
vent was then removed,  and the res idue was chromatographed with a column filled with s i l ica gel (elution with 
chloroform).  The ch loroform was removed  f rom the eluate,  and the res idue  was t r ea ted  with ethanol and pur i -  
f ied on a porous plate in an e ther  chamber  to give 0.07 g (8%) of product.  
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R E A C T I O N  OF o - D I A M I N O A N T H R A Q U I N O N E S  W I T H  

M A L O N I C  E S T E R  

V.  A. L o s k u t o v ,  A. V.  K o n s t a n t i n o v a ,  
a n d  E .  P .  F o k i n  

UDC 547.785.5' 892 

The reac t ion  of 1,2- and 2,3-diaminoanthraquinones with malonic e s t e r  was studied. It was 
established that the reac t ion  products  are  N-ethoxymalonyl-o-diaminoanthraquinones  and their  
he te rocyc l ic  d e r i v a t i v e s -  1H-2-ethoxycarbonylmethylanthra imidazolediones .  N-Ethoxy-  
malonlyl-2 ,3-  anthraquinone undergoes cycl izat ion to 1H-2 ,3 ,4 ,5- te t rahydroanthra  [2,3-b]- 
1 ,4-d iazepine-2 ,4 ,7 ,12- te t raone  when it is heated with sodium methoxide in absolute meth-  
anol, whereas  2-N-e thoxymalonyl - l ,2 -d iaminoanthraquinone  undergoes cyclizat ion to 1H-2- 
e thoxycarbonylmethy lanthra-  1,2- d] imidazole-  6,11-dione. 

In [1] we showed that a monoacylat ion p r o d u c t -  N-ethoxymalonyl-2,3-diaminonaphthaquinone - r a the r  
than a cyclic d i a m i d e -  naphthoquinonediazepine-2,4-dione [ 2 ] -  is fo rmed  in the reac t ion  of 2 ,3-diamino-  
naphthoquinone with malonic e s t e r .  In the presen t  r e s e a r c h  we studied the reac t ion  of 1,2- and 2 ,3-diamino-  
anthraquinones (I and II) with malonic e s t e r .  The react ion is in teres t ing f ro m  a synthetic point of view, since 
it may open up a pathway to the prepara t ion  of new he te rocyc l ic  der iva t ives  of anthraquinone. 

In con t ras t  to 2,3-diaminonaphthoquinone [1], complex mix tures  of products ,  which can be separa ted  by 
chromatography on s i l ica  gel,  a re  fo rmed  when diamines I and II a re  heated with excess  malonic e s t e r .  We 
isolated monoacyl  der ivat ive  III (30%) and a cycl izat ion p r o d u c t -  2 -carbe thoxymethyl imidazole  V (32~c) - f rom 
the mixture  obtained in the reac t ion  of diamine I with malonic e s t e r .  In the case  of diamine II, in addition to 
monoacyl der ivat ive  IVa and imidazole VI, we observed  the format ion  of appreciable  amounts ~6%) of diacyla-  

t ion product  IVb. 

The s t ruc tu re s  of the compounds obtained a re  conf i rmed by the analytical  and spec t ra l  data {see Table 1). 
The IR spec t r a  of III-VI contain absorpt ion bands that confirm the p resence  of carbonyl groups of a quinone, 
amide (1640-1680 cm-1), and an e s t e r  (1720-1740 cm-l) ,  as well as NH 2 and (or) NH groups (3150-3450 cm-1). 
In addition to signals of protons  of an anthraquinone ring at 7-8 ppm and NH groups,  the PMR spec t ra  contain 
a t r ip le t  and quar te t  of an ethyl group (1.20 and 4 .00-4 .15 ppm); the singlet  at 3.55 o r  4 .00-4 .10 ppm (inthe case  of 
V and VI) co r responds  to the protons  of the methylene group of a carbethoxymethyl  f ragment .  

The proof  of the s t ruc tu res  of 1,2-diaminoanthraquinone der iva t ives  III and V, fo r  which products  with 
i som e r i c  s t ruc tu re s  is  possible,  is  based on the f o l l o w ~  analogies.  The chemical  shifts  of the amide 
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TABLE 1. C h a r a c t e r i s t i c s  of the Synthesized Anthraquinone De- 
r iva t ives  

