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Abs t rac t  - m , L - S e l e c t i v e  [2 ,3 ]s igmat rop ic  rearrangement o f  2-a1 kenyloxy- 
a c e t i c  a c i d  e s t e r  eno la tes ,  ~ ~ L - s e l e c t i v e  [2, 3 l s i g m a t r o p i c  rearrange- 
ment o f  t h e  cor respond ing  eno la tes  bear ing  an a d d i t i o n a l  oxygen f u n c t i o -  
n a l i t y  on t h e  e t h e r  a l keny l ,  and * - se lec t i ve  epox ida t i on  o f  @-methyl- 
homoal l y l i c  a l coho ls  were newly developed. 
r e a c t i o n s  were s u c c e s s f u l l y  a p p l i e d  t o  t h e  syn thes i s  o f  compounds hav ing  
f o u r  o f  more asymmetric centers ,  such as a l l  e i g h t  d ias te reomers  o f  5 , 7 -  
dimethyl-6,8-tridecanediol, t h e  K i s h i ' s  i n te rmed ia te  f o r  r i f a m y c i n  S, and 
I r e l a n d  a lcoho l .  

These s t e r e o s e l e c t i v e  

INTRODUCTION 

St ruc tu res  w i t h  consecut ive  asymmetric cen te rs  o f t e n  appear i n  n a t u r a l  products,  e s p e c i a l l y ,  
o f  p o l y k e t i d e  o r i g i n ,  such as macro1 ides ,  macrolactams, po l ye the rs  e tc .  Because o f  t h e  
importance o f  these n a t u r a l  p roduc ts  f rom t h e  s t r u c t u r a l  and b i o l o g i c a l  p o i n t s  o f  view, much 
e f f o r t  was d i r e c t e d  t o  t h e i r  syn thes is ,  wherein t h e  s t e r e o c o n t r o l l e d  c o n s t r u c t i o n  o f  
consecut ive  asymmetric c e n t e r  systems was one o f  t h e  c r u c i a l  tasks.  However, most o f  these 
s tud ies  have been focused on t h e  syntheses o f  t h e  s t r u c t u r e s  hav ing  p a r t i c u l a r  con f igu ra t i ons ,  
namely, those o f  n a t u r a l  ones, and o n l y  a few genera l  methodologies were developed which 
enabled t h e  syn thes i s  o f  any c o n f i g u r a t i o n s  o t h e r  than those o f  n a t u r a l  compounds, though i t  
was cons idered t o  be q u i t e  meaningful  f o r  t h e  e l u c i d a t i o n  o f  s t r u c t u r e - b i o l o g i c a l  a c t i v i t y  
r e 1  a t i o n s h i  p. 

Recent ly,  we developed new methodologies, z i r con ium mediated z , L - s e l e c t i v e  and t i t a n i u m  
mediated s x ,  E-se lec t i ve  [2 ,3 ]s igmat rop ic  rearrangement o f  e s t e r  eno la tes  and syn- 
s t e r e o s e l e c t i v e  epox ida t i on  o f  @-methyl h o m o a l l y l i c  a lcoho ls .  
cons idered t o  p rov ide  q u i t e  u s e f u l  means f o r  t h e  syntheses o f  p o l y k e t i d e  n a t u r a l  products,  
and some a p p l i c a t i o n s  r e l a t e d  t o  t h e  syn thes i s  o f  compounds hav ing  consecut ive  asymmetric 
cen te rs  were undertaken as descr ibed below. 

