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REARRANGEMENTS OF N-HETEROAROMATIC-2-VINYL-AZIRIDINES.
SYNTHESIS OF ISOTHIAZOLO-, PYRIDO- AND THIENO-AZEPINES.

H.P. Figeys¥ and R, Jammar

Université Libre de Bruxelles, Faculté des Sciences, Service de Chimie
Organigue, 50 Av. F.D. Roosevelt, 1050 Brussels, Belgium.

Summary: N-hetercaromatic~2-vinyl-aziridines have been synthesized and
thermally isomerized to the corresponding iscthiazolo-, pyrido- and thieno-
azepine derivatives. The ease of rearrangement is strongly dependent on the
nature (r-deficient or -rich) of the arocmatic heterocycle.
2-vinyl-aziridines possessing unsaturated substituents on the nitrogen
atom are known readily to underge ring expansion to pyrroline(1—3’ [ and
azepine - derivatives(277]. Carhon-carbon double bonds(4), carbonyl(ﬁ) and
thiocarbonyl(7) groups as well as benzene rings(2‘3'5) have been invelved in
this seven-membered ring formation. We have now found that the thermal isomer-
ization of the 2-vinyl-N-heteroarcomatic-aziridines shown in Figure 1 exclusive-
ly yieldsthe corresponding isothiazolo-, pyrido- and thieno-azepines shown in
Figure 3 and which constitute relatively unexplored or unknown classes of

compounds.
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Figure 1
Compounds 3a, b, ¢ and d have been synthesized according to Scheiner's

method(e) by 1,3-dipolar reaction of the corresponding heterocaromatic azides 1
(9,10,11) with refluxing isoprene and subsequent photolysis of the triazolines
2 sc obtained (fig. 2). The reaction times and yields for the triazoline
formations are : 2a, 7 days, 45%, F.74°C(P.E.); 2b, 10 days, 48%, F.37°C(P.E.);
2¢, 21 days, 16% (oily product purified by column chromatography on alumina,
eluant: benzene) ; 24, 14 days, 62%, F.76°C{P.E.-ethyl acetate), Photolysis of
2a and 2b in THF at room temperature for 15 hours with a medium pressure
HANOVIA 450W lamp through a pyrex filter gives a mixture of the aziridines 3
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Figure 2

and imines 4, which could not be separated by chromatographic techniques or
fractional crystallization :

2a 33/45 50/50 (NMR), vield for 3a : 44%

2b : 3b/4b 75/25 (NMR), yield for 3b 70%.
The mixtures of products were isomerized in refluxing xylene ; the azepine
derivatives 5a (from 3a, 90%, F.126°C), 6b (F.111°C) and 7b (F.91°C) (from 3b,
respectively 50% and 25%) are obtained ; 6b and 7b probably result from the

I

corresponding 2,5-dihydro-1-H-4-methyl-derivatives by an allylic rearrangement.
No pyrroline derivative could be detected in the reaction mixture.

The aziridines 3¢ and 3d on the other hand could not be isolated under
similar conditions but isomerize in solution respectively to the 5,8-dihydro-
4H-7-methyl-thieno B,Z-g azepine 5¢ and to the 5,8-dihydro-4H-7-methyl-iso-
thiazolo @,5-@ azepine 54 (40 and 60% respectively), both oily liguids
darkening very fast on standing and giving p.nitrobenzoyl derivatives in the
usual way (F.144° and 129°C respectively) ; only traces of the imines 4c¢ and
5¢ were detected during these reactions.
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Our results emphasize the dramatic influence of the aromatic substituent
on the nitrogen atom. Indeed, while 3a and 3b are quite stable products and
rearrange only on heating, 3c and 3d could not be isolated at room temperature.
This excludes as a possible mechanism the heterolytic cleavage of the C,-N;
bond of the microcycle as being the rate determining step, leading to an
intermediate zwitterion of the type 8 shown at Fig. 4, which could then cyclize
to the seven-membered ring in a second and fast step.
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Figure 4
According to Hammond's postulate, the transition state of the reaction should
indeed then closely resemble this intermediate; stabilization of the nitrogen
negative charge will be more efficient in 8 for instance than e.qg., for the
corresponding 3-thienyl-compound, leading to a reaction sequence exactly
opposite to the one observed. Such a reaction mechanism has been proposed by
Fanta (12) for the isomerization of N-unsaturated aziridines to l-azacyclo-
pentene derivatives. On the contrary, our observations parallel closely those
made in the case of benzenic 0-Claisen rearrangements, where the rate is known
to be enhanced by electron-donating substituents(13) and high bond-orders(ld)
in the aromatic nucleus. Also the preferred cyclization of 3b to 6b rather than
7b is similar to the previously observed orientational effect of electron-
withdrawing meta-substituents(ISJ.

