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with the proposed mechanism. This reaction shows no buff- 
er catalysis and has the rate law, k ,  [RSH][RS-][flavin], 
consistent with a breakdown step analogous to klo in 
Scheme I being rate determining. Breakdown from a n  N(5) 
adduct is inconsistent with these results, because the reac- 
tion should then be buffer catalyzed, as  discussed above. 
The  breakdown step with dithiols is faster because of prox- 
imity effect.19 

The attack of a thiol anion a t  C(4a) is analogous to the 
attack of thiols on imines, a reaction for which there is 
chemical precedent.20 Breakdown of adduct I11 is somewhat 
analogous to the reaction of thiols with thiocyanate,2' and 
the leaving group (reduced flavin anion) is similar to an an- 
ionic enamine. Thiol attack a t  C(4a) with general acid ca- 
talaysis a t  N(5) is analogous to the general acid catalyzed 
attack of sulfite on C(4a).Z2 

W e  have demonstrated that an oxidation-reduction reac- 
tion of flavins with dithiols proceeds by way of a covalent 
intermediate. This reaction may serve as a model for lipoic 
acid dehydrogenase, thioredoxin, and glutathione reductase. 
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Generation of a Siliceniurn Ion in Solution' 

Sir. 
Five-coordinate siliconium ions have been reported in 

salts such as  [(CsHs),Si(2,2'-bipy)]12 and [SiH3(2,2'-bi- 
py) ] C O ( C O ) ~ ~  but no definitive examples of the generation 
of a trivalent silicenium ion in solution or in the solid state 
have yet been reported. Although carbenium ions have been 
studied by physicochemical methods, have been prepared as 
salts, and are  widely accepted intermediates in  organic 
chemistry, the literature contains a number of reports de- 
scribing unsuccessful attempts to demonstrate the forma- 
tion of R3Si+ in solution by methods that have proved use- 
ful in carbenium ion ~ h e m i s t r y . ~ , ~  

The carbenium ion model chosen for the present study 
was the moisture and air stable carbocation lb.' The value 
of ~ K R +  for l b  is a t  least 1 1  orders of magnitude greater 
than that  of triphenylcarbenium ion ( ~ K R +  = -6.6), which 
is a commonly used and convenient hydride abstraction re- 
agent.8 

b, M = C  c, R = O H  

The silane precursor 2a of the silicenium ion l a  was read- 
ily prepared in 54% yield by the reaction of o,o'-dilithiobi- 
benzyl with p-dimethylaminophenyldichlorosilane.9 The sil- 
ane 2a was purified by recrystallization from heptane to  
give a solid: mp 100-101.5°; N M R  (CCIJ. 6 relative to 
T M S )  7.7-6.55 (m,  11.8, aromatics), 5.5 (s, 0.87, S i H ) ,  
3.17 (s, 4.12, -CHlCH2-), 2.87 (s ,  6.17, h M e 2 ) ;  ir (CCI4) 
21 I8 cm-' (SiH); m/e (70 eV) 329. 

mol) of silepin 2a with 
0.74 g (2.16 X mol) of triphenylcarbenium perchlo- 
rate in methylene chloride (25 rn1)l0 a t  -40 to -50° gener- 
ates a yellow-green solution. Rapid addition of this solution 
to a cold solution of NaBD4 in dry diglyme resulted in an 
instantaneous discharge of color. After removal of the sol- 
vents a t  30' under vacuum, the residue was dissolved in 
CH2C12 and filtered to remove excess NaBDs, and the or- 
ganic layer was hydrolyzed with water. The products were 
separated by column chromatography (silica gel) using hex- 
anes-benzene as  eluant. Triphenylmethane was obtained i n  
83% yield and the silepin 2b was obtained in 70% lield: mp 
101-102°; h M R  (CDC13, 6 relative to TMS), 7.8-6.6 
(multiplet, 1 1.9, aromatics), 3.2 (s, 4.28, -CH2CH2-), 2.87 
(s, 5.80, NMe2); m/e (70 eV) 330. The deuterated silepin 
2b may contain a trace of starting silepin 2a as indicated by 
a very weak residual ir absorption a t  21 18 cm-I.l2 A simi- 
lar trapping experiment with a slurry of NaBHJ in wet di- 
oxane afforded triphenylmethane, silepin 2a, and silanol 2c, 
in 8 I ,  36, and 62% yields, respectively. 

When the cold yellow-green reaction mixture was al- 
lowed to warm to room temperature, brilliant blue-green so- 
lutions were produced. Although triphenylmethane can be 
isolated in 75-88% yields from the room-temperature reac- 
tions, treatment of the remaining blue, solid, silicon-con- 
taining materials with either NaBHs,  NaBD4, or H 2 0  did 
not afford products identifiable with the starting silepin 
skeleton. 

