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A number of derivatives of 6,7-dihydroimidazolo[4,5-f]indole, imidazolo[4,5-f]indole, 
6,7-dihydroimidazolo[4,5-f]indol-2(3H)-one, and 6,7-dihydrotriazolo[4,5-f]indole has 
been synthesized from 1-acetyl-5,6-diaminoindoline and 5,6-dinitroindoline. 

In preceding communications [1, 2] we have proposed methods for obtaining new heterocyclic com- 
pounds from 5,6-diaminoindole. The present  paper broadens the synthesis of imidazoloindolines and also 
gives methods for obtaining imidazoloindoles and triazoloindoline. 

It is known that the synthesis of benzimidazoles can be performed by the reaction of o-phenylene- 
diamine both with carboxylie acids themselves and with their  es ters  and the corresponding aldehydes [3] 
(in the lat ter  case, in the presence of an oxidizing agent). The reaction of 1-aeetyl-5,6-diaminoindoline (1) 
with acetic acid [1] and that with orthoformic ester  take place with yields of about 90%. 
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With aromatic acids, as in the synthesis of 2-aryl-substi tuted benzimidazoles, the reaction takes 
place with difficulty, under severe  conditions, and with very  low yields. In Weidenhagen's method [4], the 
reaction of benzaldehyde with o-phenylenediamine is car r ied  out in the presence of copper acetate as 
oxidizing agent. However, when the copper salt formed is decomposed with hydrogen sulfide, the copper 
sulfide precipitating in the finely dispersed state adsorbs the reaction product, which leads to a fall in 
the yields. In our case, we were able to obtain only 34~o of 5-acetyl-2-phenyl_6~7-dihydroimidazolo[4,5-f]- 
indole (1-s Consequently, we have attempted to use nitrobenzene, which has been employed successfully in 
the synthesis of benzimidazoles [5]; this simultaneously plays the parts of oxidizing agent and solvent, and 
in this case it was possible to ra ise  the yield of IH to 43%. The lat ter  method has its advantages not only 
because of the increase in yield, but also because of the simplicity of the isolation of the imidazole formed. 
Raising the tempera ture  by 10-15~ leads to the formation of 5-acetyl-3-benzyl-2-phenyl-6,7-dihydro- 
imidazolo[4,5-f]indole (IX). 

* For Communication XI, see [7]. 
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Compound IX, and also X (see below), can be obtained by a f a r  s imple r  method: by boiling dini t ro-  
indoline or i ts acetyl  der ivat ive  in benzylamine solution. F i r s t  one ni t ro  group is rep laced  by a benzyl-  
amine res idue  [7] and the remaining ni t ro  group then plays the ro l e  of oxidizing agent. This is conf i rmed 
by the fact that  compound X is also fo rmed  when 6-benzylamino-5-ni t ro indol ine  (vm)  is boiled in benzyl-  
amine solution. 
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IV, V,VII ,  IX R~COCHa; VI ,VI I I ,X  R=H 

It may  be assumed that the ni tro group oxidizes the benzylamine to benzaldehyde and is i tself  r e -  
duced. The yield for  compound X is about 95~o and for  IX only 55~0, which is explained by  the deacylat ion 
of IX by the m o r e  bas ic  benzylamine.  The possibi l i ty  of the rep lacement  of one ni t ro  group of d in i t ro-  
indoline by an alkylamino group enables compounds to be obtained with a s t r i c t ly  fixed posit ion of the sub-  
st i tuent  f r o m  appropr ia te ly  sdosti tuted aminonitroindolines [7]. As the compound to be studied we took 
I -ace ty l -6 -benzy lamino-5-n i t ro indo l ine  (VII) [7]. Its reduct ion with hydrazine hydrate  in the p re sence  of 
Raney nickel in an ethanolic medium gave the aminobenzylamino der ivat ive  (IV). When IV was condensed 
with or thoformic  e s t e r ,  acet ic  acid,  and benzaldehyde (in the p resence  of an oxidizing agent), we obtained 
the cor responding  imidazole  der iva t ives  (XI, XII, and IX). The reac t ion  with benzaldehyde took place 
through the in te rmedia te  format ion  of the benzylidene der ivat ive  (X I~ ,  which was synthesized by the r e -  
act ion of the components in an ethanolic medium in the absence of an oxidizing agent with 87~0 yield.  When 
it was heated  with n i t robenzene ,  compound IX was again obtained. 

