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ZINC-MEDIATED FACILE AND EFFICIENT
CHEMOSELECTIVE S-ALKYLATION OF
5-ARYL-1,3,4-OXADIAZOLE-2-THIOLS IN THE
ABSENCE OF BASE

M. S. R. Murty,1 Rayudu Venkateswara Rao,1 Kesur R. Ram,1

N. Rami Reddy,1 J. S. Yadav,1 and B. Sridhar2
1Organic Chemistry Division I, Indian Institute of Chemical Technology,
Hyderabad, India
2Laboratory of X-ray Crystallography, Indian Institute of Chemical
Technology, Hyderabad, India

Zinc-mediated facile and efficient chemoselective S-alkylation of 5-aryl 1,3,4-oxadiazole-2-

thiols in the presence of a catalytic amount of tetra butyl ammonium iodide was described.

The reaction was performed under neutral conditions. The chemoselectivity of the

alkylation was confirmed by NMR spectroscopy and x-ray crystallography.
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INTRODUCTION

The 1,3,4-oxadiazole derivatives are useful in the fields of medicinal and
pesticide chemistry as well as in polymer science.[1–4] The 1,3,4-oxadiazole ring is
associated with many types of biological activities such as HIV integrase inhibi-
tory,[5] anti-inflammatory,[6–8] antibacterial and antifungal,[9–11] and hypoglycemic[12]

activities. In particular, mercapto substituted-1,3,4-oxadiazole derivatives are found
to show anti-hepatitis B virus (HBV) activity.[13]

N-Arylpiperazines are considered ‘‘privileged’’ templates in drug discovery.[14]

Piperazines are important pharmacophores found in many drugs, such as the Merck
HIV protease inhibitor Crixivan.[15] Aryl piperazines are regarded as potential
therapeutics for anxiety and depression.[16]

The S-alkylation of 5-substituted-1,3,4-oxadiazole-2-thiols has been
reported with various bases such as K2CO3,

[17] NaOH,[18] KOH,[19] Et3N,[20]

NaOMe,[21] and NaOAc.[22] The synthetic utility of zinc is well established in
the literature for various chemical reactions. Zinc has drawn the attention of
many researchers because it is easily availabile, inexpensive, and nontoxic.[23]

As a part of our continuing efforts to develop simple, efficient, economical,
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and environmentally benign synthetic methods using zinc dust,[24] we have
demonstrated a convenient zinc-mediated method for the S-alkylation of
5-aryl-1,3,4-oxadiazole-2-thiol with 1-(3-chloropropyl)-4-substituted piperazines
in the absence of base.

RESULTS AND DISCUSSION

We have carried out zinc-mediated S-alkylation of 5-aryl-1,3,4-
oxadiazole-2-thiols with 1-(3-chloropropyl)-4-substituted piperazines in the
absence of base (Scheme 1). The products were obtained in excellent yields
and high purity.

The oxadiazole thiol was alkylated with 1-(3-chloropropyl)-4-substituted
piperazines using K2CO3 and a catalytic quantity of tetra butyl ammonium iod-
ide (TBAI), which in acetonitrile solvent gave the product in good yield. The
same reaction in the presence of zinc dust did not form the alkylated product.
Equimolar quantities of various 5-substituted-1,3,4-oxadiazole-2-thiols were
reacted with 1-(3-chloropropyl)-4-substituted piperazines in the presence of zinc
dust and catalytic amounts of TBAI in tetrahydrofuran (THF) solvent, which
produced exclusively the S-alkylated product in excellent yield with high purity
(Table 1). The reaction was also investigated for the possibility of using zinc
dust in catalytical or less than stoichiometric quantities. High yields of the pro-
ducts with excellent purity were obtained with 1 equivalent of zinc dust. The
products were characterized by their spectral data. The 1H NMR spectrum is
the indicative for the determination of the S-alkylated isomer. The 1H NMR
of the compound in entry 5 showed a chemical shift at d 3.37, which is typi-
cal[25] for S-CH2 protons.

X-ray crystallography was undertaken on a representative compound
(entry 5) to further confirm the structural isomer. A crystal of compound
(entry 5) was grown by slow evaporation from hexane and the chloroform
mixture, and the S-alkylated isomer was proved by single-crystal x-ray analysis
of the compound (entry 5, Fig. 1).

