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Only an indole t r i m e r  can be i so la ted  f rom the reac t ion  of indole with pyridine,  quinoline, and 
isoquinoline in aqueous solutions of m i n e r a l  ac ids .  In anhydrous media  the hydrochlor ides  of 
these  he t e rocyc l e s  e lec t roph i l i ca l ly  at tack the 3 posit ion of the indole r ing to fo rm low yields 
of 3 -he ta ry l indoles .  Indole r e a c t s  with acr idine ,  even in aqueous media ,  under  the influence 
of protonat ing agents and is conver ted  to 9-(3- indolyl)acr idine  and acr idine in good yie lds .  
The acr id inyla t ion of indole and 1-  and 2 -a lky l -  o r  phenylindoles in the p r e sence  of acylating 
agents p roceeds  s i m i l a r l y .  

We prev ious ly  r epo r t ed  the reac t ion  of acylpyr idinium [2], acylquinolinium [3], acylisoquinolinium [4], 
and acy lacr id in ium sa l t s  [5] with nucleophilic a romat i c  compounds to give the cor responding  d ia ry l s  or  
t he i r  dihydro de r iva t ives .  The faci le  acr idinylat ion of a romat i c  amines  has  also been obse rved  in [6, 7]. 
In the case  of indole, the action of benzoylpyr id in ium sa l t s  leads  to 3 - ( 1 - b e n z o y l - l , 4 - d i h y d r o - 4 - p y r i d y l ) -  
indole [8]. The benzoyl  der iva t ive  of 2- (3- indoly l ) - l ,2 -d ihydroquinol ine  is s i m i l a r l y  obtained by the r e a c -  
t ion of indole, quinoline, and benzoyl  chlor ide  [9]. It  might  have been supposed that this sor t  of condensa-  
t ion would p roceed  also during d i r ec t  protonat ion.  In addition, it is known that  indole and its homologs a re  
conver ted  to d i m e r s  or  t r i m e r s  under  the influence of acids [10, 11]. 

We have inves t iga ted  the reac t ion  of indole with ni t rogen he t e rocyc le s  in the p re sence  of m ine ra l  
ac ids .  It  was found that  pyr idine,  quinoline, and isoquinoline do not p revent  the po lymer iza t ion  of indole. 
Only the s t a r t ing  subs tances  and an indole t r i m e r ,  viz. ,  o-[2,2-di(3-indolyl)ethyl]ani l ine (I), could be i so -  
la ted by the action of sulfur ic  acid (at r oom t e m p e r a t u r e  for  10-48 h) f rom the reac t ion  m a s s  in all c a se s .  
The action of aqueous hydroch lor ides  of the s ame  he te rocyc l i c  ba se s  on indole produces  a s i m i l a r  effect .  
Analogous r eac t ions  do not take place  at all with 2-methyl indole .  We have obtained var ious  de r iva t ives  of 
the indole t r i m e r  (the Schiff base  and acyl der iva t ives)  which conf i rm i ts  s t ruc tu re .  

In anhydrous aprot ic  solvents  (benzene and d imethy l formamide)  the s ame  sa l t s  r e a c t  slowly with 
indole to f o r m  the cor responding  3-he ta ry l indo les  in yields  on the o rde r  of 2-3%, even af ter  re  fluxing for  
30 h. The bulk of the s ta r t ing  subs tances  a re  r e c o v e r e d  unchanged, and t r a c e s  of t r i m e r  I a re  detected.  
The reac t ion  p roceeds  somewhat  be t t e r  with su l fa tes  and p e r c h l o r a t e s  but, even here ,  the yields do not ex-  
ceed  5-6%. Fo r  example ,  indole and quinoline sulfate in d ime thy l fo rmamide  yielded 5% of 2-(3- indolyl ) -  
quinoline (II) and a sma l l  amount of t r i m e r  I .  

Thus,  protonat ion of both indole and quinoline apparent ly  occurs ,  but the cat ions fo rmed  in the p r o -  
ce s s  do not have the p r o p e r  s tabi l i ty .  The si tuat ion is dif ferent  in the case  of acr id ine .  Pro tonat ion  of 
acr id ine  leads  to the fo rmat ion  of cat ion HI, which is  s tabi l ized due to charge  delocal izat ion with the p a r -  
t ic ipat ion of two benzene r ings .  Even in aqueous med ia  in the reac t ions  of cation HI with indole up to 25% 
of 9-(3- indolyl )acr id ine  (IV) is obtained along with t r i m e r  I .  In anhydrous d imethy l fo rmamide ,  however ,  

* See [1] for  communica t ion  XII.  
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TABLE 1. 9-(Indolyl)acridines (IV and V) 

I V a - e  

R 

:omp.! 