It is known that the dehydrogenation of N-acetyla ted indolines to indole der iva t ives  takes place with 
difficulty and r equ i r e s  special  conditions.  Consequently,  we pe r fo rmed  the hydrolys is  of the N-acety la ted  
indolinoimidazoles.  The hydrolys is  of 5-acetyl -6 ,7-dihydroimidazolo[4,5-f] indole  (I]) took place read i ly ,  
but the prec ip i ta te  obtained could not be pur i f ied to the analytical  s ta te ,  and it was identified in the fo rm  c~ 
the d ipicra te  (XVIII). We studied the dehydrogenation reac t ion  on 2-methyl -6 ,7-d ihydro imidazolo[4 ,5- f ] -  
indole,  the pur i f icat ion of which p resen ted  no diff icult ies.  The bes t  dehydrogenation conditions w e re  found 
to be 8 h boiling in diethyleneglycol  in the p r e sen ce  of palladium black.  This gave a 57% yield of 2 -me thy l -  
imidazolo[4,5-f]indole (XV), the format ion  of which was conf i rmed by  analytical  r e su l t s  and by a compar i -  
son of the UV spec t rum with the spec t rum of the corresponding indole der ivat ive .  

In compar ing the spec t r a  it was observed  that the shor t -wave absorpt ion band corresponding to the 
Aiq -* B2u benzene t rans i t ion  was shifted somewhat,  and the long-wave band had undergone a hypsochromic  
shift and its intensity had risen. 

Like o-phenylenediamines, l-aeetyl-5,6-dtaminoindoline reacts with urea and nitric acid with the 
formation of 5-acetyl- 6,7-dihydroimtdazolo [4,5-f]indol-2 (3 I-I) -one (XVI) and 5-acetyl- 6,7-dihydrotrt azalo- 
[4,5-f]indole (XIX). 

All the tricycltc compounds obtained fluoresce in solutions in incident UV light. 
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Fig. i. UV spectra: I) 2- 
methyl- 6 ,7-d ihydroimidazolo-  
[4,5-f]indole (XIV); 2) 2- 
methylimidazolo[4,5-f]- 
indole (XV). 

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

5-Acetyl-6 ,7-dihydroimidazolo[4,5-f] indole  (]2). A mixture  of 
6.3 g (0.33 mole) of 1-acetyl-5 ,6-diaminoindol ine (I~ and 32 ml (0.193 
mole) of or thoformic  es te r  was heated in the boiling wate r  bath for 4 h, 
the ethanol fo rmed  being dist i l led off, and was then cooled and f i l te red ,  
and the res idue  was washed with e ther .  Yield 5.9 g (89%). Light yellow 
a lmost  white c rys ta l s  with mp 232-233.5~ (from methanol),  insoluble 
in e ther ,  benzene ,  and acetone; spar ingly  soluble in water  and methanol 
(better  in the hot), readi ly  soluble in d imethyl formamide.  UV spec t rum,  
~ m a x ,  nm (log ~): 272 (3.75), 305-314 (4.00) (in d imethylformamide) .  
Found, %: C 65.4; 65.5; H 5.6; 5.6. CllHllN30. Calculated, %: C 65.7; 
H 5.5. 

5-Acetyl-2-phenyl-6 ,7-dihydroimidazolo[4,5-f] indole  (IH). a) A 
solution of 5.44 g (0.03 mole) of copper  acetate  in 88 ml of 50~0 aqueous 
methanol was t r ea ted  with 2.6 g (0.0136 mole) of I and 2.2 ml (0.02 mole) 
of benzaldehyde in 16 ml of methanol ,  and the mixture  was boiled for  3 h, 
poured  into 200 ml of wa te r ,  and lef t  overnight.  The prec ip i ta te  was 
separa ted  off in the centr i fuge,  washed with water ,  and suspended in 75 
ml of methanol ,  and then hydrogen sulfide was passed  through the sus-  

pension for  3 h, a f te r  which it was purged with air. The copper  sulfide was f i l te red  off and washed severa l  
t imes  with hot d imethyl formamide .  The f i l t ra tes  were  combined and evaporated to small  volume. The 
precipi ta te  was f i l t e red  off and washed with a small  amount of e the r .  This gave 1.1 g (34.6%) of white 
c rys t a l s  with mp 299.5-301.5~ (from methanol) .  Insoluble in e the r ,  benzene,  and acetone.  Sparingly solu-  
ble in methanol ,  soluble in d imethyl formamide .  UV spec t rum,  ~max,  n m ( l o g  e):  337 (4.41) (in dimethyl-  
fo rmamide) .  Found, %: N 14.9; 15.0. CI~Hl~N30. Calculated, %: N 15.2. 

b) A solution of 1.8 ml  (0.017 mole) of benzaldehyde in 15 ml of methanol was slowly added to a sus -  
pension of 3.2 g (0.0167 mole) of I in 45 ml of methanol cooled to -10~ and then 7 ml of ni t robenzene was 
added and the mix tu re  was boiled for 8-10 h. On cooling, a prec ip i ta te  deposited,  and this was f i l te red  
off and washed with a small  amount of methanol.  Yield 1.85 g (43%), mp 299.5-301.5~ (from methanol).  

