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p h o s p h a t e  buffer.  E lec t ron  Spin Resonance  (ESR) spec t ra  
were ob ta ined  a t  room t e m p e r a t u r e  using a Var ian  E-9 
X - b a n d  sys t em opera t ing  a t  100 kHz.  
Our novel  resul ts  are p resen ted  in the  figure. N O F  reac ted  
wi th  squalene,  oleic acid and linoleic acid to  p roduce  free 
radicals  as ind ica ted  b y  the  ESIR  spect ra .  The 3-line- 
s p e c t r u m  in each case and the  g values suggest  t h a t  t he  
free radicals  p roduced  are n i t roxy l  free radicals  (also see 
below) wi th  n i t rogen  spl i t t ing  cons t an t s  of 11.85 gauss 
for b o t h  linoleic and  oleic acid and  11.35 gauss for 
squalene.  All hyd roca rbons  conta in ing  ca rbon-ca rbon  
double  bonds  t h a t  we have  t e s t ed  thus fa r  including puri-  
fied egg leci thin suspended  as l iposome vesicles reac t  
wi th  N O F  to yield E S R  spec t ra  ve ry  similar to those  
shown in t he  figure. However ,  all h y d r o c a r b o n s  lacking a 
ca rbon-ca rbon  double  bond  t h a t  we have  t e s t ed  do no t  
yield a free radical  spec t rum.  We have  found t h a t  the  
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ESR spectra obtained after 2-nitrosofluorene (NOF) was allowed to 
react with various unsaturated lipids. NOF (0.25 ~moles) was added 
to 2 ml of potassium phosphate buffer containing: a) 3.57 ~xmoles of 
linoleie acid, b) 3.57 ~moles of oleic acid and c) 2.44 ~xmoles of 
squalene. The ESR sweep was started 20 see after the reaction was 
initiated by addition of the lipid in a small amount of methanol. 
Under these conditions, the amount of free radical reached a ma- 
ximum after about 15 rain and stayed relatively constant in amount 
for the next hour. The ESR conditions were: sweep time, 100 gauss 
in 30 rain with a filter constant of 10 see, frequency 9.5305 GHz at 
15 mW incident power, modulation 8 gauss at 100 kHz, temperature 
25~ Spectrum D is that of the Fremy's salt standard. No free 
radical signal was obtained with either NOF only in buffer or with 
any one of the lipids alone ill buffer. 

