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Synthesis of picryi-substituted 1,3,4-oxadiazoles 
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A convenient procedure was developed for the synthesis of picryl-substituted 
1.3,4-oxadiazoles. The nucleophilic replacement of the nitro group in picroylacylhydrazines 
under the action of thiophenot was studied. 
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This work was undertaken as part of our continuing 
studies a imed at using an explosive, viz., 2.4,6-trinitro- 
toluene (TNT,  trotyl), as a readily available versatile 
starting c o m p o u n d  for the production of valuable prod- 
ucts for different  purposes. 1 

Among organic compounds which can be prepared 
based on TNT,  2,4,6-trinitrophenyl (picryl) derivatives 
of aromat ic  heterocycles may be of  particular value as 
intermediates in organic synthesis. One would expect 
that the presence of the picryl substituent containing 
three recta-nitro groups will make it possible to perform 
various functionalizations of  the phenyl moiety giving 
rise to heterocycl ic  compounds with new combinations 
of functional groups in the phenyl substituent. 

Tile a im of  this work was to develop a procedure tbr 
the synthesis of" picryl-substituted 1,3,4-oxadiazoles and 
some o f  thei r  analogs because aryl-1,3,4-oxadiazotes are 
of substantial  interest both as organic scintillators and 
intermediates in the synthesis of  physiologically active 
compounds.  

Previously, z only a few examples of 5-aryl-2-picryl- 
1,3,4-oxadiazoles have been described. It was of interest 
to extend the range of picryloxadiazoles by preparing 
2-p icry l - l ,3 ,4-oxadiazoles  containing substituents other 
than aryl groups (in particular, functional groups) at 
position 5. 

For this purpose,  we synthesized the starting com- 
pounds, viz., different N'-acyI-N-(2,4,6-tr ini trobenzoyl)-  
hydrazines (2a - - e ) ,  by the reactions of 2.4.6-trinitro- 
benzoyt ch lor ide  (picroyl chloride, 1) with the corre- 
sponding hydrazides.  Hydrazine 2d was prepared ac-  
cording to ano ther  procedure involving the reaction of  
p i c roy lhydraz ide  (3) with t r i f luoroacet ic  anhydride 
(Scheme 1 ). 

The drawback of  the known procedure for cyclization 
of d iacylhydrazines  2 yielding oxadiazoles 4 z is that a 
large amoun t  of  the condensing agent (POCI3) is con- 
sumed per  mmole  of  2 (50 mL). We developed a conve- 
nient procedure  based on the use of  PCt 5 in dichloro- 
e t h a n e . . a s  a resuit, we simplified the preparation of  
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R = Oh (a): 2-CIC6H 4 {b): Me (c) ;  CF 3 (d) ;  NH 2 (e) 

oxadiazole 4a described previously and synthesized for 
the first time oxadiazoles 4b- -d  including those conta in-  
ing the methyl or trifluoromethyl groups. 
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Table 1. Yields. melting points, and data of elemental analysis and t H N M R spectroscopy for the compounds synthesized 