The reusability of zinc dust was studied for entries 3 and 8 (Table 2). The zinc
dust was reactivated and reused in further runs, and no remarkable loss in activity
was observed. (Used zinc was treated with 10% HCl, washed with water and acetone,
and dried in an oven for 2 h at 120–130 �C.) This makes the process more
economical.

Scheme 1. Synthesis of 5-aryl-2-S-alkylated-1,3,4-oxadiazole.
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Figure 1. X-ray crystal structure (entry 5). Displacement ellipsoids are drawn at the 30% probability level,

and H atoms are shown as small spheres of arbitrary radii.

Table 2. Recyclability studies of zinc dust for entries 3 and 8

Run Yield (%) of 3 Yield (%) of 8

1 90 88

2 87 88

3 86 85

4 84 82

5 84 82

Table 1. 5-Substituted-2-[3-(4-arylpiperazinyl)] propylthio-1,3,4-oxadiazoles

Entry

Oxadiazole

thiol Piperazine Producta
Time

(min)

Yield

(%)b

1 X¼o-Me X¼o-Me, Y¼Ph 55 85

2 X¼p-Me X¼p-Me, Y¼Ph 55 95

3 X¼p-Cl X¼p-Cl, Y¼Ph 45 90

4 X¼o-Me X¼o-Me, Y¼ 50 88

5 X¼p-Me X¼p-Me, Y¼ 40 92

6 X¼p-Cl X¼p-Cl, Y¼ 40 90

7 X¼o-Me X¼o-Me, Y¼Bn 60 84

8 X¼p-Me X¼p-Me, Y¼Bn 60 88

9 X¼p-Cl X¼p-Cl, Y¼Bn 55 90

aAll products were characterized by 1H NMR, ESI-HRMS, and IR spectroscopy.
bIsolated yields after column chromatography.
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CONCLUSION

In conclusion, we have demonstrated an easy, convenient, and highly efficient
approach for the chemoselective synthesis of 5-aryl-2-S-alkylated-1,3,4-oxadiazole
derivatives. The reaction was performed using zinc dust as a recyclable catalyst with
a catalytic amount of TBAI under neutral conditions. The products were obtained in
good yields with excellent purity, and the workup is easy, thus making the process
simple, economical, environmentally benign, and useful in organic synthesis.

EXPERIMENTAL

Melting points were determined on a Buchi capillary melting-point apparatus.
The 1H NMR (200MHz and 300MHz) were recorded on Varian Gemini and Bruker
Avance spectrometers using tetramethylsilane (TMS) as an internal standard. Electro-
spray ionization–mass spectra (EIS-MS) were recorded on an Agilent Technologies
LC=MSD SL single quadrupole (Agilent ChemStation software). High-resolution
mass spectra (HRMS) were recorded on a high-resolution QSTAR XL hybrid MS=
MS system (Applied Biosystems) under ESI conditions with sample solutions prepared
in MeOH. Infrared (IR) spectra were recorded on a Perkin-Elmer IR 683.

X-Ray Crystallographic Analysis

The crystal system was monoclinic, and the space group was P21=c. The unit
cell dimension were as follows: a¼ 12.2372(10) Å, b¼ 10.3618(9) Å, c¼ 14.4945 Å,
and b¼ 105.853(1)�. Data collection yielded 19845 reflections, resulting in 3741
unique, averaged reflections, 2761 with I> 2r(I), and h range: 1.73–25.00�. The
structure was solved by direct methods using SHELXS-97[26] and refined by
full-matrix least-squares refinement using SHELXL-97[26], leading to a final
R¼ 0.0472, wR¼ 0.1182, and GOF¼ 1.034. Intensity data were measured on a
Bruker Smart Apex with CCD area detector. CCDC 713379 contains supplementary
crystallographic data for the structure.

