
TRYPTAMINES, CARBOLINES, AND RELATED COMPOUNDS 
PART IX. THE CYCLIZATION OF SOME NITRO- AND AZIDO-PHENYLPYRIDINM. 

PYRID0[1,2- b]INDAZOLE1, 2 

ABSTR!lCT 

Heating 2-o-nitrophenylpyridine with ferrous osalate gives rise t o  pyrido[l,2-b]incl;~zolc 
(111). 'The evidence for the structure o f  this compouncl is discussed. Similarly, heating 2-0- 
ni trophenylpyridi~~e methiodide and iV-oxide with f e r r o ~ ~ s  oxalate gives (111), in each case, 
demethylation and deoxygenation preceding the cyclization. In the  latter case a minute 
amount o f  8-carboline is also formed. Heating pyritline-iV-oxides wi th  ferrous osalate is a 
potentially general method o f  ef fecting deoxygenations o f  these con~pounds. Contrary t o  t he  
results o f  Smith and Boyer ( I  I ) ,  it is f o ~ ~ n d  that heating 2-o-azidophenylpyridine also gives 
rise t o  ( 1 1 1 ) .  On the other hand, the  action o f  heat on 2-o-azidophenylpyridine-iV-oxide gives 
a mixture o f  6-carboline and 6-carboline-py-A'oside in low yield. T h e  mechanism o f  the  
cyclization o f  the  azides and o f  the  reaction taking place on heating nitro-compounds with 
ferrous oxalate is discussed briefly; the formation o f  a nitrene intermediate is favored. 

T h e  catalytic reduction o f  2-o-nitrophenylpyricline-iV-oxide giving rise t o  the  azoxy-, azo-, 
and hydrazo-derivatives is described and the  ultraviolet absorption spectra o f  thesc corn- 
pounds are discussed. It is concluded the stel-ic inhibition o f  coplanarity exists in the azosy- 
and azo-compounds leading t o  the lack o f  elfective conjugation across the N=N bond. 

When this worlc was initiated no suitable nlethod for the synthesis of the 6-carboline 
ring system was available. Since that  time, however, 6-carboline (I) has been obtaincd 
in this laboratory by the thermal cyclization of 3-azido-2-pl~engrlpyridiile (1). The yields 
in this reaction are variable, however, and a better method was sought. T o  this end, the 
action of ferrous oxalate on 2-o-nitrophenylpyridine was investigated. 

Ferrous osalate has been used in a n~iinber of interesting cyclizations. Thus, heating 
it with 2-nitrodiphenyl gives rise to carbazole (2) ; phenazincs have also beell obtained 
from 2-nitrodipl~enylainiiles by this method (2, 3). On the other hand, 4-nitrocarbazole 
was not obtained froill 2,2'-dinitrodiphei~yl, b u t  instead 3,4-bei1zocin1iolii~e was iso- 
lated (2). T h e  action of ferrous osalate on 2-o-nitrophenylpyridillc (11) a t  300° has now 
been exanzined. I t  was anticipated that  the pyridine nuclear carbons might be relatively 
deactivated towards such a cyclization, bu t  tha t  it could coilceivably occur a t  the 
3-position of the pyridine ring to give 6-carboline. Cyclization did,  in fact, occur but 
onto the pyridille nitrogen atom to give pyriclo[l,2-blindazole (I  I I ) ,  no 6-carboline being 
formed. 

The  evidence for the formulation of the cyclizatioll product as pyrido[l,2-blindazole 
is a s  follows: 

(i) The  product is different from any of the carbolines, all of which are now lrnown, 

lMunzrscript recei-dcd April 26, 1961. 
Colzt~iba~tion frova the Departlizent of Chemistry, U7ziversity of Saskatchewatz, Snskatoo?~, Saskatcl~ezvn?z. Part 

of this papei. forvzed the sfibject of a lectt~re give72 at the FiJtth kVestern Regional Cotlferexce of the Clzewaical 
Institute of Canada held i77 Regina i ? ~  September, 1960. 

2Part V I I I :  Can. J .  Chenl. 38, 2152 (1960). 

Can. J. Chem. Vol. 39 (1961) 
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ABRAMOVITCH AND ADXMS: CYCLIZATION 2517 

and melts (83-84") well below the melting point of the carbolines (-200"). I t  analyzed 
correctly for C11HeN2. 

(ii) The infrared spectrum of the con~pound did not exhibit an N-H stretching 
absorption and no active hydrogen could be detected. On the other hand, y-carboline 
gave an atom of active hydrogen quantitatively. The compound is unaffected by boiling 
with inineral acids or with aqueous ethanolic alkali (no rearrangement to a more stable 
structure) and does not take up hydrogen in the presence of A%daills' catalyst a t  atmos- 
pheric pressure. I t  does forin an unstable hydrochloride and a picrate. 

(iii) Unlike the carbolines, it did not forin a methiodide readily, but did so to give 
(IV) under forcing conditions (in ethanol in a sealed tube for 18 hours a t  100"). That 
no C-alkylation had taken place in this reaction was indicated by the absence of a C-CI-I, 
group (Iciihn-Roth). 

