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Summary

T h i s  t h e s i s  d e s c r i b e s  t h e  f i r s t  s y n t h e s i s  o f  a 

t e t r a h y d r o x y l a t e d  t r i c h o t h e c e n e  m y c o t o x i n ,  3 a , 4(3,8 a ,  1 5 - t e t r a -  

h y d r o x y - 1 2 , 1 3 - e p o x y  t r i c h o t h e c - 9 - e n e  ( T - 2  t e t r a o l )  ( 1 9 ) ,  as  i t s  

t e t r a a c e t a t e  ( N e o s o l a n i o l  d i a c e t a t e )  (3 19) ( S c h e m e  86) .

H
0 H

1 9

The  syn the t ic  s t rategy  cons is ts  of  f ive key e lem en ts .

1) format ion of  the cis fused AB ring system by a Diels-Alder 

c y c l o a d d i t i o n ;

2 ) fo rmat ion  of  r ing C by an in t ramolecu la r  aldol reac t ion;

3) crea t ion  o f  the 3 a ,4 p -d io l  system of  r ing C by a s te reo 

se lec t ive  a - o x y g e n a t io n / r e d u c t i o n  p ro toco l ;

4) r ing A enone formation via a reg iospecif ic  the rm odynamically  

co n t ro l l e d  a - s e l e n y l a t i o n ,  and

5) reg io  and s te reospec i f ic  reduc t ion  of  this  enone  to the 

r equ i red  a - a l c o h o l .



As part  o f  a co n c e r t e d  e f fo r t  tow ards  this m o lecu le ,  this 

thesi s  r epor ts  a model  s tudy  aimed  at a ch iev ing  the 3a,4(3-diol  

system of ring C (Scheme 52). The partial  synthesis  of  8 -keto- 

an g u id in e  (297)  de sc r ib e d  here in  (C hap te r  2.2) a l low ed  a study 

(C h ap te r  2.3) of  the s te reochem ica l  ou tcome of  the reduc t ion  of  

ring A enones  by various reducing agents: it is shown that L- 

S e lec t r ide  reduces  such  enones  s te reospec i f ica l ly  to 8 a -a l c o h o l s .

A t te m p ted  com ple t ion  of  an approach  to deoxyn iva leno l  ( 6 ) 

( C h a p t e r  2 .5 )  is d i s c u s s e d .  The  t e rm in a t io n  o f  this  route  is 

a t t r ibu ted  to co m p e t in g  in t r am o lecu la r  p roces ses  w h ich  p reven ted  

success fu l  o le f in a t io n  o f  the ke tone  (362).



A b b r e v ia t io n s

Ac

Bu

Bz

DABCO

DHP

DIBALH

DIBALD

DMAP

DMF

DMS

DNA

FPP

HMDS

Imid

LDA

mCPB A

MoOPH

Ms

NBS

NCS

PCC

PP

PPTS

PTSA

a c e t y l

b u t y l

b e n z o y l

1.4-diazabicyclo[2.2.2.  ]octane

3 .4-dihydro-2H-pyran 

diisobutyl  aluminium hydride 

diisobutyl aluminium deuteride

4-dime thylaminopyridine 

N,N-dimethylformamide 

dime thy lsulphide 

deoxyribonucleic acid 

farnesyl  pyrophosphate 

1,1,1,3,3,3-hexamethyldis i lazane 

imidazole

li thium di i sopropylamide 

mera-chloroperbenzoic acid 

molybdenum pentoxide-pyridine-hexamethyl-  

phosphoramide complex 

mesyl

N-bromosuccinimide 

N-chlorosuccin imide 

pyridinium chloro chromate 

pyrophospha te

pyrid in ium p- to luenesulphonate 

p- to luenesulphonic  acid



Py  p y r i d i n e

TBFA te trabutylammonium fluoride

TBD M SCL : t-butyldimethy lchlorosilane

THF tetrahydrofuran

THP tetrahydropyran

TMS tr imethylsi ly 1

TM SCL chlorot r imethylsi lane
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In t ro d u c t io n



2

1.1 Histor ical  B ack g ro u n d

In 1946 in the c o u r s e  of  an e x t e n s i v e  s e a rc h  by Imper ia l  

Chem ica l  In d u s t r ie s  for  new antib io t ics ,  a w hite  c rys ta l l ine  sol id 

was isolated from Metarrhi z ium glut inosum.  The  compound,  named 

g l u t i n o s i n ,  e x h i b i t e d  a n t i f u n g a l  a c t i v i t y  in s o m e  c a s e s  at 

concentrat ions  as low as 0 .2 | igm per ml and unlike many antifungal  

an t ib io t i c s  it a p p e a r e d  to be very  s table .

This  w as  the f ir s t  i so la t ion*  of  a m e m b e r  o f  the group  of  

c l o s e l y  r e l a t e d  f u n g a l  s e s q u i t e r p e n o i d s  - the  t r i c h o t h e c e n e s .  

G l u t i n o s i n  w a s  l a t e r  s h o w n  to be a 4:1  m i x t u r e  o f  the 

tr i cho thecenes  v e r ruca r in  A (1) and ve r rucar in  B (2).

HO

0

The  f irs t  t r i cho thecene  to be isola ted^  as a s ingle com pound  

was  tr ichothec in  (3)  from T richo thecium  roseum  L ink .

3



S ince  those  h i s to r i c  f i r s t  s teps ,  some 148 t r i c h o th e c e n e s  

h a v e  b e e n  i s o l a t e d .  All  but  25 o f  th e m  are p r o d u c e d  by

t a x o n o m i c a l l y  u n r e l a t e d  f u n g i  e . g .  F u s a r i u m ,  T r i c h o d e r m a ,  

C e p h a l o s p o r i u n t ,  T r i c h o t h e c i u m ,  V e r t i c i m o n o s p o r i u m  a n d  

S tachybot rys ,  making  them unique  am ongst  the mycotoxins .  For 

e x a m p le ,  the a f l a to x in s ,  c o n s id e r e d  to be the m os t  im por tan t  o f  

the m y c o to x in s ,  are p ro d u c e d  by on ly  two,  c lose ly  re la ted  fungi  

f rom the Asper g i l l u s  f l a v u s  group.

O f  al l  the k n o w n  m y c o to x in s ,  the t r i c h o th e c e n e s  are now 

co n s id e re d  second  only  to the a f la tox ins  in e conom ic  im por tance .

T w o  m a jo r  factors  con t r ibu te  to this  .

1. The ubiquity of  the Fusar ium  genus which produces  a 

va r ie ty  o f  s econdary  m e tabo l i t e s  inc lud ing  t r i cho thecenes ,

2. T he  la rge ly  adverse  b io log ica l  ac t iv i ty  e x h ib i ted  by the 

trichothecenes towards mammals.

T h i s  b i o l o g i c a l  a c t iv i t y  m a n i f e s t s  i t s e l f  in v o m i t i n g  and  

f eed  r e fu sa l  in an im als ,  d ia r rhoea ,  de rm a l  n ec ro s i s ,  i n f l am m at io n  

o f  the  g a s t r o i n t e s t i n a l  t rac t ,  h e m a to lo g i c a l  d i s o r d e r s  su ch  as an 

inc rease  in white  b lood ce l ls ,  damage to bone  m arrow ,  sp leen  and 

lym ph  nodes  as well  as inhib i t ion o f  the im munolog ica l  response .

T h e  r o l e  o f  t r i c h o t h e c e n e s  as the  e t i o l o g i c a l  a g e n t s  in 

large  scale toxicoses was f irst shown4 in 1972 by workers  at the 

U n i v e r s i t y  o f  W i s c o n s i n  w ho  a t t r i b u t e d  the  d e a t h s  o f  a l a rg e  

n u m b e r  o f  d a i ry  c a t t l e  to i n g e s t i o n  o f  T -2  t o x i n  (4 ) .  T h i s



com pound ,  one of  the most  toxic members of the series,  was found 

in the mouldy  corn on which the cattle had been fed.

0
• no  H

HO f 
HO

OH

( O  (5)

H O  . / -  
HO
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A c 0

This  d i s c o v e ry  im p l ic a te d  the t r i cho thecenes  in many other  

tox icoses .  For  example ,  in Japan ,  Red Mould disease,  which  occurs 

s p o r a d i c a l l y  in c e r e a l  c r o p s ,  h a s  b e e n  a t t r i b u t e d ^  to  the  

p r e s e n c e  o f  the. t r i ch o th ec en es  n iva leno l  (5) , deoxyn iva leno l  (6) 

and  th e i r  a c e t y l a t e d  d e r iv a t iv e s .

O u tb re a k s  o f  a l im e n ta ry  tox ic  a l eu k ia  ( sep ti c  ang ina )  have 

been  repor ted  in the Sovie t  Union  th roughout  this century  and were 

t h o u g h t  to be due  to a b a c t e r i a l  in fec t ion .  It is now  known** 

tha t  F.  sp o ro tr ic h o id e s  w as  the fungus  responsib le  and Ueno 

has  s h o w n 7 th a t  th i s  f u n g u s  c a n  p r o d u c e  T -2  t o x i n  (4 ) ,  

n e o s o la n i o l  (7)  and  r e l a t e d  t r i ch o th ec en es .

Q
A n ar t i c le  a s ses s ing  the po ten t ia l  u s e °  o f  t r i cho thec enes  as



c h e m i c a l  w a r f a r e  agen t s  was  p a r t l y  i n s p i r e d  by the c l a im s  o f  

Alexander Haig who as the then U.S. Secretary of  State accused the 

S o v i e t  U n i o n  o f  u s i n g  T - 2  t o x i n  ( 4 ) ,  n i v a l e n o l  ( 5 )  a n d  

d eo x y n iv a len o l  (6) in the so ca l led "Yellow Rain" o f  Laos  and 

K a m p u c h e a .  H a ig  c l a im e d  tha t  h ig h  l e v e l s  o f  th is  u n n a t u ra l  

c o m b in a t i o n  o f  t r i c h o th e c e n e s  in s am p le s  o f  a r e s id u e  o b ta in ed  

from p lan ts  in Sou th  East  A sia  sugges ted  foul  play by the Sovie t  

U nion .  H o w e v e r  independen t  s c ien t i s t s  have dec la red  that  the 

U.S .  g o v e r n m e n t ’s ana lys i s  was  "very  de f in i te ly  qua l i t a t ive"  and 

even  i f  qu an t i t a t iv e  it w ou ld  have  g iven  le ve ls  o f  t r i cho thecenes  

s i m i l a r  to  t h o s e  r e p o r t e d  f o r  n a t u r a l  i n f e s t a t i o n s .  T h e

s u p p o s e d l y  u n n a t u r a l  c o m b i n a t i o n  o f  t r i c h o t h e c e n e s  has  b e e n
Q

s h o w n 7 to be in fact  a natural  one and,  most  embarassingly  for  the 

U.S.  governm en t ,  the ye l low res idue  had  a m arked  resem blance  to 

bee f aeces .

M u c h  o f  th e  p r e s e n t  i n t e r e s t  in t r i c h o t h e c e n e s  l i e s  in 

a g r i c u l t u r e  a n d  f a r m i n g .  I n f e s t a t i o n  o f  c e r e a l s  a n d  the  

r e s u l t in g  r e d u c t io n  in an im a l  g ro w th  keeps  in te res t  h igh  bo th  in 

the i so la t ion  o f  new m em bers  o f  the g roup  and the s tudy  o f  the ir  

b i o l o g i c a l  p r o f i l e s .
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1.2 S t r u c t u r e

F o r  a p p r o x i m a t e l y  t e n  y e a r s  a f t e r  t h e  i s o l a t i o n  o f  

t r i c h o t h e c i n ,  the  s t r u c t u r e  o f  the  t r i c h o t h e c e n e s  r e m a i n e d  

unclear .  F reem an  and G i l l 10 in 1950 cor rec t ly  conc luded  that  

t r i c h o t h e c i n  w as  an e s t e r  o f  i s o c r o t o n i c  a c i d  and  a k e t o n i c  

alcohol  w hich  they nam ed  tr ichothecolone  (8). In 1959 Bohus  et 

al i s o l a t e d 11 ‘an t ib io t i c  T ’ ( l a t e r  to be n a m e d 12 c ro to c in  (9)) 

w h ic h  on  a l k a l in e  h y d r o l y s i s  a l so  a p p e a r e d  to be an e s t e r  o f  

i so c ro to n ic  acid.  The  a lcohol  po r t ion  o f  an t ib io t ic  T a l though  

not  identica l  to t r i cho theco lone  was very s im i la r  in chemica l  and 

b io lo g ic a l  b eh a v io u r  sugges t ing  a c lose  re la t ionsh ip .

T h e  f i r s t  m a j o r  s t r u c t u r a l  b r e a k t h r o u g h  w a s  a c h i e v e d  

independently by Freeman1^, F ishman14 and T a m m 15 who proposed on 

the  b a s i s  o f  e x t e n s i v e  c h e m ic a l  d e g r a d a t io n  the s t r u c t u re s  (10)  

and  (11) fo r  the t r i cho thecene  nucleus .

O H

( 1 0 )  ( 1 1 )
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However  their  s tructures were shown to be incorrect  when in 1964, 

A b ra h a m s s o n  r e p o r t e d ^  an X-ray c rys ta l log raph ic  analysi s  of  the 

p -b rom obenzoa te  es ter  ( 1 2 ) o f  t r ichodermol ,  showing  it to have an 

i n t r i g u i n g  t e t r a c y c l i c  n u c l eu s .

B

1 7In 1965,  McPhail  and Sim showed '  by X-ray analysis  that 

v e r r u c a r i n  A (1)  p o s s e s s e d  a v e ry  c l o s e l y  r e l a t e d  s t r u c t u r e  

re s u l t in g  in m o d i f ica t io n s  to p rev ious  p roposa l s .

The  name t r icho thecane ,  a f te r  t r i cho thec in ,  the f irs t m em ber
1Xto be i so la ted ,  for  the bas ic  nuc leus  (13) was  f irs t  p ro p o s ed  

by Grove,  Tamm and Godtfredsen.

1 3



a

A l m o s t  a l l  t r i c h o t h e c e n e s  are  u n s a t u r a t e d  at the  9 ,1 0 -  

pos i t ion  and also con ta in  a sp i ro -epoxy  func t ion  at the 12,13- 

pos i t ion  and hence  are of ten  refer red  to as 12 ,13-epoxyt r icho thec-  

9 -enes (14 )  or  s imply  as the tr icho thecenes .

( t o

A l t h o u g h  the  p r o p o s e d  s t r u c t u r e s  ( 1 0 )  a n d  ( 1 1 )  w e r e  

i n c o r r e c t ,  t h e y  s t i l l  h a v e  an i m p o r t a n t  p l a c e  in  t r i c h o t h e c e n e  

chem is t ry .  S truc tu res  o f  type (15)

H
OH

( 1 5 )

1 9are the  b io lo g ica l ly  inac t ive  ap o t r i c h o th e c e n e s  7 and  are d e r ive d

f r o m  t h e  t r i c h o t h e c e n e s  b y  a n  a c i d  c a t a l y s e d  s k e l e t a l

rea r rangem ent  (Scheme 1). Pro tonat ion  o f  the epoxide  oxygen  is

f o l l o w e d  by n u c l e o p h i l i c  a t t a c k  at  C -1 2  by  the  p y r a n  o x y g e n  

e f fec t in g  r ing con t rac t ion  to a ca rbon ium  ion spec ie s  (16).  This  

c a n  th e n  be q u e n c h e d  by an  e x t e r n a l  n u c l e o p h i l e  g i v i n g  the

a p o t r i c h o t h e c e n e  s k e l e t o n  (1 7 ) .  T h i s  r e a r r a n g e m e n t  is

i m p o r t a n t  n o t  o n ly  in h a v i n g  c o n f u s e d  the  e l u c i d a t i o n  o f  the



t r i c h o th e c e n e  s t ruc tu re  by chem ica l  deg rad a t io n  s tud ie s ,  but  also 

in that  it may be o f  s ign i f icance  in the m e chan ism  of b io log ica l  

a c t i o , n .

( 1 6 )

OH

( 1 7 )

Scheme 1

The large  number  o f  known tr ichothecenes is a consequence o f  

the oxy g en  subs t i tu t ion  that can  occur  as ind ica ted  by the arrows.
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O x y g e n a t i o n  at  C7  is th e  l e a s t  f r e q u e n t  a n d  th e  

conf igura t ions  are normally 3 a ,  4p,  7 a ,  and 8a .  This  high degree 

of  oxy g en a t io n  results  in wide s truc tura l  d ive rs i ty  and indeed  the 

t r i c h o th e c e n e s  can  be d iv ided  into three  m a jo r  g ro u p s  based  on 

s t ru c tu ra l  d i f f e re nces .  T hese  g roups  are

1) Non-macrocyc lic  t r ichothecenes

2) M acrocycl ic  t r i chothecenes  

and 3) Tr ichoverro ids .

T h e  f i r s t  g r o u p ,  th e  n o n - m a c r o c y c l i c  t r i c h o t h e c e n e s ,  

c o n t a i n s  t h o s e  m o l e c u l e s  w h i c h  h a v e  b e e n  h y d r o x y l a t e d  at  

c o m b i n a t i o n s  o f  p o s i t i o n s  3 ,4 ,7 ,8  and  15 and  are o f t e n  s im ple  

es te rs .  The  s im ple  tr i cho thecenes  can be subd iv ided  fu r ther  on 

the b a s i s  o f  the l e v e l  o f  o x id a t io n  at C8 in tha t  th is  p o s i t i o n  

can  be a m e th y le n e ,  e .g .  t r i c h o d e r m i n  (1 8 ) ,  an a l c o h o l  e . g .T - 2  

te trao l  (19) or  a ke tone  as in deoxyn iva leno l  (6). The  8-keto  

t r i cho thecenes  are cons ide red  as a g roup  on the i r  own.

10 A c HO

'OH
HO

1 9

•"10 H

( 6 )
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0

( 2 )

0
( 2 0 )

HO'

( 2 2 )

HO

( 2 1 )

( 2 3 )
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HO'

( 2 4 )

HO'

( 2 5 )

HO OH

( 2 6 )

'OH

OH

HO

( 2 7 )



All of  the na tural  t r ichothecenes  conform to one or  other  of  

the above  groups .  H owever  some con ta in  struc tura l  anomalies.  

For example,  some o f  the baccharenoids have an 8(3-hydroxyl instead 

o f  the usua l  8 a - h y d r o x y l .  Tw o t r i ch o th ec en es  are sa tu ra ted  at 

the  9 , 1 0 - p o s i t i o n ,  n a m e ly  s p o ro l  (3 1 )  and  the m a c r o c y c l i c  

ro r i tox in  C (32),  der ived  from verrucaro l  but which contains  a 9(3, 

10(3-epoxide  group.

J \— OH 

(31 )

All  but  a few natura l  t r icho thecenes  con ta in  a spiro epoxide  

g r o u p  at  t h e  1 2 , 1 3 - p o s i t i o n ,  v e r r u c a r i n  K ( 3 3 a )  an d  1 2 ,1 3 -  

d e o x y t r i c h o d e r m a d i e n e  ( 3 3 b )  b o t h  o f  w h i c h  a re  p r o d u c t s  o f  

M yro thec ium  verrucaria  do not. The  11,12-ethers of  which  sporol  

(31 )  is an  e x a m p le  al so  lack  th is  im p o r ta n t  f u n c t io n a l i ty .  On 

the o the r  hand  c ro toc in  (9) has the unusua l  fea ture  o f  con ta in ing  

two epoxide  groups.

OH

0

( 3 2 )
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3 3 b )

0

As s ta t ed  ea r l i e r ,  a t tem pts  at  e lu c id a t in g  the  t r i c h o th e c e n e

s t ru c tu re  by  c l a s s i c a l  c h e m ic a l  d e g r a d a t io n  p r o v e d  u n s u c c e s s f u l

w i th  s t r u c tu re s  be ing  d e t e rm in e d  by  e i t h e r  X - ray  ana ly s i s  or  by

c h e m ic a l  i n t e r c o n v e r s i o n .  I n d e e d ,  th is  l a t t e r  t e c h n i q u e  w as
19in s t ru m e n ta l  in d e t e rm in i n g  the s t ruc tu re s  o f  v e r ru c a ro l  (26)  

and d ia ce to x y s c i rp e n o l  ( 3 4 ) ^ * ^

Today ,  how ever ,  due  to advances  in nm r  te chno logy  and the 

r i g i d i t y  o f  t h e  t r i c h o t h e c e n e  s k e l e t o n  w h i c h  f u r n i s h e s  

c h a r a c t e r i s t i c  c h e m ic a l  sh i f t s  and  c o u p l in g  c o n s t a n t s  as w ell  as 

o b s e rv a b le  n u c l e a r  O v e r h a u s e r  e f f ec t s ,  n m r  sp e c t ro s c o p y  is the 

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

c h a r a c t e r i s t i c  f e a t u r e s  in the  n m r  s p e c t r a  o f  t r i c h o t h e c e n e s  

are the s ignals  for  the m e thy lene  p ro tons  o f  C-13 w hich  appear  as 

an AB quar te t  (J ~ 4H z)  in the reg ion  2.7 to 3.1 ppm.  I f  C-15 is 

o x y g e n a t e d ,  the C -1 3  m e th y le n e  p r o to n s  a l so  a p p e a r  as an AB 

quar te t  (J ~ 11-13 Hz)  cen t red  at 3.7 ppm  as the free a lcohol  and
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at 4.2 ppm when acylated.

The  f lex ib i l i ty  o f  the m ac ro cy c l i c  cha ins  l im i t s  the use of

n m r  in e l u c id a t io n  o f  the i r  s t r u c tu re ,  hence  X - ray  an a ly s i s  and
2 ̂c h e m i c a l  s y n t h e s i s  are s t i l l  f r e q u e n t l y  e m p l o y e d  in th is  

a r e a .



1.3 Biology a n d  s t r u c t u r e  ac t iv i ty  r e l a t i o n s h ip s  

T h e  p o t e n t  a n t i b i o t i c  a c t i v i t y  e x h i b i t e d  by t r i c h o t h e c i n  

s t i m u l a t e d  m u c h  o f  the e a r l y  i n t e r e s t  in the  t r i c h o t h e c e n e s .  

H owever ,  the cy to tox ic  act iv i ty shown by most  t r i cho thecenes  has 

a r o u s e d  t h e  g r e a t e s t  i n t e r e s t ,  e s p e c i a l l y  in t h e  a r e a  o f  

chem otherapeu t ic  research.  For example,  verrucarin  A (1) causes 

inh ib i t ion  in the g rowth  o f  mouse  tumour  cel ls  at concen tra t ions  

o f  0 . 6 n g /m l  °  and  is thus  one o f  the m os t  p o te n t  c y to s ta t i c  

agents  know n.  A ngu id ine  (34) exh ib i t s  c y topa thogen ic  e f fec ts

aga ins t  baby ham ste r  k idney  cel ls  at a concen t ra t ion  o f
7 7

1 .5ng/m l ' and  has  recen t ly  been  the sub jec t  o f  phase  I and  II 

c l i n i c a l  t r i a l s  by  th e  U .S .  N a t i o n a l  C a n c e r  I n s t i t u t e  a g a i n s t  

breas t  and co lon  cancer.

U n f o r t u n a t e l y  the t r i c h o th e c e n e s ,  as w i th  m a n y  c y t o s t a t i c  

agents ,  are acute ly  toxic to w hole  animals.  V er ruca r in  A (1) with 

an L D ^ q o f  0 .5m g/kg  is one o f  the mos t  toxic non-n i t rogen  

con ta in ing  na tura l  p roduc ts  known.

0 A c

•'iiO H

0
( t )
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T h e  s e c o n d  g r o u p ,  the  m a c r o c y c l i c  t r i c h o t h e c e n e s  are 

c h a r a c t e r i s e d  by a d i-  or  t r i - l a c t i d e  l i n k in g  the C4 and  C15 

h y d r o x y l  g r o u p s .  T h i s  g r o u p  can  be s u b d i v i d e d  in to  the

v e r r u c a r i n s  such  as v e r r u c a r i n  A (1) ,  v e r ru c a r in  B (2)  and 

v e r ruca r in  J (20) ,  the ror id ins  such as ro r id in  A (21),  ro r id in  D 

( 2 2 ) ,  and  r o r i d i n  H (2 3 )  an d  f i n a l l y  the  b a c c h a r i n s  s u c h  as 

baccharin  B5 (24) and baccharene  (25).  Verrucaro l  (26) is the 

s im p le  t r i c h o th e c e n e  m os t  o f ten  e n c o u n t e r e d  in the m a c ro c y c l i c  

t r i c h o th e c e n e s  and  a lso  i n c lu d e d  in this  g roup  are v e r t i s p o r in  

(27) and the sa tra toxins  o f  which  sa tra toxin  F (28) is an example.

20T h e  t h i r d  g r o u p ,  the  t r i c h o v e r r o i d s  a re  s t r u c t u r a l l y  

i n t e r m e d i a t e  b e t w e e n  t h e  s i m p l e  a n d  t h e  m a c r o c y c l i c  

t r ichothecenes .  They  contain a side chain  on C4 but  they lack an 

e s t e r  l i n k  to  C 1 5  t h a t  w o u l d  m a k e  t h e m  m a c r o c y c l e s  e .g .  

t r i c h o v e r r i n  B (2 9 )  an d  t r i c h o v e r r o l  B ( 3 0 ) .  I t  w o u l d  

a p p e a r ^ * h o w e v e r  tha t  the t r i c h o v e r ro id s  are in fac t  b io g e n e t i c  

p recu r so r s  o f  the m ac rocyc l i c  t r i cho thecenes .

HO,

OH

HO

HQ

HO1

( 2 9 ) ( 3 0 )



Studies have shown that both protein  and DNA synthesis  are 

i n h i b i t e d  by  t r i c h o t h e c e n e s .  I t  w as  i n i t i a l l y  t h o u g h t  th a t  

p r o t e i n  s y n t h e s i s  w as  i n h i b i t e d  o n ly  at the i n i t i a t i o n  s t a g e ;  

w ork  by T a te  and  Caskey^**, W e i ^  ancj H ansen  and V a u g h a n ^  

in d i c a t e d  tha t  i n h i b i t i o n  c an  o c c u r  a l so  at the e l o n g a t i o n  and  

te rm in a t io n  s tages  o f  p ro te in  syn thes is .  The  t r i cho thec enes  can 

be subd iv ided  into three groups  on the bas is  of  the stage at which 

they inh ib i t  p ro te in  synthes is .  The  groups  are

1) I - t y p e  ( i n i t i a t i o n  i n h i b i to r s )  e .g .  the v e r r u c a r i n s ,  the 

ro r id ins  and  h igh ly  func t iona l i se d  s imple t r i cho thecenes  such  

as T-2  toxin  (4) and deoxynivaleno l  (6)

2) E - type  ( e lo n g a t io n  inh ib i to r s )  e .g .  t r i c h o d e rm in  (18)  

and  t r i c h o th e c in  (3)  i .e.  C4 es te r s

3) T - ty p e  ( t e rm in a t io n  inh ib i to rs )  e .g.  t r i ch o d e rm o l  (35)  and  

t r i chode rm one  (36) ,  i .e. ,  unsubs t i tu ted  or  C4 hyd roxy la ted  

s im p le  t r i c h o th e c e n e s .

10 H

3 5
10 A c

3 6

E v i d e n c e ^ *  s u g g e s t s  t h a t  t h e  t r i c h o t h e c e n e s  a c t  as  

a l k y l a t i n g  a g e n t s  o f  the th io l  r e s id u e s  in the  e n z y m e  p e p t id y l  

t r a n s f e r a s e  s u g g e s t in g  tha t  the ab o v e  c l a s s i f i c a t i o n  is s te r i c  in 

o r ig in ,  th a t  is the  l a rg e r  m o l e c u le s  act  on ly  at i n i t i a t i o n  w hen  

the  r i b o s o m e  is r e l a t i v e l y  u n h i n d e r e d  by the  n a s c e n t  p e p t i d e
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chain.  As one would  expec t  for a s ize based c lass i f ica t ion  some 

degree  of  over lap  is observed .

If  the t r i cho thecenes  do act as b io log ica l  a lky la t ing  agents  

then  they  m u s t  be s u s c e p t ib le  to n u c l e o p h i l i c  a t t a ck ;  the mos t  

obv ious  si te for  this is the sp i ro -epoxy funct ion.  Grove  proved 

t h a t  the  e p o x i d e  is e s s e n t i a l  fo r  b i o l o g i c a l  a c t i v i t y  o f  the
ITs imple tr ichothecenes  by showing-’^ that com pounds  such as ( 3 7 ) 

(S ch em e  2) w here  the epox ide  has  been  d e s t ro y e d  are d evo id  o f  

s i g n i f i c a n t  b i o l o g i c a l  a c t i v i t y .

lOAcA c O
(3A

OH

lO A e
AcO

37
Scheme 2

F u r th e rm o re ,  s tud ie s  o f  the m e ta b o l i s m  o f  d e o x y n iv a le n o l  

(6) in rats  i n v i v o ^  and ru m en  m ic ro -o rg an is m s  in v i t r o ^  have 

s h o w n  th a t  d e o x y g e n a t i o n  o f  the  e p o x i d e  to the  e x o m e t h y l e n e  

c o m p o u n d  (38)  (S c h e m e  3) is the m a jo r  p rocess  and  poss ib ly  a 

m e a n s  o f  b io lo g ica l  d e to x i f ica t io n .

HO

6

HO

HO

l » R u m # n  M i c r o - o r g a n i s m s

Scheme 3
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Exam ina t ion  o f  the tr ichothecene  struc ture

A c 0-

0 A o

shows that the epoxide  is ex t remely  h indered  on one side by r ings 

A and B and on the other  by the two carbon br idge o f  ring C; as a 

co n s e q u e n c e  b im o lecu la r  nuc leoph i l i c  subs t i tu t ion  reac t ions  at the 

ep o x id e  are ve ry  ra re .  R e d u c t io n  o f  the epox ide  to a t e r t ia ry  

a lcohol  e .g.  (37) us ing  l i th ium  a lum in ium  hydr ide  w and open ing  

th e  e p o x i d e  w i t h  s o d i u m  b e n z e n e t h i o l a t e  in  d e o x y g e n a t i o n  

s tudie s*^  (Scheme 4) appea r to be the only no teworthy  examples  

o f  S ^ 2  r e a c t i o n s  on  the e p o x i d e .  T h i s  s u g g e s t s  tha t  su ch  

epoxide  r ing  open ing  is not  the mechan ism of  act ion.

•miOTHP

OH
HO

3 9

I ;  N a S P h  

I I; mCPBA , CH2 C I 2 

I I ;  N o ( H g ) , MaOH

OH

'OH

1 1 , 1 1 1

 OTHP

'OH
HO

41

Scheme 4



The  b e h a v i o u r  o f  the t r i c h o th e c e n e s  in ac id ic  m e d ia  may 

p rov ide  fu r ther  clues  to the ir  mode  of  ac t ion.  In m i ld ly  ac id ic  

c o n d i t i o n s ,  h y d r a t i o n  r e s u l t s  in the formation^** o f  the 10 ,13-  

cyc lo t r icho thecene  skeleton  (44) (Scheme 5). For this to occur

the n  s y s t e m  o f  the 9 ,1 0 - d o u b l e  b o n d  m u s t  a t t a c k  the  12 ,13-  

epoxide  int ramolecular ly  forming a carbonium ion (43) which 

is m u c h  m ore  access ib le  to nuc leoph i le s  than the 12 ,13-epoxide.

( 3 5 )

OH

'OH

( 4 4 ) . .

OH

42

OH

S ch eae 5
( 4 3 )

A no the r  poss ib le  m e chan ism  for  b io log ica l  ac t ion  is ske le tal  

r e a r r a n g e m e n t  to the  a p o t r i c h o t h e c e n e  s y s t e m  as d i s c u s s e d  in 

c h a p t e r  1.2.  T h e  a p o t r i c h o t h e c e n e  r e a r r a n g e m e n t  o c c u r s  in 

s t rong ly  ac id ic  m e d ia  w hen  the r ing A doub le  bond  is p ro to n a ted  

and there fore  non-nuc leoph i l ic .  Both  these  rea r rangem en ts  y ie ld  

m o re  a c c e s s i b l e  e l e c t r o p h i l i c  s i t e s  fo r  e x t e r n a l  n u c l e o p h i l e s  to 

at tack.  However ,  w hich  if  any o f  these inhibi t ion m echan ism s  

is o p e ra t io n a l  has ye t  to be proven .



The b io lo g ica l  ac t iv i ty  o f  the t r i c h o th e c e n e s  is h igh  w hen  

bulky  es te r  subs t i tuen ts  w hich  enhance  tr anspor t  into the cel l  are
•3 7

presen t .  Ueno d iv ided  the t r i cho thec enes  into two b ro a d  

classes A and B. Class A contained  po lyhydroxyla ted  com pounds  

s u c h  as T -2  t o x i n  (4 ) ,  a n g u i d in e  (34)  and  n e o s o l a n i o l  (7) ,  

w h e r e a s  c l a s s  B c o n t a i n e d  8 - k e t o  t r i c h o t h e c e n e s  s u c h  as 

deo x y n iv a len o l  (6) ,  n iva leno l  (5) and tr i cho thec in  (3). The 

ac t ivi ty o f  class A compounds  is greater  than class B compounds  in 

w ho le  ce l l  p re p a ra t io n s  w hile  in ce l l  free p r ep a ra t io n s  the trend  

is r e v e r s e d ,  i n d i c a t i n g  the  i m p o r t a n c e  o f  t r a n s p o r t  fo r  h ig h  

a c t i v i t y .

••HO H

0 A c
AcO

HO
0 A c

AcO

•"IQ H

HO f  
HO

'OH

( 5 )

T h e  9 - e n e  f u n c t i o n  is  a l s o  i m p o r t a n t  s i n c e

c a t a l y t i c  h y d r o g e n a t i o n  o f  t h e  t r i c h o t h e c e n e s  r e s u l t s  in a
3 8s u b s t a n t i a l  lo s s  o f  a c t i v i t y - ' 0 .

The  9 p , 1 0 p - e p o x y b a c c h a r i n o i d s  ex h ib i t  the g rea te s t  inv ivo  

act iv i ty  o f  all know n t r icho thecenes  and indeed  the 9(},10P-epoxy
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der iva t ives  (45) and (46) of  ver rucar in  A and ver rucar in  B exhibit  

s i g n i f i c a n t l y  h ig h e r  ac t iv i ty  than  the o r ig in a l  v e r r u c a r i n s 3 9 .

HO

0

( * 5 )  ( 4 6 )

This  f inding  p rom pted  Grove  to invest igate^® the suscep t ib i l i ty  o f  

9f} ,10P-epoxide d e r iv a t iv e s  o f  the no n -m a c ro c y c l i c  t r i cho thec enes  

to n u c l e o p h i l i c  a t t ack .  He p o s tu l a t e d  tha t  the de lay  b e tw e e n  

a d m in i s t r a t i o n  o f  the t r i c h o th e c e n e s  and  the f i r s t  m a n i f e s t a t i o n s  

o f  t o x i c o s e s  c o u ld  be due  to the f o rm a t io n  o f  i n t e rm e d ia te s ,  

pos s ib ly  90, lO|3-epoxide de r iva t ives  (47) fo rm ed  by the act ion o f  a 

m i x e d  fu n c t i o n  o x id a se  on  the 9 -ene .  A lk y la t io n  o f  the th io l  

r e s id u e s  o f  p e p t i d y l t r a n s f e r a s e  c o u ld  be e n v i s i o n e d  to o ccu r  by

Nu“

( ♦ 7 )
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nuc leoph i l ic  open ing  o f  9 ,10-epoxide  with  concom itan t  opening  of  

the 12,13-epoxide to give a 10(3 epoxytr icho thecene  (49) (Scheme 

6 ) .  •

N t f

47

OH

49
S ch eae 6

His studies  showed  how ever  that  epox ides  such  as (50),  (51) 

and  (52)  were  su sc ep t ib le  on ly  to in te rna l  n u c l e o p h i l i c  a t tack  or  

d id  no t  reac t  at al l as in the case  o f  the t r i ch o d e rm o l  de r iva t ive  

(52). Hence ,  inv ivo epoxida tion  is not  a mechan ism  o f  act ion of  

t h t  n o n - m a c r o c y c l i c  t r i c h o th e c e n e s ;  in d e e d  the 9f) ,10f3-epoxide

"ilOH
H

10 H
1 0  A c

AcO

5 0 )

10 H

( 5 2 )



2 5

4 Id e r i v a t i v e  (50 )  o f  a n g u i d in e  was  less  ac t iv e  in a p r o t e i n

in h ib i t i o n  assay  tha n  angu id ine  i tse lf .

Exam ina t ion  of  the m echan ism  of  both the apo t r icho thecene  

and the 1 0 ,1 3 -c y c lo t r i ch o th e cen e  r ea r range m en ts  sugges t  that  not  

o n ly  is the p r e s e n c e  o f  the 1 2 ,1 3 -e p o x id e  g ro u p  e s s e n t i a l  for  

b i o l o g i c a l  a c t i v i t y  b u t  i t s  s t e r e o c h e m i s t r y  m u s t  a l s o  be 

im por tan t .  I f  the s te reochemis t ry  o f  the epoxide  were  reversed 

th e n  the  a b o v e  m e c h a n i s m s  c o u l d  n o t  o c c u r .  I n d e e d  the

ep i -e poxy tr icho thecene  (59) fo rm ed 4 2  f rom t r iace toxysc irpeno l  (54) 

(S chem e  7) re ta ined  on ly  0.4% o f  the b io log ica l  ac t ivi ty o f  (54).  

The  key  s tep  in this  in t e rconvers ion  was  app l ica t ion  o f  the low er  

va len t  tungs ten  deoxygena t ion  sys tem o f  Sharp les s4 ^ w hich  in one 

s tep  s e le c t iv e ly  r e m o v e d  the e p o x id e  o x y g e n  o f  (55) .  The  ep i -  

e p o x i d e  ( 5 8 )  w a s  o b t a i n e d  by  t r e a t m e n t  o f  ( 5 7 )  w i t h  

d im e thy lsu lphon ium  m ethy lide  w hich  at tacks  the ketone exclus ive ly  

f r o m  the  l e s s  h i n d e r e d  e x o - f a c e  o f  the  b i c y c l o [ 3 , 2 , l ]  o c t a n e  

s u b u n i t ,  a fa c t  d i s c o v e r e d  by R a p h a e l  and  C o lv i n  d u r in g  th e i r  

sy n th e s i s 4 4  o f  t r i choderm in  (18).
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O th e r  s t ru c tu ra l  f ea tu res  im p o r ta n t  for  b io l o g ic a l  ac t iv i ty  

i n c lu d e  a (3 -conf igura t ion  o f  s u b s t i t u e n t s  at C4.  In the

m a cro c y c l i c  se r ies  change  o f  a t tachm en t  o f  the m a c ro l ide  r ibbon  

f ro m  C4 to C3 r e s u l t s  in c o m p l e t e  lo ss  o f  a c t i v i t y .  I t is 

poss ib le  tha t  the m a c ro l ide  r ibbon  also has cy tos ta t ic  p roper t ie s ;  

v e r ruca r in  K (33a) wi th no epoxide  group,  is stil l cy to toxic .

HO

0

( 3 3 a )

In  con c lu s io n ,  a l though  m u c h  is k n o w n  o f  the b io logy  and 

s t ru c t u re  a c t iv i t y  r e l a t i o n s h ip s  o f  the t r i c h o th e c e n e s  th e i r  m ode  

o f  ac t ion  rem a ins  unclear .
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1.4 Syn theses

T h e i r  i n t e r e s t in g  s t ru c tu re s  have  made the t r i c h o th e c e n e s  

the s y n th e t i c  ta rge ts  o f  a n u m b e r  o f  g roups .  The  n u m b e r  o f  

ch i ra l  c e n t r e s ,  at le as t  s ix ,  and the var ied  o x y g e n a t io n  pa t te rn s  

e n c o u n t e r e d  in the  t r i c h o t h e c e n e s  h a v e  p r o v i d e d  f o r m i d a b l e  

cha l lenges  to organ ic  chemis ts  over the last two decades .

A l a rg e  n u m b e r  o f  t r i c h o t h e c e n e s  are a v a i l a b l e  o n ly  in 

s u b m i l l i g r a m  q u a n t i t i e s  f ro m  c u l t u r e  b r o t h s ;  th i s  m a k e s  t o t a l  

s y n t h e s i s  an d  p o s s i b l y  m o re  i m p o r t a n t l y  p a r t i a l  s y n t h e s i s  a 

n e c e s s i t y  f o r  s t u d y i n g  t h e i r  b i o l o g i c a l  p r o f i l e s .

T h e  s a l i e n t  f e a t u r e s  o f  the  t r i c h o t h e c e n e  s k e l e t o n  w h ic h  

have to be overcome for a successfu l  synthes is  are

1) Cis fusion o f  r ings A and B

2) Formation o f  the two carbon bridge o f  r ing C

3) S te r e o s p e c i f i c  i n s t a l l a t io n  o f  the s p i ro - e p o x id e

4) S te reospec i f ic  in t roduc t ion  o f  any hydroxy l  funct ions

S evera l  papers  have  been  p u b l i she d  on the syn thes is  o f  the 

m a c r o c y c l i c  and  the  n o n - m a c r o c y c l i c  t r i c h o t h e c e n e s  as w e l l  as 

t r i cho thecene  models .  S ince exce llen t  r e v i e w s ^ h a v e  been 

p u b l i s h e d ,  and  in the  in t e r e s t  o f  b r e v i ty  and  r e l e v a n c e  to th is  

th e s i s ,  I w il l  r ev ie w  only  the sy n th eses  o f  the n o n -m a c ro c y c l i c  

t r i c h o t h e c e n e s .

M cD ougal  and Schmuff*^  sub-d iv ided  the syn theses  o f  non- 

m a c r o c y l i c  t r i c h o t h e c e n e s  a c c o r d i n g  to w h e t h e r  the  t r i c y c l i c  

ske le ton  was  formed via an aldol or  b iom imet ic  approach  

(Scheme 8 ).
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Scheme 8

I f  t h e  t r i c y c l i c  n u c l e u s  is  c o n s t r u c t e d  by  

fo rm a t io n  o f  bond  1  or  2  then the syn thes is  be longs  to the aldol  

a p p ro a c h e s ,  g roups  1 and  2 r e s p ec t iv e ly .  I f  it is c o n s t ru c t e d  

by fo rmat ion  o f  bond 3 or bond 4 then the synthes is  be longs  to the 

b iom im et ic  approaches ,  groups 3 and 4 respect ively .

The  f irs t successfu l  s y n t h e s i s ^  o f  a t r i cho thecene  was  o f  

t r i chodermin  (18) and it was achieved by an aldol approach.  This  

a p p ro a c h  has  al so  acc essed  the t r i c h o th e c e n e  s k e l e t o n  o f  12 ,13-  

ep o x y t r i ch o th e c -9 -en e  (14 )47 and ca lonec t r in  (60 )4 ® as well

GROUP 1 AND 2 

A L D O L  A P P ROA CH
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as p rov id ing  the basis  of  the s y n t h e s i s ^  o f  an op ti ca l ly  act i 

synthon  for calonect r in  and o f  an approach to deoxyniva lenol

ve

( 6 ) 5 0 .

( 1 8 )

0 A c

( M )

••"HO A c

AcO'
( 6 0 )

HO f  
HO

( 6 )

S yn theses  em p loy ing  a b iom im e t ic  app roac h  have  rece ived  

much more at tention.  12,13-Epoxytricho thec-9-ene (14) was

the f ir s t  m o lecu le  to succum b  to total  syn thes is^  * by this route.  

O t h e r  t r i c h o t h e c e n e s  w h i c h  h a v e  b e e n  s y n t h e s i s e d  by  t h i s  

b io m im e t ic  m e th o d o lo g y  inc lude  t r i ch o d e rm in  (1 8 ) J  , v e r ru ca ro l  

( 2 6 ) ^ ’^ * ^ ,  an g u id in e  (34 )^* \  as w el l  as the 1 1 -ep i  d e r iv a t iv e  

( 6 1 ) ^ ,  the 1,3-dioxolane compound ( 6 2 ) ^  and neosporol  (63)^®.

HO

( 2 6 )

OH
0 A c

6 1

nek
OH

( 6 2 ) ( 6 3 )
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( i ro u p  1 - Aldol Approach

T he  f i r s t  t r i c h o t h e c e n e  to y i e l d  to to t a l  s y n t h e s i s  was  

tr ichodermin (18)44 employing a group 1 aldol approach (Scheme 9). 

The p ro b lem  o f  a t ta in ing  cis fus ion of  the c y c lo h ex en e  and 

p y ra n  r ing  was  a d d r e s s e d  at the e a r l i e s t  p o s s ib le  s tage  by the 

syn thes is  o f  the c i s - fused  y lac tone (65). Ring expans ion  o f  the 

la c to n e  r ing  w o u ld  e n s u re  cis  fu s ion  o f  the A and B r ings  o f  

t r i c h o d e rm in .

p - M e t h o x y  t o l u e n e ,  the  s t a r t i n g  m a t e r i a l  w a s  r e a d i l y  

c o n v e r t e d  in to  the  a l ly l i c  a l c o h o l  (64 ) ,  a c i d i f i c a t i o n  o f  w h ic h  

e f fec ted  la c ton isa t ion  to the the rm odynam ica l ly  favoured  cis fused 

y lac tone  (65) p resumably  via an al lylic  ca rbon ium  ion.  Having 

a c h i e v e d  the  f i r s t  m a j o r  g o a l  o f  the  s y n t h e s i s  a t t e n t i o n  w as  

tu r n e d  to e l a b o r a t i o n  o f  the  l a c t o n e  to the  k e t o a l d e h y d e  ( 6 8 ) 

w h ich  it was  a n t i c ip a te d  w o u ld  u n d e rg o  an  i n t r a m o l e c u la r  a ldo l  

c y c l i s a t i o n  to fu rn ish  the t r i cyc l i c  ske le ton .  The  p y ran  r ing

w a s  i n t r o d u c e d  v i a  the  h e m i - a c e t a l  ( 6 6 ) w h i c h  w a s  r e a d i l y  

t r an s fo rm e d  in to  the t r ans -ace ta l  (67).  M i ld  ac id ic  hydro lys is  

o f  ( 6 7 )  a l s o  i n d u c e d  c o n j u g a t e  a d d i t i o n  to g iv e  a c i s  f u s e d  

b i c y c l i c  i n t e r m e d i a t e ,  s e l e c t i v e  o x i d a t i o n  o f  w h i c h  g a v e  the 

r e q u i r e d  k e t o - a l d e h y d e  ( 6 8 ). H o w e v e r ,  d e s p i t e  m u c h

e x p e r i m e n t a t i o n ,  k e t o - a l d e h y d e  ( 6 8 ) c o u l d  n o t  be  i n d u c e d  to 

u n d e rg o  a ldo l  cyc l i s a t ion .  Th is  p ro b le m  was  c i r c u m v e n te d  by 

f o r m a t i o n  o f  the  e n o l  l a c t o n e  ( 6 9 ) ,  r e d u c t i o n  o f  w h i c h  w i th  

L iAl (OBu^)^H  gave the des i red  a ldol  p roduc t  (70) ,  a lbe i t  in low 

y i e l d .

I t w a s  t h o u g h t  t h a t  t r e a t m e n t  o f  ( 7 0 )  w i t h  d i m e t h y l  

su lphon ium  methyl ide would  yie ld t r i chodermol(18) .  H ow ever  the 

s o le  p r o d u c t  o f  th i s  r e a c t i o n  w as  1 2 , 1 3 - e p i - t r i c h o d e r m o l  (7 1 )  

i n d i c a t i n g  th a t  the  r e a g e n t  h a d  a d d e d  to the  c a r b o n y l  g r o u p



32

Scheae 9



33

e x c l u s i v e l y  f r o m  t h e  l e s s  h i n d e r e d  f a c e  o f  t h e  

b i c y c l o [ 3 ,2,1 Joctane subun i t .

OH
N u c I •  o p h I l e t

Th i s  p r o b le m  was  o v e rc o m e  by W i t t i g  o l e f i n a t i o n  o f  the 

ketone  to give the exo-methylene compound (72),  which  by analogy 

w i th  the e p o x i d a t io n  o f  the k e to n e (7 0 ) ,  gave  on  t r e a tm e n t  w i th  

m C P B A  the  c o r r e c t  e p o x i d e  s t e r e o c h e m i s t r y .  E p o x i d a t i o n

o c c u r r e d  r eg io -  s e le c t iv e ly ,  the f ree C4 a lco h o l  d i r e c t in g  the 

per -ac id  preferen t ia l ly  to the exo-m e thy lene  and not  to the r ing A 

o le fin .  Ace ty la t ion  o f  the C4 hydroxy l  com ple ted  this  h is toric  

s y n t h e s i s .

< Q
C o lv in  and  R a p h ae l  a t t e m p t e d  7  to e x t e n d  th is  g ro u p  1 

aldol  approach  to ver rucaro l  (26),  how ever  the co r respond ing  enol  

l a c to n e  (73)  (Schem e  10) de f ied  all a t tem pts  to in duce  reduc t ive  

c y c l i s a t i o n  to g ive  the ve r ruca ro l  p r e c u r s o r  (74) .

10 H

7 47 3

Scheae 10
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This  r e s u l t  and the low y ie ld  o f  the c ru c i a l  c y c l i s a t i o n  in the 

t r i c h o d e r m i n  s y n t h e s i s  m a k e  th is  a p p r o a c h  the  l e a s t  e f f i c i e n t  

rou te  to the t r i ch o th ec an e  ske le ton .



C ro u p  2 - Aldol Approach

The group 2 aldol  approach  was dem ons t ra ted  to be a much 

m o r e  e f f i c i e n t  r o u t e  to th e  t r i c h o t h e c  a n e  s k e l e t o n  by the  

s te reose lec t ive  s y n t h e s i s ^  o f  the Trichotheceum roseum  metabo li te  

(+ ) -12 ,13-epoxytr icho thec-9-ene  (14) (Scheme 11).

Cis fus ion o f  the A-B rings was achieved  via the pyran  (76)

d e r iv e d  f rom the read i ly  ava i lab le  k e to -e s t e r  (75) .  C on juga te

a d d i t i o n  o f  the  a n i o n  o f  (75 )  to c r o t o n a l d e h y d e  f o l l o w e d  by

p ro te c t io n  o f  the a ldehyde  as the e thy lene  ace ta l  and  subse quen t

M e e r w e i n  P o n d o r f  r e d u c t i o n  r e s u l t e d  in c y c l i s a t i o n  to  the

b e n z o p y r a n  d e r iv a t iv e  (76);  th is  was  sh o w n  to be cis  fused  by

c o m p a r i s o n  o f  the c o u p l in g  c ons tan t s  for  the C9 p ro to n  o f  (76)

w i t h  t h e  c o r r e s p o n d i n g  ( C I O )  p r o t o n  o f  t h e  t a r g e t  ( 1 4 ) .
t

A t ten t ion  then turned  to construct ion o f  r ing  C.

