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N-Ethoxycarbonylaziridines 2 undergo smooth thermal transformation into 1,3-oxazolidin-2-ones 3 on
flash pyrolysis by a tandem reaction sequence equivalent to direct insertion of CQO, into the parent

1H-aziridine.

Although insertion of CO, into aziridines adumbrates a direct
method for obtaining the industrially and pharmaceutically
important 1,3-oxazolidin-2-ones! (eqn. 1), in practice this
approach is blighted by the formation of large amounts of
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polyurethane co-polymers, and requires high pressure.? This
communication reports a much simpler and more efficient
stratagem,’ one which proceeds without recourse to CO, by the
initial conversion of the aziridines into their N-ethoxycarbonyl
derivatives 2, whereupon in a single thermal step, these produce
1,3-oxazolidin-2-ones 3 in excellent yields.

The starting N-ethoxycarbonyl compounds 2 are obtained
almost quantitatively from the parent aziridine 1 by reaction
with ethyl chloroformate in the presence of Et;N.# Their clean
transformation into oxazolidin-2-ones 3 is effected readily in
yields in the range 47-88%, by flash vacuum pyrolysis (FVP).? In
a specific example under typical conditions (inlet temperature
100 °C), slow volatilisation of the aziridine 2b through the
furnace at 650 °C and 0.001 mmHg produced in one pass a
889 yield of analytically pure 5-phenyl-1,3-oxazolidin-2-one
3b after recrystallisation from ethyl acetate-hexane (m.p. 88—

Table 1 1,3-Oxazolidin-2-ones 3 from N-ethoxycarbonylaziridines 2
Starting Product

material  R*  R?*  R® R*  (Yield®® %) m.p. (lit) (°C)
2a H H H H (3a) 56 85-86 (85-86'3)
2b Ph H H H (3b) 88 88-89 (89-90%)
2 Ph Ph H H (3¢c) 78 200-201 (200'%)
24 Ph H Ph H (3d) 86 d

2e But H H H (3e) 47 e

“Yields of isolated products purified by recrystallisation. ° All
compounds gave spectral data ('H and '3C NMR, IR and mass) in
agreement with their structures and satisfactory analytical data. ¢ cis-
Isomer. ¢ A 1:3 mixture of cis- and trans-isomers. ¢ Contains 12%, of
4-substituted isomer.
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89 °C; lit..° 89-90 °C). Other 1,3-oxazolidin-2-ones obtained
by analogous pyrolyses are listed in Table 1 with their yields.

The reactions were totally regiospecific with the exception of
the tert-butyl derivative 2e which afforded an isomeric mixture
of products containing 79%; of 5-tert-butyl-1,3-oxazolidin-2-one
3e along with 219 of its 4-substituted isomer. In the case of
the 2,3-disubstituted aziridine 2d, the thermal transformation
occurred with a loss of cis-stereospecificity to give a 86% yield of
oxazolidin-2-one 3d as a 1:3 mixture of cis and trans isomers
whose stereostructures were assigned on the basis of 'H NMR
coupling constants J s 8.5 Hz and J, syyans 7.3 Hz.”

The mechanism for these novel transformations is presented
in Scheme ! and is notable for its unique tandem sequence of
thermal reactions, whose combined effect mimics the normally
difficult process of direct insertion of CO, into a 1 H-aziridine,
i.e. 1-3. The first step involves the thermal isomerisation of
2, presumably via the diradical species 4, to the isomeric 2-
ethoxy-4,5-dihydrooxazole 5* which can be isolated from the
pyrolysates at temperatures below 600 °C. In the second step,

* Formation of MN-allylcarbamates is usually encountered on
thermolysis in the condensed phase,® but see M. L. Graziano and
R. Scarpati, J. Heterocycl. Chem., 1976, 13, 205, for an isolated example
of the thermal isomerisation (90 °C, 4 d) of an N-ethoxycarbonylaziri-
dine, albeit as part of a mixture, to a dihydrooxazole.
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the dihydrooxazole § is converted into an oxazolidin-2-one 3
by thermal elimination of ethylene via a 6-centred cyclic
reaction which is a rare nitrogen analogue of carboxylate ester
pyrolysis.® This was confirmed by independent synthesis of 5b
[from 3b and triethyloxonium tetrafluoroborate (Meerwein’s
reagent); 94%, yield] and its pyrolysis which proceeded cleanly
and rapidly at 600 °C to give a virtually quantitative yield of
oxazolidin-2-one 3b and ethylene. By virtue of this second
step, oxazolidin-2-one formation from the pyrolysis of the
corresponding N-methoxycarbonylaziridines is blocked, and
the only products from their pyrolyses are 2-methoxy-2-
oxazolines (via step 1) and their decomposition products.

Compared to insertion of CO, into aziridines, the present
method provides an operationally much simpler route to
oxazolidin-2-ones more so since the precursor N-ethoxy-
carbonyl derivatives 2 are accessible directly by the addition of
ethoxycarbonylnitrene (EtO,C-N:) to the appropriate alkene,!®
thus representing a considerable saving in time.

