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tes P i g m e n t  ophio l i th i scher  H e r k u n f t  zurfickzuft ihren.  
Als Mater ia t spender  fal len Serpen t ine  und  Per ido t i t e  in 
Betracht, de ren  F 6 r d e r u n g  syn-  oder  prae-ober jurass isch  
erfolgte (GRUNAU 6, GEES4). 

b) Die ober jurass i schen  Si idtess iner  Rad io la r i t e  zeich- 
nen sich aus du rch  das  Feh len  typ i sch  lauchgri iner  
Farbt6ne, durch  einen Cr-freien und T i -a rmen  Spuren-  
dementbez i rk  und e inen betr~ichtl ichen Karbona tan te i l .  
Ein d i rekter  oder  ind i rek te r  Ophiol i theinf luss  ha t  sich 
hier n ich t  b e m e r k b a r  gemacht .  

c) Die Gr t infgrbung einiger  ober jurass ischer  Radio-  
larite der  S i m m e n - D e c k e  ist  du rch  ein F a r b p i g m e n t  
unbekannter  H e r k u n f t  bedingt ,  Es  w/ire vie l le icht  zu 
denken an ein prae- t r ias isches,  kr is ta l l ines  Liefergebie t  
oder an  e inen jurass ischen Ophio l i th -Ante i l  der  S immen-  
Decke, de r  a l lerdings heu t e  vollst~tndig wegerodier t  ist. 
Die sp~trlichen Res te  yon  Alb i t -Diabasen  sind bekann t -  
lich jf inger als Cenoman  und gl ter  als Pr iabon  (ARBENZ 7, 
GRUNAU s) und s tehen  somi t  in ke iner  Beziehung zur  
Griinfgrbung. 

H. R. GRUNAU und TH. HOGI 

Geologisches Ins t i tu t  und Mineralogisch-Petrographi- 
sches ins t i tu t  der Universitiit Bern,  den 2. M a i  1957. 

S u m m a r y  
HaC CH a 

The t race  e l emen t  c o n t e n t  of a few Swiss ophiol i tes ,  H O ~  / / O H  
radiolarian cher t s  and marls  has been de t e rmined  by  
means of spec t rograph ic  methods .  I] 

Field observa t ions ,  microscopical  and spectro-  ~ R  
graphical d a t a  lead to the  conclusion t h a t  the  colour  I 
of green cher ts  in cer ta in  areas is due to the  supply  of O 
elastic per ido t i t e -  and serpent ine-par t ic les  o r ig ina t ing  I II 
from a s y n - t e m p o r a n e o u s  u l t rabas ic  igneous body.  

6 H. GRU~A1% Eclogae geol. Helv. 39, '258 (1947}. 
K. ARBENZ, Beitr. geol. Karte Sehweiz [N.F.] 89, 41 (1947). 

8 H. GRUNAV, Sehweiz. rain. petrogr. Mitt. 25, 325 (1945). 

T h e  C o n s t i t u t i o n  of Fi l ix ic  Acid  

BOEHM x has proposed  the  a l t e rna t ive  s t ruc tures  I and 
II for filixic acid, a major ,  b io logica l ly-ac t ive  cons t i t uen t  
of the resin of A sp id ium F i l i x  mas. These s t ruc tures  were  
based la rge ly  on the  fac t  t h a t  fil ixic acid is hydro lysed  
by zinc d u s t  and alkal i  to  a m i x t u r e  of bu tyr ic  acid,  
filicinic acid ( I I I ,  R = H) 1 : 3 : 5 - t r imethylphlorogluc inoI  
and n-butanoyl f i l ic in ic  acid ( I H ,  R - - -  COCH2CH2CH3). 
The yields of the  fil icinic acids p roduced  on hydrolys is  
indicated t h a t  a t  least  two filicinic acid moiet ies  were 
present in the  filixic acid molecule.  

Also, a lbasp id in  (IV) was ob ta ined  when filixic acid was 
refluxed for a p ro longed  t i m e  wi th  e thanol .  Bis-benzene-  
azophlorobutyrophenone  was fo rmed  when  filixic acid 
was t rea ted  wi th  d iazoaminobenzene .  These  degrada t ion  
experiments sugges ted  t h a t  fit ixic acid  con ta ined  two  
n-butanoylfi l icinic acid units ,  as in albaspidin,  combined  
with a single p h l o r o b u t y r o p h e n o n e  uni t .  I n  order  to ac- 
count for the  fo rma t ion  of l : 3 : 5 - t r i m e t h y l p h l o r o g l u c i -  
nol in the r edne t ive  hydrolys is ,  s t ruc tu res  were proposed 
in which more  t h a n  one m e t h y l e n e  br idge  connec ted  
particular nuclei.  

