1.

STUDIES OF THE FRAGMENTATION OF ORGANIC

COMPOUNDS INDUCED BY ELECTRON IMPACT

A thesis presented by

DERFK RICHARD BUCKLE A2
in partial fulfilment of the requirements O™
.$£:Q | h
for the award of the SN C'Hl
v . e AA S \

DIPLOMA OF MEMBERSHIP OF ~ .~ . 0~ > »

’ s
IMPERTAL COLLEGE OF SCIENCE AND XECHNOLOGY

A S N
& SN 4
T
cat
R
».‘_\\\‘ R m\;‘\ ) P
Linstead Laboratory, July 1969.

Imperial College of Science and Technology,

London, S.W.7.



2.

Abstract

The existing information concerning the preferential
eiimination of ortho~substituents in certain aromatic systems
is reviewed and correlations with structural features made.

AThevmasé spectra of over twenty l-aryl anthraquinones
are discussed and the general fragmentation pathway elucidated
by deuterium labelling,mass méasurement, and metastable ion
- analysis. A particular reference is made to the ortho-effect
the prineiples of which are described in the review.

Model compounds for the terminal diaryl polyene
cafotenoids have been prepared and their fragmentation
discussed with emphasis to the cyclisation modes within the
polyene chain and between the chain and the aryl rings.

An improved synthesis of the natural product dunnione
is presented and the mass spectra of its specifically
deuteriated analogues have been used to interpret the
fragmentation of the mould metabolite atrovenetin., A unique
rearrangement of -B-naphthol-3,3-dimethylallyl ether is
discussed and evidence in support of a four-memberéd ring
intermediate given.,

Finally the anomalous loss of C5H,0 from 1,2-dihydro
santonin, and of 05H80 from anhydrodimedones is considered and

model compounds are used to determine the necessary structural

features for this fragmentation.
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" Read not to con’rgadict and confute, nor to
believe and take for granted, nor to find

"
talk and discourse, but to weigh and consider,

Francis Bacon

(essays "Of Studies")
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Introduction

The invention of the mass spectrograph by Aston1 in 1919
saw the birth of the modern mass spectrometer and the science
of mass spectrometry, but even sb it was not until some 15
years ago that the full potential of this now powerful tool
was recognised and given the experimental impetus it
undoubtedly deserves, The requirement of milligram gquantities,
indeed for direct insertion only microgram amounts, makes this
technique invaluable for naturalproducts, some of which are

only isolable in minute quantities. The concept of mass

spectral mechanisms can be used both post factum and
predictively at the present fime with a considerable degree
of success, but the paucity’of reference data imposes a limit
on the extent to which prediction may be used.

No discussion of the instrument ( an AEI MS 9 spectrometer )
will be given as this information is readily obtainable from
the numerous texts now availablq. However, a few of the basic
principles will be given on account of their importance in
any mass spectral work., The three most important equations
governing ion formation are shown below, the first generating
negative ions will be discussed no further as these ions are
relatively unimportant in the mass spectra of organic compounds.

M + e — M : (1)
M + e — MY o+ 27 (ii)

M+ e —» M2 &+ (n+1)e (11i)



Equation (iii) controls the formation of multiply
charged ions, but it is only in the spectpa of aromatic
compounds that these are of sufficiernt stability to be of
importance., This leaves equation (ii) as defining the process
by which the majority of the ions are formed.

The concept of charge localisation offers a ready
explanation <or the wide occurrence of a-cleavage as a primary
fragmentation process in so many substances possessing
heteroatoms ( e.g.amines, ethers and thioethers ), but
considerable controversy exists over this, some authors
prefefring charge delocalisation, However, the technique of
assigning the charge to a particular atom has proved to be
of extreme value in the rationalisation of ion decomposition
mechanisms. In the mechanisms described later localisation
of the charge will be assumed and a single barbed arrow -
infers a single electron shift and a double barbed arrow 3
represents a two electron shift,

Before proceeding to the main body of this thesis mention
should be made of the doubt relating to the use of arrows to
represent fragmentation modes since these cannot be a true
interpretaﬁion of the electronic processes which are taking
place.

The loss of carbon monoiﬁde from g-pyridone and o-pyrone
has been extensively studied and the cyclic structures ( A4 )
and’( B ) are invariably quoted as the structures of the

[CuHhN]+ and [04H40]+ ions which result., 3Energy considerations
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however,2 would appear to prefer acyclic forms for both.

—+r

@ @’(B)

(a).

. Bimilarly it has been suggested3 bye conparison of benzene and

its open chain isomers that the former proceeds through

ionized 1,3-hexadiene~5-yne ( C ).

[CH, =CH - CH=CH=~C= cH]*

(C)e
Further, an elegant approach has recently been used to
demonstrate that doubly~charged benzene also has an open chain
structure,” For the reac*ion C6H6++._9 CH3+'X+ 05H3+ the
energy released was calculated as 2.8 ev., an energy which is
only consistent with an open chain structure for the parent
doubly~charged benzene ion.

This work casts some doubt on the convention of
representing ions formed from cyclic molecules by cyclic
structures. In order to verify whether or not an ion were cyclic
would necessitate individual energy studies but at present there
is a dearth of information on this subject. As the true
structure of the daughter ions is known with certainty in
relatively few instances, and likewise for the parent ions,

it is reasonable to suggest that the mechanism taking place
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cannot be postulated with certainty.
These points are further impressed by comnsideration of
the recent work of Bursey and E{Lwood5 on sustituted

tetracyclones and p-benzoquinones shown by (C) and (D)

respectively. 0
R R
R3 R2 2
' R R
R4 Rl : 1
o]
0 (c). - (D).
It was observed that 2,5-bis~(p=-fluorophenyl)-3,6-diphenyl
benzoquinone (E) and its isomer (F) lost two molecules of

carbon monoxide to form am ion which could then fragment to

charged disubstituted acetylene species.

0
C6H5 ' 6H4F C6H5 C6H5
FC6H4 C6H5 FC6H4 C6H4F

Using integrated metastable ion intemsities for the
formation of the three acetylenic fragments from compound (F)
it was shown that the cyclic structure for the [C#R4]+' ion
formed by stepwise loss of carbon monoxide from (F) was not
solely of the square type (see scheme 1), Furthermore, since
the ratios of the metastable ion intensities were not
appreciably different from those of the cyclopentadienones

(@) and (H), i : B;i : 0,89 and 1 : 3.2 : 0.93 respectively,
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the structure of the [C4R4]+’ ion formed from the benzoquinone
was probably identical to that from the cyclopentadienones.
Scheme 1.

(F) —> [M-c0]* — [u-200]"

m* m/e 420 m/e 392
m/e 448 / l’* \*
T A T A P
m/e 214 m/e 196 m/e 178
metastable ratio 1 : 3.3 : 0.87
FC6H4 C6H4F C6H5 | C6H5
06H5 C6H5 FC6H4 C6H4F
0
(&), (m.

The isomer (E) also gave a qualitatively similar spectrum
with metastable ions shoving that not only a cyclic but even
a tetrahedral structure is involved szince the simpler
monocyclic structure, square or rectangular, could not
produce three daughter ions. It was therefore suggested that
the structure of the [C4R4]+‘ ion might be represented in

part by (I).

kC CR

i

A
=
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The possibility of other forms also was not excluded on
account of the voltage dependence of the ions which indicated
a complex route for formation. Consequently it would appear
that the classical cyclobutadiene ion postulated by Beynon
for anthraquinones6 could not account for the observed
fragmentation. This does not, however, nullify the existence
of this type of ion,

Because of the difficulty of realising the fruité of the
above ideas it is intended to retain cyclic structures for
ions in the conventional manner but discretion should be
exercised in their interpretation. The important point,
however, is the existence of an ion at a given mass and this

is indisputable.
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Review of the Qrtho-Effect in

Mass Spectrometry



1. Preamble.

When the mass spectra of positional isomers of substituted
aromatic rings are compared obvious differences between the
spectra of the ortho-isomer and those of the meta- and para-
isomers are sometimes observed. Prevalence of these
differences constitutes an ortho-effect, the outcome of which
is essentially the preferential loss of the ortho~ over the
the méig— or para-substituent. Because the para-isomer
gives a spectrum identical in many cases with that of the
meta-isomer this effect clearly camnnot be electronic, but must
owe its presence purely to the position of the sustituent
relative to the side~chain causing the effect, This review
will be a discussion of this effect,its energetics and the
" evidence for its occurrence,

At the outset a distinction must be drawn between this
effect and that in which the ortho grouping influences side~-
chain fragmentation, For example, in diaryl ethers the
presence of an ortho methyl group7 completely alters the
decomposition mode and gives an ion at m/e 106 which is absent
in both the meta and the para compounds. Moreover, the latter
isomers give peaks with similar intensities and have almost

identical spectra.

m/e 184 CH, m/e 106
CH
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This rearrangement fragmentation is widespread in mass
spectrometry but is outside the scope of this review and will
not be considered further.,

2a Formation of six-membered ring systems.

(a). Acyclic side-chain derivatives.

The prerequisit for cyclisation with concomitant elislon
of the ortho substituent is that a more stable ion may be
formed, a condition which is adequately satisfied when the
aromatic character of the ion is increased. It is for this
reason that a potentially aromatic system must be in evidence
before the ortho-effect is observed, To clarify this

statement a simplified general formula (l)8 is given below:

X
Y
~-H*
L
(L). (2).

This formula enconpasses numerous different classes of
compound containing only C, H, and O in the side~chain but
other types are to be discussed later. Table 1 lists the M'
and [M-l]+ values expressed as a peréentage of the strongest
ion from which it may be seen that considerable losses of H*
from the aromatic ring are observed in all of these compounds.

The driving force for the formation of ion (2), which is
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essentially an intramolecular attack of electrophilic oxygen,
is generation of the aromatic benzopyrilium ion8. Al though
not restricted to six-membered ring formation (vide infra)

the ortho-effect is most conspicuous when this can be achieved,

Table 1.

Relative loss of H® from (1), for X =Y = H

R MY [M-17"
"CHB L5% 27% |
-OH 100% 62%

-OCHy 50% 17%
-Ph 92% 100%
~CH: CH.CH,Phl 5% 60%

In the mass spectrum of the methoxyl substituted
benzalacetophenones (3a) and (3b)9 similar losses of H® from
the molecular ion were found but no structures were proposed,
The results indicate that these iorz are very similar and
that stabilisation via the conjugative effect of the methoxyl

group occurs to approximately the same extent in both.

R
m/e 238
R!
(3).a. R=OMe, R'=H (78%) a., R=0Me, R'=H (46%).
b. R=H, R'=0Me (100%) b. R=H, R'=0Me (42%%.
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The aryl B-keto ester (4) has a metastable ion
corresponding to 3.3% of the base peak, for the loss of H*
from the molecular ionlo which is indicative of a very

favourablc process of very low activation energy.

(4). m/e 218 (100%) mn/e 217 (80%).
Althdugh 1ittle work has been done on the energetics of
the ortho~effect information on this can be gleaned from
several papers., For example, competitive reactions have
been observed in the alkyl esters of cinnamic acid11 in which
the magnitude of the [M-l]+ peak diminishes rapidly as the size
of the alkyl group increases (Table 2).
Table 2

Relative intensities of H®' loss from alkyl c¢cinnamates,

Ester m* [M-1]7
Methyl 50 8% 16%
Ethyl 28.8% 2.7%
isopropyl 26.9% nil

The base peak at m/e 131 in all of these derivatives is due

to elimination of the alkoxy fragment which becomes more
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facile as stabilisation of the removed radical increases.
These results clearly emphasise the need to consider other
alternative fragmentation modes when investigating the ortho-
effect, especially if these are low activation energy and
consequently facile tramsitions, |

So far only the exXpulsion of an hydrogen atom has been
discussed but thisﬁ%y no means the only radical which can be
lost in the formation of an oxonium iom, The natural product
B-olivetyl-l-vinylmethyl ketone12(5) has been shown to lose
methoxyl to form the most abundant ion for which the

benzopyrilium structure (6) has been suggested.

OMe Hy OMe
ot =OMe®
—_—
CoHyy OMe Cohyy 3
(5). (6).

In the above exXample only methexyl can be lost from the

i
ortho-positions since both are identically substituted., In

the mass spectra of af-unsaturated esters'” with o, m, and p

chloro substituents the m and p isomers showed little loss
of C1* or of H* and had almost identical spectra whereas the

o-isomer (7) had no M* but a prominent [M—Cl]+ ion (60%).
1 e
-C1°* COZEt
—

" EtO 5C COEt OEt

(7).
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The preferential loss of Cl°®* over H® emphasises the ortho-~
effect in this case and cyclisation to the oxonium ion is

strongly indicated., The equivalent nsubstituted dicyanidel3

shows little [M-—l]+ (ca. 8%), presumably because the resulting
cyclic ion is non-aromatic in the newly formed ring.
Work on substituent effects in benzylidene acetones with

14

0~-, m=- and p- methoxyl groups gives a clear indication of
the ortho-effect and from Table 3 the facile loss of methoxyl
from this position is demonstrated,

Table 3

Relative loss of H® and OMe® from o-, m~ and p- methoxyl

substituted benzylidene acetones.

Substituent M* [M-1]F [1-0Me] "
0-OMe %RA 20,4 440 100
% Z 5.1 1.0 25,2
m-OMe %RA 100 50 62.5
% 3. 13.2 6.7 8.3
p~OMe %RA - 57.5 | 12.5 6.7
%Z 18,4 4,0 2.1

In the p-methoxyl case the base peak is at [M—15]+ due to

cleavage of the ether linkage and it is this which explains
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the difference between the m- and p- values. Here then is am
example where competing fragmentations can influence the
results to a considerable and recognisable extent.

One should now consider examples of those compounds
exhibiting the ortho-effect but which do not fill the
requireménts of (1) for X =Y = H, The ability of B-diketones
to enolise to a conjugated system is well known even though
the ability to do this in the mass spectrometer is subject to
considerable doubtlAa. However, the mass spectra of aryl
B-diketones have been studied]'5 and these compounds have been
shown to form oxonium ions in the expected mamner, It is
assumed that only the molecular ion of the enolic form, which

is the most abundant form in the unionised molecule, is able

to undergo this cyclisation.,

0 H
2 . -H°
— —_
+0" Ph " Q7 “rn Q Ph
M* 70% [M-1]* 60%

Since it was observedl5 that aromatic B-diketones and some of
their derivatives showed a marked tendency to form [M-l]+
ions, whereas such ions were not present in acetyl acetone,
it is evident that the hydrogen atom lost is abstracted from
the aromatic ring, Deuterium labelling verified this by
showing that hydrogen loss was exclusively from the benzene

nucleus and not from the methylenic position., Moreover,



replacement of one phenyl group by methyl reduced the [M—l]+
peak to 3L%, the relative intensity of the M’ remaining about
the same. Similar results are obtained from the mass spectra

16

of B~keto thiones™ ~, the aromatic derivatives readily losing
an hydrogen atom, Expectedly the diphenyl compound eliminates

H* to an increased degree.

0 gt | OH
49l\\ £ N\ Me

m/e 178 (58%) m/e 177 (100%)
ofB~Unsaturated semicarbazonesl7 have been observed to
form quinoline type ions when derived from aromatic unsaturated
aldehydes, and it is suggested that these jons are formed by
attack of the electron deficient nitrogen atom on tﬁe ortho~
position of the benzene ring followed by rearomatisation by
elision of the ortho~substituent at the site attacked, The

mechanism which has been postulated is shown below:-

1-Aryl butadienes14 also exhibit the loss of am ortho-

substituent, as do the analogous diaryl polyenes (discussed



230

later)., The former are postulated to fragment with formatiam

of the naphthalene radical ion (8). The relative losses of
H®/substituent for o- and p- nitrophenyl butadienes, from which

the ready loss of NO2 from the ortho-position is evident are

shovm in Table 4,

(8).
Table 4

Relative loss of H®* and NO.° from o~ and p- nitro phenylbutadienes

substituent,X | M*  |[m~1]* | [m-x]*
H 91.6% | 100% -
p-1o,, 30.66 | 2.7 | 30.0%
o-N0, 52.1% 5.%% | 100%

All values are given as a percentage of the strongest ion,
The base peak in the p-isomer is due to the [M-N02—1]+ ion

(b). Cyclie side-chain derivatives.,

There are very few examples of this type of compound
exhibiting the ortho-effect in the literature, one of the best
examples being the l-aryl anthraquinones18 (9). Here a large
variation in intensity of the [M-l]+ ions in the ortho series

has been attributed to a rapid increase in the rate of loss



n
1=
.

0

(9). R = H, Me, OMe, NO,
of R in the order R = H<CH3< OMe < NO consistent with the
displacement of R® by oxygen, while the rate of H® elision is
practically independent of the nature of R, The ortho-effect
in l-aryl anthraguinones is discussed moré fully, however, in
the next section,
Another example of note is haemocorin aglycone (10)
+ 18

which forms the most abundant ion by loss of H* from M

The structure of this ion is suggested to contain the pyrilium

moiety. H OH
-*o 4]
Phy -R* ~.
> |
OMe ' ; OMe
OH 0H
(10) MY 67% [M-1]" L100%

Being a tautomeric system haemocorin aglycone forms two
dimethyl ethers, ome having an intense [M-l]"' peak (100%) and
the second having m* (100%) with the [M—1]+ (20%). On the
basis of these observations the ortho-effect was used to

18

confirm that the former was compound (a) and the latter (D).
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OMe

N

Ph l ‘\\'liii
|l!!! 4/" OMe

OMe

(a). (b).

(c). Ortho~effect in ions other than the molecular ion.

Often it is found that a system which does not exhibit
an ortho~effect in its moleculer ion might well do so at some
further stage in the fragmentation pathway when the conditions
are more favourable, Thus in the mass spectra of aromatic
enamines19 (ll} it is the [M-—OEI:]+ ion which shows preferential
ortho loss, although no metastable ions are quoted to'

substantiate this,

D
N
- _-O%t %
D \
D O

OEt D

(11).

(12)e
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Compound (11) loses CZHEDO and CZH6O from its molecular ion
in the ratio 85 : 15 and the loss of D° is rationalised
according to the above scheme, In the deuteriated derivative
M* is ca. 7% and [M~(0Ft+H)]¥ is 100%. The ortho-effect in
this case generates the aromatic quinolinium ion (12) without

hydrogen/deuterium scrambling,

20 the

Similarly in the mass spectra of aryl dimedones
base pealr corresponds to loss of dimedone from the molecular
ion followed by elimination of the ortho-substituent to give

an ion at m/e 227. This scheme is rationalised below for the

ortho-methoxy derivative.

—C8H 0

12 ;

0 OMe

~-0OMe® m/e 258

0 n/e 227
It is noteworthy that the molecular ions of these aryl
dimedones do not show the loss of the substituent or H®,
bresumably because such a loss does not result in an increase

in the aromatic character of the fragment iomn,
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3. Some Theoretical Considerations.

Extensive deuteriation eXperiments have been carried out
on compounds exhibiting the ortho~effect, the most important
of which were on benzalacetophenoneS. Complete deuteriagtion
of the aromatic ring adjacent to the olefinic double bond
demonstrated that 85% of the total hydrogen lost was from the
benzene ring of the styryl group and that only 6% came from
the other ring., It was also observed that in benzalacetone8
with déuterium in the o0-, z~- and p-positions approximately
equal amounts of deuterium and hydrogen were lost, In
consequence it would appear that s=ome form of rearrangement
of the hydrogen atoms in the phenyl ring is taking place.
Further inVestigation of this apparent scrambling has been

21 who suggest that the

carried out by Mc.,Lafferty et al,
similarity of the mass spectra of many n- and p-isomers may
be due to randomising isomerisations in the molecular ions and

not just to similarities in decompcoition rates of different

bonds, Thus in compounds of the type:-

cZH56©—Y -——02—%’3 :6) Y

flat topped metastable ions at m/e L6.L (/e 94-m/e 66) in

(or isoners)

phenetol and phenol were of identical width and height. FTom

this it was concluded that the C6H6O+ ions were of identical

structure, Tor all but the CHB’ N02, COZH and CHO derivatives
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it was shown that the rate of formation and rate of subsequent

deconmposition of [M-CZHAJ+. is independent of ring position

(m or p) of that substituent, an observation which was
explained on the basis of Schemes 1 and/or 2 below,

Scheme 1

revers1ble?

Scheme 2

CZH55‘—'®>Y —_—

.(..___-
$ CZH 5O *
+
Hye CZH5 .
PN, 4 PN
5:@ — — Y
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These mechanisms would certainly explain the results in this
example Eut do not account for the observed effects in other
compounds where methyl and nitro groups also appear to be
scrambled,

An alternative mechanism has been enunciated by Williams
ggggl.za to account for this randomisation. In 2-deuterio
pyridine and 2,6~dideuterio pyridine 23 HCN and DCN are lost
in the ratio 4 : 1 and 3 : 1 respectively (determined from
netastable ion intensities) which is indicative of compleﬁe
randomisation of the H and D atoms in the molecular ion even
at low electron voltages. However, in the case of 2,4,6-[2H3]
benzonitrile 2% although HCN and DCN are expelled statistically
at 70ev. only [M-DCN]+fragments are formed at 1l3ev. Thus in
benzonitrile itself the rate of scrambling is slow compared
to loss of HCN when the energy is supplied by l3ev, electrons.
William522 gives three alternative explanations for this
phenomenon: (i). H-scrambling via the fission and reformation
of C-H bonds, occurring without scrambling of the carbon and
heteroatoms; (ii)., apparent scrambling which actually involves
randonisation of the carbon and heteroatoms but does mot
involve C-H fission; and (iii). A combination of these two,
It has been shown that 1,3,5-[1403] mesitylene is isomerised
on photolysis to 1,2,4-[1403] trimethyl benzene labelled
exclusively in the 1,2,4 positions 2> which is clecar evidence

that the apparent 1,2 shift of a methyl group is the outcome
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of ring carbon interchange, Photochemical isomerisation of
this kind has been asserted to occur via non-benzenoid
intermediates of the prismane (13) ard benzvalene(lh) ’cypez6

and these compounds have been isolated in certain photochemical

reactions,

Fom o - -

(13). (14).

28 that as internal energies (5-7ev)

It has been stressed
in the forms of benzene molecular ions undergoing randomisation
are comparable to the L-5ev, available from a mercury
resonance lamp, scrambling via prismanes and benzvalenes on
electron impact is a distinct possibility.

This mode of scrambling adequately explains all the
observed results since it is evident that if groups can be
isomerised in this fashion then the.e is a competition between
loss of the ortho=~substituents and loss of other groups which
were formerly meta- or Para., The ggzgg-effect may now be

rationalised in the follbwing manner. When the energy of

isomerisation is low then one might expect complete scrambling

of the ortho-, meta- and para-positions as is indeed the case
for benzalacetones,8 when the substituents are deuteriim and
hydrogen. -That the energy is low is consistent with the

small size of the H and D atoms as opposed to other substituents,
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and therefore little steric hinderance in the transition
states. With larger groups the energy is higher and direct
competition between elision of the true ortho-substituent and
randomisation results. It is suggested that when a group
becomes essentially ortho loss of this fragment occurs in the
normal manner, and consequently fhe factors influencing the
extent of the ortho-effect are the bond energies of the C-X
bond (where X = substituent) and the size of the substituent
and its blocking effect in the transition state. It would
therefore be expected that a large group with a low C=X bhond
energy, €.g. Br, would have an appreciable ortho-effect, The
converse is also true as shown by H/D and fluorine
substituents. (A further discussion of l-aryl anthraquinones
and this effect will be found in the relavent section below).
One other factor to be consgidered is the proximity of
the ortho-position to the electophilic attacking group. It
is without doubt that if the two moieties are very close
then the steric interaction might influence the rate of 1os§
of the substituent. The precise effect is dependent on the
mechanism taking place and this may be one of two distinct
typess (i), It is possible that the C~X bond is broken
leaving am aromatic radical site which subsequently attacks
the electrophilic heteroatom to give the oxonium species., In
this type the tramsition state 1s not hindered by the X group

and will depend solely on the ease of fission of the C-X
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bond and the proximity of the charged and radical centres.

(ii). ZFlectrophilic attack on the intaect aromatic nucleus
generating a species which is highly dependent on the size of

X so that the rate of decomposition of this intermediate will
increase with increasing steric bulk and decreasing C-X bond
energy. In the former the radical site might be expected to
randomise as raridly as, if rot more rapidly than, hydrogen
itself and in consequence would resulit in complete randomisation
of the substituents. As this is rarely observed it is
generally assumed that the reaction is an intramolecular

attack by electrophilic oxygen (or other radical site) on the
intact aromatic system to give an intermediate (15) which ‘
then loses the X group to regenerate the aromatic benzopyrilium
iom:

O+

(15).

An alternative view of the above mechanism involves the
concerted electron shift in a six-membered transition state
illustrated below, followed by regeneration of the aromatic

ring by elimination of the ortho-substituent.
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It is suggested that the formation of am aromatic ring

is an essential prerequisit for the ortho-effect to proceed
and i1t is this characteristic which dominates all of the
known examples, The requirement of aromatiec ring formation
1s adecuately demonstrated in benzotropones of the type shown
below since these compounds do not exhibit [M-l]+ ions in

29

their mass spectra.

OC6H5

ot % [M-1]"%

Although there is a need for the newly formed ring to
be aromatic in nature there is no need for the molecular ion
to be so, this fact thereby allowing the ortho-effect to be
extended to cyclohexenes with the necessary structural features.

20

Thus in the mass spectrum of trans-B-ionone selective
deuteriation has proved conclusively that 75% of the\methyl
group lost from the molecular ion had its origin on the ring
double bond, a cyclic oxonium ion being postulated for the

product. This type of reaction can be further extended to

non-cyclic precursors but as these can no longer be considered
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to exhibit ortho-effects they will not be discussed,

The mass spectra of some alkylidenetriphenyl phosphoranes
have been studied and reactions were observed without H/D

31

scrambling in labelled phenyl rings. In the undeuteriated
compounds the [M—l]+ ions were often > M™ ions, but the
formation of the cyclic oxonium ion (16) was discounted since

the carbonyl function was not necessary for the H* loss.

Ph Ph

\/
Ph,P==¢ .
3 ~ 7\-< 5 1
OOZMe 2 OMe

(16).

The structure of the [M-l]+ ion was formulated as (17) on
account of the above evidence and the further decomposition

modes of the [M-1]% ion .,

, -H* ]
_ * /’\OH
3 Ph

(17).
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These results might suggest that the absence of H/D scrambling
is indicative of an alternative fragmentation pathway to.that
of the normal ortho-effect, However, the sole existance of
the above example is insufficient to permit generalisation.

L,. Formation of five~membered ring systems.

Unlike the formation of six-membered cyclic ions by the
ortho-effect there appears to be no restrictions as to charge
distribution in'fhe formation of five—memberéd rings.
Moreover, from the results quoted in the literature it would
appear difficult to discern on first sight which compounds
might be expected to exhibit this effeet and those which might
not., The first examples cited were the tropones (18) with
R = H, OH, and NH,, which all showed appreciable [M-1]" ions
whercas the 4 and 5 phenyl tropolones did not. 32

Ph .

(18). R = H, OH, WH, [M-1]7

It was suggested 32 that the cyclic oxonium ion could
only be formed in the presence of a suitable substituent on
a carbon atom adjacent to that bearing an heteroatom. A
similar ion might also be postulated for 2-hydroxy biphenyl
which loses an hydrogen atom to a marked extent from its M+

whereas the 4~hydroxy isomer eliminates H® to a considerably
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reduced extent.32 In both of these cases the aromatic
character of the ion is altered and conjugation is maintained
through the heteroatom. The fact that a small increase 1in
the conjugation has occurred is taken to be the driving force
for the cyclisation.

A more extensive investigation of this effect has been
carried out by Maccoll 23_32933 on phenyl ureas, thioureas
and’ carbamates, They found that less than 0,5% loss of C1°
from the molecular ion of the meta—- or para-compound occurred
although there was about 36% loss from the ortho-derivative.
There was, however, very little loss of ﬁ°, Me® or OMe® from
the ortho-positions, this being credited to the weakness of
the C-Cl bond, The ion (19) was postulated from the results
of their work., The formation of a five-membered ring was
deduced after a study of o-, m- and p-chloro acetanilides when
it was found that m- and p-derivatives were identical in the
mass spectrometer whereas the o-iscmer was unique in possessing

an abundant [M—Cl]+ ion,

7 /Rl
}——I\T

+ ~

X R,

(19).

X=Z2 =0 R]_:RZ:Me
X—O,Z:NH R1=H,R2=Ar,orR1=R2=alkyl
X=S5, 2 =NH R1 = Hy R, = Hor Acetyl
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From these observations it is infered that the formation of
a five-membered ring is less favourable than a six-membered
ring possibly due to a proximity effect combined with the low
energy difference between parent and daughter ions., Steric
effects play a large r8le in these observations as the work

35

of Djerassi gg_g;.34 and of Lawrence and Waight conclusively
show. In the substituted pyridone (20) a large [M;15]+ peak
was observed which was considerably more intense than the
[M-1]7 peak, the ratios being M' : [M-1]% : [M~CH3]+ =1 3 0.06

s 1.42 .34

3 (20).

This result is explained on the basis of Me=Me as well as

Me~O interaction, the methyl group being of greater steric

bulk than the carbonyl group. As the requirement for the
ortho~effect is planarity in the final product then one would
expect loss of the methyl radical to be preferential to that

of an hydrogen atom on steric grounds. Moreover, in 1-[o-tolyl]-
2-pyridone (21) elision of H® is more prominant than that of

Me®, the ratio being M' : [M-1]% : [M-15]% =1 : 1,13 : 0.32

35

showing the preference of the conformation (2la) over (21b).

CH3

(a) (b)
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From these two examples we observe that in (20) the
intrinsically more likely elimination of a methyl radical is
conformationally assisted whereas in (21) it is opposed.

This is unambiguous proof of the existance ofspatial requirements
in the formatiom of five-membered rings.

Several other examples of five-membered ring formation
are knowvn but none of these appear to have been specifically
examined for the ortho-effect. Typical amoung these is the
mass spectrum of the nitrone (22) which loses an hydrogen

radical to give the cyclic ion (23).36

c1
" — /I‘T . , 1
"\lo. * 0
H
(22). m/e 231, 233 (23). m/e 230, 232

This equation is consiétent with deuterium labelling and with
the reduction of the [M-l]+ ion abuncdance caused by nitro
groups on the ring from which the hydrogen radical is to be
lost. Similar to these results are those found for quinoline
and isoquinoline N-oxides which form the base peak by elision

of H* 370
-H*

m/e 221 1% (70ev) m/e 220 100% (70ev) etc,
100% (17ev) | 4236 (17ev)
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Compounds of this type without the phenyl ¥Fing do not exhibit
[M—l]+ peaks, this being the jﬁstification for depicting the
H*®* lost as originating in the aromatic ringe

The diagnostic value of the five-membered ring ortho-
effect is adequately demonstrated in the natural flavones
where isomer identification is now possible with the aid of
mass spectrometry, It was shown that whereas isoflavones
exhibit a large [M—l]+ ion (base peak) followed by the loss

of carbon monoxide, the normal flavones lose both H® and .’

0

m/e 222 (91% m/e 221 (100%)

In all of these systems a‘yy—aromatic cation is
generated in analogy with the aromatic character of the six-
membered ring type., It might be generalised therefore that
aromaticity of the final jion is a necessary requirement for
all forms of the ortho-effect regardless of the size of the
ring formed, and that the extent of the effect is determined
by the nature of the group lost and the strength of the bond

binding it to the aromatic nucleus,



Part 1.

l1-Aryl Anthraquinones.



L1.

1,1 Discussiom of Experimental Work.

Several l-aryl anthraquinones have been prepared
together with some deuterium labelled analogues, to assist in
the mass Spectralkinterpretation of these compounds, TFour of
these derivatives have previously been prepared 38 and the
procedure given in the literature by these authors was
adopted for some of'the new compounds, This method proceeds
Via the l-aryl butadiene (3), made by condensation of the
Grignard reagent of the appropriately substituted bromobenzene
‘with crotonaldehyde at OOC, followed by acid rearrangement of

the propenyl carbinol (1) gemerated amd dehydration,

R

R Tt R -HZO ”' R

MgBr ‘\‘ .
OH “’

1) Ny @ ()

Since the amionotropic rearrangement of allylic alcohols
is specifically catalysed by acids 39 the intermediate
styryl carbinol (2) need not be isolated, and the aryl
butadienes may be conveniently prepared by distillation of
of the propenyl carbimols from anhydrous potassium bisulphate
whereby rearrangement and dehydration occurs in a single
step, Should the styryl carbinol be required, however, dilute

acid treatment gives it directly and in quantitative yield
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from the allylic alcohol according to the equations below,
29

all of which are equilibria.

This procedure presented little difficulty in all but
the anisyl compounds which werevextensively polymerised on
distillation from potassium bisulphate, In an attempt to
obviate this difficulty p-anisyl propenyl carbinol was heated
at 60°C over potassium bisulphate for 10 mins, and ether
extracted without distillation., As it was thought that the
process of distillation was the cause of resinification.the
above modification should have avoided this. However, from
the ethereal extract a white solid was obtained which although
having a similar i.r. spectrum to the expected compound
differed considerably in melting point, The mass spectrum
iﬁdicated a molecular weight of 338m.u, and was mass measured
as 022H2603 « The elemental analysis was in good agreement

with this, Moreover, on the basis of the n.m.r. spectrum the
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structure of this novel compound was assigned to the

dicinnamyl ether (4).

o)\

\
0 OMe

(4).

n.m,r. spectrum: T = 8,73 (do J = 6 Hz, 6H) ; T = 6.19

(se 6H) 3 T =4.84 (g, J = 6.0 Hz, 2H) ; ¥ =4.32=3.35 (m. 6H)
7 = 2.91 (1,4-disubstituted aromatic quartet, 8H)

Mepe 108 ~ 110°C. Furthermore, the u.v, spectrum was

-indicative of the styryl chromophore : ;{ nax 263.5m}l(4.69)

A sng 9He0mp (3.96) 5 Ay, 305mp (3.76).

inf
This ether is suggested to arise by carbonium ion

formation in the styryl isomer followed by nucleophilic

oxygen attack from a second styryl molecule, and is presumably

irreversible, It is conceivable therefore that this might be

the first stage of the polymerisation sequence observed on

distillation,

The powerful electron withdrawal properties of thé nitro
group results in the known disinclination of niﬁro compounds
to form Grignard reagents and on account of this the
nitrophenyl butadienes (3, R = Noa) were necessarily prepared

by an alternative route, Electrophilic attack of butadiene

on nitrophenyl diazonium compounds under vigorously controlled
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conditions ko results in the formation of chlorobut-2-enes
such as compound (5) which on treatment with methamolic
potassium hydroxide dehydrohalogenate to the diene in good

yield.

