBr |5.20|-~-0.05{3.05|3.10 || 9.60 0 17.65 | 17.65 || 16.42 | 8.54 | 75.03
oMe [5.50|+0.256.35]6.10 || 9.45 | -0.15] 9.85 |10.00 ||55.00 | 21.90 { 23.10
o OMe| 5.70 | +0.45 || 3.40| 2.95 || 8.60 | ~1.0017.80 |18.80 || 15.01 | 3.01 | 81.98
oNo_|l 4.60 ! -0.65 |} 2.00|2.65 [10.75 | +1.15 || 19.40 | 18.25 [} 10.27 | 10.01 | 79.72

2

o CF3 5.00 | -0.25 1 2.70] 2.95 || 9.90 [ +0.30 16.30 _16.00 13.12 | 20.76 | 66.12

to estimate the individual rotamer coupling.constants. The rotamer distributions

A

caleulated in TABLES 4-8.8 and 4-8.9 are shown graphically in FIG.4-8.14,
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FIG.4-8.14 Rotamer Populations in the
Type (V) Fluorides Using the "Best- |
Estimate" Individual. Rotamer Couplings
and the para-Adjusted ortho Coupling

Data (see TABLE 4-8.9).

©® = Before para-adjustment

8 = After para-adjustmenﬁ
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4.8~ 2 4 Trends Observed in the 3JCF Couplings
The relevant 3JCF ‘eouplings fion 4-5 5 are plotted in FIG.4- 8 15
‘againt Hammett a, 1
As expected the couplings for
0 C-2'{pX] | the para derivatives show a lin-
. ElC-S(oX)' ‘ » S ear relationship to op. This is
4 C-2"{oX) - not the case for the ortho deriv-
‘ ' atiﬁes and it is again tempting
101 to assume that this is solely a
%bF conformational effect. Some of
- 8 the idiosyncrasies of 3JCF‘coup—
Hz - lings have already been mentioned
6 (see SECTION 1-5-1), but a fur-
\\N.OOCE Data ther examination of 3JCF couplings
L, . \~H\\ in models approximating to the
T~ system studied here 1s required.
S SO
FIG.4-8.15 - ZgCF Couplings in the Type (V) Fluorides

1 }
4.8-2.5 Empirical Approach to the Analysis of 3JC Couplings

)

Ortho—substltuted trlfluoromethyl benzene was used as a model for the -
measurement of substituent effects on 3JC couplings. Although many JC
coupling studies have been reported there are still surprisingly few reports of
nJCF couplings. In the absence of a suitable reference, therefore, the less
‘ satisfactory substituted fluoro benzenes have been used.

The 2JCF and 3JCF couplings for a range of ortho- and meta— substituted
fluorobenzene5269_27 are plotted in FIG.4-8.16. These clearly show that the
megnitude of the couplings to symmetrically disposed nuclel have a high depend-
ence on the nature of the substituents they carry. Further examples of this are
seen in the work of Doddrell et a1273’274 (see FIG.4-8.17). '

_ With the exception. of the ortho~fluoro trifluoromethylbenzene data?72
whieh although incomplete indicates that the presence of the ortho-filuorine
reduces the‘coupling to C-2 by ~1.2Hz, there is little available data for
systems directly analogous to the Type (V) fluorides. The data presented does
however establish the sensitivity of QJCF couplings to ring substituents and
in the light of the insensitivity of 3JCH in toluene to dihedral angle124 (see
FIG,1-5. 5) there is insufficient evidence to enable conformational data to be

deduced from the 3J couplings with any confidence.

CF
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4_8-3 Conformational Information Contained in the Long-Range Coupling Data

There are several sets of long range couplings between various nuclei :
The Type (V) fluorides have both 5JHF and 5
para methyl substituents of 1.0 and 1.3Hz reSpectively. Since the longer range

HF couplings to the ortho. and

coupling is larger, the 1.0Hz coupling to the ortho methyl protons cannot be
considered to be a through space interaction.

Conversely both the ortho fluoro and ortho trifluoromethyl groups in the
Type (VI) chlorides show a 0.3Hz coupling (5JH F and 6JH P respectively) to.
the side-chain proton HA‘ These are almost deéinitely tﬁrough space inter~
actions indicating that these cqmpounds have the side-chain predomonantly in

rotamers 1 or 3 (see TABLE 4-8.3).

In rotamer 2 through space interactions between an ortho ring substituent
and the side-chain HA proton are impossible because of the trahs arrangement of = _
Hy and the phenyl ring. This is not so in either rotamers 1 or 3 (see FIG.
4-8.18). Since the relative populations of the oF(V) and OCEB(V) are :

40 : 20': 40 and 10 : 20 : 70 respectively (both spend 80% of the time in
rotamers 1 or 3) then the oF(VI) and oCFj(VI) data is not'incompatible‘with

the caleulations performed on the Type (V) series (see SECTION 4-8-2.3).

. H ) .
i Cl H ~ cl t Y
; EL——P-E;::Eg——X ; "f*ﬁaéfszs“x‘
H o H H ] H . H
B B Y B B S;\ ¢\e
€l RoT1 Cl Ror2 _ Hy mmm/m*k

FIG.4-8.18 Through Space Coupling Interactions to HA;
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Long rangé.nJFF couplings were observed in the four Type (V) fluorides
with ring fluorine substituents. Of these the 2.6Hz coupling %6 the oCFB o
group (5JFF - cf. %JFF to oF of 1.4Hz) is probably a through-space interaction,
which is most likely to occur in the conformation shown in FIG.4.8.19.
H £ 5 Among the remaining long ranée.couplings are
F;;EEZé;;J——X the 'JFICM' couplings in the Type (V) fluorides. Not

unexpectedly these are rather small (see FIG.4-8.20)

CHG2 » and because of the high uncertainty (+0.5Hz) contain
FIG.4-8.19 _ no useful conformational data.

I 1 i ' ! ! 1 I

Couplings in the Type (V) Fluorides.

5
FIG.4-8.20 -J
R LA X S __Ficw

. n
Similarly the JCFQ

little data of use for conformational analysis. They are, however, of interest '

couplings in the Type (IV), (V) & (VI) series contain

in ‘themselves and are therefore illustrated in FIG.4-8.21. Note that the coup-
lings to C-2 are stronger than those to C-1 in all the fluoro derivatives. ‘

Similar phenomena have been reported in fluoro-styrenes and napthenesa73’274
(see FIG.4-8.17) and in diphenyl acetylenes?56
- 2.6/2.55/2.8 ’ ’ 1.6/1.7/0
1.8/1.9/2.2 _ ' 2.2/2.5/2.5 \
P 4.0/273.5/274.0
12.8/12.55/12.6 = 1.5/ - /1.5 ‘ 27CF/ 73.5/27
3.6/3.05/2.7 246.8/248.3/249.3 o/o/p 30.3; /5.7
3.7/3.7/3.5 21.4/21.0/21.7 0.8/1.0/0.8 5.8/5.7/5.7
8.7/8.45/8.9 ' 0/0/0
. 1.6/1.3/1.1 ' 0/0/0
0/0/0 /15 o/oro
2.4/3.2/3.5 7 11.5/1.5/1.3
8.1/8.45/8.5 0/0/0
21.8/21.9/22.2 3.8/3.7/3.8
2U47.6/249.6/249.5 - /33.1/ -
F ‘ h CF, 272.2/272.5/273.5

* FIG.4-8.21 -EECF Couplings in the Type (IV), (V) & (VI) Series Respectively.
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4.8-4 Conformétional Information Contained in the Two Bond Couplings.

2
JHF
The electronegative effects of both geminal

4-8-34,1 The Data.

275 276

and vieinal substitution

on QJHF couplings have been studied by Phillips et al. In the Type (V) series,

the substituents on the . ~C- moiety were not changed directly, although

the electronegativity of the phenyl ring substituent was, of course, modified.
Assuming,the electronegativities of theA-CHCIQ and phenyl'groups to be 2.6 and

. 3.0 respectively, EQN,102, derived by Phillips etual?75 gives the values of
AQJHF in the Type (V) fluorides as 51Hz. This 1s rather high compared to the

average observed value of 44.8Hz.
e = TB.76 + BAS(EE,) - 16.T3(8 + E)  (032.182) EQN.102

From an analysis of the 2JHF couplihgs found in several series of fluoro-
carbohydrates (including those examined in SECTION 4-8-2.2 - see TABLE 4-8.2126)

Phillips & Wray276

of the. effects of vieinal substituents. These assumed a chair conformation

deduced a simple set of additive rules for the calculation

for the ring and were as follows @
Basic 2JHF = 50+1Hz (replacement of a-C by O = +1Hz, by S = -4Hz)
Substituent effects for X ( = F, OH, OR) vicinal to H-F: '

X axial -2Hz ‘ g _ X axial -2Hz
F\axial X equatorial +1Hz F equatorial < X equatorial - +1Hz
0 or S in ring +1Hz o O or S in ring -2Hz

These effects are illustrated in FIG.4-8.22 :
Changing X from eq to ax lowers QJqF by -3Hz

F H
Q"Q @‘.0 _ Changing F from eq to ax has no effect unless
RINGZAH RINGZAF X is a ring C (or S) in which case 2JHF is
9 @ raised by +3Hz' o .

FIG.4-8.22 Vieinal Substituent Effects on 2J%F (Overall accuracy +1Hz).

Application of these parameters to the thfee rotamers‘of the Type (V)
fluorides 1s, unfortunately, complicated by the idiosynecrasy present in the
magnitude of the effect when X is trans to H. »In the absence of a ring sysﬁem
as a reference, these two situations camnot be resolved. Let us assume that
any substituent trans to H reduces the 2JHF coupling by 2Hz. If an O.-oxygen
_(EO = 3.5) raises QJHF by‘le-and an 0~-sulphur (ES = 2.5) lowers QJHF by U4Hz
then a reascnable estimate for the effect of an” 0-phenyl ring (gﬂ = 3.0) would
appear to be -2.5Hz. In FIG.4-8.23 the additive rules of Phillips & Wréy?TG
with the assumptions made "above, are applied to the three Type (V) fluofide

rotamers :

-~
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F ' P | F

n o1 c1 H - ClL c1
J4 H -# H S g7 H
. Cc1. I _ - 01 I H III
Effects : -2.5 -2 +1 -2;57-2 -2 2.5 -2 +1
' QJHF - 46.5Hz 43,5Hz ' 46.5Hz

" FIG.4-8.23 Calculated 2JHP for the Tybe (V) Fluoride Rotamers

The coupling in rotamer 2 is thus 3Hz sﬁaller than those in rotamers 1
and 3. In FIG.4-8.24 the three calculated 2JHF
by 1Hz, then used to calculate population weighted average couplings using the
rotamer population calculated in TABLE 4-8.9. The fit of this calculated

data to the observed data is mediocre, but if the assumptions/approximations

couplings have all been lowered

made above and the small range of the data is taken into accoiint this is not

‘unreasonable.

FIG.4-8.24 Observed vs. Caleculated 2JHF Couplings

The evidence presénted indicates that the QJHF couplings are too insen-

sitive to be of significant help in determining conformational preferences.

4-8-4.2 The °J. Data

The Type (V) fluorides possess 2JCF couplings from the side-chain
fluorine to both C-2 and C-1". These are illustrated in FIG.4-8.25 (a & b).

The para 2JC P coupling shows a Hammett Op relation to the ring substit-
uent. The overallgappearance of the 2JC P data is reminiscent of the 3JHH
data (see FIG.4-8.2), and in FIG.4-8.25(§) the two are plotted against each

other. There is extremely good linearity in the ortho data but not in the para.

This is unusual as all previous relationships of this type have given better
fits in the para data. There is no obvious explanation for this, but knowing
that the 3JHH couplings are dependent on the .C-1/C-2 rotamer populations,(éee
SECTION 4-8-2.3) it is reasonable to expect the =J

C.F

couplings to be similarly
oF O _
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FIG.4-8.25 Two 3ond F-C Couplings in the Type (V) Fluorides

Ay

!
RT3 POPN. &0 100

'FIG.4-8.26 Relationships of 2JC pto

Rotamer 3 Populatiodn

FIG.4-8.26 gives the expected values of.gJ

cC.F

dependent. If the magngtudes of
%I
Cc.F i
popilations, from the "best estimate
3JHH and 3JHF |
4-8.8), there is an obvious link

are compared with the rotamer
1"

couplings (see TABLE

to the relative population of rot-
amer 3, as shown in FIG.4-8.26.

The linearity of the plot is

very good, indicating that QJC F
is highly dependent on theAper-g
centage of rotamer 35 presént and
fairly insensitive to the levels
of rotamers 1 or 2.

* The higher the level of rotamer
3 the lower the observed coupling.
Extrapolation of the ortho line in
in rotamer 3 to be (32.5 = 9.0Hz),

and in rotamers 1 and 2 to be 35.3Hz. Unlikg the QJHF couplings, thérefore, the

aJa p couplings are sensitive enough to be useful in conformational analysis.
5 ‘ _
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pand §_ in the Type (V) Fluorides
2 F '

In FIG.4-8.27 the %IC p _couplings are plotted against GF' This gives a
better linear plot than the2' 3JHF data (see FIG.4-8.4), which is to be expect-

FIG.4-8.27 The Relationship Between ch

-ed since the former are far less dependent on dihedral angle terms than the
1at%er. Again this confirms that all fluorine parameters (ie. shifts and
coupiings) are highly dependent on the electronic environment of the fluorine
itself, in agreement with the observations of Muller and Carr258 (see SECTION

4-8-1).
" The 2JC p couplings are illustrated in FIG.4-8.25(b). Compared to the
' . -
%IC F couplinés, they have a very small range (only 3Hz) which makes the un-

cer%ainty in the coupling measurement of +0.5Hz very significant. The coup-
lings appear to fall into three groups separatéd by 1Hz : (1) oF, Ci, Br, N02;-
_62) All:the para derivatives and oOMe; (3) oMe. In the absence of corrobor-
'ating data these groups cannot be linked to particular structures. However,
three geometric arrangements of the C-F bond to the plane of the phenYl’ring
can readily be proposed, ie. { = O, 60 or 900; but there is insufficient data

to substantiate any further assumptions/conclusions.

2
J A " Data

o o ) .
These couplings were observed in the 1}C[GD-]‘H] spectra of the Type (IV)

4.8-4.3 The

alcohols and as such are subject to high errors. Several of the expected
~ qoup1ipg$;wgr§“not observed in the complex.splitting patterns, only broadening
'occunriﬁglf'Th5567d§ta.caﬁ be. of little help in.conformational.analysis and are

shown only for genefal interest below. Their average magnitude is in accord
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with the value 2.5Hz found in CH2015H01 2?77
-4
. 3 .
Hz
N 2 R
i \\
b = broad signal " \‘b
- 1 T T T T T Bl 1 1
o _We B E o & & wp,

FIG.4-8.28 fg g-Couplings from the B¢ lH-Gated Decoupled Spectra of the

c
Type (IV) Alcohols

2

4_8-5 Conformational Information Contained in the One Bond Coupling Data

Three different one bond couplings were recorded - 1JC P from the lBC[lH]
1

spectra of the Type (V) fluorides and lJC g and "I, o from the 13C[GD-1H]
spectra of the Type (IV) alecohols. These are illustrated in FIG.4-8.29. A

Both sets of data from the 13C[GD—lH] spectra are subject to consider-
able experimental errors (ﬁqile). This, coupled with their small overall
range and seemingly erratic nature, makes them unsuitable for conformational
analysis. ‘

The lJC Fdata is little better. Altpough it has a smaller experimental
error (iO.SHz% and both ortho and para data show reasonably good dependence. on
their overall electronic environment (ie, they correlate with Hammett op) the
couplings appear to be insensitive towards conformations adopted in the vicinal

groups.

4-9 Summary of Conformational Observations

1) Both the chemical shift and coupling constant properties of the Type (IV)
and (V) series are very similar, indicating that these series adopt similar
conformations. The Type (VI) compounds follow parallel trends, with some
evidence of minor conformational differences.

2) The para déta in all series tend to be regular, ie. either fairly constant
or behaving as.predicted by a substituent parameter (eg. op), suggesting that
all para derivatives are either in free rotation or in some preferred confor-
mation.

3) In SECTION 4-5-7 it was noted that the couplings in pMe(IV) were unaf-
fected by a lowering of the temperature by 75°C. Again this indicates either

full free .rotation or a single preferred conformation in the para derivatives.

4) 1In conﬁrast the ortho data is very erratic, with larger differences in

-~
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FIG.4-8.29 One Bond Couplings

both shifts and couplings between seemingly similar deriQativés, eg. oF and oCl.
'This-indieafes steric control of the side-chain by the ortho ring substituents.

5) Comparison of the Type (V) °F shift data to CXF.Cabc indicates that
resonances from rotamer 3 should occur significantly to higher field (~5.5ppm)
than resonances from rotamers 1 or 2. From FIG.A—Z.Q, therefore,.higher rot-
amer > populations are more likely in the following sequence :

_00Me, Cl1, Br, NO > oF, CF > oMe and all para derivatives

The observed ortho 9F shift range of'v18ppm is probably not wholly due to
rotamer preferences but also contains a large.element of through bond substit-
uent effects ete.

6) Differences between the ortho and para Pex shifts suggest that in all
the ortho methyl groups, and in the oCF. 5 TOUP in the Type (IV) alcohol, the
side-chain .adopts .an. crientation adgacent to the ring.substituent. The

reverse appears to hold for the remaining CEB groups.and the OMe groups.
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There 1s no supﬁort_for-the oMe groups being adjacent to the side-chain in

either.the g shifts or the 5'JHH coupling data. Long range J couplings to

the Type (VI)ioF and oCE‘3 groups indicate .througl: gpace proxiiéiy of the side-
chain in eithéf rotamers 1 or 3.. Similarly a-SJFF coupling of 2.6Hz in oCF}(V) .
indicates proximity of the side-chain fluorine (rather than the -CHC12.group)

to the ring substituent. _

' 7) By utilising a variety of routes, "best estimates" for the 3JHH and 3JHF
couplings ir the individual rotamers of the Type (V) fluorides have been calc-
ulated. These values haﬁe been uséd in conjunction with the observed three bond
couplings to estimate the rotamer populatiOns.present'inreach,of“the:fiftéen
Type (V) fluorides. Additional supporting data for the populations obtained
comes from the “OF chemical shifts (the rotamer 3 preferences predicted in (5)
are observed) and also from the 2JC F coupling data, which is sensitive enough
to be of use in conformational analysis. The estimated rotamer populations
are given in TABLES 4-8.8 & 4-8.9. ’

8) The rotamer preferences, predicted on steric grounds alone, were :

~ rotamer 1)) rotamer 3 ) rotamer 2. The observed ratios (for X = H) were ~
4.6 + 31.7 : 23.7. This compares favourably with the literature observed
populations in CH,éClCHCla of : 53.: 34 : 13, indicating that a purely "steric
bulk" approach to the problem of rotamer preferences in inadequate. This can
be illustrated by the magnitude of the 3JHH couplings in a series of compounds
studied by Gutowsky et al265 (see TABLE 4-9.1). Although one might expect the

H-H trans rotamer to be preferred throughout thi's .series, this is clearly not so.

118

TABLE 4-9.1 EQHH Couplings in a Series of Substituted Ethanes at 295°%K0°
Gauche H-H Preferred Av 3JHH CHgﬁCHéCl' ' 7.48.
,CHC12CH012 A 3.10 CH2¢CH2B1~ 7.56 |
CHC12CHF2 3. 47 MeCHBrCHBr (COZ) 10.48
CHC1,CHFC1 3.64 . pBrfCHC1CHE(COZ) 10.82
CHBr,CHBr,, | 6.62 CHBr#CHBr(COg) V¥ 11.31
CH¢2CH2(CO¢) 7.21 Trans H-H Preferred

410 Prediction of Elimination Product Geometries from the Caleulated

'Rotamer Preferences

Four (big) assumptions need to be made before predicting the geometries
of the elimination products of the Type (IV) alcohols and Type (V) fluorides
from the caleculated rotamer populations ¢

(1) The calculated values are accurate. ,
(2) The conformational preferences ramain the same under. the conditions used
for the'elimination reactions. (Since-different solvents were used this ass-

umption probably does not hold in every case)
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(3) That the elimination reactions preserve the geometry of the starting

materials, ie. they either proceed via an E2 mechanism or if an EleB mechanism
is involved.then the elimination step.occurs before bond rotation can take
This is illustrated in TABLE 1-10.1..

place.

(4) That the elimination rate is identical in the two rotamers in which the'

leaving groups are trans to each other.

TABLE 4-10.1 Expected Product Geometries from Initial Rotamers

" Initial Rotamer Product Y = OH Product Y = F
1. Y ’
H C1 ﬁ 0 H No direct route
8 L H H 1
E
2 Y
01:&1{ £ 0. ,C1 F, <H
4 N H H: :H ﬁj C1
: 7 E
5 Y ‘ .
-Cl €1 No direct route F o €1
J) H : —
H : g H
) 7

.The'predicted elimination product geometries are given in TABLE 4-10.2 :

TABLE %-10.2 Predicted Product Geometries from Elimination of HCl from the

Type (IV) Alcohols and the Type (V) Fluorides

DERTV Predicted Rotamer Pop" EPOXTDES OLEFINES
X 1 2 3 E Z E A
para Av 42.3 34,0 23.3 55% y5% 60% Lo
oF 39.9 | . 19.5 10.6 66% 4% | 3% 68%
o Cl 18.9 10.6 70.5 64% * | * 36% | 13% 87%
o Br 6.4 | 85 | 75.0 66% * | * 4% | 10% 90%
o Me 55.0 | 21.9 23.1 7% 28% | 4ok * 51%
o OMe 15.0 3.0 83.0 83% * | * 17% 4% 96%
o NO, 10.3 10.0 79.7 51% * | * hoZ | 11% 89%
o CF3 13.1 20.8 66.1 20% * | * 61% : 24% 6%

Reactions marked * are likely to be. slow as less than 50% of the starting

material is in a suitable rotamer for direct elimination (ie. without bond

rotation).
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CHAPTER 5 -
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5 METHODOLOGY)’APPROACH TO CONFORMATIONAL ANALYSIS USING LANTHANIDE
' ‘ ‘ INDUCED SHIFTS

Although the McConnell-Robertson Equation (see SECTION 1-6-1) is relat-
ively simple its immediate incorporation into a computer program to calculate
the best-fit comformer of a flexible molecﬁle i1s far from easy. The path
chosen for the development of such a program, METFIND VII, is the subject of
this short chapter.

The problem has two distinct parts :

(1) Finding the optimum metal position relative to the binding site and
its immediate neighbours. » v
(2) Finding the optimum molecular édnformation.

These can normally be treated separately, as in most holecules there are
enough "fixed" atoms with LIS adjacent to the binding site, for the best metal
position to be located. The rotatable groups further away may then be consid-

_vered in turn, moving them until the best fit befween the observed and ecalcu-
‘lated LIS is achieved. ' v
This approach was adopted in developing METFIND, where the "rigid case"

was completely dealt with before attempting the logistic problems associated .
“with systems containing rotatable species. At all stages the aim has been to
write a perfectly general program ratheér than one tailor-made for the phenyl
etﬁanes under study. _ | |

* METFIND VII is the final version of a series of programs loosely based on
the program METALSEARCH, ﬁritten by L.O.Ford and modified by D.J.Chadwick, a
copy of which was generously given to us. METALSEARCH contained the rudiments
'of the later METFIND series, but now bears little‘similarity to the complexity
of METFIND VII. The main feature retained was the use of search blocks.
METALSEARCH examined %0 search points per run, calculating the "goodness of fit
of the shifts induced by a hypothetical lanthanide.at each point, to the obs-
erved data. This forms the basis of METFIND although each search block now
contains 500 pdints. The advantage of this method over rapid regression tech-
niques (see SECTION 1-6-4.2) is that it allows Fitfaotor-contour plots.to be

n

generated, minimising the chance of finding an isolated secondary maximam.

5-1 Basic Assumptions

The assumptions made were basically those already detailed in SECTION
1-6-4.1. In practice the fourth assumption was checked by monitoring the
 coupling constants before and after adding the LSR.
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5-2 .Finding the "Best Metal Position" for a Rigid Substrate

5-2-1 Coordinate Systems

The coordinate systemS‘éhosen for.the. METFIND series are shown in FIG.
5-2.1. Rectangular Cartesian coordinates (X,Y,Z) are used for the substrate
arranged so that : o ' | |

(a) The complexation site is at the origin.
(b) The next atom lies on the +ve X-axis, such that the bulk of the subs =

strate lies within the +ve X-hemisphere, with any major symmetry features in
either the XY- or XZ- axlal planes.

" l
Mo | G
» s
'y XZ-PLANE H
A ’t ’,?é ] "",’ H
l 7 G\’ J Py
7, 1
<
i L

M XY-PLANE

FIG.5-2.1 Definition of the Coordinate Systems Used in METFIND VII

‘M ... represents the metal position as defined by R, PHI and PSI. Its
: Gartesian coordinates are calculated as (OA,OB,BC).

MXY and MXZ .++ represent the metal positions after reflection in the
XY- and XZ- planes. '

The metal search position is specifiea by polar coordinates (R,PHI;PSI)
as shown In the diagram. The normal sector of space through which a Searqh
is conducted 1s confined to the -ve X-hemisphere (ie; R(1.5 .- 4.5 &), PHI and
PSI (90 ~ 270°) - typical literature results lie in the range 2.5 - 3.5 2).
Although polar coordinates are convenlent because the metal-donor dlstance 1s

a specifies variable, they have the distinct disadvantage of producing 3-D
matrices of results that are diffiecult to visualize (FI1G.5-2.5).
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,5-2“2 Data Required

- The following data is,necessary to carry out a block search for é best
fit metal poéition :

(1) The Cartesian coordinates of the substrate (in &) v

(2) The induced shift/broadening data in self consistent units (ie. ppm
for mixed H 1% ana e data)

(3) The metal search parameters (in R and degrees). R, PHI and PSI each
require a minimum, maximum and incremental value in order to define a 5.R x
10.PHI x 10.PSI search block. ’

(4) The options selected. A large‘range of these were written into the
METFIND séries and are discussed later in this chapter and in APPENDIX IV..

5-2-3.. Basic Calculations Performed

For each of the 500 search sites in one block : ‘

The metal position is converted to Cartesian coordinates (OB,AB,AC) and
the (metal-origin-X-axis) bond angle (180-BOM), and (metal-origin- XY;plane)
dihedral angle (ABM), are calculated.

Then for each shlfted/broadened atom METFIND calculates the expected
shift and broadening from the (metal-atom) and (atom-origin) distances
(DISTMH and DISIP), and the cosine of the (atom-metal-origin) angle (HMOCOS).
The -percentage differences of the observed and calculated effects-(SDIFFi)
are then tested against preset tolerances. (see next subsection). If all the
tests are passed, an RMS DEVIATION of the observed : calculated data (SFIT) |
is produced and again tested against a preset tolerance. If this final test
is passed a "FITFACTOR' 1s calculated and printed in the output array.

This illustrates the simplest possible case. Further steps need to be
inclgded if the data includes groups to be averaged, or if reflection of the

metal position is required (vide infra).

5-2-4 Tolerance Tests and Fitfactors’

The fitfactor used in the original program METALSEARCHl55 was based on

an average error function :

| obs - calc : ‘
Error = —= [A - Ai BQN. 103
(n-l)L bs

Most authors have‘preférred an RMS-type paramster such as Hamilton's R-factor
(see EQN.30). Since the system used in METFIND treats each nmr signal Indiv-
idually, avéraging together the shifts for each atom in a group, a weighting
factor (w,) is not necessary. The agreement factor chosen (SFIT) is a
percentage BMS deviation, calculated as follows :
obs Acalc)/A??s

SDIFFi = 100, (A - EQN. 104
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: o n obs cale, s 0bs, '
SFIT = 1.0 - /21-1(@1 'Ai )/Ai ) EQN. 105

. n-1 . ’ _
n-1.is used in FQNS,10% and 105 because the calculated shift of the first group
is normalised tou the observed value.

The larger SFIT the better the agreement (range 0 to 1).

Tests are performed on SDIFF and SFIT before producing a "FITFACTOR",

to reduce computing time, termlnatlng searches when prohibitively large errors
are found. The optional input for METFIND includes an overall error tolerance
(FITLIM) outside which all values of SFIT are to be rejected. Values passing

this test are scaled so that FITLIM = O and 1.0 = 1000 and printed in the out-
put array of FITFACTORS. In addition the 'individual shift errors (SDIFF ) are
tested against a tolerance (TOL) which is weighted by the number of atoms obs—
erved (NPROT) to allow for statistical scatter of results (see EQN.106 and FIG.

5-2.2).

TOL = (1.25 + 0.0075.NPROT) x 100(1 - FITLIM) EQN.106 106

NO ERROR - :
x *x xx x = SDIFF. values
x X x x X i :
'2"'35’X£'363("§" —EfL SFIT | This search plot produced
FITLIM -—--x-—-———-----&——-——--EX""- TEST 2 shifts within the specified
, x < X < - tolerances and a FITFACTOR
0L PR S . S .
3 ToL. : TEST 1 - would be calculated.

FIG.5-2.2 METFIND Tolerance Tests : Any value of SDIFFi below TOL terminates
the calculation for that search point and the FITFACTOR is set to zero.

_ In the original design of METFIND the group with the largest shift was
expected to be used for normalisation. Since this is the most likely shift to
have CS contamination, the program was modified so that any shift larger than
that used for normalisation is excluded in the calculation of SFIT but is still
tested against a modified TOL value. Similarly TOL was.adjusted for shifts
below 20% of the normalised value to allow highef percentage errors (see FIG.
g:g;é) whilst retaining the shifts in the calculation of SFIT.

FIG.5-2.3 Modification of TOL with A?bs

TOL is modified to allow for Fermi-

contact and shift measurement TOL Afemmemsememoon®

percentage errors.

MNhececcmalracccnnw

§5-2-5 Metal Reflection Option
142

Hofer
symmetrically disposed ortho and meta protons in pyridine if the best metal fit
was not to be artifieially forced into the plane of symmetry (see FIG.5-2.4).

mentioned the necessity of averaging the calculated LIS of the



- 189 ~

1 o _ o
FI6.5-2.41% Possinle Calculated Lanthanide (a) (b)
' Positions in Pvridine (a) Without averaging L
(b) with averaging the symmetrically disposed _ '
L , v ’ H H H H
nuclei. - .
L L
‘o _
Thié approach was taken one step further by Chadwick et all69(b)’278 who

argued that if the donor atom has two lone pairs bisected by a local plane of
symmetry, then the metal should be expected to occupy both sites equally, and
that averaging should be carried out between them. This is a trivial extension
in highly symmetrical molecules but may be important in molecules with lower
symmetry. For example, in FIG.5~2.1, the oxygen lone pairs would be expected
to lie in the XY-plane and so METFIND could carry out metal reflection (and
LIS averaging) in the XZ-plane. METFIND VII only caters for equally occupied
sites; an extension, to optimise the metal position and weight the calculated
Lis accordingiy, was considered (see APPENDIX III), but as metal reflection

was not heavily used in the study presented here the necessary alterations

were not made. (A similar mathematical approach could also be of use in deter-

mining the relative metal preferences in molecules with multiple binding sites).

-5-2-6 Methyl Group Rotation Optilon

The necessity for methyl group averagingls7’211 (see SECTION-1-6-5) was

highlighted in the initial proving runs on METFIND where calculated lH shifts
for the cis-N-methyl protons in N,N-dimethylamine (see FIG.5-2.1), of -1, 200,
200 were observed! This dramatic variation in the calculated shifts, due to

the methyl protons straddling the "magic angle" (54°44'), clearly indicates that

rotational averaging is essential for methyl groups close to the binding site.

156

The "100 position" averaging used by Ammon et al™~ 1s somewhat excessive
and the other extremes of only using the mid-point of the three protonsl42 is
unsatisfactory%58 A "twelve point averaging" option included in METFIND has been
found to be adequate, giving significant improvéments in the fit over the un-

rotated methyl group method.

" 5-2~7 METFIND Search Methods

METFIND was designed to operate with a unit search block of 500 points,
‘outputting a table of FITFACTORS after each block. Three types of search
method were developed : _ ,

(a) NON-ITERATIVE MODE - a single block search is performed..
(b) FOCUSING MODE - the initial search uses the input seafch parameters..b

The maximum fitfactor in this search is then centered by moving.the search
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area, and further searches are performed until the maximum FITFACTOR found lies

centrally within the search block..

the steps between search points.

The searches are then "focused" by reducing

The maximum FITFACTOR is again centred and a

final focusing and centering’perfofmed.

are referred to as RUNS;

~RUN 1-... RSTEP
RUN 2 ... RSTEP
RUN 3 ... RSTEP

O.lOR;
0.058;
0.028;

PHISTEP
PHISTEP

The three levels of "magnification”
the individual search blocks as ITERATIONS :

if

PHISTEP =
(c) MULTISCAN MODE - This enables hemispherical

searched by performing a series of 16 block searches in a rectangular pattern.

PSISTEP

PSISTEP
PSISTEP

= 5° (or Input values).
2° - '
1

0

shells to be comprehensively

FIG.5-2.5 Search Areas and Multiscan Search Patterns - Their actual shape

and diagrammatic appearance from the FITFACTOR Table Output

’(a)' How ‘the 16 search blocks in a MJLTISCAN cover a hemi-sSphérical shell

(b) A typical search block :

R(100-200/20), PHI(135- 180/5) PSI(180-225/5)

(e} Actual block appearance - looklng along the X-axis -

(d) Distorted block appearance - given from the FITFACTOR Tables
- Polar coordinate tables distort the spatial shape of the result. As
PHI tends to 90 or 270 PSISTEP tends to zero.

