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Abstract—""C NMR spectra of derivatives of ¢yclohexane, piperidine. and thian in chair and twist conformers, and of
model compounds. lead to estimates of deshiclding (A5 -- 3.6+ 0.2 ppm) for axial CMc. on a cyclohexane ring and
shiclding (38 - 0.210 -0.6 ppmi for ge-CMe. intwist conformers. relative to equatonal CMe,. Ring carbon atoms are
considerably shiclded in twist conformers relative to chair conformers. The value of ''C chemical shifts in the study of
chair-twist equilibria is exemplified by variable temperature measurements on diastereomeric pairs of compounds (11

and 13; 38 and SO0

A reliable interpretation of factors influencing the
reactivity of the common chair conformers of 6-
membered rings requires that the possible influence of
twist conformers shall be known. It is therefore
necessary to study the properties of compounds that can
be shown 10 exist, 1o a considerable extent at least, in
twist conformationst and we must be able to detect such
conformers in solution. Diffraction methods have been
little used to detect twist conformers and only for
cyclohexan-1.4-dione has the twist conformation in the
solid* and vapour' been firmly correlated with a twist
conformation in solution, using vibration spectra.’
Unfortunately electron diffraction has failed to determine
the conformation of cis-1.4-di-t-butyicyvclohexane 7.
which probably exists as one or more twist conformers. A
twist conformer was first detected using IR spec-
troscopy,’ with strong support from ‘H NMR, and these
two methods have remained the most commonly used.
Proton spectra, however, unless simplified by special
structural features or by specific deuteriation, are often
difficult to analyse and 'H-decoupled 'C spectra should
be more generally useful. Hitherto there have been few
compounds known to be in twist conformations that could
be used as a basis for a correlation between conformation
and "'C chemical shifts and little has been published.*”

A chair ring has two types of ligand position (axial,
cquatorial) but a twist ring (note the enantiomeric pair of
twist conformers of ¢yclohexane: in the remainder of this
paper we will illustrate only one of each enantiomeric pair
of twist conformers) has two unhindered (Ic, ve)™ and
one hindered type of position (ya)"” (Fig. 1). When a very
large substituent such as t-butyl is forced to be axial on a
chair then one or more twist conformers becomes at least
comparable in encrgy with the chair conformers provided
the large substituents can occupy unhindered (Ic or ¢¢)
positions.® Derivatives and heterocyclic analogues of
cyclohexane have even more twist conformers and these
are illustrated for compounds studied in this paper in Figs.
2-5.

*In this paper we are concerned primanly with compounds in
which both chair and twist conformers are possible, in contrast to
many fused and bridged ring systems.
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Fig. 1. Enantiomeric twist conformers of cyclohexane.
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Fig. 2 Conformers of a cis-1.4-disubstituted derivative of
cyclohexane (excluding twist conformers with da groups).
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Fig. 3. Conformers of a trans-S-alkylcyclohexane 1,3-di<car-
boxylate anion (excluding twist conformers with ¥a groups).
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Fig. 4. Chair and twist conformers of the B-ring of a cis-6,10-
dialkyl-3"""-octal-2-one.
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Fig. S. Chair and twist conformers of S-substituted derivatives of
trans-1,3-di-tbutykyclohexane and its heterocyclic analogues
excluding twist conformers with &a groups). When X 1s

pyramidal, c.g. S-Mc. the substituent is assumed to be onented as

in formulac 83, 56 and 57 so that C2 has an “impossiblke™

syn-1.3-diaxial interaction and T2 has a ya substituent and may be

ignored. When X carries two substituents =H both C1 and C2

have “impossible” strain and both T2 and T3 have da substituents
and may be ignored.

In other resecarch we have prepared a vanetly of
compounds in which twist conformers are expected to be
important and we have set out to characterise 'C NMR
chemical shifts for t-butyl groups on chair and twist rings
and to interpret the effects of ring conformation on the
chemical shifts of the ring carbon atoms.

