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A new heterocyclization in the series of acetylenic derivatives of 
anthraquinone 
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2-Alkynyl-l-amino-9,10-anthraquinones react wilh HNO 2 in a mixture of dilute HCI 
and dio×ane at 20 °C to give I,I-dichloroalkyl-IH-3-naphtho[2,3-glindazole-6,11-diones 
This reaction differs from the known cyclization of ortho-alkynylbenzenediazonium salts 
involving the formation of a pyridazine ring (the Richter synthesis of 4-hydroxy- and 
4-halocinnolinesL 

Key words: the Richter reaction. 2-alkynyl-l-anaino-9.10-anthraqumones. cyclization. 
3-substituted I H-naphthol2,3-glindazole-6 1 I -dioncs 

In a cont inua t ion  of  our investigations dealing with 
the synthesis of  fused polycyclic  structures, I - s  we stud- 
ied the  cyc l i za t ion  o f  2 - a l k y n y l - l - a m i n o - 9 , 1 0 - a n -  
thraquinones  under  the action of  nitrous acid (for the 
previous communica t i on ,  see Ret\ 6). Ortho-alkynyl- 
benzened iazon ium salts and some of  their  heteroeycl ic-  
analogs are known to undergo cyclizat ion to give 4-hy-  
d r o x y -  and 4 - h a l o c i n n o l i n e s  or,  c o r r e s p o n d i n g l y ,  
heteroanalogs  of  these compounds  (the Richter reac- 
t ion).  7`s In the series of  a lkynylanthraquinones ,  no such 
react ions have been described,  and their  possibility is 
not at all obvious,  since the nucleophi l ic i ty  of  the acety-  
lenic residue in the quinoid nucleus is low, 9 and the 
functional  group,  which adds int ramolecular ly  at the 
tr iple bond in the Richter  reaction,  is electrophil ic.  

2-Alkynyl -  1 - amino-9 ,10 -an th raqu inones  1 a - - c  were 
introduced into a reaction with a 1.7--2-fold excess of  
N a N O  2 in a mixture of  dilute HCI and dioxane at 
20 °C. Under  these condi t ions ,  compounds  l a - - c  were 
comple te ly  consumed over a period of  10--30 ruin to 

afford in each case one major product ,  conta in ing  one 
more H atom and one more C1 atom than the expected 
4-chloronaphtho[2 ,3-h lc innol ine-7 ,  12-dione (yields 65--  
82 %). Format ion  of dihalides has not been observed 
previously in the Richter reaction. Never theless ,  tile 
presence of  a tH N M R s i g n a l a t  11.85 ppm ( i n C D C I  3) 
or at 14.25 ppm (in DMSO-d6)  cor responding  to the 
N H - g r o u p  and the possibility of  s tabi l izat ion of  the 
molecule  by an in t ramolecular  hydrogen bond seemed 
to give grounds for attributing the structure of  4 ,4-d ich lo-  
to- 1 ,4 -d ihydronaph tho[2 ,3 -h ]c inno l ine -7 ,12-d iones  (2) 
(Scheme 1) to the compounds  obtained.  

However,  when we a t tempted  to ca rw out dehydro-  
chlor inat ion  of  these compounds  under  the act ion of 
bases, we found that the dichloroalkyl  group is located 
in the a -pos i t i on  of the side chain.  This implies  that 
cyclizat ion of  the intermediate  d iazonium salts or, pos- 
sibly, of o ther  intermediates  having a s imilar  structure,  
affords a f ive-membered  pyrazole ring rather  than a six- 
membered  pyridazine ring (which is R~lmed in known 
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example s  o f  the  R ich te r  reac t ion) ,  and thus  the reac t ion  In fact. when  d ichlor ides  3a ,b  react with BuLi,  they  
yields 3-subst i tuted 1H-naph tho[2 ,3 -g l indazo le -6 ,1  l -d io -  lose an HCI mo lecu l e  and are conve r t ed  into  m o n o c h l o -  
nes ( 3 a - - c )  (Table  I). rides 4a ,b  in 72 and 63 % yields,  respect ively.  D e h y d r o -  

Table I. Yields and characteristics of 3-substituted I H-naphthol2,3-glindazole-6.11-diones 3--9 

