
1846 Russian Chemical Btdletm, htternational Edition. ~"})1. 49, No. II. November, 2000 

Reactions of sulfenamides with aikynes 
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rhu reactions olalkyncs with aryl<,ull'cnamidc~, activatcd with pho>phorut, oxohalidcs giving 
rise to ary! [.~-halo~in~l stlli'idt..s were in','csligalcd. l hc  rcclctions with :lcr OCl-I-ync. alld 
Ocl-4-.yilc ;ll'e trans-stcrcospccific. ~,hcn.'a:, lhc rcactioll with phcllyl;ic,2iylcnc allbrdcd a 
rnixturc of cis- and .,r~,ms-ctddilion products ]he addition to unsymmchical alkyncs yielded a 
miMurc of MarkovnikofF and anti-Marko~ifikotT ismners whose ratio dcpcnd~ nn lhc solvent. 
I)rtldllc% ill" addition1 It) tIcl-t-yllc ill tile prcsc:nc'c of catalytic alllotlllls oi" acids tllldep, vcIll 
isoP.lcrizat ion. 

Key words: aryl,;ltll;:_'nanlidcs, pho'q'lhorll,,(~) oxohalidc.s, alkyncs, aryl lJ-haloviix, I ~,ult]dcs. 
sutfcilylalion, i:,onlt.'riZ:lliO n. 

Sulfenylat ion of  unsaturated compounds  has tong 
been used in organic  synthesis. General ly ,  the clectro- 
phil ic add i t ion o f  scilltir[l!) comp()tulds to alkenes pro- 
ceeds h: high .victds. The mechanism o f  this re:lctiot-i has 
beell siudied in detail i l t a  series of  ,,~,orks, where:is the 
clcclrophil ic addi t ion to alkyncs has been investigated to 
a lesser extent.  The  use of suIlcnyt chlorides,  I-1"1 thiols 
in the presence of  [ l lctal-comptcx caLtlysts, Is,if' sulfur 
dichloride. 17 O-sutfcnyl arylsulfonatcs, u~ complexes of 
arenesutfen:anil idcs u i t h  boron tr i l luor ide, leS-2s and 
aLylsulfcrtmllidcs act ivaled by sulfuric anhydr ide 16 as 
sullcnylatmg reagents v, as described in the literulurc. 

Nowqdays,  the addition of  sulfcnyl chlorides to un- 
salurated romp( rends  is conmlon ly  used for chhmy- 
sulfbl ly lat ioi ]  Of tile latter. The reactions of  sulfcnyl 
chlorides with unsaturated systems have been thoroughly 
studied. Thus,  tile reaction nteehanism, the kinetics, altd 
the stereoct~emistry ot' tt~c process were de,,,cribed in 
detail. 27"zg However ,  this procedure has a number  o1 
sub.,,t:mtial drawbacks,  vi=., sulfcnvl chlorides :ire un- 
stable c o m p o u n d s  and decompose  to form the corre-  
sponding distilfides. In addit ion,  ,;ulfcnyt chlorides react 
slowly with o lc f in  systems and c,,cn more slo,,~,ly with 
aectylcnic systems. The addi t ion e l  sulfenyl bromides at 
multiple bonds  does not necessarily give the desired 
results due to tile tinct that degradat ion of  suticnyt bro- 
mide to form disulfide proceeds more rapidly than its 
addition to the nmltiple bond. z'~-3e Because of  this. no 
sufficiently com, enient  and simple procedures for the 
preparation o f  l~,-bromo',inyl sulfides are available. 

Presently, the use of  v, eak clcctrophiles,  lbr example.  
of esters and anl ides of" sulfcnic acids activated b,< Lewis 
acids, as sulfcnylat ing reagents is acquiring increasing 
importance.  Previously, 31 we have developed a new 
procedure 1ol- halosulfcriylation of  olefins wilh qutfcll- 
amides act ivated by phospllorus oxohalidcs (POCI 3 or 

POBr3). This procedure has a r lumber o f  obvious ad~an- 
rages, viz., sulfcnamidc~ arc stable compouncls ,  !;ilos~ 
phortm oxohal ides  arc rcadi!y accessible,  and the yict&, 
are nearly quanti tat ive. As part el" our  COIlti l l t l ing SILId- 
ies, in the prcselll work we in,,esligatcd the reactions of  
su l f cuamides ,  whicil were ac t iva ted  by phosphorus  
oxohaJidcs,  with a series o1" :accty}cllic Stlbstratc~. 

Results attd Discussion 

Wc assume the iollo,.ving mecharfisna of  activation o1 
sulfcnamidcs.  Initially, POCI~ (or I)OBr3) acts a:, Lewis 
acid and attacks the nitrogen ak~m o(suHcnamidc .  Then 
the phosphorus--hah~gel~ bond is c leaved  and the result- 
ing in tc rmcdia lc  reacts with the unsaturated subslratc to 
form aryl ~.~-haloviny[ sulfides ( I - -171 .  

It should be noted that the in te rmedia te  is. appar- 
ently. Heithcr a pure episullBnium iou nor sulfurarc. 
These two structures reflccl only the possible lin/iting 
fornls of  the intermediate whose Mrttcttne rnay depend 
on tile solvent,  the substitucnts at the n~ttltiplc bond of  
the sub,Irate,  and the structure ol"thc initial sulfcnamMc. 

The data on the yields of the reac t ion  products and 
the i somer  ratios are given in Table 1. 

As expected ,  the rates of  the addi t ion  of  sulfcltanfidcs 
to acetylenes  are substantially lower them the rates of  the 
addi t ion to olcfins. Thus, tile react ions involving otcfins 
were comple t ed  in 15--20 rain at - 4 0  ~ whereas the 
reactions wiih acetylenes proceeded :.It roont temperature 
:rod the reaction lime varied from 1.5 io 24 h depending 
on the structures of the substrate and the reagent. 

Accep t e r  substitucnts at the triple bond cause a de- 
crease in the reaction rate and in the yields of  the 
products  in contrast to donor  substi tuents,  which im- 
prove these characteristics. Thus,  the reactions with 
pherlylacetylenc were completed i,l 20 - -24  h, whereas 

Published in Izvesnyo Akademii ?r Sero'a Khimiche~koya. No. II. pp  1874--1880, November. 2()()1). 

1066-5285/00,'49t I-1840 $25.00 :g~; 2t)t)0 Kluwcr Academic/Pt*mum PubIisbcrs 



Reac t ion  of  su l termmidcs  v/ith alkyncs Russ. Chenz. Butl.. Int. Ed.. I, bl. 49, No. 11, /Vovember. 2000 1847 

O 
ArS\  II 

ArSNR 2 + POHal 3 ~. N---~P--Hal 
R2 i -'--~_ 
Hal Hal 

0 "�84 0 
A r S  + I II 

-: : N--P--Hal - \ N ' / H  .I ' ~ H a '  
ArS. .--P::'"""Hal -C-ZC- 

R 2 j  :~  

Hat Hal R2 a 

O O 
H II 

R~./P.:.,,,,uHal +R2~P ~ a ~ ,  
AF ,,-,, N" Hal~"~Hai Ar Hal- 

/ 
\S '~ ,,! or XS ' 

ArS 0 
X II 

+ P ..,:uiHal 
/ C % a l  R2N " /  " ~ H a t  

1 - - 1 7  

the reaclioe, s wi th  oc l -4 -y l l e  col+raining two doTlor sub-  
s t i tucnts  at the mult iple  b o n d  wcrc completed  in 1--1.5 h. 
T h e  react ion with acctylellC proceeded ra ther  slowly 
(3 - -3 .5  h) and is cha rac t e r i zed  by a low yield c o m p a r e d  

to  those ob ta ined  in the react ions w i l t ]  subst i tu ted 

alkyncs. 
In the case of stdf 'cnanlidcs conufining a c c e p t e r  sub- 

stituellls in the benzene  ring ill the orttto and para ptmi- 
lions with respect [o the  sulfur atonl,  the reac t ion  rates 
and the viclds of  the p roduc ts  wcrc higher  than  those 
achieved in tt~c cases of  phenyl -  and tolvlsulfcnamidcs.  

