5308

One-Pot, Catalytic, Asymmetric Syntheses of
All Four Stereoisomers of a Dipropionate
Synthon

Michael A. Calter* and Xin Guo

Department of Chemistry, Virginia Polytechnic Institute and
State University, Blacksburg, Virginia 24061-0212

Received May 13, 1998

The structural complexity and biological activities of the
polypropionates have made these molecules attractive tar-
gets for synthetic organic chemists.! The key to constructing
polypropionates is control of absolute and relative stereo-
chemistry, as potentially every carbon in the backbone of
these molecules is a chiral center. Several very selective,
auxiliary-controlled Claisen condensations? and aldol addi-
tions? are available for polypropionate construction, but any
scheme involving auxiliaries requires the synthesis, attach-
ment, and removal of the auxiliary. Although several groups
have developed more efficient strategies based on catalytic,
asymmetric aldol reactions of propionate enolates,* these
reactions lack the stereochemical or substrate generality
necessary for polypropionate synthesis. To rectify this
deficiency, we have developed a biomimetic, catalytic, asym-
metric reaction sequence that can produce any stereoisomer
of a general dipropionate synthon from commercially avail-
able materials without intermediate isolations (Scheme 1).°

The reaction sequence is based on our recently developed
tertiary amine-catalyzed dimerization of methylketene,
generated in situ from a-bromopropionyl bromide.® Trap-
ping of the ketene dimer with a secondary amine, followed
by reduction under the appropriate conditions, affords either
diastereomer of the dipropionate synthon. As both enanti-
omers of the ketene dimer are readily available, one can
access any stereoisomer of the final product.

We began with pyrrolidine as the secondary amine trap-
ping agent and the illustrated conditions for either syn or
anti reduction (Scheme 2).” In all cases, the diastereomeric
purities of the -hydroxy amide products were satisfactory;
however, the enantiomeric purity of the products depended
on the amount of pyrrolidine added (Table 1). As the 98%
ee of the R ketene dimer had been established indepen-
dently,5 the loss of optical activity occurred during or after
the trapping of the dimer with pyrrolidine. We postulated
that loss of optical activity occurred via epimerization of the
B-keto amide by pyrrolidine after trapping.?® To test this
postulate, we treated the ketene dimer with less than 1 equiv
of pyrrolidine, based on a reproducible 55% yield of ketene
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Table 1. Enantioselectivies and Yields for the
Production of 1
equiv of reduction %eeofl % yield
catalyst pyrrolidine  condns? (confign) of 1P
quinidine 1.1 A 91 (2S,3S) 55
quinidine 0.9 A 98 (2S,3S) 48
quinidine 0.9 B 99 (2S,3R) 42
trimethylsilyl 0.9 A 96 (2R,3R) 48
quinine
trimethylsilyl 0.9 B 96 (2R,3S) 42
quinine

aA = KB(H)Et;, THF, —78 °C, anti-lisyn-1 > 955, B =
Zn(OTf),, NaBH4, THF, —78 °C, syn-1:anti-1 = 95:5. P Overall yield
from bromopropionyl bromide.

dimer. As illustrated in Table 1, the ee of the -hydroxy
amide increased to the levels observed for the ketene dimer.

With ready access to all four stereoisomers of 1, we next
sought to synthesize the N,O-dimethylhydroxylamides
(Scheme 3, Table 2). These “Weinreb” amides are amenable
to subsequent refunctionalization, such as ketone and al-
dehyde formation.® However, the relatively low nucleophi-
licity of N,O-dimethylhydroxylamine necessitated long re-
action times and elevated temperatures to achieve adequate
conversion, resulting in much epimerization. Therefore,
addition of the amine to the ketene dimer required catalysis.

Standard acyl-transfer catalysts, such as DABCO and
DMAP,® did increase reaction rates; however, the ee of the
product was still low (Table 2). As loss of optical activity
could be occurring by a reversal of the ketene dimerization
step, we next assayed HOBT as an acyl-transfer catalyst.
HOBT contains an acidic proton, which could trap the
putative ammonium enolate intermediate and prevent retro-
dimerization reaction.’® However, catalysis with HOBT still
resulted in a product with low optical activity, which
probably results from epimerization of the g-keto ester
intermediate formed by nucleophilic attack of the HOBT
oxygen on the ketene dimer. Catalysis proceeding through
a f3-keto amide would probably not result in epimerization,
as tertiary -keto amides resist epimerization.?2 Therefore,
we next assayed pyridone because it both has an acidic
proton and favors nucleophilic attack with nitrogen, so that
acyl-transfer catalysis would proceed via a f-keto amide
(Scheme 4). In the event, use of pyridone afforded all four
stereoisomers of 2 in high diastereo- and enantioselectivities.
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Table 2. Catalysts and Enantioselectivies for the
Production of 2
reduction  %eeof2  %yield

catalyst 1 catalyst2  condns? (confign) of 2P
quinidine A 90 (2S,3S) 5
quinidine DABCO A 19 (2S,3S) 245
quinidine DMAP A 77 (2S,3S)
quinidine HOBT A 66 (2S,3S)
quinidine pyridone A 99 (2S,3S) 40
quinidine pyridone B 99 (2S,3R) 46
trimethylsilyl pyridone A 95 (2R,3R) 40

quinine
trimethylsilyl pyridone B 95 (2R,3S) 46

quinine

aA = KB(H)Et;, THF, =78 °C, anti-1isyn-1 = 99:1. B =
Zn(OTf)2, NaBH,4, THF, —78 °C, syn-l:anti-1 = 98.5:1.5. P Overall
yield from bromopropionyl bromide.

In summary, this reaction sequence can afford any of the
four stereoisomers of a dipropionate synthon, using only a
catalytic amount of a source of chirality. All the substrates,
reagents, and catalysts are commercially available at low
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cost,!! and one can run the entire sequence in the course of
1 day. The success of this sequence lies in the ability to use
only substrates and catalysts for all but the final step,
preventing the interferences usually experienced in sequen-
tial reagent-based transformations. We are currently ex-
ploring methods for stereoselectively combining the dipro-
pionate synthons to form higher propionates.
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(11) TMS-quinine is not commercially available; however, it can be
prepared easily from commercial quinine and trimethylsilyl chloride. See
ref 6.