a m o u n t  of free radical  fo rmed t e n d s  to  follow the  n u m b e r  
of double  bonds  in the  lipid molecule.  This  is no t  a s t r ic t  
re la t ionship,  however ,  and  we believe the  pos i t ioning of 
tile double  bonds  in re la t ion  to each o the r  is also ve ry  
impor t an t .  A more  deta i led  t r e a t m e n t  of our  observa t ions  
will be  pub l i shed ;  b u t  for t he  p re sen t  communica t ion ,  i t  
is i m p o r t a n t  to  po in t  ou t  t h a t  E D T A  (e thy lenediamine  
t e t raace t i c  acid) did n o t  inf luence the  a m o u n t  of free 
radicals  fo rmed or the  reac t ion  rate.  Therefore  we believe 
the  reac t ion  occurs d i rec t ly  w i t h o u t  a ca ta lys t  (such as a 
t race  of me ta l  ions) being necessary.  
Our resul ts  were ve ry  surpr is ing b u t  a t h o ro u g h  search of 
the  l i te ra ture  revealed t h a t  Sull ivan 1~ had  observed  a 
s o mew h a t  similar  reac t ion  in 1966 in t h a t  n i t rosobenzene  
reac ted  d i rec t ly  wi th  2, 3 -d imethy lbu tene  to  yield s table  
n i t roxy l  free radicals  hav ing  g values  and  n i t rogen spl i t t -  
ing cons tan t s  similar to  the  ones we repor t  here. He  
pos tu la t ed  t h a t  t he  reac t ion  occurred via a 'novel  pseudo 
Dield-Alder '  mechan i sm in which  the  h y d ro x y l ami n e  was 
an in t e rmed ia t e  and t h a t  oxygen  and /o r  n i t rosobenzene  
oxidized the  h y d r o x y l a m i n e  t o  the  n i t roxy l  free radical  
form. K n i g h t  succeeded in isolat ing the  h y d r o x y l a m i n e  
in t e rmed ia te  in good yield 4 years  la ter  n.  We have  found  
t h a t  oxygen  is no t  required in the  reac t ion  descr ibed here 
and  t h a t  unde r  these  condi t ions  N-hydroxy-2-amino-  
f luorene (i.e. reduced  NOF) is fo rmed in the  react ion.  
Therefore,  because  of these  and  m a n y  o the r  observa t ions  
to be descr ibed in detai l  la ter  we bel ieve N O F  adds  di- 
rec t ly  to the  ca rbon-ca rbon  double  bond  of a hydro-  
carbon produc ing  the  h y d r o x y l a m i n e  in te rmedia te  which 
is t hen  oxidized to  the  n i t roxy l  free r a d i c a l .  
I t  is clear f rom the  resul ts  p re sen ted  here  t h a t  N O F  when  
formed in vivo will reac t  w i th  lipids Containing double  
bonds  to p roduce  a novel  form of t he  carcinogen.  The t rue  
significance of th is  reac t ion  to the  unde r s t and ing  of A A F  
carcinogenesis  mus t  awai t  fu r ther  inves t igat ion.  I t  should,  
however ,  be no ted  t h a t  St ier  e t  al. 1~ observed n i t roxyl  free 
radicals  hav ing  proper t ies  s o m e w h a t  similar to the  free 
radical  observed  here  in the  ch lo ro fo rm-methano l  ex t r ac t  
of r abb i t  l iver microsomes  metabol iz ing  AAF.  All of these  
observa t ions  t e n d  to indica te  t h a t  the  react ion repor ted  
here does occur  in vivo and  po in t  to a need  to u n d e r s t a n d  
the  na tu re  of th is  reac t ion  in grea te r  detai l  as well as its 
significance to A A F  carcinogenesis.  

10 A. B. Sullivan, J. org. Chem. 3l, 2811 (1966). 
11 G. T. Knight, Chem. Comm. 7016 (1970). 
12 A. Stier, I. Reitz and E. Sackmann, Naunyn-Sehmiedebergs 

Arch. Pharmak. 27,4, 189 (1972). 

Nitrothiophenes with schistosomicidal  activity 

R. M. Lee, M. W. Mills and  G. S. Sach 

Research Institute, Smith Kline and French Laboratories Ltd., Welwyn Garden City, Herts (England), 6 July  1976 

Summary. A series of n i t ro th iophene  compounds ,  w i th  ac t iv i ty  against  Schis tosoma mansoni  in mice, is descr ibed and 
shown to  be more  effect ive t h a n  the  cor responding  ni t rofurans .  

Inves t iga t ions  carr ied out  to de te rmine  the  s t ruc tura l  re- 
qu i r emen t s  of n i t roheterocycl ic  an t i sch is tosome com- 
pounds  have  so far indica ted  t h a t  ac t iv i ty  can be found 
in n i t ro imidazoles  1, n i t ro th iazoles  2, n i t rofurans  a and  
n i t ro th iophenes  4. Of these,  t he  n i t ro imidazoles  have  pro-  
duced oogram changes  only;  wi th in  the  n i t ro thiazoles  and 
n i t rofurans ,  t he  range of act ive compounds  has  been 

l imited to ce r ta in  specific s t ruc tu ra l  fea tures  3-5 a n d  the  
only n i t ro th iophenes  to exh ib i t  even  weak ac t i v i t y  have  
been the  analogues of ac t ive  n i t ro furans  ~. 
The ma jo r i t y  of n i t rohe terocycl ic  compounds  t e s t ed  do 
no t  possess a n y  siguif icant  an t i sch i s tosome,  act ion,  and  
th is  lack of effect  has  been  a t t r i b u t e d  b y  Bued ing  a n d  his 
co-workers  a-.~ to  the  absence of such s t ruc tura l  necessi t ies  
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Tab le  1. The  s e h i s t o s o m i c i d a l  a c t i v i t y  of n i t r o f u r a n s  a n d  n i t ro-  

thiophenes of general structure: O~N~x~CH=N_R. / 

C o m p o u n d  s t r u c t u r e  Anf i seh i s tosome a c t i v i t y  
Tota l  a d u l t  N u m b e r  of 

