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AM--“C NMR spcclr~ of dcnvauvcs of cyclohcnane. pipendine. and rhlan m chair and IUI~I conformers. and of 
model compounds. lead IO c\umarc\ of dcshrcldmg 1&5 3.6 * 0 ? ppm) for axial C\kS on a qclohexane ring and 
\hwldinptM - 0.2 to -0.6 ppml for &c-(‘Hc. in IU I\I conformer\. rchtc IO quatonal CMc, WmgcartxJn atom\ arc 
conslderahl! \htcldcd In INN conformer\ rclarl\c wchair conformers. The \aluc of “Cch%cal \htfr\ m 1h-c rlud) of 
charr.ruw cquilihru i\ cwmpliticd h! varr;+le tcmpcrarurc measuremenl~ on dn~lercomcric pairs of compounds (II 

and 13: UI and 501 

A reliable interpretation of faclors influencmg the 
reactivity of the common chair conformers of 6- 
membered rings requires that the possible influence of 
twist conformers shall be known.’ II is therefore 
necessary IO study the properties of compounds lhal can 
be shown IO exist, IO a considerable extent al least. in 
twist conformalions? and we musl he able IO detect such 
conformers m solution. Diffraction methods have been 
little used IO detect twist conformers ad only for 
cyclohexan-1.4dione ha\ lhe twist conformation in the 
solid’ and vapour’ been firmly correlated with a twist 
conformation in solution. using vibralion spectra.’ 
L’nfortunalely electron diffraction has failed IO determine 
the conformation of cis-l.4Ji-I-hutylcyclohe~ane 7.’ 
which probably exists as one or more twist conformers. A 
twist conformer was first detected using IK spec- 
troscopy,” with strong support from H NMR.‘ and these 
two methods have remained the most commonly used. 
Proton spectra, howcvcr. unless simplified by special 
structural features or by specific deuferiation. are often 
difficult IO analyse and ‘H-dccouplcd .‘C spectra should 
be more generally useful. Hitherto there have been feu 
compounds known lo be in twist conformalions lhal could 

be used as a hasis for a correlation betueen conformation 
and “C chemical shifts and httle has been published.“’ 

A chair ring has IWO types of ligand position (axial. 
equatorial) hut a twist ring (noIe the cnantiomcric pair of 
twist conformers of cyclohexane: in the remainder of this 
paper we will illustrate only one of each enantiomeric pair 
of twist conformers) has IWO unhindered (Ic. be)‘” and 
one hindered type of position I&al’” (Fig. I). When a very 
large substitucnt such as I-butyl is forced IO be axial on a 
chair then one or more twist conformers becomes at least 
comparable in energy uith Ihc chair conformers provided 
the large substituents can occupy unhmdered (Ic or &e) 
posiIions.‘O Derivatives and heterocyclic analogues of 
cyclohcxanc have cvcn more twist conformers and these 
arc illustrated for compounds studied in this paper in Figs. 
z-5. 
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*In thl$ paper we arc conccrncd pnmanl> wth compounds m 

u-hlch horh chair and IU-IA conformer\ are pos\thlc. In conrlasr IO 

many furd arm! hrrdged rmp s!srcrns 

Fig. I. Enanrromenc IWISI confornws of cyclohcxane 

TI T2 

Fig ! Conformers of a cwl.4disuhsriturcd dcnvatrvc of 
cyclohexane fexcluling twist conformcrq uirh 6a g~oupr). 

Cl c2 7 

Fig. 3. Conformers of a rranv!-alk~lcyclohexanc 1.3drcar- 
hoxylarc anion (excluding twist conformers wrth &a groups). 

C T 

f:ig. 4 Charr and lwirl conformers of lk R-ring of a cis-6.1& 
dialkyl-~““~ral~~~nc 
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FIR 5. Chair and IWI~I conformers of ?substitutcd derivatives of 

trans. 1.3~i-l.butyk)clohenane and its hclerocychc analogucs 

(cncludmp ru-ist conformers wrth &a groups~ When X IS 

pyramrdal. e.g. S-Me. the substitwnt I\ assumed IO bc oricnlcd as 

m formutac 53. S6 and S7 so Ural c? has an “rmporsrbk” 
syn I .!.diarial intcractmn and ‘I? has a &a substrtucnt and may be 

Ignored. Hhcn X carr~cr IWO substitucnts *H both Cl and c! 
have “impossibte” stnm and both ‘P and ‘T! have &a substrtucnts 

and may bc ignored. 

In other research we have prepared a variety of 
compounds in u hich twist conformers are expected to be 
important and WC have set out to characterise ‘C N.MR 
chemical shifts for t-butyl groups on chair and twist rings 
and to interpret the effects of ring conformation on the 
chemical shift\ of the ring carbon atoms. 

