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ASYMMETRIC SYNTHESES BASED ON HEXAHYDRO-4,4,7-TRI- 
METHYL-1,3-BENZOXATHIANSR 

ERNEST L-ELIEL 
W.R.Kenan, jr. Laboratories, Department of Chemistry 
University of North Carolina, Chapel Hill, 
NC 27514, U.S.A. 

Abstract. Earlier work concerned with a hiqhly ste- 
reoselective asymmetric synthesis based on a 1,3- 
oxathiane as the ciral auxiliary reaqent is reviewed 
and recent applications to the synthesis of the four 
stereoisomers of malynaolide, of (R) - ( + )  -y-caprolac- 
tone (a pheromone of the Troqoderma alabrum beetle) 
and of (S)-(+)-mevalolactone are presented. The me- 
chanism underlying this asymmetric synthesis is d i s -  
cussed briefly. 

Background 

In the early 1970's we found that electrophilic 
reactions ' of conformationally locked 1,3-dithianes 
lead virtually exclusively to the equatorial product. 
Based on this finding, we devised 4'5 a highly stereo- 
selective (generally 3 90% e.e.1 asymmetric synthesis 
of a-hydroxyaldehydes, RR'C(OH)CHO,and the correspon- 
ding acids, RR'C(OH)C02H, and glycols RR'C(OH)CH20H. 
Full details of the reaction, both for R'=alky16 and 
R'=H7 are available and the reaction sequence has been 

reviewed 
The asymmetric synthesis described proceeds in two 
steps. The first step is electrophilic substitution in 
a chiral 1,3-oxathiane. After some searching 4'10 we 
found oxathiane - la, derived from commercially available, 
enantiomerically pure puleqone by the reactions summa- 
rized in Scheme 1 ,  

8,9 

1 1  

'Dedicated to the memory of Harold Kwart 
[453]/13 
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90 % 
I 
I 8 0 O/O 89 % 

(+)- Pulegone ( 8 7 %) 
( +  cis  isomer) (+ diastereomers) 

45 % 
la 
N 

Ib 
N 

Scheme 1 

the most suitable to use. Electrophilic substitution of 
the lithium salt of this oxathiane, (4aR, 7R, - 8aR)- - 
hexahydro-4,4,7-trimethylbenzoxathiane , invariably pro-  

ceeds so as to give exclusively the equatorial substi- 
tution product (Scheme 2). This constitutes the first 
step in the asymmetric synthesis. 

Scheme 2 
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ASYMMETRIC SYNTHESES BASED ON 1,3-OXATHIANE DERIVATIVES (4551 /75 

The second s t e p  (Scheme 3 )  i n v o l v e s  t h e  r e a c t i o n  o f  t h e  
1 2  k e t o n e  o b t a i n e d  from t h e  c a r b i n o l  by Swern o x i d a t i o n  

Scheme 3 

(shown i n  Scheme 2 )  w i t h  a G r i q n a r d  r e a g e n t  6 , 1 3  o r  m e -  

t a l  h y d r i d e  '. Of a v a r i e t y  o f  o r a a n o m e t a l l i c  r e a g e n t s  

i n v e s t i g a t e d  , a lkylmaanes ium bromides  o r  i o d i d e s  have  

been found b e s t :  t h e  p r e s e n c e  of e x c e s s  M g B r 2  i s  bene-  

f i c i a l  i n  some c a s e s  14. With pheny l  k e t o n e s ,  s t e r e o -  

s e l e c t i v i t y  approaches  loo%, even  a t  room t e m p e r a t u r e  

whereas  w i t h  a l k y l  k e t o n e s  it i s  g e n e r a l l y  o v e r  90% a t  

-78OC. So f a r  w e  have  e n c o u n t e r e d  o n l y  t w o  f a i l u r e s :  

One o c c u r s  w i t h  a l k o x y k e t o n e s  R * C O ( C H 2 ) n O R  ( n  = 1-4; * R = o x a t h i a n e  moie ty  - see be low)  

(low s e l e c t i v i t y )  i n v o l v e s  r e a c t i o n s  o f  a l k y l  k e t o n e s  

w i t h  a l ly lmagnes ium c h l o r i d e  (no  d i f f i c u l t y  i s  encoun-  

t e r e d  w i t h  benzylmagnesium c h l o r i d e )  . 
The s e l e c t i v i t i e s  o b s e r v e d  i n  h y d r i d e  r e d u c t i o n s  t o  se- 

condary  a l c o h o l s  a re  n o t  q u i t e  so h i g h .  I n  t h e  case 

of  t h e  phenyl  k e t o n e ,  R*COC H (R*oxathiane moie ty )  se- 
l e c t i v i t i e s  up t o  9 8 : 5 : 1 . 5  can  be  a t t a i n e d  ( w i t h  L- 

