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Abstract. For a series of substituted arylsulfenyl chlorides the stereo- 
chemistry of Ad -reactions with a series of substituted Z- and 
E-B-deuterostyr nes g has been elucidated. Non-stereospecific reac- 
tion was observed only for the pair 2,4_dinitrobenzenesulfenyl 
chloride-p-methoxystyrene; for all the other reactants the reac- 
tion proceeded in a strictly stereospecific manner. 

Addition of sulfenyl halides to acy;ly alkenes almost uniformly pro- 

ceeds as a trans-stereospecific reaction g and this fact is usuaily inter- 

preted as the result of the initial formation of bridged ionic or covalent 

intermediates 1 - ;r3. The non-stereospecific reaction course has been obser- 

ved only for the addition of 2,4-diptrobenzenesulfenyl chloride (2,4-DNBSC) 

to Z-anethol and related compounds. Such a stereochemistry has been ascri- 

bed primarily to the effect of the strong steric interaction of the vicinal 

groups favoring the preferential formation of the open cationoid interme- 

diate 2. This suggestion is believed to be substantiated by the observed 

exclusive trans-stereospecific course for 2,4-DNBSC addition to E-anethol. 4 

However with the substrates like B-metbylstgrenes it is actually impossible 

to draw the reliable conclusions about the relative importance of steric 

and electronic effects on the stereochemistry of AdE-reactions. 
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To circumvent these complications we have chosen as model compounds 

for the stereochemical studies a series of substituted Z- and E-B-deutero- 

styrenes, 2 and 5 respective12 and investigated the stereochemistry of 

with a number of arylsulfenyl chlorides 2. 

R@ /H 

5-E H/csc\o R2 

&=I 

I 

4-CH,, H, 3-NO2 

R2=4-OCH,, 4-CH,, 4-NO,, 2 4 -(NO& 1 

4983 



4984 

The reaction procedure runs as follows: to a solution of 0.55 mmoles 

of 2 in 0.3 ml of deuterated solvent (CDC13 or CD3COOD) placed in an NMR 

tube a solution of 0.5 mmoles of 2 or 5 in 0.3 ml of the same solvent was 

added at the indicated temperature while the mixture was stirred with a 

flow of dry argon. PMR spectra (Briiker NM-250) were immediately recorded. 

In all cases the reaction proceeded rapidly and produced quantitative 

yields of the respective R-chlorosulfides 8. The latter consisted of a mix- 

ture of Markovnikov @> and anti-Markovnikov (3) isomers, their ratio 

being dependent upon the nature of the substituent R' in the styrene sub- 

strate ( 4 : 1 for R' = 3 - N02; 2 25 : 1 for R' = 4-Me or 4-OMe). 

8_M 8-aM 

The stereochemistry of th$reac ion was determined by the comparison 

ofdhe PMR pattern for the -CHCl- d x-fragment of 8 (b$ with that of the 

-CHCL-eH;?S-fragment of the corresponding undeuterated styrenes. In the 

latter cases these protons appear as an ABX-system with a pair of AB quar- 

tets at Ca and an X quartet at Cot centered within the ranges 3,,42-3.73 and 

4.82-5.09 ppm respectively (s , CDC13). Hence for the completely stereospe- 
cific reaction of 2 with the deuterated styrenes 2 or $j the PMR spectrum 

of the deuterated product 8 (&) should reveal the presence of high field 

and low field doublets reflecting the presence of a single diastereotopic 

proton at C9 and a proton at Cot (AX or BX system). The extent of non-ste- 

reospecificity could be easily evaluated by the ratio of the integration 

intensities of HA and HB signals with HX taken as an internal standart. 

ent were additionally checked with the use of double re- 
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Vicinal spin-spin coupling constants for M-adducts 8 formed from E- 

styrenes 5 lay in the range 8.3-9.3 Hz (JAx), those for M_adducts 2 from 

Z-styrenes 5 (JBx) - in the range 5.8-6.7 THz. In accordance with litera- 

ture data for related compounds6y7, the erythro-configuration has been 

assigned to the first set of compounds and threo- to the second. A similar 

approach was used to ascertain the stereochemistry of 8 @) adducts. 

With the use of the aforementioned technique we have observed the fol- 

lowibg stereochemical patterns for the reaction under study: (1) the addi- 

tion of 2 (R2 = 4-Me or 4-N02) to 2 or 5 (RI = 3-N02, H or 4-Me) in CDCl3 

or CD3COOD at 25'C as well as the reaction of 2 ( =2,4-DNBSC) with 2 or 

5 (R'=Me) in CD,COOD at 25'C produced as the single products th$eo- or 

erythro-isomers of 8 (!$ respectively; (2) the addition of 2 (R =4-Me or 

4-OMe) to 2 or 5 (R'= 4-OMe) in aC13 or CD3COOD at 25'C produced a I:1 
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of steric interactions in the intermediate (vide supra). On the contrary the 

stereospecificity of the 2,4-DNBSC addition to E-anethol seems to be rather 

puzzling and it is difficult to explain this result at the present* 

For the arylsulfenylation of styrenes we have earlier presented kineti- 

cal data showing the existence of two alternative mechanisms for the rate- 

determining step of this process.g The stereochemical results outlined above 

clearly indicate a similar possibility for the product determining step. The 

implications of these data taken together with the recent results of isotope 

effect studies" will be discussed in a full paper. 

References 

I. R.C.Fahey, in "Topics in Stereochemistry", E.L.Eliel and N.L.Allinger, 

ed., Interscience, New York, 1968, v.3, 237. 

2. G.Schmid and G.Garratt, in "The Chemistry of Double Bonded Functional 

Groups", S.Patai, w., Wiley, New York, 1977, Chapter 9, 726. 

3. W.A.Smit, N.S.Zefirov, I.V.Bodrikov, in "Organic Sulfur Chemist@', 

R.Kh.Freidlina and A.E.Skorova, Ed.,Pergamon Press, Oxford and New York, 

1981, 59. 
4. G.H.Schmid, N.J.Nowlan, J.Org.Chem., 22, 3086 (1972). 

5. E-B-deuterostgrenes 5 were prepared from the corresponding arylacetyle- 

nes via hydroboration (90BBN), followed by deuterolysis (CH3COOD); Z- 

isomers 5 were prepared similarly from the corresponding I-deuterated 

arylacetylenes (CH3COOH used in the last step). Stereoisomeric purity 

of both isomers was -95% (PMR-data). C.f.H.C.Brown, C.G.Scouten, R. 

Liotta, J.Am.Chem.Soc.,E, 96 (1979). 

6. R.J.Abraham, I.R. Monasterios, J.Chem.Soc.Perkin Trans. I, 1446 (1973). 

7. K.Toyoshima, T.Okuyama, T.Fueno, J.Org.Chem. 3, 2789 (1978). 

8. In these cases the reaction products were only slightly soluble and it 

was difficult to monitor the reaction at lower temperatureso 

9. I.V.Bodrikov, A.V.Borisov, L.V.Chumakov, N.S.Zefirov, W.A.Smit, Tetra- 

hedron Lett., 115 (19801. 

10. M.Kanska, A.Fry, J.Am.Chem.Soc. =, 5512 (1982). 

(Received in Russia 16 July 1984) 


