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A large amount of s t ruc tura l  s imi la r i ty  between 4,5-benzindole and naphthalene and be-  
tween 6,7-benzindole and indole was detected on a basis of a compar ison of the absorption, 
f luorescence ,  and phosphorescence  spec t ra  of i somer ic  benztndoles with the spec t ra  of in- 
dole and naphthalene. A great  analogy between indole and 6,7-benztndole as compared with 
4,5-benztndole is also observed during the formation of hydrogen bonds, as indicated by the 
shift in the absorption band of the NH group in the IR spec t ra  of the investigated compounds 
in the presence  of various proton acceptors .  

Only very  scanty information regarding the spec t ra l  proper t ies  of 4,5- and 6,7-benzindoles is avail-  
able [1-3], whereas  such information is neces sa ry  for an understanding of the peculiar i t ies  of the chemical  
behavior of these compounds. The data on the e lec t ron density in the 1 and 3 positions obtained by Dewar 
and co-workers  [4] indicate the absence of an appreciable difference between the i somers ,  but the chemical 
shifts of the protons in the 1 and 3 posit ions in the PMR spec t ra  of 4,5- and 6,7-benzindoles are  11.37 and 
11.90 ppm and 6.98 and 6.53 ppm, respect ive ly  [5]. 

In order  to make a more  profound study of the spect ra l  proper t ies  of these compounds we investigated 
the IR, absorption,  f luorescence ,  and phosphorescence  spec t ra  of i somer ic  benzind01es. 

The UV absorption spec t ra  of the i somer ic  benzindoles differ substantial ly f rom one another. The 
spec t rum of 6,7-benzindole has one maximum at 259 nm, which is charac te r i s t i c  for indole derivatives.  In 
addition to this band, the spec t rum of 4,5-benzindole also contains an intense maximum at 228 nm and a 
low-intensi ty maximum at 296-335 nm. A s imi lar  difference is charac te r i s t i c  for many 4,5- and 6,7-ben- 
zindole derivatives (Table 1). Yet another maximum of very  low intensity at 294 nm is observed when the 
concentrat ion of 6,7-benzindole in alcohol and hexane increases .  The appearance of an absorption band in 
the low-frequency region for 4,5-benzindole derivatives may be associa ted  with an increase  in the con- 
tr[button of the n-~r transit ion.  To uncover the nature of this band we r eco rded  the spec t ra  of benzindoles 
in solvents of different polari t ies  (alcohol and n-hexane); however,  we did not observe a hypsocbromic  shift 
of the low-frequency band. The smal l  (~ 10 nm) shift to the low-frequency region makes it possible to a s -  
sign this band to ~r -Tr * t ransi t ions.  

We also checked the relat ionship between the position of the absorption band and the pH of the me-  
dium. Measurements  made in buffer solutions showed that no changes whatsoever  are observed in the ab- 
sorpt ion spec t ra  of the i somer ic  benzindoles over a broad range of pH values. 

The f luorescence spec t rum of 6,7-benzindole is shifted s t rongly to the longwave region (Xmax~361 
rim) as compared with the spec t rum of [ndole ~ m a x  ~ 320 nm) [6] and is just  as poor ly  constructed as the 

*See [7] for communication IX. 
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T A B L E  1. UV A b s o r p t i o n  S p e c t r a  of 4 ,5 -  and  6 , 7 - B e n z i n d o l e  D e r i v -  
a t i v e s  

" 6.7-Benzindole Xm.x, 4,5-Benzindole t.ma x, Ig 8 lg 8 
derivative am derivative nm 
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2) 4 , 5 - b e n z i n d o l e ;  3) 6 , 7 - b e n z i n -  

P h o s p h o r e s c e n c e  s p e c t r a :  1) indole ;  2) 4 . 5 - b e n z i n d o l e ;  3) 6 , 7 - b e n z i n -  

s p e c t r u m  of  indole  (Fig .  1). The s p e c t r u m  of 4 , 5 - b e n z i n d o l e  i s  l o c a t e d  in the  s h o r t e r - w a v e  r e g i o n  as  c o m -  
p a r e d  wi th  the  s p e c t r u m  of 6 , 7 - b e n z i n d o l e ,  but  i t  con ta ins  a n u m b e r  of n a r r o w  bands  (335, 340, 352, and 
369 rim), w h i c h  can  a l s o . b e  no ted  in the  s p e c t r u m  of 6 , 7 - b e n z i n d o l e  in the  f o r m  of s m a l l  s h o u l d e r s .  

As  one s h o u l d  have  e x p e c t e d ,  the  p h o s p h o r e s c e n c e  s p e c t r a  a r e  l e s s  i n t e n s e  than  the  f l u o r e s c e n c e  
s p e c t r a  and c o n s i s t  of a n u m b e r  of  n a r r o w  bands  at  400-550  n m  (Table  2). A c o m p a r i s o n  of the  p h o s p h o -  
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TABLE 2. Phos3horescence Spectra of Benztndoles 

Indole 6,7 -Benzindole 4, 5 -Benzindole Naphthalene 

X, nm, I X, nm, I X, nm, I X, nm, I 

40r vs 
435,6 s 
446,4 w 

451 s 
463 w 
484.7 m 

468s 
476 w 
501,4 m 

4~1 vs 
,~82 m 
5a4s 
51,1 s 

TABLE 3. Energies of the Stnglet and 
Triplet States 

Compound IE, kcai/mole, 
]st 

. . . . . . . . . . . . . . . . . . . . . . . . . .  

