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Arm-The reaction of sulfur dichloride with cyciobcxenc prodaccs two isomeric mmr-adducts of meso aad dl 
~~~a~. Dcrivativ~ of both s&s have been obtakd aad bins have been as&cd by means of 
pscadoasymineOy. General p&tcipks for the c5aformatioaai aoalysis of systems which contain two invcrtiog 
Bmcmbawd fiags have baa discussed and tbe positions of confoxmstiooal cqoiiii have been cvaluatcd. The 
new conformational sffect-stixbik&n of Wtemwaformcr”-has been found in the cast of Al-bis(2chbro- 
cyclobsxyl)sulfoxide. 

Ekctrophilic addition of sutfenyl chlorides to olehs has 
been the subject of considerabk study. Recent in- 
vestigations have been focussed oa (a) mechanistic 
aspects of these rea~tioos,‘~ (b) the probkm of increas- 
ing the effective ekctropbiCty of sulfe~l chlorides” 
and (c) conformational study of adducts. Tbe addition 
sulfur dichloride to doubk bonds has received kss attcn- 
tion. However this reactioo has been used for synthesis 
of polycyclic and cage ~m~~ds.6 The addition of SC& 
to cyclohexene has been reported in a patent’ and in our 
preliminary commlmicatioos.‘9 The purpose of this 
paper is to summa&e the resllIt.9 of stcrcockmical 
investigations @rtiaIly re-investigations) of this reac- 
tion. 
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AMough oniy a sin& adduct of SC% and a cycle- 
bexene had been previously isolated’ we have reported 
that two isomeric adducts (liquid, lA, and solid, 1B; 
Chart I) were formed in this reaction?$ PMR data show 
that the major isomer is lA, but it is unstable and 
underI@es the irreversibie conversion into 18 upon heat- 
ing or on so. 

The presence of asymmetric C atoms in the structures 
of adducts 1 and their derivatives requires the existence 
of mcso and mcemic diastereomers. An oxidation of 
adducts 1 produces either isomeric sulfoxides 2 or 
sulfooes 3, giving in t/t& way the two configumsional 
set723 ofdnioptibu. The interconversions experimentally 
observed and stercochemic.aI correlatioos are sum- 
marked in Chart 2 Acetolysis of the adducts proceeds 
ckanly but non-stercoselectiveiy to give the same mix- 
ture of acetates 4 starting both from lA and from lit. 
The individual acetates 4A and 4B have been separated 
and purikd. Similarly a hydrolysis of either lA or 1B 
&&es the same mixture of 5. The individual SA and SE 
have been obtained by a hy~olysis of pure acetates 4A 
and 4B correspondingly. The treatment of both 5A aud 
5B with !SOCh produces the mixture of hvo isomeric 
adducts, 1A and lB. The acetoxy (4) and hydroxy (5) 
derivatives have been in turn oxidixed to the cor- 

Chart 2. Graph of kterconvemions of tbe compowds obfaiacd. 
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responding suifoxides or sulfones (Chart 2) using the 
efficient and mild reagent-t-amylhydroperoxide + 
MoC15.‘” 

Oxidation of the sulfides of B-series gave always only 
a sin& isomer of COnVSpOlldh~ sulfoxide& An oxidation 
of the. sulfides of A-series gave som&rcs a pair of 
isomuic sulfoxides, but one of the isomers was sharply 
predominant. For example an oxidation of SA gave a 
mixture of 7A, and 7Az in approximate ratio of 1: 10. 
However an oxidation of 4A yielded a singk isomer ~AI 
which has been transformed into the minor sulfoxide 
7A,. In contrast an aectyktion of 7A2 gave the sulfoxide 
6Az which has not been isolated from tbe crude products 
of oxidation of 4A. Analogous remarkable speci5ty of 
the oxidation reaction and drastic dependence on the 
substituents has been reported in literature~~‘~ 

Oxidation of 1A produces three sulfoxide% WI, 2A2 
and 28, which evidences that oxidation occurs partially 
with co&urational isomerixation. Si reannnge- 
ment seems to have been previously observed for poly- 
cyclic systems.” In order to acquire an unambiguous 
con@rational correlation we investigated the 
epimerization reactions of sulfoxide groups.” The 
treatment of 2A, with triethy10x0n.i~ Buoroborate gave 
the epimeric sulfoxide 2A2; the sutfoxi& 2B was reco- 
vered unchanged after that treatment. 