EXPERIMENTAL

"'C NMR spectra. These spectra were measured using a Bruker
WH90 pulse Fourier transform spectrometer operating  at
22.63MHz in conjunction with a Nicolet B-NC 12 computer.
Compounds were studied as 0.5 M solutions in CDCI, containing
0.5 M Me.Si as internal reference unless otherwise indicated in
Tables 1-6. The majority of spectra were measured with a 2000 He
sweep width (50° pulse.”’ 1.2s repetition rate) and the FIDs were
accumulated in 4 K memory addresses to which were added 4K
empty addresses before FT giving a digital resolution of 0.49 Hz
(=0.022 ppm).

“H NMR spectra. These spectra were measured using a Perkin
Elmer R32 (90 MHz) spectrometer with Me,Si as internal lock and
reference. The complex spectra for 38 and 58 were simplified to
first order spectra by the addition of Eulfod), (40 mg) to each
ketone (40 mg) in CDCLL (0.4 mh). Varying the relative amount of
the shift reagent did not affect the 'Ju. couplings significantly and
had only a small effect on “J,i, couplings.

Compounds. Standard methods were used to prepare many of
the compounds, 1.¢.2,3,5.6.8,9.'" 14-18. 20" 26. 28, 29, 0.’
315 32:'7 33, 34, 35 39.™ Other compounds were available in
this laboratory, i.c. 10-13;"' 20-22, 25;° 4143, 53-55." 44-46, %6.
§7.° The remaining compounds were prepared as follows.

b o

1 R By 4 R :Bu 7T R 1Bu
2 R NMe, S R NMe; 8 R = NMe,
3 R NMe, 6 R NMae- 9 R NMe,
X co, -O:CUCO;
i
R R
10 R= -Pr 12 R=1-Pr

11 R 1Bu 13 R t-Bu
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R
R,
R
R; R,
Rl
R, R, R, A, R, R,
14 H H H 28 H OH H
15 H H OH 27 H OH 1-By
1€ H Me H 28 K -0
17 H M Me 2% Me O
1 H Me OH
19 M t-8u OH
20 Me H H
2 Me H OM
2 Me Me OH
22 Me Bu OH
24 H -0
2% Me O
OH OH R,
R A
R ikl : : o
- -
R, R,
0 R H 2 3 M M
3N R 18y 34 Me H
3% H a-1-8u
3% Mo B1Bu
37 Me at1Bu
W 74()
X X X X
8 CH, “ s 80 CH, 8 S
®» Co 51 CO :
Mo 7
@ come, 0 3 52 Come, o =M
4 NMe S Me 3 Nme S=0
42 NHCH,pn 47 S=0 sa NHcHpn 0 SO
43 NMe, 8 S50 .
9 SO, $§ NMe,

Derivatives of adamantane and of tricvclo[7.3.1.0° tridecane.
The hydroxyketone 28' (2.08g). m.p. 167-169°, was dcuteriated
by heating with 1 M NaOD in D;O-EtOD (1:1), 6 mD) at 100°3d
giving 28-d. (60% after crystallisation from EtOH-H,0). m.p.
163-167°.

A pure sample of 19°* was generously given by Prof. J. L. Fry.
When the same preparative procedure was used for 23, 27 and
27, from 28, 28 and 28-d. the products were only 90% pure (*'C
NMR). As yet purification from the accompanying secondary
alcohols™ has not been successful but the "'C NMR spectra
convincingly confumed the structures of the main components as
well as identifying the secondary alcohols 21 and 26.

Cis -6-1 - butvl - 10 - methvl - 8' ¥ - octal - 2 - one. The ketone
36 was obtainced by dehydrating the appropriate 9-hvdroxydecal-2-
one’’ (available in this laboratory) with anhydrous oxalic acid in
boiling toluene.

Denvatives of 1.3-di-1-butvicvclohexane. 3,5-Ih-t-butylphenol
was hydrogenated in acetic acid over PtO; to give 38™ and cis.
cis-3.5-di-t-butylcyclohexanol which was oxidised to 39™ by
Jones' chromic acid.’” Trans-d,6-di-t-butvicyclohexan-1.3-dione’
(10 g) was reduced with LiAIH. (4g) and AIC1, (40 g) in ether to
give trans-3.5-di-t-butylcyclohexene. The latter was (a) reduced
with H; over PtO; to $0° and (b) treated with borane-THE
followed by chromic acid™ to give 51.7 The ketones 39 and $1
were converted into the ketals 30 and 52 by the action of methyl
orthoformate.
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Table 1. ""C NMR chemical shifts ippm from internal Me.Si) for 1 4-disubstituted derivatives of cyclohexane (0.5 M
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* Average of chemical shifts for ring carbon atoms fonly given for sets of diastercomersy.
"Derived from data using 1.4-dioxan as internal reference (for neat liquids; see ref. 9.