h should be no ted  thai  the main reac | ion was a c c o m -  
panied by tim side process  o f  conversion of  sulfcnarzaidc 
into disulfide, which  also affected lt~c yields o f  the 
reaction products.  Thus ,  the  reactions of  su l f cnamide ,  
phosphorus  oxohal ides ,  and  alkvnes t:lkcn in an e q u i m o -  
far ratio af lbrded aryl [$-halovmyl sultidcs in approxi -  
mately 30% yields, and  the  reaction mix lurcs  always 
con ta ined  the u n c o n s u m e d  alkyne because a po r t i on  of  
sul fcnamidc d e c o m p o s e d  to disulfide. We succeeded  in 
increasing the yields o f  thc  halosulfcnylal ion p roduc t s  to 
6 5 - . 9 0 %  by using a 1 .5- fo ld  excess o f  a sul l 'cn-  
a m i d c - - p h o s p h o r u s  oxoha t idc  mixture in the case of  
subst i tu ted alkynes. To  the  contrary ,  the reac t ion  wifl~ 
acelylcnc was carr ied out  with an excess of  alkylle and.  
hence ,  the yield was 16% {with respect to su l f enamide ) .  

Mosl o f  thc pub l i shed  data arc indicati , ,c o f  ti3c 
trans-addition of  sulfcnyl chlor ides .  L3-5"8 sulfur  d ich lo-  
ride, 17 O-sulfenyl a.rylsul(onates.  Is su l fcnani l idcs  acti-  
vated with [~F;, 19,21 :.ltld sul fcnamidcs  ac t iva ted  with 
SO1 Z6 I t ' )  acetylenes.  H o w e v e r ,  SOIIIC r e s e a r c h e r s  r e -  

pol led that the}, ob t a ined  produc ts  of c/~.; :ddit ion of  aryl 

Table I. Yield,; (1I" the products of the reaction.,, of sulfcnamidc:, will] alk!,'nc~, it] the prc,.r of  phosphnru~(~ ~ oxohalidc:, 

/---'X C~ Ct Hal R z ArS ~q? ,mrs Hal 
ArSN O+ ~O,+a l . -R '  = R 2 " ' "  /~==~ ~ , r  * 

\ - - - - /  ~ R' ~ r R' ' . - �9 . ~ :'tal R R' 

a b c 

E ( a M )  E ( M )  Z ( M )  

Alkync POHai~, Suhcnamidc, Product Iotal RalLo of  
Hal Ar .,,icld Ihc protlucts ( 9~- ) 

R ~ R 2 
a | l  C 

H r'h C] 4- O? N (.'~,1-14 I 86 70 311 
I 32* ,~S 12 

2- ()_-. N C~JI 4 2 65 36 44 
Ph 3 25 I 5 (!5 

Br 4-O2N CI, I-I 4 4 ,~2 3(1 51 
2- 02 N (.'~,H. ~ 5 gg S8 12 
Ph 6 33 51 33 

H C(,H ! ; C} 4-O2NCf, H 4 7 70 79 2 I 
2-O2NC6H 4 8 91/ 70 3(1 

Br 4-O2N Ct, H.~ 9 17 *~ I 8 82 
2-O2NC~,H 4 I0 88 67 33 

C3H 7 C3H 7 CI 4-O2NC6H 4 I! 70 10rd - 
a-O;NC{,I 14 !~' 77 I00 -- 
Pit 13 27 10ft .- 
4- H "~(." C0 H 4 14 26 I 0t) -- 

Br 4-O2NChH 4 15 67 lt}O -- 
2-O2NCg, H 4 16 67 lot') -- 

H H CI 4-O2NC~H 4 17 16 100 --- 

2O 
19 

I 

I 

^ _ _  

Note: M arc .Markovnikoff addi l ion products and aM ar-' anf i -Markovnikof f  addition produci~,. 
* EIOAc ',',as u~,,.'cl as the solvent. 
** Products d and e were obta intd along with products a and b (see the tcx~. 
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sulfenyl chlorides to phcl!yiacctylenc t'.'s and that the 
[rans-additiorl products were isomcrized to the corre- 
sponding cis-addition products upon boiling in benzene 7 
or in the presence of the initial sulfcnyl chloride. 14 Vvc 
suggested that in the case under study, the addition of 
sulfcnamides activated with phosphorus oxohalides to 
acetylenes proceeded trans-stercospeciflealty (which has 
been uilambiguously conl]rmed for otefhls31). 

In the case of  acetylene, lhe /tans configuration of  
the addit ion product c;.ill be .fudged fronl the spin-spin 
coupling constants for olel'iu protons in the I l l  N M R  
spectrtlm. ]htls,  these collstal]ts arc 13.2 aild 6--12 Hz 
for l-chloro-2-(p-nitrophenx, lthio)ethylene 4a and ttle 
cL~' isomer, rcspeciively. 3z 

To obtain more convincilig evidence for the Irans 
configurations of the products, which we obtained in the 
reactions with substituted acetylenes, we performed the 
nuclear Ovcrhauser eflktct experiment I o r a  mixture t)f 
isomeric [3-chloro-lo-nitrophen.,<lthio)oct-l-cries 8a and 
Ilia. Thtis. irradiation of the olcfin proton in llh tat 
6 6.29) led to an increase in the mtensity of the signal for 
tile aromatic proton in tile ortho position with respect to 
the vinylihio group (:it 8 8.22), whereas the intensities of  
the signals for the allytic protolls remained unchanged. 

N O  2 

, s N i  

H H CI 

E adduct 8b 

This result indicates that the olel]li proton in gb is 
spatially remote from the alkyl radical and is located in 
proximity to the thioawI substJttient, which supports our 
suggestion that tile products have tran.s configurations. 

in the case of unsymmetr ica l  substratcs,  two 
rcgioisomors, vE.., Markovl:ikoff alld anti-Markovnikoff 
addition products, can form. Actually. the iH NMR 
spectra of the products of the reactions of oc t - I -yne  with 
sulfcnamidcs in the presence of POC1] or POBr3 have 
t~o singtets at 8 6.0--7.0 with dilferent intensities whose 
chemical shifts ditTcr by 0.2--0.5 ppm. These signals 
correspond to the olefin protons of two isomers. The 
assignment of the signals was made based on the pub- 
lished data. 8,1~ 

The reactions with oct - l -yne  gave anti-Markowlikofl 
(/:')-isomers as the major products (except lbr products 
9a nnd 9b: scc below), This fact is not surprising because 
it is known that anti-Marko,,nikoff products are formed 
under conditions of kinetic control and these products 
can undergo isomcrization upon storage to form more 
thernlodynamically stable Markovnikoff products. 33 
However, we did not observe isomerization of" the reac- 
tion products upoil their storage tbr two months at 20 ~ 
aS well as oi l  boi l ing in chloroR)rnt. 

