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TWO NEW FUNGAL AZAPIIILONES I:11OM TALAROMYCES B. WIT11 MUNO- 

AMlNE OXIUASE IN I I IB I IURY EFFECT 

H a r u h i r o  F u j i m o t o .  Takanao Ma tsudo .  A k l r a  Y a n a g u c h i ,  and  

M i k i o  Yamazak i '  

F a c u l t y  o f  P h a r m a c c u t i c a i  S c i e n c e s .  C h i b a  U n i v e r s i t y .  

1 -33 .  Y a y o i - c h o ,  C h i b a  260.  Japan  

A b s t r a c t  - Two new compounds w i t h  monoan ine  o x i d a s e  (MA01 i n -  

h i b i t o r y  e f f e c t  i s o l a t e d  from an a s c o m y c e t e .  T a l a r o n y c e s  l u t c u s  

have b e e n  deduced  t o  he  a z n p h i l o n e  compounds,  ( R f i ) - 7 - d e a c e t y l -  

O R , X - d i h y d r 0 - 7 - ~ s ~ l e r o t i o r i n  and  i t s  ( Z ) i s o m e r  a t  p o s i t i o n  - - 

I 1  f r o m  t h e i r  c ! ~ c r n i c a l  and s m c t r a l  d a t a .  

I n  B s e r i e s  o f  t h e  s u r v e y  o f  new b i o l o g i c a l l y  a c t i v e  f u n g a l  m r t a b u l i t e s .  t h e  

c t l i y l  a c e t a t e  e x t r a c t  o f  a n  a s c o m y c e t e ,  T a l a r o n ~ y c e s  l u t e u s  ( Z u k a l )  C .  11. B e n j a m i n  

s t r a i n  iFM42239 gave  t h e  inhibitory a c t i v i t y  o f  3 3 . 6  X t o  t h e  monoamine o x i d a s e  

(MAU) f r o m  mouse l i v e r  a t  a c o n c e n t r a t i o n  o f  l o - '  g /m l  on a n  a s s a y  u s i n g  K r a m l  

mc1hod. ' 

To our k n o w l e d g e ,  any  m e l a b o l i t c s  w i t h  MAO i n h i b i t o r y  e f f e c t  h a v e  n o t  s o  f a r  been 

i s o l a t e d  f r o m  t h i s  f u n g u s .  R e p e a t e d  c h r o m a t o g r a p h i c  s e p a r a t i o n  o f  t h e  e x t r a c t  

o n  o r d i n a r y - p h a s e  and  r e v e r s e d - p h a s e  s i l i c a  g e l  c o l u m n s  a f f o r d c d  two new con-  

pounds  t e n l a t i v e i ~  named T L - I  ( 1 )  a n d  - 2  ( ? )  as t h e  MAU i n h i b i t o r y  p r i n c i p l e s  o f  - 

t h i s  f u n g u s .  On t h i s  s e p a r a t i o n ,  I was o b t a i n e d  as  p u r c  c r y s t a l l i n e s ,  b u t  2 - 

as o n l y  a rno rp l~ous  p o r d e t -  t w e n t y  percent m i x e d  w i t h  I ( t h e  r a t i o  o f  b o t h  c o n s l i l u -  - 

e n t s  was e s l i r n a t c d  f r o m  t h e  p e a k  h c i g h t  o f  t h e  ' H  nuclcar m a g n e t i c  r e s o n a n c e  

( '11-nmr)  spectl -urn).  Thc f i f t y  p e r c e n t  i n h i b i t o r y  c o n c e n t r a t i o n s  ( IC, . )  o f  and  

2 were  2 . 4 2  x 10.' ( 6 . 6  x l o - '  M )  and  3 . 8 7  x l o - '  g / rn l .  respectively. on  t h e  - 

a s s a y  u s i n g  n o d i f i c d  K ram l  me thod .  

T L - I  ( 1 ) .  a y e l l o w  f i n e  n e e d l e ,  mp 99 -100°C .  1 4 5 .  ( c  1 . 0 ,  c h l o r o f o r m ) .  - 
was p o s i t i v e  t o  U e i l s t e i n  t e s t .  I h e  h i g h  r e s o l u t i o n  mass (h r rns )  s p e c t r u m  i n d i -  

c a t e d  t h e  m o l e c u l a r  f u r r n u l a r  CI,H,,U,CI f o r  1. The a b s o r p t i o n  max ima a t  249 ( l a g  



E. 4 . 2 4 ) .  3 3 8  s h  ( 4 . 2 7 ) .  354  ( 4 . 3 1 ) .  388  sh ( 4 . 3 8 ) .  408  ( 4 . 4 4 ) .  430  sh ( 4 . 3 3 ) .  

and 460 n n  s h  ( 3 . 8 8 )  i n  t h e  u l t r a v i o l e t  ( u v )  s p e c t r u m  s u e e e s t e d  t h c  p r e s e n c e  o f  

a l o n e  c o n j u g a t e d  u n s n t u r n l i o n  s y s t e m  i n  1. The i n f r a r c d  ( i r )  s p e c t r u m  s u e e e s t e d  

t h e  p r e s e n c e  o f  a I h y d r o x y I  R ~ O U P  a t  3400 .  a c o n j u g a t e d  c s r b o n y i  e r o u p  a t  1630-  

1620 ,  a c o n j u e a l e d  c a r b o n - c a t - b a n  d o u b l e  bond  a t  1 5 5 0 ,  and  a h y d r o g e n - a i e f i n i c  

c a r b o n  bond a t  9 6 0  a n d  840 c n - ' .  The I 3 C  n u c l e a r  m a e n e t i c  !resonance ( ' T - n m r )  

s p e c t r u m  i n d i c a t e d  t h a t  a l l  c a r b o r r s  i n  I ere classified i n t o  f o u r  r ne t l ! y l s  i n -  - 

eluding one o l e f i n i c ,  une  m c t h y l e n e .  seven  m e t h i n e s  i n c l u d i n g  f i v e  o l e f i n i c .  s i x  

q u a t e r n a r y  c a r b o n s  i n c l u d i n g  f i v e  o l e f i n i c ,  a n d  one c a r b o n y  l c a r b o n s .  

T l i c  '11-nm1- s ~ c c 1 1 - u i n  i n  r l c o l e t - i o c l ~ l o r o f o r l n  (CDCI,) e a v c  t h e  s i e n v l s  $11 0. 86  (311. 

1.  5 - 7 4  l l z ) .  1 . 0 1  (311, d .  J.6.6 l l z ) .  1 . 2 2  (311, s ) .  1 .32 ,  1 . 43  (each  Ill, m). 1 . 8 1  

(311, d .  J = l . U  I l r ) ,  2 . 4 8  (111, I ,  3 . 0 3 ,  4 .15  ( e a c h  Ill. b r o a d  s .  d i s a ~ l p e a r e d  b y  an 

a d d i t i o n  o f  d e u l e r i u ~ n  o x i d e  ( D z O ) ) .  4 . 6 7  (111. b r o a d  5 .  changed  i n t o  a d o u b l e t  

s i g n a l  ( J = 2 . 0  l l z )  by an a d d i t i o n  o f  DIO). 5 . 6 8  (111. dd .  J , = 9 . 9 ,  J 2 = 1 . 0  I l z ) .  6 . 0 8  

( I l l .  d .  J = 1 5 . 8  l l z ) .  6 . 5 4  ( I l l .  s ) .  7 . 0 8  (111, d .  J = 1 5 . 8  H z ) ,  and  7 . 4 7  p p m ( l l l ,  d .  J= 

2 . 0  H z ) .  Dy t i l e  a i d  o f  s p i n  d e c o u p l i n g  a n d  t w o - d i m e n s i o n a l  ' I I ' H  s h i f t  c o r r e l a -  

t i o n  ('11-'I1 COSY) m e a s u r e m e n t s .  t h e  p r e s e n c e  o f  t h e  f o l l o w i n e  p a r t i a l  s t r u c t u r e s  

