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difference between tile constants of free ft, llerenyl radi- 
cals and those bound into a complex. 

We studied tile effect of  f luorine-containing alcohols 
on the parameters  of  the spin-adducts of  C60 in a 
saturated to luene solut ion of  HglP(O)(OPri)2]2 under 
standard condi t ions  o f  formation of adducts of  the mul-  
tiple addi t ion of  the phosphoryl  radicals to C60. I~ How- 
ever, when alcohols  2 or  3 (5 rot.%) are added, even 
prolonged photolysis (~30 rain) results in the formation 
of  the monoadduc ts  only. 

It can be assumed that alcohol forms a hydrogen 
bond directly with the phosphoryl radical and decreases 
the rate of  its addit iou to fullerene. Since the photo-  
chemical  genera t ion  of  spin-adducts is a reversible pro- 
cess, the decrease in the rate of  addition of  the phospho- 
ryl radicals to C60 shifts the equilibrium toward the 
monoadduct .  

Thus,  we observed the effect of  fluorine-co~ltaining 
a lcohols  on tile magne t ic  resonance parameters  of  
phosphorylful lerenyl  radicals, which can be useful in 
analysis of  ESR spectra of  spin-adducts of  phosphoryl 
radicals with fullerene derivatives, 7 especially in the case 
where the ESR spectra of  several isomers are irnposed. 

This work was performed within the framework of  
the Russian Scientif ic  Technical  Program "Urgent  Prob- 
lems in Condensed Matter  Physics" (direction "Fullerenes 
and Atomic  Clusters," Grant  98078) and was financially 
supported by the Internat ional  Scientific Technical  Cen-  
ter (Grant  079/B)  and the Russian Foundat ion  for Basic 
Research (Project  No. 98-03-033016a).  
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Oxidation of aryl vinyl sulfides into ary. I vinyl sulfoxides in the ButOOH--Ti(OPri)~ - 
(R,R)-diethyl tartrate system was stndied. The process afforded low optical yields (no more 
than 5%). A model of the oxidation was proposed that allows interpreting the dependence of 
the reaction enantioselectivity on the structure of a substrate. 

Key words: a~'l vinyl sulfides, enantioselective oxidation; $harpless system; awl vinyl 
sntfoxides. 

Optically active alkenyl sulfoxides can be obtained by 
the r eac t i on  of  ( - ) - m e n t h y l  aryl su l f ina tes  with 

alkenylmagnesiunl bromides (tile Andersen synthesis), ! -5  
the reaction of  carbonyl compounds  with lithium salts of 
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(dimethoxyphosphoryl)methyl  ars'l sulfoxides (according 
to the Horner- -Wit t ig  reaction), 6.7 or biochemical oxida- 
tion of  the corresponding sulfides. 8-1~ About ten years 
ago it was claimed that chiral catalysis in the oxidation of  
sulfides into sulfoxides had not been described, I! but 
almost  immediately after this there appeared examples 
(although not numerous) of chemical oxidation that use 
chiral oxaziridines or modified Sharpless system, t~ 

Optically active avyt vinyl sulfoxides A r S ( O ) C H = C H 2  
with the ullsubstituted vinyl group have been obtained 
olaly by the first approach (Ar = Ph or  p-MeC6H4).  1,4 
At the same t ime,  it is known that Sharpless oxidation 
affords high optical yields for a series of sulfides, includ- 
ing unsaturated o n e s .  10 '12 '13 

In connec t ion  with this, it appeared interesting to 
study the possibility of  enantioselective oxidat ion of  aryl 
vinyl sulfides with the use of  diethyt tartrate (DET) ,  an 
available chiral addit ive,  according to the equat ion 

ButOOH--Ti( OPr i )4--O ET~ p_XC6Ha_S_CH=CH2. p'XC6H4SCH=CH2 CH2C12 
o 

1 a - - e  2 a - - c  

X = Me (a), H (b), CI (c) 

Aryl vinyl sulfides p - X C 6 H 4 S C H = C H  2 (1) were syn- 
thesized by addi t ion o f  the corresponding thiophenols  to 
acetylene.  14 Oxidat ion of  sulfides in the ButOOH - 
T i ( O P r i ) 4 - - D E T  system was carried out according to the 
known procedure  13 with a deficiency of  the oxidant for 
the purpose of  prevent ing sulfone from forming. Ac- 
cording to the JH N M R  spectrum, the reaction mixture 
obtained conta ined  diethyl tartrate, unreacted vinyl sul- 
fide 1, diaryl disulfide, and vinyl sulfoxide 2. The prod- 
ucts were separated by co lumn chromatography.  The  
enant ioselect ivi ty  o f  the process was est imated by c o m -  
parison o f  our  exper imental  [Ct]D value with the known 
value for c o m p o u n d  2a: [ c t ] o =  +390.4 ~ (c 1.2, ac- 
e tone) l ;  +396 ~ (c 1, E tOH) 4. For sulfoxides 2a, 2b, and 
2c obtained by reactiot~ (1), [e~]546 = +21.3 ~ (c 1, 
E tOH) ,  +20 ~ (c I, E tOH) ,  and +18 ~ (c 1, EtOt-I), 
respectively, i.e., the  ee value amounts  to only -5%.  

