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ORGANIC PREPARATIONS AND PROCEDURES INT. 16(5), 309-314 (1984) 

STUDIES I N  THE SYNTHESIS OF HALOGENATED ANTHRAQUIN0NES.t 

11. A FACILE PREPARATIOL, OF 1,4-I)ICHLQRO-5,6,8-TRIHYDROXI-9,10- 

ANTHRACENEDIONE (5,8-I)ICHU)ROPURPURIN) 

H. D. Hollis Showalter* and Jeanne M. Hoft iezer  

Chemistry Department, Warner-Lambert/Parke-Davis mannaceu t i ca l  Research, 
Ann Arbor, M I  48105 

There are nmerous r e p o r t s  i n  the  l i t e r a t u r e  of t h e  s y n t h e s i s  of halo- 

genated polyhyd roxy-9,lO-anthracenediones. Ihe major r o u t e s  inc lude  ( a )  

F r i ede l -Cra f t s  condensat ion of halogenated p h t h a l i c  anhydride and phenol 

p recu r so r s ,  (b)  con t ro l l ed  halogenat ion of t h e  boronate complexes of poly- 

hydroxy-9,lO-anthracenedione s u b s t r a t e s  i n  o l e m ,  and (c) Sandmeyer halo- 

gena t ion  o f  amino hydroxy-9,lO-anthracenedione precursors .1  

During the  course o f  some s y n t h e t i c  s t u d i e s ,  s u b s t a n t i a l  q u a n t i t i e s  of 

Al SO 1,4-dichloro-5,6,8-trihyd roxy-9.10-anthracenedione (IV) were needed. 

r equ i r ed  was a r e l a t i v e l y  s h o r t  and high-yielding sequence u t i l i z i n g  

r e a d i l y  a v a i l a b l e  p recu r so r s  . 

aq.HC1 
___) 

\ / BOAc \ / 

A c  c1 H O  1 

111 IV 

HO AcO 
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SHOWALTER AND HOFTIEZER 

These s t r i c t u r e s  prec luded  t h e  use  o f  r o u t e s  ( a )  and ( c ) .  Chlor i -  

n a t i o n  o f  commerc i a l l y  a v a i l  a b l e  1 ,2 ,4- t r  i- hyd roxy-9,lO-an t h r  acened ione  

( p u r p u r i n )  r o u t e  ( b )  was deemed t o  b e  n o n r e g i o s e l e c t i v e ,  and hence w a s  

n o t  pursued. De ta i l ed  i n  t h i s  paper i s  a h igh-y ie ld ing  r o u t e  t o  I V  

s t a r t i n g  from r e a d i l y  a v a i l a b l e  5 ,8 -d ich lo roqu in iza r in  (I)2 (Scheme). 

Reac t ion  of  5 ,8 -d ich lo roqu in iza r in  ( I )  wi th  F%(OAc)4 i n  g l a c i a l  HOAc 

by a procedure  s i m i l a r  t o  t h e  Mmroth o x i d a t i o n  of q u i n i z a r i n 3  gave 5 ,8-  

dichloro-1,4,9,1O-anthracenetetrone (11) i n  84% y i e l d .  Mquinone  I1 does  

n o t  d i s p l a y  a d e f i n e d  t l c  p a t t e r n  on Si02, and when d i s s o l v e d  i n  CH2C12 

a t  25" s lowly  decomposes. However, i n  c r y s t a l l i n e  form i t  d i s p l a y s  exce l -  

l e n t  s h e l f  l i f e  when s t o r e d  under anhydrous c o n d i t i o n s  a t  25". The 90 MHz 

l H  NMR is p a r t i c u l a r i l y  d i a g n o s t i c  of  i t s  s t r u c t u r e  showing two s i n g l e t s ,  

one a t  6 6.88 f o r  t h e  Cg and C7 p r o t o n s ,  and ano the r  a t  6 7.75 f o r  

t h e  C2 and C3 pro tons .  