The block shading is the same in FIGS.(a), (b) and (c)
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(This can be reduced to 8 if planar svmmetry and/or metal reflection are pres- -
enf), Within a MULTISCAN the range of R
changes in range occurring in the FHI and PSI parameters.
MULTISCAN, PHI and PSI are reset tov90°, R is incremented and the process

fepeated until the desired R range has been completely searched. This search

is .he same in every block, the only
On eompletion of a

technique is obviously extremely useful if a complete picture of the best

metal position is to be acquired. The standard search pattern is illustrated

" in FIG.5-8.5.
 This and other METFIND options will be discussed in more detail in

APPENDIX IV, together with the program structure and some typical input/output.

' 5.3 Program Testing - Cholesterol

To test METFIND I, the LIS study of cholesterol by Barry et a11?? (cho-
sen because the shift and coordinate data were given) was repeated. The shift
assignments were assumed to be correet, but the peculiar numbering system and
search origin chosen were not adopted. The munbering system used in shown in
FIG.5-3.1, the orientation of the molecule in FIG.5-3.2, and the induced shifts

and transposed coordinates in TABLE 5-3.1.

lone pairs
of electrons

FIG.5-%.2 Orientation Viewed from the

FIG.5-3.1 Numbering System - carbon
-ve X-axis. Ring A positioned symmet-

~atoms numbered conventionally; protons

numbered as carbons with suffix (a) if
above plane, (b) if below (not used if
only one proton per carbon). In input,
carbons denoted by prefix 6, protons
by prefix 1. X signifies no data avail-
able. A total of 32 shifted groups
were observed. No data was available
for the side-chain (C20 orwards).

rically about the XY¥Y-plane as shown.

The position of H,, derived from X-ray
data, was used by Barry et al (155).

The lone pair syn to H_ is the least
hindered and its occupétion is supported
by the regults obtained(155) : R = 2.69R
MOC = 140;. PHI = 207, PSI =- 155,
(prgdicted position from figure PHI =
220, PSI = 1707).

In FIG.5-3.2 the assumption that the -OH group is stationary was made in

predicting the metal position.

In practice, a variety of groups were used for

normalisation in a series of FOCUSING MODE runs and since shifts larger than
the normalising value are not used in calculating FITFACTORS the alloted



TABLE 5-%.1 -Cholesterol - Induced Shifts and Coordinates (in ﬂ/lOO) TABLE 5=-3.2 Results of Focusing Metal Searches Using

Cholesterol LIS Data

$ indicates the nunber of groups used in
calculating FITFACTORS.

9o x | v | 2| s o ) x|y | g o B Lo ] G0 ] N0R o RSB PO e
100 |-25| 67 | 69 (1604 [ (e) |l 609 553 {137 | . 7| 57 (a) 602 314 | 29| 229 | 217|175 |567
6@1 345 81 |-122| 132 (b) 109 | 565 | 40 | =36 | 49 (a*)| 604 314 | 29| 236 | 218 | 174 | 567
101a)378| 136 |-208 | 89 |l 6200 Z39 156 | 5125 | (x) (b) | 601 132 | 23| 285 217 | 169 | 554
101b§388 | =16 |-125 | 104 | (m) 611 | 615 235 | -98 | 43 (e) 102b 260 | 25| 290 | 229 | 168 | 474

1602 [193| 67 |-120 | 314 |(a/a) [li| 612 765 | 221 |-111 | O+ (a) | 602/604 | 14 | 28| 233 | 218 | 175 |559
102a(148 | 164 |-137 | 296 | (h/1) 613 840 [218 | 20| 25 (e) 100 1604 | 32| 205 | 215 | 177 | 536 |
102b§165| 6 [-214 | 260 | (e) 614 7731117 | 115 || 25 (t) 603 993 | 31| 140 | 207 | 180 | 444
603 [143| o | of 993 | (¢) 615 | 827|108 | =35 | 18 (g) 103%a | 433 | 30| 259 | 224 | 174 |568
103 §178 |-101 ol 433 | (g) 616 (1009 | 124 | 170 o* (n) 102a 296 | 27| 205 | 217 | 177 {529
604 190 7| 126 314 | (a%/a) ||| 617) 987 | 164 | 25 18 (n¥) 104a 296 | 271 195 | 219-| 180 |500
104a)147 | 178 | 132 | 296 | (h*/1) |if 618 | 840|360 | 82| 21 (1) 102&/104a. 296 | 261200 | 218|178 | 505
104b{160 | 14 | 212 | 286 | () - ||| 118] 780 |427 | 20 (3) | 104b | 246 | 24| 328 | 221|161 |556
605 341 .85 | 125 | 114 | (1) il 118 801 {356 | 184 (k) 610 125 | 22| 157 | 212 | 178 |436
606 [437| 40 | 224§ 85 ' 118 945 | 398 | 85 (1) 605 114 | 21| 377 {212 | 159 | 509
106 368 | -4 | 304 50 619 || 356 | 304 15 100 | (n) | (m) 101b 104 | 20| 265 | 218 | 174 | 557
607 5591 48 | 220§ 4O 119 | 251 | 313 | -12 (n) 619 100 | 19| 212 {217 | 178 {527
608 623 | 143 | 135 40 119 | 371|340 | 120 | 80 Overall range - MIN | 157 | 212 | 161 | 436
108 614|280 | 178 | ko Il 220 ] 414365 | -61 ?ggludéng ru? MAX | 328 | 229 | 180 | 568

. ‘ and run (1) .
* The zero éhifts observed for atoms 612 and 616 were changed to 1 - + FITFACTORS scaled so that 0.7 = 0 and 1 = 1000,
~in the METFIND data in order to avoid attempted division by zero. ie. a FITFACTOR of 500 = a 12.5% RMS error.
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position of HO is of no consequence. These are indicated in TABLE 5-%.1 by the
letters (a) to (n). In runs (d) and (i) two groups with the same shift were
used for normalisation. The results obtained are listed in TABLE 5-3.2.. The
groups were selected in order to gauge the CS contamination in the observed
LIS close to the binding site and the.éffeet oﬁ the result obtained of only
using part of the LIS data available. All searches were started in the same
area, namely : R(220-260/10), PHI(180-225/5), PSI(150-195/5), with METFIND
al;owed to centre and focus onto’the.maximuh value without constraint. (N.B.
Metal search radii will be quoted in 8/100 when discussing MEIFIND input/output
in order to keep all the search parameters integral).

Several important observations can be made from the results :
(1) They agree with those of Barry et’al}55 The slight differences observed
are probably attributable to the different errorbfunction used in METALSEARCH.
(2) The choice of normalising group is critical and those likely to have CS
contributions, eg. HO’ 603, 605, etc. should be avoided. '
(3) The metal-donor radius is much more sensitive to changes than either of
~.the angular terms. ' '
(4) Normalising on Hj(g) gave the best result, (also the closest to Barry et
a1155), indicating little CS. The significantly different results obtained
from H2 and H4 are possibly due to the gmisSion of all the shifts closer to the
binding site, which give the best "fix" on the metal position.

This test work proved that METFIND functioned correctly and pfovided a

useful warning of the precautions required to obtain sensible results.

5-4 Approach to the Rotatlion Problem

Several major questions had to be answered before molecular rotational
optimisation could be undertaken using LIS data :
(1) Wnat operations are required to rotationally optimise complete molecules?
(2) How may the complex instructions required be flexibly incorporated into
a éeneral purpose program?

(3) What information/calculations are necessary to rotate a group?

Alfhough (3) is key, the answers to (1) and (2) provided the overall

strategy and will therefore be considered first.

5-4-1 Basic Concepts/Logistics of Rotational Optimisation

- For maxinum flexibility the operation of the program was split into 15
CYCLES, each performing a basic function nominated by a 15-digit input para-
‘meter (ROTN). The individual digits (NCYCOP) eould then be used to select the
sequence of the CYCLE operations, chosen from TABLE 5-4.1. _

Option (9) was not incorporated into'METFIND due to the prohibitive
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. computer-time required (up to 600 secs/CYCLE), instead. 1t was envisaged that
the max. FITFACTOR for the "fixed atoms” would be determined prior to the
ROTATE run. |

The constraints imposed by the system within which the NCYCOP options

were developed lead to the following features in METFIND VII :

TABLE 5-4.1 NEEFIND - Rotation CYCLE Options (NCYCOP)

No "NCYCOP OPTION

1 |Centre search area onto maxiumum FITFACTOR of fixed atoms (GYRO > 0).

‘2 JAdd next group(s) then recentre search area onto maximum FITFACTOR.’

'3_ Observe max. FITFACTOR region - ROTATE group(s) in sequence and optimise.

4 IFPix positions of all previously rotated groups (update stored coordinates).

5 JROTATE and optimise indicated group(s) using a smaller increment. )

6 |Perform complete ROTATION of indiecated group (300 STEPS) then optimise.

7 {Perform "TWELVE POSITION FREE ROTATIONAL AVERAGING" of indicated group.

8 |As 4 then output final atomic coords and results to TAPEQ for punching.
1(9)§ Perform a. full MULTISCAN then centre on max. FITFACTOR.

0 jTerminate JOB (STOP 3). '

jge=

All the molecular manipulation options are able to centre the max FIT-

- FACTOR found, passing the working search parameters from one CYCIE to the next.

Two sets of coordinate data are used, a stored version and a working version.

The unmodified stored version is taken at” the beginning of each cycle unless

TABLE 5-4.2 A Typical NCYCOP Sequence for a Type (IV) Alecohol (see FIG.5-4.1)

CYCLE |[[NCYCOP OPERATION

1 1 Centre search area onto max. FITFACTOR of "fixed atoms".

2 Add side-chain proton - recentre search area.

3 6 Rotate side-chain proton through 360O (in 300) return to optimum.

4 4 Update stored coordinates )

5 2 Add phenyl ring and ortho substituent - recentre search area.

6 6 Rotate ring through 360° (in 300), return to optimum.
T 4 Update stored coordinates. )

8 3 Optimise rotation of side-chain proton and ring in steps of 50.
-9 - ,4‘.; Updgte stored coordinates.
'164‘ | 5 Optimise rotatiop of side-chain.proton and ring in steps of 2°.>
11 4 Update stored coordinates.

12 1.5 Optimise rotation of side-chain proton and fing in steps of,lo.
13 8 Update stored coordinates - output results to TAPEQ for punching.
14 7  lPerform "FREE ROTATIONAL AVERAGING" of side-chain proton.

15 1 '" " o BTN of phenyl ring.
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updated by options (4) or (8). Operations (3) and (5) moy be performed on up
to four groups, (6) and (7) on only one group per cyeie. " The increments used
in operations (3) and (5) are selected by the user. Option (6) ensures that
a secondary maximum is not found while performing rotational optimisation.
Option (7) is useful for testing that en optimised orientation gives a signif- .
icantly better fit than "free rotation", it is however expensive to use.

~In addltlon to the NCYCOP optlons each atom was given a GYRO option
: whieh defined its role within each CYCLE (see SECTION 5-4.2 and APPENDIX IV)
A typical sequence of NCYCOP operations is given in TABLE 5-4.2.

FIG.5-4.1 A Typical Type (IV) Alcohol

showing (a) the "fixed atoms" ©
(b) the rotatable bongs 
" and the atoms affected.

The abillty to manipulate the nmr . inact-
ive specles was also developed as they were,
required for a molecule drawing program and
also for defining certain rotational oper-

ations (vide infra).

5-4-2 Requirements for Group Rotation

These are extremely simple as only the coordinates of the atoms to be
rotated and two points on the axis are required. The GYRO system was therefore ‘

introduced to define the role of each atom in each CYCLE by using the values :

© - omt s (2] o | [ |
(1) = Use ; Point is 3 214 Atom to be rotated about axis < ;.
(f?:eéed) Egg Ol?figgd?ms gg o o e‘r 2 e‘ _ Egg

METFIND VII can rotate and optlmlse four groups 1ndependent1y in one CYCLE

5-4-3 The Calculation of Rotated Coordinates.

X(x,y,z) is to be rotated about the axis defined by A(x,y,z) and B(x,y,z)
(see FIG.5-4.2). The following calculations are performed :
(1) Calculate the lengths AB, AX and BX (3-D Pythagoras).
(2) Use cosine rule to calculate cos £.
(3) Caleculate ratio AB/AC from AB/(AXcosf).
(4) Use difference A(x,y,z) - B(x,y,2) to calculate C(x,y,z)
a(x,y,2z) : and

it

(5) Use difference C(x,y,z) - Alx,y,z)
) C(x,y,2) - X(x,¥,2)
ete. The components of the gradient of CY are then given by @

b(x,¥,2) to find values ax, b
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480 ' ' i(EyEz - Ezﬁy),§(ﬁzﬁx - EXBZ),E(éxﬁy - éyBX).
‘ (6) The coordinates of Y are then given by :
------- US> b ~ (Cx + X, Cy + 5, C + z).

(7) X9 is then calculated from the propor- .
X tions of CX and CY.

(8) Using b(x,y,z) calculated in (5) and

B c(x,y,2z) from C(x.y.z) - Xgo(x,y,z), the coord-

PR P,

inates of any point X*)may be calculated from

EQN.107 :
A o ‘ . X = C(x,y,2) - cosfpb(x,y,2) + sinde(x,y,z)
' _ EQN.107
FIG.5-4.2 X to be rotated This process can be repeated for any num-
about axis defined by A and B  ber of points X to flnd the correspondlng C
X9O and X¢ for all points. For all atoms

whose Ci is on the B side of AB rotatlon w1ll occur in the same sense (look-

ing along AB from B to A a positive rotation of Xi produées a clockwise move-
ment). If, however, one C is on the other side of A, that atom will be rot- -
ated in the opposite sense.

In METFIND VII the first axial atom found (even GYRO code) is assigned
to A, the second to B. Care, therefore needs to be exercised in the ordering
of the atoms in the data deck. For example, if the ortho substituted phenyl
riﬁg in FIG.5-4.3 is to be rotated, then the assignment of A and B as shown
will'only give the correct result if the bond length C-Xx<1.48(ie.X = H or F).

FIG.5-4.3 If C-X ) 1 ne This chapter covers the

he A x )
then this assignment of
» A-and B will rotate X in

main procedures used in METFIND
VII and the reasons for their
development. Obviously with a

H 5 H the §pposite sense to
the rest of the ring. highly complex program, many
» foibles only become apparent
with experience, and understanding and adaption only takes place by dégrees.
By this method many minor improvements have accrued to thevMETFIND series,

meking the final version MEIFIND VII extremely versatile.

A full description of the Input/Output of METFIND VII, together with a
program listing and an explanation of the options available, is given in
APPENDIX IV.
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6 CONFORMATIONAL ANALYSIS OF THE TYPE (IV) ALCOHOLS FROM THEIR IANTHANIDE
INDUCED SHIFTS

6-1 Experimental

The recording of the non-shifted spectra ls reported in Chégter 4,
Shifted spectra were recorded in five 10-mm nmr tubes, kept for this purpose
and washed with conc._HNO3 between samplcs, The shift reagents, Eu(fod—-dg)3
~and Yb(fod-dg)j, were both commercially available and apart from vacuum . .
desiccatlon no special precautions were taken in their use.

Trial experiments had shown that addition of 100mg of Eu(fod—d9)3 or
66mg of Yb(fod-dg?3 tc 2ml of‘O.5M CDCl3 solution of the alcohol substrates
induced reasonable shifts in the linear region of an ISR ¢+ LIS plot with an.

: acceptable level of line broadening. Incremental additions of LSR to CIC1
solutions were found to be unsatisfactory, -as the weights added (~10mg/aliquot)

' could not be accurately measured due to solvent evaporation (see FIG.6-1.1).

- 150- Tommmeem e He

_100-
LIS
(Hz2)
}50 4

[ g .

Lo'

0 . z_’o LSR 30 (mg) 40 50
© 0 46 93 12 190 . Measured Wt
@ 0 46 169 328  Actual Wt 529

FIG.6-1.1 Cumulative Weighting Errors Duevto Solvent Evaporation in the Trial
LIS Spectra of H(IV). Actual weights calculated u51ng the correctlon
technlque of ApSimon and Beierbeck (196).

The single additions of ISR (100mr or 66mg) to lmmole of the dry substr-
ate, were therefore made before adding the dried CDCl3 (2ml delivered from a
syringe). The tubes were tightly capped and the ;H, 19F) and ¢ shifted
spectra'recorded within 24 hrs to minimise solvent evaporation.

Little difficulty was found in assigning the shifted spectra. In only
one instance, the Yb(fod-d ) Iy spectrum of oMe(IV), were incremental add-
itions of LSR necessary, as the HA B and C lines moved to the edge of the

~aromatics. ) ‘

Throughout, the initial and final shifts were measured to the third
decimal place in the FT ppm listings t0 avoid cumulative rounding off errors.

b
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6-2 Choice of ISR

The prqperties of the various lanthanide metals and chelates were disec-
ussed in SECTION 1-6-3. In the current work two LSR's were used :
Eu(fod-d9)3 with its extremely low broadening factor. proved ideal for

checking that substrate conformations .do not alter significantly on adding
ISR since tha various coupling constants are not destroyed by broadening; as
oceyrs with 6ther lanthanides. The coupling data obtained is discussed in
SECTION 6-%-1. |

Having established substrate conformational homogeneity betwéen the nor-
mal and shifted spectra, Yb(fod—dg) , with its large low-field PCS shifts and
negligible CS/CFS contamination, is the best reagent on which to base an LIS
conformational study (see TABLE 1-6.1). ‘

6-3 Shifted Spectra of the Type (IV) Alcohols

6-3-1 Coupling Data from the Eu(fod—dg_)3 Spectra
Comparisons of the normal and shifted 3JH and nJCF couplings are pres-
ented in TABIES 6-3.1 & 6-3.2. Since there is éBgeneral trend for all the

couplings to decrease by 0.1 to 0.2 Hz on adding the LSR, the effects observed

would not appear to be related to changes in conformation but rather'due to
"chemical exchange spin decoupling"l857187 (see SECTION 1-6.3).

- X NORM | LIS A 'm‘ X NORM | . LIS A

H 5.3515.15 | -0.20 . .
oF 4,50 {4.40 [-0.10jjp F 5.50 | 5.30 | -0.20 TABLE 6-3.1 Changes in

o€l |3.20|3.20| 0 |lpc1 |5.30|5.10 |-0.20| 23, _Couplings on
0oBr |3.00{3.00] 0 llpBr |5.30]|5.10 |-0.20 AB pgding ISR

oMe |6.00(5.90 [-0.10lp Me |5.50|5.20 [-0.30{ NB. 100mg Bu(fod-dg)
o Me || 4.10 | 3.60:|~0.50||lp OMe | 5.50 | 5.30 | -0.20 gives substrate : LSR
o NO,|l 2.85 |2.70 |-0.15llp NO_, | 4.90 | 4.80 |-0.10 ratio of ~ 10 : 1.

2 2

o CF3 4,00 [3.90 |-0.10|p CF3 5.15 | 4.95 | -0-20

The use of LIS data in conformational analysis of the Type (IV) alcohols

is therefore justified as there is no evidence of significant conformational

changes on adding the LSR.

6-3-2 Shift Data form the Eu and Yb(fod.—dg)3 Spectra

The LIS values used with METFIND VII were derived by "normalising" the
observed shifts such that the LIS of C-1 = 1000, In the case of the Eu(fod-d )
data no allowances were made for CS and CFS contributions to the shlfts, but

for the Yb(fod-dg) data the shift of C-1 was reduced to 4% to eliminate the
known CFS contr1but10n169 Since !b(III) chelates give only 5% CS to the
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' TABLE 6-3.2 Changes in °J

Couplings on Adding ISR

CF
"X | Spectra c-1'| ¢c-2' | 3|l o5t ehfe-1] c2f Cc-X
NORM || 12.8 |246.8 |21.4 | 8.7 | 3.7 | 3.6 | 1.8 | 2.6
oF LIS 12.8 |246.8 |21.3 | 8.7 | 3.6 | 3.4 | 1.6 |-2.5
1 A 0 | -0.4{-0.1 0 |-0.1 {-0.2 ||-0.2 {-0.1 {
NORM 1.5 | 30.3 | 5.8 2.2 | 1.6 | 274.0
oCF, | LIS 1.5 | 30.2 | 5.7 2.1 | 1.4 }273.9
A 0 | -0.1(-0.1 - -0.1 |-0.2 | -0.1
NORM 2.4 8.1 |21.8 [247.6 . 1.6
pF LIS || 3.1 | 8.2 21.7 [247.5 1.5
A +0.5 | +0.1 |-0.1 | -0.1 |- -0.1
NORM 1.5 3.9 | - 272.2
PCF, | LIS 1.2 3.8 : ' 272.4 |
A 0.3 -0.1 +0.2

Q-carbon in aminesl45 (compared to U5% for Eu(III)luS), diminishing to 1% in
;alcohols}67’l69 and CS effects themselves are short-ranged, no further meas-

ures were taken to "correct" the observed shifts.

TABLE 6-3.3 Actual LIS of C-1 Used for Normalisation (in ppm)

DERIV X H oF oC1 oBr oMe | oOMe | oNO, oCF3=
Eu LIS | 1.42% |1.590 |1.2%2|1.347|0.923| 1.699 | 0. 714 |0.471
Yb LIS || 1.353 | 1.317 [0.964 [ 1.268 | 0.992| 2.113 | 1.213 | 0.524
96%.Yb | 1.299 | 1.264 | 0.925 | 1.217] 0.952 | 2.028 | 1.164 | 0.503
DERIV X H pF pCl pBr pMe | pOMe | pNO,_ pCF3'=_
Eu LIS 1.423 10.835 | 0.830 | 0.744 | 1.681 | 1.880 | 0.847 [ 0.969
Yb LIS || 1.353 | 0.796 [ 1.217 | 1.306 | 2.004 | 2.170 | 1.167 | 1.015

96% Yo | 1.299 {0.764 |1.168 |1.254 (1.924 | 2.083 1.120 | 0.974

The normalised LIS of the Eu and Yb(fod-dg)3 spectra are listed in TABLES
- 6-3.4 and 6-3.5. The shifts for H-2 and H-3 were derived from AB approximations
to the AA'BB'-system (described in SECTION 4-5-1). ' |
Aséuming fhat the maximum errors in the 13@ measurements are -+0.020 ppm
and +0.002 ppm in the lH and 19F LIS, then the maximum range of errors present
in the normalised LIS data may be calculated (see TABLE 6-3.6). Although sone.

of .these potential errors are fairly large, most are below 5%. This is not

unreasonable when compared to the other sources of error in the LIS ecalculations
">(eg. coordinate errors and theoretical approximations). |

‘There are several reasons why additional LSR was not used (eg. to double
the LIS and therefore halve the potential measurement‘errbrs):

(1) Some difficulty was found in keeping 100mg of either LSR in solution in
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Alechols (Normalised on c-1)

TASLE 6-3.% Observed Shifts on Adding Efx(f‘cd-dg)‘3 to the Type (IV)

and consequently longer acquisition times, ete. _
(2) The more ISR present, the more likelihood of its affecting the preferred

conformations of the substrate.
(3) Increasing the LIS of the lH signals would have moved them under the

aromatic resonances rendering them useless.
(4) Additional LSR would have increased the line broadening - introducing

further measurement errors.

| X C-1'] €C-2'| C-3" ] C-4'f C-5' | ¢-6' | C-1| C-2 c-X Hy H, H, HX/FY .H-2' | H-3
H  [1318.3 [ 284.6 | 137.0 | 103.9 1000 | 284,6 215.5 | 502.5 | 1924 -
of [343.4 | 270.4 | 126.5 | 105.9 | 132.7 | 320.8 [ 1000 | 279.9 1317.0 | 540.9 | 2006 |205.2 !
o1 {467.5 | 223.2 [ 142.0 | 106.3 | 148.5 | 374.2 §1000 | 258.1 293.0 | 569.0 | 2192
oBr [478.1 {188.6 |125.9 | 92.1 | 150.7 | 377.1 {1000 | 250.9 239.0 | 511.5 | 1990
oMe {353.2 |208.6 |176.6 | 143.0 | 179.8 | 374.9 | 1000 | 305.5 {121.0 § 308.8 | 529.8 | 1844 §121.3
oltle || 343.7 | 353.1 §163.0 | 75.3 | 118.9 | 280.2 {1000 | 20%,9 {153.6 | 330.8 | 473.2 |1593 | 75.4
oNO,, {525.2 T 1331 | 92.4 | 162.5 [ 392.2 {1000 {247.9 | 331.9 [ 633.1 2521
ofF, |675.2 159.2 | 91.3|159.2 | 405.5 {1000 | 350.3 {256.9 | 305.7 | 607.2 | 2166 | 32.5
193 297.0 | 285.0 | 143,7 | 165.3 1000 | 273.1 368.91550.9 [2132 § 67.5 [295.2 | ¢8.2.
PC1 {275.9 | 283.1 | 153.4 | 119.3 1000 [ 257.8 fno4.8 [641.0 2663 324,71 84,9
pBr. §289,0 {303.8 | 127.7 | 107.5 1000 | 276.9 392.5 1608,9 | 2444 1377.4 | 59.1
pMe |258.2|279.0 [137.4 {113.0 1000 | 267.1 {119.1 [ 385.5 | 615.7 {2379 | 57.7 |313.7 | 86.4
pOMe ]260.1 |293.6 | 143,1 |125.5 1000 [ 254.3 § 50,0 [372.9 |578.7 {2234 | 38.3 |293.4 | 85.4
prO, | 328.2 | 314.0 | 137.6 1000 |297.5 425,0 | 687.1 |2672 47.7 [102.1
" {PCF; 1265,9 1200,0 | 150.7 1000 |293.1 | 58.8 [382.9|618.2 2452 | © 302.% | 76.4
JAv o {438.1 | 258.1 | 145.8 | 102.0 | 150.3 | 360.7 {1000 | 284.0 305.2 | 545.9 | 2029 -
Av p |289.2 | 291.6 | 184.6 | 123.3 1000 |275.6 281.0 | 600.4 |2365 316.% | 84.6]
' TABLE 6-3,5 Observed Shifts on Adding Yb('t’cic!-dg)3 to the Type (IV) Aleohol (Normaliéed on 96% C-1) N
X joarjca| e ey est| o6 el ca fox §od | o fH ju/RY S Ey
H |[495.01}311.8 |183.2|111.6 1000 | 505.0 | zo4.1 | 670.2 | 1063 ©
of [ 489.7|234.8 | 151.6 | 110.0 | 142.4 | 337.0 { 1000 | 512,7 363.1|623.8 {1741 | 218.4 |
oC1 [555.7 | 259.5 | 144.9 | 112.4 | 160.0 | 406.5 | 1000 | 5%2.7 336.2 | 649.7 | 1835
oBr [ 480.6 | 218.6 |117.4 | 98.1 | 137.5 | 381.0 {1000 | 51%.4 332.0 | 663.2 | 1782
oMe |521.0]302.5 |184.9 |166.0 | 217.4 | 421.2 § 1000 | 536.8 {164.9 | 401.8 | 678.0 | 1723 | 173.3 |
olMe § 453.1 { 292.2 { 133.0 { 101.1 | 116.7 | 282.5 {1000 | 501.2 | 111.3 [ 367.3 [ 659.0 | 1779 ] 94.8
oN0, § 473.4 | 201.9 | 134.9 | 103.1 | 131.% | 380.6 {1000 | 522.3 329.5 | 667.5 | 1873
oCF, §493.01292.3 | 175.0 | 157.1 | 188.9 | 387.7 | 1000 | 55%.7 |161.0 | 372.8 | 647.1 | 1658 | 125.2
PF - }511.8 | 331.2 | 120,9 | 125.7 1000 | 520.9 4ok 7| 6GB4.6 2206 38.9 1319.8| 71.9
1 | 477.7 | 289.4 | 155.0 [ 131.8 1000 | 12,7 335.2 { 535.5 | 1614 _¥253.8| 66.8
pBr | 4%9.8 | 308.6 | 156.7 | 120.4 1000 | 518.3 321.8 | 480.9 | 1474 244,0] 76.2
PMe |477.1 (307.7 | 1%4.5 | 116.9 1000 [508.2 § 93.2 | 337.6 | 548.4 | 1500 | 42.6 jor5.2| 75.4
{pMe § 891.6 | 324.5 | 161.3 | 145.5 1000 | 515.2 | 70.6 |324.8 | 526.% | 1443 | s4.2 §270.8 |102.0
pN02 433,0 | 328.5 | 208.9 | 164.3 1000 | 425,0 345.1 | 604.9 1705 T . §281.3] 98.2
PCF, | #16.8 | 203.6 | 1%1.7 1000 | 518.5 | 49.3 |381.% | 637.6 |1905 4 30.5 f205.2 |100.1
Av o ] 4¢6.5 | 264,5 | 143,2 | 1222 | 156,3 | 370.9 f1C00 | 526.4 357.5 | 655.5 | 1802
_Avp 469.1 | 311.% [154.0 | 130.9 100 | 490.5 358.1 | 586.1 | 1725 277.1| 8s.4
2ml of CDC]_j so further additions of LSR would have required weaker samples

By plotting the Eu-LIS againsf the adjusted Yb-LIS for each: substrate

and constructing the best-fit line through the lH data a measure of the CS and
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TABLE 6-3.6 Potential Measurement Errors in the Xbﬁfod—dQQB LIS Data

, c-1 - SMALLEST 12¢ LIs|SMALIEST H LIS % 118
LIS | ERROR ||NORM LIS | ERROR [[NORM LIS | ERROR |NORM LIS | ERROR
H 1.299 | 1.5% ||  111.6 | 13.8% 392.6 0.4%. . :
of [1.264 | 1.6% | 110.0 | 14.4% | 363.1 | O.4% | 218.4 | 0.7%
loc1 J0.925 | 2.2% | 112.% |19.2% | 3%6.2 | 0.6% ‘
oBr |1.244 | 1.6% |  98.1 |16.4% | 332.0 | 0.5%
oMe fo.952| 2.1% | 166.0 | 12.78 | 173.3 | 1.2%
oOMe ||2.057 | 1.0% | 101.1 | 9.6% o4.8 | 1.0%
oNO_ [1.164 | 1.7% | 103.1 | 16.7% | 320.5 | 0.5% |
oCF, [0.503 | #.08 | 157.1 |25.3% | 372.8 | 1.1% | 125.2 | 3.2%
oF ~ llo.764 | 2.68 | 125.7 | 20.8% | ‘uoh.7 | 0.6% 8.9 | 6.7%
pCl [[1.168 | 1.7% 1%1.8 | 13.0% | 335.2 0.5% '
pBr [[1.254 | 1.66| 120.% | 13.2% | 321.8 | 0.5%
pMe [11.924 | 1.0% 9%.2 | 11.2% o6 | 2.4%
pOMe [[2.083 | 1.0% 70.6 | 13.6% sh.o | 1.8%
pNO, [1.120 | 1.86§ 164.3 | 10.9% | 345.1 | 0.5%
-pCF3 0.974 | 2.0% 49.3 | 41.6% | 381.% | 0.5% 30.5 6.7%
Using 0.020 ppm as the max. Using 0.002 ppm as the max.
error . error
1-BOND | 2-BONDS 3-BONDS TABLE 6-3.7 Estimates of the CS
X Ho_| C-1 C-2[ C-1' C-2'| C-6'|TYPE and CFS Contributions to the Eu-
H | #12| 230|-105| -68 1 45 LIS Data (Scaled to C-1 = 1000)
oF | 95| 130(-168| -82[20 |30 | 1 .
oCl | 595| 125{-218 | -20| 0 |20 CFS eontributions to the Eu-LIS
oBr | 640[ 240|-137| 107{ 24 | 88 may be obtained. Several types
oMe | 505| 220[-115| -52| 0 |47 of plot emerge (see TABLE,6-§.Z),
oOMe || 312 | 280( -62 17 145 72 _ typical examples of which are
oN02 62| o5]-260| 60| / |15 5 shown in FIG.6-3.1. The oCEE(IV)
x| 660| 95{-150 | 230 / 55 and pF(IV) LIS (FIG.6-3.2) appear
°CF5 480 0|-1551| 235 80 to be slightly anomalous.
pF*- 255| 149{-170|-145| O | 1 The alternation of CS shown in
330 | 200|-165 |-140 |-10 " the "Type 1" alcohols is in accord
pCl 715 |-210|-245 |-307 165 with the observation5165’17l’174
pBr | 560 1-265)~260 |-378 |-60 noted in SECTION 1-6-1.2, whilst
pMe | 700 |-120-302 |-250 |-65 3 - the reversal of sign of C-1' pre-
pOMe {1125 |-125 | -325 =895 |70 sent in the "Type 2" alcohols may
pN02 710 |-165 5200 -1801-70 reflect a diffefence in thé trans-
pCF5 | 560| -10{-220|-125 | -5 oidal relationship C-2 and C-1' to

* Upper line =

best

fit.ine. origin;
Lower line = best fit (TH data only)

the metal (See FIG.1-6.2158’172’173).
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FIG.6-3.1 Plot of Normalised Eu-LIS vs Yo-IIS for (4) oF(IV) - a 'I‘ype 1!
Case, and (B) pMe(IV) - a '"Type 3' Case.

" The best-fit 1I-I line is-used to measureée the CS/CFS contrlbutlons in' the Eu-ljc
data (Vertical Bars). In every instarice HC has a large +ve CS whilst C-2 has
a‘large -ve CS. DNote that the axes have béen compressed for convenience.

® ®

0 500  Yb 106@8 zobo

- FIG. 6-3 2 Plot of Normallsed Fu-LIS vs Yb-LIS for (A) oCF (IV) - a 'Type 2!
Case, and (B) pF(IV) - a 'Type 3' Case.

