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A NOVEL CARBON-CARBON BOND FORMATION AT THE C4 POSITION OF -
LACTAMS. FLUORIDE ION INDUCED DESILYLATIVE o-HYDROXYALKYLATION
OF 3-ALKYLIDENE-4-TRIMETHYLSILYLAZETIDIN-2-ONES WITH ALDEHYDES
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The reaction of 3-alkylidene-4-trimethylsilylazetidin-2-ones with
aldehydes in the presence of fluoride ion gave 3-alkylidene-4-( a-hydroxy)-
alkylazetidin-2-ones in good to moderate yields.
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Much attention has recently been directed toward the exploration of synthetic strategies for non-
classical B-lactam antibiotics such as thienamycin, PS-5 and the related carbapenems because of
their powerful physiological activities and pharmacological properties. 1) One of the fundamental
subjects in the synthetic studies on these compounds is how to introduce a carbon substituent into
the C4 position of azetidin-2-ones, and considerable attention has been paid to this subject.24)
Although substitution reactions with carbon nucleophiles, e.g., enol silylethers, allyltin reagents,
carbene species, etc., are well-established processes for the carbon—carbon bond formation at the
C4 position of azetidin-2-ones,?) electrophilic carbon—carbon bond formation at the C4 position is
very much limited.3- 4 We report here electrophilic substitution of 3-alkylidene-4-trimethylsilyl-
azetidin-2-ones (1) with aldehydes (2) in the presence of BuyNF to give 4-(a-hydroxy)alkyl
derivatives (3) in good yields (Chart 1). In this reaction, the carbon-silicon bond is selectively

cleaved by fluoride ion to give the corresponding carbanion A which can react with 2, providing
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Typical procedure is as follows. To a mixture of 1 (1 mmol) and 2 (3 mmol) in DMF (4 ml)
was added BuyNF (1 ml, 1 M in THF) which had been dried overnight over molecular sieves.®)

The solution was stirred at room temperature for 24 h, poured into IN HCI (30 ml), then extracted
with ether (20 ml x 3). The organic layer was dried (MgSQOy) and concentrated under reduced

pressure. The residue was column-chromatographed on silica-gel with AcOEt-hexane (1:5) as an
eluent to give 3. The results are summarized in Table 1.

Table 1. Desilylative a-Hydroxyalkylation of 1
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a) Isolated yield. b) A mixture (1:1) of diastereoisomers was obtained. c¢) Reaction was carried
out at 60°C.
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The desilylative oi-hydroxyalkylation of Z-1a, F~1a and Z-1b with aromatic aldehydes 2a and
2b took place regioselectively to provide the corresponding 4-(ct-hydroxy)alkyl derivatives 3 in
high yields (runs 1, 2, 4, 5 and 7). Although the reactions of Z-1a and E-1a with aliphatic
aldehyde 2¢ did not occur at room temperature, the reactions proceeded at 60°C, giving the products
E-3c and Z-3c, respectively, in fair yields (runs 3 and 6). It should be noted that the stereo-
chemistry of the alkylidene side chain of 1 is kept under the present reaction conditions. For
example, the reaction of E-1a with 2a gave Z-3a as the sole isomer, none of the corresponding
stereoisomer F-3a being detected in the 1H-NMR spectrum of crude products.?)

In summary, electrophilic carbon—carbon bond formation at the C4 position of azetidin-2-ones
has been achieved by the reaction of 1 with 2 in the presence of fluoride ion. Since the trimethyl-
silyl group of 1 can smoothly be displaced not only by nucleophiles such as alcohols, acetic acid
and fluoride ion under anodic oxidation conditions3- 10) but also by electrophiles at the C4 position,
substrate 1 will be a versatile synthetic intermediate in the B-lactam chemistry. We are extending
this unique carbon—carbon bond formation at the C4 position of azetidin-2-ones to the reactions

with other carbon electrophiles.
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