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Summary 

The p r e p a r a t i o n  of r a d i o  l a b e l  l e d  que rce t i n  proceeds  through i n i t i a l  p r  epa- 

r a t i o n  of a n  a l k o x y a c e t o n i t r i l e  followed by condensa t ion  wi th  p h l o r o g l u c i n o l  

t o  g i v e  t h e  ace tophenone ,  ~ a r b o n y l - ~ ~ C .  

and rear rangement  w i t h  t r i e t h y l a m i n e  i n  r e f l u x i n g  p y r i d i n e  y i e l d s  a f l avone  

l a b e l l e d  in pos i t ion-4 .  

E s t e r i f i c a t i o n  w i t h  v e r a t r o y l  c h l o r i d e  

S a p o n i f i c a t i o n  and d e a l k y l a t i o n  g i v e  quercetin-4-14C. 
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INTRODUCTION 

The f l a v o n o l ,  q u e r c e t i n  (6) i s  t h e  most wide ly  o c c u r r i n g  f l avono id  and  

i s  p r e s e n t  in vary ing  amounts e i t h e r  a s  ag lycone  o r  i n  g l y c o s y l a t e d  form i n  

t h e  d i e t s  of an ima l s  tha t  consume t h e s e  p l a n t  m a t e r i a l s .  N u t r i t i o n a l  impl i -  

c a t i o n s  of t h i s  d i e t a r y  consumption are not  w e l l  unders tood  a l t h o u g h  f l a v o n o l s  

such  a s  q u e r c e t i n  a r e  commonly regarded  a s  h a r m l e s s ,  and q u e r c e t i n  as  i t s  

3-0- ru t inos ide  ( r u t i n )  has even r ece ived  some a t t e n t i o n  f o r  u se  i n  t r ea tmen t  

of c a p i l l a r y  f r a g i l i t y  i n  humans ( 2 ) .  

t h a t  q u e r c e t i n  i s  mutagenic i n  t h e  Ames b i o a s s a y  ( 3 )  has r a i s e d  t h e  q u e s t i o n  

whether i n g e s t i o n  of f l a v o n o i d s  might  be ,  in f a c t ,  a source  of human c a n c e r  

and h a s  l e d  t o  many s t u d i e s  which have a t  p r e s e n t  no t  y e t  confirmed t h i s  

h y p o t h e s i s ( 4 ) .  

a s s o c i a t e d  with. d e f e n s e  mechanisms a g a i n s t  pa thogenic  organisms and herb ivo-  

rous  an ima l s  ( 2 ) .  and we have observed  t h a t  q u e r c e t i n  and i t s  g l y c o s i d e s  

More r e c e n t l y ,  however, t h e  o b s e r v a t i o n  

The presence  of f l avono id  materials i n  p l a n t s  is  probably  
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a r e  s i g n i f i c a n t  l a r v a l  growth i n h i b i t o r s  i n  s e v e r a l  i n s e c t  s p e c i e s  ( 5 ) .  

S t u d i e s  on t h e  p h y s i o l o g i c a l  mode of a c t i o n  upon i n s e c t  l a r v a e  and upon t h e  

me tabo l i c  f a t e  of t h e  f l avono id  r equ i r ed  r a d i o - l a b e l l e d  q u e r c e t i n .  S ince  a l l  

hydrogens of t h e  q u e r c e t i n  nuc leus  a r e  a t  l e a s t  p o t e n t i a l l y  exchangable  ( 6 )  

i t  was cons idered  d e s i r a b l e  t o  i n c o r p o r a t e  14C i n t o  t h e  f l a v o n e  s k e l e t o n .  

The procedure d e s c r i b e d  i n  t h i s  paper  p rov ides  t h i s  r e s u l t  and c o n s t i t u t e s  a 

g e n e r a l  method f o r  f l a v o n 0 1 - 4 - ~ ~ C  p r e p a r a t i o n .  

RESULTS AND DISCUSSION 

The key i n t e r m e d i a t e  of t h e  s y n t h e t i c  scheme shown i s  t h e  a lkoxyace to-  

n i t r i l e  ( 1 )  which i s  prepared  i n  t h e  i n i t i a l  s t e p .  

m e t h o x y a c e t o n i t r i l e  have u s u a l l y  been prepared  by t h e  r e a c t i o n  of a s u i t a b l e  

a l k y l a t i n g  a g e n t  w i th  formaldehyde cyanohydr in  ( 7 * 8 )  ; however, t h e s e  proce- 

d u r e s  i n v o l v e  aqueous e x t r a c t i o n s  and a r e  no t  e f f i c i e n t  f o r  small scale 

