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S P E C I A L I A  
Les a u t e u r s  son t  seuls r e sponsab les  des op in ions  expr im6es  dens  ces b r~ves  commun ica t i ons .  - F i i r  die K u r z m i t t e i l u n g e n  
is t  ausschl iess l ich der  A u t o r  v e r a n t w o r t l i c h .  - Pe r  le b r ev i  comunicaz ion i  ~ responsab i le  solo l ' au to re .  - The  ed i tors  
do n o t  ho ld  t h e m s e l v e s  respons ib le  for t he  op in ions  expressed  in t he  a u t h o r s '  b r ie f  repor ts .  -OTBeTCTSeHH0CTb 3a 
K0p0Tr(He Co06meHH~ neceT HCKnmq~TeSmHO aBT0p. -- Solo los au to res  son re sponsab les  de las op in iones  exp re sadas  en 

es tas  c o m u n i c a t i o n e s  breves .  
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Summary. Novel  p h y t o a l e x i n s  which  h a v e  been  isola ted f rom g rapev ine  leaves  a re  ol igomeric  fo rms  of t he  t r i h y d r o x y  
s t i lbene  resvera t ro l ,  wh ich  co-occurs w i t h  these  compounds .  The  c h a r a c t e r i z a t i o n  of one of these  p h y t o a l e x i n s  as a 
r e sve ra t ro l  d imer ,  de s igna t ed  e-viniferin,  is descr ibed  as well  as a model  for  i ts  b iosyn thes i s  f rom resvera t ro l .  

The  p r o d u c t i o n  of phy toa lex ins ,  an t imic rob i a l  c o m p o u n d s  
p roduced  b y  p l a n t s  in  response  to  infect ion,  is widely  be- 
l ieved to be a n  i m p o r t a n t  disease res i s tance  m e c h a n i s m  L 
A l t h o u g h  m a n y  p h y t o a l e x i n s  h a v e  now  been  charac-  
te r ized  (e.g.2), t he  m a j o r i t y  of these  are  p roduced  b y  
m e m b e r s  of t he  Leguminosae  and  t he  Solanaceae.  In -  
suff ic ient  s tud ies  of o t h e r  p l a n t  groups  h a v e  been  m a d e  
to s u p p o r t  t he  sugges t ion  t h a t  p h y t o a l e x i n  p r o d u c t i o n  
is a un ive r sa l  disease res i s t ance  m e c h a n i s m  in h igher  
p lan t s .  
We  h a v e  d iscovered  a new class of p h y t o a l e x i n  f rom 
g rapev ine  (Vitis v in i fe ra  L.) for which  we propose  t he  
t r iv i a l  generic  n a m e  vinifer ins ,  and  whose  p r o d u c t i o n  
m a y  be  a c o m m o n  fea tu re  of t he  v ine  f ami ly  (Vitaceae).  
E x t r a c t i o n  of d e t a c h e d  v ine  leaves  which  had  been  in- 
fected w i t h  B o t r y t i s  c inerea  or i r r ad ia t ed  w i t h  U V  l ight  
and  s u b s e q u e n t  b ioassay  of the  ex t r ac t s  on silica gel t h i n -  
layer  c h r o m a t o g r a m s  us ing  Cladospor ium cucmner inum:2 
has  revea led  t he  presence  of severa l  weak ly  acidic an t i -  
fungal  componen t s .  I n h i b i t o r y  c o m p o u n d s  c a n n o t  be 
de t ec t ed  b y  t h i s  t e c h n i q u e  in c o m p a r a b l e  e x t r a c t s  of 
h e a l t h y  leaves.  
One of these  a n t i f u n g a l  compounds ,  des igna ted  e-vini-  
ferin, was isola ted as a c h r o m a t o g r a p h i c a l l y  hom ogeneous  
a m o r p h o u s  solid m.p.  155-160 ~ us ing  S e p h a d e x  LH-20  
and  silica gel co lumn  c h r o m a t o g r a p h y .  F r o m  i ts  colour  
r eac t ion  w i t h  d iazot ised  p -n i t roan i l i ne  and  mass  spect ro-  
m e t r y  of e-vinifer in (P+ 454.1410), i t s  p e n t a m e t h y l  
(P+ 524) ( d i a z o m e t h a n e / e t h e r  in me thano l )  and  p e n t a  
ace ty l  (P+ 664) (acetic a n h y d r i d e / p y r i d i n e )  der iva t ives ,  