(iv) The infrared spectrum of the product sho\ved a medium intensitj~ band a t  
1650 cm-l, solnewhat higher than is usually found for aromatic rings. -4 similarly high 

0 
frequency (1642 cm-I) was reported (4) for allthranil in which a dipolar form -C6114-N- 
contributes greatly to the structure. The ultraviolet absorption spectra of (111) and its 
derivatives are also interesting. The spectrum of the free base in alcohol, that of the 

base in alcohol a t  pH 11, and that of the hydrochloride in alcohol are identical, pointing 
to the dissociatio~l of the hydrocl~loride in this solvent. On the other hand, the base 
in aqueous hydrocl~loric acid a t  PI-I 1 had a spectrum very siillilar to that of the methio- 
dide (IV) in alcohol, the methyl group having its usual bathocl~romic effect. The most 
striking features of the latter ultraviolet spectra are the very high extinction coefficients 
of the low \iravelength bands ( E X  10-V 82.4 and 1'36.0 for the hydrochloride and methiodide 
respectively). 

The heterocyclic rings in (111) are isoelectroilic with azulene and one could write a 
number of canonical structures for this molecule: 

A number of lilies of evidence point to the fact that the orthoq~~inonoi'd anhydro-base 
structure (B) is probably a minor co~itributor to the resonance hybrid. Azulene (in which 
the dipolar structure plays only a small role), 1'2-benzazulene (V), and a variety to 
pseudo-azulenes such as 1,2,4-tripl1enylii1dei~o[1,2-b]pyridine (VI) ( 5 )  are all highly 
colored; all the carboline anhydro-bases are deep yellow or orange. Paoloili and Marini- 
Bettblo (6) have attributed the color of the anhydronium base of 7-azaindole to the 
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2518 CANADIAN JOURNAL OF CIIEMISTRY. VOL. 39. 1961 

orthoq~~inonoi'd form and have suggested that  the carboline anhydroni~~m bases as  well 
as  sempervirine are best represented by the covalent formulae not bearing separated 
charges." From a study of the spectral properties of the 6-carboline anhydronium base 
Abramovitch, Adams, and Notation ( I )  suggested that the quinonoi'd structure is a more 
important contributor to the resonance hybrid than the dipolar one. On the other hand, 
pyrido[l,2-blindazole is colorless, as is its methiodide. In addition, carboline anhydronium 
bases form ind-N-methiodides readily a t  room temperature (1, 8) whereas (111) only 
does so under forcing conditions. Similarly, carboline anhydronium bases can be readily 
hydrogenated (e.g. reduction of cryptolepine (9)) whereas pj-rido[l,2-b]indazole is not. 
Gray (10) has interpreted the low base strength of the a-carboline anhj,dronium base 
(pK, 7.75)t as  compared with the yderivative (pK, 10.54) on the basis of two factors: 
(a) a much increased stability of the a-anhydronium base as a result of the juxtaposition 
of the oppositely charged centers (presumably in the dipolar form); and (b) a reduced 
stability of the a-carboline salt owing to the inductive effect of the indole nitrogen 
attached to the same carbon as the positively charged pyridine nitrogen. I t  would be 
expected that in (A) - (C) these effects would be greatly intensified; in fact the PIC, 
of pyrido[l,2-bjindazole lias now been fount1 to be approsimatelj- 2.48, slightly more 
than five pK units lower than the base strength of the a-carboline anhydronium base! 

An attempt was made to obtain further examples of this type of cyclization onto a 
pyridine nitrogen atom. 2-Nitro-N-2'-pyridylaniline (VII) was prepared from 3-bro~no- 
pyridine and o-nitroaniline. The action of ferrous oxalate a t  300° on (VII) led to the 
formation of tars, no product corresponding to (VIII) being detected. 'This was not 
totally unexpected since the central ring in (VIII) would be nonaromatic (8 a electrons, 
coinpared with 6 a electrons in (111)) so that the incentive leading to its formation may 
have been lacking. A similar result was obtained using N-methyl-2-nitro-N-2'-pyridyl- 
aniline. 

0'11) (VIII) 

I t  was hoped to force cyclization to occur a t  C 3  by blocking the pyridine nitrogen atom 

*Paoloni ( 7 )  l ~ a s  recently elaborated furfher on this point. Apart from the fact that l ~ i s  calczrlatio?zs do nof 
lead to correct z~al~res for the pK, and U.V. spectrum of 6-carboline, his conclzrsio?z fkat i t  i s  u?znecessary to 
represent the carboli?le anhydro-bases as hybrids of dipolar and q7~inonoid sfrucfz~res i n  view of the fact that his 
results "illustrate eloql~ently the compromise between the tendency to form the (aromatic) sextet and that to 
neutralize the charges" seems u contradiction i n  ideas. 

t T h e  pK, of this compo7~?zd, as determined by zrs ( I ) ,  was 7.65. 
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ABR.&MOVITCH A N D  AD.~MS:  CYCLIZXTION 2510 

in (11). Thus, 2-o-nitrophenylpyridine methiodide (IX) and 2-o-nitrophenylpyridine-N- 
oxide (X) were prepared. I t  was realized that  the N-oxide grouping in (X) might not 
survive the reducing conditions present during the cyclization reaction but  it was hoped 
that  cyclization a t  the 3-position would occur before reduction. In actual practice, heating 
either (IX) or (S) with ferrous oxalate led to the formation of pyrido[l,2-blindazole. 
Chromatography on a column of alumina of the crude product from the cyclization of 
the N-oxide yielded, apart  from (111), trace amounts of a solid which had an infrared 
spectrum alnlost identical with that  of 6-carboline. Insufficient material was available 
to s t~ idy  this product further. 

