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I n  t h e  p a p e r  o n  d i r e c t i o n a l  h e a r i n g  in  cod  ~, i t  w a s  
t h e r e f o r e  c o n c l u d e d  t h a t  t h e  d i r e c t i o n  o f  t h e  s o u n d  
s o u r c e s  is d e c i s i v e  for  t h e  d i s c r i m i n a t i o n  a n d  n o t  t h e  
t i m b r e  o r  i n t e n s i t y  d i f f e r e n c e s  b e t w e e n  t h e  s o u n d  sou rce s .  

Zusammen/assung. D e r  <~Like l ihood~>-Quot ien ten tes t  
w i r d  a u f  e i n e r  3 •  m i t  u n b e k a n n t e n  
W a h r s c h e i n l i c h k e i t e n  pcj- (i ~ 1, 2, 3 ; ] = 1, 2) a n g e w a n d t ,  
u m  d ie  H y p o t h e s e  H0:P~l  = Pi2 (i = 1 ,2 ,3 )  g e g e n  d ie  
a l t e r n a t i v e  H y p o t h e s e  H 1 : P l l  > P12, P3~ < P~2 zu  p r i i f en ,  u n d  
z w a r  w e n n  k l e i n e  S t i c h p r o b e n  v o r h a n d e n  s i nd .  A u s s e r d e m  
wi rd  d ie  K o m b i n a t i o n  s o l c h e r  T e s t s  b e h a n d e l t .  A l s  
B e i s p i e l  w i r d  d i e se  T e s t t h e o r i e  b e i m  W a h ] v e r h a l t e n  de s  

K a b e l j a u s  i m  D r e s s u r v e r s u c h  f iber  a k u s t i s c h e  L o k a l i s a -  
t i o n  in  zwei  S t i m u l u s s i t u a t i o n e n  v e r w e n d e t .  
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The 2,2'-Dicyano-l , l ' -Dimethyl-4,4'-Bipyridyl ium Di-cation: A Viologen Indicator 
w i t h  a High  R e d o x  Potent ia l  

D i q u a t e r n a r y  s a l t s  of  4, 4 ' - b i p y r i d y l ,  e s p e c i a l l y  m e t h y l  
v i o l o g e n  (I ;  R = CHa) a n d  b e n z y l  v i o l o g e n  (I ;  R = 
C H ~ . P h )  1 h a v e  b e e n  u s e d  c o n s i d e r a b l y  as  r e d o x  i n d i c a t o r s  
a n d  e l e c t r o n  c a r r i e r s  in  b i o l o g i c a l  s y s t e m s  2 a n d  in  c h e m i c a l  
r e a c t i o n s  3. T h e s e  s a l t s  a r e  r e d u c e d  in  a q u e o u s  s o l u t i o n  b y  
a o n e  e l e c t r o n  t r a n s f e r  w h i c h  is r e v e r s i b l e  to  g i ve  h i g h l y  
e o l o u r e d  s t a b l e  r a d i c a l  c a t i o n s  (e.g. I I ) .  T h e  s a l t s  or igi -  
n a l l y  s t u d i e d  1 h a d  r e d o x  p o t e n t i a l s  (Eo) b e t w e e n  - - 0 . 3 6  
a n d  - - 0 . 4 5  v o l t s .  W i t h  t h e  d i s c o v e r y  of  t h e  p h y t o t o x i c  
p r o p e r t i e s  o f  (I ;  R = CH3) 4 a n d  i t s  d e v e l o p m e n t  as  t h e  
h e r b i c i d e  p a r a q u a t  i n t e r e s t  in  s a l t s  o f  t h i s  t y p e  h a s  
i n c r e a s e d .  S e v e r a l  d i q u a t e r n a r y  s a l t s  of  2 , 2 ' - b i p y r i d y l ,  
for  e x a m p l e ,  t h e  h e r b i c i d e  d i q u a t  ( I I I )  4 b e h a v e  s i m i l a r l y  
as  r e d o x  s y s t e m s  a n d  t h e y  t o o  h a v e  f o u n d  a p p l i c a t i o n s  as  
e l e c t r o n  c a r r i e r s  a n d  i n d i c a t o r s  in  b io log ica lS-~  a n d  c h e m i -  

