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Infrared bands due to carbonyl and hydroxyl stretching vibration were measured for 32 esters
of substituted cyclohexane and trans-decalin carboxylic acids and 2-hydroxy acids. The bands
were computer-separated and most of them assigned to the appropriate rotamers. The con-
formational equilibrium in methyl trans-2-hydroxy-cis-4-isopropylcyclohexanecarboxylate was
determined using comparison of integrated intensities of the hydroxyl bands of the mobile
compound with those of the conformationally biased standards. The OH/COOCH; vicinal
interaction was found to be attractive (about 2-6 kJ mol ™),

In the course of our stereochemical investigations (e.g. ref.! %) we prepared many
substituted cyclohexanecarboxylic, 2-methylcyclohexanecarboxylic and 2-hydroxy-
cyclohexanecarboxylic acids and their esters. Many of them are conformationally
homogeneous and thus represent valuable material for the study of defined confor-
mational situations. We measured the infrared spectra of these compounds in the
region of carbonyl stretching vibration and in the case of the 2-hydroxy esters also
in the hydroxyl stretching region.

EXPERIMENTAL

All the esters, except XXIV, XXV, and XXVI, have been prepared previously. They were distilled
before meadsurement and were homogeneous according to gas-liquid chromatography. The
pertinent references are listed in Table I and 1I. The spectra were measured on a Perkin-Elmer
621 instrument in 2-5. 10~ 3m solutions in tetrachloromethane at 30°C. The frequency calibra-
tion was done by polystyrene foil (band at 1601 cm”‘), the accuracy being +0-5 em ™. Each
compound was measured at least twice. The spectral bands were separated numerically on an
Elliott 503 computer using the usual programmeg_“.The occurrence of Fermi resonance in the
carbonyl region is highly improbable since in dimethyl sulfoxide the spectra of of the studied
compounds contain the same number of bands.

* Part LXXXVIII in the series Stereochemical Studies; Part LXXXVII: This Journal 43,
2165 (1968).
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Tasre [

Wavenumbers (v, cm™ 1), Half-Widths (avl/2, ecm™1) and Apparent Integrated Intensities (B,
1 em™~2 mol ™) of the Carbonyl Bands in the Esters [— XV

C"’("‘P;’;‘“d v a2 B. 10‘3i CO’(“P;’;““ y Avij2 B.1073

ref. ref.

R — —|- S -
I 1738 80 13-0 1x3! 1735 65 14-0
e 1736 80 13-4 X! 1734 75 12:3
urt® 1737 78 146 | xr¥ 17295 69 4-2
1732 1737 78 14-4 | 1737 52 86
y18 1734 75 11-3 ‘ xi?! 1734 72 109
vt 17355 80 1o xurtt? 1730 73 37
vit® 1736 80 12:5 | 17365 56 84
vi?® 1729 58 75 X1y 1736 80 13-4

1735 49 3-8 \ X2t 1736 81 133
TasLE 1T

Wavenumbers (v, cm—’), Half-widths (AvJ/Z, cm_l) and Apparent Integrated Intensities (B,
lem ™2 mol~!) of the Carbonyl and Hydroxyl Bands in the Hydroxy Esters X VI— XXXII

Carbonyl bands Hydroxyl bands
Compound
(ref) v a2 B.107% Avlj2 B.1073
trans-Hydroxy esters

xvit 1724 100 105 3542 594 3:0
1737 61 1-6 3597 2247 2:4
1743 56 15 3622 8:2 0-4

xvir? 1723 9-7 96 3545 51-6 2:6
1735 77 24 3597 227 2:2
1742 63 19 3622 93 0-5

xvir® 1725 101 10-9 3538 58-9 31
1738 62 1-4 3591 22:4 2:0
1744 55 17 3616 106 0-5

