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We have observed that the PMR spectrum of cls~1,l-cyclohexanedlol
obtained in pyridine is very different from that obtained In D20. The
signal of the methylene protons glve a complex multiplet spread over more
than 50 c/s In pyrlidine but glve a symmetrical triplet wlth separation of
2.5 c/s and half-width of about 7 ¢/s In 0,0. The differences could result
from solvent effects on chemical shifts or from solvent effects on confor-
matlon. When the same Internal reference Is used, solvent effects must
necessarily result from unequal effects on certaln protons In the system.

Such effects are well known (1),

1,+ a, a', b, b, c, c', d, d', x, x' are all H.

Ip: ¢, ¢!, d, d', x! are D; a, &', b, b', x are H,
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Rapld Interconversion between the two energetically ldentical chalr
conformations | and 2 of the cis Isomer la will give two sets of four pro~
tons each: a, a', d, d'* form a set of protons with identical chemical
shifts, and b, b', ¢, c' form the other set.

In order to better clarify the problem the following selectively deu-
terated compounds were prepared: glgrl,h—cyclohexanedlol—3,3,h,5,5-d5 (lb);
ﬁzgggrl,k-cyc!ohexanedlol-S,B,Q,S,S-ds (11); b-tert-butyl-cis-U~hydroxycyclo~
hexano1-3,3,5,5-d;, (111); and 4-tert-butyl-trans-4~hydroxycyclohexanol-
3,3,5,5-d), (1v).

The spectra of the deuterated trans-dlol !l determined In pyridlne and
D,0 had Identical patterns which are consistent with the chalr conformation
with a high preponderance of the dlequatorial conformer In both solvents.
ABX analysls (2) of the spectra from the two solvents gave coupling con-
stants which are almost Identical: J,, = 12.5, J, = 9.6, Jpx = 3.9 from
the pyrldine spectrum, and Jap = 12.4, Joy = 9.6, Jpy = 4.3 from the D0

spectrum., The chemlcal shifts are glven in table I.

TABLE 1

Chemical Shifts, v, ¢/s from T.M.S. Internal Reference at 60 Mc.

Pyridine D,0 or (DZO-HAc)' A(Pyridine vs. Dp0)

Va % | vx Va vb v || 2 b X

91.6| 125.4|228.4 74.3{110.3 | 214.5[ 17.3 | 15.1 | 13.9

127.0] 121.0(226.0 92.2(102.1 | 210.6)l 34.8 | 18.9 | 15.4

131.6 112,4}257.0 | 107.0[ 93.6 | 239.5| 24.6 |18.8 | 17.5
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The spectrum of the deuterated clis-diol I, measured In pyridine, gave
essentially a first-order spectrum (Fig. 1) which ylelded the following
values from the ABX analysis: vx = 235.1 ¢/s; v, = 124.2; vp = 104; Jab =
12.4; Jax =6.7; be = 3.4. The coupling constant values are conslistent
with equal populations of the two chalr conformatlons 1 and 2 of structure
Iy, and provide direct experlmental evidence that a rapid interconversion
between conformations 1 and 2 does not yleld equal values of Jax and be.
The fallacy of expecting equal J_  and Jy  has been explained by Booth (3).
By using average values of 4, and oo (4) the estimated coupling constants
obtained by taking the average value be;ween Jax values in conformations 1

and 2, and the average value between J values In conformations 1 and 2,

bx
turn out to be: Jax about 6-7 ¢/s and Jy  about 3-k c/s.

When measured in DZO the PMR spectrum of cis-dlol lb gives a very dif-
ferent pattern (Fig. 1) consisting of a narrow doubl;t with spacing of 5
c/s centered at 96.5 c/s and a symmetrical quintet centered at 224.5 c/s
with spacings of 5 c/s. The spacing agrees well with $(J, + be) = $(6.7 +
3.4) values from pyridine, and 1t Is the expected spacing (3b) from equl-
librlum between conformations | and 2 should v, T A\ because of solvent
effects on chemical shifts, The observed spectrum Is alsa consistent with
a rapld-equllibrium between all posslble flexible conformations (3a).

It should be possible, from the spectra of structufes it, 1i1, and IV
In a given solvent, to approximate the theoretical chemlcal shifts of pro-
tons a and b In compound lb undergoing interconvers!on betﬁeen conformatlons
I and 2 In the same solvent, Compounds 11| and IV were not sufflcleﬁtly
soluble In D,0, but It was found that the spectrum of lb was Identical when
obtalned froﬁ 020 or from a mixture of 25% acetlic acld In 020 as solvent,
a solvent mixture In which 11{ and IV were sufficlently soluble. It was

therefore assumed that chemical shifts of protons a and b In 11} and 1V -
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obtained in 25% acetlic acld In nzo could be taken as representatlive of values
that would prevall In pure DZO‘ Additional supporting evidence for the
valldity of this assumption was obtained from the fact that the spectrum of
the trans-diol 11 Is essentlally identical when obtalned in pure D0 or in
25% acetlic acid In DZO.

