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Configurations, and in some cases conformations, were assigned to thirteen nitrosamines from analysis of

their 60-Mc. n.m.r. spectra.

In contrast to a-methyl, a-methylene, and 8-methyl protons, which resonate at

higher magnetic fields by about 0.3-0.8 p.p.m. when czs than when ¢rans to the nitroso oxygen, a-methine pro-
tons resonate at lower fields by about 0.2-0.6 p.p.m. As a result of stereospecific association between nitros-
amine and benzene, whereby the ring is closer to the trans than to the cis protons, frans protons experience

a greater upfield shift than cis protons when the solvent is changed from aliphatic to aromatic.
inequality can be used as a reliable criterion of assigning configurations.

This shift
For the #rans isomers the data are in

accord with conformations in which the nitrogen—nitrogen bond is eclipsed with a substituent on the tetrahedral

carbon.

only the cis-methyl isomer, not to rapid isomer interconversion.

isopropyl phenyl nitrosamine were detected.

Nuclear magnetic resonance has been used exten-
sively and successfully in the study of problems arising
from restricted rotation about single bonds, double
bonds, and partial double bonds. Amides (I), nitros-
amines (II), and nitrites (III) fall in the category of
compounds involving restricted rotation about partial

Ry Rs R, R,
N+ S AN + +
Neeed NeeN NeoN RGN
/ A / N / N N
R2 O~ R, O~ Rl O~ O~
I ITa ITb I1T

In contrast to amides which have been
studied extensively,? unitrites® and nitrosamines* have
attracted little attention. Configurations® IIa and IIb
were determined for several nitrosamines by assuming
that protons will resonate at lower magnetic fields when
cts than when trans to the nitroso oxygen. This as-
sumption led to the conclusion that the ratio [IV])/
[V] is about three.

double bonds.

CH; CsH;CH,
ANt N+ ;
N=N N=N R,R,C=NZ
/ AN SN
CgHsCHQ O~ CHs O~
v v A%

The n.m.r. spectra of nitrosamines should show simi-
larities to those of amides and to those of VI. From
our experience® with the n.ni.r. of VI, we doubted the
correctness of configurational assignments to nitros-
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The detection of only one set of resonances for methyl phenyl nitrosamine is due to the presence of

Both isomers of ethyl phenyl nitrosamiue and

amines; e.g., protons usually resonate at higher fields
when ¢ts than when trans to Z. Furthermore, when
R, is methyl and R, is benzyl, the thermodynaniically
more stable isomer has Z c¢s to the methyl rather than to
the benzyl group.

This paper summarizes our studies on nitrosamines.

Results

Figure 1 shows the 60-Mc. n.m.r. spectra of dimethyl,
methyl ethyl, methyl isopropyl, and methyl ¢-butyl
nitrosamines. The configurational assignments are
made on the reasonable assumption that the ratio
VII/VIII increases as R changes from ethyl to iso-
propyl to t-butyl. The assignnients therefore by pre-
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vious investigators* should be reversed.

Table I summarizes the chemical shifts and syn/
antiratios of thirteen nitrosamines. The chemical shifts
are accurate to =0.03 p.p.m. with relative values be-
tween cis and trams protons being accurate to £0.01
p.p.m. The notation used to distinguish the various
protons on the R groups is shown in A, each proton
being referred to as cis or trams with respect to the

N
/NI\'O
A
nitroso oxygen. The syn/anti ratios were determined
by integration of peak areas and are accurate to £59.

Two observations are pertinent to subsequent dis-
cussion of conformations: (a) In R(CH;)NNO the
resonance of the frans-3-methyl of the R group shifts
to lower fields as R changes from ethyl (r = 8.62) to
isopropyl (r = 8.58) to t-butyl (r = 846). (b) In
R[CH(CHj;):]NNO the resonance of the trans-a-meth-
ine shifts to higher fields by 0.3-0.4 p.p.m. as R changes
from methyl (+ = 5.15) to benzyl (r = 5.43) to iso-
propyl (r = 5.74).

