HETERQGYCLES, Vol. 38, No. 5, 1994 981

RING TRANSFORMATION OF HETEROCYCLES: PART 3.1
A CONVERSION OF 4-AMINOQ-A2-1,2,4-OXADIAZOLINES
INTO 2-ARYLAMINO-1,3,4-THIADIAZOLES AND OXA-
ANALOGUES

Ahmad Q. Hussein*, Mustafa M. El-Abadelah, Musa Z. Nazer and
Adel M. Awadallah

Chemistry Department, University of Jordan, Amman, Jordan

Paul Rademacher and Heinz Bandmann

Institute of Organic Chemistry, University of Essen, D-45117 Essen,

Germany

Abstract - 4-Amino-A2-1,2 4-oxadiazolines (1) are transformed into
the corresponding 2-arylamino-1,3,4-oxadiazoles (5) or thiadiazoles (6)
via reaction with phenyl isocyanate (or phenyl isothiocyanate),
followed by brief treatment of the resulting adducts (2 and 3) with
trifluoroacetic anhydride at ambient temperature. Treatment of
compounds (1) with trifluoroacetic anhydride gave 2-trifluoromethyl-

1,3,4-oxadiazoles (8).

Recently, we reported! on the transformation of 4-amino-A2-1,2,4- oxadiazolines (1) into 1,3,4-
oxadiazoles upon treatment of the former compounds, or their N-acyl derivatives, with

chloroacetic anhydride in boiling toluene.

In extension of this work, we now describe the preparation of some N-carboxamido- (2) and N-
thiocarboxamido derivatives (3) of compounds (1) and their facile transformation into 2-
arylamino-1,3,4-oxadiazoles (5) and 2-arylamino-1,3,4-thiadiazoles (6). Compounds (2) and (3)
were accessible through condensation of 4-amino-A2-1,2,4-oxadiazolines (1) with phenyl

1socyanate and phenyl isothiocyanate, respectively.
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The reaction of compounds (1) with phenyl isothiocyanate to give compounds (3) proceeded
rather sluggishly and required prolonged heating. Under similar conditions, the reaction of
compound (le) with phenyl isocyanate afforded the bis-carboxamide derivative (4e). However,

the latter compound reverts readily into compound (2e) upon brief refluxing in ethanol.
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The structures of compounds (2)-(4) were supported by elemental analysis (Table 1) and spectral
data. The infrared spectra revealed two N-H absorption bands at about 3340 and 3260 ¢m-1 for
compounds (2) and at around 3340 and 3220 ¢m-! for compounds (3). The absorptions at about
1685 and 1600 cm-! were assigned to the C=0 and C=N stretching modes, respectively. In the
IH-nmr spectra of compounds (2) and (3) the N-H protons appeared as two exchangeable
singlets ini the range 7.4-10.3 ppm. In the 13C-nmr spectra, the C=0 carbon in compounds (2)
appeared at 154-155 ppm and the C=§ carbon in compounds (3) appeared at 180-181 ppm.
Compounds (2) and (3) displayed a charecteristic 13C-signal in the range 103-105 ppm, ascribed
to the sp3 carbon (C-5) of the heteroring (Table 2).




HETERQCYCLES, Vol. 38, No. 5, 1994

Table 1. Physical and Analytical Data for Compounds (2-8).