Both benzyloxy - and - 

4 5 
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S y n t h e t i c  Scheme 
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p r e p a r a t i o n s .  B e n z y l o x y a c e t o n i t r i l e  when prepared i n  t h i s  way is also n o t  

ve ry  pure ( 7 ) .  The method of c h o i c e  f o r  p r e p a r a t i o n  of t h e s e  i n t e r m e d i a t e s  

r e l i e s  upon phase - t r ans fe r  of potassium cyanide mediated by t h e  a p p r o p r i a t e  

crown e t h e r  (18-crown-6). It g i v e s  e x c e l l e n t  y i e l d s  o f  b e n z y l o x y a c e t o n i t r i l e  

from benzyl  chloromethyl  e t h e r  i n  dichloromethane,  benzene o r  a c e t o n i t r i l e  

a s  s o l v e n t .  Benzene w a s  s e l e c t e d  a s  t h e  most d e s i r a b l e  so lven t  s i n c e  i t s  

low p o l a r i t y  pe rmi t t ed  a s imple chromatography of t h e  product on s i l i c a  gel 

without  t h e  need f o r  p r e l i m i n a r y  evapora t ion .  On a 10 mi l l imo le  scale u s i n g  

un labe l l ed  m a t e r i a l  t h e  y i e l d  of b e n z y l o x y a c e t o n i t r i l e  was 87% a f t e r  d i s t i l -  

l a t i o n .  P r e p a r a t i o n s  of m e t h o x y a c e t o n i t r i l e  were c a r r i e d  o u t  i n  CH2C12 and 

i n  benzene, bu t  t h e  y i e l d s  were q u i t e  v a r i a b l e .  I n  g e n e r a l ,  t h e  l a r g e r  t h e  

p r e p a r a t i o n ,  t h e  b e t t e r  t he  y i e l d  a l though  s e v e r a l  one m i l l i m o l e  runs gave 

almost q u a n t i t a t i v e  y i e l d s .  The l a c k  of r e p r o d u c i b i l i t y  of t h e  s m a l l  scale 

runs  made m e t h o x y a c e t o n i t r i l e  less d e s i r a b l e  as a l a b e l l e d  i n t e r m e d i a t e ;  

a l s o ,  i t s  r e l a t i v e  v o l a t i l i t y  compared t o  b e n z y l o x y a c e t o n i t r i l e  l e d  t o  t h e  

cho ice  of t he  l a t t e r  compound i n  the  radiochemical  sequence.  

Condensation of a n i t r i l e  with ph lo rog luc ino l  under Hoesch React ion 

c o n d i t i o n s  g e n e r a l l y  i n v o l v e s  exposure of t he  r e a c t a n t s  and p roduc t s  t o  

anhydrous H C l  and ZnC12 i n  e t h e r  ('). 

groups can  occur  under similar c o n d i t i o n s  (10) i t  w a s  important  t o  reduce 

c o n t a c t  t i m e  t o  a minimum. Also, t h e  ZnClg w a s  omi t t ed  t o  l e s s e n  t h e  s e v e r i t y  

of  c o n d i t i o n s .  A r e a c t i o n  t i m e  of 5 hr a t  room t empera tu re  was o p t i m a l ,  

and on a 8 mmole scale provided a 57% y i e l d  of non labe l l ed  material. 

Chromatography of t h e  r e a c t i o n  mixture  on Sephadex LH-20 w a s  an e f f e c t i v e  

method of p u r i f i c a t i o n  g i v i n g  2 (R=-CHZPh) wi th  o n l y  a t r a c e  of ph lo rog luc ino l  

remaining. 

Since c l eavage  of benzyl  p r o t e c t i v e  
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E s t e r i f i c a t i o n  of 2 wi th  v e r a t r o y l  c h l o r i d e  i n  p y r i d i n e  was s t r a i g h t -  

fo rward ,  and subsequent  rear rangement  t o  t h e  f l a v o n e  system could  be c a r r i e d  

o u t  a f t e r  aqueous workup o r  more c o n v e n i e n t l y  i n  s i t u  wi th  t r i e t h y l a m i n e  a t  

r e f l u x .  

(R=-CHZPh) was ob ta ined  s t a r t i n g  with one  mmole of n o n r a d i o a c t i v e  2. 

Simultaneous d e b e n z y l a t i o n  and demethy la t ion  were e f f e c t e d  i n  p y r i d i n e  hydro- 

c h l o r i d e  a t  =. 185°C t o  provide  q u e r c e t i n  (&) i n  75% y i e l d .  

A f t e r  base  h y d r o l y s i s  of t h e  f l a v o n e  e s t e r  5 a 55% y i e l d  of 2 

I n  t h e  r a d i o a c t i v e  sequence s t a r t i n g  w i t h  one mmole of l a b e l l e d  cyan ide ,  

t h e  y i e l d s  per s t e p  were lower and r e s u l t e d  i n  a n  o v e r a l l  conve r s ion  of 9% 

based on K14CN.  

