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ABSTRACT

The infrared spectra of a number of
cisoid and transpid f-unsaturated ketones have
been examined. The relation between stereochemlcal
fine structure and the positions and intensities of
the C=0 and C=C stretching vibrations =are given.

The effect of tyne and position of the substituent
groups at the C=C bond of a number of cyclopent-2-
enones, cyclohex-2-enones, o(f-unsaturated esters
and lactones on the relative intensitizs of the
C=0 and C=C band have been studisd.

The inhiblticn of mesomerism due to non-
planarity of the chromophores C=0 and C=C as a result
of steric effzcts or ring size can be detected in
the ground state as well as the excited state.
Cycl-2-encnes, benzeyclanonses, some bridged compounds
and a number of substituted acetophenones are given
as examples. In case of acetophenones, the absorption

due to the n-%* transition of the carbonyl group can



give some more information on the stereochemistry
of the chromophors.

I'he structura of phorone and its dibromo
and bromohydroxy derivatives haves been re-examined,
and the correct structurass are given on the basis
of the spectral measursments of these and some othar
model compounds.

The ultraviolet and nuclear magnetic
resonance spectra of the above mentioned ketones

are regported,
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During the last twenty years, a considerable
amount of work has besn done to find relationships
between the stereochemical fine structure of unsatur-
ated compounds, mainly conjuzated carbonyl compounds,
end taeir ultroviolst and visible light absorption.

On tae otaer hand the application of infrared spmectro-
scopy to such problems seeus to be linitel to the
last few years.

Oir the basis of ultraviolet spectra, it has
been shown that the intensity and position of conjugz-
ated bend (K-band) is dependent on some steric factors.
For example, Kochl, in 1942, noticed that 2-methyl-1-
acetylcyclohexene absorbs with unexpectedly low
intensity, although at the expected wave length,
compered with acetylcyclohexans and acyclic
A% f-unsaturated xetones. He attributed this result

to a sterlc effact.

COCH COCH
| e
CH._
2
‘>max 2308 (imax 12,500) ‘)nmx 2450R (Emax6500)

I II
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In 1)48, Braude: 2=% and his coworkers
reopened discussion of the anomalous light absorption
of this and other cyclohexene derivatives, and sub-
sequently published & number of papers and reviews.
Brayde classified steric effects in ultraviolet
spectra into two types, type 1, =zxemplified by the
conjugated ketones, occurs when stesric hindrance to
planarity of the chromophore is weak, and is chara-
cterized by a decrease 1n absorption intensity only.
Type.2, exemplified by o-alkylated diphenyls, occurs
when steric hindrance is strong, and is characterized
by hypsochromic shift as well as a decrease in
absorption inteusity.

There has been considerable disagroesment
about the prefsrred conformation of 2-methyl-1-
acetylcyclohaxene. It was considared by Turner and
Voitle 7 to exist mainly in an enforced g-cig
conformation, since it was known that ethylenic
katonzss with fixed s-cig conformation have lower

amax values than g-trans compounds due to the smaller
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chromophore length and transition moment. In 1355,
Brande ané Timmons 3 argued that the decrease in
o max of 2-methyl-l-acetyleyclohexene could be due to

steric hindrance of the g-trans conformation with an
interplanar angle, O, between the nodal planes of the
C=C and C=0 groups of 45° and that such a conformation
would have lower potential energy than a planar s-gis
conformétion. This argument was supported by the fact
that the calculated values of @ for 2-methyl-1-
acetylcyclohexene and 2-methyl acetophenone were very
similar, and that there is no question that the ortho-
effect in the latter is due to non-planarity and not
to gs-cis and gs-trans isomsrism. Supporting evidence
from the infrared spectra was given by the latter
authors. On the basis of a small number of compounds
they claimed that the difference in frequency (AV)

. between the two bands (C=0 and C=C) was characteristic

of the single bond conformation, g-gis compounds

having A V>70 em™L and s-trans compounds 4V 70 em™ L,

It has been mentioned that the infrared spectra of some
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ot e o et

charact:rized by absorption bands for C=0 and C=C
which are of nearly equal peak height ({5a) whereas
stronzer. On the basis of the measurements of fre-
quencies and peak heights cf some fixed s-c¢is and
s-trans compounds, Erskine and Waight ? showed that

_— ey

2-methyl-l-acetylcyclohexene has the s-clis structurs.

Mecke 2nd Noack 10,11

have shown by infra-
red and ultraviolet measurements of simple@{ﬁLunsat~
urated ketones, that the two conformational isomers
positions znd intensities of the C=0 and C=C bands on
the following basis: (i) the ketones showing no
steric hindrance in the planar g-trans configuration
have C=0 stretching frequency <160 cm™l, higher
intensities than the mean values of the measured
unconjuzated ketones, and relatively higher C=C

frequencies, (11) the ketones showing steric hindrance

or having a fixed s-cis configuration have C=0
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frequencies between 1700-1690 cm'l, lower intensities

than the saturated ketones, and lower C-C frequencies
than class (1).

Additional examples have been given by
12

-

Timmons and drskine and Wgight 13. The infrared

and ultraviolet spectra of some fixed ¢lspid and
latter authors, and their results agree well with the
data of Mecxe and Ncack. They further found that the
ratio of the integrated band intensities of the C=0
and C=C stretching vibrations gives the most certain
indication of the geometry of the chromophore, being
low in cisoid and high in transoid structure. The
ratio depends on the nature and position of the sub-
stituents at the C=C band. For alkyl and vhengyil
substituents it lies between 0.6 and 3.5 for cisoid

and 1s greater than 6 for transpid systems, but more
strongly electronegetive groups may give different
results. On this basis they were able to determine

the preferred conformation of the compounds which have
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a labileg structure by comparing thes values of the
ratio of the integrzted band intensities of the C=0
and C=C stretching vibration and the difference in
freguency (AV=L6=O-'Vc=C) of these ketones with

We have extended this work by studying the
infrared spectra of a number of cyclopent-2-enones
and cyclohex-2-znones with different nature and
position of the substituents at the carbon-carbon
double bond. The results obtained from these and
other qwfunzaturated ketones were used to elucidate

the stereochemical fine structure of some non well

identified conjugated ketones.
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OF _CARBONYL FREQUANCY SHIFTS
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Intreduction
In general the approximate vibrational

frequency of a link AB is determined primarily by the
glasticity of the bond as measured by the force con-
stant, and by the masses of A ypd B. In such a simple
diatomic molecule, the only vibration which can occur
is a periodic stretching along the A-B bond. Stretch-
ing wibrations resemble the oscillations of two bodies
connected by a spring, Hooke's law being epplicable,

in which the vibrational fregquency (cm'l) is given

by
1
v= L. (£)° (1)
2YC ‘u
where ¢ 1s the velocity of light, f the force con-

stant of the bond, and u the reduced mass of the

system, as defined by
mE

MeE
mp + My (2)

whare my and my sirs the indivicual misses of 4 and

B,
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Stretching vibrations of individual bonds
within more complei molecules may be considered simi-
larly, though other vibrations become possible and
absorption band fraquencies are influenced by other
factors. Som2 of these factors are concerned with the
external environment of the vibrating group, and these
include such effects as changes of phase or of crystal
form, the influence of solvents and the occurence of
hydrogen bonding. Others arise internally and ralate
to changes in moleculer geometry, or in the masses of
substitusnt groups, the affect of steric strain and
the electrical influences of the substituent groups.
These factors have been discussed by Joness and

1h 15

Sandorfy and Bellamy , and additional recent raf-
grencas are given in this section.

Factors_affecting the Freguency Shifts

(a) Zxternal Factors

(1) Solvent affects
The carbonyl band is more sensitive than most

bands to change in the physical state of the compound,
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although less so© than the O0-H stretching vibration.

A compound always =xhibits its highest carbonyl fre-
quency in the vapour state in which a molecular
vibrator can be regarded as being zssentially free from
the influence of other molecules. In the liqulid phase
the highest values are observed in solvents of low
polarity such as carbon tetrachloride or carbon di-
sulphide. In more polar solvents such as chloroform,
the maximum is displaced to lower frequencies, the dis-

placement (AY= V. __ -V

ia ide r
vap soln) variazs considerably fo

different kinds of carbonyl groups and it is not possi-
ble to apply a gsneral solvent corraction.

Barly work relating to solvent effects on the
carbonyl stretching frequency has been discussad by
Jones and Sandorfy 1h.

One of the simplest and earlisst attempts to
explain the considerable changes of frequency which occcur
in the vibrational spectrum of a molecule on going from
16

the gassous to the solution phase, was that of Kirkwood

and of Bauer and Magat 17. This was basad on the model
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of an oscillating point dipole in a spherical cavity
in a continuous dielectric medium. The frequency of
the oscillator was modified as a result of the field
acting on it, owing to polarization induced in neigh-
bouring molecules by its own charge distribution. The
treatment led to the well-known Kirkwood-Bauar-Magat
(KBM) relation:

AV/V = C(E-1)/Q31) ‘ (3)
whare AV is the change in frequency on going from
vapour to solution phase, V is the vapour-phase fre-
quency , tvis the dielectric constant of the solvent,
ahd C is a constaht. The applicability and limitations
of this model have subwssquently been examinad in con-

sidarable detail by Pullin 152

who applied essentially
the same treatment as Bauer and lMagat and derived an
equation for the diatomic vibrator, which was extended
to polyatomic moleculss. Approximate numerical cal-
culations showed that the predicted frequency shift,
e.g. in ‘bb:O of acetons is about one-half of that

18b,c

observad. Subsaquently, Pullin showed that
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for acetone the carbonyl frequency varied linearly
with the function

[(n2-1)/(2n®+ )R] 4 [B({-1)/(28+1)R] (M)
where n and{. are the refractive index and the di-
e¢lectric constant respectively of the solvent, B is
a constant for sach particular solute mode, and R is
a solvent-dependent radius.

Buckingham 19a using a model similar to
firkwood, derived the equations:

kvv= cp 4 %(c2+c3)(£;1)/(2a¢1) (%)

which is applisd for non-polar solvents, while for

solvents with a dipole

AV = c) + C, (6-1)/ (281 )04 (n%-1)/ (2nPh)

* 9@ (6)
where Cl’ 02 and C3 are constants depending on both
solute and solvent. In later papers 19b,c an axten-

sion to polyatomic moleculas was considered, in
addition to the application of the method to intensities
and band widths.

The validity of the XBM equation has been
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tested by many workers. Bayliss, Cole and Little 20

measurad ths frequencizs, intensities and half widths
for C=0 and some other bands in a range of solvents and
found the azquation inapplicable as also did Archibald
and Pullin 21. Josién and her coworkergzin particular
have examined the £BM r=lation, which was found to be
satisfactory for XH vibrators only in a few non-polar
solvents, s.g. carbon tetrachlorids. Daviation from
the equation was attributed to complex formation and
this was confirmed by the prssance of two XH stratch-
ing bands in mixed solvents. Subsequently, equilibrium
constants were determined 23.

A different approach has been employed by

Bellamy and his coworksrs 2k

y in which the frequency
of fhe C=0 group of a wide rangz of compounds have
been studiad in many solvents. The frequency shifts
all follow a common pattern and sesm to be produced
mainly by local association effects, and not by di-

elactric constant factors. The relative sensitivitias

of C=0 group to solvent effect have been measured in
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this way. The rasults Lére later extended 25 to
groups of the type X=0, where X=N,P, or S. In all
these casces it was found that D V/ LV for a series of
solvents gave linecar plots against AV/V for a
standard C=0 compound, iniicating tanat the mechanism
of association with the solvent was the same. Further,
it was found 26 that in a series of acetyl derivatives
of some N-heterocyclic compounds the C=0 solvent
sensitivity increasad steadily in the order of increas-
ing C=0 dipole. When the vibrating group is already
associatad as in carboxylic scid dimers, local
association with the solvant is nsarly negligible
and the frequency is virtually solvent-insensitive,
Recently, Kagraise and Whitsel 278 hava
studiesd the solvent effects on the infrared frequencies
of the carbonyl bands of ketones, and their rasults
support Bellamy's proposal that frequency shifts
observad upon passing from one solvent to anothar
are determined predominantly by specific intzractions

between the solute and tha solvants. Further they
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have suggested that anon-dipolar intaractions such as
dispersion forces, may contribute to sclvant-induced
frequency shifts.

The strongest evidence advanced in support
of local solvent-solute associztions is the occurrence
of multiple bands at invariant frequencies in mixed

solvents 27b’c.

Bulk dielectric theory, on the other
hand, predicts a single band with shifts in frequency
according to the composition of the mixture.
Successful attempts have been made by
Caldow znd Thompson 23 to interprat fraquency shifts
by taking into account bhoth dielecetric =ffeects and
spacific interactions. They have proposed an equation

of the form:

£ 2 ;
~ = - =] n--1 ;*
AV 7V= cysc, 2611 T C3 2n41 o )

*
whare C's are solute - dependent constants, & is the
Taft inductive factor 29,30 and &and n are the di-
elactric constant and index of refraction respectively.

The first three tarms have been derived by Buckingham l9a,
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under the assumption of diatomic os@cllator.

Though solvent shifts of infrared bands are
not often related to those of ultraviolet bands, Ito
et 2l 312 have shown that, for ketonss, (OWV) .,
for the infrared bands give a linear plot against a
similar function for the n-ﬂ? transition. This is
attributed to solute-solvent association in the ground
state only, since on 1’1--7{':,"r excitation the dipole of
the carbonyl group becomes very small. Becker 31b
has similarly interpreted the behavicur of benzo-
phenone in various solvents.

Solvent =ffects have been used extensively
for diagnostic purposes. Thus the AY/V values for a
band should whan plotted zgainst those of a standard
band e.g. \JC:Oof acetophenone give a straight: line
Ouly if the band arisazs from a2 dipole similar in
structure to the standard. This has bzan used to show
thet one component of tha C=0 doublets in cyclopant-
anone 32&, certzin cyclopent-2-enones 32b, most

°<ﬂ-unsaturated fiye and six-membered 1actones32d,
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sone oLf-unsaturated cyclic ketones 32d, substituted

benzoyl cinloridss and benzoyl bromides 328, and some
p-quinones 32f results from permil resonance of a
combination band with the fundemental, while in a

33

series of esters of the type R.N(NOZ).CO Et”- and

2
some substituted ethyl acetates (e.g. mono halo and
dihalo) 3% it is the result of rotational isomerism.
Rotztional isomerism has been studied in a number of
cl@ses, change of solvent usually alters the ratio of
isomers and it 1s possible to meke deductions on the
conformation of isomers. Substances examined include
X -halo ketones 35&, A-chloro and =-bromo cyclo-.

35b,c, and <<A~bromocyclooctancne 37d.

hex:iicne
Other studies involving carbonyl assighment

*
based on solvent shifts have been made in saliceylal-

dehyde 36a 36b,c 363.

, Pyridons , and pyrones
Recently, Noack 3/ has shown that the fre-

cuencies of the carbonyl and C=C stretching bands of

= F-unsaturated s-¢cis ketones have solvant dependence

different from that of the same bands in s-trznsg ketones;
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in g~cis ketenss the carbonyl bands are less shifted
in chloroform sclution from their position in carbon
tetrachloride solution then are the carbonyl bands
in g-trans ketones.

In the spectra of crystalline sclids, the
C=0 frequencies are displaced to lower values as a
result of the lattice fields on the C=0 force constant,
and true intermolecular association. In the absence
of hydrogen bonding, the carbonyl frequencies in the
crystal cften approximate to the valuss obtained for

solutlicns in chloroform or other polar solvents.

(ii) Hydrogen bonding effects

Hydrogen bonding has a large influsnce on
the properties of compound and has been frequeantly
investigated by infrared spectroscopy 38'h0.

A strengly polar group with "exchangeable"
hydrogen, such zs OH or NH as a proton donor, and

another group such as C=0 with easily polarized

glectrons, as a proton acceptor, are required for the
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fermation of hydrogen bonds. Intermclecular and
intramoleculcr hydrogen bonds must be differentiated.
The fcrmer involve the interacticn between two or
more different mclacules which satisfy the above
conditions; these can be molecules of the same kind
or different, e.g. thoss of solute and sclvent com-
pounds. Intramolecular hydrogen bonds are formed
when twe suitable groups are situated at the correct
dlstance within the same molecule. The well-known
assoclaticn of the alcohols and of carboxylic acids
are examples of intermclecular hydrogen bonding.
Intramolecular hydrogzen bonding is also ‘tnown as
chelation and is found e.g. in enclized diketonss.
The existence of hydrogen bcnds causes a
displacement of the bands associated with the donor
and acceptor groups. In compounds containing the
structure -0-H..,.0 = C -, the C=0 stretching fre-
quency 1s usually displaced tc lower freguencies.
The strong hydrogen bonding which occurs

ih the carboxylic acid gdimer III causes a lowering of
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0. ..H—0
4
R—C //C——R
\\0 —_H . . .0
I11
about 50 cm'1 cf the carbonyl frequency. In the

infrar:d spectra of dilutae solutions of most primary

carboxylic acids in non-polar solvents there is a

1

weak band near 1760 cm™ ~, usually attributed to a

small proportiocn of the monomeric form, and an

L due to the bended

intenss band near 1703 cm™
carbonyl of the dimer III. A weak absorption band

has also been reported near 1715 em™ in acetic

acid, and structures IV 41 and V 42 hawe come under
cchnsideration.
I LN /OH Ce CHz\C,f 1760 cm.”t
V4 =
\c \c !
é | CH, H-0
H, CH, \9:0' 1
H-0" ™....1715 cm.
v \

In certain solvents, such as dioxan, only
a single carbonyl frecuency is shown, which was
attributed to the axistence of the acids as free

monomers in this state h3.
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In the infrarzd spectra of crystalline
fatty acids there is no evidenca of any monomer

1

band, the dimer band occurs at 1705 cm ~ in the

acids of odd chain length and at about 1700 cm™t

in tha acids of even chain length hh.
A typical example of hydrogen bonding
in steroids containing the <-hydroxyketo group
was observed by Jones and Sandcrfy 1? An additional
band other than the normal carbonyl absorption
appeared at lower frequency which ¢an be attributed
to the displaceq\?ig(y%afation in the hydrogen
bondad structure § 0 . This interpretation is
/—{ L
supported by the - fact that the intensities
of the free and asscciated O-H stretching bands in
this case are comparatively insensitive to concentration
indicating that the hydrogen honding is intramolecular.
Rasmussen et al 45 havae described a chelation
a@ffect in certain /?-diketones which gives rise to a
very ccnaiderable shift in the carbonyl frequency.

Both acetylacetone and dibenzoylmethane are known from
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Raman and chemical evidence to exist in the monoenol
form, but neither shown any band corresponding to a
nmormal conjugated ketone. Instead a very broad band,
estimated to be more than a hundred times as streng

as the normal carbonyl vibraticn, is cbserved in the
range 1640-1540 ecm™l. These werkers believed this
absorption tc arise from a carbonyl group which has
1ts double-bond character reduced by resonance between

the forms VI and VII

+ -

OHO e - .0 OHo . . oO

A | .

R—C==CR—C-—R and R-—— C—CH =—C —R
V1 VII

This conjugative chelation is differentiated
from normal hydrcgen bonding such as that given by

diacetone alcohol, and can arise in any structurs
X.H

A

C=C=- in which X and Y can act as zlectron dcnors
or acceptors, and a number of sxamples have been
studied. In all these cases very large changes in
the OH region of the spectrum lend support to the

view that the bonds produced are very much stronger
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than normal hydrogen bridges. Similar chelation

affects in esters have also been described by

L6

Rasmussen and Brattain The extent of the car-

bonyl frequency shift has been shown to he a direct
functiocn of the double-bond character of the o4 link.
Other instances of enolic (®-diketcnes showing

%9

chelation have been discussed by Shigorin , and

Park, Brown and Lachar 50, who were able to show
that disubstitution of the central methylene group
prevented enclizaticn and gave rise to normal carbonyl
frequencies.

Chelaticn has been also cbserved in aromatic

51

compounds. Gordy has reported the carbonyl

abscrpticn of o-hydroxyacetophenone to bs at 1639-

1 52

1613 cm” ~ and Hunsberger has examined a number

of naphthalene derivatives in which he has feound
frequency shifts of 50-60 em™1! due tc this effect.
Other studies cf this effect have been carried out by

54,55

Flett 53 and other investigators for crystalline

hydroxyanthraquinones. These measurements showed that
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hydroxy grcups in the 1-, 4-, 5- and 8- positicns
causa the carbenyl fraquency tn diminish whereas
hydroxyl substitutéon at the 2-, 3-, 6- ahd 7-

positicns has no affect.

(b) Intgrnal facterg

(i) Steric strain

The effect of steric strain on the C=0
stretching frequency is mest clearly demonstratad in
small rings. Friess and Frankenburg 56 raccrded that
cyclobutanone absorbs at 1784 e~ L. Lecomgte 57 has
rzported the infrared C=0 stretcning band in cyclo-
pentancne at 1742 crn'l and in cyclohexanonz at 1718 cm_l:
This marked difference has been used for the differ-
entiaticn between the carbonyl grcups associated with
flve-membered and six-membered ring systems. Numerous
examples have been given by Jcnes and Sandorfy 14, for
instance a difference cf 30-40 em™! has been found

betwean §- and J-lactones and lactams. Rings with more

than six members are capable of some degree of internal
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ad justment tc reduce tﬁe strain, and these show normal
frequencies. Friess and Frankenburg showed that very
small changes toosg place in six, seven and eight
membered ring systems and that the frequencies 4id not
parallel the carbonyl reactivities.,.

Prelog and GUnthard 58 observed that the
carbonyl stretching frequencies in large ring ketones

1 for ten to

rezach minimal values of abcut 1695 em”
twelve T2mbered rings and then incrzase again to
1707 en™L in cyclotridecancne. Parallel results have
been cbtained in very large ring systems dsrived from
benz: — cyclanones 59.

Theoretically tha affects cf ring strain
probably dcepend on the change in the C=0 force constant
as a result of mcdification of the & -bonds. Koch and

collabocrators 60

62

61

, gucting Coulzon and Mcffitt, and
W
¢

Férster y have pointed out that for cycloprane and
cyclebutane, quantum mechanical calculations show that
the ring strain induces changes in the carbon ¢ -valency
orbitals having the effect cf strengthening the exc-

cyclic bonds and weakening the cyeclic bonds; an
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extrapolation tc include the five membered ring
system provides a rational explanaticn of the
enhanced frequencies of double bende exceyelic to

small rings.

(ii) ZElectrical effacts

Inductive and mass effects of ok -substitution

It has been kncwn for many years that the
carbcnyl frequency of mclecules of the type COXY
(X and Y being a single atoms) 1s almost insensitive
to variation of the masses of X and Y 63. Halford 6k
has shown that the carbcnyl frequency deces nct change
much as the masses c¢f X and Y are increased from
10 atcmic welght units to infinity and that the
ccrresponding frequency of a symmetrical mclecule
(MC)2CO (MC being attached to the carbonyl by a
normal single bcnd) 1s iansensitive to the variation
of the masses of M., On the other hand Jones 65 has
fcund that in a series of related ccmpound, as in a

hemelongous saries of acids and ketconss the mass
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effect 1s small, but under certain circumstances it

is significant and can best be demonstrated by com-
pariscn betwsen hydrcgen and deuterium ccmpounds

whers other factcrs cancel. For example, tha infrared
carbeonyl band in the deuterated diethyl ketone (CH3.
CD,.C0.CD,,.CH,) sbsorbs 6 em™! lower than in the

normal protium compounds, while in the extreme case

of gaseous formaldehyde and fermaldehyde-d,, the

2
infrared bands cccur at 1743 and 1700 em™1 respec-
tively.

The electronie structure of the carbonyl
greup in a majority of compounds plays a dcminant role
in determining the carbonyl stretching frequencies and
interest is thus focused on the electrcnic effects of
the substituents adjacent to the carbcnyl grouping.
Applying the fcrmalism cof the resonance theory,

66

Hartwell et al have considered” the shift of-the C=0

frequency in terms of the followlng electronic structures:
+

R R
R R, {. - “
A _o(.___)\c“—_o?__._}c - 04-—->\c_-o"
d N 7 '
Ry Ry Ky R,

(a) (b) (c) (a)
VIII
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The extent to which (b), (¢) and (d) play a part will

then be dependent cii the nature of the substituents

2
is determined by the slectron-attracting cr electrcn-

Rl an® R.. . The relative importance of structure (b)

rapelling propertiss of the substituents Rl and R2.
Mesomeric effects, as illustrated by thz structures
(¢) and (d), should lead tc a weak:ning of the C=D
bond and thus tc a decrease in the stretching frequency.
It may be noted that the inductive and mescomeric
effects are in oppnsltion and for a great number of
substituents it is difficult to predict exactly which
affect will predominate.

Tha inductive and field affects induced by
the dipole in the R

-C and R.-C bcnds of (VIIIa-VIII4)

1 2
are illustrated in <<-halogen substituted ketcnass where
true mesomeric effects cannot cccur. Substitution of
an 2lsctron attracting halogen atom into the ot-alkyl
grcup of a ketonce destabilizes struectures VIIIe and

VIII¢ since the carbecn atom becomes ths pesitive end

of the X-C and Y-C dipole. As a result tha C=0 fraguency
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rises, the magnitude of the shift increasing with the
inercasing dipcls moment in the C-halogen bend. Thus

1

acetone absorbs in CS,. solution at 1715 cm™ — and the

2
band shifts to 1724 cu™ b in monochloroacetone. The
influence cf o(-halogan substitution in acids, asters
and lactones is closely parallel tc the case of ketones.

In ganeral halogenation imithe «~-alkyl group
of a carbenyl compound raises ths C=0 fraquency, the
magnituie of the shift increases with the increasing
dipole mcment in the G-halogen bond. The question as
to whether this effect is transmitted by induction
through the bonds or by a direct field effeect on the
C=0 linkage will be discussed under the later heading
(pags 56).

Substituticn in the €©{-position of a
carbcnyl compeund can be related tc cther physical and
chemical propertizs. Gillatte 67 has shown that a
ralationship exists batween the infrared carbonyl
stretching frequencies and the dissociation ccnstants

¢f “-helogenated acetic acids, and found that the
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frequency cf carbonyl abscrptinn increases thrcugh the

63

serics mcno%%richlorcacetm acid. Flett has demon-
strated a pzrallelism betwsen the affact of nuclear
substituents cn the infrared carbconyl frequencies of
substituted benzoic acids and cn chemical reactivity
of the acid as measured by the & -factor cf Hammett.
Similar ccrrelations between C=0 stretching frequen-
cies and Hammett 6&-factcrs have been reported by
Soloway and Friess 69.

The carbenyl frequencles of scme simple
acyclic esters were zxamined by Thempson and Tcorkington 70.
With the exceontion cf formate for which it occurs at
1724, the carbcnyl frequency fell close to 1740 em™ L,
The displacement compared with dialkyl ketones, which
abscrb near 1715 cm"l, and are tzken as a ncrmal,
criginates in the electronegative character cof the
alkecxyl grcup ccompared with ths alkyl grcup. Frcm this
it is argued that the inductive affect (VIIIb whare

R2 = OR}) predcminates cover the mescmariec effact,

since the two effzcts aet in opposite direeticns (VIIIe).
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If the ~-OR grcup is replaced by a mcre
electrcnegative grcoup, as in the case of acld chlerides

2 shift of 495 em~ !

from the pesition in the dialkyl
kotone is cbhserved 71 and ha2re the mascmeric affect

(VIIIc where R, = Cl) is clearly negligible ccmpared

2
with the inductive effect VIIIb.

When the -OR grcup 1is replaced by a more
alagtropositive group such as -SR or -NH2, thdl the
mescmaric effect predominates. This deprasses the
dcuble bond character cf the carbcnyl bond and acccrd-
ingly the carbenyl band appsars at lower frequencies.

Tha limiting casz cf the shift of the C=0

frequancles tcward a lower frequency is the carboxylate
1

ion Ix which absorbs strcngly betwsen 1610 and 1550 em™
R R
N . -
C=04—_C-0
< ~Z
0 0
1X

althcugh this band has scme of the charagtzr of a
C=0 stratching vibraticn, it is mors ccrrectly repres-

ented as an antisymmetrical 0-C-0 stretching motion 72
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In the vass of aldehydes, a shift of 10 em™ L

above those of thé corresponding methyl ketones was

66

cbserved. Thcmpson and collaboratcrs have
attributed this tc the more ready polarizaticn of

the hydrogen atcm than the methyl group. But
acccrding to Benine and Chicorboli 73 the difference

1s due in part to intramolecular hydrogen bcnding

in the aldehyde and in part to hyperconjugzaticn in the

ketone through which the centributicn from the

structure XII becomes somewhat greater.

XIT



43

Conjugaticn effects

Conjugaticn of a carbonyl group with a
C=C linkage results in a lowering of the frequency
by an amount depending.cn the naturs of the double
bond.
In aldehydes and xetones. an aliphatic
C=C becnd in ccnjugation with a carbonyl group reduces

its frequency by about 40 em™ L,

45

This has been

7

observed by Rasmussan and Turner and Voit) e,
Mecke and. Noack 7 have demonstrated corresponding
shifts in comparison between ketones with either.< /5
or ﬁﬂ'double bonds, and further supporting evidence
has been given by Fuson et al 75. Heilman et al 76
have shown that the degree of frequency shift is
unaffected by the type of olefinic substitution.
Frequencies and intensities measurements
have been found to give & useful information in
elucidation of the structure of polyene ketones i1n
carotenoid systems which have been studied by Warren

77

and Weedon . For exampls it was easy (o differentiate
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between bands due to conjugated carbonyl group in
the cyclohex-2-enones and in the related acyclic
ketones. In the former (XIV) which have a fixed
s-trans configuration about the bond joininé the

carbonyl group and polyene chain, absorption is at

lower frequencies and of much greater intensity

(per C=0 group) than in the latter (XII]),.
RN Qimx//[}{]///§§*’//QQ°’;:ﬁ;;\;l§b

XIII " = 1647 Lwm)
cC=0

. R
W) X \ , ] x N \\‘ o
X1V Ve=o = 1858 (v3) )
R = /W

In some cyclicaxﬁlunsaturated ketones, a
considerable frequency shift of the carbonyl
stretching vibration ' due todloy £ substitution g
observed by Noack 33d. Thus, deuteration of cyclohéx-
2-anone decreases its carbonyl ‘requency by 5 cm'l;
methyl substitution at the double bond in either o/

or A~ position lowers it further by 5 to 10 em™L,
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If both hydrogens at the double bond are replaced by
methyl gfoups, the carbonyl frequency is lowered by
21 em~L,
Steroidal «f-unsaturated carbonyl groups
79

in both the side chain 78 and in six-membersed rings
absorb in the same overall range 80.

Further conjugation by a ¥&§ double bond has
only a small influence in shifting this absorption
towards the bottom of the frequency range. This is

confirmed by Cromwsll et al 81

s whe noted that any
additional frequency shift produced in this way is
not appreciable. This is expeated, as Blout, Fields
and Karplus 82 have shown that the frequency of an
/& -unsaturated aldehydic carbonyl group is not
lowered by more than a few wave numbers even by long
conjugated chains of up to seven double bonds.

Similarly, the C=0 frequency is affected
to much the same extent for cross conjugation as for
linearly extended conjugated systems. Jones et al 1k, 78

report some cases of this type. Thus, compounds of
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types XV, XVI absorb between 1670-1660 cm ' and
steroidal compounds of type XVII, XVIII absorb at

-1 R
1665 cm™". R-CH=CH-CH=CH-C=0

XV "v\q\
\ .
0 / /
CH
:c=o
XVII R-CH=CH XVII1

XVI
Other examples of the linearly conjugated

carbonyl compounds are provided by carotenoid com-
pounds given by Warren and Weedon 77 in which the
polyene ketone system absorbs also betwean 1670-
1660 cm™?.

Whan an aryl group is directly attached to
the carbon atom of a carbonyl group, the frequency
$hift of the carbonyl is lsss than that occuﬁ}ng
with a full double bond in conjugation, and the

absorption band occurs in the renge 1700-1680 em L.

70

‘Thompson and Torkington give examples of this

type, and acetophenone, for example, absorbs at
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1686 em™t. With two aryl groups directly attached,
however, there is a further fall in the frequency to
1670-1660 cm'l, i.e. the same range as the corres-
ponding olefinic compounds.

The substitution of an alkyl group in the
ring ortho positions results in an upward frequency
shift due to the reduction in the degree of co-
planarity which the carbonyl group can achieve with
the ring. In addition, the carbonyl frasquencies of
substituted acetophenones vary over a considerable
range, depending upon the electron attracting or
repelling properties of the substituent% groups .
Fuson 75 and Jones 83 have shown that the observed
carbonyl frequencies of acetophenones and benzo-
phenones in solution can be corrslated directly .
with the Hammett G-values of the substituents.

Conjuzation of carbonyl groups with one
another (open chain ~diketones) is without effect

84

on the position of the band if the groups have

the transpid arrangement. For s-cis forms, splitting
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occurs and the bands move to higher frequenciaes with
increasing strain 85.

