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Abstract: The synthesis of 5-aryloxazole-4-carboxaldehydes was accomplished by an unprecedented
Vilsmeier cyclization of 2-azidoacetophenones. One-pot synthesis of these oxazolecarboxaldehydes
from 2-bromoacetophenones by dehaloazidation- Vilsmeier cyclization reaction sequence provided better
yields. The treatment of 2-azidoacetophenones with Vilsmeier reagent (DMF/POCI;) at rt resulted in the
exclusive formation of a-azido-B-chlorovinyl azides in moderate yields. © 1997 Elsevier Science Ltd.

The halomethyleniminium salts which are the reactive intermediates involved in the Vilsmeier-Haack-
Arnold reaction are extensively used for the formylation of carbonyl compounds' and activated aromatic
substrates.> The mild reaction conditions employed, commercial viability of the reagents and improved
understanding of the reaction mechanisms ensure Vilsmeier reagents ever-increasing role in the construction of
many heterocyclic systems.® Recently, our group has been focusing attention on exploiting the cyclization
potential of halomethyleniminium salts for developing new synthetic strategles towards various nitrogen based
heterocycles such as indoles, quinolines, qumazolmones and N-formyl lactams.*

There is a current rapid increase in interest in the area of application of azides in organic synthesis owing
to the high reactivity of azide function which is susceptible to photolysis, pyrolysis, cycloadditions and attack by
nucleophiles as well as by electrophiles.® Stereoselective synthesis, metal-assisted azide decomposition applied to
the synthesis of natural products and reductive cyclization are some areas of particular attention in which use of
azides is rapidly gaining ground.®

The Vilsmeier reaction of an azido group which is strategically positioned from other active functional
groups would seem to offer a unique opportunity for the construction of nitrogen based heterocyclic systems.
This prompted us to investigate some of the general principles underlying the synthetic design of oxazole
carboxaldehydes from the corresponding phenacyl azides as outlined in Scheme 17

The novelty of the process lies in the Vilsmeier cyclization of the azido group, which, to the best of our
knowledge is unprecedented. The synthesis of 5-aryloxazole-4-carboxaldehydes was accomplished by the
treatment of corresponding 2-azidoacetophenones (5 mmol) with 3 equivalents of Vilsmeier reagent at 80 -90°C
for 2-3 hin 3 mL of DMF. The prerequisite azidoacetophenones necessary for oxazole synthesis were prepared
in essentially quantitative yields from the corresponding 2-bromoacetophenones. The conversion was carried out
in DMF using 2 equivalent of NaN; at ambient temperatures for 10-20 min.

To further illustrate the scope and utility of the Vilsmeier cyclization, we examined a one-pot synthetic
strategy of oxazolecarboxaldehydes directly from 2-bromoacetophenones.  This dehaloazidation-Vilsmeier
cyclization protocol was prompted by the facile conversion of bromoacetophenones to azidoacetophenones
under mild conditions in DMF. Thus, to an ice-cooled, stirred solution of substituted 2-bromoacetophencne (5
mmol) in 10 mL of DMF, 1.1 equivalent of NaN; was added in one portion and after 10-20 min, 6 equivalent of
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Scheme 1
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R 1a-d 2a-d 3a-d
Entry | Product | R hgt'i‘::"g"(fh) Yield(%)* | Mp (°C)
1 2a Me 4 45 90
2 2b cl 45 43 130
3 2¢ Br 45 56 135
4 2d Ph 6 61 160

* :The values represent the isolated yields based on the preparation from 3a-d.

POCI; was added dropwise. The mixture was aliowed to attain room temperature and then maintained at 90°C

for 4-6 h to give the corresponding oxazole-4-carboxaldehyde in good yield.

As some azido compounds are reported to be sensitive towards strong mineral acids, the reaction
conditions were pursued with caution, keeping in mind, the release of hydrochloric acid inherently associated
with the chloroformylation of carbonyl group. But surprisingly, the azide group exhibited remarkable resistivity
towards Vilsmeier reagent at temperatures below 60°C and exclusive formation of o-azido-B-chlorovinyl
aldehydes, a previously unreported class of vinyl azides, was achieved at room temperature using 6 equivalent of
Vilsmeier reagent (Scheme 2).” The chemical manipulation of various functional groups in the presence of azido

group is a field of current interest.?

