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O R G A N I C  PREPARATIONS AND PROCEDURES INT. 4(6), 273-281 (1972) 

1 STUDIES OF POLYAZAPENTALENES. 11. 

THE PREPARATION OF 1,3a ,6a-TRIAZAPENTALENES 

0. Tsuge2 and H. Samura 

Research Institute of Industrial Science, Kyushu University, 

Hakozaki, Higashi-ku, Fukuoka 812, Japan 

We previously reported' the preparation of a new aromatic 

system , 5, 7-dehydro-5HY 7H- indazolocl,2-a] benzotr iazole (di- 
benzo~b,e)-l,3a,ba-triazapentalene) (I), by the reductive cy- 

clization of 1- (2-nitropheny1)-1H-indazole with triethyl phos- 

phite or by the photolysis of 1- (2-azidopheny1)-1H-indazole. 

P'OEth, hv 

ome reaction 

- 
During the course of an investigation of of 

triazapentalene I, it became desirable to find more stable and 

tractable triazapentalenes, because I is rather unstable. 

Furthermore, it appeared of interest to investigate the effect 

of substituents on the properties of the dibenzo-1 ,3aY6a-tri- 

azapentalene system. We attempted therefore to synthesize 

substituted dibenzo-l,3a,6a-triazapentalenes by the reductive 

cyclizat ion of 1- (2-nitrophenyl) -lH-indazoles with triethyl 

phosphit e. 

273 

@ 1973 by Organic Prepara t ions  and Procedures, Inc.  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
8
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



0 .  TSUGE A N D  H. SAMURA 

The a r y l a t i o n s  of indazoles  ( 1 1 )  with 2-chloroni t robenzenes 

w e r e  c a r r i e d  out i n  a manner s i m i l a r  t o  t h a t  of indazole. '  The 

r e a c t i o n  of indazoles  (II) with  2-chloroni t robenzenes i n  t h e  

presence of potassium a c e t a t e  and small  amounts of c u p r i c  

a c e t a t e  gave t h e  corresponding 1- ( 2 - n i t  rophenyl )-1H-indazoles 

( 1 1 1 ) ;  none of t h e  2-ary l  isomers w e r e  i s o l a t e d .  

When a s o l u t i o n  of 111 and t r i e t h y l  phosphi te  i n  xylene was 

re f luxed  f o r  10 hr  under a stream of n i t r o g e n ,  t h e  expected 

t r i a z a p e n t a l e n e  I V  and/or dimer V of I V  w e r e  obtained.  Reduc- 

t i v e  c y c l i z a t i o n s  of l-(g-nitrophenyl)-4-methyl- ( I I I a ) ,  -6- 

methyl- ( I I I c ) ,  -3-methyl- ( I I I d )  and -4-chloro-1H-indazole 

( I I Ie )  gave only t h e  corresponding t r i a z a p e n t a l e n e s  ( I V a ,  I V c -  

I V e )  and 5-methyl d e r i v a t i v e  ( I I I b )  a f forded  t r i a z a p e n t a l e n e  

1% and dimer Va i n  almost equal  y i e l d s .  However, t h e  r e a c t i o n  
L - R' R 

I1 III 
1 2  1 

1 2 1 
1 2 3  a:  R = R  =H; b:  R =4-Me, R2=H;  

c :  R =5-Me, R =H;  d: R =6-Me, R2=H; 

e: R 1 = H ,  R 2 = M e ;  f : R1=4-C1, R2=H 

a :  R =4-Me, R =R =H 

b: R1=5-Me, R2=R3=H 

c :  R1=6-Me, R2=R3=H 

10 d :  R1=R3=H, R 2 = M e  

e :  R1=4-C1, R2=R3=H 

f :  R1=R2=H, R3=Me 
1 12 

and/or D i m e r  ( V )  

a :  R1=8-Me,  R2=R3=H; d:  R1=R3=H, R2=Me 
1 2 3- 1 

1 

b: R = Q - M e ,  R =R -H; e: R =8-C1, R2=R3=H 

c :  R = l O - M e ,  R2=R3=H 
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STUDIES OF POLYAZAPENTALENES. 11. 

of ~-(2-nitro-4-methylphenyl)-lH-indazole ( IIIf) yielded dimer 

Vb as the sole product and none of the corresponding triaza- 

pentalene could be isolated. 

