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Abstract: Oxazolidlnone aldehyde 2 reacts with L-cysteine methyl ester to produoe 
N-hydroxymethyl bicyclic Y-lactam 11 in a double cyclisation reaction. With ;-cyateine 
methyl eater, an eplmeric mixture of N-hydroxymethyl bicyclic Y-lactama 12 is obtained. 
Bicyclic Y-lactama 3, f! and 12 are easily prepared from 11 and 12. 

We recently communicated the synthesis of a Y-lactam analogue 1 of the penema which showed 

weak but real antibacterial activities.’ N-Benzyloxyoarbonyl-L_aspart.ic semi-aldehyde benzyl eater 

(2) was reacted with cyatelne methyl eaters to obtain the bicyclic Y-lactama 1 (2!, 55. 72; from 

&-cyateine methyl eater) and ‘( (22, 5!, ‘72; from g-cystelne methyl ester) in refluxing pyridlne. 

both of which could be used as intermediates for the synthesis of 1. Equilibrating eplmera 

intermediate thlazolldines 2 and b were initially formed reapectlvely. and the preferential 

formation of 1 from 5 and 2 from 6 may be explained on ateric grounds. In each case, the 

thlzaolldlne with a 2,5-trana relationship is better arranged for lactam Pormation than the 

with 2.5-cla arrangement. - 
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Since, in the corresponding B-lactam derivatives, it has been conclusively demonstrated that 

the absolute stereochemistry at C-5 shown in 1 la crucial in provldlng blologlcal actlvlty,’ we 
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needed to devise ways to prepare eplmers (at C-5) of 1 and ‘( by reacting more reactive aspartlc 

semi-aldehyde derivatives with cystelne methyl esters under milder conditions than prevlously used. 

If the rate of lactamlsatlon was fast enough to compete with the rate oP eplmerisatlon at C-5 of 

thlazolldlnes, then it should be possible to obtain eplmers of 1 and 2. 

Oxazolldlnones’ have been previously used in the synthesis of N-alkyl amino acids via - 
reductions* and for the protection of a-amino carboxyl groups during synthetic manipulations.’ 

Facile formation of monocyclic lactams and lactones via intramolecular nucleophlllc opening of - 
oxazolidlnone rings by amlnes and alcohols has been noted.‘” It was hoped that thlazolldlne- 

oxazolldinone intermediates of type 1 would be sufficiently reactive that formation of blcyclic 

Y-lactams could be achieved under very mild conditions. 

Thus N-benzyloxycarbonyl-4_aepartlc acid was reacted with paratormalclehyde to yield 

oxazolldlnone acid 8. The corresponding acid chloride 2 was reduced with tributylstannane to yield 

oxazolidinone aldehyde lo. 

Reaction of crude 2 with &-cystelne methyl ester in pyrldlne at room temperature yielded the 

N-hydroxymethyl blcycllc Y-lactam 11 via sequential double cycllsatlons. Removal of the one-carbon -- 
appendage was achieved in methanol containing solid sodium carbonate to produce 2. There was no 

sign of the presence of the sterically crowded (2!, 5!, 7s) epimer. This new route to 1 offers 

practical advantages over the reported scheme’ as it proceeds in approximately the same yield 

without the need to purify intermediates. 

When D-cysteine methyl ester was reacted with crude 2 under the same conditions. an eplmeric 

mixture of the N-hydroxymethyl blcyclic Y-lactams 12 was obtained, which was converted to two major 

products 2 and 13 upon treatment wlth sodium carbonate in methanol. In this case, the random 

stereochemistry of the intermediate thlazolldlne 1 was trapped as antlclpated. The third 

stereoisomer 12 (22, 52, 72) was unstable under methanol-sodium oarbonate conditions and prolonged 

reaction times caused substantlal formation of 1, presumably the most stable epimer. 

These results demonstrate the utility of the oxazolidinone derivatives of amino acids iOr 

protection and aotlvatlon of a-carboxyl groups. The orlgln of this activation may result from 

contribution of the structures If! and 3 for the ground state of such oxazolldinones. 
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Melting points (a.~.) were determined on a &hi 510 capillary apparatus and are uncorrected. 
Optical rotationa were measured using a Perkln-Elmer 241 automatic polarimeter in a 10 cm cell. 
Infra red spectra (vmax) were recorded in CHCl, solutions on Perkln-Elmer 681 spectrophotooeter. 
Mass spectra (m/e) using desorptlon chemloaI ionleatlon (D.C.I.) or in beam electron impact 
(I.B.E.I.) techniquea were reuorded on V.G. Hlcromaaa 30F or WB 1F speotrometera. The m/e values 
are quoted with the relative abundunce (bawlon - lOO$). Proton magnetlo rBbonance spectra (‘H 
NW) were recorded at 300 MHz and 500 MHz on Bruker kli 300 and Bruker Al4 500 WSCtrOmatSrS 

