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volume V, and NA is Avogadro’s number. 
A serious difficulty arises in deciding what volume 

about the carbonyl group is reactive to hydrogen ab- 
straction. On one hand one might presume that volume 
is defined by the shape of the n orbitals from which an 
electron is promoted in the nr*  excited state. There is 
some evidence to that effect in charge-transfer 
quenching of aliphatic ketone singlet states.34 Under 
those circumstances only the “in-plane” hit sites should 
be included in the model for calculation of 2,. We have 
carried out this calculation and find P, reduced by 
somewhat less than one-third over the values in Figure 
5. The problem is akin to the one raised several years 
ago by the question of “orbital  teer ring".'^ It is no easy 
matter to define the orientation of reacting groups. 
Sisido took his reactive volume to be a sphere with its 
radius treated as an adjustable parametera2’ This is not 
a weakness inherent in his calculation. Rather it 
represents the state of the art in understanding those 
details of organic chemical reaction mechanisms. 

If, for simplicity, we take the reactive volume in 1 as 
spherical, with radius r in Angstroms, and appropriate 
values are substituted into eq 5, then Ceff = 397P,/r3. 
This equation allows a quantitative comparison between 
the experimental data and the theoretical calculations, 
where r is the only adjustable parameter. Chemical 
intuition sets rather severe limits on r, and the equation 
describing Ceff is very sensitive to small changes in r. 
The dashed line in Figure 2 describes the effective 
concentration calculated from values of P,, with the 
reactive radius chosen to  be 1.9 A. For r = 2.1 A, the 
theoretical line passes through the experimental points 
for CCll as a solvent. This agreement for chemically 
reasonable values of r gives us confidence that the most 

(34) N. J. Turro, J. C. Dalton, G. Garrington, M. Niemczyk, and D. M. 
Pond, J. Am. Chem. SOC., 92,6978 (1970). 

(35) (a) A. Dafforn and D. A. Koshland, Biochem. Biophys. Res. 
Commun., 52,779 (1973), and references therein; (b) H. B. Burgi, and 
J. D. Dunitz, J. M. Lehn, and G. Wipff, Tetrahedron, 30, 1563 (1974). 

important physical features of molecule 1 have been 
incorporated into the theoretical model. 

We can now begin to interpret the data in Figure 2 
in terms of solvent effects on chain shape. Carbon 
tetrachloride is clearly the best solvent for hydrocarbon 
chains. In terms of our reference state, hydrocarbon 
chains in CC14 best fit the assumptions of our model. 
Acetic acid, Freon 113, and the mixed solvents con- 
taining small amounts of water are equally poorer 
solvents than carbon tetrachloride, but not so bad as 
acetonitrile and 20% aqueous acetic acid, which seri- 
ously perturb chain shape and increase the cyclization 
probability. 

The “goodness” of acetic acid as a solvent for hy- 
drocarbon chains requires comment. Acetic acid exists 
in solution as a dimer. The dimer has a dielectric 
constant of 6, only slightly more polar than benzene. 
Addition of small amounts of water may disrupt some 
of the dimers, but our experimental results suggest that 
the chain remains solvated by the nonpolar dimer. Only 
when the mole fraction of water approaches 0.5 is the 
chain forced to interact with water and the polar acetic 
acid monomer. 

The details of the conformational changes in 1 that 
occur in different solvents are not yet apparent. Polar 
and protic solvents increase the cyclization probability 
of the chain. Specific solvation effects are probably 
responsible. Repulsive solvent-chain interactions, 
which might locally disrupt favored solvent-solvent 
interactions, would serve to increase the fraction of 
chains in the environment of the chromophore. 
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Sulfur ylides are being used increasingly in synthetic 
chemistry,’ and some evidence is available suggesting 
their involvement in biochemical processes. One of the 
features of ylides which adds interest to their study is 
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their unique molecular structure, involving as it does 
the question of multiple bonding between a carbanion 
and the onium atom. 

