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ABSTRACT 

The infrared spectra of a number of 

cisoid and transoid o(fl-unsaturated ketones have 

been examined. The relation between stereochemical 

fine structure and the positions and intensities of 

the CO= 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, oc'-unsaturated esters 

and lactones on the relative intensities of the 

C=0 and C=C band have been studied. 

The inhibition of mesomerism due to non-

planarity of the chromophores CO= and C=C as a result 

of steric effects or ring size can be detected in 

the ground state as well as the excited state. 

Cycl-2-enones, benzcyclanones, some bridged compounds 

and a number of substituted acetophenones are given 

as examples. In case of acetophenones, the absorption 

due to the n-1'14-  transition of the carbonyl group can 
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give some more information on the stereochemistry 

of the chromophors. 

The structure of phorone and its dibromo 

and bromohydroxy derivatives have been re-examined, 

and the correct structures are given on the basis 

of the spectral measurements of these and some other 

model compounds. 

The ultraviolet and nuclear magnetic 

resonance spectra of the above mentioned ketones 

are reported. 
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During the last twenty years, a considerable 

amount of work has been done to find relationships 

between the stereochemical fine structure of unsatur-

ated compounds, mainly conjugated carbonyl compounds, 

and their ultrLviolet and visible light absorption. 

On the other hand the application of infrared spectro- 

scopy to such problems see,ds to be 	to the 

last few years. 

On the basis of ultraviolet spectra, it has 

been shown that the intensity and position of conjug-

ated band (K-band) is dependent on some steric factors. 

For example, ico41  in 1942, noticed that 2-methy1-1-

acetylcyclohexene absorbs with unexpectedly low 

intensity, although at the expected wave length, 

compared with acetylcyclohexane and acyclic 

°g 1 -unsaturated ketones. He attributed this result 

to a steric effect. 

COCH 

\//' 

)max 23O  (t 	12,500) max 

COCH
3 

I C113 

;Lax 2450 (t max6500) 

I 	 II 
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In 1)48, Bra.ude!_! 2-6 and his coworkers 

reopened discussion of the anomalous light absorption 

of this and other cyclohexene derivatives, and sub-

sequently published a number of papers and reviews. 

Braude classified steric effects in ultraviolet 

spectra into two types, type 1, exemplified by the 

conjugated ketones, occurs when steric hindrance to 

planarity of the chromophore is weak, and is chara-

cterized by a decrease in absorption intensity only. 

Type21  exemplified by o-alkylated diphenyls, occurs 

vhen steric hindrance is strong, and is characterized 

by hypsochromic shift as well as a decrease in 

absorption intensity. 

There has been considerable disagreement 

about the preferred conformation of 2-methy1-1-

acetylcyclohexene. It was considered by Turner and 

Voitle 	to exist mainly in an enforced s-cis 

conformation, since it was known that ethylenic 

ketones with fixed s-cis conformation have lower 

max values than s-trans  compounds due to the smaller 
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chromophoe length and transition moment. In 1955, 

Braude and Timmons 	argued that the decrease in 

max of 2-methyl-l-acetylcyclohexene could be due to 

steric hindrance of the s-trans conformation with an 

interplanar angle, Q, between the nodal planes of the 

G=C and CO. groups of 45°  and that such a conformation 

would have lower potential energy than a planar s-cis 

conformation. This argument was supported by the fact 

that the calculated values of Q for 2-methy1-1-

acetylcyclohexene and 2-methyl acetophenone 1„ere very 

similar, and that there is no question that the ortho-

effect in the latter is due to non-planarity and not 

to s-cis and s-trans isomerism. 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 (A14 

between the two bands (CO:= and C=C) was characteristic 

of the single bond conformation, s-cis compounds 

having AI/>70 cm-1  and s-trans compounds AV4,70 cm-1. 

It has been mentioned that the infrared spectra of some 
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polycyclic rigidly cisoid o4  unsaturated ketones are 

characterized by absorption bands for C.0 and C=C 

which are of nearly equal peak height (e,a) whereas 

in rigidly tLansoid system the C,0 band is much the 

stronger. On the basis of the measurements of fre-

quencies and peak heights cf some fixed s-cis and 

s-trans compounds, Erskine and Waight 9  showed that 

2-methyl-l-acetylcyclohexene has the s-cis structure. 

Mecke and Noack 10,11 have shown by infra-

red and ultraviolet measurements of simplecq-unsat-

urated ketones, that the two conformational isomers 

(cisoid and trapsoid) can be distinguished by the 

positions and intensities of the C=0 and C.0 bands on 

the following basis: (i) the ketones showing no 

steric hindrance in the planar s-trans configuration 

have CO=. stretching frequency 4-.1690 cm-1, higher 

intensities than the mean values of the measured 

unconjugated ketones, and relatively higher C.0 

frequencies;  (ii) the ketones showing steric hindrance 

or having a fixed s-cis configuration have CO= 
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frequencies between 1700-1690 cm-11  lower intensities 

than the saturated ketones, and lower C=C frequencies 

than class (i). 

Additional examples have been given by 

Timmons 12  and E:!'skine and Wight 13. The infrared 

and ultraviolet spectra of some fixed cisoid and 

tranjaoid conjugated ketones have been measured by the 

latter authors, and their results agree well with the 

data of Mecke and Noack. They further found that the 

ratio of the integrated band intensities of the C,0 

and C:..0 stretching vibrations gives the most certain 

indication of the geometry of the chromophore, being 

low in cisoid and high in traugid structure. The 

ratio depends on the nature and position of the sub-

stituents at the C=C band. For alkyl and ohentyl 

substituents it lies between 0.6 and 5.5 for cisoid 

and is greater than 6 for transoid systems, but more 

strongly electronegative 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 labile structure by comparing the values of the 

ratio of the integrated band intensities of the C=0 

and C-C stretching vibration and the difference in 

frequency (AV= 	YC=C) of these ketones with 

those obtained for fixed cisoid and transoid ketones. 

We have extended this work by studying the 

infrared spectra of a number of cyclopent-2-enones 

and cyclohex-2-anones with different nature and 

position of the substituents at the carbon-carbon 

double bond. The results obtained from these and 

othercd3-unsaturated ketones were used to elucidate 

the stereochemical fine structure of some non well 

identified conjugated ',Ketones. 
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1 	Introduction 

In general the approximate vibrational 

frequency of a link AB is determined primarily by the 

elasticity of the bond as measured by the force con-

stant, and by the masses of A end B. In such a simple 

diatomic molecule, the only vibration which can occur 

is a periodic stretching along the A-B bond. Stretch-

ing vibrations resemble the oscillations of two bodies 

connected by a spring, Hooke's law being applicable, 

in which the vibrational frequency (cm-1) is given 

by 

V- 1  if,2 
‘., 

where c is the velocity of light, f the force con-

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

system, as defined by 

My )1  = 
MAtMB 

where mA and mB 	- the indivirlual 111,:.ssas of A and. 

(1)  

(2)  
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Stretching vibrations of individual bonds 

within more complex molecules may be considered simi-

larly, though other vibrations become possible and 

absorption band frequencies are influenced by other 

factors. Some 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 relate 

to changes in molecular geometry, or in the masses of 

substituent groups, the effect of steric strain and 

the electrical influences of the substituent groups. 

These factors have been discussed by Jones and 

Sandorfy 14 and Bellamy 15 and additional recent ref-

erences are given in this section. 

2 	Factors affecting_the Frequency Shifts 

(a) 	External Factors 

(i) Solvent effects 

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 0-H stretching vibration. 

A compound always exhibits its highest carbonyl fre-

quency in the vapour state in which a molecular 

vibrator can be regarded as being essentially free from 

the influence of other molecules. In the liquid 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 (A)I= vap - isoln) varies considerably for 

different kinds of carbonyl groups and it is not possi-

ble to apply a general solvent correction. 

Early work relating to solvent effects on the 

carbonyl stretching frequency has been discussed by 

Jonas and Sandorfy 14. 

One of the simplest and earliest attempts to 

explain the considerable changes of frequency which occur 

in the vibrational spectrum of a molecule on going from 

the gaseous to the solution phase, was that of Kirkwood 16  

and of Bauer and Magat 17. This was based 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-Bauer-Magat 

(4BM) relation: 

AM: C(61)/(*-1) 	(3) 

whereLV is the change in frequency on going from 

vapour to solution phase, Vis the vapour-phase fre-

quency, bis the dielectric constant of the solvent, 

and C is a constaht. The applicability and limitations 

of this model have sub,saquently been examined in 

18a 

con- 

siderable detail by Pullin 	who applied essentially 

the same treatment as Bauer and Magat and derived an 

equation for the diatomic vibrator, which was extended 

to polyatomic molecules. Approximate numerical cal-

culations showed that the predicted frequency shift, 

e.g. in\')C=0 
 of acetone is about one-half of that 

18b c observed. Subsequently, Pullin  showed that 
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for acetone the carbonyl frequency varied linearly 

with the function 

E(112-1)/(2n21.1)R] 	PB(L7-1)/(2E+1)Rj (4) 

where n and :;, are the refractive index and the di-

electric constant respectively of the solvent, B is 

a constant for each particular solute mode, and R is 

a solvent-dependent radius. 

Buckingham 
19a 

 using a model similar to 

Kirkwood, derived the equations: 

61/L/= C1  t 3(C24C3)(Er1)/(4/1-1) 	(5) 

which is applied for non-polar solvents, while for 

solvents with a dipole 

Aviv = C1  f C24„-1)/(441)1C3  (n2-1)/(2n2+1) 

.1,0 (6 ) 

where C
1, 

C
2 

and C
3 

are constants depending on both 

solute and solvent. In later papers 1967can  exten-

sion to polyatomic molecules 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  

measured the frequencies, intensities and half widths 

for C=0 and some other bands in a range of solvents and 

found the equation inapplicable as also did Archibald 
22 

and Pullin 21. Jositn and her coworkers in particular 

have examined the KBA relation, which was found to be 

satisfactory for XH vibrators only in a few non-polar 

solvents, e.g. carbon tetrachloride. Deviation from 

the equation was attributed to complex formation and 

this was confirmed by the presence of two XH stretch-

ing bands in mixed solvents. Subsequently, equilibrium 

constants were determined 23  

A different approach has been employed by 

Bellamy and his coworkers 24, in which the frequency 

of the C=0 group of a wide range of compounds have 

been studied in many solvents. The frequency shifts 

all follow a common pattern and seem to be produced 

mainly by local association effects, and not by di-

electric constant factors. The relative sensitivities 

of C=0 group to solvent effect have been measured in 
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this way. The results vere later extended 25  to 

groups of the type X=0, where X=N,P, or S. In all 

these cases it was found that AWL/for a series of 

solvents gave linear plots against AV/V for a 

standard C=0 compound, inicating that the mechanism 

of association with the solvent was the same. Further, 

it was found 26  that in a series of acetyl derivatives 

of soma N-heterocyclic compounds the CO= solvent 

sensitivity increased steadily in the order of increas-

ing C=0 dipole. When the vibrating group is already 

associated as in carboxylic acid 	dimers, local 

association with the solvent is n.varly negligible 

and the frequency is virtually solvent-insensitive. 

Recently, Karaise and Whi-tsel 27a have 

studied the solvent effects on the infrared frequencies 

of the carbonyl bands of ketones, and their results 

support Bellamy's proposal that frequency shifts 

observed upon passing from one solvent to another 

are determined predominantly by specific interactions 

between the solute and the solvents. Further they 
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have suggested that non-dipolar interactions such as 

dispersion forces, may contribute to solvent-induced 

frequency shifts. 

The strongest evidence advanced in support 

of local solvent-solute associations 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 and Thompson 23  to interpret frequency shifts 

by taking into account both dielectric effects and 

specific interactions. They have proposed an equation 

of the form: 

n-1 
/1/= C

1. 4,C2 2f 41 + C3 	
* C4  6 (7) 

where C's are solute - dependent constants, eis the 

Taft inductive factor 29,30  and ,and n are the di-

electric constant and index of refraction respectively. 

The first three terms have been derived by Buckingham 19a,  

2n +I 
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under the assumption of diatomic 

Though solvent shifts of infrared bands are 

not often related to those of ultraviolet bands, Ito 

et al 31a  have shown that, for ketones, (tOYV)c=0  

for the infrared bands give a linear plot against a 

similar function for the n-7
tif 

transition. This is 

attributed to solute-solvent association in the ground 

state only, since on n-7-  excitation the dipole of 

the carbonyl group becomes very small. Becker 31b 

has similarly interpreted the behaviour of benzo-

phenone in various solvents. 

Solvent effects have been used extensively 

for diagnostic purposes. Thus the AV/Y values for a 

band Should when plotted against those of a standard 

band e.g. Vc=oof acetophenone give a straight: line 

oly if the band arises from a dipole similar in 

structure to the standard. This has been used to show 

that one component of the C=0 doublets in cyclopent- 

anone32a 	 32b 
7 certain cyclopent-2-enones 	most 

<I'-unsaturated five and six-membered lactones32d, 
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some mac./-unsaturated cyclic ketones 32d, substituted 

benzoyl chlorides and benzoyl bromides 32e,  and some 

2 	321 -quinones 	results from Fermi resonance of a 

combination band with the fundamental, while in a 

series of esters of the type R.N(NO
2
).00

2
Et33 and 

some substituted ethyl acetates (e.g. mono halo and 

dihalo) 34  it is the result of rotational isomerism. 

Rotational isomerism has been studied in a number of 

cases, change of solvent usually alters the ratio of 

isomers and it is possible to make deductions on the 

conformation of isomers. Substances examined include 

,X-halo ketones 35a, 0C-chloro and 0(-bromo cyclo-. 

hex:Inone 35b ,c  and c4-bromocyclooctanone 35d. 

Other studies involving carbonyl assignment 

based on solvent shifts have been made in salicylal-

dehyde 36a, pyridone 36b c and pyrones 36d. 

Recently, Noack 37  has shown that the fre-

c,uencies of the carbonyl and C=C stretching bands of 

unsaturated z-cis ketones have solvent dependence 

different from that of the same bands in s-tranz ketones; 
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in .a-cis ketones the carbonyl bands are less shifted 

in chloroform solution from their position in carbon 

tetrachloride solution than are the carbonyl bands 

in s-trans ketones. 

In the spectra of crystalline solids, the 

C=0 frequencies are displaced to lower values as a 

result of the lattice fields on the CO= force constant, 

and true intermolecular association. In the absence 

of hydrogen bonding, the carbonyl frequencies in the 

crystal often approximate to the values obtained for 

solutions in chloroform or other polar solvents. 

(ii) Hydrogen bonding effects 

Hydrogen bonding has a large influence on 

the properties of compound and has been frequently 

investigated by infrared spectroscopy 38-40  

A strongly polar group with "exchangeable" 

hydrogen, such as OH or NH as a proton donor, and 

another group such as C=0 with easily polarized 

electrons, as a proton acceptor, are required for the 
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formation of hydrogen bonds. Intermolecular and 

intramoleculcr hydrogen bonds must be differentiated. 

The former involve the interaction between two or 

more different molecules which satisfy the above 

conditions; these can be molecules of the same kind 

or different9  e.g. those of solute and solvent com-

pounds. Intramolecular hydrogen bonds are formed 

when two suitable groups are situated at the correct 

distance within the same molecule. The well-known 

association of the alcohols and of carboxylic acids 

are examples of intermolecular hydrogen bonding. 

Intramolecular hydrogen bonding is also 'mown as 

chelation and is found e.g. in enclized diketones. 

The existence of hydrogen bonds 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 is usually displaced tc lower frequencies. 

The strong hydrogen bonding which occurs 

ill the carboxylic acid diger -ITT causes a lowering of 
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R---C 	 R 

\0 	H . . . 0 
III 

about 50 cm-1 cf the carbonyl frequency. In the 

infrared spectra of dilute solutions of most primary 

carboxylic acids in non-polar solvents there is a 

weak band near 1760 cm-1, usually attributed to a 

small proportion of the monomeric form, and an 

intense band near 1703 cm-1 due to the bonded 

carbonyl of the dimer III. A weak absorption band 

has also been reported near 1715 cm-1  in acetic 

acid, and structures IV 41  and V 42 have come under 

consideration. 
9 
, • • . 0 	Oh • . . 0 	OH . . . 	

CH
3 /

,, 
1760 cm. -1 

flt•-• 
C 	C 	/ 

I 	CH 
Li

3 
CH3 

3 --.... 	. 
-C=OH-0  

H-01  	--- -1715 cm. -1 
IV 	 V 

In certain solvents, such as dioxan, only 

a single carbonyl frecuency is shown, which was 

attributed to the existence of the acids as free 

monomers in this state 43. 



In the infrared spectra of crystalline 

fatty acids there is no evidence of any monomer 

band, the dimar band occurs at 1705 cm-1  in the 

acids of odd chain length and at about 1700 cm-1  

in the acids of even chain length 44. 

A typical example of hydrogen bonding 

in steroids containing the cK,hydroxyketo group 

was observed by Jonas and Sandcrfy 14  . An additional 

band other than the normal carbonyl absorption 

appeared at lower frequency which dan be attributed 

to the displaced Cm0 vibration in the hydrogen 
o.-ii 

bonded structure j 	d . This interpretation is 

supported by 	fact that the intensities 

of the free and associated 0-H stretching bands in 

this case are comparatively insensitive to concentration 

indicating that the hydrogen bonding is intramolecular. 

Rasmussen et al 45  have described a chelation 

effect in certain (-diketones which gives rise to a 

very considerable shift in the carbonyl frequency. 

Both acetylacetone and dibenzoylmethane are known from 

31 
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Raman and chemical evidence to exist in the monoenol 

form, but neither shown any band corresponding to a 

normal conjugated ketone. Instead a very broad band, 

estimated to be more than a hundred times as strong 

as the normal carbonyl vibration, is observed in the 

range 1640-1540 cm-1. These workers believed this 

absorption to arise from a carbonyl group which has 

its double-bond character reduced by resonance between 

the forms VI and VII 

OH. . . .0 	 +OH. . . .0 
I 	H 	 1 R 	C 	CR ----- C 	iv and R— C 	Cr. 	C 

VI 	 VII 

This conjugative chelation is differentiated 

from normal hydrogen bonding such as that given by 

diacetone alcohol, and can arise in any structure 
X-H y 
C=C- c 	in which X and Y can act as electron donors 

or acceptors, and a number of examples have been 

studied. In all these cases vary large changes in 

the OH region of the spectrum land support to the 

view that the bonds produced are very much stronger 



than normal hydrogen bridges. Similar chelation 

effects in esters have also been described by 

Rasmussen and Brattain 46. The extent of the car-

bonyl frequency shift has bean shown to be a direct 

functicn of the double-bond character of the c&1  link. 

Other instances of enolic (-diketcnes showing 

chelation have been discussed by Shigorin 49, and 

Park Brown and Lacher 50 who were able to show 

that disubstitution of the central methylene group 

prevented enolization and gave rise to normal carbonyl 

frequencies. 

Chelation has been also observed in aromatic 

compounds. Gordy 51 has reported the carbonyl 

absorption of o-hydroxyacetophenone to be at 1639-

1613 cm-1  and Hunsbergar 52  has examined a number 

of naphthalene derivatives in which he has found 

frequency shifts of 50-60 cm-1  due tc this effect. 

Other studies cf this effect have been carried out by 

Flett 53  and other investigators 54'55  for crystalline 

hydroxyanthraquinones. These measurements showed that 

33 



hydroxyl. groups in the 1-, 4-, 5- and 8- positions 

cause the carbonyl frequency to diminish whereas 

hydroxyl substitution at the 2-, 3-, 6- and 7-

positions has no effect. 

(b) 	Internal factorz 

(i) Steric strain 

The effect of steric strain on the CO= 

stretching frequency is most clearly demonstrated in 

small rings. Friess and Frankenburg 
56 
 recorded that 

cyclobutanone absorbs at 1784 cm-1. Lecom#te 57  has 

reported the infrared CO= stretching band in cyclo-

pentanone at 1742 cm-1  and in cyclohexanone at 1718 cm
-1
. 

This marked difference has been used for the differ-

entiation between the carbonyl groups associated with 

five-membered and six-membered ring systems. Numerous 

examples have been given by Jones and Sandorfy 
14

1  for 

instance a difference of 30-40 cm-1  has been found 

between X- and cf-lactones and lactams. Rings with more 

than six members are capable of some degree of internal 

34 
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adjustment to reduce the strain, and these show normal 

frequencies. Friess and Frankenburg showed that very 

small changes too.c place in six, seven and eight 

membered ring systems and that the frequencies did not 

parallel the carbonyl reactivities. 

Prelog and GUnthard 5g  observedthat the 

carbonyl stretching frequencies in large ring ketones 

mach minimal v&lues of about 1695 cm-1  for ten to 

twelve ra:2mbered rings and then increase again to 

1707 cm-1  in cyclotridecanone. Parallel results have 

bean obtained in very large ring systems derived from 

benzc 	cyclanones 59. 

Theoretically the effects cf ring strain 

probably depend on the change in the C=0 force constant 

as a result of modification of the d"-bonds. Koch and 

collaborators 60  
61 

quoting Coulson and Mcffitt, and 

cycloprane and FErster 62, have pointed out that for 

cyclobutane, quantum mechanical calculations show that 

the ring strain induces changes in the carbon 6-valency 

orbitals having the effect of strengthening the exc-

cyclic bonds and weakening the cyclic bonds; an 



extrapolation tc include the five membered ring 

system provides a rational explanation of the 

enhanced frequencies of double bond exocyclic to 

small rings. 

(ii) Electrical effects 

Inductive and mass effects of v4-substitution  

It has been known for many years that the 

carbonyl frequency of molecules of the type COXY 

(X and Y being a single atoms) is almost insensitive 

to variation of the masses of X and Y 63. Halford  64  

has shown that the carbonyl frequency does not change 

much as the masses of X and Y are increased from 

10 atomic w2ight units to infinity and that the 

corresponding frequency of a symmetrical molecule 

(MC)2C0 (MC being attached to the carbonyl by a 

normal single bond) is insensitive to the variation 

of the masses of M. On the other hand Jones 65  has 

found that in a series of related compound, as in a 

homologous series of acids and ketones the mass 

36 
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effect is small, but under certain circumstances it 

is significant and can best be demonstrated by cum- 

pariscn between hydrogen and deuterium compounds 

where other factors cancel. For example, the infrared 

carbonyl band in the deuterated diethyl ketone (CH3. 

CD2.00.CD2.CH3) absorbs 6 cm-1  lower than in the 

normal protium compounds, while in the extreme case 

of gaseous formaldehyde and formaldehyde-d2, the 

infrared bands occur at 1743 and 1700 cm-1  respec- 

tively. 

The electronic structure of the carbonyl 

group in a majority of compounds plays a dominant role 

in determining the carbonyl stretching frequencies and 

interest is thus focused on the electronic effects of 

the substituents adjacent to the carbonyl grouping. 

Applying the formalism of the resonance theory, 

Hartwell et al 66 have considered- the shift of:the C=0 

frequency in terms of the following electronic structures: 

R1 
 R1 R 	R1 _ _ \ N \ 	 - 

C -..-. 0( 	} C =-- 0 4--,C - 0 .----) C --- 0 - 
// 

R
// 	.Y.i. 	// 

R9 	R2 	R2 2 
(a) 	(b) 	(c) 	(d) 

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

then be dependent cu the nature of the substituents 

R1 
andR2' 

 . The relative importance of structure (b) 

is determined by the elactron-attracting cr electrcn- 

repelling properties of the substituents B1  and R2. 

Mesomeric effects, as illustrated by the structures 

(c) and (d), should lead tc a weakening of the C=0 

bond and thus to a decrease in the stretching frequency. 

It may be noted that the inductive and mesomeric 

effects are in opposition and for a great number of 

substituents it is difficult to predict exactly which 

effect will predominate. 

The inductive and field affects induced by 

the dipole in the R1-C and R2-C bonds of (VIIIa-VIIId) 

are illustrated in <-c-halogen substituted ketones where 

true mesomaric effects cannot occur. Substitution of 

an electron attracting halogen atom into the 0‹-alkyl 

group of a ketone destabilizes structures VIIIc and 

VIIId since the carbon atom becomes the positive end 

of the X-C and Y-C dipole. As a result the C=0 frequency 
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rises, the magnitude of the shift increasing with the 

increasing dipole moment in the C-halogen bond. Thus 

acetone absorbs in CS2 solution at 1715 cm
-1 and the 

band shifts to 1724 cm-1  in monochloroacetone. The 

influence of o!.-halogen substitution in acids, asters 

and lactones is closely parallel to the case of ketones.  

In general halogenationin:the,o(-alkyl group 

of a carbonyl compound raises the C=0 frequency, the 

magnitude of the shift increases with the increasing 

dipole moment in the C-halogen bond. The question as 

to whether this effect is transmitted by induction 

through the bonds or by a direct field effect on the 

CO= linkage will be discussed under the later heading 

(page 56). 

Substitution in the EX-position of a 

carbonyl compound can be related to other physical and 

chemical properties. Gillette 67 has shown that a 

relationship exists between the infrared carbonyl 

stretching frequencies and the dissociation constants 

cf cJ-halogenated acetic acids, and found that the 
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frequency of carbonyl absc.rption increases through the 
to 	 63 series mcnqtrichlorcaaetic acid. Flett 	has demon- 

strated a parallelism between the affect of nuclear 

substituents cn the infrared carbonyl frequencies of 

substituted benzoic acids and cn chemical reactivity 

of the acid as measured by the 6r-factor cf Hammett. 

Similar correlations between C=0 stretching frequen-

cies and Hammett a-factcrs have been reported by 

Soloway and Friess 69. 

The carbonyl frequencies of some simple 

acyclic esters were examined by Thompson and Torkington 70  

With the exception of formate for which it occurs at 

1724, the carbonyl frequency fell close to 1740 cm-1. 

The displacement compared with dialkyl ketones, which 

absorb near 1715 cm-11  and are taken as a normal, 

originates in the electronegative character of the 

alkoxylgrcup compared with the alkyl group. From this 

it is argued that the inductive effect (VIIIb where 

R2  = OR) predc:minates over the mesomeric effect, 

since the two effects act in opposite directions (VIIIc). 
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If the -OR group is replaced by a mere 

electrcnagative group, as in the case of acid chlorides 

shift of ±95 cm-1  from the position in the dialkyl 

ketone is observed 
71 

 and here the mescmeric effect 

(VIIIc where R
2 

= C1) is clearly negligible compared 

with the inductive effect VIIIb. 

When the -OR group is replaced by a more 

aleCtropositive group such as -SR or -NH2, thdlthe 

mescmeric .effect predominates. This depresses the 

double bond character of the carbcnyl bond and accord-

ingly the carbonyl band appears at lower frequencies. 

The limiting case cf the shift of the CO= 

frequencies toward a lower frequency is the carboxylate 

ion Ix which absorbs strongly between 1610 and 1550 cm-1. 

R 	 R 
C = 0 	C - 0 

0 

Ix 

although this band has some of the character of a 

C=0 stretching vibration, it is more correctly repres- 

ented as an antisymmetrical O-C-0 stretching motion 72. 
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of aldehydes, a shift of 10 cm-1 

above those of the corresponding methyl ketones was 

observed. Thompson and collaborators 66 have 

attributed this to the more ready polarization of 

the hydrogen atc,,I than the methyl group. But 

according to Boning and Ohierboli 73  the difference 

is due in part tr. intramolecular hydrogen bonding 

in the aldehyde and in part to hyperconjugaticn in the 

ketone through which the contribution frcm the 

structure XII becomes somewhat greater. 

C - 0 

H+H2
C 

XII 



Conjugation effects 

Conjugation of a carbonyl group with a 

C=C linkage results in a lowering of the frequency 

by an amount depending,cn the nature of the dcabl 

bond. 

In aldehydes and Ketones.an aliphatic 

C=C bond in conjugation with a carbonyl group reduces 

its frequency by about 40 cm-1. This has been 

45 observed by Rasmussen 	and Turner and Voitie,7  

Mecke and Noack 74  have demonstrated corresponding 

shifts in comparison between ketones with either,,e,/g 

or te 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 Aruseful information in 

elucidation of the structure of polyene ketones in 

carotenoid systems which have been studied by Warren 

and Weedon 77. For example it was easy to 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 joining the 

carbonyl group and polyene chain, absorption is at 

lower frequencies and of much greater intensity 

(per C=0 group) than in the latter CUM 

c = o = 3.6t17. L.m) 

XIV 	Vc=o = 145TLVS) 

R = 

In some cyclic ,A6-unsaturated ketones, a 

considerable frequency shift of the carbonyl 

stretching vibration . due tot4oT  gsubstitution was  

observed by Noack 33d. Thus, deuteration of cyclohex-

2-enone decreases its carbonyl frequency by 5 cm-1, 

methyl substitution at the double bond in either 

position lowers it further by 5 to 10 cm-1. 
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If both hydrogens at the double bond are replaced by 

methyl groups, the carbonyl frequency is lowered by 

21 cm-1. 

Steroida1149-unsaturated carbonyl groups 

in both the side chain 78 and in six-membered rings 79  

absorb in the same overall range 80 

Further conjugation by a XS  double bond has 

only a small influence in shifting this absorption 

towards the bottom of the frequency range. This is 

confirmed by Cromwell et al 81 who noted that any 

additional frequency shift produced in this way is 

not appreciable. This is expected, as Blout, Fields 

and Karplus 82  have shown that the frequency of an 

04-f-4Y-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 14 78 

report some cases of this type. Thus, compounds of 
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types XV, XVI absorb between 1670-1660 cm-1  and 

steroidal compounds of type XVII, XVIII absorb at 

1665 cm-1 
	

R-CH=CH-CH=CH-C=0 

xv 

0 
R-CH=CH 

XVII 	R-CH=CH 	XVIII 
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 between 1670-

1660 cm-1. 

