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Ab&act--The conformations of phenyl and vinyl alkyl ketones are discussed. The populations and 
individual integrated vC& intensities are derived for s-cis and s-tram conformers of vinyl alkyl ketones 
and used to calculate total vC& intensities which are in good agreement with those observed. Carbonyl 
intensities are also correlated with twist angles and are shown to have a similar dependence on molecular 
structure in the vinyl and aryl series. 
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WIWL KETONES may exist in s-trans(I) and W%(H) conformations. Extensive studies 
of these compounds, and of models faed in the s-trans or s-cis forms by ring formation, 
or otherwise, has shown that the IR and UV frequencies and intensities2-’ and the 
NMR characteristic&r’ vary according to conformation and this work has enabled 
recognition of the predominant conformers and the formulation of “rules” governing 
the variation of infrared intensities and frequencies of these compounds;’ use has 
been ma& of model compounds, e.g. the spectral differences quoted’ for III and IV 
are characteristic for the s-trans and s-cis configurations, respectively.’ However, most 
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of these studies have been qualitative, and none has treated the equilibria in terms of 
steric and electronic interaction energies. The present paper attempts such a quantita- 
tive treatment of the conformations equilibria I + II for the compounds R--I-I 
through t-butyl. 

Consideration of confo~ation~ equilibria for a~-unsaturate ketones I + II is 
complicate by the simult~eous occurrence of steric hindrance to planarity, of 
different mesomeric interactions in the s-c& and s-trans forms, and, possibly, of a 
different extent of vibrations coupling in the two conformers. We therefore initially 
studied phenyl ketones (V) as a model system in which variable steric hindrance to 
planarity occurred, but which only involves a single minimum energy value. 

RESULTS AND DISCUSSION 

Phenyl alkyd ketones; ring stretching intensities. From the ex~riment~ vi6 inten- 
sities listed in Table 1, we calculate rri values for the acyl groups COR using Eq 1 
which applies to monosubstituted benzenes.r4 

A 
IncmO 

= 17,~(~~)2 + loo (1) 

(Q$, = (c& cos2 cp (2) 

The considerable variation found in CJ~ (Table 2) for the COR groups with R = Me 
to R = Bu’ is, we believe, mainly a result of the equilibrium conformations of the 
acyl benzenes being such that the larger acyl groups are twisted out of the plane of 
the benzene ring. The effect of this twisting should be governed by a cos2 function 
as in Eq 2, where Cp is the angle of twist and (IT& the observed value whereas (CT& 
would be that for a hypothetical COR coplanar with the benzene ring. We assume 
that the quantities (CT& are closely similar for all COR groups (R = alkyl) but 
possibly different for CHO as discussed below. 

Before discussing these a; values in detail, it is useful to look at independent 
evidence concerning the rotational barriers in acyl benzenes. The measured barrier 
for benzaldehyde15 is 7.9 kcal mole-’ and although barriers for rotation of the 
RCO group are not directly available, we can estimate that for the CH,CO group 
in acetophenone. Thus the rotational barriers for p-methoxy-” (9.2 kcal mole-“) 
and p-dimethylamino-benzaldehyde15 (10.8 kcal mole- ‘f and those for p-methoxy-I6 
(7.3 kcal mole-‘) and ~-dimethylamino-acetophenone16 (8.5 kcal mole- ‘) will be 
higher than the barriers in beuzaldehyde and acetophenone themselves because 
of increased conjugation. This increased conjugation is greater in benzaldehydes 
with p-donor substituents than for the corresponding p-substituted acetophenones,” 
in the ratio of ca 4:3. The measured barrier for benzaldehyde given above is 7.9 
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kcal mole-’ ana hence we can estimate the barrier for acetophenone as ca 6.4 kcal 
mole- i, a difference of 15 kcal mole- l.* In confirmation of this, the AH” difference 
between the s-c& and s-trans conformers of acraldehyde is 29 kcal mole-’ from 
microwave spectroscopy’* (gas phase) and 29 kcal mole-’ from ultrasonic relaxa- 
tion” (pure liquid) and that for methyl vinyl ketone is 05 kcal mole-l from an 
IR intensity variation with temperature” (in CS, solution). In both cases the s-rrulls 
form is more stable.? The variation in the energy difference between the s-ci.s and 
s-trans forms of acraldehyde and methyl vinyl ketone arises at least in part from 
steric hindrance in the s-trans form of methyl vinyl ketone. The steric hindrance in 
s-trans methyl vinyl ketone compared to s-truns acraldehyde should be similar to 
the increased energy of the ground state of acetophenone relative to benzaldehyde 
(of structures I and II) and indeed is found to be identical to our estimate of 1.5 kcal 
mole- l. 

