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m.p. 91-92'; A::: 6.39 p (C=C): A?::H 282 mp ( 6  13,100), 277 
(13,100), and 229 (25,900); no shift was observed after addition 
of a drop of 5 N HCl; n.m.r. (CClr) indicated nine aromatic 
protons a t  6.8-7.7, six protons [N(CH&] a t  3.06, and three 
protons(CCH,) a t  2.4p.p.m. 

Anal. Calcd. for C17H18NZ: C, 81.56; H ,  7.25; N, 11.19. 
Found: C,81.77; H,7.33; N ,  11.23. 

1-( Dimethylamino)-3-methyl-2-me thylene-3-phenylindoline 
(IX).-Asolutionof 53.2g. (0.2mole)of Vbin200ml. of absolute 
ether was added to a Grignard solution prepared from 14.4 g. 
(0.6 g.-atom) of magnesium turnings and 85 g. (0.6 mole) of 
methyl iodide in 600 ml. of ether. The reaction mixture was 
heated at reflux temperature for 2 hr. With cooling, 300 ml. of 
a saturated ammonium chloride solution was added. The or- 
ganic layer was washed with water, dried (KzCO,), and evapo- 
rated to give a pale yellow solid. Recrystallization from 2- 
profanol .gave yellow crystals: 40.2 g. (76%); m.p. 68-69'; 
AE:xH 6.03 p ( C e C ) ;  273 mp (e 15,800); n.m.r. showed 
nine aromatic protons a t  6.4-7.3, two protons a t  3.8 and 4.2 
(-CH,), six protons a t  2.9 [N(CH&], and three protons at  1.65 
p.p.m. (CH,). 

Anal. Calcd. for CI~HZONZ: C, 81.78; H, 7.62; N ,  10.59. 
Found: C,81.60; H,7.50; N, 10.48. 

3-Benzyl-1-( dime thy lamino)-3-phenylindoline Hydrochloride 
(X).-The reduction of 14.5 g. of Vc was carried out with 8 g. 
of lithium aluminum hydride in 500 ml. of absolute ether a t  
reflux temperature for 16 hr. I t  was worked up as in the prepa- 
ration of VI.  The crude product, m.p. 4G45', was very soluble 
in every organic solvent. It was dissolved in 100 ml. of cyclo- 
hexane and an excess of HC1 gas was introduced. The hydro- 
chloride was recrystallized from acetone to  give 11.3 g. (73%) 
of a white crystalline product, m.p. 196-198'. There was no 
absorption in the carbonyl region of the infrared spectrum. 

Anal. Calcd. for C23H2&1NZ: C, 75.61; H, 6.90; N, 7.67. 
Found: C,75.53; H,  6.83; N, 7.69. 
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Condensation of 2-amino-3-methylpyrazine or its N-methyl analog with the Vilsmeier reagent furnished the 
Various transformations of these compounds, including the corresponding 4,7-diazaindole-3-carboxaldehydes. 

elaboration of 4,7-diaza analogs of gramine, tryptophane, and tryptamine, are reported. 

While numerous examples of indole analogs con- 
taining one or more nitrogen atoms in the benzenoid 
ring have been recorded in the literature, the 4,7- 
diazaindole ring system has not been previously re- 
ported. In  connection with our interest in certain 
phases of pyrazine chemistry,' we discovered a conven- 
ient synthetic route to aldehyde derivatives of this 
new heterocyclic nucleus. The reaction involves 
treatment of 2-amino-3-methylpyrazines with the 
Vilsmeier reagent. 

Recently, Arnold2 reported the reaction of 4-picoline 
with the Vilsmeier reagent to give either 2-(4-pyridyl)- 
malonaldehyde or 3-dimethylamino-2-(4-pyridyl)acro- 
lein, depending on work-up conditions. Subsequently, 
Bredereck and Simchen3 described the preparation 
of 2-(4-pyrimidyl)malonaldehyde from 4-methylpyrim- 
idine under similar conditions. 

