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A NEW APPROACH TO THE DIASTEREOSELECTIVE SYNTHESIS OF ALDOLS: INTRODUCTION
OF THE 6u-(1R-HYDROXYETHYL) SIDE CHAIN OF THE CARBAPENEM AND PENEM
ANTIBIOTICS

F.A. Bouffard* and T.N. Salzmann

Merck Sharp & Dohme Research Laboratories
Box 2000, Rahway, New Jersey 07065

Summary: The 6 a-(1R-hydroxyethyl) side chain has been introduced via a stereocontrolled aldol
reaction with a silyl ketone as a hindered acetaldehyde equivalent. The derived trans-§ silyl carbinol
undergoes a completely stereospecific rearrangement to the desired trans-R O-silyl ether. The two-step
sequence may be done in one-pot in overall yields of 70-90%.

Thienamycinl (1, R=SCH2CH2NH2) was the first fully-characterized member of a new class of -
lactam antibiotics known as the carbapenems. Closely related to the carbapenems are the penems (2)
which are not found in nature. Both the carbapenems and the penems require a 6a-(1R-hydroxyethyl)
side chain for maximum potency and breadth of spectrum. Despite intensive effort in recent years
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1 )(=CH2 COOH Figure: Aldol transition state \
2 X=8 for preferred (x-face attack.

toward the development of efficient total syntheses of the carbapemems and the penems, the
incorporation of the hydroxyethyl side chain in a straightforward and stercocontrolled manner has
remained a challenge. Typically, it is incorporated early in a synthetic scheme in order to minimize
manipulation of subsequent more sensitive bicyclic intermediates.2

Direct introduction of the hydroxyethyl side chain onto a C-3 unsubstituted azetidin-2-one via an
aldol reaction in which a lithium enolate is condensed with acetaldehyde produces a mixture of at least

3 Depending on the substituents on nitrogen and at C-4, 80-90%

three of the four possible diastereomers.
of the aldol mixture consists of the two frans diastercomers in approximately equal amounts while the
remaining 10-20% consists primarily of the cis-R diastereomer with only trace amounts of the cis-S
diastereomer being formed. As expected, the preferred direction of attack is from the face of thc
enolate opposite to the substituent at C-4. However, there is little selection for methyl vs. hydrogen in
the presumed six-membered, chair-like transition state (Figure: R,R'=H,CH3). Derivatization and
tedious chromatography are necessary in order to isolate the desired trans-R diastereomer in chemical
yiclds of only about 40%. Recently, an aldol mixture consisting of 87% of the trans-R isomer has bcen
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4 The zirconium enolate was formed via a lithium enolate and

produced via a zirconium enolate.
hexamethylphosphoramide was necessary to obtain the high stercoselectivity.

The hydroxyethyl side chain has been introduced stercoselectively via two different two-step
sequences. Acetylation of an azetidinone enolate produces exclusively the thermodynamically favored
trans (3-keto lactam which can be stereoselectively reduced to provide the desired (R)-carbinol in good
overall yicld.5 Alternatively, the two-carbon side chain has been introduced in one-carbon fragments via

6 Neither of these processes

a formylation-methylation sequence with equally good stereoselectivity.
have, however, proven useful for the large scale preparation of hydroxyethylated intermediates.

We have developed a novel method for the stereoselective introduction of the hydroxyethyl side
chain as outlined in the Scheme. Stereocontrol of the aldol condensation is achieved by use of a silyl

7

ketone as a hindered acetaldehyde equivalent’ to give a product mixture containing 85-100% of the
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trans-S silyl carbinol. The silyl carbinol undergoes a completely stereospecific rearrangement to the
desired trans-R O-silyl ether upon treatment with potassium ¢-butoxide/t-butanol. The two-step sequence
can be done in one pot in overall yields of 70-90%. This procedure directly provides hydroxyethylated
intermediates protected as ¢-butyldimethylsilyl ethers, a form of protection commonly used in
carbapenem and penem work. The results obtained on a variety of azetidinone intermediates are
summarized in the Table. The process is compatible with N-t-butyldimethylsilyl protected azetidinones
(entries 2-4) and no problems were encountered with the dianion chemistry developed for the C-3
substitution of an azetidinone carboxylic acid8 (entry 4). The highest degree of stereoselectivity was
obtained with the penem intermediate (entry 3) bearing a bulky tritylthio group at C-4, giving
exclusively the trans-R O-silyl ethcr.9

