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The study reports a  series of 2-amino-5-disubstituted-1,3,4-oxadiazoles (2a-j)  and 2-
ethyl-5-disubstituted-1,3,4-oxadiazoles (4a-h) have been synthesized. 2-Amino-5-substituted-
1,3,4-oxadiazoles were prepared by oxidative cyclization  of semicarbazone analogues (1a-j) 
using lead tetraacetate.The substituent at C-5 of compounds 2a-h, 2i and 2j were aryl, indolyl 
and pyridyl groups, respectively. The 4' substituted products were obtained in better yield 
than the 2' substituted products. Synthesis of 2-ethyl-5-substituted-1,3,4-oxadiazoles were 
carrided out by cyclization  of hydrazide analogues (3a-h) in the presence of triethyl 
orthopropanoate, gave the products in moderate yields. Compounds 4a-d, 4e-f and 4g-h 
contained the aryl, indolyl and pyridyl groups at C-5 of the molecules, respectively.The final 
products were purified by column chromatography or recrystallization. Structures of the 
compounds were elucidated by analysis of spectroscopic data (UV, IR, 1H NMR, 13C NMR 
and MS).  
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 ��673�89/�$������ก�� 1,3,4-oxadiazole ��������#("#:�8!;��$<#&=�7�#(
' �ก' �) �*%-ก. ����#("#:�8!;+%����>?�$�ก (antitumor) �<.� 5-(1-(4-chlorophenyl)-4-
hydroxy-1Hpyrazole-3-yl)-2-phenylamino-1,3,4-oxadiazole (1) -  � 5-(1-(4-chloro- 
phenyl) -4-hydroxy-1H pyrazole-3-yl)-2-phenyl-1,3,4-oxadiazole (2) -�*$:�8!;)3�)3?$
��  9"���M$<�!*  leukaemia, non-small cell lung cancer, colon cancer, CNS cancer, 
melanoma, ovarian cancer, renal cancer, pro- state cancer - � brest cancer 
��ก0�ก�#?)3$-�*$:�8!;+%���&�3�+3��3ก����# (hepatitis-C virus (HCV)) (Rostom; et al. 
2003. 959-974) �1+����$��%�$ *3$=�7���ก�� 1 
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 ����#("#:�8!;+%��06 <#7 (antimicrobial) �<.� 2-[[α-(benzoyloxy)-α-phenyl acetyl] 
amino]-5-(4-methoxyphenyl)-1,3,4-oxadiazole (3a), 2-[[α-(4-methoxy benzoyl oxy)-α-
phenylacetyl]amino]-5-(4-methoxyphenyl)-1,3,4-oxadiazole (3b),  2-[[α-(4-methyl 
benzoyloxy)-α-phenylacetyl]amino]-5-(4-methoxyphenyl)-1,3,4-oxadiazole (3c),2-[[α-
(4-nitrobenzoyloxy)-α-methylacetyl]amino]-5-(4-methoxy phenyl)-1,3,4-oxadiazole 
(3d) �*)������ก�� 3a  3b  - � 3d -�*$:�8!;+%��-���#��#)��)73�869 Staphylococcus 
aureus ATCC 6538 �.&�������ก�� 3c -�*$:�8!;+%��-���#��#)��)73�869 
Staphylococcus epidermidis ATCC 12228 ( Kocabalkanli; et al. 2001: 975-579) ���
2-(2-{4-[5-(2,3-dichlorophenyl)[1,3,4]oxadiazol-2-yl]-phenoxy} ethyl)-5-ethyl pyridine 
(4) - � 2-(2-{4-[5-(2,4-dichlorophenyl) [1,3,4] oxadiazol-2-yl]-phenoxy}ethyl)-5-
ethylpyridine (5) -�*$:�8!;+%�� Bacillus substilis, Escherichia coli, Pseudomonas 

fluorescens, Xanthomonas campestris, Xanthomonas oryzae - �-�*$:�8!;+%�� 
Aspergillus niger, Aspergillus flavus, Fusarium oxysporum, Trichoderma sp., 
Fusarium monaliforme, Penicillum sp. (Gaonkar; et al. 2006 : 841-846) ��ก0�ก�#?)3$
7�&.� 2-amino-5-(1-naphthyl oxymethyl)-1,3,4-oxadiazole (6) - � 2-amino-5-(2-
naphthyl oxymethyl)-1,3,4-oxadiazole (7) -�*$:�8!;+%��  S. aureus ATCC 25923,  
E.coli ATCC 25922,  Pseudomonas aeruginosa ATCC 27853, Candida albicans 
ATCC 90028, Candida krusei ATCC 6258, Candida parapsilosis ATCC 22018 
( Sahin; et al. 2002: 539-542)  �1+����$��%�$ *3$=�7���ก�� 2 
               

NN

O

CH3O

NH C
O

CH O
R

C
O

R'

(3)
 

 
 
 

N O

NN

O

Cl
Cl

N O

NN

O

Cl

Cl  
 
(4)      (5) 

 
=�7���ก�� 2  ��673�89 1,3,4-oxadiazole �#("#:�8!;+%��06 <#7 

(3a)   R  = phenyl    R' =  phenyl 
(3b)   R  = phenyl   R' =  p-methoxyphenyl 
(3c)   R  = phenyl    R' =  p-methylphenyl 
(3d)   R  = methyl       R' =  p-nitrophenyl 
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O
NN

O NH2                              

O
NN

O NH2  
                              (6)                      (7)  

 

=�7���ก�� 2 (+.�) ��673�89 1,3,4-oxadiazole �#("#:�8!;+%��06 <#7 
  

����#("#:�8!;+%��ก���3ก��� (anti-inflammatory) �*%-ก.  2-[5-(3-methoxyphenyl)-
1,3,4-oxadiazol-2-yl]-4-nitro-1H-indole (8a), 2-[5-(2-chloropyridin-3-yl)-1,3,4-oxadiazol 
-2-yl]-4-nitro-1H-indole (8b), 2-[5-(2-chlorophenyl)-1,3,4-oxadiazol-2-yl]-6-nitro-1H-
indole (8c), 2-{5-(4-fluorophenyl)vinyl]-1,3,4-oxadiazol-2-yl}-6-nitro-1H-indole (8d), 2-
[5-(2-chlorophenyl)-1,3,4-oxadiazol-2-yl]-5-nitro-1H-indole (8e), 2-{5-[2-(4-fluorophe 
nyl)vinyl]-1,3,4-oxadiazol-2-yl}-7-nitro-1H-indole (8f) �*) *��ก���&"��%�2�'�1 
(Narayana; et al. 2005: 4638-4644) �1+����$��%�$ *3$=�7���ก�� 3 

 
 

 

NH

NN

O Ar

NO2

 
                                                                                

 
 
 

=�7���ก�� 3 �����673�89 1,3,4-oxadiazole �#("#:�8!;+%��ก���3ก��� 
 

����#("#:�8!;+%��ก��<3ก (anticovulsant) �*%-ก. 2-amino-5-(2-benzyl thiophenyl)-
1,3,4-oxadiazole (9a), 2-amino-5-(2-(4-fluorobenzylthio)phenyl)-1,3,4-oxadiazole (9b) 
(Zarghi; et al. 2005: 3126-3129) 2-methylthio-5-(2-benzylthiophenyl)-1,3,4-
oxadiazole (10) - � 2-amino-5-[2-(2-fluorophenoxy)phenyl]-1,3,4-oxadiazole (11) 
(Almasirad; et al. 2004:6057-6059) �1+����$��%�$ *3$=�7���ก�� 4 

 
 
 
 

(8a)  4-nitro   Ar = m-methoxyphenyl   
(8b)  4-nitro   Ar = 2-chloro-3-pyridyl   
(8c)  6-nitro   Ar = o-chlorophenyl    
(8d)  6-nitro   Ar = 2-(p-fluorophenyl)vinyl     
(8e)  5-nitro   Ar = o-chlorophenyl    
(8f)  7-nitro    Ar = 2-(p-fluorophenyl)vinyl 

(8) 
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S CH2

NN

O NH2
S CH2

F

NN

O NH2

 
 
 

            (9a)                                                 (9b) 
 

 

S CH2

NN

O S CH3
O

NN

O NH2

F

 
     

                (10)                (11) 
 

=�7���ก�� 4 ��673�89 1,3,4-oxadiazole �#("#:�8!;+%��ก��<3ก 
 

����#("#:�8!;+%��ก���'�#()&�,� histamine H3-receptor �*%-ก. 3-(1H-imidazol-4-yl) 
propyl-4-(5-methyl-1,3,4-oxadiazol-2-yl)phenyl ether (12) (Grabmann; et al.  2002:  
367-378) �1+����$��%�$ *3$=�7���ก�� 5 

 

 

N

NH

O

NN

O CH3

 

        (12)  
  

=�7���ก�� 5 �1+����$��%�$/�$ 3-(1H-imidazol-4-yl) propyl-4-(5-methyl-1,3,4- 
      oxadiazol-2-yl) phenyl ether    
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0�ก��)$��ก��&!03)0��'M�&.�������ก�� 2,5-disubstituted-1,3,4-oxadiazoles 
�#("#'"1.-���#(�#(+,�-'�.$ 2 ����'"1. amino "#:�8!;��$<#&=�7�#(' �ก' �)  �.&���673�89�#("#
'"1.-���#(�#(+,�-'�.$ 2 ���� aliphatic hydrocarbon "#m1%noกp��.��/%�$�%�)  �.&�2'q.��%�
ก��noกp��#("#'"1.-���#(����'"1. aryl  *3$�3?�m1%&!03)0o$��202�ก���3$�����'9 2,5-
disubstituted-1,3,4-oxadiazoles �#("#'"1.-���#(�#(+,�-'�.$ 2 ����'"1. amino - � ethyl 
�7>(�2'%�*%���$��%�$�#(' �ก' �)�#(��*&.�0�"#:�8!;��$<#&=�7 
 
"#	��$%���	&'(�ก	*#
+�& 
 1.  �7>(�noกp�&!8#ก���3$�����'9������ก��<6*2'".�#(����������ก�� 2,5-
disubstituted-1,3,4-oxadiazoles 
 2.  �7>(�&!�����'9���$��%�$/�$m !+=3rs9�#(�*%�*)2<%����!���$���ก�������t 
 

"#	�,�	"�-'(�ก	*#
+�& 
 1.   �*%������ก��2�ก 6." 2,5-disubstituted-1,3,4-oxadiazoles �#(��*&.�"#:�8!;
��$<#&=�7 
 2.  �*%�$�9�&�"�1%�ก#()&ก3���"#/�$������ก�� 2,5-disubstituted-1,3,4-
oxadiazoles 
 

'(�.'/'(�ก	*#
+�& 
 1.  ก���3$�����'9�����673�89 2-amino-5-disubstituted-1,3,4-oxadiazoles 2<%
�u!ก!�!)� oxidative cyclization /�$��673�89 semicarbazone ก3� lead tetraacetate �o($
*3*-� $0�ก&!8#/�$ �ก���� ก���  ���#� - ����1ก (Kocabalkanli; Ates; & Ötük. 
2001: 975-979)   *3$�"ก�� 
 

 

reflux

Pb(OAc)4

NN

O NH2

R C
O

H +
CH3CH2OH

R N NH C
O

R

NH2C
O

HN NH2H2N

CH3CH2OH
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           R=  2'-methoxyphenyl,     4'-methoxyphenyl 
                                                      2'-bromophenyl,       4'-bromophenyl 
                                                      2'-nitrophenyl,          4'-nitrophenyl 
                                                      2'-hydroxyphenyl,     4'-hydroxyphenyl 
                                                      indol-3'-yl,               1'-methylpyrrol-2'-yl 
 
 2. ก���3$�����'9�����673�89 2-ethyl-5-disubstituted-1,3,4-oxadiazoles 2<%
��673�89 ester '�>� benzoyl chloride �,��u!ก!�!)�ก3�  hydrazine hydrate - ��,��{!ก!�!)� 
cyclization *%&)  triethyl  orthopropanoate  �o($*3*-� $0�ก &!8#/�$-ก��-"� - ���
�>(�| (Grabmam; et al. 2002: 367-378) *3$�"ก�� 

 

C
O

R O CH2 CH3 + H2N NH2 H2O
CH3CH2OH

reflux R C
O

NH NH2

reflux CH3CH2C(OC2H5)3

NN

OR CH2CH3

C
O

R O CH3

or

or

C
O

R Cl

 

             

     R  =  phenyl,         2'-hydroxyphenyl  
                                             2'-chlorophenyl,    4'-chlorophenyl 
                                                                indol-2'-yl,           indol-3'-yl methyl 
                                    pyridin-2'-yl,         pyridin-3'-yl     
 

 

 

 

 

 

 

   



 7 

�
&	�0�1�2.31	4 
 1. ED50 (median effective dose) �>� �.��&�"�/%"/%�/�$����#(2<%2�ก���* �$
�#(�,�2'%�3+&9�#(� #?)$�&%2�ก 6."�* �$+�)������o($'�o($/�$ก 6."�&��6" "#'�.&)���� "!  !ก�3"
+.�ก!� ก�3" (mg/kg) 
 2. GI50 (median growth inhibitory concentration)  �>� �.��&�"�/%"/%�/�$���
�#(2<%2�ก���* �$-�*$ก��)3�)3?$ก���0�!q�+!��+/�$��  9�#(� #?)$�&%2�ก 6."�* �$ * $
������o($'�o($/�$ก 6."�&��6" "#'�.&)�����"����"  ��9 (µM) 
 3. LD50 (median lethal dose)  �>� �.���!"�r����#(2<%2�ก���* �$�#(�,�2'%��  9
�#(� #?)$�&%2�ก 6."�* �$+�)������o($'�o($/�$ก 6."�&��6" "#'�.&)���� �"����"  ��9 (µM)
 4. MIC (minimium inhibitory concentration ) �>� �.��&�"�/%"/%���!"�r+(,��6*
/�$����#(2<%2�ก���* �$�#(-�*$ก��)3�)3?$'�>��.���  9�#(� #?)$�&%2�ก 6."�* �$  "#'�.&)
�����"���ก�3"+.�"!  ! !+� (µg/mL) 
 5. TGI (total growth inhibitory concentration)  �>�  �&�"�/%"/%�/�$��!"�r
����#(-�*$ก��)3�)3?$ก���0�!q�+!��+/�$��  9�#(� #?)$�&%2�ก 6."�* �$ "#'�.&)�����"���
�"  ��9(µM) 
 6. MES (maximal electroshock) �>� ��!"�rก��-�������#(�,�2'%�3+&9�* �$
+�)������o($'�o($/�$ก 6."�&��6" "#'�.&)������!�9� (Hz),"!  !-�"-��9 (mA) - �&!���# (s) 
 

     

 

 

 

     

 



����� 2 
��ก
��
��������������ก�������� 

 
ก�����������ก��������ก��ก��
�������������������� 1,3,4-oxadiazoles 

 

 ���ก����	
��

� (Hughes; et al. 2008. 4896-4899) $%&'(ก)*ก*+�,-�	+*�./ 5-[1,3,4-
oxadiazole-2-yl]-N-aryl-4,6-pyrimidine (16) @%A
B*�
CD,
E/ ester (13) F*GB*HIJกJ+JA*ก,K 
hydrazine ���GB*HIJกJ+JA*LM�ก,Kก+%	*+/K�กNJ�JกO.&�
CD,
E/  hydrazide (15) �F�
�GB*HIJกJ+JA* 
cyclization %&QA tosyl chloride O.&R�JLS,TU/%,-S*DH+�ก�K 6 
 

BnO

Cl NH

N

N

OCH3

NH2

O
NH2NH2  H2O
CH3CH2OH

reflux

BnO

Cl NH

N

N

NH

NH2

O

EDCI, DMF

RCO2H

NH2

BnO

Cl NH

N

N

NH

NH2

O

NH R

OTsCl, Et3N

DCM

BnO

Cl NH

N

N NH2

NN

O R

(13) (14)

(15)(16)
 

 
 

S*DH+�ก�K 6 ก*+�,-�	+*�./  5-[1,3,4-xadiazole-2-yl]-N-aryl-4,6-pyrimidine (16) @%AOb&   
      tosyl chloride 
 

 K*�+�%� ���	
��

� (Barradas; et al. 2008. 2468-2474) $%&'(ก)*ก*+�,-�	+*�./ 5-
halophenyl-2-(1,2-O-isopropylidene-α -D-xylo-tetrafuranosyl)-1,3,4-oxadiazoles (19a-f) @%A
B* 
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1,2-O-isopropylidene-α -D-xylopentadialdo-1,4-furanose (17) F*GB*HIJกJ+JA*ก,K benzoyl 
hydrazines $%&�
CD,
E/ hydrazone (18) 
B*F*GB*HIJกJ+JA* cyclization %&QA PIDA %,-S*DH+�ก�K 7 
 

OHO

OO
CH3

H3C

OH

OO
CH3

H3C

NNHR

O

benzoyl hydrazine

THF

PIDA
CH3OH

OH

OO
CH3

H3C

N
N O

R

(17) (18)

(19)
 

       

                                                             (19a)  R = o-chlorophenyl     (19b) R = o-bromophenyl 
         (19c)  R = m-chlorophenyl    (19d) R = m-bromophenyl 
         (19e)  R = p-chlorophenyl     (19f)  R = p-bromophenyl 
 

S*DH+�ก�K 7 ก*+�,-�	+*�./ 5-halophenyl-2-(1,2-O-isopropylidene-α -D-xylo-tetrafuranosyl)-   
      1,3,4-oxadiazoles (19a-f) 
 

 ก*+J�A�	 �*QG ���K*�G (Gavrilyuk; Lough; & Batey. 2008: 4746-4749) $%&'(ก)*ก*+
�,-�	+*�./ 5-substituted-2-arylamino 1,3,4-oxadiazole (22) n*กก*+GB*HIJกJ+JA* cyclization 
�
CD,
E/ acylthiosemicarbazide (21) %&QA HgCl2 ���$%&'(ก)*HIJกJ+JA* one-pot o�- Boc-
protected amino acid hydrazines (20) $%&R�JLS,TU/ N-Boc-protected-5-substituted-2-arylamino-
1,3,4-oxadiazole (23) %,-S*DH+�ก�K 8 
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Boc NH

HN NH2

R

O

ArNCS, CH2Cl2
rt, 20 min

Boc NH

HN NH NH

R

O

S R'

1. 20% TFA/CH2Cl2
rt, 15 h

2. HgCl2, Et3N, CH3CN
rt, 12 h

NN

O
H2N NHR

R'

(20) (21)

(22)
 

 

Boc NH

HN NH2

R

O

1. ArNCS, CH2Cl2
rt, 20 min

2. HgCl2, Et3N, CH3CN
rt, 12 h

NN

O
HN NHR

R'

(20) (23)

Boc

 
 

S*DH+�ก�K 8 ก*+�,-�	+*�./ 5-substituted-2-arylamino-1,3,4-oxadiazole (22) ��� Boc- 
      protected-5-substituted-2-arylamino-1,3,4-oxadiazole (23) 
 

 nJ
 ���	
��

� (Jin; et al. 2008: 7373-7380) $%&'(ก)*HIJกJ+JA*ก*+�,-�	+*�./ 4-(5-
phenyl-1,3,4-oxadiazole-2-yl) phenol (26) @%AGB*HIJกJ+JA* cyclization N'-benzoyl-4-
hydroxybenzo hydrazide  (25) %&QA SOCl2 %,-S*DH+�ก�K 9 
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NH
NH2

HO

O
BzCl

pyridine
NH

HN

HO

O

O

SOCl2

NN

O

HO

(24) (25)

(26)  
S*DH+�ก�K 9 ก*+�,-�	+*�./ 4-(5-phenyl-1,3,4-oxadiazole-2-yl) phenol (26) 

 

 @+L*FJ�*�%G����กF	*+/ (Rostamizadeh, & Ghamkhar. 2008: 639-642) $%&'(ก)*
HIJกJ+JA*ก*+�,-�	+*�./ 2,5-disubstituted-1,3,4-oxadiazole (29a-r) @%A
B* acid hydrazide (27) GB*
HIJกJ+JA*ก,K benzoyl chloride (28) ���GB*HIJกJ+JA* cyclization LM�%&QA phosphorus pentoxide %,-
S*DH+�ก�K 10 

R NH
NH2

O
+ R' Cl

O P2O5

CH3CN

NN

OR R'

(27) (28) (29)
 

 

(29a) R = phenyl  R' = phenyl               (29j) R = phenyl            R' = 2,4-dichlorophenyl 
(29b) R = phenyl  R' = p-nitrophenyl       (29k) R = p-chlorophenyl  R' = phenyl 
(29c) R = phenyl  R' = p-chlorophenyl     (29l) R = p-chlorophenyl  R' = p-chlorophenyl 
(29d) R = phenyl  R' = p-bromophenyl    (29m) R = p-chlorophenyl R' = p-methylphenyl 
(29e) R = phenyl  R' = p-methylphenyl    (29n) R = p-chlorophenyl  R' = p-nitrophenyl 
(29f) R = phenyl   R' = p-methoxyphenyl (29o) R = methyl             R' = phenyl 
(29g) R = phenyl  R' = furyl                  (29p) R = methyl             R' = p-nitrophenyl 
(29h) R = phenyl  R' = m-nitrophenyl      (29q) R = phenyl             R' = methyl 
(29i) R = phenyl   R' = o-nitrophenyl       (29r) R = phenyl              R' = 2,4-dinitrophenyl 
 

S*DH+�ก�K 10 ก*+�,-�	+*�./ 2,5-disubstituted-1,3-4-oxadiazole (29a-r) @%AOb& phosphorus     
      pentoxide 
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�v ���	
��

� (Liu; et al. 2008: 3632-3640) $%&'(ก)*ก*+�,-�	+*�./�
CD,
E/ 5-(3,4,5-
trimethoxyphenyl)-1,3,4-oxadiazole-2-thiol (34) @%AGB*HIJกJ+JA* cyclization �*+ 3,4,5-trimethoxy 
phenyl hydrazide (33) %&QA carbon disulphide %,-S*DH+�ก�K 11 

 

HO

HO
OH

OH

O

+ (CH3)2SO4
10% NaOH
35% HCl

H3CO

H3CO
OCH3

OH

O

CH3OH
98% H2SO4
reflux

H3CO

H3CO
OCH3

OCH3

O

NH2NH2  H2O

CH3OH
reflux

H3CO

H3CO
OCH3

NH

O

NH2

KOH, CS2C2H5OH
reflux, 6 h

NN

O SHH3CO

H3CO
OCH3

(30) (31)

(32)
(33)

(34)
 

 

S*DH+�ก�K 11 ก*+�,-�	+*�./  5-(3,4,5-trimethoxyphenyl)-1,3,4-oxadiazole-2-thiol (34) 
 

Kb*
%*$+ ���	
��

� (Bhandari; et al. 2008: 1822-1831) $%&'(ก)*ก*+�,-�	+*�./ S-
substituted phenacyl-1,3,4-oxadiazole (39a-h) @%A
B*�
CD,
E/ hydrazide (37) GB*HIJกJ+JA* 
cyclization %&QA carbon disulphide O.&R�JLS,TU/ 5-[2-(2,6-dichloroanilino)benzyl]2-mercapto-
1,3,4-oxadiazole (38) ��&QGB*HIJกJ+JA*LM�ก,K substituted acetophenones %,-S*DH+�ก�K 12 
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C
O

OH

NH
ClCl

(35)

CH3CH2OH
conc. H2SO4

C
O

OC2H5

NH
ClCl

(36)

CH3CH2OH

NH2NH2  H2O
C
O

NH

NH
ClCl

(37)

NH2

CH3CH2OH
CS2, KOH

NH
ClCl

(38)

NN

O SH
NH

ClCl

(39)

NN

O S R
CCH3

O

pyridine, reflux

CH2 C
O

R

 
(39a)  R = 4-nitrophenacyl  (39b)  R = 3-methoxyphenacyl 
(39c)  R = 3,4-dimethoxyphenacyl (39d)  R = 3,4-dichlorophenacyl 
(39e)  R = 4-hydroxyphenacyl  (39f)  R = 3-nitrophenacyl 
(39g)  R = 4-bromophenacyl  (39h)  R = 3-hydroxyphenacyl 
 
S*DH+�ก�K 12 ก*+�,-�	+*�./�
CD,
E/ S-substituted phenacyl-1,3,4-oxadiazole (39a-h)  
      @%AOb& carbon disulphide 
 
 @D�bvGGJQ*+ ���Q*+F* (Polshettiwar; & Varma. 2008: 879-883) $%&'(ก)*ก*+�,-�	+*�./
�
CD,
E/ 1,3,4-oxadiazole (42) Gv
$%&n*กก*+GB*HIJกJ+JA*+�.QM*-�
CD,
E/ hydrazide (40) ก,K 
orthoester (41) @%AOb& solid support Nafion® NR50 O
 microwave %,-S*DH+�ก�K 13 
 

R NH

O

NH2
+

O
OR'
O

Nafion  NR50

microwave

NN

OR R'

(40) (41) (42)

R

 
R  = phenyl,  p-fluorophenyl, p-methylphenyl,  
       2-furyl, 2-thienyl, 4-pyridyl 

              R' = H, ethyl, phenyl 
 

S*DH+�ก�K 13 ก*+�,-�	+*�./�
CD,
E/ 1,3,4-oxadiazole (42) @%AOb& solid support Nafion®  
      NR50 O
 microwave 
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 �v �b* ���.Q- (Liu;  Zhao; & Huang. 2007: 303-315) $%&'(ก)*ก*+�,-�	+*�./ 2,5-bis-(4-
bromophenyl)-[1,3,4] oxadiazole (46) @%AOb& 4-bromobenzohydrazide (44) GB*HIJกJ+JA*ก,K 4-
bromobenzoyl chloride $%&�
CD,
E/ N,N'-bis(4-bromophenyl)-[1,3,4]oxadiazole (45) ���GB*
HIJกJ+JA* cyclization @%AOb& phosphorus oxychloride %,-S*DH+�ก�K 14 
 

Br C
O

OCH3
H2NNH2  H2O

CH3OH, reflux
Br C

O
NH NH2

Br

Cl

O

pyridine

Br C
O

NH NH C
O

Br
POCl3
refluxBr Br

NN

O

(43) (44)

(45)(46)  
S*DH+�ก�K 14 ก*+�,-�	+*�./ 2,5-bis-(4-bromophenyl)-[1,3,4] oxadiazole (46) @%AOb&  
      phosphorus  oxychloride 
 

%*KJ$+ ���	
��

� (Dabiri; et al. 2006: 6983-6986) $%&'(ก)*ก*+�,-�	+*�./ 2,5-
disubstituted 1,3,4-oxadiazole (49a-t ) Gv
$%&n*กก*+GB*HIJกJ+JA*+�.QM*-�
CD,
E/ hydrazide (47) 
ก,K aromatic aldehyde (48)@%AOb& ceric ammonium nitrate (CAN) O
dichloromethane  
%,-S*DH+�ก�K 15 

 

 
R C

O
NH NH2 + R' C

O
H

CAN, reflux
CH2Cl2, (dry)

NN

OR R'  
             (47)                          (48)                                   (49) 
 

(49a)  R = phenyl   R' =  phenyl                (49k) R =  p-chlorophenyl   R'  =  phenyl 
(49b)  R = phenyl   R' =  p-nitrophenyl        (49l ) R =  4-pyridyl   R' =  phenyl      
(49c)  R = phenyl   R' =  m-nitrophenyl       (49m) R = 4-pyridyl    R' =  p-nitrophenyl 
(49d)  R = phenyl   R' =  p-chlorophenyl        (49n) R =  4-pyridyl   R' =  m-nitrophenyl 
(49e)  R = phenyl   R' =  p-methyphenyl      (49o) R =  4-pyridyl   R' =  p-chlorophenyl        
(49f )  R = phenyl   R' =  p-methoxyphenyl   (49p) R =  4-pyridyl   R' =  p-methyphenyl         
 
