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SYNTHESIS OF THE ALKALOIDS (+I-DEPLANCHEINE AND FLAVOPEREIRINE 

P a r a s u r a m a n  J a i  S a n k a r ,  S a n k a r  K .  D a s ,  a n d  V e n k a t a c h a l a m  S. G i r i *  
I n d i a n  I n s t i t u t e  o f  Chemica l  B i o l o g y ,  C a l c u t t a - 7 0 0  0 3 2 ,  I n d i a  

A b s t r a c t  - D e s u l f u r i z a t i o n  o f  3-acetyl-1,2,6,7,12,12b-hexahydro- 
indolo[2,3-alquinolizine-2-ethylene t h i o k e t a l  ( 6 )  f o l l o w e d  by 
NaBH4 r e d u c t i o n  a f f o r d e d  ( + ) - d e p l a n c h e i n e  ( 1 )  w h e r e a s  NaBH C N  
reduction f o l l o w e d  by d e h y d r a t i o n ,  d e s u l f u r i z a t i o n  a n d  ~ ~ ~ ~ o x i d a -  
t i o n  y i e l d e d  f l a v o p e r e i r i n e  ( 2 ) .  

The i n d o l e  a l k a l o i d s  d e p l a n c h e i n e  ( 1 1 ,  h a v i n g  o n l y  a n  e t h y l i d e n e  s i d e  c h a i n  

w i t h  E - c o n f i g u r a t i o n  a t  C-3 i n  a n  octahydroindolo[2,3-a_lquinolizine s y s t e m ,  

a n d  f l a v o p e r e i r i n e  (2) , 2  i n h i b i t o r  of i n  v i t r o  s y n t h e s i s  o f  c a n c e r  DNA, h a v e  

b e e n  s y n t h e s i s e d  by d i f f e r e n t  g r o u p s  i n  m o d e r a t e  t o  p o o r  y i e l d .  I n  o u r  on- 

g o i n g  p r o j e c t  c o n c e r n e d  w i t h  t h e  p r e p a r a t i o n  o f  p o t e n t i a l  i n t e r m e d i a t e s  f o r  

i n d o l e  a l k a l o i d  s y n t h e s i s ,  i t  was c o n c e i v e d  t h a t  3-acetyl-1,2,6,7,12,12b- 

hexahydroindolo[2,3-alquinolizin-2-one ( 5 ) 3  c o u l d  be a n  i d e a l  i n t e r m e d i a t e  

f o r  o b t a i n i n g  a l k a l o i d s  ( 1 )  and ( 2 ) .  

The compound ( 5 )  h a s  now b e e n  p r e p a r e d  i n  q u a n t i t a t i v e  y i e l d  a n d  a t  a  much 

f a s t e r  r a t e  via a n  i m p r o v e d  p r o c e d u r e  by c o n d e n s i n g  3 ,J4-dihydro- /3-carbol ine  

( 3 )  w i t h  h y d r o x y m e t h y l e n e a c e t y l a c e t o n e  T h i o k e t a l i z a t i o n  o f  5 w i t h  1 , 2 -  

e t h a n e d i t h i o l  a n d  PTS i n  r e f l u x i n g  b e n z e n e  g a v e  o n l y  t h e  t h i o k e t a l  ( 6 ) ,  de-  

s u l f u r i z a t i o n  o f  which w i t h  Raney N i  i n  e t h a n o l  r e s u l t e d  i n  t h e  known v i n y -  

l o g o u s  amide  (715 i n  good y i e l d .  The r e g i o s e l e c t i v e  t h i o k e t a l i z a t i o n  may be  

e x p l a i n e d  a s  f o l l o w s .  D e l o c a l i z a t i o n  o f  t h e  s y s t e m  i n v o l v i n g  l o n e  p a i r  o f  

n i t r o g e n  a t  N-5, d o u b l e  bond b e t w e e n  C - 4  a n d  C-3 and t h e  c a r b o n y l  o f  t h e  a c -  