cal  1~ s y s t e m s .  R e v e r s i b l e  r e d o x  i n d i c a t o r s  b a s e d  o n  di-  
q u a t e r n a r y  s a l t s  of  2, 2'-  a n d  4 , 4 ' - b i p y r i d y l s  h a v e  t h u s  
b e e n  e x t e n d e d  o v e r  a r a n g e  f r o m  a b o u t  - - 0 . 1 5  to  - - 0 . 7 0  
v o l t s 4 , 7 - 9 , n - ~ L  W e  n o w  r e p o r t  t h e  p r e p a r a t i o n  of  a 
v i o l o g e n  i n d i c a t o r  w i t h  a m u c h  h i g h e r  r e d o x  p o t e n t i a l .  

4 , 4 ' - B i p y r i d y l - l , l ' - d i o x i d e  is (1.0 g) a n d  d ~ m e t h y l  
s u l p h a t e  (5 ml )  we re  h e a t e d  a t  1 5 0 ~  for  30 ra in .  T h e  
coo led  s o l u t i o n  w a s  a d d e d  to  e t h y l  a c e t a t e  (100 ml )  a n d  
t h e  r e s u l t a n t  w h i t e  p r e c i p i t a t e  of  1, l ' - d i m e t h o x y -  
4 , 4 ' - b i p y r i d y l i u m  d i m e t h o s u l p h a t e  w a s  co l l e c t ed  (cf. 
ref . ls) .  W i t h o u t  p u r i f i c a t i o n  t h e  s a l t  w a s  d i s s o l v e d  in  
w a t e r  (20 ml)  a n d  t h e  p H  a d j u s t e d  to  10.0 w i t h  s o d i u m  
c a r b o n a t e  s o l u t i o n .  P o t a s s i u m  c y a n i d e  (2 g) in  w a t e r  
(15 ml )  w a s  a d d e d  a n d  a w h i t e  p r e c i p i t a t e  of  2 , 2 ' - d i c y a n o -  
4 , 4 ' - b i p y r i d y l  (IV) f o r m e d  i m m e d i a t e l y  (cf. ref.19). 
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(Yield 90%).  I t  c rys ta l l ized  f rom e t h a n o l  as a wh i t e  
powder ,  m.p.  248 ~ . ( Found :  C, 69.9; H, 3.2; N, 27.5; 
C~2H6N 4 requires  C, 69.9; H, 2.9; N, 27.2). The  N M R -  
s p e c t r u m  in CFaCO~D cons is ted  of a m u l t i p l e t  ~n t he  
range  d = 8.45-8.69 ass igned to  t h e  3, 5, 3', 5' p ro tons  and  
a doub le t  a t  d = 9.22-9.31 p p m  due  to  t he  6, 6' p ro tons .  
The  U V - s p e c t r u m  in e t h a n o l  showed m a x i m a  a t  2 243 
slog e 4.12), 282 (3.94) a n d  311 sh  n m  (3.80). The  IR-  
(pec t rum showed a b a n d  a t  2240 cm -~ (CN). 

C o m p o u n d  (IV) (3 g) was h e a t e d  in d i m e t h y l  su lpha t e  
(15 ml) a t  120 ~ for 15 rain.  The  cooled m i x t u r e  was added  
to e t h y l  a ce t a t e  (200 ml) a n d  t he  w h i t e  p r ec ip i t a t e  of 
2, 2 ' -  d i c y a n o - 1 . 1 ' -  d i m e t h y l -  4, 4 ' - b i py r i dy l i um  d ime tho -  
su lpha te  (V; X = CH3SO4) collected.  I t  c rys ta l l ized  f rom 
aqueous  e thanol ,  m.p.  253 ~ (dec.). (Yield 3.9 g) . (Found :  
C, 41.6; H, 4.0; N, 12.3; C16H~sN~S20 s requi res  C, 41.9; 
H, 3.9; N, 12.2). The  U V - s p e c t r u m  in w a t e r  (pH 6.1) 
showed m a x i m a  a t  2 220 (log e 4.45) and  274 n m  (4.30). 
I t  was  conve r t ed  to t he  d i b r o m i d e  (V; X = Br) b y  
c rys ta l l i za t ion  f rom a m i x t u r e  of a lcohol  a n d  conc. 
h y d r o b r o m i c  acid, m.p.  265 ~ (dec.). (Found :  C, 42.7; 
H, 3.1; N, 13.9; C~4tt~Br2N 4 requi res  C, 42.4; H, 3.0; 
N, 14,1). The  N M R - s p e c t r u m  in D20 cons is ted  of a 
s ing le t  a t  d = 4.40 (me thy l  pro tons) ,  a q u a r t e t  a t  8 .85-  
9.0 (5, 5' p ro tons) ,  a doub le t  a t  9 .24-9.26 (3, 3' p ro tons)  
and  a doub le t  a t  9.42-9.52 p p m  (6, 6' p ro tons) .  