The structures of all triazapentalenes (IV) were established 

on the basis of analytical and spectral data. The yields, 

physical properties and results of microanalyses of IV are 

given in Table 1. 

Table 1. 1,3a,6a-Triazapentalenes a) 

Yi-12 Mp. NMR(CDC13), 6 ppm Anal. Found(Ca1cd) 
M+ % OC C 3  Aromatic C H N 

IVa 33 

Ivb 11 

IVc 24 

IVd 32 

IVe 32 

VII 12.5 

190- 
19l(dec) 

188- 
189 (dec) 

142- 
143(dec) 

125- 
126 

197- 
198 

149- 
150 

76.21 4.90 19.26 
(75.99) (5.01 ) (18.99) 221 

76.21 5.23 19.15 
(75.99) (5.01 ) (18.99) 22 1 

76.03 4.98 19.28 
( 75.99) (5.01 ) (18.99) 221 

75.81 4.89 19.2.6 
(75.99) (5.01 ) (18.99) 221 

64.60 3.61 17.70 241 
(64.60)(3.73)(17.39) 243 

75.49 6.50 19.89 
(75.90) (6.20) (19.89) 211 

(each, C&) 

a) All triazapentalenes are yellow needles. 

Similarly, the reductive cyclization of 1-(2-nitropheny1)- 

tetrahydro-1H-indazole (VI) which was prepared from the aryl- 

at ion of tetrahydro-1H-indazole, afforded the corresponding 

triazapentalene VII. The yield, physical properties and re- 
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0 .  TSUGE AND H. SAMURA 

s u l t s  of m i c r o a n a l y s i s  of V I I  a r e  i n c l u d e d  i n  Table 1. 

The s t r u c t u r e s  of d imers  V a  and Vb can  be  viewed t o  be t h a t  

of dibenzo~a,iJindazo1o[1,2,3-cd]indazo1o(3,2,1-fg]-3,3a75a,6- 

8a,8b-hexaaza-as-indacene, formed i n  t h e  r e d u c t i v e  c y c l i z a t i o n  

of l-(o-nitrophenyl)-lH-indazole.' The I R  spectra of t h e s e  

t h r e e  dimers are v e r y  s i m i l a r  t o  each  o t h e r  and d i d  not e x h i b i t  

any NH bands.  The NMl7 spectra of V a  and Vb showed s i g n a l s  as- 

cribable t o  me thy l ,  meth ine  and aromatic p r o t o n s .  Fur thermore ,  

t h e  o x i d a t i o n  of V b  w i t h  sodium dichromate  i n  acet ic  acid gave 

1 056 j2 
a :  R = M e ,  R2=H 

Me vm 
V 

5,5~-bis(3-methyl-7-oxoindazolo(l,2-a')benzotriazolyl) ( V I I I ) ,  

whose s t r u c t u r e  w a s  a s s i g n e d  on t h e  b a s i s  of s p e c t r a l  d a t a  as 

w e l l  as on t h e  r e s u l t s  of m i c r o a n a l y s i s .  

E X P E R I M E N T A L  

A l l  t h e  me l t ing  p o i n t s  are uncor rec t ed .  The NMR s p e c t r a  

w e r e  de te rmined  a t  60 MHz w i t h  a H i t a c h i  R - 2 0  NMR spec t romete r  

276  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
8
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



STUDIES OF POLYAZAPENTALENES. 11. 

using TMS as an i n t e r n a l  r e f e r e n c e .  The mass spectra w e r e  ob- 

t a i n e d  on a Hi t ach i  RMS-4 m a s s  spectrometer u s ing  a d i r e c t  

i n l e t  and a n  i o n i z a t i o n  energy a t  70 e V .  The I R  spectra w e r e  
measured as  KBr discs. The microanalyses  w e r e  performed by M i s s  
M. Ak i t a  of our l abora to ry .  

