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Recent investigations of the addition reactions of sul- 
phenyl chlorides to okflns have shown, in contrast with 
general belief (see, for example Refs. 1 and 2), that 
episulphonium ions are certainly not the intermediates in 
these reactions in common solvents,~ and that ion pairs 
are involved in these additkn processes.~ We have 
developed a method for increasing the effective ekc- 
tmphilicity (for defmition see Ref. 5) of sulphenyl 
chkrides, which, in turn, has important synthetic con- 
sequences, since a spectrum of new compounds includ- 
ing marran@ stmctures became availat+le.M Thus, the 
most peculiar features of Ada RSCl reactions under 
nonpolar cot&ions are the followi&” (a) these reac- 
tions usually proceed without skeletal rearmn&ments 
and(b)theseadditionreactknsoccurwithhightrans- 
stereospe49kuy (uide infrc). The application of either 
7lopii” (addition in presence of LiC104J*7~ or use of a 
solvent with high ionizing power (e.g. HCOOH”) can 
chanpethenatureofadditionpmductsandleadtothe 
Earran@ suucnnes. However, contrary to the other 
Ada reactions exampks of marran@ mentsaswellasthe 
cases of cis- or non-stcreosptcific addition in the reac- 
tions of suiphenyl chlorides with ole6ns under usual 
conditions’o are extremely rare. Hence, the investigathm 
of these outstanding cases is a matter of interest and 
importance. 

In this paper we describe the addition of arenesul- 
pbenyl chkrides la-lc to the tUrbomerle 2, and to 
dimetboxybenzonorbomadiene 3 showing that these 
reactions can occur (i) with Wagner-Meerwein rear- 
rangement and (iii with the formatkn of the &addition 
Product. 

As was observed earlier, the addition of la,“* lb,‘lb 
and lc to nortx~rneue produces tram+adducts without 
Wagner-Meerwein nxnangement. Later it was &owns” 
that the addition of la to 2 can give five princii 
products 4a-&, theii ratio being dependent on co@ 
ditkns. However further studies revealed that the 
separation method used rur Ref. 5 was unsatisfactory for 
the detennin&n of correct data of product ratio.‘* It 
was found that prepamtive tk on silica gel (oiffe infm) is 
morereliabkandthismethodwasusedforallreac- 
tiotu~.~‘~ The ratio of products provided by this method 
have heen in a Rood agreement with ‘HNMR deter- 

,minathmoftheproductcompositioninthecnnkreac- 
tion mixture.’ It is noteworthy that the ratio of products 
also depends on the initial concentrations of reagents; 
hence all reactkns have been carried out under standard 
concentration of 1: 1 ratio of sulphenyl chloride to al- 
kene. The data on the reactions of 1~ with norbomene, 
2,aregiveninTabkl. 

IntheprelMnarycommunkatkn’wedescriithe 
formatknoftwochkrides1~and11abytiadditionof 
la to 3 in CCL and CHJXXIH. More thorou& in- 
vest&&m with the use: of aforementioned method of 
separa&demonstratedthatactuaUythereactionmix- 
ture consists of four principal products, lOa, lla, l3a and 
14 depea on cm&ions. The addition of lb to 3 



also gives the four products, lob, lib, 12b and Mb. In a 
~wofove~of~me’H~~we~o~ . 

rcactmsof la~lb~~~u~ol~~ and 
zormed the isolation of the products. llle rat&s of 
products detcnnined by prepamthe isoktkn have been 
in satisfactory agreement with those determined by 
‘H NMR. The prepamtive yields of the products in the 

additiaartactionsoflaaMtlbtoolefins3anshownin 
Table 2. 