S e l e c t r i d e  TM i n  t o l u e n e  a t  -78OC). However, w i t h  an  

a l i p h a t i c  k e t o n e  , F?*COC6H1 3-n , the h i g h e s t  a t t a i n e d  se- 
l e c t i v i t y  h a s  been 9 0 : l o  w i t 5  L - S e l e c t r i d e  T M / L i I  i n  tol- 
uene a t  -78OC. I n t e r e s t i n g l y ,  t h e  r e v e r s e  s e l e c t i v i t y  

( i . e .  f o r  t h e  d i a s t e r e o m e r  n o t  f a v o r e d  by c h e l a t i o n  f o l -  

lowed by approach  of  t h e  h y d r i d e  from t h e  l e a s t  h i n d e r e d  

s i d e  ) i s  s e e n  w i t h  D i b a l  (L-Bu2A1H) i n  hexane  a t  

- 7 8 O C  

k e t o n e s .  (With pheny l  k e t o n e s  and secondary  a l k y l  k e t o n e s  

1 5 .  The o t h e r  f a i l u r e  

15 

6 5  

( l o :  90)  , b u t  o n l y  w i t h  p r imary  and t e r t i a r y  a l k y l  
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s t e r e o s e l e c t i v i t y  w i t h  Diba l  i s  l o w ) .  Although t h e s e  

s e l e c t i v i t i e s  are g e n e r a l l y  n o t  q u i t e  a s  good as  i n  

t h e  Gr igna rd  a d d i t i o n s ,  t h i s  drawback i s  coun te rba lanced  

by t h e  f a c t  t h a t  t h e  t w o  d i a s t e r e o m e r i c  secondary  alco- 
h o l s  formed i n  t h e  r e d u c t i o n s  g e n e r a l l y  d i f f e r  g r e a t l y  

i n  p o l a r i t y  (presumably ,  because  one i s  s t r o n g l y  i n t r a -  

m o l e c u l a r l y  hydrogen bonded and t h e  o t h e r  i s  n o t )  and 

can  t h e r e f o r e  be  r e a d i l y  s e p a r a t e d  and p u r i f i e d  chroma- 

t o g r a p h i c a l l y .  

With k e t o n e s  o t h e r  t h a n  a l k y l  or  a r y l  t h e  stereoselecti-  
v i t y  i n  h y d r i d e  r e d u c t i o n s  (see a l so  ') i s  o f t e n  d i f f i -  

c u l t  t o  p r e d i c t .  I n  Tab le  1 are summarized t h e  d i a s t e -  

reomer r a t io s  o b t a i n e d  i n  r e d u c t i o n s  of  
R*COC 5 CC8H1 7 - f f .  

I n  t h e  case o f  t h e  t e r t i a r y  a l c o h o l s ,  r e v e r s a l  o f  c a r b i -  

no1 c o n f i g u r a t i o n  can  be  ach ieved  i n  one o f  t w o  ways: 

1 )  By r e v e r s i n g  t h e  a l k y l  groups  i n  t h e  ke tone  and t h e  

Gr igna rd  r e a g e n t ,  i . e .  by u s i n g  R*COR' + RMgX i n s t e a d  

of R*COR + R'MgX. T h i s  method h a s  t h e  p o t e n t i a l  draw- 

back t h a t  one se t  o f  s t a r t i n g  materials may b e  cons ide -  

r a b l y  less  a c c e s s i b l e  t h a n  t h e  o t h e r  and a l s o  t h a t  t h e  

s t e r e o s e l e c t i v i t y  may be  less good i n  one combina t ion  

16 

than i n  t h e  o t h e r .  2)By u s i n g  t h e  d i a s t e r e o m e r i c  o x a t h i a n e  

- I b  i n s t e a d  of - l a .  The h y d r o x y t h i o l  p r e c u r s o r  of  _- I b  i s  

formed as  a byproduct  i n  t h e  s y n t h e s i s  of  t h a t  of  - l a  
(Scheme 1 )  and t h e r e f o r e  a minor amount of i s  formed 

a l o n g  w i t h  t h e  p r i n c i p a l  p roduc t  - l a .  A f t e r  most o f  - l a  

h a s  been c r y s t a l l i z e d  from t h e  r e a c t i o n  m i x t u r e  (Scheme 

1 , l a s t  s t e p )  

mother l i q u o r  by h p l c  '. Although - I b  i s  a d i a s t e r e o m e r  

of  - l a ,  t h e  o x a t h i a n e  p o r t i o n s  o f  t h e  t w o  r e a g e n t s  are 
mirror  images and t h e r e f o r e  w i l l  e v e n t u a l l y  g i v e  r ise 

t o  hydroxyaldehydes ,  R R ' C ( O H ) C H O ,  which a re  e n a n t i o m e r i c  

I ,  isomer -- I b  can  be i s o l a t e d  from t h e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
3
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



ASYMMETRIC SYNTHESES BASED ON 1,34XATHIANE DERIVATIVES (4571177 

TABLE I H d r i d e  Reduct iog  of P r o p a r g y l  k e t o n e  
R f: C O C 3 C C g H 1  7-& 