Typical Procedure for the Synthesis of 2-[3-(4-
(4-Fluorophenyl)piperazinyl)] Propylthio-5-[4-methylphenyl]-
1,3,4-oxadiazoles (Entry 5)

In a typical procedure, 5-(4-methylphenyl)-1,3,4-oxadiazole-2-thiol (1.0 g,
5.2mmol) and 1-(3-chloropropyl)-4-(4-fluorophenyl)piperazine (1.39 g, 5.2mmol)
were taken in THF (20ml) and mixed well for 5min. Zinc dust (0.34 g, 5.2mmol)
and a catalytic amount of TBAI (0.0192 g, 0.052mmol) were added. The reaction
mixture was refluxed for 40min. After completion, the reaction mixture was filtered,
and the solid was washed with THF (2� 5ml). The combined filtrate was concen-
trated, and the product was purified by flash-column chromatography.

Characterization Data for the Products, Entries 1–9

Entry 1. Brown viscous liquid; 1H NMR (CDCl3, 200MHz) d: 7.85 (d,
J¼ 7.3Hz,1H), 7.45–7.12 (m, 5H), 6.92–6.72 (m, 3H), 3.38 (t, J¼ 7.3Hz, 2H),
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3.24–3.10 (m, 4H), 2.69 (s, 3H), 2.67–2.51 (m, 6H), 2.09 (quintet, J¼ 7.3Hz, 2H). IR
(KBr): 3059, 2930, 2818, 1598, 1548, 1470, 1380, 1234, 1188, 1133, 1041, 998, 951,
761, 725, 692 cm�1; ESI-MS: m=z 395.0 (Mþ 1).

Entry 2. Light yellow solid; mp 90–92 �C; 1H NMR (CDCl3, 200MHz) d: 7.87
(d, J¼ 7.8Hz, 2H), 7.30–7.13 (m, 4H), 6.90–6.73 (m, 3H), 3.37 (t, J¼ 7.0Hz, 2H),
3.22–3.11 (m, 4H), 2.65–2.50 (m, 6H), 2.42 (s, 3H), 2.08 (quintet, J¼ 7.0Hz, 2H).
IR (KBr): 3026, 2923, 2817, 1569, 1501, 1472, 1291, 1235, 1179, 1064, 951, 824,
754, 692 cm�1; ESI-MS: m=z 395.0 (Mþ 1); ESI-HRMS for C22H26N4OS: found:
394.1840; calcd: 394.1827.

Entry 3. White solid; mp 113–115 �C; 1H NMR (CDCl3, 200MHz) d: 7.94 (d,
J¼ 8.8Hz, 2H), 7.46 (d, J¼ 8.8Hz, 2H), 7.26–7.14 (m, 2H), 6.90–6.75 (m, 3H), 3.39
(t, J¼ 6.6Hz, 2H), 3.24–3.13 (m, 4H), 2.73–2.53 (m, 6H), 2.11 (quintet, J¼ 6.6Hz,
2H). IR (KBr): 3047, 2938, 1598, 1462, 1238, 1190, 1008, 847, 753 cm�1; ESI-MS:
m=z 416 (Mþ 1). ESI-HRMS for C21H23N4OSCl: found: 414.9498; calcd: 414.9500.

Entry 4. Yellow oily liquid; 1H NMR (CDCl3, 300MHz) d: 7.87 (d, J¼ 7.6Hz,
1H), 7.42–7.26 (m, 3H), 6.97–6.77 (m, 4H), 3.38(t, J¼ 6.8Hz, 2H), 3.14–3.04 (m, 4H),
2.71 (s, 3H), 2.65–2.50 (m, 6H), 2.10 (quintet, J¼ 6.8Hz, 2H). IR (KBr): 2930, 2817,
1604, 1548, 1509, 1470, 1381, 1231, 1189, 1042, 1002, 951, 821, 771, 724, 671 cm�1;
ESI-MS: m=z 413 (Mþ 1).

Entry 5. White solid; mp 131–133 �C; 1H NMR (CDCl3, 300MHz) d: 7.88 (d,
J¼ 7.6Hz, 2H), 7.26 (d, J¼ 7.6Hz, 2H), 6.94–6.86 (m, 2H), 6.85–6.78 (m, 2H), 3.37
(t, J¼ 6.8Hz, 2H), 3.13–3.03 (m, 4H), 2.64–2.50 (m, 6H) 2.43 (s, 3H), 2.08 (quintet,
J¼ 6.8Hz, 2H). IR (KBr): 2947, 2818, 1612, 1508, 1473, 1238, 1179, 1063, 828,
720 cm�1; ESI-MS: m=z 413.2 (Mþ 1); ESI-HRMS for C22H26N4OFS: found
413.1806; calcd. 413.1811.

