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Abstract: The stcreocontrolled synthesis of o~ticallv active 1-methvlcarbauenams has 
been performed by radical Eyclization -and iadical decarb;xylatibn. 1.3.4- 
Trisubstituted-2-azetidinones, prepared by the Staudinger reaction with D-glucosamine 
as chhal auxiliary and sorbic acid were used as starting materials. 

Csrbapenems such as thienamycint and PS-5 2, generally show a broad antibiotic activity spectrum against 

Gram-positive and Gram-negative bacteria and are stable to p-lactamases, but a disadvantage of rhese 

compounds is their ready degradation in the kidney by dehydropeptidase I, (DHP-I)3 to produce metabolitez 

which are nephrotoxic. The synthesis of dehydropeptidase stable carbapenems is consequently a subject of 

therapeutic interest. 

It has been found that the introduction of a methyl group into the l-position of the carbapenem skeleton 

considerably improves the DHP-ase stability, as exemplified by merope.nem.4 For this reason we have studied 

the use of a radical decarboxylation in carbapenam systems in order to prepare 1-methylcarbapenem 

antibiotics according to the method recently disclosed by us.5 

Thienamycin PS-5 Meropenem 
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The retrosynthetic strategy for 1-methylcarbapenem precursors I is shown in Scheme 1. We first 

investigated the formation of the carboxymethylene carbapenams II from the readily available benzyl and 

furylmethyl carbapenams III5,6 (RI= -Ph or -Fur), but all attempts to achieve a specific oxidation of the 

phenyl and fury1 groups were unsuccessful. Lastly the desired acid was obtained from the 

mcthylenccarboxylic esters of carbapenams III (RI = -OR’). 

Scheme 1 

ln this paper, we describe the synthetic methods involved in the enantioselective preparation of 2- 

azetidinones S-10 as well as their transformation into carbapenams U-157 (Scheme 2). 

2-4 

J 

(Rf. 6) 

i : a = Benzyl alcohol, DCC, DMPA / CI&Cl~ 20°C (for 3) and Benzhydrol, 

DCC, DMPA / CH~Clz 2ooC (for 4); b = 0, / CH$&, -60°C; c = Me+, 2O’C. 

ii : Hz Cl,3 atm), Pd-C (lO%)/EtOH, 2O’C. iii : a = 2,2’-di-thiopiridine-l,ldi- 

N-oxide, Ph 3P/ CH,Cl,, 2O’C; b = r-butylthiol, hv (150 w )_ 

Scheme 2 

The imines 5-7 were prepared by condensation of 3.4;5,6-di-0-isopropylidene-D-glucosamine 

dipropylthioacetal,6 1. with the aldehydes 2-4. These aldehydes were prepared from esters of sorbic acid by 
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selective ozonolysis using Red 19 as indicator.8 The imines, used without further purification, were reacted 

with rnethoxyacetyl chloride in the presence of niethylatnine in the Staudinger reaction. After a short reaction 

time (15-30 min) the respective cis-%azetidinones S(a+b), 9(a+b) and lO(a+b) were obtained in good yields 

(Table 1, entries 1.2 and 3). The absolute configuration of the reaction products &-lob was deduced from 

the [U]D data of these compounds by comparison with reference 2-azetidinones of known absolute 

configuration determined by X-ray crystal structure analysis.9ste 

Treatment of the p-lactams &a, 9a. 1Oa and lob with Bu$GtH-AIBN in toluene6 provided the expected 

carbapenatns lla. 12a, 13a and 13b (Table 1, entries 4-7). Also in this case the absolute configuration at C-l 

and C-2 was assigned by comparison of the [a]D data with those of related carbapenam.@ of known absolute 

stereochemistry determined by single crystal X-ray analysis.5Jt 

To obtain the diastereomeric acids 14 fmm the esters 11.12 or 13, several methods WQC attempted12 and 

we found that the best yields in 14a and 14b (60%) were obtained by treatment of the benzhydryl esters 1311 

and 13b with H2 at 1.3 atm on 10% Pd-C. 

Table 1: Synthesis of p-lactams 8a - loba and cahapenams lla - l3bb 

Entry Comp RI YieldC ratio a:b [cx]Dd 

:. 
h& 

CI?;Ph 
82% 

EE 
-94, +17 

9a, 9b 80% -102. +15 

3 lOa, lob -2 go% 63:37 -83, +28 
4 lla Et 80% __- -16 

5 12iI CW’h 77% ___ -8 
6 1% CHphz 79% _-- -11 

7 13b Cm2 I30% ___ +30 

QReactions carried out on 7 mmol scale in toluene at room temperature (molar ratio 
CH3OCH2COCl: Imine : TFA = 1.5 : 1 : 3). bReactions carried out on 6 mmol scale in 

toluene7 (molar ratio p-lactam : Bu3SnH (AIRN) = 1 : 1.5 (S%M)).cYield of isolated 

pure products by column chromatography. d[alD measurements: c=l in CHC13. 

We were now prepared to attempt the radical decarboxylation in I-carboxymethylene carbapenams 14. 

The best way to perform this reaction13 passes through the N-hydmxypyridine-2-thione esters of carboxylic 

acids.14 These compounds could be formed under mild conditions by reaction with 2,2’dithiopyridine-di-Ar- 

oxide and triphenylphosphine.l5 These mild conditions are necessary due to the chemical instability of the 

bicyclic carbapenam system. 

Based on the two above mentioned methods, the I-methylcarbapenams 15n and 15b were obtained in “one 

pot” two steps procedure as follows: the acids 14a and 14b were treated in the dark with Z,T-dithiopyridlne- 

1 ,l’-N-oxide and triphenylphosphine in CH2C12. After 30 minutes stirring at room temperature, 2 q. of t- 

butylthiol (proton donor) were added and the solution was irradiated with a xenon lamp (150~) for 10 

minutes. Solvent evaporation and further column chromatography allowed us to isolate the pure 

methylcarbapenams 15a ([a]D= -35 (c= 0.5, CHCls)]and 15b [[a]D= in 58% 
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From the results reported here and those previously disclosed,5 we have demonstrated that the use of 

radical cyclixation and radical decarboxylation is a versatile approach for the synthesis of chiral l- 

methylcarbapenem antibiotic precursors from chiral 1,3,4-trisubstituted2axetidinones. 
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