A lk y la t io n  o f  the en o la te  o f  (78)  w i th  a l ly l  b ro m id e  gave  

s u r p r i s in g ly  the a l ly l  v iny l  e t h e r  (79 )  w h ic h  u n d e r w e n t  C la i s e n  

r e a r r a n g e m e n t  to the r eq u i re d  a l ly l -ke tone  (80) ,  fo r tu i tous ly  as a 

2:1 m i x tu r e  o f  a  and  fi a l ly l  e p im e r s  r e s p e c t iv e l y .  T h u s  the 

requ i red  s te reochem is t ry  o f  C5( t r i cho thecene  n um be r ing )  had been  

e s t a b l i s h e d  s t e r e o - s e l e c t i v e l y  a n d  w i t h o u t  the  p o s s i b i l i t y  o f  

ep im er isa t ion .  Oxida t ive  c leavage o f  the v inyl  g roup  us ing

osm ium  te trox ide  and  sod ium per ioda te  gave  the m onohydra te  (82) 

w hich  on  t rea tment with  sod ium methoxide  in methano l  cyc l ised  to 

the t r i c y c l i c  s t r u c t u r e  (8 3 )  as a m i x tu r e  o f  C3 e p i m e r s  in an 

exce l len t  y ie ld  o f  90%.

T h e  k e t o n e  ( 8 5 )  g a v e  e x c l u s i v e l y  the  w r o n g  e p o x i d e  

s te reochem is t ry  on trea tm ent with  d im e thy lsu lphon ium  m ethy lide  in 

a n a l o g y  to the t r i c h o d e r m i n  r e s u l t s .  W i t t i g  o l e f i n a t i o n  and  

e p o x i d a t io n  gave  the r e q u i re d  c o m p o u n d  (14).  H o w e v e r  the
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e p o x id a t io n  was  in e f f ic ien t  (30% with  60% c onve rs ion )  due to a 

l a c k  o f  r e g i o s e l e c t i v i t y , a p r o b l e m  th a t  w o u l d  b e s e t  f u tu r e  

t r i c h o th e c e n e  syn theses .

In the s y n th e s i s  o f  c a l o n e c t r i n  ( 6 0 ) 4 ®, K raus  a d d re s s e d  

the p ro b le m  o f  fo rming  the crucial  B-C  ju n c t io n  s te reose lec t ive ly  

and also p rov ided  nove l  solu t ions  to the p roblems of  cis fusion of  

the A and B r ings  and reg iose lec t iv i ty  in epoxida tion .

In a d d r e s s in g  the ci s  fu s io n  p r o b l e m  K rau s  fo c u s s e d  his  

a t ten t ion  on a reac t ion  that  w ou ld  give in one s tep  the cis fused 

b i c y c l i c  s y s t e m  wi th  the fu n c t io n a l i ty  n e c e s s a ry  for  e l a b o r a t i o n  

to the AB r ing  sys tem  o f  ve r ruca ro l ,  nam e ly ,  Die ls  A lde r  cyc io -  

add i t io n .  In an e a r l i e r  ap p ro ac h  to v e r ru c a ro l  K raus  found**® 

th a t  c y c l o a d d i t i o n  b e t w e e n  i s o p re n e  ( 8 6 ) and  m e th y l  c o u m a la t e  

(87 )  u n d e r  e i t h e r  c a t a l y s e d  o r  t h e rm a l  c o n d i t i o n s  p r o d u c e d  an 

85:15 mixtu re  o f  regio-i somers  ( 8 8 ) and (89) (Scheme 12) in favour  

o f  the des i red  isom er  ( 8 8 ). This  syn thon  for  the AB r ings  o f  

v e r ru ca ro l  co u ld  be t r ans fo rm e d  in 8  s teps  and 1 0 % yie ld  to the 

k e t o n e  (9 0 )  w h i c h  s t i l l  r e q u i r e d  i n t r o d u c t i o n  o f  the  2  c a r b o n  

b r i d g e ,  i s o m e r i s a t i o n  o f  th e  t r i s u b s t i t u t e d  r i n g  A  o l e f i n  a n d  

fo rm at ion  o f  the sp iro  epox ide  to com ple te  the syn thes is .
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For  ca lonec tr in  Kraus once again employed^® a Die ls -Alder 

reac t ion,  however  the diene and dienophile  were l -ace toxy-3 -m ethy l  

b u t a d i e n e  ( 9 1 )  a n d  3 ( h y d r o x y m e t h y l ) - 3 - b u t e n - 2 - o n e  (9 2 )  

r e s p e c t i v e l y  as in an  a l t e r n a t i v e  approach*** to v e r r u c a r o l .  

L ew is  ac id  ca ta ly sed  c y c lo -add i t ion  a f fo rded  a 3.3:1 d ias te reo -  

i so m e r ic  m ix tu re  o f  a c e to x y -k e to n e s  (93)  and (94)  (S ch em e  13). 

The  m a jo r  ad d u c t  (94)  no t  on ly  had  the requ i re d  cis re la t ionsh ip  

o f  the  ace toxy  and m e th y l  k e to n e  fo r  e l ab o ra t i o n  to r ing  B, but  

a l s o  h a d  t h e  r i n g  A o l e f i n  in  t h e  c o r r e c t  p o s i t i o n  t h u s  

e l im i n a t in g  a p o te n t i a l ly  t ro u b le s o m e  o le f in  i som er i sa t ion .

R in g  B w as  in t ro d u c e d  by an i n t r a m o l e c u la r  K n o e v e n a g e l  

c o n d e n s a t i o n  o f  the c y a n o - e s t e r  ( 9 5 )  f o l l o w e d  by a tw o  s tep  

reduct ion  o f  the lac tone to the pyran  (97).  The cyano  group was 

c o n v e r t e d  i n t o  t h e  a c i d  ( 9 8 )  w h i c h  u n d e r w e n t  a C u r t i u s  

r e a r r an g e m en t  to give the des i red  ke tone  (99).  E lab o ra t io n  of  

this  to the k e t o -a ld e h y d e  ( 1 0 2 ) r eq u i re d  a tw o  ca rb o n  un i t  to be

( 8 6
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a t tache d  to C 5 ( t r i c h o th e c e n e  n u m b e r in g )  in the a  c o n f ig u ra t io n .  

K r a u s  c o n t r o l l e d  t h i s  s t e r e o c h e m i s t r y  by  an  i n g e n i o u s  

in t r am o lecu la r  a lkyla t ion .  The  si lyl enol  e ther  (100)  on t rea tm ent  

with TBA F gave the lactone (101),  int ramolecular  alkylat ion having 

occur red  at C5 exclus ive ly  from the a  face.  Reduct ion  gave the 

k e t o - a l d e h y d e  ( 1 0 2 ) w h ic h  u n d e r w e n t  a ldo l  c y c l i s a t i o n  to the 

tr icycl ic  ske le ton  as a mixtu re o f  C3 ep imers .  Witt ig  o le f ina t ion  

and  an  o x i d a t i o n - r e d u c t i o n  s e q u e n c e  p r o v i d e d  the  c o r r e c t  a  

c o n f i g u r a t i o n  at C 3 .  F i n a l l y  K r a u s  a c h i e v e d  c o m p l e t e

r e g i o s e l e c t i v i t y  in the  e p o x i d a t i o n  r e a c t i o n  by  p r o t e c t i n g  the 

r ing  A o le f in  as the b r o m o - e t h e r  ( 1 0 4 )  and  e p o x i d a t io n  o f  the 

exom ethy lene  with  buf fered  C F 3 C O 3 H. Regenera t ion  o f  the C-9 

o l e f i n  a n d  a c e t y l a t i o n  c o m p l e t e d  t h i s  h i g h l y  e f f i c i e n t  a n d  

s t e r e o s e l e c t i v e  s y n th e s i s  o f  c a l o n e c t r i n  (60) .
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(■roup 3 - Biomimetic Approach.

As  s t a t e d  e a r l i e r  th e  b i o m i m e t i c  a p p r o a c h  a n d  in 

p a r t i cu la r  the g roup 3 approach  has rece ived  m uch  more at tention  

f ro m  s y n t h e t i c  c h e m i s t s .  C y c l i s a t i o n  o f  the  t r i c h o d i e n e

ana logues  (106)  and (107) can take  p lace  in e i the r  o f  two ways 

(Scheme 14).

HO

PH

H
0 .

1 09

1 1 0 )

PH
TH

Scheme 14

I f  cyc l i s a t ion  occurs  v ia  an al ly l i c  c a rb o n iu m  ion  (108)  

( 1 0 8 )  ( p a t h  A )  t h e n  the  t r i s u b s t i t u t e d  o l e f i n  o f  r i n g  A is 

p roduced  d irec t ly .  I f  on the o the r  hand cyc l i s a t ion  p roceeds  v ia  

a M i c h a e l  a d d i t i o n  ( p a th  B) th e n  the k e to n e  at  C -9  m u s t  be 

t ransformed to the C9 olefin.  Hence path A which  can also start 

f r o m  th e  e n o n e  ( 1 0 6 )  is  r e g a r d e d  as  th e  r o u t e  o f  c h o i c e .  

O b v i o u s l y  c o n t r o l  o f  the  r e l a t i v e  s t e r e o c h e m i s t r y  at  the  tw o
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q u a t e r n a r y  c e n t r e s  C5 a n d  C6 is c r u c i a l  to a s u c c e s s f u l  

s y n t h e s i s .

The synthes is6 * of  12,13-epoxytrichothec-9-ene (14) by Masuoka 

was the f i r s t  s u c c e s s fu l  g ro u p  3 ap p ro a c h  to a t r i c h o th e c e n e .

A m ode l  s tu d y 6 2  (S chem e  15) had  show n that  the dio l  (111)  

c y c l i s e d  s t e r e o s e l e c t i v e l y  to the t r i c h o th e c a n o id  s k e le to n  ( 1 1 2 ) 

in a s i m i l a r  m a n n e r  to th a t  p r o p o s e d  f o r  the  b i o s y n t h e s i s .  

L i k e w i s e ,  the  d io l  ( 1 2 0 )  ( S c h e m e  16) on  t r e a tm e n t  w i th  ac id  

cyc l i s ed  in 40% yie ld  to the tr icyc li c  ske le ton  (121) .

The crucial  s tereochemical  control  at C5 and C 6  was achieved 

by a [2+2] p h o to -a d d i t i o n  o f  (113)  and  (114)  w h ich  gave as the 

m a jo r  p roduc t  (16%),  the cis,  ant i ,  c is t r i cyc le  (115) .  This  on 

ac id  c l e a v a g e  o p e n e d  c l ean ly  to the ene  d ione  (116)  h av in g  the ' 

co r rec t  re la t ive  conf igu ra t ion  at C5 and C 6 . E labora t ion  to the 

ep im e r ic  a l coho ls  (117)  and  (118)  r ev ea led  an in te re s t ing  resu lt .  

The  a  al ly l i c  a lcohol  (118)  cyc l i s ed  by M ichae l  add i t ion  to the 

enone to give the ketone (119) whereas the more abundant  f3 al lylic 

a l c o h o l  ( 1 1 7 )  w a s  r e c o v e r e d  u n c h a n g e d  f r o m  th e  r e a c t i o n  

m ix tu re .  T h i s  d e m o n s t r a t e d  tha t  thi s  ap p ro a c h  a l so  requ i re s

con t ro l  o f  C2  s te reochem is t ry  for  b iom im e t ic  cyc l i sa t ion  to occur.  

Inve rs ion  o f  the alcohol  (117) and G r ignard  add i t ion  to the enone  

g a v e  th e  r e q u i r e d  d i o l  ( 1 2 0 ) fo r  c y c l i s a t i o n  to the  t r i c y c l i c  

s k e l e t o n .

S t i l l ’s s y n t h e s i s 6 2  o f  t r i c h o d e r m i n  ( 1 8 ) ,  in w h i c h  he 

u t i l i s e d  a n  i n g e n i o u s  c y c l o - a d d i t i o n ,  r i n g  c o n t r a c t i o n  an d  

f r a g m e n ta t io n  sequence  to p ro v id e  the c ruc ia l  in t e rm ed ia te  (127)



43

Sc
he

ae
 

16



44

w as  the  s e c o n d  r e p o r t e d  s y n t h e s i s  e m p l o y i n g  a b i o m i m e t i c  

approach.

The  s ta r t ing  point  o f  the synthes is  (Scheme 17) was Diels-  

A ld e r  r eac t ion  o f  qu inone  (123)  wi th  the s i ly lo x y d ien e  (122)  to 

g ive  the  c r y s t a l l i n e  a d d u c t  (12 4 )  w h ic h  p o s s e s s e d  the c o r r e c t  

relat ive stereochemistry at C5 and C 6 . Ring C was introduced by 

e p o x i d a t i o n  and  s o d iu m  h y d r o x id e  in d u c e d  H e r z - F a v o r s k i  r ing  

c o n t r a c t i o n  w h i c h  p r o c e e d e d  r e g i o s p e c i f i c a l l y  to  the  

c y c lo p e n te n o n e  ca rb o x y l i c  e s te r  (125) .  Th is  w as  t r a n s fo rm e d  

in to  the  m e s y l a t e  (1 2 6 )  in 8  s t e p s ,  i n c lu d in g  a p h o t o c h e m ic a l  

deoxygena t ion ,  to provide  the C5 methyl  group.  This  com pound  

had  the r eq u i re d  a n t i -p e r ip l an a r  a r ran g em en t  o f  the m e sy la te  and  

the  b o n d  i n d i c a t e d  to a l l o w  c l e a n  a n i o n i c  f r a g m e n t a t i o n  on  

t r e a t m e n t  w i t h  s o d i u m  h y d r i d e  to  t h e  a l c o h o l  ( 1 2 7 )  a f t e r  

debenzoy la t ion .  In troduc t ion  o f  the C2 a  alcohol ,  necessary  for  

cyc l isa t ion ,  was ach ieved  by a C4 hydroxyl-d i rec ted  epoxida tion  o f  

the cyclopentene  to give the (3 epoxide (128).  This  on exposure  

to aq u e o u s  ac id  c y c l i s e d  to the t r i cyc l i c  s k e le to n  (129)  a lm o s t  

cer ta in ly  v ia the C2 a  alcohol  formed  by reg iose lec t ive  open ing  o f  

the epoxide .  Elabora t ion  o f  (129) to t r ichodermol was  achieved  

w i th o u t  d i f f i cu l ty .  One in te re s t ing  fea tu re  in the co m p le t io n

o f  the syn thes is  was  the dehyd ra t ion  o f  the k e to -a lc o h o l  (130) to 

the  r e q u i r e d  9 - e n e  (1 3 1 )  and  i ts  8  - ene  r e g i o i s o m e r  in a 7:1 

r a t i o .  Z e i g l e r  in an a p p r o a c h  to a n g u i d in e  (34 )  r e q u i r e d  

isom er isa t ion  o f  the exo-m ethy lene  double  bond  o f  (132)  to the 9- 

ene (133)  (Scheme 18). However  the only product  iso la ted  was the 

8 -ene (134).  It is apparen t  the re fore  tha t  deh y d ra t io n  o f  (130)
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a n d  i s o m e r i s  a t i o n  o f  ( 1 3 2 )  do  n o t  p r o c e e d  v i a  the  s a m e  

in te rm ed ia te  te r t ia ry  ca rbon ium  ion.

••>10 A c 
0 A o

10 Ac
A c 0

( 1 3 3 )

^•"10 A c 
-  OAc

>0 Ac
AcO

( 1 3 2 )

►*••10 A c
OAc

10 A c
AcO

( 1 3 4 )

S ch eae 18

Z e i g l e r  c o n c l u d e d  t h a t  o n e  o f  th e  r e a c t i o n s  m a y  be  

k i n e t i c a l l y  c o n t r o l l e d  w h i l e  t h e  o t h e r  is  t h e r m o d y n a m i c a l l y  

c o n t r o l l e d .  I t  h a s  y e t  to be  e s t a b l i s h e d  w h i c h  o f  the  tw o 

e n d o c y c l i c  o le f in s  is m ore  s tab le.

S ch le ss inge r  and N ugen t  con t ro l led ^ 4  the s te reochem is t ry  o f  

the  c r i t i c a l  c e n t r e s  in t h e i r  s y n t h e s i s  o f  v e r r u c a r o l  ( 2 6 )  by  

s t e r e o s e l e c t i v e  c o n s t r u c t i o n  o f  the  s p i r o - l a c t o n e  (1 4 4 )  (S c h e m e  

19). This  on a lumin ium hydride reduct ion opened  to the 

t r i c h o d ie n e  a n a lo g u e  (145)  c o n ta in in g  the co r r e c t  s t e r e o c h e m is t ry  

for  ac id  ca ta ly sed  cyc l i sa t ion  v ia  an al ly l i c  c a rb o n iu m  ion  to the 

v e r ru c a ro l  p r e c u r s o r  (146).
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T h e  s t a r t i n g  p o i n t  o f  the  s y n t h e s i s  w a s  th e  r e a d i l y  

a v a i l a b l e  k e t o n e  (1 3 5 )  w h ic h  a l r e a d y  c o n t a i n e d  tw o  f e a t u r e s  

required for verrucarol ,  namely the C4 hydroxyl and the C14 methyl  

g r o u p ,  i . e . ,  the  r e l a t i v e  s t e r e o c h e m i s t r y  r e q u i r e d f o r  C5 o f  

v e r ru ca ro l  was  a l ready  in place .  Six syn the t ic  s teps gave the 

k e to -a c id  (137).  The a  al ly l ic  a lcohol  was  in t roduced  by 

W i t t ig  o le f ina t ion  fo l lowed  by a l ly l ic  ox ida tion .  Lac ton isa t ion  

o f  (139 )  and  r e a c t io n  o f  the d e r iv e d  l i th iu m  e n o la te  w i th  

fo rm a ldehyde  gave  direc t ly ,  the enone (141) a key in termedia te  in 

the s y n th e s i s .

Sch less inge r  env is ioned  that [4+2] cyc loadd i t ion  o f  (141)  with  

Danishefsky  *s diene (142) would  occur  exc lusively from the less 

h inde red  0  face o f  the lac tone  to afford  the unsa tu ra ted  ketone 

(143).  Ketone (143) was  indeed formed as the sole product  in 76% 

yie ld  thus cons t ruc t ing  the C 6  ju n c t io n  with  h igh  s te reo-con t ro l .  

Lactone  (144) on LiAlH^  reduc tion opened to the tr ichodiene anal

ogue (145) which  on exposure to pTSA  cycl ised to the tr ichothecene 

ske le ton  (146),  w hich  was  read i ly  conver ted  into ver rucaro l .
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B r o o k  a c h i e v e d  two n o t a b l e  f i r s t s  w i th  a s y n t h e s i s  o f  

a n g u i d i n e  ( 3 4 ) ^ ;  no t  on ly  was  th is  the f i r s t  s y n t h e s i s  o f  a 

t r i h y d ro x y la te d  t r i ch o th ec en e ,  but  it was also enan t io s e le c t iv e .

The synthet ic  plan (Scheme 20) was to add the A ring to a 

ful ly functionali sed  C r ing and from there construc t  the B r ing by 

an in t ram o lecu la r  cyc l i sa t ion  via a r ing A al lyl ic  ca rbon ium  ion.

The corners tone  to the enant iose lec t iv i ty  was the asymmetr ic  

mic rob ia l  reduc t ion  o f  2 - a l l y l -2 -m e th y l - l ,3 -c y c lo p e n ta n e d io n e  (147)  

bakers  yeas t  w h ich  p ro v id ed  the ch i ra l  s ta r t ing  m a te r ia l  (2S ,3S)-  

2 -a l ly l -3 -h y d ro x y -2 -m e th y l -cy c lo p en ta n o n e  (148).  Inve rs ion  o f  

the alcohol  was  necessary  to give the correc t  conf igura t ion  for  C4 

o f  angu id ine .

T h e  d io l  ( 1 5 2 )  w h i c h  h a d  the  c o r r e c t  f u n c t i o n a l i t y  and  

rela t ive s te reochem is t ry  fo r  r ing  C o f  anguid ine  w hen  tr ea ted  wi th 

s o d iu m  h y d r id e  f o l l o w e d  by b en z o y l  c h lo r id e  gave  the b ic y c l i c  

l a c t o n e  ( 1 5 3 ) .  S t i r r i n g  ( 1 5 3 )  in  n e a t  t r i s ( d i m e t h y l )  a m i n o  

methane gave  the enamine  (154) which  on mild  acidic hydrolysis  gave 

the hyd roxy  m e thy lene  com p o u n d  (155) .  B rooks  an t ic ipa ted  tha t  

this would  add methyl  vinyl  ke tone  in an exo manner  as repor ted in 

a m ode l  s tudy by R o u s h . ^  Indeed  M ichae l  add i t ion  o f  (155) to 

m e th y l  v iny l  k e to n e  p ro c e e d e d  ex c lu s iv e ly  to the d es i r ed  p roduc t  

(156) .  A ldo l  c y c l i s a t i o n  and  d e h y d ra t io n  gave  the e n o n e  (157 )  

w h ic h  on  t r e a tm e n t  w i th  m e thy l  l i th iu m  gave  the  a l ly l ic  a l coho l  

(158) .  R e d u c t io n  o f  the la c to n e  e f f e c t e d  r ing  o p e n in g  to the 

tr i chodiene  analogue  (159)  which  on  acy la t ion  o f  the C15 hydroxyl  

gave  the d io l  (160) .  T h i s  u n d e rw e n t  ac id  c a t a ly s e d  c y c l i s a t i o n  

v ia  the  a l l y l i c  c a r b o n i u m  ion  to the  t r i c h o t h e c a n o i d  s k e l e t o n  

(161 ) .  O le f in a t io n ,  r e g io s e l e c t iv e  e p o x i d a t io n ,  d e s i l y l a t i o n  o f  

C 4 ,  a c e t y l a t i o n  to  t h e  t r i a c e t a t e  a n d  f i n a l l y  s e l e c t i v e
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d e a c y l a t i o n  o f  the C3 a l c o h o l  gav e  s y n t h e t i c  a n g u i d i n e  (34)  

iden t ica l  in all respec t s  wi th a na tu ra l  sample .

In the per iod 1980-83,  Roush described  the synthesis  of  both 

m o d e l s 6 -* and  in t e r m e d i a t e s 64 to the t r i cho thecene  s ke le ton  

cu lm ina t ing  in 1983 with  the second  total synthes is  o f  ver rucaro l  

( 2 6 ) J . T h i s  s y n th es i s  e m p lo y e d  m uch  o f  the m e th o d o lo g y  

ut i l i sed  by S ch le ss in g e r^ 4 and so no d iscuss ion  o f  the chemis try 

will  be under taken .  However  synthes is  of  the key  lactone (171) 

(Schem e 21) in w h ich  a t r im ethy ls i ly l  group  plays a cruc ia l  role,  

m e r i t s  h i g h l ig h t i n g .

F i r s t ly ,  the t r i m e t h y l s i l y l  g r o u p  h e l p e d  to e n s u re  a h ig h  

s tead y  s ta t e  c o n c e n t r a t i o n  o f  the m e t h y l - c y c lo p e n ta d ie n e  i s o m e r

(163);  D ie l s -A lde r  reac t ion  o f  the isomeric  mixtu re  (162)  and (163) 

with  methy l  acrylate  gave in 90% yie ld a 4:1 mixture o f  adducts

(164)  and (165).

Epoxidation of  (165) with mCPBA was sluggish and so the more 

reac t ive 3 ,5-d in i t roperbenzoic  acid was em ployed  which  not  only 

e f f e c t e d  e p o x i d a t i o n  b u t  a l s o  c a t a l y s e d  th e  t r i m e t h y l s i l y l  

con t ro l led  W agne r -M ee rw ein  r ea r rangem en t  and fu r ther  epox ida t ion  

to g ive  a m ix tu re  o f  epoxides  (166)  and (167).  I som er  (166) was 

conver ted  into the se lenide (168) which  on oxida tion  and se lenoxide 

e l im ina t ion  gave the exo -m e thy lene-a lcoho l  (169) .  T rea tm en t  o f  

( 1 6 9 )  w i t h  l i t h i u m  in e t h y l e n e d i a m i n e  e f f e c t e d  r e g i o s p e c i f i c  

e p o x i d e  o p e n i n g  to g i v e  th e  d i o l  ( 1 7 0 )  as s o l e  p r o d u c t .  

O z o n o ly s i s  and B a e y e r -V i l l i g e r  o x id a t io n  gave  the key  lac tone

( 1 7 1 ) .
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The most  recent  group 3 synthesis  to be reported  was H u a ’s 

e n a n t io s e le c t iv e  total  s y n t h e s i s ^  of  ( + ) -1 2 ,1 3 -e p o x y t r i ch o th e c -9 -  

ene (14) and its ant ipode .

H av ing  s tud ie d  the e n an t io s e le c t iv e  1,4 add i t ions  o f  ch i ra l  

su lph iny la l ly l  anions  to cycl ic  enones  he p red ic ted  that bond 1 o f

(172) (Scheme 22) could be formed in this manner between (173) and 

(174).  In tr a -m olecu la r  Michae l  addi t ion of  the hydroxyl  group to 

the  a( i  u n s a t u r a t e d  s u l p h o x i d e  o f  ( 1 7 2 )  w o u ld  t h e n  f o r m  the 

t r i c h o th e c e n e  ske le ton .

+$

v«o

( 1 7 4 )
Scheae 22

Synthes is  o f  the chi ral  su lphoxide (178) (Scheme 23) 

w as  a c h i e v e d  in  h i g h  y i e l d  by  a s u l p h e n a t e - s u l p h o x i d e [ 2 , 3 ]  

s i g m a t r o p i c  r e a r r a n g e m e n t  w h i c h  o c c u r s  o n  a d d i t i o n  o f  

b e n z e n e s u l p h e n y l  c h lo r id e  to the a l ly l i c  a l c o h o l  (177) .  The 

l i th iu m  an ion  o f  (178)  added  as p re d ic te d  in a 1,4 m a n n e r  to the 

en one  (174)  to give a m ix tu re  o f  adducts  (179)  and  (180)  in a 

ra t io  o f  7 :93  r e s p e c t iv e ly .

H av ing  c o n s t ru c t e d  a s y n th o n  for  r ings  A and C a t ten t ion  

then turned  to pyran  ring formation.  The major  adduct  (180) was 

converted to the enone (183) which on Luche reduction (NaBH4 , C e C l ^  

7 H 2 0 ,  M eO H ) gave a 9:1 mixtu re  o f  al lyl ic  alcohols  in favour  of  

the required  a  al cohol  (184).  This  al cohol  cyc l ised  as had  been 

p r e d i c t e d  to g ive  the t r i c y c l i c  e th e r  ( 1 8 5 )  in 84% y ie ld .
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The targe t  (+) (14) was obta ined  readily by dehydrosu lpheny la t ion  

using DABCO as base followed by epoxidation.

The antipode (-) (14) was syn thesised from chi ral  sulphoxide 

(186) by the same route.

( n t )
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Group 4 Biomimetic Approach

The group 4 biomimetic approach (Scheme 14) has not  been 

e x p l o i t e d  to the sam e ex ten t  as the g roup  3  a p p ro a c h  p o s s ib ly  

because  the necessary  cont ro l  o f  C - l l  adds fur ther  com plex i ty  to 

the  s y n t h e t i c  p r o b l e m .  I n d e e d  the  f i r s t  a t t e m p t  at th i s

approach  was the syntheses^** o f  the tr ichothecene  mode ls  (187) 

and (188) which  having an aromatic A ring have no C - l l  s te reo

ch e m is t ry .

B

( 1 8  7 ) ( 1 8 8 )

Trost  and McDougal  showed with the synthesis  o f  

ve r ru ca ro l  ( 2 6 ) 5 ^ in 1982 tha t  the g roup  4 app roach  d id  o f fe r  a  

v iab le  rou te  to the t r i cho thecenes .  To  reso lve  the p ro b lem  of  

cis fus ion  o f  the AB rings,  r ing expans ion  o f  a cis fused 6,5 r ing 

system (198) to a 6 , 6  ring system (199) was employed (Scheme 24).

T h e  s t a r t i n g  p o in t  was  the d io n e  (1 8 9 )  w h ic h  w a s r e a d i l y  

co n v e r ted  into the o le fin  (191).  This  o le fin  underw en t  the rmal 

c y c l o  a d d i t i o n  w i th  the s i ly l o x y d ie n e  (192 )  to g ive  the a d d u c t  

(193)  as the only  i so la ted  p roduc t .  I f  this  adduc t  was  hea ted  

fu r the r  an ene r eac t ion  e n s u e d  to give the t r i cyc le  (194) .  Th is  

p roved  ex t rem ely  useful  in the d i f fe ren t ia t ion  o f  the two carbonyl  

g r o u p s  o f  (1 9 3 ) ;  a n a l y s i s  r e v e a l e d  th a t  o n ly  one  o f  the  two 

d i a s t e r e o t o p i c  c a r b o n y l  g ro u p s  c o u l d  a l ign  i t s e l f  in the p r o p e r  

o r i e n t a t i o n  for  the ene reac t ion .  R e d u c t io n  o f  the r e m a in in g  

ke tonic  group of  (194) gave the lactone (195) which on thermolysis
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underw en t  a retro ene reac t ion  to give the sp i ro - lac tone  (196).

R in g s  A and  C w ere  thus  s y n t h e s i s e d  w i th  the c o r r e c t  

conf igura t ion  at C6 and C5 and also with the funct iona li ty  o f  C15 

and C4 o f  ver rucaro l .  The rem ain ing  syn the t ic  p rob lem s  were 

in t roduction  of  a leav ing group a  to the carbonyl and inversion  of  

conf igu ra t ion  o f  C l l .

T rea tm en t  o f  the silyl enol  e ther  o f  (196) with bromine gave 

the b rom o  ke tone  (197).  Inve r s ion  of  c o n f ig u ra t io n  at C l l  was 

a c h i e v e d  in  a n o v e l  m a n n e r .  T r e a t m e n t  o f  ( 1 9 7 )  w i th  

t r i f luo roace t ic  ac id  gave the hem i-ke ta l  (198)  fo rm ed  by trapping 

o f  the  r in g  A a l l y l i c  c a r b o n i u m  io n  by  the  l a c t o n e  h y d r a t e .  

This  compound has the thermodynamically favoured cis fusion of  the 

cyc lohexene  and te t rahydro fu ran  requ i red  to ensure  that  expans ion  

to the p y ra n  w ou ld  give  the cis  fused  t r i cho thecene  r ing sys tem.  

In d e e d  t re a tm e n t  o f  (198)  wi th  f luor ide  ion  induced  sm oo th  r ing 

e x p a n s i o n  to the  t r i c y c l i c  s k e l e t o n  (199 ) .  The  s y n t h e s i s  o f  

ve r ruca ro l  was  c om ple te d  read i ly  by W i t t ig  o le f ina t ion ,  reduc t ion  

o f  th e  l a c t o n e ,  i n v e r s i o n  o f  c o n f i g u r a t i o n  at  C 4  an d  f i n a l l y  

r e g i o - s e l e c t i v e  e p o x i d a t i o n  u s in g  t - b u ty l  h y d r o p e r o x i d e ,  in the 

presence  o f  molybdenum hexacarbonyl as catalyst.

T h e  m o s t  r e c e n t  f o r a y  in t h i s  a r e a  w e r e  s y n t h e s e s  o f  

t r i chod iene  (200) ,  12 ,13 -e p o x y tr i cho thec -9 -ene  (14) and tr icho-  

d e r m o l  (3 5 )  by P e a r s o n  an d  O ’B r ie n  in 1 9 8 9 .^ ^  The  

cyclohexadienyl  i ron complex  (201) (Scheme 25) was used  as a ring 

A p recu rso r ;  s tab i l i sed  eno la te  nuc leoph i le s  add to (201)  so le ly  at 

the m e thy l  subs t i tu ted  d ienyl  te rminus  and an t i  to the iron to 

g ive  d iene  com plexes  o f  genera l  s tructure ( 2 0 2 ).
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MaO.

2 0 2

Scheme 25

Tros t  has shown that n  allyl pa l lad ium complexes  which do not 

reac t  w ith  l i th ium enola tes  or  eno l -s i lanes  do reac t  smooth ly  with  

e n o l - s t a n n a n e s  and  th i s  p r o v e d  t ru e  a l so  fo r  the  d i e n y l  i r o n  

c o m p le x  o f  in te re s t  in thi s  s y n thes i s .  T h e  p r in c i p l e s  b eh in d  

the chem is t ry  repo r ted  by this g roup can be su m m a r is ed  by the ir  

syn thes is  o f  t r ichodermol (35) (Scheme 26).

2 - M e th y l c y c l o p e n t e n o n e  (203 ) ,  a sy n th o n  for  r ing  C,  was  

t r e a te d  w i th  l i th iu m  d im e th y l p h e n y l s i l y l  c u p ra t e  and  the eno la te  

t r a p p e d  w i th  c h l o ro t r im e th y l s i l a n e  to g ive  the si ly l  eno l  e th e r

(204)  w h ich  cou ld  be conver ted ,  read i ly ,  into the eno l  s tannane

(205) .  T h i s ,  u nde r  ca re fu l ly  c o n t ro l led  co n d i t io n s  r e a c te d  with  

the iron com plex  to give as a readily separab le 1:5 mixtu re  o f

(206) and (207)  with  the new bond be ing s te reospec if ica l ly  trans to 

the s i ly l  g r o u p  to g ive  r e q u i r e d  f) c o n f i g u r a t i o n  o f  C4.  a -  

H y d r o x y l a t i o n  o f  th e  k e t o n e  ( 2 0 7 )  s u r p r i s i n g l y  p r o c e e d e d  

s t e r e o s p e c i f i c a l l y  on the f) f ace  d e s p i t e  the  b u lk y  s i ly l  g ro u p .  

D e c o m p l e x a t io n  fo l lo w ed  by G r ig n a rd  ad d i t io n  to the enone  and 

p y r id in iu m  c h lo ro c h ro m a te  ox ida t ion  gave the r e a r ra n g e d  enone  

( 2 1 0 ) .  C a r e f u l  D I B A L H  r e d u c t i o n  g a v e  the  r e q u i r e d  f) 

c o n f ig u ra t io n  at C l l  as ind ica te d  by the fac t  tha t  c y c l i s a t i o n  to



the tr icyc l ic  ske le ton  (211) occur red  spon taneous ly .  Oxida t ive  

c l e a v a g e  o f  the  s i ly l  g r o u p  as d e s c r i b e d  by F l e m i n g ,  W i t t i g  

ole finat ion and epoxida tion  gave tr ichodermol in only 13 steps and 

an overa l l  yield of  7.7% from the dienyl  iron complex (201).
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1.5 P a r t i a l  Syn thes is

As the m a jo r i ty  of  t r i cho thec enes  can be i so la ted  in only  

s u b - m i l l i g r a m  q u a n t i t i e s  f rom na tu ra l  so u rce s ,  p a r t i a l  sy n th e s i s  

w ou ld  a p p e a r  to be e s sen t ia l  for o b ta in ing  p rac t ica l  am oun ts  o f  

the less abundan t  t r i cho thecenes .

W i th  the d i s c o v e r y  o f  the t r i c h o v e r r o i d s ^ ,  T u l s h i a n  and  

Frazer -Reid  saw a need  to produce  their  sesquite rpenoid  nucle i  in 

o r d e r  t h a t  t h e i r  b i o s y n t h e s i s  an d  p h a r m a c o l o g y  c o u l d  be 

in v e s t i g a t e d .  The  t r i c h o th e c e n e s  in q u e s t i o n ,  v e r r u c a r o l  (26)  

an d  t r i c h o d e r m o l  ( 3 5 ) ,  are no t  r e a d i l y  a c c e s s i b l e  and  th e i r  

i so la t ions  e labora te .  A ngu id ine  (34) ,  on the o the r  hand ,  can be 

o b ta in ed  d i rec t ly  and in c rys ta l l ine  form from cu l tu re  b ro ths  and 

w as  r e g a r d e d  as the idea l  s ta r t in g  p o in t  fo r  the sy n th e s i s  o f  a 

num ber  o f  t r ichothecenes .

From anguidine (34),  Barton deoxygenation and methanolysis  

gave ver ruca ro l  (26) as requ i red  (Scheme 27). The  C-4  alcohol  

c o u l d  t h e n  be  p r o t e c t e d  s e le c t iv e ly  by s i ly l a t i o n ,  acy la t i o n  and 

d e s i l y l a t i o n  to  g i v e  t h e  f r e e  p r i m a r y  a l c o h o l  ( 2 1 3 ) ;  

t r a n s fo rm a t io n  into the ch lo r ide  (214)  fo l lowed  by t rea tm ent  wi th 

B u ^ S n H  and  f in a l ly  d e a c y la t io n  gave  t r i c h o d e rm o l  (35 )  in h igh  

y i e l d .

In 1984 F raze r -R e id  r e p e a te d 6 ^ the syn thes i s  o f  v e r ruca ro l  

(26)  f rom  angu id ine (34 )  e m p loy ing  the pheny l  th ioca rbona te  e s te r  

m e th o d  o f  d e o x y g e n a t io n  o f  R o b i n ’s w hich  gave h ighe r  y ie lds  o f  

( 2 6 ) .

7 0Tam m  and M ohr  demonst ra ted  u the ut i l i ty o f  anguidine in 

t r i c h o t h e c e n e  p a r t i a l  s y n t h e s i s  in 1984  by  the  s y n t h e s i s  o f  

ca lo n ec t r in  (60) (Schem e  28). P ro tec t ion  o f  the C3 hyd roxy l  as
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the T H P  e th e r ,  p e r d e a c y l a t i o n  fo l lo w e d  by s e l e c t i v e  a c y l a t i o n  

gave the a lcohol  (215).  T rea tm en t  of  this a lcohol  with thio-  

carbonyl di imidazole and reduction with Bu^SnH gave deacyl- 

c a l o n e c t r i n  (216 ) .  A c y la t i o n  gave c a l o n e c t r i n  (60 )  in h igh  

o v e r a l l  y i e ld .

R e c e n t l y  C o l v i n  and  C a m e r o n ^ *  i l l u s t r a t e d  f u r t h e r  the 

u t i l i ty  o f  anguid ine  by em ploy ing  it as the s ta r t ing  m ate r ia l  in a 

s y n t h e s i s  o f  c a l o n e c t r i n  ( 6 0 )  a n d  d e o x y  n i v a l e n o l  ( 6 ) 

(Scheme 29).  Deacyla t ion  o f  anguidine,  p ro tec t ion  o f  the r ing  A 

o le f in  as the b rom o e the r  and tr ea tm ent w i th  m e thanesu lphony l  

ch loride gave  the bis mesylate  (217). Ref luxing (217) with sodium 

m e th o x id e  in m e th a n o l  e f f e c t e d  reg io  spec i f i c  e l im in a t io n  to an 

u n i s o l a t e d  eno l  m e sy la te  w h ich  hy d ro ly s ed  in si tu to the ke tone  

(218).  Sod ium borohydr ide reduct ion of  (218) gave the 3a -a lcoho l ,  

e x c l u s i v e l y .  R e g e n e r a t i o n  o f  the C15 a l c o h o l  f o l l o w e d  by 

a c y l a t i o n  f u r n i s h e d  c a l o n e c t r i n  (60 )  as r e q u i r e d  in  an o v e ra l l  

yield o f  55%.

I n s p e c t i o n  s h o w s  th a t  a k e t o n i c  g r o u p  at C 8  an d  an a  

o r i e n t a t e d  h y d r o x y l  g r o u p  at  C7  a r e  r e q u i r e d  to  c o n v e r t  

c a l o n e c t r i n  in to-  d e o x y n i v a l e n o l  ( 6 ). T h e  f i r s t  o f  t h e s e  

fu n c t io n a l i s a t io n s  was  ach ieved  by a l ly l ic  o x id a t io n  o f  (60)  with  

f r e s h l y  p r e p a r e d  C o l l i n ’s r e a g e n t  to  g i v e  the  e n o n e  ( 2 1 9 ) .  

Int roduction o f  the C7 a -a lcoho l  was accompli shed as shown. The 

k e to n e  ( 2 2 0 ) was  c o n v e r ted  in to  the t r im e thy l  s i ly l  eno l  e the r  

(221) .  T rea tm en t  of  this  w ith  m C PB A  fo l lowed  by f luor ide ion 

m e d ia te d  des i ly la t ion  gave  deoxyn iva leno l  ( 6 ).

In  c o n c l u s i o n  it w o u l d  a p p e a r  t h e r e f o r e  t h a t  p a r t i a l  

syn thes is  can p rov ide  a viab le route to the ra rer  m em bers  o f  this 

g roup .
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1.6 B iosyn thes i s

S in ce  the m a jo r i t y  o f  t r i c h o t h e c e n e  s y n t h e s e s  d e s c r i b e d  

here in  have  em ployed  a b iom im etic  cyc l i sa t ion  for the success fu l  

c o n s t r u c t i o n  o f  the  t r i c y c l i c  n u c l e u s ,  a b r i e f  o v e r v i e w  o f  

t r i cho thecene  b iosyn thes i s  is deem ed relevant .

T h e  f a c t  tha t  the ba s ic  t r i c h o t h e c e n e  n u c l e u s  c o n t a i n e d  

f if teen carbons  inc luding  3 methyl  groups sugges ted that they were 

sesquite rpenoids .  Indeed  [ 2 - ^ C ] m e v a l o n a t e  was i n c o r p o r a t e d ^  

in to  the t r i c h o th e c e n e  m o ie ty  o f  t r i c h o th e c in  (3)  to the ex ten t  

o f  0 . 5 %  w i t h  t h r e e  m e v a l o n a t e  m o l e c u l e s  b e i n g  i n v o l v e d .  

Exper im en ts  that  gave a 1% i n c o r p o r a t i o n ^  of  [ 2 - ^ C ] m e v a l o n a t e  

i n t o  d i a c e t o x y s c i r p e n o l  a n d  a 1.5% i n c o r p o r a t i o n ^  o f  

[ * ^ C ] f a r n e s y l  p y r o p h o s p h a te  in to  t r i c h o th e c o lo n e  c o n f i r m e d  the 

e a r l i e r  s u s p i c i o n s .

As it was  obv ious  that  the t r i cho thecenes  were not  de r ived

by a s t ra igh t  fo rw ard  head  to tai l  l inkage  o f  i sop rene  unit s ,  the

deba te  tu rn ed  to the fo ld ing  sequence  o f  fa rnesy l  p y rophospha te .

H a n s e n  s h o w e d ^  by n m r  tha t  on ly  ca rb o n s  4,8  and  14 o f
13t r i ch o th ec o lo n e  d isp layed  any en r ichm en t  o f  C on incorpora t ion  

o f [ 2 - 1 ^C]mevalona te  suggest ing  that the farnesyl  pyrophosphate was 

co i l e d  as shown,  before  cyc l i sa t ion .

PPO
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7 f\
This  c o u p le d  w i th  ev id e n c e  that  a hyd r ide  sh if t  f rom C6 to CIO

of  f a r n e s y l  p y r o p h o s p h a t e  o c c u r r e d  d u r in g  c y c l i s a t i o n  s u p p o r t e d  
76cH a n s o n ’s p r o p o s e d b i o g e n e t i c  route to the t r i ch o th ec en es (S c h em e

30).  C y c l i s a t i o n  is i n i t i a t e d  by a t tack  o f  an e n z y m e  at CIO

o f  F P P ,  w i th  a d d i t i o n  to the c e n t r a l  d o u b le  b o n d  o c c u r r i n g  in a

cis m a n n e r ^ ^ .  T r i c h o d ie n e  (225)  w h ich  has  been  i so la te d  f rom
77T.roseum  and  is a p ro v en  in te rm ed ia te  is fo rm ed  by a hydr ide  

shif t f rom  C 6  to CIO a double  1,2 me thy l  group m ig ra t i o n 7 ** and a 

p r o t o n  lo s s .

1 2 , 1 3 - E p o x y t r i c h o t h e c - 9 - e n e  (14 )  a p p e a r s  to be  a c o m m o n  

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

t r i c h o t h e c e n e s  b e i n g  d e r i v e d  f r o m  i t  b y  h y d r o x y l a t i o n s  a n d  

e s t e r i f i c a t io n s  w i th  m o n o  o x y g e n a s e  en z y m e s  be ing  r e s p o n s ib l e  fo r  

the h y d r o x y l a t i o n s  an d  e p o x i d a t io n s .

T h e  s e q u e n c e  o f  e v e n t s  b e t w e e n  t r i c h o d ie n e  (2 2 5 )  an d  (1 4 )  

was  un t i l  r e c e n t ly  u n k n o w n .  A l th o u g h  t r i ch o d io l  (226 )  has  b e e n  

i s o la te d  f r o m  c u l tu r e  b ro th s  i ts ro le  in the  p a t h w a y  h a s  n o t  b e e n  

d e t e r m i n e d .  D e w i c k  f e d 7 7  [ 1 4 C] t r i c h o d i e n e  to c u l t u r e s  o f

F .c u lm o r u m  an d  i s o la te d  the n ew  m e tab o l i t e  i so t r i c h o d io l  (227)  

i n t o  w h i c h  t r i c h o d i e n e  w a s  i n c o r p o r a t e d  w i t h  a s p e c i f i c  

i n c o r p o r a t i o n  o f  6 7 % .  F u r t h e r  to  t h i s ,  o n  f e e d i n g  [ * 4 C]

i s o t r i c h o d i o l  to  F.  c u l m o r u m  i t  w a s  i n c o r p o r a t e d  w i t h  h i g h  

spe c i f i c  i n c o r p o r a t i o n  in to  1 2 , 1 3 - e p o x y t r i c h o t h e c - 9 - e n e  as w e l l  as 

o the r  t r i c h o th e c e n e s  f rom  F. cu lm orum .
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2.1 R ing  C F u n c t i o n a l i s a t i o n  S t u d i e s .

HO

HO

1 9
T -  2 TETRAOL

T - 2  T e t r a o l  ( 3 a - ,  4 |3- , 8 a - ,  1 5 - t e t r a h y d r o x y - 1 2 , 1 3 - e p o x y  

t r i c h o t h e c - 9 - e n e )  ( 1 9 )  a t e t r a h y d r o x y l a t e d  n o n - m a c r o c y c l i c  

t r i c h o t h e c e n e ,  is  the  p a r e n t  m e m b e r  o f  a  g r o u p  o f  t r i c h o t h e c e n e s  

w h ic h  i n c l u d e s  the  h ig h l y  t o x i c  n e o s o l a n i o l  (7 ) ,  T - 2  t o x i n  (4 )  

and  H T -2  to x in  (228 ) .  T -2  te t rao l  i t s e l f  is h ig h ly  tox ic  and  was

c h o s e n  as on e  o f  the ta rge t s  o f  o u r  g r o u p ’s s tu d y  o f  the s y n th e s i s  

and in t e r c o n v e r s i o n  o f  the  t r i c h o th e c e n e  m y c o to x in s .

HO

!OAc

7
NEOSOLAN IOL

Ac O

T - 2  TOXI N

0

'OH

( 2 2 8  ) 
H T - 2  TOXI N



O n  e x a m i n a t i o n  o f  the  s t r u c t u r e  o f  T - 2  t e t r a o l  the  k e y  

r e q u i r e m e n t s  o f  the s y n th es i s  were  d e f ine d  as:

1) c o n s t r u c t i o n  o f  the cis  fused  AB r ing s y s tem  by a D ie l s  A ld e r

r e a c t i o n .

2) fo rm a t io n  o f  r ing  C by a g roup  2 in t r a m o le c u la r  aldol  

c y c l i s a t i o n  ( see  p a g e  29 )

3) f u n c t i o n a l i s a t i o n  o f  r ing  C to a 3 a - ,  4(3- d io l ,  and

4) fo rm a t io n  o f  the 8 a -  al ly l i c  a l coho l  by base  in d u c ed  e p o x id e  

r ing  o p e n i n g ,  or  a l t e rn a t iv e ly ,  f o rm a t io n  o f  an e n o n e  fu n c t i o n  

in r i n g  A  f o l l o w e d  by s t e r e o  and  r e g i o s e l e c t i v e  r e d u c t i o n  o f  

the  e n o n e .

As  p a r t  o f  a c o n c e r t e d  e f f o r t  t o w a r d s  T - 2  t e t r a o l  m y  b r i e f  

w as  to  i n v e s t i g a t e  m e t h o d s  fo r  f o r m a t i o n  o f  th e  3 a - ,  4(3- d i o l  

f u n c t io n a l i ty  o f  r in g  C and  to d e te rm in e  w h ich  ro u te  w as  the m o s t  

e f f i c i e n t .

A s  t h e  s y n t h e s i s  d e v e l o p e d ,  i t  b e c a m e  a p p a r e n t  t h a t  th e  

f u n c t i o n a l i s a t i o n  w o u l d  be p e r f o r m e d  o n  the  t r i c y c l i c  a l c o h o l  

(240) (S c h e m e  31).  T hus  any p ro toco l  w ou ld  have to be c o m p a t ib le  

w i th  the  f u n c t i o n a l i t y  o f  (240 ) .

T h e  a p p r o a c h  to T -2  te t rao l  fo rm ed  the bas i s  o f  F .W .  K e r r ’s 

P h .D .  t h e s i s  a n d  is  d i s c u s s e d  t h e r e  in  d e t a i l .  H o w e v e r  a n  

o v e r v i e w  o f  th i s  s y n th e s i s  is r e l e v a n t  he re .

T h e r m a l l y  p r o m o t e d  c y c l o a d d i t i o n  o f  i s o p re n e  w i th  c o u m a l y l  

c h l o r i d e  ( 2 2 9 )  ( S c h e m e  31 )  f o l l o w e d  by  e s t e r i f i c a t i o n  o f  t h e  

p roduc t  m ix tu re  gave a m ix ture  o f  adduct s  (230a)  and  (230b)  in 4 1%  

y i e l d  w i t h  a r e g i o i s o m e r i c  r a t i o  o f  1:4  r e s p e c t i v e l y .  T h e

r e q u i r e d  m a j o r  a d d u c t  ( 2 3 0 b)  on  m e t h y l  c u p r a t e  a d d i t i o n  in the 

p r e s e n c e  o f  c h l o r o t r i m e t h y l s i l a n e  g a v e  o n  a c i d i c  w o r k - u p  th e
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lactone (231)  as a s ingle methyl  ep imer .  Epox ida t ion  wi th  m C P B A  

gave the e p o x i d e  (2 3 2 ) ,  c ru c i a l  for  r ing  A f u n c t i o n a l i s a t i o n  as 

a s i n g l e  d i a s t e r e o i s o m e r .  A t t e m p t e d  b a s e  i n d u c e d  e p o x i d e -
O 1

a l l y l i c  a l c o h o l  r e a r r a n g e m e n t  w a s  u n s u c c e s s f u l  d u e  to

i n t r a m o l e c u l a r  e p o x i d e  o p e n i n g  e f f e c t e d  by  the  l a c to n e  e n o l a t e .  

H e n c e  the  a l l y l i c  a l c o h o l  w o u l d  h a v e  to be i n t r o d u c e d  by  the 

a l t e r n a t i v e  r o u t e  o f  e p o x i d e  r e a r r a n g e m e n t  to  the  k e t o n e  a n d  

thence  f o r m a t i o n  an d  se le c t iv e  r e d u c t io n  o f  the e n o n e .  To th is  

e n d  e p o x i d e  r e a r r a n g e m e n t  w i t h  a n u m b e r  o f  c a t a l y s t s  w a s  

a t t e m p t e d ,  w i t h  B F ^ . O E t 2  p r o v i n g  to  be  th e  m o s t  s u c c e s s f u l .  