---0
. Enolized A -diketones of the form ﬁL}’ l

~C=C-C—
as a result of simultaneous conjugation and |
chelate-formation, show a spactrum which is markedly
altared both in the carbonyl and in the hydroxyl
regions. The carbonyl band is displaced to about
1590 cm™! and considerably intensified.
Jcnes 14 has shown that the fallure of
diacetyl and dibenzoyl to exhibit appreciable con-
jugation effects in the infrared spectrum serves to
emphasize the fact that formally conjugated systems
can show quite different patterns of behaviour with
respect to ultraviolet and infrarasd absorption.
Both diacetyl and dibenzoyl are coloured substances,
and conjugation effects between the two carbonyl
groups clearly play an important part in the electro-
nic spectra.

This differance in the behaviour of formally

conjugated systems with respect to ultraviolet and
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infrarsd absorption depends on the fact that the
ultraviolet spectrum is determined by electronically
exclted states as well as by the ground state,
whereas the infrared spectrum is determined by the
structure in the ground statz only. In the case of
{~diketonas tha small amount of ground state con-
Jjugation between the carbonyl groups has been pointed
out previously by Evans on the basis of oxidation
raduction potential measurements 86. Similar diff-

erences are also observed, between the ultraviolet

and infrared spectrum of tetracyclone, XIX.

XIX
In a series of o{f-unsaturated acids examined

by Flett hh, the C=0 frequency lies in the general

-1

range 1710-1700 cm With aryl substitution on the

other hand, the C=0 frequency lies between 1700-1630 em™ L.

This contrasts with ketones, in which «£#-unsaturation
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has a stronger influence on the C=0 frequency than
aryl substitution. Further studics 88’89 showed
that, in general both aryl and olefinic conjugation
cause a frequency fall, but it is doubtful if the
two types can be distinguished.

As in the case of polysne ketones extension
of the conjugation beyond thed-position do=s not
appraciably affect the carbonyl frequency &n ols-
finic acids.

In esters, the weakening of the carbonyl
bond by ¢’/f-unsaturation is, in general, less than
in the case of ketones, and the extent of the shift
is of the same magnitude for aryl substitution as

66,70,89  the aistinetion

for a simple double bond
between these two types is not tharefore possible

with esters. Thus methyl and phenyl methacrylate
absorbs at 1718 and 1721 em™ L respectively, a series
of steroid benzoates absorb in the range 1724-1719 em™ 1L,
Recently, Katritzky and his coworkers 20 have found

that variations in the estzr alkyl group have little
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effect on the position, except that in several com-
pounds the methyl ester absorbs at apprreciably higher
frequencis:s thon the othors. A considerabla frequency
shift due towl- or f- substitution of the double bond
was observed. Thug acrylates absorb at 1717 cm'l,
= Or ﬁ— methyl substitution of ths double bond to
give crotonates and methacrylates lowers the frequency
to 1710-1703 cm™l. In sach of these series the methyl
ester absorbs at a frequency ca. 3 em™ ! higher than
the other members.

Further, Katritzky 2© has found that the
effect of substituents on the position of the carbonyl
frequency of mathyl and ethyl benzoate (1724 and

1716 cm-1

respectively), is similar to that reported
by Flett for substituted benzoic acids. The presence
of electron-withdrawing groups in the ring (CO2R and
aspadially NO2) makes the release (XX) of electrons
from the ring more difficult andlthus raises the

frequency, on the other hand electron donatin: groups

(CH3 and especially NH2 or OH) produce the oppositas
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effect. The particularly large effect produced by
ortho hydroxy- and smino- groups is probably due to

hydrogen bonding XXI.

M e OR

XY C - OR —C
| 9
/ o - H‘,

XX XX7T

Furthar conjugation in the)l § -position has
little effect, and ethyl cinnamate 92, for example,
absorbs at 1717 em™ T, egainst 1724 cm™ ' for methyl
benzoate.

In &fand c{- lactones, the carbonyl fre-
quency will be subject to the same shift from
Af-unseturation as with open-chain esters. AP -
insaturated ﬁllactones heve been fairly extensively
studied. Grove and Willis 73 examined a number of
aromatic lactols and found that a shift of 20 cm'l

to lower frequencies than the saturated material,

which absorbs at 1750 em™%, exists.
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Jones et al M observed that steroidal
compounds containing unsaturated lactone rings show
anomalous absorption in the region of the carbonyl
stretching bands. Thz single absorption band
expected for the stretching vibration of the lactone
carbonyl group is replaced by two bands, ths ral-
ative intensitices of which are extremely sensitive
to the solvent polarity.

3ec and his coworka2rs have shown that

Jones
certain types of unsaturated lactones exhibit two
bands in the region of the spectrum associated with
the C=0 strztching vibrational mode. This was
observed both in the infrared and Raman spectra. The
splitting of the C=0 stretching band was attributzd
to an intramolecular vibrational effect similar to
that which occurs in cyclopentanone and in certaiﬁ
cyclopentenone derivatives. It wes suggested that this
doublet was due to Fermi resonance of the carbonyl

fundamental with the first harmonicc.of the out-of-

plane deformation of the hydrogen at the double bond.
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This was confirmed to be so in the case of some
cyclic wif-unsaturated ketonzs, by measurements of
the frequencies and intagrated intensities of ths
carbonyl and C=C stretchinz bands in different
solvent.

As a general finding, ~S-unsaturatzon
lovers the carbonyl frequency of most of the carbonYl‘
compounds, An exceptional case was found 25 in
&f_unsasturatad lactams, in which the carbonyl fre-
quency appears to be 3 little higher than in non-
conjugzated lactams. Values in the range 1643-1624% em™t
have been reported for N-gubstitutad Cf—lactams,
while for the oif-unsaturated analoguss, two bands

1

at 1675 and 1619 cm™~ have baan reported,

Dipolar fisld effaect

The tnird of the electrical factors
operating on greoup freguencizss in unstrained systems,

the dipolar ficld offect was intrcluced a few years

83,26

ago by Jonas et al and Bzllamy and Williams3”»77-97
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In ol -~halogenated keto steroids, Jones

101

et al noticed that equatorial substitution

raised the carbonyl frequency by about 25 cm'l,
but axial substitution 4id not. Parallel cases

102 103 and others

were noted by Page , and Corey
have also found this effect ih =< -halogen sub-
stituted cyclohexanones. Mesomeric effects would
be expected to be very small in these compounds,
and induction does not denend upon the molecular
geometry, so the results cannot be adequately
accounted for by inductive and mesomeric effects.
It was also noted that the introduction of a sscond
halogen atom at the o{~carbon has 1little or no
effect upon the carbonyl frequency,vbut if it is
introduced at the b[-position a further frequency
rise occurs. This has led Jones et al 33, % and
Bellamy and Williams 35,97-79 to suggest that field
effects may be operating in such cases and that the

frequency shift is influenced by dipolar electrical

forces operating across intermolecular space rather
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than along the bonds in the conventional manner.

This concept has been slaborated by
Bellamy and Williams 35 in simple electrostatic
terins. They suggest that the near apnroach of ths
negatively charged halogen atom to the readily
polarizable negatively charged oxyzen of the C=0
group will result in a mutual induction of opposite
charges. In consequencg the negative character
of both the chlorine znd oxygen atoms will be din-
inished, and the C-Cl and C=0 bonds will bwcome less
polar. Their vibrational frequencies will therefore
rise, as is observed experimentally.

Experimental studies of field effects have
concentrated primarily on o«{-halogenated carbonyl
compounds, and in addition to the sterols and cyclo-
hexanones a considerable number of open chain ketones
and similar compounds have been examined. These
latler materials are capable of rotational isomerism
in the liquid state, so that a compound such as

chloroacetone then exists as a mixture of forms



57

XXIT, XXIII.
0 0
(!:1 g }li (s:l
— S
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/N CH CH
H H 3 g’ o 3
XXIT XXITT

Two carbonyl frequencies are therefore found in the
licuid or solution corresponding to the separate
isomérs, the higher carbonyl frequency of which has
been identified with the more polar form similar to
XXII, whilst 35,97 the lower frequency, corresponding
to forms such as XXIII, is usually close to that of
the original ketone, which is in accordance with the
suggested mechanism. This theory also offers a con-
venient explanation of the failure of a second =X~
halogen atom to result in a further frequency rise, as
it is not possible for more than one of them to take
up a cis-position with respect to the carbonyl oxygen
atom.

Similar results have been obtained with

-halogen. substituted aldehydes and acid chlorides,
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and it is also possible for a field effect to occur
between the carbonyl oxygen atom of acetophenones

and chlorine or nitro groups substituted in the ortho-
position 33’97. These effects occur also in acids,
esters and gmides. In halogenated amides unlike the
corresponding ketones, the introduction of an o«-halogen
atom does not'usually result in any appreciable frequency
rise, and it is not until a second halogen is sub-
stituted on the same carbon atom that the expected

upward shift occurs. Data on such compounds have beer

10k and have been discussed

given by Letaw and Groop
by Bellamy and Williams 35. The latter autnors pointed
out that this behaviour is to some extent to be expectied
from their simple bicture of electrostatic interactions,
as normal mesomeric forces in amides cause the nitrogen_
atom to bear some formal positive charge. The zlectro-
static repulsion between the negative halogen and oxygen
atoms is therefore reinforced hty the electrostatic

attraction between the chlorine and nitrogen atoms.

This suggestion was fully supported by dipole moment
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studies on methylchloroacetamide.
Intramolecular field effects which may be
of a rather different type occur in scme cyclic

aminoacycloins and related compounds which show

abnormally low carbonyl frequencies 105. Leonard 106
and his collaborators have studied compounds XXIV
and XXV o o-
ij !
; C 1 .‘ o -
(CHiz)m - (Cﬁz)n (Cﬁz)m £+ (ng)n
R R
XXIV 2:3:‘; XXV

in which the configuration is such that the nitrogen
atom-approaches very closely to the carbonyl group.
Interaction then occurs, either through a simple ficld
affect, which in this case would involve unlike charges
and lead to a frequency fall, or perhaps more probably
through contributions from resonance forms XXV,

EZither mechanism would result in an increase in the

polarity of the C=0 link and a fall in the frequency.
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REVIEW ON THE CARBONYL INTENSITY AND MOLZCULAR STRUCTURE

Farly work relating the carbonyl intensity
and moledular structure has been summarized by Brown
in 1953 197, This subject will now be considered in
some detail including the work which has been done

recently.

As in electronic spectroscopy, every dis-
tinct absorption band in the infrared is characterized
by the position (frequency in cm'l) at which maximum
absorption occurs and by the absorption intensity.

The term intensity, which is usually called the.

1. litre. cm-z) does

"integrated intensity" (in mol~
not refer to the extinction coefficient which is given
by

= L
€max = 71 1%30 (IO/I)\/max (8)
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where c 1s the concentration given in ,. g- mol./1.,
and 1 the thickness of the sample in cm., but to the
integrated absorption eoefficient for the entire
band envelope. The integrated intensity has an
absolute physical meaning wver that of the extinction
coefficient, because the former is a fuﬁfion of both
the heizht and the width of the bandy and 1s less
affected by instrumental factors; while in the case
of extinction coefficient the bands widths remain
constant from compound to compound.

In a molecule of N-atoms, the (3N-6)
vibrational degrees of freedom (3N-5 for a linear

108. According

molecule) are termed the nermal modes
to classical electroéynamic theory any motion of an
atomic system that produces a chanze in dipole moment
leads to emission of absorption of radistion. During
the vibratioual motion connected with a normal vib-

ration the charge distribution uudergoes a periodic

change; this may or may not result in a change in

the molecular dipole moment. If it does, the vibration
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is sald to bs 1nfrared active. Since any vibrational
motion of the molecule can be resolved as a super-
position of the normal vibratio»s, it follows that
tﬁe frequenclies at which absorptioan and emission
occur correspond to the normal vibration frequencies.
The frequencies of nuclear motion lie 1n the infrared,
and generally it 1s absorption which is observed.
From a quantum-mechanical point of view
the intensity of an infrared band i1s proportional
to the square of 5}4Q§n where 24 is the dipole moment
of the molecule, andy 1s a co-ordinate related to
the displacement of the atoms. In other words, the
band has appreciable intensity only if the corres-
ponding vibration has accompanied by a change of
dipole moment. The experimentzlly observed intensity

is given by:
A= ( log (Io) d)V/ (9)
cl J e "y

where the integration is carried out over the region

where the absorption coefficient differs from zero.
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EXPERIMENTAL MEZASUREMENTS

The experimental procedure of measurilng
the value A depends upon the state of the absorbing
molecules. In general, change in the vibrational
energy involves as well a change in the rotational
energy of the molecule., Vibrational bands in the
gas phase are really vibrationmrotation bands and
consist of a series of rotational lines whose spacing
is inversely proportional to the moment of inertia
of the molecule., In order to obtain the value of the
intensity for the vibrational transition it 1is nec-
essary to integrate over the entire band. It has
been shown 109 that in order to obtain a correct
estimate of the intensity of such a set of narrow lines
the spectral slit width of the instrument must be
small in comparison with the line width. In order
to overcome this condition, the lines can be caused
to broaden as a result of increased gas pressurs.

In practice the integrated absorption}
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-

B = (’ log, 'Iig a1/ (10)
1s determined for a set of equivalent path lengths,
P1l, where P 1s the pressure in atmospheres and a
plot of B vs Pl is extrapolated to Pl =3 O, The
limiting slope of this plot is A, the absolute
integrated intensity expressed as a rule in units
of em™L/cm.atm 110

Measurements of infrared intensities in
pure liquids or solutions do not suffer from the
rotational fine structure problems encountered 1in
the gas phase, but the bands are sutficiently narrow
- to cause the apparent peak height and the apparent
band width to be dependent upon the resolving power
of the spectromater.

The well-«4nown methods of Wilson and Wellslo?

111 permit the calculation of infrared

and of Bourgin
intensities with fair accuracy. These are extra-
polation methods in which the concentration cr the

cell length has to be variad. Such procedures
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introduce a number of sources of error such as
insufficient solubility and excessive solvent
absorbtion, which place a limit on the applicability
of these msethods. Ramsay112 has considered the
intensity and the shape of vibration bands in the
liquid phase and found that the characteristic
contour caused by therotational structure disappears
in the liquid and is replaced in many instances with

a contour closely resenbling a Lorentz curve

(11)

I, -
log (Z0),,= a
e TV (Ww-y)Z b2

where a and b are constants and yé is the frequency

at the band centre. Under this assumption,

+0
.1 I -1 g av
A= Jioge(ig)v v = cl() V-2 ¥ b2
-1 Ta (12)
cl b
Since
log (Io) _a
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and the trus half band width at half height is

N (14)

on integration and substitution, the intensity of

the true absorption band is

_ Tl I t
A - 2c1 10ge (fg)Vmax AD% (15)

Thus, the integrated avsorption coefficient
of a band with a Lorentz contour can be obtained
from a siugle measurement on the trues peak intensity
and the half heizht. Since the band shape obtained
experimentally is an appareht band shape, it is con-
venient to rewrite equation (15) in the form:

T

- _k o] &
A =gy logg (7 )Umax .ﬂl% (16)

where k iIs a function of apparent and true peak
intensities and half intensity widths and in general

its value is within 5% of Tl/2.



68

This els gant method is widely us=d but is
usually considered less accurate than the Wilson-
Wells mathod apnlied under favourable circumstances.
Objections to Ramsay's method are that it is based

on only thres experimental points, which are the
_2

T max
curve, its half width Ldi and the spectral slit

neak-absorbance log ( of the experimental
2
width s: that after all the Lorentz curve may not
represent the absorption bands adequately in every
1
case

Recentlyll3

, an improvament to Ramsay's
method was considered, in which other parameters

(the 3/%, 1/4% and 1/8 width) other than the half
width were usad to calculate the band area. Greater
accuracy is obtained if the observed band is divided
into segments and integration i1s done for each
sagment with a width parametzr suiteble for it. This
method can be apphied to asymmetrical hands.

Measurements of intensity for solids qre

not reliabls because of the effect of scattaring and
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reflection. The wvork which has been done appears

to be largely rastricted to determinations of the

extinction coefficient and band maximum, €H
18

then the integrated value. Recantly, Flettil',

. rather

has measurad the molar-intensity both as peak
extinetion coefficients and as band arzas, for
several infrared bands kncwn to bz characterilstic

of chemical groups, ths substances being measured as
sclids in XBr discs.

The integrated absorption intensity may be
determinedlls by standard graphical procedures in
which the absorption curve determined is plotted as
log (Tg)u against fraquency p/1in em™! and the area
under the curve determined for fracuency interval
(V- Lg) on both sides of the band centre. The area
under the curve is thus determined by using a plani-
mater, by counting ths squares, by cutting out the
band and weighing it or, most ccanvenisantly, by the
use of Simpson's rule. The last method involves the

division of the area into an evan number (2m) of
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vanels by mems of (2m+l) parallel lines, drawn at

a constant distsnce h apart. If the lengths of the
intercepted segments are denotaed by Vo1 Yyeees ygm’
the first and last of which may be zero, then

A:t_g‘_, !‘(yo+y2m)4l+(yl+y3+. e tYon_1)

+2(y2+ywh..y2m_2)3 ' (17)

In our case th2 frequency interval is represented

by h, and the even number of values ofE:by Yom*
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BFFECTS_OF_SOLVENT

Solvent influences on vibrational band
intensities have not besn studied systzmatically.
The effects are usuelly attributed to two main
factors: (1) the chagge in the dielectric properties
of the surrounding medium, giving rise to an additional
indnesd electric fizld at the absorbing molecule,
and (2) specific interaction, such as hydrogen
bonding, between the molzcules. The first factor
has been discussed thecrstically: Polo and Wilsonll®
and Chakoll7, have usced Debye-Onsager dielectric

theory to derive the following relstion between

intensitizs in the pure licuid and the gascous state:

L. 1 (n%2y2 (18)
AG n 3
and Mullerd and Straleyll8 and Person119 havs

extended this to the case of absorption due to a

solute in dilut:z solution:
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A 2
S - 3 (2 _+ 342

= n2 ( ) (19)
AG © 2n§+n2

In these equations AG is the intensity in the gas

=

phase, A; in the pure liquid phase, and AS in dilute

solutions; E»is the refractive index of—;he

absorbing molecules and n, that of the solvent at

the absorbing fraquency.—wA large number of freguency

measuremants and a limited number of intznsity com-

parison indicate that these formulae do not adequately

represent any real system because of the importance

of ‘other affacts; but Buc-.{inghaml9 has extended this

treatment on the dielzctric model and found that

band intensitizs are proportional to a factor involving

the refractive index, n, of the solvent and the rate

of change of dipole momant with normal ¢cgordinate of

the solute in association with its nearest naighbours.
The solvent dependence of the integrated

absorption intensity as well as the fraguency of a

carbonyl stretching vibration of several ketones and

nitvogen disubstitut:d amides has bzen e¢xamined by
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13

Pullin™". ©Near linear relations have bezn found

to exist betwsen the intensities of pairs of similar
solutes in a variety of solvents. An approximately
linear increase of integrated absorption intensities
with decrease of the carbonyl stretching frequency
hzs been also found. Jones and his coworkers33c
have ccusidered the _ggnsitivity of intensity

toward the change in the polarity of the solvent

-1in a number of unsaturated lactones which exhibited
two bands in the carbonyl stretching region. Thay
found that the relative inteansity of the low fre-
quency band Ilncreases with the solvent polarity and
vice versa in the case of tha high frequency band.
Tnis conclusion as w21l as thz temperature effect

on relative intensities led to the assumption that
this carbonyl doublzt is due to Fermi resonance,
which has bezn confirmzd to be so in the case of
some /~unsaturated ketones by infrared339 ang

120

Reman-spectra m2asuremants of the frequencies and

intensities of both the carbonyl and c=c stretching
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bands in different solvents.,

Racently, Noack3’ has studied the effect
of solvents on ths carbonyl and C=C stretching
bands of %SB-unsaturated ketones with s-cis confor-
mation and found that the carbonyl intensity remains
unchanged by different solvents, but the G=0
strotching hands are remarkably intensified. On
the other hand, the carbonyl and CZC stretching
intensities of ®f-unsaturated ketones with g-trans

conformation have been shown to be increased by

the polarity of the solvent32C,
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EFFECTS_OF TEMPZRATURE

The effact of temperature increase on the
spectrum of gasaous molecules results in the dis-
tribution of the molecules among the various
rotational energy levéls, the redistribution among
thase laevels does not result in any significant
change in the band intensity, so that the temp-
erature is not an im~nortant consideration in the

gas-vhass measurementlel.

For solutions, however, it has been shown22
thet the absorption at the band maximum decreases

with increasing temperature for a number of tands,
This decrease, with an accompanying increase in

the half-width band has been explained in terms of
changing of ths band shapz as a result of collisional
processes. The rate of collision of the solute
molecules with the walls of thoe solvent cage increases
with increasing temperaturzs, and a wider tand with

decrecased value Ofémax results. It is not clear
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whether the integrated intensity of ths band under-
goes any changa, although it appears that there
may be soma decrease with increasing temperaturae.
Since the refractive index of the solution, <nown
to be important in determining the intensity, changes
with temperature 1t appears that the intansity ought
to be temnsrature dependent.

Intensity-temperaturs dependence has been
found te be useful in the infrared study of com-
pounds which exhibit a complex zbsorption in the

32¢

carbonyl rzglon. Jones .and hils coworkers have

found thnat ingase of benzoyl chloride and certain

X A.unsaturated lactones which have two bands in

the carbonyl region, the relative intensity of the

two bands is extremely sensitive to change in the
polarity of thd@ solvent, and they also vary reversibly
with temperaturzs but arve indevendent of concentration.
The splitting of the carbonyl stratching band has

been zttributed to Fermi resonance. They found that

X
in the gpectra of ¢Lg-hexyl~ A\ Afbutenolide
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and 5-methyl-X-pyrone increase in tempsrature
lezads to a pronounced enhancement of the relative
intensity of the high fraquency component.

The effact of temperature on the intensity
of both the carbonyl and C=C stretching vibrations
has been found to be usaful in predicting the
presence of the possible conformational isomars.
Noack and Jones122 have measured the infrared and
Raman spectra of pent-3-en-2-one which exhibits two
bands in both the carbonyl and C=C stretching bond
regions (which has been suggested by Timmonslgo
be due to 2 mixture of g-cis and s-trans isomers)
over the temperature range + 30 to - 750 and + 85
to 5° respactively. Thetr results indicate that
this ketone exists in the liguid stste as an equi-
librium mixture of the two isomers (s-cis — s-trans).
Thz g-trans form was found to be the more stable
and to be present exclusively ia the crystalline

solid (at - 75%). Thet the doublet in the carbonyl

group is not du2 to Fermi resonance is shown by the
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fact that thz rslative intengity of the two bands
does not alter by changing the polazrity of the
solvent at room tamperature.
Othor examples (mainly & -halogenatad
carbonyl compounds) have bzen given in the literatur8123
in which the splitting of the carbonyl hand into a
doublet 1s ascribad to rotational isomarism as a
result of intensity measurements coupled with temp-

arature studies.



EFFZCTS_OF VICINAL SUBSTITUENTS (INDUCTIVE,

MISOMERIC_AND STERIC)

The localized character of the carbonyl
stretching bands and their high intensity and
fre>dom from overlap'make them thz most extensively
studied functional group with respect to infrared
intensities. The electronic ground state of the

carbonyl compound is contributed to structures ?3

XXVI, XXVII,
N\ N+
C=0 .CT-0
/'/ /
XXVI XXVII

from which it can be said that as the carbonyl bond
stretched, the ionic form becomes more important,
so that JﬁVﬁqﬁthe variation of molzcular dipoie
moment with normal ordinate) is in the uirection of
increasing bond moment.

Jones and coworkers115 have measgured the

carbonyl intensities in a group of steroids, the

79
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values were ' found to depend on the vicinal sub-
stituents in the sxpected way, being lowast for

the most electron-withdrowing group. They also
found the intensity to he additive in compounds
containing more than ons carbonyl zgrous, and the
number of such groups could ba determined even

when there was compl-te overlap. The affect of
inductive propavrti:s of attached groups in affecting
the intensity is exemplified by a plot of the
carbonyl intensities ofla series of primary amides
(RCONH2), (R=H, alkyl, . and . halogen), and ethyl
acstates, RCOOCEHS, (R=alkyl, halogen) as a function
of the polar substituent constant éd%f the group R%gh.
In general these grouns do not interact conjugatively
with the cszrbonyl group, so that 6 ¥is determined py the
inductive effzct, although some decrease in intensities
which has bezsn noticed inZ%;se of halogen and other
large groups on the methyl substituent  has been

claimed to be due to steric effects.

The 2ffect of conjugation of an ethylenic
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double bond on the intensity of the carbonyl group in
steroilds rasults in a large increass in the carbonyl
intenslity, through resonance interaction. The
importance of rasonance in determining ths carbonyl
intensity was shown by the observation of a more

or less lincar relationship between rasonance snargy

and the carbonyl intensity125’126.

Two earlier
studles of acatophencnes do not reveal any apparent
relationship batween the carbonyl intansity and the
substituent constant83. A more precise study of
aromatic carbonyl systems ravsals, that the carbonyl
intensity is dependent on the substituent in a regular

way, although the dependence is not vary marked127.

Mecke and Noacklo’ll hava

shown that for
e¢f-unszturatad xetones, two conformztional isomers
can be distinzuished by the positions and intensities
of the C=0and C=C strestching bands in the infrared
spectrum as mentioned on page 16 . Additional

12

examples have been cited by Timmons and Brsxine and

WaightlB. The latter authors have examinad the infrared
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spactra of some fixed ciscid and frangoid o 5=
unsaturated xetongs, and their results agree well
with the generalized data presuented by Mecke and
Noack, and furthar they concluded that the ratio of
the integreted band intensities of the G=0 and C=C

stretching bands gives the most certain indication

of the geometry of the chromophore, being low in

e et e et St

¢isoid and high in transoid structures.
' 120

Racently , the infrared and Raman svactra
of somz oAf-unsaturated ketones have been measured
by_Noack and Jones, 1n which they found that infrared
and Raman C=0 and C=C stretching vibrations abscrb

at the same positions, but the relative intensities
of the C=0 and C=C hands are different, if allowance
is made fcr sclvent effects.

The carbonyl intensity of saturated cyclic
ketones have baen studied128 and found to decrease
with increasing ring size, starting with cyclopentanone
and to reacn a more or less constant value with cy-

clononanone. The ground state of a ring compound such



as cycg¢lcpentanonz is rapresented by structures

XXVIII, XXIX

. -
(= [
AXVIII YKIX

In XXIX the ring angle is free tc change to relieve
any internal strain, and perhaps becomes more
important for some of the ring comnounds

Additional stabilization resulting from
these factors is probably partly responsible for
observed variation of intensity. Recently, Cetina
and Mateos129 have measured the intensities of
carbonyl bands cf some substituted cyclanones and
discussed their results in terms of polar and steric
effects. They claimed that the decrease of carbonyl
intensity of 2-methylcyclopentanone with respect to
cyclonentanone is due to the steric effect of the
X-methyl group, on the other hand the carbonyl

intensity of 3-methylcyclopentanons is higher than
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cygclopentanone itself which is due tc the inductive
effact of 3-mathyl grcup.

The dependence of intensity on the carbonyl
compounds is given in the table below which has beeh
107

summarized befcre by Brown

Compound Intensity Solvent

Unsubstituted aliphatic katone

and aldehyde 1.5-1.8 CCLy,
Arcmatic KLetone and aldehyde 1.9-2.4 ccly,
Six-memtered-ring kestone 2.2-2.7 CClh
Acetyl chloride 2.5 ccl,

o F-Unsaturated six-membered-ring

ketone 2.9-3.7 C82

Unsubstituted ester 2.5-3.1 CCly,
Aliphatic acid 3.6-3.8 CCly,
«-Hydroxy aliphatic acid 3.2 CClh
/3 -Unsaturated acid 4.6 ccy,
Unsubstituted amide 4.7 ChCl3
N, N-Dimethyl — amide 5.7 CHCl3
« « -Dichloro amide 4.3 CHC1
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EFFECTS OF HYDROGEN-BONDING

The intensitizs cf many of the vibrational
bands of functional groups cre extrememly sensitive
to iIntermolecular effects. Bacause of this the in-

tensities can be utilized in studies of interactions
which are too weakx to he observed 2asily by other
maans.

Hydrcgen-bonding, a particularly important
type of specific interacticn, may affect the inten-
gities of the two functional group vibrations. 1In
a hydrogen bonded system:

R-X-H.... Y -R!
the intensity of the X- H Bond is, of course, markedly
different. from that of the free X - H. Hydrogen-
bending of 0-- H grcups to ralatively strong (proton)
acceptcr atoms results in the appsarance of a
distinctly separate O - H band vhich possesses an
intensity much greater than that cf the free 0 - H13O’l31.

The intensity of a stretching band iavolving the
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acceptor atoms(i.e. ¥ -~ R') is also subject to change
upon hydrogen-bonding. For example, the intensity
behaviour of the carbonyl band —as studied by
Wenogard and Spurr132. Thelr measurements of the
integrated carbonyl absorption cf monomeric and
dimeric acids are conveniently expressed in turns
of the ratios cf the absorpticn of dimer to the
moncmer. These ratics are of the order of 1.5 to
1.35 for a numbar of aliphatic and aromatic acids.
The corresponding ratios for ths O - H mode ars an
of magnitude larger, in the range 10 to 35 133’13h.
Aside from hydrogen-becnding, infrared
intensities provide evidence of other fcrms of solute-
solvent interacticns for compounds in sclutions.
The influence of polar solvents on the intensity of
the carbonyl group in acetone has been notedl33.
The intensity 1s expressed relative to the absorption
in hexane as solvent, and an unusual enhancement of

absorption ccefficient is caused by the hydrogen-

bonding sclvents,
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The eff2ct of hydrogen-bonding on the
infrared spectra of esters, lactones, ketones,

aldehydes, and amides (acetanilide) has been

134

studied by Barrow et al . The intensitles are

ccmpared in the solvents CClu and CHCl3 and the

carbonyl absorption cocfficient is roughly 204k

higher in CHCl, than in CClh.

3
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Methods of preparation of some fixed ciscid and

transoi

e r—

id unsaturated ketones

Substituted cyclopent-2-enones were pre-
pared by various methods. 2-Methyleyclopent-2-enone
I was prepar=d from 135 mathylcyclopentegne via the

nitroso-chloride, with subsequent dekydration

j\ NOCL / \ NaOAc
Y [ ;\/ __,____,____7
)N//\>Kf) HON 7~

Me Cl Me Me

1
Other 2-alkyl derivatives (V,R=Zt,Prl, and
But) were prepared by the route used by Ansell and
Ducker 136 which involves treatment of the enolether
of the cyclopentane-1; 2-diona with a molar excess of

Grignerd reagent followed by dehydration

HOBu RrigX Hydrol
/ —--? P N
NN \“ O (8]
i~ 0 \
0 u

Oﬁui R R

II 11 Iv A
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We have employed this method for the pre-
paration of 3-alkyl derivatives VI-IX which is
analogous to that devised by Bron, Pappo and
137

SzmuszXkovic for the preparation of 3-alkyl

cyclches--2~enones.

0 Bu’o Bu™Q
A S T\ Hydrol
\ HOb / / ydrol.
< \ \—“‘“_B—} / ‘\R}'I_g}\ A\ / ______} / R
o S //’ 0
).v/ ri
o § HO 7 ™R
VT VII VIII IX

According to this method we have prepared compounds
TX (R=BEt and Pr™). Oa the other hand compounds IX
(R=Me 133 and But) were prepared by intramolecular

cyclization of the appropriate l:4 aliphaic diketones

in the praesence of sodiy: - Hydroxide.
R.
~
R - C =0 H_CH . . v
i 21 Dil. NaOH N @20
H_C Cx
2 - Y
N 0
CH (
hz X

.
2,3-Dialkylcyclopent-2 enones 37 (XII) were
preparad by dehydration of the Y-lactones XI with

polyphccphorie acid (P.PLAL)
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(CH,)CH CH,

2] \_2
HSC é:;;fﬁ P.P.A. /_—W\
0

CHB(CHE%_‘r/
0

X1 XII
2-Methylenecyclo-octanone XIII and cyzlogo-

decanone XIV were prepared by a thermal decomposition
of the "Mannich base" formed by the reaction of pipe-
ridine hydrochloride, formaldehyde and cyclo-octanone

and cyclododecanone respectively. In the case of

+ HCHO
=34 -— 0 N —0
RS PR .
+ O - 2 . ~—~—=CH
N gfffl 2
X

e XIII

CH

o

N
P X
CI XTIV

cyclo-octanone the resulting unsaturated ketone was

stable for a few hours but appeared to dimerize when
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hz2ated on a steam bath for a few minutess as shown by
the appearance of two carbonyl bands at 1703 and
1692'cm"l. On the other hand 2-methylenecyclododecanons
was stable enough to distil] it at bath temperatures
(2100°) ., | |

Cycl-2-enones XV (n=1,2,3,4) were prepared
by oxidation of the cprresponding allylic alcohols with

active manganese dioxide

X Oh
(ch) ::J y (CH) :::]__ﬁ(cng :::J 5 (¢ é;/i::]
X = C1 y Br ’ OAc . XV
n = 1 ; 2 s 3,4 .