The reactions witi~ phenyiacetylenc aflordcd cLs iso- 
mers of aryl [3-halo~inyl sulfides along with tile 
frets-addition products. This lact is in good agrccmcm 
with the publ ished data on the fornl:Hion of the 
cL~-addition products in ttle reactions of sullcn~l halides 
with phcnylacctylcne. "4-LI4 Of four possible addition 
products, only Markovnikoff cLs-addition product 4e can 
rccidily e l iminate t114al. To establish the strticturcs of the 
isomeric compotlllds, a mi\ture of  4a- -c  was treLttCd 
with an alcoholic solution of alkali. According to tile 
data of IH NMR and IR spectroscopy, the reaction 
mixture obtained after such treatment did cot contain 
compound 4e and contained a new competed  bearing 
the C=-C fragment. \u cissigncd structure 18 to tile latter 
compound. Apparently. the insignificant decrease in the 
coutent of isolller 411 is qs:cociatcd with the possibility of 
cLs-elimination o1" HBr from tills compoultd. 

Br Ph ArS Ph ArS Br 
~ ~ KO~  

+ /'-'--%' 4- EtOH 
H SAr H Br H F:'n 

4 a  4b 4c 
E (aM)  E (MI Z (M)  

4 a  + 4b + A r S ~ - - P h  

E(aM) E(M) 18 

Ar -~ 4-O2N-C6H4 

With the aim of ~tudying lilt effccl of the solvenl on 
tile ratio between the * larkovnikof f  and anti-Marko',- 
nikoff isomers, we carried out the reaction o l  p-ni l ro- 
phcn?l th iomorphol inc with phcnylacetylcnc in ethyl ac- 
etate in the presence of POCIa. In this case, tile la : Ib 
isomer ratio changed to 88 : 12. which is in good 
agreement with the published data on the cflcc/ of the 
solvent on tile isonler ratio in tile case of addition of  
sulfcnyl cliloridcs to acetylenes. This suggests thai the 
ratio between the Marko',nikoff and ant i -MarkovnikolT 
products in tile reaction under consideration depends on 
the sotvating ability of tile solvent, as in the case of 
sulfcnyl chlorides. 4"5 

lsemerization of produets of  addition of  sulfenamides 
tu oct-I-yne.  Chromatogr:~phic separation of the products 
of the reaction between p-nitropheuylthiomorpholine and 
oct- l-ync in the presence of POBr.- s gave two fractions. 
One of these fractions contained a mixture of 1.2-addition 
products, vie., (E)- I-bromo-2-~,p-nitrophcnylthio)oct- l -  
erie (ga) and ( ka-2-bromo- I-(p-nitrophenylthio)oct- l -enc 
(gb), the Markovnikoff isofllcr prevailing. To the contrary. 
the in~crse ratios of isomers a alld II were observed in all 
oilier reactions of sullknamides with oct- 1 -yne. 

The I H NMR spcclrum of the second fi-actiou has a 
triplet at 8 6.6 with tile intensity of 1.0 H, a triplet at 
8 6.3 with the intensity of 0.33 H, two singlets (at 8 4.11 
and 4.0q) with the total intensity of 3.02 H, and three 
groups of  multiplet signals in the high-field region atong 
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with signals for the protons of the p-nitro-substituted 
br ring. The triplets tit 8 0.0 and 6.3 belong to the 
olcfin protons of two isomers 9d and 9e, respectively. 
The shape of the signa! and ll]c spin-spin coupling 
constant (7.5 Hz) arc indicative or  the presence of the 
CI-|~ group adjacent to tile double bond. ] i lc sil]glets iil 
the region ol '8 4.10 bcloitg, apparontly, to the protons at 
the carbon atonis bearing suhstitueills (--SAr or --Br).  
iho ratio bolwccn the intensities or  these signals and the 
integral intensity of  the signals for the otcl]n protons 
being 2 : 1. In clddititin, the absence of splitting or the 
two-proton signals is indicative o f  the absence of ~icinal 
prt)tOllS. Based Oll the above-considered data, the fol- 
lowing four structures 9d,e may be proposed: 

ArS Hal 

Hal H ArS H 

Hal ArS 

ArS H Hal - H 

Wc suggcsicd that the double bond in the products of 
1,2-addition to oct - l -ync that in i t ia l ly  lbrmcd migrated 
under the actioI] Of smal l  tltllOtllltS o [  acids ,  ~,~,,Jlich wcrc  
prcsel]l as ilnpurities in phosphorus oxobromide. As :l 
result, the reaction under consideration aft\)rded four 
rather than two isomeric bromosulfidcs as the I]IILI] 
prodt.cts (Schcmc I). 

To vcrit~, this suggestion, we decided to find out 
wllcthcr other 1,2-addition products, lbr example, iso- 
meric chlorolp-ndrophcnyl thio)oct- l -encs  7a and 7b. 
also undergo isomcrization. A mixture of 7a and 7h 
(taken in a ratio o f  79 " 21) was retlt,xcd it] chloroform 
for 3 h alicr which no CC, I]lp()tll]ds other th:.ul the init ial 
reagents were detected ill the solution by TLC. How- 
ever. hey, compounds were round (by TLC) in the 
reaction mixture within 30 min arter the addition of 
catalytic amounts of p-tolucncsulfoilic acid to a solution 
of 7a and 7b in cllloroform. 

Based on the data of IH N M R  spectroscopy, it can 
be concluded that rcfluxing of a mixture of compounds 7a 
and 7b in chlorofiarm in the presence ofp-toluencsulfonic 
acid arfordcd compounds 7d and 7e. wMch arc structur- 
~,lly similar to compounds 9d and 9e isoktted in the 

H SC6HaNO2-4 H Ci 

> 4  - >=4 ': CHCI~ 
CI C6HI3 4-O2NCBH4S Cat-f13 

7a 7 b  

C I - - - ~ C s H 1  

4-O2N 06H4S H 

7 d , e  

reaction of lp-ni t rophcnyl th io)morphol ine with oct- t -ync 
in the pn.'sencc of POBr 3. This fact provides evidence in 
l lwor of the fact that the double bond in prodt,cls o1" 
I 2-additi( n tc~ oc t - l -ync  migrates trader the actiou of 
catalytic amounts of acids. 

Based on the intcfis ly ratio of the sign-tls m the ;H 
N M R  spectrum, il was established that compounds 
7a,b,d,e were present in the mixture in a ratio of 
9 �9 20 : 42 " 29. To put it differently, the total alllOtlllt or  
the resulting products ?d + 7e (71%) was exactly equal 
(s tO [he LImOl.lllt o f  compound 7a consumed 
(79 - 9 :: 70%). whereas the amount or lhc initial 
componcnl 7b remained unch;mged I+_1%), i.e., exclu- 
sively the anti-Markovnikoff s underwent isomer- 
ization resulting in a mixture of l -ch loro-2-(p-n i t ro-  
phcnylthio)oct-2-cncs, l h i s  process can bc dcscribcd by 
Scheme 2. 

The signals in thc LH NMR. spectra were more 
accurately correlated with the slruclurcs or the pair of 
compouilds 9d and 9e and the pair of 7d arid 7e based o11 
the published d:.lt:.l OI1 the chemical shills of the olcl]n 
protons in trisuhstitutcd cth,vlcncs. t h e  literature data 
along with the data ror compomlds 7d,e and 9d,e arc 
given in Table 2. 

lhesc  data indicate that the signal for the proton in 
the lran.s position with respect to the substituent con- 
taining the Iollc electron pair ix obser~cd at lower field 
than the signal for the proton in the ci.s position with 
respect to this suhstitucnt. By analogy, the assigmncnt 
nladc by us seems to be more probable. Thus, the signal 
t\~r the olefin proton in compounds 9d and 7d containing 
the proton in the n'otrs position with respect to the 
arytthio group shouM be observed at lower field than the 
signal for the olefin proton in compounds 9e and ?e 

O2N S - -  O ~- POBr 3 
- -  / 

Scheme I 

-,- C6H13 - - H  " 

H SC6H4-4-NO 2 
\ / 

i, /i ~ i 
/ 

Br C6H13 

H Br 

4-O2NC6H4S 06H~3 

B r - - - ~  Y CsHI1  
/ 

4-O2NC6H,IS H 

9a 9b 9d ,e  
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-H'  