S*DH+�ก�K 15  ก*+�,-�	+*�./�
CD,
E/ 2,5-disubstituted-1,3,4-oxadiazole (49a-t) @%AOb&  
      ceric ammomium  nitrate  
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 (49g)  R = phenyl   R' =  2-furyl          (49q) R =  4-pyridyl   R' =  p-methoxyphenyl        
(49h)  R = phenyl   R' = 3-pyridyl                (49r)  R =  4-pyridyl   R' =  o-hydroxyphenyl 
(49i)   R = phenyl   R' =  2,3-dichlorophenyl  (49s) R = p-chlorophenyl  R' =  p-nitrophenyl      
(49j )  R = phenyl   R' =  ethyl                    (49t)   R  =  p-chlorophenyl  R' =  n-propyl 
 

S*DH+�ก�K 15 (LM�) ก*+�,-�	+*�./�
CD,
E/ 2,5-disubstituted-1,3,4-oxadiazole (49a-t) @%AOb&  
      ceric ammomium  nitrate  
 

           �ก*
	*+/ $+ ���D+*
��Q*Fv (Gaonkar; Rai; & Prabnuswamy. 2006: 841-846) $%&'(ก)*
ก * + �, - � 	 + * � ./  2-{4-[2-(5-ethylpyridin-2-yl)ethyoxy]phenyl}-5-substituted-1,3,4-oxadiazoles 
derivatives (56a-k) @%A�+J
Fn*ก ก*+�L+vAF ester (51) n*ก aromatic acid (50)  ��&Q
B*F*GB*
HIJกJ+JA*ก,K hydrazine hydrate (52)  $%&R�JLS,TU/ aroylhydrazine (53)  �F�
�
B*�*+ (53) GB*
HIJกJ+JA*ก,K 4-[2-(5-ethylpyridyl) ethoxy] benzaldehyde(54) $%&R�JLS,TU/ aroyl hydrazone (55) 
���GB*HIJกJ+JA* oxidative cyclization @%AOb& chloramine-T %,-S*DH+�ก�K 16 
 

R C
O

OH
CH3CH2OH

conc.H2SO4
R C

O
O CH2 CH3

+ CH3CH2OH
R C

O
NH NH2

( 50 ) ( 51 ) ( 52 ) ( 53  )

N
( 54 )

chloramine-T

CH3CH2OH

( 55 )( 56  )

O

H

O

N O

N NH R

ON O

NN

O R

NH2NH2  H2O

 
(56a)   R  =  2,3-dichlorophenyl (56f)    R  =  p-nitrophenyl 
(56b)   R  =  phenyl   (56g)   R  =  o-nitrophenyl 
(56c)   R  =  p-chlorophenyl        (56h)   R  =  4-tolyl 
(56d)   R  =  2,4-dichlorophenyl (56i)    R  =  2-tolyl 
(56e)   R  =   p-methoxyphenyl  (56j)    R  =  3-pyridyl 
                                                   (56k)   R  =  4-pyridyl 
 
S*DH+�ก�K 16   ก*+�,-�	+*�./�
CD,
E/ 2-{4-[2-(5-ethylpyridin-2-yl)ethyoxy]phenyl}-5-  
      substituted-1,3,4-oxadiazoles (56a-k) @%AOb& chloramine-T  
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%���F
 ���	
��

� (Dolman; et al. 2006: 9548-9551)$%&'(ก)*ก*+�,-�	+*�./  
benzyl(5-benzyl[1,3,4]oxadiazol-2-yl) amine (58) @%AOb&HIJกJ+JA* cyclization o�- semicarbazide 
(57a,b) ก,K tosyl chloride  ���$%&'(ก)*HIJกJ+JA* one-pot acylation/cyclization @%AGB*HIJกJ+JA* 
acylation o�- phenylacetic acid  hydrazide (59) ก,K benzyl isothiocyanate ���GB*HIJกJ+JA* 
cyclization LM�ก,K tosyl chloride O.&R�JLS,TU/ benzyl(5-benzyl[1,3,4]oxadiazol-2-yl)amine.HCl 
(60)   %,-S*DH+�ก�K 17 
 

Ph C
O

NH NH C
X

NH Ph
 pyridine

NN

O
Ph NH Ph

TsCl

 
  (57a)  X  =  O                          (58) 
  (57b)  X  =  S 
 

NH

O

NH2

1) PhCH2NCS, 22  C
2) TsCl
    pyridine, 67  C

3) HCl/ether, 22  C
     MTBE, THF

NN

O NH
.HClPh Ph Ph

 
                     (59)                                                                   (60)    
 
S*DH+�ก�K 17  ก*+�,-�	+*�./�
CD,
E/ 2,5-disubstituted-1,3,4-oxadiazole @%AOb& tosyl  
      chloride 
 

 N*+/กNJ ���	
��

� (Zarghi; et  al. 2005: 3126-3129) $%&'(ก)*ก*+�,-�	+*�./ 2-amino-5-
(2-benzylthiophenyl)-1,3,4-oxadiazole (64a-c) @%AGB*HIJกJ+JA* oxidative cyclization %&QA 
cyanogen bromide  
�กn*ก
v�A,-GB* oxidative cyclization @%AOb& carbon disulfide O.&R�JLS,TU/ 
5-(2-benzylthiophenyl)-2-mercapto-1,3,4-oxadiazole (65) ���GB*HIJกJ+JA* alkylation LM�O.&
R�JLS,TU/ (66a-c) %,-S*DH+�ก�K 18 



 17 

C

S

O
OH

CH2
R

CH3OH, H2SO4
reflux, 8 h

C

S

O
O

CH2
R

CH3 H2NNH2 H2O

CH3CH2OH
rt, 6h

C

S

O
NH

CH2
R

NH2

(61) (62) (63)

NN

O NH2

S CH2
R

BrCN, NaHCO3
CH3OH, rt, 3h

CS2, KOH

CH3CH2OH

reflux, 6h

NN

O SH

S CH2
R

NN

O SR'

S CH2
R

R'I, NaOH 10%

CH3CH2OH
sonication

20 min(66) (65) (64)  
 
(66a)   R  = phenyl             R'  =  methyl   (64a)   R  =  phenyl 
(66b)   R  = p-fluorophenyl    R'  =  ethyl   (64b)   R  =  p-fluorophenyl 
(66c)   R  =  p-chlorophenyl   R'  =  benzyl   (64c)   R  =  p-chlorophenyl 
 
S*DH+�ก�K 18  ก*+�,-�	+*�./�
CD,
E/ 2,5-disubstituted-1,3,4-oxadiazole @%AOb& cyanogen    
      bromide ��� carbon disulfide 
  

�N
ก/ ���	
��

� (Shang; et al. 2005: 2701-2704) $%&'(ก)*HIJกJ+JA* oxidative 
cyclization o�- aldazines (67) @%AOb& bis(trifluoroacetoxy)iodobenzene (BTI) $%&R�JLS,TU/ 2,5-
disubstituted-1,3,4-oxadiazole (68a-k) %,-S*DH+�ก�K 20 
 

R N N R' BTI
DMSO,rt,stirr

NN

OR R'
 

         (67)              (68) 
(68a)  R  =  phenyl             R' =  phenyl               
(68b)  R  =  p-methyphenyl         R' =  p-methyphenyl    
(68c)  R  =  p-methoxyphenyl                 R' =  p-methoxyphenyl    
(68d)  R  =  o-methoxyphenyl        R' =  o-methoxyphenyl              
(68e)  R  =  3,4-dimethoxyphenyl        R' =  3,4-dimethoxyphenyl              



 18 

(68f)  R  =   2-furyl          R' =  2-furyl 
(68g)  R  =   p-hydroxyphenyl                R' =  p-hydroxyphenyl       
(68h)  R  =  3,4-dimethoxy-6-nitrophenyl   R' =  3,4-dimethoxy-6-nitrophenyl 
(68i)   R  =  phenyl          R' =  p-methoxyphenyl 
(68j)   R  =  p-methoxyphenyl                R' =  p-methoxyphenyl 
(68k)  R  =  p-methyphenyl         R'  =  2-furyl 
 

S*DH+�ก�K 19   HIJกJ+JA* oxidative  cyclization o�- aldazines @%AOb& bis(trifluoroacetoxy)-   
      iodobenzene 
 
 
*+*A*
* ���	
��

� (Narayana; et al. 2005: 4638-4644) $%&'(ก)*ก*+�,-�	+*�./
�
CD,
E/$
@L+ o�- 2-(5-aryl)-1,3,4-oxadiazole-2-yl) indole (71a-l) @%A�+J
Fn*ก ethyl-nitroindole-
2-carboxylates (69) GB*HIJกJ+JA*ก,K hydrazine hydrate ���
B*�*+ (70) F*GB*HIJกJ+JA*ก,K�
CD,
E/
o�- aromatic acid ��� cyclization %&QA phosphorus oxychloride  
�กn*ก
v�A,-
B*�*+ (70) F*GB*
HIJกJ+JA*ก,K aromatic aldehyde ��� cyclization %&QA ferric chloride %,-S*DH+�ก�K 20 
 

N
H

O2N O
O

CH2CH3

H2N NH2 H2O

CH3CH2OH N
H

O2N NH
O

NH2

(69) (70)

ArCOOH
POCl3

NN

ON
H

O2N

Ar

(71)  
(71a) = 4-nitro  Ar = m-methoxyphenyl        (71g) =  5-nitro  Ar =  4-pyridyl 
(71b) = 4-nitro  Ar = 7-nitro-1H-indol-2-yl     (71h) =  5-nitro  Ar =  2-chloro-3-pyridyl 
(71c) = 4-nitro  Ar = 2-chloro-3-pyridyl         (71i) =  7-nitro   Ar =  m-methyphenyl 
(71d) = 6-nitro  Ar = o-chlorophenyl           (71j) =  7-nitro    Ar =  o-chlorophenyl    
(71e) = 6-nitro  Ar = 2-(p-fluorophenyl)vinyl  (71k) =  7-nitro  Ar =  2-(p-fluorophenyl)vinyl 
(71f) = 5-nitro   Ar = o-chlorophenyl         (71l) =  7-nitro   Ar  = quinolin-8-yl  
 
S*DH+�ก�K 20 ก*+�,-�	+*�./�
CD,
E/$
@L+ o�- 2-[5-(aryl)-1,3,4-oxadiazol-2-yl] indoles  
      @%AOb& phosphorus oxychloride  ��� ferric chloride 
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ArCHO,FeCl3
acetic acid

(72)

NN

ON
H

O2N
ArN

H

O2N NH
O

NH2

(70 )
 

   
(72a)  =  4-nitro   Ar  =  m-methoxyphenyl (72c)  =  5-nitro  Ar  =  o-chlorophenyl 
(72b)  =  6-nitro   Ar  =  o-chlorophenyl (72d)  =  7-nitro  Ar  =  quinolin-8-yl 
       

S*DH+�ก�K 20 (LM�) ก*+�,-�	+*�./�
CD,
E/$
@L+ o�- 2-[5-(aryl)-1,3,4-oxadiazol-2-yl] indoles  
      @%AOb& phosphorus oxychloride  ��� ferric chloride 
 

 @+�L*FJN*�%G �����*$N
J (Rostamizadeh; & Housaini. 2004: 8753-8756) $%&'(ก)*ก*+
�,-�	+*�./ 2,5-disubstituted 1,3,4-oxadiazole (76a-p) @%AOb&�
CD,
E/ hydrazide (73) ก,K 
aldehydes (74) $%&R�JLS,TU/ 1-aroyl-2-arylidene hydrazides (75) ���GB*HIJกJ+JA* oxidative 
cyclization @%AOb& potassium permanganate, silicon dioxide O
$F@	+�Q� %,-S*DH+�ก�K 21 
 

R C
O

NH NH2
+ C

O
H

SiO2 , H
+

or CH3CH2OH, H+ C
O

NH N CH R'

(73) (74) (75)

KMnO4, SiO2
   or KMnO4
    Acetone, H2O

NN

OR R'

(76)

R'

microwave

 microwave

R

 
      

(76a)  R  =  phenyl  R'  =  phenyl       (76i)   R  =  phenyl  R'  =  p-methoxyphenyl 
(76b)  R =   phenyl  R'  =  p-nitrophenyl    (76j)   R  = phenyl    R'  =  p-cyanophenyl 
 
S*DH+�ก�K 21 ก*+�,-�	+*�./ 2,5-disubstituted 1,3,4-oxadiazole (76a-p) @%AOb& potassium  
      permanganate  
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(76c)  R  =  phenyl  R'  =  m-nitrophenyl   (76k)  R =  phenyl   R'  =  p-acetatephenyl 
(76d)  R  =  phenyl  R'  =  p-chlorophenyl  (76l)   R  = phenyl   R'  = N,N'-dimethylphenyl 
(76e)  R  =  phenyl  R'  =  m-chlorophenyl (76m) R =  phenyl   R'  =  methyl 
(76f)  R  =  phenyl   R'  =  p-bromophenyl  (76n)  R  = phenyl   R'  =  allyl 
(76g)  R  =  phenyl  R'  =  p-iodophenyl     (76o)  R  =  methyl  R'  =  phenyl 
(76h)  R  =  phenyl  R'  =  p-methylphenyl (76p)  R  =  p-chlorophenyl    R' =  phenyl  
 

S*DH+�ก�K 21 (LM�) ก*+�,-�	+*�./ 2,5-disubstituted 1,3,4-oxadiazole (76a-p) @%AOb&  
      potassium permanganate  
 

 ���F�+/ ���NJก* (Amir; &  Shikha. 2004: 535-545) $%&'(ก)*ก*+�,-�	+*�./ 5-[2-(2,6-
dichloroanilino) benzyl] 2-aryl-1,3,4-oxadiazole (79a-d)@%AGB*HIJกJ+JA* oxidative cyclization �*+
�
CD,
E/ [2-(2,6-dichloroanilino)phenyl]acetic acid hydrazide (78) %&QA phosphorus oxychloride 
���$%&'(ก)*HIJกJ+JA*  cyclization @%AOb& carbon disulphide ��� cyanogen bromide %,-
S*DH+�ก�K 22 
 

NH

C
O

O CH2
CH3

Cl Cl
NH

C
O

NH

Cl Cl

H2NNH2 H2O
CH3CH2OH, reflux

NH
Cl Cl

NN

O R
RCOOH
POCl3

(77) (78) (79)

NH2

 
  (79a)  R =  2,4-dichlorophenyl (79c)  R =  2,4-dichloro-1-methylbenzoyl 
  (79b)  R =  p-aminophenyl (79d)  R =  p-chlorophenyl 
 
S*DH+�ก�K 22 HIJกJ+JA* oxidative cyclization o�- [2-(2,6-dichloroanilino) phenyl] acetic  
      acid hydrazide @%AOb& phosphorus oxychloride, carbon disulphide ���  
      cyanogen bromide  
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NH
Cl Cl

NN

O SH

CS2 /KOH

BrCN

(80)
NH

C
O

NH

Cl Cl

(78)

NH2

NH
Cl Cl

NN

O NH2

(81)  
S*DH+�ก�K 22 (LM�) HIJกJ+JA* oxidative cyclization o�- [2-(2,6-dichloroanilino) phenyl] acetic  
      acid hydrazide @%AOb& phosphorus oxychloride, carbon disulphide ��� cyanogen bromide  
 

 
�กn*ก
v����F�+/ ���NJก* (Amir; &  Shikha. 2004: 535-545) $%&'(ก)*ก*+�,-�	+*�./ 5-
[2-(2,6-dichloroanilino) benzyl] 2-alkyl/arylamino 1,3,4-oxadiazole (83a-g) @%AOb&�
CD,
E/ 
hydrazide (78) GB*HIJกJ+JA*ก,K alkyl/aryl isothiocyanate %,-S*DH+�ก�K 23 

R-NCS NH

C
O

NH

Cl Cl
NH

C
O

NH

Cl Cl

(78)

NH2
NH

(82)

KI / I2
NaOH

NH
Cl Cl

NN

O R

(83)

C
S

NH R

 

NH

NH F

NH CH3

NH

H3C

NH

CH3O

NH Cl

(83a)  R =

(83g)  R =

(83b)  R =

(83c)  R =

(83d)  R =

(83e)  R =

(83f)  R =

NH CH2 CH2 CH2 CH3

 

 

S*DH+�ก�K 23  ก*+�,-�	+*�./ 5-[2-(2,6-dichloroanilino) benzyl] 2-alkyl/arylamino 1,3,4- 
      oxadiazole (83a-g)  
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 �,�F*�J+*% ���	
��

� (Almasirad; et al. 2004:6045-6059) $%&'(ก)*ก*+�,-�	+*�./ 2-
amino-5-[2-(2-fluorophenoxy) phenyl]-1,3,4-oxadiazole (85) @%AHIJกJ+JA* cyclization o�-
�
CD,
E/ hydrazide (84) %&QA  cyanogen bromide 
�กn*ก
v�A,-$%&'(ก)*ก*+�,-�	+*�./ 2-
methylthio-5-[2-(2-fluorophenoxy) phenyl]-1,3,4-oxadiazole (87) @%AHIJกJ+JA* cyclization o�-
�
CD,
E/ hydrazide (84) ก,K carbon disulphide %,-S*DH+�ก�K 24 
 
 

C

O

O
NH NH2

F

BrCN, NaHCO3

dioxane, rt, 3h

NN

O NH2

O
F

(84) (85)
 

 
 

H

C

O

O
NH NH2

F

(84)

CS2, KOH,

reflux, 7h

NN

O S

O
F

(86)

CH3I, NaOH 10%

CH3CH2OH, 
 sonication
    20 min

NN

O SCH3

O
F

(87)

CH3CH2OH

 
 
S*DH+�ก�K 24 ก*+�,-�	+*�./�
CD,
E/ 2-methylthio-5-[2-(2-fluorophenoxy) phenyl]-     
      1,3,4-oxadiazole (87)  @%AOb&  carbon disulphide 
 

 �ก+K�F
 ���	
��

� (Grabmann; et al. 2002: 367-378) $%&'(ก)*ก*+�,-�	+*�./  
2-methyl-5-(4-methoxyphenyl)-1,3,4-oxadiazole (90) @%AOb& triethyl orthoacetate  
%,-S*DH+�ก�K 25 
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H3CO

C O CH3

O

H2NNH2   H2O

H3CO

C NH

O

NH2

 CH3C(OC2H5)3
     reflux

NN

O CH3

H3CO

(88) (89)

(90)

reflux

 
 
S*DH+�ก�K 25 ก*+�,-�	+*�./ 2-methyl-5-(4-methoxyphenyl)-1,3,4-oxadiazole (90) @%AOb&  
      triethyl orthoacetate  
 

 @ก	*K*�ก*
$� ��Gv� ���@�G�ก (Kocabalkanli; Ates; & Ötük. 2001: 975-979) $%&'(ก)*
ก*+�,-�	+*�./ 2[[α-(benzoyloxy)-α-phenylacetyl] amino]-5-(4-methoxyphenyl)-1,3,4-oxadiazole 
(96a), 2[[α-(4-methoxybenzoyloxy)-α-phenylacetyl]amino]-5-(4-methoxyphenyl)-1,3,4-
oxadiazole (96b), 2[[α-(4-methybenzoyloxy)-α-phenylacetyl]amino]-5-(4-methoxyphenyl)-1,3,4-
oxadiazole (96c), 2[[α-(4-nitrobenzoyloxy)-α-methylacetyl]amino]-5-(4-methoxyphenyl)-1,3,4-
oxadiazole (96d), 2[[α-(4-methoxybenzoyloxy)-α-methylacetyl]amino]-5-(4-methoxy phenyl)-
1,3,4-oxadiazole (96e), 2[[α-(4-chlorobenzoyloxy)-α-methylacetyl]amino]-5-(4-methoxy 
phenyl)- 1,3,4-oxadiazole (96f), 2[[α-(4-nitrobenzoyloxy)-α-phenylacetyl]amino]-5-(4-methoxy 
phenyl)-1,3,4-oxadiazole (96g)@%A�+J
Fn*ก 4-methoxybenzaldehyde(91) ก,K semicarbazide %,-
S*DH+�ก�K 26 
 



 24 

CH3O C
O

H + H2N NH C
O

NH2

CH3CH2OH

reflux, 3 h CH3O CH N NH C
O

NH2

Br2 / CH3COOH
CH3COONa

NN

O

CH3O

NH2

(91) (92)

(93)

R' CH C
X

O
X

(94)
pyridine

NN

O

CH3O

NH

(95)

C
O

CH R
X

NaO C
O

R'

DMF,

NN

O

CH3O

NH C
O

CH O
R

C
O

R'

(96)

X = Cl
X = Br

heat

 
 
(96a)  R = phenyl  R' =  phenyl         (96e)  R =  methyl  R'  =  p-methoxyphenyl 
(96b)  R = phenyl   R' =  p-methoxyphenyl   (96f)  R = methyl   R'  =  p-chlorophenyl 
(96c)  R = phenyl  R' =  p-methylphenyl      (96g) R = phenyl   R'  =  p-nitrophenyl 
(96d)  R = methyl  R' =  p-nitrophenyl 
  

S*DH+�ก�K 26 ก*+�,-�	+*�./ 2[[α-(4-substituted benzoyloxy)-α-phenylacetyl or  
      methylacetyl]amino]-5-(4-methoxyphenyl)-1,3,4-oxadiazole (96a-g) 
 

 FJ�+* ���	
��

� (Misra; et al. 1996: 629-634) $%&'(ก)*ก*+�,-�	+*�./ 5-(indol-3-yl 
methyl)-1,3,4-oxadiazole-2-thiol (99) ���1-(5-mercapto-1,3,4-oxadiazol-2-yl methyl) indole-3-
carboxaldehyde (102) @%AGB*HIJกJ+JA* oxidative cyclization %&QA carbon disulfide %,-
S*DH+�ก�K 27 
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NH

CH2 C
O

OH 1. C2H5OH / HCl

2. H2NNH2   H2O NH

CH2 C
O

NH NH2

1. CS2 / KOH

2. HCl

NH

CH2
NN

O SH

(97) (98)

(99)  

NH

C
O

H
1.  ClCH2COOC2H5
2.  H2NNH2  H2O N

C
O

H

CH2 C
O

NH NH2

1. CS2 / KOH
2. HCl

N

C
O

H

CH2

NN

O SH

(100) (101)

(102)  
 S*DH+�ก�K 27 HIJกJ+JA* oxidative cyclization o�-�*+�
CD,
E/ indole@%AOb& carbon  
       disulfide 
 

�+%%v ����+%%v (Reddy; & Reddy. 1987: 890-891) $%&'(ก)*ก*+�,-�	+*�./ 2,5-diaryl-
1,3,4-oxadiazole (106a-l) @%ARM*
  aroylhydrazines (105) ��� 1-aroyl-2-arylidene hydrazine 
(107) %,-S*DH+�ก�K 28 
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C
O

NH NH2R + CR' OH
O reflux, 240  C

6 h CR NH
O

NH C
O

R'[ ]

CR NH
O

N CH R'
KMnO4

CH3COCH3

NN

OR R'

(105)

(107)

reflux
150  C

(106)

(103) (104)

 
 
(106a) R = phenyl R' = phenyl            (106g) R = p-chlorophenyl  R' = p-chlorophenyl 
(106b) R = phenyl R' = p-chlorophenyl  (106h) R = p-nitrophenyl    R' = p-chlorophenyl 
(106c) R = phenyl R' = p-nitrophenyl    (106i) R = p-methylphenyl   R' = p-methylphenyl 
(106d) R = phenyl R' = p-methylphenyl (106j) R = p-methoxyphenyl R' = p-methoxyphenyl 
(106e) R= phenyl   R' = 3-pyridyl         (106k) R = p-methylphenyl   R' = p-chlorophenyl 
(106f) R = phenyl   R' = 2-furyl            (106l) R =  p-methoxyphenyl R' = p-methylphenyl 
  

S*DH+�ก�K 28 HIJกJ+JA*ก*+�,-�	+*�./ 2,5-diaryl-1,3,4-oxadiazole (106a-l) @%AOb&  
      potassium permanganate  
 

 
�ก�A
 $F��N
G ���K*+�K�+/ (Nguyen; Milcent; & Barbier. 1985: 1383-1388) $%&'(ก)*
ก*+�,-�	+*�./ 2-amino-1,3,4-oxadiazole (109a-e) @%AGB*HIJกJ+JA* oxidative cyclization o�-
�
CD,
E/ aldehyde semicarbazone (108) %&QA  lead dioxide   %,-S*DH+�ก�K 29 
 

R CH N NH C
O

N R'
R"

PbO2
HCOOH, 25  C

NN

OR N R'
R"  

                         (108)                                                         (109) 
 

  (109a)  R =  phenyl     R' =  hydrogen R" = methyl 
  (109b)  R =  phenyl     R' =  methyl  R" = methyl 
  (109c)  R =  phenyl     R' =  phenyl  R" = phenyl 
  (109d)  R =  p-methoxylphenyl   R' =  methyl  R" = methyl 
  (109e)  R =  p-nitrophenyl    R' =  methyl  R" = methyl  
 

S*DH+�ก�K 29  ก*+�,-�	+*�./ 2-amino-1,3,4-oxadiazole (114a-e) @%AOb& lead dioxide 



 27 

 
 $Nก*NJ ���	
��

� (Saikachi; et al. 1971: 1663-1668) $%&'(ก)*ก*+�,-�	+*�./ 2-(2-
furyl)-5-substituted-1,3,4-oxadiazole (113a-g) @%AGB*HIJกJ+JA* oxidative cyclization  �
CD,
E/ 1-
(2-furoyl)-2-arylidene hydrazine (112) %&QA lead tetraacetate %,-S*DH+�ก�K 30 
 

O C NH

O
NH2

+ R C
O

H
CH3CH2OH

reflux O C NH

O
N CH R

Pb(OAc)4
CH2Cl2
20-25  C

(112)

O
NN

O R

(113 )

(110) (111)

 
 

    (113a)  R = 2-furyl     (113b)  R = 2-thienyl 
    (113c)  R = phenyl     (113d)  R = 5-methyl-2-furyl 
    (113e)  R = 5-bromo-2-furyl (113f)   R = p-methylphenyl 
    (113g)  R = p-methoxyphenyl 
 

S*DH+�ก�K 30  ก*+�,-�	+*�./ 2-(2-furyl)-5-substituted-1,3,4-oxadiazole (113a-g) %&QA  
      lead tetraacetate 
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ก�����������ก��������ก��B���C���D��E������������� 2,5-disubstituted-1,3,4-   
   oxadiazole 
 

 n*กGv
$%&ก�M*Qo&*-L&
QM*�
CD,
E/ 2,5 disubstituted 1,3,4-oxadiazole Fv�GEJ�G*-bvQS*DGv

.�*ก.�*A����*n�+CH$%&%,-L*+*- 1 
 

L*+*- 1 �GEJ�G*-bvQS*Do�-�
CD,
E/ 2,5-disubstituted-1,3,4-oxadiazole 
 

�*+H+�ก�K �GEJ�G*-bvQS*D ��ก�*+�&*-�J- 
 
 
 

N
N

Cl

HO O

N
N NH

(1)  

- Fv�GEJ�L&*
�
���-�ก $%&�กM 
   leukaemia, non-small cell     
   lung cancer,colon cancer,  
   CNS cancer, melanoma, 
   ovarian cancer, renal     
   cancer, 
   prostate cancer, breast  
   cancer 
    GI50    =  18.6 µM 
    TGI    =   40.7 µM 
     LD50  =  79.4 µM 
-  Fv�GEJ�L&*
$Q+,�L,K�,ก��KNv   
 

- @+�L�F ���	
��

�  
   (Rostom; et al.     
    2003: 959-974) 
 

 

N
N

Cl

HO O

N
N

(2)  

-  Fv�GEJ�L&*
�
���-�ก $%&�กM 
    leukaemia, non-small cell  
    lungcancer,colon cancer, 
    CNS cancer,melanoma, 
     ovarian cancer, renal 
     cancer, prostate cancer,  
     breast cancer 
     GI50   = 0.08 µM 
     TGI   = 15.8 µM 
     LD50  = 64.6 µM 
 -  Fv�GEJ�L&*
$Q+,�L,K�,ก��KNv 
 

