ARTIGO

13C NMR SPECTRA OF SOME SUBSTITUTED 1,2 4-OXADIAZOLES AND
4,5-DIHYDRO-1,2,4-OXADIAZOLES

Rajendra M. Srivastava®@, Léda M. Mendes e Silva* @ and J. Bhattacharyya®)

(@) Departamento de Quimica Aplicada, Universidade Federal de Pernambuco; 50739 — Recife (PE), Brazil
®) Laboratério de Tecnologia Farmacéutica, Universidade Federal de Paratba; 58000 — Jodo Pessoa (PB), Brazil

Recebido em 06/10/88

ABSTRACT

The '3C NMR spectral characteristics of some 3-aryl-5-
methyl-1,2 4-oxadiazoles, 2-5, as well as of the parent
compound, 3-phenyl-1,2 4-oxadiazole, I, and of the
partially saturated oxadiazoles, 3-aryl-5-methyl-4.5-
dihydro-1,2 4-oxadiazoles, 6-9, have been studied and the
chemical shifts of all the carbons assigned.

INTRODUCTION

Two reviews? describe the important pharmacological
properties which have been found in several substituted
1,2,4-oxadiazoles. Because of this, we have been interested
in these substances and in 1984 reported®»* the synthesis
of various 3 5-disubstituted, 1,2 4-oxadiazoles. Although
13C spectra of 1,2,4-oxadiazoles’»® have been recorded,
no substituent effects have been studied. In this commu-
nication, we wish to describe the '3 C spectral characteris-
tics of compounds /-9 with complete study of the methyl
substituent effects on the phenyl ring of 3-phenyl-1,24-
oxadiazole as well as 3-phenyl-4 5-dihydro-1,2 4-oxadia-
zole.

EXPERIMENTAL

The '3C NMR spectra were recorded on a Bruker WM
250 spectrometer operating at 62.896 MHz for 0.3M
solution in CDCl; using S mm sample tubes at 297K
with TMS as internal standard. The broad band decoupling
and DEFT (Driven Equilibrium Fourier Transform) techni-
ques were applied. The typical experimental parameters
were: pulse width Sus (flip angle ca. 909), acquisition
time 0.983s, spectral width 16,666 Hz, repetition time
-1.017s, about 1000 transients for each spectrum, number
of data points 32K, digital resolution 12 and exponential
multiplication for sensitivity enhancement with a line
broadening factor of 0.5Hz. The accuracies of the !3C
chemical shift are better than + 0.02 ppm.

+ Taken in part from the M.S. thesis (1979) of the author.

3-Phenyl-1,2 4-oxadiazole, I, was prepared by the
method of Arbasino & Gruenanger.” Its 90MHz NMR
spectrum (CCly) showed the following signals: § 8.70, H-S
(1H); 7.90-8.37, ortho protons (2H); and 7.23-7.70,
meta and para protons (3H). Other oxidiazoles, 2-5, were
synthesized by the procedure cited earlier.’> 3-Aryl-
-5-methyl-4 5-dihydro-1,2 4-oxadiazoles, 6-9, were pre-
pared by the method of Srivastava et al.®

RESULTS AND DISCUSSION

The chemical shifts of compounds /-5 are listed in
Table 1. The results show that CH; substituent at C-5
of the heterocyclic ring has very little effect on the
chemical shifts of C-3 (Agc_3 = +0.6ppm) which is
usual for the other S-membered ring heterocyclics.® At
the substituted carbon atom, however, the CH; group
induces a rather large downfield shift (+11.8 ppm) which
is intermediate between the CHj; substituent effect in
C-2 of thiophene and furan.®

There seems to be no effect at C-3 of the 1,2 4-oxadia-
zole 1ing when the substituent changes from a phenyl
to m- or p-tolyl group. However, a small downfield shift
(+0.7 ppm) is observed when the substituent at C-3 is a
o-tolyl group. This can be explained on the basis of steric
hindrance between the CH; group and the heterocyclic
ring disturbing the planarity between the latter and the
phenyl ring. Similar shift of carbonyl carbon is observed
when benzophenone is substituted in position 2. Thus
carbonyl carbon in 2-methylbenzophenone moves down-
field (+1.7 ppm) when compared with benzophenone.'®
The authors concluded!® that as the degree of steric
interference increases at the ortho position, the carbonyl
carbon becomes deshielded.

