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Abstract

A photochemical methodology for the synthesis of perfluoroalkyl-1,2,4-oxadiazoles has been described.
3-Amino- and 3-(N-alkylamino)-5-perfluoroalkyl-1,2,4-oxadiazoles have been prepared by irradiation of
3-perfluoroalkanoylamino-4-phenyl-1,2,5-oxadiazoles (furazans) at l=313 nm in methanol and in the
presence of ammonia or primary aliphatic amines. © 2000 Elsevier Science Ltd. All rights reserved.
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Fluorinated heterocycles are interesting compounds widely used in medicinal, agricultural and
polymer chemistry, and their synthesis represents a research area of growing interest.1 Although
the direct introduction of fluorine or perfluoroalkyl groups into heterocyclic structures can be
realized by fluorinating or perfluoroalkylating reagents, a widely used approach to fluorinated
heterocycles uses building-block strategies, e.g. by the formation of the heterocyclic ring from
fluorinated precursors.1 In this context, a very promising strategy can be recognized in
photochemical methodologies exploiting photoinduced rearrangements of suitable heterocyclic
structures, such as O�N bonds containing azoles.2 As part of a research program on the
synthesis and reactivity of fluorinated derivatives of five-membered heterocycles, we became
interested in realizing an efficient and general synthesis of 3-amino- and 3-(N-alkylamino)-5-
perfluoroalkyl-1,2,4-oxadiazoles. To this purpose, it is worthy to note that in the last few years
increasing efforts have been devoted to develop synthetic methods for targeting 1,2,4-oxadia-
zoles,3 and this is because 1,2,4-oxadiazole moieties have some interest in the pharmaceutical
industry.4 So, for 3-amino- or 3-(N-alkylamino)-5-alkyl-1,2,4-oxadiazoles, a new and quite
general synthetic approach exploits photochemical methodologies.2a,5 Thus, irradiation (at
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l=313 nm) of 3-alkanoylamino-4-phenyl-1,2,5-oxadiazoles (furazans) in methanol containing
ammonia, or primary aliphatic amines gave the mentioned compounds as a result of: (i)
photoinduced regioselective-breaking of the 1,2,5-oxadiazole ring involving extrusion of ben-
zonitrile; (ii) capture of the ring-cleaved intermediate by the added amine forming N-acyl-
aminoamidoximes which will undergo cyclo-dehydration into final products in the reaction
medium.5

On this basis, to realize our aim we decided to pursue this photochemical approach by
studying the photochemistry of 3-perfluoroalkanoylamino-4-phenylfurazans, with the assump-
tion that the perfluoroalkyl moiety would preserve the regioselective-breaking of the O(1)�N(2)
bond of the furazan nucleus on one hand, and would favour the heterocyclization step, on the
other. In this communication we report preliminary results6 concerning irradiation of
perfluoroalkanoylamino-furazans 2 and 3 at l=313 nm in the presence of ammonia or some
primary aliphatic amines (see Scheme 1).

Scheme 1.

Compounds 2 and 3 have been prepared (in 80% yield) by a standard protocol,5 that is, by
the acylation reaction of the 3-aminofurazan (1)7 with the appropriate perfluoroacyl chloride
(for 2) or perfluoroanhydride (for 3).8,9 As for photochemical experiments,10 we observed that
the photochemistry of these substrates was significantly dependent on the concentration of the
amine and irradiation time. At variance with 3-amino- or 3-(N-alkylamino)-5-alkyl-1,2,4-oxadi-
azoles, the expected 5-perfluoroalkyl derivatives showed some photoreactivity under the reaction
conditions.