We can use this value of 1.5 kcal mole-’ to calculate the angle of twist in aceto- 
phenone taking the CHO group in benzaldehyde as coplanar with the ring and 
assuming that the energy difference arises entirely from steric causes Thus we would 
have 4 given by 6.4 = 7.9 cos2 4 and derive a value of 25.70”. The cos2 form of 
barrier is supported by our unpublished calculations2’ and by the work of Meyerz2 

EeV = 0.65 f(4) + 3.65 (3) 

who calculated the energy of n + 7~ * transitions in twisted “phenyl carbonyl”, 
C,H,CO, as a function of the overlap integral and hence of the angle of twist 4. His 
published results may be described by Eq 3 which requires that the function of 4 
be zero for a 90” twist out of plane and unity for 0” twist. The results in Table 3 
show clearly that his results are well reproduced when f(4) is taken as cos2 4. 

We now return to the ai values obtained (Table 2) from our measured intensities. 
If we follow the assumptions above that the CHO group is coplanar with the benzene 
ring and that the differences in 0; values measured reflect twisting out of the plane 
for the COR groups in acetophenone etc. then we can use Eq 4a to calculate the 
angle of twist. These assumptions are designated (a) throughout the paper and also 
in the relevant equations. Values of 4 so obtained are shown in column 3 in Table 2. 
It is seen that the value of 184’ for acetophenone is not too far different to that 
estimated above. However, such angles of twist seem rather large and they are derived 
on the assumption that the difference in conjugative powers of the COMe and CHO 

l In the gas phase, the energy barriers for benxaldehyde and acetophenone are quoted as 4.66 and 
3.1 kcal mole-‘,respcctively. cf F. A. Miller, W. G. Fately and R. E. Witkowski, Specrrochim. Am UA, 
891 (1967) 

t Other work supports these conclusions, at least qualitatively. Thus acraldehyde has been shown to 
exist predominantly in the s-rruns configuration (I) in solution from dipole momenta [see Ref. 18 and 
J. B. Bentley, K. B. Everard, R. J. B. Marsden and L. E. Sutton, 1. Chem. Sot. 2957 (1949)]. The absence 
of any change of the IR spectrum of acraldehyde with temperature both in solution and in the vapour 
phase has also been interpreted20 in terms of a large predominance of the s-rruns form. Dipole moment 
measurements suggest that methyl vinyl ketone exists predominantly in the s-mm conformation [see 
“I M. T. Rogers, J. Am Chem Sot. 69,2544 (1947): “’ P D. Foster, V. M. Rao and R. F. Curl, Jr., J. Cher 
Phys. 43, 1064 (1965)] and this conclusion is supported by the microwave spectrum [see Ref b above]. 
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TABLE 3. CAL~ULATI~NOF~~#)US~NO~UATION (3) 

# LO" 20" 30" 40" 50" 60" 70" 

E,“” 4.27 4.2 4.125 4.0 3-725 3.8 3.9 
f(#I 0.95 0.85 0.73 0.54 @39 023 @12 

cos2# o-97 O-83 0.75 059 O-41 o-2.5 o*i2 

D Ref 22 

is solely a consequence of steric hindrance. Therefore we also have carried out calcuia- 
tions on the alternative extreme assumption that acetophenone is planar and that the 
difference in conjugative powers of COMe and CHO is solely a consequence of 
different electronic effects. 