(IS) (S) 

I t  was of interest from the point of view of the inechanism of the cyclization reaction 
to determine whether elimination of the protecting groups could occur prior to the 
cyclization, or whether some mode of concerted attack by the intermediate formed from 
the reduction of the nitro group and elimination of the protecting group was taltitlg place. 
T o  this end, the action of ferrous oxalate a t  300' on 2-phenylpyridine methiodide and 
2-pl~enylpyi-idine-N-oxide was studied; it1 both cases 2-pl~enylp~~ricline was isolated in 
yields comparable to the respective reactions using ( IX)  and (X) .  In fact, 2-phenyl- 
pyricline could be obtainecl from the cori-esponding methiodide by heating it a t  300' 
with granulated leacl (used to permit the even distribution of heat in the mixture during 
such cyclization reactions) but  without ferrous oxalate. On the other hand, 2-phenyl- 
pyricline-N-oxicle was recovered unchanged under such conclitions. I t  would, thei-efore, 
seem that elimination of the protecting group pi-obably precedes cyclization onto the 
ring nitrogen atom, though the isolation of a trace of a seconcl procluct in the iV-oxide 
case suggests that  conditions might be founcl where the reverse migllt be achieved. The  
reduction of the pyridine-N-oxide by ferrous oxalnte inn\. well be a general reaction of 
such amine oxides; this is under investigation. 

Smith and Boyer (11) attempted to prepare 6-carboline by  the thermal cyclization 
of 2-o-azidophenylpyridine in decalin solution but  reported obtaining instead 2-o-amino- 
phenylpyridine, forined presumably by hydrogen abstraction from the solvent by the 
intermediate involved. I11 the present woi-1; this reaction gave rise to a GOT0 yield of 
pj7rido[l,2-b]indazole, only a trace of diazotizable material being detected in the crude 
reaction mixture. No allline could be isolated by chromatography of the crude product 
oil alutnina. Attempts a t  pl~otodecomposition of the azicle in solution were unsuccessful 
though some darkening did occur. This is similar to the experience of Smolinsl;y, who 
was working with 2,4,G-trimct11yl-2'-azidodiphenyl (12). 

Once again, blocking the pyridine nitrogen atom by N-oxide forination prior to cycli- 
zation was attempted. 2-o-Nitrophenylpyridine-N-oxide (X) could be reduced catalytic- 
ally in acetic acicl solution with hydrogen and palladi~1m-cl1arcoa1 to the amine (XI) ,  the 
iV-oxide grouping being unalfectecl. This result is in agreenlent with previous hyclrogena- 
tions of pyridine-N-oxides (13, 14) which indicated that  the N-oxide group in 2-substi- 
tuted pyridine-N-oxides u7as sterically hindered and thus resisted reduction. If, on the 
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25'30 C:\NADIAN JOURNAL OF CHEMISTRY. VOL. 30, 1061 

other hand, the catalytic reduction was carried out in alcohol solution the product 
isolated was 2,21-di-(N-oxido-2-pyridyl)azoxybenzene (XII) .  This, on catalytic reduction 
in glacial acetic acid solution gave 2,Y-di-(N-oxido-2-pyridy1)azobenzene (A,,, 230, 323, 
455 mp;  Alnll 260 mp; EXIO-~  44.73, 19.02, 0.58, 28.70) (XIII) together with a sinall 
amount of what is probably the hydrazo-compound (XIV), though the latter proved to 
be very difficult to purify. I ts  structure was inferred from its infrared spectrunl and 
froin its ultraviolet absorption spectrum, which was similar to that of 2-o-aininophenyl- 
pyridine-N-oxide (XI).  The azoxy-compound (XII)  was reduced directly to the amine 
(XI) by stannous chloride and hydrochloric acid. These reductions are sonlewhat similar 
to those reported by I-Iayashi, Yamanaka, Iyiina, and Matsushita ( l5) ,  who studied the 
catalytic reduction of 4,4'-azoxypyridine 1,11-dioxide. The  amine (XI) was converted 

T (ii) R-N=K-R - 
(XII)  

I 
i (XI (XI)  

I (iii) T 

(i) 5%, Pcl-C in AcOII; (ii) 5% Pd-C in EtOH; (iii) SIICI~-HCI. 

to the azide (XV), which, on thernlal decomposition in decalin solution, gave a crude 
~nistul-e Irom which 6-carboline (I) and 6-carboline-py-N-oxide (XVI) could be isolated 
in low yield by chromatography on alumina. The  structure of (XVI) was proved by 
its sy~ithesis from authelitic 6-carboline. 

