Tetrahedron Letters,Vol.25,No.16,pp 1737-1740,1984 0040-4039/84 $3.00 + .00
Printed in Great Britain ©1984 Pergamon Press Ltd.
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SYNTHESIS OF OPTICALLY ACTIVE 7-SUBSTITUTED-1-PHOSPHADETHIA-3-CEPHEM 1-OXIDES

Hisao Satoh and Teruji Tsuji

Shionogi Research Laboratories, Shionogi & Co., Ltd., Fukushima-ku, Osaka 553, Japan

Abstract: The synthesis of optically active 7-substituted-1-phosphadethia-3-cephems is
described. The stereochemistry in the displacement reaction at C-4 of chiral 3-acylamino-4-
acetoxy-2-azetidinones toward trivalent phosphorus nucleophiles is also discussed briefly.

In the preceding paper,1 we reported the first synthesis of the novel racemic 7-unsub-
stituted-1-phosphadethia-3-cephem 1-oxides. As these compounds were devoid of antibacterial
activity, we tried to improve their biological activity by introducing some substituents into
the C-7 position. We report here the synthesis of optically active l-phosphadethia-3-cephem
1-oxides having acylamino- and a-hydroxyethyl side-chains at C-7.

In the synthesis of the title compound, the R-configuration at C-6 is important stereo-
chemically for the biological activities.2 Accordingly, we investigated the mode of the
displacement reaction at C-4 of chiral 3-acylamino-4-acetoxy-2-azetidinones la, 1b' and 1c¢
toward phosphorus nucleophiles such as a (Me0)3P (2a) and (EtO)zPMe (2b). 1In all reactions,
the trans-substituted product was obtained as a major product as shown in Scheme I. Stereo-
chemical assignments for the products were determined from coupling constants correlation

>
(J3,4-gi§ J3,4—trans
reported the reaction of 4a-acetoxy-2-azetidinone bearing a bulky phthalimido group at C-38,

) in 1H NMR spectra. Contrary to our results, Campbell et 31.3 recently

1d' with 2a giving cis-phosphonate (cis-6) in 89.0% yield. Our careful reinvestigation
revealed that the major product obtained was the trans-isomer (trans-6), as expected.3’4
These preliminary reactions suggested that displacement reactions of these substrates
involve the imine ] as an intermediate which may undergo nucleophilic attack by phosphorus
reagents preferentially from the less-hindered side and that chiral "3o'"-acylamino-48-
acetoxy-2-azetidinones la and 1lb are suitable starting materials. The method established in
the preceding paper1 was successfully extended to the synthesis of 1-phosphacephems (1R)-
12a,b and (18)-12a,b as shown in Scheme II.5 The configurational assignments at the P atom
of (lR)-lgg,b and (IS)-lgg,E were made based on the diagnostically useful chemical shift of

~

a proton at C-3 and a characteristic signal pattern of the protons at C~2 in their 1H NMR

spectra as described in the preceding paper.1 (1IR)-12a: foam; Aﬁ;gH 226.5, 266(sh.) nm;

V§g§13 1785 cm_l; 5 (CDC13) 6.23 (t-d, 3JHH 5.0, 3JHP 28.5 Hz, 1H, C-3). (18)-12a: foam;
AmaxH 227.5, 266(sh) om; vzg§13 1780 e L; 6 (eDC1,) 6.10 (t-d, 3JHH 5.0, 3JEﬁ 28.0 Hz, 1H,
21 EtOH Cl -1
Cc-3). [01]D +26.5° (c 0.31, CHC13). (1IR)-12b: foam; Amax 222.5, 266 nm; Vinax 3 1790 cm .
EtOH CHC1

(18)-12b: foam; A" 222(sh), 268 om; vOh '3 1790 en” ' [a]2! +19.3° (c 0.312, CHC1,). Sub-
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sequently, epimerization of the 7a-amide side-chain is necessary because in biologically
active cephalosporins, the amide group is always located on the B-face. Unfortunately, we
could not isomerize6 the 7a-amide side-chain in (1R)-12a,b to the 7B-amino orientation, i.e.,

(1R)-14, via 7o0-amino compound (1R)- 13 (gum; VC§C13 1775 cm 1; 8 (CDC13) 6.25 (t-d, 3JHH 5.0,

35 Jyp 27-0 Hz, 1H, C- 3)) and the 7-imino compound. Epimerization of the 7a-amide isomer (IR)-
12b to the 7f-amide isomer, (1R)-15b, by stereoselective 70(-methoxylation7 was also unsuccess-
ful, resulting in formation of a mixture of non-f-lactams.

Although homothienamycin8 is a very weak antibacterial agent, incorporation of the
electron-withdrawing P(0)(OEt) group into the ring fused with the B-lactam was expected to
enhance the f-lactam reactivity and to lead to potent antibiotics. We thus investigated the
synthesis of l-phosphacephem derivatives bearing the (1R)-hydroxyethyl side chain at C-7
(Scheme III).5 The target compounds were synthesized by the reaction sequence developed for

the synthesis of the aforementioned7a-acylamino-1-phosphacephem system. (-)-(1R)-20: gum;

AE;SH 227 (e 14700), 265 (¢ 8340) nm; vCHC13 1779, 1728 en” b [a)212 -4.2° (c 0. 342 CHCL,).
(+)-(18)-20:  gum; A 2574 (& 13295), %2645 (e 8048) nm; voioT3 1776, 1726 en” ' [alll it

+14.2° (c 0.340, CHC13). Both compounds were desilylated to hydroxyethylphosphacephems,

(1R)-21 and (1S8)-21, by treatment with HCl-AcOH in CH,CN, and subsequent removal of the PMB

3

protecting group of both products with AlCl3—anisoleg followed by treatment with aq. NaHCO3
KBr -1, [ ]22 0

afforded the sodium salts (+)-(1R)-22 (powder; Aﬁzo 252 nm (& 7511); v_ 0 1754 cm ",
+44.4° (c 0.225, HZO) 72.6% from (-)-(1R)-20) and (+)-(18)-22 (powder; A 2 251.5 nm (&
7878); VEES 1750 cm [0!]22 3 +73.4° (c 0.224, HZO)’ 79.9% from (+)-(18)- gg), respectively.
Unfortunately, neither (+)-(1R)-22 nor (+)-(18)-22 possessed significant antibacterial

activity or B-lactamase inhibitory properties.
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