The allylic alcohols were obtalned from the corresponding

140 (n=1), bromide 11 (n=3), or

allylic chloride
142 - . :
acetate (n=k) by hydrolysis.
Benzecyclanones were generally obtalned by
Friedel-Crafts intramolecular cvclization of the

appropriate phenyl aliphatic side chain acid chloride.

(Cﬂzl;COCl NN
AlC1_ ][
2 !
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Benzsuberone XVI (n=2) and benzcyclo-octanone
(n=3) were prepared by this method, the high
dilution method devised by Ziegler being used in

the latter casse.

2-Methylcyclopent-2-encne

To a solution of methyl magnesium iodide
(from methyl iodide (73.2g) and magnesium (10.kg)
in ether (40cc)) was added, with stirring, a solution
of cyclopentanone (40g) in ether (100ce) at a rate
sufficient to maintain gentle refluxing. The
mixture was refluxed for 15 minutes after the add-
ition and then decomposed with excess of saturated
ammonium chloride solution (200cc). The ehher was
separated and the aqueous layer extracted with ether.
The dried (K2C03) ether extracts were distilled to
give l-methylcyclopentanol as a colourless liquid
(3kg., 71.5%), b.p. 54-57°/10mm: m.p. 36°.

Dtstillation of the l-methyleyclopentanol

(24g) from a trace of iodine (0.lg) afforded
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l-methylcyclopentene 143 (19g, 26.5%), b.p. 75°/760mm
¢ 1.4316.

Concentrated hydrochloric acid (10.9g) was
added dropwise, with stirring to a mixture of l-methyl-
cyclopentene (8g), ethyl nitrite (9g) and ;catic acid
(3ce) cooled below 0°. The l-methyleyclopentene
nitroso-chloride thus formed was filtered off, washed
with methanol (15cc) and obtained as a white crystals
with m.p. 76°, The above nitroso-chloride (8g)
was added all at once to a boiling solution of sodium
acetate (4.2g) and acetic acid (32cc), sodium chloride
was precipitated. 10% Sulphuric acid was added and
the ketone was steam distilled, the distillate was
saturated with salt and extracted with ether. The
combined ethereal . extracts were washed with dilute
sodium carbonate solution, dried (MgS0,) and distillad

to give the required ketone (2.5g , 55.5%) b.p. 46-L43°
/0.2 mn. nl?D 1.4762
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Cyclopentane-1:2-dione

A solution of chlorine (20.4g) in carbon
tetrachloride (240Occ) was added Aropwise over 1.5
hours to a stirred solution of cyclopentanone (2hg)
in chloroform (300cc) at a temperature between h-?o.
Removal of the solvent under vacuum left 26g of

145

2-chlorocyclopentanone , which was used for the
next stage without further purification.

The crude 2-chlorocyclopentanone (26g) was
hydrolyzed by 20 min. vigorous stirring with water

(250ce) at 35°, A solution of FeCl L6H,0 (1058) in

3
water (100cc) was added at 95° during 5 min. and the
mixture stirrad again for 5 min. After cooling to
hOO, ammonium sulphate (130g) was added and the
reaction mixture extracted continuously with ether
for three hours. Removal of the dried (Nazsoh) ether
unde™ vacuum gave cyclopentans-l:2-dione (20g), which

was used for tne next stage witbout further purifi-

fication.
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2-l§gbutoxycyclopent-g-enong 136

A so%ﬁion of the above dicne (19.6g) and
tolueneig-sulphonic acid (2g) in dry benzene (380cc)
and isobutyl aleohol (95ce) was haated under reflux
for 2 hours, the water formed in the reaction being
removed by Dean ani Stark sevarator. The cold
reaction mixture was dried (MgSO,), and distilled,
to yield, after removal of the solvent, 2-isobutoxy-
cyclopent-2-enone (16g, 44% based on cyclopentanone)
b.p. 70-72°/0,2mm, nng 1.4770

136
2-Isopropyleyclopent-2-gnone 3

et
—

2-Isobutoxyeyclopent-2-enone (4g, 0.026 mole)
in ether (20cc) was added, with stirring to a solution
of lsopropylmagnesiumbromide (from isopropyl bromide
(4.5g) and magnesium (2.3g) in sther (4Oce)) at such
a rate as to maintsin gentle refluxing. After being
stirred for 30 min. at room tempzsraturs the mixture
was poured onto iqé and ammonium chloride, and 2N~

hydrochloric acil was added until two phases separated.
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The aqueous layer was separated and extracted with
ether and the combined ethereal solutions were
washed with 5% aqueous sodium hydrogen carbonata
and water, dried (MgSO,), and distilled, to give
2-isopropylcyclopent-2-enone (1.7g, 43,8%) b.p.
35°/24 mm, n®%; 1.4713

g:;ggg:gutylcyclopent-g-enone
2-Isobutoxyeyclopent-2-enone (10g, 0.065
mole) in ether (50cc) was added to a stirred solution
of tert-butylmagnzsium chloride (from tsrt-butyl
chloride (9.2g) and magnesium (2.4g) in ether (150ce))
at a rate sufficicent to maintain gentle rafluxing.
After belng refluxed with stirring for 20 hours, the
reactlion mixture was worked up as above and on dis-
tillation gave a fraction, b.p. 104-106°/50mm, shown
by gas-liquid chromztography and infrared spectro-
scopy to be a mixture of the required product and
the intarmedlsates hydroxy compound. Chromatography

on alumina (Brockman grade 5) gave a band which was



98

eluted with n-hexans. “vaporation of the eluate gave
a residue, shown by gas-licuid chromatography to be
homogeneous, which on distillation gave 2-tert-
butyleyclopent-2-eznone (3g, 33.7%) b.p. 63—650/2Omm,
n'3 1.4730. (Found: ¢, 77.9; H, 10.2, C4Hy,0
requirses C, 78.1; H, 10.2%)

Cyclopent-1:3-dione L¥6

Bromina (200g) in chloroform (l25cec) was
added to a stirresd solution of freshly distilled.
cyclopentadicne (30g) in chloroform (1l25ce) at
-25° to -300. The solvent was immediately removed
under vacuum and the residue was quickly distilled,
to zive trans-3:5-dibromocyclopentens 147,148
(195g, 70%) b.p. 78°/l.hmm, n25D 1.5821, In the
original vaper this 1s describsd as the cisg-isomer.

The trans-dibromide (130g) in acetone
(1400ce) was added during 1 hr. *o a stirred solution

of tetraethylammonium acetate (456g) in acatone

(1900cc) at such a rate to keep the temperature below
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50. Tetraethylammoniumbromide began to separate
immedialely (recovered in quantitative yield), and
the solution became dark in colour. After the addition
was complete, the mixture was kept at 0° for 20 hrs.
and then filtered off from the bromide. The filtrate
was concentrated under reduced pressure and diluted
with water. The agueous mixture was extracted
with ether, the ethereal evtracts dried (MgSOu).
Bvaporation of the ether zave a dark licuid, which on
distillation gave trans-3:5-diacetoxycyclopeintene
(10cg, 73.5%) b.p. 59-6OO/O.lmm, n25D 1.4600,
The..unsaturated acetate (90g) was hydrol yzed
by heating an aleoholic solution under reflux for 24
hrs. with barium hydroxijde (230g) in ethyl alecohol
(500ce). The precipitated barium salts were filtered
off and carbon dioxlde was passa2d into the filtrate
until no mcre barium carbonate precipitated. Evap-
oration of the solvent and vacuum distillaticn of the
resldue gave trans-3:5-cyclopentenediol as a thick

licuid (33.5g, 72%) b.p. 94-33°/0.3mm, n?3, 1.4985,
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To a cold solution of the above diol (21.5g)
in 30% acetic acid (40cec) was added, dropwise with
stirring a solution of 3N-chromic acid (575ce) in
glacial acetic acid. The rate of addition was regu-
lated so that the temperature of the reaction mixture
remained below 0°. After the addition was complete,
the reaction mixture was stirred overnight at room
temperature. Most of the acetic acid was removed at
room temperature under vacuum. The residue was
diluted with water and extracted with methylene
chloride. After removal of the dry (MgSOh) solvent,
the residue was sublimed, the crystalline dione slowly
sublimed at %0°/lmm. Recrystallization from ether-
pentane gave cyclopentene-3:5-dione (10.5g, 51.2%)
as a yellow crystals m.p. 33° with an irritating
odour.

To a vigorously stirred mixture of zinc dust
(100g) in glacial acetic acid (500cc) was added drop-
wise during 45 min. a solution of cyclopentene-1:3-

dione in glacial acetic acid (500ce) at 85°. The
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reaction mixture vias cooled, filtered and the acetic
acid removed at room temperature under vacuum and
the residu= sublimed at 110°/0.2mm to give cyclo-
pentane-1:3-dicne (3.7g, 85%) as colourless crystals,

m.p. 151-152°,

3-1lspbutoxyeyclopent-2-enone

— St et et et

A solution of cyclopentane-1:3-dione (6g),
toluene-p-sulphonic acid (0.2g), isobutyl alcohol
(9ce) in dry benzene (100cc) was heated under reflux
for 3 hrs, the water formed in the reaction being
removed by Dean and Stark separator. The cold reaction
mixture was dried (MgSOu) and @8istilled to yield,
after removal of taie solvent, 3-igobutoxycyclopent-

2-enone (8.4g, 90%) b.p. 37-33°/0.7mn n'?) 1.4375.

3-ZIthylcyeclopent-2-enon

3-isoButoxycyclopent-2-enone (0.9g) in ether
(9cec) was added to a stirred solution of ethyl magnesium

bromide (from ethyl bromide (1.8g) and magnesium
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(0.4g) in ether (l5ce)) at such a rate sufficient
to maintain gentle refluxing. After being refluxed
with stirring for 4 hrs. the reaction mixture was
poured on to ice and ammonium chloride, and 2N-
hydrochloric acid was added until two phases were
separated. The aqueous layer was separated and
extracted with ether and the combined ethereal
solutions were washed with 5% aqueous sodiumhydfogen
carbonate and water, dried(MgSOu), and distilled,
to give 3-ethyleyclopent-2-enone (0.3g, 58%), b.p.
36-38°/20mn, 027 1.479%.

3-Isopropylcyclopent-2-enone

3-Isobutoxyeyclopent-2-enone (2.6g) in ether
(20cc) was added to a stirred solution of isopropyl-
magnesiumbromide (from igopropylbromide (6.0g) and
magnesium (l.1lg) in ether (4Occ)) at a rate sufficient
to maintain gentle refluxing. The reaction mixture

was worked up as above to give 3-isopropyleyclopent-

2-enone (1.1g, 50%), b.p. 102-105°/15mm, négl.MBSO.
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6.6-Dimethylheptane-2:5-dione 149

Bromine (73.5g) was added dropwise during
20 min. to pinacolone (50g) in ether (200cc) at OO,
after which the mixture was washed with ice water.
Removal of the dried (MgSOh) gther and distillation
gave broropinacolone (56g, 63%) b.p. 70-720/2.2mm,
n?3; 1.4662.

To a solution of sodiumethoxide (from sodium
(7.6g) and ethyl alcohol (230cc)) was added with
stirring ethyl acetoacetate (39g) followed by bromo-
pinacolone (56g) and the mixture boiled under reflux
for 20 hrs. The solution was decanted from sodium
bromide, the ethyl alcohol was evaporated under vacuum
and the residue distilled to give 3-carbethoxy
6,6-dimethylheptane-2:5-dione, (30g, 42%), b.p. 37-
33°/0.1mm., n®ly 1.4419,

The above diketoester (13g, 0.07) mole) was
stirred for four days at room temperature with 3%
potassium hydroxide (252cc, 1.1 mole). At the end

of this time the reaction mixture was acidified
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with sulphuric acid and extracted with ether. The
dried (MgSOu) ether extracts were distilled to give
6,6-dimethylheptane-2:5-dione as a colourless oil

(10g, 32%), b.p. 59°/0.05mm, n2%) 1.4324,

3-tert-Butylcyclopent-2-enone

o
————

6,6-Dimethylheptane-2:5-dione (10g, 0.06k
mole) was added all at once to a boiling solution of
13.3% sodium hydroxide (150cc) and the mixture was
refluxed for three days. The reaction mixture was
saturated with sodium chloride, extracted with ether,
the extracts were washed with water, dried (MgSO,),
evaporated and distilled. The fraction b.p. 11k-
1160/23mm, was shown by gas-liquid chromatography to
be a mixture of the required product and the dione
(20:1). The mixture was senarated by vapour phase
chromatography (Griffin and George apparatus)+ The
required ketone, which was shown to be homogeneous
by zas liquid chromatograshy on the analytical instru-

ment (Pye Argon-chromatograph) (6g, 68.5%) had
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b.p. 114-116°/23um, n2%, 1.4301 (Found:C, 77.73
H, 10.8 CoHy),0 requires C, 78.13 H, 10.2%).

2,3=Dimsthyleyclopent-2-enone 37

mthyl laevulinate (27g) in dry benzene (30cc)
was added with stirring to a cooled solution of
ethylmagnesiumbromide (from ethylbromide (30g) and
magnasium (4%.3g)) in dry ether (100cc) which was
replaced by dry benzene (60cc), at such a rate as to
keep the temperature below 0°. After being stirred
for 15 min. at this temperature, the reaction mix-
ture was decomposed with 2N-sulphuric acid (200cc).
The aqueous layer was separated and extracted with
ether and the combined extracts were washed with 5%
aqueous sodium hydrogen carbonate and water, dried
(MgS0y,), and distilled to give J-methyl- ¥ -ethyl-
butyrolactone 150 (16g, 67%), b.p. 30-330/0.2mm,
n2”D 1.%390.

To polyphosphoric acid ‘(from phosphorus

pentoxide (20g) and 35% syrupy phosphoric acid
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(1lce)) maintained at 97°C, was added with stirring

the above lactone (2:5g). The coloured reaction
mixture was neated at the same temperature for 2.5 hrs.
and then poured onto ice (200g). The organic material
was extracted with lizht petrol (b.p. 40-60°), washed
with water and saturated salt solution. The dried
(MgSOu) extracts on distillation afforded 2,3-dimethyl-
cyclopent-2-enone (C.9g, 42%), b.p. 53-540/0.3mm,

n?%) 1.4869.

2-Ethyl-3-methylcyclopent-2-enone 139

Ethyl laevulinate (30g) in dry benzene (120cc)
was added with stirring to a solution of n-propyl
magnesium bromide (from n-propyl bromide (29.6z) and
magnesium (6g) in dry ether (100cc) which was replaced
by dry benzene (30cc)) at such a rate to keep the
temperature below 0°. The product was worked up as
abo;l’iiuto give K-ethyl- Y -n-propylbutyrolactone in
734 b.p. 90-92°/0.5mm, n®2) 1.4415. The above lactons

was similarly dehydrated using polyphosphoric acid
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to'give 2-ethyl-3-methyl-cyclopent-2-enone in 90%
yield, b.p. 55-56°/0.5mm, which formed a semicarbazone,
m.p. 223°(d), plates from ethanol. The samicarbazone
decomposed with boiling 2N-sulphuric acid to give the

..l K
pure ketone, b.p. 56-37°/0.5mm, n27D 1.4320.

3-Ethoxycyclohex-2-enone 151

A solution of dihydroresorcinol 152 (5.5g)
(m.o. 980, obtained by hydrogenation of resorcinol over
Raney nickel), toluene-p-sulphonic acid (0.lg), ethyl
alcohol (10cc) and benzene (100cc) was heated under
reflux for 16 ars, the water formed in the reaction
being removed by Dean and Stark separator. The cold
rzaction mixture was washed with 5% aqueous sodium
hydrogen carbonate, dried (Mgsou) and distilled to
yield, after removal of the solvent, 3-ethocyclohex-

2-enone (4.3g, 70%) b.p. 630/0.2mm, nZOD 1.5050

153

————

3=Chlorocyclohex-2-enong

To a solution of dihydroresorcinal (10g,
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0.03) mole) in chloroform (40g) was added phosphorous
trichloride (4.2g, 0.029 mole) and the whole heated

on a steam bath for 2 hrs, during which time a con-
siderable quantity of HC1l gas was evolved. The reaction
mixture was poured on to ice-cold water, extracted

with ether and the ethereal extracts washed with water,
5% aqueous sodium hydroxide and then with water. The
ethereal solution was dried (CaCl2) and distilled to
give 3-chlorocyclohex-2-enone (3g, 695) b.p. 88-33°

20

/15mm, n“"p 1.5210.

3-Methylthiocyclohex-2-enone 154

A solution of 3-chlorocyclohex-2-enone (4.1z)
in benzene (6cc) wzs added to a suspension of sodium
methane thioclate in benzene (obtained 155 by saturating
methanol containing sodium with methane thiol and
then changing the solvent by distillation and simult-
aneous addition of benzene) at C° with vigorous
stirring. After 1 hr, the reaction mixture was heated

to 70-30° for 3C min, cooled and poured into water.
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BEther-extraction and subsequent fractionation gave
3-methyl-thiocyclohex-2-enone (2.5g, 56.5%), b.D.
69-70°/0.2mm, nlSD 1.5530. This was shown by gas-
liquid chromatography to be z mixture of the recuired
product and the enol ether of dihydroresorcinol.
Vapour-phase chromatographic separation (Griffin and
George) afforded the pure ketone, which was shown to
be homogenous by further gas licuid chromatography.

2-rlethoxyisophorone 156(a,b)

To a solution of isophorone (7.5g) in methanol
(25ce) was added with stirring 2 solution of 15k
hydrogen peroxide (20cc) and 4N sodium hydroxide
(5¢e), the temperature of the reaction rising to
38°. Water was added and the mixture extracted with
ether. The dried (MgSOu) ethereal extracts were
distilled to give isophorone oxide (4g, 43.3%) b.ov.
35°/11mm, 029 1.4585.

Isophorone oxide (3.3cc) was heated with 15%

methanolic potassium hydroxide (17cc) for 30 min.
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Water was added and most of the methanol was removed
under reduced pressure. ther extraction followed
by evaporation of the dried (Mgsou) ether extracts

and distillation gave 2-methoxyisophorone (21g,

20

65.6%), b.p. 101-103°/11lmm, n 5

1.4800.

2-=Chlorocveclohex-2-enone 157

Cyclohexanone (49g, 0.5 mole) was added
dropwise to a solution of phosphorus pentachloride
(10kg, 0.5 mole) in dry ether (100cec). The reaction
mixture was heated on a steam bath for 1lOmin, cooled
and then poured on to ice. The aqueous layer was
separated and extractsd with ether. Distillation
of the combined dried (MgSOu) ether extracts gave
l-chlorocyclohexene (338g, 65.3%), b.p. 45°/15m,
n23D 1.4730.

To a mixture of l-chlorocyclohexene (38g)
and acetic anhydride (32g) was added with stirring
selenium dioxide (38g) and the reaction mixture was

refluxed for 3 hrs. The supernatant liquid was
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decanted and distilled to give 2-chlorocyclohexenyl
acetate (16g, 38.7%) b.p. 103-105%15mm., n?l; 1.k3u1.

Hydrolysis of the above acetate (15g) by
refluxing with 30% sodium hyiroxide (50cec) for 3 hrs
zave, after working up the product in the usual
manner, 2-chlorocyclohex-2-enol (8.8g, 78%) b.p.
90-91°/13am, 0l 1.5133

Oxidation of the above allylic alcohol (2g)
was affected by stirring it with a suspension of
active manzanese dioxide (30g) in m.alar carbon
tetrachloride (200cc) for 5 hrs. The solution was
filtered, the solvent removed at rsduced pressure and
the remaininz brown solil material was recrystallized
from n-pentane to give the pure 2-chlorocyclohex-2-

enone (1.7g, 35%) m.p. 74° (Lit 46%, m.p. 70-71°)

dcetyleyclohexene
A mixtureefl -ethynyleyciohexanol (10g)
(kindly provided by S.B. Mare), dry benzene (60cc)

and phosphorous pentoxide (2.3g) was refluxed for



112

2.5 hours. After the mixture had besn cooled, the
benzene solution was decanted from the phosphorue
pentoxide and vashed with 5% aqueous sodium hydrogen
carbonate (23cc). Removal of the dried (MgSOM)
benzene jave after distillation acetylcyclohexene
(5.5, 55%) b.p. 33-34/16mm. The xetone (5g) was
converted to the semicarbazone which formed plates,
N.P. 220° (ethanol). The pure xetone, regenerated
by refluxing the semicarbazone with 2N sulphuric acid
(100cc) for 3 hrs was a colourless liguid b.p.
85°/16mm, n3y 1.4395.
2:2=Dihydroacetonhenong 159
A mixture of methyl ethynyl ketone (1l2g)
(kindly provided by G.J. Sarkis) and excess butadiene
on being heated Lln a small autoclave at 120° for 3 hrs
gave, after distillation, 2:5-dihydroacetophenone
(13.5g, 74%) b.p. 45°/0.1, n'? 1.5121. A sample of
the ketone was converted to the semicarbazone, m.p.

204° (d4) (from ethanol). The semicarbazone decomposed
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with boiling 2N sulphuric acid to give a product,
which was shown to be a mixture of the required ketone
and acetophenone, the latter compound (which might be
formzd by acid rzarrangement) pradominating as shown
by N.1f.Ry I.R. and U.V. spectra. The presznce of this
impurity to the extent of 6% was found in the product
bafore convertiing to the semicarbazone derivative as
shown by a band at 12 1 which was characteristic of
acetophenone. This impurity has bsen allowad for in
thes spactroscopic measurements.
Cyclopent-2-gnone 140
3~Chlorocyclopazntene 160 was obtainzd by
passing dry HC1l gas (10% lass than the theoretical
cuantity) into freshly distiilzd cyclopentadiene at
a temperature below 0°. The crude chloride was dis-
tillad under reduced pressure, and tae distillate
collacted in a dry cooled (0°) raceiver. 307 yizld,
b.p. 13-20°3mm.

The above chloride (60g) was treated with
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sodiumdichromate (70g) in water (250cc) at 0°. The
reaction mixture was decomposed with 50% sulphuric
acid (120cec) and then extrazcted with ether. Removal
of the dried (MgSOh) ether and distillation gave
cvelopent-2-enone (15g, 32%) b.p. h3-hh°/9mm, nZOD
1.4317. Vapour phase chromatographic separation
(Griffin and George) afforded the nure xetone, shown
to be homogeneous by gas-liquid chromatography (Pye-
Argon chromatograph).

Cyclohex-2-enone 161

To cyclohexene (1l6.4g, 0.1 mole) and glacial
acetic acid (60cc) was added over a period of 16 hrs
& sclution of chromic anhydride (30g, 0.3 mole) in
water (l3ce) and acetic acid (60cc) with stirring at
25-35°, stirring was continued for 14 hrs. The product
was fractionally distilled until the temperature reached
93° and after separating the water in the distillate,
cyclohexene (7g) was recovered. The acetic acid in the

residue was neutralized with 50% sodium hydroxide. The
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mixture was then extracted with ether, and the dried
(MgSOH) ether extracts distilled to give cyclohex~2-
enone (1.5g2, 37.5%). The pure ketone was obtained
by wvapour phase separation (Griffin and George) and
was shown to be homogeneous by gas-liquid chromato-
graphy (Pye-Argon chromatograph), b.p. Sho/amm,

n'?, 1.4370.

Cveclohept-2~enone

A mixture of cycloheptene (16g), N-bromo-
succinimide (23.5g) and benzoyl peroxide (C.2g) in
carbon tetrachloride (100cc) was heated under reflux
in an atmosphere of nitrogen for 35 min. The succin-
imide was removed by filtration and the filtrate was
washed with 5% aqueous sodium hydrogen carbonate and
water. Removal of the dried (Mgsoh) solvent gave after
distillation 3-bromocycloheptene 141 (152, 55%)

b.p. 44-45°/0,2mn, nlSD 1.5310.

To a cooled, stirred solution of the above

bromide (15g) in glacial acetic acid (50cc) was added
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in portions a suspension of silver acetate (21lg) in
Zlacial acetic acid (60cc). The mixture was stirred
for an addition&l hr. at room temperature and allowed
to stand in the dark at the same temperature for

36 hrs. The rsaction mixture was filtered, and the
Tiltrate poured into water (250cc). The aqueous layer
was extracted with ether, the ethereal extracts washed
with water, 5% sodium hydrogen carbonate and water,
dried (MgSOh) and distilled to give cyclohept-2-enyl
acetate 141 (10.5g, 32%) b.p. 76—770/9mm, nléD 1.4630.

The above acetate (10.2g) was hydrolysed by
heating under reflux for 1.5 hrs. with a solution of
sodium hydroxide (10g), water (4Occ) and methanol
(100cc). The reaction mixture was poured on to ice,
extracted with ether, and the dried (1MgS0)) ether extracts
distilled to give cyclohept-2-enol (5.3, 725) Db.p.
78-79°/10mm, 02 1.439%,

Oxidation of the above allylic alcohol (2.5g)
was affected by stirring with active manganese dioxide

(30g) in Analar carbon tetrachloride (250cc) for 3 hrs.
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The mixture was filtered and the filtrate distilled
to give cyclohept-2-enone (2.1g, 85%) b.p. 69°/10mm,
n22D 1.4956. The pure ketone was obtained by vavour-
phase chromatography separation (Griffin and George)
and was shown to be homogeneous by further gas-liquid
chromatogranhy (Pys-Argon chromatograph).

Cyeclo-poct-2-enone 142

A mixture of cyclo-octene (20g), mercuric
acetats (53g) and glacial acetic acid (20cc) was heated
under reflux at 140° for 3 hrs. The mixture was then
fractionated to give cyclo-oct-2-enyl acetate (15g,
4%, Lit (32#)), b.p. 74°/0.20m, n®%, 1.4630.

The above acetate (l4g) was added to a solution
of potassium hydroxide (9.5g) in water (13cec) and
ethanol (27cec) and allowed to stand for 4% hrs at room
temperature with occasional shaking. After addition
of water (200cc), the aqueous layer was extracted with
ether. Distillation of the dried (MgSOh) ether

extracts gave cyclo-oct-2-enol (9.4g, 90x), b.p.
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71-72°/0.3mm, n®

25 1.4970.

Oxidation of the above allylic alenhol (2.5g)
with active manganese dioxide was affected as in the
case of cyclohspt-2-enons to give cyclo-oct-2-cnons
(1.9g, 30%), b.p. 80-81°/9mm, nléDDl.h983. Tha pure
ketone was obtained by vanour-phase separation chroma-
tcgraphy as mehbioned fcr the other cycl-enones. In
the original paper the ketone was obtained by Oppenauer
oxidation of the allylic alecohol and also by chromic
acid oxidation in 66-69% yield.

= ~Tetralone 162

A slow stream of air was drawn through tetralin
(13.2g) for 55 hrs at 75°. At the end of this time
the partlally oxidized tetralin was pourad into 2N
sodium hydroxide (130cc) and the mixture stirred for
30 min at a tempercture maintained below 65°, cooled
and neutralized with 6N sulnhuric acid. The organic
luyer was separated, washad with 0.5N sulphuric acid,

ljo ferrous sulphate (25cc) and water, dried (MgSOh)
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and distilled to give the ketone (2lg, 72;?) based on
the recovered tetralin, b.p. 35°/0.2mm, nth 1.5663,
which formed a semicarbazons, m.p. 219° (from
ethanol). The semicarbazone decomposed with boiling
2N sulphuric acid to zive the pure ketone.
Benzsuberong 163
To a mixturs of cinnamaldehyde (33g) malonic
acid (31g) and dry pyridine (30cc) was added piperidine
(Yece). The mixtures 1as heated on a steam bath until
no more carbon dioxide was evolved (6 hrs). The
yellow crystalline product obtained on acidification
of the coolad roaction mixture with 6N hydrochloric
acld was filtered, washed with 6N hydrochloric acid
and water, had m.p. 155°. The 2-styryl-acrylic acid
thus obtained in quantitative yileld was used for the
next stage without further purification.
A solution of the crude 2-styrylacrylic acid
(45g) and sodium hydroxide (77.5g) in water (520cc)

was treated with Reney nickel alloy (total 52g) as
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164 except

described by Papa, Schwenk, and Whitman
thet the mixture was kept at 65-75° during the
reduction period (4 hrs). Additional alloy (7g) was
then added and the mixture heated at 90° for 2 hrs
and fiitered while hot. The residue was washed with
hot 2/ sodium hydroxide and the combined filtrate and
washings were added immediately with stirring to hot
concentrated hydrochloric acid (520cc). The mixture
was digested at the boiling point for 20 min, cooled
and filtered. Recrystallization of the crystalline
material first from esthanol and then from petrol
(b.p. 80-100°) gave phenyl valeric acid as white
arystals m.p. 53-53°.

Phenyl valeric acid (20g) was heated on a
steam bath with thionyl chloride (20g) until it
melted, after which the reaction was allowed to
proceed without further application of heat. Removal
of the excess of thionyl chloride under reduced
pressure gzave phenyl valeroyl chloride (13g, 32%)

b.p. 138-139°1k4mm.
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A solution of phenyl valeroyl chloride (12g)
in dry carbon disulphide (130cc) was added to a
stirred suspension of anhydrous aluminium chloride
(13g) in Adry carbon disulphide boiling under reflux.
The reaction mixture :.as stirred at room temperature
overnight after the addition vas completed, poured
on to ice (300g), and then steam distilled. The dis-
tillate was saturated with salt and extracted with
ether, removal of the dried (MzS0,) ether extracts and
distillation gzave benzsuberone (3.6g, 38%) b.p. 82°/0.2mm
n'7, 1.5651.
165

Benzcyclo-octanone

——

Ethyl hydrogen adlipate 166 was obtained by

refluxing a mixture of adipic acid (174z, 1 mole)
diethyl adipate (117g, 0.58 mole) di-n-butyl ether
(50cc) and concentrated hydrochloric acid (30cc) at
160-170° followed by addition of ethyl alcohol (46g,
1 mole) and further refluxiag for 4 hrs. The mi:ture

vas worked up to give the half ester (122g, 70%) m.p. 300.



122

167

JLCérbethoxy valeroyl chloride was
prepared from the above half ester (37g) and thionyl
chloride (30g) in 90% yield following the same pro-
cedure used for the preparation of nhenyl valeroyl
chloride. It had b.p. 110-112°/10mm (86.5g, 90%).

To a mixture of anhydrous benzene (200cc)
and « -carboethoxy valeroyl chloride (36g), was added
at 5-10O with stirring granular anhydrous aluminium
chloride (133g). The reaction mixture was heated on
a steam bath for 3 hrs and, after standing at room
temperature overnight, was decomposad with an excess
of 1:1 hydrochloric acid and ice-water. Removal of
excess of benzene by steam distillation left a solid
material, m.p. 72-73°. Recrystallization from 1:5
benzene and n-hexane gave colourless crystals, m.p.
750, of Jf-benzoyl valeric acid (90g, quantitative)
(Lit. m.p. 72°, 70%).

The keto acid was reduced usin: Haung-Minlon's
modification of the Wolff-{ishner raducticn 168. Thus

a mixture of J-benzoyl valeric =zcid (222), potassium
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hydroxide (19g) 100% hydrazine hydrate (1l2ce) and
diethylene glycol (150cc) was refluxed for 1.5 hrs.
and then heated at 135° for 4 hrs. Water was added
to the coolad rsaction mixture, which was then acid-
ified with 5N aydrochloric zcid, axtracted with benzene
and the benzene solution vwashed with water and distilled
to give E&-phenylhecanoic acid (2kg, 30%), b.p. 147.148°
/0.2mm, m.p. 24° (Lit yield 70% using the Wolff Kishner
reduction method).

€ -Phenylheranoic acid (24g) was converted to
the corresponding acid chloride'using the method
described for the $-analogue. It had b.p. 146-147°
/Iimm, yield 93%.

A solution of &-phenylhexanoic acid ciloride
(24g) in carbon disulphide (900cc distilled from
anhydrous aluminium chloride) was added with stirring
over 50 hrs to a solution of anhydrous aluminium
chloride (60g) in carbon disulphide (650cc) boiled
under reflux (using the Ziezler high dilution method

and apparatus which involves a Hershberg funnel and



124

stirrer). The rzaction mixture :as refluxed for a
further 2 hrs after the addition was completed, and
then decomposed with ice-water (40Cg). Ths aguesous
layer vwas seperatad and the organic layer coacentrated
to zive the crude benzcyclo-octanone, which was steam
distilled. The distillate was saturated with salt

and extracted with ether. Rzamoval of the éried
(MgSOu) ather and distillation gav: benzecyclo-cectanone

13

21.3g, 66.5%) b.p. 90°/0.2 mm, nTn 1.5610.