%&co,) = %&fo, cos2 Q, (4aI 

This alternative is designated (b) throughout the paper and in the relevant equa- 
tions. The angle of twist for the alkyl phenyl ketones is here derived from Eq 4b, 
(values shown in column 4 in Table 2). The true situation presumably lies between 
these extremes. Unfortunately, suitable X-ray or electron diffraction data are ap- 
parently not available to compare with the predicted angles23 although our 6; (COR) 
values are lineariy related to the 13Ccco, chemical shift24 of ~n~idehyde and alkyl 
phenyl ketones. Fortunately, as will be shown, the relations deduced are essentially 

(TROCOR) = *&oMc) ax2 4) (3 

similar for the two sets of assumptions (a) and (b).2” Another assumption implicit 
in Eq 4 IS that no resonance interaction occurs between a COR group and an ortho- 
gonal benzene ring: this is reasonable in view of the very low @E; values for groups 
such as CHC12.14 

(o& = 0*219/cos2 25.70 = O-270 @aI 

Values of 4 have been obtained for the other RCO groups [(Table 2, Eq 4a co1 3 
and Eq 4b co1 4)]. For treatment (a), the value of (QO was derived from Eq .5a which 
is fairly close to the ai value for CHO. In our subsequent development of treatment 
(a) we use the (QO, derived from Eq 5a except for PhCO. In PhCOPh the two rings 
are nonequivalent and we therefore use for both treatments (a) and (b) the 6: from 
19F NMR studies: this usage is justified later. 

cos’ 18”40’ = 128301’~~ t6aI 

Table 2 also contains twist angles derived from UV data Braude and Sondheimer 
originally used cos2 4 = s/ee, taking scoMc as eO, i.e. implicitly assuming coplanarity 
in acetophenone itself. We have, following treatment (b), calculated twist angles #J 
on this basis (see Table 2 co1 6), using redetermine W data We have also [treatment 
(a)] taken e0 as 14300 derived from Eq 6a (cf .sO = 14000 for benzaldehyde value), 
where the possible nonplanarity of a~tophenone is allowed for, and the resulting 
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twist angles 4 are given in col. 5 of Table 2 There is satisfactory agreement both 
between the values of 4 in cols 3 and 5 and between those in cols 4 and 6 of Table 2. 
The energy increments, 2, of the ground states of the various acyl benzenes over 

z = 7.9-7.9 co? 4 (7a) 

z = 7.9-6.4 cos2 4 (7b) 

those of the hypothetical planar and fully conjugated molecule, calculated from 
Eqs 7a and 7b, which follow from the rotational energy barriers previously mentioned, 
according to treatments (a) and (b) are given in cols 7 and 8 of Table 2 and shown 
diagrammatically in Fig 1. 

7- 

6- 

5- 

4- 
‘- mcca’ 

3- _ mcwh 

-l?UXt 

Enorgy of 
*-mm 

forms 

EL. 1. tnergy levels for s-trans and s-us alkyl vinyl ketones and alkyl phenyl ketones (The values 
correspond to the treatment (bt_see text) 

Phenyl alkyl ketones: carbonyl intensities. The intensities of the vc----O group for 
phenyl alkyl ketones show (Table 1) a significant decrease as steric hindrance in- 
creases; for the tertiary alkyl groups they are near the values for PhCH,COMe. The 
quantitative interpretation of this variation requires consideration of two super- 
imposed effects: that intrinsic to the alkyl group and that caused by twisting of the 
acyl group out of the benzene ring plane. We estimate the first effect from the vC=O 
intensities of alkyl methyl ketones (Table 4). The effect of twisting is therefore given 

by AA&, (Ph-Me)COR as defined by Eq 8, which should be proportional to (a:),,. 
The linear relation of Eq 9 is obeyed with r = 0.966; values are compared in Table 4. 
Eq 10 then follows from Eqs 8 and 9. From Eq 9 AA$_, (Ph-Me)COR should also 
be a linear function of Aion,,: it is, with a slope close to unity (Fig 2) which may be 
significant. 

