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Reaction of 1-amino-2-phenylethynyl- and 
2-acylethynyl- l-amino-9,10-anthraquinones with HNO 2. 

Synthesis of 1H-3-aeylnaphtho[2,3-g]indazole-6,11-diones 
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The reactions of I-amino-2-phenylethynyl- and 2-acylethynyl-I-amino-9, t0-anthraquino- 
nes with HNO 2 in a mixture of dioxane and a mineral acid at 20 ~ were studied. Under 
these conditions, 2-alkynyl-l-amino-9,10-anthraquinones, irrespective of the structure of 
the C~-CR substituent, are cyclized into 3-substituted I H-naphtho[2,3-glindazole-6, I l-diones. 
The nature of the acetylenic group in the initial compound and the choice of the mineral 
acid determine the structure of the substituent in position 3 of the product (I, 1-dichloroalkyl 
or acyl) but have no effect on the regiospecificity of cyclization. 

Key words: l-amino-2-phenylethynyl-9,10-anthraquinones, 2-acylethynyl- 1 -amino- 
9,10-anthraquinones, nitrous acid, cyclization; 3-substituted IH-naphtho|2,3-g}indazole- 
6,1 l-diones, N-methylation. 

Previously we described the reaction of 2-alkynyl- 
1-amino-9,10-anthraquinones  with HNO2, involving 
closure of the pyrazole ring and yielding IH-3 - ( l , l - d i -  
chloroalkyl)naphtho[ 2,3-g]indazole-6,11 -diones.I It is 
of interest that the regiospecificity of this reaction 
differs substantially from that of the known cyclization 
of ortho-acetylenylarenediazonium salts, which yields a 
six-membered rather than a five-membered heterocy- 
clic ring (Richter synthesisZ,3). 

In this work, we studied the characteristic features 
of new heterocyclization of l -amino-2-phenylethynyl-  
and 2 - acy l e thyny l -  1 - a m i n o - 9 , 1 0 - a n t h r a q u i n o n e s  
la - -d .  We suggested that an aromatic or electron- 
withdrawing group present in the C~CR substituent in 
the initial compound  could have an effect on the 
pathway of the process and even on the possibility of its 
occurrence. It would obviously be expedient to verify 
this suggestion in a study dealing with the common 
character, field of application,  and mechanism of cy- 
clization. 

Under the condi t ions  described previously I (dilute 
HCl--dioxane,  20 ~ amines la - -d  react with HNO~ 
much more slowly than the analogous alkynyl deriva- 
tives (I .0--7.5 h and 10--30 rain, respectively) to give 
one product in each case. The reaction was found to 
follow the same pathway: the compounds obtained 
were 3 - subs t i tu ted  1H-naph tho[2 ,3 -g l indazo le -  
6,11-diones 2a--d (Scheme 1). However, unlike the 
2 . :~-dichloroalkylnaphthoindazolediones prepared 

from vic-alkynylaminoanthraquinones, these products 
contained no chlorine b u t  contained a carbonyl  group 
in the c~-position of the s ide chain. 

The structures of c o m p o u n d s  2a--d were confirmed 
by analytical and spectral methods (Table I) as well as 
by condensation w!th o -pheny tened iamine  to yield 
quinoxalines 3b--d. The lat ter  indicates that products 
2b--d incorporate two neighbor ing carbonyl groups in 
the side chain (Scheme 2), which would be impossible 
for their isomers containing six-membered pyridazine 
rings. In addition, 3 - ( l , 2 - d i o x o p e n t y l ) - l H - n a p h -  

Scheme 1 
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R : Ph (a), COPh (b), COPr  (c), COBu t (d) 
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Table !, Main characteristics of 3-substituted I H-naphtho(2,3-g}ind.',zole-6,11 -diones 

Corn- Yield M.p./~ Molecular Found (%) 
po- (,%) (solvent) formula Calculated 

und C H N 

~H NMR (CDCI 9, ,5 

2a 78.0, 302--303 CnHt2N203 75.24 ~ 8.15 
30.3 a (toluene) 74.99 3.43 7.95 

2b 62.5 305--306 C23H I~N204 72.79 ~ 7.28 
(toluene) 72.63 3.18 7.36 

2e 62.4 252--253 C2oH ~4N204 69.26 4._9_1 7_,9/ 
(toluene) 69.36 4.07 8.09 

2d 69.7 295--296 C21HI6N204 ~ 4._.6./ 
(toluene) 69.99 448 7.77 

2e 33.3, 276--277 C n H t 6 N z O  3 74,23 _4.,/_Q 
72.5 t' (dioxane) 74.15 4.55 7.86 