#

o X X Trimethyl- [f&ﬁ-butenolide

To a cold solution of sodium hylrogen sulphite
(75.6g) in watar (120 cec) was added dropwise with
stirring diacetonas alcohol (69.5g) followed by a sol-
ution of potassium cysnide (45g) in watsr (125cec) over
30 min. After standing at room temperaturefor 1 hr.
ccncentratad hydrochloric acid (30cc) was added and
the clear sclution was allowed tc stand overnight. The
solution was concentratad under reduced pressure, and

the residues filtered from the salt czkse. Continuous
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extraction of the filtrate with ether and ramoval
of the dried (MgSOh) ather gave a dark brown rasidue
which was dried over sodium hydroxide in a vacuum
desiccator., The semisolid material was then dis-
tilled. The fraction b.p. 70-72°/0.2mm, solidified
at room tempsrature and on racrystallization from
light petrol (b.p. 40-60°) gave =, Yy, ¥-trimethyl,
oL hydroxybutyrolactone as a colourless crystalline
product (22g, 31.5%), m.n. 63-59°. (Found: C, 58.3;
H, 3.k. C7H12O3 reguires C, 53.3; H, 3.4)

The infra-red spectrum in the -OH region
showed two bands at 3643 and 3320 em™% in carbon
tetrachloride solution, the reslative intensities of
which were indenendzant of concentration. Thus the
OH and C=0 groups are intramolzcularly hydrogen-
bondead.

To th2 above hydroxylactons (10g) was added
phosphorus pentoxide (15g). After an 2xothermic
 reaction, which subsided in five minutes, dry dioxan

(50ce) was added snd the mixturs allowed to stand
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ovarnight at room tsmperature and then heated on a
steam bath for 10 min. The supernatant liquid was
decantad and the residue washed with dry dioxan
(30ce). The combined dioxan solutions were evap-
orated under reduced pressure and the s=2misolid
r:sidue was distilled to give o, Y, ¥ -trimethyl- 76—
-butenolide (2.3z, 33%) b.p. 40-42°/5mm, which
solidified on standing. Roacrystallization from
petrol (b.p. 40-60°) gave colourlass plates, m.p.
52-53°.

(o'
2 _tethyl- B F butenolide 169

Monochloroacstone 170 (19.5g) (prepazred by
dropwise addition of sulphuryl chloride to cold
acetone) was slowly zdded with stirring to a mixture
of fused potassium acetats (20g) and ethanol (50cc).
The mixture was refluxed for 2 hrs and then allowed
to stand for 12 hrs. Filtration from the pracipit-
atad potassium chloride and distillation of the

filtrate gave =cestoxyecetone 171 (20.5z, 35%)
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b.p. 135°/200mn.

A mixturs of eceto:yacetone (17g) and
athyl bromoacetate (23g) in dry benzene (100cc) was
added dropwise to freshly purifizd zinc dust (10z).
The mixture was stirred umder refluxz for 1.9 hrs on
steam bath, coolz2d and fiitered. Th2 filtrate was
concentrated and the rasidue (12g) wcs treated with
pyridine (8Bg) and zcetic anhydride (30g) and left to
stand overnight, then flltered and the filtrats con-
centrated. Th2 rzsidue, a thick oll, was elutad with
1:1 ether-sthylacatate and chromstozraphed on alumina
(Erockmann grade 4). The fraction b.p. 110-111°/12mm,
n23D 1.4660 was shown to be homogeneous by gas-ligquid
chromatography (Pye-Argon chromatograph). The product
was ldentifisd as A-methyl-A®“.butenolide from I.R.
and U.V., spz2ctra os well as the physical constants.

o ] c(_f
S-Methyl- §'\4 -dimethyl- & pexenolide 172

A mixture of Y-acetoxy-U,h-dimethyl-2-

butanone /3 (15g) (from diacetonz alcohol and acetic
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anhydride), 2thyl bromoacetate (15.5g) and purified
zine dust (12z) in 4ry ather (50cec) was refluxed with
stirring for 2 hrs. The reaction mivture was poured
.Ou to an excess of ice, and concentrated hydrochloric
acid was added until the solution was acidic to Congo
Red. The aqueous layer was separated and extracted
with ether. The combinad dried (MgSOh) gthar extracts
on distillation save Amethyl- é; ﬁg-dimethyl‘ﬁﬁ.}(’€

hexenolide (4g, 30%) b.p. 70-720/0.2mm, n18D 1.4673.

L )
d -Methyl- A"L‘@-hexenolide 17+

2,5 -Dibromocapronic acid 175 (15g). m.p.
63°) (obtainad by shaking scrbic acid with 60% agueous
hydrogen bromide for fiv: days) was refluxed with water
(250ce) for 2 hrs. The reaction mixture was cooled,
saturated with salt and extractad with zther. The
ethareal cextracts were washed with 5% agueous sodium
carbonate and water, dried (MgS80,) and distilled to
glve f-methyl- ﬁfqghexenollde as a colourless oil,

b.p. 96-57°/10mm.
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°<-Mgznz;gggbutvrolactone 176

—

A solution of sodium acetylide (from dodium
(3.6g) in licuid ammonia (500cc)) was preparad in the
manner describzd by deilbron, Jcnes, and Weedon.
Ethylene oxide (7g) in dry esther (150cc) was added
with stirring during 1 hr. After further stirring
for 3 hrs., the sodio-compound was decomposed hy
addition of granular ammonium chloride (1COg). The
azmonia was allowed to evaporate and the product
isolataed by filtration and caraeful washing of the
residue with eother. Removal of the combined dried
(MgSOh) solution and distillation zave but-3-yn-l-ol177
(4.5g, 465}, b.p. 128°/760mn, n2°, 1.1L03.

But-3-yn-1-0l (3.0g) ethanol (10cc) glacial
acetic acid (2cc) and water (lce) were traated at
80° with a solution of nickel carbonyl (kcec) in
ethenol (5ce). The reaction began after 15 min.
Tha excess of nickel carbonyl was allowed to evap-
orate (fume cupboard), water was added, and the

solution extracted with ether. The axtracts ware
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washed with dilute sulphuric acid (5cc) and sodium
hydrogen carbonate sclution (3ce). A little quinol
was added at this stage, the dried (MgSOy,) ether was
removed and the residue distilled to zilve.A-methyl-

enebutyrolactone (1.3g, 31.54), b.p. 51-52°/lmm,

18

n*>) 1.4710 (Lit. 23%, 38%/0.2mm, n®2; 1.4707.)

176
< -ilethylenehaxenolactone

Tetrahydrofurfuryl cnloride (3k4g) was added
dropwise during 25 mih. to a stirred solution of
sodamide (from sodium (2lg) in 1liquid ammonia (600cc)) .
The reaction mixturse was stirred for 1% hrs and
gramdar ammonium chloride (100g) was added. Most of
the ammonia was allowed to avaporate and the product
axtracted with ether. Removal of the dried (MgSOh)
ether and distillation of the residue gave pent-k-yn-
1-o01 178 (15g, 76») b.p. SM-ESO/IOmm, nléD 1.4460,

Pent-4-yn-1-0l1 (10g) was dissoclved in
ethanol (10cc), glacial acetic acid (5cc) and water

(2cc). A solution of nickel carbonyl (6cec) in ethanol
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(10cc) was added. The reaction proceuded as in the
case ofX-methyleanebutyrclactone and vas werked up
to give after distillation oL-methylene hzaxenolactone

16

(3.2g, 24%) b.p. 76-77°/0.5mm, n "y 1.492C.

Phorone 17?7
A mixture of triacetonedialcohcl (25g), dry
benzene (25cec) and concentrated sulphuric acid (2
drops) was heated under ra=flux, the water formad in
the reaction being removed by Dean and Stark separator.
The coolzd reaction mixture was washed with dilute
sodium hydrogen carbonate and water. Removal of the
banzene followed hy distillation of the residue gave
phorone (16.3g, 385%), b.p. 37—890/2Omm, m.p. 23°.

Dibromophorone 130

Bromine (36g) was added Aronwise to a cooled
solution of phorone (15g) in carbon tetrachleride
(100cc). Ramoval of the sclvent under reduced pressure

laft a solid product, which was racrystzllized (three
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times) from ethanol to give phorcne tetrabromide as
colourless nesdles, m.p. 38°.

Phorcne tetrabromide (10g) was dissolved in
cold dry pyridine (12g), and the solution kept at
room temperatura for 24 hrs. Ice-watar was then
addzd and the y2llow crystszlline material which
saparated, was filtared off and washed with cold
water and dilute sulphuric zeid until pale yellow
cryst:ls ware obtailned. Racrystzllized from petrol

(b.p. 40-60°), these had m.p. 32° (6.1g, 94%).

Bromohydroxyphorone (2-hydroxy-3-bromo-4 .4,.5.5-
) 130

tetramathyleyclopent-2-enone

Phorone dibromide (6g) was treated in the
cold with concentrated sulphuric zeid (18g) and the
reaction mixture was left overnight at room temperature.
Bromine and hydrogen bromide were evolved and the
rszaction mixture was poured into ice-water., The
crystalline bromchydroxyphorone was filterad off, .and

recrystallized frem water (3.3g, 32%), m.p. 113°
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(Found: C, 46.2; H, 5.63: Br, 34.13; o, 229.
Calc. for Cyil),Br0,: C, h6.345 4, 5.533 Br, 34.3h4x;
M, 233)

Bromomethoxyphorone (2-methoxy-23-bromo-4,.4,5.5-
)131

tetramethylcyelopent-2-anone

A mixture of bromohydroxyphcrone (3g,
0.025 mole) and sodium ethoxide (from sodium (0.55g,
0.025 mole) and ethanol (2cc)) was refluxed on a
steam bath with an excess of methyl iodide (5g) for
one hour. The reaction mixture vos cooled and after
water was added, extracted with ether. The ethereal
extracts were washed vwith dilute sodium hydroxide,
dried (MgSOh) and distilled to zive the bromomsthoxy-
phorone. (3g, 36%) b.p. 93-94°/3mm.

Bromoacetoxyphorone (2-acetoxy-3-bromo-4,4,5,5~
) 130

tetramethyleyelopant-2-enone

A mixture of bromohyliroxyphorone (10g) and

acetlc anhydride (15g) was raefluxed for 1 hr. Evapcration
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of the excess acetic anhydride under reduczd pressure
gave a black crystalline product. Recrystellization
from petrol (b.p. 40-60°) in presence of charcoal

gave colourlsss crystals, m.p. 74° (10g, 35%)

132

i i i e ey eyt s e e i i et

A sclution of cyclopentancne (12.6g) and
potassium tert-butoxide (from potassium (7.2g) and
tert-butylalcohol (120cc)) in benzene (75cc) was
refluxed for 1 hr. After ccoling, acetic acid (1lOce)
was added and the mixture washed with watar and

distilled under reduced prassure. Two . frections

20
D

1.95260 was shown snectroscnpically tc be 2-cyclopent-

were obtained, the first, b.n. 68°/0.1mm, n

ylidenecyclopentanone. The second, b.p. 130-140°/02mm,
a.p. 34° (from methanol) was 2,5-dicyclopantylidene-~
cyclopentanone.

The infrared spectrum cf the first fraction
showed absorption due to C=C stretching strong

comparad with the C=0 stretching vibraticn (which is
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usually the case with fixed g-gcis compounds).
Reduction c¢f the keto grcup (Welff-Kishner) zave
cyclopentylidene-cyclopentane, b.p. S4-36°/13mn,
which shcowed no zbscrption due to C=C stretching
(infrared inactive)

183

Bromomesityl oxide

Bromine (40g) was added dropwise with cocling
and stirring to a solution of meszityl oxide (25g) in
carben disulphide (250ce). The solvent was evapor-
ated and tne residuc was stzam distilled to give
dibromo mesityl oxide (60g).

To a scluticn cof the abovz dibromide (25.7g)
in ethyl alcohol (30cc) was added with ccoling and
stirring a solution cf pctassium hydroxide (5.6g) in
ethyl alcohol (15cc). Water was azdded and most of
the ethanol was removed under raduced pressurs. The
regidue was stzam distilled, and the distillate
extracted with ether. Remcval of the dried (MgSOh)

ether and distillaticn zave bromc mesityl oxide
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(10.5g, 59%), b.p. 60-61°/20mn.

2=Methyl-l-phenylpent-l-cn-3-one 184

Diethyl ketons (22.3g), benzaldehyde (28g)
and 10 N hydrccaloric acid (35cc) were heated under
raflux for % hrs. The coocled reaction mixture was
extracted with ether, and the combinad gxtracts were
washad with water, sodium hydrcgen carbonate sclution
and water azain. The driad (MgSOh) ether extracts
were evaporated, and the residue distilled to give
the unsaturated ketcne (20g, 50%), b.p. 93-100°/0.3mm,
which crystallized at room temperature, m.p. 29°.

1,5-Diphenylpent-1.4-disnz-3-one 135

To a coclad svlution of sodium hydrcxide (5g)
in vater (50cc) and ethanol (40cc) was added with
stirring a mixture of benzaldehyde (5.3z) and acetone
(1.5g) at such a rate as to keep the temperature
belew 25°. A Fflocculent precipitate was formed, and

stirring was continued for 30 min. The solid material
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was filtered cff, washed with water, dried and
recrystallized from ethyl acetate tc zive the
unsaturated xetone (78. 86%) as yellow crystals,
m.p. 113-114°.

1,5-Diphenyl-2,4-dimethylpent-1,4-diene-3-ons 136

A mixture cf benzaldehyde (43g), diethyl
ketone (16g), ethyl alcohol (100cc), water (100cc)
and 33.3% potassium hydroxide (4cc) was stirred at
room temperature until the soluticn became turbid.
Additional sclid potassium hydrcxide (20g) was added
and the mixture was stirred for five days, and then
filtered. The stlid material was recrystallized from
methanol, tc give 3,95-dimethyl-2,6-cdiphenyl tetrahydro-
L_pyrone (34g) m.p. 113-114°,

A solution of the above pyrone (24g) and
potassium hydroxide (75g) in ethyl alcohol (350cc) was
stirred for one week and left for another week with
occasional shaking. The filtered crystalline material

was recrystallized from methanol, m.p. 1300.
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(Found: C, 36.7; H, 6.9 Calc. for C1 gty 30¢

C, 36.9; H, 6.9)

187
1,2,6=-Trimethyl-1-dichloromethylcyclohexa2,5-dlene-t-one

Chloroform (lbec) was added during 3 hrs to
a stirred mixture of 3,4,5-trimethylphenol (10g)
30% sodium hydroxide (50cc) and water (140cc), the
external tempaereture being kept hetween 30-900. The
reaction mixture was refluxed for a further 2 hrs, the
external temperature being kept at 100°, After cooling
the chloroform was evaporated at reduced pressure, 10k
godlum hydroxide was added to the residue and the brown
leaflet crystals thus obtained filtered off and onurified
by boiling with petrol (b.p. 80-100°) in the presence
of cnarcoal. Yellowish crystals were obtalned which
were further »urified by boiling with the minimum mmount
of benzene and filtering immediately. Further puri-
fication was affected by recrystallization from petrol
(b.p. 60°), After cooling colourless needles were

obtained (7.2g, 45%) m.p. 107°.
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:EQQ&Mlliégﬁglglghﬁzéﬂgﬂg188
Benzaldehyde (31lg), cyclohexanone (9.83g)
and 10% sodium hydroxide (500cc) were allowed to
stand for one week with occasional shaking. The
thick oil which was separated was taken up in ether,
dried (MgSOh) and distilled to give 2-benzylidene-
cyclohexanone, b.p. 130-1850/20mm, m.p. 51° (from

pentane).

ot ot e e S — ' i s et

Dry hydrogen chloride was passed into a
solution of benzaldehyde (20g) and cyclohexanone
(10g) in absolute ethyl alcohol (10ce) for 1 hr. The
solid product which separated during 1 hr was
filtered off. Recrystallization from ylacial acetic

acid gave yellow crystals (13gz, 64%), m.p. 118°,

2-£sppr0pylidenecycloggxanonglgo

Cyclohexanona (93g) and diethyl oxalate (1u46g)
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were added with stirring and cooling dropwise to

a solution of sodium ethoxide (from sodium (23g) and
absolute etiyl alcohol (400cc)). Stirring was continued
for 6 hrs. at room temperature, after which the reaction
mixture was decomposed by addition of ice-cold dilute
sulphuric acid (concentrated sulphuric acid (23g) in
ice-water (23g)), the temperature being kept balow

10°, Dilution with water and extraction with benzene
afforded 2-ketocyclohexeaylzlyoxalate, b.p. 110-160°
/20mm.

Pyrolysis of the above glyoxalate by distillation
from traces of iron filingsand ground soft glass at
4Omm pressure and a bath tamperature of 175° zave after
redistillation 2-carbozthoxycyclohexanone 191 (66g,
39%), b.p. 130-132°/40mm, n25D 1.4762.

A mixture of 2-carbomethoxycyeclohexanone (60g),
ethylene glycol (26g), dry benzene (250cec), and toluene-
p-sulphonic acid (0.2g) was refluxed in a Dean and
Stark separator at 120° until no more water separated.

The reaction mixture was n=utralized with sodium
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carbonate solution zud water (200cc) was added. The
product was worked upn in the usual manner, when the
ethyl-2-ethylenedioxycyclohexanecarboxylate was
obtained (40g, 57%) having b.p. 115-117°/15mm,

n2%, 1.4670.

The above ketal (40g) in dry ethar (200cc)
was added with stirring to a solution of methyl
magnesium ilodide (from methyl iodide (62g) and
magnesium (10g) in dry ether (300cec)) at a rate
sufficient to maintgzin gentle refluxing. After teing
refluxed for 30 min, the mixture was decomposed with
a saturated solution of ammcnium chloride. The aqueous
layer was separated and extracted with zther. Removal
of the dried (MgSOu) ether extracts and distillation
of the residue gave 2~ethylenedioxylecyclohaxenyldi-
methyl carbinol (36g), b.p. 88%/0.lmm, nZ" 1.4763.

The carbinol (35g) was hcated on the steanm
bath with methanol (300cc), water (225cc) and con-
centrated hydrcchloric acid (5ce) for 3 ars. The

solution was neutralizéd with satirated sodium hydrogen
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carbonate solution and the bulk of the methanol

removed under reduced pressure. The residue was.

extracted with petrol (b.p. 40-60°) and the extracts
washed with water, driad (MgSOh) and distilled to

| give 2-isopropylidenecyclohaxanone (21g, 43z). The

cru’e ketone was converted to ths semicarbazone, which

formed plates, m.n. 184° (from athanol). 2-Isopropyl-

idenzcyclohexanone was regenerated by steam distillation

of the semicarbazone (7g) with wataer (200ce) and

phthalic anhydride (15g), and was obtained as a colbur-

less o0il with b.p. 33%/0.1mm, n27) 1.4920.

b
A

343:Dimgthyloent-3-en:2:99§l92

A benzene solution of 2N-sodium tert-amylats
(250¢cc) was added dropwise with stirringz to a cooled
solution of mesityl oxide (25g) and redistilled
dimethyl sulphate (63g2) in dry ether (130cc). The
mixture was stirred for 1 hr at room temverature after
the addition was complested, wsshed with water and

stecam distilled. The mixture being kept alkaline
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throuzhout the distillation by dropwise addtion of

50j% sodium hydroxide. The distillate was saturated
with salt and extractaed with ether. Distillation of
the dried (MgSOh) ethereal extracts gave a fraction,
b.p. 1%0-1460/756mm, shown to be a mixture of three
compounds by gas-liqguid chromatogranhy (Pye-Argon
Chromatograph). The purs ketone was obtained by steam
distillation of the semicarbazone (6g, m.p. 194-195°,
recrystallized seven timas from ethanol) from phthalic
anhydride (10g). A fraction b.p. 147-148°/753mm

20

n=", 1.4500 was shown to be homogeneous by gas-1ljiquid

chromatography (Pye-Argon Chromatograph),

2,2,1,3-Tetramethylhex-Y4-en-3-one’?3

(i) 4 _Hydroxy-2.,2,5.5.-tetram=tavlhexan~-3-one
{Pivaloin)

To a sodium dispersion prapared by rapid

stirring of sodium (14.3g) and oleic acid (5 drops)
in dry toluene (50cc) was added toluene (130cec) and

then ethyl nivalate (4Og) durin; thnree hours. Aftaer
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standing for 1 hr, ice cooled dilute sulphuric acid
(32g) and water (55ce) was added during one hour The
dried (MgSOh) toluene layer was coolaed to -70° to

give pivaloin (12.5g, 23%), m.p.JQOO.

e et S i mieys

(ii) 2123930 =Tetramethylhexane-3,4-dione (Pivalil)

A solution of chromic aeid (7g), acetic acid
(14g) and water (7ce) was added all at once with gentle
stirring to a solution of pivaloin (12¢), acetic acid
(30ce), water (7cc) and concentrated sulphuric acid
(3.5ce) at 75°. A vigorous reaction set in and quickly
subsided. The hot mixture was then immediately poured
on to ice and extracted with petrol (b.p. 60-80°). The
organic layer was washzsd with 2% sodium hydroxide and
then saturated salt solution, dried (MgS0,) and dis-
tilled to give pivalil (7g, 53%), b.p. 60-64°/10mm,
n20D 1.4160.,

(1ii) 2,2.5.5,~-Tetram=thylhexana-3,.4%-diona-mono-

hydrazong
A mixture of pivalil (6g), ethyl alcohol
(17.5ce), benzene (35ce), 100% hydrazine hydrate
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(corresponding to 64% anhydrous hydrazine) (7g) and
acetic acid: (2 drops) was refluxed in a Dean and
Stark separator for 42 4rs at 120° until no more

water sepzrated. The reaction mixture was neutralized
witn sodium carbonate solution, water (100cc) was
added and the product was workad up in the usual
manner, when the monohydrazone was obtained (3z, 48%)
b.p. 100°/10mm, m.p. 35°.

(iv) 2:249.5-Tetramethylhexan-4-diazo-3-one

A flltered solution of mercuric triflugro-
acetate (8g) (prepared by dissolving mercuric oxide
in anhydrous trifluoro-acetic acid) in acetonitrile
(19cc) was added dropwlse during 7 hrs. to a stirred
solution of ths above monohydrazone (2.8g) and triethyl-
amine (5%g) in acetonitrile (5cc). During this period
nitrogen was 2volved. The filter=d solution was
dilutad with petrol (b.p. 40-60°), washed with cold
dilute 2% hydrochloric acid until neutral, dried (MgSOh)
and the solvent removed under reduced prassure to give

a residue which was distilled to zive the recuired
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ketone (1.2g, 51%), b.o. 75-77°/10mm, n26

p 1.4333,
tha diazo compound being pyrolyzed during the dis-
tillation, A pure sample, obtained by vapour-phasa
chremetographic separation (Griffin and George) was

shown to be homegensous by zas-liquid chromatography

(Pye-Argon Chromatograph).

A 9310 6 +o1_1_onel?M

Anhydrous ethylamine (250cc) was added to a

stirred mixture of naphthalene (15g) and lithium (10g)
in a flask fitted with a dry ice condenser and placed
in an ice-bath. Various colour changes remging from
green to dark red were observed within 9 min. The
total reaction time was about 10 hrs, at the end of
this time, the excess of lithium, which became fused .
into one piece, was removed. The product was then
decomposed by cautious addition of granular ammonium
cnloride until the solution became colourless. The
solvent was allowed to evaporate and water was added

dropwise to the residue with cooling. The aqueous
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layer was extracted with ether and the dried (MgSOh)
ethereal -extracts were distilled to give a mixture of
£39:10_ 4ng B39 gctalins in a ratio 50:1 (llg, 695%)
b.p. 130-184°/756mm. A mixture of the two isomers
(10.5g) and phosphorus ventoxide (6g) was heated at
140° for 2 hrs. Ice was added to the cooled reaction
mixture which was extracted with ether. Removal of
the dried (MgSOh) ether solution and distillation
gave £?:1O-Octalin 195 of about 39% purity (10g),
b.p. 187-189°/756mm, n2%) 1.4392.

_ To a stirred solution of Aguo-octalin

(10z) in acetic anhydride (143g) at 0° was added a
solution of selenium dioxide (3.7g) in water (10Occ),
the rate of addition being controlled so that the
temperature did not rise above 50; the mixture was
stirred at this temperature for 13 hrs. The mixture
was filtered and the solvent removed from the filtrate.
Distillation of the residue gave 2Y ' C-octalyl-1-
acetate (5g, 40%), b.p. 91-22°/0.1mm, nl%) 1.4953.

The above acetate (5g) was hydrolyzed by
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refluxing for 2 hrs with 2% sodium hydroxide (150cc).
water to the residue, the product was taken up in
ether, Ramoval of the dried (MgSOh) ether extracts
and dlstillation gave 1\7°1Qcctalol (32, 67.5%),

b.p. 32-83°/0.1mm.

Oxidation of the above alcohol (1.2g) was
affected by stirring it for 2 hrs. with a suspension
of active mznsanese dioxide (20g) in Analar carbon
tetrachloride (150cc). Filtration and removal of
tha solvent followed by distillation gave 139:10-
octalone (lg, 854), b.p. 730/0.1mm, n25D 1.5253.
Oppenauer oxidation of the above alcohol gave the

89410 i somer 1n 705 yield and not the AS:7-isomer

196

as claimed in the literature. Recently, House

has also reached this conclusion.

DS:Q—Octal-l-one 196

&«-Naphthol was purified by digtillation at

atmospheric pressure and then refluxing with Raney
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nickel in ethyl alecohol. Filtration, removal of the
solvent and distillation gave a snecimen of ~-naphthol
with a reasonably high rate of hydrogenation. Hydro-
genation of the purified material (56g) at 130 atm.
and 1350° in presence of Raney nicke] (5g) was com-
pleted in 48 hrs to zive mixed 1-decalolslg7, b.p.
11%-116°/12mm.

The mixture of l-decalols (l3g) was added
dropwise to a stirred solution of potassium dichromate
(18g) in water (9.,5cec). Concentrated sulphuric acid
(8.6ce) was added dropwise to the stirred mixture and
stirring was continued for 11 hrs. The solution was
extracted with ether, the ethereal extracts were washed
with sodium carbonate solution, dried (MgsO,) and
distilled to give trang-l-decalone (3.5g, 79%),

b.p. 112-113°/15mm, n25D 1.4351.

A mixture of trang-l-decalone (9g), acetic
anhydride (20z) and toluene-p-sulphonic acid (0.2g)
was heated under gentle reflux so that the acetic acid

formed in the reaction was allowed to distill. After
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10 hrs, acetlic acid (7cec) having distilled, anhydrous
potassium acetate (0.2g) was added and the mixture
cooled and diluted with petrol (b.p. 40-60°) (100cc).
The organic layer was washed with dilute sodium
hydrogen carbonate, dried (MgSOh) and the solvent
removed to give the crude 3-acetoxy- [§1=9

(9g) .

-octalin

A mixture of the above crude acetoxy compound
(3.5g), 40% peracetic acid (19.5ce), sodium acetate
(11.2g), watser (17cc) and petrol (b.p. 40-60°, 110cc)
was stirred at room temperature for 11 hrs§ L
additional 40% peracetic acld (6ce) was added and
stirring was continued for 13 h"s. The excess per-
acetic acid was reduced by addition (slowly and with
cooling) of sodium sulphite. After the acetic acid had
been neutralized by the addition of sodium hydrogen
carbonate, the organic layer was separated and the
solvent removed to zive crude 9-acetoxy-l-decalone (5g).

Pyrolysis of the above crude acetoxy decalone

(tg) was carried out on two equal portions by heating
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at 820-230O for 1 hr, Nitrogen wag allowed to pass
slowly through the reaction mixture during the pyrolysis.
The combined material (distillates and residues) from
the pyrolysis was neutralized by addition of sodium
hydrogen carbonate solution and extracted with ether.
Removal of the dried (MgSOu) ether and distillation

of the residue gave a product b.p. 110-1209§mm,
gas~1liquid chromatographic analysis of which indicated
the presence of A349_ ang A?:lo-octalones in a ratio
of 5:2 as well as decalone and its enol acetates. A
mixture of the combined distillates (2g), 5% sulphuric
‘acid (10cc) and dioxan (30cc) was refluxed for 1.5 hrs
cooled, neutralized with sodium hydrogen carbonate
solution and extracted with petrol (b.p. 40~60°).

Removal of the dried (MgSOu) solvent and distillation

of the residue gave a fraction b.p. 60°/0.2mm which
contained tetralin (1%), l-decalone (20%), 48:9-
octalone (50%), Agzlo-octaloné (20») and a number of

minor components (total 2%) as shown by gas-liquid
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chromatographic analysis (Pye-Argon Chromatograph).

Vapour-phase chromatozraphic separation (Griffin and
AD 264/

George) at 160° Q?elite) gave a fraction shown to be

a mixture of the A*?_ ang N0 isomers in a ratio

of 9:1. Repetition of the separation to get the éé:g

-isomer in &z pure stegte was unsyccessful as the ilsomers

have very similar retention times.

3=Bromocyclopentang-1:2~dione (2-Hydroxy-3-bromo-
138

cyclopent-2-enone

Bromine (8g) in carbon tetrachloride (50cc)
was addad dropwlse with stirring to a coocled solution
of crude cyclopentane-1:2-dione3 (5g) in carbon
tetrachloride (50c¢cc). The reaction mixture was heated
on a stzam batn for 30 min after the addition was
completed. The solvent was removed under reduced
pressure, and the residue was sublimed at 0.1 mm pressure
and a temperature of 50-70°. Recrystallization of the
sublimed product from carbon tetrachloride affordad

white crystals which had m.n. 155-156°.
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Peracetic acid was prepared by addition of
a mixture of 30/ hydrogen peroxide (19cc) and con-
centrated sulphuric acid (l.2cc) to acetic acid (75ce),
the mixture being a2llowed to stand for overnight at
room termperature. To the peracetic acid was added
with stirring cyclo-octene (1llg), the temperature
being kept below 20°. Stirriﬁg was continued until a
clear solution was obtainad. The reacticn mixture
was poured into water (100cc) and extracted with patrol
(b.p. 40-60°). Removal of the dried solvent and dis-
tillation of the residue ga&e cyclo-octene oxide 199
(9g, 74%), b.p. 74°/10mm, m.p. 55°.

On the other hand, when commercial peracetic

acld was uszad 200

the zbove expoxide was obtained in
83% yield as follows: Commercial 40% peracetic acid
(25cc) to whicn sodium acetate (5g) had been added
to neutralize the sulphuric acid present, was added

dropwise in 45 min with vigorous stirring to cyclo-

octene (11g). The reaction tempsrature was maintained
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at 27-30° with an ice-bath. The mixture was cooled to
OO, neutralized with %0% sodium hydéroxide and extracted
with sther. The dri=d (MgSOh) extracts were concentrated
and the residue was distilled at reduced pressure, b.p.
77-78%10mm, m.p. 52-54°. When the preparation was |
repeated on five times of the above scale, cyclo-octene
oxide was obtained in 96.5% yield.
lo-oct 197

Cyclo-octene oxide (3kg) in absolute ethyl
alcohol (35cc) was hydrogenated in the presence of
Raney nickel (3.5g), the reaction being completed in
4 hrs. Filtration, evaporation of the solvent and dis-
tillation of the residue zave cyclo-octanol (2kg, 70%),

b.p. 100-1050/13mm, nlaD 1.4820, m.p. 28°.

201

Cyclo-octanol (21.2g) was added dropwise to
a solution of potassium dichromate (10g), sulphuric

acid (3.5g) and water (50cc). The reaction mixture was
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Was heated at 80-900, the heating being continued at
this temperature for 1 ar after the addition was
completed. ZExtraction with benzene, followed by the
removal of the solvent gave a residue wnich was dis-
tilled to zive cyclo-octanone (l6g, 75%), b.p. 33°
/1lmm, m.p. 42°.

2=Methylenecyclo-octanone
Method (i): Pyrolysis of the cuaternary Mannich salt
of cyclo-octanone:
2={piperidinomethyl)-cyelo-octanone
Piperidine hydrochloride was prepared by
passing dry hydrogen chloride into a bengzene solution
of piperidine. Recrystallized from ethanol it had
m.p. 244°,
Piperidine hydroehloride (5g), 40% formaiin
(3.1g), cyclo-octanone (6.2g) and dioxan (50cc) were
heated on a steam bath for 50 min, the mixture becoming

homogeneous after 20 min. ®Evaporation to dryness under

reduced pressure afforded a pale-yellow residue (6.5g)
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which on recrystallization from acetone, had m.p. 146°.
2-(Piperidinomethyl)-cyclo-octanone (6.5g)

was heated at 160-135°/0.4mm, and the distillate

collected in a recelver cooled with licquid air.

Immediate redistillation jzave a fraction, b.p. 52°

/0.3mm, (2.5g, 33.3%), n20) 1.4955.

