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The E / Z  ratio was determined to be 2:3 by comparing the peak 
areas of the characteristic signals in the 'H NMR spectrum [ E  
isomer, 6 3.17 (s, 2 H); Z isomer, 6 3.27 (s, 2 H)].'* 

Reaction of (3,7-Dimethylocta-2,6-dienyl)triphenyl- 
phosphonium Bromide with AI&. A tetrahydrofuran (THF) 
solution of AlH3 was prepared by the method of Brown and 
Y00n.l~ To a solution of 9 (3 "01) in THF (20 mL) was added 
15 mmol of AlH3 in THF (20 mL) in one portion, and the reaction 
was continued with stirring for 1 h. By column chromatography 
on silica gel, 3,7-dimethylocta-1,6-dienem was obtained in 86% 

yield. 
Registry No. la, 26146-77-0; lb, 21087-29-6; IC, 91861-44-8; 

Id, 91861-45-9; le, 91861-46-0; If, 91861-47-1; lg, 52378-69-5; lh, 
91861-48-2; li, 38633-40-8; 4a, 91861-49-3; 4b, 91861-50-6; 4c, 
91861-51-7; 4d, 91861-52-8; 4e, 91861-53-9; 5a, 4801-15-4; 5b, 
24626-27-5; 5c, 91861-54-0; 5d, 91861-55-1; 5e, 91861-56-2; 5f, 
25201-67-6; 6, 91861-57-3; 7, 88517-96-8; 8, 91861-58-4; 9, 
64767-93-7; 10,91861-59-5; 11,91861-60-8; LAH, 16853-85-3; AlH3, 
7784-21-6; Ph&=CHCH(CHS)PPhJ, 91861-61-9; PhCH=C- 
(CHS)CH(CHJPPh31, 91861-62-0. 

~ ~~ ~~~ 
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L'ommunzcatzons 

Chlorine Chlorosulfate: Synthesis and Addition 
Reactions with Olefins 

Summary: Chlorine and sulfur trioxide combine in 
methylene chloride at -78 "C to form chlorine chlorosulfate 
(l), a highly electrophilic reagent which adds to olefins to 
form 0-chloroalkyl chlorosulfates 2 (both Markovnikov and 
anti-Markovnikov adducts). 

Sir: In the present communication we describe (i) the 
novel and readily accessible chlorinating reagent-chlorine 
chlorosulfate (C10S02C1, 1)-and (ii) its addition reaction 
to olefins with formation of 2-chloro-substituted chloro- 
sulfonates 2 in accordance with eq 1. The underlying 
concept suggests a new approach to the activation of 
electrophilic reagents. 

L - 
1 

The addition of chlorine-containing electrophiles 
C16+-X", 3, to double bonds is a useful way for the func- 
tionalization of The most powerful chlorinating 
reagents are those in which X is a very nucleofugic group, 
such as 0C103,3 OSeF6,4 OSOzF,5 and OS02CF3.6 How- 
ever, the application of these reagents is restricted due to 
both (i) the inconvenient methods for their preparation 
and explosive and/or dangerous properties and (ii) their 
exceptional reactivity with typical olefins which prevents 
formation of normal 1,2-adducts.' On the other hand, less 
reactive reagents of type 3, e.g., those where X = Hal, m, 
OR, etc., can react with olefins by both homolytic and 
heterolytic pathways. The use of polar solventslgs or Lewis 

(1) De la Mare, P. B. D. "Electrophilic Halogenation"; London, 1976. 
(2) Effenberger, F. Angew. Chem. 1980,92, 147-232. 
(3)  Schack, C. J.; Pilipovich, D.; Hon, J. Inorg. Chem. 1973, 12, 

(4) Sappelt, K. Chem. Ber. 1973, 106, 157-164. 
(5) Fokin, A. V.; Studnev, Yu. N.; Kuznetsova, L. D.; Krotovich, I. N. 

