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LVI. REACTION OF INDOLEALDEHYDE WITH 

NITROACETIC ACID ESTER 

L .  K h .  V i n o g r a d  a n d  N. N. S u v o r o v  UDC 547.756'465.5'78 

It is shown that the react ion of indolealdehyde with ni t roaeet ic  acid e s t e r s  leads to e s t e r s  of 
4- indolyl -3 ,5-dicarboxyisoxazol ine  N-oxide. 4-Indolyl-3 ,5- isoxazol inedicarboxyl ic  acid N- 
oxide was obtained by hydrogenolysis  of the dibenzyl es te r .  

The react ion of aldehydes with ni t roacet ic  acid e s t e r s  can be depicted by the scheme 

I NO2 II OHIII NO2 NO21v 

RClt--CHCOOR' RCH--C HCOOR' RC~CICO0 R, 

NO 2 R'OCO--~, -,NO~ R,OCO_~N.O _,20 R, OCO_C..N. o 
NO2 V O Yl V I I  

Depending on the nature of the aldehyde and the conditions used, hydroxyni t roes te r s  III [1-3], un-  
stable dini t roglutar ic  acid e s t e r s  V [1,3], or  isoxazoline N-oxides VI [3, 4] are  obtained. Saponification of 
VI gives isoxazolecarboxyl ic  acids VII (R' = H). 

We were  able to show that n i t roacet ic  acid e s t e r s  reac t  with indolealdehyde in the presence  of sodium 
acetate in dimethylformamide at 40-50~ 

The chief react ion product  is isoxazoline N-oxide VI (R = Ind, R'  = Me, Bz).* In addition, a small  
amount of ni troolefin IV (R = Ind, R'  = Bz). Th in- layer  chromatography made it possible to observe that 
the amount of this nitroolefin becomes  appreciable only at the end of the p rocess ,  when the formation of the 
isoxazoline is a lmost  complete.  Since the t ransformat ions  descr ibed are  difficult to conceive without the 
intermediate  format ion of nitroolefin IV, one has to assume that this ex t remely  react ive  product  reac t s  
rapidly,  as soon as it f o rms ,  with n i t roes te r  lI and does not build up to an appreciable concentrat ion.  It 
can be detected only when its react ion pa r tne r  - n i t roacet ic  acid e s t e r  - is used up. This assumption was 
previously  expressed  in [5], but the nitroolefin could not be detected. 

1-Acetyl indole-3-aldehyde was s imi la r ly  converted to the corresponding isoxazoline N-oxide [VI (R = 
1-ace ty l -3- indoly l ,  R'  = Bz)]. The same compound was obtained by t reatment  of nitroolefin IV (R = Ind, 
R'  = Bz) with acetic anhydride and sodium acetate .  Acetylation of IV with a mixture of acetic anhydride 
and pyridine p roceeds  without complicat ions and gives nitroolefin IV (R = 1-acety l -3- indolyl ,  R '  = Bz). The 
convers ion of IV to VI cart be explained by assuming that the step I + II ~ IV is revers ib le .  In this connec-  
tion, one should note the observat ions  of Umezawa and Zen [6], who indicated that nitroolefin IV (R = CGH~, 
R' = Et) is converted to an isoxazoline derivative.  The ni t roacet ic  acid es te r  here  could only be formed 
f rom the corresponding nitroolefin.  

*The following abbreviat ions are  used in this paper :  Me = methyl,  Et = ethyl, Bz = benzyl, and Ind = 3- 
indolyl. 
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The PMR spec t rum of VI (R = Ind, R'  = Bz) contains two doublets at 5.4-5.6 ppm,  cha rac t e r i s t i c  for  
CI-I-CH sys t em s .  These  s ignals  d i sappear  when the d i e s t e r  is conver ted  to the diamide of acid VII, s ince 
ammono lys i s  is  accompanied  by cleavage of wa te r  and convers ion  of the isoxazol ine N-oxide to an i soxaz -  
ole.  