I n d e e d  i t  w a s  f o u n d  th a t  o n e - p o t  c o n v e r s i o n  o f  ( 2 3 2 )  in t o  the  

k e t a l  ( 2 3 3 )  w a s  e f f e c t e d  by  s t i r r i n g  t h e  e p o x i d e  i n  e t h y l e n e  

g l y c o l  in  t h e  p r e s e n c e  o f  B F 3 , O E t 2 . W i t h  t h e  f u n c t i o n a l i t y  

n e c e s s a r y  f o r  c o m p l e t i o n  o f  r in g  A p r e s e n t ,  a t t e n t i o n  t u r n e d  to 

the  c o n s t r u c t i o n  o f  r i n g  C; t h u s  th e  k e t o - a l d e h y d e  ( 2 3 8 )  w a s  

r eq u i r e d .  F o l l o w i n g  e s t a b l i s h e d  m e thodo logy^ ® ,  h y d r o x y l a t i o n  a  

to  t h e  l a c t o n e ,  C o r e y  o x i d a t i o n  a n d  O - a l l y l a t i o n  o f  t h e  

k e t o l a c t o n e  i n  i t s  e n o l  f o r m  g a v e  the  a l l y l  e n o l  e t h e r  ( 2 3 4 ) .  

R e d u c t i o n  to  the  l a c to l  t h e n  a l l o w e d  d e o x y g e n a t i o n  to the  p y r a n  

(235) by  t r e a tm e n t  w i th  B F 3 ,O E t 2  and  t r i e thy l s i l ane  - a r e m a r k a b ly  

se lec t iv e  d e o x y g e n a t i o n  c o n s id e r i n g  the  o th e r  o x y g e n  fu n c t i o n a l i t y  

p r e s e n t .  E s t e r  d e d u c t i o n ,  C l a i s e n  r e a r r a n g e m e n t  a n d  s i l y l a t i o n  

gave  in h ig h  y i e l d  a m ix tu r e  (3 .2 :1 )  o f  (236 )  and  i ts a l ly l  e p i m e r  

r e s p e c t i v e l y .  O z o n o l y s i s  o f  t h e  a l l y l  g r o u p  o f  ( 2 3 6 )  w a s  

u n s u c c e s s f u l ;  s t a r t i n g  m a t e r i a l  w a s  c o n s u m e d  b u t  th e  o z o n i d e  

p r o v e d  s t a b l e  to  a  n u m b e r  o f  r e d u c i n g  a g e n t s .  In  e a r l i e r  w o r k  

F u j im o to  o b t a i n e d  the  a l d e h y d e  (8 2 a )  f ro m  (8 0 )  ( S c h e m e  1 1 ) by  

ox ida t ive  c l e a v a g e  o f  the o le f in  w i th  o s m iu m  te t ro x id e  an d  s o d iu m  

p e r io d a t e .  S u r p r i s i n g l y ,  s i m i l a r  c o n d i t i o n s  h e r e  s to p p e d  at  the

dio l  (2 3 7 ) .  H o w e v e r ,  e t h e r e a l  p e r io d i c  a c id  c l e a v e d  the  d io l  to

the a l d e h y d e  w h i c h  c y c l i s e d ,  in the  p r e s e n c e  o f  s o d iu m  m e th o x id e  

to th e  t r i c y c l i c  s k e l e t o n  ( 2 3 9 ) ,  as  a m i x t u r e  o f  3(3- a n d  3 a -
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a lcohol  e p im e r s  in a ra t io  o f  4.2:1 r e spec t ive ly .  The  m a jo r  3|3- 

e p i m e r  was  p r o t e c t e d  as i ts T H P  e th e r .  W i t t i g  o l e f i n a t i o n  and  

d e p ro te c t i o n  th e n  fu rn i s h e d  the a l coho l  (240)  on w h ich  the r ing  C 

ox ida t ive  fu n c t i o n a l i s a t i o n  w o u ld  be p e r fo rm e d .

Model Study

A s  t h e  p r o t o c o l  f o r  r i n g  C f u n c t i o n a l i s a t i o n  w a s  b e i n g  

d ev i se d  s im u l t a n e o u s l y  w i th  the sy n th e s i s  o f  (240 )  (S c h e m e  31) ,  a 

m o d e l  fo r  (2 4 0 )  w as  r e q u i re d .  E a r l i e r  d e o x y g e n a t i o n  s tud ies® ^  

in the  g r o u p  u t i l i s e d  the  b i c y c l o [ 3 , 2 , l ] o c t a n e  s y s t e m  ( 2 4 1 )  as a 

m o d e l  fo r  the  t r i c h o t h e c e n e  B /C  r in g s ;  th is  w o u l d  be  th e  m o d e l  

e m p lo y e d  in th is  s tudy .

24  1

T h e  s y n t h e s i s  o f  t h i s  m o d e l  c o m p o u n d  f r o m  2 -  

m e t h y l c y c l o h e x a n o n e  (2 4 2 )  is o u t l i n e d  in ( S c h e m e  32) .

Em ploym en t  o f  the condi t ions  o f  Stork® ̂  and  House®^ p roduced  

the  t h e r m o d y n a m i c  s i l y l  e n o l  e t h e r  ( 2 4 3 )  in  7 5 %  y i e l d  a f t e r  

d i s t i l l a t i o n .  W h e n  r e q u i r e d ,  th e  e n o l a t e  w a s  r e l e a s e d  w i t h  

m e th y l  l i t h i u m  and  C - a l k y la t e d  w i th  a l l y l - b r o m i d e  in  T H F  to g ive  

the a l ly l  k e t o n e  ( 2 4 4 )  in h ig h  y i e ld .  O x i d a t i v e  c l e a v a g e  o f

the o l e f i n  w i t h  o z o n e  e m p l o y i n g  t r i e t h y l a m i n e  as th e  o z o n i d e  

reduc tan t  gave  the a ldehyde  (245)  w h ich  was  used  im m e d ia te ly  af te r  

c h r o m a t o g r a p h i c  p u r i f i c a t i o n  to  m i n i m i s e  m a t e r i a l  l o s s  b y
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f o r m a t i o n  o f  the  h y d r a t e  (2 4 6 ) .  R e f l u x i n g  the  a l d e h y d e  w i th  

s o d i u m  m e t h o x i d e  in  m e t h a n o l  f o r  25 m i n u t e s  e f f e c t e d  a l d o l  

c y c l i s a t i o n  to the  b i c y c l o [ 3 ,2,1 ] o c t a n o n e s  (2 4 7 )  a n d  (2 4 8 )  in a 

r a t i o  o f  2:1 in  f a v o u r  o f  the  t h e r m o d y n a m i c a l l y  f a v o u r e d  6(3- 

e p i m e r  ( 2 4 7 ) .  T h e  a l c o h o l s  c o u l d  be r e a d i ly  s e p a r a t e d  by dry
o <

co lumn f lash  ch ro m a to g ra p h y 0^ and the indiv idual  C-6  ep imers  

iden t i f i ed  by n m r  spec t roscopy .

OHz

8 . 0 Hz

6 . 1 H z

9 . 1 H z

4 . S H z

2 . 3 H z

HO

0
90

H CH ,  
♦ 2

( 2 4 7 )

HO C H 2

T h e  m o r e  p o l a r  C - 6 f 3 - a l c o h o l  e p i m e r  ( R ^  0 . 2 4 )  w a s  

c h a ra c te r i s e d  by  *H n m r  spec t roscopy  by a doub le t  o f  do u b le t s  (J = 

8.0 an d  2.3 H z)  at 4 .20  p p m  due  to the C - 6  p ro ton .  E x a m in a t io n  

o f  m o l e c u l a r  m o d e l s  ( s ee  N e w m a n  p r o j e c t i o n ,  a b o v e )  r e v e a l e d  

t h a t  t h e  d i h e d r a l  a n g l e  b e t w e e n  th e  C - 6  a n d  C -5  p r o t o n s  w a s  

a pp rox im ate ly  9 0 °  and  so by the K arp lu s  e q u a t io n 8 6 , the c o u p l in g  

c o n s t a n t  b e t w e e n  t h e m  w a s  a p p r o x im a te ly  ze ro .  T h e  d o u b l e t  o f  

doub le t s  a ro se  by  c o u p l in g  o f  the C - 6  p ro to n  to the  d i a s t e r e o to p i c  

C-7  p r o to n s .

In  the  l e s s  p o l a r  C - 6 ot-alcohol  e p i m e r  ( R f  0 .3 )  the  d ih e d ra l  

angle be tween  C - 6  and C-5 protons was  approximate ly  0 °  (see N ew m an
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p ro jec t io n  ab o v e ) ,  hence  the C-6  p ro to n  was seen  as a d o ub le t  

o f  doub le  d o u b le t s  (J = 9 .1 ,  6.1 and 4.5 Hz)  at 4 .42  p p m  due to

signa ls  and  co u p l in g  cons tan ts  exh ib i ted  by these  m ode l  c o m p o u n d s  

p ro v e d  in v a lu a b le  in d e t e rm in i n g  the s t e r e o c h e m i s t ry  o f  the t a rge t  

d i o l .

T h e  f inal  s tep  r equ i r e d  for  fo rm a t ion  o f  the m o d e l  c o m p o u n d  

w a s  W i t t i g  r e a c t i o n  o f  t h e  k e t o n e s  ( 2 4 7 )  a n d  ( 2 4 8 )  w i t h  

m e t h y l e n e t r i p h e n y l p h o s p h o r a n e .  T h e  bas ic  n a tu re  o f  the  W i t t i g  

r eac t io n  m a d e  p r o t e c t i o n  o f  the  C - 6  a l co h o l  e s s e n t i a l  to p r e v e n t  a
Q 9

r e t r o - a l d o l  r e a c t i o n  o c c u r r i n g .  T h e  p r e v i o u s l y  c h o s e n 0

p r o t e c t i n g  g r o u p ,  a c e t a t e ,  g a v e  y ie ld s  o f  the  r e q u i r e d  o l e f i n  

a lcoho l  (241 )  in the  r e g io n  o f  45 to  50%  as a m ix tu r e  o f  the C 6  

e p i m e r s  (2 5 2 )  a n d  ( 2 5 3 ) .  T h e  fac t  t h a t  no  o l e f i n - a c e t a t e  w a s  

r e c o v e r e d  i n d i c a t e d  t h e  s e n s i t i v i t y  o f  th i s  p r o t e c t i n g  g r o u p  to  

the W i t t i g  c o n d i t i o n s .

c o u p l in g  to the C-5  and  C-7 p ro tons .  The  c h a ra c te r i s t i c  n m r

4 5 - 5  0 x

H

( 2 4 9  ) ( 2 4 1  )

I . P h j P C Hj B  r , Bu L 1 . THF .

Scheme 33

T h e  t r i e t h y l s i l y l  g r o u p  p r o v e d  m o r e  s t a b l e  w i th  u p  to 6 8 % 

yie lds  o f  o le f in  a l co h o l  be ing  ach ieved .  H o w e v e r ,  ac id ic  w o r k - u p  

e f f e c t e d  o n l y  p a r t i a l  d e s i l y l a t i o n  h e n c e  t r e a t m e n t  w i t h  f l u o r i d e
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ion ( H F / M e C N / H 2 0 ) was  required  to furn ish  the o le fin  alcohol.

OS I E t I I

6 8 x

2 4  1

.OH

( 2 5 0  )

I . P h j P C H j B r  , B u L l  , T H F /  H F , M e C N , H 2 0

Scheme 34

T h e  f in a l  p r o t e c t i o n  m e th o d  t r i ed  w a s  t e t r a h y d r o p y r a n y l -  

a t ion .  Q u a n t i t a t i v e  p r o t e c t i o n  o f  a m i x t u r e  o f  a l c o h o l s  ( 2 4 7 )  

and  ( 2 4 8 )  w a s  a c h i e v e d  by  s t i r r i n g  t h e m  in  n e a t  d i h y d r o p y r a n  

uti lising**^ P P T S  as c a t a ly s t .  W i t t i g  o l e f i n a t i o n  f o l l o w e d  by  

d e p ro te c t i o n  w i th  e t h a n o l  an d  PPTS gave  the r e q u i r e d  o le f in  (241 )  

as a r e a d i l y  s e p a r a b l e  m i x t u r e  o f  the o l e f i n  a l c o h o l s  ( 2 5 2 )  an d  

(253)  in  8 0 %  y ie ld .  A l t h o u g h  p r o t e c t i o n  o f  the  a l c o h o l  as  the  

T H P  e t h e r  g a v e  an  i n s e p a r a b l e  m i x t u r e  o f  d i a s t e r e o i s o m e r s  the  

h i g h e r  y i e l d s  a c h i e v e d  i n  t h e  W i t t i g  r e a c t i o n - d e p r o t e c t i o n  

s e q u e n c e  r e n d e r e d  T H P  as the p r o t e c t i n g  g r o u p  o f  c h o ic e  fo r  th is  

m ode l  s tu d y  an d  s u b s e q u e n t l y  the sy n th es i s  o f  T -2  te t rao l .

OTHP i r

8 0  . 4 x  

( 2 5 1 )

1 • P h j P C H j B r . B u L l  . T H F / E t O H . P P T S

OH

( 2 4 1  )

Scheme 35
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V ic ina l  dio ls  can  be p roduced  in a nu m b e r  o f  ways ,  the mos t  

c o m m o n  r o u t e s  b e i n g  d i h y d r o x y l a t i o n  o f  o l e f i n s  or ,  c a r b o n y l  

a - h y d r o x y l a t i o n  fo l l o w ed  by reduc t ion .

D i h y d r o x y l a t i o n  o f  o le f in s  c a n  be e f f e c t e d  by a v a r i e ty  o f  

r e a g e n t s .  A l k a l i n e  p o t a s s i u m  p e r m a n g a n a t e ^ ,  o s m i u m
on

t e t r o x id e  an d  s i l v e r  c a rb o x y l a t e s  in the p r e s e n c e  o f  io d in e  and  

w a te r  g ive  s v n -d io l s  w he reas  a n t i -d io ls  are fo rm ed  on t r e a tm e n t  o f  

o l e f i n s  w i t h  s i l v e r  c a r b o x y l a t e s  a n d  i o d i n e  in  a n h y d r o u s  

c o n d i t i o n s .  R e a c t i o n  o f  o le f in s  w i th  h y d r o g e n  p e r o x i d e  and

fo rm ic  a c i d  a l so  f u r n i s h e s  a n t i -d io l s .  H o w e v e r  in the  ca s e  o f  

the  T - 2  t e t r a o l  p r e c u r s o r  ( 2 4 0 ) ,  n e c e s s a r y  d e h y d r a t i o n  o f  th e  

a l coho l  w o u l d  p r o d u c e  the d ie ne  (255)  ( S c h e m e  36)  fo r  w h i c h  no  

c h e m o s e l e c t i v i t y  in  r e a c t io n s  c o u ld  be  p r e d ic t e d ,  h e n c e  th is  r o u te  

to the d io l  w as  d e e m e d  un s a t i s f a c to ry .

2 5 5  )

Scheme 36

T h e  s e c o n d  p o s s i b i l i t y ,  o x i d a t i o n  to  t h e  k e t o n e  a n d  

h y d r o x y l a t i o n  a  to the  c a r b o n y l  s e e m e d  m o re  p r o m i s i n g  fo r  tw o  

r e a s o n s :

1) A cy lo in  fo rm a t ion  f rom ke tones  has  been  wel l  

d o c u m e n t e d  in  the  l i t e r a t u r e : -
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K etones  can  be a  h y d ro x y la t e d  by t r ea tm e n t  o f  the ir  en o la te s  w ith

e i th e r  the  m o l y b d e n u m  p e n t o x i d e  r e a g e n t  o f  V e d e j s ^ 1 o r  by

o x i d a t i o n  o f  t h e i r  t r i m e t h y l s i l y  1 e n o l  e t h e r s  w i t h  a v a r i e t y  o f
92re a g e n t s  i n c l u d i n g  m C P B A 7 , o s m i u m  t e t r o x id e  and  N - m e t h y l -

morphol ine  N - o x i d e ^ ,  d im ethyl  d iox i rane^4 and N -su lphony l  
95oxaz i r id ines  . R eac t io n  o f  enam ines  w i th  m o lecu la r  o x y g e n  also 

96f u r n i s h e s ^  a c y l o m s .

2) T h e  s t e r e o c h e m is t ry  o f  the d io l  fo rm ed  by this  

m e th o d  c o u ld  be p red ic ted :  -

In the s y n th e s i s  o f  c a l o n e c t r i n 4 ^,  K ra u s  fo u n d  tha t  r e d u c t io n  o f  

the  k e t o n e  ( 2 5 6 )  ( S c h e m e  37 )  w i t h  s o d i u m  b o r o h y d r i d e  g a v e  

e x c l u s i v e ly  the  3 a - a l c o h o l  (1 04) .

NaBH

( 2 5 6  ) 1 0 4

B

R • a g •  n t s a p

b r 1 d g •  a s  s h o w n

Scheme 37

T h u s  r e a g e n t s  a t t a c k i n g  t h e  2 c a r b o n  b r i d g e  o f  t h e  

t r i c h o t h e c e n e s  a p p e a r  to do  so  a l m o s t  e x c l u s i v e l y  f r o m  th e  le s s  

h in d e r e d  e x o - f a c e .  T h u s  h y d r o x y l a t i o n  a  to the  k e t o n e  ( 2 5 7 )  

(Schem e 38)  s h o u ld  g ive  a ^ -o r i e n ta te d  h y d ro x y l  g roup ;  s u b s e q u e n t



32

b o r o h y d r i d e  r e d u c t i o n  s h o u l d  r e d u c e  th e  c a r b o n y l  to an  a  

o r ien ta te d  h y d r o x y l  g roup .

( 2 5 7  )
OH

( 2 5 8 )

. [ H U

X - C H 2 ( M o d e l  C o m p o u n d s )
X -  0 ( T - 2  T e t r a o l  p r e c u r s o r )

Scheme 38

OH
( 2 5  9 )

O x i d a t i o n  o f  th e  a l c o h o l s  ( 2 5 2 )  a n d  ( 2 5 3 )  to  th e  k e t o n e  

(260) (S c h e m e  39)  w as  in i t ia l ly  p e r fo rm e d  u s ing  Jo n es  r e a g e n t ^ .  

However  the y ie ld  a fte r  co lum n chromatography  was  only  27%. This  

and  th e  a c i d i c  n a t u r e  o f  t h i s  o x i d a t i o n  r e n d e r e d  i t  u s e l e s s  f o r  

the f u n c t i o n a l i s a t i o n  i n t e n d e d .

T h e  s e c o n d  m e t h o d  o f  o x i d a t i o n  w a s  t h a t  o f  C o r e y  

u t i l i s in g ^ ®  N - c h l o r o s u c c i n i m i d e ,  d i m e t h y l s u l p h i d e  a n d  t r i -  

e t h y l a m i n e  in  e i t h e r  t o l u e n e  o r  d i c h l o r o m e t h a n e  ( S c h e m e  4 0 ) .  

This  gav e  y ie ld s  o f  k e to n e  o f  7 0 -8 0 % .  I t  w a s  a p p a r e n t  h o w e v e r  

f rom *H n m r  s p e c t ro s c o p y  tha t  an  im p u r i ty  w as  p r e s e n t ,  r e s o n a t i n g  

in the r e g i o n  o f  4 .5  to 4 .7  p p m .  H o w e v e r  s ince  i ts p o l a r i t y  was



( 2 5 2  )

vOH

27%

( 2 6 0  )

I , C r 0 3 , H 2 S 0 4

( 2 5 3  )

Scheme 39

( 2 5 2  )

10 H

.x\VOH

( 2 6 0  )

I 1 , N C S , D M S , E t 3 N
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very  s i m i l a r  to tha t  o f  the k e t o n e ,  it c o u l d  n o t  be r e m o v e d  by 

c o l u m n  c h r o m a t o g r a p h y ,  p r e p a r a t i v e  t . l . c  n o r  i n d e e d  c o u l d  it be 

r e m o v e d  b y  d i s t i l l a t i o n .  S i n c e  th e  k e t o n e  w a s  th e  m a i n  

c o n s t i t u e n t  o f  the  m i x t u r e  it w as  d e c i d e d  to c o n t i n u e  w i t h  the 

f u n c t i o n a l i s a t i o n  in the  p r e s e n c e  o f  the im p u r i ty .

In i t i a l  s t u d i e s  w e re  v ia  the  s i ly l  en o l  e t h e r  ( 2 6 1 )  ( S c h e m e  

41) w h i c h  w as  f o r m e d  by  d e p r o t o n a t i o n  o f  the  k e t o n e  u s i n g  

l i t h iu m  d i i s o p r o p y l a m i d e  and  in s i tu  t r a p p i n g  o f  the e n o l a t e  w i th
QQ

c h lo ro t r im e th y l s i l a n e  as d e s c r i b e d ^ 7 by Corey .

( 2 6 0 )  ( 2 6 1 )

I ; L O A , T M S C  I , E » 3 N

Scheme 41

R u b o t t o m  h a s  s h o w n ^  th a t  o x id a t io n  o f  s i ly l  e n o l  e th e r s  

with  m C P B A  g ives  g o o d  y ie lds  o f  a  hyd roxy  ke tones  (S c h e m e  42).  

T he  r e a c t i o n  is  . b e l i e v e d  to  p r o c e e d  by  e p o x i d a t i o n  o f  th e  e n o l  

e t h e r  ( 2 6 2 )  to  g i v e  t h e  s i l y l o x y  e p o x i d e  ( 2 6 3 )  w h i c h  o n  n o n  

a q u e o u s  w o r k - u p  g i v e s  t h e  a - t r i m e t h y l s i l y l o x y  k e t o n e  ( 2 6 4 ) .  

A l t e r n a t i v e l y  a q u e o u s  w o r k - u p  y ie ld s  the cl h y d r o x y  k e t o n e  (2 6 6 )  

fo rm e d  v i a  the  s i ly l  h e m i a c e t a l  (265) .
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A d d i t i o n  o f  a s lu r ry  o f  m - C P B A  in h ex an e  to the s i ly l  eno l  

e t h e r  ( 2 6 1 ) ,  f o l l o w e d  by  h e a t i n g  u n d e r  r e f l u x  fo r  2 h o u r s  g a v e  

a f t e r  c h r o m a t o g r a p h i c  p u r i f i c a t i o n  tw o  p r o d u c t s  o f  R f .  0 .5  a n d  

0.11 ( p e t r o l e u m  e t h e r  4 0 /6 0 ) .  T h e  m a j o r  p r o d u c t  (Rf .  0 .5 )  w as  

not  the  a  h y d r o x y  k e t o n e  bu t  a p p e a re d  to be  the b e n z o a t e  e s t e r  

(267).  (IR: \> m a x C C l4 : 1760,  1730 and 1665 c m ’ 1. n m r  90 MHz:

7.2 to 7 .95  p p m  m u l t i p l e t ,  4H ;  5.53 p p m ,  s ing le t ,  1H (C -7 H ) ;  5.0 

p p m  s in g l e t  an d  4 .8 2  p p m  s in g le t ,  2H ( C = C H 2 ); 3 .15  p p m ,  b ro a d  

m u l t ip le t ,  1H (C -5 H ) ,  and  1.15 p p m  s ing le t  3H (C-9H )) .  T h e  low  

r e s o l u t i o n  m a s s  s p e c t r u m  s h o w e d  a p a r e n t  i o n  at  3 0 4  a m u ,  the  

m o l e c u l a r  w e i g h t  o f  (2 6 7 ) .  F o r m a t io n  o f  th is  e s t e r ,  o b t a i n e d  in  

4 4 %  y i e l d ,  co u ld '  be e x p l a i n e d  by  b e n z o a t e  io n  q u e n c h i n g  the  

o x o n i u m  io n  ( 2 6 9 )  ( S c h e m e  4 3 )  f o l l o w e d  by  i n t r a m o l e c u l a r  e s t e r  

e x c h a n g e .  H o w e v e r ,  m e th a n o ly s i s  o f  th i s  e s t e r  gave  f ive  d i s c r e t e  

c o m p o u n d s  in d i c a t i n g  tha t  an  a l te rn a t iv e  o x id a t io n  w a s  r e q u i r e d .

D a v i s  h a s  s t u d i e d 100  th e  a p p l i c a t i o n  o f  N - s u l p h o n y l  

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

f o r m a t i o n  by  o x i d a t i o n  o f  s i ly l  e n o l  e t h e r s  ( S c h e m e  4 4 ) .  T h e  

p ro p o s e d  m e c h a n i s m  is s im i la r  to that  for  o x id a t io n  w i th  m - C P B A .  

I n d e e d ,  t h e  o x a z i r i d i n e s ,  b e i n g  a p r o t i c  a n d  n e u t r a l  r e a g e n t s  

a l l o w e d  i s o l a t i o n  o f  th e  a - s i l y l o x y  e p o x i d e  ( 2 7 1 ) ,  p r o v i n g  i t s  

i n t e r m e d i a c y  in  th e s e  r e a c t io n s .
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OS I M e 3

( 2 6 1  )

♦

OS I Me

( 2 6 8  )

HOR

OH
( 2 6  9 ) 

0

C I

m C P  BA

( 2 6 7 )

OS I Me

OR

OH
( 2 6 9 a )

Scheme 43
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O S  I M e  3

( 2 7 3 )

O S  1 M e ,  
' 0 O H

( 2 7 0  ) ( 2 7 1  ) ( 2 7  2 )

0
I I

I i

N O

Schei ie  44

H e a t i n g  a c h lo ro f o r m  so lu t io n  o f  (261 )  w i th  2 -p - to l y l s u lp h -  

o n y l - 3 - ( p - n i t r o p h e n y l )  o x a z i r id in e  (273 )  (S c h e m e  4 5 )  at 6 0 ° C  fo r  

tw o  h o u r s  f o l l o w e d  by  c o n c e n t r a t i o n  gav e  a y e l lo w  o ra n g e  so l id .  

P e n ta n e  e x t r a c t i o n ,  c o n c e n t r a t i o n  and  b o ro h y d r id e  r e d u c t i o n  o f  the 

c ru d e  p r o d u c t  g a v e  a m i x tu r e  o f  s e v e n  c o m p o u n d s  R f S 0 .1 ,  0 .2 6 ,  

0 . 4 8 ,  0 . 6 1 ,  0 .8 8  a n d  1.0.  T h e  c o m p o u n d  o f  R f  0 . 2 6  a t t r a c t e d  

a t t e n t i o n  in  t h a t  o n  v i s u a l i s i n g  t h e  t . l . c .  p l a t e  w i t h  e e r i e  

s u l p h a t e  s o l u t i o n ,  i t  a p p e a r e d  b l u e ,  c h a r a c t e r i s t i c  o f  o l e f i n s  in  

th i s  m o d e l  s e r i e s .  I s o l a t i o n  g a v e  a s o l i d  w h i c h  r e c r y s t a l i s e d  

f rom  c h lo ro f o r m  to g ive  w h i te  c rys ta l s  o f  m e l t i n g  p o in t  1 4 2 -1 4 3 ° C .  

*H n m r  s p e c t r o s c o p y  s h o w e d  tha t  it  w as  in d e e d  the  r e q u i r e d  6ot-, 

7 p -  d io l  ( 2 7 6 )  as r e q u i r e d .

6 . 8Hz
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The p ro to n  on C7 was  seen as a double t  (J = 2.7 Hz) at 3.82 

p pm  w h i le  the p ro to n  on C6 was  seen  as a doub le t  o f  doub le ts  (J = 

6.8 and  2.7 Hz)  at 4 .37  ppm .  The  d ihedra l  ang le  b e tw ee n  the C6 

and  C7 p ro to n s  is ap p ro x im a te ly  6 0 °  thus  the sm al l  t rans  co u p l in g  

(2.7 H z)  o b s e rv e d .  T h a t  the C6  p ro to n  is c o u p le d  to the C5 

p r o t o n  (J  = 6 .8  H z)  is i n d i c a t i v e  tha t  the  C6  p r o t o n  is in a 13- 

o r i e n t a t i o n  by  the  a r g u m e n t s  on  p a g e  "M* . T h u s  the  d io l  m u s t  

h a v e  b e e n  in  the  r e q u i r e d  6 a - ,  7 | 3 - c o n f ig u r a t i o n s .  I n f r a  r ed  

s p e c t r o s c o p y  s u p p o r t e d  t h i s  i n  t h a t  o n  d i l u t i o n  o f  a 

c a r b o n t e t r a c h l o r i d e  s o l u t i o n  o f  th e  d io l ,  the  h y d r o g e n  b o n d i n g  

s t r e t ch  at  3 4 5 0  c m " 1 d i s a p p e a re d ,  thus  no i n t r a m o l e c u la r  h y d r o g e n  

b o n d ing  w as  occur r ing .

T h e  c o m p o u n d  o f  R f  0 .5  w as  f o u n d  to be the  6 a -  

a l c o h o l  ( 2 5 3 )  r e s u l t i n g  f r o m  b o r o h y d r i d e  r e d u c t i o n  o f  u n o x i d i s e d  

ke tone ;  the r e m a in d e r  o f  the c o m p o u n d s  w ere  un iden t i f i ed .

T h e  3 0 %  y i e l d  o f  d i o l  s h o w e d  t h a t  t h e  r e q u i r e d  

s t e r e o c o n t r o l l e d  f u n c t i o n a l i s a t i o n  c o u l d  be  a c h i e v e d .  T h e  

p r o b l e m  n o w  w a s  o n e  o f  o p t i m i s a t i o n .  F u r t h e r  a t t e m p t s  a t  

o x i d a t i o n  o f  th e  s i l y l  e n o l  e t h e r  ( 2 6 1 )  f a i l e d  to p r o v i d e  h i g h e r  

y ie ld s  a n d  so an  a l t e rn a t iv e  a p p ro a c h  was  adop ted .

D a v i s  h a s  r e p o r t e d 1111 the d i r e c t  o x i d a t i o n  o f  e n o l a t e s  w i th  

N - s u l p h o n y l o x a z i r i d i n e s  to be  s u p e r i o r  to  o x i d a t i o n  u s i n g  the  

M o O P H  reage n t ;  h ig h e r  y ie lds  are ob ta ined  and  no  o v e r -o x id a t io n  to

1,2 d i k e t o n e s  o c c u r s .

T r e a t m e n t  o f  ( 2 6 0 )  w i t h  l i t h i u m  h e x a m e t h y l d i s i l a z i d e ,  

(S c h e m e  46 )  q u e n c h i n g  the  s o - fo rm e d  e n o la te  w i th  tw o  e q u i v a l e n t s  

o f  o x a z i r i d i n e  (2 7 3 ) ,  an d  r e d u c t i o n  o f  the  c r u d e  p r o d u c t  m i x t u r e
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with  sod ium  bo rohydr ide  gave  a 37% yie ld  o f  diol  (276) and  a 46% 

y i e l d  o f  6 a - a l c o h o l  ( 2 5 3 ) .  T w o  p o s s i b l e  r e a s o n s  fo r  the  low  

y i e l d s  a n d  r e c o v e r y  o f  s t a r t i n g  m a t e r i a l  in th i s  p r o c e d u r e  a re  

p r e f e r e n t i a l  o x i d a t i o n  o f  the a m in e  p r o d u c e d  in e n o la te  f o r m a t io n  

and  a d d i t i o n  o f  the  e n o l a t e  to the s u l p h o n y l i m in e  (2 7 9 )  ( S c h e m e  

4 7 ) .  H o w e v e r  s i n c e  tw o  e q u i v a l e n t s  o f  the  o x a z i r i d i n e  w e r e  

a d d e d ,  o x i d a t i o n  o f  the  a m in e  s h o u l d  n o t  h a v e  b e e n  a p r o b l e m .  

F u r th e r ,  the a d d u c t  (280)  w as  n e v e r  i so la ted  and  in d e ed  g e n e ra t in g  

t h e  m o r e  r e a c t i v e  p o t a s s i u m  e n o l a t e  u s i n g  p o t a s s i u m  

h e x a m e t h y l d i s i l a z i d e  f a i l e d  to i n c r e a s e  the  y i e ld  o f  d io l .

( 2 7 9  ) ( 2 8 0  )

Scheme 47

A t te m p te d  M o O P H  ox ida t ion  o f  the p o ta ss ium  eno la te  p ro v id ed  

an  e x p l a n a t i o n  to  t h e  l o w  y i e l d s  a n d  r e c o v e r y  o f  s t a r t i n g  

m a t e r i a l .  F o l l o w i n g  the  p r o c e d u r e  d e s c r i b e d  by  V e d e j s ,  the  

p o t a s s i u m  e n o l a t e  o f  (2 6 0 )  w as  t r e a te d  w i th  M o O P H  ( S c h e m e  48) .  

W o r k - u p  a n d  t . l . c .  a n a l y s i s  r e v e a l e d  th a t  s t a r t i n g  m a t e r i a l  h a d  

apparen t ly  b e e n  c o n s u m e d  and that  a s ingle  m ore  p o la r  c o m p o u n d  

( R f  0 .5 )  h a d  r e s u l t e d .  S u r p r i s in g ly ,  b o r o h y d r id e  r e d u c t i o n  gave  

the  6 a - a l c o h o l  ( 2 5 3 )  w h i l e  th e  c o m p o u n d  o f  R f  0 .5  a p p e a r e d  

r e s i s t a n t  to  b o r o h y d r i d e  r e d u c t io n .  I s o l a t i o n  o f  th i s  m y s t e r i o u s  

co m p o u n d  a n d  c h a ra c te r i s a t io n  s h o w e d  tha t  it  w as  d e r iv e d  f ro m  the
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m o d e l  a l coho l  (252)  but  it had an addit iona l  m e thy lene  and me thy l  

g r o u p .  I n f r a  r e d  s p e c t r o s c o p y  i n d i c a t e d  the  p r e s e n c e  o f  a 

su lphox ide  ( IR :0max CC14 : 1040 c m -1 ) and hence the s tructure (282) 

was a s s igned  to this compound.

( 2 8 2  )

o s
C o r e y  r e p o r t e d ^ 0 tha t  m e th y l  t h i o m e th y l  e th e r s  d e r iv e d  by  

1 07P u m m e r e r 1VA rea r ran g e m en t  o f  the in te rmedia te  y l ide (284) (S chem e  

49 )  a re  s id e  p r o d u c t s  in  the ox id a t io n .  It  a p p e a re d  th e r e f o r e  

that  the  m e th y l  t h io m e th y l  e the r  (282a)  was  the im pur i ty  f o u n d  in 

the k e to n e  in  th is  s tu dy .  T h i s  was  p ro v e n  in tw o  w ays .  T he
i n i

C o rey  o x i d a t i o n  p r o d u c t  was  trea ted  J w i th  m e thy l  iod ide  in w e t  

a c e to n e  a n d  i n d e e d  the  a l co h o l  (252)  was  re c o v e re d  (S c h e m e  50).  

S e c o n d l y  the  C o re y  o x id a t io n  p ro d u c t  was  r ed u ce d  by  b o ro h y d r id e  

y i e l d i n g  th e  6 a - a l c o h o l  ( 2 5 3 )  a n d  the  m e t h y l  t h i o m e t h y l  e t h e r  

(Schem e 51)  w h ich  was  iso la ted  by co lumn chromatography  and ful ly 

c h a r a c t e r i s e d .

T h e  s u lp h o x id e  (282)  p ro d u c e d  in the M o O P H  o x id a t io n  was  

m e r e l y  t h e  p r o d u c t  o f  o x i d a t i o n  o f  the  m e t h y l t h i o m e t h y l  e t h e r  

( 2 8 2 a ) .
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F o rm a t io n  o f  the Pum m e re r  r ea r rangem en t  p roduc t  shou ld  be 

m i n i m i s e d  u s i n g  n o n - p o l a r  s o lv e n t s ,  h e n c e  the  f r e q u e n t  u se  o f  

to luene  in C o rey  o x id a t io n s .  H ow ever ,  ev en  w h e n  the  o x id a t io n  

was  p e r fo rm e d  in to luene  in tegra t ion  of  the 1H nmr  spec trum o f  the 

p r o d u c t  m i x t u r e  i n d i c a t e d  th a t  the  m e t h y l  t h i o m e t h y l  e t h e r  

c o n s t i t u t e d  7%  o f  the  m i x t u r e .  A s e c o n d  a n o m a l o u s  r e s u l t  

a p p e a re d  f ro m  the e lu c id a t io n  o f  the im pur i ty .  The  k e to n e  (260)  

d i d  n o t  v i s u a l i s e  in  t . l . c .  a n a l y s i s  by  t r e a t m e n t  w i t h  e e r i e  

s u l p h a t e ,  the  n o r m a l  s t a i n in g  r e a g e n t  fo r  the  m o d e l  c o m p o u n d s .  

This  m a y  have  been  the reason  for  the apparent  low yie lds  in Jones  

o x id a t i o n ,  i . e . ,  m a t e r i a l  w as  be ing  d i s c a rd e d  due  to the fac t  tha t  

it  w a s  n o t  b e i n g  v i s u a l i s e d  on  t . l . c .  a n a l y s i s  o f  t h e  c o l u m n  

c h r o m a t o g r a p h i c  f r ac t io n s .

I n d e e d ,  r e p e a t i n g  the  J o n e s  o x i d a t i o n  an d  v i s u a l i s i n g  the  

t . l . c  a n a l y s i s  o f  t h e  c h r o m a t o g r a p h i c  f r a c t i o n s  w i t h  w a t e r  

r e s u l t e d  in  a 5 7 %  y ie ld  o f  p u re  ke tone .  H o w e v e r  a n o n  ac id ic  

o x i d a t i o n  w a s  r e q u i r e d  f o r  t h e  i n t e n d e d  f u n c t i o n a l i s a t i o n .  

C h r o m i u m  t r i o x i d e - 3 , 5 - d i m e t h y l p y r a z o l e  c o m p le x  is a m i ld  b a s ic  

o x i d i s i n g  system*®'*;  i n d e e d ,  on  s t i r r i n g  the  a l c o h o l s  ( 2 5 2 )  an d  

(253)  in  d i c h l o r o m e t h a n e  w i th  this  c o m p le x  a 73%  y ie ld  o f  p u re  

ke tone  (2 6 0 )  w as  ob ta ined .

U s i n g  k e t o n e  p r o d u c e d  by  this  ox ida t ion ,  a  f ina l  a t t e m p t  at 

M o O P H  h y d r o x y l a t i o n  w a s  t r i ed .  T r e a t m e n t  o f  th e  p o t a s s i u m  

en o la te  o f  th e  k e t o n e  w i t h  th is  re a g e n t  gave  r e c o v e ry  o f  s t a r t in g  

m a te r i a l .  W h y  th i s  r e a g e n t  f a i l e d  to d e l iv e r  an  o x y g e n  to the  

re l a t iv e ly  u n h i n d e r e d  en o la te  (281)  cou ld  no t  be  ex p la in e d .

T r e a t m e n t  o f  the  p o t a s s iu m  eno la te  o f  the p u re  k e to n e  w i th  

the o x a z i r i d i n e  ( 2 7 3 )  g a v e  o n  w o r k - u p  a y e l l o w i s h - o r a n g e  s o l id  

w h ich  by  t . l . c .  a n a l y s i s  c o n t a i n e d  m a n y  p o l a r  p r o d u c t s .  T h i s
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c r u d e  m i x t u r e  w as  a c e t y l a t e d  and  the r e s u l t i n g  s o l id  t r i t u r a t e d  

t h o r o u g h l y  w i th  h e x a n e .  On c o n c e n t r a t io n  and  c h r o m a to g r a p h i c  

s ep a ra t io n  the a - a c e t o x y  ke tone  (289) (Schem e 52) was  i so la ted  in 

64%  y ie ld  f ro m  the ke tone .  On repea t ing  this  p ro c e d u re  a 69% 

y i e l d  o f  a - a c e t o x y  k e t o n e  w as  r e a l i s e d ,  thus  a m e t h o d  fo r  the  

s a t i s f a c t o r y  i n t r o d u c t i o n  o f  a 7 a - o r i e n t a t e d  o x y g e n  f u n c t i o n  had  

been  ach ieved .

T o  c o m p l e t e  the d io l  fo rm a t io n ,  b o ro h y d r id e  r e d u c t io n  gave  

the a c e to x y - a l c o h o l  (290)  w h ich  on  m e th an o ly s i s  gave  the d e s i r e d  

d io l  (2 7 6 ) .  F u r th e r  t r e a tm e n t  o f  the o le f in  w i th  m C P B A  g a v e  a 

s ing le  e p o x i d e  d ia s t e reo iso m e r ;  p resum ab ly  the m C P B A  a t tacks  the 

o le f in  f r o m  the  l e s s  h in d e re d  exo  face o f  the m o le c u le  g iv in g  the 

e p o x i d e  (2 9 1 ) .

T h i s  m o d e l  s tudy  revea led  a num be r  o f  po in t s  re le van t  to the 

s y n t h e s i s  o f  T - 2  t e t r a o l : -

1) In  the  W i t t i g  o le f in a t io n ,  y ie ld s  are h ig h e s t  w h e n  the  

t e t r a h y d r o p y r a n y l  r a t h e r  t h a n  a c e ty l  o r  t r i e t h y l s i l y l  

g r o u p  is u s e d  to p ro tec t  the C3 alcohol .

2)  C h r o m i u m  t r iox ide -3 ,5 -d im ethy l  py razo le  is the  n o n  ac id ic  

o x id i s in g  s y s t e m  o f  cho ice  for  C3 ox ida t ion  o f  the  T -2  

t e t r a o l  p r e c u r s o r  ( 2 3 9 )

3) I n  t h a t  t h e i r  f o r m a t io n  r e q u i r e s  an  a d d i t i o n a l  s y n th e t i c  

a n d  p u r i f i c a t i o n  s tep  and  tha t  y ie lds  o f  3 a - ,  4 p - d i o l  

f r o m  th e m  are  lo w ,  s i ly l  eno l  e th e r s  a re  an  i n e f f i c i e n t  

r o u te  fo r  r ing  C fo rm at ion .

4)  A c y lo in  fo rm at ion  by M oO P H  oxida tion  o f  the eno la te  o f  the 

b i c y c l o [ 3 , 2 , l ] o c t a n e  s u b u n i t  a p p e a r s  u n s a t i s f a c t o r y .
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and 5)  T h e  r ing  C func t iona l i sa t ion  for  T-2  te t rao l  bes t  a ch ie v e d  

by ox ida t ion  o f  the C3 ke tone-eno la te  with  D a v i s ’s N- 

su lp h o n y l  oxaz i r id ine  reagen t  and subsequen t  b o rohyd r ide  

r e d u c t io n .  By  th is  m e th o d ,  s te r e o s e l e c t i v e  f u n c t i o n a l 

i s a t io n  can  be ach ieved .

A l l  o f  the  ab o v e  po in t s  were  taken  in to  c o n s id e ra t io n  in the 

s y n t h e s i s  o f  T - 2  t e t r a o l ,  the  d io l  ( 2 9 4 )  b e i n g  s y n t h e s i s e d  f r o m  

the k e t o -a lc o h o l  (239'  ) by the route  show n (Scheme 53).
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2.2 8 - K e t o - a n g u i d i n e .

In  a s t u d y  a i m e d  at u n d e r s t a n d i n g  the  ro le  o f  s e c o n d a r y  

m e t a b o l i t e s  in  t h e  t o x i c o s e s  a s s o c i a t e d  w i t h  i n g e s t i o n  o f  

F u s a r i u m  i n f e c t e d  g ra in ,  R o t t inghaus  et al i s o l a t e d * ^ ’* ^  f rom  

F. s p o r o t i c h i o i d e s  a n u m b e r  o f  t r i ch o th ec en es ,  in c lu d in g  sp o ro l  

( 3 1 ) ,  s p o r o t r i c h i o l  ( 2 9 5 ) ,  8 j3 - h y d ro x y t r i c h o th e c e n e  ( 2 9 6 ) ,  8 - o x o -  

d i a c e to x y s c i rp e n o l  (8 -ke to -angu id ine ) (297 )  and 4 -p rop an o y l -H T -2  

t o x i n  ( 2 9 8 ) ,  t h e  f i r s t  t r i c h o t h e c e n e  to  be  i s o l a t e d  w i t h  a 

p r o p a n o y l  e s t e r  fu n c t io n .

( 3 1 ) ( 2 9 5 )

Hi

0 A e

( 2 9 6 ) ( 2 9 7 )

( 29  8 )
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O ur  in te re s t  was  a roused  by 8 -ke to -a ngu id ine  in that  it is a 

s i m p l e  a n a l o g u e  o f  a n g u i d i n e  (3 4 ) ,  the  s t a r t i n g  m a t e r i a l  f o r

s e v e r a l  p a r t i a l  s y n t h e s e s  as d e s c r i b e d  in t h e  i n t r o d u c t i o n .

C o m p a r i s o n  o f  a n g u i d i n e  w i th  the t i t l e  c o m p o u n d  in d i c a t e s

t h a t  a n  a l l y l i c  o x i d a t i o n  o f  ( 3 4 )  is a l l  t h a t  is  r e q u i r e d  fo r

s yn thes i s  o f  (297)  (Schem e 54).

A c 0 0 A c
( 2 9 7  )

AcO 0 A c
( 3 4 )

Scheme 54

A l l y l i c  o x i d a t i o n s  o f  t r i c h o th e c e n e s  have  b e e n  r e p o r t e d  by
1 0 7  • •s e v e ra l  g r o u p s .  G o r s t - A l lm a n  et  al conve r ted  a n g u id in e  in to  

n e o s o la n i o l  m o n o -a c e ta t e (3 0 2 )  and  its ep im er  (301)  (S ch em e  55) in 

an o v e ra l l  y i e ld  o f  4 5%  v ia  the al ly l i c  b rom ides  (299)  and  (300) .

K a n e k o  et  al i r r a d i a t e d ^  angu id ine  in the p r e s e n c e  o f  N B S  

to p r o d u c e  the  b ro m i d e s  (299)  and  (300)  w h ich  on t r e a tm e n t  w i th  

s i l v e r  t r i f l u o r o a c e t a t e  y i e ld e d  n e o s o la n i o l  (7)  a n d  i ts  e p i m e r  in  

an o v e ra l l  y i e ld  o f  24%  f rom  anguid ine .
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8 - K e t o - a n g u i d i n e  w as  in fac t  s y n t h e s i s e d ^ ^  p r i o r  to i ts  

i s o l a t i o n  ( S c h e m e  5 6 ) .  S e l e n i u m  d i o x i d e  o x i d a t i o n  o f

a n g u i d i n e  a f f o r d e d  the 8 |3-hydroxy d e r iv a t iv e  (30 3) in 39%  y ie ld ;  

th i s  on  o x i d a t i o n  w i th  P C C  g a v e  8 - k e t o - a n g u i d i n e  ( 2 9 7 )  in an 

ove ra l l  y ie ld  o f  31%.

AcO
c

34

! ; S •  0 2 , D I o x a n •  , H2 0 

I I ; PCC , AcONa , CH2 C I 2

H

AcO 0 A c

( 3 0  3 )

r i

AcO
0 A c

( 2 9 7  )
Scheme 56

O x i d a t i o n  o f  t r i a c e t o x y s c i r p e n o l  (54 )  d i r e c t ly  to the  e n o n e  

(305 )  ( S c h e m e  57 )  has  been  effected*®® in low  y ie ld  w i th  t -bu ty l  

c h r o m a te  and ,  as  r e p o r t e d ^ 1 by Co lv in  and C am eron ,  in exc e l l e n t  

y i e l d s  o f  u p  to  6 0 %  by  t r e a t m e n t  w i t h  d i p y r i d i n e - c h r o m i u m  

t r i o x id e .  H o w e v e r  th is  ‘C o l l i n s ’ o x id a t io n  r e q u i r e s 109 a l a rge  

e x c e ss  o f  r e a g e n t ,  l o n g  r e a c t io n  t imes  and  an ex t e n s iv e  w ork -up .
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5 4 )

»M0 A c

0  A c

0  r' l lO A c

A c O

( 3 0 5  )
0  A c

Scheme 57

F or  the  s y n th e s i s  in h a n d  the c h ro m iu m  c a r b o n y l  c a t a ly s e d  

o x id a t io n  o f  a lkenes  to enones  repor ted  by Pearson  a p p e a re d  m u c h  

m o re  c o n v e n i e n t .  For  ex am p le  P ea rson  found  tha t  r e f lu x in g  (306)
4*

( S c h e m e  5 8 )  in  a c e jo n i t r i l e  f o r  18 h r s  in  th e  p r e s e n c e  o f  a 

ca ta ly t ic  am o u n t  o f  C r (C O )^  and 2 equ iva len ts  o f  t -buty l  h y d r o 

p e r o x i d e  g a v e  the  e n o n e s  (307 )  and  (308 )  in 65%  y ie ld ,  w i th  no 

ex o c y c l i c  o x id a t io n  p roduc ts  be ing  de tec ted .  P ea r son  show e d  tha t  

t h i s  o x i d a t i o n  c o u l d  a l s o  be  c a r r i e d  o u t  in  t h e  p r e s e n c e  o f  

c e r t a in  s e c o n d a r y  a l c o h o l s  by the o x id a t io n  o f  ( 3 0 9 )  to (31 0 )  in 

60% yie ld .

( 3 0 6  )

OH

( 3 0 8  )

( 3 0 9  )

^ ^ ( . C O ^ . M e C N / B u O O H

( 3 1 0 )

Scheme 58
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U n f o r t u n a t e l y ,  it  w a s  f o u n d  t h a t  e v e n  a f t e r  e x t e n s i v e  

e x p e r i m e n t a t i o n  on  r e a c t i o n  t im es  and  e q u i v a l e n t s  o f  o x i d i s i n g  

a g e n t ,  i m p r o v e m e n t s  o n  a y i e l d  o f  2 6 %  o f  ( 3 0 5 )  f r o m  

t r i a c e t o x y s c i r p e n o l  (54)  cou ld  not  be ach ieved .

0 A c
( 5 4 )

AcO
0 A c

( 3 0 5  )

I ; C r ( C 0 ) g l M« C N , f B u 0 0 H

Scheme 59

As w e l l  as  b e in g  an  e x c e l l e n t  r e a g e n t  for  e f f e c t in g  a l ly l i c  

o x i d a t i o n s ,  d i p y r i d i n e - c h r o m i u m  t r i o x i d e  is a l s o  a n  e x t r e m e l y  

e f f i c i e n t  r e a g e n t  f o r  the  o x i d a t i o n  o f  p r i m a r y  a n d  s e c o n d a r y  

a l c o h o l s . ^  T h u s  th e  s y n t h e s i s  o f  8 - k e t o - a n g u i d i n e  f r o m

d i a c e t o x y s c i r p e n o l  by o x id a t io n  w i th  d ip y r id in e - c h ro m iu m  t r iox ide  

r e q u i r e d  t h a t  t h e  3 a - h y d r o x y l  o f  a n g u i d i n e  be  p r o t e c t e d .  T h e  

p r o t e c t i n g  g r o u p  ' h a d  to  be  o n e  w h i c h  w a s  s t a b l e  to  the  b a s i c  

co n d i t io n s  o f  the o x id a t io n  and  w h ich  cou ld  be se lec t ive ly  r e m o v e d  

in the  p r e s e n c e  o f  ace ta te s  a f te r  the o x id a t io n  was  c o m p le te d .

T h e  t - b u t y l d i m e t h y l s i l y l  g r o u p  s e e m e d  to  f u l f i l  t h e s e

c r i t e r i a .  H o w e v e r ,  s t i r r i n g  a n g u i d i n e  w i t h  c h l o r o - t -

b u t y l d i m e t h y l s i l a n e  in  the  p r e s e n c e  o f  t r i e t h y l a m i n e  an d  D M A P

r e s u l t e d  in  r e c o v e ry  o f  s ta r t ing  m a te r ia l .  In d e e d  e v e n  u n d e r  the
112m o s t  v i g o r o u s  s i l y l a t i n g  c o n d i t i o n s ,  i . e . ,  u t i l i s i n g  t - b u t y l -  

d i m e t h y l s i l y  1 t r i f l a t e  a n d  2 , 6 - l u t i d i n e  in  t h e  p r e s e n c e  o f  4 A  

m o l e c u l a r  s i e v e s ,  n o  r e a c t i o n  w a s  o b s e r v e d .  I t  c a n  o n ly  be
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c o n c l u d e d  tha t  su c h  s i l y l a t i o n  o f  the 3oc-hydroxyl  g r o u p  o f  the 

t r i c h o t h e c e n e s  is im p o s s ib l e ,  p ro b a b ly  due to the s te r i c  d e m a n d s  

on this  b u lk y  p r o te c t in g  group.

