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Abstract  - (R)-Pantolactone, (S)-ethyl l a c t a t e  and o the r  a-hydroxy-car- 
b o x y l i c  a c i d  d e r i v a t i v e s  are e f f e c t i v e  c h i r a l  a u x i l i a r i e s  f o r  large-scale 
asymmetric Die ls-Alder  a d d i t i o n s  o f  enoates. Mechanis t ic  aspects and prepa- 
r a t i o n s  o f  in termediates f o r  EPC-syntheses o f  ca rbocyc l i c  nuc leos ide ana- 
logs, prostaglandins and o t h e r  b i o l o g i c a l l y  a c t i v e  compounds a re  descr ibed. 

INTRODUCTION 

Exce l l en t  progress has r e c e n t l y  been achieved i n  the  development o f  c h i r a l  a u x i l i a r i e s  f o r  
asymmetric Die ls-Alder  (ADA) r e a c t i o n s  ( r e f .  1). Work o f  t h i s  group has shown t h a t  enoates o f  
a-hydroxycarboxyl ic a c i d  d e r i v a t i v e s  are ve ry  use fu l  c h i r a l  d ienophi les.  (R)-  and (S)-lac- 
t a t e s  1 and 2 ( r e f .  2), (R)-pantolactone (3)  ( re f .  3) and (S)-N-methyl-2-hydroxysuccinimide 
(4) were found t o  be p a r t i c u l a r l y  e f f e c t i v e  a u x i l i a r i e s .  

1 - 3 are large-scale comnodities. The imide 4 i s  a v a i l a b l e  i n  one s tep from (S)-mal ic  acid. 
The combinat ion o f  low cost, ease o f  enoate format ion and hydro lys is ,  and ready c r i s t a l l i z a -  
t i o n  o f  d e r i v a t i v e s  o f  3 and 4 a l l ows  p r a c t i c a l  large-scale preparat ions ( > l o 0  g) o f  numerous 
b u i l d i n g  b locks use fu l  f o r  EPC-syntheses o f  b i o l o g i c a l l y  a c t i v e  compounds. 

LEWIS ACID CATALYZED REACTIONS-FUNDAMENTALS 

Our mechanist ic ra t i ona le ,  i n t e r  a l i a  based on c r y s t a l  s t r u c t u r e s  o f  enoate/Lewis a c i d  com- 
p lexes ( re fs .  4,5), f o r  d e s c r i p t i o n  o f  t i t a n i u m  t e t r a c h l o r i d e  cata lyzed r e a c t i o n s  o f  enoates 
o f  t he  a u x i l i a r i e s  3 and 4 i s  presented i n  Scheme 1 f o r  t he  spec ia l  case o f  c y c l i c  dienes 
( re f .  6). Essen t ia l  f ea tu res  o f  t h e  r e a c t i v e  'chelate complexes 5 and 6 are syn-enoate confor-  
mat ions and d ias te reo face -se lec t i ve  s h i e l d i n g  o f  the enoate group by t h e  TiC14 moiety. Q u i t e  
genera l ly ,  Diels-Alder adducts were obta ined w i t h  d i a s t e r e o s e l e c t i v i t y  o f  ca. 97:3 (7:8 o r  
10:9) and pure major isomers r e s u l t e d  a f t e r  r e c r y s t a l l i z a t i o n .  
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E a r l i e r  work i n  the  area o f  ADA reac t i ons  was aimed a t  h igh  degrees o f  s t e r e o s e l e c t i v i t y .  To- 
day, h igh  r e a c t i v i t y  o f  t he  d ienoph i l e  and p r a c t i c a l i t y  a re  i n c r e a s i n g l y  recognized as equal- 
l y  impor tant  features.  Touchstones f o r  assessing these aspects are the  reac t i ons  o f  t rans -  
crotonates w i t h  cyclopentadiene and o f  a c r y l a t e s  w i t h  cyclohexadiene, combinat ions o f  low re-  
a c t i v i t y ,  Car r i ed  ou t  according t o  Scheme 1, no d i f f i c u l t i e s  were encountered ( r e f .  7). 

4 COOH 4 COOH +CH3 COOH 4 COOH &OBn COOBn RyJ COOH 

11 12 13 14 15 16 R = H  
17 R=CHs 

Some o f  t he  ca rboxy l i c  ac ids  obta ined by s a p o n i f i c a t i o n  (LiOH,THF/H20) o f  adducts 7 o r  mono- 
c y c l i c  analogs are shown above. 8-Bromoacrylates (R=Br, Scheme 1)  are sapon i f i ed  w i t h  con- 
comi t tan t  e l i m i n a t i o n  t o  g i v e  14. S i m i l a r l y ,  t reatment  w i t h  NaOBn/BnOH y i e l d s  t h e  8-addi t ion 
product 15. A l l  these compounds are use fu l  f o r  EPC-syntheses o f  n a t u r a l  products  ( re f .  8). 

