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33.* SYNTHESIS OF 1,3,4-OXADIAZOLES THAT CONTAIN AN INDOLYL GROUP 

V. I .  K e l a r e v  a n d  G. A.  S h v e k h g e i m e r  UDC 547.752.5t793.3.07 

2,5-Disubstituted oxadiazoles with indole residues were synthesized by condensation of the hydro-  
chlorides of the corresponding imido es te r s  with hydrazines,  as well as by cyclization of hydra-  
zides by the action of POCI~. 2-Substituted oxadiazoles of the same ser ies  were obtained by con- 
densation of the corresponding hydrazides with ethyl or thoformate.  

In a continuation of our r e s e a r c h  on the synthesis and study of the t ransformat ions  of imido es te r  hydro-  
chlorides of indolyl carboxylic acids [1] we examined their  reaction with some hydrazides in order  to obtain 
the corresponding ] ,3 ,4-oxadiazoles ,  regarding  which limited data are  available.  

As a resul t  of the condensation of indole-3-carboxyl ic  (Ia) and 3-indolylacetic {Ib) acid ethyl imido es te r  
hydrochlor ides  with hydrazides we obtained the corresponding 2,5-disubstituted 1,3,4-oxadiazoles (II-XIV), 
which contain indole residues (method A). Since hydrochloride Ia is less active than Ib [1], the react ions with 
it were carr ied  out under more  severe  conditions. Better yields of oxadiazoles II-VIII are  obtained in the case 
of equimolar ra t ios  of the components,  whereas better  yields of IX-XIV are obtained with a rat io of hydrochlo-  
ride Ib to the hydrazide of ] .25 : 1. 
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II--VIII n=0: 1I R=CHa; Ill R=CsHs; IV R=4-O2NC~H4; V R=4-CIC6H4; VI 
R=5-nitro-2-furyl VII R=3-iadolyl; VIII R=3-indolylmethyl~ ]X--XIV n=l, IX 
R=CHa. X R=C6H~, XI R=4-O2NC6H4, XII R=4-CIC6H4; XIII R=5-nitro-2-furyl; 

XIV R=3-indolylmethyl; In, XVa n=0; b n= l 

To obtain J ,3,4-oxadiazoles  II-XII[ we also used the react ion of indole-3-carboxyl ic  (XVa) and 3- indolyl-  
acet ic  (XVb) and hydrazides  with earboxylic acid ethyl imido es t e r  hydrochlorides (method B); the yields of 
oxadiazoles (Table 1) were lower in this case than the yields obtained by method A. 

For  the synthesis  of ] ,3 ,4-oxadiazoles  III and IV we also used the cyclodehydration of the corresponding 
N 1,N2-diacylhydrazines (XVIa, b) in the presence  of phosphorus oxychloride, which is aceompaniedbypronounced 
resinif icat ion of the react ion mixture,  as a resul t  of which we were able to isolate oxadiazoles III and IV in no 
higher than 25-30%yields.  

It is known [2] that symmet r i ca l  2,5-disubstituted 1,3,4-oxadiazoles can be obtained f rom carboxylie acids 
and a hydrazine salt  in the presence  of polyphosphoric acid (PPA), which is simultaneously the dehydrating 
agent and the solvent.  We demonstrated that this method can also be used for the synthesis of symmetr ica l  
indolyloxadiazoles VII and XIV from the corresponding acids of the indole ser ies .  

/C- -N H--NH--C--R 
RCOCI r- ~" I ] - - - ~  [I {I POCI3 

XVa ~ ~ . ~ N .  ~ 0 . 0 ill,IV 

H 
XVla, b a I~=c6.5; b R=4-'-O2NC6H 4 

*See [1] for Communication 32. 
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T A B L E  1. 2 , 5 - D i s u b s t i t u t e d  1 , 3 , 4 - O x a d i a z o l e s  I I - X I V  

== mp, ~ 
Found, % 

II 138---13912,50 (3H, s. CHa), 7,05-- 
7,84 (5H, m, insole ), 
8,22 (1H, s NH) 

ItI 260--261 6,99--7,80 (IOH.m.aro. 
matic protons), �9 

~,14 (lH, s., NH) 
IV 302--304 7,22--7,98 (9H, re, aro- 

matic protons), 8;25; 
(IH, s, NH) 

