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A STUDY OF SIMPLE PLANT PHENOLIC CŒ4P0UNDS 

IN TOBACCO FLOWERS AND LEAVES

CHAPTER I 

INTRODUCTION

The sim ple p la n t p h en o lic  compounds rep resen t a heterogenous 

group o f  su bstan ces which may be c la s s i f i e d  accord in g  to  stru ctu re  as  

f la v o n o id s , coum arins, d ep s id es , and p h en o lic  a c id s . A ty p ic a l rep re

se n ta t iv e  o f  each c la s s  i s  I l lu s tr a te d  in  F igure 1 . Examination o f  

th e ir  stru ctu re  su g g ests  a p o ss ib le  in te r r e la t io n s h ip  among the various  

c la s s e s  o f  compounds and th e ir  b io sy n th e s is  in  the p la n t . With excep 

t io n  o f  the d e p s id e s , a l l  th ese  compounds probably e x i s t  in  th e p lan t  

c e l l s  as g ly c o s id e s .

The fu n c tio n s  o f  th ese  compounds in  p la n t c e l l s  are not known 

e x a c t ly , but th ey  may be precursors to  l ig n in  ( l )  and tannins (2 ) and 

may be in volved  in  o x id a tio n -re d u ctio n  r e a c t io n s  (3 ) -  R ecen tly , i t  

has been shown th a t  th e depside quinyl-p-coum arate ( l ,3 ,^ ; 5 - t e t r a b y -  

d roxycyclohexanecarboxylic a c id  3 - ( 4-hydroxycinnam ate) )  (U) and c e r ta in  

flavon o id s (5 ,6 )  are c o fa c to r s  fo r  the enzyme in d o le a c e t ic  ac id  ox id a se .

With few ex ce p tio n s  th ese  compounds on paper and column chro

matograms p o sse ss  th e p roperty  o f  f lu o resce n c e  upon ir r a d ia t io n  by 

u lt r a v io le t  l i g h t .  T his f lu o r e sc e n t  p roperty  was used as the i n i t i a l



FIGURE 1

SIMPLE POLYPHENOLIC CCMPOüNDS IN TOBACCO
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b a s is  fo r  the i s o la t io n  and id e n t i f i c a t io n  o f  the siiap le  phenols t o  be  

d escrib ed  in  subsequent ch ap ters.

A comprehensive review  o f the known p h en o lic  compounds is o la te d  

from green, f lu e -c u r e d , or dry tobacco le a v e s  was g iven  by Stedman (7 ) .  

His l i s t  o f  p h en o lic  su b sta n ces, id e n t i f i e d  by variou s w orkers, were 

r u t in  ( 3 , 3 ' A ' 75 , 7 -p entahydroxyflavone-3 -rham noglucoside or q u erce tin -  

3 -rham noglucoside), is o q u e r c itr in  (q u e r c e t in -3 -n ionoglucoside), sc o p o le - 

t in  ( 7 -hydroxy-6 -raethoxycouraarin], s c o p o lin  ( s c o p o le t in -7 -m onoglucoside), 

and ch lorogen ic  a c id  ( 1 , 3 , ^ , 5 -tetrah yd roxycycloh exan ecarb oxy lic  ac id  3 - 

(3 ,^ -d ihydroxycinnam ate)) (8 ) . Subsequently n ic t o f lo r in  (3> ^ '?5j7 -  

te tra h y d ro x y fla v o n e-3-rham noglucoslde or kaem pferol-3 -rhamnoglue os I d e )

(9 ) , quinyl-p-coum arate ( 3 ) and raeth;yl e th ers  o f  q u ercetin  (lO ) have 

been reported  to  be p resen t in  tobacco le a v e s .  In v e s t ig a t io n s  on tobacco  

flow ers have been l e s s  e x te n s iv e , and p r io r  z o  1958 o n ly  the fla v o n o id s  

r u t in  ( 1 1 ) ,  is o q u e r c itr in  (12 ) and n ic t o f lo r in  ( 13) had been i s o la t e d -

In order to  obtain  a more com plete com p ilation  o f  p la n t p h en o lic  

substances p resen t in  tobacco t i s s u e s ,  an e x te n s iv e  stud y  on the i s o l a 

t io n  and id e n t i f i c a t io n  o f  th ese  su bstan ces in  tobacco flow ers has been  

undertaken in  t h is  lab ora tory . In a d d itio n  to  the fla v o n o id s  ru tin ,  

n ic t o f lo r in ,  and is o q u e r c itr in , the fo llo w in g  compounds have been id e n t i 

f ie d  p rev io u s ly : e s c u le t in  (6,7-d ihydroxyccum arin) ( i h ) ,  s c o p o le t in

( 1 5 ) ,  methyl e th ers  o f  q u ercetin  (1 6 ), and ch lorogen ic  a c id  ( 15). U t i l 

iz in g  the above knowledge o f  the occurrence o f  th e se  compounds, Murphy

( 1 0 ) made an i n i t i a l  survey by paper chromatography o f  the r e la t iv e  

d is tr ib u t io n  o f  th ese  substances in  the four major p a rts  o f  the flow er;  

c a ly x , c o r o l la ,  stamen and p i s t i l  (F igure 2 ) .  A tobacco  flow er c o n s is t s



o f  f iv e  stam ens and one o f  each  o f  th e  fo llo w in g : c o r o l l a ,  c a ly x ,

p i s t i l ,  r e c e p ta c le  and p e d ic e l .

In fo rm a tio n  on th e  d i s t r i b u t i o n  o f  p h e n o lic  compounds in  each 

f l o r a l  p a r t  co u ld  a id  in  u n d e rs ta n d in g  b io c h e m ic a lly  th e  d i f f e r e n c e s

--Stam en
C o r o l l a

P i s t i l

Calyx

FIGURE 2 . A SKETCH OF A TOBACCO FLOWER

betw een th e  c la s s e s  o f  o rg a n s , and d if f e re n c e s  betw een s p e c ie s  o f  p la n ts .  

The i n a b i l i t y  o f  two v a r i e t i e s  o f  F o rs y th ia  to  c r o s s - p o l l i n a te  has been 

a t t r i b u t e d  by Kuhn and Low {17} to  the f a c t  tha t, th e  p o l le n  o f  one v a r ie ty  

c o n ta in e d  r u t i n  and th e  o th e r  q u e r c i t r in .  The e x te n s io n  o f  t h i s  i n i t i a l  

s tu d y  by  Murphy on th e  f l o r a l  p a r t s  o f  to bacco  i s  d e sc r ib e d  f o r  stam ens, 

c o r o l l a s ,  c a ly x e s  and p i s t i l s  in  C hapters I I I ,  IV, V, VI and V II, r e s 

p e c t iv e ly .

The in d isp e n sa b le  req u ire m en t o f a l l  p la n ts  f o r  sm a ll q u a n t i t i e s  

o f  th e  e le m e n t, b o ro n , i s  w e ll  known ( l 8 ) .  The e x a c t p h y s io lo g ic a l  and 

b io c h e m ic a l r o le  o f  t h i s  e le m e n t in  p la n t  c e l l s  i s  n o t u n d e rs to o d . I t



has been  su g g es ted  t h a t  boron  may be in v o lv ed  in  th e  t r a n s l o c a t i o n  o f  

c a rb o h y d ra te s  in  th e  p la n t  (1 9 )- In  1958, in v e s t ig a to r s  a t  Argonne 

N a tio n a l L a b o ra to ry  observed  on p ap er chromatograms t h a t  e x t r a c t s  o f 

to b acco  t i s s u e s  from p la n ts  grown i n  bo ron  f r e e  n u t r i e n t  medium con 

ta in e d  a g r e a te r  amount o f an  unknown b lu e - f lu o r e s c in g  su b s ta n c e  th a n  

c o rre sp o n d in g  t i s s u e s  from p la n ts  c u l tu re d  in  normal n u t r i e n t  medium.

A coop erative  program between th ese  s c ie n t i s t s  and t h is  la b o ra to ry  was 

e s ta b lish e d  to  determ ine the nature o f  th is  compound. The i s o la t io n  

and id e n t i f i c a t io n  o f th is  b lu e f lu o r e sc e n t  compound i s  d escr ib ed  in  

Chapter V III . A prelim inary report o f  th is  work has been p u blish ed  

(2 0 ) .



CHAPTER I I

GENERAL EXPERIMENTAL PROCEDURES

Source o f P lant M aterial

A ll  the p la n t m ateria l used in  the presen t study  vas cu ltu red  

in  a c o n tr o lle d  environment room or in  the greenhouse a t  Argonne N ational 

Laboratory. At h a rvest, the p lan t t is s u e s  were macerated in  hot is c p r o -  

p y l a lc o h o l and th e s lu rry  cooled  to  room tem perature and put in to  p la s 

t i c  co n ta in e r s . The p la s t ic  b o t t le s  con ta in in g  the homogenized t is s u e s  

were shipped to  th is  lab oratory . For the f lo r a l  p a rts  stud y , each f u i l y  

opened flow er was d is se c te d  m anually in to  four major p a r ts , and each  

part was p laced  in to  separate con ta in ers  con ta in in g  iso p ro p y l a lc o h o l.

The r e c e p ta c le s  and p ed ice ls  were not included  in  t h is  stu d y . S ince the  

stamens were e p ip e ta lo u s , portion s o f the fila m en t were Included in  the 

c o r o lla  t i s s u e s .  For the current s tu d ie s ,  ca re fu l s e le c t io n  fo r  u n i

form ity  in  f lo r a l  development was not made.

E xtraction  o f P lan t M aterial 

Upon r e c e ip t  of the t is s u e  homogenate, the m a ter ia l was s tored  

in  the r e fr ig e r a to r  u n t il ready fo r  u se . A ll  t i s s u e s  were ex h a u stiv e ly  

ex tra c te d  a t  room temperature by p e r c o la tin g  fr e sh  so lv e n t  through the  

ground t i s s u e  in  a g la ss  fu n n e l. I n i t i a l l y  505& iso p ro p y l a lco h o l-w a ter  

so lv e n t  was u sed , fo llow ed  w ith  so lv e n ts  which p r o g r e ss iv e ly  in creased



in  a lc o h o l con ten t to  85% isop ro p y l a lc o h o l-  The m ateria l vas f i n a l l y  

ex tra c ted  w ith a w ater-sa tu ra ted  so lv e n t  m ixture con ta in in g  equal volumes 

o f  isop rop y l a lc o h o l, n -b u ty l a lc o h o l, benzene, chloroform , e th y l a c e ta te  

and methyl a lc o h o l. The e x tr a c t io n  was term inated when th e f in a l  e lu a te  

and the ground t i s s u e  were n ea r ly  c o lo r le s s .  Approximately 3 l i t e r s  o f  

so lv e n t  were used fo r  each e x tr a c t io n .

The combined e x tr a c t  was concentrated  in  vacuo a t  2S-30° C. to  

remove most o f  the organic s o lv e n t s . The apparatus used fo r  the concen

tr a t io n  Is  b r ie f ly  d escrib ed  in  the fo llo w in g  s e c t io n . The aqueous con

c en tra te  was ex tra c te d  w ith  sev era l sm all volumes o f  r e d i s t i l l e d  benzene 

to  remove pigments and l ip id  m a ter ia l. A fter  benzene e x tr a c t io n , the 

aqueous phase was ex tra c te d  w ith se'veral sm all volumes o f  chloroform .

The f in a l  aqueous phase was ad ju sted  in  volume w ith  methyl a lco h o l such 

th a t  1 ml. o f  con cen trate  represented  300-500 mg. o f  fresh  w eight o f  

t i s s u e .  S ince the fre sh  w eight o f  the flow er p arts  could not be d e te r 

mined, each e x tr a c t  o f  the flow er p arts  was made up to 200 ml. The sub

sequent treatm ent o f  the various e x tr a c ts  i s  described  in  the fo llo w in g  

c h a p ters .

L iquid C oncentrator

The co n cen tra tio n  o f  a l l  e x tr a c ts  and e lu a te s  d escrib ed  in  th is  

study was carr ied  ou t in  th e  apparatus i l lu s t r a t e d  in  F igure 3* The 

concentrator c o n s is t s  o f  two round-bottom f la s k s ,  A and B, which have 

grou n d -g lass, standard tapered  jo in t s  and a "U" tube, which has ground- 

g la s s ,  standard tapered J o in ts  a t  each end and an evacuation  o u t le t .  

F lask  B i s  tw ice th e  volume o f  f la s k  A. The ground J o in ts  were f i t t e d
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w ith  p o ly te t r a f lu o r e th y le n e  s ta n d a rd - ta p e re d  s le e v e s  to  a id  i n  h o ld in g  

vacuum and to  p re v e n t " f r e e z in g "  o f  th e  j o i n t s .

In  o p e ra t io n , th e  m a te r ia l  to  he c o n c e n tra te d  i s  p la c e d  i n  f l a s k  

A; b o th  f l a s k s ,  A and B, a re  a t ta c h e d  to  th e  "TJ" tu b e ; and th e  e n t i r e  

system  i s  ev ac u a ted  by  c o n n e c tin g  th e  vacuum o u t l e t  to  a  w a te r  a s p i r a t o r .

FIGURE 3 . LIQUID C0NCE1ÏIRATC»

I n i t i a l l y  th e  system  i s  pumped down c a r e f u l ly  to  p re v e n t bumping o f  th e  

l i q u id  d u r in g  th e  d e g a s s in g  s ta g e .  A f te r  a l l  th e  trap p e d  g a s e s - in  th e  

s o lu t io n  i n  f l a s k  A have b een  removed, f l a s k  B i s  h e a te d  i n  a steam  b a th .  

The pinchclam p on th e  ru b b e r  o u t l e t  i s  c lo se d  and th e  system  d isc o n n e c te d  

from  th e  a s p i r a t o r .  F la s k  B i s  co o led  under ta p  w a te r . The ev ac u a ted  

c o n c e n tra to r  i s  p la c e d  in t o  two b a th s  ; f l a s k  B i s  c lan çed  i n t o  a 0 -5 °  C. 

r e f r i g e r a t e d  w a te r  b a th ,  and f l a s k  A i s  s e t  in to  a  th e r m o s ta t i c a l ly  re g u 

l a t e d  25 -30°  C. w a te r  b a th .  The c o n c e n tra to r  i s  l e f t  i n  th e  b a th s  u n t i l  

th e  s o lv e n t  i n  f l a s k  A has  d i s t i l l e d  i n t o  f l a s k  B. In  th e  c a se  o f  aqueous 

s o lu t io n s ,  iso p ro p y l a lc o h o l i s  added to  a  30 - 505̂  c o n c e n tr a t io n  t o  f a c i l 
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i t a t e  th e  d i s t i l l a t i o n .

This method o f  c o n c e n tra t io n  o f  p la n t  e x t r a c t s  has many advan

ta g e s  o v e r o th e r  c o n v e n tio n a l m e th o d s. The g r e a t e s t  advan tage o f  th e  

method i s  t h a t  th e  m a te r ia l  in  f l a s k  A i s  never h e a te d  above 25 -30° C. 

th ro u g h o u t th e  d i s t i l l a t i o n .  In  o th e r  te c h n iq u e s , th e  m a te r ia l  l e f t  in  

th e  d i s t i l l a t i o n  f l a s k  a f t e r  rem oval o f  th e  s o lv e n t may become o v e r

h ea ted  u n le s s  th e  p ro c e s s  i s  c lo s e ly  w atched . The c u r r e n t  method has 

a d d i t io n a l  adv an tag es  in  t h a t  r e q u i r e s  no f u r th e r  a t t e n t i o n  d u rin g  

d i s t i l l a t i o n ;  i t  co n se rv es  v- r ,  s in c e  th e  a s p i r a to r  i s  used f o r  on ly  

a s h o r t  tim e ; and v i r t u a l  .11 th e  s o lv e n t  may be re co v e re d . The method 

has th e  d isad v an tag e  o f b e in g  slow  i n  c o n c e n tra t in g ,  b u t t h i s  c r e a te s  

v e ry  l i t t l e  d i f f i c u l t y  s in c e  th e  d i s t i l l a t i o n  can be l e f t  o v e rn ig h t .

P aper C hrom atography Techniques

Whatman No. 1 chrom atography p a p e r  was used in  m ost o f  th e  p r e 

s e n t  s tu d ie s  and w i l l  be r e f e r r e d  to  h e r e a f t e r  as  chrom atography paper 

o r  p a p e r  s t r i p s ,  u n le s s  in d ic a te d  o th e rw is e .  D escending developm ent o f  

th e  p a p e r was u sed  u n le s s  s p e c i f i e d  o th e rw is e .  The i r r i g a t i n g  s o lv e n ts  

used  i n  developm ent o f  th e  p a p e rs  w i l l  be in d ic a te d  w ith  th e  fo llo w in g  

a b b re v ia t io n s  o r  n o ta t io n s ;

BAW - -  n - b u ty l  a l c o h o l - a c e t i c  a c id -w a te r  (6 ;1 ;2  v /v /v ) .
The i r r i g a t i n g  and e q u i l ib r a t io n  s o lv e n ts  were 
th e  same.

IFW — is o p ro p y l a lc o h o l- fo rm ic  a c id -w a te r  ( 5 :0 .1 :9 5  v /v /v ) .
The i r r i g a t i n g  and  e q u i l ib r a t io n  s o lv e n ts  were th e  
same.

Phenol — w a te r - s a tu r a te d  p h e n o l s o lu t io n .  The e q u i l i b r a t i o n
s o lv e n t  was w a te r  s a tu r a te d  w ith  p h en o l.

CIW — c h lo ro fo n n - is o b u ty l  a lc o h o l-w a te r  (2 0 :5 0 :5  v /v /v ) .
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Tbe é q u i l i b r a t i o n  s o lv e n t was w a te r  s a tu r a te d  w ith  
is o b u ty l  a lc o h o l .

BAAW - -  n -b u ty l  a c e t a t e - a c e t i c  a c id -w a te r  (U ° l;5  v /v / v ) .
The i r r i g a t i n g  s o lv e n t  was th e  u p p e r p h a s e . The 
p ap er m ust be  e q u i l ib r a t e d  w ith  th e  low er phase  f o r  
a t  l e a s t  ^0 h o u rs  p r io r  to  th e  a d d i t io n  o f  th e  i r r i g a 
t i n g  s o lv e n t .

CAW — c h lo ro fo rm -a c e t ic  a c id -w a te r  ( 2 :1 ;1  v / v / v ) .  The low 
e r  phase was used  as  th e  i r r i g a t i n g  s o lv e n t .

EFW — e th y l  a c e ta te - fo rm ic  a c id -w a te r  (1 0 ;2 :3  v /v / v ) .  The
i r r i g a t i n g  and e q u i l i b r a t i o n  s o lv e n t  w ere th e  same.

BPBW - -  n -b u ty l  a lc o h o l-p y r ld in e -b e n z e n e -w a te r  ( 5 î 3 î1 î 3
v /v / v /v ) .  The upper phase was u sed  f o r  i r r i g a t i o n ,  
and th e  low er phase was used a s  e q u i l i b r a t i o n  s o lv e n t .

WAB — w a te r - a c e t ic  ac id -b en zen e  (3 :7 :6  v /v / v ) .  The upper
phase  was u sed  f o r  i r r i g a t i o n ,  and th e  lo w er phase 
was used a s  e q u i l i b r a t i o n  s o lv e n t .

BPS — n - b u ty l  a lc o h o l-p y r ld in e -w a te r  s a tu r a t e d  w ith  BaCl
(1 :1 :2  v /v / v ) .  ih e  o rg a n ic  p h ase  was u sed  as  i r r i 
g a t in g  s o lv e n t ,  and th e  low er p h ase  was u sed  as 
e q u i l i b r a t i o n  s o lv e n t .

BAm — n -b u ty l  a lc o h o l -2 N ammonium h y d ro x id e  ( l : l  v /v ) .
The i r r i g a t i n g  and e q u i l i b r a t i o n  s o lv e n ts  were th e  
same.

2^ , 15$,, 30$, 40$ and 60$ a c e t i c  a c id  s o lu t i o n s .  The number
r e p re s e n ts  th e  volume o f  f a c i a l  a c e t i c  a c id  d i l u te d  w ith  w a te r
to  make 100 m l. o f  s o lu t io n .

Mass P aper C hrom atographic S e p a ra t io n  

The s e p a r a t io n  o f  th e  v a r io u s  p o ly p h e n o lic  su b s ta n c e s  p r e s e n t  i n  

each  e x t r a c t  was c a r r i e d  o u t by  e x te n s iv e  p ap er p a r t i t i o n  chrom atography 

u s in g  d i f f e r e n t  i r r i g a t i n g  s o lv e n t s .  I n i t i a l l y  a s m a ll  a l i q u o t  o f  each  

c o n c e n tra te d  e x t r a c t  was s tr e a k e d  a s  a 1 in c h  band a c ro s s  th e  to p  o f  9 

in c h  w ide ch rom atog raph ic  p a p e r . The amount o f  e x t r a c t  a p p l ie d  to  each  

p a p e r m ust b e  de term ined  by  t r i a l  b u t ,  i n  g e n e ra l ,  i t  h as  b een  found t h a t
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a  volume r e p r e s e n t in g  300-500 mg. o f  f r e s h  w e ig h t t i s s u e  w i l l  g iv e  r e a s o n 

a b le  r e s o lu t io n  o f  th e  v a r io u s  d e s ire d  compounds.

Each p ap er was dev elo p ed  in  th e  BAW s o lv e n t  system  u n t i l  th e  s o l 

v e n t f r o n t  reach ed  w ith in  1 in c h  from th e  bo ttom  o f  th e  p a p e r .  T h is  

p ro c e ss  o f  s t r e a k in g  and d e v e lo p in g  o f  p ap e rs  was co n tin u ed  u n t i l  a l l  th e  

in d iv id u a l  e x t r a c t  was u se d . In  m ost c a s e s ,  s e v e r a l  hundred  9 in c h  p ap er 

s t r i p s  were r e q u ir e d  f o r  each  e x t r a c t .  The v a r io u s  f lu o r e s c e n t  zones on 

th e  chrom atogram s were o b se rv ed  w ith  th e  a id  o f  U.V. l i g h t  ( 3 6 6 O X, Blak- 

Ray, U l t r a - V io le t  P ro d . I n c . ,  San G a b r ie l ,  C a l i f o r n ia ) .  C o rresp o n d in g  

zones from each  o f  th e  chrom atogram s were c u t  o u t and com bined. The 

s t r i p s  o f  p a p e r  w ere e lu te d  i n  an  e l u t i o n  chamber w ith  50% is o p ro p y l 

a lc o h o l-w a te r  s o lv e n t  o r  o th e r  a p p ro p r ia te  s o lv e n ts .  The e lu a te s  from  

each  s t r i p  w ere conbined  and red u ced  to  d ry n e ss  ^  vacuo. The r e s u l t i n g  

re s id u e  was e x t r a c te d  w ith  s e v e r a l  sm a ll volumes o f  m ethyl a lc o h o l ,  and 

th e  a lc o h o l  e x t r a c t s  were combined and rechrom atographed  on p a p e r  u s in g  

d i f f e r e n t  s o lv e n t  sy s te m s . The a lc o h o l  in s o lu b le  re s id u e  was d is s o lv e d  

w ith  a sm a ll volume o f  50% a c e t i c  a c id  s o lu t io n  and  re  chrom atographed on 

p ap er to  s e p a ra te  a d d i t io n a l  am ounts o f  d e s i r e d  compounds. The s p e c i f i c  

tr e a tm e n t o f  each  a lc o h o l and a c e t i c  a c id  e x t r a c t  w i l l  be d e s c r ib e d  under 

a p p ro p r ia te  s e c t io n s  in  su b se q u en t c h a p te r s .

The c o lo rs  used  to  d e s c r ib e  zones o r  s p o ts  p r e s e n t  on chrom ato

grams w i l l  r e f e r  h e r e a f t e r  to  th e  ap p ea ran ce  o f  th e  compounds view ed under 

3660 X U.V. l i g h t ,  u n le s s  s p e c i f i e d  o th e rw is e .  The f lu o r e s c e n t  zones o r  

bands w hich were p r e s e n t  i n  e ac h  group o f  chrcanatograms w ere numbered 

a r b i t r a r i l y .  A few  s e le c te d  zones from  each  group of chrom atogram s were 

used  in  th e  c u r r e n t  s tu d y . The rem a in in g  zones were o m itte d  s in c e  th e y
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ap p ea red  t o  be  p r e s e n t  in  sm a ll amounns.

H y d ro ly s is  and I d e n t i f i c a t i o n  P ro ced u re  f o r  
Unknown Compounds

S in ce  th e  q u a n t i ty  o f  p la n t  t i s s u e s  used  In  th e  c u r r e n t  s tu d ie s  

was l im i te d ,  a p u re  c r y s t a l l i n e  sam ple o f  each  i s o l a t e d  p o ly p h e n o lic  com

pound co u ld  n o t be p re p a re d . In  o rd e r  to  h y d ro ly ze  th e  unknown conçjound, 

an  a l i q u o t  o f  a s o lu t io n  c o n ta in in g  th e  p u r i f i e d  su b s ta n c e  was reduced  

to  d ry n e ss  in  vacuo and th e  r e s id u e  re f lu x e d  f o r  a s h o r t  tim e in  1 ml. 

o f  h o t  1 N HCl s o lu t io n .  The a c id  s o lu t io n  was co o led  to  room tem p era

tu r e  and e x t r a c te d  w ith  e th y l  a c e ta te  o r  n -b u ty l  a c e ta te  s o lv e n t  b y  mix

in g  th e  two s o lu t io n s  and th e n  s e p a ra t in g  th e  two p hases  by f r e e z in g  th e  

aqueous l a y e r  i n  a  d eep free ze  c h e s t .  The aqueous s o lu t io n  was e x t r a c te d  

a t  l e a s t  tw ic e  by  t h i s  p ro c e d u re . The e x t r a c te d  aqueous phase was r e 

f lu x e d  f o r  an a d d i t io n a l  1 /2  hour to  hydro lyze  co m p le te ly  any d is a c c h a r 

id e  which may have been  p r e s e n t .