1 -Acety l -5-amino-6-benzylaminoindol ine  (IV). A suspension of 3.1 g (0.0097 mole} of 1 -ace ty l -6 -  
benzylamino-5-n i t ro indol ine  [7] in 180 ml of methanol was t r ea ted  with 1.5 g of a paste of Raney nickel ,  
and the mixture  was heated to 40~ t r ea t ed  with 11.6 ml (0.2 mole) of hydrazine  hydrate ,  and boiled 
for  2 h. Then the hot solution was t r ea ted  with act ivated carbon,  the f i l t ra te  was evapora ted  in vacuum 
a lmost  to d ryness ,  the res idue  was cooled, and the precipi ta te  was f i l te red  off. This gave 2.3 g (81.5~o) 
of a product  with mp 191-193~ (from methanol,  in a sealed capi l lary) .  White c rys t a l s ,  insoluble in e ther  
and acetone,  spar ingly  soluble in cold methanol ,  soluble in d imethyl formamide .  UV spec t rum,  Xmax, am 
(log e):  272-280 (4.07}, 330-336 (3.93) (in d imethylformamide) .  Found, %: C 72.4; 72.6; H 6.8; 6.7. C17H19N30. 
Calculated,  %: C 72.6; I:I 6.8. 

5 -Acety l -3-benzyl -2-phenyl -6 ,7-d ihydroimidazolo[4 ,5- f ] indole  (IX). a) Solution of 2 g (0.01 mole) 
of copper  acetate  in 70 ml of 5% aqueous methanol was t r ea ted  with 1.8 g (0.0064 mole) of I and 1.3 ml 
(0.0128 mole) of benzaldehyde in 6 ml  of methanol.  The reac t ion  and the isolat ion of the IX were  c a r r i e d  
out as fo r  HI (method "a") .  This gave 1.35 g (76.6%) of IX, with mp 257-258.5~ (from dimethyl formamide ,  
using act ivated carbon and a smal l  amount of alumina). White c ry s t a l s ,  insoluble in e ther ,  benzene,  acetone,  
and methanol ,  spar ingly  soluble in cold d imethyl formamide .  UV spec t rum,  ~max,  nm (log ~): 279 (4.08); 
325-329 (4.55) (in dimethylformamide). Found, %: C 78.1; 78.2; H 6.0; 6.0. C24H21NsO. Calculated, %: 
C 78.4; H 5.8. 

b) A mixture of 1.12 g (0.004mole) of IV and 6 ml of methanol was cooled to 0~ and 0.435 g (0.004 
mole) of benzaldehyde in 2 ml of methanol was slowly added. The reaction mixture was kept at 0~ for 5 
rain, and then 12 ml  of ni t robenzene was slowly added and it  was boiled in the wate r  bath for  4 h 30 min. 
After  cooling, the yel lowish prec ip i ta te  that had deposited was f i l te red  off and washed with e ther .  This 
gave 0.959 g (65%) of a product  with mp 257.5-259~ 

c) A mix ture  of 0.289 g (0.78 mmole )o f  1-ace ty l -6-benzylamino-5-benzyl ideneiminoindol ine  (XIII) 
and 4 ml of n i t rcbenzene  was heated  in the boiling wa te r  bath for  4 h 30 rain. After cooling, 0.237 g (82.6%) 
of IX with mp 257-258.5~ was obtained. 
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d) A suspension of 6.5 g (0.034 mole) of I in 30 ml of methanol was cooled to 0~ and, with s t i r r ing ,  
7 ml (0.068 mole) of benzaldehyde and then 15 ml of ni t robenzene w e re  added. The mix ture  was carefu l ly  
heated to the boil  and kept for  20 min. After  cooling, 6.25 g (50%) of IX with mp 257-258.5~ was obtained. 

e) A mixture  of 3 g (0.0119 mole) of 1-ace ty l -5 ,6-din i t ro indol ine  and 8 ml (0.075 mole) of benzyl -  
amine was boiled for  1 h-1 h 30 min and cooled, and then 10 ml of e ther  was added and the prec ip i ta te  was 
f i l te red  off. This gave 2.45 g (55%) of IX, with mp 257-258~ 