A .  B .  a n d  C i n  1  was S U E E C S L C ~ .  - 

On c a t a l y t i c  l ~ y d r o c c n a l i o n  w i t h  5 X p a l l a d i u m - c a r b o n .  gave  a h y d r o e e n a t e d  d e -  

r i v a t i v e  ( 2 ) .  [ M e ]  354 .  u v  (MeOll) 2 3 7 .  253 .  365 nm. The ' I l k  a n d  I 3 C - n n r  s p e c t r a  

o f  2 showed t h a t  L e l t - a l ~ y d , - o ~ e n a t i o ~ ~  o c c u r r c d  i n  t h e  m o i e t y  o f  p a r t i a l  s 1 r u c l u ~ - e  

A i n  I. On a c e t y l a t i o n  w i t h  a c c l i c  a n h y d r i d e  a n d  s o d i u m  a c e t a t e ,  - I gave  a mono- 

a c e t a t e  (i). [ 6  2 . 2 7  ppm (311. s ) ] .  C o m p a r i s o n  of t h e  I l l - n m r  s p c c t r u m  o f  5 u i  t h  

t I 1 a 1  o f  I indicated t h a t  Lhc  s i g n a l s  o f  a p r o t o n  ( 4 . 6 7  ppm) a t t a c l l c d  t o  t h e  c a r -  - 

b o i i  beas - i ne  a scco8ldat-y l ~ y d ~ - o x y I  e r o u p .  an o l c f i n l c  p r o t o n  ( 7 . 4 7  P P ~ )  a t  8 -  

p o s i t i o n  Lo t h e  s e c o n d a r y  h y d r a n y l  g r o u p .  a n d  a !methyl  e l -oup ( 1 . 2 2  !'Dm) a t -  

t a c h e d  t o  Lhc c a r b o n  b e a r i n g  a t e r t i a r y  h y d r o x y l  g r o u p  i n  t h e  p a r t i a l  s t r u c t u r e  
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D  a r e  s h i l l e d  t o  5 . 9 4  ( 1 1 . 2 7 ) .  7 . 0 6  ( - 0 . 4 1 ) .  and 1 . 3 0  ( 1 0 . 0 8 )  ppm, r e s p e c t i v e l y .  

These '11-mnr d a t a  s u c g e s l c d  t h a t  t h e  a c e t y l a t i o n  o f  a s e c o n d a r y  h y d r o x y l  g r o u ~ ,  i n  

Ll ic m o i c t y  o f  t h e  p a r t i a l  s l r u c l u r e  II  i n  1  o c c u r r e d  Lo a l f o r d  4 .  01) t l l c  o l h c r  - - 

hand .  on  a c e t ~ l a t i a n  w i  111 a c e t i c  a n h y d r i d e  and  p e r c h l o r i c  a c i d .  I g a v e  d i a c r t a t c  

(z). 16 2 . 0 5 .  2 . 2 2  ( e a c h  311, s ) l .  C o m p a r i s o n  o f  t l r e  '11-rmr s p e c t r u m  o f  5 w i t h  

t h a t  o f  I i n d i c a t e d  t h e 1  t h e  s i g n a l s  o f  a h y d r o g e n  a t t a c h e d  t o  a c a r b o n  b e a r i n g  

a s e c o n d a r y  i n y d r o x y l .  ail o l e l i n i c  h y d r o g e n ,  a n d  a m e t l l y l  a t t a c h e d  t o  a c a r b o n  

b e a r i n g  a t e r t i a r y  h y d r o x y l  i n  t h e  p a r t i a l  s t r u c t u r e  B  are  s h i f t e d  t o  6 . 7 8  

( + 2 . 1 1 ) ,  7 . 0 6  ( - 0 . 4 1 ) .  and 1 . 4 0  ( t o .  1 8 )  ppm, r e s p e c t i v e l y .  These '11-nmr d a t a  

s u g g e s t e d  t h a t  t h e  a c e l y l n l i o n  01 b o t h  s e c o n d a r y  and  t e r t i a r y  h y d r o x y l  g r o u p s  i n  

t h e  p a r t i a l  s l r u c l u r e  R i n  1  o c c u r r e d  t o  a f f o r d  5. T h i s  f i n d i n g  i n  t h e  ' H - n m r  - - 

s p e c t r a  o f  I, , and 5 was q u i t e  s i m i l a r  t o  t h a t  i n  t h e  'H-nmr s p e c L r a  o f  a u s t -  

d i o l  ( 5 ) .  a n  a z a p h i l o n e  f rom A s p e r g i l l u s  &, and  i t s  m o n o a c e l a t c  ( 7 )  and  d i -  

a c e t a l e  (Ij)." A c e p l ~ i l o n c s  w h i c h  a r e  f u n g a l  m e t a b o l i t e s  d e r i v e d  t h r o u g h  p o l y -  

k e t i d e  a r e  known t o  g i v e  v i n y l a g o u s  Y - p y r i d o n e s  w i t h  p r i m a r y  a m i n e s  (or ammonia)  

because  t h e  d i v i n y l  e t h e r  s y s t e m  i n  t h e  e x t e n d e d  Y -py rone  s t r u c t u r e  i n  t l r e  aza  

p h i l o n e  s k e l e t o n  i s  e a s i l y  r e p l a c e d  by  p r i m a r y  a a i n e s  ( o r  ammonia) t o  a f f o r d  

e n a m i n e - t y p e  am ino  compounds. '  On t r e a t m e n t  w i t h  m e t h y i a m i n c .  a l f o r d e d  an 

am ino  compound ( 2 ) .  ' i l -nmr  (CDCII) 3 . 7 4  (311, s ,  CIII-N). " C - n m r  (CUCI,) 4 1 . 7  ( q .  

Chi,-N). Tlic '11 -  and "C-nmr s p e c t r a  o f  9 i n d i c a t e d  t h a t  t h e  d i v i n v i  e t h e r  i n  the  - 

m o i e t y  p r o b a b l y  composed 01 Lhc p a r t i a l  s t r u c t u r e s  U and C  i n  i was r e p l a c d  b y  

m e t l i y l a n i r i e  t o  a f f o l - d  9 .  Thcse f a c t s  showed t h a t  I may be a new compound b e l o n g -  - 

i n g  t o  t h e  a z a p h i  l o n e s  

On o x i d a t i o n  w i t h  p ~ r i d i n i u m  c l ~ l u r o c h r o m a t e . ~  2 a f f o r d e d  a k e t o n c  (u). Corn 

Ll ic sccondat -y  I l ~ d r u n y l  g rou l ,  i n  t h e  p a r t i a l  s t r u c t u r e  U i n  3 o c c u r r e d  t o  a f f o r d  - 
1 0 .  On a c e t y l a l i o n  w i l l ,  a c c t i c  a n h y d r i d e  a n d  p y r i d i n e .  10 g a v c a n  a c e t a t e  (IJ) - 



whic i l  was i d e n t i c a l  w i t h  7 - * - t e t r a h y d r o s c l e r o t i o r i n  d c r i v e d  f rom a u t h e n t i c  7 -  

e p i - s c l e r o t i a r i n  (e)  ( f r o m  I ' e n i c i l l i u m  h i r a y a m a e " )  i n  terms o f  '11-nmr and - 
e i e c t r o n - i m p a c t  mass (ms) s p e c t r a  and t h i n  l a y e r  c h r o m a t o g r a p h i c  ( t l c )  b e h a v i o r .  