- @+�L�F ���	
��

�      
  (Rostom; et al. 
   2003: 959-974) 
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L*+*- 1 (LM�) 
 

������ก�	 
��
���������� ��ก��������
� 
 
 

NN

O

H3CO

NH C
O

CH O
R

C
O

R'

(3)
 
 
 

(3a) R = phenyl  R' =  phenyl 
(3b) R = phenyl  R' =  p-methoxyphenyl 
(3c) R = phenyl   R' =  p-methyphenyl 
(3d) R = methyl   R' =  p-nitrophenyl 
 

 

 
-  Fv�GEJ�L&*
�K	Gv�+vA b
J%  
  S. aureus ATCC 6538 
     (3a) MIC = 78 µg/ml 
     (3b) MIC = 39 µg/ml 
     (3d) MIC = 78 µg/ml 
  S. epidermidis ATCC12228 
     (3c) MIC = 156 µg/ml 
 

 
-  @ก	*K*
ก*
$�   
   ���	
��

�    
   (Kocabalkanli;    
   et al. 2001: 975-   
   979) 
 

 

 
 
 
 
 

N O

NN

O

Cl
Cl

(4)
 
 
 
 
 

 

 
- Fv�GEJ�L&*
�K	Gv�+vA b
J% 
    B. substilis; MIC = 14 µg/ml 
    E. coli; MIC = 11 µg/ml 
    P. fluorescens; MIC = 10 µg/ml 
   X. campestris; MIC = 8 µg/ml 
   X. oxyzae; MIC = 11 µg/ml 
-  Fv�GEJ�L&*
�b���+* b
J% 
    A. niger; MIC = 12 µg/ml 
    A. flavus; MIC = 12 µg/ml 
    F. oxysporum; MIC = 8 µg/ml 
    Trichoderma sp.; MIC = 11 µg/ml 
    F. monaliforme; MIC = 8 µg/ml 
   Penicillum sp.; MIC = 8 µg/ml 

 
-  �ก*
	*+/ ���	
           
   ��

�  
   (Gaonkar; et al.      
   2006: 841-846) 
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L*+*- 1 (LM�) 
 

�*+H+�ก�K �GEJ�G*-bvQS*D ��ก�*+�&*-�J- 
 
 
 
 
 
 
 

N O

NN

O

Cl

Cl
(5)  

 

 
-  Fv�GEJ�L&*
�K	Gv�+vA b
J% 
   B. substilis; MIC = 15 µg/ml 
   E.coli; MIC = 12 µg/ml 
   P. fluorescens; MIC = 11 µg/ml 
   X. campestris; MIC = 9 µg/ml 
   X. oryzae; MIC = 11 µg/ml 
- Fv�GEJ�L&*
�b���+* b
J% 
   A. niger; MIC = 13 µg/ml 
   A. flavus; MIC = 12 µg/ml 
   F. oxysporum; MIC = 10 µg/ml 
   Trichoderma sp.; MIC = 11 µg/ml 
   F.monoloforme; MIC = 8 µg/ml 
  Penicillium sp.; MIC = 9 µg/ml 
 

 
-  �ก*
	*+/ ���	
 
   ��

�  
   (Gaonkar; et al.      
   2006: 841-846) 
 

 
 
 
 
 
 
 
 

O
NN

O NH2
(6)  

 

 
-  Fv�GEJ�L&*
�K	Gv�+vA����b���+* b
J% 
   S. aureus ATCC 25922 
    MIC =  256 µg/ml 
  E. coli ATCC 25922 
    MIC = 128 µg/ml 
  P. aeruginosa ATCC 27853 
    MIC = 128 µg/ml 
-  Fv�GEJ�L&*
�b���+* b
J% 
  C. albicans ATCC 90028 
     MIC = 64 µg/ml 
  C. krusei ATCC 6258 
     MIC = 64 µg/ml 
  C. parapsilosis ATCC 22018 
     MIC = 64 µg/ml 

 
- �*�J
 ���	
��

�  
   (Sahin; et al.      
   2002: 539-542) 
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L*+*- 1 (LM�) 
 

�*+H+�ก�K �GEJ�G*-bvQS*D ��ก�*+�&*-�J- 
 
 

 
 
 
 
 
 

O
NN

O NH2

(7)
 

 

 
-  Fv�GEJ�L&*
�K	Gv�+vA b
J% 
   S. aureus ATCC 25922 
      MIC =  256 µg/ml 
   E. coli ATCC 25922 
      MIC = 256 µg/ml 
   P. aeruginosa ATCC 27853 
      MIC = 128 µg/ml 
-  Fv�GEJ�L&*
�b���+* b
J% 
   C. albicans ATCC 90028 
      MIC = 64 µg/ml 
    C. krusei ATCC 6258 
      MIC = 32 µg/ml 
   C. parapsilosis ATCC 22018 
      MIC = 64 µg/ml 
 

 
- �*�J
 ���	
��

� 
  (Sahin; et al.    
  2002: 539-542) 
 

 
 

NH

NN

O Ar
NO2

(8)
   

   
(8a)  4-nitro  Ar = m-methoxyphenyl  
(8b)  4-nitro  Ar =2-chloro-3-pyridyl 
(8c)  6-nitro  Ar = o-chlorophenyl   
(8d)  6-nitro  Ar = 2-(p-fluorophenyl)vinyl    
(8e)  5-nitro  Ar = o-chlorophenyl    
(8f)  7-nitro  Ar = 2-(p-fluorophenyl)vinyl 
 

 
- Fv�GEJ�L&*
ก*+�,ก��K 
  ( % inhibition) 
    (8a)  =  35 % 
    (8b)  =  46.07 % 
    (8c)  =  52.5 % 
    (8d)  =  46.07 % 
    (8e)  =  48.5 % 
    (8f)  =  48.5 % 
 

 
- 
*+*A*
* ���	
 
  ��

�  
  (Narayana; et al.    
   2005: 4638-4644) 
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L*+*- 1 (LM�) 
 

�*+H+�ก�K �GEJ�G*-bvQS*D ��ก�*+�&*-�J- 
 

S CH2

NN

O NH2

S CH2

F

NN

O NH2

(9a)

(9b)
 

 

 
- Fv�GEJ�L&*
ก*+b,ก 
  ED50 (mg/kg) 
  (9a)   PTZ = 89.2  
           MES = 78.9 
  (9b)  PTZ = 29.1 
          MES =43.3 
 

 
- N*+/กNJ ���	
��

�  
   (Zarghi; et al. 2005:  
    3126-3129) 
 

 

S CH2

NN

O S CH3

(10)
 

 

 
- Fv�GEJ�L&*
ก*+b,ก 
   ED50 (mg/kg) 
      PTZ = 93.2  
      MES = 43.3 
 

 
- �,�F*�J+*% ���	
��

� 
  (Almasirad; et al.     
  2004: 6057-6059) 
 

 

O

NN

O NH2

F

(11)  
 

 
- Fv�GEJ�L&*
ก*+b,ก 
   ED50 (mg/kg) 
      PTZ = 39.21  
      MES = 9.57 
 

 
- �,�F*�J+*% ���	
��

�  
  (Almasirad; et al.     
  2004: 6057-6059) 
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L*+*- 1 (LM�) 
 

�*+H+�ก�K �GEJ�G*-bvQS*D ��ก�*+�&*-�J- 
 
 

N

NH

O

NN

O CH3

(12)
 

 

 
-  Fv�GEJ�L&*
ก*+�.
vAQ
B*  
   histamine H3-receptor 
   ED50 (mg/kg)  = 0.57  
 
 

 
-  �ก+K�F
 ���	
    
   ��

� (Grabmann; et al.   
   2002: 367-378) 
 

 



����� 3 
��	�ก��
������ก������� 

 
���ก���/������������ !������ 
 ��!
��� !������ 
  1.  o-Anisaldehyde (Analytical grade; Acros organic) 
  2.  4-Methoxybenzaldehyde (Analytical grade; PS panreacisintesis) 
  3.  Salicylaldehyde (Analytical grade; Acros organic) 
  4.  4-Hydroxybenzaldehyde (Analytical grade; Acros organic) 
  5.  4-Nitrobenzaldehyde (Analytical grade; Acros organic) 
  6.  2-Nitrobenzaldehyde (Analytical grade; Acros organic) 
  7.  4-Bromobenzaldehyde (Analytical grade; Acros organic) 
  8.  2-Bromobenzaldehyde (Analytical grade; Acros organic) 
  9.  1-Methylpyrrole-2-carboxaldehyde (Analytical grade; Fluka) 
  10. Indole-3-carboxaldehyde (Analytical grade; Acros organic) 
  11. Ethyl 3-indoleacetate (Analytical grade; Acros organic) 
  12. Ethyl indole-2-carboxylate (Analytical grade; Acros organic) 
  13. Methyl salicylate (Analytical grade; Merck) 
  14. Ethyl picotinate (Analytical grade; Acros organic) 
  15. Ethyl nicotinate (Analytical grade; Acros organic) 
  16. 2-Chlorobenzoyl chloride (Analytical grade; Fluka) 
  17. 4-Chlorobenzoyl chloride (Analytical grade; Fluka) 
  18. Benzoyl hydrazine (Analytical grade; Acros organic) 
  19. Anhydrous sodium sulphate (Analytical grade; Univar) 
  20. Semicarbazide hydrochloride (Analytical grade; Acros organic) 
  21. Lead tetraacetate (Analytical grade; Acros organic) 
  22. Sodium acetate (Analytical grade; Carlo erba) 
  23. Gacial acetic acid (Analytical grade; J.T.baker)  
  24. Dichloromethane (Analytical grade; BDH) 
  25. Ethyl acetate (Analytical grade; Carlo erba) 
  26. Absolute ethanol (Analytical grade; Merck) 
  27. Diethyl ether (Analytical grade; Carlo Erba) 
  28. Anhydrous calcium chloride (Analytical grade; Ajax chemical) 
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  29. Hydrazine hydrate (Analytical grade; Acros organic) 
  30. Hexane (Analytical grade; J.T.baker) 
  31. Triethyl orthopropanoate (Analytical grade; Acros organic) 
  32. Pre-coated TLC aluminium sheets of silica gel 60 GF 254 (Merck) 
  33. Silica gel :;<=>?@ column chromatography, 
   Silica gel (< 0.063 mm, Merck) 
 
 ���ก����� ���������� 

1. =CDEก;<GHIEJ:KD?CL><MNODGCLPQRSQTN<SU<NTCVRH 254 JCW 356 nm (spectroline 
model CM-10) 

2. GT>VRDK=<XYE=CDSG=CN (Griffin) 
3. Fourier transform infrared spectrophotometer (Perkin Elmer FT-IR  
     spectrum Bx) 
4. Mass spectrometers (Finnigan MAT 90 & Thermofinnican LCQ Advantage) 
5. Nuclear magetic resonance spectrometer ( Bruker Avance 300) 
6. Rotary evaporator (Buchi Rotavapor R-114) 
7. Ultraviolet visible spectrophotometer (Shimaszu UV-2401) 
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ก��!������ "����#��	� 2,5-disubstituted-1,3,4-oxadiazoles 
 

 1. ก<>:?KGT><W=^:<>DHY_?H`^ 2-amino-5-substituted-1,3,4-oxadiazoles OEUabcdeIกI>IU< 
oxidative cyclization fDKDHY_?H`^ semicarbazones ก?@ lead tetraacetate E?K:Sก<>   

 

25

H

O
+ H2N-NH C NH2

O CH3CH2OH
reflux N NH NH2

O
1a-j

Pb(OAc)4
CH3CH2OH

NN

O NH2

2a-j

R

R

R

 

      

 

                                                                   R    = 
    

   

 

 

a 
1'6'

5'

4' 3' 2' OCH3
 

b 
CH3O

1'6'5'

4' 3' 2'
 

c 
1'6'5'

4' 3' 2' Br
 

d 
Br

1'6'
5'

4' 3' 2'
 

e 
1'

6'
5'

4' 3' 2' NO2
 

f 
O2N

1'6'5'

4' 3' 2'
 

g 
1'6'5'

4' 3' 2' OH
 

h 
HO

1'6'5'

4' 3' 2'
 

i 

1'
2'
3'

4'
5'

6'
7'

3'a

7'a NH
 

j 
1'

2'

3'4'

5' N
CH3  
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  1.1  ก<>:?KGT><W=^DHY_?H`^ semicarbazones (1a-j) 
     H;<DHY_?H`^ aldehyde 2 mmol CWC<UEcNU ethanol 5 mL aHfNEกcHกCSfH<E 50 
mL PQRLkDก?@ drying tube PQR@>>XY anh. CaCl2 GLIS semicarbazide hydrochloride 2  mmol JCW 
sodium acetate 2 mmol THXH:<>CWC<U=SE JCWTkDUl GLISHm;<XH:<>CWC<UfYkH GLIS ethanol DQก 
1 mL H;<:<>n:SMd reflux  JCWLIEL<Sก<>GกIEdeIกI>IU<EcNU TLC GSVRDdeIกI>IU<GกIE:S@o>p^ dCkDU
a=cGUqHJCWH;<MdJbkaHDk<KHm;<JfqK GSVRDGกIELWกDHก>DKLWกDHDDก JCWH;<MdLกnCrกEcNU ethanol  
ก>DKJCWP;<a=cJ=cK  L>NX:D@:oL>OT>K:>c<KEcNU NMR 
     1.1.1  2'-Methoxybenzaldehyde semicarbazone (1a) 
        abc o-anisaldehyde (272.2 mg, 2 mmol) CWC<UEcNU  ethanol  10 mL aH
fNEกcHกCS GLIS semicarbazide hydrochloride (222.2 mg, 2 mmol) JCWGLIS sodium acetate 
(328.1 mg, 2 mmol) THPQRDYp=soSI=cDK GLISHm;< 2 mL JCWGLIS ethanol 2 mL H;<:<>n:SMd reflux  
4 b?RNOSK dCkDUa=cGUqHPQRDYp=soSI=cDK JCWH;<MdJbkaHDk<KHm;<JfqK GกIELWกDH:QHm;<L<Cก>DKLWกDH
DDกJCWLกnCrกEcNU ethanol ก>DKJCWP;<a=cJ=cK  MEcnCILs?pt̂ 2'-methoxybenzadehyde 
semicarbazone (1a) SQC?กupWGdvHnCrก:Qf<N (236.8 mg, 68.28 %) 
     m.p. : 199-200   yC  
     1H NMR (300 MHz, DMSO-d6) :δ (ppm)  
      10.26 (s, 1H, NH)  
      8.17 (s, 1H, H-5)  
      7.99 (d, J = 7.4 Hz, 1H, H-6')  
      7.33 (t, J = 7.4 Hz, 1H, H-5') 
      7.04 (d, J = 7.4 Hz, 1H, H-3') 
      6.94 (t, J = 7.4 Hz, 1H, H-4')  
      6.47 (br s, 2H, NH2) 
      3.81 (s, 3H, OCH3) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
      157.51 (C=O), 157.21 (C-2'), 135.17 (C-5), 130.82 (C-4'), 125.98  
(C-6'), 123.24 (C-1'), 120.98 (C-5'), 112.00 (C-3'), 56.03 (OCH3) 
 
     1.1.2  4'-Methoxybenzaldehyde semicarbazone (1b) 
     abc 4-methoxybenzaldehyde (272.2 mg, 2 mmol) CWC<UEcNU  ethanol  
10 mL aHfNEกcHกCS GLIS  semicarbazide hydrochloride ( 222.2 mg, 2 mmol) JCWGLIS sodium 
acetate (328.1 mg, 4 mmol) THPQRDYp=soSI=cDK GLISHm;< 2 mL JCWGLIS ethanol 2 mL H;<:<>n:S
Md reflux  4 b?RNOSK dCkDUa=cGUqHPQRDYp=soSI=cDK JCWH;<MdJbkaHDk<KHm;<JfqK GกIELWกDH:QG=CVDKDkDH
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ก>DKLWกDHJCWLกnCrกEcNU ethanol ก>DKJCWP;<a=cJ=cK  MEcnCILs?pt̂ 4'-methoxybenzaldehyde 
semicarbazone (1b) SQC?กupWGdvHnCrก:Qf<N (290.7 mg, 75.24 %) 
     m.p. : 198-199   yC 
     1H NMR (300 MHz, DMSO-d6) :δ (ppm)  
      10.09 (s, 1H, NH) 
      7.78 (s, 1H, H-5) 
      7.65 (d, J = 8.2 Hz, 2H, H-2',H-6') 
      6.94 (d, J = 8.2 Hz, 2H, H-3',H-5') 
      6.41 (br s, 2H, NH2) 
      4.02 (s, 3H, OCH3) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
      160.51 (C=O), 157.28 (C-4'), 139.69 (C-5), 128.48 (C-2',C-6'), 
127.90 (C-1'), 114.54 (C-3',C-5'), 55.69 (OCH3) 
 
     1.1.3  2'-Bromobenzaldehyde semicarbazone (1c) 
     abc 2-bromobenzaldehyde (277.5 mg, 1.5 mmol) CWC<UEcNU ethanol 10 
mL aHfNEกcHกCSfH<E GLIS semicarbazide hydrochloride (166.6 mg, 1.5 mmol) JCWGLIS 
sodium acetate (246.1 mg, 3 mmol) THPQRDYp=soSI=cDK GLISHm;< 2 mL JCWGLIS ethanol 2 mL H;<
:<>n:SMd reflux 4 b?RNOSK dCkDUa=cGUqHPQRDYp=soSI=cDK JCWH;<MdJbkaHDk<KHm;<JfqK GกIELWกDH:Q
Hm;<L<Cก>DKLWกDHJCWLกnCrกEcNU ethanol ก>DKJCWP;<a=cJ=cK MEcnCILs?pt̂ 2'-bromoben 
zaldehyde semicarbazone (1c) SQC?กupWGdvHnCrก:Qf<N (295.3 mg, 81.33 %) 
     m.p. : 224-225   yC  
     1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
      10.53 (s, 1H, NH) 
      8.19 (br s, 1H, H-5, H-3')  
      7.62 (d, J = 7.2 Hz, 1H, H-6') 
      7.38 (t, J = 7.2 Hz, 1H, H-5')  
      7.29 (t, J = 7.2 Hz, 1H, H-4') 
      6.60 (br s, 2H, NH2) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
      156.97 (C=O), 137.92 (C-5), 133.87 (C-1'), 133.34 (C-4'), 131.12  
(C-3'), 128.24 (C-6'), 127.82 (C-5'), 123.09 (C-2') 
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     1.1.4  4'-Bromobenzaldehyde semicarbazone (1d) 
     abc 4-bromobenzaldehyde (277.5 mg, 1.5 mmol) CWC<UEcNU ethanol  
10 mL aHfNEกcHกCSfH<E GLIS semicarbazide hydrochloride ( 166.6 mg, 1.5 mmol) JCWGLIS 
sodium acetate (246.1 mg, 3 mmol) THPQRDYp=soSI=cDK GLISHm;< 2 mL JCWGLIS ethanol 2 mL H;<
:<>n:SMd reflux  4 b?RNOSK dCkDUa=cGUqHPQRDYp=soSI=cDK JCWH;<MdJbkaHDk<KHm;<JfqK GกIELWกDH:Qf<N
ก>DKLWกDH JCWLกnCrกEcNU ethanol ก>DKJCWP;<a=cJ=cK MEcnCILs?pt̂ 4'-bromobenzaldehyde 
semicarbazone (1d) SQC?กupWGdvHnCrก:Qf<N (329.3 mg, 90.70 %) 
     m.p. : 224-225   yC 
     1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
      10.30 (s, 1H, NH) 
      7.79 (s, 1H, H-5) 
      7.68 (d, J = 8.4 Hz, 2H, H-2',H-6') 
      7.56 (d, J = 8.4 Hz, 2H, H-3',H-5') 
      6.52 (br s, 2H, NH2) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
      157.12 (C=O), 138.46 (C-5), 134.59 (C-1'), 131.97 (C-2',C-6'), 
128.93 (C-3', C-5'), 122.50 (C-4') 
 
     1.1.5  2'-Nitrobenzaldehyde semicarbazone (1e) 
     abc 2-nitrobenzaldehyde (302.2 mg, 2 mmol) CWC<UEcNU ethanol 10 mL 
aHfNEกcHกCSfH<E GLIS  semicarbazide hydrochloride (222.2 mg, 2 mmol) JCWGLIS sodium 
acetate (328.1 mg, 4 mmol) THPQRDYp=soSI=cDK GLISHm;< 2 mL JCWGLIS ethanol 2 mL H;<:<>n:S
Md reflux 4 b?RNOSK dCkDUa=cGUqHPQRDYp=soSI=cDK JCWH;<MdJbkaHDk<KHm;<JfqK GกIELWกDH:QHm;<L<Cก>DK
LWกDH JCWLกnCrกEcNU ethanol ก>DKJCWP;<a=cJ=cK MEcnCILs?pt̂ 2'-nitrobenzaldehyde 
semicarbazone (1e) SQC?กupWGdvHfDKJfqK:QG=CVDK (277.1 mg, 66.55 %) 
     m.p. : 222-223   yC 
     1H NMR (300 MHz, DMSO-d6) :δ (ppm)  
      10.64 (s, 1H, NH)  
      8.35 (d, J = 7.9 Hz, 1H, H-6') 
      8.23 (s, 1H, H-5) 
      7.99 (d, J = 8.1 Hz,1H, H-3')  
      7.72 (t, J = 7.9 Hz, 1H, H-5') 
      7.57 (t, J = 8.1 Hz, 1H, H-4') 
      6.64 (br s, 2H, NH2) 
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     13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
      156.83 (C=O), 148.23 (C-2'), 134.42 (C-5),133.64 (C-5'), 130.03  
(C-4'), 129.24 (C-1'), 128.37 (C-6'), 124.81 (C-3')  
 
     1.1.6  4'-Nitrobenzaldehyde semicarbazone (1f) 
     abc 4-nitrobenzaldehyde (302.2 mg, 2 mmol) CWC<UEcNU ethanol  10 
mL aHfNEกcHกCS GLIS semicarbazide hydrochloride (222.2 mg, 2 mmol) GLIS sodium acetate 
(328.1 mg, 4 mmol) THPQRDYp=soSI =cDK GLISHm;< 2 mL JCWGLIS ethanol 2 mL H;<:<>n:SMd reflux 
4 b?RNOSK dCkDUa=cGUqHPQRDYp=soSI=cDK JCWH;<MdJbkaHDk<KHm;<JfqK GกIELWกDH:QHm;<L<Cก>DKLWกDH 
JCWLกnCrกEcNU ethanol ก>DKJCW P;<a=cJ=cK MEcnCILs?pt̂ 4'-nitrobenzaldehyde semicarbazone 
(1f) SQC?กupWGdvHfDKJfqK:QG=CVDKDkDH (379.6 mg, 91.18 %) 
     m.p. : 192-193  yC 
     1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
      10.64 (s, 1H, NH) 
      8.20 (d, J = 8.6 Hz, 2H, H-2',H-6') 
      8.01 (d, J = 8.6 Hz, 2H, H-3',H-5')  
      7.92 (s, 1H, H-5) 
      6.71 (br s, 2H, NH2) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
      156.91 (C=O), 147.55 (C-4'), 141.84 (C-1'), 137.17 (C-5), 127.84  
(C-2',C-6'), 124.25 (C-3',C-5') 
 
     1.1.7  2'-Hydroxybenzaldehyde semicarbazone (1g) 
     abc 2-hydroxybenzaldehyde (244.3 mg, 2 mmol) CWC<UEcNU ethanol  
10 mL aHfNEกcHกCS GLIS semicarbazide hydrochloride (222.2 mg, 2 mmol) JCWGLIS sodium 
acetate (328.1 mg, 4 mmol) THPQRDYp=soSI=cDK GLISHm;< 2 mL JCWGLIS ethanol 2 mL H;<:<>n:S
Md reflux  4 b?RNOSK dCkDUa=cGUqHPQRDYp=soSI=cDK JCWH;<MdJbkaHDk<KHm;<JfqK GกIELWกDH:Qf<Nก>DK
LWกDH  JCWLกnCrกEcNU ethanol ก>DKJCWP;<a=cJ=cKMEcnCILs?pt̂ 2'-hydroxybenzaldehyde 
semicarbazone (1g) SQC?กupWGdvHfDKJfqK:Qf<N (247.5 mg, 68.51%) 
     m.p. : 219-220   yC 
     1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
      10.17 (s, 1H, NH) 
      9.97 (br s,1H, OH) 
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      8.14 (s, 1H, H-5) 
      7.75 (d, J = 7.2 Hz, 1H, H-6')  
      7.17 (t, J = 7.0 Hz, 1H, H-4') 
      6.82 (m, 2H, H-3', H-5') 
      6.39 (br s, 2H, NH2) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
      157.03 (C=O), 156.26 (C-2'), 137.97 (C-5), 130.63 (C-4'), 127.14  
(C-6'), 121.05 (C-1'), 119.68 (C-5'), 116.40 (C-3') 
 
     1.1.8  4'-Hydroxybenzaldehyde semicarbazone (1h) 
     abc 4-hydroxybenzaldehyde (244.3 mg, 2 mmol) ) CWC<UEcNU  ethanol  
10 mL aHfNEกcHกCS GLIS semicarbazide hydrochloride ( 222.2 mg, 2 mmol) JCWGLIS sodium 
acetate (328.1 mg, 4 mmol) THPQRDYp=soSI=cDKGLISHm;< 2 mL JCWGLIS ethanol 2 mL H;<:<>n:SMd 
reflux  4 b?RNOSK dCkDUa=cGUqHPQRDYp=soSI=cDK JCWH;<MdJbkaHDk<KHm;<JfqK GกIELWกDH:Qf<Nก>DK
LWกDHJCWLกnCrกEcNU ethanol ก>DKJCWP;<a=cJ=cKMEcnCILs?pt̂ 4'-hydroxybenzaldehyde 
semicarbazone (1h) SQC?กupWGdvHfDKJfqK:Qf<N (287.2 mg, 80.15 %) 
     m.p. : 209-210   yC 
     1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
      10.00 (s, 1H, NH) 
      9.76 (br s, 1H, OH)  
      7.72 (s, 1H, H-5)  
      7.51 (d, J = 6.6 Hz, 2H, H-2',H-6')  
      6.75 (d, J = 6.6 Hz, 2H, H-3',H-5') 
      6.36 (br s, 2H, NH2) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
      158.93 (C=O), 157.33 (C-4'), 140.15 (C-5), 128.59 (C-2',C-6'), 
126.30 (C-1'), 115.89 (C-3', C-5')  
 
     1.1.9  Indol-3'-yl carboxaldehyde semicarbazone (1i) 
     abc indole-3-carboxaldehyde (217.6 mg, 1.5 mmol) CWC<UEcNU  ethanol  
10 mL aHfNEกcHกCS GLIS  semicarbazide hydrochloride (166.6 mg, 1.5 mmol) JCWGLIS sodium 
acetate (246.1 mg, 3 mmol) THPQRDYp=soSI=cDKGLISHm;< 2 mL JCWGLIS ethanol 2 mL H;<:<>n:SMd 
reflux 4 b?RNOSK dCkDUa=cGUqHPQRDYp=soSI=cDK JCWH;<MdJbkaHDk<KHm;<JfqK GกIELWกDH:QHm;<L<Cก>DK
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LWกDH JCWLกnCrกEcNU ethanol ก>DKJCWP;<a=cJ=cKMEcnCILs?pt̂ indol-3'-yl carboxaldehyde 
semicarbazone (1i) SQC?กupWGdvHfDKJfqK:QG=CVDKDkDH (195.9 mg, 64.58 %) 
     m.p. : 263-265   yC 
     1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
      11.45 (s, 1H, H-1') 
      9.91 (s, 1H, NH)  
      8.16 (d, J = 7.7 Hz, 1H, H-4')  
      8.06 (s, 1H, H-5) 
      7.69 (s, 1H, H-2') 
      7.40 (d, J = 7.9 Hz, 1H, H-7') 
      7.17 (t, J = 7.9 Hz, 1H, H-6')  
      7.09 (t, J = 7.7 Hz, 7.9 Hz, 1H, H-5')  
      6.24 (br s, 2H, NH2) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
      157.36 (C=O), 137.94 (C-5), 137.43 (C-7'a), 130.25(C-3'), 129.45  
(C-2'), 124.51 (C-3'a), 122.82 (C-6'), 122.25 (C-4'), 120.69 (C-5'), 112.11 (C-7') 
  