Reaction of 0.71 g (2.16 X 
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The results of the trapping reactions are  consistent with 
and provide prima facie evidence for the generation of a sili- 
cenium ion in methylene chloride a t  low temperatures. Pre- 
vious attempts to chemically t rap silicenium ions were not 
s u ~ c e s s f u l . ~ ~ ' ~  Work is in progress to clarify further the na- 
ture of the yellow-green intermediate. 
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Phenyl Diazomethyl Sulfoxide 
(Phenylsulfinyldiazomethane) and Phenylsulfinyl 
Carbene, a Highly Stereoselective 
Cyclopropanating Agent' 

Sir: 

Although both ~ u l f e n y l ~ , ~  and ~ u l f o n y l ~ ~ ~  carbenes are  
well-characterized intermediates which have been known 
for some time, the corresponding sulfinyl carbenes are  un- 
known. This deficit arises because the anions of a-halo sul- 
foxides apparently do not expel halideS and because a-diazo 
sulfoxides6 and one class of reasonable precursors, a-amino 
 sulfoxide^,^ are  unknown. Another class of possible precur- 
sors, a-oxo sulfoxides (thiolester S-oxides), a re  known only 
as unstable reaction intermediates.'O W e  wish to report the 
preparation of the first characterized a-diazo sulfoxide and 
its facile conversion into phenylsulfinyl carbene, a highly 
stereoselective cyclopropanating agent. 

CH2N2 + PhS(0)CI + PhS(O)CH2CI + PhS(O)CHN2 
1 

Addition of benzenesulfinyl chloride to excess diazo- 
methane in T H F  at  -78' gave, after removal of solvent, an 
oily mixture of phenyl chloromethyl sulfoxide (1)  and what 
we believe to be phenyl diazomethyl sulfoxide (phenylsul- 

finyldiazomethane) (2) based on the following observations. 
The  infrared spectrum of the mixture showed a strong band 
a t  2040 cm-' which was not in the spectrum of pure 1. Al- 
though a-diazo ketones' * and a-diazo sulfones12 absorb 
near 2100 cm-', this shift from the normal diazoalkane fre- 
quency of 2040 cm-' is usually attributed to the acidifying 
effect of the carbonyl or sulfonyl group, an effect which 
would not be nearly as strong in the case of the sulfinyl 
group. The NMR of the mixture shows a band a t  6 5.5 
which is not found in 1. This chemical shift is in the region 
expected from analogy to a-diazo sulfones12 and other dia- 
zoalkanes. l 3  

R2C=N2 + H A  + R2CHA + N2 

Further evidence for the diazo sulfoxide structure derives 
from the chemistry of this new compound. One of the char- 
acteristic reactions of the diazo group is its facile replace- 
ment by strong acids.I4 When the crude mixture of 1 and 2 
is treated with excess hydrochloric acid, 1 can be isolated in 
a quantitative yield based on starting benzenesulfinyl chlo- 
ride. Similar treatment with hydrobromic acid gives a 64:36 
mixture of phenyl bromomethyl sulfoxide and 1 as  estimat- 
ed by NMR,  while hydriodic acid reacts to give 65% phenyl 
iodomethyl ~ u l f o x i d e ' ~  and 35% 1. Control experiments 
show that 1 is not converted into the iodomethyl compound 
under the reaction conditions. Thus, the initial product of 
addition of benzenesulfinyl chloride to CH2N2 in T H F  is a 
2:l mixture of phenyl diazomethyl sulfoxide (2) and phenyl 
chloromethyl sulfoxide (1 ) .  

An important and characteristic reaction of diazo com- 
pounds is their ability to cyclopropanate olefins.2 Addition 
of cooled tetrahydrofuran solutions of mixtures of 1 and 2 
to room temperature cyclohexene or E -  or 2-2-butene a t  0' 
gave phenylsulfinyl cyclopropanes in 35-40% isolated yields 
based on starting benzenesulfinyl chloride. Typically, 35- 
40% of 1 was also isolated, further confirming the approxi- 
mately 2: 1 ratio of 2 to 1 estimated from H X  quenching ex- 
periments. The stereospecificity of the cyclopropanation 
was checked with the 2-butenes.I6 E-2-Butene gave cyclo- 
propanes with >97% of the methyl groups trans, and 2 - 2 -  
butene gave cyclopropanes with >99% of the methyl groups 
cis. The reaction appears to be a singlet carbene cycloaddi- 
tion. The possibility that the reaction occurs by a two-step 
mechanism involving the formation and decomposition of a 
A ' -  pyrazoline, while unlikely a t  the low temperatures of 
these reactions, has been considered. One might expect that 
a pyrazoline (probably L2-3-phenylsulfinyl-pyrazoline) 
would be isolable under the reaction conditions by analogy 
to sulf~nylpyrazol ines , '~  However, none has been found. TO 
test the nature of the intermediate further, we have allowed 
a 1:l mixture of cyclohexene and diethyl fumarate to react 
with 2. Recently, Houk and coworkers have presented a 
general perturbation molecular orbital treatment of 1,3 di- 
polar c y c l o a d d i t i ~ n s . ' ~ ~ ~ ~  Their predictions a re  in accord 
with the experimental observations that substituted styrenes 
as dipolarophiles with diazomethane show a p = + 0.902' 
and that dimethyl fumarate is 1750 times more reactive 
than styrene as  a dipolarophile with diphenyl diazo- 
methane2' and that, in general, olefins with electron-with- 
drawing substitutents are  superior 1,3-dipolarophiles with 
diazoalkanes. On the basis of these observations and calcu- 
lations, one can confidently predict that diethyl fumarate 
should be much more reactive with 2 than should be cyclo- 
hexene, i f  the reaction is a 1,3-dipolar addition. When a 1 : 1 
mixture of diethyl fumarate and cyclohexene is allowed to 
react with 2, no adducts of diethyl fumarate with either 2 or 
phenylsulfinyl carbene are  found. In fact, although the yield 
of norcaranes is reduced from 50 to  30% as estimated from 
NMR,  they are definitely still the major products even in 

Journal of the American Chemical Society J 97:ll  / May 28, 1975 


