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ISOLATION, IDENTIFICATION, SYNTHESIS AND 

PYROLYSIS OF PLANT PHENOLIC COMPOUNDS

CHAPTER I 

INTRODUCTION

There has been no previous rep ort in  the l i t e r a t u r e  

on the  i d e n t i f i c a t i o n  o f  p o ly p h en o lic  compounds p resen t  in  

sp inach  and in  b o r o n -d e f ic ie n t  sunflow er l e a v e s .  Conse

q u e n t ly ,  a study has been made on the i s o l a t i o n  and d e t e r 

m ination  o f  the  major p o ly p h en o lic  compounds p resen t  in  

th e s e  p la n t s .  During the course o f  th e se  i n v e s t i g a t i o n s ,  i t  

was found n ecessary  to  s y n th e s iz e  s e v e r a l  compounds fo r  use  

as chromatographic s tan d a rd s . These in c lu d e  g e n t i s i c  a c id  

g lu c o s id e s ,  s c o p o l in  and sc o p o le t in -4 -C ^ ^ .

Rutin and c h lo r o g e n ic  a c id  are among the  p r in c ip a l  

polyp henols  p resen t  in  c i g a r e t t e  tob acco , but n e i th e r  has 

been found in  th e  smoke from c i g a r e t t e s .  I t  was, t h e r e f o r e ,  

o f  i n t e r e s t  to  i n v e s t i g a t e  the  products o f  p y r o ly s i s  o f  

th e se  two compounds, as w e l l  as th ose  o f  q u e r c e t in ,  the  

aglycon e  o f  r u t in .



CHAPTER II  

FLAVONOLS IN SPINACH LEAVES 

In trod u ction

There has been no previous rep ort o f  th e  i d e n t i f i 

c a t io n  o f  in d iv id u a l  f la v o n o l  compounds in  sp inach l e a v e s ,  

a lthough  a c o lo r im e t r ic ,  q u a n t i ta t iv e  d eterm in ation  o f  the  

g r o s s ,  f l a v o n o id - l ik e  compound conten t o f  sp inach  ( Sp inacia  

o le r a c e a ) has been rep orted  by Weatherby and Cheng (1 ) .  

W illiam s (2) has i s o l a t e d  a f la v o n o id  compound in  pure form 

from spinach l e a v e s .  I t s  exact i d e n t i t y ,  however, was not  

determ ined. This work d e sc r ib e s  the e x t r a c t io n  from spinach  

and i d e n t i f i c a t i o n  o f  th e  f la v o n o l ,  p a t u l e t i n ,  and a ls o  o f  a 

q u e r c e ta g e t in  d im ethyl e th e r .  The l a t t e r  compound has not 

been found p r e v io u s ly  i n  n atu re , and the name " s p in a c e t in ” 

i s  proposed fo r  i t .  S p in a c e t in  has been t e n t a t i v e l y  i d e n t i 

f i e d  as q u e r c e t a g e t in -3 ' , 6 -d im ethyl e th e r .  Q u ercetagetin  i s  

3 , 3 ' , 4 ' , 5 , 6 , 7 -h exahyd roxyflavone . P a tu le t in  was f i r s t  i s o 

la t e d  by Rao and Seshadri from th e  f low ers  o f  Tagetes patu la
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( 3 ) ,  and l a t e r  proven to  be q u e r c e ta g e t in - 6 -monomethyl e th er

( 4 ) .

E x tr a c t io n  o f  Spinach Leaves

F i f t y  pounds o f  packaged, fro zen  f r e s h  sp inach  

(Safeway S to r e s ,  I n c . ,  "Belair" brand) was ground in  an i c e  

c ru sh er ,  then loaded in to  4 1. c o n ta in e r s  w ith  1 .5  1. o f  

w a ter , and pressu re-cook ed  a t  115°C fo r  45 rain. The j u i c e  

was squeezed o u t ,  and f i l t e r e d  through co tto n  c lo t h  and then  

through a bed o f  Super Cel (F ish er  S c i e n t i f i c ) .  The c le a r ,  

yellow-brown f i l t r a t e  was adsorbed under p ressu re  on wet 

Magnesol (Food Machinery and Chemical Corp., New York, N. Y .)  

packed on th ree  g la s s  fu n n e ls  (22 cm. d ia m ., 18 cm. d eep ) .  A 

y e l lo w  zone, 6  cm. deep was formed on the Magnesol in  each 

fu n n e l .  The adsorbent was washed w ith  1 1. o f  w a ter , and 

the  y e l lo w  zone was e lu te d  w ith  70% e th y l  a lc o h o 1 -w a te r . The 

dark-brown e lu a te  (4 .5  1 . )  was con cen tra ted  in  vacuo to  200 

m l. and then " fr e e z e -d r ie d "  to  y i e l d  a b lack -ap p earin g  s o l i d .  

P u lv e r iz a t io n  and then e x tr a c t io n  w ith  hot m ethyl a lc o h o l  

(12 X 100 m l.)  gave a reddish-brown e x tr a c t  which was poured 

onto  an 8  cm. column p r e v io u s ly  f i l l e d  to  a depth o f  50 cm. 

w ith  Magnesol in  m ethyl a lc o h o l .  Development under 5 lb .  

p r e ssu r e ,  w ith  e th y l  a c e ta te  sa tu r a te d  w ith  w a te r ,  r e a d i ly
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moved a broad, b r ig h t -y e l lo w  zone. The y e llo w  e lu a te  (1600 

m l.)  was taken to  dryness ^  v a cu o . C r y s t a l l i z a t io n  from 

ace to n e -w a ter  gave 0 .2 0 5  g . o f  a y e l lo w  powder. Paper chro

matography r e v e a le d  th e  presence o f  a t  l e a s t  two compounds. 

Separation  in to  in d iv id u a l  compounds was ach ieved  by s i l i c i c  

a c id  chromatography. A column ( 6  cm. diam .) was packed to  a 

depth o f  38 cm, w ith  s i l i c i c  a c id  (M allinckrodt No. 2847) in  

b en zen e-aceton e  (84:16  v / v ) ,  under 5 lb .  p r e ssu r e .  The y e l 

low powder (0 .205  g )  was d i s s o lv e d  in  aceton e  (18 m l.)  and 

d i lu t e d  w ith  benzene (102 m l . ) ,  and then chromatographed. On 

development w ith  th e  b en zen e -a ceto n e , two major zones formed, 

and they  were e lu te d  s e p a r a t e ly .  A fte r  removal o f  the  s o lv e n t  

in  v a c u o , the e lu a t e  from the f a s t e r  moving zone y ie ld e d  75 

mg. o f  a y e l lo w  powder, c a l l e d  "Compound A -2 ."  From the  

e lu a te  o f  the s lo w er  moving zone, 76 mg. o f  f i n e  y e l lo w  

n e e d le s ,  c a l l e d  "Compound A -1 ,"  were o b ta in ed .

I d e n t i f i c a t i o n  o f  Compound A-1

The y e l lo w  product c o n ta in in g  compound A-1 was chro

matographed on a s i l i c i c  a c id  column u s in g  b en zen e-aceton e  

(84:16  v / v ) ,  and then c r y s t a l l i z e d  from e th y l  a lc o h o l-w a te r  

to  g iv e  y e llo w  n e e d le s .  These were d r ied  a t  110° vacu o , 

y i e l d  59 mg., m. p. 261-263°C ( a l l  m elt in g  p o in ts  are
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u n c o r r e c te d ) ,  v a lu es  in  60% a c e t i c  a c id ,  n -b u ty l  a lc o h o l-

a c e t i c  a c id -w a ter  (6 :1 :2  v / v / v ) ,  and phenol-w ater  (3:1  w /w ), 

u s in g  Whatman No. 1 chromatography paper and descending  

chromatography, were 0 .4 7 ,  0 .7 5 ,  and 0 .6 3  r e s p e c t i v e l y .  The 

u l t r a v i o l e t  ab so rp tion  spectrum showed maxima a t  257 and 375 

mp and minima a t  240 and 285 mju (Figure 1 ) .

A n a l. Calcd. fo r  C i 6 Hi2 0 g: C, 5 7 .83 ;  H, 3 .6 4 ;  OCH3 ,

9 .3 4 .  Found: C, 5 8 .0 5 ;  H, 3 .9 8 ;  OCH3 , 9 .2 8 .

Compound A-1 (10 mg.) was r e f lu x e d  fo r  6  hr . w ith  1 

ml. d im ethyl s u l f a t e  in  8  ml. anhydrous aceton e  and potassium  

carbonate (2 .5  g . )  to  g iv e  c o lo r l e s s  n e e d le s ,  m.p. 143-144°C. 

No d e p r e ss io n  occurred on mixed m elt in g  p o in t  d eterm in ation  

w ith  s y n t h e t ic  q u e r c e ta g e t in  hexamethyl e th e r .  The m e lt in g  

p o in t  o f  a u th e n t ic  p a t u le t in  was not depressed  by the  a d d i

t io n  o f  compound A-1. The u l t r a v i o l e t  and in fr a r e d  sp e c tr a  

o f  compound A-1 and the r e fe r e n c e  p a t u le t in  were i d e n t i c a l ,  

r e s p e c t i v e l y .  With s p e c t r a l  measurements by the method o f  

Jurd and Horowitz ( 5 ) ,  both the  r e fe r e n c e  p a t u le t in  and com

pound A-1 behaved e x a c t ly  a l i k e .  Each e x h ib ite d  a 4 nyj s h i f t  

o f  the sh ort  wavelength band, a f t e r  5 m in u tes , from 257 mp 

to  261 mp in  the presence o f  sodium a c e t a t e .  With b or ic  

acid -sod ium  a c e ta te  mixture ( 6 ) ,  there  was a s h i f t  o f  18 mp 

f o r  each in  the  h igh er  w avelength  peak, in d ic a t in g  the
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presence o f  the  o-dihydroxy group in  both . In sodium e th 

o x id e ,  however, the h ig h er  w avelength  peak d isappeared  in  

each case  a f t e r  5 minutes (F igure 1 ) .  Thus, p a t u l e t i n  and 

compound A-1 are i d e n t i c a l  by every t e s t  used .

I d e n t i f i c a t io n  o f  Compound A-2

The y e l lo w  powder (75 m g .) ,  co n ta in in g  compound A-2 

ob ta in ed  from th e  f a s t e r  moving e lu a te  o f  the s i l i c i c  a c id  

column, was c r y s t a l l i z e d  tw ice  from benzene-m ethy 1  a lc o h o l  

to  y i e l d  f in e  y e l lo w  n e e d le s .  These were d r ied  a t  110°C, in  

vacuo ; m.p. 235-236°C. v a lu es  in  60% a c e t i c  a c id ;  the  

n -b u ty l  a l c o h o l - a c e t i c  a c id -w a ter ;  and the p h en ol-w ater  s o l 

vent system s were 0 .5 6 ,  0 .8 5 ,  and 0 .8 8 ,  r e s p e c t i v e l y .  The 

u l t r a v i o l e t  a b so rp t io n  spectrum showed maxima a t  257 and 373 

Dÿ] and minima a t  241 and 287 mp (F igure 2 ) .

A n al. Calcd, fo r  (3 4 6 .2 8 ) :  C, 5 8 .9 6 ;  H,

4 .0 8 ;  OCH3 , 1 7 .9 2 .  Found: C, 5 9 .1 2 ;  H, 4 .0 3 ;  OCH3 , 18 .57 .

Compound A-2 (10 mg.) was m ethylated  w ith  1 ml. d i 

m ethyl s u l f a t e  in  8  ml. anhydrous acetone  and 2 .5  g .  p o ta s 

sium carbonate to  g iv e  c o lo r l e s s  n e e d le s ,  m.p. 143-144°C, 

n ot depressed  by a u th e n t ic  q u e r c e ta g e t in  hexam ethyl e th e r .  

D ém éthylation o f  compound A-2 w ith  h yd r iod ic  a c id ,  sp . gr . 

1 .7 ,  and a c e t i c  anhydride y ie ld e d  q u e r c e ta g e t in .  The l a t t e r
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ULTRAVIOLET ABSORPTION SPECTRA OF COMPOUND A-2
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9
had v a lu es  o f  0 .2 7 ,  0 .4 5 ,  and 0 .2 0  r e s p e c t i v e l y ,  in  the  

60% a c e t i c  a c id ,  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 ,  and 

phenol-w ater  sy s tem s .

D egradation  w ith  potassium  hydroxide by a procedure  

used p r e v io u s ly  by Yang e t  £ l .  (7) produced v a n i l l i c  a c id .  