respectively. Chemical shifts (68) are reported in ppm relative to the CHCl, peak at 6 7.27, wlth 
the notations glvlng the number of proton.?., the multlpllclty of the signals. and the coupIing 
constanta (lf applicable); spin muItlpllclty la given by s (singlet), d (doublet), t (triplet). q 
(quartet) and q (multlplet). Carbon magnetic resonance spectra (“C R?lR) were recorded at 62.5 Klfx 
on a Bruker Al4 250 spectrometer. Chemical shlfta (6C) are quoted in ppm and are referenced to 
CDCl, . Microanalyses were performed by the Dyson Perrins Laboratory staff. Flash column 
chromatography was performed with Merck 9385 silica gel. 

(4S)-3-(Benzyloxycarbcnyl)-4-(carbox~ethyl)-5-oxooxazolldlne (8) 
N-Cbz-L-Aapartlc acid (10.3 g) was suspended in 750 ml toluene and paraformaldehyde (7.3 E) 

and p-toluenzaulphonlc acid (770 mg) were added. The mixture wa8 heated under reflux for 100 mln 
with axeotropic removal of water. The reaction mixture was filtered through aillca gel (100 g. 
Herck 7734). The toluene eluent oontained very little product. The product was eluted with ether 
(2 1) and the ether solution was concentrated to give 11.7 E (> 951) Of oil : Calfi - l 143O (C - 
1.40, CHCl,); vmax 1720, 1805 cm-‘; m/e (D.C.I., NH,) 576 (12, 2M.NH,+), 387 (27). 326 (22). 297 
(lOO,.ENH,+), 236 (27); 6B (300 MHz) 3.06-3.40 (W. m. CH,-CO,H). 4.38 (lH, broad a, CH), 5.14-5.25 
(2ii, m, Ph-CH,-0), 5.32-5.52 (2H, m, N-CH,-0), 7.33-7.42 (5H, m, aromatic). 

(4S)-3-(Benzyloxycarbonyl)-4-(2-chloro-2-oxoethyl)-5-oxo-oxazOlldlne (9) 
Crude oxazolldlnone acid 8 (11.7 g) was heated under reflux in thlonyl chloride (100 ml) for 

20 min. The reaction mixture w?is ooncentrated to give 12.2 g (> 952) Of 011 : cold’ - +lOl” (C - 
1.61, CHCl,); vmax 1720, 1780 (shoulder), 1805 cm-i; 6H (300 f’B’t2) 3.54-3.94 (w, m. CH,COCl), 4.34 
(1H; m, CH), 5.15-5.26 (W. m. Ph-CH,-O). 5.34-5.51 (W. m, N-CH,-0). 7.34-7.43 (5H, m, aromatic). 

(4S)-3-(Benzyloxycarbonyl)-4-(2-oxoethyl)-5-oxo-oxazolidlne (10) 
Crude oxazolldinone acid chloride 9 (12.2 g) was dissolved in ethyl acetate (50 ml) and the 

solution was treated in an ice bath with-dropwlse addition of tributylstannane %JlutlOn (12.0 g in 
25 ml ethyl acetate) for 20 min. The reaction mixture was allowed to stand 20 hours at room 
temperature under argon atmosphere. After evaporation of ethyl acetate, the residue was 
partitioned between acetonltrlle and petroleum ether. Acetonltrlle solution (appr. 250 ml) was 
washed with petroleum ether (5 x 100 ml). Evaporation of acetonltrlle yielded 10.6 g of crude Oil: 
umax 1720. 1802 cm-‘. Proton magnetic resonance spectrum was oomplex suggesting presence of 
several product8 but clearly showed an aldehyde proton signal at 6 9.6 with integration 
corresponding to approximately 0.4 H compared to 5 H of aromatic proton algnala. 

On TLC (SlO,, ether) several spots were seen, but column chromatographlc separation (SlO,. 
ether) did not yield any compound wlth an aldehyde signal in NMR. The crude product was therefore 
used without further purification in the next step. Reduction of 2 with lithium trl-t-butoxy- 
alumlnlum hydride failed to give any aldehyde. 