Table IT summarizes the differences in the chemical
shifts of ¢is and frans protons. A positive A means
that ¢is protons resonate at higher fields than trans, a
negative reverse. The pertinent points are: (a) While
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TaBLE I

CHEMICAL SHIFTS (7-VALUES) OF NITROSAMINES

Vol. 86

————R1IR:aNNO————, ———Ha{CH)—— ——Ha{CH))————— ——Ha{CHs)—— ~—Hg(CHz)—— %
Ry R: Solvent c1s trans cis trans cis irans s trans syn/anti®
CH; CH; Neat 6.98 6.23
CH; CH; CCl, 7.04 6.24
CH; CH; CsHs 7.60 7.04
CH; CH,CH: Neat 6.41 5.83 7.00 6.28 8.98 8.67 78/22
CH; CH,CH; CCl, 6.48 5.85 7.07 6.29 8.95 8.62 73/27
CH; CH,CHj; CsHs 6.91 6.49 7.54 7.01 Q.42 9.26 79/21
CH; CH(CH;), Neat 4.97 5.17 7.05 6.34 8.88 8.59 89/11
CH; CH(CHj;), CCl, 4.97 5.15 7.13 6.38 8.91 8.58 89/11
CH; CH(CHj3;), CsHs 5.12 5.60 7.52 6.99 9.41 9.15 90/10
CH; C(CH3; ) Neat 7.03 8.46 100/0
CH; C(CH3)s CClL 7.11 8.46 100/0
CH, C(CHa)s CeHe 7.44 8.91 100/0
CH; (CH.);CH; Neat 6.44 5.87 7.02 6.28 79/21
CH; (CH,):CH; CClL 6.53 5.91 7.08 6.30 T8/22
CH; (CH,)CH;, CeHs 6.86 6.45 7.51 6.96 77/23
CH; CH,C¢H; Neat 5.21 4.72 7.15 6.41 74/26
CH; CH.CsH;s CCl, 5.28 4.70 7.14 6.33 79/21
CH; CH,C¢H; C¢Hs 5.64 5.26 7.56 6.99 78/22
CH, CeH; Neat 6.68 100/0
CH; CeH; CCl, 6.62 100/0
CH; Ce¢H, CeHs 7.19 100/0
CH,CH,; CH,C¢H;; Neat 5.22 (6.58) 4.77 (5.98)° 9.18 8.81 50/50
CH,CHj; CH,C¢H; CCl, 5.28 (6.58) 4.76 (5.93) 9.08 8.67 53/47
CH,CH; CH,C¢H; CsHs 5.57 (6.85) 5.22 (6.42) 9.50 9.20 5545
CH,C¢H; CH(CH;), Neat 5.10 5.45 5.22 4.78 9.10 8.70 84/16
CH,CeH; CH(CH;), CCl, 5.13 5.43 5.30 4.75 9.02 8.58 82/18
CH.CeH; CH(CHj3;), CsH; 5.23 5.82 5.54 5.16 9.36 9.01 88/12
CH,CH; CsH; Neat 5.99 5.54 8.97 8.78 ~96/4
CH.CH,; Ce¢H; CCl, 5.99 5.47 8.85 ~97/3
CH,CH; Ce¢H; CeHs 6.39 9.26
CH,C¢H; C¢H, CCl, 4. 84 ~100/0
CH,C¢H; C¢H; Ce¢Hs 5.15 ~100/0
CH(CH;). C¢H; Neat 4.87 5.06 8.94 8.68 57/43
CH(CHyj;), C¢H; CCl, 4.88 4.97 8.82 8.55 64 /36
CH(CH;). CeH; CeHs 4.92 5.28 9.17 8.95 58/42
CH(CH,;)» CH(CHy;), CCl, 5.11 5.74 8.85 8.48
CH(CH;), CH(CHj;). C¢Hs 5.19 6.25 9.20 8.82
@ Syn is the isomer having R, cis to the oxygen. ¢ Methylene of the ethyl group.
TaBLe II
A8 (8cis — Birans) VALUES, IN P.P.M., OF NITROSAMINES
~———R;R:NNO——— ———A8(a-CHjs) AS(a-CHq As(a-CH) A8(B-CHzs)
Ri R: Neat CClL CsHs Neat CCl CeHe Neat CCly CeHs Neat CCly CsHs
CH; CH; +0.75 —+0.80 -+40.56
CH; CH:CH: + 72 4+ 78 + .53  40.58 +0.63 +0.42 +0.31 +0.33 40.16
CHs (CH3)3:CH;s + .74 + .78 4+ .55 +0.57 +0.62 +0.41
CH:s CH(CHas): +~ .71 + .75 4+ .53 —-0.20 —-0.18 —-0.48 +0.29 4+0.33 +0.26
CH;s CH:CsHs + .74 + .81 4+ .57 +0.50 +0.58 +0.38
CH:CH: CsHs +0.45 +0.52 +0.19
CH.CH: CH:CsHs +0.60 +0.65 —0.43 +0.37 +40.41 +0.30
(+0.45)*  (+0.,52)° (40.35°
CH(CHs): CH(CHas): b -0.63 —1.06 b + .37 + .38
CH{CHas): CH:CsHs +0.44 +0.55 —+0.38 -0.35 — .30 —-0.59 +0.40 + .44 + .35
CH(CHj): C'sHs -0.21 — .09 -0.36 +0.26 + .27 -+ .22