Method (ii): DNehydrochlorination of 2-chloromethyl-

cyclo-octanone:

2=Hydroxymethylcyclo-octanone 202

s ot > —

Calicium hydroxide (0.lg) was added to a
stirred mixture of cyclo-octanone (3.8g), water (lcc)
and 37x formalin (6g). The mixture was warmed to
50° on a steam bath for 5 hrs and after standing ab
room temperature overnight, was acidified with dilute
acetic acid, saturated with salt and extracted with
ether. Removal of the dried (MgSOh) ether and dis-
tillation gzave 2-hydroxycyclo-octanone (%g) b.p.
135-140°/1k4mn, n19D 1.4950,

4 solution of 2-hydroxycyclo-octanone (k4g)
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in ether (5cc) was added dropwise with stirring to

a cooled solution of thionyl chloride (6.6g) in dry
pyridine (17.7g). The mixture was kept for 2 hrs in

an ice-bath after the addition has been completed,

and then poured on to ice. The aqueous layer was
separated and extracted with ether, and the ethereal
extracts washed with saturated sodium hydrogen carbonate
solution, 10% sulrhuric acid, 5% sodium hydroxide and
saturated salt solution. Removal of the dried (MgSOu)
etaner solution left a residue (3g) which was distilled
at 0.3mm pressure from ‘-collidine (33) at a bath
temperature of 140°. The distillate was collected in

a flask chilled to -70°, and then taken up in ether,
extracted with 10% sulphuric acid, dried (MgSOh) and
distilled to give 2-methylenecyclo-octanone (1.5g,

22.4% based on cyclo-octanone), b.p. 35-370/0.lmm,

n2OD 1.4952 (Found: ¢, 78; H, 10.3. C9H140 requires
C, 738.2; H, 10.2).
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Cyclododecene oxide

To cyclododeaene (%.4g (Found: G, 36.76;
2%
g, 13.27. Czle. for C ¢, 36.63; H, 13.32)

21
D

stirring in 45 min, 40% peracetic acid (10ce) to

12t55¢

b.p. 96°/7mm, n 1.4321) at 5° was added, with

which anhydrous sodium acetate (lg) had been added

to neutralize the sulphuric acid present. The reaction
mixture was stirrsd for an adiitional 2 hrs in the
cold, and left to stand overnight at room temperature.
The solution was cooled to O° and 407 sodium hydroxide
was added dropwise, with stirring, until the mixture
became basic¢ to litmus. The mixture was extracted with
ether and after worxing ub in the usuel way afforded
cyclododecene oxide (%.7g, 90%), b.p. 31°/0.25mm,

nl9D 1.4733. (Found: C, 73.0; H, 12.2; requires

D/

c, 79.0; H, 12.3).

2-Methylenecyclodedecanone

This was prepared by the thermal decomposition

of tiue "Mannich base'" of cyclododecanone.
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The "Mannich base", 2-(piperidinomethyl)-
cyclododecanone was prepared by heating equimolar
¢uantities of cyclododecanone, pivperidinehydro-
chloride, 40% formajin and equimolar quantity of
dioxan for 1 hr. The crystalline product began to
separate during this time. Zvaporation of the reaction
mixture under reduced pressure to dryness gave a
crystalline product (m.p. 201—2020, from 1:2 ethanol:
acetone) in 9% yield. (Found: C, 63.2; H, 10.7;
13H3,7ClNO required C, 63.kL;

g, 10.3; C1, 11.2; N, h.gﬁ.
Distillation of the above salt at 230-250°

Ci, 11.4; N, 4.6 C

(metal bath) and under a prassure of 10'”-10'5mm,

gave a product which was chilled by external cooling.
The distillate was extracted with ether and washed with
dilute hydrochloric racid. Evaporation o dried (MgSOh)
ether extracts left an oil, ghown to be the required
compound together with cyclododecanone from the infra-
red spectrum. Chromatography on alumina (Brockmann

grade I), gzve a fraction eluted with petrol (b.p. 40-60°)
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which on evaporation of the solvent, laft a residue,
shown to be pure 2-methylenecyclododecanone from the
I.R., U.V., and N.M.R. spectra. The yield was 36%
based on the crude product. (Found: C, 80.53

_ %
Hy 11.4%; C13H,,0 requires C, 30.4; H, 11.4).

2=Carbomethoxycyclododecanone 203

o ot

To a solution of triphenyl sodium methide
(prepared from triphenylchloro methane (20g) and 1%
sodium amalgam (650g) in dry ether (500cc)) was
added dropwise at (-10°%) with stirring and under a
stream of purified nitrogen, cyclododecanone (10g) in
dry ether (100cc). The colour of the reaction mixture
changed from blood-r=2d to colourless after the addition
was completed. The reaction mixture was transferred
to another reaction flasx containing dry ice (40g) under
a stream of purified nitrogen. After a vigorous reaction
had taken place and finished, the product wi's extracted
from the cold ethereal solution with a cold:.solution of

dilute sodium hydrozide. The free acid (2-carboxycyclo-
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dodecanone) which was precipitataed as white crystals
by acidification of the sodium salt obtained on
cooling, was then taxen up in ether and dried (MgSOu).
To the ethercal solution of the xeto acid, was

added dropwlise with cooling a 20x excess of an
ethareal solution of diazomethane. After 30 min, the
excess of diazo-msthane was destroyed by dropwisec
addition of glacial acetic acid (in the fume cup-
board) until the avolution of nitrogen was ceasad.
Thae ethereal solution was then washed with ice-cold
0.5N sodium carbonate solution and water, dried
(MgSOh), and distilled to give 2-carbomethoxycyclo-
dodecanone (Jg, 63%), b.p. 115°/0.09mm.

Methyl 2-0oxo0-1-(3-0xobutvl) cyclododecana-carboxylate

2-Carbomethoxyecyclododecanone (10g) was
transferred into the sodium-salt, by hesating it in
dry benzene (60cc) with a solution of sodium methoxide
(from sodium (lg) and dry methanol (40cc)) for 15 min.

The solution was treated at 0° with a solution of



162

20k (prapared

L-diethylaminobutan-2-one methiodide
by allowing the emins (13g) and excess of methyl
ilodide (20g) to stand protected from moisture, for

30 min at '0° and 1 hr at room temperature) in dry
methanol (60cc), and the mixture allowed to stand at
room temperature for 4 hrs and then refluxed for 15
hrs, The reaction mixture was decomposed with watar
with cooling and then extracted with benzene. The
benzene extracts werd washed with dilute hydrochloric
acid and water, evaporated to give the required
product as a thick oil (8g), which was usad for the
next stage without further purification.

AL1912 15 Methyl-bicyelo(1,3,9)=pentadecanonz-(15)

The above crude oxobutylketoester (3g) was
refluxed with acetic adid (150cc) and concentrated
hydrochloric acid (25ce)} for 30 hrs under a stream of
nitrogen. The reaction mixture was diluted with water,
extracted with benzene, and the extracts ware washad

with a solution of sodium carbonate and wetar.
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Distillation of the benzene solution gave a semi-
solid product (6g), shown to be a mixture of the
requirzed product as well as other ketonic impurities
from the I.R. spectra. Sublimation of the product

at 1073-10"*mm pressure and 70-80° temperature left
a thick oily residus, tha sublimed product, m.p.-600,
being shown to be cyclododzacanone from its infrared
spectrum.

Chromatography of the oily material on
alumina (Brockmann grade III) gave a fraction, eluted
with petrol (b.p. 40-60°), which on cvaporation of
thz solvent 12ft a residue shown to be the required
unsaturated ketone from the I.R., U.V., and N.M.R.
spactra as well as the micro-analytical results.
(Found: C, 82.4; H, 1l.4. C gl g0 requires C, 32.2;
H, 11.2)

. 205

,z-Nonamethylene-p-nitrophenol

-~
g g

Bromine (100g) was added dropwise with

stirring to a solution of furfural (10g) in water
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(100ce). The mixture was allowed to boil under
reflux during the addition during which bromin= and
hydrozen bromide were ravolved. Tha red clzar solution
was boiled for 30 min after the addition was complested.
Zvanoration of the rzaction mixture undecr vacuum left
a residue which solidified on cooling. Reerystallization
from water gave bromomuconic acid 206 as .- colourless
crystals, m.p. 127°.

When the above bromo acld (20g) was added
in small portions to a solution of sodium nitrite (1llg)
in water (4ce) and sthanol (6cc), 2 vigorous reaction
took place with a rise in temperature (40-60°),
evolution of carbon diroxide, and change in colour of
the solution to a de2p red. Frcm the cooled reaction

207 orystallized

mixture, sodium nitro mzlonic aldehyde
as pink needles, which were filtered and washad with
cold asthanol.

A mixture of cyclododecanone (1l.3g), sodium
nitro malonic aldehyde (1.2g) and 25 sodium hydroxide

(léec from 75% dilute alcohol) was shaken for one week.
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The clear solution of the sodium salt was decomposed
with cooling by dilute hydrochloric acid, uvon

which the nitrophenol was obtained. Extraction

with ether and removal of the dried (MgSOu) ether
extracts left a solid material, which after
recrystallization from petrol (60-80°) had m.p. 170°
and was shown to be Q, O-nonamethylene-p-nitrophenol

—

frem the I.R., U.V., ang N.M R. spectra.

246-Pentamethylene;h-nitrocvclogexad1enr—1.5-one-1205

The same series of reactions as above was
carried out using cyclo-octanone, the reaction mixture
being shaken for six days in this case. A slightly
soluble salt was obtained, which was also decomposed
with acid, when the nitro-derivative of the unsaturated
Letcne was obtained as : yellow crystals m.p. 99-100O
(from petrol (30-100°)).

Sore L{A-unsaturated esters208

These were prepared by refluxing the
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corresponding acid (one mole) with the required
alcohol (thrée moles) in the presence of concentrated
sulpauric acid (0.02 mole) for 20 hrs. The following
esters were obtained:
ilethyl acrylate, b.p. 80-310/760mm, n25D 1.403k
Methyl crotonate, b.p. 118-1190/760mm,_n25D 1.4241
Methyl (7, /?-dimethyl acrylate, b.p. 135-137°/760mm,
25 1.4380
Ethyl ot,/ -dimethyl acrylate, b.p. 53-54°/12mm,
n25D 1.4351
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SPECTROSCOPIC MEASURZMENTS
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SPECTROSCOPIC MEASUREMENTS

INFRARED MEASUREMENTS (IR)

Infrared spectra in solutions in CClh
_ otherwis
(runless,x stated) wsare recorded under standard
conditicnson a Grubb-Parsons double-bzam Sk Spectro-
meter fitted with a CaF2 prism. The computed

L ot 1630em™t, Ap»narent

spectral width was 2cm”
molecular extinetion coefficients ({a) were cal-
culated from the expression:

a I

£ = log;y (§9)/c1
where IO and I are the intensity of incident and
transmitted light respeetively, ¢ is the concentration
(gram moles per litre), and 1 is the thickness of
the cell (cm).

Thz integrated band intensities in 1.

-1

mol cm'2, which reprzsent the arez under the band

contcur ware measured by the following methcds:
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(1) Direct dntegratioh using Reamsay's

4112 113

metho as ilmproved by Cabana and Sandorfy
in which the area was cobtained using the following
equation:

A=2.3xKx [H{(,ax&a
y=%§9 ;21') and%
whereas ZnQa is the apparent band width in em™T at
y values of intensity as 1llustrated in fig I.

In some cases where the bands exhibit
doublet absorption which +is: not well ressolved, other
matheds (i1) and (ii1) were usecd.

(i1) Simpeon's method: As mentioned on
page 70, this method was used to measure the area
under irragular curves from the following equation

A = % LT 19 o) #(yy #y5 ke eay oy g

+2(y2+yu+...4y2m_2)]
This method involves the plotting Ofé;max values
against ths fraquency in cm"1 fer 2ach band and then

taking an sven number values of § (represented by y
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in the above formula) at equal h (frequancy diff-
srence betwaen the successive values) intervals.
The band arcas were measured over a range of ¥ SOcm"l
from the band maximum, and the intercepts were taken
avery 2-5em™L.

(iii) Planimeter: this is an instruﬁent
used to measure the arza of irregular shapes.

(Lv) Weizhing: this methed involves cutting
out the band and weighing it. |

The values of the integrated band intensities
measured by the latter three methods (ii, 1ii and iv)
are about 15% smaller than the values obtained by
method (i). Thus, in comparing the results, the same
method of measurement should be used. In fact in
cases where the band exhibits a doublet and could not

be measured by method (i) the average values of

methods (ii) and (iii) are reported.

ULTRAVIOLET MEASUREMENTS (UV)

The ultraviolet light absorption sw»nectra were
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determined i1n absolute ethanol (otherwise stated)

using a Perkin Slmer 4000 SpectrOphotométer.

NUCLZAR_MAGHNETIC RESONANCE SPICTRA_(NMR)

The spectra were measured on a Varian
A-60 spectrometer using carbon tetrachloride ( unless

otherwise _ .
L stated) as a solvent, and tetrametinylsilane as

intsrnal standard.
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DISCUSSION OF THE RESULTS

The results published by Mecke and Noacklo’ll

and Zrskine and Waight13 are summarized in tables
I and IT for comnerison with our results.

To differentiate between the s-cis (I)
and g-trang (II) isomers, Mecke and Noack (table I)
compared the frequencies and intensities of the
C=0 and C=C band of conjugated compounds with those

on non-conjugated systemsg

A0 =

\C/ \C /\
/
is s-irans

ci
(1) (II)

Erskine and Waightl3 came to the same conclusion as
Mecke and Noack and further found that the ratio of
the integrated band intensities of the C=0 and

C=C bands (r® = Ac=o/Ac=c) gives the most ¢e¥tain
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indication of the geometry of the chromophore.

The above conclusions were based on the measure-
ments of compounds with the fixed g-cis and g-itrans
conformations, and on the basis of these results
they were able to determine the conformation of com-

pounds with labile s-conformation. A summary of

these results is given in table II.

MECH,.NISM OF THE INTHZRPRETATION OF THE RESULIS

In general &3 -unsaturated ketones can be
recognised by their infrared absorption at about
1690 and 1650cm™t. Thase two bands have been
ascribed to C=0 and C=C bands by comparison with
non-conjugated systems and by the fact, the high
frequency band exhibits regular solvent effects
(frecuency shifts) compared with simple carbonyl
compounds.

As it has been shown recently by Mecke

10,11

and Noack and by Erskine and Waightl3 on the
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basls of infrared and Raman spectralgo, that the

conformation about the single bond in this chromo-
phoric system cen be distinguished by the following
features:

(i) Greater frequency separation ( buem™1)
between the C=0 and C=C stretching bands in the
s-gis form compared with the s-trans isomer.

(ii) Significant dimiq?tion in the infrared
C=0 band intensity of the g-gis structure and a
greatly diminished Raman C=0 band intensity.

(11i) An increase in the infrared C=C
band intensity in the g-g¢is structure.

In both the g-cis and g-trans conformations,
the C=0 and C=C bhand frequencies are displaced down-
werd from their positions in non-conjugated systems
carrying comparable substituents. In attempting
to interpret some of these effects, Jones and Noack2C
assumed thatkthe two frequencies (C=0 and C=C) are

not vibrationally coupled, it follows that both the

C=0 and the C=C bands have reducad force constants
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in the conjugated system, probably dus to resonance
effect., This in turn must lead to charge dis-
placements on the terminal atoms, and the polérized
s-¢cis structure (III) will then be further stabi-
lized than the s~trans structure (IV) by a direct

field interaction batween the ends of the conjugated

system. -

| '\,/i ,
/kc* ’

(III) (IV)

+ N

This led to an additional decrease in force constant
of the stretching vibration in III. This conclusion

has been already given by Brayde and Timmon58’12

and
- . 13
by Erskins and Waight™-.
It was also assumed by Jones and Noack
that change in bond polarization with bond length
increasesin systemswhere the bond is more highly

polarized in its eqguilibrium positicn, so that both

the s-¢cis C=0 and g-cis C=C infrared band should

a— — —
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be intensified by this field effect. This is
consistent with the observed changes for the Cz=C
band, but not with the C=0 band,

Consider a vibrator C=C-C=0 as a whole,
the separation bstwean the C=0 and C=C frequencies
is of order of about 7Ocm'1 in case of non-conjusated
and conjugated g-cis comnounds vhils it is usually

less than 7Ocm'l

for the g-trans compounds. There
is thus the possibility of vibrational counling in
the latter case, since vibrational coupling is
inversely proportional to the band separation with
which coupling is concerned320. Accordingly, the
s-cis structure is considered to be free from vib-
rational coupling, on the otner hand the coupling in
the s-trans structureiprobably rasponsible for the
high and low band intensities of both C=0 and C=C
bands respectively. This is expected in resonance
coupling in which usually the weaxer band borrows

intansity from the stronger one where the two bands

have the same symmetry or pseudosymmetry. According
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approach the came value, the character of the vib-

179

rations will change from localized double-bond modes

to in-phase and out-of-phase coupled modes extending

thrmough the dnnjugated system.

In the limiting

case, the bands will become analogues of the doublet

€=0 band systems of acid anhydrides and peroxideszog.

Regarding the s-trang form, the direct

field of polarization induced in the C=C bond will

depend on the type and position of- the substituent,

i.e. the dipole of the substituent can assist or

oppose the field of polarization (V¢VI), and as a

result give a higher or lower C=C band intensity

respectively.

(VII,VIII)

~

The same is true for the g-cis form

N

s~trans
)
1;3
e/*\\\c
\
s-cis (VIII)
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The readily polarizable carbonyl group gives
usually strong absorption in the infrared. On the
other hand the very weak C=C band absorption com-
pared with the CZ0 group is due to lower valué of

om 1%
change of dipole moment37 when the bondzstretch >d. As
it 'ws known1 7 == when a bondLstretched by an amount
dr, a moment éa;ddr 1s produced in the direction of
the bond. In conjugzated ketones, the relatively
higher C=C band intensity compared with the values
of non-conjugated com»ounds is probably due to the
induced polsrization in the C=C bond§ 1i.e. the single
bond character 1s increased which also causes the
decrease of L%=¢ This means that the C=0 chromophofe
1s responsible for intensifying the C=C band., On the
other hand the situation is different in the electronic
dxcited state, and the probability of the transition
C=C-C=0 &3 E-c:c-é is relatively high as shown by the
abgsorption intensities of the X-band (which is due

to conjugation). The charge separation (r) and thus
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the resonance energy is related to the intensity of

the K-bandl2l 125

y and also, as polnted out by Barrow
to the infrared band intensity of the C=0 group
alone, which is in turn responsible for the increased
C=C absorption. According to this, the increased
intensity of the C=0 band in the 'g-trans form com-

pared with the g-¢is is due to larger distance (r)

in the former.

O
: c \

-cis s-trens

n

In the ultraviolet spaectra the large dis-

tance in the g-irans form is responsible for the

incrzase of fgax compared with the s-cis structure
"l
as the relatlon fmaf*;r is followed.
Furthermore, the varilation of frequencies
and intensities of the C=0 and C=C bands associated
with either " . conformational isomer are explained

on the basls of electronic effects acting along bonds
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in the ¢hromophore C=C-C=Q as well as steric effects,
aspeclally thoszs assoclated with Van der Waal's
repulsions between vicinal non-bonded atoms, and
hydrogen-bonding if present, as well as other
anvironmental factors, nctably solvent-solute inter-
actions in soclution.

The electronic effects (inductive and
mesomeric) were the dominant factors in determining
the change in the infrared frequency and intensity.
There have been meny examvles in thes literature in
which it has been shown that the over-all 2lectro-
n:gativity (I+M effects) of the substituent is mainly
involved. Barrowl25 haw pointed out that for con-
Jugated ketones, the C=0 stretching band intensity
varles directly with the resonance c¢nergy of con-
jugation, and-this according to Bellamy, depends on

the mesomeric effect alone.



CYCLOPENT -2-ENONES

(a) The shifts in_the_ carbonyl stretching frecuency

[T A=t e e o et

due_to substitution on the C=C bond

In general, the carbonyl stretching fre-
quency depends both on the masses of the atoms
involved and the force constant of the carbonyl bondlu.
The force coﬁstant in turn depends upon the distri-
bution of the electrons in and around the carbonyl
linkase. To determins the electron: distribution,
the interaction among all of the atoms and electrons
in the neighbourhood of the carbonyl bond must be
considered, including conjugation and hyperconjugation.
Recentlyle, it has been concluded that the latter
effect 1s important only in consideration of the
electronically excited states. Calculations have
been done in terms of resonance theory by Hartwell

66

and Thompson™~. The force constant of the carboayl

bond is determined primarily by the relative
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contribution of structures (IXa-IXd) to the resonance

(IX)
in the carbonyl group, and these in turn depend on
the electronegativities of the X and Y groups.

The electron attraction or repulsion
results in part from the charge distribution in the
C-X and C-Y bonds and also from the mesomeric effect
(Xf=C-6). The difficulty in applying these concepts
to predict the carbonyl band position in individual
compounds arises as follows: (i) the inductive and
mesomeric effects can sometimes act in opposition and
it 1s difficult to predict which will predominate,
(ii) the mass effect of A-substitution should be
considered in addition to the above electronic effects.

From table (III) it can be seen that the
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the introduction of an alkyl group at the 2- or
3-position shifts the carbonyl position to lower
frequency, and this is probably due to the electo-
positivity (+I effect) of the alkyl group (R-»~),
which tends to repel the electrons towards the carbonyl
oxygen atom. As a result the single bond character

of the carbonyl group increases, so that form (IXb)
predominates. I, general, 2-alkyl groups lower the

1

carbonyl frequency by 9-lhem™~, while 3-alkyl

derivatives lower the frequency by 18-23cm'l (see note
(ii) at the end of this section) compared with cyclé-

pent-2-enone (X), i.e. the shift to lower fregquency
’ as %reat

in the case of 3-alkyl derivativesis twicelas that
: the

when the same group is a§42-position. This could be
explaineq by ths fa=t that the +I effect of the alkyl
group atZ?Fposition acts in the same direction as the
normal polarization of the conjugated system, while

the +I effect of the alkyl group atiz-position acts in
opposition to the normal polarization of the conjugated

system. As a result the single bond character of the
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carbonyl group is more when the alkyl group is
Ba tha
atL3-position than when it.is atL@-position.

In case of 2,3-dialkylcyclopent-2-enonas
(XXI,XXII), the shift to lower frequency by 18—1§cm'l
compared with cyclopent-2-enone (X) is due to the
combination of ths 4I effect of the alkyl groups at
each position in affecting the normal polarization
of the conjugated system.

In cass of strongly electronegative groups,
such as alkoxyl, the effect on the carbonyl frequency
is different from that of alkyl grount Thus from
table (III), the carbonyl band is shifted to higher
fraquency (+2cm'l) in the case of 2~-iggbutoxycyclo-
pent-2-enone (XV) and to lower frequency (-21cm'1)
in the case of the 3-isgbutoxy derivative (XX). The
shift to higher frequency in the case of the 2-iso-
butoxy compared with cyclopent-2-enone (X) could be
due to the ~-I effect of the isgbutoxy zroup (-9-0Bui),

which tends tc attract electrons towards the ether

oxygen atom. As a result the single bond character
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of the carbonyl group is decreased, and thus the
compound absorbs at higher frequency. This is in
agreement with the fact that sster carbonyl absorbs
at higher frequency than keto carbonyl (1735 and

1 respectively)lu’ls. This can be explained

1715cm™
by assuming the +M effee¢t of the oxygen atom: to be
less important than its ~I affact
"
-0 - C =0
M T 4 -1

The same explanation could be applied in
our case in which it seems likely that the ~I effect
of ths 2-alkoxyl group will destabilize structure
(XXIII). This structure willalso be destabilized
by the +M effect of the ether oxyzen atom so that both

affects combine t0 increass the carbonyl frequency.

. —
@\ 6—"'""—3 :/ \0
0 ‘ \
R o

L)

o

( XXIID
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The shift to lower frequency in case of
3-isobutoxycyclopent-2-enone (XX) compared with
cyclopent-2-enone (X) could be explained by the ¢M
effect being more important than the -I effact of
the alkoxyl group :

dﬁé C 5,5\2 C Qﬁ%

only +M

The same cexplanation has been given for the consid-
erably lower carbonyl frequency (léthm"l) of dimedone
ethyl ether by Nakanishi®l?,

It should be noted that: (i) differencesin
mass are neglected in the above explanations, (ii)
in some cases (3-substituted cyclopent-2-enone) where
the carbonyl exhibits a doublet, the frequency at the
centre of gravity of the doublet was considered in
the .explanation.

(b)), Effects of substitution on_the czrbon=carbon

From the V . values glven in table (III),
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the inductive effect of the substituent seems pre-
dominant in affecting the C=C band frequency.
Another factor which 1s important in ceusing the

large shift of I/__, which is of order 20-30cm™’ in

1

case of 2-alkyl and 10-20cm ~ for 3-alkyl derivativas,

is the reduction of ring strain upon substxtutionls.
In simple olefinic hydrecarbon, it is known that
alkyl substituents raise 1é=c, and the shift to higher
frequency is decreased by increasing the size of the
alkyl group. The same situation is seen in our case,
that the shift to higher fraquency is least for the
tert-butyl group and has its maximum value for the
methyl group in both the 2- and 3-alkylcyclopent-2-
enones. The dependence of lé:c on the type of alkyl
group, can be seen from fig II in which l@zc is
plotted againstf;%twhich is a measure of the electron
attracting power of the group). A straight line is
obtained in both cases (2- and 3-alkyl) and the
separation between the lines gives the difference of

the combined electronic effacts dus to 2- and 3-alkyl
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substituents as mentioned before.

In case of 2-1lsgbutoxy derivative (XV),
the shift to higher frequency compared with lg:c
of cyclopent-2-enone (X) is unaexpacted, because in
simple olefinic hydrocarbons, replacement of a
hydrogan by an ether group decreasszs Lé=c by the
order of 20em™t due to conjugation with an oxygen

atom213’21h.

The unexpected shift to higher frequency
in this case and probably the relatively large shift

in tha case of alkyl group substituents (compared with
the weak electronegativity of the group) dould be

due to the reduction of the strain in the ring resulting
from substitution at the C=C bond. The same explanation
has been given for the rise in lé=c upon increasing

substitution in olefinic cyclic hydrocarbons,.as

shown below.
L C=C i/c=C

\ 1592 { » 1611°
TN\ .. 2-Me 1642 ‘j
Me .a
L 3-Me 1625 / \ — Me 1675

& Me / Me

b
Me 1656 e 1690

15

O a Bellamy b Ref,215.
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Thus from the above valuzs, the increase
of 1£=c in case of 2,3-dialkyl cyclopent-2-csnones
(XXI, XXII) over cyclopent-2-enone and mono alkyl
derivatives could be due partly to further reduction
of strain in the ring, which in turn increases the

double hond charzcter of the bond, and partly to the

combination of the inductive and mesomeric effects.

(e) Effacts _of substitution on_the carbonyl

inten

Lty

As mentioned earlier, the carbonyl inteasity

142]

has been found by Barrowl25 to give a linear relation-
ship with the resonance cenargy of the system. The
value of thils energy depends}in turn on the effective
electronic effeets (I and M effects). Thus from table
III the decrease of the carbonyl intensity in&kcase of
2~alkylcyclopent-2-enones compared with cyclopent-2-
enone (X) could be explained (i) by the field polari-
zation effzct in which the electropositive nature of

the alkyl group at this position tends tc decrease the
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field of polarization and (ii) by the fact that +I
effact of the alkyl group is in opposition to the
normal polarization of the conjuzated system. The

two cases can bz reprasentad by (XXIV)

ul
) e
\&R
(XX1V)

The net result is a decrease of the resonance energy
of the system and hence a decrease of the C=0 band
intensity. On the other hand, the presence of the
alkyl group at 3-position incr:2ases the field of
polarization and thus, together with the fact that the

+I affect of the alkyl group reinforces the normal

/a ,__:5/R

]

02 o
(XXV)
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polarizstion of the conjugatzsd system (XXV), increases
tha resonance enargy of ths system over that of
cyclopent-2-anong (X) and 2-alxyleyclopent-2-cnonas.

In case of strongly celectronecgative groups
such as alkoxyl, the situation is different. From
table III, it can be seen that the carbonyl intensity
of (XV) is much more intense than that of cyclopent-
2-enone (X), and this could be explained as in the
case of 2~alkyl derivative, by arguin; that the -I
effect of the oxygen atom of the alkoxyl group is
greater than its M effect. Thus in this case, the
-OBui group at 2-position by its -I effect assists
the field of polarization, thus the system will have
a greater resonance energy and then have greater carbonyl
intensity. In case of 3-OBui derivative, the higher
carbonyl intensity comparzd with cyclopent-2-cnone
(X) could be due to the predominance of the +M effect
of the alkoxyl oxygen atom (XLVI) L

//OBJ *bgu

\ — S

| |

0 O-

(XX) (XXVI)
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In case of 2,3-dialkyl cyclopent-2-enones
(XXI, £XII), the . C=0 band intensity compared with
cyclopent-2-enone (X) 1s n2arly the average valus of
the Ac=o for 2- and 3-mono substitution compound which
is difficult to understand.

(da) Iffects of substitution on the C=C band

intensity

The variation of ths C=C band intensity
compared with cyelopent-2-gnone (X) can be explained
as for the change of the intensity of the carbonyl
group. The relatively high C=C band intensity of
2- and 3-iggbutoxyecyclopent-2-enone (X¥, Xi), which
is about (6) and (35) tim:2s more intense than for
cyclopent-2-enone (X), is explained by further con-
jugation of the C=C bond with an oxygen atom which has
been shown to enhance the intensity im many cases,
such as vinyl osters and =zthers.

In cas: of 2,3-dialkyl derivativaes (XXI,

XXII), the inecreass in intensity over that of cyclo-
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pent-2-cnone (X) and mono-substituted derivative is
difficult to understand on the basis of electrical

and steric effects.In fact,the reverse case were found
in simple‘alkylated: olefinic hydrocarbons .. In
methylated olafins, the few@rigaistituents, the greater
the intensity of the C=C band.

Again, from table III, the change in
intensity of the C=C band secms to depend on the
type of the alkyl group and this is confirmad by the
graph (fig III) in which the C=C band intensity is
plotted azainst the Taft constant 6542 This shows
that the intensity 1ls decreaszd by increasing the
complaxity of the alkyl group at the 2~position,
while the reverse is true for substitution at the
3-posifion.

In general, from these results, it seems
that the affsct of the alkyl group in affecting the
field of polarization is more 2vident in the C=C band
intansity than in the C=0 band intensity, Also, tha

frequency sn.fts in the C=C band depesnd on the type
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and position of the alkyl group present, which is
not the case with the C=0 band.

From table ILI it can he sean that the
vaues of [JVwhich is the difference between the
carbonyl frequency (Lg=o) and the C=C bond frequency
(\}c‘c) are larze if compared with other ccmpounds

which have the g-trans conformation, for example the

1 in cyclohex-2-anona

values are of order of 30-40Ocm”
derivatives, wnhile in our case they are of the order
of 70-100 for 2- and 3-substituted and 45-55cm™t

for disubstituted cyclopant-2-enones. Thus, the
infrared absorption of the five-membered ring seams
to be anumalous, but can be explained when the ¢ffect
of strain is considered. wolecular modcls s:iow that
taere is distortion of the ring C-C bond angles which
would tend to inerease the single bond charactar of
this group and then to decrease the C=C stretching
frequency which would in turn give a large value for
Z}l/ . Models also indicste that the carbonyl group

in
is more strainad than for example,Lcyclopentanone
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itself, so the Vc=o is larger than cexpected, again
increasing,AV. The wmaluzs of the ralative intensity
(ri) are of order 20-40 for cvclopent-2-ecnonz and
2-substituted derivatives, but of order of 3-5 in
3-alkyl and of 3-4 for 2,3-dizlkyl cyclopent-2-gnones.
Strongly electroncgative groups give different results.
Generally speaking tha ri values for alkylated cyclo-
pent-2-enones are of the order of 3-40, and the valuas

of Nare of the order of 45-100cm™r,

(e) Eermi_rcsonance

e et et Nk g g it it et et

32d by measuring

It has bezn confirmed recently
the frequencies and integrated intensitizs of the
carbonyl and C=C strstching bands in different
solvents and by observinz the bands in the region

1 that the solvent scensitive carbonyl

around 900cm”
doublet in some dAB-unsstursted cyclic ketones is due
to Fermi resonance of the carbonyl fundamenteal (lg)
with the first haermonic of the out-of-plane definic

hydrogan vibration (1/b).
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The carbonyl band is obscrved as a def-
inite doublat in both CClu and CHCl3 solution
(teble IV) when the substituent is at 3-position.
The doublet is scarcely observed when the substi-
tuant 1s at 2-position, and a clear singlat is
obtained when the two hydrogens zt the C=C bond are
rep.aced by other groups. Thz same behaviour has
been noted by Yates and collaborators32b for some
other 3-substituted cyclopent-2-enonszs

In case of doublet carbonyl absorotion, the
shift due to solvent is calculzted from the centre
of gravity of the doublet and the intensity reported
is measured over the whol: complex band. Thus it
can be seen from tabl: IV that a shift of 4em™! for
both the C=0 and C=C bands is observaed by changing
the solvent from 0014 to CHC13. On the other hand
an intensification of both the C=0 znd C=C band by
20 intensity units is observed in CHCl3 compared
with CClu.