~ 

0 Reducing Agent S o l v e n t  Temp. C % R  - % S  -. d . e . %  

L - S e l e c t r i d e  TM 

K - S e l e c t r i d e  TM 

L i B  ( C 2 H 5 )  3H 
D i b a l  

- S-Alp i n e  -Hydr ide TM 

- R-Alpine-Hydride TM 

- S-Alpine-Borane 

- R-Alpine-Borane TM 

L i A 1 H 4  

Bu4NBH4 

Toluene  

THF 

Toluene 

Toluene 

Hexane 

THF 

Toluene  
THF 

Toluene 

THF 

THF 

E t h e r  

THF 

THF 

C H 2 C 1 2  

-78 7.5 92.5 85  

-78 1 4  86 7 2  

-78 1 . 5  98.5 97 

-78 2 98 96 

-78 67 33 34 

-78 30 70 4 0  

-78 1 4  86 72 

-78 36 6 4  28 

-78 9 91 82 

RT 9 6  4 92 

RT 32 68 36 

-78 2 4  76  52 

-78 1 6  84 68 

RT 73 2 7  4 6  

RT 61 39 2 2  

aR* = 2-  ( 4 a R ,  7g, Ball) -hexahydro-4,4,7-trimethylbenz- 
o x a t h i a n y l  

bSe lec t r id?M i s  t r i -sec . b u t y l b o r o h y d r i d e  
C TM 

Alpine-Borane i s  ( B  ) - isopinocampheyl-9 -bo rab icyc  l o  
L3.3.1 I nonane and Alpine-HydrideTM i s  t h e  corres- 
ponding l i t h i u m  h y d r i d e  a d d u c t .  
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(assuming t h a t  i n  b o t h  cases R'MgBr i s  added t o  R*COR 

where R *  i s  t h e  o x a t h i a n e  moiety d e r i v e d  from - l a  o r  - I b ) .  

Cleavage of t h e  o x a t h i a n e  i s  e f f e c t e d  by N-chlorosucc in-  

imide - s i l v e r  n i t r a t e  l 7  

g e n e r a l l y  r e l i a b l e  though somewhat c o s t l y .  W e  have en- 

c o u n t e r e d  o n l y  t w o  f a i l u r e s  so f a r ,  one i n  t h e  c l e a v a g e  

o f R  CHOSCSC-C~H,~-~, which d i d  n o t  proceed  a t  a l l ,  and 

one  i n  t h e  c l e a v a g e  of R C ( O H )  ( C H 3 ) C H 2 C H 2 C H = C ( C H  3 ) 2 '  

(Scheme 4 ) .  The method i s  

Ir 

*. 

R 

( 2  d i a s t e r e o m e r s )  

C H 2 0 H  

> 
1 2 , K O H ; H +  

HOJR' o r  N a C 1 0 2  

H 0 +, R ' (-.4- N a E H  

R R R 

Scheme 4 

a p r e c u r s o r  t o  l i n a l o o l ,  where a t t a c k  on t h e  doub le  

bond a p p a r e n t l y  occur red  concomi tan t ly  w i t h  c l e a -  

vage 18. It  would be  d e s i r a b l e  t o  d e v i s e  a l t e r n a t i v e  

methods of  c l e a v a g e ,  b u t  so f a r  a l l  a t t e m p t s ,  e . g .  v i a  

o x i d a t i o n  w i t h  chloramine-T1 

s u l f  ones  " have been u n s u c c e s s f u l  22. Cleavage by 

NCS/AgN03 h a s  t h e  advantage  t h a t  t h e  o x a t h i a n e  moiety 

i s  r ecove red  i n  h i g h  y i e l d  i n  t h e  form of a s u l t i n c  

or  t h e  s u l f o x i d e s  2o or  
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ASYMMETRIC SYNTHESES BASED ON 1,3-OXATHIANE DERIVATIVES [459] 179 

( c f .  Scheme 4 )  which i s  r e a d i l y  reduced ,  by l i t h i u m  

aluminium h y d r i d e ,  t o  a hydroxy th io l  from which t h e  

o x a t h i a n e  i s  r e g e n e r a t e d  a s  shown i n  Scheme 1 .  

Although t h e  hydroxyaldehydes o b t a i n e d  i n  t h e  c leavaqe  

are n o t  very  s t a b l e  ( t h e y  s e e m  t o  undergo r e v e r s i b l e  

dimer i z a t  i o n )  t h e y  can be  r e a d i l y  reduced t o  g ly -  

c o l s  by sodium borohydr ide  o r  o x i d i z e d  t o  a c i d s ,  e i t h e r  

by t h e  method of Inch  2 3  (iodine/KOH i n  methanol)  o r  

by means of sodium c h l o r i t e  ( c f .  Scheme 4 ,  bot tom) . 
The l a t t e r  r e a g e n t  i s  b e s t  f o r  secondary hydroxyac ids ,  

