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Sulfur ylides generated from the reaction of adamantylidene and
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Abstract—Reaction of adamantylidene and phenylcarbene with ethylthiol, ethylene dithiol, allylethylsulfide, allylphenylsulfide,
and trimethylenesulfide involves the formation of a sulfur ylide intermediate, followed by H-migration, 2,3-sigmatropic shift, or
ring opening to give sulfides. The sulfur ylide formed in the reaction of phenylcarbene with trimethylenesulfide is directly observed
by laser flash photolytic techniques.
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Sulfur ylides are increasingly useful intermediates in
synthetic organic chemistry. Their chemistry has been
thoroughly reviewed in a number of monographs and
reviews.! The generation of sulfur ylides from carbenes
and sulfur containing organic compounds is a useful
alternative to widely employed base-promoted method-
ology.! Recently we reported the reaction of arylchloro-
carbene with trimethylenesulfide (TMSF) which gives a
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mixture of two thioacetals via a sulfur ylide intermedi-
ate.> Herein we report the photochemistry of 2-
adamantane-2,3'-[3H]-diazirine 1 and 3-phenyldiazirine
2 and the reactions of the photogenerated carbenes with
a number of sulfur containing organic compounds. In
addition, the intervention of a sulfur ylide in the reac-
tion of phenylcarbene with TMSF is demonstrated by
laser flash photolytic (LFP) techniques.
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Figure 1. The transient absorption spectrum of the ylide 9
formed upon reaction of 'PC with TMSF.

We prepared diazirine 1 from 2-adamantanone® and
diazirine 2 from benzaldehyde.* We photolyzed (350
nm) solutions of diazirine 1 (1 mmol) in the presence of
either ethylthiol or ethylene dithiol (10 mmol) in 10 mL
of i-octane at 25°C for 24 h. After the work-up, we
isolated sulfides 3 (85% yield) and 4 (65% yield) by
column chromatography on silica gel with eluent hex-
ane/ether=10:1. We suggest that the reaction of
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adamantylidene (Ad:) with thiols involves formation of
the sulfur ylide followed by H-migration to give sulfides
3 or 4 (Scheme 1).

Similarly, photolysis of diazirine 1 in i-octane in the
presence of ethyl- and phenylallylsulfides yielded
sulfides 5 (57% yield) and 6 (52% yield). The sulfide 6
could not be separated from allylphenylsulfide by
column chromatography, and the NMR spectrum of
the mixture was recorded. In this case, the formation of
sulfur ylide is followed by 2,3-sigmatropic shift to yield
the final product. Photolysis of diazirine 1 in the pres-
ence of TMSF leads to the formation of a sulfur ylide
followed by ring opening to yield sulfide 7 (46% yield).
Finally, irradiation of a solution of diazirine 2 and
TMSF in i-octane leads to allylbenzylsulfide 8 (10%
yield), similar to the product isolated from the reaction
of chlorocarbenes with TMSF? (eluent hexane/ether =
95:5 was used). Selected physical data of sulfides 3-8
are provided.’

LFP (308 nm, 17 ns) of phenyldiazomethane (PDM) in
Freon-113 produces singlet phenylcarbene ('PC) in
rapid equilibrium with the ground triplet state (*PC)®
(Scheme 2), which has no significant absorption above
300 nm.%” LFP in the presence of TMSF produces a
new transient signal with 4,,,=340 nm (Fig. 1). The
transient is assigned to ylide 9, which has a lifetime
longer than 10 ps.

Ylide 9 is formed after the laser pulse in an exponential
process (Fig. 2) which was analyzed to yield observed
rate constant kogg. The value of kqgg is linearly depen-
dent on the concentration of TMSF. The slope of this
plot (Fig. 3) is 4.2x10” M~! s7! which in the context of
Scheme 2 is equal to krysg K. Chlorophenylcarbene
('CPC) has a singlet ground state which reacts with
TMSF with rate constant 8.9x10° M~! s7'.2 Assuming
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Figure 2. The formation of PhnCH-TMSF ylide 9 (349 nm) following LFP of PDM in Freon-113 containing trimethylenesulfide.
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Figure 3. The observed rate constant of formation of PhCH-TMSF ylide 9, as a function of TMSF concentration, monitored at

349 nm in Freon-113.

that singlet 'PC and 'CPC react with TMSF with
comparable rate constants leads to the deduction that
K=0.0048 and AG,gg-x =3.2 kcal/mol in favor of the
triplet state. This 1is consistent with previous
estimates.®’

In summary, the photolysis of adamantylidene and
phenylcarbene in the presence of ethylthiol, ethylene
dithiol, allylethylsulfide, allylphenylsulfide, and TMSF
proceeds via the formation of a sulfur ylide as an
intermediate, followed by H-migration, 2,3-sigmatropic
shift, or ring opening to give sulfides. The existence of
the sulfur ylide in the reaction of phenylcarbene with
TMSF has also been demonstrated by laser flash pho-
tolytic techniques.
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