AA& (Ph-Me)COR = A& (PhCOR) - A$__, (MeCOR) (8) 
AA&__ (Ph-Me)COR = 128(a;;),, - 17 (9 

AC!=0 (PhCOR) = [A&, (MeCOR) + 128(a;),_, - 1712 (10) 

A&,(Ph-Me)COR = A&,(PhCOPh) - AL(MeCO mesit) = 4.7 (11) 



3456 A. R. K~UTZKY, R. F. hNZELL1 and R. D. TOPSDM 

For diphenyl ketone, both of the benzene rings are twisted si~~~~y out of 
the C===O plane, but to differing extents. We may compare the effect of the less 
conjugated aryl group on the orientation of the conjugated aryl in PhCOPh by 
comparing PhCOPh with acetylmesitylene (VI); the value of 4-7 thus obtained 

TABLZ 4. ALKYL ~,#?XHYL AND AX.KYl. PI~ENYL KETONES: BACK AND Ift ONSET OF CARBONYL 

BANDS 

MeCOR PhCOR (Ph-MeKJOR 

I 
R vc,e (cm - ‘1 

\ 
A c=o A&, A&= ALo 

f 
A c 

L A 
\ 

a b’ a b’ b ‘ii e 
Me 1718 1716 5450 5360 732 85.4 122 II.0 
Et 1722 1720 5240 5320 72.9 81.8 8.9 93 
Pr” 1719 1716 5900 5250 725 79.3 6.9 7.8 
f 1705 - 6800 - 82.5 87@ 4.7 5.1 
But 1711 1708 5750 5520 74.3 77.6 3.3 3.0 

4 Ref3 
* Present work 
’ From Table 1 
d Observed: see Eq 8 
’ Calculated: see Eq 9 
f Mesityl 
sWitbR=Ph 

22 23 24 25 26 27 28 29 30 31 32 

d!‘Z ,o * PhCOR 

Firs. 2. Plots AA* C=OR&Me, against ALpacoR : 0, using R& <Ma,u from present work; , 
ousing A&,, lMecoR) from Ref. 3. 
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(Eq ll), is close to that of 5.1 found using the “F values of a: = O-17 for PhCO in 
Eq 9; this provides a justification for the use of this ai value. X-Ray analysis of 3,3’- 
dibromobenzophenone gives an angle of twist of 22.4”; calculated values of 4 are 
33” (Es 4a) or 28” (Eq 4b). 

Me 

VI VII 

Vinyl ketones: confonnutionul mole fractions. Vinyl ketones exist as equilibrium 
mixtures of s-truns (T) and s-cb (II) forms. If the mole fractions at equilibrium of forms I 
and II are a and (1 - a), we estimate a as follows. We assume no steric hindrance in the 
s-cis forms. In support of this assumption, compounds of type VII show A,, and 

*NY as well as E, (237 am), which vary little for R = Me, Et, Pr’, Bu’; all the 
members of this series of compounds evidently exist in an unstrained s-cis form as 
shown (VII),J-5 and there appears to be little steric hindrance for an alkyl group in 
the s-cis conformation. 

For the s-tmns form of a vinyl alkyl ketone the steric hindrance is equated to that 
in the corresponding phenyl alkyl ketone (cf I and III). The s-cis + s-mm energy 
differences are known to favour the s-tram form by 05 kcal mole-’ for methyl 
vinyl ketone and 20 kcal mole- ’ for acraldehyde. The different energy increments, 
2Q and 05 for acraldehyde and methyl vinyl ketone, are considered in treatment (a) 
as due to steric hindrance, and in treatment (b) as caused by extra stabilization of 
the s-truns form of acraldehyde by a stronger resonance effect (cf PhCOR). We 
determine the corresponding AG” values (Table 2; cols 10 and 11) for the other 
ketones from the energy increments Z using Eqs 12a and 12b and fa the s-mm and 
s-cis energy levels as shown in Fig 1. The mole fractions a for the s-mm form follow 

