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4.* ELECTROPHILIC SUBSTITUTION IN THE 1H, 

6H-INDOLO [7,6-g]INDOLE SERIES 
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L .  N.  K u r k o v s k a y a ,  L .  G.  T r e t ' y a k o v a ,  
T .  K .  E f i m o v a ,  a n d  N.  N. S u v o r o v  
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We have p rev ious ly  synthes ized the progeni tor  of a new he te rocyc l ic  s y s t e m  1H, 6H-indolo[7,6-g]indole 
(I) [2, 3]. In this communica t ion  we shal l  p r e sen t  the r e su l t s  of an invest igat ion of the abil i ty of this compound 
to undergo e lec t rophi l ic  subst i tut ion reac t ions  in the example  cases  of acylat ion and ni t rogen-coupl ing r e -  
ac t ions .  
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II RI=CtlO, R,_,=H; III RI==R2=CIIO; IV Rl=l l ,  R==COCIIa, Ra=II; V R~=COCHa, 
R:,=H, Ra=It; VI I{~=COCHa, Re=tI, Ra=COCHa; VIII :n R=H;  b R=CI; c R=NO2 

Under the conditions desc r ibed  for  the synthes is  of indole-3-a ldehyde [4] by V i l s m e i e r  fomylation,  we 
obse rved  the fo rmat ion  of a mix ture  of 3 - f o r m y l - l H ,  6H-indolo[7, 6-g]indole (II) and 3 , 8 - d i f o r m y l - l H ,  6H-in-  
dolo[7, 6-g]indole (III) in equal p ropor t ions .  When a threefo ld  excess  of V i l s m e i e r ' s  complex  was used, dial-  
dehyde III was obtained with a quanti tat ive yield.  1H, 6H-Indolo[7, 6-g]indole did not r e a c t  with N,N-dimethyl -  
ace tamide  at  70-100~ fur ther  inc rease  in the t e m p e r a t u r e  caused res ini f ica t ion,  and the re  were  no ace ty la -  
t ion products  in the reac t ion  mix ture .  S imi la r  r e su l t s  were  obtained in the case  of the ace ty la t ion  of angular  
benzindoles  under the conditions of the V i l s m e i e r  react ion.  This  is apparen t ly  due to the reduced e lee t rophi l i c  
p r o p e r t i e s  of the complex  with N,N-d imethy lace tamide ,  as well as the lowering of the e lec t ron  densi ty  in posi -  
tion 3 of the indole r ing in the case  of condensed s y s t e m s  [5, 6]. 

The acetyla t ion of 1H, 6H-indolo[7, 6-g]indole by acet ic  anhydride in glacia l  acet ic  acid proceeded with 
low yields  and produced a mix ture  of ace ty la ted  products .  They were  sepa ra ted  by column chromatography .  
The following were  isolated:  3 - a c e t y l - l H ,  6H-indolo[7, 6-g]indole (IV), 2 - a c e t y l - l H ,  6H-indolo[7, 6-g]indole 
(V), 2 , 8 - d i a c e t y l - l H ,  6H-indolo[7, 6-g]indole (VI), and 3 ,10 -d iace ty l - lH ,  6H-indolo[7, 6-g]indole (VII). The 
yield of the monoacety l  de r iva t ives  s ignif icant ly exceeded the yields  of the diacetyl  de r iva t ives  owing to the de-  
ac t ivat ion of the a r o m a t i c  r ing by the e l e c t r o n - a c c e p t o r  subst i tuent  [7-10]. The occu r rence  of acetyla t ion in 
the benzene pa r t  of the molecule  is apparen t ly  a t t r ibutable  to the addit ional  act ivat ion of the reac t ive  a - n a p h -  
thalene posit ion due to the influence of the pyr ro le  r ings .  The or ienta t ion we observed,  which is somewhat  un- 
usual  for  indoles,  in the c a s e o f  the ace ty la t ion  by acet ic  anhydride is a l so  displayed in the case  of dibenzindole 

*For  r e p o r t  3 see  [1]. 
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[11]. The absence of the formation of the 2 - fo rmyl  derivative in the case of the react ion with Vi l sme ie r ' s  com- 
plex is apparent ly  due to the great  select ivi ty  of this weak electrophile.  