These methodologies were 

ZIRCONIUM MEDIATED [2,31SIGMATROPIC REARRANGEMENT 

Recent ly  we developed t rans -2 ,5 -d i subs t i t u ted  p y r r o l i d i n e  c h i r a l  a u x i l i a r i e s ,  i n  which C2- 
symmetry and t h e  p e r i p l a n a r i t y  o f  five-membered r i n g  s t r u c t u r e  were combined, and showed t h a t  
t hey  were q u i t e  e f f e c t i v e  f o r  a wide v e r i e t y  o f  asymmetric reac t i ons ,  such as a - a l k y l a t i o n  o r  
a c y l a t i o n  o f  c a r b o x y l i c  ac ids  and t h e i r  d e r i v a t i v e s ,  a l d o l  condensat ion,  and D ie l s -A lde r  
r e a c t i o n ,  w i t h  h igh  e n a n t i o s e l e c t i v i t y .  The method was s u c c e s s f u l l y  a p p l i e d  t o  
[2, 3 l s i g m a t r o p i c  rearrangement o f  a l k e n y l o x y a c e t i c  a c i d  amide eno la tes  i n t o  @-a lky l -a -  
hydroxy-y-unsaturated amides, and found t h a t  t hey  a l s o  proceeded w i t h  h i g h  enant io -  and u- 
d i a s t e r e o s e l e c t i v i t y ,  when z i r con ium eno la tes  o f  g-a1 keny loxy  subs t ra tes  were used. 
s e l e c t i v i t y  seemed t o  a r i s e  f rom a c h e l a t e  s t r u c t u r e  o f  t h e  eno la te ,  and, t h e r e f o r e  i t  was 
considered t h a t  t h e  s e l e c t i v i t y  was n o t  con f ined  t o  amide eno la tes  b u t  a l s o  expected from t h e  
corresponding es ters .  

The 

OH 

1 2 

Thus, we examined t h e  rearrangement o f  a l keny loxyace t i c  a c i d  e s t e r  eno la tes  ( r e f .  1). 
A l though l i t h i u m  eno la te  d i d  n o t  g i v e  good s e l e c t i v i t y ,  t h e  a d d i t i o n  o f  z i rconocene 
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d i c h l o r i d e  t o  t h e  l i t h i u m  eno la te  s o l u t i o n  gave q u i t e  h i g h  syn-diastereoselectivity 
(syn:anti=50:1-100:l ) i n  t h e  produc ts  2, when l - subs t ra tes - rwere  used. Wi th  o p t i c a l l y  
a c t i v e  subs t ra tes  bear ing  an asymmetric carbon atom a t  t h e  e t h e r  l i nkage ,  a remarkably h i g h  
c h i r a l i t y  t r a n s f e r  (>96% ee) was observed besides t h e  h i g h  = - s e l e c t i v i t y .  The most 
s t r i k i n g  outcome o f  t h i s  rearrangement was, however, t h e  e x c l u s i v e  fo rma t ion  o f  .L-double bond 
i n  t h e  products,  because i t  had been accepted t h a t  s igmat rop ic  rearrangement u s u a l l y  
e x h i b i t e d  E - s e l e c t i v i t y .  The unusual - s e l e c t i v i t y  was exp la ined  as fo l l ows .  Because o f  t h e  
c o o r d i n a t i o n  o f  t h e  e t h e r  oxygen t o  z i r con ium atom, t h e  t r a n s i t i o n  s t a t e  o f  t h e  rearrangement 
took  a dioxazirconabicyclo[3,3,0]octene l i k e  s t r u c t u r e  as i l l u s t r a t e d  by Fig. 1, where t h e  
s u b s t i t u e n t  R occupied a s t e r i c a l l y  favored =-posi t ion,  l e a d i n g  t o  t h e  fo rma t ion  o f  t h e  t- 
double bond. 

Fig.  1. T r a n s i t i o n  s t a t e  l e a d i n g  t o  
- 2-double bond fo rma t ion  

TITANIUM MEDIATED [2,3]SIGMATROPIC REARRANGEMENT 

Then we proceeded t o  t h e  rearrangement o f  another t y p e  o f  subs t ra tes  (3,  n=1, 2 ,  o r  3), w i t h  
an oxygen f u n c t i o n a l i t y  a t  a d i f f e r e n t  cha in  l e n g t h  p o s i t i o n  on t h e  e t h e r  a l keny l s ,  hoping 
t h e  fo rma t ion  o f  s te reode f ined  u-oxygenated a-hydroxy-6-methyl-y-unsaturated es te rs ,  9 o r  5 
( r e f .  2). These produc ts  c a r r i e d  two d i f f e r e n t  oxygen f u n c t i o n a l i t i e s ,  benzyl  e t h e r  and 
es ter ,  t h e y  were cons idered t o  serve  as v e r s a t i l e  synthons f o r  f u r t h e r  s i t e  s e l e c t i v e  
t r a n s  fo rmat ions .  

