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S P E C I A L I A  

Les a u t e u r s  son t  seuls r e sponsab les  des  op in ions  expr im6es  d a n s  ces b r~ves  c o m m u n i c a t i o n s .  - F i i r  die K u r z m i t t e i l u n g e n  
i s t  ausschl iess l ich  de r  A u t o r  v e r a n t w o r t l i c h .  - P e r  le b r e v i  c o m u n i c a z i o n i  ~ r e sponsab i l e  solo l ' au to r e .  - The  ed i to r s  
do  n o t  ho ld  t h e m s e l v e s  r e spons ib le  for t h e  op in ions  expressed  in t he  a u t h o r s '  b r i e f  repor t s .  - OTBeTCTBeHHOETB 3a 

K0p0TKne c006meH~n HeC'~T nCK~IOqnTe~UH0 aBvop. - E1 r e sponsab l e  de los i n fo rmes  reducidos ,  estA el au to r .  

L o g a n i n  f r o m  Mytragyna parvi fo l ia  K o r t h .  

T h e  i m p o r t a n c e  of c y c l o p e n t a n e  m o n o t e r p e n e  ske le ton  
in t h e  b io syn the s i s  of indole  a lka lo ids  h a s  r e c e n t l y  b e e n  
e m p h a s i z e d  1, a n d  logan in  ~ (I) has  been  s h o w n  to  be  t he  
p recu r so r  of t he se  a lka lo ids  b y  feeding (o -methy l  (all))3, 
(2-14C) * a n d  (4-14C) logan ins  5. 
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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  we wish  to  r e p o r t  t h e  
i so la t ion  of t ogan in  f r o m  t h e  l eaves  of Mytragyna parvi- 
]olia K o r t h .  ( family  Rub iaceae )  w h i c h  ac t i ve ly  syn thes i ze  
c o r y n a n t h e  ~ t y p e  of indole  a lka lo ids  a n d  t h u s  p r o v i d e  
suppor t ,  a lbe i t  c i r cums t an t i a l ,  for  t he  i n t e r m e d i a c y  of 
l ogan in  in t h e  b io syn the s i s  of indole  a lkaloids .  

The  po la r  non -a lka lo i da l  f r ac t i on  f rom 11 kg  f resh  
leaves  of M. parvl/olia K o r t h .  was  s e p a r a t e d  b y  a combi -  
n a t i o n  of c o u n t e r c u r r e n t  d i s t r i b u t i o n  (100 t r a n s f e r s ;  
so lven t  s y s t e m ;  n - b u t a n o l - w a t e r )  a n d  c o l u m n  c h r o m a -  
t o g r a p h y  on  sil ica gel (e lu t ion  w i t h  e t h y l  a c e t a t e - e t h a n o l  
m ix tu re s )  to  give 300 m g  logan in  w h i c h  was  c rys ta l l i zed  
success ive ly  f rom abso lu t e  e t h a n o l  a n d  m e t h a n o l ,  m.p .  
a n d  m i x e d  m.p .  w i t h  a u t h e n t i c  sample ,  221-222 °. T h e  
i d e n t i t y  was  f u r t h e r  c o n f i r m e d  b y  TLC,  ro t a t ion ,  UV, 
IR ,  N M R  a n d  mass  spec t r a  r as well  as b y  p r e p a r a t i o n  of 
t h e  penta-acet~t te ,  m.p .  140-141 °. 