‘I’ N.VR spcc-VU. These qctra Ucrc measured using a Rrukcr 

U’HW pulse f’ouncr transform spcctromctcr operating at 
22 63 MHr m contunctron Nrth a N~cok~ B-KC I! computer. 
Compounds wcrc studred as 0.5 M wluuons in CIW, containmg 

0.5 M Mc.Si as internal reference unkss othcrurv mdrcatcd in 
Tables Id. The ma)0r11) of spcc~ra ucrc measured with a Zoo0 Hr 

weep width (W pulse.” 1.2s rcpctruon rate1 and the FIDs ucrc 

accumuktcd m 4 K memorv addresses IO u hich ucrc added 4 K 
empty addrew before Ft’ piwng a digtal rcsolutron of 0.49 Hc 

I = 0.022 ppm). 

w 
X 

H ;VMR sprc-fro ‘l&w qxc~ra were measured usmg a Perkin 
Iilmcr R32 Ml MHz) spectrometer urth &,SI as mtcmal lock and 

rcfcrcncc The complex spectra for 58 and W were simphficd IO 

first order \pcctra hy the addrtwn of bulfodh MOmgJ IO each 
ketone (Jo rng) m CDCI, (0.4 ml1 Varymg lhc rclalrvc amounl of 

UK shrft reagent drd not ~TCCI the ‘I ,,,, couplings significanlly and 

Ld only a small cffec~ on ‘J,,,, couphngs 

X X 

38 Cn, u s 
39 co- 
44 CIo+wz 

45 S-Me 

41 NM@ USMe 

X X 

50 CHI 56 s 

42 NncH,Ph 4r s-o 

45 NV+, 45 s 0 
40 so, 

51 co- 
52 C(CW, 

57 SIMS 

52 NMe 58 s-0 
54 F;Hcn* 55 so, 

55 Nh% 

Compounds. Standard methods uerc used IO prepare many of I)tntar11~f5 o/ oJumonfanc und oj tnrylo[7.3.I.u’ ‘Jrridrrune. 
the compounds. I.C 2. 3.5.6.8.9:” M-18. to;” 26. 28.29;.’ 3O;.’ The hydroxyketonc 28” r!.CXgJ. m p. 167-169”. was dcutcriatcd 
21;” 32:” 2.3. W.” 3S. ” 39.” Other compounds wcrc availabk in by hcatmg with I M NaOD m I)#-MOD I I : IL 6 ml) at IOO’W 

this laboratory. IX. t&13.” ZC22.25;” JlA3. SMS:” U45.56. grvmp t&l. tHY7r after crystalhsatron from EIOH-H,OJ. m.p 

S7. The rcmarning compounds Ucrc prepared as follow\. 16!-16w. 

.4 pure sample of Iti” u-as generously gown by Prof J 1.. Fry. 

When the same prcparativc procedure was uud for 23. 27 and 
27d. from 2S. 28 amf ZBd, the products were only WT pure r “C 
KMR). As ye1 punfrcatmn from the accompanying sccondaq 
alcohols” has not hcen successful bul the “C NMR spectra 

con~incmgly contirmcd ~hc srrucrurcs of the mam comtwrcnrs as 
well as rdentrfymg the secondary alcohols 21 and 26. 

1 R. !.E” 4 R :a 7 R 1AJ 
2 R NMe, 5 R NMe, 8 R-NM@, 

3 R A, 6 R iMe> 0 R iMe, 

.o*cvco; ~o,c*co; 

R : 

10 R- .Pr 

11 R I& 

12 R- ,.Pr 

13 R r.Ou 

R, R, 
14H H 

15H H 

16H Me 

1TH ue 

18H I.48 

19 H I& 

2oMeH 
21 Me H 

22M8Me 

23M8 !.Bu 
24 H -0 

2s Me --O 

R, 
H 

cm 
H 

Me 
OH 
on 

k 
On 
cm 

OH R, 

- . =Y- R, 

- R, 
. 

A, R, R, 
25n OR n 
27n 0H I-&, 
28n 4 
2BhkJ 0 

(‘1s 6. I . hurvl IO. mfhvl A’ “. oc?u/ 2. onr ‘Ihc ketone 

36 was ohtarncd by dehydrating lhe appropriate V-hydroxydecal.2. 
one“ tavailabk in thrr lahontory ) uith anhydrous oxalic acid in 

boiling tolucnc. 
Drnrafrrfs of I.l-di.r-hufvlc~~l~)h~xun~ 3.s.th.t~burylpheml 

was hydrogenated m ace~rc acid over RIO, IO give 58'" and CU. 

ti.~-!..c-dl-t-hulylcyc~hcxa~l whrch uas oxidiscd IO ss” by 
Jones’ chrome acid.” TnnsJ.6dl-r.butylc)clohexan-I.!~dlone’ 
t tog) was reduced uith LAH. (dg) and .4lCl, (Jog) m ether to 
grbc trans.!_(dI-t-~lt!Ic)clohcxcnc ‘the bdwr ud\ Ial reduced 
wth H, over IVO: IO so'" and rbr treated wrth boranc-‘Itit’ 
followd by chromrc acd” IO gryc Sl.- ‘Ihc ketones 39 and 51 
acre convened into rhc kctals Y) and 52 by the actmn of methyl 
orthoformarc 
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Table I. “C KSlR chemical shift% (ppm from inIema1 \fe.Si) for I,4d1rub~1utcd dctivaUves of cyclohcxane ~0.5 SI 
in crXl,t 

)a’.: 2 jr.)> 

>‘,+rl :i .r. 

: 7.5; >i.t: 

??a... !2.% 

_ >.‘.?3 

., Average of ohcmiul \hifI\ for rinp carbon acorn\ lord! &en for et\ of dwtcrcomcrl1 
“Ikrtrcd from data uvnp I.l&nan as mrcmal refcrencc tfor neat liqwd\; WC ref. 91. 
I-CMC. 

