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O R G A N I C  P R E P A R A T I O N S  AND PROCEDURES INT. l5( 5 ) ,  341-348 (1983) 

SYNTHESIS OF 6-BROMO-, 8-BROMO- AND 6,8-DIBROMOCATECHIN 

Eberhard Kiehlmann* 

Department of Chemistry, Simon Fraser University 
Burnaby, British Columbia, CANADA, V5A 1.56 

Pieter J. Van der Yerwe and Hans K. L. Hundt 

Pharmacolosy Department , University of the Oranae Free State 
P. 0 .  Box 339, Rloemfontoin 9300, R E P l l R L I C  OF SOUTH AFRICA 

Unambisuous determination o f  the position of inter-fla- 

vanoid couol ins in condensed tannins remains an unresolved 

problem althouah several empirical NUT! criteria have Seen pro- 

posed to distinauish between C-6/C-4" and C-8/C-4" linked pro- 

cyanidin dimers. 1 - 3  The introduction of an easily removable 

protectincr qroup at C-6 (or C-8) of (+)-catechin ((ZR-trans)- --- 

2 - ( 3 , 4 - d i h y d r o x v ~ h e n y l ) - 3 , 4 - d i h y d r o - 2 H - l - b e n ~ o p ~ r a n - 3 , 5 , 7 -  

trio1 (L) would permit resiospecific coupling of a second 

flavanoid unit (electrophilic center at C - 4 " )  at C-8 (or 

C-6). With this qoal in mind, we investiqated procedures for 

the preparation and debromination of 6-bromocatechin (2) , 8- 
bromo-catechin (2) and 6,8-dibromocatechin (2) . 

N 

In asreement with the results obtained recently by McGraw 

et a1.4 under similar reaction conditions, we found that bro- 

mination of (+)-catechin with one molar equivalent of bromine 

in acetonitrile in the presence of excess sodiun bicarbonate 

- -  

aives a mixture containinq 3 and 4 as major products together 

with unreacted startins material and a small quantity of 2. 
U rd 

'1983 by Organic Preparations and Procedures Inc. 
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KIEHLMA",  VAN DER MERWE AND HUNDT 

Similar results were ohtained with other brominatina aqents , 
viz., Dvridiniuq bromide nerhromide (PBP) * in methanol , N-bro- 
mosucciniqide (NRS) in dimethylformamide (DMF)  cr acetonitri- 

lp, and bromine in dichloromethane. In a l l  cases, tlc moni- 

torina revealed the rapid formation of both ,3 and 5 during 
the earlv staqes of the reaction, u., after the addition of 

only 0.03 molar equivalents of NBS in DMF, which is attributed 

to the intermediacy of a hiqhly reactive quinonoid "ketobro- 

mide".6 All attempts to stop the reaction at the monobromina- 

- 

tion staqe by varyino reaction time, 

failed. 

temperature and solvent 

B' 

Ar = 3,4- (HO) 2C6H3 

Br 

+ 6-bromocatechin (minor) 
OH 

Utl 

1 

Catechin and 4 were readily separated from the monobromo- 

catechins by hplc, and the separation of 2- and 2 was achieved 
by subseauent column chromatoaraphy on silica. The three bro- 

mocatechins which have never been characterized before are am- 

orphous white solids, readily distinsuishable from each other 

by m r  (chemical shifts in ppm. for H - 2 ,  H-4(axial), H-4(egua- 

torial), H-6 and H-8, measured in acetone-d6) : 2 (4.61,2.60 , 
2.91, -, 6 . 1 1 ) ,  2 (4.77, 2.60, 2 . 8 4 ,  6.23 ,  - )  and 5 (4.86, 
2.69, 2.86, -, - ) .  Satisfactory microanalytical data were 

obtained €or all three compounds. Since the pmr parameters 

H 
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SYNTHESIS OF 6-BROMO-, &PROMO- AND 6,8-DIRROMOCATECHIN 

o f  t h e  t w o  monobromo-compounds  a r e  too close t o  D e r r n i t  unam- 

h i a u o u s  s t r u c t u r e  a s s i s n r n e n t s ,  2 a n d  3 ( a l s o  4 )  were c o n v e r t e q  

hv s t a n d a r d  m e t h o d s 7  t o  t h e i r  r e s p e c t i v e  3 '  , 4 '  , 5 , 7 - t e t r a - 0 -  

m e t h y l  d e r i v a t i v e s  5 and  6 w h o s e  m e l t i n a  p o i n t s  ( 1 2 8 - 1 3 0 "  a n d  