I d e n t i f i c a t i o n  o f  v a n i l l i c  a c id  was ach ieved  by th e  method 

o f  Hergert and Goldschmid ( 8 ) .  Thus, compound A-2 conta ined  

th e  3 ' -m eth oxy-4 ' -hydroxy grouping. Compound A-2 on paper 

chromatograms gave a g r e e n is h -y e l lo w  c o lo r  under long wave

len g th  u l t r a v i o l e t  l i g h t ,  in d ic a t in g  th a t  i t s  3-hydroxy group 

i s  n o t  s u b s t i t u t e d .  S p ec tra l  s h i f t  measurements (5 ,6 )  i n d i 

ca ted  th a t  a f r e e  7 -hydroxy group i s  p r e se n t ,  as the  sh ort  

wave len gth  band s h i f t s  from 257 m̂  to  269 mp w ith  sodium 

a c e t a t e .  B oric  acid -sodium  a c e ta t e  a d d it io n  produced no 

s h i f t  fo r  the  h ig h e r  wavelength peak, in d ic a t in g  th e  absence  

o f  an o-d ihydroxy group. In 0.002N sodium e th o x id e ,  the  

lon ger  w avelength  peak was p a r t i a l l y  suppressed a f t e r  5 min

u t e s ,  and d isapp eared  a f t e r  1 h r . (F igure 2 ) .  These data  

in d ic a t e  th a t  compound A-2 i s  the 3 ' , 6 -d im eth y l e th e r  o f  

q u e r c e ta g e t in .

Both p a t u l e t i n  and q u e r c e t a g e t in - 3 ' , 6 -d im eth y l e th er  

have a l s o  been i s o l a t e d  from fr e sh  sp inach  le a v e s  obta in ed  

from a w h o le sa le  produce company.



CHAPTER III

A STUDY OF POLYPHENOLIC COMPOUNDS IN 

BORON - DEFICIENT SUNFLOWER LEAVES

In tr o d u c t io n

The b iochem ica l r o le  o f  the m icron u tr ien t e lem ent,  

boron, in  h igh er  p la n ts  i s  not known. I t  has been po in ted  

out th a t  the r o le  o f  boron in  p lan t growth appears*to be r e 

la te d  to  the  d i f f e r e n t i a t i o n  and m aturation  o f  the c e l l  (9, 

1 0 ) ,  and th a t  l i g n i f i c a t i o n  o f  the c e l l ,  a s p e c i f i c  phase o f  

c e l l u l a r  d i f f e r e n t i a t i o n ,  may be in v o lv ed  (1 0 ) .  C erta in  

compounds th a t  have been considered  as p o s s ib le  l i g n i n  pre

cu rsors  are o f t e n  found to accumulate in  t i s s u e s  o f  boron- 

d e f i c i e n t  p la n t s .  H i l l i s  (11) and Reeve (12) have shown 

r e la t io n s h ip  between p h en o lic  compounds and l i g n i f i c a t i o n .  

Reed (13) has demonstrated th a t  b o r o n -d e f ic ie n t  p la n ts  are  

high  in  p h en o lic  compounds. Spurr (14) noted th a t  boron- 

d e f i c i e n t  c e le r y  le a v e s  and p e t i o le s  f lu o r e s c e d  in  u l t r a 

v i o l e t  l i g h t ,  w h ile  Perkins and Aronoff (15) i d e n t i f i e d  the

10
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blu e  f lu o r e s c e n t  m a te r ia ls  in  b o r o n -d e f ic ie n t  l e t t u c e ,  

r a d is h ,  tomato and sunflow er p la n ts  as ch lo ro g en ic  a c id  and 

c a f f e i c  a c id .

Sunflower lea v e s  were p r e v io u s ly  in v e s t ig a t e d  by 

Urban (16) who has rep orted  the p resen ce  o f  s c o p o l in ,  c h lo r o 

g e n ic  a c id ,  c a f f e i c  a c id  and an unknown f la v o n o id .  Watanabe 

(17) has found s c o p o l in ,  c h lo ro g e n ic  a c id ,  i s o q u e r c i t r in ,  

s c o p o l e t in ,  e s c u l in  and a g e n t i s i c  a c id  g lu c o s id e  in  sun

f lo w er  le a v e s .

In order to  o b ta in  a d d i t io n a l  in form ation  on the a c 

cum ulation o f  p o ly p h en o lic  compounds in  the b o r o n -d e f ic ie n t  

t i s s u e s ,  lea v e s  o f  the su nflow er , H elian th u s annus, R ussian

mammoth v a r i e t y ,  were in v e s t ig a t e d .  Comparison o f  chromato-
o

grams under u l t r a v i o l e t  l ig h t  (3660 A) between e x tr a c t s  from 

normal t i s s u e  and b o r o n -d e f ic ie n t  t i s s u e  c le a r ly  in d ic a te d  a 

marked in c r e a se  in  the o v e r a l l  b lue f lu o r e s c e n t  m a te r ia ls  in  

the  b o r o n - d e f ic ie n t  e x tr a c t s .  This rep o rt  d e sc r ib e s  th e  e x 

t r a c t io n  from sunflow er  lea v es  and i d e n t i f i c a t i o n  o f  th ree  

c a f f e i c  a c id  e s t e r s ,  c h lo ro g e n ic  a c id  (1 ,3 ,4 ,5 - t e t r a h y d r o x y -  

cy c lo h e x a n e ca r b o x y lic  a c id  3 - ( 3 ,4 -d ih yd roxycin n am ate)) ,  

i s o c h lo r o g e n ic  a c id  (1 ,3 ,4 ,5 - te tr a h y d r o x y c y c lo h e x a n e c a r b o x y -  

l i c  a c id  5 - (3 ,4 -d ihydroxycinnaraate))  and n eo ch lorogen ic  

a c id .
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C hlorogenic  a c id  was f i r s t  ob ta in ed  in  c r y s t a l l i n e  

form by G orter in  1909 (18) from green c o f f e e  beans. I t s  

s t r u c tu r e  was e s t a b l i s h e d  l a t e r  by F is c h e r  and Dangschat (19). 

In 1950, Barnes, Feldman and White (20) i s o l a t e d  an isomer  

o f  c h lo r o g e n ic  a c id  from green  c o f f e e  and named i t  " isd -  

c h lo r o g e n ic  a c i d . ” They showed th a t  the most probable s t r u c 

ture  fo r  i s o c h lo r o g e n ic  a c id  i s  th a t  o f  5 - c a f f e o y lq u in ic  a c id  

N eoch lorogen ic  a c id  was f i r s t  e x tr a c te d  from peaches by 

Corse (21) in  1953 and shown to be a l s o  an isomer o f  c h lo r o 

g e n ic  a c id .  The p o s i t i o n  o f  attachm ent o f  the c a f f e o y l  group 

to  the  q u in ic  ac id  was not determ ined.

E x tr a c t io n  o f  Sunflower Leaves

The p la n t  m a te r ia ls  used in  the  p resen t  study were 

grown h y d ro p o n ic a lly  in  th e  greenhouse a t  Argonne N ation a l  

Laboratory. One group o f  p la n ts  was g iv en  minus-boron s o l u 

t io n  and the  second group was grown on p lu s-boron  s o lu t io n .

At h a r v e s t  t im e , the  le a v e s  a t  the th ir d  and fou rth  node 

were c o l l e c t e d  s e p a r a te ly  from each group, frozen  in  l iq u id  

n itr o g e n  and put in t o  p l a s t i c  c o n ta in e r s .  These samples 

were then packed in  dry i c e  and shipped to t h i s  la b o ra to ry .

Equal amounts (194 g . )  o f  minus-boron and p lu s-b oron  

l e a v e s  were e x tr a c te d  tw ice  by b o i l in g  the  m ixture w ith  1  1 .
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o f  85% iso p r o p y l  a lc o h o l-w a te r  fo r  5 min. The e x tr a c t s  were 

f i l t e r e d ,  con cen tra ted  m  vacuo a t  37°C to  a low volume, and 

then made up to  250 ml, w ith  iso p r o p y l  a lc o h o l  in  a vo lu m etr ic  

f l a s k .  A liq u o ts  ( 1 0 0 X )  from each e x t r a c t  were examined i n 

d iv id u a l ly  by tw o-d im ension a l chromatography on Whatman No, 1 

paper. The chromatograms were developed  f i r s t  in  b u ty l  

a l c o h o l - a c e t i c  a c id -w a ter  ( 6 : 1 : 2  v / v / v ) ,  and then in  iso p r o p y l  

a lc o h o l- fo r m ic  a c id -w a te r  (50:1:950  v / v / v ) .  Twenty f l u o r e s 

cen t sp o ts  were observed  on the f i n a l  chromatogram w ith  the  

a id  o f  u l t r a v i o l e t  l i g h t  (3660 R, Blak Ray, U l t r a v io le t  Prod, 

I n c . ,  San G a b r ie l ,  C a l i f . )  (F igure 3 ) ,  The e x tr a c t s  were then  

c o n cen tra ted  vacuo a t  35°C to  remove most o f  the organ ic  

s o l v e n t s ,  and the aqueous c o n c en tr a te s  were e x tr a c te d  s e v e r a l  

t im es w ith  benzene to  remove green pigm ents and l i p i d  m ater

i a l .  The f i n a l  aqueous phase was made up to  250 ml. w ith  

i so p r o p y l  a lc o h o l  in  a vo lu m etr ic  f l a s k .  A liq u ots  from each 

e x tr a c t  were reexamined in d iv id u a l ly  by tw o-d im ensional chro

matography as before.. The b o r o n -d e f ic ie n t  e x tr a c t  showed a 

much h igh er  i n t e n s i t y  o f  b lue  f lu o r e s c in g  compounds under 

u l t r a v i o l e t  (3660 R) than did the p lu s-b o ro n  e x tr a c t  (F igure

4 ) .

The minus-boron f r a c t io n  was poured on a (4 .5  x 10 

cm.) magnesol column which had been p r e v io u s ly  packed under
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FIGURE 4. TWO DIMENSIONAL CHROMATOGRAM OF LIPID-FREE EXTRACT
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5 lb .  p ressu re  w ith  d i s t i l l e d  water,, The y e l lo w  band was 

d evelop ed  w ith  d i s t i l l e d  w ater to  produce two y e l lo w  zones ,  

f r a c t i o n  A and f r a c t io n  B, which were e lu te d  o f f  s e p a r a t e ly .  

Two-dim ensional chromatography o f  f r a c t io n  A showed e s s e n 

t i a l l y  the p resen ce  o f  13 sp o ts  under u l t r a v i o l e t  l i g h t ,  

w h ile  f r a c t io n  B showed 6  s p o t s .

I s o l a t i o n  o f  C hlorogenic  Acid

F ra c t io n  A, the  f a s t e r  moving band from the magnesol 

column, was s treak ed  on 10 s h e e ts  o f  Whatman 3 MM paper and 

d evelop ed  in  n -b u ty l  a l c o h o l - a c e t i c  a c id -w a ter  ( 6 : 1 : 2  v / v / v ) .  

The broad band a t  0 .7 5  was cut out and e lu te d  w ith  methyl  

a lc o h o l-w a te r  (1 :1  v / v ) .  The e x tr a c t s  were con cen tra ted  and 

s tr ea k ed  on 10 s h e e t s  o f  Whatman 3 MM paper and developed  in  

b u ty l  a c e t a t e - a c e t i c  a c id -w a ter  (4 :1 :5  v / v / v )  fo r  20 h r .

The broad band a t  0 .7 0  ( c a l l e d  "Compound 1") was sep ara ted  

from a narrow one a t  R  ̂ 0 .2 5  ( c a l l e d  "Compounds 3 and 4 " ) .  

"Compound 1" was e lu te d  o f f  the paper w ith  70% iso p r o p y l  a l 

co h o l  and the e x tr a c t  was taken to  dryness iji vacuo a t  35°C. 

The r e s u l t in g  s o l i d  was d i s s o lv e d  in  a sm all amount o f  methyl  

a lc o h o l  and poured on top o f  a (2 .5  x 25 cm.) magnesol column 

p r e v io u s ly  packed under 5 lb .  pressu re  w ith  d i s t i l l e d  methyl 

a lc o h o l .  The column was developed  w ith  one column len g th  o f
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m ethyl a lc o h o l  fo l lo w ed  by m ethyl a lc o h o l-w a te r  ( 1 : 1  v / v ) .