The cause of the doublet 1s presumably the



200

ovirtone of the strong band which occurs in 3-sub-
stituted cyclopant-2-cnonas in the neighbourhood of
860cm™ 1t (which can be due to the out-of-plane
hydrogen vibration (5!)), in 2-substituted cyclo-

1 but which is not present

pent-2-enones naar 770cm”
in 2,3-disubstituted cyclopant-2-cnones. In the
absence of anharmonicity, the Fermi rasonance coupling
should depend inversely on the numerical valus of the
difference in fraquency (lé - 2&'), irraspective of
the sign, of the intcracting vibrators. For examplg
values of (Ua - 25')?&0 and 128cm"1 are observed in
the case of 3- and 2-tert-butylecyclopent-2-cnone

(XIX, XIV) raspectively, which could account for the
coupling in the first case and not in the second. The
raolative intensity of the doublet is inverted by
changing the polarity & the solvent as shown in

fiz IV for 3-tert-butyl cyclopant-2-enone (XIX), the
high freguency band being more intense in CClh

Aa/Ab ~ 5 than in CHC1 Aa/Ab ~ 0.3. This inversion

3
of the intensitics of the doublet by changng the
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Fig. IV Effect of solvent on the C=0 and C=C bands of

3-tertybutylcyclopent-2-enonc.
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polarity of the solvent has been noticed recently

for some &£ -unsaturated five- and six-memberad
lactonesBeC. The temperatur: de2pendence of the
relative -intensity of the doublst, should give an
indicatio.. of this coupling. However, the most
certain test is tc alter the position of the .funda-
mental, and thus the interacting overtone, by isotopic
replacemant e.g. of -H by -D. If this causaes dis-
appearance of the doublet, the splitting is certainly
dus to Fermi resonznce 329, The attribution of these
doublats to the presence of other isomers (e.g. non-
conjugated) is unlikely in the case of thase cycl-
enonas, since only ong band 1s observed when they are
subjzeted to ges-liquid caromatography on the Pye
instrum2nt. Thare is of course no possibility of
rotzational isomars (g-cis - s-trang) in this sort

of compounds.
As it 1s known in rzsonance interaction
the weaker band borrows intensity frem the other, the

totzl intensity for the doublet should, therefore,
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be not much greater then that of the carbonyl band
alonz. On the other hand th: presence of overtene
or combination bhands in the carbonyl ragion has been

32¢3d 4 pg recognizable by their diffevent

shown
solvent behaviour to that of a cerbonyl group. Wwe
have studied the solvent effsct on such a system of

bands in the case of cyclohsx-2-:none (XXVII)

(1) Ultraviolet mzasurements

Cyclopent-2-enone (X) absorbs at 2170R
(Table V), which is about 308 less than the value
given for cyclohex-2-znone (XXVII) or disubstituted
acyclic Af-unsaturated ketones. This tould be due
to the single-bond character of the C-0 bond in the

being

excited state [, morc favourable for the six-mambered
ring system, and the encrgy is somewhat lowver for
the excited state in this system than in the
five-maembered ring systemzlé.

2- or 3-Alkylcycloonent-2-enonas absorb:

at 100K higher than cyclopent-2-enoncs while
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2,3~dialkyleyclopent-2-anones zbsorb ot about 140X
highar. These bathochromic shifts are in good
agrecmant with Woodward's rule.

In case of 2- and 3-igobutoxycyclepent-

2~enane (XV, X4), the latter hes '\ lower by

max
lOSR which is probably due to the fact that the ether
group extends conjugation in this compound thus
increasing the charge separation in the excited
state, Whereas in the 2-alkyl and 2-~isobutoxy com-
pounds there is no similar effect. This results in
a decrease in the energy of the excitad state of the
3-isobutoxy compound compared with that of the
2-substituted analogue.

The increase of transition intensity for
3~ and 2,3-substituted cyclopent-2-enones over that
for compounds with the same groun at the 2-position
may be attributed as mentioned above to an increase
cf conjugation. Hynerconjugation has been invoked
by Mecke and Noack7h to exnlain the nigher nultraviolet

intensity of 3-alkylcyclohex-2-enones compared with
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2-alkyl analogues. On the other hand the presence
of an alkoxyl auxochrome at 3-<position will be more -
effective in lncreasing conjuzation than an alkyl
group as can be seen from Emax valuzs which are of

order of. 17,370 and 11,200-1%,300 respectively.

(g) Nueclear magnetic resonance data

In a series of cyclopent-2-enones (table VI)
the “~protons (E]:) in 3-alkyl derivatives absorb:
at 4,14-4,18T. For strongly electronegative groups
the signal is shifted down field, occuring in casz
of 3-isobutoxycompound (XX) at 3.02T. The Ho
is split by the allylic hydrogen into a triplet with
Jel.7¢/s. On the other hand the A-proton (HfF ) has
T=2.75-2.35 in case of 2-alkyl derivatives. The
splitting of the H§=signa1 is more complex. In case
of 2-methylecyclopent-2-enone (XI),_the snlitting
between the methyl protons and the protons &%t the
glcarbon ztom with J=1.9 ¢/s agrees well with results

of a study of the long range splitting ia analogous
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methyl indenes by Foster2l?, Also from the table,
it can be seen thét methylene protons generally
absorb at 7.56-7.7%, and methyls on a saturated
C-atom gbsorb at 8.8-9.057 , while methyls at the
4 -position of the unsaturated system 2bsorb at

8.26 and those at & -position at 7.35 .

CYCLOHEX -2 -SNONES

As we have seen 1n cas: of substituted
cyclopent-2~enones, strongly electronegative groups
give different values of rl. In table Vi, data for
a number of cyclohex-2-snones with different electro-
nzgative grouns are given. The l1lncrease or decrease
in the carbonyl frequency can be expleined as mentioned
for cyclopent-2-enones by the combination of the
inductive and mesomeric effects and then the pre-
dominance of either the effects. In the same way
the shift in the C=C frequency (4lem™l) in the case
of 3-methylthiocyclohex-2-enone (XXXiI) ccmpared with

9cm"l for 2- and 3-chlorocyclohex-2-enone (XVIII,XXX)
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effect

i1s probably due to the dominating +M;of sulphur.
This is in agreement with the findings of Lord and
Miller213 in case of olefinic hydrocarbons in which
they came to the conclusion that electronezative
groups act so as to decrzass Lé=c and to intensify
the'band. The vredominance of forms (LKXIVQXKXIVd)

tends to decrease lé.o

e c1 OEt SMe
1 j
0 0 0
(XXX) (XXXI) (XXXII)

; |
_ 0_ 0

b c a
Regarding the carbonyl intensity, the pre-

P (xxxIv)
0

deminance of form (XXVIII) over form (MXXV) in
2-chlorocyclohex-2-enong is probably the reason for
the decrease of the resonance enzrgy of the system

and as a result a decrease in the carbonyl intensity.
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On the other hand the predominance of form (XXVI)
in 3-phenylcyclohex-2-enone (XXXIII) is responsible
for the increase of the C=0 band intensity over that

of cyclohex-2-anone

™
c1 T //‘ C1
|

0 0.
(XXVIII) (XKXV)
0 0
3 _ =
30— OO
(XXXIII) (XXXVI)

On this basis, and from the results obtained for
3-methyl and 2-isgbutoxycyclopent-2-enonss (AVI, XV)
it is difficult to understand the decrezse in the

C=0 band intensity of 2-methoxy-3,5,5~trimethyl-
cyclohax-2-enone (XXIX) since the nature and position
of the substituents will tend to increase the carbonyl

intensity. On the other hand there 1s no marked
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change of the carbonyl intensity of 3-ethoxy- and
J-methylthiocyclohex-2-enonas (XXXI, XXXII), From
the .lagk: column of table VII it can be seen that
compounds with strongly els ctronegative grouvs give
different values of the relative intensity (ri) which
1s of order 0.9-11 for the small number of compounds
wa have studied.

As in the case of cyclopent-2-encnes, 3-
substituted cyclohex-2-encnes exhibit a carbonyl
doublet. In most cases the carbonyl doublet band is
not clearly resolved. The possibility of thess doub-
lets being due to Fermi resonance was checked by
examining the sensitivity of the relative intensities
of the two bands towards the polarity of the solvent
&s shown in fig V in which .3-ethoxycyclohex-2-enone
(XAXI) is taken as an example. From table VIII it
can be seen that the relative intensity of the doublet

is changed from 1.6 in CCl,, to 0.2% in CHC1 There

39
is a pand at 320cm™% which is probably assigned to the

V4
out-of-plane deformation of the vinyl proton ( 8),
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OEt

" C=C
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Fig. V.Effect of solvent on the €=0 and C=C

Stretching bands of 3-ethoxycyclohex-2-e¢none,
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which 1s probably responsible for the resonance
interaction in this case. From the frequency shift
due to the change of solvent, (table VIII) it seems
that band (b) in both solvents is due to the carbonyl
fundamental although it is weaker in CClq than band
(a). The latter band could be attributed to the
overtone band and the frequency of which doeé not
change 'with cheznge of solvent. Both C=0 and C=C
bands are intensified in CHC1l, comparad with CClh

3

which could be Aue to solute-solvent interaction.

Ultraviolet measurements

From table IX and as mentiocned for cyclopent-
2-enones, the presence of .a group with a lone palr of
electrons at the 3-position increases conjugation and
thus increases é?max values compared with the unsub-
stituted or when the same group is at 2-pocsition. The

high valuss of ( for the 3-chloro compound (XXX)

max
compared with 2-chlorocyclohex-2-enone (XXVIII) is in

goo? agreement with the infrared results.
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Nuclear magnetic_resonance data

The NMR data for cyclohex-2-eriones are
reported in table X, from which it can be seen that
the ZT-values for H, are of order 3.3-%.8. A well-
rasolved triplet., due to splitting of h, by the allylic
protons, is observed for 3-Ph (XXXIII), 3-Cl (XXX)
and 3-0Et (XXXI) compounds with J of the order of
1.4-1.6c/s. On the other hand a definite quartet is
observed in 3-8Me derivative (XXXII) (due to splitting
of Hw_ by the allylic methyl group). A signal of 2.85 7
was observed for %5 in case of the 2-chloro derivative

(KXVII) with J=2.2¢/s.

Sos FIXED ISOIQﬁiﬂaUNSATURATED LZTONES

o —— ——

13

As nentioned sarlier, Zrskine and Waight
found that the intensities of infrared C=0 and C=C
bands and ultraviolet bands of some fixed cisoid
‘*Fiunsaturated Ketones decrease with ring size up
to the seven-membered ring. Blrer and Glnthard 123

have shown that the Ac~o of saturated cyclic ketones
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decreases with the ring size up to ecyclddecanone. We
have prepared 2-methylenecyclo-octanone (XL) and
2-methylenecyclododecanone (XLI) and compared them
with the lower-membered analogues, the results being
listed in table XI. 2-Methylenecyclo-octanone (XL)

has nearly the same values of C=0 and C=C band
intensities and r® (which is of the order of 2.5) as
(XXXIX). In toble XII, the rather lower Eﬁax value

of (XL) 1s probably due to the greater devi:ztion from
planarity of the C=0 and C=C chromophores in this case.
On the other hand, in 2-methylenecyclododecsnone (XLI),
the g-irans conformation seems'to be the more stable
both in the ground and excited states. Infrared
measurements snowed higher and lower C=0 and C=C band
intensities respectively than the lower members of

the series, the relative intensity (ri) being of the
order of 15, and increased C=C but decreased C=0
stretching frequencies, LVoeing of the order of 55cm'l.

These values led us to classify tais compound as having

the g-trans conformation. Also, from the ultraviolet
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measurements, the hypsocaromic shift and relatively

higher &

ﬁax value compared with the lower memnbers of
1

the series ars in good agreement with the above
conclusion.,

Supporting evidence to the stereocnemistry
of the above ketones could be obtained from the NMR
spectra, by comparing the difference between the
¢ -protons (AcSin p.p.m.). As pointed out by Jackmanzla,
that a correlation between the g-cis character and the
“C-values of these protons is expected due to the fact
that the carbonyl group will cause maximum deshielding

of the MS-protons when the molecule is in the planar

s~cis conformation (XLVI).

H

g

(XLVI)
Compound (XL) has Aééo.éh p.p.m. which is in good
agreement with the reported values of lower-members of

the series which are of order 0.61-0.67, which supports
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the g-cis structure. O0n the other hand Adhas been

reported to b2 0,20 and 0,275 for methyl vinyl

kXetone (ALVII) and .. — ac raldehyde (XLVIIL)
respectivaly. These two compounds have been already
proved by Timmons12 to - exist mainly in the
CH 0 -0
5\547/ \\\ﬁ?/
[
(NN \ //,
/
H
(XLVII) (XLVIII)

s-trans structute from the infrared and ultraviolet
spectra. The value ofsd for (XLI) is 0.27 which
supports the g-trans structure. Mclecular models
(Catalin) for compound (XLI) show that a planar g-trans
form is possible, while in the g-gis form the two
chromophores are non-planar. This is in good agree-
ment with the recent theoretical studies of the con-
219 who

formztion of macrocyclic compcunds by Dale

claimed that the lower cycliec hydrocarbons (06—016)
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are bullt up from four corners cach consisting of

one carbon-atom, which is unique in that it can always
carry two substituents: adjoined by two gauche bonds;
the remaining carbon atoms have in genaral no room

for an interior substituent, and that the remaining

bonds are all trans (XLIX). Simple substituentswould

CH2
(0]
(L) Twisted s-cis
o + < O
- 4 -...
+ 9 LS
A 4 o
- 4 .
[ CH
(CHy) g 5
(XLIX) {LI) Planar s-trans

not be expected to influence the conformaticn of the
ring itself, except by their bulk. Further he added
that if a CH, group is replaced by a double bond, e.g.

G=0 or C=CH,, the ccnformation should remain unchanged
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as long as the double bond 1s external. According

to this, in our case, the models show that if we
replace tha two hydrogen atoms at the corner by

C=0 and the hydrogens on the carbon atom next to the
corner by C=CH2, we would get a twisted g-cis form
(L) while if the two methylene groups between the two
cornars are replaced by C=0 and C=CH2 groups we would
gat a planar g-trans form (LI). The spactral data
supports the latter ccnformation. On the other hand
in 2-methylaenecyclooctanone (XL) where thsere is only
ona methylene group betﬁeen gach two corners, as for
the corresnonding hydrocarbon (LIIa)ﬁ models show only
one conformation is possible, and the compound

exists 1in the non-planar s-gis form (LIIy).
0
o] 3 [o]

-

- 1- HC

(LIIa) (LIIb)
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The casesof 2-isopropylidene cyclenone,
compounds (XLII, XLV) and ulso the 3-methyl derivative
of (XLIII) were studied by Erskins and Waightl3.

In order to examine the 2ffect, if any, of the
5-methyl group we have prepared 2-isopropylidens
cyclohexanone (ALIII) and compared it with other
compounds. The values of carbonyl intensity of
2-isopropylidenecyclohexanone (XLIII) and cyclohept-
anong (XLV) are considerably larger than for 2-iso-
prooylidenecyclopentanone (XLII), while the values

of C=C band intensity are much smaller than might hava
been sxpescted by considering the effect of ring size
alone. But, this iIs to be expectad 1f the C=C-C=0
chromophore is non-plsnar in the six- and saven-ring
compounds due to starlc hindrance between the carbonyl
ongen atom and a methyl group of isopropylidsne group
(fig. VI). This is reflectsd in the ultraviolet spectra
(table XII) of these compounds as cen be seen from

the low éﬁax valuzs in six- and seven-ring compounds.

The NMR spectra of (XLIIL) is as expected. The nresence



(CH2)

n:2.3

Fig. VI

)
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of two bands due to the methyl protons at 8.24% and
3,081 is an indication of different environmants
of the methyl grouns with raspect to ths carbonyl

group.

°96-UNSATURATED aSTERS_AND LACTONZS

In gensral, the carbonyl frecuency is
higher inCKﬁiunsaturatad asters and lactones than 1in
corresponding ketones, and this 1s due to the -I
¢ffzct of the oxygen atom of the alkoxyl group which
tend to pull the elsctrons from the carbonyl group,
and thus increase i1ts double bond character and>thus
its force constant which leads to a hizher stretching
froquency°'2, From the results listed in tables XIII
and XIV, it can be seen that in general,cﬁﬁiunsaturated
ésters hava carbonyl bands 20-3Ocm'1 higher in frequency
than the corresponding ketonzss, while funsaturated
lactones have carbonyl frequencias higzher by 40-60cm ™t

than the corr:snonding cyclic ketones. This diff-

erence betwean cesters and lactones could be due to
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the strein in the rinz which tends tc increase the
s-cheracter of the carbonyl group, i.e. to give it
more double bond chiracter.

As in the case ofcxﬁiunsaturated.ketones,
the introduction of an alkyl group at the 2-posltion
decreaszs the carbonyl frecuency compared with.the
unsubstituted or 3-alkyl substituted compounds, a
fact attributed to thz +I effsct of the methyl groupw
Thus, from table XIII, it can be secn that ethyl
2-methylerotonate (LV) absorbs at 22 and 16 em™t
lower than methyl acrylate and crotonate respectively
(the stronger band is considered in this shift due to
the weak absorption of other bands in this region if
presant). Also, 2,4,4-trimsthylbutenolide (LX) absarbs
at 20em™' lower than 3-methylbutenolide (LXI). In
the case of dihydro-6-methyl-2-pyridone (LXIV), the
lower carbonyl fregquency compared with the corresponding
setones and lactones is due to predominating M effect
of the nitrogen atom, which tends to decrcase the

double bond character of the carbonyl group as in the
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case of N-substituted amides which absorb near l680¢m'l

while saturated ketones absorbl near 1715cm'1.

The
interesting peint in this compound is that it absorbs
at l5’crn"l higher than the saturated compound and this
is due to the fact that resonance within the amide
group (LXVII) is already large, so that only the -I
effect of C=€ operates:

+
N-C-C=C &= N=C-~C=

0 0~
I

(LXVII)

The valuzs of )é=C (tables XIII and XIV) are higher
for «Alunsaturated estsrs and lactones than for the
corresponding Xetones (tables IIi, VII and XI), and
this is probably also due to the -I affect of the
oxygen atom which tends to decrease the polarization
in the C=C bond and thus incrsasa2s its double bond
character which means that form (LXVIII) is pre-
dominant over form (IXIX). The increase is of the

order 0 o
I | +

0-C-C=C & C-C=C-C
(LXVIII) (LXIK)
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I for zsters and 10-%Ocm™ ! for lactones.

of 10-30cm”
In contrast to x2tonss in which usually s-cis com-
pounds have lower V;=C than s-trans, )ézc for the
lactones s2em to have nearly thes same value or to
have no clear rz=lation with g-conformation. The same
thing can also bs seen for &flunsaturated esters, 1if
compared with the corrasponding ketones in which the
predominant types of conformation has been assigned
from ths valuss of r+ and V.

The carbonyl intansities of the above
L B-unsatnrated esters and lactonzs zre highzar than
those of the corresponding xetonas. In fact this is
the :zame slituation as found for saturated esters and
ketones, in which the carbonyl intensity of the former
is 250-310 intansity units (AxlO'Q) comparzd with
150-180 in the ketones (measured in CCl, solution)®?7.
Thz increased carbonyl intensity for esters and lactones
could be explalned (as mentionzd 2arlier) by the
lncr:ased weilght of dipolar resonance forms which tend

to incrzase thz value of the dipole moment change -aﬁﬁu

Jd "
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which is a measure of the carbonyl intensity (A) as

given by the relation:

2&532
Iv

In fact the resonance energy has been calculated to

A (

be O and 24 k.cals./mole for ketones and 2sters
respectively125.

The lower values of the carbonyl intansity
for the six-membered unsaturzted lactones compared
with the five-membered ring analogues has been
erplained, as in the case of tha corresponding
getones, by the strain of the completely planar five-
m=mbered ring in which the rasonancoe energy in the
ground state is hizhar due to the contribution of
the ionic form in the carbonyl group107. Howevar,
this explanation conflicts with the observed higher
carbonyl frequency which rzquirzs a decr=zse in single
bond character of ths group.

From table XIV the compounds which have the

fixed g-trans conformation have relatively higher
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carbonyl intensities than fixed s§-ec.is.. compounds,
this is probably dus to large separation ofchnﬁe<
in the s-trans comparad with ths s-cis compounds as
mentioned befora.

In case of«xf%-unsaturated esters which have

labile

=t

s-conformations, 1t is difficult to galn an
idea of the predominant conformation; the cass is
different from that of the corrssponding ketonss in
which consideration of the C=C band intensities or

battar the relative intansiticzs ri

s may yleld useful
information. From table XIII, the C=C band intensity
of conjugated csters 1s gensrally lower if compared
with the valuzs for tha sorresponding unsaturated
ketonzs, this 1s duc to the -I z:ffect of the oxyzaen
atom which tend to decruas: the conjugation between
the C=0 and C=C groups and thus the induced polarization
in the C=C bond. The affact of the position of sub-
stitution of the alkyl group at the C=C bond in estars
and lactones is similar, i.e. an alkyl zroup at the
3-positicn incrzases ths induced field polarlization

by its ¢leffect, whils when the same group is at the
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2-position the intensity is lowsrad. In the latter
case the 4I offect of the zlkyl (mMethyl) group acts
in opposition to normal molarizotion of the con-
jugated system.

The mest striking differcnce between fixed
s-cis unsaturated «xcetones and lactongs is that the
former usually have a relatively higher C=C band
intensity compsred with the C=0 band intensity,while
in thz: latter there 1s no such ralation. In.fact
if we consider the six-membered unsaturated lactones
in which the oxygen atom in the ring is separated
by two (LXXI) and three (L'XIII) saturzted C-atoms
from the C=C bond in the g-trans and s-cis structurss
respectively, ®he g-gis form has considerably higher
C=C band inteusity (althouzh the difference ls small)
than the corrcesponding comoounds with s-trans
structure, thls situation is similar to the case of
unsaturated cyclic ketonas. On the cther hand if
we consider the five-membered ring unsaturated lactones,

in which the ring oxygen atom is separatzd by only
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one saturated C--tom in the g-trans form (LX),

we can seg from table XIV that the C=C band inténsity
is higher for the compounds with g-trang (LX and IXI)
structure than for the corresponding g-cis (LXV)
compounds. This case is thus different from that of

the %atonas and probably could be explained by the

-I effect of th: ring oxygen atom which assists the

Q
o o Q
// 0 )
Jl\ N \K{ N " \ \/ 3
2
(ILXX) (LXXI) (LXXII) (LXXIII)

field of polarization at the C=C bond having to ba
transmitted through only one ring C-atom in the
s-trans structure (IXX). The decrzasge in the C=C
band intensity in this case could also be explained
by the destabilization of the jonic form (LXXIV) by

the -I affect of the oxygen atom, i.e. the elactro-

static interaction betwean the charges bzscomes less.
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G
\

(LXXIV)

The naarly equal‘C=C band intensity of
2-metnylenebutyro~ (LXV) and hexeno-lactone (ILXVI)
is probably dus to.the diminished -I of the oxygen
atom which 1s senzrated by two snd three C-:ztoms from
the C=C bond respectively (LXXII, LXXIII).

The situation doss not e¢xist in open chain
compounds, thus methyl 3-methyl crotonate (LVI) has
ralatively higher C=C band intensity comperzad with
the C=0 band intensity and seems to axist mainly in
s-cis form (LXXV,, fig VII) in which there is no steric
Interaction between the methyl and the methoxy groups
as occurs in the g-trans form (LLXV., fig VII).

The relatively high C=C b:ﬁd intensity of
the above compound and methyl crotonate (LIV) comparad

with methyl acrylate (LIIL) 1is duz to the -I effzct



Me
H
0
Me .
‘ (\\\:EE:::>
LXXV The wvolume occupied by

the lone pairs of the

methoxy-oxygen-atewm is

not shown in the {igs.

D,

LXXV

Fig. VII
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of tha ﬁg-methyl groups which assists the field of
polarizaticn, also lowers the valus cof the C=C band
intensity of .ethyl 2-methyl crotonate (LV) compared
with methyl crotonate (LIV). Similarly in f@-methyl
derivative, the +I affect of the methyl group acts
in opposition to the field of polarization, thus
decreasing the C=C bsnd intznsity.

It has already been claimed that compounds
(LVII, LIX) exist mainly in the s-cis form, (LKXVIb,
fig VIII) while compounds (XLVII, LVIII) are mainly
in the s-trans form from the relatively low value of
rl (3.5 and 0.7).for ghe;former pair compared with
the velues (7.8 and 6) for the lstterl3. On this
basis one might expect that compounds (LIV, LVI) exist
mainly in the g-cis form and thzt compounds (LIII, L7)
exist mainly in the g-trans form although the values
of rl ror the. former vpair are 4.7 and 2.6 and for the
latter are 20 and 3.8 respectively. These relatively

hizher values of rt compared with the corresponding

Ketones are due to the ralstively hizher and lower
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(LXXVIa) s-trans

Me

(LXXVI, )  a-cis

Fig. VIII (continued overleaf)..
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Flge VITT ,..(continue-)

Me

Me

(LVIII) s-trans

(LVIII) a-Qis

Fig., VIII
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C=0 and C=C band intensities respectively in the
case of estsrs and lactconzes which has been explained
already.

Compounds LIII, LIV, LVI show = second
band or shoulder in the carbonyl region, which is
very week in the latter two compounds; there are
similar bands in the C=C stretching region. These
additional two bands may be due to the vresence of
other isomers i.e. a mixture of g-c¢lis and g-trans
isomers, although it is difficult ot be certain of
this owing to the weakness of these bands. This case
-could be explalned by Fermi resonance. There are
relatively stronz hands in the region of BSOcm'l,
which are due to the out-of-plane deformetion of the
vinyl hydrogen and which should zgive an overtone 1in
the carbonyl region. The presence of rotationsal
lscmers or thne resonance coupling could be detected
by the study of temperature and solvent dependence

on the intensities of the carbonyl doublet. There

is no cuestion of the presence of more than one
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isomer as shown by gas-licuid chromatozraphy. 1In

32¢ it has been shown that many « &

fact recently
unsaturated lactones which have at least one vinyl

proton exhibit doublet carbonyl absorption and these
have been attributed to Fermi resonance on the basis

of solvent-intensity dependence of the doublet.

A8:9_ yyp A 210 ocraronms

Using the concept that the ri as well as
{)y values give the most reliable information about
the conformation around the single bond, one can
differentiste between the & 7= and A?*10_octalones
on the basis of infrared as well as the ultraviolet
and nuclear magnetic resonance spectral data. The
infrared results (table XV) indicate that . e
octalone (LXXVII) is the s-cis isomar (ri=l.5,

s i

Zlv-63cm'1, compared with the fixed s-cis 2-igopropyl-

idenecyclohexanone (XLIII) in which rl=1.5 and

61}=69cm'1). On tha other hand . the -octalone (LXXVIII)

exists in the g-trans fovm (r*=5.3 and DV=3lcm‘l,



241

compared with the fixed 2,3,5,5-tetramethyleyclohex-
o-enone (LXXIX) in which rr=8..4 and/)U:30cm'l).

From tne ultraviolet spectra (table XVI), the fixed
s-cls structure usuelly has higher meax and lower

€ nay than the anzlogues s-trans structure. NiR
spectra supports the structure by the absence of a
band due vo the vinyl proton in @9:10-octalone,

while a band located at 3.43Tdue to the vinyl proton

suphorts the structure of ﬁ§=9-isomer.

2,24, 5-TRTRAMETHYLHEX -l -EN -3 -ONE

In simple substituted open chain B~
unsaturated ketcnes (table XV), deviztion from €o=—
pnlanarity of the chromophores C=0 and C=C have been
shown to be reflected in the eleckronic as well as the
infroved - . spectra of the compoundll’l3. A
typlcal example is mesityl oxide (LIX), which has
been proved to exist mzinly “in the planar g-gcis
conformation by means of ultraviolet znd infrared

spectra ns well as by divole moment measurementsggo,
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in zgreement with scale diegrans(LXXVIb, fig VIII)
and a molecular model of the compound. On the other
nand compound (LXXX) shows an increase and decrease
in both C=0 and C=C infrared band intensities res-
pectively with a decrease of Emax (table XVI) for

o
the T[T

transition to half the wvalue for mesityl
oxide; thlgs can be explained by steric hindrance of
the ¢! - and A-mathyls with the acetyl group. In
mesityl oxide (LIX) scale diagrams (LXXVIb, fig VIII)
show :that there is less interaction in the g-gig form
batweeu the B-methyl and the acetyl carbonyl geoup
than in the g-fransg form between the ﬁimethyl and
the acetyl methyl group. The predominant g-gis con-
formation in (ILXXX), as in the case of mesityl oxide
lg clearly seen from the low valuzs of ri and high
valuzs of £V, also from scale Aiagram (LXXXIIb, fig 1X).
The reletively high C=0 band intensity (130)
for compound (L:XXI) which approuched the value of &
saturated «etonz (pinzcolone has Ax10'2=170), and the

absence of the band duz to the C=C stretching vibration



LXXXIT
a

LXXXIIb

Fig.

(s-trans)

(s=cis)

IX
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Mc

Me l

Lxxxnlb (s-cis)

Fig. X
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combined with very low Zmax (1,250) in the ultra-
violet spectra, indicate that the compound is
2xtremely sterically hindered. Staric hindrance
in this case 1s clearly sesn from scale disgrams
(LXXXIIIa, LXXXIIIb, fig X) and the molecular model,
and this deviation from co-plcasrity is reflected in
the chemical behaviour?;?sthis kKetone which 8ives no
solid derivatives characteristic of Ketone5193.

The NMR swnectrum of (LXIKI) is as exwnected,
the presence of the bands at 8.35, 3.46 and 3.35 are
due to . -tegrt.butyl, o¢-methyl and B B-dimathyl

protons respactively.

CICL=-2-ANONZS_AND BENZCYCLANONES
CYCL~2-ENONZS

In a series of ¥fS-unsaturated cyclic xetonas
listed in table XVII, the carbonyl fraquencics
decrease with the ring size in a way sinilar to that
founi for the saturated monocyclic ketones (table XVIII),

whicn cen be ascribed to the strain present in the
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five-membered ring compared with the higher members
of this series. This strain czuses a rehybridization
in the corbitals of the carbonyl carbon. A smaller
angle lower than 120° gives the ring more p-character
(more 1like sp3 bonds at 109°) and consequently the

- bond in the carbonyl group more s-character.
Increased s-character in a bond will increase its
stretching frequencyeel. In general a shift off%rder
of 3Oc:m'l is observed due to conjugation with the

C=C bond. Thz shift was measured by considering the
strongest band to bz dus to the fundamental C=0

zroup (as we will see later). Also, frcm table XVII
it c.n be seen that the C=0 band intensity decreases
wlth the ring size, as in the case of the saturated
gatonas measurad by Glinthard and Burerleg. The
lacrease of C=0 baad intensity due to conjugation 1is
obvious in the five-membared (¥) ring compound which
1s cecnslderzsd to be . planar, compar=d with the
valu:s for the eight-membered ring (LXXAV) compound

which are similar to those of the corressponding saturated
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Ketones.  Daviation fromeg=plenarity in the C=C-C=0
system in ths above conjugatad ketones is supported
by the decreasce of the C=C band intensity with
increasg cof the ring size, and in fact no band due
to C=C absorntion can be datectad for the seven- and
glght-membered ring conjugated xetones (LXXXIV,
LXKXV )

In the ultraviolzt spectra of these com-
pounds the waveleniz? of the'ﬂlT?%ransitibn incrsases
with the ring size,Lthis is perhaps dus to the relief
of strain in thse excited state as the ring size
increases wrticularly iu comparing the five-membered
ring with nizher homologues. On the other hand the

decreass of Em for (LXXXV) compared with (X) gives

ax
further evidence of inhibition of resonance due to
ring size.

The doublet carbonyl absorption in the
infrared spectra (tzble XVII) i1s probably due to

Fermi resonance. The resonance coupling in this case

is probably due to the overtone of the out-of-plane
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H H
deformation in the system \C=d, which occurs
around 320cm™L. The relative intensity of the
doublet 1s sensitive towards the polarity of the
solvent as shown in figs XI-XIV, The carbonyl group
of these compounds absorbs in CHCl3 at 10-20cm™*
lower than in CCl,, while its inteanslty increases
by 10-20 intensity units in CHCl3 with exception of
the cight-membered ring comnoound (IXXXV) in which
the intensity decreasz2s in CHCl3 although it is
difficult to understand why. In order to determine
which pand of the doublet is due tc the fundamental
C=0 gzroup (usually considered to'be the stronger
band), cyclohex-2-envne (XXVII) was taken as a model
ccmnouwid and the C=0 frecuency was measured in a
various medis of diffevent polarity (table XIX). The
frequency shift relative to the frequency in the
vapour phase was plotted agzainst the relative shift
¢ a standard carbonyl comnound (acetophenone was
taken in this casa). This method has been used by

ok

rellamy and Williams to assign the fundamental



CCl, soln.

