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The  g e r m i n a t i o n  is of epigeal  t y p e  (Figures 2 c-g).  The  
seeds s to red  for 6 m o n t h s  were al lowed to  g e r m i n a t e  a t  
d i f fe ren t  t e m p e r a t u r e s .  The  resu l t  ind ica tes  t h a t  for ger- 
m i n a t i o n  t he  t e m p e r a t u r e  r ange  is 20-55~ w i t h  an  
o p t i m u m  of 30~36~ (Figure 4). The  seedlings a p p e a r  in  
J u l y  w h e n  the re  is o p t i m u m  t e m p e r a t u r e  and  mois ture .  
This  expla ins  t he  cause  of i ts  d i s t r i bu t i on  eve rywhere  in 
t he  t rop ics  du r ing  t h e  r a i n y  season. 

P r i m a r y  d o r m a n c y  is of su rv iva l  va lue  for t he  species, 
as is i nd ica t ed  b y  i ts  p reva lence  a m o n g  wild p l a n t s  ~0-~a. 
W i n t e r  and  s u m m e r  are t he  d r y  p a r t  of t he  yea r  and  
t h e y  are u n f a v o u r a b l e  for t h e  g r o w t h  of Zornia diphylla. 
F r e s h  seeds of t he  species are ava i l ab le  in O c t o b e r -  
November ,  b u t  t h e y  show m a r k e d  d o r m a n c y  as t h e y  do 
no t  g e r m i n a t e  in a n y  condi t ion .  The  p r i m a r y  d o r m a n c y  
in f resh ly  h a r v e s t e d  seeds is due to  r u d i m e n t  e m b r y o  like 
Orchids ,  Ginkgo,  Hol ly  s. These  incomple te  seeds r each  
p o s t - h a r v e s t  m a t u r a t i o n  a f t e r  pass ing  t h r o u g h  win te r  
a n d  s u m m e r  seasons. H e n c e  o a  the  a r r iva l  of the  r a i n y  
season, t he  seed gets  re leased f rom i ts  d o r m a n t  phase ,  
f i r s t ly  due  to  t h e  f o r m a t i o n  of comple te  e m b r y o  a n d  

secondly  due to leaching  of u n k n o w n  chemica l  i nh ib i t o r / s  
in  t he  r a in  water .  Hence  for  su rv iva l  over  the  u n f a v o u r -  
able  w i n t e r  a n d  s u m m e r  seasons,  Zornia diphylla pos-  
sesses complex  t y p e  of d o r m a n c y  which  does n o t  p e r m i t  
i t s  g e r m i n a t i o n  in f resh seeds. This  b e h a v i o u r  is of g rea t  
ecological  s ignif icance s, 7. 

The  g rass l and  a n d  fores t  h a b i t a t s  of G o r a k h p u r  h a v e  
in tense  b io t ic  a c t i v i t y  of ca t t l e  and  man .  Graz ing  and  
sc rap ing  are special  fea tures .  M o n t h l y  h e r b a l  r e m o v a l  b y  
sc rap ing  is obse rved  to  s t i m u l a t e  shoo t  p r o d u c t i o n  in 
t he  species wh ich  is a c h a r a c t e r  of n o n - p a l a t a b l e  species 
of g rass land  s . The  reason  for good g r o w t h  for th i s  non-  
p a l a t a b l e  species m a y  be  due to comple te  absence  of 
p a l a t a b l e  species s. 
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Structure of Furaster in ,  a Chlorinated Metabol i te  f r o m  the Fungus  Phialophora asteris ( D o w n s o n )  
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Summary. Furas t e r in ,  4 - ch lo ro -7 -hydroxy-5 -me thoxy-2 -mefhy l -benzo fu ran ,  a new n a t u r a l l y  occur r ing  mono-ch lo-  
r i n a t e d  fungal  m e t a b o l i t e  was  isola ted f rom Phialophora Asteris (Downson) Burge  e t  Isaac.  I t s  possible  r e l a t ionsh ip  
w i t h  t he  b io syn the t i c a l  p a t h w a y  of t he  fungi toxic  d i ch lo r ina t ed  fungal  m e t a b o l i t e  c ryp tospor iops in  is discussed. 