X R S. m a n s o n i  d e a d  w o r m s  
% kill  

I I 
O - -N  N H  161 0 0 

\ /  
II 

0 

I ] 
S - N  N H  152 18 12 \ (  

O 

t I 
O - N  N H  149 0 0 \ /  

FI 
O 

S N N H  129 109 84 

O 
- - N  
I[ i [ [ 71 4 l  58 

, r / ' ~ ,  / \ N  N H  

0 
(Niridazole) 
Control  mice 112 0 0 

There  were 7 nfiee in each  group,  a n d  the  f igures  given refer  to the  
to ta l  n u m b e r  of schis tosomes found  per  g roup .  All c o m p o u n d s  were 
dosed  once per  d a y  on 4 consecut ive  d a y s  250 m g / k g  ora l ly  on the  
first  2 days ,  a n d  25 m g / k g  i n t r ape r i t onea l l y  on the  t h i rd  and  fou r th  
day .  

as a nitrogen-containing subst i tuent  attached directly, or 
via a rigid side chain, to the 2-position of the  nitrohetero- 
cyclic ring. 
However,  the conformational  l imitat ions  laid d o w n  by  
Bueding et al. did not  preclude the poss ibi l i ty  of retaining 
act iv i ty  on the exchange of nitrothiophene for nitrofuran 
in any  group of compounds ,  a l t h o u g h  Henry  et al. 4 gave 
three examples  where such an exchange was  disadvan-  
tageous in terms of ant ischistosomal  action. 
On invest igat ing this  subst i tut ion of Sulphur and Oxygen 
in a different type  of nitrofuran, in which  the  bridging 
group was  methy lene imine  rather than v i n y l  or carbox- 
amide,  it  was  found that  the ant ischistosome act iv i ty  
altered from that  which  only  affected the product ion of 
viable eggs% to that  which  killed adult Schis tosoma 
mansoni  harboured in the venous portal complex of mice 
(table 1). 
This  increased lethal i ty  was  particularly apparent for the 
change from 1-(5-nitro-2-furfurylideneamino)-tetrahydro- 
2(1H)-pyrimidone to its nitrothenylidel le  amino  analogue, 
which  enhanced the kill of schistosomes from zero to a 
level comparable to that  achieved wi th  niridazole,  the 
act iv i ty  of which is well proven. 
A structure-act ivi ty  relationship for these ni trothenyl-  
ideneamino compounds  was  first sought b y  vary ing  the 

1 W . J .  Ross, W. B. J a m i e s o n  a n d  M. C. McCowen, 3. reed.  Chem.  
16, 247 (1973). 

2 C. R. L a m b e r t ,  M. Wi lhehn ,  M. Striebel ,  F. Krado l f e r  a n d  P. 
S c h m i d t ,  E x p e r i e n t i a  20, 452 (1964). 

3 C . H .  Rob inson ,  E. Bued ing  arid J .  Fisher ,  Mol. P h a r m a e .  6, 604 
(1970). 

4 D . W .  H e n r y ,  V. H.  Brown,  M. Cory,  J. G. J o h a n s s o n  a n d  1:. 
Bued ing ,  J .  reed. Chem. 76, 1287 (1973). 

5 P . B .  H u l b e r t ,  E. Bued ing  a n d  C. H.  Robinson ,  J .  reed.  Chem.  
16, 72 (1973). 

6 E. B u e d i n g  a n d  J .  Visher, Mol. P h a r m a c .  6, 532 (1970). 

Tab le  2. The  effect  of Y-posi t ion subs t i t u t i on  on the  seh is tosomic ida l  a c t i v i t y  of n i t r o t h e n y l i d e n e a m i n o - t e t r a h y d r o  p y r i m i d o n e s  a n d  -imi- 
daz(~lidinones i! 

