
THE GAUCHE EFFECT 

ONTHENATUREOFTHEINTERACTIONBElWEENELECI'BONECiATIVE 
SUBSITI’UEMTS IN Z’Z?AJW1,2-DISUBSTITUTED CYCLOHEXANES 

N~KOIAI S. Zemtov,’ V. V. !huoetm, 0. A. !WBBUTIN 
and V. I. BARANENKOV 

areumallydimlwddtbaillcbical~,ie.io 
terms of “W” atul %lecmstatic” iatemhm,l or in 

ttMxhhltamratvafiousle~of~hi8ti- 

tono* qu?stion: can one desuik uttatn~y tk 
conf~bebaviorofacompoonditltamsof 
staic(&r)andel&mta&~)iIt~aloae,or 
isit!wcmaryto~aotoesdditionsl”cott- 
fotmahml effect” as a cqective tam?” For example, 
the ex$l&mmtally observed AG, vallJcs of tm-1t . . 

duubmmd cycbbexam’ have been partitiowd 
2 three tame as s&own in @l(l), 

AG.q=ffix+AG~+AGxw (1) 

wkeAGxaadAGYafethefreeetwgicsoftbccotl- 
forlmhalequilibriaoft&comspoadiaomotKBub 
st.ituted cyc4oltexaoes. apd the term AGx/Y renecta the 
gauche-~ofxandYinulediequataialcott- 
formation,B.Thislattertamcatt,iaprhcipk,be 
untllmred to calculated smic and ekbwtatic intcx- 
action tams. It k Dsdpped that, when AG,w= 
AlL+AX, tbc confm behavior can be lmder 

stoodintmtaofclaahleffectsalomHowever,ulw 
bamdemonsmalelaewbae,JwbenXandYafeatanr 
below tk First Row (S, Br, l). some kind of non- 
classical (i.e. unexpect@ repulsive effect h found to 
exist and, for X/Y = F/l aod MeO/OAc, some add&ml 
attmch&ctlmstobeinvoked. 

lkseobsuwbmareitlaccordwithtbcpostulataS 

tlmepoim&viateottly~yfromnomtalbcbati,) 
itlmsmmai&sirab&toexmdsucltwrktoaddhnal 
13chrutB cychbcxanen containing elec- 
tnmgative a&thmt& e.g. I? Cl, Ok OCH, (for a 
prelwwycommunication,seeRef.6). 
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All oxy8cnuMai&8 compounds were obtained from 
cyclohexene oxide. The rmns-1-8uoro-2-hd6#alocy* 
hexanes 4-6 were prqarai by additkn of the ap 
propr& N-halosuc&im& to cydohexene in the 
presence of aoh& HP/et&r. These syntheKa arc 
sommarMinChart1. 

(BLBMmination of the pos&iofu of the cunjomt&maf 

The positions of the A#B conformational quilil!#ia of 
these compounds were measured in two ways: (a) by 
illtcgratioa of appropriate peaks of ‘“CMR spectra of the 
two conformers at -80”; (b) by meawnment of the 
widthofavcra8cdpeaksat3Vinthc’HMRsp&ra. 
Dctailsofthe8ratproc&rchavebeenpfe8eFltedinRcf. 
7. In 8omc cases, an upper limit for the minor con- 
formation WBS estimated. TIE “CMR data arc sum- 
malii%l~Tabkl. 