e t y l  g r o u p  would  r e s u l t  i n  l e s s  s t r a i n  compared t o  t h e  o n e  a r i s i n g  o u t  o f  

c o p l a n a r i t y  o f  N-5, C - 4 ,  C - 3  a n d  C-2 ( >C=O) m o i e t y ,  t h u s  mak ing  t h e  r i n g c a r -  

bony1  v u l n e r a b l e  t o  t h e  r e a c t i o n .  R e d u c t i o n  o f  7 w i t h  NaBH4 i n  t-BuOH-MeOH 

u n d e r  r e f l u x  g a v e  o n l y  ( + ) - 5 - d e p l a n c h e i n e  ( 1 )  i n  73% y i e l d  a l o n g  w i t h  some 

s t a r t i n g  m a t e r i a l  ( 2 0 % ) .  S t e r e o s e l e c t i v e  r e d u c t i o n  o f  s imi l a r  s y s t e m s  a r e  

known6 a n d  e x p l a i n e d  on t h e  b a s i s  o f  s t e r i c  i n t e r a c t i o n  b e t w e e n  t h e  H-4  a n d  
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t h e  e t h y l i d e n e  m e t h y l  g r o u p  i n  t h e  imin ium s a l t  w i t h  ? - c o n f i g u r a t i o n  b e i n g  

g r e a t e r  t h a n  t h a t  i n  t h e  E- imin ium s a l t  [ E a r l i e r ,  we h a v e  r e p o r t e d l b  t h e  a b -  

o v e  r e d u c t i o n  i n  1 , 4 - d i o x a n e l .  

NaBH C N  r e d u c t i o n  o f  t h e  t h i o k e t a l  (6) i n  AcOH a f f o r d e d  on t h e  o t h e r  hand 
3  

o n l y  a s i n g l e  d i a s t e r e o i s o m e r i c  a l c o h o l  ( 8 )  ( 8 2 % )  b e s i d e s  t h e  r e d u c e d  k e t o n e  

(9) ( 1 2 % ) .  T h i s  h i g h  s t e r e o s e l e c t i v i t y  may be  e x p l a i n e d  by assuming p r i o r  r e  

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

t i v e  p r o t o n a t i o n  a t  C-3 f rom t h e / - f a c e  a s s i s t e d  by t h e  l o n e  p a i r  o f  N-5. 

D e h y d r a t i o n  o f  8  w i t h  POCl - p y r i d i n e  g a v e  t h e  o l e f i n  ( 1 0 )  i n  good y i e l d .  De- 3 
s u l f u r i z a t i o n  o f  1 0  w i t h  Raney N i  i n  e t h a n o l  r e s u l t e d  i n  t h e  i s o m e r i s e d  com- 

1  pound ( l l ) ,  t h e  H-nmr o f  which showed a  c h a r a c t e r i s t i c  t r i p l e t  a t  6 1 . 0 6 ,  a  

q u a r t e t  a t 6  2 . 0 2 ,  a n d  a m u l t i p l e t  a t  6 5 .54  f o r  t h e  e n d o c y c l i c  v i n y l  e t h y l  

m o i e t y .  F i n a l l y ,  o x i d a t i o n  o f  11 w i t h  DDQ i n  AcOH g a v e  f l a v o p e r e i r i n e  (2) 

[ c o n f i r m e d  by d i r e c t  c o m p a r i s o n  w i t h  a u t h e n t i c  s a m p l e  s y n t h e s i s e d  by us 2  b  

p r e v i o u s l y ] .  

EXPERIMENTAL 

Mps t a k e n  i n  o p e n  c a p i l l a r i e s  a r e  u n c o r r e c t e d ,  i r  s p e c t r a  r e c o r d e d  i n  a  Pe- 

r k i n  - E l m e r  177 s p e c t r o p h o t o m e t e r ,  l ~  a n d  13c-nmr s p e c t r a  were  measured o n  

a  JEOL FX-100FT nmr s p e c t r o m e t e r  u s i n g  TMS a s  i n t e r n a l  s t a n d a r d  a n d  t h e  mass 

s p e c t r a  ( E I )  were  t a k e n  o n  a H i t a c h i  RMU-6L i n s t r u m e n t .  