AcO

( 3 4 )

"HOH

0 A c
( 3 1 1 )

• • 10 S I M e 2 B u

0 A c

Scheme 60

70T a m m  e m p lo y e d  the te t rahydropyrany l  g roup  for  p ro te c t io n  

o f  t h e  3 a - h y d r o x y l  g r o u p  o f  a n g u i d i n e  in  t h e  s y n t h e s i s  o f  

c a l o n e c t r i n .  B e i n g  a base  s tab le  ace ta l ,  thi s  g r o u p  s e e m e d  to 

be  a n  i d e a l  c h o i c e  fo r  p r o t e c t i o n  o f  the  3 a - h y d r o x y l  in  t h i s  

s y n th e s i s .  I n d e e d  by s t i r r ing  angu id ine  in ne a t  d ih y d r o p y r a n  in  

the  p r e s e n c e  o f  a c a t a l y t i c  a m o u n t  o f  P P T S ,  n e a r  q u a n t i t a t i v e  

p r o t e c t i o n  o f  the  3 a - h y d r o x y l  occur red  g iv ing  the T H P - e th e r  (312)  

(S c h e m e  61)  as a  m ix tu re  o f  inseparable  d ias te reomers .  T re a tm e n t  

o f  ( 3 1 2 )  w i t h  f r e s h l y  p r e p a r e d  d i p y r i d i n e - c h r o m i u m  t r i o x i d e  in 

d i c h l o r o m e t h a n e  f o r  f ive  d ays  at r o o m  te m p e r a t u r e  g a v e  in p o o r  

y ie ld  (1 0 % )  an  oi l  w h ic h  show e d  in its *H nm r  spec t rum  a doub le t  

o f  q u a r t e t s  ( J  = 5 .9  and  1.5 Hz)  at 6 .5 7  p p m ,  a c h a r a c t e r i s t i c  

s i g n a l  f o r  th e  C IO  p r o t o n  o f  t r i c h o th e c e n e s  p o s s e s s i n g  an  e n o n e  

f u n c t i o n  in  r i n g  A. R e m o v a l  o f  the t e t r a h y d r o p y r a n y l  g r o u p  by 

s t i r r i n g  ( 3 1 3 )  in  e t h a n o l  in  the p r e s e n c e  o f  c a t a ly t i c  P P T S  gave  

8 - k e to - a n g u id in e  in a low  overa l l  y ie ld  o f  only  8.2%.

In  o r d e r  to  e l i m i n a t e  a p u r i f i c a t i o n  s t e p  i t  w a s  d e c i d e d  

tha t  th e  c r u d e  p r o d u c t  m ix tu r e  f ro m  the  a l ly l i c  o x i d a t i o n  s h o u ld  

be t r e a t e d  w i t h  e t h a n o l  an d  P P T S  to f u r n i s h  8 - k e t o - a n g u i d i n e
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d i re c t ly .  F o l lo w in g  the same p rocedu re  as p r e v io u s ly  d e s c r ib e d  

but  w i t h o u t  i s o la t io n  o f  (313)  an im proved  but  s t i l l  low  y ie ld  o f  

17% o f  8 -ke to -angu id ine  from (34) was achieved.

AcO
0 A c

( 3 4 )

AcO
0 A c

AcO
0 A c

•no  T H P

( 2 9  7 )

I j D l h y d r o p y r a n , P P T S  

I t ; C r 0 3 . P y 2 , CH2 C I 2 
rI  I ; E t 0 H , P PTS

( 1 7 *)

I I (

( 3 1 2 )

I I

( 8 . 2 *)

AcO
0 A c

,„iv\\0 T H P

( 3 1 3 )

♦ O v e r a l l  y i e l d s

Scheme 61

W i t h  s u c h  p o o r  y i e l d s ,  a t t e n t i o n  t u r n e d  t o  a n o t h e r  

p r o t e c t i n g  g r o u p  fo r  the 3ot-hydroxyl  g roup .  In  the s y n th es i s  o f  

a n g u i d i n e  B r o o k s  s e l e c t i v e l y  c l e a v e d ^  the  3cc-ace ta te  o f  ( 5 4 )
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(Scheme 62) in 65% yield by treatment with ammonium hydroxide (2M) 

in m e th a n o l .

l0 A c

AcO
0 A c

n h 4 o h / m « o h  
 ■»

Scheme 62

Ac O
0 A c

3 4

T h u s ,  a c e t y l a t i o n  o f  a n g u i d i n e  f u r n i s h e d  th e  t r i a c e t a t e  

( 5 4 ) ( S c h e m e  63 )  in h ig h  y ie ld .  T re a tm e n t  o f  th is  w i th  f r e sh ly  

p r e p a r e d  d ip y r i d in e - c h r o m iu m  t r iox ide  in d ic h lo rom e thane  gave  the 

e n o n e  ( 3 0 5 )  in  6 0 . 4 %  y i e l d  w i t h  a 24%  r e c o v e r y  o f  s t a r t i n g  

m a t e r i a l .  O n  t h e  b a s i s  o f  s t a r t i n g  m a t e r i a l  c o n s u m e d  an  

e x c e p t i o n a l l y  h ig h  y ie ld  (84% ) for  the al ly l i c  o x id a t io n  h a d  been  

a c h i e v e d .  O n  s t i r r i n g  th is  en o n e  in the p r e s e n c e  o f  a m m o n i u m  

h y d r o x i d e  ( 2 M )  in  m e th a n o l  for  one hour ,  t . l .c .  ana ly s i s  r e v e a l e d  

t h a t  t h e  s t a r t i n g  m a t e r i a l  h a d  b e e n  c o n s u m e d  a n d  t h a t  tw o  

c o m p o u n d s  h a d  b e e n  fo rm ed .  T h e  m a jo r  c o m p o u n d  was  by  t . l .c  

c o m p a r i s o n .  8 - k e t o - a n g u i d i n e  (2 9 7 )  an d  i n d e e d  p u r i f i c a t i o n  by  

f l a s h  c h r o m a t o g r a p h y  o f  the  p r o d u c t  m ix tu r e  g a v e  (2 9 7 )  in 5 8%  

y ie ld  f r o m  (3 0 5 )  r e p re s e n t in g  an overa l l  yie ld  o f  32%.
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AcO 0 A c
( 3 4 )

AcO 0 A c

( 5 4 )

I I 6 0 . 4 %

AcO 0 A C

I I I

58% f 
( 3 2 %)  .

( 29 7 )

! ; A c 2 0 /  P y 
I I ; C r O j . P y 2 • CH2C I 2 

I I I ; NH4OH/ U«OH

i \ \ \ 0  A c

AcO 0 A c

( 305  )

• O v e r a l l  y i e l d s

Scheme 63

9
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T h e  t h i r d  a n d  f i n a l  p r o t e c t i n g  g r o u p  e x a m i n e d  w a s  

t r i c h lo r o a c e t a t e ,  w h ic h  can  be se lec t ive ly  rem ove d  in the p re s en ce  

o f  a c e ta t e s  by t r e a tm e n t  w i th  am m o n iu m  hyd rox ide  in e t h a n o l . 11^ 

It w a s  t h o u g h t  t h a t  in  the  a b s e n c e  o f  a g o o d  n u c l e o p h i l e ,  th i s  

g r o u p  s h o u l d  a l s o  be  r e l a t i v e l y  s t a b l e  to the  b a s i c  c o n d i t i o n s  

e n c o u n t e r e d  in the C o l l in s  ox ida t ion .

S t i r r i n g  a n g u i d i n e  in  D M F  at r o o m  t e m p e r a t u r e ,  in  the  

p r e s e n c e  o f  t r i c h lo ro a c e ty l  ch lo r ide ,  D M A P  and t r i e thy lam ine  gave 

a b r o w n  s o l i d  w h i c h  on  c r y s t a l l i s a t i o n  f ro m  e t h e r  f u r n i s h e d  the 

t r i c h ! o r o a c e t a t e ( 3 14) (S c h e m e  64)  in  64%  y ie ld .  C r y s t a l l i s a t i o n  

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

t r i c h l o r o a c e t y l  g r o u p  a p p e a r e d  u n s t a b l e  to  c h r o m a t o g r a p h i c  

p u r i f i c a t i o n .  S u b j e c t i o n  o f  th is  c o m p o u n d  to C o l l in s  o x id a t i o n  

g a v e ,  a f t e r  a n  a q u e o u s  w o r k - u p ,  a 4 7 .5 %  y ie ld  o f  the  c ru d e  

t r i c h l o r o a c e t a t e  e n o n e  (315 )  s h o w in g  the c h a ra c te r i s t i c  d o u b le t  o f  

q u a r t e t s  at  6 .4  p p m  in i ts n m r  spec t rum .  In the  k n o w le d g e  

t h a t  t h e  t r i c h l o r o a c e t y l  g r o u p  w a s  n o t  s t a b l e  to  c o l u m n  

c h r o m a to g r a p h y ,  thi s  c rude  m a te r ia l  was  s t i r red  in d ic h lo ro m e th an e  

in the  p r e s e n c e  o f  e th a n o l i c  a m m o n iu m  hydrox ide  and the reac t ion  

f o l l o w e d  b y  t . l . c  a n a l y s i s .  A f t e r  30  m i n s ,  t . l . c  a n a l y s i s  

i n d i c a te d  c o n s u m p t i o n  o f  s ta r t ing  m a te r ia l  and  on ly  one c o m p o u n d  

to be  p r e s e n t .  C h r o m a t o g r a p h i c  p u r i f i c a t i o n  g a v e  a c l e a r  o i l  

tha t  w a s  c h a r a c t e r i s e d  as 8 -ke to  angu id ine ,  p ro d u c e d  in 85% y ie ld  

f ro m  th e  c r u d e  p r o d u c t  o f  a l ly l i c  o x id a t io n .  I t  w as  n o te d  tha t  

e v e n  o n  e x t e n d e d  r e a c t i o n  t i m e s  o f  3 h rs  f o r  t r i c h l o r o a c e t a t e
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c l e a v a g e  no  p r o d u c t s  o f  a c e ta te  c l e a v a g e  were  d e t e c t e d  by t . l .c  

a n a l y s i s .

AcO
0 A c

6 4 x

• I . I I \ /  7 7 *

( 4 9 * )

I I I
8 5 x ( 

( 2 6 %)

( 2 9 7  )

AcO
0 A c

( 3 1 4 )

• I I O C O C C

1 1 47 . 5x

AcO
0 A c

I ; C I 3 CC0 CI , DMAP , E t 3 N , DMf  
! t ; C r 0 3 . P y 2 , CH2 C I 2 
1 I ; NH4 0 H / M « 0 H , CH2 C I 2

* O v e r a l l  y i e l d s

Scheae 64

T h e  e x t e n s i v e  w o r k - u p  a s s o c i a t e d * ® ^  w i t h  t h e  C o l l i n s  

o x id a t io n  m a y  hav e  c o n t r ib u te d  to the low yie ld ,  hence  a m o d i f i e d  

w o r k - u p  w a s  t r i e d .  T h e  o x id a t io n  w a s  r e p e a t e d  by  s t i r r i n g  the  

t r i c h l o r o a c e t a t e  in  t h e  p r e s e n c e  o f  a l a r g e  e x c e s s  o f  f r e s h  

C o l l in s  r e a g e n t .  C o n c e n t r a t i o n  o f  the  r e a c t io n  m ix tu r e ,  d i l u t io n  

with e the r  and w as h in g  consecutively  with aqueous  CuSO^,  w ate r  and 

b r ine  f o l l o w e d  by  d r y in g  and  c o n c e n t r a t i o n  gave  a y e l lo w is h  oi l .
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nm r  S pec t ro sopy  o f  this oil showed that it was a mix tu re  o f  the 

3 a - t r i c h l o r o a c e t a t e  ( 3 1 5 )  and  the  3 a - a l c o h o l  (2 9 7 ) .  S t i r r i n g  

this  m i x tu r e  in e t h a n o l i c  a m m o n iu m  hy d ro x id e  gave  a f te r  c o lu m n  

c h r o m a t o g r a p h y  8 - k e t o  a n g u i d i n e  in a y i e l d  o f  7 7 . 6 %  f r o m  

t r i c h l o r o a c e t y l  a n g u i d i n e  ( 3 1 4 ) .  T h i s  r e p r e s e n t e d  a h i g h l y  

s u c c e s s f u l  a l l y l i c  o x i d a t i o n  an d  an o v e r a l l  y i e ld  o f  4 9 %  f r o m  

a n g u i d i n e .

T h i s  p a r t i a l  s y n t h e s i s  h a s  f u r t h e r  d e m o n s t r a t e d  b o t h  the  

i m p o r t a n c e  o f  a n g u i d i n e  in t r i c h o th e c e n e  c h e m is t ry  and  a l so  the 

s u p e r i o r i t y  o f  d i p y r i d i n e - c h r o m i u m  t r i o x i d e  o v e r  o t h e r  a l l y l i c  

o x i d i s i n g  a g e n t s  f o r  t h e  f o r m a t i o n  o f  r i n g  A e n o n e s  in  th e  

t r i c h o t h e c e n e s  s e r i e s .

T h e  o x i d a t i o n  is b e l i e v e d  to p r o c e e d  by  a b s t r a c t io n  o f  an 

ax ia l  a l l y l i c  h y d r o g e n  to g ive  the  a l ly l i c  r a d i c a l  (317 )  ( S c h e m e  

65)  w h i c h  is  s u b s e q u e n t l y  o x i d i s e d  to  the  e n o n e  (3 1 8 ) .  I t  is 

i n t e r e s t i n g  t o  n o t e  t h a t  th e  i s o m e r i c  e n o n e  ( 3 1 8 a )  w a s  n e v e r  

i s o l a t e d  a n d  t h a t  th e  C l 6 m e t h y l  g r o u p  is u n a f f e c t e d  by  the  

r e a g e n t  as  o x i d a t i o n  t h e r e  r e q u i r e s  f o r m a t i o n  o f  a l e s s  s t a b l e  

p r i m a r y  r a d i c a l .
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1 8

( 3 1 6 ) 

- H »

( 3 1 7 )

■>

( 3 1 7 a )

( 3 1 8 a )

Scheae 65
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2.3 Ring A Enone  Reduct ion  Studies

It was  o bv ious ,  hav ing  syn thes ised  8 -ke toangu id ine  (297) 

th a t  th i s  a l l o w e d  a c c e s s  to the s e r i e s  o f  t r i c h o t h e c e n e s  w h i c h  

p o s s e s s  an 8 a - o x y g e n  func t ion  such  as T-2  tox in  (4) ,  n e o s o la n io l  

(7)  and  H T -2  to x in  (228 )  m e re ly  by s te r e o s e l e c t i v e  r e d u c t i o n  o f  

the e n o n e .

0 A c
( 2 9 7  )

0  A e

HOH

OH
AcO

( 2 2 8  )

HO
l OAc

7

T h a t  t h i s  r e d u c t i o n  c o u l d  i n d e e d  be  a c h i e v e d  s t e r e o -
7 7

se lec t ive ly  was  s how n  when  K aneka  repor ted  that t r ea tm ent o f  the 

enone  (297)  w i th  D IB A L H  produced  the 8 a -  and 8p-alcohols in yields
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of  39%  an d  18% r e s p e c t i v e l y  (S c h e m e  66).  T h i s  r e s u l t  is in 

a g r e e m e n t  w i th  the fac t  that  the |3-face o f  the m o le c u le  is m o re  

acc e s s ib le  than  the a  face due to the C15 ace tate.

0  A c
AcO

( 2 9 7 )

I

HO

AcO

( 7 )

"HOH

HO

( 3 0 3  )

f ; D I B A L H  , T H F

Scheae 66

T h e  s t e r e o c h e m ic a l  ou tcom e o f  such  a reduc t ion  w as  d i rec t ly  

r e l e v a n t  to  o u r  g r o u p s  a p p r o a c h  to T -2  t e t r a o l  (19 )  in  th a t  the  

8 a - a l l y l i c  a l c o h o l  o f  th is  m o l e c u le  w o u ld  be in t r o d u c e d  by  th i s  

m e t h o d .  T h e r e f o r e  q u a n t i f i c a t i o n  o f  the  r a t i o  o f  8 a -  an d  8 f$- 

a l c o h o l s  p r o d u c e d  by r e d u c t io n  o f  the en o n e  was  r e q u i r e d  as w e l l  

as e x p e r i m e n t a t i o n  to  a c h i e v e  s t e r e o s p e c i f i c i t y  in the  r e d u c t i o n .  

In th a t  q u a n t i f i c a t i o n  o f  the ra t io  o f  8 a -  to 8 |3-ep imers  w o u ld  be  

d e t e r m in e d  by  gas  c h ro m a to g rap h ic  analys is  it was  d e e m e d  p ru d e n t  

to a c e t y l a t e  the  c r u d e  r e d u c t i o n  p r o d u c t  in o r d e r  to m a k e  g .c .  

a n a l y s i s  m o r e  p r a c t i c a l .  F o r m a t i o n  o f  the  t e t r a - a c e t a t e s  w a s  

a l so  a t t r a c t i v e  f r o m  the  p o in t  o f  v ie w  tha t  the  8 a - a c e t a t e  (3 1 9 )



( 3 2 0  )

I ; N o B H

( 3 2 1 )

9 7

, CaC I 3 , MaOH

S ch ea e  67

( 3 2 2  )

3
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w as  in f a c t  the  t e t r a - a c e t a t e  o f  T -2  t e t r a o l ,  the t a r g e t  o f  o u r  

t o t a l  s y n t h e s i s .

H

( 1 9 )
T - 2  T E T R A O L

T h e  r e d u c t i o n  o f  e n o n e s  to a l l y l i c  a l c o h o l s  is  o f t e n  

c o m p l i c a t e d  by  the  p r o b l e m  o f  1,4 v e r s u s  1,2 h y d r i d e  a d d i t i o n .  

T h i s  c a n  be p r e v e n t e d  by the  use  o f  s o d iu m  b o r o h y d r i d e  in the 

p r e s e n c e  o f  l a n t h a n i d e  s a l t s ,  i n  p a r t i c u l a r  c e r i u m  

t r i c h l o r i d e . *  W i t h  th i s  r e d u c i n g  s y s t e m  the  r a t i o  o f  1,2

add i t ion  o v e r  1,4 add i t ion  to cyc lopen tenone  was  97:3 (S chem e  67). 

L u c h e  h a s  e x p l a i n e d * * ^  the  r e g io s e l e c t i v i t y  o f  th i s  r e d u c t i o n  in 

t e r m s  o f  th e  H a r d - S o f t  a c i d  a n d  b as e  t h e o ry .  K i n e t i c  d a t a
•5 i

s u g g e s t e d  th a t  th e  Ce w as  n o t  c o m p le x in g  w i th  the  e n o n e  b u t  

r a th e r  c a t a ly s in g  the deco m p o s i t io n  o f  B H ^ “ to a lk o x y b o ro h y d r id es ,  

and  th a t  i t  w a s  the  a l k o x y b o ro h y d r i d e s  w h ic h  w ere  e f f e c t i n g  the 

r e d u c t i o n .  A l k o x y b o r o h y d r i d e s ,  b e in g  ‘harder*  th a n  b o r o h y d r i d e ,  

a t t ack  the  e n o n e  at the h a rd  ca rbony l  ca rbon  o f  the enone .

T rea tm e n t  o f  the enone  (297) wi th sodium borohydride (Scheme 

6 8 )  in  t h e  p r e s e n c e  o f  1 e q u i v a l e n t  o f  C e C l ^  at  - 7 8 ° C  a n d  

a c e t y l a t i o n  o f  the  c ru d e  r e a c t io n  m ix tu r e  gav e  by t . l . c  a n a l y s i s ,  

two c o m p o u n d s  o f  R^s 0 .29  and  0.24,  w i th  the less po la r  c o m p o u n d  

a p p a r e n t l y  in  e x c e s s .  I s o l a t i o n  o f  th e s e  tw o  c o m p o u n d s  by  

p o s i t iv e  p r e s s u r e  c h ro m a to g ra p h y  and  co m p ar i s o n  o f  the i r  *H n m r  

s p e c t r a  w i t h  t h o s e  o f  t h e  8<x t e t r a a c e t a t e  as  q u o t e d  in  th e



l i t e r a t u r e  , s u g g e s t e d  tha t  the m ino r  p r o d u c t  was  the r e q u i r e d  

8 a - c o m p o u n d  (319)  and that the major  p roduc t  was in fact  the u n 

n a tu ra l  p - e p im e r  (323)  iso la ted  in 70% yie ld.

0  A c

( 2 9 7  )

A c 0A c O
'OAc AcOAcO

( 3 2 3 )( 3 1 9 )

1 ; N a  BH ^ , CeC I 3 , M * 0 H  
I I ; A c 2 0  , P y

S c h e m e  6 8

T his  co m p o u n d  w as  shown to be identica l  to the c o m p o u n d  

p r o d u c e d  b y  a c e t y l a t i o n  o f  th e  p r o d u c t  o f  s e l e n i u m  d i o x i d e  

o x id a t i o n  o f  a n g u id in e  w h ic h  g ives  exc lu s ive ly  the 8 0 - e p im e r ,  the 

s e l e n i u m  d i o x i d e  h a v i n g  e f f e c t e d  o x id a t io n  o f  C8 f ro m  the  m o re  

a c c e s s ib le  0 - f a c e  (S c h e m e  69).

AcO

AcO
( 3 2 3  )

OAc
AcO

( 2 9 7  )

1 ; S e 0 2 , D ! o x a n e , H 2 0

I 1 ; A c 2 0 , P y

Scheme 69
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T h e s e  e p i m e r s  (319)  and (323)  were  c l ea r ly  d i s t i n g u i s h a b le  

by *H n m r  s p e c t r o s c o p y  in tha t  the 8 a - o r i e n t a t e d  e p i m e r  (3 1 9 )  

s h o w e d  in the  r e g io n  o f  85 .0  to 5.8 ppm  c l e a r ly  d e f in e d  s ig n a l s  

for  the p r o to n s  on  C3 (5.17  ppm,  dd 4.9,  3.3 Hz),  C8(5 .23  ppm ,  

bd; 5.2  Hz),  C 10(5 .73  ppm,  dt; 5.8 and 1 Hz) and C4(5 .80  ppm ,  d;

3.3 H z)  w h e re a s  the 8 p -e p im e r  show ed  the C8 p ro ton  and  the CIO 

p r o to n s  to be m a s k e d  by the s igna ls  fo r  C 3(5 .19  dd,  J = 4.8 and  

3.5 Hz) and  C4(5 .61  d) r espect ive ly .

H a v in g  i s o la te d  the 8 a -  and 8j3-epimers gas c h ro m a to g rap h ic  

a n a l y s i s  o f  the  p r o d u c t  m i x tu r e  o f  the  r e d u c t io n  an d  a c e ty l a t i o n  

o f  (297)  fo r  va r ious  reduc ing  agen ts  could  be per fo rm ed .  U s ing  a 

C P S i l  19C B. c o l u m n ,  the 8 p - a c e t a t e  e x h i b i t e d  a r e t e n t i o n  t im e  

s l i g h t l y  l e s s  t h a n  th a t  o f  the  8 a - a c e t a t e .  H o w e v e r  b a s e  l ine  

s e p a r a t i o n  c o u l d  n o t  be  ach ie v e d  and  h e n c e  the  ra t io s  o f  8 a -  to 

8 p - a c e t a t e s  q u o t e d  h e r e i n  w e r e  d e t e r m i n e d  by  m e a s u r i n g  p e a k  

h e i g h t s .

R e p e a t i n g  the  L u c h e  r e d u c t io n  o f  the enone  (297 ) ,  the ra t io  

o f  8 a -  to 8 P - e p im e r s  w as  found  to be 1:16.8 (Tab le  1) in d i c a t i n g  

that  th is  r e a g e n t  h a d  added  hydr ide  ion  f rom the m ore  h inde re d  a -  

face  o f  t h e  m o l e c u l e .  S o d iu m  b o r o h y d r id e  a t t a c k e d  the  e n o n e  

p r e f e r e n t i a l l y  f ro m  the oppos i te  P-face to the Luche  sys tem  g iv ing  

a r a t i o  o f  8 a -  to 8 P -a c e t a te s  o f  1.7:1.

T h e  r e s u l t s  o f  the  L u ch e  r e d u c t io n  are in c o n t r a s t  to w h a t  

on e  w o u l d  e x p e c t  t h e o r e t i c a l l y .  I f  a l k o x y b o r o h y d r i d e s  a re  

i n d e e d  t h e  r e d u c i n g  a g e n t s  in  t h i s  s y s t e m  t h e n  t h e i r  g r e a t e r  

s ter ic  b u lk  c o m p a re d  to BH^"  wou ld  surely resu lt  in them  a t tack ing  

the e n o n e  w i th  e v e n  g r e a t e r  p r e f e r e n c e  than  B H ^  f ro m  the le ss  

h i n d e r e d  p - f a c e .  T h e  s t e r e o s e l e c t i v i t y  o f  th i s  r e d u c t i o n  s y s t e m



121

was observed  by Luche who found that the presence of  C e 3+ enhanced

the p r e f e r e n c e  f o r  f o r m a t i o n  o f  the e q u a t o r i a l  a l c o h o l  in m o re

t h a n  h a l f  o f  t h e  e n o n e s  s t u d i e d 1 1^.  In  the  t r i c h o t h e c e n e  

r e d u c t i o n  the r e a c t io n  has  also p r o c e e d e d  wi th  p r e f e r e n c e  fo r  the 

f o r m a t i o n  o f  an  e q u a t o r i a l  a l c o h o l ,  e v e n  w h e n  s t e r i c a l l y  an  

a p p r o a c h  r e s u l t i n g  in f o r m a t i o n  o f  the a x ia l  a l c o h o l  w o u l d  be 

p r e f e r r e d .  A h n  has  s u g g e s t e d 117 th a t  the  s t e r e o s e l e c t i v i t y  

o b s e r v e d  in  th e  r e d u c t i o n  o f  c y c l o h e x a n o n e s  is r e l a t e d  to the  

ha rd n es s  o f  the  h y d r id e  com pound ,  the ha rde r  the reagen t  the m ore  

an  a x i a l  a p p r o a c h  g e o m e t r y  is  p r e f e r r e d .  T h i s  m a y  be an  

e x p l a n a t i o n  to the  o b s e r v e d  s t e r e o s e l e c t i v i ty  in  th is  s tudy .

R e p e a t in g  the D IBA L H  reduct ion  repor ted  by K aneka  fo l lowed

by  a c e t y l a t i o n  a n d  g .c .  a n a l y s i s  r e v e a l e d  th a t  i n d e e d  th e  8 a -

e p i m e r  is  f o r m e d  in e x ce ss  w i th  a ra t io  o f  8 a -  to 8 p - a c e t a t e s  o f  

2 .5 :1  b e i n g  o b s e r v e d .  I t  w a s  a p p a r e n t  t h a t  e x c e p t  f o r  the  

a n o m a lo u s  r e s u l t  o b ta in e d  wi th  the Luche  r educ t ion ,  inc reas ing  the 

s ize  o f  th e  r e d u c i n g  a g e n t  r e s u l t e d  in a g r e a t e r  s e l e c t i v i t y  fo r  

the  8 a - e p i m e r ,  t h e r e f o r e  u s in g  a b u l k i e r  r e a g e n t  t h a n  D I B A L H  

s h o u ld  g i v e  e v e n  g r e a t e r  s e l e c t iv i ty .

L i t h i u m  S ^ l e c t r i d e 118 in  m a n y  c a s e s  g i v e s  v e r y  h i g h  

s t e r e o s e l e c t i v i t y  in  the  r e d u c t i o n  o f  c a r b o n y l  c o m p o u n d s  d u e  to 

its s ize .  I n d e e d  t r e a tm e n t  o f  the en o n e  w i th  2.5 e q u i v a l e n t s  o f  

l i t h i u m  S e l e c t r i d e  at - 7 8 ° C  f o l l o w e d  by  a c e ty l a t i o n  g a v e  a 7 2%  

y ie ld  o f  e x c l u s i v e l y  the 8 a - a c e t a t e  (319).

T h u s  a m e t h o d  h a d  b e e n  f o u n d  f o r  t h e  s t e r e o s p e c i f i c  

r e d u c t io n  o f  the  r ing  A en o n e  o f  the t r i cho thec enes  to the na tu ra l  

8 a - a l l y l i c  a l c o h o l .  T h i s  m e t h o d  w o u l d  be  u t i l i s e d  in  th e  

s y n th e s i s  o f  T -2  t e t r a o l .  (The  re su l t s  are s u m m a r i s e d  in T a b l e  

1 ).
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TABLE 1 SUMMARY OF GC RESULTS

( 2 9 7  )

AcO'
OAc

AcO

+

REDUCING AGENT

( 3 1 9 )

AcO
A«

AcO

RATIO (BY G . C . ).

( 3 2 3  )

Nq BH4 . C t C I 3 , MtOH

Nq BH4 , M#0H

DIBALH

L - S t I t c  t r I d t

1

1 . 7

2 . 5 

1

1 6 . 8

1

1

O

( 3 0 5  )

AcO'
OAc

AcO

>••110 Ac "1“

( 3 1 9 )

AcO
OAe

AcO

( 3 2 3 )

DIBALH

L - S t l c e t r l d «

2 . 1

1

1

0
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D u r i n g  the c o u r s e  o f  this  i n v e s t i g a t io n  K ra u s  r e p o r t e d ^ ^  

tha t  the  D I B A L - D  r e d u c t io n  o f  the t r i - ace ta te  (324 )  g a v e  a 56% 

y i e l d  o f  e x c l u s i v e l y  the  8 a - a c e t a t e  ( 3 2 5 )  (S c h e m e  70 ) .  T h i s  

s u g g e s t e d  t h a t  t h e  C3 a c e t a t e  w as  i n d u c i n g  s t e r e o s e l e c t i v i t y ,  

p r e s u m a b l y  by  e f f e c t i n g  a co n fo rm a t io n a l  change  in the m o le c u le  

that e xc luded  D IB A L  reduct ion from the more hindered  a  face.

OAc OAc
AcO

( 32 5)

I ; D I B A L -  D

AC* ° >Py Scheae 70

H o w e v e r ,  in o u r  hands  D IB A L -H  red u c t io n  o f  the t r i a ce ta te  

(305)  g a v e  by  g.c.  ana lys i s  a 2.1:1 m ix tu re  o f  8 a -  and  8(3-epimers 

r e s p e c t i v e l y  t h u s  c o n t r a d i c t i n g  K r a u s ’s f i n d i n g s .  S e l e c t r i d e  

r e d u c t i o n  o f  the  t r i a c e t a te  (305)  gave  ex c lu s iv e ly  the 8 a - e p i m e r .
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2.4 S y n th e s i s  o f  T-2 T e t r a o l

H a v i n g  s y n t h e s i s e d  the  o l e f i n  d io l  ( 2 9 4 )  by  the  r o u t e  

d e s c r i b e d  in  c h a p t e r  2 .1 ,  F .W .  K e r r  w a s  a b l e  to c a r r y  th e  

s y n t h e s i s  f o r w a r d  to the  a d v a n c e d  i n t e r m e d i a t e  (3 2 7 )  ( S c h e m e  

7 1 ) .

S I 0 OH
( 2 9 4 )

-HO H

S I 0 OH
( 3 2 5  ) 

1 1 , 1 1 1

OAc

AcO
OAc

*____

( 3 2 7 )

AcO

AcO
OAc

OAc

S I O'
OAc

( 3 2 6 )

i ; M• 0 H , PPTS 
I I ; mCPBA , N a 2 H P 0 4 , CH2 C I 2 

. I I I ;  A c 20 , Py
I v ; B u 4 N F . 3 H 2 0 , THF

( 3 1 9 )

Scheme 71
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D e k e ta l i s a t io n  o f  (294) with  me thanol  and PPTS,  e p o x id a t io n  

w i th  m C P B A  and ace ty la t ion  gave the epoxide  (326).  D es i ly la t ion  

and  a c e t y l a t i o n  f u r n i s h e d  the t r i a c e t a te  (327)  at w h ic h  p o in t  his  

i n v o l v e m e n t  in the s y n th es i s  ended .  My b r i e f  was  th e re fo re  to 

c o m p l e t e  t h e  s y n t h e s i s  o f  T - 2  t e t r a o l  f r o m  th e  i n t e r m e d i a t e  

( 3 2 7 ) .

In tha t  on ly  7m g  o f  the racemic  ke tone  (327) were  avai lab le

f r o m  the  s y n t h e s i s ,  the  f i r s t  o b s ta c l e  on  the  r o a d  to T -2  t e t r a o l

w a s  t h a t  o f  o b t a i n i n g  s u f f i c i e n t  m a t e r i a l  to  c o m p l e t e  t h e

s y n th es i s .  T h e  ke to n e  (327) cou ld  be ob ta ined  f rom  isoprene  and

c o u m a l y l  c h l o r i d e .  H o w e v e r  as th is  in v o lv ed  28 s y n th e t ic  s teps

a n d  a n  i n e v i t a b l e  l o w  y i e l d  th i s  w as  d e e m e d  i m p r a c t i c a l .  A

s e c o n d ,  m u c h  m o r e  a t t r ac t iv e  rou te  to the ke to n e  w as  e n v i s io n e d .

T h i s  i n v o l v e d  a p a r t i a l  s y n th e s i s  o f  (327 )  f rom  re a d i ly  a v a i l a b l e

a ngu id ine  (34)  (S chem e  72).  A ce ty la t ion  o f  anguid ine  fo l low ed  by

d ip y r id in e  c h r o m i u m  t r iox ide  ox ida t ion  gave the enone  (305)  w h ich
1 70on p a l l a d i u m - c a t a l y s e d  h y d r o g e n a t i o n 1 v in ace t ic  ac id  gave  the 

k e t o n e  as a  w h i t e  c r y s t a l l i n e  s o l id  in  an  o v e r a l l  y i e ld  o f  4 9 %  

f rom  a n g u i d in e .  T h i s  k e tone  by 200  M H z  XH nm r  sp e c t ro s c o p y  

a p p e a re d  to be a s ing le  C9 e p im e r  as show n  by a double t  (J = 6.5 

Hz)  at  1.0 p p m  fo r  the C l 6 me thy l  group .  I t was id en t ica l  w i th  

th e  k e t o n e  s y n t h e s i s e d  f r o m  c o u m a l y l  c h l o r i d e  in  a l l  r e s p e c t s  

e x c e p t  t h a t  t h i s  p a r t i a l l y  s y n t h e s i s e d  k e t o n e  w a s  h o m o c h i r a l ,  

d i s p l a y i n g  a n  o p t i c a l  r o t a t i o n  o f  + 4 3 . 8 3 ° .  T h i s  p a r t i a l  

s y n t h e s i s  t h e r e f o r e  p r o v i d e d  an  e f f e c t i v e  s o l u t i o n  to  t h e  f i r s t  

p rob lem .

T h e  s e c o n d  p ro b le m  was  fo rmat ion  o f  the r ing  A enone  w hich  

f r o m  th e  w o r k  d e s c r i b e d  in  c h a p t e r  2.3 s h o u ld ,  on  l i t h i u m

S e l e c t r i d e  r e d u c t i o n ,  f u r n i s h  the  ot— o r i e n t a t e d  a l c o h o l  at  C8
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AcO OAc
( 3 4 )

AcO OAc
( 5 4 )

I 1

OAc

Ac O
OAc

( 3 2 7  )

i I I
OAc

AcO
OAc

( 3 0 5  )

S e P h

AcO OAc
( 3 2 8  )

I ; A c 2 0 , P y r i d i n e  
I I ; C r 0 3 . P y 2 , CH2 C I 2 

I i f ; H9 , P d / c  , AcOH

Scheae 72



127

r e q u i r e d  fo r  T -2  t e t r a o l .

T h e  f o r m a t i o n  o f  e n o n e s  f r o m  k e t o n e s  h a s  b e e n  w e l l  

d o c u m e n t e d  in the l i t e r a tu r e ,  w i th  m a n y  o f  the en o n e  f o rm a t io n s  

i n v o l v i n g  the  ^ - e l i m i n a t i o n  o f  ox ides  and es te r s  o f  s e l e n i u m  and  

s u l p h u r  s u b s t i t u e n t s ,  a -  to c a r b o n y l s .  T h i s  m e t h o d o l o g y  w a s  

d e v e l o p e d  m a i n l y  by  R e i c h 121 an d  S h a r p l e s s 122 f o l l o w i n g  an
i 9 1

o b s e r v a t i o n  by  J o n e s  J  t h a t  d u r i n g  a s y n t h e s i s  o f  s t e r o i d a l  

se lenox ides  (330) (Schem e 73) the se lenoxide  decom posed  readi ly  to 

the o le f in  (331)  by a syn  e l im ina t ion  m echan ism.

H S a ( 0 ) PhS e P h 

( 3 2 9  ) ( 3 3 0  ) ( 3 3 1  )

r ; 0 3 , c h 2 c 1 j  ( - 7 8  ° c )
I I ; CH2 C I 2 ( - 7 8 - ^ 2 5  ° C)

S ch ea e  73

In  the  k n o w l e d g e  tha t  a - s e l e n o  d e r iv a t iv e s  o f  k e t o n e s  w e re  

f o r m e d  r e a d i ly  by  q u e n c h in g  the ke tone  eno la te  w i th  s e lenoha l ide s ,  

R e i c h  w a s  a b l e  to  c o n v e r t ,  fo r  e x a m p le ,  p r o p i o p h e n o n e  (332 )  to
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aery lo p h e n o n e  (334)  by oxida tion  o f  the selenide (333) with  sod ium 

per ioda te  (S ch em e  74).

Se Ph

(  ̂3 2 ) ( 3 33 ) ( 33 4)

I ; *P r 2 N L I , T H F ( - 7 8 * C )  
i I ; P h S « B r , T H F ( - 7 8 ° C )  

l l l ; N a l 0 4 , Me 0 H / H 2 0 , N a H C 0 3 ( 2 0 o C)

Scheme 74

In  a r e l a t e d  p ro c e d u re ,  T ros t  p r o d u c e d 1^ 4 the a , p  

u n s a t u r a t e d  d e r i v a t i v e s  o f  a n u m b e r  o f  k e t o n e s  b y  a 

s u lp h e n y l a t i o n ,  o x id a t io n  and  e l im in a t io n  p ro c e d u re  (S ch em e  75).

f , f I

( 3 3 5  )

I,f ; P r 2 NL I , THF 
I 1 ; P h S S P h  , THF

I I I ; No I 0 4 , MiOH

SPh

( 3 3 6  )

( 33 8 )

Scheme 75
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W ith  nu m e ro u s  exam ples  o f  this p rocedure  ci ted ,  the p rob lem  

o f  e n o n e  f o r m a t i o n  a p p e a r e d  to be one  o f  f o r m i n g  the 9 - s e l e n o  

d e r iv a t iv e  (328)  o f  the ke tone  (327) (Scheme 72).

1 2^S h a r p l e s s  h a d  s h o w n  th a t  a - s e l e n y l a t i o n  o f  e n o l i s a b l e  

k e t o n e s  c o u l d  be  a c h i e v e d  by s im p ly  s t i r r ing  the k e t o n e  ( in  his  

e x a m p l e  ( 3 3 9 )  ( S c h e m e  76 ) )  in e th y l  ace ta te  in the  p r e s e n c e  o f  

p h e n y l s e l e n y l  c h l o r i d e .  O x i d a t i o n  o f  the  s e l e n i d e  ( 3 4 0 )  w i th  

h y d r o g e n  p e r o x i d e  g a v e  the u n s a t u r a t e d  k e t o n e  (3 4 1 ) .  T h i s  

s im ple  p ro c e d u re  p re sum ab ly  occurs  v ia  the enol  fo rm o f  the ke tone  

and  o ccu r s  r a p id ly  due  to the fo rm at ion  o f  hydroch lo r ic  ac id  w h ich  

w o u l d  c a t a l y s e  th e  k e to - e n o l  e q u i l ib r a t io n .

hS

( 3 3 9  )

I ; P h S a C I , E t 0 A c 

1 I ; H2 0 2

( 3 4 0 )

3 4 1  )

Scheae 76
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It w as  h o p e d  tha t  in the s y n th e s i s  in h a n d ,  s e l e n y l a t i o n  

w o u l d  p r o c e e d  v i a  the  t h e r m o d y n a m i c a l l y  m o r e  s t a b l e  m o r e  

s u b s t i t u t e d  e n o l  ( 3 4 3 )  and  thus  p ro v id e  some r e g i o s e l e c t i v i t y  in 

t h i s  s t e p .

H

( 3 4 3 )

A s im p le  m o d e l  s tudy  us ing  2 m e thy l  cyc lohexanone  (242) 

d id  n o t  p r o v i d e  e n c o u r a g in g  resu l t s  (S ch em e  77).  On  s t i r r in g  

2 - m e t h y l  c y c l o h e x a n o n e  in e th y l  ac e ta t e  in  the  p r e s e n c e  o f  1.1 

e q u i v a l e n t s  o f  p h e n y l s e l e n y  1 c h l o r i d e ,  th e  d e e p  r e d  s o l u t i o n  

d e c o lo u r i s e d  in  a pp rox im a te ly  one hour .  Exam ina t ion  o f  the crude 

produc t  by *H nm r  spect roscopy  showed a singlet at 1.4 ppm  and was 

a s s i g n e d  t o  t h e  m e t h y l  g r o u p  o f  2 - p h e n y l s e l e n y l - 2 -  

m e th y lc y c lo h e x a n o n e  (345) .  H owever  also presen t  was  a double t  at

1 .0 5  p p m  w h i c h  w a s  a s s i g n e d  to  t h e  m e t h y l  g r o u p  o f  6 -  

p h e n y l s e l e n y l - 2 - m e t h y l c y c l o h e x a n o n e  (344).  I n te g ra t io n  o f  these  

s ig n a l s  s h o w e d  a r a t i o  o f  1.2:1 in f a v o u r  o f  the 2 - p h e n y l s e l e n y l  

d e r iv a t iv e  (345 ) .  : O x id a t io n  o f  the crude  p roduc t  w i th  o zo n e  and  

d i s t i l l a t io n  gave  a m ix tu re  o f  the tw o endocyc l ic  enones  (346)  and  

( 3 4 7 ) .
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( 2 4 2 )

I ; P h S e C I  , E t OAc  

I ; 0 3 , C H 2 C I 2 ( - 7 8 # C - > r t )

S e P h

( 3 4 4  ) 

1

( 3 4 5  ) 

1 . 2

I I

( 3 4 6  ) ( 3 4 7  )

Scheme 77
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T he  H n m r  s p e c t ru m  of  the d i s t i l l a t io n  m ix tu re  s h o w e d  a 

d o ub le t  o f  t r ip le  doub le ts  (J = 10, 4 and 1.2 Hz) at 6.91 ppm  and 

a d o u b le t  o f  t r ip le ts  (J = 10 and 2 Hz) at 5.97 ppm ,  these s ignal s  

be ing  a s s ig n e d  to the C5 and C6 protons  respec t ive ly  o f  the 5-ene  

i som e r  (346) .  A m u l t ip le t  r esonating  at 6.72 ppm was ass igned  to 

the C3 p r o t o n  o f  the 2 -ene  i s o m e r  (347) .  I n t e g r a t i o n  o f  these  

s ig n a l s  i n d i c a t e d  tha t  the de s i r ed  2-ene  i som er  was  in on ly  s l igh t  

e x c e s s .

AcO

( 3 2 7  )

I n  s p i t e  o f  t h i s  r e s u l t  the  k e t o n e  ( 3 2 7 )  w a s  s t i r r e d  in  

e th y l  a c e t a t e  in  the  p r e s e n c e  o f  p h e n y l s e l e n y l  c h lo r id e ,  bu t  e v e n  

a f te r  48  h o u r s  the s o lu t io n  r e m a in e d  a deep  red  c o lou r  in d i c a t i n g  

tha t  th e  s e l e n y l  c h l o r i d e  w as  u n r e a c t e d .  I t  a p p e a r e d  th a t  the  

s e l e n i d e  w o u l d  h a v e  to be f o rm e d  v ia  the en o la te  o f  the  k e to n e .  

( 3 2 7 ) .  T h e r m o d y n a m i c  e n o l a t e s  c an  be f o r m e d  e i t h e r  by  the 

e q u i l i b r a t i o n  o f  t h e  k i n e t i c  an d  t h e r m o d y n a m i c  e n o l a t e s  o r  by  

t r a p p i n g  t h e  t h e r m o d y n a m i c  e n o l a t e  as the s i l y l  e n o l  e t h e r  as 

d e s c r ib e d  by  H o u s e  an d  S to r k . 82,83 Once  aga in ,  u s ing  2 -m e th y l  

c y c lo h e x a n o n e  as a  m ode l ,  the f irs t  m e thod  was a t tempted .

L i t h i u m  d i i s o p r o p y l a m i d e  ( 0 . 9  e q u i v a l e n t s ) ,  w a s  a d d e d  

d r o p w is e  to  a s o lu t i o n  o f  (242)  at - 7 8 ° C  and  this  m ix tu r e  s t i r r ed  

for  4 h o u r s  to a l l o w  e q u i l ib r a t io n .  H o w e v e r ,  on  q u e n c h i n g  the 

r e a c t i o n  w i t h  p h e n y l s e l e n y l  c h l o r i d e ,  the p r o d u c t  a p p e a r e d  to  be 

e x c l u s i v e l y  t h e  C 6 - s e l e n i d e  ( 3 4 4 ) .  I n d e e d  o x i d a t i o n  w i t h
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h y d r o g e n  p e ro x id e  gav e  exc lu s ive ly  the u n s u b s t i tu t e d  e n o n e  (346)  

(Scheme 78).

0 0 0

( 2 4 2 )  ( 3 4 4 )  ( 3 4 6 )

I ; 1P r 2 N L I , T H F ( - 7  8 °  C , 4 h r s )
I I ;  P h S e C  I , THF 

M l ;  H2 0 2 / P y , C H 2 C I 2 ( 0 ° C )

Schene 7 8

A s  t h e  p o t a s s i u m  e n o l a t e  is r e p o r t e d  to e q u i l i b r a t e  m o r e  

read i ly  t h a n  the  l i t h iu m  en o la te  the above  p ro c e d u re  w as  r e p e a t e d  

u s i n g  p o t a s s i u m  h e x a m e t h y l d i s i l a z i d e  to  g e n e r a t e  the  e n o l a t e .  

(S chem e  79).  S e le ny la t ion  and  ox ida t ion  gave  a p roduc t  mix ture ,  

n m r  s p e c t r a l  a n a l y s i s  o f  w h i c h  s h o w e d  th a t  i n d e e d  b o t h
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e n d o c y c l i c  e n o n e s  (346)  and (347) were p resen t  but  in a ra t io  o f  

1:1.8 in f a v o u r  o f  the undes i red  unsubs t i tu ted  enone  (346) .

( 2 * 2 ) ( 3 4 4 )  ( 2 4 5 )

Sch 79

i i

I I

KHMDS . THF ,  ( - 7 8  " c , 4 h r s )
PhSe C. I  , THF
H2 0 2 / P y , C H 2 C I 2 ( 0 *C)

+

( 3 4 6  ) 

1 . 8

( 3 4 7 )  

1

A t t e n t i o n  t u r n e d  to f o r m a t io n  o f  the  t h e r m o d y n a m i c  s i ly l  

e n o l  e t h e r  ( 3 4 8 )  o f  the  k e t o n e  (3 2 7 )  e m p l o y i n g  the  c o n d i t i o n s  

d e s c r i b e d  b y  S t o r k  a n d  H o u s e ,  i . e .  t r e a t i n g  th e  k e t o n e  w i t h  

t r i e t h y l a m i n e  and  c h l o ro t r im e th y l s i l a n e  fo r  48 ho u rs  in r e f lu x i n g  

dime thy l fo rm amide .

OAc

AcOOAc
Ac O

( 3 2 7  )

Scbeae 80
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H o w e v e r ,  e m p l o y i n g  the  n o r m a l  i s o l a t i o n  p r o c e d u r e ;  

d i lu t ion  w i th  pen tane  and wash ing  with aqueous  sod ium b icarbona te  

g a v e  a v e r y  l o w  r e c o v e r y  o f  s t a r t i n g  m a t e r i a l .  A g r e a t e r

r e c o v e r y  o f  s t a r t i n g  m a t e r i a l  w a s  a c h i e v e d  by e t h y l  a c e t a t e  

e x t r a c t i o n  o f  the aq u eo u s  w ash es ,  ind ica t ing  the low so lu b i l i ty  o f  

t h e  k e t o n e  a n d  p r e s u m a b l y  th e  s i l y l  e n o l  e t h e r  in  p e n t a n e .  

E m p l o y i n g  d i e t h y l  e t h e r  as  the  s o l v e n t  o f  e x t r a c t i o n  in  the  

i s o l a t i o n  o n ly  s ta r t in g  m a te r ia l  w as  recove red .  It w as  ap p a re n t  

t h a t  th e  p o l a r i t y  o f  the  t r i c h o t h e c e n e s  r e q u i r e s  a p o l a r  s o l v e n t  

f o r  t h e i r  e x t r a c t i o n  f r o m  the  r e a c t i o n  m i x t u r e ;  h o w e v e r ,  th i s  

f a c i l i t a t e s  h y d r o l y s i s  o f  a n y  s i l y l  e n o l  e t h e r  t h a t  m a y  be  

p r e s e n t .

W i t h  th e s e  d i s a p p o i n t i n g  r e s u l t s  in m i n d ,  a t t e n t i o n  t u r n e d  

o nce  m o r e  to the s e len y la t io n  p ro c e d u re  o f  Sharp less .  T h e  fac t  

t h a t  t r e a t m e n t  o f  the k e to n e  w i th  p h e n y l s e l e n y l  ch lo r id e  g a v e  no  

r e a c t i o n  s u g g e s t e d  th a t  e i th e r :

1) T he  C9  pos i t ion  was  too h indered  to al low rap id  

a t t a c k  by  the  s e le n y l  ha l ide  

or  2)  T h e  k e t o -e n o l  tau tom er i sa t ion  was  slow.

E x a m in a t io n  o f  m o le c u la r  m ode ls  p ro v id ed  no  obv ious  ev idence  for  

the  f o r m e r ,  h e n c e  the  l a t t e r  was  i n v e s t ig a t e d .  In  tha t  it  w as  

p e r c e i v e d  th a t  the  h y d ro c h lo r i c  ac id  p ro d u c e d  in the  r e a c t io n  acts  

as  a  c a t a l y s t  f o r  s u b s e q u e n t  s e l e n y l a t i o n s ,  t h e n  p o s s i b l y ,  

a d d i t i o n  o f  a c i d  to  the  r e a c t io n  m i x tu r e  m a y  c a t a l y s e  the  k e t o -  

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

T h e r e f o r e  t h e  k e t o n e  w a s  s t i r r e d  in e t h y l  a c e t a t e  w i t h  f r e s h  

p h e n y l s e l e n y l  ch lo r id e  in the p resence  o f  a 20% mol  e q u i v a l e n t  o f  

PPTS and  the  r e a c t io n  was  fo l lo w ed  by t . l .c .  ana lys i s ;  a f te r  19 

h o u r s ,  in  a d d i t i o n  to  t h e  s t a r t i n g  m a t e r i a l  (R^  0 . 3 3 )  a s e c o n d  

spo t  h a d  a p p e a r e d  ( R f  0 .41 ) .  A f t e r  39 h o u r s  s t i r r i n g  i t  w as



136

a p p a r e n t  t h a t  v e r y  l i t t l e  s t a r t i n g  m a t e r i a l  r e m a i n e d ;  h o w e v e r  

s e v e ra l  o t h e r  c o m p o u n d s  in add i t ion  to the o r ig in a l  p r o d u c t  were 

b e g in n in g  to appea r .  The  reac t ion  was  s topped  and the p ro d u c t  

m i x t u r e  w a s  s u b j e c t e d  to d ry  c o l u m n  f l a s h  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 .  *H n m r  s p e c t r a l  a n a ly s i s  o f  the o r ig i n a l  p r o d u c t  

( R f  0 . 4 1 )  r e v e a l e d  tha t  it was  inde ed  the r e q u i r e d  p h e n y l s e l e n y l  

d e r iv a t iv e  (328 )  o f  the k e tone ,  i so la ted  in a y ie ld  o f  67%.