Compd2 mp(°C) Yield Mol Formula Calcd / Found (%)
(%) C H N

2a  205-206 83  C19H19N504 5984 502 1836
59.69 518 18.18

2b 196-197 80  C21H3N504 61.60 566 17.10
61.76 554 16.89

2c 208-209 65  C21H23N504 6160 566 17.10
6144 546 1696

2e 198-199 77  C22Hy5Ns504 6240 595 16.54
62.10 568 16.37

3d 170-171 70 Cp1H23N40CIS 6070 558 1348
60.60 533 1338

3e 171-172 65 C22H25N503S8 60.12 573 1593
6035 591 1579

3f 173-174 87  Cy2HpsNsO3S 60.12 573 1593
60.10 582 1593

4e 162-163 75  Ca9H309NgO5 64.19 557 1548
64.04 536 1523

Sa 270-271b 60 C14H10N403 59.57 357 1985
5949 338 1965

5b 222-223 55  C14H10N4103 59.57 357 19.85
5960 341 19.77

6d 2212226 70 Cy4H10N3CIS 5843 350 14.60
5829 3.67 1461

6e  277-278®% 74 C14H1gN402S 5637 338 18.78
56.12 350 18.66

6f 286287 88  C 4HoN403S 5637 338 18.78
56.21 3.50 18.66

8a 120-121 70  CgHy4F3N303 4171 156 1621
4198 152 1637

8b 85-86 75  Cgl4F3N303 4171 156 16.21
4193 152 16.61

aData for compounds (1a-f) are given in refs. 2 and 3.

bLit. mp of $a% 270-271, 6d5 221-222, 6ed 250, 65 272-273 °C.

a83
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Table 2. IH-Nmr and 13C-Nmr Data for Compounds (2-8).

IH-Nmr (ppm) I3C-Nmr (ppm)
Compd N-H -(CHz2)- Aromatic C=0/ C-5 Others Solvent
C=5§
22 74 1.63(4H,m) 790(d, <9 Hz) 154.8 105.0 - DMSO0-dg
88 2 08(4H, m) 8.30(d, J=9 Hz)
6 88-7.30(m)
2b 1.6 1 52(8H, br s) 6 90-8.46(m) 155.1 1046 - DMSO-dg
88  185-223(4H, m)
2¢ 75 154(8H, brs) 7.92(d, /=9 Hz) 1552 103 8 - DMSO-dg
90 1.86-220(4H, m) 832(d, /9 Hz)
2e 7.4 1 53(6H, br s) 6 98-8.48(m) 1554 103 4 - DMS0O-dg
87 1.63(4H, br s)
1.96(4H, m)
3d 8.7 1.64(8H, br s) 7.25-7 70 (m) 180.2 105.0 - CDCly
89  2.03(4H, m)
3¢ 102 1.58(10H, m) 7.20-8.38(m) 180.8 105.6 - DMS0-dg
104 2.02-2.36(4H, m)
3t 101 1.55(10H, m) 7.93(d, /=9Hz) 1804 1051 - DMS0-dg
103 2.00-2.34(4H, m)  8.40(d, /=9 Hz)
725-7.53(m)
104.4
de 99  1.62(8H,brs) 7 16-8.56(m) 1539 § CDCly
I 91-2.34(6H, m)
5b 10.8 - 7 02-8 55(m) - 1534 C-2:1614 DMSO-dg
8a - - 8 32(d, /=9 Hz) - 1504 CF3:1161
8 41(d, /=9 Hz) (q, JoF270Hz) CDCly
C-2: 1556
(q, JcF 45 Hz)
8b - - 7 83-8.94(m) - 1487 CF3'116.1 CDCl4

(9, JcF 270 Hz)
C-2:1554
(q, JcF45Hz)




HETEROCYCLES, Vol. 38, No. 5, 1994 285

Treatment of compounds (2) with trifluoroacetic anhydride in dry benzene at room temperature

transformed them into the corresponding 2,5-disubstituted-1,3,4-oxadiazoles (5)7 (Scheme 2).
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Compounds (3), under similar conditions, were likewise transformed into the respective 1,3 .4-
thiadiazoles (6).8 The structures of compounds (5) and (6) were supported by elemental analysis
(Table 1) and spectral data.

A plausible reaction mechanism for this heteroring transformation of compounds (2) and (3) into

compounds {5) and (6) is depicted in Scheme 3.

