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3-Aminoindole was obtained by the action of alkali  on i ts  hydrochlor ide  in a reduct ive med ium.  
Acylat ion of 3-aminoindole  with acet ic  anhydride gave i ts  r e , n o - ,  d i - ,  and t r i ace ty l  de r iva t ives ,  
whereas  reac t ion  with p -subs t i tu ted  benzenesulfonyl  chlor ides  gave the cor responding  N-3-  
indolylsulfonamides.  The react ion  of 3-aminoindole with a romat i c  aldehydes gives Schiff bases .  

Lit t le study has been devoted to 3-aminoindole (D, although it  was f i r s t  obtained in 1914 [2]. This  is 
p robab ly  a s soc ia t ed  with the preva i l ing  opinion that  2- [3,4] and 3-aminoindoles  [2] a r e  unstable.  

We have es tab l i shed  that  dry  c rys ta l l ine  amine  I is  s table  and can be s to red  without apprec iable  signs 
of decomposi t ion for  a long time~ We synthesized I by two methods:  1) f r o m  i ts  hydrochlor ide  (ID by the 
action of alkal i  in a reduct ive  medium [we have p rev ious ly  obtained hydrochlor ide  II f rom 3-indolyl  i socyanate  
[5] (III)] and 2) by reduct ion of i soni t rosoindole  by the Madelung method [2]. To avoid the decomposi t ion of 
f r ee  amine  I i t  is  r e commended  that  it be dr ied rapidly in vacuo a f t e r  i t s  p r epa ra t i on  in the c rys ta l l ine  s ta te .  

St ructure  I is  conf i rmed by the IR, UV, and PMR spec t r a l  data,  as well as by the m a s s  s p e c t r o m e t r i c  
data. The IR spec t rum of I (in mine ra l  oil) contains s eve ra l  absorpt ion bands of an NH 2 group at 3080-3310 
cm - t  and of an indole NH bond at 3380 mn -1. The band of an indole NH bond appea r s  at 3500 cm -~ in the 
spec t rum of a ch lo ro fo rm solution of the compound, and the band of an amino group appears  at 3480 and 3260 
cm-l~ In the UV spec t rum  of I the absorpt ion bands a re  shifted ba thochromica l ly  as compared  with the spec-  
t r u m  of indole [6] (kmax 219 ,261 ,  and 288 nm) and appear  at 230,284,  and 291 nm. For  example ,  the l a r g e r  
ba th ,  ch romic  shift  of the shor t -wave  absorpt ion band (Ak 11 nm) in this case  as compared  with the value (6 nm) 
obse rved  in the UV s pec t r a  of aniline and benzene is  poss ib ly  a s soc ia t ed  with the lower  (than in the case  of 
aniline) degree  of charge  t r a n s f e r  f rom the amino group to the indole r ing [7]. This  is in ag reemen t  with the 
higher  bas ic i ty  of amine I de te rmined  by po ten t iomet r ic  t i t ra t ion in dimethyl  sulfoxide (DMS)-wa te r  (1:20) 
(PKBH + 6.42), as compared  with the bas ic i ty  of aniline (4.58). 

It  should be noted that  the bas ic i ty  of amine  I is a lso lower  than that of 2-aminoindole  (PKBH+ 8.85), 
which, on the bas i s  of the spec t r a l  data and the chemical  p r o p e r t i e s  [4], actually has 2-aminoindolenine and 
1 -methy l -2 -amino indo le  s t ruc tu re s  (PKBH + 9.6). This difference m a y  be assoc ia ted  with the dec rea se  in 
s tabi l izat ion during the fo rmat ion  of a bond through the unshared  pa i r  of the ni t rogen a tom of amine  I and the 
consequent exclusion of the poss ib i l i ty  of its delocal izat ion in the indole ring. As a resu l t  of blocking of the 
unshared  pa i r  of e lec t rons  on the ni t rogen a tom in hydrochlor ide  II, the UV spec t rum of the la t ter  becomes  

s i m i l a r  to the s p e c t r u m  of indole. 

The mul t ip le t  at 6.74-7.56 ppm in the PMR spec t rum of amine I in DCON(CD3) 2 co r r e sponds  to a romat ic  
pro tons .  The pro tons  of the NH 2 and NH groups of indole a r e  r ep re sen ted  by broad singlets  at 10.15 and 10.28 
ppm,  r e spec t ive ly ,  and the proton at tached to the C2 atom of the indole r ing is r ep re sen t ed  by a doublet at 6.74 
ppm,  which is  conver ted  to a s inglet  when CD3OD is added. 