AGs-cis/s-tran.v 
= 2.0 - x = 5.9-7.9 cosz f#I (W 

*GS*i.wramS = 2.0 - x = 59-64 cos2 4 U2W 

1-U 
-_=K=exp(~)=exp(5’e7~~2~) 

u 

l-a -_=K=exp(~)=exp(5’9d~~20) 
a 

UW 

(13b) 

h=C = aA,,_ + (1 - fW,,b (14) 

A SJ,w =I ~c(boRLi2 = a[(o;;)J’ cm4 f#~ (15) 

LC = a. b . cos4 t#~ + (1 - a)c (16) 

A,, =a.190cos4$+(1 -a)1800 (17) 

13D 
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from Eqs 13a and 13b and are listed in Table 5. The values CL = 0.16 and 007 for 
the t-butyi compound are consistent with previous evidence; the appearance of 
only one resolved vC==O band suggests that this compound exists predominantly 
in the s-c& form. 

Vinyl ketones: VU=& intensities. The measured IR intensity area for the vC===C 
band of an alkyl vinyl ketone will be the sum of the absorption of the individual 
s-cis and s-truns forms (Bq 14). If steric hindrance is absent in the s-cis form, As-cis 
should be invarient with the alkyl group R. However, A,_*,,, is expected to vary with 
R in the manner of Eq 15, which is of the same form as Eq 1, because we have pre- 
viously shown that the vC==C intensity for monosubstituted ethylenes is related to 
rrS; by a relation similar to Eq 1.2J Writing Asets = c, and a. [(cry)]” = b, we can combine 
Eqs 14 and 15 to give Eq 16, where “b” and “c” are constants. We have six equations 
of type 16 for the vC===C intensities of the alkyl vinyl ketones CH,:CHCOR with 
R = H, Me, Et, Pf, Ph, and But in which the only unknowns are “b” and “c”. By a 
successive approximations technique, the six equations were fitted to find the best 
values: b = 190, c = 1800. Eq 17 follows. Values of A_ calculated using Eq 17 
are in satisfactory agreement with observed A_ (Table 5) (correlation coefficient 
0.990). 

y2 190 

f(y) = 1 + exp [(59+4y)/O-61 ’ ‘*O” 

1 

’ - 1 + exp C(5.9 - 6.4y)/O*6] (l*b) 

FIG. 3. e 

F(y)= -217Of+2820 

(0.56cy2ct; r=0.998) 

0 I 0.2 0.3 0.4 OS a6 Of 0.8 09 1.0 1.1 1.2 

Y2 

, Plot of f(y) of Eq 18b against y*; 0, Linear plot of Eq 20. [Points predicted 
CH, = CHCOR (with R = CMe,Et and CMeEt,}] 

for 
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By substituting in Eq 17 for a from Eq 13a and 13b, A,, can be expressed as a 
function of cosz (p where, writing cosp $J = y, f(y) is given by Eq 18b. In Fig 3, f(y) is 
plotted against y2. Over the relevant portion, f(y) can be seen (Fig 3) to approximate 
to the linear function of y expressed in Eq 19. This is equivalent to Eq 20, a relation 
which was discovered empirically. 

For 0.49 < y2 < 1: f(y) = - 2&@y2 + 2720; r = 0.9940 (191 

A_= -44740[(cr~),,-j2 +’ 2840 = -2145~~ + 2840 (20) 

Vinyl k&ties: &&ony~ ihtensity. The observed carbonyl intensity will also be 
the sum of the intewlsities of,the two conformers (Eq 21). We take conformationally 
homogeneous s-cis vinyl t-butyl ketone as a reference point. The A_ for the un- 
hindered s-&s conformers should vary with R as does A,, for the alkyl methyl 
ketones (Eq 22), whereas the A,, for the hindered s-truns conformers should vary 
with R as does A _ for the phenyl alkyl ketones (Eq 25). 

