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Abstrack Wittig olefinabn at room temperature on lhe new (2-iodomethyl) penems 4 gave a sex&s of (2-arylethenyl) 
penems 5 widt different l%Z selectivity depending on the position and ekctmnic effect of the substituent on the aryl 
aldehyde. 

Among the large group of novel /3-lactam structures l described since the discovery of the natural 

carbapenem thienamycin 1 in 1976 2, the highly potent, broad spectrum penem antibiotics 2 3 still retain the 

unique feature of being totally synthetic ones, lacking a natural counterpart The penem skeleton, born as a 

hybrid between penicillins and cephalosporins. has been the object of extensive synthetic work since its first 

synthesis in 1978 4. Substituent at C-6 is usually chosen to be l(R)-hydroxyethyl, which is important for the 

antibiotic activity and stability against P-lactamases, while a large differentiation is possible in the nature of 

the X substituent at C-2. 
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COOH 

2 

During our studies on new penem antibiotics with improved biological properties we became interested 

in the synthesis of 2-alkenyl substituted penems. The idea was that the presence of a second, conjugate double 

bond between the penem skeleton and the C-2 substituent could modify the reactivity and liposolubility of the 

penem system. Only a few general methods allowing the direct functionalixation at position 2 were published 

in recent years 5, while most of the new penems are prepared by insertion of the right side chain on a 

monocyclic axetidinone followed by its conversion to the penem system by thiazoline ring construction 6. In a 

recent paper we reported the first synthesis of (Ziodomethyl) penems 7. We wish now to describe how they 

could represent useful intermediates for the synthesis of (2-arylalkenyl) penems by a Wittig procedure. 

1417 



1418 

The extreme sensitivity of the penem nucleus to basic or acidic reagents and its low thermal stability 

strictly conditioned the synthetic procedure; therefore we had to find out a mild methodology for the Wittig 

olefmation. Recently a mild procedure for the olefination at C-3 position of cephalosporins starting from a 

(3-icdometbyl) cephem derivative was reported a. This multi-step method uses sodium hydrogen carbonate in 

a double phase system in order to obtain the ylide from the phosphonium salt. We now mport a simple one pot 

method for the conversion of 2-(iodomethyl) penems into the corresponding alkene derivatives, using standam 

conditions and uiethylamine in homogeneous phase as a base to obtain the ylide from the phosphonium salt. 

According to our published procedure 7, the alcohol 3 was converted into the corresponding mesylate 

and transformed into the halogen0 derivative using CaI2 in DMSO. Triphenylphosphine was then added to the 

red solution containing the 2-(iodomethyl) penem 4; after 30 minutes at room temperature the solution turned 

orange and the phosphonium salt was obtained. Subsequently, triethylamine was used to obtain the 

corresponding ylide that reacted at room temperature with aromatic aldehydes to furnish the corresponding 

2-(arylethenyl) penems 5 (Scheme 1) 9. 

OTBS OTBS 
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TPP/TEA/R-CHO 

TEA = ukthylamine. TBP= tri(n-butyl)phosphine. TEJS = rerkbutyldimethylSlyl. TPP = triphenylphosphine. 

Scheme 1 

The results are shown in Table 1. Benzaldehyde (entry 1) easily reacted to give the corresponding 

alkene. When the aromatic ring was substituted with electron-withdrawing groups in para position (entry 2.3) 

the aldehydes resulted more reactive; consequently better yields were obtained. Furthermore good 

E selectivity, as expected for semistabilized ylide 10. was obtained. In the case of aldehydes bearing 

substituents in ortho position (entry 5 - 7) the effect of steric hindrance seems to be more important than that of 

the electronic properties. In fact the o-nitrobenzaldehyde (entry 5) that has a more hindered and more 

electron-withdrawing substituent as compared with methyl and chlorine (entry 6 and 7) gave poorer yield and 

a decreased reaction selectivity. 
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Table 1. Synthesis of 2-Alkenyl Penems 5 from 4 and Aldehydes 

Entry Time Overall Yield 96 a E/Zb 

16h 37 911s 

2 16h 
4 

43 93n 

3 24 h 48 97l3 
Cl 

O,N 

4 16 h 21 93n 

5 72 h traces c 61/39 

6 

7 

16h 12 

48 h 39 

7l/md 

64/26 d 

8 CH,-CH,- Cl-72h no olefination ___ 

a Yield of isolated and fully characterized products. Overall yield from 3. b From HPLC of crude 
reaction mixture. c Detected by HFLC (column: 10 pm Crs Bondclone, flow rate: 1.0 ml/min. mobile 
~&l~ue~ixture of watec/acetonitrile, UV monitoring : 220 and 320 nm). d From lEI NMR of 

When aliphatic aldehydes were used, no olefination occurred and the reagents underwent a slow 

degradation 11; therefore we performed the reaction using tri(n-butyl)phosphine instead of triphenylphosphine. 

The use of alkyl phosphines when a strongly reactive ylide is required is well documented in the literature 12. 

The alkyl group on phosphorus is supposed to increase the reactivity of the ylide by stabilizing the 

contributing dipolar form in the resonance hybrid. However the reaction of 4 with tri(n-butyl)phosphine 

resulted, after aqueous work-up, only in the reduction of 4 to the 2-methyl penem 6 ( 42% overall yield from 

3 ), probably by hydrolysis of the ylide intermediate. 

In summary the one-pot route to (Zarylethenyl) penems from (2-iodomethyl) penems under standard 

conditions, at room temperature, using a Wittig procedure has been described. 

Further work is in progress on the use of ketones and alkyl aldehydes. 
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