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t h e  b e s t  p e r f o r m a n c e s  of  t h i s  c o m p o u n d  w i t h  these  2 
viruses .  

1 - P r o p y l - M B B  also de lays  o r  p r e v e n t s  t h e  onse t  of 
c y t o p a t h i c  c h a n g e  in  M K  cells in fec ted  w i t h  Coxsackie  t3 5 
a n d  A 9  a n d  E C H O 6 ,  11 a n d  28 v i ruses  a n d  in  E R K  ceils 
i n f ec t ed  w i t h  Coxsackie  A 21  vi rus .  

l -Alky l -2- (~-methoxybenzyI )benz imidazo les  (I;  R=alkyl ,  
R '=Me)  were  p r e p a r e d  b y  hea t i ng ,  u n d e r  re f lux  for  10 h,  
t h e  a p p r o p r i a t e  N - a l k y l - o - p h e n y l e n e d i a m i n e  ~ (1 mole)  
a n d  ~ - m e t h o x y p h e n y l a c e t i c  ac id  (I  mole)  in  2 M  h y d r o -  
chlor ic  ac id  (2.5 moles).  T he  1 -bu ty l  d e r i v a t i v e  s e p a r a t e d  
as t he  h y d r o c h l o r i d e  on  cool ing t he  r eac t i on  m i x t u r e  and,  
a f t e r  c ry s t a l l i z a t i on  f r o m  e i the r  2 M  h y d r o c h l o r i c  ac id  or 
e thano l i c  e t h e r  w i t h  cha rcoa l  t r e a t m e n t ,  fo rmed  w h i t e  
p r i s m s  (35.5% y ie ld ;  m.p .  171.5-173°),  I n  o t h e r  cases, t h e  

Table II. 1-Alkyl-2-(cc-methoxybenzyl)benzimidazoles (I, R = alkyl, 
R'=Me) and analytical data for their picrates 

R ~ Me Et Pr Bu 

Form White Colourless White Colourless 

prisms oil~ prisms oil b 
m.p (°C) 74.5-76 59-60.5 
Yield (%) 30.9 45.4 37,7 34.5 
Form~ yellow yellow yellow yellow 

needles prisms prisms prisms 
m.p (°C)~ 188-189 181-182 190-191 182-183 

Formulae o a 0 + CH~ o + C~H 4 ~ + C~H 6 
C Required (%) 54.9 55.7 56.6 57.3 

Found (%) 54.8 56.0 56.8 5%0 
I t  Required (%) 3.99 4.28 4,56 4.83 

Found (%) 4.08 4.38 4.49 4,93 
N Required (%) 14.6 14.1 13.7 13.4 

Found (%) 14.5 14.4 13.7 13.0 

r e a c t i o n  m i x t u r e  was  m a d e  a lka l ine  w i t h  3 ~ I  p o t a s s i u m  
c a r b o n a t e ,  t he  s e p a r a t e d  ba se  t h e n  e x t r a c t e d  w i t h  chloro-  
f o r m  a n d  t h e  e x t r a c t  w a s h e d  w i t h  s a t u r a t e d  s o d i u m  bi-  
c a r b o n a t e  so lu t ion ,  fol lowed b y  wate r ,  a n d  d r i ed  o v e r  
a n h y d r o u s  s o d i u m  su lpha te .  T h e  r ed  oil r e m a i n i n g  a f t e r  
e v a p o r a t i o n  of t h e  s o l v e n t  was  c o n v e r t e d  i n t o  t h e  p ic ra te .  
Crys ta l l i za t ion  f rom e t h a n o l i c  e t h e r  a f t e r  t r e a t m e n t  w i t h  
cha rcoa l  gave  a p u r e  p i c r a t e  in each  case. E a c h  base  cou ld  
be  r e g e n e r a t e d  b y  s u s p e n d i n g  t h e  p u r e  p i c r a t e  (1 g) in  
w a t e r  (200 ml)  a n d  d i sso lv ing  b y  s lowly a d d i n g  e t h a n o l  
(ca. 170 ml) w i t h  w a r m i n g .  T h e n  t he  so lu t ion  was  twice  
t r e a t e d  w i t h  Dowex  1 a n i o n  e x c h a n g e  res in  (ca. 3 g, in  
t h e  ch lor ide  form)  a n d  f i l tered.  Af t e r  c o n c e n t r a t i n g  t h e  
colourless  f i l t r a t e  b y  e v a p o r a t i o n ,  a n  e q u i v a l e n t  v o l u m e  
of M s o d i u m  h y d r o x i d e  was  a d d e d  a n d  t h e  base  e x t r a c t e d  
w i t h  ch lo ro fo rm a n d  dr ied  over  a n h y d r o u s  s o d i u m  sul-  
p h a t e .  R e m o v a l  of t h e  so lven t  le f t  t h e  1-alkyl-2-(~- 
m e t h o x y b e n z y l ) b e n z i m i d a z o l e  as a n  oil, w h i c h  s lowly 
c rys ta l l i zed  e x c e p t  in  t h e  case of t he  1 -e thy l  de r iva t i ve .  
De ta i l s  of t h e  c o m p o u n d s  are  g iven  in T a b l e  I I .  