2f 68.4 207--208 CnH~sN204 70.48 4.81 7._/2 
(benzene-- 70.58 4.85 7.48 
hexane) 

6f 83.3 247--248 CnHtsCIzN203 61.78. L.9__4 1~,44 
(toluene) 61.35 4.23 16.52 

3b 91.0 330--332 C29H16N402 ~ 3.56 11.75 
(dioxane-- 76.98 3.36 12.38 
he:,ane) 

3e 71.4 306--307 C26H 18N402 
(toluene-- 
hexane) 

34 83.3 292--293 C27H~N40~ " 
(toluene-- 
hexane) 

52 88.2 223--224 C24 HI~N20,t 
(dioxane-- 
hexane) 

74,71 4.2,6_ I_3.23 
74.63 4.34 13.39 

~ 12.63 
74.98 4.66 12.95 

72.35 4.55 7.03 

8a 86.0 171--172 C25HmN204 ~ 4._9_t 6,57 
(benzene-- 72.80 4.89 679 
hexane) 

71 88.9 r 191--I92 C~_31qt4N203 75.22 3.82 7.5___! 
74.9 (dioxane-- 75.40 3.85 7.65 

hexane) 

0.95 (t, 3 H, CH3, J = 6.7 Hz); 1.70 (sext, 2 H, ~-CH 2, 
J =  6.7 Hz); 2.93(t, 2 H, ct-CH 2, J =  6 7  Hz); 7.80--8.05 
(m, 2 H, H(8), H(9)); 8.05-8.35 (m,  2 H, H(7). H(10)); 
815 (d, 1 H, H(4){H(5)I,J = 9.0 Hz); 8.60(d, 1 H, 
H(5)[H(4)h J = 9.0 Hz); 14.90 (br.s,  I H, NH) a 

1.35 (s, 9 H, CH3); 7.80-7.95 (m,  2 H, H(8), H(9)); 
8.20--8.40 (m, 2 H, H(7), H(10)); 8.30 (d, I H, 
H(4)[H(5)I, J = 8.5 Hz): 8.72 (d. I H, H(5)IH(4)I, J = 
8.5 Hz); 12.35 (br.s, 1 H, NH) 

1.35--2.20 (m, 10 H, cyclo-C6Hlo); 7.65--7.95 (m, 2 H, 
H(8), H(9)); 8.10--8.45 (m, 2 H, 14(7), H(t0)); 
8.23 (d, 1 H, H(4){H(5)I, d = 9.0 Hz); 8.70 (d, I H, 
H(5)[H(4)I, J = 9.0 Hz); 13.65 (br .s ,  I H, NH) a 

1.35--2.00 (m, 10 H, cyclo-C6Hio); 7.80--8.05 (m, 2 H, 
H(8), H(9)); 8.05--8.30 (m, 3 H, H(4)[H(5)I ,  H(7), 
H(10)); 8.65 (d, I H, H(5)[H(4)I, J = 8.3 Hz); 
14.45 (br.s, t H, NH) a 

7.30--7.65 (m, 5 H, Ph); 7.80--8.00 (m, 4 H, H(8), 
H(9), H(6"), H(7")); 8.05-8.35 (rrt, 5 H, H(4)[H(5)I, 
H(7), H(10), H(5"), H(8")); 8.65 (d ,  I H, H(5)[H(4)|, 
J = 9.0 Hz); 14.18 (s, I H, NH) 

IO0 (t, 3 H, CH 3, d =-6.8 Hz); 1.65--2.10 (m, 2 H, 
I~-CH2)'; 7.80--8.35 (m, 9 H, H a tom. ) ;  9.05 (d, I H, 
H(5)[H(4)I, J = 9_0 Hz); 14.38 (br .s ,  I H, NH) 

1.37 (s, 9 H, CH3); 7.80-8.35 (rrt,  10 H, H atom.); 
14.30 (br.s, 1 H, NH) 