The isoxazoline N-oxide nucleus is p r e s e r v e d  during hydrogenolys is  of dibenzyl e s t e r  VI (R = Ind, 
R'  = Bz), and acid VI (R = Ind, R '  = H) is  fo rmed .  Attention is  drawn to the r a t h e r  high s t rength of this  
acid: a 5% aqueous solution has  a pH of 1.5. The acid f o r m s  a c rys ta l l ine  adduct with two molecu les  of di-  
oxane. Acids of the isoxazol ine N-oxide s e r i e s  have not been obtained up to now since the usual methods  
of saponif icat ion of the e s t e r s  of i soxazol inecarboxyl ic  acid N-oxides a re  a lways accompanied  by dehydra -  
tion and give acids of the isoxazole  s e r i e s  (VII). 

Nitroolefin IV (R = Ind, R '  = Bz), fo rmed  in the reac t ion ,  was  i so la ted  by ch romatography  on s i l ica  
gel.  I t s  s t ruc ture  was  conf i rmed  by synthes is  v ia  the method desc r ibed  fo r  the cor responding  methyl  e s t e r .  

, IndCH=CCOOR C2Hs~ c ~ 1 7 6  +iadole 
-C2HsOH I 

VIi NO2 IV NO2 

R = Me, Bz 

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

The PMR spec t ra  were  obtained with a JNM-4H-100 s p e c t r o m e t e r  with t e t r amethy l s i l ane  as  the in-  
te rnal  s tandard.  The IR spec t r a  in m i ne ra l  oil were  obtained with a UR-10 spec t ropho tomete r .  T h i n - l a y e r  
ch romatography  was  c a r r i e d  out on p la tes  with a loose  l a y e r  of aqueous (20%) s i l ic ic  acid. A mix tu re  of 
benzene and e ther  (50:1) was used for  development .  The subs tances  were  detected a f te r  spraying the 
p la tes  with 10% phosphomolybdic acid in alcohol and subsequent heating at 110-120 ~ for  15 min.  

Benzyl Ni t roace ta te  (II, R = Bz). This  was obtained according to [7]. High-vacuum dist i l la t ion was 
rep laced  by c rys ta l l i za t ion  at - 5  ~ The c r y s t a l s  we re  washed with a cold h e x a n e - a b s o l u t e  alcohol mix ture  
(9 :1) ,  dr ied  in vacuo,  and s to red  in a r e f r i g e r a t o r .  The product  was  obtained in 52% yield,  based  on n i t ro -  
methane,  and had rap 37 ~ R f  0.75, ~'max 1755 (CO) and 1565 cm -1 (NO2). 

Benzyl ~ - N i t r o - p - e t h o x y a c r y l a t e  (VIII, R = Bz). This  was obtained in 34.3% yield v ia  the method in 
[8] and had rap 72-74 ~ ( f rom di isopropyl  e ther) ;  ~ m a x  1720 (CO), 1650 (C~-C) ,  1570 cm -1 (NO2); 6 (CDC13): 
1.37 ( tr iplet ,  CH3); 4.25 (quartet ,  CH2CH3); 5.22 (singlet,  CH2CGtts); 7.33 (broad singlet ,  C6H5); 7.55 ppm 
(singlet, CH---- C). 

Benzyl c~-Ni t ro - f l - aminoacry la te .  A mix tu re  of 1 g of VIII and 3 ml  of concentra ted ammonium 
hydroxide was s t i r r ed  for  1 h, and the mix ture  was  f i l te red  to give 0.87 g (98%) of a product  with mp 108.5- 
109.5 ~ ( f rom ethyl acetate) .  Found %: C 54.0; H 4.5; N 12.6. Ct0H10N204. Calculated %: C 54.0; H 4.5; N 
12.6. Vma x 3400, 3225 (NH2) , 1710 (CO), 1660 (C~---C), 1570 or  1585 cm - t  (NO2). 

