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ADDITION OF PENICILLIN GRIGNARDS TO GLYOXALS 
A SYNTHESIS OF NOVEL PENAM KETOALCOHOLS’ 

Larry A. Reed IlIt, Dan A. Charleson and Robert A. Volkmann” 
Pfizer Central Research, Groton, Connecticut 06340 

Summary: The condensation of penicillin Grignards with substituted glyoxals leads to the synthesis of novel penam 

a-ketoalcohol antibacterials which are structurally related to several clinically useful penicillins. 

Over the last forty years, an enormous effort has been focused on the discovery of fl-lactam antibiotics.* While 

many of the structural prerequisites for the antibacterial activity of p-lactams are now well defined, the precise 

role of the amide/alcohol side chains is not. Amide side chain substitution determines in large part the antibacterial 

spectrum, p-lactamase stability and pharmacologic properties of penicillins, In this communication, we shed addi- 

tional light on the structural/conformational side chain features that are responsible for the biological profile of 

penicillins with the synthesis of novel penam a-ketoalcohols 1-3 which are possible amide surrogates3 of several 

clinically useful penicillins. 
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A synthesis of the desired a-ketoalcohols suggested a condensation between C-6 penicillin carbanions and 

glyoxals.4 In practice, however, these unsubstituted anions5 lack the stability and stereospecificity required for 

this aldol condensation. Therefore, the dibromopenicillanic ester route (shown below), which establishes the re- 

quisite 6R stereochemistry was employed. Treatment of penicillin Grignard derived from 46 in toluene at -78% 

with freshly distilled phenyl glyoxa17 provided a mixture of three isomeric bromides8 which were best not isolated 

but directly subjected to tributyltin hydride reduction9 to afford after silica gel chromatography a mixture of ketoalcohols 

6a and 7a (R = phenyl; Fir = allyl)1o in ca. a 3:l ratio. 

4 6 6 7 

The 8s stereochemistry of the major product 6a (R = phenyl; Rl = allyl) was predicted by model studies11 with 

acetaldehyde and confirmed by single crystal x-ray analysis. 12 Proton NMR (H,O) of the potassium salt of each 

isomer suggests in solution a near periplanar orientation of H-6 and H-8 (6b: J,,, = 9.88 Hz; 7b: J,,, = 9.52 Hz).‘3 

Both isomeric salts have good solution stability (TV2 in pH 7 phosphate buffer >3 days). The 8S isomer 6b (R = phenyl, 

R1 = potassium) has superior antibacterial activity (Table 1) and may well possess a ground state conformation 

that mimics the penicillin side chain by virtue of a hydroxyl hydrogen bond to the p-lactam carbonyl. 
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Selenium dioxide treatment of ketone 614 (2 equiv Se02/dioxane-HZ0124 hrs) afforded glyoxal 9 which was 

subjected to the abovementioned methodology to yield, after a palladium mediated transesterificationls penam 

110 (nafcillin analog). Similarly, ketone 10 generated from l-amino-l, 1-pentamethylene-2-propanone hydrochloride’6 

was oxidized to glyoxal 11 and converted to cyclacillin-like penam 2.10 
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a) 1 equiv 4, toluene or CHpCIZ, -78O, 1 equiv CH,MgBr, 1 equiv aldehyde (toluene or CH,CI,), 2 hrs, NH&I. 

b) l-2 equiv n-B@nH, AIBN, toluene, 80°, 3-5 hrs, silica gel chromatography, 30-40% from aldehyde. c) (0,P), 

Pd, ersP, 1 equiv potassium 2-ethyl hexanoate, -80%. d) H$Pd/celite MeOH/H,O, - 80%. e) 5% NaOHIMeOHlbenz- 

aldehyde, 48%. f) O.lN HCVTHF, 1 hr, 98%. 

A masked glyoxal was required for the synthesis of penam 3 analogous to penicillin G. Aldehyde 12 was con- 

densed with benzaldehyde to afford a&unsaturated aldehyde 131° which was converted to alcohol 14.‘0 Acid 

hydrolysis followed by removal of the ally1 ester moiety yielded penam 3.10 

Table 1 
IN V/F?0 ANTIBACTERIAL ACTIVITY lug/ml) 

Organism Nafcillin 1 Cyclacillin 2 Penicillin G 3 66 76 

Staphylococcus aureus OlA005 0.39 50 0.76 200 0.05 6.25 3.12 50 
Staphylococcus aureus OlA400 0.20 50 12.5 200 25 12.5 6.25 100 

Streptococcus pyogenes 02CO54 <0.025 6.25 0.10 200 0.025 0.39 <0.39 12.5 

Neisseria sicca 66COOO 12.5 100 0.78 200 0.05 3.12 3.12 50 

A portion of the antibacterial activity of the described c+ketoalcohols is shown in Table 1. Nafcillin and cyclacillin 

amide surrogates 1 and 2 suffered a substantial loss in activity. On the other hand, penicillin-G-like analog 3 re- 

tained significant antibacterial activity, most notably against p-lactamase producing Staphylococci (OlA400). The 

8S a-ketoalcohols are, in addition, potent p-lactamase inhibitors (Table 2). A more extensive profile of these and 

other analogs will be reported. 

Table 2 
CELL FREE 0.LACTAMASE INNIBITION 

% Inhibition of Substrate Hydrolysis’7 

Source of P-Lactamase [I] pm&] pm 1 2 3 6 7 Clavufanic Acid 

Staphylococcus aureus 01 A400 0132 20 70 97 99 64 95 

Escherichia co/i 51A129 1132 70 74 91 94 14 91 

[I] inhibitor concentration; [s] ampicillin concentration 
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