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Synopsis

The correlation between IR spectra and conformations was examined in alkyl vinyl ketone
monomer. The stretching absorption bands of double bonds shift to lower wave number with the
decrease in Taft’s 6* values of alkyl groups, and, conversely, the deformation band of the vinyl group
shifts to the higher wave number. The inductive effect of the alkyl group is apparently three times
larger in s-cis conformation than that in the s-trans. Absorption coefficients in the double-bond
stretchings (A C=0 and A C==C) were measured in each conformation. Both conformations have
a nearly equal value of A C=0. The ratio (A s-cis/A s-trans) C=C is 3.4 + 1.0. The ratios (4’
C=0/4’ C=C) are 4.5 % 0.6 for the s-cis conformation and 15 + 2 for the s-trans conformation in
all alkyl vinyl ketones studied.

INTRODUCTION

The IR spectrum of methyl vinyl ketone (MVK) was measured at a tempera-
ture between —75°C and 80°C, by Noack and Jones,! and it was suggested that
the MVK was in an equilibrium condition between the two conformations, s-trans
and s-cis. We also reported that the MVK was an equilibrium mixture of the
two conformations.

In this paper we measured IR spectra of alkyl vinyl ketone [methyl vinyl ketone
(MVK), ethyl vinyl ketone (EtVK), n-propyl vinyl ketone (n-PrVK), iso-propyl
vinyl ketone (i-PrVK), cyclo-hexyl vinyl ketone (c-HexVK), tert-butyl vinyl
ketone (t-BuVK), and phenyl vinyl ketone (PhVK)], and then analyzed their
conformation for polymerization. From the two conformations, all the alkyl
vinyl ketones (AVK’s) seem to have two coupled spectra of s-trans and s-cis
conformations, respectively. The ratio of populations (s-cis/s-trans) increased
with the bulkiness of the alkyl group (E¢).2

Kossanyi® reported that v C=0 bands in all the AVK’s and ¥ C=C bands in
a'few AVK’s were measured in pairs. Bowles et al.4 reported that v C—C, 6
CH=CH out of plane and 6 CHs out of plane in the MVK were assigned with
the two conformations. Katritzky et al.> reported the relation between the
population of the conformations and the absorption coefficients of the v C=C
bands (A C=C) by assuming the A C—C value of the propenal and ¢-BuVK.

We found that seven kinds of the AVK’s have absorption spectra of the s-trans
and s-cis. The positions of their spectra were dependent on the alkyl groups,
referring to propenal, the MVK, and so on that have already been pub-
lished.3:5-8
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Fig. 1. IR spectra of alkyl vinyl ketone.

EXPERIMENTAL

Synthesis of AVK was described in our previous paper.®

IR measurement of AVK. The IR spectra were measured in carbon tetra-
chloride at 25°C by use of the Shimazu IR 27 G Type and Beckman IR 10 Type
instrument with an NaCl cell and 0.1-0.5 mm spacers. As the calibration of the
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Fig. 2. IR spectra of alkyl vinyl ketone in the range of 1600-1800 cm~1. The bands due to the
v C==C region are shown on the right-hand side of the figure.
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frequencies were carried out by using HoO vapor and polystyrene,!© errors in
frequencies can be estimated to be 4 cm™! (in the region of 3100-2000 cm™1), 1
cm™! (2000-1600 cm™!), and 3 cm~! (1600-600 cm™1). The resolution was below
1cem™L

Measurements of the double-band stretching absorption coefficients (A’) were
carried out with a 0.5 cm~! slit width (in » C=C). All the AVK’s were measured
three times at different concentrations. The absorption coefficients were ob-
tained by integrating the ¢ values.

The separation of the two ¥ C=C bands was carried out by assuming the ab-
sorption shapes to be similar. Although errors of the absorption coefficients
obtained were about 10% for the A C=0 bands and about 20% for the A C=C
bands except for those for the t-BuVK s-trans, errors in the ratios of the ab-
sorption coefficients were smaller.

RESULTS AND DISCUSSION

Assignments of Absorption Bands

If the alkyl group of the AVK has a mass, the absorptions with a vinyl ketone
skeletal structure (CHs=CH-—CO—R) appear as 18 absorption bands similar
to propenal. Figure 1 shows the IR spectra of the AVK and Table I indicates
the skeletal bands for AVK.

3000-3100 cm—!. It was found that there were three absorption bands of vinyl
group » C—H in this region for all AVK’s. We identified » CH; asymmetric and
v CH, and v CH; symmetric in order starting from high frequency.

1600-1800 cm~!. Kossanyi reported that the » C=0 bands in all the AVK’s
and the v C=C bands in a few AVK’s were observed as pair bands. In this study,
each AVK could be measured having two v C=C bands (Fig. 2). From the
change in the €2 C=C value in the bulkiness of the alkyl group, the high fre-
quency bands were assigned to the s-trans conformer and the low to the s-cis
conformer. It is contrary to the assignment of the » C=C bands in the case of
the y C=0 bands. In other words, the high frequency band of the » C=0 bands
was assigned to the s-cis conformer. Two ¥ C==0 overtone bands and only one
v C=0 overtone band in the s-cis were observed in the AVK.