“1-CMe..
“4CMe..

‘Numbering as in formula 32 to facilitate companson with 38 and 31.

Table 2. C NMR chemical shifts tppm from internal Me.COH) for sodium salts of S-alkylevelohexane-cis- 1.3
dicarboxylic acids 11 M in D
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“ Average of chemical shifts for ring carbons.

"Obtained from spectra with 4000 Hz sweep width tdigitisation 0.055 ppm) and nof measured in the

vanable temperature experiment.

Derivatives of 3.5-di-t-butvithian. The thian 44 was oxidised
with N:0,™ to an equihibrium mixture of 47 and 48 (1:2 by 'H
NMR) (Found: , 6788; H, 66.44; §, 14.07. C,H..08 requires: C,
6777 H, 11.37. 8, 13.927%), which were not separated, and with
ozone to 49, m.p. 140- 42X (Found: €, 66.15; H. 6.87, S, 13.41.
CiH0,8 requires: C, 66.07; H, 6.82; S, 13.54%). Similarly 8¢’
was oxidised to 58, m.p. 119-121° (Found: C. 6695, H, 10.94; S.
13.377%) and to 9. m.p. 200-201° (Found: C. 6591; H. 683 §,
13.38%).

RESULTS AND DISCUSSION
The ""C NMR chemical shifts for the compounds 1-59

are collected in Tables 1-6. The assignments are based on
standard methods, 1.¢. relative intensities, off-resonance
CW decoupling, deuteriation (effective loss of signal for
carbon directly bonded to deuterium, line broadening due
to unresolved "C-"H coupling and isotope effects of 'C
chemical shifts for other necarby carbon atoms) and
additivity relationships. Some assignments are uncertain
and these are indicated in the Tables. The compounds
with axial t-butyl groups, 23, 27 and 27-d., proved very
difficult to obtain and the best samples, prepared
following the most successful method™ for 19, contained
~10% of the corresponding secondary alcohols, which
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Table 3. "'C NMR chemical shifts (ppm from internal Mc.Si) of adamantancs™ 14-25 (0.5 M in CD(C,)
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“The numbering is indicated in the formulac 14-25; Greek letters follow the convention used in ref. 43, which

includes evidence for the assignment of the 8C atoms i

n 15.

*a’, B’ refer to the first and second C atoms in the 2-alkyl substituent.

“The signals for the 5- and 7-methyl carbons can no!

t be assigned at present.

“Ref. 43; the chemical shift of the 2-methyl group was not reported.
‘Ref. 44; the chemical shift of the 2-carbon atom was not reported.

"Not observed.

Table 4. *C NMR chemical shifts (ppm from internal Me.Si) of derivatives of 2-hydroxytricyclo{7.3.1.0° “Jtridecane®
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“In view of the small number of compounds studied the assignments of some similar chemical shifts must be

regarded as tentative.
*do and d. derivatives were studicd (* marks site of
*Not observed in d. species.
“Not observed.

deuterium substitution in formulac).

Table 5. "'C NMR chemical shifts (ppm from internal Me.Si) for derivatives of 3" -octal-2-one (0.5 M in CDCly)

Coxpeonns® C-. c-3 C-4 c-5 o=t 2-7 c-8 c-$ -0
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“The C-2 (CO) resonance was not observed.

*do and d. species studied (* marks the site of deuteriation in formulae).

* Not observed in d, species.
* Average chemical shift for B-ring carbons 5-10

is £6.52 ppm for 36 and 58.8 ppm for 37.