3.30 (s, 6 H, OMe); 720--7.40 (n'*, 3 H, 3 HPh); 
7.55--7.90 (m, 4 H, H(8), H(9), 2 HPh): 8.00 (d. 
I H, H(4)[H(5)], ./ = 8.5 Hz); 8 -  15--8.40 (m, 3 H, 
H(5)[H(4)], H(7), H(10)); 11.80 (br.s,  I H. NH) 

3.10 is, 6 H, OMe): 390(s, 3 H ,  NMe).  7.10--7.40 
(m, 5 H. 5 HPh): 7.55--780(rn. 2 H, H(8). H(9)); 
7.95 (d, I H, H(4)[H(5)I. J = 9.13 Ftz): 8.i0--830 (m. 
2 H, H(7), Vl(10)); 8.55(d, 1 FI, H(5)1}t(4)1. J = 
g.0 Hz) 

4.63 (s, 3 H, NMe): 7.35-7.90 ( rn ,  8 H. H(41[H(5)]. 
H(8), H(9). 5 HPh); 3.05 (d, I I-t ,  H(5)I.H(4)], J = 
8.5 Hz); 8.20--8.45 (m. 2 H, H ( 7 ) ,  H(10)) 

a Dehydrogenation of c o m p o u n d  Ze. b Dehydrochlorination of compound 6[. c Hydrolysis of c o m p o t m d  8a. d The spectrum 
was obtained in DMSO-d 6. e The signals of ct-CH 2 and DMSO overlap. 

t h o [ 2 , 3 - g l i n d a z o l e - 6 , 1 1 - d i o n e  2c was ox id ized  to 
6,1 1 - d i o x o -  1 H - n a p h t h o [  2 , 3 - g ] i n d a z o l e -  3 -ca rboxy i i c  

acid 4 (see Scheme  2); this is d i r e c t  evidence p r o v i n g  
that  ketones 2b- -d  are n a p h t h o i n d a z o l e  derivat ives .  
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The structure o f  ketone 2a slmuld be confirmed 
separately. This was even more necessary since com- 
pound 2a was f ound  to tmdergo an unusual reaction 

6f 

O HN N t I 

v ~- ~ (OMe) 
0 

with NaOMe in MeOH to  give d imethylketa l  5a. 
AJkylketones, analogs o f  2a, for example, 1H-3-valeryl -  
naphtho[2,3-g]indazole-6, I I -d ione ,  I do not undergo this 
reaction. 

To determine the size o f  the ring in mo lecu l e  2a, 
this compound was synthesized via an al ternative path-  
way, namely, by dehydrogenat ion of 3-(3 ,4 ,5 ,6- te t ra-  
hydrobenzoyl) - I  H-naphtho[2 ,3-g] indazole -6 ,  i I -dione 
2e carried out by prolonged boiling of this c o m p o u n d  
with active MnO 2 in t o l u e n e  (Scheme 3). The  aro- 
matic product proved to  be completely ident ica l  to 
compound 2a obtained by cyclization of a m i n e  la .  
Thus, compound 2a, like a -d ike tones  2b--d,  conta ins  a 
pyrazole rather than a pyr idaz ine  ring. 

Aminoacetylene If was cycl ized in the reac t ion  with 
HNO 2 under the condi t ions used to prepare ketones 
from 2-a lkynyl-  l - a mino -9 ,  10-anthraquinones .  I The 
structure of  product 2f as a substituted naphthoindazole  
was additionally confirmed by  its oxidation to  acid 4 
(see Scheme 3). However, the  attempt to carry  out 
dehydration of  ketone 2f to cyclohexenyl ke tone  2e by 
the action of  POCI 3 in py r id ine  proved to be unsuc- 
cessful, and compound 2e  was obtained s imi lar ly  to 2f, 
viz., by cyclization of cyc lohexeny lan th raqu inone  le.  
Cyclization of  amine l e  occurred  much m o r e  slowly 
than that of  I f  (19 and 3 h, respectively). It is appar-  
ent ly  due to this r e a s o n  and to the l a b i l i t y  of  
vinylacetylene le that the  yie ld  of product 2e was only 
33%. The best method f o r  synthesis of ketone 2e was 
found unexpectedly in a s tudy of the r eac t i on  of  
d i c h l o r o ( I - h y d r o x y c y c l o h e x y l ) m e t h y l - s u b s t i t u t e d  
naphthoindazoledione 6f wi th  MeONa in M e O H .  Un- 
der these conditions, d i o n e  6f undergoes a sort of  
dehydroehlorination, a c c o m p a n i e d  by migrat ion of  an 
O atom, and is thus conver ted  into cyclohexenyl  ketone 
2e in a 72.5% yield; the overa l l  yield of c o m p o u n d  2e 
from acetylene If is as h i g h  as 60%. The mechan i sm 
suggested for this reaction is presented in S c h e m e  4. 