The nitrogen coupling of 1H, 6H-indolo[7,6-g]indole (I) with various diazo compounds with an ambient pH 
equal to 6-8 and a molar  rat io between the subst ra te  and the diazonium salts  equal to 1:3 resulted in the fo rma-  
tion mainly of the corresponding 3-phenylazo der ivat ives :  3-phenylazo- lH,  6H-indolo[7,6-g]indole (VKIa), 3- 
(4'- chlorophenyla zo)- 1H, 6H- indolo[7,6-g]indole (VIIIb), and 3- (4'- nitrophenylazo)- 1H, 6H- indolo[7, 6- g] indole 
(VIIIc). In contras t  to the acylation react ion,  the formation of mainly monosubstituted flerivatives in the case 
of the ni t rogen-coupling react ion is apparent ly due to the weak electrophil ici ty of the ArN2 + ion, which is insuf- 
ficient for an interact ion with the a romat ic  sys tem,  whose e lec t ron density has a l ready been reduced by the in- 
t roduction of a phenylazo group. The decrease  in the e lectron density in positions 8 and 7 of compounds VIIIa- 
VIIIc is indicated by the downfield displacement  of the signals of the protons in these positions in the PMR 
spectra  relat ive to the signals of the corresponding protons in unsubstituted indoloindole I (Tables i and 2). 

The s t ruc ture  of all the compounds synthesized was proved by investigating their  PMR spectra  and con- 
f irmed by the data f rom elemental  analysis ,  IR spectroscopy,  UV spectroscopy,  and mass  spec t romet ry .  

According to Tables 1 and 2, the introduction of e lec t ron-accep tor  groups resul ts  in deshielding of the 
protons in compar ison  to unsubstituted indoloindole I. Alterat ion of the position of the substituent (2 or  3) 
s ca rce ly  a l ters  the overal l  effect  of the change in the e lec t ron density in the molecule, but it does resul t  incon- 
s iderable redis t r ibut ion of the e lec t ron density (compare the shifts of 4H and 5H of compounds IV and V in 
Table 1). The introduction of another substituent into the  molecule causes a smal le r  overall  change in charge.  

The complete ass ignment  of the lines in the PMR spect ra  of compounds I-VIII (Tables 1 and 2) proved to 
be possible owing to the existence of the 10ng-range s p i n - s p i n  interact ion constants JNH, CH of the t ransoid 
type through five bonds [12] and the difference extents of deuteration of the NH protons due to exchange withthe 
D20 found in ace tone-d  6, The rate  of the D exchange is higher,  the grea te r  is the acidity of the pi~otons indi- 
cated, which depends on the nature and  position of the e l ec t ron-accep to r  substituents.  The latter also mainly 
de termines  the downfield shift of the signal of the neares t  NH group. The deuteration process  causes changes 
in the multiplicity of the signals of the protons interacting with NH: Singlets (JND, CH ~ 0) appear  on a back- 
ground of doublets (JNH, CH = 0.5 to 3 Hz). Thus, the spect ra  of some compounds, which require  prolonged ac- 
cumulation (~ 30 rain) because of their  limited solubility, show smoothed "tr iplets"  or  broadened singlets (Table 
2, compounds VIIIb and VIIIc, 2H). 

Compound VII does not show a grea t  tendency to undergo deuteration, as might have been expected on the 
basis  of the shift of the 1H Proton. This is due to the part icipation of the latter in an in t ramolecular  hydrogen 
bond with the carbonyl  group COCH 3 in position 10. The latter,  as follows f rom a compar ison of the shifts of 
the protons in positions 4, 5, 9, and 10 for 3-formylindoloindole II and 3-acetylindol0indole IV (Table 1), is the 
most  shielded and consequently the most  react ive of all the positions in the benzene rings (although, as we know, 
a P M R - c h e m i c a l - s h i f t -  e lec t ron-dens i ty  cor re la t ion  is not observed in the general  ca se ) .  

