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Abstract: Our contr ibut ions to  t h e  synthesis  of enant iomerical ly  pure  compounds 
of biological in te res t  par t icular ly ,  I 6-methyl thienamycin (2) and MeBmt (13) 
a r e  reviewed. The sal ient  f e a t u r e s  of t h e  approaches towards t h e  key in te rme-  
d i a t e  (3) of 2 involved a)  t h e  s te reospec i f ic  reduct ion of 10 and b) t h e  s te reo-  
se lec t ive  hydroboration-oxidation reac t ion  of 7. A versa t i le  protocol  leading 
to t h e  format ion  of al l  t h e  four  enant iomerical ly  pure  d ias te reomers  of 6-hy- 
droxy- a-amino acids, has  been forwarded. An appl icat ion of this  protocol  for  
13 was demonst ra ted .  

The vogue of synthesising biologically a c t i v e  compounds in enant iomerical ly  pure  forms  
o w e  i t s  origin to t h e  understanding of biological phenomena at t h e  receptor  s i te .  I t  is now well 
understood t h a t  t h e  biological funct ion of a n  organic  molecule  and i t s  chiral i ty  a r e  inter-related 
(ref.1). With t h e  advent  of severa l  ch i ra l  drugs (ref.2) having specif ic  ac t iv i t ies  (ref.3), i t  appears  
t h a t  in near  fu ture ,  a l l  t h e  new chiral  drugs may be  made  mandatory for  use in enant iomerical ly  
pure  forms  for  t h e  consumers  market .  As a consequence,  recourse to  new protocols  for  obtaining 
chiral  molecules, without  resor t ing to  t h e  process  of resolution, has  become t h e  pr ime objec t ive  
of severa l  synthe t ic  laborator ies .  Synthe t ic  chemis ts  have  adopted (ref.4) t w o  principal approaches 
f o r  deriving enant iomerical ly  pure  t a r g e t  molecules: (a) a s y m m e t r i c  synthesis  and  (b) chiron appro- 
ach. Contr ibut ions f rom our laboratory concerning t h e  use of both these  approaches in t h e  synthesis  
of (a) 16-methyl thienamycin and  (b) (4R)-4-[(E)-2-butenyI]-4,N-dirnethyl-L-threonine a r e  reviewed. 

1 p-METHYLTHIENAMYCIN 
Since t h e  discovery of penicillin, no  class  of ant ibiot ics  has  received such a n  overwhelming 

a t t e n t i o n  and on so many fronts. Over  t h e  years  (ref.5) severa l  new classes  of k l a c t a r n  ant ibiot ics  
have been isolated. However, t h e  most  s ignif icant  discovery of t h e  recent  years  has  been t h e  
isolation of thienamycin ( I ) ,  belonging to  t h e  class  of carbapenems,  by t h e  Merck group (ref.6). 
Thienamycin a rose  profound in te res t  (ref.6) no t  only because  of i t s  broad spec t rum ac t iv i ty  par t icu-  
lar ly  against  pseudomonas but  a lso due  to i t s  unusual s t ruc tura l  and funct ional  f ramework.  Thiena- 
mycin could not  be  judged as a potent ia l  c l inical  drug, apparent ly  due to  chemica l  instabi l i ty  
and metabol ic  sensi t ivi ty  to renal  dehydropeptidase-I. As a m a t t e r  of fact, t h e  low yield of thiena-  
mycin f rom t h e  fe rmenta t ion  broth is a t t r i b u t e d  to  these  propert ies  and t h e r e f o r e  i t  is present ly  
produced on  a commerc ia l  sca le  by synthesis  (ref.7). The quest  to  enhance  t h e  chemica l  and meta-  
bolic s tabi l i t ies  of l w a s  intensif ied and in 1984, t h e  Merck group c a m e  o u t  (ref.8) with a s imple 
analogue namely, 1 f h e t h y l t h i e n a m y c i n  (2) possessing t h e  requis i te  stabilities. The s tereocontrol led 

Scheme 1 

COOBn 

4-N- 
COOH 

0 
" i B S  

5 - 

a V 
1293 



1294 M. K. GURJAR 

aldol condensat ion (ref.9) and t h e  cycloaddi t ion reac t ion  (ref.10) form t h e  basic premise for  most  
of t h e  approaches repor ted  for  2. However ,  e f f o r t s  a r e  on to devise  (ref.11) a prac t ica l  synthe t ic  
protocol  t h a t  would give r ise  to  2 in a n  e f f ic ien t  manner. 