OH 

Bno&co2pri + BnO 

Y O B n  1) LDA 
n 

04C02Pr1 2)  Additive OH 

3 4 5 

Although t h e  rearrangement o f  l i t h i u m  eno la te  o n l y  showed poor t o  moderate s t e r e o s e l e c t i v i t y  
i n  a l l  cases, t h e  a d d i t i o n  o f  z i rconocene d i c h l o r i d e  t o  l i t h i u m  eno la tes  gave h i g h  s m -  and 
- Z - s e l e c t i v i t y  f o r  t h e  subs t ra tes  o f  n=2 and 3. However, f o r  t h e  s u b s t r a t e  o f  n= l ,  t h e  r a t i o  
o f  t h e  w,z- t o  t h e  m , E - i s o m e r  was 1:1.5, e x h i b i t i n g  an obvious t r e n d  t o  E-double bond 
fo rmat ion ,  
r e s u l t  i n  t h e  f u r t h e r  enhancement o f  E - s e l e c t i v i t y .  
d i c h l o r i d e  t o  t h e  l i t h i u m  eno la te  remarkably improved t h e  E - s e l e c t i v i t y  t o  58: l .  The 
fo rma t ion  o f  E-double bond i n  t h e  produc ts  o f  t h i s  rearrangement i s  cons idered t o  be due t o  
t h e  h i g h  Lewis a c i d i t y  o f  t i t a n i u m .  The s t rong  c o o r d i n a t i o n  o f  benzy loxy l  oxygen t o  t i t a n i u m  
as shown by F ig .  2, i s  cons idered t o  promote t h e  o therw ise  d i s f a v o r e d  &-o r ien ta t i on  o f  t h e  
benzyloxymethyl  s u b s t i t u e n t  on a dioxatitanabicyclooctene l i k e  t r a n s i t i o n  s ta te ,  r e s u l t i n g  i n  
t h e  predominant fo rmat ion  o f  t h e  W E - i s o m e r .  

Th is  r e s u l t  suggested t h a t  t h e  use o f  more oxygenoph i l i c  t i t a n i u m  i o n  would 
As a fac t ,  t h e  a d d i t i o n  of t i t anocene  

6 (79% e e )  7 (79% eel 

Fig. 2. T r a n s i t i o n  s t a t e  l ead ing  t o  
- E-double bond fo rma t ion  

The t i t a n i u m  mediated rearrangement o f  an o p t i c a l l y  a c t i v e  s u b s t r a t e  6, bear ing  a c h i r a l  
c e n t e r  a t  t h e  a l l y 1  e t h e r  carbon atom, l e d  t o  1 w i t h  a h i g h  c h i r a l i t y  t r a n s f e r ,  where t h e  
sense o f  asymmetric i n d u c t i o n  was oppos i te  t o  t h a t  observed i n  t h e  above z i r con ium mediated 
rearrangement o f  t h e  a l keny loxy  es te rs ,  suppor t i ng  t h e  proposed t r a n s i t i o n  s t a t e  represented  
by F ig .  2. 
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GENERAL CONSTRUCTION OF FOUR CONSECUTIVE ASYMMETRIC 
CENTERS 