These plots are ahomalous in the 15 Type(IV) alcohols as they are the only
cases 1n which the best-fit “H line (so0lid) does not pass through the origin.
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The significance of the 1H best-fit lines for the oCFj(IV) and pF(IV)
alcohols not passing through the'origin is elusive but may indicate a confor-
mational change between the Eu and Yb LIS spectra. There is, however, no corr-
oborative coupling evidence that the Eu-substrate structures differ from those
in the normal spectra.

The negative CS's for C- 1 found in the "Type 3" cases are accomponied by
"very large p051t1ve values for the Hb CS. This effect is obviously linked to
the para series but whether it is due to a weakening of the 0-Ln "bond", to
relief of steric crowding in the vieinity of thenbinding site or the tendency
of the para derivatives to. occupy all three side-chain rotamers approximately
equally (the ortho derivatives show considerable rotamer selectivity - see FIG.
4-8.14) cannot be satisfactorily determined from the limited data available.

Whatever the causoé of the deviations between the Eu-LIS and the Yb-LIS,
this brief comparison illustrates the necessity of selécting the Yb(fod—d9)3
data, as this is known to contain the highest percentage PCS of all the Lan-
thanide Shift Reagents (see SECTION 1-6-1.2), and is therefore the best LSR

for conformational work.

6-% Substrate Coordinates

- The following assumptions/approx1mations were made in calculating the
coordinate data :
(l) The aromatic ring is planar with all angles equal to 120°.
. (2) The two side-chain carbons are fully tetrahedral (bond angles 109. 5°) -
an abproximation as the C-C-Cl angle is known to be 111.5° in C2H5Cl and is

~ probably 110.5° in C2H401227902280
(3) The C-0-Me anflée ="121:. 80
(4) The bond lengths were taken from standard texts 279 200 " (see TARBLE 6-4.1).

" (5) For the initial substrate position a choice of three C-1/C-2 ROTAMERS
-(ROT1, ROT2, ROT3) and two C-1/C-1' ORIENTATIONS (ORl: C-6' cis to Hy, OR2: C-2! .
cis to HB) was available. Normally the preferred rotamer (from FIG.4-8.1%)
and the orientation which placed the larger LIS.of C-2' or C-6' cis to Hy were
chosen._ Since choice of rotamer/orientation has no bearing on the position of
~ the fixed atoms, and the first operation in the rotational optimisation of the
 molecule is to rotate all the bonds, selection of the initial substrate confor-
mation is only critical if a very poor fit is obtained in certain orientations.
The atomic naming convention used for the Type (IV) alcohols (see FIG.
6-4.1) was similar to that used for cholesterocl in SECTION 5-3. The "Fixed
" Atoms", ie. those whose positions do not change on rotation of the C-1/C-1" or
C-1/C-2 bonds, are also indicated. _
The standard program COORD was used to obtain B;D coordinates from the
bond length and bond anglé data and this was manipulated using a modified -
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TABLE 6-4.1 Bond Léngths Used in Calculating the Substrate Coordinate5279’280

BOND LENGTH BOND LENGTH ~ BOND LENGTH
-C—C- (SIDE) | 1.54 -C—OH - (SIDE) | 1.48 =C-0—Me (SUB™) | 1.35
-C=C- (AROM) | 1.40 [tC-0—H (SIDE) | 0.97) -C-C—H, (sus™ | 1.11
=C—Me (AROM) 1.52 || =C—<F  (AROM) | 1.30 ';Cf—NOQ(AROM) _1.49
=C—H (AROM) 1.08 | =Cc—C1 (AROM) | 1.67 '-N:-(b (suB™) | 1.22
-C—H (SIDE) 1.09 =C—Br (AROM) | 1.86. ‘-C——CEE(AROM) 1.52
-C—C1 (SIDE) 1.76 =C—OMe "(AROM) | 1.36 =C-C—F, (suB™) | 1.33

FIG.6-4.1 Atom Naming Convention

Based on four digits...the first two are
used for the Atomic Number (ie. C = 6,
= 9 ete.); the second two for the car-

bon framework number : 1-8(9).

version of S.J.Robert's program XYZFG to

obtaln coordinates in the desired orient-

3 Q-FMEDATM4' ation (ie. with the +X-Y plane passing
' ' through C-1, C-1' and C-4).
The calculated coordlnates for the various groups of atoms are listed in
TABIES 6-4.3 to 6-4.6, the ROTAMER/ORIENTATIONS selected for each of the 15
Tyﬁe (IV) alcohols being given in TABLE 6-4.2.

TABLE 6-4.2 ROTAMERS/ORTENTATIONS TABLE'6-4.3'Coordinates;of Fixed Atoms

meray [e e ] oot oo o] x [ v [
H+PARA 1 1 HB 107 | 1.8433333| 0.5138310{( 0.8899812
T 1 > H-4'* || 104 | 3.2800002|-5.0911688| 0.0

o C1 3 o c-1 607 §1.48 0.0 0.0

"o Br 3 o c-2 608 1.993_3329 0. 7259630 |-1.2574047
o Me ) 5 c-1' 601 | 1.9866667|-1.43306971 0.0

o OMe 5 1 c-4' 604 || 2.9200001 |-4.0729350| 0.0

° N02 ? ! *OIn the8O:r = thi - 1 :;0b

o CF_j o . 2 the der};v ; series is is replac v

'6-5 Approach to Rotational Optimisation (Rot/Opt) Using LIS and METFIND VII

The method ﬁsed is outlined in Chapter 5. Two sets of searches/optimis-
ations were made for each set of LIS data : (1) Normalising on C-1 (607),
(2) Normalising on Hy (107). The Yb-LIS study of oF(IV) normalising on HB
will be used as an example in this section (supported by APPENDIX IV), the _
condensed results for all alcohols, from both the Eu- and Yb-LIS, being pre-
sented in SECTION 6-6. |
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TABLE 6-4.14 -CHClE Retamer Coordinates

Iarom | ave X [ v 1 7 |Iﬂi§j&£& Aromatic Ring Orientation Coords
ROTAMER 1 ' OR.1  OR.2 X v .
Hy |.208 |1.6333332 | 0.2165460 |-2.1392210 | | ATOM |NAME || ATOM | NAME _
C1 |1708 | 1.4056665 | 2.3853068. |-1.2574047 | [C-2' | €02 | C-6' | 6C6 || 1.6484524 | -2.2951087 | -1.05
ClL_|1708 | 3.7533332 | 0.7259531 |-1.2574OKT7 i 1 C-3' | 603 || C-5' | 605 2.1151192 | -3.6150413 | -1.05
- ROTAMER 2 C-5' | 605 | C-3" | 603 | 3.2582144 | -3.2108960 | 1.05
Hy | 208 11.6333332 | 1.7441967 |-1.25T4047 | | C-6" | 606 || C-2' | 602 | 2. 7915477 | -1.8909634 | 1.05
C1 . |1708 §3.7533332 | 0.7259631 |-1.25T4O4T | ; )
c1 |1708 |1.4066667 |-0.1037092 |-2.60m387 | B2’ | 102 | H-6" | 106 )|1.0275443 | ~1.941876% | -1.86
G ROTATR 3 H-3' | 103 [ H-5' | 105 {11.8542110 | -4.2800428 | -1.86!
Hy, | 108 |3.0733333 | 0.7250631 [-1.2574047 H-5' | 105 | H#-3" | 103 {3.8791226 | ~3.5641283 ( 1.86
CL {1708 | 1.4066667 | 2.3853068 |-1.z574047 | |H-6' | 106 [H-2" | 102 5.0524559 | -1.2250620 | 1.86
c1 |1708 | 1.8066667 |-0.1037002 |-2.6944387 ' ' T
TABLE 6-4.6 Ring Substituent Coordinates
SUB™ |aToM INaME JOR™} - ORTHO X | ORTHO Y | OFTHO Z |[NAME| PARA X PARA Y | . PARA Z
F [F 902} 2 | 3.1056038|-1.0904987| 2.0250000] 904|13.3533335|~5. 2085868 0.0
Cc1 { C1 (1702} 2 | 3.1940890|-0.8€26741 | 2.3025000 [1704|| 3. b766669-5. 6474261 0.0
Br | Br {35024 2 | 3.2L08895|-0. 7456831 | 2. 4450000 3504 3.5400002| -5. 8265598 0.0
Hl 109 3. 7969074 | -1, 40k 7ok | 2.9206556 | 109]3.0566668 |-6.02926371~0.9063112
CH3 H2 109] 2 | 2.23375171-0.6052060| 2.6940778] 109| 3.0566668|~-6.0292637| 0.9063112
| Hy | 209 3. 7137157 |-0. 0819470 | 1. 7877665 | 109/ 4. 5366669 |-5. 5060047 0.0
—i C 6091 2 | 3.1587518{-0.9550354 | 2.1900000} 609} 3. 4266668 |-5.5060047 0.0
\. F, | 909 3.9233887 |-1. 6013962 | 3. 0654702 | 909 2.9833335|-6.1329728| -1. 0850404
CF3 F, | 999} 2 2.0504184}-0.5358706 | 2. 7939851 999 2.9833335|-6.1329728 ~1.0859494
F, | 909 3.8237518| 0.0910975 | 1. 7080446 | 9091 4. 7566669 |-5. 5060046 0.0
0 802 0. 8665681 |+1.8502977 |-2. 0699999 | 8Ci#t13.3733335|-5.3551553 0.0
C |69 0.540L329 -2.6815495 -3.0824999 § 609)3.0471980|-6.1864071]-1.0125000
OMe Hi 109 1 |-0.0804753|-2. 1566851 |-3. 7934081 | 109{3. 4941677 {~7. 1546058 ~0. 8415918
H, 109 1.4404328 |-3. 0219239 [-3. 5729540 § 109|11.9732596 | -6.2893670|-1. 0620459
H, |109 0.0004329 |-3. 5310409 |-2.6911377 | 109]3. 4132595 |-5. 7802500|~1. 9438622
N 702 0. 7918291 |-1.087778¢ |-2. 1675000} 704 (3. 4166669 {-5. 4777205 0.0
No | O, | 802} 1 | 0.3851624-0.6575520-2. 1674999 | EOk 3.1219373 | -6. 228258 | -0. 915C000
0, go2 0. 4970995 -2.5589843 |-3. 0825000 | 804 4.11.80632]-5.8767421| 0.9150000
6-5-1 Metal Search Based on Fixed Atoms

relative to the "fixed" substrate atoms.
Atom Nos. 800, 607, 608,107,601, 604 and 104 (or pX see FIG.6-4.1).
could be done as part of a ROTATE run by using NCYCOP = 1 (in effect a FOCUSING '

The first stage in the rot/opt process is to find the best metal position

In the Type (IV) alcchols these are
Although this

MODE search - see TABLE 5-4.1) it is more thorough to perform a complete
MULTISCAN search using the fixed data and then to start the ROTATE run with
This saves considerable

the known maximum within the initial search area.

time in the already lengthy ROTATE runs and ensures that an isolated maxi-

mum is not found.



- 207 -

- In oF(IV).onlylfive fixed atoms have observable LIS. The data used for
the initial MILTISCAN search is shown in APPENDIX IV-1 with part of the output
in APPENDIX IV-3. The max FITFACTOR (978) (using FITLIM = 0.500 ie. SFIT =
0.989 or RMS error = 1.1%) was found at (300/155/240).

As Hy (107) was used for.normalisation'only L atoms were used to locate

the metal position. Since 3_atoms‘are the minimum requirement fdr a unique
solution the likelihood of there being several equally plausible maxima is
considerable. This is seen for oF(IV) in FIGS.6-5.1 & 6-5.2 where "ridges" in
the FITFACTOR tables bifurcate, illustrating how real the possibility of sett-

ling on a secondary maximm is when using FOCUSING MODE searches. ;Thé occurr-~

ence of secondary maxima decreases as the number of atoms with LIS data increase.

6-5-2 Rotational Optimisation

_ Having established the position of the maximam FITFACTOR a ROTATE run ca,ﬁ ‘
Be'considered. The SEARCH PARAMETERS are chosen so that the known max. is
“within the first search area with the first NCYCOP option = 1 so that this is

centred on. Subsequent CYCLES add the side-chain and‘phenyl ring in turn,

initially with crude rot/opt (30° steps), followed by finer adjustments until
no further improvement in fit cah be obtained. The NCYCOP sequence shown in

'TABLE 5-4.2 was widely applied although a modified sequence was used for oOMe
& pOMe(IV) so that the orientation of'tﬂe-OMe groups could be;bptimised with -

respect. to the. phenyl rings. | L v

The attempts at rot/opt of oF(IV) provide good examples of some of the
problems incurred when using METFIND in the ROTATION MODE. These were mainly
due to two maxima, present in élose proximity, in the early stages of the runs.

The problems are best illustrated by "talking through" a complete ROTATE run

{see APPENbIX.IV, p-2782279) then comparing the results of the two methods used.

A ROTATE run starts with WRITEA output followed by a table of the initial
INTER-ATOMIC DISTANCES. Each CYCLE begins'With a description of the operation
selected and a listing of the atoms to be used. In CYCLE 1 the maximum (and
secondary maximum) FITFACTOR of the FIXED ATOMShwas centred on (see TABLE
6-5.2). In CYCLE 2, H-108 (in ROT2) was added to the FIXED ATOMS and the
search area centred onto the new maximum. Only one rotatablé group should be
added ot a time since the orientation is unlikely to be correct and hence the
position of the max. FITFACTOR might move considerably, leaving no results in

the search area and terminating the run. In CYCLE 3 a crude rot/opt of H-108

was perforﬁed. This involves rotating the group (including any nmr inactive
R atoms) in steps of 30 through a complete circle. Increments from 30 to 330
were abandoned in favour of a 30.to 180, ~30 to -150 pattern as this’ gave less
incidence of the search area "wandering aimlessly" out to R = 600 (at which
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FIG.6-5.1 FITFACTOR MAXTMA vs RADIUS

In both cases where "ridges" in the
FITFACTOR tables bifurcate, on increasing
the search RADIUS, the higher branches are
initially lower than those leading to the
secondary maxima and would therefore not
be found by a FOCUSING MODE search. This

illustrates the necessity for performing R : ' a
full MULTISCAN searches. This type of FIG.6-5.2 FITFACTOR MAXIMA : PHI vs PSI At Each Search RADIUS

behaviour is a function of the size of the () Indicates maxima in the FITFACTOR "Ridges"
data set and the tendency for the format- ‘ (I) Indicates the position of the max. for the initial search

lon of secondary maxima 1s considerably A,B,C) Indicate the limits of the FITFACTOR searches
reduced by increasing the number of LIS (4;B,C) e 1 rche

observations used. The’-X'a§is is towards the observer (le. the molecule is behind
the page). ' ' . ,
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point runs aré terminated). Even with the improved NCYCdP = 6, ROTATE pattern
* search areas can become SILLY (see p.277) if the initial direction of rotat-
ion»is incorrect. This can, however, be overcome by using the NCYCOP = 3,
ROTOFT = 6 opfion‘(vide infra).

‘When starting a search, METFIND normally retains the parameters of the
last search. This used to be so in ROTATE options when returning to the ori-
entation with the max. FITFACTOR. If, (eg. in NCYCOP'= 6 operations) the search .
area has moved significantly away from the max. FITFACTOR position, the orig-
inal ‘max. may not be refound. Sometimes a higher, though more frequently a
19w€r'"maximum", was found so the program was modified to return to the
original max. only. In both the oF(IV) runs, the maxima found at each CYCLE 3
orientation were identical (see TABLE 6-5.1) but the first run found a differ-
ent "maximum' on returning to the 90° orientation. TABLE 6-5.2 shows this quirk

had a dramatic efféct on the course of the two rotatlonal optimisation runs.

. TABLE 6-5.1 Maximum FITFACTORS Found at Each H-108 Orientatioh in CYCIFE 3

ORIENTN | MAX { R | PHI | PSI || ORIENTN |MAX | R | PHI | PSI
INITIAL | o8 | 270 | 170 | 210l -30 963 | 275 | 175 | 182
30 |961[290|160|2%0( -60 - |[916| 315|185 177
60 o34 | 290 | 160 | 235 -90 864 | 315 | 185 | 182
90 965|310 | 145 | 250 -120 | 844 325 | 187|179
120 fouo 270|170 | 205| -150  |862 | 315 | 185|179
150 {962 {275 [175 | 182| +90(1) |50 | 265 | 142 | 129
180 | 915 | 315 | 185 | 175 || +90(2) |965 | 310 | 145 | 250

In CYCLE 4 the stored coordinates were updated with the new H-108 coord-
inates. CYCLES 5, 6 and 7 repeated the sequence used for H-108 with the ping
»éarbons and ortho fluorine group. Ih both runs the initial ring orientation
was found to be the best.

CYCLE 8, with NCYCOP = 3 (increment = 5°) was the first stage of the
finer optimisation of both rétatable groups. NCYCOP = 3 and 5 feature searches
which check that new orientations have higher max. FITFACTORS than their pre-
decessors. If the first increment lowers the max. the direction of rotation
is changed. Rotation continues until a max. value is passed, the orientation
being reset to'the average position found at the highest FITFACTOR. Further,
up to 4 groups may be rotated in turn, in one CYCLE, provided that the axial
and rotating atoms of each are independent. Here, with only two groups to
optimise, the process is straightforward, although several repeats are needed.
in order to overcome interactive effects-(rather-ahalogous ﬁd shimming a magnet).

Here the two runs differed dramatically, the first rotating H-108 by
+60° the second by only +50. .Other differences remained marginal. CYCLE 8 -
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was followed by two further ROTATION CYCLES (10 & 12) with CYCLES 9, 11 & 13
used to update the stored coordinate data. CYCLE 12 was the final stage of the
irot/opt process so CYCLE 13 used NCYCOP =.8-to output a copy of the cobfdinates
for card punching. ' B ,

In the two remaining CYCLES, first the side-chain and then the phenyl
ring were subjected to "TWELVE POSITION FREE ROTATIONAL AVERAGING" by using
the NCYCOP = 7 option. Although very expensive (taking up to-100 CP secs ber
ITERATION) this is a very uséful test of the significance of the orientation
derived by the rot/opt process - if there is no drop in the FITFACTOR max. on
"free-rotating" a group then the hypothetical "rigid" orientation has no sig-
nificance. This judgement should be weighted by the size of .the group for if
only one atom out of 11 (as occurs here with H-108) is free-rotated then its
effect on the FITFACTOR should be expected to be fairly small.

TABLE 6-5.2 Rotational'Optimisation of oF(IV) (Normalising on H-107)

' o HUN 1- FUN 2

CYCLE |NCYCOP OPERATION rorN|Max| ® |puT|Pst| RoTw|max| m |Pmr|PST
1 1 |FIXED ATOMS - 955(270(1751185( = |9781300|155|240
2 2 |ADD H-108 ROT2|948|270|170|210 | ROT2{94k| 280|170|230
3 6 |ROTATE H-108 +90° | 750|265 | 142 129 +90%{ 965{ 310| 145|250
5 2 |ADD RING + oF OR2 (897|235 160|192 OR2|893|300| 150|235

6 | 6 |ROTATE RING + oF 0° |8o8lez5|162]192) ° | w |l w | w | w
8 3 . H-108 +60°|gu8lo71 [174|180] +5°|90%|305| 146|245
3 w RING + oF  |2.5° [gkgla7a|i7|179| -5°|914|305|152|239
10 5 » H-108 0° |g50|e72|17h|179| -4°|916[305|150(2

| 5 w RING + oF O wlwlwlwl 2% wlwluln
12 5 » H-108 0° | w|w|nln [H1.5%°017]304| 152|230
5 « RING + oF oy ln|wle [F1.5°017|303{153|238
14 7 |FREE ROTN H-108 939 (272|175 |179 933| 263|173 (183
15 7 |FREE ROIN RING + oF 866|252 |135 | 104 832|178[158|170

Although RUN 2 appears to be better in the first three CYCLES, HUN 1 is
elearly better later on. This is borne out by the max. in CYCLE 14 being 11
units lower than in CYCLE 12 for KUN 1 whereas it is 16 units higher in FUN 2!
The side-chain orientation is definitely not optimised in RUN 2 but: is it opt-
mised in RUN 1? From TABLE 6-5.1 the "TWELVE POSITION AVERAGE" for H-108
with just the 5 FIXED ATOMS is 924 ie. 41 units lower than the max. value 965,
Since FITFACTORS are based on an BMS function the expected drop in the max.
' FITFACTOR on free-rotating H-108 with 11 ‘atoms rather than 6 cannot be directly

caleulated; here the épproximation 6/11 of 41 ie. 22 will suffice. The obs-
erved drop (11) is probably less sighificant than the drop seen in CYCLE 3,
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{e. the significance of the side-chain orientation is debatable. On further

examination of TABLE 6-5.1 the likelihood of a unique soiution to the side-

- chain orientation can be seen to be very small as maxima (@963+2) exist at -

-0, +30, +90 and +150. ‘ |
The drop of 84 and 85 units respectively in max. FITFACTOR on rotating

the ring and ortho fluorine appears to be fairly significant but on examining
the CYCLE 6 cutput a secondary maximum of 884 at 185/152/172 is found in both
runs, which although at too short a radius to be tredted seriously shows the

dangers of accepting results at their face value.

6-5-3 Full MJLTISCAN Search

Once a ROTATE run has been successfully completed a MULTISCAN MODE search,

based on the full data as optimised, is performed to check that a secondary

maximum was not used for optimisation.

In the case of oF(IV) this was only

performed for the FUN 1 final orientation, the maximum found being identical
" to that found in the ROTATE run ie. 897(FITLIML = 0.750) @ 270/175/180.

6-6 Results of Rotational Optimisation Using the Fu- and Yb-LIS

6-6-1 Initial Maxima Found for the FIXED ATOMS

'i‘Iﬁ most cases there wefe,only 5 FIXED ATOMS.

In some para derivatives

the FIXED ATOMS

TABLE 6-6.1 Maxima in Bu-LIS MILTISCAN Searches of

DERIV | No. NORM ON C-607 NORM ON H-107 607| 107
X JATOMS| MAX| R [PHI| PSI| MAX| R [ PHI| PSI| 2nd| 2nd
H 5 |811]|260|105]|125] 845|280 | 110| 217 / | *
oF 5 897| 270 | 100] 190 904 | 280 | 105| 225|  / *
ofL | 5 | 901|240|155|205) 981 |200]|150| 190} / | *
oBr | 5 [905|170{ 145|195 943 {150| 145|190 / | /
oMe 5 43| 260 | 110 | 195| 714 | 260} 115 | 195 / *
oOMe 5 905| 260 | 145 | 110| 933 | 240 | 155| 130| * *
oNO2 5 797( 210 | 155 220 907 | 200 | 155 | 220f / | $ *
4oCF3 5 | 6761225 160 217| 966 | 250|160 130 / | $ *
pF 6 | 586|270|100|190| 541 | 280|105 225 / | *
'pC1 | 5 {635|200| 95| 270f 477|200 90| WX| /| *
pBr | 5 | 749|290| 90| XxXX| 685|290 95| 90f / | *
pMe 9 | 441|280 | 100] 222 362|200 95| 255 / | *
pOMe 5 5721 200] 95{ 90 500({290( 90| XXX{|| / *
pNo, | 4 | 647|180 | 210| 220 864 | 200 | 210 240} /. $
pCF, 8 1105 | 200|180| 220] 64300 170| 105) $ | $.*%

* Secondary maximum at higher radius than max.
$ Secondary maximum at
XXX When PHI = 90 all values of PSI are equal.

urred at 490/145/115).

value (9 of these values occ-
shorter radius than max. value.
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this number.was higher (eg. pF and pMe) whilst with pNO , the C-4' LIS signal
was not observable, lowering the number to 4. The Eu-LIS results are given in
" TABLE 6-6.1, the Yb-LIS results in TABLE 6-6.2. Note the Eu-LIS results are
generaliy poorer than the Yb-LIS results,'with the radius of the latter usually
iongerﬁ(especially when normalising on C-607). Tﬁis is probably due to the CS
-addition to the .Eu-LIS of C-607. ' | -

TABLE 6-6.2 Maxima in Yb-LIS MULTISCAN Searches of the FIXED ATOMS

DERTV | No. | NORM ON c-607 NORM ON H-107 __|607 | 107|
X |ATOMS [MAX| R | PHI | PSI |MAX| R |PHI | PSI |2nd | 2nd
H 5 | 976|260 165|150 |970}250 (155|135 | / | /
oF 5 | 9671200165225 978 {300 {155 | 240 | / | /
oL | 5 |966]200|175|205 986310185185 / | / -
oBr || 5 953260170145 951 310 (145|260 | / | /
oMe | 5 |[ou3|300] 245|185 |985 |360 |160 | 170 | / | /
oOMe || -5 916 || 260 160 135 [|o24 | 310 |135 | 265 | / 7
oNo, | 5 [918]255| 170|152 oo {310 (145|260 | / | /
oCFé 5 951 | 310 | 137 | 207 986 | 330 |150 | 195 | / /
pF 6 763 | 320 | 190 | 160 | 769 {340 (190|155 | / | /
pC1 | 5 898 230|135 | 165 926|220 j125.|145 | / | /
pBr 5 | 756|320 | 140 | 250 |985 [ 220 |10 {170 | / | *
' plMe. g 670 | 300 | 150 | 235 ||661 | 350 |175 {205 )| / | /.
pOMe || 5 787 | 300 | 145 225 782 | 220 [135 {125 | / *.
pNO, || 5 809 | 270 | 125 | 187 {772 [ 305 (138 |77 | / | /
pCE, 8 . | 793|310 | 160 | 245 767 | 300 |175 | 145 | / | /

* Sécondary max. = 977 @ 410/180/210 in both cases.

6-6.2 Results of the ROTATION MODE Runs

The results from CYCLE 1 are the same as those given in TABLES 6-6.1 &

| 6-6.2. In CYCLE 2, H-108 is added and the max: FITFACTOR found. This is used
as the 0° reference in the CYCLE 3, NCYCOP = 6 rot/opt of H-108. As illust-
rated in SECTION 6-5-2 a knowledge of the individual results for the 300 rot-

ation increments is useful in later determining the significance of the opt-

imised geometry. The maxima for CYCLES 2 and 3 are therefore given in TABLES
6-6.% and 6-6.4, for the Eu- and Yb-LIS data respectively, with the CYCLE 5
and 6 maxima for the phenyl ring optimisation given in TABLES 6-6.5 & 6-6.6.

In all cases the upper values are for normalisation on C-607, the lower values
 for H~107. -S-(an abbreviation for SILLY) indicates the CYCLE and run termin-
ated due to an illegal search area (ég. R greater‘than 63, ete. ).

Where Me or CF, groups were present these were "free-rotated’ using the
"TWELVE POSITION AVERAGING" option in addition to any ring rot/opt performed.
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TABLE 6-6.3 CYCLES 2 & 3 : H-108 FITFACTOR Maxima for Eu-LIS Data.

DERTIV || Ini ‘ , : :
X | som | -150|-120 | -90 | 60 | -30| 0 | 30| 60| 90| 120|150 | 180 | nm
Y ROT1 || 414 {534 | 689|800 8181 7751681 | 579 | 483 | 408 | 362 | 359
ROTL| / | / /| /| /7 |3 eT|688 657|655 |-S-| /|| 1
oF |ROT2| 500 |425 | 38L | 385 | 4h2 | 562 | 715 | 850 | 873 | 810 | 704 | 597
- jROT2 | 658 |656 | 684 | 745 | 825 | 898 | 925 | 915 | 865 | 807 | 740 | 687 || 2
oCL ROT3 || 908 1905 | 883 | 846 | 807 | 785 | 785 | 805 | 840 | 871 | 896 | 906
~7 . |ROT3 || 847 893 | Q49 | 923 {901 | 888 | 904 | 935 [ 930 | 871 | 820 | 809 | 3 |
oBp | ROT3 | 746|791 | 779 | 738 | 680 630 | 590 | 559 | 530 | 506 | 553 | 767 |
ROT3 | 663 |733 | 759 | 740 | 684 | 604 | 535 | 516 | 515 | 525 | 548 | 588
oMe |BOTL | 451 (542 | 657 | 745 z;g. T4L | 687 | 609 | 535 | 477 | 440 | 423
, ROTL | / |/ /7 TL7 | 652 | 779 | 753 | 760 | -S~ | / || b
oOMe | FOT2 679 |641 | 629 | 649 | 709 | 823 | 929 | 892 | 915 | 908 | 825 | Thk
ROT2 687 |671 | 687 | 737 [ 815|909 | 943 | 901 | 931 { 916 | 817 | 724 |
oNo_ | ROT3 | 640 (563 | 543 508 | 475 § 452 | 433 | 415 | 395 | 383 | 400 | 625
2 |ROT3 || 314 410 | 489 | 516 494 [ 45% [ 401 | 360 | 318 [ 280 | 256 | 259 { 5
ocF. |BOT2 | 613 (601 | 603 | 617 | 637 | 654 | 666 | 675 | 682 | 677 | 661 | 637
3 | ROT2 659 (621 | 618 |642 {678 | 715 {736 | 755 | 777 | 783 | 802 | 795 || 6 |
| BOTL 1256 \348 | 474 | 565 | 577 | 541 | 485 | 416 | 350 | 293 | 257 | 230
P ROT2 | 522 |527 | 550 | 592 |6U1 | 667 | 678 | 666 | 636 | 598 | 561 | 534 1| 7
01 ROTL Y| / | / / | -8-|582|511 |L4e5 | 338 | 255 | 182 | 137 | 138
rRo®1\ / |/ /| VvV /NN NV 8
pBr ROT1 | 302 |426 | 583|703 |686[608 {513 | 423 | 341 | 275 | 235 | 240
: ROT1 / /| / |/ |616}556 |52 {511 |-8-| / | /
pMe ROT1 [ 160 |251 |372 | 445 [L446 | 414 | 366 | 311 | 254 | 194 | 145 | 126
rROTL¢ / \/ |/ |/ |/ V-s-V/ VN NSNSV 9
pOMe ROT1 | 158 {283 | 445 | 560 |556 | 495 412 | 325 | 237 | 156 | 102 | 99
w1y / |/ |/ V7 /s /|7 V7 /7 /|9
NO: ROT1 | 356 (418 | 467 {488 | 471 | 415 | 330 | 274 | 236 | 230 | 253 | 297
P |RoT2 | 299 324 | 384 | Bug 517|590 {698 |s42 |133| 0 | o | 0 |10
op | ROT1 | 103 (116 1722 120 |106] 97| 82| 73| 70| 72| 79| 89
P07 W/ |/ VAR VAR VAR VAN RV RV VAR BV BV -
Key : (1) Later solved by using ROT2 and NCYCOP = 3.
(2) All results at ~R = 500 o
(3)  All results at ~R = 450, Sequence 30 to 330 used
(4) This still occurred with an initial ROT2 position
(5) A1l at R= 100 t0 190 ... too close
(6) Max at R = 80 ... much too close o
(7) ROT1 search gave SILLY result in CYCLE 3. With ROT2 all results
at R > 500 S
(8) SILLY result in CYCLE 1
(9) No results found with ROT1 or ROT2
(10) Had to use ROT2 to obtain a result

446 indicates the maximum value; 935 indicates a secondary maximum value.
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" TABLE 6-6.4 CYCLES 2 & 3 : H-108 FITFACTOR Maxima for Yb-LIS data

DERIV | Tnj .
X R?)%:r -150 |-120 | -90 | -60 | -30{ O | 30| 60 | 90| 120 | 150 | 180 | NB
g (BoT2 j 82k 1 805 | 817 | 860 928 | 963 [ 935 | 919 | 938 | 945 | 956 | 875

ROT2 || 813 | 795 | 813 {863 | ol | 968 [ 916 (783 [ 823 | 926 | 951 | 867

ROT2 | 852 | 833 | 844 |882 | 933 | 944 | 951 | 931 | 951 | 945 | 952 | 901

oF I Rroro | 862 | 84 | 864 | 916 | 965 | 048 961 | 934 {965 | 949 | 962 {915 | 1

o1 |ROm3 | 8k 910 |93 {9691 958 {950 | 959 | 976 |92 | 889 | 845 | 830
ROT3 || 913 | 941 [ 950 | 969 | 985 | 973 | 987 | 959 | 967 | 934 | 920 | 883
ROT3 || 904 | 926 | 932 | 960 | 927 | 909 | 919 | 94T {937 | 909 | 880 | 864

ROT3 || 725 | 782 | 904 {953 | 867 {903 | 916 | 948 {950 | 918 | 781 | 647

M ROT1 | 924 | 942 | 865 | 808 | 820 | 900 | 944 | 888 {842 | 826 | 838 | 875
©% Irom1 | 958 | 82% | 780 | 776 | 803 | 866 | 956 | 931 | 874 | 857 | 878 | o4k

ROT2 | 817|797 | 805 [842 | 897 | 917 | 826 | 771 [ 815 | 893 | 922 | 866
ROT2 | 802 | 783 | 797 |841 | 898 [ 855 | 850 | 847 |84k | 855 | 914 | 853

— -

ROT3 | 889 | 899 | 905 ggg 903 | 888 | 894 | 919 919 | 889 | 872 | 856
2 |ROTX | 693 [ 683 | 702 | 766 {869 | 923 {899 | 879 |885 | 908 {922 {910 | 2

ROT2 || 848 | 831 | 839 | 870 | 915 | 952 | 876 | 814 | 822 | 901 | 948 | 889
3 | ROT2 | 892 | 874 | 893 | 946 | 990 | 930 | 864 | 813 | 824 | 838 | 972 | 945

== .

g |ROT2 } Th5 | T36 | T46 | T69 g@g 758 | 710 | 694 | 721 | 761 | 183 | 769
P ROT2 | 760 | 748 | 757 | 787 { 827 | 834 | 819 | 812 | 822 | 834 | 818 | 788
o1 |FOTL | 751 814 | 885 907 900 | 908 | 875 | 804 | 743 | 706 | 697 | 712
P ROT1 | 980 [ 902 | 851 (835 | 851 | 916 | 918 [808 | 704 | 621 [566 [926 | 3

Br | ROTL 714 | 757 | 780 | 755 | T4L | 760 | 689 | 748 | 705 | 676 | 667 | 680
T |ROT1 | 565 | 715 | 869 | 959 | 959 | 953 | 900 | 807 |691 | 599 |529 |506

Me |EOTL | 673|684 | 692 687 | 692 | 688 | 668 | 677 | 662 | 653 | 653 | 662
P™ tRori | 480 | 0 |70 | 0 | O |651 |688|665 {657 | 675 |689 1586

oMe | BOTL | 780 | 802 | 802 | 779 | 783 {808 | 792 | 774 | TA8 | 773 | T38 | 755
PP Irom1 | 603 | 715 | 811 | 766 | 714 | 726 | 793 | 805 | 738 | 650 | 587 {559

ROT1 | 719 | 769 | 819 [826 | 821 | 829 |803 | 752 | 705 | 675 | 667 | 682

odroTr } / V /| /|7 1/ |80losz| / |/ |/ 1/ |/ | &

ROTL | 765|785 | 768 | 765 | 766 | 745 | 778 | 747 | 716 | 703 | 709 | 731

PCF; I ror1 | 766 | 766 | 738 | 728 | 751 | 771 | 765 | 737 | 708 | 698 | 708 | 735

-—— ——

~ Key @ (1) See SECTION 6-5.2 - results given for ﬁun 1 search

(2) Initial Rotamer derived from Max.found with Eu-LIS data

(at 8 = 123.5°) _

3) Secondary max at R = 225 - Max at R = 455 (Repeat NCYCOP =3 -
- - Rotated +17.5 ), _

(4) NCYCOP = 3 search used as NCYCOP = 6 produced a SILLY result
: (R>6R) Optlmised at +25° Max @ 500/164/147
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TABLE 6-6.5 CYCIES'5 & 6 : Ring FITFACTOR Maxima for Fu-LIS Data.

