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I N D O L E  D E R I V A T I V E S  

CXV.* SYNTHESIS AND SOME TRANSFORMATIONS OF 

5- (3-INDOLYL)ISOXAZOLE-3-CARBOXYLIC ACID 

V.  P .  G o r b u n o v a  a n d  N.  N.  S u v o r o v  UDC 547.759' 786.1.07 

5-(3-Indolyl ) i soxazole-3-carboxyl ic  acid and its amide and hydrazide were  obtained f rom 
ethyl 5 - (3 - indo ly l ) i soxazo le -3 -ca rboxy la te .  When 5- (3- indoly l ) i soxazole-3-carboxyla te  is 
heated, it undergoes decarboxylat ion with i somer iza t ion  to 3- (r when 
it is heated in alcohol with hydrazine and phenylhydrazine in the p resence  of copper,  it un- 
dergoes  i somer iza t ion  to 5- (3- indolyl )pyrazole-3-carboxyl ic  and 1-phenyl-5-  (3-indolyl)- 
py razo le -3 -ca rboxy l i c  acids.  5- (3- Indoly l )pyrazole-3-carboxyl ic  acid hydrazide is fo rmed  
when a solution of ethyl 5-{3- indolyl ) isoxazole-3-carboxyla te  is ref luxed with hydrazine in 
96% alcohol.  

Very  interes t ing physiologically active compounds have been found among indolylazoles [2]. Leas t  study 
has been devoted to indolyloxazoles.  To obtain the la t te r  we used ethyl 4-(3- indoly!)butane-2,4-dioate  (I) [3]. 

Monooxime IT was obtained by the action of hydroxylamine on e s t e r  I in the p resence  of acetic acid. Its 
IR spec t rum contains a broad  band at 3200-3230 cm -1, which merges  with a narrow band at 3310 cm -1 (NH and 
OH st re tching vibrat ions).  There  is also a carbonyl band of an e s t e r  group at 1620 cm - l .  It can be assigned to 
the vibrat ions  of a carbonyl  group attached to an indole ring [4] and is super imposed on the band of the C----N 
bond. 

The ~MR spec t rum of monooxAme H coat,alas a singlet  of : the two equi~alent~protons of ~he side chain at  
4.24 ppm. As in the case of I, the indole ring 2-H proton gives a singlet at 8.27 ppm. This indicates rapid ex- 
change of the protons of the NH group, which is cha rac te r i s t i c  fo r  compounds with a carbonyl  group attached to 
the indole r ing [5]. 

Ethyl 5- (3- indoly l ) i soxazole-3-carboxyla te  (HI) was obtained by the action of hydroxylamine on ! in the 
p resence  of pyridine.  It was shown by th in - l aye r  chromatography (TLC) that the initial product  is oxime II, 
which slowly undergoes cycl izat ion to HI. 

~ C C H . C C O O C + H ~  /~"~ " ~ _  /CC H2C COOC, i'1~ / ~  ~ - ~ G O O C o I ' t  ~ 0 

H H H 

I II III 

* See [1] fo r  communicat ion CXIV. 
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TABLE 1. Charac te r i s t i c s  of the Compounds Obtained 

C O M -  

pound 

II 

111 
IV 

V 

V1 
VII 

VIII 

Found, % 
nap, ~ 

C I I 

180.---181 61,3 

163~--164 65,4 
233--2~N 63,3 

231---233 63,8 

237--238 71,6 
238--239 59,4 

258 63,6 

10,0 

10,9 
12,5 

18,8 

15,3 
23,4 

19,8 

Empirical Calc., ~o 
f o r m u l a  r i 

Cldl14N~O4 61,3 5,1 

CIAII~Ng);~ 65,6 4,7 

C ~,.,I-t.~N~O:~ 63,2 3,5 

CL~tt~,N;~O2 63,4 4,0 

CI~ttsN~O 71,7 4,4 
Cv, HWNg)~ 59.5 4~2 

CIsttl4N~O~ 63,8 5,0 

IR spec~um, 
N cm "l 

10,2 331(I, 
3200--3230, 

1740,1620,1615 
10,9 3~20, t730,1615 
12,3 3~60~J710,1597, 

2500 2900 
18,5 3:t00, 3320,3200,] 