Hydroxymethyleneacetylacetone ( 4 )  

A c e t y l a c e t o n e  ( 5 2  m l ,  0 . 5  m o l ) ,  t r i e t h y l  o r t h o f o r m a t e  ( 8 4  m l ,  0 . 5  m o l ) ,  a n d  

a c e t i c  a n h y d r i d e  ( 8 0  m l )  w e r e  m i x e d ,  r e f l u x e d  f o r  3 h  a n d  t h e n  c o o l e d .  W a t e r  

( 2 0  ml )  was a d d e d ,  t h e  r e a c t i o n  m i x t u r e  was a g a i n  h e a t e d  t o  r e f l u x  f o r  5  min 

a n d  t h e n  c o o l e d .  The e x c e s s  a c e t i c  a c i d  was removed u n d e r  r e d u c e d  p r e s s u r e  

a n d  t h e  r e s i d u e  on C l a i s e n  d i s t i l l a t i o n  y i e l d e d  4 ( 5 7 . 2  g ,  9 0 % )  a s  c o l o r l e s s  

h a r d  c r y s t a l s ,  mp 4 2 - 4 3 ' ~ ;  bp 6 0 - 6 2 ~ ~ / 0 . 3  t o r r  ( l i t . , 4  mp 4 0 - 4 2 ' ~ ) .  

To a  s o l u t i o n  o f  3 , 4 - d i h y d r o - 1 - c a r b o l i n e  ( 3 )  ( 1 . 7 0  g ,  10  mmol) i n  d r y  MeOH 

( 4 0  m l ) ,  h y d r o x y m e t h y l e n e a c e t y l a c e t o n e  (4) ( 1 . 4 0  g ,  11 mmol) was added a t  

2 .3 '~  w i t h  s t i r r i n g  u n d e r  N 2  a l l  a t  a  t i m e .  A f t e r  10  min c r y s t a l s  s t a r t e d  t o  
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appear and the stirring was continued for 2 h more. The reaction mixture 

was filtered and the solid was recrystallised from MeOH-CHC1 to afford 5 3 

(2.72 g, 98%), mp 318-320'~ (lit.,3 mp 316-317'~). 

3-Acetyl-1,2,6,7,12,12b-hexahydroindolo[2,3-~lquinolizine-2-ethylene thiok- 

eta1 (6) 

A mixture of the compound (5) (2.80 g, 10 mmol), 1-toluenesulfonic acid 

monohydrate (2.60 g, 14 mmol), and 1,2-ethanedithiol (3 ml, 36 mmol) in be- 

nzene (500 ml) was refluxed in a Dean-Stark apparatus and the reaction was 

monitored by tlc. After 3 h, the reaction mixture was allowed to cool and 

the benzene portion was decanted. It was washed with 2% NaHCO solution fo- 3 
llowed by water, dried (Na SO ) and concentrated. The gummy residue was ta- 2 4 

