Tetrahedron Letters Vol, 21, pp 3947 -~ 3950 0040—4039/80/1008-5967502.00/O
©Pergamon Press Ltd. 1980. Printed in Great Britain

NUCLEAR ANALOGS OF B-LACTAM ANTIBIOTICS. 71.
THE SYNTHESIS OF 3-THIA-~ AND 3-AZA-1-DETHIACEPH-1-EM ESTERS

John G. Gleason*, Deborah Boles Bryan and Kenneth G. Holden
Research and Development Division
Smith Kline and French Laboratories

Philadelphia, Pennsylvania 19101

Summary: The total syunthesis of a 3-thia- and a 3-aza-l-dethiacepham (9 and 16) are described.
Neither compound possessed antibacterial activity vs B. subtilis. An unsaturated analog, a 3-
aza-l-dethiaceph—l-em exhibited weak antibacterial activity.

In the course of our study of cephalosporins in which the hetercatom has been transposed
to the 2 or 3 position, we observed unexpectedly high antibacterial activity for the 3-oxa-1-
dethiacepham nucleus 1, and speculated that the fragmentatioan of the 1,3-oxazidine ring may play
a role in activating the bicyclic B-lactam for antibacterial activity.ltz To further define the
enhancement of biological activity by a 3-heteroatom, we have explored the synthesis of 3-thia-

and 3-aza-l-dethiacephalosporins 2 and 3.
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Thermal condensation of benzyl or methyl glyoxylate with cis-3-azido-2-(2,2-dimethoxyethyl)-
azetidinone i1!3 afforded the carbinolamide 5a or 5b as mixture of diastereomers. Conversion
of 5a to the more reactive chloride 6a (SOClp, pyridine) and reaction with potassium thioacetate
gave thiocester 7 in 50% yield from 4. Cyclization of 7 was effected under acid catalysis

(BF3.MeOH, rt) to afford the 3-thia-l-dethiacepham 8 in 13% yielda: IR (film) v 2100 (azide),

max
1775 (B-lactam), 1740 (ester); NMR (CDCl3) 6 2.2 (m, C-lHp), 3.15 (s, OCH3), 4.25 (m, C-6H),
4.65 (dd, J1,2 = 3, 3,5 Hz, C-2H), 4.85 (d, J6,7 = SHz, C-7H) 5.15 (s, CHzPh), 5.18 (s, C-4H),
7.35 (m, Ph); MS(EL) m/e 320 (M¥ - M), 288, 266, 213, 185, 91.
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5a R= CHpPh, R'= OH
5b R= CH3, R'=OH
6a R= CHyPh, R's= Cl

6b R= CH3, R'= Cl

7 R= CHpPh, R'= SCOCH4

10a R= CH3, R'= B-NHCgH,pCHj
10b R= CH3, R'= a~NHCgH,pCH3

Reduction of the azide (PtOj, 1 atm Hy, EtOAc, 1 hr) and acylation with formyl mandeloyl chloride
gave the amide 9 IR (nujol) 1760 (B~lactam), MS (FD) m/e 484. This compound was inactive at

1000 ug/ml vs B. subtilis?,

To prepare a 3~aza analog, a simllar approach was employed. Addition of toluidine to the
chloride 5a gave a mixture of diastereomeric amines 10, separable by chromatography (stereochemi-
cal assignments for 10a and 10b were inferred from their respective ¢yclization products and are
tenative).

Attempts to effect cyclization of the less polar amine 10a were not encouraging.
This product

At ele-

vated temperature in the presence of pTSA, the bicyclic product 1l was obtained.
presumably arises from condensation of the initially formed 12 with acylimine 13, a potential de-

gradation product of 10a. The use of BFq permitted cyclization under much milder conditionms,

however the dimeric B-lactam 14 was the sole isolable product. While both experiments argue for

the intermediacy of 12, its presence was never detected.
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In contrast, the cyeclization of 10b proceeded smoothly under mild acid catalysis to afford
the bicyclic 3-aza-l-dethiaceph—l-em ester 15 in 70% yield: IR (film) vg,, 2110 (azide), 1780
(B-lactam}, 1750 (ester), 1635 (eneamine); UV (EtOH) Ap,x 270 om; NMR (CDCL3) 6 2.2 (s, CgHy-
CHiy), 3.7 (s, COpCH3), 4.18 (dd, J1,6=1.5 Hz, Jg 7=5Hz C-6H), 4.5 (d, C-7H), 4.78 (dd, J1,2=10.5
Hz, C-1H), 5.55 (s, C-4H), 6.45 (d, C-2H), 7.2 - h.3 (q, C6H4); MS(EL) m/e 313 (M+). The con~
figuration of the carboxyl group of 15 was tentatively assigned as depicted on the basis of an
observed 0.5 ppm downfield shift of the nwmr resonance of the C-4 proton of 15 relative to the
bicyclic products 11 and 14 obtained from the cyclization of the opposite diastereomer 10a. Cata-—
lytic reduction (PtOp, 3 hr, rt) of 15 effected reduction of the azide and saturation of the en-
amine to give, after acylation with thienylacetyl chloride, the 3-aza—l-dethiacepham 16, (IR (film)
Vmax 1780 (B-lactam), 1750 (ester); NMR (CDCl3) & 2.25 (s, C4HgCH3), 3.7 (s, COCH3) 3.8
(s, CHPCONH), 3.3-4:25 (m, C-1,2,6-H), 5.2 (dd, C-7H), 5.73 (s, C-4H), 6.2-5.8 (br, NH), 7.3+6.7
(m, CgHy, CzH38); MS (FD) m/e 413). Selective reduction of the azide (Pt0g, 0.5 hr, rt) afforded
after acylation the 3-aza-l-dethiaceph-l-em 17: IR (film} vyay 1780 (B-lactam), 1750 (ester),
1690 (amide), 1664 (enamine); UV (EtOH) Ap,,. 268, 241 nm; NMR {CnCl3) § 2.3 (s, CgH4CH3), 3.75
(s, COyCH3), 3.8 (s, CHpCON), 4.3 (dd, Jp =2z, Jg 7=5.5Hz, C-6W), 4.55 (44, C-1H), 5.4 (dd, C-
7H), 5.7 (s, C-4H), 5.9 (d, J=8.5Hz, NH), 6.5 (d, J1,2=108z, C-2H), 7.2-6.6 (m, G4H3S, CgHy); MS
(FD) m/e 411.1236 (cale'd for CjgHooN3048, 411.1252).
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The 3-aza-l-dethiaceph-l-em ester 17 possessed very weak antibacterial activity against B.
subtilis at 1000 ug/mls, while the saturated ester 16, like the 3-thia-l-dethia cepham 9, was
inactive at this concentration. In contrast, the corresponding 3~oxa-l-dethiacepham esters of 1
generally exhibited significant activity in the 50-500 ng/ml range.1:6 The lack of significant
biologlcal activity for 16 and 17 may reflect the relatively poor ability of the 3-aza nitrogen to

participate in the cleavage of the B-lactam bond.B
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