Two fundamentally distinct approaches to the gen- 
eration of these ylides exist. The most widely employed 
method for the preparation of sulfur ylides is the ao- 
called “salt method”, whereby a sulfide effects a nu- 
cleophilic substitution on an alkyl halide to form a 

(1) B. M. Trost and L. S. Melvin, Jr., “Sulfur Ylides”, Academic Press, 
New York, N.Y., 1975. 
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sulfonium salt. A proton a to the sulfur atom is sub- 
sequently removed by utilizing the appropriate bases 
to afford the ylideS2 A less common but exceedingly 
useful approach involves the reaction of a sulfide with 
a carbene. Under either photochemical or thermal 
conditions, diazo compounds react with alkyl sulfides 
to expel molecular nitrogen and afford sulfur ylides in 
high yield. Our studies of ylide formation and rear- 
rangement in the reaction of carbenes with molecules 
containing a heteroatom, especially a sulfur atom,3 are 
the subject of this Account. 

Some early examples of reactions of this type are 
noted below. Serratosa and Quintana4 found that 
pivaloyldiazomethane (1) thermally decomposed in the 
presence of copper-bronze to the olefin dimer, di- 
pivaloylethylene (2), in 70% yield, probably via a 
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1 3 

1' I1 
~ - B ~ C O C H = C H C O B ~ - ~  - I - B ~ C O ~ H - C H C O B ~ - ~  

2 

13 

I 
'SR2 

COBU-t 
I 

COBU-f 
A I 1  ,- B"oc\I\\\ "'%, 

~-BuCOCH-CHCOBU-~ - R p S  

f-BuCOCH SR2 
- 

4 - t  

carbene intermediate. However, in the presence of 
sulfide, a cyclic trimer, tripivaloylcyclopropane (41, was 
formed in 90% yield, no trace of dimer being detected. 
It was proposed that an electrophilic carbene species 
and sulfide first formed the sulfur ylide 3, which then 
reacted with an additional carbene to form the dimer. 
Michael addition by the ylide on the dimer then 
completed the reaction. 

A novel application of the use of a sulfide as a catalyst 
to effect trimerization of a diazoketo compound is the 
formation of bulvalenotrione (5).5 A further example 

5 

is the reaction of dichlorocarbene with l(2iYj-benzo- 
thiapyran. Two insertion products, 6 and 7, are pro- 

6 7 

(2) C. K. Ingold and J. A. Jessop, J.  Chem. Soc., 713 (1930). 
(3) W. Ando, Int. J.  Sulfur Chem., Part B ,  7, 189 (1972). 
(4) F. Serratosa and J. Quintana, Tetrahedron Lett., 2249 (1967). 
(5) J. Font, F. Lopez, and F. Serratosa, Tetrahedron Lett., 2589 (1972). 

duced and are ex licable on the basis of a sulfur ylide 
intermediate (8). 

Stabilized Sulfur Ylides 
Although few stable sulfur ylides have been made 

from keto- or carboalkoxycarbene, many chemists have 
postulated such species as intermediates. We have 
isolated a series of stable sulfur ylides in the reaction 
of a series of sulfides with carbenes substituted by 
electron-withdrawing  substituent^.^ Photolysis of 
dimethyl diazomalonate in alkyl and aryl sulfides forms 
a stable sulfonium biscarbomethoxymethylide. We 

!? 

R' C0 ,Me  
hu 't - /  

N,C(CO,Me), + RSR' __f S-C 
or Cu, A 1 , 

R C 0 , M e  

98b 

found that yields of the ylide vary considerably with the 
nucleophilicity and the steric hindrance of the 
In phenyl or benzyl sulfides, copper (or copper salt) 
catalyzed thermal decomposition of diazo compound 
appears to be the most attractive synthetic technique; 
moreover, the thermal approach generates cleaner 
product mixture. 

Repetition of the reaction with dimethyl sulfide in 
the presence of cyclohexene indicated that the sulfide 
was about six times as reactive as the olefin toward 
biscarbomethoxycarbene. Similar high reactivity of 
sulfides toward the carbene was also observed in other 
competitive  experiment^.^ 

The reactions are all assumed to occur by conversion 
of the diazo compound into an electrophilic singlet 
carbene, which attacks the nonbonding electron pair of 
a sulfur atom, giving a sulfur ylide. Thermolysis of a 

diazo compound in the presence of a copper salt 
probably involves a carbene-copper complex. 