A broad y e l lo w  band which f lu o r e s c e d  g r e e n ish -b lu e  under  

u l t r a v i o l e t  l i g h t  (3660 &) was c o l l e c t e d .  The a b so rp tio n  

spectrum o f  the  aqueous methanol e lu a t e  showed maxima a t  242 

and 326 mp, a sh ou ld er  a t  300 mp, and a minimum a t  265 mp 

(F igure 5 ) ,  This spectrum was i d e n t i c a l  to  th a t  o f  c h lo r o 

g e n ic  a c id  (CHR grade, F luka, S w itzer lan d ) in  methyl a lc o h o l -  

w ater  (1 :1  v / v ) .  Hulme (22) rep orted  maxima a t  220 , 244 , and 

328 to  330 mp, and a shoulder  a t  300 m̂  in  e th y l  a lc o h o l  s o l u 

t i o n .  The v a lu es  o f  p u r i f i e d  "Compound 1" and r e fe r e n c e

c h lo ro g e n ic  a c id  were i d e n t i c a l  in  the  s o lv e n t  system s t e s t e d  

(Table 1 ) .  "Compound 1" was h yd ro lyzed  w ith  10 ml. o f  5% 

sodium h yd rox id e  fo r  20 min. a t  room tem perature. The y e l 

low s o l u t i o n  was then a c i d i f i e d  w ith  concen tra ted  h y d ro ch lo r ic  

a c id  and e x tr a c te d  th ree  tim es w ith  e t h y l  a c e t a t e .  The e th y l  

a c e t a te  e x tr a c t  was con cen tra ted  and s tu d ie d  chromatograph- 

i c a l l y  on Whatman No. 1 paper. A f te r  the evap oration  o f  the  

aqueous phase , the  dry c r y s t a l l i n e  r e s id u e  was e x tr a c te d  w ith  

a b s o lu te  e t h y l  a lc o h o l  (5 m l . ) .  The e x tr a c t  was f i l t e r e d ,  

con cen tra ted  and s tu d ie d  c h ro m a to g ra p h ica l ly . The Rf v a lu es  

o f  the  e t h y l  a c e ta t e  e x tr a c t  and r e fe r e n c e  c a f f e i c  a c id ,  and 

those  o f  the  e th y l  a lc o h o l  e x tr a c t  and r e fe r e n c e  q u in ic  a c id  

and q u in id e ,  were i d e n t i c a l  in  the  s o lv e n t  system s t r i e d
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FIGURE 5

ULTRAVIOLET ABSORPTION SPECTRUM OF COMPOUND 1
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(Table 1 ) ,  On th e  b a s is  o f  the h y d r o ly s is  p rod u cts ,  

va lu es  and u l t r a v i o l e t  spectrum, "Compound 1" i s  concluded  

to  be c h lo ro g e n ic  a c id .

I s o la t i o n  o f  N eoch lorogen ic  Acid

"Compounds 3 and 4" were fu r th e r  p u r i f ie d  by s t r e a k 

ing on 7 s h e e t s  o f  Whatman 3 MM paper and d ev e lo p in g  the  

chromatograms in  b u ty l  a l c o h o l - a c e t i c  a c id -w a ter  ( 6 : 1 : 2  

v / v / v ) .  This procedure was rep eated  on 9 s h e e t s  o f  Whatman 

3 MM paper, and then on 8  sh e e t s  o f  Whatman No. 1 paper in  

i so p r o p y l  a lc o h o l- fo r m ic  a c id -w a ter  (50 :1 :950  v / v / v ) ,  "Com

pound 4 ,"  running a t  0 .6 2 ,  was cut out and e lu te d  o f f  

w ith  a lc o h o l .  The e x tr a c t  was taken to  dryness v a cu o , 

d is s o lv e d  in  a sm a ll  amount o f  methyl a lc o h o l  and p u r i f i e d  

on a magnesol column by the  procedure p r e v io u s ly  d e sc r ib ed  

fo r  "Compound 1 ,"  The a b sorp tion  spectrum o f  the e lu a t e  

showed a maximum a t  326 mp, sh ou ld ers  a t  242 and 300 m;j, and 

a minimum a t  265 m;j (F igure 6 ) .  An a b so rp tio n  spectrum o f  

n eo ch lo ro g en ic  a c id  in  methyl a lc o h o l-w a te r  ( 1 : 1  v /v )  gave  

maxima a t  242 and 326 mp, a sh ou ld er  a t  300 mp, and a minimum 

a t  265 mp (F igure 7 ) .  The R  ̂ v a lu es  o f  p u r i f i e d  "Compound 4" 

and r e fe r e n c e  n eoch lorog en ic  a c id  were i d e n t i c a l  in  th e  s o l 

vent system s t e s t e d  (Table 1 ) ,  On the b a s is  o f  R  ̂ v a lu e s
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FIGURE 6

ULTRAVIOLET ABSORPTION SPECTRUM OF COMPOUND 4

0 . 6 -
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FIGURE 7
ULTRAVIOLET ABSORPTION SPECTRUM OF NEOCHLOROGENIC ACID

y o . 5

< 0 . 4
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and u l t r a v i o l e t  spectrum, "Compound 4" has been t e n t a t iv e ly  

i d e n t i f i e d  as n eoch lo ro gen ic  a c id .

I s o la t i o n  o f  X soch lorogen ic  Acid

F ra c t io n  B, the s lo w er  moving band from the magnesol 

column, was concen trated  vacuo and streak ed  on 2 0  sh e e ts  

o f  Whatman 3 MM paper and developed  in  iso p ro p y l  a lc o h o l-  

form ic ac id -w a ter  (50:1:950  v /v /v )  to  g iv e  th ree  bands. The 

broadest and most in te n se  band under u l t r a v i o l e t  l i g h t  a t  

0 ,22  ( c a l l e d  "Compound 12") was cut out and e lu te d  o f f  w ith  

70% iso p ro p y l  a lc o h o l .  The e lu a te  was concen trated  to  a low 

volume and e x tr a c te d  tw ice  w ith  e th y l  a c e t a t e .  The e x tr a c t s  

were d r ied  over anhydrous sodium s u l f a t e  and taken to dry

ness ^  v acu o . The a b so rp tio n  spectrum o f  an a l c o h o l i c  ex 

t r a c t  o f  "Compound 12" showed maxima a t  245 and 350 mp, a 

shoulder  a t  300 mp, and a minimum at  265 m;o (F igure 8 ) .

H ydro lys is  o f  "Compound 12" was c a rr ie d  out by the  

procedure p r e v io u s ly  d escr ib ed  fo r  "Compound 1 ."  The 

v a lu es  o f  the e th y l  a c e t a t e  e x tr a c t  and r e fe r e n c e  c a f f e i c  

a c id ,  and th ose  o f  the e th y l  a lc o h o l  e x tr a c t  and r e fer e n c e  

q u in ic  a c id  and q u in id e ,  were i d e n t i c a l  in  the  s o lv e n t  s y s 

tems t r i e d  (Table 1 ) .  On the b a s is  o f  h y d r o ly s is  products ,  

R  ̂ v a lu es  and u l t r a v i o l e t  spectrum, "Compound 12" i s
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FIGURE 8

ULTRAVIOLET ABSORPTION SPECTRUM OF COMPOUND 12

< 0 . 4

240 260 280 300 340320 360
Wavelength (mp)
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concluded to  be i s o c h lo r o g e n ic  acid..

I s o la t i o n  o f  "Compound _5"

Another compound was found in  both the  minus-boron  

and p lu s-b oron  e x t r a c t s .  I t  was i s o l a t e d  from the  p lu s -  

boron e x tr a c t  by paper chromatography, Twenty s h e e t s  o f  

Whatman 3 MM paper were s treak ed  w ith  p lu s-b oron  e x tr a c t  o f  

su nflow er  le a v e s  and the chromatograms were developed  in  

i so p ro p y l  a lc o h o l- fo r m ic  a c id -w a ter  (50 r 1:9.50 v / v / v ) .  The 

broad c h lo r o g e n ic  a c id  band a t  0 ,7 5  was cut out and 

e lu te d  w ith  70% iso p r o p y l  a lc o h o l .  The co n cen tra ted  e lu a te  

was r e a p p lie d  on 20 s h e e t s  o f  Whatman 3 MM paper and developed  

in  n -b u ty l  a l c o h o l - a c e t i c  a c id -w a ter  (6 :1 :2  v / v / v ) .  Three 

bands were formed. The m iddle band a t  0 ,4 2  was cut o u t ,  

e lu te d  w ith  70% iso p r o p y l  a lc o h o l ,  r ea p p lie d  on 10 s h e e ts  o f  

Whatman No., 1 paper, and developed  in  iso p r o p y l  a lc o h o l- fo r m ic  

a c id -w a te r  (50 :1 :9 50  v / v / v ) .  The major f r a c t io n  a t  R̂  0 ,48  

( c a l l e d  "Compound 5") was cut out and e lu te d  w ith  70% i s o 

propyl a l c o h o l .  The e lu a t e  was taken to dryness vacuo at  

35°C and the p a le  y e l lo w  r e s id u e  d is s o lv e d  in  some methyl 

a lc o h o l  and p u r i f ie d  on a magnesol column by th e  procedure  

p r e v io u s ly  d e sc r ib ed  fo r  "Compound 1,"  The a b so rp tio n  s p e c 

trum o f  the  aqueous methanol e lu a t e  showed maxima a t  242 and
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and 330 my, a shoulder  a t  300 mp, and a minimum a t  270 mp 

(F igure 9 ) .

"Compound 5 ,"  l i k e  ch lo ro g e n ic  a c id ,  i s o c h lo r o g e n ic  

a c id  and n eo ch lo ro gen ic  a c id ,  f lu o r e s c e s  blue in  u l t r a v i o l e t  

l i g h t  (3660 and in  the p resen ce  o f  ammonia vapor, green ish -  

b lu e , No fu r th e r  work has been done on t h i s  m a te r ia l .
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FIGURE 9
ULTRAVIOLET ABSORPTION SPECTRUM OF COMPOUND 5

<uO. 5
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TABLE 1

VALUES OF REFERENCE PHENOLIC COMPOUNDS

Solvent Systems^
Compounds 1 2 3 4 5 6 7

Chlorogenic  ac id 0 . 6 8 0 ,,57 0 ,,75 0 ,.42 0 .19 0 ,.54 0 ,49
0 .,78 0 ,82

Iso ch lo r o g e n ic a c id 0 ,.80 0 .,06 0 ,42 0 ,,78 0 ,,55 0 ,,65 0 .74
0 ,. 1 2 0 ,.56

N eochlorogenic a c id 0 ,,57 0 .,62 0 ,.78 0 . 2 2 0 ,.08 0 ,47 0 ,.49
0 .,80 0 ,.81

C a ffe ic  a c id 0 .84 0 .,36 0 ..54 0 ,, 8 6 0 .,75 0 ,,76 0 ,,57
0 ,,61

Quinic a c id 0 ,.24 0 .,90 0 ,.89 0 .06 0 ., 0 0 0 ,50 0 .,08

Quinide 0 .,51 0 .,70 0 .,89 0 ,24 0 ,,16 0 ,,70 0 .,70

^Solvent system s; (1) b u ty l  a l c o h o l - a c e t i c  a c id -w a ter  

( 6 : 1 : 2  v / v / v ) ;  ( 2 ) i so p r o p y l  a lc o h o l- fo r m ic  a c id -w a ter  (50 :1 :  

950 v / v / v ) ;  (3) 15% a c e t i c  a c id ;  (4) iso b u ty lm eth y l  k e ton e-  

formic a c id -w a ter  (3 :1 :2  v / v / v ) ;  (5) b u ty l  a c e t a t e - a c e t i c  

a c id -w a ter  (4 :1 :5  v / v / v ) ;  ( 6 ) iso p ro p y l  a l c o h o l - a c e t i c  a c id -  

water (6 :1 :2  v / v / v ) ;  (7) b u ty l  a lco h o l-p y r id in e -b e n z e n e -w a te r  

( 5 :3 : 1 :3 v / v / v / v ) .



CHAPTER IV

PYROLYSIS PRODUCTS OF RUTIN, QUERCETIN 

AND CHLOROGENIC ACID

In tro d u ct io n

R utin  ( q u e r c e t in -3 - r u t in o s id e )  and c h lo ro g e n ic  ac id  

( 3 - c a f f e o y l  q u in ic  a c id )  are among the  p r in c ip a l  polyphenols  

p resen t in  c ig a r e t t e  tob acco , but n e i t h e r  has been found in  

the smoke from c i g a r e t t e s .  I t  was, t h e r e f o r e ,  o f  i n t e r e s t  to  

i n v e s t i g a t e  the  products o f  p y r o ly s i s  o f  th e se  two compounds, 

as w e l l  as th o se  o f  q u er c e t in  ( 3 , 3 ' , 4 ' , 5 ,7 -p e n ta h y d r o x y f la v o n e ) , 

the ag ly co n e  o f  r u t in .