DERIV (| Init

x  |omn |"150 -120 | -90 | =60 |-30§ O § 30| 60| 90| 120|150 |180 | NB

ORL | 617|588 | 640 | 724 | 749 [695 | 617 | 588 | 640 | 724 | 749 | 695

H lor 741|695 | 700 | 757 1827 || 816 | 741 | 696 | 701 | 762 | 827 | 816

o |0R2 | 767] 716|636 | 605 |623 |692 762 | 685 | 573 | 503 | 535 | 616

R || /\ /| / |/ |/ |95 |ch2 k5| -8-| /| /

orR2 || 771|833 | 858|871 {878 | 825 | 736 | 638 | 548 | 514 | 567 | 677

oCl lore | ohh| 520|521 | 647 [ 759 | 817 | €0 | 862 | 890 | 895 | 762 | 626 | 1
oBp | OB2 | 642| 754 | 809 | 817 |809 | 761 | 662 | 536 | 432 | 390 | 432 | 53T

" | OR2 629 | 736 | 791 | 798 {785 || 714 [ 596 | 474 | 392 | 358 | 406 | 510

OR2 |l 655 726 | 699 | 686 | 711 %g 675 | 551 | 430 [ 334 | 396 | 505
/ /77

oMe |/ YA WAWEAW / 7
OR1 564 | 571 | 546 | 574 587 | 547 | 483 | 418 | 398 | 445 | 517
Melom |/ {/ |77 |/ ss0l / A\ / /171 /|

OR1 568 | 506 | 462 | 447
2 | OR1 534 | 514 | 502 | 499

488 | 550 | 616 | 643 | 643 | 639 | 619

oNO 535 | 570 | 595 | 599 | 597 | 592 | 570

OR2 || 470 | 424 | 348 | 250 416 | 420|406 0 | 0 | O ; ©

oCF

o wiv =luwu
NN NN \Iro oot
RI[CBIFTIER|

3||0R2 || 369 106| 0 | O 201 || 518 | 594 | 605 | 288 | 554 | 545 3
g |OBL | 451} 396 474 | 588 574 | 440 | 365 | 474 | 588 | 624 | 573
b OR1 WYY S-\/ |/ N/ VL LS
A AT Ay ARV EVEWEWEWY

/ BN ERENE VA AR VAR VAR VAR VAR V4
NN AN VA, wifsoe-s-| /7 |/ 17|/
/ VAR VAN BV V4 VAR VAR VA RV AR VA VA BV
OR1 3821 312 | 392 | 494 |522 |87 || 381 | 315 | 391 | 494 | 522 | 484
e VNN T N7 T
ove | O /Y /7 Vo / 5182|292 -s-{ /| /| /
P / VA VA VAR VAR IR VAR BVAE RVAN BV AN BV AN BV AN V4
pNO OR1 VAR VAN VAR VAN BB VA BV BV A A

2 | OR1 /NS NV e v NN
w & [ 717217217217 ez 72172721717/
P/ V2 V2R V2 VA VA WA BV AN VA RV BV B V4

Note that results are symmetrical for X = H and para X
Key @ (1) Actual max observed at R = 42('5 - returned to max 837 @ 210
Sequence 30-330 used. '

" (2) NCYCOP = 3, STEP = 5° used as previous NCYCOP = 6 searches
had R > 6A. : ' '

(3) All results at ~R = 100!
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TABLE 6-6.6 CYCLES 5 & 6 : Ring FITFACTOR Maxima for Yb-LIS Data

DERTV [ Init

lom |-150]-120| -90 60| -30| 0 | 30| 60| 90120 150|180 | KB

i 804 | 766 | 816 | 898 | 938 [ 8o1 | €04 | 766 | 816 | 898 | 938 | 891
| ora T4 | 750 | 807 | 891 | 937 [ 885 | 794 | 750 | 807 {891 | 937 | 885

¢ 0B | 894| o3k | 836 838 | 879 | o3k f ook | 838 | 669 | 546 | 621 | 796 | 1
OR2 || 876 884|815 | 799 | 867 | 89T | €66 | 805 | 729 | 644 | 628 | 817

oc1 |0B2 | 819921 | 957 1926 | 9h1 } 905 | €18 | 711 | 599 | 544 | 590 | 702
OR2 || 800| 913 | 932 | 900 | 920 | 898 | 784 | 720 | 598.1 515 | 559 | 676

oBr [OB2 | 769 729|872 ol | ol 8ok || 808 | 701 | 578 | 510 | 551 | 657
- I OR2 5801 728 | 925 | 959 | 945 890 | 800 | 701 | 580 | 508 | 537 | 641

oMe' OR2 || 736| 826 | 857 | 856 | 856 | 825 | 740 | 609 | 411 | 264 | 372 | 574
OR2 36| 810 | 832 | 837 | 821 || 763 || 681 | 608 | 539 | 426 | 420 | 609

OR1 || 739| 725 | 672 | 618 | 680 | 805 | 500 | 892 | 821 | 759 | 795 | 866

o0Me | ory | 726 | 706 | 660 | 589 | 633 757 || €82 | 875 | 807 | 747 | 783 | 855

OR1 729 | 630 | 504 | 433 | 474 1582 | 694 | 782 | 867 | 886 | 864 | 808

oNO5 lorx | 416| 452 | 561 | 675 | 763 | B77 | 670 | 839 | 786 | 705 | 615 | 485 | 2

OR2 822 | 877|845 |832 {838 |S4L | 783|646 | O 0 0 |620

oCFz lora || 805 | 854 | 8oL | 801 | 767 | 750 || 720 | 658 | 548 | 202 | 19 | 615

ORL || 553 | 475 | 540 | 720 | 815 | 725 | 553 | 475 | 540 | 701 | 815 | 725

PP lom | 568 ko7 | 542 | 707 | 806 | 694 | 568 | 497 | 535 | 676 | 758 | 709

o1 |ORL | 596|520 | 619 | 705 | 734 | 705 596 | 520 | 619 | 705 | T34 | 705
P ORL | 553|523 | 603 |676 | T43 | 675 | 551 | 520 | 616 | 695 | 686 | 674

oBr OR1 575 | 404 | 622 | T49 | 776 | 724 [ 575 | 494 | 622 | 749 | TT6 | 724
ORl | 536|500 | 653 | 765 | 678 | 670 || 536 | 505 | 662 | 773 | 68% | 671

oMe ORL | 595 | 517 | 615 | 699 | 718 [[660 | 595 | 517 | 615 | 699 | 718 | 698
\ ORL | 567|520 | 631 | 660 | 697 | 688 | 567 | 518 | 630 | 683 | 666 | 668

ORl || 572 452|573 | 755 | 820 | 754 | 547 | 414 | 553 | 740 | 821 | 777
OR1 541 ] 459 | 528 | 638 | 680 | 658 [|539 | 467 | 532 | 640 | 692 | 675

pOMe

OR1 530 | 426 | 531 | 689 | 747 || 706 | 529 | 426 | 531 | 689 | 747 | 706
PO lom | 7| /|7 | /Blen |/ |/ |7\ 7|7 |/ |3

cp |ORL | 559 | ko1 | 559 |690 | 759 |689 559 | 491 |559 | 690 | 759 | €89
PY¥3 lorL | 549 | 496 | 549 |683 | 769 |683 | 550 | 497 |5ko | 683 | 763 | 683

Key : (1) If two maxima at same value returns fo last one found

(2) 1Initial Ring orient” = result from Eu search (w = 270°). FRuns
with ORl gave lower results. A

(3) As with H-108 Rotation NCYCOP = 3 used. Optimised at -35°
: Max 737 @ 332/165/167. .

_ The NCYCOP sequence was modified for the derivatives containing methoxy
groups in order that these could be rotated relative to the phenyl ring. The
> nQrmal'(1) and modified sequences (2) are given below: Initially the OMe

groups. were set in the plane of the ring pointing away from the side~chain.

1-2—6-4 ------ 4-5-4-5-8-7-7 . (2) 1-2-6-4-2-6-4.6-4- -4-3-. - -z,

I
‘ l H-108 H—108\ as (1) OMe ALL l as (1)
FIXED  RING = TAPE9 RING OMe
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TABLE 6-6.7 Rotational Optimisation of the Methqxx Groués (Initial —.CYCLEB
, Final CYCLE 12). - | »

-150 |-120|-90{-60]-30| O | 30} 60| 901120{150|180 Fcl)lggg

48h4 | 556 (615|604} 602]588| 586 (603 622 612(5791418 [102.5
0 0 | O |637] O |566|571|588|614|588({473| O |-60

509 | 713|843|854{885[900|905{868 797 711|639(520| 12.5
535 | 734 1832|838869862|887 1865 | 794 691|601 |530] 17.5

b
0

DERIV

o0OMe

Both runs failed before reaching this stage :

pOMe 21|821[821]821{820 (819|818 818{818 |820 |-120

88 |692|6931693]691 |688 |685 | 682680 |680 |+47.5

o
N
]

820
681

55 EENFE|E 2

g
oY [e¢}

o)}

8

' iﬁall‘ details of CYCLESS8, 10 and.lé are omitted on :groun‘ds of space. The results
after full rot/opt (CYCLE13) and free rotation (CYCLES 14&15) are given in
TABLES 6-6.8 & 6-6.9. The omitted values in TABLE 6-6.8 are from runs which
failed (due to poor LIS data) before completing optimisation, the abbreviations
_ are explained below TABLE 6-6.9. ' '

TABLE 6-6.8 Final Results of the Eu-LIS Rotational Optimisation of the Tvpe

( IV} Alcohols

Deriv [N |MAX | R | PHI | PST | Rot {8 | Or [S[Rot(2)|M|or(2) |M|MAX14|MAX15|V
- 17531250 109|153 211 {2 |216 |o|] / ° / | | 600 | 772 {1
_ 1b|837 | 512 [ 179 | 125 | 248 |0 {190 |Of / / 789 | 884 |0
oF 2 773 (251 | 109 | 160 | 209 |2 | 214 o} / 30 |=} 618 { 780 1
o1 |2 [887 | 249 152 202 195 |1 322 |2 / / 874 | 752 |1
© bl 84k | 196 {145 | 178 1150 {1 {120 |2 © |=| / 821 | 731 |1
oBp |4 |819 1761135 1781171 |2 {298 |2} 20 = / 678 | 630 |?
T lup|807 | 153 | 142 | 183 | 265 |2 | 298 |2| 145 |=] / 655 | 591 |0
oMe |5 |732 |248 |121 {189 203 |2 |353 |2 / / 645 | 502 |1
oOMe |6 {626 | 198 (155 {162 {263 |0 |180 |0} 210 |=| 60 |=} 610 | 627 |1
No | 7 |646 | 242 | 111 1162 || 205 |2 |283 |2} / -/ 508 | 569 |1
O™ | ol612 122 [ 150 [ 188 || 124 {2 |270 (1} / / 439 | 570 {0
op. |8 [479 1250 (162 | 213 | 241 | 0 1157 |2 / 30 % Los / 1
Ov%5 18bl638 || 100 | 147 | 177 146 |2 | 91 |2} ./ w0 5l /1 / |o
pF |9 |625 258 | 111 175 149 |2 |212 |0 / / 525 | 665 |1
pMe |12|525 | 277 {103 |182 220 |2 {209 (O} / / 4os | 552 |1

The angles specified in the Rot & Rot(2) and Or & Or(2) cloumms of
TABLES 6-6.8 & 6-6.9 (0 and  respectively - see FIG.1-5.1) were calculated

' using the following rules :
(1) For ROT1, ROT2 and ROT3, @ = 180, 300 and 60° respectively.

(2) For ORL and OR2, W= 180 and 0° respectively.
- (3) METFIND measures side-chaln rotations in the opposite sense to 8.

(4) METFIND measures ring rotation in the opposite sense to Ww when X is H
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‘ TABLE 6-6.9 Fihal Reéults of the Yb-LIS Rotational Optimisation of the Type

(IV) Aleochols

Or(2) |M|VAX1L [MAX15

Deriv| N-IJMAX | 'R | PHI | PSI | Rot | S| Or | S|Rot(2)| M v
H 1951250171179 ||308 | 1] 211 |Of 150 |=] / 945 | 972 |1
. 1bfoso | 230 | 168 | 180 | 295 | 0| 210 [ O 150 |=| / 936 | 950 |1
oF | 2 [946 2431169 | 181 155 |0} 236 |2 360_ O |=|946 | 818 |1

2bjos0 (272 (175|179 (15011} 3 |2 50 |= 240 |=] 939 | 866 1

oC1 31970277 | 176 [ 197|359 | 2| 263 | 2| 120 |=]| 330 |=| 914 5 11

3bj967 283 | 1771197 2 |2|262 |2 90 ‘=] 330 |=] 914 | 758 |1

Br 4 tosg 251 |17 | 1k0 f1a5 |2 323 |2 © =| / 915 | 722 |1

4plo68 | 250 | 156 | 124 126 (2| 284 | 2f 330 |=| / 927 | 717 |1
oMe 5 §863 210 | 136|193 161 [0 | 270 | 2f 300 {=} / 861 | 472 |1
5bi854 307 [ 141 | 202 [303 | 0| 268 | 2| 150 |=| / 851 | 4ub |1
oOMe| 6 [911 227 | 168 | 167 | 163 | O | 218 2| 300 |=| / -%— 911 | 759 |1
, 6bf896 || 215 | 170|170 1155 [0 ] 220 (2| 330 |={ O |5} 896 | 740 |1
N 891 262 {163 | 138 |129 | 2| 106 | 2| 345 |=| / 872 | 681 |1
2| 7bf886 || 260 | 159 | 130 [ 131 |1 | 282 | 2| 334 |=| / 870 | 672 |1
ocF. | 8 |88 [ 316 | 141 | 219 § 302 |0 | k2 |2} 30 |=| O =] 885 | uon |1
3| 8b{876 | 316 | 144 | 220 | 303 |0 | 242 |2f 30 |=| / 873 | 407 |1
e |9 |845 | 293|189 | 180 |331 |0} 210 |1} 150 |= / 844 | 789 |1

p 9b}838 | 300 | 190 | 179 |152 |0} 209 |1| 300 |=| / 836 | 779 |1
o1 |10 1738 | 213 | 165 | 180 | 168 | 0§ 210 {0 o240 |=| / 5 | 765 |1
PYL 110bj746 | 311 {183 | 179 {150 | O | 210 |0} 330 |L| / vy | 737 |1

0B 11 (7771213 | 160 | 178 | 285 |0 | 210 |0f 120 |3} / T4 | 796 |1
ST 111b] 785 | 168 | 132 | 162 190 |2 | 234 |off / / 698 | 838 |2
Me |12 {727 228 | 163 | 180 {300 | 0| 210 |Of 210 |=| / 727 | 749 |1

PP l1ob703 [ 303 | 173 {182 | o5 |2} 208 |1] 150 |=| / 0 / 11
oMe |12 832 | ob7 | 141|174 150 [0 | 215 |1 285 |=| / 828 | 814 |1
PPRe 13p]825 | 361 | 169 | 192 [350 |1 | 205 |1 120 |=} / 802 | 802 |1
NO 14750 [ 252 [ 141 | 183 [163 |0 | 208 |off 240 |=]| / 745 | 745 |1
P™ohupl7u3 324 (167 (173 (135 |0 | 212 (1 / / 735 | 723 {1
cr 1151773 o64 1178 | 180 325 |0 | 210 |1 150 |=| / 770 | 723 |1
P 3115b[790 | 293 [ 181 | 178 |148 | 0| 209 |1} 315 |=| / 785 | 734 |1

Notes : N = Normalising group, n = 607, nb = 107.J

Rot & Or = Optimised Side-chain and Ring geometries.
Rot(2) & Or(2) = Geometries of secondary maxima found in CYCLES 3 or 6.
S = Significance of Optimised geometry compared to free-rotation maxima
Scale : O = No significance; 1 = debatable significance; 2 = significant
L = Larger but at R = 455. ‘ ‘
M = Magnitude of Secondary max. compared to max.: (=) = approx. equal,
(3) = considerably lower.
MAX14 & 15 : Maxima in CYCLES 14 & 15 - "free rotation" of H-108 and
rings respectively.

= validity of CYCLE 12 maxima - if 2.1 { R < 3.6 results invalid.
Scale . O = Invalid; ? = debatable - rather low; 1 = Valid.

or para, and in the Same sense when X is ortho.

Points
5- 4-3)

(3) and (4) reflect the choice of the axial atoms A and B (see SECTION
in the ROTATE runs.
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The results of the Fu-LIS and Yb-LIS based optimisations (TABLES 6-6.8
and 6-6.9) have 1ittle in common. This was expected as the Eu-LIS data con- -
tains sighificant'CS distortions in at least.three carbon atoms (seeAFIG.6-§.1)
This is refleéted in the generally poor FITFACTORS (ef. to the Yb-LIS results)
and also in the small number of runs which (a) were completed (15), and (b)
produced FITFACTOR maxima in feasible positions (10) - a poor record out of
the 30 runs attempted. Alsc as the same data was used for the two runs with
each derivative these should, if no CS/CFS distortions were.present, have pro-
duced similar maxima and optimised orientations. This is clearly not the
case with the Eu-LIS data.

The Eu-LIS results are therefore only reported for comparative purposes
and: are not intended to be taken as meanlngful as there is ample evidence to
contradict thls. They do, ‘however, serve as a useful warning that apparently
sensible rot/opt can be performed using poor LIS data and emphasise the necess-

iity of ensuring that all the LIS data used is based solely on PCS.

6-6-% Results of the Full MULTISCAN Searches

Having completed.a ROTATE run the coord. data output in CYCLE 13 was
used in a full MILTISCAN search to check that the results were not based on a
secondary max. Where this occurred the data/options were modified and the
ROTATE run repeated until a satisfactofy result was obtained. All the ¥Yb-LIS
rot/opt results fall into this category although several Eu-LIS results do not.

It was intended that the CONTUR outﬁut from the full MULTISCAN runs
-should be used in piotting 3-D contours of the FITFACTORS. A colleague,
J.C.Burgess, spent considerable time and effort in tackling the problems ass-
ociated with handling and converting arrays of up to 50,000 nunbers in polar
coordinates into sorted cartesian coordinates and then plotting stereoscopic
surfaces of the contours produced. Unfortunately this mammoth projeet could
not be finished in the time available and although well advanced had to be
shelved. When necessary 3-D contours were plotted on a specially constructed
model - see APPENDIX V. :

6-7 Interpretatlon of the Yb-LIS Rot/Opt Results

A maJor shortcoming of the rot/opt method developed for METFIND VII was
the assumption of a unique optimum conformation. This approach may seem very
naive (especially in view of its failure in interpreting three-bond couplings -
see SECTTON 4-8.2) but the alternative of optimising randomly weighted populat-

ions, as well as performing the rot/opt procesé devised, was discounted for

several reasons
(a) Expense. METFIND VII was already a large complex program whose time

and output usage bordered on and sometimes exceeded the maximum available,
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ie. 600 CP secs, 5120 lines of output.

(b) Development time. This would have been considerable and the likelihood
of successful debugging in the time available was small. .

(¢) Applicability. . The Type (IV) alecohols have only one atom'(H-lOB) on
which to base rot/opt of the side-chain. This represents a grave weakness in
the results already obtained and would prohibit the use of weighted population
averaging such as that described in APPENDIX III.

Point (c) should be borne in mind throughout the discussion in this section.

As the rot/opt method assumed a unique "rigig" conformation .care should be
exercised in applying the results to the reality of rotating species which
'possibly possess preferred conformations. 'If we assume that eclipsed confor-
mations in the side-chain will be disfavoured and that results between two
rotamers indicate that both participate, then by a crude "scoring" of the
-optimised rotations (for both sets of Yb-LIS data including any secondary
maxima) it should be'possible to obtain guidelines to the preferred confor-
mations of the Type (IV) alcohols. This has been attempted in TABLE 6-7.1
with the inferences "calculated" from the following rules :

. (1) Each rotamer has an initial score of 2 - this introduces a rotational
féctor.

- (2) FEach maximum 1s scored according to its significance and whether it is

a Sgcondary max. ete. ie. Significancé Max 2nd(=) and(%)

0 22 1 .
1 4 3 2 (taken from
2 - 8 7 5 TABLE 6-6.9)

(3) The score attributed to each rotamer is weighted by the angles between
the maxima and the rotamer, ie. 0°factor = 1, 30%factor = &, 60°factor = 3,
v90°factorv= z.

The'inferences;gained by this.method, although very approximate, are
substantially in accord with the more reliable rotamer positions calculated
from the cnupling data. Overall there is a tendency for the inferred results
for the ortho Type (IV) alcohols to lie nearer a 33-34-33 distribution with
- the LIS data than with the coupling data, but where one or two rotamers pre-

dominate 1n the LIS data these normally correspond to the preferred rotamers

in the coupling data. For the side-chain, therefore, conformational analysis
from the LIS data is severely limited as it is only based on one atom, making
the results only useful for corroboration with those obtained from the coupling“~
data. The optimised orientation in the phenyl ring in the para Type (IV) ale-
ohols suffers a different limitation caused by symmetry in the LIS data of the

ortho and meta atoms which artifiecially forces it to be symmetrically disposed
to the metal-oxygen vector. This is of little importance as(the_results.for '
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TABLE 6-7.1 A "Preferred Rotamer" Interpretation of the ¥Yb-LIS H-108 Rot/Opt -

| ~ "Results v o

ROTAMER ROT) 3%301' el TOTAL INFERENCE | Ch-d EST

eacror [5|2|F||E|E 5|/ |52 ||t |5 |5 5] SCORE" POPULATTONS
/171 SR L1E 1/ 7171/ roTavER ROTAMER ROTAMER

pertY N|QIRIBIEIEIRIRISalelRleleSE] 1 |2 |3 |1 {2 |3 |1 ]2 |3

4 .
B2 g . g 5318 | 2 | 34| 47|10 | b4 |32 28
t
of ool |5 o 1ol |2 f: 7t4 |7 I39|22|3{ 40|20] 40
oc1 2 TH ] R NRUE RN EREREE EC RIS
8 8

oBr 2l I3 . 7 o 1o | 835t | 29| 25|46 | 16| 9| 75

oMe g g g g 5 {6 |3 [36]|43]l21] 55|22} 23

‘ Al 2 ,

oome 2{ | |2 . 215 [k 6k | 29|23 | 15| 3|82
al 18 314 8 I P |

S 2 3 18 |8|12d | 29|30 41 ) 10|10]80
a 2 2 X

oCF3 b o 5 o 1l715 14 {50 |36 || 13121 |66

SN NG 2l5 |5k 2% 136|509 |25 | m |35 |2

pc1 2 B L | 7| | 3t | 48 30 |22 | 42|35 |23
aj |1 1)1 1 3| 23| 21 '

PBr ol 55 39:3:3:582319 423523

phe 2 LB B8 ob|6kflo | 26|25 |30 | 46 |32 |22
a 2 1|1 3 »

potte 2| |, X LEL5 [s%|6 |30 |34 |36 | 48|56 |16

pro, 21 1 JlL S 5|3 |2k 51|28 |21 | 34|35 |3
a 2 2 2 1|

F, ol | |2 ! 205 |55 33|34 |33 | 39 |35 |36

the para ring optimisations were consistently of'low significance, supporting "
the view that the ring is freely rotating in these derivatives. Fortunately,
the ortho ring roﬁ/opt suffers no artificial constraints so the results may be
interpreted at face value.

By analogy to the findings of Anderson and Pearson130 (see FIG.1-5.7)
the rotamer with w = 330+ 30° (R1) would be expected to be the most populated,
- with w = 150 + 30° (R2) as a lesser alternative, at ambient temperatures (see
FIG.6-7.1). Ring optimisations at W = 240 + 45° (R3) could indicate inter-
actions between the ortho X and -CHCl2 groups whilst w = 120 + 30° (R%) could
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X FIG.6-7.1 The two least

' o OH o
150 - hindered rotamers for the

phenyl ring in the Type

H CHCI .
' 2 (IV) alcohols.

_ A indicate interactions
between the bulkier ortho X (eg. Me,OMe, N, CF, ) and the -OH groups.

From TABLE 6-6.9 there is some evidence that oF, Cl and CE} oceupy Rl
about 50% of the time with oOMe lower at ~35%. None of the derivatives have
»results at u)_ 150 + 30 so it seems unlikely that R2 is occupied.  Apart
from Br and N02_a11 the . ortho derlvatlyes have their major optimised orient-
ation within w = 240 + 300 implying that the ring substituents in these com-
pounds have attractive_interactions with the -CH012 moiety of the side-chain.
Both oBr and oN02 have optimised orientations with C-6' and the -OH group
approximately eclipsed (W = 2830) whilst oNO also has the reversed orient-
ation with C-2' and the -OH group approximately eclipsed (w=106°). The
latter could reflect an interaction between the -N02 and -OH groups (R4)
whilst the former could still indicate an interaction between either -X and
the —CH012 groups (R3) although this is less certain than with the other
- ortho derivatives

Overall therefore, the rot/opt results for the phenyl ring strongly
support the postulate that ortho ring substituents interact with the side- -
éhain -CH012 group and thereby control thé molecular conformations about both -
rotatable bonds. The low significance of the para rot/opt results tends to
support "free rotation” of the ring with a concommitant absence of direct
"control" over the side-chain rotamer preferences by the ring.

Both Yb-LIS runs optimise the ortho methoxy group at »4150 out of the
plane of the ring. The FITFACTORS from the ccmplete rotation of this group
(see TABLE 6-6.7) show considerable rotamer sensitivity with the optimised
geometry highly significant. Although slightly displaced this agrees with
the findings of-Hofer?la ie. methoxy groups prefer the least hindered co-
planar orientation to.the ring thus enabling maximum 0ver1ap of the oxygen
_lone pairs with the T-system. The orientation of the para methoxy group is
less clear, however, with the two runs optimising at -120 and 48° The reasons _
for this vast difference are the insénsitivity of both runs to the OMe ori-
entation and the search method - METFIND always returns to the last maximum
~ found in an NCYCOP = 6 opération (see TABLE 6-6.7). There is therefore no
‘conclusive evidence about the orientation of the para group but it is assumed
that coplanarity prevails

To conclude this chapter, the FITFACTORS and metal positions of the rot/

vopt results will be briefly discussed.
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The max FITFACTORS found for the FIXED ATOMS are piotted in FIG.6-7.2

This illustfates the generally pﬁoref fit of the Eu-LIS data and also the low-
ering effect. of increasing.the numbér of shifted groups used (as in pF,pMe and
pCF3 and in the Eu(H-lO?)pN02 data based on 3 atoms compared to the Yb(H-107)
pN02 data based on % atoms). This effect also dominates the final rot/opt and
"free-rotation" results (see FIG.6-7.3) where the generally poorer fit of the
para derivatives reflects the larger number of shifted groups used (NB. The
individual ortho and meta protons and carbons were treated as shifted groups
rather than averaging them together in pairs). ‘

| All of the ortho derivatives show benefits for the rot/opt results over
. 10005

8001
- 1600

-400H

i 0 T T T T T T T T T : T T T T T T
H_OF Gl Br Me OMeND,CFy pF Gl Br Me OMeNO,CF,

FIG.6-7.2 Maximum FITFACTORS For the Eu- and Yb-LIS FIXED ATOM Searches

L
900
800
7004
600+
- NORM., o 12

5001 © C-507 o 14

4 H-107 & 15
77 s) . I —

H oF CiI Br Me OMeNO CF3_ pF Cl Br Me OMeNOZC.F3

FIG.6-7.3 Maximum FITFACTORS Using Yb-LIS Data for CYCLES 12, 14 and 15
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ring "free rotation” with the conspicuous drops in the CYCLE 15 max for oMe
and oCEﬁ.demonstrating the improvements in significance of the rot/opt results
- when large nunmbers of shifted groups are available for optimisation. - Presumably
this is not seen for oOMe bhecause of the rotational freedom of this group.
The overall low significance of the side-chain rot/opt is clear with
only oCl, oBr, oNO2 and pBr(b) standing out. The latter is anomalous for as
well as being the only rot/Opt result at shcrt radius it is also the only
search in which the CYCLE 12 & 14 maxima were in significéntly different posi-
tions. This defies explanation, especially as the rBr(a) search behaved norm-
ally, and can only be attributed to a foible in the search or rot/opt method
used. The reader may already have noted several places in which search methods,
etc. were modified in order to obtain sensible results. - Such deéisions were
often subjective, based on a detailed knowledge of'METFIND's idiosyncrasies,
and cannot be readily explained. ’
Not surprisingly some differences did occur between the positions of
" tha maxima in CYCLES 12 and 15, but not in the 6 cases where the CYCIE 15
results were better than those in CYCLE 12. ' ‘
From TABLE 6-6.9 the average metal position is seen to lie at (258/164/
177) with the following ranges : R(168-361), PHI(136-190) and PSI(124-220).
The distribution of the rot/opt maxima relative to the substrate are illust-
rated in FIG.6-7.4. Although not as séerically sensitive as expected, there

is a definite trend for the maxima to lie in the least hindered zone.

Fihally the rot/opt maxima are presented as R-factors for comparison
with the 1itérature'(best 1it. results of ~0.02 are frequently obtained with
‘fewer groups than those used here). There is no iinear relationship between
the two factors because the R-factor is not a true RMS % Error whereas the
FITFACTOR is (see EQNS.30 & 105). This was considered essential as the LIS

data used spans two orders of magnitude and optimisation can only be sénsibly

performed by considering % Errors.

TABLE 6-7.2 Rot/Opt Maxima for the Type (IV) Albohols Expressed as R-Factors

FACTOR| H. F C1 Br Me OMe NO,, CF, | SERIES

FIT- | 951 | 946 | 970 [ 957 [ 863 | o1r | 891 | 883" | omrmo(a)
R- | .0209 | .0243 | .0126 |.0190 |.0348 |.0380 |.0382 |.0293

FIT- ok0 950 967 968 854 896 886 875 ORTHO(b)
R- .0321 | .0223 | .0175 |.0190 |.oh42k |.0583 |.0k29 |.0378

FIT- | 951 | 845 | 738 | 777 | 727 | &2 | 750 | 791 |ppmaca)
R- - .0209 || .O470 | .O702 |.1066 |.0695 |.0812 |.0707 |.0O846

FIT- || 940 838 746 783 | 703 825 743 810
R- .0%21 | L0661 | .0685 |.1729 |{.0831 |.0790 |.0908 |.1004

PARA(Db)




FIG.6-7.4 Distribution of the Rot/Opt Metal Positions for the FITFACTOR Maxima.

The two views are from the +Z axls (PHI) and +Y axis (PSI) respectively, with the radii projected onto
the PSI or PHI = 180o plane as appropriate by using R.cosPSI for the PHI view and R.cosFHI for the PSI view.

© = Overall Average.
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PART 3

ELIMINATION REACTIONS / OVERVIEW
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CHAPTER: 7
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7 ELIMINATION REACTIONS AND CONFORMATIONAL DETERMINATION OF THE PRODUCTS

7-1 Experimental
The details given in SECTION 2-2 apply here.

T-2 The Choice of Base

7-2-1 Trial Eliminations of HCl from the Type (IV) Alcohols

The main method reported for preparing archloroepox1des from their cor-
responding dihalogenated alcohols (see SECTION 1-4-3. 252 595= lol)
reacting the alcohol at ~10°C with an equivalent amount of 10% -aqueous potas-

93,98

sium or sodium hydroxide, both in the abserce, or presence; - of an organic

involves

solvent (eg. methanol). .

