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Abstract - A novel synthesis of the  ch i ra l  1 - t h i a c l a d a n i c  skeleton consis t ing i n  - 
the trapping react ion of penic i l l inate4-oxide and g l u t i n i c  acid dimethylester followed 

by demolition of the  N-appendage and rebuilding of the  th ia ro l id ine  r i n g  i s  reported. 

Stereochemical assignements o f  the  products are a l so  discussed. 

OYer the  past  few years a big  e f f o r t  has been di rected toward the  preparation of nuclear analogues 

of p e n i c i l l i n s  and cephdosporins containing an oxygen atom i n  t h e  place of sulphur, l a t e l y  with 

gratifying success.' Following the  i so la t ion  of natural ly  occurring clavulanic acid,' we have been 

engaged3 i n  the  opposite challenge, i .e .  the  synthesis of sulphur analogous skeleton ( 9 )  potent ia l -  

l y  useful  as p-lactamase inh ib i to r .  We wish t o  r epor t  here the  f i r s t  synthesis of t h e  new ch i ra l  

(5R, 3) -1-deoxai l - th ia41adanic  analogues (ga, b, c )  (2-alkylidene penam) s t a r t i n g  from penicil-  

l i n s .  
4 The new r i n g  system was b u i l t  up by trapping the ~ u l ~ h ~ n i ~  acid derived by t h e n d  rearrangement of 

penici1linate-S-ofide (1) with an a l lene.  Methyl penicill inate+-oxide (1) was allmred t o  r e a c t  with 

t h e  a l lene (2) (refluxing toluene, 12 hours) giving an inseparable mixture (3: l )  of diastereoisome- 
-1 

r i c  sulphoxides (3) 1 H W: &: 2.93 (dd, J =5.0, 14.0 Hz, H-~F.)~ 3.40 (dd, J = 2.0, 14.0 Hz, - 
H-3) ;  3.5-4.0 (m, CH2COO); 5.24 (bm, N G H ,  H-4a); 6.60 ( s ,  S H ) .  s: 6.40 ( s , X ~ ) l  derived 

from a regiospecif ic  cis-addition of sulphenic acid  t o  the  a l lene system.5 - 1 13c NMR spectnun of the  diastereoisomers (4)  f (triethylamine, CH2C12, rt, l a ) ;  H NNR: -: 

3.00 (dd, J=4 .5 ,  15.0 Hz, H-3a); 3.40 (dd, J=2.5 ,  15.0 Hz, H-3~) ;  5.12 (dd, J=2.5 ,  4.5Hz,H-4a); - 
6.60 (s ,  XH).  m: 4.63 (m, H-4a); 6.45 (s, =CH)J', derived from isomerization of (3), showed 

dif ferences  i n  chemical s h i f t s  a t  C-4 ( A & =  3.54 P P ~ ) ,  C-3 (AS = 0.40 ~pm),  c-6 (Ah = 0.96 ppm), 

c-7 (66 = 1.60 ppm) and 6-10 ( A &  = 0.35 ~ ~ m ) ,  which could not be j u s t i f i e d  by a geometrical isome- 

rism i n  the  appendage,butonlybyachange involving all t h e  nuclear shie lding f a c t o r s  in the  mole- 

cule,  i .e .  the  d i f f e ren t  stereochemistry a t  the  sulphur,6 with r e l a t ed  conformational differences.  

This a t t r i b u t i o n  was confirmed by the  observation t h a t  when the  mixture of oxamide sulphoxides (5a) 
1 

was reduced t o  the  oxamide sulphide (Sb), only one product was detected by H and MR. I n  open 

chain sulphoxides (3), (4) and (5a) H-3a was always more upf ie ld  than K-30, both keeping t h e i r  cha- 

r a c t e r i s t i c  values of the  coupling constants,  thus  suggesting a syn o r i en ta t ion  of t h e  S-0 bond and 

the  H 4 a  as the  preferred conformation of the  sa id  compounds in solution. 7,s 
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Compound (4) was subsequently se lec t ive ly  ozonized (-7806, CH2C12, 8%) i n  the  i s o p r o ~ l i d e n e  moiety, 

9 -1 the  vinylogous double bond being protected by the  sulpholdde, giving (5a) L ti NMR: m: 3.23 (dd, 

J = 6.0, 17.0 Hz, H-3a); 3.60 (dd, J = 4.0, 17.0 Hz, H-9); 3.8 (m, CH2COO); 5.33 (dd, J = 4.0, 6.0 
- 

Hz, H-4a); 6.65 (s, =CHI. Minor: 6.42 (s, XH)-/. Reduction of the  sulphodde (5a) t o  (5b) (Wr3, 

DMF, -20°C, 6%) and hydrolysis (MeMI, s i l i c a  gel)  of the  olcamide afforded (6) which was condensed 

with bensyl glyoxylate (refluxing benzene, 2 hours) t o  give (7), purified by s i l i c a  ge l  column 

chromatography (CH C1-AcOEt 8:2). The carbinolamide (7),  as a mixture of epimers, was transformed 2 2 
i n t o  the  corresponding chloroderivative (SOC12, py, OW) and then i n t o  the  phosphorane (8) (PPh 

3' 
60oC). 

Protection of the  phosporane function through the  formation of i t s  phosphonium salt (CF COOH) al- 
3 

lowed select ive  cleavage of the double band attached t o  sulphur giving t h e  corresponding thioester .  