“44?-&,. 
‘Piumbcrinp as m formula 32 IO facdlhtc companwm with 30 and 3t 

:c 122 :: *‘,^ !.3. 2./“1 

:i 93 .i.i‘ !.‘i :.*,: 

:r.e 

iz.‘C 

;‘;.a2 

lo.:z 

-! .:4. 

::- .:.* 

j..n 

_ . . : .> 

‘r.i; L-43 

! :,! -*... 

3.I’F j.5.. 

2.4” i .4:: 

-!.*,. -b.!’ 

3 . I ? I.*; 

*, .c ; 2-e:; 

->.!t: i.ft 

- ! .c.* 

-;.ir 

! .I? 1 
” Average ot chemical Mis fur ring carbon\. 
“oblincd from spcclra ulth Jaoo Hr seep width Idi~Ii~i~ion O.W5 pprnr and nor mcrsurcd m itre 

swiahle lcmpcralurc cxpcrmwnl 

The “C NMK chemica1 shifts for the compounds 1-59 

are collected in Tables 1-k ‘Ihe assignments ate based on 

standard methods, IX. relative intensities. off-resonance 
CW decoupling, deutcriation teffectivc loss of signal for 
carbon directly bonded to deutcrium, line broadening due 
to unresolved .‘C-‘H coupling and isotope effects of “C 
chemical shifts for other nearby carbon atoms) and 
additivity relationships. Some assi~ments are uncertain 
and these are indicated in the Tables. The compounds 
with axial t-hutyl groups, 23, 27 and 27-d.. proved very 
dificult to obtain and the best samples, prepared 
following the most successful m&o& for 19, contained 
--IO% of the corresponding secondary alcohols, which 
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Table 6. “C NMH chemical \hdrs @pm from mlemal Mc.SI) of dcrwarivcs- and hercrtryclic analogues of 
I.3di~r~hutylcyclohenanc (0.5 M m CLXI,)” 

71.2% 

77.:t 

_zj*c5 

e 

:! 

v.Yc il.lL 

S!.Li ii.% 

-< -5; 4’. :‘I 

ri.41 

i/.rL 

0 

22 
67.57 ii.59 

z 
65.9~~ i7.lt. 

i?.>i LP.9; 7.!.;i 

i:./: Jai.)/ 7C.i.i 

-:.hA -t>.:: -7.:: 

ii.25 .A’.15 ;*.:c 

zJ2.5: Ll.59 25.P 

-L.I2 -6.‘yB -7.k 

15.77 Lb.Cl . : 7 ‘I h 

Lc.:/ 1.i.s Z..$‘, 

! 5.w l.j.1: 71.3 

37.5: 39.93 . 1> i? 

57.76 Li.X 70 .c ‘5 

‘tr.15 L2.S) a..* 

5b.22 Lble 25d.7 
SK 

:?.>I. 7?.?s 

2” 

x-.x j2.72 

Ln.‘! >i.Y; 
27.97 

Y2.x 21.0: 

32.:: 7:>.9cl 

LP L./L I.:.21 i‘.,.CL 37.42 2f.C: 

-I7 
2 

b7.96 gi.67 7>.% !i. 5‘. 7’..?/ 

LL 3?.*7 ‘33.7) /2.!n. j:.t.: 

2 
i!.zs 4.L.L: i5.M !!.77 

2 
d.i.2: LG.69 2/.0/ >ib.% 7/.% 

ti 
L0.c: j5.Q 7?.!‘1 !a..!3 7f.7’. 

)I.‘.> i i . ZJ:’ 
>7 

yJ.0) Q.tk. 
21.6) )).‘,b i/.LO 

>js2;= 
35.2 v.53 

l.? 5i.i9 Lj.94 II.> 

-p. LTl.04 !7.11 ii.3 

2 
U.7? >d.s’, 

Lb.> j6.C) 
2*.!+7 

19 
5j.07 LL.Yc 71.U 

2 
51.x Lo.DL 2c.>7 

‘Sumbering of C atoms assumes I-butyl groups al positions 3 and 5. 
* I M solutions uud for L’T mc~urcmcnt\ on 38 and 50 (data quolcd onl) for cxlrcmc rcmpcralurcsJ; chemtcal 

shifts for 0.5 M solution\ at 300 K differ by 0 05 ppm on avcragc from dara for I ht solutions al 298 K. 
’ Average chcmlcal shdrr for rtrtg carbon atom\. 
‘Sot &ervcd 
‘OMC. 
‘P;MC. 

‘0.3 M m CDCLJXOD t I. I I. 
‘CH:Ph; aromatic carbon resonances were folded and MI measured. 

‘Eq-SMC 
‘Broadened b) “N coupling. 
‘Ax-N&. 
-Sk 
‘Studied a mldurc; the overlapping signals for C-l and for (‘&z, can MI be measured prccrscly. 