RCHOHCO H s i n c e  it i s  non-basic  and t h u s  does  n o t  

l e a d  t o  r a c e m i z a t i o n .  Harsh o x i d a n t s  must be  avoided 

s i n c e  they  c l e a v e  a-hydroxyaldehydes a t  t h e  HOC-CHO 

bond. A conven ien t  way of checking  t h e  enan t iomer i c  

p u r i t y  of  t h e  g l y c o l s  i s  t o  c o n v e r t  them i n t o  dioxo-  

l a n e s  by means of benzaldehyde and t h e n  obse rve  t h e  

a c e t a l i c  hydroyen i n  p ro ton  nmr i n  t h e  p re sence  of a 

c h i r a l  s h i f t  r e a g e n t  

2 4  

2 

7 , 2 5  

N e w  R e s u l t s  

2 6  Malynqolide 

2 7  ( - ) -Malynqol ide (2) , an a n t i b i o t i c  of a l g a l  o r i q i n  
0 

seemed t o  l end  i t s e l f  

b u t  c o n t a i n s  a second 

bonyl .  I t  was dec ided  

L 
N 

to t h e  above asymmetric s y n t h e s i s  

c h i r a l  c e n t e r  a t o  t h e  l a c t o n e  c a r -  

t o  i n t r o d u c e  t h e  t w o  c h i r a l  cen-  
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ters i n d e p e n d e n t l y ,  each  w i t h  a h i g h  d e g r e e  of stereo- 
s e l e c t i v i t y ,  t o  u s e  a phenyl  group as a synthon f o r  t h e  

c a r b o x y l  group of t h e  l a c t o n e ,  and t o  u s e  t h e  method of  
Mukaiyama and I w a s a w a  28 t o  o b t a i n  t h e  needed second 

c h i r a l  p r e c u r s o r  i n  n e a r l y  e n a n t i o m e r i c a l l y  pu re  form. 
T h i s  method 28 i s  summarized i n  Scheme 5 ;  i t s  e s s e n t i a l  

f e a t u r e  i s  t h e  h i g h l y  s t e r e o s e l e c t i v e  1 , 4 - a d d i t i o n  of 

t h e  phenyl  Gr igna rd  r e a g e n t  t o  c r o t o n y l e p h e d r i n e .  S ince  
b o t h  e p h e d r i n e  enan t iomers  are  commerc ia l ly  a v a i l a b l e ,  
b o t h  enan t iomers  of - 6 and - 7 are r e a d i l y  o b t a i n a b l e  i n  
n e a r l y  e n a n t i o m e r i c a l l y  p u r e  form. 

=22- 
H 

N-c ro  t o n y 1 - 
(- )-ephedrine 

3, 87% de (purified to 
97% de, 70% yield) 

4 . 9 7 %  5,99% 

C6"5 ronicat 

6, 89% 7 
Scheme 5 

The asymmetr ic  s y n t h e s i s  o f  t h e  c a r b i n o l  c e n t e r  i s  shown 
i n  Scheme 6 and t h e  c o n v e r s i o n  of  t h e  phenyl  compound 2 
t o  ( - ) -ma lyngo l ide  i n  Scheme 7 .  S i n c e  e i t h e r  o x a t h i a n e  
- l a  o r  2 c o u l d  b e  used  i n  t h e  s y n t h e s i s  ( c f .  Scheme 8 ) ,  
by a p p r o p r i a t e  combina t ion  of t h e  enan t iomers  o f  2 w i t h  
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ASYMMETRIC SYNTHESES BASED ON 1,36XATHIANE DERIVATIVES (461]/81 

e i t h e r  10 or  -- 12 ,  n o t  o n l y  ( - ) -ma lyngo l ide  and  i t s  en-  

a n t i o m e r  ( + ) - m a l y n g o l i d e  b u t  a l so  i t s  d i a s t e r e o m e r s  ( + I -  
and ( - 1  - ep ima lyngo l ide  w e r e  o b t a i n e d  . 
I t  is  r e l a t i v e l y  e a s y  t o  d e t e r m i n e  t h e  d i a s t e r e o m e r  ex- 
cess formed i n  t h e  r e a c t i o n s  of k e t o n e s  10 and 1 2  w i t h  

Gr igna rd  r e a g e n t  -. 7 by a n a l y z i n g  t h e  r a t i o  o f  d i a s t e r e o -  

26 

- - 

I0,58 o/o (purl f led)  
N 

9,80 O/o 
N 

8 =Ib 
N -  

HO CH20H 14 

t 

I' H C9H19 
CGH5 x s  

10 
-u 

7 
,.d 

96 % yield 
90% d e .  