3 ,5 -Dica rboxy-4 -  (3-indolyl) isoxazol ine N-Oxide Dibenzyl E s t e r  (VI, R = Ind, R'  = Bz). A mix tu re  of 
1.45 g (0.01 mole) of indolealdehyde (Rf 0.07), 1.95 g (0.01 mole) of benzyl  n i t roace ta te ,  and 0.2 g of a m -  
monium aceta te  was  heated for  30 rain at 180 ~ in 10 ml  of d ime thy l fo rmamide .  The mix tu re  was  cooled, 
diluted with wa te r ,  and f i l t e red  to give 1.2 g (51.2%) of a product  (color less  c r y s t a l s  that darken  in light) 
with mp 153-154 ~ (from alcohol) and Rf  0.38. Found %: C 68.7; H 4.6; N 5.9. C27H22N206. Calculated %: 
C 68.9; H 4.7; N 5.9. ~ m a x  3445 (NH), 1767, 1748 (CO), 1640 cm -1 ( C : N ) ;  5 (pyridine): 4.9 (doublet, 
CH2CGHs); 5.2 (singlet,  CH2C6Hs); 5.4-5.6 ppm (two doublets ,  CH-CI-I) .  

3 ,5-Dicarboxy-4-(3- indoly l ) i soxazol ine  N-Oxide Dimethyl  E s t e r  (VI, R = Ind, R'  = Me). This  was ob-  
rained in 60.8% yield in the same way that was  used to obtain the dibenzyl e s t e r  (heating for  1 h at 80 ~ 
f r o m  methyl  n i t roace ta te  [9] and had mp 195-197 ~ ( f rom alcohol).  Found %: C 56.7; H 4.5; N 8.8. 
CjsH14N206. Calculated %: C 56.6; H 4.4; N 8.8. Vma x 3380 (NH), 1750 broad  (CO), 1460 cm -1 ( C ~ N ) ;  
(CsDsN): 3.42 (singlet,  CH3); 3.68 (singlet,  CH3); 5.45-5.69 ppm (two doublets,  C H - C H ) .  

Benzyl v~-Nitro- f l(3-indolyl)acrylate (IV, R = Ind, R '  = Bz). A. A mix tu re  of 11.7 g (0.1 mole) of 
indole and 23.5 g (0.1 mole) of benzyl ~ - n i t r o - f i - e t h o x y a c r y l a t e  (Viii) was  s t i r r ed ;  a f t e r  20 rain a t r a n s -  
parent  r ed  liquid fo rmed  and immed ia t e ly  began to c rys ta l l i ze .  Af ter  washing with benzene and alcohol,  
22.1 g (68.7%) of red  c r y s t a l s  with mp 165 ~ ( f rom benzene) and R f  0.48 were  obtained. Found %: C 67.2; 
H 4.0; N 8.6. ClsH14N204. Calculated %: C 67.1; H 4.4; N 8.7. r m a x  3240 (Nit), 1710 (CO), 1600-1500 cm -1 
(NO2). 
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B. The mother  l iquor f rom crys ta l l iza t ion  of 3 ,5-dicarboxy-4-(3- indolyl) isoxazol ine  N-oxide di-  
benzyl e s t e r  was evaporated and chromatographed with a column filled with s i l ica gel.  Evaporat ion of the 
benzene eluate gave 12 mg of red c rys t a l s  that had the same melt ing point, R f  value,  and IR spec t rum as 
the sample obtained via method A. 

Benzyl s - N i t ro - f l - ( 1 - ace ty l -3 - i ndo ly l ) ac ry l a t e .  Benzyl ~-n i t ro - f l - (3 - indo ly l )ac ry la te  (1.6 g) was 
dissolved in 20 ml of acet ic  anhydride and 10 ml of pyr idine.  The next mornin~ the solution was poured 
into ice water ,  and the resul t ing mix ture  was s t i r r ed  for  3 h and f i l te red  to give 1.37 g (76%) of lemon-  
yellow c rys t a l s  with mp 143-145 ~ (from ethyl acetate) .  Found %: C 66.1; H 4.5; N 7.5. C20HI6N205. Cal-  
culated %: C 65.9; H 4.4; N 7.7. Vma x 1745, 1725 (CO), 1647 ( C ~ C ) ,  1555 or  1535 cm -1 (NO2); 6(CDC13): 
2.62 (singlet,  COCH3); 5.35 (singlet,  CH2C6Hs); 7.39 (broad s ingle t ,  C6H5); 7.35-8.45 (multiplet, 4H of the 
indole ring) ; 7.78 ppm (singlet, super imposi t ion of indole >NH and >CH--  C). 