A,, (VyCOR) = aAeo (s-tram VyCOR) + (1 - rr)A- (s-c& VyCOR). (21) 

A- (s-cis VyCOR) = (AI, (s-cis VyCOBu’) 

+ [A&(MeCOR) - A&{MeCOBu*)])2 (22) 

A- (s-cisVyCOR) = [A&(MeCOR) - 1*312 (23) 

A,, (s-c& VyCOBu’) = 5330 (24) 

AT: (s-tram VyCOR) = (A& (s-truns VyCOBu’) 

-t- [A$+, (PhCOR) - A&, (PhCOBu’)]12 (251 

Further simplification of Eq 22 and & 25 is possible. It is knowu that vinyl t- 
butyl ketone exists essentially completely in the s-c& conformation, and hence 
using Eq 24, we can simplify Eq 22 to Eq 23. We treat A,, for s-t&s vinyl t-butyl 
ketone as an adjustable parameter, and by trial and error find Eq 26, which allows 
simplification of Eq 25 to Eq 27. Substituting Eq 23 and 27 in Eq 21 now gives Eq 28. 

AC=0 (s-tram VyCOBu’) = 5625 (26) 

A_ (s-tram VyCOR) = [A&., (PhCOR) - 2*6]2 (27) 

A_ (VyCOR) = a[A& (PhCOR) - 2*612 + (1 - a) [A$+, (MeCOR) - 1*312 

(281 

For the carbonyl stretching bands (unlike the vC==C bands) it is possible to estimate 
from the spectra rough integrated intensity values for the individual s-c& and s-trans 
conformers. Table 6 demonstrates the impressive agreement between observed and 
calculated values both for the individual conformers and for the total integrated 
intensity. 

An alternative and simpler treatment is to use A- for acraldehyde for A,, 
s-trams and A- for t-butyl vinyl ketone for A_ s-cis in Eq 21. This gives Eq 29, 
which also gives reasonable predicted values of the total vC==O intensity (last column 
of Table 6) using values of a derived from acetophenone planar (treatment b) but 
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less satisfactory values (penultimate column of Table 6) using a derived from treatment 

(a). 

ACZ=o (VyCOR) = a 7380 + (1 - a) 5130 (29) 

TABLE 7. VINYL ALKYL K~ONES. C& BANDS: FREQUENC.Y AND E VALUES 

pm-’ 
ccis K==o) 

“cm- 
“-vans ,c==o~ sA s-cis (C=O) sA s-trans (C=O) 

R iit iit iit Z-QZ 

H - 1703” 1704 - - - 620 
Me 1706’ 1706 1686’ 1685 148 388 
Et 1707O 1706 1690” 1688 1 54b 138 227b 206 
Pr ’ 1 702b 1701 16826 1682 263b 247 189 194 
Ph 1677” 1675 1661b 1660 414b 400 132’ 110 
Bu’ 1696b 1696 - 403b 414 - 

’ From Ref 3 
b From Ref 9 

I@ared frequencies and mechanical coupling. In each series (i.e. PhCOR, MeCOR, 
s-cis VyCOR, s-trans VyCOR) the vc=O tends to decrease as R increases in size (see 
Tables 1,4,7X but the variations are not large and quantitative correlations were not 
attempted. 

An implicit assumption in the whole of the preceding treatment is the absence of 
significant mechanical coupling effects on the intensities of the bands. Jungez6 has 
studied solvent and ‘*O shifts and concludes that coupling is essentially absent for 
the s-trans conformers, and that, although it does exist to some extent for the s-cis 
conformation, the variations in the band intensities are largely due to other causes, 
as we have assumed in this paper. 