Starting Prcxtuct Yield M,p./°C Molecular ~ u ~ d  ._ (%) 1FI NMR 
compound (%) (solvent) t\~rmula Calculated (CDCI 3, 6, J / i l z )  

C H N 

la 3a 65.4 190--191 C?oHI6CI2N?O2 fi2_Z5 ~J5  ~ )  
(dioxane 62.03 4.16 1831 
--hexane) 

Ib 3b 76.9 235--236 C23H 14CI2N203 
{toluene) 

Ic 3c 82.4 279--281 CI~t-lsCI?N202 
(with 
decomp., 
benzene) 

3a 4a 72.0 223--224 C2oHIsCIN202 
(dioxane 
--hexane) 

3b 4b \ 72.0 223--224 C2oHIsCIN202 
(dioxane 
--hexane) 

3a 5a 82.0 164--165 C22H22N204 
(ethanol) 

3b 5b 84.6 167--168 C25|t20N20 S 
(benzene 
--hexane) 

3c 5c 84.6 196--198 CIsH!4N204 
(benzene 
--hexane) 

63.17 3.23 16.21 

1.00 (t, 3 It, CH 3, J = 70); 120--2.00 
(m, 4 Iq, ~3- and "r-CH2); 2.93 (t. 2 H, 
a - C H >  J = 70); 7.70--790 (m, 2 H, 
H-8,9); 8 20--8 45 (m, 2 H, Ho7,10); 
8,12 (d, I H, H-5 (4 ) , J  = 83); 862 
(d, 1 H, H-5(4 ) , J  = 8.3): 1185 (brs, 
I H. Nit)  

5~97 ~ 3  2±~[0 7 90--835 (m, 6 H, H-4(5L7~-I0, 
58,03 243 2141 CHCI2): 8,50 (d, I H, H-5(4), J = 90L 

14,25 (brs, I H~ NH)* 

~8.61 ~ 10,1/ 
68.48 4,32 996 

68,6[ ~,.L[ L(LLI 
68.48 4.32 9,96 

,~Q{~ 5.84 7.54 
6983 586 740 

1.05 (t, 3 H, CH 3, J = 77); 1.65 
(sextet, 2 H, ~ 2 C H 3 ,  J = 7.7); 
2.50 (K, 2 H, ~ 2 C H  =, J = 7.7); 
663 (t, 1 H, CH=,  J = 77); 
7,70--790 (m, 2 H, H-8,9); 
8.12 (d, 1 H, H-4(5), J = 8,4); 
8020--840 (In, 2 H, H-7,10); 
845 (d, 1 H, H-5(4), J = 84); 
11.87 (brs, I Iq. NH) 

? 10--7.55 (m, 6 H, CH =, Ph); 
7 8 0 - 8  10 (in, 2 H, H-8,9); 8.15-8.40 
(m, 2 It, H-7,10); 8.20 (d, I H, | t-4(5) 
J = 8.5); 8.55 (d, 1 H, H-5(4), 
J = 8,5); 14.15 (br.s, 1 H, NH)" 

077 (t, 3 H, CH3, J = 6.5); 0.95--I 30 
(m, 4 H, [',- and 'y-CH2); 2.15 (t, 2 H, 
{~-CH> J = 6.5); 330 (s, 6 It, OCH3); 
7 7 0 - 7 9 0  (m, 2 H, H-8,9) ;820--8 .35 
(rn, 2 H, H-7,10); 8.08 (d, I H, H-4(5), 
J = 84); 8.43 (d, 1 I-t, H-5(4), J = 84); 
11.88 (br.s, I H, NH/  

70_1!) 48~ 6. ,5~ 345 (s, 6 It, OCH3); 445 (s, 2 H, 
7008 471 6.54 CH?O); 6.70--7000 (m, 3 H, Ph); 

7,05--720 (m, 2 lq, Ph); 7.70--790 
ma, 2 H, H-8(9)); 8.20--8.40 (in, 2 H, 
H-7,10); 8ol0 ( d  I H, H-4(5), d =- 90); 
860 (d ,  1 H, H-5(4), J = 90);  
[195 (br.s, I H, NH) 

O 2  4A2 ~,78 3.48 (s, 6 H, OCH3); 582 (s, I H, 
6707 4.38 869 O C H O ) ; 7 7 0 - - 7 9 0 ( m ,  2 H, H-8,9); 

