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The methylsulfinyl carbanion is strongly basic 
as is shoTVn by its rapid reaction with triphenyl-
methane to produce a deep red solution of tri-
phenylcarbanion. An approximate 'equilibrium 
constant for this reaction was determined by deu-
teriation of mixtures 'from known amounts of the 
starting reagents with excess deuterium oxide 
and measurement of the ratio t r iphenylmethane: 
triphenylmethane-di 

_ [ (C 6 HS) 3 C-I[CH 3 SOCH 3 ] _ „. 
eq _ [CH3SOCH2-][(C6Hs)3CH] Z i * 4 ^ 0 ' 

Equilibrium for this proton transfer is at tained in 
less than 15 minutes at 25°. 

The reactivity of I is sufficient to effect the con
version of phosphonium salts to ylides thereby per
mitt ing an extremely simple and convenient modi
fication of the Witt ig reaction. Thus, the inter
action of sodium methylsulfinylcarbanion with one 
equivalent of ethyl triphenylphosphonium bromide 
a t room temperature led to formation of ethylidene-
triphenylphosphorane as shown by color change 
and by the reaction with benzophenone (0.85 
equivalent) to give 1,1-diphenylpropene-l, m .p . 
49°,4 in 97.5% yield after 3 hours a t 25° and 1.5 
hours a t 60°. 

Chlorobenzene reacts at room temperature 
with an excess of sodium methylsulfinyl carbanion 
(6.7 equivalents) with spontaneous evolution of 
heat to yield methyl benzyl sulfoxide, m.p. 5 5 -
56°5; when a smaller excess (2.5 equivalents) of 
the anion is employed considerable amounts of 
methyl benzhydryl sulfoxide, m.p. 115-116°, 
result. In view of the strongly basic nature of 
the carbanion it is quite possible tha t substitution 
occurs via benzyne, in which case applications of I 
in this area can be envisioned. 

We have not as yet had occasion to study the 
base-catalyzed generation of other types of re
active species, e.g., carbenes, with this system. 
However, it might be noted t ha t the reaction 
of benzyl chloride with sodium methylsulfinyl 
carbanion a t room temperature produces trans-
stilbene as the major poduct (together with an 
oily mixture of sulfoxides). 

In spite of the high reactivity of the anion I in 
carbonyl addition as evidenced by the rapid forma
tion of I I from benzophenone, reaction with 
enolizable ketones seems to occur preferentially by 
proton transfer affording enolates which are stable 
to further a t tack by the reagent, the start ing 
ketone being recovered unchanged after acidi
fication. Such proton transfer predominates 
heavily with desoxybenzoin, cyclohexanone, 4-
phenylcyclohexanone and norcamphor b u t to a 
lesser extent with camphor, which affords substan-

(4) A. Klages, Ber., 36, 2646 (1902). 
(5) S. Hiinig and O. Boes, Ann.,51«, 23 (1953). 

tial amounts (28%) of carbonyl addition product 
(as a mixture of isomers, m.p. 94-130°). 

The fact tha t the anion I is even more basic than 
tri tyl anion together with the recently published 
findings tha t base-catalyzed reactions occur a t 
greatly enhanced rates in dimethyl sulfoxide as 
solvent6 '7 can be taken as an indication of the 
potency of the methylsulfinyl carbanion-dimethyl 
sulfoxide system. Fur ther studies of I and also of 
some other sulfinyl carbanions are in progress. 

We are indebted to the National Inst i tutes of 
Heal th for a grant which supported this work. 

(6) D. J. Cram, B. Rickborn and G. R. Knox, / . Am. Chem. SoC 
82, 6412 (1960). 

(7) C. C. Price and W. H. Snyder, ibid.. 83, 1773 (1961). 
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DIMETHYLSULFOXONIUM METHYLIDE 
Sir: 

We have observed t ha t the readily accessible 
trimethylsulfoxonium halides1 '2 (I) undergo proton 
transfer to strong base with formation of a reactive 
substance of considerable utility in synthesis 
which can reasonably be formulated as dimethyl-
sulfoxonium methylide (II) on the basis of chemical 
data . 