D u e  to  t h e  f o r m a t i o n  o f  o t h e r  p r o d u c t s  o n  p r o l o n g e d  

s t i r r i n g ,  i t  w a s  f o u n d  th a t  to a c h i e v e  the h i g h e s t  y i e ld s  o f  the  

s e l e n i d e ,  the  r e a c t i o n  h a d  to be s to p p e d  a f t e r  a p p r o x i m a t e l y  40  

h o u r s  a n d  t h i s  u n f o r t u n a t e l y  l e d  to r e c o v e r y  o f  s o m e  s t a r t i n g  

m a te r i a l .  O n e  p o s s ib le  ex p la n a t io n  for  the ap p ea ran ce  o f  the se  

i m p u r i t i e s  is  t h a t  in  th e  a c i d i c  c o n d i t i o n s  o f  t h e  r e a c t i o n ,  

a p o t r i c h o t h e c e n e  r e a r r a n g e m e n t  of. b o t h  s t a r t i n g  m a t e r i a l  a n d  

p r o d u c t  c o u l d  o c c u r ;  t h i s  p o s s i b i l i t y  w a s  n o t  i n v e s t i g a t e d  

t h o r o u g h l y .

H a v i n g  i n t r o d u c e d  t h e  p h e n y l s e l e n y l  g r o u p  w i t h  t o t a l  

r e g i o s e l e c t i v i t y ,  al l  tha t  r e m a in e d  for  the fo rm a t io n  o f  the e n o n e  

w a s  o x i d a t i o n  to  th e  s e l e n o x i d e  a n d  e l i m i n a t i o n .  I n d e e d

t r e a t in g  the  s e l e n i d e  w i th  e i th e r  o z o n e ^ ^  at - 7 8 ° C  and  a l lo w in g  

the s e l e n o x i d e  (349 )  (S chem e  81) to w arm  to room  tem pera tu re ,  or  

w i t h  h y d r o g e n  p e r o x i d e  an d  p y r i d i n e  at  0 ° C ,  r e s u l t e d  in  the  

fo rm a t io n  o f  the  r e q u i r e d  enone  (305)  showing  in i t s^ H  nm r  spec t ra  

at  6 . 5 3  p p m  t h e  d o u b l e t  o f  q u a r t e t s  (J  = 5 .8  a n d  1.5 H z )  

c h a r a c t e r i s t i c  o f  the  CIO  p ro ton .

I t  w as  fo u n d  tha t  ozone  was  the ox idan t  o f  cho ice  in tha t  it  

gave a c l e a n e r  p ro d u c t  m ix ture  than  hydrogen  perox ide  and  also the 

y i e ld  o f  e n o n e  o b t a i n e d  u s in g  o z o n e  as the  o x i d a n t  w a s  6 9 % ,  

com pared  to 60% for  the peroxide  oxida tion.
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A s t h i s  r e a c t i o n  p r o c e e d s  by a s v n - e l i m i n a t i o n , i t  is 

o b v io u s  tha t  tw o  p o ss ib le  p roduc ts  cou ld  occu r  i.e. the s e le n o x id e  

c o u l d  a b s t r a c t  a p ro to n  f rom e i th e r  CIO thus  g iv ing  the r e q u i r e d  

en d o c y c l i c  o le f in  (305)  or  f rom the methyl  group  (C16)  to give an 

e x o c y c l i c  o le f in  (30 5 )  (S chem e  82).

AcO

c

( 3 4 9  )

f0 Ac
AcO

( 3 5 0  )

S ch ea e  82

T r o s t  h a s  e x p l a i n e d 12 ^ the  a p p a r e n t  p r e f e r e n c e  f o r  the  

f o r m e r  e l i m i n a t i o n  in  t e rm s  o f  o r i e n t a t i o n  o f  the  d ip o l e s  o f  the  

c a rb o n y l  an d  the  s e lenox ide  ( in T r o s t ’s case a su lphox ide  (Schem e 

83).  T h e s e  d i p o l e s  w i l l  a l ig n  th e m s e lv e s  in su c h  a w a y  as to 

m i n i m i s e  t h e i r  i n t e r a c t i o n .  T h i s  s u g g e s t s  th a t  the  s e l e n o x i d e  

w ou ld  adop t  an  o r ien ta t ion  in which  the oxygen  was  in p rox im i ty  to 

the p r o t o n s  on  C IO  r a th e r  th a n  the m e th y l  g ro u p  an d  h e n c e  the  

p r e f e r e n c e  f o r  f o r m a t i o n  o f  the  e n d o c y c l i c  o le f in  ( 3 0 5 ) .  O f  

c o u r s e ,  o t h e r  f a c t o r s  s u c h  as s t e r i c  h i n d e r a n c e  a n d  the  r e l a t i v e
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ac id i ty  o f  the p ro to n s  be ing  abs t rac ted  con t r ibu te  to the en d o -e x o  

r a t i o .

On the  a s s u m p t i o n  tha t  the s e l e n i u m  a t t a c k s  the m o l e c u le  

f ro m  the  m o re  a c c e s s i b l e  P - face ,  m o l e c u la r  m o d e l s  r e v e a l e d  tha t  

fo r  r in g  A to a d o p t  a c h a i r  c o n f o r m a t io n  the s e l e n i u m  m u s t  s i t  

a x i a l  to the  r in g .  In th is  p o s i t i o n  the s e l e n i u m  is syn  to the 

P - h y d r o g e n  o f  C IO .  T h i s  w o u l d  f a v o u r  th e  f o r m a t i o n  o f  an  

e n d o c y c l i c  o le f i n .

0

I n d e e d ,  the e x o c y c l i c  o le f in  w as  n ev e r  i so la ted ,  and  n m r  

s p e c t r o s c o p y  o f  th e  l e s s e r  c o m p o n e n t s  o f  the  r e a c t i o n  p r o d u c t  

m i x t u r e  f a i l e d  to  p r o v i d e  e v i d e n c e  fo r  i ts  e x i s t e n c e .  H a v in g  

s u c c e s s fu l ly  f o r m e d  the enone ,  al l that  r em a in ed  fo r  co m p le t io n  o f  

t h e  s y n t h e s i s  w a s  i t s  s t e r e o s e l e c t i v e  r e d u c t i o n  to  t h e  8-ct  

o r i e n t a t e d  a l c o h o l .  T h e  e a r l i e r  r e d u c t i o n  s t u d i e s  o f  8-

ke to  a n g u id in e  (297 )  de sc r ibe d  in chap te r  2.3 sh o w e d  tha t  l i th iu m  

S e l e c t r i d e  r e d u c e d  the  e n o n e  o f  ( 3 0 5 )  s t e r e o - s p e c i f i c a l l y  to the  

8 a - a l c o h o l .  I n d e e d  t r e a tm e n t  o f  (305)  w i th  l i t h iu m  S e le c t r id e

A c 0 ^ '

OAc
AcO

( 3 1 9 )

'OAc

Scheme 84
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in T H F  g a v e ,  a f te r  a ce ty la t io n  o f  the p roduc t  m ix tu re ,  T2  te t rao l ,  

as i ts t e t r a a c e t a t e  ( n e o s o l a n i o l  d i a c e t a t e ) 127 (319)  in 88% y ie ld .

0 •ulO A c

AcO

lO A cA c
AcO

( 3 1 9 )

I ; NH4 0 H / Me 0 H  

f f ; A c 2 0 , P y
Scheme 85

P ro fe s so r  J .W.  A ps im on  (Car le ton  Universi ty ,  Ottawa,  Canada)  

k i n d l y  p r o v i d e d  a s a m p l e  o f  T - 2  t o x i n  ( 4 )  w h i c h  a l l o w e d  

a u t h e n t i f i c a t i o n  o f  the  s y n th e s i s .  T -2  to x in  w a s  s u b j e c t e d  to 

m e th a n o l y s i s  f o l l o w e d  by  p e r  ace ty la t ion  (S ch em e  85).  A  so l id  

r e s u l t e d  w h i c h  on  r e c r y s t a l l i s a t i o n  f ro m  b e n z e n e /h e x a n e  g a v e  T -2  

t e t r a o l  t e t r a a c e t a t e  (3 1 9 )  as a  w h i t e  c r y s t a l l i n e  so l id .  I t  w a s  

f o u n d  th a t  the  p r o d u c t s  o f  the syn thes i s  d e s c r ib e d  ab o v e  an d  th is  

s im p l e  p a r t i a l  s y n t h e s i s  w e re  i d e n t i c a l  in al l  r e s p e c t s ,  i n c l u d in g  

s ign  an d  m a g n i tu d e  o f  op t ica l  ro ta t ion ,  and m ix ed  m e l t ing  po in t .

T h u s  t h e  t a r g e t  o f  the  s y n t h e s i s ,  T -2  t e t r a o l  t e t r a - a c e t a t e  

( 3 1 9 )  h a d  b e e n  r e a c h e d  in 30 s teps  f rom  isop rene  and  c o u m a ly l  

c h lo r id e  by  the  rou te  sh o w n  (S chem e  86). Th is  w o rk  r ep re sen t s  

t h e  f i r s t  s u c c e s s f u l  a p p r o a c h  t o  a t e t r a - h y d r o x y l a t e d  

t r i c h o t h e c e n e .
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( 2 5 7 )

I ;  T o l u e n e ( 1 2  0 ° C )
I I ; MeOH . E t 3 N 

M I ;  L I C U M e 2 , Me 3 S I C  I , E t 2 0

f v ;  m C P B A . N a 2 H P 0 4 , CH2 C I 2 
v ;  e t h a n e - 1 , 2 - d I o l , B F 3 . E t 2 0 , C H 2 C I 2 

v I ; L I A I H 4 , E t 2 0 

v l l ;  T o l u e n e , E t j N ( 5 * )  

v I I I ; B u t Me 2 S I 0 S 0 2 C F 3 , 2 l 6 - l u t I d l n e , C H 2 C I 2 x x
l x ;  N a I 0 4 , 0 s 0 4 ( c a t )  , E t 2 0 , H 2 0 x x l

x ;  H5 ! 0 6 , E t 2 0 x x  11
xI  ; N a O M e , Me 0 H x x  M i

x i l ;  D H P . P P T S  x x  1 v
x I I 1 ; P h 3 P - C H 2 , THF  J * * *
x l v ;  e t h a n e - 1  , 2 - d l o l  , P P T S , C H , C I ,  X V f

2  2  X X V I
x v ; C r 0 3 . 3 t 5 - d I m e t h y l p y r a z o l e , C H 2 C I 2 

xv I ; K H M D S . t o l u e n e , T H F  

x v l l ;  ( 2 7 3  ) , THF 

XV* M ;  N a B H 4 , MeOH 

x l x ;  Me O H , P P T S
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M e 0 ,C E

( 2 3 1  )

OH

(  S I ) 0
OH(  2 3 7  )

M e 0,C =

( 2 3 2  )

( S 1 ) 0

( 2 3 6  )

M t O . C

R *  f  . 5 0

M « O j C

X X
0 >HOH

'OHOH
( s 1 ) 0( S l ) 0

xlli 
— *

10 Ac
AcO'

( 2 5 9  ) ( )

A c O 1

OAc
A c O

X X V i

X X V I i

' OAc
AcO’

XXV

( 3 1 9 ) ( 3 0 5 )

( 3 2 7 )  

j xx  I V

S . P h  H

10 Ac
AcO'

( 3 2 8 )

mC P B A . N a 2 H P 0 4 , CH2 C I 2 

A c 2 0 , P y , E t 2 0 
B u 4 N F , 3 H 2 0 , THF 
A c 2 0 , P y

P h S e C I  , P P T S , A c OE t  
0 3 * c H 2 c 1 2 ( “ 7 8 °  C - r  t )
L I B u 3 B H , THF ( - 7 8 °  C - r  t ) 
A c 0 , P y

Scheme 86
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2.5 A pproaches  to D eoxvnivaleno l .

"ilOH

( 6

D e o x y n iv a le n o l  ( 6 ) is a h ig h ly  o x y g e n a te d  n o n - m a c r o c y c l i c  

t r ic h o th e c e n e  o f  c o n s id e ra b le  e n v iro n m e n ta l  im p o r tan ce .  A lth o u g h  

it  is  n o t  o n e  o f  th e  m o re  p o te n t  t r i c h o th e c e n e s ,  h a v i n g a n  

L D ^ q  o f  7 0 m g  p e r  k g ,  it is  p ro d u c e d  by the  u b iq u i to u s  F u s a r i u m  

r o s e u m  fu n g u s  and  so  is one o f  the  m os t  c o m m o n  m e m b e rs  o f  the 

g ro u p .  I n g e s t i o n  o f  th is  to x in  r e s u l t s  in  e m e s i s ,  h e n c e  i t  is  

o f te n  r e f e r r e d  to  t r i v i a l l y  as  v o m i to x in .  A ls o ,  i t  e f f e c t s  su b -  

le th a l  to x ic o s e s  an d  c o n s e q u e n t ly  re d u c e d  a n im a l  g ro w th .  T h u s  

b e i n g  e n v i r o n m e n t a l l y  i m p o r t a n t  a n d  h i g h l y  o x y g e n a t e d ,  

d e o x y n iv a le n o l  a p p e a re d  a c h a l le n g in g  ta rg e t  fo r  to ta l  s y n th e s is .

T h e  sy n th es is  o f  the advanced  in te rm ed ia te  (358 )  (S ch em e  87) 

w h ic h  w as  in i t ia te d  by  a D ie ls -A ld e r  r e a c t io n  o f  m e th y l  c o u m a la te  

(8 7 )  w i th  th e  s i ly lo x y  d ie n e  (3 5 7 ) ,  u t i l i s e d  m u c h  o f  the  c h e m is t ry  

d e s c r i b e d  h e r e i n  fo r  th e  s y n th e s i s  o f  T -2  t e t r a o l  a n d  h a s  b e e n
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r e p o r te d  p r e v i o u s l y . 5 ^ Hence ,  d i s cu s s io n  o f  th is  w ork  is d e e m e d  

u n n e c e s s a r y .

+

S i 0

( 3 5 7  ) ( 8 7 ) ( 3 5  8 )

( 3 6 0  ) ( 3 5  9 )

+

3 6 1 ( 3 6 2  )

0 S I E »

Scheme 87

F u r th e r  w o rk  by  th e  g ro u p  h as  a l lo w e d  c o n v e r s io n  o f  th is  

in t e r m e d ia te  ( 3 5 8 )  in to  th e  t r i c y c l i c  s y s te m  (3 6 2 ) .  O x id a t iv e  

c l e a v a g e  o f  th e  o le f in  w i th  o z o n e  f o l lo w e d  by  a ld o l  c y c l i s a t i o n  

u t i l i s in g  m e th o x id e  as b a se  g av e  th e  t r i c y c l ic  in t e rm e d ia te s  (3 6 0 )  

and  (3 6 1 )  in  a r a t io  o f  4:1  in f a v o u r  o f  th e  u n n a tu ra l  p  e p im e r

(3 6 1 ) .  C h ro m a to g ra p h ic  is o la t io n  o f  (3 6 1 )  an d  p r o te c t io n  o f  the
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a l c o h o l  as  the t r i e t h y l s i l y l  e t h e r  gave  the a d v a n c e d  i n t e r m e d i a t e  

(362) at w h ich  po in t  my invo lvement in the synthesis  com m enced .

C o m p a r i s o n  o f  th is  i n t e r m e d i a t e  (362 )  w i th  d e o x y n i v a l e n o l  

i n d i c a t e d  t h a t  f o r  c o m p l e t i o n  o f  th e  s y n t h e s i s  th e  f o l l o w i n g  

t r a n s f o r m a t i o n s  w e re  r eq u i re d :

1) O l e f i n a t i o n  o f  the k e to n e

2) B ase  in d u c ed  ep o x id e -a l l y l  a lcohol  r ea r r a n g e m e n t

3) D e p ro te c t io n  and  in v e rs io n  o f  c o n f ig u ra t io n  o f  the C3 

a lc o h o l

4 )  S e le c t iv e  o x id a t io n  o f  the  C 8  a lco h o l

5) E p o x id a t io n  o f  the  12,13 o le f in  

and  6 ) R e m o v a l  o f  the ace ton ide .

In  th e  l ig h t  o f  the  fa c t  th a t  o n ly  120 m i l l ig ra m s  o f  the  k e to n e

(3 6 2 )  w e re  a v a i l a b l e  an d  th a t  t im e  w as  l im i t e d  th is  a p p e a r e d  a 

r a th e r  d a u n t in g  c h a l le n g e .

W it t ig  o le f in a t io n  has  b een  the s ta n d a rd  m e th o d  e m p lo y e d  in  

t r i c h o t h e c e n e  t o t a l  s y n t h e s i s  to  g e n e r a t e  t h e  C 1 2  a l k e n e .  

H o w e v e r  in  th i s  s y n th e s i s ,  th i s  m e th o d  o f  o l e f i n a t i o n  a p p e a r e d  

u s e l e s s l o s s  o f  the  r in g  A  e p o x id e  e n s u e d  on  t r e a tm e n t  o f  the  

k e to n e  w i th  m e th y le n e t r ip h e n y lp h o s p h o ra n e .  A n  a l t e r n a t iv e  to  

th e  W i t t ig  r e a c t io n  w as  th e re fo re  in v e s t ig a te d .

C a r b o n y l  o l e f i n a t i o n  e m p l o y i n g  s i l y l  s u b s t i t u t e d
i  i n

o rg a n o m e ta l l ic  c o m p o u n d s  - the  P e te rso n  re a c t io n  - a p p e a re d  a 

p r o m is in g  a l t e r n a t iv e  fo r  th re e  r e a s o n s :

1) T h e  b y -p ro d u c t  o f  the  r e a c t io n ,  h e x a m e th y ld is i lo x a n e ,  is 

e a s i ly  re m o v e d  u n l ik e  t r ip h e n y lp h o sp h in e  o x id e ,  the b y 

p r o d u c t  o f  the  W it t ig  r e a c t io n .
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2) T h e  sy n th e s i s  o f  a lkenes  by P e te r s o n  o l e f i n a t i o n  is

in v a r i a b ly  r ap id  and  occurs  at low  te m p era tu re  aga in  in 

c o n t r a s t  to the  W i t t i g  r e a c t io n .

and  3) T h e  b as ic i ty  o f  the P e te r s o n  o le f in a t io n  r e a g e n t  can  be 
131r e d u c e d  J  cons ide rab ly  by use o f  CeCl^  in the reac t ion .

P e te r s o n  r e p o r t e d  th a t  th e  P - h y d r o x y s i l a n e s  (3 6 7 )  (S c h e m e  8 8 ) 

r e q u i r e d  fo r  th e  o le f in a t io n s  co u ld  be s y n th e s is e d  by  a d d i t io n  o f  

reag en ts  su ch  as t r im e th y ls i ly lm e th y l-m a g n e s iu m  ch lo r id e  (363 )  (M  = 

M g C l)  o r  t r i m e t h y l s i l y l m e t h y l - l i t h i u m  ( 3 6 4 )  (M  = L i)  to  th e  

a p p r o p r ia te  c a r b o n y l  c o m p o u n d  fo l lo w e d  by  p ro to n a t io n .

( C H 3 ) j S I C H 2 M +

( 3 6 3 )  M- Mg CI

( 3 6 4 )  M- L I

0

R R 

( 3 65 )

1
[

SI(CHj),  

( 3 6 6 )

,  , 

( 3 6  8  )

OH

Sch 88

I

S I ( C H 3 ) s 

( 3 6 7  )

F o r m a t io n  o f  th e  a lk e n e  f ro m  th e  0 - h y d r o x y s i l a n e  c a n  be  

e f f e c t e d  u n d e r  b o th  a c id ic  an d  b a s ic  c o n d i t io n s  by  a n u m b e r  o f  

reagen ts  in c lu d in g  K H , N aH , BF«j.OEt2 » H 2 S O 4  and  H F. A lth o u g h  

no t r e l e v a n t  to  the  o le f in a t io n  in  h a n d  an  e x t re m e ly  h ig h  d e g re e  

o f  s t e r e o s e l e c t i v i t y  c a n  be  a c h i e v e d  by  a p p r o p r i a t e  c h o i c e  o f
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r e a g e n t s  fo r  the  e l i m i n a t i o n .  F o r  the o l e f i n a t i o n  o f  ( 3 6 2 )  a 

base  i n d u c e d  e l i m i n a t i o n  was  r e q u i r e d  due  to the  a c id  s e n s i t i v e  

fu n c t io n a l i ty  p re s en t  in the m o lecu le .  As a lw ays ,  a m o d e l  s tudy  

was pe r fo rm ed  (Scheme 89).

OH
OS I E t

( 2 5 2  )

r f i

( 3 6 9 )

i l

HO

H r— S I ( C H j ) 3

( 3 7 1  ) ( 3 7 0  )

1 ; E t j S I C I  , D M A P , E t 3 N , E t 2 0 

1 t ; ( C H 3 ) 3 S 1 C H 2 L 1 , T H F ( - 7  8 *C )

i l l ;  KHMDS , THF '

Sch 89

A  s a m p le  o f  the  m o d e l  6 (J-a lcohol (2 5 2 )  w as  s i ly la te d  u s in g  

c h l o r o t r i e t h y l s i l a n e ,  t r i e th y l a m in e  a n d  D M A P  to  g iv e  th e  k e to n e  

( 3 6 9 ) .  T r e a t m e n t  o f  th i s  k e t o n e  w i t h  t r i m e t h y l s i l y l m e t h y l -  

l i th iu m  at - 7 8 ° C  fo l lo w e d  by  q u e n c h in g  the  re a c t io n  w i th  aq u e o u s  

a m m o n iu m  c h lo r id e  g av e  a f te r  c h ro m a to g ra p h ic  p u r i f i c a t io n  a c le a r  

o i l ,  c h a r a c te r i s e d  as the re q u ire d  P -h y d ro x y s i la n e  (3 7 0 )  (7 0 %  

y ie ld ) .  E m p lo y in g  p o ta s s iu m  h e x a m e th y ld is i la z id e  to  g e n e ra te
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th e  p o ta s s iu m  a lk o x id e ,  t . l . c .  a n a ly s i s  o f  the  r e a c t io n  in d i c a te d  

tha t a f te r  ten  m in u te s  no s ta r t in g  m a te r ia l  re m a in e d .  A s in g le  

p r o d u c t  h a d  fo rm e d :  on  v i s u a l i s in g  the  t . l . c  p l a t e  w i th  e e r i e  

s u lp h a te  s o lu t io n  it s ta in e d  a d eep  b lu e  c o lo u r  ( c h a r a c te r i s t i c  o f  

o le f in s  in  th e  m o d e l  s e r ie s ) .

Is o la t io n  and  c h a ra c te r i s a t io n  show ed  tha t this c o m p o u n d  w as 

in d e e d  th e  r e q u i r e d  o le f in  (3 7 1 )  o b ta in e d  in  75%  y ie ld  f ro m  the 

p -h y d ro x y s i la n e  (370 ) .

T u r n i n g  to  th e  d e o x y n i v a l e n o l  p r e c u r s o r  ( 3 6 2 ) ,  

i n i t i a l  a t t e m p t s  a t a d d i t i o n  o f  t r i m e t h y l s i l y l m e t h y l - l i t h i u m  to

the  k e to n e  f a i l e d  a n d  s ta r t in g  m a te r ia l  w as  r e c o v e re d  u n c h a n g e d .  

As th e se  re a c t io n s  w ere  b e in g  p e r fo rm e d  on  a 0 .0 6  m m ol sca le  and  

o n ly  a s l ig h t  e x c e s s  o f  th e  P e te r s o n  r e a g e n t  w as  b e in g  a d d e d  to  

th e  r e a c t i o n ,  r e s i d u a l  m o i s tu r e  in  th e  r e a c t i o n  f l a s k  m a y  h a v e  

b e e n  th e  c a u s e  o f  th e  f a i lu re .  H e n c e  it w as  d e c id e d  to  ad d  a 

la rg e  e x c e s s  o f  th e  P e te r s o n  r e a g e n t  to  the  k e to n e  to  o v e rc o m e

th is  p r o b le m  - n o t  an  e le g a n t  s o lu t io n ,  b u t  it w as  e f f e c t iv e .  A

te n - f o ld  e x c e s s  o f  th e  P e te r s o n  r e a g e n t  w as  a d d e d  to  th e  k e to n e  

s t i r r i n g  a t  - 7 8 ° C  in  T H F  a n d  th e  r e a c t i o n  f o l l o w e d  b y  t . l . c .  

a n a l y s i s .  A f t e r  3 h o u r s  t . l . c .  a n a l y s i s  r e v e a l e d  t h a t  th e

s ta r t in g  m a te r i a l  h a d  b e e n  c o n s u m e d  an d  th a t  a s in g le  c o m p o u n d  

had  fo rm e d .  C h ro m a to g ra p h ic  p u r i f i c a t io n  o f  th is  m a te r ia l  g ave
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a c l e a r  o i l  w h ic h  by In f r a - r e d  ana ly s i s  was  d e v o i d  o f  a c a rb o n y l  

bu t  in s t e a d  h a d  an a lcoho l  p re sen t .

( 3 6 2 ) ( 3 7 1 )

S I ( CH3 ) 3 

10 S I E t ,

1

I

OS I E t j

( 372 ) ( 3 7 3 )

I ;  ( C H 3 ) 3 S I C H 2 L I , T H F ( - 7 B ° C )

Scheae 90

*H n m r  S pec tro scopy  revea led  how ev er  tha t this co m pound  w as 

no t  the  d e s i r e d  ad d u c t  (371) (S ch em e  90).  M ass  s p e c tro sc o p y  as 

w e l l  a s  1 3 C n m r  a n d  n m r  s p e c t r o s c o p y  i n d i c a t e d  t h a t  th e  

r e a c t io n  p r o d u c t  w as  s t r u c tu ra l ly  a c lo s e ly  r e l a t e d  i s o m e r  o f  th e  

d es ire d  ad d u c t .  H o w e v e r  the  *H n m r  s p e c tru m  in d ic a te d  th a t  the 

e p o x i d e  o f  r i n g  A w as  no  lo n g e r  p r e s e n t ;  th e  s ig n a l s  f o r  th e  

p ro to n s  o f  C 7 (8  4 .27  p p m  d o u b le t  J  =  3.3 H z) and  C 8 ( 8  3 .03 p p m

d o u b le t  J  = 3 .3  H z)  [v a lu e s  q u o te d  fo r  th e  s t a r t i n g  m a t e r i a l

(362)]  h a d  c h a n g e d ,  s ig n ify in g  lo s s  o f  th e  e p o x id e .  A s the  ^H 

n m r s p e c t ru m  w as  d e v o id  o f  r e s o n a n c e s  in  the  o le f in ic  r e g io n  the



d i s a p p e a r a n c e  o f  the ep o x id e  by base induced  r e a r r a n g e m e n t  to the 

a l ly l i c  a l coho l  (374)  (S chem e  91) was  ru led  out.

OS i E t 3

H H

OS I

( 3 6 2 ) ( 3 7 4 )

S ch em e  91

E x a m in a t io n  o f  m o le c u la r  m ode ls  o f  the d e s ire d  ad d u c t  (371) 

s h o w e d  th a t  th e  t e r t i a r y  a lc o h o l  c o u ld  v e ry  r e a d i ly  be b ro u g h t  

in to  p ro x im ity  w ith  C8. T hus  it m ay  have  b een  p o ss ib le  th a t  the 

l i th iu m  alkox.ide g e n e ra te d  by  a d d i t io n  o f  th e  P e te r s o n  re a g e n t  to 

th e  k e t o n e  e f f e c t e d  i n t r a m o l e c u l a r  n u c l e o p h i l i c  e p o x i d e  r i n g  

o p en in g  to  g iv e  the a d d u c t  (373) .  M o le c u la r  m o d e ls  re v e a le d  tha t 

s u c h  e p o x id e  r in g  o p e n in g  p r o d u c e s  a s t r u c tu r e  c o n ta in in g  fo u r  

s i x - m e m b e r e d  r i n g s ,  t h r e e  o f  w h i c h  r e a d i l y  a d o p t  c h a i r  

c o n fo rm a t io n s  and  so m ay  be r e la t iv e ly  s tab le .

A t t a c k  a t  C 8  by  an  a l k o x id e  a t  C 1 2  r e s u l t s  in  a t r a n s  

d ia x ia l  o p e n in g  o f  th e  e p o x id e  a n d  is  th u s  s t e r e o - e l e c t r o n ic a l ly  

a c c e p t a b l e .  A t t e m p t e d  a c e t y l a t i o n  o f  th e  a l c o h o l  f a i l e d

s u g g e s t in g  th a t  the  a lc o h o l  w as  in d e e d  t e r t i a ry .  A l th o u g h  a l l  

s p e c t r o s c o p i c  d a t a  w a s  c o n s i s t e n t  w i th  th e  p r o p o s e d  s t r u c t u r e  

a b s o lu t e  p r o o f  th a t  th is  w as  in d e e d  th e  c o r r e c t  s t r u c t u r e  c o u ld  

not be fo u n d .

A  f u r t h e r  p i e c e  o f  c i r c u m s t a n t i a l  e v i d e n c e  f o r  t h i s  

s t ru c tu re  c a m e  f ro m  the  a ld o l  r e a c t io n  e m p lo y e d  to c o n s t r u c t  the 

t r i c y c l i c  s k e le t o n .  O n e  o f  the  m a jo r  p r o d u c t s  o f  the  a ld o l

r e a c t io n  a n d  s i l y l a t i o n  o f  th e  C 3 - a l c o h o l  w as  a c l e a r  o i l  w h ic h
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was in i t ia l ly  though  to be (375),  the p roduc t  o f  m e th o x id e  open ing  

o f  the e p o x i d e .

F u l l  c h a r a c t e r i s a t i o n  r e v e a le d  th a t  th is  o il  w as  in fa c t  an 

in sep arab le  4:1 m ix tu re  o f  two co m pounds  w hich  co n ta in ed  m e thoxy  

s ig n a l s  in  th e  n m r  s p e c t ru m .  H o w e v e r  no c a rb o n y l s  w ere  

p r e s e n t .  T h e  c lu e  to  the  a c tu a l  s t r u c tu re  c a m e  f ro m  n m r

s p e c tro s c o p y  w h ich  sh o w e d  tha t in ad d i t io n  to the s in g le t  (5  99 .9

p p m ) e x p e c te d  fo r  the  q u a te rn a ry  a c e to n id e  c a rb o n  a n o th e r  a c e ta l  

w as p re se n t  (5  104 pp m , s in g le t) .  T he  s tru c tu re  (376 )  w as

a ss ig n ed  to the co m p o u n d  ( the  4:1 m ix tu re  o f  co m p o u n d s  be ing  due 

to the  p r e s e n c e  o f  C3 e p im e rs ,  w ith  the  |3 e p im e r  p re d o m in a t in g ) .  

T h is  s u g g e s te d  th a t  in t r a m o le c u la r  e p o x id e  r in g  o p e n in g  by a t ta c k  

from  C 1 2  a lkox ides  w as a favou red  p rocess  for these  com pounds.

( 375  ) ( 37 6 )

I t  w a s  h o p e d  t h a t  th e  P e t e r s o n  a d d u c t  c o u l d  s t i l l  b e  

e m p lo y e d  in  th e  s y n th e s i s .  I t  w as  e n v i s io n e d  th a t  f o r m a t io n  o f  

the  p o ta s s iu m  a lk o x id e  (3 7 7 )  (S c h e m e  92 )  m a y  r e s u l t  in  e p o x id e  

r e fo rm a t io n  w i th  su b s e q u e n t  e l im in a t io n  o f  (C H -j)S i-O  K * to  y ie ld  

the  r e q u i r e d  o l e f i n  (3 7 8 ) .  H o w e v e r  t r e a tm e n t  o f  th e  P e te r s o n
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ad d u c t  w i th  p o t a s s iu m  h e x a m e th y ld i s i l a z id e  in r e f lu x in g  T H F  gave  

on ly  r e c o v e r y  o f  the s t a r t in g  m a te r ia l .

+
K

( 377  ) ( 3 72  )

OS I E t

-  +K "0 S I ( C H 3 ) 3

3 7 8

lOS I E t

S c h e m e  92

T re a tm e n t  o f  the P e te rson  adduct w ith  te trab u ty lam m o n iu m  

f lu o r id e  in  T H F  r e s u l t e d  in  c o n s u m p t io n  o f  the  s ta r t in g  m a te r ia l  

w i th  f o r m a t io n  o f  a s in g le  m o re  p o la r  p r o d u c t .  I s o l a t i o n  o f  

th is  p r o d u c t  r e v e a le d  th a t  i t  w as  the  a lc o h o l  (3 7 9 )  (S c h e m e  9 3 )
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r e s u l t i n g  f ro m  d e s i l y l a t i o n  o f  C3 and  n o t  as it w as  h o p e d  the 

t r io l  ( 3 8 1 )  r e s u l t i n g  f ro m  d e s i l y l a t i o n  and  e l i m i n a t i o n .

( 3 7 3 )

■S I ( C 

10 S I E t OH

( 3 7 9 )

I ; TBAF , THF

OH

HO

( 3 8 1  )
S c h e m e  93

T h e  a p p a re n t  s ta b i l i ty  o f  th e  s t ru c tu re s  (373 )  and  (3 7 6 )  w as  

sh o w n  fu r th e r  by  a t te m p ts  to  re g e n e ra te  the  k e to n e  (3 6 2 )  f ro m  the  

a c e t a l  ( 3 7 6 )  ( S c h e m e  9 4 ) .

H 0""
0 S 1 E t 3

( 3 6 2 )
S c h e m e  94

OS I E t 3

( 3 7 6  )

E m p lo y in g  a range  o f  c o n d i t io n s  in c lu d in g  a c e to n e /P P T S ,  

a c e to n e /P P T S /4 A  M o l .s ie v e s ,  a c e to n e /p T S A , a c e to n e /p T S A /4 A  M ol.  

s ieves  an d  f in a l ly  B F 3 ,O E t 2  bo th  w ith  and  w ith o u t  the p re s e n c e  o f  

4A  m o l .  s i e v e s  r e g e n e r a t i o n  o f  th e  k e to n e  f a i l e d .  T h e  o n ly  

p r o d u c t  i s o l a t e d  f r o m  th e s e  r e a c t i o n s  w a s  th e  a l c o h o l  ( 3 8 2 )
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r e s u l t i n g  f ro m  d e s i l y l a t i o n  at C3.  A c e ty l a t i n g  th is  a l c o h o l ,  and  

t r e a t in g  the p r o d u c t  w i th  s u lp h u r ic  ac id  in a c e to n e  a l so  f a i l ed  to 

g e n e ra te  the k e to n e  (385) .

T h e  P e te rso n  adduc t (373) m ay  be s im ila r ly  s tab le  and  hence  

i ts  r e f u s a l  to  u n d e r g o  e l im i n a t io n  to  the  o le f i n  (3 7 8 )  (S c h e m e  

9 2 ) .

It w as  e v id e n t  th a t  the  p re se n c e  o f  the r in g  A  e p o x id e  w as  

p r e v e n t i n g  a s u c c e s s f u l  o l e f i n a t i o n  r e a c t i o n  f r o m  o c c u r r i n g .  

I ts  r e m o v a l  p r io r  to  o l e f in a t i o n  a p p e a re d  as a p o s s ib le  s o lu t i o n  

to the  p ro b le m .

T h e  s y n th e s is  w as  p la n n e d  such  tha t a base  in d u c e d  e p o x id e -  

a l ly l  a lc o h o l  rearrangement**® w o u ld  be e m p lo y e d  to  g e n e ra te  the 

f u n c t i o n a l i t y  o f  r in g  A o f  d e o x y n i v a l e n o l .  I n d e e d  th e  sv n  

r e la t io n s h ip  b e tw e e n  the e p o x id e  and  the  a d ja c e n t  C7 o x y g e n  w as  

d e l ib e ra te ly  in troduced^®  due  to the re su l t s  o f  an  e x te n s iv e  m o d e l  

s tu d y .  T h is  m o d e l  s tu d y  (S c h e m e  9 6 )  r e v e a le d  th a t  o p t im u m  

y ie ld s  o f  th e  r e q u i r e d  a l ly l i c  a l c o h o l  (3 8 9 )  o c c u r r e d  w h e n  th e  

ep o x id e  an d  the  ad jacen t  o x y g en  su b s t i tu e n t  w ere  s y n .

H

0 A c

( 3 8 2 )  R- H
( 3 8 3 ) R- OAc S ch em e  95

( 3 8 5 )

0 M • 0 Ms 0 M •

( 3 8 8  ) ( 3 8 9  ) ( 3 9 0 )

5  : 2

S c h e m e  96
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H o w e v e r  t r e a t m e n t  o f  th e  e p o x i d e  ( 3 6 2 )  w i th  l i t h i u m  

d i e th y la m id e  (S c h e m e  97 )  in  r e f lu x in g  d ie th y l  e th e r  g a v e  fo u r  

discre-fcc. p ro d u c ts  R^s 0 .07 , 0 .3 4 ,  0 .48 and  0 .52  (1 :1 ,  E tO A c /P e t ro l  

( 4 0 /6 0 ) ) .  C h ro m a to g ra p h ic  is o la t io n  o f  th e se  p ro d u c ts  an d  *H 

n m r  s p e c t r a l  a n a ly s i s  r e v e a le d  th a t  the  m a jo r  p r o d u c t ,  th a t  w i th  

R f  0 .0 7  w as  n o t  the r e q u ire d  a l ly l ic  a lc o h o l  (3 9 1 )  n o r  w as  it the 

e x o m e th y le n e  c o m p o u n d  (392 ) .  *H nm r s p e c tro sc o p ic  a n a ly s is  o f  

the c o m p o u n d  o f  R f  0 .34  rev ea led  tha t it w as tw o co m p o u n d s .  A 

b ro a d  s in g le t  at 5 1 .85  p p m  c o u ld  p o s s ib ly  h a v e  b e e n  d u e  to the  

o le f in ic  m e th y l  g ro u p  o f  (391),  a lso  re so n an ces  at 55 .64  ppm  cou ld  

h av e  b een  due  to the CIO H o f  (391).  H o w ev er ,  as the re  w as no  

h o p e  o f  i s o la t in g  the  in d iv id u a l  c o m p o n e n ts  o f  th is  m ix tu r e  fu l l  

c h a r a c te r i s a t io n  c o u ld  n o t be ac h ie v e d .

OS I E t

( 3 6 2  )

I > E t 2 N L I , E t 2 0

H

O S  ! E t

( 3 9 1  )

H

9 2

10 S I E t

S c h e m e  97
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R e p e t i t i o n  o f  th i s  b a s e  in d u c e d  r e a r r a n g e m e n t  a n d  t . l . c .  

a n a ly s i s  o f  th e  p r o d u c t  m ix tu r e  r e v e a le d  an id e n t i c a l  r a n g e  o f  

p ro d u c ts .  T h u s  w ith  no m a te r ia l  or tim e re m a in in g  the sy n th e s is  

o f  d e o x y n iv a le n o l  was te rm ina ted .

A l th o u g h  u n s u c c e s s f u l ,  th is  w o rk  r e v e a le d  th a t  r e m o v a l  o f  

the e p o x id e  p r io r  to o le f in a t io n  o f  the  c a rb o n y l  w as  n e c e s s a ry  i f  

a s u c c e s s fu l  s y n th e s is  o f  v o m ito x in  v ia  the in te rm e d ia te  (362)  w as 

to be ach iev ed .  O ne poss ib le  route  w ou ld  be ep o x id e  r ing  open ing  

to  th e  d i o l  ( 3 9 3 )  ( S c h e m e  9 8 ) ,  s e l e c t i v e  p r o t e c t i o n  o f  th e  

s e c o n d a ry  a lc o h o l  fo l lo w e d  by  d e h y d ra t io n  o f  the  te r t ia ry  a lc o h o l  

to th e  9 -e n e  (3 9 4 ) ,  fo r  w h ic h  th e re  is l i te r a tu r e  p r e c e d e n t .

3 6 2

H H

3 9 4

S c h e m e  9 8



E x p er im en ta l



I n s t r u m e n ta t io n

M elt in g  po in ts  w ere d e te rm in ed  on a K ofle r  ho t s tage m e lt in g  

p o in t  a p p a ra tu s  and  are u n c o r re c te d .  B u lb  to B u lb  d is t i l la t io n s  

w ere  ca r r ied  out on  a B uch i G K R -50  K ugelrohr.  R eco rd ed  bo il ing  

r a n g e s  r e f e r  to  the  in d i c a te d  a i r  b a th  t e m p e r a tu r e .  n .m .r .

s p e c t r a  w e re  r e c o rd e d  e i th e r  on  a P e rk in  E lm e r  R 32  s p e c t ro m e te r  

opera ting  at 90M H z or a B ruker  W P 200SY  sp ec tro m ete r  opera t ing  at 

200M H z or a B ruker A M  200 spectrom eter operating at 200M Hz. 

n . m . r .  s p e c t r a  w e r e  r e c o r d e d  on  th e  a f o r e m e n t i o n e d  B r u k e r  

i n s t r u m e n t s  o p e r a t i n g  a t  5 0 M H z .  I n f r a  r e d  s p e c t r a  w e r e  

d e t e r m i n e d  o n  a P e r k i n - E l m e r  5 8 0  s p e c t r o m e t e r  a n d  o p t i c a l  

ro ta t io n s  on  a O p t ic a l  A c t iv i ty  A A -1 0 0  a u to -d ig i t a l  p o la r im e te r .  

Low reso lu t io n  m ass  spec tra  w ere determ ined  on  a VG upda ted  M S 12 

s p e c to m e te r  w h ile  h ig h  re s o lu t io n  m ass  sp e c tra  w ere  d e te rm in e d  on  

a V G  u p d a t e d  M S  9 0 2  s p e c t ro m e te r .  E le m e n ta l  a n a ly s e s  w e re  

p e r fo rm e d  o n  a C a r lo  E rb a  1106 e le m e n ta l  a n a ly s e r .  G a s - l iq u id  

c h ro m a to g r a p h y  w as  p e r fo rm e d  on  a H e w le t t  P a c k a rd  5 8 8 0 A  gas  

c h ro m a to g ra p h  e q u ip p ed  w ith  a f lam e ion ise r  de tec to r .  T h e  co lu m n  

u sed  w a s  a 2 5 m  x- 0 .3 2  m m  ID  fu sed  s i l ic a  c a p i l la ry ,  C P S il  19cB , 

w ith  a f i lm  th ic k n e s s  o f  0 .18  p m . H e liu m  w as  e m p lo y e d  as the  

c a r r ie r  gas  at a f low  o f  2 m l/m in .

I n  t h i s  t h e s i s  a l l  m o d e l  c o m p o u n d s  i . e .  a l l  

b i c y c l o [ 3 , 2 , l ] o c t a n e s  are  r a c e m ic ,  as a re  c o m p o u n d s  (3 6 2 )  (3 7 3 )  

(376 )  (3 8 2 )  an d  (3 8 4 )  r e la t in g  to  the  s y n th e s is  o f  d e o x y n iv a le n o l .  

A ll o th e r  c o m p o u n d s  are  d e r iv e d  f ro m  n a tu ra l  a n g u id in e  (3 4 )  an d  

a re  t h e r e f o r e  c h i r a l .  P e t r o l e u m  e t h e r  r e f e r s  to  t h a t

f rac t io n  o f  p e t ro l  w h ich  bo ils  be tw een  40  and  6 0 °C .
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A c e t y l a t i o n s  : S t a n d a r d  p r o d u c t  i s o l a t i o n

In the  a c e t y l a t i o n  o f  a l c o h o l s  in th i s  t h e s i s ,  i s o l a t i o n  o f  

the c ru d e  a c e ta t e s  was  c a r r i ed  out  as fo l lows .

T he  r e a c t io n  m ix tu re  w as c o n c e n tra te d  in vacuo  and  re s id u a l  

a c e t ic  a c id  an d  p y r id in e  w as r e m o v e d  by a z e o t ro p ic  d i s t i l l a t io n  

w ith  to luene  (3 x 10 m l) and then  CCI 4  (3 x 10 ml).

D ip v r id in e  - C h ro m iu m  tr io x id e  o x id a t io n s  : s tan d a rd  p ro d u c t  

i s o l a t i o n .

T h e  c o n te n t s  o f  the  r e a c t io n  f la s k  w e re  d e c a n te d  a n d  the  

f lask  w as w ash ed  w ith  aqueous N aH C O ^ (2 x 60m l). T he  com bined  

aq u eo u s  w a sh e s  w ere  then  ex tra c ted  w ith  E t 2 0  (2 x 100m l). The 

e th e re a l  e x t ra c ts  w ere  co m b in e d  w ith  the d e c a n te d  re a c t io n  m ix tu re  

and w ashed w ith N aH CO ^ ( 6  x 50 ml). The com bined NaHCO-j washes 

w ere  th e n  e x t ra c te d  w ith  E t 2 0  (2 x 50 m l). A ll o rg an ic  e x tra c ts  

w ere co m b in ed  and w ashed  sequentia lly  w ith  w ater  (50 m l), HC1 (1M , 

1 0 0 m l) ,  a q u e o u s  C u S O ^  ( 1  x 1 0 0 m l) and  th en  b r in e  ( 1  x 1 0 0 m l).  

T he  o rg a n ic  so lu t io n  w as then  d r ied  and  c o n c e n tra te d  in v a c u o .

S t a r t i n g  m a t e r i a l s .

2 -M ethy l cyc lohexanone  was bought from  the A ld rich  C h em ica l  

C o an d  u s e d  w i th o u t  fu r th e r  p u r i f i c a t io n .

A n g u id in e  (34) w as iso la te d  f ro m  cu l tu re  b ro th s  as d e sc r ib e d  
71p r e v io u s ly .



Numbering System

The  n u m b e r i n g  sy s tem  o f  [ t r i cho thec ene ]  t r i cy c l i c  m o le c u le s  

in th i s  t h e s i s  f o l l o w s  the c o n v e n t i o n a l  t r i c h o t h e c e n e  n u m b e r i n g  

sys tem as shown.

T he m odel com pounds are num bered  as indicated.
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( 2 4 3 )

1 -T r im e th v ls i lv lo x v -2 -m e th v lc v c lo h e x -1  -ene (243)

A ro u n d  b o t to m e d  th ree  n eck e d  f la sk  w as  c h a rg e d  w i th  D M F

(9 0 m l) ,  c h lo ro t r im e th y ls i l a n e  (3 8 m l,  0 .3  m o le s )  and  E t^ N  (8 3 .1 m l,

0 .6  m o le s ) .  T o  th is  s t i r r in g  so lu t io n  w as ad d ed  2 -m e th y lc y c lo -

h e x a n o n e  (3 0 .3 m l,  0 .25  m o le s )  and  the m ix tu re  h ea ted  u n d e r  g e n t le

re f lu x  fo r  48  h rs .

W h e n  c o o l ,  th e  r e s u l t in g  s o lu t io n  w as  d i lu te d  w i th  p e n ta n e

(3 0 0 m l)  a n d  w a s h e d  s e q u e n t ia l ly  w ith  co ld  aq u e o u s  N aH C O -j (3 x

300ml), co ld  aqueous HC1 (100ml) and NaHCO^ (100ml).

T h e  p e n ta n e  s o lu t io n  w as  d r ie d  and  c o n c e n t r a te d  to  g iv e  a

y e l lo w is h  o i l  w h ic h  on  d i s t i l l a t io n  g av e  the  s i ly l  e n o l  e th e r  (243 )
83

( 3 4 . l g ,  y ie ld ,  7 4 % ) as a c le a r  o il ,  bp  7 2 -7 4 ° C f  8 m m  H g, li t .  

82-84°C/ 16mm Hg.

In f ra - re d : \> m ax  C H C I 3  : 3010, 2940, 1710, 1250, 1200, 1060

940, 845 and 780 cm - 1  

Mass S pec trum : Found M + : 184.1284 C j q ^ q O S I  requires 184.1283 amu 

*H n .m .r .  90M H z (C D C I 3 ) : 5 1.86-2.05 ppm , m , (4H ), 8  1 .55-1 .7ppm , 

m ,(2H ), 8  1 .53, bs (3H , C H 3 ), 8  0 .15 ppm , s, (9 H ,S iC H 3 ).



2 -M e th v l -2 -a l lv l  cv c lo h e x a n o n e  (244^

A ro u n d  b o t to m e d  f lask  e q u ip p e d  w ith  s ide  arm  an d  a re f lu x  

c o n d e n s e r  w as  c h a rg e d  w i th  the  s i ly l  e n o l  e th e r  (2 4 3 )  ( 1 3 . l g ,  71 

m m o l) .  T o  th is  w as  ad d ed ,  d ro p w is e ,  m e th y l  l i th iu m  (1 .5 M  in 

E t 2 0 , 4 9 m l ,  7 3 .5  m m o l )  a n d  th e  s o l u t i o n  s t i r r e d  a t  r o o m  

te m p e ra tu r e  fo r  0 .5  h r .  A t th is  p o in t  the  e th e r  w as  re m o v e d  in 

vacuo  an d  the  re s u l t in g  o il  w as tak en  up in  T H F  (50  m l) .  A lly l  

b ro m id e  ( 6 . 6 m l,  76 m m o l)  w as th e n  ad d ed  in  one  p o r t io n  and  the  

s o lu t io n  s t i r r e d  a t ro o m  te m p e ra tu re  fo r  1 0  m in .

T h e  m ix tu re  w as d i lu te d  w ith  p e n ta n e  (1 5 0 m l) ,  w a s h e d  w ith  

aqueous N aH C O ^ (3 x 100ml) d ried  and concentra ted .

D is t i l l a t io n  g av e  the  a l ly l  k e to n e  (2 4 4 )  (9 .4 g ,  9 0 .4 % ) ,  as a 

c lear  o il ,  bp  70 -72 °C /1 5  m m  Hg.
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P o s i t i o n 1 3 C ! h

8 m 8 in J I

1 2 1 5 . 0 s - - - -

(-CH=CH2 ) ( 8 ) 1 3 3 . 6 0 d 5 . 6 2 m - 1H

(CH=CH2 ) ( 9 ) 1 1 7 . 6 6 t 5 . 0 1 m - 1H

2 4 8 . 2 1 s 4 . 9 3 m - -

6 4 1 . 7 7 t 1 . 1 - 2 . 0 m - ( 8 H)

7 3 8 . 5 8 t 2 . 2 3 d 6 . 2 7 2 H

3 3 8 . 4 1 t 1 . 1 - 2 . 0 m - ( 8 H)

5 2 7 . 2 1 t 1 . 1 - 2 . 0 m - ( 8 H)

C-CH 3  ( 1 0 ) 2 2 . 7 8 q 0 . 9 9 s - 3H

4 2 0 . 6 6 t 1 . 1 - 2 . 0 m — ( 8 H)

I n f r a - R e d : l/m ax CHC13 : 2 9 3 0 , 1 7 0 2 ,  1 6 3 5 ,  1 4 4 0 ,  9 9 0 ,  9 1 2  cm "1  

M ass  S p e c t r u m : F o u n d  M+ , 1 5 2 . 1 1 9 6  C1 0 H1 6 °  r e q u i r e s  1 5 2 . 1 1 9 7
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( 2 4 5

( l -M e th v l -2 -o x o c v c lo h e x v l )E th a n a l .  (245)

O z o n e  w as  b u b b le d  th ro u g h  a so lu t io n  o f  the  a l ly l  k e to n e  

(2 4 4 )  ( 5 .1 2 g ,  33 m m o l)  in  C H 2 C I 2  ( 9 0 m l )  a t  - 7 8 ° C  u n t i l  th e  

so lu t io n  tu rn e d  b lue .  E x cess  ozone  w as re m o v e d  by p u rg in g  the 

s o lu t io n  w ith  n i t ro g e n  u n t i l  the  b lu e  c o lo u r  h a d  d is a p p e a re d .