I t  is interesting to speculate about the inechanisnls of the cyclization onto the pyridine 
nitrogen atom reported here. In the case of the tl~erlnal deconlposition of the azides two 
groups of workers have very recently suggested that a nitrene, -5 :, luay be involved (12, 
16). Such an entity, were it  formed, would be isoelectronic with a carbene and could be 
strongly electrophilic. In support of this suggestion is the finding that therinal decom- 
position of 2,4,6-trin1ethy1-2~-:~zidocli~111e~1yl gives rise to 8,10-dimetl1ylphe11a11t11ridine 
(12), which call conceivably arise by attack of  a benzylic C--H by a nitrelle internlediate. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
ni

ve
rs

ity
 o

f 
T

en
ne

ss
ee

 o
n 

05
/1

0/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



;\BR.-\MOVITCH A N D  ADAMS: CYCLIZATION 2521 

This may well explain the present results; such an electrophilic species would certainly 
tend to attack the pair of electrons on the pyridine nitrogen at0111 rather than the 3- 
position of the pyridine ring which is deactivated toward electrophilic substitutiol~. On 

the other hancl, one cannot a t  present eliminate a concerted or perl~aps two-stage nlecl~an- 
isnl involving cyclization concurrent with, or followed by, the elil~lination of a nitrogen 
lllolecule : 

Such a N-N bond formation has an analogy in the known reaction of aryl azides with 
benzaldehyde arylhydrazones which gives rise to tetrazole derivatives (17) for which 
one might visualize the following sequence: 

We tend to prefer the "nitrene intermediate" mecl~anism a t  the present time, a t  least 
as  far as the reaction leading to (XVI) and (I) goes (for arguments in favor of the forma- 
tion of such an  intermediate see ref. 12). A nitrene intermediate is probably fornled 
during the ferrous oxalate cyclization of the nitro-compounds and it  would be attractive 
to visualize a coinlnon reactive intermediate species for both of these reactions, leading 
as  they do to the sanle product. The concerted mechanism for the conversion of the 
azide to (111) must, however, be seriously considered. 

Not much is known concerning the mode of action of ferrous oxalate in these reactions. 
I t  presumably decon~poses thermally to give a very reactive form of ferrous oxide (some 
iron may also be formed), which is the actual reducing agent (2, 3). This can either 
abstract both oxygen atoms from the nitro-group to give a nitrene (D), or else first 
give rise to a nitroso-derivative which could then add to  the pyridine nitrogen atom and 
lose a second atom of oxygen to form the pyrido[l,2-blindazole. The latter pathway 
seeins a less likely one in view of the above azide cyclizations. 

One further matter should be con~n~ented on and that  is the similarity between the 
ultraviolet absorption spectra of the azoxybenzene (XII) ,  the azobenzene (XII I ) ,  the 
hydrazo-derivative (XIV), and the anline (XI)  (Fig. I ) .  The  spectra of (XIV) and 
(XI)  are alnlost superimposable (as expected), except that in the case of (XIV) the 
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3522 C:\N.%DIAN JOURN.%L O F  CHEMISTRY. VOL. 39. 1901 

FIG. 1. Ultra\ ,ole1 <lbsorptio~~ spectra in 95cjb ethanol solutioll. -- 2,2'-Di-(iV-osid0-2-~~rid~l)azos~- 
I benzene; - - - ~,'L'-di-(~\r-ouido-2-pyridyl)nz~be~1ze~1e; -. . . 2,'L'-di-( N-osido-2-pyridyl)hydrazobe1lzee; 

. . . .  3-o-aminophenylp~~ridir1e-il~-o.;ide. 

nlasinla have all i~ndergone a small bathochromic shift and the intensities are markedly 
greater. On the other hand, the spectra of azoxybenzene, azobenzene, and aniline are 
quite different from each other (18, 19), which is not the case for our compounds. One 
would have to attribute such a result to steric hindrance in the cases of (XII)  and (XII I )  
preventing coplanarity of the two benzene rings and the X=N 1inl;age and thus inhibiting 
effective conjugation across that linkage. This would result in each of these molecules 
having an absorption spectrum similar to that of the amine (XI) ,  only more intense, 
which is what is acti~ally observed. 

EXPERIMENTAL 

i\iIelting points are i~ncorrected. Infrared spectra were measured using a Perkin-Elmer 
$lode1 21 instrunlent equipped with sodium chloride optics. Ultraviolet absorption 
spectra were measured on a Cary AiIodel 1-1 recording spectrometer. 

Action of Ferrous Oxalate on 2-o-Nitrophenylpyridine-Pyrido[l,2-blindazole 
2-o-Nitrophe~~ylpyridine (20) (1 g) and ferrous osalate dihydrate (1.3 g) were mixed 

with granulated lead (10 g) and heated a t  300' (internal temperature) (metal bath) for 
-15 minutes. (At the beginning of the reaction the smell of ammonia being evolved could 
be detected and a piece of red litnlus paper held a t  the inouth of the flask turned blue.) 
The cooled rnixti~re was extracted repeatedly with ether, and the combined extracts 
were dried (NIgSO,) and evaporated to give an oil which solidified and was recrystallized 

I 

fro111 light petroleum (b.p. 60-80') (charcoal) giving pyrido[l,2-blindazole as rods (0.5 g), 
I 111.p. 83-84'. Calc. for CllI-IgNS: C, 78.57; 1-1, 4.76; N ,  16.66; mol. wt. 168. Found: C, 
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ABRhMOVITCH .\ND ADAMS: CYCLIZATION 2523 

78.47; I-I, 4.80; N ,  16.00; mol. wt. 152. No active hydrogen was present in the product. 
An active hydrogen determination on y-carboline gave 0.61yo active H (calc. 0.6yo). 
Infrared spectrum (Nujol mull) (main peaks only): 1650 (m),  1623 (m), 749 (s), 743 (s), 
and 710 c~n-I (s). Ultraviolet absorption spectrum (free base in %yo ethanol or base 
in alcohol a t  pI-I 11) : X ,,, 205, 229, 269, 327 ~ n p ;  E X  lop3 21.0, 32.7, 23.7, 11.8. 