13 
Y- 

Scheme 6 

mers i n  - 13 (and  i t s  a n a l o g  formed from - 1 2 )  by p r o t o n  

nmr. The two d i a s t e r e o m e r s  formed d i f f e r  a p p r e c i a b l y  i n  

t h e  p o s i t i o n  of  t h e  C-2 p r o t o n  i n  t h e  o x a t h i a n e  moie ty  

( 0 - C H R - S ) .  - The d i a s t e r e o m e r i c  p u r i t i e s  of t h e  four fi- 
n a l  p r o d u c t s  shown i n  Tab le  2 w e r e  t h e n  c a l c u l a t e d  
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CF3CO0 CH20COCF, 
0 3  - 

502. -78 "c 
230-400 mesh 

C9H,, 
( C F 3 C 0 9  

7-11 h Ph\ 
l4 CDCI-J- 

15, high yield 

F3CO0 S&\C H2OCO CF3 
N a H C 0 3  HCI 

[ 0 2 c e c 9 H ! 9  1 pH 8 3 ether 
THf-HzO- pH 3 5 

16 0 

2 
43% from 14 

17 

TABLE 2 

Scheme 7 

-__) as above & r i / c g H l g - n  

0 

12 
cv 

Scheme 8 

Purity 

enantiomeric d ia s t e reome r ic 
calc'd % calc'd % found % 

( - )  -Malyngolide 9 9 . 9 +  

( + )  -Malyngolide 9 9 . 9  

( + )  -Epimalyngolide 9 9 . 9 +  

( - )  -Epimalyngolide 9 9 . 8  

9 7 . 4  96 

9 5 . 5  96  

8 7 . 6  8 7  

9 5 . 4  98  
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by considering the enantiomeric purity of the starting 
Grignard reagent - 7 and the stereoselectivity of conver- 
sion of ketones 10 and _ _  12 to _ _  13 or epimers thereof. 
Specifically, if A is the percent of the major enantio- 
mer in the starting material - 7 and B is the percent of 
the major diastereomer at the newly created carbinol 
center in the condensation of 7 with ketones 10 or 12, 
the percentage of the major stereoisomer in the product 
will be A.B/Ioo, the percentage of the enantiomer of 
this product will be (loo-A).(Ioo-B)/Ioo and the percentage 
of the two diastereomers will be [A.(1oo-B)+B.(1oo-A)I/Ioo. 
If one normalizes the sum of the first two figures to 
loo%, one obtains the enantiomeric purity of the major 
product formed whereas taking the sum of the firs-t two 
and normalizing the sum of all four to 100% will give 
the calculated diastereomeric purity. By way of example, 
in the ( - )  -malyngolide synthesis , the precursor - 7 
was 96.8% enantiomerically pure and the stereoselectivi- 
ty in the Grignard addition (7 - + - lo) was 98%. This means 
that the major enantiomer in -. 7 comprised 98.4% and the 
major diastereomer of _- 13 (at the carbinol center) 99% 
of total product; the percentaue of the major product 
[(-)-malyngolidel is then 98.4 x 99/100 or 97.4 and that 
of its enantiomer 1.6 x 1/100 or 0.02 whence the enan- 
tiomeric purity of the (-)-malyngolide is 100X(97.4-0.02)/ 
(97.4 + 0.02) or) 99.9%. The fraction of the two dia- 
stereomeric products will be (98.4 x l) + (99 x 1.6)/ 
loo or 2.6 and the diastereomeric purity of the malyngo-- 
lide is calculated to be loo x (97.4 + 0.02)/(97.4 + 

0 . 0 2  + 2.6) or 97.4%. These are calculated figures shown 
in Table 2, columns 2 and 3. 
There is a question, of course, whether the actual puri- 
ties correspond to those calculated, in other words, 

-. - - 
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whether or not there is any epimerization and/or race- 
mization in the steps following the condensation of - 7 
and 10 (or 12). We have, at present, no way to check for 
the less than 0.1% enantiomer calculated to be present 
in the (-)-malyngolide; even capillary gas chromatogra- 
phy on a suitable chiral stationary phase (if one could 
be found) would be driven to the limits of its sensiti- 
vity in this situation. On the other hand, it is relati- 
vely easy to check for diastereomeric impurity (epima- 
lyngolide in malyngolide or vice versa) since malyngo- 
lide and epimalyngolide are readily separable by column 
chromatography and also show different spectral pattern 
in the CH20H - region of the proton spectrum (Malyngolide 
displays a well-spaced AB pattern,J=12 Hz,whereas epi- 
malyngolide shows a very tightly coupled AB whose unre- 
solved large inner peak is between the two halves of the 
malyngolide pattern and well separated from them). By a 
combination of chromatographic and nmr analysis the ex- 
perimental diastereomeric purities shown in Table 2 (co- 
lumn 4) were determined. It is clear that they agree, 
within experimental error, with the calculated purities 
in column 3. It follows, therefore, that there has been 
no epimerization in the conversion of - 13 to 2 in several 
steps.(The same is true for the three other stereoiso- 
mers) . Since racemization (in contrast to epimerization) 
can only occur by inversion of -- both chiral centers in 
malyngolide, and since such an inversion must necessari- 

ly proceed stepwise, racemization would necessarly have 
to be accompanied by epimerization; conversely, the ab- 
sence of epimerization thus guarantees the absence of ra- 
cemization. The figures in Table 2, column 2 are therefo- 
re actual indicators of the enantiomeric purity of malyn- 
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ASYMMETRIC SYNTHESES BASED ON 1,3-OXATHIANE DERIVATIVES [465] /85 

golide and its three stereoisomers prepared by the pre- 
sent synthesis. The rotations of the malyngolide after 
purification by chromatography (which removes epimeric 
and other impurities) are shown in Table 3, along with 
literature values and enantiomeric purities from Tab- 

le 2. It is evident, from the data in Table 2, that ma- 
lynqolide and its stereoisomers were in fact obtained 
in high enantiomeric purity; overall chemical yields 
from 10 or 12 range from 25 to 38%. - I 