We determined the substituent effect of the oxadiazole
ring on the benzene ring This was obtained by taking
the difference in the chemical shift of compound ! or 2
and the benzene ring carbon. These values are shown in
table 2.
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Table 1. Carbon-13 Chemical Shift Assignments of some 3-Aryl-1,2 4-oxadiazoles

1. Ry =Ry =R3 =Ry =H

1 2. Ry = CH3; R; =R3=R4=H
R S 3 R, =R, =CHs:R; =R, =H
2
4. Ry = R3=CH3;R; =R4=H
1
5. R]=R4=CH3;R2=R3=H
Compound Carbons
3 5 1 2 3 4’ 5’ 6’ C-5-CH,3 Ar-CH,
1 167.8 164.7 126.3 127.6 129.0 1314 1290 1276 - -
2 168.4 176.5 1269 127.4 1289 1311 128.9 127.4 124 -
3 168.4 176.4 124.1 127.3 129.6 1414 1296 127.3 12.4 215
Caled 2 1240 1273 1296 140.0 129.6 1273
4 168.5 176 .4 1269 128.0 138.7 1319 1288 1245 124 213
Caled 2 126.8 128.1 137.8 1318 128.8 1245 ‘
5 169.1 175.4 126.3 138.2 130.0 1314 126 0 1305 122 220
Caled 2 127.6 1363 129.6 1310 126.0 1273

2 Calculated relative to benzene = 128.5 ppm in CDCl3 with CH3 and 5-methyl-1,2 4-oxadiazol-3-yl as substituents.

Table 2. Substituent Effect of the 1,2,4-Oxadiazole Ring on the

Table 3. Substituent Effect of the 4,5-Dihydro-1,2,4-Oxadiazole

Benzene Ring.* Ring on the Benzene Ring.
Substituent C-1 ortho meta para Substituent C-1  ortho meta para
1,2,4-Oxadjazol-3-yl -22 -09 +0.5 +2.9 5-Methyl-4,5-dihydro-
5-Methyl-1,2,4-oxadiazol-3-yl —-1.6 -1.1 +0.4 +2.6 -1,2,4-oxadiazol-3-yl -28 =20 +0.2 +1.5

* Benzene taken as 128.5 ppm is used throughout the other tables.

The chemical shifts of the benzene ring carbons of
compounds 3-5 were calculated (Table 1) using the follo-
wing equation:

8cal = Sexp t Osubs

8cal being calculated using the experimental values (8 exp)
of compound 2 and adding the substituent chemical shifts
(8 subs)- !

Next we turned our attention to 3-aryl-5S-methyl-4,5-
dihydro-1,2,4-oxadiazoles, 6-9, in order to compare

these with compounds 2-5. The carbons 3 and S5 of the.

heterocyclic ring have gone upfield. The former and the
latter have moved up about 12.0 and 86.5 ppm respecti-
vely. Another interesting phenomenon was found when
a comparison was made between the carbon resonances
(C-1°, C-2’ and C-6’) of 3-aryl-5-methyl-1,2,4-oxadiazoles
(compounds 2-5) and 3-aryl-5-methyl-4,5-dihydro-1,2,4-
oxadiazoles (compounds 6-9). The cited carbons in the
latter resonate upfield indicating the lesser electron-
withdrawing power of this heterocyclic ring than the
1,2.4-oxadiazole moiety. Table 3 provides the values of
the substituent effect of a 4,5-dihydro-1,2,4-oxadiazole
function over the benzene ring. The values were obtained
in a manner described earlier for Table 2. The calculated
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values of Table 4 were based on the equation mentioned
above for Table 1.

The chemical shifts of the mefa and pam substituted
ring carbon atoms showed remarkable proximity between
the calculated and observed values. In other words the
additivity rule applies well. When the substituent is in
ortho position as in 5, 9, and 10,'? the shifts of C-1°,
C-2’ and C-6’ show the deviation from the additivity law.
The C-1° resonates ~ 1.3 ppm upfield whereas C-2’ and
C-6’ move downfield by ca. 2 to 3 ppm (Tables 1 and 4).
The shielding effect of 2-substituent on C-1 in anisole,'?
phenol and biphenyl!® is known. The steric hindrance
due to ortho-substitution upsets the planarity between
the heterocyclic and phenyl rings. The attenuation of
conjugation leads to the diminution of electron density
principally at C-2° and C-6” and also to a lesser extent at
C-4’. This causes the downfield shifts of these carbons.
Biphenyl on substitution at 2-position with —OH behaved
similarly.!® Substitution of a methyl group at 2-position
in diphenyl ether produced the same effect.!®

It is interesting to compare the chemical shifts (CDCl3)
of benzamidoxime, 1] (the starting material for the synthe-
sis of oxadiazoles and 4,5-dihydro- 1,2 4- oxadiazoles), with
2 and 6. When the amidoxime function is transformed to
1,2,4-oxadiazole, 2, or 4,5-dihydro-1,24-oxadiazole,
6, the C-1’ in 2 and 6 move 6. 2 and 6.8 ppm upfield.
The chemical shift difference of aromatic carbons of com-