Entry 6. Pale yellow solid; mp 133–134 �C; 1H NMR (CDCl3, 200MHz) d:
7.94 (d, J¼ 8.5Hz, 2H), 7.46 (d, J¼ 8.5Hz, 2H), 6.96–6.78 (m, 4H), 3.38 (t,
J¼ 7.0Hz, 2H), 3.15–3.06 (m, 4H), 2.67–2.53 (m, 6H), 2.08 (quintet, J¼ 7.0Hz,
2H). IR (KBr): 3089, 2938, 2818, 2776, 1603, 1510, 1459, 1356, 1238, 1184, 1087,
1007, 951, 816, 721, 693 cm�1; ESI-MS: m=z 432.8 (Mþ 1). ESI-HRMS for
C21H22ClFN4OS: found 432.1193; calcd. 432.1187.

Entry 7. Brown viscous liquid; 1H NMR (CDCl3, 200MHz) d: 7.86 (d,
J¼ 6.8Hz, 1H), 7.40–7.15 (m, 8H), 3.47 (s, 2H), 3.34 (t, J¼ 6.8Hz, 2H), 2.71 (s,
3H), 2.54–2.39 (m, 10H), 2.04 (quintet, J¼ 6.8Hz, 2H). IR (KBr): 3060, 2937,
2810, 1605, 1550, 1471, 1350, 1189, 1156, 1042, 1007, 950, 729, 700 cm�1; ESI-MS:
m=z 409.0 (Mþ 1); ESI-HRMS for C23H28N4OS: found 408.1997; calcd. 408.1983.

Entry 8. Brown solid; mp 54–56 �C. 1H NMR (CDCl3, 300MHz) d: 7.84 (d,
J¼ 8.3Hz, 2H), 7.31–7.15 (m, 7H), 3.49 (s, 2H), 3.31 (t, J¼ 7.6Hz, 2H), 2.58–2.42
(m, 10H), 2.39 (s, 3H), 2.03 (quintet, J¼ 7.6Hz, 2H). IR (KBr): 3028, 2941, 2803,
2768, 1962, 1654, 1613, 1556, 1468, 1407, 1344, 1286, 1179, 1136, 1066, 1006, 940,
821, 738, 694 cm�1; ESI-MS: m=z 409 (Mþ 1).

Entry 9. Light yellow solid; mp 68–69 �C. 1H NMR (CDCl3, 200MHz) d: 7.93
(d, J¼ 8.3Hz, 2H), 7.45 (d, J¼ 8.3Hz, 2H), 7.32–7.15 (m, 5H), 3.48 (s, 2H), 3.34
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(t, J¼ 6.8Hz, 2H), 2.56–2.36 (m, 10H), 2.03 (quintet, J¼ 6.8Hz, 2H). IR (KBr):
2922, 2803, 1605, 1470, 1403, 1089, 830, 727 cm�1; ESI-MS: m=z 429.8 (Mþ 1);
ESI-HRMS for C22H25ClN4OS: found 429.1500; calcd. 429.1515.

ACKNOWLEDGMENT

R. V. R., K. R. R., and N. R. R are grateful to the Council of Scientific and
Industrial Research (CSIR), New Delhi, India, for the research fellowships.

REFERENCES

1. (a) Tully, W. R.; Cardner, C. R.; Gillespie, R. J.; Westwood, R. 2-(Oxadiazolyl)- and
2-(thiazolyl)imidazo[1,2-a]pyrimidines as agonists and inverse agonists at benzodiazepine
receptors. J. Med. Chem. 1991, 34(7), 2060–2067; (b) Chen, C. Y.; Senanayake, C. H.; Bill,
J. C. H.; Larsen, R. D.; Verhoeven, T. R.; Reider, P. J. Improved Fischer indole reaction

for the preparation of N,N-dimethyltryptamines: Synthesis of L-695,894, a potent
5-HT1D receptor agonist. J. Org. Chem. 1994, 59(13), 3738–3741; (c) Dogan, H. N.;
Duran, A.; Rollas, S.; Sener, G.; Uysal, M. K.; Gulen, D. Synthesis of new
2,5-disubstituted-1,3,4-thiadiazoles and preliminary evaluation of anticonvulsant and