Rapid, dry d i s t i l l a t i o n  o f  r u t in  produced c a te c h o l  

and sm a lle r  amounts o f  4 -m e th y Ic a te c h o l , r e s o r c i n o l ,  fu r f u r a l ,

5 -h yd rox ym eth y lfu r fu ra l,  and 5 -m eth y lfu ra n -2 -a ld eh y d e . Under 

s im i la r  c o n d i t io n s ,  q u e r c e t in  produced c a te c h o l ,  4 -m eth y l- 

c a te c h o l ,  r e s o r c i n o l ,  and p h lo r o g lu c in o l . No p h lo r o g lu c in o l , 

however, has been found among the  products o f  p y r o ly s i s  o f  

r u t in .  C h lorogen ic  a c id  d i s t i l l a t i o n  y ie ld e d  c a t e c h o l ,

28
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4-ffiethyI c a t e c h o l , 4 - e t h y I c a t e c h o l , benzoic  a c id ,  and qu in ide  

(q u in ic  acid-% - l a c t o n e ) .  In a d d i t io n ,  paper chromatographic  

a n a ly s is  o f  the  p y r o ly s i s  products o f  each compound in d ic a te d  

the presence o f  o th e r ,  as y e t  u n i d e n t i f i e d ,  components.

Of the compounds l i s t e d  above, c a te c h o l ,  r e s o r c in o l ,  

f u r f u r a l ,  and benzoic  a c id  are in c lu d ed  in  a summary o f  com

pounds p r e v io u s ly  i d e n t i f i e d  in  c ig a r e t t e  smoke (2 3 ) .  Qui

nide  (24) and 5-hyd roxym ethylfurfura l (25) have a ls o  been 

found p r e v io u s ly  in  c ig a r e t t e  smoke. The o th ers  have not 

p r e v io u s ly  been rep orted  in  c i g a r e t t e  smoke.

P y r o ly s is  o f  Q uercetin

Q uercetin  (10 g . ; N u tr i t io n a l  B iochem icals Corp., 

C leveland , Ohio) was heated  a t  atm ospheric pressu re  in  a 50 

ml. f l a s k  w ith  a Bunsen burner in  an a l l  g la s s  d i s t i l l a t i o n  

u n it  (Metro I n d u s tr ie s ,  ME 5 2 3 ) ,  which had an 8  cm. d i s t i l l 

ing head and an 8  cm. w a te r -c o o le d  j a c k e t .  As q u er c e t in  

m elted , foamed, and charred, y e l lo w  fumes were evo lv ed .

A fte r  about 5 m in . , a l l  o f  the o r i g i n a l  q u er c e t in  had b la c k 

ened on decom p osit ion , and the d i s t i l l a t i o n  had cea sed . When 

a thermometer was in s e r te d  in to  the  m idst o f  the m olten  mix

ture  in  the f l a s k ,  read ings up to 600°C were r e g i s t e r e d  be

fo re  the  h e a t in g  was d isc o n t in u e d .  The y e llo w  d i s t i l l a t e
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( 2  ml . )  was e x tr a c te d  w ith  e th e r ,  and the e x tr a c t s  were 

d r ied  over anhydrous sodium s u l f a t e .  On removal o f  the  

e th er  vacuo, a s e m i - c r y s t a l l in e  ora n g e -co lo red  res id u e  

r e s u l t e d .  E x tra ct io n  o f  t h i s  res id u e  w ith  th ree  10 ml. 

p o r t io n s  o f  benzene gave , on slow  evaporation  in  a i r ,  a 

brown c r y s t a l l i n e  s o l i d  (350 mg, ,  c a l l e d  "Q-1"). The mate

r i a l  th a t  had not d i s s o lv e d  in  benzene was now e x tr a c te d  

w ith  20 ml. w ater . The aqueous y e l lo w  s o lu t io n  was then 

e x tr a c te d  f i v e  tiroes w ith  15 ml. p o r tio n s  o f  e th e r .  The 

combined e th er  e x tr a c t s  were d r ied  over anhydrous sodium 

s u l f a t e  and taken to dryness ^  vacuo to  y i e l d  2 0  mg. o f  a 

y e llo w  s o l i d ,  c a l l e d  "Q-2".

F ra c t io n  "Q-1" was fu r th e r  fr a c t io n a te d  on a 41 cm.

X 6 cm, diam eter column o f  s i l i c i c  a c id  (M allinckrodt No. 

2847) prepared from a s lu r r y  o f  2 :1  (w/w) s i l i c i c  ac id -w ater  

in  benzene under 4 lb . p ressu re .  200 mg. "Q-1", d is s o lv e d

in  4 ml. e th er  and d i lu te d  to  80 ml. w ith  benzene, was added

to  the column and the r e s u l t in g  pa le  y e llo w  band developed  

under p ressu re  w ith  b en zen e-e th er  (95:5 v /v )  sa tu ra te d  w ith  

w ater . Two p a le  y e llo w  bands moved down the column. The 

f a s t e r  band gave a f r a c t io n  (380 ml . )  which on evaporation

in  vacuo y ie ld e d  a sm all amount o f  an orange-red  o i l ,  c a l le d

"Q-l-A". The slow er moving band (600 ml . )  produced g r a y ish -
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w h ite  c r y s t a l s  (130 mg, ,  c a l l e d  "Q -l-B”) ,  a f t e r  removal o f  

the so lven t,,  Further e lu t io n  o f  the  column gave a very sm all  

amount o f  a w h ite  s o l i d ,  c a l l e d  "Q-l-C".

"Q-l-A” was sublimed ^  vacuo to  produce a w h ite  

s o l i d  which has been i d e n t i f i e d  as 4 -m eth y Ica tech o l .  I t s  

u l t r a v i o l e t  a b so rp tio n  spectrum showed a maximum at 283 mp 

in  e t h y l  a l c o h o l ,  as d id  the r e fe r e n c e  4 -m eth yIcatech o1. The 

R£ v a lu es  o f  "Q-l-A" and a u th e n t ic  4 -m eth y Ica tech o l were id e n 

t i c a l  when chromatographed to g e th e r  in  the s o lv e n t  system s  

s tu d ie d  (Table 2 ) .  The d e te c t in g  spray reagent used in  a l l  

th e se  experim ents was the s t a b i l i z e d  d iazo  s a l t  o f  p - n i t r o -  

a n i l i n e  (Fast Red S a lt  GG) ( 26) .  The c o lo r  produced was a 

red d ish -o ra n ge  w ith  a b lu ish -p u r p le  rim.

"Q-l-B" was sublimed vacuo to  y i e l d  a w h ite  c r y s 

t a l l i n e  s o l i d ,  m. p. 104-106°C. A mixed m elt in g  p o in t  d e te r 

m ination  w ith  a u th e n t ic  sublimed c a te c h o l  gave no d e p r e ss io n .  

A l l  m e lt in g  p o in ts  l i s t e d  in  t h i s  work are u n co rrec ted . R̂  

v a lu e s  o f  "Q-l-B" and o f  a u th en tic  r e fe r e n c e  c a te c h o l  were 

i d e n t i c a l  (Table 2) on the same paper chromatographs.

The R  ̂ v a lu es  o f  "Q-l-C" (Table 2) and the  y e llo w  

c o lo r  produced w ith  the spray reagent corresponded to  those  

o f  r e fe r e n c e  r e s o r c in o l .

F ra c t io n  "Q-2" conta ined  s e v e r a l  compounds, in c lu d in g
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c a te c h o l  and 4 -m e th y Ic a te c h o l . To t h i s  f r a c t i o n  was added 

2 .4  ml. e th e r ,  fo l lo w ed  by 50 ml. benzene. The s o l u t i o n  was 

con cen tra ted  to  40 m l . , and the  p r e c i p i t a t e  which formed was 

f i l t e r e d  o f f  and washed w ith  benzene. The p r e c i p i t a t e  was 

d is s o lv e d  in  acetone  and s treak ed  on 8  s h e e t s  o f  Whatman 3 

MM chromatography paper, and the chromatograms were developed  

in  2% a c e t i c  a c id .  The main band f lu o r e s c in g  blue  w ith  

ammonia vapor as observed w ith  u l t r a v i o l e t  l i g h t  (3660 X)

was cut out and e x tr a c te d  w ith  e th er  in  a S oxh let  e x tr a c t o r .

A fte r  removal o f  e th e r ,  the p a le  y e l lo w  r e s id u e  was p laced  

on a column packed w ith  s i l i c i c  a c id -w a ter  ( 2 : 1  v /v )  as be

f o r e .  A fte r  a blue f lu o r e s c e n t  band was removed, the  column 

was e lu te d  w ith  e th e r .  A sm all  amount o f  w h ite  s o l i d ,  now 

pure "Q-2", was ob ta in ed  from the e th e r  e lu a t e .  Pure "Q-2" 

was i d e n t i f i e d  as p h lo r o g lu c in o l .  I t s  u l t r a v i o l e t  a b so rp tio n  

spectrum in  e th y l  a lc o h o l  e x h ib i t e d  a maximum a t  268 ro ,̂ c o r 

responding to  th a t  ob ta in ed  w ith  a u t h e n t ic ,  sublim ed p h lo ro 

g l u c in o l .  The va lu es  o f  "Q-2" and r e fe r e n c e  p h lo r o g lu c in o l  

when chromatographed to g e th e r  were i d e n t i c a l  in  the s o lv e n t  

system s t e s t e d  (Table 2 ) ,  as was a l s o  the  orange c o lo r  pro

duced in  each case  by the  spray rea g e n t .
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P y r o ly s is  o f  Rutin

Rutin (10 g . : Penick and Co. ,  New York) was pyrolyzed  

by the same procedure d escr ib ed  f o r  q u e r c e t in .  The d i s t i l 

l a t e  (3 ml . )  was d i lu t e d  w ith  w ater  and e x tr a c te d  s e v e r a l  

tim es w ith  e th e r .  The e th er  e x tr a c t  was d r ied  over anhydrous 

sodium s u l f a t e .  The e th e r  was removed ^  vacuo to  lea v e  an 

orange o i l  (1 g . ,  c a l l e d  "R -1").

F r a c t io n  "R-1” was d i s s o lv e d  in  20 ml. e th y l  a lc o h o l ,  

and a f r e s h ly  prepared 2 ,4 -d in itr o p h en y lh y d r a z in e  s o lu t io n  

was added to  g iv e  a b r ick -re d  p r e c ip i t a t e  im m ediately . A fte r  

rem aining 15 min. a t room tem perature, the p r e c ip i t a t e  was 

f i l t e r e d  o f f ,  washed w ith  aqueous e th y l  a lc o h o l ,  and d r ied  to  

a b r ic k -r e d  powder ( 0 . 28  g . ,  c a l l e d  "R-2").

The 2 ,4 -d in itrop h en y lh yd razon e  f r a c t i o n ,  "R-2", was 

f r a c t io n a t e d  on a 36 x 6  cm. diara. column o f  2 :1  (w/w) s i l i c i c  

acid-"Super Cel" (F ish er)  in  hexane under 5 lb .  p ressu re .

"R-2" was d i s s o lv e d  in  100 ml. warm benzene and d i lu t e d  w ith  

100 ml. hexane. A sm all amount o f  p r e c ip i t a t e  was f i l t e r e d  

o f f ,  and th e  f i l t r a t e  was added to  the top o f  the  adsorbent to  

form an orange band. On development w ith  h ex a n e -e th er  (96:4  

v /v )  under 5 lb .  p ressu re ,  s e v e r a l  co lored  bands appeared and 

were e lu te d  s e p a r a te ly .  A fte r  removal o f  the s o lv e n t  in  

vacuo from the  e lu a te  co n ta in in g  th e  f a s t e s t  moving band



34

(y e l lo w ) ,  an orange powder was ob ta in ed  (19 mg. ,  c a l l e d  

"R -2-1"). A fter  evaporation  o f  the  s o lv e n t  from the e lu a te  

c o n ta in in g  the next e lu te d  band (a broad orange band), dark 

red n e e d le s  r e s u l t e d  (48 mg. ,  "R-2-2 " ) .  When the "R-2-2" 

was chromatographed s t i l l  another  time on a fr e sh  column, 

two compounds were sep a ra ted . The f i r s t  one from the column 

produced a dark red , c r y s t a l l i n e  m a te r ia l  c a l l e d  "R-2-2-1"

(9 mg.) and the o th er  gave 10 mg. o f  a red s o l i d  c a l l e d  

"R -2-2-2".

