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The 3C NMR spectra of stereoisomeric 4-t-butyl-2-methylcyclohexanols, 5-t-butyl-2-methylcyclohexanols,
2-methylcyclohexanols, and their acetates were measured. The observed chemical shifts were compared with

the values estimated by using the substituent parameters of methyl, ¢-butyl, and hydroxyl groups.

An appreciable

deviation by vicinal substitution was found between the predicted and observed chemical shifts of C-1 and C-2.
The substituent parameters of the acetoxyl group on the cyclohexane ring were estimated by means of a com-
parison of the chemical shifts of cis- and #rans-4-t-butylcyclohexyl acetate, and those of ¢-butylcyclohexane.

The simple additivity relationships for carbon chemi-
cal shifts within specific families of compounds are
very useful for the assignment of a certain signal to
a specific carbon atom and for the prediction of the
chemical shift of a certain carbon atom.» However,
when the two substituents on a cyclohexane ring are
at a geminal or vicinal position, the predicted values
deviate from the observed ones.® This may be sup-
posed to be caused by the interaction between these
two groups. For two methyl groups on the adjacent
or the same carbon atoms of cyclohexane, the substi-
tuent parameters of vicinal and geminal substitution
were reported by Dalling and Grant.?

The 1BC NMR spectra of four stereoisomers of 5--
butyl-2-methylcyclohexanols (1-—4) and their acetates
(11-—14) were measured in order to study the effects
of the steric structure of the molecule and of the vicinal
substitution of the methyl and hydroxyl or acetoxyl
groups on the carbon chemical shifts. The 3C chemi-

TaBLE 1.

cal shifts for these compounds are collected in Table 1.
The assignments were based on standard methods,
t.e., the relative intensities, the off-resonance CW de-
coupling, and a comparison of the signal shift between
closely related compounds. The chemical-shift dif-
ferences (Ad) between the observed values and those
calculated by using the substituent parameters of the
methyl,? ¢-butyl, hydroxyl® and acetoxyl (vide infra)
groups are also tabulated. Appreciable shift differences
were found in the chemical shifts of C-1 and C-2.
The chemical-shift differences of most of the other
carbons were within 1.0 ppm.

The chemical shifts of substituted carbon atoms
varied appreciably according to the orientation of the
substituent. The signals of carbinol carbon and C-2
with axial substituents appeared at higher fields than
those having equatorial ones. For the carbons bearing
the ¢-butyl group, the signals appeared at around 4
47 when the hydroxyl or acetoxyl group was in an equa-

CARBON-CHEMICAL SHIFTS OF STEREOISOMERIC 2-METHYL-5-f-BUTYLCYCLOHEXANOLS AND THEIR ACETATES

SYAVAN

X/y,OR

WA <A

OR OR
(1) (11) 2) (12) 3) (13) C)) (14)
(R=H) (R=0OAc) (R=H) (R=0Ac) (R=H) (R=0Ac) (R=H) (R=OAc)

C-1 77.0 78.9 73.3 76.0 71.2 74.0 72.3 75.1
AV —2.9 —4.1 —3.0 —3.4 —-3.3 —4.4 1.4 —0.1

C-2 40.2 37.4 33.7 30.8 36.6 35.3 34.1 39.%
AS —0.9 —-0.3 -2.8 -2.3 —2.1 -0.9 0.0 r.e

c-3 33.7 33.4 30.9 30.7 98.9 29.5 26.6 26.9
AS -0.5 —0.8 0.3 0.1 —-0.9 —~1.0 0.7 0.0

C-4 26.8 26.6 20.0 20.0 27.2 6.9 20.9 20.6
Ad 0.2 —0.1 -0.1 -0.2 —-0.3 —0.3 —0.1 —0.1

c5 47.3 46.7 47.2 47.0 40.3 41.3 41.0 41.9
AS 1.2 0.6 1.0 0.8 —0.8 —1.1 0.5 0.6

C-6 36.9 33.2 30.0 26.8 34.8 31.9 98.9 2.1
As 0.8 0.5 0.4 0.6 1.1 0.7 1.7 1.4

2-CH, 18.6 18.3 10.6 11.5 18.4 18.0 16.7 16.3
A —4.2 —4.5 —6.9 —6.0 —4.4 —4.8 0.8 —1.2

5-G(CH,), 27.6 27.5 927.5 27.5 927.5 27.4 27.4 27.4
5-C(CH,), 32.3 32.3 32.3 32.4 32.0 21.2 32.2 32.2
CH,CO 21.2 21.3 21.1 21.4
CH,CO 170.3 170.3 170.4 170.2

a) The observed chemical shift minus that predicted.
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TABLE 2. CARBON-CHEMICAL SHIFTS OF ¢is- AND {rans-
2-METHYLCYCLOHEXANOLS AND THEIR ACETATES
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TABLE 4. CARBON-CHEMICAL SHIFTS OF ¢is- AND {rans-
4-t-BUTYLCYCLOHEXYL ACETATES?) AND OF
t~-BUTYLCYCLOHEXANE?»¢)