IVa 
IVb 
IVc 
I'~d 
V 

CH3 
C6H5 

R' mp formula / c H N C H N 

I 
H" 297--298 

CH~ [ 313~314! 
H 292-.293i 

C2,H,4N~* 86,0 
C~H,6N~'[" 85,2 
C22HInN~ 85,9 
C~7HIsN2 87,7 
C22H]6N~ 86,1 

Fou.d,% I I field. % 

4,7 9.4 85,7 4,8 9,5 
5,2 910 [85,7 5,2 .9.1 
5,2 9,I [85,7 5,2 9,1 
5,1 8,0 ]B7,5 4,9 7,6 
5,3 8,9 185,7 5,2 9,i 

merh. merh. 
A B 

85 65 
84 68 
99 64 
-- 48 

'42 

* The pierate  mel ted at 313-31 (sic) deg (from ethanol). Found %: 
N 13.6. C21H14N 2 �9 C6H3N30 7. Calculated%: N 13.4. 
?The  pierate  melted at 269-270 ~ (from ethanol). Found%: N 12.8. 
C22HI6N 2 �9 C6H3N30 7. Calculated %: N 13.0. 

H 

\ N .  2 ~ ~ " 12 ! 

I |  H 

the indole po lymers  are  not formed at all, and the major  product is IV and acridan, which is apparently ob- 
tained due to disproport ionat ion (with hydride t ransfer)  of the intermediate  dihydro compound under the in-  
fluence of cat ion Ill .  

H\@ HN~/ , ,  .~ 

| | |  

. 

/ 

lY 

Acridinylat ion of indole under the influence of acridine and benzoyl chloride proceeds just  as readi ly 
and 9-benzoylacr idan is formed as a side product.  The react ion proceeds with good yields for a number of 
alkyl-  or  phenylindoles (Table 1). Since the 3-posit ion in indole is always preferably  involved in e l ec t ro -  
philic substitution react ions ,  and since it was shown in [2,3, 5-8] that d i rect  hetarylat ion proceeds with the 
part icipat ion of the 4-posi t ion of the pyridine ring, the 2-posit ion of the quinoline ring, or  the 9-posit ion of 
the acridine ring, we will assign s t ruc ture  IV to the compounds obtained, except for the compound obtained 
f rom 3-methylindole,  which has s t ruc ture  V. 
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We will exclude the poss ib i l i ty  of the par t ic ipa t ion  of the NH group of the indole r ing on the bas i s  of 
the IR s p e c t r a  (the p r e s e n c e  of a band f r o m  the N - H  bond at 3480-3500 cm-~).  

Ha C 
N ( 

The data in Table  1 indicate that  a CH 3 group in the 2-  or  3-posi t ion has  v i r tual ly  no effect  on the p o s -  
s ibi l i ty  of the introduct ion of a bulky acr id inyl  subst i tuent  into the neighboring (2- o r  3-) posit ion.  This  
makes  it poss ib le  to suppose that  the reac t ion  p roceeds  through a s tep involving one -e lec t ron  t r a n s f e r  with 
the init ial  fo rmat ion  of a pseudo sandwich s t ruc tu re  of the c h a r g e - t r a n s f e r - c o m p l e x  type.  The format ion  of 
such complexes  in the case  of pyr id in inm sa l t s  and indote has  been r eco rded  in a number  of s tudies [12]. 
Thus the desc r ibed  reac t ion  is  a convenient  route to the synthes is  of indoloacr idines .  We note that,  a cco rd -  
ing to the r e su l t s  in [9], acy lacr id in ium sa l t s  do not en te r  into this so r t  of reac t ion .  

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

C o a l - t a r  indole, pyr id ine ,  quinoline, isoquinoline,  and acr idine were  used  in this r e s e a r c h .  The i r  p u r -  
ity, according to gas- l iqu id  ch roma tog raphy  (UKh-1 ch roma tog raph  with 0.4% of an ethylene o x i d e - t e t r a -  
hydrofuran  copo lymer  on sodium chloride as the s ta t ionary  phase) was no l e s s  than 97~c. 

Chroma tog raphy  in a loose,  thin l a y e r  of act ivi ty II a luminum oxide was c a r r i e d  out with elution by a 
m e t h a n o l - h e x a n e - b e n z e n e - c h l o r o f o r m  s y s t e m  (1 : 1 : 6 : 30). 

The IR s p e c t r a  of ch lo ro fo rm solutions o r  KBr  pel le ts  were  obtained with a UR-10 spec t ropho tome te r .  