Treatment of 2-methylamino-3-methylpyrazine (Ia) 
with the preformed phosphorus oxychloride-dimethyl- 
formamide complex furnished an immonium salt, IIIa, 
which, after hydrolysis, afforded a new crystalline 
compound with empirical formula, CsH7N30, indicating 
the incorporation of two additional carbon atoms. This 
was assigned the structure, l-methyl-4,7-diazaindole-3- 
~arboxaldehyde~ (IIa), on the basis of the following 
evidence. Spectral data indicated the formation of 
a new chromophoric system, including a carbonyl 
function generated from the immonium salt; this could 

(1) W. B. Lutz, 8. Lazarus, S. Klutchko, and R. I .  Meltzer, J .  Oro. 

(2) 2. Arnold, Collection Czech. Chem. Commun., IS, 863 (1963). 
(3) H. Bredereck and G. Simchen, Angew. Chem. Intern. Ed. Enol., 

I, 738 (1963). 
(4) According to  the systematic Chemical Abstracts nomenclature, com- 

pound IIa is 5-methyl-5H-pyrrolo[2,3-b]pyrazine-7-carboxaldehyde. Be- 
cause of greater clarity and conciseness, the designation of these compounds 
as diazaindoles is preferred by the authors. 

Chem., 89, 1645 (1964). 

be confirmed by the formation of aldehyde derivatives. 
Further verification of the assigned structure was pro- 
vided by the n.m.r. spectrum which showed, in addi- 
tion to the three N-methyl protons (4.02 p.p.m.) and 
protons on positions 5 and 6 (quartet centered at  8.50 
p.p.m.), two one-proton singlets a t  10.23 and 8.28 
p.p.m.,, ascribed to the aldehyde and C-2 protons, 
respectively. 

DMF 

I 111 

R CHs 
I1 IVa 

a, R= CHI 

It was also found that 2-amino-3-methylpyrazine6 
(Ib) condensed with the Vilsmeier reagent to furnish 
the high-melting 4,7-diazaindole-3-carboxaldehyde 
(IIb), although no immonium derivative, analogous 
to IIIa, could be isolated in this case. The N-un- 
substituted aldehyde (IIb) was converted to I Ia  on 
treatment with dimethyl sulfate. 

While the formation of the aldehydes (11) might be 
rationalized in terms of an intermediate such as V, 

b, R = H  

(5) H. Gainer, M. Kokoruda, and W. K. Langdon, J .  078. Chem., 16, 
2360 (1961). 
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by analogy to the formation of malonaldehyde deriva- 
tives from similar methyl heterocycles,2J the presence 
of the amino group introduces a complicating factor. 
Thus, reaction of 2-amino-3-methylpyrazine (Ib) 
with a limited amount of phosphorus oxychloride 
in dimethylformamide furnished N,N-dimethyl-N'-c3- 
methyl-2-pyraziny1)formamidine (VI). Whether or 
not VI is an intermediate in the formation of IIb, 
several alternative pathways for ultimate conversion 
to IIb appear to be reasonable. It has not been pos- 
sible to distinguish between these paths. 

When the immonium salt I I Ia  was subjected to 
borohydride reduction, rather than hydrolysis, 1- 
met h y l-4,'I-diaz agramine (IVa) was obtained and 
characterized as the dihydrochloride. While the cor- 
responding immonium salt I I Ib  could not be isolated, 
4,7-diazagramine (IVb) was obtained in excellent 
yield by borohydride reduction of the aldehyde I Ib  in 
the presence of a large excess of aqueous dimethyl- 
amine. While similar reductive alkylations using 
borohydride in neutral solution have been reported,6 
the ability of I Ib  to act as an efficient alkylating agent 
under these conditions appears to be due to formation 
of the corresponding anion in the highly basic reaction 
medium, since reduction of the related N-methyl- 
aldehyde I Ia  under these conditions gave only the cor- 

kH3 
VI1 

IVb 

CHzC (C0zCzHs)a HCI fNm &HCOZCHs + 
N N  

H 
VI11 

CeHsCOCH3 ~ 

A 

H 
IX 

CH&HzN=C(CHs) CsHs H30+ - 
H 

X 

XI 
(6) K. A. Schellenberg, J .  Org. Chem., 38, 3259 (1963). 

responding alcohol (VII) which was also obtained by 
reduction in methanol. 