+ - .
. c1
2 % & _ R
> q '
0N NO,, ‘Mo,

(5)

ortho-Fluorophenyl butadiene was similarly prepared
since ortho-bromofluorobenzene is krown to produce only
polymeric residuesas a result of benzyne formation under the
conditions of Grignard preparation. b

1-Aryl anthraquinones (7) may be prepared from the
appropriately substituted aryl butadiene (3) and naphthoquinone
by Diels-Alder reaction followed by dehydrogenatiom of the

tetrahydro adduct (6) so formed, 58

(6)

This reaction was first used by Diels and Alder

42

who

prepared l-phenyl anthraguinone (3, R = H) by the direct
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combination of l-phenylbutadiene and naphtho-l,4=quinone. In
this instance the initially formed tetrahydro adduct is air
oxidised to the fully aromatic gquinore., Adduct formation
proceeds ﬁell for most butadiene derivatives and is influenced
predominantly by the electronic effect of the aryl substituent
rather than its steric bulk, In consequence it is found

that the rate of adduct formation is retarded by electron-
donating substituents (e.g. methoxyl)and accelerated by those
which are electron withdrawing (g.g. nitro).43 This is
consistent with the theoretical argument ** that the order

of(iecreasing activity for l-nitrophenyl buta-l,3-dienes is :
m-nitro f phenylbutadiene { B—nitro{ o-nitro

Depending on the reaction conditions the initially formed
tetrahydro adduct may remain as such or be oxidised to the
dihydro adduect or even further to the antgéquinone itself,

It has been shown that the dihydro adduct still retains the
1,4 protons,éS’ b5 an observation which is consistent with

the known greater 1abilitj of the 11 and 12 protoms in this
and similar systems. Whgn the diene reaction is carried out
in nitrobenzene solution the reaction is invariably
accompanied by dehydrogenatién of the hydroaromatic product.,
This dehydrogenation orly occurs, however, when the dienophile
possesses two carbonyl groups aﬁd it has been suggested that

proton removal is preceded by enolisation.46 Loss of the
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two remaining hydroaromatic hydrogen atoms then depends on
the stability of the intermediary dihydrobenzene nucleus.
Usually this dehydrogenates either by hydrogen tramsfer to
an hydrogen acceptor in the mixture or to oxXygen in the
atmosphere, It has been shown that the formation of aniline
accompanies the dehydrogenation in mitrobenzene solution.46
The difficult removal of nitrobenzene in small scale reactions
leads to impure and often intractible products so that its
versatility as a solvent for these reactions is considerably
reduced, It is for this reason that formation of the tetra-
hydro product in benzene followed by alr oxidation in the
presence of alkall was preferred,

Several 2-aryl anthraquinones were also prepared by
sulphuric acid dehydration of the appropriate benzoyl bemzoic

acid (8), itself formed by Friedel Crafts reaction of phthalic

anhydride %y the relavent biphenyl derivative.47

COH

(8). '
R =H, Br, CL

Substitution in the para-position of the biphenyl is predictable
from the resonance effects of the substituent, R, which
distribute electron density at the ortho- and para-positions

of the second ring, The absence of any ortho~derivative in

the product is a result of the increased steric hindrance in
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this form which makes it energetically unfavourable.

Deuteriated Analogues,

Three specifically labelled bromobenzenes were fequired
for conversion to the corresponding anthraquinones, the
method of preparation of each being briefly described below,
The lability of aromatic protons in acidic media is
now a well characterised phenomenon, and it is also known
‘that attack of the D30+ cation on the benzene ring is governed
by the mormal rules of aromatic substitution, 48 As a
consequence of this [2,4,6,N5N,N-2H6]-anilinium bromide is
readily prepared from amiline hydrobromide on exchange with
deuterium oxide, and can be converted by the Sandmeyer
reaction with cupious bromide to [2,4,6—2H3]-bromobenzene.49
Monobromination of [2,4,6-2H6]-anilinium bromide with
a solution of bromine in dioxan gives the p-~bromo derivative
exclusively and this compound undergoes facile deamination
on diazotisation and hypophosphorous acid treatment to give
[B,E-ZHZ]-bromobenzeneq5O
The final deuteriated bromobenzene precursor requkred
was gggggg[2H3—methy1]-bromobenzene. Ethyl o-bromobenzoate
was reduced with lithium aluminium deuteride to g-bromo-[a,a-aHa]
benzyl alcohol and the tosylate of this further reduced with
lithium aluminium deuteride to give the required labelled

compound with a high degree of specificity and incorporation,

A11 three bromobenzenes were converted to the anthraquinones

%ﬁ’b
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in the predescribed manner,

Miscellareous Derivatives.

Attempts were made to prepare some l-aryl naphthaquinone
derivatives of type (9) by Diels-Alder reaction of the
butadiene and benzoquinone, but only bis~adducts could be
isolated from the reaction mixture., This would appear to
suggest that the dihydro benzoquinone (9) first formed is a

more powerful dienophile than benzoquinone itself,

(9) (10)

In view of this observation some form of explanation will be
glven., It may be realised that im benzoquinone itself cross-
conjugation of the two C~C double bonds effectively
delocalises the T electron density over the whole molecule,
whereas in the mono-adduct the full electron withdrawal effect
of the carbonyl groups is acting on a solitary double bond,
The electron density of each olefinic bond in benzoquinone

is therefore greater than that of the sole double bond in the
mono-adduct, In view of the low C-C double bond electron

density requirement of dienophiles this argument is consistent
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with the greater reactivity of the mono-adduct to further
Diels~Alder reaction over that of benzoquinone itself to form
the mono-adduct. In consequence the mono-adduct is
transformed into the diadduct at a rate faster than that at
which it is formed,

Aromatisation of the di-adducts is easily accomplished
with hot alcoholic potash, or even by prolonged refluxing
in benzene, but as these products were not required a full
investigation of this was not carried out.

l-Phenyl anthraquinone was quantitatively reduced both
by alkaline dithionite and tin and concentrated hydrochloric
acid to the anthrone which was shown by n.mer., to be al ¢ 1

mixture of the two possible isomers A and B.

X o) x
In the n.m,r., spectrum the methylene signals appear as two

singlets of equal intensity at Y = 5.61 and Y= 5.87
respectively, the latter appearing at higher field on account
of the ring current of the l-aryl substituent- which u,v.
spectroscopy shows tb adopt a position perpemdicular to the
anthrone nucleus, Furthermore, the mixture has 1.5 low field

aromatic protons (Hx) consistent with a 50% mixture of A and.B.
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Fractional crystallisation from methanol gave first the
least soluble isomer A, me.p. 190 = 191.5°C and from the
mother-liquor the more soluble isomer B was isolated by
crystallisation from ethyl acetate, me.pe 139°C. Each isomer
was chéracterised by the position of the methylene group in
the n.m.r, spectrum and by the number of low=field aromatic
protons present, Moreover, the fractional loss of H®* from
the molecular ions of the two isomers was sufficiently
different to distinguish the two, Thus for A, we find

[#-1]*
Mt o+ [m-1]"

6%%; and for B this ratio becomes 12%,

A sample of o=anisyl anthrone prepared by Fawcett from
the anthraquinone showed an AB quartet for the methylene
group in the n,m,r. spectrum centred at 7'5.89 and 6,12
(Jab = 1545Hz)s The presence of two low-field protons im the
aromatlc region identified this as isomer C. Non-equivalence
of the methylemic protomns, thus leading to an AB quartet, is
to be expected in view of the restricted rotation about the

C~C bond joining the amisyl ring to the anthrone nucleus,

MeO

C.



Ultra Violet Spectra Considerations,

The u,v. spectra of l-aryl anthraquinones closely
resemble that of the unsubstituted authraquinone despite the
fact that the aryl substituents are directly attached to the
chromophoric system. The absence of spectral interaction in
this system has been acredited to steric inhibition of a
similar character to that in phenyl anthracenes which opposes .
the adoption of a uniplanar arrangement of the two
chromophoric systems, b3 This behaviour is in contrast with
that of amino, methoxy, and nitroanthraquinones which exhibit

the expected substituent effects.5l

The use of Dreiding and Catalan models clearly demonstrates

this steric influence, and shows that even in the unsubstituted

l-phenyl anthraquinone restricted rotation about the phenyl
ring and the anthraquinone nucleus exists., In anthraquinone
itself there are two major chromophores, the benzenoid (11),

giving bands at A ___ 2500 and 3300 A and the quinomoid (12),

X

giving bands at A ___ 2625 and 2725 A 77, and it is these

ax
bands which are affected on addition of auxochromes to the

guinone nucleus,

(11). (12).
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Bxamination of thé U.V. Spectra of the l-aryl anthraguinones
shows that the observed absorption can be readily diagnosed
as a direct summation of the extinction coefficients of the
substituted benzene and aﬁthraquinone. This direct addition
infers that the two chromophoric systems are unconjugated
and that the bond linking the two systems must be essentially
single inAcharacter in accord with the result cited above.

In the E;aryl anthraquinones, however, the band
. intensities in the u.v. spectra are considerably different
from those of anthraquinone over the 2400 to 3000 A region, a
result which indicates partial if not complete overlap of
the aryl and anthraquinone'ﬁforbitals. The bathochromic shift
of the benzenoid 2500 A peak to 2750 A is consistent with

the resonance participation shown-belows=

From the u.v. spectra it is therefore possible not only

to differentiate between l-and 2~ aryl anthraquinones, but
also to demonstrate restricted rotation in the former as opposed

to free rotation in the latter,
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1, 2 Discussion of Mass Spectra.

The mass spectra of a wide varicty of anthragquinones
have been reported by Beynon and Williams 52, but apparently
none containing aryl substituents., It has been observed in
the l-aryl anthraquinones (1) investigated by Waight 18,
however, that the base peak in all the spectra occurs at

283 m.u. corresponding to the ion (2) formed by loss of the

X radical from the molecular ion.

X o
-X*
—
0 (1) (2)

A further investigation of this suggested cyclisation reaction
has been carried out with a view to elucidation of the
mechan&sm by which it occurs., It should be noted that the
formation of oxonium ions is well authenticated in electron
induced fragmentations ( see review ) and thelr stability is
‘ amply demonstrated in the naturally occurring anthrocyanidines,
which exist as benzopyrilium salts,

In the parent compound (1; X = H ; mass spectrun 1)
extensive elision of an hydrogen atom from the molecular jom

occurs and this constitutes the primary fragmentation of this
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derivative, With substituents in the ortho-, meta-, or para-
positions of‘the aryl nucleus preferential loss of the ortho-
substituent is observed suggesting a mechanism peculiar to
this position., Structures of type (2) are consistent with
this observation and will form the basis of the following
discussion,

The abundance of the nolecular ions of the ortho-
substituted compounds show considerable variation, a
characteristic which is also evident in the [M-l]+ ions.
Appreciably smaller differences exist for the M7, [Mél]+ and
[M-X]" ions in the meta and para series and for the [M-x]*
ions in fhe ortho series ( see Table 5 ),53 On reduction
of the electron voltage to l5ev.’no change in the relative
abundances of the M, [M-1]F and the [4-X]7 resulted fronm
which it was concluded that ortho loss was a low energy
requirement fragmentation.

Exanination of 1~n[2,4,6w2H3—phenyl] and 1~ 3,5-2H2-pheq,yl]
anthraquinones ( Table 6 ) shows that there is an approximately
equal probability of loss of any hydrogen atom in the phenyl group
to give the [M~l}+ ion., Complete hydrogenr randomisation
thus occurs in the phenyl group of the molecular ion prior to
fragmentation when hydrogen or deuterium are the only
substituents, Tﬁe results in Table 6 make mo allowance for
thedaiterium isotope effect, which usually lies within the

range 0.6 - 1,0 in favour of hydrogen loss, and which occurs



Table V.

INTENSITIES (90"5'00) OF. IMPORTANT IONS IN THE MASS SPECTRA OF 1-ARYLANTHRAQUINONES (I)
. . ) Ion
X m.p.° — '
: Mt [M=—I1* [M—X* [M—17% [M—X~—COJ** [M—1—COJ* C;yH,;* Cyylis* CH ¥ [M—15]+ [M—30}* [M~—=31]+
1. Hydrogen R ¥ 169 316 (M= 036 1-17 (M—=X-—-CO)y* 379 0-69 — — 0-28 —_
2. o-Mecthyl | 647 148 355 . 606 47 1-27 1:70 0-44 043  [M=--X}t+ -— —
3. m-Methyl 164-165 8§96 11-30 1541 022 .- 027 046 1-33 0-36 036  {M—-Xj*+ — —
4. p-Methyl 178-5-179-5  -8-55 1220 834 S 034 038 060 202 . 060 038 [M—X]* — -—
5. 2,6-Duncthyl 179<180 16-62 106 17-59 346 V-89 290 047 — — [M=XJ]* — C—
G. o-Lithyl.w .- 151:5-152:5 10-12 068 LI 1459 . 043 — 140 029 —_ 2-08 -— —_
7. o-Methoxyl- 1 - 301 0-29 365 013 067 115 1-64 029 0-13 1-09 -— M=X}¥
8. m-Mcthoxyl 155-156 . 14:40 13:14 1541 0-14 028 59 0-76 020 022 568 ° — [M—X]*
9.. p<Mithoxyl 1967  10-40 9:68 ©  8-34 043 029 054 [-09 043 0-036 334 —_— (M—X]}+
10, o-Iiluoro’ ;7 ~215-217 1275 13:95 1502 075 - 070 1-64 118 0-24 016 —_— —_ —_—
11, m-¥luoro 206 . 1575 2744, - 281 0-56 0-21 1431 0-37. 0-17 018 -— — —_
12, p-Fluoro: 184 18:61 -7+ 333 2:19 093 . 018 127 030 G112 0-086 — — —
13, o-Chioro 212 0-036%° 03773 430 o 0-63 — 232 0:63 — — — —
14, m-Chioro 187-189 14061 2391 122 0-521 036 0-38 370 0-77 — —_ —_ —_—
15, p-Clilovo 189-190 16-35% .- 26-5% 9:36 063t 033 091 320 0-57 -— — — —
16: 0=Bromo. - 222.224 000784 ©0-0193% 359 — 0-064 —_ 3:35 0-31 040 — —_ —_
17. m-Bromo = 202-203 9-51% 1387t 1482 0-25% 031 - — 279 070 070 — — —
18, p-Bromo’ 212-213 13861 1957t 10'58 0563 041 -— 368 @ 087 018 —_ — —
19, e-Nitro <. et - 04023 0086~ 396 0:03 1-02 1-74 3-94 092 0026 —_ 174 —_
C 200 m=Nitro: . 248 576 676, 740 0-76 0-44 132 - 2:99 67 . 084 —_ 345 343
S 20 peNitro 0 273-273:5 0 2227 2061 *3+48 097 021 1-93 137 034 0-54 — 875 980

¢ Samples prepared by Dr. J. S, Faweett; " :

1 Total intensity for both halogen isotopes. o e~
** Including contribution from [M—1—COJ*.

¥* Cpt 0t .

ogg
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Table 6.

Hydrogen loss from the molecular ion of l-~phenyl anthraguinone,

Deuteriation studies.

. l-[2,4,6-2H3]—phenyl 1—[3?5~2H2]-phenyl

Ionising voltage ev. 12 70 70 12 70 70
n/e obs*t obs* calct obs* obs* calct
287 65.0 16.6 22.8 0 1.2 0
286 25.9 28.9 25.9 57.0 13.9 20.0
285 9.3 44,1 38,8 36,0 41.5 34,8
284 0 8.9 11.6 740 35.6 35.9
283 0 1.5 0.9 0 7.8 9.3

Fraction loss °H - 0,535 0.60 - 0.36 0.40

* Observed relative ion intensities corrected for 130

isotope contributions,
t Calculated intensities assuming :
(a). Complete scrambling of the phenyl hydrogen atoms,

(b). No isotope rate effect in loss of 2H compared with ~H,

on account‘of.the increased energy of the C - D bord, The

observed 0,535 fraction of 2Hl loss from the trideuteriated
compound woﬁ1d>attain the theoretical value of 0,600 for am
isotope effect of 0.89. Thié value is in complete agreement

with the result obtained from the dideuteriated compound and

is well within the empirical range,
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Examples of side-chain cyclisation on to am aromatic

nucleus are numerous in the literature, the largest group

8

encompassing the cinnamoyl radical, Chalcone is

illustrative of this class,

)~

The [2,4,6-2H3]—derivative exhibits random loss of deuterium

+ ©

Ph

during the cyclisation and it was suggested that scrambling
proceded by migration of H or D to the radical site followed
by further migration to the mewly formed radical site.8

A survey of the literature shows that most aromatic
compounds exhibit similar randomisation of the aromatic
protons , Thus benzene 28 and pyridine 25 have completely
randomised hydrogen atoms in their moiecular ions over the
whole voltage range from thelr ionisation potentials upwards.
Benzonitrile,24 however, shows complete scrambling only inm
the region 20 - 70 ev, Below this threshold value the
specificity of hydrogen abstraction increases until at 13 ev,
it is exclusively ortho to the mitrile entity,

Williams has suggested 25, 2k that randomisation takes.

place via non~benzenoid intermediates of the prismane and

benzvalene type and not by C - H bond cleavage., In support
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labelled mesitylene may be considered. ( see review ),
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An analogy for this is available from photochemical studies

where both prismanes and bemzvalcnes have been isolated by

28 The two

the photochenical isomerisation of benzene,
electronically excited species shown below have beemn

suggested to account for these reactions.26

o

From the above it is considered that for randomisation to-

occur the molecular lon must be in an electronically excited

state, a requirement which in bemzonitrile necessitates

lonisation being accomplished by electrons with energies in

excess of 20 ev,

With substituents other than hydrogen or deuterium on
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the aryl ring complete randomisation of the substituents is
not observed and a distinct difference exists between the
ortho-compounds relative to the meta~ or para. This difference
is illustrated by the ortho- and para-anisyl compounds in
nnass spectra 3 and 4 respectively. The former isomer shows
extensive loss of methoxyl from the molecular ion to form the
base peak at m/e 283, the u* being only 8% relative abundance
of this ion, The para-isomer, however, loses methoxyl to a
lesser extent and now has its molecular ion as the base peak.
Furtherrore, whereas the para-compound has an intemse [M-1]7
ion no equikvalent ion is present in the spectrum of the ortho-
compound., In addition, the increased stability of the parent
ion of the para-compound enables fragmentations other tham

the ortho-effect to give rise to important ions in the mass
spectrum, The preferential elimination of the methoxyl
radical over the hydrogen atom is clearly seen from a
comparison of the unsubstituted phenyl anthraquinone ( mass

spectrum 1 ) and the qrtho-anisyl derivative ( mass spectrum 3 ),

Whereas elision of the hydrogen atom is the most favoured
fragmentation mode in the unsubstituted compound a comparable
loss in the anisyl analogue is non-existent and gives place
to more favourable loss of the methoxyl radical, A similar
effect is noticed in other derivatives and will be discussed
later,

As substituents are eliminated from other tham the ortho-
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position it is suggested that incomplete scrambling of the
substituént must be occurring in the molecular ion prior to
fragmentation, a suggestion for whici two alternatives exist:
(a)e The first is that the substituent, X, is lost by a
process dependent only on the C -~ X bond strength, and that
once lost a hydrogen transfer to the radical site with
concomitant oxonium jon formation follows,
(b)e Alternatively scrambling of the type postulated for
hydrogen and deuterium may be taking place, but to a lesser
extent by virtue of increased steric hindrance in the
transition states,
No differentiation between these alternatives is possible,
but it is probable that the latter is the most accurate
representation, It is suggested therefore that attack of
electropﬁilic oxygen ensues exclusively at the ortho-position
with subsequent elision of the resident group with the
proviso that some scrambling of the positions is inevitable.
On acecount of this, competition exists between elimination of
the ortho-substituent and randomisation of the positions,
the factors influencing each having been discussed in the
review,

Similarity of the meta~ and para=-positions, resulting
in almost identical spectra in a number of examples, may be
rationalised on the assumption that although randomisation

and ortho loss are simultaneous processes, the high energy
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barrier of the former for all substituents other than H/D
results in the meta~ and para~isomers appearing as a hybrid
of the two forms, This loss of posiiional identity is

least evident in the nitro compounds which are capable of
fragmentation in their own right. Thus, in the para-nitro
anthraquinone ( mass spectrum 5 ) the most abundant ions are
formed by loss of nitric oxide from the M® and [M-l]+ ions,
whereas in the meta-derivative ( mass spectrum 6 ) these ions
represent only 50% of the most abundant ion. A plausible
mechanisnm for this elimination invokes the three-membered

ring isomerisation to the nitrite proposed by Beynon et al.54

+.
O\+/o Q\N"'Ol /\' +.

&8 - =4

nitro nitrite

Examination of the mass spectra of simple aromatic nitro
compbunds ok reveals that [M-NO]+ ions are abundant when
powerful electron releasing groups are present in the para-
position, an effect opposite to that in l-aryl anthragquinones,
The ease of NO loss from the para-compound nust then be due
to some unknowm effect, possibly electronic, which may be of
a special type such as occurs in ggzgg-nitrobenzaldehyde,55

The rieta~ and para-anisyl anthraquinones have very

similar mass spectra and both form an important [M—15]+ ion



62,

(mass spectrum 4 for p-isomer ), which undergoes ring
contraction with elimination of carbon monoxide, followed by
loss of an hydrogen atom, It does not, however, lose

hydrogen directly from the [M-15]+ ion, The scheme is shown

below,

Mt _xy [M-Me]” 25 [M-Me-c0]T 2 [M-Me-cO-H]T
n/e 314 m/e 299 m/e 271 /e 270

The para-nitro compound behaves rather differently in that
the [M—-NO]+ ion loses an hydrogen atom to a considerable
extent ( mass spectrum 5 ), followed by loss of carbon monoxide

as illustrated below,

M"Y 2y [M-NO]* ~# [M-NO-H]* —2— [M-NO-H-c0]*

n/e 329 m/e 299 m/e 298 m/e 270

This difference indicates that the [M-NO]* and the [M-Me]™
species are formed with considerably different energies and
possiblypossess different structures, This argument is
consistent with the mitro compound being of lower energy by
virtue of that expended& on rearrangerent from the nitro to
the nitrite form prior to fission, It is suggested that the
ion formed from the methoxy compound by methyl elimination
has sufficient energy for rearrangement, possibly to a seven

nembered ring moiety :-
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The ring expanded form has analogy with that postulated by
McLafferty for aryl ethers 2l and is presumed incapable of

direct hydrogen loss.

(-3

Malysis of the [M-1]" ion intensities of the ortho-
substituted anthraquinones ( see Table 5 ) shows that these
ions are formed to highly variable anounts depending on the
substituent. These differences are attributed to a rapid

increase in the rate of elimination of X in the order :=
X:H(F(GH3<OCH3<01<N02<BI'

consistent with decreasing C - X bond energy and the
displacement of X by oxygen to give the ion (2).

A low abundance of the [M-1]" ions in the ortho- methyl
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and ortho-methoxy compounds suggests the operation of a
steric factor similar to that in biphenyls in which there is
overlap between the substituent, X, and the hydrogen atom at
C2 ( see compound 3 ), Tﬁis could lead to a reduction in
the rate of formation of (3) if X were sufficiently large.
Support of this is given from the u.,v. spectral data from

b §
which restricted rotation about the 1-1 bond is evident,

Furthermore, the molecular ion in 1l=(2,6-dimethylphenyl)-
anthraquinone is appreciably more intense than in p~-tolyl
anthraquinone while the [M-Me] " ion is less intense, a fact
which suggests difficulty in attaining coplanarity of centres
in fon (3) when X = Me. A further point is that the [M-1]"
ion in the ortho- ethyl and ortho-~isopropyl compounds is
éven weaker than in the ortho-methyl homologue, even though
the molecular ion of the efhyl derivative is more abundant
than that in the methyl compound, It may also be noted that
in l-p~ethylphenyl anthraquinone the ion at m/e 283 remains
the base peak and that loss of methyl from the molecular ion
is unimportant. This suggests that ring expansion in the

alkyl substituted derivatives to form the tropylium ion is
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insignificant.

Y .
In all the meta and para compounds other than those

containing fluorine the [M-1]" and [M-X]" ion intensities are
similar, a .singularity which is attributed to the known reluctance
of nuclear aromatic fluorides to give [M—F]+ ions.”® The
intensities of the [M-1]* ions in all of the anthraguinones

is essentially independent of whether the substituent is

meta or para, and this high relative stability is credited

to their having the structures below. Table 7 shows the
relative intensities of the M* ions expressed as a fraction
of the [M~1]" ion from which the close similarity of the meta=

and para~isomers is readily discerned,
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Table 7.

Relative intensities of (M¥/ [M-l]+) for meta- and para-

phenyl anthraquinones,

Compound | nitro methyl bromo chloro fluoro methoxyl
0.842 0,793 0.653 0.592 0, 564 1.126
P 0.852 0,704 0.699 0.611 0,562 1.000

1=

A discussion of the mechanisms by which the ortho-effect
has been suggested to proceed has been made in the review in
the preceding section, it will suffice therefore to recap
only that mechanism which best fits the results observed in
the aryl anthraquinones. The most plausible mechanism appears
to involve attack of electrophilic oxygen at the ortho-
position of the aromatic nucleus with subsequent
rearomatisation of the ion by expulsion of the resident ortho-

substituent, The scheme is illustrated below:

An alternative mechanism involving initial fission of the

C - X bond is untenable on the grounds that the resulting
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radical site would be expected to randomise with greater ease
than H/D atoms even, with the production of identical spectra
for all three isomers. It is conceivable, however, that
these two mechanisms may be occurring simultaneosly.

Evidently loss of carbon monoxide from the molecular
ions of 1-aryltanthraquinones does not occur - even in the
hindered 2,6-dimethyl analogue - suggesting that loss of this
type is a high energy process relative to the ortho-effect,
By analogy with the suggestion that anthraquinone itself

fragments through fluorenone and biphenylene type ions 6

by
successive eliminations of carbon monoxide, it is postulated
that l-phenyl anthraguinone passes through a 1-pheﬁy1
fluorenone intermediate (4). Support of this comes from

l-phenyl fluorenone which exhibits an identical mass spectrum

below m/e 255, ( mass spectrum 7 ).

(4). m/e 255

019H11°
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Moreover, it is well~known that if the abundances of
metastable ions formed from different precursors relative to
the daughter ions are the same then the parent ions are of
jidentical structure. Application of this principle to the
transition 255 - 226 meu. in l-phenyl fluorenone and l-phenyl
anthraquinone, for which there are metastable ions at m/e 200
gives values of 0.0056 and'OOOOSO respectively for the
intensity ratio M*/(m/e 226)e This excellent agreement
demonstrates that an ion of identical nature to that of the
[M-1]" ion of l-phenyl flurorenome is formed on consecutive
elimination of H® and CO from l-phenyl anthraquinone.

Further, during pyrolysis of l-phenyl anthraquinone it
was possible to isolate l-phenyl fluorenone in low yield, a
result which is suggestive of preferential loss of the C10
carbonyl on electron impact. Pyrolytic loss of carbon monoxide
from anthragquinone itself has not been observed, and has been
disputed on the grounds that initisl breaking of an aryl-CO
bond leads to unfavourable loss of conjugation,57 Clearly
there is some tendency for this to occur, however, even though
energetically disadvantageous. Moreover, Brown and Solley 7
have detected biphenylene from fluorenone pyrolysis.,

Additional fragmentation of (4) leads to loss of the
elements of HCO ( shown by accurate'mass measurement ) and
labelling indicates that the phenyl ring is the origin of the

proton, It is suggested that this elimination initially
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generates a benzyne type ion which favourably cyclises on to

the anthraquinone‘nucleus forming the stable 1,2-triphenylene
ion (5). Support of benzyne ions as intermediate structures

is evident from the abundant ion at m/e 76, attributed to

benzyne itself;

1/

— . . .!.. | 4 y
(4). m/e 255 : . ‘ (5). m/e 226
| | ' *l- 18t 0
(6) m/e 200 Cy¢Hg

[fprn”(E), formed by the loss of acetylene from (5), is shown
?'by mass measurement to have the formula  CigHg and is
thought'to have the stable benzobiphenylene structure on
‘ ébcount of its reluctanée‘to;undergo further de§0mposition,
The above reaction scheme is apparent in all of the l~aryl
anthraquinones prepared and gives rise to transitions well
characterised by metastable ions ( designated by * ).
Besides.fragmenting to form the charactéristic ions at
m/e 283, 255, 226 and 200, the alkyl derivatives also produce

‘abundant ions at m/e 239 ('Glgﬂil ) which are absent in the
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other derivatives, A plausible mechanism for the formation
of this ion is given below, the ortho-tolyl compound ( mass

spectrum 9 ) being used to illustrate the fragmentation scheme,

m/e 298 m/e 297 m/e 269
~ oy ok
" o +a
m/e 239 019H11 n/e 240
--CZH2
vy

n/e 213 C§17H9 m/e 187 CJ-SH7
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This scheme is consistent with deuterium labelling of the
methyl group which causes a displacement of the.ion at

n/e 239 to m/e 241, and with the known inclination of alkyl
aromatics to ring expand to tropylium ions,

One other fragmentation worthy of note concerns the
considerable loss ( ca. 23% relative abundance ) of the
hydroxyl radical from l-o-tolyl anthraquinone ( mass spectrum
9 ). Deuteriation of the methyl group causes the elimination
of OD° from the molecular ion, and a shift of the ion from
m/e 281 to m/e 283. Computation of the 1JC isotope
contribution of the m/e 283 ioh ( which also includes the
[M—CD3]+ fragment ) to the ion at m/e 284 shows that no loss
of OH° occurs from the deuteriated derivative, Furthermore,
the absence of hydroxyl elimination from the meta- and para-
tolyl compounds demands participation of the 09 carbonyl, It
is proposed that proton migration via a concerted transition
state ensues followed by rearomatisation with elision of the
hydroxyl radical as shown below, The resulting ion then
"~ undergoes consécutive elimination of carbon monoxide and an
hydrogen.atom,to form the stable ion at m/e 252,

A similar sequence is observed in the ortho-ethyl
homologue in which the ions at m/e 281 and m/e 253 are shifted
14 mou, to higher mass. The latter ion is capable of both H*®
and Me® loss but is found to decompose only with the elision

of the methyl radical., This is easily rationalised on the
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n/e 281

Caoty 30

~ basis of the C - C and C - H bond energies, 59 K cal/mole and
87 K cal/mole respectively, the fragmentation proceeding by
elimination of Mej by virtue of the lower energy required, to
form the m/e 252 ion, As expected from the above mechanism,
the ortho-isopropyl and tertiary butyl homologues displayed

a progressive decrease in hydroxyl loss ( sce Table 8 ),
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Table 8.
Loss of the hydroxyl radical fron l-o=-alkylphenyl anthraguinones.
Substituent| [M-OH]
Me 2%
Et 3.6%
i-Pr 2.9%
t-Bu 0.0%

The behaviour of l-phenyl anthrone ( mass spectrun 8 )
is similar to that of the anthraquinone, the essential
difference being the ability to form an abundant [M—Z]+ ion

by elimination of amn hydrogen atom from the benzylic position,

n/e 270 q .H n/e 269 | n/e 268

Azanaphthanthrone (7) ( mass spectrum 10 ) forms
comparable ions td l-phenyl anthraquinone and is able to fornm
the stable aromatic species at m/e 226 which is the
characteristic hydrocarbon fragment in all these compounds,
The postulated pathway to this moiety is illustrated below,

Doubly charged ions abound in the spectra of all the aryl
anthraquinones studied, often forming ions of 30% relative

abundance, Although common in aromatic syétems the frequent
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0
(7)e m/e 283

m/e 226

occurrence in these compounds is pronf indeed of the high
stability of the ions which are formed, since it is only the
highly delocalised aromatic systems which can dissipate the
the high energy of these species, Metastable ions for

doubly charged transitions have been observed for the reaction ;

[#-c0] ™" ——— [M-c0,]™" + ®

in anthraquinone itself,52 and similar observations may be
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seen in the l-aryl anthraquinones. The compounds for which

transitions have been noted are listed below :

++ —HOO; 226++

l~o-anisyl anthraguinone 255

* at m/e 100.2

‘l-phenyl anthraguinone 255+t ZH® 5 pogtt
* at m/e 100.2
-C H

l-m-chlorophenyl anthraguinone 226+ -—-—é—éa 200+

* at m/e 88.5
It is assumed that these transitions are accompanied by
metastable ions on account of the high intensity of the
parent and daughter ions concerned. Similar metastable ions
are presumably present in the spectra of other anthraquinones
but are too weak to be observed,

For comparative purposes several 2-aryl anthraguinones
( 8, R=H, C1, Br ) were investigated, ( mass spectrum 2 for
8, R=H ). These compounds decomposed by successive loss of two
molecules of carbon momoxide in th: same manner as anthraguinone
itself 6 to furnish an ionrat m/e 228, This ion is further
.stabilised by elimination of HR to give the highly conjugated
ion at m/e 226 ( see below ).

Examination of the spectra of the diaryl anthraquinones
(9) and (10) gave some insight into the stability of these
compounds, and in view of the extensive occurrence of
doubly charged ions, some in excess of 2% relative abundanrce,

ions with considerable aromatic character must be formed,
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(8). °
* | ~co
R
~HR
™ — o
»
(5). mw/e 226  m/e 228 (R = H)

The fragmentation of these diaryl derivatives parallels that
of the mono-~aryl compounds for singly charged ions, but with
further electron abstraction it is possible to remove a

second ortho-substituent, the loss of which is followed by

two consecutive eliminations of HCO to give an exceptionally
stable ion (11) which undergoes no further fragmentation,

The formation of these defunctionalised stable ions is in
accord with the greater stability associated with even-electron

58

species over the equivalent odd~electron-ions.
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(10).

(9). R = H, Me, NO,

o+

(11).
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Part 2.

Terminal Diaryl Polyenes.
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2 , ¥ Discussion of Experimental Work,

Structural elucidation of the natural carotenoids has
been of interest for many years, and many different
approaches have been used with this aim in mind, However,
very little constructive mass spectral work has been carried
out and it was with this view that several terminal diaryl
polyenes were synthesised for use as model compounds, Of all
the polyene carotenoids known, only three contain two terminal

59, 60 60

phenyl rings and four others have only one, A1l

other polyene carotenoids are non-aromatic,

VY,

A series of compounds (1) have been prepared by the
61

(1)0 n = 1"‘9

method of Kuhn and Winterstein, ad example of which is the
formation of the tetraene (3) by condensation of cinnamaldehyde
(2) with succinic acid in the presence of litharge and acetic

anhydride.
o . 002H
2 + - SO (CH:CZH)L+ ‘
002H .

