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NOVEL RING TRANSFORMATION IN THE REACTIONS OF
2-ALKYLIDENE-1,3,4-THIADIAZOLINES AND THEIR SELENIUM ANALOGUES

Norihiro Tokitoh, Nami Choi, and Wataru Ando*
Department of Chemistry, University of Tsukuba,
Tsukuba, Ibaraki 305, JAPAN

Summary: Several new reaction modes were found in the thermolysis and photolysis of allyl substituted
2-alkylidene-1,3,4-thiadiazolines and their selenium analogues. Photochemical reaction of 2-alkylidene-1,3,4-
thiadiazolines resulted in a novel formation of thiiranimine derivatives via azathioallyl intermediates.

The chemistry of 1,3,4-chalchogenadiazolines have been extensively explored as a means of
providing synthetic routes to a variety of hindered olefins! and also as for generating thio- and selenocarbonyl
ylides.2 However, only a few has been reported on the thermolysis of 2-alkylidene-1,3,4-thiadiazolines 1.3
Thermal decomposition of 1 may be one of a good approach to produce allene episulfide 2. We have already
reported that the thermal decomposition of 2-alkylidene-1,3,4-thiadiazoline derivatives 1 produced allene
episulfides 3 via thioallyl intermediate 2.35¢ We now describe novel ring transformation reactions in the
thermolysis and photolysis of allyl substituted 2-alkylidene-1,3,4- thiadiazolines and their selenium analogues .
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2-Alkylidene-1,3,4-thiadiazolines 6 and their selenjum analogues 7 were synthesized by
cycloaddition of diazo compounds with thioketene 452 or selenoketene 569 in good yields. (Table 1)%
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Table 1 Synthesis of 2-alkylidene-1,3,4-thiadiazolines and their selenlum analogues

X R, R  reaction conditions products Isolated yields
S >(_7< benzene/reflux/9h (6a) 44% 5

'Bu x 2 benzene/refiux/13h (6b) 79%

Ph x 2 -_CICHQCHECIIBO'OHNI ________ (_8)__ 3%:: ________
se (< Ey0/mefluxi12n (7a)  56%

'Bu x2 Et,0/refluxi12h (7b)  60%

Ph x 2 Et,0/r.t./3days (7¢c) 36%
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Scheme 1
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When 6a was heated in o-dichlorobenzene at 130°C for 2 hours, not a corresponding allene
episulfide 8a but a thioketone 11 (X=S) was obtained along with a silylacetylene 12 quantitatively. (Scheme 1)
The thermolysis of the selenium analogue 7a was also examined to give selenoketone 11 (X=Se) and 12.

A plausible mechanism is shown in Scheme 1. The initial intermediate 9a, generated by thermal
denitrogenation of 6a or 7a should resonate to the ylides 9b and 9¢. The silylacetylene 12 might be produced by
the carbon-chalcogen bond cleavage of 9¢ leading to a formation of 11 (X=S or Se) and the alkylidenecarbene
10 followed by the ready migration of trimethylsilyl gmup.7 The selective carbon-chalcogen bond cleavage and
the lack of ring closure product 8a or its selenium analogue, which is in a sharp contrast to the facile allene
episulﬁdg formation from 1 via 2, are probably due to the steric hindrance of the bulky substituents in these
systems,

Meanwhile, a quite different reaction mode was found in the photolysis of 6 and 7.(Scheme 2) An
irradiation of benzene solution of 6a with a medium pressure mercury lamp through a phenanthlene filter solution
at room temperature for 10 minutes gave thiiranimine derivative 139 in51% yield along with 15 % of bicyclo
[3.1.0] thiahexane derivative 14.10 Compound 6b gave thioketene 4 together with 13b and 14b. The
photochemical reactions of 7a-d are more complicated, however, bicyclic compounds 151 and/or 1612 were
obtained in low yields after an exhaustive chromatographic separation.

Scheme 2 zC(sYR .’.‘_’_T”L"_"L. 8. L ...s

Moy N=N .R benzene s| -N R Si N-N R Si
6a: R,R=>( )< (max = 348 M) 51% 15% .-
6b: RuR='Bu  (Amax = 355 Nm) 19% 29% 1%
)C(SO A> 300 nm Se . 2"\{3‘
N—N benzene R . N-"YR R N-N. R
7s - 70: B = SiMey 7d: R = H 15 R 16 =&
7a: R, Il->(_7< (Amax = 362 Nm) 8% 4%
7b: RaRs'Bu  (Amex = 375 nm) 5% .
7¢: R=R=Ph (Amax = 373 nm) 14% -

7d: R=R=Ph {(Amax = 348nm) 8% -
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The conceivable mechanism is illustrated in Scheme 3. At first the biradical intermediate 17 mxght be
generated by the clavage of C-S bond of 6, opposite to the exocyclic double bond, followed by three competitive
routes : (1) C-N bond fission to yield 4, (2) new C-S bond formation to afford 13 via azathioallyl intermediate
18, (3) formation of bicyclic compound 14 by the intramolecular cyclization of 19. The competitive formation of
15 with 16 in the case of 7 is also rationalized by the intramolecular trapping of the alternative biradical
intermediate 20. It is noteworthy that the reaction mode of the 2-alkylidene-1,3,4-chalchogenadiazolines thus
described is considerably different from that of the concerted cheletropic reaction in case of simple
1,3,4-thiadiazolines .22

In addition, thiiranimines 13 here obtained were found to undergo a quantitative isomerization into 6
by the addition of catalytic amount of trifluoroacetic acid. This interesting acid catalysed ring transformation can
be interpreted as the intramolecular reaction via the azathioallyl cation 21. The predominant formation of 6 over
14 is well explained by the preferential nucleophilic attack of sulfur atom toward the stabilized cationic reaction
center by the two alkyl groups in the resonance structure 22.
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