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SESHADR111 m a y  be  env i saged  for 4 - s u b s t i t u t e d  cou- 
m a t i n s  a n d  re l a t ed  c o n s t i t u e n t s  of G u t t i f e r a e  (scheme A) : 
f i -addi t ion of phloroglucino112 (IV) to c i n n a m i c  acid (V) 
(or i ts  b iological  equ iva len t )  leads  to  acids of t y p e  (VI) ; a 
r e p r e s e n t a t i v e  of t h i s  t y p e  of compound ,  chapel ie r ic  acid, 
has  b e e n  i so la ted  r ecen t l y  for t h e  f i r s t  t i m e  f rom a Calo- 
phyllum species ~a. The  poss ib i l i ty  of th i s  r eac t ion  in v i t ro  
ha s  b e e n  d e m o n s t r a t e d  ~. D e h y d r o g e n a t i o n  leads  to  
c o m p o u n d s  l ike (VII)  w h i c h  on  l a c t o n i z a t i o n  gives (VII I ) .  
R e p l a c e m e n t  of c i n n a m i c  acid b y  e v e n - n u m b e r e d  ct, /~- 
u n s a t u r a t e d  f a t t y  acids (or t h e i r  b io logica l  equ iva len t s )  
would  a c c o u n t  for  t h e  b iogenes is  of c o m p o u n d s  l ike 
ape ta l i c  acid 1~ as wel l  as for t h e  b i o s y n t h e s i s  of t he  
4 -a lky l -coumar ins ,  w h i c h  co-occur  f r e q u e n t l y  in  Calo- 
phyllum species 1,, 17. 

Accord ing  to  OLLIS a n d  GOTTLIEB ls t h e  4 -pheny l  
c o u m a r i n s  could be  fo rmed  b y  a l k y l a t i o n  of a pheno l i c  
u n i t  b y  c i n n a m y l  p y r o p h o s p h a t e  a n d  t h e  r eac t ions  shown  
in scheme  B. Th i s  p roposa l  is ba sed  on  cons iderab le  
p h y t o c h e m i c a l  ev idence  a n d  ha s  r ecen t l y  b e e n  subs t an -  
t i a t e d  b y  c o n v i n c i n g  in v i t ro  e x p e r i m e n t s  ~9. However ,  
t h i s  t h e o r y  is no t  c o n s i s t e n t  w i t h  t he  ex is tence  of in te r -  
m e d i a t e s  l ike ca lophyl l i c  acid (Ia) in  t h e  biogenesis  of 
inophy l lo l ide  (II).  

A l t h o u g h  resu l t s  o b t a i n e d  f rom in v ivo  e x p e r i m e n t s  in  
h ighe r  p l a n t s  m u s t  be  i n t e r p r e t e d  w i t h  cau t ion ,  d i f fe ren t  
p a t h w a y s  of n e o f l a v a n o i d  b i o s yn t he s i s  in  qu i te  d i f fe ren t  
b o t a n i c a l  families,  such  as t he  Gu t t i f e r ae  and  Leguminosae ,  
m i g h t  bes t  a c c o u n t  for t he  p r e s en t  knowledge  in t h i s  field. 
The  fol lowing m a j o r  d i f ferences  in  s t r u c t u r a l  f ea tu res  
s u p p o r t  t h i s  sugges t ion :  4 -pheny l  c o u m a r i n s  i so la ted  
f rom the  G u t t i f e r a e  genera l ly  possess a n  acyl  a n d  a n  
i soprenoid  s u b s t i t u e n t  on  t h e  po lyke t ide  uni t ,  w h i c h  are 
a b s e n t  in  t he  Legum i nos ae  fami ly ,  whereas  t he  wide 

v a r i e t y  of c o m p o u n d s  of t ypes  (X), (XI) and  (XI I )  has  
n o t  so far  been  i so la ted  f rom Gut t i f e rae .  