E t^ N  ( 1 0 .0 m l ,  72  m m o ls )  w as  a d d e d  an d  the s o lu t io n  s t i r r e d  an d  

w arm ed  to  room  tem pera tu re  overn igh t.

C o n c e n t ra t io n  in  v acu o  gave  a th ick  y e l lo w is h  o il  w h ic h  w as 

d i l u t e d  w i th  E t 2 0  ( 8 0  m l) .  T h e  e t h e r e a l  s o l u t i o n  w a s  th e n  

f i l t e r e d  th r o u g h  a s h o r t  p lu g  o f  c h r o m a to g r a p h ic  s i l i c a  g e l  an d  

c o n c e n tra te d  to  g ive  the a ldehyde  (245) (4 .38g ,  85% ) w h ich  w as u sed  

w i th o u t  f u r t h e r  p u r i f i c a t i o n .

In fra  r e d : v) m ax  C C I 4  : 2930, 1710, 1450, 1375, 1110, 970 , 950 ,

925 and 885 cm " 1

l H n .m .r  : 9 0 M H z(C H C l3 ) : 5 9.78 ppm , t, ( lH ,C H O ) ,  8  1.29 ppm , s,

(3H,CH3)
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( 2*7)  ( 248)

l-M eth v l-6 -h v .d ro x v -8 -o x o b ic v c lo r3 .2 .1 1 o c tan e  (247)  and  (2481

A  r o u n d  b o t to m  f la s k  f i t t e d  w i th  a r e f lu x  c o n d e n s e r  w as  

charged  w ith  M eO H  (380m l) and to this sod ium  (5g, 217 m m ols)  w as 

ad d e d  in  s m a l l  lu m p s .  W h en  the  so d iu m  h a d  fu lly  re a c te d ,  the 

a ldehyde(245) (4 .38g , 28 .8m m ol), in M eO H  (120m l) w as added  and the 

s o lu t io n  h e a te d  u n d e r  re f lu x  fo r  35 m in .

W h e n  c o o l  th e  s o lu t io n  w as  p o u re d  o n to  ice  an d  e x t r a c te d  

w ith  E tO A c  (3 x 2 5 0 m l) ,  w ith  sa l t ing .  T he  o rg an ic  e x t ra c ts  w ere  

d r ied  an d  c o n c e n t r a te d  to g ive  the c rude  p ro d u c t  (3 .6 9 g ) .

P u r i f i c a t i o n  by  d ry  c o lu m n  f la s h  c h r o m a to g r a p h y  g a v e  the  

k e to -a lc o h o l  (2 .5 g ,  57% ) as a m ix tu re  o f  C 6  a lco h o l e p im e rs  in  the 

ra t io  o f  2 .5 :1 ,  6 (J : 6 a .

C a r e f u l  f l a s h  c h r o m a t o g r a p h y  ( E t O A c / P e t - e t h e r )  a l l o w e d  

s e p a ra t io n  o f  th e  C 6  e p im e rs  fo r  c h a ra c te r i s a t io n .
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68 -  e p im e r  ( 2 4 7 )

P o s i t i o n 1 3 C

S m S m J I

8 2 2 2 . 2 3 s - - - -

6 6 9 . 0 0 d 4 . 2 0 d d

in•
CMo

•
0

0 1H

5 5 5 . 6 5 d 2 . 2 4 b t 2 . 5 1H

1 4 7 . 8 3 s - - - -

2 4 3 . 7 7 t 1 . 4 - 2 . 1 m - -

7 4 3 . 6 5 t a  (m a s k e d )

8 2 . 4 2 d d 1 4 . 3 ,

8 . 0

1H

4 3 3 . 9 6 t 1 . 4 - 2 . 1 m -

(C -£ H 3 ) 9 1 9 . 1 3 q 0 . 9 9 s - 3H

3 1 8 . 9 5 t 1 . 4 - 2 . 1 m - -

OH 2 . 8 1 b s - 1H

I n f r a - R e d : i/m ax CHC13 : 3 6 2 0 ,  3 4 4 0 ,  2 9 4 0 ,  2 8 6 0 ,  1 7 5 0 ,  1 4 5 0 ,

1 3 8 0 ,  1 0 8 0 ,  1 0 2 5  cm "1

M a ss  S p e c t r u m ; F o u n d  M+ , 1 5 4 . 0 0 9  C9 H1 4 ° 2  r e q u i r e s  1 5 4 . 0 9 9

M ic r o  A n a l y s i s : C: 7 0 . 1 2  H: 9 . 1 2  C9 H1 4 ° 2  r e q u i r e s

C: 7 0 . 0 8  H: 9 . 1 6

M e l t i n g  P o i n t : 8 4 - 8 6 ° C  ( E t 2 0 / h e x a n e )
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6q -  e p im e r  ( 2 4 8 )

P o s i t i o n 1 3 C

S in S m J  I

8 2 2 2 . 1 4 s - - -

6 6 5 . 6 6 d 4 . 4 2 d d d 9 . 1 ,  1H 

6 . 1 , 4 . 5

5 5 2 . 0 3 d 2 . 3 8 m 1H

1 4 8 . 6 1 s - - -  -

2 4 5 . 1 2 t 1 . 3 - 2 . 3

7 4 2 . 0 2 t 1 . 3 - 2 . 3 m ( 8 H)

4 3 1 . 7 5 t 1 . 3 - 2 . 3

( C - CH 3 ) 9 1 9 . 1 6 q 0 . 9 2 s 3H

3 1 9 . 0 8 t 1 . 3 - 2 . 3 m ( 8 H)

OH - - 2 . 6 8 b s 1H

I n f r a - R e d : v m a x  CHC13 : 3 6 3 0 ,  3 4 9 0 ,  2 9 6 0 ,  2 9 4 0 ,  1 7 5 0 ,  1 0 9 5 ,

1 0 4 5  c m '1

M a ss  Spectrum: F o u n d  M+ 1 5 4 . 0 9 8 0 ,  C9 H1 4 ° 2  r e q u i r e s  1 5 4 . 0 9 9

M i c r o - A n a l v s i s : C: 7 0 . 1 1  H: 9 . 2 6

c 9 h 1 4 ° 2  r e q u i r e s :  C: 7 0 . 0 8  H: 9 . 1 6

M e l t i n g  P o i n t : 9 8 - 9 9 ° C  ( E t 2 0 / h e x a n e )



l -M e th v l -6 -a c e to x v -8 -o x o b ic v c lo f3 .2 .1 1 o c ta n e  (2 4 9 )

A ro u n d  b o t to m e d  f la sk  w as ch a rg e d  w ith  the k e to -a lc o h o ls  

(2 4 7 )  an d  (2 4 8 )  (0 .8 6 g ,  5 .5  m m o l)  in p y r id in e  (2 .5 m l) .  T o  th is ,  

AC 2 O ( 3 . 5 m l )  w a s  a d d e d  a n d  th e  s o l u t i o n  s t i r r e d  a t  r o o m  

te m p e ra tu re  fo r  24 h.

P ro d u c t  i s o la t io n  by  the  s ta n d a rd  p ro c e d u re  an d  p u r i f i c a t io n  

by f la s h  c h ro m a to g ra p h y  (E t 2 0 /P e t -e th e r )  gave  the k e to -a c e ta te  

(249)  (0 .9 5 g ,  87% ) as a c lea r  o il and  an in sep a ra b le  m ix tu re  o f  C - 6  

d ia s t e r e o m e r s .

In f ra  R e d :^  m ax  CC1 4  : 2940 ,  1753, 1743, 1240, 908 ,  725 and 

650 cm - *

M ass sp e c tru m  : F o u n d  M + , 196 .1080 , req u ire s  196 .1099

amu.
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25

l - M e t h v l - 6 - t r i e th v l s i l v lo x v - 8 - o x o b ic v c lo r 3 .2 .1 1 o c ta n e  (2501

A f lam e  d r ie d  ro u n d  b o t to m e d  f la sk  w ith  s t i r r in g  b a r ,  u n d e r  

n i t ro g en  w as  ch a rg e d  w ith  D M A P (lO m g, lm m o l)  and  then  the ke to -  

a lco h o ls  (247 )  and  (248 )  (2 .06g ,  13.5 m m ol)  in E t 2 0  (1 5 m l) .  To 

this s t i r re d  so lu t io n  w as added  E t^N  ( 2 .0 2 g, 2 0  m m o ls)  fo l lo w ed  by  

c h l o r o t r i e t h y l s i l a n e  ( 3 .0 1 g ,  2 0 m m o ls )  a n d  th e  r e s u l t i n g  m ix tu r e  

s t i r r e d  a t ro o m  te m p e ra tu re  fo r  24 h.

T h e  s o l u t i o n  w as  d i l u t e d  w i th  E t 2 0  (5 0  m l)  a n d  w a s h e d  

s e q u e n t ia l ly  w ith  HC1 ( 1 M , 1 0 m l) aqueous  N aH C O ^  so lu t io n  ( 1 0 m l) 

and  b r in e  (1 5 m l) ,  th e n  d r ie d  and  c o n c e n t ra te d  in  v a c u o  to  g iv e  a 

y e l l o w i s h  o i l .

P u r i f ic a t io n  by f la sh  c h ro m a to g ra p h y  ( E t 2 0 /h e x a n e )  g ave  the  

t r i e t h y l s i l y l  e t h e r  ( 2 5 0 )  ( 3 .5 g ,  9 7 % )  as  a c l e a r  o i l  a n d  an  

in s e p a ra b le  m ix tu re  o f  C 6  d ia s te re o m e rs .

In fra  R ed: ^  m ax  C H C I 3  : 3005, 2900, 1745, 1470, 1420, 1390, 1260,

1245, 1150, 1080, 1020 and 960 c m - 1  

Mass Spectrum  : Found M^-, 268.1853, C j ^ l ^ g C ^ S i  requires 268.1858



25  1

l -M e th v l -6 - r ( te t r a h v d r o - 2 H - p y r a n - 2 y l )o x v l - 8 - o x o b ic v c lo -  

r 3 .2 .1 1 o c ta n e  (2 5 1 )

A ro u n d  b o tto m ed  f lask  f i t ted  w ith  s ide  arm  w as c h a rg e d  w ith  

d ihy d ro p y ran  (3m l, 35m m ol)  and PPTS (225m g, 0 .9m m ol)  fo llow ed  by 

the a lco h o ls  (247)  and  (248) (1 .408g , 9 .26  m m ol)  in E t 2 0  (2m l)  and 

th e  s o l u t i o n  s t i r r e d  a t  r o o m  t e m p e r a t u r e .  T h i n  l a y e r

c h r o m a to g r a p h ic  a n a ly s i s  a f te r  16 h rs  r e v e a le d  th a t  th e  r e a c t io n  

had  re a c h e d  co m p le tio n .

T h e  m ix tu re  w as  d i lu te d  w ith  E t 2 0  (1 0 0 m l)  f i l te re d  th ro u g h  

C elite , w ash ed  w ith  H 2 O (30m l) and d ried  (N a 2 SO ^).

C o n c e n t r a t i o n  a n d  p u r i f i c a t i o n  by  f l a s h  c h r o m a t o g r a p h y  

( E t 2 0 / P e t - e t h e r )  o n  n e u t r a l  a l u m in a  g a v e  th e  T H P  e t h e r  (2 5 1 )  

(2 .0 6 g ,  9 5 % ) as an in s e p a ra b le  m ix tu re  o f  d ia s te re o m e rs .

In f r a - r e d  ; ^  m a x  CC1 4  : 2 9 4 0 ,  2 8 7 5 ,  1 745 ,  1450 ,  1 3 7 5 ,  1350 ,

1260, 1200, 1130, 1110, 1075 and

1025 cm - *

M ass Spectrum  ; Found M + , 238.1575, ^ 1 4 ^ 2 2 ^ 3  re<l u ires 238.1570
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H H

OH

( 2 5 2 ) ( 2 5 3  )

1- M e t h y l - 6 - h v d r o x y - 8 - m e th y le n e  b i c v c lo r 3 .2 .1 1 o c t a n e  ( 2 5 2 )  a n d  

(2 5 3 )

M ethod  A  : B v W ittig  reac tion  on (249)

A r o u n d  b o t to m e d  f la s k  f i t t e d  w i th  s id e  a rm  a n d  r e f lu x  

c o n d e n s e r  w as  se q u e n t ia l ly  c h a rg e d  w ith  m e th y l t r ip h e n y l-  

phosphon ium  brom ide (11.7m g, 33.6 m m ol) and dry  T H F  (100m l). To 

th is  s t i r r e d  s lu r ry  w as  ad d ed  b u ty l - l i th iu m  (2 .6 M  in  h e x a n e ,  13m l, 

33 .6  m m o l)  an d  s t i r r in g  c o n t in u e d  fo r  0 .5  h r  w h e n  a s o lu t io n  o f  

k e to - a c e t a t e  (2 4 9 )  (1 .1 0 g ,  5 .6  m m o l)  in  T H F  (5 0 m l)  w as  a d d e d .  

T he  m ix tu r e  w as  h e a te d  u n d e r  re f lu x  fo r  1  h , th e n  it w as  c o o le d ,  

d i lu te d  w i th  H 2 O (1 0 0 m l)  and  e x t ra c te d  w i th  E t 2 0  (3 x 1 0 0 m l) .  

T h e  o rg a n ic  e x t r a c t s  w e re  w a s h e d  w i th  H 2 O (1 0 0 m l) ,  d i lu te  HC1 

( 1 0 0 m l)  an d  f in a l ly  b r in e  ( 1 0 0 m l)  th e n  d r ie d  a n d  c o n c e n t r a te d  in  

v a c u o .

P u r i f ic a t io n  by  d ry  c o lu m n  f la s h  c h ro m a to g ra p h y  ( E t 2 0 - p e t .  

e th e r )  g a v e  th e  d e s i r e d  o le f in  (4 1 0 m g ,  4 5 .5 % )  as a m i x tu r e  o f  

re a d i ly  s e p a ra b le  C 6  ep im ers .

M ethod  B : B v  W ittig  reac tion  on  (250)
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T o a s lurry  o f  m e thy ltr ipheny lphosphon ium  brom ide 

(2 1 .7g, 62 m m ol)  in T H F  (110m l) was added  b u ty l- l i th iu m  (2 .6M  in 

h e x a n e ,  2 3 .9 m l,  6 2 m m o l)  and  th is  m ix tu re  s t i r r e d  fo r  45 m in ,  at 

w h ich  p o in t  a so lu tio n  o f  the ke tone  (250) (3 .53g ,  13m m ol) in T H F  

(5 0 m l)  w as  added . T h is  so lu tio n  w as hea ted  u n d e r  re f lux  for lh r  

h r  then  co o led ,  d i lu ted  w ith  H 2 0  ( 1 0 0 m l) and e x tra c te d  w ith  

E t2 0  (3 x 100m l). T he o rgan ic  ex trac ts  w ere  seq u en tia l ly  w ashed  

w ith  H 2 0  (1 0 0 m l)  d i lu te  HC1 (1 0 0 m l)  and  b r ine  (5 0 m l)  th e n  d r ied  

and  c o n c e n tra te d  in  v a c u o .

T he  c ru d e  p ro d u c t  w as taken  up in C H ^C N  (25m l)  and to th is  

was added  H 20  (25m l) and HF (40% , 3 .2g, 64m m ol)  and the so lu tio n  

s t i r red  o v e rn ig h t  w h en  it w as b as if ied  w ith  K 2 C O ^. T he  m ix tu re  

w as d i lu te d  w ith  b rine  (50m l) and  ex tra c ted  w ith  E tO A c (3 x 100m l) 

T he  o rg a n ic  e x t ra c ts  w ere  d r ied  and  c o n c e n tra te d  in v a c u o .

P u r i f i c a t io n  by  f la s h  c h ro m a to g ra p h y  ( E t 2 0 - p e t . e t h e r )  g a v e  

the d e s i r e d  o le f in s  (2 5 2 )  and  (2 5 3 )  ( l . l g ,  6 8 %).

M ethod  C : Bv W ittig  reac tion  on  (251)

T o  a s lu rry  o f  m e thy ltr ip h en y l ph o sp h o n iu m  b rom ide  (13 .53g  

3.9 m m o l)  in  T H F  (100m l) was added  bu ty l- l i th iu m  (2 .4M  in  h exane ,  

16 .3m l, 3 9  m m o l)  and  th is  m ix tu re  s t ir red  at ro o m  te m p e ra tu re  fo r  

45 m in ,  w h e n  a s o lu t io n  o f  the  k e to n e  (2 5 1 )  (1 .5 5 g ,  6 .5  m m o l)  in  

T H F  (5 0 m l)  w as added . T h is  so lu tio n  w as h ea te d  u n d e r  re f lu x  fo r  

1  h , w h e n  it w as  co o le d ,  d i lu te d  w ith  H 2 0  ( 1 0 0 m l) an d  e x t ra c te d  

w ith  E t 2 0  (3 x 1 0 0 m l) .  T h e  o rg a n ic  e x t r a c t s  w e re  w a s h e d

s e q u e n t ia l ly  w i th  H 2 0  (1 0 0 m l) ,  d i lu te  HC1 ( lM ) ( 1 0 0 m l )  an d  b r in e  

(50 m l)  th e n  d r ie d  and  c o n c e n tra te d  in  v a c u o .
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The  crude product  was taken up in EtOH (5ml)  and to this was 

a d d e d  P P T S  ( 2 5 0 m g ,  1 m m o l )  and  the s o l u t i o n  s t i r r e d  at  5 0 ° C  

o v e r n i g h t .  C o n c e n t r a t i o n  a n d  p u r i f i c a t i o n  b y  f l a s h

c h ro m a to g r a p h y  ( E t 2 0 - p e t . e t h e r )  gave  the de s i r ed  o le f ins  (252)  and  

(253)  (0 .7 9 6 g ,  80 .4%).

M eth o d  D : Bv c leavage  o f  m e thv lth iom ethv l e ther  (282a)

A  ro u n d  b o tto m e d  f lask  e q u ip p ed  w ith  s t i r r in g  b a r  and re f lux  

c o n d e n s e r  w as  c h a rg e d  w i th  a m ix tu re  o f  the  m e th y l  th io m e th y l  

e th e r  (2 8 2 a )  an d  the  k e to n e  (2 6 0 )  (9 4 .8 m g )  in a c e to n e  (6 m l)  an d  

w ate r  (1m l). T o  this w as added  N aH C O ^ (190m g) and m e thy l iod ide  

(0 .2 5 m l) .  T h e  s o lu t io n  w as  h e a te d  u n d e r  r e f lu x  fo r  2.5 h a n d  

then  a l lo w ed  to coo l at w h ich  po in t E tO A c (50m l) w as added.

T h i s  s o l u t i o n  w a s  w a s h e d  w i th  H 2 0  ( 1 0 m l )  d r i e d  a n d  

c o n c e n t r a t e d .  A n a l y s i s  by  t h i n  l a y e r  c h r o m a t o g r a p h y

( E t O A c : p e t . e t h e r ,  1 :6 )  s h o w e d  th e  p r e s e n c e  o f  th e  6 p -  a l c o h o l  

(252 )  an d  a lso  the  k e to n e  (260) .

P u r i f i c a t i o n  by  f la s h  c h r o m a to g r a p h y  g a v e  th e  6 ^ - a l c o h o l  

(252) (4m g) and  pure  ke tone  (260) (46m g).
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68 -  e o i m e r  ( 2 5 2 )

P o s i t i o n 1 3 c 1 H

8 m 8 m J  I

8 1 6 1 . 2 3 s - - -  -

(C=CH2 ) 10 9 9 . 4 9 t 4 . 7 3 , 4 . 6 4 s , s 2H

6 7 3 . 6 2 d 4 . 0 2 d d 7 . 1 , 2 . 2  1H

5 5 3 . 3 8 d 2 . 4 1 b m 1H

2 4 8 . 3 4 t - - -

1 4 3 . 7 6 s - - -  -

7 4 1 . 7 3 t a  1 . 3 - 2 . 0 m 1 H

$  2 . 3 d d 1 4 ,  7 ( 6 H)

4 3 2 . 5 2 t 1 . 3 - 2 . 0 m ( 6 H)

( C i - f i P a )  9 2 2 . 9 6 q 1 . 0 7 s 3H

3 1 9 . 9 9 t 1 . 3 - 2 . 0 m ( 6 H)

o a - - 1 . 8 1 b s 1H

I n f r a - R e d : ^max c c l 4 : 3 6 2 0 , 3 5 9 5 ,  2 9 3 5 , 1 6 7 5 , 1 4 4 5 ,  1 3 9 5 ,

1 3 7 5 ,  1 1 2 5 ,  1 0 2 5  a n d  8 8 7  cm ” 1

M a ss  S p e c t r u m tF o u n d  M+ , 1 5 2 .1 2 1 1  C1 0 H1 6 °  r e q u i r e s  1 5 2 . 1 2 0 0
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6a -  e o im e r  f 253 )

P o s i t i o n 1 3 C

s m 5 m J I

8 1 6 2 .  3 s - - - -

(C=CH2 ) 10 9 8 . 7 6 t 4 . 6 2 ,

4 . 5 1

s s — 2H

6 7 1 . 3 8 d 4 . 2 8 ddd 1 0 . 4 ,  

6 . 3 ,  5

1H

5 4 8 . 7 1 d 2 . 5 5 ddd 6 . 3 ,  

3 ,  3

1H

2 4 5 . 1 6 t

7 4 3 . 1 5 t 1 . 0 - 2 . 0 m (8 H )

1 4 2 . 7 s - - - -

4 2 9 . 7 t 1 . 0 - 2 . 0 m - (8H )

(CX -CH 3) 9 2 3 . 1 9 q 1 . 0 0 s - 3H

3 2 0 . 2 7 t 1 . 0 - 2 . 0 m - (8 H )

I n f r a - R e d : i/m ax CHC13 : 3 6 3 0 ,  2 9 3 0 ,  1 6 6 2 ,  1 4 4 5 ,  1 3 7 2 ,  1 2 5 9 ,

1 2 3 5 ,  1 1 0 5 ,  1 0 4 0 ,  8 8 3  cm" 1

M a ss  S p e c t r u m : F o u n d  M+ 1 5 2 , 1 2 0 2  C1 0 H1 6 O r e q u i r e s  1 5 2 . 1 2 0 0
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( 2 6 0 )

l -M e th v l-6 -o x o -8 -m e th v le n e b ic v c lo r3 .2 .1 1 o c ta n e  (260)

M eth o d  A  : B v C orev  ox ida tion  o f  the a lcohols  (252) and  (2531 

in CH 0 CI 2

T o  a s t i r r e d  s o lu t io n  o f  N C S  (7 9 0 m g ,  5 .9 m m o l)  i n C H 2 C l 2  

(3 0 m l)  a t 0 ° C  w as  a d d e d  D M S (0 .8 m l ,  10.8 m m o l)  a n d  s t i r r in g  

c o n t in u e d  fo r  25 m in .  T he  m ix tu re  w as  c o o le d  to  - 2 4 ° C  an d  a 

s o lu t i o n  o f  th e  a l c o h o l s  (2 5 2 )  a n d  (2 5 3 )  ( 2 8 0 m g ,  1 .8 m m o l )  in  

C H 2 CI 2  (10m l)  added  s low ly  over  10 m in. S tir r ing  w as con tinued  

fo r  2 h  at - 2 4 ° C  w h e n  a s o lu t io n  o f  E t^ N  (0 .8 m l ,  5 .7  m m o l)  in  

C H 2 C I 2  ( 2  m l)  w as  ad d ed  and  the m ix tu re  s t i r r e d  fo r  a fu r th e r  1 0  

m in .

T h e  m i x t u r e  w a s  p o u r e d  o n to  E t 2 0  ( 6 0 m l )  th e n  w a s h e d  

s e q u e n t ia l ly  w i th  HC1 (1M ) (6 0 m l) ,  H 2 O (6 0 m l)  an d  b r in e  (6 0 m l) ,  

d r ie d  an d  c o n c e n t r a te d  in  v a c u o . P u r i f ic a t io n  by  f la sh

c h ro m a to g ra p h y  (E tO A c/P e t .e th e r )  gave  220m g (78% ) o f  the  k e to n e

(260)  R f . 0 .7 2  c o n ta m in a te d  w ith  the m e th y l th io m e th y l  e th e r  (2 8 2 a)
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M ethod  B : Bv Corey  ox ida tion  o f  the alcohols (252) and (253)  

in to lu e n e

F o l lo w in g  the  p ro c e d u re  d e sc r ib e d  above  the o le f in  a lc o h o ls  

(252) and  (253) (283 mg, 1.86 m m ol) w ere ox id ised  to the ke tone

(260) by treatm ent w ith NCS (379mg, 2.79 mm ol) DMS (0 .36m l, 4.65 

m m o l)  a n d  E t^ N  ( 0 .3 8 m l ,  2 .7 9 m m o l)  e m p lo y in g  to lu e n e  as th e  

s o lv e n t .  C ru d e  p ro d u c t  i s o la t io n  w as  as d e s c r ib e d  a b o v e .

P u r i f i c a t i o n  b y  d r y  c o l u m n  f l a s h  c h r o m a t o g r a p h y  

(E tO A c /P e t .e th e r )  gave  the ke tone  (260) (215m g , 77% ) as a c lea r  o il 

c o n t a m in a te d  w i th  the  m e th y l th io m e th y l  e th e r  (2 8 2 a )  w h ic h  w ere  

v i s u a l i s e d  in  t . l . c .  a n a l y s i s  by  s a t u r a t i o n  o f  th e  t . l . c  p l a t e  

w i th  w a te r .

M e th o d  C : B v  Jones  ox id a tio n  o f  the a lcoho ls  (252) and  (2531

T h e  a lc o h o ls  (2 5 2 )  and  (253 )  (3 0 0 m g , 1 .9 7 m m o l)  in  a ce to n e  

(5 m l)  w e re  c o o le d  to  0 ° C  and  Jo n es  rea g e n t  ( 8 N ) a d d ed  d ro p w ise  

u n t i l  a r e d - b r o w n  c o l o u r  r e m a in e d  in  th e  s u p e r n a t a n t .  T h e  

s o lu t io n  w as  th e n  s t i r r e d  at 0 ° C  fo r  a fu r th e r  0 .5  h.

T he  m i x t u r e  w as d ilu ted  w ith  aqueous N aH C O ^ so lu tion  (25m l) 

and  e x t ra c te d  w ith  E tO A c (3 x 25m l).  T he  o rg an ic  e x t ra c ts  w ere  

c o m b in e d ,  d r ie d  and  c o n c e n tra te d  in  v acuo  to g ive  a y e l lo w is h  o il .

P u r i f i c a t io n  by  f la sh  c h ro m a to g ra p h y  (E tO A c /P e t .e th e r )  g ave  

164m g o f  the k e to n e  (260) (54% ) as a c le a r  o il w h ich  w as v isu a l is e d  

in t . l . c .  a n a l y s i s  by  s a tu r a t io n  o f  th e  t . l . c .  p l a t e  w i th  w a te r .
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M ethod  D : Bv ox ida tion  o f  the alcohols (252) and (2531 with  

c h ro m iu m  t r iox ide -3 .5 -d im e thy lpy razo le  com plex .

A flam e dried  flask  w ith  side arm  under  n i t ro g en  w as charged  

w ith  c h ro m iu m  tr io x id e  (5 0 0 m g , 5 .0  m m o l) ,  3 ,5 -d im e th y l  p y ra z o le  

(4 9 0 m g , 5 .0  m m ol)  and  C H 2 CI 2  (25m l).  This  m ix tu re  w as s t ir red  

at ro o m  te m p e ra tu re  fo r  15 m in  g iv in g  a d e e p - re d  so lu t io n .  T he  

a lc o h o ls  (2 5 2 )  and  (253)  (236m g , 1 .55m m ol)  in C H 2 C I 2  (5m l)  w as 

a d d e d  r a p id ly  to  the  s o lu t io n  and  th is  m ix tu re  s t i r r e d  fo r  1  h at 

ro o m  te m p era tu re .

C o n c e n t r a t i o n  in  v a c u o , d i l u t io n  w i th  E t 2 0  an d  f i l t r a t i o n  

th ro u g h  C e l i te  gave  a y e l lo w ish  so lu t io n  w h ich  w as c o n c e n tra te d  in  

v a c u o , d i l u t e d  w i th  p e n ta n e  a n d  f i l t e r e d  th ro u g h  C e l i t e .  T h e  

r e s u l t in g  c le a r  p e n ta n e  so lu t io n  w as  c o n c e n t ra te d  in v a c u o . 

P u r i f i c a t io n  by  f la s h  c h ro m a to g ra p h y  ( E t 2 0 / p e t . e t h e r )  g a v e  the  

k e to n e  (2 6 0 )  (1 6 8 m g , 7 0 .5% ) as a c le a r  o il .
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P o s i t i o n 1 3 C

8 in 8 m J  I

6 2 1 6 . 9 9 s - - -  -

8 1 5 8 . 0 6 s - - -

(C=CH2 ) 1 0 1 0 0 . 6 8 t 4 . 7 0 s 2H

5 5 6 . 0 6 d 2 . 8 b  m 1H

7 5 1 . 8 3 t 2 . 0 ,  2 . 3 AB q ' o b s  1 8 '

1 4 2 . 7 6 s - - -  -

2 4 1 . 2 5 t

4 3 4 . 2 t
1 . 0 - 2 . 0 m ( 6 H)

( C 3.-C H 3 ) 9 2 2 . 5 4 q 1 . 1 4 s 3H

3 1 6 . 6 4 t 1 . 0 - 2 . 0 m ( 6 H)

I n f r a - R e d : ^max c c l 4 : 2 9 5 0 , 1 7 4 5 ,  1 6 6 3 , 1 3 9 5 , 1 1 1 5 ,  1 0 5 0 ,

8 8 0  cm- 1

M a ss S p e c t r u m :F o u n d  M+ 1 5 0 . 1 0 5 3  C1 QH1 4 0  r e q u i r e s  1 5 0 . 1 0 4 5
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( 2 6 1  )

l - M e th v l - 6 - t r im e th v l s i lv o x v -8 -m e th v le n e b ic v c lo r3 .2 .1 1 o c ta n -6 -e n e

( 2 6 1 )

A f la m e  d r ie d  ro u n d  b o t to m e d  f la s k  w i th  s id e  a rm ,  u n d e r  

n i t r o g e n  w as  c h a rg e d  w ith  i - P ^ N H  (580  p,l, 4 .45  m m o l)  and  T H F  

(3 m l ) .  T h i s  s o lu t i o n  w as  c o o le d  to  0 ° C  a n d  b u ty l  l i t h iu m  

( 2 .4 7 M ,  1 .8 m l,  4 .4 5 m m o l )  w as  a d d e d  s lo w ly .  T h e  r e s u l t i n g  

s o lu t io n  w as s t i r re d  fo r  0 .5 h at 0 ° C  at w h ich  p o in t  it w as co o le d  

fu r th e r  to - 7 8 ° C  w h en  c h lo ro t r im e th y ls i la n e  (1 .3 m l,  10.2 m m o l)  in  

T H F  (3 m l)  w as  a d d e d  d ro p w is e  o v e r  5 m in .  T h e  k e to n e  (2 6 0 )  

(311m g, 2 m m ol)  in T H F (3m l) was then added  slow ly  over 2 m in  and 

th e  r e s u l t i n g  s o lu t io n  s t i r r e d  fo r  a f u r th e r  2  m in  a t w h ic h  p o in t  

E t^N  (2 m l)  w as  added  and th is  m ix tu re  s t ir red  fo r  3 m in .

T he  coo ling  ba th  was rem oved  and the reac tion  w arm ed  to room  

te m p e ra tu r e  a t w h ic h  p o in t  p e t ro le u m -e th e r  (5 0 m l)  w as  a d d e d  and  

th e  s o l u t i o n  w a s h e d  w i th  H 2 O ( 2 0 m l ) ,  d r i e d  ( N a 2 S O ^ )  a n d  

c o n c e n t r a t e d .

K u g e l r o h r  d i s t i l l a t i o n  g a v e  th e  s i l y l  e n o l  e t h e r  ( 2 6 1 )  

(207m g, 45% ) as a c lea r  oil (bp. 115°C  20 m m H g).
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P o s i t i o n 1 3 C

S m S m J I

6 1 6 4 . 8 s - - - -

8 1 5 4 . 5 s - - - -

7 1 0 6 . 7 d 4 . 2 8 s - 1H

(C=CH2 ) 1 0 9 3 . 6 t 4 . 3 5 , 4 . 3 2 S , s - 2 H

5 5 1 . 1 d 2 . 6 5 b t - 1H

1 4 6 . 8 s - - - -

2 3 7 . 8 t 0
 

• 00 1 H • 00 b m - ( 6 H)

4 2 7 . 5 t 0
 

• 00 1 H • 00 b m - ( 6 H)

(C-L-CH3 ) 9 2 1 . 8 q 1 . 0 6 s - 3H

3 2 0 . 3 t

00•H100•o

b m - ( 6 H)

S i ( C H 3 ) 3 0 . 8 1 q 0 . 2 0 s - 9H

I n f r a - R e d : ^max CCIj4 • 2 9 6 0 ,  1 6 7 5 ,  1 6 2 0 , 1 4 5 0 , 1 4 4 0 , 1 3 5 0 ,

1 3 0 0 ,  1 2 5 0 s ,  1 2 3 0 ,  1 1 7 5 ,  1 1 2 0 ,  8 7 5 ,  8 4 5 .

M a ss  S p e c t r u m : F o u n d  M+ 2 2 2 . 1 4 2 5

C1 3 H2 2 0 S * r e q u i r e s  2 2 2 . 1 4 0 8  am u.
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0  A c
289

l-M e th v l-6 -o x o -7 B -a c e to x v -8 -m e th v le n e b ic v c lo r3 .2 .1 1 o c ta n e  (2891

A f lam e-d r ied  f lask  w ith  side arm  u n d e r  n i t ro g e n  at 0 ° C  was 

charged  w ith  K H M D S (0 .75M  in toluene, 4m l, 3 m m ol) and T H F  (5ml). 

T h is  so lu tio n  was coo led  to -7 8 °C  w hen  the ke tone  (300m g, 2 m m ol)  

in T H F  (4 m l)  w as  ad d ed  d ro p w ise  and  the m ix tu re  s t i r r e d  fo r  0 .5 

hr. T o  th is  p a le  y e l lo w  so lu t io n  w as added  2 -p .- to ly lsu lp h o n y l-3 -  

(p .-n i t ro p h e n y l )o x a z ir id in e (2 7 3 )  in T H F  (4 m l)  d ro p w is e  o v e r  3 m in  

an d  th e  r e s u l t in g  r e d -b ro w n  s o lu t io n  s t i r re d  fo r  2 .2 5 h  at -7 8 ° C .

S a tu ra te d  N H 4 CI so lu t io n  (2m l)  w as ad d e d ,  the  c o o l in g  b a th  

rem o v e d  and  the m ix tu re  w arm ed  to room  tem pera tu re  at w h ich  po in t  

E tO A c  (5 0 m l)  w as ad d ed ,  and  the s o lu t io n  w a sh e d  w ith  H 2 O (2 x 

15m l),  d r ie d  and  c o n c e n tra te d  in  v a c u o .

To the resu lt ing  orange so lid  in C H C I 3  (10m l) w as added  AC2 O 

( 2 m l)  a n d  p y r i d i n e  ( 1 m l)  a n d  the  s o lu t i o n  s t i r r e d  o v e r n i g h t  a t 

ro o m  te m p era tu re .

T h e  c ru d e  p ro d u c t  w as  is o la te d  by the  s ta n d a rd  m e th o d  an d  

th e  r e s u l t i n g  s o l i d  w a s  t r i t u r a t e d  w i th  p e t r o l e u m - e t h e r  (5 x 

25 m l) ,  an d  the p e t ro l  ex t ra c ts  c o m b in ed  and  c o n c e n tra te d  in v a c u o . 

P u r i f i c a t io n  by  f la s h  c h ro m a to g ra p h y  ( E tO A c /P e t .e th e r )  g a v e  the  

ac e ta te  (2 8 9 )  (287  m g , 69% ) as a c le a r  o il.
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P o s i t i o n 1 3 C

S m s m J I

(OCOCH3 ) 2 1 2 . 9 5 s - - - -

6 1 6 9 . 9 3 s - - - -

8 1 5 5 . 3 9 s - - - -

( c = c h 2 ) 1 0 1 0 3 . 2 1 t 4 . 9 1 , 4 . 82 s  s - 2 H

7 7 9 . 4 0 d 5 . 0 5 s - 1H

5 5 5 . 7 4 d 3 . 0 4 b  m - 1H

1 4 6 . 1 0 s - - - -

2 4 2 . 0 3 t
1 . 2 - 2 . 1 m - ( 6 H)

4 3 4 . 9 9 t

( COCH3 ) 2 0 . 0 5 q 2 . 0 7 s - 3H

3 1 9 . 6 8 t 1 . 2 - 2 . 1 m - ( 6 H)

(C 1 “ CH3 ) 9 1 7 . 0 4 q 1 . 0 7 s - 3H

I n f r a - R e d : 1/m axc c l 4 : 2 9 4 0 , 1 7 6 5 , 1 7 5 0 ,  1 6 6 5 , 1 3 7 0 , 1 2 2 5 ,

1 0 3 5 a n d  89 5 cm” 1

Mass Spectrum: F o u n d  M+ 2 0 8 . 1 1 0 7  C1 2 H1 6 0  r e q u i r e s  2 0 8 . 1 0 9 9



l -M e th v l-6 a -h v d ro x v -7 B -a c e to x v -8 -m e th v le n e b ic v c lo r3 .2 .1 1 o c ta n e

(2 9 0 )

A ro u n d  b o t to m e d  f la s k  w i th  s t i r r in g  b a r  w as  c h a rg e d  w ith  

the k e to n e  (2 8 9 )  (7 9 m g , 0 .4 m m o l)  in  M eO H  (4m l)  and  w a te r  (1 m l)  

The f lask  w as then  coo led  to 0 ° C  and sod ium  bo rohydride  (40m g, 1.1 

m m ol)  added . T h is  m ix tu re  w as s tir red  at 0 ° C  fo r  5 m in  at w h ich  

p o in t  th e  c o o l in g  b a th  w as  r e m o v e d  an d  the  r e a c t io n  a l lo w e d  to  

w arm  to ro o m  tem pera tu re  o ver  a fu rther  2 0  m in.

T h e  m i x tu r e  w as  d i l u t e d  w i th  E tO A c  (2 0 m l )  a n d  w a s h e d  

s e q u e n t ia l ly  w ith  HC1 (1M , 5m l) ,  s a tu ra ted  N aH C O ^  so lu t io n  (5 m l)  

and  H 2 0  (1 5 m l)  and  the o rg an ic  so lu t io n  d r ied  and  c o n c e n tra te d  in  

v a c u o .

P u r i f i c a t i o n  by  f l a s h  c h r o m a t o g r a p h y  g a v e  th e  a c e t o x y  

a lc o h o l  (2 9 0 )  (6 0 m g , 7 5% ) as a c o lo u r le s s  o il.



1 8 5

P o s i t i o n 1 3 c

8 m S m J  I

(OCOCH3 ) 1 7 3 . 0 2 s - - -

8 1 5 8 . 9 0 s - - -

(C=CH2 ) 1 0 1 0 0 . 9 6 t 4 . 7 7 , 4 . 6 1  s , s 2H

7 8 8 . 1 7 d 4 . 4 9 d 2 . 7  1H

6 8 0 . 3 2 d 3 . 8 7 d d d 6 . 7 ,  1H

2 . 0 ,  1 . 9

5 4 7 . 1 7 d 2 . 7 4 d d d 6 . 7 ,

3 . 2 ,  3 . 0

1 4 5 . 3 2 s - - -

2 4 2 . 9 1 t

4 2 8 . 9 4 t 1 . 2 - 1 . 9 m ( 6 H)

(OCOCH3 ) 2 1 . 0 4 q 2 . 0 6 s 3H

3 1 9 . 4 7 t 1 . 2 - 1 . 9 m ( 6 H)

(C-L-CH3 ) 9 1 7 . 7 3 q 1 . 0 0 s 3H

O R - - 3 . 1 8 d 1 . 8  1H

I n f r a - R e d : ^max c h c 1 3 : 3 5 6 0 ,  2 9 4 0 , 1 7 2 5 ,  1 6 7 0 , 1 4 2 5 ,

1 2 5 5 ,  1 0 7 8 ,  1025  and 890  cm- 1

M a ss  S p e c t r u m : F o u n d  M+ 2 1 0 .1 2 7 7  C12H1 8 ° 3  r e q u i r e s  2 1 0 .1 2 5 5
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OH
2 7 6

l -M e th v l -6 a .7 B -d ih v d ro x v -8 -m e th v le n e b ic v c lo r3 .2 .1 1 o c ta n e  (276)  

M e th o d  A  : B v t r e a tm e n t  o f  the  s i lv l  en o l  e th e r  (2 6 1 )  w i th  2 -p-  

t o l v l s u l p h o n v l - 3 - ( p - n i t r o p h e n v l ) o x a z i r i d i n e  ( 2 7 3 ) .

A  ro u n d  b o t to m e d  f la sk  e q u ip p e d  w ith  s t i r r in g  b a r  and  re f lu x  

c o n d e n s e r  u n d e r  n i t ro g e n  w as  c h a rg e d  w ith  the  s ily l  en o l  e th e r

(261) (107m g , 0 .48m m ol)  in C H C I 3  (5ml). To  this w as added  2-p- 

to ly ls u lp h o n y l-3 - ( j ) -n i t ro p h e n y l )o x a z ir id in e  (2 7 3 )  (1 9 6 m g , 0 .6 4 m m o l)  

in C H C I 3  (20m l)  and the m ix tu re  hea ted  to 6 0 °C  fo r  2.5 h.

W h en  coo l the reac tio n  m ix tu re  w as co n ce n tra te d  in  v acuo  

a n d  th e  r e s u l t i n g  s o l id  w as  t r i t u r a t e d  w i th  p e n ta n e  (5 x 1 0 m l) .  

T h e  p e n t a n e  e x t ra c t s  w e re  c o m b in e d ,  f i l t e r e d  and  c o n c e n t r a te d  to  

g iv e  105 m g  o f  a c rude  oil.

T h i s  o i l  w as  d i s s o lv e d  in  M e O H  ( 5 m l ) /H 2 0  (1 m l)  a n d  the  

s t i r r e d  s o l u t i o n  c o o le d  to  0 ° C .  S o d iu m  b o r o h y d r id e  (7 9 m g ,  

2 .13m m ol)  w as  added  and  s tirr ing  con tinued  at 0 ° C  fo r  5 m in. T he  

co o l in g  b a th  w as  rem o v e d  and  the m ix tu re  a l lo w ed  to  w arm  to ro o m  

te m p e ra tu re  o v e r  a fu r th e r  2 0  m in .

E tO A c  (1 0 0 m l)  w as a d d ed  an d  the  r e s u l t in g  m ix tu re  w a s h e d  

seq u en tia l ly  w ith  HC1 (1M , 15ml) aqueous  N aH C O ^  (10m l)  and  H 2 O
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( 2 0 m l ) .  T h e  o r g a n i c  e x t r a c t  w as  d r i e d  ( N a 2 S 0 4 ) f i l t e r e d  and  

c o n c e n t r a te d  in vacuo  to give 103 mg o f  c rude  mate r ia l .

P u r i f i c a t i o n  by f la sh  c h ro m a to g r a p h y  ( E t O A c /p e t . e th e r )  gave  

th e  d e s i r e d  d i o l  ( 2 7 6 )  ( 2 2 . 4 m g ,  3 0 . 2 % )  as  a s o l i d  w h i c h  

r e c r y s t a l l i s e d  f ro m  C H C I 3  to g ive  w h i te  cu b ic  c ry s ta l s  (m .p .  

142-143°C) .

M e th o d  B : B v t re a tm e n t  o f  the l i th iu m  en o la te  o f  the  k e to n e  (260)  

w i th  2 - p - to l v l s u lp h o n v l - 3 - ( p - n i t r o p h e n v l ) o x a z i r id i n e  (2 7 3 )

A f la m e -d r ie d  ro u n d  b o t to m ed  f lask  f i t te d  w ith  s ide  a rm  an d  

a s t i r r in g  b a r ,  u n d e r  n i t ro g e n ,  w as c h a rg e d  w ith  h e x a m e th y l -  

d is i l a z a n e  (2 1 0  |i.l, 0 .9 8  m m o l)  and  T H F  (3 m l) .  T o  th is  s o lu t io n  

bu ty l l i th iu m  (1 .6M , 620 fl-1, 0 .98m m ol)  w as added  d ro p w ise  and  the 

m ix tu re  s t i r re d  fo r  15 m in  and then  coo led  to 0 ° C .  T he  ke to n e  

(2 6 0 )  ( 1 0 8 m g ,  0 .7 m m o l)  in  T H F  (3 m l)  w as  a d d e d  d ro p w is e  to the 

s o lu t io n  an d  th is  m ix tu re  w as s t i r red  fo r  30 m in  a t 0 ° C .

O n  c o o l in g  to  - 7 8 ° C  the  s u lp h o n y lo x a z i r id in e  (2 7 3 )  (4 4 0 m g , 

1 .42  m m o l)  in  T H F  ( 6 m l)  w as  a d d e d  s lo w ly  o v e r  5 m in  a n d  the  

m ix tu re  s t i r r e d  fo r  a f u r th e r  15 m in  a t w h ic h  p o in t  th e  r e a c t io n  

was w arm ed  to O 0C for 2 min.

S a tu ra te d  N H 4 CI s o lu t io n  (2m l)  w as  ad d ed  an d  the  r e s u l t in g  

s o lu t io n  e x t r a c te d  w ith  E tO A c  (3 x 2 0 m l) .  T h e  o rg a n ic  e x t ra c ts  

w e re  c o m b i n e d ,  d r i e d  a n d  c o n c e n t r a t e d  to  g iv e  a c r u d e  s o l i d  

(400m g).

R e d u c t io n  o f  the so lid  w ith  sod ium  bo ro h y d rid e  w as p e r fo rm e d  

as above using  M eO H  (5m l)/H 20  (1ml) and sod ium  borohydride  (70m g,
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2 . 0 5 m m o l ) .  I s o l a t i o n  o f  the c ru d e  p r o d u c t  w as  c a r r i e d  ou t  as 

above .

P u r i f i c a t i o n  by f la sh  c h r o m a to g r a p h y  ( E t O A c /p e t . e th e r )  gave  

the d io l  (276) (41 .4m g,  37%) and the 6 a - a l c o h o l  (253)  (46mg,  46%).

M e th o d  C : By t rea tm ent  o f  the po ta ss ium  eno la te  o f  the ke tone  

( 2 6 0 )  w i th  2 - p - t o l v l s u l p h o n v l - 3 - ( p - n i t r o p h e n v l ' ) o x a z i r i d i n e  (2 7 3 )

A  f la m e  d r ie d  r o u n d  b o t to m e d  f la s k  w i th  s t i r r i n g  b a r  an d  

side arm , un d er  n itrogen , was chaged  w ith  K H M D S (0 .75M  in toluene, 

1 .4m l, l . l m m o l )  and  T H F  (3m l). T he f lask  w as co o led  to -7 8 °C  at 

w h ich  po in t  the ketone (260) (95m g, 0 .7m m ol)  in  T H F  (2m l) w as added  

d ro p w is e  an d  th is  s o lu t io n  s t i r r e d  fo r  0 . 5  h.

T he  su lp h o n y lo x a z ir id in e  (273) (450m g, l . l m m o l )  in  T H F  (3m l) 

w as  a d d e d  d ro p w is e  and  th is  m ix tu re  s t i r re d  at - 7 8 ° C  fo r  20  m in .  

S a tu ra te d  N H 4 CI (1m l) w as added  and  the so lu tio n  a l lo w ed  to w arm  

to ro o m  te m p e ra tu re .  T h e  so lu t io n  w as then  e x t ra c te d  w ith  E t 2 0  

(3 x 2 0 m l) ,  th e  E t 2 0  e x t ra c ts  w e re  c o m b in e d  an d  c o n c e n t r a te d  to 

g iv e  a y e l lo w is h  s o l id .

R e d u c t io n  o f  the so lid  w ith  sod ium  b o rohydride  w as p e rfo rm e d  

as above using M eO H  (5ml), H 2 O (1ml) and sodium  borohydride (75mg, 

2 .2 m m o l) .  I so la t io n  o f  the c ru d e  p ro d u c t  w as as above .

P u r i f ic a t io n  by f la sh  c h ro m a to g ra p h y  (E tO A c /p e t .e th e r )  g ave  

the d io l  (276 )  (20m g, 19%) as a w hite  so lid  m .p . 14 2 -1 4 3 °C .

M eth o d  D : Bv m e th an o lv s is  o f  the ace ta te  (290)

A  ro u n d  b o t to m e d  f la s k  w i th  s t i r r in g  b a r  w as  c h a rg e d  w i th
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the a c e ta te -a lc o h o l  (290)  (4 5 m g , 0.21 m m ol)  in M eO H  (2m l).  To  

this so lu tion  w as added K 2 C O 3  (lOOmg, 0.72 m m ol) and this m ix ture  

s t i r r e d  o v e r n i g h t .

The so lu t io n  w as co n c e n tra te d  in vacuo  and then  d i lu ted  w ith  

H 2 O (10m l).  The aqueous so lu tion  w as ex trac ted  w ith  E tO A c (3 x 

15 m l )  a n d  th e  o r g a n i c  e x t r a c t s  w e r e  c o m b i n e d  d r i e d  a n d  

c o n c e n t r a te d  to  g ive  a w h ite  so lid .