In  spite of the electron-withdrawing properties of the 
pyrazine nucleus, IVb reacted smoothly with acetamido- 
malonic ester, as do gramine' and 7-a~agramine,~ to 
give the amino acid precursor VIII. Acid hydrolysis 
and decarboxylation then furnished 4,7-diazatrypto- 
phane (IX). Thermal decarboxylation of this amino 
acid in acetophenoneg gave the Schiff base (X), which 
was then converted by aqueous acid to 4,7-diazatrypt- 
amine (XI), characterized as the sulfate. 

The shift in ultraviolet absorption maxima to longer 
wave length in going from the aldehydes (11) to com- 
pounds bearing saturated substituents a t  position 3 
in this series is presumably due to more effective con- 
jugation of the pyrrole ring with the electron-deficient 
pyrazine ring in the absence of additional electron- 
withdrawing groups attached to the pyrrole moiety. 
This is in contrast to the situation in the indole series 
where the benzene ring is not electron deficient; here 
the 3-carboxaldehydeio absorbs at  longer wave lengths 
than other indoles such as gramine." 

Experimental Section 
Dimethyl [ (l-methyl-4,7-diazaindol-3-yl)methylene] ammonium 

Chloride (III).-To a solution of 326 g. (2.1 moles) of phos- 
phorus oxychloride in 700 ml. of dimethylformamide was added 
a solution of 87 g. (0.71 moles) of 2-methylamino-3-methyl- 
pyrazine (Ia) in 100 ml. of dimethylformamide. After the initial 
mildly exothermic reaction had moderated, the mixture was 
heated on a steam bath for 3 hr. Filtration of the cooled 
reaction mixture furnished 75.5 g. of the crude dimethylimmo- 
nium derivative 111. A small portion of this salt was recrystal- 
lized twice from methanol, giving tan crystals: m.p. 273-275" 

Anal. Calcd. for C10H13ClN4: C, 53.45; H, 5.83; C1, 15.78; 
N, 24.94. Found: C, 53.35; H, 6.05; C1, 16.04; N, 24.25. 

l-Methyl-4,7-diazaindole-3-carboxaldehyde (IIa) . A. From 
2-Methylamino-3-methylpyrazine.-The crude immonium salt 
(70 g: of 111) was heated briefly in 350 ml. of water; the resulting 
solution was treated with charcoal and extracted with a total of 
1 1. of methylene chloride after the addition of solid potassium 
carbonate. The organic extracts were dried and evaporated, 
leaving 46 g. (41%) of the 1-methylaldehyde 11, m.p. 148-150'. 
Recrystallization from ethyl acetate furnished pale yellow crys- 
tals: m.p. 149-150'; v::? 1680 cm.-l; 259 mp (e 
13,180), 292 mp (E 11,200). 

Anal. Calcd. for C8H7N30: C, 59.62; H, 4.38; N ,  26.07. 
Found: C, 59.55; H,  4.54; N ,  25.80. 

The thiosemicarbazone (m.p. 238-240' dec.) was obtained by 
brief heating of a solution of the aldehyde IIa and thiosemicar- 
bazide in 0.05 N aqueous acetic acid. 

Anal. Calcd. for C9HI0N6S: C, 46.14; H, 4.30; N,  35.87. 
Found: C, 45.91; H, 4.26; N, 35.81. 

B. From 4,7-Diazaindole-3-carboxaldehyde.-To a stirred 
solution of 200 g. (1.36 moles) of the unsubstituted aldehyde I Ib  
in 3 1. of 50% aqueous methanol containing 700 g. of potassium 
carbonate, 189 g. (1.5 mole) of dimethyl sulfate was added 
rapidly, causing the temperature to rise to 75". During the 
next 2 hr., a total of 90 g. (0.71 mole) of dimethyl sulfate was 
added in two portions. After having been stirred for an addi- 
tional 1 hr., the methanol was evaporated and solid potassium 
carbonate waa added. The resulting crude 1-methylaldehyde 
IIa  was extracted into methylene chloride. The dried organic 
extracts were treated with charcoal and evaporated to dryness. 
This left 100 g. of crude IIa, m.p. 138-142'. Recrystallization 

dec ., . yNuK'l C-N 1580, 1650 cm.?. 