Although silyl ketones are considered to be rather unreactive carbonyl compounds as a result of
both steric hindrance and electronic deactivation of the carbonyl group, no change in the aldol

3a

conditions relative to those for acctaldehyde was necessary. The assignment of trans-§ to the

preferred aldol product based on mechanistic considerations (Figure 1: R=SiR3,R’=CH3) was confirmed

10 of the silyl carbinol 3 derived from 452 and methyl trimethylsilyl

by x-ray crystallographic analysis
ketone.113:b Rearrangement of 3 gave O-silyl ether 5 accompanied by free carbinol 6.33’12 None of the
oppositely configured O-silyl ether or carbinol was observed. Thus, the rearrangement is completely
stereospecific with retention of configuration”' within the limits of NMR detection.

The conditions used by Wilson7 to effect the a-hydroxy silane rearrangement (KH/HMPA with no
mention of a proton source) resulted in the destruction of our subtrate (3). As the formation of a
potassium salt is apparently essential for a rapid rearrangement of «-silyl carbinols lacking adjacent
anion stabilizing substituents, we were led to try the tBuO"K*/tBuOH system. An experiment in which a

lithium alkoxide was given an opportunity to rearrange under otherwise identical conditions (repeat of
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Table: Stereoselective Silyloxyethylation of Representative Carbapenem and Penem Intermediates
Reaction Isolated
Entry Substrate? Conditions®” Product Mixture! Yield(%)®
1 N A 95:4:1 72%
0 >< trans-R /cis-R /trans-S trans-R
~
2 N A 85:8:7 75%
0 ,S\i“" trans-R /cis-R /trans-S mixture
SCPh3
3 );N!/ A trans-R 79%, 11%"
o ~ci trans-R
At
H COOH
4 B 87:13 77%
N trans-R/trans-S trans-R
S+

2All substrates are racemic except entry 4. DAl reactions were run in THF at an initial substrate concentration of 0.1-0.25M. ‘A 1) 1.1 eq
LDA, -78°C, 5 min 2) 1.1 eq CH COSltBu(CHs) e , 10 min 3) 1.1 eq tBuO K-}-/i:BuOHd -78 0 0°C, 10 min 4) sat'd aqueous NH,CJ, B1)2

eq LDA, 0° C, 5-10 min 2) and 3) as above at 0°C 4) 1:1 citric acid H, O/H O. "IM tBuO K+ in tBuOH. Workup involved extractlon into

Et O, washing with H O(ZX) and drying with MgSO Ratio determmed by 200MHz lH NMR. Assignment of side chain configuration of cis

dlastereomer based on mechamstxc considerations. gAfl:er fractional crystallization and/or chromatography. hBased on 85% conversion. Minor

product N-desilylated.

entry 1 omitting the (BuO'K*) gave only 9% of the alkoxysilane. While the rearrangement is, in
principle, catalytic with respect to the tBuO“K*, an experiment using only 0.1 equivalent of the base
gave only 9% of rearranged product. An attempt to further streamline the process by using potassium
hexamethyldisilazide instead of LDA to, after the aldol condensation, directly provide the potassium
alkoxide was unsuccessful.

(CHSi RO

: 4
N o>

In conclusion, we beliecve this one-pot silyloxyethylation process represents an improvement over
currently available methodology for the stereoselective hydroxyethylation of C-3 unsubstituted

azetidinones while, more gencrally, extending the utility of the aldol condensation with regard to the
14

N

o >
5 R:Si(CH3)3
6 R=H

threo-selective generation of B-hydroxy carbonyl compounds.
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