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in different solvents, do not  show As/e values consist- 
ent ly higher than  those shown at pH  9, these reaction 
conditions are the most  suitable for CD measurements.  
When  free L-cysteine was made to react  with 2-fluoro- 
3-nitropyridine, the positive band  at 367 nm and the 
negative band  at 425 nm increase simultaneously as a 
consequence of S--~N aryl migrat ion (Figure 6). As a 
result of these studies it m a y  be postulated that ,  when 
thiol and amino moieties are in a suitable relative 
position, they  react as a common functional group with 
electrophilic compounds.  This implies tha t  a selective 
modification of - S H  groups is not  possible in these 
cases. However,  this does not  complicate the configu- 
rational assignments, since both  CD bands appear  to 
be diagnostic of the optical configuration of cysteine 
residues. 

On the other hand, if methyl isothiocyanate  is 
allowed to react at: p H  4-6 with cysteinyl peptides, 
selective S-methyl th iocarbamoyla t ion takes place 2~. 
The derivatives exhibit  a weak UV-absorpt ion band  at 
about  325 nm in water, along with bands of greater 
complexi ty at  about  270 and 250 nm (Figure 7). When  
the di th iocarbamate  group is in a dissymmetrical  
environment,  these transitions present optical act ivi ty;  
Figure 8 illustrates the CD curve of S-methylthio-  
carbamoyl-glutathione at pH  4. The sign of the 320 nm 
CD band  is str ict ly solvent-dependent,  as shown in 

other thiocarbonyl  compounds24; therefore it is not  
automat ical ly  transferable to organic or aqueous- 
organic solutions. Hence, since the 320 nm CD band  
presents a high d issymmetry  factor, its sign at p H  
4-6  can be used to determine the optical configuration 
of the e-carbon a tom of cysteine in peptides, being 
positive for L-cysteinyl derivatives and negative for 
D-derivatives. In  the experimental  conditions em- 
ployed, no S - + N  shift of - C ( = S ) - N H M e  group has 
been observed. 

Therefore, on the basis of chirospectroscopic pro- 
perties of S-3-NPyr-  and S-methyl thiocarbamoyl-  
cysteinyl derivatives, it is possible to conclude tha t  
both  chromophoric  derivatives are extremely valuable, 
so far as the configurational assignment of cysteine in 
natural ly  occurring peptides is concerned. 

Zusammenfassung. Es wird eine neue Methode der 
stufenweisen Konsti tutionsaufklfirung yon Polypepti-  
den vorgeschlagen, mit  einer gleichzeitigen Bestim- 
mung  der Aminos~iuren-Konfiguration. Es ergab sich, 
dass man im Falle der freien Aminos~uren die Chro- 
mophorengruppe  des Carboxyls, gegebenenfalls auch 
jene der Seitenketten benfitzen kann. Fiir die Peptide 
sind neue Chomophorenderivate  N-endst~indiger Ami- 
nogruppen und  der SH-Funkt ion  des Cysteins vorge- 
schlagen worden. 
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On the Biosynthes is  of Neoflavanoids 

In continuing our studies on the biosynthesis of 4- 
phenyl coumarins 1 (neoflavanoids 2) we investigated the 
biogenetic relationship between calophyllic acid (Ia) a 
and inophyllolide ~ (II), two minor constituents of Calo- 
phyllum inophyllum (Guttiferae) seeds. We wished to 
establish whether it is the acid (Is) or 'the lactone (II) 
which is biosynthetized first. The comparison of specific 
activities after incorporation of a common radioactive 
precursor should resolve this question, since the inter- 
mediate should be the more radioactive compound *. 

We therefore administered 3-1~C phenylalanine, an 
established precursor of the C a unit of 4-phenyl cou- 
marins~, to young shoots of C. inophyllum in 2 separate 
experiments (lasting 1 and 2 weeks, respectively). Calo- 
phyllic acid (Ia) and inophyllolide (II) were isolated by 
repeated chromatography and crystallized to constant 
radioactivity 5. The results (dpm/mM) of both experi- 
ments are given in the Table. They reveal an approxi- 
mately 8-fold specific activity for (Is) [counted as its more 

soluble methyl ester (Ib)] than for (II). This suggests that  
calophyllic acid (Ia) is the biogenetic precursor of ino- 
phyllolide (II) ~. 