XIx* 1725 111 12:1 3 545 516 2:6
1737 56 12 3597 23-5 25
1743 52 1-3 3622 97 0-5

xx8 1723 105 10-2 3547 44-4 2:0
1734 77 2:4 3596 203 - 20
1742 56 16 3621 102 06
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TasLE II
(Continued)
Carbony! bands Hydroxyl bands
Compound i .
(ref) v A2 B.1073 Avij2 B.1073
xxr® 1724 121 10-1 3-539 294 1-6
1738 64 13 3598 229 22
1744 64 1-4 3622 99 05
xxI® 1724 9-9 10-3 3541 580 31
1736 7-0 1-8 3599 284 3-2
1743 53 1-4 3624 88 03
xXxmre 1723 112 99 3543 536 25
1734 87 2:0 3597 22:1 2:0
1742 63 21 3622 9:9 05
XXIv® 1736 81 12:8 3625 92 2:4
XXv© 1736 8:5 13-7 3625 87 22
xxvre? 1724 10:9 73 3544 567 19
1735 73 54 3596 223 1-4
1742 60 2-1 3623 86 1-2
cis-Hydroxy esters
xxvit 1721 75 109 3 545 40-0 67
1728 48 05 3610 260 05
1743 82 2:5 3624 10-4 03
xxvur 1718 55 60 3538 435 69
1722 64 4.0 3593 52:6 1-0
1743 7-8 2:6 3628 16-4 06
XxIx® 17195 70 104 3546 395 72
17415 87 2:5 3622 222 0-8
XxXx©26 1720 68 10:5 3547 38-5 57
1742 10-2 35 3605 333 09
xXxxI* 1716 7-4 95 3548 393 66
1738 96 25 3596 67 01
xxxi® 1719 7-0 84 3 545 435 63
1741 97 29 3619 27-1 0-7

“ Already studied (ref.!®2%2%), ®B.p. 141°C/10 Torr; for C,,H,,0; (214:3) calculated:
67-25% C, 10:35% H; found: 67-06% C, 10-29% H. © B.p. 140°C/10 Torr; elemental analysis:
calculated as for XXIV; found: 67:30% C, 10-17% H. ¢ B.p. 135°C/10 Torr; for C;;H,,0;
(200-3) calculated: 65-97% C, 10-07% H; found: 65-96% C, 10-15% H.
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RESULTS AND DISCUSSION
Esters without Hydroxyl

The spectral data for this series of esters (Scheme 1) are given in Table I. As seen from
the values found for the esters I — VII, the wavenumbers of the carbonyl bands of
axial ester groups are only very slightly lower than those of the equatorial ones (1734
to 1736 em ™" and 1736—1738 cm™?, respectively). Some of the bands are perfectly
symmetrical, some of them exhibit a negligible asymmetry at the low-frequency side
which we attribute to the presence of minor amounts of other rotamers of the ester
group’?. A vicinal methyl, not interacting with the ester group, has no effect on the
carbonyl stretching vibration, as illustrated by the spectra of the axial esters Vand X
(W(C=0) 1734 cm ™" for both compounds).

COOCH,
t-CiH, 1-C4H, COOCH,
1 1
CH,
COOCH, COOCH,
111 v
COOCH,
1-C.H, 1-C,H
v v 0O0CH,
COOCH, H, COOCH,
viI Vi

Collection Czechoslov. Chem. Commun. [Vol. 44] [1979]



414 Vasi¢kova, Tichy :

COOCH,
COOCH,
1-C.H, CH, t-C,Hy
X Hs
X
COOCH,
COOCH,
(-C.H, (-C.Hy CH,
X1
H;
X1
COOCH,
COOCH; COOCH,
CH, “CH;
xul Xty

SCHEME 1

The ester X1, in which the methyl group is axial and the ester function equatorial,
exhibits a medium band at 1737 cm~! and another, weaker one, at 1729 cm™1.
We believe that the band splitting is of conformational origin and that the low-
-wavenumber band is due to a conformer in which there is an interaction between
the two groups. The same situation is found in the case of the compound VIII in
which the methyl group is in the syn-axial position relative to the ester group. Whereas
the equatorial 9-methyl derivative I Vexhibits a {C=0) band at the same wavenumber
as the nor-derivative [1I (1737 cm™"), its epimer VIII with the axial ester group shows
two bands (at 1729 and 1735 cm ™), differing thus significantly from its nor-analogue
VII which displays only one band at 1736 cm™!. Also here the same explanation can
be offered, namely that in the ester VIII the band at 1729 cm™* may be due to a rota-
mer with an interaction between the methyl and the ester group. This behaviour
resembles the splitting of the hydroxyl band in the spectrum of 2B-hydroxy-9B-
-methyl-trans-decalin, analogous to the ester VIII (hydroxyl instead of the ester
group)'!,
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Hydroxy Esters

The spectral data for the hydroxy esters X VI—XXXI1 (Scheme 2) are given in Table II.
As expected, the diaxial compounds XXIV and XXV exhibit only free hydroxyl bands
at 3625 cm™! and one carbonyl band at 1736 cm ™%, showing thus that — similarly
to methyl — the hydroxy group has only a negligible polar effect on the ester carbonyl
stretching vibration (¢f. the band at 1734 cm™' and 1735-5cm™" for V and VI,
respectively).