T h e r e f o r e ,  t h e  structure o f  I w i t h o u t  i t s  s t e r e o c h e m i s t r y  a t  P o s i t i o n s  8 and 13  

was d i s c l o s e d  t o  bc  7 - d e a c c t y 1 - ~ ' , 8 - d i l ~ y d r o - 7 - ~ - s c l e r o t i o r i n  (la) which i n  

c l u d c s  t h e  p a r t i a l  s t r u c t u r e s  A .  8 ,  and C 

I t  i s  known L h a l  4 h v v i l l g  g l y c o l  a t  p o s i l i o n s  7 and 8  a f f o r d s  no  a c e -  

t o n i d e z  on t r e a t m e n t  w i t h  a c e t o n e  i n  t h e  p r e s e n c e  o f  p r r c h i o r i c  a c i d ,  b u t  d i  

i i y d r o d e o x y - 8 - e - a u s t d i o l  (13) ( f r o m  A s p e r g i l l u s  us) h a v i n g  g l y c o l  a t  po -  

s i t i o n s  7 and 8 a l f o r d s  a n  a c e l o n i d e . '  On t r e a t m e n t  i n  t h e  same way. 1 was u n -  

c h v n e i n g l r  r e c o v e r e d .  T l ~ e r e f o r e ,  t h e  e l y c o l  a t  p o s i t i o n s  7 and 8 i n  I was sue  

g e s t e d  t o  have trans c o n f i g u r a t i o n .  I t  i s  f u r t h e r  known t h a t  t h e  g i y c o l  i n  6 has 

t r a n s  q u a s i - d i e q u a t o r i a l  c o n f o r m a t i o n . ' - '  The d i f f e r e n c e s  i n  t h e  'H-nmr s p e c t r a  

be twcen  1 and i t s  a c c t ~ l  derivatives (4 and 2 )  are q u i t e  s i m i l a r  t o  those between 

6 and i t s  a c c t y i  d e r i v a t i v e s  (1 and 5 ) '  a s  s t a t e d  above.  C o n s e q u e n t l y .  t h e  g l y -  - 
c o i  i n  1 was f u r t h e r m o r e  s u g g e s l e d  t o  have trans q u a s i - d i e q u a t o r i a l  c o n f o r m a t i o n .  - 

On L r c a l m e n t  w i t h  r a c c m i c  2 - p h e n y i b u t y r i c  a n h y d r i d e  and p y r i d i n e ,  I a f f o r d e d  two 

d i a s t e r e o m e r i c  p r o d u c l s .  Lhc m a j o r  (fi) and t h e  m i n o r  ( 1 5 ) .  The '11-nmr s p e c t r a  

o f  I 4  and 15 indicated t h a t  t h e  secondary  h y d r o x y l  g r o u p  a t  p o s i t i o n  8  i r l  I was - 

e s t c r i f i e d  by  ~ - P I I c ~ Y I ~ u L Y ~ ~ c  a c i d  t o  a f f o r d  iq and fi d u r i n g  t h i s  r e a c t i o n .  On 

t h i s  r e a c t i o n .  Lhr  e x c e s s  2 - p l ~ e n y l  b u l y r i c  a c i d  was r e c o v e r e d  and e a v e  a p o s i t i v e  

s p e c i f i c  o p l i c i i l  ~ - o l a l i o r ~  I '  + 8 . 4 *  ( c  1 . 2 1 ,  b e r w e r ~ c ) ) .  i r t d i c a l i r ~ g  t h a t  ( - ) -  

2 - p h e n y l b u t y r i c  a c i d  was m o r e  selectively consumed t o  a f f o r d  fi t h a n  ( + ) - 2 -  

p l i c n y l b u l y r i c  a c i d  t o  a f f o r d  15. T h i s  r e s u l t  on l l o r c a u  methods (tile o p t i c a l  

y i c i d :  2 4 . 5  Z) i n d i c v l c d  l h a l  n b s o l u l e  c o n f i g u r a t i o n  a 1  p o s i t i o n  8 i n  - I i s  (!I. 

T h e r e f o r e .  a b s o l u t e  c o n f i g u r a t i o n  a t  p o s i t i o n  7 i n  I was deduced t o  be  ( 5 ) .  T h i s  

c u n c l u s i o n  on t h e  c o n l i e u r a t i o n  a t  p o s i t i o n  7 i n  I w a s  c o m p a t i b l e  w i t h  t h e  f a c t  
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t h a t  1 a f f o r d s  7 - c - t e t r u l ~ y d r o s c l e r o t i o r i n  ( 1 1 ) .  Tboueb t h e  r e l a t i v e  s t e r e o -  - 

s t r u c t u r e  o f  t h e  g l y c o l  i n  - 1  i s  t h e  same as t h a t  i n  6 ,  t h e  a b s o l u t e  c o n f i g u r a t i o n  

o f  i t  i n  i (78 .  a!) i s  c o n t r a r y  t o  t h a t  i n  6 ( 7 n .  B S ) . '  

On d e g r a d a t i u n  w i t h  5  X ~ o t v s s i u r n  h y d r o x i d e .  1 a f f o r d e d  a c a r b a x y l i c  a c i d  (16). 

mp Y2-93qC. [ o l ~ "  1 6 6 . 3 '  ( c  0 .  18. E t O l l ) ,  whose p h y s i c a - c h e m i c a l  and s p e c t r a l  

d a t a  w e r e  i d e n t i c a l  w i t h  t h e  corresponding d a t a  o f  ( + ) - ( 2 ~ . 4 & ) - 1 . 6 - d i m e t h y I ~ c t a -  

2 . 4 - i i  a c i d  o b t a i n e d  f r o m  s c l e r o t i o t - i n  (c) ( f r o m  I ' e n i c i l i i u r n  s c l e r u t i o -  

and  g*' by t h e  same m a n n e r .  T h e r e f o r e .  t h e  a b s o l u t e  c o n f i g u r a t i o n  a t  - 

p o s i t i o n  13 i n  1 was deduced  t o  be ( 5 )  l i k e  t h a t  i n  and  E.  A c c o r d i n g l y ,  t h e  

f i n a l  s t c l - c o s t l ~ o c  t u r e  o f  TL -1  i n c l u d i n g  i t s  a b s o l u t e  c o n f i e u r a t i o r l  h a s  been  

dcduced  t o  be ( a n ) - 7 - d e a c c t y i - ! " . a - d i b y d r o - 7 - = - - s l c c i - o t i o r i n  ( I ) .  

TL-2 ( 2 )  was u b t n i n e d  a s  a n  amorphous  powder  c o n t a i n i n g  t w e n t y  p e r c e n t  o f  i. E x -  - 

c e p t  f o r  t h e  p t -esence o f  f i v e  s i g n a l s  a t  5 . 5 1  (111, d ,  J=9.5  I i z ) .  6 . 1 7  (111, d .  J =  

1 5 . 8  l i z ) .  6 . 5 7  (111. 5 ) .  7 . 1 6  (111. d .  J = 1 5 . 8  l i z ) ,  and  7 . 5 0  ppm ( I l l .  d .  J z 2 . l  H z ) ,  

a l l  o t h e r  s i e n v l s  i n  t h e  ' l i - nmr  s p c c t r u a  o f  2 w e r e  i d e n t i c a l  w i t h  t h o s e  o f  I. On 

h y d r o e e n a t i o r i  w i t h  5  X p a l l a d i u m  c a r b o n .  Z a f f o r d e d  3 ,  i n d i c a t i n e  t h a t  2 was a 

e e o m e t r i c  i s o m e r  o f  I o n  t h e  s i d e  c h a i n .  A l l  s i g n a l s  i n  t h e  '3C-rrrnr s p e c t r u m  o f  

2  w e r e  a s s i g n e d  by  t h e  a i d  o f  t w o - d i m e n s i o n a l  "C-'11 s h i f t  c o r r e l a t i o n  ("C-'M - 