Our re t rosynthe t ic  examinat ion of 2 is  depicted in s c h e m e  1. The advanced in te rmedia te  
3 could be  envisaged by extension of t h e  side-chain at carbon c1 to  t h e  carbonyl  in compound 4 
which in turn  could f ind i t s  origin by chemica l  manipulation of t h e  easi ly  accessible  (S)-4-benzyloxy- 
carbonylazetidin-2-one (5). 
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The B-lactam der iva t ive  (5 )  was obtained (ref.12) f rom L-aspart ic  acid in t h r e e  high yielding 
steps. One  of t h e  reasons for  employing 5 for t h e  present  study, could be  a t t r i b u t e d  to t h e  abun- 
d a n t  availability of th i s  in te rmedia te  as i t  f o r m s  t h e  s ta r t ing  precursor  for  commerc ia l  process  
of 1 (ref.7). T r e a t m e n t  of 5 with excess  of methylmagnesium iodide produced t h e  dimethyl  carbinol  
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derivat ive (6 )  in 84% yield (Scheme 2). Subsequent  dehydrat ion (ref.13) reac t ion  on 6 was conducted 
in t h e  presence mesyl chlor ide- t r ie thylamine to af ford  t h e  4-isopropenyl-@ -1actam (7). At  this  
juncture  we examined t h e  introduct ion of hydroxyethyl side-chain at C-3.  Thus, t r e a t m e n t  of 
7 with LDA at -78°C followed by addi t ion of ace ta ldehyde  gave 8 as a major  product .  Although 
t h e  aldol condensat ion is known (ref.8) to  occur  a-  to t h e  carbonyl  funct ion,  in this  case meta l la t ion  
also took place at t h e  r e m o t e  y' position (ref.14). This undersired course  of reac t ion  implied t h a t  
t h e  isopropenyl group in 7 was  not  sui table ,  therefore ,  i t s  s tereocontrol led conversion in to  t h e  
I-methyl-2-hydroxyethyl unit should be  our immedia te  priority. For this  object ive,  w e  planned 
t w o  s te reose lec t ive  approaches  ( scheme 3) involving hydrogenat ion and hydroboration-oxidation 
react ion.  
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With a view of hydroxylating t h e  allylic carbon in 7, t h e  Sharpless reac t ion  (ref.15) employ-  
ing SeO and ter t -butylhydrogen peroxide was utilised to give 9 in 55% yield (85% based on recove-  
red  7) ( s c h e m e  4). Successive depro tec t ion  of TBS group with IN HCl in methanol  and t r e a t m e n t  
of t h e  resul t ing amido-alcohol with dimethoxypropane-BF3:OEt gave  10. Hydrogenat ion of 10 
in t h e  presence  of R/Ni (washed with e thylace ta te )  at  norma? t e m p e r a t u r e  and pressure gave  
4 in 90% yield. The s tereospecif ic  hydrogenation was indeed expec ted  to  occur  in t h e  desired 
direct ion as t h e  molecular  model  A revealed t h a t  t h e  del ivery of hydrogen shouid t a k e  p lace  f rom 
t h e  less  hindered a-face. The s t r u c t u r e  of 4 was  unambiguously assigned by H NMR spec t rum 
(300 MHz) (ref.16). The coupling cons tan ts  : J4a,5e=2.5, J4e,5e=2.2 and J4a,4e=12.2 Hz w e r e  in 
a g r e e m e n t  with t h e  s t r u c t u r e  4. (scheme 4) 