In order to control the above results we fed, in a short- 
term experiment (24 h), U-14C isoleucine, a very efficient 
precursor of the 2, 3-dimethyl chromanone ringL Again, 

1 G. KUNESCH and J. POLONSKY, Phytochemistry 8, 1221 (1969). 
2 W. B. ]~YTON, W. D. OLLIS, I. O. SUTHERLAND, O. ]~. GOTTLIEB, 

M. T. MAGALI-IAES and L. M. JACKMAN, Tetrahedron 22, 2683 
(1966). 

3 j .  t)OLONSKY, Bull. Soc. chim. fr. 1957, 1079. 
4 G. KUNESCH and J. POLONSKY, Chem. Cornmun. 7967, 317. 
5 Several experiments yielded approximately equal amounts of 

compounds (Ia) and (II). 
6 D. B. ZILVERSMIT, C. ENTENMAN and  M. C. ]E?ISHLER, J.  gen. Physiol  

26, 323 (1943). 
7 j .  GAUTIER, G. KUNESCH and J. POLONSKY, to be published.  
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c o m p o u n d  (Ib) was  found  to be  5 t imes  more  ac t ive  t h a n  
t he  l ac tone  (II).  

The  c o m p o u n d  (Ia) possesses a h y d r o x y l  g roup  in the  
&pos i t ion  of t he  ca rboxy l  group.  S imi la r  s t ab l e  & h y d r o x y  
acids h a v e  been  i so la ted  f rom severa l  o t h e r  Calophyllurn 
species s, 9. The  h ighe r  specific a c t i v i t y  m i g h t  be  exp la ined  
b y  t he  s t e r eochemis t r y  (E) of t he  cq fl double  b o n d  of t he  
acid. I n  t h i s  case, a n  i somer iza t ion  s tep  would  precede  t he  
l ac ton iza t ion  s tep a n d  r e a s o n a b l y  exp la in  t h e  h ighe r  labe l  
of t h e  acid. A s imi la r  b iological  double  b o n d  i somer iza t ion  
has  been  obse rved  in c o u m a r i n  b io syn thes i s  10 

I n  order  to  e s t ab l i sh  u n a m b i g u o u s l y  t he  s t e r eochem is t ry  
of t h e  c~, fl doub le  b o n d  of ca lophyl l ic  acid (Ia), we h a v e  
s tud ied  c o m p a r a t i v e l y  t he  Nuc lea r  O v e r h a u s e r  Ef fec t  
(NOE) of m e t h y l  c a lophy l l a t e  (Ib) a n d  inophy l lo l ide  (II).  
Because  of t he  r ig id  n a t u r e  of t h e  l a t t e r  c o m p o u n d ,  a 
s t rong  i n t e r a c t i o n  be t w een  t he  p r o t o n  a t  C-3 a n d  t he  
n e i g h b o u r  a r o m a t i c  p r o t ons  was expected .  I n  fact ,  
i r r ad i a t i on  of t he  a r o m a t i c  p r o t ons  a t  a p p r o x i m a t e l y  7.2 
p p m  causes  an  increase  of t he  i n t e n s i t y  of t he  p r o t o n  a t  
C-3 of 22%.  Fo r  c o m p o u n d  (Ib),  a N O E  of 21% was  
obse rved  u n d e r  t h e  same  e x p e r i m e n t a l  cond i t ions  for  t he  
co r re spond ing  pro ton ,  t h u s  e s t ab l i sh ing  u n a m b i g u o u s l y  
for t h e  ~, fl doub le  b o n d  of ca lophyl l ic  acid (Ia) t he  stereo- 
c h e m i s t r y  (Z). 

Tile absence  of s p o n t a n e o u s  l ac ton iza t ion  of ca lophyl l ic  
acid m a y  be  exp la ined  b y  t h e  s t rong  h y d r o g e n  b o n d  of t h e  
phenol ic  O H  w i t h  t he  c a r b o n y l  group of t h e  trans 2, 3- 
d i m e t h y l  c h r o m a n o n e  r ing  (for example ,  t he  O H  p r o t o n  
abso rbs  a t  12.5 p p m  a n d  does no t  r eac t  w i t h  diazo- 
m e t h a n e ) .  

So, as p rev ious ly  s t a t ed ,  t he  above  resul t s  sugges t  a 
b iogenet ic  sequence  i nvo lv ing  ca lophyl l ic  acid (Ia) as t he  
i m m e d i a t e  p recursor  of inophyl lo l ide  (II).  

On t he  basis  of th i s  a s sumpt ion ,  t he  fol lowing genera l  
scheme of b io syn thes i s  based  on  a n  ear l ier  p roposa l  b y  
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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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