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The redox properties of some dioxathiadiaza-heteropentalenes have been studied by pulse radiolysis and 
cyclic voltammetry. The midpoint potential at pH 7 for reduction of this class of compounds to the 
corresponding anion radical is comparable with the first reduction potential of the bipyridinium herbicides. 
The heteropentalenes act as Photosystem-I electron acceptors at concentrations of the order of 1 • 10-6 M. 
The herbicidal properties of the heteropentalenes are similar to those of the bipyridinium herbicides. 

It is now well established [1] that the herbicidal 
action of the bipyridinium herbicides, in particular 
paraquat (MV 2÷) and diquat, is primarily associ- 
ated with the reduction potential of the dication. 
This latter species is claimed to intercept the pho- 
tosynthetic electron-transport process by compet- 
ing with a natural substrate, such as ferredoxin for 
electrons emanating from P-700, the primary elec- 
tron donor of Photosystem I (PSI) .  The reduction 
of MV 2+ leads to the formation of the cation 
radical MV -+ which reacts very rapidly with oxygen 
[2] (k -- 7 .7 .10 8 M -1 • s -1) to give superoxide, O 2 
and to regenerate MV 2+ . It is generally thought 
[3] that superoxide in the presence of hydrogen 
peroxide is the phytotoxic species in the biological 
action of the bipyridinium herbicides. In the course 
of a search for compounds with effects on plants 
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similar to those shown by the bipyridinium herbi- 
cides, but with lower mammalian toxicity, a group 
of compounds,  herein referred to as di- 
oxathiadiaza-heteropentalenes [4], have been dis- 
covered. 

The structures of the dioxathiadiaza-heteropen- 
talenes that show the most promising biological 
activity are shown in Table I. These heterocyclic 
molecules are pale-yellow highly crystalline solids 
that are sparingly soluble in water. Using cyclic 
voltammetry, we have found that these com- 
pounds are reversibly reducible (Fig. 1). We have 
also carried out a pulse radiolysis study [5] of these 
compounds. This technique has made possible the 
determination of (i) the one-electron reduction 
potential (E71) of these molecules (A) in an aque- 
ous environment at pH 7, (ii) the rate constants of 
the reaction of the respective anion radicals (A ~) 
with oxygen, and (iii) the pK a of the equilibrium, 
A H  ~ A " + H +. Results are presented in Table I. 
The reaction of the anion radicals with oxygen 
probably results in the formation of the super- 
oxide anion radical, Of ,  and regeneration of the 
substrate, A. The one-electron reduction potential 
E71, is linearly related to the half-peak potentials, 
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TABLE I 

THE ELECTROCHEMICAL PROPERTIES OF SOME DIOXATHIADIAZA-HETEROPENTALENES, PARAQUAT AND 
DIQUAT 

Compound Structure E71 
0 0 (mV) 

/ \ s  \ 

HEP I X = CH 2 -416 -470 
HEP II X = S - 375 - 420 
HEP III X = SO - 277 - 350 
HEP IV X = SO 2 - 227 - 300 

H 3 C - N ~ N  + -CH 3 - 447 - 455 c Paraquat 

2Cl - 

Diquat ~ - 350 - 354 c 

2Cl - 

Ep/2 pKa k ¢ 
(MeOH/water (AH ' / A  ~) (02 + A ~) 
3 : 1 by volume) (M- l.s -1) 
(mV) 

5.9 3.5 .10 +s 
4.5 4.5 .10 +s 
- 1 . 2  . 1 0  + s  

_ 0.57.10 +s 

2.9 b 7.7 -10 + s • 

4.7 • 10 + s  a 

" Results from Ref. 2. 
b Results from Ref. 8. 
c Determination at pH 7 in phosphate buffer. 
d Results from Ref. 9. 
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Fig. 1. A comparison of the cyclic voltammogram of HEP II 
( ) in MeOH/H20  (3 : 1 by volume) and paraquat ( . . . .  
- -) in water at neutral pH. 

E p / 2 ,  d e t e r m i n e d  b y  cyc l ic  v o l t a m m e t r y  in 

m e t h a n o l / w a t e r  (3 : 1 by  vo lume) .  As  p r e d i c t e d  [6] 

b y  the  M a r c u s  t r e a t m e n t  fo r  e l e c t r o n - t r a n s f e r  

p rocesses ,  the  na tu r a l  l o g a r i t h m  of  the  ra te  con-  

s t an t  o f  the  r e a c t i o n  o f  o x y g e n  wi th  the  a n i o n  

radica l ,  A ~, is to  a g o o d  a p p r o x i m a t i o n  l inea r ly  

r e l a t ed  to E71 o f  the  subs t ra te ,  A.  