(2R.5S,7S)-1-Aza-7-benzyloxyoarbonyl(hydroxymethyl)amlno-8-oxo-4-thlabloyclo[3.3.O]octane-2- 
carboxyllc acid methyl ester (11) 

Crude oxazolldinone aldehyde 10 (905 q g) and L-cyatelne methyl eater hydrochloride (629 ma) 
were dlsaolved in anhydrous pyrldlnr(9 ml) and stl-red at room temperature for 72 hours. The 
crude product was partitioned in ether-water and the ether solution (100 ml) was washed with 
aqueous 2R hydrochloric aoid and brine before drying over anhydrous sodium sulphate. Ether was 
evaporated to yield 938 mg of 011. The crude product was eeparated on a column (100 g SlO,) using 
ether-ethyl acetate (2 : 1) mixture to yield 278 mg (21%) of 11 as colourleaa 011. Many peaks ln 
300 Fliiz Nt4R spectrum were broad and some peaks in “C EF!R spectrum were broad and split indicating 
slow internal rotations. Mass spectrum was similar to that of 3. Selected physical properties of 
11 : uslax 1710 (broad), 3460, 3600 cm-l; m/e (D.C.I., NH,) 368 725, MNH,*-CH,O), 351 (33, 
m’-CH,O). 260 (loo), 243 (36). 217 (16); 6R (300 IMz) 2.62 (W, m, 6-H,), 3.36-3.54 (W, m, 3-B,). 
3.79 (W, a, OCH,), 5.07 (1H, dd, J - 4.5 Hz, 9.0 Hz. 2-H), 4.5-5.3 (6H, m. Ph-CH,-O, N-CH,-OH, 
7-H); 7.37 (5H, IO. aromatic); 6C (X2.5 MHz) 28.3 and 29.1 (broad peaks, CH,), 36.8 (CH,), 52.9 
(OCH,), 58.2 (CH). 58.0 and 58.6 (broad peaks. CH). 63.9 (CH), 67.9 (CH,), 71.9 and 72.6 (broad 
peaks, CH,), 128.0, 128.2, 128.5, 135.7 (aromatic), 155.2 (CO), 170.0 (CO), 174.0 and 174.4 (broad 
peaks, CO). 

(2R,5S,7S~-l-Aza-7-benzyloxycarbonylamino-8-oxo-4-thlablcyclo~3.3.Oloot~e-~car~xyllc acid methyl 
aatrr 171 _ _ _ _. . _ , 

Crude I-hydroxymethyl blcyclic Y-lactam 11 (7.66 g) was dissolved in anhydrous methanol (200 
ml) containing solid sodium carbonate (1.5 g) and the suspension was stirred 50 q ln at room 
temperature. The reaction mixture was poured lnto 500 ixI of half-saturated aolutlon of ammonium 
chloride and the mixture was extracted with ether (3 x 200 ml). The ether wlutlon was washed wlth 
brine, dried over anhydrous sodium sulphate, and oonoentrated to give 5.38 g of crude product. 
Flash calm chromatographic separation (200 g SlO,) using ether-ethyl acetate (3 : 1) mixture 
yielded 1.70 g of 3 : total yield of 3 from N-Cbz-L-aspartlc acid in five steps was approximately 
131 : m.p. 109-110~ (from ether); [EXIT - -199. (c'- 0.67, CHCL,); bax 1715 cm-'; m/e (D.C.I.. 
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NH,) 368 (50, MNH,*), 351 (92, FM*), 260 (100). 243 (48). 217 (22); 6H (300 MHz) 2.40-2.50 (lH, m, 
6-@I), 2.70-2.78 (lH, m, 6-aH). 3.40 (lH, dd, J - 4.5 Hz, 11.5 Hz. 3-8). 3.50 (lH, &.I. J - 8.5 Hz. 
11.5 Hz, 3-uH), 3.19 (3H, 8, OCH,) 4.42-4.50 ClH, m, 7-H). 5.06 (lH, dd, J - 4.5 Hz, 8.5 Hz, 2-H). 
5.14 (W, a, Ph-CH,-01, 5.18 (1H. d, J - 6.5 Hz. 5-H), 5.28 (lH, broad, s, NH), 7.32-7.39 (5H, q , 
aromatic); 6C (62.5 MHz) 29.9 (CH,), 36.9 (CH,), 52.1 (CH), 52.8 (OCH,), 58.4 (CH), 63.8 (CH), 67.1 
(CH,), 128.05, 128.11, 128.4, 136.0 (aromatic). 156.0 (CO), 170.0 (CO), 174.7 (CO); [Found C, 
54.66S;.H;5.21s, N, 7.87%. C,,H,.N,O,S requires C, 54.861;‘H. 5.181; N, 8.00$3. The relative 
stereochemistry was determined by nuclear Overhauser enhancement difference spectroscopy 
(N.O.E.D.S. 500 KHz, CD&N-D,O, SSO), selected details : irradiation of 6-@i showed a 151 
enhancement of 5-H; irradiation of 6-cH showed a 20% enhancement of 7-H: irradiation of 3-gH showed 
a 31 enhancement of 5-H; irradiation of 3-OH showed a 16% enhancement of 2-H. 

A small amount of a by-product was isolated (< 1%). which had identical NMR spectrum as that 
of 5 but with the opposite sign of rotation; [aljo - -82O (c = 1.16, CHCl,). It may arise from 
partial racemlsatlons of the C-7 and C-2 centres during the course of reaction, most probably at 
the thlazolldlne stage. 