Coin- InP (dec.) a 
pound 

Ill 181--183 
IVa Does not Lv~elt 

] upto360 C 
IVb 189--191 

VIl~ ~ 
V c [ 191--193 

VI c] 237--242 
VIII [ 174--176 

IX, [ 250--254 
XIII a Doesnot melt 

upto360 C 

Found, % 

C H N 

4,5 8,0 
4,5 8,1 

61,8 4,8 5,0 

68,3 4,3 8,4 
68,3 4,1 8,2 
75,5 5,7 8,8 
75,3 5,6 8,8 
65,9 3,1 9,2 

Calc., % PMR spectrum in 
Empirical ..... dfi-DMSO 
formula 8(NH), 

ppm 

CIgHI6N20~ 

C~H22N208 

CigHI4N204 

C2oHIsN202 
C17HIoN20~ 

c H N 

64,8 4,5 7,9 

61,8 4,7 6,0 

68,3 4,2 8,4 

75,6 5,7 8,8 
66,6 3,3 9,1 

9,63 
9,33 

9,86 
9,40 

12,80 
<4,20b 
12,60 

<4,20b 

~!NH~), ppm 

7,3--8,0 b 
6,33 

7,3--8,3 b 

aCompounds f f l ,  VIII, and IX were  r e c r y s t a l l i z e d  f r o m  benzene,  
IVa,b were  r e c r y s t a l l i z e d  f r o m  chloroform,  V was r e c r y s t a ! l i z e d  
f r o m  acetone,  and VI was r e c r y s t a l l i z e d  f r o m  methanol ,  bAccu-  
ra te  a s s ignment  is imposs ib le  because  of super impos i t ion  of the 
s ignals ,  CFound: M 334. Calculated: M 334. dFound: M 306. 
Ca!culated:  M 306. 

Q NH2 O tt N---'~/CHAR 
~ ~"~-'" I ~ N H C O C H 2 C O O C 2 H  s _ . ~ [I I 

0 0 
I l l  V, VIII, XII 

0 0 0 

g ~ ~NHCOCH2COOC2H 5 H2R 
11 
O O O 

IVa,b VI. IX XIII 

IVa, XII R=H; IV b R=COCH~CO2C2Hs; V. VI R=CO2C2H~; VIII, IX R=(CH2)aCH 3 

p r o t o n  in  the  t)MIR s p e c t r a  of I ~  IVa, IVb, and 1 - a m i n o - 2 - a c e t a m i d o a n t h r a q u i n o n e  (VII) [3] a r e  c l o s e  
and a r e  found a t  9 . 3 - 9 . 8  ppm,  w h e r e a s  the  p r o t o n s  of t he  a m i n o  g r o u p  in I I I  and VII  a r e  found at  w e a k e r  
f i e ld  a s  c o m p a r e d  wi th  the  s a m e  p r o t o n s  in the  s p e c t r u m  of IVa ( see  T a b l e  1). T h e s e  f a c t s  c ons t i t u t e  
e v i d e n c e  t ha t  the  a m i n o  g r o u p  in qu inone  12I i s  in t he  a p o s i t i o n  and tha t  the  c t h o x y m a l o n y l a m i n o  g r o u p  
i s  in  t he  fl p o s i t i o n  and not  v i c e  v e r s a .  The  s t r u c t u r e  of  t he  1H i s o m e r  w a s  s i m i l a r l y  a s c r i b e d  to i m -  
i d a z o l e  V, in  t he  P1VIR s p e c t r u m  of  w h i c h  t h e  p r o t o n  of the  NH g r o u p  i s  sh i f t e d  c o n s i d e r a b l y  t o  w e a k  
f i e l d  (12.80 ppm) a s  c o m p a r e d  wi th  the  f o r m a t i o n  of  an i n t r a m o l e c u l a r  h y d r o g e n  bond  b e t w e e n  the  NH g r o u p  
and the  qu inone  CO g roup .  The  p r o t o n s  of  the  a - a e y l a m i n o  o r  a - h y d r o x y  d e r i v a t i v e s  of a n t h r a q u i n o n e ,  in 
wh ich  c h e l a t e  f o r m a t i o n  wi th  t he  p a r t i c i p a t i o n  of the  c a r b o n y l  g r o u p  of  t he  qu inone  o c c u r s  [3, 4], u s u a l l y  
r e s o n a t e  in the  w e a k - f i e l d  r e g i o n .  The  p r e s e n c e  in  the  IR s p e c t r u m  of i m i d a z o l e  V of  one qu inone  v C =O 
band  (1670 cm-1)  a p p a r e n t l y  i s  not  a s u f f i c i e n t  b a s i s  f o r  the  a s s e r t i o n  tha t  t he  i n d i c a t e d  h y d r o g e n  bond i s  
absent  (see [5]), s ince the f requenc ies  of the carbonyl  absorp t ion  mus t  be in te rp re ted  caut iously [6], F o r  c o m -  
par i son ,  let us point out that the spectra l  data for  i m i d a z o l e s  V and VI are in good agreement  with  the data for  
2 - a l k y l i m i d a z o l e s  VIIIand IX (see Fig.  1 and Table 1), which we obtained by i s o m e r i z a t i o n  [7] of the c o r r e -  
sponding anthraquinone imidazo l ines  X and XI. 