(7) E. E. Howe, J. A. Zambito, H. R.  Snyder, and M. Tishler, J .  A m .  

(8 )  M. M. Robison and B. L. Robison, ibid., 77, 457 (1955). 
(9) G. Chatelus, Compt. rend., 348, 690 (1959). 
(10) R. A. Morton and N. 1. Fahmy, Nature, 183, 939 (1958). 
(11) T. A. Geissman and A. Armen, J .  Am. Chem. SOC., 74, 3916 (1952). 

Chem. Sac., 67,38 (1945). 



3456 KLUTCHKO, HANSEN, AND MELTZER VOL. 30 

from methanol gave 57 g. (260j0) of IIa, m.p. 14&150', identical 
in all respects with material prepared by route A. 
4,7-Diazaindole-3-carboxaldehyde (IIb) .-To a solution of 460 

g. (3 moles) of phosphorus oxychloride in 1 1. of dimethylform- 
amide a t  55' ,  109 g. (1 mole) of 2-amino-3-methylpyrazine (Ib) 
waa rapidly added. The temperature of the resulting dark 
solution was held at  110' by ice-bath cooling until the initial 
exothermic reaction had moderated. After 2 hr., when the tem- 
perature had dropped to 70', the viscous reaction mixture was 
slowly poured into water. Periodic addition of ice maintained 
the temperature a t  55'. The pH of the resulting solution (3 1.) 
waa raised to ca. 2 by addition of 10 M potassium hydroxide solu- 
tion, whereupon the aldehyde I Ib  separated as a tan solid. The 
cooled mixture was filtered and the solid waa washed in turn 
with water, 2-propanol, and petroleum ether (b.p. 30-60'). 
The crude aldehyde, m.p. 313-315', weighed 84 g. (56y0) and 
was suitable for further reactions. 

For purification, 20 g. of the above product waa dissolved 
in 300 ml. of dilute sodium hydroxide, and the solution was 
clarified and neutralized with acetic acid. The resulting light 
tan solid was filtered and washed with water, giving 18.7 g. of 
pure IIb: m.p. 315-317'; 1674 cm.-l; 257 mp 
(e 10,830), 292 mp (e 12,300); 

Anal. Calcd. for CTHE,NIO: C, 57.14; H, 3.43; N ,  28.57. 
Found: C, 57.00; H,  3.30; N, 28.58. 

Because of its low solubility in useful solvents, the n.m.r. 
spectrum of this compound waa not obtained. 

N,N-Dimethyl-N'-(3-methyl-2-pyrazinyl)formamidine (VI).- 
To a cooled solution of 38 g. (0.25 mole) of phosphorus oxychlo- 
ride in 110 ml. of dimethylformamide, 27.3 g. (0.25 mole) of 2- 
amino-3-methylpyrazine (Ib) was added, keeping the tempera- 
ture below 50'. The resulting solution was allowed to stand 
overnight a t  room temperature. After removal of most of the 
dimethylformamide in vacuo, the dark, viscous residue was 
added, with cooling, to 600 ml. of 10 N potassium hydroxide. 
The resulting mixture was warmed 1 hr., cooled, and extracted 
with ether, Some 2-amino-3-methylpyrazine was removed by 
filtration and the ethereal filtrate was dried and evaporated, 
leaving 15 g. of viscous oil. Distillation of 10 g. of this oil 
furnished 6.5 g. (24y0) of the formamidine VI as a pale yellow 
oil, b.p. 105' (0.3 mm.). A small amount of unchanged Ib waa 
also obtained as a lower boiling fraction. A center cut of the 
formamidine was used for analysis: 1.6067, YE:_", 1620 
cm.-l; h:zE"Oa 218 mp (e 3340), 266 (18,700), 333 (12,850). 

Anal. Calcd. for CSHlzN4: C, 58.51; H, 7.31; N ,  34.12. 
Found: C, 58.27; H,  7.40; N, 34.06. 