3-Benzyl -2-phenyl-6 ,7-dihydroimidazolo[4 ,5- f ] indole  (X). a) A mixture  of 1 g (0.0048 mole) of 5,6- 
dinitroindoline [1] and 8 ml (0.075 mole) of benzylamine was boiled for  3 h and cooled, and 50 ml of e ther  
was added to the dark  r ed ,  a lmost  black,  mass .  On t r i tu ra t ion ,  white c rys ta l s  separa ted  out. Yield 1.23 g 
(94.5%) mp 219-220~ (from ethanol). White needles ,  insoluble in wa te r ,  spar ingly soluble in alcohols and 
e ther .  The substance can be r ec rys t a l l i z ed  f r o m  dimethyl formamide .  UV spec t rum,  )-max, nm (log ~): 
328 (3.89) (in methanol) .  Found, %: C 81.1; 81.3; H 6.1; 6.0; N 13.0; 12.8. C22H19N 3. Calculated, %: C 81.2; 
H 6.1; N 12.9. 

b) A solution of 1 g (2.13 mmoles)  of IX in 10 ml of conc. HC1 was boiled for  1 h 30 min. Then it  
was cooled and neut ra l ized  with 30% caust ic  soda solution, and the prec ip i ta te  that had deposi ted was f i l -  
t e r e d  off. This gave 0.91 g (quantitative yield) mp 219-220~ 

5-Acetyl -3-benzyl -6 ,7-dihydroimidazolo[4 ,5- f ] indole  (XI). This was obtained f r o m  0.58 g (0.002 
mole) of IV and 15 ml (0.09 mole) of or thoformic  e s t e r  in a s imi la r  manner  to II. Yield 0.4 g (72.4%), 
mp 203-204~ (from methanol).  Almost  co lor less  c ry s t a l s ,  insoluble in e ther ,  benzene and acetone,  and 
spar ingly soluble in cold methanol .  UV spec t rum,  Xmax, nm (log ~): 276 (4.00), 315 (4.01) (in d imethyl -  
formamide) .  Found, %: C 73.8; 74.0; H 5.9; 6.0; N 14.7; 14.5. C18Hl~N30. Calculated, %: C 74.2; H 5.9; 
N 14.4. 

5 -Acety l -3-benzyl -2-methyl -6 ,7-d ihydro imidazolo[4 ,5- f ] indole  (XID. A solution of 1.5 g (0.0053 
mole) of IV in 13.6 ml of glacial  acet ic  acid was boiled for  5 h , t r e a t e d  with activated carbon,  and, with ice 
cooling, neut ra l ized  with aqueous ammonia.  The prec ip i ta te  that deposited was f i l t e red  off and was washed 
with 35 ml of water .  This gave 1.5 g (92%) of product  with mp 222-223.5~ (from dimethylformamide) .  
White c rys t a l s  insoluble in e the r ,  benzene,  and acetone,  spar ingly  soluble in methanol ,  and soluble in acet ic  
acid and d imethyl formamide .  UV spec t rum,  Xmax, nm (log ~): 276 (3.90), 310-315 (4.18) (in d imethyl -  
fo rmamide) .  Found, %: C 74.2; 72.3; H 6.4; 6.4; N 13.6. C19H19N30. Calculated, %: C 74.7; H 3.3; N 13.8. 

1-Acetyl -6-benzylamino-5-benzyl ideneiminoindol ine  (XIID. A suspension of 1.12 g (0.004 mole) of 
IV in 6 ml of methanol was cooled to 0~ and 0.435 g (0.004 mole) of benzaldehyde in 2 ml of methanol was 
added slowly. Themix tu r e  was kept fo r  5 min, and was then boiled for  10 rain, and, a f te r  cooling, the p r e -  
cipitate was f i l t e red  off and washed with e ther .  This gave 1.28 g (87%) of XIII, mp 200-202~ (from dimethyl -  
f o rmamide ,  in a sealed capi l lary);  br ight  yellow needles  soluble in e ther  and acetone,  and spar ingly  solu-  
ble in d imethyl formamide .  UV spec t rum,  ~max,  nm (log ~): 270 (4.56), 425-440 (4.05) (in d imethyl -  
fo rmamide) .  Found, %: C 77.8; 77.9; H 6.2; 6.3. C24H23N30. Calculated, %: C 78.0; H 6.3. 