I n  t he  scope of our  work  on  d i f fe rent  Phialophora 
vascu l a r  p a t h o g e n s  on p l a n t s  2, we h a v e  now  s tud ied  
Phialophora asteris (Downson)  Burge  et  I saac  a. Myco- 
logical f indings  p r o v e d  i ts  close r e l a t ionsh ip  w i t h  P.  
asteris f. sp. helianthi 4. The  l a t t e r  species was  earl ier  found  
to  p roduce  ( - ) c ryp tospor iops in  5, the  e n a n t i o m e r  of t he  
fmagitoxic and  a n t i b i o t i c  p r o d u c t  c ryptospor iops in* ,  7 
(Id, Scheme) P r o d u c t  Id  was earl ier  i so la ted  b y  McGAH- 
REI~ e t  aLL and  STRVNZ et  al. 7 f rom Sporormia aNinis 
(Sacc.) B o m m  and  Rous  a n d  Cryptosporiopsis sp., respec-  
t ively.  Our  a im was to  p rove  a c h e m o t a x o n o m i c  re la t ion-  
sh ip  be tween  P. asteris f. sp. helianthi and  P. asteris 
(Downson) Burge  e t  Isaac.  T he  p re sen t  p a p e r  descr ibes  
t he  isola t ion and  iden t i f i ca t ion  of a ch lo r ina t ed  m e t a b o l i t e  
f rom the  l a t t e r  species. I t s  possible  r e l a t ionsh ip  to t he  bio-  
syn thes i s  of c ryp tospo r iops in  is discussed. T he  fungus  
was s imi la r ly  g rown  in l iquid  s t a t i o n a r y  cu l tu res  as was  
ear l ier  descr ibed for P. asteris f. sp. helianthi s. G r o w t h  of 
t h e  o rgan i sm was s o m e w h a t  s lower ( to ta l  per iod  24 days) .  
The  isola t ion  of me t abo l i t e s  was  iden t ica l  to  t he  m e t h o d  
appl ied  for ( - ) c ryp tospor iops in  5. 

T h i n  layer  c h r o m a t o g r a p h y  (using Merck Fer t igp la t~en  
SiO2; c h l o r o f o r m - m e t h a n o l  5%) p r o v e d  the  presence of a 
s u b s t a n c e  w i t h  a s imi la r  Rf -va lue  as ( - ) c ryp tospor iops in  
(Rf 0.72). The  u n k n o w n  p r o d u c t  ( I I b  or c, Scheme) was 
pur i f ied  b y  p r e p a r a t i v e  t h i n  layer  c h r o m a t o g r a p h y  in a 
f inal  yield of 0.1 m g  f rom each  l i ter  of cu l tu re  med ium.  
Gas c h r o m a t o g r a p h y  (3 % OV-17,  i so the rma l ly  a t  160 ~ 
p r o v e d  t he  p r o d u c t  to  be  a t  leas t  95% pure,  t he  r e m a i n i n g  
pe rcen t age  be ing  composed  of several  m ino r  q u a n t i t i e s  
of impur i t ies .  

Mass s p e c t r o m e t i y  revea led  the  molecula r  we igh t  212 
w i t h  a t yp i ca l  i n t e n s i t y  r a t io  be t w een  t he  ions M+ a n d  
(M + 2)+ of 3:1,  i nd i ca t i ve  for t he  presence  of a single 