In the reaction of dimethyl diazomalonate with cyclic 
sulfides, the corresponding sulfur ylides were also 
obtained, although yields varied depending on ring size? 
High stereospecificity was observed with 4- ter t -b~-  
tylthiane." With thietane, dimethyl diazomalonate 

+ 

gave a ring expansion product, resulting from a facile 
rearrangement of the intermediate sulfur ~ l i d e . ~  With 
the three-membered ring 10, ethyl diazoacetate yielded 

(6) W. E. Parham and P. Konros, J .  Am. Chem. Soc., 83,4034 (1961); 
W. E. Parham and S. H. Gowen, J.  Org. Chem., 31, 1694 (1966). 

(7) W. Ando, T. Yagihara, S. Tozune, and T. Migita, J.  Am. Chem. Soc., 
91, 2786 (1969). 

(8) (a) W. Ando, T. Yagihara, S. Tozune, S. Nakaido, and T. Migita, 
Tetrahedron Lett., 1929 (1969). (b) The NMR proton shift and IR carbonyl 
frequency of sulfur ylides suggest stabilization by participation of sulfur 
d orbitals and two carbonyl groups; e.g., 9 (R = R' = Me), NMR (CDC13) 
u 3.71 (-COZMe), 2.89 (-SMe); IR vco 1625 and 1675 cm-'. 

(9) W. Ando, T. Yagihara, S. Tozune, I. Imai, J. Suzuki, T. Toyama, 
S. Nakaido, and T. Migita, J .  Org. Chem., 37, 1721 (1972). 

(10) D. C. Appleton, D. C. Bull, J. McKenna, and A. R. Walley, J. Chem. 
Soc., Chem. Commun., 140 (1974). 
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10 
11 

+ [S=CHC02Etl 

exclusively the cis olefin." The episulfide probably 
formed ylide 11 as an initial intermediate and then 
decomposed stereospecifically by fragmentation into 
olefin and thioglyoxalic ester. 

The effect of ring strain on the course of reactions of 
cyclic imines and ethers has also been reported.12 

Although a six-membered olefinic sulfide gave a 
stable sulfur ylide, no stable sulfur ylide was isolated 
from the five-membered olefinic sulfide. Only ring- 
expansion product, resulting from a sulfur ylide in- 
termediate,13 was isolated. 

A A LA + N2C(C02Me)2 - I+ - 
S - C (C02Me )2 

CuSO, (110 " C )  6 8 %  
hv 30% 0 + N$(COZMe)2 - 

o C 0 2 M e  C02Me 

CuSO, (110 " C )  51% 

Vinyl sulfides, thiophene, and dibenzothiophene, in 
which the lone pair of sulfur is highly delocalized, are 
efficient traps for the carbene and form stable sulfur 

ylides.9~~~ Other stabilized sulfur ylides can be isolated 
by this technique. Benzenesulfonyldiazo compounds 
produce good to excellent yields of the corresponding 
sulfur ylides (12) when irradiated in neat dimethyl 

PhSO, 

R R 

PhSO,, hv \- + 
,CN, + Me,S --+ , G S M e ,  

12, 52-91% 

~u1fide.l~ 
We have-also found the photochemical reaction to be 

the most useftd method to date for the preparation of 
sulfonium cyclopentadienylide (13) from diazocyclo- 

N2 

(11) Y. Hata, M. Watanabe, S. Inoue, and S. Oae, J .  Am. Chem. SOC., 

(12) H. No&, H. Takaya, and R. Noyori, Tetrahedron, 22,3393 (1966). 
(13) W. Ando, S. Kondo, K. Nakayama, K. Ichibori, H. Kohoda, H. 

Yamato, I. Imai, S. Nakaido, and T. Migita, J.  Am. Chem. SOC., 94,3870 
(1972). 

(14) W. Ando, H. Higuchi, and T. Migita, unpublished results. 
(15) (a) J. Diekman, J.  Org. Chem., 30, 2272 (1965); (b) W. Illger, A. 

Leidhegener, and M. Regitz, Justus Liebigs Ann. Chem., 760,l (1972). 

97, 2553 (1975). 