e Methylene of benzyl group.

b Compound is a solid.

a-methyl and «-methylene protons resonate at higher
fields when ¢7s than when trans to the nitroso oxygen, a-
methine protons resonate at lower fields (negative
AS). (b) While positive A§ values are smaller in ben-
zene than in carbon tetrachloride~-with diisopropyl ni-
trosamine the notable exception—negative Aé values are
larger in benzene. (c) While A8 values for a-methyl,
a-methylene, and B-methyl vary over small ranges,
those for the a-methine vary over large ranges.

Table IIT summarizes Ay (Vin benzene V'n carbon
tetrachloride) Vvalues compiled from the data of Table
I. The pertinent points are: (a) Ay values are
higher for the ¢rans than for the corresponding cis-pro-

tons, with the B-methyls of diisopropyl nitrosamine
again the notable exception. In this respect nitros-
amines behave similarly to amides and in direct opposi-
tion to compounds having the structure R;R:C=
NNHX. (b) As the sizes of Ry and R; of dialkyl nitros-
amines increase Ay values for cis-oq-methine protons
are very small and decrease as the R of R[CH(CH;).]-
NNO increases in size.

Table IV summarizes the effect of several solvents
on the chemical shifts of methyl ethyl nitrosamine.

Figure 2 shows the effect of dilution (benzene solvent)
on the chemical shifts of methyl ethyl nitrosamine.
Figure 3 compares the effect of dilution on the chemical
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TaBLE III
CoMPARISON OF CHEMICAL SHIFTS OF N1TROSAMINES IN BENZENE AND CARBON TETRACHLORIDE
— RiR:NNO ———Ay*{a-CHy) ——————4+*(a-CHy) — ~——&v*(a-CH) ——Ar*(B-CHs)——
R R: cis trans cis trans cis trans cis trans

CH; CH; 32 .4 48.0
CH; CH,CH; 28.2 43.2 25.8 38.4 28.2 38.4
CH; (CH,);CH; 25.8 39.6 19.8 32.4
CH; CH(CHj;). 23 .4 36.6 9.0 27.0 30.0 34.2
CH; C(CH;) 19.8 33.0
CH; CH,CeH; 25.2 39.6 21.6 33.6
CHs CeHs 34 2
CH.CH; CH,CsH; 17.4 (16.2) 27.6 (29.4) 25.2 31.8
CH,CHj; C¢H; 24.0 24.6
CH.C¢H; CH(CHj;). 14 .4 24.6 6.0 23.4 20.4 25.8
CH.C¢H; CeH; 18.6
CH(CHj;). CH(CHj;). 2.4 30.6 21.0 20.4
CH(CHj;). C¢H; 2.4 18.6 21.0 24 .0