(6) Katsuhara, Y.; DesMarteau, D. D. J. Org. Chem. 1980, 45, 

(7) In fact these reagents were used for the addition to polyfluorinated 

(8) For instance, the application of HCOOH as the solvent for RSCl 

897-900. 
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olefins which do not react with less powerful e l e c t r ~ p h i l e s . ~ ~ ~ ~ ~  

addition to olefins leads to a miscellanea of new  pathway^.^ 

acids2J0 enhance the electrophilic character of these ad- 
dition reactions. With that in mind, we looked for a new, 
versatile electrophilic reagent of type 3, which would be 
able to add to olefins. We now report that chlorine chlo- 
rosulfate 1 satisfies these requirements. 

We have found that the addition of equimolar quantities 
of liquified chlorine (30-40-mmol scale) to a stirred solu- 
tion of sulfur trioxide in CH2C12 at  -70 "C gives a solution 
of CIOSOzCl which was characterized by the structures of 
its olefin addition products (vide infra) and by its NQR 
spectrum." This solution solidified in liquid nitrogen and 
the so-obtained solid sample exhibits two signals in its %C1 
NQR spectrum for different chlorine atoms at  36.17 MHz 
(typical for alkyl chlorosulfatesl2") and 54.0 MHz (this 
frequency is in the range observed for alkyl hypo- 
chlorites12b). The solution of 1 in CH2C12 is ready for 
reactions with organic substrates and is stable in the ab- 
sence of moisture for several days at  4 "C. 

The resulting solution of 1 ww used without purification 
for addition to several olefins. In all cases an exothermic 
reaction (temperature was maintained at -40 "C to -85 "C) 
occurred to give the addition products 4-11, which were 
isolated and purified either by distillation in vacuo or by 
fast chromatography on a short column with silica gel. A 
side reaction forming the corresponding dichlorides was 
found in some cases, but the purification of the adducts 
4-1 1 is easily achieved. The yields and 'H NMR spectra 
are given in Table I. 

The reaction of 1 with ethylene gives 2-chloroethyl 
chlorosulfate 413 in a high yield. The addition to unsym- 
metrical olefins such as 1-hexene, methyl methacrylate, 
or trichloroethylene proceeds to give in each case mixtures 
of Markovnikov and anti-Markovnikov adducts. Addition 

(9) Zefirov, N. S.; Sadovaya, N. K.; Novgorodtseva, L. A.; Bodrikov, 
1. V. Tetrahedron 1978, 34. 1373-1376: Zh. Ora. Khim. 1978, 14, . .  
1806-1810. 
(10) Hanack, M.; Weber, E. Chem. Ber. 1983,116,777-797. Heasley, 

V. L.; Gipe, R. K.; Martin, J. L.; Wiese, H. C.; Odes ,  M. L.; Shellhamer, 
D. F.; Heasley, G. E.; Robinson, B. L. J. Org. Chem. 1983,48,3195-3199. 

(11) The NQR spectral data of 1 were obtained in collaboration with 
Semin, 0. K., and his co-workers and will be published separately. 

(12) (a) Neimysheva, A. A,; Semin, G. K.; Babushkina, T. A.; Knu- 
nyauta, I. L. Dokl. Akad. Nauk SSSR 1967,173,585-588. (b) Babush- 
kina, T. A.; Brukhova, E. V.; Kaliikin, M. I.; Molin, V. N.; Semin, G. K. 
Izu. Akad. Nauk SSSR, Ser. Khim. 1973,130-131. Okuda, T.; Furakawa, 
Y.; Yameda, K.; Negita, H. Bull. Chem. SOC. Jpn. 1973,46,2873-2875. 