Admixture o f  h igh ly  r e a c t i v e  I1 w i t h  Ac20 and a c a t a l y t i c  amount of  

72% HClO4 a t  25" under Ih ie le -Winter  r e a c t i o n   condition^^-^ provided  

1 , 2 , 4 - t r i s (  acetyloxy)-5,8-dichloro-9,1O-anthracenedione (111) i n  58% y i e l d  

(unopt imized) .  The use  o f  o t h e r  a c i d  c a t a l y s t s  e i t h e r  r e s u l t e d  i n  t h e  

r e d u c t i o n  and a c e t y l a t i o n  of I1 t o  t h e  d i a c e t a t e  of  I (conc. H2SO4), o r  

i n  decomposi t ion  t o  an i n t r a c t a b l e  mix tu re  (BF3'0Et 2);  such  r e s u l t s  

a r e  no t  ~ n p r e c e d e n t e d . ~  In  an a t tempt  t o  conve r t  I1 d i r e c t l y  t o  t a r g e t  

quinone I V ,  I1 was t r e a t e d  wi th  conc. H2SO4. However, t h e r e  r e s u l t e d  a 

1: 1 mixture  of  p r e c u r s o r  quinone I and quinone IV. A more e f f i c i e n t  r o u t e  

t o  I V  w a s  aq. HC1 h y d r o l y s i s  of I11 a t  80" i n  g l a c i a l  HOAc. By t h i s  

method 1,4-dichloro-5,6,8-trihydroxy-9, lo -an thracenedione  ( I V )  was 

o b t a i n e d  as a h igh  m e l t i n g  deep red  s o l i d  i n  94% y i e l d .  Ihe l H  NMR was 

p a r t i c u l a r l y  d i a g n o s t i c  of  t h e  a s s igned  s t r u c t u r e ,  showing a degene ra t e  

s i n g l e t  a t  6 7.73 f o r  t h e  C2 and C3 p r o t o n s  o f  t h e  c h l o r i n a t e d  r i n g ,  
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1 ,h-DICHLORO-5,6,8-TRIHYDROXY-9 ,lo-ANTHRACENEDI@NE( 5,8-DICHLOROPURPURIN) 

and a s i n g l e t  a t  6 6.52 f o r  t h e  C7 pro ton .  Compound I V  i s  r e l a t i v e l y  

i n s o l u b l e  i n  most common o r g a n i c  s o l v e n t s .  

For a scale-up s y n t h e s i s  o f  I V ,  a r e f inemen t  o f  t h e  above scheme was 

developed t h a t  allowed f o r  minimal work-up f o r  each  s t e p .  lhis was read- 

i l y  accomplished by ( a )  Et20 p r e c i p i t a t i o n  o f  d iqu inone  I1 from t h e  HOAc 

s o l u t i o n ,  ( b )  Thiele-Winter a c e t y l o x y l a t i o n  o f  t h e  d e r i v e d  p r e c i p i t a t e  a s  

p r e v i o u s l y  d e s c r i b e d ,  and ( c )  s imul taneous  h y d r o l y s i s  of e x c e s s  k20 and 

t r i a c e t y l o x y q u i n o n e  111 t o  g i v e  t a r g e t  material I V .  lhe o v e r a l l  y i e l d  of 

I V  from I by t h i s  p rocess  was 68%. 

In sunmary, t h e  sequence i n  t h e  Scheme can  b e  c a r r i e d  out  e i t h e r  

w i th  t h e  i s o l a t i o n  o f  any g iven  i n t e r m e d i a t e ,  o r  f o r  l a r g e - s c a l e  opera- 

t i o n s  i s  adapted  t o  t h e  s y n t h e s i s  of  multigram q u a n t i t i e s  of  I V  i n  a 

t m - p o t  o p e r a t i o n .  lhe u t i l i z a t i o n  o f  I V  f o r  t h e  s y n t h e s i s  o f  bio- 

l o g i c a l l y  a c t i v e  molecules  w i l l  be  d e s c r i b e d  i n  f u t u r e  r e p o r t s .  

