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Abstract—The conformations of phenyl and vinyl alkyl ketones are discussed. The populations and
individual integrated vC—C intensities are derived for s-cis and s-trans conformers of vinyl alkyl ketones
and used to calculate total vC—C intensities which are in good agrecment 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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VINYL KETONES may exist in s-frans(I) and s-cis(II) conformations. Extensive studies
of these compounds, and of models fixed in the s-trans or s-cis forms by ring formation,
or otherwise, has shown that the IR and UV frequencies and intensities?>~’ and the
NMR characteristics®—*! 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 made 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 conformational equilibria I = 1II for the compounds R=H
through t-butyl.

Consideration of conformational equilibria for ¢f-unsaturated ketones I = II is
complicated by the simultaneous occurrence of steric hindrance to planarity, of
different mesomeric interactions in the s-cis and s-trans forms, and, possibly, of a
different extent of vibrational 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.

R O
~ Cé

H

v

RESULTS AND DISCUSSION

Phenyl alkyl ketones; ring stretching intensities. From the experimental v, inten-
sities listed in Table 1, we calculate o} values for the acyl groups COR using Eq 1
which applies to monosubstituted benzenes.!*

A =17,600(c0)* + 100 (1)

(OR) = (07), 08’ ¢ 2

The considerable variation found in o} (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 cos? function
as in Eq 2, where ¢ is the angle of twist and (o), the observed value whereas (03),
would be that for a hypothetical COR coplanar with the benzene ring. We assume
that the quantities (o}), are closely similar for all COR groups (R = alkyl) but
possibly different for CHO as discussed below.

Before discussing these oy values in detail, it is useful to look at independent
evidence concerning the rotational barriers in acyl benzenes. The measured barrier
for benzaldehyde'® is 79 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-!* (92 kcal mole™?)
and p-dimethylamino-benzaldehyde'® (10-8 kcal mole ™ !) and those for p-methoxy-1°
(73 kcal mole™*) and p-dimethylamino-acetophenone!® (85 kcal mole™!) will be
higher than the barriers in benzaldehyde 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 79
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kcal mole™! and hence we can estimate the barrier for acetophenone as ca 6-4 kcal
mole™ !, a difference of 1:5 kcal mole™!.* In confirmation of this, the AH® difference
between the s-cis and s-trans conformers of acraldehyde is 20 kcal mole~! from
microwave spectroscopy'® (gas phase) and 2-0 kcal mole™! from ultrasonic relaxa-
tion'? (pure liquid) and that for methyl vinyl ketone is 0-5 kcal mole™! from an
IR intensity variation with temperature?° (in CS, solution). In both cases the s-trans
form is more stable.t The variation in the energy difference between the s-cis 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-trans 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~!.

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 ¢ given by 64 = 79 cos’ ¢ and derive a value of 25:70°. The cos? form of
barrier is supported by our unpublished calculations?! and by the work of Meyer??

E,, = 065f(¢) + 365 €)

who calculated the energy of n — an* transitions in twisted “phenyl carbonyl”,
C,H,CO, as a function of the overlap integral and hence of the angle of twist ¢. His
published results may be described by Eq 3 which requires that the function of ¢
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(¢) is taken as cos? ¢.

We now return to the oy 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 ¢} 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 ¢ so obtained are shown in column 3 in Table 2.
It is seen that the value of 18:4° 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

* In the gas phase, the energy barriers for benzaldehyde and acetophenone are quoted as 4-66 and
3-1 kcal mole ™!, respectively. ¢f F. A. Miller, W. G. Fately and R. E. Witkowski, Spectrochim. Acta 23A,
891 (1967)

t Other work supports these conclusions, at least qualitatively. Thus acraldehyde has been shown to
exist predominantly in the s-frans configuration (I) in solution from dipole moments [sec Ref. 18 and
J. B. Bentley, K. B. Everard, R. J. B. Marsden and L. E. Sutton, J. Chem. Soc. 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 interpreted?? in terms of a large predominance of the s-trans form. Dipole moment
measurements suggest that methyl vinyl ketone exists predominantly in the s-trans conformation [see
© M. T. Rogers, J. Am. Chem. Soc. 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. CALCULATION OF f(¢)USING EQUATION (3)

¢ 10 20° 30° 40° 50° 60° 70°
E; 427 42 4125 40 3725 38 39
fd) 095 085 073 054 039 023 012
cos? ¢ 097 083 075 059 041 025 012
* Ref 22

is solely a consequence of steric hindrance. Therefore we also have carried out calcula-
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. :

