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Abstract: (35,48)-3-[(R)-1-¢-Butyldimethylsilyloxy)ethyl]-4-[(R)- 1-carbox yethyl]-2-azetidinone Ja was
prepared from (3R,4R)-4-acetoxy-3-{(R)- 1--butyldimethylsilyloxy)ethyl]-2-azetidinone 3 via a sequence
involving coupling with 2,2,5-trimethyl-1,3-dioxan-4,6-dione 4, N-silylation, solvolysis of the
methyimeldrum’s acid moiety and a stereoselective acid catalyzed decarboxylation.

Since the presence of a 1B-methyl substituent has been found to enhance the chemical and
metabolic stability of synthetic carbapenem antibiotics!, a number of stereoselective syntheses of the
key 18-methyl intermediate 7a have been reported.2!© Many of these methods involve the use of
reagents that are either expensive or difficult to handle on a large scale. Herein, we would like to
report a simple, scalable and highly diastereoselective synthesis of 73 via a novel decarboxylation of
diacid §.

Recently, Bender et. al. reported!! a highly diastereoselective method for epimerization of the
la-methylester 13 to the 1B-methyl isomer 1b, via enolborate formation and subsequent kinetic
protonation from the less hindered a-face of the enolate 2 (Scheme I). We envisioned that a similar
transformation might also be possible by decarboxylation of a diacid § and stereoselective protonation

of the resultant enol 9.
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i) EtN,EtOAC, 65°C, ah; §) TBSC!, Nal, EtsN, DMF, 60°C, 3h; iii) 2N aq. NaOH, THF, 0-2°C, 1h, then
2N aq. HCI; iv) HCORH, EtOAG, 80°C, 4h; v) 2N aq. NaOH, THF, 20°C, 2h, then 2N aq. HCL.

Diacid ¢ was readily prepared from azetidinone 3 and 2,2,5-trimethyl-1,3-dioxan-4,6-dione 4
as illustrated in Scheme II. The coupling of 3 and 4 in the presence of triethylamine provided the
adduct 53 in 95% yield. The diacid §a was obtained from the ring opening of 53 in sodium hydroxide
aqueous THF solution at 00C followed by acidification of the dicarboxylate with 2 N agueous
hydrochloric acid. However, when the diacid 6a was subjected to the decarboxylation conditions!?
(refluxing in ethyl acetate with formic acid as catalyst), the major product was the ring opened amide §.
We envisioned that substitution of the lactam nitrogen with an electron-donating group might suppress
the ring opening.13 Thus, we prepared the N-silylated diacid &b as follows. The lactam nitrogen of Sa
was silylated with a mixture of TBSCI, Nal and triethylamine in DMF at 600C in 95% yield. Base
hydrolysis of 5b as described above followed by acidification gave the N-silylated diacid 6b. When
diacid 6b was subjected to the above decarboxylation conditions, the reaction proceeded in a highly
stereoselective manner providing the N-silylated acid in 94:6 ratio of B:a isomers. The silyl group on
nitrogen was selectively removed by treatment with sodium hydroxide in aqueous THF at room
temperature. Subsequent acidification followed by crystallization afforded the title compound 73 in
64% yield (from 5b to 7a), in >99% B-isomer.

The observed protonation selectivity can be rationalized as follows. Assuming that the enol 9b
could be formed by decarboxylation of either carboxyl group of diacid 6b, the bulky N-silyl group of
enol 9b forces the enol to orient in one of two conformations, A or B, in Scheme III. Conformation A



is expected to be preferred due to the unfavorable A-1.3 strain between the enol hydroxy group and the
C3 methine proton in conformation B. Protonation of A would be expected to occur from the least
hindered a-face (the B-face is blocked by the bulky N-silyl group) resulting in the formation of the
desired B-methyl acid Zh. In the absence of the large N-silyl group, it is assumed that the enol can
more easily adopt a conformation in which the C4-N bond in the lactam ring is orthogonal to the enol
bond resulting in elimination to give §.

Addition of methoxide to the meldrum's acid adduct Sh followed by acidification gave a
diastereomeric mixture of two methylester acids (5:1). Curiously only one of these diastereomers
underwent decarboxylation to give the methylester of 7a (B:a = 94:6); the other diastereomer remained
unchanged even after 3 days at 80°C. This suggests the possibility that the conformation of the enol
9b is the result of a diastereospecific decarboxylation of diacid 6b. The decarboxylation may be
controlled by the conformation of the precursor diacid 6b and the law of microscopic reversibility, ie,
just as protonation of 9b can only occur from the less hindered a-face, loss of CO2 likewise can only
occur from the same face, away from the N-silyl group. The diacid of conformation C undergoes a
diastereospecific decarboxylation of the pro (S) carboxyl to give enol 9 in the preferred A
conformation, which would then be protonated from the least hindered a-face to give the desired B-
methyl acid 7bh. Conversely, the diacid of conformation D would be expected to undergo
diastereospecific decarboxylation of the pro (R) carboxyl to give the undesired a-methyl acid 7b via
selective protonation of the less stable enol conformation B. More detailed mechanistic study results,
including a C-13 labelling study of diacid §b as well as molecular mechanics calculations, will be
published shortly.
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