Compound "R-2-1" was c r y s t a l l i z e d  from e th y l  a lc o h o l -  

e th y l  a c e ta te  to  produce f i n e  orange n e e d le s ,  ra. p. 216-217°C, 

No d e p r e ss io n  r e s u l t e d  on a mixed m e lt in g  p o in t d eterm ination  

w ith  the 2 ,4 -d in itroph en yIh ydrazon e  o f  5 -m eth y lfu ran -2 -  

a ld e h y d e .

Compound "R-2-2-1" was c r y s t a l l i z e d  tw ice  from e th y l  

a l c o h o l - e t h y l  a c e ta te  to  g iv e  f i n e ,  s h o r t ,  black n e e d le s  ( 5  

rag.) m, p. 199-200°C. This 2 ,4 -d in itroph en yIh ydrazon e d e r iv 

a t i v e  has not y e t  been i d e n t i f i e d .

Compound "R-2-2-2" gave a red c r y s t a l l i n e  product (5 

mg. ) ,  m. p.  225-227°C. On mixed m elt in g  po in t d eterm ination  

w ith  the  s y n t h e t ic  2 ,4 -d in itroph en yIh ydrazon e o f  f u r f u r a l ,  

no d e p r e ss io n  r e s u l t e d .

When the o r ig i n a l  "R-1" was chromatographed two-
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d im e n s io n a l ly , f i r s t  in  b e n z e n e -a c e t ic  a c id -w a ter  ( 6 : 7 : 3  

v / v /v )  and then in  2 % a c e t i c  a c id -w a ter  and su bseq uently  

sprayed w ith  Fast Red S a l t  GG, no p h lo r o g lu c in o l  was found. 

F ra c t io n  "R-1" was s treak ed  on chromatography paper 

and developed in  ch loroform -form ic  ac id -w ater-raethy l a lc o h o l  

(5 0 0 :2 :4 8 :5 0  v / v / v / v ) .  The zone a t  R̂  0 , 7 4  was cut out and 

e lu te d  f i r s t  w ith  acetone  and then w ith  m ethyl a lc o h o l .  The 

e lu a t e  was concen trated  and ana lyzed , Rg v a lu es  (Table 2) 

on the  same paper chromatograms, and c o lo r  produced w ith  2 , 4 -  

din itrop h en y Ih yd razin e  spray (27) corresponded to  th o se  e x 

h i b i t e d  by a u th e n t ic  5 -h yd rox ym eth y lfu r fu ra l,

An a l iq u o t  (1 g , )  o f  f r a c t io n  "R-1" was chromato

graphed on a s i l i c i c  a c id  column by the procedure p r e v io u s ly  

d e sc r ib ed  fo r  q u e r c e t in .  Pale  y e llo w  bands were formed and 

e lu te d  s e p a r a te ly .  Each e lu a t e  was s tu d ie d  by paper chroma

tography, u s in g  the b e n z e n e -a c e t ic  a c id -w a ter  s o lv e n t  system .  

The zone a t  approxim ately  Rf  0 . 50  y ie ld e d  an orange o i l  (45 

mg, ,  c a l l e d  " R -l-A " ). Sublim ation  o f  "R-l-A" gave a product  

id e n t i c a l  w ith  the  r e fe r e n c e  4 -m eth yIca tech o l in  Rf v a lu es  

(Table 2 ) ,  u l t r a v i o l e t  spectrum , and c o lo r  developed w ith  

spray used,  A zone w ith  an Rf va lu e  0 . 38  was chromatographed 

on another  s i l i c i c  a c id  column to  g iv e  an e lu a t e  from which a 

s e m i - c r y s t a l l i n e  product (90 rag., c a l l e d  "R-l-B") was obtained.
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Sublim ation  a t  50°C vacuo y ie ld e d  a w hite  s o l i d ,  ra. p. 

104-106°C. On mixed m elt in g  p o in t  d eterm in ation  w ith  r e f 

erence sublimed c a te c h o l ,  no d e p r e s s io n  was observed .  

v a lu e s  and c o lo r  produced on the  same chromatograms a l s o  

corresponded to  th o se  o f  a u th e n t ic  c a te c h o l .

The zone w ith  v a lu e  o f  approxim ately 0 . 1 6  y ie ld e d  

a sm all amount o f  a y e l lo w  o i l  ( c a l l e d  "R -l-C " ). The R  ̂

v a lu e s  (Table 2 ) ,  and a l s o  the y e l lo w  c o lo r  produced w ith  

th e  spray reagent agreed w ith  th o se  o f  re fer e n c e  r e s o r c i n o l .

P y r o ly s is  o f  C h lorogenic  Acid

C hlorogenic  a c id  (4 g . CHR grade, Fluka, S w itzer lan d )  

was pyrolyzed  in  a 2 0  ml. f la s k  by th e  same procedure as de

sc r ib e d  fo r  q u e r c e t in .  The orange d i s t i l l a t e  ( 1 . 3  ml . )  was 

d i lu t e d  w ith  w ater  and e x tr a c te d  f i v e  tim es w ith  15 ml. por

t io n s  o f  e th e r .  The e th e r  s o lu t io n  was dr ied  over  anhydrous 

sodium s u l f a t e  and the  s o lv e n t  was removed vacuo to  pro

duce a red d ish -oran ge  o i l  ( c a l l e d  "C -1"). The aqueous f r a c 

t io n  was a llow ed to evaporate  in  a i r  to  y i e ld  a p a le  y e l lo w  

s e m i - c r y s t a l l i n e  s o l i d  ( c a l l e d  "C -2").

F ra c t io n  "C-1" was chromatographed u s in g  s i l i c i c  

a c id  by the procedure d escr ib ed  p r e v io u s ly  fo r  th e  f r a c t io n  

"Q-1", The f i r s t  f r a c t io n  c o l l e c t e d  from the column, a f t e r
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evap oration  vacu o , y ie ld e d  an orange o i l ,  "C-l-A". The 

next f r a c t io n  produced a y e llo w  s o l i d  "C-l-B". This was 

fo l lo w e d  by two f r a c t io n s  which gave, a f t e r  evap oration , y e l 

low, o i l y  compounds "C-l-C" and "C-l-D", r e s p e c t i v e l y .

A fter  rechromatography fo r  g r e a te r  p u r i f i c a t io n  on 

anoth er  column c o n ta in in g  s i l i c i c  a c id ,  "C-l-A" produced a 

p a le  y e l lo w  c r y s t a l l i n e  s o l i d  (19 mg. ,  " C -l-A -1 " ) . Sublima

t io n  o f  "C -l-A -1” ^  vacuo a t  60°C produced a w h ite  c r y s t a l 

l i n e  s o l i d  (15 mg, ) ,  m. p,  1 2 1 -1 2 2 .5°C. On mixed m eltin g  

po in t  d eterm in ation  w ith  a u th e n t ic  sublim ed benzoic  a c id ,  no 

d e p r e s s io n  r e s u l t e d .

Rechromatography o f  "C-l-B" on a s i l i c i c  a c id  column 

gave a y e l lo w  o i l ,  which on a n a ly s is  by paper chromatography, 

gave an approximate v a lu e  o f  0 . 64  in  the  b e n z e n e -a c e t ic  

a c id -w a te r  system . This o i l  was p u r i f i e d  by s tr ea k in g  i t  on 

f i v e  s h e e t s  o f  Whatman 3 MM paper and d ev e lo p in g  th e se  ch ro

matograms in  2% a c e t i c  a c id -w a te r .  The d u l l  purple band 

(R^ 0 . 7 5 )  as seen  under sh o r t  wavelength u l t r a v i o l e t  l i g h t  

(2537 &) was cut out and e x tr a c te d  w ith  e th e r  in  a Soxhlet  

e x tr a c to r .  The pale  y e l lo w  o i l  was fu r th e r  p u r i f ie d  by c o l 

umn chromatography u s in g  s i l i c i c  a c id  as d e sc r ib ed  p r e v io u s ly .  

The e lu a t e  w ith  Rf 0 . 6 4  in  b e n z e n e -a c e t ic  a c id -w a ter  system  

was taken  to  dryness vacuo to  produce a p a le  y e llo w  o i l ,
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which proved to  be i d e n t i c a l  w ith  an a u th e n t ic  preparation  

o f  4 - e t h y lc a t e c h o l  in  va lu es  (Table 2 ) ,  c o lo r  o f  spot  

(orange-red  w ith  b lu ish -p u r p le  rim) produced w ith  the F ast  

Red S a lt  GG r ea g e n t ,  and in  u l t r a v i o l e t  a b so rp t io n  spectrum  

(max. 283 tap and min. 250 cap).

F ra c t io n  "C-l-C" was fu r th e r  p u r i f ie d  by s i l i c i c  

a c id  chromatography. The e lu a te  was taken to  dryness in  

vacuo to  y i e l d  a y e l lo w is h  orange o i l  (10 mg. ) .  Sublim ation  

a t  45°C vacuo gave a product i d e n t i c a l  w ith  4 -m eth y Ica te 

ch o l  in  R£ v a lu es  when chromatographed to g e th e r ,  in  c o lo r ,  

and u l t r a v i o l e t  sp e c tr a .

A fte r  removal o f  s o lv e n t s  from f r a c t io n  "C-l-D", a 

y e llo w  c r y s t a l l i n e  product (117 mg.) r e s u l t e d .  Sublim ation  

a t  60°C vacuo gave w h ite  c r y s t a l s ,  m. p, 104-106°C. A 

mixed m e lt in g  po in t w ith  a u th e n t ic  c a te c h o l  was not de

p r e sse d . A lso ,  Rg v a lu es  (Table 2) on the  same paper chro

matograms and c o lo r  r e a c t io n s  were i d e n t i c a l  to  those  o f  

r e fe r e n c e  c a te c h o l .

R  ̂ v a lu es  (Table 2) o f  compound "C-2" were i d e n t i c a l  

w ith  th o se  o f  a u th e n t ic  qu in ide  when chromatographed to geth er .  

Both gave a p o s i t i v e  C artw right-R oberts t e s t  (28) .
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TABLE 2

VALUES OF SOME PYROLYSIS PRODUCTS

Compounds 1 2 3 4

Catechol 0 .3 8 0 .7 9 0 .5 0 0 .8 9

4 -E th y Ica te ch o l 0 .60 0 .75 0 .74 0 .9 4

5 -Hydroxymethylfurfural 0 .3 4 0 .85 0 .7 4

4 -MethyIcatecho1 0 .49 0 .77 0 .60 0 .9 2

P h lo r o g lu c in o l 0 .03 0 .65 0 . 0 0 0 ,7 5

Quinide 0 . 0 0 0 . 8 8 0 . 1 0 0 .5 3

R eso rc in o l 0 .15 0 .7 6 0 .19 0 .9 0

^Solvent  sys tem s:  (1) b e n z e n e - - a c e t i c  a c id - - w a t e r  

(6 :7 :3  v / v / v ) ;  (2) 2% a c e t i c  a c id - - w a t e r ;  (3) chloroform--  

a c e t i c  a c id - - w a t e r  (2 :1 :1  v / v / v ) ;  and (4) n -b u ty l  a lco h o l -  

a c e t i c  a c id - - w a t e r  ( 6 : 1 : 2  v / v / v ) .



CHAPTER V

PREPARATION OF SCOPOLETIN-4-C^^ AND SCOPOLIN

In tr o d u c t io n

One o f  the  most important i s o t o p e s  th a t  i s  used in  

the  b i o l o g i c a l  f i e l d s  today i s  Two o f  the  inh eren t  ad

vantages  o f  t h i s  i s o to p e  have to  do with  i t s  long h a l f - l i f e  

and w ith  i t s  comparatively  s o f t  r a d i a t io n .  The h a l f - l i f e  o f  

i s  approxim ate ly  5 ,600  years  (29) and t h e r e f o r e  r eq u ire s  

no decay c o r r e c t io n s  in  a ssa y  p r o ced u res . The average range  

o f  the n e g a t i v e  beta  r a d i a t i o n  from i s  about 4 - 6  cm. in  

a i r  w ith  a maximum energy o f  approximately  0 .1 5  m i l l i o n -  

e l e c t r o n - v o l t s  (3 0 ) .  This  s o f t  r a d i a t io n  keeps the  r a d ia t io n  

damage o f  l i v i n g  t i s s u e  a t  a very low l e v e l ,  and g i v e s  the  

s c i e n t i s t  a chance to  f o l l o w  the s p e c i f i c  atom or grouping  

throughout a m etab o l ic  pathway.