   1.1.10  1'-Methylpyrrol-2'-carboxaldehyde semicarbazone (1j) 
      abc 1-methylpyrrole-2-carboxaldehyde (218.2 mg, 2 mmol) CWC<UEcNU 
ethanol  10 mL aHfNEกcHกCS GLIS semicarbazide hydrochloride ( 222.2 mg, 2 mmol) JCWGLIS 
sodium acetate (328.1 mg, 4 mmol) THPQRDYp=soSI=cDK GLISHm;< 2 ml JCWGLIS ethanol 2 mL H;<
:<>n:SMd reflux 5 b?RNOSK dCkDUa=cGUqHPQRDYp=soSI=cDK JCWH;<MdJbkaHDk<KHm;<JfqK GกIELWกDH:QE;<
ก>DKLWกDHJCWLกnCrกEcNU ethanol ก>DKJCWP;<a=cJ=cK MEcnCILs?pt̂ 1'-methylpyrrol-2'-
carboxaldehyde semicarbazone (1j) SQC?กupWGdvHnCrก:QHm;<L<C (236.6 mg, 71.71 %) 
     m.p. : 191-192   yC 
     1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
      9.89 (s, 1H, NH) 
      7.79 (s, 1H, H-5) 
      6.86 (s, 1H, H-5') 
      6.36 (br s, 1H, H-3')  
      6.21 (br s, 2H, NH2)  
      6.02 (t, J = 3.0 Hz, 1H, H-4') 
      3.77 (s, 3H, CH3) 
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     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
      157.23 (C=O), 133.97 (C-5), 127.82 (C-2'), 127.34 (C-5'), 113.45   
(C-3'), 108.23 (C-4'), 36.52 (CH3) 
 
  1.2  ก<>:?KGT><W=^DHY_?H`^ 2-amino-5-substituted-1,3,4-oxadiazoles (2a-h) 
     H;<DHY_?H`^ semicarbazones (1a-j) X;<HNH 1 mmol CWC<UEcNU ethanol 5 mL aH
fNEกcHกCS PQRLkDก?@ drying tube PQR@>>XY anh. CaCl2  GLIS lead tetraacetate 1 mmol PQRCWC<UaH 
glacial acetic acid 1 mL THPQRDYp=soSI=cDK JCWLIEL<SdeIกI>IU<EcNU TLC GSVRDdeIกI>IU<GกIE:S@o>p^ 
GLISHm;<GUqH 3 mL  :?KGกLnCILs?pt̂PQRGกIEfrmH zc<GกIELWกDH ก>DKJCWLกnCrกEcNU ethanol zc<MSkGกIE
LWกDHH;<nCILs?pt̂PQRMEcS<:ก?EEcNU dichloromethane (3x20 mL) >NSb?mHfDK dichloromethane 
GLIS anh. Na2SO4 ก>DK >WG=UL?NP;<CWC<UDDกJCWP;<:<>nCILs?pt̂a=c@>I:YP`I{EcNUก<>LกnCrก=>VD
GPTHITOT>S<OP>ก><|} 
 
     1.2.1  2-Amino-5-(2'-methoxyphenyl)-1,3,4-oxadiazole (2a) 
     H;< 2'-methoxybenzaldehyde semicarbazone (1a) (193.1 mg, 1 mmol) 
CWC<UEcNU ethanol 5 mL aHfNEกcHกCS GLIS lead tetraacetate (443.3 mg, 1 mmol) PQRCWC<UaH 
glacial acetic acid 1 mL  THPQRDYp=soSI=cDK 3 b?RNOSK GLISHm;<GUqH 3 mL H;<nCILs?pt̂PQRGกIEfrmHS<
:ก?EEcNU dichloromethane (3x20 mL) >NSb?mH dichloromethane GLIS anh. Na2SO4 ก>DK >WG=U
L?NP;<CWC<UDDก P;<nCILs?pt̂a=c@>I:YP`I{EcNUTDC?SĤOT>S<OP>ก><|} (silica gel < 0.063 mm, 8 g) 
bWTDC?SĤEcNU  60 % ethyl acetate : hexane  MEcnCILs?pt̂ 2-amino-5-(2'-methoxyphenyl)-1,3,4-
oxadiazole (2a) SQC?กupWGdvHnCrก:Qf<N (91.3 mg, 47.81 %) 
     m.p. : 163-164   yC 
     1H NMR (300 MHz, DMSO-d6) :δ (ppm)  
      7.63 (d, J = 7.0 Hz, 1H, H-6') 
      7.49 (t, J = 7.0 Hz, 1H, H-5')  
      7.18 (d, J = 7.6 Hz, 1H, H-3')  
      7.11 (br s, 2H, NH2)  
      7.05 (t, J = 7.6 Hz, 1H, H-4')  
      3.83 (s, 3H, OCH3) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
      164.36 (C-5), 157.27 (C-2), 156.42 (C-2'), 132.51 (C-4'), 129.86  
(C-6'), 121.07 (C-5'), 114.09 (C-1'), 112.88 (C-3'), 56.27 (OCH3)   
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     1.2.2  2-Amino-5-(4'-methoxyphenyl)-1,3,4-oxadiazole (2b)  
     H;< 4'-methoxybenzaldehyde semicarbazone (1b) (193.1 mg, 1 mmol) 
CWC<UEcNU ethanol 5 mL aHfNEกcHกCS GLIS lead tetraacetate (443.3 mg, 1 mmol) PQRCWC<UaH 
glacial acetic acid 1 mL  THPQRDYp=soSI=cDK 3 b?RNOSK GLISHm;<GUqH 3 ml  GกIELWกDH:QHm;<L<C ก>DK 
JCWLกnCrกEcNU ethanol ก>DKnCrกJCWP;<a=cJ=cK MEcnCILs?pt̂ 2-amino-5-(4'-methoxyphenyl)-
1,3,4-oxadiazole (2b) SQC?กupWGdvHnCrก:QbS_o (134.3 mg,70.31 %) 
     m.p. : 140-141   yC 
     1H NMR (300 MHz, DMSO-d6) :δ (ppm)  
      12.60 (br s, 2H, NH2)  
      7.85 (d, J = 7.7 Hz, 2H, H-2',H-6')  
      6.98 (d, J = 7.7 Hz, 2H, H-3',H-5') 
      3.84 (s, 3H, OCH3) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
      167.68 (C-5), 163.25 (C-2), 145.22 (C-4'), 131.76 (C-2',C-6'), 
123.75 (C-1'), 114.24 (C-3',C-5'), 55.89 (OCH3) 
 
     1.2.3  2-Amino-5-(2'-bromophenyl)-1,3,4-oxadiazole (2c) 
     H;< 2'-bromobenzaldehyde semicarbazone (1c) (241.9 mg, 1 mmol) 
CWC<UEcNU ethanol 5 mL aHfNEกcHกCS GLIS lead tetraacetate (443.3 mg, 1 mmol) ) PQRCWC<UaH 
glacial acetic acid 1 mL THPQRDYp=soSI=cDK 5 b?RNOSK GLISHm;<GUqH 3 ml H;<nCILs?pt̂PQRGกIEfrmHS<:ก?E
EcNU dichloromethane (3x20 mL) >NSb?mH dichloromethane GLIS anh. Na2SO4 ก>DK >WG=UL?NP;<
CWC<UDDก P;<nCILs?pt̂a=c@>I:YP`I{EcNUTDC?SĤOT>S<OP>ก><|} (silica gel < 0.063 mm, 8 g) bW
TDC?SĤEcNU 30 % ethyl acetate : hexane MEcnCILs?pt^ 2-amino-5-(2'-bromophenyl)-1,3,4-
oxadiazole (2c) SQC?กupWGdvHfDKJfqK:QG=CVDK (50.6 mg, 25.25 %)  
     m.p. : 78-79   yC 
     1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
      12.78 (br s, 2H, NH2)  
      7.77 (d, J = 7.8 Hz, 1H, H-3')  
      7.70 (d, J = 7.6 Hz, 1H, H-6') 
      7.56 (t, J = 7.6 Hz, 1H, H-5') 
      7.53 (t, J = 7.8 Hz, 1H, H-4') 
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     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
      156.70 (C-5), 154.50 (C-2),134.76 (C-3'), 133.45 (C-6'), 131.44 
(C-4'), 128.69 (C-5'), 125.24 (C-1'), 120.55 (C-2') 
    
    1.2.4  2-Amino-5-(4'-bromophenyl)-1,3,4-oxadiazole (2d) 
     H;< 4'-bromobenzaldehyde semicarbazone (1d) (241.9 mg, 1 mmol) 
CWC<UEcNU ethanol 5 mL aHfNEกcHกCS GLIS lead tetraacetate (443.3 mg, 1 mmol) ) PQRCWC<UaH 
glacial acetic acid 1 mL  THPQRDYp=soSI=cDK 3 b?RNOSK GLISHm;<GUqH 3 mL H;<nCILs?pt̂PQRGกIEfrmHS<
:ก?EEcNU dichloromethane (3x20 mL) >NSb?mH dichloromethane GLIS anh. Na2SO4 ก>DK >WG=U
L?NP;<CWC<UDDก P;<nCILs?pt̂a=c@>I:YP`I{EcNUTDC?SĤOT>S<OP>ก><|} (silica gel < 0.063 mm, 8 g) 
bWTDC?SĤEcNU 30 % ethyl acetate : hexane  MEcnCILs?pt̂ 2-amino-5-(4'-bromophenyl)-1,3,4-
oxadiazole (2d) SQC?กupWGdvHfDKJfqK:Qf<N (70.6 mg, 29.40 %)  
     m.p. :  139-140   yC 
     1H NMR (300 MHz, DMSO-d6) :δ (ppm)  
      7.79 (d, J = 8.6 Hz, 2H, H-2', H-6')  
      7.65 (d, J = 8.6 Hz, 2H, H-3', H-5') 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
      167.61 (C-5), 154.42 (C-2),131.70 (C-2',C-6'), 130.06 (C-3',C-5'), 
125.47 (C-1'), 117.50 (C-4') 
 
     1.2.5  2-Amino-5-(2'-nitrophenyl)-1,3,4-oxadiazole (2e) 
     H;< 2'-nitrobenzaldehyde semicarbazone (1e) (208.1 mg, 1 mmol) 
CWC<UEcNU ethanol 5 mL aHfNEกcHกCS  GLIS lead tetraacetate (443.3 mg, 1 mmol) ) PQRCWC<U
aH glacial acetic acid 1 mL  THPQRDYp=soSI=cDK 5 b?RNOSK GLISHm;<GUqH 3 mL H;<nCILs?pt̂PQRGกIEfrmH
S<:ก?EEcNU dichloromethane (3x20 mL) >NSb?mH dichloromethane GLIS anh. Na2SO4 ก>DK >WG=U
L?NP;<CWC<UDDก P;<nCILs?pt̂a=c@>I:YP`I{EcNUTDC?SĤOT>S<OP>ก><|} (silica gel < 0.063 mm, 8 g) 
bWTDC?SĤEcNU 40 % ethyl acetate : hexane  MEcnCILs?pt̂ 2-amino-5-(2'-nitrophenyl)-1,3,4-
oxadiazole (2e) SQC?กupWGdvHfDKJfqK:QHm;<L<C (47.6 mg, 23.13 %) 
     m.p. : 42-43   yC 
     1H NMR (300 MHz, DMSO-d6) :δ (ppm)  
      8.00 (d, J = 7.2 Hz, 1H, H-6')  
      7.80 (m, 3H, H-3', H-4', H-5')  
      7.38 (br s, 2H, NH2) 
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     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
      164.96 (C-5), 154.80 (C-2), 150.20 (C-2'), 135.85 (C-1'), 133.71  
(C-5'), 132.42 (C-4'), 130.36 (C-6'), 124.82 (C-3') 
 
      1.2.6  2-Amino-5-(4'-nitrophenyl)-1,3,4-oxadiazole (2f) 
     H;< 4'-nitrobenzaldehyde semicarbazone (1f) (208.1 mg, 1 mmol) 
CWC<UEcNU ethanol 5 mL aHfNEกcHกCS GLIS lead tetraacetate (443.3 mg, 1 mmol) PQRCWC<UaH 
glacial acetic acid 1 mL  THPQRDYp=soSI=cDK 3 b?RNOSK GLISHm;<GUqH 3 mL GกIELWกDH:QHm;<L<C ก>DK
JCWLกnCrกEcNU ethanol ก>DKJCWP;<nCrกa=cJ=cK MEcnCILs?pt̂ 2-amino-5-(4'-nitrophenyl)-1,3,4-
oxadiazole (2f) SQC?กupWGdvHnCrก:QG=CVDKDkDH (117.2 mg, 56.89 %) 
     m.p. : 60-61   yC 
     1H NMR (300 MHz, DMSO-d6) :δ (ppm)  
      8.24 (d, J = 8.8 Hz, 2H, H-2',H-6')  
      7.63 (d, J = 8.8 Hz, 2H, H-3',H-5')  
     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
      170.50 (C-5), 160.70 (C-2), 147.52 (C-4'), 144.50 (C-1'), 128.98  
(C-2',C-6'), 124.02 (C-3',C-5') 
 
     1.2.7  2-Amino-5-(2'-hydroxyphenyl)-1,3,4-oxadiazole (2g) 
     H;< 2'-hydroxybenzaldehyde semicarbazone (1g) (179.1 mg, 1 mmol) 
CWC<UEcNU ethanol 5 mL aHfNEกcHกCS GLIS lead tetraacetate (443.3 mg, 1 mmol) PQRCWC<UaH 
glacial acetic acid 1 mL  THPQRDYp=soSI=cDK 5 b?RNOSK b?RNOSK GLISHm;<GUqH 3 mL H;<nCILs?pt̂PQR
GกIEfrmHS<:ก?EEcNU dichloromethane (3x20 mL) >NSb?mH dichloromethane GLIS anh. Na2SO4 ก>DK 
>WG=UL?NP;<CWC<UDDก P;<nCILs?pt̂a=c@>I:YP`I{EcNUTDC?SĤOT>S<OP>ก><|} (silica gel < 0.063 
mm, 8 g) bWTDC?SĤEcNU 40 % ethyl acetate : hexane  MEcnCILs?pt̂ 2-amino-5-(2'-hydroxy 
phenyl)-1,3,4-oxadiazole (2g) SQC?กupWGdvHfDKJfqK:QG=CVDKDkDH (27.3 mg, 15.42 %)  
     m.p. : 110-111   yC 
     1H NMR (300 MHz, DMSO-d6) :δ (ppm)  
      7.78 (d, J = 7.8 Hz, 1H, H-6') 
      7.49 (t, J = 7.0 Hz, 1H, H-4') 
      6.91 (m, 2H, H-3',H-5')  
     13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
      161.70 (C-5), 157.50 (C-2), 147.39 (C-2'), 135.99 (C-4'), 130.72  
(C-5'), 124.50 (C-1'), 119.53 (C-6'), 117.51 (C-3') 



 47 

 
     1.2.8  2-Amino-5-(4'-hydroxyphenyl)-1,3,4-oxadiazole (2h) 
     H;< 4'-nitrobenzaldehyde semicarbazone (1h) ( 179.1 mg, 1 mmol) 
CWC<UEcNU ethanol 5 mL aHfNEกcHกCS GLIS lead tetraacetate (443.3 mg, 1 mmol) THPQR
DYp=soSI=cDK 4  b?RNOSK  GLISHm;<GUqH 3 mL H;<nCILs?pt̂PQRGกIEfrmHS<:ก?EEcNU dichloromethane 
(3x20 mL) >NSb?mH dichloromethane GLIS anh. Na2SO4 ก>DK >WG=UL?NP;<CWC<UDDก P;<
nCILs?pt̂a=c@>I:YP`I{EcNUTDC?SĤOT>S<OP>ก><|} (silica gel < 0.063 mm, 8 g) bWTDC?SĤEcNU 30 
% ethyl acetate : hexane  MEcnCILs?pt̂ 2-amino-5-(4'-hydroxyphenyl)-1,3,4-oxadiazole (2h) SQ
C?กupWGdvHfDKJfqK:QG=CVDKDkDH (41.5 mg, 23.43 %) 
    m.p. : 69-70   yC 
    1H NMR (300 MHz, CDCl3) :δ (ppm)  
     11.60 (br s, 2H, NH2) 
     9.91 (s, 1H, OH) 
     8.82 (d, J = 7.5 Hz, 2H, H-2', H-6') 
     7.95 (d, J = 7.5 Hz, 2H, H-3', H-5')  
    13C NMR (75 MHz, CDCl3 ) :δ (ppm) 
     162.25 (C-5), 161.10 (C-2), 136.63 (C-4'), 132.41 (C-2',C-6'), 119.80  
(C-1'), 115.94 (C-3', C-5') 
 
     1.2.9  2-Amino-5-(indol-3'-yl)-1,3,4-oxadiazole (2i) 
     H;< indol-3'-yl carboxaldehyde semicarbazone (1i) (202.1 mg, 1 mmol) 
CWC<UEcNU ethanol 5 mL aHfNEกcHกCS GLIS lead tetraacetate (443.3 mg, 1 mmol) PQRCWC<UaH 
glacial acetic acid 1 mL THPQRDYp=soSI=cDK 8 b?RNOSK GLISHm;<GUqH 3 mL H;<nCILs?pt̂PQRGกIEfrmHS<
:ก?EEcNU dichloromethane (3x20 mL) >NSb?mH dichloromethane GLIS anh. Na2SO4 ก>DK >WG=U
L?NP;<CWC<UDDก P;<nCILs?pt̂a=c@>I:YP`I{EcNUTDC?SĤOT>S<OP>ก><|} (silica gel < 0.063 mm, 6 g) 
bWTDC?SĤEcNU 20 % ethyl acetate : hexane MEcnCILs?pt̂ 2-amino-5-(indol-3'-yl)-1,3,4-
oxadiazole (2i) SQC?กupWGdvHfDKJfqK:QG=CVDK (33.0 mg, 16.5 %) 
     m.p. : 183-184   yC 
     1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
      9.93 (s, 1H, H-1')  
      8.28 (s, 1H, H-2')  
      8.09 (d, J = 7.5 Hz, 1H, H-4') 
      7.51 (d, J = 7.4 Hz, 1H, H-7') 
      7.24 (m, 2H, H-5',H-6') 
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     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
      162.20 (C-5), 155.10 (C-2), 145.20 (C-7'a), 138.91 (C-2'), 136.80  
(C-3'a), 123.94 (C-5'), 122.59 (C-6'), 121.68 (C-4'), 116.64 (C-3'), 112.88 (C-7') 
 
   1.2.10  2-Amino-5-(1'-methylpyrrol-2'-yl)-1,3,4-oxadiazole (2j) 
     H;< 1'-methylpyrrol-2'-yl carboxaldehyde semicarbazone (1j) (166.1 
mg, 1 mmol) CWC<UEcNU ethanol 5 mL aHfNEกcHกCS GLIS lead tetraacetate (443.3 mg, 1 
mmol) PQRCWC<UaH glacial acetic acid 1 mL  THPQRDYp=soSI=cDK 9 b?RNOSK GLISHm;<GUqH 3 mL H;<
nCILs?pt̂PQRGกIEfrmHS<:ก?EEcNU dichloromethane (3x20 mL) >NSb?mH dichloromethane GLIS anh. 
Na2SO4 ก>DK >WG=UL?NP;<CWC<UDDก P;<nCILs?pt̂a=c@>I:YP`I{EcNUTDC?SĤOT>S<OP>ก><|} (silica 
gel < 0.063 mm, 8 g) bWTDC?SĤEcNU  ethyl acetate MEcnCILs?pt̂ 2-amino-5-(1'-methylpyrrol-2'-
yl)-1,3,4-oxadiazole (2j) C?กupWGdvHfDKJfqK:QHm;<L<CGfcS (30.4 mg,18.15 %) 
     m.p. : 81-82   yC 
     1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
      7.34 (d, J = 2.7 Hz, 1H, H-5') 
      7.24 (br s, 1H, H-3')  
      6.29 (d, J = 2.7 Hz, 1H, H-4')  
      6.22 (br s, 2H, NH2) 
      2.71 (s, 3H, CH3) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
      169.23 (C-5), 156.65 (C-2), 147.45 (C-5'), 143.30 (C-2'), 137.29 
(C-3'), 128.36 (C-4'), 24.44 (CH3) 
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 2.  ก<>:?KGT><W=^:<>DHY_?H`^ 2-ethyl-5-substituted-1,3,4-oxadiazoles OEUabcd~IกI>IU< 
cyclization fDKDHY_?H`^ hydrazides  EcNU  triethyl  orthopropanoate  E?K:Sก<> 
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  2.1  ก<>:?KGT><W=^:<>DHY_?H`^ hydrazides (3b-h) 
    H;<DHY_?H`^ ester =>VDDHY_?H`^ benzoyl chloride 1 mmol CWC<UaH ethanol 10 
mL aHfNEกcHกCS TkDUl GLIS hydrazine hydrate 4 mmol H;<Md reflux LIEL<SdeIกI>IU<EcNU TLC 
GSVRDdeIกI>IU<GกIE:S@o>p^ dCkDUa=cGUqHPQRDYp=soSI=cDK JCWH;<MdJbkaHDk<KHm;<JfqK GกIELWกDH ก>DK
LWกDHDDก JCcNH;<MdLกnCrกEcNU ethanol ก>DKJCWP;<a=cJ=cK L>NX:D@:oL>OT>K:>c<KEcNU NMR 
  
    2.1.1   2'-Hydroxyphenyl hydrazide (3b) 
      H;< methyl salicylate (308.1 mg, 2 mmol) CWC<UaH ethanol 10 mL aH
fNEกcHกCS TkDUl GLIS hydrazine hydrate (0.3 mL, 8 mmol) H;<Md reflux  4 b?RNOSK dCkDUa=cGUqH
PQRDYp=soSI=cDK H;<MdJbkaHDk<KHm;<JfqK GกIELWกDH:Qf<N ก>DKLWกDHJCWLกnCrกEcNU ethanol P;<a=c
J=cKMEcnCILs?pt̂ 2'-hydroxybenzoyl hydrazide (3b) SQC?กupWGdvHfDKJfqK:Qf<N (229.5 mg,  
75.42  %) 
     m.p. : 120-121   yC 
     1H  NMR (300 MHz, DMSO-d6) :δ  (ppm)  
      12.45 (br s, 1H, OH) 
      10.05 (s, 1H, NH)  
      7.79 (d, J = 7.7 Hz, 1H, H-6')  
      7.38 (t, J= 7.7 Hz, 1H, H-5') 
      6.87 (m, 2H, H-3', H-4') 
      4.65 (br s, 2H, NH2) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
      168.33 (C=O), 160.00 (C-2'), 133.85 (C-4'), 127.56 (C-6'), 119.10 
(C-5'), 117.74 (C-3'), 114.86 (C-1') 
 
    2.1.2  2'-Chlorophenyl hydrazide (3c) 
     H;< 2-chlorobenzoyl chloride (0.3 mL, 2 mmol) CWC<UaH ethanol 10 mL 
aHfNEกcHกCS TkDUl GLIS hydrazine hydrate (0.3 mL, 8 mmol) H;<Md reflux 4 b?RNOSK dCkDUa=c
GUqHPQRDYp=soSI=cDK H;<MdJbkaHDk<KHm;<JfqK GกIELWกDH:Qf<N ก>DKLWกDHJCWLกnCrกEcNU ethanol P;<
a=cJ=cK MEcnCILs?pt̂ 2'-chlorophenyl hydrazide (3c) SQC?กupWGdvHfDKJfqK:Qf<N (290.4 mg, 
85.12 %)  
     m.p. : 275-276   yC)  
     1H  NMR (300 MHz, DMSO-d6) :δ (ppm)   
      10.56 (s, 1H, NH)  
      7.45 (m, 4H, H-3', H-4', H-5', H-6') 
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     13C NMR (75 MHz, DMSO-d6) :δ (ppm)   
      165.84 (C=O), 147.56 (C-6'), 131.99 (C-4'), 130.36 (C-2'), 129.88 
(C-3'), 127.61 (C-5'), 123.20 (C-1') 
   
    2.1.3  4'-Chlorophenyl hydrazide (3d) 
     H;< 4-chlorobenzoyl chloride (0.3 mL, 2 mmol) CWC<UaH ethanol 10 mL 
aHfNEกcHกCS TkDUl GLIS hydrazine hydrate (0.3 mL, 8 mmol) H;<Md 3 b?RNOSK dCkDUa=cGUqHPQR
DYp=soSI=cDK H;<MdJbkaHDk<KHm;<JfqK GกIELWกDH:Qf<N ก>DKnCrกJCWLกnCrกEcNU ethanol P;<a=cJ=cK
MEcnCILs?pt̂ 4'-chlorophenyl hydrazide (3d) SQC?กupWGdvHfDKJfqK:Qf<N (314.9 mg, 92.32 %) 
     m.p. : 257-258   yC 
     1H  NMR (300 MHz, DMSO-d6) :δ  (ppm) 
      10.67 (s, 1H, NH)  
      7.94 (d, J = 8.5 Hz, 2H, H-2',H-6') 
      7.62 (d, J = 8.5 Hz, 2H, H-3',H-5') 
      4.65 (br s, 2H, NH2) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
      165.35 (C=O), 137.25 (C-4'), 131.64 (C-1'), 129.85 (C-2',C-6'), 
129.16 (C-3',C-5') 
  
    2.1.4  Indol-2'-yl hydrazide (3e) 
     H;< ethyl indole-2-carboxylate (378.4 mg, 2 mmol) ) CWC<UaH ethanol 
10 mL aHfNEกcHกCS TkDUl GLIS hydrazine hydrate (0.3 mL, 8 mmol) H;<Md reflux 5 b?RNOSK 
dCkDUa=cGUqHPQRDYp=soSI=cDK H;<MdJbkaHDk<KHm;<JfqK GกIELWกDH:Qf<N ก>DKLWกDHJCWLกnCrกEcNU 
ethanol ก>DKJCWP;<nCrกa=cJ=cK MEcnCILs?pt̂ indol-2'-yl hydrazide (3e) SQC?กupWGdvHnCrก:Qf<N 
(230.2 mg, 65.70 %)  
     m.p. : 125-126   yC 
     1H  NMR (300 MHz, DMSO-d6) :δ  (ppm)  
      11.56 (s, 1H, H-1')  
      9.79 (s, 1H, NH)  
      7.58 (d, J = 7.8 Hz, 1H, H-4' ) 
      7.43 (d, J = 7.8 Hz, 1H, H-7')  
      7.16 (t, J = 7.8 Hz, 1H, H-6')  
      7.05 (s, 1H, H-3')  
      7.01 (t, J = 7.8 Hz, 1H, H-5')  
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      4.49 (br s, 2H, NH2) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
      161.69 (C=O), 136.74 (C-2'),  130.78 (C-7'a), 127.52 (C-3'a), 
123.70 (C-6'), 121.87 (C-4'), 120.26 (C-5'), 112.71 (C-7'), 102.47 (C-3') 
 
