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Allene Episulfide!
Sir:

In view of the fascinating chemistry associated with the
cyclopropanone-allene oxide tautomeric system,? we have
initiated an investigation of the analogous, little studied, cy-
clopropanethione-allene episulfide system (eq 1).> Antici-
pating that the parent compounds 1 and 3 would be highly
reactive we have employed a flash vacuum pyrolysis-micro-

!SI S —_— S (1)
A AT N
1 2 3

wave (FVP-MW) spectroscopic approach that has previously
proven successful in the characterization of other reactive
organosulfur molecules.* We report herein the generation and
microwave structure of allene episulfide (methylenethiirane,
3). We also provide data relevant to the processes depicted in
eql.

Compounds 4° and 5 (prepared in 54% yield from 5-nor-
bornenone using the lithio-2-(methylthio)-2-oxazoline re-
agent®7 (6)) seemed likely thermal precursors of 1 and 3, re-
spectively.® However, using the FVP-MW procedure we find
that both 4 and 5 cleanly decompose to allene episulfide (3)
at pyrolysis temperatures of 600-700 °C, with no detectable
amounts of cyclopropanethione being formed.? Pyrolysis of 5

0002-7863/78 /1500-7436$01.00/0

Journal of the American Chemical Society / 100:23 / November 8, 1978

1.360

\/\
e

H
Figure 1.

13C or d, labeled on the thiirane ring'® afforded allene epi-
sulfide with labeling equally distributed (+5%) between the
ring and exocyclic methylene groups (C, and Cj in Figure 1),
as indicated by microwave analysis. These observations are
consistent with the mechanistic picture presented in eq 2 in
which it is suggested that the '3C and deuterium scrambling
in allene episulfide (3), the formation of 3 from cyclopro-
panethione trimer 4, and the formation of ethylene in both of
these pyrolyses proceed by way of a thioxyallyl ion (2) (or a
related diradical resonance structure) as a common interme-
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diate.’!!3 We further interpret these results to indicate that
allene episulfide is thermodynamically more stable than cy-
clopropanethione, in apparent contrast to the order of stability
in the allene oxide-cyclopropanone system.'4

Allene episulfide is also formed on pyrolysis (520 °C) of
anthracene adduct 7'¢ and on heating tosylhydrazide salt
8.3b.18 Efforts to generate C3Hy4S isomers 1 or 3 by pyrolysis
of cyclopropyl precursors of type 9a—c'® lead instead to the

)
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formation of another C3H4S isomer, identified by its micro-
wave spectrum as thioacrolein.2! We postulate that this latter
compound arises from a ring-opening process such as that
depicted in eq 3.

9a X: CHpCH: CHZ\ [/—SX -— U/‘SX

b X:[>s
¢ X:=Cl
The identity of allene episulfide (3) has been established
unambiguously by a microwave substitution structure deter-

mination. Spectral assignments of the normal isotopic species,
along with the four 34S and '3C singly-substituted species and

P or 3
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the two CD; species, give the following structural parameters
(see Figure 1): C;—S, 1.732 (2), C>—S, 1.849 (1), C,—C,,
1.454 (5), C,==C3, 1.333 (2), C,—H, 1.084 (1) A; £C,SC,,
47.8 (1), £8C\C,, 70.3 (1), £SC,Cy, 61.9 (1), £C3C1Cy, 146.2
(3), ZHC;H, 116.4 (1)°, and (assuming a symmetrical HC;H
groups), C3—H, 1.081 (1) A and £C,C;H, 120.5 (2)°.22 The
HC;H plane is displaced from the SC,C; angle bisector plane
by an angle of 7.2° bringing these hydrogens closer to the S
atom. The dipole moment of 3 is 1.36 (2) D.

The mechanism proposed in eq 2 to account for the scram-
bling of 13C and deuterium labeling in 3 is consistent with the
long, and presumably weakened, C,—S bond in 3.23:24 Allene
episulfide has a gas-phase lifetime varying from ~3 min (room
temperature) to ~20 min (dry ice temperature) at ~0.05 Torr
and may be revolatilized after condensation at —196 °C. Ef-
forts are currently underway to define more precisely the
equilibrium of eq 1 by experimental as well as theoretical
methods and to synthesize cyclopropanethiones by nonpyro-
lytic routes.26
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Lychnopholic Acid,

a Novel Trioxygenated Caryophyllene Derivative
from Lychnophora affinis Gardn.}

Sir:

Intense interest during the past 10 years in cytotoxic,
potentially antitumor-active natural products has led to the
isolation and characterization of many sesquiterpenoids hav-
ing, very frequently, multiple oxygenated functional groups
in chemically interesting contiguous arrays.? These compounds
generally belong to the eudesmane, germacrane, guaiane, and
pseudoguaiane subfamilies of sesquiterpenoids. Other classes
of sesquiterpenoids, however, seem for unknown reasons to
have very few oxygenated representatives; in particular, the
only oxygenated caryophyllenes hitherto known appear to be
caryophyllene oxide (1), caryophyllenol [ and IT(2 and 3, re-
spectively),? e-multijugenol, which is isomeric with 2 and 3,4
and the nor derivatives kobusone (4) and isokobusone (5).° We
now report the novel structure 6 (relative configuration) for
lychnopholic acid, a noncytotoxic constituent of Lychnophora
affinis Gardn. (Compositae), a plant originally under inves-
tigation in our laboratory® for its cytotoxic constituents.
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