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Catalytic, Asymmetric Synthesis ofﬁ-Lactams Table 1. Diastereoselectivity in the Nucleophile-Catalyzed
Reaction of Methylphenylketerngb with Imine 2a
Andrew E. Taggi, Ahmed M. Hafez, Harald Wack, catalys® solvent yield  dr (cis/rans)
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The paramount importance gflactams 1) to pharmaceutical o N=E THE 7% 3466
science and biochemistry has been well establidhidel chiral 4
p-lactams are in demand as antibacterial agents, and their recent Pr
discovery as mechanism-based serine protease inhidii@skept a { }
interest in their synthesis at a high levétlowever, most chiral ©::), ™ 7o s82
methodology is auxiliary-based; only one catalytic, asymmetric 4

synthesis of th@-lactam ring system is known, affording product

in modest enantioselectivityMany asymmetric auxiliary-based
p-lactam syntheses rely on the reaction of imines with ketenes, a
process that generally proceeds without a catdlyge recently
accomplished a catalyzed reaction of imines and ketenes by
making the imine component non-nucleophilic, as in electron-
deficient imino ester2a® In this contribution, we report the
catalytic, asymmetric reaction of imin2a® and ketenes3 to
produce -lactams diastereoselectively and enantioselectively
employing chiral nucleophilic amines as catalysts.

When imine2ais mixed with test electrophile diphenylketene
3a,it does not react at 78 °C and only very sluggishly at higher
temperatures. However, in the presence of suitable nucleophilic
catalysts, the reaction occurs smoothly to affad3-lactamla
in good chemical yields at room temperature (eq 17RR"" =
Ph). As a first step toward an asymmeifitactam synthesis, we

aReactions run with 10 mol% catalyst a&{78 °C and allowed to
slowly warm to room temperature overnight.

catalyzed by 10 mol % bifunctional amide gave acis/transdr

of 3/97. A significant role for the H-bond contact 4a is sug-
gested, as the sterically similar catalgist which does not contain

a hydrogen bond donor, gave low diastereoselectivity@4/
66). Similarly, when catalystais used in the presence of a small
guantity (10 mol %) of DMSO (a good hydrogen bond acceptor),
the diastereoselectivity also erodes dr40/60), implying an
intramolecular H-bonding role for the electrophilic amide hydro-
gen. Remarkably, when benzimidazale is the catalyst, the
opposite(cis) diastereomer is highly favored (dr 98/2).

The successful development of diastereoselective amine-based
catalysts prompted us to screen optically active cinchona alkaloid
derivatives as potential enantioselective and diastereoselective
catalysts The reaction of imin®a and ketenea, catalyzed by
10 mol % benzoylquinine (BQa)'° affords product in toluene

Tsq
N
Q® H)L 2a TS\N 0 at —78 °C in 20% yield and 0% ee. We found that use of THF
N N?’%/R" ___Coogt | l ™ under similar conditions at 78 °C affords product in 35% yield
R R 13 — F';;R' and in 70% ee; running the reaction with minimal solvent
1a-g increases the yield (92%) but annihilates enantioselectivity (0%).
. ] ) ] ) The most notable discovery was made when the reaction was
examined the diastereoselective amine catalyzed reaction. Me- in higher dilution, (i.e., the concentration of imine, ketene,

thylphenylketen@b (R' = Me, R’ = Ph), which reacts with imine  anq catalyst were reduced by a factor of 10, to 0.1, 0.1, and 0.01
2ato form two diastereomers (trad®R' = Ph, R" = Me; cis- mM, respectively) affording product in 99% ee in THF-a78
1b R = Me, R" = Ph), was our test electrophile (Table 1). The oc11 although under these conditions the yield (36%) is still
cis—trans diastereomeric ratio (dr) prc_)duced in the reaction of | odest. Similarly, although we successfully employed meth-
2a and3b catalyzed by triethylamine is about 1/1. We thought  y|phenylketenesb in highly diastereoselective reactions, it turned
that a catalyst containing a nucleophilic center in tandem with oyt to be a capricious substrate in enantioselective reactions.
an electrophilic center (e.g., a hydrogen bond donor) could \ye then turned our attention to other, more reactive mono-
potentially rigidify a proposed activated complex and afford etenes, a fact that mandates their syntheses in situ from acid
products in higher df.As expected, the reaction @ and3b chlorides? This transformation presents its own problertise
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Scheme 1. Catalytic, Shuttle-Base Route to Optically Active