V 262--264 7,10--7,80 (9H. re, aro- 
matic protons), 
8,20 (1}t, s, NH) 

Vt 222--224 7,08--7,84 {5H, m, in- 
dole),7,17 (1H, d, 3-H 
furan ), 7,72 I1H, d, 
4H furan), 8.16"(tH, 
s, NH) 

VII 172--t73 7,12--7,86 (10H, m, in- 
dole), 8,12 (2H, s, 2NH) 

VIII 210--212 3.96 (2H, s., CH), 7,05.-- 
7,80 (1OH, m~, indole), 
8,12 {IH, s., NH), 8,20 
(1H, s, NH) 

IX 200-- 2,50 (3H, c, CH), 4,00 
201,5~" (2H, s, CHt, 7,12--7,90 

(5H, m, indole), 8,08 
(1H, s, NH) 

t l0- - i l I  4,14 (2H, s, CH~), 6,90~ 
7.73 (lOH,m, aromatic 
protons), 8.04 
(1H, s, NH) 

XI 227--228 4,20 (2H, s., CH~), 7,24-- 
7,92 (9H, m, aromatic 
protons), 8.16 
{1H, s ,  NH) 

XII 207---209 t,10 (2H, s, CH~L 7.10~ 
7,80 19H, m, aromatic 
protons), 8.08 
(IH, s., NH) 

XIlI 185--186 3,94 (2H~ s, CH~)~ 7,10-- 
7,84 (5H, m,  indole), 
7,19 (IH, d, 3-H 

�9 furaN, 7.70 {1H. d 4-H 
furan), 8.i4 (1H, 's, 
NH) 

XIV [80--182~4,04 (4H,S, 2CH~), 7,08-- 
7,74 (IOH, m, indole), 

[ 8,10 (2H, s, 2NH) 

c a  lculated, ] Yield, 
Empirical % [ % 
formraa c H 1 N I - ~ B  

* The compounds  w e r e  c r y s t a l l i z e d :  II and X f r o m  aqueous  a l c o h o l ,  
I I I  f r o m  n i t r o m e t h a n e ,  IV, V, VII, VIH, XI,  and  XIV f r o m  a que ous  d i -  
m e t h y l f o r m a m i d e ,  Wi and XII  f r o m  75% a l c o h o l ,  and Xt I I  fron~ 50% 
C t t  3C OOH. 

~The m e l t i n g  poir~ of t he  p i c r a t e ,  wh ich  w a s  c r y s t a l l i z e d  f r o m  a q u e -  
ous  a c e t o n e .  

In t h i s  r e s e a r c h  we  a l s o  o b t a i n e d  m o n o s u b s t i t u t e d  1 , 3 , 4 - o x a d i a z o l e s  of t he  indole  s e r i e s  IXVII and XVIII) .  
F o r  t h e i r  s y n t h e s i s  we s e l e c t e d  a w i d e l y  u s e d  m e t h o d  - t h e  r e a c t i o n  of  a c i d  h y d r a z i d e s  wi th  e thyl  o r t h o f o r m a t e .  

N - - N  

H 

X V I |  r~ -O, X V I i !  n ~  l 

D e s p i t e  p r e v i o u s  i n d i c a t i o n s  [3] t ha t  3 m o l e s  of  the  o r t h o  e s t e r  p e r  m o l e  of  t h e  h y d r a z i d e  a r e  su f f i c i en t  f o r  
the  r e a l i z a t i o n  of such  t r a n s f o r m a t i o n s ,  we found tha t  in t h i s  c a s e  it i s  m o r e  e x p e d i e n t  to  c a r r y  out the  c o n -  
d e n s a t i o n  of h y d r a z i d e s  XVa,  b wi th  e thy l  o r t h o f o r m a t e  a t  a h y d r a z i d e - t o - o r t h o f o r m a t e  r a t i o  of 1 : 15. 