Thcwidthofthcavcra8alp&intk’HMRspcctrum 
can be einplojred to Galadate the amounts of the two 
conformation, using the Elkl qn (2): 

W=W,*n+W,.(l-n). (2) 

ThCH-CPpIl&ll8igllalincUDpomldS1-6hasJI.IP- 
@-52HzalMioneoftherl%oltiu8sigoaIBisuaaanyfound 
tooverlapwithothape&s~Inthescca8cs,dctcz- 
mbmtionofpeakwidtluwasperfofmcdonpcakswhice 
~ckulyECpUa&dfIDmothas,PndwllkhiQChXkd 
thc~rquiralviciMlcouplhlgcua6tults.IlnrelxXM 
widthaarethcavcra8cofthrceexperimentalspectraand 
havean accuracyof~O.4HzAmajorprobkmwiththk 
mctbodrdatestothechoiiofw,andw”.Tbewidtlu 
W,=7Hz and W,=23Hz have been obecrved in the 
n&e1 5+butyl-trons-2&orocyclolManols? we adop 
ted the lint of these, but W, has been set qual to 
23.5 Hz to ag~~ with the experimentally observed width 
for com~und 1 in CHCl> The calculated values of AC, 
arcalaoinc1udalinTabk1.Ithastobcempha8ixul~ 
ncitha method permits precise AC, values to be as&- 
aed to strongly shifted (anancomeric) quilii; the er- 
ror in AC.,, incrcass as the qllilii constant in- 
crcaacs even tlmo& the errora in the experimentany 
determined parameters (Win or intensity) arc the same. 

(C) Empiricor ngvloritiu in the confomwtionai equi- 
libria 

It will be ooted, tlrst, that thcXe is 8ood correlation 
between the data obtained by the two methoda of the 
present work (see also Refs. 9-11). and also between the 
present resoltn and avaikbk litaatme data dabk 1). 
Secondly.forallcompouhndsthereisadc6nitcincrerse 
inthepropo&nofa+onformation,B,withaaiurcasc 
in the polarity of the solvent. Thirdly, the W-valuea in 
McCN provide additional co&mation of the Irons- 
con!@ratkns of the campoulld!L unfortlmatdy, the 
low-temperature “CMR method does not permit data to 
be obtained in a m of solventa of d&rent polarity. 
Nevertbekss, the results obtained in Cs, and in CHzCl2 
follow the trends alruady noted. 

‘Ibe data of Tabk 1 also demonstrate a “bcnxe~~ 
e&trr%12 bccaluu. iu this solvent, e+cunformations arc 
prcfercntially stabilixed in comparison to CCL and C%. 
It is remarkable that CHCl, appears to be a more “polar” 
solvent than benzene in the cases of the oxygen contain- 

ingcompoooda,whikt&opp4miteisob8ervalinthc 
caaeofthcdihalo@mc4nnpolmda.Thiab,pcrhap3, 
r&ted to a more effective aolvation of the oxy*n- 
cun&iog compound8 via mn such as 
CClJ+O. It is alao of inMeat to contrast the “‘benzene 
effcct~~” cxldital by rr1uu-2-6uorocyclohcxanol, 1, and 
tmns-2&xocycIohexanol.~ 

nc-AQ,vahuxforctmQxmd1incnaseinthc 
dire&n C%+CcL+~ and then Becnase in 
(CD&CO and CHSCN. These observations may be 
related to tbc preacnce of an intramokzular O-H.4 
H-bond in noabeti solventa.’ Thus, the is a strong 
band at 3618*3cm-’ in the IR spectra of O.OlM and 
O.O(#M~tionsoflinCCL,whichisassignedtotbe 
in&amok&u H-bond. This assigament takes into ac- 
caunttbeanabgoMsituotioain2-chbroctllaDul’”aDd 
rmru-2-chknucycbbanoI.~ Tbc IR !zpcctNm of 1 also 
exhibitsalowinte&tyshldcrontbe3618cm-’band 
and at high frequency, corrcspomihg to a “free” OH 
v*” slight& iMXasai umtent of the au-con- 
onnaboa m (CD&CO and CHIN is compatiik with 

the pnseace of an intcrmolecnlar H-bond (C-O-H+, 
kad&tom &eascinthenc@ivc~onthc 
oxyoen al& thence, to an incRaac in gcurcluckctros- 
tatk repulsion of the substituents.” . . 