CONCLUSIONS 

In this paper we have shown that the observed intensities of the vc=C and vC=O 
bands in the vinyl alkyl ketones may be explained in terms of conformer populations 
of s-cis and s-trans forms of the ketones deduced from energy considerations. We 
have presented evidence that the s-cis conformers are strain-free and have 
assumed that the steric strain in the s-trans conformer is identical to that which 
occurs in the phenyl alkyl ketones. We further assume that changes of alkyl group 
from Me to Bu’ do not significantly change the a; of a group COR in a strain free 
situation. The reported conformational equilibria for acraldehyde and methyl vinyl 
ketone are interpreted in two extreme ways (a) with the assumption of no difference 
also between 0; for planar CHO and COMe, which implies that the COMe group 
in acetophenone is twisted 25” out of the plane of the ring, and (b) assuming different 
ai for CHO and COMe deriving from different conjugative power, the s-trans form 
of methyl vinyl ketone (and also acetophenone) as planar and non-hindered. Our 
reported calculations have been made for both these two extreme cases; we have 
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shown that the assumption of an intermediate angle of twist for acetophenone and 
some intrinsic difference in ai for CHO and COMe does not affect the overall 
general conclusions. 

The carbonyl intensity of the s-cis form of a vinyl alkyl ketone can be expressed in 
terms of the corresponding methyl alkyl ketone (Eq 23) and that of the s-trans form 
in terms of the corresponding phenyl alkyl ketone (Eq 27). The total carbonyl in- 
tensity for a vinyl alkyl ketone is then given by Eq 28. Good agreement is found with 
the observed values. 

The vC=C intensity for a vinyl alkyl ketone is related to the conformer popula- 
tions and the (cJ”,),, by Eq 17. As the conformer population can themselves be ex- 
pressed in terms of (a&, a complex dependence of the vC=C intensity on (QW 
can be deduced [Eq 181. It is shown that, over the relevant portion, this complex 
function is satisfactorily approximated by the linear relation Eq 20. 

EXPERIMENTAL 

Spectroscopy. IR spectra were recorded using a Perkin Elmer Model 125 spectrometer: each compound 
was measured in Ccl, solution and the 1549 cm- ’ band of the solvent used for balancing the spectrum. 
For further details see Ref 27. The UV spectra were measured using a Unicam SP 500, (Manual) apparatus 
and in EtOH sols. 

Compounds. The following commercially available materials were purified by standard methods. 
Benxaldehyde (b.p. 46”/3 mm); acetophenone (b.p. 74”/55 mm); propiophenone (b.p. 87”/55 mm); benzo- 
phenone (m.p. 48”); phenylacetaldehyde (b.p. 66”/2.5 mm); phenylacetone (b.p. 94”/9.5 mm); acraldehyde 
(b.p. 53”); methyl vinyl ketone (b.p. 79”); ethyl vinyl ketone (b.p. 99”). 

Phenyl nlkyl ketones. These ketones were obtained by oxidation of the corresponding secondary alcohols 
by chromic trioxide’s and purified by passing them through an alumina column (eluent: Ccl,): isopropyl 
phenyl ketone: (b.p. 58”/0.3 mm; lit I3 115”/29 mm): t-butyl phenyl ketone: (b.p. ilo”/ mm; lit” 98’1 
11.5 mm); t-amyl phenyl ketone (b.p. 92”/@8 mm; lit ‘s 118-120’/17 mm) (Found: C, 82.1; H, 9.1. Calcd. 
for C,,H,,O: C, 81.8; H, 9.2; diethylmethylcarbinyl phenyl ketone (b.p. 102”/@8 mm) (Found: C, 82.1; 
H, 10.0. Calcd. for C,,H,,O: C, 82.1; H, 95). 

Vinyl ketones. Isopropyl vinyl ketone prepared by general method of Ref 29 had b.p. 110-l 12”/760 mm 
(lit3 50”/90 mm); t-butyl vinyl ketone” b .p. 67-68”/105 mm (lit” 66-70”/105 mm); phenyl vinyl ketone3’ 
b.p. 73”/3.5 mm (lit’* 72 -73’/3 mm). 