The aqueous and o rg a n ic  s o lu t io n s  were reduced  s e p a r a te ly  t o  d ry 

n e ss  i n  v acu o . Each re s id u e  was d is s o lv e d  in  aqueous a lc o h o l s o lu t io n ,  

s p o t te d  on s e p a r a te  chrom atography p ap er a lo n g s id e  pure  known ccmpounds 

and d ev e lo p ed  i n  v a r io u s  s o lv e n t  sy stem s. F o r th e  i d e n t i f i c a t i o n  o f  th e  

unknown ag ly co n e  p o r t io n  o f  a f la v o n o id , q u e rc e t in  and kaem pfero l were 

u sed  a s  r e fe re n c e  s ta n d a rd s .  The chrom atogram s c o n ta in in g  th e  unknown 

and r e fe re n c e  s ta n d a rd s  were exam ined under U.V. l i g h t  w ith  and w ith o u t 

ammonia fumes to  d e te rm in e  th e  r e l a t i v e  p o s i t io n s  o f  th e  f lu o r e s c in g  su b 

s ta n c e s  and to  d i s t i n g u i s h  d i f f e r e n c e s  and s i m i l a r i t i e s  i n  f lu o re s c e n c e  

betw een  th e  conçounds p r e s e n t .  Pure g lu c o se  and  rhamnose were u se d  as  

r e f e r e n c e  s ta n d a rd s  f o r  th e  i d e n t i f i c a t i o n  o f  th e  m o n o sacch arid es . To
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d e te rm in e  th e  p o s i t io n  o f  th e  s u g a rs ,  th e  chrom atogram  was sp ray ed  w ith  

o -am inob ipheny l re a g e n t  (2 1 ) ,  a llow ed  to  d ry  in  a i r  f o r  a s h o r t  tim e , and 

f i n a l l y  h e a te d  in  an oven a t  110^ c . fo r  a few m inu tes  to  develop  the  

c h a r a c t e r i s t i c  c o lo rs  f o r  each  s u g a r . Pure s ta n d a rd s  o f  f e r u l i c ,  i s o f e -  

r u l i c ,  c a f f e i c ,  s in a p ic ,  p -coum arlc  and o-coum aric  a c id s  were used to  

a id  i n  id e n t i f y in g  cinnam ic a c id  d e r iv a t iv e s .  The chrom atogram s c o n ta in 

in g  th e  cinnam ic a c id s  w ere viewed under U.V. l i g h t  to  n o te  v a lu e s  and 

th e  c h a r a c t e r i s t i c  f lu o re s c e n c e  o f  known and unknown compounds, and each  

was th e n  sp rayed  w ith  d ia z o tiz e d  s u l f a n i l i c  a c id  re a g e n t (22) to  d i s t i n 

g u is h  betw een cinnam ic a c id s  which had s im i la r  P.  ̂ v a lu e s .

S im ila r it ie s  between the unknown h y d ro ly s is  product and a pure 

re feren ce  standard w ith  re sp ec t to  Rf v a lu es , appearance under U.V. l ig h t  

and co lo r  r e a c tio n s  w ith  chromogenic sprays were used as c r i t e r ia  fo r  

id e n t i f i c a t io n  o f  the unknown h y d ro ly s is  product. In  c e r ta in  in s ta n c e s ,  

u l t r a v io le t  ab sorp tion  spectrum was used to  a id  in  th e id e n t i f i c a t io n .

A b so rp tio n  Measurements

A l l  u l t r a v i o l e t  a b s o rp tio n  s p e c tr a  were d e te rm in ed  over th e  range 

210-420 m ^ on a Beckmann Model DK-1 R ecord ing  S p ec tropho tom eter o r  on a 

Beckmann Model DU S p ec tro p h o to m ete r, u s in g  1 cm. s i l i c a  c e l l s .  For th e  

s t r u c t u r a l  d e te rm in a tio n  o f  f la v o n o id  g ly c o s id e s ,  e m p ir ic a l  methods 

d eveloped  by Ju rd  and H orow itz (2 3 ) and by Ju rd  (24 ) b ased  on s p e c t r a l  

s h i f t s  induced  by  th e  a d d i t io n  o f  v a r io u s  chem ical r e a g e n ts  to  f la v o n o id  

s o lu t io n s  w ere u sed . E xam ination  o f  th e  s t r u c tu r e  o f  q u e rc e t in  ( 3 , 3 ' , 4 ' ,  

5 ,7 -p e n ta h y d ro x y fla v o n e )  in d ic a te s  5 p o s s ib le  hy d ro x y l p o s i t io n s  where 

s u b s t i t u t i o n s  m igh t o c c u r .
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A d d itio n  o f  anhydrous, fu sed  sodium a c e ta te  to  an  e th a n o l ic  s o lu 

t i o n  o f  a f la v o n o id  w hich i s  n o t  s u b s t i tu t e d  in  th e  7 -h y d ro x y l p o s i t i o n  

w i l l  p roduce a bathochrom ic s h i f t  in  th e  s h o r t  w av e-len g th  band b y  8-20  

; o th e rw ise , th e r e  w i l l  be no change o r  an hypsochrom ic s h i f t  w i l l  

o c c u r . Compounds which p o sse ss  f r e e  o r th o -d ih y d ro x y  groups conçjlex w ith  

b o r a te  io n s  to  produce a  bathochrom ic s h i f t  in  th e  lo n g  w a v e -le n g th  band 

b y  16-30  my;/. I n  th e  case  o f  q u e r c e t in  d e r iv a t iv e s ,  f o r  exam ple, a  b a th o 

chrom ic s h i f t  o f  16 nyi in  th e  lo n g  w av e-len g th  band upon th e  a d d i t io n  o f  

b o r ic  a c id  and sodium a c e ta te  would in d ic a te  t h a t  th e  3 ’ -  and 4 ' -hy d ro x y l 

p o s i t i o n s  were u n s u b s t i tu te d .

The r e a c t io n  o f  f la v o n o id  compounds w ith  aluminum c h lo r id e  (25 , 

2 6 ) in d ic a te s  t h a t  th e  5 -hyd ro x y l p o s i t io n  was u n s u b s t i tu te d .

The ap pea rance  o f  th e  f la v o n o id  d e r iv a t iv e  on p a p e r  ch rom ato 

grams i r r a d i a t e d  w ith  U.V. l i g h t  d is t in g u is h e s ,  in  many c a s e s ,  w he th er 

th e  3 -h y d ro x y l p o s i t i o n  was s u b s t i tu t e d  o r  n o t .  F o r in s ta n c e ,  d e r iv a 

t i v e s  o f  q u e r c e t in  and k aem p fero l, which have f r e e  5-h y d ro x y l g ro u p s , 

u s u a l ly  ap p ea r brown i f  th e  3-h y d ro x y l p o s i t io n  i s  s u b s t i t u t e d ,  o th e r 

w ise  th e y  f lu o r e s c e  b r ig h t  y e llo w .
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ISOLATION Am) IDENTIFICATION OF POLYPHENOLIC 

COMPOUNDS IN TOBACCO FLOWER STAMENS

S e p a ra tio n  o f  F lu o re s c e n t Compounds 
i n  Stamen E x tr a c t

A d iag ram m atic  sk e tc h  i l l u s t r a t i n g  th e  appea ran ce , under U.V. 

l i g h t ,  o f  a o n e -d im en sio n a l chrom atogram  o f  stam en e x t r a c t  developed  in  

th e  BAW s o lv e n t  system  i s  shown in  F ig u re  U. T h is  so lv e n t system  s e p 

a r a te d  th e  e x t r a c t  in to  11 f lu o r e s c e n t  bands w hich were n o t s e p a ra te d  

c o m p le te ly  from  each o th e r  o r  re p re s e n te d  a s in g le  su b s tan ce . B eg inn ing  

a t  th e  bo ttom  o f  th e  chrom atogram , th e  f lu o r e s c e n t  zones were la b e le d  

c o n s e c u t iv e ly  from  ST-1 to  ST-11.

S tu d ie s  on Zone ST-1 

The su b s ta n c e  o f  m ain i n t e r e s t  in  t h i s  zone fJu o re sc e d  b lu e  o n ly  

i n  th e  p re se n c e  o f  ammonia v a p o rs . A ll  s t r i p s  from the o r ig i n a l  chrom at

ograms c o n ta in in g  zone ST-1 were e lu te d  w ith  e th y l  a c e ta te - i s o p r o p y l  

e lc o h o l-w a te r  (8 :1 :1  v /v /v )  s o lu t io n  in  e lu t io n  cham bers. The e lu a te  was 

red u ced  to  d ry n e ss  ^  vacuo, and th e  re s id u e  was d is s o lv e d  w ith  a  s o lv e n t  

m ix tu re  o f  e th y l  a c e ta t e ,  ch lo ro fo rm  and w a te r . The aq.\ieous and  o rg a n ic  

p h ases  w ere s e p a ra te d ,  rech rom atographed  s e p a r a te ly  on s e v e r a l  p a p e r  

s t r i p s  and developed  in  th e  15$ a c e t i c  a c id  s o lv e n t  system . T h is  s o lv e n t  

caused  th e  b lu e  f lu o r e s c e n t  su b s ta n c e  to  sp read  over th e  f u l l  le n g th  o f

15
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FIGURE U

ORE-DINEIISIOIIAL CBRCm .TOGRtM  OF EXTRACT 
FROM TOBACCO FLOUER STMBKS

2k)ne
Number

ST-11

ST-10

ST-9

ST-8

ST-7

ST-6

ST-5

ST-U

ST-3

ST-2

ST-1

D escending  D evelopm ent A ppearance under
w ith  th e  BAW S o lv e n t System  U l t r a v i o le t  l i g h t

^ / /  / / / / / / / / / / / /  /  / / / / / / / / / i

V // / / / / / / / / / / / / / / / / / ,

O rig in

Blue

Dark Y ellow  
B lu e - iA ite

L i A t  G reen

Dark B lue

Dark Y ellow

Blue

L ig h t Y ellow

Blue w ith  Ammonia 
V apors

S o lv en t F ro n t



17

th e  p a p e r  and  l e f t  a m ix tu re  o f th e  b lu e  f lu o re s c in g  ccanpound and a  brown 

im p u r ity  a t  th e  o r ig in .  Each chrom atogram  was c u t  in to  two p a r t s ;  one 

p a r t  c o n ta in e d  th e  o r ig i n  and th e  o th e r  c o n ta in e d  th e  v id e  b lu e  f lu o r e s 

c in g  zone. Each p a r t  was sewed on to  f r e s h  chrom atography p aper and d e v e l

oped in  th e  BA.W s o lv e n t system . Each b lu e  zone was c u t  o u t from th e  c h ro 

matograms and e lu te d  w ith  50^ iso p ro p y l a lc o h o l s o lu t io n .  The e lu a te  was 

red u ced  to  a  sm all volum e, s t re a k e d  on f r e s h  p ap er and developed  i n  th e  

BAm s o lv e n t  system . The b lu e  f lu o r e s c in g  zone was c u t from each  chrom at

ogram and e lu te d  w ith  50% iso p ro p y l a lc o h o l.  The e lu a te  was reduced  to  

d ry n e s s ,  and th e  re s id u e  was e x t ra c te d  w ith  sm all p o r t io n s  o f  m ethyl 

a l c o h o l -

A sm a ll a l iq u o t  o f  th e  a lc o h o l s o lu t io n  was hyd ro lyzed  by th e  

method d e s c r ib e d  in  a  p re v io u s  s e c t io n .  A sm a ll a l iq u o t  o f  th e  concen

t r a t e d  o rg a n ic  phase was s p o tte d  on S c h le ic h e r  and S c h u e ll No. 589 red  

r ib b o n  11 b y  11 in c h  chrom atography p ap er a lo n g s id e  o f  known cinnam ic 

a c id  s ta n d a rd s .  The p ap e r was s ta p le d  in to  a  c y l in d e r  and developed  by 

th e  a sc e n d in g  method in  th e  CAW s o lv e n t  system . The unknown h y d ro ly s is  

p ro d u c t had an o f  0 .1  in  t h i s  s o lv e n t .  I t  f lu o re s c e d  a f a i n t  b lu e ,  

w hich  enhanced in  ammonia fum es, and d id  n o t r e a c t  w ith  d ia z o t iz e d  s u l 

f a n i l i c  a c id  r e a g e n t.  I t  d id  n o t  co rresp o n d  to  any  su b s ta n c e  on which 

d a ta  have been  found in  th e  l i t e r a t u r e .  The aqueous c o n c e n tra te  was 

s p o t te d  on chrom atography p ap e r a lo n g s id e  o f  g lu c o se , rhamnose and q u in ic  

a c id  and th e  chromatogram was developed  in  th e  BAW s o lv e n t  sy stem . % on  

s p ra y in g  th e  developed  chrom atogram  w ith  q u in ic  a c id  r e a g e n t ( 27 ) and 

w ith  th e  su g a r  r e a g e n t,  no v i s i b l e  sp o t was observed  f o r  th e  unknown sub

s ta n c e .
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The u l t r a v i o l e t  a b s o rp tio n  spectrum  o f  a m e th a n o lic  s o lu t io n  o f  

th e  unknown su b s ta n c e  had a maximum a t  268 mfj. and a minimum a t  240 mjj,.

A bathochrom ic s h i f t  o ccu rred  w ith  a maximum a t  295 qw. and a minimum a t  

260 m,a when th e  s o lu t io n  vas made a lk a l in e  w ith  ammonium h y d ro x id e . Neu

t r a l i z a t i o n  w ith  ECl r e s to r e d  th e  o r ig i n a l  a b s o rp tio n  sp ec tru m .

The unknown su b stan ce  had R j v a lu e s  o f  0 .0 0  i n  th e  IFW, 0 .9 5  in  

th e  CIW, 0.92  in  th e  BAW, 0 ,72  i n  th e  BAm and 0-95 i n  th e  BPS s o lv e n t  

system s. W ith 15$ a c e t i c  a c id -w a te r  s o lv e n t ,  th e  unknown su b s ta n c e  had 

Rf v a lu es  o f  0 .3 2 , O .58 , 0 .7 3 , and 0.79* Each o f  th e s e  zones gave an  

id e n t i c a l  u l t r a v i o l e t  a b s o rp tio n  spectrum .

From th e  r e s u l t s  o f  th e  above s tu d ie s ,  t h i s  unknown su b stan ce  

does no t co rre sp o n d  w ith  known su b s ta n c e s  p re v io u s ly  r e p o r te d  from n a t 

u r a l  so u rces  a c c o rd in g  to  th e  l i t e r a t u r e  su rv ey ed .

S tu d ie s  on Zone ST-3

T h is  zone c o n ta in e d  a b lu e  f lu o r e s c in g  su b s ta n c e  w hich had a 

r e l a t i v e l y  h ig h  value  in  th e  BAW s o lv e n t  system . S t r i p s  from th e  

o r ig in a l  chrom atogram s were e lu te d  w ith  50$ is o p ro p y l a lc o h o l-w a te r  s o l 

v e n t , and th e  e lu a te  was c o n c e n tra te d  to  d ry n ess  ^  vacuo . The r e s id u e  

tu rn e d  brown upon ex posu re  to  th e  a tm osphere . M ethyl a lc o h o l e x t r a c t s  

o f  th e  brown re s id u e  w ere rechrom atographed  on p ap er u s in g  th e  BAW s o l 

v en t system . The b lu e  f lu o r e s c in g  zone was c u t  o u t and  e lu te d  w ith  50$ 

iso p ro p y l a lc o h o l-w a te r  s o lv e n t .  A ttem p ts to  o b ta in  an  u l t r a v i o l e t  a b 

s o rp t io n  spec trum  o f  th e  e lu a te  r e s u l t e d  i n  a  p o o r ly  d e f in e d  spectrum , 

in d ic a t in g  t h a t  th e  m a te r ia l  was n o t p u re .  S in ce  th e  m a te r ia l  seemed to  

be u n s ta b le  upon ch rom atograph ing  on p a p e r , f u r th e r  work was d is c o n tin u e d .
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S tu d ie s  on Zone ST-U 

Zone ST-b ap p ea red  d a rk  y e l lo v  under U.V. l i g h t  and c o n ta in e d  

s e v e r a l  p h e n o lic  s u b s ta n c e s .  One compound o f  prime i n t e r e s t  f lu o re s c e d  

s o f t  b lu e  o n ly  i n  th e  p re se n c e  o f  ammonia v a p o rs . A l l  s t r i p s  c o n ta in in g  

t h i s  zone were e lu te d  w ith  50^ is o p ro p y l a lc o h o l-w a te r  s o lv e n t .  The 

e lu a te  was reduced  t o  d ry n e ss  ^  vacuo, and th e  re s id u e  was e x t r a c te d  

w ith  s e v e ra l  s m a ll  volum es o f  m ethy l a lc o h o l .  The m e th a n o lic  e x t r a c t  was 

a p p l ie d  as a s e r i e s  o f  s p o ts  on s e v e r a l  p ap er s t r i p s  and developed  in  th e  

CIW s o lv e n t  sy stem . E x am in atio n  o f  th e s e  chromatograms under U.V. l i ^ i t  

r e v e a le d  th e  p re se n c e  o f  T f lu o r e s c e n t  zo nes . B eg inn ing  a t  th e  bo ttom  o f  

th e  chrom atogram , th e  bands were la b e le d  c o n se c u tiv e ly  from  ST-kO t o  ST-

46.

S tu d ie s  on Zones ST-42 and ST-43 

The two c l o s e l y  moving zones were c u t  o u t to g e th e r  and e lu te d  

w ith  50% is o p ro p y l  a lc o h o l-w a te r  s o lv e n t .  The e lu a te  was c o n c e n tra te d  

in  vacuo ; s t r e a k e d  on p a p e r  s t r i p s  ; and developed  i n  th e  CIW s o lv e n t  

sy stem . The e lu a te  was re s o lv e d  in t o  two s e p a ra te  zones w hich were 

la b e le d  ST-421 and ST-422. The two zones were c u t o u t and e lu te d  s e p 

a r a t e l y .  The e lu a te s  were c o n c e n tr a te d ,  s tr e a k e d  on s e p a ra te  p ap er 

s t r i p s  and d ev e lo p ed  in  th e  BAAW s o lv e n t  system . Zone ST-421 s e p a ra te d  

i n t o  6 f lu o r e s c e n t  b an d s and zone ST-422 se p a ra te d  in t o  4 b a n d s . S ince  

th e  d e s ir e d  b lu e  f lu o r e s c e n t  zone on each  paper had an  i d e n t i c a l  R f v a lu e  

i n  t h i s  s o lv e n t ,  th e y  were c o n s id e re d  to  be th e  same c h e m ic a lly  b u t  p ro b 

a b ly  were c i s  and  t r a n s  iso m e rs . The d e s i r e d  b lu e  f lu o r e s c in g  zone was 

c u t  from each  chrom atogram  and e lu te d  w ith  IFW s o lv e n t .  The e l u a t e  was
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reduced  t o  d ry n e s s ; th e  re s id u e  was e x t r a c te d  w ith  m e th y l a lc o h o l;  and 

th e  e x t r a c t  was s to r e d  in  a v i a l .  The t e n t a t i v e  i d e n t i f i c a t i o n  o f  th e  

b lu e  f lu o r e s c in g  su b s tan ce  w i l l  be d is c u s s e d  i n  a su b se q u en t s e c t io n .

S tu d ie s  on Zone ST-5 

E ie s t r i p s  o f  p ap er c o n ta in in g  t h i s  zone were t r e a t e d  I n  s im i la r  

m anner a s  w ere th e  s t r i p s  c o n ta in in g  ST-4. C hrom atographing th e  e lu a te  

from  t h i s  zone w ith  CIW s o lv e n t  y ie ld e d  7 f lu o r e s c e n t  bands w hich were 

la b e le d  c o n s e c u t iv e ly , b eg in n in g  from  th e  bo tto m  o f th e  chrom atogram s, 

a s  ST-50 to  ST-56 .

S tu d ie s  on Zone ST-51 and ST-52 

These two zones were t r e a te d  in  s im i la r  fa s h io n  as  f o r  zones 

ST-42 and ST-43 w hich were d e s c r ib e d  p re v io u s ly .  P aper ch rom atog raph ic  

and u l t r a v i o l e t  a b s o rp tio n  s tu d ie s  in d ic a te d  t h a t  th e  unknown compound 

i n  th e s e  zones co rresponded  to  su b s ta n c e s  from  zone ST-4. The m a te r ia ls  

from th e  two zones w ere combined f o r  i d e n t i f i c a t i o n  s t u d i e s .

I s o l a t i o n  and T e n ta tiv e  I d e n t i f i c a t i o n  o f  
G lu c o s y l- fe ru la t e  i n  Zone ST-53

The s t r i p s  o f  p aper c o n ta in in g  t h i s  b lu e  f lu o r e s c e n t  zone were 

e lu te d ,  th e  e lu a te  c o n c e n tra te d , a p p l ie d  t o  new p ap er s t r i p s ,  and d e v e l

oped in  th e  BAW s o lv e n t system - The d e s i r e d  band was c u t  o u t and  e lu te d  

w ith  50^  is o p ro p y l a lc o h o l-w a te r  s o lv e n t .  The e lu a te  was s t r e a k e d  on 

p a p e r  s t r i p s  and developed  in  th e  CIW s o lv e n t  system . The b lu e  f l u o r e s 

c in g  zone was c u t  o u t  and th e n  e lu te d .  The e lu a te  was c o n c e n tra te d  t o  

d ry n e s s ,  and th e  re s id u e  was e x t r a c te d  w ith  m ethy l a lc o h o l .

The unknown su b stan ce  had Rf v a lu e s  o f  O.58  i n  th e  BAW, 0 .6 8 ,
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0 .76  i n  th e  IFW  and 0 .6 $  In  th e  CIW s o lv e n t  system s (T ab le  l ) .  H erborne 

and C orner (28 ) r e p o r te d  R f v a lu es  o f  0 .57  in  BAW and 0 .6 L , 0 .73  i n  w a te r 

f o r  th e  hydroxycinnam lc a c id -s u g a r  d e r iv a t iv e ,  1 - f e r u lo y l - g lu c o s e .  An 

a b s o rp tio n  sp ec tru m  o f  th e  unknown su b stan ce  gave maxima a t  2$0 and 326 ly t  

and a nima a t  2k0 and 288 myu. A d d itio n  o f  a l k a l i  p roduced  a b a th o c h ro 

mic s h i f t  w ith  maxima a t  30^ and 380 to/ j and minima a t  27^ and 328 nyA 

H arborne and C orner (2 8 ) r e p o r te d  maxima a t  2h0, 300 and 330 m .̂ f o r  1 -  

f e r u lo y l - g lu e o se  in  e th y l  a lc o h o l and maxima a t  2$0 and 3®2 m/i i n  th e  p r e 

sence o f  sodium e th o x id e .  The unknown su b s ta n c e  f lu o re s c e d  b lu e  and , i n  

th e  p re sen ce  o f  ammonia v a p o rs , i t  f lu o re s c e d  g re e n . H y d ro ly s is  o f  th e  

unknown compound in  a c id  s o lu t io n  and su b seq u en t ex am in a tio n  o f th e  

h y d ro ly s is  p ro d u c t by  p a p e r  chrom atography re v e a le d  th a t  f e r u l i c  a c id  

and g lu c o se  w ere th e  p r in c i p a l  p ro d u c ts .

The r e s u l t s  I n d ic a te  t h a t  th e  ST-53 i s  l i k e l y  a g lu c o s id e  of 

f e r u l i c  a c id .

I d e n t i f i c a t i o n  o f  p-C oum aroyl-G lucose

An unknown su b s ta n c e  from zones ST-42, ST-43, ST-51 and ST-52 

had Rf v a lu e s  o f  0 .7 3 , O.81  i n  th e  IFW, 0 .6 4  i n  th e  CIW, 0 .6 8  i n  th e  BAW, 

0.30  i n  th e  BAm and O .83 i n  th e  BPS s o lv e n t  sy stem s (T ab le l ) .  The 

re p o r te d  (28 ) R f v a lu e s  f o r  1 -p -co u m aro y l-g lu co se  i n  BAW, w ate r and BAm 

s o lv e n ts  a re  0 .6 6 , 0 .7 3 , O.81 and O.30 , r e s p e c t iv e ly .  An u l t r a v i o l e t  

a b s o rp tio n  sp ec tru m  o f  th e  unknown su b s tan ce  gave a  maximum a t  316 nyi 

and a minimum a t  254 nyx. Efarborne and C om er ( 2 8 ) r e p o r te d  two maxima,

235 and 313 ^ 7  f o r  p -co u m a ro y l-g lu co se . l ^ d r o ly s i s  o f  a sm a ll a l iq u o t  

o f  th e  unknown s u b s ta n c e  w ith  a c id  and su b se q u e n t ex am in a tio n  o f  th e



TABLE I  

^NCE DEI
CINNAMIC ACID COMPOUNDS FROM TOBACCO FLOWER STAMENS

Rf VALUES OF REFERENCE DEPSIDES AND HYDROXY-

Compounds CIW BAW

S o lv e n t Systems 

BAm BPS IFW

C h lo ro g en ic  A cid 0 .15 0 .5 9 0,01 0 . 67 , 0 . 8k

Q u in y l-p -co u m ara te* 0 . l 6 0.71 0.10 0 .5 8

ST-53 0 .65 0 .5 8 ,■ 0 . 68 , 0.76

ST-1+22 0 .6 k 0.68 0 .3 0 0.83 0 . 73 , 0.81

A shton R esearch  S t a t i o n ,  B r i s t o l ,  E ng land .
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h y d ro ly s is  m ix tu re  b y  p a p e r chrom atography in d ic a te d  t h a t  th e  unknown 

confound c o n s is te d  o f  p -co u m aric  ac id  and g lu c o se .

From th e  r e s u l t s  o f  th e  c u r re n t  s tu d y , i t  i s  n o t  p o s s ib le  to  

d e te rm in e  p r e c i s e ly  how g lu c o se  and p-coum aric  a c id  w ere a t ta c h e d  s in c e  

s u f f i c i e n t  m a te r i a l  was n o t  a v a i la b le  to  g iv e  u n e q u iv o c a l p ro o f  o f  s t r u c 

t u r e .  On th e  b a s i s  o f  th e  h y d ro ly s is  p ro d u c ts ,  v a lu e s  and u l t r a v i o l e t  

a b s o rp tio n  sp ec tru m , unknown ST-422 i s  p ro b a b ly  1 -p -c o u m a ro y l-g lu c o se .