When an aryl group is directly attached to 

the carbon atom of a carbonyl group, the frequency 

shift of the carbonyl is less than that occung 

with a full double bond in conjugation, and the 

absorption band occurs in the r'.nge 1700-1680 cm-1. 

Thompson and Torkington 70  give examples of this 

type, and acetophenone, for example, absorbs at 

46 
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1686 cm-1. With two aryl groups directly attached, 

however, there is a further fall in the frequency to 

1670-1660 cm-1, 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 frequencies 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 correlated directly 

with the Hammett 6-values of the substituents. 

Conjugation of carbonyl groups with one 

another (open chain ..e,-diketones) is without effect 

on the position of the band 84  if the groups have 

the tray zoid arrangement. For s-cis forms, splitting 
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occurs and the bands move to higher frequencies with 

increasing strain 85. 

• Enolized fl-diketones of the form 0.41-4)  
C=c- C-

as a result of simultaneous conjugation and 

chelate-formation, show a spectrum which is markedly 

altered both in the carbonyl and in the hydroxyl 

regions. The carbonyl band is displaced to about 

1590 cm-1  and considerably intensified. 

Jcnes 14 has shown that the failure 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 infrared 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 difference in the behaviour of formally 

conjugated systems with respect to ultraviolet and 
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infrared absorption depends on the fact that the 

ultraviolet spectrum is determined by electronically 

excited states as well as by the ground state, 

whereas the infrared spectrum is determined by the 

structure in the ground state only. 	In the case of 

019.‹-diketones the small amount of ground state con-

jugation between the carbonyl groups has been pointed 

out previously by Evans on the basis of oxidation 

reduction potential measurements 86. Similar diff-

erences are also observed, between the ultraviolet 

and infrared spectrum of tetracyclone, XIX. 

XIX 

In a series ofG0'-unsaturated acids examined 

by Flett 44, the CO= frequency lies in the general 

range 1710-1700 cm-1. With aryl substitution on the 

other hand, the C=0 frequency lies between 1700-1680 cm-l. 

This contrasts with ketones, in which 00.-unsaturation 
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has a stronger influence on the C=0 frequency than 

aryl substitution. Further studies 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 polyane ketones extension 

of the conjugation beyond theme-position does not 

appreciably affect the carbonyl frequency in ole- 

finic acids. 

In esters, the weakening of the carbonyl 

bond by ol:,-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 

for a simple double bond 66,70,89 _ The distinction 

between these two types is not therefore possible 

with esters. Thus methyl and phenyl methacrylate 

absorb at 1718 and 1721 cm-1  respectively, a series 

of steroid benzoates absorb in the range 1724-1719 cm-1. 

Recently, Katritzky and his coworkers 90  have found 

that variations in the aster. alkyl group have little 
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effect on the position, except that in several com-

pounds the methyl ester absorbs at appreciably higher 

frequenciJs then the pth,rs. A consider:Ible frequency 

shift due toc,(- or 	substitution of the double bond 

was observed. Thus,acrylates absorb at 1717 cm-1, 

0<,- or p_ methyl substitution of the double bond to 

give crotonates and methacrylates lowers the frequency 

to 1710-1703 cm-1. In each of these series the methyl 

ester absorbs at a frequency ca. 3 cm
-1 

higher than 

the other members. 

Further, Katritzky 
91

has found that the 

effect of substituents on the position of the carbonyl 

frequency of methyl 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 (002R and 

espedially NO2) makes the release (XX) of electrons 

from the ring more difficult anc7 thus raises the 

frequency, on the other hand electron donating groups 

(CH3  and especially NH2  or OH) produce the opposite 
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effect. The particularly large effect produced by 

ortho hydroxy- and amino- groups is probably due to 

hydrogen bonding XXI. 

 

0 

OR 

  

   

XX 	 XXI 

Further conjugation in ther6 -position has 

little effect, and ethyl cinnamate 92, for example, 

absorbs at 1717 cm-11  egainst 1724 cm-1  for methyl 

benzoate. 

In :and ci- lactones, the carbonyl fre-

quency will be subject to the same shift from 

oyfLunseturation as with open-chain esters, clq-

Unsaturated K- lactones have been fairly extensively 

studied. Grove and Willis 93  examined a number of 

aromatic lactols and found that a shift of 20 cm-1 

to lower frequencies than the saturated material, 

which absorbs at 1750 cm-1, exists. 



Jones et al 94  observed that steroidal 

compounds containing unsaturated lactone rings show 

anomalous absorption in the region of the carbonyl 

stretching bands. The single absorption band 

expected for the stretching vibration of the lactone 

carbonyl group is replaced by two bands, the rel-

ative intensities of which are extremely sensitive 

to the solvent polarity. 

Jones32c  and his coworkers have shown that 

certain types of unsaturated lactones exhibit two 

bands in the region of the spectrum associated with 

the C=0 stretching vibrational mode. This was 

observed both in the infrared and Raman spectra. The 

splitting of the CO= stretching band was attributed 

to an intramolecular vibrational effect similar to 

that which occurs in cyclopentanone and in certain 

cyclopentenone derivatives. It was suggested that this 

doublet was due to Fermi resonance of the carbonyl 

fundamental with the first harmonic,:of the out-of-

plane deformation of the hydrogen at the double bond. 

53 
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This was confirmed to be so in the case of soma 

cyclic LIA,S-unsaturat d ketones, by measurements of 

the frequencies and integrated intensities of the 

carbonyl and C=C stretching bands in different 

solvent. 

As a general finding, ,0,--unsaturatkm 

lovers the carbonyl frequency of most of the carbonyl 

compounds. An exceptional case was found 95  in 

(fl-unsaturated lactems, in which the carbonyl fre- 

quency appears to be a little higher than in non- 

conjugated luctams. Values in the range 1643-1624 cm -1 

have been reported for N-substituted cf-lactams, 

while for the o(/4-unsaturatedanalogues, two bands 

at 1675 and 1615 cm-1  have been reported. 

Dipolar_field_effect 

The third of the electrical factors 

operating on group frequencies in unstrained systems, 

the dipolar field :effect was intro luced a few years 

ago by Jones et al 33'96  and Bellamy and Williams35')7-99 



In 04.-halogenated !ceto steroids, Jones 

et al 101 noticed that equatorial substitution 

raised the carbonyl frequency by about 25 cm-1, 

but axial substitution did not. Parallel cases 

were noted by Page 102,  and Corey 103  and others 

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 depend 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 second 

halogen atom at the 0C-carbon has little or no 

effect upon the carbonyl frequency, but if it is 

introduced at the pd-position a further frequency 

rise occurs. This has led Jones et al 331 96  and 

Bellamy and Williams 331 7-99  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 elaborated by 

Bellamy and Williams 35  in simple electrostatic 

terns. They suggest that the near approach of the 

negatively charged halogen atom to the readily 

polarizable negatively charged oxygen of the CO= 

group will result in a mutual induction of opposite 

charges. In consequence, the negative character 

of both the chlorine and oxygen atoms will be dim-

inished, and the C-Cl and CO= bonds will become less 

polar. Their vibrational frequencies will therefore 

rise, as is observed experimentally. 

Experimental studies of field effects have 

concentrated primarily ono(-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 

latter materials are capable of rotational isomerism 

in the liquid state, so that a compound' such as 

chloroacetone then exists as a mixture of ,forms 



XXII, XXIII, 

	

0 	 0 
Cl 	H 	ti 

C . 

CH
h 

	

	 3 
CH
3 H 	 Cl 

	

XXII 	XXIII 

Two carbonyl frequencies are therefore found in the 

lic,uid or solution corresponding to the separate 

isomers, the higher carbonY1 frequency of which has 

been identified with the more polar form similar to 

XXII, whilst 35197  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 '=.1,  

halogen atom to result in a further frequency rise, as 

it is not possible fcr more than one of them to take 

up a cis-position with respect to the carbonyl oxygen 

atom. 

Similar results have been obtained with 

IX-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 83'97. These effects occur also in acids, 

esters and amides. In halogenated amides unlike the 

corresponding ketones, the introduction of an c)(-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 

given by Letaw and Groop 104 and have been discussed 

by Bellamy and Williams 35. The latter authors pointed 

out that this behaviour is to some extent to be expected 

from their simple picture of electrostatic interactions, 

as normal mesomeric forces in amides cause the nitrogen 

atom to bear some formal positive charge. The electro-

static repulsion between the negative halogen and oxygen 

atoms is therefore reinforced 1717 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 

0- 
	C 	 

(CH ) n 	( CH2  ) m 	I + 	( 2 ) n 

k 
m=3,4 
n=2,3 
	 XXV 

and XXV 

( CH2 ) 	
lj 

XXIV 

in which the configuration is such that the nitrogen 

atom approaches very closely to the carbonyl group. 

Interaction then occurs, either through a simple field 

effect, which in this case would involve unlike charges 

and lead to a frequency fall, or perhaps more probably 

through contributions from resonance forms XXV. 

Either 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 MOLECULAR STRUCTURE  

Early work relating the carbonyl intensity 

and moledular structure has been summarized by Brown 

in 1958 107. This subject will now be considered in 

some detail including the work which has been done 

recently. 

THEORY 

As in electronic spectroscopy, every dis-

tinct absorption band in the infrared is characterized 

by the position (frequency in cm-1) at which maximum 

absorption occurs and by the absorption intensity. 

The term intensity, which is usually called the. 

"integrated intensity" (in mot-1. litre. cm-2) does 

not refer to the extinction coefficient which is given 

by: 

= -I log10 (I/1)  max Cl 	o y)max (8) 
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where c is the concentration given in - 3. mol./1.1  

and 1 the thickness of the sample in cm., but to the 

integrated absorption coefficient for the entire 

band envelope. The integrated intensity has an 

absolute physical meaning -over that of the extinction 

c 
coefficient, because the former is a funition of both 

the height and the width of the band.3  and is 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 

molecule) are termed the normal modes 103. According 

to classical electrodynamic theory any motion of an 

atomic system that produces a change in dipole moment 

leads to emission or absorption of radiation. Daring 

the vibrational motion connected with a normal vib-

ration the charge distribution undergoes 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 said to be infrared active. Since any vibrational 

motion of the molecule can be resolved as a super-

position of the normal vibratio-is, it follows that 

the frequencies at which absorption and emission 

occur correspond to the normal vibration frequencies. 

The frequencies of nuclear motion lie in the infrared, 

and generally it is absorption which is observed. 

From a quantum-mechanical point of view 

the intensity of an infrared band is proportional 

to the square of SAWSTI where/ is the dipole moment 

of the molecule, and? is 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 experimentally observed intensity 

is given by; 

A = cl r loge  ( I) d 
	

(9) 

where the integration is carried out over the region 

where the absorption coefficient differs from zero. 



EXPERIMENTAL MEASUREMENTS 

The experimental procedure of measuring 

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 vibrationH.rotation 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 is 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 pressure. 

In practice the integrated absorption) 
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- C - I loge 	o d 

is determined for a set of equivalent path lengths, 

Pl, where P is the pressure in atmospheres and a 

plot of B vs P1 is extrapolated to P1 	0. The 

limiting slope of this plot is A, the absolute 

integrated intensity expressed as a rule in units 

of cm-1/cm.atm 110,  

Measurements of infrared intensities in 

pure liquids or solutions do not suffer from the 

rotational fine structure problems encountered in 

the gas phase, but the bands are sufficiently narrow 

to cause the apparent peak height and the apparent 

band width to be dependent upon the resolving power 

of the spectrometer. 

The well-mown methods of Wilson and Wells109  

and of Bourgin111  permit the calculation of infrared 

intensities with fair accuracy. Those are extra- 

polation methods in which the concentration or the 

cell length has to be varied. 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 methods. Ramsay112 has considered the 

intensity and the shape of vibration bands in the 

liquid phase and found that the characteristic 

contour caused by the rotational structure disappears 

in the liquid and is replaced in many instances with 

a contour closely resenbling a Lorentz curve 

log (o)= 	____a___, 
e I Y 	(V -V0)2 b2 

where a and b are constants and Vo  is the frequency 

at the band centre. Under this assumption, 
00  

A = 1 	I 	di) = cl 	
I log 	\ 

e I V 
I cl TiT-V-77d" 

(12)  
cl b 

Since 

loge (Io) a max 
b2 (13)  



and the true half band iidth at half height is 

LV,t,1  = 2b 
2 

on integration and substitution, the intensity of 

the true absorption band is 

A - T].: log (1.2)Vmax 6vt  
1-1 	I 	

(15) 
e 	 2- 

Thus, the integrated absorption coefficient 

of a band with a Lorentz contour can be obtained 

from a siugle measurement on the true peak intensity 

and the half height. Since the band shape obtained 

experimentally is an apparett band shape, it is con-

venient to rewrite equation (15) in the form: 

A = cl  loge (1112)Umax .1)1Y1
2 
	(16) 

where k is a function of apparent and true peak 

intensities and half intensity widths and in general 

its value is within 5;c 0.±.11/2. 
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This elegant method is widely used but is 

usually considered less accurate than the Wilson-

Wells method ap,.-)lied under favourable circumstances.  

Objections to Ramsay's method are that it is based 

on only three experimental points, which are the 
T 

peak-absorbance log (e) wax  of the experimental 

curve, its half width ZIA) and the spectral slit 

2 
width s.1 that after all the Lorentz curve may not 

represent the absorption bands adequately in every 

case
14
. 

Recently
113 

an improvement to Ramsay's 

method was considered, in which other parameters 

(the 3/4, 1/4 and 1/8 width) other than the half 

width were used to calculate the band area. Greater 

accuracy is obtained if the observed band is divided 

into segments and integration is done for each 

segment with a width parameter suitable for it. This 

method can be applied to asymmetrical hands. 

Measurements of intensity for solids qre 

not reliable because of the effect of scattering and 
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reflection. The work which has been done appears 

to be largely restricted to determinations of the 

extinction coefficient and band maximum, ca, rather 

than the integrated value. Recently, Flett11.4, 

has measured the molar-intensity both as peak 

extinction coefficients and as band areas, for 

several infrared bands known to be characteristic 

of chemical groups, the substances being measured as 

solids in Kiir discs. 

The integrated absorption intensity may be 

determined115  by standard graphical procedures in 

which the absorption curve determined is plotted as 

log (y=4)1)  against frequency 4,/in cm
-1 and the area 

under the curve determined for fracuency interval 

(11- Vo) on both sides of the band centre. The area 

under the curve is thus determined by using a plani-

meter, by counting the squares, by cutting out the 

band and weighing it or, most conveniently, by the 

use of Simpson's rule. The last method involves the 

division of the area into an even number (2m) of 
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anels by meals of (2m+1) parallel lines, drawn at 

a constant distance h apart. If the lengths of the 

intercepted segments are denoted by yo , y i... y2m , 

the first and last of which may be zero, then 

	

A= IT_ 1(yo +y2m  )4-4(y1+y 3+ 	4y2m-1) 

	

+2(y2+y417..y2m _ 2 ) j • 	 (17) 

In our case the frequency interval is represented 

by h, and the even number of values of Eby y2m. 
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EFFECTS OF SOLVENT 

Solvent influences on vibrational band 

intensities have not been studied systematically. 

The effects are usually attributed to two main 

factors: (1) the chagge in the dielectric properties 

of the surrounding medium, giving rise to an additional 

indiaced electric field at the absorbing molecule, 

and (2) specific interaction, such as hydrogen 

bonding, between the molecules. The first factor 

has been discussed theoretically: Polo and Wilson116 

and Chako117 have used Debye-Onsager dielectric 

theory to derive the following relbtion between 

intensities in the pure liquid and the gaseous state: 

A
L - 1 2.1-2 2 

AG  n 3 
(18) 

and Mullard and Straley118 and Person119 have 

extended this to the case of absorption due to a 

solute in dilute solution: 



A
S = n3 (n2 + 	3)2  
AG 	

2no
24n 2' 

In these equations AG  is the intensity in the gas 

phase, AL  in the pure liquid phase, and As  in dilute 

solutions; n is the refractive index of the 

absorbing molecules and n
o 
that of the solvent at 

the absorbing frequency. A large number of frequency 

measurements and a limited number of intensity com-

parison indicate that these formulae do not adequately 

represent any real system because of the importance 

of other effects; but Buc.cingham19 has extended this 

treatment on the dielectric model and found that 

band intensities are proportional to a factor involving 

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

of change of dipole moment with normal co--ordinate of 

the solute in association with its nearest neighbours. 

The solvent dependence of the integrated 

absorption intensity as well as the frequency of a 

carbonyl stretching vibration of several ketones and 

nitrogen disubstituted amides has been examined by 
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Pullin13  . Near linear relations have been found 

to exist between the intensities of pairs of similar 

solutes in a variety of solvents. An approximately 

linear increase of integrated absorption intensities 

with decr-ease of the carbonyl stretching frequency 

has been also found. Jones and his coworkers33c  

have considered the _sensitivity of intensity 

toward the change in the polarity of the solvent 

in a number of unsaturated lactones which exhibited 

two bands in the carbonyl stretching region. They 

found that the relative intensity of the low fre-

quency band increases with the solvent polarity and 

vice versa in the case of the high frequency band. 

This conclusion as vell as the temperature effect 

on relative intensities led to the assumption that 

this carbonyl doublet is due to Fermi resonance, 

which has bean confirmed to be so in the case of 

some c<Lunsaturated ketones by infrared33d and 

Raman-spectra120 measurements of the frequencies and 

intensities of both the carbonyl and cc stretching 

73 



74 

bands in different solvents. 

Rac-ently, Noack37  has studied the effect 

of solvents on the carbonyl and C=C stretching 

bands orc4g-unsaturated ketones with s-cis confor-

mation and found that the carbonyl intensity remains 

unchanged by different solvents, but the 0=G 

stretching hands are remarkably intensified. On 

tbe other hand, the carbonyl and C=C stretching 

intensities of (fl unsaturated ketones with s-trans 

conformation have been shown to be increased by 

the polarity of the solvent32d. 



EFFECTS OF TEMPERATURE 

The effect of temperature increase on the 

spectrum of gaseous molecules results in the dis-

tribution of the molecules among the various 

rotational energy levIls, the redistribution among 

these levels does not result in any significant 

change in the band intensity, so that the temp-

erature is not an im-lsortant consideration in the 

gas- hasa measurements
121 

For solutions, however, it has been shown
22 

that the absorption at the band maximum decreases 

with increasing temperature for a number of bands, 

This decrease, with an accompanying increase in 

the half-width band has been explained in terms of 

changing of the band shape as a result of collisional 

processes. The rate of collision of the solute 

molecules with the walls of th2 solvent cage increases 

with increasing temperature, and a wider band with 

decreased value 
oft,max 

results. It is not clear 

75 
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whether the integrated intensity of the band under-

goes any change, although it appears that there 

may be some decrease with incrPasing temperature. 

Since the refractive index of the solution, ycnown 

to be important in determining the intensity, changes 

with temperature it appears that the intensity ought 

to be temperature dependent. 

Intensity4temperature dependence has been 

found to be useful in the infrared study of com-

pounds which exhibit a complex absorption in the 

carbonyl region. Jones .and his coworkers32c have 
tAf 

found that thhcase of benzoyl chloride and certain 

qrie-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 the solvent, and they also vary reversibly 

with temperature but are independent of concentration. 

The splitting of the carbonyl stretching band has 

been attributed to Fermi resonance. They found that 

in the spectra of f-n-hexyl-Mbutenolide 
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and 5-methyl-cA.-pyrone increase in temperature 

leads to a pronounced enhancement of the relative 

intensity of the high -frequency component. 

The effect of temperature on the intensity 

of both the carbonyl and C=C stretching vibrations 

has been found to be useful in predicting the 

presence of the possible conformational isomers. 

Noack and Jones122 have measured the infrared and 

Raman spectra of pent-l-en-2-one which exhibits two 

bands in both the carbonyl and C=C stretching bond 
12 

regions (which has been suggested by Timmons to 

be due to a mixture of s-cis and s-tans isomers) 

over the temperature range 4 30 to - 75°  and t 85 

to 5°  respectively. 	Their results indicate that 

this ketone exists in the liquid state as an equi-

librium mixture of the two isomers (s-cis 

The s-trans form was found to be the more stable 

and to be present exclusively IA the crystalline 

solid (at - 75°). That the doublet in the carbonyl 

group is not due to Fermi resonance is shown by the 
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fact that the relative intansity of the two bands 

does not alter by changing the polarity of the 

solvent at room temperature. 

Other examples (mainly K-halogenated 

carbonyl compounds) have been given in the literature 123 

in which the splitting of the carbonyl band into a 

doublet is ascribed to rotational isomerism as a 

result of intensity measurements coupled with temp- 

erature studies. 



EFFECTS OF VICINAL SUBSTITDENTS iINDUCTIVE, 

MESOMERIC AND STERIC) 

The localized character of the carbonyl 

stretching bands and their high intensity and 

freedom from overlap make them the most extensively 

studied functional group with respect to infrared 

intensities. The electronic ground state of the 

carbonyl compound is contributed to structures by 

XXVI, XXVII, 

C 0 

XXVI 	XXVII 

from which it can be said that as the carbonyl bond 

stretched, the ionic form becomes more important, 

so that 1/11/cS1t(the variation of molecular dipole 

moment with normal ordinate) is in the oirection of 

increasing bond moment. 

Jones and coworkers115  have measured the 

carbonyl intensities in a group of steroids, the 

79 
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values were found to depend on the vicinal sub-

st ituents in the expected way, being lowest for 

the most electron-withdrawing group. They also 

found the intensity to be additive in compounds 

containing more than one carbonyl group, and the 

number of such groups could be determined even 

when there was complete overlap. The effect of 

inductive prop=-rti,2s of attached groups in affecting 

the intensity is exemplified by a plot of the 

carbonyl intensities of a series of primary amides 

(RCONH2), (R=H, alkyl,. , and 	halogen), and ethyl 

acetates RCOOC2H5 , (R-alkyl, halogen) as a function 

of the polar substituent constant C of the group R124. 

In general these grou.os do not interact conjugatively 

with the carbonyl group, so that 6-"ifis determined by 

inductive effect, although some decrease in intensities 

which has been noticed incase of halogen and other 

large groups 0)1 the methyl substitu-e-A: 	has be en 

claimed to be clue to steric effects. 

The effect of conjugation of an ethylenic 



81 

double bond on the intensity of the carbonyl group in 

steroids results in a large increase in the carbonyl 

intensity, through resonance interaction. The 

importance of resonance in determining the carbonyl 

intensity was shown by the observation of a more 

or lass linear relationship between resonance energy 

and the carbonyl intensity12.5126.  Two earlier 

studies of acetophencnes do not reteal any apparent 

relationship between the carbonyl intensity and the 

substituent constant83. A. more precise study of 

aromatic carbonyl systems reveals, that the carbonyl 

intensity is dependent on the substituent in a regular 

way, althoagh the dependence is not vary marked127.  

Mecke and Noack1011 have shown that for 

04 unsaturated Ketones, two conformational isomers 

can be distinguished by the positions and intensities 

of the C=Oand C=C stretching bands in the infrared 

spectrum as mentioned on page 16 . Additional 

examples have been cited by Timmons12 and Erskine and 

Waight13. The latter authors have examined the infrared 
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spectra of some fixed cisoid and transoid cK/57L 

unsaturated ketones, and their results agree well 

with the generalized data presented by Mecke and 

Noack, and further they concluded that the ratio of 

the integrated band intensities of the 0=0 and C=C 

stretching bands gives the most certain indication 

of the geometry of the chromophore, being low in 

cisoid and high in transoid structures. 

Recently
120 

the infrared and Raman spectra 

of somevOLunsaturated ketones have bean measured 

by Noack and Jones, in which they found that infrared 

and Raman C=0 and C=C stretching vibrations absorb 

at the same positions, but the relative intensities 

of the C=0 and C=C bands are different, if allowance 

is made for solvent effects. 

The carbonyl intensity of saturated cyclic 

ketones have been studied128  and found tc decrease 

with increasing ring size, starting with cyclopantanone 

and to reach a more or less constant value with cy- 

ciononanone. The ground state of a ring compound such 



as cycolopentanona is represented by structures 

XXVIII, XXIX 

XXIX 

In XXIX the ring angle is free tc change to relieve 

any internal strain, and perhaps becomes more 

important for some of the ring compound& 

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 of 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 

cyclo-)entanone is due to the steric effect of the 

c‹-methyl group, on the other hand the carbonyl 

intensity of 3-methylcyclopentanone is higher than 

83 
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cyclopentanone itself which is due tc the inductive 

effect of 3-methyl group. 

The dependence of intensity on the carbonyl 

compounds is given in the table below which has been 

summarized before by Brown
107; 

Compound 

Unsubstituted aliphatic ketone 

and aldehyde 

Aromatic Ketone and aldehyde 

Six-membered-ring ketone 

Acetyl chloride 

of'-Unsaturated six-membered-ring 

ketone 

Unsubstituted ester 

Aliphatic acid 

cK-Hydroxy aliphatic acid 

ocg-Unsaturated acid 

iThsubstituted amide 

N, N-Dimeby( -4 amide 

04,(-Dichloro amide  

Intensity Solvent 

1.5-1.8 	CC14 

1.9-2.4 	CC14  

2.2-2.7 	CC14 

2.5 	CC14  

2.9-3.7 	CS
2 

2.5-3.1 	CC14 

3.6-3.8 	CC;4  

3.2 	CC14 

4.6 	CC14  

4.7 	ChC1
3 

5.7 	CHC1
3 

4.3 	CHC1
3 
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EFFECTS OF HYDROGEN-BONDING 

The intensities cf many of the vibrational 

bands of functional groups are extrememly sensitive 

to intermolecular affects. Because of this the in-

tensities can be utilized in studies of interactions 

which are too weak to be observed easily by other 

means. 

Hydrogen-bonding, a particularly important 

type of specific interaction, may affect the inten-

cities of the two functional group vibrations. In 

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-

bonding cf 0-- H groups to relatively strong (proton) 

acceptor atoms results in the appearance of a 

distinctly separate 0 - H band 'Mich possesses an 

intensity much greater than that of the free 0 - H130,131  

The intensity of a stretching band involving the 
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acceptor atoms(i.e. Y 	R') is also subject to change 

upon hydrogen-bonding. For example, the intensity 

behaviour of the carbonyl band ''as studied by 

Wenogard and Spurr132. Their measurements of the 

integrated carbonyl absorption of monomeric and 

dimeric acids are conveniently expressed in turns 

of the ratios cf the absorption of dieter to the 

monomer. These ratios are of the order of 1.5 to 

1.35 for a number of aliphatic and aromatic acids. 

The corresponding ratios for the 0 - H mode are an 

of magnitude larger, in the range 10 to 35 133,13'+ 

Aside from hydrogen-bonding, infrared 

intensities provide evidence of other forms of solute-

solvent interactions for compounds in solutions. 

The influence of polar solvents on the intensity of 

the carbonyl group in acetone has been noted133. 

The intensity is expressed relative to the absorption 

in hexane as solvent, and an unusual enhancement of 

absorption coefficient is caused by the hydrogen-

bonding solvents. 



The effect of hydrogen-bonding on the 

infrared spectra of esters, lactones, ketones, 

aldehydes, and amides (acetanilide) has been 

studied by Barrow et al134. The intensities are 

compared in the solvents CC14 and CHC13  and the 

carbonyl absorption coefficient is roughly 207o 

higher in CHC13  than in CC14. 
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Methods of preparation of some fixed cisoid and 

transoid unsaturated ketones 

Substituted cyclopent-2-enones were pre-

pared by various methods. 2-Methylcyclopent-2-enone 

I was prepared from 135  mathylcyclopentene via the 

nitroso-chloride l  with subsequent dehydration 
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/ 	Na0Ac 

HON 
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he 
	Me 

I 

Other 2-alKyl derivatives (V,R=Et,Pri , and 

Bu
t
) 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 

Grignard reagent followed by dehydration 

    

    

H 

Hydrol HOBui  

0 	0 Oyu
0131u

i  
0 

II 	 III 
	IV 	 V 



We have employed this method for the pre-

paration of 3-alkyl derivatives VI-IX which is 

analogous to that devised by Bron x  Pappo and 

137 

	

Szmuszkovic 	for the preparation of 3-alkyl 

cycichex-2-enones. 

Bu'O B u 0 

HObui  

0 	
H 

>7  
O 

VI 
	 VII 
	VIII 
	 IX 

According to this method we have prepared compounds 

TX (Ii=Et and Pri). On the other hand compounds IX 

(R=Ae 133  and But) were prepared by intramolecular 

cyclization of the appropriate 1;4 aliphaic diketones 

in the presence of sodiu • hydroxide. 
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X 

2,3-Dialkylcyclopent-2 enones 139 (XII )  were 

prepared by dehydration of the )'-lactones XI with 

polypozphoric acid (P.P.A.) 



0 / \ / 

XIII 

.0 

CI 	 
/NIL 

XIV 

/---- CH2 

HCHO 
/ 	=-0 

k 	• 

C 

(q-I2ACH 	 CH„ 
H3 c - 

\ 	P.P.A. 
) 7--A 

„,// CH3  ( CH 
41a i 

 __. 
0 

XI 
	

XII 

2-Methy.lenecyclo-octanone XIII and cyolodo_ 

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 

cyclo-octanone the resulting unsaturated ketone was 

stable for a few hours but appeared to dimerize when 
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hated on a steam bath for a few minutest as shown by 

the appearance of two carbonyl bands at 1703 and 

1692 cm-1. On the other hand 2-methylenecyclododecanone 

was stable enough to distill it at bath temperatures 

(100°). 