2
Okcor) = R (cao) €0~ ¢ : (4a)

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 angles?? although our oy (COR)
values are linearly related to the *C ., chemical shift** of benzaldehyde and alkyl
phenyl ketones. Fortunately, as will be shown, the relations deduced are essentially

- 2
O cor) = OR (come) 08" @ (4b)

similar for the two sets of assumptions (a) and (b).>' Another assumption implicit
in Eq 4 1s that no resonance interaction occurs between a COR group and an ortho-
gonal benzene ring: this is reasonable in view of the very low o} values for groups
such as CHCL,.*

(63), = 0-219/cos? 2570 = 0-270 (5a)
®/o

Values of ¢ have been obtained for the other RCO groups [(Table 2, Eq 4a col 3
and Eq 4b col 4)]. For treatment (a), the value of (3), was derived from Eq 5a which
is fairly close to the 63 value for CHO. In our subsequent development of treatment
(a) we use the (a3),, 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 o} from
!9F NMR studies: this usage is justified later.

cos? 18°40" = 12830/s, (6a)

Table 2 also contains twist angles derived from UV data. Braude and Sondheimer
originally used cos? ¢ = ¢/g,, taking ., as &,, i.e. implicitly assuming coplanarity
in acetophenone itself. We have, following treatment (b), calculated twist angles ¢
on this basis (see Table 2 col 6), using redetermined UV data. We have also [treatment
(a)] taken e, as 14300 derived from Eq 6a (¢f ¢, = 14000 for benzaldehyde value),
where the possible nonplanarity of acetophenone is allowed for, and the resulting
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twist angles ¢ are given in col. 5 of Table 2. There is satisfactory agreement both
between the values of ¢ in cols 3 and 5 and between those in cols 4 and 6 of Table 2.

The energy increments, Z, of the grounu states of the various acyl benzenes over
= 79-79 cos? ¢ (7a)
Z = 79-64 cos? ¢ (7b)

those of the hypothetical planar and fully conjugated molecule, calculated from
Eqgs 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.

Energy of ortl nal

carbony! group in phenyl compounds
8 —
7+
6
s Energy of all s — ¢/s forms
4
— PRCOB LA e e CH, CHCOBY' ——
- Energy | PhCOPR o ek Ay el o c"“’"”\_ Energy of
R LR CH, CHCOPY® ——— -
at ' 7 Sy A ¢ CHCOEr —— s fo'r’::’

equllbflum —PNCOMe ———- [ - —— =N T T H, CHCOMe
|- position
o+ — PRCHO — e e — - — = — H CHOHO ——

k1o, L. Energy levels for s-trans and s-cis alkyl vinyl ketones and alkyl phenyl ketones (The values
correspond to the treatment (b)—see text)

Phenyl alkyl ketones: carbonyl intensities. The intensities of the vC=0 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=0
intensities of alkyl methyl ketones (Table 4). The effect of twisting is therefore given
by AA%_, (Ph-MeJCOR as defined by Eq 8, which should be proportional to (c3),,.
The linear relation of Eq 9 is obeyed with r = 0-966; values are compared in Table 4.
Eq 10 then follows from Egs 8 and 9. From Eq 9 A4Y_, (Ph-Me)COR should also

be a linear function of A% : it is, with a slope close to unity (Fig 2) which may be
significant.

AA%_, (Ph-Me)COR = A%_ (PhCOR) — A% (MeCOR) ®)
AA}_, (Ph-Me)COR = 128(c3),, — 17 9
o0 (PhCOR) = [4i_ (MeCOR) + 128(o;)m — 1772 (10)

{_o (Ph-Me)COR = AL (PhCOPh) — A}_, (MeCO mesit) = 4.7  (11)
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For diphenyl ketone, both of the benzene rings are twisted significantly out of
the C=0 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 47 thus obtained

TABLE 4. ALKYL METHYL AND ALKYL PHENYL KETONES: FREQUENCIES AND IR INTENSITIES OF CARBONYL

BANDS
MeCOR PhCOR (Ph-Me}COR
R ‘ Vewo fom ™) Ao Ay A

‘a b ‘a b' b ‘d e
Me 1718 1716 5450 5360 732 854 12:2 110
Et 1722 1720 5240 5320 729 81-8 89 93
Pr 1719 1716 5900 5260 725 793 69 78
5 1705 — 6800 — 825 87.2¢ 47 51
Bu' 1711 1708 5750 5520 743 776 33 30