S tu d ie s  on Zone ST-7 

T h is  zone f lu o re s c e d  d a rk  b lue on chrom atogram s o f  th e  o r ig i n a l  

stam en e x t r a c t  d ev eloped  i n  th e  MW s o lv e n t  sy stem . A l l  th e  s t r i p s  con

t a in in g  t h i s  zone were e lu te d  w ith  $0$ Is o p ro p y l a lc o h o l-w a te r  s o lv e n t ;  

th e  e lu a te  was c o n c e n tra te d  in  vacuo, and th e  c o n c e n tr a te  was s tr e a k e d  

on s e v e r a l  new p a p e r  s t r i p s ,  w hich were d ev e lo p ed  in  th e  IFW s o lv e n t  

sy stem . T his s o lv e n t  sy stem  re so lv e d  th e  e lu a te  in to  9 a d d i t io n a l  

f lu o r e s c e n t  zo n es , w hich w ere numbered c o n s e c u t iv e ly  from  ST-71 to  

ST-79 b e g in n in g  from  th e  bo ttom  o f  th e  chrom atogram s.

S tu d ie s  on Zones ST-77 and ST-78 

Zone ST-77 f lu o re s c e d  brown and zone ST-78 f lu o re s c e d  b lu e  w ith  

some brown f lu o r e s c in g  m a te r ia l  mixed in  i t .  The two zones w ere c u t  o u t 

to g e th e r  s in c e  th e y  were n o t  com ple te ly  s e p a ra te d .  The s t r i p s  o f  p ap e r 

c o n ta in in g  th e  two zones w ere e lu te d  w ith  d i l u t e  a lc o h o l;  th e  e lu a te  was 

c o n c e n tra te d , s t r e a k e d  on s e v e r a l  paper s t r i p s ,  and d ev e lo p ed  w ith  th e  

15^ a c e t i c  a c id -w a te r  s o lv e n t  system . T h is  s o lv e n t  p roduced  5 a d d i t io n a l  

f lu o r e s c e n t  b a n d s . The brown f lu o re s c in g  band was c u t  o u t  from  each  ch ro 

m atogram , and was e lu te d  w ith  d i l u te  a lc o h o l .  The e l u a t e  was c o n c e n tra te d

J
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t o  d ry n e ss  i n  vacuo , and th e  r e s id u e  was e x t r a c te d  w ith  m e th y l a lc o h o l .

The a lc o h o l in s o lu b le  r e s id u e  was d is s o lv e d  w ith  d i l u t e  a c e t i c  a c id  

s o lu t io n  and r e  chrom atographed i n  th e  BAW s o lv e n t sy stem . The brown 

f lu o r e s c in g  bands from  th e s e  chrom atogram s were c u t  o u t  and e lu te d  w ith  

d i l u t e  a lc o h o l .  The e lu a te  was c o n c e n tra te d  and rech rom atog raphed  i n  

th e  15^ a c e t i c  a c id  s o lv e n t  sy stem . The brown f lu o r e s c e n t  zone was 

e lu te d  and c o n c e n tr a te d .  Then i t  was e x t ra c te d  w ith  m e th y l a lc o h o l  and 

combined w ith  th e  o th e r  e x t r a c t .

S ince  th e  m ethy l a lc o h o l  e x t r a c t  c o n ta in e d  more th a n  one su b s ta n c e , 

i t  was s u b je c te d  t o  f u r th e r  p u r i f i c a t i o n  by rech ro m ato g rap h in g  w ith  th e  

BAW, th e  CIW, and th e  15^ a c e t i c  a c id  s o lv e n t  system s u n t i l  a  sh a rp  u l t r a 

v i o l e t  a b s o rp t io n  spectrum  was o b ta in e d . The f i n a l  brown f lu o r e s c in g  

su b s ta n c e  was la b e le d  ST-78531* The i d e n t i f i c a t i o n  o f  th e  brown f lu o r e s 

c in g  su b s ta n c e  w i l l  be  d e s c r ib e d  i n  a subsequen t s e c t io n .

S tu d ie s  on Zone ST-8  

T his zone f lu o re s c e d  l i g h t  g reen  on p ap er chrom atogram s i r r a 

d ia te d  w ith  U.V. l i g h t .  The p ap er s t r i p s  c o n ta in in g  t h i s  zone w ere c u t 

o u t from  th e  stam en  e x t r a c t  chrom atogram s, and were e lu te d  w ith  

is o p ro p y l  a lc o h o l-w a te r  s o lv e n t .  The e lu a te  was c o n c e n tr a te d .  Then i t  

was s tr e a k e d  on s e v e r a l  p a p e r  s t r i p s  and developed in  th e  IFW s o lv e n t  

sy stem . T h is s o lv e n t  r e s o lv e d  th e  e lu a te  i n t o  T f lu o r e s c e n t  zones which 

were numbered c o n s e c u t iv e ly  ST-80 to  ST-87 .

S tu d ie s  on Zones ST-84, ST-85 and ST-86 

S ince  a  w ide brown f lu o r e s c in g  zone was co n tam in a ted  w ith  b lu e  

f lu o r e s c in g  s u b s ta n c e s ,  i t  was c o n s id e re d  e x p e d ie n t t o  c u t  t h i s  zone in to
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3 p a r t s  t o  f a c i l i t a t e  su b seq u en t p u r i f i c a t i o n .  Each p a r t  was t r e a te d  

e s s e n t i a l l y  in  th e  same m anner.

S in ce  th e  b lu e  and brown f lu o re s c in g  zones alw ays r a n  c lo se  

to g e th e r  in  a l l  th e  s o lv e n t  system s used  f o r  th e  i s o l a t i o n ,  th e  brown 

zone was c a r e f u l ly  c u t  away from th e  b lu e  zones and rechrom atographed  to  

remove a d d i t io n a l  amounts o f th e  b lu e  co n tam in a n t. The b lu e  zones were 

rech rom atographed  s e v e ra l  tim es to  reco v e r a d d i t io n a l  am ounts o f  th e  

brown p igm en t. By r e p e a tin g  t h i s  p ro ced u re  s e v e ra l  t im e s , a  brown zone, 

r e l a t i v e l y  f r e e  o f  b lu e  co n tam in an t, was o b ta in e d . The s o lv e n t  system s 

and p ro ced u re  d e s c r ib e d  f o r  zones ST-77 and ST-78 were u sed .

The f i n a l  brown zone was rechrom atographed  i n  th e  CIW s o lv e n t 

system  w hich r e s o lv e d  t h i s  zone in to  two brown zo n es. The f a s t e r  moving 

zone was la b e le d  ST-78531 s in c e  i t s  co rresponded  to  th e  brown pigm ent 

from  zone 7* The slo w er moving zone was la b e le d  ST-78532. The t e n t a 

t i v e  i d e n t i f i c a t i o n  o f  th e  two brown p igm ents w i l l  b e  d e sc r ib e d  in  sub

se q u e n t s e c t io n s .

S tu d ie s  on Zones ST-9 and ST-10 

The two f lu o r e s c e n t  zones were c u t o u t to g e th e r  and e lu te d  w ith  

50$ is o p ro p y l a lc o h o l-w a te r  s o lv e n t .  The e lu a te  was c o n c e n tra te d  in  

vacuo, s t r e a k e d  on s e v e r a l  p ap e r s t r i p s  and dev elo p ed  i n  th e  IFW s o lv e n t 

sy stem . T his s o lv e n t  s e p a ra te d  th e  two zones in t o  10 f lu o r e s c e n t  bands, 

w hich w ere numbered c o n s e c u t iv e ly  ST-101 t o  ST-109•

S tu d ie s  on Zone ST-106 

Zone ST-106 was a  brown f lu o re s c in g  zone w hich was betw een two 

b lu e  f lu o r e s c in g  b a n d s . The brown zone was c u t  o u t  and e lu te d  w ith
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d i lu te  a lc o h o l.  The e l u a t e  was c o n c e n tra te d , s t r e a k e d  on s e v e r a l  paper 

s t r i p s ,  and developed  i n  th e  1$$ a c e t i c  a c id  s o lv e n t  sy stem . T h is  s o l 

ven t s e p a ra te d  th e  c o n c e n tra te  in to  6 f lu o re s c in g  z o n e s . The brown 

zone was c u t  o u t a lo n g  w ith  a sm a ll amount o f  an  unknown b lu e  su b stan ce  

and e lu te d  w ith  50̂ 6 is o p ro p y l a lc o h o l-w a te r  s o lv e n t .  The e lu a te  was 

c o n c e n tra te d , s t r e a k e d  on s e v e ra l  p ap e r s t r i p s  and d ev e lo p ed  in  th e  CIW 

s o lv e n t system . T h is  s o lv e n t  s e p a ra te d  th e  brown zone in t o  two brown 

bands, which were la b e le d  ST-78531 and ST-78532-

I d e n t i f i c a t i o n  o f  R u tin  in  Tobacco 
F low er Stamens

The brown p ig m en t, w hich was i s o la te d  from zones 8 , 9? and 10 

and d e s ig n a te d  ST-78532, was chrom atographed a lo n g  w ith  r e f e r e n c e  r u t i n  

(q u e rc e t in -3 -rh am n o g lu co sid e ) and n l c t o f l o r i n  (k aem p fe ro l- 3 -rham nogluco- 

s id e )  i n  s e v e ra l  s o lv e n t  sy stem s. The unknown s u b s ta n c e  had R f  v a lu es  

co rre sp o n d in g  c lo s e ly  w ith  r u t i n  (T ab le  2 ) .  I t s  u l t r a v i o l e t  a b s o rp tio n  

s p e c tr a  i n  e t h y l  a lc o h o l ,  in  e th y l  a lc o h o l w ith  sodium a c e t a t e ,  i n  e th y l  

a lc o h o l w ith  b o r ic  a c id  and  sodium a c e ta t e ,  and in  e t h y l  a lc o h o l w ith  

aluminum c h lo r id e  co rresp o n d ed  w ith  s p e c tr a  o f  r u t i n  u nder th e  same 

c o n d it io n s .  I t  r e a c te d  w ith  ammonium m olybdate s p ra y  r e a g e n t  (lO ) in  

s im i la r  manner as r u t i n  t o  produce a ye llo w  c o lo r  i n  v i s i b l e  l i g h t  and 

a brown c o lo r  i n  U.V. l i g h t  w hich d id  n o t change upon ex posu re  t o  

ammonia fum es. H y d ro ly s is  o f  th e  unknown pigm ent i n  a c id  s o lu t io n  and 

su b seq u en t ex a m in a tio n  o f  th e  h y d ro ly s is  p ro d u c ts  y ie ld e d  o n ly  q u e rc e t ln  

as th e  ag lycone and  th e  s u g a r s ,  g lu co se  and rham nose.

From th e  r e s u l t s  o f  t h i s  s tu d y , i t  was concluded  t h a t  ST-78532 

was r u t i n .



TABLE 2

Rf VALUES OF REFERENCE FLAVONOID GLYCOSIDES AND FLAVONOID 
GLYCOSIDES FROM TOBACCO FLOWER STAMENS

S o lv e n t System s

15$ A c e tic
F lav o n o id  G ly co sid es A cid W ater IFW CIW BAAW Phenol BAW

R u tin 0.59 0.32 0.33 o .U i 0 .24 0,55 0.27

ST-78532 0.57 0.30 0.30 0.41 0.25 0.52 0.27

N lc to f lo r in 0.65 0.32 0.37 0.68 0 .4 6 0.71 0 .4 0

ST-78531 0.67 0.35 C .35 0.52 0.22 0.72 0.29
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T e n ta tiv e  I d e n t i f i c a t i o n  o f  ST-78531 i n  
Tobacco F low er Stamens

The brown p ig m en t, w hich was i s o la te d  from  zones 7 and 8 and 

d e s ig n a te d  ST-78531, was chrom atographed a lo n g  w ith  r e f e r e n c e  r u t i n  

and  n l c t o f l o r i n  in  s e v e r a l  s o lv e n t  sy stem s. The R f  v a lu e s  o f  t h i s  

unknown pigm ent d id  n o t c o rre sp o n d  e x a c t ly  w ith  e i t h e r  o f  th e  two 

f la v o n o id  s ta n d a rd s  i n  a l l  th e  s o lv e n t  system s u sed  (T ab le  2 ) .  The 

u l t r a v i o l e t  a b s o rp t io n  s p e c t r a  o f  th e  unknown p igm ent i n  e th y l  a lc o h o l 

(maxima: 268 and 352 j ^ )  and i n  e th y l  a lc o h o l w ith  aluminum c h lo rid e

(maxima: 275 , 302, 3 ^  and 398 nut) a re  shown in  F ig u re  5« Harborne and

S h e r r a t t  ( 29 ) r e p o r te d  th e  u l t r a v i o l e t  a b s o rp tio n  s p e c t r a  maxima fo r  

k aem p fe ro l-3 -d ig lu c o s id e  from th e  flo w ers  o f  P rim u la  s in e n s i s  a s  267,

298 ,  and 3^9 in  e th y l  a lc o h o l  and 351 and 395 nyf i n  e t h y l  a lc o h o l 

w ith  aluminum c h lo r id e .  The double maxima ( 3 ^  and 398 nyd) produced 

by  th e  a d d i t io n  o f  aluminum c h lo r id e  may be c h a r a c t e r i s t i c  o f  kaem pfero l 

d e r iv a t iv e s .  A d d itio n  o f  anhydrous sodium a c e ta te  t o  an  a lc o h o l ic  s o lu 

t i o n  o f  th e  unknown p igm ent produced  a bathochrom ic s h i f t  o f  8  nyu in  th e  

s h o r t  w av e -le n g th  b an d . T h is  in d ic a te d  t h a t  th e  7 -h y d ro x y l p o s i t io n  o f  

kaem pfero l was u n s u b s t i tu t e d .

.S ince i t s  R f v a lu e s  in  c e r t a in  s o lv e n t system s w ere s im i la r  t o  

n l c t o f l o r i n ,  i t  was su sp e c te d  t h a t  th e  su g ar a t ta c h e d  to  k a e a ç fe ro l  may 

be  a  d is a c c h a r id e .  I n  o rd e r  t o  d em onstra te  t h i s  p o s s i b i l i t y ,  p a r t i a l  

h y d ro ly s is  o f  th e  unknown f la v o n o id  was perform ed b y  re d u c in g  th e  tim e 

f o r  h y d r o ly s is - to  ab o u t 10 t o  15 seco n d s. E xam ination  o f  a  sm a ll a l iq u o t  

o f  th e  h y d ro ly s is  p ro d u c ts  b y  p ap e r chrom atography r e v e a le d  o n ly  kaemp

f e r o l  a s  th e  ag lycone and th e  s u g a rs ,  g lu co se  and a  su b s ta n c e  w hich r e a c te d



FIGURE 5

ULTRAVIOUET ABSORPTION SPECTRA OP ST-7Ô531

— in  ethyl alcohol
— in ethyl alcohol + sodium acetate  
 in ethyl alcohol + aluminum chloride
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t y p i c a l l y  a s  a ca rb o h y d ra te  w ith  o -am inob ipheny l re a g e n t  and had a  

v a lu e  s l i g h t l y  l e s s  th a n  r u t ln o s e ,  6 -(j8 -1 -L -rham nosido) -D -g lucose (k in d ly  

su p p lie d  by  Mr. R ich a rd  H agen). The rem a in d er o f  th e  aqueous a c id  s o lu 

t i o n  was h e a te d  f o r  an  a d d i t io n a l  1 /2  h o u r . Subsequent ex am in a tio n  o f  

t h i s  s o lu t io n  by  p a p e r  chrom atography r e v e a le d  o n ly  th e  s u g a r ,  g lu c o se .

On th e  b a s i s  o f  th e  above d a ta ,  th e  e x a c t n a tu re  o f  th e  brown 

pigm ent can n o t be d e te rm in e d , b u t  from  th e  a v a i la b le  In fo rm a tio n  I t  I s  

su g g es ted  t h a t  i t  may be a k a e n ç fe ro l- 3 - d lg lu c o s ld e . A ttem pts a re  

c u r r e n t ly  underway t o  accum ulate  s u f f i c i e n t  amount o f  t h i s  m a te r ia l  t o  

make a  q u a n t i t a t iv e  d e te rm in a tio n  o f  th e  a g ly c o n e : su g a r r a t i o .

I s o l a t i o n  and I d e n t i f i c a t i o n  o f  S co p o lln  
(s c o p o le tln -T -m o n o ^ u c o s ld e  ) I n  Zones ST-7 and ST-8

The s t r i p s  o f  p ap e r c o n ta in in g  th e  zones ST-72, ST-73, ST-81,

ST-82 and ST-83 w ere e lu te d  I n d iv id u a l ly  w ith  IFW s o lv e n t .  Each e lu a te  

was c o n c e n tra te d , s t r e a k e d  s e p a r a te ly  on s e v e ra l  c h ra n a to g ra p h ic  p a p e rs , 

and developed  i n  th e  BAW s o lv e n t  sy stem . T his s o lv e n t r e s o lv e d  each  

e lu a te  I n to  a t  l e a s t  two m ajor b lu e  b a n d s ; one band co rresponded  In  R^ 

v a lu e  w ith  e s c u l e t l n ,  w hich w i l l  be d is c u s s e d  in  a fo llo w in g  s e c t io n ,
Q 1

and th e  o th e r  band had an  R f  v a lue  o f  a b o u t 0 .^ 5 . T h is  l a t t e r  band was 

c u t  o u t from  each  chrom atogram  and was e lu te d  s e p a r a te ly  w ith  IFW s o lv e n t .  

Each e lu a te  was c o n c e n tra te d , s tr e a k e d  s e p a r a te ly  on s e v e ra l  p ap er s t r i p s ,  

and developed  In  th e  CIW s o lv e n t sy stem . C orrespond ing  b lu e  bands I n  each  

chrom atogram  were c u t  o u t and e lu te d  w ith  $0$ Iso p ro p y l a lc o h o l .

An a l iq u o t  o f  th e  e lu a te  was s p o t te d  on a s h e e t  o f  ch rom atog raph ic  

p a p e r  and s u b je c te d  to  tw o-d im ensional chrom atography u s in g  BAW s o lv e n t  

I n  th e  f i r s t  d i r e c t i o n  and IFW s o lv e n t I n  th e  second d i r e c t io n .  The u n -
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known su b s ta n c e  gave o n ly  one b r ig h t  b lu e  f lu o r e s c in g  s p o t w i th  Rf v a lu es  

o f  0„U2 in  th e  BA.W and 0 .75  in  th e  IFW s o lv e n t  sy stem s. A n o th er a l iq u o t  

o f  th e  e l u a t e  was s p o t te d  a lo n g s id e  s y n th e t ic  s c o p o lin  ( s c o p o le t in - 7 -  

m onoglucoside , k in d ly  su p p lie d  b y  Mr. A le x is  Zane) on a p a p e r  s t r i p  and 

sp ray ed  w ith  a 1$ aqueous s o lu t io n  of em u ls in . The sp ray ed  p a p e r  was 

in c u b a te d  i n  a m o is t chamber f o r  1 hour. The p ap er s t r i p  was d r ie d  in  

a i r  and th e n  developed  i n  th e  BAW so lv e n t system . A b lu e  f lu o r e s c e n t  

s p o t (Rj. = 0 . 89 ) co rre sp o n d in g  to  s c o p o le t in  was produced  by  th e  enzyme 

h y d r o ly s i s .

From th e  r e s u l t  o f  t h i s  s tu d y , i t  i s  concluded  t h a t  to b a c c o  

f lo w e r stam ens c o n ta in  s c o p o lin .

I s o l a t i o n  and I d e n t i f i c a t io n  o f  E s e u le t in  
(6 ,7 -d ih y d ro x y co u m arin ) i n  Zones ST-4, ST-5, ST-67 end ST-7

An a l iq u o t  o f  each  e lu a te  from zones h , 5  ̂ 6 and 7 (F ig u re  k )  

was s t r e a k e d  s e p a r a te ly  on s e v e r a l  chrom atograph ic p ap e rs  and  developed  

i n  th e  15$ a c e t i c  a c id  s o lv e n t  system . T h is  s o lv e n t  re s o lv e d  th e  e lu a te s  

in t o  a t  l e a s t  U m ajo r f lu o r e s c e n t  zones. A b lu e  zone (R f a b o u t O .58) was 

c u t  o u t from  each  chrom atogram  and e lu te d  w ith  50$ is o p ro p y l a lc o h o l .

The e l u a te  was c o n c e n tra te d , s tre a k e d  on s e v e ra l  p ap e r s t r i p s  and d e v e l

oped in  th e  BAAW s o lv e n t  sy stem . The b lu e  f lu o r e s c e n t  zone was c u t  o u t 

and e lu te d  w ith  95$ e th y l  a lc o h o l .

Sm all a l iq u o t s  o f  th e  e lu a te  w ere chrom atographed a lo n g s id e  r e f 

e re n c e  s c o p o le t in  (7 -hyd roxy-6 -m ethoxycoum arin, k in d ly  s u p p lie d  by  D r.

H. D. B raym er), e s e u l e t i n ,  and  c a f f e i c  a c id  (3 ,^ -d ih y d ro x y c in n am ic  a c id ,  

p u r i f i e d  by  Mr. T . Nakagawa) i n  v ario u s  s o lv e n t  sy s tem s . The unknown 

s u b s ta n c e  had  R f v a lu e s  o f  O.61  i n  th e  15$ a c e t i c  a c id ,  0 .7 9  I n  th e  BAW,



32

0 .3 ^  i n  th e  IFW, 0 .7 7  in  th e  BAAW, axid O d S  in  th e  CAW s o lv e n t  sy stem s. 

These v a lu e s  co rresp o n d  c lo s e ly  to  r e fe re n c e  e s e u l e t i n  and c a f f e ic  

a c id  l i s t e d  in  T ab le 3- I n  o rd e r  to  d e te rm in e  w hether th e  unknown su b 

s ta n c e  may be e s e u l e t i n  o r  c a f f e i c  a c id ,  th e  o b s e rv a tio n  re p o r te d  by  

D ieterm an and cow orkers (lU ) was u t i l i z e d .  They n o te d  t h a t  th e  f l u o r e s 

cence o f  c a f f e i c  a c id  was quenched when th e  chrom atogram , s t i l l  w et w ith  

BPBW s o lv e n t ,  was i r r a d i a t e d  w ith  lo n g  w av e -le n g th  Ü.V-. l i g h t  ( 366O S ) ,  

w hereas e s e u l e t i n  f lu o re s c e d  b lu is h -y e l lo w . Under th e  above c o n d it io n s ,  

th e  unknown f lu o re s c e d  s im i la r  to  r e fe re n c e  e s e u l e t i n .  In  a d d i t io n ,  e s c u -  

l e t i n  f lu o r e s c e s  b lu e  w ith  a f a i n t  p in k  c o lo r a t io n  w hereas c a f f e ic  a c id  

f lu o re s c e s  w ith  a l i g h t - w h i t i s h  b lu e  co lo r.. In  aqueous a c id  so lv e n t s y s 

tem s, c a f f e i c  a c id  undergoes c i s - t r a n s  is o m e r iz a t io n  to  p roduce two 

f lu o r e s c e n t  s p o ts  ( 30) w hereas e s e u le t in  y ie ld s  o n ly  one sp o t (Table 3 )-  

C a ffe ic  a c id  r e a c t s  t y p i c a l l y  w ith  th e  ammonium m olybdate sp ra y  re a g e n t 

o f  K a ll ia n o s  ( 31 ) t o  produce a  yellow  c o lo r  in  a  v i s i b l e  l i g h t  and a 

brown c o lo r  i n  U.V. l i g h t  which tu rn s  to  a  g reen  c o lo r  in  ammonia fum es. 

E s e u le t in  r e a c t s  o n ly  w eakly w ith  th e  annnonium m olybdate t o  produce a  

f a i n t  y e llo w  c o lo r  in  v i s i b l e  l i g h t  and a  f a i n t  b lu e  f lu o re sc e n c e  in  U.V. 

l i g h t ,  w hich in d ic a te s  t h a t  th e  re a g e n t quenched th e  f lu o re sc e n c e  o f  

e s e u l e t i n .  The unknown su b sta n c e  re a c te d  s im i la r  to  e s e u l e t i n  w ith  th e  

ammonium m olybdate r e a g e n t.

I t  i s  concluded  from  th e  above s tu d ie s  t h a t  to b a cco  flo w er stam ens 

c o n ta in  e s e u l e t i n .

I s o l a t i o n  and I d e n t i f 1c a t io n  o f  C h lo ro g en ic  
A cid i n  Zones ST-5,  ST-6 and ST-7

A b lu e  f lu o r e s c in g  band  (R^ a b o u t 0 .7 3 ) w hich was i s o la te d  from



(TABLE 3

Rf VALUES OF REFERENCE COUMARINS, CHLOROGENIC 
ACID AND CAFFEIC ACID

Compounds
15$ A c e tic  

A cid BAW

S o lv e n t System s 

IFW BAAW CAW*

E s e u le t in 0 .6 3 0.81 0.35 0 .80 0.18

S c o p o le tin 0 .6 9 0.87 0 .4 l 0.89 0.92

C h lo ro g e n ic  A cid 0 .7 6 , 0 .8 3 0.63 C .6I ,  0.81 0.35

S c o p o lin 0 .8 8 0.49 0.77 0.07

E s c u l in o .8 i 0.53 0.65 0 .1 0

C a f fe ic  A cid 0 . 58, 0.76 0 .8 4 0.37 0 . 75 , 0.83 0 . l4

OJuo

r e f e r e n c e  compounds were s p o t te d  on S c h le ic h e r  and S c h u e l l  No. 5^9 re d  r ib b o n  
11 by  11 In ch  chrom atography  p a p e r  and dev e lo p ed  by th e  a sc e n d in g  method in  t h i s  
s o lv e n t  sy stem .
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th e  e lu a te s  o f  zones 6 and 7 ou chrom atogram s developed  in  1$$ a c e t i c  

a c id  s o lv e n t  sy stem , was c u t  o u t  from  each  chromatogram and e lu te d  w ith  

50^ iso p ro p y l a lc o h o l .  The e lu a te  was c o n c e n tra te d , s t re a k e d  on s e v e r a l  

paper s t r i p s  and dev elo p ed  in  th e  BAAW s o lv e n t  system . The b lu e  band  

was c u t  o u t from each chrom atogram  and e lu te d  w ith  50^  e th y l  a lc o h o l .