ken in CHCl (100 ml) containing little MeOH (2 ml). This was shaken with 3 

2% NaHCO solution, washed with water, dried (Na2S04) and the solvent was 
3 

evaporated. The solid formed from this and the decanted portion after re- 

moval of solvent benzene (3.3b g, 94%) was recrystallised from petroleum 

ether-CHC1 to afford 6 as colorless flakes, mp 218-220'~; ir (KBr): 
3 max 

3180, 1630, and 1615 em-': uv (log E ) :  Xmax(MeOH) 221 (4.56) and 301 nm 

(4.44); 'H-nmr (CDC13): 6 2.34 (s, 3H), 2.36-3.00 (m, 4H), 3.38-3.80 (m, 

5H), 3.96 (m, lH), 4.79 (dd, J=12, 5 Hz, lH), 7.10-7.20 (m, 3H), 7.44 (s, 

IH), 7.47-7.60 (m, 1H), and 8.19 (br s, 1H); 13c-nmr (DMSO-d6): 6 21.3(t), 

26.6(q), 40.3(t), 40.8(t), 48.6(t), 49.8(t), 51.9(d), 61.3(s), 106.8(s), 

107.6(s), 1 ll(d), 117.6(d), 118.5(d), 1 2 l . d  126.1(s), 131.9(s), 136.3 

(s), 148.9(d), and 190.3(s); ms g/z (rel. int.): 356(~+, 30), 355(28), 313 

(661, 297(100), 295(91), 263(56), 169(37), 85(90), and 83(85); Anal. Calcd 

for C19H20N20S2:C, 64.09; H, 5.66; N,  7.87. Found: C, 63.94; H, 5.61; N ,  

7.92. 

(*I-8-Deplancheine ( 1 )  

To a solution of the thioketal (6) (356 mg, 1 mmol) in EtOH (25 ml), Raney 

Ni (W-2,2 g )  was added, and the reaction mixture was stirred at 28'~ for 1 

h. The mixture was filtered over a celite bed and the filtrate was evapora- 
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t e d  t o  d r y n e s s  i n  v a c u o .  The r e s i d u e  was c r y s t a l l i s e d  f rom p e t r o l e u m  e t h e r -  

C H C l  t o  y i e l d  t h e  v i n y l o g o u s  amide  (7) a s  c o l o u r l e s s  n e e d l e s  ( 2 5 3  mg, 9 6 $ ) ,  3 
mp 147OC ( l i t .  , 5  mp 1 4 6 - 1 4 7 ~ ~ ) .  A m i x t u r e  o f  t h e  amide  ( 7 )  ( 2 6 6  mg, 1 mrnol) ,  

NaBH4 ( 4 0 0  mg, 10 .5  mmol) ,  and t-BuOH ( 1 5  m l )  was r e f l u x e d  w i t h  o c c a s i o n a l  

a d d i t i o n  o f  MeOH ( 3  m l )  i n  p o r t i o n s  f o r  3  h .  When most o f  t h e  s t a r t i n g  m a t -  

e r i a l  h a s  b e e n  consumed ( t l c ) ,  t h e  r e a c t i o n  m i x t u r e  was c o o l e d ,  w a t e r  ( 2 5  

m l )  was a d d e d  a n d  e x c e s s  t-BuOH was removed i n  a  r o t a v a p o r .  The r e s i d u e  

was e x t r a c t e d  w i t h  C H C l  ( 3 x 3 0  m l ) ,  washed w i t h  w a t e r ,  d r i e d  ( N a 2 S 0 4 ) ,  a n d  
3  

c o n c e n t r a t e d  i n  v a c u o  t o  y i e l d  a  gummy r e s i d u e  which was p u r i f i e d  b y  co lumn 

c h r o m a t o g r a p h y  o v e r  s i l i c a  g e l .  E l u a t e s  o f  p e t r o l e u m  ether-CHC13 ( 1 : l )  w e r e  

m i x e d ,  s o l v e n t  was e v a p o r a t e d  a n d  t h e  r e s i d u e  was r e c r y s t a l l i s e d  f rom e t h e r  

t o  y i e l d  ( * ) - E - d e p l a n c h e i n e  ( 1 )  ( 1 8 5  rng, 7 3 % )  as c o l o r l e s s  n e e d l e s ,  mp 159- 

1 6 1 ' ~  ( l i t . , l b  mp 1 5 8 ' ~ ) .  