Sctleme 2 

H H SAr 
+ H  ~-H + 

+ - ~ " Cl CbHl l  

Cl C5H11 --H" C] CsH~ ~ --H" SAr 

SAr 7a 

Ar = 4 - Q 2 N - C 6 H  4 

contaip,  Jng the p r o t o n  in t h e  cis posi t ion  wi th  respec t  to 
the a ~ ' l l h i o  group.  

f h c  reac t ion  d i s c o v e r e d  by t,s is most  s imi l a r  to the  
mig ra t ion  o f  the d o u b l e  b o n d  in p roduc t s  o f  a d d i t i o n  o f  
th iots  to te rmina l  a l k y n c s  in the p r e s e n c e  o f  me ta l -  
c o m p l e x  Calalysls r e p o r t e d  in 19qq. ~e Thus ,  the  r cac l i ons  
o f  a lkHlcs  c o n t a i n i n g  t h e  propargyl ic  h y d r o g e n  a t o m s  
with t h i o p h c n o l  in t i le p r c s c n c c  {}J" the pal ladiun~ catalyst  
(PdCl2{ P ~CN }2) aft 'ordeal primaril.v M,~rkovnikofl '  add i -  
t ion p roduc t s ,  rE... 2 - ( p h e n y l t h i o } a l k - I - c , l c s .  In the  rc- 
a c l i ons  with (he c o m p l e x  o f  t h i o p h c n o l  us ing  the  catai.,,'st 
P d ( S P h ) C t ( P h S H ) , ,  l m =  I o r  2). a lkyncs  u n d e r w e n t  
i m m e r i z a l i o n  t h r o u g h  t h e  c a r b o c a t i o n i c  i n t e r m e d i a t e  to 
fo rm 2 - ( p h c n y l t h i o ) a l k -  2 - c n c .  

T h c r c l b r e ,  thc reaction.,> o f  afy lst i l fon; . i rn idcs wi th  
illk.VlleS in the preserver  o f  phosphor ( i s  o x o h a l i d c s  {.:all 
scr,,c us a COll,,,ClliClql p r o c e d u r e  I'or t i le Q','lltllcsig o f  ar.',l 
i : i -ha lov iny l  sulfidcs.  T h e  ndgrati , ,m o f  file d o u b l e  car-  
b e n - - c a r b o n  doul-}tc in t h e  rcilct ion products o p e n s  up 
new syn the t i c  poss ib i l i t i e s .  

Exper imenta l  

Thc ~t-I NMR sp,.'ctra were recorded on a Varian VXR-400 
instrument opcnHi!~g ;it 400 MFIz. The ~"C NMR spcclra ,acre 
iB,,2astlrcd OR a Varian..XI,t,-40{} illMrtllllClll opcra l lng  al 

Table Z. Chemical shifts o f  [ht: protons of lrisubstitutcd elhylcncs 

Compound /5 Conlpound 6 

Ph H CI H 

6.09" 5.95 ~ 
CI Me  Ph M e  

Ph H Ph M e  

5.22* 467* 
MeO Me MeO H 

CI H CI CbH~I 

ArS C.:H 1~ 6.60 ArS H 630 

7 d  7 e  

8r  H Br CsH ~ 1 

ArS CsHI~ 6.65 ArS H 6.36 

9 d  9 e  

l-h( data published prcviousl.v. 9 

Cl H Cl CbH 11 
F-H 

~._H~ ,-t- 
A r S  CbH ~ , ArS H 

7 d  7 e  

h}0 MHz. f h c  IR spectra ~scrc obtained on a I,.~1~-2t} h>h'u- 
mcnt in l l f in l ihnx. The multmg poi l l ls v,.crc dc t ( rmh lcd  ill 
open capil laries on a block. The niching and boi l ing l}ohlI~ 
%%t2fC l i t)( Co[ [ ,2c [ r  

Reactions or sull'enamide~ with alkynes in tile preseuce of 
phospborus(v) oxohalides. A ,olmion of  pho~phoruM~) oxohalidc 
II 5 Innlol) itl anhydrous C112CI 2 ̀ am, slowly added wif l l  il/Icnhc 
s:irrmg to a sohlI iol l  of sullbn,mfidc {I .5 moral} iu II~c same 
5;Ob.CllI a l  - '~l)  ~ a l l d  Ihu 1~2tlCticql I l l i \ l t l l 'U  "~8s stirred Jbr 
10 ram. (hen  a solution of alkync I I retool} in anh),drous 
Ct ' I ,CI,  was ,,lowly added and lhc nliMtHc was stirred unld 
4]k)11c wag completely COP.MIIlicd (the C{IUl%t~ tl[" tilL' rcac'tion 
wax n;{mitorcd b ) I ' L C  on Silufol rtlalr ~.ith a 6xcd silica gel 
I ;wcr} f i l e  mlvcnT wa~ r r  Otl ;I rolar} cv4po I ' 4hH"  ; l l l d  lhL' 
rcxJdt lc  W;l~, %r Oil ;I ch l ' iH I l i l lO~R l [ )hy  co l u I I I I I  with .giO, 
(a 1 : 3 CHCI: - - I i .~ht  pcmflcum Imx[urc as the clucnt}. 

M i x l u r e  of l - ch lo ro - l k ) -Z - (p - r l i l ropbeny l lb io ) -2 -pheny l -  
ethylene ( l a )  and I -c l l lorn-{ l : ) -2-(p-n i l ro l ibenyl lb io)-  I -p l le ,y l -  
ethylene ( Ib) ,  R r- = o.22 ((_TICl~--lighr pctroleUln, I : 3) 
;H N M l t  {CDCI- } .  & ,%04 {d. ] t1. la: 4-O_,N--C~,tI> ./ = 
9.2 Hz}: 7.9(} (d. 2 H. Ib: 4-O2N--Cf, II 4, . /=  0.2 IIz): 7.5<%-7 53 
(m. 2 It. la: 4-O2N--Ci ,  H4): 7.51 (d. 2 t-I. Ib: 4-O~N--C, I - I  4. 
J = 92 Hz): 7.4[)--7.20 fin. I:l ~- Ib: Ph}: (>.{)6 Is, I I1, la: 
I IC=) :  6.6,4 (->. I FI. Ib: FIC=L IR (thin fihn), v /e ra - I :  1340. 
1521) I--NO21:1605 {C=C). For die nli,xtu[c. |~RiIld {%): C, 57.90: 
H. 3.35. Cl.,Ft mCINO!S. C41,.2tll/l[Cd (qi): C. 57.63: FI. 3.45. 

Mixture of I-chloro-(k)-2-(o-nilropbenyltbio)-Z-pbeKvl- 
ethylene (2a)  and I - ehh}ro - ( / : ) -2 - (o -n i l ropbeny l th io ) - i -  
phenylelhylene (2b). Rj = 0.29 (Cl-ICl;--ligh! petroleum, 1 : 3) 
IH NMR (C[)CI,,), 8:g.16 Id, I H. 2a: 2-O2N--C~,t-14, J = 
9.3 Hzt: 8.(i,"; (d. I I1, 2b: 2-O,.N-C{,H 4, J = 9.3 I-Iz}: 7.64 IL 
I H, 2a: 2. O2N--C~,114. i = 9.3 Hz}: 759 (t, I H. 2a  
2-O-N--C~,H4, d = 9.1 FIz}: 7.56--7.34 (m, It) H, 2a + 2b: Ph): 
7.30 (d. I H. 2b: 2-O?N--C,d l  4. J = 9.1 t tzL 7.27 ft. I H. 2b: 
2-O2N--C6FI 4. J = 9.3 l-lz): 7.18-7.12 tm. 2 H. 2a + 25 
2-O2N--Ct, Fla): 7.fl6 {s. I H. 2a: I.IC;:}: 6.64 (s. I H. 2b 
FtC=). I;C NMR (CDCI 3) 8:135.32--135.17 (2 C, 2a 4- 2b: 
SClarom}): 134.32:134.20--134.06 (2 C): 133 85--133.25 (2 C}: 
120.47 (2 C): 129.31:129.i}8--128.76 (5 C}: 12~.48--128.45 
r C}: 128.24--12S.16 (4 C): 126.38--126.03 (2 C)- 125.94-- 
125.72 {4 C}: 124.89: 118.97. IR (thin film), v/era--l: 1340. 1520 
l - -NO21: I60O (C=C).  For the mixhirc, loulld (%): C, 57.44: 
H. 338. CI4HmCINO?S. Calct'k~ted (%): C, 57.63: I-l, 3.45. 