/(CH,,).\ 

i I I 
Genera l  s t r u c t u r e :  O 2 N / ~  S / \ C H =  N--N N / N - R  

() 

T e t r a h y d r o  py r imidones  (n = 1) h n i d a z o l i d m o n e s  (n = 0) 

3 ' - subs t i t uen t  Tota l  Dead  w o r m s  % kill To ta l  Dead  w o r m s  % kill 
R S. manson i  S. manson i  

I t 97 97 100 213 33 
(;I13 101 {135) 44 (49) 44 (36) 99 47 
C2H ~ 146 131 90 94 90 
n-C~H v 93 57 61 209 8 * 
iso-CaH v 118 38 32 79 0 " *  
n-Cal l  9 164 (133) 114 (33) 69 (25) 
n-CsH n 147 17 12 -- 
CH3CO-- 126 0 0 225 (87) 147 (80) 
C2H8CO - - 164 2 
HOCH~CH~ 222 9 
C~HsCH ~ -  -- 145 0 
C~HsCO 152 0 0 - 
CHaOCH 2- 159 109 69 
Nir idazole  66 66 100 
Contro l  g roup  137 0 0 

15 
47 
96 

4 
0 

65 (92) 
t 
4 
0 

All c o m p o u n d s  were  dosed  ora l ly  a t  250 m g / k g  once  da i ly  for  4 consecu t ive  d a y s  excep t  for  * where  200 m g / k g  twice da i ly  for  4 d a y s  was  
given a n d  ** where  on ly  3 • 250 m g / k g  was  admin i s t e r ed  because  of the  tox ic i ty  to the  hos t  mice. F igures  in pa ren theses  are  the  resul ts  of 
dup l i ca te  expe rhnen t s .  
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s u b s t i t u e n t  a t  t he  3 ' -pos i t ion  of t h e  p y r i m i d o n e  or imi-  
dazo l id inone  ring.  T he  effect  of such  s u b s t i t u t i o n  on 
schis tosomic idaI  ac t ion  is s h o w n  in t a b l e  2. I n  t he  pyr i -  
m i d o n e  series, t he  u n s u b s t i t u t e d  compound ,  t h e  3-me- 
t h o x y m e t h y l ,  t he  3-e thyl  and  t he  3-n-propyl  de r iva t i ve s  
were t he  m o s t  act ive,  whereas  t he  3-e thyl  and  3-acetyl  
were t he  bes t  of the  imidazo l id inone  series. The  i n a c t i v i t y  
of t he  3 -ace ty lpy r imidone  a n d  t he  3-n-propyl imidazol id i -  
none  m a d e  a n y  cor re la t ion  for t he  2 series diff icul t  to  
conceive.  
I n  all  tests ,  t h e  l e t h a l i t y  of t he  c o m p o u n d  was judged  b y  
t h e  n u m b e r  of dead  or dy ing  sch is tosomes  e n c a p s u l a t e d  
w i t h i n  t he  s u b s t a n c e  of t he  hos t  liver,  c o m p a r e d  to t he  
t o t a l  n u m b e r  of worms  found  in t he  l iver  a n d  p o r t a l  
s y s t e m  a f t e r  per fus ion  a n d  e x a m i n a t i o n  of a l iver  s q u a s h  
p repa ra t i on .  
The  m o s t  ac t ive  c o m p o u n d s  h a v e  been  g iven  to in fec ted  
mice  as single oral  doses r ang i ng  f rom 300 to 1000 mg/kg.  
The  pe rcen t age  kill  of sch is tosomes  was l inear  w i t h  respec t  
to  log10 dose, and  t he  fol lowing EDs0 resul t s  were ob- 
t a i n e d  (compound  I) :  1 - (5 -n i t ro -2- theny l ideneamino) -  
t e t r a h y d r o - 2 ( 1 H ) - p y r i m i d o n e ,  334 m g / k g  w i t h  95% con- 
f idence l imi ts  of 312 a n d  357: 1 - (5 -n i t ro ,2 - thenyl idene-  
amino) -3-e thy l -2- imidazol id inone ,  450 mg /kg  (95% l imi ts  
363 and  557); 1 - (5-n i t ro th iazoly l ) -2- imidazol id inone  (niri- 
dazole),  443 m g / k g  (95% l imi t s  387 a n d  507). Thus ,  t h e  
n i t r o t h i o p h e n e s  compared  f a v o u r a b l y  with nir idazole  