When dry hydrogen chloride was passed through an ethereal solution of pyrido[l,2-b]- 
indazole, an inlpure hydrochloride, 1n.p. 161-16-l0, separated which crystallized from 
ethanol-ether in needles, m.p. 165-166'. Its ultraviolet absorption spectrum in 95% 
ethanol, however, was identical with that of the free base, indicating that in this solveilt 
the hydrochloride dissociates to the free base. On the other hand, the base in aqueous 
hydrochloric acid a t  pH 1 had X,,, 208, 254, 330, 340 mp; eX1OP3 182.4, 140.7, 10.02, 
11.37. 

'The approximate pK, of pyrido[l,2-blindazole, as determined by pote~ltioinetric 
titration (no solvent correctioil applied), was 2.48. 

Pyrido[l,2-b]indazole picrate separated fro111 alcohol and was recrystallized fro111 acetone, 
giving yellow needles, 111.p. 205'. Calc. for C11HsNa,CeH307N3: C, 51.50; I-I, 2.77. Found: 
C,  51.75; I-I, 3.00. 

The free base was recovered unchanged on: 
(i) shaking with hydrogen and Ada~ns '  catalyst; 

(ii) boiling with 10yo hydrochloric acid for 4 hours; 
(iii) boiling with 20yo aqueous ethanolic potassiu~n hydroxide for 6 hours; 

I 

(iv) treatment with an excess of methyl iodide in ethanol a t  room temperature. 
I 

9-ilfethylpyrido[l,2-b]indazoliz~m Iodide 
Pyrid[l,2-blindazole (0.2 g) in ethanol (2 ~ n l )  was heated with an excess of methyl 

iodide (2 ml) in a sealed tube a t  100' (water bath) for 18 hours. The product which 
crystallized out on cooling was taken up in ethanol and combined with the nlother 
liquors and the solution was evaporated to a s~nal l  volume after boiling with charcoal. 
Brownish plates (0.3 g) separated which were recrystallized from ethanol to give brownish 
shiny plates, 1n.p. 208-209'. These were clissolved in water and filtered from a trace of 
amorphous brown solid, and the filtrate evaporated to dryness to give the metkiodt'de, 
which on recrystallization from ethanol was obtained as cream-colored prisms, m.p. 
226-227'. Calc. for C12H11N21: C, 46.45; 1-1, 3.55; N, 9.03; I ,  40.97. Found: C, 46.88; 
FI, 3.66; N, 8.75; 1, 40.63. No C-CI-I3 was fouild in a Iciihn-Rot11 deterlnination. A,,,,, 
223, 256, 334, 349 mp; E X ~ O - ~  196.0, 20.0, 9.1, 11.8 (in etlla~lol). 

2- Nitro- N-2'-pyridylaniline 
2-Bromopyridine (3 g, redistilled), o-~litroaniline (6 g),  anhydrous potassiurn carbonate 

(4.5 g),  ancl a trace of copper-bronze were heated a t  195-210' (metal bath) for 7 hours 
when no lllore carbon dioxide was evolved. Water was added and the excess o-nitroaniline 
re~noved by steam distillation. The residue was extracted with chloroform, the extract 
dried (;\4gS04) and evaporated, and the residue vacuunl distilled to give 2-nitro-iV-2'- 
pyridylaniline as a red oil (2.4 g),  b.p. 140-150" a t  0.05 mm, which solidified. The pro- 
duct could be recrystallized from light petroleum (b.p. 40-60') and fornled red rods, 
111.p. 68-69". Calc. for C111-1902N3: C, 61.39; M, 4.22. Found: C, 61.52; H ,  4.00. 

The hemipicrate separated from ethanol and was recrystallized from the same solvellt 
to give yellow plates, m.p. 172'. Calc. for CllI-190~N3,$C6H307N:~: C, 51.0; I-I, 3.2. 
Found: C, 51.1; I-I, 3.1. 
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2-o-Nitrophenylpyriditze-N-oxide 
2-o-Nitrophenylpyridi~le (0.9 g) was dissolved in glacial acetic acid (20 ml), and 35% 

hydrogen peroxide (0.44 g) mas added. The solution was heated on a water bath a t  90" 
for 9 hours. An additional amount of 35y0 I]\-drogen peroxide (0.44 g) was added and 
heating was continued a t  90" for a further 9 hours. The acetic acicl was reinoved by 
distillation uilcler reducecl pressure ailcl the residue was dissolved in chloroform. Anhy- 
drous soclium carbonate was added to neutralize the remaining acetic acid ancl the 
solution was filtered and evaporated to dryness. The residue was crystallized froin 
benzene - light petroleum (b.p. 60-80") and gave the N-oxide (0.92 g) as  yellow ~zeedles, 
1n.p. 156-157". Calc. for CllI-I8O3N2: C, 61.11; 1-1, 3.73. Found: C, 61.24; 1-1, 3.75. 