T h e  h igh  l ip id  so lub i l i ty  of these  m e t h o x y  c o m p o u n d s  
could p rove  a v a l u a b l e  f e a tu r e  in  a n y  f u t u r e  a p p l i c a t i o n  
of t h e i r  a n t i v i r a l  proper t ies~.  

Zusammen[assung. 1-Alkyl-2-  ( e - m e t h o x y b e n z y l ) - b e n z i -  
midazo le  h e m m t  die V e r m e h r u n g  des  P o l i o v i r u s  de r  
A r t e n  1, 2 u n d  3, wobei  das  1 - P r o p y l - D e r i v a t  die gr6ss te  
W i r k u n g  ha t .  
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6-Methoxymellein a s  a P h y t o a l e x i n  

3 -Me thy l -6 -me thoxy-8 -hyd roxy -  3 ,4 -d ihydro i socoumar in  
(I), o f t en  re fe r red  to  as  6 - m e t h o x y m e l l e i n ,  was  i so la ted  b y  
SONDItEIMER x f rom ca r ro t s  w h i c h  h a d  deve loped  a b i t t e r  
t a s t e  d u r i n g  s torage .  I n  a ser ies  of  s u b s e q u e n t  i nves t i ga -  
t i o n s  2.s, K u d  a n d  h is  c o l l a b o r a t o r s  sugges t ed  t h a t  t h i s  
fung i tox ic  compoiznd  is p r o d u c e d  b y  a l t e r a t i o n  of t h e  
m e t a b o l i s m  of t h e  c a r r o t  roo t  t i s sue  i n d u c e d  b y  in fec t ion  
b y  one  of seve ra l  fungi  a n d  is a f a c t o r  in  t h e  d isease  
r e s i s t ance  m e c h a n i s m  of t h e  ca r ro t .  T h i s  p r o p o s a l  h a s  
b e e n  e l a b o r a t e d  in  a r e c e n t  r ev iew 6, a n d  in  a n o t h e r  
r ev iew 7 6 - m e t h o x y m e l l e i n  h a s  b e e n  classed as  a ' p h y t o -  
a lex in ' .  

I n  a p r e v i o u s  i n v e s t i g a t i o n  (wi th  Dr.  J .  LEvi ,  1964) we 
e x a m i n e d  t h e  g r o w t h  of Ceratocystis fimbriata Ell.  a n d  
Ha l s t .  ( the  f u n g u s  w h i c h  was  l a t e r  r e p o r t e d  b y  Kud5  to  
i nduce  t h e  g r e a t e s t  p r o d u c t i o n  of 6 - m e t h o x y m e l l e i n  in  
c a r r o t  slices) in  s u b m e r g e d  cu l tu re  on  s y n t h e t i c  m e d i a  
a n d  o b t a i n e d  ev idence  for  t h e  p r o d u c t i o n  of pheno l i c  
m e t a b o l i t e s  r e l a t ed  to  t hose  obse rved  b y  us in  AspergilIus 
terreus T h o m .  8. S ince  t h e  r e p o r t  of A u ~  e t  al. 9 of t h e  
i so la t ion  of (I) f r om s u b m e r g e d  cu l tu re  of Sporormia 
bipartis Cain we h a v e  r e p e a t e d  our  i nves t iga t ions ,  a n d  

t h e  r e c e n t  r e p o r t  of MCGAHREN a n d  MITSCaER t° of t h e  
i so la t ion  of (I) f rom a n o t h e r  Sporormia sp. p r o m p t s  us  t o  
record  our resul ts .  

C. [imbriata Ell .  a n d  HaIs t .  was  g r o w n  in a s t a n d a r d  
co rn - s t eep  l iquor  m e d i u m  n in s h a k e  f lasks  (60 ml  m e d i u m )  
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for 11 days  a t  25 °C. The  whole  b ro th  (ca. 7 1 medium)  was 
ex t r ac t ed  w i t h  e ther  and af te r  evapo ra t i on  of the  e ther  
t he  residue was puri f ied by  p repa ra t ive  th in - layer  ch roma-  
t o g r a p h y  to  give the  i socoumar in  (II) (18 mg) m.p.  129 °, 
ident ica l  in all respects  w i th  syn the t ic  mate r ia l  12 as t he  
m a j o r  phenol ic  metabol i te .  W e  were  unable  to  isolate  the  
d ihydro i socoumar in  (I) b u t  several  o the r  closely re la ted  
compounds  were present .  One  of these  has  been ident i f ied  
(by th in - layer  ch romatography)  as the  d ihydroxyiso-  
coumar in  (III)13; o thers  are being inves t iga ted .  

The  p roduc t ion  of compounds  such as (II) and (III)  so 
closely re la ted to (I) in a syn the t ic  m e d i u m  mus t  th row 
doub t  on the  real  origin of 6 -methoxymel le in  in carro t  
infected wi th  C. /imbriata, and the  s ta tus  of (I) as a 
' phy toa lex in ' .  These resul ts  clearly suppor t  the  reserva-  

t ions impl ied  b y  AuE et  a l )  and  McGAHREN and MIT- 
sellER 10 and  suggest  t h a t  some o the r  phy toa lex ins  migh t  
wa r r an t  fu r the r  inves t iga t ion  14. 

