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Abstract - A synthetic approach to carhapenem and carhacephem derivatives is described. 

It is based on the formation of the N-carboxyaethyl- 8-lactao system by a four component 

condensation, the cleavage of s carhonaaide via the N-Boc-carbonasides and esters, and the 

masking of a carboxyl group as its 4.5-diphenylaxazolyl derivative that is convertible 

to an N,N-dihenzoylamide by photooxidation. 

With very few exceptions, the substructure 1 is the characteristic common feature of the 0-lactam 

antibiotics, one of the favored research topics of Kametani et al.' 

In some of the most effective synthetic approaches to the b-lactam antibiotics, the key step is a four 

component condensation (4CC. Ugi reacti~n),~ 2 + 3 + 4 -) 5. 

2 3 4 5 

In the present paper re describe a 4CC based synthetic route that may aerve for the preparation of a 



variety of carbapenems and carbacephems 

t3 a (R= Me) 
u b @ dfl) 
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The synthesis begins with 6, n=2, which is readily available from benzoin and succinic anhydride.' The 

intermediate 8 is of particular interest to future 6-lactam syntheses, because its stereoselective 

reduction leads to chiral 9; its acetylation in the a-position of the ester group4 can be exploited 

for thienamycine syntheses. The 4CC 10 - >  11 proceeds best in a (3 + 5) mixture of ethylene glycol and 

glycerol. This solvent is superior to trifluoroethanol, hitherto the "magic solvent" of such ~ c c . ~  In 

methanol, generally the favored solvent af such ~ c c , ~  only a minor amount of 11 is obtained by 4CC of 

10 with formaldehyde and ally1 isacyanide. The attempted conversion of 11 into 13 b by the nitrosation7 

method did not succeed, whereas 13 a and b are easily obtained from 11 through introduction an N- 

BOC-group by the method of Ragnarssan and ~rehn.' followed by cleavage of 12 according to Grieco et 

al.' The transformation of 13 into the carbacephems 16 via 141° and 15 is at the stage of preliminary 

experiments, as vell as similar syntheses of carbapenem derivatives from 6, n=l, in analogy to the 

synthesis of Hatanaka et a1.l' 

EXPERIMENTAL 

General: 'H-~mr (360 MHz) spectra as vell as the ''c-nmr spectra 190 MHz) vere recorded on a Bruker 

AM 360. Chemical shifts are reported in ppmdovnfield from internal TMS. Infrared spectra wereobtained 

on a Perkin-Elmer Model 257. Mass spectra vere recorded an a Varian CH5 MAT (10 e v ) .  Melting points 

vere taken on a BOchi SMP-20 (uncorrected). 

Ethyl 5-(4,5-di~eoyl-2-oxazolyl)pentan-3-onate (7). 

A t  25'C and under a blanket of N2 31.1 g (0.190 mol) of carbonyldiimidazole (CDI) are added to a 

solution of 48.0 g 10.160 mol) of 8-14.5-diphenyl-2-axazoly1)propionic acid 6, n=2, in 200 ml of dry 

THF. After 6 h a suspension of 46.5 g (0.350 mal) of magnesiua monoethyl ~alonate'~ in 200 m1 of THF 

is added to the aforementioned solution and is stirred overnight. The solvent is evaporated and the 

residue is partitioned between 400 m1 of 1 N HC1 and 200 ml of ether. The ether phase is washed with 

saturated NaHC03and dried over MgSOq. Evaporation leaves a yellow residue which is recrystallized from 

ether. Yield: 53.8 g 190.4%), colorless crystals of mp 61-61.5°C . C22H21N04 (363) ; ms ( m l z )  : 3631~'); 

1 ~ - m r i ~ ~ ~ 1 3 ) :  6= 1.26 It, 3H. J= 7.0 Hz, -CH3); 3.15 (3, 4H. CH2-CH2-); 3.56 (3. 28, -CH2C02-); 

4.19 lq. 211. J= 7.0 Hz, - 0CH2-I ; 7.35 (n, 6H. Rr); 7.54 - 1 6  , 4 A ; 13c-nrnr(~~~13): b= 14.1 

(-CHI); 22.1 (MHz-); 39.2 (-CH2-); 49.4 (-CH2-); 61.5 I-0CH2-); 126.4-128.6 (Ar-CH); 132.5 (Ar-C); 

135.1 (-C=C); 145.8 I-C=C-); 161.9 I-N=C-0-); 167.0 (NO2-); 200.8 (FCO-). 