F o r  t h e  s t u d y  on t h e  g e n e r a l  me thodo logy  f o r  t h e  c o n s t r u c t i o n  o f  f o u r  c o n s e c u t i v e  asymmet r i c  
c e n t e r s ,  t h e  s y n t h e s i s  o f  a l l  p o s s i b l e  i s o m e r s  o f  5,7-dimethyl-6,8-tridecanediol was chosen 
as t h e  model example ( r e f .  3 ) .  The s y n t h e s i s  c o n s i s t e d  o f  t w o  a l i k e  s e r i e s .  The r e a c t i o n  
sequence o f  one s e r i e s  i s  o u t l i n e d  i n  Scheme 1 and w i l l  be  d i s c u s s e d  i n  some d e t a i l  he re .  
The s t a r t i n g  m a t e r i a l  i n  t h e  s e r i e s ,  i s o p r o p y l  ~ ,~ -2 -hyd roxy -3 -me thy l -4 -nonenoa te  9, was 
r e a d i l y  p r e p a r e d  i n  q u a n t i t y  b y  t h e  above z i r c o n i u m  m e d i a t e d  rea r rangement  f r o m  an a l l y  e t h e r  
8. A l t h o u g h  t h e  e x p e r i m e n t s  were c a r r i e d  o u t  w i t h  r a c e m i c  m a t e r i a l s  t h r o u g h o u t  t h e  work, i t  
i s  o b v i o u s  t h a t  t h e  s y n t h e s i s  w i t h  o p t i c a l l y  a c t i v e  compounds i s  a l s o  f e a s i b l e  because 
o p t i c a l l y  a c t i v e  a l l y l i c  a l c o h o l s  n e c e s s a r y  f o r  t h e  p r e p a r a t i o n  o f  8 a r e  r e a d i l y  a v a i l a b l e  b y  
v a r i o u s  methods, by, f o r  example, K a t s u k i - S h a r p l e s s  k i n e t i c  r e s o l u t i o n  o f  secondary  a l l y 1  
a l c o h o l s .  The compound 9 was t r a n s f o r m e d  i n t o  a * , l - h o m o a l l y l i c  a l c o h o l  11 b y  a sequence 
o f  c o n v e n t i o n a l  r e a c t i o n s ,  THP p r o t e c t i o n  o f  h y d r o x y l  group,  LAH r e d u c t i o n  o f  e s t e r ,  
m e s y l a t i o n  o f  t h e  r e s u l t i n g  a l c o h o l ,  remova l  o f  THP p r o t e c t i o n ,  a l k a l i  t r e a t m e n t  t o  an 
e p o x i d e  10, and l i t h i u m  d i b u t y l c u p r a t e  t r e a t m e n t ,  w i t h  50% o v e r a l l  y i e l d ,  The a n t i , Z -  
h o m o a l l y l i c  a l c o h o l  12, was o b t a i n e d  a l s o  f rom t h e  same s t a r t i n g  m a t e r i a l  2 b y  a sequence o f  
r e a c t i o n s ,  m e s y l a t i o n ,  r e d u c t i o n ,  base t r e a t m e n t ,  and c u p r a t e  t r e a t m e n t ,  w i t h  47% o v e r a l l  
y i e l d .  
manner s t a r t i n g  f r o m  i s o p r o p y l  ~ , ~ - 2 - h y d r o x y - 3 - m e t h y l - 4 - h e x e n o a t e .  

The w- and a n t i - h o m o a l l y l i c  a l c o h o l s  i n  t h e  o t h e r  s e r i e s  were p r e p a r e d  i n  a s i m i l a r  

Scheme 1 

Bu 
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Bu 
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OTIS 
Bu 
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3 steps 

~ A ~ W B U  OH yBu 16 
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9 
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a: LiCuBu2 
b: 1 )  TISOTF, 2 , 6 - L u t i d i n e ,  CH2C12 

c: VO(acac)2, TBHP, CH2C12 
d;  Me2Cu(CN)Li 

2 )  W05 HMPA, C1CH2Ch2C1 

n-Bu P, Me S, E t  0 
2 ' 3 2 2  

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

F i g .  3. C o n f o r m a t i o n  o f  B-methyl- 
homoal l y l  i c  a l c o h o l  

Here, t h e  p r e s e n t  app roach  needed t h e  e p o x i d a t i o n  o f  t h e s e  h o m o a l l y l  i c  a l c o h o l s  b o t h  
and syn - fash ion .  The e p o x i d a t i o n  o f  8 - m e t h y l h o m o a l l y l i c  a l c o h o l s  t o  t h e  e p o x i d e s  i n  

i n  anti- 
w h i c h  
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t h e  epoxy group had an an t i - s te reochemis t r y  w i t h  respec t  t o  B-methyl group, had a l ready  been 
es tab l i shed  by M i h e l i c h  e t  a l .  by us ing  vanadyl  ca ta l yzed  t_-butylhydroperoxide o x i d a t i o n  
( re f .4 ) .  For o u r  subs t ra tes ,  1?. and l3, i n  t h i s  s e r i e s  and two subs t ra tes  i n  t h e  o t h e r  
ser ies ,  t h e  method proceeded w i t h  h i g h  d i a s t e r e o s e l e c t i v i t y  (>30:1). On t h e  o t h e r  hand, 
however, no good method had been developed f o r  t h e  *-epoxidat ion.  On cons ide r ing  t h e  
conformat ion  o f  6 -ne thy lhomoa l l y l i c  a l c o h o l s  i n  t h e  above an t i -epox ida t i on  as shown by  Fig. 
3, where t h e  at tachment o f  t h e  c a t a l y s t  metal  on to  t h e  hydroxy l  oxygen promoted t h e  o x i d a t i o n  
f rom t h e  upper face  o f  t h e  double bond. Therefore,  i t  was thought  t h a t  i f  t h e  hydroxy l  group 
was p ro tec ted  by a v e r y  b u l k y  group and i f  a p o o r l y  oxygenoph i l i c  metal  o x i d a n t  was used, 
epox ida t i on  f rom t h e  bo t tom face  would t a k e  place. Some exper iments were c a r r i e d  o u t  a long 
t h i s  l i n e  w i t h  t r i a l k y l s i l y l  groups f o r  p r o t e c t i o n  and ox ides  o f  molybdenum and tungs ten  as 
c a t a l y s t s  o r  ox idants ,  and i t  was found t h a t  a combina t ion  o f  t r i i s o p r o p y l s i l y l  (TIS) 
p r o t e c t i o n  and tungs ten  pentoxide-hexamethyl phosphoric t r i a m i d e  (W05-HMPA) complex ( r e f .  5) 
gave a f a i r l y  good r e s u l t .  
t h e  s e r i e s  w i t h  p r a c t i c a b l e  s t ' e r e o s e l e c t i v i t y  o f  7.4: 1-16.7:l. 