Rdsumd. Le d ihydro i socoumar in  (I) 6fair consider6 
c o m m e  un  <,phytoalexim> p rodu i t  pa r  des caro t tes  in- 
fect6es de Ceratocystis/imbriata. Mais l ' i socoumar in  (II), 
de s t ruc tu re  apparent6e  a y a n t  6t6 d6gag6 d ' une  cul ture  
de ce champignon  sur boui l lon synth6t ique ,  on p e u t  
dou te r  que  (I) t i re  son origine des carot tes .  
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Ethyl 6,7-bis(Cyclopropylmethoxy)-4-hydroxy-3-quinolinecarboxylate, a Potent Anticoccidial Agent 

Alkyl  6, 7 -d ia lkoxy-4-hydroxy-  3-quinol inecarboxyla tes  
have  been shown to exhib i t  a good order  of ant icoccidia l  
a c t i v i t y  in the  chicken 1. 

Our  in teres t  in subs t i tu ted  4-hydroxyquinol ine-3-car -  
boxylates ,  ex tend ing  back  to  1962, p r o m p t e d  us to enlarge  
upon some earl ier  work. This  endeavor  y ie lded e thy l  
6, 7-bis(cyclopropylmethoxy)-4-hydroxyquinoline- 3-car -  
boxy la t e  (Su-18,137), a subs tance  showing ou t s t and ing  
a c t i v i t y  agains t  a n u m b e r  of species of coccidia.  

The  synthesis  of Su-18,137 is out l ined in the  Figure.  
CatechoI  was a lky la ted  wi th  chloro- or  b romo-me thy l -  

cyc lopropane  in d i m e t h y l f o r m a m i d e  solut ion conta in ing  
2 equiva len ts  of sodium hydr ide  (oil dispersion) to  give 
the  corresponding d ie ther  (I), b.p.13 162°C. Anal .  Calcd. Test 
for Cx4HlsO2: C, 77.02; H,  8.31. F o u n d :  C, 76.78; H,  8.40. No. 

T r e a t m e n t  of (I} wi th  aqueous  n i t r ic  acid gave  the  
4-ni tro de r iva t i ve  (II), m.p.  80.5-81.5 °. Anal .  Catcd. for 
C14H17NO4: C, 63.86; H,  6.51; N, 5.32. F o u n d :  C, 63.55; 
H,  6.42; N, 5.07. This  subs tance  was ident ica l  wi th  t h a t  1 
p repared  f rom (I l I ) .  

Ca ta ly t ic  hydrogena t ion  of I I  in e thanol ic  solut ion in 
t he  presence of p l a t i num oxide  gave  IV, which was con- 2 
v e r t e d  to  V wi thou t  isolat ion by  ref luxing wi th  t mole  of 
d ie thy l  e t hoxyme thy t ene  malonate ,  m.p.  66-67 °. Anal .  3 
Calcd. for C2zH29NO6: C, 65.49; H,  7.24; N, 3.47. F o u n d :  
C, 65.90; H,  7.34; N, 3.69. Cycl izat ion of V to VI  occurred 

4 
on ref luxing in D o w t h e r m  A® for 10-15 min.  Anal.  Calcd. 
for C20H~sNO5: C, 67.21; H, 6.49; N, 3.92. F o u n d :  C, 66.51, 
66.50; H,  6.38, 6.34; N, 3.75. All s t ruc tures  were con- 
f i rmed by  means  of NMI~- and IR-analyses .  

Biological results. Su-18,137 was mixed  into  chick 
s ta r te r  feed and adminis te red  there in  to 7-day-old whi te  
Leghorn  chicks which were inocula ted  wi th  coccidia 24 h 
la te r  by  in tuba t ion  of sporula ted  oocysts  into the  crop. 
The  med ica t ed  chicks were found to  exh ib i t  su rv iva l  ra tes  
in this infect ion which caused high mor t a l i t y  in un t r ea t ed  

birds. The  results  of 4 tes ts  invo lv ing  3 di f ferent  s trains 
of Eimeria tenella are shown in Table  I. Comple te  protec-  
t ion  was ob ta ined  a t  dose levels  as low as 0.0008%. 

Su-18,137 was then  submi t t ed  to  a more  r igorous t es t  
of ac t iv i ty .  Infec t ions  wi th  5 species of  mixed  coccidia 

Table I. Activi ty of SU-18,137 against Eimer ia  tenella in 7-day-old 
chicks infected with approximately 150,000 oocysts 24 h after 
initiation of medication in the feed (continued for 8 days) 

E .  tenella Doselevel  No. chicks No. chicks % 
strain (% in feed) started surviving survival 

on day 10 

'N' 0.0085 11 I1 100 
0.00425 10 9 90 
0 (controls) 18 3 23 

'N' 0,0032 10 10 100 
0 (controls) 20 0 0 

'P'  0,0008 I0 i0 100 
0 (controls) 9 4 44 

'S' 0.0008 8 8 100 
0 (controls) 10 3 30 
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