I t  m a y  be  n o t e d  t h a t  in  a r ecen t  p a p e r  OLLIS ~0 does no t  
exclude  t h e  poss ib i l i ty  of d i f fe ren t  b iogene t ic  p a t h w a y s  
for t he  neo f l avano ids  in  t he  G u t t i f e r a e  and  Leguminosae  
famil ies .  

Rdsumd. Les h y p o t h e s e s  sur  le m6can i sme  de l a -b io -  
syn th~se  des n6of lavanoides  son t  discut6es  sur  la  base  de 
r6su l t a t s  de nos  exp6r iences  d ' i n c o r p o r a t i o n  darts le 
Calophyllum inophyllum, 
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The Role of Phenolic Acids in the Browning,  Spontaneous Heating and Deterioration of Stored 
Soybeans 

The  s p o n t a n e o u s  b r o w n i n g  a n d  h e a t i n g  of s tored  soy- 
b e a n s  causes  cons ide rab le  d a m a g e  a n d  is, in  consequence ,  
a n  economica l  and  chemica l  p r o b l e m  of signif icance.  W e  
the re fo re  u n d e r t o o k  t h e  p r e s en t  i n v e s t i g a t i o n  to e luc ida te  
i ts  m e c h a n i s m  a n d  devise  a w ay  of i ts  ear ly  de tec f ion .A 
t h e o r y  h a d  b e e n  a d v a n c e d  p rev ious ly  b y  MILNER and  
TI~OMPSON 1 t h a t  t h e  m a i n  process  i nvo lved  was a Mail-  
l a r d - t y p e  suga r -p ro t e in  in te rac t ionS,  3, t he  s t a r t i n g  h e a t  
be ing  poss ib ly  p r o v i d e d  b y  funga l  growth.  Th i s  would,  
however ,  no t  exp la in  w h y  s p o n t a n e o u s  h e a t i n g  a n d  
b r o w n i n g  occurs  so m u c h  more  easi ly  in  soybeans  t h a n  in 
a n y  cereal  s to red  u n d e r  t h e  same  condi t ions .  

I n  t h e  course  of e x p e r i m e n t s  connec t ed  w i t h  a p rev ious  
c o m m u n i c a t i o n  4, we found  t h a t  w h e n  a dr ied aqueous  
e x t r a c t  of b r o w n e d  soy -bean  f lakes  was appl ied  to  a poly-  
a m i d e  co lumn,  a b r o w n  p i g m e n t  came  off t o g e t h e r  w i t h  t h e  
w a t e r  wash.  Th i s  p igmen t ,  w h i c h  m a d e  up  a l m o s t  all  t h e  
co loured  m a t e r i a l  p r e s e n t  in  t he  ex t rac t ,  gave  a t yp i ca l  
r e ac t i on  for  pheno l s  w i t h  ferr ic  ch lor ide  solut ion.  There -  
fore, a r eac t i on  i nvo lv ing  pheno l s  shou ld  p l a y  a role in  t he  
b r o w n i n g  of soybeans .  

I n  o rder  to  i nves t i ga t e  th i s  p h e n o m e n o n  more  t h o r o u g h -  
ly, a s y s t e m a t i c  ana lys i s  was  car r ied  out .  Soybeans ,  f ine ly  
g r o u n d  in a b lender ,  were  e x t r a c t e d  w i t h  e the r  in  a Soxh le t  
e x t r a c t o r  a n d  t he  e the r  .solut ion e x t r a c t e d  for acidic, weak-  
ly  acidic a n d  bas ic  subs t ances  5. 

