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Synthesis of cis-2,5-disubstituted pyrrolidines via diastereoselective
reduction of N-acyl iminium ions

Alexander C. Rudolph, Rainer Machauer and Stephen F. Martin*

Department of Chemistry and Biochemistry, The University of Texas, Austin, TX 78712, USA

Received 30 March 2004; revised 19 April 2004; accepted 21 April 2004

Available online 13 May 2004

Abstract—A new procedure for forming cis-2,5-disubstituted pyrrolidines having unsaturated side chains has been developed that
features the diastereoselective reduction of N-acyl iminium ions, which were formed in situ by acid-catalyzed cyclizations of
unsaturated c-keto carbamates, with triphenylsilane. The sequence was applied to a very concise synthesis of 16, a subunit in the
nonpeptide cholecystokinin antagonist (+)-RP-66803.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

In the context of our general interest in applying ring
closing metathesis to the synthesis of bridged azabicyclic
systems according to Scheme 1,1;2 it became necessary to
prepare a number of cis-2,5-disubstituted pyrrolidines
bearing unsaturated side chains such as 1 ðn ¼ 0Þ. In
contrast to the methodology that is available for the
stereoselective synthesis of cis-2,6-disubstituted piperi-
dines 1 ðn ¼ 1Þ,2 methodology for preparing the corre-
sponding pyrrolidines 1 ðn ¼ 0Þ is rather limited.3–5 For
example, additions of carbon nucleophiles to cyclic five-
membered iminium ions typically proceed with only
modest diastereoselection,4 presumably because of the
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greater conformational flexibility of five-membered
rings. The reductions of 2,5-disubstituted 1-pyrrolines
by catalytic hydrogenation are highly stereoselective,5

but such methods are not applicable to preparing com-
pounds having other carbon–carbon double bonds. We
therefore sought to develop a stereoselective procedure
for the construction of cis-2,5-disubstituted pyrrolidines
of the form 1 ðn ¼ 0Þ, and we now wish to report these
findings.
2. Results and discussion

Inasmuch as our eventual goal was the preparation of
cis-2,5-disubstituted pyrrolidines that could be elabo-
rated into alkaloid natural products, we wanted to use a
substituted pyrrolidine derivative that was readily
available and possessed functionality that might be used
in subsequent transformations. Toward that end, we
sought to develop an efficient protocol for converting
the known imide 4,6 which is easily prepared from
commercially available LL-pyroglutamate (3), into prod-
ucts of the general form 5. The essence of the plan was
that this would be achieved via sequential nucleophilic
addition of a carbon nucleophile to 4 followed by stereo-
selective hydride reduction of an intermediate N-acyl
iminium ion (Scheme 2).

Our first experiments, which were inspired by the work
of Yoda et al.,7 involved the addition of 3-butenyl
magnesium bromide to 4 to give the c-keto carbamate 6
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together with lesser amounts of 3 arising from attack on
the carbamate carbonyl group.8;9 Subsequent treatment
of 6 with Et3SiH in the presence of BF3ÆOEt2 provided a
mixture (1.1:1) of cis-8 and trans-8 in 83% unoptimized
yield. Although the yield in the cyclization/reduction of
6 was very good, the stereoselectivity of the reduction
step was disappointing, especially in view of Yoda’s
successes in similar systems. We then examined a
number of other reducing agents including NaBH4,
NaCNBH3, and n-Bu3SiH, but in every case the dia-
stereoselectivity of the reduction was modest, ranging
from 1.3 to 4.7:1. We examined other silane reagents in
this step and ultimately discovered that when 6 was
treated with Ph3SiH in the presence of BF3ÆOEt2, cis-8
was obtained with excellent (16:1) diastereoselectivity
and yield (94% combined yield). Based upon this
observation, Ph3SiH was selected as the reducing agent
for further studies (Scheme 3).

In order to support our assignment of the cis-relation-
ship of the substituents at C2 and C5, 6 was converted to
9 by reaction with BF3ÆOEt2 under an atmosphere of
hydrogen in the presence of Pd/C, a procedure reported
to give cis-2,5-disubstituted prolines.5c Catalytic hydro-
genation of cis-8 also gave 9.

