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ORGAMIC PREPARATIONS AloD PROCEDURES INT.  16(2), 85-89 (1984) 

STUDIES IN THE SYNTHESIS OF HALOGENATED ANTHRAQUINONES. I. 
A CONVENIENT PREPARATION OF 1~4-DICHLORO-5-HYDROXY-9,10-ANTHRACENEDIONE 

Judith L. Johnson* and H. D. Hollia Showalter 

Chemistry Department, Uamcr-L.abert/Parke-Davir 
Pharmaceutical Rerearch, Ann Arbor, MI 48105 

During the courae of aome inwatigationa into the syntheaia of 1,4- 

dihalo-9,10-anthraccnedione~, aubstantial quanti ties of 1,4-dichloro-5- 

hydroxy-9,lO-anthracenedione (IV) were needed. Exiating aethods1'3 for 

the ayntheaia of IV involve controlled chlorination of inexpenrive, com- 

mercially available l-amino-9,lO-anrhracenedione followed by diamti- 

zation and hydrolyzia. Unfortunately, after trying aaveral of the dea- 

cribed chlorination procedures we were unable to ayntherize 5-amino-1,4- 

dichloro-9,lO-anthracenedione (111) of rufficftnt purity for further uae. 

Described herein i s  convenient, high-yielding procedure from readily 

available 1,4-dichloro-9, 10-anthracencdione (XI4 to multigrm quantitiea 

of IV (Scheme). 

1. 2. NOHSO4 H20 - \ #$? / mZ 1 H 1 
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JOHNSON AND SHOWALTER 

Ni t ra t ion  of 1,4-dichloro-9,10-anthracenedione ( I )  by a s l i g h t  modi- 

f i c a t i o n  of a knom procedure5 gave 1,4-dichloro-5-nitro-9,l0-anthra- 

cenedione (11) i n  79% y ie ld .  The regiochemistry of n i t r a t i o n ,  p rev ious ly  

determined by t ransformat ion  of I1 t o  known d e r i v a t i v e s ,  was confirmed by 

200 MHz lHNMR. 

subjec ted  commercially a v a i l a b l e  1-nitro-9,  10-anthracenedione t o  con- 

t r o l l e d  c h l o r i n a t i o n  a s  descr ibed  i n  the  pa t en t  l i t e r a t u r e . 2  However, 

i n  our hands I1 was obtained only i n  very poor y i e ld  and of low pur i ty .  

In a n  a t tempt  t o  abbrev ia t e  the  o v e r a l l  sequence, we 

Reduction of n i t r o  compound I1 t o  amino de r iva t ive  111 was attempted 

i n i t i a l l y  by the  prev ious ly  described procedure u t i l i z i n g  Sn/AcOH5 o r  by 

NaBH4/10% aq THF.6 

mer g iv ing  product of poor p u r i t y  and the  la t ter  va r ious  i n t r a c t a b l e  s i d e  

products.  However, reduct ion  with i r o n  f i l i n g s  i n  r e f lux ing  AcOH by a 

r e c e n t l y  described procedure f o r  the  reduct ion  of n i t roa renes7  provided 

111 i n  high y i e ld  (94%) and of e x c e l l e n t  pu r i ty .  

Both procedures proved unsa t i s f ac to ry  with the f o r -  

Conversion of I11 t o  

t a r g e t  product I V  was then c a r r i e d  out  by a simple adap ta t ion  of t he  lit- 

e r a t u r e  procedure. 1 

t r o s y l s u l f u r i c  a c i d  i n  s i t u  f o r  t he  d i a z o t i z a t i o n  of 111, commercially 

Ins tead  of t he  t r a d i t i o n a l  method of genera t ing  n i -  

a v a i l a b l e  40% n i t r o s y l s u l f u r i c  a c i d  i n  s u l f u r i c  ac id  was u t i l i z e d  to  g ive  

the  des i r ed  product i n  95% y i e l d  following hydro lys is .  