1'670,1630,1600 
15,2 3230,2270,1640 

23,1 3360,3285,3220, 
3170,1690,1605 

19,8 3360, 3180, 1695 
1630,1610 

Yield, 
% 

56 
85 

47 

7n 
69 

The IR spec t rum of isoxazole HI contains a band of carbonyl vibrations of an es te r  group at 1730 cm - l ,  a C=N 
band at 1615 cm -1, and a r a the r  broad NH band of an indole ring at 3320 cm -t .  In the PMR spect rum the p ro -  
ton of the isoxazole ring fo rms  a singlet at 6.94 ppm [6], and 2-H of the indole ring gives a doublet at 8.03 
ppm. The remaining protons of the indole ring fo rm multiplets at 7.05-7.2, 7.4-7.5, and 7.8-7.9 ppm. 

Hydrolysis  of e s t e r  III gave 5- (3- indolyl ) i soxazole-3-carboxyl ic  acid (IV), the success ive  action of phos-  
phorus pentachloride and ammonia  on which gave amide V. When acid IV was heated, it underwent violent de- 
composit ion to give a complex mixture,  f rom which 3-(w-cyanoacetyl) indole (VI) was isolated in low yields.  
Compound VI was the chief product  when acid IV was heated in quinoline, dimethylacetamide (DMA), and di- 
methyl formamide (DMF). Rear rangement  to fl-keto ni t r i les  is cha rac te r i s t i c  for  i soxazole-3-carboxyl ic  acids 

[7, 81. 

An interest ing t ransformat ion  was observed in the react ion of e s t e r  III with hydrazine.  Hydrazide VII, 
which gives a hydrazone (VIII) with acetone, was obtained when g l  was heated in methanol. 5- (3-Indolyl)pyra- 
zo le -3 -ca rboxyl ic  acid hydrazide (IX), identical to a sample obtained f rom ethyl 5 - (3 - indo ly l )pyrazo le -3-ca r -  
boxylate and hydrazine [3], was isolated when the same react ion was ca r r i ed  out in 96% ethanol. It has been 
shown [9] that when 5-alkyl-  and 5 -a ry l i soxazo le -3 -ca rboxy l i c  acids are  heated with hydrazine and phenylhy- 
drazine in alcohol in the presence  of copper  metal,  the acids undergo convers ion to the corresponding 5-a lkyl-  
(ary l )pyrazole-3-  and 1-phenylpyrazo le -3-carboxyl ic  acids. We ca r r i ed  out the Same react ions with acid IV 
and isolated 5- (3- indoly l )pyrazole-3-carboxyl ic  and 1-phenyl -5- (3- indoly l )pyrazole-3-carboxyl ic  acids, which 
were descr ibed in [3]. I somer iza t ion  did not occur  when acid IV was heated with hydrazine and phenylhydra- 
zinc in alcohol in the absence of copper;  acid IV was isolated in unchanged form, and resinif icat ion occur red  
in the case of prolonged heating with phenylhydrazine.  

The amide, hydrazide,  and sodium salt  of 5- (3- indolyl ) i soxazole-3-carboxyi ic  acid have weak antibac- 
ter ia l  and antffungal activity. 

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

The IR spec t ra  of minera l  oil suspensions of the compounds were  recorded  with a UR-20 spec t rometer ,  
The PMR spec t ra  of solutions of the compounds in a mixture of d6-acetone and d6-DMSO were recorded  with a 
Varian CFT-20 specti~0meter. The course  of the react ions  and the individuality of all of the compounds were  
monitored by th in- layer  chromatography (TLC) on Silufol UV-254 (elution with ether--petrolettm ether). 

Ethyl 4-(3-Indolyl)butane-2,4-dionate MonoOxime (II). A 1.18-g of anhydrous potass ium acetate was 
added to a solution of 0.73 gof  hydroxylamine hy}trochloride in 10 ml of ethanol, af ter  which the mixture was 
s t i r red ,  and the precipi ta te  was removed by filtration. The fi l t rate was added dropwise to a suspension of 1 g 
of e s t e r  I in a mixture of 2 0 m l  of ethanol and 5 ml of acetic acid, and the mixture was heated for  15 rain. The 
ethanol and acetic acid were removed by vacuum distillation, and the residue was mixed with 20 ml of water.  
The mixture was allowed to stand overnight, and the result ing precipi ta te  was removed by fi l t rat ion and re -  
c rys ta l l ized  f rom isopropyl alcohol to give 0.6 g of II. 