To understand the reasons for such sharp differences 
in the oxidat ion of  various sulfides and predict the 
stereoselectivi ty o f  oxidation,  it is necessary to consider  
t ransi t ion-state  structures,  viz., a complex of  a chiral 
catalyst,  an oxidant ,  and a substrate. Since such com-  
plexes have not been discussed for the case of  oxidation 
of  sulfides, the structures given below were constructed 
by us by analogy with the structure of  a chiral catalyst 
and its complex  with a substrate for epoxidat ion pro- 
cesses in the B u t O O H - - T i ( O P r i ) 4 - - D E T  system. H 

Complexes  A and B, which lead to the formation of  
enan t iomer ic  sulfoxides, differ in the or ientat ion of  the 
vinyl and awl groups with respect to the ButOOH - 
Ti(OPri )4- -DET complex.  Taking into account  the pos- 
sible rotation around both S- -C(sp  2) bonds, the energies 
of  complexes  A and B should probably be rather close to 

OEt 

Pr'O,,,. v / 0  0~.. ..,...,~OPr' 

PrO ~k /Q : 0"7.-. Bu 

OEt 
O ' ~  /COOEt 

Pr'O,,,.. ~ . . iO O,~... ..,.~ Opri 
�9 _.. ]q - - ~  ~ T i  . . ,  , - ,  

Pr'O-- %___/0 ! 'O .~.. But 

EtOOC 

B 

each other, which results in ve ry  low enant ioselect ivi ty  
of  oxidation of  compounds  1. Benzo[aqdithiynes,  in 
which the t3-C atom of the v inyl  group and the ortho 
position of  the benzene ring a re  linked through the S 
atom, exhibit a very high enant iose lec t iv i ty  dur ing oxi- 
dation, tz which is likely due to the rigidity o f  the 
molectde and the impossibility o f  free rotation. 

Experimental 

IH NMR spectra were recorded on a Jeol FX 90Q spec- 
trometer (90 MHz) in CDCI 3 (HMDS as the internal stan- 
dard). Optical rotation was measured on a Polamat A instru- 
ment at ;~ = 546 nm in a euvette 1 dm long. Purity of 
substances and the course of reactions were monitored by TLC 
on Silufol UV 254 plates in tile indicated eluent systems; spots 
were visualized with iodine vapors. 

Aryl vluyl sulfides ( la- -e)  were obtained by addition of the 
corresponding thiophenols to acetylenes in DMSO in the 
presence of KOH under pressurel3; physicochemical constants 
and parameters of IH NMR spectra correspond to literature 
data. 

p-Tolyl vinyl sulfoxide (2a). After the reaction mixture was 
worked up and the solvent evaporated, the residue was eluted 
with the CH2CI2--petroleum ether ( I : 3) system on a column 
filled with silica gel 60 A (Biomedicals). Disulfide and unreacted 
sulfide were eluted, and sulfoxide 2a that remained in the 
column was further eluted with AcO,~t and re-ehromatographed 
with the AcOEt--petroteum ether (1 : I) system as an eluent. 
B.p. 95 ~ (0.1 Torr) (Ref. 4: b.p. 88 ~ (0,05 Tort)). 
IH NMR, 6:2.38 (s, 3 H, CH3); 5.85 (d, 1 H, H~-cis, J = 
9 Hz); 6.14 (d, 1 H, Hp-trans, J = 17 Hz);6.58(dd, 1 H, Ha): 
7.35 (q, AB system, 4 H) (Ref. 4: rl.q NMR (CCI4). ~5:2.32 (s, 
I H); 5.7--6.9 (m, 3 HI; 7.1--7.6 (m, 4 H)). 

Phenyi vinyl sulfoxide (2b). After the reaction mixture was 
worked up and the solvent evaporated, the residue was applied 
on a column filled with silica gel Chemapo} 100./160 ~_m. 
Unreacted sulfide was eluted witla the CHzCl2--petroleum 
ether (1 : 3) system. Disulfide was eluted with the AcOEt-- 
petroleum ether (I : 1) mixture. Suifoxide that remained in 
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the column was elutcd with AcOEI. IH NMR, `5:5.85 (d, I H, 
H~-cis, J = 9.3 Hz); 6.15 (d, 1 H, H~vtrans, J = 16.3 Hz); 
6.62 (dd, I H, H~,); 7.50 (m, 5 H) (Ref. 15: Ill NMR 
(CHCI3), 3:5.63--6.17 (m, 2 H); 644--6.87 (m, t H); 7 .10 -  
7.55 (m, 5 H)). 

p-Chlorephenyl vinyl sulfoxide (2c) was isolated by analogy 
with compound 2a without repeated ~parat ion,  but with 
subsequent distillation in vaeuo. B.p. 140 ~ (0.05 Torr). 
~H NMR, ,5:5.89 (d, I H, Hl~-cis, ./ = 9 Hz); 6.15 (d, I tt, 
H~-trans, J = 17 Hz); 6.60 (dd, I H, l-{a); 7.50 (q, AB 
system, 4 H). 