‘Estimated from chemical shifts of 33-38 assuming additivity (sce text).

were positively identified in the "°C spectra of 23 and 27 (d,
and d.). We accordingly studied related compounds
(Tables 3 and 4) in order to make ncarly complete
assignments of the "C chemical shifts in 23 and 27.
Ironically in the A"™-octal-2-ones (Table S) the very
strained compound 36 is comparatively readily prepared
whereas 37, with a chair B ring, has as yet only been
obtained as a relatively minor component in mixtures.”

We accordingly estimated ""C chemical shifts for 37 from
those for 33-35 assuming additivity for the ring carbon
atoms in order to derive an average value for the carbon
atoms in ring B the differcnce between the two averages
(Table S) is much greater than any uncertainty resulting
from assumed additivity of substituent effects for well
separated groups.

The chemical shifts for t-butyl groups cover a rather
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Table 6. "C NMR chemical shifts (ppm from internal Me.Si) of derivatives® and heterocyclic analogues of
1.3-di-t-butylcyclohexane (0.8 M in CDCl)"

«
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*Numbering of C atoms assumes t-buty! groups at positions 3 and S.
"1 M solutions used for VT measurements on 38 and S0 (data quoted only for extreme temperatures); chemical
shifts for 0.5 M solutions at 300 K differ by 0.05 ppm on average from data for 1 M solutions at 298 K.

* Average chemical shifts for ring carbon atoms.
“Not observed.

‘OMe.

'NMc.

*0.25M in CDCI,.-CD\OD (1:1).

*CH.Ph: aromatic carbon resonances were folded and not measured.

'Eq-NMe.

*Broadencd by "N coupling.
'Ax-NMe.

“SMe.

“Studied as mizture; the overlapping signals for C4 and for (Me. can not be measured precisely.

small range and these small differences are validly
interpretable only if each set of diastereomers is
measured under closely controlled conditions. It is known
that concentration effects on chemical shifts of t-butyl
groups in conformationally homogeneous molecules are
remarkably small, ¢.g. in Ref. 31 compounds were studied
cither as neat liquids or as saturated solutions in CS:; yet §
values for t-butyl groups in comparable positions varied
by *0.5ppm. which includes remote substituent as
well as concentration/solvent effects. Nevertheless
measurements were made for covalent compounds in

solutions in CDCl, at a concentration (0.5 M) below which
significant changes in chemical shifts would not occur, as
was confirmed in a few instances. Some of the salts had
low solubility and the thianium and piperidinium salts
were studied at 0.25 M.

In many of the compounds studied one may safely
assume strongly preferred ring conformations as follows:

(a) Chair conformations when all large substituents, i.e.

t-butyl, .\-JMe‘. are equatonal, as in 1-6, 8, 10-12, 30-35,
38-49.
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(b) Twist conformations with unhindered (¢¢ or Io)
substituents when chair conformations would lead to
“impossible ** syn-1,3-diaxial interactions between t-butyl
groups and atoms or groups larger than hydrogen. i.c. 36
in T (Fig. 4); 52, 85 and 59 in T1 (Fig. §). The values of
vicinal couplings 'J (2H. 3H) (see Experimental) for §§
Jo.>4Hz; J.ua=12.7H2) and 89 (J..>4H2z; J, ... =
12.4 Hz) arc similar to those for the diastereomers 43
(Jw>4Hz; )i =124H7) and 89 (J., »4Hz; J,... =
12.7 Hz) and are therefore consistent with conformation
T1 but nor with C1=C2 (Fig. §).

(¢) Chairs with axial t-butyl groups in the derivatives of
adamantane 19, 23 and tricyclo[?.3.1.0° Oltridecane 27.

In most of the remaining compounds with strained chair
conformations such as C'1 and C2 (Fig. 5) there is a variety
of evidence for the presence of relatively large amounts
of twist conformers:

{a) 7: see Ref. 5 for a variety of circumstantial
evidence.

(b) $0: thermodynamic data (AS° (37-49)™ and IR
spectra.”