Sm all a l iq u o ts  o f  th e  e lu a te  were chrom atographed a lo n g s id e  

re fe re n c e  c h lo ro g e n ic  a c id  i n  v a r io u s  s o lv e n t  system s. The unknown b lu e  

f lu o r e s c e n t  su b s tan ce  had Rf v a lu e s  o f  0 .7 5 , 0 .8 l  in  th e  15$ a c e t i c  a c id ,  

0.65  i n  th e  BAW, O.61 i n  th e  IFW, and 0 .32  iu  th e  BAAW s o lv e n t sy stem s. 

These Rf v a lu e s  co rresp o n d ed  w ith  Rf v a lu e s  f o r  re fe re n c e  c h lo ro g re n ic  

a c id  i n  Table 3- The unknown su b s tan ce  and re fe re n c e  c h lo ro g e n ic  a c id  

f lu o re s c e d  b lu e  w hich changed to  y e llo w -g re e n  upon exposure to  ammonia 

fum es. The r e fe re n c e  and  unknown compounds underw ent c i s - t r a n s  is o m e r i

z a t io n  when th e y  were chrom atographed i n  aqueous a c id  s o lv e n t  system s 

such a s  15$  a c e t i c  a c id  and IFW s o lv e n ts .  The two isom ers a re  n o t 

p r e s e n t  in  e q u a l q u a n t i t i e s  so  t h a t  one isom er may n o t b e  r e a d i ly  seen  

u n le s s  exposed to  ammonia fum es. The unknown and re fe re n c e  compounds 

r e a c te d  i d e n t i c a l l y  w ith  ammonium m olybdate s p ra y  re a g e n t to  g iv e  a 

y e llo w  c o lo r  in  v i s i b l e  l i g h t  and brown f lu o re sc e n c e  in  U.V. l i g h t  id iich  

changed to  g reen  upon ex p o su re  to  ammonia fum es.

On th e  b a s i s  o f  s i m i l a r i t y  i n  R f v a lu e s ,  f lu o re sc e n c e  and r e a c 

t i o n  w ith  ammonium m olybdate sp ra y  r e a g e n t  betw een  th e  unknown su b stan ce  

and r e fe re n c e  c h lo ro g e n ic  a c id ,  i t  i s  concluded  t h a t  to b acco  flo w er 

stam ens c o n ta in  c h lo ro g e n ic  a c id .



CHAPTER IV

ISOLATION AND IDENTIFICATION OF POLYPHEKQLIC 

CCMPODNDS IN TOBACCO FLOWER COROLLAS

S e p a ra t io n  o f  F lu o re s c e n t Compoxiads 
i n  C o ro lla  E x t r a c t

A d iagram m atic  sk e tc h  i l l u s t r a t i n g  th e  ap p ea ran ce , u n d er U.V. 

l i g h t ,  o f  a  o n e -d im en s io n a l chrom atogram  o f  c o r o l la  e x t r a c t  developed  

in  th e  BAW s o lv e n t  system  I s  shovn i n  F ig u re  6 . This s o lv e n t  system  

s e p a ra te d  th e  e x t r a c t  in to  12 f lu o r e s c e n t  hands which were n o t  s e p a ra te d  

co m p le te ly  from each  o th e r  o r  r e p re s e n te d  a  s in g le  su b s ta n c e . B eg inn ing  

a t  th e  bo ttom  o f  th e  chrom atogram , th e  f lu o r e s c e n t  zones were numbered 

c o n s e c u t iv e ly  from PE-1 t o  HS-12.

I s o l a t i o n  and  I d e n t i f i c a t i o n  o f  E s e u le t in  
( 6 ,7 -d ih y d ro x y co u m arin ) i n  Zone IE -2

The s t r i p s  o f  p a p e r  c o n ta in in g  th e  b lu e  f lu o r e s c e n t  Zone PE-2 

w ere e lu te d  w ith  $0$ is o p ro p y l a lc o h o l .  Ih e  e lu a te  was c o n c e n tra te d  under 

red u ced  p re s s u re  t o  d ry n e s s .  The r e s id u e  was d is s o lv e d  i n  w a te r ,  and th e  

aqueous s o lu t io n  was e x t r a c te d  w ith  a  sm all volume o f  e th y l  a c e t a t e .  The 

e th y l  a c e ta te  e x t r a c t  was s t r e a k e d  on s e v e r a l  pap er s t r i p s  and  developed  

i n  th e  BAAW s o lv e n t  sy stem . The b lu e  zone was c u t o u t  from e ac h  chrom ato

gram and e lu te d  w ith  95% e th y l  a lc o h o l .

Sm all a l iq u o ts  o f  th e  e lu a te  were chrom atographed a lo n g s id e  r e f e r -
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FIGURE 6

ORE-DINBIISIOSAL CHROMATOGRAM OP EXTRACT 
FROM TOBACCO FLOWER COROLLAS (PETALS)
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ence s c o p o le t in ,  e s e u l e t i n  and c a f f e i c  a c id  i n  s e v e r a l  s o lv e n t  sy stem s. 

The unknown su b stan ce  had Rf v a lu e s  o f  0 .59  th e  15$ a c e t i c  a c id ,  0 .33 

in  th e  IFW, O.78  in  th e  BAAW and O.81 in  th e  BAW s o lv e n t  system . ïh e se  

v a lu e s  co rresp o n d  w ith  v a lu e s  f o r  r e fe re n c e  e s e u l e t i n  (T ab le  3)« The un

known f lu o re s c e d  and r e a c te d  w ith  ammonium m olybdate  sp ra y  re a g e n t on 

p ap e r chromatogram s s im i l a r l y  to  r e fe re n c e  e s e u l e t i n .

On th e  b a s is  o f  Rf s tu d ie s ,  f lu o re s c e n c e  and r e a c t io n  w ith  

ammonium m olybdate , i t  i s  concluded  t h a t  Zone PE-2 c o n ta in ed  e s e u le t in .

I s o l a t i o n  and I d e n t i f i c a t i o n  o f  A s t r a g a l ln  
(k aem p fe ro l-3 -m onoglucoside ) i n  Zone PE-3

Zone 3 was c u t  o u t  from each  o f  th e  o r i g i n a l  chrom atogram s o f  

th e  c o r o l la  e x t r a c t  and e lu te d  w ith  50$ is o p ro p y l a lc o h o l-w a te r  s o lv e n t .  

The e lu a te  was c o n c e n tra te d  to  d ry n ess  ^  vacuo, and th e  re s id u e  was 

e x t r a c te d  v i t h  a w a te r  s a tu r a te d  s o lv e n t c o n ta in in g  1 p a r t  iso p ro p y l a lc o 

h o l and 9 p a r t s  e th y l  a c e ta t e .  The e th y l  a c e ta t e  e x t r a c t  was s tre a k e d  on 

s e v e r a l  p ap e r s t r i p s  and developed  in  th e  BAW s o lv e n t  sy stem . T his s o l 

v e n t re s o lv e d  th e  e x t r a c t  in t o  3 c lo s e ly  moving f lu o r e s c e n t  b an d s . The 

f a i n t  brown zone was c u t o u t  from  betw een two b lu e  zones and e lu te d  w ith  

d i l u t e  a lc o h o l s o lv e n t .  The e th y l  a c e ta te  in s o lu b le  r e s id u e  was d is so lv e d  

w ith  a minimum amount o f  w a te r , th e  aqueous s o lu t io n  e x t r a c te d  w ith  c h lo ro 

form , th e  two p hases s e p a ra te d , and th e  aqueous phase s tr e a k e d  on s e v e ra l

p ap e r s t r i p s ,  w hich w ere developed  in  th e  BAW s o lv e n t  sy stem . The f a i n t

brown zone was c u t  o u t  from  each  p ap er and e lu te d  w ith  d i l u t e  a lc o h o l.

The e lu a te s  w ere ccm bined, reduced  to  a sm a ll volum e, s t r e a k e d  on s e v e ra l

p ap e r s t r i p s  and developed  in  th e  CIW s o lv e n t  sy stem . T h is  s o lv e n t r e 

so lv e d  th e  e lu a te  i n t o  5 f lu o r e s c e n t  b a n d s . The brown zone was c u t  o u t
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and e lu te d  w ith  8$$ is o p ro p y l  a lc o h o l-w a te r  s o lv e n t .  The e lu a te  was co n 

c e n t r a te d ,  s tr e a k e d  on p a p e r  s t r i p s ,  and developed  in  th e  15^  a c e t i c  a c id  

s o lv e n t  sy stem . The brown zone was c u t  o u t ,  e lu te d ,  and rech rom atog raphed  

in  th e  BAAW s o lv e n t  sy stem . The brown pigm ent was e lu te d  and th e  e lu a te  

was c o n c e n tra te d  and s to re d  in  a sm a ll v i a l .

The Rf. v a lu e s  o f  th e  unknown p igm ent compared fa v o ra b ly  w ith  

v a lu e s  f o r  a s t r a g a l i n  (k a e m p fe ro l-3 -m onoglucoside, k in d ly  s u p p lie d  by  

D r. y .  Oshlma, J a p a n )  (T ab le  3)* The u l t r a v i o l e t  a b s o rp tio n  spectrum  

o f th e  unknown p igm ent had two maxima, 266 and 353 i n  e th y l  a lc o h o l  

( th e  r e fe re n c e  a s t r a g a l i n  had maxima a t  268 and 350 n /u ) . A d d itio n  o f  

sodium  a c e ta te  to  an  a lc o h o l s o lu t io n  o f  th e  unknown pigm ent p roduced  a  

bathochrom ic s h i f t  o f  7 ^ ^ i n  th e  s h o r t  w av e-len g th  b an d . T h is in d ic a te d  

t h a t  th e  7 -hydroxy  p o s i t i o n  o f  th e  f la v o n o id  ag lycone was u n s u b s t i tu te d .  

B y d ro ly s is  o f  th e  unknown f la v o n o id  in  a c id  s o lu t io n  and su b seq u en t exam

in a t io n  o f  th e  h y d ro ly s is  p ro d u c ts  by p a p e r  chrom atography y ie ld e d  th e  

a g ly co n e , k aem p fe ro l, and th e  s u g a r ,  g lu c o se .

From th e  r e s u l t s  o f  t h i s  s tu d y , i t  i s  concluded  t h a t  one o f  th e  

p o ly p h e n o ls  p r e s e n t  i n  Zone IS -3 was a s t r a g a l i n .

I s o l a t i o n  and I d e n t i f i c a t i o n  o f  I s o q u e r c i t r in  
(q u e rc e t i n - 3  -m onoglucoside ) i n  Zone lE -h

The narrow , b ro w n -f lu o re s c in g  zone la b e le d  RE-4 was c u t  o u t  from  

each  o r ig i n a l  c o r o l l a  e x t r a c t  chrom atogram  and e lu te d  w ith  d i l u t e  a lc o h o l 

s o lv e n t .  The e l u a te  was c o n c e n tra te d , s tre a k e d  on s e v e ra l  p a p e r  s t r i p s  

and developed  in  th e  IFW s o lv e n t  sy stem . T his s o lv e n t system  re s o lv e d  

th e  o r ig i n a l  zone in t o  8 c lo s e ly  moving f lu o r e s c e n t  b a n d s , w hich  were 

numbered c o n s e c u t iv e ly  from  RE-41 to  RE-4 6 .
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A brown zone la b e le d  PE-43 was c u t  o u t from  e a c h  chrcanatogram 

to  be u sed  f o r  i s o l a t i o n  o f  n l c t o f l o r i n .  The e x p e r im e n ta l d e t a i l s  w i l l  

be d e s c r ib e d  in  a  su b seq u en t s e c t io n .

A y e llo w  band, la b e le d  IE -4$ , was c u t  o u t from  eac h  chromatogram 

and e lu te d  w ith  d i l u t e  a lc o h o l .  The e lu a te  was c o n c e n tra te d  t o  d ry n ess  

in  vacu o ; th e  re s id u e  was e x t r a c te d  w ith  m ethy l a lc o h o l ;  and th e  a lc o h o l 

e x t r a c t  was s tr e a k e d  on s e v e r a l  p a p e r s t r i p s  and d ev e lo p ed  i n  th e  CIW 

s o lv e n t  sy stem . The a lc o h o l in s o lu b le  r e s id u e  was d is s o lv e d  i n  w a te r  

and r e  chrom atographed i n  th e  BAW s o lv e n t  sy stem  to  re c o v e r  an  a d d i t io n a l  

amount o f  th e  d e s ir e d  brow n compound. The brown zone was c u t  o u t ,  e lu te d ,  

and rech rom atographed  i n  th e  BAW s o lv e n t  system . The brow n band was s t i l l  

co n tam in a ted  w ith  an  unknown b lu e  s u b s ta n c e , so  i t  was rech rom atographed  

i n  th e  n -b u ty l  a lc o h o ls a c e t ic  a c id sw a te r  (4 s 1 j 5 v / v / v , up p er p h a se )  s o l 

v e n t sy stem . The brown zone was e lu te d  w ith  m ethy l a lc o h o l  and s to r e d  

in  a  v i a l .

The unknown compound (brown zone from  PE-45 ) was chrom atographed 

a lo n g s id e  r e fe re n c e  i s o q u e r c i t r i n  in  numerous s o lv e n t  sy stem s and th e  

co rresp o n d en ce  o f  R f v a lu e s  i s  shown i n  T ab le 4 . The u l t r a v i o l e t  a b so rp 

t i o n  s p e c t r a  o f  th e  unknown pigm ent had 258 and 359 nyu maxima in  e th y l  

a lc o h o l ,  and 275 and 428 maxima in  e th y l  a lc o h o l w ith  aluminum c h lo r id e .  

The s p e c t r a  o f  r e fe re n c e  i s o q u e r c i t r i n  had s im i la r  maxima o f  258 and 357 

nÿUl i n  e th y l  a lc o h o l and 275 and 428 m/t i n  e th y l  a lc o h o l  w ith  aluminum 

c h lo r id e ,  ^ d r o l y s i s  o f  th e  unknown i n  a c id  s o lu t io n  and  su b se q u en t 

ex am in a tio n  o f  th e  h y d ro ly s is  p ro d u c ts  by  pap er ch rom atography  y ie ld e d  

q u e r c e t in  a s  th e  ag lycone and g lu c o se  a s  th e  o n ly  s u g a r .

From th e  r e s u l t s  o f  t h i s  s tu d y , i t  i s  concluded  t h a t  PE-45 was
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TABLE L

■Rf VALLES OF REFERENCE FLAVONOID GLYCOSIDES AND AGLYCONES 
AND FLAVONOID GLYCOSIDES FROM TOBACCO FLOWER COROLLAS (PETALS)

F lav o n o id s 1 2 3

S o lv e n t Systems' 

4 5

*

6 7

A s t r a g a l in 0 .57  0 .2 0 0 .21 0.83 0 .74 0.78 0 .60
PE-3 0 .2 0 0.82 0.75 0 .60
I s o q u e r c i t r i n 0 .47  0 .15 0.16 0.67 0 .57 0.60 0 .4 4
PE-45 0 .4 7  0 .15 0 .17 0 .6 4 0.57 0.60 0.43
N lc to f lo r in 0.65 0.32 0.37 0.68 0 .4 6 0.71 0 .4 0
PE-5642 0.37 0 .6 8 0 .4 6 0 .4 0
R u tin 0.59  0.32 0.33 0 .4 l 0 .2 4 0.55 0.27
PE-7 0.33 0 .4 l 0 .2 4 0 .2 7
R obin in 0.78  0.60 0.59 0.34 0.08 0.76 0.19
PE-10 0.78  0.60 0.71 0 .0 0 .0 0.61 0 .07
H y d ro ly s is  P ro d u c t

o f  PE-10 0 .20 0.35 0 .2 4 0.77 0.58
PE-11 0.73 0.49 0.61 0 .0 0 .0 0 .42 0 .0 4
Q u e rc im e r i t r in 0 . 51** 0.39 0.25
S jrd ro ly s is  P ro d u c t

o f  PE-11 0 . 49** 0.38 0 .2 4
K aem pferol 0 . 54** 0.62 0 .8 4
Q u e rc e tin 0 .37** 0.39 0 .6 4

♦ S o lv en t System s;

**60 f^  A c e tic  A cifî-W ater.

1 . 15$ A c e tic  A cid-W ater
2 . D i s t i l l e d  W ater.
3 . Is o p ro p y l A lcoho l-F o rm ic  A cid-W ater (5 s0 .1 ;9 5 )-
4. C h lo ro fo rm -Iso b u ty l A lcoho l-W ater (2 0 :5 0 :5 ) .
5 . n -B u ty l A c e ta te -A c e t ic  A cid-W ater (U : l :5 ) .
6 . W a te r -s a tu ra te d  P heno l.
7- n -B u ty l A lc o h o l-A c e tic  A cid-W ater ( 6 :1 :2 ) .
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i s o q u e r c i t r i n .  T his compound h s s  been  r e p o r te d  p re v io u s ly  t o  be p r e s e n t  

in  to b a cco  flo w ers  (1 2 ).

I s o la t io n  and Id en t i f i c a t i o n  o f  N lc to f lo r in  
(kaem p fero l-3 -rhanm oglucos i d e ) in  Zones 

EB-4, PE-^ and PE-6 ~

The two zo n es , 5 and 6 , were c u t  o u t to g e th e r  s in c e  th e y  w ere n o t 

s e p a ra te d  s u f f i c i e n t l y  i n  th e  i n i t i a l  chrom atogram s o f  th e  p e t a l  e x t r a c t s .  

The s t r i p s  o f  p ap e r c o n ta in in g  th e  two zones were e lu te d  w ith  d i l u t e  a l c o 

h o l .  The e lu a te  was c o n c e n tra te d  ^  vacuo , s tre a k e d  on s e v e ra l  chrom ato

g ra p h ic  p a p e rs  and developed  i n  th e  IFW s o lv e n t  system . T h is  s o lv e n t  

system  re s o lv e d  th e  two o r ig i n a l  bands in to  6 f lu o r e s c e n t  zo n es , w hich 

were numbered c o n se c u tiv e ly  from  BE-$6l to  PS-566.

The brown zone, number PE-564-, was c u t  o u t from each  chrom atogram  

and e lu te d  w ith  d i l u t e  a l c o h o l .  The brown band PE-4-5, w hich was i s o l a t e d  

from  zone 4 i n  th e  p re v io u s  s e c t io n ,  was e lu te d  v i th  d i l u t e  a lc o h o l .  The 

e lu a te s  were combined, reduced  to  a sm a ll volume, s tre a k e d  on f r e s h  p ap e r 

and d ev eloped  in  th e  CIW s o lv e n t  sy stem . This s o lv e n t  system  re s o lv e d  th e  

e lu a te  in to  1 b lu e  and 2 brown b an d s . The slow er moving brown b an d , PE- 

5643, was c u t  o u t to  use i n  th e  i d e n t i f i c a t i o n  o f  r u t i n ,  which w i l l  be  

d e s c r ib e d  in  th e  fo llo w in g  s e c t io n .  The rem a in in g  brown band , PE-5642, 

was c u t  o u t o f  each  chrom atogram  and e lu te d  w ith  85% is o p ro p y l a lc o h o l .

The e l u a te  was c o n c e n tra te d , s t r e a k e d  on s e v e r a l  p ap er s t r i p s ,  and d e v e l

oped i n  th e  BAA.W s o lv e n t  sy stem . The brown zone was c u t o u t ,  e lu te d ,  and 

th e  e l u a t e  rechrom atographed  i n  th e  CIW s o lv e n t  system . The brown zone 

was c u t  o u t  from each  chrom atogram  and e lu te d  w ith  m ethy l a lc o h o l .

The brown pigm ent was chrom atographed a lo n g s id e  r e fe re n c e  n i c t o -

. : . : ' : a
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f l o r i n  (k aem p fe ro l-3 -rh am n o g lu ccs id e , k in d ly  s u p p lie d  by  D r. Wil l i a m 

D unlap) i n  s e v e r a l  s o lv e n t  sy stem s, and th e  co rresp o n d en ce  i n  R f v a lu es  

i s  l i s t e d  in  T able 4 . H y d ro ly s is  o f  t h i s  p igm ent i n  a c id  s o lu t io n  

y ie ld e d  th e  ag ly c o n e , k aem p fe ro l, and th e  su g a rs ,  g lu co se  and rham nose.

From th e  r e s u l t s  o f  t h i s  s tu d y , i t  i s  concluded  t h a t  conpound 

PE-5642 was n l c t o f l o r i n .  T h is  compound has been  i s o l a t e d  p r e v io u s ly  

from  f lo w e rs  o f  to b acco  ( 9 ,  13 ) .

I s o l a t i o n  and I d e n t i f i c a t i o n  o f  R u tin  ( q u e r c e t in - 3 -  
rham noglucoside ) in  Zones PE-6  and PE-7

The w ide brown zone, PE-7 , was c u t  o u t  from each  chrom atogram  

o f  th e  c o r o l l a  e x t r a c t  and e lu te d  w ith  859  ̂ i s o p ro p y l a lc o h o l-w a te r  s o l 

v e n t .  A lso  th e  brown band , PE-5643, which was i s o la t e d  i n  th e  p re v io u s  

s e c t io n ,  was e lu te d  w ith  85^  is o p ro p y l a lc o h o l-w a te r  s o lv e n t  and com

b in e d  w ith  th e  e lu a te  f r a n  Zone PE-7. Upon c o n c e n tr a t in g  th e  e l u a t e  to  

a  s m a ll  volum e, a y e llo w  p r e c i p i t a t e  was p roduced . The p r e c i p i t a t e  was 

c o l le c t e d  on a  s in te r e d  ggLass fu n n e l (medium p o r o s i ty ) ,  washed w ith  a 

sm a ll  volume o f  5$ is o p ro p y l a lc o h o l-w a te r  s o lv e n t  and d r ie d  w ith  a  

sm a ll amount o f  a c e to n e . The f i l t r a t e  and w ashings were com bined, con

c e n t r a te d  to  a  sm a ll volum e, and  s to r e d  i n  a  v i a l  f o r  f u tu r e  s tu d i e s .

The y e llo w  p r e c i p i t a t e  was d is s o lv e d  in  m ethy l a lc o h o l  and  

chrom atographed  a lo n g s id e  r e fe re n c e  r u t i n  in  s e v e r a l  s o lv e n t  sy s te m s . 

The unknown p igm en t had Rf v a lu e s  s im i la r  to  th o se  o f  r u t i n  (T ab le  4 ) .  

H y d ro ly s is  o f  th e  unknown i n  a c id  s o lu t io n  y ie ld e d  q u e r c e t in  and  th e  

s u g a r s ,  g lu c o se  and  rham nose, a s  th e  p r in c i p a l  h y d ro ly s is  p ro d u c ts .

I t  i s  concluded  from  th e  above r e s u l t s ,  t h a t  th e  brown p igm en t, 

PE -7 , was r u t i n .  I t  h a s  a l s o  been  i s o l a t e d  p re v io u s ly  from  to b a c c o



flowers ( 12).

I s o l a t i o n  and I d e n t i f i c a t i o n  o f  K ie to f lo r in -7 -g lu c o s ld e  
(kaempfe r o l -3 -rh am n o g lu co s ld o -7 -g lu co s  i d e } 

in  Zone PS-10

Zone PE-10 ap p ea red  redd isb -b ro w n  on th e  o r ig in a l  chromatograms^ 

o f  c o r o l l a  e x t r a c t s  u n d er Ü.V. l i g h t .  T h is zone was c u t  o u t o f  each  

chrom atogram , e lu te d  w ith  iso p ro p y l a lc o h o l-w a te r  s o lv e n t ,  and th e  

e lu a te  was c o n c e n tra te d  to  d ryness  :n  v acuo . The re s id u e  was d is s o lv e d  

by a d d i t io n  o f sm a ll am ounts o f  w a te r , and m ethyl a lc o h o l was added  to  

e f f e c t  p r e c i p i t a t i o n  o f  e x tra n eo u s  m a te r i a l .  The m other l iq u o r  was c a r e 

f u l l y  w ithdraw n from  th e  p r e c i p i t a t e  \ f i th  a p ip e t t e  and rech rom atographed  

on p ap e r w ith  th e  IFW  s o lv e n t .  The p r e c i p i t a t e  was d is s o lv e d  In  w a te r  

and rech rom atographed  to  reco v e r an a d d i t io n a l  amount o f  th e  brown p ig 

m ent. The IFW s o lv e n t  system  re c e iv e d  th e  m other l iq u o r  in to  3 f l u o r e s 

c e n t b a n d s . The brown zone was c u t o u t ,  e lu te d ,  and re c h ro n e to g ra p h e d  on 

p ap er u s in g  d i s t i l l e d  w a te r  as the  d e v e lo p in g  s o lv e n t .  T h is p ro c e s s  o f  

c u t t in g  o u t ,  e lu t in g  and rech ro m ato g rap h in g  o f  th e  brown p igm ent was r e 

p e a te d  s e v e ra l  tim es u s in g  th e  15$ a c e t i c  a c id ,  BAW and IFW s o lv e n t  

system s u n t i l  th e  p igm ent was re a so n a b ly  p u re  as in d ic a te d  by th e  g e n e ra l 

appearance  o f  th e  u l t r a v i o l e t  a b s o rp tio n  sp ec trum . S ince t h i s  p igm ent 

had a  r e l a t i v e l y  low v a lu e  in  BAW s o lv e n t ,  i t  wes su sp e c te d  t h a t  i t  

was a  g ly c o s id e  w ith  a t  l e a s t  3 su g a r  m o lecu les a t ta c h e d  to  th e  a g ly c o n e . 

This f a c t  h in d e re d  i t s  p u r i f i c a t i o n  by p ap e r chrom atography, s in c e  th e  

ch o ice  o f  s o lv e n t  system s were l im ite d  to  th o se  w hich c o n ta in e d  g r e a t e r  

p ro p o r t io n  o f  p o la r  s o lv e n ts .

The Rf v a lu e s  o f  t h i s  p igm ent in  numerous s o lv e n t  system s a r e



l i s t e d  i n  T able H arborne (3 2 ) h as  r e p o r te d  th e  fo llo w in g  R f  v a lu e s  

f o r  a  kaenQ )ferol-3 -rham noglucoB ido- 7 -g lu c o s ld e ; 0 .40  in  th e  BA.W, 0 .$ 4

i n  th e  w a te r ,  0.7% i n  th e  15^ a c e t i c  a c id  and 0.52  in  th e  p h eno l s o lv e n t 

sy stem s.