The only elimination of a Type (IV) alcohol yet reported (X = H) was by
Nouri-Bimorghi in 1966?7 The standard ag. KOH method was-used.,g_6 with the pfod—
~uet identified by lH nmr'53"96 but too unstable to be purified?7-as it readily

rearranged to the aldehyde (see SCHEME 25). The IR (1200, 925, 918, 800 cm 1)
~ and g nmr'(65.28(d,HA); 4.03(d,HB)ppm) spectra of the epoxide were reported.53’96
without mention of»the'coupling constants or geometry. (This has been identif-
ied as the cis isomer - see SECTION 7-4).
- All attempts at repeating this elimination under a variety of conditions
gave absolutely no reactlon, with the unchanged alcohol recovered on work-up.
A rapid reaction ocecurred’ between H(IV) and potassium ethox1de in ethanol .
during which the epoxide was probably formed, but the 1H nmr spectrum of the '
'products indicated re-attack by ethoxide to produce an ethoxy analog of the

dimer (IL) reported by Kirrmann et a153’95 (see SCHEME 4§)

H OMe

(IL)

SCHEME 43

It was apparent that elimination required a strong base but a poor nucleo-
phile. Consequently a "phase trensfer reaction” between H(IV) dissolved in
CDeCleand an eouivalent amount of aqueous tetra-n-butyl ammonium hydroxide was
attempted : although the organic layer became yellow the nmr showed negligible
reaction. v . ’

Similarly potassium tertiary butoxide (prepared by the method of Vogel
(p290) from freshly cut potassium and purified by double sublimation) gave

little reaction with H(IV) in sodium dried ether. It was therefore decided to

218

try absolutely dry THF as the solvent.. This was. prepared by refluxing "dry"

THF over sodium wire until a drop of benzophenone turned the whole solution
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blue. THF was.then collected by distillation under dry nitrogen.

Partial elimination (~35%) was achieved with 1 equivalent of potassium .
butoxide in dry THF at 20°C, but was only marginally increased (to ~140%) by
raising the reaction temperature to 45 C. lOQ%.reactlon of the starting mat-
erlal was eventually achieved by using two equivalents of butoxide and stir-
ring overnight at 20°C.

The lH nmr spectrum of the products (see FIG.7-2.1) clearly shows two AB-
quartets from the cis- and trans- epoxide328;. '

The 2KO0Bu /THF elimination method was satisfactorily used twice with the
full set of Type (IV) alcohols (see SECTION 7-4). It was, however, not as
clean as desired so a further method was sought.

Whilst preoaring'a series of Q-chloro-g-ester epoxides from the corresp-
onding dichloroalcohols (qee 29), Villieras et a1105’106
~ employed ethereal sodium hydride as the base for one reaction (see SCHEME U41),

' with the yleld of (L) reported as 80%.

successfully

iPr' . NaH ' iPr 0 1
CCl'2—-COEE‘b >
H , Et,0 @ 0°C H COEt
- (L) SCHEME 44
- This reaction was attempted with H(IV), but in dry ether or in DMSO no

elimination occurred. With dry THF and 1 equivalent of NaH (in pellet form),

however, ~65% elimination was achieved. - This was raised to 90% by using 2
equivalents of NaH at 20°C. - ’

' Although thls reaction was fairly clean, the use of THF had two distinct

7 disadvantages :

(1) TIts miscibility with water made the work-up awkward.

(2) It prevented the reaction from being followed by Iy nmr, and because of
the low temperatures required in the epoxide work-up, could not be completely
removed from the Iy spectra of the products.

To avoid both problems, CCl4 was Investigated as a potentlal solvent for
this reaction. An initial worry was the possible formation of dichlorocarbene
under the strong reducing conditions, but a prolonged trial with refluxing
CCl4 showed no visible reaction of the NaH.

Elimination reactions were successful in dry 0014’ but 3 equlvalents of
NaH were needed to obtain complete reaction of the Type (IV) aleochols. The
bulk of the NaH, however, remained unreacted due to the formation of NaCl on
the surface of the pellets, rendering them inert. Optimum efficiency for the
 elimination was obtained at ~40°C with complete reaction of the alcohols occ-
urring within l%-hours. .Although notwcomﬁletely clean, yields of the epoxide

were fairly high, so this reaction was used as the second elimination method
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FIG.7-2.1 1H Spectrum of the Epoxide Products from the Elimination Reaction of H(IV) with 2. KOBu® Note the

broadening of the HB lines due to long-range coupling into the aromatic ring.
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for the Type (IV) alcohol series (see SECTION 7-%)

7-2-2 Trial Eliminations of HC1l from the Type (V) Fluorides

Although a dialkyl phoshate analogue (XXV) "of the Type (V) fluorides read-
ily underwent elimination of HC1l with trlethylamine5 (see SCHEME 20), absol-
utely no reaction occured with the Type (V) fluorides." It was decided, there-:
fore , to verify that elimination would occur by reécting oC1(V) with 1 eq. of"’
lithium ethoxide (prepared by dissolving freshly cut lithium in Analar ethanol).

Surprisingly, only partial elimination (~25% by Ty nmr) was observed at
2500; complete reaction requiring 2 eq. and heating at 60°C for 13 hours. This
reaction was reasonably clean and was adopted for general use (see SECTION 7-3).

Sodium hydride was examined as an alternative base; but gave no reaction
in CCl4 after 2— hours refluxing and showed only 5% elimination after 8 hours
stirring in DMSO at 60°C. |

The 2KOBu /THF method developéd for the Type (IV) alcohols gave only part-
ial reaction with the Type (V) fluorides. A modified method was developed in
which the Type (V) fluoride, dissolved in the minimum of dry THF, was rapidly
'run onto 2 eq. of KOBut and then heated at 55°C for 2 hours. This reaction was
found satisfactory and used for the full series (see SECTION 7-3).

The instability of the epoxides made separaﬁion and identification of the
Type (IV)ialcohol elimination products difficult. Thevproducts from the Type
(V) fluoride eliminations will therefore be examined first, so that analytiecal
data from this source may be used to supplemeﬂt the rather sparse data on the

-aleohol elimination products.

7-3 Products of the Elimination Reactions of the Type (V) Fluorides

7-3-1 The Elimination Reactions

Three series of eliminations were performed on the lmMolar scale :

METHOD 1 (2.KOBu/THF)
The Type (V) fluoride (1mMole) dissolved in dry THF (5ml) was rapidly run
" onto dry pota331um-t—butox1de (2mMole) in a flask heated at 55 C. A yellow
colour developed instantly. After stirring under dry nitrogen for 2 Hours the
mixture was quenched with water. The reaction mixture was ether/water extrac-
ted; the two phases requiring "salting out" with sodlum chloride. The organic

layer was washed with water and then dried over sodium sulphate.

METHOD 2 (2.LiOEt/E+OH) A
The Type (V) fluoride (1lmMole) was dissolved in Analar ethanol (5ml) and
treated with lithium ethoxide (2mMole) in ethanol (5ml) in a 25ml flask.

- The reaction mixture rapidly became yellow and was stirred for l% hrs at 6300.
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METHOD 3 (3.Li0Et/EtOH)
“As METHOD 2 except 3 mMoles of lithium ethoxide were used and the react-
ions were performed at 81°C.

Initial product recovery ratios from the ethoxide reactions were low, but
this was remedied by using the following work-up sequence :

The reaction mixture was transferred to a 100ml separating funnel, and
the flask washed alternately with water and chloroform (a total of 3Oml each)
and finally with acetone (5ml). Dilute hydrochloric acid was added to. the
.aqueous phase until the contents were at pH 7-8. After shaking, the chloro-
form layer was run off. Ether (30ml) was added and the extraction repeated.

 The combiﬁed ether and chloroform solutions were dried over sodium sulphate

prior to removing the solvent under reduced bressure.

The average product recovery (calculafed assuming 100% elimination of HC1)
was ~85% by all three methods. The product mixtures were examined by lH
and 19
ducts as the GC/MS data in combination with the nmr spectra provided suffici-

F hmr, gle and GQ/MS.' No attempts were made to isolate individual pro-

ent information for identification of all the major reaction products.

7-3-2 GIC Analysis of the Type (V) Fluoride Elimination Products

The components of the three sets of elimination products were examined by

glé using the same column and conditions reported in SECTION 2-5-2. Most reac-

tiohs yielded two major and one or two minhor products, the proportions of
each varying with the method used. Sinée the three elimination methods gave
essentially the same products (from the retention times in the gle) only
those from METHOD 1 (2KOBu /THF) were examined by GC/MS. (As before both NO

derivatives were undetectable by flame ionisation in the gle and by mass

2

spectroscopy)- )

For simplicity the gle data in TABLE 7-3.1 has been sorted according to
compound type. This was done in conjunction with the GC/MS and nmr data, both
of which are discussed later in this section. The results indicate that the

following reactions occurred :

b E, H
momono, — M0, A5 AL
) Lz | 5,
(Vf&l? PhC=CC1
-HC1 (LII)

- (11)

45 The E and Z 1somers of (VIII) were probably not separable under
the glc conditions used.
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TABLE 7-3.1 The Assignment and Relative. Intensities of fhe Major Peaks in the
GLC of the Type (V) Fluoride Elimination Products

STATTING MATERIAL PEAX } - (VIII) PEAK 2 - (271) PEAR 2 - (LT) VARIOUS . = |
R mTReT b o[ fmEsm | o TeIsy | o TMESIY | pp [ _LRZENSITY
1] 213 1] 2] 3 1] 2] 3 i1 271 2 I[]2713
H §100.C |24.31 2.C; i35.7160.5143.5/55.0 }15.7 | £.3| 6.2{13.8 | &4.1 | B.4{38.3127.3135.5 9.914.1
oF 61.3 . §80.0}79.6]75.5{7¢.1.| 29.4 [ 14.4(12.3[10.2¢ 52.1 | 3.7[|12.2[ 8.5
o C1 }167.6 ~ ¥s50.8 |80.1l05.3{8c.0}30.9 17.7] 4.7][e0.00 - .
o Br |287.9 55.9 |€6.5|76.6]67.1|33.2 25.6]|11.1|23.5 | 57.¢ 9.7 29.4] 5.4}2.5{7.2
o Me |127.2 | 1.0| 1.0} 5.1 }28.0 |56.4{18.9|17.1 | 15.7 | 37.1|25.2|28.2 25.2 | 4.0|55.8]46.7 f12.2] 2.4 2.8
o OMe {342.2 16.9{22.2 §60.4 | 78.4|78.5|7¢.3 } 6.7 | 16.6| 2.9| 3.3 132.2]3.9]1.8]8.1
';c CF, § 41.C] 1.0{11.8]13.6 } 74.7 |51.5]48.5|45.1 | 35.7 | 17.9)25.2|13.2 129.0 | 28.2|17.4}28.1 !
(pF j110.2 37.7 | 71.4141.6]50.8 | 13.3 | 23.1| 9.5|24.9 ] 44.5 46.8{22.1 | 26.2] 4.0[1.9/2.2
pC1 }368.8 1 26.2 | 70.1164.0{70.1 }12.4 | 25.420.2]26.C | 44.0 .. [18.5 23.411.0{1.01.0
p Br {682.6 37.6 | 60.0)65.1|72.5 }12.7 | 31.7]17.8|20.6 | 44.0 11.0 23.3} 4.6]6.1]6.9
pMe ji57.3|  |13.0]  139.8 |s54.1]33.9|38.1116.0]45.5] 5.4{10.0] 48.5 47.7|51.2
p Me §637.5 45.4 45,0[18.3]20.5 118.9 | 54.1} 5.0{13.4 } 56.0 73.1{66.1
p CF, | 94.5 34,7 154.9(89.4{85.9 {10.7( 37.0( 5.2( 3.7 | {710 4.4{3.7
1 Av ) | 2.0]3.4 3 pVIITN63.8]517.6 5?.'_9}_159, 37.’}_&}_'_1._.1_6;3.. _\E.I) 3.30125.1429.71 (?) |1.6]2.1]2.5]

Together the Type (VIII), (LI) and (LII) compounds accounted for
~96.7% of the reaction products. A further 2.1% of the products gave sizeable
peaks in the glec (listed under "VARIOUS" above) but none of these gave useful
GC/MS or nmr data. ' o
‘ The expected product (VIII) (step.lg in SCHEME 45) was clearly préferred
in all three methods with the exception of oMe, pMe and pOMe(V) in METHODS 2
and 3. Significant differences do oecﬁr, however, between the proportions of
the dichlorostyrene (LI) (step 2a) favoured by METHODS 2 & 3 and the phenyl-
acetylenes (LII) (via either step 1b or 2b) favoured by METHOD 1. From the
occurrence of products (LI) and (LII) (eg. in the pMe(V) eliminations), it
seems unlikely that step 2b is responsible for the formation of the acetylene.
Also, since the hydrogen and fluorine atoms are cis in.the E-isomer.of . (VIII),
step 1b is only likely to be significant from the Z-isomer?sa The routes and
mechanisms of the various elimination reactions will be discussed later.

Although the glec tfaces described above were recorded at constant temp-
erature,.temperature programming was used for the GC/MS spectra. A typical ’
example of the results obtained is shown in FIG;Z-Q.I together with the relev-

ant mass spactra.

7-3-3 GC/MS Identification of the Type (V) Fluoride Elimination Products

Only the products of METHOD 1 were examined by GQ/MS. The mass spectra
of the two major peaks in the gle traces of all the Type,(V) elimination pro-

' ducts were immediately identifiable as the Type (VIII) and (LII) compounds

(see TABLE 7-3.2). Further the Type (LI) styrenes were readily identifiable
in the mass spectra of the products from H and oMe(V). The Type (LI) peaks
in TABLE 7-3.1 were assigned by reference to the Type (VIII) retention times .
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FIG.7-3.1 The GC/MS of the H(V) Elimination Products (Recorded on an MS-30)

) The total ion concentrations of the products emerging from the
colum (3% OV17 - initial temp 90°C, programmed @ 4°C/min.) are shown in
the lower figure. The four mass spectral scans shown above correspond to
the peaks in the total ion concentration plot. These clearly identify the
sequence : Type (LII) - (VIII) - (LI) ~ (V) for the main materials
present in the gic of the elimination products.

and by the intensity of the olefinic proton in the 1y o
'Where present the elimination starting materials (the Type (V) fluor-
ides) gave identical mass spectra to those already reported in TABLE 2-5.3.
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" TABLE 7-3.2 GC/MS of the Type (V) Elimination Products (by METHOD 1)

Type Deriv] M+ TON 00| 22 | 54 | yth 5th 68
| H | 156(200)]1C1 M+{121(68)|101(55) | M+2(30) {120(14) | 75(11)|
o F | 174(100)|1C1 M+|139(61) | 119(44)| M+2(31) [138(12)| T9(11)
o C1 || 190(100)|2C1 M+|154(88)|120(80) | M+2(66) | 156(29) | 135(20)
o Br [*236 (79)]1C1,1Br| 120|M+2(79)| M+(64)|154(48) |198(33)|200(32)
o Me | 170 (64)|101 - || 135| M+(64)|115(61)|113(32) |M+2(20) | 134(10)
o OMe| 186(100) |1C1 +(109(86) | 122(39) | 137(36) | 143(35) | 136(35)
(VIII)|o CF, | 224 (48)11C1 168| M+(48)]169(39) 71(19) | M+2(16) 120(13)
p F | 174(100)|1C1 M+|139(48) | 119(41) | Mm2(30) |138(12)| 69(11)
lp €1 | 190(200)2c1 M+ |M+2(59) | 120(45) | 154 (44) |156(14) [ 135(12)
p Br [*236(100)|1C1,1Br|| M+2[120(81)| M+(75)|M+k(25){200(13){198(13)
p Me | 170(100)|1C1 M+1135(59) | 115(36) | 133(33) [M+2(32) | 57(18)
p OMe! 186(100)|1C1 M+|171(38) | 143(35) | M2(32) [ 173(13) | 145(11)
p CF, 224(100) |1C1 M+|169(36)|189(33) | M+2(33) [120(21)| /|
H 136(100) [1C1 M+|101(53) | M+2(36)| 75(21)[121(19)]100(18)
o F || 154(100)|1C1 M+ (M+2(33) [ 119(25)| 99(15)|118(14)| -/
o C1 | 170(100)|2c1 M+ |Me2(66)| 99(26)|135(23) | T5(14) | M+4(12)
o Br |*216(100)|1C1, 1Br| M+2| M+(78)|135(68)| 99(47) {M+4(25)]|137(25)
o Me || 150 (56)(1C1 115| Me(56) | M2(16)|116(10) |M-1" (9)] 89 (9)
o OMe| 166(100)|1C1 M+{131(70) | 123(50) | 103(38) | M-1(33) | M+2(32)
(LII) o CF,| 204 (54)|1C1 169| Mr(54) | M+2(16)|170(20) 185 (8)| 99 (T7)
p F || 154(100)|1C1 M+ [Mr2(29)[119(29)| 99(15){139(12)|118(12)
p C1 | 170(100)|2C1 M+ |M+2(67)| 99(31)|135(30) | 120(20) |155(19)
p Br [[*216(100)|1C1,1Br|| M+2| M+(80)[135(68)| 99(50)|120(28)|137(21)
p Me | 150(100)|1C1 M+[115(99) | M-1(27) | M+2(25) | M+1(15) | 114(13)
p OMell 166(100)|1C1 M+1151(29) [123(40) | M+2(30) | 153(17) | 125(15)
p CF_ | 204(100)|1C1 M+ {169 (54) | M2(29) | 185(24) |154(21)|189 (6)
) |E “I 172 (63)|2c1 156(101(88) |121(78)| M+(63)|158(38)|M+2(37)
o Me || 186 (31)|2C1 115| M+(31)|135(31)|151(30) | M+2(30)|170(19)

¥ Indicates M+2 line highest in molecﬁlar ionAgroup.

1

7-3-4 “H and 19 Spectra of the Type (V) Fluoride Elimination Products

From the gle and mass spectra four types of compound were expeéted to
oceur in the nmr spectra? Of these the Type (LI) styrenes and the E and Z
. isomers of the Type (VIII) styrenes were identifiable from their lH olefinic
singlets and,lH and l9F olefinic doublets respectively (see FIG.7-2.2).. The
Y ang 19 shifts of the ring substituents were also recorded and it was

* Since only mixtureslwere examined no attempts were maqi;at interpreting the
11H aromatic region. “H spectra were:fecorded at 100MHz, ”F spectra at 94.1MHiz.

H shifts are listed in Hz from TMS, 9F shifts are listed.in ppm from CFClj. '
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" METHOD 1

METHOD 2

—

ppn'}l"7"'6 "5

FIG.7-3.2 lH Spectra of the oMe(V) Elimination Products by METHODS 1 and 2.

The 24Hz doublet (§5.T4ppm) is characteristic of the Z-Type (VIII) styrenes,
whilst the broad singlet (§6.85ppm) is characteristic. of the Type (LI) styrenes.
Note that the aromatics alSo»contain lines from the Type (LII) acetylenes.
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from this source that the Type (LII) acetylenes were detected.

A1l the spectra of the elimination produet mixtures contained a prominent
olefinic doublet (Jv= 2h.4 + 2.1Hz) which was immediately assigned to the Type
(VIIT) styrenes. There was however little trace of a second doublet from the
other Type (VIII) isomer. Eventually weak doublets (J = 13.3 + O.2Hz) were
found in some of the 19F spectra close to the prominent doublets, but 1t was
also noticed that the 19F’shifts of the latter were split into two very dist-
inet groups, separated by an average of 14.9ppm (~1,400Hz) with the couplings
in the low field group slightly smaller than those in the high field group.
The limited lH and 19F data available on the weak doublets is given in TABLE
i:ﬁ;} with the fuller data on the prominent doublets and their associated
‘ring substituents given in TABLES 7-3.4 to 7-3.6. The identity of the various

species present in these spectra will be discussed in the next subsection.

. TABLE 7-%3.3% The 1H and 19F Chemical Shifts and 3J- Couplings of the Side-

Chain Nuclei of the Type (VIIT) Styreﬁis (Weak Peaks)

Deriv 19F Spectra 4 ‘ ‘ lH Spectra

X os |ra1o/s| 0 |reral 1 3| o ;s 11 25

H |l-111.26%| 0.000 { 13.50| 0.00) /| 7|/ not seen VAWAVA
p C1 |-111.489{-0.225 || 13.20 | -0.30| 5| 8] 6 | 626.1|13.20] 3| 5| &
p Br | -111.671 | -0.407 || 13.45 -0.05‘ 12{12|5 || 626.9113.45] 8] 8|9
p OMe || -110.600 | +0.664 | 13.40 | -0.10| 51413 | 615.7|13.30 ] 5|10 9
p NO, | -112.323 | -1.059 | 13.50 | 0.00 22| 810 | 642.6 | 13.40 22| 97
p CF, || -112.033 | -0.769 13.40 | -0.10{25| 4|/ | 635.2113.30 17| 4|/
Av. | -111.563 | 13.40 629.3 | 13.35

$ The % abundance of these isomers was calculated from the FT spectral inten-
sity listings (ie. peak heights not areas) as the % of the total Type (VIII)
olefin (ie 100x[weak]/ ( [weak] +l trong]).).

TABLE 7-3.4 H and l9F Chemical Shlfts TABIE 7-3.5 Long Range Couplings Obs-
of the Ring Substituents of the Type  erved in the .9F Spectra of F-1.1in
(VIII) Styrenes : the ‘Type (VIII) Styrenes

Iy Spectrum g Spectrum | ' nJFF - nJHF

X -0/s X o/s X n J X |Source | n J
oMe |239.1j 0o F |-111.742 oF 4| 4.7)oF | H6'" |4 |1.004
o OMe | 387.4 | o cr;| -60.571| o CF |5 |12.8oMe | Me |5 |5.00g
|p Me | 238.8|pF -110.776 pF 610.75lo Me-| H-6' | 4 |0.704
p OMe | 381.7 | p CF3 -63%.501 p CF5 7 / lo OMe| OMe 6 {0.65q

' o N02 H-6' .4 0. 704

The shift data for the Type (LI) olefins is given in TABLE 7-3.7 and for
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19

TABIE 7-3.6 The "H and ~~F Chemical Shifts and 3JHF Couplings of the Side-

Chain Nucleil of the Type (VIII) Styrenes (Prominent Peaks)

Deriv L L sprcTRUM ) - 1y sprcTRUM
X LF LINES HF LINES REL | REL REL] - | REL
0/3 J o/3 J 0/3 J | o/s| o/s| J J
H / / -113.976|24.40 0 0 [609.4 0 |24.20 0
oF / / -113.040|25.65 | 0.936|+1.25 |636.3(+26.9/25.60|+1.40
0 C1 |-101.855 23.90 / / 12,121 |-0.50 [617.0| +7.6|23.80{-0.40 |
o Br | -99.347(23.30] / /  l14.629|-1.10 |603.3| -6.1|23.20{-1.00
o Me | -97.540|23.50] / /  116.436|-1.00 |574.2|-35.2|23.30(-0.90
o OMe| / / 1-111.186|26.5 | 2.790|+2.10 |662.3 [+52.9|26.70|+2.50
o No_| -99.907|22.35 / /  li4.069]-2.05 |593.0|-16.4]22.45]-1.75
o CF, | -94.992(22.30 / /  118.984{-2.10 |582.3|-27.1(22.30-1.90
pF / / i-112.957|2%.10 | 1.019|-0.30 |601.3| -8.1|2k.20] ©
IpC1 ,/ / 1-114.078(24.00 | -0.012{-0.40 607'.5 -1.9{24,10{-0.10
p Br / /- |-114.287|24.10 |-0.311-0.30 |609.2| -0.2]|24.10{-0.10
p Me / |/ l-113.757|24.20 | 0.219[-0.20 {60%.1| -6.3|235.20] ©
p OMe / / |-112.991|24.40 | 0.985| O [592.5|-16.8]|24.40(+0.20
prO| / 7/ l-114.941{23.70 |-0.965[-0.70 |635.2{+25.8(23.75 -0.45
p CF, / / [-114.818{23.95 [-0.842[-0.45 }662.5|+13.1|24.00|-0.20
Av. | -98.728]23.05]-113.594 |24.50 [Av A : 14.866ppm

the Type (LII) acetylenes in TABLE 7-3.8. Each figure in TABLES 7-3.3 to 7-3.8

is the averégé obtained from the three sets of elimination reactions. Spectra

were recorded by dissolving the entire elimination products in CDCl3 (em)

and as recoveries were not 100% the samples were always more dilute than the

' TABLE 7-3.7 Chemical Shifts of the Type (LI) Styrenes

Deriv . H-1 -Abundance Ring Abundance
X | o/s|lrerosstai ]| 2|3 Swnt || 1| 2 | 3
H 685.9 0 3 4g | 23 N/A |I'N/A| N/A | N/A

lo F |Below Aromatics|N/A | N/A | N/A || -115.344 )| / 9| /

oBr | 697.5| +11.6 |/ | 18| / N/A || N/A | N/A | N/A

oMe || 689.7| +3.8 |/ 133|138 |} 226.8 / | 285|194

o CF3 723.7| +37.8 16| 30 ] 19 -63.317) 20| 11| 23

pF | 679.7] 6.2 |/ | 79| 45{-112.384 / [455| 56

pCL |676.8) 9.1 }/ |9 |/ N/A || N/A | N/A | N/A

pBr | 675.4] -10.5 |/ | 9 |/ N/A || N/A | N/A | N/A

/
/

p Me [ 683.0] -2.9 92| 8 237.2 150 | 567
p OMe| 677.1| -8.8 194 163 §| 380.2 1150 | 567

AN
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TABLE 7-3.8 Chemical Shifts of - - nominal 0.5M. Concentration effects on

the Type (LII) Acetylenes shifts, between samples, were however
Deriv 1H / iQF Abundance fair%y small, ie. normally within + 2Hz.
X s 1 2 > The Abundance data in TABLES 7-3.7 &
oF ~110.748 20 | 12 16 Z:zig'was‘again calculated from peak
o Me _ 2hh.5 54 1133 1113 heights but for these compounds the res-
o OMe) 386.1 3115 5 ults are relative to the amount of Type
° CFB ~62.959 | 27| 16 | 22 (VIII) présent, not a % of the whole pro-
p F -110.680 | 32| 11| 41 . quet le s :
pMe [ 235.9 108 |/ |/ | 2]
pOMe| 378.3 J113| / | 50 Abundance = v 10
p CF, | -63.481 | 69|/ | / | L |
The relative abundance of the Type

(virr), (LI) and (LII) compounds from the FT peak intensities shows reasonable
agreement with the gle data (which is far more accurate).

The H-1 singlets of the Type (LI) dichlorostyrenes all showed line broad-
ening due to long range couplings into the phenyl ring. The 1H shifts of H(LI5
agree with the lit.. spectirum.of B,B-dichlerostyrene - §7.25(5H,m), 6,72(1H;S)?83

T-3-5 lH and 19F NMR Identification of the Geometry of the Type (VIII)

Fluorostyrenes

Some typical literature values for the differences in the 19F shifts255

*
and 3JHF couplingsg8l1L between the c¢is and trans- fluoro olefins are given in
TABLES 7-%.9 & 7-3.10. These show that 3JHF
in the cis and trans isomers of fluoro-olefins whilst the shift difference

is always significantly different

between the lgF‘signals is not always large.

TABLE 7-3.9 Chemical Shifts in Fluoro- TABLE 7-3.10 %QHF Coupling in Fluoro-

» QOlefins A : Olefins
Fluoro-Olefin CIS TRANS A Fluoro-Olefin || CIS | TRANS A
1. FMeC=CHC1 || -89.66 | -87.18 | +2.48 1. FHC-CH, 20 |52.55] 32.55
: F\\ . 2. FHC=CHF 2.8 119.63| 16.83
2. /,c=q501 f126'9 -142.5 715.6 3. FClC:CH2 3 50 32

C,F
5 I, FC1C=CHC1 | 4.05{18.10] 14.05

F. ' : .
3. '\>C=QECI 14,8 | -140.4 | -15.6 | |Sn FMeC=CHC1 | 10.8/24.2 | 23.4
p(Me N)C ¥ 6. FPC=CHMe 2| 37 |15
' 7

. FgC=CHP 21 | 67 L6

* As this section is specifically about F/H interactions the cis/trans nomen-
clature will be used to describe the relationship between the fluorine and
proton rather than E/Z which is less specific.
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‘ The only conclusion that can be drawn from this 1s that all the 24.4 +
2.1Hz doublets in TABLE 7-3.6 belong to the trans (Z) Type (VIII) fluorosty-
renes whilst the 13.35 + 0.15Hz doublets in TABLE 7-3.3 are from the cis (E)
isomers. ‘ ‘

The separation of the Z-isomers into two distinet groups gave cause for
concern. The possibility that one of these groups was due to a rearranged

product (eg. LIII) was considered, but discounted_on'several,grounds :

(1) The coupling data in TABLE 7-3.6 all indicate

cl
that the fluorine is attached to C-1. [ggi]//\j
(2) The lack of broadening of the “H doublets. %< (LIIn)
(3) The similar break-down patterns in the mass spectra of the two groups.

Although the separation of the two Z-isomer groups is fairly large
(~ 14.9ppm) the range of the Type (V) fluoride shifts (23.3ppm), which were
discussed in terms of preferred side-chain orientations in SECTION 47,
-even larger. There is, however, no sensible correlation between the ortho 19F
shifts in the Type (V) and (VIII) series, althcugh the para derivatives do lie
on a straight line (see FIG.7-3.3).

The two obvious conformations for the Type (VIII) styrenes are shown in
'FIG.Z—§.4. The large couplings seen between the oMe and oCFB groups and the
side-chain fluorine suggest that the low field group of 19F sighals arise from

conformer (a) whilst the high field group are in conformer (b).

: XunmmulF ) v . . HmmmuF
cl ct
| o (a) x=H (b) ,
FIG.7-3.4 Preferred Conformers of the Z-Isomer of the Type (VIII) Styrenes
(weiv = steric interaction)

Although a planar relationship between the phenyl ring and the side-
chain wéuld be preferred for maximum conjugation, steric repulsions, especi-
ally in conformer (b), are likely to force non-planarity. For the oF and oOMe
- derivatives, however, attractive hydrogen bonding interactions are possible
in conformer (b) which would facilitate molecular planarity (see FIG.7-3.5)
giving rise to the maximum obtainable 3JHF olefinic couplings. For the bulk-
ier ortho substituents conformer (a) clearly offers less steric hindrance
than (b), but repulsions between the substituents and the olefinic fluorine
would probably inhibit complete planarity with a concomitant lowering of the
;JHF coupling. (The 3JHF couplings do increase inversely to the substituent's
size, but this could also include a considerable through-bond electronic

component). 4 v
For the para substituents the small drop in ﬁﬁﬁ, relative to oF and oOMe



is not surprising as a repul-

204 sive H-H interaction rather
than the attractive H-X. int-
s eraction will occur in‘(b)
causing a small degree of non-
| planarity (The small fluectu-
10, | e ertho ations in the couplings obs-
‘ | ® para erved are in accord with the
VII]) . v ' expected Hammett Op-type_
-5 4 ' » - effects).
o ] . The shifts of the olefinie
;Kni‘"“““--_{;_____~___ y G fluorine and proton in both
0 - the E & Z isomers of (VIII)-
_ . 1 , ; ; gave reasonable straight line
ppm 5 10 (V) -5 0o 5 plots against g (see FIGS.
FIG.7-3.3 2F Chemical Shifts : Type (V) 7=3.6 & 7-3.7)." No sensible
Fluorides v Type (VIII) Olefins ) trends appeared with the ortho
' ) . ' data. '
Hunn F | ’ H

FIG.7-3.5 Possible attractive

Cl
interaction in conformer (b) of

the Z-isomer Type (VIII) styrene

o~ H
?\

Me :

The 1H olefinic shifts of the para Type (LI) styrenes showed little

correlation to Op and the limited ortho data showed even less.

7-3-6 Possible Elimination Mechanisms

In Chapter 4 the variations in the chemical shifts and coupling const+: -
ants of the Type (IV) alcohols and Type (V) fluorides were interpreted as
arising from different rotamer preferences in the ortho derivatives. This .
view was generally supported by the LIS rotational optimisation 6f the Type
(IV) alcohols (see TABLE 6-7.1). Since in both series the direct anti-elimin-
ation of HCl is possible in two of the three side-chain rotamers, leading to
two isomérie prbduets, it was argued that preferred rotamers would lead to
preferred elimination routes and hence characteristic E:Z isomer product rat-
ios (see SECTION 4-10). The expected elimination product geometries were pre-
dicted (see TABLE 4-10,2) by making tha qualified assumption that elimination

" would proceed from the two appropriate.rotamers in proportion to.their relat-

ive populations. The predicted and observed E:Z ratio for the Type (VIII)

. fluorostyrenes are given in TABLE 7-3.10,
Although the three elimination methods produced different ratios of
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TABLE 7-3.10 Predicted and Observed Elimination Products from the Type (V)

Fluorides
[PREDICTEY _OBSERVED

— - METHOD 1 - METHOD 2 METHOD 3
X (VIII) TYPE(VIIT) 'TYPE |TYPE |TYPE (VIII)JTYPE | TYPE {TYPE(VITT JTYPE | TYPE
‘E| 2] El z- (L) (LIT)] 4| E| z4(r1) |(LID)f %] E] 2 {(zI) {(LIT)
H 60 | 40} 81] /|100) 11 | 8 '4‘9 7] 93| 44 7 1571 /{10029 | 14
oF 32| 68f 81| /100 4 |15 |76 /|100} 12 | 12 |81} /|100| 9 | 10
oc1 | 13|87]82) /l100] / |18 |95| /|06 / | 5 {so| /|woo| / | 20
oBr | 10|90] 72| /{100f / | 28 |79 /|100| 10 | 11 |7%| /|200) / | 26
loMe || 4951} 58] /100 4 |38 |19| /{100| 56 | 25 J19} /|100]| 30 | 51
oOMe | 4|96{83| /1001 / |17 [96|/{200) / | 4 {o4]| /{200] / | &
oNO, | 11 89-*/100’/ ¥ *l /1100y /(% | ¥ /00) /| %
o CF, o4 | 76| 54| /|100] 27 | 19 58] /{100 20 | 22 Is2| /|100| 33 | 15
p F 60 {ko| 76} /j100) / |24 |42| /[200) 48 | 10 52| /|100} 23 | 25
|pC1 60 (4ol 7315|951 / |27 |65 8| 92115 | 20 |73| %] 96} / | 27
pBr | 60|40]65112| 88 / |35 [6ohe| 88111 |20 [18|5]95] / | 22
pMe | 60|40} 54| /100l / |46 |30 /100155 | 6 {38] /|100}52 | 10
pOMe | 60 [0l 46| 5| 95| / |5k |19[i4| 86f76 | 5 [21|13| 8766 | 13
p NO, || 60 4O *jo2 78 /1 * 1 *]8]o2) / * {*10{ 90| / *
p CF, | 60 roleoles| 50 / |40 fow| sl o96l./ | 6 El/lwo0) /| &

* The oNO_ and pNO

products were not detectable by glec. The lH nmr Vspectra
showed no 6lefinic Singlets from (LI) and contained insufficient information
to calculate the abundance of the Type (LII) aceltylenes.