small range and these small differences are validly solutions in CDCI, at a concentration (0.5 M) below which 
interpretable only if each WI of diastereomers is significant changes in chemical shifts would not occur, as 
measured under closely controlled conditions. It is known was confirmed in a few instances. Some of the salts had 
that concentration effects on chemical shifts of t-butyl low rolubility and the thianium and pipcridinium salts 
groups in conformationally homogeneous molecules arc were studied at 0.25 M. 
remarkably small. e.g. in Ref. 31 compounds were studied In many of the compounds studied one may safely 
either as neat liquids or as saturated solutions in CS: yet 6 assume strongly preferred ring conformations as follows: 
values for t-butyl groups in comparable positions varied (a) Chair conformations when all large substituents. i.e. 
by +0.5 ppm. which includes remote substituent as 
well as concentration/solvent effects. ~~~~~~~~~~ t-butyl, iMel. are equatorial. as in Id. 8. 1612. 3&35, 

measurements were made for covalent compounds in 38-49. 
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(bj Twist conformations with unhindcrcd (&c or Ic) 
suhstitucnts when chair conformations would lead to 
“impossible *’ syn- I .3-diaxial interactions between t-buoy I 
groups and atoms or groups larger than hydrogen. i.e. 36 

in 1‘ (Fig. 41: 52. 55 and 59 in TI (Fig. 5). The valucc of 
vicinal couplings ‘J (?H. 3Hj (see Experimental) for 55 
(J,, > 4 Hz; I:,,. = 12.7 Hz) and 59 (J.. B 4 Hr; J,,,. = 

12.4 Hz) arc similar to those for the diastereomers 43 
(J,, B 4 Hz; J,,,, = 12.4 Hz) and 49 (J_ > 4 Hr.: J,,,, = 
12.7 H7) and are therefore consistent wtth conformation 
TI but nor uith CI=C! (Fig. 5). 

(c) Chairs with axial t-butyl groups in the derivatives of 

adamantane 19. 23 and tricyclo[?..l. I.@ ‘Oltridccanc 27. 
In most of the remaining compcjunds with strained chair 

conformatrons such as Cl and C? (Fig. 5) there is a variety 

of evidence for the presence of relatively large amounts 
of twist conformers: 

(a) 7: see Kef. 5 for a variety of ctrcumstantial 
evidence. 

(h) SO: thermodynamic data (Y? (37-.49)1~ and IR 
spectra.” 

(c-j 51: (as ‘I‘l. minimising torsion stram”j: thcr- 

modynamic data (Js” (39+51jJ” U’c have obtained 

supporting evidence from ‘H NMR coupling constants 
(see Experimental). ‘The gcminal coupling ‘J(2H. ZHj for 
51 is 16.3 Hz and this implies that the C=O does nof 

approximately eclipse either of the C!(6)-H bonds as in 

Cl or C!.” whereas in 39 ‘J(!aH. !eHj = 13.5 Hr as 
expected for a chair conformer. The vicinal couplings 

‘J(2H. 3Hj for 51. 4.4 Hz (J,,) and 12.3 (J,.,.). are 
consistent with Tl but nor with CIX! and are very 

similar to those in 39 (J.., > 3 Hr.. J,,,, = 13.5 Hz.). 
(d) 53: equilibrium constants for the formation of the 

bordne adduct.” 

(cj 56, 57: ‘J(2H. 3H) coupling constants.. 
(/) 54: the ‘J(!H. 3H) coupling constants for the 

N-methyl analoguc measured in pyridine-f&O f I : I). in 

which the N-Me and N-H exchange positions rapidly 

through a small amount of the free amine thereby giving 
rise to a dynamic symmetry equivalent of ‘I’1 (Fig. 5). are 

6.3 Hz(J,,.) and II.7 Hz (J,,,.). These values arc not 
consistent with a predominance of CIS? but indicate 
that chair conformers probably contribute significantly to 

the conformational equilibrium. It was shown in separate 

experiments that ‘HQH, 3H) couplings are the \ame in 
CIXII, and in pyridine-I):0 for 43 tJ,,. 7 I!.4 Hz in 

CDCI, and 12.5 Hz in py-I):Oj and for the N-methyl 

analogue of 42 (J.,.., 7 Il.7 HI in CDCI, and Il.9 H7 in 

py-f&O: the ‘J.,. couplings were all >4 Hz and were not 
resolved). 

Finally compounds 9.57 and 58 arc assumed by analogy 
\sith related compounds discussed above to exist to a 
large cntent m twi\t conformers. while 13 is considered 

later. 
It is customary to refer lo U-, p-. y-effects, etc., to 

denote the change of chemical shift of a carbon atom 
caused by a substituent one. two. three bonds. etc away.ti 
Unfortunately this simple terminology omits any indi- 
cation of the spatial relationship between the substitucnt 
and the “C nucleus. The large and rehable shielding 
effects of y-substitucnts in a gauche relation to carbon has 

This conclusion is wpportcd by comparisons of data for other 
pan5 of analogous acycltc and cyclohcnanc dcrrvatives. e.g. 
?.!.3-trimethylbutane‘ and t-butylcyclohexane.’ but unfortunalcly 
such cumynsons arc usually less reliable than one u-ould wish 
bccauu the data have not been ohtaincd under simdar conditions 

been expressed as a “y-gauche effect” which is 
immediately understandable but which I\ not readily 
gcncralised to S or more distant relationship\. One way of 
dealing with the five distinct fi-effects possible with 

staggered bond arrangements of a single chain of four 
bonds joining the carbon atom and the S-substituent is 
simply to use numerical subscripts but it is then necessary 

to refer to a diagram for each effect &, I$. etc.“ and there 

is no way of dealing with, e.g. a rotating group like t-butyl 
(Fig. 6c) or a multiple path (Fig. 6dJ. We suggest that 

where there is a fixed spatial rclationshtp hetwccn a 
carbon atom and a substituent it should be indicated by 

descnptors for the torsion angJcs defined by succcstive 
trios of bonds from the carbon to the substitucnt 

preceding the usual Greek Icttcr. Thus the very common 
\hiclding ytfiect may be specified as g-y and the 

relatively large deshieldrng 8-effect in crowded systems is 
g.g 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. 

