Tetrahedron Letters,Vol.27,No.l4,pp 1549-1552,1986 0040-4039/86 $3.00 + .00
Printed in Great Britain ©1986 Pergamon Press Ltd.
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Summary: High stereocontrol is observed in the BF; mediated condensation of anions derived from mono and
dibromopenicillanic ester sulfones and oxime ethers.

Recently a series of B-lactamase inhibitors (I) having a C-6 (penicillin) aminomethyl substituent has been
reported by Barth.! While somewhat lengthy methods have been developed to generate aminomethy! penicillins,2
we reasoned that the addition of penicillin Grignard 23 to a formaldehyde imine equivalent should provide a more

straightforward entry into this motecular framework (Scheme I).
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Due to the instability of formaldehyde imine 3 (R'=H),4 we first sought an aminomethylating agentS which
would be stable to storage yet reactive enough at temperatures (-80°) required to ensure dibromopenicilianate
sulfone Grignard (2) stability. Ethyl formaldoxime 3 (R'=OE1)6.7 seemed to fill these requirements and was
generated in high yield by the reaction of ethoxyamine and aqueous formaldehyde. Treatment of sulfone Grignard

2 (X=Br,R=CHy@) with an equivalent of ethyl formaldoxime 3 in THF at -80° gave no indication of product
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formation. Warmer temperatures led to Grignard degradation. The addition of an equivalent of BF3-OEt;8
however to the Grignard/formaldoxime solution (-80°, THF) resulted after an acetic acid quench in the isolation of
ethoxyamine 4 (X = Br, R=CH,9),2.10 mp 136-138, in 70% yield. Single crystal X-ray analysis established the C-6 a-
ethoxyaminomethyl configuration.’!  6-a-Bromopenicillanate sulfone 512 was similarly converted to its
corresponding Grignard 2 (X =H, R=CH,0) and treated with ethyl formaldoxime 3 utilizing the abovementioned

conditions to generate a-ethoxyaminomethyl adduct 4 (X =H, R=CH;@)%.13 in 40% yield.

The predominant addition of formaldoxime 3 to the convex a-face of the penicillin nucleus is particularly
noteworthy since acetaldehyde addition occurs predominantly from the B-face to give 7.3 In an attempt to learn
more about the factors which govern the oxime facial selectivity, we decided to examine the condensation of
sulfone Grignard 2 (X = Br, R = Me) and acetaldehyde methoxime 8 since the expected product would not only reveal
C-6 facial selectivity but also added stereochemistry in the form of an additional stereogenic center. In the event,
acetaldehyde methoxime 8 addition (BF3, -80°, THF, 2 hr) generated stereoselectively methoxime 9911 in 35-40%
chromatographed yield. In addition to product, the reaction mixture contained a and p-bromopenicillanates 59 and

69, the products of Grignard protonation.'4
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Scheme 2

We believe the presence of the sulfone moiety is a key determinant in the facial selectivity of the Grignard
additions.15 Whereas acetaldehyde can be preferentially delivered to the more hindered f-face of the penicillin
framework by a chelation stabilized Grignard, a boron trifluoride activated oxime ether does not benefit from metal

coordination (Scheme 2). Therefore, anion accessibility is the key factor in determining the course of the oxime
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additions. As in other SE; condensations (assuming our tetrahedral carbanion model), addition need not involve
prior anion inversion but can result from attack on the rear lobe of the chelation stabilized carbanion (Scheme 2). C-
8 stereocontrol in the methoxime addition is consistent with this hypothesis as nonbonded oxime/$-lactam
interactions on the convex (a)-face of the molecule would favor the oxime transition state'6 depicted in Scheme 2.

While the rationale for facial and stereoselectivity is, at this stage, speculative, the ability of electrophiles to
effect diastereofacial selectivity is precedented.17 Elegant mechanistic studies involving the alkylation of lithiated
cyclohexane N,N-dialkylhydrazones by Collum, et al.,18 for example, suggest alkylations (similar to the BF3-oximes)
occur opposite to a n-complexed lithium, as stereoelectronic and face coordination preferences work in concert to
afford high axial selectivity. With the addition of aldehydes, these preferences are in opposition, and facial
selectivity erodes. Recently, Meyers, et al.'9 demonstrated opposite facial selectivity in the alkylation and
protonation of dipole stabilized tetrahydroisoquinoline carbanions.

The ethoxyaminomethyl sulfones 4 generated in the abovementioned Grignard additions serve as convenient
aminomethyl penicillin intermediates. Hydrogenolysis of 4 (R = CH,@, X = H) via Raney nickel (50 psi Hp, CH30H/H;0)

provided 19in 50% yield. Details of these and other studies20 will be reported elsewhere.
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