1 7 2 - 1 7 4 "  , r e s p e c t i v e l y )  a n d  s p e c t r a l  c h a r a c t e r i s t i c s  (pmr )  

were f o u n d  t o  be i d e n t i c a l  t o  t h o s e  o f  a u t h e n t i c  samples .  ' 1 '  1' 

I t  i s  n o t e w o r t h y  t h a t  t h e  v a l u e s  of t h e  c h e m i c a l  s h i f t  d i f f e r -  

c1 w e 

H N 

e n c e  D = A & ( H - 8 ,  H-2) - A6(H-6 ,  H - 2 )  and  o f  t h e  r a t i o  d i f f e r -  

e n c e  R = A6(H-2 ,  H - 4 e ) / A b ( H - 6 ,  I1-2) - A6(H-2, 9 - 4 e ) / A b ( H - 8 ,  

H-2) a r e  c o n s i d e r a b l y  lower f o r  2 a n d  3 (11 = 0 . 0 4  p . p . m . ,  
u hl 

R = 0 . 1 9 )  i n  a c e t o n e - d h  t h a n  fo r  5 a n 4  6 ( D  = 0 . 4 0  p.p.m., R = - N 

0 . 6 2 )  i n  CDCl 3 t h u s  r e n d e r i n o  t h e s e  p r e v i o u s l y  p r o p o s e d  c r i -  

t e r i a ' ~ ~  mnuch l e s s  u s e f u l  f o r  t h e  d i s t i n c t i o n  b e t w e e n  6- a n d  

R - s u h s t i t u t e d  c a t e c h i n s  i n  t h e i r  f r e e  w h e n o l i c  f o r m s  t h a n  i n  

t h e i r  ~ e t h v l a t e d  f o r m s .  

I n  v i e w  of t h e  known t e n d e n c y  o f  ha l .ooe : i a t e? i  F h e n o l s  t o  

r e a r r a n o e  h v  i n t e r m o l e c u l a r  h a l o s e n  t r a n s f e r ,  w e  testerl t h e  

s t a b i l i t y  of 7 ,  3 a n d  4 t o w a r d  a c i d  u n d e r  c o n d i t i o n s  most 

f a v q r a h l e  f o r  i n t e r f l a v a n o i d  c o u p l i n q .  I n  t h e  e v e n t ,  n o  i so-  

n e r i z a t i o n  was  o b s e r v e d  o n  t r e a t m e n t  o f  ~ l i r ~  7 w i t h  0 . 1  N hy -  

d r o c h l o r i c  a c i d  a t  a m h i e n t  t empera ture  f o r  29 h o u r s ,  n o r  d i d  

- 4  CI 

v 

b r o m i n e  m i q r a t e  f r o m  4 t o  ,l- when a m i x t u r e  of t h e s e  t w o  corn. 

p o u n d s  was s u b j e c t e d  t o  t h e  same r e a c t i o n  c o n d i t i o n s .  T h e r e -  

h) 

f o r e ,  6- a n d  8 - b r o m o c a t e c h i n  w o u l d  appear  t o  be s u i t a b l e  s u b -  

s t r a t e s  f o r  r e a i o s p e c i f i c  i n t e r f l a v a n o i d  c o u p l i n g  ( a t  C-8  a n d  

C - 6 ,  r e s p e c t i v e l y )  i f  c o n v e n i e n t  p r o c e d u r e s  c o u l d  be d e v e l o p e d  

f o r  t h e i r  l a r q e - s c a l e  p r e p a r a t i o n  a n d  r l e b r o m i n a t i o n .  

T h i s  a o a l  was p a r t i a l l y  a c h i e v e d  by r e d u c t i v e  r e m o v a l  of 

o n e  b r o m i n e  atom f r o n  4 w i t h  s o d i u m  s u l f i t e ,  a r e a q e n t  w h i c h  
r3 

343 

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



KIEHLMANN, VAN DER MERWE AND HUNDT 

is known to sulfonate cateching at 170" and pH 5.9 and to de- 

brominate bromoresorcinols" at 20" and pH > 7 .  6,8-Dibromo- 

catechin ( 4 ) ,  prepared in hish yield from two molar euuiva- 
Ly 

1-ents of bromine and catechin in acetonitrile solution, under- 

went reqiospecific debromination at C-8 on treatment with an 

equimolar amount of sodium sulfite in aqueous methanol in the 

presence of excess sodium bicarbonate. 