Ethyl 5-(4,5-dipheayl-2-oxazolyll-3-mino-2-pentenoate (8) .  

To the solution of 41.5 g 10.130 mol) of 7 in 150 nl of benzene are added 20.1 g (0.260 mol) of ammoniuol 



acetate and 0.5 ml of acetic acid. After 3 h of heating under reflux. the solvent is evaporated. The 

residue is dissolved in 300 m1 of ether, washed with vater, then evaporated to 150 m1 and left to 

crystallize at 0OC. Yield: 37.9 g (80%): mp 88-89Y (ether): 'Emr (CDC13): 6 = 1.25 (t, 3H. J= 1.0 

Hz, CHI): 2.72 (t(AAnBB'). 2H. J= 7.2 Hz, CH2-): 3.11 lt(AA'BB'), 2H. J= 7.2 Hz,-CH2-1: 4.15 lg, 2H. 

J= 7.0 Hz, -OCH2-) ; 4.64 Is, 1H. =CH-1 : 6.80 lbr. 2H. -NH2) ; 7.35 (In. 6H. Ar) : 7.54 -7.60 (m. 4H. Ar) . 

Ethyl 5-14.5-diphenyl-2-oxazolyll-3-aminopeotanoate 19). 

At 0°C canc. hydrochloric acid (ca. 10 ml) is added dropvise to a stirred solution of 46.0 g (0.127 

mol) of 8 , 8.5 g (0.135 mol) of NaBH3CN and 2 mg of Bramokresol Green in 100 m1 of THF and 50 ml of 

EtOH, until the color turns permanently yellow (ca. 1.5 h). After pouring into 500 m1 of 0.1 N NaOH. 

the product is extracted vith ether. Evaporation in vacuo yields a pale yellow oil that is spectres- 

copically pure. Yield: 40.0 g (87%): 1n-mr(~~~13): 6 = 1.25 (t, 3H. J= 7.0 Hz, CH3); 1.85 lhr. ZH, 

-NH21: 2.05 (m, 2H. -CH ) :  2.35 (dd. 1H. J= 15.8 Hz, J= 8.1 Hz, CH2-C02-): 2.55 ldd, J= 15.8 Hz, J= 2 

4.2 Hz, -CH2-C02-1; 3.00 (m. 2H. -CH2-); 3.31 (m. 1H. -CH-); 4.14 ( q .  2H. J= 7.0 Hz, 0CH2-1; 1.33 

(m, 6H. Ar); 7.54-1.60 (m. 4H. A r ) :  1 3 ~ - m r ( ~ ~ ~ 1 3 ) :  6 = 14.2 (-CHI); 24.9 (-CH2-1: 34.5 (-CH2-1; 42.6 

(-CH2-C02-): 41.8 I-CH-1; 60.4 (-0CH2-1; 126.4 - 128.7 IAr-CHI: 129.8 (Ar-C); 132.4 (Ar-C): 135.0 

L-C=C-); 145.2 (-C=C-1: 163.0 I-0-C=N-): 112.3 I-COZ-1; ir (film): 3480 cK1(m): 3060(m): 29801s); 

1740(vs) : 15501s). 

5-14.5-Diphenyl-2-oxazoly1)-3-aoinopentanoic acid 110). 

