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- I r i a o d i a l  of h i y h  i s u m r r i c  p u r i t y  was e f f r . c t i v e l y  p r r p d r e d  by  

r c d u c l i u r l  uf ~ l r p r t a l d c t u o r  w i t h  sodium b u r u h y d r i d e  i n  t r . r r - b u t d , ~ o l .  

N r p e t a l a c t o n r ,  i n  curl1 was r e a d i l y  o b t a i n e d  by s t r a l ~ l  d i s t i l l d t i o r ~  of t h e  

a e r i a l  p a r t s  u f  NEpeta c a t d r i a .  Feedihg of d e u t u r i u l ~ l - l a b e l l e d  i r i d o d i a l  

p repared  as above drld o r u t e r i u m - l a b e l l e d  n l a t r r i a l  p repdred  by  ac id -p ro i i~o ted  

c y c l i a t i o t l  o f  i O - ~ x o c i t r o n e l l a l ,  t o  a  Carharanthus rosrus c e l l  suspension 

c u l t u r e ,  a f f o r d e d  t h e  a l k d l o i d ,  a j a i o l i c l i i e ,  wh ich  was s p e c i f i c a l l y  l a b r l l r o  

w i t h  d e u r r r i u i , i  t o  t h e  e x t e n t  u f  76% and 36%, r e s p e c t i v e l y .  

NRCC No. 30007 

I r i a o d i a l  (1) has been i r i i p l l c a r e d  as a  conmon p r e c u r s o r  t o  t h e  y roup  o f  c y c l o p e n t d n o i d  t e r p r n r s  

kriuwrl ds I r i d o i ~ s " ~  as w e l l  ds t o  nior loterpenr i n d o l e  d l k d l ~ i d s ~ - ~ .  10 t u r n ,  i d r i s r s  fror l i  t h e  

d c y c l l c  n l u ~ l i i i e r p r n r ( i )  1 0 - u x u g r r a n i d l  a r i d l o r  10-unor ierd l .  I n r r r e s t i r ~ g l y ,  a nunsbrr u f  

9 , l U - i i ~ y g e i l a t r d  d e r i v a r i v ? s  irf g e r d i l i o l  ( b u t  ? l o t  n e r u l  i had a l s o  beer, i i ! ~ p l i c d r r d  as i r l d u l r  

8 a l k d l u i d  p r e c u r s o r s  . 

Sc.nril~e I .  O u t l i n e  u t  B U W I : ~  dlid L c ? t r s 8  p r e p d r a t ~ ~ r t  lit i r i d o d i a l .  

9  A5 w? had e d r l i r r  p repared  a rluniber u f  Y,l0-oxygetiated y r r a n i o l  dnd y r r d n i a l  d e r i v a t i v ? s  , we rnow 



sought  a  conven ien t  p r e p a r a t i o n  o f  i r i d o d i d l  i n  o r d e r  t o  f u r t h e r  pursue o u r  l l l t e r e s t  i n  the e a r l y  

s tages o f  i n d o l e  a l k a l o i d  b i o s y n t h e s i s .  P r e v i o u s l y ,  Bowmdn mid ~ r r t e "  had p r r p d r e d  I d b e l l e d  

l r i d o d i a l  by c y i l i z a t i o ~ l ,  "r ider d c i d i c  c o n d i t i o r ~ s ,  of t h e  morloacetdl of 1 0 - o x o c i r r o n e l l a l  (2) 
(Schens 1). By u s i n g  z - ( - ) - c i t r o r l e l l o l  (3) as t h e  s t d r t i r l y  n l a t e r l a l ,  t h e  s t e r r u c h e m i s t r y  of t h e  

C-3 methy l  yruup was f i x e d ,  however t h i s  appruach a f f o r d e a  l i t t l e  c o n t r o l  o v e r  t h e  s t r r e o c h e r a i s t r y  

d t  t h e  cdrDons ad jacen t  t u  t h e  two f u r m y l  f u n c t i o n s ,  due t o  t h e  e q u i l i b r a t i n g  c o n d i t i o n s  employed, 

arid i n  our hands r e p e t i t i o n  u f  t h i s  r e d c t i o r ~  l e d  t o  d colilplex n l l x t u r e  o f  " i r i d o a l a l s " .  T h i s  r e s u l t  

111-y w e l l  have beeit a  c o n t r i b u r i r ~ g  f a c t o r  t o  t h e  1dck o f  i r l c u r p o r a t i o n  of t h i s  i r i d u d i a l  i n t o  