It is  interest ing  that, in contrast  to the naphthoquinone analog [1], e thoxymalonylaminoanthraquinones  III 
and IVa do not have polymorphic  forms;  s a m p l e s  of quinones III and IVa obtained by recrys ta l l i za t i on  from so l -  
vents  with different po lar i t i es  have identical  IR spectra  and melt ing points (this is  true for  each of the 
compounds) .  

It is known that the N-e thoxymalony l  der ivat ives  of 2 ,3-diaminonaphthoquinone [1] and o-phenylenedia~ 
mine [8] undergo smooth  cyc l i za t ion  in alkal ine media  to the corresponding d iazep ine -2 ,4 -d ione  der ivat ives .  
We have found that e thoxymalonylaminoanthraquinones  HI and IVa remain  virtually unchanged in aqueous a l co -  
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Fig. i. UV spectra (in alco- 

hol, c �9 10 -5 mole/liter): I) V; 

2) VIII; 3) XII; 4) VI; 5) IX. 

holic alkali at room t empera tu re  a f te r  24 h; however,  t rans format ions  do occur  in the case  of br ie f  refluxing, 
but the expected cycl izat ion products  cannot be isolated. Compound IVa is hydrolyzed in this case to diamine 
II, and quinone EI gives imidazole XII, which, judging f rom the UV spec t rum (see Fig. 1), is the 1H i somer  
(see [3]), in high yield.  However, if the cycl izat ion is ca r r i ed  out in anhydrous media, only IVa is conver ted 
to 1H-2 ,3 ,4 ,5- te t rahydroanthra [2 ,3-b] - l ,4 -d iazep ine-2 ,4 ,7 ,12- te t raone  (XIII). Under these conditions, quinone 
III gives imidazole V (in 50% yield), during heating of which in aqueous alcoholic alkali  imidazole XII is formed 
quite rapidly.  The format ion of imidazole XII is also observed  when lII is heated in acidic media (in agreement  
with [8]). The prevai l ing cycl izat ion to imidazole der iva t ives  is probably due to the pecul iar i t ies  of the s t ruc-  
tu re  of ]II associa ted with the possibi l i ty of the exis tence of a hydrogen bond between the hydrogen atom of the 
amino group and the carbonyl  group of the quinone. 

The s t ruc tu re  of diazepine XIII was confi rmed by the analyt ical  and spec t ra l  data. Its UV spec t rum co- 
incides with the spec t rum of N,N' -d iace ty l -2 ,3-diaminoanthraquinone ,  and absorpt ion bands in the region of 
the s t re tching vibrat ions of the N-- Hand C=O bonds are  p resen t  in the IR spect rum.  

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

The IR spec t r a  of KBr pel le ts  of the compounds were  r eco rded  with a UR-20 spec t romete r .  The UV 
spec t ra  of solutions of the compounds in ethanol were  r eco rded  with an SF-16 spec t rophotometer .  The PMR 
spec t ra  of 3-5% solutions in d~-DMSO were  r eco rd ed  with a Varian A-56/56A s p e c t r o m e t e r  (60 MHz) with 
t e t ramethy ls i l ane  as the internal  s tandard (the chemical  shifts a re  p resen ted  on the 6 scale).  The molecu la r  
weights were  de termined  by mass spec t rome t ry  with an MS-902 spec t romete r .  Silica gel (the 0-140 mm f rac -  
tion), which was e lu t r ia ted  and dr ied at 130~ for  24 h, was used for  the chromatography (elution with 
chloroform).  

2 -N-Ethoxymalonyl - l ,2 -d iaminoanthraquinone  (III) and 1H-2-Ethoxycarbonylmethylanthra[1 ,2-d] imida-  
zole-6 ,11-dione (V). A mixture  of 2 g (8.4 mmole) of diamine I and 40 ml of malonic e s t e r  was placed in a bath 
heated to 200~ and the mixture  was ref luxed for  5 min. It was then cooled and poured into 150 ml of pe t ro le -  
um ether ,  and the resul t ing prec ip i ta te  was r emoved  by f i l t rat ion,  washed with pe t ro leum ether ,  and dried.  
Chromatography gave 0.9 g (30%) of red III and 0.9 g (32%) of yellow V. Several  unidentified f rac t ions  r e -  
mained in the column. 

