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Low temperature cmr spectra can be used to determine energy differences between
equatorial (e) and axial (a) substituted cyclohexanesz) and at the same time to
investigate substituent effects on cmr shifts in single conformers, which are

possibly masked in conformationally inhomogeneous mixturel.j)

We have obtained conformer ratios by line intensity comparison in the pro-
ton noise decoupled PFT spectra, using small pulse angles for faster relaxation.
The ratios yielded A4G° values with a standard error of % 5-40 cal/mole, based on
several independent signal pairs., The observed energy differences are essential-
ly consistent with those obtained by other techniquesh), as far as these are
available, The effective sizes of the OH and NH2 groups are enhanced by dimeri-

5)

zation so that at the higher concentrations used for cmr measurements the cor-

responding axial conformers were not detected.

In the compounds C6H11-X-Y with Y=H the q carbon shifts decrease linearly
with increasing electronegativity of X (Pauling parameters x, correlation coef-
ficient r=0.986), as has been observed with other functionalized alkyl compounéﬁ?
The compounds with Y#H also fit into the correlation, i# one subtracts the effects
of Y on Ca which can be taken from the literature6) values. There is no signi-

ficant difference between the correlation for e and a substituents: q-Jé:(hB.jx

-106.05) t 3.3 Ppm; g-dL:(hO.jx-98.7) t a8 ppm {relative to cyclohexane). These
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results strongly suggest (a) a dominant inductive effect on the g-carbon shifts
and (b) not to rely upon shifts of the atom closest to the substituent for the
differentiation of stereoisomers, which is common practice in pmr spectroscopy
and appeared to be an attractive feature of cmr with some special cyclohexaneg?)
Equatorial substituents exert a downfield shift on the B-carbon which is
consistently greater than that of axial groups. The B~carbon deshielding (not
the stereoselectivity) can be associated with the square electric field compo-
nent from the Co-X bond?) Wa=5 » 10'2 « E? 4 const., for X=H, Hal). The B-car-
bon of the cyclohexanes bearing halogens (e or a) are shielded with increasing
substituent electronegativity (r=0.996). This could be expected on the basis of
8)

charge alternation effects ', but the results with the combined substituents are

easier to rationalize with dominant electric field effects.

The observation of upfield and downfield anti-Y-shifts (d}'with e-sub-
stituents, relative to the hydrocarbon) places the more flexible cyclohexane
between the strained 2-norbornane9a) (upfield anti-¥-shift) and the rigid 1-ada-
mantanegb) or 1-bicyclo-(2.2.2)-octane9°) (downfield shifts) derivatives. A 1li-
near function between Y—C—shielding and electronegativity exists with e-substi-
tuents, particularly with X=Hal (r=0,992). Axial substituents invariably shield
the positions to a higher degree, but the shielding does not increase with the
effective size of the substituent for which the 4G° values are considered to
be an approximate measure. Hence the often cited shielding mechanism through
sterically induced charge polarization cannot be a dominant factor for the ob-

0)

served 1.,3-diaxial shielding effects.1

The / ring carbons undergo a small upfield shift, which is rather in-
dependent of the substituent, and may be due to a general ring distortion. It is
noteworthy that fluorine, being the "smallest" substituent, exerts a very simi-
lar shielding in both stereoisomeric positions. Thus, for the more remote posi-
tions ¢ and, to a lesser degree, Y,electronic substituent effects are difficult

to separate from those of steric origin.