Current studies are focussed on extending the methodology
to other heterocyclic systems. In the present context, it is found
that use of the SEt analogue of 2a provides a new method of
preparing 1,3-oxazolidin-2-thione, whilst the corresponding
N-thiocarbonyl derivative of 2a gives rise to the isomeric
thiazolidin-2-one in good yields. In a further development, we
have found that incorporation of an acyl group into the
2-position of the aziridine 2 provokes a different rearrangement
without loss of CO, that is a heterocyclic analogue of the
vinylcyclopropane rearrangement.!! For example, the acetyl
derivative 2f is converted directly into the 2,3-dihydrooxazole
6, a novel representative from a virtually neglected class of
heterocycles.!?

q
MeC Me,
:,I( O NCOEt
COLEt
2t 6

References
1 For the many applications of 2-oxazolidones, see M. E. Dyer and
D. Swern, Chem. Rev., 1967, 67, 197; D. Swern, Ann. N.Y. Acad. Sci.,
1969, 163, 601; V. A. Pankrotov, Ts. M. Frenkel and A. M. Fainleib,
Usp. Khim. Zh. (Russ. Ed.), 1983, 52, 1018.

J. CHEM. SOC. PERKIN TRANS. 1 1991

2 A. P. Sineokov, F. N. Gladysheva and V. S. Etlis, Khim. Geterotsiki.
Soedin., 1970, 611 (Chem. Abstr., 1970, 73, 66351d); K. Soga,
S. Hosoda, H. Nakamura and S. lkeda, J. Chem. Soc., Chem.
Commun., 1976, 617; H. Matsuda, A. Ninagawa and H. Hasegawa,
Bull. Chem. Soc. Jpn., 1985, 58, 2717.

3 For other novel and recent syntheses of oxazolidin-2-ones, see
J. Fournier, C. Bruneau and P. H. Dixneuf, Tetrahedron Lett., 1990,
1721; J. P. Genet, A. Denis, A. Vilar, A. R. Schoots and P. Alard,
Tetrahedron Lett., 1990, 515; B. M. Trost and A. R. Sudhakar, J. Am.
Chem. Soc., 1988, 110, 7933; M. Fujiwara, A. Baba and H. Matsuda,
J. Heterocycl. Chem., 1988, 25, 1351 and J. Das, Synth. Commun.,
1988, 18, 907.

4 For a comprehensive account of methods for preparing 1H-
aziridines, see J. A. Deyrup, in The Chemistry of Heterocyclic
Compounds, ed. A. Hassner, J. Wiley, New York, 1983, vol. 42, p.
1.

S For a review explaining the technique (FVP) with a description of
apparatus and a survey of applications, see: R. F. C. Brown, Pyrolytic
Methods in Organic Chemistry, Academic Press, London, 1980.

6 M. S. Newman and A. Kutner, J. Am. Chem. Soc., 1951, 73, 4199.

7 S. L. Spassou, J. N. Stefanovsky, B. J. Kurtev and G. Fodor, Chem.
Ber., 1972, 105, 2462.

8 A. Laurent, P. Mison, A. Nafti, R. Ben Cheikh and R. Chaabouni,
J. Chem. Res., 1984, (M), 3164; (S), 354.

9 See, R. Taylor, J. Chem. Soc., Chem. Commun.., 1978, 732 for the
thermal conversion of 2-ethoxypyridine into 2-pyridone, this being
the only previously reported nitrogen analogue of ester pyrolysis,
other than that by L. B. Kasunic, I. L. Evoy and C. N. Sukenik,
J. Am. Chem. Soc., 1981, 46, 1969, for the corresponding 2-octyl
derivative.

10 For examples, see reviews by W. Lwowski in Nitrenes, ed. W.
Lwowski, John Wiley, New York, 1970, ch. 6, and Azides and
Nitrenes, ed. E. F. V. Scriven, Academic Press, New York, 1984,
ch. 4.

11 J. J. Gajewski, Hydrocarbon Thermal Isomerizations, Academic
Press, New York, 1981, p. 81.

12 For a brief survey, see G. V. Boyd in Comprehensive Heterocyclic
Chemistry, vol. 6, ed. K. Potts, Pergamon Press, 1984, p. 227 and
reference cited therein, J. E. Baldwin, R. G. Pudussery, A. K. Qureshi
and B. Sklarz, J. Am. Chem. Soc., 1968, 90, 5325, for related example
of the thermal valence isomerisation in the condensed phase of a
2,3-dihydrooxazole (4-isoxazoline) to the corresponding oxazoline
via a 2-methoxalylaziridine.

13 C. F. Hammer, R. A. Loranger and P. S. Schein, J. Org. Chem., 1981,
46, 1521.

14. D. Geftken, Liebigs Ann. Chem., 1982, 219.

Paper 0/05417TH
Received 30th November 1990
Accepted 16th January 1991