The solution of 36.4 g (0.100 oil) of 9 and 11.8 g 10.29 mol) of NaOH in 150 ml of methanol was refluxed 

for 4 h. The solvent is evaporated in vacuo, and the residue is dissolved in 120 nl of vater and 300 

a11 of ethyl acetate. Acetic acid is added to the mixture until pH=6.0 is reached. On standing at 0% 

overnight crystallization takes place. The crystals are collected and washed with 200 m1 of ethyl 

acetate . 300 m1 of cold water and 150 ml of acetone, then dried in vacua over P205. Yield: 30.1 g 

(87.8%): mp 180-181PC (with decomp). C20H20N201 1336): ms ( m l z )  : 248 (M'-C~H~NO~) 0.7% : 105 (P~co') 

3.8%: 91 (P~cH~+) 2.8%: 17 (C~H~') 2.1% ;60 (C~H~O~') 79.5% : 45 1~0~~') 92% :43 (C~H~N') 100%: 

1 ~ - m r ( ~ ~ 3 ~ ~ 2 ~ )  : 6 = 2.31 lm, 2H. -CH2-) : 2.85 la. 2H. -CH2-) : 3.15 (pseudo-t, ZH. CH2-) ; 3.92 (m. 

1H. -CH-): 7.40 (m, 6H. Ar); 7.68 (m, 4H. Ar): 11.25 lbr. 1H. -C02HI: 1 3 ~ - n m r l ~ ~ 3 ~ ~ 2 ~ ) :  6 = 24.7 

(-CH2-); 30.0 (MHz-): 36.9 (-CH2-C02): 49.5 (-CH-1; 127.3-129.7 (Ar-CH): 129.9 IAr-C); 132.2 (Ar- 

c): 135.2 I-C=C-): 146.5 I-C=C-); 164.1 (-0-C=N-); 171.9 (-C02H). 

2-12-(4.5-Diphenyl-2-oxazoly1)-ethyll-1-(N-allylcarbiuoyl~thyl)azetidisone 111). 

At 25Y 1.55 mil 118.4 mal) of ally1 isocyanide are added to a solution of 5.50 g 116.4 mmol) of 10 
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(s, 3H. -one); 3.82 (d, 1H. J= 18.1 HZ. -N-CH2-C02-1; 3.95 (m, 1H. -CH-I; 4.20 (d, 1H. J= 18.1 Hz, 

-N-CH2-C02-1; 7.35 (m, 6H, Ar); 1.55-7.60 (m, 4H. Ar); 1 3 ~ - n m r ( ~ ~ ~ 1 3 1 :  6 = 24.4 (-CH2-I; 30.0 (-CH2-); 

41.8 (-CH2-CO-N-I; 42.8 (-N-CH2-C02-1; 51.8 (-One); 52.3 (-CH-I; 126.4-128.7 (Ar-CHI ; 128.8 (Ar-C); 

132.3 (Ar-Cl; 135.2 (-C=C-I ; 145.5 (-C=C-I; 161.8 (-N=C-0-1; 161.2 (-CON-); 168.1 (-C02-). 

2-12-(N.N-DibenZOyl)carbaooylethyll-l-(methoxycarbonylmethy1lazetidinone (14 a1 

A solution of 1.70 g (4.35 moll of 13 a in 110 ml of dry dichloramethane was oxygenated for 3 h in 

the presence of 100 mg of Sensitox (Rose Bengal polymer) during irradiation with a tungsten halogen 

lamp (650 vl according to the procedure of Wasserman et al.1° The Sensitox was removed by filtration. 

The solvent was evaporated. A yellow oil was obtained. (It was directly used far the synthesis of 15 

a by cyclisation with potassium t-butoxide in toluene at 0°C) 

Yield : 1.75 g (95 %I; 1 ~ - m r ( ~ ~ ~ 1 3 ) :  6 = 2.05 (m, lH, -CH2-I; 2.28 (m. 1H. -CH2-); 2.70 (dd, 1H. J= 

14.1 Hz, J= 2.2 Hz, -CH2-CO-N-CH2-I; 2.96 (m, 2H. CH2-CO-N-I; 3.18 (dd. 1H. J= 14.7 Hz. J= 4.9 Az, 

-CH2-CO-N-CH2-I; 3.76 (s ,  3H. -One); 3.80 (d, 1H. J= 18.1 Hz. -CH2-C02Mel; 3.94 (m, 1H. -CH-I; 4.18 

(d, 1H. J= 18.1 Hz. -CH2-C02Mel; 7.42 (pseudo-t, 48, Ar); 1.56 (pseudo-t, 2H. Ar); 7.78 (d.4H. J= 

1.4 HZ, Ar). 
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