+ //O 
(CHa)3S=O X - (CH3)2Sf 

^CH 2 

I II 

Solutions of I I in dimethyl sulfoxide were pre
pared from the iodide or chloride I by stirring with 
one equivalent of powdered sodium hydride under 
nitrogen a t room temperature (rapid evolution of 
hydrogen, exothermic). The ylide I I also can 
be obtained in tetrahydrofuran by reaction of the 
more readily soluble chloride I in tha t solvent 
with powdered sodium hydride a t reflux. 

One of the most striking properties of II is its 
reactivity toward ketones and aldehydes which in 
many instances takes the form 

O O— CH2 
!! /yO \ / 

R i - C - R 2 + (CH3)2Sf —•> R i - C - R 2 + 
^CH 2 

(CHs)2S=O 
Epoxides have been produced by this process 
from benzophenone (90%), 4-phenylcyclohexanone 
(72%), cycloheptanone (71%) and benzaldehyde 
(56%). Most of these reactions were carried out 
with a small excess of I I at 25° for one hour, 
then a further hour at 50°.3 Certain ketones 
appear resistant to the transformation, in particu
lar desoxybenzoin and A4-cholestenone, probably 
as a consequence of an enhanced tendency to form 
enolate ions by proton transfer to I I . 4 

(1) R. T. Major and H. J. Hess, / . Org. Chem., 23, 1563 (1958). 
(2) R. Kuhn and H. Trischmann, Ann., 611, 117 (1958). 
(3) Satisfactory analytical data were obtained on all products de

scribed herein. 
(4) Such resistance to epoxide formation may disappear under other 

conditions, a point HOW under investigation. However, it may prove 
useful in cases where selectivity is required. 
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I t is clear t h a t a t least in certain instances the 
reaction of I I with a ketone is the most practical 
method for synthesis of the corresponding epoxide 
and tha t this, in turn, provides useful routes to 
other structures. For example, these transforma
tions have now been established from cyclohepta-
none (yields given are probably not optimal) 

CH2NH2 

-OH 

NaNH2 

NH3 

BF3Et2O HONO5 62<7C
5 

CHO 

91% (as 2,4-dinitrophenylhydrazone) 

A different mode of reaction results in systems 
which are susceptible to Michael addition as il
lustrated by benzalacetophenone which reacts with 
I I to form l-phenyl-2-benzoylcyclopropane6 (95% 
yield) and only minor amounts of the epoxide 
derived from carbonyl addition. Such reactions 
represent a promising method for carbocycle 
synthesis. 

The methylide I I probably is an intermediate 
in the base-catalyzed hydrogen-deuterium ex
change previously observed7 '8 with I iodide. The 
fast ra te of this exchange7 and our own observations 
indicate t ha t the ylide is quite stable; we are now 
engaged in chemical and physical studies aimed 
a t defining the structure of sulfoxonium ylides and 
their reactivity in more detail. Whether methylene 
transfer from dimethylsulfoxonium methylide to 
unsaturated linkages occurs via an intermediate 

o-
I 

addition product, e.g., R2C—CH2S(CH3)2 , or by a 

O 
direct route is not known at present. This point 
is also under investigation. 

This work was supported by a grant from the 
National Inst i tutes of Heal th. 

(5) F. F. Blicke, J. Azura, N. J. Doorenbos and E. B. Hutelling, 
J. Am. Chem. Soc, 75, 5418 (1953). 

(6) R. J. Mohrbacher and N. H. Cromwell, ibid., 79, 401 (1957). 
(7) S. G. Smith and S. Winstcin, Tetrahedron, 3, 317 (1958). 
(8) F. A. Cotton, J. H. Fassnacht, W. D. Horrocks, Jr., and N. A. 