820--8035 (m, 2 H, H-7,10); 8.08 
(d, I H, H-4(5 ) , J  = 90); 
8.40 (d, I H, H-5(4), J = 9.0); 
11.88 (br.s, I 1t, NH) 

(to be continued) 
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Table I (continued) 

Starling Product Yield M p./°C Molecular 
compound (%) (solvent) fbrmula 

Found (%) 
Calculated 

C H N 

ill NMR 
(CDCI 3, 8, d/Hz) 

la 6a 656 255-256 C20Hi6N?O 3 
5a 9 2 . 8  (tohiene) 
3a 47 4 

5b 6b -100 249--251 C?3Ht4N204 
(dioxane 
-- hexane ) 

5e 6c 940 296--298 C24H i5NO4 
(toluene) 

7 8** 866 281--282 CiTHIoN204 
(toluene) 

5a 10 8 3 . 3  133--135 C23H24N204 
(benzene 
--hexane) 

10 9 8 3 . 3  284--286 C21HIsN203 
6a 8 4 . 2  (benzene 

--hexane) 

7 2 J 7 4`<Rt 8 ._~ 3 
7228 485 8.43 

7224 3._77 7 j4  
72.25 3 69 733 

~L73 k03 LQ_~ 
6956 292 1014 

6{~ 81 3_A9 .~L72 
6667 3 29 Q 15 

70,42 5 ~  ~.Rt 
70.39 616 714 

72.57 52_6  7.96 
7282 524 8.09 

095 it, 3 H, CH3. J = 67); 120--190 
{m, 4 H, ~- and y-Clt2); 3.28 (t, 2 H, 
c,-CH 2, J = 67); 775--795 (m, 2 H, 
1t-8,9); 825--845 (m, 2 It, t1-7,10); 
823 (d, I It, 11-4(5), J = 85) ,~L80 
{d, I H, 1t-5(4), J = 85): 12.20 
(brs, I tt, NH) 

785--8.05 (m, 2 H, H-8,9); 8.10--835 
{m, 3 tt, H-4(5L7,10): 859 (d, I H~ 
H-5,(4),J = 85); 10.30 (s, I 14, CHO): 
1470 (brs, I H, NH)* 

400ts,  3 tl, OCH3); 785--805 
(m, 2 FI, 11-8,9). 8 0 5 - 8  30 (m, 3 H, 
1t-4(5L7,10); 8.50 (d, I It, J = 85, 
H-5(4)); 14.43 (brs, I H, Nit)* 

0.75 (t, 3 H, CH 3, J = 67); 090--1.35 
(m, 4 H, 1~- and 7-CH2); 207 it, 2 H, 
o-CH 2, J = 6.7); 3.25 (s, 6 H, OCH3); 
4.45 (s, 3 H, NCH3); 7.65--7.85 
(m, 2 H, H-8,9); 7.97 (d, l H, 
H-4(5), J = 8.3); 815--845 (m, 3 H, 
H-5(4),7,10) 

I 00 (t, 3 H, CH 3, J = 67); 1.20--1.95 
(m, 4 H, ~- and -~,-CIt?); 3.18 (t, 2 It, 
c~-CH 2, J = 6.7); 4.63 (s, 3 H, NCH3); 
770--7.95 (m, 2 H, H-8,9); 8 15--845 
(m, 4 H, H-4,5,7,10) 

* In DMSO-d 6 ** MS, m/z306. 

chlorinat ion with weak bases such as NaHCO 3 occurs in 
a similar way but with greater difficulties. 

The structures of 4a,b were confirmed by the data of 
elemental  analysis and by NMR spectra (Table I )  For 
example, tile spectnim of 4a exhibits a triplet at 6.63 ppm 
(CCI=CH) ,  

As should be expected, dichloromethylindazole 3c 
does not undergo dehydrochlorination.  Instead, it reacts 
with BuLi slowly and ambiguously (Scheme 2). 