e-vinifer in  was c lear ly  a p e n t a p h e n o l  of f o rmu la  CesHe~O 6 

(M+ requi res  m/e  454.1416). I t s  U V  s p e c t r u m  [A maxEtOX 
n m  (e), 224 (54200), sh  286 (15100), 310 (22800), 324 
(24300), sh  345 (132000)] sugges ted  t h a t  e-vinifer in  m i g h t  
con t a in  a t r a n s  s t i lbene  moie ty .  T r a n s - r e s v e r a t r o l  (I, 
C14H~208) has  a s imi la r  long w a v e l e n g t h  c h r o m o p h o r e  
[~ EtoI-i ..... n m  (e), 218 (19100), sh  235 (11800), sh  297 
(24400), 306 (26800), 320 (25900), sh  336 (16700)] and  
th i s  c h r o m o p h o r e  of b o t h  e-vinifer in  a n d  t r an s - r e sve r a -  
t ro l  sh i f ted  to h igher  w a v e l e n g t h s  on  t he  a d d i t i o n  of 
1 N sod ium hydrox ide ,  i nd i ca t i ng  t he  presence  of a 
phenol ic  h y d r o x y l  g roup  in the  2- or 4-pos i t ion  of the  
s t i lbene  moie ty .  De ta i l ed  ana lys i s  of t he  100 MHz  ~H- 
N M R - s p e c t r a  of e-vinifer in  [(6 p p m  f rom TMS for D G- 
ace tone  solut ion,  mu l t ip l i c i ty  of signal,  coupl ing  c o n s t a n t  
and  integral)  4.50, d, J 5.4 H z  (1H): 5.45, d J 5.4 Hz 
(IH): 6.27, s (3H):  6.35, d, J 2.1 Hz  (1H): 6.75, d, J 2.1 Hz 
(1H): 6.76, d, J 8.5 Hz (2H):  6.86, d, J 8.5 Hz  (2H):  7.17, 
d, J 8.5 Hz  (2H):  7.22, d, J 8.5 Hz (2H):  6.73, d, J 16.0 Hz 
(1H):  6.93, d, J 16.0 Hz  (1H):  8.40, b rs  (5 5<OH)] a n d  i ts  
m e t h y l  and  ace ty l  de r iva t i ve s  and  t he  l aC-NMR-spec t rum 
of e-vinifer in  (figure) i nd ica t ed  t h a t  th i s  c o m p o u n d  has  
t h e  s t r u c t u r e  II. e-Vinifer in is t h u s  a d e h y d r o  d imer  of 
r e sve ra t ro l  (I). The  a s s ignmen t s  of t he  13C-NMR-spec- 
t r u m  of t r a n s - r e s v e r a t r o l  (I) are s h o w n  for c o m p a r i s o n  

1 J. Kud, Ann. Rev. Phytopath. 10, 207-232 (1972). 
2 J .L .  Ingham, Phytopathol. Z. 78, 314 335 (1973). 
3 J. A. Bailey and R. S. Burden, Phys. Plant Path. 3, i71 177 

(1973). 