The m a x i m u m  peak  in the m a s s  spec t rum of I is the mo lecu l a r  ion peak  with m a s s  132. The mo lecu l a r  
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Fig. 1. UV s pec t r a  of alcohol solutions of: 1) methyl  3- indoly lcarbamate ;  
2) 3-aminoindole;  3) 3-acetamidoindole .  

Fig. 2. UV s pec t r a  of alcohol solutions of: 1) 3 - (p-aminobenzenesu l f -  
amido)indole; 2) 3-diacetamidoindole;  3) 3-aminoindole  hydrochlor ide .  

ion undergoes  sucess ive  f ragmenta t ion  with the eject ion of H2CN and HCN par t i c l e s  to give ions with m / e  104 
and 77; this is conf i rmed  by me tas t ab le  t r an s fo rma t ions .  

3-Aminoindole r eac t s  with acet ic  anhydride to give exclus ively  N-acetyla t ion  p r o d u c t s -  mono- ,  d i - ,  and 
t r i ace ty l -3 -amino indo le s  (IV-VI). The analogous reac t ions  of 2-aminoindole  lead to both N- and C-acetyla t ion 
products  [4]; in the l a t t e r  case  the C 3 a tom of indole is acetylated.  The reac t ion  of I with acet ic  anhydride p roceeds  
even in the cold, and 3-ace tamidoindole  (IV) is obtained in 96% yield.  A mix tu re  of 3--diacetamioindole 
(V) and 3 -d i ace t am i do - l - ace t y l i ndo l e  (VI) is obtained when IV is heated with ace t ic  anhydride,  whereas  hea t -  
ing for  40 min  leads to V in 74% yield. An i n c r e a s e  in the reac t ion  t ime  to 6 h leads to VI in 86% yield.  Com- 
pound V is  readi ly  hydrolyzed in alkaline media  to IV. 

The acylat ion of amine  I with p - to luene-  and p-carbomethoxyaminobenzenesu l fonyl  chlor ides  leads to the 
cor responding  monoacyla t ion products  VII and VIII.  The alkaline hydro lys i s  of VIII leads to N-3- indoly lsu l -  
fonamide IX. 3-Diacetylaminoindole  V was also obtained by heating isocyanate  TII in acet ic  anhydride.  

H 
I 

NHCOCH 3 N(COCH3) 2 
Ac20 ~ Ac20 
- -  ~t~fi~N.,P to ~ ~ / + ~ N (COCH3)2" 

H H ] 
|V V COCH3 

Vl 

H H 
VII, VIII IX 

VII R=CH3; VIII R=NHCOCH 3 

The PMR spec t rum  of diacetyl  der iva t ive  V in (CD3)2CO contains a mult iplet  of a r o m a t i c  protons  at  
6.82-7.38 ppm,  a doublet of the proton at tached to the C 2 atom of the indole r ing at 7.18 ppm,  and a singlet  of 
the protons  of the COCH 3 group at 2.25 ppm.  The p r e s e n c e  of coupling between the NH and C2H protons  of the 
indole r ing was p roved  by the double resonance  method: when a field is supe r imposed  on the NH signal at 
10.25 ppm,  theC2H doublet at 7.18 ppm is  conver ted  to a singlet.  The PMR spec t rum of t r i ace ty l  der ivat ive  
VI in (CD3)2CO contains a mul t ip le t  of a rom a t i c  protons  at 7.12-7.36 ppm,  a C2H singlet  at 7.76 ppm,  and 
(COCH3) 2 and COCH 3 singlets  at 2.28 ppmo 

The m a x i m u m  of the sho r t -wave  absorpt ion band in the UV spec t rum of monoacetyl  der iva t ive  IV is  shifted 
hypsochromica l ly  re la t ive  to the absorpt ion  m a x i m u m  of 3-aminoindole;  this  is p robab ly  assoc ia ted  with a 
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Fig. 3. UV spec t r a  of alcohol solutions of: 
1) 3-sal icyl ideneaminoindole;  2) 3 - (o -me th -  
oxybenzylidene) aminoindole.  

dec r ea se  in the p,  7r conjugation of the amide group with the ring. Replacement  of the acetyl  group by the m o r e  
e l ec t ron-accep t ing  carbethoxy group [5] gives r i s e  to an even g r e a t e r  hypsochromic  shift  of the shor t -wave  
absorpt ion  band (Fig. 1). The p r e s e n c e  of two acetyl  o r  sulfonyl groups evidently comple te ly  excludes p,  r 
conjugation of the amide  group with the r ing,  and in this case  the UV spec t r a  of V and IX a re  s i m i l a r  to the 
spec t rum of indole (Fig. 2). 