Mixture of  I - c h l o r o - ( k ) - Z - p h e n y l - 2 - p l t e n y l t h i o e t h y l e n e  
(3a}, I-chloro-(E)-I-phenyl-2-phenylthioetbylene (3b),  and 
I-chloro-(Z)-I-phenyl-2-phenylthioethylene (3c). R r. = 0.35 
(CHCI;--IIghI petroleum. 1 : 3). ;H NMR ICDCI. ) ,  8: 7.2g-- 
7.24 (m. 15 H, 3a 4- 3b + 3c: SC(,FIb), 720--7 .  t2 (m. 15 It. 
3a -- 3b + 3c: Phi: 6.68 is. I H ,  3a: HC=}: 6.5{) ~s. 1 H. 
3b  l tC=) :  6.52 (s. t H. 3c: HC=).  

Mixture of ( / :3-  I -bromo-Z- (p -n i t ropheny l th io ) -2 -pbeny l -  
elhylene {4a),  ( E)- l-bromo-2-(p-nitrophenylthio)- l-phenyl- 
ethylene (4b),  and (Z) - l -bromo-2-{p-n i tropheny l th io ) - I -  
phenylelbylene (4c). R! ~ 0.29 (CHCI3--1ighl petroleum. I : 3}. 
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~t.I N M R  (CDCI3}. 8 :~ .13  td, 2 H. 4c: 4-O_,,N--Cf, H 4, J := 
8.7 Hz): 7.98 Id, 2 H, 4a: 4-O2N--Ct,144, . / =  8.7 Hz): 7.95 (d. 
2 tl,  4b: 4-O2N--C~,1{ 4, J = g 7  Itz): 7 .57- -750  (m, 4 H, 
4b + 4e: 4-O2N--C, ,H4}:  7.48"; (d, 2 tl .  4a: 4 - O 2 N - - C J I  a, d - 
8.5 I-tz}: 7 .40--7 .33 (m. I[} 1`{, 4b + 4c: Ph); 7.2,',;.--724 Ira. 
5 t-t. 4a: PhL  7.13 {s. I H. 4a. I IC=):  7.03 {s, I 14. 4b: HC=}: 
6.89 (s. I H. 4c: t l ( '=) .  IR (thin Iihn), v,/cnf-I: 1345, 1520 
I--NO_-,). 1605 ( C = C }  

Mixture of ( /0 -J-hromo-2-(o-ni trophenyl th io) -2-phenyl -  
e thylene  ( S a ) ,  and { E ) - I - b r o m o - 2 - ( o - n i t r o p h e n y l t h i o ) - I -  
phenylelhylene (5b), R, = {}26 (CHCI;- - I Ighl  petroleum, I : 3'k 
II"t NN1R tCDCI3) ,  8: S 3 t  (d, I H, 5D: 2-( )2N--Calf  a, J = 
8.9 Hz): 8.16 {d, I H. 5a: 2-O2N--C{,I-I 4, Y = 8.9 Hz); 7.62 {t. 
1 tl.  5a: 2-OeN-Ch1- ta .  J = S.9 I.Iz}: 7.55 {t. I H, 5b: 
2-O.?N--C{,t |  4. . /=  8.9 Hz;- 7.52--7.34 (m, 10 H. 5a + 5b: Ph): 
7 3 1 - 7 . 1 2  {m, 4 H, 5a + 5b: 2-O2N--C~t-{;}: 688  (s. I H. 
5a: t tC=}:  (>.65 {s, I H. 5h: HC=) .  IR (thin Iilm). v /era-I :  
1340. 1525 ( - -N( )? ; ,  I(-(}0 { ( = C )  

Mixture  of  {k ) - l -hromo-2 -pheny l -2 -pheny l th ioe thy lene  
{6a).  { E)-  I -bromo- i -phenyl -2-phenyl th ioethylene  (6b),  aml 
(Z) - I -hromo- i -phenyl -2 -phenyl th ioe thy lene  {{}c). R~ = !)33 
(CHC'13--light petroleum, I : 3). I i t  N M R  {CDCIO, ,5: 7.2`3- 
7.13 Ira, 15 I-I, 6a + 6h + 6e: SC6H5}; 7.10--7.03 {m. 15 H, 
6a + 6b + be: Ph}: 0.,37 (s, I t t ,  6a: HC=) ;  6,67 (y. I I{. 
6b: I-IC=)2 6 5 6  Is, I t l ,  6e: t tC=}. 

Mixture  of l - eh loro- ( /= ) -2 - (p -n i trophenyRhio)oc t - l - ene  
(7a} and 2 -chh)ro - (~ ) - I - {p -n i t ropheny l th io )oe t - l - ene  {7b), 
R i := 0.47 (CHCl : - - l i gh l  petroleum. I : 3). ]1t NM R  ICI)CIO, 
8: S 12 (d, 4 H, 7a + 7b: 4-O_~N--Cr 4. J = 9.2 Fizz: 7.32 ld. 
4 It. 7a + 7b: 4-()_,N--C,II~. J = 9.2 IIz); 6h2  (7. I I'-I, 
7a: HC=}:  6.32 (s, I H. 71}: HC=):  2.61 {1.2 H, 7b: HC{3). J = 
7.1 tlz); 2.40 ft. 2 H. 7a: 1`1C(3}, J = 7.2 ttz); 1.60 (m, 2 It, 
71}: 1`1C14)): 1.511 {m, 2 II, 7a: 1-tC14)1: 1.35-1.21} {m. 12 H. 
7a + 7b: HC(5) ,  HC{/u. H(~7)):  [}.85 {l, 6 H, 7a + 7b: 1-1C{S}. 
d = 7. I Hz}. IR flhin l']hll). VlClll-I: 1340. 1520 1--"~{)2): 1605 
{C=C).  For  the mixlurc, Ibund (%): C. 56.34; H, 640.  
(TI41`Ih,~CIN02S. (';Hcu]atcd t%): C, 56.09: H. (}.05. 