Thus, t h e  necessary epoxides 13, l5, l6, and 1z. i n  t h e  s e r i e s  and o t h e r  f o u r  i n  t h e  o t h e r  
s e r i e s  cou ld  be secured. These epoxides were r e g i o s e l e c t i v e l y  opened by h i g h e r  o rde r  mixed 
d ime thy l cup ra te  i n  t h i s  s e r i e s  and by t h e  cor respond ing  d i b u t y l c u p r a t e  i n  t h e  o t h e r  se r ies ,  
comple t ing  t h e  syn thes i s  o f  a l l  e i g h t  isomers o f  5,7-dimethyl-6,8-tridecanediol 18, 12, 20, 
- 21 and o t h e r  f o u r ,  a f t e r  dep ro tec t i on .  I t  i s  w e l l  recogn ized t h a t  t h e  reg iochemis t r y  i n  t h e  
opening o f  epoxide r i n g  i s  q u i t e  dependent on r e a c t i o n  cond i t i ons ,  reagents,  and p r o t e c t i v e  
groups, and i n  ou r  cases a l s o  some m o d i f i c a t i o n s  i n  t h e  p r o t e c t i o n  o f  t h e  hydroxy l  group and 
i n  r e a c t i o n  c o n d i t i o n s  were necessary depending on t h e  subs t ra tes .  
t r e n d  t h a t  f o r  des i red  regiochemi s t r y ,  w - e p o x i d e s  p r e f e r r e d  t h e  hydroxy l  group p ro tec ted  
form w h i l e  an t i -epox ides  t h e  non-protected form. 
formed by t h e  rearrangement of  epoxide group. 

Then t h e  method was a p p l i e d  t o  f o u r  h o m o a l l y l i c  a l coho ls  o f  bo th  

There was an obvious 

The major by-product was 6-hydroxyketones 

SYNTHESIS OF KISHI'S INTERMEDIATE FOR THE SYNTHESIS OF 
RlFAMYClN S 

The p r a c t i c a b i l i t y  o f  t h e  above s t r a t e g i e s  suggested a s imp le  r o u t e  t o  t h e  successive 
a d d i t i o n  o f  two consecut ive  asymmetric cen te rs  o f  m - t y p e  by repea t ing  t h e  epoxide r i n g  
opening w i t h  a & -v iny l  an ion  e q u i v a l e n t  f o l l o w e d  by s t e r e o s e l e c t i v e  reepox ida t i on  as shown 
i n  Scheme 2. 

Scheme 2 OH dR 'WR 
OH OH A OH OH OH 

Successive a d d i t i o n  o f  two consecut ive  asymmetric cen te rs  

As an example o f  t h i s  approach, t h e  syn thes i s  o f  t h e  K i s h i ' s  i n te rmed ia te  
syn thes i s  o f  r i f a m y c i n  S w i l l  be descr ibed nex t  ( r e f .  7). 
Scheme 3. 