EXPERIMENTAL SECTION 

Mel t ing  p o i n t s  were t aken  on  a Thomas-Hoover Unimelt c a p i l l a r y  m e l t i n g  
p o i n t  a p p a r a t u s  and are uncor rec t ed .  I n f r a r e d  ( I R )  s p e c t r a  were d e t e r -  
mined on a M c o l e t  FT-3600 ins t rumen t .  
( IH W R )  s p e c t r a  were recorded  a t  90 M H z  on  a Varian EM-390 ins t rumen t .  
Chemical s h i f t s  are r e p o r t e d  as 6 u n i t s  downf ie ld  from i n t e r n a l  tetra- 
m e t h y l s i l a n e  on  samples  o f  ca. 1% w/v. U l t r a v i o l e t  (IJV) s p e c t r a  were 
t aken  on  a Cary & d e l  11% r eco rd ing  spec t rophotometer .  Combustion ana l -  
y s e s  were performed on a Ekrkin-Elmer 240 e l emen ta l  ana lyze r .  

l H  b c l e a r  magnet ic  resonance  

5 , 8 - D i c h l o r c r l ,  4,9,1O-anthracenetetrone (11) .- A suspens ion  o f  30.9 g 

( 1 0 0  mmol) of 5 ,8 -d ich lo roqu in iza r in  ( I ) , 2  53.1 g (120  mmol) of r e a g e n t  

g r a d e  Pb(OAc)4, and 1.25 a of g l a c i a l  HOAc was mechanica l ly  s t i r r e d  a t  

25' f o r  1.25 h r .  The suspens ion  was t r e a t e d  wi th  25 m l  of e t h y l e n e  g l y -  

c o l ,  s t i r r e d  f o r  0 .5  h r ,  t h e n  d i l u t e d  wi th  4 a of CH2C12. lhe mix tu re  

w a s  washed wi th  H20 (3  x 3 a ) ,  t h e  s o l u t i o n  d r i e d  ( M g S 0 4 ) ,  and concen- 

t r a t e d  t o  l e a v e  a s o l i d  r e s idue .  R i t u r a t i o n  from warm E t O A c  followed by 
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SHOWALTER AND H O F T I B Z E R  

f i l t r a t i o n  g a v e  22.3 g ( 7 3 % )  o f  p u r e  d i q u i n o n e  I1 a s  a g o l d  c o l o r e d  s o l i d  

a f t e r  d r y i n g  a t  50" ( 2 0 0  mm), mp. 255-260" (dec . ) .  

'H NMR (DHSO-ci6): 

3080, 1705, 1660, 1275, 1215, 8 4 5  U V  ( C H 3 C N ) :  Am, 3 3 6  nm 

6 6.88 ( s ,  2, & 6 , 7 ) ,  7.75 ( s ,  2, c 2 , 3 ) ;  I R  (KBr): 

( E  12500) ,  375 (740) .  

- Anal. Calcd f o r  C14HqC1204'0.1 H20: C,  54.44; H, 1.37; C 1 ,  22.95 

Found: C ,  54.08; H ,  1.59; C 1 ,  23.27 

The EtOAc  t r i t u r a t e  w a s  c o n c e n t r a t e d  to a s o l i d  r e s i d u e  which was t r i -  

t u r a t e d  from E t 2 0  t o  g i v e  3 . 3  g ( 1 1 % )  of a second c r o p  of less p u r e  

mater ia l ,  mp. 210" (dec . ) .  

1,2,4-Tris(acetyloxy)-5,8-dichloro-9,lO-anthracenedione (III).- A s t i r r e d  

s u s p e n s i o n  o f  4.0 g (12 .9  mmol) of  d i q u i n o n e  I1 i n  100 m l  of Ac20 a t  25" 

w a s  t r e a t e d  w i t h  0.65 m l  of 72% HC104. A f t e r  0 .75 h r  t h e  c lear  s o l u t i o n  

was p a r t i t i o n e d  between CH2C12 and 5 %  aq  NaHC03. The d r i e d  CH2C12 

l a y e r  (MgSO4) w a s  c o n c e n t r a t e d  t o  a s o l i d  r e s i d u e  which was t r i t u r a t e d  

from h o t  E t O A c  t o  g i v e  3.4 g (58%) of p u r e  111 a s  a b r i g h t  y e l l o w  s o l i d  

a f t e r  drying a t  60"  ( 2 0 0  m m ) ,  mp. 218-219". 

'H MR (CDCl3): 

( s ,  1, !-3), 7.59 ( s ,  2, - H-6,7); I R  ( K B r ) :  1780, 1690,  1320, 1190, 1170 

cm-l; U V  ( C H 3 0 H ) :  Amax 252 nm ( E  3 0 6 4 0 ) ,  349 (5730) .  

