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Diastereoselective reduction of 6-bromo-6-substituted penicillanate esters has been achieved by treatment with tributylphosphine to give
6-substituted penicillanate esters. This reaction would appear to proceed through a phosphonium g-lactam enolate species, followed by a
diastereoselective protonation. This method has the advantage of being simple to carry out and it is mild, gives high diastereoselectivity, and
should tolerate a number of functional groups in the substrates. Implications of these observations are discussed.

We have described recently the use of-Bydroxyalkyl- which are capable of turning over the carbapenem antibiot-
penicillanates as effective mechanism-based inhibitors for ics387 Therefore, there is considerable interest in- 6
class Ap-lactamases, the most common bacterial resistancehydroxyalkylpenicillanates, and we are currently in the
enzymes fop-lactam antibioticd.=* These molecules acylate process of investigating the properties of a series of these
the active site serine of these drug resistance enzymes readilyinhibitors with different é--hydroxyalkyl groups in inhibition
and the é-hydroxyalkyl moiety of the acytenzyme species  of S-lactamases.

becomes poised to prevent the travel of the hydrolytic water o, a-Dibromopenicillanate estef™® is conveniently con-

to the ester carbonyl, resulting in a considerable longevity verted to derivatives2 and 3.1° A good approach for

to the species, which accounts for enzyme inhibition. syntheses of 6-substituted penicillanates is reduction of
Furthermore, carbapenem antibiotics possess thdF6 o-bromof-lactams (Scheme 1). This type of reductive
hydroxyethyl moiety, which renders them resistant to the

action of B-lactamase8.Recent findings indicate that the || NN

pocket where the hydrolytic water fits in the active sites of

. Scheme 1
class A f-lactamases has undergone some evolutionary Br H R H
restructuring to give rise to a novel group of these enzymes Rymg—2-S Hec o8
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chemistry may be achieved by the use of tributytin hydtte,
zinc-mediated reductioh! or hydrogenolysis over PeC .12
These reactions afford the desired products; however, they
go through relatively harsh conditions, often give poor yields,
and suffer from low stereoselectivity. In the present report
we disclose a convenient and stereoselective reduction of
o-bromo-6-hydroxyalkylpenicillanates by tributylphosphine,
a reaction that affords the corresponding debrominated
pB-lactams in good yields. We provide mechanistic insight
into the stereoselectivity that is found in this reaction.
Reduction ofo-bromocarbonyl compounds with triph-
enylphosphine in a protic solvent, such as methanol, is a
useful and convenient reactiGhChern and co-workers have
reported that in the case of either benzyl or attybromo-
penicillanate reduction with tributylphosphine in methanol
gave the corresponding penicillanate esters without loss of
the ester moiety* Our previous investigation of the reduction
of 6o-bromo-@-(hydroxylmethyl)penicillanate 2@) with
tributylphosphine in methanbbuggested that this reaction
would provide the desired-lactam derivatives under mild
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conditions. The use of tributylphosphine in methanol resulted
predominantly in the stereoselective formation of-6
(hydroxylmethyl)penicillanate4@), with inversion of ster-
eochemistry.
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We have investigated the scope of this reaction further
(Scheme 2). The reaction @b with tributylphosphine in
methanol gave the corresponding-8ubstituted penicillanate
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ester 4b) predominantly (°C for 30 min)!®> However, the
use of triphenylphosphine, even at room temperature for 6
h, gave no reaction. A likely explanation here is that
tributylphosphine is a more nucleophilic reagent than tri-
phenylphosphine, since the model for the reactive intermedi-
ate (vide infra) does not implicate sterics as a likely reason
for this large difference. The reaction with tributylphosphine
was then carried out in 2-propanol andt@nt-butyl alcohol
(Scheme 2). In contrast to the case in methanol, the reaction
of 2b with tributylphosphine in 2-propanol gave a predomi-
nance of estebb over 4b (2.3:1). Treatment in a bulkier
solvent,tert-butyl alcohol, improved the ratio &b over4b
(3.9:1). However, as stereoselectivity improved in favor of
5b as the size of the alcohol increased from 2-propanol to
tert-butyl alcohol, the yield suffered. The reaction tirt-
butyl alcohol did not go to completion. It is interesting to
note that treatment of the epimerig-6romo-6x-(hydroxyl-
methyl)penicillanate esteBb with tributylphosphine i
methanol gave thedGsubstituted penicillanate ester in nearly
the same ratio of isomers as that for the reaction with 6
bromopenicillanate (Scheme 2). The reductior3bftook
place with retention of stereochemistry, which was opposite
to the case of the reduction &b in methanol.