Th i s  a p p e a r s  to  be  t h e  f i r s t  r e p o r t  of t he  i so la t ion  of 
l ogan in  f rom a p l a n t  be long ing  to  t h e  R u b i a c e a e  family ,  

a n d  t h u s  ind ica t e s  i t s  close r e l a t i o n s h i p  w i t h  t h e  p l a n t s  of 
t h e  Logan iaceae  s f a m i l y  9 

Zusammen/assung. Logan in ,  ein po ten t i e l l e s  Schliissel-  
z w i s c h e n p r o d u k t  in  der  B i o s y n t h e s e  y o n  Indo la lka lo iden ,  
w u r d e  aus  den  B l / i t t e rn  yon  Mytragyna parvi/olia K o r t h .  
isoliert .  
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The Inhibit ing Actions on Pol iovirus Multiplication of 1 -Alky l -2 - (a -methoxybenzy l )benz imidazo les  

2 - ( ~ - H y d r o x y b e n z y l ) b e n z i m i d a z o l e  ( H B B  : I ; R = R ' = H )  
a n d  2- (c~-methoxybenzyl )benz imidazole  ( M B B :  I ;  R=H,  
R ' =  Me), w h e n  t e s t e d  s i m u l t a n e o u s l y  a t  ha l f  t h e i r  re- 
spec t ive  m a x i m u m  t o l e r a t e d  c o n c e n t r a t i o n s  (MTC's) 1, 
exe r t  b r o a d l y  s imi la r  p r o t e c t i v e  ac t ions  t o w a r d s  E R K  
cells in fec ted  w i t h  po l iov i rus  ~. Possess ion  of s imi la r  
a c t i v i t y  b y  c o m p o u n d s  w i t h  d i f f e ren t  so lub i l i ty  cha rac -  

t e r i s t i cs  cou ld  be  of p r a c t i c a l  v a l u e  a n d  i t  is n o t e w o r t h y  
t h a t  t h e  c t -hydroxy g roup  i tself  is no t  essent ia l  for m a r k e d  
a c t i v i t y  in  th i s  series. 

T h e  p r o t e c t i v e  ac t ions  of 1-a lkyl  d e r i v a t i v e s  of H B B  
(I;  R=alkyl ,  R ' =  H) a g a i n s t  t h e  c y t o p a t h i c  effects  of 
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po l iov i ruses  o n  E R K  cells 3 a n d  t h e  i n h i b i t i n g  ac t ions  of 
t he se  c o m p o u n d s  on  t h e  m u l t i p I i c a t i o n  of po l iov i ruses  
(Tab le  I) b o t h  inc rease  w i t h  inc rease  in  a t k y l - c h a i n  l e n g t h  
to  a m a x i m u m  w i t h  t h e  p r o p y l  or  b u t y l  d e r i v a t i v e  4. 

W e  h a v e  ca r r ied  o u t  s tud ies  w i t h  s imple  1-alkyl  de r iva -  
t i ve s  of M B B  (I ;  R = a lkyl ,  R ' =  Me) us ing  t y p e  1 
(L So, 2 ab), t y p e  2 ( P  712, Ch 2 ab) a n d  t y p e  3 (Leon 
12 ab) pol iovi ruses  in  E R K  cells. T he  h y d r o c h l o r i d e  of t h e  
1 -bu ty l  d e r i v a t i v e  a n d  t he  free bases  of t h e  o t h e r  de r iva -  
t ives  were  used in our  e x p e r i m e n t s .  D i m e t h y l s u l p h o x i d e  
was  n o t  e m p l o y e d  to  a id  d ispers ion .  As usual ,  b r o a d l y  
s imi la r  t r e n d s  were  s h o w n  w i t h  each  of t h e  3 po l iov i rus  
t y p e s  a n d  ac t i v i t i e s  were  g r ea t e r  a g a i n s t  t h e  t y p e  2 t h a n  
a g a i n s t  t h e  t y p e s  1 a n d  3 vi ruses .  