In a view of the complexity of ‘H NMR spectra of the 
compounds investigated we have prepared in ceztain 
cases the partially deuterated derivatives (Chart 1, D 
series) to simplify an interpretation. Tbe ‘H NMR data 
are listed in Tables 1 and 2. 

The stereochemical investigation of this reaction has 
to in&de three main probkms: (1) the determhmtion of 
the cis-tour co-n of the compounds, (2) 
co@untional assignment of A and B series to meso and 
dl diastereomers and (3) the evaluation of the parameters 
of cmformatioIld quilii 

The 6rst probkm may be solved by inspection of J12 
values. The PMR spectra of l&lisubstituted cyclo- 
lnmncs have been extensively studkd and this in- 

formation has been of assistance in interpretation. The 
cis l&lisubstituted cyclobexanes adopt ac or ea con- 
formation with J12 in a range of 2-4Hz. tmns- 
Compounds have J12 coupling constants in a range of 
2-4Hx for the aaumformation but of 9-12 Hz for the 
eecOllfofmatiOn and average value.3 in the cases of in- 
termediate positions of conformational equilibrium. 
Hence in the cases of intermediate positions of con- 
formational quiliium. Hence large values of L2 
(r6 Hz) can serve as an unambiguous criterion of the 
tmn.r-co&uration. The data of Table 1 show that many 
of the compounds examined have large coupling 
constants (up to 11Hz) which assign to them tmns- 
structmw. Similarly the data of Table 2 show the huge 
width of multipkts rekvant (up to 2r126 Hz between the 
outer peals) which also evidences the lrans arrangement 
of the substituents. In some cases values of J12 are 
relatively small (Tables 1 and 2) but chemical cor- 
relations (Chart 2) kad to a clear-cut conclusion that 
such lowering is caused by a conformational origin 
(cc # aa, vide infm) and not by a con6gumtional change 
(truns -b cis). tmn+Structure of 4 has also been support- 
ed with the addition of SCh to cyclohexene in acetic 
acid in presence of LiCIOcLf This reaction gave the 
acetates 4 which were identical with ones obtained by 
acetolysis of adduct 1. Thus, all compounds inucstlgated 
hoc the @an.+stmcluns and their isomerism has nor 
ck-tram Mrun. 

The &ans-strwtures of the adducts 1 are in agreement 
with stereospecitic tmns-addition of sulfenyl chlorides to 
olefins.‘3 However the tour-structures of the products 

‘of theii acetolysis (4) and hydrolysis Q as well as the 
non-stereospccillc course of these reactions (in a sense 
mu0 vs df; see Chart 2) have to be explained. We 
believe that the stereochemical result observed is due to 
the participation of the sultlde group in the rate deter- 
mining ionization step under the solvolytic conditions.” 
The adducts 1 possess the ttans-orkntation of S and Cl 
atoms required for such participation via formation of an 
episulfonium ion (e.g. 10, Chart 3). The rear-side attack 
at this ion, e.g. 10, by nuckophiles should give two 
isomeric compounds of tmns-structure (Chart 3): an 

Tabk 1. The coupliog constants and mok fractioas of tbc conformers U.3 

Piret method(Appendlx2 Second method 
Compound J 12_Jlv p 

%a,ee Set' naa,aa J -z niJi (5) obr i 

(W (XI (XI (XI n,,(X) %a/,, 

P& 6.0 23 41 36 56 1.28 

!kU 6.5 29 42 29 50 1.0 

Sk?&* 11.0 (100) 0 0 0 0 

2&*+ 4.5 9 32 59 75 3.0 

2-d 6.5 29 42 29 50 1.0 

D-g 10.0 a0 11 1 6 0.07 

P%z a.5 59 32 9 25 0.33 

D,-43 a.5 59 32 9 25 0.33 

2x4. 10.5 100 0 .O 0 0 

uzv!u 10.5 100 0 0 0 0 

& 8.5 59 32 9 25 0.33 _ 

*in CDC13 , tundeuterated;double.reeonance. 