Both CI atoms in 3a - -e  are readily replaced by 
methoxy grotlps on treatment with MeONa in MeOH 
(20 C ,  5 rain); the yields of the corresponding ketals 
5a,b and of acetal 5c are 8 2 - 8 5  % "Tile iH N MR 
spectra of <-ompounds 5a- -c  contain a singlet corre- 
sponding to the two equivalent methyl groups in the 
3.30--3.48 ppm region; the chemical shift of CH in 5c 
is 5.82 ppm. Under  the condit ions normal for the hy- 
drolysis of acetals ( t reatment  with dilute H2SO 4 in diox- 
ane, 20 °C, 30 min),  compounds  5a- -c  afford the corre- 
sponding carbonyl compounds  6 a - - c  in >90 % yields. 

Ttle fl~rnlation of aldehyde 6c proves unambiguously  
that dichloride 3c, like dichlorides 3a,b, is a 3-substi- 
tuted IH-naphtho[2 ,3-g] indazole -6 ,11-d ione  The CHO 
group in compound 6c is responsible ff)r a doublet  at 
186.7 ppm i n t h e  13C N M R s p e c t r u m  (with il lcomplete 
pro tondecoupl ing)  and fo ras ing le t  at 10.30 ppin in the 
1tt NMR spectrum. 

Like ketone 6a, aldehyde 6c is oxidized by chromic 
acid to give 1 ft-6, I I -dioxonaphtho[2,3-gl indazole-3-car-  
boxylic acid 7 (yield 80 %); the latter was converted 
into the corresponding methyl ester 8 without purifica- 
tion. 

It should be noted that in the case of dichlorides 3, 
the acid hydrolysis typical of 4-chlorocinnol ines  occurs 
with great difficulty, and 3a can be hydrolyzed to 6a 
only by boiling in a mixture of 50% H2SO 4 and dioxane 
for 51 h, and tile yield of 6a being less than 50 %. 
However, using this particular ketone 6a as an example,  
it has been shown that 3-acylnaphthoindazoles  6 can be 
synthesized directly from a lkynylanthraquinones  I by 
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Scheme 2 
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f. NaNO 2, H2SO 4 (13a36.), dioxane, 20 "C, 40 rain. 
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using dilute H2SO 4 instead of HCI for cyclization, the 
other conditions remaining the same. 

After conversion into the conjugated bases by the 
reaction with BuLi, 2-acylnaphtho-I ff-[2,3-glindazole- 
6,11-diones 6 can be methylated at the N atom by 
treatment with Me?SO4. The structure of the N-methyla- 
tion product 9a obtained from 6a was confirmed by the 
data of the )H N MR spectrum and by its alternative 
synthesis by methylation of ketal 5a tinder the same 
conditions followed by hydrolysis of N methylketal 10 
(Scheme 3). 

Int ramolecular  cyclization of  ortho-acylarene- 
diazonium salts (Bocsche reaction) 7 is similar in essence 

to the Richter reaction. However, in contrast to the 
cyclization of acetylene derivatives, tMs reaction can 
in principle yield only a six-membered heterocyclic 
compound. Therefore, it was of interest to compare 
tile behavior of I -amino-2-e thynyl -  ( le)  and 
2-acetyl-l-amino-9,10-anthraquinone (11) under the 
conditions of the reaction considered. It was found that, 
unlike acetylene le, ketone I1 does not undergo 
cyclization in the reaction with excess HNO 2 in a 
mixture of dilute HCI and dioxane at 20 °C, Instead, 
it is slowly (over a period of 30 h) converted into 
2-acetyl- I-chloro-9,10-anthraquinone 12 in 77.5 % yield 
(Scheme 4). 
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Scheme 4 
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Experimental 

NMR spectra were recorded on Jeol FX-90Q and Bniker 
400 spectromete~ ira CDCI~, and IR spectra were obtained on 
a UR-20 spectrophotometer  in CHCI 3 The reactions were 
monitored by TLC using Silufol UV 254 plates in CHCI? 
Physic~hemical  characteristics of the 3-substittrted I t t -naph-  
ihol2,3-gi-indazole-6~ll  d iones  synthesized are presented in 
Table I~ 

