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SIMPLE, STEREOCONTROLLED SYNTHESIS OF 1B-METHYLCARBAPENEM ANTIBIOTICS
FROM 3(R)-HYDROXYBUTYRIC ACID

Takamasa Iimori and Masakatsu Shibasaki’
Sagami Chemical Research Center, Nishi-Ohnuma, Sagamihara, Kanagawa 229, Japan

Summary: A simple, stereocontrolled synthesis of IB-methylcarbapenem antibiotics has
been accomplished. The synthesis involves stereoselective aldol-type
condensation of vinyloxyborane derived from S-phenyl 3(R)-
hydroxybutanethioate with N-3-trimethylsilyl-2-propynylidenebenzylamine,
regiocontrolled hydroesterification of terminal acetylene and stereoselective
1,4-reduction of the a,B-unsaturated ester as key steps.

One of the current topics awaiting solution in the B-lactam field is how to achieve the
simple and stereoselective synthesis of the 18-methyl carbapenem antibiotics (1 and its
analogues), which was first synthesized by Shih et a1..la Although thienamycin and the
related antibiotics have potent and broad spectrum antibacterial activities, these
antibiotics are susceptible to renal dipeptidase-I. On the other hand, the 1B-methyl-
substituted carbapenem antibiotics (1 and its analogues) are fairly insensitive to the
enzyme while retaining excellent antibacterial activities.l@ Already a few papers describing
the synthesis of the 1B-methylcarbapenem antibiotics have been reported.l’z’7d However,
unfortunately, stereoselective introduction of the 1B-methyl group has never been achieved.
In this communication we wish to report a simple, stereoselective synthesis of the key
intermediate 2, required for the synthesis of the 1B-methylcarbapenem antibiotics, starting
from readily available 3(R)-hydroxybutyric acid (3).3 The synthesis features stereoselective

construction of four contiguous chiral centers involved in 2 from one chiral center in 3.
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Very recently, in the synthesis of (+)-thienamycin,” we have developed the
stereocontrolled aldol type condensation of an ester enolate with an imine, resulting in the
stereoselective construction of three contiguous chiral centers [C-8, C-6 and C-7
(carbapenem numbering)] from 3(R)-hydroxybutyric acid.’ Accordingly we planned to employ
this methodology at the first stage in the synthesis of 18-methylcarbapenem antibiotics.
First of all we examined the reaction of the boron enolate 4 with the optically active
imine 5a on the direct analogy of our previous work. However, none of the desired product 6a
was formed. We speculated that the methyl substituent might disturb the condensation because
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of its steric hindrance, and came to a conclusion that the 1B-methyl unit should be
introduced after the B-lactam cyclization. Along this consideration we searched another
imine which was devisable for the later introduction of the l-methyl functionality.
Acetylene group was expected to be a good candidate for the construction of a methyl unit.
Accordingly the aldol type reaction of the vinyloxyborane 4 with the acetylene imine 5b was

4 the B-amino thiol ester 4b was

investigated.7 Under the previously reported conditions,
nicely obtained in 55% yield. Hydrolysis of 6b and following cyclization [1) KOH in aq. THF.
2) (PyS)z—Ph3P in CHBCNS] afforded the corresponding B-lactam 79 with its stereoisomers
stereoselectively5
R-lactam 7, [ mp. 132~133°C; [a]50= 20.05° (c 1.00, CHC13)], was easily purified by

recrystallization from CH2C12—hexane.

(ca. 90% selectivity) in 76% overall yield. The stereochemically desired

Next elaborative step for introducing one carbon unit to the acetylene group of 7 was
achieved by the use of Pd catalyzed methoxycarbonylation.10 Namely, treatment of the B-
lactam 7 with Pd-black (10 molZ%) and HI (50 mol%) in methanol at 20 kg/cm2 of carbon
monoxide at 65°C for 16hr afforded the a,B-unsaturated ester 8 in 70% yield. Application of
this novel reaction made the synthetic route to 2 much shorter than the use of conventional
method combination.

With a framework of the key intermediate 2 in hand, the most crucial step in the
present synthesis was studied. Stereoselective double bond reduction of 8 was not easily
achievable by usual reducing agents. Namely, Pd/C or RhCl(PPh3)3 catalyzed hydrogenation of
8 resulted in the formation of stereoisomers (a:f = 2:3)11 in a nearly nonstereoselective
manner. Furthermore, in the cases of cationic rhodium complexes, [Rh(COD)(PPh3)2]BF4 and
[Rh(NODXdppb)]BF412, the reaction was considerably slow and the formation of the undesired
stereoisomer was slightly predominant (0:B = 3:2)11. However, 1l,4-reduction of the a,B-
unsaturated ester 8 with a hydride reagent gave a better result; that is, although the by-
product 11 was mainly produced, high B-selectivity was observed in the reduction of 8 with
L-Selectride in THF.!3 After many unsuccessful attempts, we finally found that the formation
of this by-product could be reduced nearly completely just by using sec-BuOH as a co-
solvent. Treatment of 8 with L-Selectride in sec-BuOH-THF (1:2) at -78°C and following
protection of the hydroxy group by TBDMSCl and imidazole in DMF afforded the fully protected
B-lactam 10 (a:B = ca. 1:8)11 in 77% yield with a small amount of the by-product 12.
Deprotection of 10 [1) KOH in aq. MeOH 2) Na in NH3 ] and chromatographic separation
afforded the known key intermediate 2 for the synthesis of 1B-methylcarbapenem antibiotics
in 56% yield (2 steps), whose spectral data were identical with those of an authentic
sample.1 Here we have achieved an efficient construction of the lR-methylcarbapenem
intermediate stereoselectively.

In summary, a stereoselective and short step synthesis of the key intermediate 2 for
the 1B-methylcarbapenem antibiotics was accomplished by the sequence of novel reactions, (1)
stereoselective aldol type condensation of boron enolate with imine, (2) palladium catalyzed
methoxycarbonylation of acetylene and (3) stereoselective reduction of a,B-unsaturated ester
with L-Selectride in sec-BuOH-THF.
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