Exarmnatlonofthedataforcompounds2.3and7-9 
indktcs that the conversion uf X/OCH, to X/OAc ~CIMIS 
toallincrMalprefcrcaafortllcdiequatorialconfor- 
m&n,B;thcma8nih&oftltisieffectisgrtrtathan 
Ao~~,-0.15kcal/md. Two spc&atiom~ can be 
offered to Dt for this res4dt: (a) the existence of a . 
gorrdbe m - ‘betweenthecocprbon 
ofanOAcOroupandavkinal&bone@ivesubati- 
meat (cf Ibf. 18); (b) smalkr coulombic repulsion be- 
tween the 0 atom of OAc and.a Vi&al gowck-substi- 
tuentM~~totheO~ofMe(seeRet.17:for 
analqou olmcrvations on MeO- a@ AcC&monosub 
StiMed cyclohexanes, see Ref. 19). 

@) caiculation of the staic and da3mstatk Inter- 
octiim of the gaucbasubrtituents 

AsdiacuaaedcfuIkr~todcmonstratetbeprcscnccofa 
conformahal “effect”, it is necessary to compare 
observed AC, e with calculated values of stcric 
and ea intcr8ctions of gfzmchh8tituents. 
Howeva, the parnmetcrs rquired far such calculatiw 
vary gfeatly iu the literature. Tlle present calculation!3 
have been performed using “best” or “average” vatues, 
as well ax mnges of p8rametcrs which permit an cstima- 
tioll of biting (m8ximal and minimal) values. The A- 
valuosthatbavebaenemployalareshowninTaMe3. 

A variety of potentials based upon tbc two-parameter 
&12-potential or tw* or three 6cxp potentials have been 
employed in the litaantre for the calcuktion of St& 
intcra&ns.~~ usually the parameters vary acumib@ 
to the particular class of compoond, and it is probably 
impossible to choose a priori a generally applicable 
%cst” potential. In the present work, the well-known 
Hill poteoti@ (qn 3) haa been used becaosc of its 
succe&dapplkationtoawideran8cofshuctmdly 
diIfacntcompou&.- 

&= c+226u~+8J3x ldexp(-a/0.0736)). (3) 

Thc&val1~~nbownirTabk2,havebcencaladatal 
u8iug Hin’r mn. TlliN procedure ssemed 
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T&k2 C&uhtionofAGG,f~tbe tnmd2-X.Y~c~clobeuaer(~iaWmo4e) 

L Ocn) 3 I -0.066 2.0 l 1.95 
-0.066 

4b 
1.33 

-0.066 l.O,C 
1.2, 
0.95 

4 I Cl -O.lO* 1.6 l 1.72 
-o.102 0.90 2a 0.60 
-O.lOz 0.66C 0.56 

i'.Br -0.092 1.9 a 
-0.0g2 0.76 lb 

1.62 
0.6g 

-0.09* o_4gc 0.40 

grx -0.052 1.37a 1.32 
-O+ 0.6p 0.56 
-0.052 0.3,= 0.29 

1.7 l 1.65 
-0.066 l.S7 4b 1.46 
-0.066 1.05' 0.96 

tII -0.046 0.14C 0.09 

0=3u -o.04g 0.14C 0.09 
Cl B -0.060 0.06C 0.02 
Bra -0.057 0.06' 0.00 
I B -oal o.04= 0.00 

-0.11 -0.39 

-0.25 -0.50 
-0.365 -0.66 

-0.11 -0.31 
-0.25 -0.46 
-0.365 -1.0 

-0.11 
-0.25 
-0.385 

-0.34 
-0.55 
-0.765 

-0.34 
-0.55 
-0.765 

-0.407 
-0.46 
-0.59 

-0.34 
-0.55 
-0.765 

1.50 
0.44 
-0.22 -0.40 

1.22 
o.05 
-0.49 -0.60 

1.40 
-0.04 
-0.96 -1.07 

0.60 
-0.17 
-0.71 '0.60 

0.97 
0.3( 
-0.61 -0.79 

a wial# tlm mlaiml ~twr. 

lw!aooable because the use of dihellt parameters from 
different sources would have rquired a demonstration 
that these are internally coasisteot.=’ IO addition, the 
magnihhdes of the steric interaction terms obtained in 
this way are small in comparison with tbc electrostatic 
intcracth terms (Tabk 2). 