It may be seen from Tabks 1 and 2 that, in some 
cases, the total yklds are appreciably less than 100%. 
However we have to emphash that even experiments 
with relatively low total yields did not show the presence 
of substantial quantitks (>3-5%) the products, different 

LiCIOs 
BBC1 t<cq - 

Yielda W] 

bW1 
!L ZI k z z?!i# #!L 

ti 20 - 12 40 ,2 25 35 10 

2 60 - 10 40 5 24 P 14 

3 20 2rl - 16 2 !@ 75 29 

la 60 2x1 - 23 2 $P 48 18’ 

Cb 20 - 312. 408 5 10 

‘3 “b 20 2x1 86 13’ 8 fl 60 23a 

Ic 20 - 60 - 5 7 

12 20 211 18 - 5 42 P 30 

l Yield ha8 been dotermiosd b PYB only. b Zhe l ootato~(6-10%) 

ham bema also isolated. 

9 CC14 b-p. - 33 13 - 17 * 

3 rosa a 5 36 - taaoa 9 

. i!! AcroB so 5 35 - trao* 10 

3 Aom 20 211 traoe 26 - - 47 

% as14 hp. - 56 24 5 - - 

$&Aicwa20 - - 92 - - 5 

.jJ AdlBL 20 2rl - 44.- - 50 
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from the ones listed io Tables 1 and 2 The decrease in 
the total yields observal in some cases has been due to 
tbeusedl:lratioofArsClandolelhl.b 

Several comments should be made on the details of 
stmcture determinations and analysis of ‘HNMR data. 
Tbe stmctures of 4a-8a have been proven previously? 
The contigration of anti-acetate & have been onam- 
b&sly determined by X-ray analysis.= The structures 
of all the other compounds obtai& in this work have 
been deduced from analysis of ‘HNMR spectm. T%e 
speztra of norbornenes and norbomanes have been 
extensively studkdsbr” and this information has been 
of assistance in interpretation. l%e 8ross features of 
‘H NMR spectra of adducts of be-series, M-14, are 
showa in Table 3. 

Let us consider the key points of the stmctual 
ass@nments. The urear~@ 2&iisubstituted corn-- 
pounds (e.g. 4, 10, 12 and l3) cao be identified by tbeii 
vicinal Jm coupling constant: 34Hz for trans-Ju and 
7-9Hz for cis-J=. The 2~x0 and 3-exe protons cao be 
assigned by their coupli~ constant with the bridgehead 
protons (3-4Hz). The rearranged stmctures of mubor- 
naneseriescanbespecifiedby(i)thewidthofH1peak 
(> 10 Hz, J% + JP’) and (iii the sharp @let of H, in 
the rao~e of 3.1-3.4ppm. The m structures of 
type 11 and 14 can be recognized by the @aI of 
3-CHrgroup which falls iu the range of 1.6-2.6 ppm. ‘Ilds 
multiplet can be interpreted as the AB-part of ABX 
system with low fields components of this AB pattern 
@L-exe) being firrther split by coupling with & (ex&H, 
is a doublet of triplets, e&-His is a doublet of doublets). 
At the same time, the 7CH2 group of umeamu@ 

*U&rthcc0ndi&auacdapartofAr!Elisevidcatlycoa- 
sumed due to the reaction WitJl solvcllt (see. C.&“). Actuslly this 
cumplicptioaaNlldberespoasiMeforrhcformrtionoftbcub 
tm3abIe~productwitllvaylow%vahteolBavdiu~ome~. 

products of type 10 and 12 appears as a simple AB 
pattern in the range of 2.0-25 ppm. 

The peculiar probkm of the choice between the trans- 
stmcturesldbandl2bcanbesolvedusiltgre&ritiesof 
chemical shifts. The colI&m&al change H.&-C- 
x.,,_+H.,,,-C-X..,,, leads to the 0.5-0.8ppm uplkld 
shift of this signal io ‘HNhfR spectrum.’ Hence, we 
cao formulate the general rule of con6gurational 
assignment allowing one to make a choice between the 
structures of type 15 vs 16: if the X is a sufiiciently more 
electronegative group than Y, then bHxmHy sharply in- 
creases in going from 15 to 16 and vice versa. For 
exampk, the compotmd 15 @Cl, Y = 2,4(NQ&C&S) 
has Sw= = 4.1 ppm, a~,. = 3.81 ppm and AS = 0.29 ppm (in 
DMSO) compared with 6wr = 4.34 ppm, 6w, = 3.17 ppm 
and AL3 = 1.17ppm (in DMSO) for the compound 16 
(X=CL Y = 2,4-(N0&C6H,s).‘s 