(cy §1: (as T1. minimising torsion strain''): ther-
modynamic data (AS° (39—51))." We have obtained
supporting evidence from 'H NMR coupling constants
(see Experimental). The geminal coupling “J(2H. 2H) for
81 is 16.3Hz and this implies that the C=0 does not
approximately cclipse either of the C2(6)-H bonds as in
Cl or C2." whereas in 39 ‘J(2aH, 2eH)=13.5Hz as
expected for a chair conformer. The vicinal couplings
'JQH, 3H) for 51, 44Hz (J..) and 12.3 U...). are
consistent with T1 but not with C1=C2 and are very
similar 10 those in 39 (J_. >3 Hz, J....= 13.5H2).

(d) 83: equilibrium constants for the formation of the
borane adduct.’™

(e) 56, §7: 'J(2H, 3H) coupling constants.’

(f) $4: the 'J(2H. 3H) coupling constants for the
N-methyl analogue measured in pyridine-D.0 (1:1), in

which the N-Me and N-H exchange positions rapidly
through a small amount of the free amine thereby giving
rise 10 a dynamic symmetry cquivalent of T1 (Fig. 5), are
6.3Hz(J..) and 11.7Hz (J....). These values are not
consistent with a predominance of C1==C2 but indicate
that chair conformers probably contribute significantly to
the conformational equilibrium. It was shown in separate
experiments that 'H(2H, 3H) couplings are the same in
CDCly and in pynidine-D;0 for 43 (Ju.n. = 12.4Hz in
CDCl, and 12.5Hz in py-D:0) and for the N-methyl
analogue of 42 (J.... = 11.7Hz in CDC)i and 11.9Hz in
py-D:0: the 'J... couplings were all 34 Hz and were not
resolved).

Finally compounds 9, 87 and 58 are assumed by analogy
with related compounds discussed above to exist to a
large extent in twist conformers, while 13 is considered
later.

It is customary to refer to a-, B-. y-effects, ctc., to
denote the change of chemical shift of a carbon atom
caused by a substituent one, 1wo, three bonds, etc away.™
Unfortunately this simple terminology omits any indi-
cation of the spatial relationship between the substituent
and the ""C nucleus. The large and reliable shiciding
cffects of y-substituents in a gauche relation to carbon has

*This conclusion is supported by comparisons of data for other
pairs of analogous acyclic and cyclohexane derivatives, e.g.
2.2.3-trimethylbutane® and t-butylcyclohexane.” but unfortunately
such comparisons arc usually less reliable than one would wish
because the data have not been obtained under similar conditions.

D. J. LooMes and M. J. T. RosiNsoN

been expressed as a “y-gauche effect” which is
immediately understandable but which is not readily
generalised to 8 or more distant relationships. One way of
dealing with the five distinct 8-effects possible with
staggered bond arrangements of a single chain of four
bonds joining the carbon atom and the 8-substituent ts
simply to use numerical subscripts but it is then necessary
to refer to a diagram for each effect 8., 8., etc.” and there
is no way of dealing with, e.g. a rotating group like t-butyl
(Fig. 6¢) or a multiple path (Fig. 6d). We suggest that
where there is a fixed spatial relationship between a
carbon atom and a substituent it should be indicated by
descrniptors for the torsion angles defined by successive
trios of bonds from the carbon to the substituent
preceding the usual Greek letter. Thus the very common
shiclding y-effect may be specified as g-y and the
relatively large deshielding §-effect in crowded systems is
g8 6 (or g g.-6): Fig. 6 shows examples of clas-
sification relevant to this paper., including rotation of a
t-butyl group and multiple bonding paths.

£H,
o~
Q b

o,
- e
" cm'
¢ ‘e s

Fig. 6. Designation of shiclding (or deshielding) §-effects in
molecules of fixed conformation with staggered bonds (working
from the perturbed carbon nucleus fo the relevant substituent): (a)
gl-8-cflect, equatorial methyl group acting on the axial methyl
carbon; (b) g.g -8-efect, ring methylene acting on the “inside™
CH, of the t-butyl group. without allowing for the rotation of the
latter; (c) (g, Ug-8-¢flect, as in (b) except that the rotation of the
t-butyl group is included: (d) g.g.-8-eflect of axial methy! group
on CH: directly across the ring. with two four bond paths
separating the methyl group and the CH..