    2.1.5  Indol-3'-yl methyl hydrazide (3f) 
     H;< ethyl 3-indoleacetate (304.6 mg, 1.5 mmol) CWC<UaH ethanol 10 
mL aHfNEกcHกCS TkDUl GLIS hydrazine hydrate (0.2 mL, 6 mmol) H;<Md 5 b?RNOSK dCkDUa=cGUqH
PQRDYp=soSI=cDK H;<MdJbkaHDk<KHm;<JfqK GกIELWกDH:QG=CVDK ก>DKLWกDHJCWLกnCrกEcNU ethanol 
ก>DKJCWP;<nCrกa=cJ=cK MEcnCILs?pt̂ indol-3'-yl methyl hydrazide (3f) SQC?กupWGdvHnCrก:QG=CVDK 
(197.1 mg, 69.45  %) 
     m.p. : 129-130  yC 
     1H  NMR (300 MHz, DMSO-d6) :δ (ppm)  
      10.86 (s, 1H, H-1')  
      9.17 (s, 1H, NH)  
      7.56 (d, J = 8.0 Hz, 1H, H-4')  
      7.33 (d, J = 8.0 Hz, 1H, H-7')  
      7.17 (s, 1H, H-2')  
      7.04 (t, J = 8.0 Hz, 1H, H-6')  
      6.97 (t, J = 8.0 Hz, 1H, H-5')  
      4.19 (br s, 2H, NH2)  
      3.44 (s, 2H, CH2) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
      170.77 (C=O), 136.48 (C-7'a), 127.59 (C-3'a), 124.17 (C-2'), 
121.56 (C-6'), 119.17 (C-4'), 118.75 (C-5'), 111.73 (C-7'), 109.09 (C-3'), 31.13 (CH2) 
 
    2.1.6  Pyridin-2'-yl hydrazide (3g) 
     H;< ethyl-2-picotinate (302.3 mg, 2 mmol) CWC<UaH ethanol 10 mL aH
fNEกcHกCS TkDUl GLIS hydrazine hydrate (0.3 mL, 8 mmol) H;<Md reflux 5 b?RNOSK dCkDUa=cGUqH
PQRDYp=soSI=cDKH;<MdJbkaHDk<KHm;<JfqK GกIELWกDH:Qf<N ก>DKLWกDHJCWLกnCrกEcNU ethanol ก>DK
JCWP;<a=cJ=cKMEcnCILs?pt̂ pyridin-2'-yl hydrazide (3g) SQC?กupWGdvHnCrก:Qf<N (246.1 mg,  
89.71 %) 
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     m.p. : 83-84   yC 
     1H  NMR (300 MHz, DMSO-d6) :δ (ppm)  
      9.87 (bs, 1H, NH)  
      8.60 (d, J = 4.7 Hz, 1H, H-3')  
      7.96 (m, 2H, H-4', H-6')  
      7.57 (t, J = 4.7 Hz, 1H, H-5') 
      4.56 (br s, 2H, NH2) 
     13C NMR (75 MHz, CDCl3) :δ (ppm)   
      164.71 (C=O), 148.99 (C-2'), 148.38 (C-6'), 137.35 (C-4'), 126.49 
(C-3'), 122.22 (C-5') 
 
    2.1.7  Pyridin-3'-yl hydrazide (3h) 
     H;< ethyl nicotinate (302.3 mg, 2 mmol) CWC<UaH ethanol 10 mL TkDUl 
aHfNEกcHกCS GLIS hydrazine hydrate (0.3 mL, 8 mmol) H;<Md reflux  3 b?RNOSK dCkDUa=cGUqHPQR
DYp=soSI=cDK H;<MdJbkaHDk<KHm;<JfqK GกIELWกDH:Qf<Nก>DK LWกDHJCWLกnCrกEcNU ethanol ก>DK
JCWP;<a=cJ=cKMEcnCILs?pt̂ pyridin-3'-yl hydrazide (3h) SQC?กupWGdvHfDKJfqK:Qf<N (259.3  mg, 
94.52 %) 
     m.p.:139-141   yC 
     1H  NMR (300 MHz, DMSO-d6) :δ  (ppm)  
      9.96 (s, 1H, NH)  
      8.96 (s, 1H, H-2')  
      8.68 (d, J = 4.0 Hz, 1H, H-6')  
      8.15 (d, J = 7.9 Hz, 1H, H-4')  
      7.49 (t, J = 7.9 Hz, 1H, H-5') 
      4.58 (br s, 2H, NH2) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
      164.81 (C=O), 152.22 (C-2'), 148.51 (C-6'), 135.15 (C-4'), 129.34 
(C-3'), 123.97 (C-5') 
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2.2 ก<>:?KGT><W=^DHY_?H`^ 2-ethyl-5-substituted-1,3.4-oxadiazoles (4a-h) 
   H;<DHY_?H`^ hydrazides X;<HNH 1 mmol aHfNEกcHกCS GLIS triethyl 
orthopropanoate 5.5 mmol JCWH;<Md  reflux LIEL<Sก<>GกIEdeIกI>IU<EcNU TLC GSVRDdeIกI>IU<
GกIEfrmH:S@o>p^dCkDUa=cGUqHPQRDYp=soSI=cDK GLISHm;< 2 mL JCWGLIS:<>CWC<UDIRSL?NfDK  potassium 
carbonate X;<HNH 2 mL :?KGกLnCILs?pt̂PQRGกIEfrmH zc<GกIELWกDH ก>DKJCWLกnCrกEcNU ethanol  
zc<MSkGกIELWกDH H;<S<:ก?EEcNU diethyl ether (3x20 mL) >NSb?mH diethyl ether  GLIS anh. Na2SO4 
ก>DK >WG=UL?NP;<CWC<UDDกJCWP;<:<>nCILs?pt̂a=c@>I:YP`I{EcNUก<>LกnCrก=>VDGPTHITOT>S<OP>ก
><|} 
 
   2.2.1  2-Ethyl-5-phenyl-1,3,4-oxadiazole (4a) 
        H;< benzoyl hydrazine (3a) (136.2 mg, 1 mmol) S<P;<deIกI>IU<ก?@ 
triethyl orthopropanoate (1.1 mL, 5.5 mmol) OEUH;<Md reflux 5 b?RNOSK dCkDUa=cGUqH GLISHm;< 2 ml 
JCWGLIS:<>CWC<UDIRSL?NfDK  potassium carbonate X;<HNH 2 ml H;<:<>n:SS<:ก?EEcNU diethyl 
ether (3x20 mL) >NSb?mHfDK diethyl ether GLIS anh. Na2SO4  ก>DK >WG=UL?NP;<CWC<UDDก P;<
nCILs?pt̂a=c@>I:YP`I{EcNUTDC?SĤOT>S<OP>ก><|} (silica gel < 0.063 mm, 6 g) bWTDC?SĤEcNU 40 
% ethyl acetate : hexane MEcnCILs?pt̂ 2-ethyl-5-phenyl-1,3,4-oxadiazole (4a) SQC?กupWGdvH
fDKG=CNa: (60.5 mg, 54.76 %) 
     b.p. : 265-267   yC  
     1H  NMR (300 MHz, DMSO-d6) :δ  (ppm)  
      7.98 (d, J = 6.4 Hz, 2H, H-2',H-6')  
      7.58 (m, 3H, H-3', H-4', H-5')  
      2.93 (q, J = 7.5 Hz, 2H, CH2)  
      1.31 (t, J = 7.5 Hz, 3H, CH3) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
      168.23 (C-5), 164.31 (C-2), 132.23 (C-4'), 129.86 (C-2',C-6'), 
126.83 (C-3',C-5'), 124.05 (C-1'), 18.87 (CH2), 10.90 (CH3) 
 

2.2.2 2-Ethyl-5-(2'-hydroxyphenyl)-1,3,4-oxadiazole (4b) 
     H;<  2'-hydroxyphenyl hydrazide (3b) (152.1 mg, 1 mmol) S<P;<
deIกI>IU<ก?@ triethyl orthopropanoate (1.1 mL, 5.5 mmol) OEUH;<Md reflux 5 b?RNOSK dCkDUa=cGUqH 
GLISHm;< 2 mL JCWGLIS:<>CWC<UDIRSL?NfDK potassium carbonate X;<HNH 2 mL H;<:<>n:SS<:ก?E
EcNU diethyl ether (3x20 mL) >NSb?mHfDK diethyl ether GLIS anh. Na2SO4  ก>DK >WG=UL?NP;<
CWC<UDDก P;<nCILs?pt̂a=c@>I:YP`I{EcNUTDC?SĤOT>S<OP>ก><|} (silica gel < 0.063 mm,  8 g) bW
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TDC?SĤEcNU 50 % ethyl acetate : hexane MEcnCILs?pt^ 2-ethyl-5-(2'-hydroxyphenyl)-1,3,4-
oxadiazole (4b) SQC?กupWGdvHfDKG=CN:QHm;<L<C (55.8 mg, 29.36 %) 
     b.p. : 259-260   yC 
     1H  NMR (300 MHz, CDCl3) :δ  (ppm) 
      10.06 (br, 1H, OH)  
      7.66 (dd, J = 7.8 Hz, 1.3 Hz, 1H, H-6') 
      7.36 (t, J = 7.8 Hz, 1H, H-5') 
      7.04 (d, J = 7.9 Hz, 1H, H-3') 
      6.92 (t, J = 7.9 Hz, 1H, H-4') 
      2.92 (q, J = 7.6 Hz, 2H, CH2)  
      1.40 (t, J = 7.6 Hz, 3H, CH3) 
     13C NMR (75 MHz, CDCl3 ) :δ (ppm) 
166.50 (C-5), 164.33 (C-2), 157.41 (C-2'), 132.97 (C-3'), 126.40 (C-6'), 120.09 (C-4'), 117.37 
(C-5'), 108.18 (C-1'), 18.98 (CH2), 10.67 (CH3) 
 
    2.2.3  2-Ethyl-5-(2'-chlorophenyl)-1,3,4-oxadiazole (4c) 
     H;<  2'-chlorophenyl hydrazide (3c) (170.5 mg, 1 mmol) S<P;<deIกI>IU<
ก?@ triethyl orthopropanoate (1.1 mL, 5.5 mmol) OEUH;<Md reflux 6 b?RNOSK dCkDUa=cGUqH GLISHm;< 2 
mL JCWGLIS:<>CWC<UDIRSL?NfDK potassium carbonate X;<HNH 2 mL H;<:<>n:SS<:ก?EEcNU 
diethyl ether (3x20 mL) >NSb?mHfDK diethyl ether GLIS anh. Na2SO4  ก>DK >WG=UL?NP;<CWC<U
DDก P;<nCILs?pt̂a=c@>I:YP`I{EcNUTDC?SĤOT>S<OP>ก><|} (silica gel < 0.063 mm,  8 g) bWTDC?SĤ
EcNU 50 % ethyl acetate : hexane nCILs?pt̂ 2-ethyl-5-(2'-chlorophenyl)-1,3,4-oxadiazole (4c) 
SQC?กupWGdvHfDKG=CNa: (136.0 mg, 65.22 %) 
     b.p. : 271-273   yC 
     1H  NMR (300 MHz, DMSO-d6) :δ  (ppm)  
      7.94 (d, J = 7.6 Hz, 1H, H-6')  
      7.70 (d, J = 7.6 Hz, 1H, H-3')  
      7.63 (t, J = 7.6 Hz, 1H, H-5')  
      7.56 (t, J = 7.6 Hz, 1H, H-4')  
      2.96 (q, J = 7.2 Hz, 2H, CH2)  
      1.32 (t, J = 7.2 Hz, 3H, CH3)  
     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
      168.72 (C-5), 162.49 (C-2), 133.56 (C-5'), 132.17 (C-2'), 131.67 
(C-4'), 131.49 (C-3'), 128.32 (C-6'), 123.22 (C-1'), 18.81 (CH2), 10.86 (CH3) 
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     2.2.4  2-Ethyl-5-(4'-chlorophenyl)-1,3,4-oxadiazole (4d) 
      H;<  4'-chlorophenyl hydrazide (3d) (170.5 mg, 1 mmol) S<P;<
deIกI>IU<ก?@ triethyl orthopropanoate (1.1 mL, 5.5 mmol) OEUH;<Md reflux 5 b?RNOSK dCkDUa=cGUqH 
GLISHm;< 2 mL JCWGLIS:<>CWC<UDIRSL?NfDK potassium carbonate X;<HNH 2 mL H;<:<>n:SS<:ก?E
EcNU diethyl ether (3x20 mL) >NSb?mHfDK diethyl ether GLIS anh. Na2SO4  ก>DK >WG=UL?NP;<
CWC<UDDก P;<:<>nCILs?pt̂a=c@>I:YP`I{EcNUTDC?SĤOT>S<OP>ก><|} (silica gel < 0.063 mm,  8 g) 
bWTDC?SĤEcNU 40% ethyl acetate : hexane MEcnCILs?pt̂ 2-ethyl-5-(4'-chlorophenyl)-1,3,4-
oxadiazole (4d) SQC?กupWGdvHfDKG=CN:QG=CVDKDkDH (140.3 mg, 67.32 %)  
     b.p. :  284-286   yC 
     1H  NMR (300 MHz, DMSO-d6) :δ  (ppm)  
      7.99 (d, J =  8.3 Hz, 2H, H-2', H-6') 
      7.67 (d, J =  8.3  Hz, 2H, H-3', H-5')  
      4.32 (q, J = 7.2 Hz, 2H, CH2)  
      1.34 (t, J =  7.2 Hz, 3H, CH3) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
      164.67 (C-5), 163.67 (C-2), 136.60 (C-4'), 130.07 (C-2',C-6'), 
128.61(C-3',C-5'), 122.80 (C-1'), 15.99 (CH2), 10.15 (CH3) 
 
    2.2.5  2-Ethyl-5-(indol-2'-yl)-1,3,4-oxadiazole (4e) 
     H;<  indol-2'-yl hydrazide (3e) ( 175.1 mg, 1 mmol) S<P;<deIกI>IU<ก?@ 
triethyl orthopropanoate (1.1 mL, 5.5 mmol) OEUH;<Md reflux  5 b?RNOSK dCkDUa=cGUqH GLISHm;< 2 
mL JCWGLIS:<>CWC<UDIRSL?NfDK potassium carbonate X;<HNH 2 mL H;<:<>n:SS<:ก?EEcNU 
diethyl ether (3x20 mL) >NSb?mHfDK diethyl ether GLIS anh. Na2SO4  ก>DK >WG=UL?NP;<CWC<U
DDก P;<:<>nCILs?pt̂a=c@>I:YP`I{EcNUTDC?SĤOT>S<OP>ก><|} (silica gel < 0.063 mm,  8 g) bW
TDC?SĤEcNU 40 % ethyl acetate : hexane MEcnCILs?pt^ 2-ethyl-5-(indol-2'-yl)-1,3,4-oxadiazole 
(4e) SQC?กupWGdvHfDKJfqK:Q:cS (108.2 mg, 47.65  %) 
     m.p. : 265-266   yC 
     1H  NMR (300 MHz, DMSO-d6) :δ  (ppm) 
      12.19 (s, 1H, H-1')  
      7.65 (d, J = 8.0 Hz, 1H, H-4')  
      7.46 (d, J = 8.0 Hz, 1H, H-7')  
      7.24 (t, J = 8.0 Hz, 1H, H-6')  
      7.14 (s, 1H, H-3')  
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      7.08 (t, J = 8.0 Hz, 1H, H-5')  
      2.95 (q, J = 7.2 Hz, 2H, CH2) 
      1.34 (t, J =  7.2 Hz, 3H, CH3) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
     167.59 (C-5), 159.69 (C-2), 138.11 (C-7'a), 127.72 (C-3'a), 124.51  
(C-6'), 121.85 (C-4'), 121.75 (C-2'), 120.73 (C-5'), 112.68 (C-7'), 104.88 (C-3'), 18.90 (CH2), 
10.80 (CH3) 
 
    2.2.6  2-Ethyl-5-(indol-3'-yl methyl)-1,3,4-oxadiazole (4f) 
     H;<  indol-3'-yl methyl hydrazide hydrazide (3f) (189.1 mg, 1 mmol) S<
P;<deIกI>IU<ก?@ triethyl orthopropanoate (1.1 mL, 5.5 mmol) OEUH;<Md reflux 6 b?RNOSK dCkDUa=c
GUqH GLISHm;< 2 mL JCWGLIS:<>CWC<UDIRSL?NfDK potassium carbonate X;<HNH 2 mL H;<:<>n:SS<
:ก?EEcNU diethyl ether (3x20 mL) >NSb?mHfDK diethyl ether GLIS anh. Na2SO4  ก>DK >WG=UL?NP;<
CWC<UDDก P;<:<>nCILs?pt̂a=c@>I:YP`I{EcNUTDC?SĤOT>S<OP>ก><|} (silica gel < 0.063 mm,  8 g) 
bWTDC?SĤEcNU 40 % ethyl acetate : hexane MEcnCILs?pt̂ 2-ethyl-5-(indol-3'-yl methyl)-1,3,4-
oxadiazole (4f) SQC?กupWGdvHfDKJfqK:Q:cS (123.2  mg, 54.23 %)  
     m.p. : 75-76   yC 
     1H  NMR (300 MHz, DMSO-d6) :δ  (ppm)  
      11.05 (s, 1H, H-1')  
      7.49 (d, J = 7.8 Hz, 1H, H-4')  
      7.36 (d, J = 7.8 Hz, 1H, H-7')  
      7.32 (s, 1H, H-2')  
      7.09 (t, J = 7.8 Hz, 1H, H-6')  
      6.99 (t, J = 7.8 Hz, 1H, H-5') 
      4.29 (s, 2H, CH2)  
      2.78 (q, J = 7.6 Hz, 2H, CH2) 
      1.19 (t, J = 7.6 Hz, 3H, CH3) 
     13C NMR (75 MHz, DMSO-d6) : δ (ppm)  
      167.98 (C-2) 166.09 (C-5), 136.65 (C-7'a), 127.11 (C-3'a), 124.50 
(C-2'), 121.75 (C-6'), 119.17 (C-4'), 118.67 (C-5'), 112.02 (C-7'), 107.49 (C-3'), 21.83 (CH2), 
18.68 (CH2) 10.86 (CH3) 
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    2.2.7  2-Ethyl-5-(pyridin-2'-yl)-1,3,4-oxadiazole (4g) 
     H;<  pyridin-2'-yl hydrazide (3g) ( 137.1 mg, 1 mmol) S<P;<deIกI>IU<ก?@ 
triethyl orthopropanoate (1.1 mL, 5.5 mmol) OEUH;<Md reflux  6 b?RNOSK dCkDUa=cGUqH GLISHm;< 2 
mL JCWGLIS:<>CWC<UDIRSL?NfDK  potassium carbonate X;<HNH 2 mL H;<:<>n:SS<:ก?EEcNU 
diethyl ether (3x20 mL) >NSb?mHfDK diethyl ether GLIS anh. Na2SO4  ก>DK >WG=UL?NP;<CWC<U
DDก P;<:<>nCILs?pt̂a=c@>I:YP`I{EcNUTDC?SĤOT>S<OP>ก><|} (silica gel < 0.063 mm,  8 g) bW
TDC?SĤEcNU 40 % ethyl acetate : hexane MEcnCILs?pt^ 2-ethyl-5-(pyridin-2'-yl)-1,3,4-oxadiazole 
(4g) SQC?กupWGdvHfDKG=CNa: (60.3 mg, 34.45 %) 
     b.p. : 257-259   yC 
     1H  NMR (300 MHz, DMSO-d6) :δ  (ppm) 
      8.76 (d, J = 4.5 Hz, 1H, H-6')  
      8.15 (d, J = 6.4 Hz, 1H, H-3')  
      8.05 (t, J = 4.5 Hz, 1H, H-5') 
      7.62 (t, J = 6.5 Hz, 1H, H-4')  
      2.97 (q, J = 7.6 Hz, 2H, CH2)  
      1.32 (t, J = 7.6 Hz, 3H, CH3) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
      169.07 (C-5), 163.94 (C-2), 150.66 (C-6'), 143.37 (C-2'), 138.33 
(C-4'), 126.70 (C-3'), 123.20 (C-5'), 18.91 (CH2), 10.86 (CH3) 
 
    2.2.8  2-Ethyl-5-(pyridin-3'-yl)-1,3,4-oxadiazole (4h) 
     H;<  pyridin-3'-yl hydrazide (3h) (137.1 mg, 1 mmol) S<P;<deIกI>IU<ก?@ 
triethyl orthopropanoate (1.2 mL, 5.5 mmol) OEUH;<Md reflux  6 b?RNOSK dCkDUa=cGUqH GLISHm;< 2 
mL JCWGLIS:<>CWC<UDIRSL?NfDK  potassium carbonate X;<HNH 2 mL H;<:<>n:SS<:ก?EEcNU 
diethyl ether (3x20 mL) >NSb?mHfDK diethyl ether GLIS anh. Na2SO4  ก>DK >WG=UL?NP;<CWC<U
DDก P;<:<>nCILs?pt̂a=c@>I:YP`I{EcNUTDC?SĤOT>S<OP>ก><|} (silica gel < 0.063 mm,  6 g) bW
TDC?SĤEcNU 40 % ethyl acetate : hexane MEcnCILs?pt^ 2-ethyl-5-(pyridin-3'-yl)-1,3,4-oxadiazole 
(4h) SQC?กupWGdvHfDKG=CNa:   (72.1 mg, 41.22 %) 
     b.p. : 262-264   yC 
     1H  NMR (300 MHz, DMSO-d6) :δ  (ppm)  
      9.13 (s, 1H, H-2'), 
      8.78 (d, J = 4.5 Hz, 1H, H-6') 
      8.33 (d, J = 6.4 Hz, 1H, H-4')  
      7.62 (dd, J = 6.4 Hz, 4.5 Hz, 1H, H-5') 
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      2.96 (q, J = 7.5  Hz, 2H, CH2)  
      1.33 (t, J = 7.5 Hz, 3H, CH3) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
   168.74 (C-5), 162.53 (C-2), 152.73 (C-6'), 147.46 (C-2'), 134.47 
(C-4'), 124.81 (C-5'), 120.53 (C-3'), 18.87 (CH2), 10.81 (CH3) 
 

ก��;<ก=�!���>����ก��?�#�� !@>�A���!�B��C��!��D��>?��E����F
B��กก��
!������ "� 
 

H;<:<>PQR:?KGT><W=^MEc S<=<XYEGEVDE=>VDXYE=CDSG=CN JCW�rกu<:oL>OT>K:>c<KOEUGPTHIT
P<K:GdกOP>:OTd}MEcJกk ultraviolet visible spectroscopy(UV), infrared spectroscopy(IR), nuclear 
magnetic resonance spectroscopy(NMR) JCW mass spectrometry(MS)  
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ก
�������
���
������� 2,5-disubstituted-1,3,4-oxadiazoles 
 
 1.  ก����	
����
��������� 2-amino-5-substituted-1,3,4-oxadiazoles (2a-j) 
�*+,-�ก
ก��
.�/0,�������� semicarbazones (1a-j) -�ก34*ก*�*0���
56�	 aldehyde 9/+,/
,:6;9�9/+.6�	< 
ก�= semicarbazide ;>�.�,?@5034*ก*�*0� oxidative cyclization B?0CD@ lead tetraacetate  ?�	
E��3��ก�= 32 
 

25

H

O
+ H2N-NH C NH2

O CH3CH2OH
reflux N NH NH2

O
1a-j

Pb(OAc)4
CH3CH2OH

NN

O NH2

2a-j

R

R

R

 
 

R = a 2'-methoxyphenyl b 4'-methoxyphenyl 
 c 2'-bromophenyl d 4'-bromophenyl 
 e 2'-nitrophenyl f 4'-nitrophenyl 
 g 2'-hydroxyphenyl h 4'-hydroxyphenyl 
 i indol-3'-yl j 1'-methylpyrrol-2'-yl 

 

E��3��ก�= 31 ก����	
����
��������� 2-amino-5-substituted-1,3,4-oxadiazoles 
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 ก>Rกก��
ก*?34*ก*�*0� oxidative cyclization S�	 semicarbazones B?0CD@ lead 
tetraacetate ?�	E��3��ก�= 32 
 

R N NH NH2

O

R N N NH2

O

R N N NH2

O

H

R N N NH2

O

Pb(OAc)4
Pb(OAc)2

OAc

R N N NH2

O

NN

O NH2R

 

 

 
E��3��ก�= 32 ก>Rก34*ก*�*0� oxidative cyclization S�	�������� semicarbazones 

 
12
34��
���5ก6���6�571
��
����������
���8�2 
 
 1.  
������� semicarbazones (1a-j) 
  1.1  2'-Methoxybenzaldehyde semicarbazone (1a) 
    ,/>�กUV�
3W�X>Yก�/S�5 (236.8 mg, 68.28 %) 
    m.p.  199-200  `C 
    Rf  0.30 (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  211 (3.95), 277 (3.95), 314 (3.90) 

    IR ν KBr
max   cm

-1 : 3463, 3181, 1690, 1610, 1580,1507, 735 
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    1H NMR (300 MHz, DMSO-d6) :δ (ppm)  
    10.26 (s, 1H, NH) 
    8.17 (s, 1H, H-5)  
    7.99 (d, J = 7.4 Hz, 1H, H-6')  
    7.33 (t, J = 7.4 Hz, 1H, H-5') 
    7.04 (d, J = 7.4 Hz, 1H, H-3') 
    6.94 (t, J = 7.4 Hz, 1H, H-4') 
    6.47 (br s, 2H, NH2) 
    3.81 (s, 3H, OCH3) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
    157.51 (C=O), 157.21 (C-2'), 135.17 (C-5), 130.82 (C-4'), 125.98  
(C-6'),123.24 (C-1'), 120.98 (C-5'), 112.00 (C-3'), 56.03 (OCH3) 
 

1.2  4'-Methoxybenzaldehyde semicarbazone (1b) 
    ,/>�กUV�
3W�X>Yก�/S�5 (290.7 mg, 75.24 %) 
    m.p.  198-199   `C 
    Rf  0.25 (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  218 (3.85), 286 (4.07), 310 (3.85) 

    IR ν KBr
max   cm

-1 : 3444, 3123, 1690, 1642, 1590, 1438, 765 
    1H NMR (300 MHz, DMSO-d6) :δ (ppm)  
    10.09 (s, 1H, NH) 
    7.78 (s, 1H, H-5) 
    7.65 (d, J = 8.2 Hz, 2H, H-2',H-6') 
    6.94 (d, J = 8.2 Hz, 2H, H-3',H-5') 
    6.41 (br s, 2H, NH2) 
    4.02 (s, 3H, OCH3) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
    160.51 (C=O), 157.28 (C-4'), 139.69 (C-5), 128.48 (C-2',C-6'), 
127.90 (C-1'), 114.54 (C-3',C-5'), 55.69 (OCH3) 
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1.3  2'-Bromobenzaldehyde semicarbazone (1c) 
    ,/>�กUV�
3W�X>Yก�/S�5 (295.3 mg, 81.33 %) 
    m.p.  224-225   `C 
    Rf  0.27 (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) : 210 (4.20), 220 (4.24), 280 (4.39) 

    IR ν KBr
max   cm

-1 : 3458, 3250, 1729, 1649, 1590, 1036, 755 
    1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
    10.53 (s, 1H, NH) 
    8.19 (br s, 1H, H-5, H-3')  
    7.62 (d, J = 7.2 Hz, 1H, H-6') 
    7.38 (t, J = 7.2 Hz, 1H, H-5')  
    7.29 (t, J = 7.2 Hz, 1H, H-4') 
    6.60 (br s, 2H, NH2) 
   13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
    156.97 (C=O), 137.92 (C-5), 133.87 (C-1'), 133.34 (C-4'), 131.12  
(C-3'), 128.24 (C-6'), 127.82 (C-5'), 123.09 (C-2') 
 
  1.4  4'-Bromobenzaldehyde semicarbazone (1d) 
    ,/>�กUV�
3W�X>Yก�/S�5 (329.3 mg, 90.70 %) 
    m.p.  224-225   `C 
    Rf  0.30 (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  220 (4.47), 280 (4.60) 