Scheme 2
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R 1a-d R 4a-d
Entry | Product R Yield(%) | Mp(°C)
1 4a Me 70 70
2 4b Cl 62 o8
3 4c Br 65 104
4 4d Ph 80 103
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Thermal decomposition of vinyl azides for the synthesis of variety of heterocyclic systems including
aziridines, nitrogen bridge head compounds and indoles has been developed into a powerful synthetic method.”
However, very few efficient general methods are available for the synthesis of vinyl azides and most of the
thermal or photochemical cyclizations have been carried out with azidocinnamates.'® The susceptibility of
carbonyl group to undergo chloroformylation under Vilsmeier conditions at room temperature without affecting
the azide functionality, provides an attractive scheme for the synthesis of vinyl azides directly from phenacyl
azides. These vinyl azides could be stored infinitely without any apparent sign of decomposition when
maintained at 0-5°C. The preliminary study on the thermolysis of 4 indicates the formation of corresponding
indoles.

Based on the above findings a plausible mechanism could be proposed for the Vilsmeier cyclization of
azides (Scheme 3). The chloromethyleniminium salt generated form DMF and POCI]; reacts with the carbonyl
group of 1 to yield § which is in equilibrium with chlorovinyl azide precursor 6 . The reaction at rt followed by
aqueous workup yields the vinyl azide 4. At 80-90°C the reaction proceeds through the intramolecular
nucleophilic attack of the iminium species by azide to yield the intermediate 7 which is followed by elimination of
dimethylamino group and subsequent loss of nitrogen to give the corresponding oxazole 2.
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" g I L)
RT —N=
1+ >=NMe, RT_ o M,

Cl
6 + DMF
s NMe:
A
H;0
H NMez 4
o
O—“ N—g-N
-NMez Ph
N -N
Ph 2
NMe;
NM
® e 7
lnzo
2

Acknowledgement: One of the authors (V. J. M.) is grateful to Council of Scientific Industrial Research, New
Delhi, India, for financial support.



6892

REFERENCES AND NOTES

1.

10.

(a) Jones, G.; Stanforth, S. P. Org. React. 1997, 49, 1-330. (b) Marson, C. M. Tetrahedron 1992, 48,
3659-3726. (c) Church, R.; Trust, R.; Albright, J. D.; Powell, D. W. J. Org. Chem. 1995, 60, 3750.

(d) Katritzky, A. R.; Marson, C. M. J. Am. Chem. Soc. 1983, 105, 3279.

(a) Jutz, C. In Advances in Organic Chemistry, Taylor, E. C. Ed; John Wiley & Sons, New York, 1976,
Vol. 9, pp. 225-342. (b) Seshadri, S. J. Sci. Ind. Res. 1973, 32, 128-149. (c) Khoshtariya, T. E;
Kurkovskaya, L. N.; Suvorov, N. N. Khim. Geterotsikl. Soedin. 1996, 1331-1336; Chem. Abstr. 1997,
126, 59891q. (d) Burn, D. Chem. Ind.(London) 1973, 870-873.

(a) Meth-Cohn, O.; Tarnowski, B. Adv. Heterocycl. Chem. 1982, 31, 207-236. (b) Meth-Cohn, O.
Heterocycles 1993, 35, 539-557. (c) Meth-Cohn, O.; Taylor, D. L. Tetrahedron Lett. 1993, 34, 3629-
3632. (d) Jackson, A. ; Meth-Cohn, O. J. Chem. Soc., Chem. Commun. 1995, 1319. (e) Meth-Cohn,
O.; Taylor, D. L. J. Chem. Soc. Chem. Commun. 1995, 1463-1464. (f) Venugopal, M.; Umarani, R ;
Perumal, P. T.; Rajadurai, S. Tetrahedron Lett. 1991, 32, 3235-3238. (g) Megati, S.; Rao. K. G S.
Tetrahedron Lett. 1995, 36, 5819. (h) Meth-Cohn, O.; Goon, S. J. Chem. Soc., Perkin Trans. 1 1997,
85-89.