P u r i f i c a t i o n  by f la sh  c h r o m a to g r a p h y  ( E t O A c /p e t . e th e r )  gave  

the d io l  (276)  (28m g,  77% ) as a w hite  sol id ,  m.p .  140-142°C .
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P o s i t i o n 1 3 C %

8 m 8 m J I

8 1 5 9 . 8 s - - - -

( c=ch2 ) 10 9 9 . 8 8 t 4 . 7 + 4 . 6 s , s - ( 2H)

6 8 3 . 3 9 d 3 . 9 7 dd 6 . 7 , 1H

2 . 6

7 8 1 . 7 9 d 3 . 8 2 d 2 . 6 1H

5 4 7 . 2 1 d 2 . 1 8 ddd 6 . 7 , 1H

3 . 6

1 4 5 . 9 7 s - - - -

2 4 2 . 3 3 t

4 2 8 . 4 7 t 1 . 1 - 2 . 0  m - ( 6 H)

3 1 9 . 3 4 t

( C-CH 3 ) 9 1 7 . 3 9 q 0 . 9 9 s - 3H

OH 2 . 2 b s 1H

I n f r a  R e d : ^max K Br: 3 3 5 0 ,  2 9 2 5 , 1 6 6 8 ,  1 4 5 0 , 1 0 6 0 , 1 0 2 5 ,

8 8 5 , 7 4 0  cm - 1

M a ss  Spectrum: F o u n d  M+ 1 6 8 . 1 1 5 4  c i o h 1 6 ° 2  r e q u i r e s  1 6 8 . 1 1 4 9  

M e l t i n g  P o i n t : 1 4 3 - 1 4 4 ° C  (CHC13 )
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OH
2 9  1

l -M e th v l -6 a .7 f t -d ih v d ro x v -8 .1 0 -e p o x v b ic v c lo r3 .2 .1 1 o c ta n e  (291)

T o  a ro u n d  b o t to m e d  f la sk  w i th  s t i r r in g  b a r  w as  ad d ed  the 

diol (276) (39m g, 0 .23m m ol) in CHCI 3  (7ml) and N a 2 H P 0 4  (600m g) and 

co o led  to 0 ° C .  A  so lu tion  o f  m C P B A  (79m g, 0 .36m m ol)  in C H C I 3  

(3m l)  w as  added  d ropw ise  over  2 m in  and  the m ix tu re  s t ir red  at 0 ° C  

fo r  1 h r  a n d  th e n  at r o o m  te m p e ra tu r e  fo r  a f u r th e r  3 h. T h e  

r e a c t io n  m ix tu re  w as  d i lu te d  w ith  C H C I 3  (2 0 m l) ,  f i l t e r e d  th ro u g h  

C elite  an d  w ash ed  sequen tia lly  w ith  aqueous ^ 2 8 2 0 3  (2m l) ,  aqueous 

NaHCC > 3  (2m l)  and  b r in e  (2m l). D ry ing  the o rg an ic s  (N a 2 S O ^ )  and  

c o n c e n tra t io n  in  v acu o  gave  a c rude  so lid  ( 2 0 m g) w h ich  on  p u r i f i c 

a t ion  by  f la sh  ch ro m a to g ra p h y  (E tO A c /p e t .e th e r )  gave  the ep o x y -  

d io l  ( 2 9 1 )  ( lO m g ,  2 3 % )  as an  a m o rp h o u s  s o l id  w h ic h  r e s i s t e d  

re  c r y  s t  a l l  i s  a t  i o n .
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P o s i t i o n 1 3 c

8 m 5 m J  I

6 8 4 . 3 3 d 4 . 3 7 d d 6 . 8 , 1H 

2 . 8

7 8 2 . 6 2 d 3 . 8 2 d 2 . 7

8 7 1 . 4 7 s - - -  -

5 4 5 . 2 4 d

1 0 4 4 . 5 5 t 2 . 6 4 , 2 . 7 ABq " O b s , 4 ” 2H

1 4 3 . 2 0 s - - -

2 3 9 . 2 2 t

4 2 6 . 0 0 t 1 . 0 - 2 . 2 m ( 6 H)

3 1 6 . 7 8 t

( C i - C ^ )  9 1 3 . 6 5 q 0 . 7 3 s 3H

I n f r a - R e d : Vm a x  CHC13 : 3 6 0 0 ,  3 4 3 0 ,  3 0 4 0 ,  2 9 4 0 ,  1 2 6 0 ,

8 5 0  c m" 1

M a ss  S p e c t r u m : F o u n d  M+ 1 8 4 . 1 0 9 6  C1 0 H1 6 O3 r e q u i r e s  1 8 4 . 1 0 9 9



193

( 2 8  2 )

A ttem pted  M oO P h hvdroxvla t ion  o f  the ketone (260)

F o rm a t io n  o f  the su lp h o x id e  (2 8 2 ) .

T o  a f lam e d r ied ,  ro u n d  bo ttom ed  f lask  f i t ted  w ith  a S c h le n k  

tu b e  c h a rg e d  w ith  M o O P h  ( l .O g ,  2 .35  m m o l)  u n d e r  n i t r o g e n ,  w as  

added  K H M D S (0 .75M  in toluene, 2.5ml, 1.9mmol) in T H F (3m l). The 

f la sk  w as  co o le d  to  -7 8 °C  and the ke to n e  (2 6 0 )(2 5 0 m g , 1.66 m m o l)  

( c o n ta m in a te d  w ith  the  m e th y l th io m e th y l  e th e r )  in T H F  (3 m l)  w as 

added  d ro p w ise  and  s t ir r in g  at -7 8 °C  co n t in u ed  fo r  45 m in .

M o O P H  w as  th e n  a d d e d  r a p id ly  v ia  the  S c h le n k  tu b e  an d  

v ig o ro u s  s t i r r in g  at - 7 8 ° C  c o n t in u e d  fo r  3 h. T h e  c o o l in g  b a th  

w as re m o v e d  and  the reac t io n  a l lo w ed  to w arm  to ro o m  te m p era tu re  

o v e r n i g h t .

T he  so lu t io n  w as d ilu ted  w ith  H 2 O (15m l)  and  e x t ra c te d  w ith  

E t 2 0  (3 x  1 0 m l) .  T he  c o m b in e d  e th e re a l  e x t r a c t s  w e re  w a s h e d  

s e q u e n t ia l ly  w ith  HC1 (1M , 5m l)  sa tu ra ted  N aH C O ^  (5m l)  an d  b r ine  

( 1 0 m l) th e n  d r ie d  and  c o n c e n tra te d  in  v a c u o .

T h e  r e s u l t i n g  o i l  w as  s u b je c t e d  to  b o r o h y d r id e  r e d u c t i o n  

fo l lo w in g  the p ro ced u re  d escr ibed  on p age  184, u s ing  M eO H  (9m l)/  

H 2 O (1m l) and sodium  borohydride (70m g, 2.0 mm ol).



I s o la t io n  o f  the c rude  p ro d u c t  w as as d e sc r ib e d  on p age  

A n a ly s i s  o f  th is  p r o d u c t  by t . l .c .  in d ic a te d  th a t  tw o  c o m p o u n d s  

w e r e  p r e s e n t  R^-’ s 0 . 4 9  a n d  0 . 6 7 .  I s o l a t i o n  b y  f l a s h

ch ro m a to g rap h y  (E t 2 0 /p e tro leu m  e ther  gave the 6 a  a lcoho l (253)

(185 m g) and  the su lphox ide  (282) (12m g) as a c lea r  oil.
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P o s i t i o n 1 3 C

8 m S m J I

8 1 6 0 . 0 9 s - - - -

(C=CH2 ) 1 0 9 9 . 4 5 t 4 . 7 3 , 4 . 6 5 s  , s - 2H

6 8 8 . 3 7 d 4 . 3 5 , 4 . 3 1 d  d 7 . 3 ,

2 . 5

1H

(0 -C H 2 S 0  - ) 8 2 . 7 2 t 4 . 4 1 , 4 . 3 3 ABq ' O b s , 1 2 '  2H

5 4 9 . 6 8 d 2 . 0 3 bm - 1H

2 4 4 . 7 3 t 1 . 2 - 1 . 9 m - ( 7H)

1 4 3 . 8 4 s - - - -

7 4 1 . 7 6 t a m asked 7H

£ 2 . 1 8 dd 1 4 . 0 ,

7 . 3

1H

(SO -C R 3 ) 3 7 . 7 9 q 2 . 8 6 s - 3H

4 3 2 . 7 9 t 1 . 2 - 1 . 9 m - ( 7 H)

( C i O ^ )  9 2 2 . 8 1 q 1 . 0 9 s - 3H

3 1 9 . 9 0 t 1 . 2 - 1 . 9 m - ( 7 H )

I n f r a  R e d : Vm a x  : 2 9 3 0 ,  1 6 6 5 ,  1 4 4 5 ,  1 3 7 5 ,  1 3 2 5 ,  1 1 4 5 ,

1 1 0 0 ,  1 0 1 0  a n d  4 4 8  cm ” 1
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( 2 8 2 a  )

l-M eth v l-6 f3 - th io m e th v lm e th o x v -8 -m e th v len eb ic v c lo f3 .2 .1 1 o c tan e

(2 8 2 a )

A r o u n d  b o t to m e d  f la s k  c o n ta in in g  H 2 0  (7 0 0  |Xl) w i th  a 

s t i r r in g  b a r  w as  c h a rg e d  w ith  a m ix tu re  o f  the  k e to n e  (260)  and  the 

m e th y lth io m e th y l  e th e r  (282a) (241m g) in  M eO H  (6 .3 m l)  and  co o led  

to 0 ° C .  T o  th is  so lu t io n  w as added  so d iu m  b o ro h y d r id e  ( l l O m g ,  

3 .14  m m o l)  and  the m ix tu re  s tir red  at ,0 °C  fo r  5 m in  at w h ich  p o in t  

the  c o o l in g  b a th  as re m o v e d  an d  the  so lu t io n  a l lo w e d  to  w a rm  to  

ro o m  te m p era tu re  o ve r  a fu r th e r  20 m in.

T h e  r e a c t io n  m ix tu r e  w as  d i l u te d  w i th  E tO A c  ( 3 0 m l)  an d  

w ashed  sequen tia lly  w ith  HC1 (1M , 5m l), aqueous NaHCO-j (10m l) and 

b r in e  (1 0 m l ) .  D ry in g  an d  c o n c e n t r a t i o n  in  v a c u o  g a v e  an o i l  

w h ic h  b y  t . l . c .  a n a ly s i s  c o n s i s t e d  o f  tw o  p r o d u c ts  o f  R f  0 .3 2  

a n d  0 . 6 4  ( E t O  A c / p e t . e t h e r ,  1 :6 ) .  I s o l a t i o n  b y  f l a s h

c h ro m a to g ra p h y  gave  the m e th y l th io m e th y l  e th e r  (R^ 0 .6 4 )  (1 9 m g )  

and  the  6 a - a lc o h o l  (253) (184m g)(R ^  0 .32).

t
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P o s i t i o n 1 3 c

s m 6 m J I

8 1 6 1 . 5 s - - - -

(C=CH2 ) 10 9 8 . 9 t 4 . 6 2 , s - 1H

4 . 7 2 s - 1H

6 7 7 . 7 d 4 . 1 0 d  d 7 . 5 ,

2 . 5

1H

(0 - C H 2 - S ) 7 2 . 5 t 4 . 5 6 s - 2H

5 4 9 . 4 d 2 . 5 8 b t - 1H

2 4 4 . 9 t 1 . 2 - 1 . 8 5 m - (8 H )

1 4 3 . 7 s - - - -

7 4 2 . 0 t a l . 2 - 1 . 8 5 m - (8 H )

£ 2 . 0 9 d d 1 2 . 5 ,

7 . 5

1H

4 3 3 . 0 t 1 . 2 - 1 . 8 5 m - (8H )

(S -C H 3 ) 2 2 . 9 q 2 .1 1 s - 3H

3 2 0 .1 t 1 . 2 - 1 . 8 5 m - (8 H )

( C i - C f i a )  9 1 3 . 7 q 1 . 0 9 s - 3H

I n f r a - R e d ; l/m ax (CHC13 ) :  2 9 3 0 ,  2 8 7 0 ,  2 8 5 0 ,  1 6 2 0 ,  1 4 4 0 ,

1 3 7 0 ,  1 3 0 0 ,  1 2 7 0 ,  1 0 5 5 ,  9 8 0  cm” 1

M a ss  Spectrum; F o u n d  M+ 2 1 2 . 1 2 3 1

C i 2 H2 0 OS r e q u i r e s  2 1 2 . 1 2 3 0  amu
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0 A c

( 3 1 2 )

3 a - r (T e tra h v d ro -2 H -p y ra n -2 v l)o x v l-4 { 3 . 15 -d ia c e to x v -12.13 -eooxv-  

t r i c h o th e c - 9 - e n e  (3 1 2 )

A ro u n d  b o t to m e d  f la s k  w i th  s t i r r in g  b a r  w as  c h a rg e d  w ith  

a n g u id in e  (3 4 )  (1 6 0 m g , 0 .4 4 m m o l)  and  d ih y d ro p y ra n  (1 .5 m l ,  1 .62g ,

19 m m o l) .  T o  th is  w as  ad d e d  PPT S  (1 5 m g , 0 .0 6 m m o l)  an d  the  

m ix tu re  s t i r r e d  at ro o m  te m p e ra tu re  o v e rn ig h t .

T h e  m ix tu re  w as  d i lu te d  w ith  E t 2 O (3 0 m l) ,  f i l te r e d  th ro u g h  

C elite  w ash ed  w ith  H 2 O (10m l) and d ried  (N a 2 S 0 4 ). C o n cen tra t io n  

an d  p u r i f i c a t i o n  by  f la sh  c h ro m a to g ra p h y  on  n e u t ra l  a lu m in a  g ave  

the  T H P  e th e r  (312) (184  m g, 93 .6  %) as a c le a r  o il and  an

in s e p a ra b le  m ix tu re  o f  d ia s te re o m e rs .

In f ra  R e d :^) m ax  CC14 : 2950, 1740, 1680, 1440, 1365, 1240, 1170, 1125,

1070, 1040 and 980 c m '

M ass Spectrum : Found M + 450.2245 ^ 2 4 ^ 3 4 ^ 8  re<lu ires 450.2251
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.„.w\0 T H P

0 A c
( 3 1 3 )

3 a - r (T e t r a h v d ro -2 H -p v ra n -2 v l )o x v l -4 f t . l5 -d ia c e to x v -8 -o x o -1 2 .1 3 -  

e p o x v t r i c h o th e c -9 -e n e  (313 )
s '

T o  a f l a m e  d r i e d  c o n i c a l  f l a s k  w i th  s t i r r i n g  b a r  u n d e r  

n i t r o g e n  w as  a d d e d  f re s h ly  p r e p a re d  d ip y r id in e  c h ro m iu m  tr io x id e  

( lO g ,  3 8 .7 m m o l)  an d  d ry  C H 2 C I 2  (3 0 m l) .  T o  th is  w as  ad d ed  the  

te trah y d ro p y ran y l  e th e r  (312) (184m g, 0 .4m m ol)  in  d ry  C H 2 C I 2  (10m l) 

an d  the  m ix tu re  s t i r r e d  fo r  48 h rs  a t ro o m  te m p e ra tu re .

T he  C H 2 C I 2  so lu tio n  w as  d ecan ted  o f f  and  the  re a c t io n  v esse l  

w a sh e d  w ith  s a tu ra ted  N aH C C ^  so lu tio n  (3 x 60m l) .  T he  aqueous  

w a sh in g s  w ere  c o m b in ed  and  ex tra c ted  w ith  E t 2 0  (3 x 60m l) .  T he  

E t 2 0  e x t r a c t s  w e re  c o m b in e d  w i th  th e  C H 2 C I 2  e x t r a c t  a n d  th e  

c o m b in e d  o r g a n ic s  w a s h e d  w i th  s a tu r a te d  N aH C O -j s o lu t i o n  (6  x 

5 0 m l) .  T h e  co m b in e d  aqueous, w ash es  w ere  th e n  e x t ra c te d  w i th  

E t 2 0  (2 x 50m l) .  A ll o rgan ic  ex trac ts  w ere  co m b in ed  and  w ash ed  

seq u en t ia l ly  w ith  HC1 (1M , 2 x 50m l),  sa tu ra ted  N aH C C ^  so lu tion  

(2 x 5 0 m l) ,  an d  b r in e  (2 x 100m l)  an d  th e n  d r ie d  ( N a 2 S 0 4 ) an d  

c o n c e n t r a t e d .



P u r i f ic a t io n  by f la sh  c h ro m a to g ra p h y  (E tO A c /p e t - e th e r )  gave 

th e  e n o n e  ( 3 1 3 )  as a c l e a r  v i s c o u s  o i l  ( 1 9 .2 m g ,  1 0 % ) as an 

in s e p a ra b le  m ix tu re  o f  d ia s te re o is o m e rs .

In fra  R e d : ^  m ax  CC14 : 2950, 1745, 1685, 1440, 1365, 1240, 1160,

1125, 1080, 1045, 970 and 910 cm "1

M ass Spectrum : Found M + 464.2049 ^ 2 4 ^ 3 2 ^ 9  reclulres 464.2043
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0A c

( 5 4 )

3 a .4 B .1 5 -T r ia c e to x v -1 2 .1 3 -e D o x v tr ic h o th e c -9 -e n e (5 4 1

A ro u n d  b o t to m e d  f la s k  w i th  s t i r r in g  b a r  w as  c h a rg e d  w ith  

a n g u id in e  (5 4 )  (8 8 6  m g , 2 .2 m m o l)  in  C H C l^  (1 0 m l)  and  to  th is  

s o l u t i o n  p y r id i n e  ( 1 .5 m l)  a n d  AC 2 O (2 m l)  w e re  a d d e d  a n d  th e  

m ix tu re  s t i r r e d  at ro o m  te m p e ra tu re  fo r  24 h o u rs .

I s o l a t i o n  o f  the  c ru d e  p ro d u c t  in  the  u s u a l  m a n n e r  g a v e  a 

b ro w n  so lid .

P u r i f i c a t i o n  by  f la s h  c h r o m a to g r a p h y  ( E t O A c /P e t r o l - e t h e r )  

g av e  the  t r i a c e ta te  (54 )  (9 0 2 m g , 92% ) as a w h ite  s o l id ,  m .p .  127- 

128°C.
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P o s i t i o n 1 3 C

8 m 8 m J I

OCOCH3 1 7 0 . 4 5 s - - - -

OCOCH3 1 7 0 . 4 5 s - - - -

OCOCH3 1 6 9 . 8 6 s - - - -

9 1 4 0 . 6 6 s - - - -

1 0 1 1 8 . 1 5 d 5 . 4 5 d q 5 . 6 , 1 . 3 1H

4 7 9 . 2 1 d 5 . 7 1 3 d 3 . 4 1H

3 7 8 . 2 5 d 5 . 1 6 d d 4 . 9 , 3 . 8 1H

1 1 7 7 . 4 4 d 3 . 9 5 b d 5 . 6 1H

2 6 7 . 8 4 d 3 . 8 3 d 4 . 9 1H

1 5 6 4 . 0 9 t 4 . 2 3 , 4 . 0 1 ABq o b s l 2 . 3 2 H

1 2 6 3 . 3 8 s - - - -

6 4 8 . 7 0 s - - - -

13 4 7 . 0 6 t 3 . 0 4 , 2 . 7 7 ABq o b s 3 • 9 8 2 H

5 4 3 . 9 1 s - - - -

8 2 7 . 7 6 t m a sk e d

16 2 3 . 1 1 q 1 . 6 8 b s - 3H

7 2 1 . 1 2 t m a sk e d

OCOCH3 2 0 . 9 2 q 2 . 1 2 s - 3H

0C 0£H 3 2 0 . 7 9 q 2 . 0 7 s - 3H

0C 0£H 3 2 0 . 7 5 q 2 . 0 3 s - -

14 6 . 4 6 q* 0 . 7 3 s — 3H
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I n f r a - R e d : um a x  : 3 0 2 0 ,  1 7 4 0 ,  1 3 7 0 ,  1 2 4 0 ,  1 2 0 0 ,  1 1 7 0 ,

1 0 8 5 ,  1 0 6 0 ,  1 0 4 0 ,  9 7 0 ,  9 3 0 ,  7 9 0  a n d  7 2 0  cm- 1  

M a s s  S p e c t r u m : F o u n d  M+ 4 0 8 . 1 7 8 8

C2 1 H2 8 ° 8  r e q u i r e s  4 0 8 . 1 7 8 4  

M e l t i n g  P o i n t : 1 2 6 - 1 2 8 ° C  ( E t O A c / h e x a n e ) L i t .  V a l u e  1 2 4 - 1 2 6 ° C

[ a ] 2 0  + 4 5 . 2 °  ( c =  1 i n  A c O E t )  
d
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( 3 0 5 )

3 a .4 B .1 5 -T r ia c e to x v -8 -o x o -1 2 .1 3 -e p o x v t r ic h o th e c -9 -e n e  (3051 

M e th o d  A  : Bv o x id a tio n  o f  (54^ w ith  d ip v r id in e -c h ro m iu m  tr io x id e  

c o m p le x  (C o l l in s  o x id a t io n ) .

A n  o v e n  d r ie d  th re e  n e c k e d  c o n ic a l  f la s k  w ith  s t i r r in g  b a r ,  

u n d e r  n i t ro g e n  w as  c h a rg e d  w ith  f re sh ly  p re p a re d  d ip y r id in e -  

ch rom ium  trioxide com plex (18g, 69m m ol) and dry C H 2 CI 2  (90m l) and 

the  s lu r ry  s t i r r e d  v ig o ro u s ly  at ro o m  te m p e ra tu r e .  T r i a c e to x y -  

s c irp e n o l  (5 4 )  (2 3 0 m g , 0 .5 6 m m o l)  in C H 2 C I 2  (1 0 m l)  w as  ad d ed  to  

th is  s lu r ry  and  the  m ix tu re  s t i r r e d  at ro o m  te m p e a tu re  fo r  48  h.

F o l lo w in g  the  w ork  up d e sc r ib e d  on  p a g e  , c o n c e n t r a t io n  

o f  the  o rg a n ic  ex tra c ts  gave a w hite  so lid  w h ich  w as sh o w n  to be a 

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

a n a l y s i s .

I s o la t io n  by f lask  c h ro m a to g ra p h y  (E tO A c /p e t .e th e r )  g ave  the 

e n o n e  ( 3 0 5 )  ( 2 4 0 m g ,  6 2 % )  as  a w h i t e  s o l i d ,  m .p .  1 4 4 - 1 4 6 ° C  

(E tO A c /p e t .e th e r )  and  s ta r t in g  m a te r ia l  (54 )  (4 4 m g ,  19% ).



205

M e th o d  B : By o x id a t io n  o f  (54) with  C r ( C O ) 6  and t -bu tv lhvd ro -  

p e r o x i d e  in a c e t o n i t r i l e

A f la m e  d r i e d  ro u n d  b o t to m e d  f la s k  f i t t e d  w i th  a r e f lu x  

co n d en se r ,  u n d e r  n i t ro g en ,  was charged  w ith  ch ro m iu m  h ex ac a rb o n y l  

(5 5 m g , 0 .2 5 m m o l) .  T r iac e to x y sc irp e n o l  (54) (208m g , 0 .5 m m o l)  in 

C H ^ C N  (1 0 m l)  w as added ,  then  t-B u O O H  (3 .5M  in to lu en e ,  3 .9m l,  

13 .6m m ol)  added  d ro p w ise ,  w ith  s t ir r ing  o ver  5 min. T he  reac t io n  

m ix tu re  w as then  hea ted  u n d e r  re f lux  fo r  18 h.

W h e n  c o o l ,  the  s o lu t io n  w a s  f i l t e r e d  th r o u g h  C e l i t e  th e n  

d i lu ted  w ith  E t 2 0  (70m l),  w ashed  w ith  H 2 O (3 x 10ml) and b rine  (2 

x 2 0 m l)  and  then  d r ied  and  co n ce n tra te d .

P u r i f ic a t io n  by f lash  c h ro m a to g rap h y  (E tO A c /p e tro le u m  e th e r )  

g av e  the  d e s i r e d  e n o n e  (305 )  (5 4 .2 m g ,  26% ) m .p .  1 4 3 -1 4 5 ° C  and  

s ta r t in g  m a te r ia l  (54 )  (9 6 m g , 4 6 % ).

M e th o d  C : By ox id a tio n  o f  the se len ide  (328) w ith  ozone

A  ro u n d  b o tto m ed  f lask  w as ch a rg ed  w ith  the se len id e  (328) 

(2 6 m g ,  0 .0 4 4 m m o l)  in  C H 2 C I 2  (5m l)  and  the  s o lu t io n  c o o le d  to 

- 7 8 ° C .  O z o n e  w as  b u b b le d  th ro u g h  th is  s o lu t io n  u n t i l  s a tu r a t io n  

o c c u r r e d  a t w h ic h  p o in t  th e  s o lu t i o n  w a s  p u r g e d  w i th  n i t r o g e n .  

T h e  c o o l in g  ba th  w as rem o v e d  and the m ix tu re  a l lo w e d  to w arm  to 

ro o m  te m p era tu re .

T h e  s o lu t io n  w as c o n c e n t ra te d  in  v a c u o  to  g iv e  a y e l lo w is h  

s o l id  w h ic h  by  t . l .c .  a n a ly s is  c o n ta in e d  the  e n o n e  (3 0 5 )  ( R f  0 .5 ) .  

P u r i f i c a t io n  by f la sh  c h ro m a to g ra p h y  g av e  the  e n o n e  (3 0 5 )  (1 3 m g  

69% ) as a w hite  so lid  m .p. 144-146°C .
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M ethod  D : By ox ida tion  o f  the selen ide (328) w ith  H 2C>2 .

A ro u n d  b o t to m e d  f lask  w ith  s t i r r in g  b a r  u n d e r  n i t ro g e n  w as 

c h a rg e d  w ith  the se len ide  (328) (61 .4m g , O .lm m o l)  in C H 2 C12 (2m l) 

and  p y r id in e  (26.6p.l)  and  the  m ix tu re  s t i r re d  at ro o m  te m p e ra tu re  

for 1 m in . H y d ro g en  p e ro x id e  (30%  3 4 p l ,  0.3 m m ol)  w as added  

d ro p w is e  and  the s o lu t io n  s t i r re d  at ro o m  te m p e ra tu re  fo r  1.5 h.

T h e  s o l u t i o n  w as  d i l u t e d  w i th  E t 2 0  ( 3 0 m l )  a n d  w a s h e d  

s e q u e n t i a l l y  w i th  H 2 0  (1 0 m l) ,  s a tu ra te d  C u S O ^  (1 0 m l)  and  H 2 0  

( 1 0 m l )  th e n  d r i e d  a n d  c o n c e n t r a t e d .  P u r i f i c a t i o n  by  c o lu m n  

ch rom a tog raphy  (E tO A c/hexane) gave the enone (305) (24 .6m g, 55% ) as 

a w h i te  s o l id .
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P o s i t i o n 1 3 C

8 in 8 m J I

8 1 9 6 . 2 8 s - - - -

( OCOCH3 ) 1 7 0 . 3 2 s - - - -

( OCOCH3 ) 1 7 0 . 0 3 s - - - -

( OCOCH3 ) 1 6 9 . 6 3 s - - - -

9 1 3 8 . 7 4 s - - - -

1 0 1 3 6 . 3 5 d 6 . 5 3 d q 5 . 9 ,

1 . 5 3

1H

4 7 8 . 1 5 d 5 . 6 9 d 3 . 3 1H

3 7 8 . 0 5 d 5 . 2 0 d d 4 . 9 , 3 . 3 1H

1 1 7 7 . 4 8 d 4 . 3 5 b d 5 . 9 1H

2 6 8 . 1 6 d 3 . 9 2 d 4 . 9 1H

1 5 6 4 . 2 3 t 4 . 3 , 4 . 1 ABq o b s

1 2 . 5

1H

1 2 6 4 . 0 7 s - - - -

6 4 8 . 6 5 s - - - -

5 4 7 . 4 4 s - - - -

13 4 6 . 7 0 t 3 . 0 7 , 2 . 8 ABq o b s 3 . 8 7 2H

7 3 8 . 1 2 t 2 . 8 6 , 2 . 4 2 ABq o b s

1 5 . 9

2H

(OCOCH3 ) 2 0 . 7 3 q 2 . 1 4 s - 3H

(OCOCH3 ) 2 0 . 6 5 q 2 . 0 8 s - 3H

( 0 C 0 £ H 3 ) 2 0 . 5 4 q 1 . 9 7 s - 3H

1 6 1 5 . 3 7 q 1 . 7 9 - 3H

1 4 5 . 8 2 q 0 . 7 0 s - 3H
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I n f r a  R e d ; i/max CC14 : 2 9 8 0 ,  1 7 4 0 ,  1 6 8 2 ,  1 3 6 8 ,  1 2 4 0 ,  1 0 8 0 ,

1 0 4 5  a n d  9 6 0  cm ” 1

M a s s  S p e c t r u m : F o u n d  M+ 4 2 2 . 1 5 7 0  C2 1 H2 6 ° 9  r e q u i r e s  4 2 2 . 1 5 7 6

M i c r o  A n a l y s i s  f o u n d :  C: 5 9 . 7 7 %  H: 6 .1 2 %

c 2 1 h 2 6 ° 9  r e q u i r e s  C: 5 9 . 6 9 %  H: 6 .2 0 %

[ a ] 1 8  c  = + 6 9 . 7 °  ( c =  1 . 9  i n  A c O E t)

M e l t i n g  P o i n t : 1 5 5 - 1 5 7 ° C  ( E t O A c / P e t r o l e u m - e t h e r ) ,
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0 A c

( 3 1 4 )

3 a - T r i c h lo r o a c e to x v -4 f t . l5 -d ia c e to x v -1 2 .1 3 -e p o x v t r i c h o th e c -9 -e n e

£314)

T o  a f lam e  d r ie d  ro u n d  b o t to m ed  f la sk  e q u ip p e d  w ith  s t ir r ing  

bar  and  s ide  arm  under  n it ro g en  w as added  D M A P (50m g, 0 .4  m m ol)  

and  angu id ine  (34) (263m g, 0 .72m m ol)  in  C H 2 C I 2  (10m l). The 

f lask  w as  co o led  to  0 ° C  and  Bt-^N (1 2 0 p l,  0 .84m m ol)  and  tr ich lo ro -  

a c e ty l  c h lo r id e  (1 8 0  | l l ,  1.68 m m o l)  ad d ed  and  the  m ix tu re  s t i r r e d  

o v e r n i g h t .

T he  reac tio n  m ix tu re  w as d ilu ted  w ith  E t 2 0  (20m l) and w ashed  

sequen tia l ly  w ith  HC1 (1M , 5m l), aqueous N aH C O ^ (5m l) H 2 O (10m l) 

a n d  b r i n e  ( 1 0 m l ) .  T h e  o r g a n i c  e x t r a c t  w a s  d r i e d  a n d

c o n c e n tra te d  to g ive  a c rude  b ro w n  so lid  (4 1 7 m g ).

R e c r y s ta l l i s a t io n  ( C f ^ C ^ / h e x a n e )  g av e  th e  t r i c h lo ro -  

ace ta te  (3 1 4 )  (2 3 6 m g , 64% ) as a w h ite  so lid ,  m .p . 2 0 1 -2 0 2 °C .
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P o s i t i o n 1 3 C

S in 8 m J I

(OCOCH3 ) 1 7 0 . 5 3 s - - - -

( OCOCH3 ) 1 7 0 . 1 8 s - - - -

(OCOCCI3 ) 1 6 0 . 8 1 s - - - -

9 1 4 0 . 6 4 s - - - -

1 0 1 1 7 . 9 9 d 5 . 3 8 d q 5 . 6 ,

1 . 3

1H

4 8 2 . 8 3 d 5 . 9 3 d 2 . 9 1H

3 7 8 . 5 3 d 5 . 1 9 d d 4 . 9 ,

2 . 9

1H

1 1 7 6 . 7 4 d 4 . 0 3 b d ( m a s k e d ) - -

2 6 7 . 8 3 d 4 . 0 0 d 4 . 9 1 H

1 2 6 4 . 0 5 s - - - -

1 5 6 3 . 3 6 t 4 . 2 3 , 4 . 0 2 ABq o b s  13 2 H

6 4 8 . 9 5 s - - - -

13 4 7 . 1 7 t 3 . 0 9 , 2 . 8 2 ABq o b s 3 . 9 2 H

5 4 3 . 8 1 s - - -  . -

8 2 7 . 7 5 t 1 . 9 8 m - 2 H

(OCOCH3 ) 2 3 . 0 5 q 2 . 1 1 s - 3H

7 2 1 . 3 1 t m a s k e d

(OCOCH3 ) 2 0 . 9 2 q 2 . 0 5 s - 3H

1 6 2 0 . 7 1 q 1 . 6 9 b s - 3H

1 4 6 . 4 1 q 0 . 7 6 s - 3H
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I n f r a - R e d : ymax CC14 : 2 9 7 0 ,  1 7 7 5 ,  1 7 5 0 ,  1 2 6 8 ,  1 2 4 5 ,  1 2 3 0 ,

1 1 6 5 ,  1 0 8 5 ,  1 0 4 5 ,  1 0 3 0  a n d  9 7 0  cm” 1

M a s s  S p e c t r u m : F o u n d  4 5 4 . 0 3 4 6 ,

M+ -CH 3 C 0 2H (C 1 9 H2 1 0 6 C 1 3 ) r e q u i r e s  4 5 4 . 0 3 3 6  

M i c r o  A n a l y s i s  : C: 4 9 . 4 2 %  H: 4 .9 6 %  C l :  2 0 .8 0 %

C2 1 H2 5 ° 8 C^3 r e q u i r e s  C: 4 9 .2 8 %  H: 4 .9 2 %  C l :  2 0 .7 8 %

M e l t i n g  P o i n t : 2 0 1 - 2 0 2 ° C  (CH2 C l 2 / h e x a n e )
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AcO
0 A c

( 2 9  7 )

3 a -H v d ro x v -4 B .1 5 -d ia c e to x v -8 -o x o -1 2 .1 3 -e p o x v tr ic h o th e c -9 -e n e  

( 8 -k e to a n g u id in e )  (2 9 7 )

M eth o d  A  : B y c leavage  o f  the T H P  e ther  (313).

A  ro u n d  b o t to m e d  f la sk  w i th  s t i r r in g  b a r  w as  c h a rg e d  w ith  

the T H P -e th e r  (313) (17 .7m g, 0 .04m m ol)  in E tO H  (2m l). PPTS (7m g, 

m m o l)  w as  added  and  the so lu tion  h ea ted  to 3 0 °C  and  m a in ta in e d  at 

th i s  t e m p e r a t u r e  f o r  24  h. T . l . c .  a n a ly s i s  r e v e a l e d  th a t  th e  

s ta r t in g  m a te r ia l  h ad  b een  c o n su m ed .

T h e  m ix tu re  w as  c o n c e n tra te d  in v acu o  to  g iv e  an  o i l  w h ic h  

on  p u r i f ic a t io n  by p o s i t iv e  p re s su re  c h ro m a to g ra p h y  (E tO A c :P e t -  

e th e r ,  3 :2 )  g ave  as the m a jo r  p ro d u c t  8 -k e to a n g u id in e  (2 9 7 )  ( lO m g , 

7 1 % ) as a c le a r  o il .
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M ehod  B : Bv C oll in s  o x ida tion  o f  (312) w ith  im m edia te  c leavage  o f

the T H P  e ther

A f lam e  d r ie d ,  th ree  n e c k e d  c o n ic a l  f la sk  w ith  s t i r r in g  bar,  

u n d e r  n i t ro g e n  w as c h a rg e d  w ith  f re sh ly  p re p a re d  d ip y r id in e -  

c h ro m iu m  tr iox ide  com plex  (15g, 49  m m ol)  and  dry  C H 2 C12  (60m l).  

The o lefin  (312) (201m g, 0.43 m m ol) in C H 2 C12  (15m l) w as added  and 

the m ix tu re  s t i r r e d  fo r  48 h at room  te m p e ra tu re .

I s o la t io n  o f  the p ro d u c t  by the p ro c e d u re  d e s c r ib e d  on  p a g e  159 

g av e  a r e d d is h  o il (2 7 5 m g ) tha t w as t rea ted  w ith  e th a n o l  (5m l)  

in the p resen ce  o f  PPTS (40m g, 0 .15m m ol)  at 6 0 °C  for 24 hours .

T h e  s o lu t io n  w as  c o n c e n t r a te d  in  v a c u o . P u r i f ic a t io n  by 

f la sh  c h ro m a to g ra p h y  (E tO A c /p e t .e th e r )  gave  8 -k e to a n g u id in e  (297) 

(3 0 m g , 17% ) as a c le a r  o il.

M e th o d  C : Bv C o ll in s  o x id a t io n  o f  the  t r i c h lo ro a c e ta te  (314 )

A  f la m e  d r ie d ,  th re e  n e c k e d  c o n ic a l  f la sk  w i th  s t i r r in g  b a r ,  

u n d e r  n i t ro g e n  w as c h a rg e d  w ith  f re sh ly  p re p a re d  d ip y r id in e -  

c h r o m iu m  t r io x id e  c o m p le x  ( 1 8 .3g ,  7 0 .3  m m o l)  a n d  d ry  C H 2 C12  

(5 0 m l) .  T h e  t r ic h lo ro a c e ta te  (314) (271m g , 0 .54  m m o l)  in  C H 2 C12  

( 2 0  m l)  w as  a d d ed  and  the m ix tu re  s t i r re d  at ro o m  te m p e ra tu re  fo r  

48  h r s .

T he  so lu t io n  w as  d i lu ted  w ith  C H 2 C12  (6 0 m l)  f i l te re d  th ro u g h  

C e l i t e  a n d  c o n c e n t r a t e d  in  v a c u o . T h e  r e s u l t i n g  r e s id u e  w as  

d i l u t e d  w i th  E t 2 0  ( 6 0 m l ) ,  f i l t e r e d  t h r o u g h  C e l i t e  a n d  w a s h e d  

se q u e n t ia l ly  w ith  aqueous  C u S O ^  ( 2 0 m l),  H 2 0  ( 1 0  m l)  b r in e  ( 1 0 m l) 

an d  d r ie d  an d  c o n c e n tra te d .
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The crude p roduct (297m g) was d isso lved  in C H 2 CI 2  (10ml) and 

e thanolic  am m onium  hydroxide ( 1 0 % v/v) ( 1 ml) added and the m ixture 

s t i r re d  at ro o m  te m p e ra tu re  fo r  1  h.

C o n c e n t r a t i o n  an d  p u r i f i c a t i o n  by f l a s h  c h r o m a t o g r a p h y  

(E tO A c /P e t - e th e r )  g av e  8 - k e to - a n g u id in e  (2 9 7 )  (1 5 6 m g ,  78% ) as a 

c l e a r  o i l .

M e th o d  D : Bv c leavage  o f  the 3 a -a c e ta te  o f  (3 0 5 ) .

(S ee  p a g e  fo r  the  p r e p a ra t io n  o f  (3 0 5 )) .

A  ro u n d  b o t to m e d  f la s k  w i th  s t i r r in g  b a r  w as  c h a rg e d  w ith  

the enone (305) (20mg, 0.05 m m ol) in M eO H  (9ml) and to this, N H 4 OH 

(2 0 M , 1m l) w as  added  and  the  m ix tu re  s t i r re d  at ro o m  te m p e ra tu re  

f o r  0 .5  h r .

H y d ro ch lo r ic  ac id  (1M , 1ml) and  H 2 O (10m l)  w ere  added  and  

the  s o lu t io n  w as  e x t ra c te d  w ith  E tO A c (3 x 2 0 m l) .  T he  o rg an ic  

e x t ra c ts  w ere  co m b in ed ,  d r ied  and  c o n c e n tra te d  in v acu o  to  g iv e  an 

o il  w h ic h  by  t . l . c .  a n a ly s is  c o n ta in e d  8 -k e to  a n g u id in e  (R f  0 .1 8 ) .

I s o l a t i o n  by  f l a s h  c h r o m a to g r a p h y  g a v e  8 - k e t o - a n g u i d i n e  

(1 0 .4 m g ,  5 8% ) as a c le a r  oil.

M e th o d  E : B v P .C .C . o x id a tio n  o f  the d io l (303)

A f lam e  d r ied  f la sk  u nde  n i t ro g e n  w as  c h a rg e d  w ith  the  d io l 

(150mg, 0.39m m ol) in CH 2 C12  (12ml) and N aO A c (16mg, 0.19 mm ol) and 

f re sh ly  p rep a red  P .C .C . (12m g, 0 .56  m m ol)  added . T he  m ix tu re  w as 

s t i r r e d  at ro o m  te m p e ra tu re  fo r  8  h w h e n  it  w a s  f i l t e r e d  th ro u g h  

C e l i te  an d  c o n c e n t r a te d  to  g iv e  an  o il .
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P u r if ic a t io n  by flash  ch ro m a to g rap h y  (E tO A c/h e x an e)  gave the 

enone  (297)  (80m g, 53% ) as a c lea r  oil and  s ta r t in g  m a te r ia l  (28m g, 

19%).



216

P o s i t i o n 1 3 C 3 H

8 m 8 m J I

8 1 9 6 . 6 6 s - - - -

( OCOCH3 ) 1 7 2 . 4 6 s - - - -

(OCOCH3 ) 1 7 0 . 1 2 s - - - -

9 1 3 8 . 6 6 s - - - -

1 0 1 3 6 . 8 3 d 6 . 5 9 dq 5 . 9 ,

1 . 5 3

1H

4 8 3 . 5 5 d 5 . 0 8 d 2 . 8 1H

1 1 7 8 . 8 4 d 4 . 5 0 b d 5 . 9 1H

3 7 8 . 2 1 d 4 . 2 2 d d 4 . 8 , 2 . 8 1H

2 6 8 . 2 0 d 3 . 7 1 d 4 . 8 1H

1 5 6 4 . 4 1 t 4 . 1 6 , 4 . 0 8 ABq O bs

1 2 . 4

2H

1 2 6 4 . 3 1 s - - - -

6 4 8 . 6 6 s - - - -

5 4 7 . 3 5 s - - - -

13 4 6 . 6 8 t 3 . 0 6 , 2 . 7 9 ABq o b s 3 . 9 2H

7 3 8 . 0 6 t 2 . 9 0 , 2 . 4 5 ABq o b s

1 5 . 8 7

2H

(OCOCH3 ) 2 0 . 9 2 q 2 . 1 2 s - 3H

(OCOCH3 ) 2 0 . 5 9 q 1 . 9 6 s - 3H

1 6 1 5 . 4 6 q 1 . 8 0 b s - 3H

1 4 6 . 1 9 q 0 . 7 8 s - 3H



217

I n f r a - R e d : l/max CC14 : 3 5 6 0 ,  2 9 3 0 ,  1 7 5 0 ,  1 7 2 3 ,  1 6 8 9

1 2 5 0 ,  1 2 2 5 ,  1 1 6 0 ,  1 1 0 0 ,  1 0 9 0 ,  1 0 5 0  a n d  

Mass Spectrum: F o u n d  M+ 3 8 0 . 1 4 5 5  C1 9 H2 4 ° 8  re<3u l r e s

[ a ] 1 8  c  = 4 4 3 . 7  ( c =  0 . 2 7  i n  E t O A c ) 
d

, 1 3 7 0 ,  

9 6 0  cm” 1 

3 8 0 . 1 4 7 1

»
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H

( 3 0 3)

4(3-. 1 5 -A ce to x v -3 a .8 (3 -h v d ro x v -1 2 .1 3 -e p o x v tr ic h o th e c -9 -e n e  (303).

A  ro u n d  b o t to m e d  f la s k  f i t te d  w i th  re f lu x  c o n d e n s e r  and  a 

s t i r r i n g  b a r ,  w as  c h a rg e d  w ith  a n g u id in e  (3 4 )  ) ( 4 5 6 m g ,  

1 .2 5 m m o l)  in d io x a n e  (2 7 m l) .  T o  th is  w as  a d d e d  SeC> 2  (1 5 5 m g ,  

1 .4m m ol)  and  H 2 O (1m l) and the m ix tu re  h ea ted  u n d e r  re f lu x  fo r  24 

h .

W h e n  c o o l  th e  m i x t u r e  w a s  f i l t e r e d  th r o u g h  C e l i t e  a n d  

c o n c e n t r a t e d  in  v a c u o . T h in  l a y e r  c h r o m a to g r a p h i c  a n a ly s i s  

(E tO A c )  in d ic a te d  the  p re s e n c e  o f  4  co m p o u n d s .  T h e  c o m p o u n d  

w i t h  R f  0 . 3 2  w a s  i s o l a t e d  b y  f l a s h  c h r o m a t o g r a p h y  a n d  

c h a r a c t e r i s e d  as  the  8 f3 -a lcoho l (3 0 3 )  (2 3 0 m g ,  4 8 % )  as a w h i te  

s o l id  w h ic h  d id  n o t  s u c c u m b  to r e c r y s ta l l i s a t io n .
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P o s i t i o n 1 3 C

8 m 8 m J I

( OCOCH3 ) 1 7 2 . 4 3 s - - - -

(OCOCH3 ) 1 7 0 . 4 2 s - - - -

9 1 4 2 . 7 1 s - - - -

1 0 1 2 0 . 7 4 d 5 . 5 5 b d 5 1H

4 8 4 . 1 6 d 5 . 0 5 d 2 . 8 1H

1 1 7 8 . 9 4 d 4 . 0 6 b d 5 1H

3 7 8 . 0 2 d 3 . 9 8 d d 4 . 9 , 2 . 8 1H

8 6 8 . 2 0 d m a s k e d - -

2 6 7 . 8 5 d 3 . 6 7 d 4 . 9 1 H

1 2 6 4 . 1 5 s - - - -

1 5 6 3 . 7 2 t 4 . 1 6 , 3 . 8 8 ABq o b s 2 H

1 2 . 4

6 4 8 . 8 3 s - - - -

13 4 6 . 9 8 t 3 . 0 5 , 2 . 7 8 ABq o b s 3 . 8 4 2 H

5 4 5 . 9 1 s - - - -

7 3 1 . 4 3 t m asked

( OCOCH3 ) 2 0 . 9 4 q 2 . 1 1 s - 3H

(OCOCH3 ) 2 0 . 9 4 q 2 . 0 2 s - 3H

1 6 1 8 . 7 8 q 1 . 7 9 b s - 3H

1 4 6 . 7 5 q 0 . 7 8 s - 3H

I n f r a - R e d : Vm a x  CHC13 : ' 3 6 0 0 ,  3 0 3 0 ,  1 7 3 0 ,  1 3 7 0 ,  1 2 4 5 ,

1 1 6 0 ,  1 1 1 0 ,  1 0 4 5 ,  9 9 0 ,  9 6 0 ,  7 9 5 ,  7 2 5  a n d  6 7 5  cm" 1  

M a s s  S p e c t r u m : F o u n d  M+ 3 8 2 . 1 6 3 7  C1 9 H2 6 0 8  r e q u i r e s  3 8 2 . 1 6 2 9
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0 A c
A c

lOAc

3 23 )

3<x.4B. 8 B. 15 - T e t r a - a c e to x v - 1 2 .1 3 -eoox  v t r ic h o th e c -9 -e n e  (323^

M eth o d  A : B v Luche reduc tion  o f  the enone  (297).

To  a ro u n d  b o t to m e d  f la s k  w ith  s t i r r in g  b a r  w as  a d d e d  the 

enone  (297) (26m g, 0 .06m m ol) in M eO H  (4ml) and C e C l ^ ^ f ^ O  (44m g, 

0 .1 2 m m o l ) .  T h e  s o lu t io n  w as  c o o le d  to  - 7 8 ° C  at w h ic h  p o in t  

so d iu m  b o ro h y d r id e  (1 4 m g , 0 .3 7 m m o l)  w as ad d e d  an d  the  s o lu t io n  

s t i r r e d  a t - 7 8 ° C  fo r  a fu r th e r  20  m in .  A c e to n e  (1 m l)  w as  ad d e d  

and  the  co o l in g  b a th  w as rem oved  and  the reac t io n  a l lo w ed  to w arm  

to ro o m  te m p era tu re .

T he  s o lv e n t  w as re m o v e d  in  v a c u o , p ro d u c in g  a w h i te  so l id  

w h ich  w as d isso lved  in EtO A c (20m l) and w ashed  w ith  HC1 (1M , 2m l) 

and  s a tu ra te d  N aH C O ^  (2m l) then  d r ied .  C o n c e n t ra t io n  in  v acuo  

gave  an o il  w h ich  w as d is so lv ed  in C H C I 3  (2m l) .  P y r id in e  (0 .5  m l) 

a n d  AC 2 O ( 1 m l)  w e re  a d d e d  a n d  th e  m i x t u r e  s t i r r e d  a t r o o m  

t e m p e r a t u r e  o v e r n i g h t .  C o n c e n t r a t i o n  in  v a c u o  f o l l o w e d

i s o l a t i o n  o f  the  c ru d e  p r o d u c t  in  the  u s u a l  m a n n e r  g a v e  a c l e a r  

v i s c o u s  o i l .  P u r i f ic a t io n  by  p o s i t iv e  p r e s s u re  c h r o m a to g r a p h y

g ave  as the m a jo r  p ro d u c t the 8f3-acetate (323 )  (20m g  70% ).
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M eth o d  B : Bv ace tv la t io n  o f  the d io l (304)

A ro u n d  b o t to m e d  f la sk  w ith  s t i r r in g  b a r  w as  c h a rg e d  w ith  

the d io l (304) (50m g, 0 .1 3 m m o l) .  AC2 O (1m l) and p y r id in e  (0 .5m l)  

and  the m ix tu re  s t i r re d  at room  te m p e ra tu re  o v e rn ig h t .

T he  so lu tio n  was c o n ce n tra te d  in vacuo  and  the c rude  p ro d u c t  

i s o la te d  in  the  u su a l  m a n n e r .  P u r i f ic a t io n  by f la sh  c h ro m a to 

g rap h y  (E tO A c/H ex an e )  gave  as a w h ite  so lid ,  the 8 p -a c e ta te  (323) 

(57mg, 94%).
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P o s i t i o n 1 3 C

8 in s m J I

( OCOCH3 ) 1 7 0 . 5 9 s - - - -

( OCOCH3 ) 1 7 0 . 5 9 s - - - -

(OCOCH3 ) 1 7 0 . 5 9 s - - - -

( OCOCH3 ) 1 6 9 . 8 7 s - - - -

9 1 3 9 . 7 2 s - - - -

1 0 1 2 1 . 9 6 d 5 . 6 1 d t - 1H

4 7 8 . 8 2 d 5 . 6 1 m a s k e d - -

8 7 8 . 1 2 d 5 . 1 9 m a s k e d - -

3 7 7 . 6 0 d 5 . 1 9 d d 4 . 8 , 3 . 5 1H

1 1 7 0 . 1 7 d 3 . 9 4 b d 6 . 1 1 1H

2 6 7 . 5 4 d 3 . 8 8 d 4 . 8 1H

1 2 6 3 . 9 2 s - - - -

1 5 6 3 . 1 3 t 4 . 2 9 , 4 . 0 9  ABq o b s

1 2 . 3 8

2 H

6 4 9 . 0 9 s - - - -

13 4 6 . 9 7 t 3 . 0 8 , 2 . 7 9  ABq o b s 3 . 9 6 2H

5 4 6 . 0 5 s - - - -

7 2 7 . 3 6 t 2 . 0 m a s k e d - -

(OCOCH3 ) 2 1 . 0 6 q 2 . 1 3 s - 3H

(OCOCH3 ) 2 0 . 8 8 q 2 . 1 1 s - 3H

(OCOCH3 ) 2 0 . 7 9 q 2 .10 s - 3H

(OCOCH3 ) 2 0 . 6 5 q 2 . 0 8 s - 3H

1 6 1 8 . 6 5 q 1 . 7 1 s - 3H

1 4 6 . 5 1 q 0 . 7 5 s - 3H



223

I n f r a - R e d :  v m a x  CC14 : 2 9 3 0 ,  1 7 4 2 ,  1 3 7 5 ,  1 2 3 5 ,  1 1 2 0  a n d

9 7 0  cm - 1

M a s s  S p e c t r u m : F o u n d  4 0 6 . 1 6 1 0 ,

M+ -CH3 C 0 2 H ( C 2 1 H2 6 0 q )  r e q u i r e s  4 0 6 . 1 6 2 8

[<*] 13  C =  + 7 6 . 5 6  ( c =  0 . 3 2 i n  A c 0 E t )

M e l t i n g  P o i n t : ( b e n z e n e / h e x a n e )  1 4 7 - 1 4 9 ° C
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• •HO A c

'0 A c

(3

3 a .4 B .8 a . l5 - T e t r a - a c e to x v - 1 2 .1 3 -e p o x v t r ic h o th e c - 9 - e n e  (3 1 9 )

M e th o d  A  : F ro m  (297> bv re d u c t io n  w ith  L -S e le c t r id e  fo l lo w e d  bv 

a c e t v l a t i o n

A f la m e  d r ie d  ro u n d  b o t to m e d  f la s k  w i th  s t i r r in g  b a r  u n d e r  

n i t ro g e n  w as  ch a rg e d  w ith  8 -k e to -a n g u id in e  (297)  (2 0 m g , 0 .0 5 3 m m o l)  

in  T H F  (2 m l) .  T he  f la sk  w as c o o le d  to  - 7 8 ° C  an d  L -S e le c t r id e  

(1M  in  T H F , 150|Xl, 0 .15m m ol)  added  d ropw ise .  T h is  m ix tu re  w as 

s t i r re d  at -7 8 ° C  for a fu r th e r  ho u r  w hen  sa tu ra te d  N H ^ C l (1m l)  w as 

a d d e d  to  th e  s o lu t io n .  T he  c o o l in g  b a th  w as  r e m o v e d  and  the 

m ix tu re  w arm ed  to room  tem perature .