Corn- Yield M.p. Fo_._und . f%) Molecular 
pound ti%) /"C Calculated formula 

C H N 

IH NMR (DMSO-d6), 6 

2a 64 275 a . . . .  
(265--266) z 

2b 72 298 h 41.00 19.5 I" ~ . . . .  - . ,.1. C.4HsCIN~Og 
41.03 1.97 17. t0 

2c 80 IS2 a 34.54 "~ ~'~ 22.40 C9H7NsO 8 
34.51 2.26 22.37 

2d 89 215 c 29,4 1.07 19.10 CgHaF3NsO8 
29.44 1.10 19.08 

4a 80 245--246 a . . . . .  
(237--238) z 

4b 82 250--251 a 42.89 1.52 17.84 Cj4H6C1NsO7 
42.93 1.55 17.88 

4r 68 125 a 36.55 I 73 23.79 CgHsN50 7 
36.61 1.69 23.73 

4d 50 220 e 30.81 0.60 20.14 CgH2F3N50 7 
30.95 0.58 20.06 

4e 90 222 e 32.40 1.33 28.4t C.t;H4N60 7 
32.44 1.-36 28.38 

5a 85 238--239 b 54.73 3.25 12.74 C20HHN4O6S 
54.79 3.22 12.78 

5c 87 309--3100 4791 3.26 14.91 CIsHIeN~O6S 
47.87 3.22 14.89 

6 40 283 ~ 62.30 380  8,35 C26H ~9N304 S 
62.25 3.83 838 

7 6t 190 h 57.07 ~_9. O 13.30 C2,3H 12 N4055 
57.13 288 13.33 

7.49--7.63 (m, 3 H, Ph); 7.92-8.00 (m, 2 H, Ph); 
9.13 (s, 2 H, Pie): 10.95 (s, I H, NH); 1130 (s, 1 H, NH) 
7.41--7.60 (m, 4 H, Ph); 9.12 (s. 2 H, Pie); 
II.01 (s, l H, NH); II .47(s .  I H. NH) 
J.93 (s, 3 H, CH3); 9.10 (s, 2 H, Pie); 10.57 (s. I H, NH): 
11.29 (s, I H. NH) 
9.18 (5, 2 H, Pie); 11.60 (s, I H, NH); 
12.3 (br.s. I H, NH) 
7.63--7.79 (m, 3 H, Phi; 8.09 (s, 1 H, Ph); 8.12 (s, I H. Ph); 
9.40 (s, 2 H, Pic) 
7.61--7.80 (m, 3 H, Ph); 805 (s, I H. Ph): 
939  (s, 2 H, Pic) 
2.70 Is, 3 H, CH3); 
9.32 Is. 2 H, Pie) 
9.40 (s, 2 H, Pie) 

8.81 (5, 2 H, NH2): 
9.30 (s. 2 H, Pic) 
7.48--7.73 (m, 8 H, Ph); 7.95--8.10 (m, 2 H, Ph): 
7.91 (s, t H, Pie); 8.61 (s, t H, Pie); l i.00 (s, ! H, NH); 
tl.21 (s, I H, NH) 
1.95 (s. 3 H, CH3); 7.51--7.63 (m, 5 H, Ph); 
7.9[ (s. I H, Pie); 8.60 (5, I H. Pie); 
10.50 (5, I H, NH); II.08 (s, 1 H, NH) 
7.49--7.70 (m. 15 H. Ph); 8.08 (s, t H, Pie): 8.10 (5, I H. 
Pie); 11).05 (s, I H, NH); 10.89 (s, I H, NH) 
7.50--7.60 (m. 3 H, Ph); 7.6l--7.73 (m. 5 H. Ph); 
8.08 (s, 2 H. Ph ): 8.04 (s, I H, Pie): 8.80 (s. I H, Pic) 

a From EtOH. 
From CH3CN. 

c From CF~COOH. 

The first representa t ive  o f  5 - a m i n o - 1 , 3 , 4 - o x a d i a z o l e s  
con ta in ing  the picryl subs t i t uen t  at posi t ion 2 (4e) was  
synthesized by the  react ion o f  hydraz ide  3 with c y a n o g e n  
bromide  (see S c h e m e  l). 

With the  a im of  f u n c t i o n a l i z i n g  2 - p i c r y l - l , 3 , 4 -  
oxad iazo les  ( t ak ing  in to  a c c o u n t  in teres t  in a c y l -  
hydrazines  as possible b io logica l ly  active c o m p o u n d s ) ,  
we studied the  nuc leoph i l i c  r ep lacemen t  of the n i t ro  
groups in p ic roy lacy lhydraz ines  We found c o n d i t i o n s  
under  which one  ni t ro  g r o u p  in hydrazines  2a ,c  is 
replaced u n d e r  the  ac t ion  o f  t h i o p h e n o l  to form on ly  
ortho-substituted products 5a,c .  T he  react ion p roceeds  
smoothly at room t empera tu re  in a med ium of  N - m e t h y l -  
2-pyrrot idone  ( M P )  in the p r e sence  o f  solid K2CO 3 (an  
equ imola r  ratio o f  the reagents )  (see Scheme I). 