In the IR spec t ra  of compounds II-VIII the charac te r i s t i c  absorption bands of the NH groups are observed 
in the 3200-3400-cm -1 region, the absorption of the aldehyde C=O group in compounds II and III is manifested 
in the form of broad intense bands in the 1640-1660 cm -1 region, and the carbonyl  groups in compounds IV-VII 
are  manifested in the form of a band of low intensity in the 1720-1750-cm -1 region and an intense band at 1620- 
1660 cm -1. The absorption bands caused by the s t re tching vibrations of the azo groups have low intensit ies in 
compounds vI I ia -VII Ic  and appear in the 1400-1429-cm - I  region, as in the case of the corresponding azo com- 
pounds of indole [13]. 

The UV spec t rum of compound II, as expected,  is less s t ructured than is the spec t rum of unsaturated 
heterocycle  I (Fig. 1). The introduction of a second formyl  group (compound III) resul ts  in even g rea te r  smooth-  
ing of the vibrat ional  s t ruc ture  and a bathochromic  shift of the absorption bands (Fig. 1). In the spect ra  of com- 
pounds VIIIa-vi I Ic  the position of the shOrtwave maximum remains  unchanged in compar ison to the spec t rum of 
the unsubstituted indoloindole: The maxima in the 280-360-nm region also vanish in the case of compounds 
ViIIb and ViIIc, and an additional absorpt ion band appears  at 400-560 nm. 

EXPERIMENTA L 

The course  of the reaction and the purity of the compounds were monitored in Silufol UV-254. The pre-  
parative chromatography  of compounds II-ViIIa was ca r r i ed  out o n  S i O  2 with part icle  dimensions equal to 100 
to 250 tz, and that of compound s VIttb and VIIIc was ca r r i ed  out on A1203 (second activity grade). The IR spectra  
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were  recorded  on a UR-20 ins t rument  in liquid petrolatum, and the UV spect ra  were recorded on a Specord 
speet rophotometer  in ethanol. The PMR spect ra  of compounds I-VIII were recorded  on a Varian CFT-20  spec-  
t rome te r ,  and the internal  re fe rence  was TMS. The accuracy  of the measurement  of the chemical  shifts was 
�9 0.02 ppm, and that of the s p i n - s p i n  coupling constants was • Hz. The mass  spectra  were recorded  on an 
MKh-1303 inst rument  with a modified sys t em for  introducing the sample (direct introduction into the ion source) 
and an energy  of the ionizing e lect rons  equal  to 50 eV. 

3 . F o r m y l - l H ,  6H-indolo[7, 6-g]indole (ID. A 0.4-ml portion (4 mmole) of f reshly distilled POCI 3 was 
added dropwise at I0-15~ to 1.4 ml (17 mmole) of distilled DMFA. The resul t ing mix turewas  given a dropwise 
addition of a solution of 0.5 g (2 mmole) of compound I in 5 ml of DMFA at 20-30~ The mixture was s t i r red  
for 1 h at 38-40~ A yellow precipi ta te  formed.  The react ion mass  was poured into ice, a solution of 0.76 g of 
NaOH in 4 ml of water  was added to pH 6-7,  and then 20 ml of water were added, and the mixture was boiled for 
3-5 rain. The precipitate was fi l tered,  washed to a neutral  reaction,  and dried. The yield was 0.58 g (92~). 

The ch roma tog ram {the eluent was ethyl acetate) showed two spots with Rf 0.71 (II) and 0.38 (III). The 
separat ion of this mixture into individual compounds was car r ied  out in a column. Compound II was eluted by 
a 2:1 b e n z e n e - e t h e r  mixture.  The yield was 15 mg (2,4% relative to the original I). Compound III was eluted 
by ethyl acetate.  The yield was 15 mg (2.3% relat ive to the original I). Aldehyde Ii was recovered  in the form 
of color less  c rys ta l s  with mp 282-283~ IR spec t rum:  3420, 3260 (NH), 1640 (C=O), shoulder at 1655 cm -1. 
UV spect rum,  )-max (log e): 204 (4.16), 233 (4.23), 252 (4.60), 261 (4.78), 282 (4.44), 338 (3.75), 354 nm (3.62). 
Found: C, 71.4; H, 4.4; N, 11.1%; M 234. The dissociat ion scheme is as follows (m/e and relat ive intensity): 

--I| (CO) (HCN) (HCN) 
M + 234 (100) ,233 (27,8)-----~205 (25,81 ~--178 (26,3) .--,-151 (5,3). 

m* 232 m* 154,6 m* 128,1 
(co) (HCN) ([ IcN) 

L - ~ 2 0 6  (22,0) ,-179 (4,7} , J ,  152 (2,4) 
m* 181.4 

Calculated for CtsHt0N~O-HzO: C, 71.4; H, 4.8; N, 11.1%; M 252. The compound produced a pink color  with 
Ehr l i ch ' s  reagent  at room tempera ture .  