1708

CHCl3 soln,

C=C
1580

XI. Effect of solvent on the C=0 and C=C stretching bands

of cyclopent-2-enone,



250

1691

1671

CHCl3 soln,

Fig. XITI. Effect of solvent on the C=0 and C=C

stretching bands of cyclohex-2-enonec,
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1660

C”Cl3 soln,

Fig. XIT1., Effect of solvent on the C=0 stre-

tching band of cyclohept-2-cnone,
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CCl, soln,
4

1657

CHC1> soln.
3

Fig. XIV, Effect of solvent on the C=0 sire-

tching band of cyclo-oct.2~.c¢nomne,
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en
C=0 group in ethyl] carbonate. A straizht line

(fig XV) indicating a regular frequency shift is
characteristic of the C=0 band. In the case of
cyclohex-2-enone (XXVII), the strong band at l691cm°1
in CClh shows a regular frecuency shift which is
therefore assigned to the C=0 fundamental. On this
basis the strong bands at 1%569em™ in CCly, for com-
pounds (LXXXIV) and (LXXXV.' ) are considered to be
due to the C=0 absorption.'

The NMR spectré of the above cycl-2-enones
(table XX) show an interesting feature; the coupling
constant (Jy ) between the two gis-protons (Hy and
Hﬁﬁ is dependent on the ring size, and the values
are in good agreement with the rzported {xﬁ’for
cyclo-olefinsgggA(LXXny). These valuss differ from
tha ccnstant value of JI¥@ measured for gis-disub-

M

r C
(¢ I
L Y

(ILXXKVI)
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stituted olefins (46.1le/s), trans.-disubstituted
olefins show higher J valuzs (11.9c/s). Change of
geometry and strain in the samll rings, particularly
as they are resflected in altered orbital hybridization
of the trigonal C-atom, must contribute to the ring

size effect.

BENZCYCLANONES

In the series of benzcyclanones presented
in table XXI, the same situation is observed as in
the case of cycl~2-encnes. Deviations from co-planarity
in the Ph-CO grouping are indicatsd in the infrared
and ultravielet spectra of the seven- and eight-
membered ring compounds223°225.

From the infrared snectral data, the C=0
band frequency and intensity decrease with increase
in the ring size, this decrease is parallel to that
of the corresponding cycl-2-enones and saturated
monocyclic ketones (table XVILI)., In casa of benz-

suberone (XC) and benzcyclo-octanone (XCI), a new

band towards the frequency of saturated getonss (fig XVI)
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1685 : 1677
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R

- Fig. XVI, C=0 stretching band of benzcyclanones in CCl-!‘soln.\
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was observed, the separation of the doublet being
of order of 2lem™' in (ACI), while it is only
observed as an inflexion in (XC). Changing the
polarity of the solvent does not changs the relative
intensities of these doublets, thus, they cannot
be explained by Fermi resonence with the overtone
of the stronz band in the regicn of 750em™t que to
C-H out-of-plane deformation of the l:2-disubstit-
uted benzene rinz. These new bands are probably
an indication of a proportion of a non-planar
conformational isomaer in these compounds as has also
been found in §, . 9-disubstituted acetophenones (which
will be discussed). Also from table XXI it can be
seen that the £ values of indanone (LKAVILI),
o-tetretone (IXXXIX) and thionhenscyclonexanone (XCII)
are nearly the same and are similar to that of
acetophenone (LXXAUVII), indicating that the five-
and six-membered alicyclic rings permit the carbonyl
8

group to be nearly co-planar with the benzene ring-.

In compounds (XC, XCI), however, there is a marked
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without significant shift in

! A
decrease in 5ma -

X
in these cases the angle of twist of the C=0 group
from the plane of the benzene ring has been calculated

)
22% +6 e 37° and 45° respectively.

by Brown and Hedden
The non-planarity is ascribed to the effect of thé
cecnformation of the alicyelic ring.

From tas NMi data listed in table XX, the
shift of T;values of the phenyl-protons to lower
field in (LXXXVII) and (LOWXIII) (T=2.43) is due to
the anisotropy of the C=0 group on the phenyl-protons.
The shift to considerably higher field (T=2.62) in
(XC) and (XCI) may =zlso give an indication of the
deviation of the carbenyl from co-planarity -with the
benzenz ring.

In general, from the above spectral inter-
pratations, inhibition of resonance imposed by tne
ring size can be measured in both the ground and
excited states. Infrarad snectra show an increase
and decrease of the carbonyl frequency and intensity

respectively, whereas only a decrease of intensity



259

occurs in the ultraviolet spectra.

ALKYLATED ACETOPHENONES

In the ultravioclat spectrum, steric effects
of alkyl group in conjugated carbonyl compounds have
been shown by many*..w,vorke:r'sl'9 to be reflected in
the {T-Tf*iransition band. A4 considerable amount
of study on alkylated acetophenones has shown that
o-alkyl groups cause a decrease of absorption intensity
only as a result of a wsak steric interaction. These
types of compounds were classified by Braude3'6 under
steric zffect of type (i). We have carri:d out
maasurements in the ultraviolet resion to sze if
such effects are reflsctad in the weak absorption
(n-'nﬁﬁ in the neighbourhood of 3000 %.

From table XXII, it can be seen that mono
o-substitution decreases the intensity of7T-Wﬁ%rans-
ition due to the steric hindrance of the o-msthyl and
the acetyl carbonyl group, while a large decrcase in

intensity occurs in case of di-o-methyl substitution.
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This results bscause the acetyl methyl must overlap
with an g-methyl in a co-plensr arrangement of
carbonyl and benzene ring. The degrese of the over-
lap can be sezn from the projection diagrams (employing
covalent radii) given by Eraudez. (Ca, Chy Cl
fig AVII, XVIII)
On the other hand, it can be gseen from
the same table (XXII) that the n-F*band shows a
reverse correlation with steric hindrance. The increase

of Ema with increasing steric hindrance could be

X
explainzad by the increasing overlap of the 2p lone-
pair orbital of the carbonyl group with the 2p

T -orbital of the benzene ring as the interplanar
angle (6) increases. Some examples have been given

226 indicating the increase of tha

in the litarature
n—jT*intensity to he due to distortion from a co=-
planar structure with a decreass of the 71 -7 trans-
ltion intensity. Thus, while zcetyleyclohexena (XCIi
absorbs with intansities of 11,3503 50 due to'ﬂf—?f*

e .
and n-T ", the sterically hindered 2-methyl-6,6-dimethyl



c
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Fig, XVIT

Y

Fig, XVTI

CI

Fig. XV1T1]
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acetylkeyclohexene absorbs with intensities of 1,400
and 90 respectively.

Measurements in the ground state by means
of infrered show nearly tha ssme correlations as
found from the ultraviolet band due to conjugation
(T(—T(*S, Thus from taeble XXIII a decrease (37
units in the C=0 band inténsity) occurs in going
from acetopnenone (LXXXVII) to g~methyl acetophenone
(XCIII) and & further decrzase of intensity which is
of order %3-43 units is found in di-o-methyl (XCVIII)
and'g, 9, p-trimethylacetophenone (XCIX). There is
also a shift of carbonyl frscuency (S-llcm'l) to
higher values in the case of Ji-p-substitutzad com-
pounds (XCVIiI, XCIX) compared with acetophenone
(LXXZVII) and a new band 1s present in this range.

In fact thts: behaviour of g-substitution has bezn

also attributed to be dge to steric =ffect by Jones,
forbes and Mueller83 for o-methyl and 9, 0, m, m-tetra-
methylacetophanone compounds.

All these results are strong zvidence for
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the acetyl group being twista2d out of the plane of

the benzene ring, and tne new bands on the higher
frequency side of acetyl carbonyl zroun probably an
indication of & proportion of a non-planar ccnformation
in these compounds. Finally, ws can say that deviation
from co-planarity due to steric hindrance can ha

detected both in the ground and sxcited states.

REINVESTIGATION OF THE STRUCTURE_OF PHORONZ_AND_ SOME

OF _ITS DARIVATIVIS

In comparing phorone and its dibromo and
bromohydroxy derivatives, it can be seen that there
ls a decrease 1in olefinic ra2activity combined with
a marked -decrease in colour, rafractivity and parachor
which has been attributed by ingold and Schoppee181
to ring chein mosomerism. Thelr studies indicated
that, while bromohydroxy phorone is the saturated
compound (CIV), dibromonhorone possesses hybrid

character and cannot be formulza ted simply. The.state

was represented by (CIII).
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Me »
He\ ie
Me \E-le
L 0 Me
e Br e
(CII) (CIII) (CIV)

Phoron: (CII).itself is a yellow crystalline
sollid and resemblas any other unsaturatad system.
According to Ipngold and Schoppee it decclourizes
permanganate, adds four atoms of chlorine or bromine
and twec moleculas of dBr, ylelds di-isobutyl ketona
on raduction, and gives oxalic aclid, acetone and CO2
on oxidation. The dibromide (CIII) is feably
coloured, 1t is unaffected by mild oxidising and
reducing agents, it is unaffected by dAEr, HoAec, and
bromine. On the other hand Frcncls and Wilsonlgo
hydrolysed it to a cyeclic substance (CIV). The
bromohydroxy phorone (CIV) is a whita crystalline
solid which can be oxidised to &, of /5, -tetramathyl

Zlytarle acid and reduced toc 2,2,3,3-tetramsthyl-



265

cyclopentanone-5. On this basis of oxidation-
raductlon rzactions Francis and Wilson drew the
following conclusions about its structure. It
containad (i) a cyclopentane ring , (i1) the adjacent
situation of two gem-dimethyl , (iii) unsymmetrical
situation of brominz cztom with raspect to the gem-
dimethyl groups,(iv) an symmetrical situation of
one oxysen atom with respect to the gem-dimathyl
groups (v) the presence of a hydroxy group. In
addition to formula (CIV) another formula (CV) was
3iven by Ipgold and Sghoppee which embfaces all
these conclusions, but gives the same products of
oxidation and reduction. Compounds (CIV) and (CV)
were claimed to be in cquilibrium and to representv

a tautom:rism with Wazner-Meerwin type rearrangement.
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The structure of these and other derivetives
nave been rainvestigated on the basis of svectral
measurements (IR, UV, and NMR), and the results
compared with the spactral studiss on modesl compounds.
(a) PHORONE,

The relatively ®nhanced C=C band intensity
compared with the C=0 band intensity (table XXIV)
suggasts that phcrone probably exists in the g-gls-cis
conformation (CVI). The value of the relative intansity
which is of the same order as those of fixed s-cis-cis
compounds, such as 2:5-dicyclopentylidenecyclopentanone
(CIX, ri=0.ll) and 2:6-dibanzylidenecyclohexanone (CXI,

r'=0.31), while it is much lower than thoszof fixed

Me 0 Me

> S

Me Me

H H

(CVI)
s-trans-trans compounds such &s 1,2,6-trimethyl-1-

dichloromethyleyclohexa-2,5-diene-4-one (CXIII, rl=3,0k4)
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The same situstion has been found .alresady for
mesityl oxids (LIX).

The presence of the two bands in the C=C
region is an indication of the dienone system. This
has been used for identification of the dienone
system in stercidel ketones by Jones227.

In the ultreviolet spectrum of phorone
(CVI, tabls XXV), the location of the band due to

2650 B vith £ 19,400 is in

X

njugati £ A
conjugation a ax

good agreement with the above conclusion. This wave
length value is as expected according to Woodward's
rule if compared with an unsubstituted dienone

(.e.g dipropenyl ketone -C=C-C0-C=C-) which absorbs
at Ao 2450 B, together with a shift to higher wave
lenzth of order 100 ® for each methyl group. Also

s .

the & . is similer to that of the fixed s-cis-gls
compound, e.;. (CIX), in which anax is 19,500, while
tha valuz is ccnsiderably higher than that of the

fixed s-trans-trans substituted cyclohexadiene (CXIII)

which 1s 15,300. The dadrecase of fmay in the g-trans-trans
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conformational system compared with the g-gig-gis
compounds: is oponosite to the mituation in simple
analoqué conjugated monoethylenlic ketones, the
difference in the lattar case being explained by
the change in distance separating the ends cf the
caromophoric system. Even so, the structural des-
lgnation of the former casz has been acceptzd by

32b,228

many workars Supporting evidence has been

220 on the basis of dipole moment

given by Sutton
measurements that mesityl oxide and vhorone (LIX and
CVI) sxist in the g-cis and g-cis-cis respectively.

From the NMR svnectrum (table XXVI), 1t is

difficult to differentiate between the g-gis or
s-trans lsomers But some information may be gained
by obtaining th:z spectrum at lower temparatures.
The presence of two doublzts for the mathyl groups
aind one octet for the vinyl protons with J=1.2¢/s
is an indication of H and gem-dimethyl groups at

pesitions o to zach otner, with a different environment

cf H with respect to zacn of tha methyls. The
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tlvalues are corract when compzraed with those for
mesityl oxide (LIX).

f'ingllv molecular models and scale diagrams
(CXIVaﬁ,fig XIX) show a considerable interaction

betwaen the ﬁlmethyls on cach side of the carbonyl

group in the g-irans-trang structur:z, which is greatly

rzduced in the g-cis-¢is structure.

(b) IBROMOPHORONE

Infrared measurements (tahle XXIV) show- :
the presence of .2 C=C band in dibromophorona with
fairly strong intensity comparsd with the C=0 band
intensity, and from the relatively small value of the
ralative intoansity (ri=O.6) it is concluded that this
compound also exists mainly in the g-cig-cis (CVII)

as does phorone (CVI)

Me 0 Me
\

M e’/ﬁ/’”\//)\m e

Br Br

(CVII)
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CXIVa (s-cis-cis)

CXIVb (s-trans-trans)

Fig. XIX



cxrvc (s-cis-cis)

Fig. XIX

71
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Bromomesityl oxide (3-bromo-L4-methylpent-3-en-2-one)
(CVIII) was also prepared as represanting half the
structure cof dibromophorone. Its relative iatensity
(r!) is of order 1.5, which indicates, by comparing
it with scme oth:r fixed g-cis and s-trans model
compounds, that this compound (CVIII) exists malnly
in the g-cis form.

Further cvidence could be obtained by
comparison of the ri-value with other fixed g-cis-cis
dienonz systemsas mentioned in the case of phorone.

The increase and decreasce of the C=0
and C=C band intensities of dibromophoronz compared
with phorone could be due to non-planarity of C=0
and C=C chromophores. It can be shown from molecular
models and scale diagram (EXIVC, fig XIX) that theref

* a

is a large interactioa in the g-cis-cis form batwean

™~

the two bromlne atoms, which i1s however less than
‘the interaction betwasn the tvm>1£-methy1 groups in
the g-trans-trans form. This steric hindrance 1is

it mtpeis e e S

reflected also in the ultraviclet spectrum in the
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lower valuzs of L listed in table XXV of
bromomesityl oxide and dibromophorone compared with
masityl oxide and phorone. The bathcchromic shift
wvhich is of order 200 % is due tc the bromine-
substituent, the same order of shift has: bezn
found by many workers229’23o.

The NMR spactra ave as expected (table XXVI).
There are two singlets (7.93, 7.93 and 8.02, 7.96 T
respectively) for the g-methyl protons in both
bromomesityl oxide and dibromcphecrone, which are
due to the different enviroments of the two methyls.
The acetyl methyl protons in the first compound have
7.59 T .
(e) BROMOHYDROXYPHORONE

From tha infrared spectrum (table XXIV),
the presence of the C=C band with medium intensity,
and the absence of a C=0 band at a high frequency
which could be due to cyclopropanon: argues against
structure (CIV). The two bonds in the carbonyl region

with an average value of l'7lOcm-l are at much higher
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frequencles than for the open chain dienone system,
and as structure (CV) has been mentioned by Ingold
and Sehoppee as probebly exlisting in equilibrium
with structurs (CIV), 1led us to consider the possi-
bility that structure(CV)is the correct one. The

1 is in good agreement with

C=0 frequency at 1710cm”
valuzs of substituted cyclopent-2-enones discnssed
earlier, The exlstence of two bands in the C=0

and C=C band regions is difficult tc explain. Hence
a model compeund, 2-hydroxy-34bromocyclopent-2-;none
(CXV), which carries the same substitusnts at the -
C=C bond was investigated. The infrared spectrum

of this .compound also shows two bands in both the

C=0 and C=C band regions, which means that the sub~
stituents at the double bond are responsible for
these doublet bznds. The presence of these doublets
nay be due to intramolecular hydrogen-bonding, so
that the spectra for both compounds in CClh and CHCl3
were examined in the -0H region. 1In both cases the

relative intensities and frequencies of the free and
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bonded -OH group change by changing the concentration,
thus thnere is no possibility of intramolecular
hydrogen-~bonding. &8vidently the compound is inter-
molecularly hydrogen-bonded, and is possibly
present in a dimerie form (CXVI)
1663

\\J Br Me

= 0. H — 0-// He

’ - Me
?/)
1703 1717

(CXVI)

A similar interpretation of the spectrum
of acetic acid dimer has been given by Fénéathe.
From the NMR spectra (table XXVI), there is also no
evidence of intramolecular hydrogen-bonding at low
field and the baud at 2,81 T is ascribed to some
other sort of hydrogen-bonded hydroxyl.

Farther supporting evidence that the -OH

group 1ls responsible for the second hand of these
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doublet absorption bands was obtalned hy methylation
and acylation of the bromohydroxyphorone (CV), for
which only single bands were obtained in each case
in both the C=0 and C=C band regions. Fermi resonance
cannot be involved since there is no bamd suitable
for the resonance coupling with the C=0 and the
relative intensities of doublets do not show solvent
effect. The carbonyl frequency is about the same
for both hydroxy (CV) and methoxy (CXVII) derivatives
while it is much higher for the 2-acetoxy derivative
(CXVIII) which is a vinyl ester. In this case as
we mentioned earlier, the +M effect of the oxygen
atom is internally compensated due to overlap with
T -electrons of both C=C and C=0 bands, and the net
effect is operation of the oxygenic -I effect with
consequent increase in the double bond character in
the carbonyl group (CXIX)

gﬁl C {Agﬁ§ C iﬂ%

(CKIX)
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In general the relatively Lij_ker Cc=0
frequency in these compounds compared with the
alkyl substituted cyclopent-2-enones 1is due to the
-1 effects of the bromine, methoxy, or acetoxy
groups. On the other hand the C=C frequency is at
a maximum in the 2,3-dimethyl derivative (XXI,
.1656cm"1)i lower for 2-acetoxy-3-bromo (CXVIII,
1652cm"l) and a minimum for the 2-methoxy-3-bromo
compound (CXVII, 1633cm™'), this is also due to
the operation of inductive effect of the substituents.
The relatively high C=C frequency for bromohydroxy-

, phorone (CV) and 3-bromo-2-hydrcxycyclopent-2-enone
(CXV) is due to effect of hydrogen-bonding. '

The C=0 and C=C band intensities of bromo-
hydroxyphorone and its methoxy and acetoxy derivatives
and of 3-bromo-2-hydroxy-cyclopent-2-enone resemble
the values obtained for substituted cyclopent-2-enonss
which haveiﬁﬁhdied garlier and the increase or

decrease in the intensities could be explained by

electrical effects. The difference in the relative
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intensities can be explained similarly.

The values of >hax and Egax in the
ultraviolet spectra (tahle XXV) supnort the above
structure for bromohydroxyphorone when compared
with 3-bromo-2-hydroxycydlopent-2-enone (CXV) and
some other cyclopent-2-enones. |

In the NMR spectrum (table XXVI), the
presence of two singlets are due to the methyl
protons (8.83, 3.81 T ) which are located on a
saturated C-atom in.different environments, and a
broad band with 2.81 T which is due to the hydroxy

proton. The NMR spectra of other derivatives are

in agreement with the various structures.

2:5-DIHYDROACETOPHENONE

The anomalous ultraviolet (table XXVII)
of 2:5fdihydroacetophenone (CXX) compared with that
of acetyleyclohexene (XCI) was originally difficult
to explain23l. Compound XCI absorbs at 2380 2 with

E:max 11,350, on the other hand compound CXX absorbs
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at higher wave length ( >max=2hlo) with a con-

siderably lower value of { (4,150). This has

max

been exvlalned by Brayde and his coworkers230 to

be due to the electronic interaction between the
l1solated double bond and the main chromophoric
systam. This interaction has been explained by
either of: two effects: (1) by a direct "spatial"
one, acting across the centre of the six-membered
ring or (ii) r transmissien . via the methylene

group separating the two ethylenic linkages.

Further, they concluded that hypothesis (i) appears
lass likely due to the large distance (2.5 B) between
opposite sides of cyclohexadiene ring which decreasas

the possible contribution of form C.XI. This

(CRAI]

type cf interaction (a ring-chain tautomerism)

postulated by Ingold and Schoppee181 in dibromophorone
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(CVII) and hexa-lt5-diene-1:1:3:3:4:hi6:6.0cta-
carboxylic esters has bezn rejected on the basis

232

of X-ray anclysis by Bateman and Jeffoey and

by infrared measurements as we have seen in ths
preceding section. Thus the bathochromic shift
compaered with acetyleyclohexene (XCI) has been
explained by the hynerconjugation of the cyclo-

methylene gzroups with contributions from resonance

such as (CXXII, CKXII,).

(CXXIIa) (CXXIIb)
| in &
On the other hand the decrease 1in max
has been attributed in some way to the increasad
conjugation of the acetyl side-chain with the ring

system which 1s analogous to the decrease in
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intensity generally associlated with increzsing
cyclic symmetry of the chromophore.

As mentioned earlier, l-acetylcyclohexene
(XCI) exists mainly in the s-trans form on the
basis of ultraviolet’ and infrared®3 spectral
measurements and as 1t is generally agreed that in
tha absence of steric effects, xf-unsaturated
ketones possess the g-trans conformation.

Infrared measurements of 2:5-dihydro-
acetophenone (CXX, table XXVII) show two carbonyl
bands with a total intensity of 150 units which
1s lower than the C=0 band intensity of acetyleyclo-
hexene (XCI) which is of order 190 units. On the
other hand the C=C band intensity 1s higher for
(CXX 30 uaits) than for (XCI 15 units) and the C=C
frequency is lowsr. This intensifying of the C=C
b:nd with a shift to lowsr frequency (5cm'l) is
probably due to the strain present in lsk-cyclo-
hexadlene system compared with cyclohexene, which

increases its single bond characterjanother possible
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explanation is that such effects ars likely to
be due to the interaction of the T(~orbitals of

the non-conjugated chromophores (i.e. between

C-1 and C-3 atoms) [ \\TCOCHS
3 1
2
The presance of two carbonyl bands in (CXX) with

relatively lower intensity compared with (XCI) is
difficult to explain. The doublet could not be
exploined by Fermi resonznce, because a sultable
combination of bands cannot be found, and the
relative intensity of the doublet does not change
by changing the polerity of the solvent (fig XX).
Thus the sscond band at the high frequency slde is
probzbly due to a proportion of the molscula existing
in a conformetion in whicn the diene ring and the
acetyl carbonyl group deviate from the co-planar
s-trans form. From the ri_values which are of +he
ordegfg and 12 for (CXLX) and (XCI) respectively, it

seems that the introduction of the 4,5 double bond
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Fig. XX. Effect of solvent on the C=0Oand C=C
stretching bands of 2:5-dihydroace-

tophenone.
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in (XCI) decreases the proportion of the s-tran

1]

form. The presence of a second carbonyl band in
0,0-dimethyl acetophenone (XCVIII) has been attri-
buted to the presence of conform:.tional isomers due

to steric Hhindrance to co-planarity2’l3.

SOME_BRIDGID XA_UNSATURATED £ITONES

Many experiments have been carried out by

203,205 which show that the

Prelog and his co-workers
carbonyl group in many-memberdd ring compounds is
feebly reactive, whereas the X -methylene groups
are strongly recctive. We reprepared soms of these
compounds which involved the condensation of cyclic
katones with nitromzlonic aldehyde and also the
corresponling Xeto-esters with Y4-diethylaminobutan-
2-ong and studiesd the IR, UV and NsaR spectra of the
bicyclo-condensation products.

From table XLVIII, it can be se=2n that the

coendaensation vreoduct from cyclo-octanone and nitro-

malonic aldehyde is zn &funsaturated katone (CXXIII),



the higher C=0 frequency compared with that for

the dienone system which :: usually absorbs at
about 1665cm™" (i.e. a shiftto higher frequency of
order 360m'1) 1s due to deviation from co-planarity
of the C=0 group frocm the plang of the cyclonexa-
diene system. The twisting of the C=0 group from
the plana of tne diene ring 1is also rzflected in
the C=0 band intensity which is nearly the same as
the C=0 band intensity of saturated six-membered
ring xetone which is of order 230 units. On the
other hend the reletively high C=C ba.ad intensity
for this non-planar o funsaturated ketene is due

to the increasad polerization resulting from the
attachment of the electronagative group (-NOZ).
From the relstively high value of rt (=7), the
compound has) fixéd g-trans conformation. Non-
planarity of the system is also reflected in the
ultraviolet spectrum (table XXVIII) in which { ..
(6,640) is considerably lower than for other s-irans

conjugated ketones. The NMR spectrum (table XXVIII)
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showed a broad band 2t 3.077T due to ~CH,~ protons,
a band at 6.687 duc to the methine proton ( C-H),
a band st 2.397T due to the L-proton of the enone
system and a band at 2.637 dus to the vinyl proton
at the C=C bond which carries the nitro group. This
compound 1s considered as an example in which steric
affect 1n the ring comnounds can lead to loss of
aromatic character. This is 1n accordance with
molecular model, whica shows that this compound is
much less strained than the m-bridged benzene
derivatives.

Also from table XXVIII, it can be seen
that the condensation product from cyclododecanone
is p-nitrophenol derivative (CXXIV) and not an
uncsaturated xetone. The infrared spectrum shows
several bands which are chuaracteristic of m-~bridged
p~nitrophenol, and there is no sign of any band due
to absorption of conjugated ketones.

From the ultraviolet spactrum (table XXVIII),

N .
the bands at A . 3300, 2500 and 2370 R with & __
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of 10,500, 6,350 and 3,300 respactively ars in
agreement with the spectra of m,m,p-trimsthyl
nitrophenol.

From the NMR spectrum, the bands at
9.8-6.6, 4.4 and 2.1°T which are due to the methylane,
hydroxy and esromatic ptotons support the above struc-
turae.

The infrared and ultraviolet spectra
(table XXVIII) of compound (CXXV) resemble those of
co-planar 2,3-dialkyleyclohex-2-e¢nongs (LXXIX, table
XVI). The bigher UC:O of (C:XV) compared with
(CXXIII) is due to the release of strain in the
former due to ring size. The NMR spectrum is as

expected (table AXVIII)

o /3 ~UNSATURATED AROMATIC £TTONES

As we have seen earlier, g-cig and g-trans
conformations in open-chaineo¢f-unsaturated ketones
can be distinguished from the positions and intensities

of the C=0 and C=C stretching bands in the infrared
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spectra.

In the liquid state most conjugated ketones
exist predominantly in one or other of the two
conformations, but Mecke and Noackll have observed
that the infrared spectrum of pent-3-en-2-one

(CXXVI, R=CH,) and related ccmpounds (where R =

3
other alkyl groups)

H

CH.-C0-C=C-R
3 H

(CXXVI)
exhibit two carbonyl bands near 1700 and 1680cm™ T
in tetrachloroethylene sclution. The positicns of

these bands susgested an equilibrium between the

s~cis and s-trans isomers. Similar doublet-carbonyl

ftn

bands were noted by Mecke and Noack for the ketones
of structure (CXXVII)where R=alkyl group). Timmons
and collaborators12 have commented

R-—CO-—CH=CH2

(CXXVII)
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similarly on the spectrum of (CXXVI, R=CH3), and
other examples of this type have been cited by
Brskine and Waightl3. The infrared and Raman
spectra of (CXXVI, R=Me) have bezn measured by

122 over the temperature range 430

Noack and Jones
to -70° and 485 to 45 respectively. The tempgrature-
dependent changes observed in the spectra indicate
thal this ketone exists as an equilibrium mixture
of g~-¢is and g-trans conformational i1somers in the

liquid state. The g-trans form is the more stable
and 1ls present exclusively in the crystalline soligd.
The fact that both the C=0 and C=C band are temp-
erature sensitive indicates that the band splitting
is not due to Fermi rescnance of the type asscciated
with the splitting in cyclic g-iransg ketones32d.

The presence of such conformational isomers are
conceivable for some conjugated and cross conjugated
% f-unsaturated ketones which we have studied.

From table XXIX, it can be seen that the

reletively low values of rt of benzylidene acetone
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) ne
(CXXVIII) and dibenzylidgl acetone (CXXX) (2.1
and 0.37 respectively) indicate that these two

compounds exist mainly in g-gis and s-gcis-cis

forms respectively in CClh solution at room temp-

L values

erature. This conculsion is based on the r
obtal ned for the fixed analozues s-gig-benzylidene cyclo-
nexanone(CXXVIII) and g-gis-cis-dibenzylidene cyclo-
hexanone (CXXX) (0.52 and 0.29 respectively), while

the values are of order 6.7 and 3.0 for the fixed

s-trans and s-trans-trans compounds (XXXIII) and

(CXIII) respectively.
On the other hand the relatively lower

values of r- of the model s-cis and g-cig-cis

compounds compared with values obtained for the
compounds under stud;tgrobably due to the presence

of the g-trans and g-trans-trans isomsr in equilibrium
with other isomer. In fig (XXI) the infrared spectra
of benzylidenc acetone are given, measured in dif-
ferent media (table X£X), and it seems from them

that the compound exists mainly in the g-cig form,
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Fig. XXI. Effect of solvent on the C=0 and C=C stretching

bands of benzylidene acetone, (continued overlea)..
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of benzylidene acetone.
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but to a smallaer extent if compared with the

spectra obtained in the liquid state and in solution.
In each case the higher and lowsr frequency bands
are due to the g-cis, znd the bands in between

are due to the g-frans form.

The sams argument can be applied to
dibenzylidene acetone (CXXX, table XXX), which
exhibits six bands due to the absorption of the
C=C-C=0 system. These bands could be explained by
the fact that dienoneéfisually distinguished by
the abstrption of one band in the carbonyl region

227, that is to say

and two bands in the C=C region
by three bands if one isomer is present only, thus
in our case, the other three bands are due toﬁ%ther
isomer. In fig (XXII) bandsa, b, and ¢ are due to

tha absorption of ths g-gig-cis isomer and bands d,

¢ and f are due to the g-trans-trans isomer. Also

from the fig, it can be seen that the compound exists

mainly in the g-cig-gis isomer in the solid state,

— ot

but to a lassdar extent in solution. The assignment
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Fige XXTT., Effecct cof soivert on the €=0 und C=C st

ching bands of dibenzylidene acetonce.
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{continucd overleaf)...
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of the preferred comformetions of (CXXVIII) and
(CXXX) has been done already on the basis of dipole

mement measurements by Sutton and his co-workerszzo

and of ultraviolet spectra by Yates and Williams32b
by comparison with the rzlated K-methyl derivatives
as well as by consideration cf scele diagrams. Our
ultraviolet measurements (table XXXI) are in good
agreement with the valuczs obtained for the model
compounds of fixed g-cis-cis conformation (CXI).

In table (XXIX) the infrared results of
o -methylated analogous compound are repcrted and

i . . . .
from r~ values which are high compared with fixed

s-cig and g-cig-cis compounds but of nearly the

poun’s, it is cencluded that the conformation of
these compounds (CXXIX and CXXXI) are predominantly
s-trans and gs-trans-trans respectively in CClh
solution at room temperature.

In fig (XXIII, table X3X) compound (CXXIX)

shows side bands on the higher and lower frequency
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1629 1678
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CcC1l
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Fig. XXITIT. Effect of solvent on the C=0 and C=C strcetching

bands of Z2-methyl-1l-phenylpent-l-cn-3-one.
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sides of the C=0 and C=C bands respactively, this
is also probably due to the presence of the s-cis
l1somer in equlilibrium with g-trans isomer. On the
other hand compound (CXXXI, fig XXIV) shows only
one band due to C=0 and another one due to C=C

not as .expacted for a g-gis-cis compound which

i v

exhibits six. bands. Even so these two bands are not

215cm'l)

well resolvad, or in other words Dl/(bé=o_)é=c

is very small compared with the value for other
0(5-unsaturated ketones which 1s difficult to
understand. Also from fig (&XIV), the compound
seams to exlst malnly in the s-gis-cis form in the

-

sclid phase while it ig mainly in the g-trans-trans

form in cyclohexane and to a lesser extent in carbon
tetrachloride and sbout a 50% mixture of both isomers

in CHC1 if compared with the spectra measured in

37
the solid state or in non-pclar solvents.