The u l t r a v i o l e t  a b s o rp t io n  s p e c tr a  maxima o f th e  unknown sub 

s ta n c e  i n  e th y l  a lc o h o l were 26? and 3^9 and i n  e th y l  a lc o h o l w ith  

aluminum c h lo r id e ,  276, 350 and 390 ly*. (F ig u re  7 ) -  The two maxima, 350 

and  398 p roduced  by  th e  a d d i t io n  o f  th e  aluminum c h lo r id e  in d ic a te d  

t h a t  th e  unknown may be a  kaerap fe ro l d e r iv a t iv e .

The unknown was p a r t i a l l y  h y d ro ly zed  by  b r in g in g  the a c id  s o lu 

t i o n  q u ic k ly  to  b o i l in g ,  c o o lin g  t o  room tem p era tu re  and e x t r a c t in g  w ith  

e th y l  a c e t a t e .  T h is  p ro c e ss  o f  h e a t in g ,  c o o lin g , and e x t r a c t in g  was 

r e p e a te d  th r e e  t im e s . The e th y l  a c e ta te  e x t r a c t  was reduced  to  a sm all 

volume and chrom atographed a lo n g s id e  r e f e r e n c e  kaem pfero l and q u e rc e t in  

i n  s e v e r a l  s o lv e n t  sy stem s. The p a r t i a l l y  hydrolyzed  p ro d u c t had 

v a lu e s  o f  0 .2 0  i n  th e  15$ a c e t i c  a c id ,  0 .3 5  i n  th e  CIW, 0 .2h  in  th e  BAAW, 

0.77  i n  th e  p h eno l and O.58  i n  th e  BAW s o lv e n t  sy stem s, (T ab le  %). These 

R f v a lu e s  d id  n o t co rresp o n d  w ith  e i t h e r  q u e rc e t in  o r k a e n ç fe ro l ,  in d ic a 

t i n g  t h a t  i t  was p o s s ib ly  a  f la v o n o id  g ly c o s id e . H arborne and S h e r r a t t  

( 29 ) r e p o r te d  th e  R f v a lu e s  f o r  k a e n ^ fe ro l-7 -g lu c o s ld e  a s  0.5%, 0 .0 2  and 

0.76  i n  BAW, w a te r and p h e n o l, r e s p e c t iv e ly .  I t  f lu o re sc e d  y e llo w  under 

B.V. l i g h t  in d i c a t in g  t h a t  th e  number 3 -h y d ro x y l p o s i t io n  was u n s u b s t i tu 

te d .  The u l t r a v i o l e t  a b s o rp t io n  sp ec trum  o f  t h i s  p ro d u c t i n  e th y l  a l c o 

h o l  had  maxima a t  266 and 365 lÿA. The r e p o r te d  (29 ) u l t r a v i o l e t  a b so rp 

t i o n  maxima f o r  k aem p fe ro l-7 -g lu c o s id e  w ere 265,  325, and  366 m>x.

The e x t r a c te d  a c id  s o lu t i o n  was re f lu x e d  a t  b o i l in g  te m p e ra tu re
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fo r  a n  a d d i t io n a l  l / 2  h o u r to  hyd ro ly ze  co m p le te ly  th e  f la v o n o id  and any 

p o s s ib le  d is a c c h a r id e  t h a t  may have been p r e s e n t-  The a c id  s o lu t io n  vas 

coo led  t o  room te m p e ra tu re  and e x t r a c te d  tv i c e  w ith  s m a ll  volumes o f 

e th y l  a c e t a t e .  B oth s o lu t io n s  were reduced  i n  volume and  chrom atographed 

a lo n g s id e  known r e fe re n c e  compounds. The aqueous phase c o n ta in e d  th e  

su g a rs , g lu c o se  and rham nose. The e th y l  a c e ta t e  e x t r a c t  c o n ta in e d  th e  

a g ly co n e , k a e u ç jfe ro l, and th e  p a r t i a l l y  h y d ro ly zed  p ro d u c t w hich was 

observed  in  th e  f i r s t  e th y l  a c e ta t e  e x t r a c t .

An enzym atic  h y d ro ly s is  o f  th e  o r ig in a l  unknown was perfo rm ed  

w ith  g lu c o s id a s e  (k in d ly  s u p p lie d  by Mr. R ich ard  Ifegen) by th e  te c h n iq u e s  

developed  i n  t h i s  la b o ra to r y  (33)»  The unknown su b s ta n c e  was in c u b a te d  

w ith  g lu c o s id a s e  i n  pH 4 ,5  c i t r a t e - b u f f e r  s o lu t io n  a t  50° C. f o r  3 h o u rs . 

The s o lu t io n  was co o le d  to  room te n p e ra tu re  and e x t r a c te d  w ith  a sm a ll 

volume o f  e t h y l  a c e t a t e ,  w hich was d is c a rd e d . The aqueous phase  was 

c o n c e n tra te d  t o  a  sm a ll volume and is o p ro p y l a lc o h o l was added to  p r e 

c i p i t a t e  th e  enzym e. The a lc o h o l  s o lu t io n  was c a r e f u l ly  removed from  

th e  p r e c i p i t a t e  w ith  a p i p e t t e  and reduced  to  d ry n e ss  ^  vacuo . The 

re s id u e  was e x t r a c te d  w ith  m ethy l a lc o h o l.  The m ethy l a lc o h o l e x t r a c t  

was s tr e a k e d  on  ch ro m ato g rap h ic  p ap er and developed  i n  th e  BA.W s o lv e n t  

system . The brow n band was c u t  o u t  o f  th e  chrom atogram , e lu te d  w ith  

a lc o h o l and rech rcanatographed  a lo n g s id e  r e fe re n c e  n i c t o f l o r i n  and r u t i n  

i n  v a r io u s  s o lv e n t  sy s te m s . The R^ v a lu e s  o f  th e  unknown h y d ro ly s is  

p ro d u c t co rresp o n d ed  w ith  th o se  o f  n i c t o f l o r i n  i n  a l l  s o lv e n t  system s 

t e s t e d .  T rea tm en t o f  th e  unknown and n i c t o f l o r i n  w ith  ammonium m olybdate 

sp ra y  r e a g e n t p roduced  a  ye llo w ish -b ro w n  f lu o r e s c e n t  s p o t  i n  Ü.V. l i ^ t  

Tdiich tu rn e d  b r i ^ t  y e llo w  on exposure  to  ammonia fum es. T h is  appearance



h i

under U.V. l i g h t  and no o b se rv ab le  c o lo r  i n  v i s i b l e  l i g h t  a re  t y p i c a l  

fo r  kaem pfero l d e r iv a t iv e s .

The r e s u l t s  o f  th e  Rf s tu d ie s ,  u l t r a v i o l e t  a b s o rp t io n  s p e c t r a ,  

and chem ical and en zy m atic  h y d ro ly s is  s tu d ie s  s t r o n g ly  su g g e s ts  t h a t  

th e  brown p ig m en t, PE-10, i s  n ic to f lo r in - 7 - g lu c o s id e .

I s o l a t i o n  and I d e n t i f i c a t i o n  o f  R u tin -7 -g lu c o s id e  
( q u e r e e t in - 3  -rham noglucosido-7 -g lu c o s id e  ) i n  

Zone PE-11

Zone PE-11 was an o th e r  brown f lu o r e s c e n t  band w hich had a  

r e l a t i v e l y  low  R f v a lu e  i n  the BAW s o lv e n t sy stem . T his zone was 

t r e a t e d  i n  e s s e n t i a l l y  th e  same manner as  u sed  f o r  Zone PE-10, w hich 

was d e s c r ib e d  in  th e  p re c e d in g  s e c t io n .  This p igm ent was somewhat more 

d i f f i c u l t  to  p u r i f y  th a n  the p re c e d in g  compound i n  t h a t  i t  r e q u ir e d  e x 

te n s iv e  re ch ro m a to g rap h in g  in  th e  BAW, th e  IFW and th e  15^ a c e t i c  a c id  

s o lv e n t  sy stem s .

T his compound appeared  brown in  U.V. l i g h t  and tu rn e d  y e llo w  i n  

ammonia fum es. %]^on sp ray in g  th e  chrom atogram  c o n ta in in g  t h i s  compound 

w ith  ammonium m olybdate  re a g e n t, a  y e llo w  c o lo r  was o b serv ed  in  v i s i b l e  

l i ^ t  and a  brow n c o lo r  i n  U.V. l i g h t  which d id  n o t  change upon ex p o su re  

to  ammonia fum es. T h is  r e a c t io n  o f  ammonium m olybdate i s  t y p i c a l  f o r  

compounds p o s s e s s in g  o r th o  -d ihydroxy  g ro u p in g s , such  a s  i n  q u e rc e t in  

d e r iv a t iv e s .  The unknown su b stan ce  had a  t y p i c a l  f la v o n o id  u l t r a v i o l e t  

a b s o rp t io n  sp ec tru m  w ith  maxima a t  257 and 359 ^  i n  e th y l  a lc o h o l and 

maxima a t  276 and k l 2  ly* in  e th y l  a lc o h o l w ith  aluminum c h lo r id e  (F ig u re  

8 ) .  The b a th o ch ro m ic  s h i f t  o f  th e  lo n g  w a v e -le n g th  band  upon th e  a d d i 

t i o n  o f  aluminum c h lo r id e  to  p roduce a  s in g le  maximum i s  c h a r a c t e r i s t i c
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o f  q u e rc e t in  d e r iv a t iv e s .  The v a lu e s  o f  th e  unknown p igm ent in  

numerous s o lv e n t  system s a r e  ta b u la te d  i n  T ab le  H arborne (32) 

has re p o r te d  th e  fo llo w in g  Rf v a lu es  f o r  a q u e r c e t in - 3 -rham nog lucosido- 

7 -g lu c o s id e :  O.36 i n  th e  BAW, 0 .46  I n  th e  w a te r , 0 .71  i n  th e  1 %  a c e t i c

a c id  and O . j l  i n  th e  p heno l s o lv e n t sy stem s.

U sing th e  p a r t i a l  h y d ro ly s is  te ch n iq u e  d e sc r ib e d  in  th e  p re c e d in g  

s e c t io n ,  a p ro d u c t was o b ta in e d  w hich co rresponded  w ith  re fe re n c e  q u e r c i -  

m e r l t r in  ( q u e r c e t in - 7 -m onoglucoside) in  Rf v e lu e s ,  u l t r a v i o l e t  a b s o rp tio n  

sp ec trum , h y d ro ly s is  p ro d u c ts ,  and ap pea rance  on chrom atogram s. A com

p le t e  h y d ro ly s is  o f  th e  unknown compound produced  th e  ag ly co n e , q u e r c e t in ,  

and  th e  su g a rs , g lu co se  and  rham nose. Enzym atic n y d ro ly s is  w ith  g lu c o r  

s id a s e  by th e  te ch n iq u e  d e s c r ib e d  in  th e  p re v io u s  s e c t io n  and su b se q u en t 

ex am in a tio n  o f  th e  h y d ro ly s is  m ix tu re  y ie ld e d  f u t i n .

On th e  b a s is  o f  th e  s tu d ie s ,  u l t r a v i o l e t  a b s o rp tio n  s p e c tr a ,  

chem ica l and enzym atic  h y d ro ly s is  s tu d ie s  and r e a c t io n  w ith  ammonium 

m olybdate sp ra y  r e a g e n t,  i t  I s  concluded  t h a t  th e  unknown, PE-11, i s  

r u t i n - 7 -g lu c o s id e .

I s o l a t i o n  and I d e n t i f i c a t i o n  o f  E s c u le t in ,
C h lo ro g en lc  A cid and S copo lln  in  Zones 

PE-4, PE-5, PE-6  and PE-7

The i s o l a t i o n  and i d e n t i f i c a t i o n  o f  e s c u l e t i n ,  c h lo ro g e n ic  a c id  

and  s c o p o lln  a re  d is c u s s e d  to g e th e r  in  a  s in g le  s e c t io n  in  o rd e r  to  

f a c i l i t a t e  and s im p l ify  th e  d is c u s s io n  o f th e  e x p e rim en ta l work. Zone 

4 and th e  low er p o r t io n  o f  zone 5 were c u t o u t  to g e th e r  a s  one group 

and  th e  rem ain d er o f  zone 5» a l l  o f  zone 6 and a sm a ll p o r t io n  o f  zone 

7 were c u t  o u t to g e th e r  a s  a n o th e r  g ro u p . Each group was p ro cessed
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in d i v id u a l ly .  S i n ç l i f i e d  d iag ram s i l l u s t r a t i n g  th e  v a r io u s  zones w hich 

w ere s e p a ra te d  from  each  g r o u p  a r e  shown in  F ig u re s  9  s^ d  10 . B ie num

b e r s  i n  th e  f i r s t  column r e f e r  t o  th e  zones in to  w hich th e  IFW s o lv e n t  

re s o lv e d  eac h  g r o u p .  The numbers i n  th e  second column r e f e r  to  th e  zones 

in t o  w hich th e  BAW s o lv e n t  system  re s o lv e d  each zone from  th e  chrom ato

grams developed  in  th e  IFW s o lv e n t  sy stem . The f lu o re s c e n c e  o f  each  zone 

on th e  f i n a l  chrom atogram  i s  in d ic a te d  b y  (B m ) f o r  brow n, (y )  f o r  y e llo w  

and  (B l)  f o r  b lu e .  C o rrespond ing  zones from each chrom atogram  developed  

i n  th e  BAW s o lv e n t  system  were ccanbined whenever i t  was p r a c t i c a l .  T ie  

l i n e s  a r e  u sed  i n  th e  d iag ram s t o  i l l u s t r a t e  the co m b in a tio n  o f  th e  v a r 

io u s  z o n e s . The f i n a l  column l i s t s  th e  p r in c ip a l  compound o r  compounds 

i d e n t i f i e d  i n  each  co m bination .

The two groups o f  f lu o r e s c e n t  bands were c u t  o u t from th e  c h ro 

matograms o f  th e  c o r o l l a  e x t r a c t  and e lu te d  s e p a r a te ly  w ith  50̂ 6 i s o p ro p y l 

a lc o h o l .  Each e lu a te  was reduced  i n  volume under red u ced  p r e s s u r e ,  

s t r e a k e d  in d iv id u a l ly  on s e v e ra l  9 in c h  paper s t r i p s  and developed  i n  th e  

IFW s o lv e n t  sy stem . T h is  s o lv e n t  sy stem  re so lv e d  each  e l u a te  in t o  6 

m ajor f lu o r e s c e n t  zo n es . Each zone was c u t o u t from  th e  chrom atogram s 

and  e lu te d  in d iv id u a l ly  w ith  5056 is o p ro p y l a lc o h o l.  Each e lu a te  was 

c o n c e n tra te d  and  chrom atographed in  th e  BAW s o lv e n t sy stem . Zones which 

had s im i l a r  v a lu e s  and f lu o re s c e n c e  were com bined. Each com bination  

o f  zones was e lu te d  w ith  ^Cff> i s o p ro p y l a lc o h o l.  Tfcie e l u a te s  w ere reduced  

i n  volume and s to r e d  i n  in d iv id u a l  v i a l s .

Sm all a l iq u o ts  o f  each  c o n c e n tra te d  e lu a te  were chrom atographed 

a lo n g s id e  r e f e r e n c e  compounds i n  s e v e r a l  so lv e n t sy s te m s . The R f -values, 

f lu o re s c e n c e  and  r e a c t io n  wi-th chrom ogenic sp ray  r e a g e n ts  w ere n o te d  f o r
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FIGURE 9
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FIGURE 10

BUMERICAL KEY TO THE ISOLATED ZONES 
AND CCMPOUNDS FRCM ZONES PE-5, PE-6  AND PE-7
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each  c o n s t i tu e n t  p r e s e n t  i n  every  e l u a t e .  Ih e  e lu a te s  c o n ta in in g  is o q o e r -  

c l t r l n ,  r u t i n  and n i c t o f l o r i n  were combined w ith  c o rre sp o n d in g  e lu a te s  

i s o l a t e d  i n  p re v io u s  s e c t i o n s .

E s c u le t in  was i d e n t i f i e d  b y  i t s  s i m i l a r i t y  to  r e fe re n c e  e s c u le 

t i n  i n  R j v a lu e s  (T ab le  3)> f lu o re sc e n c e  and r e a c t io n  w ith  ammonium molyb

d a te  sp ra y  r e a g e n t  a s  d is c u s s e d  in  C hap ter I I I .  The c r i t e r i a  f o r  i d e n t i 

f i c a t i o n  o f  c h lo ro g e n ic  a c id  were th e  same a s  f o r  e s c u le t in  e x c e p t t h a t  

r e fe re n c e  c h lo ro g e n ic  a c id  was u se d . S c o p o lin  was i d e n t i f i e d  by i t s  

s i m i l a r i t y  t o  r e f e r e n c e  s c o p o lin  i n  f lu o re s c e n c e ,  v a lu e s  i n  v a r io u s  

s o lv e n ts  (T ab le  3 )  and h y d ro ly s is  w ith  em u ls in  on p a p e r  chromatogram s 

by  th e  te c h n iq u e  d e s c r ib e d  i n  C hap ter l U  to  y i e ld  s copole t i n .



CHAJPTER V

ISOLATION AND IDENTIFICATION OF POLYPHENOLIC 

COMPOUNDS IN TOBACCO FLOWER CALYXES

S e p a ra t io n  o f  F lu o re s c e n t Compounds in  
Benzene E x t r a c t  o f  Calyxes

The o r i g i n a l  c a ly x  e x t r a c t ,  which had b e e n  c o n c e n tra te d  in  

-vacuo -to remove m ost o f  "the o rg an ic  s o lv e n ts ,  was e x t r a  eked -three tim es 

w ith  sm a ll volum es o f  r e d i s t i l l e d  b e n z e n e . The s tu d y  o f  th e  aqueous 

phase -w ill be d e s c r ib e d  i n  su b seq u en t s e c t io n s .  I n  o rd e r  to  de-termine 

■vdiich o f  th e  a c e t i c  a c id  s o lv e n t  sys-terns would r e s o lv e  th e  benzene 

e x t r a c t  i n t o  w e ll -d e f in e d  f lu o r e s c e n t  zo nes , sm a ll a l iq u o t s  o f  th e  

e x t r a c t  w ere s t r e a k e d  on se-vera l ch rom atograph ic p a p e rs  and  each  group 

o f fo u r  p a p e rs  was dev elo p ed  in  th e  15$ , 30^ ,  $0^, and 6056 a c e t ic

a c id  so l-ven t sy s  "terns. The L0% a c e t i c  a c id  s o lv e n t  sys-tern -was se lec-ted  

fo r  th e  mass p a p e r  ch rom atograph ic  s e p a ra t io n  s in c e  i t  re so l-red  th e  

benzene e x t r a c t  i n to  3 m ajor f lu o r e s c e n t  zones. The b lu e  band (Rf o f  

0 . 75 ) vas la b e le d  CAB-1; th e  f a i n t  brown band (Rf o f  O.63) was la b e le d  

CAB-3; and a n o th e r  f a i n t  brow n band (Rf o f  0 .5 3 ) was la b e le d  CAB-4.

The I s o l a t i o n  and I d e n t i f i e s t i o n  o f  E s c u le t in  
( 6 ,7 -d lhydroxycoum arln  ) i n  Zone CAB-1

The b lu e  band  was c u t  ou t o f  each  chrom atogram  and  e lu-ted  w ith  

65$  is o p ro p y l a lco h o l-w a-te r so l-ven t. The elua-te was concen tra-ted  to  d ry -

54
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n e s s ; th e  re s id u e  v a s  d is s o lv e d  w ith  a  sm a ll volume o f  w a te r  and  

e x t r a c te d  w ith  e th y l  a c e ta te -  The e th y l  a c e ta te  e x t r a c t  was s tr e a k e d  

on s e v e ra l  p ap e r chrom atogram s and  dev elo p ed  in  th e  BAAW s o lv e n t  sy stem . 

The b lu e  zone was c u t  o u t and e lu te d  w ith  95% e th y l  a lc o h o l .

Sm all a l iq u o ts  o f  th e  e l u a t e  w ere chrom atographed a lo n g s id e  r e f 

e ren c e  compounds i n  s e v e ra l  s o lv e n t  sy s te m s . The unknown b lu e  f l u o r e s 

c e n t su b s ta n c e  had R f  v a lu e s  o f  0 .62  in  th e  15% a c e t i c  a c id ,  0 .7 5  in  

th e  BAW, 0.31  in  th e  IFW, 0-72 i n  th e  BAAW, and 0 .1 9  i n  th e  CAW s o lv e n t  

sy stem s. % o n  sp ra y in g  th e  p ap er w ith  ammonium m olybdate s p ra y  r e a g e n t,  

th e  f lu o re s c e n c e  o f  th e  unknown su b s ta n c e  was quenched. On th e  b a s i s  o f  

s i m i l a r i t y  i n  Rf v a lu e s  w ith  r e f e r e n c e  e s c u le t in  (T ab le  3 ) and  th e  r e a c 

t i o n  w ith  chrom ogenic s p ra y  r e a g e n t ,  i t  i s  concluded  t h a t  th e  unknown 

su b stan ce  i s  e s c u le t in .

I s o l a t i o n  and I d e n t i f i c a t i o n  o f Q u e rc e tin  
- 3 ) 3 ' -d im e th y l e t h e r  i n  Zone CAB-3

The pap er s t r i p s  c o n ta in in g  th e  f a i n t  brown zone CAB-3 were 

e lu te d  w ith  m ethyl a lc o h o l .  The e lu a te  was c o n c e n tra te d  to  d ry n e s s ,  and 

th e  r e s id u e  was e x t r a c te d  w ith  s e v e r a l  sm a ll volumes o f  e th y l  a c e t a t e - 

The e th y l  a c e ta te  e x t r a c t  was s tr e a k e d  on chrom atography p a p e r  and d e v e l

oped i n  th e  15% a c e t i c  a c id  s o lv e n t  sy stem . T h is  s o lv e n t  sy stem  re s o lv e d  

th e  zone in t o  a m ajo r brown b an d , w hich was CAB-3, and a  s l i g h t l y  s low er 

moving f a i n t  brown band, w hich was combined w ith  CAB-4. The m ajo r brown 

band was e lu te d  w ith  m ethyl a lc o h o l ,  and th e  e lu a te  was c o n c e n tra te d  to  

d ry n e s s . The re s id u e  was e x t r a c te d  w ith  e th y l  a c e ta t e ,  and th e  e th y l  

a c e ta t e  e x t r a c t  was chrom atographed  in  th e  40% a c e t i c  a c id  s o lv e n t  system . 

The brown zone was c u t  o u t  and e lu te d  w ith  m ethyl a lc o h o l .
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Sm all a l iq u o ts  o f  th e  a lc o h o l e lu a te  w ere chrom atographed  a lo n g 

s id e  re fe re n c e  s y n th e t ic  q u e r c e t in - 3 ,3 ' -d im e th y l e t h e r ,  q u e r c e t in - 3 ,7 -  

d im e th y l e th e r  and  q u e rc e tln -3 -m e th y l e th e r  ( th e  s y n th e t ic  e t h e r  deriT O - 

t i v e s  were k in d ly  s u p p lie d  hy D r. L. J u rd )  in  s e v e r a l  s o lv e n t system s 

(T ab le  5 )-  E xam ination  o f  th e  t a b le  in d ic a te s  t h a t  th e  v a lu e s  o f  th e  

unknown su b s ta n c e  co rresp o n d s  w ith  v a lu e s  o f  th e  two d im eth y l e th e r  d e r 

iv a t iv e s  .

The u l t r a v i o l e t  a b s o rp tio n  s p e c tr e  o f th e  unknown compound had 

maxima a t  2$4 and  356 i n  e th y l  a lc o h o l and a t  271 , 318, and 365 

in  e th y l  a lc o h o l s a tu r a te d  w ith  sodium a c e ta t e .  The bathochrom ic s h i f t  

o f  17 ly . in  th e  s h o r t  w av e-len g th  band in d ic a te d  t h a t  th e  7 -hyd roxy l 

p o s i t i o n  o f  q u e rc e t in  was u n s u b s t i tu te d .  The u l t r a v i o l e t  a b s o rp tio n  

s p e c tr a  o f  r e fe re n c e  q u e r c e t in - 3 , 3 ' -d im e th y l e th e r  had maxima a t  2^4 and 

355 jy t i n  e th y l  a lc o h o l and  a  s h o r t  w ave-leng th  maximum a t  276 in

e th y l  a lc o h o l  s a tu r a te d  w ith  sodium a c e ta t e .

Upon s p ra y in g  a  chromatogram w ith  ammonium m olybdate sp ra y  r e 

a g e n t ,  th e  unknown su b s tan ce  and re fe re n c e  q u e r c e t in - 3 , 3 ' -d im e th y l e th e r  

were c o lo r l e s s  i n  v i s i b l e  l i g h t  and r e d d is h  brown under U.V. l i g h t .

They tu rn e d  y e llo w  upon exposure to  ammonia fum es. These c o lo r  r e a c 

t io n s  in d ic a te  t h a t  th e  unknown su b stan ce  does n o t  have a f r e e  o r th o -

d ih y d ro x y  g roup .