An i n t ense  a b s o r p t i o n  band a t  3240-3285 c m  -1, wh ich  i s  c h a r a c t e r i s t i c  f o r  indote  NH g r o u p s  wi th  s t r o n g  
h y d r o g e n  bonds ,  is  o b s e r v e d  in t he  I l l  s p e c t r a  of t , 3 , 4 - o x a d t a z o l e s  I I -XIV.  A b s o r p t i o n  bands  with  v a r i a b l e  i n -  
t e n s i t i e s  a t  1630-1670 c m  -1 and e x t r e m e l y  i n t e n s e  ram, a lma at  1595-1615 and 1470-1490 e m  -1 a r e  pro:sent  in t he  
r e g i o  n of s t r e t c h i n g  v i b r a t i o n s  of C -- N and C ~ C  bonds  of  h e t e r o a r o m a t i c  r i n g s .  The  l a t t e r  g r o u p  of bands  i s  
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c h a r a c t e r i s t i c  for  the 1,3,4-oxadiazole r ing [4]. The p r e sence  of this  r ing is a l so  conf i rmed by absorp t ion  
bands at 1220-1250 and 1020-1045 em -1, which a r e  re la ted  to the C - O - C  s t re tch ing  v ibra t ions  in 1,3,4- 
oxadiazoles  [5]. 

Signals of five a rom a t i c  protons of the indole r ing {7.00-7.94 ppm) a re  observed  in the PMR spec t r a  of 
5 - (3- indoly l ) - ] ,3 ,4 -oxadiazo les  iI-VHI and XVIIL The 2-H signal of the p y r r o l e  r ing shows up in the f o r m  of 
a doublet at 7.70-7.84 ppm (J =2.5-4.0 Hz) and is shifted to weak field as  compared  with unsubsti tuted indole 
and 3-phenylindole (6.68 and 7.03 ppm,  r e spec t i ve ly  [6]). In the spec t r a  of compounds in which the r ings a re  
sepa ra ted  by a methylene group (IX-XIV and XVilI) the signal of th is  proton is obse rved  at  7.35-7.40 ppm; we 
ass igned the singlet  with an intensi ty of  2H at 3.94-4.20 ppm to the r e sonance  of the protons  of the methylene 
link. 

E X P E R I M E N T A L  

The IR s p e c t r a  of KBr pel le ts  of the compounds were  r eco rded  with a UR-20 s p e c t r o m e t e r .  The PMR 
spec t r a  of solutions of the compounds in d~-DMSO and de-acetone were  obtained with a Tes l a  BS-487C s p e c t r o m -  
e t e r  (80 MHz) with hexamethyldis i loxane as the internal  s tandard .  Monitoring of the course  of the reac t ion  
and the pur i ty  of the compounds obtained was accompl ished  by means  of t h in - l aye r  chromatography  (TLC) on 
act ivi ty  II A1203 in b e n z e n e - m e t h a n o l  (5 : 1) (development with iodine vapors ) .  

[mido e s t e r  hydrochlor ides  Ia, b were  obtained p rev ious ly  in [1]. 

Indo te -3 -ca rboxy l i c  Acid Hydrazid e (XVa). A mix tu re  of 16.4 g (0.093 mole)  of methyl  indo le -3-carboxyla te  
and 45 ml  (0.93 mole)  of f resh ly  dis t i l led hydraz ine  hydra te  in 120 ml  of ethylene glycol was s t i r r e d  at 110~ 
for  20 h, a f te r  which it was cooled and poured into 1 l i t e r  of wa te r .  The resul t ing p rec ip i t a t e  was r emoved  by 
f i l t ra t ion,  washed with water ,  dried in vacuo o v e r  P205 , and c rys ta l l i zed  f r o m  alcohol to give 13.0 g {79%) of 
hydraz ide  XVa with nap 228-229.5~ (rap 229-231~ [7]). 

3-Indolylacet ic  Acid Hydrazide (XVb). A mix tu re  of 25.1 g (0.133 mole)  of methyl  3-[ndolylaceta te  and 
10 ml  (0.2 mole)  of f r e sh ly  dis t i l led hydraz ine  hydrate  in 150 ml  of absolute  alcohol was ref luxed with s t i r r ing  
fo r  6 h, a f t e r  which the solvent and excess  hydraz ine  hydrate  we re  r emoved  at  reduced  p r e s s u r e ,  and the r e s i -  
due was c rys ta l l i zed  f r o m  absolute a l c o h o l - h e x a n e  (1 : 1) to give 16.6 g (66%) of hydraz ide  XVb with mp J42-  
143~ ffnp 140-141~ [7]). 