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T& 2. The experimental churctabb of tbc compoud of H-series 

x51 

Chemical rhiftm,g,ppm(the width 

of multipletr bqtween tba outer Sol- 
Compound m.p. 'C 

pe.skr,Bz) vent Bf 

%* Hi BP, I$ or 8; o@=) 

Wq) 2.86(17.5) 

72-73' 2.86(U) 

128-12gd 2.74(24) 

96-97' 3.25(16.5) 

103-1056 2.72(25) 

2.98(12) 

91-92f 3.50(18) 

176-177' 3.80(24) 

73.5-74f 2.68(20) 

93-94f 2.74(20) 

66-68d 2.44(24) 

88-8gd 2.28(24) 

125-1268 2.86(26) 

106-1088 3.03(23) 

94-958 3.05(25) 
3.05(25) 

200-201b 3.16(26) 

126-127h 3.03(26) 

136-138h 2.42(25) 

2.80(25) 

143.5-1456 3.18(25.5) 

164.5-165.5s 3.32(26) 

123-124' 3.21(25) 

207-208h 3.42(25) 

3.98(17.5) 

3.88(17) 

3.95(23) 

4.41(16) 

3.98(25) 

4.50(12) 

4.55(17.5) 

4.16(24) 

4.53(20) 

4.52(20) 

3.12(23) 

3.12(23) 

4.88(24) 

5.10(22) 

4.86(24) 

5.11(24) 

4.03(24) 

4.0(24) 

3.67(24) 

3.95(24) 

5.10(24) 

4.95(24) 

3.92(24) 

3.73(24) 

cc14 0.9-1 

ccl4 0.91 

ccl4 0.4j 

CBX3 0.62j 

ccl4 0.56j 

ccl4 0.8j 

cDc13 0.83 

CC14 0.86l' 

ccl4 0.86'L 

ccl4 o.50k 

ccl4 o.50k 

CCL4 0.45L 

cc14 0.45k 

CDC13 0.45L 

Py(D5) 0.27' 

CCCL3 0.4Zk 

CDC13 0.36' 

Ccl4 0.6' 

Ccl4 0.6 

CDC13 0.4Zk 

DMFA(D7) 0.4ak 

a dJ-rulfoxida, gnl+ Sal ; bchemlcal rhift at 125O;at room temperatu- 
1 

re an unrerolved multiplet of B1.H; .I$ and I$ ; ' from Bt20-light 

petrolem; d from hexme; a fro0 heptene; f from &OH; g from Et20; 

h from acetone; ' frop acetone-hex&e; J CC14-acetone(4:l); 'beme- 

ne-gtOH(9:l). 

attack at Cz leads to the rmns-product of initial 
oo~~srriesbutana#ackatC,leadsalsototbs 
Imns-product but of ahnative co&urational series 
(Chart 3). Participation of sulfur in a common ioter- 

lwdi&alsoexplgillsthe facile rearrangement of 1A into 
lB (reaction of “cyclometathesis’*‘3 or “diotropic”” 
type). 

Let us consider the problems of the co&urational 
i8omerism and conformational equilii There are two 
types of tbe internal motions of the nuclear framework 
of molecules of the compounds under investigation: (i) a 
ring reversal of 6-membered rings and (ii) the internal 
rotation about C-S bonds, which leads to the existence 
of rotameric conformations. hdepen&nt ring reversal 
resulta in the existence of four principle conformer8 
(Chart 4): two “WON” with the identical 
posiths of tJB subetihlents in both rings (oo,oo ad 
ee& ad two %teroconfonners” with d&rent orien- 
tations of ths subatituents in cyclohexane rings (M,# 
andeQIfI).Ithastobekeptinmindthatchart4 
represent8 the bare essentials of the conformation8l 
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~(R.R,,RR’H~ L_(R.R,.R,.ll, ~(~R,.I+.I~: J,;R.R,.R,.H) 

:&Jr. --,trl., #&J& -dhtrl I. 

Chart 4. Interconversion of cycbbexans riags for tlte compounds 
of me90 snd dl-series. 

equilibria because there rue sets of rotruneric coafor- 
atations (due to the rotatioa about C-S bonds) cor- 
respond to each of the conformation depicted. Thus, the 
general picture of coaformationsl quilibrin is quite 
complicated. 