The m a x i m u m  peaks  in the m a s s  spec t r a  of IV-VI a re  the mo lecu l a r  ion peaks  with m / e  174,216,  and 
258, respec t ive ly .  The m o l e c u l a r  ions of the acetyl  der iva t ives  undergo f ragmenta t ion  with the spli t t ing out 
of one, two, o r  th ree  COCH 2 p a r t i c l e s  to give a f r agmen t  ion with m / e  132, the subsequent  f ragmenta t ion  of 
which is identical  for  IV-VI.  

+ 

--Eoc.2 ~ ~,,,,,,N j --~oc. 2 ~L%.fiJ~N..~ 
I tt H 
COCH a 

M "208 tlt.e 216 n t e  174 

i n / e 7 7  

tn/e 132 role 104 

The p roposed  m e c h a n i s m  of the f ragmenta t ion  is  conf i rmed  by the p r e s e n c e  of peaks  of me ta s t ab le  ions 
in the spec t rum.  

Schiff bases  XIa,b,  a r e  f o r m e d  in 72 and 38% yields in the reac t ion  of 3-aminoindole with a roma t i c  
aldehydes Xa,b. Compounds XIa,b were  a lso  obtained in be t t e r  yields  (84 and 52%) f r o m  the i r  hydrochlor ides  
(XIIa,b), which a r e  f o rm ed  by reac t ion  of hydrochlor ide  II with aldehydes Xa,b. 

S O c'c. . ci- . 

c~"Tr---~-N. = c - ( /  n 
II § x a , b  

H H 

xa,b xl a,b Xlt a,b 

X - X l l  a R = H ; b  R=CH 3 

The UV spec t r a  of XIa,b (Fig. 3) contain th ree  absorpt ion bands that a re  cha r ac t e r i s t i c  for  the UV spec-  
t r a  of Schiff bases .  Sal icyl idene-3-aminoindole  (XIa) and o -methoxybenzy l idene-3-amino indo le  (XIb) h a v e  
s i m i l a r  UV spec t ra .  On the bas i s  of th is ,  the poss ib le  quinoneamine s t ruc tu re  poss ib le  fo r  XIa and c h a r a c t e r -  
is t ic  for  sa l icyl ideneani l ines  [9] is excluded. The s t re tch ing  v ibra t ions  of a C =N group appea r  at 1610-1620 
cm -1 in the IR spe c t r a  (KBr pe l le t s ) ,  the indole NH vibra t ions  show up at  3400 em -1 , and the v ibra t ions  of an 
assoc ia ted  OH group of XIb appea r  at 3200 cm -1. 
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The PMR spect rum of XIa in (CD3)2CO has a multiplet of a romat ic  protons at 6.60-7.72 ppm, an N= CH 
singlet at  8.84 ppm, and a broad singlet of an indole NH bond at 11.6 ppm. The charac te r  of the spectrum does 
not change when CD~OD is added. 

According to the data of E. N. Padeiska (chemotherapy department of the S. Ordzhonikidze All-Union 
Scient i f ic -Research  Pharamaceut ica l - -Chemis t ry  Institute,  directed by G. N. Pershin) ,  the minimum bacterio-- 
static concentrat ion of IX in experiments  with tuberculosis  bacilli in vitro is 30-60 m g / m .  In experiments  
with mice involving oral  administrat ion of 500 #g/kg doses of IX, it did not have activity v i s - a -v i s  experimental  
infections caused by SalmonelLa typhosa and staphylococci.  