% Ay = vipbenzene = Pincarbon tetrachioride; fOr convenience the differences are expressed in c.p.s. * Methylene of the ethyl group.

shifts of methyl ethyl nitrosamine and methyl ¢-butyl tetrachloride to benzene suggests stereospecific associa-
nitrosamine. When dimethyl sulfoxide or carbon tion between the benzene ring and nitrosamine, whereby
the ring is attracted by the positive charge on the nitro-

Tane IV gen and repelled by the negative charge on the oxygen
SOLVENT EFFECTS ON THE CHEMICAL SHIFTS OF METHYL (IX). The data amply justify such an association
ETHYL NITROSAMINE '
~—r({a-CHz)— —~r{a-CHj)— ~—7{3-CH3)—
Solvent cts trans cis trans cis trans +
Carbon tetrachloride 6.48 5.85 7.07 6.20 8.95 8.62 /N:N\O__
Cyclohexane 6.53 5.92 7.14 6.39 Ry
Acetone 6.42 5.8 7.01 6.28 8.97 8.67 1X
Dimethyl sulfoxide 6.44 5.8 7.02 6.31 9.01 8.71
Methanol 5.82 6.94 8.92 8.63  For example: (a) Figure 2 shows that on dilution with
Benzene 6.91 6.48 7.4 7.0l 9.42 926 henzene the resonances of the trans protons shift to
Toluene 6.90 6.43 2‘23 6.95 9‘3L 9.19 higher fields more rapidly than those of the correspond-
O'Xxlene ggg gﬁ L?i‘ gg; ggi gig ing ¢is. (b) Ap-values (Table III) of alkyl methyl
;n_;(;’l:;: 688 6 41 ;zl 6 90 9:32 g 14  nitrosamines decrease as the alkyl group is Chz.mged
Isodurene 691 642 T 51 691 934 9.12 frpm methyl to ‘t-butyl, ‘Such alchange is consistent
Chlorobenzere 667 618 T.98 6.67 9.20 8.97 with IX, since increase in the size of Ry and/or R,
Bromobenzene 6.72 6.22 7.32 6.71 0.24 9.02 should decrease the equilibrium constant for (1) by de-
Iodobenzene 6.73 6.21 7.32 669 9.24 9.01 stabilizing IX. The more rapid upfield shift of the
m-Dichlorobenzene 660 6.06 7.19 6.53 9.13 8.86 } — . L
Anisole 6.32 7.40 6.8 9.20 9.09 RiRNNO + CoHe = RiR.NNO- GeHe (1)
~,N\-Dimethylaniline 6.44 6'93 9.37 9.17 resonances of methyl ethyl nitrosamine over those of
Nitrobenzene 6.36 5.81 6.93 6.27 8.94 8.66 . . . .
Pyridine 650 500 707 646 012 888 mgthyl t-butyl nitrosamine (Fig. 3) illustrates the same
Phenol 68 655 743 701 936 921  pont
_ o The behavior of the chemical shifts of methyl ethyl
t.etrachlorlde are used as S(?IVGntS. dilution has prac- nitrosamine as a function of solvent (Table IV) is also
tically no effect on the chemical shifts. . consistent with IX. Alkyl substitution on the benzene
Table V summarizes some pertinent ultraviolet spec- ring shifts the resonances—with respect to those in
TaBLE V benzene—of the trams protons to slightly lower fields,
PARTIAL ULTRAVIOLET SPECTRA OF NITROSAMINES IN probably as a consequence of destabilization of IX by
CYCLOHEXANE® increased nonbonded interactions.?
e RURINNO- . N ¢ X 100 Conformations.—In the absence of coupling be-
R Rs tween protons of Ry and those of R, (II}, elucidation
CH;, CH, 232 5.87 of the conformations of R; and R, must rely solely on
CH, CH,CH; 233 5.79 chemical shifts. Accurate knowledge of the anisotropy
(CH.),CH (CH.).CH 2§5 ?'23 of the NNO group would simplify the problem and per-
CHs G Zf ’9? mit the assignment of reliable conformations. In the
CH;CH, CeH, 25 (j L absence of such information, however, the simplest ave-
(CH@)QCH Cf,H, 250 5.53 . . . . . .
294 7 69 nue open is intelligent guessing of the anisotropic ef-