COSY) n m r  s p e c t r o s c o p y .  C o m p a r i s o n  o f  a l l  s i g n a l s  i n  t h e  "C-nmr s p e c t r u m  o f  

w i t h  t h o s e  o f  1  i n d i c a t e d  t h a t  t h e  s i g n a l s  o f  o n l y  two c a r b o n s  a t  t h e  p o s i t i o n s  - 

10 and 16 a r e  s i g n i f i c a n t l y  s h i f t e d  t o  1 3 3 . 8  ( - 8 . 5 )  and  2 0 . 1  ( 6 7 . 7 )  ppm. T h i s  

f a c t  s u e e e s t e d  t h a t  t l ~ e  Y - c f f e c t '  w h i c h  was p r e s e n t  be tween  t h e  c a r b o n s  a t  t h e  

p o s i t i o n s  16 and 13 i n  1 was a b s e n t  i n  2 and.  i n s t e a d ,  t h e  Y - e f f e c t  a p p e a r e d  be -  

tween  t h e  c a r b o n s  a t  p o s i t i o n s  10 and 13 i n  2 .  T h e r e f o r e .  2 was e s t i m a t e d  n o t  t a  

have ( 9 5 . l l g ) - d i e n c  s y s l c m  l i k e  b u t  t o  have  ( 9 & , 1 1 L ) - d i e n e  s y s t e m  i n  t h e  s i d e  

c h a i n .  A c c o r d i n e l y ,  t h e  s t r u c t u r e  o f  TL-2  has b e e n  deduced  t o  b e  (8!)-(11;)-7- 

deacetyl-0'.8-dihydr0-7-e11i-~c1e1~0liorin - - ( 4 ) .  



EXPERIMENTAL 

h l c i t i n g  p o i n t s  were m e a s u r e d  on  a Y a n a n i m o t o  m i c r o - m c l t i n g  p o i n t  a p p a r a t u s  ( h o t  

s t a g e  t y p e )  atid wet-e unto!-t-ecled, t h e  o p t i c a l  r o t a t i o n s  w i t h  a JASCO U l l ' - I 4 0  d i e -  

1  t a l  p o l a r i m c l c r .  Tlsc u v  s p e c t r a  w e r e  r e c o r d e d  w i l h  a l l i t a c h i  U-3400 s p e c t r o -  

p i i oLomcLc r .  L l ie il- s p c c t r a  i n  KIIr- L a b l e t s  w i t h  a l l i t a c h i  EP iFG3 g r i l l i n g  i n f r a r - e d  
s i , e c t i ~ o p l i o l o m c t e f - .  t h e  ms and 111-ms s p e c t r a  w i t h  a I l i t a c h i  M-60 o r  ;I I l i t a c h i  R M U -  

7M mass s p e c t r o m e t e r ,  t h e  '11-nmr s p e c t r a  i n  CDCl. s o l u t i o n s  w i t h  a JEOL JNM-GX270 
FT-NMR s p e c t r o m e t e r  a t  270 Ml lz ,  and  t h e  ',C-nmr s p c c t r a  i n  CUCI, s o l u t i o n s  w i t h  

a JEOL JNM-GX270 FT-NMR s p e c t r o m e t e r  a t  6 7 . 8  Mllz. C h e m i c a l  s h i f t s  are e x p r e s s e d  

i n  6(pprn) v a l u e s  I t -om L c t r a m c  t h y  l s i  l a n e  as  a n  i n t e r n a l  s t a n d a r d .  The  t l c  a r l a l y -  
s c s  w e r e  c a r r i e d  o u t  w i l h  s i l i c a  g e l  p l a t e s  ( M e r c k  K i e s c i e e l  60  G ) .  

I s o l a t i o r ~  o f  T L - I  ( I )  and  - 2  ( 2 )  R i c e  r n e d i ~ m ' ~ ( l 6  k g )  was e v e n l y  d i v i d e d  i n t o  
80 c u l t i v a t i o n  b o t t l e s  a n d  a u t a c l a v e d .  T. luteus IFM4223Y was s t a t i o n a r y  c u l l i -  

v a t e d  on r i c c  medium i n  8 0  b o t t l e s  a t  25'C f o r  4 weeks .  M o l d y  r i c e  was s h a k e n  
i n  c t h y l  a c c t a t e  ( 24  1 )  a t  room t e m p e r a t u r e  f o r  5  1, f o u r  t i m e s  t o  a f f o r d  t h e  

e t h y l  a c e t a t e  e x t r a c t  ( 5 6 . 6  8 ) .  The e t h y l  a c e t a t e  e x t r a c t  was s e p a r a t e d  b y  an 

o r d i n a r y - p h a s e  s i l i c a  g c l  (Wako Ge l  C-200,  850 g )  o p e n  c o l u m n  w i l h  C s l l s ,  C A C i 3 ,  

CI IC1,-acetone ( 9 : I  v / v ) .  ( 3 : l  v / v ) ,  a n d  a c e t o n e .  T h e  f r a c t i o n  ( 1 0 . 9 7  8 )  e l u t e d  

w i t h  C l 1 C l 3 - a c e t o n e  ( 9 : l )  was e v e n l y  d i v i d e d  i n t o  f i v e  p o r t i o n s ,  and  each  p o r t i o n  

was t h e n  c l ~ r o m a t o g r a p h e d  o n  a n  o r d i n a r y - p h a s e  s i l i c a  g e l  ( F u j i  G e l  C Q - 3 .  3 2 7 e )  
c o l u m n  w i t h  c - k c x a n e - a c e t o n e  ( 8 8 : 1 2  v / v ) .  ( 8 5 : 1 5  v / v ) .  ( 7 5 : 2 5  v / v ) ,  and  Me011 

( f l o w  r a t e  2 . 5  m i / m i n )  two t i m e s .  T h c  f r a c t i o n  ( 8 0 3  me) e l u t e d  w i t h  n - h e x a n e -  

a c e t o n e  ( R 5 : 1 5 )  was f u r t h e r  c h r o m a t o g r a p h e d  o n  a r e v e r s e d - p h a s e  s i l i c a  g e l  (ODs) 

c o l u m n  ( 2 0  m m  d i a m e t e r  x 250 m m  l e n g t h )  w i t h  MeOH-NrO ( 3 : l  v / v .  f l o w  r a t e  8 . 0  
m l / m i n )  two  t i m c s  t o  a f f o r d  2  ( 34  mg) t w e n t y  p e r c e n t  c o n t a m i n a t e d  w i t h  i .  amorph.  - 
p o w d e r ,  atid L ( 3 3 0  111g), w h i c h  was r e c r y ~ t a l l i z e d  f r o m  n - h e x a n e - a c e t o n e  ( 9 : l  v / v )  

t u  a f f o r d  c r y s t a l l i n e  I .  
I. ye1  l o w  f i n e  n e e d l e s ,  hrrns: c a i c d  f o r  C,,l12101Ci, M' :  3 5 0 . 1 2 8 4 ,  f o u n d  350 .  1291 .  

M*+Z:  3 5 2 . 1 2 5 3 ,  f o u n d  3 5 2 . 1 2 5 2 .  "C-nmr:  1 1 . 9 ( q ,  C - 1 5 ) .  1 2 . 3 ( s ,  C - 1 6 ) .  1 9 . 0 ( s .  C -  

1 8 ) .  2 0 . 2 ( 4 ,  C - 1 7 ) .  3 0 . l ( t .  C - 1 4 ) .  3 5 . 0 ( d .  C - 1 3 ) .  7 2 . 2 ( d .  C - 8 ) .  7 7 . 4 ( s .  C - 7 ) .  
1 0 4 . 7 ( d .  - 4  l 0 7 . Z ( s .  C - 5 ) .  1 1 6 . l ( d .  C - 9 ) .  1 1 8 . 9 ( s .  C - 8 a ) .  1 3 1 . Y ( s ,  C - 1 1 ) .  
1 4 2 . 3 ( d .  C - I l l ) .  1 1 2 . 7 ( s .  C - < a ) .  1 4 4 . 3 ( d .  C - i ) .  1 4 7 . 8 ( d .  C -12 ) .  1 5 9 . 2 ( s ,  C - 3 ) .  