The cboicc between syn and anti rearmu@ isomers 
has been made us@ the empirical ‘H NhIR criterion; the 
anti-isomer is characterized by low-field shift of & as 
compared with syn-isomer and vice versa.- In some 
caseswecouldndseparatetheacetates7andSaadhave 
evaluated the isomer ratio by ‘HNMR. Only a single 
acetate 14 has been isolated iu addition to ole6n 3 and 
sybconfiguration is ass&& to it io consooancc with 
mechanistic consideration of Wagner-Meerwein rear- 
rangement. 

Finany, the addition of lb to 2 has been foond to yield 
also a small quantity (6-1096) of the acetate 9. ‘H NMR 
spectra of 9 exhii peaks at 1.83 (s, CH,COO), 3.0 
(S-GJ$ m) and 453ppm (O-G& m), and coupling 
between two later peaks is absent. Takiog into account 
literature data’- we assume the probable structure 9 for 
this acetate without additional proof. 

Before proceeding further, let us briefly consider the 
general out&e of the mechanism of RSCl additions. 

Table3. ‘HNMR~of~compoundjofbenu,~(lWMHz,CDCb) 

COW Chamioal mhif8rn) s 

4.x*1 

lob 

118 

tip 

3.e-3.65 
(+%I 

3.19(Q) 
3.8 : u 

2.0(d) 2.1(d) 
. 

(k&d a.) 

230x0) 3.89(a) 3.60(a) - 
2.07(mdo) 

3.5 10 J,p3.5 
Jwa 1.2 

3.5 J12 - 3.7 

3.7(=0) 
7.6(aQ) 

J43exo=3. 7 
J33 - 13.9 

J4w0=3.8 
J33 = 13 

8.0 10 Jxa - 1.7 
JR7a = 1.7 

4.0 11.2 J27a I 2.2 
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Traditionally &se reactions have heen described as the 
two step process involving the intermediacy of episuL 
fonillm ions, 17.‘2 In contrast, recent iovestigations 
presented the experimental evidence for the involvement 
of less polar intermediates than ions 17. The solvent- 
separated ion pain 18, t@ht ion pairs 19, and covalent 
sutplumule 20, coukl be re@rded as such intermediates.’ 

This conclusion was derived from * following 
aqpunents. Fi the observed chemical behavior of 
episul&niumkmshasbeeninstrikin8umtra.9twithtbe 
re8uhuSes of sulplKny1 &knide additions~ seumdly, 
the “dopin addition” effect, namely, an es&&ion of 
e&ctiveek&o&iMyduetotheadditionofastron8 
electrolyte, constiMes the eve and unambi8wus 
evidence of the in&mediacy of ion pairs in these ad- 
dition reactions.c, Inde& one may pose a question: is it 
possible to &ease the effective electrophilicity of a 
sulphenyl halide by variation of the co&ions? If one 
acceptstbeintamediacyofionsl7,tbeaaswerhastobc 
negative kcause the ions 17 are already the most elec- 
trophilic q&es. WC have shown that the answer is 
definitely positive aad the aforementioned “d@@- 
dition” stra ~mmaybeusedasthetestoftbcloa-pairs 
mechanism. Intur&theseinvesti@ionsposethefol- 
lowin problems: (a) mechanistic distinc&m of the ad- 
dition re&ons m via Merent intermediates 
and (II) elaboration of experimental criteria which iden- 
tify the pfutkular intermediate. 