2-Substi tuted 5 - (3 - Indo ly lmethy l ) - l ,3 ,4 -oxad iazo les  (IX-XIV). A) A mix tu re  of 0.025 mole  of imido e s t e r  
hydroch lor ide  Ib and 0.02 mole  of the cor responding  hydraz ide  in 40 mI of absolute  alcohol was ref luxed with 
s t i r r ing  for  4 h, a f t e r  which it was  cooled to 0~ and the prec ip i ta ted  a m m o n i u m  chloride was r emoved  by f i l t r a -  
t ion.  The f i l t ra te  was evapora ted  to d ryness ,  and the res idue  was c rys t a l l i zed  f r o m  a suitable solvent ,  in the 
p r epa ra t i on  of 1 ,3 ,4-oxadtazoles  IX and X the colored oil that  r ema ined  a f t e r  r emova l  of the solvent  was ch ro -  
ma tog raphed  with a column filled with A1203 and b e n z e n e - m e t h a n o l  (:tO :1). After  r emova l  of the solvent,  IX 
was obtained in the fo rm of a l ight -yel low uncrys ta l l i zab le  oil with Rf 0.61, which was identified in the fo rm of 
the p i c ra t e .  Compound X was obtained in the f o r m  of an oil, which c rys ta l l i zed  a f t e r  it was allowed to stand in 

the cold. 

B) A mix tu r e  of 0.02 mole  of hydraz tde  XVb and 0.028 mole  of the ethyl imido e s t e r  hydrochlor ide  of the 
cor responding  acid in 40 ml  of absolute alcohol was ref luxed with s t i r r ing  for  5 h, a f t e r  which it was worked up 
as indicated above.  

Compounds III-VI were  insoluble in alcohol,  acetone,  dioxane, t e t r ahydro fu ran  (THF), ch loroform,  and 
e ther  and were  soluble only in d ime thy l fo rmamide  (DMF) or dimethyt  sulfoxide (DMSO). All of the remain ing  
1 ,3 ,4-oxadiazoles  (II and VII-XIV) were  quite soluble in a lcohols ,  acetone,  DMF, and DMSO but insoluble in 
hydroca rbons ,  ch loroform,  and e ther .  

NJ-Benzoyl-N2-(3- indolyl)hydrazine (XVIa). A 4.92-g (0~035 mole)  sample  of benzoyl chloride was added 
gradual ly  to a s t i r r e d  solution of 6.12 g {0.035 mole) of hydrazide IVa in 50 ml  of absolute pyr idine,  a f t e r  which 
the reac t ion  mix tu re  was ref luxed with s t i r r ing  for  2.5 h, cooled, and poured into 400 ml of cold wa te r .  The 
resul t ing  prec ip i ta te  was r emoved  by f i l t ra t ion,  washed with wate r ,  and dried to give 6.93 g (71%) of hydrazine 
IVIa with mp 182-183.5~ ( f rom alcohol) and Rf 0.14 [ b e n z e n e - m e t h a n o l  (5 : t ) ] .  IR s p e c t r u m :  3200-3310, 
3150 (NH); 1645, 1630 (C =O);  1590-1600 {indole ring); 1545-1560 (NH); 1140 (N--N); 750, 725 cm -I  (CH). 
Found: 14.8%. CI6HI3N302. Calculated:  15.0%. 

N l -  ( 4 - N i t r o b e n z o y l ) - N  2- {3-indolyl)hydraz [ne (XVIb). This compound, with mp 215-217~ (from aqueous 
DMF) and Rf 0.08 [ b e n z e n e - m e t h a n o l  (5 : 1) ], was s i m i l a r l y  obtained in 68% yield.  IR s p e c t r u m :  3210-3300, 
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3130 (NH); 1640, 1625 (C =O);  1600-1605 (indole ring); 1565 (NO2); 1540-1550 (NH); 1135 (N-N) ;  750,735 
cm -1 (CH). Found: N 17.4%. C16HluN404. Calculated %: N 17.3%. 

Cyclodehydrat ion of Nt-Aroyl-N2-(3- indolyl )hydrazines  (XVIa, b). A mix ture  of 0.02 mole of hydrazide 
XVIa, b and 25 In] of phosphorus oxychlor ide was ref luxed for  45 rain, a f te r  which it was cooled and poured into 
200 g of ice.  The aqueous mix tu re  was neutra l ized to pH 7.5 with ammonium hydroxide,  and the resul t ing a m o r -  
phous black precipi ta te  was removed  by f i l t rat ion,  washed with water ,  dr ied,  and ex t rac ted  by heating with 
a e e t o n e - D M F  (5:1)  (three 25 ral port ions) .  The ex t rac t  was evaporated to dryness  at reduced p r e s su re ,  and 
the res idue  was c rys ta l l ized  f rom an appropr ia te  solvent.  This p rocedure  gave 1,3,4-oxadiazoles II[ (30% 
yield) and IV (25%yield), which were  identiM to the previously  synthesized Samples.  