OR
s
(5 (15) (6) (16)
(R=H) (R=0Ac) (R=H) (R=0Ac)

c-1 71.1 73.6 76.3 78.2
(71.4)» (76.9)

A»  —3.7 -5.2 —3.4  —4.6

c-2 36.2 35.0 40.4 37.7
(36.1) (40.0)

AS  —2.6  —2.6 —1.1 —0.4

c-3 29.2 29.9 34.0 33.9
(29.6) (34.3)

AS  —0.5 —0.6 0.0 —-0.2

C-4 5.4 25.1 26.0 25.7
(24.5) (26.1)

AS  —0.5 0.6 —-0.1 —-0.5

C-5 21.2 21.4 95.7 24.9
(21.8) (25.7)

AS 0.1 —0.5 0.8 0.0

c-6 32.7 30.0 35.7 32.1
(32.1) (35.4)

AS 0.1 —1.4 0.2 —-0.1

2-CH, 16.7 17.2 18.7 18.5

A5  —5.3 —4.8 —4.0  —4.2

CH,CO 20.9 20.9

CH,CO 169.8 169.9

a) The values in parentheses were reported by Roberts
et al. (J. D. Roberts, F. J. Weigert, J. I. Kroschwitz,
and H. J. Reich, J. Am. Chem. Soc., 92, 1338 (1970)).
b) The observed chemical shift minus that predicted.

TABLE 3. CARBON-CHEMICAL SHIFTS OF STEREOISOMERIC
2-METHYL-4-{-BUTYLCYCLOHEXANOLS AND THEIR ACETATES

OR
xkz XMOR
() 7 ®) (18)
(R=H) (R=0Ac) (R=H) (R=0Ac)

C-1 70.0 72.6 76.5 78.4
A —4.0 —-5.5 —2.9 —4.1

C-2 36.9 36.0 40.2 37.7
Ad —2.3 —-0.7 —1.4 —0.5

C-3 29.1 30.3 34.9 35.0
Ad —-0.8 —0.6 0.3 0.4

C-4 48.1 47.9 47.5 47.6
Ao —0.1 0.0 0.2 0.2

C-5 20.3 20.9 26.1 25.8
AS —-0.4 —-0.8 0.7 0.4

C-6 33.9 31.2 35.7 32.2
Ao —1.6 0.4 0.8 -0.1

2-CH, 18.9 18.6 19.0 18.7
Ao -3.9 —4.2 —3.8 —4.1
4-C(CH,), 27.6 27.6 27.7 27.7
4-C(CH,), 32.5 32.5 32.2 32.2
CH,CO 21.2 20.9
CH,CO 169.9 169.8

a) The observed chemical

shift minus that predicted.

9) (10) t-Butyl-
cis trans cyclohexane
C-1 69.2 73.5 26.9
(69.3) (73.1) (27.2)
C-2 30.8 32.2 27 .4
(27.8)
C-3 21.8 25.6 27.8
(28.2)
C-4 47.9 47.3 48.5
(48.9)
4-C(CH,), 27.5 27.7 27.6
(27.7)
4-C(CH,), 32.3 32.2 32.6
(32.7)
CH,CO 21.2 21.2
CH,CO 169.9 169.9

a) The values in parentheses were reported by Buchanan
and Stothers (G. W. Buchanan and J. B. Stothers, Can.
J. Chem., 47, 3605 (1969)). b) The carbon number-
ing relates, for the purposes of comparison, to the
equivalent carbon in the cyclohexanol series. c¢) The
values in parentheses were reported by Roberts et al.
(J. D. Roberts, F. J. Weigert, J. I. Kroschwitz, and
H. J. Reich, J. Am. Chem. Soc., 92, 1338 (1970)).

torial position, but at around § 40—41 when it was in
an axial position.

The NMR spectra of stereoisomeric 2-methylcyclo-
hexanols (5, 6), 4-i-butyl-2-methylcyclohexanols (7, 8),
and their acetates (15—18) were also measured (Tables
2 and 3). Most of the carbon resonances of the isomers
whose hydroxyl or acetoxyl group is equatorial appeared
at lower fields than those of the axial isomers.