In t h i s  work the s y n t h e s i s  o f  l a b e l l e d  s c o p o l e t i n  

was undertaken as part  o f  a long range program o f  s tu dy ing  

the m eta b o l ic  f a t e  o f  coumarins in  b i o l o g i c a l  sy s tem s .

40
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S c o p o le t in  ( 7 -hydroxy- 6 -methoxycoumarin) i s  w ide ly  found in  

h ig h er  p l a n t s ,  u s u a l l y  in  th e  form o f  the 7 - g l u c o s i d e ,  

s c o p o l i n .  I t  was dec ided  to  have the l a b e l l e d  carbon atom 

i n  the  4 p o s i t i o n .  I f  the  m olecule  i s  m etab o l ized  by a b i o 

l o g i c a l  system , there  should be a good chance that  the  

l a b e l l e d  atom w i l l  f o l l o w  a fragment that  might s t a y  i n t a c t  

and th a t  w i l l  be r e a d i l y  i d e n t i f i e d .

S c o p o l in ,  the 7 - g l u c o s i d e  o f  s c o p o l e t i n ,  was a l s o  

prepared f o r  b i o l o g i c a l  and assay  s t u d i e s .

D i l u t i o n  o f  Potassium Cyanide

Potassium cyanide-C^^ (11 .55  mg., 0 .1 7  mM., 16 .8  

mc./mM.; Volk Radiochemical Co. ,  Skokie,  I l l i n o i s )  was d i s 

so lv e d  in  d i s t i l l e d  water  ( 2 .5  m l . )  which conta ined  non

r a d i o a c t i v e  potassium cyanide (1 ,5 6  g . ,  24 mM.; Baker 96.9%) 

The c o l o r l e s s  s o l u t i o n  was used in  the prepara t ion  o f  z inc  

cyanide-C^^.

Preparation  o f  Zinc Cyanide-C^^

To the  potassium cyanide-C^^ s o l u t i o n  were added 3 

drops o f  a sa tu ra te d  magnesium c h lo r id e  s o l u t i o n .  A sm all  

amount o f  a w h ite  p r e c i p i t a t e  th a t  formed was f i l t e r e d  o f f  

im m ediate ly ,  and the f i l t r a t e  was added to  a s o l u t i o n
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c o n ta in in g  1 .8  g .  (0.013m) o f  z in c  c h lo r id e  (Merck, Reagent 

Grade) d i s s o l v e d  in  6  ml. o f  50% e t h y l  a l c o h o l .  The white  

p r e c i p i t a t e  o f  z in c  cyanide-C^^ formed immediately and was 

f i l t e r e d  o f f .  A f te r  washing the p r e c i p i t a t e  w ith  e t h y l  a l c o 

ho l  and e th e r ,  and drying  in  a d e s i c c a t o r  over  phosphorus 

p en tox id e ,  a w h ite  powder (1.27 g . ,  90%) was o b ta in ed .

P reparat ion  o f  5 -Hydroxyguaiaco1

5-Hydroxyguaiacol  ( 1 , 3-dihydroxy-4-methoxybenzene)  

was prepared by the  method o f  Drake e t  a l .  (3 1 ) .  A y i e l d  o f  

20-30% o f  a white  c r y s t a l l i n e  product w ith  m. p. 71 .5 -7 2 ,5 °C  

( l i t .  72°C) was ob ta in ed .

Preparat ion  o f  2 , 4 -Dihydroxy- 5 -methoxy- 
benzaldehyde- 1 -C

Dry hydrogen c h lo r id e  was passed through a mixture  

o f  5-hydroxyguaiaco l  (1 .0  g , , 0 .007  m .) ,  z inc  c y a n i d e - C ^ ^  

(1 .27  g . , 0 .0 1 1  m.) and dry e th er  (20 m l . )  for  1 .5  hr .  The 

r e a c t i o n  mixture was worked up according to  the  procedure o f  

Head and Robertson ( 3 2 ) .  Short y e l lo w  need les  (1 .07  g . ,

89%) w ith  m. p. 152-153°C ( l i t .  152°C) were o b ta in ed .



43

P reparat ion  o f  6-methoxy-7- 

acetoxycoumarin-4-C^^

2,4-Dihydroxy-5-m ethoxybenzaldehyde-l-C^^ ( 1  g . ,

0 .0 6  m.) was condensed w ith  a c e t i c  anhydride (5 m l . ,  0 .0 6  m.)  

in  the presence  o f  fused  sodium a c e t a t e  ( 2  g . ,  0 , 0 2  m.) at  

180°C. The r e a c t i o n  mixture was worked up by the procedure  

o f  Head and Robertson (3 2 ) .  A y i e l d  o f  0 .5 0  g. (36%) o f  a 

p a le  y e l lo w  c r y s t a l l i n e  product was obta ined  with  m. p. 177-  

178°C ( l i t .  177°C),

P reparat ion  o f  S c o p o l e t i n - 4 - ç l ^  ( 6 -methoxy-
7-hydroxycoumarin-4-Çl4)

A mixture o f  6-methoxy-7-acetoxycoumarin (0 .5 0  g . ,  

0 .002  m .) ,  methyl a l c o h o l  (10 .7  m l . )  and concentrated  hydro

c h l o r i c  a c id  (7 .2  m l . )  was r e f lu x e d  fo r  15 min. The r e a c t i o n  

mixture was then p rocessed  by the  method o f  Head and R obert

son (3 2 ) .  A g r e e n i s h - y e l lo w  c r y s t a l l i n e  product (0 .290  g . ,  

71%) was ob ta in ed .

P u r i f i c a t i o n  o f  S co p o le t in -4 -C 14

A 2 . 5  cm. diam eter  column was packed to a depth o f  

25 cm. w ith  raagnesol in  methyl a l c o h o l  under 5 lb .  p ressu re  

Crude sc o p o le t in -4 -C ^ ^  (0 .1 4  g . ) ,  d i s s o l v e d  in  20 ml. o f
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methyl a l c o h o l ,  was added to  tj» t h e  column and developed under 

pressu re  w ith  e t h y l  aceta te  sass sa tu rated  with  water .  A major 

y e l lo w  band was e lu t e d  o f f  t o  o;o y i e l d ,  a f t e r  the  removal o f  

the  s o l v e n t  v a c u o , a pale y i ‘- y e l lo w  product (0 . 1 2 0  g . )  w ith  

ra. p. 203-206°C ( l i t .  204°C). , .  This product was fu r th e r

p u r i f i e d  on a s i m i l a r  column uui u s in g  s i l i c i c  a c id  as absorbent  

The column was packed 25 cm. db deep with s i l i c i c  a c id  in  ben

zene under 5 lb .  p r e s su r e .  OnjiOOne hundred mg„ o f  s c o p o l e t i n -

4-C^^, d i s s o l v e d  i n  4 ml. acetijîetone and d i l u t e d  to 25 ml. w ith  

benzene, was added to  the colunullumn and th e  r e s u l t i n g  pa le  y e l 

low band deve loped under pressissssure with benzene-acetone  (84: 

16 v / v ) . Four bands, v i s i b l e  i u n d e r  u l t r a v i o l e t  l i g h t ,  moved 

down the  column. The f a s t e s t  I Jt band gave a f r a c t i o n  which,  on 

e vaporat ion  v a c u o , y ie lded  sW a very p a le  y e l lo w  c r y s t a l l i n e  

product (75 m g . ) .

Column-purif ied  scopoleJooletin-4-C^^ (140 rag.) was then 

c r y s t a l l i z e d  from 5 ml. hot aceoacet lc  a c id .  The w h ite  c r y s t a l 

l i n e  product (100 mg.)  showed mid m. p. 205-206°C ( l i t .  2 04°C ) .

R a d io a c t iv e  Assayfsays and Procedures

The ins trum entat ion  ano/iand a ssa y  procedures used in  

t h i s  work are d e sc r ib e d  below. ,w.
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Instrum entation

The in s tr u m e n ta t io n  used in  a s s a y in g  f o r  r a d i o a c t i v 

i t y  c o n s i s t e d  o f  a mica end-window G eiger-M ueller  tube as the  

counter ,  mounted in  a lead  s h i e l d  over a s u i t a b l e  sample  

h o ld e r ,  and an automatic  s c a l i n g  u n i t .

E f f i c i e n c y  o f  the System

The e f f i c i e n c y  o f  the counter was determined us ing  

the  fo l lo w in g  formula:

Recorded counts per minute - Background 
D i s i n t e g r a t i o n  per min. o f  the standard source

The standard source  was a sample o f  barium carbonate-C^^ ob

t a in e d  from Nuclear Instrument and Chemical Corp. (Chicago)  

w ith  s p e c i f i c  a c t i v i t y  o f  18 .6  counts per s e c .  per mg.

A l l  samples were run on s i m i l a r  p la n c h e t s ,  machined 

s t a i n l e s s  s t e e l  cups, w ith  a measured su r fa c e  area  o f  4 ,7  

cm^. One mg. o f  the standard barium carbonate-C^^ was 

weighed out on a p lan ch et  and spread as uniformly as p o s s i b l e  

w ith  some e t h y l  a l c o h o l .  A f te r  the evaporat ion  o f  the a l c o 

h o l ,  the sample was counted over a per iod  o f  20 min, and 646 

counts were o b ta in ed .  The background count was 363 counts  

in  20 rain. By s u b t r a c t in g  the background count from the  

sample count a va lue  o f  14 counts per min, per mg, was
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obta ined  fo r  the  standard.  The e f f i c i e n c y  o f  t h i s  system  

was then c a l c u l a t e d  to  be 1.26%.

Assay o f  Scopolet in-4-C^^

S c o p o l e t i n - 4 - c l 4  ( 1  mg.) was made up to  1  ml. w ith  

e t h y l  a l c o h o l  in  a vo lum etr ic  f l a s k .  One hundred X (0 .1  m l . )  

o f  the s o l u t i o n  was p ip e t t e d  in t o  a p lan ch et  and al lowed to  

evaporate to  dryness  a t  room temperature. Nine hundred and 

t h i r t y - s i x  counts per minute were recorded to g iv e  a t o t a l  

o f  9 .36  X 10^ counts per min. per 100 mg. o f  sample. The 

a b s o lu te  a c t i v i t y  o f  the s y n t h e t i c  scopo le t in -4 -C ^^ was c a l 

c u la ted  to  be 7 .43  x 10^ counts per min. when us ing  the f o l 

lowing formula:

Counter reading ( c .p .m . )  x  100 
Percentage counter  e f f i c i e n c y

As one m icrocurie  i s  de f in ed  as 2 .2 2  x 10^ d i s i n t e 

g r a t io n s  per min. then the t o t a l  amount o f  a c t i v i t y  could be 

c a lc u la t e d  from the fo l lo w in g  formula:

Absolute  a c t i v i t y  ( c .p .m . )  
2 .2 2  X 1 0  ̂ (d .p .m, per 1  ;uc . )

A t o t a l  a c t i v i t y  o f  33,47 / i c .  was obta ined  w ith  a s p e c i f i c  

a c t i v i t y  o f  0 .3 3  juc. per mg, s c o p o l e t i n - 4 .
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Preparat ion  o f  Scopel i n

S c o p o le t in  was prepared from e s c u l i n  ( 6 , 7 -d ihydroxy-  

couraarin- 6 -y6  -D -g lu c o s id e )  by the method o f  Braymer (33) w ith  

an average o v e r a l l  y i e l d  o f  33% and m, p . 207°C. S co p o l in  

was then s y n t h e s i z e d  from s c o p o l e t i n  by the procedure o f  

Chaudhury (34) w ith  an o v e r a l l  y i e l d  o f  35% and m. p. 2 1 4 .5 -  

216°C.



CHAPTER VI

PREPARATION OF GENTISIC ACID MONOGLUCOSIDES

In trod uct ion

A g e n t i s i c  a c id  g lu c o s id e  has been rep orted  by 

Watanabe (17) to  be presen t  in  sunf lower  l e a v e s  e x t r a c t .