Scheme I 
0 

cuso, /I - 
Me, S= 0 + N, CHCO, Et - Me,-S+-CHC0,Et 

50-65% 

0 
hu /I 

P h , S = O  + N,C(CO,Me),  -..+ Ph,-S+-e(CO,Me), 
12-26% 

pentadiene and a variety of dialkyl  sulfide^.'^"^ Other 
cyclopentadienylides have proved to be readily ob- 
tainable by carbenic decomposition in sulfur com- 
pounds.18 

Stabilized oxosulfonium ylides, unavailable by the 
direct condensation of sulfoxides and a-halocarbonyl 
compounds, are es ecially suitable targets for the 
carbene approach8>" (Scheme I). 
a',P Elimination 

Some sulfur ylides undergo intramolecular elimi- 
nations when warmed, especially those carrying large 
alkyl groups on sulfur. For example, ylide 14, having 

Me,+ - 
S-C(C02Me)2 MeSCH(C02Me)z + CH2=CH2 

80% L2 
14 

a p hydrogen, underwent a',p elimination at 150 "C to 
afford ethylene and dimethyl methylthiomalonate in 
high yield. The eliminative decomposition of sulfur 
ylides is probably a cis elimination proceeding through 
a five-membered cyclic transition state. The reaction 
of carboethoxycarbene with alkyl sulfides did not give 
any stable sulfur ylides, but afforded elimination 
products, alkene and RSCH2C02Et." Analogous 
elimination products were also observed, together with 
some Stevens-type product, in the reaction of di- 
phenylcarbene with dialkyl sulfides.21 

The use of olefinic sulfides afforded two competitive 
sites of attack by the carbene presumably formed from 
the diazo compound. Thermal decomposition of methyl 
diazoacetate with vinyl sulfide produced 5% of a cy- 
clopropane derivative and 39% of a rearranged vinyl 
sulfide, resulting from carbene attack on the sulfur to 
form the sulfur ylide 15, followed by intramolecular 

Me, ,Me 

Me' H C02Me 
I I :cc12 I 

Me Me\ / - ,c=c, \ 'Me Me Me Mey''t Me ,c=c 'S-CHC02Me + - Me SCH$02Me 
I 

CI' 'cl Et 
15 

elimination of ethylene.22 Reaction of dihalocarbene 
(16) W. Ando, J. Suzuki, Y. Saiki, and T. Migita, J.  Chem. SOC., Chem. 

(17) W. Ando, Y. Saiki, and T. Migita, Tetrahedron, 29,3511 (1973). 
(18) D. Loyed and M. I. C. Singer, Chem. Ind. (London), 118 (1967). 
(19) F. Dost and J. Gosselek, Tetrahedron Lett., 1983 (1969). 
(20) W. Ando, T. Yagihara, S. Kondo, K. Nakayama, H. Yamato, S. 

(21) W. Ando, M. Yamada, E. Matsuzaki, and T. Migita, J.  Org. Chem., 

(22) W. Ando, H. Fujii, T. Takeuchi, H. Higuchi, Y. Saiki, and T. Migita, 

Commun., 365 (1973). 

Nakaido, and T. Migita, J .  Org. Chem., 36, 1732 (1971). 

37, 3791 (1972). 

Tetrahedron Lett., 2117 (1974). 
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Scheme I1 
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with vinyl sulfide produced only addition product. 
Copper-catalyzed thermal reaction of methyl diaz- 

oacetate with acetylenic sulfides gave thioacetate 16, 
cuso, +? 

RC=CSEt  + N,CHCO,Me ' RC~C-S--CH,;E;CH, 
I \ I  U 

R = Ph, Me, S E t  
MeO,CC--H 

H 

J. 
RC=CSCH,CO,Me + CH,=CH, 

16, 30-40% 
+ 
I 

PhCECSEt + N,C(CO,Me), !% PhC=C-+Et 

'C(CO,Me), 
23% yield 

which may arise from attack of carbomethoxycarbene 
on the sulfur atom to form the acetylenic sulfur ylide, 
followed by cyclic elimination of olefin, although 
trapping of the acetylenic sulfur ylide was not suc- 
cessful. However, photolysis of dimethyl diazomalonate 
in phenylethylthioacet lene gave a stable sulfur ylide 
at  room temperature. 

