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ABSTRACT

The reactions of electron-rich benzoic acid derivatives with N-
i socyaniminotriphenyl phosphorane proceed smoothly at room tempera-
ture to afford 2-aryl-1,3,4-oxadiazoles in high yields.

© 2015 Trade Science Inc. - INDIA

INTRODUCTION

Within the past decade, the resurgence of inter-
est in multicomponent reactions (MCRs) has been
driven, not only dueto their convergent nature, Su-
perior atom economy, and straightforward experi-
mental proceduresbut also because of their valueto
the pharmaceutical industry for construction of low
molecular weight compound libraries through com-
binatorial strategies and paralldl synthesis. Iso-
cyanide-based multicomponent condensation reac-
tions (IMCRs) by virtue of their synthetic potential,
their inherent atom efficiency, convergent nature, ease
of implementation and the generation of molecular
diversity, have attracted much attention because of
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the advantagesthat they offer

to the field of synthesis chemistry®>19. Since
1,3,4-oxadiazoles are an important class of hetero-
cyclic compounds, they not only have considerable
implications in medicinal chemistry as surrogates
of carboxylic acids, esters, and carboxamides but
also awide range of pharmaceutical and biological
activitiesincluding antimicrobial, anti-fungal, anti-
inflammatory, and antihypertensive™. For the syn-
thesisof 1,3,4-oxadiazolederivatives, severa meth-
ods have been reported in theliterature. It should be
mentioned these methods are multi-step in na-
turel2*3, The intramolecular version of the aza-
Wittig-type reaction has attracted considerable at-
tention recently because of its high potentia for the
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synthesis of awide variety of nitrogen heterocycles,
which can be attributed, in good measure, to the
rapid progress in the preparation of functionalized
iminophosphoranes. The nucleophilicity at the ni-
trogen is a factor of essential mechanistic impor-
tancein the use of theseiminophosphoranes as aza-
Wittig reagents. Iminophosphoranesareimportant re-
agents in synthetic organic chemistry, especially in
the synthesis of naturally occurring products, com-
pounds with biological and pharmacological activ-
ity(*18_ |n recent years, several synthetic methods
have been reported for the preparation of N-
isocyanoi minotriphenyl phosphorane; 2)'9%%, There
aresevera reportson theuseof 2 inthe synthesis of
metal complexes’®2%, However, application of 2in
the synthesis of organic compoundsisfairly rare?>
23, As part of our ongoing program to develop effi-
cient and robust methods for the preparation of or-
ganic compoundsg?+?”, we sought to develop acon-
venient preparation of 2-aryl-1,3,4-oxadiazole de-
rivatives 5a-5h. Herein, we report a two-compo-
nent reaction, which, starting from smpleand readily
available electron-rich benzoic acid derivatives af-
fords 2-aryl-1,3,4-oxadiazoles 5a-5h in a one-pot
reaction with N-isocyaniminotriphenyl phosphorane
2 (Schemel).

X S} @®
OH |, (C=N—N=PPh,

Y
W

CH,Cl, 0]
—_— =
r.t.

= Pyl Paper
RESULTSAND DISCUSSION

Recently, 1,3,4-oxadiazoles have been the ob-
ject of intense research in organic synthesisand me-
dicinal chemistry, and severa procedures have been
reported for the synthesis of this heterocyclic com-
pounds which are multi-step in naturg 223

Herein, wedescribeanovel and straightforward
approach for the synthesis of oxadiazoles via one-
pot reaction of electron-rich benzoic acid deriva-
tives and N-isocyaniminotriphenyl phosphoranefol-
lowed by aaza-Wittig cyclization in CH,CI,, at am-
bient temperaturein excellent yields (Scheme 1 and
Figure and Table).

Thereaction proceeds smoothly and cleanly un-
der mild conditions and no side reactions were ob-
served. The mechanism of the reaction between the
electron-rich benzoic acid derivative 1 and N-
Isocyani minotriphenyl phosphorane 2 has not been
established experimentally.