Sodium c y a n o b o r o h y d r i d e  r e d u c t i o n  o f  t h e  t h i o k e t a l  ( 6 )  

The t h i o k e t a l  ( 6 )  ( 3 5 6  mg, 1  mmol) was d i s s o l v e d  i n  g l a c i a l  AcOH ( 2 0  m l ) ,  

t h e  s o l u t i o n  was c o o l e d  t o  1 0 - 1 5 ' ~  and NaBH C N  ( 3 1 5  mg, 5  mmol) was added  
3 

u n d e r  s t i r r i n g  i n  p o r t i o n s  q u i c k l y .  The r e a c t i o n  m i x t u r e  was a l l o w e d  t o  

come t o  room t e m p e r a t u r e  ( 2 8 ' ~ )  a n d  s t i r r e d  f o r  a f u r t h e r  30 min .  Wate r  

( 2 0  m l )  was a d d e d  t o  t h e  r e a c t i o n  m i x t u r e  a n d  t h e  e x c e s s  a c i d  was n e u t r a -  

l i s e d  w i t h  2% Na2C03 s o l u t i o n .  The n e u t r a l i s e d  m i x t u r e  was e x t r a c t e d  w i t h  

C H C 1 3  ( 3 x 3 0  m l ) ,  t h e  o r g a n i c  l a y e r  was washed w i t h  w a t e r ,  d r i e d  (Na2S04)  

a n d  c o n c e n t r a t e d  t o  a f f o r d  a s o l i d  which  was f i l t e r e d  u s i n g  l i t t l e  MeOH. 

The s o l i d  was r e c r y s t a l l i s e d  f rom C H C l  -MeOH t o  y i e l d  t h e  a l c o h o l  (8 )  
3  

( 2 5 0  mg, 6 9 $ ) ,  mp 252-254OC as c o l o r l e s s  m i c r o f i n e  n e e d l e s ;  i r  3 max(KBr) :  

1 3 5 1 0 ,  3 2 0 0 ,  2850-2740 (Bohlmann b a n d s ) ,  a n d  1090 cm- ; uv ( l o g  E ) :  max 

(MeOH) 224 ( 4 . 8 3 )  a n d  280 nm ( 4 . 2 3 ) ;  ' ~ - n m r  (DMSO-d6): 6 1 .18  ( d ,  J=6 Hz, 

3 H ) ,  1 .94  (m,  l H ) ,  2 . 2 7  ( b r  s ,  l H ) ,  2 . 5 4 - 3 . 2 4  (m,  4 H ) ,  3 . 3 6  ( b r  s ,  OH), 

4 . 2 8  (m,  l H ) ,  4 .52  ( d ,  J = j  Hz, l H ) ,  6 .84-7 .20 (m,  ZH),  7 . 2 0 - 7 . 5 2  (m,  2H) 

a n d  1 0 . 7 7  ( b r  s ,  1 H ) ;  13C-nmr (DMSO-d6): 6 1 9 . 6 ( q ) ,  2 1 . 4 ( t ) ,  3 7 . 6 ( t ) ,  3 8 . 4  

( t ) ,  4 9 . 2 ( t ) ,  5 1 . 9 ( t ) ,  5 2 . 2 ( t ) ,  5 5 . l ( t ) ,  5 8 . 6 ( d ) ,  6 5 . l ( d ) ,  7 0 . 1 ( s ) ,  106 .7  

( s ) ,  1 1 0 . 0 ( d ) ,  1 1 7 . 0 ( d ) ,  1 1 8 . 0 ( d ) ,  1 2 0 . l ( d ) ,  1 2 6 . 5 ( d ) ,  1 3 4 . 5 ( d ) ,  a n d  1 3 5 . 5  
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( d ) ;  m s  m/z ( r e l .  i n t . ) :  3 6 0 ( ~ + ,  1 8 ) ,  3 1 5 ( 1 1 ) ,  2 9 9 ( 1 5 ) ,  2 6 7 ( 4 1 ) ,  2 5 5 ( 2 6 ) ,  

1 8 4 ( 1 0 0 ) ,  1 7 0 ( 2 5 ) ,  1 6 8 ( 3 1 ) ,  1 5 6 ( 2 6 ) ,  a n d  4 5 ( 3 2 ) ;  A n a l .  C a l c d  f o r  

Cl9H2,,N20S2: C ,  6 3 . 3 9 ;  H ,  6 . 7 2 ;  N, 7 . 7 8 .  Found: C ,  6 3 . 3 0 ,  H ,  6 . 7 6 ;  N, 7 . 8 3 .  