React ion of Indole with Quinoline and 20% H~SO 4, A total  of 27.5 ml  of 20% sulfur ic  acid was added to 
a solution of 11.7 g (0.1 mole)  of indole in 12.9 g (0.1 mole) of quinoline, a f te r  which the reac t ion  mix tu re  
was shaken at r o o m  t e m p e r a t u r e  for  24 h. The prec ip i ta ted  c r y s t a l s  were  separa ted ,  washed with a m m o n i -  
um hydroxide,  and r e c r y s t a l l i z e d  twice f rom ethanol to give 11.32 g (97%) of o-[2,2-di(3-indolyl)ethyl]ani l ine 
(I) with m p  170-171 ~ [11] and R f  0.54. 

The reac t ion  of indole with other  ni t rogen he t e rocyc l e s  in the p r e sence  of var ious  amounts of 20% 
sul fur ic  acid was c a r r i e d  out s i m i l a r l y .  In all c a se s  I was obtained in yields  of 30-80%. 

1- (p-Dimethylaminobenzyl idene imino-2- [2 ,2-d i (3- indoly l )e thyl ]benzene .  A solution of 8.82 g (0.025 
mole)  of I and 4.48 g (0.03 mole) of p -d imethylaminobenza ldehyde  in 35 ml  of ethanol was ref luxed for  7 h. 
The mix tu re  was cooled,  and the p rec ip i t a te  was sepa ra t ed  and r e c r y s t a l l i z e d  f r o m  ch lo ro fo rm to give 6.2 g 
(50%) of a product  with mp  212-215 ~ and R f  0.3. Found %: C 82.1; H 6.0; N 12.0. C33H30N4. Calculated %: 
C 82.2; H 6.2; N 11.6. 

1-  (p - I sopropy lbenzy l idene imino-2-  [2,2-di-  (3-indolyl)ethyl]benzene. This  was s i m i l a r l y  obtained by 
ref luxing 17.75 g (0.05 mole)  of I and 8.76 g (0.06 mole) of cuminaldehyde  in 70 ml  of ethanol for  7 h to give 
12 g (50%) of a product  with m p  194-195 ~ ( a c e t o n e - w a t e r )  and Rf  0.77. Found %: N 8.8. C34H31N3. Ca lcu-  
la ted  %: N 8.7. 

1- (p-Ni t robenzyl ideneimino)-2- [2 ,2-d i (3- indoly l )e thyl ]benzene .  This  was obtained as desc r ibed  above 
in 50% yield by reac t ion  of I with p-n i t robenzaldehyde  and had mp 195-196 ~ and R f  0.73. Found ~ :  C 76.2; 
H 5.4; N 11.5. C31Hz4NaO ~. Calcula ted  %: C 76.9; H 5.0; N 11.6. 

Bands at 1590-1610 cm -1 (C---~N) and 3480 cm -1 ( N - H )  a re  observed  in the IR spec t r a  of these  c o m -  
pounds.  

1 - (p-Chlorobenzamido)-2- [2 ,2-d i (3- indoly l )e thy l ]benzene .  A solution of 3.53 g (0.01 mole) of I, 0.78 g 
(0.01 mole)  of pyridine,  and 1.75 g (0.01 mole)  of p -ch lorobenzoyl  chloride in 50 ml  of absolute benzene was 
shaken for  1 h at r oom t e m p e r a t u r e .  The resul t ing prec ip i ta te  was t r ea t ed  with ammonium hydroxide and 
water ,  dr ied,  and r e c r y s t a l l i z e d  f rom benzene to give 2.6 g (55%) of a product  with rap 174-176 ~ and Rf  0.62. 
Found %: C 76.0; H 5.2; C1 7.0; N 8.4. C31H24C1N30. Ca lcu la ted%:  C 76.0; H 4.9; C1 7.3; N 8.5. 
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! - (p -Bromobenzamido) -2 - [2 ,2 -d i (3 - indo ly l ) e thy l ]benzene .  This  was s i m i l a r l y  obtained in 60~ yield 
and had mp  220-222 ~ (from benzene) and Rf  0.58. Found %: N 8.0. C31H21BrN30. Calcula ted %: N 7.9. 

1 -Acetamido-2- [2 ,2-d i (3- indoly l )e thyl ]benzene .  This was obtained by the reduct ion of 5.3 g (0.05 
mole) of I with 4.25 g (0.1 mole) of acet ic  anhydride in 50 ml  of absolute benzene to give 4 g (64%) of a p rod -  
uct  with mp  200-203 ~ (from glac ia l  acet ic  acid) (rap 202 ~ [13]) and Rf  0.3. 