It is anticipated that the nucleophilic attack at C-3 of the heteroring by the oxygen or sulfur atom
of the N-acyl or the N-thioacyl moiety is significantly facilitated through acylation at N-2 by the
trifluoroacetic anhydride, which functions as a catalyst. The resulting presumed transient bicyclic
adduct eventually decomposes into the corresponding 1,3,4-oxadiazole (5) or thiadiazole (6), the
ketone component, and trifluoroacetyl nitrene, which rearranges into the volatile trifluoromethyl
isocyanate. In a selected case, the ketone was converted to its 2,4-dinitrophenylhydrazone and

identified through comparison with an authentic sample.
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In a control experiment, the parent 4-amino-A2-1,2 4-oxadiazolines (1a,b) were treated with
triflucroacetic anhydride in dry benzene at ambient temperature. The initially orange coloration
of the solution started to fade and finally disappeared within a few minutes. Workup of the
reaction mixture gave the corresponding 2-triffuoromethyl-1,3,4-oxadiazoles (8a,b). Isolation of

the intervening N-trifluoroacetyl intermediate (7) was not possible (Scheme 4).
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Compounds (8a,b) exhibited two . charachteristic 13C-nmr signals for the CF3 and the adjacent
C-2 carbons which appeared as quartets at 116.1 (Joz=270 Hz) and 155.6 ppm (Jo.r = 45 Hz),

respectively.
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In a previous work, we reported? similar transformation of the N-acyl derivatives (9) into 1,3,4-
oxadiazoles (10) using chloroacetic anhydride in benzene under reflux for few hours. In the
present  study, trifluoroacetic anhydride was also found to bring about smooth transformation of
compounds (9) into the corresponding 2-acyl-1,3 4-oxadiazoles (10) at room temperature within

a few minutes (Scheme 5).
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This reagent is, therefore, superior to chloroacetic anhydride previously employed2 for such
type of heteroring transformation. The latter reagent gave only poor yields of compounds (6}

upon reaction with compounds (3) and failed to convert compounds (2) mnto (5).

EXPERIMENTAL

Melting points, uncorrected, were determined with an electrothermal Mel-Temp apparatus

Infrared spectra (KBr pellets) were recorded on a Perkin Elmer 577 spectrophotometer. Nmr
spectra were measured with a Varian XL 200 or Bruker AMX 300 spectrometer for solutions in
CDCl3 or DMSO-dg. Mass spectra were obtained with a Finnigan MAT 731 at 70 eV.
Microanalyses were performed at M.H.W. Laboratories at Phoenix, Arizona, USA.

4-Amino-3-aryl-A2-1,2,4-oxadiazolines (1a-f)
These compounds were prepared through the reaction of the appropriate hydroxamoyl chlorides

and hydrazones in chloroform and in the presence of triethylamine following a previously

described procedure.2,3
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3-Aryl-4-(V'-Phenylcarbamoylamino)-A2-1,2,4-oxadiazolines (2)
Compound (1) (10 mmol) was stirred with phenyl isocyanate (6.0 g, 50 mmol) in dry benzene
(30 ml) for 24 h at room temperature. The solvent was then evaporated in vacuo and the residue

was recrystallized from chloroform / petroleum ether (bp 40-60 °C).

3-Aryl-4-(N’-Phenylthiocarbamoylamino)-Az-1,2,4—oxadiazolines (3)

Compound (1) (10 mmol) was refluxed with phenyl isothiocyanate (6.8 g, 50 mmol) in dry
benzene (50 ml) containing pyridine (2 ml) for 24 h. The solvent was evaporated in vacuo, and
the residual solid was triturated with little ethanol and recrystallized from chloroform / petroleum
ether (bp 40-60 °C).
3-(m-Nitrophenyl)-4-[N-bis(phenylcarbamoyl)amino]-S-hexamethylene-A2-1,2,4-
oxadiazoline (4e)

Compound (I1e) or (2e) (10 mmol) was refluxed with excess phenyl isocyanate (6.0 g, 50 mmol)
in dry toluene (50 ml) for 6 h. The solvent was then evaporated in vacuo, and the residual solid
was crystallized from chloroform / petroleum ether (bp 40-60 °C). Upon refluxing in ethanol for

15 min, compound (4¢) reverted quantitatively to compound (2e).