Restoration of the  phosphorane function with NaHCO followed by simple heat ing of the phosphorane 
3' 

t h ioes te r ,  afforded ( 9 b )  ( 6 W  1- 'H NNR: 3.27 (dd, J = 2.0, 16.0 Hz, H-6D); 3.78 (dd, J = 4.0, 

16.0Hz, H-6a); 3.79, 3.80 (two s, COOCH , = 4 O X H  ); 5.30 (dd, J = 2.0, 4.0Hz, H-5a); 5.52 
3 - 3 

(d, J = 1.2 Hz, H-3P); 6.18 (d, J = 1.2 Hz, =CH)d. Following t h e  same procedure, the  correspond- 

ing methylester (9a) was a l so  synthesised. The product showed the  natural  configuration a t  C-3, as 

deduced from the  H-3 chemical s h i f t  (5 .525)  which was i n  the  normal range f o r  na tu ra l  p e n i c i l l i n s  

and c l a w l a n i c  acid der ivat ives .  Surprisingly, no t r aces  of the  corresponding "penem" were found. 

Well beyond our hopes, t h e  presence of an e lect ron withdrawmg group completely dr ives  the  isome- 

r i z a t i o n  of the  double bond from the  endo t o  the  exo position. Hydrogenalysis of (9b) (W/C 1076, 

AcOEt) afforded t h e  f r e e  acid (9c)loa i n  poor yieldslob characterized through i t s  methylester 

which was iden t i ca l  t o  the  sample previously obtained. 

I n  order t o  assign t h e  geometry of the  double bond of compound (gb), (10a) was prepared i n  a shor- 

t e r  way by t o t a l  s ~ t h e s i s . ~  Photochemical isomerization of (10a) (benzene, Hanovia lamp, r t ,  N ) 
2 

afforded an inseparable mixture of (10a) and ( l l a )  i n  4:6 r a t i o .  Havlng now both isomers i n  hand, 

the  geometry of the  double bond was safe ly  assigned. The a l l y l i c  coupling constant .Id1 between 

H-3 and the  v iny l i c  hydrogen turned out t o  have d i f f e ren t  values, i.e. 1.2 Hz in (10a) and 1.6 Hz 

in ( l l a ) .  Although reported examples f o r  geometrical isomersof clavulanic der ivat ives l la  and f o r  

sulphur heterocycles with ex0 double bond1' gave no di f ference between c isoid  and t ransoid  a l l y l i c  

coupling, i n  other s t ruc tu res  it i s  generally well known l3 that l jFansl  > 1~21. The different 

J ~ '  values, together with t h e  l a r g e  shie lding di f ference f o r  H-3 1 5 . 4 4 6  i n  (lOa), 5.976 i , ( l lay  

were decis ive  in es tab l i sh ing  the  geometry of t h i a c l a d a n i c  e s t e r s :  (10a) has c isoid  a l l y l i c  cou- 

pling, whereas ( l l a ) ,  t h e  photoisomerization product, has t ransaid  a l l y l i c  coupling and shows a 

l a r g e  downfield s h i f t  of H-3 i n  a n a l o a  with the E isomer i n  clavulanic e s t e r s .  
l l b  

NMR supported t h e  sa id  ass ignments .  Product ( l l a )  showed upf ie ld  compression s h i f t s  a t  6-3 

( A S  =-5.0 ~ ~ r n )  and a t  carboxylic carbons ( A S  1 2 = 4 . 8  P P ~ ;  4 6  =-2.5 P P ~ ) .  The e thyles termoiety ,  
1 9 

which jn H NMR showed ano t i ceab le  di f ference between isomers (A6 - 4 . 0 9  ppm; A =0.12 ppm) ex- 
m3- m 2  

hibi ted i n  13C NMR t h e  same shie lding f o r  both isomers, pointing t o  anisotropic  e f f e c t s  from vic i -  

nal  groups i n  proton shielding. I n  order  t o  obtain another p a i r  of geometrical isomers, (lob) was 

a l so  synthesized and photoisomerized i n  the  same conditions as (10a) t o  an inseparable mixture 



of (lob) and ( l lb ) .  The f ree  acid ( l ac )  was subsequently obtained by mild a lka l ine  hydrolysis of 

the acetanyl moiety. 14 

T A B L E  1 

1 
Table 1 co l l ec t s  H NMR re levant  chemical s h i f t s  f o r  all t h i a c l a d a n i c  der ivat ives .  'H NMR be- 

1 
haviour similar t o  (10a) and ( l l a )  was found f o r  (lob) and ( l l b ) .  It i s  clear t h a t  H-chemical 

s h i f t  f o r  vinyl hydrogen i s  not a very good indicat ion of geometry; so i n  a preceding paper, 
3 

(10a) was assigned the wrong geometry and we a re  now able t o  co r rec t  the  previous ass ignment .  

Proton a t  C-3 i s  instead a very good probe a f  E and Z configurations because of i t s  l a r g e  down- 

f i e l d  shif t  when i n  the  deshielding cone of the conjugated carhoxylic group in t h e  E form. 

The f r e e  acid (10c) showed chemical s h i f t s  and coupling constant similar t o  those of (lob).  Since 

H-3 and the  v iny l i c  hydrogen chemical s h i f t s  were not sensi t ive  t o  subs t i tu t ions  a t  the  carboxy 

group in posi t ion 3 ,  the following chemical s h i f t  r angecan  be considered a s  cha rac te r i s t i c  of 

the  Z isomers: H-3, 5.4-5.6 ppm; vinyl H, 6.0-6.2 ppm. The Z geometry can now be safely assigned 

t o  the  op t i ca l ly  act ive  t h i a c l a w l a n i c  e s t e r s  (9a) and (9b), because of the  correspondence of 

t h e i r  chemical s h i f t s  with (10a-c) f o r  which t h e  geometry was es tabl ished a s  discussed above. 
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