React ion of Indole with Quinoline Sulfate. A mix tu re  of 22.7 g of quinoline sulfate and 11.7 g of indole 
in 30 ml  of anhydrous d ime thy l fo rmamide  (DMF) was ref luxed for  30 h, a f te r  which the DMF was r emoved  
in vacuo,  the res idue  was made alkaline with ammonium hydroxide,  and the resul t ing  prec ip i ta te  was s e p a -  
ra ted ,  dr ied,  and r e c r y s t a l l i z e d  f rom amyl  alcohol to give 1.5 g (5%) of 2-(3-indolyl)quinoline (II) with mp 
193-195 ~ and R f  0.78. IR spec t rum:  3430 c m ,  1 (N-H) .  A sample  of this  product  did not depress  the m e l t -  
ing point of s a m p l e s  obtained by an independent route [14, 15]. 

The f i l t ra te  was ex t r ac t ed  repea ted ly  with benzene,  the ex t r ac t s  were  dried,  the benzene was removed ,  
and the res idue  was p laced in a column fil led with aluminum oxide and eluted with b e n z e n e - h e x a n e - c h l o r o -  
fo rm (6 :1 :30 )  to give 6 g of quinoline with Rf  0.7 (picrate mp  200-203~ 5 g of indole, and t r a c e s  of I with 
Rf  0.54 (picrate m p  192-195 ~ [11]). 

The reac t ion  of quinoline hydrochlor ide  and pe rch lo ra te  in benzene or  DMF proceeds  s imi l a r l y .  Only 
I was obtained in 25~c yield in all c a se s  in aqueous solution. 

Only t r a c e s  of t r i indole were  obtained in the react ion  of pyridine hydrochlor ide  and sulfate under  
s i m i l a r  condit ions,  and the p re sence  of 2-(3- indolyl)pyridine and 4-(3- indolyl)pyridine was detected c h r o -  
ma tograph ica l ly  (the r e f e r e n c e  spots fo r  the c h r o m a t o g r a m s  were  synthes ized  by the method in [15]). Almost  
quanti tat ive amounts of unchanged indole and pyridine were  isolated.  

As desc r ibed  above, t r a c e s  of I and 1-(3-indolyl) isoquinoline [14] with Rf  0.55 were  obtained by the 
reac t ion  of isoquinoline hydrochlor ide  with indole. 

9 - (3- Indoly l )acr id ines  (IV). A. A mix tu re  of 5.36 g (0.025 mole) of acr idine  hydrochlor ide  and 2.9 g 
(0.025 mole)  of indole in 50 ml  of anhydrous DMF was held at 70 ~ for  2-3 h. The mix ture  was cooled, and 
the resu l t ing  p rec ip i t a te  was t r ea t ed  with ammonium hydroxide,  washed repea ted ly  with water ,  dried,  and 
r e c r y s t a l l i z e d  f rom amyl  alcohol to give 3.1 g (85%) of IVa with m p  297-298 ~ and Rf  0.76 (see Table  1). IR 
s p e c t r u m ,  c m - l :  3430 (N-H)  (KBr pel le ts) ,  3479 (NH) (CC14 solution). 

The DMF m o t h e r  l iquor af ter  s epa ra t ion  of the prec ip i ta te  was vacuum evapora ted  to d ryness ,  and the 
res idue  was washed with ammonium hydroxide and water ,  dr ied,  and r e c r y s t a l l i z e d  f rom ethanol to give 
1.8 g (80%) of ac r idan  with mp  171-172 ~ In aqueous media  under  s i m i l a r  conditions for  10 h, 20-25% of IVa, 
18% I,  and 20~c acr idan  were  obtained a f t e r  10 h [9]. 

B.  A solution of 8.9 g (0.05 mole)  of acr id ine ,  3.5 g (0.025 mole)  of f resh ly  dis t i l led benzoyl chloride,  
and 2.9 g (0.025 mole)  of indole in 30 m l  of anhydrous DMF was held at 70 ~ for  3 h. The prec ip i ta te  was 
f i l te red ,  t r e a t ed  with ammonium hydroxide,  washed with water ,  dr ied,  and r e c r y s t a l l i z e d  f rom amyl  alcohol 
to give 4.7 g (65%) of 9-(3- indolyl )acr id ine  with mp 296-297 ~ and Rf  0.76; the p ic ra te  had mp 311-313 ~ A 
sample  of this product  did not dep re s s  the mel t ing  point of the s amples  desc r ibed  above. The hydrochlor ide  
had mp  323-325 ~ ( e t he r - e t hano l ) .  Found %: C 75.9; H 4.9; C1 10.2. C~IHI4N 2 " HC1. Calcula ted %: C 76.2; 
H 4.6; C1 10.6. The DMF f i l t ra te  was vacuum evapora ted ,  and the res idue  was t r ea t ed  with ammonium 
hydroxide,  washed with water ,  dr ied,  and r e c r y s t a l l i z e d  f rom e the r  and then f rom ethanol to give 2.9 g (48qc) 
of co lo r l e s s  c r y s t a l s  of 10-benzoylacr idan  with mp  179-181 ~ [16]. 
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