I-Amino-2-hexyn-I-ylanthraquinone ( la )  was prepared b) 
condensa t ion  3 of I - a m i n o - 2 - i o d o a n t h r a q u i n o n e  (I 75 g~ 
50 mmol) with copperbutylacetylenide (I 10 g, 7 5 retool) in 
80 mL of pyridine under Ar (115 C ,  5 rain) in a yield of 
1.20 g (800 %); nap. 124--125 °C (benzene-hexaneL Found 
(%) :C,  78.92; H, 550; N, 447~C20ttl7NO 2 Calculated (%): 
C, 7919; H, 565; N, 4.62 IH NMR, 8 : 0 9 5  (t, 3 H, CH3), 
IA0--1~65 (in, 4 H, f~,- and y-CH2), 2.55 (t, 2 H, ct-CH2), 
7.55 (s, 2 H, H-3,4), 7 6 0 - - 7 8 0  (m, 2 H, H-6,7), 8:15--835- 
(m, 2 H, t t - 5 , 8 )  IR, v/cm-I :  3345, 3490(NH2) ;2230(C~C);  
1640, 1675 ((..=O). 

Acetylenes Ib,c were synthesized by the known proce- 
dure~ l0 

3 - ( I , I - D i c h l o r o p e n t y l ) -  IH-naphthol2 ,3 -g l indazo le -  
6,11-dione(3a). Dilute HC1(12 m L ) ( I  : l) and a solntion of 
NaNO 2 (048 g, 7.0 retool) in 6 mL of water were added 
successively to la (120 g, 40  retool) in 80 mL of dioxane 
The mixture was stirred for 7 rain at 20 °C, diluted with 
500 mL of CHCI 3, and washed with water  The sx)lvent was 
evaporated in vacuo, and the residue was crystallized in ether 
and filtered off to give 3a in I 00 g (654 %) yield 

Compounds 3b,c were obtained ira a similar way 
3-(I-Chloropenten-  i -y l ) -  IH-naphtho[2,3-gl indazole - 

6,It-drone (4a), At 20 C ,  0¢)2 mL of a 145N soltition of 
BuLl (1~3 rumol) in hexane was added under Ar to compound 
3a (130 ms, 03  mnlol) in 20 mL of anhydrous dioxane l h e  
mixture was sti+red for 5 rain, dihited with 200 ml o fCHCI  < 
and washed with water  Chromatography on silica gel (ASK(J) 
in benzene gave 85 mg (720 %) of 4a 

Compound 4b was obtained from dichloride 3b in a 
similar way 

3-( I, I-Dimethoxypentyl)-  IH-naphthol2,3-gl indazole - 
6,11-dione (5a). A solution of MeONa in MeOIt (0 60 g N a  
15 niL of MeOH) was added to a snspemqon of 3a (062 g, 
1~6 retool) in 30 mL of M e O t t  The mixture was stirred fol 
5 min at 20 °C, diluted with 300 mL of CHCI 3, lnd  washed 
with water  The solvent was evaporated in vacuo, and a ben- 
zene sohition of the residue was filtered throngh a layer of 
silica gel (ASKG) and reprecipitated from benzene with hex- 
ane to give 050 g (8Z0 %) ofSa, 

Compounds 5b,c were prepared in a similar way 
3-Valeryl- I H-naphtho[2,3-g]indazole-6, ! I-dione (6a). 

a. A sohltion of  ketal 5a (IO g, 29  mmol) in 150 mL of 

dioxane, 18 mL e l  36% HCI, and 15 mL of water was stirred 
for 30 rain at 20 °C togive 090 g (928 %) of compound 6a 

Compounds 6b,c were prepared in a similar way by tile 
hydrolysis of 5b ,e  

h. A mixture of 160 mg (04 mmol) of compound 3a, 
15 m L o f d i o x a n e ,  4 nit. of water, and 2 m L o f c o n c  HzSO 4 
was boiled IT~r 51 h. The indazoledione 6a(83 rag) isolated by 
the usual workup was iddi t ional ly purified by chromatography 
on silica gel (40--100 ram) in CH('I 3, yield 65 mg (47 7 %)  

e. Concentrated H2SO 4 (0 I mL) dihlted with 0 5 n i l  of 
water and a sohition of NAN() 2 (004 g, 06  retool) in 05  ml 
of water were added successively t(. compound la (0 10 g, 
03 retool) in 6 mL ofdioxane,  and the mixture was stirred for 
40 iron it _3 C Alter isolation by the usual workup, com- 
pound 6a was recrystallized from ether and filtered off. Yield 
007 g (65.6 %). 

