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A method for the synthesis of indolinopyrazines has been proposed. The 
possibility has been shown of dehydrogenating the indolinopyrazines to 
the corresponding indole derivatives. 

In a preceding paper  [1], we proposed a synthes is  
of o -d in i t ro -  and o-d iaminoindol ines ,  and us ing these  
we were able to approach a difficult ly access ib le  c lass  
of he terocycl ic  compounds-- indol ino-  and indolopyr-  
azine s. 

COCH 3 COCtt 3 

It may be expected that subs tances  the molecule of 
which contains an indoline or indole r i ng  condensed 
with a pyraz ine  nucleus  will exhibit qual i ta t ively new 
physiological  p roper t i es .  It is  known that phenazine 
der iva t ives  compr i se  a la rge  group of neurolept ics  
which are  widely used in medic ine  [2]. Quinoxaline 
s t ruc tu re s  are  p resen t  in the composi t ion of severa l  
ant ibiot ics  [3] and v i tamin  B z, and pyraz inamide  is 
active against  the causal  agent of tubercu los i s  [4]. 

In 1949, the format ion  of a s table  f luorescent  eom-  
ound by the reac t ion  of epinephrine with e thylenedi-  
amine  in the p resence  of oxygen was shown [5]. Opti-  
cally active 3 - h y d r o x y - l - m e t h y l - 2 , 3 - d i h y d r o p y r r o l o -  
4, 5-quinoxaline possesses  an in tense  green f l uo re s -  
cence in solution.  Subsequently,  a method for de te r -  
min ing  epinephrine was based on this reac t ion .  The 
3-hydroxy der iva t ive  obtained read i ly  spl i ts  off water  
on boi l ing in an acid medium with the format ion  of 
1 -me thy lpyr ro lo -4 ,5 -qu inoxa l ine .  

I I 
CH~ CH 3 CH;~ 

We have per formed  the synthes is  of s i m i l a r  substances .  
The ini t ia l  compound was 1-ace ty l -5 ,  6-d iaminoindol ine  
(I), and the carbonyl  components  used were glyoxal (in 
the form of the sodium bisulf i te  der ivat ive) ,  biacetyl ,  
benzi l ,  and phenanthraquinone.  

] H 
COCH 3 COCH3 

I II, IV, VI. VIII i11, V+ VII, IX 
H. Ill  R ~ H ;  {V.V R~CI ' I3 ;  VI, VII R-*C6Hs;  VIII. IX 2 R ~ C I 2 H  8 

The reaction was carried out in methanol at room tem- 
perature or with brief heating. The indolinopyrazines 

*For par t  IX, see [I]. 

obtained (with yields of 60 to 80%) were purif ied by 
reprea ted  rec rys ta l l i za t ion .  It is an in te r s t ing  fact 
that chromatography on a column of a lumina  did not 
f ree  them from a stable colored impur i ty .  

The aeetyl  group was removed by 40% caustic soda; 
hydrolysis  led to cons iderable  res in i f ica t ion .  The ra te  
of hydrolysis  fal ls  rapidly according to the subst i tuent  
in the pyraz ine  r i ng  in the sequence C6H 5 > H > CH 3 > 
> C12I~. Thus,  for example,  in the case of 1-ace ty l -  
phenanthro[9, 10-b]indolino[5, 6-e]pyrazine  (VIII), the 
reac t ion  does not go to complet ion even on boiling for 
92 hr .  In the other  cases ,  the r eac t ion  takes place 
quanti tat ively,  while with the unsubst i tuted compound 
and the 6, 7-dimethyl  der ivat ive ,  the reac t ion  is ca r r i ed  
out at a t empera tu re  not exceeding 80 o C. 

Nonacetylated indol inopyrazines  were obtained by 
condensing 5, 6-diaminoindol ine  with benzil  and phen-  
anthraquinone.  

Never theless ,  it is best  to c a r r y  out the r eac t ionwi th -  
out the isolat ion of the diamine.  

The indol ino[5,6]pyrazines  that we obtained are  
h i g h - m e l t i n g c r y s t a l l i n e  subs tances  wi thvar ious  shades 
of yellow. Thei r  solubi l i ty  in organic  solvents depends 
grea t ly  on the subst i tuents  introduced into the pyraz ine  
r ing .  Thus,  for example,  VIII d issolves  only in di-  
methyl formamide .  In aqueous solut ions of acid, they 
all give a br ight  red colorat ion which is apparent ly  
connected with sal t  format ion.  