(2). (3)e
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This reaction usually leads to the production of extensive
amounts of polymeric material by self-condensation of the
aldehyde, and in consequence gives low yields of the order
3-30% depending on the substituents or the aromatic ring and
the length of the polyene chain, However, the insoluble
nature of the highly crystalline polyenes leads to their
precipitation during formation resulting in relative ease of
separation and purification., It has been demonstrated,62
that the higher polyenes (1, » = 4, 5, 6).on synthesis by
different routes gives the same product in each case, and
X~-ray studies on diphenyl hexatriene (1, n = 3) have shown
that this is exclusively the all~trams isomer.62 From this
work it is clear that the all-trans form is the most stable‘
conformation amd this stereochemistry is assumed in all the
samples prepared, Support of this is obtained from the
characteristic u.v. spectra which compare favourably with that
of the hexatriene,

As substituted cinnamaldehydes are well-characterised
compounds and are simply synthesised by well-known procedures,
substituted polyenes of the tetraene type were prepared for
comparative purposes, Two distinct types were made, those
having substituents in the aromatic ring (4) and those with
alkyl or aryl groups replacing hydrogen in the polyene chain
(5). Ring substituted cinnamaldehydes were formed by action

of the appropriately substituted aryl Grignard reagent on
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(4)e X = m, p, OMe, Me, C1,
Br, F

X , X o, Me

=

]
=
o]
it

Me, Et

= Me, Ph

I
i

30
i

acrolein generating the phenylallyl alcohol (6), which on
anionotropic rearrangement forms the cinnamyl isomer (7) in
quantitative yield, Oxidation of (7) with manganese dioxide

then gives the aldehyde quantitatively.

oH
Famemen at MmO ,
OOy
£ £ OH X
(6) (7)

The effect of the substituent on the isomerisationr of
the l-phenylallyl alcohol (6) is such that it governs the
conditions under which the procedure must be carried out,

Unsubstituted, alkyl and alkoXy substituted alcohols isomerise
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readily, the procedure involving formation of the acetate
with acetic anhydride followed by alkaline hydrolysis, The
acetic acid present in the anhydride is sufficient to cause
rearrangement to the cinnamyl acetate (shown by n.m.r.) Which
is simply hydrolysed to the cinnmamyl carbinol, Similar
treatment of thé halogeno derivatives leads to the formation
of unrearranged acetate. These derivatives are therefore
isomerised with 0.2N hydrochloric acid in 60% aqueous acetone
by prolonged refluxing, Mineral acid treatment of the alkyl
and alkoxy compounds results in extensive polymerisation and
is not advised,

The n.m.r. spectrum of the l-phenylallyl and cinnamyl
systems show characteristic differences in the vinylic region
(see for example the p~fluoro derivatives in Figure 1,) and
it is these differences which allow unambiguous di fferentiation
even though u,v. and i.r. may also be used.

Attempts to prepare 1,8-di-(o-uitrophenyl)-octatetraene
(4) proved abortive, the red crystalline product exhibiting
carbomryl bands in the i.r. spectrum typical of an anhydride,
&)max 1795, 1755 —— Moreover, the u.v, spectrum had
maxima at 253.0 ?/U and 296.0 #/J suggesting a conjugated chain,
On the basis of this evidence the structure of this compound
is postulated to be (8). Attempts to hydrolyse and
decarboxylate this compound all failed., It is suggested that

the nitro groups stabilise the presumed dicarboxylic acid
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(8).

intermediate (8 with vicinal dicarbokylic acid in place of
the anhydride) by electron withdrawal, making the competitive
arhydride formation favourable,

Cinnamaldehydes with substituents on thé g~carbon atom
were prepared by‘Aldol condensation of benzaldehyde and the
appropriate aliphatic aldehyde, and those with B-substituents
were prepared by the Reformatski reaction, Somewhat
unexpected results were obtained during the attempted
synthesis of ethyl-f~ethyl cinnamate (9) by Reformatski
reaction of propiophenone and ethyl Eromoacetate followed by
dehydration, Instead of a single product the i,r, spectrum
showed two carbonyl bands at ;3 nax 1730 and 1710 en™t
corresponding to a saturated and an umsaturated ester
respectively, Lithium aluminium hydride reduction of the
dehiéated ester gave a mixture of alcohols which n.u.r. and
geloc. showed to be 85% of the non~-conjugated alcohol and only
15% of the expected conjugated isomer. Compound (10) thus

constitutes the bulk of the Reformatski dehydration product.
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N G0 T ' 0 Et

(9)e (10).
These results are in disagreement with those of Barltrop g}_gi?B
who claim isomer (9) as the sole product, Structural
identification by these authors was effected by reduction
and also by hydrolysis to the acid which was compared with am
authentic sample., Since reduction of (9) and (10) leads to
an identical product this procedure could not possibly
d.riinguish these two isomers, and it is also conceivable
that acid hydrolysis might convert (10) to the more stable
acid of (9). It is thought therefore that the product

63

isolated by Barltrop and his co-workers - was in fact a
mixture of the two isomers (9) and {10) with the Ilatter
predominating. _

~Several substituted and deuteriated stilbenes (1, n = 1)
were also prepared by well-established routes and will not

be discussed further,
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2 4 2 Discussion of Mass Spectra.

The mass spectrum of stilbene (2, n = 1) has been

ok, 65 and it is suggested

investigated by numerous workers
that successive loss of two hydrogen atoms leads to the
cyclic phenanthrene ion, As this is the first member of the
polyene group (discounting biphenyl (1, n = O) which is an
atypical first member) it was considered necessary to
investigate this molecule further and confirm that hydrogen
elimination was indeed consecutive. Both cis- and trans-
stilbene (mass spectfé 11 and 12 respectively) exhibit
substantial loss of 1 and 2 m,u, from the molecular ion and
metastable ion evidence suggests that this is undoubtedly a
two step process. Furthermore, in [2,4,6—2H3]-91§fstilbene

metastableion analysis indicated only the following tramnsitions,

'* lgloom. U.. ‘ * 178‘om0u¢

lSBHI.u. '—""""“"—-%‘ 182m.u. 182m.u. ‘_'—H 180121.11.
~H -D '
S 179 -Omoua . ‘ » 17901m0u0
183m0 u. "‘—_"—‘} 181m. u. lSlm.u. ‘———; lSOm‘u.
-D -H

No metastable ion corresponding to loss of HD was observed

proving that hydrogen elision is indeed a consecutive process.

(CH:CH)H’@ o -
’ 1) B = 1=
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Above 120°C the mass spectra of é;g and trans-stilbene are
identical on ‘account of their ready thermal isomerisation 66

to give an equilibrium mixture consicting of about 20% trans-
and 80% cis-forms (shown by gel.c.). The mass spectra 11 and
12 were consequently obtained at ca. 100°C at which temperature
isomerisation is slow, As the fragmentation of stilbenes has

6l

been adequately discussed previously no further mention
of this will be made, although it is interesting to note
that 2,2'~dimethoxy stilbene, which is necessarily trans
because of steric hindrance between the two methoxyl groups,
does not exhibit any loss of hydrogen from the molecular iomn,
This is strong support for cyclic ions being formed in the
unsubstituted stilbenes, The reluctance of 2,2'-dimethoxy
stilbene to eliminate hydrogen would also suggest that
Cis-trans isomerism is. essential prior to hydrogen loss from
trans-stilbene, a consideration which is more readily
appreciated in the higher homologues (vide infra). A plausible
explanation of this is that bond formation between the 2,2!
positions is necessary before hydrogen loss is energetically
favourable, (see Scheme 3).

Proceeding to higher members of the polyene class (1, n =
2-9) the above discussion forms some basis on which to
explain the mass spectra of these compounds., These derivatives
all have important [M-1]" and [M-2]" ions along with smaller

[#4-3]7 and [M-4]" ions, Furthermore, metastable ions are
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- m/e 178 m/e 179 m/e 180

observable for a concerted loss of H As both consecutive

2"
and concerted mechanisms appear to be in operation
simultaneously it is suggested that these are the products

of two distinct fragmentation pathways, one involving a Cope
cyclisation within the side-chain - henceforth termed chain
cyclisation - and the other involving cyclisation of the chain
onto one of the phenyl rings - called ring cyclisation, By

analogy with the consecutive elimination of hydrogen from

stilbene it is tentatively suggested that concerted loss



89.

is observed in the chain cyclisation and consecutive loss
from ring cyclisation, both of which occur concurrently.

Besides H, elision, fragments ccrresponding to styrenes,

2
benzenes, biphenyls, stilbenes, phenyl butadienes and
naphthalenes as shown in Scheme 4 for 1,8-diphenyl octatetraene
(1, n = 4, mass spectrum 14) are also observed, These
fragments are products from competitive decompositions aﬁd

are formed to extents dependent on their relative stabilities
(vide infra). Since all these ions are odd-electron species,
known to be less favourable than their even-electron

58 they are often accompanied by extensive ions

counterparts,
one mass unit higher or lower which are necessarily even-
electron moieties. For example, the naphthalene ions at

m/e 128 are formed along with large associate ions at m/e 129

.
| =2

m/e 128 m/e 127

and 127,

even odd even
Other major fragments are the tropylium iom, m/e 91, and the
[M—91]+ ion (at m/e 167 in this example).
As the value of n increases the molecular ion becomes
progressively less plentiful with a concomitant increase in

the ion at m/e 78 attributed to benzene, This trend is clearly



) Scheme' g, | B B 90.

Chain and ring cyclisation products of terminal diaryl tetraenes,.

Chain cyclisation products.

\\ | (a). ‘C8H7X

(B). CgHgX

Ring cyelisation products. ‘ ‘ (D) C. H..X

1079

(F). CIOH7X
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seen in the tri-, tetra-, and pénta—enes (mass spectra 13,
14, and 15 respectively) in which the u* ion decreases from
100% to 35% relative abundance, and the m/e ?8 ion increases
from 5% to 100%, Moreover, in the derivatives having n = 7,
8, and 9, the intensity of the benzene ion dwarfs all others
to less than 26% relative abundance, The tropylium ion is:

a prominent ion in all the spectra and is shifted to a stréng
ion at m/e 121 in the anisyl derivatives, All major ions in
the mass spectra have been unambiguously assigned by

accurate mass measurement of the 1,8-di-p-anisyl octatetraene
fragments,

- Also important are fragments derived from alkyl
naphthalenes 67 by ring expansion and subsequent cleavage,
whereby ions at m/e 141, 115, 89, 63,‘and 51 are rationalised,
1,6-Diphenyl hexatriene (mass spectrum 13) is given as an
example in Scheme 5 below. All the transitions shown in the
scheme are adequately substantiated by metastable ions.
| Pyrolysis of 1,8-diphenyl octatetraene at ?OOOC and
ZLO-2 mme /Hg pressure ylelded a mixture of hydrocarbons from
which trans-stilbene, biphenyl, and l-phenyl phenanthrene
were isolated, and the presence of naphthalene demonstrated
by comparative g.l.c. on two different columns, The presence
of these compounds in the pyrolysate constitutes good
evidence for the fragmentation pathway proposed in Scheme L,

Furthermore the recent work of Marvell and Seubert 133 has
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Scheme 5.

’ =Gy,
@-4 CH=CH) 5 _—

CH2+ n/e 141

+ _ O
D‘C ——CH 04H3

m/e 63 n/e 51

shown that thermolysis of 1,8-diphenyl-trans-l, cis-3, cis-5,

trans-7-octatetraene at 175°C over several hours leads to a
complex mixture of electrocyclisation products, Notable
amoung these products were cig~ and trans-stilbenes and
2-styryl~l,2-dihydrobiphenyls of the type suggested prior to
formation of fragment iomns A, B, C, and D»in Scheme 4, No
naphthalene derivatives were observed by these authors
although the more complex tricyclo-octenes (2) and (3) were

obtained in greater than 20% yields.
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Ph Ph , Ph

Ph
(2) (3

Substitution of methyl and phenyl groups in to the 2 and
7 positions of 1,8~diphenyl octatetraene completely prevented
loss of hydrogen from the M+ jon and effectively diminished
all fragmentation. This would suggest that 1little hydrogen
elision occurs by ring cyclisation, ( since this would not
be hindered by substitution in the 2 and 7 positions) but
that chain cyclisation predominates, The latter course is
completely blocked by this substitution, and leads to the
conclusion that with any substituent other than hydrogen in
these positions then fragmentation is virtually quenched,
However, with alkyl groups in the 3 and 6 positions normal
fragmentation is followed even though no elimination of
hydrogén from the molecular ion is observed.

Most interesting, however, are the results obtained from
aryl polyenes with substituents on the aromatic rings (4),
when it is again possible to classify the major ions according
to Scheme 4, Table 9 shows the abundances of the characteristic
ions A - F expressed as a percentage of the total ion

current (% & From the table it is evident that the

30).



9k

(#)s X = =, p-, OMe, Me, Br,
e, F

'o_.’ Me

most abundant ion is the substituted biphenyl ion (C) formed
by chain cyciisation with elision of a substituted styrene,

For ring cyclisation the naphthalene ion (F) is most prominent,
Mass spectrum 16 of 1,8~di-p~anisyl octatetraene typifies

the fragmentation.

It is interesting that the ratio of M* to [M-2]" in o-
and p-tolyl octatetraenes is dependent on both the duration
in the heated inlet system and the pressure of air in the
instrument before insertion, This is suggestive of an air
oxidation reaction proceeding in the 'hot-box' by virtue of
both the temperature (ca. 180-220°C) and the air present.
Figure 2 illustrates the variation of M*/(M*4[M-2]%) ana
[M=-2] /(" [M-2]%) with time at 210°C for the p-derivative
from which it may be seen that on insertion about 93% exists
as the molecular ion whereas after 80 mins., this declines
to only 20%. Mn equivalent rise in the [M—2]+ ion occurs
simultancously, the two ratios becoming equal after 25 mins,

Although this effect was observed with other substituents it
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Table 9.

values for the ions A-F of substituted

30

1,8~diphenyl octatetraenes,

95

Compound | 4 | B c D | B | F |£, | wern
p~-OMe 1.50%10.41%]2.39%|1e36%]0419% |0.68% ]| 1468 3420%
p=Me 0.61%]0.42%12.18%]0.84%|0.17%|0.84%] 1306 1,26%
p-F 1,69%10677%|6.13%(0.90%{0.28% |2, 28% 886 1,35
p-CL 0.66%]0.16%}2.32%[0.90%{0.75% 0,325 1231 | 1.62%
p-Br 0.89%| nil |1.51%(0.89%} nil | nil 338 | 0430% |

H 1.2%%|1.78%|6.40%{1.96%|0.60%{2.42%} 2812 | as D
m-OMe | 2.09%10.51%|3.83%|1,00%[0.19%|1.61%| 527 | 1.61%
m-Me 1.08%|0433%| 4.80% |1.32%|0.25% 1. 20% ] 1210 | 2.32%
m-F | 1.41%0.49%]8.456[0.97% 0. 26% | L. 6k § 569 | 1.88%
w1 | 0.96t|0.38%] 5,75 0. 77|07 e o 1] 871 | 1.52%
m-Br 0.57%| nil |4e31%|0.78%]|0415%[0.29% | 1058 | 2,1%%

* Arbitrary units.

All isotopes of bromine

and chlorine are taken into account,

was much less noticeable, the fluoro compound taking over amn

hour for the MY ion to reduce by 10% of its initial value.

Consideration of this effect was made in all quantitative

measurements,
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Ions A = F show considerable variation with the nature
and position of the substituent and consequently the reaction
site must be influenced Ey the electron donating or
withdrawing character of the substituent, Plotting log Z/Z0
against the Hammett substitﬁent constant as in the method of

68 did not lead to any correlation of the ion (C)

McLafferty,
intensity with the electronic properties of the substituent,
but, adoption of the procedure of Johnstone and Payling €9 lead
to a reasonable correlation, In this procedure the difference
between the appearence potential (AP) and lonisation potemtial
(IP) is plotted against the substituent constant and results
in the graph shovm in figure 3. A better correlation,

however, was obtained using the Brown substituent constants
(see figure 4) which also take into account resonanée
contributions of the substituent. The AP of type (C) ionms

was taken throughout this work on account of their greater
abundance, allowing easier and more accupate measurenent,
Allowing for fundamental errors in the résults of both IP

and AP measurements (shown in Table 10) due to energy spread
of the bombarding electrons and the internal energy of the
ﬁolecule prior to ionisation, these values have an accuracy

of # 0.2 ev, resulting in an error of + 0.4 ev, for the
difference, AE = AP - IP. Correction for this error - which
does not include errors arising from eXperimental measurement -

effectively brings most points on a common straight line in
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Table of physical characteristics relating to Figures 3 and 4,

Compound | Hammett Function | Brown Function| IP.” |aP.” |AEY point
p-OMe ~0,268 -0.78 7.9] 8.1{0.2| 4
p-Me -0,170 -0, 31 11:4{12.7{1.5{ B
p-F 0.062 0,07 7,2|10.4|3,2] ©
p-C1 0,227 0.11 6.1| 9.8{3.7] D
p-Br 0.232_ 0.15 5.8| 9.2|3.4| E

i 0.000 0.00 7.4|11.3]3.9 | F
m=~0Me 0.115 0.05 7.0[10.0{3.0] @
m-Me -0,069 ~0.07 7.0]|10.6]3.6 | H
m-F 0,337 0.35 6.8[10.0(3.2] I
m~Cl 04373 0.40 6;8 10.313.5) ¢
m-Br 0;391 0,40 5¢8] 9.914.1 | K

* M1 results corrected ‘to absolute values using benzene and

methyl iodide as standards, Error + 0.2 ev,

¥ Error + 0.4 ev,

Figure 4 and represents good correlation, As the value AE

is reléted to the activation energy for the formation of (C)

the positive slope of the graph indicates that the formation,

of (C) is facilitated by electron repelling substituents and



ubstituted Polyenes.

é.nd_RS

m

-IP versus o”for

AP -

.”Funot




P S P Y

ne.s

p Substituted Polye

m and

e

'u's_c?f-or

AP - IP vers

e B

s ey

- B - o
_ : s
e -4

, ,
. i N - N o : - .




1lot.

retarded by those which are electron withdrawing.7o

This is
in agreement with electronic considerations and is consistent
with the requirement of a high electron density at the
reaction site., Thus a para- electron donating substituent
will give electron density to the reaction site and thereby
reduce the activation energy for the transformation, whereas
in the meta-position the effect on the reaction site is much
reduced since the resonance effect distributes the electron
density towards the ortho~ and para- sites and not in the

chain where the reaction is proceeding, This is demonstrated

for all electron donating substituents, X, (m or p) in the

diphenyl tetraene below. .




102,

Conversely a meta-nitro group for example would increase the
activation energy considerably more than a para-nitro group
by virtue of the directional effect of this powerful electron
withdrawing group.

The effect of the second X group is not known with
certainty as there appear to be few examples'of this type in
the literature.7o Since it acts in the same direction as the
other substituent, howevgr, one would expect only an
additive increase or decrease of the electron dénsity at the
reaction site, It has been shovm in solution chemistry 70
that Hammett constants are additive to a considerable degree
so 1t would seem reasonable that two like substituents
would be an advantage by increasing the magnitude of the effect,

It is interesting that loss of benzene should still be
an important process in ring substituted derivatives (see
Table 9), often appearing as great as 3% of the total ion
current, A plausible mechanism of Ilormation of the [M—-PhH]+
ion is shown in Scheme 6, where a cyclic eight-membered
transition state is proposed fbllowed by ring contraction
with elimination of benzene, This is consistent with the loss
of toluene and xylene from natural polyene carotenoids 71 in
which these fragments are suggested to originate in the
polyene chain and arise by a concerted six-ring transition
state., (Scheme 7)., Because the mechanism in Scheme 7

necessitates cleavage of a doubly vinylic linkage, the

mechanism proposed in Scheme 6 is thought preferable.
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Scheme 6,

Scheme z.

M=106

-“]+. "-—*]+.

'RBA ,
 — l + @/
Ry
M=02

Fnzell et al.’’ have utilised the ratio [M=92]*/[M-106]% to

correlate chain length in polyene carotenoids on account of
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its gradual decrease on increasing the number of olefinic
linkages. The usefulnessofthis ratio, however, is rather
doubtful.

Further, it has been found that the mass spectra of
terminal diphenyl polyene carctenoids exhibit two distinct
modes of fragmentation depending on the aromatic substitution.72
Thus derivatives of type (5) where R = H cleave to
naphthalene fragments (i.e. 129, 128, 127 me.u.), and show

th
napaflene loss, whereas those having R = alkyl do not,

W} | (5). R =H alkyl

R

This is in good agreement with the model compounds prepared
which give fairly abundant naphthalene fragments (see Table

9, ions of type F) and [Ménaphthalene]+ fragments (phenyl
butadienes, ions of type E), The latter ions readily cyclise
with hydrogen elimination to give naphthalene ions. Moreover,
the spectrum of the natural product asperenone (6) 73 ig
rationalisable on the basis of ions of type A - F which are
superimposed'on the spectrum of the ketonic moiety, This
compound does not exhibit an [M—2]+ ion, however, which is

Bt
rather surprising.

A 0
(6).
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Part 3.

Atrovenetin and its Model Compounds,
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3, 1 Discussion of Experimental Work,

The mould metabolite atrovenetin (isolated from

penicillium Atrovenetum in 1956 74) has been shown by X-ray

crystallographic studies on the trimethyl ether ferrichloride 75

to have the phenalenone structure (1),
OH C

(). (2).

In order to investigate the electron impact induced

fragmentation of this #ighly stable natural product model
compounds in which deuterium could be specifically incorporated
were examined, since little or né labelling experiments are
possible on atrovenetin itself., Tor this reéson dunnione (2),

itself a natural productvisolated fion the orange deposit on

the leaves, stems and flowers of Streptocarpus Dunnii Mast.76
was chosen for extensive study., Dunnione (2) has been
previously synthesised both by Fieser (4 and by Cooke 78 via
2-(3,3=dimethylallyloxy)-1,4-naphthoquinone (3) which is
formed together with the C~alkylated product, lapachol (4),
by reaction of a salt of Z=hydroxy haphthoquinoﬁe with

3y 3=dimethylallyl bromide.

The method of Fieser 77 involves alkylation of the silver
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0 0
CH,CH=CMp,, OH
+
L ! CH=ClMe,,
(3 (4)
salt of 2~hydroxy naphthoquinone with 3,3-dimethylallyl
bromide in diethyl ether which gives (3) and (4) in %% and
‘ 78

% yields respectively, The improved procedure of Cooke
uses the potassium salt in dry acetone to give 12% and 149
yields respectively, This prompted repetition of the
alkylation in an aprotic solvent with a high dielectric
constant such as dimethyl formamide in view of the remarkable
rate ?nhanoement shown when nucleophilic displacement
reactﬁons are conducted in these solvents, 79

It has been show 79 that although there is no
correlation of rate of sna reactions with any common physical
prope?ty of the solvent, there is an empirical relationship
with éolvent polarity. It appears that the only requirement
for a 'fast'! reaction is that the solvent should be unable
to donate hydrogen bonds, since it is found that if the
solvent is able to do this then the sna anion-polar molecule
reaction is slow. Sn2 reaction appears to be faster in
aprotic solvents with high dielectric constants due to little

solvation and a high degree of polarity. Because of the
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rate increase under these conditions the alkyl halides

exhibit less competitive side-reactions 3;5.-hydrolysis, and

give increased yields, Invariably the alkyl bromide is

employed in preference to the chloride in view of the better

displacement properties of bromine over chlorine, An

excellent review exists on the factors influencing sna reaction

on alkyl halides, 80
Very little is known of the criteria affecting C~ and

O- alkylation, but that aprotic solvents such as dimethyl

formamide (d.c. 37) and dimethyl sulphoxide (d.c. 45)

strongly enhance the latter 1is shown by the absence of

C-alkylated products from the réaction of sodium B-naphthate

and benzyl bromide in either of these solvents, 81
Reaction of the potassium salt of Z-hydrdxy naphthoquinone

in anhydrous dimethyl fomamide at room temperature for

several days gave the O- and C- alkylated products (3) and

(4) in 28% and 30% yields respectiveiy, more than doubling

those previé%ly obtained in less favourable solvents, |

Separation of these isomers by alkali extraction gave the

allyl ether (3) in high purity direct from the reaction and

was used in this form fof the next stage. Claisen

rearrangement to the enolic compound (5) followed by strong

acid cyclisation to the furam (2) ensued quantitatively for

each step giving a synthesis of dl=dunnione (2) in 28% yield

from 2-hydroxy naphthoquinone.
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0] Claisen

(3)

(2)

The kinetic product of the concentrated acid cyclisation
is the ortho-quinone (2) but as prolonged treatment rearranges
this to the thermodynamically more stable para codnterpart 82
the reaétion time is kept to a minimum, usually of 15 mins.

Reduction of the red ortho-quinone (2) with sulphurous
acid leads to a colourless solution of the hydroquinone,
which defies isoclation by spontaneous air oxidation to the
guinone, Accofdingly the quinone was reductively aqetylated

to generate the stable, crystalline diacetate (6) hereafter

called hydrodunnione diacetate which was the derivative

* Systemic name : 4,5-diacetoxy=2,3=-dihydro-2,3,3~trimethyl=

naphtho-[ 1, 2-b]=furan,
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used for mass spectrometry.

QAc

(6)

Selective deuteriation of this molecule was then
effected using the appropriately labelled 3,3~dimethylallyl

bromid'es, to give compounds (6a=-d).

OAc

(6a) (6b)
0Ac
CH3
CH3
b B3 (60 CHz  (6a)

Table 11 shows the incorporation achieved in these derivatives
as determined by mass spectrometry. The selectivity of
deuteriation was éscertained from the n.m.r. spectra of the
products and labelled precursors,

The preparation of (6b) is of especial interest because

of the necessity of incorporating the label in two distinet
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Table 11.

Incorporation of [ZH] in hydrodunnione diacetates.

Compound | Number of fiﬁ]-atoms
6 5 A 3 2 1 0
6a TL.9% 18.3%6 246% = - - -
6b - - - 92.3% 7.9% = -
6¢c - - - - - 73.0% 27.0%
6d 97.2% 2.8% = - - - -

steps, Two deuterium atoms are derived from lithium aluminium
‘deuteride on reduction of 3,3—dimethyl acrylic acid, and

these are carried through without amendment to the Claisen
product (5), Successive ﬁashing with deuterium oxide removes
the active hydrogen atom to give the deuteriated enol, which
on cyclisation in concentrated deutcriosulphuric acid gives
(6b) with high label content (see Table 11), All other
derivatives were prepared in the conventional manner,

Having successfully produced one selectively labelled
model compound it was of interest to prepare several more
simple models to investigate the extent of methyl loss, In
consequence, 1l,2-dihydro-2,3,3-trimethyl naphtho—[l,a—b]-
furan (7) was chosen on account of this being the most simple

compound having the desired structural characteristics,
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Reaction of g-naphthol with 3,3-dimethylallyl bromide in
methanolic sodium methoxide under the prescribed conditions
for naphthyl ether formation gave only small yields of the
required product, presumably due to etherification of the
halide by methoxide ion. Using the sodium‘salt,prepared by
the action of sodium hydride on a-naphthol in anhydrous
dimethyl formamide, however, gave excellent yields of the

pentenyl ether (8) along with some C=alkylated product (23%).

@9 (D

(10)

Pyrolysis of (8) under vacuo in a sealed tube at 200°C
for 6 hrs, gave the furan (7) in L6% yield along with the
saturated pentyl ether (10) in 18% yield, No good explanation‘
for the formation of (10) can be found. All structures were
assigned using n.n.r. spectroscopy coupled with analysis and
nass spectrometry. An indication of the stability of (8) nay
be gathered from its rearrangement and cyclisation even on

prolonged digtillations
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No Claisen rearrangement product (9) was isolated,
presumably because of the known inclination of these derivatives

84

to cyclise to the furan.

(11)

As an appendage to the [1,2-b] furan (7), preparation of
the isomeric 1,2-dihydro-1,1,2~trimethyl-naphtho-[2,1-b]-
furan (11) was attempted. Reaction of sodium B-naphthate in
dimethyl formamide with 3,3-dimethylallyl bromide as above
gave the pentenyl ether (12) in good yield together with a
small amount of the dialkylated product (13). The latter
compound is unique in that it represents both C- and 0=
alkylation in a single step. A plausible mechanism for this
involves initial C-alkylation followed by further alkylation

of the phenol with the excess allyl bromide present,

Na
Q0™ 3, -
' 0 ' 0H
(14)

N

(13)
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The structure of (13) was confirmed by n.o.r,, elemental
analysis and nass spectrometry, N.n.r. spectroscopy was
particularly definitive on account of'the_close similarity
to that of a1 : 1 mixture of (12) and the C-alkylated
product (14). Thus protons were observed at ‘7 = 6.22 (d,

J = 6.5 Hz, 2H) and F = 4.80 (t with allylic splitting,

J = 6.5 Hz, 1H) for the methylenic and vinylic protons of the

C-alkyl side-chain, and at J = 5.43 (d, J = 6.5 Hz, 2H) and
T = 4.51 (t with allylic splitting, J = 6.5 Hz, 1H) for the
| methylenic and vinylic protons of the O=alkyl side-chain,

Furthermore, the aromatic protons, six iﬁ number, were proof

of a single naphthalene nucleus,

(15) (16)

Pyrolysis of the pentenyl ether (12) gave a compound at
first thought to be the pyran (15) on the basis of its n.u.r.
spectrum, and its method of formation, even though the latter
requires anti~Markownikoff addition of the phenolic oxygen
to the double bond, Repetition of the pyrolysis under
nunlerous precisely controlled conditions, with and without
radical sdavengers, sealed and unsealed tubes, different
tenperatures and various solvents, did not at any time lead

to the desired produect (11),
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(12) (11)

Moreover, pyrolysis in quinoline yielded a compound thought
to be (16), and which on hydrogenation with 20% Pd/C gave
the saturated compound (15). The u.v, spectrum of (16) was
a little inconclusive but was essentially identical to that
of the . benzochromene (17) prepared by Iwai and Ide. 85
Here a bathochromic shift of the region 260 ~ 290 my . in the
saturated compound to 290 = 320 my. in (17) together with
the appearance of a peak at 340 ?/J. occurs just as in the
coripounds (15) and (16).

0,
AN

(17) (18) (19)

Furthermore, the mass spectrum of (15) was identical in
all respects to that of the phenol (14), The combined u,v.
and m,s, results were consistent therefore not with structures

(15) and (16) but with the isomeric compounds (18)* and (19).

* Systemic name : 1,2-dihydro-3,3-dimethyl naphtho-[ 2,1-b]pyran,
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respectively. The similarity of the mass spectra of (18) and
(14) can be rationalised by the mechanism illustrated below

which is more fully discussed in the following section.

(14)

The n.,m.r. spectrum is also in agreement with this new
fornulation since the methylene group adjacent to a phenyl
riolety 1s calculated to resonate at 3’: 7.10 and that alpha
to an ether function at ¥ = 6.5, ‘“hne value observed for the
benzochroman is at ff-: 7.0l and is consequently in better
agreenent with formula (18).

As further proof of these revised structures was required,
differentiation by chemical means was adopted. A benzochromene
such as (16), which is a vinylic ether, would be expected to
cleave on treatment with 1 :; 1 hydrochloric acid, whereas
(19), which is not a vinylic ether, should remain unaffected,’

After several hours of acid treatment no change was observed

Q+.
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in the n.m.r. specfrum. Moreover, an authentic sample of
(28) was prepared by normal Markownikoff cyclisation of the
C-alkylated product (14), which from its melting and mixed
nelting point of 78°C proved to be identical with the product
isolated fron pyrolysis of the naphthyl ether (12)., On this
evidence the structures of the benzochroman and benzochromene
may now be unambiguously assigned to (18) and (19)
respectively,

Having identified the existenée_of a unique rearrangement
on pyrolysis of (12) it is now necessary to elucidate the
mechanism by which this takes place, alfhough it may be
assumed that (19) is formed directly from the saturated
analogue (18) by quinoline dehydrogenation, Abnornal Claisen
rearrangements are conmon~place inwthe.liierature and two
excellent reviews exist concerning this.86 However,
isomerisation of the type observed for B-naphthol pentenyl
ether (12) seems unprecedented. Tu.. feasible pathways may be
postulated for this rearrangement :

(A)., TFormation of a four-membered ring preceded by normal

Claisen rearrangement,

(12) | (20)
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W

an G

(B)e A 1,3 alkenyl shift to give the phenol (14) direct,

1,3shift
——— —
3 p f) EH 0
n '
(12) (14) t (18)

In both (A) and (B) mechanisms the observations can be
accounted for on steric grounds. The normal product (20) has
the gen-dimethyl group severely hindered by the 08 hydrogen
aton, which nolecular framework models show to be spatially
orientated between the two methyl groups. 1In mechanism (A4)
the relief of steric strain in forming the four-membered ring
intermediatevfollowed by alternative and nore energetically
favourable opening to the C—alkylatéd compound (14) is
postulated to be the driving force for the rearrangenment,
Compound (l4) is then able to cyclise in a no:mal Markowniko ff

nanner to the benzochroman (18), Alternative intermediates
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involving three-nmenbered rings have been considered, but

. none of these would be able to afford the observed results,
For mechanism (B) the transition sta*e leading to a 1,3
sigmatropic shift would be energetically favourable compared
to the hindered Claisen'product. However, the Woodward-
Hofimann rules do not permit a transition of this kind without
inversion 87 which then suggests that (A) is the most likely
mechanism, Support for (A) comes from the work of Jefferson

88

and Scheinmann who postulate a three~nembered transition
state for the abnormal rearrangement of oestrone 3,3-dimethyl

allyl ether as illustrated below,

. . . v“—j’ . i\ :

(in diethylaniline) : é;;LH

Chemical evidence for the sterrc effect in the normal
Claisen product (20) comes from the preparation of 1,2-dihydro-
2,2-dimethyl naphtho-[2,1-b]-furan (21) which is formed in
good yield without trace of abnormal rearrangement products

by pyrolytic cyclisation of the isobutenyl ether,

H

0 o

(21)
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Furthermore, the n-butenyl ether (22) on pyrolysis gave only
an intractable mixture from which only low yleld, unstable
products could be isolated, The n,m,r, spectrum of the most
stable fraction (itself a mixture of t.l.c. inseparable
comiponents) obtained by chromatography suggested the presence

of a small anount of the expected cyclisation product (23).