EXPERIMENTAL 

R a d i o a c t i v i t y  measurements were c a r r i e d  o u t  u s i n g  a Packard Tri-Carb 

460C system and Aquasol-2 u n i v e r s a l  LSC c o c k t a i l  (NEN). Nuclear magnet ic  

resonance  s p e c t r a  were measured a t  90MHz on a Varian EM-390 spec t romete r  

u s ing  CDC13-DMSO-d6 s o l v e n t  and TMS as i n t e r n a l  s t a n d a r d .  

s a m p l e s  were used from p r e l i m i n a r y  t r ia ls .  

purchased from ICN Radiochemica ls  Div.  and was  admixed wi th  n o n r a d i o a c t i v e  

material t o  a s p e c i f i c  a c t i v i t y  of  s. 2 mCi/mmole. Thin l a y e r  chromatography 

employed s i l i c a  gel-60, F-254 (E. Merck) u s i n g  97% formic  a c i d ,  e t h y l  a c e t a t e ,  

benzene (5 :10:40) .  

2-Benzyloxy-2' , 4 '  ,6'-trihydro~yacetophenone-l-~~C ( 2 ,  R-CH,Ph)--To a sus- 

pension of K I 4 C N ,  65.0 mg (2 .00  m C i ,  1 mmole), in 0 .5  ml of anhydrous  benzene 

(from 4 1  molecu la r  s i e v e )  were added 10 mg of 18-crown-6 e t h e r  and 170 mg 

(1.09 mmole) of benzyl  ch loromethyl  e t h e r  ( l 1 ) .  

magne t i ca l ly  1 hr a t  ambient t e m p e r a t u r e ,  and an  a d d i t i o n a l  0 .5  m l  of  benzene 

was used t o  wash down s o l i d  from t h e  walls of t h e  r e a c t i o n  v e s s e l .  A f t e r  16 hr 

Nonradioac t ive  

K 1 4 C N  (41.5mCi/mmole) w a s  

The m i x t u r e  was s t i r r e d  
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s t i r r i n g  t i m e ,  t h e  e n t i r e  r e a c t i o n  m i x t u r e  w a s  t r a n s f e r r e d  t o  a column of 

s i l i c a  g e l  8 mm d i a  x 20  mm i n  a d i s p o s a b l e  tube  and b e n z y l o x y a c e t o n i t r i l e  

( L ,  R=-CH2Ph) w a s  e l u t e d  wi th  7 m l  of benzene. The c o l o r l e s s  o i l  o b t a i n e d  

by e v a p o r a t i o n  of s o l v e n t  on t h e  r o t a r y  e v a p o r a t o r  was t aken  up i n  5 ml of 

e t h e r  and 152 mg (1 .2  mmoles) of p h l o r o g l u c i n o l  was added. H C 1  g a s  was 

passed  i n  f o r  3 min, and t h e  r e s u l t i n g  s o l u t i o n  was s t i r r e d  f o r  5 h r  d u r i n g  

wkich time a s o l i d  c r u s t  formed on t h e  f l a s k  wal ls .  The s u p e r n a t a n t  e t h e r  

was p i p e t t e d  o f f ,  and t h e  s o l i d  was washed w i t h  5 m l  of e t h e r .  Water, 5 ml, 

was added t o  d i s s o l v e  t h e  remain ing  s o l i d  and t h i s  mix tu re  w a s  s t i r r e d  a t  

90-95" f o r  30  min t o  g i v e  a n  o i l y  l a y e r .  Most water w a s  removed under  reduced 

p r e s s u r e  and t h e  remain ing  orange  o i l  w a s  a p p l i e d  to a 50 mm d i a  x 950 mm 

Sephadex LH-20 column i n  methanol .  The d e s i r e d  ke tone  (2, R=-CHzPh) appeared 

in e l u t i o n  v o l .  2375-2675 m l  (0 .91 m C i ,  45%) .  TLC showed o n e  major component 

of Rf'0.22 w i t h  minor impur i ty  of Rf=0.12 co r re spond ing  t o  p h l o r o g l u c i n o l .  PMR of 

- 2: 6 (ppm) 7 . 2 - 7 . 5  (5H, complex, benzy l  a romat i c )  5.88 (2H, s ,  a r o m a t i c ) ,  

4.75 (2H,s,-CH2-) and 4.64 (2H, s,-CH2-). M.p. 131-134°C (toluene-EtOAc).  