Acid hydrolysis of this formamidine furnished 2-amino-3- 
methylpyrazine (Ib) , identical in all respects with anthentic 
material. 
l-Methyl-4,7-diazagramine (IVa) .-Potassium borohydride (1 

g., 0.02 mole) waa added to a stirred solution of 2.2 g. (0.01 mole) 
of purified immonium salt I11 in 75 ml. of methanol. After 1 hr. 
the solvent was removed and the residue was taken up in water. 
After saturation with potassium carbonate, the aqueous mixture 
was extracted with ether. Hydrogen chloride was added to the 
dried ether solution, precipitating a hygroscopic yellow salt, 2.3 
g., m.p. 235-237' dec. Two recrystallizations from methanol- 
ether gave the pure dihydrochloride of IV: 2.0 g.; m.p. 237- 
239' dec.; 2000, 2100, 2400 cm.-l; 220 mp (e 
17,200), 294 (8700), 300-308 (8600). 

Anal. Calcd. for CloH14Na.2HCl: C, 45.64; H,  6.13; N,  
21.29; C1, 26.94. Found: C, 45.89; H,  6.21; N, 21.34; C1, 
26.81. 

4,7-Diazagramine (IVb).-To a cooled solution of 42 g. (0.28 
mole) of 4,7-diazaindole-3-carboxaldehyde (IIb) in 140 ml. of 
40y0 aqueous dimethylamine and 400 ml. of water, 24 g. (0.63 
mole) of solid sodium borohydride waa added during 15 min. 
The mixture was stirred for 2 hr. a t  room temperature; it 
was then cooled and saturated with solid potassium carbonate 
and extracted with methylene chloride. The organic extracts 
were dried over potassium carbonate and evaporated, leaving 41 
g. (82y0) of the gramine analog IVb as a yellow, amorphous solid, 
m.p. 150-153'. This material was pure enough for use in further 
reactions. Recrystallization from ethyl acetate gave white 
crystals: m.p. 155-157'; 215 mp (e 15,100), 307 mp (e 
9350). 

Anal. Calcd. for C9H1ZN4: C, 61.34; H, 6.86; N,  31.71. 
Found: C, 61.57; H ,  7.00; N ,  31.63. 
3-Hydroxymethyl-l-methyl-4,7-diazaindole (VII).-Potassium 

borohydride (2.69 g., 0.05 mole) waa added to a cooled solu- 

282 mp (e 76,000). 

tion of 8 g. (0.05 mole) of l-methyl-4,7-diazaindole-3-carbox- 
aldehyde (IIa) in 200 ml. of methanol. After stirring for 3 hr. 
a t  room temperature, the solvent waa removed and the residue 
waa taken up in 100 ml. of water. The resulting solution was 
saturated with solid potassium carbonate and extracted with 
methylene chloride. Evaporation of the organic solvent, after 
drying, left 7.6 g. (%yo) of the light yellow alcohol, m.p. 12% 
130'. Recrystallization from ethyl acetate furnished 5.3 g. 
(65%) of the pure alcohol VI1 aa pale yellow needles: m.p. 
129-131'; Y:;;"' 3350 cm.-l; X:zEEtoH 227 mp (e 17,250), 307 
mp (e 8451). 

Anal. Calcd. for C8H9N30: C, 58.88; H,  5.56; N,  25.75. 
Found: C, 58.72; H, 5.72; N,  25.83. 

This alcohol was also obtained by the reduction of 1 g. of the 
aldehyde IIa in 16 ml. of 20% aqueous dimethylamine with 1 g. of 
potassium borohydride. 

Diethyl a-Acetamido-a-[3-(4,7-diazaindolyl)methyl]malonate 
(VIII) .-To a hot, azeotropically dried mixture of 6 g. (0.15 mole) 
of sodium hydroxide in ca. 1500 ml. of xylene was added 75.6 g. 
(0.43 mole) of 4,7-diazagramine (IVb) and 94.5 g. (0.435 mole) 
of diethyl acetamidomalonate. The mixture waa refluxed for 6 
hr. and then filtered while hot to remove sodium hydroxide. 
On cooling, 68.5 g. (46%) of the product (VIII) was obtained as 
yellow crystals, m.p. 163-165'. A further 6.0 g. of less pure 
material was obtained from the mother liquors after standing for 
several days. Extending the heating period to 18 hr. did not 
increase the yield. 