u n d e r  these  condi t ions .  I n  t h e  course  of these  s tudies ,  i t  
was  found  t h a t  none  of t h e  mice (8/group) exh ib i t ed  a n y  
ove r t  toxic  s y m p t o m s  a f t e r  single ora l  doses of 1000 mg/kg .  
I n  a s epa ra t e  t e s t  g roups  of 8 mice also t o l e r a t ed  200 
m g / k g  g iven  twice  da i ly  for 4 consecu t ive  days.  All  of 
these  mice h a r b o u r e d  S. m a n s o n i  in  v a r y i n g  n u m b e r s  and  
were genera l ly  in  b e t t e r  cond i t ion  t h a n  undosed  mice 
w h e n  examined .  However ,  LDs0 va lues  h a v e  n o t  been  
es t ab l i shed  for e i the r  h e a l t h y  or pa ras i t i zed  mice. 
The  m o s t  ac t ive  p y r i m i d o n e  ( compound  I) has  also been  
t e s t ed  aga ins t  S. m a n s o n i  h a r b o u r e d  in Sy r i an  hams te r s .  
A dose reg ime  of 300 m g / k g  da i ly  for 4 consecu t ive  days  
p roduced  a kill  of 29% (39 of a t o t a l  of 134 w o r m s  re- 
covered  f rom 6 h a m s t e r s  were dead),  whi le  a single dose 
of 750 m g / k g  gave a n  ave rage  of 27% kil l  in  a n o t h e r  
g roup  of 6 hams te r s .  P r e l i m i n a r y  inves t iga t ions  of t he  
m e t a b o l i s m  of c o m p o u n d  I in mice and  h a m s t e r s  i nd ica t ed  
t h a t  b i o t r a n s f o r m a t i o n  a n d  excre t ion  was more  r ap id  and  
ex tens ive  in t he  hams te r s ,  w h i c h  m a y  exp la in  t he  lowered 
ef fec t iveness  in t h a t  species. 
These  f indings,  a) t h a t  c e r t a i n  n i t r o t h i o p h e n e  c o m p o u n d s  
possess sch is tosomic ida l  ac t iv i ty ,  a n d  b) t h a t  a m e t h y l e n e -  
imine  b r idg ing  group  gives a cor rec t  con f igu ra t ion  for 
ac t iv i ty ,  b o t h  e x t e n d  a n d  mod i fy  the  concep t  of R o b i n -  
son, Bued ing  a n d  F i she r  ~ as to  t h e  s t r u c t u r a l  l im i t a t i ons  
imposed  u p o n  n i t rohe te rocyc l i c  c o m p o u n d s  if t h e y  are  to  
have antischistosomal action. 

Development of photochemical activity during greening of heat-stressed 
etiolated seedlings of Zea mays 

A. O. Lawanson 

Department o/Biology, University o/ I/e, Ile-I/e (Nigeria), 26 July 1976 

Summary. W h e n  e t io la ted  maize  seedlings were sub jec ted  to a h e a t  s t ress  of 40 or 45 ~ for 16 h, and  s u b s e q u e n t l y  
i l lumina ted ,  p h o t o r e d u c t i o n  of fe r r icyan ide  and  noncyc l ic  p h o t o p h o s p h o r y l a t i o n  b y  ch lorop las t s  isola ted t h e r e f r o m  
were r e t a rded ,  and  t he  lag in t he  a p p e a r a n c e  of these  p h o t o c h e m i c a l  r eac t ions  was ex tended .  