The reactivity of the sulfur atom in acetylenic suKdes 
compared with various other sulfides was investigated 
by competitive reactions with trimethylethylene. The 
results show that the acetylenic sulfide sulfur is about 
9 times as reactive as the trimethylethylene double 
bond, and vinyl sulfide sulfur reacts 4.6 times faster 
than the double bond of trimethylethylene. 

The application of the carbene approach to the ylidic 
intermediate for a',p elimination has been most fruitful 
in the penicillin system.24 Treatment of penicillin V 
methyl ester with dimethyl diazomalonate in the 
presence of copper sulfate at 110 "C afforded 2-azeti- 
dinone in 46% yield. In a similar manner penicillin V 
methyl ester was heated with ethyl azidoformate at  
90-100 "C, and resulted in the formation of the 2-az- 
etidinone derivative, in 12% yield, which cyclized to a 
desacetoxycephalosporin when treated with diethyl- 
amine hydrochloride (Scheme 11). 

A similar elimination reaction occurs between bis- 
carbomethoxycarbene and dialkyl disulfides. Thus, the 
reaction with dimethyl disulfide afforded dimethyl 
methylthiomalonate (181, thioketal via S-S insertion 
(19), and thioketone via a su l fu r  ylide intermediate (17). 
Cleavage of the sulfur-sulfur bond has been observed 
in the reaction of phenyl- and diphenylcarbenes with 
disulfides as the principal reaction pathway21 (Scheme 

2 r  

(23) W. Ando, H. Higuchi, and T. Migita, J. Chem. SOC., Chem. 
Commun., 523 (1974). 

(24) (a) M. Numata, Y. Imahashi, I. Minamida, and M. Yamaoka, 
Tetrahedron Lett., 5097 (1972); (b) M. Yoshimoto, S. Ishihara, E. Na- 
kayama, E. Shoji, H. Kuwano, and N. Soma, Tetrahedron Lett., 4387 (1972). 

MeSSMe + :C(C02Me) 
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R = Me, Et 

Scheme I V  

R' 
R = Me, CH,Ph 

1 
R' 
1%-80% 
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CH,CO,Et i E t S-C( ~.cH2"02El CO ,Me 1 
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111). The reaction of t-butyl disulfide with dichlsro- 
carbene affords dichlorornethyld~$~~de in 80% $el 
Stevens ~ e ~ r r ~ ~ g e ~ ~ ~ ~  

reported by Stevens in 1932 and inv 
of phenacylmethylbenzylsulfoniu 
anolic sodium to a-thiomethyl-0-p 
presumably via an ylide imterm 
ester sulfur ylides can undergo Stevens r e a ~ r ~ g e ~ e ~ ~  
on heatingeZ7 Migration preference 
group on sulfur is espeei 
of kinetic analysis and f2 
was claimed that the reaction procee 
homolytic dissociation and 1,3 migrat 
group or a benzyl groupg (Scheme 1V). 
the earlier work on the Stevens 
ylides have now been publishe 

The Stevens rearrangement of sulfur ylides has some 
limited application. ~ ~ w e ~ e ~ ~  the reaction of silyl- 
diazoacetate stands as a s p ~ c t a c ~ ~ ~  illustration sf its 
potential. The photolysis of 
diazoacetate (20) with dimethyl 
room temperature gave an ins 
carbene into the C-S bond as a 
at lower temperatures the stab 
formed." The sulfur ylide di 

The first Stevens r e ~ ~ ~ ~ ~ ~ ~ e n t  o 

(25) S. Searles, Jr., and R. E. Wann, Tetrahedron Lett., 4387 (1965). 
(26) T. Thomson and T. S. Stevens, J .  @hem. Scc., 69 (1932). 
(27) W. Ando, T. Yagihara, and T. Migita, Tetrahedron Lett., 1423 

(1069). 
\ - -  --, 

(28) U. Schollkopf, J. Schossig, and G. Bstermann, Justus Liebigs Ana, 

(29) W. Ando, T. Hagiwara, and T. Migita, Tetrahedron Lett., 1425 
Chem., 737, 158 (1970). 

(1974). 
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sertion product under photolytic or thermal conditions. 
Although the intramolecular version of the sulfide- 

carbene reaction did not give any stable sulfur ylides, 
the products clearly arose from Stevens rearrangements 
of cyclic sulfur ylides3' (Scheme V). 