This  work was f inancial ly  supported by the Russian 
F o u n d a t i o n  for Basic Research (Projec t  No. 96-03-  
33468a). 

References 

I . J . E .  Mulvaney and R. A. Ottaviani, J. Polym. Sci., A, 
1970, 8, 2293. 

2. D. J. Abbott, S. Colonna, and C. J. M. Stifling, J. Chem. 
Soc.. Chem. Cammun., 1971, 471. 

3. D. J. Abbott and C. J. M. Stirring, J. Chem. Sot.. Chem. 
Commun., 1971, 472. 

4. D. J. Abbott, S. Colonna, and C. J. M. Stifling, J. Chem. 
Soc., Perkin Trans. 1, 1976, 492. 

5. H. Kosugi, M. Kitaoka. K. Tagami. A. Takahashi, and 
1t. Uda, J. Org. Chem.. 1987, 52, t078. 

6. M. Mikolajczyk, W. Midura, S. Grzejszczak, A. Zatorski, 
and A. Chefczynska, J. 0~ .  Chem.. 1978, 43, 473 

7. S. G. Pyne, P. Bloem, S. L. Chapman, C. E. Dixon, and 
R. Griffith, J. Ot'g. Chem., 1990, 55, 1086. 

8. F. Secundo, G. Carrea, S. Dallavalle, and G. Franzosi, 
Tetrahedron. Asymmetry, 1983, 4, 198 I. 

9. H. Ohta, S. Matsumoto. Y. Okamoto, and T. Sugai, Chem. 
Lett., 1989, 625. 

10. C. Rossi, A. Fauve, M. Madesctaire. D. Roche. F. A. 
Davis, and R. T. Reddy, Tetrahedron. Asymmet~, 1992, 3, 
629. 

II. M. Nogradi, Stereoselective Synthesis, Akademiai Kiado, 
Budapest, 1986. 

12. E. Cecchet, F. di Furia, G. Licini, A. Maier, G. Modena, 
and G. Valle, 12th IUPAC Conf Phys. Org. Chem.. Abstrs., 
Padova (Italy), 1994, 236. 

13. F. di Furia, G. Licini, G. Modena, and G. VaHe, Bull. Soc. 
Chim. Ft., 1990, 734. 

14. B. A. Trofimov, Geteroatomnye proizvodnye atsetilena. Novye 
polifunktsional'nye monomery, reagenty i poluproducty 
[ b[eteroatomic Derivatives of Ace~lene. New Pol.~fi~nctional 
Monomers, Reagents, and lntermediates], Nauka, Moscow, 
1981, 319 (in Russian). 

t5. F. Cooke, R. Moerck, J. Schwindeman, and P. Magnus, 
J. Org. Chem., 1980, 45, 1046. 

Received February 16, 1998 

A mechanism of the hydrogenation of the double bond in the synthesis 
of allyl chalcogenides in the hydrazine hydrate--potassium hydroxide system 
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Allyl halides react with elemental selenium in the N2H a- H~O--KOH system to give 
diallyl chalcogenides and allyl propyl chalcogenides. The latter form only in the presence of 
oxygen when unsaturated intermediates CH2=CHCH2YK (Y = S and Se), which are soluble 
in hydrazine hydrate, are hydrogenated with diimide. 

Key words: allyl chalcogenidcs, synthesis; hydrogenation, mechanism. 

S y m m e t r i c a l  d io rgany t  c h a l c o g e n i d e s  R2Y (Y = 
S, Se, or Te) can  be readi ly  synthesized by react ion of  
e l emen ta l  cha lcogens  Y with the N2H 4" H 2 0 - - K O H  
system fol lowed by a lkyla t ion  of  cha lcogen ide  an ions  
ob ta ined  with organyl  halides.  Lz U n s y m m e t r i c a l  organyl  
cha lcogen ides  R Y R '  are fo rmed  as a result  of  genera t ion  
of  organyl  cha l cogen i de  a n i o n s  from diorganyl  d icha lco-  

genides  R2Y 2 in the  same sys tem with subsequen t  alky- 
lation with organyt  halides.  3 -5  

ht some cases, reac t ion  of  allyl ch lor ide  with the  
S e - N 2 H  4" H 2 0 - - K O H  system affords not  only  diallyl 
selenide but  also allyl propyl  se lenide ,  the  yield of  which  
can be as large as 38%. 6 The  au thors  of  Ref. 6 have 
e•  the fo rma t ion  of  the  lat ter  by hydrogena t ion  
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