antimicrobial activities. Bioorg. Med. Chem. 2002, 10, 2893–2898.
2. (a) Shi, W.; Qian, X.; Zhang, R.; Song, G. Synthesis and quantitative structure–activity

relationships of new 2,5-disubstituted-1,3,4-oxadiazoles. J. Agric. Food Chem. 2001,
49(1), 124–130; (b) Chen, H.; Li, Z.; Han, Y. Synthesis and fungicidal activity against
Rhizoctonia solani of 2-alkyl (alkylthio)-5-pyrazolyl-1,3,4-oxadiazoles (thiadiazoles). J.
Agric. Food Chem. 2000, 48(11), 5312–5315.

3. (a) Meng, H.; Hung, W. Novel photoluminescent polymers containing oligothiophene and
m-phenylene-1,3,4-oxadiazole moieties: Synthesis and spectroscopic and electrochemical
studies. J. Org. Chem. 2000, 65(13), 3894–3901; (b) Bottino, F. A.; Pasquale, G. D.;

Iannelli, P. Synthesis, characterization, and study of the thermal properties of new
poly(arylene ether 1,3,4-oxadiazole)s. Macromolecules 2001, 34(1), 33–37; (c) Chen,
Z.-K.; Meng, H.; Lai, Y.-H.; Huag, W. Photoluminescent poly(p-phenylenevinylene)s
with an aromatic oxadiazole moiety as the side chain: Synthesis, electrochemistry, and

spectroscopy study. Macromolecules 1999, 32(13), 4351–4358.
4. (a) Perez, M. A.; Bermejo, J. M. Synthesis of multidentate 1,3,4-oxadiazole-, imine-, and

phenol-containing macrocycles. J. Org. Chem. 1993, 58(9), 2628–2630; (b) Lee, D. W.;

Kwon, K.-Y.; Jin, J. I.; Park, Y.; Kim, Y.-R.; Hwang, I.-W. Luminescence properties
of structurally modified PPVs: PPV derivatives bearing 2-(4-tert-butylphenyl)-5-
phenyl-1,3,4-oxadiazole pendants. Chem. Mater. 2001, 13(2), 565–574.

5. Ogata, M.; Atobe, H.; Kushida, H.; Yamamoto, K. In vitro sensitivity of mycoplasmas
isolated from various animals and sewage to antibiotics and nitrofurans. J. Antibiot.
1971, 24(7), 443–451.

6. Mullican, M. D.; Wilson, M. W.; Conner, D. T.; Kostlan, C. R.; Schrier, D. J.; Dyer, R. D.
Design of 5-(3,5-di-tert-butyl-4-hydroxyphenyl)-1,3,4-thiadiazoles, -1,3,4-oxadiazoles, and
-1,2,4-triazoles as orally active, nonulcerogenic anti-inflammatory agents. J. Med. Chem.
1993, 36(8), 1090–1099.

7. Boschelli, D. H.; Connor, D. T.; Bornemeier, D. A.; Dyer, R. D.; Kennedy, J. A.; Kuipers,
P. J.; Okonkwo, G. C.; Schrier, D. J.; Wright, C. D. 1,3,4-Oxadiazole, 1,3,4-thiadiazole,
and 1,2,4-triazole analogs of the fenamates: In vitro inhibition of cyclooxygenase and
5-lipoxygenase activities. J. Med. Chem. 1993, 36(13), 1802–1810.

SYNTHESIS OF 5-ARYL-2-S-ALKYLATED-1,3,4-OXADIAZOLE 2919

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
So

ut
h 

C
ar

ol
in

a 
] 

at
 2

2:
28

 2
2 

Ju
ly

 2
01

3 



8. Raman, K.; Singh, K. H.; Salzman, S. K.; Parmar, S. S. Substituted thiosemicarbazides
and corresponding cyclized 1,3,4-oxadiazoles and their anti-inflammatory activity. J.
Pharm. Sci. 1993, 82(2), 167–169.