Cycl-2-enones XV (n=1,2,314) were prepared 

by oxidation of the cDrresponding allylic alcohols with 

active manganese dioxide 

	

X 	OH 

1  

( C1-9 n 	( C1-9 n 	( C 	(CI 1  

X . Cl , Br , OAc 	 XV 
n = 1 	, 2 , 3,4 • 

The allylic alcohols were obtained from the corresponding 

	

allylic chloride 140 	141 (n=1), bromide 	(nz3), or 

acetate 142 (n:4) by hydrolysis. 

Benzcyclanones were generally obtained by 

Friedel-Crafts intramolecular cyclization of the 

appropriate phenyl aliphatic side chain acid chloride. 

0 

Vii' HH 

XVI 

( H ).00C1 

AlC1
3 

  



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 case. 

2-Methylcy2lopent-2-enone 

To a solution of methyl magnesium iodide 

(from methyl iodide (73.2g) and magnesium (10.4g) 

in ether (40cc)) was added, with stirring, a solution 

of cyclopentanone (40g) in ether (100cc) at a rate 

sufficient to maintain gentle refluxin. The 

mixture was refluxed for 15 minutes after the add-

ition and then decomposed with excess of saturated 

ammonium chloride solution (200cc). The ether was 

separated and the aqueous layer extracted with ether. 

The dried (K
2
CO
3
) ether extracts were distilled to 

give 1-methylcyclopentanol as a colourless liquid 

(34g., 71.5), b.p. 54-57°/10mm: m.p. 36°. 

Dk6tillation of the 1-methylcyclopentanol 

(24g) from a trace of iodine (0.1g) afforded 

93 
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1-methylcyclopentene 143  (19g, 96.5), b.p. 75(°/760mm 

ni)22 1.4316. 

Concentrated hydrochloric acid (10.5g) was 

added dropwise, with stirring to a mixture of 1-methyl-

cyclopentcne (8g), ethyl nitrite (9g) and ce:ntic  acid 

(3cc) cooled below 0°. The 1-methylcyclopentene 

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 7  the distillate was 

saturated with salt and extracted with ether. The 

combined ethereal. extracts were washed with dilute 

sodium carbonate solution, dried (MgSO4) and distilled 

to give the required ketone (2.5g , 53.5 ) b.p. 46-48° 
/0.2 mm. n151)  1.4762 
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0yclopentane-112-dione 144  

A solution of chlorine (20.4g) in carbon 

tetrachloride (240cc) was added dropwise over 1.5 

hours to a stirred solution of cyclopentanone (24g) 

in chloroform (300cc) at a temperature between 4-7°. 

Removal of the solvent under vacuum left 26g of 

2-chlorocyclopentanone 145, which was used for the 

next stage without further purification. 

The crude 2-chlorocyclopentanone (26g) was 

hydrolyzed by 20 min. vigorous stirring with water 

(250cc) at )5°. A solution of FeC13.6H20 (105g) in 

water (100cc) was added at 95°  during 5 min. and the 

mixture stirred again for 5 min. After cooling to 

40°, ammonium sulphate (130g) was added and the 

reaction mixture extracted continuously with ether 

for three hours. Removal of the dried (Na2SO4) ether 

under vacuum gave cyclopentane-l:2-dione (20g), which 

was used for the next stage without further purifies • 

fication. 
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2-Isobutoxycyclopent-2-enone 136  

A so Von of the above dione (19.6g) and 

toluene-p-sulphonic acid (2g) in dry benzene (380cc) 

and isobutyl alcohol (95cc) was heated under reflux 

for 2 hours, the water formed in the reaction being 

removed by Dean and Stark separator. The cold 

reaction mixture was dried (MgSO4), and distilled, 

to yield, after removal of the solvent, 2-isobutoxy-

cyclooent-2-enone (16g, 44 based on cyclopentanone) 

b.p. 70-72'/0.2mm, n21D 1.4770  

136 
2-Isopropyloyclopent-2-enone 

2-1.gobutoxycyclopent-2-enone (4g, 0.026 mole) 

in ether (20cc) was added, with stirring to a solution 

of isopropylmagnesiumbromide (from isopropyl bromide 

(4.5g) and magnesium (2.3g) in ether (40oo)) at such 

a rate as to maintain gentle refluxing. After being 

stirred for 30 min. at room temperature the mixture 

was poured onto ice and ammonium chloride, and 2N-

hydrochloric acisi 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 carbonate 

and water, dried (MgSO4), and distilled, to give 

2-isopropylcyclopent-2-enone (1.7g, 43,8/,) b.p. 

85o/24 mm, 
 n221) 1.4713 

2-test-Butylcyclopent-2-enone 

2-Isobutoxycyclopent-2-enone (10g, 0.065 

mole) in ether (50cc) was added to a stirred solution 

of tert-butylmagnasium chloride (from tert-butyl 

chloride (9.2g) and magnesium (2.4g) in ether (150cc)) 

at a rate sufficient to maintain gentle rafluxing. 

After being refluxed with stirring for 20 hours, the 

reaction mixture was worked up as above and on dis-

tillation gave a fraction, b.p. 104-106°/50mm, shown 

by gas-liquid chromatography and infrared spectro-

scopy to be a mixture of the required product and 

the intermediate hydroxy compound. Chromatography 

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



98 

eluted with n-hexane. Evaporation of the eluate gave 

a residua, shown by gas-licuid chromatogrpphy to be 

homogeneous, which on distillation gave 2-tert-

butylcyclopent-2-enone (3g, 33.7%) b.p. 63-65°/20mm, 

n13D  1.4730. (Found: C, 77.9; H, 10.2, C9H140 

requires C, 78.1; H, 10.25i') 

2ycloR2nt=113=dione 146 

Bromine (200g) in chloroform (125cc) was 

added to a stirred solution of freshly distilled. 

cyclopentadicne (30g) in chloroform (125cc) at 

-25° to -30
o
. The solvent was immediately removed 

under vacuum and the residue was quickly distilled, 

to give trans-3:5-dibromocyclopentene 147,148 

(195g, 70p) b.p. 78°/1.4mm, n25D  1.5821. In the 

original paper this is described as the ci.a-isomer. 

The trans-dibromide (190g) in acetone 

(1400cc) was added durin6  1 hr. to a stirred solution 

of tetraethylammonium acetate (456g) in acetone 

(1900cc) at such a rate to keep the temperature below 
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5°. Tetraethylammoniumbromide began to separate 

immediately (recovered in quantitative yield), and 

the solution became dark in colour. After the addition 

was complete, the mixture 7xas 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 aqueous mixture was extracted 

with ether, the ethereal ,..tracts dried (Mg804). 

Evaporation of the ether gave a dark liquid, which on 

distillation gave trans-3:5-diacetoxycyclopentene 

(100g, 73.5) b.p. 59-60°/0.1mm n25
D 

1.4600. 

TheJansaturated acetate (90g) was hydrolyzed 

by heating an alcoholic solution under reflux for 24 

hrs. with barium hydroxile (290g) in ethyl alcohol 

(500cc). The precipitated barium salts were filtered 

off and carbon dioxide was passed into the filtrate 

until no more barium carbonate precipitated. EVap-

oration of the solvent and vacuum distillation of the 

residue gave trans-3:5-cyclopentenediol as a thick 

,8, n23D  liquid (33.5g, 	b.p. 94-o/10.3mm 	1.4985. 
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To a cold solution of the above diol (21.5g) 

in 30p acetic acid (40cc) was added, dropwise with 

stirring a solution of 3N-chromic acid (575cc) 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 vas stirred overnight at room 

temperature. Most of the acetic acid l'as removed at 

room temperature under vacuum. The residue was 

diluted with water and extracted with methylene 

chloride. After removal of the dry (M004) solvent, 

the residue was sublimed, the crystalline dione slowly 

sublimed at 40°/1mm. 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 (500cc) at 85°. The 
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reaction mixture as cooled, filtered and the acetic 

acid removed at room temperature under vacuum and 

the residue sublimed at 110°/0.2mm to give cyclo-

pentane-1:3-dione (8.7g, 85/0) as colourless crystals, 

M.D. 151-152°. 

3=IL2butoxycyclopent-2-enone 

A solution of cyclopeutane-l:3-dione (6g), 

toluene-p-sulphonic acid (0.2g), isobutyl alcohol 

(9cc) in dry benzene (100cc) was heated under reflux 

for 3 hrs, the water formed in the reaction being 

removed by Dean and Stars separator. The cold reaction 

mixture was dried (MgSO4) and distilled to yield, 

after removal of tie solvent, 3-isobutoxycyclopent-

2-enone (8.4g, 90'YL) b. p. 37-83(3/0.7mm n19D  1.4375. 

3-Ethylcyclonent-2-enone 

3-isoButoxycyclopent-2-enone (0.9g) in ether 

(5cc) 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 (15cc)) 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 V aqueous sodiumhydrogen 

carbonate and water, dried(MgSO4), and distilled, 

to give 3-ethylcyclopent-2-enone (0.3g, 58(h), b.p. 

86-88°/20mm, n20D  1.4794. 

3-Isaro2ylcyclopent-2-enone  

3-Isobutoxycyclopent-2-enone (2.6g) in ether 

(20cc) was added to a stirred solution of isopropyl-

magnesiumbromide (from isopropylbromide (6.0g) and 

magnesium (1.1g) in ether (40cc)) at a rate sufficient 

to maintain gentle refluxing. The reaction mixture 

was wo3rked up as above to give 1-isopropylcyclopent-

2-enone (1.1g, 50X,), b.p. 102-105°/15mm, nF1.4850. 
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646-DimethylheEIane-2:1-dione 149  

Bromine (73.5g) was added dropwise during 

20 min. to pinacolone (50g) in ether (900cc) at 0°,  

after which the mixture was washed with ice water. 

Removal of the dried (MgSO4) ether and distillation 

gave bromopinacolone (56g, 63X) b.p. 70-72°/2.2mm, 

n23D 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 

616-dimethylheptane-2:5-dione, (30g, 42), b.p. 37-

89°/0.1mm., n211)  1.4419, 

The above diketoester (13g, 0.079 mole) was 

stirred for four days at room temperature with 

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 (1.4004) ether extracts were distilled to give 

6,6-dimethylheptane-2:5-dione as a colourless oil 

(10g, 32A, b.p. 59°/0.05mm, n21/3  1.4324. 

3-testButylcyclo-cent-2-enone 

6,6-Dimethylheptane-2:5-dione (10g, 0.064 

mole) was added all at once to a boiling solution of 

13.3/0 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 (MgSO4), 

evaporated and distilled. The fraction b.p. 114-

116°/23mm, was shown by gas-liquid chromatography to 

be a mixture of the required product and the dione 

(20:1). The mixture was separated by vapour phase 

chromatography (Griffin and George apparatus). The 

required ketone, which was shown to be homogeneous 

by gas liquid chromatograrhy on the analytical instru-

ment (Pye Argon-chromatogranh) (6g, 68.5) had 
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b.p. 114-116°/23mm, n2OD 1.4301 (Found:C, 77.7; 

H, 	10.8. C9 
  
H 0 requiresq 	C, 78.1; H, 10.W. 

243-Dimethylcy2loRent-2-enone 139  

F,thyl laevulinate (27g) in dry benzene (30cc) 

was added with stirring to a cooled solution of 

ethylmagnesiumbromide (,from ethylbromide (30g) and 

magnesium (4.8g)) 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 5c,, 

aqueous sodium hydrogen carbonate and water, dried 

(MgSO4), and distilled to give ,y-methyl- p-ethyl-

butyrolactone 150  (16g, 67%,), b.p. 30-33°/0.2mm, 

n
24
D 1.4390. 

To polyphosphoric acid .Cfrom phosphorus 

pentoxide (20g) and 35'i, syrupy phosphoric acid 
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(11cc)) maintained at 97°C, was added with stirring 

the above lactone (2:5g). The coloured reaction 

mixture was heated at the same temperature for 2.5 hrs. 

and then poured onto ice (200g). The organic material 

was extracted with liht petrol (b.p. 40-60°), washed 

with water and saturated salt solution. The dried 

(MgSO4) extracts on distillation afforded 2,3-dimethyl-

cyclopent-2-enone (0.9g, 42(70), b.p. 53-54°/0.3mm, 

n25D  1.4869.  

2=Ethyl-3-methy1aclopent-2-enone 139  

Ethyl laevulinate (30g) in dry benzene (120cc) 

was added with stirring to a solution of n-propyl 

magnesium bromide Cfrom n-propyl bromide (29.6g) and 

magnesium (6g) in dry ether(100cc) which was replaced 

by dry benzene (30c63 at such a rate to keep the 

temperature below 0°. The product was worked up as 

above to give :ethyl- -n-propylbutyrolactone in 
yield 

73x., b.p. 90-92o  /0.5mm, n22D 1.4415. The above lactone 

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. 228°(d), plates from ethanol. The semicarbazone 

decomposed with boiling 2N-sulphuric acid to give the 

pure ketone, b.p. 56- 57o/0.5mm, n25D 
 1.4320. 

3=Ethoxyuclohex-2-enone 151 

A solution of dihydroresorcinol 152  (5.5g) 

(m.p. 98°, obtained by hydrogenation of resorcinol over 

Raney nickel), toluene-D-sulphonic acid (0.1g), ethyl 

alcohol (10cc) and benzene (100cc) was heated under 

reflux for 16 hrs, the water formed in the reaction 

being removed by Dean and Stark separator. The cold 

reaction mixture was washed with 5cA, aqueous sodium 

hydrogen carbonate, dried (MgSO4) and distilled to 

yield, after removal of the solvent, 3-ethocyclohex-

2-enone (4.3g, 705) b.p. 63 °/0.2mm, n201)  1.5050 

3-Chlorocyclohex72-enone 151  

To a solution of dihydroresorcinal (10g, 
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0.039 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 HC1 gas was evolved. The reaction 

mixture was poured on to ice-cold water, extracted 

with ether and the ethereal extracts washed with water, 

5(i, aqueous sodium hydroxide and then with water. The 

ethereal solution was dried (CaC12) and distilled to 

give 3-chlorocyclohex-2-enone (3g, 69;0) b.p. 88-39°  

/15mm, n
20
D  1.5210. 

a-Methylthiocyclohex=g-enone 154  

A solution of 3-chlorocyclohex-2-enone (4.1g) 

in benzene (6cc) was added to a suspension of sodium 

methane thiolate 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 30 min, cooled and poured into water. 
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Ether-extraction and subsequent fractionation gave 

3-methyl—thiocyclohex-2-enone (2.5g, 56.570), b.p. 

69-70°/0.2mm, nl8D  1.5530. This was shown by gas-

liquid chromatography to be a mixture of the required 

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. 

2-1.lethoxyisophorone 156(alb) 

To a solution of isophorone (7.5g) in methanol 

(25cc) was added with stirring a solution of 150 

hydrogen peroxide (20cc) and 4N sodium hydroxide 

(5cc), the temperature of the reaction rising to 

38°. Water was added and the mixture extracted with 

ether. The dried (MgSO4) ethereal extracts were 

distilled to give isophorone oxide (4g, 48.3) b.o. 

35°/11mm, 
n2OD 1.4583.  

Isophorone oxide (3.3cc) was heated with 15' 

methanolic potassium hydroxide (17cc) for 30 min. 
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Water vas added and most of the methanol was removed 

under reduced pressure. Ether extraction followed 

by evaporation of the dried (MgSO4) ether extracts 

and distillation gave 2-methoxyisophorone (21g, 

b.p. 101-103°/11mm, n2°D  1.4800. 

2-Chlorocvclohex-2-enone 157  

Cyclohexanone (49g, 0.5 mole) was added 

dropwise to a solution of phosphorus pentachloride 

(104g, 0.5 mole) in dry ether (100cc). The reaction 

mixture was heated on a steam bath for 10min, cooled 

and then poured on to ice. The aqueous layer was 

separated and extracted with ether. Distillation 

of the combined.cried (MgSO4) ether extracts gave 

1-chlorocyclohexene (33g, 65.3;,), b.p. 45°/15mm, 

n23D  1.4730. 

To a mixture of 1-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 

el 	 21D  etetate(16g, 38.7) b.p. 103-105°15mm., n1.4841. 

Hydrolysis of the above acetate (15g) by 

refluxing with 30'io sodium hydroxide (50cc) for 3 hrs 

gave, after working up the product in the usual 

manner, 2-chlorocyclohex-2-enol (8.8g, 780 b.p. 

90-91°/18mm, n21D  1.5133 

Oxidation of the above allylic alcohol (2g) 

was affected by stirring it with a suspension of 

active mananese dioxide (30g) in aLalar carbon 

tetrachloride (200cc) for 5 hrs. The solution was 

filtered, the solvent removed at reduced pressure and 

the remaining brown soli3 material was recrystallized 

from n-pentane to give the pure 2-chlorocyclohex-2- 

enone (1.7g, 	m.p. 74°  (Lit 46;',, m.p. 70-710) 

Aaetylcyclohexene 158  

A mixturecil-ethynylcyclohexanol (10g) 

(kindly provided by S.B. Aare), dry benzene (60cc) 

and phosphorous pentoxide (2.8g) was refluxed for 



2.5 hours. After the mixture had been cooled, the 

benzene solution was decanted from the phosphorus 

pentoxide and lashed with 5cib aqueous sodium hydrogen 

carbonate (25cc). Removal of the dried (MgML) 

benzene have after distillation acetylcyclohexene 

(5.5g, 55%) b.p. 83-34/16mm. The ketone (5g) was 

converted to the semicarbazone which formed plates, 

m.p. 220°  (ethanol). The pure ketone, regenerated 

by refluxing the semicarbazone with 2N sulphuric acid 

(100cc) for 3 hrs was a colourless liquid b.p. 

85°/16mm, n3D  1.4396. 

2:i-Dihydroacetophenone  159  

A mixture of methyl ethynyl ketone (12g) 

(kindly provided by G.T. Sarkis) and excess butadiene 

on being heated in a small autoclave at 120°  for 3 hrs 

gave, after distillation, 2:5-dihydroacetophenone 

(13.5g, 74'%) b.p. 45°/0.1 n19D 1.5121. A sample of 

the ketone was converted to the semicarbazone, m.p. 

204°  (d) (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 

formed by acid rearrangement) predominatin as shown 

by N.M.R?  I.R.and U.V: spectra. The presence of this 

impurity to the extent of 6y. was found in the product 

before converting to tha semicarbazone derivative as 

shown by a band at 12,11 which was characteristic of 

acetophenone. This impurity has bean allowed for in 

the spectroscopic measurements. 

Cyclopent-2-enone 140 

3-ChlorocyclopP 	
160

ntane 	was obtained by 

passing dry HC1 gas (10% less than the theoretical 

(„uantity) into freshly distilled cyclopentadiene at 

a temperature below 0°. The cru1e chloride was dis-

tilled under reduced pressure, and tne distillate 

collected in a dry cooled (0°) receiver. 30X,  yield, 

b.p. 1320°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 50LA sulphuric 

acid (120cc) and then extracted with ether. Removal 

of the dried (Mg804) ether and distillation gave 

cyclopent-2-enone (15g, 3220) b.p. 43-44°/9mm, n2OD  

1.4817. Vapour phase chromatographic separation 

(Griffin and George) afforded the pure acetone, shown 

to be homogeneous by gas-liquid chromatography (Pye-

Argon chromatograph). 

gyclohex=amenone 161  

To cyclohexene (16.4g, 0.1 mole) and glacial 

acetic acid (60cc) was added over a period of 16 hrs 

a solution of chromic anhydride (30g, 0.3 mole) in 

water (13cc) 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'ic sodium hydroxide. The 



mixture was then extracted with ether, and the dried 

(14,;SO4) ether extracts distilled to give cyclohex-2-

enone (1.5g, 37.5c). The pure ketone was obtained 

by vapour phase separation (Griffin and George) and 

'vas shown to be homogeneous by gas-liquid chromato-

graphy (Pye-Argon chromatography, b.p. 54°/9mm, 

n19D  1.4870. 

Cyc1oheEt-2-enone  

A mixture of cycloheptene (16g), N-bromo-

succinimide (29.5g) and benzoyl peroxide (0.2g) 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 5c/i, aqueous sodium hydrogen carbonate and 

water. Removal of the dried (MgSO4) solvent gave after 

distillation 3-bromocycloheptene 141 (15g, 55)  

b.p. 44-4 5°/0.2mm, n131)  1.5310. 

To a cooled, stirred solution of the above 

bromide (15g) in 5lacial acetic acid (50cc) was added 

115 



116 

in portions a suspension of silver acetate (21g) in 

glacial acetic acid (60cc). The mixture was stirred 

for an additionp hr. at room temperature and allowed 

to stand in the dark at the same temperature for 

36 hrs, The reaction mixture was filtered, and the 

filtrate poured into water (250cc). The aqueous layer 

was extracted with ether, the ethereal extracts washed 

with water, 5i, sodium hydrogen carbonate and water, 

dried (MgSO4) and distilled to give cyclohept-2-enyl 

acetate 141 (10.5g, 82'/0) b.p. 76-77°/9mm n16D 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 (40cc) and methanol 

(100cc). The reaction mixture was poured on to ice, 

extracted with ether, and the dried (M004) ether extracts 

distilled to give cyclohept-2-enol (5.3g, 72;0) b.p. 

78-79°/lOmm, n221) 1.4894. 

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 mLxture was filtered and the filtrate distilled 

to give cyclohept-2-enone (2.1g, 85) b.p. 69°/10mm, 

n
22
D  1.4956. The pure ketone was obtained by vapour-

phase chromatography separation (Griffin and George) 

and was shown to be homogeneous by further gas-liquid 

chromatography (Pye-Argon chromatograph). 

Cyglo-oct-2-enone 142  

A mixture of cyclo-octene (20g), mercuric 

acetate (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, 
49A, Lit (340), b.p. 74°/0.2mm, n

25
D 

1.4680. 

The above acetate (14g) was added to a solution 

of potassium hydroxide (9.5g) in water (13cc) and 

ethanol (27cc) 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 (MgSO4) ether 

extracts gave cyclo-oct-2-enol (9.4g, 90>c), b.p. 
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71_72o/0.3mm,  n22D 1.4970. 

Oxidation of the above allylic alcohol (2.5g) 

with active manganese dioxide was affected as in the 

case of cyclohept-2-enone to give cyclo-oct-2-enone 

nal  _ _16 (1.9g, 30%),  b.p. 80-81°/
7 	" DD

1.4933. The pure 

ketone fa.s obtained by vapour-phase separation chroma-

tography as mentioned fcf the other cycl-enones. In 

the original paper the ketone was obtained by Oppenauer 

oxidation of the allylic alcohol 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 partially oxidized tetralin was poured into 2N 

sodium hydroxide (130cc) and the mixture stirred for 

30 min at a temperature maintained below 65°, cooled 

and neutralized with 6N sulphuric acid. The organic 

layer was separated, washed with 0.5N sulphuric acid, 

l ferrous sulphate (25cc) and water, dried (MgSO4) 



and distilled to give the ketone (21g, 72;)  based on 

the recovered tetralin, b.p. 35°/0.2mm, n24D  1.5663,  

which formed a samicarbazone, m.p. 219°  (from 

ethanol). The semicarbazone decomposed with boiling 

2N sulphuric acid to give the pure ketone. 

Benzsuberone 163  

To a mixture of cinnamaldehyde (33g) malonic 

acid (31g) and dry pyridine (30cc) was added piperidine 

(4cc). The mixture as heated on a steam bath until 

no more carbon dioxide was evolved (6 hrs). The 

yellow crystalline product obtained on acidification 

of the cooled reaction mixture with 6N hydrochloric 

acid was filtered, vashed with 6N hydrochloric acid 

and water, had m.p. 155°. The 2-styryl-acrylic acid 

thus obtained in quantitative yiel 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 Raney nickel alloy (total 52g) as 
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described by Papa, Schwenl,c, and Whitman 164 except 

thut 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 filtered white hot. The residue was washed with 

hot 40 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 ethanol and then from petrol 

(b.p. 80-100°) gave phenyl valeric acid as white 

crystals m.p. 53-59°. 

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 gave phenyl valeroyl chloride (13g, 340) 

b.p. 133-139°14mm. 

120 
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A solution of phenyl valeroyl chloride (12g) 

in dry carbon disulphide (130cc) uas added to a 

stirred suspension of anhydrous aluminium chloride 

(13g) in dry carbon disulphide boiling under reflux. 

The reaction mixture ;as stirred at room temperature 

overnight after the addition 1,as completed, poured 

on to ice (300g), and then steam distilled. The dis- 

tillate was saturated with salt and extracted with 

ethert  removal of the dried (M004) ether extracts and 

distillation gave benzsuberone (8.6g, 38;x) b.p. 82°/0.2mm 

n17D 1.5651. 

Benzcyclo-octanone 165  

Ethyl hydrogen adipate 166 was obtained by 

refluxing a mixture of adipic acid (174g, 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.cture 

:as worked up to give the half ester (122g, 70y'0) m.p. 30°. 
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cf-Carbethoxy valeroyl chloride 167  was 

prepared from the above half ester (37g) and thionyl 

chloride (30g) in 90,6 yield following the same pro-

cedure used for the preparation of phenyl valeroyl 

chloride. It had b.p. 110-112°/lOmm (86.5g, 90W. 

To a mixture of anhydrous benzene (200cc) 

and (;-carboethoxy valeroyl chloride (86g), was added 

at 5-10°  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 decomposed with an excess 

of 1:1 hydrochloric acid and ice-water. Removal of 

excess of benzene by steam distillation left a solid 

material, m.n. 72-73°. Recrystallization from 1:5 

benzene and n-hexane gave colourless crystals, m.p. 

75°, ofor-benzoyl valeric acid (90g, quantitative) 

(Lit. m.p. 72°, 7W. 

The keto acid was reduced using Haung-Minlon's 

modification of the Wolff-i(ishner reduction 168. Thus 

a mixture of J-benzoyl valeric acid (22g), potassium 
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hydroxide (19g) 100 hydrazine hydrate (12cc) and 

diethylene glycol (150cc) lyas refluxed for 1.5 hrs. 

and then heated at 195°  for 4 hrs. Water tivas added 

to the cooled reaction mixture, which was then acid-

ified with 6N hydrochloric cid, extracted with benzene 

and the benzene solution Lashed with water and distilled 

to give Lphenylhexanoic acid (24g, 	b.p. 147-148°  

/0.2mm, m.p. 24°  (Lit yield 70i, using the Wolff Kishner 

reduction method). 

E-Phenylhexahoic acid (24g) was converted to 

the corresponding acid chloride'using the method 

described for the s-analogue. It had b.p. 146-147°  

/9mm, yield 93%. 

A solution of E-phenylhexanoic acid c'Aloride 

(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 Ziegler high dilution method 

and apparatus which involves a Hershberg funnel and 
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stirrer). The reaction mixture as refluxed for a 

further 2 hrs after the addition vas completed, and 

then decomposed with ice-water (400g). The aqueous 

layer 'ias sepErated and the organic layer concentrated 

to give the crude benzcyclo-octanone, which was steam 

distilled. The distillate 	saturated with salt 

and extracted with ether. Removal of the dried 

(Mg804) ether and distillation gave benzcyclo-octanona 

(21.3g, 66.5W b.p. 90°/0.2 mm, n13D  1.5610. 

c)C 4  A's. Y-Trimettyl- 1 	-butenolide 

To a cold solution of sodium hy.1.rogen sulphite 

(75.6g) in water (120 cc) was added dropwise with 

stirring diacetona alcohol (69.5g) followed by a sol-

ution of potassium cyanide (45g) in water (125cc) over 

30 min. After standing at room temperature for 1 hr. 

concentrated hydrochloric acid (30cc) was added and 

the clear solution was allowed to stand overnight. The 

solution was concentrated under reduced pressure, and 

the residue filtered from the salt cake. Continuous 



extraction of the filtrate with ether and removal 

of the dried (MgSO4) ether gave a dark brown residue 

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 temperature and on recrystallization from 

light petrol (b.p. 40-60°) gave c4, 	Y-trimethyl, 

04-hyc?roxybutyrolactone as a colourless crystalline 

product (22g, 31.5), m.n. 63-69°. 	(Found: C, 58.3; 

H, 3.4. C
7
H
12
0
3 
requires C, 53.3; H, 3.4) 

The infra-red spectrum in the -OH region 

showed two bands at 3643 and 3320 cm-1  in carbon 

tetrachloride solution, the relative intensities of 

which were independent of concentration. Thus the 

OH and C=0 groups are intramolecularly hydrogen-

bonded. 

To the above hydroxylactone (10g) was added 

phosphorus pentoxide (15g), After an exothermic 

reaction, which subsided in five minutes, dry dioxan 

(50cc) was added and the mixture allowed to stand 

125 
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overnight at room temperature and then heated on a 

steam bath for 10 min. The supernatant liquid was 

decanted and the residue washed with dry dioxan 

(30cc). The combined dioxan solutions ware evap-

orated under reduced pressure and the semisolid 

r-?sidue ysts distilled to give o(, 	-trimethyl-L\'`'45.-

-butanolide (2.8g, 33p) b.p. 40-42°/5mm, which 

solidified on standing. Recrystallization from 

petrol (b.p. 40-60°) gave colourless plates, m.p. 

52-53°. 

(I 	A-butenolide 169  

Aonochloroacatone 
170 

 (19.5g) (prepared by 

cropwise addition of sulphuryl chloride to cold 

acetone) was slowly added with stirring to a mixture 

of fused potassium acetate (20g) and ethanol (50cc). 

The mixture bas refluxed for 2 hrs and then allowed 

to stand for 12 hrs. Filtration from the precipit-

ated potassium chloride and distillation of the 

171 
filtrate gave acetoxyacetone 	(20.5g, 85p) 
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b.p. 135°/200mm. 

A mixture of acetoyacetone (17g) and 

ethyl bromoacetate (28g) in dry benzene (100cc) was 

added .9ropvise to freshly purified zinc dust (10g). 