b 

Fig. 6 ksignatmn of shreldmg (or deshreldrngl b4ccts m 
mokcuks of tired conformatwn u-rth ttaRgered bonds rworkmg 
from the pcrturbcd carbon nucleus ro the rcksant wbstrtucnt). (a) 
gt-6effecr. equatorial methyl group actmg on the axial methyl 
carbon; rb) g.g -64icct. nng methyknc acting on the “mskk” 
(It, of the t~hutyl group. u~thnut allowng for the rotatron of the 
latter; rc) lg. l~~b4Tcct. as m rh) excepl thal the rotatmn of the 
I-butyl group is mcludcd: rdr p.g.44lect of axral methyl group 
on CH.. directly across the ring. uith fun four bond paths 

scparatmg the methyl group and the (‘Hz 

We use the simple carbocyclic compounds 1. 16, 11. 
30. 31. 35 and 3tS-@ to derive the chemical shifts of 
carbon atoms in unhindered 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-butyl chemical shifts.? It is therefore reasonable to 
take the chemical shifts of t-butyl groups in 19 and 27 as 

appropriate to axial t-butyl groups on cyclohexanc rings. 
Significant changes in dcshielding with changes in 

conformation were found for both types of carbon atom 
in t-butyl groups but we will consider matnly; the carbon 
atoms in the methyl groups hecau\e the chrmtcal shifts of 
the quaternary carbon atoms vary rather irregularly, 
perhaps partly because they are nearer the hetcroatoms 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 difference for axial (strongly 
shielded) and equatorial positions. by analogy with 
methyl.” In contrast the quaternary n-carbon atom of the 
t-butyl group in 19 or 27 is &shielded 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 IO that in II. while in the remaining compounds 

conformational effects on such a-carbon atoms are small 
and irregular. The chemical shifts of the fi-methyl carbon 

atoms in t-buIyl groups, however. are more regular. 
The methyl carbon atoms in an axial isopropyl group 

are dehielded relative IO those in an eqUaIOIial isopropyl 

group (compare IO and 12 m Table I) and a similar 
deshielding is observed for an-NMl. in 8 (predominantly 

in conformer Cl in Fig. 2) compared with eq-NM-e> in 2 
and 5. Such differences are attributable. in parI a1 least. to 

the differenr roIameric equilibria for axial and equalorial 
CHMe: and NMe: subsfituents. A much larger effect 
CCM_e, a1 X.94 ppm m 19 and 28.52 ppm in 27, 3.6 2 0.2 
ppm higher than the average, ?C.l! ppm, for analogous 
eq-CM$ in 36 and 31) is observed for t-butyl. with a single 

distinguishable rotamer for each ring conformer, and this 

is artributable to the strong steric repulsion belween the 
“inside” methyl and the li-methylene groups. i.e. the 
g_g -h-effect (Fig. 6) is srmngl~ deshielding when 

allowance is made for the rotation of Ihe I-butyl group. A 

similar conclusion has been drawn for CM-e, in 9I-butyl- 
Y-aza[3.3.1]bicyclononan-?-one.U Deshielding &effects 
have also been observed for hydroxyl”and for oxygen Iin 
Van )-I-but) I- I .3-dioxans’ ) but appear IO be considerably 

larger for methylene acting on methyl (in I-butyl groups) 
and may therefore be a genuinely steric effect. In 

agreemen with this the deshielding in 23 with four methyl 
or merhylene groups in g.g -S-relationships with a methyl 

group in We, is more than twice the deshielding effect in 
19. with tuo methylene groups in g.g -A-relationships 

with meIhyl. the non-additive excess effect in 23 being 
common wiIh steric effecIs in crowded systems. 

For Ihose pairs of compounds 135 and 36: 40 and 52; 43 
and 55; 49 and 59) for which we are certain IhaI one 
member is in a chair and the other in a IwisI conformation 

136’1’; 51.54 and 581’1) Ihere is a shielding eRec1 r-O.36 IO 
-0.64 ppml on the -<‘Map carbons in Ihe IwisI conformers 

relalive IO Ihe chaus and this may lx taken as 
characteristic of tie I-butyl groups. l!nfortunaIely we 
have no example of isoclinal I-butyl groups on “locked” 
twist conformers but circumstantial evidence Isee belou) 

suggests IhaI isoclinal I-butyl groups are no1 shielded 
relative IO chair equatorial I-butyl groups. 

In those compounds believed IO exist mainly buI no1 
overwhelmingly m Iw.isI conformers, i.e. 7, 9. SO. 51. 53. 