3 ,8 -Dt formyl - lH,  6H-lndolo[7,6-g]tndole (Ill). A 3 .72-mlpor t lon  (0.048 mole) of redisti l led DM FA was cooled to 
- 5 ~  and 1.08 ml (0.012 mole) of f resh ly  distilled POCI 3 were added dropwise.  The mixture was s t i r red  at 
room tempera ture  for 40 min. The mixture was cooled again t o - 5 ~  and slowly given an addition of a solution 
of 0.82 g (4 mmole) of compound I in 10 ml of DMFA at a tempera ture  no g rea te r  than 0~ The mixture was 
s t i r red  at 40~ for 2 h. A yellow precipitate formed.  The latter was given an addition of 13 ml of ice water,  
then t r ans fe r r ed  to ice (~2 g) with the use of an additional 20 ml of water,  and given a dropwise addition of solu- 
tion of 3.4 g of NaOH in 9 ml of water .  The precipitate was fil tered, washed with cold water to a neutral  r eac -  
tion, and dried.  The yield was 0.99 g (95%). The product was recrys ta l l i zed  from ethanol with charcoal ,  the 
decomposit ion tempera ture  was 340~ and Rf was 0.38 (ethyl acetate).  IR spec t rum:  3230 (NH), 1660 (C=O), 
shoulder at 1610 em - i .  UV spect rum,  Xma x (log 0 : 2 0 8  (4.14), 252 (4.58); 260 (4.61), 276 (4.71), 287 (4.66), 
320 (4.19), 335 (4.04), 350nm (3.82). Found: C, 73.5, H, 4.3; N, 10.6~; M 262. The dissociat ion scheme is as 
follows (m]e and relat ive intensity): 
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(co) (co) 0 [CN) 0fCN) 
M + 262 (100) 234 (13,6)- 206 (26,3)------179 (12,0)----152 (15,3). 

~-H (co) (co) OiCN) ' OICN) 
261 (35,0)- 233 (26,3) 205 (28,5) 178 (31,7)-----151 (19,7). 

Calculated for  C1GHi0N202: C, 73.3; H, 3.8; N, 10.7%; M 262. 

Acetylat ion of 1H, 6H-Indolo[7, 6-g]indole.  A 0.41-g por t ion (2 mmole)  of I was given an addition of 10 ml  
of red is t i l l ed  acet ic  anhydride and 14.7 ml  of glacia l  acet ic  acid. The mixture  was boiled for 17 h and evapo-  
ra ted  in a vacuum. This  yielded 0.64 g. The c h r o m a t o g r a m  of this res idue  (1:1 b e n z e n e - a c e t o n e )  showed sev-  
e r a l  spots .  The separa t ion  of this mix tu re  into individual compounds was ca r r i ed  out in a column. 

3 - A c e t y l - l H ,  6H-indolo[7, 6-g]indole (IV). This  compound was eluted by a 1:1 b e n z e n e - e t h e r  mix ture .  
The yield was 15 mg (~4% re la t ive  to the or iginal  I). It  p resen ted  i t se l f  as yellow c r y s t a l s  with a decompos i -  
tion t e m p e r a t u r e  of 177~ and Rf 0.39 (2:1 b e n z e n e - a c e t o n e ) .  IR spec t rum:  3430, 3300, 3220-3240 (NH), 1730, 
shoulder  at 1720, 1650 ( C : O ) ,  shoulder  a t  1620 cm -1. Found: C, 77.0; I4, 5.6; N, 10.9%; M 248. Calculated 
for C16H12N20: C, 77.4; H, 4.8; N, 11.3~; M 248. The compound produced a pink color  with E h r l i c h ' s  reagent  
at  r o o m  t e m p e r a t u r e .  