* Ref3

® Present work
¢ From Table 1
4 QObserved: see Eq 8

" * Calculated: see Eq 9

7 Mesityl
¢ WithR = Ph

R{Ph~-Me)

vz
(=¥

A

§ i i

I L

1

i ! 1

22 23 24 25 26 2T 28 29

1%
AvE

PhCOR

3¢ 3 32

FIG. 2. Plots AAL o pr e 28305t AL _py cop O USING AL, .com, from present work;
eusing A%, o from Ref. 3,
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(Eq 11), is close to that of 51 found using the '°F values of ¢§ = 017 for PhCO in
Eq 9; this provides a justification for the use of this o} value. X-Ray analysis of 3,3

dibromobenzophenone gives an angle of twist of 224°; calculated values of ¢ are
33° (Eq 4a) or 28° (Eq 4b).
Me _O o)
c N\
H,C C—R
Me Me 3 \ /
Cc=C
/N
H,C H
Me
VI vii

Vinyl ketones: conformational mole fractions. Vinyl ketones exist as equilibrium
mixtures of s-trans (I) and s-cis (II) forms. If the mole fractions at equilibrium of forms I
and IT are o and (1 — &), we estimate « as follows. We assume no steric hindrance in the
s-cis forms. In support of this assumption, compounds of type VII show A and
A as well as ¢, (237 nm), which vary little for R = Me, Et, Prl, Bu'; all the
members of this series of compounds evidently exist in an unstrained s-cis form as
shown (VII),>~® and there appears to be little steric hindrance for an alkyl group in
the s-cis conformation.

For the s-trans 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-trans energy
differences are known to favour the s-trans form by 0-5 kcal mole™! for methyl
vinyl ketone and 2-0 kcal mole™! for acraldehyde. The different energy increments,
2-0 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-trans form of acraldehyde by a stronger resonance effect (¢f PhCOR). We
determine the corresponding AG°® values (Table 2; cols 10 and 11) for the other
ketones from the energy increments Z using Eqgs 12a and 12b and fix the s-trans and
s-cis energy levels as shown in Fig 1. The mole fractions « for the s-trans form follow

AG, ietrans = 20 — x = 59-79 cos? ¢ (12a)
AGHWH,W =20 - x = 59-64cos’ ¢ (12b)

1- —-AG® 59-79 cos? ¢
. =K = exp( RT ) = exp (T) (133)

1 - -AG° 59-6'4 cos? ¢
. = K = exp( RT ) = exp (T) (13b)
A, s = 8[(03),, 17 = a[(03),]* cos* ¢ (15)
Acc=a.b.cos*d + (1 — a)c (16)

Ao =0.190cos* ¢ + (1 — «) 1800 a7

13D
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from Eqs 13a and 13b and are listed in Table 5. The values a = 0-16 and 0-07 for
the t-butyl compound are consistent with previous evidence; the appearance of
only one resolved vC==0 band suggests that this compound exists predominantly
in the s-cis form.

Vinyl ketones: vC=C intensities. The measured IR intensity area for the vC=C
band of an alkyl viny!l ketone will be the sum of the absorption of the individual
s-cis and s-trans forms (Eq 14). If steric hindrance is absent in the s-cis form, 4,
should be invarient with the alkyl group R. However, 4__, . 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
oy by arelation similar to Eq 1.2° Writing 4_, = c,and a. [{o3)]* =b, we can combine
Egs 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, Pr, Ph, and Bu' in which the only unknowns are “b” and “c”. Bya
successive approximations technique, the six equations were fitted to find the best
values: b = 190, ¢ = 1800. Eq 17 follows. Values of 4, calculated using Eq 17
are in satisfactory agreement with observed A (Table 5) (correlation coefficient
0-990).

fty) I

" 1+ exp [(59— 6:4y)/0-6]

_ y2 190
"1 + exp [(59-64y)/0-6]

+ 1800{1 } (18b)

o
O
Q
Q
¥

2500

2000

®
o
o

COCMeEt,
i '&7 cosu
COOMeZEr

A (Ilc.g) ond f(y}
o
8

1000k Fly)=-2170 y+2820
(0565 y° €1; r=0.998)

500+

P VU U U AU N SO AN BN N
ot 02 03 04 05 06 07 08 08 10 LI 1.2

y2

Fic. 3. @, Plot of f{y) of Eq 18b against y*; O, Linear plot of Eq 20. [Points predicted for
CH, = CHCOR (with R = CMe,Et and CMeEt,)]
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By subsntutmg in Eq 17 for « from Eq 13a and 13b, 4. can be expressed as a
function of cos® ¢ where, writing cos? ¢ = 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 049 < y* < 1:f(y) = —2060y? + 2720;r = 0:9940 (19)
Ao = —44740[(c0),)* + 2840 = —2145y? + 2840 (20)