Two recrystallizations from ethyl acetate furnished the analyt- 
ically pure diester VIII as white crystals: m.p. 165-167'; 
vi;ljo' 3100, 3150 cm.-1; v:?:' 1680, 1735 cm.-1. 

Anal. Calcd. for C16HZaN4O5: C, 55.17; H,  5.79; N,  16.08. 
Found: C, 55.38; H, 6.00; N, 16.30. 

4,7-Diazatryptophane (IX).-A solution of 17.4 g. (0.05 mole) 
of the aminomalonic ester derivative VI11 in 250 ml. of concen- 
trated hydrochloric acid was heated on the steam bath for 8 hr. 
The solution was evaporated to  dryness; the residue was dis- 
solved in 400 ml. of water and filtered from traces of insoluble 
material. The pH of the filtrate was then adjusted to 7.5-8.0 
with roncentrated ammonium hydroxide. The solution, after 
standing overnight, was filtered to give 9.5 g. (92y0) of the free 
amino acid IX,  m.p. 313-316" dec. For purification this was 
dissolved in dilute hydrochloric acid and reprecipitated by the 
addition of ammonium hydroxide solution to pH 7.5; two such 
isoelectric precipitations furnished 8.0 g. (7779 of 4,7-diaza- 
tryptophane (IX): m.p. 314-316' dec.; Y%' 2500-3100 cm.-l; 
Y:?:' 1560, 1675 cm.-l; 224 mp (e 12,950), 307 mp 
(e 9250). 

Anal. Calcd. for C&oN402: C, 52.42; H,  4.89; N, 27.17. 
Found: C, 52.30; H,  5.12; N,  27.17. 
4,7-Diazatryptamine-Acetophenone Schiff Base (X) .-In an 

open beaker a slurry of 12.5 g. (0.06 mole) of pulverized 4,7- 
diazatryptophane (IX) and 300 ml. of acetophenone was stirred 
and heated to 180-185', when decarboxylation occurred. After 
15 min., when all the solid had dissolved, the mixture was cooled 
and filtered, and the resulting solid was washed with 2-propanol, 
giving 8 g. (Soy0) of the Schiff base X, m.p. 203-205". Addi- 
tional crude material could be recovered from the filtrate by the 
addition of petroleum ether. Reaction conditions were found to 
be rather critical; thus higher temperatures, longer heating 
periods, and retention of the water formed in the reaction all 
affected the yield and quality of the product adversely. For 
analysis, material from the first fraction obtained above was re- 
crystallized twice from 2-propanol giving X as a light tan solid: 
m.p. 213-215'; v::'! 1580, 1630 cm.-'. 

Anal. Calcd. for ClaHleN4: C, 72.70; H,  6.10; N ,  21.20. 
Found: C, 72.63; H, 6.34; N,  21.04. 

4,7-Diazatryptamine Sulfate (XI).-A solution of 8 g. (0.03 
mole) of the Schiff base X in a mixture of 100 ml. of 3 N hydro- 
chloric acid and 200 ml. of benzene was heated on the steam bath 
for 30 min. The mixture waa cooled and separated. The aque- 
ous layer was washed twice with ether to remove acetophenone. 
The solution was made basic and saturated with potassium car- 
bonate, then extracted with ethyl acetate. The resulting ethyl 
acetate solution was dried (potassium carbonate), decolorized 
with charcoal, and acidified with hydrogen chloride, giving 4.5 g. 
(63y0) of 4,7-diazatryptamine dihydrochloride, m.p. 255-258' 
dec. After recrystallization from methanol-isopropyl alcohol, the 
yellow salt had m.p. 258-260' dec., but satisfactory analytical 
data could not be obtained. 
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For conversion to the sulfate XI, the purified dihydrochloride 
(5 9.) was dissolved in 8 ml. of water and treated with 12 ml. of 
9 N sulfuric acid. Addition of 160 ml. of 2-propanol gave the 
sulfate XI as an oil which crystallized on standing and, after 
trituration with methanol, had m.p. 222-224' dec. Recrystal- 
hat ion,  by the addition of absolute ethanol to a concentrated 
aqueous solution, did not change the melting point. This pure 
salt showed y ~ ; ~  2120, 250(1-3200 cm.-l; pf: 222 mp (e 
15,600), 308 mp (e 8950). 