(22) (23) - (24)

The complexity of the product from this pyrolysis nay be
explained on the assumption that the intermediate (24) is
sufficiently hindered between the C8 proton and the methyl
group, to have the choice of either normal or abnormal
cyclisation and would appear to be capable of both,

One other reaction relavent to the problen of steric
hindrance between the gem-dimethyl group at C1 and the C8
proton is to be found in the work of Ballantyne gﬁ_é&.lo?

who have isolated Nieshoutin (26) in 21% yield by the

pyrolysis of the 3,3-dimethylallyl ether (25).

MeO MeO ,
(25) (26)
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The product in this example, a coumarin, has no proton
equivalent to that omn 08 in the B-naphthol derivatives and is
thus able to form the normal réarrangement product without
difficulty.

Mixtures of benzochromans and benzocoumaramns such as
observed by Kwart and Cohen 89 for thiobutenyl ethers, were
not at any time detected. These authors postulate a thiirane -

intermediate as illustrated below,

S ' 7 s
—-—-—.a _9
- 20% 80%

(in quinoline) thiirane thiacounaran thiachroman

Further support of mechanism (A) is obtained by Claisen
rearrangement and cyclisation in the presence of acetic
anhydride and quinoline which afforded the intermediary
phenol as its acetate, The presence of quinoline was found
necessary to avoid cleavage of the ether prior to rearrangement
giving B-naphthol acetate, presunably by virtue of the acetic
acid present. By this procedure it was possible to isolate
the normal rearrangement product (20) as the acetate thus
proving conclusively that rearrangement must occur in this
molecule prior to cyclisation. A four-membered ring molecule
thus seems probable as the intérmediate in the formation of

the benzochroman (18) from the pentenyl ether (12).
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3, 2 Discussion of Mass Spectra.

~~ The most abundént ion in the mass spectrum of the mould
netabolite atrovenetin (1, R = H), has been shown to arise
by elimination of a methyl radical from the molecular ion.lg_
This loss is most expected from one of the three methyl

groups attached to the dihydrofuran ring, since the resulting

ions would then be stabilised by resonance (vide infra).
OR

(1)

To confirm this suggestion and elucidate the cexteant to which
methyl loss occurs from the positions a and § to the hetero
atom, the mass spectra of dunnione (2) and hydrodunnione
diacetate (3) together with their specifically deuteriated
analogues were examined in the hope that these would serve

as suitable model systens,

0 ‘ OAc

(3

(2)
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Successive loss of two molecules of ketene from the
molecular ion of hydrodunnione diacetafe (3) leads to the
nost abundant ion at m/e 244, which is postulated to be the
nolecular ion of dihydrodunnione, (see mass spectrum 17). It

is assumed that this elimination proceeds by way of a cyclic

four-membered transition state as suggested for sugar

g0

oqf(\H

acetates,

(3) m/e 328 n/e 286 n/e 2hk

Similarly the mass spectrum of atrovenetin triacetate
(1, R = Ac) exhibits the strongest ion at m/e 342,
corresponding to elision of three molecules of ketene from
the molecular ion. Thié differs from atrovenetin itself (1,
R = H) in that the base peak is shifted 15 n.u, to higher nass.
In éccordance with expectation the iuvn at m/e 244 in
dihydrodunnione diacctate loses a methyl radical to afford an
ion at m/e 229 which represents 14% of the base peak., The
low abundance of the m/e 229 ion is to be expected and is
attributed to reduced energy of the m/e 244 ion due to its
formation by ketene elimination from the nolecular ion. This
energy loss is better illustrated in atrovenetin itself where
the n/e 342 ion is 43,5% as intense as the ion at m/e 327,

whereas in the:triacetate the intensity orders are reversed,
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the ion at m/e 327 being only 50% that at m/e 342.
Emamination of the mass spectra of the deuteriated

compounds (3a) and (3b) (see Table 12) unambiguously

demongtrates that the origin of the eliminated methyl group

is in the gem~dimethyl group of the benzylic carbon atonm 03.

OAc 0Ac
OAc OAc
CDy - CH
CDy Y CH
(3a) CH,, (3b) CDy

By analogy it is therefore suggested that the methyl radical
lost in the fragmentation of atrovenetin comes from the

benzylic carbon aton and not that alpha to the furanoid

oxygen.91

Table 12,

Mass spectra of deuteriated dihydrodunnione diacetate derivatives.

Only pesks greater than 2% are listed,

Compound (3%a). (partial spectrurn)

n/e 335 334 293 292 291 251 250 249 248 233
% 1.4 7.2 4.6 26 6.1 15 100 35 7.3 3.1

n/e 232 231 215 214 189 188
% 12 el 2.1 6.0 3.5 3.0

Compound (3b), (partial spectrum)

m/e 332 331 290 289 288 248 247 246 232 231
% 2.1 10,2 6.0 30.5 3.2 15 100 21 9.1 4.8




cont.
m/e 214 189 188 187

% L,1 2.0 2.3 2.3
Conpound (3c). (partial spectrum)
m/e 335 334 291 290 247
% 1.5 10.6 6.0 30 16

m/e 211

% 5¢8
Compound (3d). (partial spectrum)

n/e 33 329 328 288 287
% l.4 8.6 2.3 4,8 28
n/e 230 229 228 214 212

% 1105 11 5oo 500 50’4‘

26 245
100 5.3
286 246
9.7 16
211
Sekt

21l

245
100

125.

231
11.5

2lhy
51

229
5.8

243
6.5

The parent compound, dunnione (2) (mass spectrum 18), also

loses the methyl radical from its molecular ion (n/e 2L2), as

does the [M-CO]+ ion - shown by a metastable ion at n/e 185.2.

Further, the spectra of the deuteriated dunniones also show
the loss to be exclusive to the 03 carbon atom. This

specific methyl elimination from the benzylic carbon atom is

evidence for the greater stability of the fragment ion (4)

over fragment iom (5) formed by loss of a methyl radical from

C2 of the molecular ion, In (4) the positive charge can be

delocalised over the aromatic nucleus as well as the furanoid

1

ring, whereas in (5) no such stabilisation is possible.
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(2)

etec, E&—>

The [M-15]+ ion of dihydrodunnione has a further resonance
form (6) involving hydroxyl participation in addition to

those of (4).

(6)

Further, it is of interest to note that the molecular ion

of all dunnione samples exhibited small [M+2]™ peaks which
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are attributable to ion-molecule reactions in the mass
spectrometer (see mass spectrum 18, for example), an effect
which is well~-authenticated for ggzgg-quinones.ga
The ion at m/e 244 derived from dihydrodunnione diacetate
(3), is observed to lose an hydrogen atom, removal of which
is characterised by a metastable ion, This fragmentation,
which has an analogy in atrovenetin, is shown by the elision

of deuterium in the bis-deuterioacetate (3¢c) to be derived

from the acetate moiety,

(3c)

0

+

m/e 24k m/e 243
Loss of a second hydrogen atom to give the dunnione molecular
ion does not seem to be important,

One other decomposition of the diacetate (3) is of

importance and this concerns elimination of water from the

ion at m/e 229, formed by loss of a methyl radical from the
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dihydroduhnione ion 3

OH

we 2 n/e 229
Elimination of deuterium oxide from the bis~deuterioacetate
’(3c) confirms that the elements of water come exclusively
from the vicinal diol system. All other deuteriated
analogues show only loss of water. The molecular ion of
catechol 95 loses water to afford an ion of medium intensity,
although the nature of this is unknown.

Finally, in common with most acetates, compound (3) has
large peaks at m/e 43 and m/e 60 both of which are shifted
3 meu. to higher mass in the bis~deuterioacetate. - These ions
represent [CH5CO]+ and [CHBCOEH]+ respectively,

Additional studiés on other model compounds have
corroborated the results found above, and many have also shown
other interesting characteristics, Thus in 1,2-dihydro~2,3,3~
trimethyl naphtho-[1,2-b]-furan (7), in which the furan ring
substitution is identical to that of both atrovenetin and
dunnione, the sole fragmentation is the elimination of a
methyl radical from the molecular iom, By analogy with dunnione
the resultant ion at m/e 197 is postulated to arise by loss

of one of the benzylic methyl groups.
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resonance
stabilised
+Q
(7)e m/e 212 (97%) m/e 197 (100%)

Attempts to prepare the isomeric 1l,2~dihydro~l,1,2~
trimethyl naphtho-[2,1-b]-furan (8) were abortive, although
the homologue (9) was successfully isolated using a similar
procedure, The latter compound exhibited little fragmentation,
the main ions being M+, [M—1]+ and [M-15]+. Postulated

struetures for these ions are illustrated in Scheme 8,

(8)

Scheme 8,

TORTIY

m/e 183 (59%) (9) m/e 198 (100%) m/e 197 (10%)
Loss of the methyl radical from the naphthofuran (9) is

not surprising in view of the known stability of aromatic

compounds with few functional groups, but it is interesting
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to compare the extent of methyl loss with that from the
molecular ion of (7)., The large difference, ca. 40%, is
attributed to the increased stability of the product ion from
(7) over that from (9) on account of resonance contrihutions
similar to those in dunnione, (vide supra.) Furthermore,
elision of an hydrogen atom is important in (9) since this
generates an ion of similar electronic disposition to that
formed by loss of a methyl radical from (7). Elimination of
H* from the molecular ion of dunnione or of (7) is
unimportant.

The molecular ion of 1,2-~dihydro=3,3-dimethyl naphtho-
[2,1-b]-pyran (10) did not exhibit methyl loss, but afforded
a spectrum identical in every respect with that of the
pentenyl phenol (11), This chéracteristic, coupled with the
consistency of the fragmentation pattern with the latter,
suggests that the molecular ion of the pyran rearranges to
(11) via transfer of the B-hydrogen atom to the oxygen
radical formed by cleavage of the C-~alkyl bond. The facility
~of this rearrangement is consistent with the known ease of

67a (see Schenme 9),

hydrogen atom migration to radical sites.
Had the molecular ion of (10) remained in the pyran

form retro-Diels-Alder decomposition to give an ion at m/e 156

might have been.expected. However, no fragmentation of this

kind was observed,
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(10) m/e 212 (5%%) (11) m/e 212 (55%)

|

OH

+
2

CH
Finally one other compound is of interest, the benzo-
chromene (12), which loses a nethyl radical with exceptional
ease to form the most abundant ion at m/e 195, This rapid
and facile elision 1s consistent with the allylic disposition
of the gem~dinethyl group and with resonance stabilisation
of the product ion., No other fragments are observed in the

nass spectrum of (12), presumably due to the great stability

of the aromatic ion at m/e 195.
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(12) m/e 210 (21%) n/e 195 (100%)

From the results cited above it may be concluded that
the importance of methyl loss from the furan ring is
exceptionally dependent on the stability of the product ionm,
since the greater the charge delocalisation in this ion the

nore facile is alkyl elimination.



133.

Part 4,

Cyclohexenone Derivatives,
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4 , 1 Discussion of Experimental Work.

A prominent ion at m/e 192 in the mass spectrum of
1,2-dihydro santonin (1) has been shown to arise by a single

9%

step loss of CBHQO from the molecular ion, Because of the
singularity of this fragmentation in compounds containing

a 452-cyclohexeneone ring several model compounds have been
prepared in an attempt to define the structural requirements

necessary for it to occur,

(1)

The first class of compound to be examined were the
anhydrodimedones of aromatic aldehydes (3), which were all
prepared by acid cyclisation of the dimedone derivative (2),
itself made according to the analytical procedure of Horning
and Horning involving condensation of the aldehyde with
5y 5=dimethyl cyclohexane-l,3=-dione in the presence of a

catalytic amount of piperidine.95

(3)
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Compounds of type (3) with R = o~, m~, and p- OMe, o~ and p+

No,, o~ Br, Me, NOZ’ Cl, and H were prepared., Clarification

2
of the fragmentétion modes of (3) was assisted by the
deuteriated analogues (4 a, b, and c), a and b of which were
synthesised from the appropriately labelled aldehyde
according to the above method. Compound (4¢), however, was
obtained by direct exchange of the anisaldehyde derivative
with deuterium oxide in anhydrous dimethyl formamide using

triethylamine as the base, The extent of deuteriation

achieved in these compounds is listed in Table 13,

(4a) . (4b)
Table 13.

Proportion of deuterium in labelled anhydrodimedone derivatives,

Compound : Numbér of 2H—atoms

8 7 6 5 L 3 2 1 0
La - - - - - - -~ 95.4% h.6%
83.0% 16.4% 0.9% -

Lb - - -
Ll'c 75’0% 22.% 1.7% 1.00/9 hand Land L - -
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A search of the literature has shown that considerable
ambiguity surrounds the structure of the salicylaldehyde
dimedone adduct which has been reported by different authors
to be either the abnormal cyclisation product (5) 96 or the
normal product (6).97 In view of the activity of the phenolic
hydroxyl compared to that of the enolic form of the dione
system it would seem probable that the former is the most

likely structure, but the chemical evidence put forward by

Desai 97 would appear to dispute this.

(5) (6) (7

The nem,r, spectrum of the adduct, however, clearly shows the
methylene groups as two broad singlets at ¥ = 7.54 (2H) and

% = 7.83 (6H) which is inconsistent with structure (6) which
demands that the methylenic protons exist as two singlets of
equal intensity., Moreover, a third possibility (7) stems

from the n.m.r, siﬁCe the methylene group adjacent to the
hemi-ketal linkage in this compound might resonate at the same
position as the allylic methylene groups at ¥ = 7.83, thus

giving the observed ratio of 2 ¢ 6 for the overall number of
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methylenic protons. Adequate distinction between forms (5)
and (7), however, is obtainable from the mass spectrum (mass
spectrum 19) which vindicates_structure (5) on account of

the formation of an ion at m/e 227 (98%) consistent with the

fragmentation @

0
m/e 171 (28%)

(5) o
n/e 366 * N1

~0

+
n/e 227

A compound having formula (6) would be expected to undergo

the characteristic anhydrodimedone fragmentation (vide infra)

leading to a stable ion at m/e 273. A similar conclusion

has recently been reached by Baldas and Porter, 98

Following on from the anhydrodimedones, which also

exhibit the unique cyclohexenone ring fracture being

investigated, several cyclohexenones of more fundamental nature

were prepared in the hope that these would serve as more

suitable models for elucidation of the minimal structural

features, Two general types were prepared; those having gem-
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dimethyl groups in the 3-position (8) (c¢.f. anhydrodimedones)
and those with the gem-dimethyl group in the 4-position (9)

(c.f. dihydrosantonin).‘ 5
9]

/"N (8. | R (9).

OAc, Me, Cl, Ph, p-OMePh, N-Ph,

N-nBu,

Those derivatives having the dimedone nucleus were prepared
from dimedone itself either by direct action, e.g. OMe, OEL,
OnPr, OiPr, OAc, ClL, NPh, NnBu or by aétion of the
appropriate Grignard reagent on the ethoxy or methoxy
derivative followed by aclid removal of the enol ether
protecting group. These reactions are possible because of
the symmetry of dimedone, a compound which can only form a
single product on reaction of one ¢. the carbonyl functions,
The deuteriated derivatives 8a, b, and c, caused more of a
problem because enol ethers are usually prepared by refluxing
dimedone in the appropriafe glcohol solvent in the presence
of a trace of p-toluenesulphonic acid, Obviously this
procedure is impractical for small amounts of deuteriated
alcohols which necessitatied a modified approach, The |
technique finally adopted utilised a minimum of benzene as a |

solvent and water removal was effected by the use of activated
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(8b)
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CD_
c

(8¢)

molecular sieves (grade 3A) retained in a Soxhlet extractor

thimble, This method gaVe excelent results on lg. quantities,

but began to fail on 100mg. amounts on account of the

excessive amount of solvent necessary. Table 14 shows the

deuterium incorporation for these n~propyl compounds and for

Lby4~dimethyl-3-phenyl cyclohex~2-ene~l-one (9a) after

eXchange with deuterium oxide,

Table 14,

Proportion of deuterium in labelled cyclohexenones.

Compound Number of H-atoms.

| 3 2 1 0

8a - 98.8% 1.2% -

8b - 98 . 5% 1.%% -

8c 95. 2% 4,8% - -
9a 3669% 58.0%  3.4% 2¢35%

It will be seen that in the latter compound (9a) extemnsive
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Ph
(9a)-

vinylic deuteriation has accompanied exchange of the a-methylene
group thereby reducing the specificity of deuterium
incorporation,

For the cyclohexenones of type (9) the technique utilised
for the symmetrical dimedone derivatives could no longer
apply since equimolar mixtures of (10a) and (1Ob) are formed
owing to lack of differentiation between the two carbonyl
groups. These derivatives are not easily separated because

of their similar polarities.
0 X

(10a) (10b)

In order to overcome this difficulty, advantage is takenm of

the knovwledge that 4,4-diméthyl cyclohexan~l,3~dione reacts

with isobutanol to give the ketone (10b, X = O~iBu)
exclusively.99 The nuclear magnetic resonance spectrum
confirmed the absence of the alternative isomer (10a, X = 0-iBu).
It is suggested that steric hindrance induced by the gem=

dimethyl group prevents formation of the (10a) isomer,
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Héving obtained the isobutoxy derivative (10b), Grignard
reaction followed by dilute acid work-up to remove the enol-
ether protecting group enables both «lkyl and phenyl
derivatives to be prepared. Strangely 1t was not possible
to prepare the p-methoXyphenyl derivative in this mannér.
The ethoxy compound (10, X = OEt) was prepared as for dimedone
and the mixture separated by preparative g.l.c.

Finally the series was extended to include the bicyclic
ketones (11) and (12),

0 0

(11) - (12
The route to (1ll1l) involved lithium in ethylamine reduction of

9,10 octalenes which

naphthalene to a mixture of O ang D
isomerised almost completely to the latter olefin on
phosphorous pentoxide treatment. Ne~Bromosuccinimide treatment
followed by NaEOOB/HaO/THF hydrolysis then gave (11) directly.
It is thought that the intermediate allylic alcohol is
oxXidised by dissolved peroxides under the reaction conditions,
The dihydropyran (12) was the final member of this
series and was synthesised in a single step by alkylation of

dimedone with trimethylene bromohydrin followed by cyclisation

on a silica column,
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4 , 2 Discussion of Mass Spectra.

The mass spectrum of 1,2-dihydrusantonin (1) has an
abundant ion at m/e 192 (sa. 58%) which has been shown by the
presence of an accompanying metastable ion to owe its
existance to a one-step loss of CBH4O from the molecular ion.9l+
This elimination has been investigated with the aid of
deuterium labelling experiments from which it is possible to
conclude that this fragment has its origin in the Cl’ CE’ and
C3 atoms of the cyclohexenone ring. Fragmentation of this
kind is unusual for this system which usually undergoes retro-
Diels Alder reaction either exclusively or in combination

67a

with ketene elision. Moreover, the mass spectrum of the

101 shows an

lumi-product (2), formed on photolysis of (1)
almost identical fragmentation, differing only in the relative

abundance of the peaks at lower mass.

(1) - (2)
The eiimination of CBHAO’ which has been substantiated
by accurate mass measurement, is a characteristic of compounds
containing a cyclopentanone ring system and it is evident in

102

cyclopentanone itself, A plausible mechanism for this
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fragmentation is given below :

) | ~C0, C.H, . +
3 (‘\j‘ . 3 CH=CH,,
m/e 28

Mass measurement has proved that the product ion at m/e 28

is indeed ethylene and not carbon monoxide, On the basis of
the similarity in the mass spectra of isomers (1) and (2) it
has been suggested ok that interconversion between (1) and
the lumi-product occurs in the mass spectromefer, and that it
is the molecular ion of (2) which is able to fragment with
loss of C3H4O. A plausible mechanism for this isomerisation
involves homolytic allylic cleavage followed by recyclisation

by radical attack on the double bond as shown,

+

It is a characteristic of steroids containing the
cyclohexenone system in ring A that they lose keteme from the

103 a fissionm

molecular ion to give a large [M-42]+ ion,
which has been rationalised by Djerassi et al., as ionisation
by 7 electron removal frbm the olefinic bond followed by

concerted homolytic elimination of ketene to form an
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jionised butene,

o =

Because of this fundamentally different fragmentation compared

to 1,2-dihydrosantonin (1) it is of interest to compare the
structures of both axs and 4}4 3.keto steroids with that of
(1) to discern any salient features existing to explain this
difference, The only conspicuous dissimilarity is the degree
of olefinic bond substitution in (1) which is absent in most
steroids on account of their biogenetic make-up from isoprenoid
units, 1In éiew of this it is tentatively suggested that
tetrasubstitution of the double bond is an essential
prerequisit to ioss of C3H4O from the molecular ion, A
considerable volume of information now exists to support this
hypothesis, both in santonin type systems and others. For
example, the mass spectrum of 8—deoxy-?”~ santonin (3)
although not exhibiting elimination of this unit (56m.u. in
this instance) from the molecular ion does so from the [M-45]+

moiety and is characterised by a metastable ion at m/e 108.3.

~ O “1 +o
25 s3]t 5 [M-43-56]"
! m/e 205 n/e 149
N (3) u/e 248

-

Further, santonic acid (4) also loses this fragment from the
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[1-73]" ion, again supported by a small but distinct

metastable ion at m/e 82.7.

- | T
-73 . -56
—— —3 m/e 121
. * . »
0] 0 +
| o |
- (4) m/e 250 | - n/e 177

it will be noticed that both compounds (3) and (4) possess a
tetrasubstituted double bond., Several similar compounds not
possessiné the methyl group at 64 have been examined and it
is of interest that these show no metastable ion for elision
of CBHAO at all., Thus the octalendne (5) and the bicyclic
ketone (6) 104 46 not show this loss from their M+, but
exhibit only retro-Diels Alder reaction followed by loss.of

carbon monoxide.

(5) | | (6)

This observation bears some analogy with photochemistry
where it has beem observed that the bicyclic ketone (7, R = Me)
forms a lumi-product on u,v, irridation whereas for the
homologue, 'R = H under identical conditionsébnly a complex
105

mixture of products is obtained.

It is noteworthy also that of the two double bonds
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R lumi-product

(7) R = H, Me

avalilable for reactiomn that bearing the greater substitution
is affected. This appears to be typical of all cases
investigated and is consistent with the greater electron
density of the tetra-alkyl substituted olefinic bond over
that of the dialkyl substituted, We thus have a not
inconsiderable amount of evidence in favour of lumi-product
formation in the mass spectrometer prior to fission in the
manner expected of cyclopentanones, However, the situation
is not so straightforward as presented so far, since there
are now available several examples of steroids such as
Li-cholestene~3~one which form lumi-derivatives on photolysile6
even though the olefinic bond is orly trisubstituted, It is
also found that thése commpounds have no tendency to lose
CBHQO in the mass spectrometer, but lose the characteristic
ketene fragment instead. 103

On the basis of this photochemical data it is suggested
that the energy required for lumi-compound formation in the
mass spectrometer is insufficient unless the olefinic bond

concerned is sufficiently activated. The minimum conditions

would then appear to be a tetra-substituted double bond.
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Examination of the mass spectra of several anhydrodimedone
derivatives (8) where R = H, o-, m-, p-, OMe, o=,p-, NO,, o-,
Br, CH}’ Cl, lead to the observation that the molecular ions
of these compounds also appear to lose a fragment from the
cyclohexenone ring comparable to that lost from 1,2-dihydro-

santonin,

*

—_— [M-84]

(8)

This fragmentation, which results in the elimination of CSH8O
from the M7 (as shown by accurate mass measurement), was
characterised by a metastable ion in all cases except for the
Q= NO2 and haiogeno compounds which exhibited an alternative
fragnentation,

A shift of the m/e 296 ion ([M-84]7) in anisaldenyde
anhydrodimedone (mass spectrum 20) to six mass units higher
in the deuteriated derivative (9) (mass spectrum 21)
deronstrated that the CBHSO moiety was lost exclusively from
the Cl, Ca, and 03 positions of the cyclohexenone ring, as is
the CBHAO fragment from l,2-dihydrosantonin,

The extent to which the CSH8O unit is lost from the
anhydrodimedones is listed in Table 15 from which it may be

seen that the most significant ejection occurs in the
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———y /e 302
- 5H6D20

(9) m/e 388

Table 15,

Relative gbundance of rM—84]+ lons in substituted anhydrodimedones

R % Relative abundance [M-84]+
H Lo 3% 4
o-Br 0.0% i
o-Cl 0.0%
o-Me 54 5%
o-0H | 100.0%
o-NO,, 0.0%
ETNOZ | 1.6%
o~OMe 9,1%
m-Ol{e | 540% j
p-OMe 214 7%

salicylaldehyde derivative where the [M—84]+ ion represents
the most abundant ion, However, since this compound has been

shown not to possess the structure given as (8) (vide supra)
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the true importance of this result cannot be evaluated, The
second most substantial [M—84]+ ion is observed in the p-anisyl
derivative where it represents 22% of the base peak,

It would appear from the fable that those derivatives
with €lectron repelling substituents enhance formation of the
[M-84]+ fragment whilst others reduce it, Furthermoré,
substituents such as Br, Cl,‘and N02 which are known to undergo
facile elimination themselves from aromatic nuclel suppress
the formétion altogether. .However, the bromo compound does
show signs,of losing 05H80 from the [M-Br]+ ion to the extent
of 2,1% but no metastable ion is evident., As non-aronatic
anhydrodimedones do not appear to exhibit this fragmentation
to any marked extent the above factors suggest that the aromatic
ring increases the extent of [M-84]+ formation, especially
-when electron repelling substituents are present, by
increasing the probability of ionisation in the aromatic
nucleus, This will have the effect of increasing the electron
density of the olefinic double bond by reducing ionisation
in the enone unit, with the consequence of promoting
rearrangenent, A mechanism similar to that proposed for
santonin rearrangenent is suggested for the loss of C5H80.'(see
below),. The oxatropylium ion suggested as fhe product would
account for the disinclination of this ion to undergo retro-
Diels Alder fragmentation as the cyclohexenone double bond 1s

now incorporated into the delocalised oxepine systen.



The general fragmentation of anhydrodimedones has been
20,98

and mechanisms given,

discussed in two recent papers
but little work appears to have been carried out on the
aromatic derivatives and no labelling studies have becen
presented. Since deuterium labelled compounds were needed
to elucidate the origin of C5H8O loss from these aromatic

compounds a resun® of the major fragmentation pathway will be
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r
given along with the conf%@ative labelling evidence, Mass

spectrum 20, of p-~anisaldehyde anhydrodimedone is typical of
the decomposition and will be used to describe the mechanistic

route shown below,

OMe

(8) m/e 217, C, .H, ;0

‘o

i

\
o~ o_\J\

0 0

m/e 161, CyH:0 (B)

Ions (A) and (B) are those suggested by Baldas and Porter.98

All the decompositions are accompanied by wellwdefined

metastable ions and accurate mass measurement has been emplgyed
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to determine the molecular fornulae given., Using the [2H8]_
derivative (9), appropriate shifts of nm/e 273 to m/e 281,

n/e 217 to n/e 223 and of n/e 161 to m/e 165 were observed
(see mass spectrum 21) alomg with a corresponding change in
the metastable ion, Moreover, in the derivative derived from
a-[aHl]—benzaldehyde, a shift of Im.u. to higher mass in all
ions was observed confirming that this atom is retained
throughout, It is moteworthy that although retro=-Diels Alder
reactions dominate the fragmentation no loss of isobutylene
is observed from the molecular ion, This appears to be due
to the greater facility with which the doubly allylic bond
joining the aromatic portion to the pyran ring is broken,

In order to investigate the effect of‘the en=-dinethyl
group on fragmentation of the cyclohexenone ring two
cyclohexane-~l,3-dione derivatives (10) were prepared, These
compounds behaved raﬁher unexpectedly in that the molecular
ions showed extensive elimination of the aryl fragment as in

anhydrodimedones, but these did mot then undergo retro-Diels

Alder elision of ethylene,
R

e
_] | 0 O R.D. A.
~Ar
* i;

n/e 217

+ O

(10) R = H, OMe

In explanation, this is believed to result from the relative
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stability of the radicals generated during the elimination,
but to consider this fully some description of the nechanism
of the retro~Diels Alder reaction is necessary, Consider the
cyclohexenone (11) which may be ionised by heterolytic fission
of the allylic bond to give either (1la) or (11b).

Predoniinance of either of these depends on the substituents

Rl’ RE’ R,, and R4 since these are the stabllising factors
67a

of the ionised compound,

0 (1lla) o (11b)

Ion (1lla) is prefered if 05 is a secondary or tertiary
carbon aton; i.e. R3 = H, R4 = H or alkyl, and R = R2 = H
or alkyl, while (11b) is prefered if.C5 is a quaternary centre,
leCo R3 = RL] = alkyl and Rl = R2 = H,

In the anhydrodimedone system CS is a quaternary centre
leading to an ion of type (11b), R3 = RZ+ =Me, B =R, =H,
on lonisation, This ion themn fragments by cleavage of the
Cl~6 bond with elimination of isobutylene. However, in the
cyclohexane-l,3-dione homologue both the substituents at CZ+
and 05 arc H, i.e. Ri = R2 = R3 = R4 = H, making lons of type
(11a) preferable, On account of this decomposition with
elision of ethylene is not a favoured process. In consequence

it can be seen that if stabilisation of a positive charge at'
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05 is not possible then elimination of a neutral fragnent
vig retro-Diels Alder reaction in this system is unlikely,

103 where ketene

Similar resulis are seen in steroids
elimination is often favoured to retro-Diels Alder fragmentation,
Elision of 03H40 (56n,u.) is an inmportant process in
type (10) compounds, representing L.4% of the base peak in
the benzaldehyde adduct and 15.1% in that from anisaldehyde,
Furthermore, since the produet ion undergoes facile loss of
an hydrogen atom the true figures should be considerably
higher than thesc values, (ca. 22.9% in anisyl and 12.1% in
benzaldehyde)., Because these compounds fragmemt with loss of
CBHQO so readily it is clear that the gem-dimethyl group is
not necessary for the proposed lumincompoﬁndﬂisomerisation.
Flimination of the hydroxyl radical (37.4% in 10 R = OMe
see Table 16 for mass spectrum) is importamt in these
conpounds possibly due to enolisation prior to electron
impact. This is substantiated in the beanzaldechyde adduct
which can lose a further 2 meu. presumably to forn an aromatic
type ion,
Table 16.
Partial mass spectrun of anisaldehyde anhydrocyclohexanedione.*

m/e 325 324 323 308 307 306 294 293 268
% 21% 100%  39% 9%  38% Fe 1% 52k 1%

/e 267 218 217
o 8% 119  81%

* Only values ?,5% are guoted,
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Examination of the mass spectra of the rore elementary

cyclohexenyl models (12) reveals several interesting

fragmentation modes which because of their dependence on

specific structural features could be of importance when

differentiating between isonmeric compounds,

R (12)

In the mass spectrum of the methoxy derivative (11, R = OMe,

nass spectrum 22) the primary fragmentation consists of

rctro=Diels Alder reaction followed by loss of either HCO or

CO, as shown by accurate mass measurement, to form ions at

m/e 69 (C4H5O) and m/e 68 (CAth) respectively. These

decompositions are well characterised By netastable ions and

are depicted in the scheme below,

O+.
+e +s
\\ . * O\\
%\ B = "/j %2
N0
m/e 15k, 3 m/e 98, 100% k';ﬁ n/e 68, 70%

o*
:)H |
T el i
—-——9/; 0=CH,
o = n/e 69, 3%

J

Fragnentation of the phenyl and R-nethoxy phenyl analogues

(12, R = Ph and p-OMePh) parallels this sequence in so far as
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isobutylene is lost via retro-Diels Alder reaction but in
these cases the resulting ion is stabilised by elision of
carbon monoxide to form ions at m/e 116 (34%) and rn/e 146
(43%)'respectively. The former then loses an hydrogen atonm
to generate the highly stable }Vharomatic cyclopropenyl ion

at m/e 115 (32%) .

+
°0
O\ -CO -H .
—_— >—~Ph ———D Ph
*
N " u’+
n/e 200, 2%% n/e 144, 100% n/e 116 (34%) no/e 115

The anisyl derivative does not form an ion equivalent to that
at m/e.115 in the phenyl analogue due to alternative fission
of the methoxyl substituent.

In the 3~chloro compound (12, R = Cl) retro-Diels Alder
reaction is again observed but the resulting ion does not
lose carbon nonoxide on account of the ready ejection of the
C1°® radical. to produce an ion at m/e 67 (33%).

The mass spectrun (mumber 23) of 5,5~dimethyle3~ecthoxy=-
cyclohexenone (12, R = OEt) is interesting in that along
with the expected retro-Diels Alder reaction followed by CO
loss there is also a nietastable ion at n/e 42.5 characterising
a one~step loss of 84 m,u. (C5H8O by mass measurenent) from
the molecular ion. As this ion corresponds to that from
consecutive loss of isobutylene and carbon monoxide the

extent of this decomposition mode is unknown, but its
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similarity to fragmentation in anhydrodimedones makes it of -
notable importance, It is thought that the ethoxy group
supplies sufficient extra electron domsity to the olefinic
bond to enable rearrangement to a cyclopentamone prior to
elimination of 05H80° This is conslstent with the absence

of a similar metastable transition in the nethoxy hornologue
which would be expected to have a less activated double bond,
To check this hypothesis the n-propoxy homologue was

exarnined (mass spectrum 24a) but this revealed no ion at all
corresponding to loss of CEHBO' Also absent were ions
derived by retro-Diels Alder reaction and other normally
observed fragmentations, Instead a unique decomposition
involving elimination of a 41 m.u. fragmént (mass measured as
03H5) and well characterised by a metastable ion at m/e 109.2
was taking place, The facility of this process is assumed

to account for the disinclination to form an [M-84]% ion. 4

plausible mechanism for this fragmentation is suggested below,
O .
0

“H/T ! - A
o) —_— —
.

+°

* A
+ oH

& /
m/e 182, 16% m/e 141, 12%

The singularity of this fragmentation pathway stems from

the double hydrogen transfer which is believed to have no
precedence in the literature, Support of the above mechanism

comes from the isopropxy compound (12, R = 0O-iPr)
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which loses 41 m,u. to a megligible extent (less than 1%),

the pathway ensuing throﬁgh elimination of 42 m.u. (not ketene
as shown by mass measurement), This is consistent with the
ability of the first hydrogen atom transfer to occur but not

the second, thus j

—

‘ _ N 03' ‘ Nt
m/e 182, 11% ‘ Cj,l\\ m/e 140, 8%

Similarly the ethoxy homologue is incapable of the second

hydrogen transfer consequently losing ethylene to form the
m/e 140 ion (4%, mass spectrum 23), However, as has been
mentioned, preferable altermative decomposition modes are
available in this molecule, Conclusive evidence in support
of this mechanism, however, was forthcoming only from the
deuteriated n-propoxy compounds (13a, b, and ¢) the mass

spectra of which are given (24b, ¢, and d respectively).

