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Abstract—Reaction of arylchlorodiazirines with trimethylenesulfide gives a mixture of aryldi(3-chloropropyl)thioacetal and
aryl(2-propenyl)(3-chloropropyl)thioacetal in a good yield. The reaction goes through a formation of a sulfur ylide as an
intermediate. Rate constants have been determined using laser flash photolytic techniques. © 2000 Elsevier Science Ltd. All rights
reserved.

Sulfur ylides are becoming increasingly useful intermedi-
ates in synthetic organic chemistry,1 which has been
thoroughly reviewed in a number of monographs and
reviews.2 They have been successfully utilized for the
synthesis of b-lactams antibiotics, pyrrolizidine alkaloids,
and other natural products. Some evidence also suggests
the involvement of sulfur ylides in biochemical pro-
cesses.1 The generation of sulfur ylides from carbenes and
sulfur containing organic compounds is a useful alterna-
tive to the widely employed base-promoted methodol-
ogy.1,2 Higher reactivity of thiiranes, thietanes, and
tetrahydrothiophenes compared to the open-chain
sulfides makes this group of compounds more attractive
for this purpose, as well as for theoretical studies. The

number of publications on their synthetic applications,
including kinetics studies of such reactions, is limited.3–7

We are continuing our studies of ylides, obtained from
the reaction of arylchlorocarbenes with heteroatom
containing compounds. We now report the formation
of di(3-chloropropyl)- and (3-chloropropyl)(2-propenyl)-
thioacetals of arylaldehydes in the reaction of arylchloro-
diazirines with trimethylene sulfide (TMSF) under pho-
tolytic and thermal conditions. We also conducted
kinetics studies of the reaction using laser flash photolytic
(LFP) techniques in order to prove that the reaction
involves the formation of sulfur ylide as an intermediate
(Scheme 1).

Scheme 1.
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We prepared the arylchlorodiazirines 1a–c by Graham
oxidation of amidines,8 and we generated the
arylchlorocarbenes 2a–c from arylchlorodiazirines 1a–
c by photolysis or thermolysis. We carried out photoly-
ses by irradiation (350 nm) of solutions of diazirines
1a–c (1 mmol) and TMSF (2.5 mmol) in hexane (50
ml) at 25°C for 24 h. For the thermolysis reactions
solutions of diazirines 1a–c (1 mmol) and TMSF (2.5
mmol) in absolute benzene (10 mL) were refluxed under
Argon for 18 h. After the workup, we isolated the
aryldi(3-chloropropyl)thioacetals 3a–c and aryl(3-
chloropropyl)(2-propenyl)thioacetals 4a–c by column
chromatography on silica gel with eluent hexane/
ether=9:1. The yields of the obtained thioacetals 3a–c
and 4a–c are presented in the Table 1 and their selected
physical data are given in Ref. 9. NMR data compare
well with the authentic sample 3a prepared from benz-
aldehyde and 3-chloropropanethiol.10

Isolation of thioacetals 3 and 4 rather than
tetrahydrothiophenes4,11 can be explained in terms of
the mechanism similar to the one described by Wenkert
and co-workers12 for the reaction of thiochromane and
ethyl diazoacetate leading to the formation of ethyl
o-allylphenylthioacetate. We suggest that the reaction
of arylchlorocarbene 2a–c with TMSF includes a for-
mation of sulfur ylide 5a–c followed by ring opening to
form 3-chloropropylsulfide 6a–c and allylsulfide 7a–c.
Further reaction with second molecule of TMSF yields
the final products 3a–c and 4a–c. The latter ring-cleav-
age process is promoted by coordination of an elec-
trophile at sulfur atom of TMSF3,13 similar to the
reaction of TMSF with allyl bromide.13a The formation
of thioacetals 3a–c is due to the presence of HCl in the
reaction mixture, which forms as a by-product of the
decomposition of arylchlorodiazirines 1a–c.14 The pro-
posed mechanism is supported by the results obtained
from the photolysis of a mixture of diazirines 1b,c and
TMSF in hexane solution in presence of HCl, as well as
in the presence of diisopropylethylamine. When the
mixture of chloro(p-chlorophenyl)diazirine 1c and
TMSF in hexane was photolyzed in the presence of
HCl, we obtained the thioacetal 3c as a major product
(ratio 3c/4c was 97:3 after 3 hours and 91:9 after 24
hours of photolysis). When the mixture of chloro(p-
methylphenyl)diazirine 1b and TMSF in hexane was
photolyzed in the presence of diisopropylethylamine,
we isolated thioacetal 4b as a major product (ratio
3b/4b was 26:74 after 24 hours of photolysis). This also
explains the formation of thioacetals 4a–c as a major
product in thermolysis, when the reaction is accom-
plished with less HCl formation than in photolysis.14

Figure 1. Transient absorption spectra at t=16 (
), 90 (	),
and 300 ns (�) after excitation. Inset: Kinetic traces at 300,
340 and 400 nm.

LFP15 at 355 nm of a solution of chlorophenyldiazirine
1a in isooctane at 25°C produces a transient absorption
at 300 nm, due to the formation of the chlorophenyl-
carbene 2a, whose decay rate constant is 3.8×105 s−1.
In the presence of TMSF, a new transient, attributed to
the S-ylide, 5a, grows in at 340 and 400 nm (Fig. 1) at
a rate equal to that of the decay of the carbene mea-
sured at 300 nm. The absorption spectrum of S-ylide,
5a, is similar to that observed by Moss and co-
workers16 in the reaction of chlorophenylcarbene with
allylphenylsulfide. The plot of the observed pseudo-
first-order rate constants, kobs, versus the concentration
of TMSF is linear (Fig. 2); the rate constant for the
reaction of chlorophenylcarbene 2a with TMSF is kyl=
8.87×109 M−1 s−1. The S-ylide, 5a, at 400 nm decays
with a lifetime equal to 25 ms at 25°C, independent of
the concentration of TMSF, so that the rate constant
reflects the first-order disappearance of the ylide 5a,
kd=4×104 s−1. The temperature dependence (15–
42°C) of the decay of the ylide 5a, yielded the following

Figure 2. Rate of formation of the chlorophenylcarbene–
TMSF ylide, 5c, monitored at 340 nm. kyl=8.87×109 M−1

s−1.

Table 1. Isolated yields of thioacetals 3a–c and 4a–c

Yield (%)MethodArProduct

Thioacetal 3 Thioacetal 4

Ph hna 34 23
b p-MeC6H4 hn 36 21

2716heatb p-MeC6H4

p-ClC6H4 hnc 38 18
p-ClC6H4c heat 25 35
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Arrhenius parameters for this rearrangement: Ea=
14.8±2 kcal mol−1 and log A=15.4±1.4. The errors on
the Ea and log A are relatively large because the investi-
gated temperature range was limited.

In summary, the reaction of arylchlorodiazirines with
TMSF yielded aryldi(3-chloropropyl)thioacetals and
aryl(2-propenyl)(3-chloropropyl)thioacetals as the only
products. No tetrahydrothiophene derivatives have
been detected. Laser flash photolysis experiments have
also demonstrated the existence of sulfur ylides as
intermediates in these reactions.
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