H,C

We use the simple carbocyclic compounds 1, 4-6, 11,
30. 31, 35 and 3840 to derive the chemical shifts of
carbon atoms in unhindercd equatorial t-butyl groups. A
comparison of 32 with 30 and 31 shows that the t-y effects
of the ring carbon atoms in 30 and 31 have little effect on
the t-buty] chemical shifts.t It is therefore reasonable to
take the chemical shifts of t-butyl groups in 19 and 27 as
appropriate 1o axial t-butyl groups on cyclohexane rings.

Significant changes in deshielding with changes in
conformation were found for both types of carbon atom
in t-butyl groups but we will consider mainly the carbon
atoms in the methyl groups because the chemical shifts of
the quaternary carbon atoms vary rather irregularly,
perhaps partly because they are nearer the heteroatoms in
many of the compounds than the methyl carbon atoms
are. The a-carbon atoms in isopropyl groups (as in 10 and
12) show the expected diffcrence for axial (strongly
shielded) and equatorial positions, by analogy with
methyl.* In contrast the quaternary a-carbon atom of the
t-butyl group in 19 or 27 is deshiclded relative to
equatorial t-butyl groups, e.g. in 30 or 31, and the effect is
much greater in 23. In 13, the only other compound
believed to have a substantial amount of axial t-butyl on a
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chair ring. however, the a-carbon atom is slightly shielded
relative to that in 11, while in the remaining compounds
conformational effects on such a-carbon atoms are small
and irregular. The chemical shifts of the 8-methyl carbon
atoms in t-butyl groups, however, are more regular.

The methyl carbon atoms in an axial isopropyl group
are deshielded relative to those in an equatorial isopropy!
group (compare 10 and 12 in Table 1) and a similar
deshielding is obscrved for ax-NMe. in 8 (predominantly
in conformer C! in Fig. 2) compared with eq-NMe: in 2
and S. Such differences are attributable, in part at least, to
the different rotameric equilibria for axial and equatonial
CHMe: and NMe: substituents. A much larger effect
(CMe, at 28.94 ppm in 19 and 28.52ppm in 27, 3.6 0.2
ppm higher than the average, 25.12 ppm, for analogous
¢q-CMe, in 30 and 31) is observed for t-butyl, with a single
distinguishable rotamer for cach ring conformer, and this
is attributable to the strong steric repulsion between the
“inside”” methyl and the §-methylene groups, i.c. the
g-g -6-effect (Fig. 6) is strongly deshiclding when
allowance is made for the rotation of the t-buty! group. A
similar conclusion has been drawn for CMe. in 9-t-butyl-
9-aza[3.3.1)bicyclononan-2-one.” Deshiclding &effects
have also been observed for hydroxyl' and for oxygen (in
Stax)-t-butyl-1,3-dioxans’) but appear 1o be considerably
larger for methylene acting on methyl (in t-butyl groups)
and may therefore be a genuinely steric effect. In
agreement with this the deshielding in 23 with four methyl
or methylene groups in g.g -3-relationships with a methyl
group in CMe. is more than twice the deshielding effect in
19. with two methylene groups in g.g -§-relationships
with methyl, the non-additive excess effect in 23 being
common with steric effects in crowded systems.

For those pairs of compounds (38 and 36: 40 and 52; 43
and 55; 49 and $9) for which we are certain that one
member is in a chair and the other in a twist conformation
(36T 51, 84 and 58T1) there is a shielding effect (-0.36 to
-0.64 ppm) on the ~-CMe. carbons in the twist conformers
relative to the chairs and this may be taken as
characteristic of e t-butyl groups. Unfortunately we
have no example of isoclinal t-butyl groups on “locked™
twist conformers but circumstantial evidence (see below)
suggests that isoclinal t-butyl groups are not shiclded
relative to chair equatorial t-butyl groups.