The mixture was stirred under reflux for 1.5 hrs on 

steam bath, cooled and filtered. The filtrate was 

concentrated and the r3sidue (12g) eras treated with 

pyridine (8g) and acetic anhydride (30g) and left to 

stand overnight, than filtered and the filtrate con-

centrated. The residue, a thick oil, was eluted with 

1;l ether-ethylacetate and chromatoraphed on alumina 

(Erockmann grade 4). The fraction b.p. 110-111°/12mm, 

n
23
D  1.4660 was shown to be homogeneous by gas-liquid 

chromatography (Pye-Argon chromatograph). The product 

was identified as ALmethy1-(16"butenolide from I.R. 

and U.V. spectra PS well as the physical constants. 

51Methil- 	-dimethyl_ Lr4 hexenolide  172  

A mixture of 4-acetoxy-1+ 5 4-dimethy1-2- 

173  but anon,. 	(15g) (from diacetone alcohol and acetic 
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anhydride), ethyl bromoacetate (16.6g) and purified 

zinc lust (12g) in dry ether (50cc) vas refluxed with 

stirring for 2 hrs. The reaction mixture vas poured 

oil 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 combined dried (qgSO4) ether extracts 

on distillation .,;ave gmethyl- 	S-dimethy1-ef 

hexenolide (4g, 300) b.p. 70-72°/0.2mm, n181)  1.4673. 

cr 4&r=hexenolide  174  

ft,S-Dibromocapronic acid 175  (15g):  m.p. 

68°) (obtained by shaking sorbic acid with 60'/0 aqueous 

hydrogen bromide for five clays) was refluxed with water 

(250cc) for 2 hrs. The reaction mixture was cooled, 

saturated with salt and extracted with ether. The 

ethereal extracts were washed with 	aqueous sodium 

carbonate and water, dried (MgSO1,) and distilled to 

giveS-methyl-A -hexenolide as a colourless oil, 

b.p. 96-97°/10mm. 
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-MethyleQebutyrolactone 176 

A solution of sodium acetylide Cfrom dodium 

(3.6g) in liouid ammonia (500cc).) was prepared in the 

manner described by _ieilbron, Jrnes, and VJeedon. 

Ethylene oxide (7g) in dry ether (150cc) was added 

with stirring during 1 hr. After further stirring 

for 3 hrs., the sodio-compound was decomposed by 

addition of granular ammonium chloride (1C0g). The 

ammonia was allowed to evaporate and the product 

isolated by filtration and careful washing of the 

residue with ether. Removal of the combined dried 

(MgSO4) solution and distillation gave but-3-yn-1-o1177  

(4.5g, 4604, b.p. 123°/760mm, n20D  1.4403. 

But-3-yn-1-ol (3.0g) ethanol (10cc) glacial 

acetic acid (2cc) and water (lcc) were treated at 

30° with a solution of nickel carbonyl (4cc) in 

ethanol (5cc). The reaction began after 15 min. 

The excess of nickel carbonyl was allowe3 to evap-

orate (fume cupboard), water was added, and the 

solution extracted with ether. The extracts were 



washed with dilute sulphuric acid (5cc) and sodium 

hydrogen carbonate solution (8cc). A little quinol 

was added at this stage, the dried (MgS°4) ether was 

removed and the residue distilled to give,K-methyl-

anebutyrolactone (1.3g, 31.5p), b.p. 51-52°/lmm, 

18 	 22D  n D  1.4710 (Lit. 23, 38°/0.2mm , n1.4707.) 

176 
0‹-klethylenehexenolactone 

Tatrahydrofurfuryl chloride (34g) was added 

dropwise during 25 min. to a stirred solution of 

sodamide (from sodium (21g) in liquid ammonia (600cc)). 

The reaction mixture was stirred for 16 hrs and 

granaar ammonium chloride (100g) was added. Most of 

the ammonia was allowed to evaporate and the product 

extracted with ether. Removal of the dried (Mg804) 

ether and distillation of the residue gave pent-4-yn- 

178 1-ol 	(15g, 76>b) b.p. 54-55°/10m.n, 16D  1.4460. 

Pent-4-yn-l-ol (10g) was dissolved in 

ethanol (10cc), glacial acetic acid (5cc) and water 

(2cc). A solution of nickel carbonyl (6cc) in ethanol 

130 
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(10cc) was added. The reaction proceeded as in the 

case of0<-mthylanebutyrclactone and vas worked up 

to give after distillation a-methylene hexenolactone 

(3.2g, 24;0) b.p. 76-77°/0.5mm, n163)  1.4920. 

laborone  179  

A mixture of triacetonedialcohol (25g), dry 

benzene (25cc) and concentrated sulphuric acid (2 

drops) was heated under reflux, the water formed in 

the reaction being removed by Dean and Stark separator. 

The cooled reaction mixture was washed with dilute 

sodium hydrogen carbonate and water. Removal of the 

benzene followed by distillation of the residue gave 

phorone (16.3g, 35), b.p, 37-89°/20mm, m.p. 23°. 

Dibromonhorone 130  

Bromine (36g) was added droowise to a cooled 

solution of phorone (15g) in carbon tetrachloride 

(100cc). Removal of the solvent under reduced pressure 

left a solid product, which was recrystallized (three 
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times) from ethanol to give phorone tetrabromide as 

colourless needles, m.p. 38°. 

Phorone tatrabromide (10g) was dissolved in 

cold dry pyridine (12g), and the solution kept at 

room temperature for 24 hrs. Ice-water was then 

added and the yellow crystalline material which 

separated, was filtered off and washed with cold 

water and dilute sulphuric acid until pale yellow 

crystls ware obtained. Recrystallized from petrol 

(b.p. 40-60°), these had m.p. 32°  (6.1g, 9490). 

Bromohyliroxyphorone_12=hyllroxv-3zbromo-4.5,1=  

tetramathylczgluent-2-enone) 130 

Phorone dibromida (6g) was treated in the 

cold with concentrated sulphuric acid (18g) and the 

reaction mixture was left overnight at room temperature.  

Bromine and hydrogen bromide were evolved and the 

reaction mixture vas poured into ice-water. The 

crystalline bromohydroxyphorone ,as filtered off, .and 

recrystallized from water (3.3g, 32/c), m.p. 113° 
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(Found: C, 46.2; H, 5.63: Br, 34.13; A, 229. 

Cale. for C9H13Br02: C, 46.34, d, 5.53; Br, 34.34k; 

MI  233) 

Bromomethoxyphorone  ,(2-methoxy=3-bromo-It444,L1-

tetramethylcycl2Dent-2-enone)131 

A mixture of bromohydroxyphorone (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 VDS cooled and after 

water was added, extracted with ether. The ethereal 

extracts were washed with dilute sodium hydroxide, 

dried (MgSO4) and distilled to give the bromomethoxy-

phorone. (3g, 36%) b.p. 93-94°/3mm. 

Brompacqtozyphorone_12-acetoxy=3-bromo-44.44141=  

tetramthylcyclopent-2-enone) 130  

A mixture of bromohyiroxyphorone (10g) and 

acetic anhydride (15g) was rafluxed for 1 hr. Evaporation 
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of the excess acetic anhydride under reduced pressure 

gave a black crystalline product. Recrystallization 

from petrol (b.p. 40-60°) in presence of charcoal 

gave colourless crystals, m.p. 74°  (10g, 35W 

241-Dicycloaptylidene_c_yclapantanone 132 

A solution of cyclopentancne (12.6g) and 

potassium tert-butoxide Cfrom potassium (7.2g) and 

tart-butylalcohol (120cc)) in benzene (75cc) was 

rafluxed for 1 hr. After cooling, acetic acid (10cc) 

was added and the mixture washed with water and 

distilled under reduced pressure. Two .fractions 

were obtained, the first, b.T). 68°/0.lmm, n20D  

1.5260 was shown soectroscopically to be 2-cyclopent-

ylidonecyclopentanone. The second, b.p. 130-140°/02mm, 

u.p. 34°  (from methanol) was 215-dicyclopentylidene-

cyclopentanone. 

The infrared spectrum of the first fraction 

showed absorption due to C=C stretching strmg 

compared with the C=0 stretching vibration (which is 



usually the case -with fixed s-cis compounds). 

Reduction cf the keto group (Wolff-Kishnar) gave 

cyclopentylidene-cyclopentane, b.p. 84-36°/13mm, 

which showed no Fbscrption due to C=C stretching 

(infrared inactive) 

Bromomesityl oxide 183  

Bromine (40g) was added dropwise with cooling 

and stirring to a solution of mesityl oxide (25g) in 

carbon disulphide (250cc). The solvent was evapor-

ated and the residua was steam distilled to give 

dibromo mesityl oxide (60g). 

To a solution of the above dibromide (25.7g) 

in ethyl alcohol (30cc) was added with cooling and 

stirring a solution cf potassium hydroxide (5.6g) in 

ethyl alcohol (15cc). Water was added and most of 

the ethanol was removed under reduced pressure. The 

residue was steam distilled, and the distillate 

extracted with ether. Removal of the dried (14gSO4) 

ether and distillation gave bromo mesityl oxide 

135 



(10.5g, 5W), b.p. 60-61°/20mn. 

Methyl-1-Dhenylunt-l-en-3z 	184 

Diethyl ketone (22.8g), benzaldehyde (28g) 

and 10 N hydroclloric acid (35cc) were heated under 

reflux for 4 hrs. The cooled reaction mixture 1,as 

extracted with ether, and the combined extracts were 

washed with water, sodium hydrogen carbonate solution 

and water again. The dried (MgSO4) ether extracts 

were evaporated, and the residue distilled to give 

the unsaturated ketone (20g, 	b.p. 93-100°/0.3mm, 

which crystallized at room temperature, m.p. 29°. 

141-DiRheulpent-14-dime-cr=one 135  

To a cooled solution of sodium hydroxide (5g) 

in Later (50cc) and ethanol (40cc) was added with 

stirring a mixture of benzaldehydo (5.3g) and acetone 

(1.5g) at such a rate as to keep the temperature 

below 25°. A flocculent precipitate was formed, and 

stirring was continued for 30 min. The solid material 

136 



was filtered off, washed with water, dried and 

recrystallized from ethyl acetate to give the 

unsaturated Metope (7g. 8610) as yellow crystals, 

m.p. 113-114°. 

1 1=Diphenyl-211-dimethylpent-144-diene-3-one 186 

A mixture cf benzaldehyde (48g), diethyl 

ketone (16g), ethyl alcohol (100cc), water (100cc) 

and 33.3% potassium hydroxide (4cc) was stirred at 

room temperature until the solution became turbid. 

Additional solid potassium hydroxide (20g) was added 

and the mixture was stirred for five days, and then 

filtered. The solid material was recrystallized from 

methanol, tc give 315-dimethy1-216-diphenyl tetrahydru-

4-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. 130°. 

137 
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(Found: C, 36.7; H, 6.9 Cale. for C1,1.1130: 

C, 36.9, H, 6.9) 

187 
1424.6-Trimethyl-1-dichloromethylcyclohexa2,5-diene-4-one 

Chloroform (16cc) was added during 3 hrs to 

a stirred mixture of 3,415-trimethylphenol (10g) 

30,c sodium hydroxide (50cc) and water (140cc), the 

external temperature being kept between 30-90°. 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, 10% 

sodium hydroxide was added to the residue and the brown 

leaflet crystals thus obtained filtered off and purified 

by boiling with petrol (b.p. 30-1000) in the presence 

of charcoal. Yellowish crystals were obtained which 

were further -:purified by boiling with the minimum amount 

of benzene and filtering immediately. Further puri-

fication was affected by recrystallization from petrol 

(b.p. 600). After cooling colourless needles were 

obtained (7.2g, 45'i°) m.p. 107°. 
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2-Beaylidenezyclohezanone188  

Benzaldehyde (311g), cyclohexanone (9.8g) 

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 (AgSO4) and distilled to give 2-benzylidene-

cyclohexanone, b.p. 130-135°/20mm, m.p. 51°  (from 

pentane). 

246-Dibenzylideneculohexanone189  

Dry hydrogen chloride was passed into a 

solution of benzaldehyde (20g) and cyclohexanone 

(10g) in absolute ethyl alcohol (10cc) for 1 hr. The 

solid product which separated during 1 hr was 

filtered off. Recrystallization from 61acial acetic 

acid gave yellow crystals (13g, 6L0), m.p. 118°. 

2-Isopropylidenecyclohexanone19°  

Cyclohexanone (93g) and diethyl oxalate (146g) 
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were added with stirring and cooling dropwise to 

a solution of sodium ethoxide (from sodium (23g) and 

absoluteethyl 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 below 

10°. Dilution with water and extraction with benzene 

afforded 2-ketocyclohexenylg1yoxalate, b.p. 110-160°  

/20mm. 

Pyrolysis of the above glyoxalate by distillation 

from traces of iron filingsand ground soft glass at 

40mm pressure and a bath temperature of 175°  gave after 

redistillation 2-carboethoxycyclohexanone 191  (66g, 

39M, b.p. 130-132°/40mm, n25D  1.4762. 

A mixture of 2-carbomethoxycyclohexanone (60g), 

ethylene glycol (26g), dry benzene (250cc), and toluene-

n-sulphonic acid (0.2g) was refluxed in a Dean and 

Stark separator et 120o until no more water separated. 

The reaction mixture was ty,:,utralized with sodium 



carbonate solution and water (200cc) was added. The 

product vas worked up in the usual manner, when the 

ethyl-2-ethylenedioxycyclohexanecarboxylate was 

obtained (40g, 57/0) having b.p. 115-117°/15m, 

n20D  1.4670.  

The above ketal (40g) in dry ether (200cc) 

was added with stirring to a solution of methyl 

magnesium iodide Cfrom methyl iodide (62g) and 

magnesium (10g) in dry ether (300cc)7 at a rate 

sufficient to maintain gentle refluxing. After being 

refluxed for 30 min, the mixture was decomposed with 

a saturated solution of ammonium chloride. The aqueous 

layer was separated and extracted with ether. Removal 

of the dried (MgSO4) ether extracts and distillation 

of the residue gave 2-ethylenedioxylcyclohaxenyldi-

methyl carbinol (36g), b.p. 88°/0.lmm, n2OD  1.4769. 

The carbinol (35g) was heated on the steam 

bath with methanol (300cc), water(225cc) and con-

centrated hydrochloric acid (5cc) for 3 hrs. The 

solution was neutralizdd with satitnated sodium hydrogen 
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carbonate solution and the bulk of the met'Aanol 

removed undel- reduced pressure. The residue was 

extracted with petrol (b.p. 40-60°) and the extracts 

washed with water, dried (MgSO4) and distilled to 

give 2-isopropylidenecyclohexanone (21g, 43A). The 

crude ketone was converted to the semicarbazona, which 

formed plates, m.p. 134°  (from ethanol). 2-Isopropyl-

idenecyclohexanone was regenerated by steam distillation 

of the semicarbazone (7g) with water (200cc) and 

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

less oil with b.p. 33°/0.lmm, n2OD  1.4920. 

344-Dimethylaent -3-en_2_0122192 

A benzene solution of 2N-sodium tort-amylate 

(250cc) was added dropwise with stirring to a cooled 

solution of mesityl oxide (25g) and redistilled 

dimethyl sulphate (63g) in dry ether (130cc). The 

mixture was stirred for 1 hr at room temperature after 

the addition was completed, wFshed with water and 

steam distilled. The mixture being kept all-canna 
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throughout the distillation by dropwise adction of 

50;'b sodium hydroxide. The distillate was saturated 

with salt and extracted with ether. Distillation of 

the dried (MgSO4) ethereal extracts gave a fraction, 

b.p. 140-146°/756mm, shown to be a mixture of three 

compounds by gas-liquid chromatography (Pye-Argon 

Chromatograph). The pure ketone was obtained by steam 

distillation of the semicarbazone (6g, m.p. 194-195°, 

recrystallized seven times from ethanol) from phthalic 

',A anhydride (10g). A fraction b.p. 147-1480  /72Dmm 

n20D 1.4500 was shown to be homogeneous by gas-liquid 

chromatography (Pye-Argon Chromatograph). 

24244 -Tetramettylhex-4-en-17one193  

(i) 	4-Halrou=a42414.12,-tetramethvlhexan-3,-one 

lEivaloinl 

To a sodium dispersion prepared by rapid 

stirring of sodium (14.3g) and oleic acid (5 drops) 

in dry toluene (50cc) was added toluene (130cc) and 

than ethyl oivalate (40g) during three hours. After 
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standing for 1 hr, ice cooled dilute sulphuric acid 

(32g) and water (55cc) was added during one hour 	The 

dried (MgSO4) toluene layer was cooled to -70o to 

give pivaloin (12.5g, 23W, m.p.A0°. 

(U) 	242414L-Tetramathylhexane-344-dione 1Pivalill 

A solution of chromic acid (7g), acetic acid 

(14g) and water (7cc) was added all at once with gentle 

stirring to a solution of pivaloin (12g), acetic acid 

(30cc), water (7cc) and concentrated sulphuric acid 

(3.5cc) at 75°. A vigorous reaction sat in and quickly 

subsided. The hot mixture was then immediately poured 

on to ice and extracted with petrol (b.p. 60-800). The 

organic layer was washed with 2h sodium hydroxide and 

then saturated salt solution, dried (MgSO4) and dis-

tilled to give pivalil (7g, 58;0 1  b.p. 60-64°/10mm, 

n20D 1'4160. 

(iii) 	242,5,14-Tetramethylhexane-344=dione-mono- 

bydrazone 

A mixture of pivalil (6g), ethyl alcohol 

(17.5cc), benzene (35cc), 100'70 hydrazine hydrate 
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(corresponding to 64;'0 anhydrous hydrazine) (7g) and 

acetic acids (2 drops) was refluxed in a Dean and 

Stark separator for 42 hrs at 120°  until no more 

water separated. The reaction mixture was neutralized 

with sodium carbonate solution, water (100cc) was 

added and the product was worked up in the usual 

manner, when the monohydrazone was obtained (3g, 43%) 

b.p. 100°/10mm, m.p. 35°. 

(iv) 	2424L1=Ietramethylhexan-4-diazo-3zone 

A filtered solution of mercuric trifluoro-

acetate (8g) (prepared by dissolving mercuric oxide 

in anhydrous trifluoro-acetic acid) in acetonitrile 

(15cc) was added dropwise during 7 hrs. to a stirred 

solution of the above monohydrazone (2.8g) and triethyl-

amine (5g) in acetonitrile (5cc). During this period 

nitrogen was evolved. The filtered solution was 

diluted with petrol (b.p. 40-60°), washed with cold 

dilute 2i0 hydrochloric acid until neutral, dried (Mg804) 

and the solvent removed under reduced pressure to give 

a residue which was distilled to give the recuired 



ketone (1.2g, 	b.p. 75-77°/10mm
1  n26D  1.4333, 

the diazo compound being pyrolyzed during the dis-

tillation. A pure sample, obtained by vapour-phase 

chromatographic separation (Griffin and George) was 

shown to be homogeneous by gas-liquid chromatography 

(Pye-Argon Chromatograph). 

4
9:10

-Octal-l-one194  

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 ranging from 

green to dark red were observed within 5 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 

chloride until the solution became colourless. The 

solvent was allowed to evaporate and water was added 

dropwise to the residue with cooling. The aqueous 

146 
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layer was extracted with ether and the dried (MgSO4) 

ethereal extracts were distilled to give a mixture of 

L9:10- and 111:9-Octalins in a ratio 50:1 (l1g1  69) 

b.p. 130-184°/756mm. A mixture of the two isomers 

(10.5g) and phosphorus pentoxide (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 (MgSO4) ether solution and distillation 

galte 210-Octalin 195  of about 995 purity (log), 

b.p. 137-189°/756mm, n20 D  1.4992. 

To a stirred solution of Q 19:1 °-octalin 

(10g) in acetic anhydride (148g) at 0°  was added a 

solution of selenium dioxide (3.7g) in water (10cc), 

the rate of addition being controlled so that the 

temperature did not rise above 5°, the mixture was 

stirred at this temperature for 18 hrs. The mixture 

was filtered and the solvent removed from the filtrate. 

Distillation of the residue gave d:1°-octaly1-1-

acetate (5g, 40io)7  b.p. 91- 92°/0.1mm7  n19D  1.4953. 

The above acetate (5g) was hydrolyzed by 
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refluxing for 2 hrs with 2/0 sodium hydroxide (150cc). 

After removal of the solvent in vacuo and addition of 

water to the residue, the product was taken up in 

ether. Removal of the dried (MgSO1) ether extracts 

,9:10 and distillation gave L\ 	-octalol (3g, 67.5/0), 

b.p. 32-83°/0.1mm. 

Oxidation of the above alcohol (1.2g) was 

affected by stirring it for 2 hrs. vith a suspension 

of active man;anese dioxide (20g) in Analar carbon 

tetrachloride (150cc). Filtration and removal of 

tha solvent followed by distillation gave L.- /A19:10  

octalone (1g, 85v), b.p. 73°/0.1mm, n25D  1.5253. 

Oppenauer oxidation of the above alcohol gave the 

itA 9:10-isomer in 70. 0 yield and not the A8:9-isomer 

as 21aimed in the literature. Recently, House 196  

has also reached this conclusion. 

h.3:9-Octal-1-one  196  

cpc.-Naphthol vas nurified by distillation at 

atmospheric pressure and then refluxing with Raney 
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nickel in ethyl alcohol. Filtration, removal of the 

solvent and distillation gave a specimen of px-naphthol 

with a reasonably high rate of hydrogenation. Hydro-

genation of the purified material (56g) at 130 atm. 

and 150°  in presence of Raney nickel (5g) was com-

pleted in 48 hrs to give mixed 1-decalols197, b.p. 

114-116°/12mm. 

The mixture of 1-decalols (13g) was added 

dropwise to a stirred solution of potassium dichromate 

(18g) in water (9.5cc). Concentrated sulphuric acid 

(8.6cc) 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 (MgSO4) and 

distilled to give trans-l-decalone (9.5g, 79`i0), 

b.p. 112-113°/15mm n25D 1.4851. 

A mixture of trans-l-decalone (9g), acetic 

anhydride (20g) and toluene-n-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, acetic acid (7cc) 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 (MgSO4) and the solvent 

removed to give the crude 9-acetoxy- A 1:9-octalin 

(9g). 

A mixture of the above crude acetoxy compound 

(3.5g), 40,0 peracetic acid (19.5cc), sodium acetate 

(11.2g), water (17cc) and petrol (b.p. 40-60°, 110cc) 

was stirred at room temperature for 

additional 40(p peracetic acid (6cc) 

stirring was continued for 13 h-s. 

acetic acid was reduced by addition 

cooling) of sodium sulphite. After 

been neutralized by the addition of  

11 hrs' y 

was added and 

The excess per-

(slowly and with 

the acetic acid had 

sodium hydrogen 

carbonate, the organic layer was separated and the 

solvent removed to give crude 9-acetoxy-1-decalone (5g). 

Pyrolysis of the above crude acetoxy decalone 

(4g) was carried out on two equal portions by heating 
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at 220-230°  for 1 hr. Nitrogen was 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 (MgSO4) ether and distillation 

of the residue gave a product b.p. 110-12073mm, 

gas-liquid chromatographic analysis of which indicated 

the presence of Q8'9- and A?:10 -octalones in a ratio 

of 5:2 as well as decalone and its enol acetates. A 

mixture of the combined distillates (2g), 5ie 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 (MgSO4) solvent and distillation 

of the residue gave a fraction b.p. 60°/0.2mm which 

contained tetralin (ljo), 1-decalone (20'/0), /0:9_ 

octalone (50i0), 0:10-octalone (20) and a number of 

minor components (total 9o) as shown by gas-liquid 
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chromatographic analysis (Pye-Argon Chromatograph). 

Vapour-phase chromato,;raphic separation (Griffin and 
AD 264/ 

George) at 160°  (Lcelite) gave a fraction shown to be 

a mixture of the A :9  - and PP:10-isomer's in a ratio 

of 5:1. Repetition of the separation to get the n3:9  

-isomer in a pure state was unsuccessful as the isomers 

have very similar retention times. 

3-Bromogyclop.otana=1:2=dione i2-dydrozyz3=bromo- 

gycloDfnt-2-ensme 198 

Bromine (8g) in carbon tetrachloride (50cc) 

was added dropwise with stirring to a cooled solution 

of crude cyclopentane-l:2-dione3  (5g) in carbon 

tetrachloride (50cc). The reaction mixture was heated 

on a steam bath 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 afforded 

white crystals which had m.p. 155-156°. 
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Cyclo-octanone 

Peracetic acid was prepared by addition of 

a mixture of 30jo hydrogen peroxide (19cc) and con-

centrated sulphuric acid (1.2cc) to acetic acid (75cc), 

the mixture being allowed to stand for overnight at 

room termperature. To the peracetic acid was added 

with stirring cyclo-octene (11g), the temperature 

being kept below 20°. Stirring was continued until a 

clear solution was obtained. The reaction mixture 

was poured into water (100cc) and extracted with petrol 

(b.p. 40-60°). Removal of the dried solvent and dis-

tillation of the residue gave cyclo-octene oxide 199  

(9g, 74), b.p. 74°/10mm, m.p. 55°. 

On the other hand, when commercial peracetic 

acid was used 200 the above expoxide was obtained in 

83ch yield as follows: Commercial 40% peracetic acid 

(25cc) to which 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 temperature was maintained 
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at 27-30°  with an ice-bath. The mixture was cooled to 

001  neutralized with 40A sodium hydroxide and extracted 

with ether. The dried (MgSO4) extracts were concentrated 

and the residue was distilled at reduced pressure, b.p. 

77-78910mm, 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. 

Czclozoctano1199  

Cyclo-octene oxide (34g) in absolute ethyl 

alcohol (35cc) was hydrogenated in the presence of 

Raney nickel (3.5g), the reaction being completed in 

4 hrs. Filtration, evanoration of the solvent and dis-

tillation of the residue cave cyclo-octanol (24g, 70A), 

b.p. 100-105°/18mm, n131)  1.4820, m.p. 28°. 

Ciclo-octanone 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 



Was heated at 30-900, the heating being continued at 

this temperature for 1 hr after the addition was 

completed. Extraction with benzene, followed by the 

removal of the solvent gave a residue which was dis-

tilled to give cyclo-octanone (16g, 750), b.p. 33°  

/11mm, m.p. 42°. 

2-Methylenecyalo-octanone 

Method (i): Pyrolysis of the cuaternary plannich salt 

of cyclo-octanone: 

2-InlgeridinometUll=cyclo-octanoae  

Piperidine hydrochloride was prepared by 

passing dry hydrogen chloride into a benzene solution 

of piperidine. 	Recrystallized from ethanol it had 

m.p. 244°. 

Piperidine hydrochloride (5g), 40*c,  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) 

155 
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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 receiver cooled with liquid air. 

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

/0.3mm, (2.5g, 33.3) 1 
n20 

 D '4955  • 

Method (ii): Dehydrochlorination of 2-chloromethyl-

cyclo-octanone: 

2-hydroxymethylcyclo-octanone 202 

Calicium hydroxide (0.1g) was added to a 

stirred mixture of cyclo-octanone (9.3g), water (lcc) 

and 3n. formalin (6g). The mixture vas warmed to 

50°  on a steam bath for 5 hrs and after standing at 

room temperature overnight, was acidified with dilute 

acetic acid, saturated with salt and extracted with 

ether. Removal of the dried (MgSO4) ether and dis-

tillation gave 2-hydroxycyclo-octanone ('g) b.p. 

136-140°,14mm, n19D  1.4950. 

A solution of 2-hydroxycyclo-ocanone (4g) 
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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% sulphuric acid, 5‘i, sodium hydroxide and 

saturated salt solution. Removal of the dried (MgSO4) 

ether solution left a residue (3g) which was distilled 

at 0.3mm pressure from :-collidine (3g) 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 (MgSO4) and 

distilled to give 2-methylenecyclo-octanone (1.5g, 

22.4% based on cyclo-octanone), b.p. 35-37°/0.lmm, 

n20D  1.4952 (Found: C, 78; H, 10.3. C 9
B14°  re quires 

C, 78.2; H, 10.2). 
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C221ododecene_oxide 

To cyclododecene 0.4g (Found: C, 36.76; 

HI  13.27. Calc. for C12H22: C, 36.63; H, 13.32) 

b.p.  ,0/7mrill n211) 
 1.4921) at 5°  was added, with 

stirring in 45 min, 40>c peracetic acid (10cc) to 

which anhydrous sodium acetate (ig) had been added 

to neutralize the sulphuric acid present. The reaction 

mixture was stirred for an additional 2 hrs in the 

cold, and left to stand overnight at room temperature. 

The solution was cooled to 0°  and 407. sodium hydroxide 

was added dropwise, with stirring, until the mixture 

became basic to litmus. The rqixture was extracted with 

ether and after worKing up in the usual way afforded 

cyclododecene oxide (4.7g, 9W, b.p. 81°/0.25mm, 

n
19
D  1.1+733. (Found: C, 79.0; H, 12.2; requires 

C, 79.0; H, 12.2). 

2-1ethylenecyclododecanone 

This 1:las prepared by the thermal decomposition 

of the "iiannich base" of cyclododecanone. 
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The "Mannich base", 2-(piperidinomethyl)-

cyclododecanone was prepared by heating equimolar 

c:uantities of cyclododecanone, piperidinehydro-

chloride, 40'h formalin and equimolar quantity of 

dioxan for 1 hr. The crystalline product began to 

separate during this time. Evaporation of the reaction 

mixture under reduced pressure to dryness gave a 

crystalline product (m.p. 201-202°, from 1:2 ethanol: 

acetone) in 94,6 yield. 	(Found: C, 63.2; H, 10.7; 

Cl, 11.4; N, 4.6 	C13H37C1N0 required C, 63.4; 

H, 10.3; Cl, 11.2; N, 4.Lr). 