1 9 1 . 5 ( s .  C - 6 ) .  
2 ,  ye1  l o w  m ~ u t - p l > .  . 1 1 :  . 8 6 ( 3 1  t .  J=7.511z.  1 1 - 1 5 ) ,  1.02(311. 11, J=6.711z.  11,- - 
1 7 ) .  1.22(311.  s .  11,-18). 1 . 3 2 .  i . 4 3 ( e a c h  I l l ,  rn. 1 1 - 1 4  1.91(311. d .  .1=1.211z, 11,- 

1 6 ) .  2.64(111.  m .  11-13). 3.03(111.  b r o a d  s .  011-8). 1 .15(111.  b r o a d  5 ,  011-7). 4 . 6 7  
( I l l .  b r a a d  s .  l I - i $ j .  5 . 5 1  ( I l l .  d .  J=9 .51 l z .  11-12). 6.17(111.  d .  J = 1 5 8 l i r ,  11-9). 6 . 5 7  

( I l l ,  s .  I -  7.46(111,  d .  J.15. R l l z .  I - 0 ,  7.50(111,  d .  J=Z .  I l l z .  11-1 1 .  'Tc-nmt-: 

l Z . O ( q ,  C -151 .  1 9 . U ( s .  C - I R ) .  Z U . I ( q .  C - 1 6 ) .  2 1 . 0 ( s .  C - 1 7 ) .  3 0 . 3 ( t .  C - 1 4 ) .  3 1 . 1  

( d ,  C - 1 3 ) .  i Z . l ( d .  C - 8 ) .  7 7 . 4 ( s ,  C - 7 ) .  1 0 5 . 4 ( d .  C - 4 ) .  1 0 7 . 5 ( s ,  C - 5 ) .  1 1 8 . 9 ( s ,  C -  

8 a ) .  1 1 9 . 0 ( d .  C - 9 ) .  1 2 9 . 9 ( s .  C - 1 1 ) .  1 3 3 . 8 ( d ,  C - 1 0 ) .  1 4 2 . 6 ( s .  C - l a ) .  1 4 4 . 4 ( d .  C- 
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1 ) .  1 4 5 3 ( d ,  C -12 ) .  1 5 9 . 0 ( s .  C - 3 ) .  1 9 1 . 6 ( s ,  C - 6 ) .  

T e t r a h y d r o  T L - 1  ( 3 )  A  s o l u t i o n  o f  1 ( 1 2 . 0  mg) i n  E tOl l  ( 2 . 0  n l )  was addcd  t o  a 

s u s p e n s i o n  o f  a c t i v a t e d  5  X Pd-C ( 1 7  mg) i n  EtOH ( 1 . 0  m l ) .  'The r e a c t i o n  m i x t u r e  

was s h a k e n  u n d e r  a H z  gas  f o r  30 m i n .  The  m i x t u r e  was t r e a t e d  as  u s u a l  t o  a f f o r d  

a c r u d e  p r o d u c t  ( 1 1 . 0  mg).  w h i c h  was p u r i f i e d  on an 0 0 s  c o l u m n  ( 2 0  m m  d i a m e t e r  x 

250 rnm l e n g t h )  w i t h  MeOH-H.0 ( 7 8 : 2 2  v / v .  f l o w  r a t e  10 .0  n l / n i n )  t o  a f f o r d  3 ( 5 . 2  

mg ) ,  c o l o r l e s s  a m o r p h . .  i r :  3 3 8 0 ,  1635 ,  1615 ,  1585 .  1090 .  840 c m - ' .  ms m / z ( X ) :  

3 5 6 ( M t + 2 ,  3 0 . 1 ) .  3 5 4 ( M * ,  8 3 . 2 ) .  I :  0 . 8 5 ( 3 H .  d ,  J=6 .0Hz ,  1 - 1 6  o r  1 7 ) .  0 . 8 6  

(311, t ,  J = 7 . 6 H r ,  H - 1 5 ) .  0.93(311,  d ,  .I=6.611z. - 1 6  0 1 7 ) .  1 .20(31 l ,  s ,  H 1 - 1 8 ) .  

0 . 9 5 - 1 . 7 6 ( 8 l l .  n. 111-10. 12 .  1 4 .  11-11. 3  2 . 5 2 ( 2 H ,  m .  11-9). 2.90(111. b r o a d  5 ,  

OH-8) .  4 . 0 7 ( I H .  b r o a d  s .  OH-7).  4 . 6 5 ( 1 H ,  b r o a d  s .  11-8). 6 . 4 7 ( 1 H .  s .  H - 4 ) .  7 . 4 7  

( I N ,  d ,  J=2 .0Hz ,  1 ,  ' V - n m r :  1 1 . 2 ( q .  C -15 ) .  1 8 . 9 ( q ,  C - 1 8 ) .  1 9 . 7 ,  ZO.O(each s .  
C-16.  1 7 ) .  2 9 . 2 .  3 1 . 5 .  3 3 . 8 ( e a c h  t .  C - I 0  o r  12 o r  1 4 ) .  2 9 . 8 .  3 1 . 6 ( e a c h  d ,  C - l l  o r  

1 3 ) .  4 4 . 2 ( t .  C - 9 ) .  7 2 . 4 ( d ,  C - 7 ) .  7 7 . l ( s .  C - 8 ) .  1 0 3 . 7 ( d .  C-41 ,  1 0 6 . R ( s .  C - 5 ) .  

1 1 9 . 0 ( s ,  C - 8 a ) .  1 4 2 . 4 ( s .  C - 4 a ) .  1 4 4 . 8 ( d ,  I ,  1 6 5 . 9 ( s ,  3  1 9 1 . 7 ( s .  C -6 ) .  
TL -1  m o n o a c e t a t e  ( 4 )  Sod ium a c e t a t e  ( 5 . 6  mg) was a d d e d  t o  a s o l u t i o n  o f  1 ( 7 . 0  

mg) i n  a c e t i c  a n h y d r i d e  ( 0 . 1  m l ) .  The r e a c t i o n  m i x t u r e  was s t i r r e d  a t  room tem-  

p e r a t u r e  f o r  16 h .  T h e  m i x t u r e  was p o u r e d  i n t o  i c c - w a t e r  a n d  e x t r a c t e d  r i t h  

Et,O. The ELIO l a y e r  was t r e a t e d  as u s u a l  t o  g i v e  a c r u d e  p r o d u c t  ( 6 . 8  m s ) .  
w h i c h  was p u r i f i c d  u n  a n  011s c o l u m n  ( 1 0  nrn d i a m e t e r  x 250 nn l e n g t h )  w i t h  MeOH- 

M,O ( 4 : l  v / v .  f l o w  r a t e  2 . 5  m i / r n i n )  t o  a f f o r d  4 ( 4 . 5  n g ) ,  y e l l o w  amorph . .  ~s m / z  

( % ) :  3 9 4 ( M b + 2 .  3 7 . 2 ) .  392 (M t ,  1 0 0 ) .  I - :  0 . 8 6 ( 3 H ,  t ,  J=7.411z, H - 1 5 ) .  1 . 0 1 ( 3 t I ,  
d .  J = 6 . 6 t l z .  H,-17). 1 . 2 2 - 1 . 5 6 ( 2 H .  m .  11,-14). 1 . 3 0 ( 3 H .  s. M,-18). 1 . 8 4 ( 3 H .  d ,  J =  
2 . 0 H r .  11.-16). 2 . 2 7 ( 3 H ,  s ,  A c - 8 ) .  5 . 6 5 ( 1 H .  b r o a d  d .  J = 9 . 9 H r .  11-12). 5.94(111.  d ,  

J=2.011z, 11-8). 6.07(111,  d ,  J=15.81 l r ,  H -9 ) .  6 . 5 5 ( L l l .  s ,  11-4). 7 . 0 3 ( I H .  d ,  J = 1 5 . 8  

I l z ,  H - 1 0 ) .  7 . 0 6 ( L t i .  d .  J=2.011r. 11-1). 