The results of the reaction of tributylphosphine in methanol
with a number of 6-bromopenicillanate ester derivatives are
summarized in Table 1. In all cases, tlesubstituted
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p-lactam enolates in methanol. However, the reason for the
diastereoselectivity has not been made clear, although it
6-Bromopenicillanate Ester Derivatives would appear to be influenced by both electrostatand
steric factors. The favorable electrostatic contribution to the
Ry H s reaction applies in the case of the small electrophile, when
N\>< it would approach from the more electron righface of
lof enolate. However, when a bulkier electrophile is used, this
I} trajectory for approach is not possible because of consider-
able steric encumbrance. The computational model for the

Table 1. Reaction of Tributylphosphine in Methanol with

compd R, R yield/% ratio (a:f) structure of compoun@ (Figure 1) shows that there is an
4c  (R)-CH3;CH(OH) p-NOBn 95  (100% «)
4d  (RICHCHCH(OH) pNOBn 98  (9.41) "
4de  (CH3)2C(OH) p-NO,Bn 93  (7.0:1)
4a  CHOH p-NOBn 95  (7.8:1)
4b  CHOH CHPh; 95  (6.7:1)
4f  CH,OTBDMS CHPh; 80  (10:1)

penicillanate ester was obtained stereoselectively. In the case
of the 6-bromo-6-(R-hydroxyethyl)penicillanate ester, the
reaction gave exclusively theisomer. In addition, protection

of the hydroxyl group as tert-butyldimethylsilyl (TBDMS)
ether in the side chain at C6 also gave-gubstituted
penicillanate ester predominantly, without cleavage of the
TBDMS ether.

These results indicate that the reactions of bath &d
64-bromopenicillanate esters with tributylphosphine must go
through the same intermediate. The effect of the size of the
alcohol (Scheme 2) suggests that fhselective protonation
should not be an intramolecular process via the hydroxyl Figure 1. Stereoview of the time-averaged structure from 85 ps
groups in the various side chains at C6 but an intermolecularof dynamics simulations performed on the energy-minimized
one by an electrophile. Also, the outcome of the reaction Zﬁ?jctlﬁf\}vmg g:?gwairrrm :tre‘g"gﬁafth&dé";facéfn férattack at C6
with the TBDMS ether at the C6 substituents (to gife '
which obviously cannot donate the proton, indicates that the
reaction mechanism involves a diastereoselective intermo-increasing steric constraint on tifeface of the compound

lecular protonation by the solvent. We propose that the key (indicated by the gray arrow) as the side chain at C6 varies
intermediate is the phosphoniyfklactam enolat®. It has  from hydroxymethyl to hydroxyisopropyl. Because of this
reason, when the solvent, which also serves as the proton
source for the reaction, is changed from methanol to
2-propanol taert-butyl alcohol, the approach of the alcohol
HO ) s from the f-face (for protonation) becomes less favored,
M giving a diminished yield for the @-product. As shown in
o : .
©Br @3 N ~o O the molecular model of compour&l(Figure 1), theo-face
I © of the molecule (indicated by a white arrow) is also sterically
é\7 O hindered, although to a lesser extent than the corresponding
. p-face (due to the bulk at the C6 substituent). Hence, the
approach of a bulky proton donor suchtad-butyl alcohol
) from either theo.- or S-face of6 will be difficult, but less
previously been reported that several typesfefictam  sq in the former case. This effect translates into a low yield
enolates (e.g., lithium, sodium, magnesium, and zinc) canfor the reaction with bulkier proton donors but gives
be generatet;+*°and when treated with an electrophile (e.9., considerably greater selectivity for the formation of tife 6
carbonyl compounds or proton), the addition occurred hydroxyalkylated penicillanate product.
predominantly from thg-face. These findings are consistent  “\ye have shown in this Letter that the tributylphosphine-
with our results for the reaction of tributylphosphonium megiated reduction of 6-bromo-6-substituted penicillanate
esters gives diastereoselectivity that can be controlled to give
the predominance of one isomer over the other on the basis

+BuOH MeOH
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of the reaction conditions. This reduction is excellent for reactions. This reaction and the principles delineated herein
the preparation of @-substituted penicillanate esters from for its diastereoselectivity should find applications in other
6a-bromopenicillanates. The likely intermediate for this systems in the immediate future.

reaction is the tributylphosphoniufilactam enolate, which

is readily protonated from thé-face. The protonation occurs ~ Acknowledgment. This research was supported by the
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between the intermediate and proton donor, a process that
is influenced by the size of the latter. This method has the o
advantage of b)(/aing simple to carry out and it is mild, gives cedures, characterization of compouris 3b, 2d, 3f, 4b,
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