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The prepar;ltion of 2-l~y1-idyllrydraz011es and their therlnal inclolization to 2- and 3-mono- 
s~~bs t i tu l ed  and 2,3-disubstituted 7-azaii~cloles, and to 3,3-disc1bstit~1ted and 2,3,3-trisubsti- 
tutecl 7-;lzai~~doleni~~cs are described. Atternpls to cause thermal iildolization of t\vo 2-(5- 
~iitropl-rid~.l)hydmzones \\,ere unsuccessfui. 

Azaindolcs of the types I ,  11, 111, and IV are of chcmical interest because they contain 
the a-clectron deficient pyridinc nucleus fused to the a-electron excessive pyrrole nucleus 
( I ) ,  and their relationship to indole adds biocllemical interest. In the cases of I and I1 
additional similarities to purine are apparent. The biological activity of azaindoles might 
be espectecl to be sinlilar to that  of the corresponding indoles and purines but with 
potentially useful differences. The possible use of azaindoles as purine antimetal~olites has 
stimulated other investigations (2), and sonle evidence of note~vorthy biological activity 
of 7-azatryptophan (In) is available (3). Neither the parent heterocycles nor simple 
derivatives of azaindoles seem to occur in nature, but the presence of the p-carboline 
nucleus V in certain allcaloids is well 1i1l011m (4). 

Several investigations of azaindoles (I ,  11, 111, and IV) have been reported by Clemo 
(j), I-Ierz (6), AlIoller (7), and Robison (S), and currently by Albert (9) and Badger (2). 
Numerous 2,3-dihydroazaindole derivatives have been reported by Yalchontovand Iiubtsov 
( lo) ,  and Ficlcen and I<endall (11) have prepared some azaindolenines (e.g. VIb). The 
methods employed in the preparations of azaindoles have been predominantly adaptations 
of standard illdole syntheses and involve the formation of the pyrrole ring on the pyridine 
ring. For example, preparations based on the hlladelung (9, 12), Fischer (Sb, 11, 13), 
and Reissert (14) inclole syntheses have been reported (the recent successful application 
of the last method (14) is in contrast to thc earlier reports of failures when this technique 
\\as applied to azaindole syntheses (2, 6)). An interesting method involving photo- 
rhenlical ring contraction to give azaindolcs has been developed (7). Synthetic approaches 
involving the forn1a:ion of a pyridine ring on an existing pyrrole nucleus have met with 
only modest success (15). 

7-:Jzaindoles have received more attention than the other azaincloles, and the parent 
hetcroc!-cle I is available in a good yield by a inodification of the AIadelung synthesis 
(12) ancl by reaction of 3-pyridylacctylene with sodamide (16), or, less readily, through 
the photochemical route (7b). The base occurs in coal tar (17) and as a pyrolysis product 
oi nicotiile (IS). 'The 2-, 3-, -4, 5 ,  and 6-methyl-7-azaindoles have been prepared by 
the :\4adelung technique (5a, 9, 19), and G-amino-2,3-dip11enyl-7-azaindole (Ib) \\;as 
obtained in a high yield from 2,Ci-diaminopyridine and benzoin in the presence of the 
diaminopyridine hydrochloride (20). 

Probably the most useful nlethod for the preparation of indoles is the Fischer syntl~esis 

' I - ' ,  ~ ,rez l  addrcrs: Departrrzevt of Clzotrislry, Bruilel College, i lctotl ,  Lortdon, W.3, Erzgland. 
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(21). I-Iowever, adaptations of this technique to the synthesis of azaincloles \\,bile using 
the usual acid catalysts have met with only linlited success: 2,3-diphenyl-7-azailldole 
(Ic) (Sa) and 6,7,S,9-tetrahydro-a-carboline (VIIb) (Sa, 13) \yere obtained in a nloderate 
yield, and the technique has been used for the preparation of azaindolenines (VIB) (11). 

v l a  R = H  

V I ~  R=CH3 

The  purely thermal indolization tecllnique reported by 1;itzpatriclc and I-Iiser ('12) 
appeared to  offer advantages for the synthesis of azaindoles from pyridylhydrazones, 
since this method avoids the deactivation caused by quaternization of the pyrid!.l 
nitrogen atom. A brief study of the thermal indolization of pyridylhydrazones as part  
of a more general investigation of thernlal indolization (23) gave encouraging results, 
and the application of this method to the synthesis of 7-azaindoles has been investigated 
in more detail. 