Antifungal activity of resveratrol and derivatives 

Tic plate assay* Spore germination tests** Plasmopara vitieola*** 
Botrytis cinerea Cladosporium eueunlerinum Piricularia oryzae Zoospore release Zoospore motity 

Resveratrol >60 >200 >200 >200 >200 >200 
~-viniferin 1 97 47 28 35 11 
~-viniferin 9 ~ 200 150 57 > 100 > 100 
e-viniferin 2.5 100 37 n.t. 19 12.5 
CoinpoundVI 2 125 30 30 16 5 

* Minimum amount detectable (~xg) by Cladosporimn cucuinerinum tlc plate assay 3. ** Concentrations ([xg/ml) causing 50% inhibition of spore 
germination. *** Concentrations ([xg/ml) causing 50 % inhibition of release of zoospores from sporangia of Plaslnopara vitieola, or the motility 
of the zoospores after their release% Bioassays were carried out in duplicate and the results represent the mean values of at least 2 indepen- 
dent determinations. 
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(figure). The  a n t i c i p a t e d  4 a n d  rap id  l i gh t - induced  iso- 
mer i s a t i on  of t he  s t i lbene  m o i e t y  in e-vinifer iu  (II) to  t h e  
cis- isomer [Z EtOH max n m  (e), sh  262 (14300), 274 (18700), 
283 (17700), sh  294 (14300), sh  319 (7850)] was  obse rved  
d u r i n g  i so la t ion  of e-vini fer in  f rom leaves  w h e n  e x t r a c t s  
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25 MHz l~C-NMR-spectra and assignments of e-viniferin and trans- 
resveratrol for Ds-acetone solutions. Assignments (No. of carbons 
with this chemical shift, etc.): d ppm from TMS internal standard, 
multiplicity of signal in undecoupled speetrmn, Jc, a Hz. 
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were n o t  p r o t e c t e d  f rom day l igh t .  Cis-e-viniferin h a d  a 
p rac t i ca l ly  iden t i ca l  mass  s p e c t r u m  to t rans -e -v in i fe r in  
b u t  a d i s t i nc t  1H-NMR-spec t rum.  
The  proposed  s t r u c t u r e  (II)  sugges ted  t h a t  t r ans - res -  
v e r a t r o l  (I) a n d  o t h e r  ol igomers  of r e sve ra t ro l  m i g h t  co- 
occur  w i t h  e-vinifer in  in  b o t h  U V - i r r a d i a t e d  a n d  infec ted  
leaves  a n d  th i s  was  found  to  be t he  case. W e  h a v e  r ecen t ly  
descr ibed  8 t he  p r o d u c t i o n  of t r a n s - r e s v e r a t r o l  in  g rapev ine  
leaves  as a response  to  in fec t ion  or U V  i r rad ia t ion .  I n  
add i t i on  we h a v e  i so la ted  t h r e e  o t h e r  c o m p o n e n t s  f rom 
leaves  i r r a d i a t e d  w i t h  U V  l igh t  or  in fec ted  w i th  B. cinerea.  
These  are des igna t ed  ~-vinifer in  (proposed s t r u c t u r e  I I I )  
- a cyclic t r i m e r  of resvera t ro l ,  f l -viniferin wh ich  is 
p r o b a b l y  a cyclic t e t r a m e r  of r e sve ra t ro l  ( a l though  dif- 
f e ren t  f rom t h e  on ly  p rev ious ly  descr ibed  r e sve ra t ro l  oli- 
gomer,  h o p e a p h e n o l  ~) a n d  y-v in i fer in  w h i c h  is be l ieved to 
be  a more  h igh ly  po lymer i sed  ol igomer  of resvera t ro l .  
~-Vinifer in  (III)  was  t he  m a j o r  a n t i f u n g a l  c o m p o u n d  
de t ec t ed  in leaves  in fec ted  w i t h  B. c inerea  ( concen t r a t i on  
> 5 0  ~g/g fresh weight)  whi le  t h e  c o n c e n t r a t i o n  of e- 