The carbon-chemical shifts of stereoisomeric 4-i-
butylcyclohexyl acetates (9, 10) are listed in Table
4. The acetoxyl groups of cis- and trans-4-t-butyl-
cyclohexyl acetates have been supposed to take ex-
clusively an axial and an equatorial orientation re-
spectively, judging from the confromational free ener-
gies of the acetoxyl and #-butyl groups.? Comparisons
of the carbon-chemical shifts of t-butylcyclohexane, the
chemical shifts of which are also tabulated in Table
4, with those of 9 and 10 give the substituent parameters
for the axial and equatorial acetoxyl groups of the
individual carbons of cyclohexane.

Substituent parameters of the acetoxyl group (ppm)

Axial Equatorial
C-1 42.3 46.6
C-2 3.4 4.8
C-3 —6.0 —2.2
C-4 —-0.7 —1.2

The distribution of the conformational isomers of
5 and 15 is simply estimated from the conformational
free energies® of the methyl, hydroxyl, and acetoxyl
groups as being approximately 849, axial and 169,
equatorial hydroxyl or acetoxyl conformers, while the
corresponding values of 6 and 16 are 29, axial and
989, equatorial. The predicted chemical shifts of the
ring carbons for each conformer are calculated using
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the substituent parameters. The predicted values for
these isomers can be obtained from the above con-
formational distribution by using the Eliel equation.®)
Similarly to the case of i-butylmethylcyclohexanols,
appreciable shift differences between the observed and
predicted values are found for the chemical shifts of
C-1 and C-2.

In order to examine the correlation of the Ad values
with the stereochemical relationship of the methyl
and hydroxyl or acetoxyl groups on the vicinal position,
these values of /-butylmethyleyclohexanols and their
acetates, the substituents of which are conformationally
rigid, were compared with each other. The chemical-
shift deviation of C-1 and C-2, the substituents on
which are in a gauche-cis relation, is larger than that
in gauche-frans, while that in anti is the smallest.
These findings indicate that the dihedral angle between
the methyl and hydroxyl or acetoxyl groups contributes
to the magnitude of the y-effect.

The chemical shifts for the equatorial 2-methyl groups
are around ¢ 18—19 for 1, 3, 7, 8, and their acetates.
The resonance signals for the axial methyl groups
shift to higher fields, appearing at § 10.6 for 2, 11.5
for 12, 16.7 for 4, and 16.3 for 14. The NMR spectra
of stereoisomeric 1-i-butyl-4-methylcyclohexanes show
that the chemical shift for an axial methyl group on
the cyclohexane ring is 6 17.5 and that for an equatorial
methyl group is 6 22.8.9 By comparing the chemical
shifts on the 2-methyl groups of 1—4, 7, 8, and their
acetates with those of the corresponding 1-i-butyl-4-
methylcyclohexanes, the deviation can be regarded as
the y-effect parameters of the hydroxyl group on the
methyl group. The values, —3.9——6.9 ppm for
gauche- and —0.8——1.2 ppm for anti-relation, are
smaller than those of the corresponding y-effect param-
eters of the hydroxyl group on the cyclohexane-ring
carbons, which are found to be —7.2 ppm for gauche-
and —2.5 ppm for anti-relation. This is similar to
the case of the methyl group, the y-gauche effect of
which has been reported to be —6.37 ppm on the
cyclohexane-ring carbons and —2.82 ppm on the vic-
inal methyl carbon.? Such a difference is attribut-
able to the situation of y-carbons; the 2-methyl group,
which can rotate freely around the carbon-carbon
bond, is less restricted than the ring carbons. The
predicted chemical shifts of the methyl carbons of
5, 6, 15, and 16 were obtained by taking account of
the conformational distributions and the carbon chemi-
cal shifts of the methyl group in stereoisomeric 1--
butyl-4-methylcyclohexanes.

The "H NMR spectra of cyclohexanols 1—4 were
also examined in search of any possible spectral cor-
relation with their configurational structures. These
compounds showed no appreciable difference in the
stereochemical heterogeneity. The signals of the C-1
protons of 1 and 2, which have an equatorial hydroxyl
group, appeared at § 3.64 and 3.67 respectively as
a multiplet, while those of 3 and 4, which have an
axial hydroxyl, appeared at § 3.77 as a broad singlet.
The signals of the 2-methyl protons partially overlap-
ped with those of the 5-t-butyl methyl protons, so
that it is impossible to read their positions accurately
from the spectra. On the other hand, the carbon-
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chemical shifts for the 2-methyl groups reported hcre
have made it possible to determine the confirgurations
of all the stereoisomers of the molecule.

The Ad values of ¢-butylmethylcyclohexanols and
their acetates are regarded as the parameters of the
vicinal substitution of methyl and hydroxyl or acetoxyl
groups. 'These values are useful for the prediction of
the chemical shifts of those compounds which have
2-methylcyclohexanol or its acetate moiety.