T h e  tox ic i t i es  t o w a r d s  E R K  cells of M B B  a n d  i t s  
1-rnethyl ,  1 -e thy l  a n d  1-propyl  d e r i v a t i v e s  a re  lower  t h a n  
t hose  of H B B  a n d  i ts  c o r r e s p o n d i n g  1-atkyl  de r iva t ives .  
M a x i m u m  t o l e r a t e d  c o n c e n t r a t i o n s  of  1-a lkyl  d e r i v a t i v e s  
of M B B  decl ine  sha rp Iy  to  t h a t  of t he  1 -bu ty l  de r iva t ive ,  
w h i c h  ha s  t h e  s ame  MTC as 1 - b u t y l - H B B  (Table  I). 
1 - B u t y l - M B B  inf luences  t h e  b e h a v i o u r  of E R K  ceils a t  
c o n c e n t r a t i o n s  well  be low i ts  MTC. F o r  example ,  t h e  
r a t e  of m e t a b o l i s m  of glucose is g r ea t l y  r educed  b y  t h e  
p resence  of on ly  x/4 MTC of 1 - b u t y l - M B B .  I n t e r f e r e n c e  
w i t h  n o r m a l  ce l lu lar  processes  b y  sub- tox ic  c o n c e n t r a t i o n s  
of  l - b u t y l - M B B  a n d  t h e  low so lub i l i ty  b o t h  of t h i s  com-  
p o u n d  a n d  of  i t s  h y d r o c h l o r i d e  cou ld  a c c o u n t  for  i t s  
e r ra t i c  b e h a v i o u r  in  ou r  tes ts .  

C o n c e n t r a t i o n s  of  c o m p o u n d s  g iv ing  75% i n h i b i t i o n  of 
po l iov i rus  m u l t i p l i c a t i o n  a f t e r  16 h (VIC's)4  a n d  r e l a t i ve  
ac t iv i t i e s  a n d  r e l a t i ve  se lec t iv i t ies  ~ are l i s ted  in T a b l e  I. 

1-Alkyl  d e r i v a t i v e s  of M B B  h a v e  lower  r e l a t i ve  ac t iv i t i e s  
t h a n  t h e  c o r r e s p o n d i n g  d e r i v a t i v e s  of H B B ,  b u t  a b r o a d l y  
s imi la r  genera l  t r e n d  is p r e s e n t  w i t h i n  t h e  2 series of 
c o m p o u n d s  w i t h  r e l a t i ve  ac t iv i t i e s  a n d  r e l a t i ve  select ivi -  
t ies  of 1 - a l k y l - M B B ' s  r i s ing  to  a m a x i m u m  w i t h  t h e  
1-propyl  s u b s t i t u e n t .  D i f f e r en t  va lues  for t h e  VIC  of 
1 - b u t y l - M B B  were  o b t a i n e d  in  d i f f e ren t  d e t e r m i n a t i o n s .  
T a b l e  I l is ts  t h e  lowes t  va lues  o b t a i n e d  for th i s  c o m p o u n d .  

The  F igu re  p o r t r a y s  t h e  t i m e s  of d e v e l o p m e n t  of cy to-  
p a t h i c  c h a n g e  in  E R K  cells t h a t  were  s i m u l t a n e o u s l y  in- 
fec ted  w i t h  pol iov i ruses  a n d  t r e a t e d  w i t h  1/2 MTC of com-  
p o u n d s  a n d  also t h e  c o r r e s p o n d i n g  t i m e s  for  i n fec t ed  
con t ro l  cu l tures .  T h e  m o s t  s t r i k i n g  p r o t e c t i o n  in t h e  
1 -a lky l -MBB series  is g iven  b y  t h e  1 -propyl  de r i va t i ve .  
I n  t h e  e x p e r i m e n t s  w i t h  t h e  t y p e  2 a n d  t y p e  3 v i rus ,  t h e  
p r o t e c t i v e  ac t ions  increase  w i t h  a lky l  c h a i n  l e n g t h  u p  t o  
t h e  p r o p y l  g roup .  W i t h  t h e  t y p e  2 v i rus ,  t h e r e  is a d r o p  
in  go ing  f rom the  p a r e n t  lVIBB to  i t s  1 -me thy l  d e r i v a t i v e  
before  t h e  t r e n d  is fol lowed.  W i t h  t h e  t y p e  1 v i rus ,  M B B  
a n d  i ts  1 - m e t h y l  a n d  1-e thy l  d e r i v a t i v e s  h a v e  s imi la r  
effects.  The  b e h a v i o u r  of t h e  1 -bu ty l  d e r i v a t i v e  in  dif- 
f e r en t  series of e x p e r i m e n t s  is va r i ab le .  All d a t a  o b t a i n e d  
for  each  v i ru s  in  t h e  F i g u r e  were  o b t a i n e d  f r o m  t h e  one  
e x p e r i m e n t .  T h e  p r o t e c t i v e  a c t i o n  s h o w n  b y  1 -bu ty l -  
M B B  a g a i n s t  t h e  t y p e  2 v i r u s  is i l l u s t r a t i ve  of i t s  b e s t  
p e r f o r m a n c e  w i t h  t h i s  v i rus ,  b u t  t h e  r e su l t s  p o r t r a y e d  
w i t h  b o t h  t h e  t y p e  1 a n d  t y p e  3 v i ruses  a re  well  be low 