Mix|ure  of I -ehh)ro-( k)-Z-(o-nitrophenylthio}oet- I -ene (ha} 
and 2 - e h l o r  I -(o-nitrophcnyRhio)oct- I -erie (8b). R 1 = 0.44 
(C l lCI ; - - t igh t  pelrolcum, I : 3). iH N M R  (CDCI:) ,  8:8.22 (d, 
I H, 81): 2-O2N--C~114.  J = 9.4 Hz}" 8.20 (d, I H, 
8a: 2-O~N--C~,I-[ 4. J = `34 Flz): 7.57 (t, I H, 8b: 2-O2N--Ct, H 4, 
J = 9.4 FIz}: 7.53 {t, I H, 8a: 2--O2N--C61t a. J = 9.4 Hz): 7.41 
{I, I It, 8a: 2-O~N--CBFI 4, J = 9.4 Hz}: 7.32--7.26 (m. 3 tl, 
8a + 8b: 2-O2N--Ce,  H.;):(}71 is. I 1.1. 8a: 1-tC=}:{,.29 {',, I H, 
8b: HC=},  2.{}') It. 2 H. 8b: HC(3). J = 7.1 Hz): 2.3,3 U. 2 ft. 
8a: HC(3} .  J = 7.1 ttz): 1.60 {m, 2 H, 8b: t tC(4) ) :  1.5(} (m, 2 H, 
8a: HC(4) } ;  1.35--1.20 {m. 12 H, 8a + 8b: I-I(.15). I-tC16!. 
HC(7}): 0.85 (t. 6 H. 8a ~ 81): 14C(8), J = 6.9 Hz). t3C NMR 
ICDCI3), 8: 146.17: 135514: 135.32: 133.71; 133.45 {2 C}: 12842 
(2 C}: 127.86: 126.{18; 126.12: 126.07:125.62 {2 C): 125.49: 
116.511; 31.66, 31.-14 {2 C): 28.75 (2 C): 28.22: 27.37: 27.22: 
22.48 {2 C)" 13.99 {2 C). IR (lhill fihYi), \,/cnl~l: 134(}, 153(} 
( - -NO,} ,  1600 (C=C}. For the mixture,  found (%): C, 57.23: 
H, 6.1)6. C~4H h,:CINOpS. Calculaled (%): C, 50.{)8; H, 6.05. 

Mixture  of (E)-  I -bromo-2- (p-ni trophenyl th io)o( t -  l - ene  
(9a) and (E) -2 -hromo-I - (p-n i tro l~henyl th io )oc t - l - ene  (9b). 
R: = 0.46 (CFICl~--light pclrolctlf~l, l : 3). IH NM R  (C'DCI;}, 
`5:S.15 (d. 4 H, 9a -)- 91): 4-O,N--C~,I-I 4, ./-= 8.7 Hzl. ; .34 (d. 
4 II. 9a + 9h: 4-O2N--C~,H 4. J = 8.7 Hz}: 6.77 (:,, I 14, 
9a: I-IC=}: 6.55 is. I 1-1.9b: HC=}: 2.69 (t, 2 H, 9a: HC(3}. J = 
7.5 Hz~: 2.46 {t, 2 H, 9h: HC(3).  J -- 7.2 Hz): I.(>3--1.[5 {m, 
16 14. 9a ~ 9b: HC(4),  1`tC(51, HC(6),  HC(7)): 0.85 II. 6 tl.  
9a + 9b: HC{8),  J = (}.2 t tz).  

Mixture  of  (21")-I-bromo-2-(p-nitrophenylthio)oet-2-ene 
~9d) and (E) - I -bromu-2- (p -n i tropheny l th io )oc t -2 -ene  {9e).  

R) = 0.28 (CHCl-~--lighI pctrolcum, I : 3). II-t NMR (C[)CI~), 
8: 8. ll  {d, 4 H, 9d t- 9e: 4-O2N--Cr J = 9 I IIz): 7.3l 
(d, 4 I-I, 9d + 9e: 4-O2N--C(,H 4, J ~ 9.1 Hz): (>.65 (L I 1-1, 
9e: HC TM. ./ TM 7.5 t-lz}: (,.36, it. I H. 9d: IIC =.  J ~ "1.5 1-1z}: 4.11 
(~,, 2 H, 9e: Iq:C{ID: 4{)8 (7, 2 tl ,  9d: H2C(I)}: 2.3i)Ira. 4 H, 
9d + 9e: =C- -CH2) :  1.56--1.22 (m,  12 H. 9d -r 9e: l tC(5).  
HC(6),  I-IC(7)): i).94--().S5 Ira, 6 H, 9d ~ 9e: IIC(S;). IR (thin 
i ihn),  v / t i n l :  134(), ]520 ( - -NO2) ,  1600 (C~C).  For the 
m ix tu re  of  9d and 9e. [bund (%):  C, 47.~7: H, 5.49. 
Ci41`th~13rNO2S. Calcukncd {q,}: C, 48.83: H. 5.27. 

N| ixlure of  ( / : } -  I - h r o m u - 2 - ( o - n i t r o p h e n y l t h i o ) o e t -  ! -ene 
( I 0a)  and ( E ) -2 -h romo-  I - (o-n i t rophenyl th iu)oet -  I -ene { I 0b).  
17 t = 0 5 7  {Ct4Cl~--light pctrok'um, I : 3). IH NMR {CDCt,..}, 6: 
8.22 (d, I H. 10b: 2-O2N--C(,1`1,:, J =  8.8 Hz}: 8.19 td, I ft. 10a: 
2-O2N.--CBH 4, d = 8.9 Hz}; 7,57 {t, t t1, 10h: 2-O2N--CBII 4. 
J = 8.3 Hz}; 7.53 It. I H. 10a: 2-O2N--C~,H 4, d = 8 1 1`lzI: 742  
(d, I H, 10a: 2-()>N--C'r J = 8.3 Hz): 7 .33 -72 ( ,  {m, 3 H. 
10a + 10b: 2-( )2N--( , ' ,1 t~ ,  6.9 (~, 1 H, 10a: HC=~: 6.53 1'~. 
I II, 10b: t iC=}: 2.7,~ (t. 2 H, 10h: I'-IC{3), J = 7.2 Hz}: 2.4,"; {L 
2 tl. 10a: HC{3L . / =  7.1 I-Iz}: 1,59 tin, 2 1-t, 10b: I-.tC{4~}: 1.4 ~} 
(m, 2 H, 10a: HCI4)); 1.33--1.19 (m, 12 H, 10a + 10h: 1-t{.7(5}, 
t1(.(6}, IJC(7}}: 0.84 it. 6 I1. IOa-~- lob: ]-IC{8L J = 7.2 Hz;, IR 
(thhl t]h11}, V,,'C111-I: 134{1, 1530 I - -NO2) ,  1600 tC~C} For the 
mixture,  lbund I%): C. 47..6: H, 5.12, CI4HIsBrNO2S. Calcu- 
lated (%}: C, 48.~3: 14. 5.27 

4-Chh)ro-(k)-5-(p-nitrophenylthio)oet-4-ene ( I  I). & = (} 36 
(CIICI3--1ighl petroleum. I : 3). I1.1 N M R  (CDC'Ig,  6:X.12 and 
7.24 (both d, each 2 H. 4 - O 2 N - C B H  4, J = N.S 1-lzL 2.72 m~d 
2.44 (both t, each 2 H. ttCf3}, HC({9. J = 74  Itz}: 1.01 and 
I 55 (both m, each 2 H, 1-tC(2). HC(7)L  0.89 tt. I~ 1-{. IIC(I}. 
HC{8}. J = 7.2 IIz). r~C N M R  ICDCI3}. ,S: 146.11 ~1 C. 
SCripture};: 144.2S; 126.7(>: 126.5 12 C): 126.43:124 I,l 12 Ci; 
39.24 {I C. Ct6}k 3 6 . 7 6 t t  C. CI3}); 21 .21 -21 .19  ~2 C. (.171, 
C'(2}}: 13.~,--13.16 (2 C, C(NL C(I}).  IR {thin film}, v , , ' cm!:  
I 3-1{}. 15211 (--NO,,);  1605 (C=C).  Found (%): C. 56.53: H. 6.27. 
CI4HIxC[NO?S. Calcul:ltcd 1%}: C, 56 119: 1`I, 6.05 