Anal. Calcd. for CsHnNa04S: C, 36.92; H, 4.65; N ,  21.55. 
Found: C, 36.96; H, 4.85; N,  21.47. 

Acknowledgment.-The authors are indebted to Mrs. 
u. Zeek for the elemental analyses, to Mr. R. Puchalski 
for spectral data, and to M ~ .  G~~~~~ conrad for the 
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Nitration in concentrated nitric acid of 2-methylindole and 1,2-dimethylindole gives the corresponding 3,6- 
dinitroindoles 5 and 16; 5 was also obtained from 2-methylindole-3-carboxaldehyde and 2-methyl-&nitroindole (3). 
2-Methyl-3-nitroindole ( 1 ) and 2-methyl-3H-indol-3-one oxime (2) gives both 5 and 3,4dinitro-2-methylindole 
(6);  6 was also obtained from 2-methyl-4nitroindole (4). Further nitration of 5 and 16 or their precursors gives 
the 3,4,6-trinitroindoles 7 and 17; 3-acetyl-2-methyl-4nitroindole (9) and 4 also gave 7. Nitration in concen- 
trated nitric acid of 2-methyl-5-nitroindole (20) and 1,2-dimethyl-5-nitroindole (27) gives the corresponding 
3,5-dinitroindoles 22 and 28. Further nitration of 22 and 28 (or 27) gives the 3,5,&trinitroindoles 24 and 31; 
24 was also obtained from the 1-acetyl derivative (21) or 20. Dimethylation of 22 gave 3,5-dinitro-2-ethyl-l- 
methylindole (36), aa proved by preparation from 2-ethylindole via the 5-nitro (34) and 3,5-dinitro (35) deriva- 
tives and methylation to 36. Nitration in concentrated sulfuric acid of 1,2,3-trimethylindole and 2,3,R-trimethyl- 
3H-indole gives the corresponding 5-nitro derivatives 41 and 43. The differing mechanisms of nitration of in- 
doles in sulfuric acid and in nitric or acetic acids are discussed, and a set of orientation rules for nitration of 
2-alkylindoles is presented. 

I n  this paper the nitration in concentrated nitric 
acid of 2-methylindole and its derivatives (including 
the 1-methyl, 3-acetyl, 3-formyl, and 3-, 4-, 5-, and 6- 
mononitro derivatives), which leads to dinitro and ulti- 
mately to trinitroindoles, is described. The structures 
of all the nitration products are rigorously proved, 
and the results are correlated with plausible interpre- 
tations of the differing mechanisms of nitration of 
indoles in concentrated sulfuric acid and in nitric or 
acetic acids. A set of generalizations concerning the 
orientation of nitration of 2-alkylindoles is then pre- 
sented. 

2-Methyl-3,4,6-trinitroindole Series.-Nitration of 
2-methylindole with cold fuming nitric acid (d 1.50),* 
or by warming to about 50" with a large excess of con- 
centrated nitric acid (d 1.38-1.42) until a vigorous 
reaction begins (accompanied by evolution of NO2 
fumes);4J gives a dinitro derivative (5 ) .  Nitration 
of 2-methylindole or of 5 past the dinitro stage by 
heating with nitric acid on a steam bath for 30 min. 
gives a trinitro derivatives (7). Nitration of 2- 
methyl-3-nitroindole (1) and of 2-methyl-3H-indol-3- 
one oxime (2, accompanied by oxidation) is also re- 
ported6 to give 5 ,  although no details of the compari- 

(1) Paper 11: W. E. Noland, L. R. Smith, and D .  C. Johnson, J .  OW. 
Chem., 18,2262 (1963). 