From th e  r e s u l t s  o f  th e  R^ s tu d ie s ,  u l t r a v i o l e t  a b s o rp tio n  sp ec 

t r a ,  and c o lo r  r e a c t io n  w ith  ammonium m olybdate , i t  i s  concluded  th a t  

compound CAB-3 i s  q u e r c e t in - 3 ,3 ' -d im e th y l e t h e r .  I h i s  compound has been  

i s o l a t e d  p re v io u s ly  from to b acco  f lo w ers  ( 16) .
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TABLE 5

Rf VALUES OF REFERENCE QUERCETIN-METHYL ETHERS 
AND QUERCETIN-METHYL ETHERS FROM TOBACCO FLOWER CALYXES

S o lven t Systems 

15$ A c e tic  40$ A c e tic  6oÿ A c e tic
Compounds A cid Acid A cid BAW

Q u e rc e tin -3 , 3 ’-d im e th y l E th e r 0 .2 k 0 .66 0 .7 k 0.92

Q u e rc e tin -3 , ? -d im e th y l E th e r 0 .21 0 . 6 7 0 .7 k 0.91

Q u erce tin -3 -m e th y l E th e r 0 .23 0 ,5 9 0 .6 8 0.89

CAB-3 0 .25 0.65 0 .7 k 0.92

CAB-h 0.22 0 .57 0 .6 7 0.88

   :_____________________________: ■ ' '■'Æl
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I s o l a t i o n  and I d e n t i f i c a t i o n  o f  Q u e rc e t in -3 -  
m ethy l e th e r  i n  Zone CAB-4

The second f a i n t  h ro v n  zone on th e  chrom atogram s o f  th e  benzene 

e x t r a c t  was p ro c e s se d  i n  a s im i la r  manner to  t h a t  f o r  zone CAB-3* Exam

in a t io n  o f  T able 5 in d i c a te s  t h a t  th e  Rf v a lu es  o f  CAB-4 co rre sp o n d  w ith  

v a lu e s  f o r  r e f e r e n c e  q u e rc e tin -3 -m e th y l e t h e r .  S p ray in g  th e  chrom ato

grams w ith  ammonium m olybdate  sp ra y  r e a g e n t p roduced , f o r  b o th  th e  un

known and r e fe re n c e  s ta n d a r d s ,  y e llo w  sp o ts  in  v i s i b l e  l i g h t  and  d a rk  

brown sp o ts  u nder U.V. l i g h t  w hich d id  n o t change to  y e llo w  c o lo r  in  

ammonia fumes.

From th e  r e s u l t s  o f  th e  Rf s tu d ie s  and th e  r e a c t io n  w ith  c h ro 

m ogenic sp ra y  r e a g e n t ,  i t  i s  concluded  t h a t  CAB-4 i s  q u erce  t i n -3 -m ethyl 

e t h e r .  T h is d e r iv a t iv e  o f  q u e rc e t in  has been  i s o la te d  p r e v io u s ly  from 

to b acco  ( lO ).

S e p a ra t io n  o f  F lu o re s c e n t  Compounds in  
th e  Aqueous E x t r a c t  o f  C alyxes

The aqueous p h ase  o f  th e  o r ig in a l  c a ly x  e x t r a c t ,  w hich had been  

e x t r a c te d  w ith  b en ze n e , was s tre a k e d  on s e v e ra l  p ap e r s t r i p s  and  d e v e l

oped in  th e  BAW s o lv e n t  sy stem . A d iagram m atic s k e tc h  i l l u s t r a t i n g  th e  

ap p ea ran ce , u nder U.V. l i g h t ,  o f  a r e p r e s e n ta t iv e  o n e -d im en s io n a l ch ro 

matogram o f  t h i s  e x t r a c t  i s  shown i n  F ig u re  11 . T h is  s o lv e n t  system  

s e p a ra te d  th e  e x t r a c t  in to  7 f lu o r e s c e n t  bands w hich w ere n o t  s e p a ra te d  

co m p le te ly  from  eac h  o th e r  o r  re p re s e n te d  a s in g le  su b s ta n c e . B eg inn ing  

a t  th e  bottom  o f  th e  chrom atogram , th e  f lu o r e s c e n t  zones w ere numbered 

c o n s e c u tiv e ly  from  CA-1 to  CA-7*
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FIGURE 11

OHE-DIMENSIŒIAL CERCmTOQRAM CF EXTRACT 
FROM TOBACCO FLOWER CALÏXES

Zone
Huniber

D escending D evelopm ent 
w ith  th e  BAW S o lv e n t System

Appearance under 
U ltraviolet L i^ t
O rig in

CA-7

CA-6

CA-5

CA-h

CA-3

CA-2

CA-1

WWWWWXXWWWW 
.................

\

/

WWWXWWWW
/

L ig h t  Tan 

Brown

B lue

B lue

B lue

it m u uitiiiiiii'i'i III miiiuiisiiit tiiiintjuiiiiiumiUii S o lv e n t F ro n t



6o

I s o l a t i o n  and I d e n t l f l e a t l o n  o f  E s c u le t in  
( 6 ,7 -dlhydroxycoum arln  ) i n  Zone CA-1

Zone CA-1 was c u t  o u t from each o f  th e  o r ig i n a l  chrom atogram s 

o f  th e  c a ly x  e x t r a c t  and e lu te d  w ith  50% Iso p ro p y l a lc o h o l-w a te r  s o lv e n t .  

The e lu a te  was c o n c e n tra te d  to  dryness u n d er reduced  p r e s s u re ,  and th e  

re s id u e  was d is s o lv e d  w ith  a  sm all volume o f  w a te r . The aqueous s o lu t io n  

was e x t r a c te d  w ith  s e v e r a l  sm a ll volumes o f  e t h y l  a c e ta t e .  Hie e th y l  

a c e ta te  e x t r a c t  was s tr e a k e d  on s e v e ra l chrom atograph ic  p a p e rs  and d e v e l

oped in  th e  BAAW s o lv e n t  sy stem . Hie b lu e  band was c u t  o u t from  each  

p ap e r and e lu te d  w ith  95% e th y l  a lc o h o l-

Sm all a l iq u o ts  o f  th e  f i n a l  e lu a te  were chrom atographed a lo n g 

s id e  r e fe re n c e  e s c u l e t i n ,  s c o p o le t in  and c a f f e l c  ac id  i n  numerous s o lv e n t  

sy stem s. The v a lu e s  and f lu o re sc e n c e  o f  th e  unknown su b sta n c e  c o r r e s 

ponded w ith  r e fe re n c e  e s c u l e t i n  and compound CAB-1. I t  i s  concluded  t h a t  

th e  unknown compound CA-1 i s  e s c u le t in .

S tu d ie s  on Zone CA-3 

The p ap er s t r i p s  c o n ta in in g  the b lu e  zone CA-3 were c u t  o u t from  

th e  o r ig in a l  chrom atogram s and e lu te d  w ith  50% is o p ro p y l a lc o h o l-w a te r  

s o lv e n t .  The e lu a te  was reduced  to  a s m a ll  volume, s tre a k e d  on s e v e r a l  

ch rom atograph ic  p a p e rs  and developed  in  th e  IFW s o lv e n t sy stem . T his 

s o lv e n t re s o lv e d  zone 3 i n t o  10 f lu o re s c e n t  bands which were la b e le d  

c o n s e c u tiv e ly  from CA-30  t o  CA-35, b eg in n in g  from  th e  bo ttom  o f  th e  c h ro 

matogram.

A s im p l i f ie d  n u m e ric a l key o f  th e  d i f f e r e n t  zones r e s o lv e d  by  

th e  IFW and th e  BAW s o lv e n t  system s are  t a b u la te d  i n  F ig u re  12 . The num

b e r s  i n  th e  f i r s t  column r e f e r  to  th e  zo n es  i n t o  which IFW re s o lv e d  th e
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FIGURE 12

NUMERICAL KEY TO THE ISOLATED ZONES 
AND COMPOUNDS FRŒ ZONE CA-3
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e lu a te  o f  zone 3 . The numbers i n  th e  second  column r e f e r  to  th e  m ajo r 

f lu o r e s c e n t  zones i n t o  v h ic h  th e  BA.W s o lv e n t  system  re s o lv e d  each  p r e 

v io u s  zone . The f i n a l  column l i s t s  a  few  o f  th e  c o n ^ u n d s  i d e n t i f i e d  in  

each  o f  th e  f i n a l  z o n e s . % e  f lu o re s c e n c e  o f  th e  zones a re  in d ic a te d  by  

(B1) f o r  b lu e ,  (B l* ) f o r  b lu e  o n ly  i n  ammonia fum es, (B m ) f o r  brow n,

( ? )  f o r  p in k  and (BIV) f o r  b lu e - v i o l e t .

Each zone from  th e  IFW chrom atogram s was e lu te d  s e p a r a te ly  w ith

5056 is o p ro p y l a lc o h o l .  Each e lu a te  was c o n c e n tra te d , s t r e a k e d  in d iv id 

u a l ly  on s e v e r a l  p a p e r  s t r i p s  and developed  i n  th e  BA.W s o lv e n t  sy stem . 

E ach m ajor f lu o r e s c e n t  zone was c u t  o u t  from  th e  BA.W chrom atogram s and  

e lu te d  in d iv id u a l ly  w ith  d i l u t e  a lc o h o l .  The e lu a te s  were s p o t te d  i n d i 

v id u a l ly  on fo u r  w ide s h e e ts  o f  c h ran a to g rap h y  p aper and developed  i n  th e  

IFW, BAW, BAAW and 15^6 a c e t i c  a c id  s o lv e n t  sy stem s. R eferen ce  s ta n d a rd s  

w ere s p o t te d  a lo n g s id e  th e  unknowns i n  o rd e r  to  a id  i n  t h e i r  i d e n t i f i c a 

t i o n .

The i d e n t i f i c a t i o n  o f  e s c u l e t i n  and c h lo ro g e n ic  a c id  was b a se d  

on  t h e i r  s i m i l a r i t y  t o  r e s p e c t iv e  r e fe re n c e  s ta n d a rd s  i n  v a lu e s  i n  

v a r io u s  s o lv e n t  system s, i n  f lu o re s c e n c e ,  and  i n  t h e i r  r e a c t io n  w ith  

ammonium m olybdate s p ra y  r e a g e n t .

Zones 301 and 331 c o n ta in e d  a su b s ta n c e  w hich f lu o re s c e d  b lu e  

o n ly  i n  th e  p re se n c e  o f  ammonia v a p o rs . T h is  unknown su b stan ce  had R^ 

v a lu e s  o f  ab o u t 0.52 i n  BAW and two v a lu e s  o f  ab o u t 0.55, O.85  i n  th e  

IFW s o lv e n t sy stem s. These o b s e rv a tio n s  s u g g e s t th e  p o s s i b i l i t y  t h a t

th e  unknown su b s ta n c e  may b e  a  d e r iv a t iv e  o f  p-coum aric  a c id .  A tte n ^ ts

t o  i d e n t i f y  t h i s  m a te r ia l  a re  c u r r e n t ly  underw ay.

Zone 321 contained, in  addition to chlorogenic acid and escu le-
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t i n ,  a  b lu e  f lu o r e s c e n t  s u b s ta n c e  w hich r e a c te d  w ith  anmonium m olybdate 

sp ra y  re a g e n t t y p i c a l l y  a s  do compounds w ith  an  o rth o -d ih y d ro x y  group .

I t  had R f v a lu e s  o f  0 .5 1  i n  th e  BAW, 0 .7 5 , 0 .83  i n  th e  15$ a c e t i c  a c id ,

0 .5 9  i n  th e  IFW and 0 .21  i n  th e  BAAW s o lv e n t  sy stem s.

The two brown zones 3 k 2  and 351 w ere combined w ith  co rre sp o n d 

in g  brown m a te r ia l  i s o l a t e d  i n  zone 5 -

S tu d ie s  on Zone CA-U

This b lu e  f lu o r e s c e n t  zone was p ro c e sse d  in  s im i la r  f a s h io n  as 

had been  used  f o r  zone 3> A d iagram  o f th e  v a rio u s  zones which had been  

i s o la te d  i s  i l l u s t r a t e d  i n  F ig u re  13• E s c u le t in  was i d e n t i f i e d  b y  m eth

ods p re v io u s ly  d e s c r ib e d .  S c o p o lin  was i d e n t i f i e d  b y  m ethods d e sc r ib e d  

i n  C hap ter I I I .

Zone 421 c o n ta in e d  a  p in k  f lu o r e s c e n t  su b s ta n c e  w hich had Rf v a l 

u es  o f  0 .0 7  i n  th e  BAAW, O.65  i n  th e  IFW, O.81  in  th e  15$ a c e t i c  a c id  

and  0.45  i n  th e  BAW s o lv e n t  sy stem s . T h is su b s tan ce  i s  p r e s e n t  i n  v e ry  

sm a ll am ounts.

Zones 432 and 44 l c o n ta in e d  a  b lu e  f lu o r e s c e n t  su b stan ce  which 

had Rf v a lu e s  o f  0 .4 4  in  th e  IFW and 0 .45  i n  th e  BAW s o lv e n t  sy stem s.

The two brown zones 452 and  435 were combined w ith  m a te r ia l  i s o l a t e d  i n  

zone 5 .

S tu d ie s  on Zone CA-5

T his zone was p ro c e s se d  i n  th e  same manner a s  th e  two p re c e d in g  

zo n es . A l l  th e  b lu e  zones i s o l a t e d  i n  th e  f i n a l  BAW chrom atogram s were 

i n  low c o n c e n tra t io n  a s  ev id en ced  b y  t h e i r  weak f lu o re s c e n c e .  The m ajor 

components I n  t h i s  zone w ere brown f lu o r e s c e n t .  F ig u re  l 4  I l l u s t r a t e s
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FIGURE 13

NUMERICAL KEY TO THE ISOLATED ZONES 
AND COMPOUNDS FROM ZONE CA-4

Zone Nvaaber 
A f te r  th e  IFW 
Chrom atography

Zone Number 
A f te r  th e  BAW 
Chrom atography

I d e n t i f i e d
S u b stan ces

ZONE 4 
(B l)
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452 (B rn)

451 (B l)

4Ü] (B l)

432 (B l;

431 (B l)

421 (BIV)

411 (B l)

E s c u le t in

•Unknown (B l)

-Unknown (E l)

■Unknown (? )

■S co p o lin
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FIGURE lU

NUMERICAL KEY TO THE ISOLATED ZONES 
AND C(MPOUNDS FROM ZONE CA-5

Z o n e  Number 
A f te r  th e  IFW 
Chromatography

Zone Number 
A f te r  th e  BAW 
Chrom atography

I d e n t i f i e d
S ubstances

ZONE 5 
(B m )

532 (B rn) R u tin
Unknown

(B rn)
53

522 (B rn)
52

521 (B l)
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th e  v a r io u s  zones i s o la te d  from zone 5.

The th re e  brown f lu o r e s c e n t  zones ^22, 532, and 5^2 were t r e a te d  

in  an i d e n t i c a l  manner. Each zone was e lu te d  from the p ap e r w ith  IFW 

s o lv e n t and rechrom atogrophed s e p a ra te ly  in  the  BAW s o lv e n t  system . Ibe  

brown zone was c u t o u t from each  chromatogram and e lu te d  w ith  )C)  ̂ i s o p ro 

p y l a lc o h o l .  The brown zones i s o la te d  from zones 3 and h  were e lu te d ,  

and th e  e lu a te s  were combined w ith  th e  above e lu a te .  The combined e lu 

a te  was c o n c e n tra te d  to  d ry n ess  under reduced  p r e s s u re ,  and th e  re s id u e  

was e x t r a c te d  w ith  m ethyl a lc o h o l .  Acetone waa added to  th e  a lc o h o l 

e x t r a c t  to  e f f e c t  p r e c i p i t a t i o n  o f  the flav o n o id  m a te r ia l .  The p r e c ip 

i t a t e  was c o l le c te d  on e f i l t e r  and washeu w ith  a sm all volume o f  a c e to n e . 

The p r e c i p i t a t e  was d is s o lv e d  w ith  m ethyl a lc o h o l and chrom atographed in  

th e  15^ a c e t ic  a c id  s o lv e n t  system . The f i l t r a t e  and w ashings were com

b in ed , reduced to  a sm a ll volum e, and chrom atographed in  the  same s o lv e n t 

system . This s o lv e n t system  re so lv e d  th e  o r ig in a l  m a te r ia l  in to  two 

brown bands which were la b e le d  52341 (R^ abo u t 0 .7 0 )  and 52jU2 (R^ ab o u t 

0 .6 o ) .  Each band was e lu te d  s e p a ra te ly  w ith  5C'  ̂ is o p ro p y l a lc o h o l end 

rechrom atographed  in  th e  IFW, CIW and BAW s o lv e n t sy s te m s .

The m ethyl a lc o h o l In s o lu b le  re s id u e  of th e  combined e lu a te s  o f  

zones 522, 532 and 5^2 was d is iio lv e d  w ith  d i l u t e  a c e t ic  a c id  and re c h ro -  

m etographed in  v a r io u s  s o lv e n t  system s to  re c o v e r a d d i t io n a l  amounts o f  

th e  two brown pigim ents. F u r th e r  s tu d y  o f  each  p igm ent w i l l  be d is c u s s e d  

in  th e  fo llo w in g  s e c t io n s .

I d e n t i f i c a t i o n o f  R u tin  in  Zone CA-523^2 

The brown zone la b e le d  523^2 was c u t  ou t from each  o f  th e  f i n a l
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chrom atogram s and e lu te d  w ith  $0$ is o p ro p y l a lc o h o l .  The e lu a te  was 

c o n c e n tra te d  t o  d ry n e ss  u n d er reduced  p r e s s u re ,  and th e  r e s id u e  was 

e x t r a c te d  w ith  m e th y l a lc o h o l .  The a lc o h o l e x t r a c t  was f i l t e r e d  t h r o u ^  

g la s s  w ool and s to r e d  i n  a  v i a l .

Sm all a l iq u o t s  o f  th e  s o lu t io n  c o n ta in in g  th e  unknown su b stan ce  

were chrom atographed  a lo n g s id e  re fe re n c e  r u t i n ,  n i c t o f l o r i n ,  xanthorham - 

n ln  ( 3 , 3 ’’,U ’ , 5- te t r a h y d ro x y - 7 -m eth o x y flav o n e-3 - rh a m n in o s id e ) , n a r c i s s in  

( 3 / ^ ' ; 5, 7 - te t r a h y d ro x y -3 ’ -m ethoxyflavone-3 -rh am n o g lu co s id e , k in d ly  

s u p p lie d  by D r. W. J .  D u n lap ), and ro b in in  ( k aem p fe ro l-3 -rham n o g a lac to - 

s id o -7 -rham noside , k in d ly  s u p p lie d  b y  D r. E- M. B ic k o f f )  in  v a r io u s  s o l 

v e n t sy stem s. The co rresp o n d en ce  i n  Rf v a lu e s  betw een  th e  unknown sub 

s ta n c e  and r u t i n  i n  a l l  th e  s o lv e n t  system s used i s  in d ic a te d  i n  Table 

6 . H y d ro ly s is  o f  th e  unknown su b stan ce  in  a c id  s o lu t io n  y ie ld e d  th e  

ag ly c o n e , q u e r c e t in ,  and th e  s u g a rs ,  g lu co se  and rham nose. I t  i s  con

clu d ed  from  th e  r e s u l t s  o f  t h i s  s tu d y  t h a t  CA-523^  i s  r u t i n .

T e n ta t iv e  I d e n t i f i c a t i o n  o f  Q u e rc e t in -3 -g lu c o s id e  
i n  Zone CA.-523^1

The brown zone la b e le d  523^1 was c u t  o u t  from  each  o f  th e  f i n a l  

chrom atogram s and e lu te d  w ith  50$ is o p ro p y l a lc o h o l .  The e lu a te  was con

c e n t r a te d  to  d ry n e ss  u n d e r reduced  p r e s s u re ,  and th e  r e s id u e  was e x t r a c 

te d  w ith  m ethyl a lc o h o l-  The a lc o h o l e x t r a c t  was f i l t e r e d  t h r o u ^  g la s s  

wool and s to r e d  i n  a  v i a l .

Sm all a l i q u o t s  o f  th e  s o lu t io n  c o n ta in in g  th e  unknown su b stan ce  

w ere chrom atographed a lo n g s id e  r e fe re n c e  f la v o n o id s  i n  v a r io u s  s o lv e n t  

sy stem s. % e  R f v a lu e s  o f  th e  unknown su b s ta n c e  d id  n o t  co rresp o n d  in  

a l l  s o lv e n t  sy stem s w ith  a  s in g le  r e fe re n c e  f la v o n o id  (T ab le  6 ) .
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TABLE 6

Rf VALUES OF REFERENCE FLAVONOID GLYCOSIDES 
AND FLAVONOID GLYCOSIDES FROM TOBACCO FLOWER CALYXES

F lav o n o id  G ly co sid es
15^  A c e tic  

A cid Water

S o lv e n t System s 

TFW CIW BAAW P henol HAW

R u tin 0.59 0.32 0.33 0. Ul O.2U 0.55 0.27
CA-52342 0.59 0.32 0 .32 0 .U2 0.23 0.55 0.26
N a rc is s in 0.58 0.33 0 .3 0 0.59 0.37 0.76 0.33
CA-523U1 0.68 0. Uo 0. Uo 0.37 o.aU 0.U8 0.21
X anthorharanin 0 .70 0.39 O.Ul 0.29 0 .1 7 O .7U 0.20
N ic to f lo r in 0.65 0.32 0 .37 0.68 0.46 0.71 0 .4 0

R ob in in 0,78 0 .60 0.59 0.34 0.00 0.76 0 .19
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The u l t r a v i o l e t  a b s o rp t io n  s p e c tr a  o f  th e  unknown p igm ent a re  

shown in  F ig u re  15 . The a b s o rp tio n  maxima o c c u rre d  a t  th e  fo llo w in g  

w a v e -le n g th s ; 257 and  358 i n  e th y l  a lc o h o l a lo n e ,  268 and 370 m jj. 

i n  sodium a c e ta te  s a tu r a te d  e t h y l  a lc o h o l ,  262 and 38O in  e t h y l  a l c o 

h o l w ith  sodium a c e t a t e  and b o r ic  a c id ,  and 268 , 296 , 36O and 397 in  

e th y l  a lc o h o l w ith  aluminum c h lo r id e .  The b a thoch rom ic  s h i f t  o f  11 

i n  th e  s h o r t  w av e -le n g th  band upon a d d i t io n  o f  sodium a c e ta t e  in d ic a te d  

t h a t  th e  7 -h y d ro x y l p o s i t i o n  was u n s u b s t i tu te d -  The bathoch rom ic  s h i f t  

o f  22 in  th e  lo n g  w av e-le n g th  band upon th e  a d d i t io n  o f  b o r ic  a c id  and 

sodium a c e ta te  in d ic a te d  t h a t  b o th  th e  3 ' -and U' -h y d ro x y ls  were u n s u b s t i 

t u t e d .  The s in g le  m ajo r maximum a t  397 lyx upon a d d i t io n  o f  aluminum 

c h lo r id e  would in d ic a te  t h a t  th e  unknown su b s ta n c e  may be  a q u e r c e t in  

d e r iv a t iv e .

The unknown su b s ta n c e  f lu o re s c e d  brown on p ap er chrom atogram s 

i r r a d i a t e d  w ith  U.V. l i g h t  i n d i c a t in g  t h a t  th e  3-h y d ro x y l p o s i t i o n  was 

s u b s t i t u t e d .  Upon sp ra y in g  a  chromatogram w ith  ammonium m olybdate sp ra y  

r e a g e n t,  th e  unknown con^xjund ap p ea red  y e llo w  in  v i s i b l e  l i g h t  and  brown 

under U.V. l i g h t .  These c o lo rs  d id  n o t  change i n  ammonia fumes- T his 

r e a c t io n  in d ic a te d  t h a t  th e  unknown p igm ent had an  o r th o -d ih y d ro x y  group

in g  p r e s e n t .

A cid  h y d ro ly s is  o f  th e  unknown f la v o n o id  y ie ld e d  th e  a g ly co n e , 

q u e r c e t in ,  and o n ly  th e  su g a r , g lu c o se . A ttem p ts to  accum ula te  s u f f i 

c i e n t  amount o f  th e  p u re  m a te r ia l  a re  underway i n  o rd e r  t o  d e te rm in e  th e  

a g ly c o n e ;su g a r  r a t i o -

On th e  b a s i s  o f  i t s  v a lu e s ,  u l t r a v i o l e t  a b s o rp t io n  s p e c t r a ,  

r e a c t io n  w ith  chrom ogenic s p ra y  re a g e n t and h y d ro ly s is  p ro d u c ts ,  i t  I s  

p o B sib le  t h a t  CA-523U1 I s  a q u e r c e t ln - 3 - d l -  o r  t r i g l u c o s i d e -



FIGURE 15

ULTRAVIOLET ABSORPTION SPECTRA OF 
UNKNOWN COMPOUND CA-523*+l

—  in  e t h y l  a lc o h o l
 in  e th y l  a lc o h o l  + sodium  a c e ta t e

- i n  e th y l  a lc o h o l  + aluminum c h lo r id e
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CHAFIER VI

ISOLATION AND IDENTIFICATION OF POLYPHENOLIC 

COMPOUNDS IN TOBACCO FLOWER PISTILS

S e p a ra t io n  o f  F lu o re s c e n t  Compounds 
in  P i s t i l  E x t r a c t

The i n i t i a l  e x t r a c t  o f  th e  p i s t i l  t i s s u e s  vas reduced  in  volume 

i n  vacuo and e x t r a c te d  w ith  sm a ll volumes o f  r e d i s t i l l e d  h e n z e n e . The 

aqueous la y e r  was th e n  e x t r a c te d  w ith  ch lo ro fo rm . Sm all a l iq u o ts  o f  

each  o rg a n ic  e x t r a c t  were s tr e a k e d  s e p a r a te ly  on pap er s t r i p s  and d e v e l

oped in  th e  BAW and 60% a c e t i c  a c id  s o lv e n t  sy stem s. The o rg a n ic  e x 

t r a c t s  c o n ta in e d  e s c u l e t i n ,  and a y e llo w  f lu o re s c in g  su b s ta n c e , and 

a n o th e r  su b s ta n c e  which f lu o re s c e d  b lu e  o n ly  i n  th e  p re se n c e  o f  ammonia 

v a p o rs . The l a t t e r  m a te r ia l  re a c te d  w ith  ammonium m olybdate sp ra y  r e 

a g e n t ,  i n d ic a t in g  th e  p re se n c e  o f  an  o rth o -d ih y d ro x y  group . No a tte m p t 

was made in  t h i s  s tu d y  to  i d e n t i f y  th e s e  su b s ta n c e s .