Distillation of the above salt at 230-250°  

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

gave a product which was chilled by external cooling. 

The distillate was extracted with ether and washed with 

dilute hydrochloric:acid. Evaporation of dried (MgSO4) 

ether extracts left an oil, shown to be the required 

compound together with cyclododer:anone from the infra- 

red spectrum. Chromatography on alumina (Brockmann 

grade I), gave a fraction eluted with petrol cb.p. 40-60°) 



which on evaporation of the solvent, left a residue, 

shown to be pure 2-methylenecyclododecanone from the 

I.R., U.V., and N.M.R. spectra. The yield was 36b 

based on the crude product. (Found: C, 50.5; 

H, 11.4, C1111220 requires C, 30.4; H, 11,4). 

2-Carbomethoxy=lododecanone 203  

To a solution of triphenyl sodium methide 

Cprepared from triphenylchloro methane (20g) and IS 

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-red to colourless after the addition 

was completed. The reaction mixture was transferred 

to another reaction flasA containing dry ice (40g) under 

a stream of purified nitrogen. After a vigorous reaction 

had taken place and finished, the product wrs extracted 

from the cold ethereal solution with a cold solution of 

dilute sodium hydroxide. 	The free acid (2-carboxycyclo- 

160 
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dodecanone) which was precipitated as white crystals 

by acidification of the sodium salt obtained on 

cooling, was then taken up in ether and dried (MgSO4). 

To the ethereal solution of the Xeto acid, was 

added dropwise with cooling a 20'/, excess of an 

ethereal solution of diazomethane. After 30 min, the 

excess of diazo-methane was destroyed by dropwise 

addition of glacial acetic acid (in the fume cup-

board) until the evolution of nitrogen vas ceased. 

The ethereal solution was then washed with ice-cold 

0.5N sodium carbonate solution and water, dried 

(MgSO4), and distilled to give 2-carbomethoxycyclo- 

dodecanone 	68'0) 1  b.p. 115°/0.09mm. 

Methyl 2-oxo-1-13=oxobutyll cmlododecane-carboxylate  

2-Carbomethoxycyclododecanone (log) was 

transferred into the sodium-salt, by heating it in 

dry benzene (60cc) with a solution of sodium methoxide 

,from sodium (ig) and dry methanol (40cc)-) for 15 min. 

The solution was treated at 0°  with a solution of 
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4-diethylaminobutan-2-one methiodide 
204 

 (prepared 

by allowing the amine (13g) and excess of methyl 

iodide (20g) to stand protected from moisture, for 

30 min at '00  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 water 

with cooling and then extracted with benzene. The 

benzene extracts were washed with dilute hydrochloric 

acid and water, evaporated to give the required 

product as a thick oil (8g), which was used for the 

next stage without further purification. 

LS 11,12_12=Methyl-bicyclo1143422-Lentadecangne-ilD 

The above crude oxobutylketoester (3g) was 

refluxed with acetic adid (150cc) and concentrated 

hydrochloric acid (25cc) for 30 hrs under a stream of 

nitrogen. The reaction mixture was diluted with water, 

extracted with benzene, and the extracts ware washed 

with a solution of sodium carbonate and water. 
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Distillation of the benzene solution gave a semi-

solid product (6g), shown to be a mixture of the 

required product as well as other ketonic impurities 

from the I.R. spectra. Sublimation of the product 

at 10-3-10-4mm pressure and 70-80°  temperature left 

a thick oily residue, the sublimed product, m.p. 60°, 

being shown to be cyclododacanone 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 evaporation of 

the solvent left a residue shown to be the required 

unsaturated ketone from the I.R., U.V., and N.M.R. 

spectra as wall as the micro-analytical results. 

(Found; C, 82.4; H, 11.4 	C10260 requires C, 82.2; 

H, 11.2) 

Nonamothylene-E-nitropheno1205  

Bromine (100g) was added dropwise with 

stirring to a solution of furfural (10g) in water 
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(100cc). The mixture was allowed to boil under 

reflux during the addition during which bromine and 

hydrogen bromide were revolved. The red clear solution 

was boiled for 30 min after the addition was completed. 

3va7)oration of the reaction mixture under vacuum left 

a residue which solidified on cooling. Recrystallization 

from water gave bromomuconic acid 206  as 	colourless 

crystals, m.p. 127°. 

When the above bromo acid (20g) was added 

in small portions to a solution of sodium nitrite (11g) 

in water (4cc) and ethanol (6cc), a vigorous reaction 

took place with a rise in temperature (40-60°), 

evolution of carbon dioxide, and change in colour of 

the solution to a deep red. From the cooled reaction 

mixture, sodium nitro mElonic aldehyde 207  crystallized 

as pink needles, which were filtered and washed with 

cold ethanol. 

A mixture of cyclododecanone (1.8g), sodium 

nitro malefic aldehyde (1.2g) and 25io sodium hydroxide 

(16cc from 75% dilute alcohol) was shaken for one week. 
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The clear solution of the sodium salt vas decomposed 

with cooling by dilute hydrochloric acid, upon 

which the nitrophenol was obtained. Extraction 

with ether and removal of the dried (MgSO4) ether 

extracts left a solid material, which after 

recrystallization from petrol (60-30°) had m.p. 170°  

and was shown to be Q, 0-nonamethylene-n-nitrophenol 

from the I.R., U.V., and N.MR. spectra. 

24.6-Pentamethylene-4-nitroculohexadien, -341-one-1
205 

The same series of reactions as above vas 

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 

cetcne was obtained as . yellow crystals m.p. 99-100°  

(from petrol (30-100°)). 

Some-unsaturated esters 
 

These were prepared by refluxing the 
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corresponding acid (one mole) with the required 

alcohol (three moles) in the presence of concentrated 

sulOuric acid (0.02 mole) for 20 hrs. The following 

esters were obtained: 

Methyl acrylate, b.p. 80 -81°/760mm, n25D  1.4034 

Methyl crotonate, b.p. 118-119°/760mm, n25D  1.4241 

Methyl (Y,/-dimethyl acrylate, b.p. 135-137°060mm, 

n
25
D 	- 1.4180 

Ethyl 0,-4.,-dimethyl acrylate, b.p. 53-54°/12mm, 

25  n D  1.4351 
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SPECTROSCOPIC MEASUREMENTS 

INFRARED MEASUREMENTS iIR2 

Infrared spectra in solutions in CC14 
otherwise 

( unless 	stated) ware recorded under standard 

conditionson a Grubb-Parsons double-beam S4 Spectro-

meter fitted with a CaF
2 prism. The computed 

spectral width was 2cm-1  at 1630cm-1 	Apparent 
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molecular extinction coefficients (e) 

culated from the expression: 

= log10  (1-2)/c1 
a 

C 

were cal- 

where Io and I are the intensity of incident and 

transmitted light respectively, c is the concentration 

(gram moles par litre), and 1 is the thickness of 

the cell (cm). 

Th3 integrated band intensities in 1. 

mol-1 cm-21  which represent the area under the band 

contour ware measured by the following methods: 
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(i) Direct ntegratioh using Ramsay's 

method112 as improved by Cabana and Sandorfy113 

in which the area was obtained using the following 

equation: 

A = 2.3 x K x elva x 

y = 4, ij  and i 

whereas DV a  is the apparent band width in cm-1 at 

y values of intensity as illustrated in fig I. 

In some cases where the bands exhibit 

doublet absorption which IS: not well resolved, other 

methods (ii) and (iii) were used. 

(ii) Simpeon's method: As mentioned on 

page 70, this method was used to measure the area 

under irregular curves from the following equation 

A = 4 
[(Y04372M)f4(3711-Y34-- **Y2m-1) 

+2(Y2tY4r*•'4Y2m-2)] 

This method involves the plotting of Giax  values 

against the frequency in cm-1 for each band and then 

taking an even number values of (represented by y 
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Fig. I. Typical band with different width parameters. 
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in the above formula) at equal h (frequency diff-

erence between the successive values) intervals. 

The band areas were measured over a range of ± 50cm-1  

from the band maximum, and the intercepts were taken 

every 2-5cm-1. 

(iii) Planimeter: this is an instrument 

used to measure the area of irregular shapes. 

(iv) Weighing: this method involves cutting 

out the band and weighing it. 

The values of the integrated band intensities 

measured by the latter three methods (ii, iii and iv) 

are about 15%  smaller than the values obtained by 

method (1). 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_IUV2 

The ultraviolet light absorption spectra were 



determined in absolute ethanol (otherwise stated) 

using a Perkin Elmer 4000 Spectrophotometer. 

NUCLEAR AAGNETIC RESONANCE SPECTRA IEMR2 

The spectra were measured on a Varian 

A-60 spectrometer using carbon tetrachloride ( unless 

otherwise 

A stated) as a solvent, and tetrametylsilane as 

internal standard. 
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N/°  

s-cis 

DISCUSSION OF THE RESULTS 

The results published by Mecke and Noack
10

/
11 

and Erskine and Waight
13 

are summarized in tables 

I and II for comnarison with our results. 

To differentiate between the s-cis (I) 

and s-trans (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 systems 

Erskine and Waight
13 

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 (r1  = Ac=o  /A c--c  ) gives the most wPtain 

174 
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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 s-cis and s-trans 

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. 

1 	MECHANISM OF THE INTERPRETATION OF THE RESULTS 

In general ck6-unsaturated ketones can be 

recognised by their infrared absorption at about 

1690 and 1650cm-1. These 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 Meche 

and Noaciil°  '11  and by Erskine and Waight13  on the 



basis of infrared and Raman spectra12o, that the 

conformation about the single bond in this chromo-

phoric system can be distinguished by the following 

features: 

(i) Greater frequency separation (bvcm-1) 

between the CO= and C=C stretching bands in the 

g.-ciz form compared with the s-trans isomer. 

(ii) Significant diminition in the infrared 

C=0 band intensity of the s-cis structure and a 

greatly diminished Raman CO= band intensity. 

(iii) An increase in the infrared C=C 

band intensity in the L-cisstructure. 

In both the z-cis and s-trans conformations 

the CO= and C=C band frequencies are displaced down-

ward from their positions in non-conjugated systems 

carrying comparable substituents. In attempting 

to interpret some of these effects, Jones and Noack 

assumed that the two frequencies (CO= and C=C) are 

not vibrationelly coupled, it follows that both the 

C=0 and the C=C bands have reduced force constants 

176 
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in the conjugated system, probably due to resonance 

effect. This in turn must lead to charge dis-

placements on the terminal atoms, and the polarized 

s-cis structure (III) will then be further stabi-

lized than the s-trans  structure (IV) by a direct 

field interaction between the ends of the conjugated 

system. 

This led to an additional decrease in force constant 

of the stretching vibration in III. This conclusion 

has been already given by Braude and Timmons8 12 and 

by Erskini? and Waight13. 

It was also assumed by Jones and Noack 

that change in bond polarization with bond length 

increases in systemswhere the bond is more highly 

polarized in its equilibrium position, so that both 

the s-cis C-0 and s-cis C=C infrared band should 
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be intensified by this field effect. This is 

consistent with the observed changes for the C:-eC 

band, but not with the C=0 band, 

Consider a vibrator C=C-C=0 as a whole, 

the separation between the CO= and C=C frequencies 

is of order of about 70cm-1 in case of non-conjugated 

and conjugated _a-cis compounds 	it is usually 

less than 70cm
-1 

for the f,-trans compounds. There 

is thus the possibility of vibrational coupling in 

the latter case, since vibrational coupling is 

inversely proportional to the band separation with 

which coupling is concerned32c. Accordingly, the 

s-clz structure is considered to be free from vib- 

rational coupling, on the other hand the coupling in 
4,3 

the s-trans structureJprobably responsible for the 

high and low band intensities of both CO= and C=C 

bands respectively. This is expected in resonance 

coupling in which usually the weaker band borrows 

intensity from the stronger one where the two bands 

have the same symmetry or pseudosymmetry. According 



s -trans 

(VII) 	s-cis 
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to thist  as the unperturbed CO= and C=C frequencies 

approach the same value, the character of the vib-

rations will change from localized double-bond modes 

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

through the conjugated system. In the limiting 

case, the bands will become analogues of the doublet 

C=0 band systems of acid anhydrides and peroxides209. 

Regarding the s-tram 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 (ViVI), and as a 

result give a higher or lower C=C band intensity 

respectively. The same is true for the s-cis form 

(VII I VIII) 
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Other ,proposed mchanismS 

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 C=0 group is due to lower value of 
Is 

change of dipole momental when the bond,4stretch,._,d. As 

it 	107 
known 	mz7=:-  when a bondj, 

16 
stretched by an amount 

dr, a moment (-)dr is produced in the direction of 

the bond. In conjugated ketones, the relatively 

higher C=C band intensity compared with the values 

of non-conjugated compounds is probably due to the 

induced polarization in the C=C bond; i.e. the single 

bond character is increased which also causes the 

decrease of 
)/'c=6 

This means that the C=0 chromophore 

is 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 4-0 C-C=C-0 is relatively high as shown by the 

absorption intensities of the K-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-band121, and also, as pointed out by Barrow125 

to the infrared band intensity of the CO= 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 's-trans form com-

pared with the s-cis is due to larger distance (r) 

in the former. 

s-trans s-cis 

In the ultraviolet spectra the large dis-

tance in the s-trans form is responsible for the 

increase of e-
'max 

compared with the s-cis structure 

as the relation
max

2 
is followed. 

Furthermore, the variation of frequencies 

and intensities of the CO= and C=C bands associated 

with either ' 	conformational isomer are explained 

on the basis of electronic effects acting along bonds 



182 

in the dbromophore C=C-C=9 as well as steric effects, 

especially those associated with Van der Waal's 

repulsions between vicinal non-bonded atoms, and 

hydrogen-bonding if present, as well as other 

environmental factors, notably solvent-solute inter-

actions in solution. 

The electronic effects (inductive and 

mesomeric) were the dominant factors in determining 

the change in the infrared frequency and intensity. 

There have been many examples in the literature in 

which it has been shown that the over-all electro-

n gativity (I+M effects) of the substituent is mainly 

involved. Barrow125 hau pointed out that for con-

jugated ketones, the CO= stretching. band intensity 

varies directly with the resonance energy of con-

jugation, and.,this according to Bellamy, depends on 

the masomeric effect alone. 



2 	CYCLOPENT-2-ENONES 

(a) 	The shifts in the carbonyl  stretching frequency 

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 bond14. 

The force constant in turn depends upon the distri-

bution of the electrons in and around the carbonyl 

linkage. To determine 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. 

Recently211, it has been concluded that the latter 

effect is important only in consideration of the 

electronically excited states. Calculations have 

been done in terms of resonance theory by Hartwell 

and Thompson66. The force constant of the carbonyl 

bond is determined primarily by the relative 

183 
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contribution of structures (IKa-IXd) to the resonance 

X 	X 	X 	X 
N\* 	"N:‘ 	Nns 

C=0 	F 	)C-0 	C-0 
/ 	// 

Y 	 Y 	 Y 	 Y 

(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 

(Xl=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 is 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-4-)1  

which tendsto 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. In  general, 2-alkyl groups lower the 

carbonyl frequency by 9-14cm-1  , while 3-alkyl 

derivatives lower the frequency by 18-23cm-1  (see note 

(ii) at the end of this section) compared with cyclO-

pent-2-enone (X), i.e. the shift to lower frequencys   

in the case of 3-alkyl derivatives is twicel,as that 

when the same group is at,42-position. This could be 

explained by the fact that the +I effect of the alkyl 
4/2_ 

group at43-position acts in the same direction as the 

normal polarization of the conjugated system, while 

the +I effect of the alkyl group at,42-position acs in 

opposition to the normal polarization of the conjugated 

system. As a result the single bond character of the 
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carbonY1 group is more when the alkyl group is 

ati3-position than when it.is attposition. 

In case of 2,3-dialkylcyclopent-2-enones 

(XXI,XXII), the shift to lower frequency by 18-11cm-1  

compared with cyclopent-2-enone (X) is due to the 

combination of the +I effect of the alkyl groups at 

each position in affecting the normal polarization 

of the conjugated system. 

In case of strongly electronegative groups, 

such as alkoxyl, the effect on the carbonyl frequency 

is different from that of alkyl group5. Thus from 

table (III), the carbonyl band is shifted to higher 

frequency (+2cm
-1 
 ) in the case of 2-isobutoxycyclo-

pent-2-enone (XV) and to lower frequency (-21cm-1) 

in the case of the 3-isobutoxy 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 isobutoxy group (-.—OBu1), 

which tendsto 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 ester carbonyl absorbs 

at higher frequency than keto carbonyl (1735 and 

1715cm- 1  respectively) 14,15.  This can be explained 

by assuming the 1.'1 effect of the oxygen atom(to be 

less important than its -I effect 
("s. 

- 0 ,k— C = 0 

+14 4 -I 

The same explanation could be applied in 

our case in which it seems likely that the -I effect 

of the 2-alkoxyl group will destabilize structure 

(XXIII). This structure willalso be destabilized 

by the +M effect of the ether oxygen atom so that both 

effects combine to increase the carbonyl frequency. 
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The shift to lower frequency in case of 

3-izgbutoxycyclopent-2-enone (XX) compared with 

cyclopent-2-enone (X) could be explained by the 4.14 

effect being more important than the -I effect of 

the alkoxyl groVp : 

0 - C = C - C = 0 

only -04 

The same explanation has been given for the consid-

erably lower carbonyl frequency (1642cm-1) of dimedone 

ethyl ether by Nakanishi212. 

It should be noted that: (i) differences in 

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. 

Effects of aubstituti2n on  the carbon=carbon 

bond .atratchinz frequency 

From the 	values given in table (III), 
c=c 
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the inductive effect of the substituent seems pre-

dominant in affecting the C=C band frequency. 

Another factor which is important in causing the 

large shift ofc=c' which is of order 20-30cm-1  in 

case of 2-alkyl and 10-20cm-1  for 3-alkyl derivatives, 

is the reduction of ring strain upon substxtution15. 

In simple olefinic hydrocarbon, it is known that 

alkyl substituents raise V
cr-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 frequency is least for the 

tart-butyl group and has its maximum value for the 

methyl group in both the 2- and 3-aikylcyclopent-2-

enones. The dependence of lic=c  on the type of alkyl 

group, can be seen from fig II in which 11 	is c=c 

plotted against6(which 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 effects due to 2- and 3-alkyl 
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substituents as mentioned before. 

In case of 2-isobutoxy derivative (XV), 

the shift to higher frequency compared with 

of cyclopent-2-enone (X) is unexpected, because in 

simple olefinic hydrocarbons, replacement of a 

hydrogen by an ether group decreases Li_c 
 by the 

c- 

order of 20cm-1 due to conjugation with an oxygen 

atom213,214 	The unexpected shift to higher frequency 

in this case and probably the relatively large shift 

in the case of alkyl group substituents (compared with 

the weak electronegativity of the group) could 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 1)=c  upon increasing c 

substitution in olefinic cyclic hydrocarbons,.as 

shown below. 



Thus from the above values, the increase 

)
=c 

) 
of I/ 

c 	in case of 2,3-dialkyl cyclopent-2-enones 

(OCI, 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 bond character of the bond, and partly to the 

combination of the inductive and mesomeric effects. 

(c) 	Effe.Qts of substitution on the carbonyl 

intensify 

As mentioned earlier, the carbonyl intensity 

has been found by Barrowl25  to give a linear relation-

ship with the resonance energy of the system. The 

value of this energy depends in turn on the effective 

electronic effects (I and l 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 effect 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 tI 

effect of the alkyl group is in opposition to the 

normal polarization of the conjugated system. The 

two cases can be represented by (X IV) 

193 

< 	 
R 

(XXIV) 

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 increases the fiold of 

polarization and thus, together with the fact that the 

.1-I effect of the alkyl group reinforces the normal .R )( 

o 
(XXV) 



of the alkoxyl oxygen atom (XXVI) 

08" 

0- 

(Xx) 
	

(XXVI) 

194 

polarization of the conjugated system (XXV), increases 

the resonance energy of the system over that of 

cyclopent-2-enone (X) and 2-aLcylcyclopent-2-enones. 

In case of strongly electronegative groups 

such as alkoxyl, the situation is different. From 

table 	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 tM effect. Thus in this case, the 

-0Bu
i 
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 3-0Bu1  derivative, the higher 

carbonyl intensity compared with cyclopent-2-enone 

(X) could be due to the predominance of the tM effect 
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In case of 2,3-dialkyl cyclopent-2-enones 

(XXI, 	the 'CO= band intensity compared with 

cyclopent-2-enone (X) is nearly the average value of 

the A c=o  for 2- and 3-mono substitution compound which 

is difficult to understemd. 

(d) 	Effects of  ubstitutim on the C=C bawl 

intenziLy 

The variation of the C=C band intensity 

compared with cyclopent-2-enone (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-isobutoxycyclopent-2-enone (XV, XX), which 

is about (6) and (35) times more intense than for 

cyclopent-2-enone (X), is explained by further con-

jugation of the C.0 bond with an oxygen atom which has 

been shown to enhance the intensity in many cases, 

such as vinyl esters and others. 

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

XXII), the increase in intensity over that of cyclo- 
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pent-2-enone (X) and mono-substituted derivative is 

difficult to understand on the basis or electrical 

and steric effects.In fact,the reverse case were .found 

in.simplealkylated:olefinic hydr.ocarbonS.- In 
the 

methylated olefins, the fewerksubstituents, the greater 

the intensity of the C=C band. 

Again, from table III, the change in 

intensity of the,C=C band seems to depend on the 

type of the alkyl group and this is confirmed by the 

graph (fig III) in which the C=C band intensity is 

plotted a. ainst the Taft constant 
	

. This shows 

that the intensity is decreased by increasing the 

complexity of the alkyl group at the 2-position, 

whil2 the reverse is true for substitution at the 

3-position. 

In general, from these results, it seems 

that the effect of the alkyl group in affecting the 

field of polarization is more evident in the C=C band 

intensity than in the C=0 band intensity, Also, the 

frequency slifts in the C=C band depend 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 III it can be seen that the 

vduas of6Vwhich is the difference between the 

carbonyl frequency (1),=0) and the C=C bond frequency 

vc.c ) are Large if compared with other compounds 

which have the z-tram conformation, for example the 

values are of order of 30-40cm-1  in cyclohex-2-enona 

derivatives, -vrnile in our case they are of the order 

of 70-100 for 2- and 3-substituted and 45-55cm-1  

for disubstituted cyclopant-2-enones. Thus, the 

infrared absorption of the five-membered ring seams 

to be anomalous, but can be explained when the effect 

of strain is considered. Molecular modals sow that 

glare is distortion of the ring C=C bond angles which 

would tend to increase the single bond character of 

this group and then to decrease the C=C stretching 

frequency which would in turn give a large value for 

61) . Models also indicate that the carbonyl group 

Ir 
is more strained than for examplelkcyclopentanone 
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itself, so the 14.0  is larger than expected, again 

increasing /W. The values of the relative intensity 

(ri) are of order 20-40 for c!clopent-2-enon:3 and 

2-substituted derivatives, but of order of 3-5 in 

3-alkyl and of 3-4 for 2,3-dialkyl cyclopent-2-enonas. 

Strongly electronegative groups give different results. 

Generally speaking the ri  values for alkylated cyclo-

pent-2-enones are of the order of 3-40, and the values 

of Ware of the order of 0-100cm-1. 

(e) 	Earmi re, onance 

It has been confirmed recently32d by measuring 

the frequencies and integrated intensities of the 

carbonyl and C=C stretching bands in different 

solvents and by observing the bands in the region 

around 900cm-1 that the solvent sensitive carbonyl 

doublet in some dg-unsaturated cyclic ketones is due 

to Fermi resonance of the carbonyl fundamental (Va) 

with the first harmonic of the out-of-plane definic 

hydrogen vibration (Vb). 



The carbonyl band is observed as a def-

inite doublet in both CC1
4 and CHC13 

solution 

(table IV) when the substituont is at 3-position. 

The doublet is scarcely observed when the substi-

tuent is at 2-position, and a clear singlet is 

obtained when the two hydrogens at the C-C bond are 

rapaced by other groups. The same behaviour has 

been noted by Yates and collaborators32b for some 

other 3-substituted cyclopent-2-enones 

In case of doublet carbonyl absorption, the 

shift due to solvent is calculated from the centre 

of gravity of the doublet and the intensity reported 

is measured over the whole complex band. Thus it 

can be seen from tabl3 IV that a shift of 4cm-1  for 

both the C=0 and C=C bands is observed by changing 

the solvent from CC14  to CHC13. On the other hand 

an intensification of both the CO.. and C-C band by 

20 intensity units is observed in CHC1 compared 

with CC14. 

The cause of the doublet is presumably the 
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ov3rtone of the strong band which occurs in 3-sub-

stituted cyclopent-2-enonas in the neighbourhood of 

860cm-I  (which can be due to the out-of-plane 

hydrogen vibration al.), in 2-substituted cyclo-

pent-2-anones near 790cm
-1 

but which is not present 

in 2,3-disubstituted cyclopent-2-enones. In the 

absence of anharmonicity, the Fermi resonance coupling 

should depend inversely on the numerical value of the 

difference in frequency 	- 26'), irrespective of 

the sign, of the interacting vibrators. For example, 

values of 	a - 26')44 10 and 128cm-1  are observed in 

the case of 3- and 2-tert-butylcyclopent-2-anone 

(XIX, XIV) respectively, which could account for the 

coupling in the first case and not in the second. The 

relative intensity of the doublet is inverted by 

changing the polarity eC the solvent as shown in 

fi;; IV for 3-tort-butyl cyclopent-2-enone ()Ca), the 

high frequency band being more intense in CC14 

A
a
/A
b 

= 5 than in CHC13 Aa/Ab 
 0.3. This inversion 

of the intensities of the doublet by changing the 
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c=o 
1708 CUC1

3 
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Fi . IV Effect of solvent on the C.0 and C=C bands of 

3-tertvbutylcyclopent-2-enone. 
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polarity of the solvent has been noticed recently 

for som-eix4-unsaturatad five- and six-membered 

lactones32c. The temperature 0,?pendenca of the 

relative intensity of the doublet, 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 

replacement e.g. of -H by -•D. If this causes dis-

appearance of the doublet, the splittin,g is certainly 

due to Fermi resonance 32d. The attribution of these 

doublets to the presence of ot,ler isomers (e.g. non-

conjugated) is unlikely in the case of these cycl-

enones, since only one band is observed when they are 

subjected to gas-liquid chromatography on the Pye 

instrument. There is of course no possibility of 

rotational isomers (s-cis - s-trans) in this sort 

of compounds. 

As it is known in resonance interaction 

the weaker band borrows intensity from tie other, the 

total intensity fcr the doublet should, therefore, 
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be not much greater than that of the carbonyl band 

alone. On the other hand the presence of overtone 

or combination hands in the carbonyl region has been 

shown32c0  to be recognizable by their diffe-ent 

solvent behaviour to that of a cLrbonyl group. We 

have studied the solvent effect on such a system of 

bands in the case of cyclohax-2-enone (XXVII) 

(1) 	Ultraviolet measurements 

Cyclopent-2-enone (X) absorbs at 2170R 

(Table V), which is about 3OR less than the value 

given for cyclohex-2-enone (Mil) or disubstituted 

acyclic 0((m unsaturated ketones. This dould be due 

to the single-bond character of the C-0 bond in the 
being 

excited state J.  more favourable for the six-membered 

ring system, and the energy is somewhat lower for 

the excited state in this system than in the 

five-membered ring system216  . 

2- or 3-Alkylcyciopent-2-enonas absorb. 

at 1008 higher than cyclopent-2-enones while 



204 

2,3-dialkylcyclopent-2-enones absorb et about 1408 

higher. These bathochromic shifts are in good 

agreement with Woodward's rule. 

In case of 2- and 3-j_sobutoxycyclopent-

2-enone (KV, Klc.), the latter has )‘ 
max 

 lower by 

1058 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 excited 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 group at the 2-position 

may be attributed as mentioned above to an increase 

cf conjugation. Hyperconjugation has been invoked 

by Mecke and Noack
74 

to explain the higher ultraviolet 

intensity of 3-alkylcyclohex-2-enones compared with 



2-alkyl analogues. On the other hand the presence 

of an alkoxyl auxochrome at 3-position will be more 

effective in increasing conjugation than an alkyl 

group as can be seen from Emax valtns which are of 

order of. 17,370 and 11,20C-14,300 respectively, 

(g) 	Nuclear magnetic resonance data 

In a series of cyclopent-2-enones (table VI) 

the cif-protons (H1•4_  , ) in 3-alkyl derivatives absorb; ( 

at 4414-4.181r. For strongly electronegative groups 

the signal is shifted down field, occuring in cas3 

of 3-1zobutoxycompound (XX) at 3.02T. The 16K 

is split by the allylic hydrogen into a triplet with 

J-1.7c/s. On the other hand the fi-proton (Hfl ) has 

712.75-2.35 in case of 2-alkyl derivatives. The 

splitting of the Hcesignal is more complex. In case 

of 2-methylcyclopent-2-enone (XI), the splitting 

between the methyl protons and the protons at the 

'-carbon =tom with J=1.9 c/s agrees well with results 

of a study of the long range splitting in analogous 
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methyl indenes by Foster217. Also from the table, 

it can be seen that methylene protons generally 

absorb at 7.56-7.7'r, and methyls on a saturated 

C-atom absorb at 3.8-9.051', while methyls at the 

z,t,position of the unsaturated system absorb at 

8.26 and those at fi-position at 7.85r. 