The most important results of the presented study are 
the follow@: (1) Every reackn investigated shows the 
“dopii&itk& e&ct.‘*74 (2) Rare example of the 
nonsteoeospecifk addition of la to ole5ns 3 with partial 
formation of the product of cis-addition (l3a) has been 
found. (3) Rare examples of skektal (Wa8=-Meerwien) 
went have been found in moderately polar 
(CHJXIOH) and even in non-polar (CCL) solvents. (4) 
The experimental data clearly indicate the involvement 
of darerent intermediates in the reaction; that leads to 
the important mechanistic and stereochemical con- 
clusions. 

Ion-pain mechanism and w.alkation of “doping-ad- 
dition” e&d. As can be seen from Table 1 the addition 
of lcto2inAcOHgavemainlychlorides(4+8,~%)in 
spite of tbe nuckophilic nature of the solvent. This fact 
demon&rates the absence of compkte dissociation of the 
S-Cl bond aad of separation of the counter ions in the 
course of the addition (aide infm). At the same time, the 
addition of la to 2 in AcOH (Table 1) 8ave appreciabk 
amounts of acetates. These results show that the inter- 
mediateintheadditionof lato2inAcOHismorepolar 
tbantheoneintheadditionof le. 

This conclusion can be supported by the kinetic data.” 
The addition of lc has been found to proceed slower in 
AcOH than in CHC&CHClz, which su88ests a decrea~ 
inpdarityofreactantsinattain&tbetransitionstate. 
By umtmst the addition of la sbow the opposite solvent 
elfect(AcOHvsCCL)andpmc+s~t@~incra~in 
c_y transition state wbh IS a&d by a more 

Tlms,the&rides:acetatesratiomaybere8ardedas 
a criterion of S...Cl bondine in intermediates. In fact, 
this cri&ion permits to reveal the involvement of two 
d&rent type of intermediates: some sort of “loose” 
@action of la+2) and Yight” (reaction of lc+ 2) ones. 
AItbou&onecandiscusstheresultsin&setermsnot 
being definite in their actual determhukn, this ter- 
minolo8y certainly stiers from the lack of .&Wural 
representation. It is useful to make the correlation be 
tween these notions and intermediate species l&2). A 
“loo& intermediate can he associated with solvent- 
separated ioo pair, 18. However, the “tight” intermediate 
canbeassociatedwithboththeti&tionpair,l9,and 
Wlfurane, 28.’ 

Thus, we suggest the ratio &lo& : qctates a9 a 
diagnostk tool for dWinction beiween the species 18 and 
U + 24.” Fit case is real&d in addition of 18 to 2, and 
tbesecondoneinadditkmof lcto2. 

This mechanistic conchuion can also explain the vari- 
ation of products distribution in “dopin addition” con- 
dition.AscanbeseenfromTablesland2,tbecourseof 
sulphenyl halide addition a be substantially changed by 
the addition of LX!lOc Thet leads to (i) &reased CoD 
tent of m products and (hi incorporation of the 
solvent (CHXOOH) in a 6nal step of the addition to give 
the corresponding acetates. The presence of LiClO4 
maximizes the cflective electrophilicity of the sulphnyl 
halide due to (a) tbe shift of intern&ate structure 
toward a more polar one (e.8. 19-18) and/or (b) the 
formationofnewionpairswithClO,~counterionvia 
the anion exchange in solvent separated ion pairs.=* 
Both these mechanisms cab operate in the addition of lc 
to 8ive a quaMative clmn8e of ratio of products, while 
the change in the addition of la must be rather quan- 
ti~veinnaturt.Infact,thccomparisonofthedataof 
Table 1 for la, lb and lc show that the iacrcasc of 
electrone8ativity of R in the sulphenyl halide RSCl 
smooths the influence of the added salt. Hence, the 
dopin e&t is strongly pronounced for lc and only 
moderate for 18 in a 8ood accordance with aforemen- 
tioned mechanistic c4mclusion. 