Nelson, J. Chem. Soc, 4138 (1959). 
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ON THE TWO FORMS OF HYDROGEN ATOMS IN 
NEUTRAL SOLUTIONS IRRADIATED BY X-RAYS 

Sir: 

Recently, da ta have been ob ta ined 1 - 8 which indi
cate t ha t most of the " H " atoms produced in ir-

(1) J. H. Baxendale and G. Hughes, Z. physik. Chem., U , 323 
(1958). 

radiated aqueous neutral solutions are probably 
electrons. The results of Allan and Scholes2 indi
cate tha t H atoms are produced in irradiated solu
tions by : 

^ + H 3 O " ^ H t - H 2 O (1) 

and react with organic scavengers (e.g., 2-propanol) 

H + RH2 >• H2 + RH (2) 

However, even when all the electrons were scav
enged by acetone, a residual yield of Gbydrogen = 
1.05 was obtained.2 This exceeds the "molecular" 
hydrogen yield by approximately G = 0.6, and was 
a t t r ibuted to the formation of H atoms by excita
tion processes such as 

H2O* H OH (3) 

These results are in disagreement with those ob
tained in the H2O2-O2,7 methanol-azide8 and 2-
propanol-azide8 systems, where only 0.0-0.3 H 
atoms as such were found to react at neutral pH 's . 

We used bicarbonate as an electron scavenger in 
neutral aqueous solutions. Neutral solutions of 
methanol, glucose, glycerol and acetate were irra
diated by 200 kV. X-rays. In all these cases, 5 X 
1O - 2 M bicarbonate was sufficient to reduce the 
hydrogen yield to about 1.05, although higher 
yields were obtained in some cases, when no bicar
bonate was used (Table I ) . These results confirm 
the recent observations of Allan, et a/.6 However, 
in all the systems studied by us a constant limiting 
value of G hydrogen •— 1.05 ± 0.04 is obtained. 

Similar results were obtained by using acetone as 
an electron scavenger. 

TABLE I 

HYDROGEN YIELDS FROM AQUEOUS SOLUTIONS CONTAINING 

BICARBONATE AND ORGANIC SOLUTES; DOSE RATE 1000 

PER MINUTE 

Solute 

Glucose 
Glycerol 
Methanol 
Acetate 

Concn. 
in M 

10-= 
io-2 

IO"1 

10"1 

Crhydroean 

1.50 
1.16 
1.85 
1.25 

Ohydrojten 

in the 
presence 
of 0.05M 

bicarbonate 

1.03 
1.09 
1.07 
1.01 

Total 
dose . 

2000 
2000 
2000 
2000 

Using formate (0.047 M) and 2-propanol (0.01 M) 
about 2 X 1O - 4 M acetone was sufficient to reduce 
the hydrogen yield to about 1.1. When no acetone 
was added, H2 yields were much higher (about 2) 
at the low doses used (100CV). 

The higher hydrogen yields obtained in the ab
sence of an efficient electron scavenger are in agree
ment with previous work9 '10 and probably are due to 
recombination of eaq or its reaction with water. 

(2) J. T. Allan and G. Scholes, Nature, 187, 218 (1960). 
(3) N. F. Barr and A. O. Allen, J. Phys. Chem., 63, 928 (1959). 
(4) G. Czapski, J. Jortner and G. Stein, ibid., 65, «64 (1961). 
(5) E. Hayon and J. Weiss, Proc. 2nd Int. Conf. Peaceful Uses of 

Atomic Energy, Geneva, 29, 80 (1958). 
(6) J. T. Allan, N. Getoff, H. P., Lehmann, K. E. Nixon, G. Scholes 

and M. Simic, / . Inorg. Nud. Chem., 19, 204 (1961). 
(7) G. Czapski and A. O. Allen, in press, BNL Report, 5576. 
(8) P. Kelly and M. Smith, J. Chem. Soc, 1487 (1961). 
(9) H. Fricke, E. J. Hart and H. P. Smith, / . Chem. Phys., 6, 229 

(1938). 
(10) S. Gordon and E. J. Hart, J. Am. Chem. Soc, 77, 3981 (1955). 