t w o  B r  
e q u i v s .  " O m A r  e q u i v ;  one H O w A r  

OH excess B r  \ OH Na2S03 Br OH 

B r 2  ___, 

2 Na2S03 OH OH OH 
1 4 

Without hicarbonate, 2 and 4 were found in approximately 

eaual Quantities in the crude Droduct mixture indicatinq that 

sulfite functions not only as reducins asent but also as base 

to neutralize the orisinally formed hisulfate and that it has 

considerably qreater reducins power (at pH > 7 )  than sodium bi- 

sulfite (at pH 5-6). Sodium dithionite exhibited the same re- 

aiospecificity. Complete debromination of 4 and 2 to 1 was 

readily accomplished with excess sodium sulfite at room tem- 
u N w 

perature which demonstrates the feasibility of using bromine 

as protectinq group at C-6 of catechin when regiospecific 

couplinp is desired at C-8. The mild reaction conditions re- 

quired for both selective and total debromination of 4- and the 

presence of small quantities of 4 and 1 in all crude mono- 

debromination products show that the reactivity difference 

between the Br-C6 and the Br-C8 bond is relatively small. All 

attempts to chanqe the reaioselectivity of the reaction by 

usins zinc as reducins asent" in acidic or basic medium 

u ry 
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SYNTHESIS OF 6-BROMO-, 8-BROMO- AND 6,8-DIBROMOCATECHIN 

f a i l e d .  R e s e a r c h  o n  t h e  s y n t h e s i s  o f  p u r e  8 - b r o m o c a t e c h i n  is 

i n  proqress. 

EX P E R 1  MENTAL SECTION 

6 , R - D i b r o m o c a t e c h i n  ( 4 ) . -  To a s o l u t i o n  of 2.90 q ( 1 0 . 0  m m o l )  

of ( + ) - c a t e c h i n  i n  250 mL a c e t o n i t r i l e  c o n t a i n i n g  2 . 5 2  g 

( 3 0  m m o l )  s o d i u m  b i c a r b o n a t e  was a d d e d ,  d r o p w i s e  w i t h  m a q n e t i c  

s t i r r i n q  (25' , 1 h )  230 mL of a 0 . 1 0 0  M s o l u t i o n  of b r o m i n e  i n  

a c e t o n i t r i l e  ( s t a n d a r d i z e ?  by i o d o r n e t r i c  t i t r a t i o n  w i t h  

0 , 1 0 0  M aqueous s o d i u m  t h i o s u l f a t e ) .  The b e i g e  s o l i d  r e s i d u e  

l e f t  a f t e r  s o l v e n t  e v a p o r a t i o n  was d i s s o l v e d  i n  125  mL e t h e r  

H 

and 50 mL water ,  t h e  l a y e r s  were s e p a r a t e d ,  and  t h e  o r g a n i c  

l a y e r  was washed w i t h  40 mL water. D r y i n g  ( M q S 0 4 ) ,  f i l t r a t i o n  

and  e t h e r  e v a p o r a t i o n  s a v e  3.92 q ( 8 2 . 5 % )  6 , 8 - d i h r o m o c a t e c h i n  

a s  a w h i t e ,  f l u f f y  s o l i d .  The c r u d e  p r o d u c t  ( 2 . 4 5  q )  was d i s -  

s o l v e d  i n  70 mL e t h e r  a n d  p r e c i p i t a t e d  w i t h  300 mL p e t r o l e u m  

e t h e r  (40-69') v i e l d i n q  D u r e  4 ( 1 . 8 1  q), m p  169-165' 

(decomD.)  , l a 1 i 2 - 5 3 . 1 "  ( c  9 . 0 ,  a c e t o n e ) .  T r a c e s  of 8-bromo- 

c a t e c h i n  were removed f rom s m a l l e r  p r o d u c t  s a m p l e s  b y  p r e p a r a -  

t i v e  t l c  on K i e s e l g e l  P F 2 5 4  ( C H C 1 3 / M e O H / H O A c / H 2 0  28:5:3:1 b y  

U 

v o l u m e )  . 
A n a l .  C a l c d .  f o r  C15H12Br206: C ,  40 .21;  H I  2 . 7 0 .  

Found:  C ,  3 9 . 9 2 ,  H I  2.96 .  

Mass spectrum ( 1 5  e V ) :  M o l e c u l a r  i o n  a t  m / e  4 4 6 ( 9 . 1 ) ,  

4 4 8 (  1 5 . 3 )  and  4 5 0 (  8 . 6 ) ;  r i n g  A f r a q m e n t  ( C 7 H g B r 2 0 3 )  a t  

2 9 5 ( 4 . 7 ) ,  2 9 7 ( 1 0 . 2 )  a n d  2 9 9 ( 4 . 6 ) ;  r i n g  B f r a g m e n t s  a t  

1 5 2 ( 2 5 . O )  , 1 2 4 ( 7 . 2 )  and 1 2 3 ( 5 . 8 ) ;  V B r  a t  8 0 ( 9 3 . 5 )  and 8 2 (  1 0 0 ) .  