The  acidic, b i ca rbona t e - so lub l e  f r ac t ion  o b t a i n e d  f rom 
'b rowned ' ,  b u t  no t  f rom sound  soybeans ,  c o n t a i n e d  a 
n u m b e r  of phenol ic  subs tances ,  as ev idenced  b y  p a p e r  
c h r o m a t o g r a p h y  (Figure),  t h i n - l a y e r  c h r o m a t o g r a p h y  and  
t he  Fol in-Cioca l teu  r eac t ion  s. Diazo t i sed  sulfani l ic  acid 
(Pau ly  reagent )  was  used for v i sua l i za t ionL  

I n  order  to  get  a q u a n t i t a t i v e  a p p r o a c h  we devised  t h e  
fol lowing procedure ,  ba sed  on  t h a t  of SINGLETON a n d  
Ross lS :  50 g of soybeans  were g round  a n d  e x t r a c t e d  in a 
Soxh le t  e x t r a c t o r  w i t h  d i e thy l  e ther .  The  e the r  was  
b r o u g h t  to  a v o l u m e  of 50 m l  a n d  e x t r a c t e d  w i t h  20 mI  
b i c a r b o n a t e  so lu t ion  (5 %). One ml  of th i s  was d i lu ted  w i t h  
I ml  of t h e  dis t i l led  w a t e r  a n d  i ml  of t h e  Fo l in  p h e n o l  rea-  
gen t  (BDI-I-di luted 1 : 4) was added,  fol lowed a f te r  3 m i n  
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by  1 ml  of sodium ca rbona te  solut ion 10~o. Spec t ro-ph  0- 
tomet r i c  readings were effected 90 rain la ter  a t  wave-  
length  770 rim. W h e n  the  opt ical  dens i ty  exceeded 1,800 
the  reac t ion  was repea ted  on a 10-fold di lut ion of the  ori- 
ginal b ica rbona te  ex t r ac t ;  the  opt ical  densi ty ,  so ob ta ined  
was mult ipl ied by  10. Optical  densi t ies  ob ta ined  this  way  
were used to  correlate  phenol ic  acid con t en t  wi th  o the r  
factors,  as descr ibed herewith,  and are t empora r i ly  de- 
f ined as phenol ic  acid index.  

I t  can be seen, f rom the  figure, t h a t  no Pau ly  react ive  
subs tances  are ob ta ined  when  the  phenol ic  acid index is 
0.827 or less. (This reading is p robab ly  due to uric acid, a 
na tu ra l  c o m p o n e n t  of soybeans  ~ ,which also gives a posi- 
t ive Folin reaction,  b u t  does no t  couple wi th  Pauly  re- 
agent).  Table I gives indices for fresh and  damaged  soy- 
beans.  The fact  t h a t  the  paper  c h r o m a t o g r a m  of the  mos t  
de te r io ra ted  sample  D shows a di f ferent  p a t t e r n  f rom 
samples  B and  C indicates  t h a t  the  b rowning  process, in 

Table III. Temperature, phenolic acid index and percent germination 
in stored soybeans 

T, ~ Phenolic acid index Germination ~o 

18 0.450 80 
18 0.950 89 
25 1.04 62 
25 1.66 76 
25 1.4 83 
25 1.34 0 
25 1.90 0 
25 2.08 0 
25 3.15 0 
25 4.35 0 

Normal soybeans: 80 90~o germination 

A B C D 

0 0 0 

Q 
0 

Paper chromatography of phenolic acids, extracted from soybeans in 
various stages of deterioration. (Solvent 20% aqueous KC1, visualiza- 
tion Pauly reagent 7. A) sound beans, phenolic acid index 0.827; 13) 
slightly browned beans, phenolic acid index 6.60; C brown beans; 
phenolic acid index 6.75; D) brown-black beans, phenolic acid index 
17.00. 

Table I. Increase in phenolic acids with deterioration 

Phenolic acid index 

Sound beans 0.520 
White, visibly mouldy beans 1.770 
Black beans sample 1 12.20 
Black beans sample 2 8.20 

t e rms  of phenolic  acid format ion ,  is a complex  one. The 
re la t ively  high reading  for mouldy,  bu t  no t  discoloured 
beans  in the  Table I seems to indicate  t h a t  moulds  are the  
cause of an increase in phenol ic  acids. I t  is clear f rom the  
above t h a t  t he  phenol ic  acid index  is an indica tor  for s ta r t -  
ing de ter iora t ion  long b e f o r e  any  visible discolorat ion 
appears  on the  bean.  

