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SYNTHESIS OF ANALOGS OF ACTINOMYCIN 

I. Preparation of 2-Amino-4, 6-dichloro-3-phenoxazone-l, 9-dicarboxylic Acid 
and Its Methyl Ester 
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Chlorine-containing analogs of the actinomycin chromophore--2- 
amino-4, 6-diehloro-3-phenoxazone-1, 9-dicarboxylic acid and its 
methyl ester--have been synthesized. 

As is well known [1-9] ,  the chromophore  of ae t ino-  
myc in  is obtained by the oxidat ion of 3 - a m i n o - 2 - h y -  
d roxy -p - to lu i e  acid.  F r o m  2 - a m i n o - 4 - e h l o r o - 3 -  
hydroxybenzoic  acid (I) and i ts  methyl  e s t e r  (II) we 
have obta ined,  r e spec t ive ly ,  2 - a m i n o - 4 , 6 - d i c h l o r o - 3 -  
p h e n o x a z o n e - 1 , 9 - d i c a r b o x y l i c  acid (III) and i ts  methyl  
e s t e r  (IV) : 
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The synthesis of compounds I and II was effected in 
the following way: 
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The reduction of 4-chloro-3-nitrobenzoie acid (V) 
was carried out with hydrogen in the presence of Raney 
nickel. The two isomers formed by the nitration of 3- 

acetylamino-4-chlorobenzoic acid (VII) possess almost 

identical solubilities in water, methanol, acetic acid, 

and other solvents. It was possible to separate them by 

using the difference in the solubilities of their barium 
salts in water. The acid the barium salt of which cry- 
stallized first has mp 243-244 ~ C, and the mp of the 

other acid is 220-221 ~ C. 

The NMR spectrum of the isomer with mp 243-244 ~ 

C exhibits a signal in the form of a quartet of the AB 

type which is characteristic for the ortho protons of 

a benzene nucleus (6 A 8.08 ppm, 5B 7.76 ppm, IAB = 
= 8.55 Hz) (see figure). In the NMR spectrum of the 
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NMR spec t ra  in the r e -  
gion of the benzene  nu-  
c leus:  a) 3 - a c e t y l a m i -  
no- 4- ehlo ro-  2- nit  ro -  
benzoic  acid,  b) 5 - a e e -  
t y l a m i n o - 4 - e h l o r o - 2 -  
n i t robenzoic  acid.  The 
spe c t r a  were  taken for  
20% solut ions  in m e -  
thanol with hexameth-  
y ld i s i loxane  as i n t e r -  
hal s t andard .  The 
chemica l  shifts  a re  
given as shifts  r e l a t ive  
to t e t r a m e t h y l s i l a n e .  

isomer with mp 220-221 ~ C, oniy two isolated signals 

(5 A 8.48 ppm, 5B 8.05 ppm) are observed in the region 
of aromatic protons. These facts show that the com- 

pound with mp 220-221 ~ C is 5-acetylamino-4-chloro- 
2-nitrobenzoic acid (IX), in the molecule of which the 
spin-spin coupling of the two para protons is relatively 

small, and the compound with rnp 243-244 ~ C is 3- 

acetylamino-4- chloro- 2- nitrobenzoic acid. 

On being boiled with aqueous alkali, both isomers 

split off the acetylarnino groups and were converted 
into corresponding phenols X and XI. The ester XII was 

obtained from compound X. The nitrophenols X and 
XII were converted into the amines I and If, the oxida- 

tion of which to the dyes III and IV was carried out with 
p-quinone and potassium ferricyanide. 

EXPERIMENTAL 

3 - A c e t y l a m i n o - 4 - c h l o r o b e n z o i c  acid (VII). A solu-  
t ion  of 20 g (0.1 mole) of 4 - c h l o r o - 3 - n i t r o b e n z o i e  aeid 
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[10] in 200 ml  of ethanol was reduced with hydrogen in 
the p r e s e n c e  of Raney nickel  in an autoclave at 50 ~ C 
for  1 hr  30 r a i n - 2  hr .  The in i t ia l  p r e s s u r e  was 50 -60  
a tm.  Af ter  the comple t ion  of the reac t ion  the ca ta lys t  
was f i l t e red  off. No chlor ide  ions were  detected in the 
r eac t ion  mix tu re .  The f i l t r a te  was evapora ted  to d ry -  
ness  in vacuum,  the r e s idue  was d isso lved  i n  100 ml  
of hot acet ic  acid,  and the r e su l t i ng  solut ion was 
t rea ted  with 65 ml  of acet ic  anhydr ide .  On the follow- 
ing day the p rec ip i t a te  that had deposi ted was f i l t e red  
off and was ca re fu l ly  washed with acet ic  acid and then 
with e ther .  This gave 16.7 g of VII. After  c r y s t a l l i z a -  
t ion f rom glacia l  acet ic  acid,  mp 263 ~ C [11]. Yield 
80%. 