T L - 1  d i a c e t a t e  ( 5 )  To a s o l u t i o n  o f  1 ( 4 . 3  mg) i n  a c e t i c  a n h y d r i d e  ( 0 . 5  m l ) .  

1 . 0  p l  o f  60  X p r r c h l o r i c  a c i d  was added  a t  7 0 ' C .  The r e a c t i o n  m i x t u r e  was 

s t i r r e d  a t  7 0 - C  f u r  20 m i n .  The m i x t u r e  was p o u r e d  i n t o  i c e - w a t e r  and  e x t r a c t e d  

w i t h  E t .0 .  The E t l O  l a y e r  was t r e a t e d  a s  u s u a l  t o  g i v e  a c r u d e  p r o d u c t  ( 4 . 3  m g ) .  . 
w h i c h  was p u r i f i e d  on  a n  ODS c o l u m n  ( 1 0  m m  d i a r n e t c r  x 250 rnm L e n g t h )  r i t h  MeOM- 

H,O ( 4 : l  v / v ,  f l o w  r a t e  2 . 5  m I / n i n )  t o  a f f o r d  5 ( 2 . 6  m g ) ,  y e l l o w  a n o r p h . ,  ms m / z  

( a ) :  436(M'+Z. 2 7 . 6 ) .  4 3 4 ( M * .  7 2 . 9 ) .  'H-nmr:  0 . 8 6 ( 3 H ,  t ,  J = 7 . 3 l l z .  - 1 5  1 . 0 1  

(311. d .  J=6.611z, H,-17).  1 . 2 2 - 1 . 5 4 ( 2 H ,  m .  I - 1 4  1.40(311. s .  H,-18).  1 . 8 3 ( 3 H .  d. 

J=1 .3Hz ,  11,-16). 2.05(311. 5 .  A c - 7 ) .  2 . 2 2 ( 3 H .  s .  A c - 8 ) .  2 . 4 8 ( 1 H .  m .  - 4  5 . 6 3  
(111. b r o a d  d ,  J=9.911z. 11-12), 6 . 0 6 ( L l l ,  d .  J=15 .8Hz .  11-9). 6 . 5 0 ( 1 H ,  s .  H - 4 ) .  6 . 7 8  

( I H ,  d .  J=Z .UHr ,  i l - 8 ) .  6.99(111.  d. J = 1 5 8 H r ,  H - 1 0 ) .  7 . 0 6 ( I H ,  d ,  J = 2 . 0 l l z .  11-1). 

Amino Compound ( 9 )  To a s o l u t i o n  o f  1 ( 2 7 . 2  mg) i n  MeOH ( 0 . 5  . I ) .  0 . 2  m1 o f  

70  X MeNH, was a d d c d .  The r e a c t i o n  m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  

10 m i " .  The m i x t u r e  was p o u r e d  i n t o  c o l d  w a t e r  a n d  l y o p h i l i r e d  t o  g i v e  a crude  

m i x t u r e  ( 2 7 . 1  m g ) ,  w h i c h  was separated a n  an  ODs c o l u m n  ( 2 0  m a  d i a m e t e r  x 250 mn 

l e n g t h )  w i t h  MeOH-HIO ( 3 : l  v / v ,  f l o w  r a t e  10  m l / m i n )  t o  a f f o r d  9 ( 1 2 . 3  mg) a n d  

t h e  s t a r t i n g  compound 1 ( 1 2 . 0  mg) .  To a s o l u t i o n  o f  t h e  r e c o v e r e d  1 ( 1 2 . 0  mg) i n  

MeOH ( 0 . 5  m l ) .  0 . 2  m I  o f  7 0  X MeNH, was added .  The  r e a c t i o n  m i x t u r e  was s t i r r e d  

a t  room t e m p e r a t u r e  f o r  2 0  n i n .  The m i x t u r e  was t r e a t e d  i n  t h e  sane r a y  as f o r  

t h e  p r e c e d i n g  t r e a t m e n t  r i t h  MeNNr t o  a f f o r d  9 ( 7 . 0  mg) ( 1 9 . 3  mg o f  9 was t a t a i l y  

o b t a i n e d  from 2 7 . 2  mg o f  I). 
1, r e d  amorph . .  uu (Mc0H) :  2 4 5 ,  317.  419 nm. i :  3 3 2  1565 .  1525 .  1060 c m - ' .  ms - 
m / r ( X ) :  365(M'+2.  2 4 . 2 ) .  3 6 3 ( M * .  6 7 . 2 ) .  ' I - :  0.88(311.  t .  J=7.311z. 5  1 . 0 1  

(3H ,  d .  J = 6 . 6 H r .  I 1 7  1 .24-1 .52(211,  m .  11,-14). 1 . 2 2 ( 3 H .  s .  H,-18). 1 . 8 8 ( 3 H .  s ,  

H,-16).  2.45(111, n. 11-13). 3.711(311. s .  CH,-N). 4 . 7 1 ( I H .  b r o a d  s .  H - 8 ) .  5 .72(111.  



b r o a d  d .  J = 9 6 l i z ,  11-12). h . 2 3 ( I H ,  d ,  J = 1 5 5 I i r ,  H - 9 ) .  7.00(111,  d .  J=15.511z, li- 
1 0 ) .  7.01(111,  s ,  M-4). 7 . 2 4 ( 1 H .  s ,  I - )  "C-nmr:  1 2 . 0 ( q .  C - 1 5 ) .  i 2 . 6 ( q .  C - 1 6 ) .  

1 8 . 6 ( s ,  C - 1 8 ) .  2 0 . 3 ( 4 .  C - 1 7 ) .  3 0 . 1 ( t .  C - 1 4 ) .  3 5 0 ( d .  C - 1 3 ) .  4 1 . 7 ( 9 .  Cli,-N). 7 3 . 7  

( d .  C - 8 ) .  7 6 . 3 ( 5 ,  C - 7 ) .  9 7 . 4 ( s .  C - 5 ) .  1 0 7 . 5 ( d .  C - 4 ) .  1 1 5 . 3 ( d .  C - 9 ) .  1 2 3 . 5 ( s .  C- 

8 a ) .  3 1 . 6  C  1 3 3 9 ( d .  C  4 4 d  C - 1 0 ) .  1 4 7 . 1 ( s .  C - 4 a ) .  1 4 7 . 5 ( d .  C -  

1 2 ) .  1 8 . I  3  1 8 5 . 9 ( s .  C - 6 ) .  
C o n v e r s i o n  o f  t e t r a h y d r o  T L - I  3  t o  7-epi-tetrahydrosclerotiorin ( 1 1 )  P y r i -  

d i n i u m  c h l o r o c h r o m a l c a  ( 1 4 . 8  me) a n d  powde rcd  m u l e c u l a r  s i e v e s  (Waka 3A. 1 3 . 7  me) 

w e r e  a d d c d  Lo a s o l u t i o n  o f  3 ( 4 . 9  mg) i n  Cll,Cl2 ( 0 . 1  m i ) .  The r c a c t i o n  m i x t u r e  
was s t i r r e d  a t  ruun t e m p e r a t u r e  f o r  3 h.  The m i x t u r e  was p o u r e d  i n t o  i c e - w a t e r  
a n d  e x t r a c t e d  w i t11  C H 2 C I 2 ,  The CH,CI2 l a y e r  was t r e a t e d  as u s u a l  t o  g i v e  a c r u d e  

p r o d u c t  ( 4 . 7  mg ) ,  w h i c h  was p u r i f l e d  on  a n  OOS c o l u m n  ( 1 0  mrn d i a m e t e r  x 250  am 

l e n g t l i )  w i t h  MeOll-1I.U ( 4 : l  v / v .  f l o w  r a t e  2 . 5  m l / r n i n )  t o  a f f o r d  compound 10 ( 0 . 3  

m g ) ,  y e l l o w  amorpi,. , ' R - n m r :  0.81(311,  d ,  J=b .Y l i z .  H 3 - I 6  o r  1 7 ) .  0.87(311,  t .  J = 6 6  

11r. H,-15). 0.94(311. d .  J = 6 6 H r .  11,16 o r  1 7 ) .  0 . 8 7 1 . 8 R ( 8 H .  m ) .  1.58(311.  s .  11,- 

1 8 ) .  2 . 5 2 ( 2 H ,  m .  1 I x - 9 ) ,  6 . 5 8 ( 1 M .  s .  H - 4 ) .  7 9 2 ( 1 I l .  s .  11-1). 