CARBOCYCLIC NUCLEOSIDE ANALOGS 

Some n a t u r a l  and unnatura l  ca rbocyc l i c  analogs o f  nucleosides d i s p l a y  i n t e r e s t i n g  phys io log i -  
c a l  e f f e c t s  ( a n t i v i r a l ,  a n t i b i o t i c ,  and ant i tumor a c t i v i t i e s )  ( r e f .  9). Recent work o f  our 
group has been d i r e c t e d  a t  syn thes i z ing  compounds o f  t h i s  c lass  v i a  enan t iomer i ca l l y  pure 
Die ls-Alder  adducts. Here we r e p o r t  a sho r t  synthes is  o f  Ohno's l ac tone  (19) which was pre- 
v i o u s l y  t ransformed i n t o  (-)-ar isteromycin (18) ( a n t i b i o t i c )  ( r e f .  10). I n  t h e  course o f  t h i s  
work, an in termediate s u i t a b l e  f o r  a synthes is  o f  t he  a n t i v i r a l  agent cyc la rad ine  (20) ( r e f .  
11) was a l s o  obtained. 

0 0  HO x HO OH 

19 Ohno's lactone 20 cyclaradine 18 (-) - aristeromycin 

(t)(R)-5-Norbornene-2-carboxylic a c i d  (ent-11) y i e l d s  (lR)-5-norbornen-Z-one (21) v i a  a 
s imple three-step sequence ( r e f .  12)(Scheme 2 ) .  Our s y n t h e t i c  p lan  c a l l e d  f o r  c is-dihydroxy- 
l a t i o n  o f  t he  double bond and subsequent o x i d a t i v e  cleavage o f  t he  CE-C3-bond. To our  sur-  
p r i s e ,  r e a c t i o n  o f  21 w i t h  osmium tetroxide/N-methylmorpholine N-oxide gave main ly  t h e  t rans-  
a d d i t i o n  product  2 2 t  ( r a t i o  22t:22c ca. 4:l). The source o f  t h i s  anomaly became c l e a r  when i t  
was found t h a t  22c rearranges t o  2 2 t  upon t reatment  w i t h  base, obv ious ly  v i a  re t ro -a ldo l  re -  
act ion.  As a consequence, the  hyd roxy la t i on  was c a r r i e d  o u t  w i t h  one equiv. o f  p- to luenesul-  
f o n i c  a c i d  added t o  the  standard agent. Th is  procedure indeed fu rn i shed  22c i n  q u a n t i t a t i v e  
y i e l d .  Treatment o f  22c w i t h  methylamine i n  methanol gave 2 2 t  i n  h igh  y i e l d .  Transformat ion 
o f  22c i n t o  Ohno's lactone, v i a  the  ace ta l  23 and ozon iza t i on  o f  i t s  s i l y l  enol ether,  was 
unevent fu l .  The t o t a l  y i e l d  o f  19 f rom 5-norbornene-2-carboxylic a c i d  was 54 2. A rou te  from 
2 2 t  t o  cyc laradine (20) i s  c u r r e n t l y  being worked out. 
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NON-CATALYZED A N D  LEWIS ACID CATALYZED REACTIONS OF 
FUMARATES 

I n  v iew o f  t h e i r  p o t e n t i a l  exper imental  s i m p l i c i t y  and broad range o f  app l i ca t i ons ,  non-cata- 
l yzed  ADA add i t i ons  are o f  g rea t  i n t e r e s t .  However, u n t i l  ve ry  r e c e n t l y  l i t t l e  success was 
achieved w i t h  esters.  I n  contrast ,  t h e  a c r j l a t e  24 o f  (S)-ethyl  l a c t a t e  (2) reac ts  d ias te -  
r e o s e l e c t i v e l y  w i t h  cyclopentadiene a t  0 C i n  hexane (endo-add.: 80:20, exo-add.: 85: 15) 
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( r e f .  2 ) .  The ( t y p i c a l l y )  low endo-exo r a t i o  o f  1.7 p revents  d i r e c t  p repara t i ve  use o f  these 
r e s u l t s .  But it was o f  i n t e r e s t  t o  examine corresponding fumarates which cannot g i v e  r i s e  t o  
endo-exo isomers and, fur thermore, were expected t o  show s y n e r g i s t i c  a c t i v i t y  o f  t h e i r  
a u x i l i a r y  groups and, i n  consequence, a h ighe r  l e v e l  o f  s e l e c t i v i t y  t han  a c r y l a t e s  ( c f .  r e f s .  
la, 4). The fumarate 26, d i s p l a y i n g  d i a s t e r e o s e l e c t i v i t y  o f  98:2 w i t h  cyc lopentad iene i n  n- 
hexane (Scheme 3). i s  indeed t h e  more s e l e c t i v e  d ienoph i le .  It i s  assumed t h a t  t h e  r e a c t i o n  
proceeds v i a  t h e  
which a t t a c k  f rom 

24 

C -symnetr ic species 26 w i t h  ant i -enoate conformat ion  ( c f .  Formula) f o r  
t #e  more access ib le  back-face i s  favored. 