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

The course  of the react ions and the puri ty of the products  were monitored by th in- layer  chromatography 
(TLC). The IR spec t ra  were recorded  with a UR-10 spec t romete r .  The UV sPectra  were recorded  with a 
SpecordUV-vis  spectrophotometer .  The PMR spec t ra  were obtained with a JNM MH-100 spec t romete r  with 
te t ramethyls i lane  as the internal standard. The mass  spect ra  were recorded  with an MKh-1303 mass  spec-  
t rome te r .  The pH values were determined in DMSO--water (1:20) with a pH-262 pH me te r  with a glass  e lec-  
t rode at 20-214. 

3-Aminoindole (I). A solution of 0.35 g of Na~S204 and 0.15 g of NaOH in 2 ml of water was added to a 
solution of 0.17 g (1.0 mmole) of hydrochlor ide II in 1 ml of water ,  and the result ing precipi ta te  was removed 
by fi l tration, vacuum dried over  P~O5, and purif ied by sublimation at 3-5 mm and 110 ~ to give 0.09 g (68%) 
of a product  ~ith mp 117 ~ (mp 117 ~ [2]). UV spectrum (in alcohol), kmax: 230,284,  and 291 nm (log ~ 4.30, 
3~ and 3.58). IR spec t rum (oil), cm- l :  3080 w, 3120 w, 3170 w, 3310 w (NH), and 3380 s (indole NH). Found: 
C 72.6; H 6.4; N 21.4%o CsHsN 2. Calculated. C 72.7; H 6.1; N 21.2%o 

3-Acetamidoindole (IV). A solution of 0.13 g (1.0 mmole) of I in 0.2 ml (2.5 mmole) of acetic anhydride 
was allowed to stand at room tempera ture  for  1 h, af ter  which water was added, and the precipi ta te  was re -  
moved by fi l tration and washed with water  to give 0.16 g (94%) of a product  with mp 162-I63 ~ (water). No 
melt ing-point  depress ion was observed for  a mixture of this product with a sample of the compound obtained 
by the method in [2]; they also had identical IR spectra .  

Acetylation of 3-Acetamidoindole (IV). A) A solution of 0.52 g (3.0 mmole) of IV in 2 ml of acetic 
anhydride was heated for  40 min, af ter  which the acetic anhydride was vacuum evaporated,  and the residual 
oil was c rys ta l l ized  by t r i turat ion with pe t ro leum ether  to give 0.48 g (74%) of 3--diacetamidoindole V with 
mp 156-157 ~ (from isopropyt alcohol). IR spect rum (oil), cm- l :  1750 s,  1790 w (C = O), 3140 w (NH), and 
3280 s (indole NH). Found: C 66.6; H 5.6; N 12.9%; M 216 (mass spect rometr ica l ly) .  CI2Ht2N20 z. Calculated: 
C 66.6; H 5.6; N 13.0%; M 216. 

]3) A solution of 0.52 g (3.0 mmole) of IV in 3 ml of acetic anhydride was heated for  1 h, a f te r  which it 
was worked up by method A. The product  was crys ta l l ized f rom isopropyl  alcohol to give 0.29 g (45%) of V. 
The mother  liquor was evaporated to give 0.18 g (23%) of 3-d iace tamido- l -ace ty l indole  WI) with mp 134-135 ~ 
Coenzene-petroleum ether).  IR spect rum (oil), cm-t= 1720 s (C = O). Found: C 64.8; H 5.5; N 10o7%; M 258 
(mass spect rometr ica l ly) .  C14Hl~N~O 3. Calculated: C 65.2; H 5.5; N 10.8%; M 258. 

C) A solution of 0.52 g (3.0 mmole) of IV in 3 ml of acetic anhydride was heated for  6 h, af ter  which it 
was worked up by method A to give 0.66 g (85%) of VI. 

3-Diacetamidoindole (V). A solution of 0.32 g (3.0 mmole) of isocyanate III in 2 ml of acetic anhydride 
was heated for  4 h, af ter  which the acetic anhydride was evaporated,  and the residual  oil was c rys ta l l ized  by 
t r i turat ion with pe t ro leum ether  to give 0.6 g (97%) of a product  with mp 156-157 ~ The IR spect ra  of the 
product  and the substance synthesized by the method presented  above were identical.  