TABLE 3 
0 [a]: (deq.) 

found lit. Product e.e,calc'd % 

a Ma lyngo 1 ide 99.9+ -13.4 -13.0 
enantio-Malyngolide 99.9 +12.4 (new) 
epi-2-Malynqolide 99.9+ +21.1 +19.IC 
epi-5-Malynqolide 99.8 -20.8 (new) 

a 

chemical impurity. Ref. 29. 
Ref. 27. The material contained a small amount of 

(R) - - ( + )  -y-Caprolactone 

(E) - ( + )  -Y-caProlactone is a pheromone component of 
a dermestid beetle, Troqoderma glabrum. The compound 
has been synthesized from (S)-(+)-glutamic - acid 30. We 

have synthesized the pheromone from the propionyloxa- 
thiane R*COC2H5 by Dibal reduction ( 7 4 %  d.e.; further 
purification was achieved by chromatography), protec- 
tion of the alcohol function by either benzylation or 

methoxymethylation, cleavage to (R)-C2H5CHORCH0 - (R = 

C6H5CH2 or CH30CH2), reduction (or oxidation followed 
by reduction) to (R) - - ( - )  -C2H5CHORCH20H, conversion to 
the tosylate, reaction with diethyl sodiomalonate to 
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g i v e  ( R )  - - ( - )  -C2H5CHORCH2CH (C02C2H5) and s a p o n i f i c a t i o n ,  

a c i d i f i c a t i o n  and d e c a r b o x y l a t i o n  t o  (R)-(-)-C2H5CHORCH - 2 
CH CO H. Debenzyla t ion  of  t h i s  a c i d  (R = C H CH2) w a s  

s l u g g i s h  and proceeded  w i t h  c o n s i d e r a b l e  r a c e m i z a t i o n ,  

p o s s i b l y  by r e v e r s i b l e  dehydroaenation-hydrogenation o v e r  

t h e  pa l l ad ium c a t a l y s t .  The a c i d  w a s  t h e r e f o r e  f i r s t  

e s t e r i f i e d  t o  t h e  methyl  e s t e r ,  (g)-(-)-C2H5CHORCH2CH2- 
C02CH3 which w a s  then  debenzy la t ed  (H2, P d / C ) ;  it spon- 

t a n e o u s l y  l a c t o n i z e d  t o  (R) - - ( + )  -y -cap ro lac tone  (18) . The 
Overall chemica l  y i e l d  of  t h e  l a c t o n e  _ _  18 from t h e  c h i r a l  

a l c o h o l  RiCHOHC2H5 w a s  5 4 %  f o r  R=C H CH2 and t h e  o p t i c a l  

y i e l d  w a s  92%. Even €or  R=CH30CH20 t h e  o p t i c a l  y i e l d  w a s  

o n l y  9 5 % .  U n f o r t u n a t e l y  t h e s e  o p t i c a l  y i e l d s  a re  n o t  very  

r e l i a b l e ,  s i n c e  t h e  e n a n t i o m e r i c  p u r i t y  of t h e  f i n a l  

l a c t o n e  - 18 i s  based  on measurement of  r o t a t i o n .  W e  a re  

p r e s e n t l y  s t u d y i n g  b e t t e r  methods f o r  d e t e r m i n i n g  t h e  

e n a n t i o m e r i c  p u r i t y  of t h e  f i n a l  p r o d u c t ;  w i t h  t h a t  i n f o r -  

mat ion i n  hand w e  may be  able t o  b e t t e r  t h e  o p t i c a l  y i e l d ,  

i f  i n  f a c t  it i s  as  l o w  a s  92-95%. 

- 

2 2  6 5  

6 5  

MEVALOLACTONE 

Mevalolactone i s  t h e  b i o q e n e t i c  p r e c u r s o r  of  s t e r o i d s  and 

a number of t e r p e n e s .  I t  h a s  been s y n t h e s i z e d  asymmetri-  

c a l l y  on a number of  p r e v i o u s  o c c a s i o n s  

most ly  by enzymat ic  methods,  from c h i r a l  p r e c u r s o r s  or  
i n  poor  chemica l  o r  o p t i c a l  y i e l d s .  Our own e a r l i e r  syn- 

t h e s i s  of  t h e  n a t u r a l  ( R )  - - ( - )  -~.leValOlaCtOne proceeded  

i n  r a t h e r  low y i e l d ,  a p p a r e n t l y  because  t h e  f i n a l  s t e p ,  

hydroboration-hydrolysis of  (S)-D-hydroxy-P-vinyl- - 

b u t y r o n i t r i l e ,  w a s  i n s u f f i c i e n t l y  r e g i o s e l e c t i v e .  En- 

couraged  by o u r  u s e  of t h e  phenyl  qroup a s  a synthon f o r  

c a r b o n y l  i n  t h e  malyngol ide  s y n t h e s i s  ( v i d e  s u p r a )  w e  

have now s y n t h e s i z e d  ( S )  - - ( + )  -Mevalohctone i n  h i g h  chemica l  