Skdctcrl rurwMgancnts in the addition of suIpheny1 
chlorides ts o&ins. As mentioned earlier, the skektal 
_7~11ts have been observy in extremely “, 

Even tert-butyletbylene and benzvalene 
;;c*%le to undergo mts) have been 

WeaRaQ@ 1&ldducts. 
The essential result of this papez is the demo&ration 

of the und _ of the skeletal mment in 
addition reaction of sulphenyl chlorides in solvent of 
moderate polarity (AcOH) ami even iu non-polar one 
(CCL). The formation of chloride 11 in CCL evidences 
the enhanced liatSty of 3 to react with skeletal rear- 
raaeement. 

nKdataofTaMe1sbowthattheadditionoflrand 
lbprocads-ywithnarraaee ment which h&des 
the parti+ation of the solvent (AcOH) in the final step 
of addition with tbe formation of reanWWd acetates 
7 + 8. In contrast, the rearrangements in the additions to 



de6n3proceediaAcOHtogivemaialytbe~ 
chloride 11, but not the acetate 14. 

At this point we would like to draw attention to these 
processes as being characterized by two features: (1) tbe 
presence of relatively krge positive charge on carboa 
atom of the interme&& a8 judged by the fog of 
rquraq@ product and (2) the absence of coqkte 
di88oGatioa of S-Cl bond a8 jud@ by tbe formation of 
rearmn@ chlorides but not acetates. The exampk of 
such a process is the formation of 11 iu AcOH. We 
suggest that these features of the process may be regar- 
ded as e8F&&’ ckaFcut evidence of the involvement 
of the tight ion pair keel (19). The formatioa of 
ream&a@ chloride 11 both in CCL aad A&H demon- 
strates ionization but aot dissociations of S-Cl bond in 
intermediate. Hence, we 898~ that addition of la and 
lbto3proceeduiatishtioapair19incontrastwitbthe 
norbomeae case. Schematically tbe stmcture of inter- 
mediates for the addition to 2 and 3 may be represeated 
by formulas 2X and 22 bonny. The aorbor- 

u- U‘ 
f;R 

q- 

d3- Z-R &I- S-R 
. da- 

m I c 

21 

nadiene system in 3 is very sensitive to the cationic 
charge development and the rearrqemeat can cccur 
even ia tight ion pair intermediate. In contra8~ due tu a 
kss liability of aorbomane skeleton to rearma@ (a!i 
compare with dimethoxybenzonorbomane one), the ap- 
preciable participation of the ionic structuns (2lb+21c) 
can be achieved only under a laqe degree of ioaimtion 
ofsC1bondandofstparationofionsasitoccursia 
SoIvcnt-separated ion pair. Heace, the principal rear- 
ranged products Sre the ZUXtateS 7 +8. 

Cis-w&fit& of a sulphtnyl chloride to 0lcJins. The 
welldocumented traas-stereo8pecifkity of aulphenyl 
chloride addition reactkn8’c3’ does not depend on the 
solvent or the olefla atmcture8, ia strikkg contra8t to the 
varkbility of the ateric course for the majority of ME 
pr0ces8ea.~ To the best of our kaowkdge, only four 
exampk8 of CiS or non8te~c addition of a sul- 
pheayl chloride are documented ia litemmre: (a) addition 
of P&Xl to the cyclobutene double bond of tricyclo[4,2, 
2, ~Meca-3,7dieae derivative8 witb the formation of 
the adduct of type 23 (X=SPb, Y=Cl, Z=H)P (a) reaction 
of la with abbe in AcOH with the fog of 
cis-monoadduct,” (cl addition of Ar!Xl to vinyl ethers,% 
aad (a) tbe addition of ArSCl to cis and bans 
aaetbok8.8 First two uses represent the cia-addition to 
the lmmocoajugated dieae system8 aad last two cases to 
the olellns which capabk to re8onsace stabilization of 
carbenium ion centre. 