Cdthdrdnthus i l ~ d u l r  a l k a l o i d s  ds o r i g i n a l l y  observed by Bowr!~au d81d irrtrlO. Cunvr rse ly ,  Uesato & 

dl.' ' p r e p d r r d  i r i d o d i a l  fro181 t h e  rnatural m a t e r i e l  y r n i p u s i d r  (4) d ~ n u l t i s t + p  sequence o f  - 

v c a c t i o n s .  T h i s  p r e p a r a t i u n  was a t r r a c r i v r  fro!" t h e  p o i n t s  o f  v iew iif s te reochemica l  c o ~ i t r o l  and 

v e r s a t i l i t y ;  however, i t  s u f f e r e d  t h e  drawback u f  b r i r i g  d  ~ l o n - t r i v i d l  l d b o r i o u s  sequence t o  

p r r f o n a .  A c c u r o ~ w y l y ,  *re souyl l t  iu dcvelop a  conve l l l *n t  arid s in ip la  p r e p a r a t i o n  o f  i r i d u d i a l .  Our 

dpprooch wds bdsed uil t h e  r e d u c t i o n  o f  t h e  n a t u r d l  p r u d u c t  nepe td lac tone  ( 5 ) ,  which c o u l d  be 

r e a d i l y  ob rd ined  by i tea l r i  d i s t i l l a t i o r ,  of t h e  d e r i d l  p d r t s  o f  t h e  c a t ~ i i p  p l a n t ,  N q e r a  c a t a r i d .  

A l though  a riutlibrr u f  i s o n l r r i c  ~ i r p e t a l a c t o r t r s  have been i s o l a t e d  f rum Nepeta spec ies ,  12-15 the 

s t < a i l ~ - v o l a t i l e  o i l  u b t d i i l e d  by u j  f ro in  f i e l d  growl1 p l d r l t s  o f  N. c d t d r i d  corrs is ted of >YO% 5 as 

ueter in i r ied by gas chrrrsdtbgraptly, p r o t o n  ,nognetlc re5onance sp rc t ru i l , e t r y ,  drid carbon-13 magnet ic  

r r s o n a l l c t  Spectrometry .  Reduct ion u i  5 w i t h  sodiul,I b o r o h y d r i d e  i n  x - b u t d r ~ o l  d f f o r d e d  d s i n g l e  

isomer o f  i r i a o u i a l  i n  t h e  b i c y c l e  h r m i a r e t a l  fo r ln  w i t h  t h e  s te reochemis t ry  knowri a t  a l l  c e n t r e s  

excep t  f o r  t h e  newly genera ted  l d c t o l  which wds t e n t a t i v e l y  ass igned  t h e  a-011 c o n f i g u r a t i o n  ds 

i n d i c a t e d  i l l  s t r u c t u r e  1, Schen~e 2. The course u f  t h e  reduc t io ! ,  wds v e r y  s e n s i t i v e  t o  t h e  s u l v e n t  

employed. Wi th  x - b u t a n o l ,  t h e  o f l l y  s i g n i f i c a n t  p r o d u c t  o b t a i n e d  a f t e r  20 h. was  i, which c o u l d  

b e  i s o l a t e d  i n  49% y i e l d .  I f  i i i s t e a d  o f  w - b u t a n u l ,  i sop ropano l  o r  methanul were used, u n l y  

r r a c z s  u f  1 were obssrvcd (Scheme 2). w i t h  t h e  n la jo r  p r o d u c t s  riow b e i n g  t h e  hydroxy i s o p r u p y l  

e s t e r s  5 atid 1 i n  t h e  f i r s t  cdse, and t h e  s a t u r a t e d  l a c t o n e s  8 and 9 and d i u l s  10 and 2, i n  t h e  

srco i id  CdSr. C l e a r l y ,  whrri d n  a l c o h u l  l e s s  h i l l d r r e d  than  m - b u t a n o l  was used as s o l v e n t  t h e  r a t e  

o f  r i n g  upel i ing u f  t h e  lbCto r l r  u f  n e p e t a l a c t o n r  by t h e  d i c o h u l i c  so lve r l t  was ltlore s i g r l i f i c a n t  than 

i t s  r e d u c t i o n ,  thus  dccoun t ing  f o r  t h e  f o r m a t i o n  o f  t h e  p roduc ts  observed. 
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Sctlrtlie 2. O u t l i n e  u f  p r o d u c t s  ub ta i r l ed  f ron l  t h e  sod iu i~ j  b o r u l i y u r i d r  r e d u c t i u ~ i  "f o e p r t d l a c t u n e  i i l  
v d r i o u s  s u l v r w t 3 .  

t iav iny d r v r l t i p e d  t h i j  p r e p d r d t i o i i  o f  i r i d o d i d l ,  t h e  u t i l i t y  u f  t h i s  n l a t r r i a l  a i  an i n d o l e  a l k c l l u i d  

p r e c u r s o r  was c s r d b l i > h ? d  by  p r c p a r i n y  t h e  C-1 d r u t r r i u m  l " b r l l e d  aoa loy  u s l ~ l y  s o d i u n ~  

b o r o d r u t t r l d r  as t h e  red l rc i i ty  dyel i t  d ~ l d  usi:!g :Ills n ~ a t r r i d l  as d s u b s t r a t e  w i t h  a  C a t h d r a ~ i t h u s  

roseus c c l l  s u s p r ~ ~ s i w ~  t u  check f o r  i r ~ c o r p o r a t i o l ~  i n t o  t h e  i l l d u l i l  d l k a l o l d  a j i , l u l i c i ~ l e .  Ths c e l l s  