(a) Majo, V. J; Perumal, P. T. Tetrahedron Lett. 1996, 37, 5015-5018. (b) Majo, V. J.; Perumal, P. T.
J. Org. Chem. 1996, 61, 6523-6525. (c) Amaresh, R. R.; Perumal, P. T. Synth. Commun. 1997, 27,
337-343. (d) Balasundaram, B.; Venugopal, M.; Perumal, P. T. Tetrahedron Lett. 1993, 34, 4249-4252.
(e) Amaresh, R. R, Perumal, P. T. Tetrahedron Lett. 1995, 36, 7287-7288. (f) Majo, V. J.; Venugopal,
M_; Prince, A. A. M,; Perumal, P. T. Synth. Commun. 1995, 25, 3863-3868.

(a) Scriven, E. F. V_; Turnbull, K. Chem. Rev. 1988, 88, 297-368. (b) Patai, S.; Ed. The Chemistry of
the Azido Group; John Wiley and Sons, New York, 1971. (c) Patai, S.; Rapoport, Z., Eds. The
Chemistry of Functional Groups. Supplement D, The Chemistry of Halides , Pseudohalides and Azides,
John Wiley and Sons, New York, 1982. (d) L’abbe, G. Angew. Chem. Int. Ed. Engl. 1975, 14, 775-782.
(a) Card, P. J; Hitz, W. D.; J. Org. Chem. 1985, 50, 891-893. (b) Fleet, G. W. J.; Gough, M. J.; Shing,
T. K. M. Tetrahedron Lett. 1984, 25, 4029-4032. (c) Taber, D. F.; Petty, E. H.; Raman, K. J. Am. Chem.
Soc. 1988, 107, 196-199.

All the compounds gave satisfactory spectral data and elemental analyses.

Representative spectral data:

5-(4-Chlorophenyl)oxazole-4-carboxaldehyde(2b): '"H NMR (300 MHz, CDCl): § 9.98(s, 1H, CHO),
8.31(s, 1H), 8.00(m, 2H, Ar-H), 7.42(m, 2H, Ar-H);*C NMR (75 MHz, CDCL;): 5 183.6, 162.3, 144.2,
141.6, 137.5, 129.0, 127.9, 124.3; MS(m/e): 207(M"); IR (KBr) : 3087, 2842, 1696, 1118 cm™.
2-Azido-3-chloro-3-(4-chlorophenyl)-2-propenal(4b): 'H NMR (300 MHz, CDCl;): § 9.38(s, 1H,
CHO), 7.42(m, 2H, Ar-H), 7.35(m, 2H, Ar-H); *C NMR (75 MHz, CDCl): & 183.9, 139.7, 137.4,
135.1, 132.0, 131.6, 129.1 ; MS(m/e): 213(M-28); IR (KBr) : 2110, 1676, 1432 cm™.

(a) Paulsen, H. Chem. Soc. Rev. 1984, 13, 15-45. (b) Paulsen, H.; Lorentzen, J. P. Angew. Chem. Int.
Ed. Engl 1988, 24, 773-775. (c) Krespan, C. G. J. Org. Chem. 1986, 51, 332-337. (d) Wilson, E. R;;
Frankel, M. B. J. Org. Chem. 1985, 50, 3211-3212.

(a) Hickey, D. M. B.; MacKenzie, A. R.; Moody, C. J.; Rees, C. W. J. Chem. Soc. Perkin Trans.1. 1987,
921-926. (b) Bolton, R. E.; Moody, C. J.; Rees, C. W.; Tojo, G. J. Chem. Soc. Perkin. Trans. 1. 1987,
931-935. (c) Hemetsberger, H.; Knittel, D.; Weidmann, H. Monatsh. Chem. 1970, 101, 161-165, Chem.
Abstr., 1970, 72, 100414t. (d) Chavignon, O.; Teulade, J. C.; Madesclaire, M.; Gueiffier, A.; Blache, Y_;
Viols, H.; Chapat, J. P.; Dauphin, G. J. Heterocycl. Chem. 1992, 29, 691-697.

(a) Moody, C. J.; Warrellow, G. J. J. Chem. Soc. Perkin. Trans. 1. 1986, 1123-1128. (b) Henn, L ;
Hickey, D. M. B.; Moody, C. J.; Rees, C. W.; J. Chem. Soc. Perkin. Trans. 1. 1984, 2189-2196. (c)
Moody, C. J.; Warrellow, G. J. J. Chem. Soc. Perkin. Trans. 1. 1987, 913-920.

(Received in UK 17 June 1997; revised 29 July 1997; accepted 1 August 1997)