~ A c e t y l - l H ,  6H-indolo[7, 6-g]indole (V). This  compound was eluted by a 10:3 b e n z e n e - e t h e r  mix ture .  
The yield was 20 mg (4% re la t ive  to the or iginal  I). It  p resen ted  i t se l f  as yel lowish c r y s t a l s  with a decompos i -  
tion t e m p e r a t u r e  of 259~ and Rf 0.49 (10:3 b e n z e n e - a c e t o n e ) .  IR spec t rum:  3420, 3310 (NH), 1660, 1725 c m  -1 
(C=O). UV spec t rum,  Xma x (log e): 204 (4.10), 249 (4.51), 255 (4.59), 276 (4.24), 287 (4.40), 360 nm (4.26). 
Found: C, 77.5; H, 5.3; N, 11.2~; M 248. Calculated for  C16H12N20: C, 77.4, H, 4.8; N, 11.3%; M 248. The 
compound produced a pink color  with E h r l i c h ' s  reagent  at r oom t e m p e r a t u r e .  

2,8-Diacetyl-.1H, 6H-indolo[7, 6-g]indole (VI). This  compound was eluted by e ther .  The yield was 10 mg 
(1.8% re la t ive  to the or iginal  I). The decomposi t ion  t e m p e r a t u r e  was 190~ and the Rf value was 0.33 (2:1 
b e n z e n e - a c e t o n e ) .  IR s p e c t r u m :  3325, 3290, 3200 (NH), 1645, 1730-1750 cm -1 ( C - O ) .  Found: C, 73.9; H, 5.0; 
N, 9.6%; M 290. Calculated for  C18H14N202: C, 74.5, H, 4.8; N, 9.7%; M 290. The compound produced a yellow 
color  with E h r l i c h ' s  r eagen t  at  r oom t e m p e r a t u r e .  It  p resen ted  i t se l f  as a yel lowish brown powder.  

3 ,10 -Diace ty l - lH ,  6H-indolo[7, 6-g]indole (VII). This  compound was eluted by a 2:1 benzene e ther  mix-  
ture .  The yield was 10 mg (1.8%). I t  p resen ted  i t se l f  as yel low c r y s t a l s ,  with a decomposi t ion  t e m p e r a t u r e  of 
204~ and Rf 0.36 (10:3 b e n z e n e - a c e t o n e ) .  IR spec t rum:  3300, shoulder  at  3340, 3120-3130 (NH), 1725, 1630- 
1650 cm - i  (C=O). Found: C, 74.4; H, 5.4; N, 9.3%; M 290. Calculated for  C18H14N202: C, 74.5; H, 4.8; N, 
9.7%: M 290. The compound produced a viole t  color  with E h r l i c h ' s  reagent  at r oom t e m p e r a t u r e  a f t e r  s tand-  
ing. 

3 - P h e n y l a z o - l H ,  6H-indolo[7, 6-g]indole (VIIIa). A solution of 0.41 g (2 mmole)  of I in 72 ml  of dioxane 
and 20 ml  of wa te r  (pH 6-7) at 5~ was given an addition of a solution of 6 mmole  of phenyldiazonium chlor ide ,  
the mix ture  was s t i r r e d  at 3-5~ for 3 h and ex t rac ted  by e ther ,  and the e ther  ex t r ac t  was  washed with a 10% 
NaOH solution and then with water  to a neut ra l  r eac t ion  and dried (Na2SO4). Evapora t ion  of the solvent  yielded 
0.34 g (56%) of a subs tance ,  which was subjected to column ch romatography  with elution b'y a 1:1 b e n z e n e - e t h e r  
mix tu re .  Orange c r y s t a l s  with a decomposi t ion  t e m p e r a t u r e  of 180~ and Rf 0.36 (benzene) were  obtained. IR 
s p e c t r u m :  3390 (NH), 1400 cm -1 (hi=N). UV s p e c t r u m ,  Xma x (log e): 203.5 (4,25), 261 (4.49), 300 (4.01), 322 
(3.91), 337 nm (3.79). Found: N, 17.0%; M 310. Calculated for C20H14N4: N, 18.0%; M 310. The compound 
produced a viole t  color  with E h r l i c h ' s  r eagen t  at  room t e m p e r a t u r e .  