However, a possible explanation is proposed in
Scheme 2. Onthebasisof thewell established chem-
istry of isocyanides', it is reasonable to assume
that the protonation of 2 by carboxylic acid 1 fol-
lowed by quenching of the cationic center by the
conjugate base of the carboxylic acid can generate
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W

Scheme 1 : Preparation of 2-aryl-1,3,4-oxadiazoles 5a-h from 4-substituted electron-rich benzoic acids (See figure

and table and Text)

TABLE 1 : Synthesis of disubstituted 1,3,4-oxadiazole derivatives 5 (See scheme 1 and figure)

Compound Z X Y W
5a H H F H
5b H -OCH, H -OCH,
5c H -OCHs -OCH3 -OCHg
5d H H -Ph H
5e -Ph H H H

Hz
5f fHN&CHs H H H
o\
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product |[5a  5b 5¢ 5d 5e 5f 5g 5h
Yield (%)l 84 72 76 80 80 89 72 88
Figure 1 : Two-component synthesis of disubstituted 1,3,4-oxadiazole derivatives 5a-h (see table and text)
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Scheme 2 : Proposed mechanism for the formation of disubstituted 1,3,4-oxadiazole derivatives 5a-h

@)A;a/m'c CHEMISTRY ¢—

Au Judian Jowrual



OCAlJ, 11(12) 2015

Ali Ramazani et al.

449

iminophosphorane. Intramol ecular aza-Wittig reac-
tion of iminophosphorane 4 would lead to the for-
mation of 2-aryl-1,3,4- oxadiazoles 5 and
triphenylphosphine oxide 6 (Scheme 2). The struc-
tures of the products 5a-h were deduced from their
IR, Mass, 'H NMR, and *C NMR spectra. For ex-
amplethe IR spectrum of 5ashowed strong adsorp-
tions at 3071.86 (CH, aromatic); 1615.38 and
1500.02 (C=C, aromatic); 1238.46 and 746.15
(oxadiazole and aromatic parts) cnr? indicating the
presence of the mentioned functionalitiesin itsfor-
mula. The *H NMR spectrum of 5a compound ex-
hibited three signals readily recognized as arising
from aromatic moiety [6=7.18-7.26 (d, 2 H,
8JHH=7.5 Hz, arom.), 8.06-8.13 (d, 2 H, 3JHH =
7.5Hz, arom.)] and aCH of oxadiazolering (6=8.47,
s, 1 H). The *H decoupled *C NMR spectrum of 5a
showed six distinct resonances 166.94(1C,
oxadiazole) ; 163.43(d, 1C, 'J_=66.87Hz, arom);
152.61(1CH, oxadiazole), 129.41(d, 2CH,
*J=8.75Hz, arom) 119.78(s,1C, arom), 116.5(d,
2CH, 2J=22.5Hz arom) that arein agreement with
the formula and structure of 5a. Partial assignment
of these resonancesisgiven in the spectral analysis
section (See experimental section). The*H and ©*C
NMR spectra of compounds 5b-h were similar to
those of 5a, except for thearomatic or heteroaromatic
moi eties, which exhibited characteristic signalswith
appropriate chemical shifts.

In summary, we have found a new method for
the preparation of 2-aryl-1,3,4-oxadiazoles 5 from
the substituted el ectron-rich benzoic acid derivatives
1 and N-isocyaniminotri phenyl phosphorane 2 in ex-
cellent yields under neutral conditions (Ramazani
1,3,4-oxadiazole synthesis). We believe that there-
ported method offersamild and simpleroutefor the
preparation of these derivatives. Its ease of work-
up and reaction conditionsmake it auseful addition
to modern synthetic methodologies. Other aspects
of this process are under investigation.

CONCLUSION
In conclusion, we have developed an efficient

and smple procedurefor preparation of 2-aryl-1,3,4-
oxadiazolesusing electron-rich benzoic acid deriva
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tives and N-isocyani minotriphenyl phosphorane. This
method possesses very simple route and the reac-
tion is carried out under neutral conditions. Further
application of the use of thisreagent in combination
iIsunder investigation.

EXPERIMENTAL

Starting materials and solvents were obtained
from Merck (Germany) and Fluka (Switzerland) and
were used without further purification. Melting
points were measured on an Electrothermal 9100
apparatus. The elemental analyses were performed
with an Heraeus CHN-O-Rapid anal yzer. Mass spec-
tra were recorded on a Finnigan-MAT 8430 mass
spectrometer operating at an ionization potential of
70 eV. IR spectra were recorded on a Jasco 6300
FTIR spectrometer. *H and **C NMR Spectrawere
recorded on a measured (CDCI, solution) with a
BRUKER DRX-250 AVANCE spectrometer at 250.0
and 62.5 MHz, respectively. All productsare known
and were characterized by IR, NMR and mass spec-
tra. N-isocyaniminotri phenyl phosphorane 212 were
prepared based on known procedures.