2,3-Sigmatropic Rearrangement 
In addition to elimination and Stevens rearrange- 

ment, the other major alternative for ylide rear- 
rangement, especially in the presence of unsaturation 
in the molecule, is a cyclic 2,3-sigmatropic rearrange- 
ment. The sigmatropic ylide rearrangement proceeds 
with complete allylic inversion as demanded by orbital 
symmetry control. Methylbis(y,y-dimethylallyl)- 
sulfonium tetrafluoroborate was treated with base to 
generate ylide 22 which rearranged to the thioether 23.31 

SMe 

Me Me 
22 23 

Trost has attempted to use the 2,3-sigmatropic rear- 
rangement as a means of transferring chirality.32 Very 
high optical induction probably could be achieved in 
an enzymatic environment, and this type of reaction 
could serve as a hypothetical model for the biosynthesis 
of p r e ~ q u a l e n e ~ ~  (Scheme VI). 

(30) K. Kondo and I. Ojima, J. Chem. Soc., Chem. Commun., 860 (1972). 
(31) J. E. Baldwin and R. E. Hackler, J. Am. Chem. Soc., 91,3646 (1969). 
(32) (a) B. M. Trost and W. G. Biddlecon, J.  Org. Chem., 38,3438 (1973); 

(b) B. M. Trost and R. F. Hammen, J. Am. Chem. SOC., 95,962 (1973); 
(c) B. M. Trost and M. J. Bogdanowicz, ibid., 96, 5298 (1973). 

Scheme VI 

CH20H 

a- n20_ Enz-S - I 

The application of the carbene approach to the 
production of sulfur ylide intermediates for 2,3-sig- 
matropic rearrangement has been most fruitful, and a 
number of communications on this topic have appeared 
in the past 10 years. Parham and Groen found that 
treatment of an allylic sulfide with sodium trichloro- 
acetate, a source of dichlorocarbene, resulted in the 
formation of two products, 24 and 25.33 24 was 

Me Me 
+ '  

phS-AHCH=CH, a Ph--SCHCH=CH, 
I 

- " C Y  -cclz \ -HC1 

Me 
I 

PhS-C=CH-CH=CHMe + PhS-C=C-CH=CH, 
I I 
c1 c 1  

25 24 

probably formed via initial ylide formation, then a 
Stevens rearrangement, and finally elimination of HC1. 
25 was probably formed via initial ylide formation 
followed by 2,3-sigmatropic rearrangement. Under 
photochemical conditions, methyl diazomalonate re- 
acted with allyl n-butyl sulfide to afford an 11 % yield 
of the addition products and a 57% yield of the in- 
sertion product, resulting from initial ylide formation 
followed by 2,3-sigmatropic rearrangement.34 Under 
thermal conditions in the presence of cupric sulfate, the 
only insertion product was obtained in 93% yield. 
Thus, the carbene or carbene-copper complex is more 
discriminating between sulfide sulfur and double bond 
as a nucleophile. The photochemical reaction between 
y,y-dimethylallyl ethyl sulfide and dimethyl diazo- 
malonate afforded a 43% yield of the insertion product 
and 12% of the addition product, but repetition of the 

26 Et SC H2C H =C Me2 

Et 

React ion m o d e  26 
hv 1 2 %  
hv + sens 27% 
c u s o , ,  1 1 0  "C 0 

C02Me 
I 
I 

EtSCC(Me)2CH=CH2 

C02Me 
27 

27 
43% 

95% 
1 9 %  

(33) W. E. Parham and S. H. Groen, J.  Org. Chem., 29, 2214 (1964); 
30, 728 (1965). 

(34) W. Ando, K. Nakayama, K. Ichibori, and T. Migita, J.  Am. Chem. 
SOC., 91,5164 (1969); W. Ando, S. Kondo, K. Nakayama, K. Ichibori, H. 
Kohoda, H. Yamato, S. Imai, S. Nakaido, and T. Migita. J. Am. Chem. 
SOC., 94, 3870 (1972). 
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Scheme VI1 

SPh 

reaction in the presence of benzophenone sensitizer gave 
19% of the insertion product and 27% of addition 
products.34 

Introduction of a bulky group at  the a position led 
to preferential formation of the trans isomer at  the 
newly created double bond35 (Scheme VII). The 
photolysis of dimethyl diazomalonate with the cyclic 
olefin thiopyran gave the stable sulfur ylide 28. When 

28  

28 was heated, it underwent a sigmatropic rearrange- 
ment to produce the insertion type product 29.13 

A clear preference for the exo orientation was also 
seen in the rearrangement of the sulfur ylide 30.36 

U 

A novel conversion of the cephalosporin nucleus to 
the penicillin nucleus illustrates some of the potential 
of the method37 (Scheme VIII). 