The m o t h e r  l i q u o r  o f  8  was e v a p o r a t e d  and t h e  r e s i d u e  was c h r o m a t o g r a p h e d  

o n  s i l i c a  g e l .  The e l u a t e s  f rom p e t r o l e u m  ether-CHC1 ( 1 : l )  y i e l d e d  t h e  3  

k e t o n e  ( 9 )  ( 4 3  mg, 1 2 % )  as c o l o r l e s s  f i n e  n e e d l e s ,  mp 2 4 0 - 2 4 2 ' ~ ;  i r  $ max 
1  

( K B r ) :  3 3 5 0 ,  2850-2760 (Bohlmann b a n d s ) ,  a n d  1690 cm- ; uv ( l o g  E ) :  1 max 

(MeOH) 271 ( 3 . 6 8 ) ,  280 ( 3 . 6 9 ) ,  a n d  289 nm ( 3 . 6 2 ) ;  ' ~ - n m r  (DMSO-d6): 6 2 . 0 2  

( m ,  l H ) ,  2 .34  ( s ,  3 H ) ,  2 .40 -3 .32  ( m ,  9 H ) ,  3 . 3 0  ( s ,  4H),  6 . 9 0 - 7 . 1 6  ( m ,  2 H ) ,  

7 . 2 0 - 7 . 5 4  ( m ,  2H) a n d  10.80 ( b r  s ,  1H);  Ana l .  C a l c d  f o r  C19H22N20S2: C ,  

6 3 . 7 4 ;  H ,  6 . 1 9 ;  N ,  7 . 8 3 .  Found: C ,  6 3 . 6 5 ;  H ,  6 . 2 3 ;  N ,  7 . 7 8 .  

The C H C l  e l u a t e s  g a v e  a f u r t h e r  4 5  mg t o  y i e l d  a t o t a l  o f  82% o f  t h e  a l c o -  
3  

h o 1  ( 8 ) .  

D e h y d r a t i o n  o f  t h e  a l c o h o l  ( 8 )  

To a s u s p e n s i o n  o f  t h e  a l c o h o l  ( 8 )  ( 3 6 0  mg, 1  mmol) i n  p y r i d i n e  ( 1  m l ) ,  

POC13 ( 0 . 3  m l ,  3 . 2  mmol) was a d d e d  and t h e  r e s u l t i n g  homogeneous r e a c t i o n  
0 

m i x t u r e  was h e a t e d  f o r  30 min a t  80-90 C .  The s o l i d  mass  formed was decom- 

p o s e d  w i t h  c r u s h e d  i c e ,  n e u t r a l i s e d  w i t h  20% NH40H s o l u t i o n  a n d  e x t r a c t e d  

w i t h  C H C l  ( 3 x 2 5  m l ) .  The C H C 1 3  l a y e r  was washed w i t h  w a t e r ,  d r i e d  (Na2S04)  
3 

a n d  e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  remove t r a c e s  o f  p y r i d i n e  comple-  

t e l y .  The r e s i d u e  was r e c r y s t a l l i s e d  f rom MeOH t o  y i e l d  t h e  o l e f i n  ( 1 0 )  

( 3 1 3  mg, 9 2 $ ) ,  mp 114-1 1 6 ' ~ ;  i r  3 ( K B r ) :  3300-3130 a n d  2850-2720 ( B o h l -  
m a  x 

mann b a n d s )  em-'; uv ( l o g  6 ) :  X ,,,(MeOH) 221 4 . 8 1  a n d  272  nm ( 4 . 0 0 ) ;  

l ~ - n m r  (DMSO-d6): 6 1 . 5 3  ( d ,  J = 7  Hz,  3 H ) ,  2 . 3 8  ( m ,  l H ) ,  2 .76 -3 .26  ( m ,  6 ~ ) ,  