A general  cha rac te r i s t i c  of all  the compounds 
descr ibed  in their  we l l -marked  f luorescence ,  like that 
of other pyraz ine  der iva t ives .  Solutions of 1 -ace ty l -  
indolino-[5,  6]pyrazines  f luoresce  violet,  while the 
f luorescence  of the nonacetylated der iva t ives  depends 
on the po la r i ty  of the solvent,  this effect i nc reas ing  on 
pass ing  to s imple r  der iva t ives :  for example,  for the 
unsubst i tuted indolino[5, 6]pyrazine the color  of the 
f luorescence  changes f rom bright  yellow in aqueous 
solution to green in ethanol and blue in  benzene.  The 
same phenomenon is observed with 6, 7-diphenyl in-  
dolo[5, 6]pyrazine.  Its f luorescence  changes f rom 
orange in ethanol to green in benzene and b lue -g reen  
in carbon te t rachlor ide .  

In general  it may be stated that the color of the 
f luorescence  depends l i t t le  on the subst i tu tents  in the 
pyraz ine  nucleus  but changes marked ly  with a t r a n s -  
format ion  of the pyr ro le  par t  of the molecule .  
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EXPERIMENTAL 

1-Acetyl-5, 6-dlamknoindoline (1) and 5, 6-diniuolndollne (Xl) 
were obtained by the procedure described previously [1]. 

l-Acetylindoliuo[5, 6]pyraztne (ID. A solution of 3 g of the sodium 
bisulfite compound of glyoxal in 40 ml of water was added to a solution 
of 1.9 g of I in 60 mi of methanol. The mixture was heated under re- 
flux for half an hour, and then the excess of ethanol was distilled off 
in vacuum. The precipitate that deposited was filtered off to give 1.7 g 
(800]0) of a dark yellow substance with mp 178-180 ~ C. After recrystal- 
lization from benzene in the presence of activated carbon, it formed 
white silky crystals with mp 181-181.5 ~ C. UV spectrum, Xmax, nm 
(log e): 260-262 (4.47), 357-362 (4.08) (in methanol). Found, %: 

C 67.67, 67.74; H 5.49, 5.41. Calculated for (ClzHr,Ot-lz), %: C 67.59; 
H 5.20. 

Indolino[6, 6]pyrazlne (III). A suspension of 0.42 g of II in 10 ml 
of 40% caustic soda was stirred for 40 hr and was then filtered from the 
alkali and dissolved in benzene, and this solution was filtered. The 
benzene solution was evaporated in vacuum to give a quantitative yield 
of yellowish needles. After recrystallization from benzene, mp164- 
164.5 ~ C. UV spectrum, kma x, am (log s): 265 (4.37), 410 (3.92) (in 
methanol). Found, %: C 70.32, 70.29; H 5.27, 5.35. Calculated for 
(C10H~Ns), %: C 70.15; H 5.30. 

1-Aeetyl-6, V-dimethylindolino[5, 6]pyrazine (IV). To a solution 
of 1.9 g of I in 60 ml of methanol was added 1.2 mlof  freshly distilled 
biacetyl. The mixture was heated for 30 min in a flask with a reflux 
condenser, and then the excess of methanol was distilled off invaeuum 
and 1.6 g (66%) of dark-colored substance was filtered off. After re- 
crystallization from benzene in the presence of activated carbon, it 
formed 1croon-yellow needles with mp 227-227.5 ~ C. UV spectrum, 
kmax, nm (log e): 260 (4.39), 357 (4.05) (in methanol). Found, %: 
C 69.62, 69.52; H 6.48, 6.48. Calculated for (CIaHlsON3), 0]o: C 
69.59; H 6.27. 

6, 7-Dtmethylindolino[5, 6]pyrazine (V). A suspension of 0.5 g of 
IV in 20 ml of 40% caustic soda was heated at 70-80" C in the water 
bath with stirring for 60 hr. After the usual treatment, 0.4 g(quantita- 
tire yield) of yellow needles with mp 217-218 ~ C (from aqueous meth- 
anol) was obtained. UV spectrum, Xmax, nm (log s): 220 (4.64), 262 
(4.46), 396-397 (3.99)(in methanol). Found, 0]o: C 72.34, 72.74; H 
6.66, 6.49. Calculated for (ClzHIsN5), %: C 72.83; H 6.57. 

1-Acetyl-6, '/-diphenylindolino[6, 6]pyraztne (VI). A solution of 
2.2 g of benzil in 20 ml of methanol was added to a solution of 1.9 g 
of I in 60 ml of methanol. The precipitate that formed immediately 
was filtered off to give 3.0 g (82~ of dark gray silky crystals. After 
recrystallization from ethanol with the addition of activated carbon, 
the substance formed colorless needles with mp 226-227* C. UV spec- 
trum, Xmax, nm (log s): 270 (4.52), 380 (4.28), (in dimethylform- 
amide). Found, %: C 79.24, 79.49; H 5.50, 5.58. Calculated for 
(CzaHIgONs), %: C 78.88; H 5.24. 