Tes t ing  a s torage b in  at  var ious  poin ts  a t  var ious  t imes,  
we found increases in phenol ic  acid index  wi th  a rise in 
t empera tu re .  These f indings  are summar ized  in Table  II .  

An in te res t ing  correla t ion was found  be tween  the  pheno-  
lic acid index  and  germinat ion .  At  25 ~ ge rmina t ion  power  
decreased cons iderably  when  the  phenol ic  acid index 
reached 1.04, and wen t  down to zero, when  i t  reached 1.90. 
The actual  measu remen t s  are shown in Table  I I I .  

F r o m  the  da t a  in our  possession, i t  is no t  ye t  possible  
to es tabl ish  the  exac t  role of phenol ic  acids in t he  inhibi-  
t ion  of germinat ion .  MAYER 1~ as well as BERI~IE et  al. n 
have  descr ibed a n u m b e r  of fungus-produced  phenol ic  
lactones  t h a t  inh ib i t  the  ge rmina t ion  of le t tuce  seeds, 
while MACKO et al. 1~, la showed 2 der iva t ives  of c innamic  
acid to be inhibi tors  of the  germina t ion  of Uredospores .  

There  are a n u m b e r  of ways  in which  phenol ic  acids 
could pa r t i c ipa te  in b rowning  and  hea t ing :  They  could, 
like any  phenol ,  form b rown  humus- l ike  mater ia l s  by  con- 
dens ing  wi th  sugars, in analogy to  ]3aekeland's  phenol-  
fo rma ldehyde  reac t ion  l~; c innamic  acids could be poly-  
merized by  a free radical  mechanism,  poss ibly  ca ta lyzed  
by  t races  of metals .  Bo th  react ions  are exo the rmic  and 
could con t r ibu te  to  ' spon taneous '  heat ing.  The possible 
fo rmat ion  of me lan ine  t h ro u g h  the  act ion of a fungal  poly-  
phenol  oxidase ~ can also not  be overlooked.  

I t  seems t h a t  fungi  or o ther  p l an t  pa thogens  are the  
cause of t he  fo rmat ion  of phenol ic  acids in soybeans .  This  

Table II. Increase of phenolic acid index with temperature 

Date of sampling 22.4 
Test Point 1 Phenolic acid index 0.740 

t, ~ 21 
Test Point 2 Phenolic acid index 0.950 

t, ~ 23 
Test Point 3 Phenolic acid index 0.450 

t, ~ 
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can  be  in fe r red  f rom our  f indings ,  in  a d d i t i o n  to  t he  large 
a m o u n t  of ev idence  a c c u m u l a t e d  in t h e  l i t e ra tu re .  Some 
of t h e  p h y t o a l e x i n s  m e n t i o n e d  b y  CRIJICI~SI~ANK ~6 are 
der ived  f rom phenol ic  acids. KLARMAtr 17 i so la ted  phenol ic  
subs t ances  f rom soybeans  in fec ted  w i t h  p h y t o p h t o r a  me-  
g a s p e r m a ;  so d id  BIEHN, WILLIAMS a n d  KlJd ~s a f te r  in- 
fec t ing  t he  b e a n s  w i t h  va r ious  fungi.  

This  p a p e r  does n o t  deal  w i t h  t he  physio logica l  and  
toxicological  sides of t he  p h e n o m e n o n .  However ,  in  v iew 
of t h e  u l t i m a t e  a im  of h u m a n  cons um pt i on ,  these  aspects  
h a v e  to be  k e p t  in  mind ,  as c lear ly  po i n t ed  ou t  b y  SINGL~- 
TON a n d  KRATZER 19. 