The electrostatic interactions have been calculated us- 
ing a point chain modeVW in which these interactions 
~rep~esentedarasumoftbepailwisecoulombic 

taWbonsofthecbargesootbeXaltdYatoms(eqn4). 

E, = 332*ex.ey/rW.t (41 

The charges were calculated eitbcr from experimeo- 
tal dipole moments, )r, and bond kogths, C-X, or from 
published quantum mechanical data. Both “extremal” 
d”optimal”litaaturelll8gOindesOfSUChC~~ 

cohztedinTabk4. 
One drawback of tbc ctassical molecular mechanics 

calculations relates the vahle assi&Wd to the dkkctlic 
constan~r.Assignments0fthisparameteffangingfrom 
1” to P bave ball used, without any obvious 
justihtion for the partiuh choice. In the preseot work 
ctlasbceIlsetl?@alto1,thevahEadvocataIinRefs.24 
aud29.Aswillbcscell.hcfeahg this parameter does 
notaltert&emainfeahlfesofourresults. 

whleqn(1)isaaalyxed,itissa?nthattbealrEct& 
tamsA~aadAGY/Hsbouldbeaddedtothegeagal 
scheme.TbesetakeintoaccounttbefactthattbelVis 
one less X-H or Y-H gtu&e-iio in a 1,2- 
disubstituted cyclohexane than in a monos41bstitutai 
cyclol== @lo 9. 

AC, = (AGx - &C/H) + WV - M;unr) + &C/Y. (5) 

However, this correchn also introduces new uncut& 
tiesbl!caWofourunccrtainty ConcaninehcW 
ontheHatoins.AswiUbeseeolater,thiscorre&ois 
useful only for the calculation of tbc mh&nuI st8 of AC, 
ValueS. 

Kdy, the ~metrks of the mokcuks under in- 
vutigatioo have been calculated as descrii in Ref. 3. 
The results are summa&d ia Table 2 

The relationship between AC,” and AG: is shown 
iaF~1(thistreatmeotissliehtly~~otfromthatof 
Ref. 3). It will be noted that the Line which currcspond!J 
to AC? -AGz divides F& 1 into two regions: one 
canbeterme4ltheregionofadditionalattractknlaaltbe 
0th the &on of additioMl repulsion (see Ref. 3). 
witllthisintapretin,thedistaaceofthe~for 
anexpeheotalpointfromtbe’lineistbeenefgyas~ 
ciated with the additional gauche-iateractim, i.e. the 
.&)ofm &&_13 

Theresuitsareverystrikhg.Alloftbecompoimdsof 
thepreseotworkliedishctlyintberegionofaddihal 
attracho. lllaI?fore, the conjoml~ behmiolu of 

iu of thwc compomds can _b” 

invoking the exfsmce of addltmd 

(i.e. a “gaNc/fe*ffcct*‘y. In the Case oi?%m&dc 

of thin effect is 133kcaUmol by “CMR, and 
1.25 kcal/md by ‘HMR (Table 1). 