Methyl 6, ! l-dioxo- 1 lt-naphtho[2,3-g]indazole-3-carboxy- 
late (8). Potassium dichromate (2,60 g, 88  mmol) in dilute 
H2SO 4 (5 m L c o n c .  H2SO 4and 30 m L o f w a t e r )  w a s a d d e d a t  
40 °C over a period of 20 min to compound 6a (060 g, 
18 retool) in 150 mL of AcOH; the mixture was heated to 
boiling (105 ~C), stirred at this temperature for 3 h, and 
cooled  Half of the mother liquor was carefillly decanted, 
100 mL of  water was added, and the precipitate was filtered 
off, washed with water, and dried in air  The restllting acid 7 
(043 g; 81 1 % )  was extracted without additional purif icat ion 
Compound7(0 .32  g, I 1 retool) in 20 m L o f M e O H ,  contain- 
ing 3 mL of conc. H?SO 4, was boiled for 12 tl, diluted with 
300 mL of CHCI3, and washed with water, and the solvent 
was eval×~rated in vacuo to give 020 g (866 %) of ester 8. 

Compound 6c was oxidized in a similar way 
l-  Methyl-3-( 1, l-dimethoxypentyl)naphtho[ 2,3-g]indazole- 

6,11-dione (10). 16 mL e r a  I 45 N hexane solution of BuLl 
(2 3 retool) and Me SO4 (040 g, 32 retool; 1.t3 nil.) weie 
ldded successively to coriipound 5a (046 g I 2 retool) in 
35 mL of anhydrous dioxane under Ar qhe mixture was 
heated to 50 °C, stirred for 15 rain, cooled, diluted with 
300 mL of CHCI?, lnd washed with water Chromatography 
on silica gel (ASKG) in benzene ga~e 040 g (833 %) of 
conlpound 10, 

! -Methyl-3-valerylnaphtho[2,3-g]indazole-6,11 -dione (9). 
a. Compound I0 (014 g, 04 retool) in 30 ml of dioxane and 
9 mL of dihlie ttCI (2 1) was stirred 1or 2 h :it 20 +:C'+ fhe  
nlixture was dihileci '~<ith 200 m[, of CHCI 3 and washed witl l 
water until the solution' was netitral, 'and the solvent was 
evaporated in vacuo Chromatograptly on silica gel (ASK(J) in 
CHCI3 gave 010  g ( 8 3 3  %) of compound 9 

b. Compound 6a ( 0 t 8  g, 05  mmol) ira 40 mL of a n h y  
drous dioxane was methylated as described R)r compound 5a 
to give 016 g (84.2 %) of compound 9 

2-Acetyl-l-chloro-9,10-anthraquinone (12). Dilute HCI 
(I I ) (6  niL) and a solution of NaNO 2 (024 g, 3~5 mmol) in 
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3 mL of water were added successively to ketone II  (037  g, 
14 mmol) in 40 mL of dioxane, The mixture was stirred for 
30 h at 20 °C, diluted with 300 mL of CHCI 3, and washed, 
and the solvent was evaporated in vacuo, The residue was 
triturated with e ther ,  and the mixture was cooled and filtered; 
the yield of 12 was 031 g (77 5 %), m p  165--167 °C (ben- 
z ene - -pen t ane )  Found ( % )  C, 6 7 4 9  H, 333:  CI, 12 14 
CI6HgCIO 3. Calculated (%): C, 6750;  H, 319;  CI, I Z 4 5  
IH NMR, 6 : 2 6 5  (s, 3 H, MeCO), 765 (d, I H, H-4. 
J = 7 8  Itz), 7 7 0 , - 7 9 0  (m. 2 tt,  H-6,7), 8 1 5 - - 8 3 5  (m. 
2 H. H-5.8), 835  (d, I H. H-3. J = 78  Hz)  IR. v/cm -I 
1680, 1710 (C=OL 

Th i s  work  was ca r r i ed  ou t  wi th  f inanc ia l  suppo r t  
f rom the  Russ ian  F o u n d a t i o n  [i)r Basic Resea rch  (Pro jec t  
N o  9 5 - 0 3 - 0 8 9 1 0 a )  
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