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INTRAMOLECULAR FORMATION OF YLIDES
FROM CARBENES BEARING SULFUR ATOM ON 7-POSITION

Kiyosi KONDO and Iwao OJIMA

Sagami Chemical Research Center, 3100 Onuma
Sagamihara 229

The thermal decomposition of a sodium salt of 4-phenyl-
thio-4-methyl-2-pentanone tosylhydrazone in diglyme at 150—16000
afforded a mixture of 1,2,2-trimethylcyclopropyl phenyl sulfide (17
%), 2,2,3a-trimethyl-1,2,3,3a-tetrahydro-1-thiaazulene (9 %), and
isomeric 4-phenylthio-4-methylpentenes (74 %). Analogous mixtures in
varying amounts were obtained from tosylhydrazones derived from 4-
phenylthio-2-butanone, %-phenylthiobutyrophenone, and 3-phenylthio-
3-methylbutyrophenone.

Many reports on the formation of ylides by the intermolecular electrophilic ad-
dition of carbenes to the lone pair of hetero atoms can be found in literaturel).
Relatively little is known, however, on the intramolecular counterpart of this ad-
dition, especially, in view of the ylide formationz). Present communication is con-
cerned with the intramolecular formation of ylides from carbenes bearing sulfide
linkage on 7-position and a novel type rearrangement of these ylides.

For the in situ generation of the aforementioned carbene, we decomposed a sodium
salt of 4-phenylthio-2-butanone tosylhydrazone (;3) in diglyme at 150—16000. Products
were separated and purified by column chromatography on silica and/or by preparative
vpc. The structural assignments were based on spectra and analysesB). Following
compounds were identified in the product from la; l-methylcyclopropyl phenyl sulfide
(gg), 2-butenyl phenyl sulfide (éf)’ 3-butenyl phenyl sulfide (4a2), and Za-methyl-1,
2,%,3%a-tetrahydro-l1-thiasazulene (23). The nmr data for 29 and 23 are as follows
(CClq, TMS); 2a:79.14 (ABq, J=7.0 Hz, 4H), 8.56 (s, 3H), and 3.00-2.70 (m, S5H); 2a:
9.15 (s, 2H), 7.65 (oct., 2H), 7.20 (oct., 2H), 5.01 (d, J=10 Hz, 1H), and 4.20-3.80
(m, 4H). Similar decomposition of tosylhydrazone lb afforded a mixture of cyclo-
propyl sulfide QP, olefins QP and ﬂy, and tetrahydrothiaazulene EP. Total yields and
ratios of the products are collected in Table 1. When the substituent on carbene

carbon was changed from methyl to phenyl, the yield of cyclopropyl sulfides (2c and

gg) increased remarkably and tetrahydrothiaazulene corresponding to formula.;icould
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not be obtained. The formation of these products can be rationalized by the follow-

ing scheme.
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Table 1. Substituent Effect on the Product Yields observed in the Intramolecular
Reaction of 7-Thioalkylcarbenes in Diglyme

Total Product Yields(%)2

Carbene a YrE
Yields(%)2 2 b, A 2
6a 81.2 5.4 77.3% 10.6 6.8 7.0
&b 9.0 17.4 66.04 7.2 9.4 26.4
6c 9%.5 31.8 68.2% 46.6
~
6d 94.0 45.5 5.5 83.5

2 Yields were calculated by comparing the vpc peak area of crude products
with that of pure samples using a column (1 m) packed with 20% SE-30 or 10% QF-1
on chromosorb W at 140-220°C. 2 Defined as 2/3 x 100. £ cis/trans = 17/83.
4 cis/trans = 0/100. £ The olefin.;i(cis/trans = 4/96) contained 3%8% 3-phenyl-1-
methyl-l-propenyl phenyl sulfide, which was proved to be an isomerization product of

23 by controlled experiment under the reaction condition.
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The well-known 1,2-hydride shift in alkyl carbene 6 will afford olefins :i
and/or ﬁ: The intramolecular cycloaddition of reactive carbenes lg and ;E to the
aromatic nuclei and the valence isomerization of resulting norcaradiene §Lare a
reasonable route to tetrahydrothiaazulene 2: The intramolecular nucleophilic ad-
dition of sulfide sulfur to the electron deficient center may produce hypothetical
thietanium ylide 2& The Stevens type rearrangementu) of this labile ylide will re-
sult in the formation of cyclopropyl sulfide 2?). Accordingly, égﬁg and‘zlare sup-
posed to be the products from carbene process, while Eifrom ylide process. These
two competitive processes are affected both by substituents on carbene carbon and
B-carbon.

The relative ratio of E’to zi(Yr in Table 1) might be a qualitative measure for
the ylide process, as we could assume that the rates of 1,2-hydride shift from the
adjacent methylenes to carbene carbons would be similar for these carbene processes.
The Yr-value indicates that the ylide process is substantially favored by changing
the substituent on carbene from methyl to phenyl and by increasing the number of
substituents on B-carbon. These facts seem to reflect the relative stability of in-
termediate thietanium ylide 2& Thus, the phenyl on ylide carbon may stabilize the
ylide by inductive effect and methyls on B-carbon may favor the formation of four-
membered ring by their steric repulsion.

In conclusion, it may be stated that the intramolecular formation of ylide from
carbenes having sulfur atom on r-position is a general phenomenon, though the re-
sulting four-membered ring seems to be a highly unfavorable system due to strain.
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The configuration of cyclopropyl sulfide 29 was assigned as cis with respect to
methyl—and phenyl by the following nmr data (CCl,, ™S); £9.17 (4, J=6.0 Hz, 3H),
9.00-8.20 (m, 3H), and 3.10-2.75 (m, 10H): cf., G. L. Closs and R. A. Moss,

J. Amer. Chem. Soc.,‘§§) 4042 (1964). 1Inspection of the Dreiding model indicated

that the most stable conformation of the ylide Zg should be as follows.
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Thus, in order to accomodate the observed stereospecificity, an inversion of the
configuration at Cl or 02 must occur during the migration.
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