fects of NNO by comparing it with other groups. From

e In 959 ethanol a hypsochromic shift occurs of about 3-5 mgu. ; A ; . ; .
¢ the practically identical behavior of the chemical shifts

tral values of nitrosamines in cyclohexane. of nitrosamines and R;R,C=NZ compounds it is
Discussion reasonable to assume that the anisotropic effects of
scussio . NNO and C==NZ are qualitatively similar. From
Solvent Effects.—The larger upfield shift of the
: . (7) Similar interactions have been suggested for amides: ref. 2i,k1.
resonances Of the trans pI‘OtOI'lS over those Of the cis (8) Similar effects were observed with phenylhydrazones: G. J. Kara-

protons when the solvent is changed from carbon batsos and R. A. Taller, J. Am. Chem. Soc., 86, 3624 (1963).
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Fig. 1.—60-Mc. n.n.r. spectra of dimethyl nitrosamine (A),
metlty]l ethyl nitrosaiine (B), methyl isopropyl nitrosamine (C),
and niethyl ¢-butyl nitrosamine (D) in 49 (w./w.) carbon tetra-
chloride.
spit—spin coupling and chemical shifts it was con-
cluded®® that the region in the C=NZ plane is de-
shielded with respect to the region above and below the
plane. We will base our discussion therefore on the
assumiption that this is also true with the NNO group.

Conformations of cis Groups.—Of the cis groups the
data afford reasonably accurate conformational as-
signnients only for the isopropyl group. Of the
two conforniations. X and XI, only X is consistent
with the results; e.g., it explains the fact that a-meth-
ine protons, in contrast to a-niethyl and «-methylene,
resonate at lower fields when cis than when frans to the
oxygen; it also explains the {act that Av-values for cis-

{0y G J. Karabatsos, R. A, Taller, and I'. M. Vane, J. Am. Chem. Soc.,
88, 2327 (1963).
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Fig. 2.—TUpfield shift of the proton resonances of methyl ethyl
nitrosamine on dilution with benzene.

a-methine are very small, since in X the methine is
farthest away from the associated benzene ring and

N/O 0
1 1l H
R N \,<—l R- IE\Y:/CHa
CH; CH; CH;
X X1

should experience a smaller anisotropic effect.
Conformations of trans Groups.—We will discuss our
results in terms of conformation XII (eclipsing between
R and N==N) by assuming again that site A, which isin
the plane of NNO, is deshielded with respect to site
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B.®® Based on these assumptions we will show that
when R is methyl XIII is favored over XIV, and that
the ratio [XIII]/[XIV] decreases when R is changed
from methyl to isopropyl.

Consider the conformations of methyl ¢-butyl nitros-
amine, (XV), of methyl isopropyl nitrosamine XVI
and XVII (with XVII statistically twice as probable
as XVI), and of methyl ethyl nitrosamine XVIII and
XIX, (with XVIII statistically twice as probable as

XIX). If XVI is energetically equivalent to XVII,
- o~ o~
N N7 N7
Uton, Ao
R + CH3 L + CHa . T CHa
CHs “cw, CHS\(CHa H\gqg
XV XVI XVIL
N/O_ /O“
Il [
H N~ CH, N
B + 'CHs b + "CHs
XVIII XIX

and XVIII to XIX, then in all three compounds the
methyl group should spend one-third time at site A and
two-thirds time at site B. Consequently the trans-3-
methyls of all three compounds should resonate at about
the same field, with the #-butyl resonating at slightly
higher fields than the isopropyl and the isopropyl at
higher fields than the ethyl (inductive effect). If XVI
1s favored over XVII, and XVIII over XIX, then the
methyl group should spend one-third time at site A in
the ¢-butyl compound and progressively less than one-
third in the isopropyl and ethyl compounds. Conse-
quently the ¢-butyl should resonate at lower fields than
the isopropyl and the isopropyl at lower than the ethyl.
The data support the last assumption.