2-Methyl-6 ,7-dihydroimidazolo[4,5-f] indole  (XIV). A solution of 1.72 g (0.008 mole) of 5 -ace ty l -2 -  
methyl-6 ,7-dihydroimidazolo[4 ,5-f ] indole  [1] in 14 ml of cone. HC1 was heated in the boiling wate r  bath 
for  1 h, t r ea t ed  with act ivated carbon,  and, with ice cooling, neut ra l ized  with caustic soda solution. The 
white prec ip i ta te  that deposited was f i l t e red  off and washed with 3 ml of water .  This gave 1.25 g (91.7%) 
of XIV, mp 238-239.5~ (from wate r ,  in a sealed capi l lary) .  White c rys ta l s  soluble in alcohols and di-  
me thy l fo rmamide ,  insoluble in e the r ,  hydrocarbons ,  and benzene.  UV spec t rum,  Xmax, nm (log ~) : 
237 (3.62), 280 (3.91), 307 (2.35)(in 0.01 N HC1). Found, %: C 69.0; 68.9; H 6.1; 6.2. Cl0HllN 3. Calcu- 
lated,  %: C 69.3; H 6.4. 

2-Methylimidazolo[4,5-f l indole (XV). A solution of 1 g (0.0058 mole) of XIV in 2.5 ml of die thylene-  
glycol was boiled with 50 mg of pal ladium black for  9 h and cooled,  20 ml of water  was added, and it  was 
ex t rac ted  with e the r .  The ex t rac t  was dr ied  with calc ium chloride and evapora ted  to d ryness .  Yield 0.56 g 
(57%), mp 247.5-249~ (from aqueous ethanol,  in a sea led  capi l lary) .  Light g rey  c rys t a l s ,  spar ingly soluble 
in wa te r  and e the r ,  read i ly  soluble in alcohols.  UV spec t rum,  kmax ,  nm (log ~): 299 (4.14) (in ethanol). 
Found, %: C 70.6; 70.4; H 5.6; 5.6. C10H~I 3. Calculated, %: C 70.2; H 5.3. 

6,7-Dihydroimidazolo[4,5-f] indol-2(3H)-one (XVI). A mixture  of 3.1 g (0.0162 mole) of I and 1.17 g 
(0.019 mole) of u rea  was heated in an a tmosphere  of n i t rogen at 180-190~ for  15 h. After cooling, 50 ml 
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of ethanol was added to the reaction mixture and it was then heated to the boil and f i l tered hot. Yield 3.1 g 
(83.5%). Light grey crystals  insoluble in ether and ethanol, sparingly soluble in dimethylformamide, mp 
above 380~ (from dimethylformamide). UV spectrum, Xmax, nm (log ~): 271 (4.05), 318 (4.13) (in di- 
methylformamide). Found, 70: C 60.4; 60.6; H 5.0; 5.1. CllHI1N302. Calculated, 70: C 60.8; H 5.1. 

6,7-Dihydroimidazolo[4,5-f]indole (XVII). This was obtained in a similar  manner to XIV from II. 
Yield 87.570, mp 176.5-178.5~ Light grey crystals soluble in water ,  acetone, alcohols, and dimethyl- 
formamide, and insoluble in ether,  hydrocarbons,  and benzene. 

Dipicrate of XVII - yellow crystals ,  very  sparingly soluble in hot methanol, mp 200-201~ (in a 
sealed capillary). Found, %: C 40.8; 40.9; H 2.9; 2.8. CgHgN 3 �9 2C6H3N30 Y. Calculated, 7o: C 40.8; H 2.44. 

5-Acetyl-6,7-dihydrotriazolo[4,5-f]indole (XIX). A suspension of 3 g (0.0157 mole) of I in 1.8 ml of 
acetic acid and 4.7 ml of water was cooled to -5~ and a solution of 1.8 g (0.017mole) of sodium nitrite in 
1.88 ml of water was slowly added. The temperatures  of the reaction mixture rose spontaneously to 75~ 
It was heated to 80~ for  1 h and cooled, and the light yellow crystall ine precipitate was f i l tered off. In- 
soluble in boiling toluene and ether;  it dissolves in methanol on heating but repreeipi tates only on dilU- 
tion with water.  Yield 2.85 g (90%), mp 241-242.5~ (from water). UV spectrum, kmax, nm (log e): 
303 (4.04), 315 (4.03) (in methanol). Found, 70: C 59.7; 59.5; H 5.2; 5.2. C10H10N40. Calculated, %: 
C 59.9; H 5.0. 

The UV spectra  were recorded on an SF-4A instrument. 
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