1 -~~ethyl-2-o-nitrophenylpyridiniz~rn Iodide 
2-o-Nitrophenylpyridii~e (0.5 g) in 95y0 ethanol was treated with an excess of methyl 

iodide and the solutioil was allowed to stand a t  room temperature overnight. On con- 
centration the solutioil yielded sinall orange crystals (0.55 g) which were recrystallized 
from methanol to give the methiodide as prisms, n1.p. 223-224" (deconlp.). Calc. for 
C12EI1102NzI: C ,  42.08; I-I, 3.19. Found: C, 42.28; I-I, 3.30. 

Action of Ferro~is Oxalate o n  2-o-Nitrophenylpyridilze-N-oxide 
2-o-Nitrophenylpyridine-N-oxide (1 g), ferrous oxalate dihydrate (1.2 g),  and granu- 

lated lead (12 g) were intimately mixed and heated a t  275-300" (internal temperature) 
in a metal bath. A small amount of strong-smelling gas which was basic to li t~nus was 
evolved during the heating period. The cooled mixture was extracted repeatedly with 
ether and then with hot benzene. 'The combined extracts were dried (Na2S04) and eva- 
porated to dryness to yield a brown oil (0.22 g) which was chromatographed on neutral 
alumina. Elution with benzene gave a light brown crystalline coinpound (0.19 g) which 
could be recrystallized from light petroleum (b.p. 60-80") and had 1n.p. 84-36". The 
infrared spectruin of this product was identical with that of an authentic sainple of 
pyrido[l,2-b]indazole. The melting point of the base and its picrate were undepressed 
011 adinixture with authentic samples. Elution with benzene-ether yielded a tan solid 
(0.005 g), 1n.p. 202-205", the infrared spectruin of which was almost identical with 
that of 6-carboline. 

Action of Ferroz~s Oxalate on  1-iVIethyl-2-o-Nitrophenylpy~id~i7vium Iod,ide 
1-Methyl-2-o-nitrophenylpyridiniuin iodide (0.6 g) was intiinately mixed with ferrous 

oxalate dihydrate (0.7 g) and granulated lead (6 g). The mixture was heated a t  275-300" 
(internal temperature) in a metal bath for 30 minutes. A sinall ainount of a strong- 
smelling, basic (litmus) gas was evolved during the heating period. The reaction mixture 
was cooled and the black residue was repeatedly extracted with ether. The combined 
ether extracts were dried (Na2S04) and evaporated to give a brown oil (0.1 g) which 
partly solidified. This product was recrystallized fronl light petroleum (b.p. 60-80") 
giving tail crystals (0.078 g) which proved to be identical with pyrido[l,2-blindazole 
(mixed inelting point, infrared spectrum). 

Cyclization of 2-o-Azidophenylpyridine 
2-o-Azidophenylpyridiile (11) (1.2 g, not purified) mas dissolved in redistilled decalin 

(50 ml) and the solution was heated in an oil bath a t  160-170" (internal temperature). 
Gas bubbles begail to be evolved smoothly a t  about 140". After 10-15 minutes when no 
more gas evolution could be observed, the solution was cooled and was extracted with 
10yo hydrochloric acid. The acid extract was washed with ether, basified with 2 N 
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sodium hyclroxide, and extracted repeatedly with ether. The  combined ether extracts 
were dried (Na2SOe) and evaporated to  give an oil which solidified. Recrystallization 
from light petroleum (b.p. 60-80") gave pyrido[l,2-blindazole (0.54 g),  m.p. 84.5-85.5'. 
The  melting point was not depressed on admixture with an authentic sample. The 
picrate, n1.p. 199-200°, did not depress the melting point of an authentic sample of 
pyriclo[l,2-b]indazole picrate. T h e  infrared spectrum of the base was identical with that  
of an authentic specimen. 

No primary anline coulcl be isolated when the crude reaction product was cllromato- 
graphed on a column of neutral alumina. 

2-o-ilminophe?zylpyridi?ze-N-o.xide 
2-o-Nitrophen)71pyridine-N-oxide (0.5 g) was dissolved in glacial acetic acid (23 1111) 

and hydrogenated a t  atmospheric pressure in the presence of 5y0 palladiuln on charcoal 
(0.1 g). Three molar equivalents of hydrogen were absorbed in less than 1 hour. The 
catalyst was removed by filtration and washed with a little acetic acid and methanol. 
T h e  combined filtrates were evaporated under reduced pressure and the residue dissolved 
in cl~loroform and treated wit11 anhj.drous sodium carbonate. T h e  filtered solution was 
evaporated to  give an oil (0.42g) which crystallized on trituration with methanol and 
was recrystallized from nlethanol to give the amine  as  white crystals, 1n.p. lS1.5-lS2.5°. 
Calc. for CIII-IloON2: C ,  70.95; H, 5.41. Found: C,  70.72; 1-1, 5.38. X ,,,,,, 232, 325 mp; 

270, 220 mp; 6x10-"0.86, 2.54, 8.06, 17.60 (in 95% ethanol). 