581

3deoxs ‘(wdd 99° Lz= '

061

ogt

ogli

ogt

08l

ost

o8l

o8l

00¢

00¢

o8l

ﬁM0u dwag,

No., 7

—SKHL

¢ 7 a6t
oon* 1<
gL 7 28l
ook 1<
of 1 <88
<€ 1 oSt
oo+ 1 &
sz 7 S49%
<z 7 586
oy 3 029
€z < 09¢€

+

(Tos/Te®) D

v auexayooLo 03 oargrerea uwdd utr {paepuels se SHIL *m yaTM NHONho uT *m

gerLe
gt Le

14

*sTeudts xayjzo yztM Sutrddetaaasp (o

€Lz fmo
HE*SCL
8L°€SL ON
¢ LL 6oL
HD LL*69L 00
IRI
go'cs fmo
(qUOF TASANS

L L=
AOﬁm-—l

zglL*o-

omw“—H
528" 1

[0 R

(AR
LE L=
9L L-
Go*e-

9g° -
90°2-

He L=
hez-

Wh L=
6L"2~

go*e-
¢z~

o

SIeWIOJUO)) JSUBXSYOTOAD JO seoudaayytg ASxsug 98ag

[ T
€6 L=
$9°0-
L8°9-
79°e-
H9 -

we'9-
gL 2~

AN A
og°z-
oLz~

65 H-
€o'e

849~
®e*O

oL" L=
LSt o=

LieL-
lee~

X

€60~
18*z
clL*g

AR
L9°9

G6° L

2L*6
cLrelL

€z L
oz'tLlL

wl*9
16°01

(RS
96*¢

g

*SWI 03 @aT3eIax (q

60°0
ge°t
cg° ¢
6z°€e
98° 4T
18°€2

80°2Y
6L°GH

co° Ly
081§
FAREA

zL*6
fe B .
S0tz

LG Le
65 he

A4S
gL et

oL"19
nS*49

°

PUSSIITUS Oy ‘L efqel

+

oz (e

HOD00
HDO

HO

Ig

0



582 ’ No. 7

Financial support of this investigation by the Deutsche Forschungsgemeinschaft

is gratefully acknowledged.

References and Footnotes:

1)

2)

3)

)

5)

6)

7)

8)

9)

10)

13

Stereochemische und CMR-spektroskopische Untersuchungen VI, V, Mitteilung:
H.,-J. Schneider, T. Keller and R. Price, Org. Magn. Res, &, 907 (1972).

cf. H.-J. Schneider, J. Amer. Chem. Soc. 94, 3636 (1972).

¢f. T. Pehk and E. Lippmaa, Org. Magn. Res. 3, 679 (1971).

¥, R. Jensen, C. H. Bushweller and B. H. Beck, J. Amer. Chem., Soc. 91, 3u4l
(1969).

cf. C. H. Bushweller, J. A. Beach, J, W, O'Neil and G, U, Rao, J. Org. Chem.
35, 2086 (1970).

see J. B. Stothers, Carbon-13 NMR Spectroscopy,Academic Press,New York,

N. Y., 1972, (a) p. 128; (b) p. 4it. ’

A, D, Buckingham, Can. J. Chem., 38, 300}(1960); J. Feeney, L., H. Sutcliffe
and S. M. Walker, Mol. Phys. 11, 117, 137 (1966},

J. A, Pople and M, S. Gordon, J, Amer. Chem. Soc. 89, 4253 (1967).

(a) J. B. Grutzner, M, Jautelat, J. B. Dence, R. A. Smith and J. D. RSﬁerts,
J. Amer. Chem. Soc. 92, 7107 (1970); (b) T. Pehk, E, Lippmaa, V. V. Sevost-
janova, M.M, Krayuschkin and A. I, Tarasova, Org. Magn. Res. 3, 783‘(1971);
(c) G. E. Maciel and H. C. Dorn, J. Amer. Chem. Soc. 93, 1268 (i971).

s. H. Grover, J. P, Guthrie, J., B, Stothers and C. T, Tan, J. Magn. Res. 10,
227 (1973). This paper clearly demonstrates that the general ass&ciétioh of
steric crowding with 130 upfield shifts is not justified. We come to the

same conclusion by an investigation of CH_-shifts in cis-olefins of the ge-

3

CH=CH-R; the *CHB-shift for R=t-Bu is deshielded in com-

neral structure CH

3
parison to R=CH3 by 1 ppm,