1000-1400 em~!, The 6 CH, in plane band of MVK was measured at 1400
ecm~13 The 6 CHs in plane band of the other AVK was also observed at the same
frequency band at 1400 (£1) cm~!. Although Bowles et al.# assigned the 6 CH
rock to 1281 cm~! in MVK, we observed two corresponding bands (1277 em—!
and 1292 cm™1!) in each AVK except for :-BuVK. The result was confirmed from
the fact that the two 6 CH in plane were assigned to methyl acrylates.!! These
bands in all the AVK’s have assigned the s-cis conformation to a high frequency
band and the s-trans conformation to a low frequency due to the variation of e®
by means of the alkyl group. The s-trans and s-cis conformations in ¥ C—C of
MVK were observed at 1245 cm~! and 1178 cm™1, respectively. In addition, the
other AVK were also assigned to corresponding bands. Also, each AVK had two
v C—R bands in the region of 1015-1050 cm~! except for t-BuVK.

900-1000 cm~!. It is well known that three kinds of C—H vinyl deformation
modes, that is, the 6 CH=CH out of plane, the 6 CH; out of plane, and the CHy
rock appear in this region. Each AVK had five bands, respectively. These bands
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were distinguished in order of low absorption frequency to no. 5 from no. 1, except
for t-BuVK. The band of 6 CHs out of plane and 6 CH=CH out of plane were
observed for the two bands, respectively, in the case of the MVK and methyl
acylate.? It isthought that nos. 2, 3 and nos. 4, 5 appear to have two bands, re-
spectively, due to the conformation of the AVK. From this fact, it was concluded
that the band of nos. 2 and 3 are 6 CH, out of plane in the s-trans and s-cis con-
formations, the bands of nos. 4 and 5 are 8 CH=CH out of plane of s-trans and
s-cis conformations, and finally, the band of no. 1 is CHj rock.

400-900 cm~1. Four kinds of modes, that is, 6 C—R in plane, out of plane,
6 CHy=CH out of plane, and 6 C=C—C in plane were observed as pair for each
AVK except for t-BuVK.

The Band of the Alkyl Group. Many kinds of modes in the alkyl group of
AVK are assigned with a reference to the IR spectra of alkyl methyl ketone and
carboxylates, as listed in Table II. These were observed as pair bands in the case
of the methyl, ethyl, and isopropyl groups, but were not clear in n-propyl and
c-hexyl groups.* The bands of the many s-cis conformers were measured at
higher frequency than that of s-trans conformation as a result of the calculation
of e,

Effect of the Alkyl Group on the Frequencies of the Skeletal Bands

The frequencies of the skeletal bands were plotted against Taft’s o* values!?
for the alkyl group to estimate the effect of the alkyl group, as shown in Figures
3(a) and 3(b). There were good linear relations between the frequency of skeletal
band and Taft’s o* values. The tendencies (p*) of the relation that is, slopes,
are shown in the parentheses in the figure. Although the frequencies of the v
C=0 and the » C=C bands in the s-trans conformation were about the same
values compared with Taft’s o* values, the frequencies of that in the s-cis con-
formation were shifted to a lower frequency according to the decrease in the ¢*
value. AVK takes two stable resonance structures as shown in the following
scheme:

(a) (b)
CH;=CH—CO—R < CHi —CH=CR—O0~

As the carbonyl and vinyl groups arrange in the same direction and ionic structure
(b) is stable in the case of the s-trans conformation, the effect of the alkyl group
on the frequencies of the skeletal modes is small. o

On the other hand, the vinyl group of the s-cis conformation is largely affected
by the alkyl group due to opposing direction of the alkyl group to the vinyl group.
The p* values of the ¥ C=0 bands are 38 cm™! in the s-cis conformation and 12
cm~! in the s-trans conformation. O’Sullivan and Sadlar!® reported that the
value in the » C=0 band of alkyl methyl ketone (AMK) was 52.56 cm™1. It
seems that the p* value in the s-trans conformation was small due to the stabi-
lization of the resonance ion structure, and value in the s-cis conformation took
an intermediate value between the value of the AMK and the value of the s-trans
conformation due to the relaxation of the influence on the vinyl group. Although
the frequencies of the 8§ CH=CH out of plane and 6 CH;=CH out of plane bands
in the s-trans conformation were almost constant in value as shown in nos. 4 and
8 of Figure 3(b), those in the s-cis conformation and the frequencies of 6 CHz out
of plane and 6 CH, rock were shifted to a higher frequency with a decrease in the

* These values were calculated from Ref. 4.
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Fig. 3(a). Effect of the alkyl group on the skeletal absorption bands. The wave numbers of the
double-bond stretchings are plotted against the o* value: (1) yC=—0 s-cis (p* = 38 cm™1); (2) vC=0
s-trans (p* = 12 em™1); (3) ¥C=C s-trans (p* = 4.3 cm™1); (4) »C=C s-cis (p* = 13 ecm™1),
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Fig. 3(b). Effect of the alkyl group on the skeletal absorption bands. The wave numbers of the
deformation bands are plotted against the o* value: (1) CH s-cis (p* = 113 cm™1); (2) §CH s-trans
(p* = 41 cm™1); (3) SCH=CH op s-cis (p* = —33 cm™1); (4) SCH=CH op s-trans (p* = —8.3 cm™1);
(5) 6CHj; op s-cis (p* = —67 cm™1); (6) 6CHz op s-trans (p* = —63 cm™1); (7) 6CHs rock (p* = —80
em™1); (8) sCHy=CH op s-trans (p* = —24 em~1); (9) 6CH,—=CH op s-cis (p* = =71 ecm™1).

o* value. These shifts can be explained clearly by assuming that the force
constants in the CH vinyl vibration increase with decrease in v C=C.