Zusammen/assung. B e i m  s p o n t a n e n  B r ~ u n e n  u n d  Er-  
h i t z e n  yon  ge lager ten  S o y a b o h n e n  b i lden  sich Pheno l -  
s~turen, welche  eine a k t i v e  IRolle in E n t s t e h e n  des Lager-  

s chadens  spielen u n d  a u c h  als dessen F r i i h i n d i k a t o r  d ienen  
k6nnen .  
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S y n t h e s i s  and  S t e r e o s p e c i f i e  S y n t h e s i s  of s o m e  A l k y l - 5 - A m i n o - l - G l y c o f u r a n o s y l  I m i d a z o l e - 4 - C a r -  
b o x y l a t e s  Re la ted  to  I n t e r m e d i a t e s  in Pur ine  N u c l e o t i d e  de n o v o  B i o s y n t h e s i s  

The  amino imidazo l eca rboxy l i c  acid r i bo t ide  C - A I R  (I) 
is a n  i m p o r t a n t  i n t e r m e d i a t e  in  t he  b io syn thes i s  de novo  
of pu r ine  nuc leo t ides  1, a n d  is of va lue  for t he  syn thes i s  of 
acyclic  i n t e r m e d i a t e s  in  t h e  same  p a t h w a y .  W e  h a v e  
syn thes i zed  t h e  nuc leo t ide  p rev ious ly  2 b y  p h o s p h o r y l a -  
t i o n  of t he  i sopropy l idene  r ibonucleos ide  (IIa) ,  s u b s e q u e n t  
r e m o v a l  of t h e  i sopropy l idene  group  w i t h  acid, and  hydro -  
lysis  of t he  es ter  w i t h  alkali .  T he  imidazole  es ter  ( IIa)  was 
o b t a i n e d  b y  t he  r eac t ion  of 2, 3, 5-tri-O-benzoylribofuran- 
osy l amine  (III)  w i t h  t h e  f o r m i m i d a t e  (IVa), hydro lys i s  of 
t he  der ived  t r i b e n z o y l  nucleoside,  and  c o n d e n s a t i o n  of t h e  
r e su l t i ng  nucleos ide  w i t h  d i m e t h o x y p r o p a n e  and  tosic  
acid, or b y  c o n d e n s a t i o n  of t he  2 ,3 , -O- isopropyl idene  
r i b o f u r a n o s y l a m i n e  t o s a t e  (V)a w i t h  t he  same  r eagen t  
(IVa) in  t h e  presence  of base.  

S u b s e q u e n t  r eac t ions  of t he  p r o t o n a t e d  i sopropyl idene  
r i b o f u r a n o s y l a m i n e  (V) w i t h  (IVb) (p repared  b y  re f lux ing  
e t h y l - e - a m i n o - e - c y a n o a c e t a t e  w i t h  t r i e t h y l  orthoformate 
in  ace ton i t r i l e  for 45 rain) a n d  base,  however ,  gave  a 
m i x t u r e  of t h e  a- a n d  f l - isopropyl idene amino imidazo l e  
nucleosides  ((VI) a n d  (IIb) ,  respect ively) ,  wh ich  were v e r y  
r ead i ly  s e p a r a t e d  w i t h o u t  c h r o m a t o g r a p h y  and  o b t a i n e d  
as c rys ta l l ine  solids (Table  I). Closer e x a m i n a t i o n  of t h e  
ear l ier  r eac t ion  of (V) w i t h  t he  m e t h y l  es ter  f o r m i m i d a t e  
(IVa) a n d  base  also revea led  t he  presence  of t h e  corre- 
s p o n d i n g  e-nucleoside.  

Table I. 

Imidazole Yield m.p. ~ laird ~ (C, %)~Zmax(nm) ~ [e] BRATTON 
nucleoside (%) MARSHALL 9 

) ~ ( n m )  

(XIV) 75 177-9 --24 ~ (0.4) 266 [12,640] 513 
(VI) 22 188-190 70 ~ (0.3) 267 [11,060] 508 
(IIb) 16 180-2 --97 ~ (0.3) 267 [12,900] 512 
(tla) -- 161-2 --100 ~ (0.3) 267 [13,200] 508 
(X) [A] 20 225 6 +95 ~ (0.2) 267 [13,000] 518 
(XI) [B] 20 190-2 +43 ~ (0.2) 266 [12,700] 508 

Measured in DMSO. b Slight inflection at 230-240 rim; solvent nle- 
thanol. 