Consider firstly the compounds with achhnl group X 
(Chart 4, X = S-sad W. In this case the heterocoa- 
fonaers E sad E (Chart 4) are the pair of eaaatiomers 
and the heterocoafonaers L and E can be interchanged 
by symmetry operatioa Cz aad must be equivalent. Thus, 
there exist three diastereoareric coafommtions due to the 
ring reversal in a confonaationnl quitibrium. These 
three conformers can be detenaiaed in principle by low 
temperature NMK measurement (wide infra). The con- 
foratatioas C and F of meso-series have the u plane 
which passes through the S atom. Therefore the cyclo- 
hexane riags in both these conformations, C and F, rue 
enantiotopic nad the protons HI sad HI (as well ss Hz 
sad Hi) must have the same chemical shift. The con- 
foratatioas G and K of dl-series have the C1 axis and the 
riags sre equivalent. With these two exceptions (C snd F 
or G and K) sll other conformations (iacludiag the ma- 
jority of the rotsmeric ones) have not any elements of 
symmetry and therefore they have the diastereotopic 
cyclohexane riags. However this situation does not lead 
to the chearical-shift noaquivaleace of protons of 
cyclohexane rings due to (i) the existeace of the 
mentioned conforatations with either eaantiotopic (C and 
P) or equivalent (G aad K) cyclohexsne rings and (iii 
rapid coaformational transitions on the NMK time scale. 
Thus the NMK cannot be used ss a tool for makiag 
coa@uratioasl assigmaeat.t 

The classical criterion for distinguishing between the 
mcso sad dl isomers involves the resolution of rncemic 
mixture.” However this operation is oftea diKcult to 
carry out. The modem criterion inchuks the use of 
pseudoasyaunetry for this purposeTL6 The S atom of 
sulfoxides obtained amy be regarded as a ceater of 
pseudossymatetry and the oxidation into sulfoxides 
creates a new chirnl trait quite tmturnhy. 

The oxidation of mewsulMc can produce two mwo- 
sulfoxides. Also the above aaalysis of the interrektioa of 
6-membered ring3 can be applied to the meso-sulfoxides: 
they have o plaae. the rings must be ennntiotopic aad 

tOf conm mu.0 md dl compounds have tbc diihrcnt cbcm- 
icalshiftsbutthiscriterioncallnOtbeosedfortbeuMmbiguous 
Mignmcllt. 

undistiaguishable ia NMK spectra. However, the coa- 
formations L and H for’ dl-suifoxides become noa- 
equivalent and aoacntiotopic; thus, there exist now four 
coafotmers in the coafommtioanl quilibrima. The con- 
formations G sad K in this case have no elements of 
symmetry sad the riags must be diitereotopic. 

Thus, the criteria of coabguratioasl sssignatent may be 
suamuuizd ss follows: (1) an oxidation of muo-sultides 
can provide two isomeric meso-sulfoxides, while an 
oxidation of dl-sulfide must provide a single dl-sulfox- 
ide; (2) the protons HI and HI (as well as HZ and Hi or 
HI) show the chemical-shift equivalence for sll 
compounds of meso-series as well as for sulfides and 
sulfoaes of dl-series; however they are diastereotopic 
aad hence saisochroaous in the NMK spectra of dl- 
sulfoxides. 

The experimental dam (Tables 1 sad 2) show the 
realization of above criteria. Thus, the oxidation of 
su&ks LA sad SA (Chart 2) results in two sulfoxides (%A,, 
2Ax and 7A,, 7A3 while the oxidation of corresponding 
sulfides of K-series results in only a siagle sulfoxide. While 
the singk sulfoxkk 6A1 has been isolated after the 
oxidatioa reaction, the second isomer, 64, has been 
obtained by acetylation of 7Az. 

Ia PMK spectra of sulfoxides 2B, 6B and 78 the 
protons HI and HI (as well as Hz and H’; have diierent 
chemical shifts, while the chemical shifts of the cor- 
respoadiag protons of sulfoxides of A-series are equal. 
Thus, combination of the above criteria permits us to 
conclude that the compounds of A-series belong to meso- 
serkr, and those of B-seriu to dl-series. 

I-et us return to the coafotmatlonal problems. The 
compounds investignted may be regsrded as the trans- 
1,2disubstituted cyclohexsaes sad hence the basic 
problem is the evaluation of the factors which determine 
the relative stabiity of diaxial vs diquatorial coafor- 
mers.’ Although steric reasons favor the cc-confor- 
mation, the experiateatal data show the increased 
content of au-fona especially for the substituents which 
sre the elements of low periods (Etr, Sl.4 This 
“pIknomenokgical coaformntkaaJ effect” (see Ref. 17) 
has been rntionalixed ia terras of either electrostatic 
interactions or rut orbii-overkp mechanism.’ 