3 - A e e t y l a m i n o - 4 - e h l o r o - 2 - n i t r o b e n z o i c  acid (VIII) 
and 5 - a c e t y l a m i n o - 4 - c h l o r o - 2 - n i t r o b e n z o i c  acid (IX). 
In one por t ion ,  36 ml  of 95% n i t r i c  acid cooled to - 3  ~ C 
was added to 10.7 g {0.05 mole) of the acid VII cooled 
to 5 ~ C. The r e su l t i ng  solut ion was kept at 0 -5  ~ C for  
2 h r  30 min  and was then allowed to w a r m  to room 
t e m p e r a t u r e .  After  the end of the reac t ion ,  the n i t r a -  
t ion mix tu r e  was poured onto ice .  The yel lowish p r e -  
c ip i ta te  that deposi ted was f i l t e red  off, washed on the 
f i l t e r  with wa te r  s eve ra l  t imes ,  and then s t i r r e d  with 
wa te r  (80 ml) for  3 hr ,  f i l t e red  off, d i sso lved  in eth-  
anol ,  and p rec ip i t a t ed  with water .  This  yielded 8 g of 
subs tance  with mp 190-200 ~ C. Found,  %: C 41.96, 
41.82; H 3.21, 3.09; N 11.01, 10.63. Calcula ted  for  
CgHTCIN2Os, %- C 41.78; H2 .71 ;  N10.84 .  

In sma l l  po r t ions ,  12 g of the mix tu r e  of acids was 
added to a v igo rous ly  s t i r r e d  suspens ion  of b a r i u m  
aceta te  in 150 ml of hot wa te r ,  the mix tu re  was heated 
to the boil ,  the excess  of b a r i u m  ca rbona te  was f i l -  
t e r ed  off and the mo the r  l iquor  was kept. The p r e c i -  
p i ta te  col lec ted  on the f i l t e r  (3.8 g) was c r y s t a l l i z e d  
f rom 30 ml  of water .  The r e s u l t i n g  b a r i u m  sal t  was 
d i sso lved  in 30 ml  of hot wa te r ,  and the solut ion was 
acidi f ied with concen t ra t ed  hydroch lor ic  acid to pH 1. 
Af ter  cooling,  the acid VIII p rec ip i t a t ed  in the fo rm of 
need les .  Mp 243-244  ~ C. C rys t a l l i z a t i on  f rom glac ia l  
ace t ic  acid did not lead to a r i s e  in the me l t ing  point .  
Found,  %: C41 .77 ,  41.69; H2 .98 ,  2.88; N l 1 . 1 2 ,  
10.78; C1 13.58, 13.38. Calcula ted  for  CsHTC1N205, 
%: C 41.78; H 2 . 7 1 ;  N10 .84 ;  C1 13.73. 

The m o t h e r  l iquor  was evapora ted  to half vo lume.  
The p rec ip i t a t e  that then deposi ted was f i l t e red  off. 
F r a c t i o n a l  evapora t ion  with the subsequent  s epa ra t i on  
of the p rec ip i t a t e  was c a r r i e d  out unt i l  the vo lume of 
the m o t h e r  l iquor  had been  reduced  to 30 ml .  It was 
then acidi f ied with concen t ra t ed  hydroch lo r ic  acid to 
pH 1. The acid IX that  p rec ip i t a t ed  had mp 220-221  ~ C 
a f t e r  t h ree  c r y s t a l l i z a t i o n s  f rom glacia l  acet ic  acid.  
Found,  %: C42 .07 ,  42.31; H 2 . 8 7 ,  2.85; N10 .87 ,  
10.80; C1 13.50, 13.88. Calcula ted  for  C~H~C1N205, 
%: C 41.78; H 2 . 7 1 ;  N10 .84 ;  C1 13.73. 

4 - G h l o r o - 3 - h y d r o x y - 2 - n i t r o b e n z o i c  acid (X). A 
solut ion of 2.6 g (0.01 mole) of the acid VIII and 5.6 g 
(0.1 mole) of caus t ic  potash in 20 ml  of wa te r  was 
boi led for  about 30 h r ,  a f t e r  which the evolut ion of 
a m m o n i a  had ceased .  The r e s u l t i n g  dark  c h e r r y  red 
so lu t ion  was acidi f ied to pH 1. As the solut ion cooled,  
a p r ec ip i t a t e  deposi ted in the fo rm of yel low needles  
with mp 183" C. Yield 95%. Subsequent  c r y s t a l l i z a t i o n  

f rom water  did not bead to a r i s e  in the mel t ing  point.  
Found,  %: C 38.86, 39.17; H 1.97, 2.12; C1 16.64, 
16.67; N 6.59, 6.24. Calculated for CTH4C1NO ~, %: 
C38 .62 ;  H 1.83; C1 ]6.22; N6.43 .  