T h e  d i o x a t h i a d i a z a - h e t e r o p e n t a l e n e s  in  T a b l e  I 

h a v e  a p p r o p r i a t e  r e d u c t i o n  po t en t i a l s  to  i n t e r c e p t  

e l e c t r o n  t r a n s p o r t  in the  s a m e  w a y  as the  b ipyr i -  

d i n i u m  herb ic ides .  L ike  p a r a q u a t ,  these  c o m -  

p o u n d s  h a v e  b e e n  f o u n d  to act  as P h o t o s y s t e m - I  

e l ec t ron  a c c e p t o r s  in v i t ro  at c o n c e n t r a t i o n s  o f  the  

o r d e r  o f  1 • 10 -6  M.  S u p e r o x i d e  rad ica l s  a re  gener -  

a t e d  by  the  r eac t i on  b e t w e e n  o x y g e n  a n d  he te ro -  

p e n t a l e n e  r e d u c e d  by  P h o t o s y s t e m  I, as is the  case  

fo r  p a r a q u a t  [7]. N o n e  of  the  c o m p o u n d s  inh ib i t  

the  Hi l l  r e ac t i on  at  c o n c e n t r a t i o n s  o f  up  to I • 10 -4  

M.  In  vivo,  these  n e w  he rb i c ides  a re  a b s o r b e d  

b o t h  by  the  leaves  a n d  by  the  roo t s  o f  suscep t ib l e  

p l a n t  species,  un l ike  p a r a q u a t ,  wh ich  is on ly  fo l i a r  

ac t i ve  ( T a b l e  I I )  a n d  qu i ck ly  i n a c t i v a t e d  by  the  

soil .  T h e  ef fec ts  o f  fo l i a r  a p p l i c a t i o n  d e v e l o p  
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TABLE II 

DIOXATHIADIAZA-HETEROPENTALENES AND HERBICIDE SCREEN RESULTS a 

Test Dose Foliar spray b Preemergence b 

compound (kg/ha) MA RI BG OA LI MU SB SO MA RI BG OA LI MU SB SO 

HEP I 5 5 5 8 6 9 9 9 8 3 7 9 3 4 5 5 2 
1 3 3 6 3 6 7 7 6 0 4 5 2 2 2 0 0 

HEP II 5 8 9 9 8 9 9 9 9 8 - 9 7 7 9 9 8 
1 5 8 9 6 8 9 9 8 5 - 8 5 5 8 8 4 

HEP III 5 8 9 9 8 9 9 9 9 8 - 9 7 6 8 8- 0 
1 6 7 9 5 7 9 9 8 6 - 9 5 2 5 4 0 

HEP IV 5 7 8 9 8 9 9 9 9 3 - 7 3 4 7 0 0 
1 4 6 8 6 8 9 5 7 3 - 5 2 0 3 0 0 

Paraquat 5 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 
1 8 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 

a The foliar spray and preemergence activity was assessed 10 days after treatment. Toxicity ratings are 0-9, with 0 indicating no 
effect, 9 indicating complete kill. 

b Plant species mentioned: M_A, maize (Zea mays); RI, rice (Oryza sativa); BG, barnyard grass (Echinochloa crus-galli); OA, oat 
(Aoena sativa); LI, linseed (Linum usitatissimum); MU, mustard (Sinapsis alba); SB, sugar beet (Beta vulgaris); SO, soyabean 
( Glycine max). 

r a p i d l y  ( w i t h i n  24  h )  a n d  t he  s y m p t o m s  o f  a c t i v i t y  

a r e  g r o w t h  r e t a r d a t i o n ,  n e c r o s i s  a n d  ch lo ros i s .  T h e  

t o x i c i t y  o f  t h e  c o m p o u n d s  in  e x p e r i m e n t a l  a n i m a l s  

a p p e a r s  to  b e  l o w e r  t h a n  t h a t  o f  p a r a q u a t  [10]. 

T h e  a c u t e  o r a l  LDs0 o f  H E P  I I  i n  r a t s  l ies  in  t he  

r a n g e  2 5 0 - 1 0 0 0  m g / k g ,  w h i l s t  t h a t  in  m i c e  is 

g r e a t e r  t h a n  1000  m g / k g .  

F i e l d  t r i a l s  o f  H E P  I I  in  t h e  U . K . ,  Braz i l  a n d  

t h e  W e s t  I n d i e s  h a v e  s h o w n  t h a t  th i s  c o m p o u n d  is 

o f  i n t e r e s t  i n  c o n t r o l l i n g  t h e  g r o w t h  o f  m o n o -  a n d  

d i c o t y l e d o n o u s  weeds ,  m a i n l y  b y  p o s t - e m e r g e n c e  

a p p l i c a t i o n .  T h e  p r a c t i c a l  v a l u e  o f  H E P  I I  h a s  n o t  

b e e n  fu l ly  e x p l o r e d ,  b u t  t he  c o n t r o l  o f  t he  g r o w t h  

o f  w e e d s  i n  t r o p i c a l  c r o p s  (e.g., s u g a r  c a n e  o r  

co f f ee )  s e e m s  to  b e  p o s s i b l e .  
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