The ~kv~~~a of the add&n of A&Cl to the 
derivative8 of tiyclot4, 2,2,0u]deca-3,7diene system 
(case a) showed the formation exclusively trans-com- 
pound8 of type 23 o(=sAr, Y=H, Ml) whose 8tlUChlNS 
have been determiaed by X-ray d%action.= Secoadly, 
reinvestigation of the addition of la to norbomadkne 

Showed t&t Ci8-sdduct WBS llOt formed in this X%%iOa. 
In fact, this process occurs to give the mixtnre of two 
isomeric trans-compouad8 l!! aad 16 &Cl, 
Y=SC&(NO&) together with tricycknc 24.” Thus, 
there are ao proved examples of cis-addition of RSCI to 
the dkne system8. 

~~~,~~~ole~w~~fo~ 
resoaaacc-stabilized cations is expected to be often 
nonstereospectic due to stab&&on of open-ion like v8 

bAged-ion like intermediates.’ This situation may be 
&izedfortbeadditiontotheaaethok8(ca8edZb)as 
well as to vinyl ethers (case ck). However, the abaom@ 
steric course of aa add&ion reaction may be caused 
sometimes by ~~~~c control which caa be 
espe&dly important for the @chloroether product for- 
med in the addition of a aulpheayl chloride to vinyl 
ethers. The stabilization of the cis-adduct might be due 
to the coafo~oad factors (for example, due to the 
gauche- or anomeric e&c&-). For instance, ad- 
dition to the dihydropymae occurs with bans stere+ 
chemistry at kW te~l’&IKeS; however, a tl%%Mi8* 
veut occurs at higher temperature Hence, 
tbe data of Ref. 2a have to be considered with caution 
siace the authors have defiaitely proved the ther- 
mcdynamic control of the reaction caurse at elevated 
temperatures, but have aot Stl’ktly cxchlded the pO8- 
sii of partial equiliitioa of products at low tem- 
peratures. T&e addition to the aaethole seems to be the 
single reliable example.of a aoa-stereospecilic addition 
of an areaesulphenyl chloride to an alkeae. 

Thus, this paper report8 tbe 6rst aOILStereo8peCifk 
addition of a sulphenyl chlotie to the 8traiaed doubk 
boad of a aorbomeae mokty. Ahlmugb different 
expkaatioa of cis-addition ia the course of Ad=2 pro- 
cessea has been proposed in &rature,‘~ we believe 
that the unusual stereocheaGcal result has to be ascrii 
to tbe pa&@&a of the a-fnunework with the in- 
clusion of resonance structures of type 22b (aide supra). 
Heace, the nucleopbile attack proceed8 partially from 
the opposite side to the new bond to give 13. In sum- 
mary, we coaclude that the formation of cia-addnct 13 is 
due to the iavdvemeat of resoaaace structure 2% 

!&oeoc&mieal sequence of the con@ of ion-pair 
intmncdiotc in Ad= tuIctions of a sdphenyl chloride. As 
stated above, the concept of the involvement of a tight 
ion pair 19 can be supported by the formation of rear- 
raaged chloride8 ia AcOH. For tbat process one has to 
assume the iatramolecukz attack of positive charged 
ceatre of tight ion pair by its own chlorine atom to 
produce the resulting chloride. In turn, that leads to the 
8tereQchemical sequeacc of interest; inhamol~ular 