The  same  m i x t u r e  of e- a n d  fl-nucleosides (VI) and  ( l ib )  
was  also o b t a i n e d  b y  a mod i f i ca t ion  of t h i s  l as t  syn thes i s  
wh ich  i nvo lved  pr io r  r eac t ion  of t h e  r i bosy l amine  to sa t e  
(V) w i t h  e thy l  f o r m i m i d a t e  hyd roch lo r ide  a n d  t r i e thy l -  
amine ,  a n d  s u b s e q u e n t  r eac t ion  of t h e  m i x t u r e  of in ter -  
med ia t e s  (VII) ,  wh ich  are p r e s u m a b l y  formed,  w i t h  
e thy l - a - amino -e - cyanoace t a t e .  

The  s t r u c t u r e  ass igned to  t he  m e t h y l  fl-nucleoside (IIa)  
was conf i rmed  b y  e l e m e n t a l  analysis ,  a n d  compar i son  
(TCL, IR ,  UV, m.p.  a n d  mixed  m.p.)  w i t h  m a t e r i a l  a l r eady  
p r e p a r e d  v ia  t h e  benzoy l  i n t e r m e d i a t e  a n d  earl ier  shown  
to h a v e  t he  f l -conf igurat ion b y  convers ion  in to  inosine~ 
a n d  in to  va r ious  i n t e r m e d i a t e s  in  t h e  de novo  p a t h w a y  
leading  to pu r ine  nucleot ides .  

A s s i g n m e n t  of t he  f l - s t ruc ture  to  t h e  co r re spond ing  
e t h y l  es ter  nucleoside  ( I Ib)  was  conf i rmed  b y  e l emen ta l  
analysis ,  mass  s p e c t r u m  (M+ = 327) a n d  b y  compar i son  
of op t ica l  r o t a t i o n  (Table  I), a n d  c i rcular  d ich ro i sm 
(Figure 1) m e a s u r e m e n t s  w i t h  these  of t h e  m e t h y l  
fl-nucleoside (IIa) .  The  fl-ethyl es ter  nucleos ide  ( I Ib)  w i t h  
a m m o n i a  gave  t he  amino imidazo l e  c a r b o x y a m i d e  (IIc) 
wh ich  was iden t ica l  (TLC in severa l  solvents)  w i t h  t h a t  
p roduced  f rom the  f l -methyl  es ter  (IIa) .  The  s t r u c t u r e  
ass igned to t he  e thy l  a-es ter  (VI) was  conf i rmed  b y  ele- 
m e n t a l  analysis ,  mass  s p e c t r u m  (M + = 327) a n d  t h e  
differences  in op t ica l  r o t a t i o n  (Table  i) a n d  c i rcular  
d i ch ro i sm (Figure 2) m e a s u r e m e n t s  c o m p a r e d  to those  of 
t he  fl-ester (IIb) .  The  e-r iboside  (VI) also differs f rom the  
f l -anomer  in b e h a v i o u r  on  t h i n  l ayer  c h r o m a t o g r a m ,  a n d  
r a t e  of loss of i sopropy l idene  group  in 10% aqueous  acet ic  
acid a t  100~ (the fl-form requ i red  2 h for comple t e  
d e a c e t o n a t i o n  c o m p a r e d  w i t h  31/~ h for t h e  s - fo rm;  some 
ag lycone  was fo rmed  in each  case). 

I n  a d d i t i o n  t he  a s s ignmen t s  agree  well  w i t h  HUDSON'S 4 
i so ro ta t ion  rules. These  rules h a v e  been  shown  to a p p l y  to 
ana logous  pu r ine  nucleosides  5. The  N M R - s p e c t r a  were no t  
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