Conversion of ;.to 2 could also be achieved in boiling pyridine or in boiling benzene using 
catalytic amount of p-toluenesulphonlc acid. The corresponding methyl ether was formed in 
methanol-p-toluenesulphonic acid. 

Reaction of 10 with D-cystelne methyl ester 
Crude oxazolldlnone aldehyde 10 (939 mg) and D-cysteine methyl ester hydrochloride (612 mg) 

were dissolved in anhydrous pyrldlc(20 ml) and stirred at room temperature for 64 hours. Work-up 
in ether-water (as in the work-up of fl) yielded 840 mg of crude oil. Flash column chromatography 
(200 g SlO,) using ether-ethyl acetate (3 : 2) produced 251 mg (191) of 12 as colourless 011. Broad 
peaks in 300 MHz proton NMR and 62.5 MHz **C NMR spectra indicated the presence of stereoisomers 
and slow internal rotations : m/e (D.C.I., NH,) 368 (20, KNH,’ - CH,O), 351 (84, MH* - CH,O), 260 
(100). 243 (871, 217 (42). 

A purified sample of 12 (125 mg) was dissolved in anhydrous methanol (12 ml) containing solid 
sodium carbonate (620 mg) and the suspension was stirred for 1 hour at room temperature. York-up 
in ether-aqueous amponlum chloride solution (as in the work-up of 3) yielded 111 mg of crude 
products. Flash column chromatography (50 g SlO,) uslng ether-ethyl acetate (3 : 1) mixture 
yielded 11 mg (10%) of 3, 42 mg (361) of 4, and 33 mg (29%) of 12. 

The physical properties of 3 isolated from this reaction were identical as those Of the 
sample isolated from reactions wiFh L-cystelne methyl ester except for lower speciflo rotation 
Calfi’ - -163O (c - 0.54, CHCl,). Thlz suggested the formation of 2 predominantly by eplmeri?&ion 
of 12 (after blcyclic ring formation). 

Physical properties of 4 as colourless 011 : [aId - l l7Oo (c - 1.82, CHCl,); vmax 1715 
cm-*; m/e (I.B.E.I.) 350 (10,-M*), 259 (221, 156 (201, 91 (1001, 86 (25); 6H (300 MHZ) 2.01-2.11 
(lH, m, 6-M). 3.15-3.24 (1H. m, 6-cH), 3.32-3.41 (W, m, 3’Ha), 3.78 (3H. s, OCH,), 4.64-4.72 (lH, 
m; 7-H). 5.09-5.19 (4H, m. Ph-CH?-O, 2-H, 5-H), 5.43 (lH, m, NH). 7.32-7.38 (5H, m, aromatic); 6C 
(62.5 MHz) 35.0 (CH,), 38.5 (CH,), 52.9 (OCH,), 54.6 (CH), 57.7 (CH), 61.7 (CH), 67.1 (CH,), 128.1, 
128.2, 128.5, 136.0 (aromatic), 155.9 (CO). 169.4 (CO), 171.1 (CO); [Found C. 54.71%; H, 5.381: N, 
8.04%. C,,H,,N,O,S requires C, 54.861; H, 5.181; N, 8.OOll. The relative stereochemistry was 
determined by N.O.E.D.S. (500 MHz, CD&N, 800). selected details: irradiation of 6-p showed no 
enhancement of 5-H; ’lrradlation of 5-H showed a 52 enhancement of 6-cH and a 31 enhancement of 
3-oH; lrradiatlon of 6-0~ showed a 81 enhancement of 7-H. 

Physical properties of 13 as colourless 011; Calf’ - -4.7O (c - 1.57, CHCl,); m/e (I.B.g.1.) 
350 (10, M*), 259 (421, 156 (B), 91 (1001, 86 (23); 6H (300 MHz) 2.43;2.52 (lH, m, 6-W). 
2.61-2.69 (lH, m, 6-aH), 3.37-3.60 (2H; broad m, 3-H,). 3.81 (3H, s, OCH,), 4:32-4.38 (2H, m, 2-H. 
7-H). 5.08 and 5.14 (W, ABq, J - 12 HZ. Ph-CH,-01, 5.29 (1s. broad s. 5-H), 5.43 (lH, broad s, 
NH), 7.34-7.37 (SH, m, aromatic). .The relative configuration was established by N.O.E.D.S. (500 
MHz, CD&N. 800). selected details: irradiation of 6-cH showed a 7% enhancement of 7-H: lrradlation 
of 6-m showed a 71 enhancementof 5-H; irradiation of 3-W showed a 4% enhancement Of 2-H and a 
1.51 enhancement of 5-H. 

Purified samples of 13 yielded approxlmately 1 : 1 mixture of 2 and 2 after stirring 1 hour 
at room temperature in methanol-sodium carbonate. 
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