transfer of chlorine aaion in a fmal step of addition must 
involve a particular spatial arraagemeat. For in8taace, it 
ha8 been mentioned that one of the product8 of the 
addition of lo to aorbomadieae in AcOH is aortricyckae 
%.” Now WC may predict that it would to have the 
diea of the s~titucnts. Analogously, 
the add&ion of la to methykaeaorbomene, 25, in AcOH 
proceeds to give the chloride U;;“’ WC may predict the 
e&o-coal@ration of R!Ggroap in 26. It would be l$hly 
desirabk to pmve these predictions experimentally. 
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Experimental studies of the consequences of these 
points are in progress. 

~itllt4a~lTAL 
The deuterated olefin 3b was prepared accmdi~ to Ref. 33 aud 

purified by steam dishllafiOIl. Prepstative thin layer cbromato- 
gruphy was carried out umi~ silica i ~  40/100 or 5140 # enthe 
plates 18x 24cm. The ~HNMR spectra were obtained in CHCI~ 
(& ppm). Because the yields of the products are listed in Tables ! 
and 2 we shall describe below only typical procedures focusing 
attention on the isohtion end charectedmtinn of new compounds 
obtained. AH m.pe are uncorrected. Satisfactory analytical data 
were obtained for 4e, ~, ~, ~e, Te+~ ,  7 c + k  lls, lib, l i t  
lib, 13~ 14s and 14b (±0.3~ for C and H; ±0.4~ for CI and 
±0.69~ for S). 

Add/tiom to sorbormme 
(a) A soln of la (If,) in AcOH (23 ud) was added to a sthred 

soln of 2 (0.3 D in AcoH (I0 ud). The udxture was stin~M for 2h 
(2if), then poured in 100 ml water and extracted with CHCI~ The 
extracts were washed with water, dried over M8SO4, the solvent 
was ~emoved and residue (I.4510 was chromatolpuphed twice 
(hexane: ether- 1:1, SiO~, 40/100#) to give: 0.Is (129~) of 4m, 
03g (40~) of Sm end 033g (359~) of mixture 7a+~ together 
with 2% of ~ .  The latter mixture was chroumtollruphed ~ 
(bexene: ethyl acetate = 3:1) to give 0.07 g (109~) of h and 0.19 g 
(25%) of 7,, The m.p., SH N'MR data and P~ values are in 
coincidence with 8iven in Ref. 5. 

(b) Anhydrous LiCIO~(0.410 and 2 (0.211) were dissolved in 
9 ml of AcOH and then 0.4 g of lb was added. The m/xttwe was 
stirred 2h (20") and analogous work up and chromatography 
(hexane: cther= ! : 1, SiO2 40/100#) gave: (0 0.12g of mixtme of 

and Sb (1:1.5); (h') 0.0~g (89~) of lib, m.p. 136-137 ° (from 
petrol ether), ~H NMR spectrum: 3.3 (s, IH, H-C-S), 3.9 (m, IH, 
H-C-CI); (in') 0.3811 (609~) of udxture of ~ + S b  (2:1), 'H NM]~ 
spectrum: 3.3 (s, IH, H-C-S), 3.6 (s, IH, H-C-S) 4.62 (q, 2H, 
H-C-O) and (iv) 0.0411 (6~) of ~b, ~p.  138.5-139 ° (from COO, 
tH NMR spectrum: 3.0 (m, IH, H-C-S), 4.53 (m, IH, H-C-O). 

The mixture of ,Ib + Sb was sqmrated by repeated chromato- 
graphy (hexaue: ether = 1:1, SiOz 5/40 # ) to give pure (i) ,lib, m.p. 
10~, (from petrol ether), 'H NMR: 3.05 (m, IH, H-C-S), 3.93 (m, 
IH, H-C-CI). Lit. "b m.p. 1083-109"; (b') Jk, m.p. 86-86.5" (from 
petrol), IHNMR spectrum: 3.13 (s, IH, H-C-S). 