4 - C h l o r o - 5 - h y d r o x y - 2 - n i t r o b e n z o i c  acid (XI). A 
solut ion of 1.3 g (0.005 mole) of the acid IX and 2.8 g 
(0.05 mole) of caust ic  potash in 10 ml of water  was 
boiled for  about 30 hr ,  a f ter  which the evolution of 
a m m o n i a  had ceased .  The r e su l t ing  solut ion was ac id-  
ified with concentrated hydrochloric acid to pH 1 and 

evaporated to dryness in vacuum. The dry residue was 
extracted with ether, and the ethereal solution was 
dried and evaporated to dryness. The resulting reaction 

product was crystallized from a mixture of methanol 
and benzene. Mp 175 ~ C. Yield 90%. Found, %: C 39.10, 

38.99; H 1.99, 1.94; N 6.70, 6.49. Calculated for 

CTH4C1NO 5, %: C 38.62; H 1.83; N6.43 .  

2 - A m i n o - 4 - c h l o r o - 3 - h y d r o x y b e n z o i c  acid (I). In 
solut ion in 50 ml  of methanol  2.2 g (0.01 mole) of the 
acid X was reduced with hydrogen in the p r e s e n c e  of 
Raney nickel .  The solut ion was f i l te red  rapid ly  and 
diluted with water .  The acid I deposi ted.  Yield 70%. 
Mp 218 ~ C (decomp. ,  f rom dilute methanol) .  Found, 
%: C 44.94, 44.66; H3.42 ,  3.42; C1 19.28, 19.03; 
N 7.45, 7.32. Calculated for  C?H6C1NO a, %: C 44.80; 
H3 .25 ;  C1 18.93; N7 .47 .  

Methyl 4 - c h l o r o - 3 - h y d r o x y - 2 - n i t r o b e n z o a t e  (XII). 
A solut ion of 2.2 g (0.01 mole) of the acid X in 10 ml  
of methanol  was sa tu ra ted  with dry  hydrogen chlor ide  
and boiled for  1 hr  30 rain,  a f ter  which it was diluted 
with water .  The reac t ion  product  that deposited was 
f i l t e red  off and washed with water  to yield 2.1 g of the 
e s t e r  XII with mp 120-121 ~ C. After  c rys t a l l i za t ion  
f rom methanol ,  mp 121-122 ~ C. Found, %: C 41.58, 
41.67; H2 .72 ,  2.63; N 6.21, 5.72. Calculated for  
C~H6C1NO 5, %: C 41.43; H 2.59; N6 .05 .  

Methyl 2 - a m i n o - 4 - e h l o r o - 3 - h y d r o x y b e n z o a t e  (II). 
In solut ion in 25 ml  of methanol ,  1.2 g (0.005 mole) of 
the e s t e r  XII was reduced with hydrogen in the p r e s e n c e  
of Raney nickel .  The solut ion was diluted with water  
and the p rec ip i t a t e  that deposi ted was f i l te red  off. Mp 
112-113 ~ C. Crystallization from aqueous methanol 
did not lead to a rise in the melting point. Yield 90%. 

Found, %: C 47.98, 48.27; H4.11, 4.16; N6.96, 6.75. 

Calculated for CsHsCINQ, %" C 47.64; H 3.97; N6.95, 
2-Amino-4, 6-dichloro-3-phenoxazone- I, 9-dicar- 

boxylie acid (III). At room temperature, with stirring, 
a solution of 0.8 g (7.4 raM) of p-quinone in ethanol was 
added to a solution of 0.5 g (2.7 raM) of the acid I in 
20 ml of ethanol. The mixture was stirred for 2 hr and 

for 24 hr. The precipitate that deposited was filtered 
off and carefully washed with ethanol and ether. De- 

comp. p. > 300 ~ C. kmax:  455, 434, 237 nm; ~ • 10-4: 
2.46, 2.49, 3.45 (dioxane). Found,  %: C1 18.72, 18.84; 
N 7.14, 7.26. Calculated for C14H6ClzNzO6. %: C1 19.24; 
N 7.59. 

Dimethyl  2 - a m i n o - 4 ,  6 - d i c h l o r o - 3 - p h e n o x a z o n e - 1 , 9 -  
d ica rboxyla te  (IV). A solut ion of 1.6 g (4.9 raM) of 
KaFe(CN)6 in 50 ml  of wa te r  heated to 40-45  ~ C was 
added dropwise  with s t i r r i n g  to a solut ion of 0.48 g 
(2.4 raM) of the e s t e r  II in 500 ml  of w a r m  (40 ~ C) 
phospha te -a lka l i  buffer  with pH 7.2. The ye l low-brown 
p rec ip i t a t e  was f i l t e r ed  off, washed with wate r ,  and 
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crys ta l l ized  twice f rom dimethylformamide.  Mp 226 | C. 
Yield quantitative, kma x- 441, 243 nm; e • 10-4: 2.81, 
3.11 (dioxane). Found,~ Cl 18.03, 17.98; N 6.93, 
6.86. Calculated for  CIeHIoCI2N20~, %: CI 17.88; 
N 7.05. 
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