Ethyl 5- (3-Indolyl) isoxazole-3-carboxylate  (III). Pyridine (5 ml) was added to a solution of 2.5 g (36 
mmole) of hydroxylamine hydrochlor ide in 80 ml of ethanol, and 8.6 g (33 mmole) of I was added in port ions 
with vigorous s t i r r ing  at 50~ The mixture was then refluxed on a water  bath until the initially formed oxime 

755 



disappeared  (3.4 h) accord ing  to TLC data, a f t e r  which an equal volume of wa te r  was added, and the mix ture  
was allowed to stand until it was  comple te ly  cooled. The p rec ip i t a te  was r emoved  by f i l t ra t ion and r e c r y s t a l -  
l ized f r o m  dilute alcohol to give 5.6 g of III. 

5 - (3 - Indo ly l ) i soxazo le -3 -ca rboxy l i c  Acid (IV). A mix tu re  of 5.4 g (21 mmole)  of HI, 50 ml of alcohol,  
and 20 ml  of 20% sodium carbonate  was ref luxed fo r  30 min, a f t e r  which 150 ml of wa te r  was added to the r e -  
sulting solution, and the mix tu re  was  ref luxed for  10 min  with ac t ivated charcoa l .  It was  then f i l tered,  and the 
cold f i l t r a te  was acidified with hydrochlor ic  acid. The prec ip i ta te  was r e c r y s t a l l i z e d  f r o m  80% alcohol to 
give 4.1 g of IV. 

5 - (3 - Indo ly l ) i soxazo le -3 -ca rboxamide  (V). A 1.2-g sample  of IV was mixed in 100 ml of absolute e ther ,  
and 0.97 g of phosphorus  pentachlor ide  was added to the cooled mixture .  The resul t ing  mixture  was s t i r r e d  
until IV dissolved,  and the resu l t ing  e ther  solution of acid chlor ide IV was added with s t i r r ing  to 25 ml of cold 
20% ammonium hydroxide.  The p rec ip i t a te  was r e c r y s t a l l i z e d  f r o m  dilute alcohol to give 0.56 g of V. 

5 - (3 - Indo ly l ) i soxazo le -3 -ca rboxy l i c  Acid Hydrazide (VII). Hydrazine hydra te  (5 ml) was added to a solu- 
t ion of 2.56 g (0.01 mole) of III in 50 ml  of methanol ,  and the mix ture  was  ref luxed until the KI vanished.  It 
was  then cooled, and the p rec ip i t a t e  was r emoved  by f i l t ra t ion and r e c r y s t a l l i z e d  f r o m  dilute alcohol to give 
1.68 g of VII. 

5 - (3 - Indo ly l )py razo le -3 -ca rboxy l i c  Acid Hydrazide (IX). Hydrazine hydrate  (3 ml) was added to a solu- 
tion of 0.64 g (2.5 mmole)  of m in 10 ml  of ethanol,  and the mix ture  was ref luxed until the HI vanished.  It was 
then cooled, and the p rec ip i t a te  was r em oved  by f i l t ra t ion  and r e c r y s t a l l i z e d  f r o m  alcohol to give 0.31 g of IX 
with mp 289-290~ (288-290~ [3]). 

3 - (~-Cyanoace ty l ) indo le  (VI). A solution of 3 g (13 mmole)  of IV in 15 ml of DMA was ref luxed for  30 
min, a f t e r  which it was  poured  into wate r ,  and the resu l t ing  prec ip i ta te  was r emoved  by f i l t ra t ion and r e c r y s -  
ta l l ized  f r o m  alcohol to give 1.7 g of VI. PMR spec t rum:  4.23 (s, CH2), 8.23 (s, indole r ing H2) , 7.2-7.3,  7.5- 
7.6, and 8.1-8.3 ppm (indole r ing protons) .  
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