The reaction of ethyl diazoacetate with allylic sulfide 
31 afforded an intermediate ylide, which spontaneously 
rearranged in 59% yield to a 91:9 ratio of the products 
32 and 33.% The reaction of dichlorocarbene proceeded 

- 
C02Et 

32,90% 33,10% 

(35) P. A. Grieco, D. Boxler, and K. Hiroi, J.  Org. Chem., 38,2572 (1973). 
(36) S. Mageswaren, W. D. Ollis, and I. Osutherland, J.  Chem. Soc., 

(37) M. Koshimoto, S. Ishihara, E. Nakayama, and N. Soma, J .  Chem. 

(38) G. Andrews and D. A. Evans, Tetrahedron Lett., 5121 (1972). 

Chem. Commun., 656 (1973). 

Soc., Tetrahedron Lett., 2923 (1972). 

Scheme VI11 
H 
I 

H -CHCOgt 
I I 

I 
CCZMe 

COzMe'Me 

Scheme IX 
Me,C= CHCH,SMe + :C= C=CMe, 

CH=CH, 
+ I 

+- Me,C=CH-CH,-S-Me + Me,C-C=C=CMe, 
I I 

-C= C= CMe, SMe 

CH=CH, 

0 
+ 
I 

Me,C=CHCH,SPh + :CHSPh -+ Me,C=CHCH,-S-Ph 

-CHSPh 
Me Me 
I I 

I I 
Me Me 

+- CH,=CHCCH(SPh),  + CH,=CHCCHO 

analogously, indicating that the carbanion portion of 
the ylide preferred to attack the exocyclic bond so as 
to enter the ring in an equatorial position. 

With diazocyclopentadiene, y-methylallyl ethyl 
sulfide gave a 7 % yield of the addition product 34 and 

34 3 5  

23% of insertion product 35, resulting from initial ylide 
formation followed by a sigmatropic rearrangement." 

A novel and potentially useful method in the syn- 
thesis of artemisia ketone having a carboxyaldehyde 
equivalent at an allylic position has been de~eloped~',~' 
(Scheme IX). Replacement of the double bond b 
allene and triple bonds led to a successful reaction 
(Scheme X). Allenyl phenyl sulfide afforded the 
homologous alkynyl sulfide when treated with diazo- 
methane and cuprous ~hloride.~' 

x 

(39) D. Michelot, G. Linstrumelle, and S. Julia, J. Chem. Soc., Chem. 

(40) S. Julia, C. Huynh, and D. Michelot, Tetrahedron Lett., 3587 (1972). 
(41) P. A. Grieco, M. Meyers, and R. S. Finkellor, J .  Org. Chem., 39, 

Commun., 10 (1974). 

1198 (1974). .. 

(42jL. Veniard and G. Pourcelot, C. R. Hebd. Seances Acad. ScE., Ser. 
C, 275, 1190 (1971). 
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Scheme X 