2-Ppridylhydrazi~ze was prepared fro111 Zchloropyridine (24) and then quickly con- 
verted into the 2-pj~ridylhydrazones of acetone, ethyl methyl ketone, isopropyl methyl 
Icetone, acetophenone, cyclopentanone, a-indanone, a-tetralone, propionaldehyde, butyral- 
dehyde, isobutyraldehyde, phenylacetaldehyde, pyruvic acid, and ethyl pyruvate by the 
usual techniques. Refluxing a solution of these 2-pyriclylhydrazones in a high-boiling 
solvent gave the corresponding 7-azaindole in most cases ('I'able 11). (IJnless indicatecl 
in this table an inert atnlosphere \\,as not necessary to  obtain the yields quoted.) 

'ri1BldE I 
p~ 

~~~~~~~ 
-- . - 

Calculated iC%) 1;ound (0;. 1 
Meltii~g - -- 

2-l'yridylhyclmzoi~e of: point Forrn~~la C 1-1 S C 1-1 X 

Cyclopentailoue 91-92" CI~I- l l ,S?  08.0 7.43 68 .2  7.54 
a-lndanone Si-88" CI.,I-IlaX? 1S.S LS. 5 
ru-Tetralolie 112-114° CliI-I isXr 17.7 17.7  
Prooionaldehvde 5-4-55.5" CsFIl1S? 6 4 . 4  7.3s 64 .4  7.5!) 

NOTE: The 2-~)yridylhydrazol1cs of ethyl  n ~ e t h y l  ketone, isopro1,yl n~e t l ry l  ketone, and isobutyraldel~yde mere obtai~le(I only 
as oils and mere not analyzed;  those of acetone, acetophe~~one, pyruvic  acid, and ethyl 1,yrux.ate had melting points ill agreement 
wit11 the literatr~re values ( 2 5 ) .  
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'TABLE I1 
-- ... 

Thermal indolization Calculated (%) Found (%) 2 
Yield t- t- 

2-Pyridylhydrazo~ie of: Solvent* Time (h) .lzaindole (%) Melting point Fornlula C H i\T C H N .: . - -  
-- 

Eth3.1 methyl ketone DEG 7 Id 
Isopropyl metllyl Iretolle DEG (N?) 2 .5  VIb 
Acetophenone TEG 4 I e 
Cyclopen tanone DEG 9 VIIa 
a-Indanone DEG 7 VIIIa 
a-Tetralonc DEG ( 3 2 )  2 VI l I b  
Propionaldehyde UEG (N,) 14 

DEG (N?) 22 
If 

Rutyraldehyde Ig 
Isobutyraldehyde UEG (N2) 12.5 VIa 
I'henylacetaldehyde DEG 1) I lt 
-- 

:KDEG = dietliyleoe glycol; TEG = trietl~ylene glycol. 
tCrvstallized from i,etroleunl ether (b.11. DO-80'). . . 
%~$stallized from ethanol. 
$Crystallized from acetone. 
(/Obtained as  an  oil. b.". 90-110' a t  0.5 mm. 
NOTE: Liquid 3-ethyl-7-azaindole (Is) yielded a picrate by reaction with etlianolic ~ ~ i c r i c  acid. Recrystallization from ethanol gare  yellow needles, 1n.p. 021-23Z.5°. 

;inal. Calcd. for C ~ ~ I I I I K ~ O ~ :  C, 48.0; I-I, 3.47. Found: C. 47.8; 1.1, 3.57. 
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Several attempts \xiere made to cause indolization of acetone 2-pyridylhj.drazone 
under a variety of conditioils; in no case was an azaiildole isolated, but the pyridylhydra- 
zone was recovered in some experiments. This result is in inarlied contrast to the fairly 
ready thernlal indolization of acetone phenylhydrazone (22). All attempts to obtain an 
azaindolc froin the 2-pyridylhydrazones of pyruvic acid and ethyl pyruvate were un- 
successful. 

2-(5-Nitropyridyl)hydrazine, prepared froin 2-chloro-c5-nitropyridi1~e, gave the nitro- 
pyridylhydrazones on reaction with cyclohexanone and ethyl illethyl ketone. Again, all 