0
\L en3j
D
o” 2 0
(13a) (13b) (13c)

In derivative (13a) the peak at m/e 141l remains
unaltered, but in the other deuteriated compounds (13b and: c)

it is shifted 1 m.u. higher consistent with two separate



159.

proton shifts from the 2 and 3 positions of the propyl side~
chain. " Furthermore, metastable ions exist for the loss of the

Cé moiéty from these deuteriated derivatives and their

positions are recorded in Table 17.

Table 17.

Metastable ions observed for elision of the 05 fragment from

deuteriated n-propoxy cyclohexenones,

dompound Metastable ion Transition
Observed Calculated

ia, R= nPr m/e 109.2 m/e 109,1 182141 (=41)
13a m/e 108.1 | m/e 108.0 184~141 (~43)
13p m/e 109.7 | m/e 109.7 184=142 (~12)
13c m/e 109.0 | m/e 109.0 185-142 (=43)

Moreover, from the spectra of the deuteriated analogues it is
postulated that the completé fragmentation pathway, which
proceeds via the m/e 141 fragment is as shown in the scheme
below, A paucity of metaétable ions in the spectra, however,
does not alloﬁ confirmation of the tramsitions although ali
ions have been accurately mass measured to ensure the atomic
composition suggested,

The gemerality of this two proton tfansfer is
demonstrated in 3=N~butylamino=5,5«~dimethyl cyclohexenone (12,
R = N-butyl, mass spectrum 25) which forms ions at m/e 153

and 139 corresponding to loss of CBH5 and CAH? followed by H®

3
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from M+o The‘mechanistic route is illustrated in Scheme 10.

0
= & -0 & BN
oH « \\OH <+ e
+ OH
4
) |
m/e 84, 04H4O2
te
oH

m/e 112

Scheme 10,

n/e 138
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Scheme 10 continued,

0
H
“~’ '
DY —_—
NH
+.
m/e 195

-Me
<———-—-—-
- _ +
N’HMe 'H

m/e 152 . m/e 153 m/e 138

The mass spectrum of isophorone (12, R = Me) has been
studied by Bow:i.el08 who observed omnly retro-Diels Alder
reaction in the molecular ion followed by elimination of
carbon monoxide to give an ion at m/e 54. No metastable ion
for the direct tramsition M’ « [M=-84] * was recorded, In view
of this the mass spec.trum of the homologue (14) was investigated
in the expectation that two methyl groups on the double bond
would be sufficiently activating to bring about direct loss
of CEHSO" However, this was not the case sgince once again
omly cdnsecutive elision of isobutylene and carbon monoxide
was observed.

More rewarding results were found in the A9,10_

octalenone (15) which besides undergoing retro-Diels Alder
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+e
O+. O5
RDA ‘ -0 .
* V . | *® . +
(14), m/e 166 m/e 110, (55%) m/e 82, (100%)

(80%)

type fragmgntation also fractured with loss of 03H40 in a
single=step process as shown by the presence of a small
nmetastable ion at m/e 58.9., This suggests that the equivalent
of two ethyl groups on the olefinic bond should be sufficient
to initiate isomerism and unigue fragmentation of the

.
AN

cyclohexenone ring,

0 0

(15) , R (e

In order to complement the series of compounds governed
by (12) several U4,4-dimethyl cyclohex-2-cme~l-ones (16) were
examined with the object in mind of discerning the importance,
if any, of the gem~dimethyl position, The trimethyl ketone
(16, R = Me)(mass spectrum 26) showed no metastable ion for
the trensition M' - [M—56]+ but decomposed by two competing
pathways, one with the elimination of ketene and the other
with elimination of ethylene. An abundant ion at m/e 110 was

suggestive of the latter mode and was proved by accurate mass
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measurement to result almost exclusively by loss of ethylene
from the molecular ion., A narrow scan spectrum at high
resolution indicated the presence of a second peak at m/e 110,
found to be ca. 4% of the larger ion, and which mass
measurement confirmed to be the [M-CO]+ ion, The low
abundance of the [M--CO]+ ion is consistent with the relative
ease of the alternative fragmentations, Reduction of the
electron voltage to 15 ev, resulted in a considerable increase
in the loss of ketene (see Table 18) which suggests that
ketene elimination is a comparatively low energy process., A

similar result has recently been observed in other compounds

of this type, 07
Table 18.
Dependence of ketene loss on ev, in 3,4,u-trimethylcyclohexenone;
mt* [M-28]% | [mes2]* Tonising voltage |
14,5 12 19 70 ev,
22 8e5 26 [ 15 eve

* Arbitrary units,

Ketene loss was confirmed to come from Cl and 02 atoms
by deuteriation of the g¢=protons in the phenyl derivative
(16, R = Ph) whereby loss of 44 m,u, was observed, The phenyl
and ethoxyl compounds of (16) were both found to have no
metastable ion corresponding to the transition M - [M—56]+,

but fragmented in a similar manner to the methyl analogue by
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ketene; ethylene competitién. This type of compound is
known to exhibit facile ketene loss, the minimum conditions
required having been determined by Burlingame et _al. to be
the presence of at least one alkyl group at Ch.llo Oon
account of this no further discussion of ketene elimination
will be made,

One final compound investigated was the cyclic ether (17)
which it was hoped would possess a netastable ion at m/e 41,2
corresponding to the concerted loss of isobutylene and
carbon monoxide, Unfortunately none was observed, but it is
thought that metastable defocussing experiments might
demonstrate the occurrence of this transition,

0

(17)

In conclusion it is suggested that the postulated
isonmerisation to a cyclopentanone is only possible when the
olefinic bond is tetrasubstituted (with the exception of
5, 5~dimethyl-3~ethoxy cyclohexenone) and only then ifv
sufficient electron Zensity is being transferred from the
substituents to the carbon atoms bearing the double bond,

This is consistent with the photochemical analogies mentioned
above, and the known greater activity of high electron density

double bonds.
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Part 5.

Experimental Section,
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General.

The infra-red spectra were recorded using é ﬁnicam Sp 200
spectrometer, with the sample in the form of a liquid film
(L.f.), nujol mull (mull), or in solution in a 0.1 nm. cell
using polyétyrene as a reference marker, Ultra violet
spectra were obtained on a Unicam SP 800 instrument with an
Holmium filter standard.,

Nuclear magnetic resonance spectra were recorded on
either the Varian Associates 100 MHz., HA-100 or 60 MHz., A-60
spectrometer, tetramethyl silane being used as an internal
standard,

The purity of all compounds was checked by t,l.,c. on
silica gel or for volatile liguids by gas chromatography
using a Perkin~Flmer F 11 fitted with a 2 metre Carbowax
1500 on Chromosorb W column,

Melting points were determined on a Kofler Micro Heating

Stage, and are quoted without correction,
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5,1 Antﬁéquinone Derivatives.
A

2-Ethyl bromobenzene, (Gatterman procedure)

2-Fthyl aniline (30.3g. ; O.25mole) in 48% aqueous
hydrogen bromide (85ml,) cooled to 50¢ in ice-salt was
diazotised by gfadual addition of sodium nitrite (18.3g.) in
water (25ml.). After each addition the flask was stoppered
and shéken until all the red fumes had dissolved, keeping the
temperature between 5—1000. When diazotisation was complete
copper powder (lg.) was added and the mixture gently
refluxed on a steam bafh until ﬁitrogen evolution commenced
when it was immediately cooled in ice to moderate the reaction.
Decomposition was cbmpleted by warming on a steam bath fof
30mins, after which the solution was diluted with watef ( 200ml.)
and steam distilled, The distillate was made alkaline with
10% scdium hydroxide and the organic layer separated, washed
with water, dried (CaCl,) and distilled, Yield 16.8g. (36%),

beDe 6OO/O. EIHHI.;_ n]2)3 '10 5470

2,6~Dimethyl bromobenzene,

This was prepared according to the procedure of von-

Schwecten112

for hindered aryl bromides involving formation
of the mercury complex of diazotised 2,6-dimethyl amiline
(18,8g8.) and decomposition with sodium bromide, Yield 15.7g.

(49%); bope6L4°/7mme; ngo 1.5552.

p=itro cumene,

A mixture of mitric acid (s.gele42, 20,75g.,) and sulphuric
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aclid (s.8.1.84, 31.25g.) was slowly added to cumene (25g.)
stirred at 40»5000. Stirring was continued for 2hrs. and the
product poured into ice-water (1 litre). After extraction

with ether tﬁe product was washed, dried (NaESOA) and distilled
to a yellow oil. Yield 27.9g. (82%): bepe135°/13mm.; (1it°113
b.p.128° /L2mm, )

2=Bromo=L4=nitro cumene.lll+

L-Nitro cumene (16.5g.), silver sulphate (17g.),
concentrated sulphuric acid (90ml,) and water (10ml,) were
stirred with gradual addition of bromine (5.2ml.). After
addition was complete the mixture was stirred for a further
2hrs, and poured into a dilute solution of sodium bisulphite
(500ml,), The oil which separated was extracted with ether,
dried (Na,$0,) and distilled. Yield 18.37g. (76%); b.p. lh5-
155°/13mm. (1it, b,p.155-160°/15mm,)

Y Animo—2=-brono curzzene,ll[+

In a three necked flask fitted vith a reflux condenser
and stirrer were placed the above nitro compound (15g.,, 0.125
mole), iron filings (1lg., 0.375mole) and 50% aqueous ethanol
(15ml.,). The stirred mixture wés heated to goiling’and a
solution of concentrated hydrochloric acid (0.9ml., 0.0lmole)
in 50% ethanol (3.5ml,) was slowly added., After refluxing
for 2hrs, the solution was made basic with 2N sodium hydroxide
and filtered hot to rémove iron, Thelresidue was washed with

ethanol and the filtrate diluted with water and ether extracted,
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The brown extracts were washed, dried (Na2504) and distilled.
Yield 9.01g. (69%); b.p.l43-144°/12rm, This mixture of
amines was chromatographed on 8102 eluting with chlorofornm
whereby both 4-~amino-2-bromo cumene, b.p.155-156°/12mm.
(second fraction) and 2-amino-i-bromo cumene, b.p.lho-ao/lamm.
(first fraction) were obtained.

114

2=Bromo cumene,

h~ Arino-2-broriocuriene (3.6g.) was added to concentrated
hydrochloric acid (6.7nl.) and water (13.4r1l,) and the mixture
warmed on a steam bath to effect partial solution of the
hydrochloride, and then poured onto ice (17g.). An aqueous
solutioﬁ of sodium nitrite (1.17g. in water (2.5mi.)) was
slowly added to the cold (<2°C) stirred solution and the
filtered diazonium solution treated with 50% hypophosphorous .
acid (25ml.) at 0°C. The mixture was left at 0°C overnight
and the oil extracted with ether, The extracts were dried
(Na,50,) and distilled, Yield 2.35z. (70%); bep.82-83° /Lhnm, 3

n%9°5 1.5422, (lit. b.p.90°/15mm. )

tert-Butyl benzene.

‘This was prepared by alkylation of benzene according to

the method of Schramm. +2 Yield Ll% 3 b,pel65-168° /760mm.

L-Nitro-tert-butyl benzene.

This was made by the procedure of Shoesnith and Mackie116

by mitration of tert-butyl benzene (37.L4g.). Yield 37.7g.
(76%); bep.128-136°/13m. (lite b.p.125-130°/10mn,)
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2~Brono=-L-~nitro-tert-butyl benzene.lll+

Was prepared according to Crawford and stewartll4 fronm
Lh-nitro-tert-butyl benzene (23.2g.). Yield 18.7g. (56%);
11,pe89-93", (lite mep.94°).

L~ Arrino-2-bromo~tert~butyl benzene.

This was prepared by the ﬁethod of Shoesrith and Mackiell6

from 2-brono~4-nitro-tert-butyl benzene (15g,)s Yield 4.9g.

(32%) of the hydrochloride.

2=Bromo-tert-butyl benzene.

Again prepared by the method of Crawford and Stewartll4

from the above hydrochloride (4.8g.). Yield 2.7g. (69%);

b pe103° /15mm, 3 n%O’B 1.5441; (1it. bepi96~-98°/Lomm, )

Phenyl propenyl carbinol.117

Bromobenzene (15.,7g.; O.1lmole) was introduced to a
stirred suspension of magnesium (2.64g.; O.llmole.) and ethyl
bromide (O.2ml.) in anhydrous ether (50ml,) at such a rate
that the solution gently refluxed, Vhen the reaction was
complete, the solution Waé cooled to -10°C in an ice-salt
mixture and freshly distilled crotonaldehyde (7.0g;; O.lmole,
b.p.loho) in anhydrous ether (20ml.,) was added with stirring
over lhr, Stirring was continued at 0°C for 3hrs. and
saturated agueous ammonium chloride (150ml.) addeds. The
ethereal solution waslseparated and the aqueous phase ether
extracted, The.combined ether layers were washed with water,

dried (KZCOB)’ and distilled from a trace of potassium
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carbonate. Yield 11.2g. (75.%6); bep.79-80°/0.3um,;
20 . -1

L 1.5410; '\)max(l,,f.,) 3400,1670,1603 cm, n.m.Tr. (CDClB)
¥ 8,37 (d, I=4.6Hz, 3H, vinylic meth;1l), 6.69 (broad singlet,
1H, hydroxyl), 5,10 (m, 2H, vinylic protons), 2.82 (s, 5H,

aromatics).

l=Phenyl butadieneell7

Phenyl propenyl carbinol (7.4g.; 0.05mole) was heated
at 60°C under 10~ “mm. pressure with 1/10th of its weight of
anhydrous potassium bisulphate until the vigorous
rearrangement proéess ceased (gg. 10mins.) and distilled.
Fractionation of the product then gave the diene as a

colourless oil. Yield 3.2g. (49%); bepollimli6® /0. Okmm, 5

20
D

(C314)7V4.59—5.04 (m, 2H, methylene), 3,90~3,18 (m, 3H,

n .~ 1.,6101; ~D maxt(lefs) 1630,1600,1010, and 910 eme™t nomer,
vinyliec protons), 2.85-2.59 (m, 5H, aromatics).

The substited l-phenyl butadienes shown in Table 19
were similarly prepared from the browobenzene via the propenyl
carbinol, although the anmisyl derivatives were protected by
a nitrogen atmosphere., Invariably the carbinol was
rearranged and dehydrated mifhout isolation so that yields in
Table 19 refer to the overall yield from the substituted
bromobenzene, All products were structurally confirmed by

i.r,» and n.m.r. spectra,
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Substituted l-aryl butadienes.

172.

[ cubstituent |% vield | ny | bepe °C |  m.pe
m-Me 10% 1.5930(22°) | 67-70°/0,00Tmn,
p-Me W2k - 78°/0.005mm, |  26°
m-OMe | 40% | 1.6040(23°)|  90°/0.02mn.
p=-OMe 56% - - 46°
o~CL 52% | 1.5847(20°) | 57-60°/0.001mn,
m--CL 3L 1.5868(20°%) | 65-67°/0.00Lmm,
p-CL 39% | 1.6210(18°) 49° /0.,002mm, | 18°
owBr 29% | 1.6109(22°) | 55-60°/0.001mm,
n~Br 37% 1.6048(21%) 50° /0,001 mm,
p=Br 38% - 88°/0.001mm, | 29°
m..F 56% 1.5827(24°) 34°/0,001mm,
peF no% | 1.5788(22°) 37°/0,001mm, | 16-16.5°
0-Et 5% | 1.35850(19°) 50° /0,0 7um,
2,6~dimethyl| 3% 1.5678(25°) | 85-90° /0,0 3mm,
o~isopropyl 25% ' - 80°/0.1 mm.
o t-butyl 18% | 1.5622(19°) | 76-78°/0.02mn.

* Temperature in parenthesis,

1=Chloro=l=(p=nitrophenyl)but-2-ene, =’ 118

p-Nitroaniline (20g.) was warmed for 1Omins, with 12N

hydrochloric acid (34ml,) and water (30ml.) on a steam bath
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to form the pink hydrochloride, the solution of which was
cooled in ice and sodium nitrite (10g.,) in water (17ml,) was
slowly added to the stirred solution during lhr. at O?C. The
diazotised solution was filtered and maintained at 0°C while
gradually added to a stirred mixture of butadiene (17ml,),
acetone (143ml.), sodium acetate solution (1ll.4g. in water (liml,)
and cupric chloride solution (4.2g. in water (7ml,)) cooled
in ice-salt, The reaction mixture was stirred at room
temperature overnight to yield a brown, oily upper layer and
a green aqueous layer, The two phases were separated and
the aqueous phase extrécted with ether, The combined organic
layers were washed, dried (Naasou) and evaporated to afford
the crude but-2-ene. Yield 24,6g,

l-p~Nitrophenyl butadiene.l*o’118

The crude but-2-ene (24.6g) was dissolved in methanol
(60ml,) and a solution of potassium hydroxide (15.8g.) in
methanol (85ml.) added to the stirred solution, the temperature
being kept between 20-3000 by occassional cooling. After
2hrs, the solution was filtered to isolate the product as a
brown crystalline solid. Addition of water to the filtrate
produced a further crop of crystals, Recrystallisation from
methanol gave a yellow-orange solid, Yield from penitroaniline
15.2g. (60%); m.p,77-78°, (1it. m.p.78-78.8°).

l-m-Nitrophenyl butadiene.119

This was made as above from m-nitroaniline (20g.), but
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required ether extraction and distillation to isolate the
diene. Yield 13.0g. (51%); Recrystallisation from methanol
gave a pale yellow solid; m,p°52°, (lit.ll9 m.p.53°).

l—o-~-FlLuorophenyl butadienee119

This was prepared from the chlorobut-2-ene (made as above)
by refluxing with a three fold excess of powdered potassium
hydroxide in dicxan for 15mins. The solution was poured
into ice-cold water and ether extracted, The extracts were
washed with water, dried (Na2504) and distilled, Yield 27%
overall; b.p.70-76°/3mm,; n%l 1.5675; v max(Lefs) 1630,1590,

1560, 1230, 1010 and 760 om."L

Attempted preparation of l-(p-anisyl) butadiene without

distillation,

In an attempt to reduce polymerisation p-anisyl propenyl
carbinol (1.0g.) was warmed to 60°C on am oil bath at

2mm.for 10mins, and extracted with ether., The extracdts

0,9%10™
were washed, dried (KEGOB) and evapo:rated to a white solid.
After recrystallisation from methanol and then from petrol
(bap.40=-60) it melted at 108-110%; ~) nax(WUIl) 1603, 1262,

980 and 825 cme"T n.mere(CDCl;) ¥ 8473 (d, J=6Hze 6H, methyls),
6.19 (s, 6H, methoxyls), J.84(q, J=6Hz, 2H, 0-CH), 4,32-3.35

(m, 4H, vinylies), 2.29 (s, 8H, aromatics).; (Found:C,77.78%;
H,7.69%; 022H2603 requires: C,78.00%; H,7.69%); A max(EmOH)
263.5, 294.0, 305.0m}g (log & , 4.69, 3.96, 3.76)s Physical

data is in agreement with formula 4 (section 1 , 1),
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1-Phenyl anthraguinone,

To a solution of l-phenyl butadiene (1.3g., 0.0lmole)
in anhydrous benzene (15ml,) was added recrystallised
naphthaquinone (l.58g., 0.0lmole) and the mixture refluxed
overnight. Evaporation of the solvent gave a dark brown
solid which after treatment with refluxing 10% ethanolic
potassium hydroxide (30ml.) through which air was dravn for
2hrs, ylielded a yellow crystalline solid., The ethanolic
solution was poured into water (30ml.) and the solid filtered
off, Purification was effected either by sublimination or by
recrystallisation from ethanol. Yield 1,93g. (68%); m.pol78°,
(lit,42 MePo 177—1780); %) max(mull) 1669 cm."'1 The Nem,T,
(CDClB) showed only aromatic protons at jf'2.82-1.51 ().

Apart from the nitro derivatives the anthraquinones
shovm in Table 20 were prepared by an identical procedure, the
o-ethyl and fluoro derivatives being accompanied by the
dihydro compounds were purified by chromatography on silica

gel eluting with chloroform.

l~(p-Nitrophenyl) anthraquinone.

1-p~Nitrophenyl butadiene (1.0g.), naphthaquinone (1.0g.)
and nitrobenzene (5ml,) were heated at 15000 for 2hrs, on an
0il bath and the deep red liquid diluted with ethanol (2-5ml,).
.The ginger soiid precipitated was filtered off, washed with
ethanol and sublined to a bright yellow solid, Yield 0.93g.

(58.5%)3 Mepe273=273.5°,



Corpound
m-Me
p-Me
m--OMe
p-OMe
ngoa

p-¥O,,

p-Br

o~-F

m=F

p~F

o-Et
2y 6-dimethyl
o~isopropyl

o~t=butyl

# Tnflection,

Table 20.

1-Aryl anthragulnones,

Yield

19%
15%
18%
27%
38%
59%
29%
32%
36%
19%
18%
21%
32%
22
27%
64%
10%
28%

29%

ePe
164-165°
178.5-17945°
1.55-156°
196O
214,8°
273«2?3.56
212°
187-189°
199.5-200,5°
222-224°
202-203°
212-213°
215-217°
206°
194°
15165-152,5°
179-180°
191-192.5°

206--207

3) Amax m
256( 4a74)  274(4429) , 333(3439)
256(4,65),278(k4e25) ,331(3.60)
255(472) 5 274(4o3L) , 335(3.73)
256(14.70) 274 4. 28) 3 3L4(3.79)
260(5.02), 320(4,11)
255( 4. 66) 5 271 (4o 146)
256(14069) 5 273( 44 26) 5 332(3.68)
255(1472) 5 275( e 30) , 334( 3.76)
256( 4460, 277(4419) , 334(3.61)
257 (L4 64) 274 44 26) , 33L(3.69)
256(4.70),274(4.30) 4 334( 3.7 3)
265(La61) 5 278(4418) 4333(3.58)
255(4a70) 52751 e 34)y 3314( 3. 58)
255(4e71) ,273( ke 31),333(3.72)
256(4e70),274(4028),336(3.70)
256( 1o 53) , 274(4a 25) , 332(3.72)
256( Lo 71) , 274 (14 26) , 333( 347 3)

u.v. (CHC1

Found: C,84,22,
Found: C,8%4, 28,
Found: C,79.99,
Found: C,79.98,
Found; C,72,86,
Found: C,72,.76,
Founds C,75.51,
Found: C,75,. 26,

Found: C, 75,49,

" Found: C,65.91,

Found: C, 66,00,
Found: C, 66,10,
Found: C,79. 39,
Found: C,79.58,
Found: C,79.64,
Found: C,84,35,
Found:C,84, 33,

Found: C,84,21,

Hy4.75,
H, 4. 66,
Hy4a 29,
Hy k56,
Hy3.43,
H,3.42,
H,3.78,
H,3.32,
H,3.40,
Hy3.23,
H,3.20,
H, 3.06,
H, 3.82,
H,3.62,
H, 3.88,
H,5.14,
H,5.05,

H, 556,

176.

Mnalyses,
CalHl#Oavrequires:C,84545, Hy4.70.
CalHlkoa»requires:q,84;45; Hy 4470,
021H1A03 requires: C,80.24, H,4.49.
021H1#03'requiresac,80.24, H,L4.49,
¥,3.95, Caoﬂllmoq requiressC,72.95, Hy3.37, N,4.25,

Ny4.01, C_ H..NO, requires:C,72.95, H,3.37, N,4.25,

2071177
Ci0

€i,11.17, requires:C,75,36, H,3.48, C1,11,.13,
H,3.48,
H,3.48,
H, 3.05,

H,3.05,

Coot 1

c..H

Cl0, requires:C,75.36, cl,11,.,13.

2
2
ci,11,25, C,oB11 €10, requires:C,75,36, ci,11.13.
2
2

CzOHllBrO

Coplly 7 BXO

CoHyq BrO, requires: C,66.12,

Br, 21,53, requires:C,66.,12, Br,22.00.

Br,21.95,

requires: C,66,12, Br,22.00.

BI‘, 21.8)"', H’3.05, Br’aa.oo.

F,6.55, Conlly1FO, requires: C,79.47, Hy3.67, F,6.29.

F,6.28, C,.H, F0

20711772

20H11 705

022H1602 requires: C,84,55, H,5.16,

Conth (05 requires: C,84.55, H,5.16,

requires: C,79.47, H,3.67, Fy6.29.

F,6,31, C requires: C,79.47, H,3.67, F,6.29.

023H1802 requires: C,84.49, H,5.85.
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1-(m=-Nitrophenyl) anthraguinone,

This was prepared as above from m-nitrophenyl butadiene

(1ge). Yield 0,70g. (38%), m.p. 248°.

Attempted preparation of l-(p-nitrophenyl) naphthaquinone,

l-p-nitrophenyl butadiene (1lg.), benzoquiﬁone (0.628. ,
slight excess), and nitrobenzene (10ml,) were heated at 150~
160°C for 2hrs, and the red liquid cooled and diluted with an
equal -volume of ethanol. Filtration gave a yellow solid
which after washing with ethanol and sublimation had m.p. 326°.
Yield 0.21g., ) max(m11) 1669,1600,1580,1520,1350 and 1270
cme~L  Shown to be the di-adduct, 1,5-di=(p-nitrophenyl)
anthraquinone, (Found:C,69.4%%, H,3.3%5, N,5.97%, Cogly ¥ 06

requires: G, 69.34%, H,3.1%%, N,6.22%.)

[2,136,0,N,N=H ] = Anilinium bromide.

Aniline hydrobromide (13g.) and deuterium oxide (6.5ml.)
were refluxed for 24hrs. and the water removed under reduced
pressure. This procedure was repeat:d twice more and the

deuterio anilinium bromide isolated. Yield 11.558. (85%).

[2,4,6-2H3}-Bromobenzene.

[2,4,6,N3N,N-2H6]—Anilinium bromide (1L.55g.) was
converted to the deuteriated bromobenzene according to the
method of Akawie et ale”° Yield L4e05g. (39%), bapel54~158°/

760nm, n§3 1.5598

ﬁ[gLA,G—aHBJ-Phenyl propenyl carbinol,

The Grignard reagent‘from'[2,4,6-2H3]-bromobenzene (3¢ 54gs)
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and magnesium (0.545g.) was treated with crotonaldehyde (2,02g.)
under the conditions given for the undeuteriated compound,.

22
Yield 2.04g. (62%); b.p.60°/0.09mm.; n3~ 1.54025 ~)  (1.f.)

1

3400, 2280,1665, and 1620 cm, ~ The nmr showed only 2 protons

at Y 2.82(s).

lr[2,4,6-2H3]~Phenyl butadiene,

The propenyl carbinol above (1.82g.) was rearranged and
dehydrated as for the undeuteriated compound with anhydrous
potassium bisulphate., Yield O.hge (25%6)35 bepelO~i5°/0,09mm,;

‘ =1
N ag(lefs) 2260,1630,1600 cm,

Er[2,4,6-2H3]—Phenyl anthraguinone,

The above deuteriated butadieme (0.37lg.) underwent
Diels Alder reaction with naphthaquinone (0.4l4g.) according
to the procedure of the umlabelled analogue, Yield 0.351lg,

(L4%) m.p.180.5-181.5o; mass spectrum shows D,,65.,0%,

3’
D2’25'9%’ D1,9.,?f/o. Total deuteriation 8501{»%.

[3,5—2H2]-Bromobenzene°

This was prepared from [2,4,6,N,N,N-2H6]~anilinium
bromide (8,5g.) following the method of Akawie gt al.5o

Tield 2,02g.(27%); b.p.156-158°/760mm.; n5o1,5572.

[3,5-2H2]-Phenyl propenyl carbinol,

The Grignard reagent formed from [3,5~2H2]~bromobenzene
(2.06g.) and magnesium (0,31l3g.) was treated with
crotonaldehyde (0.91g.) in the described manner, Yield 0.63g.

(32%6); b.p70°/0,75mn,s ne) 1.5458; U (1.£.) 3390,2290,
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1670,1585, and 1445 qm."l n,m.r, showed only 3 aromatic

protons at 7 2.82(s).

;7[555—2H2]—Phemy1 butadiene,

Dehydration of the above carbimol (0.62g.) with
potassium hydrogen sulphate gave the title compound, Yield

0454580 (21%)5 bope60-61°/0.3mme; W __ (1.f.) 2260,1625,

1598,1585,1440,910 and 810 cmo ™t

' 2 .
1-[3,5- Ha]-Phenyl anthraguinone,
. This was prepared from the diene (0.113g.) according to
the general procedure, Yield 0,122g.(50%); m.pe179=-180°3
~J max(mull) 1669 cm,"l; mass spectrum gives D2,57.O%,

D1,36,O%, D0,7,O%; total deuteriation, 75%4.

2-Bromobenzoic acid.

2-Bromotoluene (12.5g.) was oxidised by alkaline
potassium permanganate (32.5g. 4O%Aexcess) by the method of

120

Bigelow, to give the title compound on acidification.

Yield 9.878.(67%); mopely7-8°, (1lit, mepsl150°).

Ethyl—~2-bromobenzoate,

2-Bromobenzoic acid (5.04g.) was refluxed 24hrs., with an
excess of ethanolic hydrogen chloride (20ml,), and the
alcohol evaporated. The residue was taken up in ether and
washed successively with saturated aqueous sodium Carbonate
and water, dried (Mgsoa) and distilled, Yield 3,65g.(64%);

b.pe109°/3mme; 2% 1.5840; A) _ (1.f.) 1725 em.”™t
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2=Bromobenzyl alcohol,

2-Bromobenzoic acid (0.975.) in anhydrous ether (20ml.)
was added to a slurry of lithium aluminium hydride (0.5l5g.
10% exgess) in ether (10Oml.) over 20mins., After stirring for
l.5hrs,, water was cautiously introduced followed by 10%
agueous sulphuric acid. The mixture was ether extracted,
dried (Mgsoh) and evaporated to a white crystalline solid
which was recrystallised from ethamol, Yield 0.35g.(39%);
mepe80°, (11t,'%" m,pe80°); NV ___(mull) 3300-3200,1590, and
1570 cmo"l; n,m,r,(CDQlB) 7 7.67(broad s, 1H, hydroxyl), 5.29

(s, 2H, methylene), 3,04-2,38(m, 4H, aromatics).

2~Bromobenzyl tosylate.

2~-Bromobenzyl alcohol (300mg.) in anhydrous ether (2.2ml.)
was added to a 50% dispersion of sodium hydride (0.079g.)
and refluxed for 22hr. The mixture was cooled to -20°C in
card-ice/ethanol and a solution of tosyl chloride (0.32g.) in
ether (2.2ml,.) added over lhr, with stirring. Stirring was
continued for 2hrs, at -10°C and for a further lhr. at room
temperature. The suspension was filtered, the filtrate
cooled to =78°C and the tosylate filtered off and dried in
vacuo, Recrystallise from pentane, Yield 0.405g.(74%);
m.p.80-81°C; ~J ay(EULL) 2200,1598,1485,1450,1362,1175,828
and 775 cme™; nmer.(CDCLy) ¥ 7.59(s, 3H, methyl), 4.88(s,
2H, methylemne), 2.95-2.,07(m, 8H, aromatics). (Found:C,L9.59%,

Hy3.86%, Br,23.57%, S59.09%, 014H13Br038 requires: C,49,28%,
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H,3,84%, Br,23.42%, S, 9.38%.)

Z-Bromo-fgia-aHZ] benzyl alcohol.

To a slurry of stirred lithium «luminium deuteride (0,315
10% excess) in anhydrous ether (10ml.> was added ethyl-2-
bromobenzoate (2.96g.) in ether (10ml.) at such a rate that
the sblution gently refluxed. After refluxing for 2hrs, water
(1ml,) amd 10% aquéous sulphuric acid (15ml.) were introduced
and the ethereal layer withdrawn and dried (Mgsoh).
Evaporation gave a white solid, yield 2.05g.(84%); mepe80°;

n.,me,r., showed no signal at 77 5.29,.

Z-Bromo-[q,a—ZHz] benzyl tosylate.

This was prepared from the [ZHZ]-alcohol (2.05g.)
prepared above according to the procedure used for the
unlabelled analogue, Yield 2.608.(70%); m.De 80-810; N.M,Te

showed the absence of a signal at 7 4.88.

2—Bromo-[f§3] toluene,

The tosylate (2.398.) in amhydrous ether (25ml.) was
added to lithium aluminium deuteride (310mg.) in ether (25mi.)
and the mixture stirred for 2hrs, at room temperature. Water'

.(2m1.) and aqueous 10% sulphuric acid (20ml,) were added,

the ethereal solution separated, washé& with water and dried.
Distillation gave the title cbmpound. Yield 04758.(61%);
b.p.l8l°/760mm.; n%o 1.5548; 1) ﬁaxcl‘f') 2250, 1598, 1570,

and 750 cm.fl; no methyl prdtons shown in the n.m.r. spectrun,
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l—o—[f§7-Methyl]:phenyl anthraguinone.
2=l

This was prepared according to the procedure for l-phenyl
anthraguinone from a-bromo-[aHs]—toluene (700mg.). Yield
0.182g. (15% overall); m.p.149°(ethanol), (1it."> m.p.149°);

‘D]naX(CHcl3) 1670 cmo—l; mass spectrum, D3,99.8%, Da,o.a%,

Reduction of l-phenyl anthraquinone.

1-Phenyl anthraguinone (1.0g.), granulated tin (0.7g.)
and glacial acetic acid (5.3ml,) were heated to boiling and
concentrated hydrochloric acid (2.0ml.,) added in O.lml.
portions over Z2hrs. to the refluxing mixture. The solution
was filtered, water added (Iml.) and the mixture cooled in
ice, The precipitated pale-yellow solid was filtered off,
washed well with water and dried in vacuo over phosphoric
oxide, Yield quantitative, t.l.c.(benzene/silica) showed
only one spot although n.m.r. indicated the presence of a 1:1
mixturé of the anthra-9 and ~10-ones, 4 and B respectively.,
Fractional crystallisation from methanol gave l-phenyl anthra-
9wone (A) as the least soluble isomer, m.p.l90—19l.5°; ~) max
(mull) 1650 cma-l; n.m.r.(CDClB) 7 5.61(s, 2H, methylene), ‘
2.91-2,38(m, 11H, aromatics), 2,00~1,72(m, 1H, low field proton),

A nax(OHCL5) 254, 262(i08),267,510, (106 € , ha17,4.19,4.21,

3.68)c (Found:C,88.72%, H,5.1%%, Copthy 10 requires: C,88.86%,
Hy5422%.)