3-(p-Toluenesulfamido)indole (VID. A 0.38-g (2.0 mmole) sample of p-toluenesulfonyl chloride and 0.16 
g (2.0 mmole) of sodium acetate were added to a solution of 0.26 g (2 mmole) of amine I in 20 ml of alcohol, 
and the mixture was heated and s t i r red  for  30 rain. The alcohol solution was t reated with activated charcoal  
and fi l tered,  and the fi l trate was evaporated to give 0.4 g (74%) of a product  with mp 188-189% IR spectrum 
(Oil), cm- l :  1160 s (sym, SO2) , 1320 s (asym, SOs) , 3230 s (NH), and 3400 s (indole NH). UV spectrum (in 
alcohol), ~max:  220,279,  and 289 nm (log ~ 4.55, 3.83, and 3.75). Found: C 63.4; H 4.4; N 10.3; S 11.6%. 
C15Ht4N20~S. Calculated- C 63.0; H 4.9; N 9.8; S 11o2%o 
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3-(p-Carbomethoxyaminobenzenesu l famido) indole  (VIII). This  compound, with mp 215-216 ~ was ob- 
tained in 83% yield by the method p re sen ted  above.  IR spec t rum (oil), era- l :  1160 s (sym,  SO2), 1320 s (asym,  
SO2) , 3250 s,  3340 (NH), 3430 s (indole NH), and 1720 (C = O). Found: C 55.0; H 4.1; N 12.6; S 8.9%. C161115- 
N304S. Calculated: C 55.6; H 4.4; N 12.2; S 9.3%. 

3-(p-Aminobenzenesulfamido) indole  (IX). A solution of 0.6 g (1.0 mmole)  of VIII in 20 ml  of 5% NaOH 
solution was hea ted  for  2 h, a f t e r  which it was t r ea t ed  with act ivated charcoal  and f i l tered.  The f i l t ra te  was 
acidified to pH 6-7 with hydrochlor ic  acid,  and the resul t ing prec ip i ta te  was r emoved  by f i l t ra t ion and washed 
with wa te r  to give 0.28 g (93%) of a product  with mp 229-230 ~ IR spec t rum (oil), cm- l :  1155 s (sym, SO2) , 
1320 s (asym,  SO2), 1300 s,  1380 s (indole NH). UV spec t rum (in alcohol),  k m a x :  212,269 nm (log a 4.56 and 
4.34). Found: C 58.47; H 4,72; N 14.75; S 11.2%. C14Ht3N302S. Calculated: C 58.52; H 4.56; N 14.62; S 11.16%. 

3-(Salicylideneamino)indole (XIa). A) A 0.49-g (4 mmole)  sample  of sal icylaldehyde was added with ice 
cooling to a solution of 0.52 g (4.0 mmole)  of amine  I in 40 ml  of CHCI~. Af t e rR0  rain, the mix tu re  was ex-  
t r ac t ed  with 20 ml  of KzCO 3 solution (pH 10-11), and the ch loroform solution was washed with water ,  dr ied 
with MgSO4, and f i l tered.  The f i l t ra te  was evapora ted  to one fifth of i ts  or iginal  volume,  and pe t ro leum e ther  
was added to p rec ip i t a te  0.68 g (72%) of XIa with mp 129-130~ IR spec t rum (KBr pel let) ,  cm- t :  1620 s (C = N), 
3200 s (associa ted  OH), and 3400 (indole NH). Found: C 76.6; H 4.9; N 11o3%. ClsH12N20. Calculated: C 76.3; 
H 5.1; N 11.8%. 

3-(o-Methoxybenzylideneamino)indole (Xlb). This compound, with mp 102-103 ~ was similarly obtained 
in 38~ yield. IR spectrum (KBr pellet), cm-Z: 1610 s (C = N), 3400 s (indole NH). Found: C 76.7; H 5.8; N 
10.9%. CI~HI4N2Oo Calculated: C 76.8; H 5.7; N 11.2%. 

B) A 0.57-g (5.5 mmole) sample of salicylaldehyde was added to a solution of 0.84 g (5.0 mmole) of 
hydrochloride II in i0 ml of alcohol. After 2 h, the precipitated XIla was removed by filtration, washed with 
absolute alcohol, and stirred with 30 ml of chloroform and 30 ml of KzCO 3 solution (pH i0-ii) until it dissolved. 
The chloroform solution was worked up by method A to give 1.05 g (84%) of a product with mp 129-130 ~ The 
IR spectra of this product and the substance synthesized by method A were identical~ 

Compound XIb, with mp 102-103 ~ was s i m i l a r l y  obtained. The IR spec t r a  of XIb and the substance  
obtained by method A were  identical .  
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