The above discussioa reveals the complexities of the 
conformationsl probkm for the compounds investigated: 
coafonaatioaal quilibritua must generally include four 
principle coafonners, G. II, L, K (Chart 4) and vicinsl 
coupling constants observed for each ring can be 
expressed by eqns (1) and (2): 

J%.=aoJ~+ai&+n~Jk+n& (1) 

J% = aoJ;z t nHJ:t’ t axJ:c t n& (21 

where ni is the mole fraction of i-conformer. It is evident 
that simple PMR analysis canaot provide the description 
of such quilibratingt system (cidc hfro). Thus. it is 
expedient now to discuss the particular cnse of the 
quiliium for three conformers (oidc supfcl. In fact, 
this case is very important because it includes the ma- 
jority of the compounds studied. In this case the eqas (11 
snd (2) sre trsnsformed into qn (3): 
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Hence, the coupling constant observed, JLZ, is the 
function of tbe mole fractions of two homoconformers, 
noes and n._, and of one of heteroconformer, h. 

Fit of all we have obtained Ihe experimattal evidence 
for I/M pnsnce of thee conformers in the equilibria 
discussed. At room temperature the 18OMH.z proton 
spectrum of DlA consists of two AX doubletes with 
J12 = 6 Hz (Table 1). At the - 90” (in Cs2) when the ring 
reversal is frozen the specbum contains two doublets of 
equatorial protons H-CC1 (6 4.38 and 4.25ppm. both 
J12 = 2.5 Hz), two doublets of equatorial protoas H-CS (8 
3.08 and 3.03 ppm, both JIZ = 2.5 Hz), two doublets of 
axial protons H-Ccl (8 3.69 and 3.56ppm, both J,z = 
10.5 Hz) and two doublets of axial protons H-CS (6 2.52 
and 2.50 ppm, both JIZ = 10.5 Hz). Thus, low temperature 
spectrum of DlA shows the separate resonances of 
three individual conformers C, E and F (Chart 4). It 
should be noted that Jp= Je and Jp= Jz. We 
shall accept the equality of the relevant coupling 
constants in bmo and kderoconformers: it is reasoa- 
able assumption because the conformational change of 
one ring should not strongly influence the geometry of 
the second ring. With thii assumption the qn (3) haas- 
forms into eqa (4) 

Jz = bAI. + n.+J, + nadJ.. + J&/2. (4) 

The low temperature constants J, = 10.5 Hz and J, = 
2.5 Hz have been chosen as the “standard” values (see 
Ref. 4). 

Of course the.one equation with two independent vari- 
ables cannot be solved and one needs other assumptions. 
Firstly, the zero-order approximation assumes thaf ring 
rtvcnal in the molecule is completely independent, i.e. 
that the factors which stabilize (or destabii) the aa- 
conformation ia aa,oo-homoconforiner have ihe same 
magnitude in a&u-heteroconformer. In other words, one 
assume a noncxistance of any specific effects for the 
heteroconformation as compared with a homoconfor- 
mation (uide infra). Thermodynamically this means that 
the enthalpies, m, are equal for the conformational 
transitions ee,cc + ee,aa and woo + aa,aa The content 
of the conformers has been calculated (Appendix 1) 
using this zero-order approximation and the data present- 
edinTable 1. 

Secondly, it is easy to calculate the values n, or n, 
(Table 1, qn (5); ni is the content of cyclohexane rings 
of particular conformation). Using this approach one 
calculates, in fact, the mole fractions of dicq or dkax 
bmembered rings regardless the conformer to which 
they belong. For example, if one obtains 50% dieq rings, 
this can mean tile variety of tlK quiliiria with the 
content of the heteroconfonner from 0% (but’ 50: 50 of 
bomoconformers!) up to 100% (but 0% of other coa- 
farmers). Thus, one question may be posed: what range 
of nb, can be expected at the particular value of Jz? 
Mathematical details of this problem are shown in Ap- 
pendix 2. Inspection of it shows the & goes to zero as 
Jz approaches either J, or J,. For instance, the 
compounds 4 have JL = 8.5 Hz and the range of b is 
O-0.5. However, the compound D3B has the Jz = 10 Hz 
(Table 1) and the content of heteroconformer cannot 
exceed 12.5%. 

