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TOTAL SYNTHESIS OF CIS—-6~METHOXY-1,1-DIMETHYLCARBAPEN-2-EM

Daniel T. W. Chu*, John E. Hengeveld and David Lester

Department of Chemical Research, Abbott Laboratories, North Chicago, Illinois 60064

Summary: The total synthesis of the title compound via an intramolecular aldol condensation,
and the novel use of the trimethylsilylethyl ester as a carboxyl protecting group in carba—

penem systems, are reported.

The recent discovery of the potent antibiotic thienamycin1 and its relatives2 have
stimulated considerable interest in the synthesis of carbapen—z-ems3. In contrast to the 6~
alkylcarbapen-2-ems, the 6-alkoxycarbapen-2-ems 1 (and their dimethyl analogs 2) have
received little attention. During our recent research on the synthesis of B-lactam anti-
biotics, we wished to synthesize 6-alkoxy-l,l-dimethylcarbapen-2-ems 2. Our synthetic
strategy required an intermal aldol condensation of a substituted azetidin-2-ome 3. While
our chemical investigation was in progress, a communication4 described the preparation of the
6~alkoxy-carbapen-2-em ester 4 by an internal aldol condensation routes. However,
deprotection of the ester function of 4 did not yield any identifiable B-lactam compoundA.

We now wish to report our chemical investigation leading to the total synthesis of cis—6-

methoxy-1l,l-dimethylcarbapen—-2~em tetrabutylammonium salt (5).
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Our synthesis is characterized by the following: (1) the use of 3-thiophenoxy-2,2-
dimethylpropanal (2)6, in which the methylenephenylsulfide group serves as an aldehyde
equivalent, (2) the very efficient formation of the azetidin-2-one using classical cyclo-
addition chemistry 7 + 8, (3) the equally efficient bicyclic ring formation by internal aldol
condensation 12a + ES, and (4) the utilization of the trimethylsilylethyl ester7 as
protection for the carboxyl function. One of the major difficulties encountered in the
synthesis of carbapenams or carbapenems is the removal of the ester moiety of
intermediates4’8. This work shows that the trimethylsilylethyl ester is an attractive
carboxyl protecting group9 in the synthesis of carbapenems because it is readily cleaved

without decomposition.
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Treatment of 3-thiophenoxy-2,2~dimethylpropanal (6) with glycine ethyl ester hydro-
chloride in the presence of triethylamine and magnesium sulfate gave the Schiff base 7 (each
1 mol. equiv., CH,Cl,, 90%). Condensation of 7 with methoxyacetyl chloride in the presence
of triethylamine yielded the cis-3-methoxy-azetidin-2-one §_(CH2C12, Tote, 81%)10 The
stereochemistry at C3-C4 was confirmed to be cis by its PMR spectrum; the coupling constant
for these protons is 5.5 Hz characteristic of cis disposition. Hydrolysis of 8 with one
molar equivalent of sodium hydroxide yielded the acid 9 (0.5N NaOH, THF/HZO, ret., 98%).

Esterification!!

of the acid 9 with trimethylsilylethanol gave the trimethylsilylethyl ester
10 in 85% yield. (To a solution of 3 mmole of 9 in 80 ml dimethoxyethane at ice temperature
was added 6 mmole of pyridine, 4.5 mmole of phenyldichlorophosphate and 9 mmole of trimethyl-
silylethanol in sequence. After 15 hours at room temperature, the mixture was diluted with
water and extracted with ehter. Purification of silica gel column yielded pure 10). Reaction
of this ester with sulfuryl chloride (each 1 molar equiv., OOC, CH2C12, 5 min.) gave the
monochloro compound 11 which, upon purification in a water deactivated silica gel column,
gave the aldehyde 12a (70%) and the disulfide 12b (152)6. The disulfide 12b was conveniently
converted to the aldehyde 12a by treatment with 1 molar equivalent of sulfuryl chloride at
0°C (90%). Cyclization of the aldehyde 12a with lithium bis(trimethylsilyl)amide (THF,
-78°C) followed by quenching with methanesulfonyl chloride gave the mesylate 13 (65%). Using
the same mechanistic consideration put forward by M. Shibuya, iﬂiiil‘s for the assignment of
the relative stereochemistry of several carbapenam derivatives together with the fact that
the coupling constant for the C2-C3 protons of 13 is 4.5 Hz, the configuration of 13 at C2-C3
was assigned to be cis. Dehydromesylation of 13 with 1,8-diazabicyclo-[5~4-0]-undec~7~ene (1
molar equiv., CH2C12, 85%) provided the carbapenem ester 1l4. Deprotection of the ester 14
with tetrabutylammonium fluoride (THF, r.t. one molar equivalent of each 3 hours) gave the 6~
methoxy-1,l~dimethylcarbapen-2-em tetrabutylammonium salt (5) (85%). The above chemical
transformation to carbapenems is efficient with an overall yield of about 30%. The

antibacterial activities of 5 and related analogs will be reported in a future communication.
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