Indole ! 98,6 
6,7-Benzindole 97,6 
4,5 -Benzindole 86~ 
Naphthalene ] 88,0 

E, kcal/mole, 
Tt 

70.5 
l 64,2 

61,0 
i 6,1 ,o 

TABLE 4. Absorption Band of the NH Group of Isomeric  Benz[n- 
doles in the Presence  of Some Acceptors 

4,5-Benzindole 
deri vat[ yes 

4,5-Benzindoie 

3-Formyl 
2 -Methyl 
2,3-Dimethyl 
3-Dimethyl= 

aminomethyl 

UNH , cm'l 

0 

3G60 33@0 
3430 
3'320 3250 

3 . o  
, 33O0 
3380 3330 

:5+ 

3300 

33,80 
3380 

.! 
I 6,7-Benzindole 
II derivatives 

6,7-Benzindole 
8-FormyI 
2-Methyl 
2,3-Dimethyl 
3-Dimethyl- 

aminomethyl 

S 

u~2 

34.~0 
3320 
34i0,3 
3400 
3380 

VNH, cm-I 

S > -  

3300 

3250 
33@0 
33(},0 
3310 

+ 

5+  

3a8o 

3370 
3380 

r e s c e n c e  s p e c t r a  of indole,  angular  benz indoles ,  and naphthalene r e v e a l s  a g rea t  deal  of s i m i l a r i t y  between 
the s p e c t r a  of the benzindoles  and naphthalene.  The s p e c t r u m  of indoles is the s h o r t e s t - w a v e  s p e c t r u m  in 
this  group, whereas  the s p e c t r u m  of naphthalene is the longes t -wave  spec t rum.  The s p e c t r a  of the benz in-  
doles occupy an in t e rmed ia t e  pos i t ion ,  and the s p e c t r u m  of 4 ,5-benztndole  is somewhat  more  s i m i l a r  to the 
s p e c t r u m  of naphthalene than to the s p e c t r u m  of 6 ,7-benztndole  (Fig. 2). On the bas t s  of the data obtained 
in this  s tudy,  it may be concluded that  phosphorescence  occurs  in the naphthalene r ing  of the benztndoles  
and is consequent ly  due to a 7r -Tr * t r ans i t i on .  

On the bas is of the absorp t ion  and luminescence  s p e c t r a  obtained,  we ca lcu la ted  the ene rgy  of the 
f i r s t  s ingle[  and f i r s t  t r i p l e t  s t a t e s .  The r e s u l t s  a r e  p r e s e n t e d  in Table 3. Fo r  compar i son ,  data for  tndole 
and naphthalene a re  a lso  p r e s e n t e d  in Table 3. Although the ene rg ie s  of the s ingle[  and t r i p l e t  s t a t es  of a l l  
four compounds a r e  c lose  to one another ,  it is apparen t  that g r e a t e r  s i m i l a r i t y  between 4,5-benz[ndole and 
naphthalene than between 4 ,5-benzindole  and indole is a l so  obse rved  he re ,  while 6 ,7-benzindole  occupies  an 
in t e rmed ia t e  pos i t ion .  

The data f rom the absorp t ion  and luminescence  s p e c t r a  make it pos s ib l e  to a s sume  that  the e l ec t ron  
p a i r  of the n i t rogen a tom in 4 ,5-benzindole  is conjugated more  s t rong ly  with the ~r e l ec t rons  of the benzene 
r ings  than in 6 ,7-benzindole .  This c i r c u m s t a n c e  sugges t s  a d i f ference in the donor p r o p e r t i e s  of the angu- 
l a r  benzindoles  during the fo rmat ion  of hydrogen bonds with a c c e p t o r s .  We a t t empted  to conf i rm the in-  
d ica ted  d i f ference  by a s tudy of the absorp t ion  band of the NH group in the IR s p e c t r a  of the benz[ndoles .  
The s p e c t r a  of KBr pe l l e t s  of the benz[ndoles  differ  l i t t l e  f r o m  one another  and f rom the s p e c t r u m  of in-  
dole. Thus the abso rp t ion  band of the NH group is found at  3420 cm - i  for  al l  three  compounds but it is 
cons ide rab ly  b r o a d e r  and more  s t r u c t u r e d  in the case  of 4 ,5-benzindoles .  The di f ference in the na ture  of 
the band of the NH group is seen  d i s t inc t ly  f rom its shif t  in the p r e s e n c e  of p ro ton  a c c e p t o r s ,  as  indica ted  
by the data in Table 4. Fo r  example ,  the addi t ion of acetone to  a solut ion of the [ndole compound in carbon 
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t e t rach lor ide  leads to a dec rease  in the intensity of the peak of the f ree  NH group and to the appearance of 
two absorpt ion bands at 3430 and 3360 cm -1 for 4,5-benzindole and 3420 and 3350 cm - i  for  6,7-benz[ndole. 
Considering that the analogous absorpt ion band for indole is found at 3410 cm -~, it may be said that a 
g rea t e r  analogy is observed  between indole and 6,7-benzindole as compared  with 4,5-benzindole in the fo r -  

matlon of an ) N - - H . . . O ~ C (  hydrogen bond. 

The IR spec t r a  were  r e c o r d e d  with an UR-10 sp ec t ro m e te r  with NaC1 and LiF p r i sms  at a spec t ra l  
s l i t  width of 4 cm and a scanning r a t e  of 60 c m / s e c .  The UV spec t ra  were  r e c o r d e d  with CB-8 and Specord 
spec t ropho tomete r s .  The f luorescence  and phosphorescence  spec t r a  were  investigated at 77~ with an 
SDL-1 luminescence spee t rophotomete r  under monochromat ic  excitat ion ('h =254 nm) or with a photoelec-  
t r i c  apparatus with a spa rk  phosphoroscope (W-Fe e lec t rodes) .  
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