1 R. BOEIfM, Liebigs Ann. Chem. 318, 253 (1901). 
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This  indica tes  a molecu la r  fo rmula  Ca~H,4012 (re- 
qu i r ed :  C, 64-6; H,  6-63; O, 28-71) which agrees well  
wi th  our  e x p e r i m e n t a l  resul ts  {found : C, 64-6; H, 6.50; 
O, 29-00) and thoseoIBoEHM, bu t  canno t  bed i s t i ngu i shed  
wi th  c e r t a i n t y  by  this means  f rom the formulae  C35H4,OR 
(required:  C, 64.4; H,  6.14; O, 29.46) p roposed  by  
BOEHM. On the  basis of the s t ruc tu re  V the  fo rma t ion  of 
1 :3 :  5 - t r imethy lph lo rog luc ino l  is to be a t t r i b u t e d  to a 
d i sp ropor t iona t ion  reac t ion  2 s imilar  to t h a t  which  leads 
to the  fo rma t ion  of 1 : 3 : 5 - t r ime thy lph lo rog luc ino l  f rom 
f lavaspidic  acidK Similar ly ,  i t  has  been  shown that 
a lbaspid in  m a y  be fo rmed  f rom I lavasp id ic  acid by  
d i sp ropor t iona t ion  in mild a lkal ine  condi t ionsK This  
provides  an  exp l ana t i on  for the  f o r m a t i o n  of a lbaspid in  
f rom filixic acid t h a t  does no t  r equ i re  t h a t  the  two  
butanoylf i l ie in ic  acid uni ts  in fil ixic acid should  be in 
ad j acen t  posit ions.  

a A. J. BtRCH, J. chem. Soc. 1981, 3t)26. 
3 A. McGooKtN~ A, ROI~ERTSON, and T. H. S[MeSO~, J. chem. Soc. 

1953, 1828, 
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T h e  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 u m  of f i l ixic ac id  is 
in  a g r e e m e n t  w i t h  s t r u c t u r e  V. I n  e t h a n o l  i t  h a s  m a x i m a  
a t  228 m/ ,  (e 41,000) a n d  288 m #  (e 29,000) w h i c h  a re  
t yp i ca l  of enol i sed  2-acylcyclohexane-1 : 3 -d iones  4. I n  con-  
n e c t i o n  w i t h  s t ud i e s  on  t h e  c o n s t i t u t i o n  of a s p i d i n  a n d  
f lavaspidic,  ac id  AEBI ~ h a s  s h o w n  t h a t  t h e  e x t i n c t i o n  
va lues  of t he se  c o m p o u n d s  m a y  be  a r r i v e d  a t  b y  ad-  
d i t i on  of t h e  e x t i n c t i o n  v a l u e s  of t h e  c o m p o n e n t  nuc le i  
i n s u l a t e d  b y  m e t h y l e n e  groups .  T h e  a d d i t i o n  of t h e  ex-  
t i n c t i o n  v a l u e s  a t  t h e  a b s o r p t i o n  m a x i m a  of t w o  b u t a n -  
oylf i l ic inic  ac id  nuc le i  (2 X 12,510) a n d  one  p h l o r o b u t y -  
r o p h e n o n e  (e 13,000) in  t h e  r eg ion  of 228 m #  gives  a 
v a l u e  of 38,120 w h i c h  is in  r e a s o n a b l e  a g r e e m e n t  w i t h  
t h e  o b s e r v e d  va lue .  S imi la r ly ,  t h e  c a l c u l a t e d  v a l u e  a t  t h e  
h i g h e r  w a v e l e n g t h  m a x i m u m  is 27,210. 

F i l ix ic  ac id  does  n o t  give a c o l o r a t i o n  w i t h  GIBBS 
2 : 6 - d i c h l o r o q u i n o n e c h l o r o i m i d e  r e a g e n t  s. Th i s  m a k e s  
sugges t  s u b s t i t u t i o n  of u n l i k e l y  a l t e r n a t i v e  s t r u c t u r e s  
for  fi l ixic acid in  w h i c h  t h e r e  a re  u n s u b s t i t u t e d  pos i t i ons  
para to  pheno l i c  h y d r o x y l  groups .  