The results of Table 1 show interesting regula&ies, 
some expected, some surprising. The chlorosuUide.s, Dl, 
have the increased content (up to 56%) of diax C 
membered rings. In general this trend is in accordance 
with the data for analogous Imns-1.2disubstituted 

cyclohexanes;’ however the effect observed is slightly 
diminished. Moreover this effect is sharply diminished 
for the acetoxy compounds, M, where a predominance 
for the diaq rings is observed (see Ref. 4). The strong 
preference for the dkq conformation for hydroxy 
compounds DS is generally expected, considering the 
conformational behaviour of related Zsubstituted 
cyclohexanoles.’ The - AG value for C&S& group 
(2.5 kcal/mol”) is much larger than the ones for CH,SO 
(1.2 kcal/mol“) and RS (CHS 1.0 kcal/mol’*; C&IS 
1.1 kcal/mol’s) groups. However the corresponding tmm 
- (2 - chlorocyclohexyl)phenylsulfone has an increased 
content (up to 60%) of the &IX conformatioa.ao In the 
case of sulfones D3 the conformational characteristics 
depend on the conlCgvmtiona1 series (Table 1). Assuming 
the equilibrium of trans - (2 - chlorocyclohexyl)_ 
phenylsulfone as the reference,= one may qualify the 
conformational behaviour of meso D4A as “aormal” 
and of racemic MB as “exceptional”. 

The comparison of sulfoxides 2& and 2& (Table 1) 
show an unexpected drastic difference in conformational 
behavior of the compounds belonging to the same 
co&urational series: while for 2A2 waa conformer 
dominated, 2A1 has both rings in dieq conformation. 

Thus, if one takes into account the trends mentioned, 
namely (i) the diminished content of diax conformation 
as compared with reference compounds and (ii) depen- 
dence of q&ii on the configurational series, one 
comes to the qualitative conclusion that, at least for 
some cases, (a) the robmnic conformations an im- 
portant and mast be taken into acconnf and (b) the 
assumption that nkgs ,arc completeiy independent is not 
good appnuimation for the sulfone.9 and sulfoxides. 

To gather further evidence. on this matter, we 
examined the PMR spectrum of sulfoxide MB. In prin- 
ciple, the conformational equilibrium of this compound 
must include four conformers, and coupling constants 
observed must be determined by qns (1) and (2). The 
PMR data for this compound are of exceptional intereit. 
The PMR spectrum of MB (CD& 250) contains two 
doublets (8 2.89 and 3.94 ppm) with 1% = 4 Hz aad two 
doubkts (8 3.10 and 4.58ppm) with Jz = ll.OHz. Thus 
at rmrn temperature the Cmembered rings have different 
arrangements of substituents: one ring has the dierial 
and the another one has the akquatorial conformation, 
and the conformational quilibrium is sharply shifted to 
tbe heteroconformerls. Thus, one may postulate rhe new 
phenommolugical confomwtional e&t (se-e Ref. 17) of 
aaifitionai slabilization of hetenxonfomrerjs of type E, 
Ii and L (Chart 4). The om of this effect is probably 
connected with the existence of such rotameric coa- 
formations (rotation about C-S bonds) in which the 
mutual orientation of dipoles of C-Cl and S=O bonds in 
wee or aa,aa conformations are so unfavorable, that it 
leads to a change in tbe conformation of one &s (it has 
to be emphasized that the rings are Mereat in prin- 
cipk!). Similarly, extraordinary difference of confor- 
mational behavior of W, and 2& (it has to emphasized 
that in that case the rings are effectively eaantiotopic and 
only average coupling constant can be observed!) prob- 
ably connected with the diflerence in population of 
rotameric conformations and hence with dilfereace in tbe 
gwclu-interaction of the substituents. 

We have attempted to show that (1) the addition of 
SCC, to cyclohwrene proceeds stereospe&cally to give 
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tbe rran.wdducts, (2) the nuckophilic stlbstitution of Cl 
atoms in tbc atlducts pfaccais also to give the tronc- 
compounds, (3) hvo con5gurationd series of tbe 
compounds, namely mu0 and d sefk, have been 
obtained and the untunbiguous con&mttiortttl ass&- 
ment has been achkvcd using the p8cudoasymmetry as 
the means for that purpose, (4) the conformational 
behavior of the compounds obtained has been diacusaed 
in comparison with related ‘keference” cyclobexanes 
ad the new conformationd effect of stabiin of 
beteraconformer/s has been fond. We believe, that the 
present stereochcmicai conaideration may be useful in 
general, because the similar types of StNctlnw are often 
obtained by addition reactions (e.g. nitroao- 
chlorinationz’), by symmetridon reactions of al- 
coxymercurials,‘” etc. 

We have proposed that this new conformational effect 
and related conformational feature!4 may be understood 
in terms of rotameric preferences about C-SO bonds. 