The  sa l t  (V; X = CHaSO4) is s t ab le  in  aqueous  solu- 
t i on  up  to a p H  of a b o u t  7.5 b u t  i t  is decomposed  b y  
s t ronger  alkali.  An  aqueous  so lu t ion  of (V; X ~ CHaSO4) 
on  t r e a t m e n t  w i t h  zinc dus t  deve loped  i m m e d i a t e l y  a n  

in tense  v io le t  co loura t ion  due  to  t he  rad ica l  ca t ion  
ana logous  to  (II). W h e n  the  reduc ing  agen t  was r e n m v e d  
a n d  the  so lu t ion  was s h a k e n  in air  t he  deep colour  dis- 
charged.  The  N M R - s p e c t r u m  o b t a i n e d  t h e n  was iden t ica l  
w i t h  t h a t  of t he  or ig inal  sa l t  i nd i ca t i ng  ~hat  t he  one 
e lec t ron  t r a n s f e r  is essent ia l ly  comple t e ly  reversible .  On 
p o l a r o g r a p h i c  e x a m i n a t i o n  in the  EH range  1.9-7.0 t he  
sal t  gave  a t yp i ca l  s y m m e t r i c a l  one-e lec t ron  r educ t ion  
wave  w i t h  a ha l f -wave  p o t e n t i a l  (Eo) of + 0 . 0 9  vol t s  
i n d e p e n d e n t  of pH.  A second r educ t i on  wave  was also 
p re sen t  a t  lower p o t e n t i a l  b u t  i t  was no t  a lways  d is t inc t .  
The  h igh  r e d u c t i o n  p o t e n t i a l  of (V; X = CH~SO4) 
c o m p a r e d  w i t h  m e t h y l  viologen,  Eo --0.45 volts ,  is 
c lear ly  due  to  t he  presence  of t he  e lec t ron  a t t r a c t i n g  
cyano  groups.  The  sa l t  (V; X = CH3SO~) t hus  p rov ides  a 
cons iderab le  ex tens ion  to  t he  r ange  of v io logen ind ica to rs  
whose redox  p o t e n t i a l s  now e x t e n d  f rom + 0 . 0 9  to --0.70 
volts .  

The  sa l t  (V; X = CHaSO~) was inac t ive  as a he rb ic ide  
w h e n  t e s t ed  a t  8 lbs. /acre,  a resu l t  in keep ing  w i t h  i ts  
h igh  r e d u c t i o n  p o t e n t i a l  (cf. refs. 16,17). 

Zusammen/assung. Hers t e l lung  eines neuen  Viologen- 
t n d i k a t o r s  m i t  h o h e m  R e d o x - P o t e n t i a l .  

IR. FIELDEN and L.A. SUMMERS 

Department of Chemistry, University of Newcastle, 
New South Wales (Australia), 78 March 1974. 

I 9 - D e o x y d i d e a c e t y l f u s i c o c c i n ,  a M i n o r  M e t a b o l i t e  o f  