Indazoles  (XI) .---Methyl- ( I I b )  , mp. 115-116O (42% y i e l d ) ,  5- 

methyl- ( I I c ) ,  m p .  116-117O ( l i t .3 mp. 117O), (20% y i e l d ) ,  6- 

methyl- ( I I d ) ,  mp.  117-118O ( l i t . 3  mp. 117-118O), (25% y i e l d )  

and 4-chloroindazole .  ( IIf ) ,  mp. 155-156O ( l i t .  mp. 156O) , (46% 

y i e l d )  w e r e  prepared from t h e  corresponding s u b s t i t u t e d  2 - t o l u -  

i d i n e s  according t o  t h e  r e p o r t e d  method of t h e  s y n t h e s i s  of 

i ndazo le  ( I Ia ) .  

4-Methylindazole ( I I b l :  

Anal. Calcd. f o r  C8H8N2: C ,  72.70; H,  6.10; N ,  21.20. 

Found: C ,  72.83; H ,  6.20; N ,  21.35. 

4 

5 

NMR(CDC13) 6 ppm: 2.55 ( 3 H ,  s ,  C b ) ,  6.7-7.3 ( 3 H ,  aromatic  

p r o t o n s ) ,  8.06 ( l H ,  S, =Cg-) ,  11.24 ( l H ,  s ,  NH). 

Mass spectrum m / e :  132 ( M + ) .  

3-Methylindazole ( I I e ) ,  m p .  112O ( l i t .6 mp. 112O), (50% 

7 y i e l d )  and 4,5,6,7-tetrahydroindazole, mp. 78-80° ( l i t .  

79-80°), (97% y i e l d )  w e r e  ob ta ined  by r e p o r t e d  

m p .  

A r y l a t i o n  of Indazoles  (XI) .- A typical procedure is i l l u s -  

t r a t e d  by t h e  r e a c t i o n  of 4-methylindazole ( I I b )  w i th  0- 

chloroni t robeqzene.  A mixture  of 80 g (0.61 mol) of I I b ,  114 g 

(0.73 mol) of 0-chloroni t robenzene,  73 g (0.73 mol) of p o t a s s i -  

um acetate and 0.5 g of f i n e l y  powdered c u p r i c  acetate mono- 

hydra t e  w a s  s t i r r e d  a t  210-220° ( b a t h  temperature)  f o r  24 h r  

du r ing  which t i m e  a stream of n i t r o g e n  w a s  s lowly passed 

through t h e  r e a c t i o n  mixture;  t h e  acetic acid formed w a s  re- 
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0. TSUGE AND H. SAMURA 

moved by d i s t i l l a t i o n .  The r e a c t i o n  mixture  w a s  steam d i s t i l l e d  

t o  remove excess  2-chloronifrobenzene and t h e  r e s i d u e  w a s  ex- 

tracted wi th  1 1. of dichloromethane. The e x t r a c t  w a s  washed 

with w a t e r ,  d r i e d  over calcium c h l o r i d e ,  and t h e n  evaporated 

i n  vacuo. A s o l u t i o n  of t h e  r e s i d u e  i n  benzene w a s  t r e a t e d  with 

a c t i v e  charcoal  t o  remove r e s i n o u s  materials and concen t r a t ed  

i n  vacuo. Seve ra l  r e c r y s t a l l i z a t i o n s  from benzene gave 36 g 

(23%) of l-(~-nitrophenyl)-4-methyl-lH-indazole ( I I I a ) ,  mp. 

136-137O, as yel low prisms. 

A n a l .  Calcd. f o r  C14H11N302: C ,  66.39; H ,  4 .38;  N ,  16.59. 

Found: C ,  66.10; H ,  4.23; N ,  16.88. 

I R  cm-': 1539, 1365 ( U  

NMR (CDC13) 6 ppm: 2.58 ( 3 H ,  s ,  CE3),  6.8-8.3 (7H, m ,  aromatic  

p r o t o n s ) ,  8.35 (lH, s, =CH-). 