Introduction. The  a c c u m u l a t i o n  of p h o t o s y n t h e t i c  pig- 
m e n t s  and  t he  d e v e l o p m e n t  of p h o t o s y n t h e t i c  a c t i v i t y  in  
ch lo rop las t s  i so la ted  f rom green ing  e t io la t ed  p l a n t s  h a v e  
been  i n v e s t i g a t e d l - L  I n  p rev ious  com m un i ca t i ons ,  we 
r epo r t ed  t h a t  t he  r a t e s  of f o r m a t i o n  of ch lorophyl l s  8,9, 
a n d  p ro toch lo rophy l l  1~ alxd t h e  r a t e s  of cyclic pho to -  
p h o s p h o r y l a t i o n  w i t h  p t lenaz ine  m e t h o s u l f a t e  and  of 
A T P  hydro lys i s  11 of such  ch lo rop las t s  were r e t a r d e d  if 
t h e  e t io l a t ed  p l a n t s  h a d  been  sub j ec t ed  to h i g h  t e m p e r -  
a tu re s  before  greening.  I n  th i s  repor t ,  t h e  d e v e l o p m e n t  
of 2 o the r  p h o t o c h e m i c a l  ac t iv i t i es  of ch lorop las t s  i.e. 
r educ t ion  of fe r r icyan ide  and  noncycl ic  p h o t o p h o s p h o r y -  
l a t ion  w i t h  fe r r icyan ide  d u r i n g  green ing  of h e a t  s t ressed 
d a r k - g r o w n  maize  seedl ings  is descr ibed.  
Materials and methods. Seeds of maize  (Zea m a y s  Linn.  
cv  NS1) were g e r m i n a t e d  a t  25~ in da rkness  on  sand.  
The  resu l t ing  seedlings were da i ly  suppl ied  w i th  dist i l led 
water .  On ti le 4 th  d a y  a f t e r  sowing, d i f fe ren t  lots of 
seedl ings were sub jec t ed  to t e m p e r a t u r e s  of 40 or 45~ 
for  16 h in darkness .  T he  seedl ings were t h e n  r e t u r n e d  to  
25~ and  i l l u m i n a t e d  a t  3000 lux  i n t e n s i t y  suppl ied  b y  
smal l  f luorescen t  tubes .  
A t  i n t e rva l s  of 4, 6 or 8 h a f t e r  the  onse t  of i l lumina t ion ,  
ch lo rop las t s  were e x t r a c t e d  b y  t he  m e t h o d  of Howes  and  
S t e rn  12 f rom leaves  h a r v e s t e d  r a n d o m l y  f rom each  t r e a t -  
meri t ,  L i g h t  r eac t ions  were car r ied  o u t  in  a glass-sided 
w a t e r  b a t h  wh ich  was i l l u m i n a t e d  on  each  side b y  2 
300 W ref lec tor  spo t  lamps .  T e m p e r a t u r e  was m a i n t a i n e d  

a t  24 ~ b y  m e a n s  of a n  electr ic  cooling coil immersed  in 
t he  w a t e r  b a t h .  R e a c t i o n s  proceeded  for 2 m i n  in t he  
l igh t  (80,000 lux) or d a r k  and  were t e r m i n a t e d  b y  t u r n i n g  
the  l igh t  off, where  app rop r i a t e ,  and  add ing  t r ichloro-  
acet ic  acid to  a f inal  c o n c e n t r a t i o n  of 3% (w/v). Af te r  
cen t r i fuga t ion ,  a l iquo ts  of t he  s u p e r n a t a n t s  were assayed  
for f e r r i cyan ide  r educ t i on  and  noncycl ic  p h o t o p h o s p h o r y -  
lat ion.  
The  s t a n d a r d  r eac t ion  m i x t u r e  c o n t a i n e d  in tzmoles: t r is  
(pH 8.0), 135; MgC1 v 24; ADP,  12; N a N  p h o s p h a t e  
(pH 8.0), 36; BSA,  0.135; K3Fe (CN)G, 4.5; ch lo rop las t s  
c o n t a i n i n g  75-150 ~zg ch lo rophy l l ;  and  w a t e r  to  a f inal  
vo lume  of 9 ml. 
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