The  p l a n t  p a t h o g e n i c  fungus  Fusicoccum amygdali Del. 
p roduces  a n u m b e r  of p h y t o t o x i c  subs t ances  ~, a m o n g  
which  fusicoccin (I) ~, ~ p r e d o m i n a t e s  b o t h  in q u a n t i t y  a n d  
ac t iv i ty .  S tudies  Mined a t  e s t ab l i sh ing  the  s t r u c t u r e  of 
m i n o r  me t abo l i t e s  chemica l ly  re la ted  to  fusicoccin h a v e  
shown the  occurrence  in t he  cu l tu re  f i l t r a tes  of F. amyg- 
dali of two types  of compounds ,  n a m e l y  those  which  on ly  
differ  f rom the  m a j o r  t o x i n  for t he  n u m b e r  a n d / o r  the  
pos i t ion  of O-acetyl  groups  (II-VlII) ~-', a n d  those  which  
h a v e  a lower oxygen  c o n t e n t  in t he  ag lycone  m o i e t y  
( I X - X ) K  The  s t r u c t u r e  ass igned  b y  us to  I X  h a s  been  
recen t ly  conf i rmed  b y  Br i t i sh  workers  s, who have ,  
in te res t ing ly ,  d e m o n s t r a t e d  t h a t  i t  can  ac t  as a b iogenet ic  
p recursor  of fusicoccin.  

In  t h i s  p a p e r  we r e p o r t  t he  d e t e r m i n a t i o n  of the  s t ruc-  
tu re  X I  of a new m i n o r  m e t a b o l i t e  of F. amygdali, and  
i ts  syn thes i s  f rom dideace ty l fus icocc in  (VII I ) .  

Methods. U V - s p e c t r a  were recorded  for so lu t ions  in 
e thano l  w i t h  a B e c k m a n  D t ( - 2  s pec t r opho t om e t e r .  I R -  
spec t ra  were recorded  for so lu t ions  in ch lo roform on a 
B e c k m a n  I R - 9  spec t r opho t om e t e r .  N M R - s p e c t r a  were 
recorded  on  a V a r i a n  HA-100 a p p a r a t u s  w i t h  T MS as a n  
i n t e rna l  reference.  R o t a t i o n s  were m e a s u r e d  for so lu t ions  
in ch lo roform w i t h  a P e r k i n - E l m e r  141 po la r imete r .  Mass 
spec t ra  were recorded  on a A.E.I .  MS-902 s p e c t r o m e t e r  
ope ra t ed  a t  70 eV. Mel t ing  po in t s  are uncor rec ted .  

Results and discussion. T h i n  layer  c h r o m a t o g r a p h y  of a 
g roup  of f rac t ions  Muted  f rom silica gel co lumns  be tween  
pure  isofusicoccin (II)  a n d  3 ' -monodeace ty l fus icocc in  (IV) 
( ind ica ted  as F - I I I  a n d  F - I V  respec t ive ly  in a p rev ious  
p a p e r  6) i nd ica t ed  the  presence  of a t h i r d  subs tance ,  un- 
affected b y  a n  a lka l ine  t r e a t m e n t  (0.1 N N a O H ,  30 ra in  
a t  room t e m p e r a t u r e )  which  c o n v e r t e d  t he  a c c o m p a n y i n g  

Fusicoccum amygdal i  D e l .  

c o m p o u n d s  to d ideace ty l fus icocc in  (VIII ) .  The  hydro lyz -  
ed m i x t u r e  was e x t r a c t e d  w i t h  b n t a n - l - o l  and  c h r o m a t o -  
g r aphed  on a silica gel co lumn.  E l u t i o n  w i t h  ch loroform-  
m e t h a n o l  (8 : 2, v /v)  y ie lded c o m p o u n d  XI ,  C~H5209, m.p.  
91 ~ (from e t h y l a c e t a t e - l i g h t  p e t r o l e u m  30-50~ I~l~ 5 + 
21 (c = 0.3), ~ma~ < 220, ~max 3500 cm-~ (OH), 1630 
(olefinic) and  920 cm -1 (vinyl).  The  N M R - s p e c t r u m  is 
v e r y  s imi la r  to  t h a t  of d ideace ty l fns icocc in  (VIII ) ,  b u t  
shows s ignals  for 3 seconda ry  C-Me groups,  2 of t h e m  
be ing  p a r t  of an  i sopropyl  g roup  whose  CH resona tes  a t  
3.22 ~ in CDCla-ds-pyr idine  solut ion.  The mass  s p e c t r u m  
shows t he  molecu la r  ion a t  m/e 580 a n d  p r o m i n e n t  peaks  
a t  m/e 512 (M+ --  68), 350 (aglycone),  69(C5H9+). On a c i d  
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