T h e  so lu t io n  w as  d i lu te d  w ith  H 2 O (3 m l)  an d  e x t ra c te d  w ith  

E tO A c (3 x 15m l). T he  E tO A c ex tra c ts  w ere  c o m b in e d ,  d r ied  and  

c o n c e n t r a t e d .

T he  c o n c e n tra te d  p ro d u c t  w as tre a te d  w ith  p y r id in e  (1 m l)  and  

AC2 O (2 m l)  at ro o m  te m p era tu re  o v e rn ig h t .  P ro d u c t  iso la t io n  by
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the s t a n d a rd  m e th o d  gave  a white  sol id.  Gas  ch ro m a to g ra p h ic  and 

t . l . c .  a n a l y s i s  i n d i c a t e d  th a t  it w a s  the  8 a - a c e t a t e  ( 3 1 9 )  w i th  

m i n o r  im p u r i t i e s .

P u r i f ica t ion  by f lash  ch ro m a to g rap h y  (E tO A c/h e x an e )  gave the 

8 a - a c e t a t e  ( 3 1 9 )  ( 1 9 m g ,  7 7 % )  as a w h i te  so l id ,  m .p .  1 8 2 - 1 8 3 ° C  

(b e n z e n e / h e x a n e ) .

M e th o d  B : F ro m  (3 0 5 )  bv re d u c t io n  w ith  L -S e le c tr id e  fo l lo w e d  bv

a c e tv l a t i o n  ( S y n th e s i s  o f  T - 2 - t e t r a o l )

E m p lo y in g  the above  p ro c e d u re  the en o n e  (3 0 5 )  (3 0 m g , 0 .071  

m m ol)  in T H F  (3m l) was reduced  w ith  L -Selectr ide  (1M  in T H F , 8 0p l,  

0 .08  m m o l) .  T he  p ro d u c t  w as ace ty la ted  as above.

P u r if ic a t io n  by f lash  ch ro m a to g rap h y  (E tO A c/h e x an e )  gave  T-2  

t e t r a o l  t e t r a - a c e t a t e  ( 3 1 9 )  (3 0 m g ,  8 8 % )  as  a w h i te  s o l id

m .p . 182 -1 8 3 °C  (benzene /hexane) .

M eth o d  C : F rom  T-2  toxin  (4)

A  ro u n d  b o t to m ed  f lask  w ith  s t ir r ing  bar  w as c h a rg e d  w ith  T - 

2 to x in  (57 .6m g , 0 .12m m ol)  in M eO H  (4 .5m l). T o  this so lu tio n  was 

a d d e d  N H ^ O H  (2 8 % , 0 .5 m l)  an d  th e  m ix tu r e  s t i r r e d  at r o o m  

te m p e ra tu r e  fo r  48 h. T h e  s o lu t io n  w as  c o n c e n t r a te d  in  v a c u o  

a n d  d i l u t e d  w i t h  w a te r  ( 1 m l ) .  T h e  a q u e o u s  s o l u t i o n  w a s

e x t r a c t e d  w i th  e th y l  a c e ta te  (3 x 10m l) a n d  th e  o rg a n ic  e x t r a c t s  

c o m b in e d ,  d r ie d  and  c o n c e n tra te d .



The crude  p ro d u c t  was trea ted  w ith  p y r id in e  (1m l)  and  AC2 O 

(2 m l)  at ro o m  te m p e ra tu re  o v e rn ig h t .  C ru d e  p ro d u c t  i s o la t io n

in  th e  u s u a l  m a n n e r  g a v e  a y e l l o w i s h  o i l .  T h i n  l a y e r

c h ro m a to g ra p h ic  a n a ly s is  re v e a le d  the p re s e n c e  o f  tw o  co m p o u n d s .  

I so la t io n  o f  the m ore  p o la r  co m p o u n d  (R^ 0 .4 )  by f lash  ch ro m a to -  

raphy  (E tO A c/h e x an e )  gave a w h ite  so lid  w h ich  w as c h a ra c te r ise d  as 

T -2  te tra o l  te tra a c e ta te  (319 )  (45m g , 7 8% ), m .p . 1 8 6 -1 8 7 °C .

M ixed  m p w ith  (319) derived  from  the ke tone  (327) = 185-186°C .
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P o s i t i o n 1 3 c ! h

8 in 8 m J I

( OCOCH3 ) 1 7 0 . 5 6 s - - - -

(OCOCH3 ) 1 7 0 . 4 2 s - - - -

(OCOCH3 ) 1 7 0 . 1 1 s - - - -

( OCOCH3 ) 1 6 9 . 8 3 s - - - -

9 1 3 6 . 4 0 s - - - -

1 0 1 2 3 . 4 1 d 5 . 7 3 d t 5 . 8 , 1 1H

4 7 8 . 8 7 d 5 . 8 0 d 3 . 3 1H

8 7 8 . 2 8 d 5 . 2 3 b d 5 . 2 1H

3 7 7 . 3 3 d 5 . 1 7 d d 4 . 9 , 3 . 3 1H

1 1 6 8 . 1 7 d 4 . 1 4 b d 5 . 8 1H

2 6 7 . 2 9 d 3 . 8 4 d 4 . 9 1H

1 5 6 4 . 2 6 t 4 . 3 4 / 4 . 0 9 ABq o b s

1 2 . 4

2 H

1 2 6 4 . 0 2 s - - - -

13 4 8 . 5 5 t 3 • 0 5 / 2 • 8 ABq o b s 3 . 9 2 2 H

6 4 7 . 1 3 s - - - -

5 4 2 . 9 3 s - - - -

7 2 7 . 2 5 t 2 . 3 1  +  

m a s k e d

d d 1 5 . 0 8 ,

5 . 7

1H

( 2 x OCOCH3 ) 2 1 . 0 2 q 2 . 1 4 s - 3H

* 2 . 0 9 s - 3H

(OCOCH3 ) 2 0 . 8 4 q 2 . 0 4 s - 3H

(OCOCH3 ) 2 0 . 7 9 q 2 . 01 s - 3H

1 6 2 0 . 2 4 q 1 . 7 4 b s - 3H

1 4

6 . 6 2 q 0 . 7 3 s - 3H
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I n f r a - R e d : v m a x  CC14 : 2 9 8 0 ,  1 7 4 5 ,  1 3 7 0 ,

1 0 3 0  a n d  9 7 0  cm" 

M a s s  Spectrum: F o u n d  4 0 6 . 1 6 2 7

M+ -  CH3 C 0 2H ( C 2 1 H2 6 0 8 )

M i c r o  A n a l y s i s  f o u n d  C: 5 9 . 3 7 %

C2 3 H3 0 ° 1 0  r e q u i r e s  C: 5 9 . 2 0 %

[Qf] 1 3  C =  = 3 0 °  (C= 0 . 8 3 ,  E tO A c )

M e l t i n g  P o i n t : 1 8 2 - 1 8 3 ° C  ( b e n z e n e / h e x a n e ) ,

L i t .  V a l u e 1 3 3  1 7 8 - 1 7 9 ° C

1 2 3 5 ,  1 0 8 5 ,  1 0 6 0 ,

1

r e q u i r e s  4 0 6 . 1 6 2 8

H: 6 .4 5 %

H: 6 .4 8 %



( 3 4 4 )

2 -M e th y l-6 -p h e n y lse le n v l-6 -m e th v l  cv c lo h ex an o n e  (344)

A flam e d r ied  round  bo ttom ed  flask  under  n it ro g en  and coo led  

to 0 ° C  w as ch a rg ed  w ith  i -P r2N H  (1 .04m l,  7 .4 2 m m o l)  in T H F  (5m l). 

T o  th i s  s o lu t i o n ,  b u ty l  l i th iu m  (2 .4 M ,  3 .0 9 m l ,  7 .4 2  m m o l)  w as  

ad d ed  d ro p w is e  and  the m ix tu re  s t ir red  at 0 ° C  fo r  0.5 hr.

A  second  f lam e d r ied  round  bo ttom ed  f lask  u n d e r  n i t rogen  was 

c h a rg e d  w ith  2 -m e th y lcy c lo h ex an o n e  (242)  (1m l, 8 .2 5 m m o l)  and T H F  

( l m l )  and  co o le d  to -7 8 °C  and  s t ir red  fo r  2 m in . T o  th is  c o o le d  

s o lu t io n  L .D .A . ( 0 .8 1M, 9 .13m l,  7 .4 2 m m o l)  (p re p a re d  as ab o v e)  w as 

a d d e d  d ro p w is e  o v e r  15 m in  and  the  r e s u l t in g  s o lu t io n  s t i r r e d  fo r  

a fu r th e r  3 h at -7 8 ° C .

P h e n y ls e le n y l  c h lo r id e  (1 .5 7 g ,  8 .2 5 m m o l)  in  T H F  (3 m l)  w as  

a d d e d  r a p id ly  to the  s o lu t io n  an d  the  c o o l in g  b a th  w as  r e m o v e d .  

W h en  the m ix tu re  a t ta in e d  room  tem pera tu re  E t20  (50m l)  w as  added  

an d  the  r e s u l t in g  s o lu t io n  w a sh e d  w ith  H 2 0  ( 2  x  1 0 m l)  an d  b r in e  

(1 0 m l)  th e n  d r ie d  and  c o n c e n tra te d  to g iv e  a y e l lo w is h  o il  (1 .9 5 g ,  

8 8 % ) w h i c h  w a s  u s e d  w i t h o u t  p u r i f i c a t i o n  in  th e  f o l l o w i n g  

o x i d a t i o n .

1H nm r 90M H z (CD CI 3 ) : 8  7.6 ppm , m, 2H, 6  7.31 ppm , m, 3H,

8  1.5 ppm , d, (J=7H z), ( 3 H ,C H 3 )



( 3 4 6 )

2 -M eth v lcv c lo h e x -5 -e n o n e  (346)

A  ro u n d  b o t to m e d  f la sk  u n d e r  n i t ro g e n  w as c h a rg e d  w ith  the 

c r u d e  s e l e n i d e  (3 4 4 )  ( 9 8 4 m g ,  3 .61  m m o l)  in  C H 2 C I 2  ( 2 0 m l ) .  

P y r id in e  (0 .9 m l ,  10.8  m m o l)  w as a d d e d  to th is  s o lu t io n  an d  the 

m ix tu r e  s t i r r e d  at ro o m  te m p e ra tu re  fo r  2 m in  w h e n  H 2 O 2  (3 0 % , 

1 .2 m l,  1 0 .8 m m o l)  w as  a d d e d  d ro p w is e  an d  the  r e s u l t in g  s o lu t io n  

s t i r r e d  f o r  a f u r th e r  1.5 h r .

D i lu t io n  w ith  E t 2 0  (2 0 m l)  fo l lo w e d  by  w a s h in g  s e q u e n t ia l ly  

w ith  H 2 O (1 x 10ml) sa tu ra ted  C uSO ^ (1 x 5m l) an d  H 2 O (1 x 10ml) 

th e n  d ry in g  an d  c o n c e n t ra t io n  g av e  a y e l lo w is h  o il  ( 0 . 5 lg ) .  

D i s t i l l a t i o n  a t r e d u c e d  p r e s s u r e  g a v e  th e  e n o n e  (3 4 6 )  ( 2 2 0  m g ,  

54% ) as a c lea r  o il ( b .p . l2 2 ° C  18mm Hg).

In f ra  R ed  m ax  CC14 : 3040, 2970 , 2940 , 2860 , 1710, 1680, 1450,

1430,1385, 1380, 1215, 1110, 800 and  610 c m '1

M ass S pec trum : Found M + 110.0768 C ^ H jq O  requires 110.0772 amu.

l H  n m r  90M H z(CD C13) : 5 6.8 ppm  d .t,  (1H ,C 5-H ), 8 5.85 pp m , d.t, 

( J = 1 0 ,4 ,1 .2 H z ) ,  1H, (C 6 -H )  8 1.0 to  2 .4  p p m ,  m , 5H , 8 1.0, d,

(J=7H z) (3H ,C H 3 ).



231

0 A c

( 3 2 7  )

3 a .4 f t . l 5 - t r i a c e to x v - 1 2 .1 3 - e p o x v t r i c o th e c a n - 8 - o n e  (3271

T o  a ro u n d  b o t to m e d  f la s k  w i th  s t i r r in g  b a r  w as  a d d e d  th e  

e n o n e  (3 0 5 )  (1 4 0 m g ,  0 .3 3 m m o l)  in  g la c ia l  A c O H  (2 5 m l)  an d  P d /C  

c a t a l y s t  ( lO m g ) .  T h e  f l a s k  w as  e v a c u a t e d  a n d  th e  v a c u u m  

r e le a s e d  w i th  h y d r o g e n .  T h e  c o n te n ts  o f  th e  f l a s k  w e re  th e n  

s t i r r e d  fo r  24  h  at ro o m  te m p e ra tu re .

T he  h y d ro g e n  a tm o sp h ere  w as  re m o v e d  u n d e r  v a c u u m  and  the 

v a c u u m  r e l e a s e d  w i th  a i r .  T h e  s o lu t io n  w as  f i l t e r e d  th r o u g h

C eli te  an d  co n ce n tra te d  in  v a c u o . R es id u a l  A cO H  w as  rem o v e d  by 

a z e o t ro p ic  d i s t i l la t io n  w ith  to lu e n e  (3 x 10m l) an d  th e n  C C I 4  (3 x 

10m l) to  g ive  the k e to n e  (327)  as a w h ite  so lid  (1 2 5 m g , 89% ).

R e c r y s t a l l i s a t i o n  f r o m  E t O A c / h e x a n e  g a v e  w h i t e  c u b i c  

c r y s ta l s ,  m e l t in g  p o in t  1 8 4 -1 8 5 ° C .
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P o s i t i o n 1 3 c

S m 8 m J I

8 2 0 9 . 7 s - - - -

(O-COCH3 ) 1 7 0 . 3 s - - - -

(O-COCH3 ) 1 7 0 . 0 9 s - - - -

( O-COCH3 ) 1 6 9 . 7 8 s - - - -

4 7 8 . 6 3 d 5 . 7 1 d 3 . 2 1H

3 7 8 . 0 2 d 5 . 1 7 d d 4 . 8 1 ,

3 . 2

1H

2 7 7 . 8 9 d 3 . 9 9 d 4 . 8 1 1H

1 1 7 0 . 6 4 d 4 . 1 5 ( m a s k e d ) - -

1 5 6 5 . 0 7 t CN•

000
• ABq ' o b s

1 2 . 4 7

2 H

1 2 6 4 . 2 2 s - - - -

5 5 0 . 9 5 s - - - -

6 4 8 . 3 5 s - - - -

13 4 7 . 1 7 t 2 . 7 8 + 3 . 1 1 ABq o b s 3 . 9 2 2 H

7 4 1 . 5 5 t m a s k e d - - -

9 3 8 . 6 3 d 2 . 2 7 m - -

1 0 : 3 6 . 6 2 t m a s k e d - - -

(OCOCH3 ) 2 0 . 7 6 q 2 . 1 3 s - 3H

(OCOCH3 ) 2 0 . 7 2 q 2 . 0 6 s - 3H

(OCOCH3 ) 2 0 . 6 8 q 2 . 0 0 s - 3H

1 6 1 3 . 7 4 q 1 . 0 0 d 6 . 5 3H

1 4 5 . 7 4 q 0 . 6 6 s - 3H
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I n f r a - R e d : ymax : 2 9 8 0 ,  2 9 4 0 ,  1 7 5 0 ,  1 7 2 5 ,  1 3 7 0 ,  1 2 4 5 ,

1 2 2 5 ,  1 0 9 5 ,  1 0 4 5  a n d  9 6 5  c m" 1 

M a s s  S p e c t r u m : F o u n d  M+ 4 2 4 . 1 7 4 5  C 2 1 H2 8 ° 9  recIu i r e s  4 2 4 . 1 7 3 5

[ Of ] 1 7  * 5 ° c  =  4 3 . 8  ( c =  0 . 4 2 2  i n  Et OAc )

M i c r o  A n a l y s i s  f o u n d  C: 5 9 . 3 8  H: 6 . 7 2

c 2 1 h 2 8 ° 9  r e q u i r e s  C: 5 9 . 4 1  H: 6 . 6 5

M e l t i n g  P o i n t : ( E t O A c / h e x a n e  ) ; 1 8 4 - 1 8 5 ° C
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10 Ac

( 3 2 8  )

3 a , 4 B . 1 5 - t r i a c e t o x v - 9 - ( p h e n v l s e l e n v l ) - 1 2 . 1 3 - e p o x v t r i -

c o th e c a n -8 -o n e (3 2 8 )

A ro u n d  b o t to m e d  f la sk  w ith  s t i r r in g  b a r  u n d e r  n i t ro g e n  w as 

c h a r g e d  w i th  P P T S  ( lO m g ,  0 .0 4 m m o l)  an d  th e n  th e  k e to n e  (3 2 7 )  

( 8 2 m g ,  0 . 1 9 m m o l )  in  E tO A c  ( 4 m l ) .  T o  t h i s  w a s  a d d e d

p h e n y l s e le n y l  c h lo r id e  (4 3 m g , 0 .2 2 m m o l)  in  E tO A c  (2 m l)  an d  the  

s o lu t i o n  s t i r r e d  a t a m b ie n t  t e m p e r a tu r e  a n d  th e  r e a c t i o n  c o u r s e  

f o l l o w e d  by  t . l . c .  a n a ly s i s .

W h e n  t . l . c .  a n a l y s i s  r e v e a l e d  th a t  c o m p o u n d s  o t h e r  th a n  

s t a r t i n g  m a t e r i a l ' ( r f .  0 .4 2 )  a n d  th e  p r o d u c t  ( r f .  0 . 4 8 )  w e r e  

e v id e n t ,  th e  s o lu t io n  w as  d i lu te d  w i th  E tO A c  (1 5 m l)  a n d  w a s h e d  

seq u en tia l ly  w ith  sa tu ra ted  N aH C O ^ so lu tion  (10m l) and  H 2 O (10m l).  

T h e  E tO A c  so lu t io n  w as  d r ied  and  c o n c e n tra te d  to g iv e  a y e l lo w ish

o i l .

P u r if ic a t io n  by f lash  ch ro m a to g ra p h y  (E tO A c /h e x a n e )  gave  the 

a - s e l e n o k e t o n e ( 3 2 8 )  ( 8 4 .7 m g ,  7 5 .6 % )  as  a y e l l o w i s h  o i l  a n d  

s ta r t in g  m a te r ia l  (3 2 7 )  (9 .7 m g ,  11 .8% ).
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P o s i t i o n 1 3 C

8 m 8 m J I

8 2 0 4 . 9 5 s - - - -

( O-COCH3 ) 1 7 0 . 4 3 s - - - -

( O-COCH3 ) 1 7 0 . 0 0 s - - - -

( O-COCH3 ) 1 6 9 . 7 4 s - - - -

( p h e n y l  m-CH) 1 3 7 . 2 1 d

( p h e n y l  p - CH) 1 2 9 . 2 9 d 7 . 2 - 7 . 4 m - 5H

( p h e n y l  o - C H ) 1 2 8 . 7 8 d

4 7 8 . 2 5 d 5 . 6 1 d 3 . 4 1H

3 7 7 . 8 5 d 5 . 2 6 d d

CO • 
•

1H

1 1 7 7 . 6 4 d 4 . 1 9 bm - 1H

2 7 0 . 7 1 d 4 . 0 7 d 4 . 8 1H

1 5 6 5 . 6 0 t 4 . 3 5 , 4 . 0 9 ABq o b s

1 2 . 8

2 H

1 2 6 4 . 1 4 s - - - -

5 5 0 . 9 8 s - - - -

6 4 8 . 9 5 s - - - -

9 4 8 . 3 8 s - - - -

13 4 7 . 2 7 t 3 . 2 5 , 2 . 9 1 ABq o b s

3 . 8 5

2 H

1 0 4 2 . 4 2 t 2 . 5 7 m - 2 H

7 3 6 . 5 8 t 4 . 1 3 ,

m a s k e d

ABq o b s

3 . 7 4

2 H

1 6 2 3 . 9 2 q 1 . 2 1 s - 3H

(OCOCH3 ) 2 0 . 8 5 q 2 . 1 5 s - 3H

(OCOCH3 ) 2 0 . 7 5 q 2 . 1 1 s - 3H
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P o s i t i o n 1 3 C

8 m 8 m J I

( 0C0CH3 ) 2 0 . 7 0 q 1 . 9 5 s - 3H

14 5 . 3 q 0 . 7 3 s - 3H

I n f r a - R e d : ^max c c ^4 : 2 9 8 0 , 1 7 5 0 , 1 7 0 0 ,  1 3 7 0 , 1 2 2 5 , 1 1 2 0 ,

1 0 9 0 ,  1 0 6 5 ,  1 0 4 5 ,  9 6 5  a n d  6 9 0  cm" 1

M a s s  Spectrum; F o u n d  M+ 5 8 0 . 1 1 8 0

c 2 7 H3 2 ° 9 S e  r e q u i r e s  5 8 0 . 1 2 1 2

[ a ] 1 8 ° C = 8 8 °  ( c  1 . 0 8 2  i n  E t OA c )  
l  j  D  '  /
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( 3 6 9 )

l - M e t h v l - 6 p - t r i e t h v l s i l v l o x v - 8 - o x o - b i c v c l o f 3 . 2 . 1 1 o c t a n e  ( 3 6 9 )

T he  6(3-alcohol (252)  (436m g  2.83 m m o l)  w as s i ly la te d  by the 

p rocedu re  descr ibed  on page 169, us ing  D M A P (35m g, 0 .28m m ol),

E t 2 0  (1 5 m l) ,  c h lo ro t r ie th y ls i la n e  (0 .9 m l,  4 .5 m m o l)  and  Et-jN 

(0 .6 m l,  4 .3 m m o l) .

P r o d u c t  i s o l a t i o n  w a s  a s  d e s c r i b e d  o n  p a g e  159. 

P u r i f ic a t io n  by f la sh  c h ro m a to g ra p h y  ( E t2 0 /h e x a n e )  g ave  the  e th e r  

(3 6 9 )  (7 4 0 m g , 97% ) as a c le a r  oil.
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P o s i t i o n 1 3 C

8 m 8 m J I

8 2 2 1 . 4 s - - - -

6 6 9 . 4 d 4 . 0 9 d d 7 . 9 , 1

2 . 7

5 5 5 . 8 d 2 . 1 6 b t 2 . 7 1

1 4 7 . 7 s - - - -

2 4 5 . 1 t 1 . 1 - 2 . 0 m ( 7H)

7 4 3 . 7 t a  1 . 1 - 2 m a s k e d - ( 7 H)

0 2 . 3 5 d d 1 3 . 3 , 1

7 . 9

4 3 3 . 9 t 1 . 1 - 2 . 0 m - ( 7 H)

9 1 9 . 2 q 0 . 9 8 s - 3

3 1 9 . 1 t 1 . 1 - 2 . 0 m - ( 7 H)

S i ( C H 2 CH3 ) 6 . 6 q 0 . 8 7 t 7 . 7 9

S i ( C H 2 CH3 ) 4 . 6 t 0 . 5 0 q 7 . 7 6

I n f r a - R e d : ^max CHC13 : 2 9 6 0 ,  2 8 8 0 , 1 7 5 0 ,  1 4 5 5 , 1 1 5 5 cm " 1

M a ss  S p e c t r u m : F o u n d  M+ 2 6 8 . 1 8 4 9  C1 5 H2 8 S i  r e q u i r e s  2 6 8 . 1 8 5 8
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S i ( C H 3 ) 3

O S  i E t 3

( 3 7 0 )

1 - M e th y l -6  (3-tr ie  thy  Is i l v l o x v -8 B - h v d r o x v - 8 a - (  t r im e th v l s i l  v l-  

m c th v l ) b i c v c lo r 3 .2 .  l l o c t a n e ( 3 7 0 )

A f lam e  d r ie d ,  ro u n d  b o t to m e d  f la sk  e q u ip p e d  w ith  s ide  arm  

an d  s t i r r in g  b a r  u n d e r  n i t ro g e n  w as  c h a rg e d  w i th  t r im e th y ls i ly -  

m e th y l l i th iu m  (1 .0M , 2m l, 2.0  m m ol)  and  T H F  (10m l) and co o led  to  

-7 8 °C .  T o  th is  was added  the ke tone  (269) (358 m g, 1 .33m m ol)  in  

T H F  (3 m l)  d ro p w is e ,  o v e r  3 m in  and  the  m ix tu re  s t i r r e d  a t -7 8 ° C  

fo r  1.25 h. T h e  c o o l in g  b a th  w as  r e m o v e d  an d  the  s o lu t io n  w as 

a l lo w ed  to  w arm  to room  tem pera tu re  overn igh t .

T he  re a c t io n  m ix tu re  w as p o u red  in to  a sa tu ra ted  N H ^ C l (3m l)  

an d  e x t ra c te d  w ith  E tO A c (3 x 3 0 m l) .  T he  o rg a n ic  e x t ra c ts  w ere  

c o m b in e d ,  d r ied  (N a 2 SO ^) and  concen tra ted .

P u r i f ic a t io n  by  f la sh  c h ro m a to g ra p h y  g av e  the  |3 -hydroxy- 

s i la n e  (3 7 0 )  (3 1 3 m g , 7 0 % ) as a c le a r  o il.
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P o s i t i o n 1 3 C 3 h

8 m 8 m J I

8 8 0 . 4 6 s - - - —

6 7 2 . 6 2 d 3 . 9 8 d d 8 . 3 ,

3 . 5

1H

5 5 1 . 1 9 d 1 . 9 1 b t - 1H

2 4 6 . 8 1 t 1 . 1 5 - 1 . 8 m

1 4 6 . 1 7 s - - - -

7 3 3 . 9 7 t a  m a sk e d  

j3 m a sk e d

4 2 4 . 4 9 t 1 . 1 5 - 1 . 8 0 m - -

3 2 4 . 0 3 t - -

( C i - C H a )  9 2 0 . 9 6 q 0 . 9 3 s - 3H

( S i - C H 2 - C 8 ) 1 8 . 7 9 t 0 . 8 8 s - 2 H

( S i C H 2£ H 3 ) 6 . 8 7 q 0 . 9 4 t 8 . 1 9H

( S i C H 2 CH3 ) 4 . 7 5 t 0 . 5 7 q 8 . 1 6 H

( S i C H 3 ) 0 . 9 8 q 0 . 0 6 s - 9H

I n f r a r g e f l :  v mSLX CC14 2 3 7 0 0 ,  3 6 1 8 ,  2 9 6 1 ,  1 4 6 0 ,  1 2 5 0 ,

1 0 8 3 ,  1 0 1 0 ,  8 6 5  a n d  8 4 5  cm- 1

M a ss  S p e c t r u m : F o u n d  M+ 3 5 6 . 2 5 6 2

c 1 9 h 4 0 ° 2 S ^2.  r e q u i r e s  3 5 6 . 2 5 6 7
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( 3 7 1  )

1 - M e th v l -6 B - t r i e th v l s i lv lo x v - 8 - m e th v le n e b ic v c lo r 3 .2 .1 1 - o c t a n e  

(3 7 1 )

A  f la m e  d r ie d  ro u n d  b o t to m e d  f la s k  w i th  s t i r r in g  b a r  u n d e r  

n i t ro g e n  w as  c h a rg e d  w ith  the p -h y d ro x y s i la n e  (370)  (177.1 m g, 0 .49  

m m ol)  in T H F  (8m l) and coo led  to 0 ° C .  To this  w as added  K H M D S  

( 0 .7 5 M  in  t o l u e n e ,  0 .9 m l ,  0 .6 8 m m o l )  d r o p w is e  o v e r  3 m in  a n d  

s t i r r in g  c o n t in u e d  fo r  a fu r th e r  3 m in  w h e n  the  c o o l in g  b a th  w as  

r e m o v e d .  A f t e r  10 m in  t . l . c .  a n a l y s i s  i n d i c a t e d  t h a t  th e

s ta r t in g  m a te r ia l  had  b een  c o n su m ed .

T he  s o lu t io n  w as  d i lu te d  w ith  E t 2 0  (1 5 m l)  w a sh e d  w ith  H 2 O 

(2 m l)  a n d  th e  o rg a n ic  d r ie d  an d  c o n c e n t r a te d  to  g iv e  a c l e a r  o il .  

P u r i f i c a t i n  by  f l a s h  c h r o m a t o g r a p h y  ( e t 2 0 / p e t . e t h e r )  g a v e  th e  

r e q u i r e d  o le f in  (3 7 1 )  (9 9 .7 m g ,  7 5 % ) as a  c le a r  o il .
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P o s i t i o n %

8 m 8 m J I

8 1 6 1 . 8 6 s -  - - -

(C=CH2 ) 1 0 9 8 . 5 2 t 4 . 6 9 , 4 . 6  s , s - 2H

6 7 3 . 9 8 d 4 . 0 5  d  d 7 . 2 ,

2 . 7

1H

5 5 3 . 4 3 d 2 . 3 9  bm - 1H

2 4 9 . 0 6 t

1 4 4 . 0 8 s -  - - -

7 4 2 . 1 2 t ( 0 )  2 . 1  d d 1 3 . 5 , 1H

4 3 3 . 1 6 t
7 . 2

(C-L-CH3 ) 9 2 2 . 9 8 q 1 . 0 7  s - 3H

3 2 0 . 2 0 2 t

( S i C H 2 CH3 ) 6 . 8 1 q 0 . 9 3  t 8 . 1 9H

( S i C H 2 CH3 ) 4 . 7 8 t 0 . 5 7  q 8 . 1 6 H

I n f r a - R e d : ‘'m ax c c l 4 : 2 9 5 0 ,  1 6 7 5 ,  1 4 5 5 ,  1 3 7 5 , 1 2 3 8 ,

1 1 5 8 ,  1 1 4 8 ,  1 0 8 0 ,  1 0 6 5  a n d  8 8 5  cm" 1

M a ss  Spftfit-.rum ; F o u n d  2 6 5 . 1 9 8 7 ,

M+ - H ( C 1 6 H2 9 0 S i )  r e q u i r e s  2 6 5 . 1 9 8 8
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H 0 * " '"

( 3 7 3 )

F o rm a t io n  o f  the h v d ro x v s i la n e  (373):

A tte m p te d  P e te rso n  re a c t io n  on the ke to n e  (362)

A f la m e  d r i e d  r o u n d  b o t t o m e d  f l a s k  u n d e r  n i t r o g e n  w as  

c h a rg e d  w i th  t r im e th y l s i ly lm e th y l  l i th iu m  (1 M  in  p e n ta n e ,  300 |x l,  

0 .3 m m o l)  in  T H F  (0 .5m l)  and  then  coo led  to -7 8 °C . The ke tone  

(362 )  (9 .7 m g ,  0 .024  m m ol)  in T H F  (2m l)  w as ad d ed  d ro p w ise  o v e r  2 

m in  and  the  m ix tu re  s t i r r e d  fo r  2 h at -7 8 ° C .  T he  c o o l in g  ba th  

w as rem o v ed  and  the m ix ture  a l low ed  to w arm  to room  tem pera tu re  at 

w h ic h  p o i n t  t . l . c .  a n a l y s i s  r e v e a l e d  t h a t  th e  s t a r t i n g  m a t e r i a l  

had been consum ed.

T h e  s o lu t io n  w as  p o u re d  in to  sa tu ra te d  N H ^ C l (1 m l)  and  the 

aqu eo u s  so lu t io n  e x t ra c te d  w ith  E tO A c (3 x 15ml). T he  c o m b in ed  

o rg a n ic  e x t r a t s  w e re  d r ie d  (N a 2 S 0 4 ) an d  c o n c e n t r a te d  to  g iv e  an  

o p aq u e  o il .  P u r i f ic a t io n  by f la sh  c h ro m a to g ra p h y  (E tO A c /h e x a n e )  

g ave  the  ad d u c t  (3 7 3 )  ( 8 m g, 6 8 %) as a c le a r  o il .
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P o s i t i o n 1 3 C

8 m 8 m J I

(CH3 ) 2C ( 0 ) 2 1 0 0 . 1 1 s - - - -

9 8 5 . 1 6 s - - - -

7 8 3 . 6 1 d 4 . 5 1 d 6 . 1 1H

3 7 7 . 7 4 d 3 . 8 8 d d

r>.(Nin.00 1H

8 7 2 . 5 1 d 3 . 7 8 d 6 1H

1 2 7 2 . 3 7 s - - - -

1 1 7 1 . 8 8 d 3 . 6 4 bin - 1H

2 6 6 . 1 5 d 3 . 5 9 b s - 1H

1 5 6 3 . 5 5 t 3 . 8 3 , 3 . 3 3 ABq o b s

1 2 . 5

2H

6 4 7 . 0 6 s - - - -

4 4 3 . 8 8 t 2 . 3 3 ( 0 )

a - m a s k e d

d d 1 5 . 2 ,

8 . 5

1H

1 0 4 1 . 7 4 t 2 . 1 3 m - 2H

5 4 0 . 4 1 s - - - -

1 6 2 7 . 3 1 q 1 . 4 0 s - 3H

( 0 ) 2 C(CH3 )CH3 2 5 . 4 8 q 1 . 3 8 s - 3H

( 0 ) 2 C(CH3 )CH3 2 2 . 8 2 q 1 . 3 6 s - 3H

C -CH 2 S i 2 1 . 3 1 t 0 . 9 2 s - 2H

1 4 1 8 . 9 0 q 1 . 3 3 s - 3H

S i ( C H 2 CH3 ) 3 6 . 8 1 q 0 . 9 2 t 8 . 0 9H

S i ( C H 2 CH3 ) 3 4 . 6 3 t 0 . 5 4 q 8 . 0 6 H

S i ( C H 3 ) 3 0 . 7 5 q 0 . 0 3 s - 9H

OH 3 . 0 b s - 1H



I n f r a - R e d : ym ax CC14 : 3 5 6 0 ,  3 2 6 0 ,  2 9 2 0 ,  1 4 6 0 ,  1 3 8 0 ,  1 2 4 0 ,

1 2 2 5 ,  1 0 8 0 ,  9 1 0 ,  8 6 5 ,  8 4 5  a n d  6 2 0  cm* 

M a ss S p e c t r u m ; F o u n d  M+ 5 2 6 . 3 1 4 6

C2 7 H5 0 ° 6 S;*-lrecIu ^r e s  5 6 2 . 3 1 4 6
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( 3 79 )

F o rm a t io n  o f  the a lc o h o l  (379)  :

A t te m p te d  f lu o r id e  ion  in d u c e d  P e te rs o n  e l im in a t io n  on  the s i la n e

(3 7 3 )

A f la m e  d r i e d ,  r o u n d  b o t to m e d  f l a s k  u n d e r  n i t r o g e n  w a s

c h a r g e d  w i th  th e  s i l a n e  (3 7 3 )  ( 1 7 m g ,  0 .0 3 2 m m o l )  in  T H F  (1 m l) .

T o  th i s  s t i r r e d  s o lu t i o n  w a s  a d d e d  t e t r a b u ty l a m m o n iu m  f lu o r id e  

(5 0 m g , 0 .1 6 m m o l)  in  T H F  (1 m l)  an d  the  m ix tu re  s t i r r e d  at ro o m  

te m p e ra tu r e  o v e rn ig h t .

T h e  r e a c t io n  m ix tu r e  w as  d i l u t e d  w i th  E tO A c  (1 0 m l)  an d  

w a sh e d  w i th  H 2 O (1 m l) ,  d r ie d  an d  c o n c e n tra te d .  P u r i f ic a t io n  by 

f la s h  c h ro m a to g ra p h y  g a v e  the  d io l  (3 7 9 )  ( l l m g ,  8 2 % ) as a w h i te  

am o rp h o u s  so lid .
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P o s i t i o n 1 3 c 1 H

8 m 8 m J I

(CH3 ) C ( 0 ) 2 1 0 0 . 1 2 s - - - -

9 8 4 . 8 7 s - - - -

7 8 3 . 6 5 d 4 . 5 3 d 5 . 3 1H

3 7 7 . 8 3 d 4 . 0 3 d d VO•CN00•00 1H

8 7 2 . 6 2 d 3 . 8 0 d 5 . 3 1H

1 2 7 2 . 4 1 s - - - -

1 1 7 1 . 8 9 d 3 . 6 7 bm - 1H

2 6 6 . 0 7 d 3 . 6 1 b s - 1H

15 6 3 . 4 5 t 3 . 8 5 , 3 . 3 5 ABq o b s l 2 . 5

6 4 7 . 2 8 s - - - -

4 4 2 . 1 0 t a  m a sk e d - - -

0  2 . 3 8 d d

in • 
00 

inH 
00

1 H

1 0 4 1 . 7 7 t 2 . 1 0 m - 1H

5 4 0 . 2 1 s - - - -

1 6 2 7 . 3 5 q 1 . 4 0 s - 3H

( 0 ) 2 C(CH3 )CH3 2 5 . 5 4 q 1 . 3 8 s - 3H

( 0 ) 2 C(CH3 )CH3 2 2 . 7 3 q 1 . 3 3 s - 3H

C -£ H 2 . S i 2 1 . 6 1 t 1 . 1 1 , 0 . 9 6 ABq o b s l 4 . 6 2 H

1 4 1 8 . 7 2 q 1 . 3 2 s - 3H

S i ( £ H 3 ) 3 0 . 8 1 q* 0 . 0 4 s - 9H

I n f r a - R e d ; i/m ax : 3 6 0 0 ,  3 1 0 0 ,  3 0 5 0 ,  1 4 4 0 ,  1 2 7 0 ,  1 1 7 5 ,

1 1 2 0 ,  9 6 0 ,  8 4 0 ,  7 7 5  a n d  7 1 5  c m" 1  

M a ss  S p e c t r u m ; F o u n d  M+ 4 1 2 . 2 2 7 8

c 2 1 h 3 6 ° 6 s 1  r e q u i r e s  4 1 2 . 2 2 7 5
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OH

3 8 2

B r id g e d  a c e ta l - a lc o h o l  (3 8 2 )

A  f la m e  d r ie d  r o u n d  b o t to m e d  f la s k  w as  c h a rg e d  w ith  the  

s i ly l  e t h e r  (3 7 6 )  (3 0 m g ,  0 .0 6  m m o l)  in  T H F  (2 m l) .  T e t r a -  

bu ty l am m onium  fluoride (30m g, 0 .09 m m ol) in T H F (1m l) was added 

d ro p w is e  an d  the  s o lu t io n  s t i r re d  a t ro o m  te m p e ra tu re  o v e rn ig h t .

T he  so lu t io n  w as d i lu te d  w ith  E tO A c (10 m l)  and  w a sh e d  w ith  

H 2 O (1 m l)  th e n  d r ie d  an d  c o n c e n t r a te d .  P u r i f i c a t io n  by  f la s h  

ch ro m a to g ra p h y  gave  the a lcoho l (382) (17m g, 75% ) as an  in separab le  

m ix tu re  o f  C3 d ia s te re o m e rs .

In f ra  R e d : ^  m ax  C H C I 3  : 3680 , 3540, 3010 , 1440, 1200, 1120, 930 ,

790, 760 ,720 , 700, 660 and  510 cm - 1  

M ass Spectrum : Found M + 356.1829, C j g l ^ g O y  requires 356.1834 amu.
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( 383  )

B r id g e d  a c e ta l - a c e ta te  (38 3)

A  ro u n d  b o t to m e d  f la sk  w ith  s t i r r in g  b a r  w as  c h a rg e d  w ith  

th e  a l c o h o l  ( 3 8 2 )  (a s  a m i x tu r e  o f  C 3 d i a s t e r e o m e r s )  ( 1 7 m g ,

0 .0 5 m m o l)  in p y r id in e  (0 .5m l) .  A ce tic  an hydride  (1m l)  w as added  

an d  the  m ix tu re  s t i r re d  at ro o m  te m p e ra tu re  fo r  16 h.

C r u d e  p r o d u c t  i s o l a t i o n  b y  th e  s t a n d a r d  m e t h o d  a n d

p u r i f ic a t io n  by  f la sh  c h ro m a to g ra p h y  g ave  the a ce ta te  (3 8 3 )  (15 m g , 

8 7 % ) as a w h i te  a m o rp h o u s  s o l id  an d  an  in s e p a r a b le  m ix tu r e  o f  

d i a s t e r e o m e r s .

I n f r a  R e d : ^ m a x  C H C I 3  : 3 6 8 0 ,  3 5 4 0 , 3 0 2 0 ,  2 9 4 0 ,  1735 , 1520,

1460 , 1 3 80 ,  1225 , 1 200 , 1140 ,  1110 ,

1070, 1050, 1030, 990 ,  930 ,  870 , 790 ,

720, and 660 cm “*

M ass Spectrum  : Found M + . 398.1927, C20**30*^8 requires 398.1940.



P re p a ra t io n  o f  P v r id in iu m  ch lo ro c h ro m a te

H y d r o c h l o r i c  a c i d  ( 6 M , 1 8 m l ,  O . l l m o l )  w a s  s t i r r e d  

v ig o ro u s ly  in  a co n ica l  f la sk  and  c h ro m iu m  tr io x id e  ( lO g , O .lm o l)  

a d d e d  a n d  th e  m ix tu r e  s t i r r e d  fo r  5 m in .  T h e  s o lu t i o n  w as  

coo led  to 0 ° C  w hen  pyrid ine  ( 8 m l, O .lm ol)  w as added  dropw ise  over 

10 m in .  T h e  r e s u l t in g  o ra n g e  s o l id  w as  f i l t e r e d  a n d  d r ie d  at 

red u ce d  p re ssu re  o v e r  ^or * To 8 *ve *8 g, (84% ) o f  dry

p y r id in iu m  c h lo ro c h ro m a te .

P re p a ra t io n  o f  D ip v r id in e -c h ro m iu m  tr io x id e  c o m p lex

A  d r ie d  ro u n d  b o t to m e d  f la sk  u n d e r  n i t r o g e n ,  f i t te d  w i th  a 

m e c h a n ic a l  s t i r r e r ,  w a s  c h a r g e d  w i th  p y r id in e  (8 0 m l ,  lm o l ) .  

C h ro m iu m  tr io x id e  ( lO g ,  O .lm o l)  a d d e d  in  sm a l l  p o r t io n s  o v e r  20 

m in ,  w i th  v ig o r o u s  s t i r r in g .  T h e  r e s u l t in g  s o lu t io n  w a s  s t i r r e d  

fo r  24 h at ro o m  te m p e ra tu re  to  g iv e  a d e n se  b r ic k  re d  so l id  as a 

s l u r r y  in  p y r id i n e .

F i l t r a t i o n  u n d e r  n i t r o g e n ,  a n d  w a s h in g  w i th  h e x a n e  (1 x 

3 0m l)  gave  a b r ick -re d  so lid  (25g , 97% ) w h ich  w as u sed  im m ed ia te ly  

in  C o l l in s  o x id a t io n s .
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E n o n e  r e d u c t i o n s  a n d  g.c. a na ly s i s .

G .C .  a n a l y s i s  c o n d i t io n s

G as c h ro m a to g ra p h ic  an a ly s is  o f  the te t ra a c e ta te s  (319)  and 

(323) was p e rfo rm e d  using  a C PSil 19C B co lum n w ith  an in i t ia l  oven  

te m p e ra tu re  o f  8 0 °C  r is in g  to 2 0 5 °C  at a ra te  o f  3 0 °C /m in .  T he  

te m p e ra tu re  w as  then  ra ise d  to 2 7 0 °C  at a ra te  o f  2 °C /m in .

G .C . A n a ly s is

R e d u c t io n  o f  8 -K e to an g u id in e  b v :-

A. S o d iu m  b o ro h y d r id e /c e r iu m  tr ic h lo r id e .

A  ro u n d  b o t to m e d  f la s k  w as  c h a rg e d  w i th  8 - k e to a n g u id in e  

(297) (18m g, 0 .05m m ol)  in M eO H  (4ml) conta in ing  C e C l - j ^ t ^ O  (44mg, 

0 .1 2 m m o l )  a n d  th e  c o n te n ts  o f  th e  f la s k  w e re  c o o le d  to  -7 8 ° C .  

S od ium  bo ro -h y d r id e  (4 .5m g, 0 .12  m m ol) w as added  and the re su lt ing  

s o lu t io n  s t i r re d  at -7 8 ° C  for 20 m in  w hen  ace tone  (1m l)  w as  ad d ed  

a n d  th e  c o o l in g  b a th  r e m o v e d  an d  th e  r e a c t io n  w a rm e d  to  ro o m  

te m p e r a tu r e .

E thy l  ace ta te  (40m l)  w as  added  and  the so lu tion  w as w ashed  

w ith  HC1 (1M , 5m l) aqueous NaHCO-j (5m l) and H 2 O (5m l) then  dried  

a n d  c o n c e n t r a te d .

T h e  r e s u l t i n g  s o l id  w a s  t r e a te d  w i th  p y r id in e  (0 .5 m l )  an d  

AC2 O (1 m l)  a t ro o m  te m p e ra tu re  fo r  24 h. P ro d u c t  i s o la t io n  by 

th e  s t a n d a r d  m e th o d  g a v e  a c ru d e  p ro d u c t  ( 2 1 m g ,  9 5 % )  th a t  w as  

s u b j e c t e d  to  g .c .  a n a ly s i s .



B. Sod ium  borohydride .

A ro u n d  b o t to m e d  f la s k  w as  c h a rg e d  w i th  8 - k e to a n g u id in e  

(297) ( lO m g , 0 .0 3 m m o l)  in M eO H  (2 .7m l)  and  H 2 0  (0 .3m l)  and  the 

c o n ten ts  o f  the f la sk  co o led  to 0 ° C .  S o d iu m  b o ro h y d r id e  (lO m g, 

0 .26m m ol)  w as added  and the so lu tion  s tir red  at 0 ° C  for 5 m in  w hen  

th e  c o o l in g  b a th  w as  r e m o v e d  a n d  the  m ix tu re  w a rm e d  to  ro o m  

tem p era tu re  o ver  2 0  m in  and  ace tone  ( 1 m l) w as added.

T h e  s o lu t i o n  w as  d i l u t e d  w i th  E tO A c  (3 0 m l )  a n d  w a s h e d  

sequentially  w ith  HC1 (1M, 3ml) aqueous N aH C O ^ (5ml) and H 20  (3ml) 

th e n  d r ie d  an d  c o n c e n t ra te d .

A c e ty l a t i o n  as a b o v e  and  p ro d u c t  i s o la t io n  by  the  s ta n d a rd  

m e th o d  g av e  a c ru d e  p ro d u c t  ( 6 m g, 53% ) tha t w as su b je c te d  to g .c. 

a n a l y s i s .

C. DIBALH.

A  f l a m e  d r i e d  r o u n d  b o t t o m e d  f l a s k  u n d e r  n i t r o g e n  w a s  

c h a rg e d  w i th  8 -k e to  an g u id in e  (297 )  (15m g , 0 .0 4 m m o l)  in  T H F  (5m l) 

and  the co n ten ts  o f  the f lask  w ere  coo led  to -7 8 °C .  D IB A L H  (1M  

in  C H 2 C12  160p i ,  0 .1 6 m m o l)  w as ad d ed  d ro p w ise  an d  the m ix tu re  

s t i r re d  at -7 8 ° C  fo r  a fu r th e r  4 h w h en  aqueous  N aH CO -j (1m l)  w as 

ad d e d .

O n  w a r m in g  to  2 0 ° C  th e  s o lu t i o n  w as  d i l u te d  w i th  E tO A c  

(3 0 m l) ,  w a s h e d  w ith  w a te r  (5m l)  and  then  d r ied  an d  c o n c e n tra te d .

A c e ty la t io n  as above  g av e  an op aq u e  o il w h ich  w as  su b je c te d
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to p r e p a r a t i v e  t . l . c  p u r i f i c a t i o n  ( E t 2 0 / p e t r o l e u m  e t h e r  3 :1 )  to 

r e m o v e  n o n - p o la r  im pur i t i e s .  The  reg ion  o f  s i l i ca  o f  R f 0.15 to 

0 .55  w as  e x t r a c t e d  w i th  E t O A c  and  c o n c e n t r a t e d  to g ive  a c ru d e  

p roduc t  (1 2 .3 m g ,  72% ) w h ic h  was  sub jec ted  to g.c.  ana lysi s .

D. L i th iu m  S e le c t r id e .

A f lam e d r ied  f la sk  u n d e r  n i t ro g e n  w as c h a rg e d  w ith  8 -k e to 

angu id ine  (297) (20m g, 0 .05m m ol)  in T H F  (2m l) and  coo led  to -78 °C  

L -S e le c t r id e  (1 M , 1 5 0 p l ,  0 .1 5 m m o l)  w as  a d d e d  d ro p w is e  an d  the  

s o lu t io n  s t i r r e d  at -7 8 ° C  for a fu r th e r  1 h r, w h e n  s a tu ra te d  N H ^ C l 

( lm l )  w as  added  and the coo ling  bath  rem oved .

W h en  at ro o m  te m p e ra tu re  the so lu t io n  w as d i lu te d  w ith  H 2 O 

(3 m l)  and  e x t ra c te d  w ith  E tO A c (3 x 15m l). T he  E tO A c e x tra c ts  

w ere  c o m b in e d  d r ied  and  co n ce n tra te d .

A c e ty l a t i o n  as  a b o v e ,  f o l lo w e d  by  c o n c e n t r a t i o n  in  v a c u o  

g a v e  a c ru d e  p r o d u c t  (2 2 m g ,  100% ) w h ic h  w as  s u b je c te d  to  g .c .  

a n a l y s i s .

R e d u c t io n  o f  8 - k e to t r ia c e to x v s c i r p e n o l  (3 0 5 )  b v :-  

A . L i th iu m  s e le c t r id e .

P ro c e d u re  w as as above  u s in g  8 -k e to t r ia c e to x y s c i rp e n o l  

(3 0 5 )  (3 0 m g ,  0 .0 7 m m o l)  in  T H F  (3 m l)  and  L -S e le c tr id e  (1M , 8 0 p l ,

0 .0 8 m m o l) .  A c e ty la t io n  and  c o n c e n t ra t io n  g a v e  a c ru d e  p r o d u c t  

(3 2 m g , 9 4% ) w h ic h  w as su b jec ted  to g .c . an a ly s is .
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