PhSCH,CH= C= CH-C r H l l - n  t N,C( CO,Me), 

CH=CH, 
I cuso _aef (MeO,C),C-C=CH-C,H,,-n 

I 110 c 
SPli 
66% yield 

PhSCH,-C=CR + N,C(CO,Me), 

R 
A I - (MeO,C),C-C=C=CH, 

cat. I 
SPh 

cat 

A 
PhS-CH=C=CH, + CH,N, 4 PhSCH,CH,-CsCH 

Although allylic sulfur ylides invariably react by the 
2,3-sigmatropic pathway, inclusion of an allylic portion 
in an aromatic ring may dramatically alter the course 
of the reaction. The photolysis of diphenyldiazo- 
methane in dimethyl sulfide led to the formation of 
o-benzylbenzyl methyl sulfide (36) and 1,l-diphenyl- 
2-methylthioethane (37) in 10 and 40% yields, re- 
spectively. Diphenylcarbene might react with sulfide 
sulfur to form an unstable sulfur ylide which rearranges 
by a net 1,2 shift (Stevens rearrangement) to yield 37 
and by a sigmatropic rearrangement to yield 36.21 The 
ratio of the two products 36 and 37 can be controlled 
by solvent; it is 0.3 in benzene and 3.2 in acetone for 
36/37. The striking result is the formation of a normal 
sigmatropic rearrangement product in polar solvents, 
whereas in nonpolar solvents a Stevens-type process 
(orbital-symmetry-forbidden process) predominates. A 
possible explanation relates to  the stabilization of the 
intermediate sulfur ylide in solvent. 

h NaNH2 + 
PhRCN2 + MeSMe 2&- Me-$-Me - PhRCHSMe2 X-  

[ iH2-9-Me -;H2-SMg - CH2SMe 
I 

* CHRPh CHRPh 

37 
Reaction of Nitrene with Sulfides 

Our studies also extended to the sulfur imines. There 
has been considerable interest in the chemistry of 
iminosulfuranes in the past few years. Various sulfur 
imines are isoelectronic with sulfur ylides, oxosulfonium 
ylides, sulfoxides, or sulfones. N-Methoxycarbonyl- 
iminodimethylsulfurane was obtained as a pale yellow 
liquid in 80-90% yield when meth 1 azidoformate was 
decomposed in dimethyl sulfide!' It was suggested 
that the reaction involves electrophilic singlet nitrene 
which attacks the sulfur atom. Prolonged irradiation 
of the reaction mixture resulted in a Stevens-type re- 

(43) W. Ando, N. Ogino, and T. Migita, Bull. Chem. SOC. Jpn., 44,2278 
(1971). 

Scheme XI 

N,CO,Me t Me,S Me,S=NCO,Me 
SO-90% 

-+ MeSCH,NHCO,Me t NH,CO,Me 

Scheme XI1 
0 

I1 

15-30% 
ArSO, N, t R,  SO 2 ArSO, N=SR, 

ArSO,N, t R , S  @+ A r S O , N = S R ,  
4 5 - 5 5 %  

Scheme XIII 
N,CO,Me t RR1C=CR2CH,SEt  

hu 
--+ CH,=CRZCRR1-N-SEt + R R '  RZC-C=CHSEt 

I I 
C 0 , M e  NHCO, Me 

arrangement product and some methyl carbamate 
(Scheme XI). 

I - I ~ r n e r ~ ~  has reported the formation of N-aryl- 
sulfonylsulfoximides in the photolysis of an arene- 
sulfonyl azide in a sulfoxide solvent. Better yields are 
obtained in sulfide solvents, the products being N-  
arylsulfimides (Scheme XII). 

Thermolysis of methyl azidoformate in trimethyl- 
(ethy1thio)ethylene at 100 "C gave two products, 38 and 
39, in 36 and 22% yields, respectively. Attack of 

Me,C=C + :NCO,Me --f Me,C=C 

Me Me 
/ 1 

\ \ 
S E t  SNHCO, Me 

3 8 , 3 6 %  

SEt 
/ 

+ C H , = C  
\ 

C(Me), N H C 0 , M e  

carbomethoxynitrene on the sulfur atom forming im- 
inosulfurane, followed by five-membered cyclic elimi- 
nation, would lead to the formation of 38. 

Thermal and photochemical decomposition of methyl 
azidoformate in allylic sulfides produced the product 
of insertion of the nitrene into the allyl carbon-sulfur 
bond and the enamine as a minor p r o d ~ c t ~ ~ v ~  (Scheme 
XIII). The notable selectivity of attack on the C-S 
bond suggests that an electrophilic singlet nitrene is the 
reacting entity, so that the attack on the sulfur atom 
overshadows the unstable iminosulfurane formation 
followed by 2,3-sigmatropic rearrangement. 

39,22% 

Me 
I 

C H2=CH CHNSEt ?P ';;"=r"' - I 
L'S = N CO 2M e 

I 
E t  

C02Me 
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