Ketone 2a, like other 3 -acy lnaphtho indazoled iones ,  l 
is methylated by Me2SO 4 at the N atom o f  the  ring, 
after preliminary conversion into the conjugated base 
by the action of buty l l i th ium.  The posit ion of  the 
methyl group in the p roduc t  was confirmed b y  the fact 
that the same N-methyl derivative 7a resul ted from 
alkylation of  dimethylketal  5a followed by hydrolysis  
(Scheme 5). 

It can be suggested t h a t  the ability of c o m p o u n d  2a 
to be converted into ke ta l  5a in the reac t ion  with 
MeONa in MeOH is due to the formation o f  an ex- 

Scheme 4 

o HN N [ ~  

. 

- [] - (OMe) 
O 

= 2e 



108 fluss. Chem.gull.,  VoL 46, No. I, January, 1997 Ivanchikova et  al. 
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t e n d e d  c o n j u g a t e d  s y s t e m  in the i n t e r m e d i a t e  
( S c h e m e  6). 

Thus ,  the reac t ion  o f  2 - a l k y n y l - l - a m i n o - 9 , 1 0 - a n -  
th raqu inones  with H N O  2 in a mixture o f d i o x a n e  and 
a mineral  acid occurs  as cycl iza t ion  to give 3-subst i -  
tu ted t H-naphtho[2 ,3-g] indazole-6 ,1  l -d iones ,  i r respec-  
tive of  the s t ruc ture  o f  t he  C - C R  substi tuent.  The 
charac ter  o f  the  a c e t y l e n i c  group in the starting c o m -  
pound  and the na ture  o f  t h e  acid affect only the s t ruc-  
ture o f  the side group ( [ ,  I -d ichloroalkyl  or acyl) o f  the 
naph tho indazo l e  de r iva t i ve  formed.  The reaction opens  
the pa thway  to p r e v i o u s l y  unknown  I H - n a p h t h o -  
[2 ,3 -g] indazo le -6 ,  11 - d i o n e s .  

Expe r imen ta l  

The NMR spectra were recorded on Jcol FX-90Q and 
Bake r  400 spectrometers in CDCI 3. The course of the reac-  
tions was monitored by TLC on Si lufol  UV 254 plates in 
CHCI 3. The initial acetylene derivatives 1}--( were obtained 
by previously reported procedures, 4,5 The physicochemical 
characteristics of the 3-substituted 1/ar-naphtho[2.3-glindazole- 
6,1 l-diones are listed in Table I. 

3-Benzoyl-iH-naphtho[2,3-glindazole-6,1 l-dione (2a) .  
Dilute (1 : I) HC1 (9 mL) and N a N O  2 (0,36 g, 5.2 retool) 
in 4.5 mL of water were added successively to a solution of  
compound I t  (0.96 g, 3.0 retool) i n  75 mL of dioxane; the 
mixture was stirred for I h at 20 ~  diluted with 500 mL of 
CHCI3, and washed with water. Recrystall ization from diox-  
ane--hexane mixture gave 0.82 g (78 .0%)  of compound 2a. 

Compounds 2h--d and 6fwere synthes ized  in a similar way. 
3-(1- Hydroxyhexahydrobenzoyl)- 1 H-naphtho[2,3-g]inda- 

zole-6,il-dione (2f). A solution o f  conapound If (I.05 g, 
3.0 retool) in 75 m L o f d i o x a n e a n d  7.5 m L o f 3 0 %  H2SO ~ 
and a solution of NaNO~ (0.40 g,  5.8 mmot) in 6 mL of  
water were stirred for 3 h at 20 ~ Chromatography on S i n  2 
in CHC13 gave 0.78 g (684%) of c o n a p o u n d  2f. 