14 , 31 -34 but 
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ASYMMETRIC SYNTHESES BASED ON 1,34XATHIANE DERIVATIVES [467] /87 

and optical yield l 5  (cf. Schemes 9 and lo; yields refer 
to the racemic series). Most of the steps are straight- 
forward; in the oxidation of the phenyl moiety we used 
ruthenium tetroxide 35 in preference to ozonization 
employed for malyngolide. The enantiomeric purity of 
the final product was estimated to be above 94% by op- 
t i c a l  rotation (which may, however, have been depressed 
by the presence of small amounts of chemical impurities) 
and by use of a chiral shift reagent 36 on the product 
as obtained and after dilution with a small amount of 
racemic material. The overall yield from the acetyl 
derivative of - la is 37% in 7 steps. A synthesis of 
(R)-(-)-mevalolactone - in & 96% enantiomeric excess from 
(R) - ( - )  -B-benzyl-8-hydroxybutyronitrile (Scheme 9) in 
56% yield ( 4 0 %  overall from 2-acetyl-1s) - _  by acetylation, 
ruthenium tetroxide oxidation, diborane reduction and 
hydrolysis of the nitrile has also been accomplished. 

95% d e ? 95% e e 

[a ]20=+~7 3 O  

D 

20 
[a], =-966" 

Scheme 9 
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H+ I. A ~ ~ O / D M A P *  

3. KZCO3/MeOH coo- 

* H 0 7 C H 3  * 
2. Ru0, OH 

60 Ole (S) -(+I-Mevololoctone 
20 

"4-(  N, N- dimethylomino) pyridine [a], =+21.7O 

Scheme 10 2 9 4 %  e.e 

Mechanism 
The first step in the asymmetric synthesis optical in- 
volves a virtually exclusively equatorial electrophilic 
substitution of an oxathiane. We have shown 37  that the 
corresponding substitution in dithianes is highly ste- 
reoselective regardless of whether or not tight ion pai- 
ring occurs and have postulated that the 2-lithio-1,3- 
dithiane exists exclusively (or nearly so) with the li- 
thium equatorial, the subsequent electrophilic substi- 

38 tution taking place with retention of confiauration . 
The exclusively equatorial orientation of the lone pair 
in 2-dithianyl carbanions is a consequence of the qauche 
effect 3 9  and is supported by quantum-mechanical calcu- 
lat ions 3 9 ' 4 0  as well as by X-ray study of the lithium 
salt of 2-phenyl-1 , 3-dithiane 41 .  Scheme 1 1  shows the 
two diastereomeric lithium salts; the one on the right 
( B )  is by far the more stable because it avoids the re- 
pulsive antiperiplanar arrangement of filled orbitals 
present in A. There is also stabilization of structure 
B through a favorable interaction of the unshared pair 
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ASYMMETRIC SYNTHESES BASED ON 1,3GXATHIANE DERIVATIVES [469] /89 

Scheme 1 1  

on C ( 2 )  w i th  t h e  o* o r b i t a l  o f  t h e  S-C ( 4 )  bond 40. A 

s i m i l a r  s i t u a t i o n  undoubtedly e x i s t s  i n  2 - l i t h i o - l  , 3 -  

o x a t h i a n e s .  

The second s t e p  of  asymmetric s y n t h e s i s  f o l l o w s  C r a m ' s  

r u l e  ', presumably - i n  view of  t h e  ve ry  h igh  degree  

of  s e l e c t i v i t y  - t h e  c h e l a t e  r u l e  4 2  (Scheme 1 2 ) .  Se- 

v e r a l  p i e c e s  of ev idence  s u p p o r t  t h i s  assumption:  When- 

Scheme 1 2  

e v e r  t h e  c o n f i g u r a t i o n  of  t h e  p roduc t  w a s  e s t a b l i s h e d  
and c o r r e l a t e d  w i t h  t h a t  of t h e  s t a r t i n g  m a t e r i a l  I 

t h e  r e s u l t s  w e r e  i n  acco rd  w i t h  C r a m ' s  r u l e  (However, 
t h e  c h e l a t e  and t h e  open-chain model l e a d  t o  t h e  same 

p r e d i c t i o n ,  so t h e  a forement ioned  c r i t e r i o n  does  n o t  

d i s t i n g u i s h  between t h e  t w o  ) .  One p i e c e  of  ev idence  

4 16 

f a v o r i n g  t h e  c h e l a t e  model i s  t h e  f i n d i n g  t h a t  an 

PS-D 
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e t h e r  g r o u p  i n  t h e  s u b s t i t u e n t  a t  C ( 2 )  of t h e  o x a t h i a n e  

w i l l  s u b s t a n t i a l l y  lower t h e  s t e r e o s e l e c t i v i t y  of t h e  

G r i g n a r d  a d d i t i o n  of t h e  2 - k e t o o x a t h i a n e  (Scheme 1 3 ) .  