2-o-A zidoplzenylpyridine-N-oxide 
2-o-Aminophenylpyridine-N-oxide (0.30 g) was dissolved in concentrated hydrochloric 

acid (0.6 ml) and water (1.5 ml) and the solutio~l treated a t  0' with a solutio~l of sodium 
nitrite (0.12 g) in water ( I  ml). An excess of a saturated aqueous solution of sodium 
azide was added, the temperature being ~naintained between 0 and 5'. T h e  white azide 
which precipitated was filtered, washed with water, and dried. T h e  aqueous filtrate was 
basified with 2 N sodium hydroxide, extracted with chloroform, and the extract dried 
(NazS04). Evaporation of the chloroform yielded an additional quantity of azide. The  
combined solid products (0.286 g) were recrystallized from benzene -light petroleum 
(b.p. 60-80') and had m.p. 165-166'. Calc. for CIIHBONd: C ,  62.25; I-I, 3.80. Found: 
C ,  62.60; I-I, 3.88. 

Cyclizat ion of 2-o- Azidophenylpyridine-N-oxide 
2-o-Azidophenylpyridine-N-oxide (0.5 g) was dissolved in hot redistilled decalin (GO ml) 

and the solution heated in an oil bath a t  175-180' (internal temperature) for 40 minutes 
during which time nitrogel1 was evolved and the solution became very dark. I t  was 
then boiled under reflux for an additional 10 minutes, cooled, and the solid which 
separated was filtered. T h e  decalin solution was extracted with 10yo l~ydrochloric acid, 
and the aqueous solution was basified with 2 N sodium hydroxide and extracted with 
chloroform. The  dried (Na2S04) chloroform extract was evaporatecl under reduced 
pressure. T h e  residue was combined with the solid which was filtered off after the  re- 
action (total 0.3 g),  dissolved in methanol, filtered to  relllove solne black solid (0.150 g), 
and the filtrate chromatographed on neutral alumina. Elution with benzene gave a 
solid (0.010 g) which was identified as  8-carboline by its infrared spectrum and mixed 
melting point with an authentic specimen. Elution with ether-methanol yielded a t  first 
a solid (0.046 g) which could be crystallized from benzene containing a small amount 
of methanol and had m.p. 277-278' (decamp.). I t s  infrared spectrum was identical 
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with that  of an authentic sample of 6-carboline-py-N-oxide and the melting point was 
not depressed on admixture with a sample prepared fro111 6-carboline as  described below. 
Subsequent fractions yielded only intractable dark brown residues. 

6-Carboline-py- N-oxide 
6-Carboline (0.050 g) was dissolved in glacial acetic acid (8 ml), and hydrogen 

peroxide (0.1 g) was added. The  solution was heated on a water bath a t  90" for 10 
hours. More 35y0 hydrogen peroxide (0.1 g) was added a r ~ d  heating was continued for 
an additional 9 hours. The  acetic acid was evaporated under reduced pressure, and the 
residue was dissolved in chloroform and treated with anhydrous sodium carbonate. 
Evaporation of  the chloroform gave the rV-oxide (0.050 g) which was recrystallized from 
benzene containing some methanol (charcoal). This crude yellow product was dissolved 
in dilute hydrochloric acid, filtered, basified with 2 N sodium hydroxide, and extracted 
with chloroform. Evaporation of the dried (NalSO,) chlorofor~n solutioll gave a white 
residue which was recrystallized from benzene containing some methanol to  give white 
crystals which melted a t  277-278" (decomp.). Calc. for CllH8N20: C ,  71.72; 1-1, 4.38. 
Found: C ,  71.65; I-I, 4.60. 111frared spectrum ( I iBr  disk) (main peaks only) : 1630 (m) ,  
1605 ( m ) ,  1574 ( m ) ,  1215 (s), 865 (m), 782 (m) ,  750 (s), 705 cm-I (s). 

Catalytic Reduction of 2-o-Nitrophenylpyridine-N-oxide in 95y0 Ethanol - 2,2'-Di-(N-oxido- 
2-py ridyl)azoxybe?lzene 

2-o-Nitrophenylpyridine-N-oxide (0.82 g) was dissolved in 95% ethanol (35 ml) and 
hydrogenated a t  atmospheric pressure in the presence of 5'3, palladium on charcoal 
(0.17 g). The  reduction was complete in about DO minutes. The  catalyst was filtered and 
washed with glacial acetic acid. T h e  combined filtrates were evaporated to a small 
volume under reduced pressure, the residue was dissolved in chloroform and treated . . 
with anhydrous sodium carbonate to  neutralize any  remaining acetic acid. T h e  solution 
was filtered and evaporated to dryness and the residue I-ecrystallized from methanol to 
give the azoxy compound (0.58 g) ,  m.p. 236-2:37". Calc. for C221-Ile03N4: C,  68.74; 13, 
4.38. Found: C, (i8.46; 13, 4.32. Infrared spectrum ( I iBr  disk) (main pealts only): 1600 
(m) ,  1255 (s), 850 (s), 780 (s), 770 (s), 750 cm-I (sh). A,,,, 233, 325 mF; A l n f l  220, 270 mp; 
E X I O - ~  53.50, 6.50, 43.20, 21.00 (in 95y0 ethanol). 