3-Benzyloxy-5,7-dihydroxy-3' ,4'-dimetho~yflavone-4-~~C ( 5 ,  R--CH2Ph)--In a 

50 ml f l a s k  equipped wi th  s t i r re r ,  condenser  and d r y i n g  t u b e  were p laced  

0 .81  m C i  ( 0 . 4  m o l e )  of 2 and 5 m l  of anhydrous p y r i d i n e  (from 4A molecu la r  

s i e v e ) .  V e r a t r o y l  c h l o r i d e ,  402 mg (2 .0  mmoles), w a s  added ,  and t h e  mix tu re  

was re f luxed  30 min. The f l a s k  w a s  cooled  b r i e f l y ,  and 5 m l  of t r i e t h y l a m i n e  

was added. A f t e r  16 h r  r e f l u x  t h e  r e a c t i o n  mix tu re  was then  evapora t ed  t o  

a p a s t e  on t h e  r o t a r y  e v a p o r a t o r .  A s o l u t i o n  of 0.25 g of NaOH i n  10 m l  of 

50/50 Me01I-H20 was added ,  and t h e  suspens ion  of s o l i d s  was warmed t o  r e f l u x  

30  min t o  g i v e  a homogeneous s o l u t i o n  which w a s  t hen  t aken  t o  d r y n e s s  under 

reduced p r e s s u r e .  The r e s u l t i n g  mass w a s  d i s s o l v e d  i n  10 m l  of  H20 and C02 
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w a s  passed i n  c a r e f u l l y  t o  avoid  f r o t h i n g  u n t i l  p r e c i p i t a t i o n  of s o l i d  was 

comple te .  A f t e r  c o l l e c t i o n  by  f i l t r a t i o n ,  t h e  s t i c k y  brown product  was 

d i s s o l v e d  i n  20 m l  of e t h y l  a c e t a t e  and t h e  s o l u t i o n  was evapora t ed  i n  vacuo 

t o  remove r e s i d u a l  w a t e r .  Addi t ion  of 25 m l  e t h y l  acetate now gave a so lu-  

t i o n  which con ta ined  da rk  suspended m a t e r i a l ,  and f i l t r a t i o n  y i e lded  a c l e a r  

ye l low s o l u t i o n  of 5,  0.34 m C i  (42%) showing one major  component of Rf=0.47 

upon TLC wi th  minor i m p u r i t i e s  of R f ' s  co r r e spond ing  t o  p h l o r o g l u c i n o l  and 

t o  2. C r y s t a l l i z a t i o n  of n o n r a d i o a c t i v e  2 from EtOAc-hexane gave m a t e r i a l  

of mp 202-204°C. 6 (ppm) 7.64 (1 H ,  d , d ,  551,61=9, J 2 1 , 6 1 = 2  Hz, H6 ' ) ,  

7.15-7.45 ( 6  H ,  complex, H-2' and pendant pheny l )  6'.90 (1 H ,  d ,  5 5 1 , 6 1 4  Hz, 

H-5') 6.39 (1 H ,  d ,  J6 ,8=2  Hz, H-6 o r  8), 6.28 (1 H,  d ,  J6 ,8=2  Hz, H-6 o r  8 ) ,  

PMR: 

5.03 ( 2  H ,  S ,  3-O-CH2-), 3.90 (3 H ,  s,-OCH3), 3.67 ( 3  H ,  s,-OCH3). 

Q ~ e r c e t i n - h - ~ ~ C  (6)--A s o l u t i o n  o f  5 (0.32 m C i ,  0.16 mmole) i n  E t O A c  was t aken  

t o  d r y n e s s  i n  a 10 m l  f l a s k .  P y r i d i n e  h y d r o c h l o r i d e ,  1 g ,  w a s  added and t h e  

s t i r r e d  mix tu re  was warmed f o r  2 hr in a n  o i l  b a t h  ma in ta ined  a t  180-190°C. 

Subl imat ion  of p y r i d i n e  hydroch lo r ide  on to  t h e  upper s u r f a c e s  of t h e  f l a s k  

occur red  d u r i n g  t h i s  s t e p ,  and t h e  f l a s k  w a s  lowered  in t h e  o i l  ba th  a t  0 .5  h r  

i n t e r v a l s  t o  m e l t  and r e t u r n  t h e  s u b l i m a t e  t o  t h e  p o t .  The f l a s k  was coo led  

t o  5OoC and 8 m l  of MeOH was added. The r e s u l t i n g  s o l u t i o n  was  a p p l i e d  t o  a 

50 mm d i a  x 950 mm Sephadex LH-20 column and e l u t i o n  was c a r r i e d  o u t  w i t h  

MeOH. Querce t in  (a) emerged i n  e l u t i o n  v o l  4750-5250 m l  (0.144 m C i ,  46%) 

and was homogeneous by  TLC, Rf-0.19, co-chromatography w i t h  a u t h e n t i c  m a t e r i a l .  

Determina t ion  of c o n c e n t r a t i o n  of a i n  s o l u t i o n  by measurement of A370nm 

showed t h a t  i t s  s p e c i f i c  a c t i v i t y  was 2.07 mCi/mmole. 
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