54, 558 the small shielding and deshielding effecls. 
relative IO diastereomers in chau conformers, on the 
CM:* chemical shifIs Ias also the small shielding of the 

N hkti in 9 relarive IO 6. although there is no model for an 

axial-NM-e, group) probably resuh from a balance 

between small shielding effects in relatively abundant 

twis1 conformers and larger deshielding in chair con- 
formers with one sIrongly deshielded ax-CM:, and one 
eq-CM:,. This is supported for 50 (deshielded Chf~~) by 

the Iemperarure variation of the chemical shifts relative IO 
comparable carbon atoms in 3% Allmger PI ol.” showed 
from a variable Iemperature study of the IK specrrum of 
SO IhaI IWO conformers uere present and Iook these IO be 

the chair fCI=C?. Fig. 5) and twis1 (Tl and/or TZ=T3). 
with Ihe latter lower in enthalpy Pihlaja” reinterpreted 
data’” ‘: for 38 and 50 as indicating that the chair 
conformer of SO has a lower enthalpy than Ihe twist 
conformers. The “C chemical shifts of CO show increased 
shielding at low temperatures for Cl@,. C-4(6) and C-5 
and are Iherefore consistent with Alhnger’s conclusion 

while excluding Pihlaja’s. A third possibdity. lhal .4llinger 

ef (I/.” observed an equilibrium between twist conformers 

Tl and T253, is also excluded because Ihe small 

enthalpy difference Il.7 kJ mol ‘) combined with probably 

very small differences in chemical shifts (particularly for 

CM_,) would not be expected IO lead IO sigrulicant 
lemperalure effecfs. 

The largest difference between “C chemical shifts for 

r-butyl groups in a pair of diastereoisomers is found for 11 

and 13. If one assumes that an axial CM_c; is deshielded by 
3.6 z 0.2 ppm (see above) then the observed diRerence 
between II I-2.86 ppm, relative IO MeCOH in I):()) and 

I3 I- I.30 ppm) is consisIen1 with - 45% of conformer Cl 

(Fig. 3).” The temperature variaIion of Ihe chemical shifIs 
of 13 relative IO I I is substantial even over a relatively 
small temperature range (Table 2) and is consisten wiIh 
SIC1 +T) -w +!OJ mol K ‘. m salisfaclory agreement 

with other chair=-IwisI equilibria.‘” ” The changes in all 
the other chemical shifts are consistent with the twist 

conformer 13T having slrongly shielded carbon aloms. 

particularly C4(6). C.C and (‘Me,. relative IO WI. 
Three compounds expcted IO exisI mainly m IWISI 

conformations have diastereotopuz I-butyl groups. In 54 
rhe t-buryl-Ch(_e, atoms are boIh shghtly shielded relative 

to the isomer 42 (chair conformation). In 57 and 58 one 
CM-e, is slightly shielded and one is shghtly deshielded 

relauve IO those in Ihe cis isomers 145 and 46: 47 and 48). 
From uha~ has gone before i1 is clear that &e-C\QB 
groups are significantly shielded and that the chemical 
shifIs of eq-CM:, (and presumably also CMz; on twist 

rings) are not very sensitive to the orientations of 
I-substituents in charr conformers (compare 45 and 46; 47 

and 48). The results for 57 and 58 therefore suggest eirher 
IhaI conformers ‘1’3 conIribuIe substantially and thaI 

Ic-CM_c, aroms (cis IO Ihe I-subsIiIuen1) are not shielded 

relalive IO CM_c) on chair rings or tha1 chair conformers 

Cl (Fig. .O are minor but significan1 contributors to the 
conformational equilibria in 56 and 57 and that the 

deshieldinp of the ax-CSbi in Cl IIrans IO the l- 

substituemj offseIs the shielding of C%!~~ in twis1 
conformers. An examination of Dreiding models strongly 
suggests that a sulphur aIom in a twist rmg favours 

conformer ‘1’3 relative IO TI (Fig. 5) whereas nitrogen 

appears IO be equally suited IO TI and T!. with the former 

having the N-H in 54 more open to hydrogen bonding IO 

the solvent as well as cLe-t-hutyl groups. which appear to 

be slightly more favourable Ihan Ic-I-butyl.” We ac. 
cordingly sugges1 IhaI Ic-CM~~. i.e. Ihose cis IO the 

I-subsIiIuenIs in 57 and 58 in the T3 conformer. are no1 
shielded relalive IO analogous groups on chair rings. 

unlike CLe groups. as in 54TI which may predominate in 
54. A more certain mterpretation of these chemical shifts. 

however. will only k possible when definiIe assignments 
of chemical shifts can be made and the conformational 

equilibria can be determined with reasonable accuracy. 

The chemical shifts of the ring carbon atoms are too 
dependenr on subsIiIuen1 as uell as on ring conformalion 
effects for detailed interpretation a1 presen1 but II IS 

noIeworthy that the average values are generally con- 
siderably smaller for Ihe compounds in twist conformers 
in any given set of diasIereomers (Tables I, 2. 5 and 6). a 
difference already noIed for 4 and 7.’ Unfortunately a 
single axial subsIiIuen1 such as merhyl on a chair ring can 
bring about a comparable change in the average shielding 
of the ring carbon aIoms (compare 44.45 and 56 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 substituenc 
~CC~USC g.g--6 effects (Fig. 6) across chair rings are 
generiilly small. The C4 atoms in 5659. in various twist 
conformers predominantly. are all significantly shielded. 

by l..54-K?.( ppm. relative 10 diastereomcrs in chair 
conformers. 38-49. whereas a change in configuration of a 
substitucnt 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’ yI and pipcridine 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. ‘Ihe latter became increasinglv favoured at 
higher temperatures because Sfch+tw)Sis commonly 

large and positive. Furthermore the large axial groups 

such as t-hufyl that are often the cause of instability in 
chair conformers are unlikely IO cause as large shielding 
effects as axial methyl (compare the “C chemical shifts of 

C7(9) in IS, 18 and 19. or in 21-U and examplcs of the 
effects of axial (-buryI groups in I.3-dioxans ’ and in a 