Experimental

NMR Spectra. The 13C FT-NMR spectra were obtain-
ed at 25.15 MHz with a JEOL JNM-MH-100 instrument
equipped with a JNM-MFT-100 Fourier transform accessory;
the instrument was controlled by means of a JEC-6 spectrum
computer. The samples were dissolved in CDCI,, the deu-
terium signal of which provided a field-frequency lock; the
concentrations were 309% (w/v). The measurement condi-
tions were as follows: pulse width, 27.5 ps (ca. 45°); repetition
time, 4s; spectral width, 6250 Hz; data point, 8192;
acquisition time, 0.65s. Noise-modulated proton decoupl-
ing was carried out at a nominal power of 20 W. All the
chemical shifts are expressed in 6 (ppm downfield from
internal Me,Si). Each observed chemical shift is estimated
to be accurate to +-0.1 ppm.

5-t-Butyl-2-methylcyclohexanols’® (1)—(4) and Their Acetates”
(11)—(14). The hydrogenation of ¢is-5-t-butyl-2-methyl-
2-cyclohexenol®” over Raney Ni in ethanol gave a mixture
of 1 and 2 (1, 73%; 2, 27%,); yield, 85%. The hydrogena-
tion of trans-5-t-butyl-2-methyl-2-cyclohexenol® over PtO,
in ethanol gave a mixture of 3 and 4 (3, 66%; 4, 349%);
yield, 919%,. The mixtures were separated by preparative
GLC. Alcohols 1 and 4 were identified by a comparison
of the relative retention times of GLC with those of the
hydroboration products'® of 4-¢{-butyl-l1-methylcyclohexene.
Alcohols 2 and 3 were identified by a comparison of the
relative retention times of GLC with those of the LAH-
reduction products'? of cis- and trans-5-t-butyl-2-methylcy-
clohexanone (1, 70%; 3, 309 from cis-ketone: 2, 959%;
4, 5%, from trans-ketone). The acetates were prepared with
Ac,O in pyridine.

4-t-Butyl-2-methylcyclohexanols,»» (7) and (8), and Their
Acetates,® (17) and (18). The hydrogenation of 4-t-
butyl-2-methylphenol over the Rh-Al,O, catalyst in ethanol,
followed by Al,O; column chromatography using benzene
as the eluent, gave pure 7; yield, 429%. cis-4-t-Butyl-2-
methylcyclohexanone, which had been prepared by the
Na,Cr,O, oxidation of 7, was reduced with LAH to give a
mixture of 89 (86%) and 7 (149%); vield, 89%. The
mixture was separated by Al,O; column chromatography,
using benzene as the eluent. The acetates were prepared
with Ac,O in pyridine.

The structure of each isomer was confirmed by the H
NMR spectra and by the analytical GLC.

References

1) J. B. Stothers, “Carbon-13 NMR Spectroscopy,”
Academic Press, New York (1972), p. 390.

2) D. K. Dalling and D. M. Grant, J. Am. Chem. Soc.,
94, 5318 (1972).

3) Y. Senda, J. Ishiyama, and S. Imaizumi, Tetrahedron,
31, 1601 (1975).

4) J. A. Hirsch, “Topics in Stereochemistry,” ed by
N. L. Allinger and E. L. Eliel, Wiley Interscience, Vol. 1,
New York (1967), Vol. 1, p. 199.



July, 1979]

5) E. L. Eliel, Chem. Ind. (London), 1959, 568.

6) Y. Senda and S. Imaizumi, Tetrahedron, 31, 2905
(1975).

7) J. Sicher and M. Tichy, Collect. Czech. Chem. Commun.,
32, 3687 (1967).

8) S. Imaizumi, Y. Senda, J. Ishiyama, K. Gohke, S.
Komatsu, M. Uragami, M. Satoh, and H. Nakajima, Asali
Garasu Kogyo Gijutsu Shorei-Kai Kenkyu Hokoku, 32, 171
(1979).

9) Y. Senda, S. Imaizumi, S. Ochiai, and K. Tujita,

13C NMR of Substituted 2-Methylcyclohexanols and Their Acetates

1997

Tetrahedron, 30, 539 (1974).

10) D. J. Pasto and F. M. Klein, J. Org. Chem., 33, 1468
(1968).

11) N. A. LeBel and G. G. Ecke, J. Org. Chem., 30, 4316
(1965).

12) F. Sipos, J. Krupicka, M. Tichy, and J. Sicher, Collect.
Czech. Chem. Commun., 27, 2079 (1962).

13) M. Pankova, J. Sicher, and M. Tichy, J. Chem. Soc.,
B, 1968, 365.