—‘1 - ) E -
4,0 E
[ 0 .\..\I\‘_\!J
|
Z ) -2 0
161 @ T tsof 7
] o o -
12 o . F30 o
pprm) -HZ -
r8 - "10'
-4 10+
=1 B . ’ o “1
- 5 304 @
-0 ..‘ﬁ\_‘\._\—- o
T T T T L. T T} T T T L] T T
Que HE cdpr 5 Nof | oOfere P clbr  cy o,
FIG.7-3.6 Plot of Type (VIII) E& Z  FIG.7-3.7 Plot of Type (VIII) E & Z

. A53’-9-F vs Hammett op

. 8H-2 vs Hammett 0p
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(ViIT) : (LI) :'(LII) the E:Z ratios for each fluorostyrene were similar.

- With the exception of oMe(V),.in which the unreactive rotamer 1 population was
calculated as 55% (see TABLE 4-10.2), the Z-isomer was predicted to dominate

"~ the ortho‘producfs. In fact all the ortho eliminations proceeded stereospec-
ifically to the Z-isomer! | ‘ |

H F In the para derivatives an E:Z ratio of 60-: 40 was
L\\/’H ex.2cted but the average obtained was 6.4 : 93.6. The

clue to this unexpécted behaviour is the increased steric

*—l"’\“\cl . hindrance in the. E-styrene (see FIG. 2-2.8) which has the

FIG.7-3.8 The E-
isomer of the Type
(VIII) product If elimination proceeded via an E2 mechanism, then

phenyl ring and chlorine cis.

unless the two routes had very different reaction rates the E:Z product ratio
‘would equal the Rotamer 2 : Rotamer 3 ratio. That this does not occur strongly
suggests an EleB or Ech—like mechanism with a product-like transition state
(see SECTION 1-4-1.4). A C-1 carbanion wbuld be well stabilised by the three
* electron withdrawing groups (F, P and CHC1 ) and this would allow either
(a) rotation of the side-chain to produce the least hindered product or (b) if
the product is hindered a reverse reaction to the starting material (k_l in
SCHEME 16). Thus the favoured product (Z) could be formed exclusively.

‘ There appears to be no pattern to the stereoselectivity of the elimin-

ation réactions of the para deriVativés; with both electron donating and with-
draﬁing groups allowing moderate levels of E-isomer formation (ef. pOMe & pNOz).
- Although the elimination of HF from ﬁCHFCHECl has been reported to pro-
ceed via an El ﬁﬁchanism285 this is unlikely here as strong basic conditions
were necessary to form the Type (LI) styrenes from the Type (V) fluorides.
Apart from the oCF, derivative, little formation of the Type (LI) “styrenes
occurred in the 2KOBu®/THF (METHOD 1) eliminations. Elimination of HF was,
however, very significant in the 2LiOEt/EtOH/63°C (METHOD 2) elimination, but
with more base and a higher temperature (3LiOEt/EtOH/81°C - METHOD 3) the
formation of (LI), with the exception of the oCF, and pMe derivatives, showed

>

a marked decrease. | ,
The direct anti-elimination of HF can only occur from Rotamer 3 (see

SCHEME 46) which also produces the Z-isomer of (VIII) by elimination of HCL.

F -HC1 F/\=/C\Hl 7 SCHEME 46 The Possible
B@'\ g “ o la g (VIII) Eliminations from

-HF | H, /L1 Rotamer 3
b ¢ a @)
Two factors favour the elimination of,HCl.over‘HF from Rotamer 3 :
(1) Chlorine is easier to displace than fluorine.

(2) The base approach to H-1 is likely to be less hindered by the phenyl
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' " ring than the approach to H—2 (which is also adjacent to the two bulky chlorlne
atoms). ‘ : _
Point (2) probably accounts for the lack of significant (LI) formation
with KOBu . LiOEt ;s a sufficiently strong base to overcome point (1) and its
small size decreases the problems of steric hindrance. The difference in pro-
duct ratios between METHODS 2 and 3 probably represents a shift from kinetic
to thermodynamic control, the Z-isomers of (VIII) being preferred to (LI) as
there is less steric interaction between H-2 and the phenyl ring in (VIII)
than with the corresponding chlorine in (LI). The oF and oCFj elimination
may be rationalised in terms of an interaction between H-1 and the ring fluor-
ines hindering the elimination of HCl whilst the oMe group might aid eliminats=.
ion of HF by interacting with the fluérine and encouraging a high degree of C-F
bond polarisation (see FIG. 7-3. 9(a)). 'This. could also account for the péwerful
activation by those para groups capable of stabilising carbonium ion char-
S'4¢NFS— $+ H FS- , . acter at C-1 (see FIG.7-3.9(b)) and is supp-
orted by the sequence OMe > Me (hyperconjug-

g\

A ation) > F=~H > C1 > Br for the % formation
of (II). .
(a) (b) In SECTION 7-%.2 it was suggested that
FIG.7-3.9 Stabilisationng C-F  step lb, the elimination of HF from Z(VIII),
| Bond Polarisation rathef than step 2b, the elimination of HC1l

from (LI) (see SCHEME 45) was the most probable route to the Type (LII) acet-
yienes. This is certainly supported by the data in TABILE 7-3.10 where the
levels of (II) and (LII) produced by METHODS 1 and 2 indicate that (LI) res-
ists further elimination. :

As stated above, butoxide (METHOD 1) forms little (LI) because of steric
hindrance, it therefore initially forms a high level of (VIII) (predomlnantly
in the Z-isomer) which can then be re-attacked to produce the acetylene. This
limitation does not apply to ethoxide (METHOD 2) which can form significant
amounts of (LI), but on going from METHOD 2 to 3 there is a clear trend for
the level of (LI) to fall whilst the levels of (LII) and sometimes (VIII) rise..
The lower yield of (LI) represents a change to thermodynamic control which

favours (VIII) and since more base is avallable in METHOD 3 a higher level of
second stage elimination would be expected. The overall effect, therefore, is

the observed shift from the formation of (LI) to the formation of (LII).
As with the E:Z isomer ratios of (VIII), there is no descernable pattern

in the (LII): (VIII) product ratios, and as the observed effects could not
have been caused by varying reaction conditions (a11 derivatives were reacted
similtaneously, starting and finishing at 5 minute intervals, in the "same

thermostated 0il bath) no explanation can be offered.
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7-4 Products of the Elimination Reactions of the Type (IV) Alcohols

7-4-1 The Elimination Reactions

Three series of elimination reactions were performed on the 1mM scale

using two methods, the first being used twice @

METHOD 1 (2.KOBu?/THF)
The Type (IV) alcohol (1lmMole) was dissolved in dry THF (12ml) and added
dropwise to a solution of potassium-t-butoxide (2mMole) in dry THF (20ml) at
20%. A yellow colour rapidly develoﬁed. Stirring was continued overnight
under dry nitrogen before quenching with water. The products were ether/water
extracted as described for METHOD 1 in SECTION 7-3.l1. The yellow colour passed

1nto the aqueous phase but was later taken into ether by acldlflcatlon with
dil. HC1l. This normally accounted for 5 15% of the products.

METHOD 2 (3. NaH/CClA)

| The Type (IV) alcohol (1lmMole) was dissolved in dry (‘014 (20m1) and
stirred under dry nitrogen in a thermostated oil bath at 31°c. - Sodium hydride

pellets (mMole) were added and the solution became yellow. After overnight

stirring at 41°¢ the sodium hydride was removed by filtration, the filter

being thcroughly rinsed with 0014' On extraction with water the yellow colour
passed into the agqueous phase and was rgcovered lated by acidification as in

METHOD 1. The organic phase was dried over sodium sulphate prior to removing

_ the solvent under reduced pressure.

7-4-2 Identification of the Type (IV) Alcohol Elimination Products by METHOD 1

As méntioned earlier, no suitable method was found for separating the -
Type (IV) elimination products without the epoxides rearranging to the aldehyde.
This reaction readily proceeded as was discovered in a detailed study of the

elimination reactions-of H(IV) by METHOD 2 :

ag layer + HCl

o
OH BNaH, 4o c > PRODUCTS ex. into CCJA
CHCl2 _ CClu. . | EXTRACTED .10% » | PRODUCTS B
CClu '
90%

SCHEME QZ PRODUCTS A, B&C

were examined by 1H nmr, IR PRODUCTS A cold dil HC1 > PROtUCTS C
gle and GC/MS | Ae 80°% | 4

layer -

Analysis of the dafa obtained on the products, especially A, proved diff-
icult as several-contradictory obsérvations were made. The IR spectrum cont-
ained three bands in the carbonyl region (1670m, 1690m, 1730w, cm-l) as well
as the epoxide bands reported by Nouri—Bimorgh153’96 (918s, 925s, 1200m cm—l)

The 1H nmr, however, showed no peaks corresponding to either the expected
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aldehyde (#CHCICHO) or ketone (,dcocz{ecl). Gle (column ; 3% OV-17 on Chromo-
5" x 1m; Temp Oven 100°C, Inj 250°C) showed two major products (rf.86
& 100) which by GC/MS were virtually identical (M+ 154(156), main fragment-
ation to 125(127) then 91), ie. the epoxide and aldehyde :

sorb G,

8 ‘ " " SCHEME 48 The similar
(VII) [ ﬂHC/O CHClJ%z ' mass Spectral frag-
. =CHO @ mentations of the
(L1v) [ 9]@ o [ #-crca] C7H7 Type (VIIT) epoxides
f-CHC1-CH ' and Type (LIV) alde-
154/156 125/127 - o1 hydes.

The ratios of (VII) and (LIV) in fhe gle traces of PRODUCTS A varied
with the column conditions indicating that the aldehyde was being formed by
decomposition of the epoxide on the colum. The only product identifiable -
from the GC/MS arising from the original reaction was therefore the epoxide.
Unfortunately this was not fully supported by the 1H nmr : : _
§7.397(~9.54, s, aromatics); 5.365(1H,d,J=2.8Hz,H-2 in eis (VII)), 4.133(IH,d,
J=2.8Hz,H-1 in cis (VII)) ppm. .

This reaetion was repeated several times and apart from a weak singlet

~at 50 17ppm in some of the spectré no other lines occﬁrred. The major product
was clearly the cis-Type (VII) epoxide from both its lH nmr and IR spectra53 -96
but the identity of the compound(s) enhancing the aromatic 51gna1 is uncertain.

CHEME 49 shows some of the possible elimination reactions of H(IV) with NaH.

_The probablllty of }p attack at the four sites indicated should follow the
sequence : OMOIOMOR

1@ @#-CHC1-CHO (LIv).

- #-CHOH-CHO (V)

H, 01 _iCl» >A<l (Lv1)

Some of these C) 0 ﬂVﬁ—_\C ~H
OF0sp/ o g

reactions have (LI)
. been reported : P—=—0C1 (LI1)
under acid 286 : Ho\ - -
: condltions / _CO-CH C IVIT
@-mr ;z}/ {1 Rear  ~f-CO-CHC1 ( )

0 ,
L _
@-He__»ﬁ) CHl, (III?

® B z__, ;6—-"'——:‘——H LIX
~-HOC3, # N1 -HCL > == (LI )
‘ E/7 (LVIII).

SCHEME 49 Possible Elimination Reactlions of the Type (IV) Alcohols
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Althoughf(LI), the most‘likely secondary product, was not present both
:(LII) and (LVI) fit the observed lH nmr. The présence of the eyelo-propyl
derivative (LVI) was supported by the mass spectrum of PRODUCTS A (without
gle“separation) which contained a weak line at 254 and 256 and alsd by the
very high-field signals in some of the lH nmr spectra. All of the alternat-
ive products given in SCHEME 49 do not fit the observed H nmr spectra because
of the occurrence of non-aromatic signals (none of Wthh correspond to the
singlets marked $ in FIG.7-2.1 observed in the METHOD 1 ellminatlons) _
The GC/MS of PROIUCTS A also suggest the presence of

H. O @
(IX) \\§:;2// isomers of (IX) and (IXI) but again these may be the.

J4; c1 resul.s of reaction on the glec column.
| /ﬁk I | The major material in PRODUCTS C, the Type (LV) ald-
Ph. C0.CH-CC1.Ph ehyde, was readlly identified by its GC/MS, IR (1730s cm’ )
(IXT) “end 8 nmr (69.383 (1H,d,J=2.65Hz),5. 033(1h, d, J=2. 65Hz) ppm)

Again the aromatics appeared as a sharp singlet (§7.167 (~10.25H)ppm) with a
sharp high-field line (80.20(~0.77H)ppm). This suggests that in the reaction
studied the elimination proceeded to~55% of the Z-isomer of (VII) with ~35%
of the Type (LVI) cyclopropane and ~10% of the Type (LII) acetylene : On tre-
atment with dil. aeid or heat the'Type'(VII) epoxlide suffers complete rearr-
angement to the aldehyde.

. Identification of PRODUCTS B was far from straightforward. The 1y nmr
spectrum contained the following : 68.3-7.7(1Hm,aromatics), 7.6-6.8(4Hm,aro-
matics), 4.8-3.2(0.42Hm, olefinies); 0.2(0.33Hs, cyclopropyl)ppm. The aro-
matic region was reminiscent of benzoic acid and this was subported by a
sizeable peak in the GC/MS of M+122. This would appear to be one of the
major products after treatment of the agueous layer with dil. HCl. The GC/MS
also contained a host of other products with parent ions as high as 250 and
" 310 without any chlorine substitution patterns. How many of these were for-
med by reaction on the colum was not determined but these probably aceount
for the various signals in the lH olefinic region. Significant peaks corr-
esponding to the Type (LVI) cyclopropane were not seen in the GC/MS. The
route from the Type (IV) alcohol to the benzoic acid is unknown but a simi-
lar reaction was found to occur by METHOD 1 (ie. 5-10% of final product was
a benzoie acid). )

Finally FIG.4-7.1 shows a series of 1H nmr. spectra following the first
stages of the reaction of H(IV) with NaH in CClA, recorded using a T-1 program
on an XL100. The first 10 spectra were recorded at 100 second intervals, the
second 10 at 15 minute intervals. The poor resolution was due to precipi-
tation of NaCl during the reaction. | .

The spectra clearly show %he disappearance of the HC signal as the alk-
oxide (LXII) (indicated by the high field shift of the HA’ HB and Hﬁ signals
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(LXII)

SCHEME 50

INTERVAL
A =100secs
B =15mins

e

FIG.7-4.1 Single Pulse FT "Kinetic" Spectra of the Reaction between H(IV) and NaH in CCl,. Note the high field
shift (spectra 4-7) as the alkoxide is formed and the subsequent slow emergence of the epoxide signals
The structures shown in SCHEME 50 are drawn directly over the aromatic signals

(spectrum 12 onwards).
to which they relate.

- gH2 -
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in the presencé of the -daNég moiety) is formed. This then undergoes a slow
elimination reaction to the Z-epoxide (see SCHEME 50C).

_ 7-4-% The Epoxide Product Isomer Ratios Produced by METHODS 1 and 2

So far we have only examined the products of METHOD 2 which comprised
50-70% (depending on the ring substituent) of the epoxide (Z-isomer only).
Overall epoxide yields were similar by METHOD 1, but here both epoxides and
also an additional product,_givipg'risé to3afsiﬁ§let at 86.0 + 0.2ppm (see
‘ FIG.Z-E.l), were formed. The structure of the latter remains a mystery as
its 1H nmr. does not correspond to any of the likely products in SCHEME 49.

‘ The identity of the cis-(Z) epoxides formed by METHOD 2 was comfirmed
by its Iy nmr and IR spectra?j’96 The trans-(E)-Type (VII) epoxides have not
‘been reported but the assignment shown in FIG.Z-2;1 is subported by 1H data

on analogous epoxides?8l’287’29l The observed couplings (2.8 + 0.1BHz ass-

igned as cis 3JHH and 0.65‘1 0.15Hz assigned as trans 3J§H) agree well with
J

" -the classic study of Lehn and Rien12%L in which the cis gy 10 ﬁcﬁngX was
shown to vary from 4.1 to 2.5 Hz and trans 3JHH from 2.5 to 0.5Hz depending
on the electronegativity ‘of X. This was explained by the geomeﬁry of epox-
ides - the cis bonds areico—planar whilst the trans bonds have a dihedral

angle of ~147° giving a cos?ﬁ factor of 0.7 in the Karplus equation (see EQN.9).

TABIE 7-4.1 “H NMR Spectra of the E and Z Type (VIT) Epoxides

CIS (Z) EPOXIDE TRANS (E) EPOXIDE

DERLV ' wm RATTO 5 R RATTO

X Yy Vg Sp P4 (1 ]1 ]2 Vy Vg QMB Jg il |12

H [[536.5|413.31123.2{2.80 || 19|47{100 || 492.7|419.8|72.9{0.80| 81 | 53
o F [539.2{433.7]105.5]|2.75 || 27{25|100 || 4ok.2{ 443, 7150.5|0.60 73| 75
o C1 |541.8|433.41108.412.80 || 16| 9100 || 472.7/449.4]23.3|0.50) 84 | 91
o Br |541.7[427.5(114.2(2.85 || 58| 21100 || 470.91445.2]25.7|0.65| 42| 98
o Me [542.5(|417.41125.1(2.85 [[55]72|100 || 473.4{426.8{46.6|0.80| 45| 28
o CF,|539.9{441.9] 98.0|2.95 90 || 465.1|446.6]18.5|0. 701100 |100{10
p F ||534.0{410.0(124.0(2.85 || 38|54 =~ | 487.9{415.9{72.0{0.75 ) 62| 46
p C1 534.0 408.8 125.2(2.75 [ 59|50|100 || 486.9{413.9]73.0[0.60 41 | 50
p Br [533.4|407.8|125.6|2.65 || 40|32|100 | 485.6{412.0]|73.6{0.50] 60| 68
p Me [[535.5(|410.6 {124.812.80 | 24|47 4ol 7|419.6{75.1|0.75] 76| 53

P CF_5 537.6|416.9|120.7]2.80 [ 39| 72|100 | 492.0|424.0[68.0|0.60) 61 | 28

* The .o0Me, oNO_ pOMe and pNO, derivatives either did not react with any of
the bases tried or where reac%ion did. occur failed to produce any epoxide.
Both pF(IV) and pMe(IV) failed to form epoxides with NaH (pF(IV) yielded the
aldehyde - §9.491(1H,q4,J=2.65Hz); 5.175(1H,d,5=2.65Hz)ppm in all three att-
empted reactions whilst pMe(IV)- appeared to polymerise - the lH nmr signals
were extremely broad and almost entirely in the aromatic region).
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~..The E:Z isomer ratios for the three sets of. elimination reactioris, cale-
: 1

ulated from the 100MHz "H nmr spectral intensities, are given in TABLE 7-4.1.
The large variation in V, on going from the cis to the trans epoxide is

: A
probably due to the influence of the benzene ring current on the HA' proton

when cis to the ring, ie. in the trans-epoxide.

ﬁ Several authors have attempted to calculate the
“ve preferred rotamer in -styrene oxide and results

0]

of § = 1250 289 550 29 and 300 291 have been

reported (see FIG.7-4.2) with barriers to rot-
289, 201

ation quoted as approximately 3.S5kcal/mole’

FIG.4-7.2 Definition Turning to the epoxide isomer ratios - the.

of the angle J4i stereospecificity of Vthe NaH eliminations is
surprismg, espe01ally when 1t is realised that the Z-isomer is the’ least .
- sterically favoured. The expected elimination route is shown in SCHEME 51.
' B @ @ SCHEME 51 Elimination Routes.
H Cé =<} ‘. @ + @ ‘.‘ to the E/Z Epoxides
-H. @ @ Note that the zZ product is
J' CHC12 @ @ least favoured on steric
-1 _Cc1 grounds in the starting mat-
% + erial, product and transition
0 state.
. o _ . H/r,, WC1 Hom, o ,
. ‘ 4 - . 4 % Since METHOD 1 was duplic-
, : ated (both sets of eliminat-

: ) - ‘ ions were performed under iden-
tical conditions) the two sets of results should be averaged. Differences

between the two sets indicate considerable sensitivity in the E:Z isomer ratio
to reaction conditions and ideally

TABLE 7-4.2 Predicted and Observed Type ;
further replicates should have

(VII) Epoxide Isomer Ratios

DERIV PREDICTED METHOD 1 [METHOD 2 been performed to more accurately
X || ROT? 12 E |2 E| 2 fix the isomer ratios. In TABLE
H 23.3] 55 45| 67|33 / |100 7-4.2 the averaged results obtain-
oF 40.6]1 66| 34} 74| 28] /|100f ed by the two methods are compared
oCl || 70.5} 64|36} 87|13| /|100 to those predicted in Chapter 4
oBr || 75.0] 66| 341 70] 30| /|100 from the coupling data.
oMe | 22.1) 72|28 37|63| /|100 With the exception of oMe and
) C‘F3 66.1) 39 | 61} 100| /| 10| 90 oCF3 the E:Z isomer ratio predicted
ipF [ 23.3]55 5] s4|46| /| / from the coupling data was realised
pCl |235.3] 55 450 46|54 /[100| by METHOD 1. This included several
p Br [ -23.3} 55|45 -64|36] / |100 derivatives in which Rotamer 3
pMe || 23.31 55|45 64|36) /| / - (which allows no direct elimination
p CE |l 23.3} 55| 45 45| 55 /| 100 route) was present in large amounts

(40-75%).
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7—4-4 Possible Elimination Mechanisms for Epoxide Formation

' The formation of epoxides from P-chloroalecohols has been shown to pro-

ceed via a y-ElcB mechanismgl—83 (see SECTION 1-4-2). Because of the stability

of the carbanion intermediate in 8-ElcB mechanisms the stereochemical outcome
is normally unpredictable., In Yy-elliminations, however, the ﬁresence of the
stabilised -C° species need not necessarily upset the rotamer preferences of
the ground state alcohol so elimination may proceed to the exﬁected products,
This appears to be the case for the bulk of the eliminations performed with
butoxide (METHOD 1) with only the oMe(IV) and oCF (IV) derivatives going sub-
stantially to the unexpected epoxide. This appears to be a function of the
size of the ortho substituent.

In SECTION 6-7 Wnterpretatlon of the rot/opt LIS results indicated that
the Type (IV) alcohols all adopted conformations in which the ortho ring sub-
stituent was orientated towards the -CHCl2 group, thus "eontrolling" the C-1/
C-2 bond rotation. On ionising the alcohol function this orientation may be
destabilised for the bulky oMe and oCFB groups, the former belng attracted toi
wards the oxide ion, the latter being repelled. Having altered this controll-
Ing influence the side-chain would be free to change its conformational pref-

erences and hence produce unexpécted produet ratios.

There is strong evidence (FIG.7-4.1) that the NaH eliminations (METHOD 2)
also proceeded, initially at least, by an ElcB mechanism. The stereospecific-
ity*.for the least favoured Z-isomer is, however, puzzling as a mixture of E:Z

isomers was expected.
Let us assume that, in the first instance, elimination occured to the

expected E:Z products (see SCHEME 51).  NaH 1s a very powerful base which
could then abstract either of the epoxide protons (see SCHEME 52). The carban-
ions produced would undergo rapid inversions between the two pyramidal forms

with addition of a proton (from either another alcohol molecule or from the .-

th\ » C H - C JH v -
Ha O  C1- NaH . | . . 2 .;6 :E :01
E | NINE . | . z |

‘ c E c1.
H 0 ,Cl NaH . O K OMH
,cs: E(/ HA"\He . y N . zs‘ 7 c1

‘ SCHEME 52 Possible Formation of the Z-Epoxide by Base-Induced Rearrangement.

* With the exception of oCF, in which the 10% E-isomer probably reflects the
stereospecificity of METHOﬁ31 for the E-isomer.
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aqueous work-uﬁ) occuring pfedominantly in the most stable carbanion. This
would have the E:harged orbital away from the eleetron rich -Cl or -f groups
and would thérefore, favour. the Z-epoxide. ‘ 4 v
The thermodynamic control of .SCHEME 52 is the most- plausible route to
the exclusive formatiori of the Z-epoxide. An alternative reaction involving
an a—eliﬁxination of HCl could also participate :
| The formation of dichlorocarbene from treating chloroform with NaH is
well known : ’ '
}165\%{-{—}‘0013 i 90013—5-191'—;:0012 + c1® | SCHEME 53
A similar 2-step reaction could occur with the Type (IV) alcohols ‘giving
rise to the highly reactive intermediate (IXITI). Again the carbanion would
prefer to lie away from the phenyl ring allowiné an intramolecular rearrange-

ment to form the Z-epoxide. The presence of :CCl,_. and species such as (ILXIII)

2
in the NaH eliminations may account for some of the high MW species seen in

the GC/MS (see SECTION 7-4-2).

H i ‘\ 2 steps I—IE:@7/CI H O  H
_ = steps _ o - .

7 e - 1D ﬂm

- Yy I

.\ C(IxTII) . . SCHEME 54
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CHAPTER 8
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8 OVERVIEW

"8-1 Stereoselectivity Towards‘Diastéreotopic Leaving Groupsl— Was this observed ?

The simple answer is yes, as under some conditions stereospecificity

was found in the eliminations from both the Type (IV) alcohols and the Type
(V) fluorides (see TABLES 7-4.2 and 7-3.10 respectively). The results

prbvide a clear demonstration of the expected non-equivalence of paired groups
on a prochiral centre which is adjacgnt to a chiral centre (see SECTION>1-1).

_ Taking the question deeper - "Was the expected stereoselectivity
observed ?" - a simple answer cannot be given. ' _
; Throughout this work the strategy has been to find the conforma-
tion(s) preferred in the ground staté and from these to predict the expected
stereochemical outcome of elimination reactions. Even assuming that accurate

calculation of the preferredlbrientations was achieved (see Chapters 4 & 6)

several major assumptions were still needed in order to predict product
isomer ratios (see SECTION %-10). ,

Bearing this in mind, the epoxide product ratios produced by the
reaction of butoxide with the Type (IV) alcochols (METHOD 1) were, with the
exception of the oMe and oCFé derivatives, in extremely gobd agreement with
those predicted (eg. average para E:Z ratio predicted = 55:45; observed =
56.T:43.3 - see TABLE 7-4.2). This apbears to indicate that the rotamer pop-
ulations ealculated in CDCl3 solution were similar to those present under the
reaction conditions (THF solution) and that elimination proceeded towards the
prochiral leaving groups in direct proportion to the appropriate rotamer
populations. | ' '

A1l previous work has indicated that the epoxide forming Y-elimin-
ations follow ElcB kinetics (see SECTION 1-4). As such, preservation bf
stereochénﬁstry would nof normally be expected. In SECTION 7-4-4, however,

it was pointed out that the _d@ carbanion is one bond removed from the stereo-
chemically important C-C bond (ie. there can be no loss of steréoselectivity
by the usual method - pyramidal inversion at the carbanion) so except by
through-space steric repulsions, interference with the preferred ground state
conformations prior to elimination need not occur. In addition, the butoxide-
induced eliminations from the Type (IV) alcohols failed to produce the exp-
ected product ratios only when the extremely bulky oMe and oCFé ring substit-
uents were present (see SECTION 7-4-4).

Clearly, in the sodium hydride induced elimination from the Type
(IV) alechols (METHOD 2), stereospecific formation of the Z-epoxide was not
anticipated (sée SECTION 7-4). There is very strong evidence (FIG.7-4.1),
however, that the reaction initilally followed the expected mechanism (EléB),
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pbut it seems unlikely that the sterically unfavoured route to the Z-epoxide
(SCHEME 51) would have been followed exclusively. Rather, the E/Z epoxides
were probably formed in the expected ratio, and on re-attack by i (SCHEME
52) suffered rearrangement to the Z-epoxide (see SECTION 7-4-4) .

Turning to the Type (V) fluoride eliminations; although the proportions
of the Type (VIII) fluorostyrenes formed varied with the base, the E:Z ratio
was similar in all three methods. Summarising‘TABLE {-3.10 : -

ortho derivatives - expected E:Z ratio = 20 : 80; observed 0 : 100

6.4 : 93.6

para derivatives - expected E:Z ratio = 60 : 40; observed

In predicting the E:Z isomer ratios the eliminations from rotamers 2
and 3 (see TABLES 4-10.1 & 4-10.2) were assumed to proceed at identical rates

without loss of configuration (ie. via the E2 mechanism). In the event,
stereospecificity was observed throughout the ortho derivatives, including
oMe(V) which was expected to give an E:Z ratio of 49:51; indicating that, if
the calculated rotamer populations in the Type (V) fluorides were approximat-
ely correct, then thé rates of elimination from rotamers 2 and 3 were markedly
different (ie. by several orders of magnitude). This was interpreted in
SECTION 7-3-6 as strongly suggesting an EleB or ElcB-like mechanism and is
best appreciated by examining the possible reaction pathways (see SCHEME 55).

k
ROT2 2 > Relative Steric Hindrance
E2 ROT1 k. ||k 1 ' "ROT1 < ROT3 < ROT2
' NI K | ROT3' < ROT2'
[ROT3 2 > "z < E

X, : k
A = ] — -

: -2
ElcB ROT1 li rk_l kll’J [k_q_ .
k3 ) k6
-
k .
SCHEME 55 Elimination Reaction Pathways for Converting Type (V) to Type (VIII)

Using oMe(V) as an extreme case (ROT2:ROT3 == 1:1 but E:Z = 0:2): to
form the Z-isomer exclusively by the E2 mechanism the reaction rates must
have the relative magnitudes - kl(k__l) > k3> k,

Rapid interchange is expected between rotamers (kl/k_l), but substantial
, and k3 seem unlikely (rotamers 2 and 3 have
fairly similar steric hindrance) unless the transition states are very "prod-
‘uct-like" (see SECTION 1-4-1.4). The ElcB (or ElcB-like) mechanism does,

differences between rates k

however, leave more room for stereospecificity, for not only are all the firstb
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‘ stages of the elimination reaction (k2 and kj) reversible, but the stabilised
intermediates (ROT2' and ROT3' - the carbanions of SCHEME 16) may also inter-
convert. As both ROT2' and E are more hindered than ROT3" and Z the sequences
ku'» k—4’ k_ 3 and k > k5 would.be expected. Also thé interconversion
rates kl(k_l) and ku(k_u) would be expected to be fast relative to the react-
ion rates k2 to k6. A situation could easily arise, therefore, in which rates
-k4 and:k__8 could dominate the fate of ROT2' preventing elimination via k5 to
the E-isomer, ie kl{- + k_2 > k2 + k—l{- » k5~. Provided that k6 { k__3 +k
reactions would proceed stereospecifically to the Z-isomer.

. . The prediction of such stereospecifie reactions was not possible from
the data aﬁailable without a pridr knowledge of the elimination mechanism

preferred.

8-2 Relationship of the Type (IV) and (V) Eliminations to the 'Abnormal'

Michaells—Becker Reaction

This work was prompted by the suggestion of P.A.Worthingtonl8 that the

Type (IV) alcohols might be good models for the study of postulated ortho
interactions in the O-hydroxy phosphonate intermediates of the 'abnormal'
Michaelis-Becker reaction (see SECTION 1-3). Variations in the stereoselect-
ivity of this reaction, especially on modifying the ortho phenyl substituent_
(see TABLE 1-3.3), were attributed to changes in the preferences for partic-
ular side-chain rotamers (see SCHEME 9 and FIG.1-3.3). These preferences

were thought to be controlled by interactions between the ortho ring substit-
uent and the fda moiety. This was supported by previous observation347_but
could not be directly verified due to the reactivity of the intermediates.
FIG.8-2.1 compares the structure of the Type (IV) and (V) compounds
and their elimination reactions to those of the O~hydroxy phosphonates.
Whilst the Type (IV) alcohols are structurally closer to the a-hydroxy phos-
phonates than the Type (V) fluorides, the latter do have the advantage of
performing elimination reactions from the same rotamers and to the same’
olefin isomers as the (-hydroxy phosphonates, ﬁeither of the model systems
however, mimicked the unique cyeclisation-elimination process performed by the
o~hydroxy phosphonates (see SCHEME 8). ' _

. As we have seen the Type (V) fluorides underwent more or less stereo-
specific elimination to the Z-fluorostyrenes despite predictions to the_con—
trary. This was probably due to the formation and stabilisation of a carban-
ion intermediate (ie. an EleB mechanism) which allowed complete thermodynamlc
control of the product geometry. These results are therefore of no help in
verifying the postulated structures of the Q-hydroxy phosphonatesl8,the react-

ions of which were substantially under kinetic control (see'TABLE'l-Q.ﬁ).
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FIG.8-2.1 Comparison of Type.(IV) & (V) Compcunds to: the ga-hydroxyphosphonates

Similarly, although the Type (IV) alcohol eliminations showed stereoselectivity,
this was in effect monitoring the rotamer 1 : rotamer 2 ratio and not the
rotamer 2 : rotamer 3 ratio (see FIG.8-2.1), and is therefore not directly
appliecable to thé Q-hydroxy phosphonates.