The more soluble isomer, l-~phenyl anthra-lO-one (B), was

isolated from the mother liquors and recrystallised from
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ethyl acetate, m.p.139°; A) maX(mull) 1650 cm,-l

; DelaT.( CDCJ_B)
7 5.87(s, 2H, methylene), 2.84-2,40(m, 10H, aromatics.),
1.80-1,50(m, 2H, low field protons); Z,max(cgcl3) 258, 269,
310?/u (log € 5 4e23,4.25,3,61), (FoundsC,88.70%, H,5.12%,

c 0 requires:C,88,.86%, H,5.22%.)

20t 4
An identical mixture was obtained on alkaline sodium

dithionite reduction.

B=Phenyl propionic acid.122

- A suspension of freshly crystallised cinnamic acid (83.58.
m.p.133°) in ethanol (200ml) was hydrogenated in the presence
of Adam's catalyst (0.90g.) until the uptake of hydrogen
ceased, Filtration and evaporation then afforded the title
compound which was recrystallised from petroleum ether(60-80°).
Yield 79.5g.(93%); m.p.53°, (1it. m.p.48,5%).

l-Indanoneolzz’123

90% Syrupy phosphoric acid (103ml,) was added to
phosphoric oxide (174g.) and the mixture homogenised on a steam
bath for 2hrs., To this was introduced B~phenyl propionic
acid (34.5g.) and the mixture rapidly stirred at 80°¢ for
80mins, after which it was quenched by pouring into ice-cold
water and ether extracted, The extracts were washed with
water, 10% aquéous sodium bicarbonate, water and dried(Nazsoh).
Distillation gave the product as a white crystalline solid
which was recrystallised from ligroin (40-60°). Yield 18.3g.

(60%); mepaki=i2®, (1it. m.p.42°).
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Z-Benzal-l-indanone.124

l..Indanone (14,3g.) was dissolved in benzaldehyde (1i.4g.)
and 4% ethanolic potassium hydroxide (16éml.) slowly added to
the stirred solution at 0°C. After 30mins, the mixture
solidified although it was maintained at 0°C until the alkali
addition was completc, The solid was filtered §ff, washed
with water and dried in vacuo. Purification was effected by
washing with hot agueous methancl (100ml. of 50%) and
recrystallisation from ethanol., Yield 22,1g.(94%); m.p.110°,
(1lite m.p.109-111°),

1,2,3,4,~Tetrahydro=-3-oxo--l-phenyl fluorene.125

2-Benzylidine indan-l-one (21lg.), ethylacetoacetate (12.6g,)
and ethamol (105ml.) containing sodium ethoxide (from sodium
(2.1g.)) were refluxed for 3hrs. and poured into ice~cold
water (420ml,) containing acetic acid (6.3ml.). The product
was extracted with ether, and the extracts washed with 10%
aqueous sodium bicarbonate and wat:r and dried (N‘aESOL})o
Evaporation gave a yellow solid from which the product was
isolated by extraction with ligroin (6Q~80°), and recrystallised
from the éame° Yield 17.08.(54%); m.p¢1300, (lit,125 Mm.7.133°%),
This ester (10.3g.) was boiled for LOomins under reflux with
acetic acid (4Iml.), water (10ml.) and concentrated sulphuric
acid (20,6ml,) and poured into cold water, BEther extraction

followed by washing of the extracts with équeous sodium

bicarbonate and water gave the title compound on evaporation,
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Yield 4.56g.(57%); m.p.115°(1igroin b.p.60~80°), (Lit, mep.
117-118°).

1,2,3,9a=Tetrahydro-3-hydroxy~l-phern;1l fluoreneal25

This compound was prepared by lithium aluminium hydride
reduction of the above compound (4.,05g8.) according to the
method of Anderson ggugioll5 Yield 2.3%6g.(83%); m,p.lOO~lOl°,
(1it., m.p. 100-101°),

1--Phenyl fluorene,,l25

Aromatisation of the above alcohol (2,4g.) again by the

125

method of Anderson et al. gave the title compound, VYield

1,6880(76%); mep.48°, (lit. m.p.48°).

l~Phenyl fluorenone,

1-Phenyl fluorene (0,5g.) was dissolved in boiling
acetic acid (1.5ml,) and a solution of chromium trioxide (0,5g.) .
in acetic acid (2ml.) was added, After refluxing for lhr,
the mixture was poured intc ice an& the product extracﬁed
with chloroform, The chloroform layer was washed with water,
dried (Mgsoq) and evaporated. Chromatography on gilica gel
eluting with benzene gave the fluorenone as the second fraction
and was recrystalliéed'from ethanol. Yield 0.25g.(47%);

125 1

m.p,laoo, (1it, m.pol2oo); Q) maXCCHClB) 1704 cmf~

L-Phenyl benzophenone—2!-carboxyvlic acid.

This was prepared by alkylation of biphenyl (7.5g.) with

phthalic anhydride (17.5g.) according to the method of Scholl

and Neovius™2®, TVield 10.8g.(74%); mep.230-232°(glacial



186.

126 | o.225-2260); \)max(mull) 2690, 2570,

1

acetic acid), (1it.

1692,1673 and 1577 cm,”

2-Phenyl anthraquinone,

L-Phenyl benzophenone -2!'-carboxylic acid (2g.) was
cyclised with zinc chloride (10g.) by the procedure of Scholl

126 The -product was purified by chromatography

and Neovius.
on silica eluting with chloroform whereby the first yellow
fraction was collected and recrystallised from methanol in
pale-yellow needles. Yield 0.75g. (40%); m.p.160-161°, (1it,

o -1
160-161%); V) ___(mull) 1673 and 1590 om,™; ;ldnaX(CHClB) 252,

275, and 340?/U (log € , 4439, 4459 and 3.80).

L-Chloro diphenyl.

127

Prepared according to Organic Syntheses ~ from

p~chloroaniline (32g. O.25mole). Yield 13.6g.(29%);

128

m.p.76o, (1it, mupt76o)o

LY-Chloro=4!'~phenyl-2-benzoyl benzoic acide.

This was made by the method of Groggins128 from L-chloro

diphenyl (5g.)and phthalic anhydride (3.93g.). Yield 8.26g.
(93%6); mep.251-2°(glacial acetic acid ), (1it. m.p.251°);

N op(mull) 1688, and 1665 ome™

2=(p~Chlorophenyl) anthragquinone,

Phe above keto acid (2.0g.) was cyclised with concentrated

sulphuric acid as described by Groggins.128 Yield 1.70g.(90%);

Recrystallised from toluene in pale-yellow needles, m.p.208-9°,

(1ite m.p.210°); _QD nax(mull) 1668 em, =%, A max( CHCL3) 247,



187.

275, and 344111/1, (log € , 4.40,4,57, and 3.82).

4VBromo-4'=phenyl-2-benzoyl benzoic acid.

This was prepared from 4-brpmod1phehyl (5g,) in the same
manner as for the chloro compound., Yield 7,35g.(90%);
MeDe237-238%(glacial acetic acid); %) max(mull) 3500=2500,
2680,2580,1686,1666, and 1603 cmo~'. (Found:C,63,01%, H,3.62%,

Br,20.72%, CZOHlBBa:'O3 requires: C,63.0%5, H,3.44%, Br,20.96%).

2~(p=~Bromophenyl)anthraquinone.

The above keto acid (1.5g.) was treated with concentrated
sulphuric acid and heated to 125°C on a Wood's metal bath for
2hrs, The deep red solution was poured into water (75ml,)
and the yellow solid formed was boiled for lhr. with 2V sodium
hydroxide to remove sulphonic acids, and then washed free of
alkali. Recrystallisation from toluenc gave yellow crystals.

Vield 1.24g.(87%); m.p.224=5"3 ) (mull) 1670,1590,875,838,

and 830 om, ™3 A . (CHCL;) 245,275, and 345y (1og € 5 hel3,

4.58, and 3.85), (Found:C,66.18%, H,3.08%, Br,2l.74%,

max

C,~H, - Bro

20711

> requires: C,66.12%, H,3.05%, Br,22.00%).

L'=Methoxy-4'=phenyl-2~-benzoyl benzoic acid,

This was prepared as for the chloro derivative from
h-methoxy diphenyl (5g.) and phthalic anhydride (4.02g.).
Yield 0.26g. This reaction could not be repeated, m.p.219-
222% 'Jmax(mull) 1689,1669, em.~L; (Found:C,75.51%, H,5.04%,

021H1604 requires: C,75.86%, H,4.8%ba)
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Attempted cyclisation of the above keto acid.

Concentrated sulphuric acid treatment of this acid gave
only sulphonated products., Cyclisation with alternative

reagents such as ferric or zinc chlorides was not attempted,

Pyrolysis of l-phenyl anthraguinone.

_The quinone (1l.5g8.) Wwas pyrolysed by slowly distilling
through a silica tube 9" long and maintained at 700°C'under
a pressure of 0.8mm. The pyrolysate was collected in a cold-
trap at -78°C as a brown oily solid, Extraction with
chloroform followéd by chromatography on silica eluting with
benzene gave l-phenyl flubrencne, Rf,0542, as a yellow solid
(50mg.). Recrystallised from ethanol, m.p.120°, (1it. 27 m.p.
120°)5 ) paxl OHOLg) 1705 em.™ . The ratio [M-1]*M" of 1.69
was consistent with that of an authentic sample and not the
alternative L=-phenyl fluorenone isomer which would not be
expected to lose an hydrogen atom from the M'. 1-Phenyl

anthraquinone was also isolated (1.3g.), but the ﬁydrocarbon

fractions issuing from the column were not analysed,
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5, 2 1,8-Diaryl polyenes,

a~Phenyl cinnemic acido129

Benzaldehyde (10.6g.), phenyl acetic acid (13.7g.),
anhydrous triethylamine (1.ml,) and freshly distilled acetic
anhydride (20ml.) were reacted according to Crganic Syntheses
to afford the title compound, Yield 12.78.(58%); map.172-174°
(aqueous ethanol), (lit, m.p,I72-173°),

cis—Stilbene.lBo

o-Phenyl cinmamic acid (5.75g.) was decaboxylated with
copper chromite (0.5g.) in quinoline (35ml,) at 212-215°¢
for 1l.25hrs, until evolution of carbon dioxide ceased., The
dark mixture was worked up according to the procedure of

Buckles and WheelerblBQ Yield 2.3g.(50%)¢ bopo95~97o/1mm.;

22

nf% 1.6210, (1it, b.pe95-97°/lmm,; n0 1,6212),

1,8=~Diphenyl octatetraene6l -~ General method.

A mixture of redistilled cinnamaldehyde (26.48. O.2mole),
succinic acid (11.8g. O.lmole), lead oxide (22,3g. O.lmole)
and acetic anhydride (28.5ml.) was heated to 14000 for 10mins.
with frequent shaking and then refluxed for 3hrs. The
solution was cooled to AOOG and the yellow, crystalline
tetraene filtered off and washed successively with acetic
anhydride/acetic acid, ethanol and water., After drying in
vacuo the product was recrystallised from chloroform.

Yield 4.,08.(16%); map.232°, (lits mepo232°)e

129
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Dichloromuconic acid;lBl’132

Mucic acid (4l.7g.) and phosphorous pentachloride (2508.)
were ground together and heated to 80°¢ for 20mins. The
bright coloured reaction mixture was then heated at 100°¢C so
that simultaneous distillation of phosphorous oxychloride
ensued as it was formed, Final traces of the oxychloride .
were removed in vacuo and thé product pdured into water (200ml.)
with vigorous stirring, After cooling to ~10°C the solid was
filtered off and dried in vacuo. Yield 17g.(40%);
Recrystallised from acetone to afford a white compound which
decomposes at 295°; Q)max(mull) %080,2660,1689, and 1575 cm:‘.1

Dihydromuconic acid,®ls132

Dichloromuconic acid (8g.) was dissolved in 5% aqueous
potassium hydroxide (65ml.) and cooled to 0°C ir ice-salt.
Small portions of 5% sodium amslgam (138g.) were then addedb
over a period of 6~7hrs, with vigorous stirring,.the
temperature being kept below 3005 The‘solutioﬁ was neutrgllisedc
with 12N hydrochloric acid, filtered to remove mercury and
cooled to -1000; Filtration gave the desired acid which was
recrystallised from water., Yield L.4g.(82%); mﬁpol96-l98°,

(1it, mapol95° )

14,10=Diphenyl decapentaeneoel

This was prepared as for the octatetraene from
B=dihydromuconic acid (2g.) and cinnamaldehyde (7.5go);
Recrystallised from chloroform. Yield 0,28g.(7%); mePe 253-14°

(lite mep.253°),
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5-Phenyl pgnta—&,j:dienal.sl

Aldol condensation of cinnamaldehyde (75g.) and 50%
aqueous acetaldehyde (75g.) gave the dienal as a yellow oil
after ether extraction and distillation, Yield 12.3g.(1%%),
bepel24=126° /L. 5mm; (1it, b.p.124°/3mm.), ) (1.f.) 1680cm.™

1,12-Diphenyl dodecahexane,Gl

A mixture of the above aldehyde (4g.), succinic acid
(1.56g4), litharge (2.,948.) and acetic anhydride (3,76ml.)
were treated by the method utilised for the octatetraene to
produce the title compound. Recrystallised from chloroform
in orange crystals. Yield 1.01g.(26%); m.p.272-274°, (1lit.
m.pe 267%).

1,14-Diphenyl tetradecaheptaene.61

Dihydromuconic acid (1.38g.) and 5-phenyl pentadienal
(3.03g.) were condensed'with lead oxide (2.14g.) and acetic
aphydride (6ml,), The brick-red solid was recrystallised ffom
chloroform; Yield 0.225g.(7.6%); mepo279°, (1ite m.p.279°).

7-Phenyl heptatrienal.6l

This was prepared according to the procedure of Kuhn and

61

- Winterstein by Aldol condensation of S5-phenyl pentadienal

(4g.) and acetaldehyde (2g.). The product was isolated
without distillation as a red oil, Yield 1.69g.(39%).

1,16~Diphenyl hexadecaoctaene.6l

The above aldehyde (1.69g.) and succinic acid (0.56g.)
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were condensed as for the octatetraene above, Yield 0,16g.

(9.5%); decomposes 2850, (liﬁ. decomposes 285°).

2=-Methoxy benzyl cyanide,

2-Methoxy benzyl alcohol (13,8g. O.lmole) and 12N
hydrochloric acid (24.8ul.) were vigorously stirred for 20mins,
after which time the mixture was transferred to a separating
funnel and the lower layer (the chloride) was taken off and

dried (CaCl,, 2g.) for 30Omins., A solution of the unstable,

2
crude chloride in acetone (50ml,) was added to finely

powdered sodium cyanide (7.36g. O.1l5mole) and the heterogeneous
mixture heated under reflux with vigorous stirring in the
presence of sodium iodide (1.0g.) for 20hrs., The mixture was
cooled and filtered and the solid washed with dry acetone ,
after which the combined filtrates were evaporated to a pale
yellow oil, On dissolution of the oil in benzene (Z0ml,)
followed by washing with hot water (3x10ml.), the dried benzene
phase afforded a white solid on evapofation. Yield 14.7g.
(50%)s Maepe72~73°(1ligroin b.p.60—800), (lit»ly+ m.p.68°);

Qmax(mull) 2290, 1605, and 1599 em, "1

2=Anisyl acetic aeid,

Hydrolysis of the above nitrile (6.,8g.) with 2% aqueous
potassiwm hydroxide (50ml.) afforded the acid after 20hrs.
of refluxing, The colourless product was recrystallised from

water. Yield 3.84g.(4%%); m.p.123-124°, (1it 1% mop.124°).
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g=(2'-Anisyl )=2-methoxy cinnamic acid.

2-Methoxy benzaldehyde (0,82g.), 2-methoxyphenyl acetic
acid (lg.), anhydrous triethylamine(0.,6ml,) and acetic
anhydride (1.,2ml,) were refluxed under anhydrous conditions
for 19hrs., and steam distilled until the distillate was no
longer cloudy., After cooling the yeliow solid remaining in
the still pot was filtered off and dissolved in ethanol (25ml,).
Addition of the aqueous mother liquors and charcoalisation
afiforded the title compound on acidification with 6N
hydrochloric acid, A small sample was recrystallised from
aqueous ethanol, Yield 1.23g.(72%); mep.199° and 213-214°
(cis- and trans- forms), v __ (mull) 3300-2400,2620,1677,
1610,1290,1260,765, and 758 cm, ™13 Rume T CDCL 5 +DHE0) ¥ 6,30
(s, 3H, methoxyl), 6.19(s, 3H, methoxyl), 3,68-2,46(m, 9H,
aromatics and vinylic proton), 1.,93(s, 1H, acid proton).

(Found: C,71,69%, H,5.69%, Cl7Hl6O# requiress Cy 71.81%, H,5.67%)

2,2'=Dimethoxy stilbene, (trans—form),

To a solution of the above acid (0,70g.) in quinoline
(5ml,) was added copper chromite (0,07g.) and the mixture
was heated to 210-220°C in an ethyl benzoate constant boiling
bath until effervescence ceased (1,25hrs.). The mixture was
cooled and acidified with hydrochloric acid to remove
quinoline, after which the dark solution was extracted with
ether., The extracts were washed with saturated aqueousr

sodium carbonate and water and dried (Mgsou). Evaporation
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and charcoalisation from petroleum ether (bop.60~800) gave
a white crystalline solid which was recrystallised from
ethanol, Yield 0.23g.(39%); m.p.82-83°; ) maxl CCLy,) 3050,
3000,2930,2810,1601,1582,1255, and 945 cme 'y 2.m. T4 (ODCL5)
Y 6.22(s, 6H, methoxyls), 3.50=2.50(m, LOH); Xmax(EtOH)
2754y ond 3llmp (log €, 3.99, and 3.99). (Found:C,79.93%,
Hy6073%, Cy By 05 requires: C,79.99%, H,6.71%.)

gﬁﬂ,6-|EEB]—Benzonitrileé

2,4,6—[2H5]»Aniline (5,13g., prepared as in section 5,1)
in concentrated hydrochloric acid (14.1ml.) and water (14.1ml.)
was diazotised below 5°C with sodium nitrite (4,1g.) in
water (19,.3ml.), After filtrétion the diazonium solution was
added to cuprous cyanide solution (prepared from copper
sulphate (16.7g.) according to ngellBs) at 60—7006 in small
amounts with stirring, When the addition was complete the
reaction was completed by heating on a steam bath for 20mins,
and the product steam distilled until no more yellow 0il
discharged., The nitrile was extracted from the distillate
with ether and the extracts washed with 2N sodium hydroxide
(10ml.) =~ to remove phenol~ then with 2N sulphuric acid - to
remove isocyanide~ and finally with water. After drying
(Mgsoa), evaporation gave the desired product as a yellow oil,
Vield 3.7hg.(664); b.p.188-191°6omm.; A _ (1.2.) 2250,
1578, and 1388 cmahlg mass spectrum gives, D3,83.a%, D2,16.9%,

Dl,O%o
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2:4,6-[EEB]—Benzaldehyde.
Anhydrous stannous chloridelBs(IB.lg.) was added to dry

ether (50ml,) and saturated with dry hydrogen chloride for
2hrs, when two layexrs formed, A solution of 2,4,6-[2H3]-
benzonitrile (3.6g.) in ether (100ml,) was added and the
mixture vigorously stirred for 2L4hrs, Water (100ml,) was
introduced and sodium bicarbonate added until the solution
was neutral to congo red, Steam distillation and ether
extraction of the distillate afforded the aldehyde as a

yellow oil, Yield 2.18g.(59%); W)Inax(l.f.) 1696 cme™T

a-Phenyl-a,q,6—[533]-cinnamic acid.

This was prepared as for the unlabelled compound from
the~above deuteriated aldehyde (1.7g.)e Yield l.4ge(43%).
224, 6-[ %]~ stilbene.

Decarboxylation of the above acid (l.4g.) in the manner
described for the undeuteriated derivative gave the title
compound. Yield 0.27g,(24%); b.p.10n=108°/0,5mm.; n.m,r.(CDCL,)

7 3.49(s, 2H, vinylics), 2.88(s, 7.5H, aromatics), mass

spectrum, DB’SZ.O%, D2,16.6%’ Dl’l.%é’ DO’O%'

B~Methyl cinnamyl alcohol.

A suspension of lithium aluminium hydride (1l.1g.) in
dry ether (250ml.) was slowly added to a stirred solution of
ethyl B-methyl cinnamate (10.4g., kindly supplied by
Dr.D.J.Blythin) in ether (30ml.) at -10°C over 2e5hrse, and

then allowed to stand at room temperature overnight., Water



196.

(50ml.5 and 10% aqueous sulphuric acid (270ml.) were added

and the aqueous phase ether extracted, The combined extracts
were washed with saturated agqueous gndium bicarbonate and
dried (Naasoh). Evaporation and distillation gave the desired
alcohol. Vield 5,37g.(68%); bepa97°/L.5mme; n3” 1.565k;
(11t.27% b,p.127-128.5° 6um,; 027 1.5654.)

B-Methyl cinnamaldehyde.

A soiution of B-methyl cinnam&l alcohol (3g,) in dry
carbon tetrachloride (150ml.) was stirred for 3hrs. with
activated manganese dioxide (30g.) at ambient temperature,
Filtration and evaporation afforded the product as a pale
vellow oil, Yield 1.55g.(52%); b.p.89-94°/1.5mm.; n§4 1.5824,

136 b.p3117—119°/6mm°; n§3 1.5876.) n.m.r.(CClq) showed

(1it,
this to be a mixture of cis- (2%) and trans- (75%) isomers.
trans. ¥ 7.5.(d, J=1.5Hz, 3H, methyl), 3.75(d.g. J=1.5 and
7.5Hz, 1H, vinylic), 2.92-2.39(m, 5H, aromatics), =~0.05(d,
J:?.BHz, 1H, CHO).

eis. T 7.75(4, J=1,5Hz, 3H, methyl), 4.00(d.q. J=1.5 aﬁd
7.5Hz, 1H, vinylic), 2.92-2,39(m, 5H, aromatics), 0.62(d,

J=7.5Hz, 1H, CHO).

4

1,8-Dimethyl-1,8~diphenyl octatetraene,

4 mixture of B-methyl cinnamaldehyde (1.03g.) and succinic
acid (0,356g.) were condensed as for the unsubstituted 1,8-
diphenyl octatetraene above. 'The product was recrystallised

from acetone in yellow plates, Yield 0,10g,(10%); mep.141-143°
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ﬁ)maX(0014) 3030,2920,2870,1620,1600,1500,1450,1385,995 and
05 cmo-l; A maX(EtOH) 373°;om/y (log€, 4.83); n.m.r.(CDClB)
HA-100, 77 7.84(s, 6H, methyls), 3.50,3.41(s, 6H, vinylics),
2.86-2.48(m, 10H, aromatics). (Found:C,92.21%, H,7.51%,

C,H,, requires: C,92.23%%, H,7.74%).

1,1,8,8-Tetraphenyl octatetraene,

This was prepared according to the general method (p.189)
from 3,3~diphenyl prop-2-en-l=1 (l.l2g., supplied by Dr,T.C.
Smale), Recrystallised from ligroin (b.p.60-80°) in pale
yellow needles, Yield 0.,64g.(655); MeDo 198-1990, (1it.137
n..198-199%), n.m.r.(CDCL5) 4~100, ¥ 3.71-3.58(m, 6H,

vinylics), 2.,98-2.50(m, 20H).

Ethyl 3-hydroxy.-3-phenyl-pent-2-enoate,

This was prepared by Reformatski reaction on propiophenone
(31.5g8.) according to the method of Barltrop gz_g;.63 yield
35.78+ (69%); bope86-94°/0.3mm., (1it. b.p°95;105°/b.1mm.)

q) ax(Tefe) 3490,é960,2920,1708,1340,1200,1180,770 and 708 cm.™t
Dad. rh(0014) 7 9.26(t, J=7Hz, 3H, chain methyl), 8.94(t,
J=7Hz, 3H, ester CH3>’ 8.26(q, J=7Hz, 2H, chain CH ), 7. ah(d

J=2.5Hz, 2H, CH, next to ester), 6.05(q, J=7Hz, 2H, ester CHE)’

2
5.98(broad s, 1H, hydroxyl), 2.98-2.60(m, 5H, aromatics).

Ethyl B-ethyl cinnamate.
Dehydratioﬁ of the above ester both with phosphorous
pentoxide and phosphorous oxychloride gave a mixture of ethyl

B-ethyl cinnemate (15%) and ethyl 3-phenyl-pent-2-enoate (85%),
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as shown by n.m.r. which exhibits a vinylic methyl group
along with a vinylic ethyl group. No attempt at separation

was made,

a-Methyl cinnamaldehyde,

A mixture of freshly distilled benzaldehyde (12,5g.),
potassium hydroxide (0.75g.) and dry ethanol (17g.) was treated
over 5hrs, at 10°C with propionaldehyde (5g.). The yellow
product ﬁas poured into water (100ml,), acidified with
glacial acetic acid and ether extracted after saturating with
sodium chloride, The extracts were washed with saturated
agueous sodiﬁm carvonate and water and dried (NaESOAL/KaGO}). _
Evaporation and distillation afforded the aldehyde as a pale
yellow oil. Yield 8.8g.(70%); b.p.142-145°/27mm,s ~J _ (1.£.)
1678,1624,760 and 702 cm."l; n.m.rn(CClﬁ) T 7.98(4, allylig
splitting, 3H, methyl), 2,92~2.09(m, 6H, vinylic + aromatics),

0.45(s, 1H, CHO).

2,7-Dimethyl-1,8-diphenyl octatetraenc,

‘This was prepared from a{%thyl cinnamaldehyde (2,5g.,
0.5g. excess) according to the general procedure (p.189).
The crude product was purified by chromatography on silica
eluting with chloroform followed by recrystallisation from

138

acetone, Yield 0,2g.(10%); m.p.l73-4o, (1it, mepel74°).

¢-Ethyl cinnamaldehyde,

Freshly distilled benzaldehyde (1lh.4g.), butyraldehyde

(9.98.) and 60% aqueous ethanol (100ml) were treated with a
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solution of sodium hydroxide (0.85g.) in water (8.5ml.) over
2hhrs, with stirring. After working up in the same manner

as given for the g-methyl homologue the product was isolated

as a yellow oil., Yield 6.1lg.(28%); b.p.92-100°/imm.; n%l* 1.5895,
'Q’max(l.f,) 1680,1625,760 and 705 cm¢_l; n.m;r.(0014)

Y 8.89(t, J=7.5Hz, 3H, CHB), 7.48(q, J=7.5Hz, 2H, CH,),

3,00~2.45{(m, 6H, vinylic + aromatics), 0.51(s, 1H, CHO).

2,7~Diethyl-l,8~diphenyl octatetraene.

Condensation of q=~ethyl cinnamaldehyde (2g.) with
sucecinic acid (0.74g.) according to the general procedure (p.189)
afforded the title compound as large yellow plates (from
acetone), Yield Oclg.(); m.p.155-157%; ) max(muil) 1598,
and 995 om.™'; (Found:C,91.62%, H,8.19%, G, H,. requires:

C,91.66%, H,8.,34%).

l-p~-Methyl phenylallyl alcohol.

p--Bromotoluene (17.1g., O.lmole) was added to a stirred
suspension of dry magnesium (2.6g., C.llmole) and ethyl
bromide (0.2ml.) in anhydrous ether (50ml,) at a rate subh
that the ether gently refluxed. When the reaction was complete,
the solution was cocoled in ice-salt and freshly distilled
acrolein (6.72g., O.1l2mole} in ether (20ml.) was introduced
over 1lhr, Stirring was continued at room temperature for
2hrs, and saturated ammonium chloride (150ml.) added, The
ethereal layer was separated, washed with wéter, dried (K2003)

and distilled, Yield 8.15g,(55%); b.p.84~90°/2mm,; ;1%8 1.5370;
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N pax(lefe) 3400,1645,1618, and 830 cm,~Ls

The substituted l-phenylallyl alcohols shown in Table
2l were prepared by the same method, The n.m.,r. spectra
are similar to that shown in Figure 1,

Table 21,

Derivatives of l-phenylallyl alcohols.'

substituent | % yield ny beDs

| érMe 5% 1.5410(23) 74=76° /0. 8mm,
m-Me 57% 1.5380(20) 80-83°/1.0mm.
m-OMe 53% 1.5445(21) 88-92° /0., lymm,
p-OMe 55% 1.5470(21) 96~98° /0. lmm,
m~CL 72% 1.5540(22) 80° /0. 6um,
p-CL 67% 1.5556(18) 86-88° /0 o yum,
m-Br 8% 1.5798(20) | 104-108°/1, 3mm,
p-Br ues | 1.5752(21) | 106-110°/1,0mm.
nF 2% 1.5166(25.) 66-68° /0. 6mm.
p-F 56% | 1.5152(23) 73=74° /2.0mm.

* Temperature in parenthesis,

p=~Chlorocinnamyssl alcohol, -~ Method (4).

l-p~Chlorophenylallyl alecohol (6,8g.) in 60% aqueous
acetone (500ml.) was made 0,2N with concentrated hydrochloric
acid and refluxed for 3days. The product was.evaporated to
small bulk under reduced pressure and ether extracted, On

drying (Naasoq) and evaporation the ether phase afforded a
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white crystalline solid which was recrystallised from ligroin
(b.p40-60°). Yield 5.3g.(78%), m.p.57°, (1it 17 m.p.579);

'-\)max(mull) 3720,1650,1590,1500 and 855 cm, >

o-Methyl cinnamyl alcohol, -~ Method (B).

1-9-Methyl phenylallyl alcohol (5.5g.) and acetic
anhydride (5.6ml.) were refluxed for 6hrs., and distilled. The
cinnamyl acetate (bop.106-108°/1,0mm.) was refluxed for 3hrs.
with 5% ethanolic potassium hydroxide (1l5ml.), neutrallised
with concentrated hydrochloric acid and evaporated to small
bulk., After pouring into water (200ml,) the cinnamyl alcohol
was isolated by ether extraction followed by distillation.
Yield 5.5g.(72¢); bopo102-104°/0,9mm.s n2® 1,5686 5 N __ (1.1.)
3340, 979, and 759 cm.”

Table 22 shows the method used and the yields obtained
in the preparation of other cinnamyl alcohols. The n.m,r.
\
spectra of all the products were determined and are

characterised by Figure 1 (p.83),

o-Nitrocinnamaldehyde,

This was prepared by nitration of cinnamaldehyde (28g.)
by the method described in Organic Syntheses.lqo Yield 14g,

(38%); m.p.127-128.5°, (lit. 126-127°).
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Table 22,

Derivatives of cinnamyl alcohols,

Substituent| yield n; MePe/bepe | Method of |Tiit. 29
‘ preparation| m.p.
m-Cl 100% | 1.5942(19) | 102-104° /0. 3mm A
p-Br 100% - mepe 67° A 67°
m-Br 100% A
p-F 20% - m.p. 57-58° A 57°
n-F - 90% | 1.5498(20) [ 95-97°/0.7mm, A
p-Me 60% - e, 50=51° B 50-1°
m-Me | 70% 110-120°/1. 2nm B .
p-OMe 20% - " m.pe80° B 80°
m--OMe 69% |1.5790(18)| 115°/0.3mm. B

* Temperature in parentheses,

p=Fluoro c¢innamaldehyde,

p~Fluoro cinnamyl alcohol.(3,18g.) was dissolved in dry
carbon tetrachloride (160ml) and stirred in the presence of
acivated manganese dioxide for 2hrs, at ambient temperature,
The solution was filtered and the filtrate evaporated under
reduced pressure to a pale yellow crystalline solid which
melted below room temperature, Yield 2,51g.(80%); \)max(l.f.)
1680,1628,1603,1242,1135,985, and 830 cm. ~; n.m.r. (cDe1 5)

T 3.22(d.d, J=16Hz, 7.2Hz, 1H, proton adjacent to CO), 2.27
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(d, J=16Hz, 1H, benéylic proton), 3,02-2,09(m, 4H, aromatics),
O;BO(d, J=7.2Hz, 1H, CHO). Semicarbazone, m.p.210—212°(ethanol).
(Found: C, 58.08%, H,4.85%, F,9.235, N,20.09%, C H) ;0
requires: C, 57.98%, H,4.86%, F,9.17%, Ny20429%)«

mewoﬂmmdwmw.'

This was prepared from m=-fluoro cinnamyl alcohol (5.78.)
as above in quantitative yield, b.p.83~84°/b.5mm.; ngo 1.5907;
ﬁbmax(l.f.) 1678,1628,1130,985 and 795 cm.™1; num.rs (DO 5)
Y 3.28(d,d, J=16 and 7.2Hz, 1H, proton adjacent to C0), 2,50
(d, J=16Hz, 1H, benzylic proton), 2.98-2.41(m, 4H, aromatigs),‘
0.23(d, J=7.2Hz, 1H, CHO). Semicarbazone, m.p.204—205°;
(Found: C, 57.82%, H,5.07%, F,9.06%, N,20.00%, Gy H; FN.0
requires: C,57.98%, Hy4.86%, F,9.17%, N,20.29%).

m=-Bromo c¢innamaldehyde.

This was prepared as for the p-fluoro derivative from
m=~bromo cinnamyl alcohol (2.7g+) and was isolated in
quantitative yields A) nax(Le fe) 1680,1625,1130,980, 788, and
682 cm."l; n.m.r.(CDCls)73.26(d.d, J=15,5Hz, and 7Hz, lH),‘
2.52(d, J=15.5Hz, 1H), 2.68~2.18(m, 4H,), 0,23(d, J=7Hz, 1H).
Semicarbazone, m.p, 210-212° (ethanol)s (Found:C,k5,02%,
H,3.84%, Br,29.87%, W,15.67%, ClOHlOBrNBOrequireszc;44.79%,
H,3.76%, Br,29.81%, N,15.67%.)

All other substituted cinnamaldehydes were prepared by
the same method and are listed in Table 23, For tﬁe less
soluble alcohols chloroform was added until dissolution was

- complete,



204,

Table 23.

Tablé of substituted cinnamaldehydes.