(c) A soln of le (0.9 g) in AcOH (3 ud) was ~_a,~__ to a stirred 
soln of 2 (0.58) and LICK), ( i l0  in AcOH (10ud). The mixture 
was stirred for 0.5 h (20 °) and analogous work up and chmmato- 
8raphy (hexane : ether : benzene = 3 : 1 : 1, SiO2 401100#) 8ave: 
(i) 0.25 g (18%) of 4c, i~-0.8,  distilled at I mm H11 ~ 
perature 160°). n~ 1.600, tH NMR spectrum: 2.94 (t, IH, H-C-S), 
3.88 (t, IH, H-C-O); (h.) 0.068 (5%) of M, P~ = 0.7, m.p. 80-80~ 
(from hexane), SH NMR: 3.2 (s, 1H, H-C-S), 3.8.5 (m, IH, H-C- 
CI); (ih.) 1.0611 (72%) of mixture of 7c+k (l~ffi0.5). The later 
mixture was separated by repeated cbromtogrupby to give pure: 
(i) 7c, liquid, 'H N M ~  3.1 (s, IH, H-C-S), 4.66 (q, IH, H-C-O); 
(ii) 8c, liquid, tH NMR: 3.5 (s, IH, H-C-S), 4.7 (q, IH, H-C-O). 

Rearronged cMor/de la. Anhyckous IJC1 (1 g) was dissolved in 
10ud auhyd~ous HCOOH and 0.2311 of 2 and then 0.6g of Is 
were added. The mixture was stirred for 15 udu, poured in water, 
extracted with CHCI~. The extracts were dried over MsSO,, the 
solvent was removed and the residue was chromatolpaphed 
(hexane:ethyl acetate = 3:1, SiOz 5/40 # )  to give: (i) 0.3 g (40~) 
of ~a, m.p. 17%178°; (h.) 0.098 (109t) of mixture of syn and anti 2 
- formyloxy - 7 - arylthionorbornanes; ~ (ih.) 0.098 of mixture of 
4s+ ~a. If the isolation of (m was made by recrystallizafion (twice 
from CCh) the yield of ~ was of 24~ (m.p. 177-178°). 

Addition to ole~u~ 3 
(a) A soln of 3 (0.5610 and Is (0.66g) in CCI, (5Oral) was 

refluxed for 2 h. The solvent was removed and the residue was 
chromatolpaphed (hexane:ethyl acetate=3:l, SiO2 5140#) to 
give: (i) 0.48 (339t) of l h ,  m.p. 1&%1860 (from EtOH-AcOEt), 

ffi 0.73. Lit?" m.p. 177°; (h.) 0.21 g (1795) of 13m, m.p. 199-200 o 
(from EtOH-AcOFA), 1~ffi0.53; (ill) 0.1811 (15%) of lla, m.p. 
188-189 ° (from EtOH-AcOEt), !~ - 0.45. Lit. ~ m.p. 184 °. 

Co) 0.66 It of la  was added to a stkred soln of 3 (0.56 8) and 
LiCIO, (0.62/0 in AcOH (12ml). The mixture was stirred for 
0.5 h (20°). The usual work up and c h r o m a t ~ y  (CHCI3, SiOz 
5140#) gave: (i) 0.3211 (26%) of l la,  m.p. 188-189 ~, P¢=0.5; (fi) 
0.6 $ (47%) of lkL, m.p. 167-1680 (from EtOH-AcOEt), Rr = 0.23. 

(c) A soin of 3 (0.66g) and lb (0.68) in CCI, O0ud) was 
refluxed for 2b. Toe usual work up and cbromatolpuphy 
(hexane: ethyl acetate = 3:1, SiO2 5/40 #) gave: (i) 0.05 11 (5%) of 
1~, m.p. 139.5-140' (from EtOH-AcOEt); (b.) 0.7g (56%) of l ib ,  
m.p. 187-187.5 ° (from EtOH-kcOEt); (lb.) 0.3 g (249G) of l ib,  m.p. 
134-134.5" (from EtOH-AcOEt). 

(d) 0.411 of lb was added to a sth'red sob of 3 (0.44 g) and 
LiCIO4 (0.6210 in AcOH (10ud). The mixture was stirred for I h 
(20°). 1"he usual work up and ch-o,~Rolpuphy (CHCI~ SiOz 
5/40#) gave: (~ 0.37S (,I,~) of l ib ,  rap. 133-134°; (b.) 0.45g 
(50~) of 14b, mn.p. 163-163.5 ° (from EtOH-AcOF,0. 
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