The p o s i t i o n  o f  attachment o f  the  g lu c o se  u n i t  in  the mole

c u le  was not  determined. E f f o r t s  have t h e r e f o r e  been made 

to s y n t h e s i z e  the  h ereto  unknown g lu c o s id e s  o f  g e n t i s i c  

a c id  (2 , 5 -d ihydroxybenzoic  a c id )  fo r  use  as chromatographic  

s t a n d a r d s .

The three  p o s s i b l e  mono-yg-D-glucosides o f  g e n t i s i c  

a c id  are g e n t i s i c  a c id - 5 - ^ - D - g l u c o s i d e ,  g e n t i s i c  a c id - 2 - ^ -  

D -g lu c o s id e  and g e n t i s i c  a c id -^ -D -g lu c o se  e s t e r .

G e n t i s i c  a c id - 5 - ^ - D - g lu c o s id e  and g e n t i s i c  ac id -2 -^ ~  

D -g lu c o s id e  were prepared by the d e e s t e r i f i c a t i o n  o f  2-  

hydroxy-5^g-D-glucopyranosy loxybenzoic  a c id  and 5-hydroxy-2-  

/8 -D-g lucopyranosy loxybenzo ic  a c id  methyl e s t e r s ,  r e s p e c t i v e l y ,  

The two methyl  e s t e r s  have been p r e v io u s ly  prepared by Wagner

48
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(37) from g e n t i s i c  a c id .  G e n t i s i c  ac id -^ -D *g lucose  e s t e r  has 

not been prepared.

P rep ara t ion  o f  2-Hydroxy-S-yS-D-glucopyran- 
o sy lo x y b en zo ic  a c id  methyl  e s t e r

2~Hydroxy-5-yS-D-glucopyranosyloxybenzo ic  a c id  methyl  

e s t e r  was prepared from g e n t i s i c  a c id  by the  method of  

Wagner (3 5 ) ,  In t h i s  procedure, 2 , 5 - d i a c e t y l g e n t i s i c  ac id  

was f i r s t  prepared in  70% y i e l d  by the a c é t y l a t i o n  o f  g e n t i s i c  

a c id  w ith  a c e t i c  anhydride in  the presence  o f  s u l f u r i c  a c id .  

The d i a c e t a t e  was p a r t i a l l y  hydrolyzed a t  G°C by d i l u t e  aque

ous ammonium hydroxide  s o l u t i o n  to  g iv e  a 14-22% y i e l d  o f  2-  

a c e t y l g e n t i s i c  a c id ,  which was then methylated a t  5°C with  

diazomethane in  e th er  to  produce methyl 2 - a c e t y l g e n t i s a t e  in  

53-63% y i e l d .  ct-Acetobromoglucose and methyl 2 - a c e t y l g e n t i 

s a t e  were condensed by the Koenigs-Knorr method to produce 

2 - a c e t o x y - 5 - ( t e t r a a c e t y l - | g - D - g lu c o p y r a n o s y lo x y ) b e n z o ic  ac id  

methyl e s t e r  i n  35-40% y i e l d .  D e a c e t y la t io n  o f  the penta-  

a c e t a t e  in  0 . 1  N methanolic  sodium methoxide s o l u t i o n  pro

duced a 50-60% y i e l d  o f  2 -hydroxy-5 -^ -D -g lucopyranosy loxy-  

benzo ic  a c id  methyl  e s t e r .  R e c r y s t a l l i z a t i o n  o f  the product  

from water y i e l d e d  a white  granular  c r y s t a l l i n e  product with  

m. p. 175-177°C ( l i t .  1 7 7 -1 7 8 .5 ° C ) .
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Preparat ion  o f  2-Hydroxy-5-/8-D-glucopyran- 

o sy lo xy b en zo ic  ac id

2-H ydroxy-5 -^ D -g lucopyranosy loxyb en zo ic  a c id  methyl 

e s t e r  (4 ,3  g , ,  0 ,013  m.) was d i s s o l v e d  in  barium hydroxide  

(0 ,4 3  N, 210 m l . ,  0 ,1 8  m.) s o l u t i o n ,  and al lowed to stand  

f o r  5 hr ,  a t  room temperature. The r e a c t io n  mixture was then 

n e u t r a l i z e d  with an eq u iv a len t  amount o f  o x a l i c  a c id  s o l u t i o n  

The p r e c i p i t a t e  was f i l t e r e d  o f f  a f t e r  1 h r , , and the c le a r  

pale  y e l lo w  f i l t r a t e  was concentrated  vacuo a t  38°C u n t i l  

c r y s t a l l i z a t i o n  occurred.  The mixture was coo led  overn ight  

at  5°C, On the next day, the w hite  n e e d l e - l i k e  c r y s t a l l i n e  

product was f i l t e r e d  o f f  and washed with  a small  amount o f  

i c e  co ld  water and dried  a t  room temperature; y i e l d ,  3 ,8  g,  

(92.7%), w ith  m. p. 97-100°C, The product was d i s s o l v e d  in  

e t h y l  a l c o h o l  (30 m l , )  and the s o l u t i o n  was f i l t e r e d .  The 

f i l t r a t e  was taken to  dryness vacuo and the r e s u l t i n g  

w h ite  product was c r y s t a l l i z e d  tw ice  from hot water (30 m l.)  

to produce white  need les  (1 ,9  g . ) ,  with  m, p. 98-100°C.

A n a l , Calcd. fo r  2 H2 O (3 5 2 ,2 9 ) :  C, 44,32%;

H, 5,72%. Found: C, 44,51%; H, 5.69%.

Drying a sample (27 .91  mg.) fo r  6  hr .  over phosphorus 

pentox ide  a t  100°C iji vacuo produced a white  opaque m a ter ia l  

(24 ,98  rag.). This m a te r ia l  r a p id ly  absorbed moisture from
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the a i r  to g iv e  a white  product (27 .01  mg.) w i th in  15 min. 

and a m .  p. 126-128°C. No in c r e a s e  in  weight  and m e l t in g  

poin t  was experienced  a f t e r  24 hr .

A n a l . Calcd. fo r  “ 1 ^ 2 °  (3 4 3 .2 8 ) :  C, 45.48%;

H, 5.58%. Found; C, 45.21%; H, 5.60%.

Paper chromatography i n  var ious  s o lv e n t  systems  

showed the presence  o f  only  one compound which f l u o r e s c e d  

blue  under u l t r a v i o l e t  l i g h t .  The product d i s s o l v e d  r e a d i l y  

in  5% sodium bicarbonate  s o l u t i o n  w ith  e f f e r v e s c e n c e .  Acid 

h y d r o l y s i s  produced g e n t i s i c  a c id  and g lu c o s e .

Preparation o f  5 -Hydroxy~2-yS-D-gl u copyran- 
o s y loxybenzo ic  a c id  methyl e s t e r

5-Hydroxy-2-|g-D-glucopyranosyloxybenzoic  a c id  methyl  

e s t e r  was prepared from g e n t i s i c  ac id  by the method o f  Wagner 

(3 5 ) .  In t h i s  procedure, g e n t i s i c  a c id  was a c e t y l a t e d  in  

a l k a l i n e  medium to produce a 90% y i e l d  o f  5 - a c e t y l g e n t i s i c  

a c id .  M éthy lat ion  o f  the  product w ith  diazomethane i n  e th er  

a t  5°C gave a 67-75% y i e l d  o f  methyl 5 - a c e t y l g e n t i s a t e . Con

d e n sa t io n  o f  methyl 5 - a c e t y l g e n t i s a t e  w ith  oC-acetobromoglucose 

by the  Koenigs-Knorr method produced a 45-50% y i e l d  o f  5-  

a c e t o x y - 2 - ( t e t r a a c e t y l - y 6 -D -g lucopyranosy loxy)b en zo ic  a c id  

methyl e s t e r .  D e a c e ty la t io n  o f  t h i s  p en ta a c e ta te  in  0 . 1  N
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methanolic  sodium methoxide s o l u t i o n  r e s u l t e d  i n  a 50% y i e l d  

o f  5-hydroxy-2-yS-D-glucopyranosyloxybenzoic  a c id  methyl e s t e r .  

C r y s t a l l i z a t i o n  o f  the  product from methyl a l c o h o l  y i e ld e d  a 

w hite  c r y s t a l l i n e  m a te r ia l  w i th  m. p„ 175-176°C ( l i t .  178- 

180°C).

Preparat ion  o f  5 -Hydroxy- 2 -^-D -glucopyran- 
o s y loxybenzo ic  ac id

5-Hydroxy-2- |6-D-glucopyranosyloxybenzoic  a c id  methyl

e s t e r  (10 g , , 0 .0 3  m.) was d i s s o l v e d  in  barium hydroxide

(0 .43  N, 500 m l . ,  0 .4 3  m.) s o l u t i o n  and a l lowed to  stand for

5 hr .  a t  room temperature.  The r e a c t i o n  mixture was then

n e u t r a l i z e d  w i th  an e q u iv a le n t  amount o f  o x a l i c  a c id  s o l u t i o n .

The p r e c i p i t a t e  was f i l t e r e d  o f f  a f t e r  1 h r . ,  and when the

c l e a r  pa le  y e l lo w  f i l t r a t e  was concen tra ted  vacuo to  2 0 0

ml. volume, c r y s t a l l i z a t i o n  occurred .  The mixture was cooled  
o

a t  5 C o v e r n ig h t .  On the next  day,  the  w hite  c r y s t a l s  were 

f i l t e r e d  o f f  and d isca rd ed .  The f i l t r a t e  was taken to  dry

ness  vacuo and the w hite  s o l i d  was d i s s o l v e d  in  warm e th y l  

a lc o h o l  (120 m l . )  and f i l t e r e d .  The f i l t r a t e  was concen

t r a te d  to  h a l f  volume and added to  an ex ce ss  o f  e t h y l  a c e t a t e  

(1500 m l . ) .  The r e s u l t i n g  s o l u t i o n  was concen tra ted  t o  h a l f  

volume and the  w hite  p r e c i p i t a t e  was f i l t e r e d  o f f ,  washed
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w ith  e t h y l  a c e t a t e  and a i r - d r i e d  to y i e l d  3 .3  g .  (35%) o f  a 

product w ith  m. p. 155-156°C. On c r y s t a l l i z a t i o n  from hot  

water (50 m l . ) ,  very f i n e  short  w h ite  n e e d le s  ( 1 ,0  g . )  were 

produced w ith  m. p. 129-131°C. On c o n c e n tr a t in g  the  f i l t r a t e  

t o , 35 ml. volume, another crop o f  product ( 0 . 8  g . )  was ob

ta in ed  w ith  m. p. 129-131°C. R e c r y s t a l l i z a t i o n  from hot  

water gave a product with  m. p. 129-131°C,

A n a l . Calcd. f o r  Ci 3 Hg0 i 6 'H2 0  ( 3 3 4 .2 7 ) :  C, 46.71%;

H, 5.43%. Found: C, 46.72%; H, 5.42%.

Acid h y d r o l y s i s  o f  the product produced g e n t i s i c  ac id  

and g l u c o s e .  I t  d i s s o l v e d  r e a d i l y  in  5% sodium b icarbonate  

s o l u t i o n  w ith  e f f e r v e s c e n c e .  Paper chromatography in  var ious  

s o l v e n t  systems showed the  presence o f  on ly  one p u r p l i s h -b lu e  

f l u o r e s c i n g  compound under u l t r a v i o l e t  l i g h t .

The water  content  o f  the product was ob ta in ed  by a 

coulom etr ic  Karl F is c h e r  t i t r a t i o n  method ( 3 6 ) ,  c o u r te sy  o f  

Mr. Ron Grigsby. A sample ( 8  mg.) o f  the product showed 6.4% 

water c o n te n t .

P reparat ion  o f  G e n t i s ic  Acid D ia c e ta te

G e n t i s i c  a c id  d i a c e t a t e  ( 2 , 5 -d ia c e to x y b e n z o ic  a c id )  

was prepared by the  procedure o f  Wagner (3 5 ) ,  A y i e l d  o f  

73% o f  a w h ite  c r y s t a l l i n e  product was obta in ed  w i th  m. p.
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119-122°C ( l i t .  I18-119°C).