) .  Mass spectrum m / e :  253 ( M + ) .  
NO2 

S i m i l a r l y ,  o the r  1-aryl-1H-indazoles were prepared by t h e  

a r y l a t  i on  of t h e  corresponding indazoles .  

1 - (o-Nitrophenyl)-5-met hyl-1H- indazo le  ( I I I b )  , mp . 117-118O, 

yellow prisms,  15% y i e l d .  

A S .  Calcd. f o r  C14H11N302: C ,  66.39; H ,  4.38; N ,  16.59. 

Found: C ,  66.26; H ,  4.15; N ,  16.61. 

I R  c m - l :  1540, 1370 (uN0 ) .  Mass spectrum m / e :  253 (M+). 

NMR(CDC13) 6 ppm: 2.47 ( 3 H ,  s ,  C % ) ,  7.2-8.05 (7H, m ,  aromatic  

p r o t o n s ) ,  8.08 (lH, s ,  =CE-) .  

l-(o-Nitrophenyl)-6-methyl-lH-indazole ( I I I c )  , mp. 124-125O, 

yellow p r i m s ,  12% y i e l d .  

- Anal. Calcd. f o r  C14H11N302: C ,  66.39; H ,  4.38; N ,  16.59. 

Found: C ,  66.51; H ,  4 .49;  N ,  16.81. 

2 

I R  cm-': 1540, 1362 (u 

NMR(CDC13) 6 PPm: 2.45 ( 3 H ,  s ,  C % ) ,  6.8-8.0 (7H, m ,  aromatic  
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STUDIES OF POLYAZAPENTALENES. 11. 

protons), 8.07 (lH, s, =Cs-). 

1-( -o-Nitrophenyl)-3-methyl-lH-indazole (IIId) , mp. 126-127O, 
yellow prisms, 58% yield. 

Anal. Calcd. for C14H11N302: C, 66.39; H, 4.38; N, 16.59. 
Found: C, 66.26; H, 4.35; N, 16.65. 

IR cm": 1530, 1368 (u 

NMR(CDC13) 6 ppm: 2.57 (3H, s, C%), 7.0-8.05 (8H, m, aromatic 

protons). 

1- (o-Nitrophenyl)-4-chloro-lH-indazole ( IIIe 1, mp. 150-151°, 
yellm prisms, 31% yield. 

A S .  Calcd. for C13HgN302C1: C, 57.04; H, 3.29; N, 15.36. 

Found: C, 57.23; H, 3.29; N, 15.08. 

). Mass spectrum m/e: 253 (M+). 
*2 

IR cm'l: 1540, 1368 ( u  ) .  

Mass spectrum m/e: 273, 275 (M+, rel. intensity 3:l). 

1- (2-Nitro-4-methylphenyl)-lH-indazole (IIIf) , mp. 116-117O, 
yellow prisms, 18.4% yield. 

Anal. - Calcd. for C14H11N302: C, 66.39; H, 4.38; N, 16.59. 
Found: C, 66.21; H, 4.10; N, 16.83. 

NO2 

IR cm'l: 1520, 1375 ( V  

l-(o-Nitrophenyl)-4,5,6,7-tetrahydro-lH-indazole (VI), mp. 94- 

96O, pale yellow prisms, 44% yield. 

Anal. Calcd. for C13H13N302: C, 64.18; H, 5.39; N, 17.78. 
Found: C, 64.42; H, 5.47; N, 17.68. 

). Mass spectrum m/e: 253 (M+). 
N02 

IR cm-l: 1540, 1370 (u 

NMR(CDCl3) 6 ppm: 1.6-2.1, 2.5-2.9 (each 4H, m, Ck), 7.2-8.1 

(SH, m, aromatic protons). 