- Anal .  Calcd f o r  C2@12C1208: C ,  53.24; H, 2.68; C1, 15.71 

Found: C ,  53.28; H,  2.90; C1, 15.87 

6 2.35 ( s ,  3, - C-2 OAc), 2.42 ( s ,  6, c -1 ,4  OAc), 7.30 

1,4-Dichloro-5,6,8-trihydroxy-9,10-anthracenedione (IV) .- A s u s p e n s i o n  of 

2.4 g ( 5 . 3  mmol) of t r iacetate  111, 27 ml of  g l a c i a l  HOAc, and 27 m l  of 6N 

aq HCl was s t i r r e d  a t  80"  for  1 h r .  The s u s p e n s i o n  was c o o l e d ,  d i l u t e d  

w i t h  c a .  10 m l  of  H20, and f i l t e r e d .  The s o l i d s  *re washed well w l t h  

3.1 2 
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1 ,~-DICHLORO-5,6-8-TRIHYDROXY-~,lO-ANTHRACENE~IONE( 5,8-DICHLOROPURPURIN) 

H20 t o  l e a v e  1.65 g (94%) of pu re  product  I V  a s  a deep  red-brown s o l i d  

a f t e r  d r y i n g  a t  80" (200  mm) over P2O5, mp. 290" (dec.) .  

IH NMR (DMSO-6): 6 6.52 ( s ,  1, !-7), 7.73 ( s ,  2, &-2,3), 12.98 ( b r  

6 ,  1, exchanges D20, OE); IR (KBr): 3500, 1620, 1435, 1330 m-l; U V  

(DMF): Am, 283 run ( E  152501, 387 (7540) ,  577 (6925).  

Anal. Calcd f o r  C14Hgc1205: c, 51.72; H,  1.86; C1, 21.81 

Found: C ,  51.76; H ,  2.12; C 1 ,  21.75 

Scale-up Procedure.- I n t o  a 10 II round-bottom f l a s k  equipped wi th  a 

motor ized  stirrer was placed a suspens ion  of 92.6 g (300 mmol) of 5,8- 

d i c h l o r o q u i n i z a r i n  ( I ) ,  161 g (360 mmol) of Pb(OAc)4 and 3.2 II of 

g l a c i a l  HOAc. lhe mix tu re  was s t i r r e d  a t  25" f o r  1 h r ,  t r e a t e d  wi th  

3.4 m l  of e t h y l e n e  g l y c o l ,  s t i r r e d  f o r  0.5 h r ,  t h e n  d i l u t e d  wi th  3.2 II 

of Et20. lhe o range  s o l i d s  were f i l t e r e d ,  washed wi th  Et20, t h e n  

t r a n s f e r r e d  i n t o  a 5 2 three-necked round-bottom f l a s k  equipped wi th  a 

thermometer, motorized s t i r re r ,  and dropping  funne l  con ta in ing  1.5 II of 

Ac20. The suspens ion  was main ta ined  a t  10"-15" dur ing  dropwise a d d i t i o n  

o f  20 m l  of 72% HClO4 (ca. 0.5 h r )  and subsequent  s t i r r i n g  f o r  4 h r  

d u r i n g  which complete s o l u t i o n  r e s u l t e d .  

'Ihe c o o l i n g  b a t h  was removed, t h e  f l a s k  w a s  f i t t e d  wi th  a condenser ,  

and t h e  yellow s o l u t i o n  was t r e a t e d  wi th  dropwise a d d i t i o n  of  1.66 II of 

6N a q  HCL. lhe suspens ion  was hea ted  a t  80" f o r  1 h r ,  cooled  t o  25" ,  and 

worked up a s  i n  t h e  above procedure  t o  g i v e  66.4 g (68% o v e r a l l )  of pu re  

product  I V ;  mp. 290" (dec.) .  

R e p e t i t i o n  of  t h i s  p rocess  s t a r t i n g  wi th  301 g of 5 ,8-d ich loroquin i -  

z a r i n  gave  195 g (61%) of pu re  IV. 

Acknowledgement.- We thank t h e  WL/PD a n a l y t i c a l  s t a f f  f o r  t h e  a c q u i s i t i o n  
o f  s p e c t r a l  and combustion d a t a .  
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