(13) Bristow, P. A.; Jones, R. G.; Tillett, J. G. J. Chem. SOC. C 1967, 
314-315. 
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Table I. Addition P r o d u c t s  of Chlor ine Chlorosulfate  1 t o  Olef ins  
bp ("1, 

olefin addition product (no.) '70 yield "C 'H NMR, 8 
ClCHzCHzOSOzCl(4) 85 58-59 (1)' 3.80 t (2 H, J = 5.8 Hz, CH&l), 4.67 t (2 H, 

CH.0) 
ethylene 

trichloroethylene 

1-hexene 

methyl methacrylate 

cyclohexene 

1 - 1  - ~~ 

ClSCCH(Cl)OS02Cl (5) 56 (5:6 = l: l)b 71-72 (2) 6.10 s 
Cl~CHCC12OSOpCl (6) 
C~HgCH(C1)CH~OSOzCI (7) 24 ( 7 8  = 41)  62-63 (0.5)c 0.90-2.10 m (C4H9), 3.85 d (CH2C1 of a), 4.15 

m (CHCl of 7), 4.55 d (CH20 of 7), 5.25 m 
(CHO of 8) 

9: 1.84 s (CH,), 3.84 s (OCH), 4.50 and 4.80 
C4H&H(OSO2Cl)CH&1(8) 
CHz(OSOzCl)C(Cl)(CH3)COOCH, (9) 88 (9:lO = 3:l)b 80-82 (1) 

(AB system. J = 10.0 Hz, CH,O) 
CH2(C1)C(OSOzC1)(CH,)COOC~B (10) 

OC' ".OSO~CI .. 

IO:' i . 9 i  s (cH,), 3.84 s (oCH,) a n d  3.91 m 

65-67 (0.5)e 1.30-2.50 m (8 H, CHz), 4.05 m (1 H, W = 
(CHzC1) 

26 Hz, CHCl), 4.80 m (1 H, CHO) 
35 

I1 
' See ref 13. Satisfactory elemental analyses were obtained. Partially decomposed upon distillation in vacuo. 

to cyclohexene proceeds stereospecifically to give the trans 
adduct 11. The data of Table I show that 1 can react with 
olefins which are different in character. While such 
reagents as C10S02F5 and ClOSO&F$ give only uniden- 
tified tars with typical olefins,' the chlorine chlorosulfate 
1 gives the corresponding adducts in these cases. On the 
other hand, it is sufficiently reactive to give the adducts 
5 and 6 with less reactive electron-deficient olefins, such 
as trichloroethylene even at  room temperature. Chlorine 
chloroadfate 1 is a versatile and inexpensive reagent,14 and 
ita addition to olefins is a novel reaction of general char- 
acter and of potential synthetic utility, especially taking 
into account that the ClSO, group is highly nucleofugic."J8 

In conclusion we should like to point to the generaliza- 
tion and r d i c i a t i o n  of the studied procesws. The ability 
of sulfur trioxide to insert itself into some particular bonds, 
e.g., Cl-F,2l Ac-FF2 R2N-C1F3 RS-C1,24 etc., is 
known. This communication demonstrates that  the 
"insertion" product 1 can be used as a reactive electrophile. 
We hope to exploit this approach for the SO3-mediated 
additions of weak electrophiles to olefinsz6 as well as for 

(14) Reagent 1 can be used for an oxidative deiodination reaction.16 
For instance, the treatment of methyl iodide with 1 proceeds to give 
methyl chlorosulfate (cf. ref 16). 

(15) Cambie, R. C.; Chambers, D.; Lindsey, B. C.; Rutledge, P. S.; 
Woodgate, P. D. J. Chem. SOC. Perkin Trans. 1 1978,822-827. David", 
R. I.; Kropp, P. J. J. Org. Chem. 1982,47, 1904-1909. 

(16) Zefirov, N. S.; Zhdankin, V. V.; Koz'min, A. 5. 220. Akad. Nauk 
SSSR, Ser. Khim. 1982,1676. Zefuov, N. S.; Koz'min, A. S.; Zhdankin, 
V. V.; Sorokm, V. D.; Dan'kov, Yu. V.; Kirin, V. N. Zh. Org. Khim. 1982, 

(17) Stang, P. J.; Hanack, M.; Subramanian, L. R. Synthesis 1982, 
85-126. 