attempts to cause indolization failed, though extensive decon~position did occur. In  this 
connection it is interesting that  cyclohexanone P-nitrophenylhydrazone gives only a 
poor yield of 6-nitro-1,2,3,4-tetrahyclrocarbazole by a purely thermal technique (23) 
but gives a high yield when both an elevated temperature and an acidic medium are 
used (24). 

These results are in agreement with the idea that  protonation of the hydrazino ilitrogen 
atom is not essential in the Fischer indole sy~lthesis but may be necessary for success 
when indolization is difficult (21). IHowever, when pyridylhydrazones are used, the 
acidic reaction mediuin deactivates the nucleus for the electrophilic cyclizatioil stage of 
the reaction, thus nlalii~lg the purely thermal method particularly useful in this series, 
though not successful, in the examples examined, where the pyridyl nucleus contains an 
electron-withdrawiilg nitro substituent, nor when enehydrazine formation is difficult (as 
is presumably the case for acetone 2-pyridylhydrazone). 

E S P E R I  MENTLIL 
2-Pyridylhydraz07les 

Eqdirnolecular qua~~ t i t i e s  of 2-pyridylhydrazine (25) and the aldeh>de or Icetone were warmed on a 
water bath for 30 min, and then benzene was added and the water re~noved b> dzeotropic distillation. The 
hydrazones (Table I )  \\,ere obtained in a crystalline form (exccpt those from ethyl methyl Ixtone, isopropyl 
methyl Icetone, and isobut) raldehyde) either directly or after distillatio~l ~ ~ n d e r  red~rced pressure 

I?~dolizutio?z Procedzlre 
In a typical experiment the hydrazone (3 g) mas dissolved in a suitable solvent (30 rnl) and the rnixt~rre 

boiled under reflux. After the mixt~ire was cooled, it was p o ~ ~ r e d  illto ice water and the oil crystallized. 
Recr)stxIlization (charcoal) gave colorless crlstals (Table 11). (--\nalytical samples were sublimed onder 
reduced pressure ) 

2-(5-Nitro~yridyl)hydruzi?ze 
Hydrazine hydrate (I)S%, 4 g) xvas added to  2-chloro-5-nitropyridiile (3.2 g) (26) dissolved in ethanol 

(100 ml) and the mixture refl~rxed gently for 8 h. 'ifter the mixture was cooled, thc solid was filtered off 
and crystallized from a large volume of ethanol as yellon, prisms ("1 g), m.p. 199-300" ('27). 

2- (5 -Ni t~op~r idy l )hydrazo?~es  
The aforementioned hydrazine and .I small exccss of the Icetone were mixed in  cthanol and then heated 

on a boiling \\rater bath for 1 h. 
Etl~yl ~izelhyl keto~le 2-(5-?~itropyridyl)l~ydr(1zo~~e was crystalli~cd from a small volume of cthanol as  ellow 

~~eedles ,  m.p. 92-83". 
Anal. Calcd. for CaEII?N.~O?: C, 52.0; I-I, 5.78. 170und: C, 52.3; I-I, 5.53. 
Cyclokc~u~rone 2-(5-?~itiopy~idyl)l~ydi'uzo?ze was crystallized from ethar~ol a s  yellow needles, m.p. 114- 

llGO --- . 
Anal. Calcd. for C I ~ H ~ ~ X \ T I O L :  C, 55.5; FI, 5.99. Found: C, 55.2; I-I, 6.17. 

We are grateful t o  the Xexvcastle-upon-Tyile Education Committee for the award 
of a research studentship to  A. I-I. I<. 
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