The f i n a l  aqueous e x t r a c t  was s tre a k e d  on s e v e ra l  p a p e r  s t r i p s  

and developed  i n  th e  BAW s o lv e n t  sy stem . A d iagram m atic  sk e tc h  i l l u s 

t r a t i n g  th e  ap p ea ran ce , u nder U.V. l i g h t ,  o f  a r e p re s e n t iv e  chromatogram 

i s  shown i n  F ig u re  l 6 .  T h is  s o lv e n t system  s e p a ra te d  th e  e x t r a c t  i n t o  8 

f lu o r e s c e n t  bands which w ere n o t  s e p a ra te d  c o n ç le te ly  from each  o th e r  o r  

r e p re s e n te d  a s in g le  s u b s ta n c e . B eg inn ing  a t  th e  bo ttom  o f  th e  chrom ato

gram, th e  f lu o r e s c e n t  zones were numbered c o n s e c u tiv e ly  from  P I-1  to

71



72

FIGURE l é

ONE-DIMENSIONAL CHROMATOGRAM OF EXTRACT 
FRC»Î TOBACCO FLOWER PISTILS
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P I-7 -  E xam ination o f  t h i s  o n e -d im en sio n a l chrom atogram  under U.V. l i g h t  

in d ic a te d  th a t  to b acco  f lo w e r p i s t i l s  p ro b a b ly  do n o t c o n ta in  th e  u s u a l  

f la v o n o id  compounds a s s o c ia te d  w ith  to b acco  t i s s u e s .

I s o l a t i o n  and I d e n t i f i c a t i o n  o f  E s c u le t in  
Zone P I-1

The b lu e  f lu o r e s c e n t  zone P I-1  was c u t  o u t from each  o r ig i n a l  

chromatogram and e lu te d  w ith  $0^ is o p ro p y l a lc o h o l .  The e lu a te  was con

c e n tr a te d  to  d ry n ess  under reduced  p r e s s u r e ,  and th e  r e s id u e  was e x t r a c te d  

w ith  m ethyl a lc o h o l .  The a lc o h o l e x t r a c t  was s tre a k e d  on s e v e ra l  p ap e r 

s t r i p s  and developed  in  th e  BAAW s o lv e n t  sy stem . The m ethy l a lc o h o l  i n 

s o lu b le  re s id u e  was d is s o lv e d  in  a sm a ll volume o f  d i l u t e  a c e t i c  a c id .

T h is  s o lu t io n  was s tr e a k e d  on p ap e r and developed  in  th e  same s o lv e n t  s y s 

tem . This s o lv e n t system  re s o lv e d  th e  e x t r a c t s  in to  a s in g le  b lu e  zone 

(R f ab o u t 0 .7 $ ) and a y e llo w  f lu o r e s c e n t  m a te r ia l  a t  th e  o r ig in .

The b lu e  zone was c u t o u t  from each  chromatogram and e lu te d  w ith  

$0^ iso p ro p y l a lc o h o l .  The e lu a te  was red u ced  to  d ry n ess  under red u ced  

p r e s s u re ,  and th e  re s id u e  was e x t r a c te d  w ith  m ethyl a lc o h o l .  Sm all a l i 

q u o ts  o f  th e  a lc o h o l e x t r a c t  were chrom atographed a lo n g s id e  r e fe re n c e  

compounds in  s e v e r a l  s o lv e n t sy stem s. The unknown su b s ta n c e  had R f v a lu es  

o f  0 .6 l  i n  th e  15$ a c e t i c  a c id ,  0 .7 7  i n  th e  BAW, 0 .3$ i n  th e  IFW, 0 . 8 l  in  

th e  BAAW, and 0 . l 8  i n  th e  CAW s o lv e n t  sy stem s. These R f v a lu e s  co rrespond  

w ith  v a lu es  f o r  r e fe re n c e  e s c u l e t i n  (T ab le  3 ) -  Upon sp ra y in g  a  chrom ato

gram w ith  ammonium m olybdate sp ra y  r e a g e n t ,  th e  f lu o re s c e n c e  o f  th e  un 

known su b stan ce  was quenched.

Prom th e  r e s u l t s  o f  th e  R f s tu d ie s  and  r e a c t io n  w ith  sp ra y  r e a g 

e n t ,  i t  i s  concluded  t h a t  P I-1  i s  e s c u l e t i n .
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I s o l a t i o n  and I d e n t i f i c a t i o n  o f 
C h lo rogen lc  A cld  I n  Zone F I -3

The b in e  f lu o r e s c e n t  zone P I -3 v as  e u t o u t from each  o f  th e  o r i g 

i n a l  chrom atogram s and e lu te d  w ith  $0^ is o p ro p y l a lc o h o l .  The e lu a te  was 

c o n c e n tra te d , s tre a k e d  on s e v e r a l  ch rom ato g rap h ic  p a p e rs ,  and d ev e lo p ed  

in  th e  BAAW s o lv e n t system . T his s o lv e n t  system  re s o lv e d  th e  o r i g i n a l  

b lu e  zone in to  3 b lu e  b an d s . One b lu e  band (R f abou t 0 .7 9 )  vas  re c o g 

n iz e d  to  be  e s c u le t in ;  th e  second b lu e  band (R f about 0 .3 2 )  was la b e le d  

P I-3 2 ; and th e  t h i r d  b lu e  band , la b e le d  P I-3 3 , was a t  th e  o r ig in .

The b lu e  zone la b e le d  P I -32  was c u t  o u t from eac h  chrom atogram , 

e lu te d  w ith  d i l u t e  a lc o h o l ,  and rech rom atographed  in  th e  IFW s o lv e n t  

sy stem . T h is  s o lv e n t  system  re s o lv e d  zone 32 in to  5 b lu e  b a n d s . A b lu e  

band (R^ ab o u t 0 . 92 ) tu rn e d  a y e llo w -g re e n  c o lo r  upon ex posu re  to  ammonia 

fumes and gave a  p o s i t iv e  ammonium m olybdate sp ray  t e s t .  A second  b lu e  

band (R|> a b o u t 0 .7 7 )  was v e ry  s im i la r  t o  th e  f i r s t  band . These two bands 

a re  p ro b ab ly  s im i la r  to  c h lo ro g e n lc  a c id .  The n ex t b lu e  band had an R f 

v a lu e  o f  a b o u t 0.65  and i t  was th e  m ost p rom inen t o f  a l l  th e  b ands p r e 

s e n t .  The m ajor band was c u t  o u t  and e lu te d  w ith  d i l u t e  a lc o h o l .  Sm all 

a l iq u o ts  o f  t h i s  e lu a te  w ere chrom atographed a lo n g s id e  r e fe re n c e  compounds 

i n  th e  15$ a c e t i c  a c id ,  IFW, BAW and BAAW s o lv e n t sy stem s. C h lo ro g en lc  

a c id  and e s c u l e t i n  w ere i d e n t i f i e d  a s  th e  m ajor c o n s t i tu e n ts  on th e  b a s i s  

o f  t h e i r  R f v a lu e s ,  f lu o re sc e n c e  and r e a c t io n  w ith  ammonium m olybdate 

s p ra y  re a g e n t-  In  a d d i t io n ,  t h i s  zone c o n ta in e d  an unknown b lu e  f l u o r e s 

c e n t  su b s ta n c e  w hich had R^ v a lu e s  o f  0.1^9 in  th e  15$ a c e t i c  a c i d ,  0 .80  

i n  th e  BAW, 0 .2 6  in  th e  IFW, and 0 .8 6  i n  th e  BAAW s o lv e n t  sy s te m s . S in ce  

t h i s  su b s ta n c e  r e a c te d  ty p i c a l l y  w ith  ammonium m olybdate s p ra y  r e a g e n t  f o r
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compounds p o s s e s s in g  an  o r th o -d ih y d ro x y  group , i t  i s  s p e c u la te d  th a t  

t h i s  may he  c a f f e i c  a c id .  F u r th e r  s tu d ie s  a r e  c u r r e n t ly  underway to  

i d e n t i f y  t h i s  s u b s ta n c e .

The b lu e  zone la b e le d  P I -33 vas c u t  o u t from  each  chrom atogram , 

e lu te d  w ith  d i l u t e  a lc o h o l ,  and rech rom atographed  i n  th e  BA.W s o lv e n t 

system . T h is  s o lv e n t  system  re s o lv e d  zone 33 in to  one m ajor b lu e  band 

(Rf ab o u t 0 . 63 ) and s e v e r a l  f a i n t  m inor f lu o r e s c e n t  b an d s . The m ajor 

band was c u t  o u t from  each  chrom atogram  and e lu te d  w ith  d i l u t e  a lc o h o l.  

Sm all a l iq u o t s  o f  t h i s  e lu a te  were chrom atographed a lo n g s id e  re fe re n c e  

compounds i n  th e  h s o lv e n t system s used  in  th e  p re v io u s  p a rag rap h . The 

m ajor b lu e  f lu o r e s c e n t  compound I d e n t i f i e d  i n  zone 33 vas c h lo ro g e n ic  

a c id .

S tu d ie s  on Zone P l-h  

The d a rk  b lu e  f lu o r e s c e n t  zone P l-h  was c u t  o u t  from each c h ro 

matogram and e lu te d  w ith  50^ is o p ro p y l a lc o h o l .  The e lu a te  was concen

t r a t e d  to  d ry n e ss  under red u ced  p r e s s u re ,  and th e  re s id u e  was e x t ra c te d  

w ith  m ethy l a lc o h o l .  The a lc o h o l  in s o lu b le  r e s id u e  was d is s o lv e d  w ith  

a sm a ll volume o f  d i l u t e  a c e t i c  a c id .  The a lc o h o l  and a c e t i c  a c id  s o lu 

t i o n s  were chrom atographed  s e p a r a te ly  in  th e  BAW s o lv e n t  system . T h is  

s o lv e n t system  re s o lv e d  b o th  s o lu t io n s  in to  5 f lu o r e s c e n t  b an d s . One 

band was re c o g n iz e d  to  be  e s c u l e t i n .  A weak f lu o r e s c e n t  band (Rf ab o u t 

0 . 62 ) ,  w hich f lu o re s c e d  more b r i g h t l y  i n  ammonia fumes and re a c te d  p o s i 

t i v e l y  w ith  ammonium m olybdate sp ra y  r e a g e n t ,  was s im i la r  t o  an  unknown 

su b stan ce  p r e s e n t  i n  th e  benzene and ch lo ro fo rm  e x t r a c t s .  The n e x t band 

(R f ab o u t O.U5 ) was th e  m a jo r b lu e  f lu o r e s c e n t  zone . A lso  two bands
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(Rf. a b o u t 0 .28  and O.38) w hich ap p ea red  y e llo w  in  v i s i b l e  l i g h t  and 

y e llo w is h -g re e n  under U.V. l i g h t  were s e p a ra te d  from zone h .

The m ajor b lu e  band w hich had an  Rf. v a lue  o f  abou t 0 .^ 5  i n  th e  

BAW s o lv e n t  system  was c u t o u t from  each  chromatogram and e lu te d  w ith  

50^  is o p ro p y l a lc o h o l.  The e lu a te  was c o n c e n tra te d  to  d ry n e ss  under 

red u ced  p r e s s u re .  The re s id u e  was d is s o lv e d  in  a sm a ll volume o f d i 

l u t e  a c e t i c  a c id  and m ethyl a lc o h o l  s o lu t io n .  Small a l iq u o ts  o f  t h i s  

s o lu t io n  were chrom atographed a lo n g s id e  re fe re n c e  compounds in  v a r io u s  

s o lv e n t  sy stem s. E xam ination  o f  each  chromatogram under U.V. l i g h t  i n d i 

c a te d  t h a t  t h i s  s o lu t io n  c o n ta in e d  e s c u le t in ,  a ls o  a su b s ta n c e  s im i la r  

t o  c h lo ro g e n ic  a c id ,  and s e v e r a l  u n id e n t i f i e d  f lu o re s c e n t  s u b s ta n c e s .
i.

S tu d ie s  on Zones P I -5 , P I -6  and P I -7  

The th re e  zones ap p ea red  y e llo w  in  v i s ib l e  l i g h t  and f lu o re s c e d  

l i g h t - t a n  under U.V. l i g h t .  Zones 5 and 6 were c u t o u t to g e th e r  from  

each  chrom atogram  and e lu te d  w ith  $0$ iso p ro p y l a lc o h o l .  Zone 7 was c u t 

o u t from  each  chromatogram and e lu te d  s e p a r a te ly  w ith  $0% is o p ro p y l  a l c o 

h o l .  The e lu a te s  seemed to  have a  y e llo w ish -g re e n  f lu o re s c e n c e  i n  v i s i 

b le  l i g h t .  Each e lu a te  was c o n c e n tra te d  to  d ryness  under red u ced  p r e s 

s u r e .  The re s id u e s  were e x t r a c te d  i n i t i a l l y  w ith  m ethy l a lc o h o l  and 

d is s o lv e d  w ith  d i l u te  a c e t i c  a c id  s o lu t io n .  Both s o lu t io n s  were 

s tr e a k e d  s e p a r a te ly  on s e v e ra l  p a p e r  s t r i p s  and developed  i n  th e  BAW 

s o lv e n t  sy stem . This s o lv e n t  sy stem  re so lv e d  th e  s o lu t io n s  i n t o  a  

b lu e  f lu o r e s c e n t  band ( e s c u le t in )  and a  s low er moving y e llo w -g re e n  band .

The y e llo w -g reen  band was c u t  o u t from  each  chrom atogram  and 

e lu te d  w ith  d i l u t e  a lc o h o l.  Sm all a l iq u o ts  o f  th e  e lu a te  w ere chrom ato-
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graphed a lo n g s id e  r e fe re n c e  confounds in  th e  IFW, 1$^ a c e t i c  a c id ,

BAW and BAAW s o lv e n t  sy stem s. The on ly  f lu o r e s c e n t  su b s ta n c e  p r e s e n t  

on th e  chrom atogram s developed  in  th e  f i r s t  th r e e  s o lv e n t  system s was 

e s c u le t in .  The chrom atogram  developed in  th e  BAAW s o lv e n t  sy stem  had, 

in  a d d i t io n  to  e s c u l e t i n ,  a su b stan ce  a t  th e  o r ig in  w hich ap p ea red  

j^ U o w  b o th  in  th e  v i s i b l e  and U.V. l i g h t s .  U n t i l  t h i s  y e llo w  su b stan ce  

i s  i d e n t i f i e d ,  th e  above s tu d y  m ere ly  in d ic a te s  t h a t  e s c u l e t i n  was prob

a b ly  p r e s e n t  in  some form o f a complex.



CHA.PTER V II

DISCUSSION OF THE RESULTS ON THE STUDY OF POLYPHENOLS 

IN FOUR KINDS OF APPENDAGES OF TEE TOBACCO FLOWER

The o b je c t iv e s  o f  t h i s  s tu d y  have been  to  i d e n t i f y  a s  many as 

p o s s ib le  o f  c e r t a in  p o ly p h e n o lic  compounds p r e s e n t  in  each  o f  fo u r  

c l a s s e s  o f  o rgans o r  p a r t s  o f  th e  tob acco  f lo w e r; to  d e te rm in e  th e  r e l a 

t i v e  d i s t r i b u t i o n  o f  each  su b s ta n c e  i n  each  p a r t ;  and to  n o te  d i f f e r e n 

ces  and s i m i l a r i t i e s  betw een th e s e  fo u r  c la s s e s  o f  o rg a n s . A com pila

t i o n  o f  th e  v a r io u s  compounds I d e n t i f i e d  in  each f l o r a l  p a r t  i s  i l l u s 

t r a t e d  i n  T able 7- The p re se n c e  o f  a  compound in  a  f l o r a l  p a r t  i s  

in d ic a te d  w ith  an  "X” , th e  ab sen ce  o f  a compound i s  in d ic a te d  w ith  a 

d a sh , and th e  word " t r a c e "  i s  u sed  to  in d ic a te  a sm a ll b u t  re c o g n iz a b le  

amount o f  a  su b s ta n c e .

E xam ination  o f  Table 7  in d ic a te s  t h a t  th e  p i s t i l  does n o t  con

t a i n  f la v o n o id  compounds u s u a l ly  a s s o c ia te d  w ith  to b acco  t i s s u e s ;  th e  

c o r o l l a  o r  p e t a l s  c o n ta in  th e  g r e a t e s t  number o f  f la v o n o id  compounds; 

and o n ly  th e  c a ly x e s  o r  s e p a ls  c o n ta in  th e  m e th y la te d  d e r iv a t iv e s  o f  

q u e r c e t in .  The f la v o n o id , r u t i n ,  i s  d i s t r i b u te d  i n  a l l  o f  th e  organs 

e x c e p t th e  p i s t i l .  The coum arin , e s c u l e t i n ,  and th e  d e p s id e , ch lo ro g e n 

i c  a c id ,  a re  p r e s e n t  i n  a l l  p a r t s  o f  th e  f lo w e r. The g lu c o s id e  o f  s c o -  

p o l e t i n ,  s c o p o lin ,  i s  p r e s e n t  in  a l l  o f  th e  organs e x c e p t th e  p i s t i l .

The g lu c o s id e  o f  th e  p h e n o lic  a c id s ,  f e r u l i c  and p -coum aric  a c id s ,

78
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TABLE 7

DISTRIBUTION OF CERTAIN POLYPHENOLIC COMPOUNDS 
IN FOUR CLASSES OF ORGANS OF THE TOBACCO FLOWER

Compounds

c:

Stamen

la s s e s  o f  Organs 

C o ro lla  Calyx P i s t i l

FLAVONOIDS

R u tin X X X
N ic to f lo r in - X - -

I s o q u e r c i t r i n - X - -

A s tr a g a l in - X - -

R u tin -T -g lu c o s id e - X - -  ■

N ic to f lo r in - 7 - g lu c o s  ide - X - -

Q u e r c e t in - 3 ,3 ’ -d im e th y l e th e r - - X -

Que r ce t i n -3 -m eth y l e th e r - - X -

K h em p fe ro l-3 -g ly co s id e X - - -

Q u e rc e t in -3 -g ly c o s id e - - X -

COUMARINS

E s c u le t in X X X X
S c o p o le tin - - t r a c e -

S co p o lin X X X -

DEPSIDE

C h lo ro g en ic  A cid X X X X

PHENOLIC ACID GLYCOSIDES

G lu co sid e  o f  f e r u l i c  a c id X
G lu co sid e  o f  p -co u m aric  a c id X

R-:.
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were re c o g n iz e d  o n ly  i n  th e  s tam en s.

In  c o n t r a s t  to  th e  above r e s u l t s ,  H a t to r i  and Shimokoriyama 

re p o r te d  (3 ^ )  t h a t  th e  two f la v o n o id s ,  p o n c i r in  ( 5 ,7 -d ih y d ro x y -4 ' -  

m ethoxyflavanone-7 -rham nog lucoside) and n a r in g in  ( ^ ' , 5 , 7 - tr ih y d ro x y -  

flav a n o n e -7 -rh an m o g lu co s id e ), were p r e s e n t  i n  a l l  p a r t s  o f  th e  f lo w e rs  

o f  P o n c iru s  t r i f o l i a t a , and t h a t  th e  p i s t i l  c o n ta in e d  th e  h ig h e s t ,  and  

th e  p e t a l s  and stam ens th e  lo w e s t,  c o n c e n tra t io n  o f  p o n c ir in .

Summary of th e  R e s u lts  on th e  S tudy  
o f  Tobacco F low er Stamens

A d iag ram m atic  sk e tc h  i l l u s t r a t i n g  th e  ap p ea ran ce , under U.V. 

l i g h t ,  o f  a tw o-d im en sio n a l chrom atogram  o f  stam en e x t r a c t  (75yW-l.) i s  

shown i n  F ig u re  17- The chromatogram was developed  in  th e  BAW s o lv e n t  

system  f o r  th e  f i r s t  d i r e c t io n  and in  th e  IFW s o lv e n t  system  f o r  th e  

second d i r e c t i o n .  The fo llo w in g  n o ta t io n s  a re  used  to  i d e n t i f y  th e  

m ajor f lu o r e s c e n t  a re a s  i n  F ig u re  17. The c a p i t a l  l e t t e r  E i s  used  to  

r e p re s e n t  e s c u l e t i n ,  th e  l e t t e r s  C and C’ f o r  c h lo ro g e n ic  a c id  and i t s  

isom er, th e  l e t t e r  S f o r  s c o p o lin  and R f o r  r u t i n .  The n u m erica l n o ta 

t io n s  a re  th e  same a s  th o se  u sed  i n  C h ap ter I I I  f o r  each  su b s ta n c e  i s o 

l a t e d  and i d e n t i f i e d .  F o r th e  unknown f lu o r e s c e n t  s p o ts ,  th e  c a p i t a l  

l e t t e r  "U" p re c e d e s  eac h  number-

S p o ts  ST-Ul and ST-Ü2 were ye llow  f lu o r e s c e n t  a r e a s  w hich were 

n o t i d e n t i f i e d  i n  t h i s  s tu d y . S p o t ST-U3 was a f a i n t  b lu e  a re a  w hich 

was n o t i d e n t i f i e d .  The two a re a s  marked ST-Ul^ r e p r e s e n t  th e  unknown 

su b stan ce  w hich f lu o re s c e d  b lu e  o n ly  upon exposure  o f  th e  chrom atogram  

to  ammonia fum es. I t  was i s o la t e d  from zone ST-1. The la rg e  sp o t R a nd

l>
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FIGURE 17 . WO-DIMENSIONAL CHROMATOGRAM OP EXTRACT PRŒ TOBACCO FLOWER STAMENS 
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ST-78531 w ere o v e rla p p in g  brown f lu o r e s c e n t  a r e a s  w hich co rresp o n d  t o  

r u t i n  and a k aem p fe ro l-3 - g lu c o s id e . They were i s o l a t e d  from zones ST-7 , 

ST-8; ST-9  and ST-10. S p o t ST-U5 was a b lu e  f lu o r e s c in g  a re a  which was 

n o t i d e n t i f i e d .  Spot S co rre sp o n d s  t o  s c o p o lin ,  which was i s o la t e d  from  

zones ST-7 and ST-8 . S po ts  C and C ' co rre sp o n d  to  c h lo ro g e n ic  a c id  and 

i t s  iso m e r, w hich were i s o l a t e d  from  zones ST-5, ST-6 and ST-7. S pot 

ST-53 was seen  on ly  upon ex p o s in g  th e  chromatogram to  ammonia fum es.

T h is  a re a  c o n ta in ed  th e  g lu c o s id e  o f  f e r u l i c  a c id  w hich was i s o l a t e d  from 

zone ST-5- Spot ST-422 was a n o th e r  a re a  w hich was seen  on ly  upon ex p o s

in g  th e  chromatogram to  ammonia fum es. T h is a re a  co rresp o n d s to  th e  

g lu c o s id e  o f p-coum aric  a c id  w hich was I s o la t e d  from zones ST-4 and ST-5. 

Spot E was a b lu e  f lu o r e s c e n t  s p o t  w hich r e p r e s e n ts  th e  a re a  where e s c u 

l e t i n  n o rm ally  m ig ra te s  i n  th e  two s o lv e n t  system s u sed .

I n  t h i s  p re lim in a ry  s tu d y , th e  fo llo w in g  compounds were found  

o n ly  i n  th e  stam ens o f  th e  to b acco  f lo w e r ;  g lu c o s id e s  o f  f e r u l i c  and 

p -co u m aric  a c id s ,  a k aem p fe ro l- 3 -g lu c o s id e , and th e  3 unknown a re a s  

ST-Ul, ST-U2 and ST-U4.

Summary o f  th e  R e s u lts  on th e  S tudy 
o f  C o ro lla s  ( P e t a l s J

A diagram m atic sk e tc h  i l l u s t r a t i n g  th e  ap p ea ran ce , under U.V. 

l i g h t ,  o f  a tw o-d im ensional chrom atogram  o f  c o r o l l a  e x t r a c t  (75 1 . )  i s

shown in  F ig u re  18 . The chrom atogram  was developed  w ith  th e  same s o lv e n t  

sy stem s used  f o r  stam en e x t r a c t .  The c a p i t a l  l e t t e r s ,  E, C, O’ , S and  R 

a re  u sed  to  r e p r e s e n t  e s c u l e t i n ,  c h lo ro g e n ic  a c id  and i t s  iso m er, s c o 

p o l in  and r u t i n ,  r e s p e c t iv e ly .  The n u m e rica l n o ta t io n s  a re  th e  same a s  

th o se  u sed  i n  C hapter IV f o r  e ac h  su b s ta n c e  i s o l a t e d  and id e n t i f i e d .



FIGURE 18 . TWO-DIMENSIONAL CHROMATOGRAM OF EXTRACT FROM TOBACCO FLOWER COROLLAS ( PETALS) 
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F or th e  unknown s p o ts ,  th e  c a p i t a l  l e t t e r  "U" p re c e d e s  each  number.

The s p o t FE-Ul was a f a i n t  b lu e  f lu o r e s c e n t  a r e a  which was n o t 

i d e n t i f i e d  in  t h i s  s tu d y . Spot PE-^+5 f lu o re s c e d  brown and c o n ta in s  th e  

f la v o n o id , i s o q u e r c i t r i n ,  which was i s o la t e d  from zones PE-h and  EE-5*

Spot R r e p r e s e n ts  r u t i n  which was i s o la te d  from zone PE-7* S pot PE-5642 

f lu o re s c e d  brown and c o n ta in s  th e  f la v o n o id , n i c t o f l o r i n ,  which was i s o 

l a te d  from zones PE-U, PE-5 and PE-6. S po t PS-3 co u ld  n o t  be seen  on 

th e  two d im en sio n a l chromatogram b u t  r e p re s e n ts  th e  approx im ate  a re a  

where a s t r a g a l i n  would m ig ra te  in  th e  two s o lv e n t system s used  i n  d e v e l

oping  th e  chrom atogram . Spot PE-11 f lu o re sc e d  brown and c o n ta in e d  th e  

f la v o n o id , ru tin -7 -m o n o g lu c o s id e , which was i s o l a t e d  from  zone PE-11*

Spot PE-10 a l s o  f lu o re s c e d  brown and c o n ta in ed  th e  f la v o n o id , n i c t o f l o r i n - 

7 -m onoglucoside, which was i s o la te d  from zone PE-10 . S pots PE-U2 and PE- 

U3 a re  b lu e  f lu o r e s c e n t  a re a s  which were n o t i d e n t i f i e d  i n  t h i s  s tu d y . 