A  s o l u t i o n  o f  lo ( 0 . 3  n g )  i n  a c e t i c  a n h y d r i d e  ( 2 5  p 1 )  and  p y r i d i n e  ( 2 5  P I )  was 

l e f t  t o  s t a n d  a t  room t c r n p e r a t u r e  f o r  3  h .  The r e a c t i o n  m i x t u r e  was decomposed 

b y  a n  a d d i t i o n  o f  c o l d  w a t e r  a n d  e x t r a c t e d  w i t h  CH,CI,. The C l l , C i 2  i a y e r  was 

washed w i t h  w a t e r  and  e v a p o r a t e d  i n  v a c u o  t o  a f f o r d  compound ( 0 . 3  me ) ,  w h i c h  

was identical w i t h  7 - @ - L e t r a h y d r u s c l c r u t i u r i n  i n  t e r m s  o f  '11-nmr, ms. a n d  t l c  

b e h a v i o r  (solvent: y h e x a n e - a c e t o n e  ( 2 :  1  v / v )  ) .  Compound u, y e 1  low amorph . .  rns 

: 3 9 6 ( M t k 2 ,  6 . 3 ) .  3 9 4 ( M V .  1 9 . 0 ) .  354(Mt+2-CH,CO. 3 2 . 0 ) .  352(M*-Cl1,CO. 

9 5 . 2 ) .  I l l - n m r :  0.85(311,  t .  J=6.311z. H,-15).  0.86(311,  d .  J = 6 . 6 H z .  H,-16 o r  1 7 ) .  

0 . 9 3 ( 3 H ,  d .  J=h .3Hz ,  11,-I6 o r  1 7 ) .  1 . 5 6 ( 3 H ,  s ,  H,-18). 0 .95-1 .76(811.  m. H z - 1 0 .  
1 2 .  1 4 .  11-11. 1 3 ) .  Z I R ( 3 H .  s .  1 - 8 ,  2 . 5 0 ( 2 H ,  m ,  H - 9 ) .  6.60(111,  s .  11-4). 7 . 9 2  

( l t l ,  5 .  H - I ) .  
C o n v e r s i o n  o f  7 - e p i - t c t r a h y d r o s c l e r u t ~ o r i n  ( 1 1 )  f r o m  7 - e p i - s c l z r o t i o r i n  ( 1 2 )  A  

s o l u t i o n  o f  a u t h e r l t i c  7 -CJ-sc le ro t io r in  (u) ( 3 . 0  m g )  i n  AcOCt ( 0 . 2  m i )  was a d d -  

c d  t o  t h e  s u s p e n s i o n  o f  a c t i v a t e d  5  % Pd-C ( 3 . 0  mg) i n  AcOEt ( 0 . 1  m i ) .  The r e -  

a c t i o n  m i x t u r e  was s h a k e n  u n d e r  a H Z  gas  f l o w  f o r  10 m i n .  The p r o d u c t  m i x t u r e  

was t r e a t e d  as u s u a l  t o  a f f u t - d  11 ( 3 . 0  m g ) ,  y e l l o w  arnorph . .  

T r e a t m e n t  o f  T L - I  ( 1 )  w i t h  a c e t o n e  i n  t h e  p r e s e n c e  o f  p c r c h l o r i c  a c i d  A  s o l u -  

t i o n  o f  1'L- I  (1) ( 2 . 0  me) and  60  i p r r c h l o r i c  a c i d  ( 1 0  111) i n  a c e t o n e  ( 0 . 2  m l )  

was s t i r r e d  a t  r o o m  t e m p e r a t u r e  f o r  2 8  h .  'To t h e  r e a c t i o n  m i x t u r e .  NazCO, ( 2 0  
me) was added ,  a n d  t h e  m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  3  m i n .  The 

I - e a c t i o n  i n i x l u r e  was p o u r e d  i n t o  i c e - w a t e r  and  e x t r a c t e d  w i t h  € 1 ~ 0 .  The Et,O 

l a y e r  was t r e a t e d  as u s u a l  t o  a f f o r d  an amorph.  powde r  ( 2 . 5  me ) ,  w h i c h  was i d c n -  

t i c a l  w i t h  i h e  s t a r l t n g  cornpuund L i n  t e r m s  o f  t i c  b e h a v i o r  ( s o l v e n t :  2 - h e x a n e -  

a c e t o n e  ( 2 :  1  v / v ) ,  b e n z e n e - a c e t o r t e  ( 5 : l  v / v ) .  a n d  CIICI I). 

l i o r e a u  n i e t h o d Z B  A  s o l u t i o n  o f  1 ( 9 8 . 4  rng) and  ( t ) - 2 - p h e n y l b u t y r i c  a n h y d r i d e  
( 3 1 7 . 3  mn) i n  p y r i d i n e  ( 1 . 6 5  m i )  was s t i r r e d  i n  t h e  d a r k  a t  room t e n p e r a t u r c  f o r  

17  1,. Wale!- ( 0 . 2 5  m l )  was added  t o  t h e  r e a c t i o n  m i x t u r e  t o  h y d r o l y z e  t h c  e x c e s s  

o f  a n h y d r i d e  and t h e  m i n t u r c  was l e f t  t o  s t a n d  a t  room t e m p e r s t u r c  f o r  1  h .  Ben- 

zene ( 3 . 5  m i )  was added  t o  t i i e  m i x t u r e  t o  d i s s o l v e  e s t e r s .  The m i x t u r e  was t i -  

t r a t c d  a g a i n s t  0 . 1  N  NaUll s u l u t i o n  ( t h e  f a c t o r :  1 . 1 0 8 )  w i t h  p h e n o l p h t h a l e i n  as 

a n  i n d i c a t o r  ( 1 6 . 1  m i  o f  0 . 1  N NaOll s o l u t i o n  was r e s u i r e d ) .  A f t e r  t i t r a t i o n ,  t h e  

aqueous  phasc  was s e p a r a t e d  frum t h e  o r n a n i c  p h a s e .  Thc  aqueous  p h a s e  was washed 

w i t h  CHC13 t o  removc t r a c e s  o f  e s t e r s .  a c i d i f i e d  w i t h  1  N l l C l  ( 3  m l ) .  and e x -  
t r a c t e d  w i t h  benzene  (5 m i )  two  t i m e s .  The benzene  l a y e r  was d r i e d  o v e r  Na,Sll ,  

and  f i l t e r e d .  A f t e r  a d j u s t m e n t  o f  t h e  vo l ume  o f  t h e  f i l t r a t e  t o  1 0 . 0  r n l  w i t h  
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b e n r c n e ,  o p t i c a l  r o t a t i o n  o f  t h e  f i l t r a t e  was measu red  ( s p e c i f i c  r o t a t i o n  o f  t h e  
f i l t r a t e :  [ a ] . ' '  t R . 4 '  ( c  1 . 2 1 .  benzene)). T h e r e f o r e .  t h e  e s t e r i f i c a t i o n  y i e l d  