4-Chloro-( / : ) -S-(o-ni t rophenyl thio)oct-4-ene (12). R, = 0.56 
(CklCI3-1ight  pclrolcum, I : 3). iH N M R  {CDCI:}, 6:";.23 and 
7.22 {both d, each 1 H. 2--02N--C~,1-14, Y = 7.~ Itz}; 7.52 and 
7.27 {both l, each I 14, 2-O2N--CI,  H 4, J = 7.,"; Fie): 2.75 and 
2.38 {bolh I, each 2 tt ,  1tC(31, HC(6) .  J = 77  Hz}: 1.63 and 
1.55 (both hi, each 2 H, HC22}, HC(7}): 0.90 m:d 0.87 {both t, 
each 3 H. HCl l ) ,  HCIS), J -- 7.1 Hz}. I~C NMR {CI)CI,L 
6 : 1 4 5 . 7 8  (I C. SCtarom}): 145.28: 136.4~: 133.51: 127.96: 
127.74: 121~.23: 125.12: 39.{} { } {I C. C(6)): 36.99 {I C. C13}}: 
21.2}--21.19 {2 C, C(7}. C{2)); 13.6--13.18 (2 C, CIS), Ct I}). 
IR {thin film), v /era- I :  13411. 1530 (--N(}2),  161}() {C=C~. 
Found 1%}: C. 56.25: t1`. 6.26. CI4H 18CINO~S. Calculated I%): 
C. 5o.o9: I-.t. 6.{}5. 

4 - C h l o r o - ( k ) - 5 - ( p h e n y l t h i o ) o c t - 4 - e n e  ( t3 ) ,  R~ = {}.36 
(CHCl3--1ighl  pe t ro leum,  I : 3). IH NMR (CDCIO.  8: 
7.29--7.14 (m. 5 H. Ph): 2.78 and 2.37 (both I. each 2 H. 
HC{3). t4C{6L J = 7.3 14z}: 1.62 and 1.52 {both m. each 2 H, 
HC{2L FIC(7'}L 0.93 and 0.85 (both t. each 3 H, HC(I},  
HClS).  J ' - '  7.2 ttz}. Found(%) :  C, 65.48: H, 7.39 C!4H!,}CIS. 
Calculated (%): C, 65.99: H. 7.52. 

4-Chioro- (E)-5- (p-methylphenyl th io)oct -4-ene  (14). &. =: 
0.29 (C1-t('l~--light petroleum, 1 : 3}. IFI NMR {C[)CI~L 
8 :7 .90  and 7.39 (bolh d. each 2 H. 4-1- t3C-  C~,LI,, J : 87  Hz):  
2.90 and 2.45 ibo th  i, c:ictl 2 Ft. HC(3) .  t tC(6),  d =- 73  Hz): 
2.48 is, 3 H. J!~C--C~,H4}: 1.63 (m, 4 H, 14C(2L HC(V)}: 1.06 
it, 6 H. HCII},  HC{8}, J =  7.2 Hz}. 

(E)-4-Bromo-5-(p-nitrophenylthio)oct-4-ene (15), R, = 0.42 
(Cl-ICI3--1ight pctloleuna. I : 3}. ~1-1 N MR (CDCi3). 8:8.12 and 
7.24 (bolh d. c;Ich 2 H, 4-O2N--C,,14 a. J ~ 8.9 Itz}: 2.84 :rod 
2.46 Iboth t, each 2 14. HC~3}. H C 4 6 ) . . / =  7.5 Hz); I b l - - l . 5 0  
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Ira, 4 tt, I-tC12}, 1 tC(7) ) ,  0.;,;9 It, 6 H, H C ( I I .  HC(8 ) ,  d = 
7.3 Hz). IR (Ihin t i lm),  v, 'cny-I :  13411. 1520 l--NO_,).  16115 
(C=CI .  Found (%}: C, 50.118: tl .  O.01. Cl.ltt r~grNO25. Calcu-  
lah:d 1%t: C. 4S.S3: H. 5.27. 

(k)-4-Bromo-5-(o-nitrophenylthio)ocl-4-ene (161, R, = 0.45 
ICl'l(71;--}ighl petroleum. I : 31. IH N M R  {CI)( ' IO. 8:S.23 and 
721 (both d. each I H, 2-O2N--C~,H 4, J = 8.9 l'-Iz}; 7.52 and 
7.27 (both l, each I H, 2 -O2N- -Ct ,  H 4. J = S.9 Hz): 285 and 
2.411 IN)d] I, each 2 t t .  H C t 3 h  HC(6) .  J -= 7.5 Hz): 1.62 and 
1.55 (b{~th m, each 2 Ft. HCI2),  FIC(7h: 090  :rod 0.,'17 tbotl~ i, 
each 3 tt. HC(I}. HC(8L d = 7.5 Itz). i3C NMR {C1)CI31, 
& 138.119 (I C, SClarom}}: 136.35; 133.56 (2 C), 129.77:127 q 9  
126.26: 125.17:41.42 (I C. C161): .?,'.}.95 ~1 C. CI31): 21.96--  
21.24 {2 C. C171. C(211:13.(~8--13.111 (2 C. C(81. C(I}}. IR, 
v,.'crn-t: 1345. 1530 {--NOEL 1605 (C=C} .  Found 1%): C, 48.69: 
H. 5 41. CI41-tI~,Ih'NO2S. Calculated 1%i: C. 48.83: H. 5.27. 

I -Chloro-(k)-2- (p-ni trophenyl thio lethylene  (171. & = 11.76 
{CFICl~--Iight petroleum. I : 3"}. I FI NNIR (CI)CI3}. i5:8.16 and 
7.3{} (both d. each 2 H, 4-()2N--C{.Ha.  J = 9 2  Hz}: 6.6YI and 
6.59 (both d, each 1 H, FIC TM, J = 13.1 Hzi. IR (thin tilnB. 
v/ t in"1:  1341/. 15211 ( - -NO2):  1605 ( C = C )  Found 1%): (2 44.15: 
H, 2.811. CaH~,CINO2S. Calcula ted  1!?): C, 44.55: II. 27S. 

Ismnerizalion of I - ch loro - (k ) -2 - (p -n i t ropheny l th io )oc t - I -  
erie (7a) and 2.-chloro-( E}- i - (p-nitrophenylthio)oet-  I-ene (7b)  
in the presence of p-toluencsulfonic acid. A mi,durc t}l" 7a atld 
711 10.2 g, the ratio was 79 : 21) was ,,tissolvcd in CIICI~ 
I f 0  mL). Then p-tolt3cncsulfoluc acid t0.115 g) was added to the 
',oltlliOtl. The mi',;ttlrc wa:, fci']tlxcd l;ar 3 11 alld Ihci1 p,ls,;r 
lhrt)ugh ;~ cohHrm packed with aiumilltml o \ i d c  The ,,{riven[ 
was rcmo;cd  on ,i rolafy cv:.lpor:lt{}r A mixttlre of  l-chioro-(/ ' . ')- 
2-(/)-niirot}hcnylthi(})oc[- l-L'nc 17a) (9% 1. 2-chh}ro-t E)- I - (p-  
n i t ro f}hcny l th io Ioc l - l - cnc  (7b} (20%),  I-chloro-lL'}-2*ip- 
llJtr{}phcllyllhioIl}cl-l-cllr ~,7e} {29%}, and I -chloro- tZ)-2-(p-  
nitrophcllylthJoi(~cl-2-cnc {7d) 142%1 was obt;lincd, tl'l NMi?, 
(CDCI;} ,  ,3 :8 .18-8 .118 {m. S II. 7a + 7b ~- 7d e 7e: 
4-O_,,N--C~,H4;: 7.3B--7.27 (m, 8 H, 7a ~ 7b + 7d + 7e: 
4-O2N--CaI-14):6.62(s .  I t l .  7a: ]--IC=:1:6.61 (t. I t l .7e :  IIC =. 
d = 7.2 Hz): 6.36 {I, I H. 7d: HC =,  J = 7.8 t.lz): 0.32 {~, I H, 
711: HC=)" 4.19 (s, I I'-I, 7d: FI2C{l/l: 4.16 {s, I H, 7e: Iq2C{I)): 
2.01 ft, 2 H. 711: H O 3 L  J = 7.5 I-Izl: 2..-1 {) (t. 2 H, 7d: HC(4) ,  
J = 7 I1:2.41 (t. 2 H. 7a: HC(3) .  J = 7.2 tlz): 2.32 (t, 2 H. 7e: 
HC(4).  J = 7.5 Hz): 1.63--1.15 (m. 28 H, 7a + 711 + 7d + 7e: 
HC{4), HC(5I. HC(6),  FIC{7)1:0.93--0.,~5 H, 12 FI, 7a + 7b 4- 
7d * 7e: FtC(8), J = 6.21. 