General procedure for the preparation of com-
pounds5

To a magnetically stirred solution of N-
isocyaniminotriphenylphosphorane 2 (0.302 g, 1
mmol) indry CH,CI, (7mL), asolution of electron-
rich benzoic acid derivatives 1 (1 mmol) in dry
CH.CI,, (4 mL) was added dropwise over 15 min.
The mixture was stirred for 12 h at room tempera-
ture. The solvent was removed under reduced pres-
sure, and the viscous residue was purified by flash
column chromatography [silicagel; petroleum ether/
ethyl acetate (10:2)]. The solvent was removed un-
der reduced pressure, and the product 5 was ob-
tained. The characterization data of the compounds
are given below:

2-(4-fluor ophenyl)-1,3,4-oxadiazole (5a)

White crystal, m.p: 142.1°C (Yield 84%). H
NMR (CDCl,): 8.47(s, 1H, oxadiazole) ; 8.13-
8.06(m, 2H, arom) ; 7.26-7.18 (m, 2H, arom). C
NMR(62.5 MHz, CDCL,) ¢ (ppm): 166.94(1C,
oxadiazole) ; 163.43(d, 1C, *J_=66.87Hz, arom) ;
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152.61(1CH, oxadiazole), 129.41(d, 2CH,
*J=8.75Hz, arom) 119.78(s,1C, arom), 116.5(d,
2CH, 2 =22.5Hz arom).

IR (neat): v = 3071.86, 2931.56, 1615.38,
1500.02, 1238.46, 846.15, 746.15

MS, m/z(%): 43(86), 57(31), 77(94), 105(100),
149(56), 164(10).

2-(3,5-Dimethoxy-phenyl)-[1,3,4] oxadiazole (5b)

White crystals, m.p: 113.3-114.1 °C (Yield
72%). 'H NMR (CDCI,) 5, 8.48 (s, 1H,
oxadiazole), 7.21 (s, 2H, arom); 6.63(s, 1H, arom);
3.86 (2s, 6H, CH,). ®*C NMR (CDCl,)
0.:164.70(1C, oxadiazole); 161.17(1CH,
oxadiazole); 152.65 (2CH, arom), 124.89(1C,
arom); 104.81 and 104.49(3CH, arom); 55.60 (2CH,
OCH,).

IR(KBr) (v, .cm): 3146.15, 3115.38, 2969.23,
2938.46, 1607.69, 1561.54, 1469.23, 1361.54,
1215.38, 1161.54, 1046.15, 838.46 MS, m/z (%):
41(45), 43(100), 57(44), 75(40), 91(10), 105(12),
122(11), 149(53) 167(18) 206(23).

2-(3,4,5-Trimethoxy-phenyl)-[1,3,4]oxadiazole
(5¢)

Whitecrystal, m.p: 131.5-132.5°C (Yield 76%).
'H NMR (CDCl,): 8.48 (s, 1H, oxadiazole); 7.30
(s, 2H, arom); 3.94 and 3.91 (2s, 9H, CH,). °C
NMR(62.5 MHz, CDCI,) ¢ (ppm): 164.62 (1C,
oxadiazole), 153.65(1CH, oxadiazole); 152.54,
141.18 and 118.50(3c, arom); 104.22 (2CH, arom);
60.98 and 56.30 (3CH, CH.,).

IR (neat): v = 3130.77, 1600.01, 1500.10,
1423.08, 1246.15, 1130.77, 861.54

MS, m/z (%): 53(4), 66(4), 77(7), 107(6),
151(9), 193(11), 221(52), 236(100).

2-Biphenyl-4-yl-[1,3,4] oxadiazole (5d)

Whitecrystal, m.p: 154.7-155.1°C (Yield 80%).
'HNMR (CDCl,): 8.49 (s, 1H, oxadiazole), 8.15(d,
%J,,=8.5Hz, 2H, arom); 7.75 (d, *J,,=8.75Hz, 2H,
arom); 7.66-7.62(m, 2H, arom); 7.52-7.40(m, 3H,
arom). *C NMR(62.5 MHz, CDCIl,) J (ppm):
164.43(1C, oxadiazole); 152.61(1CH, oxadiazole);
144.74, 139.668, 122.22(3C, arom); 129.00, 128.25,
127.74; 127.56, 127.15(9CH, arom).