3 ,5-Dicarboxy-4- (1-ace ty l -3- indoly l ) i soxazol ine  N-Oxide Dibenzyl Es t e r .  A. A solution of 0.935 g 
(0.005 mole) of N-acetyl indolealdehyde,  2.34 g (0.012 mole) of benzyl n i t roace ta te ,  and 0.1 g of ammonium 
acetate  in 7 ml of d imethyl formamide  was heated for  2 h at 50 ~ cooled, 20 ml of alcohol was added, and, 
a f te r  24 h, 1.44 g (56.2%) of co lo r l e s s  c rys t a l s  with mp 162-164 ~ was f i l tered.  Found %: C 67.8; H 4.7; 
N 5.6. C29H24N207. Calculated %: C 68.0; H 4.7; N 5.4. Vma x 1777, 1735, 1714 (CO), 1650 (C~N)  cm-1; 

(deuterated dimethylformamide)  : 2.61 (singlet,  COCIt3); 5.0-5.3 (two doublets,  CH-CH) ; 5.35 (singlet, 
CH2C6Hs); 5.53 (singlet, CH2C6Hs); 7.0-8.4 ppm (multiplet,  a romat ic  protons) .  

B. A mixture  of 7 g of benzyl  ~ -n i t ro - f i - indo ly lac ry la t e ,  10.5 g of anhydrous sodium aceta te ,  and 50 
ml of acet ic  anhydride was heated for  3 h at 103 ~ and then poured into an i ce -wa te r  mixture  to give 2.2 g 
of l ight-brown c rys t a l s  with mp 158-160 ~ (from ethyl acetate) that do not depress  the melting point of a �9 
sample obtained via method B (their  IR spec t ra  also coincided). 

4 - (3- Indoly l ) i soxazole-3 ,5-d icarboxamide .  3 ,5-Dicarboxy-4-(3- indolyl) isoxazol ine  N-oxide dibenzyl 
e s t e r  (1 g) was added to 5 ml of 25% ammonium hydroxide,  and the resul t ing suspension was agitated 
per iodical ly .  After  7 days the mixture  was f i l te red  to give 0.27 g (61.2%) of co lor less  c rys t a l s  with mp 
260 ~ (from aqueous formamide) .  Found %: C 57.7; H 4.0; N 20.3. C13H10N403. Calculated ~c: C 57.8; H 
3.7; N 20.7. Vma x 3410, 3320, 3260, 3180 (NH, NH2) , 1685 (CO) em -1. 6 (dimethylformamide):  no signals 
f rom 3.7 to 6.8 ppm. 

3 ,5-Dicarboxy-4-(3- indolyl ) i soxazol ine  N-Oxide (VI, R = Ind, R'  = H ) .  A suspension of 0.68 g of 3,5- 
d icarboxy-4-(3- indolyl ) i soxazol ine  N-oxide dibenzyl e s t e r  in 30 ml of absolute alcohol was hydrogenated 
over  1 g of 5% P d / C  at 20 ~ (760 ram). After  4 h, about 100 ml of hydrogen was absorbed,  and the s tar t ing 
e s t e r  had dissolved.  The cata lys t  was f i l te red ,  and the f i l t ra te  was evaporated.  The residue was t r i tu ra ted  
with dioxane and washed with ch lo ro fo rm to give 0.66 g (97%) of co lo r less  c rys ta l s  of the oxonium salt with 
mp 105-106 ~ (decomp.). Found %: C 53.9; H 5.8; N 5.9. C13II10N206 " 2C4H802. Calculated %: C 54.1; H 
5.6; N 6.0. Vma x 3415, 3375 (NI-I), 2500-3000 (broad) (COOI-1), 1740, 1710 (CO), 1630 (C--~N), cm-1; 
8(CD3OD): 3.62 (singlet, CH2); 5.17-5.41 (two doublets,  CH-CH);  6.85-7.65 ppm (multiplet, a romat ic  p ro -  
tons). 
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