Elimination of IIBr from a mixture of (E}-I-bromo-2. - (p-  
n i trophenyl th io) -2-phenylethylene  (4a ) ,  (k)-I-bromo-2.-(p- 
nitrophenylthiu)- I -pbenylethylene (4b),  and (2")-I-bromo-2-(p-  
nitrophenylthio)-I-phenylethylene (4e) .  A mixture of 4 a - - e  
10.25 g. the ratio was 30 : 51 : 191 v, as rclluxcd with u 20% 
alcoh(qic solutl(m of KOI t  {It) [111,i for 3 h and lhcn poured 
into ice water, f h c  oil was separated and lhc aqucotls layer was 
extracted with clher. The  oil and the cthcrcal exlr;.lcts wcre 
combined and dried over KOII .  In die IH N M R  spccmun ,  the 
signal,; o f  compound  4c disappeared and the intensitic>, o f  the 
signals (}1" compound  411 decreased,  tR (thin f i lm},  v /cn l - ! :  
1345. 1530 (--NO2).  1605 ( C = C ) .  2210 (C-~C). 

T h i s  work  was f i n a n c i a l l y  s u p p o r t e d  by ti~e R u s s i a n  

F o u n d a t i o n  for Basic R e s c a r c h  (Projec t  No .  99 -03 -33093 ) .  

R e f e r e n c e s  

I. R. S. Fuson. C. C. Price, and D. M. BLtrncss. J. Or,','. Chem., 
1946. I I ,  470. 

2. If. Brintzingcr, t1. Schmani ,  and H. V',:itte, Chem. Ber., 
1952. 85. 338. 

3. N. Kharasch and S. J. Accotly. J. Am. Chem. So{., 1953. 
75. I 0,'I I 

4 V. Mosl:lll:lli. Gt/CZ. Ch/tH. Ira/.. 1956. 86. 406. 
5 F. M,:ml:.u~ari, Gazc. Chim hal.. 1950, 86, 735. 
6. F. Mmlmmlr ' i  and A. N,egrini. &'a~-. Chim. ltu/.. 1957. 

87, 1061. 
7 [-t G. Viehc and S. Y. DckPvarcruL Chem. Bet., 1970. 

103, 1216. 
,'5,'. N. Kharasch and C. N. Yian~ios. J. Oi N. Chem., I964. 

29. 1190 
9. (5. 14. SchnlM :.rod M. Ilcinc, hL J. Ant Chem 51~c., 196& 

90, 3466 
10. V. Calo. G. Nlclloni. and G. ScorranQ 7),,trahedron Lelt.. 

1%5, 4399 
II. V. CaM. G . . M d l ( m i ,  ;llld CJ. Scorrano. J. Chem. Nw. {C). 

t90,";, I339 
12. V Calm G Mclloni,  and O. Scorr:mo. J Chem. Soc. (47), 

t 96,'4. 1344. 
13. 'v  CaRL (i. ,Mclloni. ~l[id O. SColrdllO. J. ()r~. ("lieD/., 1969, 

34. 2O2O. 
14. (2;. Capo/zi .  O. Ronlc,,L V l.Licchini, and G. Modclm, 

J Chem. Sot'.. Pc'rkm 1)'(ms. I. 19,";3. 831. 
15 L !. KoclIc, C. I{ir J. l j o c .  1. Wzlgrmr'. ~ltltt U, [:2nglcM, 

Orwm,mc, tallics, 1995. 14, 7{}3. 
16 A. ()gawa, T. Ikcda. K. Kimur; i .  and T. Hirao,  J. Ant. Chem 

Sin.. 1999, 12. I .  51 (I,";. 
17 T J. I}arton and R. A. Zika.  J. Or:4 Chem, 1970. 3.5, 172q. 
IS. {;. Cap()zzL G. Mt.'lhmi. mid (;. Modcna,  J. Chem, 5'n{ 

(C). 197{1. 2617 
19. L. I'lcl~atl. P C. l'vlollfc'.'cc',:hi. ;tll{.I P. Spagnolo,  J. ('h,.v,'l 

.%{.. Chenl. C,)mmun. 19N7, 1{}Sfl. 
20  l_. l}cnali. P. C. Mon;..'vct.:chi, ,rod P. Spagnolo,  I~';ra- 

hcdron 1986. 42, 1145. 
2t. L. P, cnati.  P. C. Montcvccchi .  and P. Sp;igilolo. J. Chc'm 

Sot.. Perkin 7)'ans. I. 1989. I I 13. 
22. L. I}ClKlIi. I }. C. Monlcvccchi .  ;.llld P. Sp;Ign{}lo, ()'oct. 

Gdm. /ta/., 1981/. 119. 9(}{}. 
23. t .  I~cnati, I }. C, ,Montevccchi. aad t'. Spagnolo.  J. Chem 

.S'o{'.. Perkm I)'an,v. I, 1985. 22r 
24. L. Bcnati. P. C. Montcv,ccchi, arid I }. Spagnolo ,  7k'tra- 

hedron Left., 1988, 29. 2381  
25  L. Bcnati, P. C. MorItcvr and P, Spagnolo,  6"a;:: 

Chtm. Ital.. 1991. 121, 387. 
26. A. G. Kulatr N. S. Zcl]rt)v. and N. V. Zyk..S'u//itr  

Reports. 1992. I I .  2 3 3  
27. N S. Zcfirov. V . . , \ .  SmiI. l V. I]odrikov. alld M. Z. 

Krimcr, D, k l . .4kad.  Ncmk S,SSR. 1978. 2.40. 858 IDokl 
(7hem, 1978 {Engl. Transl . ) [ .  

2S. Yu. G. G o l o l o b o v  and N I. Gu : ,a r ,  Sul.7~milkhluridr 
]Suife/ol Chlorides'l, Nauka,  Moscov,., 1989, 175 pp. tin 
Rtl~,Siatl ). 

29. R. C. Fusson, C. C. Price, R. A. Baum:m, O. H. Bullet. 
',,\2 R. Halchard,  and E. W. Mayncrt.  J 0~4. Chem.. 1996. 
I I. 469. 

30 N. Kh,u'as, ch, C. M. Bticv, s. ;.lild S. I. Sli'ashuil. J Atn. Clwm. 
.%,,.'.. 1952. 74. 3422. 

31. E. K. Bclogl:.izkirta, N V. Zyk. V. S. Tyurin, I. D. Titar~ylik. 
and N. S. Zcfirov, Dokl. Akad. 3,'a.:&, 1994, 344,  487 I I)okL 
Chem, 1994. 344 (Engl. I r an ,d . ) t  
A. J. Gordon and R. A. Ford. 7he ('hemiss Cnmpatfion. 
Wiley and Sons, New York, 1972, 293 pp. 
W. H. Mucllcr and P [5,. Bullcr. J. Or~. (~wm..  1967, 
32. 2925. 

32. 

33. 

Received March 3. 2000: 
in revi~'e(tjmvn May 19. 2000 