(2) Taken in part from (a) L. R. Smith, Ph.D. Thesis, University of 
Minnesota, May 1960; Dissertation Abstr.. 31, 1766 (1961) [it is a pleasure 
to acknowledge support of this portion of the work through a Frederick 
Gardner Cottrell Grant from the Research Corporation (195&1959), to the 
Upjohn Co. for a summer fellowship (1959), and to the Dow Chemical 
Co.  for an academic year fellowship (1959-1960)l; and (b) K. R. Rush, 
Ph.D. Thesis, University of Minnesota, Sept. 1963; Diaaertation Abetr., 
11, 2241 (1964) ; National Science Foundation Graduate Fellow, June 
1961-Sept. 1963. 

(3) C. Zatti, (a) Gam. chim. itol., 19, 260 (1889); J .  Chem. Soc. Abatr., 
18, 897 (1890); (b) Atti reale accad. Lincei, Rend. chase aci. As. mat. nat., 
141 5, I,  376 (1889); Chem. Ber., 33, Referate, 155 (1890). 

(4) R. von Walther and J. Clemen, J .  prakt. chem., [2] 11, 249 (1900). 
(5) F. C. Mathur and R. Robinson, J .  Chem. Soc., 1415 (1934). 

son were reported. Nitration of 2-methylindole-3- 
carboxaldehyde in acetic acid has recently been re- 
ported? to give 2-methyl-6-nitroindole-3-carboxalde- 
hyde (47%) , the deformylated by-products 3,6-dinitro- 
2-methylindole and 1, and a small amount of an uniden- 
tified compound, m.p. 268-271'. 

from nitration 
with nitric acid of 2-methylindole, of 1, and of 2 
(Chart I), and have also isolated it (as a product of de- 
formylation) from a similar nitration of 2-methylin- 
dole-3-carboxaldehyde. I n  the nitrations of 1 and 2 
we have also isolated an isomeric dinitro-2-methyl- 
indole (6).9 Chromic acid oxidation of 5 gave N-acetyl- 
4-nitroanthranilic acidlo (10). Since 5 has been de- 
rived from l and 2, this proves that 5 is 3,6-dinitro-2- 
methylindole. 

Nitration of 3-acetyl-2-methylindole in acetic acid 
at  0" gave 1 (a product of deacetylationll) and two 
mononitro-3-acetyl-2-methylindoles 8 and 9.  Chromic 

We have confirmed the isolation of 

(6) (a) A. Angeli and F. Angelico, Atti reale accad. Lincei, Rend. claaae 
eci. As. mat. not., 151 11, I, 344 (1903); (b) F. Angelico and G. Velardi, 
GUPE. chim. itol., 84, 11, 57 (1904); Atti wale accad. Lincei, Rend. claaae eci. 
As. mt. nut., [51 13, I, 241 (1904); ( 0 )  A. Angeli, Samml. Chem. Chem.- 
Tech. Vortr., 17, 311 (1912). 

(7) G. Berti, A. Da Settimo, and 0. Livi, Tetrahedron, 10, 1387 (1964). 
(8) Compound 5 sublimed on the hot stage at about 260°, darkened a t  

290°, and melted at 3 0 5 O  with decomposition. When the melting point 
was taken in a capillary tube, a wide range of melting points was observed 
between 250 and 305O, depending upon the rate of heating, a8 the compound 
sublimes. Hence, it  is not surprising that a wide range of melting points 
has been reported: dec. upon heating,' m.p. 260' dec.,sb 265-267",6 26S0,4 
300-302".7 

(9) I t  seems possible to us that the unidentified compound, m.p. 268- 
271°,1 isolated from nitration of 2-methylindole-3-carboxaldehyde in acetic 
acid may be an impure sample of 6 (3,4-dinitro-2-methylindole, m.p. 284- 
285' dec.). 

(10) 9. Hillers, A. Lokenbachs, and L. Majs, Latuijaa P S R  Zinafnr Akad. 
Veetis, No. 3 (Whole No. 32), 7 (1950); Chem. Abatr., 48, 9965 (1954). 

(11) Analogoua to the deformylation which occurred during the nitration 
of 2-methylindole-3-carboxaldehyde. The probable mechanism of this 
displacement by nitronium ion haa already been discussed.? 