Table I. Maximum tolerated [xmolarities (MTC), ~molarities giving 
75% inhibition of poliovirus multiplication (VIC), relative acti- 
vities (A) x and relative seleetivities (S) 1 of HBB (I; R=R'=H), 
MBB (I; R=H, R'=Me) and their 1-alkyl derivatives 

Virus Parent Substituent R of virus inhibitor 
type compound present 

H Me Et  Pr 

MTC - 

VIC 1 
2 
3 

A 1 
2 
3 

S 1 
2 
3 

MTC - 

VIC 1 
2 
3 

A 1 
2 
3 

S 1 
2 
3 

HBB 

blBB 

~ =  

Bu "~ 

210 210 180 80 60 ~ "= 

160 120 100 9 10 ~ 
35 35 30 7.5 5.5 ~ ' ~  

160 140 120 22.5 25 ~ 

1 1.3 1.6 17.8 16.0 ~ 
1 1.0 1.2 4.7 6.4 .E 
1 1.1 1.3 7.1 6.4 

I--- 

1 1.3 1.4 6.8 4.6 
i 1.o 1.o 1.s 1.8 Io~ho(EO~ounits or virua/mt) 
1 1.1 1.1 2.7 1.8 

Protection given by 1[~ MTC's of compounds to ERK cells infected 
300 360 300 180 60 with 3 dilutions of each poliovirus type. In the graphs, numbered 
145 140 120 45 80 lines join the 3 points for each compound as follows : line (0), controls 

with no test compound; (1), 1-butyl-MBB; (2), HBB; (3), 1-methyl- 
40 50 35 20 35 

160 150 130 60 80 MBB; (4), 1-ethyl-MBB; (5), MBB; (6), 1-propyl-MBB; (7) 1-propyl- 
HBB (PHBB) (20~tM); (8), PHBB (40IzM). Half the non-infected 

1.1 1.t 1.3 3.6 2.0 control cells survived 5.75 days in all the 3 experiments portrayed. 
0.9 0.7 1.0 1.8 1.0 The presence of lie MTC of any of the test compounds made no 
1.0 1.1 1.2 2.7 2.0 difference to these survival times for non-infected control ceils. 

1.6 2.0 1.9 3.1 0.6 
1.3 1.2 1.4 1.5 0.3 
1.4 1.8 1.8 2.3 0.6 

Quantities A and S (both relative to HBB for each virus) are defined 
in reffl. 

D. G. O'SULLIVAN and A. K. WALLIS, Nature 198, 1270 (1963). 
4 D. G. O'SuLLIVAn, in Viruses and the Chemotherapy o/ Viral 

Diseases (Royal Institute of Chemistry, Lecture Series 1965, 
No. 2), p. 33. 
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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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