3 	CYCLOHEX-2ENONES 

As we have seen in cas of substituted 

cyclopent-2-enones, strongly electronegative groups 

give different values of r1. In table VII, data for 

a number of cyclohex-2-enones with different electro-

negative groups are given. The increase or decrease 

in the c,7.rbonyl frequency can be explained 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 (41cm-1) in the case 

of 3-methylthiocyclohex-2-enone (XXXII) compared with 

9cm
-1 

for 2- and 3-chlorocyclohex-2-enone CCVIII,XXX) 



0 
a 

effect 
is probably due to the dominating +N/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 electronegative 

groups act so as to decrease c=c  and to intensify 

the band. The predominance of forms (X:.AUV-XOCIV ) 
d 

tends to decrease cao 

0 	0 
(xxvii) 	(xxx) 	(xxxi) 	(xXXII) 

+ SMe 

I  (XXXIV) 	1  
0 	0 

b 	 A 
Regarding the carbonyl intensity, the pre- 

dominance of form (XXVIII) over form (XXXV) in 

2-chlorocyclohex-2-enone is probably the reason for 

the decrease of the resonance energy 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-phenylcyclohsx-2-enone (XXXIII) is responsible 

for the increase of the C=0 band intensity over that 

of cyclohex-2-enone 

Cl 

(XXVIII) 	(XXXV) 

0 

(XTXIII) 	(KXXVI) 

On this basis, and from the results obtained for 

3-methyl and 2-izobutoxycyclopent-2-enones (XVI, KV) 

it is difficult to understand the decrease in the 

C=0 band intensity of 2-methoxy-3,51 5-trimethyl-

cyclohex-2-enone (XXIX) since the nature and position 

of the substituents will tend to increase the carbonyl 

intensity. On the other hand there is no marked 
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change of the carbonyl intensity of 3-ethoxy- and 

3-methylthiocyclohex-2-enones (XXXI, XXXII). From 

the JA4E, column of table VII it can be seen that 

comooundswith strongly electronegative groups give 

different values of the relative intensity (r1) which 

is of order 0.9-11 for the small number of compounds 

we have studied. 

As in the case of cyclopent-2-snones, 3--

substituted cyclohex-2-enones exhibit a carbonyl 

doublet. In most cases the carbonyl doublet band is 

not clearly resolved. The possibility of these 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 

as shown in fig V in which 3-ethoxycyclohex-2-enone 

(Lai) 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 CC14  to G.24 in CHC13. There 

is a band at 320cm-1  which is probably assigned to the 

out-of-plane deformation of the vinyl proton ( 
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C=C 
1612 

CC1
4 
 soln. 

C=C 
1604 

1644 

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

Stretching bands of 3-ethoxycyclohex-2-enone. 
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which is 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 CC14  than band 

(a). The latter band could be attributed to the 

overtone band and the frequency of which does not 

change 'with change of solvent. Both C=0 and C=C 

bands are intensified in CHC13  compared with CC14 

which could be due to solute-solvent interaction. 

Ultraviolet measurementL 

From table IX and as mentioned for cyclopent-

2-enones, the presence of .a group with a lone °air of 

electrons at the 3-position increases conjugation and 

thus increases E
max 

values compared with the unsub-

stituted or when the same group is at 2-position. The 

high values of Cmax  for the 3-chloro compound (XXX) 

compared with 2-chlorocy.clohex-2-enone (XXVIII) is in 

good agreement with the infrared results. 
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Nuclear magnetic resonance data 

The NNR data for cyclohex-2-enones are 

reported in table X, from which it can be seen that 

the L-values for H
pc 
 are of order 3.8-4.8. A well-

resolved triplet.., due to splitting of a  by the allylic 

protons, is observed for 3-Ph (XXXIII), 3-C1 (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-SMe derivative (XXXII) (due to splitting 

of H41, by the allylic methyl grout)). A signal of 2.85 -r 

was observed for 	in case of the 2-chloro derivative 

(XXVII) with J=2.2c/s. 

4 	SOME FIXED CISOID ,4LUNSATURATED ,{ETONES 

As mentioned earlier, Erskine and Waight
13 

found that the intensities of infrared CO= and C=C 

bands and ultraviolet bands of some fixed civid 

''-i&unsaturated Icetones decrease with ring size up 

to the seven-membered. ring. Barer and 3Unthard 123 

have shown that the Ace  of saturated cyclic ketones 
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decreases with the ring size up to cyclOdecanone. 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 r1  (which is of the order of 2.5) as 

(XXXIX). In table XII, the rather lower
:max 

value 

of (XL) is probably due to the greater deviation from 

planarity of the C=0 and C=C chromophores in this case. 

On the other hand, in 2-methylenecyclododecanone (XLI), 

the s-trans conformation seems to be the more stable 

both in the ground and excited states. Infrared 

measurements showed higher and lower C=0 and C=C band 

intensities respectively than the lower members of 

the series, the relative intensity (r1) being of the 

order of 15, and increased C=C but decreased C=0 

stretching frequencies, ealbeing of the order of 55cm
-1
. 

These values led us to classify this compound as having 

the s-trans conformation. Also, from the ultraviolet 
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measurements, the hypsocnromic shift and relatively 

higher 
t'max  value compared with the lower members of 

the series are in good agreement with the above 

conclusion. 

Supporting evidence to the stereochemistry 

of the above ketones could be obtained from the NMR 

spectra, by comparing the difference between the 

(?-protons (6c)in p.p.m.). As pointed out by Jackman213 

that a correlation between the 	character and the 

T-values of these protons is expected due to the fact 

that the carbonyl group will cause maximum deshielding 

of the (g-protons when the molecule is in the planar 

s-cis conformation (XLVI). 

(XLVI) 

Compound (XL) has g=o.64 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 z-cis structure. On the other hand 1,11as been 

renorted to be 0.20 and 0.275 for methyl vinyl 

ketone (XLVII) and 	acraadehyde (XLVIII) 

respectively. These two compounds have been already 

proved by Timmons12  to , - exist 	mainly in the 

CH3. 7)  

j 
	

H„s„  

H 	 H 

(XLVII) 	(XLVIII) 

1-trans strucAite from the infrared and ultraviolet 

spectra. The value ofiSfor (XLI) is 0.27 which 

supports the s-trans structure. Molecular models 

(Catalin) for compound (XLI) show that a planar s-trans 

form is possible, while in the s-cis form the two 

chromophores are non-planar. This is in good agree-

ment with the recent theoretical studies of the con-

formation of macrocyclic comnounds by Dale
219 

who 

claimed that the lower cyclic hydrocarbons (C6-C16) 
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are built up from four corners each 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 

(CH
2
)
12 

(XLIX) 

CH2 

(LI) Planar s-trans  

  

not be expected to influence the conformation of the 

ring itself, except by their bulk. Further he added 

that if a CH
2 group is replaced by a double bond, e.g. 

0=0 or C=CH2' the conformation should remain unchanged 
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as long as the double bond is external. According 

to this, in our case, the models show that if we 

replace the 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 s-clg form 

(L) while if the two methylene groups between the two 

corners are replaced. by C=0 and C=CH2  groups we would 

get a planar s-trans form (LI). The spectral data 

supports the latter conformation. On the other hand 

in 2-methylenecyclooctanone (XL) where there is only 

one methylene group between each two corners, as for 

the corresponding hydrocarbon (LI1a)., models show only 

one conformation is possible, and the compound 

exists in the non-planar s-cis form (LIIb). 

0 

(LIIa) (LII
b
) 
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The cases of 2-isopropylidene cyclanone, 

compounds (XLII, XLV) and Llso the 5-methyl derivative 

of (XLIII) were studied by Erskine and Waight13. 

In order to examine the affect, if any, of the 

5-methyl group we have prepared 2-isopropylidene 

cyclohexanone (XLIII) and compared it with other 

compounds. The values of carbonyl intensity of 

2-isopropylidenecyclohexanone (XLIII) and cyclohept-

anone (XLV) are considerably larger than for 2-iso-

prooylidenecyclopentanone (XLII), while the values 

of C=C band intensity are much smaller than might have 

been expected by considering the effect of ring size 

alone. But, this is to be expected if the C=C-C=0 

chromophore is non-planar in the six- and seven-ring 

compounds due to steak hindrance between the carbonyl 

oxygen atom and a methyl group of isopropylidene group 

(fig. VI). This is reflected in the ultraviolet spectra 

(table XII) of these compounds as can be seen from 

the low cax  valus in six- and seven-ring compounds. 

The NMR spectra of (XLIII) is as expected. The -presence 



n=2,3 - 

n=2,3 

Fig. VI 
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of two bands due to the methyl protons at 3.24 and 

3.081' is an indication of different environments 

of the methyl groups with respect to the carbonyl 

group. 

5 	0446-UNSATURATED ESTERS AND LACTONES 

In general, the carbonyl frecuency is 

higher incO.Lunsaturated esters and lactones than in 

corresponding ketones, and this is due to the -I 

effect of the oxygen atom of the alkoxyl group which 

tend to pull the electrons from the carbonyl group, 

and thus increase its double bond character and thus 

its force constant which leads to a higher stretching 

frequency212. From the results listed in tables XIII 

and XIV, it can be seen that in genera1, 44-unsaturatad 

asters have carbonyl bands 20-30cm-1  higher in frequency 

than the corresDonding ketones, while 0eXunsaturated 

lactones have carbonyl frequencies higher by 40-60cm-1 

than the corr2snonding cyclic ketones. This diff-

erence between esters and lactones could be due to 

226 
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the strain in the rin2; which tends to increase the 

s-chEracter oC the carbonyl group, i.e. to give it 

more doube bond character. 

As in the case of,;/ -unsaturated ketones, 

the introduction of an alkyl group at the 2-position 

decreases the carbonyl frequency compared with the 

unsubstituted or 3-alkyl substituted compounds, a 

fact attributed to the tI effect of the methyl group.. 

Thus, from table XIII, it can be seen that ethyl 

2-methylcrotonate (LV) absorbs at 22 and 16 cm
-1 

lower than methyl acrylate and crotonate respectively 

(the stronger hand is considered in this shift due to 

the weak absorption of other bands in this region if 

present). Also, 21414-trimethylbutenolide (LX) absorbs 

at 20cm-1  lower than 3-methylbutenolide (LXI). In 

the case of dihydro-6-methyl-2-pyridone (LXIV), the 

lower carbonyl frequency compared with the corresponding 

Aetones and lactones is due to predominaI tM effect 

of the nitrogen atom, which tends to decrease the 

double bond character of the carbonyl group as in the 
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case of N-substituted amides which absorb near 1680cm-1  

while saturated ketones absorb near 1715cni-1. The 

interesting point in this compound is that it absorbs 

at 15cm-1  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=C operates: 

0 	o- 
+ 

N-C-C=C 	N=C-+-C=C 

(LXVII) 

The values of ),)=C  (tables XIII and XIV)are higher C 

for.<4unsaturated esters and lactones than for the 

corresponding ketones (tables II1, VII and XI), and 

this is probably also due to the -I effect of the 

oxygen atom which tends to decrease the polarization 

in the C=C bond and thus increases its double bond 

character which means that form (LXVIII) is pre-

dominant over form (LUX). The increase is of the 

order 

I 	.t 
0-C-C=C 	C-C=C-C 

(LXVIII) (LXI() 
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of 10-30cm-1  for asters and 10-40cm-1  for lactones. 

In contrast to ketones in which usually s-cis com- 

pounds have lower Vc=c than s-trans, V.. for the 
c-c 

lactones seem to have nearly the same value or to 

have no clear relation with s-conformation. The same 

thing can also be seen for 4-unsaturatedesters, if 

compared with the corresponding ketones in which the 

predominant type of conformation has been assigned 

from the values of ri and V 
The carbonyl intensities of the above 

0(0-unsaturated esters and lactones are higher than 

those of the corresponding ketones. In fact this is 

the zame situation as found for saturated esters and 

ketones, in which the carbonyl intensity of the former 

is 250-310 intensity units (Ax10-2) compared with 

150-180 in the ketones (measured in CC14  solution)107. 

The increased carbonyl intensity for asters and lactones 

could be explained (as mentioned earlier) by the 

increased weight of dipolar resonance forms which tend 

to increase the value of the dipole moment change a_./1 

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

given by the relation: 

Ao{ ) /14  2 
oi 

In fact the resonance energy has been calculated to 

be 0 and 21+ k.cals./mole for Ketones and esters 

respectively125. 

The lower values of the carbonyl intensity 

for the six-membered unsaturated lactones compared 

with the five-membered ring analogues has been 

eyplained, as in the case of the corresponding 

Ketones, by the strain of the completely planar five-

membered ring in which the resonance energy in the 

ground state is higher due to the contribution of 

the ionic form in the carbonyl group107. however, 

this explanation conflicts with the observed higher 

carbonyl frequency which requires a decraa3e in single 

bond character of the group. 

From table XIV the compounds which have the 

fixed s-trans conformation have relatively higher 
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carbonyl intensities than fixed g-e.,-;s.._1 compounds, 

this is probably due to large separation Orcharoe. 

in the s-trans compared with the s-cis compounds as 

mentioned before. 

In case ofociZ—unsaturated esters which have 

labile s-conformations, it is difficult to gain an 

idea of the predominant conformation; the case is 

different from that of the corresponding ketones in 

which consideration of the C=C band intensities or 

better the relative intensities ri, may yield useful 

information. From table XIII, the C=C band intensity 

of conjugated asters is generally lower if compared 

with the values for the borresponding unsaturated 

ketones, this is due to the -I effect of the oxygen 

atom which tend to decrease the conjugation between 

the C=0 and C=C groups and thus the induced polarization 

in the C=C bond. The affect of the position of sub-

stitution of the alkyl group at the C=C bond in esters 

and lactonas is similar, i.e. an alkyl group at the 

3-position increases the induced field polarization 

by its +Ieffact, while when the same group is at the 
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2-position the intensity is lowered. In the latter 

case the +I affect of the alkyl (Methyl) group acts 

in opposition to normal polarization of the con- 

jugated system. 

The most striking difference between fixed 

s-cis unsaturated '<atones and lactones is that the 

former usually have a relatively higher C=C band 

intensity compared with the CO= band intensitylINhile 

in the latter there is no such relation. 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 (12MIII) saturated C-atoms 

from the C=C bond in the s-trans and s-cis structures 

respectively, the L.-cis form has considerably higher 

C=C band intensity (although the difference is small) 

than the corresponding compounds with s-trans 

structure, this situation is similar to the case of 

unsaturated cyclic ketones. On the ether hand if 

we consider the five-membered ring unsaturated lactones, 

in which the ring oxygen atom is separated by only 



O 
	O 

) 
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one saturated C- tom in the s-trans form (LXX), 

we can see from table :CIV that the C=C band intensity 

is higher for the compounds with s-trans (LX and LXI) 

structure than for the corresponding s-cis (LXV) 

compounds. This case is thus different from that of 

the ketones and probably could be explained by the 

-I effect of the ring oxygen atom which assists the 

(LXX) 	(LXXI) 
	

(LXXII) 	(LXXIII) 

field of polarization at the C=C bond having to be 

transmitted through only one ring C-atom in the 

s-trans structure (IKX). The decrease in the C=C 

band intensity in this case could also be explained 

by the destabilization of the ionic form (LXXIV) by 

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

static interaction between the charges becomes less. 



The nearly equal C=C band intensity of 

2-methyleriebutyro- (LXV) and hexeno-lactone (LXVI) 

is probably due to the diminished -I of the oxygen 

atom which is senarated by two and three C-::toms from 

the C=C bond respectively (LXXII, Darn). 

The situation does not exist in open chain 

compounds, thus methyl 3-methyl crotonate (LVI) has 

relativel;, higher C=C band intensity compared with 

the CO= band intensity and seems to exist mainly in 

s-cis form (LXXV
b

figfi VII) in which there is no steric 

interaction between the methyl and the methoxy groups 

asoccursinthes-tUllsform(= I fig VII). 
a 

The relatively high C=C band intensity of 

the above compound and methyl crotonate (LIV) compared 

with methyl acrylate (LIII) is due to the -I effect 

234 
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LXXVa 
The volume occupied by 

the lone pairs of the 

methoxy-oxygen-atog; is 

not shown in the figs. 

LXXVb 

Fig. VII 
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of the p -methyl groups which assists the field of 

polarization, also lowers the value of the C=C band 

intensity of .ethyl 2-methyl crotonate (LV) compared 

with mothyl crotonate (LIV). Similarly in 2-methyl 

derivative, the +I effect of the methyl group acts 

in opposition to the field of polarization, thus 

decreasing the C=C band intensity. 

It has already been claimed that compounds 

(LVII, LIX) exist mainly in the s-cis form, (LXXVIb, 

fig VIII) while compounds (XLVII, LVIII) are mainly 

in the s-trans form from the relatively low value of 

r
i 
(3.5 and 0.7) for theformer pair compared with 

the values (7.8 and 6) for the 1_:tter13. On this 

basis one might expect that compounds (LIV, LVI) exist 

mainly in the s-cis form and that compounds 	L7) 

exist mainly in the s-trans form although the values 

of r
i 

for the former pair are 4.7 and 2.6 and for the 

latter are 20 and 3.8 respectively. These relatively 

higher values of ri  compared with the corresponding 

ketones are due to the relatively higher and lower 
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(LXXVI ) s-trans a — 

(LXXVIb) 	8-tis 

Fig. VIII 	(continued overleaf).. 
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(LVIII) s-trans 

(LVIII) 	a•-eis 

Fig. VIII 
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CO= and C=C band intensities respectively in the 

case of esters and lactones which has been explained 

already. 

Compounds LIII, LIE, LVI show a-  second 

band or shoulder in the carbonyl region, which is 

very weak in the latter two compounds; there are 

similar ban-Js in the C=C stretching region. These 

additional two bands may be due to the presence of 

other isomers i.e. a mixture of s-cL5 and s-trans 

isomers, although it is difficult of be certain of 

this owing to the weakness of these bands. This case 

could be explained by Fermi resonance. There ore 

relatively strong bands in the region of 350cm-11  

which are due to the out-of-plane deformation of the 

vinyl hydrogen and which should give an overtone in 

the cIrbonyl region. The presence of rotational 

isomers or the resonance coupling could be detected 

by the study of temperature and solvent dependence 

on the intensities of the carbonyl doublet. There 

LS no question of the presence of more than one 
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isomer as shown by gas-licuid chromatoraphy. In 

fact recently 32c  it has been shown that many /L 

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. 

6 	6  8:9- AND A 9 :10-OCTALONES 

Using the concept that the r as well as 

611values give the most reliable information about 

the conformation around the single bond, one can 

9 	el0 
differentiate between the 63  - and 	-octalones 

on the basis of infrared as yell as the ultraviolet 

and nuclear magnetic resonance spectral data. The 

infrared results (table XV) indicate that 	-U-e 

octalone (LXXVII) is the s-cis isomer (r1=1.5, 

/11-63cm-1, compared with the fixed s-cis 2-iaopropyl-

idenecyclohexanone (XLIII) in which r1=1.5 and 

LYU=69cm-1). On thG other hand 	Lke, octalone (L1' -VIII) 

exists in the L-trans form (r1=5.3 and a=31cm-1, 
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compared with th-2 fixed 2,3 1 5,5-tetramethylcyclohex-

2-enone (LXXIX) in which ri=8.4 and N.:30cm-1). 

From the ultraviolet spectra (table XVI), the fixed 

s-ciz structure usually has higher 
"Amax 

and lower 

.,111,,x. than the analogues s-trans structure. NMR 

spectra supports the structure by the absence of a 

9: A10 
band due to the vinyl proton in (i 	-octalone 

7 

while a band located at 3.43-Cdue to the vinyl proton 

sup.)orts the structure of 
/D9-isomer.  

7 	242 441-T3TRAMETHYLHE)C-4-EN-3-0NE 

In simple substituted open chain ap - 
unsaturated ketones (table XV), devi:tion from Co--. 

planarity of the chromophores CO= and C=C have been 

shown to be reflected in the eicctronic as well as the 
Inry-are_d 	_ spectra of the compound11913. A 

typical example is mesityl oxide (LIX), which has 

been proved to exist mainly 'in the planar s-gls 

conformation by means of ultraviolet and infrared 

spectra rls well as by dipole moment measurements
220
, 
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in agreement with scale diagrams (LXXVI
b' fig VIII) 

and a molecular model of the compound. On the other 

hand. compound (LXXX) shows an increase and decrease 

in both CO= and C=C infrared band intensities res-

pectively with a decrease of Emax (table XVI) for 

the Ii-/C transition to half the value for mesityl 

oxide; this can be explained by steric hindrance of 

the 01,- and /e-methyls with the acetyl group. In 

mesityl oxide (LIX) scale diagrams (LX_XVIbl  fig VIII) 

show :that there is less interaction in the s-clg form 

betwee -'1 the p-methyl and the acetyl carbonyl group 

than in the s-trans form between the fl-methyl and 

the acetyl methyl group. The oredominant s-cis con-

formation in (LXXX), as in the case of mesityl oxide 

is clearly seen from the low values of r i  and high 

values of 	also from scale diagram (LXXXII 	fig IX). 

The relatively high CO= band intensity (1)0) 

for compound (LXXXI) which approached the value of a. 

saturated i,cetone (TyinL,colone has Ax10-2=170), and the 

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



LXXXIIa 
	s -trans) 

LXXXIIb (s-cis) 

Fig. IX 

2. 4 3 



LkXXIIIa (s-trans) 

Mc 

LXXXIIIb (s-cis) 

Fig. X 
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combined with very low 
max (1,250) in the ultra-

violet spectra, indicate that the compound is 

extremely sterically hindered. Staric hindrance 

in this case is clearly seen from scale diagrams 

(LXXXIIIa , LXXXIIII3, fig X) and the molecular model, 

and this deviation from co-pinarity is reflected in 
carAf 

the chemical behaviourkof this ketone which 8-ives no 

solid derivatives characteristic of ketones193  

The NMR s'oectrum of (LXXXI) is as expected, 

the presence of the bands at 8.35, 3.46 and 8.35 are 

due 	 tert.butyl, off-methyl and /F. /3-dimethyl 

protons respectively. 

8 	CYCLE-ENONES AND BENZCYCLANONES 

CYCL-2-ETONES 

In a series ofA/f?-unsaturated cyclic ketones 

listed in table XVII, the carbonyl frequencies 

decrease with the ring size in a way siilar to that 

found for the saturated monocyclic ketones (table XVIII) 

which can 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 c6uses a rehybridization 

in the orbitals of the carbonyl carbon. A smaller 

angle lover than 120°  gives the ring more p-character 

(more like sp3  bonds at 109
o
) and consequently the 

bond in the carbonyl group more s-character. 

increased s-character in a bond will increase its 

stretching frequency221. In general a shift ofkorder 

of 30cm-1  is observed due to conjugation with the 

C=C bond. Tha shift was measured by considering the 

strongest band to ba due to the fundamental C=0 

group (as we will see later). Also, frc.m table XVII 

it cen be seen that the C=0 band intensity decreases 

with the ring size, as in the case of the saturated 

..etones measured by GUnthard and Barer
123

. The 

increase of C=0 band intensity due to conjugation is 

obvious in the five-membered (X) ring compound which 

is considered to be 	•pinar, compared with the 

values for the eight-membered ring (LXXLV) compound 

which q similar to those of the corresponding saturated 
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cetones. Deviation from co.,i,D1narity in the C=C-C=0 

system in the above conjugated ketones is supported 

by the decrease of the C=C band intensity with 

increase of the ring size, and in fact no band due 

to C=C absorption can be detected for the seven- and 

eight-membered ring conjugated ketones (LXXXIV, 

LTLXV ) 

In the ultraviolet spectra of theSe 

pounds the wavelengt of thelT-Titransition increases 

with the ring size lkthis is perhaps due to the relief 

of strain in the excited state as the ring size 

increases ua rticularly in comparing the five-membered 

ring with higher homologues. On the other hand the 

decrease of 
max 

for (LXXXV) compared with (X) gives 

further evidence of inhibition of resonance due to 

ring size. 

The doublet carbonyl absorption in the 

infrared spectra (table XVII) is 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=C 	which occurs 

around 320cm-1. The relative intensity of the 

doublet is sensitive towards the polarity of the 

solvent as shown in figs XI-XIV. The carbonyl group 

of these compounds absorbs in CHC1
3 

at 10-20cm-1 

lower than in CC14, while its intensity increases 

by 10-20 intensity units in CHC1
3 
with exception of 

the eight-membered ring compound (LXXXV) in which 

the intensity decreases in CHC1
3 
althouh it is 

difficult to understand why 	In order to determine 

which band of the doublet is due to the fundamental 

C=0 group (usually considered to be the stronger 

band), cyclohex-2-enone (XXVII) was taken as a model 

compound and the C=0 frecjiency was measured in a 

various media of different polarity (table XIX). The 

frequency shift relative to the frequency in the 

vapour phase was plotted against the relative shift 

f a standard carbonyl compound (acetophenone was 

taken in this case). This ilethod has been used by 

.7;:ellamy and Williams24 to assign the fundamental 
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1720 

1708 

CHC1
3 
soln. 

C=0 

 

C=c 
1660 	1580 A  

  

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

of cyclopent-2-enone. 



1(91 

1671 

1686 

c=0 

CHC1
3 
soln. 

C=C 1621 

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

stretching bands of cyclohex-2-enone. 
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1677' 
1669 

253. 

CC1, soln. 

1660 

Fig. )(ITT. Effect of solvent on the CO= stre-

tching band of cvclohept-2-ctione• 
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16S1' 

cci
4 

soli'. 

1657 

1671 

CHC13 soln. 

Fig. XIV. Effect of solvent on the C=0 s:re-

tching band of cyclo-oct-2-enore. 



rehited to C=0 fundamerJa), 

related to 1st.overtone 

5 
	

10 
	

15 	 20 

py/mx103 cycichex-2-enone 
Fig.XV. .affect of i;olvent on the C=0 doul, lut absorption of . 

cycJohex-2-enone. 
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C=0 group in ethyl carbonate. A straight 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 1691cm-1  

in CC14  shows a regular frequency shift which is 

therefore assigned to the C=0 fundamental. On this 

basis the strong bands at 1669cm
-1 
 in CC14  for com-

pounds (L) XIV) and (Lxr,w.:) are considered to be 

due to the C=0 absorption. 

The NME spectra of the above cycl-2-enones 

(table XX) show an interesting feature; the coupling 

constant (J0  3)between the two cis-protons (Ho,L and 

Ho) is dependent on the ring size, and the values 

are in good agreement with the reported Jcq?for 

cyclo-olefins222.(LXXXY1). These values differ from 

	

the constant value of 	measured for cis-disub- 

H 
r 	 

‘c"22ki 	11 

(LXXXVI) 
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stituted olefins (6.1c/s), tr.ans.-disubstituted 

olefins show higher J values (11.9c/s). Change of 

geometry and strain in the samll rings, particularly 

as they are reflected 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-enones. Deviations from co-planarity 

in the Ph-CO grouping are indicated in the infrared 

and ultraviolet spectra of the seven- and eight- 

membered ring compounds
223-225 

From the infrared spectral 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 XVIiI). In case of benz- 

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

band towards the frequency of saturated ketones (fig XVI) 
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Fig. XVT. CO= stretching band of benzcyclanones in CClp soln.",  
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was observed, the separation of the doublet being 

of order of 21cm-1  in (XCI), while it is only 

observed as an inflexion in (XC). Changing the 

polarity of the solvent does not change the relative 

intensities of these doublets, thus, they cannot 

be explained by Fermi resonance with the overtone 

of the strong band in the region of 75ecm-1  due to 

C-H out-of-plane deformation of the 1:2-disubstit-

uted benzene ring. These new bands are probably 

an indication of a proportion of a non-planar 

conformational isomer in these compounds as has also 

been found in 	.6-disubstituted acetophenones(ihich 

will be discussed). Also from table XXI it can be 

seen that the Emax  values of indanone (LXiXVIII),  

0-tetratone (LXXXIX) and thioohenecyclohexanone (XCII) 

are nearly the same and are similar to that of 

acetophanone (LXXXVII), indicating that the five-

and six-membered alicyclic rings permit the carbonyl 

group to be nearly co-planar with the benzene ring. 

In compounds CO, 'XCI), however, there is a marked 
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decrease in rmax without significant shift in max, 

in these cases the angle of twist of the CO= group 

from the plane of the benzene ring has been calculated 

by Brown and Hedden224 to be 37°  and 45°  respectively. 

The non-planarity is ascribed to the effect of the 

conformation of the alicyclic ring. 

From the NlUt data listed in table XX, the 

shift of 77-values of the phenyl-protons to lower 

field in (LXXXVII) and (LXXXIII) ('r=2.43 ) is due to 

the anisotropy of the CO= group on the phenyl-protons. 

The shift to considerably higher field (1!'=2.62) in 

(XC) and (XCI) may also give an indication of the 

deviation of the carbonyl from co-planarity with the 

benzene ring. 

In general, from the above spectral inter-

pretations, inhibition of resonance imposed by the 

ring size can be measured in both the ground and 

excited states. Infrared spectra show an increase 

and decrease of the carbonyl frequency and intensity 

respectively, whereas only a decease of intensity 



occurs in the ultraviolet spectra. 

9 	ALKYLATED  ACETOPHENONES 

In the ultraviolet spectrum, steric effects 

of alkyl group in conjugated carbonyl compounds have 

been shown by many' workers1-9 to be reflected in 

the fr- 	transition band. A 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 weak steric interaction. These 

types of compounds were classified by Braude3-6  under 

steric effect of type (i). We have carried out 

measurements in the ultraviolet region to see if 

such effects are reflected in tha weak absorption 

in the neighbourhood of 3000 R. 