isotopic ch lor ine  a tom.  Loss of 36 mass  un i t s  f rom the  
f r a g m e n t  a t  m/e 169 w i t h  s i m u l t a n e o u s  d i sappea rance  of 
t he  t yp ica l  i sotope f r a g m e n t  a t  m/e 133 + 2 f u r t h e r  sup-  
p o r t e d  t he  m o n o - c h l o r i n a t e d  n a t u r e  of the  u n k n o w n  
compound .  A t  f i rs t  ins tance ,  t h e  above  f indings  s t rong ly  
sugges ted  a close r e l a t ionsh ip  be tween  t he  u n k n o w n  pro- 
d u c t  and  c ryp tospor iops in  (Id). The  l a t t e r  p r o d u c t  w i t h  
molecu la r  we igh t  264 could yield - a f t e r  r e p l a c e m e n t  of 
one  chlor ine  a t o m  b y  h y d r o g e n  a n d  a d d i t i o n a l  dehy -  
d r a t i o n  - a p r o d u c t  possess ing t he  cor rec t  molecu la r  
w e i g h t  212 in a g r e e m e n t  w i t h  t he  molecula r  fo rmula  ob-  
t a i n e d  f rom exac t  mass  m e a s u r e m e n t s ,  C10H,C10 a. How-  
ever,  t he  presence  of t he  m e t h y l e s t e r  g roup  was no t  con-  
f i rmed  b y  t he  mass  spec t rum.  Typ ica l  f r a g m e n t a t i o n  b y  
loss of 59 mass  un i t s  a n d  a s t rong  f r a g m e n t  ion a t  m/e 59, 
as obse rved  in the  s p e c t r u m  of Id,  were lacking f rom t h e  
s p e c t r u m  of t he  unknown .  

The  100 MHz 1 H - N M R - s p e c t r u m  measu red  in CC1 a 
showed  an  OMe-resonance  a t  d 3.9 p p m  in a ve ry  s imi la r  
region as in  t he  s p e c t r u m  of Id,  however ,  t he  t y p i c a l  re- 
sonances  be longing  to t he  allylic s ide-chain  were no t  
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presen t  and as a resul t  t he  previous ly  supposed  close 
s t ruc tu ra l  re la t ionship  be tween  the  unknown  and Id  
could no longer be main ta ined .  F u r t h e r  resonances  in the  
~H-NMR-spec t rum prov ided  r a the r  s t r a igh t fo rward  in- 
fo rmat ion  wi th  regard  to the  remain ing  s t ruc tu ra l  fea tures  
of the  unknown.  N e x t  to  the  OMe-resonanee,  a m e t h y l  
double t  (J = 0.9 Hz) was observed  a t  d 2.4 ppm.  De- 
coupl ing exper imen t s  p roved  th is  resonance to be coupled 
to  a single p ro ton  resonance  in the  olefinic region at  
6 6.26 ppm.  The posi t ion and small  coupling cons t an t  of 
b o t h  resonances  are in good ag reemen t  w i th  a 2-methyl-  
f u r an type  arrangementSa,% A 3 -me thy l - fu ran type  ar- 
r a n g e m e n t  can be excluded exclusively on the  basis of 
the  posi t ion of the  olefinic proton,  e.g. t he  C-2 p ro ton  in 
furan  is found  a t  & 7.42 p p m  s~ or a t  ~ 7.63 p p m  in the  
spec t rum  of the  benzofuran,  KhellinS% whereas  the  po- 
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si t ion of the  C-3 p ro ton  cor responds  to  the  observed value 
of 6.26 ppm.  2 single p ro ton  resonances,  one sha rp  and 
one very  broad,  were fu r the r  observed at  d 6.34 and  5.1 
ppm,  respect ively.  These resonances  were - in combina t ion  
wi th  UV-abso rp t i on  observa t ions  - ascribed to  an iso- 
la ted  p ro ton  of a p e n t a - s u b s t i t u t e d  aromat ic  nucleus and 
a phenolic  hydroxyl .  The UV-abso rp t ion  spec t ru m 
(CHaOH) showed m a x i m a  at  215, 235, 261 and 295 rim. 
Addi t ion  of a small  a m o u n t  of a weak alkaline solut ion 
caused a considerable  ba thoch romie  shif t  of p r imar i ly  
the  longest  wave leng th  b a n d  f rom 295 to  312 rim, t hus  
indica t ing  and conf i rming the  presence of a phenolic  
h y d r o x y l  group and  as a consequence,  an a romat ic  
moie ty .  

Similar UV-abso rp t ion  spec t ra  were observed in the  
case of p roduc t s  II110 and  IV 11, whereas  the  longest  wave-  
l eng th  b a n d  of compound  V a t  295 n m  showed a ba tho-  
chromic  shif t  to 315 m n  upon  addi t ion  of NaOH.  