9. Husain, M. I.; Kumar, A.; Srivastava, R. C. Synthesis of N-(2-naphthyloxy acetyl)thio-
semicarbazides and 2-arylamino-5-(2-naphthyloxymethyl)-1,3,4-thiodiazoles=oxadiazoles
as oral hypoglycemic agents. Current Sci. 1986, 55(14), 644–646.

10. Giri, S.; Singh, H.; Yadav, L. D. S. Studies in oxadiazoles synthesis of some
2-mercapto-1,3,4-oxadiazoles and related compounds as potential fungicides. Agr. Biol.
Chem. 1976, 40(1), 17–21.

11. Adhikari, V. A.; Badiger, V. V. Synthesis and biological activities of isoxazolo [5,4-d]
pyrimidinyl-oxymethyl-thiadiazoles, -oxadiazoles, and -triazoles. Indian J. Chem. 1988,
27B, 542–547.

12. Sahin, G.; Palaska, E.; Kelicen, P.; Demirdamar, R.; Altinok, G. Synthesis of some
new 1-acylthiosemicarbazides, 1,3,4-oxadiazoles, 1,3,4-thiadiazoles, and 1,2,4-triazole-3-
thiones and their anti-inflammatory activities. Arzneim.-Forsch.=Drug Res. 2001, 51(1),
478–484.

13. Chin Tan, T. M.; Chen, Y.; Kong, K. H.; Bai, J.; Li, Y.; Lim, S. G.; Hong Ang, T.; Lam,
Y. Synthesis and the biological evaluation of 2-benzenesulfonylalkyl-5-substituted-
sulfanyl-[1,3,4]-oxadiazoles as potential anti-hepatitis B virus agents. Antiviral Res.
2006, 71(1), 7–14.

14. Facor, D. A.; Johnson, D. S.; Powers, J. J.; Li, T.; Madabattula, R. Synthesis of chroma-
nyl and dihydrobenzofuranyl piperazines. Tetrahedron Lett. 2007, 48(17), 3039–3041.

15. (a) Vacca, J. P.; Dorsey, B. D.; Schleif, W. A.; Levine, R. B.; McDaniel, S. L.; Darke, P. L.;
Zugay, J.; Quintero, J. C.; Blahy, O. M.; Sardana, B. B.; Schlabach, A. J.; Graham, P. I.;
Condra, J. H.; Gotlib, L.; Holloway, M. K.; Lin, J.; Chen, I. W.; Vastag, K.; Ostovic, D.;
Anderson, P. S.; Emini, E. A.; Huff, J. R. L-735,524: An orally bioavailable human
immunodeficiency virus type 1 protease inhibitor. Proc. Natl. Acad. Sci. USA 1994, 91,
4096–4100; (b) Vacca, J. P.; Dorsey, B. D.; Schleif, W. A.; Levine, R. B.; McDaniel, S.

L.; Darke, P. L.; Zugay, J.; Quintero, J. C.; Blahy, O. M.; Sardana, B. B.; Schlabach,
A. J.; Graham, P. I.; Condra, J. H.; Gotlib, L.; Holloway, M. K.; Lin, J.; Chen, I. W.;
Vastag, K.; Ostovic, D.; Anderson, P. S.; Emini, E. A.; Huff, J. R. L-735,524: The design

of a potent and orally bioavailable HIV protease inhibitor. J. Med. Chem. 1994, 37(21),
3443–3451; (c) Askin, D.; Eng, K. K.; Rossen, K.; Purick, R. M.; Wells, K. M.; Volante,
R. P.; Reider, P. J. Highly diastereoselective reaction of a chiral, nonracemic amide

enolate with (S)-glycidyl tosylate: Synthesis of the orally active HIV-l protease inhibitor
L-735,524. Tetrahedron Lett. 1994, 35(5), 673–676; (d) Rossen, K.; Weissman, S. A.;
Sagar, J.; Reamer, R. A.; Askin, D. A.; Volante, R. P.; Reider, P. J. Asymmetric hydro-
genation of tetrahydropyrazines: Synthesis of (S)-piperazine-2-tert-butylcarboxamide, an

intermediate in the preparation of the HIV protease inhibitor indinavir. Tetrahedron Lett.
1995, 36(36), 6419–6422.