More experimental data, in&ding precise molecular 
mechanics calculations of the rotanwic conformations 
andtheirpopdz4tions,willbeusedtoprovkkamore 
detailed analysis of the origin/s of this effect. 

-AL. 
PMR spectra were readed utiq Teala BS487B (8OMHx~ 

spe.ctrool&r with HMDS as iaernal rcferelK!e. IR spectra were 
obt&ed using UK-20 rpectrometa (neat Ohns, Nnjd mulls xad 
KBr pelleta): for all co& invati@cd the 0rdky 
cbxlacteristic ab80rptiMl banda CarrespQndig to fuQ&Ml 
gronptwmob6elvedAndytkdd8taoftbe~in- 
vaigatul were i0 acadxla wall fomlutu proposed (iO.3 f0r 
C and II. kO.4 for Cl and S). 33,6$GTetradeutaocycb~ 
was prepared in &XONhMXWitilRCf.Z3.Tb8rrrctio~W~ 

monitofcd with thin laya cbnwatograplly on 8lnmim crabk 2). 

A a&red soln of cycbbexene (34 s) in CH#& (100 nd) Yu 
tn?atal with a sobl of see, (218) ill C&a (3oml) at -25 to 
-~bydr0pwkadditio0ovaapukd0fxnbr.Tbemixture 
wasthenPUowedtowsrmuptoroomtemp.(forlbr)rftcrwhieh 
the sdvent was removed irr wcw. TIX t&d was lepux@d 
from crystala to give IA (26-27 g). To obtxb~ =pr0d@k renlltr. 
liquidlAwasnsedforsyntbcaiijustafterprcpMtron(rfta3-4 
dxys xt (r IA c00verta CQmpkteIy illto ID). crymws (25-266) 
wm rccrystanized three time8 from etba-tigbt petrobum to 
8ivc LB. 

ozd&tkm of IA 
A solo of IA (25 0) in dry benxate md) was r&ued 

rdlowingbenx0netodiainwitbsim~~twitbn 
solo of t-amylbydropeNIxide (10.7 #, 92%) and MoC& (Is-20 m& 
indrybenzelle(lOmI)bydropwLe~ovarpaiodofm 
br.TbcendofoxidatioowxadetermkdbyTLC.Tbemixtme 
WaSWflS~Witllwrta,dricddcoOa~phctiwrlnyr- 

t&xation0fthiam&ixl(fr0mbex~ne)pve85gofU,,tben 
3.4gof~~~3Jgof8mixtmeofu,~1(ca 
3: I). The cvapoaion of motha tiquor f&wed by fnctkal 
c&auk&l of the nskhle (from bxptxne) Md prepurtivGhya 
chformtosrsphy rcaultcd io the inohtion of 2Az (0.9 s). 

Tbesame#aeralpmadurebMbeululedfor0xidai0o0f(0 
!&rider into sldfoxidel (yiddl 85-95%): lB+a 4A-,(Al. 
4B + 6B. SA -, 7A, + 7AI (cryxtaUi&m from rcetolw &rded 
7A, (5%) and 7C (72%) was holrted trOm motba tiO), 
$B + m, (ii) sulfoxidca into sulfona (yiddl8O-9596): 2Al-b 3Al 

2&-e* 2B+3B. (A*+u, b&+8& s+a. 7A,+Ih 
7A~+9Aand7B+~.Tbea8meprocedOnwith~~~ 
tity of t-amylbydroperoxide bu b0en uwd for oxid& 0f 
sulkies into sldfo0a (yields 8O-95%): lA+3AA. u+a 
4A+EA,4B+O,IA+9A,SB-.9B. 

hfelcomwJion of chrom8djoxkfeJ 
A K&I of 2A, (I 8) xnd qnimolmr quantity of EtP+BI’,- 

(3.7mmol) in CHfi wxs dbwed to stand 8t r00m temp. for 
Uhrudtbenmceonccntnted.~~(2ml)wrarddedtoo 
residue and tbc roln was matrakd with 25% NaOH q. ex- 
tmctedwitbbaK.cDea0ddrkd(MgSO~.Tbeuallalw0rk-upgave 
0.8 8 of 2A, identical to Umae prepared by oxidation of IA. 

!Jldfoxid4 D wan recovered uncbxn&?d after aimilxr treatn&llt. 