However, it will be clear that the theoretical 
parameters discus& above couki have been manipu- 





Tabk 3. coal- enqiea of rob&uenta (-A&, kcd/mok) 

F Cl h I OcBl 

Rim- 0.11 24 0.39 Sk’S 0.21 36 0.497 2&39 0.r ti 

optiml 0.25 is 0.~0 36.35 ‘o&J 34.35 6-H 34.37 0.55. Sk= 

mximl 0.365 36 0.66 36 1.0 ‘9 0.59 7 0.703 * 

Tabk4. Ckrgeaoatbealoms(mekctnxu~ 

I Cl Br I . 0cB3 

-1 -0.306+*~ -0.2%‘@40 -o.2s2+m” -0.166 41 -0.26 62 

opt- -0.21 ’ -0.17 ’ -0.u ’ -0.12 2 -0.247 4’ 

-1 -0.20 44 -0.13 b4 -0.10 44 -0.065 44 -0.202 4s 

l ~.OlS if th8 hy&qaa i altiperiplmut to lmloga 8nd 

y+o.oos for tbarpclkul uanfotutia112. 

’ oalaulatd fta - pc_r ad -1 rc_K. 

“c 25.16MHz). The FT ‘v rpectn were reaxded osiug dtbes 
full or partial ‘C_I’H} &coopl& All imp&e time of 8Q mea 
wiaaniotexvdof~5saf’xxlA#)-15~cormpoa140 
mcs) 8mJ 7-10 ma for CFr-20 (W cofmpo& 21 mm) wea 
MOMllellpmbaofilUpUbaweMMlOO.TpeSrmrnapia 
tbe temp. murpremcatr is 219. e of 6 ‘no!% 
(molar I&Y 1:16) for “0dR, 9 mol% (mohr ratio 1:lO) for 
‘HMRof13rad6.3mo196(molvntiol:l~forC(waeured. 
Tbesyatbaeaof1.Iand1omcpaformeduderaibe4intbc 
litentlm.~satisfac!ory~~wcreobtriPcdfwd 
ncweompoundc(*OJforCeadH:*OAfor~). 

Gaaol pnxeArc for the ryntkair of I g orrd 6 
Toartimdrdaofliq~HF(30ml)etba(90ml)~-~wae 

aide& io portioos. N-lmlosocdoim& (0.13md) sod cydo- 
bereoe (0.09 mol. 0.13 md io the case of 6). ova a period of 10 
min.Themixaoew~s~for2brrt-8ITlod2brItQmd 
thenpooredcareMyontoicesddNaHCO,andcxtnctsdwah 
etber.llleetbefwaswasbcdwitbwatm(ud,inlbeeueof(, 
dlowitb296tllkuuKate),dried.~evspartsd.Tbeprodoctr 
wereisolatedbydisl&&witbtbefo2owingmolt8z4,26% 
yiekl, b.p. 43-44’/9 mm, nom 1.4516 (after addikmd M 
by cbromatvy on &O&HCl,); 5. 45% yield, b.p. SZ 
5~/9mm. no 1.4827; 6. 55% yield. b.p. 69.5-70.51’9mm, n= 
15332(eftezaatimal~witbfhioulxete8odndutahborr 
withdditioaofO.SgofK~O& 

l&tlana-DYoccrax)cldoluxou. 7. A mixture of cycb&xeoe 
olidcCrSO),AcP(llI)~ldropofcoac.H~,wunenxed 
for25hr.TbeuturlwortupOIvelJg~rttadktilldoll)ot 
7. b.p. 12Q/IZmm. roa 1.4492. Compound 2 wea oMaimd by 
aayl&mdlwi&@yicbkwi&ioaba;9O%ykld,b.p. 
74-7~/1Omm. no= 1.4349. coalpoad 3 wu obmioed by 
mefbylntionoflwilbMeIuid&o,lddpari6edbychroma 
graphy on &O,/cH~, 71% yield, b.p. 4lrll mm, no” 1.4257. 
Coalpound9was0laimdbynlctbyhtio0of10wfthlrlsIumJ 
A&; 63% yic4d. b.p. 67-M mm, ro” 1.4413. 

Adsowk&mauJ-we Ibaok the Soviet Milktry of HigblY 
EduatkmaodtbeNuiondReseuchCamcilofCZumdafa 
6imncidsupportdtbisworkWeueebogr8tefdtotbe 
amoymaurefe?c8fathslldpfdBndcaadivecommslm. 
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