Catalyt,ic Xedz~ction o j  2,2'-Di-(N-oxido-2-pyridyl)azoxyOenzene in  Glacial Acetic Acid - 2,2'- 
Di(N-oh-ido-2-pyridy1)azobenzene and 2,2'-Di-(N-oxido-2-pyridy1)hydrazobenzene 

2,2'-Di-(N-oxido-2-pyridyl)azoxybe11ze1e (0.050 g) was dissolved in glacial acetic acid 
(10 ml) and hydrogenated a t  atmospheric pressure in the presence of 576 pallaclium on 
charcoal (0.010 g). T h e  reduction product was isolated as  in the previous experiment. 
T h e  residue was washed with methanol and crystallization took place. T h e  crude product 
was separated by fractional crystallization from benzene into 2,Z1-di-(N-oxido-2-pyridyl)- 
azobenzenc? obtained as orange crystals (0.020 g),  m.p. 264" (decomp.) [Calc. for 
C221-11602X.r: C ,  71.72; I-I, 4.38. Found: C ,  71.62; I-I, -1.71. Infrared spectrum (KBr disk) 
(main peaks only) : 1585 (w),  1255 (s), 815 (s), 780 (s), 750 cm-I (m). A,,,,, 230, 323, 
455 111~; 260 mp; ~X10-"4.73, 19.20, 0.58, 28.70 (in ethanol)], and 2,2'-cli- 
(N-oxido-2-pyridyl)hydrazobenzene (0.018 g) ,  obtained as a white solid which, because 
of its insolubility, was very difficult to purify, 1n.p. 225" (decomp.). Infrared spectrum 
(KBr disk) (main peaks only) : 3350 (m) ,  1595 (s),  1247 (s),  842 (s), 780 (m) ,  750 cm-' 
(s). A,,, 236, 338 mp; Xlnfl 265 111p; E X ~ O - ~  46.70, 6.88, 21.15 (in '35% ethanol). 
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Redziction of 2,Z1-Di-(N-oxido-2-pyridy1)azoxybenzcne with Stannous Chloride - 2-o-,lmino- 
phenylpyridine-N-oxide 

2,21-Di-(N-oxido-2-pyridyl)azox~~benze~e (0.113 g) dissolved in concentrated hydro- 
chloric acid (3  1111) was treated with a solution of stannous chloride dihydrate (0.24 g) 
in concentrated hydrochloric acid ( I  ml). T h e  solution was heated on the steam bath 
for 90 minutes. T h e  cooled reaction mixture was basified with 2 N sodium hydroxide 
and extracted with ether. T h e  dried (Na2SOe) ether solution was evaporated to give 
the primary amine (0.090 g) which was recrystallized from methanol-ether and had 
111.p. 179-181'. The  melting point was not depressed on admixture with an  authentic 
sample of 2-o-aminophenylpyridine-N-oxide and the infrared spectra of the two samples 
were identical. 

2-Phenylpyridine Afethiodide 
2-Phenylpyridine and an  excess of methyl iodide were kept a t  room temperature for 

2 days in the absence of light. T h e  methiodide which separated was recrystallized fro111 
ethyl acetate - methanol to give colorless needles, n1.p. 143-144'. Calc. for C12H12NI: 
C,  48.50; 11, 4.06. Found: C ,  48.61; I-I, 4.25. 

Demethylation of 2-Phenylpyridine dlethiodide 
( a )  W i t h  Ferrous Oxalate 
The  methiodide (0.14 g) \!us mixed with ferrous oxalate dihydrate (0.16 g) and granu- 

I lated lead (2 g) and the misture heated in a metal bath a t  290-300' under an air con- 
I 

I denser for 30 minutes. The  cooled reaction mixture and condensate were extracted with 
I ether, and the ether layer was washed with sodiunl thiosulphate solution to remove 

I iodine and dried (Na2S04). Evaporation of the ether gave 2-phenylpyridine (0.037 g ,  
50y0), picrate, m.p. 172-173O, iindcpresscd on admist i~re  with an authentic specimen. 

I 

( b )  I/Vzthout F e r r o ~ ~ s  Oxalate 
'The procedure was exactly as  under ( a )  except tha t  no ferrous oxalate was added. 

I 2-Phenylpyridine (74% yield) was isolated. 

Action of Ferrous Oxalate on 2- Phenylpyridilze-N-oxide 
2-Phenylpyridine-N-ode (0.30 g) (21) was mixed with ferrous osalate dihydratc 

(0.40 g) and granulated lead (4 g) and treated as  for the methiodide reaction. 2-Phenyl- 
pyridine (0.171 g,  G S % ) ,  b.p. 132-134' a t  10 m m ,  picrate, m.p. 172-17:3', undepressed 
on admixture with an  authentic specimen, was thus obtained. 

When ferrous oxalate was omitted, the starting iV-oxide was recovered. 

This worli \vas carried out during the tenure (by Ic.A.1-I.A.) of a Canadian I<odal; 
Fellowship (1959-1960) and a C.I.L. Scholarship (1960-1961). Financial support fro111 
the National Research Council is gratefully aclinowledged. 
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