TBS 

The s te reose lec t ive  hydroboration-oxidation reac t ion  of a pro-chiral isopropenyl group adja- 
c e n t  t o  a chiral  c e n t e r  is a topic  of c u r r e n t  in te res t  (ref.17). The s te reochemica l  o u t c o m e  of 
this  reac t ion  is profoundly swayed by s t e r i c  and e lec t ronic  f a c t o r s  and by t h e  n a t u r e  of t h e  hydro- 
borat ing agent .  As a consequence,  we  b e c a m e  in te res ted  in performing hydroboration-oxidation 
reac t ion  on 7 in which t h e  isopropenyl group is f lanked with a chiral  8- lactam ring system. In 
case i t  is successful ,  t h e  methodology would furnish a n  a l t e r n a t e  approach to  t h e  key in te rmedia te  
4. Thus, compound 7 was t r e a t e d  with 2M borane methyl  sulfide complex in THF followed by 
oxidat ion with H202-NaOAc to  a f f o r d  11 in 61% yield. Subsequent removal  of TBS group and 
pro tec t ion  with isopropylidene group af forded  4 which was ident ical  with t h e  sample  prepared  
ear l ier .  (scheme 5) 

H 
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The highly s te reose lec t ive  course  of hydroboration-oxidation reac t ion  of 7 could be explained 
by considering t h e  Houk's conformer  model B (ref.18). The del ivery of borane occurred in a d i rec ted  
fashion ( t ransi t ion s t a t e  C) thus  leading to  t h e  in te rmedia te  D. (scheme 6) 

The next  concern was to  incorporate  t h e  chiral  side-chain and al though severa l  modif icat ions 
have been suggested,  t h e  intrinsic chemis t ry  in a l l  these  modif icat ions essent ia l ly  follow t h e  work 
of t h e  Merck group (ref.8). This approach was adopted to prepare  t h e  key in te rmedia te  3. (scheme 7) 

(4R)-4[(E)-BUTEN-2-YL]-4,N-DiMETHYL-L-THREONlNE 
8-Hydroxy-a-amino acids  form t h e  par t ia l  s t r u c t u r e  of severa l  polypeptide na tura l  products. 

For  example,  t h e  presence (ref.19) of t h e  unusual Bhydroxy-a-amino acid,  (4R)-4[(E)-2-butenyl]-4,N- 
dimethyl-L-threonine (MeBmt) (13) in cyclosporin (12) cons t i tu tes  a classical  illustration. The ut i l i ty  
of cyclosporin as a n  immunosuppressive agent  (ref.20) during organ t ransplantat ion such as kidney, 
lever ,  h e a r t ,  bone-marrow etc., is now well recognised. However, t h e  high cost of cyclosporin 
coupled with t h e  tedious technique of isolation and low-yields, necess i ta ted  synthe t ic  e f f o r t s  to- 
wards 12 in various laborator ies .  The main issue in t h e  synthesis  of cyclosporin is t h e  non-availabi- 
l i ty  of MeBmt (13) which focussed (ref.21) a g r e a t  dea l  of a t t e n t i o n  in recent  years  on t h e  develop- 
ment  of a prac t ica l  and e f f i c i e n t  approach. As par t  of a programme,  we w e r e  in te res ted  in esta- 
blishing a versa t i le  protocol  which in principle should provide a l l  t h e  four  diastereoisomers  of 
bhydroxy-a-amino acids. Our a t t e n t i o n  was drawn towards t h e  readily obtainable  opt ical ly  a c t i v e  
- cis-oxazolidinone der iva t ive  (ref .22) (8) which in turn  could be  real ised f rom t h e  opt ical ly  a c t i v e  
2,3-epoxy alcohol (A) (ref.23). W e  reasoned t h a t  t h e  corresponding oxazolidinone e s t e r  ( C )  obtained 
by t h e  oxidation of t h e  hydroxymethyl group in B, on hydrolysis should furnish e - f i - h y d r o x y -  

&amino acid (D). Whereas subsequent  epimerisat ion of cis-oxazolidinone ( C )  to  a more  s tab le  trans- 
oxazolidinone der ivat ive (E) followed by hydrolysis would give r ise  to  syn-B-hydroxy-a-amino acid 
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(F). Similarly i t  becomes  apparent  t h a t  t h e  o ther  t w o  d ias te reomers  namely (H) and (I) could be  
synthesised f rom t h e  corresponding opt ical ly  a c t i v e  2,3-epoxy alcohol (C)  (Scheme 8). Based on  
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t h e  above hypothesis, MeBmt (13) was reexamined (Scheme 9). 