). Mass spectrum m/e: 243 (M+). 
*2 

Reaction of l-(o-Nitrophenyl)-5-methyl-lH-indazole ( IIIb) with 

Triethyl phosphite.- A typical run of the reductive cycli- 
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0 .  TSUGE AND H .  SAMURA 

z a t i o n  of 111 i s  i l l u s t r a t e d  by t h e  r e a c t i o n  of I I I b .  A f t e r  a 

s o l u t i o n  of 1 .0  g (4.2 mmol) of I I I b  and 2 . 5  g (14.6 mmol) of 

t r i e t h y l  phosph i t e  i n  10 m l  of xylene had been r e f l u x e d  f o r  10 

h r  under a stream of n i t r o g e n ,  t h e  r e a c t i o n  mixture  w a s  evapo- 

r a t e d  i n  vacuo t o  l e a v e  a r e s i d u e ,  which was e x t r a c t e d  with S O  

m l  of d i e t h y l  e t h e r .  The e t h e r e a l  e x t r a c t  w a s  evaporated and 

t h e  c r y s t a l s  w e r e  p u r i f i e d  by chromatography on s i l i c a  g e l  

u s ing  benzene as  e l u e n t .  R e c r y s t a l l i z a t i o n  from p e t .  e t h e r  

a f f o r d e d  0.1 g (11%) of 9-methyldibenzo[bYe]-1 , 3 a , 6 a - t r i a z a -  

p e n t a l e n e  (1%). 

R e c r y s t a l l i z a t  ion of t h e  e t h e r - i n s o l u b l e  r e s i d u e  from 

t o l u e n e  gave 0.1 g (11%) of dimer V a ,  mp. 248-250° ( d e c ) ,  as 

p a l e  yellow prisms. 

Anal. Calcd. for C H N C ,  75.99; H ,  5.01; N ,  18.99. 

Found: C ,  76.23; H ,  4.86; N ,  18.71. 

28 22 6: 

Mass spectrum m / e :  442 (M+). 

NMR(CDC13) 6 ppm: 2.33 (6H, S ,  C % ) ,  6.64 (2H, $C€l), 7.1-8.3 

(14H, m y  aromatic  p r o t o n s ) .  

D i m e r  Vb. A similar r e a c t i o n  of 7 .5  g (30 mmol) of l - ( 2 - n i t r o -  

4-methylphenyl)-lH-indazole ( I I I f )  w i t h  17.4 g (105 mmol) of 

t r i e t h y l  phosph i t e  i n  20 m l  of xylene a f fo rded  3.0 g (45%) of 

dimer V b ,  m p .  199-20O0 ( d e c ) ,  as pale yellow prisms.  

A&. Calcd. f o r  C28H22N6: C ,  75.99; H,  5 .01;  N ,  18.99. 

Found: C ,  76.25; H ,  4.75; N ,  19.23. 

Mass spectrum m / e :  442 (M+). 

NMR(CDC13) 6 ppm: 2.57 (6H, s ,  C % ) ,  6 .78 (2H, 3Cki).  7.2-7.5 

(12H, aromatic  p r o t o n s ) .  

Oxidat ion of dimer %.-A s o l u t i o n  of 0 .5  g of Vb and 2.5 g of 
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STUDIES OF POLYAZAPENTALENES. 11. 

sodium dichromate i n  20 m l  of acetic a c i d  w a s  ref luxed f o r  20 

hr.  The reac t ion  mixture w a s  poured i n t o  water and t h e  preci- 

p i t a t e d  s o l i d  w a s  co l lec ted  by f i l t r a t i o n .  Recrys ta l l iza t  ion 

from acetone afforded 0.3 g (56%) of 5,5'-bis(3-methyl-7-0~0- 

indazolot l  ,Z-ajbenzotr iazolyl)  (VIII), mp.  225O (dec ) ,  as p a l e  

yellow prisms. 

A S .  Calcd. f o r  C28H20N602: C, 71.17; H, 4.27; N, 17.79. 

Found: C, 71.01; H, 4.45; N, 17.51. 

IR c m - l :  1690 (uc0). 

Mass spectrum m / e  ( re l .  i n t e n s i t y  W): 472 ( M + ,  +),  444 (M+ - 
CO, 4), 416 (444+ - COY ll), 236 ( M + / 2 ,  go), 208 (236+ - CO, 
92), 180 (208+ - N2, 100). 
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