The second  n i t ro  g roup  is rep laced  only in H M P A .  
Using hydraz ine  5a as an  example ,  it was found that  the  
second ni t ro g roup  was also replaced regioselectivety,  
but the r ep l acemen t  occur red  at pos i t ion  4 ra ther  t h a n  at 
posi t ion 6, i.e., ortho-para-substi tution product  6 was 
formed. 

Cycl izat ion o f  the resul t ing  subs t i tu ted  hydraz ine  5a  
proceeded t inder  subs tan t ia l ly  m o r e  drastic c o n d i t i o n s  

(only in a m e d i u m  of  PCIs /POCI  3 u p o n  prolonged 
refluxing (24 h)) cocnpared to those  used in the case of 

Table 2. 13C NMR spectra (DMSO-do) of the compounds 
5ynt hesized 

Corn- ;5, (J/Hz) 
pound 

4c 
4d* 

4e 
5a 

5c 

10.3; 124.8; 149.8:166.1 
115.8 (q, J = 272.1); 116.6; 125.2; 149.2; 150.2; 
155.6 (q, J = 44.6); 158.5 
117.7:124.0 (d, J =  180): 147.4; 148.9; 149.1; 1655 
116.82: 126.86: 127.73; 128.38: t30.13; t30.37; 
I30.54; 131.90; I32.20; 133.95: 134.31: 142.50: 
147.30; 147.74; 160.86:165.01 
20.51: 116.96; 127.17: 130.14; 130.55: 131.20; 133.69: 
134.22; 142.23: 147.16: 147.76; 159.93; 167.04 
127.39; 127.64; 128.31: 128.94; 129.39; 130.15: 
130.43; 131.49; 131.76: 132.40: 133.20; 133.69: 
134.20: 139.39: 140.21; 148.14: 163.12; 165.13 
117.36; 122.05; 126.55: 127.02; 129.27; 129.94: 
130.15: 132.41; 13Y60; 145.21; 149.16 

* tgF NMR (DMSO-d6), 8:-63.44 (CFCI 3 as the standard). 
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p ic roy lhydraz ines  2 and a f l b r d e d  oxadiazole 7 (see 
S c h e m e  1 ) 

The structures of  the resul t ing c o m p o u n d s  were es- 
tab l i shed  by IH, i3C, and  19F N M R  spec t roscopy  

(Tables 1 and 2) and were c o n f i r m e d  by the data o f  
e lementa l  analysis (see Table I),  mass  spec t romet~ ' ,  and 
IR spec t roscopy  (v~s(NO2), 1550--1590 c m - I :  vs (NO:) ,  
1350--1390 c m - l ;  v(CO),  1630--1680 c m - t ) .  

Experimental 

The IH and 13C NMR spectra were recorded on a Bruker 
AM-300 spectrome,'er (300.13 M Hz for i H and 75.47 M Hz for 
13C). "[he tgF NMR spectra were measured on a Bruker AC-200 
instrument (188.31 MHz). The melting points of the com- 
pounds were determined on a Boetius stage (the rate of heating 
was 4 deg rain-i). The IR spectra were recorded on a Specord 
M-80 spectrometer (in KBr). The mass spectra were obtained 
on an MS-30 (Kratos) spectrometer. 