was 9 3 . 6 % .  a n d  t h e  o p t i c a l  y i c l d  was 2 4 . 5  X .  The o r e a n i c  phase  was washed w i t h  

w a t e r ,  d r i e d  o v e r  NalSOn. and e v a p o r a t e d  i n  vacuo t o  a f f o r d  a c l - u d r  m i x t u r e  o f  

e s l c r s  (L6Orng). w h i c h  was s e p a r a t e d  o n  an  o r d i n a r y - p h a s e  s i l i c a  g e l  c o l u m n  ( 2 0  m n  

d i a m e t e r  x 250 mm l e n g t h )  w i t h  g -hexane-AcOEt  ( 5 : l  v / v ,  f l o w  r a t e  4 . 0  m I / m i n )  and 

on  a n  ODS column(2Omrn d i a m e t e r  x 250 m m  l e n g t h )  w i t h  MeOH-IIzO ( 1 O : l  v / v ,  f l o w  

( r a t e  8 . 0  r n l /m in )  t o  a f f o r d  e s t e r s  ( 5 7 . 7  m g )  a n d  15 ( 8 . 0  mg) .  

I y e l l o w  a m o r p h . ,  ms rn/z (X) :  49R(M*+2 ,  3 8  4 9 6 ( M + .  1 0 0 ) .  '11-nmr: 0.85(311.  t .  - 
J=7.511r.  11,-15). 1.00(311. d .  J=6.411z, 1 1 - 1 7 ,  1.02(3!1.  t ,  J=7.311z. 4  1 . 1 6  

(311. s ,  I - I  1 .25-1 .47(211.  m .  HI-14).  1.82(311. d ,  J = l . Z l l z ,  11-9). 1 . 9 5 .  2 . 2 6  

( e a c h  I H .  m ,  H z - 3 ' ) .  2.47(111.  m .  H - 1 3 ) .  3 . 6 5 ( 1 H .  t ,  J=7 .8Hz .  H - 2 ' ) .  5 . 6 5 ( 1 H 1  
bt-oad d .  J = 9 5 1 1 z ,  11-12), 5 . 9 2 ( 1 H ,  d .  J=Z.OHr.  OH-7 ) .  6 . 0 3 ( 1 H ,  d .  J= l5 .811z .  H - 9 ) .  

6 . 5 0 ( 1 H ,  s .  H - 4 ) .  6 . 6 6 ( I H ,  d .  J=Z.OHz. H - 8 ) .  6 . 9 8 ( 1 H ,  d .  J = 1 5 8 H z ,  M - 1 0 ) .  7 . 2 8 -  
7.41(611. m. I -  Ph)  2  3 ' .  1' and  PI,: ( - ) - 2 - p h e n y l b u t y r ~ l  p a r t ) .  

1 5 .  y e l l o w  a m a r p h . ,  ms m / z ( % ) :  498(M'+2,  2 4 . 5 ) .  496 (M+ .  6 1 . 1 ) .  ' [ I -nmr :  U.86(311.  - 
t .  J=7 .3Hz .  11,-15). 0 . 9 4 ( 3 H ,  t .  J = 7 . 3 l l z .  11,-4'). 1 . 0 0 ( 3 H .  d .  J=6 .7Hz .  H,-17).  

1.25(311,  s ,  H 3 - 1 8 ) .  l . Z R - I . 5 I ( Z H .  m .  H z - 1 4 ) .  1.81(311. d .  J = 1 . 2 H z ,  I l l 6  1 . 8 9 .  

2 . 2 1 ( c a c h  1H. m .  H - 3 ' ) .  2.48(111.  m ,  1 - 3 1  3 6 5 1  t ,  J=7.61lz.  H - 2 ' ) .  5 . 6 3 ( 1 H ,  
b t -oad d .  J -9 .5Hz .  11-12). 5.92(111,  d .  J=Z.Ot I r ,  011-7). 5.99(111,  d .  J = 1 5 8 H r ,  11-9) .  

h . Z Z ( 1 H .  d .  J=Z.OHz, H - 8 ) .  6 . 4 7 ( 1 H ,  s ,  H - 4 ) .  6 . 9 2 ( 1 H ,  d .  J=15.RRz.  H - 1 0 ) .  7 . 2 9 -  

7 . 4 1 ( 6 H ,  m. 11-1. Ph )  2  3 ' .  4 '  and  Ph: ( + ) - 2 - p h e n ~ l b u t ~ r ~ l  p a r t ) .  

( + ) - ( 2 E . 4 E ) - 4 . 6 - D i m e i h ~ 1 0 ~ t a - 2 , 4 4 d i e n 0 i ~  a c i d  ( 1 6 )  Compound 1 (180 mg) was 

s l o w l y  d i s s o l v e d  i n  w a r m  5  % KOH s o l u t i o n  ( 1 0  m i ) .  and t h e  r e s u l t i n g  s o l u t i o n  was 

r e f l u x e d  f o r  5  m i n .  Thc  r e a c t i o n  m i x t u r e  was e x t r a c t e d  w i t h  CHCI, t w o  t i m c s  t o  

remove CHC1, -so lub le  s u b s t a n c e s .  The aqueous l a y e r  was a c i d i f i e d  w i t h  2  N  HzSOd 

t o  pi1 3 ,  and e x t r a c t e d  w i t h  p e t r o l e u m  e t h e r  f i v e  t i m e s .  The  p e t r o l e u m  e t h e r  

l a y e r  was e v a p o r a t e d  i n  vacuo t o  g i v e  a c r u d e  a c i d i c  s u b s t a n c e  ( 4 8 . 5  mg), w h i c h  

was r e c r y s t a l l i z e d  f r o m  MeCN t o  a f f o r d  16 ( 1 3 . 8  m a ) ,  c o l o r l e s s  c r y s t a l s .  rnp 9 2 -  

93°C ( l i t . l b  9 1 - 9 2 ° C ) .  [ a ] . "  t 6 6 . 3 '  ( c  0 . 1 8 ,  E tOH)  i t  6 6 3  u v ( E t 0 H )  

n n ( l o g  E ) :  2 6 0 ( 4 . 3 8 )  ( l i t . "  2 6 6 1 ( 4 . 4 4 ) ) .  

T e t r a h y d r o  T L - 1  ( 3 )  f r o m  TL-2  ( 2 )  A  s o l u t i o n  o f  P t w e n t y  p e r c e n t  c o n t a m i n a t e d  

w i t h  L ( 2 9  s g )  i n  EtOH ( 3  m1) was added  t o  a s u s p e n s i o n  o f  a c t i v a t e d  5  % Pd-C 
( 2 9  rng) i n  E tOl l  ( 3  m l ) .  and  t h e  resul t i n s  s u s p e n s i o n  was t r e a t e d  i n  t h e  same way 

as f o r  h y d r o g e n a t i o n  o f  L t o  g i v e  a c r u d e  p r o d u c t  ( 2 8 . 9  R E ) ,  w h i c h  was p u r i f i e d  

on an ODS c o l u m n  (20  mrn d i a m e t e r  x 250 m m  l e n g t h )  w i t h  MeOH-H,O ( 1 0 : l  v / v ,  f l o w  
r a t e  8 . 0  i n l / m i n )  t o  a f f o r d  a p u r e  p r o d u c t  ( 1 4 . 3  m g ) .  c o l o r l e s s  amoroh . .  T h i s  

p r o d u c t  was i d e n t i c a l  w i t h  3 i n  t e r m s  o f  'H -nmr .  "C-nmr ,  and  ms s p e c l r a .  
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