v in i fe r in  was  e s t i m a t e d  to  be  10 ~xg/g. I n  a d d i t i o n  to c~- 
v in i fe r in  (20 ~g/g) a n d  e-vini fer in  (15 ~g/g), U V  i r r ad ia t ed  
leaves  c o n t a i n e d  f l-viniferin (9 Fg/g) and  y-vini fer in  
(80 [xg/g), t o g e t h e r  w i t h  o t h e r  un iden t i f i ed  a n t i f u n g a l  
componen t s .  Resvera t ro l ,  a l t h o u g h  n o t  a n o r m a l  con- 
s t i t u e n t  of t he  leaves,  was  p r e s e n t  as a m a j o r  c o m p o n e n t  
(ca. 700 ~xg/g) of a p p a r e n t l y  n o r m a l  l ignif ied s t e m  t issues 
of g rapev ineK e-Vinifer in  was also i so la ted  f rom t h e  same 
source (ca. 500 txg/g) wh ich  c o n t a i n s  severa l  o t h e r  an t i -  
funga l  c o m p o n e n t s  w h i c h  r eac t  w i t h  d iazot i sed  p -n i t ro -  
anil ine.  
The  a n t i f u n g a l  ac t iv i t i e s  of resvera t ro l ,  ~, Y a n d  ~-vini- 
fer ins  h a v e  been  c o m p a r e d  (table).  A l t h o u g h  r e sve ra t ro l  
ha s  s l ight  a c t i v i t y  aga in s t  funga l  myce l ia l  g r o w t h  on  a n  
aga r  med ium% t h e  genera l ly  low a c t i v i t y  of th i s  com- 
p o u n d  suggests  t h a t ,  unl ike  t h e  vini fer ins ,  r e sve ra t ro l  
shou ld  no t  be  cons idered  a phy toa l ex in .  Resve ra t ro l  
p r o b a b l y  func t ions  as t he  b i o s y n t h e t i c  p recursor  of t he  
vinifer ins .  W e  propose  t h a t  t he  v in i fe r ins  are b iosyn-  
thes ized  f rom re sve ra t ro l  b y  a n  ox ida t i ve  process  ana -  
logous to. t h a t  i n v o l v e d  in t he  f o r m a t i o n  of t he  d imer ic  
p h e n y l  p ropeno id  l ignans,  e.g. t h e  d e h y d r o  d i m e r  of iso- 
eugenol  (IV), n a m e d  l icar in  A (V) 7,8. S u p p o r t  for th i s  
h y p o t h e s i s  was  o b t a i n e d  w h e n  r e sve ra t ro l  was  t r e a t e d  
w i t h  ho r se rad i sh  pe rox idase  a n d  I-t20 ~. The  m a j o r  pro-  
d u c t  (40% yield) of t h i s  r eac t ion  was t he  a n t i f u n g a l  (table) 
r e sve ra t ro l  d imer  u  of s t r u c t u r e  ana logous  to t h a t  of e- 
v ini fer in .  Coupl ing  of t h i s  compound ,  or e-viniferin,  w i t h  
a d d i t i o n a l  un i t s  of r e sve ra t ro l  could  occur  b y  t h e  same 
process.  S imi lar  coup l ing  r eac t ions  h a v e  been  ach ieved  
w i t h  o the r  4 - h y d r o x y l a t e d  s t i lbenes .  
P rev ious  workers  g h a v e  n o t e d  t h e  c h e m o t a x o n o m i c  signi-  
f icance of the  m a j o r i t y  of p h y t o a l e x i n s  i so la ted  so far. 
Our  f ind ing  t h a t  r e sve ra t ro l  p r o d u c t i o n  is a response  of all 
m e m b e r s  of t he  Vi taceae  e x a m i n e d  6 a n d  t h a t  e ach  of these  
p l a n t s  p roduced  c o m p o u n d s  w i t h  s imi lar  c h r o m a t o -  
g raph ic  p roper t i e s  to  t he  v in i fe r ins  suggests  t h a t  t he  
p r o d u c t i o n  of v in i fer in- l ike  c o m p o u n d s  m a y  be  a cha-  
rac te r i s t i c  of t h e  f ami ly  Vi taceae .  Fu l l  e x p e r i m e n t a l  de-  
ta i ls  of t he  work  r epo r t ed  here  will be  pub l i shed  else- 
where.  
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