M o n o b r o m i n a t i o n  of C a t e c h i n . -  To a s o l u t i o n  of 2.90 g 

( l 0 . n  m m o l )  c a t e c h i n  i n  250 mL a c e t o n i t r i l e  were a d d e d  1.26 CJ 

( 15 m m o l )  s o d j u m  h i c a r h o n a t e  a n d ,  d r o p w i s e  w i t h  s t i r r i n g  ( 2 5 "  I 
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KIEHLMANN, VAN DER MERWE AND HUNDT 

30 min), a solution of 1.60 q ( 1 0  mmol) bromine in 100 mL ace- 

tonitrile. The solvent was evaporated under reduced pressure 

and the residue dissolved in 250 mL ether and 6 0  mL water. 

Separation of the layers, washinq with 50 mL water, dryinq 

(MaS04) and ether evaporation aave 2.84 q of a mixture of 

catechin ( 1 ) , 6-brornocatechin (2) , 8-bromocatechin ( 3 )  and 

6,R-dibromocatechin ( 4 )  from which 1.34 q of a mixture of 2 

and 2 (approximate molar ratio 1 :2 )  was separated by prepara- 

tive hplc (Rondapak C - 1 8 ;  elution with 20% and 80% aqueous 

MeOH). Analytical samples of pure 5 and 3 were obtained by 

h L.l 

N U 

u 

subseauent dry column chroinatoqraphy on Kieselgel 60 

(CHC13/MeOH/HOAc 90:10 :0 .2  by volume). 8-Bromocatechin melts 

at 120-126"  (decomp. 1 ;  [ a 1 i 2 - 6 5 . 6 "  (c 0.56, acetone). 

Anal. Calcd. fo r  Cl5H13Br06: c,  48.80; H, 3.55 .  

Found f o r  2: C, 48.96; H, 4.13. 

Found f o r  L: C, 48.30 ;  H, 4.19. 

Mass spectra ( 1 5  eV): Molecular ions at m/e 3 6 8 ( 3 4 . 3 )  and 

7 7 0 ( 3 6 . 8 ) ;  rina A fraaments (C7A6Rr03) at 2 1 7 ( 3 4 . 6 )  and 

2 1 9 ( 2 9 . 7 ) ;  rina R fraqments at 1 5 2 ( 4 8 . 8 ) ,  1 5 3 (  17.E;), 1 2 3 ( 2 6 . 5 )  

and 1 2 4 ( 2 6 . 2 ) ;  HBr at R n ( 9 1 . 6 )  and 8 2 ( 1 0 0 ) .  

Partial Debromination of 6,8-Dibromocatechin.- A solution of 

0.84 CI ( 1 0  mmol) sodium bicarbonate in 50 mL water was added 

to a solution of 4.48 q ( 1 0  mmol) 6,8-dibromocatechin in 

100  mL methanol; 1.26  g sodiurn sulfite ( 1 0  mmol) dissolved in 

50 mL water was then dropped into the rapidly stirred mixture 

( 1 5  min, 2 5 " ) .  After stirrinq for an additional ten minutes 

the methanol was evaporated ( 4 0 ' ,  rotavac), and the remaining 

aqueous solution extracted with six equal volumes of ether. 

Dryino of the combined ether extracts (MqS04) and solvent 

evaporation aave 2.58 g ( 7 0 % )  crude product which was 
346 
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SYNTHESIS OF 6-BROMO-, 8-RROMO- AND 6,8-DIRROMOCATECHIN 

chromatoqraphically purified (see above) on a small scale 

vieldina 6-bromocatechin (60 mq), mp 128-133" (decovp.), 

[u~;*+7.0" (c 1 . 0 ,  acetone). 

Total Debromination of 6,8-Dibromocatechin. - A solution of 

76 ma ( n . m  mmol) sodium sulfite in 2 mL water was added to a 

solution of 45 mq (0.10 mmol) 6,8-dibromocatechin in 3 m1, 

methanol at room temperature. After shaking the mixture for a 

few minutes, the methanol was evaporated (40", rotavac), 

sodium chloride was added, and the aqueous solution was ex- 

tracted with ether (7 x 4 mL). Dryinq ( M q S O 4 )  anrl evaporation 

of the solvent gave 34 me of a white, solid residue which was 

purified by precipitation from ether solution with five 

volumes of petroleum ether (40-60"), filtration and air-drying 

(40"). The product (26 mq) was shown to be identical to cate- 

chin by tlc: analysis, pmr and mixed meltinq point (170-172"). 
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