    IR ν KBr
max   cm

-1 : 3416, 3210, 1710, 1651, 1593, 1099, 755 
    1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
    10.30 (s, 1H, NH) 
    7.79 (s, 1H, H-5) 
    7.68 (d, J = 8.4 Hz, 2H, H-2',H-6') 
    7.56 (d, J = 8.4 Hz, 2H, H-3',H-5') 
    6.52 (br s, 2H, NH2) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
    157.12 (C=O), 138.46 (C-5), 134.59 (C-1'), 131.97 (C-2',C-6'), 
128.93 (C-3', C-5'), 122.50 (C-4') 
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1.5  2'-Nitrobenzaldehyde semicarbazone (1e) 
    ,/>�กUV�
3W�S�	;Sj	�/

>k�	 (277.1 mg, 66.55 %) 
    m.p.  222-223   `C 
    Rf  0.33 (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  210 (4.20), 220 (4.24), 280 (4.39) 

    IR ν KBr
max   cm

-1 : 3465, 3190, 1726, 1670, 1597, 1521, 1469, 740 
    1H NMR (300 MHz, DMSO-d6) :δ (ppm)  
    10.64 (s, 1H, NH)  
    8.35 (d, J = 7.9 Hz, 1H, H-6') 
    8.23 (s, 1H, H-5) 
    7.99 (d, J = 8.1 Hz,1H, H-3')  
    7.72 (t, J = 7.9 Hz, 1H, H-5') 
    7.57 (t, J = 8.1 Hz, 1H, H-4') 
    6.64 (br s, 2H, NH2) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
    156.83 (C=O), 148.23 (C-2'), 134.42 (C-5),133.64 (C-5'), 130.03  
(C-4'), 129.24 (C-1'), 128.37 (C-6'), 124.81 (C-3') 
 
  1.6  4'-Nitrobenzaldehyde semicarbazone (1f) 
    ,/>�กUV�
3W�S�	;Sj	�/

>k�	�6�� (379.6 mg, 91.18 %)  
    m.p.  192-193   `C 
    Rf  0.30 (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) : 209 (3.86), 229 (2.79), 326 (4.01) 

    IR ν KBr
max   cm

-1 : 3444, 3102, 1710, 1635, 1524, 1091, 928 
    1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
    10.64 (s, 1H, NH) 
    8.20 (d, J = 8.6 Hz, 2H, H-2',H-6') 
    8.01 (d, J = 8.6 Hz, 2H, H-3',H-5') 
    7.92 (s, 1H, H-5) 
    6.71 (br s, 2H, NH2) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
    156.91 (C=O), 147.55 (C-4'), 141.84 (C-1'), 137.17 (C-5), 127.84  
(C-2',C-6'), 124.25 (C-3',C-5') 
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  1.7  2'-Hydroxybenzaldehyde semicarbazone (1g) 
    ,/>�กUV�
3W�S�	;Sj	�/S�5 (245.5 mg, 68.51 %) 
    m.p.  219-220   `C 
    Rf  0.20 (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  210 (4.34), 270 (4.34), 280 (4.38), 320 (4.14) 

    IR ν KBr
max   cm

-1 : 3490, 3250, 3154, 1697, 1620, 1590, 1445, 1266, 760 
    1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
    10.17 (s, 1H, NH) 
    9.97 (br s,1H, OH) 
    8.14 (s, 1H, H-5) 
    7.75 (d, J = 7.2 Hz, 1H, H-6')  
    7.17 (t, J = 7.0 Hz, 1H, H-4') 
    6.82 (m, 2H, H-3', H-5') 
    6.39 (br s, 2H, NH2) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
    157.03 (C=O), 156.26 (C-2'), 137.97 (C-5), 130.63 (C-4'), 127.14  
(C-6'), 121.05 (C-1'), 119.68 (C-5'), 116.40 (C-3') 
 
  1.8  4'-Hydroxybenzaldehyde semicarbazone (1h) 
    ,/>�กUV�
3W�S�	;Sj	�/S�5 (287.2 mg, 80.15 %) 
    m.p.  209-210   `C 
    Rf  0.20 (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  220 (4.30), 280 (4.47), 300 (4.38) 

    IR ν KBr
max   cm

-1 : 3460, 3340, 3172, 1720, 1653, 1590, 1245, 764 
    1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
    10.00 (s, 1H, NH) 
    9.76 (br s, 1H, OH)  
    7.72 (s, 1H, H-5)  
    7.51 (d, J = 6.6 Hz, 2H, H-2',H-6')  
    6.75 (d, J = 6.6 Hz, 2H, H-3',H-5') 
    6.36 (br s, 2H, NH2) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
    158.93 (C=O), 157.33 (C-4'), 140.15 (C-5), 128.59 (C-2',C-6'), 
126.30 (C-1'), 115.89 (C-3', C-5')  



 66 

  1.9  Indol-3'-yl carboxaldehyde semicarbazone (1i) 
    ,/>�กUV�
3W�S�	;Sj	�/

>k�	�6�� (195.9 mg, 64.58 %) 
    m.p.  263-265   `C 
    Rf  0.27 (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) : 222 (4.15), 270 (4.04), 302 (4.18) 

    IR ν KBr
max   cm

-1 : 3497, 3368, 1690, 1651, 1585, 1416, 750 
    1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
    11.45 (s, 1H, H-1')  
    9.91 (s, 1H, NH)  
    8.16 (d, J = 7.7 Hz, 1H, H-4')  
    8.06 (s, 1H, H-5)  
    7.69 (s, 1H, H-2')  
    7.40 (d, J = 7.9 Hz, 1H, H-7')  
    7.17 (t, J = 7.9 Hz, 1H, H-6')  
    7.09 (t, J = 7.7 Hz, 7.9 Hz, 1H, H-5')  
    6.24 (br s, 2H, NH2) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
    157.36 (C=O), 137.94 (C-5), 137.43 (C-7'a), 129.45 (C-2'), 124.51 
(C-3'a), 122.82 (C-6'), 122.25 (C-4'), 120.69 (C-5'), 112.11 (C-7') 
 
    1.10  1'-Methylpyrrol-2'-carboxaldehyde semicarbazone (1j) 
    ,/>�กUV�
3W�X>Yก�/�lm�.�> (236.5 mg, 71.71 %) 
    m.p.  191-192   `C 
    Rf  0.27  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  210 (4.24), 300 (4.65) 

    IR ν KBr
max   cm

-1 : 3458, 3290, 1705, 1630, 1590, 1320, 935 
    1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
    9.89 (s, 1H, NH) 
    7.79 (s, 1H, H-5)  
    6.86 (s, 1H, H-5') 
    6.36 (br s, 1H, H-3') 
    6.21 (br s, 2H, NH2)  
    6.02 (t, J = 3.0 Hz, 1H, H-4')  
    3.77 (s, 3H, CH3) 
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    13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
    157.23 (C=O), 133.97 (C-5), 127.82 (C-2'), 127.34 (C-5'), 113.45 
(C-3'), 108.23 (C-4'), 36.52 (CH3)                  
 
 2.  
������� 2-amino-5-substituted-1,3,4-oxadiazoles (2a-h) 
  2.1  2-Amino-5-(2'-methoxyphenyl)-1,3,4-oxadiazole (2a) 
    ,/>�กUV�
3W�X>Yก�/S�5 (91.3 mg, 47.81 %) 
    m.p.  163-164   `C 
    Rf  0.13  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  220 (4.04) , 260 (4.00), 300 (3.54)  

    IR ν KBr
max   cm

-1 : 3350, 3097, 2835, 1666, 1564, 1257, 752 
    1H NMR (300 MHz, DMSO-d6) :δ (ppm)  
    7.63 (d, J = 7.0 Hz, 1H, H-6') 
    7.49 (t, J = 7.0 Hz, 1H, H-5')  
    7.18 (d, J = 7.6 Hz, 1H, H-3')  
    7.11 (br s, 2H, NH2)  
    7.05 (t, J = 7.6 Hz, 1H, H-4')  
    3.83 (s, 3H, OCH3) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
    164.36 (C-5), 157.27 (C-2), 156.42 (C-2'), 132.51 (C-4'), 129.86  
(C-6'), 121.07 (C-5'), 114.09 (C-1'), 112.88 (C-3'), 56.27 (OCH3)  
    ESIMS  m/z (%) : 192 (M++1, 100) 
 
  2.2  2-Amino-5-(4'-methoxyphenyl)-1,3,4-oxadiazole (2b) 
    ,/>�กUV�
3W�X>Yก�/D,�: (134.3 mg, 70.31 %) 
    m.p.  140-141   `C 
    Rf  0.63  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  240 (4.07), 260 (4.00)  

    IR ν KBr
max   cm

-1 : 3350, 3180, 2810, 1680, 1605, 1252, 772 
    1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
    12.60 (br s, 2H, NH2)  
    7.85 (d, J = 7.7 Hz, 2H, H-2',H-6')  
    6.98 (d, J = 7.7 Hz, 2H, H-3',H-5') 
    3.84 (s, 3H, OCH3) 
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    13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
    167.68 (C-5), 163.25 (C-2), 145.22 (C-4'), 131.76 (C-2',C-6'), 123.75 
(C-1'), 114.24 (C-3',C-5'), 55.89 (OCH3) 
    ESIMS  m/z (%) : 192 (M++1, 100) 
 
  2.3  2-Amino-5-(2'-bromophenyl)-1,3,4-oxadiazole (2c) 
    ,/>�กUV�
3W�S�	;Sj	�/

>k�	 (50.6 mg, 25.25 %) 
    m.p.  78-79   `C 
    Rf  0.75  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  208 (4.04), 260 (3.13) 

    IR ν KBr
max   cm

-1 : 3465, 3102, 1769, 1253, 1029, 742 
    1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
    12.78 (br s, 2H, NH2)  
    7.77 (d, J = 7.8 Hz, 1H, H-3')  
    7.70 (d, J = 7.6 Hz, 1H, H-6') 
    7.56 (t, J = 7.6 Hz, 1H, H-5') 
    7.53 (t, J = 7.8 Hz, 1H, H-4') 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
    156.70 (C-5), 154.50 (C-2),134.76 (C-3'), 133.45 (C-6'), 131.44  
(C-4'), 128.69 (C-5'), 125.24 (C-1'), 120.55 (C-2') 
    ESIMS  m/z (%) : 240 (M++1, 100),  242 (M++3, 98) 
 
  2.4  2-Amino-5-(4'-bromophenyl)-1,3,4-oxadiazole (2d)  
    ,/>�กUV�
3W�S�	;Sj	�/S�5  (71.2 mg, 29.67 %) 
    m.p.  139-140   `C 
    Rf    0.70  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  213 (3.98), 220 (3.95), 235 (4.01) 

    IR ν KBr
max   cm

-1 : 3468, 3261, 1739, 1586, 1252, 734 
    1H NMR (300 MHz, DMSO-d6) :δ (ppm)  
    7.79 (d, J = 8.6 Hz, 2H, H-2', H-6')  
    7.65 (d, J = 8.6 Hz, 2H, H-3', H-5') 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
    167.61 (C-5), 154.42 (C-2),131.70 (C-2',C-6'), 130.06 (C-3',C-5'), 
125.47 (C-1'), 117.50 (C-4') 
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    HR-TOF-MS (ESI positive) m/z : �= 241.0737 [M+1]+,  
    243.2463 [M+3]+ (�m��5V�m�
��= C8H6N3OBr + H  241.0735) 

 
  2.5  2-Amino-5-(2'-nitrophenyl)-1,3,4-oxadiazole (2e) 
    ,/>�กUV�
3W�S�	;Sj	�/�lm�.�> (47.6 mg, 23.13 %) 
    m.p.  42-43   `C 
    Rf  0.65  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  220 (4.07), 260 (4.04)  

    IR ν KBr
max   cm

-1 : 3316, 3080, 1785, 1612, 1519, 1447,1249, 724 
    1H NMR (300 MHz, DMSO-d6) :δ (ppm)  
    8.00 (d, J = 7.2 Hz, 1H, H-6')  
    7.80 (m, 3H, H-3', H-4', H-5')  
    7.38 (br s, 2H, NH2) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
    164.96 (C-5), 154.80 (C-2), 150.20 (C-2'), 135.85 (C-1'), 133.71  
(C-5'), 132.42 (C-4'), 130.36 (C-6'), 124.82 (C-3') 
    HR-TOF-MS (ESI positive) m/z : �= 207.0856 [M+1]+  
    (�m��5V�m�
��= C8H6N4O3 + H  207.1700) 
 
  2.6  2-Amino-5-(4'-nitrophenyl)-1,3,4-oxadiazole (2f) 
    ,/>�กUV�
3W�X>Yก�/

>k�	 (117.2 mg, 56.89 %) 
    m.p.  60-61   `C 
    Rf  0.73  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  206 (3.64), 266 (3.81) 

    IR ν KBr
max   cm

-1 : 3400, 3113, 1732, 1602, 1519, 1449, 1236, 740 
    1H NMR (300 MHz, DMSO-d6) :δ (ppm)  
    8.24 (d, J = 8.8 Hz, 2H, H-2', H-6')  
    7.63 (d, J = 8.8 Hz, 2H, H-3', H-5') 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
    170.50 (C-5), 160.70 (C-2), 147.52 (C-4'), 144.50 (C-1'), 128.98  
(C-2',C-6'), 124.02 (C-3',C-5') 
    HR-TOF-MS (ESI positive) m/z : �= 207.1813 [M+1] + 
    (�m��5V�m�
��= C8H6N4O3 + H 207.1700) 
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  2.7  2-Amino-5-(2'-hydroxyphenyl)-1,3,4-oxadiazole (2g) 
    ,/>�กUV�
3W�S�	;Sj	�/

>k�	�6�� (27.3 mg, 15.42 %) 
    m.p.  110-111   `C 
    Rf  0.55  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) : 301 (3.64), 232 (3.78)  

    IR ν KBr
max   cm

-1 : 3447, 3237, 3130, 1654, 1249, 759 
    1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
    7.78 (d, J = 7.8 Hz, 1H, H-6') 
    7.49 (t, J = 7.0 Hz, 1H, H-4') 
    6.91 (m, 2H, H-3', H-5')  
    13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
    161.70 (C-5), 157.50 (C-2), 147.39 (C-2'), 135.99 (C-4'), 130.72  
(C-5'), 124.50 (C-1'), 119.53 (C-6'), 117.51 (C-3') 
    HR-TOF-MS (ESI positive) m/z : �= 178.0337 [M+1]+ 

    (�m��5V�m�
��= C8H7N3O2 + H  178.1719) 
 
  2.8  2-Amino-5-(4'-hydrophenyl)-1,3,4-oxadiazole (2h) 
    ,/>�กUV�
3W�S�	;Sj	�/

>k�	�6�� (41.5  mg, 23.43 %) 
    m.p. 69-70   `C 
    Rf  0.65   (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) : 224 (3.83), 273 (4.04)  

    IR ν KBr
max   cm

-1 : 3447, 3216, 3120, 1671, 1242, 759 
    1H NMR (300 MHz, CDCl3) :δ (ppm)  
    11.60 (br s, 2H, NH2) 
    9.91 (s, 1H, OH) 
    8.82 (d, J = 7.5 Hz, 2H, H-2', H-6') 
    7.95 (d, J = 7.5 Hz, 2H, H-3', H-5')  
    13C NMR (75 MHz, CDCl3 ) :δ (ppm) 
    162.25 (C-5), 161.10 (C-2), 136.63 (C-4'), 132.41 (C-2',C-6'), 119.80  
(C-1'), 115.94 (C-3', C-5') 
    HR-TOF-MS (ESI positive) m/z : �= 178.1811 [M+1]+ 
    (�m��5V�m�
��= C8H7N3O2 + H  178.1719) 
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  2.9  2-Amino-5-(indol-3'-yl)-1,3,4-oxadiazole (2i) 
    ,/>�กUV�
3W�X>Yก�/�@, (33.0 mg, 16.50 %) 
    m.p.  183-184   `C 
    Rf  0.80  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  210 (3.69), 220 (3.44), 260 (3.39 ), 300 (3.38) 

    IR ν KBr
max   cm

-1 : 3447, 3169, 1635, 1243, 1127, 760 
    1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
    9.93 (s, 1H, H-1') 
    8.28 (s, 1H, H-2')  
    8.09 (d, J = 7.5 Hz, 1H, H-4')  
    7.51 (d, J = 7.4 Hz, 1H, H-7') 
    7.24 (m, 2H, H-5', H-6') 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
    162.20 (C-5), 155.10 (C-2), 145.20 (C-7'a), 138.91 (C-2'), 136.80 
(C-3'a), 123.94 (C-5'), 122.59 (C-6'), 121.68 (C-4'), 116.64 (C-3'), 112.88 (C-7') 
    HR-TOF-MS (ESI positive) m/z  : �= 201.1920 [M+1]+  
    (�m��5V�m�
��= C10H8N4O + H  201.2094) 
 
    2.10  2-Amino-5-(1'-methylpyrrol-2'-yl)-1,3,4-oxadiazole (2j)  
    ,/>�กUV�
3W�S�	;Sj	�/�lm�.�> (30.4 mg, 18.15  %) 
    m.p. 81-82   `C 
    Rf   0.50  (90 % EtOAc : EtOH) 
    UV λ MeOH

max
 nm (log ε) :  216 (3.71), 223 (3.26), 258 (3.33), 270 (3.31) 

    IR ν KBr
max   cm

-1 : 3407, 2927, 1694, 1230, 1100, 823 
    1H NMR (300 MHz, DMSO-d6) :δ (ppm) 
    7.34 (d, J = 2.7 Hz, 1H, H-5')  
    7.24 (br s, 1H, H-3')  
    6.29 (d, J = 2.7 Hz, 1H, H-4')  
    6.22 (br s, 2H, NH2) 
    2.71 (s, 3H, CH3) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
    169.23 (C-5), 156.65 (C-2), 147.45 (C-5'), 143.30 (C-2'), 137.29  
(C-3'), 128.36 (C-4'), 24.44 (CH3) 
    HR-TOF-MS (ESI positive) m/z : �= 165.0338 [M+1]+ 

  (�m��5V�m�
��= C7H8N4O + H  165.1760) 
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 2.  ก����	
����
��������� 2-ethyl-5-substituted-1,3,4-oxadiazoles (4a-h)  9m�B?0
X6��34*ก*�*0� 2 S�l�.�� 
�*+,-�กก��
.�/0,�������� hydrazide (3b-h) B?0CD@�������� ester 

�k��������� benzoyl chloride 9m�34*ก*�*0�ก�= hydrazine hydrate -�ก��l��m��������� 
hydrazide (3b-h) 9/+��	
����
�R?@,�9m�34*ก*�*0� cyclization ก�= triethyl orthopropanoate ?�	
E��3��ก�= 33 
 
 

R C
O

O CH2 CH3 + H2N NH2
H2O

CH3CH2OH

reflux
R C

O
NH NH2

3a-h

CH3CH2C(OC2H5)3reflux

NN

O CH2CH3R
4a-h

or

R C
O

O CH3

R C
O

Cl

or

 
 

     
R = a phenyl b 2'-hydroxyphenyl 

 c 2'-chlorophenyl d 4'-chlorophenyl 
 e indol-2'-yl f indol-3'-yl methyl 
 g pyridin-2'-yl h pyridin-3'-yl 

 
 

E��3��ก�= 33 ก����	
����
��������� 2-ethyl-5-substituted-1,3,4-oxadiazoles 
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ก>Rกก��
ก*?34*ก*�*0� cyclization S�	 hydrazides ก�= triethyl orthopropanoate  
 
 

R NH

O

NH2
C2H5C(OC2H5)3 R NH

O

NH

C C2H5
OC2H5C2H5O

R NH

O

N

C C2H5

OC2H5

R N

O
H

N

C C2H5
OC2H5

NN

O C2H5R
 

 
E��3��ก�= 34 ก>Rก34*ก*�*0� cyclization S�	 hydrazides ก�= triethylorthopropanoate 

 
 12
34��
���5ก6���6�571
��
����������
���8�2 
 
 1.  
������� hydrazides (3b-h) 
  1.1  2'-Hydroxyphenyl hydrazide (3b)  
    ,/>�กUV�
3W�S�	;Sj	�/S�5 (229.5 mg, 75.42 %) 
    m.p.  120-121   `C 
    Rf  0.52  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  212 (4.17), 240 (4.14), 301 (3.93) 

    IR ν KBr
max   cm

-1 : 3260, 3150, 1617, 1540, 1354, 758 
                   1H  NMR (300 MHz, DMSO-d6) :δ  (ppm)  
    12.45 (br s, 1H, OH) 
    10.05 (s, 1H, NH)  
    7.79 (d, J = 7.7 Hz, 1H, H-6')  
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    7.38 (t, J= 7.7 Hz, 1H, H-5') 
    6.87 (m, 2H, H-3', H-4') 
    4.65 (br s, 2H, NH2) 
   13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
    168.33 (C=O), 160.00 (C-2'), 133.85 (C-4'), 127.56 (C-6'), 119.10 
(C-5'), 117.74 (C-3'), 114.86 (C-1') 
 
  1.2  2'-Chlorophenyl hydrazide (3c) 
    ,/>�กUV�
3W�S�	;Sj	�/S�5 (290.4 mg, 85.12 %) 
    m.p.  275-276   `C 
    Rf  0.25  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) : 211 (4.11), 270 (4.11)  

    IR ν KBr
max   cm

-1 : 3284, 3186, 1645, 1593, 1520, 1054, 754 
    1H  NMR (300 MHz, DMSO-d6) :δ (ppm)   
    10.56 (s, 1H, NH)  
    7.45 (m, 4H, H-3', H-4', H-5', H-6') 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
    165.84 (C=O), 147.56 (C-6'), 131.99 (C-4'), 130.36 (C-2'), 129.88 
(C-3'), 127.61 (C-5'), 123.20 (C-1') 
  
  1.3  4'-Chlorophenyl hydrazide (3d) 
    ,/>�กUV�
3W�S�	;Sj	�/S�5 (314.9 mg, 92.32 %) 
    m.p.  257-258   `C 
    Rf  0.20  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) : 206 (3.91), 241 (4.11), 220 (4.20) 

    IR ν KBr
max   cm

-1 : 3350, 2900, 1635, 1557, 1494, 1090,  744 
    1H  NMR (300 MHz, DMSO-d6) :δ  (ppm) 
    10.67 (s, 1H, NH)  
    7.94 (d, J = 8.5 Hz, 2H, H-2', H-6') 
    7.62 (d, J = 8.5 Hz, 2H, H-3', H-5') 
    4.65 (br s, 2H, NH2) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
    165.35 (C=O), 137.25 (C-4'), 131.64 (C-1'), 129.85 (C-2',C-6'), 
129.16 (C-3',C-5') 
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  1.4  Indol-2'-yl hydrazide (3e) 
    ,/>�กUV�
3W�X>Yก�/S�5 (230.2 mg, 65.70 %) 
    m.p.  125-126   `C 
    Rf  0.67  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) : 217 (4.24), 293 (4.14) 

    IR ν KBr
max   cm

-1 : 3304, 3120, 1635, 1579, 1539, 1376, 747 
    1H  NMR (300 MHz, DMSO-d6) :δ  (ppm)  
    11.56 (s, 1H, H-1')  
    9.79 (s, 1H, NH)  
    7.58 (d, J = 7.8 Hz, 1H, H-4')  
    7.43 (d, J = 7.8 Hz, 1H, H-7')  
    7.16 (t, J = 7.8 Hz, 1H, H-6')  
    7.05 (s, 1H, H-3')  
    7.01 (t, J = 7.8 Hz, 1H, H-5')  
    4.49 (br s, 2H, NH2) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
    161.69 (C=O), 136.74 (C-2'),  130.78 (C-7'a), 127.52 (C-3'a), 123.70 
(C-6'), 121.87 (C-4'), 120.26 (C-5'), 112.71 (C-7'), 102.47 (C-3') 
 
  1.5  Indol-3'-yl methyl hydrazide (3f) 
    ,/>�กUV�
3W�X>Yก�/

>k�	�6�� (197.1 mg, 69.45 %) 
    m.p.  128-130   `C 
    Rf  0.15  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  218 (4.25), 281 (3.65), 290 (3.57) 

    IR ν KBr
max   cm

-1 : 3325, 3140, 1670, 1521, 1486, 1420, 1355, 734  
    1H  NMR (300 MHz, DMSO-d6) :δ  (ppm)  
    10.86 (s, 1H, H-1')  
    9.17 (s, 1H, NH)  
    7.56 (d, J = 8.0 Hz, 1H, H-4')  
    7.33 (d, J = 8.0 Hz, 1H, H-7')  
    7.17 (s, 1H, H-2')  
    7.04 (t, J = 8.0 Hz, 1H, H-6')  
    6.97 (t, J = 8.0 Hz, 1H, H-5')  
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    4.19 (br s, 2H, NH2)  
    3.44 (s, 2H, CH2) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
    170.77 (C=O), 136.48 (C-7'a), 127.59 (C-3'a), 124.17 (C-2'), 121.56 
(C-6'), 119.17 (C-4'), 118.75 (C-5'), 111.73 (C-7'), 109.09 (C-3'), 31.13 (CH2)  
 
  1.6  Pyridin-2'-yl hydrazide (3g) 
    ,/>�กUV�
3W�X>Yก�/S�5 (246.06 mg, 89.71 %) 
    m.p.  83-84   `C 
    Rf  0.17  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  212 (3.89), 260 (3.69) 

    IR ν KBr
max   cm

-1 : 3242, 3130, 1690, 1610, 1537, 1317 
    1H  NMR (300 MHz, DMSO-d6) :δ (ppm)  
    9.87 (bs, 1H, NH) 
    8.60 (d, J = 4.7 Hz, 1H, H-3') 
    7.96 (m, 2H, H-4', H-6') 
    7.57 (t, J = 4.7 Hz, 1H, H-5') 
    4.56 (br s, 2H, NH2) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm)   
    164.71 (C=O), 148.99 (C-2'), 148.38 (C-6'), 137.35 (C-4'), 126.49 
(C-3'), 122.22 (C-5')  
 
  1.7  Pyridin-3'-yl hydrazide (3h) 
    ,/>�กUV�
3W�X>Yก�/S�5 (259.2 mg, 94.52 %) 
    m.p.  139-141   `C 
    Rf  0.12  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) : 212 (3.89), 260 (3.69), 290 (3.57)  

    IR ν KBr
max   cm

-1 : 3323, 3008, 1651, 1559, 1510, 1337 
    1H  NMR (300 MHz, DMSO-d6) :δ  (ppm)  
    9.96 (s, 1H, NH) 
    8.96 (s, 1H, H-2')  
    8.68 (d, J = 4.0 Hz, 1H, H-6')  
    8.15 (d, J = 7.9 Hz, 1H, H-4')  
    7.49 (t, J = 7.9 Hz, 1H, H-5') 
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    4.58 (br s, 2H, NH2) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
    164.81 (C=O), 152.22 (C-2'), 148.51 (C-6'), 135.15 (C-4'), 129.34  
(C-3'), 123.97 (C-5') 
 
 2.  
������� 2-ethyl-5-substituted-1,3.4-oxadiazoles (4a-h)  
  2.1  2-Ethyl-5-phenyl-1,3,4-oxadiazole (4a)  
    ,/>�กUV�
3W�S�	

>5C�  (120.5 mg, 69.23 %) 
    b.p.  265-267   `C 
    Rf  0.65  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  206 (3.95), 248 (4.25) 

    IR ν neat
max   cm

-1 : 2974, 1741, 1575, 1550, 1465, 1430, 1228, 746 
    1H  NMR (300 MHz, DMSO-d6) :δ  (ppm)  
    7.98 (d, J = 6.4 Hz, 2H, H-2', H-6')  
    7.58 (m, 3H, H-3', H-4', H-5')  
    2.93 (q, J = 7.5 Hz, 2H, CH2)  
    1.31 (t, J = 7.5 Hz, 3H, CH3) 
 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
    168.23 (C-5), 164.31 (C-2), 132.23 (C-4'), 129.86 (C-2',C-6'), 126.83 
(C-3',C-5'), 124.05 (C-1'), 18.87 (CH2), 10.90 (CH3) 
    HR-TOF-MS (ESI positive) m/z: �= 175.0857 [M+1] + 
    (�m��5V�m�
��= C10H10N2O + H 175.2120) 
  