In order to approximate the average chemical shift of protons a and b
In the cis-dlol 1, undergoing interconversion between conformations | and 2
In a given solvent It Is necessary to have good approximatlons of the chemi-
cal shifts of a and of b in each of conformatlons 1| and 2 In that glven sol-
vent (a and a' have Identical chemical shifts, as do b and b’), Such approxI-
mations are possible from the spectra of [1, It] and IV If the assumption Is
made that the equatorlal hydroxyl group on C-4 of Il and the equatorial tert-
butyl group on C-4 of structures |1l and IV do not affect the chemical shifts
of protons a, a' and b, b!' In structures 1], 111 and IV, (f this assumption
Is correct then the chemical shift of a, a' and b, b' In conformation 1 of
|p are the same as those of a, a' and b, b' respestively In structure |lI.
In conformation 2 of lb, a, a' and b, b' are best related to b, b' and a, a'
respectively of structure 11, except that the hydroxyl group on C-1 of I Is
axial In conformation 2 but equatorial on €-1 of |l. A correctlon can be
made for thls from the relative chemical shifts of a and a' in structu;e 111
vs. 1V, and llkewise for b and b'. From this Information the calculated

chemical shift for a and a' In I In Dzo-acetlc acld mixture is 2%42 *

110.3 - 8,5) = 97 c/s, and that of b and b’ is 102.1 + (74.3 + 14.8) =
2 2

95.6 c/s. The observed doublet resulting from the combined signals of a, a'
and b, b' Is centered at 96.5 c/s.

In order to determine If the anomalous spectrum of [, observed in D,0
and D,0-acetic acid mixture could result from solvent effects on chemlcal

shifts, the theoretical spectrum was obtalned by means of the computor NMR
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IN D20

10 D PPM (3)

IN PYRIDINE

Jab = 12.4
Jax = 6-7
M c Jox * 3.4
L - | ] l L
1 | 1 1 1 1 1 L | N
20 30 20 16 ° 1))
FIG., I

PMR spectra of cis-l,4-cyclohexanediol-3,3,4,5,5-d; (I ): A, in D 03

C, in pyridine.” B is the theoretical spectrum of Eb iR'p.0 using Salcu-
lated chemical shifts as explained in the text. The spectra were obtained
with a Varian A-60 spectrometer at 37°,
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program of Wiberg and Nist (5) using calculated values of v, TV =97 c/s,
vy =V = 95.6 c/s; observed value Ve = 225 c/s; and coupling constants of
Jap = 12.4, dax = 6.7, Jpx = 3.4 obtained from the ABX analysis of the spectra
of Iy In pyrldlne*. The theoretlcal spectrum so obtained Is shown In Fig. 1.
The agreement with the observed spectrum [s excellent. The use of Identical
values of 96.5 c¢/s for the chemical shifts of a and b gave a similar theore-
tlical spectrum with slight differences In the relatlve intensities of the
two components of the doublet. The validity of this treatment Is supported
by the fact that simllar treatment for Ib In pyridine gave a normal first-
order calculated spectrum which agreed well with the observed spectrum C,
except that the chemical shifts of protons a and b were sllightly closer to
each other.

Lis- and trans-1,4-cyclohexanedlols are known compounds. Compounds Iy
and || were obtalned by llthium aluminum deuteride reduction of 4-hydroxy-
cyclohexanone-2,2,6,6-dh Compounds 1] and 1V were obtalned from the reac-
tlon tert-butyllithium with M—hydroxycyclohexanone—z,2,6,6-d#. Detalled syn-
thesls of these compounds wll! be reported In a subsequent p. L1lication.
Acceptable elementary analysis have been obtalned.

Temperature variations of 23-105° for 1, In Dy0 and 37-137° for 1y, In
pyridine did not cause any changes In the patterns of the signals of the

ring protons In elther case.

CONCLUS 1ONS
The above results, coupled with the fact that the PMR spectra of com~
pound IV definitely establishes the chair conformation for IV In Dzo-acetlc

acld mixture, lead us to believe that cls-1,4-cyclohexanedlol exists In the

*
The valldlty of the assumption that there Is no change In coupling constants
In the different solvents Is based on the excellent agreement of the coupling
constants of the trans-diol 1} in pyrldine and D0,
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chalir conformatlon undergoling interconversion between energetically equl-
valent conformations 1 and 2 in D,0 as well as in pyridine. If the bulk
of the solvated axlal hydroxyl group of Ia or I, in D0 or D,0-acetlc
acld, would force the molecule In a flexible or twisted conformation the
same results would be expected In structure IV, but this Is ruled out by
the spectrum of IV. The spectrum of 1V also rules out a boat conformation
with Intramolecular hydrogen bonding between the cis~hydroxyl groups. Such
a conformation is therefore highly unlikely for Ia or 1y In D,0. This con-
tention Is supported by the varlable temperature study. It also appears
unlikely that Intramolecular hydrogen bonding would play an Important role

In aqueous solutlons.
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