In general the C=0 and C=C frequencilsas
have the lovest values in the sclid state and the

highestin non-pelar solvents such as cyclohexane.
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Fig. XXIV. Effect of solvent on the C=z0 and C=C stret-
ching bands of 1,5-~diphenyl-2,4~-dimethylpent-

l1,4-diene-3-one. (continued overleaf)...-
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From tabla (XXXKI) it can be seen that the
lower values of é;max due to the K-band of the
methylated compounds (CXXIX and CXXXI) conpared
with unsubstituted analogues (CXXVIII and CXXX) is
thus due to (i) change in zross conformation and
(i1) hindrance tc co-planarity. The hypsochromic
shift in (CXXXI) compared with (CXXX) is probably
due to the different distances, and therefore
different interactions, between like charges in the
ionic contributing forms to the ground and gxcited
states of tha two kinds of dienone system.

The NiR spectrum of compound (CXXVIII) shows
that the two hydrozen atoms at the C=C bond to be
trang to sach other (J=15,5c¢/s) and the same thing
applies to compound (CXXX). Compound (CXXIX) shows
a doublet with 7.997 (J=1.5c/s) which is due to the
mathyl zroup at the C=C bond allylic to and split
by the vinyl proten which absorbs as quartet (2.567T).
The same thing applies to compound (CXXXI) as shown
in table (XXXII).
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ABBREVIATIONS

Infrared

Integrated band intensity in 1.mol™ L. cm
_2)

-2

(reported as Ax10
Intensity of the C=0 band

Intensity of the C=C band

Relative intansity of the C=0 to C=C band
Frequency of the C=0 band 1n em™ L
Frequency of the C=C band in em™t
Difference bastween \ézoand )é=cin gm~t
Frecuency of out-of-plane deformation of
the vinyl hydrogaen

ALpparent exXinction coefficlent

Width of the band at half intensity

Vary strong intensity

Strong 1ntensity

Medium intensity

Weak 1ntensity

Bends appearing as shoulders on more

intense bands
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U.V. Ultraviolet
0

max Wave~length in A

£ nag Molecular extinction coefficient in
g.mol.171

NMR Nuclear_magnetic rasonance
J Coupling constant in c¢/s
s Singlet band
d Doublet band
t Triplet band

o] Guartet band



TABULATION OF THE_RESULTS




TABLE

I

Summary_of the infrared light absorption

of ketones published by Mecke and ioack O
Lé=0 A’c=o Lg=c Ac=c
em ™t %1072 om7l %1072

Non~conjuzated 1720

Conjuzated with 1635
s-trans conformation

Conjugated with 1633

5-cils conformation

97  1640-1635 11

111 1613-154k4 23

79 1617-1623 66



TABLE IT

Summary of the infrared light absorption

of xfunsaturated ketones published by

Brskine and Waizhtl3

325

Vc=o Ac=o ¥é=c Ac=c LV
em™t  x1072  em™!  x1072 rt cm';
(cn’fﬁﬂitz'o 1634-  100-  1601- LO-  0.6- 60-
\\CH RiRo1707 180  16bh 170 3.5 90
n=1,2,3; (l)Rl Nl (ii)Rl=R2=CH3 (111)R,=H, R,=Ph
E;j[ﬁz 1669-  300- 1615~  L4O-  6-3 30-
1 1679 L00 1639 60 Lo
(1) Ry= -CH (i1) Ry =i, R,=CH, (1i1) Ry=H, R,=Ph
[;:T 1711 L15 1625 65 6.4 36
[;]l 1706 305 1634 10 30 72
C(CH3) :CH' COCH3 1693 100 1619 165 0.61 7
CH, :C (CH,)COCH, 1683 135 1632 15 9 50
[::]Cdcp 1690 140 1619 110 1.3 70
3 L5

\N

(Ch,) 1665 300 1420 35 3.6
(CH :@’
Ch



T 4 BLE___III

The_infrared_lizht absorption of some_ sub-

stituted cyclopent-2-enones

Vc:=o ‘A‘c=o Vc=c Ac=c i AV
T
cm'1 x1072 cm‘l x107¢ cm'l

3
;; : 2 (xX) 1720 400 1593 13.5 21. 127
1663 (v.w)

6
0
2-Me (XI) 1711 320 1642  1hk.3  22.h 69
Bt (XII) 1706 305 163% 10 30.5 722
-prt (XII1) 1706 331 1628 13.%  24.7 73
~Bu® (XIV) 1706 1332 1620 8.2 L0.5 36
~0Bul (XV) 1722 476 1623 105 4.5 99
3-Me (XVI) 1711 415 1625 65 6.4 63
1674
-5t (XVII) 1718 k422 1623 82 5.1 74
1676
_prl (XVIII) 1717 456 1615 9 4.9 ok
1686
~Bu? (XIX) 171% L4354 1603 103 3.0 92
1535
-0But (XX) 1711 k43 1600 42 - 6.3 99
1537
2-Me-3-Me (GXI) 1701 362 1556 126 2.9 45
p-Bt-3-ile (XXII) 1702 362 15649 94 3.8 53
a3  Erskine and Waizhti3

N.B. Improved Ramsay method was used for the band intensity
measurements



T LB LA iv

iffects of solvent on the C=0_and C=C gtretching

avgsorption of 3-tert-butylcyclopent-2-enone

Solvent Voso A=, Vi =¢ A=,
e gm:l_ 310_2- em™t x107°
CCLy, 1714 L56 1608 108
CH013 1703 476 1604 127

Y, W on, Ay A7k 8 o

en™t  eml x1072 X107 pm'l_ gg:%
ccy, 1714 1636 337 gt ~5 362 1724
CHC1 1703 1635 232 295 0.8 - -



3528

The ultraviolet light absorption of some

substituted cyclonent-enones

—l e

N 5

‘max® Tmax
|

(X) 2170 11,600
25 (XI) 2260 3,550
~Et (XIL) 2270 9,300
-prl (XITL) 2265 9,130
-Bu® (XIV) 2065 3,700
_0Bu* (V) 21130 6,300
3-ie (XVI) 2260 13,700
-Et (KVII) 2270 11,200
-prt (XVIII) 2270 14,300
_Bu® (XIX) 2270 12,900
_CBu* (X4) 2375 17,730
2-ila=-3-Me (X4I) 2340 13,580

2-3t-3-ile (XXII) 2345 13,340



-Bu

-OBui

2,3-Di-Me

2-at-d-ile

529

T ABLBE VI

The _nuclear magnetic _resonance of some

substituted cyclovent~2-enones

. gp——
(measured in L -values)

H« HE -CH-,-CH, ~CH, T /s
(X) 3.92 2.2 7.57
(XI) 2.77 7.6 3.6 1.9%
(XII)
(XILI) 2. 34 7.56 3.30
(XIV) 7.62 3.91
(V)
(KVI) b1k 7.56 7.35
(XVII)  %.1h 7.57 3.80
(XVIIT) Y.18 7.60 3.30 1.7
(XIX) L.13 7.56 3.85 1.7
(XX) 3.02 7.66,6.25  9.04,3.94
(XKI) 7.7 3.39,7.97
(KZLI) 7.7 9.05,7.96

splitting between)ﬁ and 2-ire protons
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T ABLE _VII

The infrared 1lizht abgirption of some_sub-

stituted cyclohex-2-ginoneg

\/c=0 Ac=o ‘e=c Ac=c i
r
em™t %1072 om™ L x1072
[;] (XXVII) 1691 275 1621 2.5 110
0 1674
2-C1 (XXVIII) 1706 153 1612 14 11
2-0Me-3-Me  (XXIX) 1634 222 1541 26 3.5
3-C1 (XK 1633 260 1612 55 k.7
15655
3-08t (CI) 1669 272 1612 310 0.9
1657
3-Sife (XKII) 1671 270 1530 38 3.1
1664
545-Di~-Me-3Pn (KXXIII) 1670 340 1615 51 6.7

N.B., Average values of the band intensity are reported using plani-

meter and Simpson's methods



T ABLE VIII

Sffects of solvent_on _the C=0_and C=C_stratching absorntion

e T e St it et S 0T - -— - p-®- e

of 3-ethoxyecyclohex-2-snone

/
Solvent Abgzo Ac=o }6=c Ac=c
L em™t x1072 em™ 1 x10 2
CClu 1663 272 1612 310
05013 1657 336 1604 450
/ 1
a b *a %5 A /Ay e
a
em™t  enl  x1072  x1072 . en™t - om7!
CcC1y, 1663 1657 216 136 1.6 320 1642
CHC1 1669 164k 6k 270 0.24



T ABLE

The wltraviolet absorption

of some

substituted cyclohex-2-enones

2-C1l
2-0Me-3-Me
3-C1l

-05t

~-SHMe
545-Di-Me-3-Ph

(AXVII)
(XXVIII)
(XXIX)
(X¥K)
(XXXI)
(XXXIL)
(XZXIIT)

max

2250
21130
2470
2315
2375
2370
2335

3

max

13,300
6,700
9,200

14,300

15,300

19,000

19,500



TABLS

X

Thz_nuclear maznetic resonance of some

substitutad cyelohex-2-enones

Hy
hﬁ.
' (LXVII)

2-C1 (AXVIII)
0-0Me-3-Ma (XXVIX)

3-C1 (X))
-0Bt, (AXKI)
~SMe (XCHIID)

5,5-Di-Me-3-Ph (XXXILI)

(measured in L -values)

H.,. Hg  -CH,- ~CHy
L,12  3.13 7.7

2.35 7.73

7.3 3.94,3.13
5.4

3.38 7.7
(t)
L|'o3 6009 7.82
(t)
4,33 7.67
(q)
3.75 7.6 3.36
(t)

je1}
(W}
W

Jc/s

2.2

1.b

1.6

1.5

1.4



TABLE _XI

The infrared light absorptiocn of someg fixed

isoid _o«F-unsaturatad_ketones

=

Lé=o Ac:o 1é=c. Ac:c i é&)/
— 0 em™ x107° em™!  x107° ,i, em™ L
( Ch@: CRlR 5
(R=R=Hj3n=1) (XXXVII) 1727 175 1644 70 2.5 83
(R=R=H;n=2) (XXXVIII) 1697 160 1618 5% 2.5 79
(R=R=H:n=3) (XX IX) 169% 105 1613 kO 2.6 31
(R=R=Hjn=k)  (XL) 1692 115 1611 4o 2.9 31
(R=R=H3n=3) (XLI) 1634+ 173 1629 11.8 15 55
(R=R=Me3n=1) (XLII) 1706 145 1633 155 0.4 73
(£;§=Me;n=2) (XLILI) 1632 165 1620 111 1.49 69
9~ (R=R=Ms;n=2) (XLIV) 1637 190 1613 125 1.52 69
(R=R=Meg ;n=3) (XLV) 1635 155 1626 100 1.55 59

N.B. Improved Ramsay method was used for the band intensity

measureiiants
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T ABLGZ XII

The _ultraviolet lignt absorption of some

fixed cigoid A B -unsaturated ketones

T ' M o A (_('%

(CHZ)\n/: C'R1R2

(R=R=H;n=1) (xxxvil) 2310 7550
(R=R=H3;n=2) (KXXVIIT) 2300 7400
(R=R=H;n=3) (XAXIX) 2300 5770
(R=R=d;jn=k) (XL) 2300 3930
(R=R=il;n-3) (XLI) 2230 2850
(R=R=ife ;n=1) (XLII) 2540 116G0
QE:R=Me;n=2) (XLIII) 2530 6000
?%(R=R=Me;n=2) (XLIV) 2520 6500

(R=R=Me;3n=3) (XLV) 2480 6400
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TABLS XIII

The infrared lizht absorntion of some

5 _unsaturated esters and ketones

c=o Ac-‘-o L£=c Ac=c i
. r
om™1 x10 ~ cm™1 %1072
CH,=CHCO,Me  (LIII) 1736 398 1633 20 20
17202 1623
CHMe=CHCO Me (LIV) 1730 261 1664 57 4.7
16332 1653
CHMe =CMg )COEt (LV) 1714 292 1656 35 8.3
CHe,=CHCO e (LVI) 1725 231 1664 106 2.6
1704k 1650
CH,=CHCOMe (XLVII)® 1706 140 1618 18 7.8
1536 .
CHMe=CHCOMe  (LVII)C 1701 130 1534 51 3.5
1632
CHMe=C(Me )COile (LVITD)C 1675 231 1646 39 ~6.0
CMe,=CHCOMe  (LIX; 1633 112 1622 165 0.7
1
& very weak band b as a shoulder ¢ Mecke and Noack

{
i

N.B. Average values of the band intensity are reported using-

planimeter and Simpson's method



T ABLGE XIV

The _infrared 1lizht absorption of_some

°<5—unsaturated lactones

]/C:O "S-, AC-‘- 1/C:C AC:C i
~ r
em”™L em™t x10~ em™ L x10%2
— e
Mezi;;tﬂ (LX) 1767 862 572 1667 13 L
1730
1715a
JIY=] —
S f , |
O @0 173, W75 1853 26 13.3
17174
| l:%j (LXII) 1733 346 533 1653 5.2 102
Me sy, 1722b
fi (LKIII) 1747 851 430 1631 5 9%
Me o 1702
Mej::jbu (LLIV) 1635 320 1613 60 3.3
[:‘Efﬁz (IXV) 1776 300 1676 10 30
v 0
(LXVI) 1733 222 1627 3.1 24.5

a waeak band

N.B.

planimeter and Simpson's metimods

as a shoulder

Average values of the band intensity are reported using



The infrared light absorption of some

o ff~unsaturated ketocnes

Ve =0 Ac=o Vc=c Ac=c Av
cm'1 x10'2 cd*l xlO-2 cm'l

™I
E::Iit] (LXXVII) 1693 163 1625 105 63 1.5

) ,
~
I (LEXVIII) 1663 312 1637 59 31

5.3
Me -
Megﬁj]he (LALKIK) "1663 235 1632 35 30 3.48
E:jﬁ}() (XLIIT) 1639 165 1620 110 63 1.5
= ctcn3)2
(CH3),=CHCOCH, 1693 100 1619 165 7l 0.62
(LIX)
(CHy),=C(CH,)COCH,, 1692 135 1623 95 69 1.42
(LKXX) |
= I Coc ; C
(CH3)2 C(CH3) 0 (CH3)3 1638 190

(LXXYI)

a_ &rskine and Waightl3

N.B. Improved Ramsay method was used for the band intensity

measurements



T ABLu® XVI

The ultraviolet light absorption of

some_%XF-unsaturated ketones

[iiifi] max max

E:Bfij (LXXVII) 2460 6,170
| Me

(LXXVIII) 2440 12,300
Medifjlhe (LXXIX) 2440 10,000

[:;Ei 0 (XLIII) 2530 6,000

C(CH,)
372

(CH3)20=CHCOCH3 (LIX) 2370 12,6002
(CH3)2C=C(CH3)COCH3 (LXXX) 2455 6,0008

(CH3)20=C(0H3)CQC(CH3)3 (LEXXI) 2375 1,250

a Zirskine and Waightl3



T A B LE

XVII

The infrared and ultraviolet light

absgsorntion of some cyecl-2-=2nones

//:==\\\
(chn o

n=1 (X)
n=2 (XXVII)
n=3  (LXIXIV)

n=4 (LXOTV)

CClu soln

—— . et 0 0 2t

A

340

CHol3 soln

Yo feso /5] Vezo Roso £33

em™t x107° em™l  x107°

1720 374 46 1703 337 13.9

1663 1660

1691 273 3.5 1636 295 0.73
1631 1671

16639 245 1.06 1660 262 1.97
1677 1646

1669 196 1.93 1657 185 0.6

1681 1671

H.B. Aversze values of the band intensity are reported using
planimeter and Simpson*s methods

Ultraviolet

n=1 (X)

n=2 (ZXVII)
a=3 (LACLIV)
n:)_‘_ (:L'.r-w;-.rv )

>0

1,)\
max
2170
2250
2270

2300

&£

max

11,600
13,300
2,900
3,500



T ABLE XVILT

The infrared lizht absorption of cxclanoneg_f

Vc=o Ac=o
0
cm-1 XlO_2
CHz)n
n=1 1751 239
n=2 1718 254
n=? 1706 213
n=4% 1705 209
123

a BUrer and Ginthard



342

The_stretchingz band frecuencies of cyclohex-2~-gnones

and_acetophenone__(in_different_media)

Medium Acetophenons cyclohex-2~enong
cC=0 v0=0 3 v -
1 AV Nx103 -1 DV /Yxi0> ¥ -1 AVYxi03
cm cm C[Il__
Vapour 1709 ol 1712 1705
Cyclohexane 1696 7.0 1593 3,12 1680 14.69
CCLy, 1692 9.9 1691 11.7 1681 1k4.65
Dioxane 1633 12.3 1638 15.2 1678  15.384
CHC1 1633 15.2 1636 16,k 1471 29,50

3

> Absorption due overtone band.



T ABLE

343

The nuclear maznetic resonance of

cvel-2-egnones and benzcyclanones

(measured in U -values)
0 a
W H, Hﬁ -CH2- ph ‘Lxﬁ I 3
[l ;(CHZ)n
n=1"M (X) 3.92 2.29  7.57 5.7  5.4-5.7
n=2 (XXVII) k4,12 3.13 7.70 10.0  9.3-10.5
n=3 (LXXXIV) 4,14 3.67 7.36 12.1 9.3-12.5
n=k (LXXXV) 4,09 3.32 7.932 12.3 11.3-12.3
~(CH_)
2°'n
n=1 (IXXXVILI) 7.17 2.44
n=2  (LXXXIX) 7.52 2.43
n=3 (XC) 7.70 2.59
n=h (XCI) 7.30 2.62

a Lit. values for Jxp Of cyclo-olefinsz2a'



The infrared _and ultraviolet lisht

TABLGSA

XXI

abgorption_of cyclanones

Ei]CCCHS
NS (IXXXVII)

4¢T’”HCH9)n
n=f*vj\y’ (LXXXVIII)

n=2 (LXXKIX)

n=3 (XC)
n=l (XCI)

i
Léﬂ\sﬂ (XCII)

V.C:: 0]

c=0
cm'l XlO"2
1695 253
1721 39k
1694 220
1635 194
1639
1677 130
1633
1684 237

a kindly provided by Mr 3. Foster

344

A 0

max & max
2370 12,050
2440 12,3002
2700 2,540
2430 11,600
2720 1,690
2460 8,970
2370 1,530
2430 6,480
2900 670
2520 10,2002
2200 12,060

N.B. Averasze valu:xs of the band intensity are reported using

planimeter and Simpson's methods
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T ABLE XXIT

The ultraviolet light absorpntion of

some_alkylated acetophenones 2
¥ X
r-1¢ b' n-T¢
0] c O
'A maxA “ max o\maxA 2 nax
o I COCHS
. (LXXXVII) 2370 12,050 2250 Ly .7
2-Me (XCIII) 2370 10,7C0 3130 72.0
3-Me (ACIV) 2410 17,400 3130 53.3
L _Me (XCV) 2460 13,000 3130 59.4
" 2,4 -Di-se (XCVI) 2460 12,350 3170  95.2
2,5-Di-ie (XCVII) 2400 2,750 3300 62.5
2,5-Di-Ms (XCVIII) 2460 2,010 3080 92.7
2,4,6-Tri-de  (XCIX) 2330 2,960 3100 81.0

a All these acetophenonss are kindly provided by Mr R.L. Brskine

13 M
b R.L. Zrskine™?, for [ -/ measurements



T ABL B XXIII

S

alkylated gcetophenones

o it e e <

VC-‘=O AC:=0
_cm"1 x107°
€ZBCOCH3
S (LXXXVII) 1695 253
2-Me (XCIII) 1692 216
3-Me (XCIV) 1692 223
Y -ife (XCV) 1639 22k
2,4-Di-Me (XCVI) 1633 210
- 2,5-Di-Me (XCVII) 1639 237
2,6-Di-Me (XCVIII) 1706 210
1701
2,4,6-Tri-Me (XCIX) 1701 205
: 1689

N.B. AVerage values of the band intensity are reported

using planimeter and Simpson's methods



The infrared light abscorption of phorons.

T ABL

X

XXIV

347

some of its derivatives and other model compounds

(CH C=CHCOCH=C (CH

3)2 3)2

(CH3)2C=CHCOCH3
(CH3)2C=CBrCOCBr=C(CH3)2

CH =CB b
( 3)20 C rCOCrI3

D=0
5=

PhHC:&&HPh
0
Et:FQHPh

(C®VI)

(LIX)
(CVII)
(CVIII)

(CIX)

(CX)

y

c=0 Ac=o c=c Ac=c 3
T
cm”~ L xlO-2 cm'1 x1072
16783 L3k 1637 232  0.15
16139
1693 85 1619 140  0.61
1674 39.8 1623 49.6 1.31
169%  114.6 1604 73.3 1.55
1701 29.3 1650 271 0.1l1
1634
1715 149 1646 170 0.88
1675 64.9 1615 211  0.31
1602
1691 115 1601 140 0.82

continued « « . .



Me . CHC1

Me Mez

(CXIII)

Me2 E:B Br
Mez B OH (cv)

— Br
l\(” OH (cXv)
0
Me ‘-—"'l- Br
Moo OMe (CXVII)
2

Me,) Br -
2 | ” (CXVIII)
Meg OAc

_mi Me (XXI)
LWJ Me

348

TABILE XXIV (continued)

l)_ A _ 1/_ A _

c=0o c=0 c=c c=¢c 1
c:rn'l xlO'2 cm'l x16~2 T
1678 313 1641 102 3.04

1622

1717 238 1674 121 2.38
1703 1663

1735 231 1671 117 1.98
1721 1661

1712 332 1633 82 3.92
1732 310 1652 56.7 5.47
1701 285 1656 33.5  3.h41

N.B. Average values of the band intensity are reported using plani-

meter and Simpson's methods
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The ultraviolgt light absorption of phorone,
some_of its derivatives and other model compounds

! 0

A'maxA éﬂax
(CH3)20=CHCOCH;CLCH3)2 (C®’VI) .~ 2650 19,400
(CH3)2C=CHCOCH3 (LIX) 2370 12,600
(CH3)2C=CBrCOCBr=C(CH3)2 (CVII) 2820 5,555
(CH3)ZC=CBrCOCH3 (CVIII) 2530 5,220

Z:)“tthj=l:jx (CIX) 3000 19,200
-0
[:>::<:] (CX) 2560 11,100

0
PhB
(CXI1) 3300 25,000

HPh
(::Iiz  (CXTI) 2880 19,000
HPh

continued . .
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T ABLE ZXV (continued)

/ 0 <
AR C
max _max
Me CHC1
vl 2
Ine> Me
@ (CKIII) 2400 15,100
£
Me
2 {~—j Br
Me,, H/U on  (CV) 2620 13,100
e Br
Dow  cxv) 2570 14,0002
Me, —— Br
e L{U one  (CKVID) 2610 11,700
2 J
Me_, .. OAc
Ne ’\r]JBr (CXVILI) 2440 15,200
6]
T Me
K(Ume (ZLI) 22340 13,580
4
o

2 Determined in hexane solution,



T A B LS

XXVI

The_nuclear magnetic resonance_ of phorone, some_of

its derivatives _and_other_model compounds

(measured in < -values)

(CH,),C=CHCOCH=C(CH, )

)
3727 “(cavi) 372

(CH,)

3 2C=CHCOCH

(LIX)3

(CH,)

3 2C=CB1‘COCB1‘=C(CH )

(CVII)

(CH,) ,C=CBrC0OCH

(CVIII)3

DI

(CIX)

372

3°2

7.9
7.5

-CH3 ~CH,~,-CH~ -C=CH -Ph _TOH
14 (d) 4,05
.36(4) (octet)
.14(a) L.03
Ik (s)
.02(s)
.26(s)
y7+.93
3.25-7.15
3.25-7.27
8.72-7.12 2.33 2.67
3.15,7.12 2.65

centinued .



he  CHCL

" ‘¢ 2
Me Y €
i;jf
|
Mez ' B'me
I~1e2 CH

-~—~i~1ﬁe

%CH

heo »wnBr
he; Lgsoma

Me., _____DBr
luez HOAC

2
.__[.' te
lie

T ABLE XXVI (continued)

(CXIII)

(CV)

(CXVII)

(CXVIII)

(XIX1)

~J oo ONCGo Co

~3 G0

—CH3

-CHZ—,-CH— -C=CH -Ph -0OH

L6(s)
.32(a)

W o
|
—~
n n
— N

3.96 3.87

2.81

7.57 3.23

a NMR Spectra catalogue, Varian Assoclates, California, 1362,

Vol.I, 129



TABLE

XXVII

353

The infrared. ultraviolet and nuclear magnetic

resonance

of l-acetvlecyeclohexene and 2:5-dihydroacetophenone

Infrared Ultraviolet
V A 0
- - - A _ .
c=0 c=o c-c c=c ;\ maxA éﬁmax
em™l %1072 em™l x107°
CGCH,,

@ 5 (xcI) 1672 130 1642 15.5 2320 11,350
‘ CCCH_
E::D 5 (CXX) 1674 150 1637 30 2410 4,150

N.B. Lveraze values

planimeter and

Simpson methods

of the band intensity are reported using

Nuclear magnetic ressonance

{measured in I -values)

(XCI)
(CXX)

-C=CH

3.24

4.3,3.16

-CH_. -

2 —3
8.3%,7.82
7.15 773
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The_infrared, ultraviolet and nuclear maznetigd

resonance of some brideed %XB-unsaturatad ketones

KO,

Ve=o  %e=o 1é=c Aoze 7\

cm'1 x1072 cm'l xlO"2

=0

(exX1II) 1701 219 1647  31.6  6.35 2740 6,640

3100 2,700
RN
0 (cn?)5
MeTX / ’
(CXXV) 1675 219 1638  29.5 7.3 2510 10,000
NO,, CH (CH2)5

(CXXIV)  350C(0-H str.), 1530(C=C i.p.vib.), 1450(C-H def.
vib.), 1375(C-0 str.), 1333(assym.NO, str), 1246
(0- i.p.def.), 1170(C-H i.p.def.), 900 (C-N vib.)
360(1:2:3:5 0.0.p.d.), 745 (incomsistent band)

B. Improved Ramsay method was used for the band intensity measurements

Nuclear magnetic resonance (measured in C -valuas)

(CXXIII) 3.07, 6.63, 2.39, 2.63
(CXXV) 3.73, 3.17, 7.5
(CXXIV)  9.8-6.6, 4.k, 2.1
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T ABLE XXIX

The_infrared light absorption of some

conjugated aromatic_ketones

\/
“e=o Aeso \é=c Aoz i
r
cm"l xlO'?‘ cm-l x10'2
PhCH=CHCOCH (CXXVIII) 16937 153 1625 72 2.1
3 1673 1612
PhCH=C (CH )0002}15 (CXXIX) 1697 203 1630 17 12.4
3 16783 1623
PhCH=CHCOCH=CHPh (CXXX) 1631 135 1623,1599 359 0.37
1561 1628,1610
PhCH=C(CH3)COC(CH3)=CHPh 1645 2438 1629 71 3.47
(CXXXI)
CHE
6) (CXII) 1691 135 1601 165 0.32
Phi-;(;ﬁthph
N
(CXI) 1675 61 1615 211 0.29
Mo [%ILb (XXXITII) 1670 400 1615 60 6.7
0 _
ﬁ}. (CXITI) 1678 313 1641 102 3.0
R e 1622
e CHCl',,

G

N.B. Average .values of the band intensity are reported using
planimeter and Simpson's methods
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IABLE XXX

Solvent effect on the C=0 and C=C_infrared

bands of some conjugated _aromatic_ketones

(1) PhCH=CHCOCH3 (CXXVIII)

State \}c=o band (cm'll .Dc=c band (cm'l) Conformation
Solid 1683, 1657 1609, 1622 mainly s-cis
Liquid 1690, 1669 1611, 1624 |

[ 50:50 mixture
CHCl3 1638, 1663 1611, 1624 .

i of g~-cis and
cCl,, 1692, 1677 1612, 1627 g

v s-trans
Cyclohexane 1695, 1677 1612, 1627
(ii) PhCH=CHCOCH=CHPh (CXXX)
State Vozo band (cm™ 1) c=c_band (cm~1) Conformation
Solid 1677, 1653 1637,1622,1600,159% mainly g-cig
CHC1, 1677, 1656 1626 ,1622,1603,1592}

; 50:50 mixture
ccl, 1681, 1663 1629,1623,1610,1599% . s-cig and
Cyclohexane 16834, 1664 1629,1623,1610,1599 | s-trans

continued . . .



TABLE XXX (continued)

vt

(iii) PhCH=C(CHq)COC2H5 (CXXIX)

State ‘xé=o band (am~1) - qt/:-c band (em™1) Conformation
Solid
Liguid 1691, 1672 1620, 1629 ~
mainly
05013 1695, 1669 1617, 1623
s-trans
cCL, 1697, 1678 1620, 1630
(iv) PhCH=C(CH3)COC(CH3)=CHPh (CXXXI)
| - V -
State .ELEQ_QQQQ_LQN ) czc_band (em™l) Conformation
Solid 1622 1612 mainly s-cis
| 50350 mixturse
CHc:L3 1637 1626 of’g_gié and
s-trans
ccly, 164k 1629 ‘
mainly g-trans
Cyclohexane 1649 1629
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T ABLE XKXI

e o . S A — S ar

The_ultraviolet light_sbsorption of some

conjugated aromatic ketones

0
A4 E
max max
PhCH=CHCOCH, (CXXVIII) 2260 12,700
2360 22,600
PhCH=C(CH3)COCH3 (CXXIX) 2770 18,620
PhCH=CHCOCH=CHPh (CXXX) 2340 22,300
3300 33,400
PhCH=C(CH3)COC(CH3)=CHPh (CXXI) 2870 27,540
/9 _CHPh
L\:I (CXII) 2380 19,000
PhhC 0| CHPh
N b
[i:T (CXI) . 3300 25,000
Me;{?ﬂph (XXXIIT) 2335 19,500
Q
wd Die (CXIII) 2400 15,100

Ivle - \CHCl o

(=]
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T ABLE XXXII

The nuclear magnetic regonance of gome

conjuzated aromatic ketonses

(measured in [-values)

H ” H/g ~CH,-, -CH3 -Ph

PhCH=CHCOCH3 (CXXVIII) 3.52 2.59 7.72 3.52

_ 3.25 3.25

PhCH=CHCOCH=CHPh (CXXX) 3.15 2.45 3.15

2.87 2.87

PhCH=C(CH3)COCH20H3 7.99 2.66 7.25(q) 2.56
(CXXIX) (d) (S) 8.88(t)

PhCH=C(CH3)COC(CH3)C-CHPh 7.77 2.74 2.58

(CXXXI) (d) (Q)



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223
	Page 224
	Page 225
	Page 226
	Page 227
	Page 228
	Page 229
	Page 230
	Page 231
	Page 232
	Page 233
	Page 234
	Page 235
	Page 236
	Page 237
	Page 238
	Page 239
	Page 240
	Page 241
	Page 242
	Page 243
	Page 244
	Page 245
	Page 246
	Page 247
	Page 248
	Page 249
	Page 250
	Page 251
	Page 252
	Page 253
	Page 254
	Page 255
	Page 256
	Page 257
	Page 258
	Page 259
	Page 260
	Page 261
	Page 262
	Page 263
	Page 264
	Page 265
	Page 266
	Page 267
	Page 268
	Page 269
	Page 270
	Page 271
	Page 272
	Page 273
	Page 274
	Page 275
	Page 276
	Page 277
	Page 278
	Page 279
	Page 280
	Page 281
	Page 282
	Page 283
	Page 284
	Page 285
	Page 286
	Page 287
	Page 288
	Page 289
	Page 290
	Page 291
	Page 292
	Page 293
	Page 294
	Page 295
	Page 296
	Page 297
	Page 298
	Page 299
	Page 300
	Page 301
	Page 302
	Page 303
	Page 304
	Page 305
	Page 306
	Page 307
	Page 308
	Page 309
	Page 310
	Page 311
	Page 312
	Page 313
	Page 314
	Page 315
	Page 316
	Page 317
	Page 318
	Page 319
	Page 320
	Page 321
	Page 322
	Page 323
	Page 324
	Page 325
	Page 326
	Page 327
	Page 328
	Page 329
	Page 330
	Page 331
	Page 332
	Page 333
	Page 334
	Page 335
	Page 336
	Page 337
	Page 338
	Page 339
	Page 340
	Page 341
	Page 342
	Page 343
	Page 344
	Page 345
	Page 346
	Page 347
	Page 348
	Page 349
	Page 350
	Page 351
	Page 352
	Page 353