9-arahicyclo]3.3.l]nonane derivative’.) and the \hieldinp 

rcsulring from change in ring conformation shows up 
clearly. We have reasonable estimates of chemical shifts 

for chair and twist conformers only for the C\ic, carbons 
of I3 and the large shielding effects apparent for other ring 

carbon atoms may well represent changing subtrituent 
effects as well the change in ring conformation. 

co!Kl.L’slos 

“C NYH chemical shifts provide severdl criteria for 

detecting twist conformers in &membered ring com- 

pounds. When I-bufyl or orher large multiply branched 

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

conformer the absence of significant dcshielding caused 

by the (1. gjg-&effect (up 10 -4 ppm for MC,) in the axial 
group may be taken as good evidence for a prcdominancc 

of twist conformers (see Tables I and 6 for several 
examples). When such a group is significantly deshielded 
but no model compound with iI axial is available a 

chair-twist equilibrium will be detected by the tem- 

perature dependence of the ‘C chemical shifts, relative IO 
a chair model compound with equatorial groups (see 11 
and 13 in Table 2). with increased shielding at high 
temperatures (particularly when the term -‘TX? balances 

a substantial AH” making Xc 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 I-butyl but an unhin- 

dered methyl group on a twist ring has a chemical shift 

closer 10 those of equatorial than of axial methyl groups 

on chair rings (compare !&e in 4.46 and SI; r;‘Me in 43 
and 55). Clearly this will only tx useful when the merhtl 
group must be axial in the accessible chair conformer: thus 
will often be so in polycyclic systems although it is not in 
ST. Less symmetrical groups such as OMc may be more 
useful than simple ones like methyl. The OMe carbons in 
52 are considerably deshicldcd relative 10 both axial and 
equatorial OMe in 0. This is presumably caused by 
diffcrcnces in g-y effects of diffcrcntly oriented !- and 
6-CH: groups in 40 and 52 and suggests that “C chemical 
shifts will be useful in studying rotameric equilibria. 

Al 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 

between different twist conformers. It is clear, however, 
that carbon atoms on twist rings are on oreruge 
considerably more shielded relative to those in dias- 
kreomers in chair conformers with equototiol sub- 
stituents. When ir is possible to estimate additively the 
shielding efkc~s of axial substituents on ring carbons in 
chair conformers the aberage chemical shifts will often be 
useful for demonstrating the probable occunence of twist 
conformers in compounds with strained chair conformers. 
As with carbon containing substitucnts. the temperature 
dependence of “C chemical shifts of ring carbons, 
relative to diastereomeric compounds in chair con- 
formers, will be particularly informative when I.IG’(ch+ 
lw)i is fairly small. 

Ac~no*-ltdRemmfs--H’e thank Prof. J. 1.. Fry for a generous gifr 
of 19. Drs. B. 1. Armiva(te. I). R. Elliort. S. W. J. Pumphrey and H. 
1. F. TYratl. Mr5 P. 1. Hall (tic Johnson) and Mr. .W. G. Ward for 
many of ~hc compounds used in this uork. and rhc Science 
Rcrarch Council for a pnnr louards rhe CO\I of rhc Hriikcr 
WH’XI spectrometer. 

‘P 1. Halfpcnn~. P. J. Johnron. M. J. T. Robinson and .W. (i. 
Ward. Terrahtdron 32. 1873 (1976). 

‘P. Grolhard and 0. Hasul. Proc- Chon. SK. 218 (I%3); A. 
Moxwl. C. Ronw\ and I_ Havmga. ‘I’errahrdnm I.effru I!47 
11963). 

‘0. R;Ltlianscn, H. M. Seip and J E. Bongs. Perspec-riwc in 
.Slruc-fural Chcmurrv (Edited h) J. D. hi17 and J. A Ibcrr). 
Vol. 2. p. 60. Wile). Ncu York (1911). 

‘S. 1.. Allingcr and I. A. Frelhtrg. /. .4m them. .‘Gc. 83. Y)!8 
t 1961). 

‘A. Haalandand L.,Scbfer. AcraChctn Scond. 21.2474( 1967): H 
ban Bekkum. M. A. Hocfna8cI. 1.. de lavkrer. A. van Veen. P E. 
Verkade. A. Wemmers. R. M. Wepr1er.J. H. Palm. I.. Schaefer. H. 
Dekkcr. C. Mocwlman and G Somsen. Rtr Trar. Chrm. W. I363 
(1967). 

-1). H. R. Byton. D. A I.cu-i\ and J. F. M&hit, 1. (‘hem. Soc- 
!90? I IY.571. 

‘R. J. Abraham and J S. ti. Holkcr. Ibrd. f?& (IW3). 
‘Ct. M. Kellie and F. (i. Riddcll. 1. (‘hem Six IH) 331 (1970). 1030 
(1971) 

‘I I). Roberts. f:. J. U’elgcrt. 1. I. Kroschwilz and H. J. Reich. J. 
Am. Chum. SM. 92. 1338 (19701 

‘“Ci. M Kclhc and 1: G Riddell. ‘Ibp~cs m Srereochemur~ 
(Edited h) E. 1.. Eliel and N. 1.. Allinger). Vol. 8. p 225. 
Wiley-lnrcrscicnce. h’eu York (19?471) 

’ R R. f:msl and u’ A Anderson. Ret. So. Insrr. 37. 93 I 1966). 
“P. J. Bnpnell. K. Brown and A. R Karritzky, J (‘hem. SK. CR) 

1462 (19681: K. Rawalmpam. 51. Balawbrarnanian and V. Bella. 
Ibid. 2287 ( Ip: I). 