Scheme 9 
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Our f i r s t  considerat ion was  to  obtain t h e  opt ical ly  pure aldehyde (14). Although 14 was 
repor ted  (ref.21) ear l ie r ,  we  chose to develop a n  a l t e r n a t e  approach which now enabled us to  
obtain opt ical ly  pure  14 in mult igram quant i t ies .  Thus, diethyl  methylrnalonate  (15) was alkylated 
( scheme 10) with (E)-crotyl bromide in t h e  presence  of a base  followed by hydrolysis and decarboxy-  
la t ion by pyrolysis to af ford  t h e  (2) ac id  (16). In order  to resolve (2) (161, liquid absorpt ion chroma- 
tography of t h e  der ived d ias te reomer ic  mixture  of amides  (17 and 18) in a d i rec ted  way was  per- 
formed (ref.24). The required polar amide  (18) was hydrolysed with 3N su l fur ic  acid and t h e  resul t -  
ing acid was reduced to t h e  alcohol  (19). Subsequent  oxidat ion by adopt ing Swern procedure gave  
a r a t h e r  unstable  a ldehyde (14). 

Wittig reac t ion  of 14 with carboethoxy riphenylmethylenephosphorane at e leva ted  tempera-  
t u r e  furnished E-product  H NMR spec t rum.  Reduct ion of 20 with DIBAL-H 
at -78°C af forded  t h e  opt ical ly  pure allylic alcohol (21) which on  Sharpless a s y m m e t r i c  epoxidat ion 
with (-)-diisopropyltartrate as t h e  chiral  auxiliary t h e n  gave  t h e  2,3-epoxy alcohol (22) in 85% 
yield. The s te reochemica l  ass ignments  of 22 w e r e  based on t h e  predict ions repor ted  by Sharpless  
(ref.23). 

Our next  object ive (scheme 11) was  to  real ise  t h e  opt ical ly  pure  oxazolidinone der iva t ive  

f conf i rmed by 
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Scheme 10 
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by means  of regioselect ive epoxide opening reac t ion  via t h e  corresponding ure thane  der ivat ive,  
a method pioneered by Rousch and coworkers  (ref.22). Methyl isocyanate  was c h o s e n .  as t h e  su i tab le  
reagent  for  e f f e c t i n g  t h e  epoxy-urethane (23) format ion  as i t  would lead to t h e  oxazolidinone 
der iva t ive  2 4  bear ing a N-methyl subs t i tuent  required for  t h e  t a r g e t  molecule  (13). This reac t ion  
was  conducted in t h e  presence of sodium hydride to af ford  a mixture  of 1,2 and 2,3-oxazolidinone 
der ivat ives  (25 and 24) in  a r a t i o  of 3:2. The undesired der ivat ive 2 5  w a s  fur ther  t r e a t e d  with 
NaH in order  to e f f e c t  t h e  isomerisat ion which led to  a I:1 mixture  of 2 4  and 25. 

Scheme 11 
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The combined product  (24) was  oxidised with Jones  reagent  and then  es te r i f ied  to  give 
26.Treatment  of 26 with 0.89N KOH solution in refluxing e thanol  then  gave  t h e  isomerised trans- 
pxazolidinone der iva t ive  2 7  in 80% yield. The s t r u c t u r e  of 27 was  proved by comparis ion of i t s  

H NMR s p e c t r a  with 26, a small  coupling cons tan t  (J4 >=4.8 Hz) was  indicat ive of t r a n s  geometry  
be tween H-4 and H-5 of 27. In addition, [a] +30.5’ &as in good a g r e e m e n t  with t h e  l i t e r a t u r e  
(ref.21) value [a] +33.5”. Finally 27 was  hygrolysed in accordance  with l i t e r a t u r e  procedure to 
af ford  t h e  o p t i c a l R  pure  MeBmt (13) (ref.21). 
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