From table XXII, it can be seen that mono 

o-substitution decreases the intensity ofn-Trtrans-

ition due to the steric hindrance of the o-methyl and 

the acetyl carbonyl group, while a large decrease in 

intensity occurs in case of di-o-methyl substitution. 

259 
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This results because the acetyl methyl must overlap 

with an o-methyl in a co-planar arrangement of 

carbonyl and benzene ring. The degree of the over- 

lap can be seen from the projection diagrams (employing 

covalent radii) given by Braude2. (C
at 

C
139 

Cl 

fig XVII;  XVIII) 

On the other hand, it can be seen from 

the same table (XXII) that the n-1(band shows a 

reverse correlation with staric hindrance. The increase 

of 'max with increasing steric hindrance could be 

explained by the increasing overlap of the 2p lone- 

pair orbital of the carbonyl group with the 2p 

7r-orbital of the benzene ring as the interplanar 

angle (Q) increases. Some examples have been given 

in the literature226 indicating the increase of the 

n-11intensity to be due to distortion from a co- 

planar structure with a decrease of the '7T-rrtrans- 

ition intensity. Thus, while acetylcyclohexene (XCI) 

absorbs with intensities of 11,350; 50 due to T(-71 

and n-T-4% the sterically hindered 2-methyl-6,6-dimethyl 



C
a 

Fig. XVII 

Cb 

Fig. XVII 
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acetYbyclohexene absorbs with intensities of 1,400 

and 90 respectively. 

Measurements in the ground state by means 

of infrared show nearly the same correlations as 

found from the ultraviolet band due to conjugation 

(T(- l(1 . Thus from table XXIII a decrease (37 

units in the C=0 band intensity) occurs in going 

from acetophenone (LX-XXVII) to o-methyl acetophenone 

(XCIII) and a further decrease of intensity which is 

of order 43-48 units is found in di-o-methyl (XCVIII) 

and o, o, p-trimethylacetophenone (XCIX). There is 

also a shift of carbonyl freciuency (5-11cm 1  ) to 

higher values in the case of di-o-substituted com- 

pounds (XCVI_LI, XCIX) compared with acetophenone 

(LXXXVII) and a new band is present in this range. 

In fact thLs. behaviour of o-substitution has bean 

also attributed to be die to steric effect by Jones, 

Forbes and Mueller
83 

for o-methyl and 0 9 0, m, m-tetra- 

methylacetophenone compounds. 

All these results are stron,2, evidence for 
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the acetyl group being twist?d out of the plane of 

the benzene ring, and the new bands on the higher 

frequency side of acetyl carbonyl group probably an 

indication of a Proportion of a non-planar conformation 

in these compounds. Finally, we can say that deviation 

from co-planarity due to steric hindrance can be 

detected both in the ground and excited states. 

10 REINVESTIGATION OF THE STRUCTURE OF PHORONE AND SOAE 

OF ITS DERIVATIVES 

In comparing phorone and its dibromo and 

bromohydroxy derivatives, it can be seen that there 

is a decrease in olefinic reactivity combined with 

a marked decrease in colour, r3fractivity and parachor 

which has been attributed by ingold and Schoppee181 

to ring chain m3sowrism. Their studies indicated 

that, while bromohydroxy phorone is the saturated 

compound (CIV), dibromonhorone possesses hybrid 

character and cannot be formulated simply. The_state 

was represented by (CIII). 
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 fie 	
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(CII) 	(Gilt) 
	

(CIV) 

Phorona (CII).itself is a yellow crystalline 

solid and resembles any other unsaturated system. 

According to Ingold and Schoppee it decclourizes 

permanganate, adds four atoms of chlorine or bromine 

and twc molecules of air, yields J.1-isobutyl :cetona 

on reduction, and gives oxalic acid, acetone and CO2  

on oxidation. The dibromide (CIII) is feebly 

coloured, it is unaffected by mild oxidising and 

reducing agents, it is unaffected by HEr, HoAc 7  and 

bromtae. On the other hand Francis and Wilson180 

hydrolysed it to a cyclic substance (CIV). The 

bromohydroxy phorone (CIV) is a white crystalline 

solid which can be oxiM.sed to 	o(9 	OLtetrammthyl 

glvtaric acid and reduced to 21213,3-tetramethyl- 

264 

Me Br 	Me Br Me 



265 

cyclopentanone-5. On this basis of oxidation-

reduction reactions Francis and Wilson drew the 

following conclusions about its structure. It 

contained (i) a cyclopentane 	(ii) the adjacent 

situation of two gem-dimethyl (iii) unsymmetrical 

situation of bromine atom with respect to the atm-

dimethyl groups,(iv) an symmetrical situation of 

one oxyen atom with respect to the gem-dimethyl 

groups (v) the presence of a hydroxy group. In 

addition to formula (CIV) another formula (CV) was 

given by Ingold and S‘hoppee which embraces all 

these conclusions9  but gives the same products of 

oxidation and reduction. Compounds (CIV) and (CV) 

were claimed to be in equilibrium and to represent 

a tautom-JrLsm with Wagner-Meorwin type rearrangement. 

ii 

0 
(CV) 
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The structure of these and other derivE.tives 

have been reinvestigated on the basis of spectral 

measurements (IR, UV, and NMR), and the results 

compared with the spectral studies on modal compounds. 

(a) 	PHORONE 

The relatively enhanced C=C band intensity 

compared with the C=0 band intensity (table XXIV) 

suggests that phcrone probably exists in the s-cis-cis 

conformation (CVI). The value of the relative intensity 

which is of the same order as those of fixed s-cis-cis 

compounds, such as 2:5-dicyclopentylidenecyclopentanone 

(CIX, r1=0.11) and 2:6-dibanzylidenecyclohexanone (CXI, 

r1=0.31), while it is much lower than thoseof fixed 
Ne 	0 	Ne 

Ne Ige 

(CVI) 

L.-trans-trans compounds such as 1 1 2,6-trimethyl-l- 

dichloromethylcyclohexa-2,5-diene-4-one 	r=3.04) 
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The same situation has been found.alraa y for 

mesityl oxide (LIX). 

The rresence of the two bands in the C=C 

region is an indication of the dienone system. This 

has bean used for identification of the dienone 

system in steroidal ketones by Jones
227 

In the ultraviolet spectrum of phorone 

(CVI, table XXV), the location of the band due to 

conjugation 
at%ax 

 2650 R with Emax  19,400 is in 

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-CO-C=C-) which absorbs 

at Amax  2450 R9  together with a shift to higher wave 

length of order 100 R for each methyl group. Also 

the Emax is similar to that of the fixed s-cis-cis 

compound, e.g. CIX), in which clax  is 19,500, while 

the value is considerably higher than that of the 

fixed s-trans-trans substituted cyclohexadiene (CXIII) 

which is 15,300. The decrease ofEmax 
in the s-trans-trans 



conformational system compared with the s-cis-cis 

compounds: is opposite to the situation in simple 

analogo44 conjugated monoethylenic ketones, the 

differende in the latter case being explained by 

the change in distance separating the ends of the 

chromophoric system. Even so, the structural des-

ignation of the former case has been accepted by 

many.  workers
32b9228. 

 Supporting evidence has been 

given by Sutton
220 

on the basis of dipole moment 

measurements that mesityl oxide and phorone (LIX and 

CVI) exist in the s-cis and s-cis-cis respectively. 

From the NMR spectrum (table XXVI), it is 

difficult to differentiate between the s-cis or 

s-trans isomers but some information may be gained 

by obtaining the snectrum at lower temperatures. 

The presence of two doublets for the methyl groups 

and one octet for the vinyl protons with J=1.2c/s 

is an indication of H and Eem-dimethyl groups at 

positions o(to each other, with a different environment 

of H with respect to each of the methyls. The 

268 
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r-values are correct when compared with those for 

mesityl oxide (LIX). 

Finally molecular models and scale diagrams 

(CXIVfig XIX) show a considerable interaction 

between the /1-methyls on each side of the carbonyl 

group in the s-trans-tran.a structure, which is greatly 

reduced in the s-cis-cis structure. 

(b) 	DIBROMOPHORONE 

Infrared measurements (table XXIV) show 

the presence of .a C=C band in dibromophorona with 

fairly strong intensity compared with the C=0 band 

intensity, and from the relatively small value of the 

relative intensity (ri=0.6) it is concluded that this 

compound also exists mainly in the z-cie-cis (CVII) 

as does phorone (CVI) 

Me Me 

°1 

Br 

 

Me 

(CVII) 



CXIVa (s-cis-cis) 

 

 

tXTV 	(s-trans-trans) 

Fig. XIX 0. 
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Fig. XIX 
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Bromomesityl oxide (3-bromo-4-methylpent-3-en--one) 

(CVIII) was also prepared as representing half the 

structure of dibromophorone. Its relative intensity 

(r1) is of order 1.5, which indicates, by comparing 

it with some other fixed _a-cis and s-trans model 

compounds, that this compound (CVII) exists mainly 

in the s-cis form. 

Further evidence could be obtained by 

comparison of the ri-value with other fixed z-cil-cis 

dienone systems as mentioned in the case of phorone. 

The increase and decrease of the CO= 

and C=C band intensities of dibromophorone 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 (CXIVc, fig XIX) that there. 

is a large interaction in the s-cis-cis, form between 

the two bromine atoms, which is however less than 

.the interaction between the two $-methyl groups in 

the s-trans-trans form. This staric hindrance is 

reflected also in the ultraviolet spectrum in the 
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lower values oft
max 

listed in table XXV of 

bromomesityl oxide and Jibromophorono compared with 

mesityl oxide and phorone. The bathochromic shift 

which is of order 200 i is due tc the bromine-

substituent, the same order of shift has been 

found by many workers229'
230 

The NMB spectra aye as expected (table XXVI). 

There are two singlets (7.93, 7.93 and 3.02, 7.96 -C 

respectively) for the g-methyl protons in both 

bromomesityl oxide and dibromcphorone, which are 

due to the different enviroments of the two methyls. 

The acetyl methyl protons in the first compound have 

7.59't". 

(c) 	BROMOHYDROXYPHORONE 

From the 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 cyclopropanone argues against 

structure (CIV). The two bands in the carbonyl region 

-1 
with an average value of 1710cm 	are at much higher 
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frequ'encies than for the open chain dienone system, 

and as structure (CV) has been mentioned by Ingold 

and Sehoppee as probably existing in equilibrium 

with structure (CIV), lad us to consider the possi-

bility that structure(CV)is the correct one. The 

C=0 frequency at 1710cm-1  is in good agreement with 

values of substituted cyclopent-2-enonas discussed 

earlier. The existence of two bands in the C=0 

and C=C band regions is difficult tc explain. Hence 

a model compound, 2-hydroxy-3-bromocyclopent-2-enone 

(CXV), which carries the same substituents at the-

C=C bond was investigated. The infrared spectrum 

of this.compound also shows two bands in both the 

CmO and C=C band regions, which means that the sub-

stituents at the double bond are responsible for 

these doublet bands. The presence of these doublets 

may be due to intramolecular hydrogen-bonding, so 

that the spectra for both compounds in CC14  and CHC13  

were examined in the -OH region. In both cases the 

relative intensities and frequencies of the free and 



275 

bonded -OH group change by chanc;ing the concentration, 

thus there is no possibility of intramolecular 

hydrogen-bonding. Evidently the compound is inter-

molecularly hydrogen-bonded, and is possibly 

present in a dimeric form (CXVI) 

1674 	1663 

t OH 	 \--J\Br Me 
Br -- 1%le 

• • ti — 0 _ 	/71  
Me 

Me Ne 14e 0 
1703 	1717 

(CXVI) 

A similar interpretation of the spectrum 

2 of acetic acid dimer has been given by Feneat . 

From the NMR spectra (table XXVI), there is also no 

evidence of intramolecular hydrogen-bonding at low 

field and the baA at 2.81-r is ascribed to some 

other sort of hydrogen-bonded hydroxyl. 

Farther supporting evidence that the -OH 

group is responsible for the second band of these 

Iie 
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doublet absorption bands was obtained by 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 band 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 fM effect of the oxygen 

atom is internally compensated due to overlap with 

7r-electrons of both C=C and CO= 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) 

0=0_ 
n
0,0 

(CXIX) 
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In general the relatively :hiker C=0 

frequency in these compounds compared with the 

alkyl substituted cyclopent-2-enones is due to the 

-I 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), lower for 2-acetoxy-3-bromo (CXVIII, 

1652cm-1) and a minimum for the 2-methoxy-3-bromo 

compound (CXVII, 1633cm-1), 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-enones 
bee" 

which have studied earlier and the increase or 

decrease in the intensities could be explained by 

electrical effects. The difference in the relative 



intensities can be explained similarly. 

The values of ?inax 
	m 
and E ax  in the 

ultraviolet spectra (table XXV) support the above 

structure for bromohydroxyphorone when compared 

with 3-bromo-2-hydroxycycilopent-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'r) which are located on a 

saturated C-atom in.different environments, and a 

broad band with 2.817-  which is due to the hydroxy 

proton. The NNE spectra of other derivatives are 

in agreement with the various structures. 

11 a:1-DIHYDROACETOPHENONE 

The anomalous ultraviolet (table XXVII) 

of 2;57dihydroacetophenone (CXX) compared with that 

of acetylcyclohexene (XCI) was originally difficult 

to explain231. Compound XCI absorbs at 2320 R with 

Emax 
11850, on the other hand compound CXX absorbs 

278 
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at higher wave length ( %ax=2410) with a con-

siderably lower value of Lmax (4/150). This has 

been explained by Braude and his coworkers230  to 

be due to the electronic interaction between the 

isolated double bond and the main chromophoric 

system. This interaction has been explained by 

either or: two effects: (1) by a direct "spatial" 

one, acting across the centre of the six-membered 

ring or (ii) ,Lrmt\srr6..ssion 	via the methylene 

group separating the two ethylenic linkages. 

Further, they concluded that hypothesis (i) appears 

less likely due to the large distance (2.5 R.) between 

opposite sides of cyclohexadiene ring which decreases 

the possible contribution of form C4XI. This 

COCH, 

type of interaction (a ring-chain tautomerism) 

postulated by Ingold and Schoppee
181 

in dibromophorone 



(CVII) and hexa-1:5-diene-1:1:3:3:4:4:6:6-octa-

carboxylic esters has been rejected on the basis 

of X-ray analysis by Bateman and Jaffeey232  and 

by infrared measurements as we hays seen in the 

preceding section. Thus tha bathochromic shift 

compared with acetylcyclohexene (XCI) has been 

explained by the hynerconjugation of the cyclo-

methylene groups with contributions from resonance 

such as (CXXIIa, CXXIIb). 

   

C CH
3 

   

   

 

3 

 

    

    

H 

(CXXIIa) 	(CXXII
b
) 

On the other hand the decrease in 	
max 

has been attributed in some way to the increased 

conjugation of the acetyl side-chain with the ring 

system which is analogous to the decrease in 

28o 
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intensity generally associated with increasing 

cyclic symmetry of the chromophore. 

As mentioned earlier, 1-acetylcyclohexene 

(XCI) exists mainly in the s-trans form on the 

basis of ultraviolet7  and infrared13  spectral 

measurements and as it is generally agreed that in 

the absence of steric effectsl. 4Lunsaturated 

ketones possess the z-trance conformation. 

Infrared measurements of 2:5-dihydro-

acetophenone (CXX, table XXVII) show two carbonyl 

bands with a total intensity of 150 units which 

is lower than the C=0 band intensity of acetylcycld-

hexene (XCI) which is of order 190 units. On the 

other hand the C=C band intensity is higher for 

(CXX 30 units) than for (XCI 15 units) and the C=C 

frequency is lower. This intensifying of the C=C 

bend with a shift to lower frequency (5cm-1) is 

probably due to the strain present in 1:4-cyclo-

hexadiene system compared with cyclohexene, which 

increases its single bond character;cmother possible 



explanation is that such effects are likely to 

be due to the interaction of the 	orbitalsof 

the non-conjugated chromophores (i.e. between 

C-1 and C-3 atoms) 

3 
1 

3 

2 
The presence of two carbonyl bands in (CXX) with 

relatively lower intensity compared with (XCI) is 

difficult to explain. The doublet could not be 

expLained by Fermi resonance, because a suitable 

combination of bands cannot be found, and the 

relative intensity of the doublet does not change 

by changing the polarity of the solvent (fig XX). 

Thus the second band at the high frequency side is 

probably due to a proportion of the molecule existing 

in a conformation in which the diene ring and the 

acetyl carbonyl group deviate from the co-planar 

.-trans form. From the r'-values which are of 11112- 
of 

order0 and 12 for (CXX) 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..0and C=C 

stretching bands of 2:5-dihydroace-

tophenone. 
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ti cci 
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in (XCI) decreases the proportion of the s-trans 

form. The presence of a second carbonyl band in 

olo-dimethyl acetophenone (XCVIII) has been attri-

buted to the presence of conform:tional isomers due 

to steric hindrance to co-plonarity291.3. 

12 SOME BRIDGED <,-UNSATURATED KETONES 

Many experiments have been carried out by 

Prelog and his co-workers
203,205 

which show that the 

carbonyl group in many-membered ring compounds is 

feebly reactive, whereas the Q( -methylene groups 

are strongly reactive. We reprepared some of these 

compounds which involved the condensation of cyclic 

ketones with nitromalonic aldehyde and also the 

corresponding keto-esters with 4-diethylaminobutan-

2-one and studied the IR, UV and NUR spectra of the 

bicyclo-condensation products. 

From table X(VIII, it can be seen that the 

condensation product from cyclo-octanone and nitro-

malonic aliehyde is an 0(idunsaturated ketone (CXXIII) 
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the higher C=0 frequency compared with that for 

the dienona system which 	usually absorbs-: at 

about 1665cm-1  (i.e. a shiftto higher frequency of 

order 36cm-1) is due to deviation from co-planarity 

of the C=0 group from the plane of the cyclohexa-

diene system. The twisting of the CO= group from 

the plane of the diene ring is also reflected in 

the C=0 band intensity which is nearly the same as 

the CO= band intensity of saturated six-membered 

ring ketone which is of order 230 units. On the 

other hand the relatively high C=C bard intensity 

for this non-planar t,( 	ketone is due 

to the increased polarization resulting from the 

attachment of the electronegative group (-NO2). 

From the relatively high value of ri  (=:=1), the 

ak 
compound haskfixdd s-trans conformation. Non-

planarity of the system is also reflected in the 

ultraviolet spectrum (table XXVIII) in which Cmax 

(6,640) is considerably lower than for other s-tram 

conjugated ketones. The NNE spectrum (table XXVIII) 
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showed a broad band at 3.07T due to -CH2- protons, 

a band at 6.68r due to the mathine proton ( 

a band at 2.397due to the a-proton of the onone 

system and a band at 2.63r due to the vinyl proton 

at the C=C bond which carries the nitro group. This 

compound is considered as an example in which steric 

effect in the ring compounds can lead to loss of 

aromatic character. This is in accordance with 

molecular model, which 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 2-nitrophenol derivative (CXXIV) and not an 

unsaturated tcetone. The infrared spectrum shows 

several bands which are ch&racteristic of m-bridged 

2-nitrophenol, and there is no sign of any band due 

to absorption of conjugated ketones. 

From the ultraviolet spectrum (table XXVIII), 

the bands at 'max  3300, 2500 and 2370 Si with Emax 
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of 10 9 500, 6 9 950 and 39 300 respectively are in 

agreement with the spectra of mlm ln-trimethyl 

nitrophenol. 

From the NAB spectrum, the bands at 

9.3-6.6, 4.4 and 2.1-C" which are due to the methylene, 

hydroxy and aromatic ptotons suppOrt the above struc--

ture. 

The infrared and ultraviolet spectra 

(table XXVIII) of compound (CXXV) resemble those of 

co-planar 2,3-dialkylcyclohex-2-anones(LXXIX, table 

XVI). The higher Vc.0  of (CXV) compared with 

(CXXIII) is due to the release of strain in the 

former due to ring size. The NMR spectrum is as 

expected (table XXVIII) 

13 	,).0-UN§ATURATED AROAATIC .0,TONES 

As we have seen earlier, s-cla and a-trans 

conformations in open-chain00-unsaturated ketones 

can be distinguished from the positions and intensities 

of the C=0 and C-C stretching bands in the infrared 



spectra. 

In the liquid state most conjugated ketones 

exist predominantly in one or other of the two 

conformations, but Mecke and Noa.ck
11 

have observed 

that the infrared spectrum of pent-3-en-2-one 

(CXXVI, R=CH
3 
 ) and related compounds (where R = •  

other alkyl groups) 

H 

CH
3
-CO-C=C-R 

H 

(CXXVI)  

exhibit two carbonyl bands near 1700 and 1680cm-1  

in tatrachloroathylene solution. The positions of 

these bands suggested an equilibrium between the 

s-cis and a-trans isomers. Similar doublet-carbonyl 

bands were noted by Macke and Noack for the ketones 

of structure (CXXVII)where R=alkyl group). Timmons 

and collaborators
12 have commented 

R-CO-CH=CH
2 

(CXXVII)  
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similarly on the spectrum of (CXXVI, R=CH3) 9  and 

other examples of this type have been cited by 

Erskine and Waight13. The infrared and Raman 

spectra of (CXXVI, R=Me) have been measured by 

Noack and Jones122 over the temperature range 430 

to -70°  and t85 to i5 respectively. The temperature- 

dependent changes observed in the spectra indicate 

that this ketone exists as an equilibrium mixture 

of s-cis and s-trans conformational isomers in the 

liquid state. The s-trans form is the more stable 

and is present exclusively in the crystalline solid. 

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 resonance of tie type associated 

with the splitting in cyclic s-tram 1 tones32d. 

The presence of such conformational isomers are 

conceivable for some conjugated and cross conjugated 

0( ge-unsaturated ketones which we have studied. 

From table XXIX, it can be seen that the 

relatively low values of ri  of benzylidene acetone 
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(CXXVIII) and dibenzylidTacetone (CXXK) (2.1 

and 0.37 respectively) indicate that these two 

compounds exist mainly in s-cis and s-cis-c1,5 

forms respectively in CC14  solution at room temp- 

erature This conculsion is based on the ri values 

obtained for the fixed analogues s-cis-benzylidene cyclo- 

hexanone(CXXVIII) and s-cis-cis-dibenzylidene cyclo- 

hexanone(CXXX) (0.32 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 r1  of the model s-cis and g-cis-cis 

compounds compared with values obtained for the 
are 

compounds under studyLprobably due to the presence 

of the -transL 	and s-trans-trans  isomer in equilibrium 

with other isomer. In fig (XXI) the infrared spectra 

of benzylidene acetone are given, measured in dif-

ferent media (table XXX), and it seems from them 

that the compound exists mainly in the s-cis form, 
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1612 

169: 

CC1
4 
soln. 

1688 

161g 

1627 

Cyclohexane 

soln. 

1668 

CHC1
3 
soln. 

Fig. XXI. Effect of solvent on the CO= and C=C stretchin 

bands of benzylidene acetone. (continued overloaf).. 
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1683 

Fig.XXI. Lffect of state on the C=0 and C=C'stretcliing bands 

of benzylidene acetone. 
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but to a smaller extent if compared with the 

spectra obtained in the liquid state and in solution. 

In each case the higher and lower frequency bands 

are due to the s-cis, and the bands in between 

are due to the s-trans form. 

The same 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 
are 

the fact that dienoneskusually distinguished by 

the absorption of one band in the carbonyl region 

and two bands in the C=C region227, that is to say 

by three bands if one isomer is present only, thus 

fkA 
in our case, the other three bands are due toLother 

isomer. In fig (III) bands a, b, and c are due to 

the absorption of the s-cis-cis isomer and bands d, 

e and f are due to the s-trans-trans isomer. Also 

from the fig, it can be seen that the compound exists 

mainly in the s-cis-cis isomer in the solid state, 

but to a lesser extent in solution The assignment 
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Pig. XXII. Effect ef bolvert on the CO= ..::a C=C 

chins band.; of dibenzylidene acetone. 
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of the preferred comfonmations of (CXXVIII) and 

(CXXX) has been done already on the basis of dipole 

mement measurements by Sutton and his co-workers220 

and of ultraviolet spectra by Yates and Wi11iams32/3  

by comparison with the related X-methyl derivatives 

as Well as by consideration of scale diagrams. Our 

ultraviolet measurements (table XXX I) are in good 

agreement with the values obtained for the model 

compound5of fixed s-cis-cis conformation (CXI). 

In table (XXIX) the infrared results of 

)(-methylated analogouscompound are reported and 

from ri  values which are high compared with fixed 

s-cis and s-cis-cis compounds but of nearly the 

same order for the s-trans and s-trans-trans com- 

pouns9  it is concluded that the conformation of 

these compounds (CXXIX and CXXXI) are predominantly 

s-trans and s-trns-trans respectively in CC14  

solution at room temperature. 

In fig (XXIII, table XXX) compound (CXXIX) 

shows side bands on the higher and lower frequency 
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1623 1678 

1620 - 1617 

1669 

169 

CHC1.. soln. 
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CC1 soln. 

Fig. XXIII. Effect of solvent on the C=0 and C=C stretching 

hands of 2-methyl-l-phenylpent-l-en-3-one. 
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sides of the C=0 and C•C bands respectively, this 

is also probably due to the presence of the s-cis 

isomer in equilibrium with s-trans isomer. On the 

other hand compound (CXXXI, fig XXIV) shows only 

ono band due to C=O and another one due to C=C 

not as expected for a s-cis-cis compound which 

exhibits six bands. Even so these two bands are not 

well resolved, or in other words 61.1( / - V =15cm-1) 
c=c c=c 

is very small compared with the value for other 

003unsaturated ketones which is difficult to 

understand. Also from fig (XXIV), the compound 

seems to exist mainly in the s-cis-cis form in the 

solid phase while it is mainly in the L-trnns-trans 

form in cyclohexane and to a lesser extent in carbon 

tetrachloride and about a 50 mixture of both isomers 

in CHC13, if compared with the spectra measured in 

the solid state or in non-polar solvents. 

In general the CO= and C=C frequencies 

have the lowest values in the solid state and the 

highesEin non-polar solvents such as cyclohexane. 
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1637 1626 

CHC13 
 soln. 	1579 

Fig. XXIV. Effect of solvent on the C=0 and C=C stret- 

ching bands of 1,5-dipheny1-2,4-dimethylpent-

1,ti-diene-3-one. (continued overleaf).- 
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From table (XI) it can be seen that the 

lower values of Llmax  due to the K-bond Of the 

methylated compounds (CXXIX and CXXXI) corripared 

with unsubstituted analogues (CXXVIII and CXXX) is 

thus due to (i) change in gross conformatiOn and 

(ii) hindrance tc co-planarity. The hypsochrornic 

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 excited 

states of the two kinds of dienone system. 

The Ni4R spectrum of compound (CXXVIII) shows 

that the two hydrogen atoms at the C=C bond to be 

tram to each 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 

methyl group at the C-0 bond allylic to and split 

by the vinyl protcn which absorbs as quartet (2.56T). 

The same thing applies to compound (CXXXI) as shown 

in table (XXXII). 
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ABBREVIATIONS 

I.R. 	Infrared 

ri 	Integrated bad intensity in 1.mol
-1
.cm

-2 

(reported as Ax10-2) 

Ac=o 	
Intensity of the C=0 band 

A 
c=c 	Intensity of the C=C band 

ri=LE.D 	Relative intensity of the C=0 to C=C band 
A c=c 

Frequency of the C=0 bend in cm-1  
c=o 

Frequency of the C=C band in cm-1  
G=C 

LA) Difference between L. =o 
	c 
and )2 

=c
in dm-1  

c  

Frecuency of out-of-plane deformation of 

the vinyl hydrogen 

Ea 	Apparent extinction coefficient 

LA 4 	Width of the band at half intensity 

vs 	Vary strong intensity 

s 	Strong intensity 

m 	Medium intensity 

Weak intensity 

sh 	Bands appearing as shoulders on more 

intense bands 
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U.V. 

max 

E  max 

Ultraviolet 
0 

Wave-length in A 

Molecular extinction coefficient in 

g.mo1.1-1 

322 

NAR 	Nuclear magnetic resonance 

J 	Coupling constant in c/s 

s 	Singlet band 

d 	 Doublet band 

t 	Triplet band 

q 	Quartet band 



TABULATION OF THE RESULTS 
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TABLEI 

Summazy of the infrared light absorption 

of ketones published by Mecke  and Noack 10  

321} 

V c=0 

cm-1  

Non-conjugated 1720 

Conjugated with 1635 
s-trans conformation 

Conjugated with 1693 
s-cis conformation 

A c=0 

x10-2 
1)C=C 

- CM 1  

A -_ Ac c 

x10-2 

97 

111 

79 

1640-1635 

1613-1644 

1617-1623 

11 

23 

66 



^ 
CM

1 
 

Summary of the infrared light absorption 

ofWLunsaturated ketones published by 

Erskine and Waight13  

\ilc=o A 
	A 
c=o \11c=c c-_ c 

-1 	-1 cm 	x10-2 cm 	x10-2 

1634- loo- 1601- 4o- 0.6- 60- 
1727 	18o 	1644 	170 	3.5 	90 

325 

TABLE II 

n=1 9 2,3; (i)R1=R2=-H 	(ii)R1=R2=CH3  (iii)R1=H9  R2=Ph 

f1iL
R  

1669- 30o- 1615- 4o- 6-8 3o-
1 	400 	1639 	6o 	40 

(i) R =R2=CH1 	(ii) R1=H9  R2=CH3 	(iii) R1=H9  R2=Ph 
Lsrrych3  

o 

c2H5  

c(cH
3
)
2
:CH?COCH

3 

CH
2
:C(CH3)cocii.) 