  2.2  2-Ethyl-5-(2'-hydroxyphenyl)-1,3,4-oxadiazole (4b) 
    ,/>�กUV�
3W�S�	

>5�/�lm�.�>  (58.8 mg, 29.36 %) 
    b.p.  259-260   `C 
    Rf  0.25  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  215 (3.86), 251 (3.89), 262 (3.74), 304 (3.53) 

    IR ν neat
max  cm

-1 : 3465, 3202, 2988, 1628, 1592, 1543, 1486, 1253,  750 
    1H  NMR (300 MHz, CDCl3) :δ  (ppm) 
    10.06 (br, 1H, OH)  
    7.66 (dd, J = 7.8 Hz, 1.3 Hz, 1H, H-6') 
    7.36 (t, J = 7.8 Hz, 1H, H-5') 
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    7.04 (d, J = 7.9 Hz, 1H, H-3') 
    6.92 (t, J = 7.9 Hz, 1H, H-4') 
    2.92 (q, J = 7.6 Hz, 2H, CH2)  
    1.40 (t, J = 7.6 Hz, 3H, CH3) 
    13C NMR (75 MHz, CDCl3 ) :δ (ppm) 
    166.50 (C-5), 164.33 (C-2), 157.41 (C-2'), 132.97 (C-3'), 126.40  
(C-6'), 120.09 (C-4'), 117.37 (C-5'), 108.18 (C-1'), 18.98 (CH2), 10.67 (CH3) 
    HR-TOF-MS (ESI positive) m/z: �= 191.0813 [M+1] + 
    (�m��5V�m�
��= C10H10N2O2 + H 191.2114) 
 
  2.3  2-Ethyl-5-(2'-chlorophenyl)-1,3,4-oxadiazole (4c) 
    ,/>�กUV�
3W�S�	

>5C�  (136.0 mg, 65.22 %) 
    b.p.  271-273   `C 
    Rf  0.25  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  214 (3.90), 245 (3.90) 

    IR ν neat
max    cm

-1 : 2988, 1732, 1575, 1472, 1437, 1267, 1015, 764 
    1H  NMR (300 MHz, DMSO-d6) :δ  (ppm)  
    7.94 (d, J = 7.6 Hz, 1H, H-6')  
    7.70 (d, J = 7.6 Hz, 1H, H-3')  
    7.63 (t, J = 7.6 Hz, 1H, H-5')  
    7.56 (t, J = 7.6 Hz, 1H, H-4')  
    2.96 (q, J = 7.2 Hz, 2H, CH2)  
    1.32 (t, J = 7.2 Hz, 3H, CH3)  
    13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
    168.72 (C-5), 162.49 (C-2), 133.56 (C-5'), 132.17 (C-2'), 131.67  
(C-4'), 131.49 (C-3'), 128.32 (C-6'), 123.22 (C-1'), 18.81 (CH2), 10.86 (CH3) 
    HR-TOF-MS (ESI positive) m/z : �= 209.0463 [M+1]+,  
    211.0437 [M+3]+ (�m��5V�m�
��=  C10H9N2OCl + H 209.6570) 
 
   2.4  2-Ethyl-5-(4'-chlorophenyl)-1,3,4-oxadiazole (4d) 
     ,/>�กUV�
3W�S�	

>5�/

>k�	�6�� (140.3 mg, 67.23 %) 
     b.p.  284-286   `C 
     Rf   0.57 (87 % EtOAc : hexane) 
     UV λ MeOH

max
 nm (log ε) : 215 (3.45), 235 (3.34), 263 (3.61) 
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     IR ν neat
max    cm

-1 : 2950, 1716, 1620, 1538, 1464, 1322, 1086, 860 
     1H  NMR (300 MHz, DMSO-d6) :δ  (ppm)  
     7.99 (d, J =  8.3 Hz, 2H, H-2', H-6') 
     7.67 (d, J =  8.3  Hz, 2H, H-3', H-5')  
     4.32 (q, J = 7.2 Hz, 2H, CH2)  
     1.34 (t, J =  7.2 Hz, 3H, CH3) 
     13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
     164.67 (C-5), 163.67 (C-2), 136.60 (C-4'), 130.07 (C-2',C-6'), 
128.61 (C-3',C-5'), 122.80 (C-1'), 15.99 (CH2), 10.15 (CH3) 
     HR-TOF-MS (ESI positive) m/z: �= 209.1239 [M+1]+,  
     211.0543 [M+3] + (�m��5V�m�
��= C10H9N2OCl + H 209.6570) 
 
  2.5  2-Ethyl-5-(indol-2'-yl)-1,3,4-oxadiazole (4e) 
    ,/>�กUV�
3W�S�	;Sj	�/�@,  (108.2 mg, 47.65 %) 
    m.p.  265-266   `C 
    Rf  0.43  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  210 (4.00), 238 (4.04), 259 (3.38) 

    IR ν  KBr
max    cm

-1 : 3481, 3181, 2976, 1656, 1630, 1575, 1486, 1440, 
1270, 738 
    1H  NMR (300 MHz, DMSO-d6) :δ  (ppm) 
    12.19 (s, 1H, H-1')  
    7.65 (d, J = 8.0 Hz, 1H, H-4')  
    7.46 (d, J = 8.0 Hz, 1H, H-7')  
    7.24 (t, J = 8.0 Hz, 1H, H-6')  
    7.14 (s, 1H, H-3')  
    7.08 (t, J = 8.0 Hz, 1H, H-5')  
    2.95 (q, J = 7.2 Hz, 2H, CH2)  
    1.34 (t, J =  7.2 Hz, 3H, CH3)  
    13C NMR (75 MHz, DMSO-d6) :δ (ppm) 
    167.59 (C-5), 159.69 (C-2), 138.11 (C-7'a), 127.72 (C-3'a), 124.51 
(C-6'), 121.85 (C-4'), 121.75 (C-2'), 120.73 (C-5'), 112.68 (C-7'), 104.88 (C-3'), 18.90 
(CH2), 10.80 (CH3) 
    HR-TOF-MS (ESI positive) m/z : �= 214.0975 [M+1] +  
    (�m��5V�m�
��= C12H11N3O + H  214.2489) 
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  2.6  2-Ethyl-5-(indol-3'-yl methyl)-1,3,4-oxadiazole (4f) 
    ,/>�กUV�
3W�S�	;Sj	�/S�5 (123.2 mg, 54.23 %) 
    m.p.  75-76   `C 
    Rf  0.45  (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  219 (4.37), 272 (3.94), 279 (3.94), 289 (3.87) 

    IR ν  KBr
max   cm

-1  :  3320, 3190, 2988, 1707, 1621, 1586, 1451, 1416, 
1230, 753 
    1H  NMR (300 MHz, DMSO-d6) :δ  (ppm)  
    11.05 (s, 1H, H-1'),  
    7.49 (d, J = 7.8 Hz, 1H, H-4')  
    7.36 (d, J = 7.8 Hz, 1H, H-7')  
    7.32 (s, 1H, H-2')  
    7.09 (t, J = 7.8 Hz, 1H, H-6')  
    6.99 (t, J = 7.8 Hz, 1H, H-5') 
    4.29 (s, 2H, CH2)  
    2.78 (q, J = 7.6 Hz, 2H, CH2) 
    1.19 (t, J = 7.6 Hz, 3H, CH3) 
    13C NMR (75 MHz, DMSO-d6) : δ (ppm)  
    167.98 (C-2) 166.09 (C-5), 136.65 (C-7'a), 127.11 (C-3'a), 124.50 
(C-2'), 121.75 (C-6'), 119.17 (C-4'), 118.67 (C-5'), 112.02 (C-7'), 107.49 (C-3'), 21.83 
(CH2), 18.68 (CH2) 10.86 (CH3) 
    HR-TOF-MS (ESI positive) m/z : �= 228.1121 [M+1] +  
    (�m��5V�m�
��= C13H13N3O + H 228.2760) 
 
  2.7  2-Ethyl-5-(pyridin-2'-yl)-1,3,4-oxadiazole (4g) 
    ,/>�กUV�
3W�S�	

>5�/�lm�.�>  (60.3  mg, 34.45  %) 
    b.p.  257-259   `C 
    Rf  0.40 (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  205 (3.76), 239 (4.20), 274 (4.07)  

    IR ν neat
max    cm

-1 : 2981, 1649, 1564, 1461, 1430, 1274, 793 
    1H  NMR (300 MHz, DMSO-d6) :δ  (ppm) 
    8.76 (d, J = 4.5 Hz, 1H, H-6')  
    8.15 (d, J = 6.4 Hz, 1H, H-3')  



 81 

    8.05 (t, J = 4.5 Hz, 1H, H-5')  
    7.62 (t, J = 6.4 Hz, 1H, H-4')  
    2.97 (q, J = 7.6 Hz, 2H, CH2)  
    1.32 (t, J = 7.6 Hz, 3H, CH3) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
    169.07 (C-5), 163.94 (C-2), 150.66 (C-6'), 143.37 (C-2'), 138.33  
(C-4'), 126.70 (C-3'), 123.20 (C-5'), 18.91 (CH2), 10.86 (CH3) 
    HR-TOF-MS (ESI positive) m/z : �= 176.0814 [M+1] +   
    (�m��5V�m�
��= C9H9N3O + H 176.1966)  
 
  2.8  2-Ethyl-5-(pyridin-3'-yl)-1,3,4-oxadiazole (4h) 
    ,/>�กUV�
3W�S�	

>5C�  (72.2  mg, 41.22  %) 
    b.p.  262-263   `C 
    Rf   0.40 (87 % EtOAc : hexane) 
    UV λ MeOH

max
 nm (log ε) :  206 (4.12), 245 (4.34), 276 (3.98)  

    IR ν neat
max    cm

-1 : 2988, 1716, 1649, 1461, 1433, 1263, 814 
    1H  NMR (300 MHz, DMSO-d6) :δ  (ppm)  
    9.13 (s, 1H, H-2'),  
    8.78 (d, J = 4.5 Hz, 1H, H-6')  
    8.33 (d, J = 6.4 Hz, 1H, H-4')  
    7.62 (dd, J = 6.4 Hz, 4.5 Hz, 1H, H-5') 
    2.96 (q, J = 7.5  Hz, 2H, CH2)  
    1.33 (t, J = 7.5 Hz, 3H, CH3) 
    13C NMR (75 MHz, DMSO-d6) :δ (ppm)  
    168.74 (C-5), 162.53 (C-2), 152.73 (C-6'), 147.46 (C-2'), 134.47  
(C-4'), 124.81(C-5'), 120.53 (C-3'), 18.87 (CH2), 10.81 (CH3) 
    HR-TOF-MS (ESI positive) m/z : �= 176.0812 [M+1] +  
    (�m��5V�m�
��= C9H9N3O + H 176.1966) 

  
 

 
 
 

 



    ����� 5 
��	
 ��

����� ������������� 

 

 ก����ก����	
���ก��
��
�������������� 2,5-disubstituted-1,3,4-oxadiazoles ,-��.�  2 ก/�01 
�2� �������� 2-amino-5-substituted-1,3,4-oxadiazoles 5/��������� 2-ethyl-5-substituted-1,3,4-
oxadiazoles 
 
 1.  ก��������������	 ��!� 2-amino-5-substituted-1,3,4-oxadiazoles (2a-j)  

 
�891,�กก��
:��;1�������� semicarbazones ,�ก�>8ก8�8;����.0�� aldehyde ก�?  
semicarbazide �/��,�ก��	��-��������� semicarbazones (1a-j) 1�B-��>8ก8�8;�ก�? lead tetraacetate 

ก8C�>8ก8�8;� cyclization D�EF/8:G�HI� 2a-j  
1?�:8B��ก�;G��5/��E�;/�J��F/8:G�HI�J��
�������� semicarbazones (1a-j) 5/�F/8:G�HI�  2-amino-5-substituted-1,3,4-oxadiazoles (2a-j) 
5
C�D�:����B�9 2 5/� 3 :�1/-�C�? 
 

:���� 2  5
C�
1?�:8B��ก�;G��5/��E�;/�F/8:G�HI�J���������� semicarbazones (1a-j)  
 


�� K���
�E�� 
/�ก�H�


�� 
,�C�/�1
�/. (   -C) �E�;/�F/8:G�HI� 

1a N HN NH2

OOCH3  

F/�ก
�J�. 199-200 68.28  

1b 
H3CO

N HN NH2

O
 

F/�ก
�J�. 198-199 75.24  

1c N HN NH2

OBr  

F/�ก
�J�. 224-225 81.33  

1d 
Br

N HN NH2

O
 

F/�ก
�J�. 224-225 90.70  

1e N HN NH2

ONO2  

J��5JW�
�

�/2�� 

222-223 66.55  

1f 
O2N

N HN NH2

O
 

J��5JW�
�

�/2���0�� 

192-193 91.18  
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����� 2 (�
�) 

 


�� K���
�E�� /�ก�H�
�� ,�C�/�1
�/. (   -C) �E�;/�F/8:G�HI� 

1g N HN NH2

OOH  

J��5JW�
�J�. 219-220 68.51  

1h 
HO

N HN NH2

O
 

J��5JW�
�J�. 209-210 80.15  

1i 
NH

N HN NH2

O
 

F/�ก
�
�/2�� 263-265 64.58  

1j N
CH3

N HN NH2

O

 

F/�ก
��	-�:�/ 191-192 71.17  

 
�������� semicarbazones (1a-h) 1��1X0 aryl 
����1X05B�B�9Y�9� 
:��;1ZCE,�ก�>8ก8�8;����.0�� 

aromatic aldehyde B�91��1X05B�B�9:-�5��0� 2 5/� 4 ก�? semicarbazide KC;1�
�B���/
���:�.B-�
/�/�; D[E
./�D�ก�� reflux 4-5 [�9.K1� 
-����?�1X0 aryl B�91��1X05B�B�9 KC;B�9:-�5��0� 4' D�E�E�;/�
J��F/8:G�HI�
X�ก.0�B�9:-�5��0� 2' 
0.��������� 1i 5/� 1j B�91��1X05B�B�9
��� indolyl 5/� pyridyl D�E
�E�;/�J��F/8:G�HI� 64.58 5/� 71.17  :�1/-�C�? 
 

ก��<
��������=>�?�������������	 ��!� semicarbazones (1a-j) 
 JE�1X/ IR spectra J���������� semicarbazones (1a-j) �?�0�ก��CXCก/2�5
�J���1X0
ab�ก�[��B�9
-���cZCE5ก0 [0.�:-�5��0� 3410-3490 cm-1  
���J�� N-H 5??;2C [0.�:-�5��0� 1690-
1730 cm-1 
���J�� C=O 5??;2C [0.�:-�5��0� 1610-1690 cm-1 
���J�� C=N 5??;2C 5/�[0.�
:-�5��0� 1540-1590 cm-1 
���J�� C=C 5??;2C 
 JE�1X/ 1H NMR spectra D� DMSO-d6 J���������� semicarbazones (1a-h) D�E
�cc�H 
singlet B�9  δ  10.00-10.70 ppm 
���K��:��J�� N-H 
�cc�� singlet B�9[0.�δ 7.70-8.30 ppm 

���K��:��J�� N=CH 
�cc��K��:��J��.���K�1�:8กB�9[0.� δ 6.70-8.40 ppm 5/����ก>

�cc�� broad singlet B�9[0.� δ  6.30-6.80 ppm 
���K��:��J�� NH2 
-����?�������� 
semicarbazone (1i) 1��1X0 indolyl 
����1X05B�B�9D�E
�cc�� singlet B�9 δ  11.45  ppm 
���K��:��
J�� N-H J��.� indole 
�cc�� singlet B�9 δ  9.91  ppm 
���K��:��J�� N-H 
�cc�� singlet B�9 
δ  8.06  ppm 
���K��:��J�� N=CH 
�cc��K��:��J��.� indole ���ก>B�9[0.� δ  7.09-8.16 
ppm 5/����ก>
�cc�� broad singlet 
���K��:��J�� NH2 B�9 δ 6.24 ppm 
0.��������� 
semicarbazone (1j) 1��1X0 pyridyl 
����1X05B�B�9 1H NMR spectra D�E
�cc��  singlet B�9 δ 9.89 
ppm 
���K��:��J�� N-H 
�cc�� singlet B�9 δ  7.79 ppm 
���K��:��J�� N=CH 
�cc��
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K��:��J��.� pyrrole B�9[0.� δ  6.02-6.86 ppm 5/����ก>
�cc�� broad singlet B�9 δ  6.21 
ppm 
���K��:��J�� NH2 (C��:���� 6) 
 JE�1X/ 13C NMR spectra D� DMSO-d6 J���������� semicarbazone 1a-h D�E
�cc��
����?��J�� C=O B�9[0.�  δ  156.80-160.60 ppm  
�cc������?��J�� N=CH B�9[0.� δ  134.40-
140.20 ppm  5/����ก>
�cc������?�� (C-H) J��.���K�1�:8กB�9[0.� δ  112.00-133.60 ppm  
�������� semicarbazone (1i) D�E
�cc������?��J�� C=O B�9  δ 157.36 ppm 
�cc������?��
J�� N=CH B�9 δ  137.94 ppm  5/����ก>
�cc������?�� (C-H) J��.� indole B�9[0.� δ  
112.11-129.45 ppm  
-����?�������� semicabazone (1j) D�E
�cc������?��J�� C=O B�9 δ  
157.23 ppm  
�cc������?��J�� N=CH B�9 δ  133.57 ppm  5/����ก>
�cc������?�� (C-H) 
J��.� pyrrole B�9[0.� δ  108.23-127.34 ppm  (C��:���� 7) 
 

:���� 3  5
C�
1?�:8B��ก�;G��5/��E�;/�F/8:G�HI�J���������� 2-amino-5-substituted- 
 1,3,4-oxadiazoles (2a-j) 
 


�� K���
�E�� /�ก�H�
�� ,�C�/�1
�/. (   -C) 
�E�;/� 

F/8:G�HI� 

2a 
OCH3

NN

O NH2

 

F/�ก
�J�. 163-164 47.81 

2b 
H3CO

NN

O NH2

 

F/�ก
�[1�X 140-141 70.31 

2c 
Br

NN

O NH2

 

J��5JW�
�
�/2�� 78-79 25.25 

2d 
Br

NN

O NH2

 

J��5JW�
�J�. 139-140 29.40 

2e 
NO2

NN

O NH2

 

J��5JW�
��	-�:�/ 42-43 23.13 
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:���� 3 (:0�) 
 


�� K���
�E�� /�ก�H�
�� ,�C�/�1
�/. (   -C) 
�E�;/� 

F/8:G�HI� 

2f 
O2N

NN

O NH2

 

F/�ก
�
�/2���0�� 60-61 56.89 

2g 
OH

NN

O NH2

 

J��5JW�
�
�/2��
�0�� 

110-111 15.42 

2h 
HO

NN

O NH2

 

J��5JW�
�
�/2��
�0�� 

69-70 23.43 

2i 
NH

NN

O NH2

 

J��5JW�
�
�/2��
�0�� 

183-184 16.50 

2j N
CH3

NN

O NH2
 

J��5JW�
�C-� 81-82 18.51 

 
 
�������� 2-amino-5-substitutede-1,3,4-oxadiazoles (2a-h) 1��1X0 aryl 
����1X05B�B�9B�9

:-�5��0� 5 �E�;/�J��F/8:G�HI�1��1X05B�B�9B�9:-�5��0� 4'  ,�D�EF/8:G�HI�
X�ก.0�B�9:-�5��0� 2' 
0.�
�������� 2-amino-5-(indol-3'-yl)-1,3,4-oxadiazole (2i) 5/� 2-amino-5-(1'-methylpyrrol-2'-yl)-
1,3,4-oxadiazole (2j) 1��E�;/�J��F/8:G�HI�
B0�ก�? 16.50 5/� 18.51 :�1/-�C�? Y�9��0��JE��:9-� 

129�
ก8C�>8ก8�8;�ก���iC.�D�E�������� 2a-j ,�
�W�ZCE.0�D�E�E�;/�J��F/8:G�HI�/C/�
129�
���;?
B�;?
ก�?�������� 1a-j B�9
���
��:�	�:E�  
 
ก��<
��������=>�?�������������	 ��!� 2-amino-5-substituted-1,3,4-oxadiazoles (2a-j) 
 JE�1X/ IR spectra J���������� 2-amino-5-substituted-1,3,4-oxadiazoles (2a-j) �?�0�
ก��CXCก/2�5
�J���1X0ab�ก�[��B�9
-���cZCE5ก0 [0.�:-�5��0� 3310-3460 cm-1  
���J�� N-H 5??;2C 
[0.�:-�5��0� 1630-1730 cm-1 
���J�� C=N 5??;2C 5/�[0.�:-�5��0� 1560-1610 cm-1 
���J�� 
C=C 5??;2C 
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JE�1X/ 1H NMR spectra D� DMSO-d6  J���������� 2-amino-5-substituted-1,3,4-
oxadiazoles (2a-j) Z10�?
�cc�HK��:��J�� N-H 5/� N=CH (olefinic proton) 
ก8C,�กก���iC
.�D�E��������J�� 2-amino-5-substituted-1,3,4-oxadiazoles KC;�������� 2a-h D�E
�cc�HK��:��
J��.���K�1�:8ก B�9[0.� δ 6.90-8.90 ppm 5/����ก>
�cc�H broad singlet 
���K��:��J�� 
NH2 B�9[0.� δ 7.10-12.80 ppm  �������� 2-amino-5-(indol-3'-yl)-1,3,4-oxadiazoles (2i)  D�E

�cc�H singlet B�9δ 9.93 ppm 
���K��:�� N-H J��.�  indole 5/����ก>
�cc�HK��:��J��
.� indole B�9 δ 7.24-8.28 ppm  
0.��������� 2-amino-5-(1'-methylpyrrol-2'-yl)-1,3,4-oxadiazoles 
(2j)  D�E
�cc�HK��:��J��.� pyrrole B�9[0.� δ 6.29-7.34 ppm 5/����ก>
�cc�H broad 
singlet 
���K��:��J�� NH2 B�9 δ 6.22 ppm (C��:���� 8) 

JE�1X/ 13C NMR spectra D� DMSO-d6 J���������� 2-amino-5-substitutede-1,3,4-
oxadiazoles (2a-j) Z10�?
�cc�H����?��J�� C=O 5/�
�cc�H����?��J�� N=CH 
ก8C,�กก��
�iC.�D�E�������� 2-amino-5-substituted-1,3,4-oxadiazoles  KC;�������� 2a-h D�E
�cc�H����?��
B�9:-�5��0� 5 B�9[0.� δ 156.70-167.70 ppm 
�cc�H����?��J��:-�5��0� 2 B�9[0.� δ 154.40-
163.30 ppm 5/����ก>
�cc�H����?�� (C-H) J��.���K�1�:8ก B�9[0.� δ 112.90-135.90 ppm  
�������� 2-amino-5-(indol-3'-yl)-1,3,4-oxadiazoles (2i)  1��1X0 indolyl 
����1X05B�B�9B�9:-�5��0� 5 D�E

�cc�H����?��J��:-�5��0� 5 B�9 δ 162.20 ppm 
�cc�H����?��J��:-�5��0� 2 B�9 δ 155.10 
ppm 5/����ก>
�cc�H����?�� (C-H) J��.� indole B�9 [0.� δ 112.88-138.91 ppm 
-����?
�������� 2-amino-5-(1'-methylpyrrol-2'-yl)-1,3,4-oxadiazoles (2j) Y�9�1��1X0 pyridyl 
����1X05B�B�9B�9
:-�5��0� 5 D�E
�cc�H����?��J��:-�5��0� 5 B�9 δ 169.23 ppm 
�cc�H����?��J��:-�5��0� 2 
B�9 δ 156.65 ppm 5/����ก>
�cc�H����?�� (C-H) J��.� pyrrole B�9[0.� δ 128.36-147.45 ppm 
(C��:���� 9) 
 
 2.  ก��������������	 ��!� 2-ethyl-5-substituted-1,3,4-oxadiazoles (4a-h) 
  
�891,�กก��
:��;1�������� hydrazide ,�ก�>8ก8�8;����.0���������� ester ��2� �������� 
benzoyl chloride ก�?
�����ก�? hydrazine �/��,�ก��	��-��������� hydrazides (3a-h) 1�B-�
�>8ก8�8;�ก�? triethyl orthopropanoate 
ก8C�>8ก8�8;� cyclization D�EF/8:G�HI�  4a-h  
1?�:8B��
ก�;G��5/��E�;/�F/8:G�HI� J���������� hydrazides (3b-h) 5/�F/8:G�HI� 2-ethyl-5-
substituted-1,3,4-oxadiazoles (4a-h) 5
C�D�:����B�9 4 5/� 5 :�1/-�C�? 
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:���� 4  5
C�
1?�:8B��ก�;G��5/��E�;/�F/8:G�HI�J����������  hydrazides (3b-h)  
 


�� K���
�E�� 
/�ก�H�


�� 
,�C�/�1
�/. (  - C)    

�E�;/�F/8:G�HI� 

3b NH

O

OH

NH2

 

J��5JW� 

�J�. 

120-121 75.42 

3c NH

O

Cl

NH2

 

J��5JW� 

�J�. 

275-276 85.12  

3d NH

O

Cl

NH2

 

J��5JW� 

�J�. 

257-258 92.32  

3e NH
NH

O

NH2

 
F/�ก
�J�. 125-126  65.70  

3f 
NH

NH

O

NH2

 

F/�ก
�

�/2�� 

129-130 69.45  

3g N NH

O

NH2

 
F/�ก
�J�. 83-84 89.71  

3h 

N

NH

O

NH2

 

F/�ก
�J�. 139-141 94.52  

 
 

�������� hydrazides (3b-d) 1��1X0 aryl 
����1X05B�B�9B�9:-�5��0� 5 �E�;/�J��F/8:G�HI��;X0
D�[0.� 75.42-92.32  �������� 3e 5/� 3f 1� indol-2'-yl 5/� indol-3'-yl methyl 
����1X05B�B�9 D�E�E�;
/�J��F/8:G�HI� 65.70 5/� 69.45  :�1/-�C�? 
-����?�������� 3g 5/� 3h 1��1X05B�B�9
��� pyridin-
2'-yl 5/� pyridin-3'-yl 
����1X05B�B�9 ,�D�E�E�;/�J��F/8:G�HI� 89.71 5/� 94.52  :�1/-�C�? ,�

�W�ZCE.0� �������� hydrazides (3b-h) B�9
:��;1ZCE 1��E�;/�J��F/8:G�HI��0��JE��
X� 
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ก��<
��������=>�?�������������	 ��!� hydrazides (3b-h) 
 JE�1X/ IR spectra J���������� hydrazides (3b-h) �?�0�ก��CXCก/2�5
�J���1X0ab�ก�[��B�9

-���cZCE5ก0 [0.�:-�5��0� 3260-3350 cm-1  
���J�� N-H 5??;2C [0.�:-�5��0� 1610-1670 cm-1 

���J�� C=O 5??;2C 5/�[0.�:-�5��0� 1520-1590 cm-1 
���J�� C=C 5??;2C 

JE�1X/ 1H NMR spectra D� DMSO-d6 J���������� hydrazides (3b-d) D�E
�cc�H singlet 
B�9[0.�  δ  10.00-10.70 ppm  
���K��:��J�� N-H 
�cc�HK��:��J��.���K�1�:8ก B�9[0.� 
δ 6.80-7.90 ppm 5/����ก>
�cc�H broad singlet B�9[0.� δ 4.60-4.70 ppm 
���K��:��J�� 
NH2 �������� indol-2'-yl hydrazide (3e) 5/� indol-3'-yl methyl hydrazide (3f) D�E
�cc�H singlet 
B�9 δ 11.56 5/� 10.86 ppm 
���K��:��J�� N-H J��.� indole  
�cc�H singlet  B�9  δ  9.79 5/� 
9.17 ppm  
���K��:��J�� N-H J���1X0 hydrazide 
�cc�HK��:��J��.� indole B�9[0.� δ 6.97-
7.58 ppm 5/����ก>
�cc�H broad singlet B�9 δ 4.49 5/� 4.19 ppm 
���K��:��J�� NH2 
:�1/-�C�? 
-����?JE�1X/ 1H NMR spectra J���������� pyridin-2'-yl hydrazide (3g) 5/� pyridin-3'-
yl hydrazide (3h) D�E
�cc�H singlet B�9  δ 9.87 5/� 9.96 ppm 
���K��:��J�� N-H  :�1/-�C�? 