( r e f .  6 )  f o r  t h e  
The s y n t h e t i c  sequence i s  shown by 

22 23 24 

25 26 27 

(con t inued on n e x t  page) 
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Scheme 3 
[Ccntd) OBn OBn OH OBn OBn OH OBn OBn 

29 30 
I l i  

28 B n =  C6H5CH2 

TIS? OBn OBn 

r"(yv 
31 TIS= Pr i3S i  

?Bn OBn OBn 

33 

35 

TIS? OBn OBn 

32 

P i v O w H  A 

36 

OH Ox? OxO 

37 38 

Syn the t i c  sequence t o  K i s h i ' s  i n t e r m e d i a t e  f o r  r i f a m y c i n  S 

The epoxide z w a s  t r e a t e d  w i t h  l i t h i a t e d  1 ,3 -d i th iane and t h e  p roduc t  was hydro lysed t o  an 
aldehyde 23, which was t rans formed i n t o  26 by a sequence o f  convent iona l  reac t i ons ,  
M i h e l i c h ' s  a n t i - e p o x i d a t i o n  gave 7 w i t h  r a t h e r  modest s e l e c t i v i t y  o f  7 : l .  
p r o t e c t i o n  o f  two hyd roxy l  groups, methy lace ty lene was in t roduced  as a &-v iny l  e q u i v a l e n t  
by t h e  boron t r i f l u o r i d e  promoted procedure ( r e f ,  8) t o  g i v e  29. C a t a l y t i c  hydrogenat ion  l e d  
t o  a c i s - h o m o a l l y l i c  a l coho l  30, t h e  hydroxy l  group o f  which was t r i i s o p r o p y l s i l y l a t e d  t o  3. 
The w - e p o x i d a t i o n  o f  31 by ou r  procedure proceeded w i t h  q u i t e  h i g h  a - d i a s t e r e o s e l e c t i v i t y  
(30 : l )  t h i s  t ime, t o  g i v e  2. A f t e r  p r o t e c t i v e  man ipu la t ion ,  t h e  i n t r o d u c t i o n  o f  a fo rmy l  
group l e d  t o  3, v i a  a d i t h i a n e  d e r i v a t i v e  3. 
convent iona l  p r o t e c t i v e  man ipu la t i ons  l e d  t o  t h e  K i s h i ' s  i n te rmed ia te  38 which c a r r i e d  seven 
consecut ive  asymmetric centers .  The p r o t o n  NMR spectrum co inc ided  i n  d e t a i l  w i t h  t h e  
a u t h e n t i c  datum ( r e f .  9). 

A f t e r  benzyl  

The r e d u c t i o n  o f  f o rmy l  group f o l l o w e d  by 

SYNTHESIS OF IRELAND ALCOHOL 

As am a p p l i c a t i o n  o f  t h e  t i t a n i u m  mediated [2 ,3 ]s igmat rop ic  rearrangement, t h e  syn thes i s  o f  
so-ca l led  I r e l a n d  a l coho l  44 i s  descr ibed nex t  ( r e f .  10). The compound was syn thes ized by 
I r e l a n d  e t  a l .  ( r e f .  11) as an i n te rmed ia te  f o r  t h e  syn thes i s  o f  t i r andamyc ic  acid,  a 
degradat ion  p roduc t  o f  an a n t i b i o t i c  t i randamyc in  i s o l a t e d  f rom Streptomyces t i r a n d a r i s .  
syn thes is  s t a r t e d  w i t h  i s o p r o p y l  (2,3-~,4~)-6-benzyloxy-2-hydroxy-3-methyl-4-hexenoate 3 
r e a d i l y  prepared by t h e  above rearrangement. The e s t e r  39 was hydro lysed and then sub jec ted  
t o  i o d o l a c t o n i z a t i o n  t o  g i v e  3. The t rea tmen t  o f  40 w i t h  methano l ic  sodium carbonate gave 
an epoxide 4J. A f t e r  t h e  THP p r o t e c t i o n ,  reduc t i on ,  and p i v a l o y l a t i o n  t o  t h e  compound 2, 
t h e  f o r u t h  c h i r a l  cen te r  was in t roduced  by l i t h i u m  d ime thy l cup ra te  t o  a f f o r d  a 1 , 3 - d i l o l  43, 
as a s i n g l e  isomer, t hus  comple t ing  t h e  c o n s t r u c t i o n  o f  f o u r  necessary consecut ive  asymmetric 
centers ,  The compound Q c o u l d  be u n e v e n t f u l l y  t rans formed i n t o  t h e  I r e l a n d  a l coho l  44 by a 
sequence o f  convent iona l  conversions. 

The 
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