6,15 used were f r o l i l  t h e  #ZOO c e l l  liilr wh ich  had p r e v i o u s l y  proverb e f f i c d c l u u s  i n  t r d c r r  s t u d i e s  . 
As iurll, f o r  comparisurr purposes,  t h e  l i i i x t u r r  o f  ~ r i d o d i a l s  o b t a i n e d  f r o m  t h e  z c i d  promoted 

c y c l i z a t i o ~ ~  o f  1 0 - u ~ o c i t r o n s l l i l  l f r u m  S - ( - : - c i t r o n e l l u l !  wa, d l i o  p repared  i t ,  d e u r r r a t r d  furm ( a t  

C-1) dnd used as  a  i u b s t r a t e .  A t  a  dosase o f  10 rngl250 1111 o f  c e l l  suspens io r~ ,  a j r n a l i c i n e  ( cd .  2-4 

isy) was l s u l a t e d  wh ich  was s p e c i f i c d l l y  l a b e l l e d  w i t h  d s u t r r i u n l  t o  t h e  e x t e n t  u f  76% i n  t h e  cdse 

where i r i d u d i i i  d e r i v e d  front n e p r t a l a c t u n e  wds used and 36% i!i t h e  case where t h e  i r i d o d i a l  

111 ih tu r r  o b t a i n e d  by a c i d  promoted c y c l i z a t i u r ~  o f  1 0 - o i u c i t r u n r l l o l  wds used. Even d t  d dosaye of 

2.5 oy IZ50  mi c e l l  i u s p r ~ ~ s i o n ,  t he  n e p e t d l a c t o ! ~ e  d e r i v e d  i r i d u d i a l  a f f o r d e d  o j n a l i c i n e  l a b e l l e d  t o  

t h e  e r t c l l t  u f  38%. 

I n  suirrnary, a  co j i ve r l i en t  p r r p a r d t i o n  o f  i r i d u a i a l  o f  h i g h  i s o n i e r i c  p u r i t y  was dev< lup rd  alld used 

t u  c u r r o b u r u r c  t h e  r u l e  u f  i r i d o d i a l  as d n  i l i d o l c  a l k a l o i d  p r e c u r s o r  i l l  d c c l l  suspension of C. 
russus.  The ready a v a i l a b i l i t y  u f  i r i d u d i a l  by t h i s  I8lrans bodes w e l l  f u r  f u r t h e r  d r v r l o p ~ i ~ e r ~ t  uf 

t h e  r n z y ~ , l u l i i g ~  u i  t h i s  p t i r t ~ u r l  u f  t h e  nlulloterpe8Ir i r l d u l e  a l k d l o l d  pdthwdy. 



PREPARATION OF IRIDODIAL BY REDUCTION OF IlEPETALACTONE - A s o l u t i o ~ l  o f  n e p e t a l a c t o n r  (110 ,119.. 0.6 

n11.101) i n  x - b u t a l l u l  ( 3  m l )  wds t r e a t e d  w i t h  sudiulll bo rohydr ide  (14.6 mg, 0.38 inmol). A f t e r  

s t i r r i f l g  f o r  14 h d t  af i ib l rnt  temperature t h e  r r a c t i u n  m i x t u r e  was d i l u t e d  w i t h  10 nbl o f  wa te r  and 

r A t r a c t e d  w i t h  e t h y l  a c e t a t e  ( 3  x 15 M I ) .  The combirled e t h y l  a c e t a t e  e x t r a c t  wds d r i e d  (Hd2S04) 

and c u f ~ c r , l t r a t e d  fi *. The r e s i d u e  (114 t,,g) which c o r r s i s t r d  o f  a s i r l g l r  ma ju r  arid 2 o r  3 t r a c e  

cuslpune,its a s  i r l d l c d t r d  by t h i i i  l a y e r  ch ro rna tuy r~phy ,  was chroinatographed on a s i l i c a  g e l  coluliln 

us i t i g  h r ~ d n e - ? t h r r  ( 1 : l )  a s  r l u e r ~ t  LO d f f u r d  p u r r  i r i d u d i o l  ( L )  (54 nfg, 49%) as a c o l o r l e s s  f i l m .  

'HIII~ (CDCl31:S 5.95 ( IH ,  s ) ,  4.80 ( I n ,  d,J = 5.5 H Z ) .  1.50 (3H, s ) ,  1.04 (3H, d, J = 6.5 Hz). 
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