“I:. C. Fort and P. van R. Schlcycr. Chem. Her. 82.4&S II%4). 
“See e.g. 1. Plccek and P. Munk. Chtm. I.tsfy 51. 633 (1927); S. 

Julia and I) Varcch. Bull. Sot-. Chim Fr. I I?? (1959); S. Juha. D. 
Varcch. ‘1’. Biucr and H. H. Gunrhard. Hek. Chim. .4(-!a 43. 1623 
(1x0). 

“1. Schmcrhng. J .4m. (‘hem. .Sw 6). I I?1 (1947) 
“G D. Mcalrms. R K Percy. E. E. Richards and R. h’. Young. 1. 

Chem. .%c- (Cl lloh t l%8) 
“A. E. Fawwkii. Xi. Sakara. N. Shihaev. E. Opel and S Karolcv. 

I Rurc Yhp-Chem SK 50. 43 (IYZO) 
“II. C. DuFcu. t-’ J. McQudhn and R. Robinson, 1. (*hem. .%c- 7oW 

(19491. 
“M Mac%. R (kunger. J. Rcwc and Ct. Chiurdoplu. Tefrahrdron 

25. 5163 I I%9) 
“M. IIanack and K. Htmz. .4nnalen 682. 75 1IW.C) 
“B J Armitagc. G. U. Kcnncr and 5f. 1. T Robmwn. 

Tcfruhtdnm 20. 723. 747 I 1%). 
“tl. 1. F. Tarrat!. D. Phil. The&. Oxford (1969) 
“P. J. ltalfpcnn)-. A N. Hunt, P. J Johnson. L) J l.oornc~. M. J 

T. Rohmwn and 5t. G. Ward. unpublished work 



Conformalienal cffccl~ in compound\ uith h.mcmhcrcd rings-XIII 

“J. I.. i.ry. I: $1 En&r and P. bon R. SchIc)cr. J. .4m. (‘hrm 

ser. w Jh’X (19”) *- - 
“D R. Elhot~. Ph I). ‘Thaw\. I.l\crpool I IWCb 
3. I. Allingcr and 1.. A i+cihcrg. I .4m. C‘hrm. SM. X2. 2391 

11960t. 
“R. .A Aowcn. ‘I’ (; Halwll. 1:. R II Jone and 4 J. Irmm. J. 

C‘hrm %C 2548 11953) 
“II. C. Hroun and C’. P Garp,. 1. .4m. (‘hrm .Soc- 83, ZWl I 1961 I 

“S. L Alhnp,er. I. A Husch. M A. Mdler. I J ‘I’)mm\kl and I: A 

Van-(‘allcdp. Ihid 90. I I99 t IWMn). 

“H Rlcktxwn and 51. ‘I. H’uchofl. Ibd 92. NNJ I 19’01 

“R. I~ucou~. Top 5 M Sfcrcm hmir~n tI:ditcd h! F.. I. thcl and 
N. 1. Allinpert. Vol p. ICY. N’dc~~lntcrwxrw. Ncu York 
IIY’Jl 

‘7‘. R Johnson ad I). McC;m!\. lhrd 87. IIV4 tl9f1<t 

%. I.. Allinger. II. \I Rlallcr. 1. A. iveibcrp and I:. 5! 
Karkouskl. J .4m Chrm Sot-. 88. %Y I 1%) 

“A. J. Jones. ii 1. I%cl. I) M (;rant. $1 (’ Knochcr and H’ b. 

“51. Ha&Id and I) 51. Grant. Ihtd. 85. I899 I 19631. R. c‘. 

Bade). IhId. 93. 4-T t 19711. 

Cwkwn. ‘I’. A (‘rahb. J J Fnnkcl and J Hudcc. Trrruhrdnm. 
Supplrmenr NC -, 355 Il9fh) 

“See, r.g. J 8. Smrhcrs. (Lrhon-I3 S.WR Sprl-rnuc-op!. 
.Academlc Prc\s. Scu York t IV?!). 

’ S. H (iruw. J. P Gu~hnc and I. H. Storherx 1. Mur: Rrc. IO. 
22’ I 19’3): S. H Grwcr and J R. Stothcr\. Gun. 1. C‘hcam. 52. X’O 
119’4) 

’ I’ J Cru~le\. 51 J I Kotvnvm.md 5! (i H.ud. I~rr~rh~dnw 33. 

“J R Wlwman and H 0 Krahbcnhof!. 1. .4m. (‘hon. .%Ic. 97. 

91’ I I’)‘-1 

“H Ikddcck and H’. Ihelrlch. ‘Trrruhrdnw I.rffrn 2925 (IY’!). 
“(i. Ii. Slacll. II. (‘ born. K I.. (irccnc. H’ A Klc\chlck. 51. R 

I’_’ I IY3l 

Pcwwn and G. H H’ahJ. 0~. MU. Rrc 6. l-8 (19’41 

___ 

“H’ I). Graham. P van K Schlcycr. I: H. Hagaman and 1,. 

“K PlhJap. I C‘hrm Sot- P~rkrn /I XW I IYv4~. 

W’enkcrr. I .4m (7irm SOI 95. <‘Xc I ITI1 

3 van dcr (iraaf and 13. M H’ep\tcr. li~frohrdron I.c~rrs St3 
I IY’!I 