IR (neat): v = 3107.69, 3007.69, 1638.46,
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1484.62, 1415.38, 1115.38, 1107.69, 738.46
MS, m/z (%): 41(5), 43(8), 57(10), 115(8),
152(31), 181(100), 221(12).

2-Biphenyl-2-yl-[1,3,4]oxadiazole (5€)

Viscoseoil (Yield 80%). 'H NMR (CDCl,): 8.21
(s, 1H, oxadiazole); 8.00-7.93 (m, 1H, arom); 7.65-
7.59(m, 1H, arom); 7.55-7.50 (m, 1H, arom); 7.49-
7.43 (m, 2H, arom);7.37-7.34 (m,2H, arom), 7.27-
7.21(m, 2H, arom). *C NMR(62.5 MHz, CDCIl,) ¢
(ppm): 165.39 (1C, oxadiazole); 152.85 (1CH,
oxadiazole); 142.21, 140.14, 122.48(3C, arom);
131.61, 131.03, 130.67, 128.60, 128.33, 127.70,
127.66(9CH, arom).

IR (neat): v = 3030.77; 1640.23; 1469.23;
1284.62; 1123.08

MS, m/z (%):41(3), 43(4), 57(3), 77(5), 115(2),
152(41), 181(100), 221(10).

(2,3-Dimethyl-phenyl)-(2-[1,3,4] oxadiazol-2-yI-
phenyl)-amine (5f).

Yellow crystals, m.p: 118.1-119.5°C (Yield
89%). '"H NMR (CDCl,): 9.11 (s, 1H, NH); 8.45 (s,
1H, oxadiazole); 7.87 (d, °J,,=7.8Hz, 1H, arom);
7.31-7.05(m, 4H, arom); 6.88-6.77(m, 2H, arom);
2.33(s, 3H, CH,); 2.23(s, 3H, CH,). ®*CNMR(62.5
MHz, CDCl,) ¢ (ppm): 164.72(1C, oxadiazole);
150.96(1CH, oxadiazole); 146.22, 138.57, 138.28,
105.79(4C, arom), 132.76, 128.31, 127.08, 125.98,
123.39, 116.76, 113.64(7CH, arom).

IR (neat): v = 3316.38, 3138.46, 2930.77,
1615.38, 1584.62, 1507.69, 1453.85, 1323.08,
1276.92, 746.15

MS, m/z (%):41(48), 43(81), 57(42), 77(67),
91(30), 149(33), 167(21), 180(45), 194(100),
208(62), 223(65), 241(58), 265(59) 266(15).

2-Naphthalen-2-yl-[1,3,4] oxadiazole (59)

Yellow crystals, m.p: 149.8-150.0°C (Yield
72%). 'H NMR (CDCl,): 8.48 (s, 1H, oxadiazole);
8.15(d, 1H,%J, = 2Hz, arom); 8.04-7.90(m, 4H,
arom); 7.62-7.59(m, 2H, arom). ¥*C NMR(62.5
MHz, CDCl,) ¢ (ppm): 167.83(1C, oxadiazole);
160.44(1CH, oxadiazole); 134.82, 130.00,
128.42(3C, arom); 132.47, 129,39, 128.58, 128.51,
128.11, 127.37, 124.44(7CH, arom).

IR (neat): v = 3007.69, 1661.54, 1530.77,
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1269.23, 1207.69, 1030.77
MS, Mz (%): 41(4), 51(30), 69(10), 127(81),
155(100), 186(5), 196(34).

2-Benzo[1,3]dioxol-5-yl-[1,3,4] oxadiazole (5h)

Whitecrystals, m.p: 144.3-145.1°C (Yield 88%).
'H NMR (CDCl,): 8.44 (s, 1H, oxadiazole); 7.65-
7.61(m, 1H, arom); 7.52(d, 1H,%J,, =1.8Hz, arom);
6.93 (d, 1H, 3], =8.3 Hz, arom); 6.08 (s, 2H, CH,).
3C NMR(62.5 MHz, CDCl,) ¢ (ppm): 164.49(1C,
oxadiazole); 152.25(1CH, oxadiazole); 150.81,
148.31 and 117.27(3C, arom); 122.23, 108.86 and
107.13(3CH, arom), 101.80(1CH.,).

IR (neat): v = 3138.46, 2961.54, 1492.31,
1276.92, 1038.46

MS, nVz (%): 41(18), 43(100), 63(19), 75(19),
91(6), 104(7), 121(12), 134(7), 149(64), 190(36).
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