In those compounds believed to exist mainly but not
overwhelmingly in twist conformers, i.c. 7, 9, 50, 51. 83,
54, 56-58 the small shielding and deshielding effects.
relative to diastercomers in chair conformers, on the
CMe. chemical shifts (as also the small shielding of the

NMe¢. in 9 relative to 6, although there is no model for an

axial-NMe¢, group) probably result from a balance
between small shielding effects in relatively abundant
twist conformers and larger deshielding in chair con-
formers with one strongly deshielded ax-CMe. and one
eq-CMc.. This is supported for 50 (deshiclded CMe.) by
the temperature variation of the chemical shifts relative to
comparable carbon atoms in 38. Allinger ef al.” showed
from a vanable temperature study of the IR spectrum of
50 that two conformers were present and took these to be
the chair (C1=2C2, Fig. S) and twist (T1 and/or T2=T3),
with the latter lower in enthalpy. Pihlaja™ reinterpreted
data™" for 38 and S0 as indicating that the chair
conformer of 80 has a lower enthalpy than the twist
conformers. The ''C chemical shifts of S0 show increased
shiclding at low temperatures for CMe,, C-4(6) and C-$
and arc therefore consistent with Allinger's conclusion
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while excluding Pihlaja’s. A third possibility. that Allinger
et al.” observed an equilibrium between twist conformers
Tl and T2=T3, is also excluded because the small
enthalpy difference (1.7 kJ mol ) combined with probably
very small differences in chemical shifts (particularly for
CMe,) would not be expected to lead to sigmficant
temperature effects.

The largest difference between “'C chemical shifts for
t-butyl groups in a pair of diastereoisomers is found for 11
and 13. If one assumes that an axial CMe¢. is deshielded by
1.6=0.2 ppm (see above) then the observed difference
between 11 (—2.86 ppm, relative to Me.COH 1n D:0) and
13 (- 1.30 ppm) is consistent with ~45% of conformer C1
(Fig. 3)."' The temperature variation of the chemical shifts
of 13 relative to 11 is substantial even over a relatively
small temperature range (Table 2) and is consistent with
ASY(C1-T)~ +20Jmol K ', in satisfactory agreement
with other chair="twist equilibria.”™* The changes in all
the other chemical shifts are consistent with the twist
conformer 13T having strongly shielded carbon atoms,
particularly C46). CS and CMe,, relative to 13C1.

Three compounds expected to exist mainly in twist
conformations have diastereotopic (-butyl groups. In 54
the t-butyl-CMe, atoms are both slightly shielded relative
to the isomer 42 (chair conformation). In 57 and 58 one
CMe. is slightly shielded and one is shghtly deshielded
relative o those in the cis 1somers (45 and 46; 47 and 48).
From what has gone before it is clear that de-CMe.
groups are significantly shielded and that the chemical
shifts of eq-CMe. (and presumably also CMe: on twist
rings) are not very sensitive to the orientations of
1-substituents in chair conformers (compare 45 and 46; 47
and 48). The results for 57 and 58 therefore suggest either
that conformers T3 contnbute substantially and that
Ic-CMe, atoms (cis 1o the 1-substituent) are not shielded
relative to CMe. on chair rings or that chair conformers
C1 (Fig. $) are minor but significant contributors to the
conformational equilibria in 56 and §7 and that the
deshielding of the ax-CMe. in C1 (trans to the 1-
substituent) offsets the shielding of CMe. in twist
conformers. An examination of Dreiding models strongly
suggests that a sulphur atom in a twist nng favours
conformer T3 relative to T1 (Fig. 5) whereas nitrogen
appears to be equally suited to T1 and T3, with the former

having the N-H in 54 more open to hydrogen bonding to
the solvent as well as ge-t-butyl groups, which appear to
be slightly more favourable than Ic-t-butyl.* We ac-
cordingly suggest that 1c-CMgs, re. those cis to the
1-substituents in 87 and 58 in the T3 conformer. are not
shielded relative to analogous groups on chair rings.
unlike e groups. as in S4T1 which may predominate in
§4. A more certain interpretation of these chemical shifts.
however, will only be possible when definite assignments
of chemical shifts can be made and the conformational
cquilibria can be determined with reasonable accuracy.