N-Ethoxymalonyl-2,3-diaminoanthraquinone (IVa), N,N,-Bis(ethoxymalonyl)-2,3-diaminoanthraquinone 
(IV), and 1H-2-Ethoxycarbonylmethylanthra[2 ,3-d] imidazole-5 ,10-dione  (VI). A mixture  of 2 g (8.4 mmole) of 
diamine II and 70 ml of malonic e s t e r  was placed in a bath heated to 200~ and the mixture  was refluxed for  
15 min. It was then cooled, and the orange prec ip i ta te  was removed  by fi l trat ion.  The f i l t ra te  was diluted with 
150 ml of pe t ro leum ether ,  andthe yellow precipi ta te  was separated.  Both prec ip i ta tes  were  washed with pe- 
t ro leum e the r  and dried.  Recrys ta l l iza t ion  of the orange precipi ta te  f rom chloroform gave 1 g (33%) of IVa. 
The yellow precip i ta te  was chromatographed to give 1 g 06%) of IVb and 0.4 g (5%) of VI. Several  unidentified 
f rac t ions  remained in the column. 

1H-Amylanthra[1,2-d] imidazole-6,11-dione (VIII). A mixture  of 0.26 g (0.8 mmole) of 2 ,2-pentamethyl-  
eneanthra[1,2-d]imidazoline-6,11-dione (X) [9] and 5 ml of diphenyl oxide was ref luxed for  1 h, a f te rwhich  it 
was cooled and poured into 50 ml of pe t ro leum ether .  The yellow precipi ta te  was separa ted  and chromato-  
graphed to give 0.2 g (80%) of VIII. IR spect rum:  1670 (C--O) and 3370 cm -I (N- H). PMR spec t rum (in 
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CDC13): 0.83 (3H, t, J = 5 Hz, CH3), 1.06-2.10 (6H, m, CH2CH2CH2CH3) , 2.93 (2H, t, J = 7 Hz, CH2C\)  , 7.50- 
8.30 (6H, m, protons  of the anthraquinone ring), and 10.90 ppm (1H, s, NH). 

1H-Amylanthra[2 ,3-d] imidazole]5 ,10-dione  (IX). A mix ture  of 0.5 g (1.6 mmole)  of 2 ,2 -pen tamethy lene-  
an thra[2 ,3-d] imidazol ine-5 ,10-d ione  (XI) [9] and 5 ml of diphenyl oxide was ref luxed fo r  1 h, a f t e r  which it was 
worked up as in the p reced ing  expe r imen t  to give 0.1 g (20%) of IX. IR spec t rum:  1670 (C-----O) and 3265 cm -1 
(N-  H). 

Cyc l iza t ionof  E tho~malony laminoan th raqu inones  lII and lYa. A) A mix tu re  of 0.1 g (0.28 mmole)  of 
quinone KI and 0.5 ml of ~0~ aqueous KOH solution in 30 ml  of ethanol was ref luxed fo r  1 h, a f t e rwhich  it was 
neut ra l ized  with 10% HC1. The p rec ip i t a te  was s epa ra t ed  and ch romatographed  to give 0.06 g (76%) of 1H-2-  
methy lan thra [1 ,2 -d] imidazo le -6 ,11-d ione  (XII) with mp317-320~ The product  was identified by compar i son  
with an authentic sample  [3] with r e s p e c t  to the IR s p e c t r a  and a mixed-mel t ing-po in t  de terminat ion.  

The expe r imen t  was c a r r i e d  out s i m i l a r l y  with 0.2 g of quinone IVa, and 0.07 g (50%) of diamine II was 
obtained. 

B) A solution (20 ml) of sodium ~e thox ide  in absolute methanol  (from ~ 0.01 g of sodium) was added to 
a mix ture  of 0.1 g of quinone III in 20 ml of absolute methanol ,  and the mix tu re  was ref luxed fo r  30 rain. It 
was then poured into water ,  and the aqueous mix tu re  was neut ra l ized  with 10% HCI and ex t rac ted  with ch lo ro-  
fo rm.  The solvent  was r em oved  by evaporat ion,  and the res idue  was ch romatographed  to give 0.05 g (50%) of 
imidazole  V with mp 189-193~ 

The expe r imen t  was c a r r i e d  out s i m i l a r l y  with 0.35 g of quinone IVa, and 0.15 g (50%) of diazepine XIII  
as  yel low c r y s t a l s  f r o m  DMSO. 

C) A 0.07-g sample  of quinone g I  was heated in 10 ml  of g lac ia l  acet ic  acid containing 0.03 ml  of con- 
cen t ra ted  H~SO 4 at 100~ fo r  5 h, a f t e r  which the mix ture  w a s p o u r e d  into water ,  and the aqueous mix tu re  was 
ex t rac ted  with ch lo ro fo rm.  The so lven twas  r emoved  by evaporat ion,  and the res idue  was c rys t a l l i zed  f r o m  
benzene to give 0.03 g (57%) of imidazole  XII with mp 316-319~ 

The c h a r a c t e r i s t i c s  of the synthes ized  compounds a re  p re sen ted  in Table  1. 
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