Preparat ion o f  1 - ( 2 , 5 - D i a c e t o x y g e n t i s o y l ) - 

- D - g l u c o s e - 2 , 3 , 4 , 6 - t e t r a a c e t a t e

G e n t i s i c  a c id  d i a c e t a t e  (19 g . 0 ,08 m. ) and oC-aceto- 

broraoglucose (3 2 .8  g . ,  0 .0 8  m.) were d i s s o l v e d  in  warm qu ino

l i n e  (55 m l . ) .  The temperature o f  the  mixture rose  from 40°C 

to  60°C a f t e r  s i l v e r  ox ide  (10 g . )  was added and the mixture  

s t i r r e d  manually fo r  5 min. A f te r  2 h r . , the v i scou s  m ater

i a l  was e x tr a c te d  with  2 0 0  ml. hot  a c e t i c  ac id  and f i l t e r e d .  

The dark red f i l t r a t e  was quenched w ith  s t i r r i n g  in  2 .5  1. 

co ld  water to g iv e  a brown p r e c i p i t a t e .  A fter  f i l t r a t i o n  and 

a i r  dry ing ,  the brown product (2 8 .1  g ,)  was c r y s t a l l i z e d  from 

methanol and charcoal  to  produce 20 g.  (44%) o f  a white  c r y s 

t a l l i n e  product w ith  m. p. 1 5 6 . 5 - 1 5 7 .5°C. R e c r y s t a l l i z a t i o n  

from methyl a l c o h o l  gave a m. p. 158-159°C.

Anal. Calcd. f o r  C2 5 H2 8 O1 5 (5 6 8 .5 0 ) :  C, 52.82%; H, 

4.96%. Found: C, 52.99%; H, 4.97%.

This compound has not been reported  in  the l i t e r a t u r e .

Attempted Preparat ion o f  l -G e n t i so y l -^ -D -
g lu c o se

yg -D -T e tr a a c e ty lg lu c o p y r a n o sy l -2 ,5 -d ia c e to x y b e n z o a te  

(10 g . )  d i s s o l v e d  r a p id ly  in  sodium methoxide (500 m l . ,
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0 . 1  N) to  g i v e  a br ig h t  y e l lo w  s o l u t i o n .  A f te r  2 min. the  

s o l u t i o n  turned orange.  It  was n e u t r a l i z e d  w ith  concentrated  

s u l f u r i c  a c i d ,  and the p r e c i p i t a t e  was f i l t e r e d  o f f .  Methyl 

a lc o h o l  was removed vacuo to  produce a brown o i l  ( 6  g . ) .  

Addit ion o f  a sm al l  amount o f  co ld  w ater ,  and a l s o  rubbing  

induced c r y s t a l l i z a t i o n  o f  the o i l .  The product was f i l t e r e d  

o f f  and washed w i th  a small  amount o f  co ld  water  to  g iv e  2 . 2  

g . (39.67c) o f  a c r y s t a l l i n e  cream-colored m a t e r i a l .  C r y s t a l 

l i z a t i o n  from h o t  water  (55 m l . )  produced p a le  y e l lo w  c r y s 

t a l s  (1 .8  g . )  w ith  m. p. 8 4 - 8 5 .5°C. R e c r y s t a l l i z a t i o n  from 

hot  water produced f i n e  white  n e e d le s  w ith  m. p,  86-87°C,

A nal . Calcd. f o r  ( 3 1 6 .2 7 ) :  C, 49.37%; H,

5.10%. Found: C, 56.85%; H, 4.58%.

The product did not d i s s o l v e  in  5% sodium b icarbonate  

s o l u t i o n .  Acid h y d r o ly s i s  y i e ld e d  no g l u c o s e .  Mixed m e l t in g  

poin t  w ith  a u t h e n t ic  s y n t h e t i c  methyl g e n t i s a t e  was unde

pressed and the  carbon and hydrogen a n a l y s i s  agreed w ith  th ose  

o f  methyl g e n t i s a t e .  The product obta ined  i s  b e l i e v e d  to be 

the methyl e s t e r  o f  g e n t i s i c  a c id .

A l l  the  carbon and hydrogen d eterm inat ions  in  t h i s  

i n v e s t i g a t i o n  were performed by Galbraith  L a b o ra to r ie s ,  Knox

v i l l e ,  Tenn.

The unknown g e n t i s i c  a c id  g l u c o s i d e  from sunflower
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l e a v e s  was chromatographed a g a in s t  s y n t h e t i c  g e n t i s i c  a c id -

5 - |6 -D -g lucos ide  and g e n t i s i c  a c id -2 -^ ~ D -g lu c o s id e  on Whatman 

No. 1 paper in  s e v e r a l  s o l v e n t  systems (Table 3 ) ,  The b lue  

f l u o r e s c e n c e  o f  the unknown g lu c o s id e  and th a t  o f  the  gen

t i s i c  ac id -5 -y â -D -g lu co s id e  were the  same on the  developed  

chromatograms under u l t r a v i o l e t  l i g h t  (3660 R ) . Ammonia 

vapor i n t e n s i f i e d  the  blue  f l u o r e s c e n c e .  However, the  

v a lu e s  o f  the unknown g l u c o s i d e  did not compare e x a c t l y  w i th  

th o se  o f  the  two s y n t h e t i c  g l u c o s i d e s  (Table 3 ) .

The u l t r a v i o l e t  spectrum o f  the  unknown g e n t i s i c  a c id  

g l u c o s i d e  from sunflower  l e a v e s  showed a maximum a t  312 rap.. 

A d d it io n  o f  e x ce ss  s o l i d  anhydrous sodium a c e t a t e  produced no 

s h i f t .  L ikew ise ,  the a d d i t i o n  o f  one drop o f  1% e t h a n o l i c  

aluminum c h lo r id e  gave no s h i f t  o f  the maximum.

S y n th e t ic  g e n t i s i c  a c id - 5 - ^ - D - g l u c o s i d e  showed a max

imum a t  318 mp. Addit ion  o f  anhydrous sodium a c e t a t e  produced 

a s h i f t  o f  the  maximum to  312 mp, whereas one drop o f  1% eth an

o l i c  aluminum c h lo r id e  s o l u t i o n  s h i f t e d  the  maximum to  327 mp.

Hence, on the  b a s i s  o f  R  ̂ va lues  and u l t r a v i o l e t  a b 

s o r p t i o n  s p e c t r a ,  the unknown g e n t i s i c  a c id  g lu c o s id e  does not  

correspond w ith  s y n t h e t i c  g e n t i s i c  a c id -5 - |0 -D -g lu c o s id e  and 

g e n t i s i c  a c id - 2 - |0 - D - g lu c o s id e .
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TABLE 3
VALUES OF GENTISIC ACID GLUCOSIDE

Solvent  Systems^
Compounds 1 2 3 4 5 6 7

G e n t i s i c  a c id -5 ^ 6 -  
D -g lu co s id e

0 .45 0 .24 0 .3 8 0 ,83 0 .85 0 .0 8 0 .5 2

G e n t i s i c  a c id - 2 - ^ -  
D -g lu cos id e

0.45 0 .15 0 .3 8 0 .8 3 0 83 0 .0 4 0 .5 4

Unknown Sunflower  
G e n t i s i c  a c id  
g lu c o s id e

0 .42 0 .24 0 .3 8 0 .8 3 0 .85 0 .0 8 0 .4 7

^Solvent  systems : (1) b u ty l  a l c o h o l - a c e t i c  a c id -  

water ( 6 : 1 : 2  v / v / v ) ; (2 ) i sob utyIm ethy l  ke tone-form ic  a c i d -  

water (3 :1 :2  v / v / v ) ;  (3) buty l  a l c o h o l - p y r id in e - b e n z e n e -  

water  ( 5 : 3 : 1 : 3  v / v / v / v ) ; (4) 15% a c e t i c  a c id ;  (5) i s o p r o p y l  

a lc o h o l - f o r m ic  a c id -w ater  (50:1:950  v / v / v ) ;  ( 6 ) b u ty l  

a lco h o l -2 N  ammonium hydroxide sa tu ra te d ;  (7) i sop ro p y l  

a l c o h o l - a c e t i c  a c id -w ater  ( 6 : 1 : 2  v / v / v ) .



CHAPTER VII

SUMMARY

A study has been made on the i d e n t i f i c a t i o n  o f  f l a v o -  

noids presen t  in  spinach l e a v e s .  The f l a v o n o l s  e x tr a c te d  and 

i d e n t i f i e d  were p a t u l e t i n  ( q u e r c e t a g e t i n - 6 -monomethyl e ther)  

and a q u e r c e t a g e t in  dimethyl e th e r .  The l a t t e r  compound has 

not been found p r e v io u s ly  in  nature and the name "spinacet in"  

has been proposed fo r  i t .  S p in a c e t in  has been t e n t a t i v e l y  

i d e n t i f i e d  as q u e r c e t a g e t i n - 3 6 - d i m e t h y l  e th e r  ( 3 , 4 ' , 5 , 7 -  

t e t r a h y d r o x y - 3 ' , 6 -d im e th o x y f la v o n e ) .

A pre l im inary  column and paper chromatographic study  

hcis been made on the p o lyp heno l ic  compounds presen t  in  bo ran- 

d e f i c i e n t  and boron-normal sunf lower  l e a v e s .  A marked i n 

cre a se  o f  blue  f l u o r e s c e n t  compounds was observed under u l t r a 

v i o l e t  l i g h t  (3660 X) in  the b o r o n - d e f i c i e n t  e x t r a c t s .  The 

compounds i s o l a t e d  from sunflower leaves  proved to be ch loro -  

g e n ic  a c id  ( 1 ,3 ,4 ,5 - t e tr a h y d r o x y c y c lo h e x a n e c a r b o x y l i c  ac id

3 - ( 3 ,4 -d ih ydroxyc inn am ate) ) ,  i so c h lo r o g e n ic  a c id  ( 1 , 3 , 4 , 5 -

58
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t e tr a h yd roxycyc loh exan ecarb oxy l ic  ac id  5 - ( 3 ,4 -d ih y d r o x y c in n a -  

mate)) and neo ch lo ro gen ic  ac id  (a c a f f e o y l q u i n i c  a c i d ) .

The p y r o l y s i s  products o f  the  n a t u r a l ly - o c c u r r in g  

p o ly p h e n o l ic  compounds r u t i n  ( q u e r c e t i n - 3 - r u t i n o s i d e ) ,  c h lo ro -  

g e n ic  a c id  ( 3 - c a f f e o y l  qu in ic  a c i d ) ,  and q u e r c e t in  were 

s t u d ie d  by column and paper chromatographic t ec h n iq u es .  The 

p y r o l y s i s  o f  r u t in  produced c a t e c h o l ,  4 - m e t h y I c a t e c h o l , r e -  

s o r c i n o l ,  f u r f u r a l ,  5 -hydroxym ethylfurfural  and 5 -m ethy lfur-  

a n -2 -a ld eh yd e .  Under s i m i l a r  c o n d i t io n s  q u e r c e t in  produced 

c a t e c h o l ,  4 - m e t h y I c a t e c h o l , r e s o r c i n o l  and p h l o r o g l u c i n o l . 

Chlorogenic  a c id  p y r o l y s i s  y i e ld e d  c a t e c h o l ,  4 -m eth y Ica tech o l ,

4 - e t h y I c a t e c h o l ,  benzoic  a c id  and qu in ide  (q u in ic  acid-%- 

l a c t o n e ) . In a d d i t io n ,  paper chromatographic a n a l y s i s  o f  the  

p y r o l y s i s  products o f  each compound i n d ic a t e d  the  presence  o f  

o t h e r ,  as y e t  u n i d e n t i f i e d ,  components,

Scopol e t i n - 4 ( 6 - m e t h o x y - 7 - h y d r o x y c o u m a r i n - 4 - C ^ ^ )  

was prepared by the method o f  Head and Robertson. The s t a r t 

ing  m a te r ia l  was potassium cyanide-C^^, The product was c o l 

umn-purif ied  and i t s  s p e c i f i c  a c t i v i t y  determined by r a d i o 

a s s a y .  Scopol in  was a l s o  prepared fo r  chromatographic pur

poses by the  procedure o f  Chaudbury.

G e n t i s i c  a c id - 5 - ^ - D - g lu c o s id e  and g e n t i s i c  a c id -2 -^ 4  

D -g lu c o s id e  were s y n t h e s i z e d  fo r  the  f i r s t  time from g e n t i s i c
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a c id  ( 2 , 5 -d ihydroxybenzoic  a c i d ) „ Sy n th es is  o f  1 - g e n t i s o y l -  

^ - D - g lu c o s e  was u n s u c c e s s f u l .  The unknown su nf low er  g e n t i s i c  

a c id  g l u c o s i d e  did not correspond in  u l t r a v i o l e t  s p e c tr a  and 

v a lu e s  to  the  two s y n t h e t i c  g l u c o s i d e s .
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