Spots C and C  r e p r e s e n t  c h lo ro g e n ic  a c id  and i t s  isom er which were i s o 

la te d  from zones PE-4, PE-5, PE-6 and PE-7. Spot S r e p r e s e n ts  s c o p o lin  

which was i s o la te d  from  zones PE-5, PE-6 and PE-7. Spot E r e p re s e n ts  

e s c u le t in  which was i s o l a t e d  m ain ly  from zone PE-2.

On th e  b a s is  o f  s iz e  and f lu o re s c e n t  i n t e n s i t y  o f  sp o ts  o r  zo n es , 

th e  6 f la v o n o id s  i s o l a t e d  from th e  p e ta l s  may be l i s t e d  i n  th e  fo llo w in g  

a p p a re n t d e c re a s in g  o rd e r  o f  c o n c e n tra t io n ;  r u t i n ,  n i c t o f l o r i n ,  r u t l n - 7 -  

g lu c o s id e , n ic to f lo r in - 7 - g lu c o s id e ,  i s o q u e r c i t r in  and a s t r a g a l i n .

In  t h i s  p re lim in a ry  s tu d y , th e  fo llo w in g  compounds o r  su b s ta n c e s  

were found o n ly  in  th e  c o r o l la s  o r  p e t a l s ;  r u t in - 7 - g lu c o s id e ,  n ic to -  

f lo r ln - 7 - g lu c o s id e ,  n i c t o f l o r i n ,  i s o q u e r c i t r in  and a s t r a g a l i n .
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Summary on th e  S tudy o f  th e  Tobacco 
P lo v e r  C alyxes

A d ia g ra n m a tic  s k e tc h  i l l u s t r a t i n g  th e  ap p ea ran ce , u n d e r  U.V. 

l i g h t ,  o f  a tv o -d im en s io n a l chrom atogram  o f  c a ly x  e x t r a c t  (75 p l X )  i s  

shown in  F ig u re  19 • The s o lv e n t  system s u sed  i n  th e  p reced in g  s e c t io n s  

were u sed . The c a p i t a l  l e t t e r s  E, C, C ,  S and R r e f e r  to  th e  fo u r  

compounds n o te d  p re v io u s ly . The same system  o f n o ta t io n  was used  as in  

th e  p re v io u s  s e c t io n s  e x c e p t t h a t  th e  numbers r e f e r  to  compounds i d e n t i 

f ie d  in  C hap ter V.

The a re a  la b e le d  CAB-3 and CAB-U was n o t observed  on th e  tw o- 

d im en sio n a l chromatogram s in c e  th e  compounds were p r e s e n t  in  sm a ll 

am ounts. The a re a  marked i s  th e  app ro x im ate  p o s i t i o n  where th e s e  ce x 

pounds would have m ig ra ted  on th e  tw o -d im en sio n a l chromatogram w ith  

th e  two s o lv e n t  system s used  to  develop  th e  chrom atogram . CAB-3 r e f e r s  

t o  q u e rce  t l n - 3 ,3  ' -d im e th y l e t h e r ,  and CAB-h r e f e r s  to  querce t l n - 3  -m ethy l 

e t h e r .  B oth  su b s ta n c e s  were i s o l a t e d  from  th e  benzene so lu b le  p o r t io n  

o f  th e  o r ig i n a l  c a ly x  e x t r a c t .  The s p o t  CA-Ul was a  b lu e  f lu o r e s c e n t  

a re a  which was n o t i d e n t i f i e d  i n  t h i s  s tu d y . The s p o t  la b e le d  R r e p r e 

s e n ts  r u t i n ,  which was i s o l a t e d  m ain ly  from  zone CA-5. The a r e a  la b e le d  

CA-523^1 r e f e r s  to  a q u e rc e t in -3 -g lu c o s id e  w hich was is o la te d  m a in ly  

from zone CA-5. The b lu e  f lu o r e s c e n t  s p o ts  CA-Ü2 and CA-Ü3 w ere n o t  

i d e n t i f i e d .  Spot S co rresp o n d s  to  s c o p o lin  which was i s o la te d  from  zone 

CA-U. The two a re a s  C and C  r e p r e s e n t  c h lo ro g e n ic  a c id  and i t s  isom er 

w hich were i s o l a t e d  from zone CA-3. Spo t E r e f e r s  t o  e s c u le t in  w hich 

was i s o l a t e d  from zone CA-1.

From t h i s  p re l im in a ry  s tu d y , th e  compounds q u e rc e tin -3 ,3  ’ -



FIGURE 19 . TWO-DIMENSIONAL CHROMATOGRAM OF EXORACT FRCM TOBACCO FLOWER CALYXES

( 1 ) n -B u ty l A lc o h o l-A c e tic  A c id -W a te r  >—

ro

M
01

I / R

C A -.523k l  •

CA-iUl

' CA-\U2

CA- U3

CAB-3
CAB-k

E

0.1

0.2

0 .3

O . k

0 . 5

0.6

0 .7

0.8

0 .9

0.1 0 .2 0.3 o.k 0.5 0.6 0 .7 0 .8 0 .9



87

d im e th y l e t h e r ,  q u e rc e tin -3 -m e th y l e th e r  and  a q u e rc e t in -3 -g lu c o s id e  

were found to  be p r e s e n t  o n ly  In  th e  c a ly x e s .

Summary o f  th e  S tudy  o f  th e  Tobacco 
F low er P i s t i l s

A d iag ram m atic  sk e tc h  i l l u s t r a t i n g  th e  ap p ea ran ce , under U.V. 

l i g h t ,  o f  a tw o-d im en sio n a l chrom atogram  o f  p i s t i l  e x t r a c t  (75 /.tl.) i s  

shown in  F ig u re  20. The same s o lv e n t  system s and n o ta t io n s  a re  used  as 

fo r  th e  p re c e d in g  3 s e c t io n s  e x c e p t t h a t  th e  numbers r e f e r  to  th o se  used 

in  C h ap ter VI.

The 3 s p o ts  P I-U l, PI-U2 and PI-U3 were b lue  f lu o r e s c e n t  a re a s  

w hich were n o t  i d e n t i f i e d .  The two la rg e  a re a s  FI-UU and PI-U5 f l u o r 

e sced  b lu e ,  w hich changed to  y e llo w -g re e n  upon exposure  to  ammonia fum es, 

and r e a c te d  w ith  ammonium m olybdate sp ra y  r e a g e n t.  They were n o t id e n 

t i f i e d .  S po ts  C and C  co rresp o n d  to  c h lo ro g e n ic  a c id  and i t s  Isom er, 

w hich were i s o l a t e d  from zone P I -3 . Spot E co rresp o n d s to  e s c u l e t i n  

w hich was i s o l a t e d  from zone P I -1 . S po ts  P I -6 and P I -7 were l i g h t  ta n  

f lu o r e s c in g  a re a s  which c o n ta in e d  e s c u l e t i n  and an unknown y e llo w  f l u o r 

e s c in g  su b s ta n c e .

From t h i s  p re lim in a ry  s tu d y , i t  ap p ea rs  th a t  th e  p i s t i l  c o n ta in s  

m a in ly  b lu e  f lu o r e s c e n t  su b s ta n c e s  and does n o t have f la v o n o id  o r  g ly c o 

s id e  compounds. The p i s t i l  c o n ta in s  a la r g e  amount o f  benzene and 

ch lo ro fo rm  s o lu b le  s u b s ta n c e s  which p re v e n te d  o th e r  compounds from m ig ra

t i n g  in t o  w e ll -d e f in e d  s p o ts  o r  z o n e s . T h is  i s  a p p a re n t in  F ig u re  20 

where th e  la r g e  sp o ts  PI-UU and PI-U5 a re  shown.
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CHAPTER V II I

A STUDY OF POLYPHENOLIC COMPOUNDS IN 

BORON-DEFICIENT TOBACCO LEAVES

Tobacco p l a n t s ,  Nic o t la n a  tabacum L . , v a r .  One S u ck er, were 

grown in  a greenhouse a t  Argonne N a tio n a l L ab o ra to ry . The s e e d lin g s  

were c u l tu re d  h y d ro p o n ic a lly  on q u a rtz  sand and su p p lie d  w ith  com plete 

n u t r i e n t  s o lu t io n  (20) u n t i l  th e y  were UO days o ld . At t h i s  tim e , one 

group o f p la n ts  was g iv en  m inus-boron s o lu t io n  and th e  second group 

was co n tin u ed  on th e  com plete p lu s -b o ro n  s o lu t io n  fo r  an  a d d i t io n a l  

p e r io d  o f  38 days. At th e  end o f  t h i s  38 -day p e r io d , th e  p la n ts  were 

h a rv e s te d  and le a v e s  from th e  10 - 12th  nodes were c o l le c te d  s e p a ra te ly  

from each group . These young le a v e s  from the  m inus-boron  p la n t s  a l l  

showed marked boron  d e f ic ie n c y  symptoms. Leaves below th e  1 0 th  node 

were a ls o  h a rv e s te d  from each  group .

Leaves from each  tre a tm e n t were w eighed and th e n  m acera ted  in  

50^ is o p ro p y l a lc o h o l-w a te r  s o lu t io n  w ith  a Waring b le n d o r .  The s lu r ry  

was b ro u g h t to  b o i l i n g ,  cooled '-and b o t t l e d .  The b o t t l e s  w ere shipped 

to  t h i s  la b o ra to ry  f o r  f u r th e r  s tu d y .

Each s lu r r y  was e x h a u s tiv e ly  e x t r a c te d  by th e  method d e sc r ib e d  

in  C hap ter I I .  The e x t r a c t s  were made up to  2 l i t e r s  w ith  m ethy l a lc o h o l 

i n  a vo lu m etric  f l a s k .  A liq u o ts  from each  e x t r a c t  were exam ined in d iv id 

u a l l y  by one- and tw o-d im en sio n a l chrom atography. Each a l i q u o t  r e p re -

89
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se n te d  a p p ro x im a te ly  an e q u iv a le n t  amount o f  f r e s h  v e ig h t  o f  t i s s u e .  

E xam ination  o f  each  chrom atogram  under U.V. l i g h t  in d ic a te d  th a t  th e  

e x t r a c t s  from le a v e s  below  th e  10th  node f o r  b o th  p lu s -  and m inus-boron  

c u l tu re d  p la n ts  ap p ea red  to  c o n ta in  th e  same amounts o f  each  re c o g n iz a b le  

compound. In  th e  ca se  o f  th e  younger le a v e s ,  th e  e x t r a c t  from m inus-  

b o ro n  le a v e s  c o n ta in e d  a g r e a t e r  amount o f  a b r ig h t  b lu e  f lu o r e s c e n t  su b 

s ta n c e ,  a  low er amount o f  c h lo ro g e n lc  a c id ,  a g r e a te r  amount o f  an  u n 

known b lu e  f lu o r e s c e n t  s u b s ta n c e , a l e s s e r  amount o f  r u t i n  and a g r e a te r  

amount o f  a kaem pfero l g ly c o s id e  th a n  e x t r a c t s  from co rre sp o n d in g  p lu s -  

b o ro n  le a v e s .  The i s o l a t i o n  and i d e n t i f i c a t i o n  o f  t h i s  b r ig h t  b lue  

f lu o r e s c e n t  su b s ta n c e  and th e  d e te rm in a tio n  o f  r e l a t i v e  approxim ate 

amounts o f  t h i s  su b s ta n c e  In  each  group o f  young le a v e s  a re  d is c u s s e d  in  

th e  fo llo w in g  s e c t io n s .

I s o l a t i o n  and I d e n t i f i c a t i o n  o f  S c o p o lin  
( s c o p o le t in -T -g lu c o s id e ) i n  B oron- 

D e f ic ie n t  Tobacco Leaves

A one l i t e r  a l i q u o t  o f  th e  e x t r a c t  from m inus-boron  le a v e s  was 

c o n c e n tra te d  under reduced  p re s s :ire  to  remove m ost o f  th e  a lc o h o l .  The 

aqueous s o lu t io n  was e x t r a c te d  w ith  r e d i s t i l l e d  b en ze n e . The e x t ra c te d  

aqueous la y e r  was c o n c e n tra te d  to  a heavy sy ru p , which was f r a c t io n a te d  

by  column chrom atography , u s in g  Magnesol (Food M achinery  and Chem ical 

C o rp ., W estvaco Chem ical D iv is io n , New York) a s  a d s o rb e n t.  A h .5  x 10 

cm. M agnesol column was p re p a re d  by p ack in g , under 10 lb .  a i r  p re s s u re ,  

an  aqueous s lu r r y  o f  d r ie d ,  m ethyl a lc o h o l w ashed, M agnesol. The packed 

column was washed w ith  2 l i t e r s  o f d i s t i l l e d  w a te r u n d er 5 l b .  a i r  p r e s 

s u r e .  The c o n c e n tra te d  e x t r a c t  was c a r e f u l ly  a p p l ie d  t o  th e  to p  o f  th e
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packed  column. The e x t r a c t  was adso rb ed  on th e  a d s o rb e n t under 5 lb .  

a i r  p r e s s u re .  A f te r  a l l  th e  e x t r a c t  was ad so rb ed , d i s t i l l e d  w a te r  was 

added to  th e  to p  o f  th e  column as  th e  f i r s t  d ev e lo p in g  s o lv e n t .  The 

p o s i t i o n  o f  th e  bands on th e  columns was observed  w ith  th e  a id  o f  U.V. 

l i g h t .  The d e v e lo p in g  s o lv e n t  was a llow ed  to  p e r c o la te  down th e  column 

b y  g r a v i ty .  A f te r  th e  i n i t i a l  b lu e  bands had p assed  o u t o f  th e  column, 

th e  d ev e lo p in g  s o lv e n t  was changed to  m ethy l a lc o h o l-w a te r  ( l s 9  v /v ) .

T h is s o lv e n t  s e p a ra te d  a b r ig h t  b lu e  band and a c lo s e ly  moving brown 

band from th e  o r ig i n .  A f te r  th e se  two bands were midway down th e  column, 

th e  s o lv e n t  was changed to  a c e to n e -w a te r  (1 ;9  v /v ) .  The l a t t e r  s o lv e n t
r \

moved th e  b r i g h t  b lu e  band away from  th e  s lo w er moving brown b and . The 

b r i g h t  b lu e  band  was c o l le c te d  in  th r e e  f r a c t i o n s ,  d e s ig n a te d  9a , 9b and 

9 c .

F r a c t io n  9a was c o n c e n tra te d  ^  vacuo , and th e  b lu e - f lu o r e s c e n t  

zone was p u r i f i e d  by p a p e r  chrom atography u s in g  BAW as  th e  f i r s t  d e v e l

op in g  s o lv e n t .  This s o lv e n t  r e s o lv e d  th e  zone in to  a f a s t  moving b r ig h t  

b lu e  band , w hich appeared  to  be s c o p o le t in ,  and a s low er moving b r ig h t  

b lu e - f lu o r e s c in g  band. The l a t t e r  zone was c u t o u t ,  sewed on f r e s h  p a p e r, 

and developed  i n  IFW s o lv e n t  sy stem . The b lu e  zone was c u t  o u t from  th e  

chrom atogram  and e lu te d  w ith  w a te r . The a b s o rp tio n  spectrum  o f  th e  aque

ous e lu a te  showed minima a t  262 and 30^ ny/ and maxima a t  282 and 333 l y i . 

P u b lish e d  maxima f o r  s c o p o lin  in  e th y l  a lc o h o l a re  227, 250, 288 and 339 

n y /(3 5 ) .  The rem a in d er o f  th e  e lu a te  was c o n c e n tra te d  to  d ry n ess  in  

vacuo and h y d ro ly zed  w ith  1 N HCl. A f te r  rem oval o f  HCl and a d d i t io n  

o f  more w a te r , th e  h y d ro ly z a te  was s tu d ie d  by p ap er chrom atography, 

u s in g  th e  BAW s o lv e n t  sy stem . The su g ar was lo c a te d  b y  sp ra y in g  th e
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d r ie d  chromatograms w ith  o -am inobiphenyl re a g e n t (2 l) „  The su g a r was 

found to  be id e n t i c a l  w ith  re fe re n c e  g lu c o se , and th e  ag lycone  was 

i d e n t i c a l  w ith  p u re , s y n th e t ic  s c o p o le t in  ( 36) .

D e te rm in a tio n  o f  S co p o lin  C o n c e n tra tio n  in  th e  Boron- 
D e f ic ie n t  and i n  th e  B o ro n -S u ff ic ie n t Leaves

To determ ine  th e  approx im ate  r e l a t i v e  amounts o f  s c o p o le t in  

g lu c o s id e  p re s e n t  i n  th e  b o ro n -d e f ic ie n t  to b acco  le a v e s  as compared 

w ith  b o r o n - s u f f ic ie n t  to b acco  le a v e s ,  known volumes o f e x t r a c t s  o f  each , 

r e p re s e n t in g  abou t 300 mg. f r e s h  w t. o f  l e a f  t i s s u e ,  v e re  s u b je c te d  to  

ex tended  paper chrom atography. S o lv en ts  used were the  IFW and th e n  BAAW 

f o r  3^ h r s .  The b lu e  zone was c u t o u t from each  chrom atogram  and e lu te d  

w ith  w a te r . Each w a te r  e lu a te  o f  s c o p o le t in  g lu c o s id e  was c o l le c te d  i n 

d iv id u a l ly  in  a 10-m l. v o lu m e tr ic  f l a s k ,  and 1 ml. o f  1 N HCl added.

Each f r a c t io n  was h y d ro ly ze d , n e u t ra l iz e d  w ith  NĤ ,OH to  pH 10, and d i 

lu te d  to  th e  mark w ith  d i s t i l l e d  w ate r. E very  s te p  f o r  b o th  b o ro n - 

d e f i c i e n t  and c o n tro l  le a v e s  was perform ed as q u a n t i t a t i v e l y  as  p o s s ib le .  

The in t e n s i t y  o f  f lu o re s c e n c e  o f each s c o p o le t in  sam ple was de term ined  

im m ediately  w ith  th e  K le t t  f lu o r i r a e te r  ( f i l t e r s  No. 586O and No. 3389) .

A s ta n d a rd  re fe re n c e  cu rve  was p rep a red  u s in g  known q u a n t i t i e s  o f  pure 

s c o p o le t in .  A b lan k  p ap er was c a r r ie d  th ro u g h o u t th e  p ro c e d u re . T y p ica l 

a n a ly se s  in d ic a te d  t h a t  th r e e  a l iq u o ts ,  each  r e p re s e n t in g  315 mg. f r e s h  

w eig h t o f  c o n tro l  t i s s u e ,  c o n ta in e d  0 . 97, 1 .2 4 , and 1 .17  M S -  s c o p o le t in  

o r  an  average o f  7 . 4 yxg. s c o p o le t in  g lu c o s id e  p e r  gram o f  t i s s u e .  For 

th e  m inus-boron t i s s u e ,  th r e e  a l iq u o ts ,  each  r e p re s e n t in g  283 mg. f r e s h  

w e ig h t, co n ta in ed  22 . 6 , 21 . 0 ,  and 2 3 .4 y^g. s c o p o le t in  o r  an  av e rag e  o f  

155y4.g. s c o p o le t in  g lu c o s id e  p e r  gram o f t i s s u e .  A lthough th e se  v a lu e s
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do n o t n e c e s s a r i ly  r e p re s e n t  a b s o lu te  c o n c e n tra tio n s  o f g ly c o s id e  p re s e n t  

in  a g iven  t i s s u e ,  th e y  in d ic a te  t h a t  th e  m inus-boron t i s s u e  had  ab o u t a 

20- f o ld  in c re a s e  in  g ly c o s id e  c o n c e n tra t io n  over com parable b o r o n - s u f f i 

c i e n t  t i s s u e s .



CHA.FIER IX 

SUMMARY

A p re lim in a ry  s tu d y  has been  made on th e  i d e n t i f i c a t i o n  o f c e r 

t a i n  p o ly p h e n o lic  compounds p re s e n t  in  fo u r  k in d s  o f  f l o r a l  appendages 

o f  th e  o n e -su ck er to b a c c o , N ic o tla n a  tabacum  1 . Ib e  knowledge on th e  

d i s t r i b u t i o n  o f  th e se  compounds in  each f l o r a l  p a r t  co u ld  a id  fu tu r e  

b io c h e m ic a l, p h y s io lo g ic a l  and g e n e t ic a l  i n v e s t ig a t io n s  o f  to b acco .

P ap er p a r t i t i o n  chrom atography te c h n iq u e s  were used to  i s o l a t e  th e  

p o ly p h e n o lic  compounds. The c h a r a c t e r i s t i c  f lu o re s c e n c e  o f  th e se  com

pounds on p ap er chrom atogram s i r r a d i a t e d  w ith  366O A u l t r a v i o l e t  l i g h t  

was used to  lo c a te  and to  d i f f e r e n t i a t e  th e  p o ly p h e n o lic  compounds. Hie 

i s o l a t e d  compounds were i d e n t i f i e d  by  two o r more o f  th e  fo llo w in g  m eth

o d s ; (1 )  com parison o f  R f v a lu es  and f lu o re s c e n c e  w ith  known r e fe re n c e  

compounds, (2 )  d e te rm in a tio n  o f  th e  u l t r a v i o l e t  a b s o rp tio n  s p e c tr a  w ith  

and w ith o u t th e  a d d i t io n  o f  c e r t a in  ch e m ic a ls , ( 3 ) chem ica l a n d /o r  en zy 

m a tic  h y d ro ly s is  and su b seq u en t i d e n t i f i c a t i o n  o f  th e  h y d ro ly s is  p ro d u c ts , 

and (A) r e a c t io n  on chrom atogram s w ith  chrom ogenic sp ra y  r e a g e n ts .

The compounds i d e n t i f i e d  i n  th e  stam ens o f  th e  flo w er w ere: 

r u t i n  (3 -rham nog lucoside  o f  q u e rc e t in ,  3 ,3 ',^ ',5 ,7 - p e n ta h y d r o x y f la v o n e ) ,  

s c o p o lin  (7 -g lu c o s id e  o f  s c o p o le t in ,  7 -hydroxy-6 -m ethoxycoum arin ), e s c u -  

l e t i n  (6 ,7 -c lih y d ro x y co u m arin ), c h lo ro g e n ic  a c id  ( l ,3 ,U ,5 - te t r a h y d ro x y c y -  

c lo h e x a n e c a rb o x y lic  a c id  3 “(3 A -d ih y d ro x y c in n a m a te )) ,  a  3 -g lu c o s id e  o f

9h
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k aem pfero l (3 ,% ^ ,5 ,7 - te tra h y d ro x y f la v o n e ) ,  a g lu c o s id e  o f  f e r u l l c  a c id  

(U -hydroxy-3-m ethoxycinnam ic a c id )  and a  g lu c o s id e  o f  p-covunaric a c id  

(U -hydroxycinnam ic a c id ) .  The l a s t  3 compounds were found o n ly  in  th e  

s tam ens.

The c o r o l l a s  ( p e t a l s )  c o n ta in e d  sc o p o lin , e s c u l e t i n ,  c h lo ro g e n ic  

a c id ,  r u t i n ,  n i c t o f l o r i n  (k a e m p fe ro l-3-rh am n o g lu co s id e ), i s o q u e r c i t r i n  

( q u e r c e t in - 3 -m onog lucoside) , a s t r a g a l in  ( k aem pfero l- 3 -m onog lucoside) , 

r u t in - 7 - g lu c o s id e ,  and n lc  to  f lo r in -7 -g lu c o s id e . .  The l a s t  5 compounds 

were found o n ly  in  th e  p e t a l s .

The c a ly x e s  o r  s e p a ls  c o n ta in e d  e s c u le t in ,  c h lo ro g e n ic  a c id ,  

s c o p o lin ,  r u t i n ,  a q u e r c e t in - 3 -g lu c o s id e , q u e r c e t in -3 , 3 ' -d im e th y l e th e r  

and q u e rc e tin -3 -m e th y l e th e r .  The l a s t  3 compounds were p r e s e n t  o n ly  in  

th e  c a ly x e s .

The compounds i d e n t i f i e d  in  the  p i s t i l s  were c h lo ro g e n ic  a c id  

and e s c u l e t i n .  T his s tu d y  has shown th a t  t h i s  p a r t  o f  th e  flo w er d id  n o t 

c o n ta in  any f la v o n o id s  o r  g ly c o s id e s  u s u a lly  a s s o c ia te d  w ith  t h i s  sp e c ie s  

o f  to b a cco .

The r e s u l t s  o f  t h i s  s tu d y  in d ic a te d  t h a t  e s c u le t in  and c h lo ro 

g en ic  a c id  were p r e s e n t  i n  fo u r  p a r t s  o f  th e  f lo w er. R u tin  and s c o p o lin  

were p r e s e n t  i n  th e  stam en , c o r o l l a  and ca ly x  t i s s u e s  b u t  n o t in  th e  

p i s t i l s .  The c a ly x  was th e  o n ly  f l o r a l  appendage o f  th e  U ty p e s  s tu d ie d  

which c o n ta in e d  m ethyl e th e r  d e r iv a t iv e s  o f  q u e rc e t in .

The compounds r u t in - 7 - g lu c o s id e ,  n ic to f lo r in - 7 - g lu c o s id e ,  a s t r a g a 

l i n ,  a k aem p fe ro l- 3 -g lu c o s id e ,  a q u e r c e t in -3 -g lu c o s id e , a g lu c o s id e  o f  

f e r u l i c  a c id  and a g lu c o s id e  o f  p-couraaric  a c id  a re  r e p o r te d  t o  be p r e 

s e n t  in  to b acco  t i s s u e  f o r  th e  f i r s t  tim e .
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The ■biochemical r o le  o f  th e  m ic ro n u tr ie n t  e lem en t, b o ro n , in  

h ig h e r  p la n ts  i s  n o t knovn. To g a in  some I n s ig h t  a s  to  i t s  p o s s ib le  

fu n c t io n ,  chrom atograph ic com parison betw een e x t r a c t s  from norm al 

t i s s u e  and boron d e f i c i e n t  t i s s u e  were made. The low -boron  t i s s u e  

accum ula ted  ap p ro x im ate ly  20 tim es more o f  a b lu e  f lu o r e s c in g  compound 

th a n  co rresp o n d in g  b o r o n - s u f f i c ie n t  t i s s u e .  By column and  p ap er c h ro 

m atograph ic  te c h n iq u e s , t h i s  compound was i s o l a t e d  and i d e n t i f i e d  a s  

s c o p o lin .
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