16. Cliffe, I. A.; Fletcher, A. Advances in 5-HT1A antagonist research. Drugs Future 1993,
18(7), 631–642.

17. Siracusa, M. A.; Salerno, L.; Modica, M. N.; Pittal, V.; Romeo, G.; Amato, M. E.;
Nowack, M.; Bojarski, A. J.; Mereghetti, I.; Cagnotto, A.; Mennini, T. Synthesis of
new arylpiperazinylalkylthiobenzimidazole, benzothiazole, or benzoxazole derivatives as
potent and selective 5-HT1A serotonin receptor ligands. J. Med. Chem. 2008, 51(15),
4529–4538.

18. Afshin, Z.; Mehrdad, F.; Bijan, S.; Avideh, A.; Hamid, R. K.; Vahideh, Z.; Sayyed, A. T.;
Abbas, S. Design and synthesis of new 2-substituted-5-(2-benzylthiophenyl)-1,3,4-
oxadiazoles as benzodiazepine receptor agonists. Bioorg. Med. Chem. Lett. 2005, 15(12),
3126–3129.

2920 M. S. R. MURTY ET AL.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
So

ut
h 

C
ar

ol
in

a 
] 

at
 2

2:
28

 2
2 

Ju
ly

 2
01

3 



19. El-Emam, A. A.; Al-Deeb, O. A.; Al-Omar, M.; Lehmann, J. Synthesis, antimicrobial,
and anti-HIV-1 activity of certain 5-(1-adamantyl)-2-substituted thio-1,3,4-oxadiazoles
and 5-(1-adamantyl)-3-substituted aminomethyl-1,3,4-oxadiazoline-2-thiones. Bioorg.
Med. Chem. 2004, 12(19), 5107–5113.

20. Milda, M. B.; Virginija, J.; Giedrute, M.; Emilija, U.; Romualdas, S.; Povilas, V. Synthesis
and anti-inflammatory activity of derivatives of 5-[(2-disubstituted amino-6-methyl-
pyrimidin-4-yl)-sulfanyl methyl]-3H-1,3,4-oxadiazole-2-thiones. Farmaco 2004, 59,
767–774.

21. Li, Y.; Liu, J.; Zhang, H.; Yang, X.; Liu, Z. Stereoselective synthesis and fungicidal activi-
ties of (E)-a-(methoxyimino)-benzeneacetate derivatives containing 1,3,4-oxadiazole ring.
Bioorg. Med. Chem. Lett. 2006, 16(8), 2278–2282.

22. Farghaly, A. R.; El-Kashef, H. Synthesis of some new azoles with antiviral potential.
Arkivoc 2006, 11, 76–90.

23. (a) Arora, R.; Paul, S.; Gupta, R. A mild and efficient procedure for the conversion of
aromatic carboxylic esters to secondary amides. Can. J. Chem. 2005, 83(8), 1137–1140;
(b) Bandgar, B. P.; Pandit, S. S.; Nagargoje, S. P. Zinc-mediated simple and practical
synthesis of sulfides. Sulfur Lett. 2002, 25(6), 247–249.

24. (a) Murty, M. S. R.; Rami Reddy, N.; Yadav, J. S. Zinc-mediated novel and efficient
method for N-sulfonylation of amines in the absence of base. J. Sulfur Chem. 2006,
27(6), 589–593; (b) Murty, M. S. R.; Jyothirmai, B.; Radha Krishna, P.; Yadav, J. S.
Zinc-mediated alkylation of cyclic secondary amines. Synth. Commun. 2003, 33(14),
2483–2486.

25. Sarva, M. C.; Romeo, G.; Guerrera, F.; Siracusa, M.; Salerno, L.; Russo, F.; Cagnotto,
A.; Goeganb, M.; Mennini, T. [1,2,4]Triazole derivatives as 5-HT1A serotonin receptor
ligands. Bioorg. Med. Chem. 2002, 10, 313–323.

26. Sheldrick, G. M. SHELXS-97 and SHELXL-97: Programs for Crystal Structure Solution
and Refinement; University of Gottingen: Germany, 1997.

SYNTHESIS OF 5-ARYL-2-S-ALKYLATED-1,3,4-OXADIAZOLE 2921

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
So

ut
h 

C
ar

ol
in

a 
] 

at
 2

2:
28

 2
2 

Ju
ly

 2
01

3 