7o 

(ch_)2 
(CH' 

3) 2 	
1-13 

cdcm
3 

CH 
3 

1711 415 1625 65 6.4 

1706 305 1634 10 30 

1693 100 1619 165 0.61 

1683 135 1632 15 9 

1690 140 1619 110 1.3 

1665 300 1620 35 3.6 45 

OCh, 

36 

72 

74 

50 



TABLE III 

The infrared light absorption of some sub-

stituted cyclop2nt-2-enones 

\Ic=o 

-1 
cm 

A 
c=o 

x10-2 

'11c=c 

-1 cm 

A 
c=c 

x10-2 

3 

2 (X)  1
4 
 720

v wo 
,400 

43 (.  
1593 18.5 21.6 

2-Me (XI)  1711 320 1642 14.3 22.4 

-Et (XII)  1706 305 1634 -10 30.5 

-Pr1  (XIIL) 1706 331 1623 13.4 24.7 

_But 
(XIV) 1706 332 1620 3.2 40.5 

-0Bu1  (XV)  1722 476 1623 105 4.5 

3-Me (XVI)  1711 415 1625 65 6.4 
1674 

-Et (XVII)  1713 422 1623 32 5.1 
1676 

-Pr' (XVIII)  1717 456 1616 94 4.9 
1686 

-Bu
t  

(KIX) 1714 456 1603 103 3.o 
1636 

-0Bu1  (a) 1711 445 1600 654 -  6 3 
1637 

2-Me-3-Me (XXI)  1701 369 1656 126 2.9 

2-Et-3-',de (XXII)  1702 362 1649 94 3.8 

L 	Erskine and Waiht13 

326 

r
i 

V 

cm
-1 
 

127 

69 

72a  

73 

36 

99 

63 

74 

94 

92 

99 

45 

53 

N.B. Improved Ramsay method was used for the band intensity 
measurements 
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T LB 	IV 

Jffects of solvent on  the C=0 and C=C stretching 

absorption of 3-tort-butylaclopent-2-enone 

Solvent 

	

)07-0 	
A _ 

))c=c 	
A _ 

c-o 	c-c 

	

-1 	-1 
gm 	x10-2 cm 	x10-2 

    

CC14 	1714 	456 	1603 	103 

CHC1
3 	

1703 	476 	1604 	127 

lla 	Aa 	40.
b 

A
a
/A
b 	261 

-1 	 -1 	-1 cm 	cm-1 x10-2 x10-2 cm 	cm 

CC14  

CHC1
3 

1714 1686 337 64 —5 362 1724 

1703 	16 35 	232 	295 	0.8 - 



TABLEV 

The ultraviolet light absorption of some 

.gubsAituteq_uclopent-enones 

(X)  

7\ 	A 
max 

6 
max 

2170 119600 

2-Me (XI)  2260 3,550 

-Et (XII)  2270 9,300  

-Pri  (XIII)  2265 99130 

-But  (XIV)  2265 3,700 

-0Bui  (XV)  2450 6 9  300 

3-Ae (XVI)  2260 13,700 

-Et (.;N:VII) 2270 11,200 

-Pri  (ILVIII) 2270 14,300 

-But  (XIX)  2270 12,900 

-0Bui  (XX)  2375 179730 

2-Me-3-Me (XX I) 2340 13 550 

2-Et--3- 4e (XXII) 2345 139340 
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2-Me 

-Et 

-Pri  

-But  

-0Bui  

3-Me 

-Et 

-Pri  

-But  

-CH3 	J
c/s 

TABLE VI 

Tha nuclear maEnetic resonance of some 

substituted cyclonent-2-enones 

329 

-oBul  

(measured in 

lite 

1: -values) 

-CH-9 -CH2  

(X) 3.92 2.29 7.57 

(KJ) 2.77 7.6 

(XII)  

(XIII)  2.34 7.56 

(XIV)  7.62 

(,:V) 

(XVI)  4.14 7.56 

(XVII)  4.14 7.57 

(XVIII)  4.13 7.60 

(XIX)  4.13 7.56 

(XX)  3.02 7.66,6.25 

3.26 	1.9a  

3.90 

3.91 

7.85 

3.30 

3.30 	1.7 

3.35 	1.7 

9.04,3.94 

2,3-Di-Me (XXI) 	7.7 	3.3997.97 

2-Et-d-Ae (XXII) 	7.7 	9.05,7.96 

a 	splitting betweenYk and 2-1e protons 



Yc=o 

-1 cm 

1691 9 	(XXVII) 
0 	1674 

2-Cl 	(XXVIII) 1706 

2-0Me-3-Me (XXIX) 1634 

3-C1 	(XXX) 	1633 
1655 

3-0Et 	(raKI) 1669 
1657 

3-SMe 	(XXXII) 1671 
1664 

55 5-Di-me-3PhOaxiii) 1670 

T ABLE VII 

The infrared litht abijurption of some sub-

stituted czclohex-2-enones 

330 

A cxo 
1,/ 
c=c 

A c-c 
r
i 

x10-2 crn-1  x10-2 

275 1621 2.5 110 

153 1612 14 11 

222 1641 26 3.5 

260 1612 55 4.7 

272 1612 310 0.9 

270 1530 33 3.1 

340 1615 51 6.7 

N.B. 	Average values of the band intensity are reported using plani- 

meter and Simpson's methods 
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TABLE VIII 

Effects of solvent on the  C=0 am-1 C=C stretchinz absorption 

of 3-ethoxygIclohexz2=prione 

CC14 	1663 

CHC1
3 	

1657 

CC14 	1669 

CHC13 
	

1669 

A 
c=o 

x10-2 

c=c 

-1 
cm 

A 
c=c 

x10-2 

24-1  

CM
-1 

272 

336 

b 	
A
a 

-1 cm 	x10-2 

1612 

1604 

A
b 

x10-2 
Aa/Ab 

1.6 

0.24 

310 

450 

-1 
CM 

820 1657 	216 

1644 	64 

136 

270 

1640 

Solvent 1)c o 

-1 cm 

a 

-1 cm 



T ABLE IX 

The ultraviolet absorition of some 

substituted ciglohex-2-enones 

2k max 	EIMax 

(XXVII)  2250 13 9 300 

2-Cl (XXVIII)  21 ,30 6 9 700 

2-Oi"Ie-3-Me (X SIX) 2470 9 9 200 

3-C1 (XXX) 2315 14 9 900 

-0Et (CaI) 2375 15,300  

-Slie (=II)  2370 19,000  
5 5-Di-Me-3-Ph (=III)  2335 199500 
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T ABLE X 

The nuclear magnetic resonance of some 

substituted cyglohex-2-enones 

(measured in T -values) 

HB 

h a (__XVII) 

2-C1 	 (XXVIII) 

2-OM-le-3-Me 	(AXVIX) 

H H 	-CH
2
- A -C H3 Jc/s 

4.12 

	

3.13 	7.7 

	

2.35 	7.73 

7.8 3.94 9 3.13 
6.4 

2.2 

3-C1 	(XXX) 3.38 7.7 1.4 
(t) 

-alt 	(iXXI) 4.3 6.09 7.82 1.6 
(t) 

-SMe 	(=II) 4.33 7.67 1.5 
(q) 

53 5-Di-Me-3-Ph(UXIII) 3.75 7.6 3.36 1.4 
(t) 
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TABLE XI 

The infrared lizht absorntion of some fixed 

(Ch 	)n 	____ 

cisoid 

0 

cRiR2  

vc-o 

cm
-1  

pe-unsaturated ketones 

A 
c
_ 
-c 

x10-2 
r 

-1 cm 

A 
c-
_ 
o 

x10
-2 

lic=c , 

cm-1 

(13;=R=H;n=1) (XXXVII)  1727 175 1644 70 2.5 83 

(R=R=H;n=2) (XXXVIII)  1697 160 1618 65 2.5 79 

(R=R.41;11=3) (XXXIX)  1694 105 1613 40 2.6 31 

(R=R=H;n=4) '(XL) 1692 115 1611 40 2.9 31 

(B=R=11,n=3) (XLI)  1634 173 1629 11.8 15 55 

(R=R=mem=i) (XLII)  1706 145 1633 155 0.94 73 

(R=R=Me;n=2) (XLIII)  1639 165 1620 111 1.49 69 
Me 
*(R=R=Ne ;n=2) (XLIV)  1637 190 1613 125 1.52 69 

(R=R-Me;n=3) (XLV)  1685 155 1626 100 1.55 59 

N.B. Improved Ramsay method was used for the band intensity 

measurements 



TABLE XII 

The 117.travio1et 1igt  absorption of some 

fixed cisoid  00-unsaturated ketones 

335 

o m

ax 

 
A 	

max / 	 _ 0 

-1 

 r 
(CH ) 

2 -,..= ci--taR2  

(R=R=H;n=1) (XKXVII) 

(R=R=H;n=2) 	(XXXVIII) 

(R=R=H;n=3) 	(XXXIX) 

(R=R=H;11=4) 	(X.L) 

(R=R=H;n-8) 	(XLI) 

(R=R=Me;n=1) 	(XLII) 

(R=R=f4e;n=2) 	(XLIII) 
Me 
1-(R-R-Me;n=2) 	(XLIV) 

(R=R=Me;n=3) 	(XLV) 

2310 7550 

2300 7400 

2300 5770 

2300 3930 

2230 )850 

2540 11600 

2530 6000 

2520 6500 

2480 6400 



20 	20 

57 L1.7 

35 8.8 

106 2.6 

18 7.8 

51 3.5 

39 

165 	0.7 

TABLE XIII 

The infrared liht absorption of some 

OP-unsaturated esters and ketones 

A _ 	A 
Lic=o 	c-o 	Vc=c 	c=c 

-1 	2 cm 	x10 - x10 	cm 	x10- 

336 

ri 

CH =CHCO Ae 	(LIII) 2 	2 

CHMe=CHCO2Me 	(LIV) 

CHMe=C(Me )CO2Eit (LV) 

CMe2,.,CHCO2Me 	(LVI) 

CH2=CHC0Me 	()CLVII)c  

CHMe=CHCOMe 	(L1/II)c 

OHMe=C(Me)COMe(LVIMe 

CMe2=CHCOMe 	(LIX 

1736 
1720a 

1730 
1633a 

1714 

1725 
1704b 

1706 
1636 

1701 
1632 

1675 

1693 

398  

261 

292 

231 

140 

130 

231 

112 

1633 
1623 

1664 
16  53 

1656 

1664 
16 50 

1618 

1634 

1646 

1622 

a very weak band 	b as a shouldr 	c Mecke and Noack 

N.B. Average values of the band intensity are reported using% 

planimeter and Simpson's method 



(LX)  1767 862 572 1667 13 44 
1730 
1715a 

(LXI)  1737 475 1653 26 13.3 
1754a  
1717a 

(LXII)  1733 346 533 1653 5.2 102 
1722b 

(LXII I) 1747 351 430 1631 5 96 
1702 

(LXIV) 1635 320 1613 60 5.3 

(Lxv) 1776 300 1676 10 30 

(LXVI) 1733 222 1627 3.1 24.5 

N e 

Ne1=, 

337 

TABLE XIV 

The infrared light absorption of some 

*b.<-unsaturated lactones 

Vc=0 	Si 	A c=o 

	

c=c 	A c=c 
ri  

-1 	-1 	-i2 
cm-1 	cm 	x10-2 cm 	x10 

a 	weak band 
	

b 	as a shoulder 

N.B. 	Average values of the band intensity are reported using 

planimeter and Simpson's methods 



TABLE XV 
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The infrared light absorption of some 

c)2LIunsaturated ketones 

A _ 	A Vc=o 	c-o 	1)c=c 	c-_ c 	A1) 

cm-1  x10-2 x10-2 cm 	x10-2 cm  
ri 

(LXXVII) 1693 	163 	1625 	105 	68 	1.5 

(LXXVIII) 1663 	312 	1637 	59 	31 	5.3 

Me 
Me 	M e 	(Lai) 	'1669 	2)5 	1639 	35 	30 	8.4a  

rm______ ° (XLIII) 	1639 	165 	1620 	110 	69 	1.5 
C .,2-=----- C ( CH3)2 

	

1693 	100 	1619 	165 	74 	0.6a  

(LIX) 

(CH3)2=C(CH3
)C00H

3 	
1692 	135 	1623 	)5 	69 	1.4a  

(LXXX) 

(CH3)2=C(CH3
)C0C(0H

3
)
3 	

1683 	190 

( LXXXI ) 

a_ Erskine and Waight13  

N.B. 	Improved Ramsay method was used for the band intensity 

measurements 

(cm
3
)
2
=CHCOCH

3 



c(CH3 ) 2 
(CH

3
)2C=CHC00H

3 
(cH

3
)2C=C(CH )COCH 

3 	3 
(0li

3
) 2C=C(0H

3
)C0C(CH 

• 

TABLE XVI 

The ultraviolet light absorption of 

Some 4Lunsaturated ketones 

339 

'A max A 
max 

(LXXVII)  2460 6,170 

(LXXVIII)  2440 12,300 

(LXXIX)  2440 10,000a  

(XLIII) 2530 6,000 

(LIX) 2370 12,600a 

(LXXX)  24 55 6,000a 

(LXXXI)  2375 1,.250 

a 	3rskine and Waight13 



TABLE XVII 

The infrared and ultraviolet light 

absorption of  some ezcl-27enones 

340 

CHC1 soln CC14 soln 

l'c=o 	"c=o 

cm-1 	x10-2 

   

 (X) 0 
16 
17
63 

374 

n=2 (XXVII) 1691 273 
1631 

n.3 (LXXXIV)  1669 245 
1677 

n=4 (LXXXV)  1669 196 
1681 

ca/ a  
`-1 	-2 

cm-1  

c=oc=o 

x10-2 

er a/Ea  -1 	2 

46 17
60  
08 337 13.9 

3.5 1636 295 0.73 
1671 

1.06 1660 262 1.97 
1646 

1.93 1657 185 0.6 
1671 

N.B. Average values of the band intensity are reported using 
planimeter and Simpson4s methods 

Ultraviolet 
(2\ 0 

max 
E 
max 

 

n=1 (X) 2170 11,600 

n=2 (XXVII) 2250 13,300 

n=3 (LXXXIV) 2270 9,900 

n=4 (LXXXV) 2300 31500 



TABLE XVIII 

The infrared lizht absorption of cyclanones a  

341 

0 

C:)\17, 	'CH2 ) n  
n=1 

n.:2 

n=1 , 

-\1c=o c=0 

- cm 1  x10 2-  

1751 289 

1718 254 

1706 218 

1705 209 

A Barer and Ganthard123 



C=0 

- 
cm 1  

Vapour 1709 

Cyclohexane 1696 

cc 14  1692 

Dioxane 1633 

CHC1
3 

1633 

41)A.ixio3  
1)C=0 

-1 N)/Vxio3 	LW/Vxio3  
cm 	cm 

1712 

7.0 1693 

9.9 1691 

12.3 1638 

15.2 1636 

1705 

3.12 1680 14.65 

11.7 1681 14.65 

15.2 1678 15.84 

16.4 1671 29.50 

T A B 

The stretching  band frecuencies of cyclohex-2-enones 

and acetophenone lin different medial 

Medium 
	

AcetoQhenone 	cyclohex-2-enone 

342 

40. 	Absorption due overtone band. 



11 	 ( CH2 ) n 
n=1"t? (X) 

n=2 	(XXVII) 

n=3 	(LXXXIV) 

n-4 	(LXXXV) 
CH

2
)
n 

H 

3.92 2.29 

4.12 3.13 

4.14 3.67 

4.09 3.32 

n=1 
	

(LXXXVIII) 

n=2 
	

(LXXXIK) 

n=3 
	

(XC) 

n=4 
	

(XCI) 

TABLE XX 

The nuclear magnetic resonance of 

cvcl-2-enones and benzcvclanones 

,measured in "t-values, 

343 

-CH2- ph J. p, 
a 

7.57 5.7 5.11-5.7 

7.70 10.0 9.9-10.5 

7.36 12.1 9.7-12.5 

7.92 12.3 11.3-12.3 

7.17 2.44 

7.52 2.43 

7.70 2.59 

7.30 2.62 

22 - a 	Lit. values for J.4 of cyclo-olefins 



TABLE XXI 

The infrared  and ultraviolet light 

abaarption of cyslanones 

344 

Vc=o 	Ac-_ o 

- cm 1 	x10-2 

(f,,:CCCH
3 

(LXXXVII) 	1695 	253 
e%'T--(FH2)n 

n= 	(LXXXVIII) 	1721 	394  

n=2 	(LKKKIX) 	1694 	220 

n=3 	(XC) 	1635 	194 
1689 

1-1=4 	(XCI) 	1677 	130 
1693 

(1? 	

(oil) 	1634 	237 

o 
max A max 

2370-  129050 

2440 12,300a  
2 900 2, so 

2430 11,600 
2920 19690 

2460 8,970 
237o 1,530 

2430 6,480 
2900 870 

2520 
2200 

109200a 
12,060 

a 	kindly provided by Mr :1. Foster 

N.B. Averae va1uL,s of the band intensity are reported using 

planimeter and Simpson's methods 



TABLE XXII 

The ultraviolet light absorption of 

some alkylated acetoghenones a  

345 

7r  --K  b 
0 

max
A  

 

n-T( 

  

max 	
fA
max

A  
E  max 

CGCH
3 

(LXXXVII) 2370 12,050 2250 44.7 
2-Me (XCIII)  2370 10,700 3180 72.0 

3-Me (XCIV)  2410 17,400 3180 53.3 
4-Me (XCV)  2460 13,000 3180 59.4 

(XCVI)  2460 12,350 3170 95.2 

21 5-Di-Me 2400 9,750 3300 62.5 

2,6-Di-Me (XCVIII)  2460 2,010 3080 92.7 
(XCIX)  23 30 2,960 '100 81.0 

a All these acetophenones are kindly provided by Mr R.L. Erskine 

b R.L. Erskine13, for it-irmeasurements 
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TABLE XXIII 

The infrared  11gbt absorptim of §sme 

alialated_Acetophenone 

V 

	

c=o 	
Ac.o 

- 

	

cm
1 
	x10-2 

COCH_ 
21 

(LXXXVII) 	1695 	253 

,:;4/1e 	(XCIII) 	1692 	216 

3-Me 	(XCIV) 	1692 	223 

4-i\le 	(XCV) 	1639 	224 

27 4-Di-Me 	(XCVI) 	1683 	210 

2,5-Di-Me 	(XCVII) 	1639 	237 

2,6-Di-Me 	(XCVIII) 	1706 	210 
1701 

29 4 9 6-Tri-Me 	(XCIX) 	1701 	205 
1639 

N.B. Average values of the band intensity are reported 

using planimeter and Simpson's methods 



(CH
3
)
2
C=CHCOCH.C(CH

3
)2 

(CH
3
)2C.CHCOCH3 

 

(CH
3
)2C=CBrCOCBr=C(CH

3
)2 

(CH
3
)2C=CBrCOCH

3 
 

PhHC 	HPh 

TABLE XXIV 

The infrared light absorption of phorone4. 

some of its derivatives and other model compounds 
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) 
co= 

-1 cm 

A c=o 

x20-2 

C=C 

-1 cm 

AC=C 

x10-2 
i 
r 

(CtVI) 1678 43.4 1637 282 0.15 
1619 

(LIX) 1693 85 1619 140 0.61 

(CVII)  1674 39.8 1623 49.6 1.81 

(CVIII)  1694 114.6 1604 73.3 1.55 

(CIX)  1701 29.3 1650 271 0.11 
1634 

(CX)  1715 149 1646 170 0.88 

(CXI)  1675 64.9 1615 211 0.31 
1602 

(CXII)  1691 115 1601 140 0.82 

continued . . . . 



I) 
c=o 
-1 cm 

A c-_ o 

x10-2 

li 
c=c 
-1 cm 

A _ c-c 

x10-2 
r 

1678 313 1641 102 3.04 
1622 

1717 2381674 121 2.38 
1703 It63 

1735 231 1671 117 1.93 
1721 1661 

1712 332 1633 32 3.92 

1732 310 1652 56.7 5.47 

1701 285 1656 33.5 3.41 

Me ,CHC1 
die 	Met 

(CXIII) 

Me2 LD Br 
Niel 	OH 	(CV) 

Br 
doh (cxv) 

0 

T OMe (CXVII) 

Br 
OAS (=III) 

(XXI) 

Met  
ik e2 

Me, 

---- Me 

L Me 

TABLE XXIV (continued) 
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O 

N.B. Average values of the band intensity are reported using plani-

meter and Simpson's methods 



(cH3)2G=CHCOCH,=C(CH3
)
2 

WIWI) 

(CH3)2C=CHCDCH3 
	

(LIX) 

(CH3 )2C=CBrCOCBr=C(CH
3
)
2

CVII) 

(CH
3

) 2C =CBrCOCH 

Phh 

Cr°C HPh 

(CVIII)  

(CIX)  

(CX)  

(CXI)  

(CXII)  

T A BLF, jay 

The ultravtol9t_right absorptiop of phorone4  

some of its derivatives and other model eomouns.14  
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•1 	o 

axA  max 

• 2650 19,400 

2370 12,600 

2320 5,555 

2590 5,220 

3000 19,200 

2560 11,100 

3300  25,000 

2880 19,000 

continued . . 



0 

maxA  max 

(CXIII) 21+00 151 100 

(CV) 2620 13,100 

(CXV) 2570 14,0003  

2610 11,700 

(CXVIII) 2440 15,200 

(XXI) 22340 13,580 

CHC1
2 

e 	1.1 e 

Iii e 

Br 

OH 

Ne, 	Br 
U(CXVII) Me2 	OI"ie 

Me_ 
.4. 	OAc 

Mè  
	

Br 

e 
ire 

0 

TABLE  XXV  (continued) 
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a Determined in hexane solution, 



-c H3  

8.14(a) 
7.36(a) 

3.14(d) 
7.94(s) 

8.02(s) 
7.96(s) 

7.98,7.93 
7.59 

-CH2--CH- -0=CH -Ph -OH 

  

4.05 
(octet) 

4.03 

   

3.25-7.15 

8.25-7.27 

	

8.72-7.12 	2.33 	2.67 

	

8.15,7.12 	2.65 

continued . . . 

TABLE XXVI 

nuclear  magnetic resonance  of  phorone.1  some of 

its derivatives  and other model compounds 

llgeaured in nc -valuegl 

351 

The 

(CH
3
)
2
C=CHCOCH=C(CH ) 

(ctvI) 	3 2  

(cH3)2C=CHCOCH, (LIX)5  

(CH3)2C=CBrCOCBr=0(CH3)
2 (CVII) 

(CH ) C=CBrCOCH 
3  2  (CVIII)3  

0,) 
 	(CIX) 

_z?
0  

)=C 

(cx) 

--CH.011 

(CXI)  

ef CliPh 

(CXII)  

CHPh 



TABLE 	XXVI 	(continued) 

-C-:=CH :Ph 	-OH -CH3  -CH
2
-
'
-CH- 

(CXIII) 8.46(s) 3.96 3.87 
7.82(d) 

(CV) 3.33(s) 2.81 
3.31(5) 

7.,8a 7.57 3.23 

(CKViI) 3.92(s) 
8.39(s) 
6.11(s) 

(cxviii) 3.89(s) 
3.33(s) 
7.75(s) 

(XXI) 3.39 7.7 
7.97 

Me ,CHC19  
Me 

Me2 
Me2 

  

UGH 

ik. e 

Br  
;.e2 

1

i3r 
1 0AC 

352 

a NiR Spectra catalogue, Varian Associates, California, 1962;  

Vol.I, 129 
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TABLE XXVII 

The infrared, ultraviolet and nuclear magnetic 

resonance of 1-acetylculohexene and 211-ditydroacetoDhenoe 

Infrared Ultraviolet  

   

11 	A _ 	A l° E c=0 	c-o 	c=c 	c=c 	t/k max  max 
-1 	-1 cm 	x10-2 cm x10-2 

   

000CH_ 
(XCI) 1672 190 1642 15.5 2320 11,350 

1o 3 
cccH(

cxa) 1674 15o 1637 3o 	2410 4,150 

N.B. Ilverae values of the band intensity are reported using 

planimeter and Simpson methods 

Nuclear magnetic  resonance 

,measured inr-valuegl 

-CH2- 	
-C 113  

(XCI) 	3.24 	3.34,7.82 

(CXX) 	4.3,3.16 	7.15 	7.73 



(ovum 1701 

(cH2)
5 

N e 

(CXXV) 	1676 

354 

TABLE XXVIII 

The infrared..  ultraviolet and nuclear ma7netid 

resonance of  some bridged 01.:&-unsaturated ketones 

r 
i  

max 	max 

6.95 274o 6,64o 
310o 2,700 

7.3 	2510 10,000 

A 	I) 	A 	o -Vc=o 	c=o 	cr-c 	c=c 

-1 
cm  x10-2 

-1 
cm x10-2 

219 1647 31.6 

219 1633 29.5 

N O 

(CXXIV) 	3500(0-H str.), 1530(C=C i.p.vib.)9  1450(C-H def. 

vib.), 1375(C-0 str.)9  1333(assym.NO2  str)9  1246 

(0-11 i.p.def.)9  1170(C-H i.p.def.)9  900 (C-N vib.) 

360(1:2:3:5 o.o.p.d.), 745 (inconsistent band) 

B. Improved Ramsay method was used for the band intensity measurements 

Nuclear magnetic resonance (measured in T -valuesl 

(CXXIII) 3.07, 6.63, 2.39, 2.63 

(cxxv) 	3.73, 3.17, 7.5 

(cxxiv) 	9.3-6.6, 4.4, 2.1 



PhCH=CHCOCH
3 
	(CXXVIII) 

PhCH=C(CH3)COC2H5 (cKIK) 

PhCH=CHCOCH=CHPh (CXXK) 

PhCH=C(CH
3

)000(CH
3 
)=CHPh 

(cxxxi) 

r, ...-C1-iPla 

e 2 

Me 
1.1e CHr.a, 

TABLE XXIX 

The infrared light absorption of some 

conjugated aromatic ketones 

355 

co= 

CM 

A c=o 

x10-2 

c=c 
- CM 1  

A c=c 

x10-2 
r 

1697 153 1625 72 2.1 
1678 1612 

1697 208 1630 17 12.4 
1673 1623 

1631 135 1623,159q 359 0.37 
4.661 1628,1610 

1645 248 1629 71 3.47 

1691 135 1601 165 0.32 

1675 61 1615 211 0.29 

1670 400 1615 60 6.7 

1678 313 1641 102 3.0 
1622 

N.B. Average :values of the band intensity are reported using 

planimeter and Simpson's methods 
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TABLE 2pE 

Solvent effect on the C=0 and C=C infrared 

bands of some coallggIed aromatic ketones 

(i) PhCH=CHC0CH
3 
 (CXXVIII) 

. 0.••••••••m•••••••••.•••••••m•• 

) c=c band 1cm-11  Conformation State '\)c=o band igm-11 

Solid 1683, 1657 1609, 	1622 mainly s-cis 

Liquid 1690, 	1669 1611, 	1624 
50:50 mixture 

CHC1
3 

1638, 	1668 1611, 1624 
of s-cis and 

cc 14  1692, 	1677 1612, 1627 
2-trans 

Cyclohexane 1695, 1677 1612, 	1627 

(ii) PhCH-CHCOCH=CHElb (CXXX) 

State -1-)c=o bandJcm - 1 	Conformation 

Solid 1677, 1653 1637,1622,1600,1594 	mainly s-cis 

CHC1
3 

1677, 1656 1626,1622,1603,1592i 
50:50 mixture 

cm_4 1681, 1663 1629,1623,161011599ti, of 2-cis, and 
Cyclohexane 1684, 1664 1629,1623,161091599i a-trays 

continued . . . 
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TABLE XXX 	(continued) 

(iii)  PhCH=C(CH )C0C
2  H1  (CXXIX) 

State band_igm _c=o ) 

	

-11 	1 

	

-cc 	band Igm_1 Conformation 

Solid 

Liouid 1691, 1672 1620, 1629 
mainly 

CHC13  1695, 	1669 1617, 1623 
s-trans 

C014  1697, 	1673 1620, 1630 

(iv)  PhCH=C(CH )C0C(CH )=CHPh _3_ (CXXXI) 

State 
1) 	-1 c=o band (cm__1 1) c=c band (cm-11 Conformation 

Solid 

CHC13 

C014  

Cyclohexane 

1622 

1637 

1644 

1649 

1612 

1626 

1629 

1629 

mainly s-cis 

50;50 mixture 
of s-cis and 
s-trang 

mainly .g-trans 
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T_A B LE XXXI 

The_ultraviolet light absorntion of some 

conjugated aromatic ketonag 

o 
A max 

 

Amax 

   

PhCH=CHCOCH
3 

(CXXVIII)  2260 12,700 
2860 22,600 

PhCH=C(CH
3
)cocil

3 
(CXXIX)  2770 18,620 

PhCH=CHCOCH=CHPh (CM) 2340 22,300 
3300 33,400 

PhCH=C(CH
3
)C0C(CH

3
)=CHPh (CL:XI) 2870 27,540 

(CXII)  2880 ' 19,000 

PhhC 	.CEPh 

(CXI) 330 25,000 

Met 	Ph (XXXIII) 2835 19,500 

(CXIII)  2400 15,100 
M „jMe 
Me--CHC1„, 
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TABLE XXXII 

The nuclear magnetic rfialmagaa_of  some  

conjugated aromatla_Mtoug 

(measured inTvalues) 

0( Hp  -CH - -CH  2 / 	3 -Ph 

PhCH=CHCOCH
3 	

(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(CH
3

)COCH2CH3 7.99 2.66 7.25(q) 2.56 
(CXXIX) (d) (s) 3.88(t) 

PhCH=C(CH
3
)coc(cH

3
)C-CHPh 7.77 2.74 2.58 

(CXXXI) (d) (q) 
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