6,7-Diphenyltndolino[6, 6]pyrazine (VII). a) A suspension of 0.73 g 
of VI in 20 ml of 40% caustic soda was boiled with stirring for 6 hr, 
after which it was filtered off from the alkali. The residue was dis- 
solved in methanol, the solution was filtered, and the filtrate was 
evaporated in vacuum to give 0.6 g (quantitative yield) of bright yellow 
needles with mp 260-260.5* C (from methanol). UV spectrum, )'max, 
nm (log e).~ 255 (4.42), 295 (4.36), 425 (4.17) (in methanol). Found, %: 
C 81.59, 81.64; H 5.59, 5.60. Calculated for (C2zHnN3), 0]o: C 81.70; 
H 5.29. 

b) A solution of 2.1 g of x I  in 40 ml of methanol was treated with 
4 ml of hydrazine hydrate and a small amount of Raney nickel After 

the end of the reaction, the solution was filtered and a solutionof 2.25 
of benzit in 10 ml of methanol was added. A precipitate deposited 
immediately, and this was filtered off to give 2.6 g (81%) of VIt, mp 
259-260 ~ C (from dimethylformamide). 

1- Acetylphenanthro[9,10 - b]lndolino[5, 6- e]pyrazine (vm) .  A 
solution of 2.2 g of phenanthraquinone in 20 ml of acetic acid was added 
to a hot solution of 1.9 g of I in 60 ml of methanol. The precipitate 
that deposited immediately was filtered off after the reaction mixture 
had been cooled, giving 2.6 g (72%) of a greenish-yellow powder. 
After recrystallizatinn from dimethylformamide in the presence of 
activated carbon it formed bright yellow needles with nap 3 3 1  ~ c. uv  
spectrum, kmax, nm (log s): 400 (4.12), 425 (4.23) (in dimethylform- 
amide). Found, %: C 79.51, 79.50; H 4.79, 4.80. Calculated for 
(Cz4HnONs), 0]0: C 79.32; H 4.72. 

Phenanthro[9, lO-b]tndoliao[5, 6-e]pyrazine (IX). A solution of 
1.05 g of XI in 20 ml of methanol was treated with 2 ml of hydrazine 
hydrate and a small amount of Raney nickel. After the end of the re- 
action, the mixture was filtered and the filtrate was treated with a 
solution of t.1 g of phenanthraquinone in 35 ml of 70% acetic acid. 
The precipitate that deposited was filtered off to give 1.2 g (75~ of 
a dark residue. After recrystallization from nitromethane in the pres- 
ence of activated carbon, it formed greenish yellow crystals with mp 
288-289 ~ C. UV spectrum, kmax, nm (log e): 270 (4.57), 320 (4.59), 
412 (3.98), 465 (4.21) (in dimethylformamide). Found, %: C 82.09. 
82.31; H 4.41, 4.52. Calculated for (CzzHlsNs), 0]0: C 82.21; H 4.70. 

6, 7-Diphenylindolo[5, 6]pyrazine (X). A solution of 1 g of VII in 
40 ml of xylene was treated with 0.76 g of chloranil, and the mixture 
was boiled for 10 hr. After the end of the reaction, the solvent was 
driven off and the residue was treated with 10% caustic soda. The 
precipitate was filtered off and extracted with ether in a Soxhlet ap- 
paratns. The extract was evaporated in vacuum to give 0.6 g (62%) 
of a yellow substance, mp 23i-231.5" C (from carbon tetrachloride). 
UV spectrum, Xmax, nm (1% s): 245 (4.39), 295 (4.64), 376 (4.22) 
(in methanol). Found, 0]0: C 82.25, 82.26; H 4.64, 4.78. Calculated 

for (CzzH15N3), %: C 82.21; H 4.70. 
The course of the reactions was followed and the purity of the 

compounds obtained was checked by thin-layer ascending chromatog- 
raphy in a nonfixed layer of alumina of Brockmann activity II. The 
UV spectra were taken on an SF-4A imtrument. 

REFERENCES 

i. A. P. Terent'ev, E. V. Vinogradova, V. P. 
Chetverikov, and V. S. Lenenko, KhGS [Chemistry of 
Heterocyclic Compounds], 5, 258, 1969. 

2. L. Gratton, Union Med. Canada, 80, 679, 1960; 
C. A., 54, 19947, 1960. 

3. H. C. Koppel and I. L. Hoinberg, J. Org. Chem. , 
28, 1119,  1963. 

4. H.  O s s u k a  and  I.  Shoj ,  J .  A n t i b i o t i c s  ( T o k y o ) ,  

S e t .  16 ( 1 ) 5 2 ,  1963;  C.  A . ,  60, 4250 ,  1964. 

5. S. K u s h n e r ,  J .  A m .  C h e m .  S o c . ,  74, 3318 ,  

1952.  

6. S. N a t e l s o n ,  I. L u g o v o y ,  and  J .  P i n e u s ,  A r c h .  

B i o e h .  B i o p h y s . ,  23, 157, 1949.  

21 N o v e m b e r  1966 M o s c o w  S ta te  U n i v e r s i t y  