I n  summary, t h e  sequence i n  the  Scheme can be c a r r i e d  o u t  without 

chromatography i n  a 70% o v e r a l l  y i e l d ,  and i s  e a s i l y  adapted to  la rge-  

s c a l e  opera t ions .  The u t i l i z a t i o n  of I V  f o r  the  syn thes i s  of b io log i -  

c a l l y  a c t i v e  molecules w i l l  be descr ibed  i n  due course. 

EXPERIMENTAL 

Melting po in t s  were taken on a Thomas-Hoover Unimelt c a p i l l a r y  melting 
po in t  appara tus  and a r e  uncorrected.  In f r a red  (IR) spec t r a  were de t e r -  
mined on a Nicole t  FT-3600 instrument.  
(1H NHR) spec t r a  were recorded a t  200 MHz on a Varian XL-200 instrument.  

l H  nuc lear  magnetic resonance 
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Chemical s h i f t s  a r e  reported a s  6 u n i t s  downfield from i n t e r n a l  t e t r a -  
methylsilane on samples of ca. 1% w/v. 
formed on a Perkin-Elmer 240 elemental analyzer.  

1,4-Dichloro-5-nitro-9,lO-anthracenedione (II).- 

(1.06 mol) of 1,4-dichloro-9,10-anthracenedione,4 2.12 11 of 90% HNO3, 

and 53 m l  of 20% oleum was placed i n t o  a 5 R three-neck round bottom 

f l a s k  equipped with a motorized stirrer and an e f f i c i e n t  condensor con- 

nected t o  a gas scrubber. 

t he  mixture was cooled, then poured ca re fu l ly  i n t o  6 E of ice water. 

The co l l ec t ed  s o l i d s  were washed w e l l  with water, and d r i ed  a t  50' 

(200 mm) t o  leave 326 g of crude product. Crys t a l l i za t ion  from 1 1 8  of 

toluene afforded 222.5 g (65%) of a n a l y t i c a l l y  pure product a s  a yellow 

s o l i d ,  mp. 253-255', l i t . 195  mp. 247-256' and 238'. 

l H  WR (CDCl3): 

8.38 (dd, 1, 56,7 - 7.2 Hz, J6,8 - 1.9 He, 2-6); I R  (KBr): 

1545, 1305, 1248 cm-l. 

- Anal. Calcd f o r  C14HgC12N04: 

Combustion analyses were per-  

A mixture of 293.6 g 

After heat ing over a steam bath f o r  30 min, 

6 7.70 ( 6 ,  2, 2-2,3), 7.84-7.97 (m, 2, 2-7,8) ,  

1684, 

C,  52.21; H, 1.56; N, 4.35, C 1 ,  22.01 

Found: C,  51.95; H,  1.67; N, 4.33; C1,  22.31 

The f i  trate was reduced t o  1 E, then cooled f o r  3 days. The col-  

l ec t ed  s o l i d s  were r e c r y s t a l l i z e d  from 800 m l  of toluene t o  a f fo rd  48 g 

(14%) of add i t iona l  product, mp. 245' (dec.), containing a small amount 

of higher Rf impurity. 

5-Amino-1,4-dichloro-9,l0-anthracenedione (III).- A mixture of 125 g 

(388 mmol) of 1,4-dichloro-5-nitro-9,lO-anthracenedione (11), 80 g 

(1.43 mole) of i r o n  f i l i n g s  (40 mesh), and 3.1 R of g l a c i a l  AcOH was 

s t i r r e d  a t  r e f lux  f o r  6 hr. The h o t  so lu t ion  was f i l t e r e d  through Celite 

and the Cel i te  pad was washed with 300 m l  of h o t  AcOH. The f i l t r a t e  was 

d i l u t e d  with 800 m l  of H20 ,  then allowed t o  c r y s t a l l i z e  a t  5' overnight. 