OH COOCH,
t-C4H, COOCH, t-C,H. OH
XvI XvII
OH CH; OH
CH, COOCH; CH, COOCH;
xXvi X1X
CH,
COOCH, COOCH,
OH CH, OH
XX H,
XX1
OH
COOCH,
CH, COOCH, E:r
“OH
Hs
XX XXi
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H COOCH,
t-C,H,. t-C4Ho. / Z : ’;
OOCH, H
XXv

XX1v
COOCH,
WOH
i-CyHy
H XXVI H, H
1-CH, COOCH, wcm
Xxvil XXV
OH -~
COOCH, (ICOOCH,
OH
H, ¢ CH, Yxx
XXIX
OH COOCH,
OH
1-CH,
OOCH, H,¢ CH,
XXXI XXXII

SCHEME 2
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In the hydroxyl region, esters with equatorial hydroxyl and ester groups have
spectra of a very characteristic shape (Fig. 1). We have used this shape many times
as a proof of a diequatorial conformation of a 2-hydroxy ester®. The spectra display
three types of OH-bands: one free at about 3620 cm™! and two bonded at about
3595cm™! and at about 3540 cm™!. According to the previous studies3~!7, these
bands should correspond to non-bonded species (type A), the O—H:-*O—C=0
hydrogen bond (type B) and the O—H:--O=C—O hydrogen bond (type C), respec-
tively. From the comparison with the integrated intensities of the free hydroxyl band
in the ‘“diaxial” compounds XXIV and XXV the amount of free hydroxyl in the di-
equatorial esters X VI —XXIII can be estimated to be about 20%. Unfortunately, we
are not able to draw further conclusions concerning the exact population of these
three species since we do not know the ““intrinsic” molar integrated intensities of the
bands due to single conformers.

In the spectra of the hydroxy esters we see at the first glance two C=0O bands at
17231725 cm™* and at 17391742 cm ™%, the ratio of their integrated intensities
being for the diequatorial esters invariably 4 : 1. However, since in the hydroxyl
region we observe three distinct types of hydroxyl we should expect also three carbo-
nyl bands, corresponding to the types A, B, and C. We therefore adjusted the sepa-
ration programme so as to obtain three bands although separation into only two bands
gave an equally good fit. We are aware of formality of this procedure and we take the
parameters of thus-obtained bands as only informative. Since the carbonyl band
belonging to type C is known to be shifted to lower wavenumbers whereas that due
to the type B is displaced to higher values!3~!7, the strong low-wavenumber band
at about 1724 cm™* corresponds to the type C of hydrogen bond. The smaller bands
at about 1734cm™* and about 1743 cm™* should be due to the types A and Bs
respectively. As seen from Table II, the percentages of the free hydroxyl bands (a,

S0F -

| r
3500 yem™ 3600

Fic. 1
Typical Spectrum of a “Diequatorial” Hydroxy Ester (compound XVIIin CCl,)
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calculated e.g. from the data for XXIV or XXV) do not correspond very well to those
of the free C=0 bands (type A) thus obtained (calculated e.g. also from XXIV and
XXV); this shows that the method in this case gives only qualitative information
about the population of the single rotamers in the hydroxy esters studied.

Conformational Equilibrium in XXVI and OH/COOCH, Diequatorial Vicinal
Interaction

The spectrum of XX VI shows signs of conformational non-ho mogeneity. Using the
diequatorial (XVI1) and diaxial (XX V) standards it should be possible to estimate
the corresponding conformational population of the diaxial (XX VIa) and diequatorial
(XXVIb) forms (Scheme 3). We compared three bands: two bonded hydroxyl bands,
corresponding to the diequatorial conformer XXVIb (at 3544 and 3596 cm') and
one free hydroxyl band (at 3623 cm™ 1), The population of the diequatorial conformer
XXVIb, as calculated from the respective band intensities, is 66%, 61% and 60%.

COOCH, i-C.H,

i-CyH;, COOCH,

XXVIa XXVIb -

SCHEME 3

We take thus the value 629 as reliable. This means that the conformer XX VIb is by
about 1-3 kJ mol~* more stable than the other one (XX VIa). If we take the confor-
mational preference for the COOCHj group as 5:0 kJ mol™!, for hydroxyl 2:5 kJ .
.mol~* and for isopropyl 88 kJ mol™* (ref.??), then the vicinal interaction between
equatorial hydroxyl and equatorial methoxycarbonyl groups, OH/COOCH;, is
attractive and amounts to about 2:6 kJ mol™*. This value is comparable with that of
the vicinal OH/N(CH,), interaction found previously* using the same approach but
it differs from the value of OH/COOCH, estimated in methanol’ (about 0-0kJ |
. mol"l), in which evidently the weak intramolecular hydrogen bond between the
hydroxyl and ester groups is superseded by intermolecular hydrogen bonding with
the solvent.

We are greatly indebted to Dr A. Vitek for valuable discussions concerning the separation
procedures.
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