Solace is found in the rotamer pppulation predictions for the Type (IV)
and (V) series derived from the coupling data in Chapter 4 (see TABLE 8-2.1 -
compiled from TABLES 1-3.3 & 4-10.2). If the E:Z vinyl phosphate ratios are

compared directly to the rotamer 2 : rotamer 3 ratios there appears to be
little correlation, but plots of %E vs. ROT2 and %Z vs. ROT3 show surprisingly
good correlation when the sources of the sets of data are considered (see
FIGS.8-2.2 & 8-2.3). In fact, excepting the'oNOQ(V) rotamer 3 population,
the calculated rotamer populations for the Type (IV) & (V) series success-
fully predict the rank of the E/Z isomer formation in the 'abnormal' Michaelis-

Becker -reaction.

Purther support for the concept of elimination from preferred rotamers

cdntrolling the vinyl phosphate isomer ratio comes from the side-chain 19F
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TABLE 8-2.1 Comparison of E:Z Vinyl Phosphate Ratios to the Type (IV) & (V)

Series Rotamer Populations

' DERTV Vinyl Phosphate | Type (V) & (V) Rotamer
' Product Ratios. | Population Predictions
X E z 1 2 3
H 95 5 42.3 | 34.4 ] 23.3
oF 60 40 39.9] 19.5 | 40.6
o C1 17 ‘83 18.91 10.6 | 70.5
o Br -9 o1 . 16.41 8.5 75.0
o Me 77 | 23 55.0.| 21.9 | 22.0
o OMe 5 95 , 15.0| 3.0] 83.0
o NO, 37.5 | 62.5. 10.3 | 10.0] 79.7
P X 95 5 b2.3| 34.4 | 23.3
».BO..
50
Z
L 4,0
L204
, 0]
-0 T T T 1 -0 T T T T
0 20 40 2 60 80 | 0 20 40 3 60 80
FIG.8-2.2 Rotamer 2 vs. E-Isomer FI1G.8-2.3 Rotamer 3 vs. Z-Isomer

Plots of the predicted rotamer populations of the Type (IV) & (V) series vs.
the observed prcduct isomer ratios of the 'abnormal' Michaelis-Becker Reaction

shifts in the Type (V) fluorides (see SECTION 4-9, point (5)). These suggest
the seqﬁence : . oOMe, Cl, Br, N02 > oF, oCF‘3 >’ oMe, all pX for the
rotamer 3 populations, which agrees with the observed incidence of the 2Z-
vinyl phosphate isomer in the O-hydroxy phosphonate cyclisation/eliminatidné.
No evidence was found, from either the conventional nmr shifts and
couplings or the LIS data, to support the suggested ring substituent inter-
actions with the side-chain hydroxy group%8 Instead the LIS data, almost
unanimously, indicated that the major ring orientation throughout the Type
(IV)»series was such that the X substituent and -CH012<group were. adjacent,

ie. the ideal orientation for the "control" of the side-chain rotamer
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preferences by'the ring substituent (see SECTION.6-7).

Overall, therefore, data‘from the{Tyﬁe (IV) & (V) series is useful in
increasing our understanding of the structures of the drhydroxy phosphonate
intermediateé, but the eliminatién reactions so far observed, especially for
the Type (V) fluorides, possessed téo mich thermodynamic control for sensible
correlation to the 'abnormal' Michaelis-Becker reaction which was primarily
kinetically controlled. This last problem may be insqrmountable if the Type

(V) fluorides always eliminate via an ElcB mechanism.

8-3 Success/Validity of the Approaches to Ccnfdrmational Analysis Based on
‘the Conventional NMR Spectra (Chepter %) and the LIS Data (Chapters 5 & 6)

With the exception of tﬁe METHOD 1 Type (IV).eliminaéion results'(see
TABLE 7-4.2), which were subject to an unknown"degree of bond rotation dur-
ing the reaction, there is no independent corroboratory measure of the succ-
ess or accuracy of the side-chain rotamer predictions for the Type (IV) & (V)
series made in SECTIONS'4-8—2.1 & 6-7. For the most part, however, the ’
results from the LIS data and the 3JHH/'_BJHF data (together with those from

the 2J

cp and §F data) are mutually supporting.
Whilst X-ray crystalloégraphy appears attractive as the only absolute
.method of verifying the preferréd overgli geometry it has two major limitations:

{1) The molecule is examined in the solid state and not in solution where
it performs its reactions. )

(2) Only one internal orientation of the molecule will be seen, which will
probably correspond to the structure most cccupied in solution but will give
no data on conformational preferences between the various rotamers. T

A stereoselective reaction such as those already attempted with the
Type (IV) & (V) series, is the only true method of confirming the rotamer pop-
ulations, but, as we have seen, unless conditions can be found under which
the product isomer ratio reflects the starting material rotamer ratio (which

the Type (V) results clearly do not), the results will be of little value.

The validity of both approaches to the conformational determination of
the Typé (IV) & (V) series should be questioned.

In Chapter 4 the conventional nmr parameters of chemical shift and
coupling constant were used to obtain indications of conformational preferences.
In this context the availability of a series or several series of compounds,
within which to make comparisbns, is essential as observations are largely
relative and not absolute. ‘

Studies concentrated on fhe €-1/C-2 conformation, since this was impor-
tant in directing the course of the elimination reactions and also contained
35

the mainstay of the conformetional data : the ZbHH and HF couplings. The
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complexity'of‘fhe structural and substituent dependence of the 3JHF coupling .
was demonstrated with a series of deoxyfluoro pyranoses in SECTION 4_8-2.2,

This indicated that a simple empirical approach (eg. EQN.86) would not satis-
factorily predict both the trans and gauche 3JHF (or 3JHH) coupling constants

in a multisubstituted species (eg. a Type (V) fluoride). It was therefore
decided to use a model approach to estimate the coupling constants for the
individual side-chain rotamers in the Type (V) fluorides (see SECTION 4-8-2.3).

Considerable care was taken, both in the choice of the model couplings and in
their conversion to the estimates of the couplings in the Type (V) fluorides,
every effort being made to justify and correct any approximations. The rot-

-amer populations were then calculated from the observed "time averaged” 3JHH
& EJHF couplings, and the estimated couplings of the individual rotamers.

The determinant method used (EQNS.92-95,99—101) is perfectly sound provided

that the assumption -~ that only the three staggered rotamers are occupied

for any length of time - is valid.

‘ As the C-1/C-2 conformational analyses were quantitative, the results,
unlike those from the remaining qualitative observations, are liable to close.
scrutiny. By the nature ot the determinant method, however, it is difficult
to judge the likely errors in the final rotamer figures, especially after
the "para adjustment” made to the ortho derivatives (see TABLE 4-8.9). The
observed couplings should be accurate to +0.05Hz whilst the errors in the
calculated céuplings should be within +1.0Hz. Overall the expected errors
in the rotamer predictions should be within.ilq% with the proviso that if
significant errors are present the relative rotamer differences betWeen the

various derivatives should not change unduly.

In Chapter 5 the rotational optimisation approach to conformational
analysis by LIS was introduced and developed. In Chagter 6 this method was
applied to the analysis of the LIS data of the Type (IV) alecohols using the
program METFIND VII. -

Two LSR's were used : firstly Eu(fod—dg)j, to establish conformational
homogeneity in the substrate during addition of the LSR (the low broadening
of Eu(IiI) allowed successful monitoring of the various coupling constants) -
secondly Yb(fod:dg)j, as this has very low CS/CFS cntamination and is there-
for the ideal shift reagent for conformational studies. ‘

_ . The general rot/opt method is subject to several limitations :
(1) the accuracy of the molecular coordinate and LIS data. For the simple

“molecules studied, standard bond lengths and angles should generate coord-

inates accurate to within i0.0}R relative to the binding site (ie. errors in
In-X radii within 3%). Potential measurement errors‘in the LIS data were,

~ however, more serious (see TABLE 6-3.6). Although some D¢ 1Is were
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r.:potentially subject to large errors (due to digitisation rate and solubility
limitations on ISR concentration - see SECTION 6-3-2), T6% of the data had

max. errors‘<j5% with the average max. error of the remainder rising to ~15%._

(2) the size of the data set. The accuracy.of the general method is good

with large data:sets but progressively diminishes as the data set decreases.
(NB. With'very small data seté, eg. 3-4 atoms, excellent but generally mean-
ingless fits are obtained!). In particular the accuracy of a rot/opt step is
‘véry dependent on the number of shiftted groups being optimised. This limit-
ation was particularly felt in this study as only one atom (H-108) was avail-
able for rot/opt of the C-1/C-2 bond. ' ‘

(3) the ease with which a search or rot/opt may concentrate on a false or

secondary maximum metal position. This is well illustrated in FIGS.6-5,1 &
6-5.2 and demonstrates that the utmost care is required to ensurée that é rot/
opt search produces sensible results. The problem of secondary maxima is ’
mainly a function of the small FIXED ATOM data set available for the Type (V)
alcohols. ' - ‘ A ‘ A ‘ o
(%) interpretation of the result obtained. The method is analogous to X-

ray crystallography in that the final result only indicates one molecular
conformation. The METFIND rot/opt technique differs, however, in the ability
t0 compare the maximum rot/opt position obtained witﬁ all the other orientat-
johs examined, to (a) determine the significance of the "max" result over
free-rotation and (b) to evaluate contributions of other rotamers to the
overall state in solution. As was seen in  SECTION 6-7 the interpretatién of
these results is rather intuitive which unforfunately reduces their useful-

ness and reliability.

In summary, the METFIND VIT rot/opt method is basically sound as the
only assumptions it requireé are now accepted throughout the literature
(eg. the alignment of the lanthanide's principal symmetry axis, ete.), or
demonstrable before performing an optimisation (eg. substrate conformational
homogeneity before and after adding LSR) (see SECTIONS 1-6-4.1 & 5-1). The
method is, however, not completely straightforward to apply, as the rot/opt

process 1s both complex and fraught with potential pitfalls, with consider-
able care essential in the interpretation of the results.

The system studied (the Type (IV) alcohols) was not ideally suited to
the rot/opt process, due to (a) the overall number of shifted atoms in the
‘ molecules and (b) the presence of only one nmr active atom in the key rotat-
" ing species. Nevertheless useful results were obtained which both supported
the conventional conformational analyses of Chapter 4 and supplied additional

information on the orientation of the phenyl ring substituents to the side-

chain (see SECTION 6-7).
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. 8-4 Areas for Further Work

Several areas should be considered for further work :

The conformational predictions made for the Type (IV) & (V) series
remain substantially unconfirmed in the absence of’ approprlate reaction cond-
itions for the proportionate conversion of the starting matéfiai‘rotamers to

. the product isomers. Further work may well establish suitable conditions
(ie. favouring an E2 mechanism) at least for the Type (V) fluoride, and poss-
ibly for the Type (IV) alecohol eliminations.

.Further,studies on conformational analysis in related systems, using
both the conventional'nmr‘and LIS technigues would also be interesting. The
main limitation of the Type (IV) & (V) series (ie. only one nmr-active spec-—

"ies on C-2) could be overcome by examining compounds of the general type

(LXIV—LXVIi)
H_0oH
Me Me
. H Me
(LXIV) (va) (LXVI) . X (IxvIiI)
Elims | Elin? N .
X F H o,
- HIF] _ HIF]
FIH] FlH]
'(ixvnl} (LXIX)

Compounds (LXIV) & (LXV) would be of interest from both their nmr and
chemieal properties. These eompounds weculd all be useful in demonstrating the
the diastereotopie nature of the péired groups on the prochiral centre and

-should all possess ortho derivative dependent side chain conformations.

The steric control of side-chain reactions, exercised by ortho ring
. substituents, could be exploitable in stereoselective/stereospecific organic
syntheses, where selection of the appropriate ring substituent could be used

to predétermine the isomer ratio of a reaction intermediate.
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APPENDIX I : GRAPHICAL METHODS FOR SPECTRAL ANALYSIS

During the course of the theoretical work on the ABX-spin system, graph-
ical aids were found to be essential tools for understanding the movements of
the spectral lines under various conditions; the most illustrative cf these
have been reproduced in Chavter 3 (see FIGS.3-2.5 to 3-2.12). A natural ext-
‘ension to this work included attempts to perform Spectral analy31s graphlcally.

Applying Abraham's method of sub-spectral analy515242 to-the AB-reglon of ABX

spectra involves the individual treatment of the two apparent AB-quartets to
obtain 5* values (see EQNS 32 & 54), and so FIG.I-1 which is a plot of QMB
against Sep (AHF ) was produced (Throughout the graphs in this section
and: in Chapter 3 GAB A mx L and N are scaled in units of I

removes one spectral variable and makes the plots universally useful instead

as this

of applying in only one instance).

| Using FIG.3-1.1, if we define § = Ay, ~ B 5 then §,5 = J6(8 + 2) .
FIG.I-1 is therefore a plot of GAB against § with the 1st order approximation
§ + 1 also plotted for comparison.

When drawing the 24 AB-regions in FIGS.3-2.5 & 3-2.6 it was necessary

to solve a total of 20 AB-spectra in reverse, ie. given §,., to calculate the

5AB=

line separations and intensities. Again a graphical route was chosen to
'calculate intensities (see EQN.33). From TABLE 5-2.3 the total intensity of
any. pair of AB-region lines, ie. Ay(8-6) or BB(3-1), is 2 (the sin¢+ terms
cancel). This was taken as "UNIT INTENSITY" and the heights of the "inner"
and "outer" quartet lines were calculated as fractions of this from the

following relationship :

6/(8 + 2)
1

From EQN. %3 [cuter] / [icner]

[outer] + [inner]

1
o lowter] = 1 - FETEY v 1

— l - l
- (26 + 2)/(6 + 2)

b . 5 +2
[outer] = (55 +2) 2 [inner] = z%g—ffég

In FIG.I-2 [outer] is plotted against 'GAB. Note that [outer] has still
not attained the true lst order value of 0.5'even at §AB = EOJAB, so in the
minimum AX case of §p = 10J,, there is still a 10% distortion of the quartet
in intensity terms (ie. [45] : [55]), but the actual distortion of the mid-

points of the doublets is less, at approximately 5% (J ).

Using FIGS.I-1 & I-2 any AB-spectrum (or sub- spectrum) may be . rapidly
analysed, and conversely, glven GAB’ the appearance of an AB-region can be v

rapidly predicted.
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When referring to the distortion of an AB-qUartet; an analogy that is
often made is that the true positions of & and B (yh and VB) are at the
"centres of gravity" of the doublets from A and B. This is only approximately
true (see FIG.I-2). Using this argument, .if the ratio of. the peak intensities -
>is A : B (where A+B = 1) then the centre of gravity of the pair of lines will
be distance A from the foot of peak B. Therefore the plot of [outer] against
5AB (FIG.I-2) shows the movement of the "centre of gravity" of the quartet.
The true offset of v, from A, (the more intense line) may be found from
FIG.I-1 using : Offset = %(SAB - 8). This produces the lower plot shown in
FIG.I-2 which has a significantly different course from the "centre of grav-
ity" line. The "error" between the two lines is plotted on the left and .
reaches a maximum value ot 0.15JAB when 5AB = O.75JAB.

Unfortunately, ABX_spectra have too many variables for their complete
analysis to be attempted,in one or two graphs; for even after removing the
influence of J,, one is still left with 5AB’ L and N which would have to be
plotted simultaneously (ie. in families of curves, etc.) to obtain line
positions, intensitles or assignments. However, once the basic mechanism
of formation of an ABX spectrum has been visualised (see FIGS.3-2.5; 3-2.6;
;tggg) the line assignment process becomes fairly straightforward and further

"aids" to assignment would probably be more complicated to decipher than the
spgctrum itself. Also, once one assighment has been chosen as correct, its
subsequent analysis is relatively straightforward, and if Abraham's sub-
spectral method is used242 the AB—analyseS may be performed graphically (see
above). '

The key area, therefore, in which graphical methods are useful, is in
determining which assignment is correct. The only difficulty - that for
each assignment there were two possible solutions for [14,15] (see FIGS.3-2.9
tb 3-2.11) - was eventually resolved empirically and this enabled a graphical
route to the calculation of [14,15] to be developed (see FIG.3-2.13 and the
‘relevant text in SECTION 3-2-4.,1). FIG.I-3 is a more accurate version of
FIG.3-2.13 and should be used in conjunction with the method given in SECTION

3-2-4.1 to calculate [14,15] from the basic parameters IJAB/Etgl via A, .
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FIG.I-2 A Comparison of the Distortions seen in
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L Asin20=Tgl2D, | P b 15200 P uaslssinfie,-a) | )

FIG,I-3 A Ready Reckoner for Calcublating {14, 15] . For details of method of
use see SECTION 3-2-4,1 . .
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APPENDIX II : ABX ANALYSIS - CONDITIONS UNDER WHICH [14,15] > [ 10,11]!

From FIG.3-2.11 it can be seen that for §,5> L, [14,15]{[10,11].
For part of the range 8,5€ I» [1%,15] > [10,11], but the lower limit of

this condition requires quantifying.

From TABLE 3-2.3 : [14,15] = sin®(f, - 4.)
- [ou] = cos’@, - 4)
Since : sin“A + cosA = 1; this occurs when sing(,é+ - 8) > 0.5.
g , and g are defined 1;1 EQNS.%35-%7 : D cosad = %GAB' + 2L (1)
| | D sin2¢ = )5 | (2)
Dividing (2) by (1) we obtain : tanof, = JAB/(ﬁ +L) (3)
tnef = 3,0/(6 - L) )
Applyiﬁg the standard relation : tan(A - B) -_- (tanA - tanB)/(1 + tanA.tanB)v
we obtain: tan2(d, - ) = (ens, )/ -82-323) (5)
C Let 8y = Jin-1).9, fe. n = (5/7,5)° + 1 (6
then (5) reduces to : tan2(f, - #) . = (20.3,5)/(1° - n,0) (7)
‘Substituting for tanA as sinA/cosA and squaring, we obtain :
sinl2(8, - )/oos2(8, - #) - = @iR.g,2/(® - n7,3)° (8)
but sin“A = 1 - cos-A ; substituting in (8) and expanding, we obtain : .
cos2(f, - £).((1F - a1 22 + wPgd) - (2- nJAg)? (9)
cocos2(f, - ) = (0 - o, 2)/((1P - 03 2)° 4 4L2.'JA§2_% (10)
but cos2A = 1 - 2sinA; cos2(f, ~#) = 1 - 2s1n2(¢+ -£) .

Since we want to know when sin2(¢+ -£) > 0.5 we may find this by
evaluating the conditions under which cose(,@_l_‘ -8) <o.0.
This oceurs when Lo - nJAg {0 ; ie. when nJAg > 12

.. Lines 14 and 15 are more intense than lines 10 and 11 when IB > L/

Substituting (6) for n, this occurs when ( 6A§ + J Ag) > 12

With the lower limit of the intensity relation quantified we may now

write'the full relation as :

[14,15] >.[1o,11] .when L D&n >,7/(L2‘~ - JAE)_
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APPENDIX IIT : Optimisation of Metal Reflection

For the two metal positions M and MR,.the individual calculated shifts/
broadenings-for each group have percentage differences D and DR from the
observed data. To calculate the optimum proportions of M and MR it is necess-
ary to find the minimum BMS error of a linear combination of M and MR given

by : (x.M + (1-x).M)

.*. Wish to find the minimm value of :  X(x.D + (1- x).DR)2
2.2 2 2 2 ’
‘Expanding = X(x°D + DR { x.Dg + 2x.DDR - 2x.DDR - 2x.D§)
2 2 2 : 2
= AT + Ip - em) + xE(aDDy - 2D§) - f

. R 2

For a minimum value = =. 0 and EEQ = +ve .

.". a minimm occurs when X.Z(DE + Iﬁ - 2DDR) + Z(DDR - Dg) = 0
. : 2 2 2 \
ie. when x = Z((DR - DDR)/(D S+ DR - 2DDR))

AND 5of o+ 2 - 2bD) > 0

Threrfore, in order to find the optimum value of x, only the cumulative
values of ZD?, ZD; and ZDDR need to be stored (ie. 3 extra variables). Unfor-
tunately, if the individual errors between the weighted calculated shifts/

' broadenings and the observed data are required, the individual values of D
end Dp also need to be stored (ie. 2 x NGROUP variables).

The following series of operations would be required to optimise the

distribution between the two metal positions :

(1) Check that : ¥(D° + Dg - amDy) > O.

IFf this is the case then proceed to (2). If no, then a minimum value
cannot arise from a linear combination of M and MR and the optimum position

will therefore be the one with the lower overall error (3D or ZIEQ.
(2) Caleulate x from the equation deduced above

(3) Check that O < x < 1. If this is not the case proceed as in (1).
" If-this test is passed, then the overall RMS error is given by : '

‘//Z(x.D + (1 - x).DR)g
f n-1 :
, o~

This 1s comparable with the standard equation : ol

'This process may be equally well applied in determining the relétivg metal

site preferences with two (or more) binding sites.
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" APPENDIX IV : METFIND VII (MET7IND)

IV-1 Input Data Decks

An example of a typical data deck.is given below.

This was used for .

the initial "FIXED ATOM" MULTISCAN search of the Yb-LIS data of oF(IV).
supplementary decks show how the first deck was modified for (a) normallsation
on C-1 (607), and (b) a full ROTATE run :

TITLE(

%X = ORTHO F  TYPE(IV) ALCOHOL ROT2/CR2* )
NATOM(05/13), NCENTR(11), SBOPT (1), NSIGN(3),NORM(1),ROTN(O

FITLIM1(0.500), FITLIM2(0.500), FITLIM3(0.500) , TYPLIM(O: 500)

107/1/01
607/1/02
608/1/03
604/1/04
601/1/03
108/1/06
602/1/07
603/1/08
605,1/09
606/1/10
902/1/11
103/1/12
104/1/13
105/1/13
106/1/15
800/1/16
1708/1/17
1708/1/18

1.8433333 0.51383%10 0.8899812 02/ / /
1.48 0.0 0.0 01/03/05/16
1.9933329 0.7259630-1.2574047 02/06/17/18
2.9200001-4, 0725350 0.0 08/09/13/
1.9866667-1.4330697 0.0 02/07/10/
1.6333333 1.7441967-1.2574047 03/ / /
2.7915477-1.8909534 1.05 05/08/11/
3.2582144-3,2108960 1.05 oy/o7/12/
2.1151192-3.6150413 1.05 o4/10/14/
1.6484524-2.2951087-1.05 05/09/15/
3.1056038-1.090L987 2.025 o/ / /
3.8791226-3.564128% 1.86 o8/ [/ /
3.2800002-5.0911688 0.0 o/ [/ /
1.8542110-4,.2800428-1.,86 oo/ / /
1.0275843-1,9418764-1.86 -1/ / /
0.0 0.0 0.0 o/ / /
1.4066667-0.1037092-2.6944387 03/ / /
3.7533332 0.7259631-1.2574047 03/ //

NGROUP( 1),SHIFT( 623.8)
NGROUP( 2),SHIFT(1000.0)
NGROUP( 3-),SHIFT( 512.7)
NGROUP( 4),SHIFT( 110.0)
NGROUP( 5),SHIFT( 589.7)
NGROUP( 6),SHIFT( 363.1)-
NGROUP( 7),SHIFT( 284.8)
NGROUP( 8),SHIFT( 141.6)
NGROUP( 9),SHIFT( 142.4)
NGROUP(10),SHIFT( 337.0)
NGROUP(11),SHIFT( 218.4)
SEARCH RADIUS FROM (150) to (190) IN STEPS OF (10)
SEARCH ANGLE PHI FROM (-90) TO (135) IN STEPS OF { 5) DEGREES
SEARCH ANGLE PSI FROM ( 90) TO.(135) IN STEPS OF ( 5) DEGREES

(a)
607/1/01
©107/1/02
608/1/03
601/1/05
800/1/16

1.48 0.0 0.0 02/03/05/16
1.8433333 0.5138310 0.8899812 01/ / /
1.9933329 0.7259630-1,2574047 01/06/17/18
1.9866667-1.4330697 0.0 01L/07/10/
0.0 0.0 0.0 o/ / [/

NGROUP( 1),SHIFT(1000.0)
NGROUP( .2),SHIFT( 623.8)

lllllllllllllll
112211122222221
112211122222221
1111122444847 2
lllile2okiiihhip
13311133333351
13355555513
13355555513
13255555513
12555555513
12355555513
13255555513
12355555513
15355555513
13355555513
11111111111
13311133333331
13311133333331

112211122222221
1111111113111111
112211122222221
1111122444444] 2

1111113111111

Changing the cards in parentheses is optional (see next section)

- JORTHO
ITER(7), REFLEC(3), LIM(2), TEST(0) , BONGLE(000) , CONTUR(1 ), OMITA (0) , OMITC ( 0) ORTHO

The

ORTHO

- ORTHC
ORTHO
ORTHO
ORTHO
ORTHO
ORTHG
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO
ORTHO

T B B R R R R s B B B - B - B B e B B R e s s I A B R R S B

ORTHC
ORTHO
CRTHO
ORTHO
ORTHO
ORTHO
ORTHO F

o4 T
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(b)

NATOM(11/07), NCENTR(11), SBOPT(l) NSIGN(}) NORM(1), ROTN(31264264344545877)ORTHO F
SEARCH RADIUS FROM (250) TO (290) IN STEPS OF (10) . - ORTHO F
SEARCH ANGLE PHI FROM (135) TO (180) IN STEPS OF ( 5) DEGREES ~ORTHO F

SEARCH ANGLE PSI FROM (180) TO (225) IN STEPS OF ( 5) DEGREES ORTHO F

The input formats to METFIND VII are annotated, where possibie, as this

allows easy.interpretation of punched decks and ensures correct formatting.

Example (b) illustrates the ease with which the type of run can be ‘modified

without changing the basic COORD and SHIFT data cards.

IV-2 Card Formats and Brief Deseriptions of the VariousAParameters and Options

METFIND VII has ten different data cards :
CARDS 1, 2, 3; 4, 7, 8 and 9 only appear once in any data deck.
CARDS 5.and 6 are repeated and form the COORD and SHIFT DATA BLOCKS.
CARD 10 is optional and may be repeated. The.full 80 characters are used.

All entries must be numerical apart from the TITLE on CARD 1 and the
' IDENTIFICATION NAME marked 'nnaa' on CARD 5. -

CARD
TITLE(

1..

. REFERENCE INFORMATION
* o * ) DATA 001

‘This may contain any alphanumeric name up to 64 characters.

CARD 2 ..

. OBLIGATORY DATA -

NATOM( / ),NCENTR( ),SBOPT( ),NSIGN( ),NORM( ),ROTN( - )DATA 002
 NATOM = The two numbers indicate the total number of SHIFTED/BROADENED ATOMS

NCENTR =

SBOPT

(1) = shift
" NSIGN =

NORM
ROTN

and NMR INACTIVE ATOMS for which data is given in the COORD DATA
BIOCK. As this contains ONE CARD PER ATOM the sum of these numbers

mst equal the number of cards in the BLOCK- (maximum value = 100).
The total number of SHIFTED/BROADENED GROUPS with an entry in the
SHIFT DATA BLOCK. The same constraints apply as with NATOM.

= SHIFT/BROADENING OPTION. This informs the program what data is to

be read from the SHIFT DATA BLOCK. SBOPT can have only three values:
data only; (2) = shift and broadening data; (3) broadening data only
The sign of the SHIFT of the normalising (first) GROUP. Again this
ean have three values : (1) negative; (2) unknown; (3) positive.
This is used to check that the sign of the first shift calculated is

ecorrect, and can obviously save considerable wasted computer time.

The nunmber of SHIFTED/BROADENED ATOMS in“the-first’ GROUP.
" ROTATION OPTION. The first digit (ROTOPT) determines whether rot-

ation is. required and at whiech rotational inerement (see TABLE IV-2.1)

The remaining 15 digits are the NCYCOP parameters for each of the

15 CYCIES (see TABLE 5-4.1). Each time NCYCOP = 5 is used the
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rotational increment is decreased together with the R, PHI and PSI
Inerements to effect a degree of FOCUSING.

TABLE IV~2.1 Rotational Inerements for NCYCOP = 3/5 as Determined by ROTOPT

ROTOPY = e ]| T ST (et 5 ()
1 1 1 1 6% 20 10~ 5 "
2 2 1 7 30 15 5
% 5 2 1 8 45 20 10
Y 10 5 2 9 60 30 15
5% 15 5 ‘ 2 0 ROTATION OPTION NOT SELECTED

* Indicates the normal range of ROTOPT.

CARD 3 ... OPTION SELECTION INFORMATION

ITER( ),REFLEC( ),LIM( ),TEST( ),BONGLE( ),CONTUR( ), OMITA( ),OMITC( ),DATA 003

ITER = ITERATION OPTION. ''his may have ten values (see SECTION 5-2-7) :
. When = O ... NON-ITERATIVE MODE. Searches one block using the input SEARCH DATA.
When = 1 . FOCUSING MODE. Performs an iterative search.

2-9 ... MULTISCAN MODE. Performs (ITER - 1) MULTISCANS (see FIG.5-2. 5)
REFLEC = REFLECTION/ROTATION/SYMMETRY OPTION. This may have ten values and
informs the program whether XY- or XZ- plane METAL REFLECTION and/or
METHYL GROUP ROTATION are required (see SECTIONS 5-2-5 & 5-2-6) and
' | also whether SYMMETRY will be present in the FITFACTOR TABLES (this
: can arise from either molecular symmetry or the use of METAL REF-
LECTION). If SYMMETRY is present, half of the search blocks norm-
ally performed in the MJLTISCAN MODE are suppressed. There is NO
EFFECT on the output of the NON-ITERATIVE or FOCUSING MODES. For
XZ-SYMMETRY blocks 9-16 are omitted, for XY~-SYMMETRY blocks 3,4, 7,8
11,12,15 and 16 are omitted (see FIG:5-2.5d4 ~ NB. XY-SYMMETRY corr-

When

1

esponds to PSI = 180, XZ-SYMMETRY to PHI = 180).
TABLE TV-2.2 REFLEC OPTION
REFLEC REFN ROTN SYMM REFLEC REFN ROTN SYMM
0 I none none none 5 Xz ROTN Xz
1 Xy none ~XZ . 6 none none XY
2 XZ none X7 T none none XZ
3 none ROTN none 8 none ROTN b 8’4
4 XY ROTN XY 9 none ROTN XZ

LIM = LIMIT OPTION.

This is used to control the TOLERANCE TESTS in METFIND
(see SECTION 5-2.4) and may have three values :

When = O ... Preset values for FITLIM(1,2,3) -and TYPLIM of 0.9, 0.97, 0.985

and -0.994 are selected. CARD 4 is not read but must be present.
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When = 1 or 2 ... The.values”ovaITLIM(l,Q,j) and TYPLIM are read from CARD %.
When = O or 1 ... After completing the last FITFACTOR TABLE (when ITER = 0 or 1)
- a detailed listing of the  SOLUTIONS whose FITFACTORS exceed TYPLIM )
will be given (WRITEB Qutput)." S ' .
= 2 ... Only the SOIUTION to the MAXIMJM FITFACTOR will be given, REGARD-

When
' LESS OF WHETHER IT EXCEEDS TYPLIM. If there are several ident-
ical maxima the SOLUTION to the average position will be given.
TEST = TEST OPTION, This is mainly used for. dlagnosis of input data err-
ors.and may have six values : o
When = O ... NO TESTING is performed. This is the normal running condition.
When = 1 ... The input COORD data is TESTED by (a) calculating every inter-
| atomic distance, and (b) calculating bond angles specified by the
BONGLE OPTION. This test is routinely performed when NCYCOP = % ‘
iﬁ ROTATION MODE runs.

When = 2 or 3 ... These options are intended for use when the input data gives

: absolutely no results or when line‘assignments require checking.
When = 2 ... This cancels all TOLERANCE TESTS and autématically gives WRITEB
output for each search point. Output is usually stopped by line-
or time-limits so the values of RMIN, PHIMIN and PSIMIN shbuld be
set to the most likely metal position. ~Theé aim is to find which
~ ATOMS/GROUPS have SHIFTS/BROADS which consistently fail TOL TESTS.

When = 3 ... This is a desperation meéasure only used if TESTS 1 & 2 are insuf-

ficient. It produces a Iistiﬁg of every calculation performed in
each search and shows at which point a test was failed. Detalls of
the DIAGNOSTICS given by TESTS 1, 3 & 4 are given in the next
section. a
When = 4 or 5 ... These are designed for use when Qg;y SHIFT(TEST = 4) or
BROAD(TEST = 5) data is submitted and it is désired to know the -
other. This only affects WRITEB output (if ﬁresent).
BONGLE = BOND ANGLE TEST OPTION. For use with TEST = 1 or in the ROTATION
MODE, _ )
When = n. (max value 50) ... The 'n' bond angles described in the CARD 10 BLOCK -
are calculated. To find the angle between AB and BC the SEQUENCE
NUMBERS of the three ATCMS A, B and C are listed on CARD 10.
CONTUR = CONTCOURING OPTION. When set to 1 the initial INPUT DATA and all
the FITFACTOR DATA from a full MILTISCAN search are written onto a
, file (TAPE9) for subsequent handling by a contour plotting package.
OMITA = OMIT WRITEA OPTION. When = 1 WRITEA output is suppressed.
OMITC = OMIT WRITZC OPTION. This works in a similar manner to OMITA :

When = O ... All WRITEC output (FITFACTOR TABLES) will be printed.
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When = 1-8 ... The first 1-8. ITERATIONS of WRITEC oﬁtput will be suppressed
provided that the max. FITFACTOR of an ITER=1,RUN=3 search is not
within the edge of the search. (ie. FOCUSING has been completed) or
tﬁat an ITER=0 search. is being performed. This ensures that the
last WRITEC table will alwayé be printed before any WRITEB dutput.