The p rec ip i t a t ed  s o l i d s  were co l l ec t ed  by f i l t r a t i o n ,  washed with H20 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
4
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



JOHNSON AND SHOWALTER 

and then 2-propanol, and d r i e d  overn ight  a t  50' (200 mm) t o  leave 100 g 

(88%) of pure product a s  a deep red-brown s o l i d ,  mp. 207-208'. 

l i z a t i o n  of a smal l  po r t ion  from AcOH gave an  a n a l y t i c a l  sample, mp. 

212-214', l i t . 2 9 5  mp. 209-214' and 199". 

l H  NMR (CDcl3): 

J6 ,7  = 6.9 Hz, J6 ,8  = 2.6 Hz, - H-6); 7.41-7.49 (m, 2 ,  E-7,8), 7.58 

Crys ta l -  

6 6.61 ( b r  s, exchanges D20,  2, NE), 6.94 (dd, 1, 

(d ,  1, J2 ,3  s= 8.7 H z ,  2 - 3 ) ,  7.64 (d ,  1, J 2 , 3  8 7 H z ,  11-2); I R  

(KBr): 3458, 3337, 1668, 1641, 1610, 1546, 1300 1243 cm-l. 

- Anal. Calcd f o r  C14H7Cl2N02: C,  57.56; H ,  2.42; N, 4.80, C 1 ,  24.27 

Found: C ,  57.34; H ,  2.54; N, 4.82; C 1 ,  24.55 

The f i l t r a t e  was d i l u t e d  wi th  a d d i t i o n a l  H 2 0  t o  p r e c i p i t a t e  6.6 g 

(6%) of a second crop, mp 160-178'. 

1,4-Dichloro-5-hydroxy-9,10-anthracenedione (IV).- A mixture of 180 g 

(616 mmol) of 5-amino-1,4-dichloro-9,l0-anthracenedione (III), and 1.8 a 

of conc. H2SO4 was placed i n t o  a 5 1 three-neck round bottom f l a s k  

equipped wi th  a motorized stirrer, a dropping funnel ,  and an e f f i c i e n t  

condenser connected t o  a gas  scrubber.  The s o l u t i o n  was maintained below 

30" dur ing  dropwise a d d i t i o n  of 142 m l  (850 mmol) of n i t r o s y l s u l f u r i c  

a c i d  (Dupont, 40% i n  87% H2SO4) over 30 min foliowed by dropwise addi -  

t i o n  (two d rops l sec )  of 450 m l  of H20 dur ing  which the  temperature was 

maintained a t  30-40'. The mixture was s t i r r e d  a t  35-37' f o r  40 min, then 

t r e a t e d  dropwise wi th  465 m l  of H20. 

t u r e  rose  t o  70'. 

t h e r e  f o r  1 h r ,  then allowed t o  cool  t o  25' overn ight .  The c o l l e c t e d  

s o l i d s  were washed t o  n e u t r a l i t y  wi th  H20 and d r i e d  a t  60' (200 mm) f o r  

3 days t o  g ive  172.1 g (95%) of a n a l y t i c a l l y  pure product as a deep o r -  

ange s o l i d ,  mp. 224-226', lit.1 mp. 229'. 

During the  a d d i t i o n  the  tempera- 

The mixture was brought t o  125' over  1 h r ,  maintained 
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l H  NHR (CDCl3): 

- H-6), 7.69 ( 8 ,  2, ;-2,3) over lapping  7.63-7.77 (m, 2, :-7,8), 12.18 ( b r  

8 ,  exchanges D20, 1, OH); - I R  (KBr): 1670, 1635, 1455, 1305, 760 cm-l. 

- Anal. Calcd f o r  C14HgC1203: C,  57.36; H, 2.06; C1,  24.19 

Found: C, 57.18; H, 2.38; C1,  24.44 

6 7.30 (dd, 1, J6 ,7  = 7.8 Hz, J6 ,8  = 1.6 Hz, 

Acknowledgement.- We thank the  WL/PD a n a l y t i c a l  s t a f f  f o r  t he  acqu i s i -  
t i o n  of s p e c t r a l  and combustion d a t a  and Ms. Jean  Hof t i eze r  f o r  scale-up 
syntheses.  
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