\¥. R.  CHAN* a n d  C. H.  HASSALL 

Department o] Chemistry, University College o/ 
Swansea (Wales), April  t6, t957. 

Zusammen/assung 

E s  wi rd  die V e r m u t u n g  a u s g e s p r o c h e n ,  dass  F i l ix-  
siiure,  e in  I n h a l t s s t o f f  y o n  F a r n w u r z e l n ,  die K o n s t i t u -  
t i o n s f o r m e l  (V) h a t .  

4 }V. R. CHAN and C. H. HASSALL, J. chem. Soc. 1956, 3495. 
5 A. AEBI, Helv. chim. Acta 39, 153 (1956}. 
B H. D. GxBBS, J.  biol. Chem. 72, 649 (1927). 
* Present address: Department of Chemistry, University of 

Glasgow. 

C h r o m a t o g r a p h i c  D ~ t e c t i o n  a n d  E s t i m a t i o n  

o f  F u s a r i c  A c i d  

F u s a r i c  ac id  was  f i r s t  i so la t ed  b y  GAUMANN a n d  h is  
schoo l  of worke r s  I f r o m  c u l t u r e s  of Fusarium lycopersici 
Sacc.  a n d  h a s  s ince  b e e n  k n o w n  to  b e  p r o d u c e d  b y  
seve ra l  F u s a r i a .  T h e  p r e s e n c e  of t h i s  t o x i n  in rive i n  
w i l t - i n f e c t e d  c o t t o n  p l a n t s  w as  r e p o r t e d  b y  us  ea r l i e r  2 
a n d  e s t a b l i s h e d  to  b e  t h e  rive-toxin i n  t h e  Fusarium wil t  
of c o t t o n .  ZAHNER 3 r e p o r t e d  t h e  c h r o m a t o g r a p h i c  de-  
t e c t i o n  a n d  b io - a s say  of fusa r ic  ac id ;  a n d  KALYANASUN- 
DARAM 4, in  t h i s  l abora tory , ,  d e v e l o p e d  t h e  a g a r - c u p  
t e c h n i q u e  for  i t s  a s s a y  u s ing  a soil b a c t e r i u m .  I n  v i ew  of 
t h e  c o n s i d e r a b l e  d i f f i cu l ty  in  o b t a i n i n g  s h a r p  d e m a r c a -  
t i on  of t h e  fu sa r i c  ac id  b a n d  s e p a r a t e d  c h r o m a t o -  
g raph ica l ly ,  pos s ib ly  o w i n g  t o  t h e  p o o r  i o n i z a t i o n  of t h e  
acid,  we h a v e  ea r l i e r  i n d i c a t e d  t h e  a d v a n t a g e s  of s epa r -  
a t i n g  a n d  i d e n t i f y i n g  t h i s  t o x i n  as  i t s  c o p p e r  c h e l a t e  2. 
I n  t h e  p r e s e n t  c o m m u n i c a t i o n  t h e  d e t e c t i o n  a n d  q u a n t i -  
t a t i v e  e s t i m a t i o n  of Iusa r ic  ac id  is d e s c r i b e d  w i t h  t h e  
t e c h n i q u e  of p a p e r  d i sk  c h r o m a t o g r a p h y  d e v e l o p e d  b y  
one  of us  5. I t  was  c o n s i d e r e d  des i r ab le  to  a d a p t  t h e  

1 E. G~.UMANN et al., Phytopath. Z. 20, 1 (1952). 
2 K. LAKSHMINARAYANAN and D. SUBRAMANIAN, Nature 176, 

697 (1955). 
3 H. ZAtINER~ Phytopath. Z. 22, 227 (1954). 
4 R. KALYANASUNDARAM, J. Indian bet. Soc. 34, 43 (1955). 
5 K. LAKSHMINARAY'ANAN~ Arch, Bioctlem. Biophys. ~9, 396 

{1954}. 

a rea  m e t h o d  d e v e l o p e d  b y  FISHER et a l :  in  preference to 
e l u t i o n  m e t h o d s  w h i c h  h a v e  p r a c t i c a l  l i m i t a t i o n s  in  the 
s m a l l  c h r o m a t o g r a m s  espec ia l ly  w h e n  c o m p l e x e s  with 
close R f  v a l u e s  are  p r e sen t .  