Moreover, the ratios of the slope (p s-cis/p s-trans) were about the same value,
namely, 3 (3.2 in the » C==0, 3.0 in the ¥ C=C, 4.0 in the 6 CH=CH out of plane,
3.0 in the 6 CH,=CH out of plane, and 2.5 in the CH rock).

It was reported that the frequencies of the 6 CH=CH and 6 CH, out of plane
bands were also shifted by the inductivity of the vinyl substituent.'* We con-
cluded from the above-mentioned results that the frequencies of the AVK are
shifted according to the inductivity effect of the alkyl group. The frequencies
of the s-cis conformation are affected by more than three times in the case of the
s-trans conformation. The shifts in the double-band stretchings were supported
by means of the LCAO—MO—SCF—CNDO/2 approach.* The band orders
were smaller in the s-cis than in the s-trans conformation (Table III). The results

* As PVK has a benzene ring and the Ad is affected by a shielding of benzene ring, the ratio of s-cis
conformer has not been evaluated.

¥ We measured the NMR spectra of i-PVK at —130°C, but could not detect the conformational
signals. We observed only a tendency of the separation for two conformations.
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are contrary to the spectra. For this reason, the results calculated should be
checked carefully.

Double-bond Stretching Absorption Coefficients

Absorption coefficients (A) of the double-bond stretching were changed by
the ratio of the population of the two conformation (Fig. 2). Asthe two v C=C
bands can be measured in the AVK, A’ values were obtained directly by the
separation of the bands, where the A’ value is the absorption coefficient of each
conformation in the equilibrium condition at 25°C in carbon tetrachloride (Table
IV). The ratios of the A’ values (A’ s-cis/A’ s-trans) were changed in the range
of 0.46 (MVK) to 18.3 (¢-BuVK) in the y C=0 bands and 1.21 (MVK) to 43 (¢-
BuVK) in the » C=C bands according to the bulkiness of the alkyl group. On
the other hand, the ratios (A’ C=0/A’ C=C) were about the same value, namely,
4.5 £ 0.6 in the s-cis and 15 £ 2 in the s-trans conformation except for t-BuVK
s-trans.

Erskine and Waight!® reported that ratio (4 C—=0/A4 C=C) was in the s-trans
conformation in the cyclic enones. Our results approximately coincide with the
reported values. The population of each conformation can be obtained by the
comparison with the proportion of €2 C=0 s-cis against the chemical shift dif-
ference (Ad) of the two geminal vinylic protons.l As the Aé has a better linear
relation with proportion of the A” C=0 s-cis. The proportion of the s-cis con-
formation can be assumed in the expression of [A’ s-cis/A’ s-cis + A’ s-trans].
The ratio of the two A C=C values is a constant value of about 3.4 + 0.5. From
the results, the population of the s-cis conformation in the phenyl vinyl ketone
was 0.75.*

CONCLUSIONS

As the isomerization rate between the two conformations was too fast, all kinds
of IR absorption could not be clarified due to the overlap. However, the ab-
sorption seems to appear as pair bands. The frequencies of many kinds of the
bands in the AVK were shifted according to the inductivity of the alkyl group.
The stretching of the double bond was shifted to a lower frequency. The de-
formation of the vinyl group was generally shifted to a higher frequency because
of the inductive effect of the alkyl group. The ratios of the slopes in the two
conformational bands (p s-cis/p s-trans) were about the same value, i.e., 3. The
shifts of the frequencies of the double-bond stretchings were supported by the
change in the w-bond orders. The population of each conformation was deter-
mined by means of the chemical shift difference of the two geminal-vinylic
protons. The population of the s-cis conformation was obtained by the difference
in the population of A’ C=0 s-cis. The ratios of the absorption coefficients (A’
C=0/A’ C=C) were 4.5 + 0.6 in the s-cis and 15 + 2 in the s-trans conformations.
The ratio (A s-trans/A s-cis) C=C was 3.4 + 1.0. Measurements of the depen-
dence on temperature were not performed with all of the AVK. In the future
we hope to use more precise IR instruments with variable temperatures.

* The vCHg asymmetry bands in EVK, n-PVK, i-PVK, ¢-HVK have one shoulder absorption at

high frequency, respectively [ca. 3092 cm~! (EVK), ca. 3090 cm™~! (n-PVK), ca. 3094 cm~! (i-PVK),
ca. 3094 cm™! (¢-HVK)].
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