Vinyl ketones: carbonyl intensity. The observed carbonyl intensity will also be
the sum of the intensities of the two conformers (Eq 21). We take conformationally
homogeneous s-cis vinyl t-butyl ketone as a reference point. The 4., for the un-
hindered s-cis conformers should vary with R as does Ao for the alkyl methyl
ketones (Eq 22), whereas the A, for the hindered s-trans conformers should vary
with R as does A, for the phenyl alkyl ketones (Eq 25).

Ao (VYCOR) = aA(_, (s-trans VyCOR) + (1 — a)4 ., (s-cis VYCOR). (21)
Apq (5-cis VYCOR) = {4%_ (s-cis VyCOBu')
+ [AL_, (MeCOR) — 4%_, (MeCOBw]}* (22)
Ap—g (s-cis VYCOR) = [4%_, (MeCOR) — 1-3]? 23)
Apy (s-cis VyCOBu') = 5330 (24)
A (s-trans VyCOR) = {4t_, (s-trans VyCOBu")
‘ + [41_, (PhCOR) —~ 4% (PhCOBuY)]}>  (25)

Further simplification of Eq 22 and Eq 25 is possible. It is known that vinyl t-
butyl ketone exists essentially completely in the s-cis conformation, and hence
using Eq 24, we can simplify Eq 22 to Eq 23. We treat A, for s-trans 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.

Ao (s-trans VyCOBu') = 5625 (26)
Ao (s-trans VYCOR) = [43_, (PhCOR) — 26} @n

Ap—g (VYCOR) = o[ 4%_, (PhCOR) — 2:6]* + (1 — a) [4%_, (MeCOR) — 1-3]?
(28)

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-cis 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 4., for acraldehyde for A,
s-trans 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=0 intensity (last column
of Table 6) using values of « 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).
Ao (VYCOR) = a7380 + (1 — &) 5130 (29)

TABLE 7. VINYL ALKYL KETONES. C—O BANDS: FREQUENCY AND ¢ VALUES

cm- ! em- !

Ve (=) Ve s (C=0) &, s-cis (C=0) &, s-trans (C=0)
R it obsd. it obsd. it obsd. lit obsd.

H — — 1703 1704 — — — 620
Me 1706° 1706 1686° 1685 — 148 — 388
Et 1707° 1706 1690° 1688 154° 138 27 206
Pri 1702° 1701 1682* 1682 263° 247 189° 194
Ph 1677 1675 1661° 1660 414° 400 132% 110
Bu' 1696° 1696 — — 403° 414 — —

° From Ref 3

b From Ref 9

Infrared frequencies and mechanical coupling. In each series (i.e. PhCOR, MeCOR,
s-cis VYCOR, s-trans VyCOR) the vC=0 tends to decrease as R increases in size (see
Tables 1, 4, 7), 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. Junge?® has
studied solvent and 20 shifts and concludes that coupling is essentiaily 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=0
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 o} 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 o} 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
oy 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 gy 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 (o}),, by Eq 17. As the conformer population can themselves be ex-
pressed in terms of (a3),,, @ complex dependence of the vC=C intensity on (o),
can be deduced [Eq 18]. 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.
Benzaldehyde (b.p. 46°/3 mm); acetophenone (b.p. 74°/5-5 mm); propiophenone (b.p. 87°/5:5 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 alkyl ketones. These ketones were obtained by oxidation of the corresponding secondary alcohols
by chromic trioxide?® and purified by passing them through an alumina column (eluent: CCl,): isopropyl
phenyl ketone: (b.p. 58°/0-3 mm; lit'? 115°/29 mm); t-butyl phenyl ketone: (b.p. 110°/15 mm; lit'* 98°/
115 mm); t-amyl phenyl ketone (b.p. 92°/0-8 mm; lit2® 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°/0-8 mm) (Found: C, 82'1;
H, 100. Calcd. for C,,H,,0: C, 82:1; H, 9-5).

Vinyl ketones. Isopropyl vinyl ketone prepared by general method of Ref 29 had b.p. 110-112°/760 mm
(1it3° 50°/90 mm); t-butyl vinyl ketone®! b.p. 67-68°/105 mm (lit*! 66-70°/105 mm); phenyl vinyl ketone??
b.p. 73°/3-S mm (lit32 72 -73°/3 mm).
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