T h e  fo l lowing  a m o u n t s  (as a q u e o u s  so lu t ion)  of Iusaric 
ac id  c o n t a i n e d  in  0.75 /A were  s p o t t e d  in t h e  centre  0I 
c i r cu l a r  f i l te r  p a p e r s  (7-4 c m  d i a m e t e r )  fo l lowed b y  4/~g 
of c o p p e r  as CuSO 4 (5 mg /ml )  : 1.0; 1.5; 2.0; 2"5; 3.0 and 
4/~g. T h e  p a p e r s  were  a i r -d r i ed  a n d  i r r i g a t e d  as indicated 
e l sewhere  s c o n t r o l l i n g  t h e  p e r i o d  of i r r i g a t i o n  a t  95 rain. 
T h e  s o l v e n t  used  was  N - b u t a n o l - a c e t i c  acid-water 
( 4 : 1 : 5 )  a n d  f i l t e r  p a p e r - W h a t m a n  No. 1. T h e  irrigated 
c h r o m a t o g r a m s  were  s p r a y e d  w i t h  r u b e a n i e  acid (0.1% 
in  ace tone)  a n d  t h e  co lou r  of t h e  b a n d s  in tens i f ied  by 
e x p o s u r e  to  a m m o n i a  v a p o u r  7 (10 s). T h e  developed 
c h r o m a t o g r a m s  were  c u t  i n t o  r e g u l a r  oc togens  tan- 
g e n t i a l l y  in  t h e  8 d i r ec t i ons  ( ~  45°), m o u n t e d  between 
t w o  s q u a r e  glass  p l a t e s  a n d  sea led  on  two  sides with 
p a r a f f i n  wax .  T h e  t h i c k n e s s  of t h e  Cu- fusar ic  acid com- 

Log fusaric acid--mean thickness curve n-butanol-HAC-water 4:1:5. 
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p l ex  b a n d  was  m e a s u r e d  o n  t h e  m i c r o s c o p e  using an 
o c u l a r  m i c r o m e t r e  (tow power) .  T h e  s tage  r e a d i n g s  were 
r e c o r d e d  b e t w e e n  t h e  p o i n t s  w h e r e  t h e  g r e e n  colour  ap- 
p e a r e d  a n d  d i s a p p e a r e d .  T h e  m e a n  t h i c k n e s s  of the 
b a n d  in  t h e  8 d i r e c t i o n s  was  c o m p u t e d  (as t h e  mean  of 
6 c h r o m a t o g r a m s )  for  e a c h  c o n c e n t r a t i o n  (varying 

3%)  a n d  p l o t t e d  a g a i n s t  log a m o u n t  of t h e  tox in  on 
t h e  absc issa .  T h e  t y p i c a l  s t a n d a r d  c u r v e  ob ta ined  is 
s h o w n  in t h e  F igure .  I t  w o u l d  be  o b v i o u s  t h a t  the  mean 
t h i c k n e s s  bea r s  a l i n e a r  r e l a t i o n s h i p  to  t h e  a reas  of the 
b a n d s  s ince  t h e  R f  v a l u e s  were  c o n s i s t e n t  a n d  repro- 
duc ib l e  a n d  t h e  b a n d s  q u i t e  c i rcu lar .  T h e  areas  of the 
c o m p l e x  b a n d s  a re  d i r e c t l y  p r o p o r t i o n a l  to  t h e  loga- 
r i t h m  of t h e  a m o u n t  of f u sa r i c  ac id  a n d  i n d e p e n d e n t  0f 
t h e  t o t a l  c o p p e r  s p o t t e d  w h e n  i t  is w i t h i n  reasonable 
l imi ts .  T h e  q u a n t i t a t i v e  e s t i m a t i o n  of  fusa r i c  acid in 
a n  u n k n o w n  s a m p l e  cou ld  eas i ly  be  ca r r i ed  ou t  by 
m e a s u r i n g  t h e  m e a n  t h i c k n e s s  of i t s  C u - c h e t a t e  in the 
r a n g e  of s e n s i t i v i t y  a n d  t h e  a m o u n t  r e a d  as t he  antil0g 
of t h e  absc issa .  I t  m a y  be  a d d e d  t h a t  t h e  cu rve  is not 
q u i t e  s e n s i t i v e  a t  c o n c e n t r a t i o n s  of fusa r ic  ac id  lower 
t h a n  i /~g or h i g h e r  t h a n  4 /zg. 

s R. B. FISR~R, D. S. PARSONS, and G. A. MORmSON, Nature 161, 
76.1 (194S). 

7 K. LAKSHMINARAYANAN, Proc, Indian Acad. Sci. tOB, 167 
(1954). 


