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Abstract - Bicyclic ketones IJ and & reacted with nucleophiles to give azetidinones 4. - 
Azetidinone 4_a was deprotected to give 2, which was antibacterially inactive. 

The bicyclic ketone $ was developed by Merck chemists as a central intermediate for the deriva- 

2 tion of carbapenem antibiotics . After conversion to the appropriate en01 derivative 2, preferably 

the diphenyl phosphoenolete, reaction with a suitable mercaptan under base catalysis gives the 

3-thio substituted carbspenem ester 3 (Scheme 1). It occurred to us  that a simpler way of achie- 

ving this conversion might be by reacting 1 with silylated mercsptans under mild Lewis acid cata- 

3 lysis as depicted in Scheme 2. 

a. R=H, X=OP (P=protect ive group) 
b. R=H, X = F  
c .  R=CH3, X = F  

Scheme 1 

Scheme 2 



4 In the event,  reaction of 2 with methyl trirnethylsilyl sulfide catalyzed by dried ZnIZ under a 

variety of conditions was unsuccessful. On the other hand, catalysis by KFil8-crown-6 resulted in 

a fast and clean reaction at room temperature. However, the product of this reaction was not the  

hoped for carbapenem es te r  3 as was immediately clear from i t s  UV-spectrum lacking the  

5 
characteristic maximum around 290-300 nm . The 8-lsctam absorption in  the IR a t  1754 cm-l rather 

suggested a monocyclic R-lactarn; an additional absorption at 1680 cm-' pointed towards a 

thial e s t e r .  The presence of two diastereatropic protons with a relatively high J A B  of 18 Hz in the 

proton NMR, together with a molecular ion of 412 in the mass spectrum unequivocally establishes 

Structure 2 for this product.  

It appears that the  more electrophilic site in this highly strained bicyclic system i s  the  ketone 

6 moiety, ra ther  than the  8-lactam carbonyl . To establish the  generality of this observation we 

reacted ketones l a  and b with some assorted nucleophiles (Scheme 3, see Table for details).  

Table. Reactions of bicyclic ketones i b  and with nucleophiles 

Entry Starting + Nucleophile Conditions Product ~ i e l d "  
material mpOc 

1. 1c - MeSSiMe3, CH2C12, RT - 48, oil 64 % 
cat. KF. 18-c-6 3.5 h 

2 .  'b MeSSiMe3 CH2ClZ, RT - 4b, oil 77 0 

cat. KF. 18-c-6 3.5 h 

3. l b  EtOH, cat. EtOH/CH2C12 - 4c, oil 83 % - 
pyridine 1:1,  RT, 16 h 

4. 'c PhCH2NHZ CH2C12, RT, 1 h i d ,  oil 55 % 

5. l b  - PhCH2NH2 CH2CIZ, RT, 0 . 5  h %, 75-78' 87 % 

+ 
All compounds are racemic mixtures. 

++ 
Yields of chromatographed (silica) products 
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a - f. R = H ,  XR'-CH2N02 

Scheme 3 

7 Reaction with benzylamine was rapid and led to the azetidinone amides 42 and 4 2  . Reaction of lb  

with ethanol catalyzed by a small amount of pyridine proceeded overnight and gave the azetidinone 

ester 4c. A carbon nucieophile was found in the potassium salt of nitromethane, which reacted - 
overnight with l b  10 give nitraketone azetidinone 4 f  in  moderate yield. 

Not much is  known about the biological activity of monocyclic 0-lactams having an acetic acid group 

on nitrogen as recognition site; closest analogues are the nocardicins and they are only moderately 

8 
active antibacterials . A second detrimental factor is the carbapenem type side chain in the 3-posi- 

tion: N-sulfonated monobsctams with such side chains were shown to be devoid of antibacterial 

9 
activity . Nonetheless, we subjected azetidinone 5 to catalytic hydrogenation (HZ. Pd/C,  EtOAc- 

phosphate buffer pH 7 1:1, 3.5 h )  to obtain potassium salt 5- in 36 % yield after RP-18 chromato- 

graphy (HZO) and lyophilization of the relevant fractions. As expected the compound did not show 

any appreciable antibacterial activity (MIC >SO ~ g l m l  in serial dilution test) against a range of 

gram-positive and gram-negative bacteria, and was a poor 0-lactamase inhibitor. 

In contrast with the above we found that stabilized phosphoranes react with bicyclic ketone l-to 

give C-3 carbon substituted carbapenem esters as a mixture of isomers (endo- and exocyclic double 

10 bond at C-3) . 
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