REFERENCES 

’ Part XVIII. For part XVII see A. R. Katritzky, R. F. Pinzelli and R. D. Topsom, Tetrahedron 28,344l 
(1972) 

’ K. Noack and R. N. Jones, Can&. J. C/rem. 39, 2225 (1961) 
a R. Mecke and K. Noack, Chem. Ber. 93.210 (1960) 
* R. L. Erskine and E. S. Waight, J. Chem. Sot. 3425 (1960) 
s M. Vidal, C. Dumont and P. Arnaud, Tetrahedron Letters 5081 (1966) 
6 F. H. Cottee, B. P. Straughan, C. J. Timmons, W. F. Forbes and R. Shilton, J. Chem. Sot. (B), 1146 (1967) 
’ R. Barlet, M. Montagne and P. Arnaud, Spectrochim. Acta UA, 1081 (1969) 
* L. M. Jackman, Applications ojNuclear Magnetic Resonance Spectroscopy in Organic Chemistry p. 123. 

Pergamon Press, Oxford (1959); D. L. Hooper and R. Kaiser, Can&. J. Chem 43,2363 (1965) 
’ J. Kossanyi, Bull. Sot. Chim. Fr. 704 (1965) 

” R. Barlet, J. L. Pierre and P. Amaud, C. R. Acad. Sci Paris Ser. C 855 (1966) 
” C. J. Timmons, Chem. Commun. 576 (1965) 
‘s E. A. Braude and F. Sondheimer, J. Chem. Sot. 3754 1955) 

5 ‘s G. D. Hedden and W. G. Brown, J. Am. Chem. Sot. 7 ,3744 (1953) 
I* R T C. Brownlee, R. E. J. Hutchinson, A. R. Katritxky, T. T. Tidwell and R. D. Topsom, J. Am. Chem. . . 

Sot 90. 1757 (1968) 



3464 A. R. KATI~IZKY. R. F. PINZELLI and R. D. TOWM 

” F. A. L. Anct and M. Ahmad, Ibid. 86, 119 (1964) 
I6 R. E. Klinck, D. H. Mar-r and J. B. Stothers, C/rem Commun. 409 (1967) 
r’ P J Q. English, A. R. Katritaky, T. T. Tidwell and R. D. Topsom, .f. Am. Chem. Sot. 90, 1767 (1968) 
‘s R: Wagner, J. Fine, 1. W. Simmons and J. H. Goldstein, J. Chem. Phys. 26,634 (1957) 
r9 M. S. De Groot and J. Lamb, Proc. Roy, Sot. !kr. A 242,36 (1957) 
r” A. J. Bowles, W. 0. George and W. F. Maddams, J. Chem. Sot. (B), 810 (1969) 
r’ R. F. Pinzelli, Ph.D. Thesis, University of East Anglia, Norwich (1971) 
*r A. Y. Meyer, Theor. Chim. Acta 9,401 (1968) 
23 S. Ramaseshan and K. Venkatesan, Experientia 14,237 (1958) 
r4 K. S. Dhami and J. B. Stothers, Can& J. Chem. 43,498 (1965) 
‘r A. R. Katritaky. R F. Pinzelli, M. V. Sinnott and R. D. Topsom. J. Am. Chem Sot. 92,686l (1970) 
r6 H. Junge, Specrruchim. Acta 24A, 1965 (1968) 
27 R. T. C. Brownlee, A. R. Katritzky and R. D. Topsom, J. Am. Chem. Sot. Ss, 1413 (1966) 
rs H. A. Neidig, D. L. Funck, R. Uhrich, R. Baker and W. Kreiser, Ibid. 71,4617 (1950) 
r9 E. M. McMahon, J. N. Roper, Jr., W. P. Utermohlen, Jr., R H. Hasek, R. C. Harris and J. H. Brant, 

Ibid. 7b, 2971 (1948) 
3o M. Brown and W. S. Johnson, J. Org. Chem. ?7,4706 (1962) 
3’ J. Colonge, Bull. Sot. Chim. Fr. 2116 (1936) 
s2 W. G. Young and J. D. Roberts, J. Am. Chem. Sot. aS, 649 (1946) 