Furthermore, 2-formyl-3-(2-vinylaziridino)lthiophene 11 (Figure 5), contrary
to 3¢, can be isclated and purified at room temperature and isomerizes to 12 only
in refluxing toluene; this again cannot be explained by a rate~determining ring-
opening step only. By analogy with the benzenic O-Claisen rearrangement, this
difference of reactivity may be attributed to a joint effect of steric hindrance
for ring-closure and electronic desactivation of the thiophene nucleus by the
electron-withdrawing formyl group. Nevertheless, cyclization takes place at the
C, and not at the C4-position(16).

Further experimental investigation of the synthetic possibilities of this
kind of reactions in heterocyclic chemistry and of their mechanism is currently
under way.

Acknowledgements. R.J. is indebted to the I.R.S.I.A. for a predoctoral
fellowship.



2998

()\im*/ /%T W

g (17) F.61°C

140°C \
/ 1 day / \ o0

: CH
0 3 S ] 343
37% o 12 1 F.39°C
F.90°C 2£ —
Figure 5
References

1. A. Mishra, S.N. Rice and W. Lwowski, J.Amer.Chem.Soc. 33, 481 (1968).

2. A. Sauleau, J.Sauleaun, H. Bourget and J. Huet, Compt.Rend. 279C, 473 (1974).
3. J. Sauleau, A. S§uleau and J. Huet, Bull.So¢oc¢.Chim.France(II), 97 (1978).

4., E.L. Stogryn and S.L. Brois, J.Amer.Chem.Scc. 89, 605 (1967).

5. P. Scheiner, J.Org.Chem. 32, 2628 (1967).

6. P.G. Mente, H.,W. Heine and G.R. Scharoubim, J.Org.Chem. 33, 4547 (19638).

7. P.G. Mente and H,W. Heine, J.Org.Chem. 36, 3076 (1971).

8. P. Scheiner, Tetrahedron 24, 349, 2757 (1968).

9, A.V. Eltsov, A. Hantschmann and N.I. Rtishchev, Zh, Org.Khim, 13,465 (1977).

10. P.Spagnolo and P, Zanirato, J.0Org.Chem. 43, 3539 (1978).

11. 3-azido-pyridine and 4-azido-isothiazole have been synthesized by nucleo-
philic displacement reaction of the corresponding diazonium salts with
NaN3 according to the general procedure described by L.F. Avramenko,

T.A. Zakharova, V.Y. Pochinok and Y¥.S. Rosum, Khim.Geterosikl.Soedin.,
423 (1968). The yields are respectively 60 and 84%,

12, C.H. Chang and P,E, Fanta, J.0rg.Chem. 36, 3907 (1971) ; definite evidence
for a zwitterionic intermediate have been obtained recently (H.P. Figeys
and M. Neuwels, to be published).

13. W.N. White, D. Gwynn, R. Schlitt, C. Girard and W. Fife, J.Amer.Chem.Soc.
80, 3271 (1958) ; H.L. Goering and R.R. Jacobson, J.Amer.Chemn.Soc. 80,
3277 (1958). Similar trends, although less clearly cut, were alsc observed
in the corresponding amino-Claisen rearrangement : S. Jolidon and H.-J.
Hansen, Helv.Chim.Acta 60, 978 (1977).

14. S. Marcinkiewicz, J. Green and P. Mamalils, Tetrahedron 14, 208 (1961).

15. W.N. White and C,D. Slater, J.Org.Chem. 26, 3631 (1%61).

16. Variable temperature NMR-studies show that 12 exists as a mixture of two
interconverting isomers, implying two different conformations of the
seven-membered ring.

17. S. Gronowitz, C. Westerland and A.B. H&rnfeldt, Acta Chem.Scand. 29, 224
(1975).

(Received in UX 22 May 1980)