25 26 27 28 

For TiC14-catalyzed r e a c t i o n s  o f  t h e  a c r y l a t e  24, which y i e l d  p r e f e r r e d  produc ts  o f  oppos i te  
c o n f i g u r a t i o n  compared t o  t h e  non-catalyzed reac t i on ,  t h e  complex 25 w i t h  syn-enoate confor -  
mat ion  i s  pos tu la ted  as r e a c t i v e  species ( c f .  Scheme 1). On ex tend ing  t h i s  model t o  t h e  fuma- 
r a t e  26 one would expect t h e  1 : l  complex 27 wi th  syn- and ant i -enoate conformat ions as reac- 
t i v e  species, and t h e r e f o r e  a n t a g o n i s t i c  a c t i o n  o f  t h e  a u x i l i a r y  groups, and/or t h e  2 : l  com- 
p lex  28  w i t h  syn-enoate conformat ions on bo th  s ides, and t h e r e f o r e  s y n e r g i s t i c  a c t i o n  o f  t h e  
a u x i l i a r y  groups. For  d i f f e r e n t i a t i o n  o f  these complexes, 26 was a l lowed t o  r e a c t  w i t h  cyc lo -  
pentadiene us ing  va r ious  T i C l  : 26 r a t i o s  and t h e  produc ts  (Scheme 3) were analyzed by HPLC. 
We i n t e r p r e t  t h e  r e s u l t s  o f  th?s  s e r i e s  o f  exper iments (Fig. 1)  as fo l l ows :  27 determines t h e  
mode o f  r e a c t i o n  a t  low T i C l  - 26 r a t i o s  (A), hence t h e  non-se lec t ive  reac t i on .  I n  t h e  range 
B, compe t i t i on  o f  t h e  compleR’28 becomes no t iceab le ,  which i n  range C f i n a l l y  dominates and 
y i e l d s  t h e  e s t e r  29b w i t h  95:5 s e l e c t i v i t y  ( r e f .  4). 

Resu l t s  ob ta ined w i t h  t h e  fumarate o f  (R)-pantolactone, 30, are  d i sp layed  i n  Scheme 4. Compa- 
r e d  t o  26, t h e  fumarate 30 y i e l d s  D ie ls -A lder  adducts o f  oppos i te  c o n f i g u r a t i o n  due t o  i nve r -  
se c h i r a l i t y  sense o f  t h e  HO-C-CO mo ie t i es  o f  2 and 3. Thus, f o r  an ex tens i ve  v a r i e t y  o f  ch i -  
r a l  t rans -d i ca rboxy l i c  ac ids  bo th  enantiomers are  access ib le  v i a  non-catalyzed reac t i ons .  
Lewis a c i d  promoted r e a c t i o n s  o f  t h e  fumarate 30 a l s o  proceed w i t h  h igh  s e l e c t i v i t y  when 
EtA1C12 i s  employed i n  excess. For a reason no t  y e t  understood, i n  con junc t i on  w i t h  30, 
EtA1C12 i s  more e f f e c t i v e  than TiC14. 

D ie ls -A lder  r e a c t i o n s  w i t h  t h e  inexpens ive  fumarates 26 and 30 are  o f  i n t e r e s t  f o r  EPC-syn- 
theses o f  p h y s i o l o g i c a l l y  a c t i v e  compounds - e.g., t h e  (2S,3S)-5-norbornene-2, 3 -d i ca rboxy l i c  
a c i d  r e a d i l y  ob ta inab le  ( re f .  l a )  f rom adducts 29b o r  31a i s  a s t a r t i n g  m a t e r i a l  f o r  t h e  I C I  
p ros tag land in  syn thes i s  ( r e f .  13). Another, l e s s  obvious e n t r y  i n t o  t h e  p ros tag land in  s e r i e s  
i s  shown i n  Scheme 5. Key s tep  i s  t h e  deca rboxy la t i ve  1 ,3 -e l im ina t ion  o f  t h e  e a s i l y  prepared 
iodo lac tone 35 which fu rn i shes  t h e  n o r t r i c y c l e n e  36 i n  q u a n t i t a t i v e  y i e l d .  From t h e  l ac tone  
36, s t r a i g h t f o r w a r d  s y n t h e t i c  t a c t i c s  leads  t o  t h e  Corey-Sutherland in te rmed ia te  39 ( r e f .  13) 
and t h e  syn-isomer 38 (76 % y i e l d  f rom 35) which opens avenues t o  a l a r g e  v a r i e t y  o f  impor- 
t a n t  n a t u r a l  p roduc ts  ( c f .  r e f .  14). 
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