Communications to the Editor

Table 2. Reaction of Ketene8 and Imine2a Catalyzed by B(ba
to Form j-Lactams1?
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residual base that catalyzes ffuactam reaction racemically. For
example, the use of Hiig's base to generate phenylketene in
situ with BQ catalysba afforded racemic produdicin low yield

at —78 °C in THF or toluene. One interesting approach to the
synthesis of ketenes in situ would be the use of the strong organic
base “proton spongé” as a non-nucleophilic deprotonating agent.
However, simply mixing 1 equiv o7 and acid chloridebc at

low temperature does not produce detectable amounts of ketene.

Although 7 is a strong thermodynamic base, it is hindered and
kinetically slow at deprotonating carbon-based aétdsleally,

to make7 effective as an HCI sink, a “relay” or “shuttle” base,
that is, one that is thermodynamically weaker but kinetically active
would serve to liberate HCI from the acid chloride and transfer
it to 7, which then precipitates as its HCI salt. Along those lines,
we found that toluene precipitates salts well and affords the best
conditions for monoketenes. In practice, B&aY serves as an
excellent shuttle base when added to the solution of phenylacetyl
chloride5cand?7 in toluene at low temperature; a yellow solution
of phenylketene3c was formed along with a white precipitate
over the course of a few minutes (Schemé?31mino ester2a

was then added to the solution-a¥8 °C, and the characteristic
ketene color disappeared over the courfs2 foto give cisdactam
1cin 96% ee (65% yield, 99/1 dr, Table 2, entry*2)n this
reaction, BQ plays two distinct catalytic roles as a dehydroha-
logenation agent and a nucleophilic catalyst.

We obtained othef-lactams from a variety of in situ generated
ketenes (Table 2). For example, ethylket&dggenerated from
butyryl chloride5d) affords cis-diastereomefld in 57% yield®
and 99% ee (entry 3).Phenoxyketen8e (from phenoxyacetyl
chloride5e) also produced theis-diastereomete (45%) and 99%

entry  acid chloride ketene product %ee dr(cisrans)® % yield®
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a Reactions run with 10 mol% catalyst (0.13 mmol ketene, 0.13 mmol
imine, and 0.14 mmol proton sponge)-af8 °C — 25°C for 5 h in
2 mL of toluene? Run in 10 mL of THF solvent® Dr determined using
IH NMR and confirmed by HPLCY Yield of major diastereomer.

in an effort to gauge the effects on diastereoselectivity. In fact,
we found that this catalyst affords proddatwith high ee (89%)
and good yield (65%) for phenylketee with the cis diastere-
omer favored (dr= 91/9). When the reaction is run under standard
conditions in a solvent that can compete for hydrogen bond
donors, such as propionitrile, the dr erodes to 1/1, once again
implying a role for the hydrogen bond in the activated comptex.
The tosyl group ons-lactams can be readily removed by
treatment with 2 equiv. Smin THF at room temperature for 20
min.?° For examplelg afforded the deprotected product in 90%

ee (entry 4). Other oxygen-substituted ketenes (acetoxyketene andi€ld. This procedure is simple, mild, tolerates a number of

benzyloxyketene) afforded products in high enantio- and diaste-
reoselectivity (entries 5 and 8 These3-lactams have historically

presented a challenge for asymmetric synthesis due to the lack

of a suitable chiral auxiliary on oxygeénln analogy to our
successful results using catalyistin a diastereoselective reaction,
we sought to screen quinuclidine catalyt (note the similar
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relationship of the amide proton donor to the nucleophilic center)
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functional groups on thg-lactam, and should prove useful for
other-lactam deprotections.

In conclusion, we have reported the first highly enantioselective
synthesis of thes-lactam ring system using a nucleophile-
catalyzed reaction of electron-deficient ketenes and imines. Our
methodology is being applied to the synthesis of other biologically
active classes of-lactams, includinge-aminog-lactams, and
further reports will be forthcoming.
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