Bir(2-acuoxyc.wlohayl) sdpdcs 4A ad 4B 
u 01 m (25.9 8) WWC dbOhd i0 ghd A&H (m d) Ed 

98-l@’ awl anbyd NaDAc (181) was x&d. The mixture was 
rthndfot~Omin,pourrdinto21.ofwrta.rllowe4tortPndfor 
7-8hrrt~mdBltaedto~ve28.7~ofrmixtureof4Aaad~. 
Cryctrllitation of the residue resulted in tbc isolati0n of 4A (2 g), 
m.p. 73.5-74’ (from EtOH). Tbt residue was a mixture (GIL 176, 
q .p. 5&6r) of % and 4A (co. 1: 1.5). 

Bir(2-k-y/) Jl@dJ SA 
Awatcz-EtOH(l:l.100ad)solaof4A(3g)a1~IKOH(2.3~ 

was rdluxed for 15min. aeutlalked, evaporated in wruo. cx- 
tncted witb aba, RItered. conce0tratul and rcaystallked (from 
bexanc) to give 2.21 (%ss) of Sh Ando#0ualy the fouowi0g 
anlverai0lu were performed (yickis 75-95%): %+ SB, IA-, IA. 
8B + m, (A, + 7A,. 6A+ 7Az. 6B + 7B. 

Acetyktioaof036d7A1witbOJmlAc~Pnd15mlpyridine 
tot 48 br at room temp. followed by uwrl work-up and crystal- 
lixation (from ether) atkded 0.28 of 6A2. The same procedure 
WLI use4i for acetylati00 of o&r hydroxyl containing 
xA ‘ykeJ&955): 7A, + (A,, 76 + 66. SA -+ 4h 

+ , + -9 . 

WMd d 1 
A~~w(l:3,40ml)~ofUorUaMnfhuedfor 

IOmia. lkaaakd ami evap0rakd ix wcuo. The residne was 
extnctaiwitbetk,tkextractawL?retutm?dfmdco0caltrated 
to 8ive 1 g of I mixture of 5A and SD (co. 2:3. q .p. 6M6’). 

To a $010 if IA or R (0.1 g) iu C& (5 ml) a soln of SO& 
(0.2 ml) in CHCI, (2 ml) wu added dro~wisc rmd mixture was 
iuowci to stand io; 1 Ilk c0acelltrati0rl bve 0.11 g of a mixture 
of IAandIB(ca 1:l). 
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Tbe xero-ordcr approximation assumes that the cnthalpies for 
the conformatiunal quilibria oa,au # au,ee ad aa,ee # ec,e 
are qud (qn 6). Tbv quilibrium constnnts in thin case must 
obey qn (7). So far bs the hetcroconformcr is a &-pair (e.g. 
enanthiomers E and IL Chart 4), it is fawabk with entropy 

factor S=RlnZ. Thus tlw qn (7) transforms into qns (8) and 
(9). 

2K,- = Ke (8) 

nt = 2n, - n,,. (9) 

n,+n,+nr= 1. (10) 

Tbx mole fractions of the conformers can be found from qns (4) 
and (9) tabhe into account the eqn of material balance (10). 
Thus, &se qns are bansformed into qns (11) and (12): 

n2h+2nw-4ab-0 (11) 

opy=a-a& (12) 

wbae a = (J,, - J&/(J, - J,.) and b = (J& - J.,)/(J, - J.,). Tbc 
value of b is fomd as a positive root of qo (11) and 0, from 
eqa (12). 

-2 
The stnrtine point of the analysis of the pclmiw values of 

& as a function of Job. is tbe eqn (4). Tbe qns (4) and (10) give 
tbeqo(13).IothisqoK~OartdOcaL,cl. 

K 
Jti-Jol-n&J,-J&2 

“~~=~=J,-J*-~~(J,-JJ,~’ 
(13) 

Let us introduce the parmcta Jd = (I,- J-,/2. IO the case 
JobPJOl(l,K=l~~cBILBdoplanyvslucmtbcrPneefromO 
to 1. For standard couplin8 constants J, = 105 and J., = 2.5 Hz, 
Jd = 6.5 Hz. For Jti less than this value the range of permitted 
values of n,., may be found from qn (14); for Ja> J& this 
range may be tound from qo (15). Eqns (14) and (15) was 
dmivedfromqo(13)takingintoacccuntthatKrO. 

J&-J I&</ 
JCd 

‘lhs. when tbc d&.rcnce betwcco Jti and Jd i large, tbe 
uncatrmtyofab,~smallaodvicevaraashaJbeendixussed 
in the text. 