(18) We have found that the adduct 11 reads with diethylamine with 
elimination of the chloroeulfate group as a whole. It is worthy to em- 
phasize also that participation of nucleofugic anions in the final step of 
electrophilic additions is well d~cumented.'~ 

(19) Zefuov, N. S.; Koz'min, A. S.; Kirin, V. N.; Zhdankin, V. V.; Caple, 
R. J. Org. Chem. 1981,46, 5264-5275. Zefirov, N. S.; Koz'min, A. S.; 
Zhdankin, V. V.; Kirin, V. N.; Nikulin, A. V.; Zyk, N. V. Zbid. 1982,47, 
3769-3784. Zefuov, N. S.; Koz'min, A. S.; Zhdankin, V. V.; Kirin, V. N.; 
Yur'eva, N. M.; Sorokin, V. D. Chem. Scr. 1983,22, 195-200. 

(20) Schidbaur, H.; Sechser, L.; Schmidt, M. M. J.  Organomet. Chem. 

(21) Schack, C. J.; Wilson, R. D. Znorg. Chem. 1970,9,311-314. 
(22) Belaventsev, M. A.; Pashinin, V. A.; Ragulin, L. I.; Sokol'sky, G. 

A. Zh. Org. Khim. 1973,9, 256-269. Krespan, C. G.; England, D. C. J.  
Org. Chem. 1975,40,2937-2943. 

(23) Zefirov, N. S.; Zyk, N. V.; Kolbasenko, S. I.; Kutateladze, A. G. 
Izv. Akad. Nauk SSSR, Ser. Khim. 1984,959. 

(24) Zefirov, N. 5.; Koz'min, A. S.; Sorokin, V. D.; Shastin, A. V.; 
Balenkova, E. S. Dokl. Akad. Nauk SSSR 1984,276,1139-1143. 

(25) We have successfully used this strategy for SO,-mediated addition 
reactions in the case of &NCP (formation of 2-chloroethyl sulfamates), 
of RSCl-CH,CN and RSSR-CH&Nu (formation of compounds with the 
l-RS-2-acetylaminoete framework, cf. ref 26), of EtONOn (formation 
of chloroaulfatea of 2-hydroxy ketones), and of acyl fluorides (cf. ref 22) 
(formation of @-substituted ketones). 

18,2617-2618. 

1968,15,77-81. 
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other electrophilic processes. 
Registry No. 1, 91948-94-6; 4, 13891-58-2; 5, 91948-95-7; 6, 

91949-00-7; 11,91949-01-8; ethylene, 74-85-1; trichloroethylene, 
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clohexene, 110-83-8. 
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On the Steric Course of Baker's Yeast Reduction of 
a-Hydroxy Ketones 

Summary: The baker's yeast mediated conversion of the 
a-hydroxy ketones 1-6 into the diols 8-14 is reported. 

Sir: The baker's yeast mediated conversion of aromatic 
a,P-unsaturated aldehydes into the 2S,3R diols of eq 1 can 

Q+-Q)+(- 
OH + \ OH (1) 

be viewed as the overall consequence of two distinct 
chemical operations.' (i) Addition of a C2 unit equivalent 
of acetaldehyde onto the si face of the carbonyl carbon of 
the a-position unsaturated aldehydes forms (R)-a-hydroxy 
ketones, in an acyloin-type condensation, and (ii) reduction 
of the latter intermediates on the re face of the carbonyl 
gives rise to the diols actually isolated. Under suitable 
experimental conditions2 (R)-hydroxy ketones can be ob- 

(1) Fuganti, C.; Grasselli, P. Chem. Znd. (London) 1977,983. 
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