5-Aryl-2-phenylamino-1,3,4-oxadiazoles and 5-Aryl-2-phenylamino-1,3,4-thiadiazoles (5, 6)
A solution of compound (2) or (3) (2 mmol) in dry benzene (20 ml) containing trifluoroacetic
anhydride (2 ml, 14 mmol) was stirred at room temperature for 6 h. The solvent was then
evaporated and the residual solid was triturated with little ethanol and recrystallized from
chloroform / petroleum ether (bp 40-60 °C). In case of compound (2a) the alcoholic washings
were treated with 2,4-dinitrophenylhydrazine and the cyclopentanone 2,4-dinitrophenyl-
hydrazone, which formed immediately, was collected and identified.
5-Aryl-2-trifluoromethyl-1,3,4-oxadiazoles (8a,b)

To a solution of 1a or 1b (10 mmol) in dry benzene (50 ml) was added trifluoroacetic anhydride
(2 ml, 14 mmol). The solution was stirred at room temperature for 5 min, the solvent was

evaporated and the residue recrystallized from chloroform / petroleum ether (bp 40-60 °C).

3-Aryi-1,3,4-o0xadiazoles (10a-c)
These compounds were obtained in quantitative yields from 9a-c2 by treatment of the

latter compounds (10 mmol) with trifluvoroacetic anhydride (2 mi, 14 mmol) in dry
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benzene (50 ml) in a similar manner to compounds (8) above. The products were

identical with authentic samples described previously.2

ACKNOWLEDGEMENTS
We wish to thank the Deutscher Akademischer Austauschdienst (DAAD), Germany, for a grant.

REFERENCES

1. Part 2: M. M. El-Abadelah, A. Q. Hussein, M. Z. Nazer, O. M. Musa, P. Rademacher, and H.
Bandmann, Heterocycles, 1993, 36, 455.

2. M. M. El-Abadelah, M. Z. Nazer, A. Q. Hussein, A. M. Awadallah, P. Rademacher, and M.
Wovydt, J. Heterocycl. Chem., 1991, 28, 1229.

3. M. M. El-Abadelah, A. Q. Hussein, and A. M. Awadallah, Heterocycles, 1989, 29, 1957.

4. H. Gehlen and K. Moeckel, Liebigs Ann. Chem., 1962, 660, 144.

5. A. Silberg and N. Cosma, Acad. Rep. Populare Romine, Filiala Cluj, Studii Cercetari Chim.,
1959, 10, 151; Chem. Abst., 1960, 54, 87941,

6. G. Ramachander and V. R. Srinivasan, J. Sci. Ind. Res. (India), Sect. C, 196221, 70; Chem.
Abst., 1962, 57, 4665c.

7. For the preparation and properties of 1,3,4-oxadiazoles see, for example: H. Hetzheim, Adv.
Heterocycl. Chem., Vol. 7, ed. A. R. Katritzky and A. J. Boulton, Academic Press, New
York, 1966, p. 183; J. Hill, Comprehensive Heterocycl. Chem., Vol. 6, Part 4B, ed. A. R.
Katnitzky and C. W. Rees, Pergamon Press, 1984, p. 427.

8. For the preparation and properties of 1,3,4-thiadiazoles, see for example: J. Sandstrom, Adv.
Heterocyel. Chem., Vol. 9, ed. A. R. Katritzky and A. J. Boulton, Academic Press, New
York, 1968, p. 165; G. Komis, Comprehensive Heterocycl. Chem., Vol. 6, Part 4B, ed. A.R.
Katritzky and C. W. Rees, Pergamon Press, 1984, p. 545; F. Fulop, E. Semega, G. Dombi,
and G. Bemath, J. Heterocyel. Chem., 1990, 27, 951; C. Tschierske and D. Girdziunaite, J.

Prakt. Chem., 1991, 333, 135.
Received, 17th September, 1993