6. Ry =R, =R3=H
7. Rl = CH3;R2 =Rj3 =H
8. R1= R3=H;R2=CH3

9. R; = Ry =H;R3 =CHj

10. Ry = R, =H;R3 =OH

Compound Carbons
3 5’ 1 2 3 4’ 5’ 6 C-5-CHj3 Ar-CHj3
6 156.1 89.8 125.7 126 5 1287 1308 128.7 126.5 22.1 -
7 1560 89.5 1229 126.4 1294 141.2 1294 126.4 221 215
Calcd.? 122.8 1264 129.4 1397 1294 126 4
8 156.4 89.8 125.5 1270 1385 1316 128.6 123.6 220 21.2
Calcd 2 125.6 127.2 137.6 1315 128.6 1236
9 156.1 88.9 125.1 1380 130.2 131.3 1259 1285 2211 214
Calcd .2 126.4 135.4 1294 130.7 125.8 126.4
10b 1576 90.5 1119 157.7 118.1 1336 1210 1292 23.2
Caled 2 1130 1534 1160 1322 1214 1279

3 Calculated relative to benzene (128.5 ppm in CDClj4) with CHj3 (for coumpounds 6-9) or OH (for compound /0) and 5-methyl-4,5-dihy-

dro-1,2 ,4-oxadiazol-3-yl as substituents.

See ref. 12 for the observed chemical shifts. DMSO-d¢g was the solvent.

Table 5. Chemical Shift Difference of Aromatic Carbons of Com-
pounds 2 and 6 with respéct to Benzamidoxime.

REFERENCES
! Clapp, L.B.; “Comprehensive Heterocyclic Chemistry”,

Compound C-1  ortho  meta para Katritzky, A.R.; Rees, C.W.; Potts, K.T.; Pergamon Press
Ltd., Oxford, England, (1984), Vol. 6, p. 365, and

2 -62 +17  +0.4 +15 references cited therein.
6 -68 +06 +01  +09 2 Clapp, L.B.; “Advances in Heterocyclic Chemistry”,
Katritzky, A.R., Ed. Academic Press, New York, N.Y.,

1976, Vol. 20, p. 65.
3 Srivastava, RM.; Mendes e Silva, LM.; J. Chem. and
128.6 125.9 Eng. Data, (1984), 29, 221.
N“2 4 Srivastava, R.M.; Viana, M.B.A.B.; Bieber, L.;J. Hetero-
129.9 , cycl. Chem,, (1984), 21, 1193.
— 152.7 S Ooi, N.S.; Wilson, D.A.;J. Chem. Soc., Perkin II, (1980),
\ N —OH 1972.
11 132.5 ¢ Dimsdale, M.J.;J. Heterocycl. Chem., (1981), 18, 37.

pounds 2 and 6 were obtained by subtracting the values
of benzamidoxime carbons (Table 5).

ACKNOWLEDGMENT

The authors express their gratitude to the Brazilian
National Research Council (CNPq) for financial help.
Ms. Jane E. Hawkes of Imperial College, London, recorded
the > C NMR spectra of all compounds for which we are
thankful. We are grateful to Dr. R. Kandiyoti for his
interest. Thanks are also due to Drs. Fred Fujiwara and
Anita J. Mamaioli, both from the Universidade Estadual
de Campinas, Campinas, Sdo Paulo, for their help and to
Marilu L. de Oliveira for technical assistance in the labo-
ratory.

7 Arbasino, M.; Gruenanger, P.; Chim. Ind. (Milan),
(1963), 45, 1238.

8 Srivastava, R.M.; Freire, M.V.S.; Chaves, ASS.C.;
Beltrdo, T.M.; Carpenter, G.B.; J. Heterocycl. Chem.,
(1987), 24, 101.

® Stothers, J.B.; “C-13 NMR Spectroscopy”, Academic
Press, New York,N.Y., (1972), p. 255.

19 Buchanan, G.W.; Montaudo, G.; Finocchiaro, P.; Can. J.
Chem., (1973), 51, 1053.

11 Levy, G.C.; Richter, R.L.; Nelson, G.L.; “C-13 Nuclear
Magnetic Resonance Spectroscopy”, Second Edition,
John Wiley and Sons, New York,N.Y., (1980), 111.

12 Pereira, A.M.G.; Brinn, L.M.; Srivastava, R.M.; Martin,
L.;J. Chem. Soc., Faraday Trans. II, (1984), 80, 763.

13 Buchanan, G.W.; Montaudo, G.; Finocchiaro, P.; Can.
J. Chem., (1974), 52, 767.

14 Lotjonen, S.; Ayras, P.; Finn. Chem. Lett., (1978),
260.

QUIMICA NOVA 12(3) (1989) 223