The pertinent conformations of diisopropyl nitros-
amine are XX and XXI. Because of more severe
interactions (methyl groups) in XX than in XXI it is
reasonable to expect the ratio [XXI]/[XX] to be

(o) 0~
NT N~
H N H CH; N H
, + . ) + >
S e S G G
CH, CH; 3
XX XXI1

larger than the ratio [XVII])/[XVI]). By comparing
the chemical shifts of diisopropyl nitrosamine with
those of methyl isopropyl nitrosamine it can be shown
that such is'the case. (a) The ftrans-a-methine of di-
isopropyl nitrosamine should be shifted upfield with re-
spect to that of methylisopropyl nitrosanmine. The shift
in carbon tetrachloride is 0.59 p.p.m. (b) The trans-3-

(10) We have chosen conformation X1I mainly on evidence obtained from
carbonyl and olefinic compounds. For a summary of several references see

A. A. Bothner-By, C. Naar-Colin, and H. Gunther, J. Am. Chem. Soc., 84,
2748 (1962).
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Fig. 3.—Relative upfield shifts of the proton resonances of
methyl ethyl nitrosamine and methyl {-butyl nitrosamine on
dilution with benzene.

methyl should be shifted downfield. The shift il carbon
tetrachloride is —0.10 p.p.m. {(¢) The Av-value for the
trans-«-methine should be larger for diisopropyl than for
methyl isopropyl nitrosamine. Table III shows that
while the Ay-value for the ¢is-a-methine decreased from
9.0 to 2.4 ¢.p.s., as a consequence of decrease in complex
stability, that of the trans increased from 27.0 to 30.6
c.p.s. (d) The Av-value of the #trans-8-methyl should
decrease more sharply than that of the cis-g-methyl in
going from methyl isopropyl to diisopropyl nitrosamine.
Table III shows that the corresponding decreases are 18
and 7.2 c.p.s. The change of the trans-8-methyl is large
enough to result in Ap, (21.0 c.p.s.) > Avyes (204
c.p.s.) for diisopropyl nitrosamine.

syn-antt Isomers.—The syn/anti ratios of nitrosa-
mines are identical with those of RiR,C=NZ com-
pounds. In effective size, the ethyl, benzyl, and =-
butyl groups are identical. The phenyl group, as found
in the RiR,C=NZ compounds, has a large effective
size. Apparently in isomer XXIII the loss of overlap
energy is sufficient to shift the equilibrium in favor of
XXII.

_0- ~0.
S
+\R T\R

XXII XX111

When R is methyl only one set of resonances, attributed
to the presence of only the c¢is-methyl isomer, is ob-
served. The possibility that this may arise from rapid
isomer interconversion® is excluded by the fact that
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both isomers are detected when R is ethyl or isopropyl.
From the ultraviolet spectra, e.g., decrease of Apax from
275 (R = CH; CH.CH;) to 250 mu (R = iso-
propyl), it is deduced that when R is isopropyl the in-
teractions between phenyl and isopropyl in isomer
XXII are sufficiently large to cause loss of overlap be-
tween the phenyl and the NNO groups. The 224 my
band, when R is isopropyl, could conceivably be the
absorption of isomer XXIII.

Experimental

Amines used in the preparation of nitrosamines were comimer-
cially available compounds. Methyl-f-butylamine and ethyl-

ROBERT J. OUELLETTE

Vol. 86

benzylamine were prepared by lithium aluminum hydride re-
duction of £-butylformamide and N-benzylacetamide.

Nitrosamines were prepared from the reaction of the corre-
sponding amines witlt nitrous acid.!

N.m.r. spectra were determined at 60 Mc. on a Model A-GO
spectrommeter {Varian Associates, Palo Alto, Calif.), at a tein-
perature of about 36°. Undegassed solutions were used with
tetramethylsilane as internal reference.