Satisfied with the efficiency of the cyclization/reduction
step, we turned to improving the yield in the first step of
the sequence. The isolation of significant amounts of 3
from the reaction of 4 with 3-butenyl magnesium bro-
mide, suggested that competing attack of the Grignard
reagent at the exocyclic carbonyl group of the imide was
the major source of our difficulty. Hence, we examined
Scheme 3.
the imides 10a–c as substrates in order to probe the
consequences of increasing the steric bulk of the car-
bamate alkyl group. Whereas the efficiency and the
regioselectivity in the addition of 3-butenyl magnesium
bromide to 10a was slightly worse than for 4, additions
to 10b and 10c proceeded cleanly to give 11b and 11c in
89–92% yield with only small amounts of 3 being formed
(Scheme 4). The reduction/cyclization of 11b then pro-
ceeded in 97% yield to give 12b, but the Boc group was
cleaved upon exposure of 11c to these conditions.

While these experiments would seem to suggest that the
isopropyloxy carbonyl group would be nicely suited for
the preparation of cis-2,5-disubstituted prolines related
to 12b, we recognized that such a carbamate function
could only be removed with difficulty under strongly
acidic or basic conditions.10 It was thus necessary to
devise another tactic to increase the regioselectivity in
the additions of organometallic reagents to pyroglu-
tamic acid derivatives bearing more readily removable
carbamate protecting groups.

Reactions of organometallic reagents with electrophiles
may often be altered by using different solvents or
coordinating additives such as HMPA or amines.11

Inasmuch as the three carbonyl groups have inherently
different reactivities and Lewis basicities, we examined
the effects of additives on the selectivity of the reactions
of 4, 10a, and the corresponding ethyl carbamate 13
with 3-butenyl magnesium bromide. We thus discovered
that the presence of TMEDA had a significant influence
upon the efficiency and the regioselectivity of the reac-
tion. Based upon these results, we selected 13 as the
starting material for preparing a series of cis-2,5-disub-
stituted pyrrolidines as summarized in Scheme 5 and
Table 1.12;13 Use of Et3SiH as the terminal reductant in
the second step of the sequence invariably gave poorer
(ca. 1.1–3.5:1) cis/trans ratios.14

As is evident from examination of the results in Table 1,
the conversion of 13 to the pyrrolidines 15a–g proceeded
in very good overall yields and with high diastereoselec-
tivity. The transformation appears reasonably general,
although when the double bond in the side chain is so
positioned relative to the carbon atom in the intermediate



Table 1. Synthesis of cis-2,5-disubstituted pyrrolidines

Entry R Yield (%)

14

Yield (%)

15a
cis/trans13

a 83 99 17:1

b 75 83b 16:1c

c 80 99 23:1

d 79 95 23:1

e 62 94 8:1

f 71 99 >30:1d

g 72 96 11:1

aYield is combined yield of cis- and trans-isomers.
b Two equivalents of Ph3SiH were used.
cMixture containing cis- and trans-pyrrolidines (ca. 80%) and spiro-

cyclic isomers of undetermined structure.
d The trans-isomer was not observed by GLC.

Scheme 5.

Scheme 6.
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N-acyl iminium ion, spirocyclization may be a competing
side reaction (entry b).15 Use of 2 equiv of Ph3SiH was
found tominimize this undesired process, but it could not
be completely suppressed, even by using 6 equiv of
Ph3SiH. The geometry of Z-olefins is maintained (entry
d). Triple bonds (entry e) and benzyl ethers (entry g) are
also compatible with the reaction conditions.

While this methodology was specifically designed for
preparing cis-2,5-disubstituted pyrrolidines having
unsaturated side chains, other cis-2,5-disubstituted
pyrrolidines are important intermediates for the syn-
thesis of biologically active compounds. For example,
compound 15f was converted into 16, a critical subunit
of the potent, nonpeptide CCK antagonist (+)-RP-
66803,16;17 by selective N-deprotection using trimethyl-
silyliodide (Scheme 6). This is the most concise synthesis
of 16 to date.
In summary, we have developed a useful protocol for
the stereoselective synthesis of cis-2,5-disubstituted
pyrrolidines bearing unsaturated side chains. The utility
of this methodology has recently been demonstrated by
its application to a concise enantioselective synthesis of
(+)-anatoxin-a.18 Other applications of this useful
transformation are being investigated and will be re-
ported in due course.
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