3 . 3 2  ( s ,  4 H ) ,  3 .42  ( m ,  l H ) ,  4 . 8 0  (m, l H ) ,  6 .88 -7 .20  ( m ,  2 ~ ) ,  7 .20-7 .56 ( m ,  

ZH) ,  a n d  10.76 ( b r  s ,  1 H ) ;  m s  m/z ( r e l .  i n t . ) :  342 (M+, 2 3 ) ,  3 4 1 ( 7 9 ) ,  340 

( 2 1 1 ,  2 8 1 ( 7 1 ) ,  2 4 9 ( 5 2 ) ,  2 2 1 ( 1 1 ) ,  1 8 4 ( 5 5 ) ,  a n d  1 6 9 ( 1 0 0 ) ;  A n a l .  C a l c d  f o r  

C19H22N2S2: C ,  6 6 . 7 2 ;  H ,  6 . 4 8 ;  N ,  8 . 1 9 .  Found:  C ,  6 6 . 6 3 ;  H ,  6 . 5 2 ;  N ,  8 . 1 7 .  

F l a v o p e r e i r i n e  ( 2 )  

To a s o l u t i o n  o f  t h e  o l e f i n  ( 1 0 )  ( 1 7 1  mg, 0 . 5  mmol) i n  e t h a n o l  ( 1 5  m l ) ,  
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Raney N i  (W-2, 1 . 2  g )  was a d d e d  i n  p o r t i o n s  a n d  t h e  r e a c t i o n  m i x t u r e  was st- 

i r r e d  w i t h  t l c  m o n i t o r i n g  [ s i l i c a  g e l ,  p e t r o l e u m  ether-EtOAC ( 3 : 2 ) 1 .  A f t e r  

t h e  d i s a p p e a r a n c e  o f  t h e  s t a r t i n g  m a t e r i a l  ( 1  h ) ,  t h e  r e a c t i o n  m i x t u r e  was 

f i l t e r e d  o v e r  a bed o f  c e l i t e ,  washed w i t h  EtOH a n d  t h e  f i l t r a t e  was e v a p o -  

r a t e d  u n d e r  r e d u c e d  p r e s s u r e  t o  a f f o r d  11 a s  a  g l a s s y  f i l m  ( 9 4  mg, 7 4 % ) ,  

' ~ - n m r  (CDCl ) :  6 1 . 0 6  ( t ,  J = 7  Hz,  3 H ) ,  2 . 0 2  ( q ,  J = 7  Hz, l H ) ,  2 .12 -3 .90  ( m ,  3 
7 H ) ,  5 . 5 4  ( m ,  l H ) ,  7 .04 -7 .70  ( m ,  4 H ) ,  a n d  7 . 8 4  ( b r  s ,  1 H ) ;  m s  m/z ( r e l .  

i n t . ) :  252  ( M + ,  6 8 ) ,  2 3 7 ( 5 ) ,  2 2 3 ( 1 6 ) ,  1 6 9 ( 1 0 0 ) ,  a n d  1 6 7 ( 6 5 ) .  

To a  s o l u t i o n  of 1 1  ( 1 2 6  mg, 0 . 5  mmol) i n  AcOH ( 1 5  m l ) ,  D D Q  ( 4 5 6  mg, 2  mmol) 

a n d  70% HC104 ( 0 . 0 2  m l )  were  a d d e d  and t h e  r e a c t i o n  m i x t u r e  was h e a t e d  f o r  

4  h  a t  8 0 - 9 0 ' ~ .  S o l i d  formed was f i l t e r e d  and r e c r y s t a l l i s e d  (MeOH) t o  a f -  

f o r d  f l a v o p e r e i r i n e  p e r c h l o r a t e  ( 2 )  ( 1 4 0  mg, 8 2 5 1 ,  mp 3 1 6 - 3 1 7 ~ ~  ( d e c . )  

[ l i t . , 7  mp 3 1 6 - 3 1 7 ' ~  (decamp.)]. 
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