The I R - s p e c t r u m  conf i rmed the  a romat ic  mo ie ty  by  
absorp t ions  a t  1610 and  1500 cm -1, while t he  pen ta -  
subs t i t u t ed  na tu re  was suppor t ed  by  weak absorpt ions  a t  
1730 and 1960 cm -1. F u r t h e r  s t ruc tura l  fea tures  were 
conf i rmed b y  absorp t ions  in the  appropr ia te  regions. 

The  combined  spectroscopical  da t a  suggested s t ruc ture  
I I b  or c for the  u n k n o w n  product .  The a r r a n g e m e n t  of 
t he  subs t i tuen t s  is chosen as given in I I  b for a n u mb er  
of reasons. 

Preceeding  the  isolat ion of c ryp tospor iops in  6, MC- 
GAI~REN and MITSCHER 12 isolated several  d ihydroisocou-  
mar ius  (VII,  a, c and  d, Scheme) and  discussed later ~ 
the i r  possible b iosyn the t i c  re la t ionship  wi th  crypto-  
sporiopsin.  Recen t  f indings by  HOLKER and YOUNG ~a on 
the  b iosynthes i s  of metabo l i t es  of Periconia mc~cro@inosa 
similar ly suggest  t h a t  the i r  me tabo l i t e  Ie (Scheme) is 
b iosynthes ized  f rom an aromat ic  precursor,  s t ruc tura l ly  
re la ted  to t he  fl-ketide-(VI~)-derived co-metabol i te  VII .  

We  now propose  t h a t  similar oxida t ive  decarboxyla t ion  
of t he  fi-ketide V i a  to  the  in t e rmed ia te  VI I I ,  ins tead  of 
being followed by  r ing con t rac t ion  to  p ro d u c t  I, m a y  
equal ly  lead to  the  fo rma t ion  of p ro d u c t  I I  it. The ar- 
r a n g e m e n t  of the  OH- and OMe-group is t hen  assumed to 
be ident ical  w i th  t h a t  found  for the  d ihydro i socoumar in  
metabo l i t es  f rom organisms which  produce  metabol i tes  
re la ted  to eryptospor iops in .  The fo rmat ion  of t he  furan 
r ing seems unusual  in being a po lyke t ide -der ived  subs- 
tance,  ins tead  of by  the  route  where  the  furan  carbon 
a toms  are der ived f rom mevalonic  acid. 

The remain ing  s t ruc tu ra l  feature  is the  posi t ion of the  
chlorine a t o m  at  e i ther  posi t ion 4 or 6. The d ihydro-  
i socoumarins  isolated by  McGAHREN and MITSCHER ~2 
and  by  HOLKER and YOUNG la are equal ly  in favor  for 
b o t h  posi t ions.  Nei ther  L a n t h a n i d e  sh i f t  s tudies ,  nor  a 
deta i led  s t u d y  of the  mass  spec t romet r ica l  f r agmen ta t ion  
in compar i son  wi th  re la ted compounds ,  allows unam-  
biguous conclusions.  Es t ima t ion  of the  a romat ic  pro ton  
chemical  shif t  using addi t ive  inc rements  provides  sup- 
po r t  for a C-6 a romat ic  H (calculated d 6.18 ppm,  found 
d 6.26) ins tead  of a C-6 ch loro-subs t i tu t ion  (atom. H at  
C-4 calc. 6 6.76 ppm).  An unequivoca l  s t ruc ture  assign- 
m e n t  seems, however ,  a t  p resen t  bes t  p rov ided  by  syn- 
thesis.  To the  bes t  of our knowledge p roduc t  I I ,  4-chloro- 
7 -hydroxy-5 -me thoxy-2 -me thy l -benzofu ran ,  for which  
we propose the  name  furaster in,  seems new among  na- 
tu ra l ly  occurr ing fungal  metabol i tes .  

In  the  scope of previous  observa t ions  of the  fungi toxic  
and  -ant i -bacter ia l  ac t iv i ty  of ch lor ina ted  metabol i tes ,  
we similar ly t e s t ed  the  ac t iv i ty  of furas te r in  against  
Pythium splendens. The ac t iv i ty  was considered of minor  
significance since a 20-fold amouDt (100 btg) of furas ter in  
was  required in order  to produce  an inh ib i to ry  effect 
equal  to c ryp tospor iops in  (5 txg)5. 
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