The chemical shifts of the ring carbon atoms are too
dependent on substituent as well as on ring conformation
effects for detailed interpretation at present but it is
noteworthy that the average values are generally con-
siderably smaller for the compounds in twist conformers
in any given sct of diastercomers (Tables 1,2, S and 6), a
difference alrcady noted for 4 and 7° Unfortunately a
single axial substituent such as methyl on a chair ring can
bring about a comparable change in the average shielding
of the ring carbon atoms (compare 44, 45 and 86 in Table
6). In such instances the only clear distinction lies with the
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carbon atom directly across the ring from the substituent
because g.g.-6 effects (Fig. 6) across chair rings are
generally small. The C-4 atoms in 50-59, in various twist
conformers predominantly, are all significantly shiclded,
by 1.54-4.25 ppm, relative to diastercomers in chair
conformers, 38-49, whereas a change in configuration of a
substituent on a chair ring (compare 45 and 46; 47 and 48)
usually has a small effect on C-4, as has been found for
cyclohexane®™ and piperidine derivatives.” When there is
an approximate balance between chair and twist con-
formers, as in 13, the large temperature dependence of ''C
chemical shifts will often be the best evidence for twist
conformers. The latter became increasingly favoured at
higher temperatures because AS*(ch—tw) is commonly
large and positive. Furthermore the large axial groups
such as t-butyl that are often the cause of instability in
chair conformers are unlikely to cause as large shielding
effects as axial methyl (compare the "'C chemical shifts of
C7(9) in 18, 18 and 19, or in 21-23 and cxamPlcs of the
cffects of axial t-butyl groups in 1,3-dioxans” and in a
9-azabicyclo[3.3.1]nonane derivative') and the shielding
resulting from change in ring conformation shows up
clearly. We have recasonable estimates of chemical shifts
for chair and twist conformers only for the CMe, carbons
of 13 and the large shielding effects apparent for other ring
carbon atoms may well represent changing substituent
effects as well the change in ring conformation.

CONCLLUSION

""C NMR chemical shifts provide several criteria for
detecting twist conformers in 6-membered ring com-
pounds. When t-butyl or other large multiply branched

substituents, e.g. NMe,, would be axial in a chair

conformer the absence of significant deshielding caused
by the (1, g)g-5-effect (up to ~4 ppm for CMe,) in the axial
group may be taken as good evidence for a predominance
of twist conformers (see Tables | and 6 for several
examples). When such a group is significantly deshielded
but no model compound with it axial is available a
chair-twist equilibrium will be detected by the tem-
perature dependence of the ~'C chemical shifts, relative to
a chair model compound with equatonal groups (see 11
and 13 in Table 2). with increased shielding at high
temperatures (particularly when the term - TAS® balances
a substantial AH° making AG® small, so that the
percentage changes in the conformer populations is as
large as possible).

The presently available compounds include few carbon
containing substituents other than t-butyl but an unhin-
dered methy! group on a twist ring has a chemical shift
closer to those of equatorial than of axial methy! groups

on chair rings (compare SMe in 45, 46 and §7, NMe in 43
and 58). Clearly this will only be useful when the methy!
group must be axial in the accessible chair conformer: this
will often be so in polycyclic systems although it is not in
§7. Less symmetrical groups such as OMe may be more
useful than simple ones like methyl. The OMe carbons in
§2 are considerably deshiclded relative to both axial and
equatorial OMe in 48. This is presumably caused by
differences in g-y effects of differently oriented 2- and
6-CH. groups in 40 and 52 and suggests that "'C chemical
shifts will be useful in studying rotameric equilibria.

At present it is not possible to interpret the chemical
shifts of carbon atoms in twist rings in detail because
there are so many uncertainties about the equilibria

D. J. Looues and M. J. T. RosiNsox

between different twist conformers. It is clear, however,
that carbon atoms on twist rings are on average
considerably more shiclded relative to those in dias-
tereomers in chair conformers with equatorial sub-
stituents. When it is possible to estimate additively the
shielding effects of axial substituents on ring carbons in
chair conformers the average chemical shifts will often be
useful for demonstrating the probable occurrence of twist
conformers in compounds with strained chair conformers.
As with carbon containing substituents, the temperature
dependence of ''C chemical shifts of ring carbons,
relative to diastereomeric compounds in chair con-
formers, will be particularly informative when [AG(ch—
tw) 1s fairly small.
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