When

=9 :,, All WRITEC output will be suppressed with the exception of any
message informing the user that the table would have been suppressed
anyway due to nil or duplicated results. This option is designed
for use with the CONTUR option. '
CARD 4 ... OPTIONAL INFORMATION (LIM) |
FITLIMI( . ),FITLIM2( . ),FITLIM}('. ), TyPLIM( . )‘ DATA OO0k

This card is onl& read if LIM = 1 or 2, but should always be present.
FITLIM(1,2,3) = FITFACTOR LIMITS for RUNS (1,2,3)(see SECTION 5-2.4). When
ITER £ 1, METFIND always operates under RUN = 1 (FITLIMl) conditions.
TYPLIM = TYPE (WRITEB) LIMIT. Only used when LIM = 1 whereupon WRITEB out-
put will only'be produced for those SOLUTIONS whose FITFACTOR >
TYPLIM.

CARD 5 ... COORD DATA BLOCK
nnaa/q/dd XX. XXXXXXXYY. YYYYYVY22. 2222222 bl/b2/b3/bl EE8EEREEEEEERES DATA 005

This card has no pre-punched structure as it may be supplied as
output from either of the programs COORD or XYZFG whereupon 'nn'
will contain the atom's ATOMIC NUMBER and 'xyz its COORDINATES.
There will be ONE CARD PER ATOM. The ordering of these cards is
erucial, as are the numbers ‘c' and 'dd'.

nnaa = ATOM IDENTIFICATION NAME. This may consist of any alphanumerie string.

c = NUMAV. The number of ATOMS in the same GROUP as this ATOM. All of
the’ ATOMS in a GROUP MUST APPEAR ‘TOGETHER .in. the data block alth-

' ough their sequence is unimportant.
GROUP IDENTIFICATION NUMBER. These numbers must appear sequent-
1ally within the data block, starting from dd = 1. All ATOMS in
. the same GROUP MUST HAVE THE SAME dd NUMBER.
xyz = . The ATOM'S COORDINATE DATA.
b(1-%4) = The SEQUENCE NUMBERS of the ATOMS to which this atom is BONDED.
g =  The GYROCODE NUMBER for the 15 ROTATION MODE CYCLES. _
Both b(1-4) and g are only used in the ROTATION MODE. Incorrect.
values of b(1-4) will not affect the running of METFIND as they
are inecluded oniy for molecular structure drawing in the contour-

ing package, and for bond labelling (% in the INTER-ATOMIS DIST-
ANCE Tables.

dad
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CARL 6... SHIFT/BROADENING DATA BLOCK

NGROUP( ),SHIFT( . .),BROAD( . ) - - DATA 006
This blOCkcbntained,ONE CARD PER SHIFTED/BROADENED.GROUP
(NB, Single ATOMS class as GROUPS.for.this.purpose).

NGROUP -= GROUP IDENTIFICATION NUMBER. This should correspohd to de' in
the COORD DATA BLOCK (Other numbers, such as 'aa' may be placed
here if convenient. If the value of NGROUP differs from 'dd'
the warning "QUERY" is printed in the WRITEA output).

The OBSERVED SHIFT of thé GROUP on adding.LSR.
The OBSERVED BROADENING of the GROUP on adding LSR.
SHIFT and BROAD may be presented in any convenient self—consistent

SHIFT
BROAD

units.

CARDS 7, 8 and 9 ... SEARCH PARAMETERS

SEARCH RADIUS FROM ( ) TO ( ) IN STEPS OF ( ) , DATA QO7
SEARCH ANGLE PHI FROM (¢ ) TO (| ) IN STEPS OF ( ) DEGREES DATA 008
SEARCH ANGIE PSI FROM ( ) TO ( ) IN STEPS OF ( ) DEGREES DATA 009

These cards are self-explanatory. All entries should be integers;
the RADIUS parameters being divided by 100 in the program (ie. 372
= 3.728). The angles PHI and PSI Should lie betireén 90 and 270°... .

CARD 10 ... OPTIONAL DATA TESTING INFORMATION (BONGLE) | g
A A S A N A N A N A A Y A AV A

This card has been treated under the heading BONGLE = n.

IV-3 Qutput
METFIND VII has four WRITE routines which serve the following funetions :

WRITEA : This outputs all the input data in an ordered fashion so that iden-

) tification of the run and checking of data/options can be performed.
Typical WRITEA printout is shown on p.276 (for the data given on p.270.
Also illustrated are messages given when (l) the ROTATION MODE and
(2) the CONTUR option are selected. )

WRITEB : This outputs the detailed SOLUTIONS to individual search points,
exénmles of which can be seen on p.279 & 280.

WRITEC é This produces the FITFACTOR TABLES and assoclated messages - see p.277

WRITED : This is only used in the ROTATION MODE and is responsible for most of
the output reproduced on p.278~9. This is discussed in SECTION 6-5-2.

'Additional output is produced by subroutine DATEST (the INTER-ATOMIC
 DISTANCE and BOND ANGLE TABLES - see p.278 & 280) and by the TEST = 3
option in subroutine DONEST - see p.280. ’
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INTER-ATOMIC DISTANCE TABLE . BONDS MARKED (*) , FROM INITIAL CO-ORD DATA ERFORE COMMENCING ROTATIONAL OPTIMISATION

b} - 3 L3 5 [ X 8 9 10 11 12 13 1% 15 . 16
£.1105 1.4800 2.8661 5.0115 2.%496 2,7002 3.531% 4.693% 4,3190 3,015 3.8845 5.5966 6.0563 5.0216 2.8785 0
2.8817 2.697% 1.7600% 5.030% 3,0500 2.3519 3.6190 1_1.59'00 46845 3,6879 3.8070 S.3046 S5.9703 5.3579 3.8614 4,024%
3.6633 2.697% 1.7600%.5.030% 3.0600 2.3519 4,378l S.2061 3.9415 2.7504 S5.1121 6.23l% 5.9703 4.2623 2,05%0 3.0413
2.1104 1.3300% 2.5661 5.0115 2.4496 2,7002 3.5314 4.693% 4,3180 3.0185 3.5645 5.5366 6.0563 5.0216 2.8786
37760 2.7263 2.9006 3.3033 2.1537 3.7338 3,80%3 3,8800 2,1537 1.0800% 5,874 4.5600 k2355 2.4800
5.5266 13,6817 5.0481 2,1537 3.4033 6.0583 3,8300 3,4033 1.0800% 2.1537 5.1800 4.2955 2.4800
5.8582 5,8000 6,0890 1.0800% 3,3800 7,1425 3.5033 2.1537 2.1537 3.4033 4.8 2.3300
3,6509 5.6817 5.6284 2.1537 3.%033 6.5529 2.1537 1.0800% 3.4033 3.8800 < 2.5370
2.3357 2.8165 3.9129 3.5097 2.3388 4,5801 1.3000* 2.3358 #.1000 3.6097
3.8193 2.5205 3.04T8 2.4249 1.3000% 4,0347 2.4249 2.8000 1,4000% .

54,5700 3.8176 4.3477 1.4000% 2.%249 5.3848 2.68000 2.k2%9
3.9876 3.6176 4.7353 1.3000% 2,424k 5,702% 1.4000%

2.5809 2.5295 3.5790 2.4249 1.%000% 4 4587

2.4838 2.1566 1.0800% 6.0890 3.4352

2.1855 1.5200% 2.4985 2,8000

85,7948 4.3200 5.0467

2,1630 1,5400+

1.0900%

17 18
3.0413 &,0244
2.8
CYCLE NUMBER 1 , OFERATION 1 SELECTED I.E, CENTRE SEARCH AREA ONTO MAX FITFACTOR OF CURRENT ATOMS (GYRO .GT. 0O)
THE ATOMS TO BE USED IN THIS CYCLE AFE - ’

ATOM REFERENCE X~CO~ORD Y-CO-ORD 2~-C0-0RD " OBSERVED GYRO

NUMBER NUMEERS SHIFT. CODE
1 107/1/ 1 1.8533333 5138310 .86899812 623.8 1
2 07/1/ 2 1.4800000 o o 1000.0 1
3 608/1/ 3 1.9933329 .T259630 -1.,25THO4T 512,7 1
5 608/1/ & 2,9200001 «4,0729350 o 110.0 1
5 601/1/ 5 1.9866667 =1.4330697 o 489.7 1

CYCLE 1 ITERATION 1 . MAX FITPACTOR = 978 APPEARED 1 TIMES , AVERAGE LOCATED AT H = 300 , PHI = 155 , PSI = 240

ARRRRER PITFACTOR Table omitted here

CYCLE NUMSER 2 , OPERATICN 2 SELECTED I.E, ADD NEXT GROUP(S) THEN RE-CENTRE SEARCH AREA ONTO MAXIMUM FITFACTOR
- THE ATOMS TQ BE USED IN THIS CYCLE AFE -

HHHER S - Table as above with one extra line 3

6 108/1/ 6 1.6333333 1. 7851967 «~1.25T408T 363.1 1

CYCLE 2 ITERATION 3 . MAX FITFACTOR = G4 APPEARED 1 TIMES , AVERAGE LOCATED AT H = 280 , PHI = 170 , PST = 230
' TERREEE : FITFACTOR Table omitted here

CYCLE NUMBER 3 , OPERATICN 6§ SELECTED I.E. PERFORM COMPLETE ROTATION OF INDICATED GROUP (20' STEP) THEN OPTIMISE
THE ATOM3 TO EE USED IN THIS CYCLE AFE - .

Sennnan Table as above with atoms 6,17
and 18 added. GYRC-CODE of atoms
2&23m2:6,1T4 18«3

GYROCODE NUMZER OF ATOMS A AND B IS 2 AND OF ROTATED ATOMS IS 3 . THE ROTATED ATOMS HAVE BEEN MOVED + 30.0 DEGREES
CYCIE 3 ITEAATION 5 ., MAX FITPACTOR = 961 APPEARED 1 TIMES , AVERAGE LOCATED AT R e 250-, PHI = 160 , PSI « 230
CYCLE 6 ITERATION 6 . MAX FITFACTOR = 961 AFPEARED 1 TIMES , AVERAGE LOCATED AT A= 290 , PHI = 160 , PSI = 230
GYROCODE NUMZER OF ATOMS A AKD B IS 2 AND OF ROTATED ATOMS IS 3 . THE ROTATED ATOMS HAVE BEEN MOVED + 60.0 DEGREES

CYCLE 3 ITERATION 7 . MAX ZITFACTOR = 934 APFEARED 1 TIMES:, AVERAGE LOCATED AT A= 290 , PHI = 160 , PSI = 235

GYROCODE NUMER OF ATOMS A AND B IS 2 AND OF ROTATED ATOMS IS 3 . THE ROTATED ATCMS HAVE BEEN MOVED + 90.0 DEGREES
.CYCLB 3 ITERATION 8 . MAX FITPACTOR = 965 APFEAHED 1 TIMES , AVERAGE LOCATED AT FE = 310 , FHI = 145 , PSI = 250

hatchiaiboded This eontxnueu_fhrough 120,150
' 180, +30,-60, -90,-120 to ~150%

GYROCODE NUMZER OF #70M3 A AND B IS 2 AND OF ROTATED ATOMS IS 3 . THE ROTATED ATOMS HAVE BEEN MOVED -150.0 DEGHEES

CYCLE . 3 ITEPATION 26 . MAX PITFACTCR = 852 APPEARED 2 TIMES , AVERAGE LOCATED AT Rw 315 , PHI = 185 , PSI = 179

R e P At W e i 0 T i T 18 sars Rt g st S K e 2 s o i e E B TE L TN PO P
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THE ROTATION OF ATOM3 OF GYROCODE 3 HAS EEEN OPTIMISED AT + Q0.0 DEGREES ., THE CO-ORDS OF THE CURRENT ATOMS ARE NOW

ATOM  REFERENCE X-CO-ORD Y-CO-ORD Z-CO~ORD CBSERVED . GYRO
MUMBER NUMEBERS ' . SHIFT CODE

1 107/1/ 1 1.8433333 5138310 8899912 623.8 1

2 607/ 2 1,4800000 .0 0 1000.0 2

3 608/1/ 3 1.9933329 7259630 -1.25ThO4T 512.7 2

: 3 604/1/ & | 2.9200001 ~4,0729350 0 110.0 1

5 601/1/ 5 1.9866667 -1. 4330697 o 489,7 1

6 108/1/ 6 1.2819485 6017304 -2,0605601 363.1 3

17 1708/ ¢/#» 3.5437373 .045498% -1.7364163 o 3

18 1708/%/= 2.1888883 2.4395545 -.9067436 [ 3

CYCLE NUMBER 4 , OPERATION 4 SELECTED I.E. FIX POSITION OF ALL PREVIOUSLY ROTATED GROUPS (REPLACE CO-ORDINATES) -
THE NEW CO~ORD DATA OF THE ATOMS SUPPLIED IS s . ’

AERBREE CO~ORD & INTER-ATOMIC DISTANCE Tables
omitted here

CYCLES 5, 6 and 7 are repeats of CYCLES 2, 3 and 4 using the rotating ring atoms instead of the side-chain atoms
CYCLE NUMBER 8 , OPERATION 3 SELECTED I.E. OBSERVE MAX FITFACTOR REGION - ROTATE GROUPS IN SEQUENCE AND OPTIMISE
THE ATOMS TO EE USED IN THIS CYCLE ARE =

narran CO-ORD Table omitted here ... Full set of
atoms (1 - 18) with GYROCODES of atoms 2
&3 w2 3&Hwb; 6, 17&18 = 3; and
7 t0 15 = 5. This allows the eide-chain
and ring to be rotated/optimiced separately.

GYROCODE NUMSER - OF ATOMS A AND B IS 2 AND OF ROTATED ATOMS IS:3 . THE ROTATED ATOMS HAVE BEEN MOVED + 5.0.DEGREES .

CYCLE 8 ITERATION 64 . MAX FITFACTOR = 903 APPEARED 1 TIMES , AVERAGE LOCATED AT R = 305 , PHI = 150 , PSI = 239

GYROCODE NUMBER OF ATOMS A AND B IS 2 AND OF ROTATED ATOMS IS 3 , THE ROTATED ATOMS HAVE BEEN MOVED + 10.0 DEGREES
CYCLE 8 ITERATION 65 . MAX FITFACTOR w QO APPEARED 2 TIMES , AVERAGE LOCATED AT R = 310, PHI = 149 , PSI = 241
T CYCLE 8 ITERATION 66 . MAX FITFACTOR = 902 APPEARED 1 TIMES , AVERAGE LOCATED AT R = 310, PHI = 149 , PSI = 241

THE ROTATION OF ATOMS OF GYROCOLE 3 HAS HEEN OPTIMISED AT + 5.0 IEGREES . THE CO-ORDS OF THE CURRENI' ATOMS ARE NOW
AR CO-ORD & FITFACTOR Table omitted here

mODEWPEEROPAmAANDBiS4ANDOPROI‘ATEDATO?‘BIS5.THEMI‘ATBJATOMSHMEBENMOVED + 5,0 DEGREES
CYCLE 8 ITERATION 68 . MAX FITFACTOR = 889 APPEARED 1 TIMES , AVERAGE LOCATED AT R = 310, PHI = 133 , PSI = 245

GYROCODE NJMEER OF ATOMS A AND B IS 4 AND OF ROTATED ATOMS IS 5 ., THE ROTATED ATOMS HAVE EEEN MOVED - 5.0 DEGREES

CYCLE 8 ITERATION 69 . MAX FITFACTOR = 914 APFEARED 2 TIMES , AVERAGE LOCATED AT R = 305 , PHI = 152 , PSI « 239

GYROCOIEMJMEEROFANFBAANDBIS‘IANDOFRGTATEDAIOHSISs.MMATH)ATOFBHAVEBENMOVED ~ 10.0 DEGREES

CYCIE 8 ITERATION 70 . MAX FITFACTOR = 913 APPEARED 1 TIMES , AVERAGE LOCATED 8T R = 305 , PHI = 153 , PSI = 239
THE ROTATION OF ATOMS OF GYROCODE 5 HAS EEEN OPTIMISED AT - 5,0 DEGREES . THE CO-ORDS OF THE CURRENT ATOMS ARE NOW

shsrren CO-~ORD & FITFACTOR Table omitted here

CYCLES 9,10,11 and most of 12 are omitted as they are finer repeats of CYCLES 7 and 8 . CYCLE 12 ends with a WRITEB 3

THIS CYCLE STOPPED IN ROTATE SUB-CYCIE 3 AS NO FURTHER ATOMS TO ROTATE

SOLUTION NUMBER = 2 , TYPLIM NOT SELECTED - SOLUTION TO MAX FITFACTOR ONLY , SCAN NUMBER = 1

FITFACTOR OF SHIFT DATA POR THIS SOLUTION = 917 , AS TOLERANCE = ,5000 , GOODNESS OF FIT = ,9585

SEARCH PARAMETERS FOR THIS SOLUTION WERE ..... RADIUS = 3,03 , ANGLE PHI = 153 , ANOGLE PSI « 238

M-0-C BOND ANGLE = 118,175 DEGREES M.0-C~(XY-PLANE) DIHEDRAL ANGLE = 59,002 DEGREES

METAL CO-ORDINATES IN ANGSTROMS FROM THE BONDING SITE : X = -1.4306 , ¥ = 1.3756 , Z = -2.2895

NORMALISING ATOM/GROUP : ACTUAL CALCULATED SHIFT w 161.6088 , CALCULATED BROADENING = 99,6325
NGROUP SHIFTS : OBSERVED CALCULATED DIFFERENCE STAND.DEV. DISTMH - EMOCOS

1 623.800  623.800 0 o 5.644 93436

2 1000,000  1047,338 5,73 0 3.950 94389

- 3 512.700 518,502 1,132 0 3635 .THO50
L) 110.000 115,372 5.88% ¢} 7.339 .B85271

5 389,700 493,420 JT60 0 4,081 92728

6 363.100 360,421 - T28 0 2.860 .53

1 284,800 258.569 =9,210 0 6,313 .34606

8 141,600 148,745 5.046 0 T7.37%  .92106

9 142,400 137.098 ~3:72% [+] 6,230 .7878

10 337,000  341.917 1.459 0 3.929 .B2877

) 1 218,4 218,776 172 0 6.757 .9579
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1 BETWEEN ATOMS (12-10~ 4,
2 BETWEEN ATOMS ( 3-1l= §) =
BOND ANGLE 3 BETWEEN ATOMS [ 1a 2- 3) =
BOND ANGLE 4 BETWEEN ATOMS { 5« 6- 7) =
BOND ANGLE =5 BEIWEEN ATCMS ( 9-11-12) =
BOND ANGLE 6 BEIWEEN ATOMS ( 3~ B~ 6) =
BOND ANGLE 7 BETWEEN ATOMI ( 1e 6 §) =
BOND ANGLE 8 BETWEEN ATOM3 ( 5= 2~ 7) =
BOND ANGLE 9 BETWEEN ATOMS ( 5~ 8-10) =
BOND ANGLE 10 BEIWEEN ATOMS ( 5- 2~ 9) = 101.897 DEGREES
POND ANGLE 11 BEIWEEN ATOMS ( 3-12- 6) = 44,323 DEGREES

BOND ANGLE
BOND ANGLE

76.038 DEQREES
45,599 DEGHEES
51.537 DEGREES
£9.695 DEGREES
30.061 DEGREES
35.593 DEGHEES
18.653 DEGREES
22,256 DEGREES

47,713 DEGREES -

TEST=3...output for a carbon atom & 3 methyl protons in DMA, ie. § of the TEST=3 output for 1 search point.

SHIFT OBS = 3548.000 , CAIC = 3098,753 , PC DIFF = =12.662 , TESTOL =

TEST=4

67,000

NSCAN m 4, Rw 300 , PHI = 180 , PSI w 150 , X/¥/ZMETAL = -2.5981 0 1.5000
NPROT = 1, NUMAVm ) , ITOT = -9 , NIOT = O, PROTX/Y/Z =  2,0208 1.2975 0
. DISTX/¥/Z = «4.6189 =1.2975 1.5000 , SHIFTA = ( 132.186,7633.100) , BROADA = ( 61.990, 100.000)
DISTX/Y/Z = <4.6189 -1.2975 1.5000 , SHIFTE = ( 132.186,7633.100;7633,100) , EROADB = { 61.950,
SHIFT OBS s 7633.100 , CAILC w 7633.100 , PC DIFF = - , TESTOL = 67.000
NPROT = 2 , NUMAV e 3 , ITOI' = 3 , NTOT = 12 , PROTX/Y/Z = 3,7637 =.5001 -.8899
DISTX/Y/Z = =6,36i8 5001 2.3899 , SHIFTA = ( 60.177,3474.918) , BROADA = (  9.988, 16,113}
DISTX/Y/Z = -6.3618 .5001 =.6101 , SHIFTB = ( 55.729,3218.074,3346.496) , BROADB = ( 14,409,
NPROT = 3, NUMAV = 3 , ITOT = 2 , NTOT = 11 , PROTX/Y/2 =  3.7637 5001 8899
DISTX/Y/Z = =6.3618 25001 6101 , SHIFTA = { 55.729,3218.0T4) , BROADA = { 14.409, .23.245)
DISTX/Y/Z = -6.3618 =-.5001 =2.3899 , SHIFTB = ( 60.177,3474.918,3346.496) , BROADB = 9.598,
NPROT m 4 , NUMAV « 3 , ITOT = 1 , NTOT = 10 , PROTX/Y/Z = 3.8712  2.0378 0
DISTX/Y/Z = =56.4693 -2.0378 1,5000 , SHIFTA = ( 45,015,2599.403} , BROADA = ( 8,900, 14.357)
DISTX/Y/Z = =6.4693 -2.0378 =1,5000 , SHIFTB = ( 45_015,2599.403,2599.403) , BROADB = ( 8,900,
NPROT = & , NUMAV = 3, ITOT = O, NTOT = 9 , PROIX/¥/Z =  3.7375 =.7860 -.5138
DISTX/Y/Z « -6.3355 .7860 2.0138 , SHIFTA = ( 60.768,3509.061) , BROADA = { 11.112, 17.926)
DISTX/Y/Z = =6,3355 = .7860 -.9862 , SHIFT3 = ( 5B.269,3364.767,3436.914) , BROADB = ( 13.762,
NPROT = & , NUMAV 2 3 , ITOT = =1 , NIOT = 8 , PROTX/Y/Z = 3. 275 ~.2085 5138
DISTX/Y/2 = =6.3355 .2086 0862 , SHIFTA = ( 60.852,3513,898) , BROADA = ( 14.436, 23.142)
DISTX/Y/Z = =6.3355 .2086 -2,0138 , SHIFTB = ( 63.201,3549,533,3561.715) , BROADB = ( 11.551,
seree—— NPROT w & , NUMAV « 3 , ITOT = =2 , NIOT = 7 , PROIX/Y/Z =  3.7995 L1018 -1,0276
DISTN/Y/Z = -6.3976 =.1018 2.5276 , SHIFTA = ( ~59.420,3431.203) , BROADA = ( 9.433, 15.217)
. DISTX/Y/Z = <=6,3976 =.1018 <-.i72h , SHIFTB = ( 54.226,3131.260,3281.231) , BROADB = ( 14.338,
NPROT « 4 , NUMAV m 3 , ITOT w» =3 , NTOT = 6 , PROTX/Y/Z = 3,795 1.2567 1.0276
DISTX/Y/Z = =6.3976 =1.2567 4724 |, SHIFTA = { 48.070,2775.800) , BROADA = ( 12,816, 20.67k)
DISTX/Y/Z m =6.3976 =1.2567 -2.5276 , SHIFIB m ( 53.829,3108.356,2942.078) , BROADB = (  8.554,
NPROT = 4, NUMAV e 3, ITOT = =4 , NIOT m 5, P Z - 3.8616 1.5671 «.5138
DISTX/Y/Z = = =6.4597 =1.56T1L 2.0138 , SHIFTA = ( 51.039,2947.244) , BROADA « ( 8,909, 14,371)
DISTX/Y/Z = -6.4507 =1.5671 -.9862 , SHIFTB = { 48.177,2781.993,2864.618) , BRAQDB = ( 10,861,
NPROT = &4 , NUMAV = 3 , ITOT = =5 , NIOT = 4 , PROTX/Y/Z =  3.8616 2.1845  .5138
DISTX/Y/Z =  <6.4597 -2.1445 .9862 , SHIFTA = ( 41.511,2397.032) , 3ROADA = { 9.450, 15.215)
DISTX/Y/Z = =6,4597 -2.14845 -2,0138 , SHIFTB = { 44.593,2575.063,2486.034) , BROADB = (  7.820,
NPROT s« 4% , M/MAVm 3 , ITOT w =6 , NIOT = 3, P Z - 37279 ~.6793 0
DISTX/Y/Z = -6.3260 6793  1.5000 , SHIFTA =:( 61.711,3563.526) , BROADA = { 12.818, 20.677)
DISTX/Y/Z = =6.3260 L6793 -1.5000 , SHIFTB = ( 61.711,3563.526,3563.526) , BROADB = { 12.818,
NIROT o 4, NUMAV = 3 , ITOT w =7 , NTOT = 2 , PROTX/Y/Z =  3.68354 .8584  -.88%9
DISTX/Y/Z m =6.43% -.858% 2,3899 , SHIFTA = ( 56.556,3205.810) , BROADA = (  9.134, 14.735)
DISTX/Y/Z w -5.433% -.868% --,6101 , SHIFTB = ( 51,805,2996.730,3131.270) , BROADB = ( 13,028,
NPROT = 5 , NUMAV = 3, ITOT = -8 , NIOT w 1 , PROTX/Y/Z =  3.,8354 1.8586 .8899
DISTX/Y/Z = -6,4335 -1.8586  .6101 , SHIFTA = ( 42.469,2452,398) , BROADA = ( 10.817, 17.450)
DISTX/Y/Z = -6.433% -1.8586 -2,3899 , SHIFTB = (- h7,764,2758,109,2605.253) , BROADB = (  7.739,

. 100,000,

23,245,

16.113,

14.357,

22,200,

18.633,

23.129,

13.798,

17.520,

12.614,

20.677,

21,016,

12,484,

1 , TYPLIM NOT SELECTED - SOLUTION TO MAX FITPACTOR ONLY , SCAN NUMEER w 1

100.000)

19.679)
19.679)
14.357_)
20,063)
20.888)
19.173)
17.236)
15.946)
- 13.930)
20.577?
17.876)

14,967)

SOLUTION MUMBER e

PITFACTOR OF SHIFT DATA FOR THIS SOLUTION = 675 , AS TOLERANCE = ,5000 , GOODNESS OF FIT = .8375

SEARCH PARAMETERS FOR THIS SOLUTION WERE ..... RADIUS = 3,30 , ANGLE PHI w 225 , ANGLE PSI = 135

MeO-C BOND ANGLE e 120,000 DEGREES  ,....  M-0-C-(XY-FLANE) DIHEDRAL ANGLE = 35.264 DEGREES

METAL CO-ORDINATES IN ANGSTROMS FROM THE BONDING SITE 1 X w =1,7000 , ¥ = =2,4042 , Z = 1.7000

NORMALISING ATOM/GROUP ¢ ACTUAL CALCULATED SHIFT w 107,0710 , CALCULATED BROADENING =  35.4660
NGROUP  SHIFTS s OBSERVED CALCULATED DIFFERENCE STAND.DEV, BROADS t OBSERVED CALCULATED DIFFERENCE STAND.LEV. DISTMH
.1 7633.100  7633.100 0 0 ' 100,000 100,000 o 0 5.517
2 3548,000 3076.972 - «13.276 2.366 100,000 36,481 ~63.519 L6l 6.635
3 T553.000 ~ 5403.331  -28,461 23.505 100,000 59.026  «40.974 12,803  6.2%6
3 5516.000  5808.403 5,301 .0 . 100.000 1434,076 1334.076 0 353
5 3089.600  3626.800 17.387 ] 100. 000 92.819 -7.181 0 5.585
6 6399.000 €478,859 1.248 33125 100,000 - 652,707 552,707 215,004  ¥,h24

v
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96573
.86816
495562
67362
79303
75922
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IV-4 Program Structure and Listing

METFIND VII consists of 11 subroutines, which, in order of listing, are :
MAIN, READ, DATEST, WRITEA, WHICH, ROTATE, DONEST, WRITEB, WRITEC, WRITED,
NEWLIM. The functions of WRITEA/B/C and D have already been mentioned. Briefly

the remaining subroutines perform the following operations :

MAIN‘(METTIND).: Controls most of the inter—subprogrém communication (seé_@LQQ&
DIAGRAM 1) and is split into two distinct parts. The first deals with the NON-
ITERATIVE, FOCUSING and MULTISCAN MODES, the second with the ROTATE MODE. With
the exception of the NON-ITERATIVE MODE, METFIND always operates in a cyclie
manner. After the initial READ and WRITEA calls, both the FOCUSING and MULTI-
SCAN MODES perform ITERATIONS based on a (DONEST-WRITEC-LEWLIM) cycle; WRITEB
normally only being called once at the end of a FOCUSING (or NON-ITERATIVE)
run. ROTATE CYCLES vary considerably with the NCYCOP option, but are generally
based on a (WHICH-ROTATE-DONEST-WRITED) sequence; WRITEC only being called

once at the end of each CYCLE and NEWLIM only when necessary. The basic

"primary" CYCLE sequence is further complicated by many "secondary” subrout-
ine calls (see BLOCK DIAGRAM 1).

READ : Merely reads the input data deck.

DATEST : Calculates and outputs the INTER-ATOMIC DISTANCE & BOND ANGLE Tables.

WHICH : Only used in the ROTATE MODE. WHICH selects the ATOMS/GROUPS to be
used in each CYCLE from the GYRO and NCYCOP options and transfers coordinate

data between the working and stored files.

ROTATE : Only used in the ROTATE MODE, ROTATE performs incremental ROTATIONS
on the ATOMS specified by the GYRO-CODES. Note that TWELVE POSITION AVERAGING
of methyl group protons in done by DONEST. '

DONEST : The operating centre of the program‘rESponsible»fof chlculating the
SHIFT ‘and BROADENING data, group averaging, methyl group fotation, metal refl-
ection, testing tolerances and producing the FI?FACTORS for each of the 500
gearch points in each search block. This involves using 4 nested DO loops,

3 of which select the coordinates of fhe search point, thg fourth controlling
the ATOM/GROUP manipulations. ’

NEWLIM : Caleulates the limits of R, PHI and PSI for the next ITERATION.

It was originally intended to include detailed flowcharts and document-
ation for METFIND VII, but the 20-30 pages required to do this thoroughly i1s
‘ prohibitive and the alternative of producing a diluted version would be inad-
. equate for the interested reader. A complete GUIDE TO METFIND VII will there-

fore be produced as a separate publication. A program listing is attached
for reference:
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BLOCK DIAGRAM 1 : POSSIBLE SUBPROGRAM COMMUNICATION WITHIN METFIND VII

MATIN
—> READ
—————‘—_‘-
* g WRITEA
-
* > DATEST — !STOP 21
% .
* > %STOP OI
- — -~ > DONEST
5% > WRITEB
A - -t * STOP
» - WRITEC o .
* — STOP 12]
7 A < * — STOP 13
*
* P> NEWLIM .
* > -{ST0P_14/15)
| < * >— {STOP 16]
[ S - WHICH p———#n——]DATEST
| * P STOP 3
| * > [STOP 1]
A * —> - STOP 5
- 2% p———®— WRITED I :
. : * > ' {STOP 6]
|y < * DATEST
* o [NEWLIM
— - - % —> ROTATE :
A < * > LSTOP 7
- * P STOP 10
3% [t ——{WRTTED |
- I * : — NEWLIM -
- - DONEST
* _ ROTATE
4 % ——p—FWRITEB
< b a— *}—»——{ST0P 111
*
: A { : WRITED
*
UP—— WETTEC '
----- > NEWLIN ’
| —.— * > {SToP_18]

(*) 1Is used to indicate a conditional transfer of control

(n*) Indicates that 'n' conditional transfers occur close together
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APPENDIX V : MODEL FOR PLOTTING 3D-FITFACTOR CONTOURS

This perspex model was specially constructed in the Chemistry Department
Workshop and cdonsists of a.base and back-plate as shown, at half scale, in

FIGS. V-1 and V-2. The base-plate carries grooves at-5o intervals which locate

- a total of 35 PSI_sheets, a template for which is given in FIG.V—}. FITFACTOR
contours were plotted on these sheefs with water soluble crayons (eg. Stabilo)
using the data output by METFIND in the MJLTISCAN MODE. )

- T

c— )
| FIG.V-1. Front Elevation and Plan . FIG.V-2. Plan and Side Elev-
of the Back Plate T ation of the Base
A smali hole, designed to support No top guide is necessary for
a Drieding model, is drilled in the " the 35 PSI sheets as they are
centre of the back-plate. This en- chamferred to'paék tightly ar-
ables the FITFACTOR contours to be ound the central spine of the
"fitted" to the proposed molecular back-plate.
geometry.

Reference to FIG.5-2.5 explains the need for a model such as this for
exanﬁning'polar coordinate results, for even with considerable practice it is
difficult to visualize relationships between arrays of numbers in the FITFACTOR

Tables and the shape and orientation of the actual data to the substrate.
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3-D MODEL FOR DISPLAYING POLAR COORDINATE RESULTS FROM PROGRAM METEFIND

FIG.V-3. TEMPLATE FOR MARKING OUT 'pSI' SHEETSI WITH FITFACTOR DATA

' Each sheet covers the area : R(2.0-3.4/0.1) , PHI(lOO-260/5)

" There are a total of 35 'PST' sheets to cover the range : PSI(95-265/5) |
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