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SYNTHESIS OF OPTICALLY ACTIVE PENEMS® - II
V. M. Girijavallabhan*, A. K. Ganguly, P. Pinto, R. Versace

Chemical Research, Schering Corporation, Bloomfield, NJ 07003

ABSTRACT: A chiral synthesis of 2-thjoxopenam, a highly useful synthon for penems,
is described. S-allyl penems undergo facile molecular rearrangements.

Penems, first described by Woodward® as a novel class of B-lactam antibiotics, have since
been a center of attention? by virtue of their potency, broad-spectrum activity and stabil-
ity to B-lactamases. We have reported earlier a chiral synthesis® of penems, exemplified
by sodium 5R, 6S, 8R-6 (l-hydroxyethyl)-2-ethylthio penem 3 carboxylate (Sch 29482%),
which has undergone clinical evaluation and was found efficacious. In continuation of our
efforts on penems, we have early on recognized the need to discover a more efficient route
for their synthesis. As the phosphorane cyclization was often accompanied by partial iso-
merization® at Cs and the carbene ring closure® required specific structural features, an
efficient chiral synthesis of the 'synthon' 2-mercapto penem® 9 which could be derivatized
conveniently appeared attractive to us. Here we wish to report a novel chiral synthetic
route’ to penems by way of the versatile 2-thioxo penam 9.

The trityl protected acetoxyazetidinone® 1 readily added to diallylketomalonate® under
base catalysis (THF, triethylamine) to afford the amidol 2a (>85%). The hydroxy group in 2a
was converted to a chloro group (SOC1,,Py,CH,C1,) and the resultant reaction mixture was
reduced (zinc,CH,C1,,isopropanol,AcOH) to obtain the malonate 3a. Deprotection of the
trityl group® (AgNO;,MeOH,pyridine), followed by reaction of the silver thiolate d4a with
thiocarbonyl diimidazole (2 equivalents in CH,C1,) spontaneously generated the thiolactone
7a (>80%), presumably via 5a'°.

Deprotection of the allyl group®! has worked exceedingly well in our hands. However,
attempted deblocking of the thiolactone 7a using pd° catalyst mostly gave the S-allyl
penem 8 (R=R'=allyl). The incipient allyl-Pd complex, being a powerful alkylating agent
appeared to have transferred the allyl group to the sulfur atom intramolecularly2.

The allyl thiopenem 8 (R=Rl=allyl) had only limited stability; it further underwent a
facile thermal rearrangement (>55°C) to the thermodynamically more stable thiolactone 10
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(Scheme 2). Furthermore, 10 rearranges to 11 via the corresponding penem when treated
with Pd°.

Having realized that deblocking the allyl group of 7a using Pd® is a futile exercise,
we investigated the use of B-trimethylsilyl ethyl (TMSE) group'® as a protecting group
(often used in peptides). The sequence from 1 to 7b (via 2b,3b,4b) proceeded uneventfully.
Fluoride jon (2.5 eq. tetrabutylammonium fluoride, THF, r.t., 15 minutes) rapidly mono-
deprotected the malonate 7b to afford the desired thiolactone 9 (R=TMSE) (~80% yield - a
10 to 15% loss of R-lactam was found unavoidable), which exhibited all the reaction proper-
ties of a thiol® (e.g. alkylating and acylating agents gave the corresponding expected
penems). Here we observed a remarkable fluoride ion reaction selectivity in that while the
deblocking of 7b was rapid and efficient, the penems®* (especially when the C, substituent
is a more complex functionality) reacted sluggishly,often resulting in poor yields.

The above problem was essentially solved by using the mixed ester ketomalonate®, such
as allyl trimethylsilyl ethyl ketomalonate and running the sequence from 1 to 7¢ (via 2c,
3c,4c). Fluoride ion induced deprotection of 7c, as expected was rapid to afford 9 (R=
allyl, 65-70% - a slight lowering of yield due to 8-lactam loss*® was observed when mixed
ester was used). The allyl protected thiolactone is a stable compound, and, indeed, we
found it to be a highly desirable intermediate for the synthesis of a variety of penems!®
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SALIENT SPECTRAL DATA:

IR in CHC1;, Cm~%; UV in CHCls, Amax-nm; PMR in CDCls, &ppm, C® in CDCl1;:
7a (R=R'=allyl) PMR 5.8, 1H, d (J=1.5 Hz) CsH; 3.75, dd (J=1.5 and 7 Hz) CeH; 1.4,
3H, d {J=7 Hz). 7b and 7c have s1m11ar features; IR 1790 (8-lactam); 1745 (ester).
Uv 319 nm.
8 (R=R'=allyl) 5.6, 1H, d (J=1.5 Hz); 3.65, 1H, dd (J=1.5 and 7 Hz); 3.5, 2H, m
(s- Qu )5 1.3, 3H, d (J=7 Hz). IR 1790 (B-lactam), 1690 (ester). UV 330 nm.
9 (R= a1]y1) PMR 5.85, 1H, d (J=1.5 Hz); 5.35, 1H S (C3H); 4.3, 1H, m; 3.65, 1H,
dd (J=1.5 and 7 Hz); 1.35, 3H, d (J=7 Hz). IR 1792, 1742. UV 313 nm. C1°NMR 230.25
(C=S); 170.19 (ester); 164.21 (B-lactam).
10 PMR Two sets of p-lactam peaks. 5.65, 1H, d (J=1.5 Hz); 3.7 and 3.5, 2 dd (J=1.5
and 7 Hz); 3.2-2.8, 2H, m (-CH,-CH=CH,); 1.4-1.2, 2 doublets, 3H (J=7 Hz). IR 1790, 1745;
%V 317 nm; C3NMR 2 sets of peaks. 237.46 and 232.88 (C=S), 168 (ester), 164.77 and 164.53
g-Tactam
11 PMR 5.3, 1H, d (J=1.5 Hz), 5.2, 4H, m; 4.2, 1H, m; 3.5, 1H, dd (J=1.5 and 7 Hz);
3.2-2.5, 20, 2H, (-CHy-CH=CH,) 2.4, 2H, m (-CH2-C=C); 1.3, 34, d (J=7 Hz).

NOTE: ATl new compounds were characterized by High Resolution Mass Spectrometry, H' NMR,
C® NMR, IR and UV data.
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