'Substituenf .Yield bePo MoePo Literature values
o-Me | 100% | 94°/0.9mm. - 91° /0. hmmo 3
n-Me 100% | 96°/0.7mm. - .
p-Me bo76% | -~ | 32° 41.5° 141
p-Br 100% | - 80-81° |  81° 142
m-OMe | loo% | 110°/0,5mi. | 37° 57° 146

p-OMe | 100% - 59° 59° M
m~C1 ioo% 103-4°/0.2mm.| 39° 390 142
p=CL 100% - 610 62-62,5° Lhb

1,8-Diaryl octatetraenes.

Thesé were all prepared by the general procedure on
Po189 and their yields and physical properties are listed
in Table 24,

Table 2hs

Substituted i,8-diaryl octateraenes.

substituent ‘yi.eld m.p. /\maxm//(CHc13) |
1, o-Me 109 1151-2° | 368" (4.86), 371(4.90),400" (4.70)
2, m-Me | 10% | 180° | 363(4.85), 381(5.00), 403(4.92).
5. peMe | i (231-2° | 358(4a78), 373(4.88), 4O3(4.87).
| 4. m-OMe & [147-9° |
5. p-OMe 20% 1259-260°| 11t 147 m.p.266~?°
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substituent

yield

MsPo

;Kznaxme(CHCIB)

6o

7o

9.

10,

11.

m-ClL

p-F
m- F

6%

80'5%;

9%

€%

1%

198-9°

237..238 , 5

¥

o

250
205-206, 5%
222.223°
179-181°

348" (154), 363(L.83), 381(L4.99),
103(4.89) .

350 (4.59), 367(L4.84), 385(4.99),
108 (4.89) .«

370(4.83), 388(4s94), 410(4.90).
346" (4.56), 364(L.84), 382(5.00), |
o4 (L4.90) .

359(4.81), 376(4.93), 398(4.88).
360(4482), 379(14.99), LOL(4.90).

* Point of inflection.

Malyses.

I,
2.
3
La
Se
6.

Found:
Found:
Found:
Found:-
Found:

Found:

c,92.o§%,
C,92.11%,
C,92438%,
c,82.86%,
C,82.83%,
C,73.33%,

C,73.40%, H,4.9%%,
7. Found:C,73.09%, H,5.19%, Cl,21,71%, CéOH16Cla requires:
Cy73040%,y Hyka93hy Cly2L.67%e
8+ Found:C,57.64%, H,3.71%, Br,38.21%, C,,H, Br, requires:

Hy,7.55%6,
H,7.69%,
H,7.57%,
H,7.00%,
H,6.93%,
H,5,11%,

C22

Con
c,

cl,21.6%%.

035?07%', H’3088%, Br,38ol+o%.

Cootlsn

Coolon

Cootinn

H

Hyx05

requires: C,92.26%, H,7.74he
requires: C,92.26%, H,7.74%e.
vequires: C,92.26%, H,y7.7L%.
2202requires:C,82.96%, H, 6.96%.
requires: C,82.96%, H,6.96%.

21, 76%, CooH; CL, Tequires:
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9. Found:C,57.82%, H,4.08%, 020H16Br2 requires: C, 57.72%,
H, 3,88%,

10, Found:C,8L.64%, H,5.39%, F,12.81%, C,oH, F, requires:
C,81.62%, H,5.48%, F,12.91%.

11, Found:C,81.8%, H,5.60, C, H, F, requires: C,81.62%,
H, 5.48%. |

1,8=Di-(0~nitrophenyl) octatetra~-l,3,5,7=ene-4,5-dicarboxylic

acid anhydride,

o-Nitro cinnamaldehyde (1.0g.) was treated with succinic
acid (0.5lg.), litharge (1.13g.) and acetic anhydride (1l.4ml,)
and refluxed for 3hrs. On working up as for the general method
(P.189) a red crystalline solid was isolated which is
suggested to be the title compbuﬁd. Yield 56mg. (le6%);
mup,259-2600(methy1ene dichloride); ﬂb max(mull) 1805,1797,

17_60,1603,1520,‘1350 and 990 cm-'l; /\

max

(CHClB) 253 and 296m/u .
(Founds: C,60,60%, H,3.47%, N,6.35%,A022H14Né07 requires:
Cy63,16%, -H,3.37%; N,6.70.) |

This compound defled all attempts to hydrolyse and
decarboxylate. Moreover, sublimation causes extensive

decomposition,

Pyrolysis of 1,8-diphenyl octatetraene,

Recrystallised 1,8~diphenyl octatetraene (2g.) was
pyrolysed at 700°C by passing through a silica tube 9" long
maintained at this temperature under 10-2mm pressure. The

dark brown pyrolysate was collected at -78°C in a card-ice
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cooled receiver and taken up in hot chloroform, Chromatography
on grade 3 alumina eluting with petroleum ether (b.p.40-60°)
yielded four fractions which were individually analysed,

Each fraction was separated on a Pye series 105 preparative
gas chromatograph using a 30ft. methyl silicone gum E 30

column at 18000, three pure samples‘being isolated and fhe
presence of two others conclusively shown.

Compound A.(Naphthalene), molecular weight 128 (mass spectrum).
This was isolated only as a mixture with other aromatic
components, but its presence was proved beyond doubt by its
retention time on two separate g.l.c. columns, aplezon and
carbowax, compared to that of an authentic sample., This
product~re§resented ca. 5% of the total pyrolysate, |
Compound B. (Biphenyl), molecular weight 130 (mass spectrum),
Biphenyl was isolated as a pure fraction from ﬁhe preparative
separafion and represented ca, 20% of the pyrolysate mixture,

m.p.70°%; (ethanol), mixed m.p. 70°; A ___(EtOH) 249m/.4(t+.24);

max
the i.r. spectrum was coincident with that of an authentic
biphenyl sample,

Compound C, (irams-stilbene). This product constituted by

far the most extensive portion of the pyrolysate bulk, ca. BJ%V
and was easily isolated in a pure state, m.p.leho, mixed
mepel24°; molecular weight 180 (mass spectrum); ) ma%(ﬁtOH)
229, 295, 308 and inf. 520mp) (L0gE, 4e2, koly hok, and 4.2).

Comparative i,r, with an authentic sample gave identical

spectra,
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Compound D, (Dihydro-l-phenyl phenanthrene). Molecular

weight 256 (mass spectrunb) ;\ ( BtOH) 256 and 300Q/U y

max
with peaks in the ratio 5 : L respectively, ﬂ) max(0014) 3050,
1600,1495 and 1450 cm.”l, The alternative structure,
l-phenyl-l~(g~nagphthyl) buta—l,B»diene9148 was ruled out on
the basis of the u.v, spectrum which does not compare at all
with that of the compound isolated. This compound represented
ca. 1% of the total pyrolysate smd was a white crystalline
solid. |

Compound E, (Biphenylene) ., The presence of this component
was only determined by comparative glc as for naphthalene,

This compound represented only ca.l-2% of the total pyrolysate.

Two other compounds were present in average abundance im

the mixture but these were not identified.
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5, 3 Atrovenetin models,

BeMethyl but-a--enol.149

3,3~Dimethyl acrylic acid (50g,) in dry ether (270ml,)

was added (N2 atmosphere) over 3hr. to a cooled (OOC) stirred
mixture of lithium aluminium hydride (20.98., 10% excess) in
ether (3%0ml,) and the mixture stirred at room temperature

for 18hrs, Water (4Oml.) followed by 20% sulphuric acid
(650ml,) was added and the ether layer separated, The

aqueous phase was ether extracted and the combined ethereal
solutions were washed successively with water, saturated
aqueous sodium bicarbonate, and water, and dried (Naaso4).
After distillation the alcohol 29.78.(69%), had b.pa52-4°/16mm.
nl? 1,450, (11t.1% b.p,139-140° /760mm. s Y 1.4410); and
contained by gel.cCe gg.vB% of an impurity, probably 3-methyl
butanol, W __ (1.f.) 3370,1665, and 845 cm.™ nom.r,(CCL,)

7 8.36(s, 3H, t_ra___n_s_—CH3), 8.29(d, J=1.2Hz, 3H, gj_.g—CH3), 7.02
(s, 1H, hydroxyl), 6,03(d, J=7.5Hz, 2H, CH,), 4e72(teqs J=7.5

and 1,2Hz, 1H, vinylic proton).

Z2=Methyl but-2Z-enyl bromide.ll1L9

A solution of 3-methyl bute2-enol (5458.) in petroleunm
ether (13ml., b.p°40-600) was introduced during 3Omins. to a
solution of phosphorous tribromide (6.25g.) and pyridine (0.95g.)
in petroleum ether (15ml.) at -1500. Stirring was continued

at =15°C for 2hrs. and overnight at 2000, after which the
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product was distilled direct from the reaction flask, Yield
5,284 (5%6); b.p.78-84° /L45mm., (1ite™"? b,p,77-78.5° /135um. )
VJ _(1.1.) 1656,1456,1382,1205 and 848 cm. s nem.r.(CCL,)
v 8.27(s, 3H, _’_c_z;ag_l_g—CHB), 8.22(d, J=l,2Hz, 3H, 9__i_s-CH3),
6,12(d, J=8,5Hz, 2H, CH2)9 4,52(t.q, J=8.5 and 1,2Hz, 1H,).

Potassium salt of 2-hydroxy naphthaguinone,

The quinone (10g.) was suspended in hot water (150ml,)
containing potassium hydroxide (3.22g.) and the red liquid
heated to boiling, Sufficient water to effect solution was
added and the liquid clarified by filtration; After
evaporation to small bulk (gg.lEml.) under reduced pressure
the product was cooled ana the red crystalline solid filtered
off and washed sparingly with ice-cold water, The solid was

dried in vacuo over phoshoric oxide, Yield 8,59g.(70%).

2w( 3~Methylbut—2-enyloxy)-naphtha-l, hl=quinone,

The potassium salt of 2-hydroxy-l,4-naphthaquinone (2.84g.)
was suspended in dry NN-dimethylformemide (4Oml,) and a
solution of 3-methylbut-2-enyl bromide (2.0g.) in dry
NN-dimethylformamide (10ml.) was added with stirring over
20mins, The mixture was further stirred at 20°¢ for E—Bdayé
while precipitation of potassium bromide occurred, The pale
rea supernatant liquid was poured into agqueous hydrochloric
acid and extracted with benzene, The benzene layer was.
washed with 2 sodium hydroxide until the alkaline layer was

no longer red, then with water, and dried (Na2304). The pale



211,

yellow so0lid obtained after removing benzene was recrystallised
(benzene/ligroin) to give long floculent yellow needles,

Yield 0.89g0(28%); mopollh9.5-150.5%, (1ite’’?70 mup.149-150°,
148-149°), ) (mull) 1680,1650,1609,1579,1456,1259,1220,

793 and 7303 cme "y nomez.(6DCLy) 7 8.22(s, 6H, gem-dimethyl),
5.42(d, J=6.5Hz, 2H, CH2)3 L,52(t with éllylic splitting,
J=6.5Hz, 1H, side chain vinylic), 3.85(s, 1H, ring vinylic),

2.42-2.15(m, 2H), 2.12-1,.79(m, 2H).

2=Hydroxy=3~( 3~methyibut-2-enyl)-naphthaguinone, = (Lapachol).

The alkaline extract obtained above, was filtered and
the pH adjusted to 7.1 with glacial acetic acid. The orange
precipitate was filtered off, washed with water and dried in
vacuo over phosphoric oxide, After crystallisation (ethanol)
the product, 1.02g,(31.5%), had m.p°138~1400,(lit.78 m.p.lho-lo),

) (null) 3360,1660,164k,1591,1464,1385,1560,1278,1244,

and 731 cm;"l; nom,re(CDCIB) Y 8.32(s, 3H, EgggngHB), 8.22
(s, 3H, gis-CHs), 6.70(d; J=7.5Hz, #H, CH,), L4+80(t.m. J=7,5Hz,
1H, vinylic), 2.66(s, 1H, hydroxyl), 2.44-2.2%(m, 2H),
2,08-1.79(m, 2H),

Acidification of the mother liquors gave reclaimed
2~hydroxy naphthaquinone (26%).

2—Hydroxy~3~(lL}—dimethylprop—z—enyl)enaphthaquinone.78

2-(3-Methylbut=2-enyl)~naphthaquinone (0.79g.) was
refluxed overnight in ethamol (40ml.) to afford an orange

solution., Evaporation under reduced pressure gave a yellow
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residue which was extracted with 0,5% sodium hydroxide (45ml,)
and the extract filtered, Acidification with glacial acetic
acid and filtration gave the Claisen rearrangement product,
Yield 0,728.(91%), m.p.69-70°,(ethanol), (lit.78 m.p.?O-?lo),
D (mull) 1667,1640,1618,.585,1465,1365,2532,1293,910 and
728 cm.'l; n.mqr.(CDCls)'T'S.ua(s, 6H, gem-dimethyl), 5.0%4

(2H), 3.70(1H),(ABC system, H_ trans, H cis to alkyl

substituent, J_,=17.5, J_ =10.0, d C=:L.0Hz,), 2.15(s, 1H,

b
hydroxyl), 2.44-~1,84(m, 4H, aromatics),

78

dl=-Dunnione.

2-Hydroxy-3-(1,l-dimethylprop=2~enyl)=naphthaquinone (0.62g.)
was dissolved in concentrated sulphuric acid (6.2ml.) and
the dep red solution allowed to stand for 15mins, at 20°¢,
On pouring into water (120ml.) dunnione separated as an
orange solid which after filtration was dried in vacuo over
phosphoric oxide. Yield 0.534g.(86%); m.p.91-93°(ligroin,
b.p.40-60°), (lit.78 m.p-93—940); 'J‘max(mull) 1692,1635,
1611,1589,1572,1230, and 730 om.™"3 n.m.r.(CDCLs) T 8.75(s,
H, CHB), 8.57(s, 3H, CH3), 8.52(d, J=6,5Hz, 3H, single CH3),
5.33(q, J=6.5Hz, 1H, protom adjacent to single CH3), 2s51-2.29

(m, 3H), 2.12-1.88(m, 1H).

Reduction of dunnione with sulphurous acid,

Dunnione (5mg.) was suspended in water (5ml,) and sulphur
dioxide passed through the stirred solution, After lhr, the
colourless liquid was extracted with ether and the extracts

washed with water. Reoxidation to the quinone was apparent
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immediately from reddening of the ethereal phase and it was

not possibie to isolate the hydroquinone.

Reductive acetylation of dunnione,

Dunnione (0.lg.) and zinc dust (0,lg.) were suspended
in acetic¢ anhydride (0.5ml,) containing a little pyridine and
the mixture warmed on a steam bath for 20Omins, Glacial
acetic acid (0.5ml.) was added and the mixture filtered hot
to remove unreacted zinc dust. Water (10ml) was added (to
hydrolyse the acetic anhydride) and the mixture stirred for
30mins. The white solid which separated was extracted with
chloroform and the extracts washed and dried (NaESQq).
Evaporation afforded dl-hydrodunnione diacetate, 0.129g.(92%),
whiech had m.p¢145.5—146,50(methanol), (1it¢76 m.p.143—144°
for d-isomer), \)max(mull) 1763,1583,1521,1458,1390,1380,
1213,1195, and 770 cm. T; n.m.r.(CDCL5) 7 8.81(s, 3H,CH),
8.61(s, 3H, CHB), 8.55(d, J=6,5Hz, 3H, single methyl), 5.43
(q, J=6.5Hz, 1H, proton adjacent to single methyl), 7.67,7.62
(s, 6H, acetate CH3)’ 2,80-2,28(m, 3H), 2.28-1.92(m, 1H);

A

121--[31—1_2]—B-Methylbut—z-enole

(BtOH) 246,310,317, 33In v (Logg 4163,3479,53.80,3.77) «

max

This was prepared from 3,3-dimethyl acrylic acid (3.143&)
as for the unlabelled derivative but using lithium aluminium
deuteride, Yield 1.38g.(50%); bap.50-54°/16mm,; n%8 l.441,

The n.,m.r, showed no signal at ¥6.03 and a broad singlet atY

L]-. 61¢
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1,1-[ 2H,]=3-Methylbut-2-enyl bromide.

The above4alcohol (L.34g.) was brominated according to
the procedure of Bolleter gz_gl.lage Yield 1.26g.(55%5)3
b.p.89-91°/140mn. The n.m.r. showed a broad singlet at ¥ 4,54

and no signal at 7T 6.12.

2-(12l-[fga]—B-Methylbut-a-enyloxy)-naphthaqginone.

This was prepared from the above bromide (1l,2lg.) and
the potassium salt of 2-hydroxy naphthaquinone (1.71g.)
according to the method given for the undeuteriateé& analogue.
Yield 0,556g.(28.2%); m.p.149-150.5°, The n.m.r. showed no
protons at 9/5,42 and the triple multiplet at 9 4.52 has now
collapsed to a broad singlet.

From the alkaline extraect [aﬁa]flapachol, 0e456g.(235),

m.p.140-141° was isolated.

2-Hydroxy-3—(j§jf[fge]-l,1—dimethylprop—2~enyl)-naphthaquinane.
| Claisen fearrangément of the above ether (0.485g.)

afforded the title compound. Yield 2,43g.(89%), m.p.69°,

The n,m.r. showed that the ABC system had now condensed to a

broad singlet at 773.70.

2L5-Dihydro-2-fEﬁ,-methzl]-3,3-dimethy1naphtho-[1,2-b]-furan—
o

&,Q:dione.' or Monq-[2H3-methyl]—dunnione.

The above quinone (0,39g.) was dissolved in anhydrous
chloroforn and shaken with deuteriun oxide (3x2ml) to
exchange the acidic proton. After evaporafion of the solvent

and drying (P in vacuo) the solid was dissolved in

L5
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concentrated [2H2]~$ulphuric acid and allowed to stand for
15mins, at 20°C before pouring into water (80ml,), The
precipitated solid was filtered off -nd dried, VYield 0.245g.
(63%), m.p,91-92°° The n.n.r. showed a singlet at7T5.33 and

no signal at 7 8.52,

Mono—[fﬁ,-methyl]-hydrodunnione diacetate,
~

The above guinone (O.lg.) was reductively acetylated
with acetic anhydride (0.5ml,) and zinc dust (0,1g.) as for
the unlabelled sample. Yield 0,129g8.(92%); m.p.ld2-144°.
The n.nm.r. spectrum showed that the label. was specific.
D3,92°1%, D2,7,9%, Ii,O%a(mass spectrum).

Ethylidene cycloheleamine0151

Acetaldehyde (2l.2g.) was slowly added to stirred
cyclohexylamine (47g,) at 0°C and the mixture allowed to remain
at this temperature for 3Omins., After warming to room
temperature dry potassium carbonate was added to aestroy the
complex and the mixture stirred for &« further 24hrs, The
aqueous phase was separated and the organic layer dried (Bad),
Yield 41.5g.(70%); bepe57-58°/30mm, n2’ 1.4580, (11t
bep.54° /18mm, ; nllf 1.4646), ‘\)max(l.f.) 1663 (C=N) cm, ™t

Lithium diisopropylamine.152

To a solution of diisopropylamine (7.9g.) in ether (20ml;)
was added freshly prepared phenyl lithium (97ml. of a lmolar
solution in e1:her)]‘53 at such a rate as to maintain the

stirred solution gently bdiling. The solution was stirred
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for Smins., after the addition was complete and the yield was

assumed quantitative. Yield 8.35g,

§,§-Di-[f§3~methzl]—acroleing

The ethereal solution of lithium diisopropylamine (8.35g.)
prepared above was cooled to 0°C and ethylidene cyclohexylamine
(9.7g.) in ether (15ml,) added over 1l5mins. After 10mins,
the mixture was cooled to ~?OOG and [2H6]-acetone (58.) was
~ introduced. The mixture was allowed to warm to room
temperature and water added to hydrolyse the lithium salt.
The solution was acidified with oxalic acid and steam distilled,
the distillate being extracted with ether, The extracts
were dried (Nazsoh) and evaporated, Some biphenyl and polar
impurities were present in the product, Crude yield 4.13g.,

]
\)maX(l.fo) 1670 cm,

5, 3-Di-{ ZHomethy1]-allyl alcohol.

The crude aldehyde prepared above (4,13g.,) was dissolved
in isopropanol (25ml,) and added to a stirred solutién of
sodium borohydride (0.93g.) in water (60ml.) at 10°C, After
the addition was complete the mixture was allowed to attain
room temperature and stirred overnight, Saturated agueous
ammonium chloride was added and the mixture extracted with
ether, The extracts were dried (Naasoh) after washing with
water, Evaporation gave an oil, shown by t.l.c. (benzene-20%
acetone on silica) to be essentialiy the desired alcohol, and

which was purified by column chromatography on the same
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system, Ry, 0,45, Yield 1.09g.(15.1% based on [ “H ]-acetone),
N paxg(leTe) 3370,2910, 2860, 2220, 2200,2120,2060,1658, and

845 cm.-l

3, 3=Di=f 2H,-methyl]=allyl bromide.
-~

This was prepared from the above alcohol (1.09g.) by

the method of Bolleter et al.149 Yield.1.12g.(61%);b.p.SOo/llOmm.

2—13.3—3&h[f§,—methyl]—prop-a-enyloxy)—naphthaquinone.
. -

Reaction of the potassium salt of 2-hydroxy naphthaquinone
(1.50g.) with the above bromide (1,lg.) as before gave the
title compound. Yield 0.47g.(27%); mep.149-~150°. The nemer.
showed no signal at 7 8,22 and the allylic splitting of the
proton at 774,50 had collapsed.

From the alkaline extract [2H6]~lapachol, 0.384g. (22%)

m‘p.139~1400, was isolated.

Z-Hydroxy-B—(l,l-di-[fgj-methyl]:prop—a-enyl)-naphthaquinone.
~

The deuteriated quinone ether above (0.42g.) was
rearranged on refluxing in ethanol overnight and the product
isolated as for the unlabelled amnalogue. Yield 0.372g.(89%),

Mepa69-70%, The n.m.r, indicated the absence of a signal

at ’7’80420

2,3-Dihydro-3,3-dirf§,-methyl]-prop-a-enyl)-naphthaquinone.
4

or - di-[aHj-methyl]-dunnione.
The above Claisen product (0.33g.) was cyclised with
concentrated sulphuric acid (3.3ml.) according to the method

of Cooke.78 Vield 0.328.(97%); Mepe92-93 s
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an[fgj—methyl]-hydrodunnione diacetate,

Reductive acetylation of di—[aHB—methyl]-dunnione (0s1g.)
afforded the title compound, Yield 0.1282.(92%); m.pell5.5~
146.5°. .The N.m.r. spectrum showed the absence of protons

at 7'8,81 and 8.61; Dgs791%, Dyy18. 3%, Dh;a.e%, D3 0%e

\'__'2___1_{_3]--»Aceta].dehydealﬂ1L

‘ A solution of dry (Casoh) acetaldehyde (22g., O.5mole)
in deuterium oxide (50ml.) was heated in a Carius tube at 90°¢
lfor,lahrsc in the presence of pyridine (4g., 0.05mole.,). The
product was distilled (NE atmosphere) through a 10" column
packed with Fenske hélices and collected at -78°C., The
distillate was retreated twice to yield 14,27g.(61%) of

labelled aldehyde, b.p.22°/760mm,; D53 9%by Dys?%y Dy 30%e

2-[H,]=3,3-dinethyl acrolein.

The [2H3]—acetaldehyde (9.31g.) was condensed with

151 and

cyclohexylamine (19g.) by the method of Tiollais,
then treated consecutively with lithium diisopropylamine and
acetone as for the [2H6]~analogue to afford [2H1]-acrolein.

Yield of crude product 4.59g.

j,3~Dimethyi—2—[§§l]-allyl alcohol,

The crude aldehyde above (4.50g.) was reduced with sodium
borohydride )1.02g.) to afford the desired alcohol which was
purified by chromatography on silica elﬁting with 20% acetone
in benzene. Yield 0081é.(1a% from the Schiff base),

bope66°/20mm,
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3, 3=Dimethyl-2-[ 2, ]-allyl bromide,

The above alcohol (0.74g.) was converted to the bromide
by the method deszribed by Bolleter ot al.149 Yield 0.637g.

(50%)3 b.p.87°/170mm.

g:ig:[fglj-SmMethylbut-2~enyoxy)—naphthaquinone.

This was prepared from 3,3—dimethyl-2—[2H1]-allyl
bromide (0.63g.) in the same manner as for the unlabelled
compound, Yield 0.295g.(29%), m.p,l49.5-150.5o. The ﬁ.m.r.
showed only a small signal at Y 4.52 and the triplet at
Y 5.42 had now condensed to a broad singlet,

‘ [ZHl]fLapachol, 0.2784(27%), m.p.lho—lhlé, was isolated

from the. alkaline extracts,

2-Hydroxy-(2—[Egl]-j-methylbut-z-enyl)-naphthaquinone.
Prepared by Claisen rearrangement of the above allyl

ether (0.238g.). Yield quantitative, m.p.69-70°.

2, 3-Dihydro=2-[ °H ]=2,3,3=trinethyl-naphtho=[ L, 2-b]=furan-
4,5-dione,

The above compound (0.17g.) was cyclised in concentrated
sulphuric acid (1.,7ml.) as before, Yield 0.161g.(95%);
‘m;p.93°; The n.m.r. spectrum showed no signal at 7T 5.33% and

the nethyl signal at 7’ 8.56 had ccllapsed to a éinglet.

[fgl]—gydrodunnione diacetate,

Reductive_acetyiation of the above quinone (0.1g.) gave
the title compound.. Yield 0.126g.(90%); m.pel43=145°. A very

small signal at T 5.43 in the NeMeTey Dy,y73.0%, D 327%e
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Hydrodunnione-[ZHGJ-diacetate.

Dunnione (0,05g.) was reductively acetylated with [2H6];
acetic anhydride (0.3ml.), zinc dust (0.05g.,) and a trace of
pyridine. Yield 55mg.(77%); m.p.lh2-144°, The n,m.r. showed
no signals at 7' 7.67, 7.62; D6,97.2%, D5,2.8%,(mass spectrum),

1-(3=Methylbut-2-enyloxy)-naphthalene,

a=-Naphthol (8.8g.) was dissolved in anhydrous DMF (120ml.)
and a 50% dispersion of sodium hydride (3,0g.,) added with
caution. The pale green solution was allowed to regain room
temperature and a slight excess of 3,3~dimethylallyl bromide
(10.8g.) in DMF (10ml,) added over lhr, The reaction mixture
was stirred for several days at 20°¢ then poured into water
(700ml,) and acidified, The product was extracted with ether
and the extracts washed well with 10% aqueous sodium hydroxide
(200nl.) and water and dried (Naasog). Evaporation gave a

red oil which t.,1l.c, showed to be ca. 9%% pure. Yield 7.2g.(5%%).

233, 3~Trimethyl naphtho-[1,2-b]-furanu,

The above ether (lg.) was degassed and sealed in a
pyrex tube under vacuum, Pyrolysis at 190—20000 for 6hrs,
afforded a red liquid which was chromatographed on silica
eluting with benzene, The first fraction was shown to be
1-(3-nethyl-butyloxy)-naphthalene, 0.175g;(18%), and was
distilled in a bent-tube at 0,08umm, n%l 1.5684, 2y, maX(l.f.)
1620,1590,1580,1510,1272,1240,1102,800 and 780 cm,”T3 n.m.r.

(CD013)7'8.97(d, J=5Hz, 6H, gem~-dimethyl), 8.17(t, J=6Hz, 3H,
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CH, adjacent to gem-dimethyl and tertiary proton.), 5.87(t,

2

J=6Hz, 2H,CH, adjacent to ether link), 3.33-1,61(m, 7H,).

2
(Found: C,83.77%, H,8.52%, 015H180 requires: C,84,07%, H,8.47%).
The second fraction yielded the title compound, Yield
044280 (42%); bope105°/0.08mm,; n%a 1.5959; n)max(l.f.) 1592,
1582,1522,1380,1287,1138,1087,815 and 750 cm. ™ ; nom.r.(CDCL )
Y 8.73(d, J=7Hz, 3H, CH, adjacent to ether.), 8,60, 8.46
(s, 3H each, gem~dimethyl), 6.68(q, J=7Hz, 1H, solitary proton),
2,92-1.95(m, 6H, aromatics.). (Found:C,84.84%, H,7.50%,

.015H160 requires: C,84,87%, H,7.5%4).

2=( 3=Methylbut-2~enyloxy)-naphthalene,

343-Dimethylallyl bromide (10g.) was added to a well
stirred mixture of B-naphthol (8.8g.) and sodium methoxide
(3.27g.) together with potassium iodide (0,184g.) in methanol
(60ml,) with ice cooling. The mixture was stirred at room
temperature for several days, poured into water (700ml.) and
ether extracted., The extracts were washed with 10% aqueous
sodium hydroxide (3x50ml.), water, and dried (Naasoh).
Removal of the solvent afforded a red oil which was chromato-
graphed on silica eluting with benzene/% acetone,

The first fraction, obtained in low yield, 200mg., was
distilled in a bent-tube to a pale yellow oil shown to be
the dialkylated product; I-(3-methylbut-2-enyl)~2-(3-methylbut-

2~enyloxy)-naphthalene, 1) .. (l.f.,) 1670,1623,1265,1245,

max
818 and 752 cm.™1; nem»ro(CDCL;) ¥ 8436(broad s, 6H, gem-
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dimethyl), 8.29(s with side splitting, cis—CHs of C-alkyl
chain), 8,17(s, trans--CH3 of C-alkyl chain), 6.,21(d, J=6.5Hz,

2H, CH, of C-alkyl chain), 5,43(d, J=6.5Hz, 2H, CH, of O-alkyl

2
chain), 4.80(t with side splitting, J=6,5Hz, 1E, vinylic of
C~alkyl chain), 4.51(t with side splitting, J=6.5Hz, 1H,
vinylic of O-alkyl chain)s 3a01;1.99(m, 6H, aromatics).
(Found: C,85.60%, H,8.56%, CZOHZQQ requires: C,85.67%, H,846%%) s

"The second fraction was the desired ether, Yield 3.2g.
(24 6%); bopal30°/0.3me; m.pob7-47,5% ) (1.1.) 1670,
1630,1602,1399,1260,1220,1182,1125,1010,850,825 and 755 cm, ™~
nomar. (CDCL ;) ¥ 8,26(broad s, 6H, gem-dimethyl), S5.42(d,
J=6,5Hz, 2H, CH,), 4.45(t, J=6.5Hz, 1H, vinylic proton),
2596~2016(m, 7H, aromatics), (Found:C,85,0&%, H,7.77%,
Cl5Hl6O requires: C,84.87%, Hy,7.53%5)

The third fraction was the C-alkylated product, Yield
3.96+(30%); bap,132°/0.07mme; n5- 1.6180; A (1.£.) 3450,
1660,1625,1600,1382,1362,1290,1210,320 and 755 cm.™ 3 n.m.r.
(0DGL;) T 8.29(s with side splitting, 3H, cis~CHs), 8.12(s,
3H, E_:g__ag__s_—-CHB), 6.27(d, J=7.2Hz, 2H, CH,), 4.75(split t,
J=7.2Hz, 1H, vinylic protcn), 4.75(s, LH, hydroxyl), 3,12-1.98
(m, 6H, aromatics). (Fbund:C,84978%9 Hy 76 35%, 015H16O requires:
Cy8L4487%, Hy7653%) s

Repetition of this reaction in DMF as for g-naphthol
afforded 58% yield of the O=-alkylated product., The presence
of a dialkylated product under these conditions was not

observed,
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VEyrolysis of.2§6umethylbut—2—enyloxy)-ngphthalene._

1/. Pyrolysié of i:e naphthyl ether (2g.) under nitrogen for
ghrs. at 200°C afforded a dark oil which was chromatographedv
on silica eluting with benzene to remove charcoalised
residues. The white solid isolated was recrystallised from
petroleum ether {b,p.40-60°), Yield 1.48g.(74%), mep.77-79°.
This was shown by mixed melting point of 78,5° with an
authentic sample to be 1,2-dihydro-3,3-dimethyl naphtho-
[2,1-b]-pyren, \)max(lofa) 1630,1602,1400,1380,1245,830,762,
and 698 omo™ R.moz,(CDCL,) 7' 8.63(s, 6H, gem-dimethyl),
8.09(t, J=6,7Hz, 2H, CH, B-to ether link), 7.0L(t, J=6.7Hz,
2H, benzylic CHZ)’ 3,12-~2,12(m,6H, aromatics), ;‘ max(EtOH)
239,259(info),268,2’78,289,332,356,31/4/ (Log € ,L4e77,3446,3.61,
3.67,3.52,3,30,and 3.37)., (Found:C,84.62%, H,7.64%, ClsHléo
requires: C,84.87%, H,7.53%6).

2/ Pyrolysis ina sealed tube under vacuo gave the same
result as above.

3/« The pyrolysis was repeated in the presence of hydroquinone
but the same product was isolated.

4/. Pyrolysis of the naphthyl ether (300mg.) in gquinoline
(lml.) with a trace of hydroquinone at 160°C afforded a
product which after chromatography on silica eluting with
benzene : 20% acetone and recrystallisation (ligroin, b.p.
40-60°) had m.po42°, Yield 70mg.(23%); This was shown to

be 3,3-dimethyl-naphtho-[2,1~b]-pyran, AJ ___(1.f.) 1625,

1598,1520,1382,1245,818, and 750 cm,™7; A __ (BtoH) 238(inf.),
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2hk5, 261,289,301, 314, 346, and 360§f s (log €, Le66,4.71,3.72,
3054,3.65,3.68,3.57, and 3.54), nomer.CDCL,T8.57(s, 6H, gem-
dimethyl), 4.40(d, J=10Hz, proton B~ to ether 1link), 3.05

(da, J=10Hz, 1H, benzylic hydrogen), 3.08-2.00(m, 6H, aromatics).

(Found: C,85.58%, H,6.54%, 015H140 requires: C,85.68%, H,6.17%).

Hydrogenation of 3, 3=-dimethyl-naphtho=[ 2,1-b|-pyran,

The pyran (20mg.) was dissolved in absolute ethanol
(20ml,) and hydrogenated in the presence of 20% P4/C (5nmg.)
till no further uptake ensued, TFiltration and evaporation
gave a product with m.p. and mixed m.p. with 1,2-dihydro=-3,3-

dimethyl-naphtho—[2,1-b]-pyran of 780.

Acid treatment of 3,3-dimethyl-naphtho-[2,1-b]-pyran,

The pyran (25mg,) was dissolved in ether (5ml.) and
5K hydrochloric acid (2ml,) was added. The mixture was
vigorously stirred at 20°¢ for 3hrs. and the ethereal layer

dried and evaporated, The n.m.r, spectrum showed no change,

1,2—Dihydro-5,Bmdimethzlrnaphtho-[a,l-b]-byran.