Synthesis of .N'-acyI-N-picroylhydrazines (2a--c) (general 
procedure). Picroy[ chloride I z (0.0[ tool) was added to a 
solution of hydrazide RCONHNH 2 (0.01 tool) in EtOH (50 mL) 
and the reaction mixture was stirred at ~20 ~ for 6--8 h. The 
precipitate that formed was filtered off, washed with EtOH, and 
dried in air. 

1 -Triflnoroacetyl-2- (2,4,6- trinitrobenzoyl)hydrazine (2d). 
Hydrazide 3 z (0.9 g. 3.6 retool) was added to trifluoroacetic 
anhydride (1 mL, 7.4 retool) and the reaction mixture was 
stirred at ~20 ~ for 6 h, The precipitate that tormed ~,as 
filtered off, washed with water, and dried in air. 

Preparation of 2-(2,4,6-trinitrophenyl)-1,3,4-oxadiazoles 
(4a--d) (general procedure). Diacylhydrazine 2a--d (t.3 retool) 
was added to a solution of PCI 5 (3.3 retool) in dry, dichloroethane 
(25 mL) and the reaction mixture was refluxed (for 8 h in the 
case of 4a,b and for 6 and 16 h in the synthesis of 4e and 4d, 
respectively). Then the mixture was concentrated to dryness and 
triturated with water. ] be  precipitate that formed was washed 
with a 3% KOH solution and water and dried in air. 

5-Amino-Z-(Z,4,6-trinitrophenyl)- 1,3,4-oxadiazole (4e). 
Cyanogen bromide (0. t6 g. 1.5 retool) was added to a suspen- 
sion of picroylhydrazide 3 (0.4 g, 1.5 mmol) in EtOH (5 mL) 
and the reaction mixture was stirred at 40--50 ~ for 5 h Then 
a solution of NaHCO 3 (0.12 g, 1.5 retool) in water (4 mL) was 
added and the mixture was stirred at this temperature for 2 h. 
The precipitate was filtered off and washed with water. The 
filtrate was concentrated to dryness and treated with a small 

amount of water The precipitate was filtered off. Then the 
precipitates were combined. MS (El, 70 eV), m/c 296 [M]*. 

Preparation of substituted hydrazines 5 (general procedure). 
Thiophenol (1.83 mL, 16 retool) was added to a suspension of 
K2CO 3 (2.21 g, 16 retool) in MP (200 mL) at ~20 ~ and the 
reaction mixture was stirred for 0.5 h. Then a solution of 
hydrazine 2 (16 retool) in MP (64 mL) was added dropwise and 
the mixture was stirred at -20 ~ for 8 h. The reaction mixture 
was poured into ice water (300 mL) and acidified with concen- 
trated HCI to pH 5--6. The precipitate that formed was filtered 
off, washed with water, and dried in air. 

2-Benzoyl- 1 -[6-nitro-2,4-di(phenylthio)benzoyl] hydrazine 
(6). Yhiophenol (0.20 mL. 2 retool) was added to a suspension 
of K2CO 3 (0.28 g, 2 retool) in HMPA (5 mL) and the reaction 
mixture was stirred tbr 0.5 h. Then hydrazine 5a (0.88 g, 
2 mmot) was added. The reaction mixture was stirred at -20 ~ 
for 4 days, poured into ice water (80 mL), and acidified with 
concentrated HCI to pH 5--0. The precipitate that formed was 
filtered off. washed with water, and dried in air. MS (El, 
70 eV), re~Z: 501 [MIL 

5-(4,6- Dinitro-Z-phenylthio)phenyl- 2-phenyl- ! ,3,4-oxa- 
diazole (7). Hydrazine 5a (0.6 g, [.4 mmoD was added to a 
solution of PC15 (1.8 g, 8.6 mrnol) in POCI 3 (12 mL). The 
reaction mixture was retluxed for 24 h and poured into water. 
Then a 3% KOH solution was added to pH 7--8. The precipi- 
tate that formed was filtered off, washed, and dried in air. MS 
(El, 70 cV), re~z: 420 [M] +. 
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