Ultraviolet spectra were taken with a Cary 14 recording spec-
trophotometer.
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Conformational Analysis. II.
Use of the Chemical Shift of the Hydroxyl Proton in Conformational Analysis
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Dilution studies have been carried out to determine the chemical shift of the monomeric hydroxyl proton in

cis-4-t-butyleyclohexanol and #rans-4-t-butyleyclohexanol in carbon tetrachloride.
the axial position occurs at higher field than the hydroxyl proton in the equatorial position.
tional preference of the monotneric hydroxyl group in cyclohexanol is 0.75 kecal./mole.
of the hydroxyl proton in pyridine and dimethyl sulfoxide are examined.

The hydroxyl proton in
The conferma-
The chemical shifts
These solvents do not significantly

affect the conformational preference of the hydroxyl group.

Introduction

The conformational preference of the hydroxyl group
in cyclohexanol has been determined by kinetic,!?
equilibrium,®¢ infrared,’® and n.m.r’=° methods.
The n.m.r. methods are the most direct and powerful
available at this time. Eliel’ utilized the cheniical
shift of the a-hydrogen in cyclohexanol and established
an approximate value of 0.6 kcal /mole for the con-
formational preference of the hydroxyl group. How-
ever, the signal of the a-hydrogen is broad and unre-
solved and, in order to improve the accuracy of the
method, selective deuteration has been employed.®*

Recently the conformational preference of the ethynyl
group was determined indirectly from the conforma-
tion of l-ethylcvclohexanol.’® It was shown that the
chemical shift of the hydroxyl proton is linearly re-
lated to concentration in the range of 0.002 to (.02
mole fraction of alcohol in carbon tetrachloride. The
conformational preference of the ethynyl group was
found to be 0.60 kcal./mole smaller than that of the
hydroxyl group. Winstein's® value of 0.78 kcal,;
mole for the conformational preference of liydroxyl
group was used in evaluating the conformational
preference of the ethynyl group. Winstein's value was
determined in a 209, solution in carbon tetrachloride.
The hydroxyl group is strongly associated under these
conditions and it is conceivable that the steric size of
the hydroxyl group is a function of the degree of as-
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sociation. Therefore it was decided to investigate
the hydroxyl group under conditions where hydrogen
bonding is minimal. As a result of this investigation,
the effect of intermolecular hydrogen bonding and
association with solvent should be directly available.

Results

In the previous paper of this series,!” it was shown
that the chemical shift of the hydroxyl proton is
linearly related to concentration at low mole fractious.
The chemical shift of the monomeric hydroxyl proton
can be obtained by extrapolation to infinite dilution.

The chemical shifts of the hydroxyl protons of c¢is-4-
{-butyleyclohexanol and trans-4-t-butyleyclohexanol are
derivable from the data given in Table I. Figure 1
shows the dependence of the chemical shift as a function
of the mole fraction of compound in carbon tetrachlo-
ride containing 0.001 mole fraction of tetramethyl-
silane as the internal standard. The extrapolated
chemical shifts of the axial and equatorial hydroxyl
protons expressed in c.p.s. downfield from tetramethyl-
silane are 25.7 and 46.4, respectively. By comparison
with previous work,"” the ethynyl group deshields
the hydroxyl proton by approximately 46 c.p.s.

The data for the chemical shifts of the hydroxyl
group in cyclohexanol are given in Table I and are il-
lustrated in Fig. 1. The chemical shift at iufinite
dilution is 41.6 c.p.s. The equilibrium constant for
the axial equatorial conversion is 3.3 + 0.2 at 40°.
This equilibrium constant corresponds to a free-energy
change of 0.75 keal./mole at 40°.

The chemical shift of the hydroxyl proton is inde-
pendent of concentration in either pyridine or dimethyl
sulfoxide i1 the concentration range used for the studies
in carbon tetrachloride. Both pyridine and dimethyl
sulfoxide shift the hydroxyl proton resonance signal
to low field owing to hydrogen bonding. The chemical