Therefore, irradiations had to be carried out at low conversion of starting material. Thus, a
typical irradiation of 2 (1 mmol) in methanol (200 mL) in the presence of, respectively,
ammonia, methylamine, n-propylamine, and n-octylamine (2.5 mmol) at l=313 nm for 60 min
gave the 3-amino- (5a) and 3-(N-alkylamino)-5-perfluoroalkyl-oxadiazoles (5b–d), respectively.
Similarly, irradiation of 3 for 90 min in the presence of methanolic ammonia or methylamine
gave oxadiazoles 5e and 5f, respectively (see Table 1). To compare, a sample of 5a was also
obtained, although in very low yields, by acylation and subsequent cyclodehydration of
N-hydroxyguanidine,11 exploiting conventional procedures.12

As mentioned above, the whole reaction goes through a thermal cyclo-dehydration of
N-acylamino-amidoxime intermediates 4. Following photolysis of 2 in the presence of methyl-
amine by HPLC, we found that when the irradiation was stopped, the concentration of final
oxadiazole 5b was low. By standing the photolysate in the dark for 24 h, the concentration of
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Table 1
Irradiation of 3-alkanoylamino-4-phenylfurazans (2, 3): preparation of 3-amino- and 3-(N-alkylamino)-5-perfluoroalkyl-1,2,4-oxadiazoles 5a–f8

Mpa (°C) 1H NMR (DMSO-d6/TMS) d, J (Hz) MS m/zSubstrate ProductRNH2 (R) Yield (%)

7.15 (s)bH 453 (M+), 134, 69, 585a 40 1032
467 (M+), 119, 72, 69, 422 2.80 (d, 3H, J=5)c, 7.60 (q, 1H, J=5)b59CH3 505b

0.99 (t, 3H, J=7), 1.64–1.74 (m, 2H), 3.27 (q, 2H,n-C3H7 5c 495 (M+), 466, 169, 126, 69,45 382
43J=7), 4.62 (broad, 1H)d

n-C8H17 565 (M+), 466, 196, 69, 430.89 (t, 3H, J=7), 1.29–1.40 (m, 10H), 1.59–1.71 (m,545d 402
2H), 3.26–3.34 (m, 2H), 4.57 (t, 1H, J=6)b,d

7.14 (s)bH 253 (M+), 234, 196, 169, 134,5e 30 713
119, 69, 58

49 2.82 (d, 3H, J=5)c, 7.63 (broad, 1H)b 267 (M+), 239, 196, 169, 119,5f3 30CH3

69, 42

a Crystallization solvent: light petroleum (fraction boiling between 40 and 60°C).
b Exchangeable with D2O.
c Singlet in the presence of D2O.
d In CDCl3.
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5b increases as a result of thermal evolution of the supposed N-acylamidoxime 4. On this basis,
experimental conditions allowed us to isolate oxadiazoles 5a–f with yields in the range of
30–50% (30–40% of starting material being recovered) by simply standing the photolysate for 24
h before the usual work-up procedure. Nevertheless, these yields could be further optimized by
varying irradiation or standing conditions.

Although at first glance yields do not appear excellent, if compared with troublesome
non-photochemical procedures, this photochemical approach can be considered a general and
efficient method for the synthesis of 3-amino-, and, particularly, of 3-(N-alkylamino)-5-
perfluoroalkyl-1,2,4-oxadiazoles (with a chosen length of the chain both at the N-alkyl moiety
and at the perfluoroalkyl group); moreover, it opens new and promising strategies in the
synthesis of perfluoroalkyl-heterocycles. A complete study on the photoreactivity of 3-
perfluoroalkanoylamino-furazans irradiated in the presence of aliphatic amines, as well as on the
photoreactivity of 5-perfluoroalkyl-1,2,4-oxadiazoles formed will follow.

Acknowledgements

The Authors are indebted to Professor Tullio Caronna (Politecnico di Milano) for useful
discussions. Financial support from Italian MURST within the National Research Project
‘Fluorinated Compounds: Synthetic Targets and Advanced Applications’ is gratefully
acknowledged.

References

1. Burger, K.; Wucherpfennig, U.; Brunner, E. Adv. Heterocycl. Chem. 1994, 60, 1, and references cited therein.
2. (a) Vivona, N.; Buscemi, S. Heterocycles 1995, 41, 2095. (b) Buscemi, S.; Vivona, N.; Caronna, T. J. Org. Chem.