2,5-Di(3-indolyl)~l ,3,4~oxadiazole (VII). A mix ture  of 3.54 g (0.022 mole) of indole-3-carboxyl ic  acid 
and 1.36 g (0.013 mole) of hydrazine dihydroehlor ide in 30 rnl of PPA was s t i r r ed  at 175~ for 5 h, a f te r  which 
it was cooled and poured into 200 ml of water .  The aqueous mixture  was neutral ized with a saturated solution 
of NaHC%, and the resul t ing  prec ip i ta te  was removed  by f i l t rat ion and crys ta l l ized  f rom aqueous IMF with 
activated charcoal  (DMF :H20 = 1 : 1 . 5 ) t o  give 1.52 g (46%) of oxadiazole VII with rap 171-172.5~ 

2 ,5-Bis(3- indolylmethyl ) - l ,3 ,4-oxadiazole  (XIV). This compound, with rnp 180-181.5~ (from aqueous 
DMF), was s imi la r ly  obtained in 61%yield f rom 3-indolylaeet ic  acid by reac t ion  at 165~ for 4 h. 

2~(3-Indolyl)- l ,3 ,4-oxadiazole  (XVII). A solution of 5.0 g (0.0285 mole) of hydrazide XVa in 105.5 g 
[0.71 mole  012 ml~] of f reshly  dist i l led ethyl or thoforraate  was refluxed with s t i r r ing  for 15 h, af ter  which 
the excess  ethyl orChoforraate was removed  at reduced p r e s s u r e ,  and the res idue  was crys ta l l ized  f rom aque- 
ous alcohol (alcohol : H 2 0 = 1 : 2 )  to give 4.63 g (88%) of XVII with rap 193-195~ and Rf 0.40 [ benzene- rae thano l  
(10:1)].  IR spec t rum:  3040-3130 (NH); 1670 (C=N); 1590-1600 {indole ring); 1640 (1,3,4-oxadiazole ring); 
1250, 1220, 1010 ( = C - O - C  =) ;  750 cra -1 (CH). PMR spec t rum (d6~acetone): 8.52 (1H, s, NH), 8.14 (1H, s, 
o• 5-H), 7.74 (1H, d, indole 2-H, J=3 .0  Hz), and 7.05-7.80 ppm (5it, ra, indole). Found: C 65.0; H 3.8; 
N 22.5%. Ci0HTN~O. Calculated %: C 64.9; H 3.8: N 22.7%. 

2-(3-Indolylrnethyl)- l ,3 ,4~oxadiazole (XVIII). A solution of 3.40 g (0.018 raole) of hydrazide XV'o in 66.6 
[0.44 mole (71 ral)] of f reshly  disti l led ethyl or thoformate  was refluxed with s t i r r ing  for 12 h, af ter  which the 
excess  ethyl or thoforraate  was removed at reduced p r e s s u r e ,  and the res idue was dissolved in 10 ral of me tha -  
nol and chroraatographed with a column fiIled with A1~% (3.0 • 25 rnl) by elution with benzene -me thano l  (5 : ]) .  
Removal of the solvents gave 3.0 g (85%) of XVIII in the form of viscous colored oit with Rf 0.52. IR spec t rum 
(mineral oil): 3250 (NH); 2960 (CH2); 1655 (C ---N); 1595-1605 (indole ring); 1465 (1,3,4-oxadiazole ring); 1250, 
1020 ( ~ C - O - C  =);  750 cra -~ (CH). PMR spec t rum (d~acetoue):  8.22 (1H, s,  NH), 8.02 (1H, s, oxadiazole 
5-H), 7.12-7.90 (5H, m,  indole), 7.74 (1H, d, indole 2-H, j =2.5 Hz), and 3.95 ppra (2H, s, CH2). The p icra te  
of XVIII had rap 128-129~ (dec., f rom aqueous alcohol). Found: N 19.4%. CIlHgN30.C6H3N3O ~. Calculated: 
N 19.6%. 
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