3 - (4 ' -Ch lo ropheny lazo ) - l t t ,  6H-indolo[7, 6-g]indole (VIIIb). A solution of 6 mmole  of p -ch lorophenyld ia -  
zonium chloride was added to a solution of 0.41 g (2 mmole)  of I in 50 ml of DMFA and 20 ml  of wa te r  (pH 7-9) 
at - 5~ the mixture  was s t i r r e d  at a t e m p e r a t u r e  f r o m  - 3 to - 5~ for  3 h and t rea ted  accord ing  to the meth-  
od desc r ibed  above, and 0.43 g of a crude product  was obtained (70%). It  was purified by column chromatograph3 
(the eluent was 1:1 e t h e r - b e n z e n e ) .  It was r e c o v e r e d  in the fo rm of orange c ry s t a l s  with a decomposi t ion  t e m -  
pe ra tu re  of 270~ and Rf 0.44 (benzene). IR s p e c t r u m :  3390, 3410 (NH), 1400 cm - i  (N=N). UV s p e c t r u m ,  
Xmax (loge):  203 (4.24), 262 (4 .60 ,  335 (4.01), 341 (3.89), 476 nm (4.54). Found: C1, 10.0; N, 15,7%; M 344. 
Calculated for  C20H13CIN4: C1, 10.3; N, 16.3%; M 344.5. The compound produced a violet  color  with E h r l i c h ' s  
r eagen t  at  r oom t e m p e r a t u r e .  

3- (4 ' -Ni t ropheny lazo) - lH ,  6H-indolo[7, 6-g]indole (VIIIc). This  compound was obtained f r o m  0.41 g (2 
mmole)  of I and 6 mmole  of diazot ized p-ni t roani l ine  in analogy to compound VIIIb. The yield of the crude pro-  
duct was 0.35 g (50%). The product  was purif ied in a column (the eluent was 2:1 e t h e r - b e n z e n e ) .  I t  was r e -  
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covered  in the fo rm of Bordeaux red  c r y s t a l s  with a decomposi t ion t e m p e r a t u r e  equal to 315~ and Rf 0.54 
(10:1 b e n z e n e - a c e t o n e ) .  IR spec t rum:  3410, 3340 (NH), 1429 cm -1 (N= N). UV spec t rum,  Zmax (log e): 203.8 
(3.87), 260.5 (4.11}, 291 (3.63), 526 nm (4.22). Found: N, 19.3%; M 355. Calculated for  C20H13N502: N, 19.8%; 
M 355. The compound produced a violet  color  with E h r l i c h ' s  reagent  at  r oom t e m p e r a t u r e .  
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I N D O L E  D E R I V A T I V E S .  

l l8 .*SYNTHESIS OF DERIVATIVES OF PYRROLO[1,2-a]INDOLES 

ON THE BASIS OF 1-ACETYL-3-INDOLINONE 

V.  S.  V e l e z h e v a ,  V.  P .  S e v o d i n ,  
M.  B .  B a r u ,  a n d  N. N .  S u v o r o v  

UDC 547.74/75'756.07:542.941.7'951.1 

The methods of building up 9 -ke to -9H-pyr ro lo [1 ,  2-a]indoles on the bas i s  of 1 - (o -ca rboxypheny l )pyr ro les  
have found applicat ion in the synthes is  of  the antibiotic mi tomycin ,  although they a r e  dist inguished by low yield~ 

in the cycl izat ion step [2-4]. 

I ~ ..... o :cn 

I ~ ..:I C N ~  X 
I CN 

_~OCOCH a N H3N/cI - 

|I, VI, IX III IV, V 
I 
R 

VII,V|II,  X IV X=CN; V X=COOH; VI, v I I  R=CH3; I I ,  V I I I  R = H ;  

IX R=CIt~CIi~CN; X R--COCH 3 

In the method we propose  for  construct ing the t r icyc l ic  s y s t e m  of mytomycin  we s t a r t  out f rom the con- 
densation product  of 1 -ace ty l -3- tndol inone  {I) with ac ry ton i t r i l e ,  i .e. ,  f r om 2,2- di-/3- cyanoethyl-  3- indolinone 
(II), which is eas i ly  cycl ized under the action of an e the rea l  solution of hydrogen chloride to fo rm hydrochloride 

*For  r e p o r t  117 see  [1]. 
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