3-(3- Propylquinoxalin-2-yl)- I hr- naphtho[2.3-glindazole- 
6,11-dione (3c). A mixture of c o m p o u n d  2c (120 nag, 
0.4 retool), o-phenylenediamine (45 mS, 0.4 mane), and 85% 
HCOOH (0.03 mL) in 15 mL of to luene  was refluxed for 
t.5 h and diluted with ~30 mL of h e x a n e ,  and the precipitate 
that formed was filtered off. Chromatography  on S in  2 in 
CHCI 3 gave 100 mg (71.4%)of c o m p o u n d  3c. 

3-Phenyl- and 3-tert-butylquinoxalin-2-yl-substituted de-  
rivatives 3b,d were obtained under t h e  same conditions. 

Oxidation of 3-(1,2-dloxopentyi) - ! H-uaphtho[2,3-glinda- 
zole-6,11-dione (2e). Ketone 2c (0.26 g, 0.8 retool) was 
refluxed with a solution of po tass ium dichromate (I .10 g, 
3.7 retool) in65 m L o f A c O H a n d  15 m L o f 3 0 % H 2 S O  4 for 
2 h (see Ref. 1) to give 0.20 g (90.0,%) of  acid 4. 

Ketone 2f was oxidized in a s i m i l a r  way. 
Reaction of 3-[dichloro(l-hydroxyeyciohexyi)methyi]- 1H- 

naphtho[2,3-g]indazole-6,1t-dioae (61) with MeONa. A so- 
lution of MeONa (I.50 g Na and 7 0  mL MeOH) was added 
to a suspension of 1.45 g (3.4 narnol)  of compound 6f in 
70 naL of MeOH; the mixture w a s  stirred for 15 rain at 
20 ~ diluted with 800 rnL of CHC13,  and washed with 
water. The crude 2e thus obta ined was heated at reflux in 
30 mL of benzene for 5 rnin a n d  cooled to give 0.87 g 
(72.5%) of compound 2e. 

Dehydrogenation of 3-(3,4,5.6-tetrahydrobenzoyl)- 1 H- 
naphtho[2,3-g]lndazole-6,ll-dione (2e). A mixture of com- 
pound 2e (1 ~0 rag, 0.3 mrnot) a n d  active MnO~. (2.20 g) in 
140 mL of anhydrous toluene was heated at reflux for 45 h 
and filtered. The precipitate was  thoroughly washed wi,h 
CHCI 3, The combined filtrate was evaporated to dryness, and 
the residue was chromatographed o n  s i n  2 in CHC13 to give 
33 mg (30.3%) of  compound 2a. 

I H-3-[ Dimethoxy(phenyl)methyllnaphthn[ 2,3-g]indazole- 
6.1l-dione (5a),  A mixture o t  r compound  2a (0,60 g, 
1.7 retool) and MeONa (obta ined from 0.60 g of Na) in 
45 rnL of MeOH was stirred for  10 rain at 20 ~ CHCt  3 
(300 rnL) was added, the mixture "was stirred with water, and 
the solvent was removed in vactto. The residue was crystal- 
lizcd in hexane to give 0.60 g ( 8 8 . 2 % )  of compound 5a. 
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I-Methyl- 3-benzoylnaphtho[2,3-g]indazole-6, 1 l-dione 
(7a). ,4, A 1.45 N solution of BuLi in hexane (0.76 mL. 
I.I retool) and then Me2SO 4 (0.16 g, 1.3 mmol, 0.12 mL) 
were added in an Ar atmosphere to a solution of compound 
2a (0.18 g0 0.5 mmol) in 35 mL of anhydrous dioxane. The 
reaction mixture was stirred for 15 rain at 50 ~ and for 2 h 
at 20 ~ Product 7a was extracted with CHCI:] and purified 
by chromatography on SiO~ in benzene to give 0.16 g (889%) 
of compound 7a. 

Ketal ~t  was obtained from compound 5a in a similar way. 
B, A solution of ketal 8a (0.20 g, 0.5 retool) in 20 mL of 

dioxane and 6 mE of  12% HCI was stirred for 30 rain at 
20 *C to give 0.16 g (88.9%) of compound 7a. 
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