An authentic sample of this derivative was prepared by
pyrolysis of 2-hydroxy~1-(3-methylbut=-2-enyl)=~naphthalene
‘(180mg,) in a sealed tube at 190°C for 5hrs, Purification
was effected by chromdtography on silica eluting with benzene :
20% petroleum ether (b.p=#0—600), and recrystallisation
(petrol). Yield 165mg.(92%); m.pe 97-78°, The n,m.r. spectrum
was identical to that isolated from the pyrplysis of

2=(3-methylbut-2-enyoxy)~naphthalene,
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Trapping experiment for the pyrolysis of 2-(3-methylbut-2-

enyloxy)-naphthalene,

The ether (200mg.) was dissolved in quinoline (1ml.) to
which acetic anhydride (0.5ml.) was added and the solution
heated under vacuum at 19000 for Shrs., Excess acetic anhydride
was hydrolysed with water (Iml.) and the mixture acidified, ‘
Ether extraction followed by drying of the extracts (NaZSO4)
and evaporation gave an oil, Chromatography on silica.
eluting with benzene afforded Z-gcetoxy-l-(l,1-dimethy1prop—
2-enyl)=-naphthalene in low yield, \)max( 001#) 1765, 1230 oms ™t

The n.mer, spectrum demonstrated the presence of a vinylic

methylene group.

2=Methylallyl bromide,

. 2-Methylallyl alcohol (12.13g,) in petroleum ether
(beps40-60°, 30ml.) was brominated with phosphorous
tribromide (13.8g.) in'thé presence of pyridine (2.lg.) as
for 3,3-dimethylallyl bromide above, Yield 9,91g.(L47%);

bep.70° /135mm.

2~(2=Methylprop-2-enyloxy)=-naphthalene,

B-Naphthol (8.8g.) was alkylated with 2-methylallyl
bromide (9.91g.) in methanol (60ml,) according to the method
of McKu)sick.SL+ The product was purified by chromatography
on silica eluting with benzene : % acetone, The first
fraction gave the title compound as white needles from

petroleum ether (b.p,40-60°), yield Sge(41%); m.p.45°; QJ max
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(1.f.) 1630,1603,1520,1265,1223,852, and 758 cma™l; n.m.r.
(CDClB) T 8.16(s, 3H, CHB)’ 5.50(s, 2H, CH2 adjacent to ether),
5.02(allylic split s, 1H, proton trans to GHB)’ 4,88(s, 1H,
proton cis tOVCHB), 2,94-2,19(m, 7H, aromatics). (Found:
Cs84e95, Hy7012%, Oy, H;,0 requires: C,84.80%, H,7.12%),

The second fraction afforded the C-alkylated product as
a yellow oil. Yield 1.24g,(10%); bep.110-112°/0,3mm.;
A (1.1.) 3480,1642,1600,1270,1150,908,820, and 755 cm.™';
n.m.r,(CDCIB)'T'SQEB(s, 3H, GHB)’ 6.29(s, 2H, benzylic CHE)’
5.38(vroad s, 1H, ¥imylic), 5.20(t, J=1.5Hz, 1H, vimnylic),
L.61(s, 1H, hydroxyl), 3.13-2,06(m, 6H, aromatics). (Found:

Cy84.,69%, H,7.01%, 914H140 required: C,84.80%, H,7.12%).

1,2-Dihydro=-2, 2-dimethyl=-naphtho~[ 2,1=b]=furan,

2-( 2=Methylprop-2-enyloxy)-naphthalene (3,8g.) was
pyrolysed under nitrogen at 200°C for 6hrs. and the product
purified by chromatography on silica eluting with benzene,

The first fraction was shown to be the desired product,
Tield 1.1784(31%); bepo99°/0c2mme; 150 1060595 mepell-42.5°
(ligroin b.p. 40-60°) 3 ﬁ)max(lof.) 1632,1601,1270,825 cm.-l;
n.mor.(CD013) ¥ 8,57(s, 6H, gem-dimethyl), 6.97(s, 2H, CHZ),
3.17-2.23(m, 6H, aromatics); N ___(BtOH) 240,271,281,295,
334,343, and 347?//(10g2f, [1481,3.5943.66,3. 54, 30 ity 3.4k,
and 3.h4).

The second fraction was shown to be the Claisen

rearrangement product which due to symmetry of the side chaim

is identical to the C-alkylated product above,
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Crotyl bromide,

But-2~enol (6.,0g.) in petroleum ether (b.p.40-609, 10ml,)

was brominated by the procedure of Bolleter et al.lqg.

Yield 7.98.(70%); b.p.103-5°/760mm.; n2° 1.4822; A)__ (1.f.)

1663,1460,1445,1215 and 980 cms T,

2~{ But~2-enyloxy)-naphthalene,

B-Naphthol (3.38g.) in anhydrous DMF (15ml,.,) was
alkylated with crotyl bromide (3.38g.) according to the
procedure given for the other halides, The product was
purified by column chromatography on silica eluting with
benzene, Yield 3.50g.(76%); b.p01230/bo5mm-; mepels®(bepe
40-60° 1igroin); ) (1.f.) 1675,1635,1603,1265,980,855,
and 760 cm._l; n.mor.(CD013) 7 8.27(d, J=4.5Hz, 3H, CH3),
50.48(d, with side splitting, J=4Hz, Z2H, CH2), L.2a(t, J=4Hz,
1H, proton f to oxygen), 4.21(q, J=4.5Hz, 1H, proton ¢ to CH3)’
3.00-2,17(m, 7H, aromatics). (Found:C,84,91%, H,7.09%,

Cl4qup requires:C,8408I%, Hy7.12%)

Pyrolysis of 2-(but-2-enyloxy)-naphthalene,

The ether (0,58g.) was pyrolysed in the usual manner
annd the product chromatographed., No stable compounds were
isolable but from the n.m.r., spectrum traces of the normal

cyclisation product were evident,
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5, ‘4 Cyclohexsnone derivatives.

MAnhydrodimedones,

The anhydrodimedones of the aromatic aldehydes shown in

Table 25 were all prepared viag the dimedone derivatives by

the method of Horning and Horning;.95

Table 25.

Melting points of dimedone and anhydrodimedone derivatives.*

Substituent Dimedone m.p., | Anhydrodimedone m.p.i
0-OMe 187-188° 190-191°
m-OMe 185-187° ()
p-OMe Thle1145° 252-253°
0-O 178-179° () 255° (©)
p-NO, 188-191° 227-228°
o-Br 194-196,5° (9 22, 5-226° ()
o~le 166-167° 213-215°
0-CL 201--203° 227-228°
0=0H - 204-205°

H 192-195° 204-206°
p-OMe” 1935°, 203-206° ()
;4 - 264°

* Al precursors apart from the halogeno and tolyl aldehydes

were readily available.

*#% Cyclohexane-l,3~dione adducts.,
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Analyses.
(a) .Found: C,75.58%, H,7.39%, CZQHZSOA requiress Cy75¢7 %y Hy7e42%e

(b) s Founds: C,66.70%, Hy 6,72, N,y3431%. Co3HaoNO, requires:
C,66.80, H,6.58%, W,3.3%.

(c),Found: C,69.48%, H,6.47%, N,3.39%, 023H25N'O5 requires:
Cy6908%hy Hy6437%, Ny3¢5U%.

(d) ,Found: C,61.59%, H,6.06%, Br,18.00%, 023H27Br04 requires;
C,6L.7%6, H,6.08%, Br,17.86%.

(e)«Founad: ¢, 64.54%, H,6.06%, Br,18.,7%%h, C,3H,5Br0; requires:

Cy 6o 36y H,y5.87%, 18.61%,

(f).Found: C,74.0%5, H,6,29%, CEOHZOOI,L requiress: C,74.06%, H,6.32%.

o~Bromobenzaldehyde diacetate,

This was prepared by oxidation of o-bromotoluene (10g,)
with chromium trioxide in the presence of acetic anhydride
(91ml.) according to the method of Organic Syntheses155 for
which the p-derivative is quoted, Yield 11.09g.(66%),

m.p.89—900(ethanol), (lit0156 IH.p.SLI--SGO).

o~Bromobenzaldehyde.

Hydrolysis of the above diacetate (5g.) by fhe method of
Organic Syntheses155 afforded the required aldehyde., Yield

2.218,(69%) 3 b,p662—64°/0.1mm.; n%l 1.5902; MePe22° o

o=Chlorobenzaldehyde diacetate,

Prepared as for the bromo compound from o-chlorotoluene
(11.1g.). Yield 13.4g.(63%); mepe56=~57°(ethanol); l)max(mull)

1748, and 770 cm.-l; n.m.r.(CDCIB)'7’7.94(s, 6H, acetates),
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2.71(s, 4H, aromatics), 2.22(s, 1H, bengzylic proton). (Found:
Cy Ste 6596, Hylhe 5%, CL,14o7h, CyqH; GO, requires: C, 5k 454,
Hylbo 556, CL,14.61%).

o-Chlorobenzaldehyde,

o-Chlorobenzaldehyde diacetate (8.46g.) was hydrolysed
by the method cited in Organic Syntheses.l55 Yield 3.43g.

(60%); bop.54°/0.25mm.; nSe 1,5600.

o-Tolugldehyde.

Chromyl chloride (1l3g.) in chloroform (25ml.,) was cooled
to 0°C in an ice-salt bath and a solution of o-xylene (Le55g.)
in chloroform (4Oml.) was added over 45mins, with stirring.
The mixture was maintained at 0°C for 90mins, and stirred for
" a further 12hrs, at 20°C after which the red solid complex
was cooled in ice and a little sulphurous acid added,

Sulphur dioxide was passed until saturated and the product
steam distilled. The aldehyde was isolated from the
distillate by chloroform extraction. Yield 1.48g.(29%);

Dpa82-85°/15mn.; n5% 1.5451.

azhgﬁn[fgj]mBenzaldehyde anhydrodimedone.
This was prepared by the method of Horning and Horning95

from 2,4,6—[2H3]—benza1dehyde, made as on pel195,

2-Phenyl-2~morpholino~acetonitrile,

A solution of benzaldehyde (5.3g.) and morpholine
perchlorate (10,3g,) in morpholine (50ml,) was stirred at 60°¢

for 45mins., After cooling, sodium cyanide (2,7g.) dissolved
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in a minimum of water was introduced and the solution warmed
to 80°C for 30mims, The mixture was cooled and poured into
ice~water, the precipitate being filtered and recrystallised
from petroleum ether (bop.60-80°), Yield 9.73g.(96%);

Mo Pa 670 5-68.5%, (118,777 m.p.68-70")3 n.m.r.(CDCL5) T 5.2

(tertiary hydrogen singlet),

2—Phenyl-z—morpholino—z—[fgl]—acetonitri1e7

53.3% Sodium hydride dispersion (2.7g.) was added to a
stirred solutionm of 2-phenyl-2~-morpholino~acetonitrile (6.08.)
in dry DMF‘(60ml°) under nitrogen, and after lhr, deuterium
oxide (6ml,) was added, After 5Smins. the solution was
neutralised with solid carbon dioxide, excéss water added
(200ml,) and the solid filtered off, Yield 4-38.(71%);
mop068—69°,(b.p.60~800 petroleum ether). This compound

showed no signal at T 5.2 in the n.m.r. spectrum,

qf-[_a_gl]—Benzaldehydea

2~Phenyl-2—morpho1ino~2-[aHl]-agetonitrile (2g.) was
refluxed with &N-hydrochloric acid (200mle) for 1hr. and the
solution cooled and extracted with chloroform, Evaporation
of the dried (Naasoq) extracts under reduced pressure gave
the labelled aldehyde. Yield 0,95g.(90%); V max(lefe)

1684 cm,-lo' The n,m,r. showed only a small signal at T 0.04.

gr[fgl]-Benzaldehyde anhydrodimedone,
This was prepared by the literature method 9? from

a-[aHl]—benzaldehyde, and had m.p.192—195°. D1,95-4%, Do,h.e%.
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[EESJ—Anisaldehyde anhydrodimedone.

A solution of amisaldehyde anhydrodimedone (10Omg,) in
anhydrous DMF (5ml.) was added to denterium oxide (2ml,) and
the mixture refluxed overnight in the presence of a little
triethylamine., The solvent was evaporated on an oil pump
and the residue retreated. Recrystallisation from ethanol
afforded the derivative with a high degree of incorporation,

D, 5=Dimethyle3-methoxy cyclohex=2-eneg~l-oume,

Dimedone (10g.), methanol (100ml,) and concentrated
sulphuric acid (1ml.) were refluxed overnight, After cooling
barium carbonate was added to meutrallise the acid and the
barium salts removed by centrifugation, evaporation under
reduced pressure and distillation gave the title compound,
Vield 6.37g.(57%); bopo78-80°/0.8mm.; 00 1.4960; A) __ (1.%.)
1663,1618,1472,1388,1230,1160,1028, and 838 cma™1; n.m.r.
(0014) T 8.94(s, 6H, gem-~dimethyl), 7.94(s, 2H, allylic CH,)
7.78(s, 2H, CH, adjacent to CO), 6.32(s, 3H, methoxyl),

4,80(s, 1H, vinylic proton).

5,5=-Dimethyl-~3~cthoxy cyclohex-2~cne-l-one,

This was prepared as above from ethamol (50ml.) and _
dimedone (5g.), Yield 4318.(68%); m,p.56~57°(ligroin b.ps

150-60°), (11tet2 m.p.58.5-59.5%).

Dy 5=Dimethyl~=3~-n-propoxy cyclohex-2-cnewl-one,

To a solution of n-propanol (1lOml,) in amhydrous benzene
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(50ml,) was added dimedone (4g.) and a little p~toluene
sulphonic acid (0.2g.) and the mixture refluxed under a
Dean and Stark head until no further water was collected,
The solvent was removed under reduced pressure and the '
residual oil distilled to a colourless liquid, Yield 3.91g.
(75%)3 bepsl5h°/Lomma; A) __ (1.f.) 1660,1612, and 835 cme™;
n,m.r.(CD013) T 9.02(t, J=6,5Hz, 3H, CH; of propyl groud),
8.92(s, 6H, gem-dimethyl), 8.25(sextuplet, J=6,2Hz, 2H, CH,
adjacent to chain methyl), 7.82(s, 2H, allylic CH,), 7.73(s,

2H, CH, adjacent to C0), 6.22(%t, J=6.2Hz, 2H, CH, next to

2 2

ether link), 4,70(s, 1H, vinylic),

5, 5=Dimethyle3-isopropyl cycloheX=lwecne=leone,

This compound was prepared as above for the ethoxy and
methoxy amalogues from isopropyl alcohol (40ml,.) and
dimedone (Lge)e Yield 1.58e(29%)3 MeDelb=L64s5°(bapel0~60°
petroleum ether), (1it.’”” m,p.47°); 4} __ (mull) 1640 and
1603 cme™t, This compound would have been better prepared

as for the n-propyl isomer,

Se H=Dimethyle=3~phenyl cyCloleX-~Z=chne=~1l=0one,

To the Grignard reagent formed from bromobenzene (4e06g0)
and magnesium (0,63g.,) in anhydrous ether (20ml,) was added
the methoxy enol of dimedone (Zg.) in ether (5ml.) with
stirring, After stirring for lhr, 2N-hydrochloric acid was
introduced amd the ether layer separated and washed

successively with water, aqueous sodium bicarbonate and
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water and dried. Evaporation gave an oil which was

purified by chromatography on silica eluting with chloroform.
Yield 1,828.(70%); bepe122°/0e5mme; mypeSh=55°(bupelio=60°
petroleum ether), (1i‘2:.:L60 m.p.54-55.50) \)Inax(l.f.) 1665,

and 1612 em,~T.

5, o=Dimethyle3-(p—anisvl)-cyclohex—~2~ene~l-one,

This was prepared as for the phenyl derivative from 5,5-
dimethyl-3~methoxy cyclohexenone (2.17g.) and the €@rignard
reagent from p-bromo anisole (5.2g.) using a nitrogen
atmosphere, Yield after chromatography 1.26g.(39%); m.p.
by 5-45,5° (Dapei0-60%petroleun ether); \J __ (1.£.) 1655,1600,

1370,1255, and 838 cm.™'; nam.T. (CDCL;) T 8.89(s, 6H, gem-

max

dimethyl), 7.69(s, 2H, CH, adjacent to C0), 7.40(d, J=1.2Hz,

2
2H, -allylic CHZ)’ 6.19(s, 3H, methoxyl), 3,65(t, J=l,2Hz, 1lH,
vinylic proton), 2.83(AB quartet, J=8,7 and 36Hz, 4H,).

(Found: C,78.45%, H,7.64%, 015H1802 requires:C,78.24%, H,7.88%).

3=Chloro~5, 5~dimethyl cyclohex~2-ene~l-onees

Dimedone (8.5g.) was suspended in dry chloroform (20g.)
and phosphorous trichloride (B.Sg.).added. After refluxing
the mixture on a steam bath for 3hrs, the chloroform was
removed and the residue poured into ice~water and extracted
with ether, The extracts were washed well with 2N-sodium
hydroxide, dried (CaCl,) and distilled. Yield 5.86g.(63%);

61 1,e109-110° /Lhrim, ;

1

bp.9L-92° /A3mm, s 057 1,4960; (1it.”
n20 1.4942); ) nax(lefs) 1680 and 1618 cmy”
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3=inilino~5, 5-dimethyl cyclohex=2-ene=lw~one,

This was prepared by azeotropic removal of water from a
mixture of dimedone (4g.) and aniline (6g.) in benzene (50ml,)
in the presence of a trace oflgrtoluene_su}phonic acid, The
product was isolated as usual. Yield 5.,88.(93%); mM.p.184-5°
(benzene); V) (mull) 3240,1600,1580,1505,1278,1250,780 and
715 cmo"l; n.m.rg(CDCI3) T 8.93,(s, 6H, gem-dimethyl), 7.83
(s, CH, adjacent to CO), 7.65(s, 2H, allylic CHE)’ Lo L6(s,

1H, vinylic), 3.02~2.57(m, 6H, aromatics + NH),

S=n=-Butylamino~5, 5~dimethyl cycloheX-2~ene=-lw=one,

Condensation of dimedone (4g.) with p-butylamine (2.,1g.)
as above afforded the required compound. Yield 5.08g.(92%);

162 o 5.128-5°) &) (mull) 3270

mop0123—4°(benzene), (1it,
1

max
and 1598 cma.

7}7~Dimethy1w5~oxo-5,6,7,8,«tetragydro- 439’10-chroman.

To_a solution of dimedone (2.,0g.) agd sodium ethoxidé
(from 0,36g, of sodium) in ethanol (EOml?) was added
trimethylene bromohydrin (2.0g.) at 5°¢ , After stirring for
20mins, the mixture was refluxed on a steam baith untill
precipitation of sodium bromide was complete. The liquid
was cooled, and after acidification with concentrated |
hydrochloric acid was. evaporated to small bulk. Water (30ml.)
was added to the residue and the product extracted with ether.
The extracfé were washed with 2N-sodium hydfoxide ané.water

and after drying evaporated to a colourless oil; On eluting
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through 4 silica column with benzene : 20% acetone
cyclisation was effected and the title compound isolated. _
Vield 1.32g.(51%)3 bep.66~68°/0,1mme; 03 L5174 A) __ (1.%.)
1650,1630,1405 and 1380 cm.™; Rem.re(CDCL5) T 8.92(s, 6H,
gem~dimethyl), 8,26~7.91(m, 2H, CH2 B to ether limk), 7.91-
7,58(m, 6H), 5.50(%, J=k.8Hz, 2H, CH2 adjaéent to ether link),

Found: 0573019%9 H98087%, CllH1602 requireS:C,73a30%, H,8¢9%c

225, o=Trimethyl cyclohexan~l,3~-dione,

Methyl iodide (38°4g9) was slowly added to a cooled
so;utiqn of dimedone (21g,) in methanolic sodium methoxide
(4Le32g, of sodium in 50ml,of methanol) and the mixture warmed
on a. stzom bath for 3hrs, The methanol was removed and the
residue ether extracted, The ethereal solutior was extracted
with 10% aqueous sodium bicarbonate and the solid obtained

rom the alkaline extract on acidificétion was recrystallised
from aqueous ethanol, Yield 126380 (53%) 5 m.p°163°,(litul63'
meps163°)s Trom the ether extract 2.2,5,5,~tetramethyl '
163

cyclohexan~l,3~dione (2.6g.) mnpa95m96° was isolated, (1lit.

Mepe99°) .

Attempted preparation of 3~ethoxy~-2,5,5~trimethyl cyclohex-
g-ene-l-one, | | ,

The above dionme (2.08g.) was added to am ice-cold
solution of sodium (0.62g. 2equiv.) in methanol (7ml.)
followed by ethyl iodide (he228. 2equiv,)s The mixture was

refluxed for 2.5 hrs,, the solvent removed and the residue
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added to water (3,5ml.). The aqueous phase was basified to

pH 9~10 with Z2N-sodium hydroxide and immediately extracted

with ether, After washing with water the dried (Na2504)
ethereal solution was evaporated to give a white crystalline
solid, Yield 0,58.(2%%); Maps71~7245";(bopas60~80°1igroin).

The n.m.r, and i.r. spectra showed this to be 2~ethyl-2,3,3~
trimethyl cyclohexan~1,3-dione, W) max(mull) 1710, and 1692
cm._l; nom.ro(CDCls) 79.20(t, J=6°8Hz, 3H, CHy of ethyl group) ,
9.13(s, 3H, CHB), 8.93(s, 3H, CHB),_8.83(S, 3H, CHB), 8.21(q,

J=6,8Hz, 2H, CH, of ethyl group), 7.43(AB quartet, A4H, CH,

2
adjacent to the carbonyls). (Found:C,72.58%, H,9.91%,

C11H180, requires:C;72,49%, H,9.95%5)

L4—Cyano=2, 2~dimethyl butaldehyde,

Michael addition of isobutaldehyde (60gs) to acrylomitrile
(100ml.) was effected by the method of Born gt a10164. Yield
66258 (6166); 1.D-88-98°/L.5mm,3 n2 1,4378,

2,2-Dimethyl glutaric acid.

The above cyanoaldehyde (6le5g0) Was gradually added to
a mixture of concentrated sulphuric acid (3lg,) and 65% nitric
acid (155g.) at 35-40°C after which the mixture was
cautiously heated for 2hrs, at 70=-80°C. (n.b., As soon as the
initial reaction starts cool rapidly until the vigorous
reaction dies down and then continue heating., For this scale
a 3L.flask was used.) The yellow solution was poured onto

crushed ice (70g.) and the white crystalline solid filtered
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off and dried in vacuo over CaCl,. TYield S5h.8g.(66%)3

m.po82-84°(benzene).

2,2-Dimethyl glutaric anhydride.

2,2-Dimethyl glutaric acid (48.58.) was refluxed with
an excess of acetic anhydride (300ml.) for 8hrs., and distilled,
Yield 32.180(75%6); bepo120°/5,0mm.

l-Carboxyethyl-l,l~dimethyl butyric acid?l65

2,2~-Dimethyl glutaric amhydride (320.3g,) was ¥efluxed
with ethamol (50ml) according to the procedure of Champagne
et al.70% . vield 18.1g.(4%%); bepel32-136°/2.0mm.; na> 1.4410;

(11te bops120°/L.6mm.; Bt 1.4395).

l-Carbethoxy~l,l-dimethyl butyryl chloride,

The above mono ester (17g.) and thionyl chloride (14.98.)
were stirred at room temperature for 15hr$. and distilled.
. 1
Yield 16.1ge(86%); bep.80-—820/l.7mm.3(lit.—65 b.pa'?Oo/l.Zmnh.)

2—Carbethoxy—2—methyl—5—oxnuhexane,165

This was prepared by the method of Champagne et al.l6b

from l-carbethoxy-l,i-~dimethyl butyryl chloride (15.6g.) and
the cadmium Grignard reagent from methyl bromide. Yield 11,6g.

(83%); b.p.8l—87°/2mm., (1it. b.p.72°/2mm.; n§4 1.4347)

L, b=Dimethyl cyclohexan~l,5—dione.99

To a suspension of potassium t-butoxide (from l.64g. of
potassium) in anhydrous ether (50ml,) was added gradually

with cooling the keto ester prepared above (10.6g.) im dry
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ether (15ml.), and the mixture stirred at room temperature
for 12hrs, After refluxing for 1.5 hrs, the solution was
decomposed with 2N-hydrochloric acid {45ml.) and the ether
phase separated, washed with water and dried (Naasoa}a
Evaporation afforded the title compound. Yield 6.08.(75%5);
MoPol03~104°{b.p.,60-8C petrcleun ether), (1it°165 MmePol05°)

2, 2-Dimethyl=5-isobutoxy cyclohex-5=-ene~l-one,”?

The above diome (1l.65g.) was refluxed under a Déan and
Stark head with isobutanol (1.10g.) in benzene (35ml,)
containing a little p-~toluene sulphonic acid for 8,5 hrs. and

the enol ether distilled direct.as a colourless oil. Yield

1o94g. (84%); b.p,100-102°/0.8mu.; n5o 1.4870, (1it, bup.115°

/3mme ngl 1.463)s The n.mer, showed the absence of the

alternative isomer-

99

3,4, b-Trimethyl cyclohex-2-ene~lwone,

99

This was prepared according to the literature procedure
by reaction of methyl magnesium iodide (from 0,90g, methyl
iodide) with 2,2~dimethyl-5-iscbutoxy cyclohex~5~ene=l-~one
(0.80g.). The product was purified by chromatography on
silica eluting with chloroform. Yield 0.39g.(70%); bep.105°
/i5mm.; 677 1.4868, (1ite b.p.93-95°/10mm,; n5 1.4840). The
ncm.r.(CD013) showed the vinylic methyl group at ”T'S.ll(d,
J=1Hz,); a) nax(le £-) 1670, and 1618 cm,"l; HmaX(EtOH)

236m A (log € ,4.18).
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L Lh-Dimethyl-3-phenyl eyclohex—2-ene-l-one,

This was prepared as above from phenyl magnesium iodide
and 2,2~dimethyl~5-isobutoxy cyclohev-5-~ene=l-one (0.8g.).
The product was purified by chromatography on silica eluting
with chloroform. Yield 0.37g.(L5%); b.p.124°/1,5mm,;

n%o 1.5628, (1it.166 b.p,124-126°/2mm,); %)) maX(1.f.) 1678,
1610,888,770, and 712 cm, %

6,6—[5&2]-4,4-Dimethyl—51pheqyl cyclohex=2-~-ene~l-one,

The above cyclohexenone (1l5mg,) was refluxed for 2hhres.
in deuterium oxide (3ml.) containing sodium metal (5mg.) and
stirred in the presence of chloroform for a week. The
heterogeneous reaction mixture was acidified with deuterio
sulphuric acid and the chloroform layer separated, dried and
distilled, Yield 12mg.(80%). The n.m.r, spectrum showed no
signal at T 7.60-7.27(m) and the signal at T 4.22 was also

considerably reduced, D3,36.9%, D2,58.0%, Dy 53U, DO,Z.E%.

L, h=Dimethyl-=3=cthoxy~cyclohex~2~ene-~l—one.,

4,4~Dimethyl cyclohexan-l,3-dione (l.35g.) was converted

to a 50% mixture of the two ethyl enol ethers according to

65

the procedure of Champagne4et al.l » The two isomers were

effectively separated by preparative gosl.c, on a 9uetre
methyl silicone gum columm column at 15000. The title
compound had b.p.84=86°/0,8mm.; N (1.1.) 1655,1610 on.™;
nem.r. (CDCL ;) Y 8.88(s, 6H, gen~dimethyl), 8.64L(t,J=7Hz, 3H,

CH, of ethyl group), 8.,18(t, J=6Hz, 2H, CH, B to carbonyl),

3
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7.61(t, J=6Hz, 2H, CH, o to carbonyl), 6.08(q, J=7Hz, 2H,

CH

> of ethyl group)., 4.73(s, 1H, vinylic proton).

29410 6o a14n,

Naphthalene (12.8g. O.,lmole) was reduced with lithium
(8.3gs 1,2g.atom) in anhydrous ethylamine by the method of
Bakeser EE“§L416? to a mixture of 37 gng £>9,10 octalins,
9.28s Treatment of this mixture with phosphoric oxide (5.3g.)
for zhrs. at 140°C then afforded the £399%0 ootalin in high
purity. Yield 5,08:(37%); b.p.80-82°/13mn.; n%3 1.4928,

(11,167 b,p,192-5°/760mm, )

1=Bromo-~ 439’10_octalin.

45.9’1O-Octalin (5.0g.) was dissolved in anhydrous
benzene (20ml.) and a little benzoyl peroxide (0.06g.) was
introduced, The solution was brought to a vigorous reflux
and N-bromosuccinimide (6.5g..,slight excess) together with a
little benzoyl peroxide (0,06g,) was added as rapidly as the
frothing allowed (ca. Smins.). After refluxing for a few
ninuits the solution was cooled in ice and the precipitated
succinimide filtered off, The solid was washed with a small
anount éf cold benzene and the filtrate evaporated to a

yellow~brown oil (7.64g,, 96%) which was used in this state.

Ly 9’1O-Octalin—1-oneo

The crude bromo compound (3.64g.) in tetrahydrofuran
(12.5ml.) was added to a 2molar excess of agueous sodiun

bicarbonate and stirred at 25°C for 20hrs. After dilution
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with water the product was extracted with ether and the extracts
dried (Nazsoq). Evaporation gave an oll which t.l.c, showed

to consist of three components, Chrematography on silica
eluting with benzene : 5% acetone gave the desired compound

as a colourless oil. Yield 1.72g.(68%); Db.p.62°/0.2mm.;
168

n%o 1.5308; Q)max(1°f°) 1665, and 1630 cm:l s (1it, bopo 67
69° /0s1mma; nS 1,5241).

lJL—[EEEJ-n-Propanola

. To a slurry of lithium aluminium deuteride (1.0g.,1C%
excess) in anhydrous ether (25ml) was added with stirring a
solution of propionic acid (2,1lh4g.) in ether (25ml.) at such
a rate that the ether gently refluxed, After the &addition
was complete the mixture was vigorously stirred overnight
and just sufficient water to decompose the complex added (ca.
3ml.)s The precipitated alumina was filtered off and the
ethereal solution dried (Naasoa) and distilled. VYield 1,38z

(77%); 4pa90~9L°/760mm.; ) | (1.2) 3500 om, ™"

§-(l,l~[f§2]—n—Peroxy)-5,5mdimethyl cyclohex-2-ene-l.-oneg,

[2H2]-Propanol (1.38g.) prepared as above was refluxed
for 8hrs with benzene (25ml.,) and dimedone (3,lg.) in the
presence of a catalytic amount of p=-toluene sulphonic acld,
the water being removed by activated type 3A molecular sieves
contained in a Soxhlet thimble, Distillation gave the
requisit derivative., Yield O.6L4g.(16%); bop-146°/15mm.;

20 1.4895. The n.m.r. showed no signal at 7~ 6.22.

By



243,

2,21ffﬂ2]-n-Propanalo

Propangl (4.5g.) dried over Casoq, was added to deuteriuﬁ
oxide (15ml.) containing pyridiné’(6;75ga) and the mixture
heated to 100°C in a Carius tube for 15hrs. Distillation
under nitrogen through a 5" Vigreux column and collectionm of
the‘distillate at —30°C afforded the partially labelled
aldehyde which was recycled with a fﬁfthefféﬁ;ntity of
deuterium oxide (15ml.). Vield 1.62g.(3l%); a low yield due
to considerable resinification. The ﬁ;m.r. showed 97. %

incorporation of deuterium.

2,2~[f§2]-Proganol.
Reduction of the above aldehyde (1,06g.) with lithium

aluminium hydride (0,18g.,10% excess) in ether (20ml) gave

the title compound. Quantitative yield, b.p.90--98°/760mmO

§:(2,2—[Ega]~n~Propoxy)—5,5—dimethyl cyclohex~2-ene-l-one,

Dimedone (2e34g.) was condensed wiﬁh the above alcohol
(1.06g.) according to the procedﬁre cited for the other
deuteriated analogue, p.242. Yield 0,2108.(15%); b.p.142-4°
/l5mm, s mgl 1.4939. The n.m.r. showed the absence of a

signal at T 8.25. D,598+5%, Dj,l.%, (mass spectrum).

ng;g—[Egﬁ]-Ewhyl iodides

[2H4]—Acetic acid (4.2g.) in anhydfbusvether (10ml,) was
added slowly to a stirred suspension of lithium aluminium
hydride (2.06g., 10%. excess) in anhydrous ether (30ml.) and

the mixture stirred overnight at 20°C, Sufficient water to
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destroy the complex was added and the azeotrope of water/
ethanolv(b.p.SO-lOOO) distilled out, 55% Aqueous hydrogen
iodide (15ml.) was added to the distillate and the mixture
refluxed for lhr. Slow distillation at 60°C through a 15cm.

column over 70mins, gave the crude iodide, Yield 2g.(50%)-

2,2,-[333]-Propanol.
The above iodide (2g.) was dissolved in ether (1Oml.) and

added to dry magnesium (0.3480,10%‘excess)o The Grignard
reagent so formed was added to a slurry of solid carbon
dioxide (4g.) in ether (10ml.) and allowed to stand for 1lhr,
Agueous sulphuric acid (20%, 10ml.) was added followed by
silver sulphate (3g. to destroy iodine) and the acid isolated
by continuous ether extraction overnight. After drying and
evaporation the acid (gg.lag.) was reduced with lithium
aluminium hydride (0.8g.) and worked up as for the other

deuteriated alcohols, Yield 0.67g,(85%5 overall),

5,S-D;mgthy1:3—(ij3,3—[533]—n-propox?) cyclohex~2~ene-l~one,

This was preparedas for the other deuteriated derivatives
from dimedone (1.34g.) and 3,3,3m[2H3]~gfpropanol (0.67g.)
Yield 0,125g.(14%). The ne.m.r., spectrum showed no signal at

T 9.02, D3,95.2%, D2,4.8%, (mass spectrum),
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5 . 5 Mass spectira.

Mass specira were optalned with an A.E.I., MS 9 double
focussing instrument, operated at 8kV accelerating voltage,
70eV ioniving voltage and lOiﬂA.trep current. High
resolutiicn mass measurements were made using heptacosafluorotri-
n~butylamine as a mass standard, with a resolving power of
between 7 and 13 thousand. M1 samples were ilnserted via
the heated inlet system except for the anhydrodimedones which
were directly inserted in the ion beam using a ceramic probe,
the conditions used being those of minimum temperature
sufficient to produce a sufficlent vapour pressure in the

sample,
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