Presumably c h e l a t i o n  o f  t h e  G r i g n a r d  r e a g e n t  w i t h  t h e  

e x o c y c l i c  e t h e r  f u n c t i o n  competes  w i t h  c h e l a t i o n  w i t h  

t h e  o x a t h i a n e  rincr oxysen ,  t h e r e b y  makins  t h e  t r a n s i -  

t i o n  s t a t e  f o r  t h e  G r i g n a r d  a d d i t i o n  less  r i q i d  and  

t h u s  less s e l e c t i v e .  

Addition of CH,MqBr to  protected Oxathianyl hydroxy ketones 
-I 

- n - R Diostereomeric excess* 
I CH2Ph 3 6 O/o 
2 CH2 Ph 17% 
3 CH2Ph 62 O/o 
4 CH2Ph 7 7 O/O 

2 C Ph3 7 2 O/O 

Scheme 13 

T h a t  c o m p l e x a t i o n  of t h e  G r i g n a r d  r e a g e n t  w i t h  t h e  r i n g  

oxygen i s  p r o b a b l y  r e s p o n s i b l e  f o r  t h e  s t e r e o s e l e c t i v i t y  

of t h e  o x a t h i a n e  a l k y l a t i o n  s t e p  i s  a l s o  shown by t h e  

r e s u l t s  i n  Scheme 1 4 .  The r e a c t i o n  o f  a c h i r a l  2 -acyl -  

1 , 3 - d i t h i a n e  w i t h  a G r i g n a r d  r e a g e n t  i s  n e a r l y  comple t e -  

l y  u n s t e r e o s e l e c t i v e  4 3 .  I n  c o n t r a s t ,  t h e  c o r r e s p o n d i n g  

r e a c t i o n  w i t h  a s i m p l e  2 - a c y l - 1 , 3 - o x a t h i a n e ,  i n  which 

t h e  o n l y  s o u r c e  of  c h i r a l i t y  i s  t h e  c h i r a l  c e n t e r  a t  C ( 2 ) ,  
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54 Yo 4 6 a/a 

99 a/a < I '/a 

> 99 70 < I '/a 

Scheme 1 4  

i s ,  as  f a r  a s  w e  c a n  t e l l ,  e n t i r e l y  s t e r e o s e l e c t i v e  

(Scheme 1 4 )  4 3 .  I n  f a c t ,  p r e s e n c e  of t h e  s u l f u r  atom i s  

n o t  n e c e s s a r y  a t  a l l  f o r  s t e r e o s e l e c t i v i t y :  t h e  reac- 

t i o n s  of v a r i o u s  2-acyloxanes  w i t h  G r i g n a r d  r e a q e n t s  

(Scheme 1 4 )  a r e  a l so  c o m p l e t e l y  s t e r e o s e l e c t i v e  and i n  

r e d u c t i o n s  of such  k e t o n e s  w i t h  l i t h i u m  aluminium hy- 

d r i d e  o r  L-Selectride , t h e  major  isomer p redomina te s  TM 
4 4  i n  r a t i o s  v a r y i n g  from 78:22 t o  1 o o : O  . 

I t  i s  t o  b e  n o t e d  t h a t  d e s p i t e  t h e  h i g h  s te reose lec t i -  

v i t y  o f t e n  obse rved  i n  t h e  a p p l i c a t i o n  of C r a m ' s  che-  
l a t e  r u l e  f 4 2  , p r o c e s s e s  i n v o l v i n q  t h i s  r u l e  have  ra- 

r e l y  been used  i n  asymmetr ic  s y n t h e s i s ,  b e c a u s e  t h e  new 

c h i r a l  c e n t e r  i s  g e n e r a t e d  r i q h t  n e x t  t o  t h e  e x i s t i n g  

one  and i t  i s  g e n e r a l l y  n o t  p o s s i b l e  t o  s e p a r a t e  t h e  

two c e n t e r s ,  i . e .  t o  i s o l a t e  t h e  o n l y  newly formed and ,  
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at the same time, to regenerate the chiral auxiliary 
reagent-(Isolation of the newly formed chiral center 
and regeneration of the chiral auxiliary reagent are 
important considerations in an asymmetric synthesis 45) . 
In the synthesis here described, this difficulty is ob- 
viated by carrying out the asymmetric synthesis in two 
stages (cf. Scheme 12). Both stages - the electrophilic 
substitution in the chiral 1,3-oxathiane and the addi- 
tion of an organometallic reagent to the 2-acylthiane 
are highly stereoselective, as indicated above. The 
first step transfers the chirality from the "backbone" 
of the oxathiane to C-2, the second from C-2 to the 
exocyclic chiral center. Subsequent hydrolysis destroys 
the chiral center at C-2 but preserves not only the new- 
ly formed exocyclic one [in the aldehyde RR'C(0H)CHO)I 
but also the one in the oxathiane backbone (in the form 
of the chiral sultine from which the chiral oxathiane 
can be regenerated). 
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