�cc�HK��:��J��.� pyridine  B�9[0.� δ 7.49-8.96 ppm 5/����ก>
�cc�H broad singlet 
���
K��:��J�� NH2 B�9 δ 4.56 5/� 4.58 ppm :�1/-�C�? (C��:���� 10) 
 JE�1X/ 13C NMR spectra D� DMSO-d6 J���������� hydrazides (3b-d) D�E
�cc�H
����?��J��  C=O  B�9[0.�  δ  165.30-168.30  ppm  5/����ก>
�cc�H����?�� (C-H) J��.� 
��K�1�:8ก B�9[0.� δ 117.70-133.90 ppm 
-����?JE�1X/ 13C NMR spectra J���������� indol-2'-yl 
hydrazide (3e) 5/� indol-3'-yl methyl hydrazide (3f) D�E
�cc�H����?��J�� C=O B�9 δ 161.69 
5/� 170.78 ppm :�1/-�C�? 5/����ก>
�cc�H����?�� (C-H) J��.� indole B�9[0.� δ 102.47-
124.17 ppm 
0.��������� pyridin-2'-yl hydrazide (3g) 5/� pyridin-3'-yl hydrazide (3h) D�E

�cc�H����?��J�� C=O B�9 δ 164.71 5/� 164.81 ppm :�1/-�C�?5/����ก>
�cc�H����?�� 
(C-H) J��.� pyridine B�9[0.� δ 122.22-152.22 ppm (C��:���� 11) 
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:���� 5  5
C� 
1?�:8B��ก�;G��5/��E�;/�F/8:G�HI�J����������  2-ethyl-5-substituted-1,3,4-    
   oxadiazoles (4a-h) 
 


�� K���
�E�� /�ก�H�
�� 
,�C�/�1
�/./ 

,�C
C2�C  
        (   -C) 

�E�;/�F/8:G�HI� 

4a 
NN

O CH2CH3
 

J��
�/.D
 b.p. 265-267 34.76 

4b 
NN

O CH2CH3
OH  

J��
�/.
��	-�:�/ b.p. 259-260 29.36  

4c 
NN

O CH2CH3
Cl  

J��
�/.D
 b.p. 271-273 65.22  

4d 
NN

O CH2CH3
Cl  

J��
�/.
�
�/2��
�0�� 

b.p. 284-286 67.23  

4e NH

NN

O CH2CH3  
F/�ก
�
E1 m.p. 256-266 47.65  

4f 
NH

NN

O CH2CH3

 

F/�ก
�
E1 m.p. 75-76 54.23  

4g N
NN

O CH2CH3  
J��
�/.D
 b.p. 257-259  34.45  

4h 
N

NN

O CH2CH3

 

J��
�/.D
 b.p. 262-264 41.22  

 
 
        �������� 2-ethyl-5-substitutede-1,3,4-oxadiazoles (4a-h) 
:��;1ZCE,�ก�>8ก8�8;� cyclization 
�������� hydrazide (3a-h) CE.;  triethyl orthopropanoate  �E�;/�J��F/8:G�HI�,��;X0D�[0.� 
34.76-67.23  Y�9�1��0����ก/�� ,�
�W�ZCE.0�
129�
ก8Cก���iC.�D�E�������� 4a-h B-�D�E�E�;/� J��
��
F/8:G�HI�1��0�/C/� 
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ก��<
��������=>�?�������������	 ��!� 2-ethyl-5-substituted-1,3,4-oxadiazoles (4a-h)  
 JE�1X/ IR spectra (cm-1) J���������� 2-ethyl-5-substituted-1,3,4-oxadiazoles (4a-h) �?
�0�ก��CXCก/2�5
�J���1X0ab�ก�[��B�9
-���cZCE5ก0 [0.�:-�5��0� 2970-3280 cm-1  
���J�� C-H 5??
;2C [0.�:-�5��0� 1600-1650 cm-1 
���J�� C=N 5??;2C 5/�[0.�:-�5��0� 1570-1650 cm-1 
���
J�� C=C 5??;2C 
 JE�1X/ 1H NMR spectra D� DMSO-d6 J���������� 2-ethyl-5-substituted-1,3,4-
oxadiazoles (4a-h) Z10�?
�cc�HK��:��J�� N-H  5/� NH2 J���1X0 hydrazide Y�9�
ก8C,�กก��
�iC.�D�E�������� 2-ethyl-5-substituted-1,3,4-oxadiazoles 5/����ก>
�cc�� quartet 5/� triplet 
J�	�Y�9�
���J���1X0 ethyl B�9:-�5��0� 2 �������� 4a-d �?
�cc�HK��:��J��.���K�1�:8ก B�9[0.� 
δ 6.90-8.00 ppm D�E
�cc�H quartet B�9[0.� δ 2.90-4.20 ppm 
���K��:��J�� CH2 5/����ก>

�cc�H triplet B�9[0.� δ 1.30-1.40 ppm 
���K��:��J�� CH3 
0.��������� 2-ethyl-5-(indol-2'-yl)-
1,3,4-oxadiazole (4e) 5/� 2-ethyl-5-(indol-3'-yl methyl)-1,3,4-oxadiazole (4f) D�E
�cc�H 
singlet B�9 δ  12.19 5/� 11.05  ppm  
���K��:��J�� N-H J��.� indole  D�E
�cc�HK��:��
J��.� indole  B�9[0.� 6.99-7.65 ppm  �?
�cc�H quartet B�9 δ 2.95 5/� 2.78 ppm 
���K��:��
J�� CH2 5/����ก>
�cc�H triplet B�9 δ 1.34 5/� 1.19 ppm 
���K��:��J�� CH3 J���������� 
4e 5/� 4f :�1/-�C�? 
-����?�������� 2-ethyl-5-(pyridin-2'-yl)-1,3,4-oxadiazole (4g) 5/� 2-ethyl-
5-(pyridin-3'-yl)-1,3,4-oxadiazole (4h) D�E
�cc�HK��:��J��.� pyridine  B�9[0.� δ  7.62- 9.13 
ppm D�E
�cc�H quartet B�9 δ 2.97 5/� 2.96 ppm 
���K��:��J�� CH2 5/����ก>
�cc�H 
triplet B�9 δ 1.32 5/� 1.33 ppm 
���K��:��J�� CH3 :�1/-�C�? (C��:���� 12) 
 JE�1X/ 13C NMR spectra D� DMSO-d6 J���������� 2-ethyl-5-substituted-1,3,4-
oxadiazoles (4a-h) Z10�?
�cc�H����?��J�� C=O Y�9�
ก8C,�กก���iC.�D�E�������� 2-ethyl-5-
substituted-1,3,4-oxadiazoles (4a-h) KC;�������� 4a-d 1��1X0 aryl 
����1X05B�B�9:-�5��0�B�9 5 D�E

�cc�H����?��J��:-�5��0� 5 B�9[0.� δ 164.60-168.70 ppm 
�cc�H����?��J��:-�5��0� 2 B�9
[0.� δ 162.40-164.30 ppm 5/�D�E
�cc�H����?�� (C-H) J��.���K�1�:8ก B�9[0.� δ 117.40-
133.60 ppm 
�cc�H����?��J�� CH2 B�9[0.� δ 15.90-19.00 ppm 5/����ก>
�cc�H����?��
J�� CH3 B�9[0.� δ 10.10-10.90 ppm  
0.��������� 2-ethyl-5-(indol-2'-yl)-1,3,4-oxadiazole (4e) 
5/� 2-ethyl-5-(indol-3'-yl methyl)-1,3,4-oxadiazole (4f) D�E
�cc�H����?��J��:-�5��0� 5 B�9 
δ 167.59 5/� 167.98 ppm 5/�D�E
�cc�H����?��J��:-�5��0� 2 B�9 δ 159.69 5/� 166.09 ppm 
�?
�cc�H����?�� (C-H) J��.� indole B�9[0.� δ 104.88-124.51 ppm 
0.�
�cc�H����?��J�� 
CH2 ���ก>B�9 δ 18.90 5/�18.69 ppm 5/�
�cc�H����?��J�� CH3 B�9 δ 10.80 5/� 10.87 ppm 
:�1/-�C�? 
-����?�������� 2-ethyl-5-(pyridin-2'-yl)-1,3,4-oxadiazole (4g) 5/� 2-ethyl-5-(pyridin-
3'-yl)-1,3,4-oxadiazole (4h)  D�E
�cc�H����?��J��:-�5��0� 5 B�9 δ 169.07 5/� 168.74 ppm 
5/�
�cc�H����?��J��:-�5��0� 2 B�9 δ 163.94 5/� 162.53 ppm  
�cc�H����?�� (C-H) J��
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.� pyridine B�9[0.� δ 120.57-152.73 ppm 
�cc�H����?��J�� CH2 B�9 δ 18.91 5/�18.87 ppm 
5/��?
�cc�H����?��J�� CH3 B�9 δ 10.86 5/� 10.81 ppm :�1/-�C�? (C��:���� 13) 
 
���������� 
 

 1.  �.��-�
���������� 2,5-disubstituted-1,3,4-oxadiazoles B�	�
��ก/�01B�9
��
������ZCEZ�
BC
�?lB�8mB��[�.G��:0�Z� 

  2. ก��
��
�������������� 2,5-disubstituted-1,3,4-oxadiazoles �?.0��0��E�;/�J��
��
F/8:G�HI�1��0��0��JE��:9-� ��,
���F/1�,�ก
G�.�J���>8ก8�8;�B�9D[ED�ก��
��
������J��
��5:0/�
[�8C ;��Z10
�1��
1 ,���.�1�ก�����?������
G�.�B�9
�1��
1:0�Z�
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����� 6   1H NMR �
�
������� semicarbazones (1a-j) !��"#ก%� DMSO-d6 

 

�+�,-�.� 1a 1b 1c 1d 1e 1f 1g 1h 1i 1j 

1 6.47(br s, 2H) 6.41(br s, 2H) 6.60(br s, 2H) 6.25(br s, 2H) 6.64(br s, 2H) 6.71(br s, 2H) 6.39(br s, 2H) 6.36(br s, 2H) 6.25(br s, 2H) 6.21(br s, 2H) 

3 10.26(s, 1H) 10.09(s, 1H) 10.53(s, 1H) 10.30(s, 1H) 10.64(s, 1H) 10.64(s, 1H) 10.17(s, 1H) 10.00(s, 1H) 9.91(s, 1H) 9.89(s, 1H) 

5 8.17(s, 1H) 7.78(s, 1H) 8.19(br s, 1H) 7.79(s, 1H) 8.23(s, 1H) 7.92(s, 1H) 8.14(s, 1H) 7.72(s, 1H) 8.06(s, 1H) 7.79(s, 1H) 

1' - - - - - - - - 11.45(s, 1H) 3.77(s, 3H) 

2' 

 
- 

7.65 

(d, J = 8.2 Hz, 1H) 
- 

7.68 

(d, J = 8.4 Hz, 1H) 
- 

8.20 

(d, J = 8.6 Hz, 1H) 
- 

7.51 

(d, J = 6.6 Hz, 1H) 
7.69(s, 1H) - 

3' 

 

7.04 

(d, J = 7.4 Hz, 1H) 

6.94 

(d, J = 8.2 Hz, 1H) 
8.19(br s, 1H) 

7.56 

(d, J = 8.4 Hz, 1H) 

7.99 

(d, J = 8.1 Hz, 1H) 

8.01 

(d, J = 8.6 Hz, 1H) 
6.82(m, 1H) 

6.75 

(d, J = 6.6 Hz, 1H) 
- 6.36(s, 1H) 

4' 

 

6.94 

(t, J = 7.4 Hz, 1H) 
- 

7.23 

(t, J = 7.2 Hz, 1H) 
- 

7.57 

(t, J = 8.1 Hz, 1H) 
- 

7.17 

(t, J = 7.0 Hz, 1H) 
- 

8.16 

(d, J = 7.7 Hz, 1H) 

6.02 

(t, J = 3.0 Hz, 1H) 

5' 
7.33 

(t, J = 7.4 Hz, 1H) 

6.94 

(d, J = 8.2 Hz, 1H) 

7.38 

(t, J = 7.2 Hz, 1H) 

7.56 

(d, J = 7.6 Hz, 1H) 

7.72 

(t, J = 7.9 Hz, 1H) 

8.01 

(d, J = 8.6 Hz, 1H) 
6.82(m, 1H) 

6.75 

(d, J = 6.6 Hz, 1H) 

7.09 

(t, J = 7.7 Hz, 1H) 
6.86(br s, 1H) 

6' 
7.99 

(d, J = 7.4 Hz, 1H) 

7.65 

(d, J = 8.2 Hz, 1H) 

 

7.62 

(d, J = 7.2 Hz, 1H) 

7.68 

(d, J = 8.4 Hz, 1H) 

8.35 

(d, J = 7.9 Hz, 1H) 

8.20 

(d, J = 8.6 Hz, 1H) 

7.75 

(d, J = 7.2 Hz, 1H) 

7.51 

(d, J = 6.6 Hz, 1H) 

7.17 

(t, J = 7.9 Hz, 1H) 
- 

7' - - - - - - - - 
7.40 

(d, J = 7.9 Hz, 1H) 
- 

OCH3 3.81(s, 3H) 4.02(s, 3H) - - - - - - - - 

OH 

 
- - - - - - 9.97(br s, 1H) 9.76(s,1H) - - 
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����� 7  13C NMR �
�
������� semicarbazones (1a-j)  !��"#ก%� DMSO-d6 

 

�+�,-�.� 1a 1b 1c 1d 1e 1f 1g 1h 1i 1j 

2 157.51 160.51 156.97 157.12 156.83 156.91 157.03 158.93 157.36 157.23 

5 135.17 139.69 137.92 138.46 134.42 137.17 137.97 140.15 137.94 133.97 

1' 123.24 127.90 133.84 134.59 129.24 141.84 121.05 126.30 - 36.52 

2' 157.21 128.48 123.09 131.97 148.23 127.84 156.26 128.59 129.45 127.82 

3' 112.00 114.54 131.12 128.93 124.81 124.25 116.40 115.89 130.25 113.45 

3'a - - - - - - - - 124.52 - 

4' 130.82 157.28 133.34 122.50 130.03 147.55 130.63 157.33 122.25 108.23 

5' 120.98 114.54 127.82 128.93 133.64 124.25 119.68 115.89 120.69 127.34 

6' 125.98 128.48 128.24 131.97 128.37 127.84 127.14 128.59 122.82 - 

7' - - - - - - - - 112.11 - 

7'a - - - - - - - - 137.43 - 

OCH3 56.03 55.69 - - - - - - - - 
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����� 8 1H NMR �
�
������� 2-amino-5-substituted-1,3,4-oxadiazoles (2a-j) !��"#ก%� DMSO-d6 

 

�������� 2a 2b 2c 2d 2e 2f 2g 2h* 2i 2j 

 

1' 
- - - - - - - - 9.93(s,1H) 2.71(s,3H) 

 

2@ 

 

- 
7.85 

(d, J = 7.7 Hz, 1H) 
- 

7.79 

(d, J = 8.6 Hz, 1H) 
- 

8.24 

(d, J = 8.8 Hz, 1H) 
- 

8.82 

(d, J = 7.5 Hz, 1H) 
8.28(s,1H) - 

 

3' 

 

7.18 

(d, J = 7.6 Hz, 1H) 

6.98 

(d, J = 7.7 Hz, 1H) 

7.77 

(d, J = 7.8 Hz, 1H) 

7.65 

(d, J = 8.6 Hz, 1H) 
7.80(m,1H) 

7.63 

(d, J = 8.8 Hz, 1H) 
6.91(m,1H) 

7.95 

(d, J = 7.5 Hz, 1H) 
- 

7.24 

(br s, 1H) 

4' 
7.05 

(t, J = 7.6 Hz, 1H) 
- 

7.53 

(t, J = 7.8 Hz, 1H) 
- 7.80(m,1H) - 

7.49 

(t, J = 7.0 Hz, 1H) 
- 

8.09 

(d, J = 7.5 Hz, 1H) 

6.29 

(d, J = 2.7 Hz, 

1H) 
 

5' 

 

7.49 

(t, J = 7.0 Hz, 1H) 

6.98 

(t, J = 7.7 Hz, 1H) 

7.56 

(t, J = 7.6 Hz, 1H) 

7.65 

(t, J = 8.6 Hz, 1H) 
7.80(m,1H) 

7.63 

(t, J = 8.8 Hz, 1H) 
6.91(m,1H) 

7.95 

(t, J = 7.5 Hz, 1H) 
7.24(m, 1H) 

7.34 

(d, J = 2.7 Hz,1H) 

 

6' 

 

7.63 

(d, J = 7.0 Hz, 1H) 

7.85 

(d, J = 7.7 Hz, 1H) 

7.70 

(d, J = 7.6 Hz, 1H) 

7.79 

(d, J = 8.6 Hz, 1H) 

8.00 

(d, J = 7.2 Hz, 1H) 

8.24 

(d, J = 8.8 Hz, 1H) 

7.78 

(d, J = 7.8 Hz,1H) 

8.82 

(d, J = 7.5 Hz, 1H) 
7.24(m, 1H) - 

 

7@ 

 

- - - - - - - - 
7.51 

(d, J = 7.4 Hz,1H) 
- 

 

NH2 

 

7.11(br s, 2H) 
12.60 

(br s, 2H) 

12.78 

(br s, 2H) 
- 7.38(br s, 2H) - - 

11.60 

(br s, 2H) 
- 6.22(br s, 2H) 

 

OCH3    
3.83(s, 3H) 3.84(s, 3H) - - - - - - - - 

  OH - - - - - - - 9.91(s, 1H) - - 

 

* !��"#ก%� CDCl3 
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����� 9  13C NMR �
�
������� 2-amino-5-substituted-1,3,4-oxadiazoles (2a-j)  !��"#ก%� DMSO-d6 

 

�+�,-�.� 2a 2b 2c 2d 2e 2f 2g 2h* 2i 2j 

2 157.27 163.25 154.50 154.42 154.80 160.70 157.50 161.10 155.10 156.65 

5 164.36 163.25 156.70 167.61 164.96 170.50 161.70 162.25 162.20 169.23 

1' 114.09 123.75 125.24 125.47 135.85 144.50 124.50 119.80 - 24.44 

2' 156.42 131.76 120.55 131.70 150.80 128.98 147.39 132.41 138.91 143.30 

3' 112.88 114.24 134.76 130.06 124.82 124.02 117.51 115.54 116.64 137.29 

3'a - - - - - - - - 136.80 - 

4' 132.51 145.22 131.44 117.50 132.42 147.52 135.99 136.63 121.68 128.36 

5' 121.07 114.24 128.69 130.06 133.71 124.02 130.72 115.94 123.94 147.45 

6' 129.86 131.76 133.45 131.70 130.36 128.98 119.53 132.41 122.59 - 

7' - - - - - - - - 112.88 - 

7'a - - - - - - - - 145.20 - 

OCH3 56.27 55.89 - - - - - - - - 

 

* !��"#ก%� CDCl3 
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����� 10   1H NMR �
�
������� hydrazides (3b-h) !��"#ก%� DMSO-d6 

 

 �+�,-�.� 3b 3c 3d 3e 3f 3g 3h 

1 4.65(br s, 2H)  4.65(br s, 2H) 4.49(br s, 2H) 4.19(br s, 2H) 4.56(br s, 2H) 4.58(br s, 2H) 

2 10.05(s, 1H) 10.56(s, 1H) 10.67(s, 1H) 9.79(s, 1H) 9.17(s, 1H) 9.87(s, 1H) 9.96(s, 1H) 

1' - - - 11.56(s, 1H) 10.86(s, 1H) - - 

2' - - 
7.94 

(d, J = 8.5 Hz, 1H) 
 7.17(s, 1H) - 8.96(s, 1H) 

3' 6.87(m, 1H) 7.45(m, 1H) 
7.62 

(d, J = 8.5 Hz, 1H) 
7.05(s, 1H) - 

8.60 

(d, J = 4.7 Hz, 1H) 
- 

4' 6.87(m, 1H) 7.45(m, 1H) - 
7.58 

(d, J = 7.8 Hz, 1H) 

7.56 

(d, J = 8.0 Hz, 1H) 
7.96(m, 1H) 

8.15 

(d, J = 7.9 Hz, 1H) 

5' 
7.38 

(t, J = 7.7 Hz, 1H) 
7.45(m, 1H) 

7.62 

(d, J = 8.5 Hz, 1H) 

7.01 

(t, J = 7.8 Hz, 1H) 

6.97 

(t, J = 8.0 Hz, 1H) 

7.57 

(t, J = 4.7 Hz, 1H) 

7.49 

(t, J = 7.9 Hz, 1H) 

6' 
7.79 

(d, J  = 7.7 Hz, 1H) 
7.45(m, 1H) 

7.94 

(d, J = 8.5 Hz, 1H) 

7.16 

(t, J = 7.8 Hz, 1H) 

7.04 

(t, J = 8.0 Hz, 1H) 
7.96(m, 1H) 

8.68 

(d, J = 4.0 Hz,1H) 

7' - - - 
7.43 

(d, J = 7.8 Hz, 1H) 

7.33 

(d, J = 8.0 Hz, 1H) 
- - 

CH2-indole 
 

- - - - 3.44(s, 2H) - - 

     OH 12.45(br s, 1H) - - - - - - 
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����� 11 13C NMR �
�
������� hydrazides (3b-h)  !��"#ก%� DMSO-d6 

 

�+�,-�.� 3b 3c 3d 3e 3f 3g 3h 

3 168.33 165.84 165.35 161.69 170.78 164.71 164.81 

1' 114.86 123.20 131.64 - - - - 

2' 160.00 147.57 129.85 136.74 124.17 148.99 152.22 

3' 117.74 127.61 129.16 102.47 109.09 126.49 129.34 

3'a - - - 127.52 127.59 - - 

4' 133.85 131.99 137.25 121.87 119.17 137.35 135.15 

5' 119.10 129.88 129.16 120.26 118.75 122.22 123.97 

6' 127.56 130.36 129.85 123.70 121.56 148.38 148.51 

7' - - - 112.71 111.73 - - 

7'a - - - 130.78 136.48 - - 

CH2-indole - - - - 31.13 - - 
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����� 12 1H NMR �
�
������� 2-ethyl-5-substituted-1,3,4-oxadiazoles (4a-j) !��"#ก%� DMSO-d6 

 

�+�,-�.� 4a 4b* 4c 4d 4e 4f 4g 4h 

1' - - - - 12.19(s, 1H) 11.05(s, 1H) - - 

2' 
7.98 

(d, J = 6.4 Hz, 1H) 
- - 

7.99 

(d, J = 8.3 Hz, 1H) 
- 7.32(s, 1H) - 9.13(s, 1H) 

3' 7.58(m,1H) 
7.04 

(d, J = 7.9 Hz, 1H) 

7.70 

(d, J = 7.6 Hz, 1H) 

7.67 

(d, J = 8.3 Hz, 1H) 
7.14(s, 1H) - 

8.15 

(d, J = 6.4 Hz, 1H) 
- 

4' 7.58(m,1H) 
6.92 

(t, J = 7.9 Hz, 1H) 

7.56 

(t, J = 7.6 Hz, 1H) 
- 

7.65 

(d, J = 8.0 Hz, 1H) 

7.49 

(d, J = 7.8 Hz, 1H) 

7.62 

(t, J = 6.4 Hz, 1H) 

8.33 

(d, J = 6.4 Hz, 1H) 

5' 7.58(m,1H) 
7.36 

(t, J = 7.8 Hz, 1H) 

7.63 

(t, J = 7.6 Hz, 1H) 

7.67 

(d, J = 8.3 Hz, 1H) 

7.08 

(t, J = 8.0 Hz, 1H) 

6.99 

(t, J = 7.8 Hz, 1H) 

8.05 

(t, J = 4.5 Hz, 1H) 

7.62 
(dd, J = 6.4 Hz, 4.5 Hz, 

1H) 

6' 
7.98 

(d, J = 6.4 Hz, 1H) 

7.66 

(dd, J = 7.8Hz,1.3 Hz, 1H) 

7.94 

(d, J = 7.6 Hz, 1H) 

7.99 

(d, J = 8.3 Hz, 1H) 

7.24 

(t, J = 8.0  Hz, 1H) 

7.09 

(t, J = 7.8 Hz, 1H) 

8.76 

(d, J = 4.5 Hz, 1H) 

8.78 

(d, J = 4.5 Hz, 1H) 

7' - - - - 
7.46 

(d, J =8.0 Hz, 1H) 

7.36 

(d, J =7.8 Hz, 1H) 
- - 

   CH2-indole - - - - - 4.29(s, 2H) - - 

       OH - 10.06(br s, 1H) - - - - - - 

CH2 
2.93 

(q, J = 7.5 Hz, 2H) 

2.92 

(q, J = 7.6 Hz, 2H) 

2.96 

(q, J = 7.2 Hz, 2H) 

4.32 

(q, J = 7.2 Hz, 2H) 

2.95 

(q, J = 7.2 Hz, 2H) 

2.78 

(q, J = 7.6 Hz, 2H) 

2.97 

(q, J = 7.6 Hz, 2H) 

2.96 

(q, J = 7.5 Hz, 2H) 

CH3 
1.31 

(t, J = 7.5 Hz, 3H) 

1.40 

(t, J = 7.6 Hz, 3H) 

1.32 

(t, J = 7.2 Hz, 3H) 

1.34 

(t, J = 7.2 Hz, 3H) 

1.34 

(t, J = 7.2 Hz, 3H) 

1.19 

(t, J = 7.6 Hz, 3H) 

1.32 

(t, J= 7.6 Hz, 3H) 

1.33 

(t, J = 7.5 Hz, 3H) 

* !��"#ก%� CDCl3 
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����� 13  13C NMR �
�
������� 2-ethyl-5-substituted-1,3,4-oxadiazoles (4a-j) !��"#ก%� DMSO-d6 

 

�+�,-�.� 4a 4b* 4c 4d 4e 4f 4g 4h 

2 164.31 164.33 162.49 163.67 159.69 166.09 163.94 162.53 

5 168.32 166.50 168.72 164.67 167.59 167.98 169.07 168.74 

1' 124.05 108.68 123.23 122.80 - - - - 

2' 129.86 157.41 132.17 130.07 121.75 124.50 143.37 147.46 

3' 126.83 132.97 131.49 128.61 104.88 107.49 126.70 120.57 

3'a - - - - 127.72 127.11 - - 

4' 132.23 120.09 131.67 136.60 121.85 119.17 138.33 134.47 

5' 126.83 117.37 133.56 128.61 120.73 118.67 123.20 124.81 

6' 129.56 126.40 128.32 130.07 124.51 121.75 150.66 152.73 

7' - - - - 112.68 112.02 - - 

7'a - - - - 138.11 136.65 - - 

CH2-indole - - - - - 21.83 - - 

CH2 18.87 18.98 18.81 15.99 18.90 18.69 18.91 18.87 

CH3 10.90 10.67 10.86 10.15 10.80 10.87 10.86 10.87 

 

   *!��"#ก%� CDCl3 
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BTI 

      bis(trifluoroacetoxy)iodobenzene 

DCM 

     dichloromethane 

DMF 

       N,N'-dimethyllformamide 

DMSO 

       dimethyl sulfoxide 

EDCI 

      1-(3-dimethylaminopropyl)-3-ethylcarboiimide 

MTBE 

       methyl tert-butyl ether 

PIDA 

      phenyliodo(III)diacetate 

PTZ 

       pentylenetetrazole 

TFA 

       trifluoroacetic acid 

THF 

       tetrahydrofuran 

TsCl 

       tosyl chloride 
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