1995, 60, 4096. (c) Buscemi, S.; Vivona, N.; Caronna, T. J. Org. Chem. 1996, 61, 8397. (d) Vivona, N.; Buscemi,
S.; Asta, S.; Caronna, T. Tetrahedron 1997, 53, 12629. (e) Buscemi, S.; Pace, A.; Vivona, N.; Caronna, T.; Galia,
A. J. Org. Chem. 1999, 64, 7028.

3. Inter alia: (a) Borg, S.; Estenne-Bouhtou, G.; Luthman, K.; Csoregh, I.; Hesselink, W.; Hacksell, U. J. Org.
Chem. 1995, 60, 3112. (b) Young, J. R.; DeVita, R. J. Tetrahedron Lett. 1998, 39, 3931. (c) Hebert, N.; Hannah,
A. L.; Sutton, S. C. Tetrahedron Lett. 1999, 40, 1.

4. See, e.g.: (a) Watjen, F.; Baker, R.; Engelstoff, M.; Herbert, R.; MacLeod, A.; Knight, A.; Merchant, K.;
Moseley, J.; Saunders, J.; Swain, C. J.; Wong, E.; Spinger, J. P. J. Med. Chem. 1989, 32, 2282. (b) Orlek, B. S.;
Blaney, F. E.; Brown, F.; Clark, M. S. G.; Hadley, M. S.; Hatcher, J.; Riley, G. J.; Rosenberg, H. E.;
Wadsworth, H. J.; Wyman, P. J. Med. Chem. 1991, 34, 2726. (c) Diana, G. D.; Volkots, D. L.; Nitz, T. J.; Bailey,
T. R.; Long, M. A.; Vescio, N.; Aldous, S.; Pevear, D. C.; Dutko, F. J. J. Med. Chem. 1994, 37, 2421. (d) Messer
Jr., W. S.; Abuh, Y. F.; Liu, Y.; Periyasamy, S.; Ngur, D. O.; Edgar, M. A. N.; Zl-Assadi, A. A.; Sbeih, S.;
Dunbar, P. G.; Roknich, S.; Rho, T.; Fang, Z.; Ojo, B.; Zhang, H.; Huzl III, J. J.; Nagy, P. I. J. Med. Chem.
1997, 40, 1230.

5. Buscemi, S.; Vivona, N.; Caronna, T. Synthesis 1995, 917.
6. Presented at the VII RSC-SCI Joint Meeting on the Heterocyclic Chemistry, Folgaria (TN, Italy), 3–7 May 2000.
7. Angelico, F.; Cusmano, S. Gazz. Chim. Ital. 1936, 66, 3.
8. Satisfactory elemental analyses were obtained for all new compounds.
9. Compound 2 had mp 93°C (from benzene/light petroleum); IR (nujol mull): 3270, 1725 cm−1; UV–vis: lmax=240

nm (log o=4.0); 1H NMR (DMSO-d6) d : 7.42–7.78 (m, 5H), 12.8 (br s, 1H); Mass e/z : 557 (M+), 527, 119, 104,
69. Compound 3 had mp 97°C (from benzene/light petroleum); IR (nujol mull): 3260, 1725 cm−1; UV–vis:
lmax=251 nm (log o=3.7); 1H NMR (DMSO-d6) d : 7.59–7.79 (m, 5H), 12.9 (br s, 1H); mass e/z : 357 (M+), 327,
169, 119, 104, 77, 69.



7981

10. Photochemical reactions were carried out in anhydrous methanol (in 25 mL Pyrex vessels) by using a Rayonet
RPR-100 photoreactor equipped with 16 Hg lamps irradiating at l=313 nm (RPR-3000 A, lamps) and a
merry-go-round apparatus.

11. Nakatsu, S. Mem. Fac. Sci. Kyushu Univ. Ser. C 1958, 3, 43 (Chem. Abs. 1959, 53, 10034).
12. (a) Clapp, L. B. Adv. Heterocycl. Chem. 1976, 20, 65. (b) Kraatz, U. In Houben-Weil E 8c, Heteroarenes III/3;

Georg Thieme Verlag: Stuttgart, 1994; p. 409.

..


