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ABSTRACT

The s-BuLi complex of a cyclohexane-derived diamine is as efficient as s-BuLi/( −)-sparteine for the asymmetric deprotonation of N-Boc pyrrolidine.
This is the first example of high enantioselectivity using a non-sparteine-like diamine in such reactions. The ( S,S)-diamine is a useful ( +)-
sparteine surrogate and was utilized in short syntheses of ( −)-indolizidine 167B and an intermediate for the synthesis of the CCK antagonist
(+)-RP 66803.

Seminal work from the groups of Hoppe1 and Beak2 has
highlighted the importance and effectiveness of the natural
alkaloid (-)-sparteine as a ligand fors-butyllithium in
asymmetric deprotonation processes.3 In earlier work, we
addressed the limitation of accessing products with (+)-
sparteine-derived stereochemistry by introducing a readily
available (+)-sparteine surrogate (+)-1 (Figure 1).4,5 Diamine
(+)-1 is as efficient as (-)-sparteine in thes-BuLi-mediated
asymmetric deprotonation ofN-Boc pyrrolidine andO-alkyl
carbamates but, importantly, delivers products with opposite
enantioselectivity. Diamine (+)-1 has been adopted by other
groups in a range of applications.6

Of course, diamine (+)-1is only a pseudo-enantiomer of
(-)-sparteine and, as such, there will be differences in rates
of reactions and enantioselectivity using (-)-sparteine and
(+)-1. Notwithstanding the success of other pseudo-enan-
tiomeric pairs of ligands (e.g., cinchona alkaloids), enantio-
meric ligands are preferred in asymmetric synthesis. Hence,
we searched for chiral diamines that would show comparable
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Figure 1. Selection of chiral diamines.
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enantioselectivity to (-)-sparteine ins-BuLi-mediated depro-
tonation reactions.

We were attracted to cyclohexane-derived diamines (e.g.,
TMCDA), which are readily available in both enantiomeric
forms. In particular, recent work from the Alexakis group
has advocated the use of diamines such as (R,R)-2-4that,
by way of differently functionalized amino groups, possess
stereogenic nitrogen atoms upon complexation to organo-
lithium reagents.7,8 Hence, we evaluated some asymmetric
deprotonation reactions withs-BuLi/diamines (R,R)-2-4, and
herein it is reported that diamine4 is as effective as (-)-
sparteine for the deprotonation ofN-Boc pyrrolidine. We also
describe an efficient multigram scale preparation of diamine
(R,R)-4 (and (S,S)-4) and two synthetic applications of
diamine (S,S)-4 where (+)-sparteine-derived stereochemistry
is needed to obtain the appropriate enantiomer of the product.

Diamines (R,R)-2-4were prepared using routes that
involved minor changes to those originally described by
Alexakis7 (see Supporting Information). As a representative
example, the synthesis of (R,R)-4is summarized in Scheme
1. First, (()-trans-cyclohexane-1,2-diamine was resolved

using L- and D-tartaric acid to give both salts (R,R)-5and
(S,S)-5.9 Then, reaction of (R,R)-5with NaOH(aq)/MeO2CCl
gave abis-methyl carbamate, which was reduced using
LiAlH 4

10 to deliver diamine (R,R)-6. Next, acylation of
diamine (R,R)-6 usingt-butylacetyl chloride delivered a crude
bis-amide that was reduced using LiAlH4 to give diamine
(R,R)-4in 72% yield after purification by Kugelrohr distil-
lation over 4 steps (Scheme 1). The synthesis was readily
achieved on a multigram scale: 10.0 g of salt (R,R)-5

produced 8.4 g of diamine (R,R)-4 after distillation, the only
purification required in the sequence.

With diamines (R,R)-2-4in hand, we evaluated them in
different asymmetric deprotonation reactions. First, Beak’s
lithiation-trapping ofN-Boc pyrrolidine7 (f 8) was used
to compare the three ligands. The results are shown in
Scheme 2, together with those obtained with (-)-sparteine,

(+)-1,4 and (R,R)-TMCDA.11 The sterically hindered di-
amines (R,R)-2 and (R,R)-3 produceds-BuLi complexes that
were unreactive (low yields with significant amounts of
recovered starting material) and gave racemic adduct8. In
contrast, moving the sterically hinderedt-Bu group in the
ligand one atom further along theN-alkyl chain relative to
(R,R)-3gave as-BuLi complex that delivered (S)-8of 95:5
er in 72% yield. The difference between diamines (R,R)-3
and (R,R)-4is remarkable. Indeed, this is the first example
of a non-sparteine-like diamine whoses-BuLi complex shows
such high enantioselectivity.

Having established that diamine4 was the optimal
cyclohexane-derived ligand, asymmetric deprotonation of an
O-alkyl carbamate,1,12an epoxide,13 and a phosphine borane14

were investigated usings-BuLi/diamine 4 (Scheme 3). A
satisfactory result was obtained with theO-alkyl carbam-
ate: deprotonation of9, trapping with CO2, and reduction
with BH3 gave alcohol (S)-10of 84:16 er (84% yield). This
is slightly worse than a previous result usings-BuLi/TMCDA
on a sterically hindered O-alkyl carbamate.12 In contrast, the
enantioselectivity with cyclooctene oxide11 and phosphine
borane13were significantly worse than those obtained with
(-)-sparteine. Apparently, thes-BuLi/diamine 4 complex
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does not show as broad a range of applicability ass-BuLi/
(-)-sparteine or (+)-1 although we have recently shown that
thes-BuLi/diamine4 complex gives high enantioselectivity
in the lithiation-trapping ofN-Boc piperidine.15

Our attention then focused on usings-BuLi/diamine
4-mediated deprotonation ofN-Boc pyrrolidine7 in synthesis.
In particular, to showcase diamine (S,S)-4as a useful (+)-
sparteine surrogate, we used it in two syntheses where the
stereochemistry required is opposite to that engendered by
(-)-sparteine. Over the last 20 years, there has been
considerable interest in the synthesis of indolizidine alkaloids
from theDendrobatesfamily of neotropical frogs. We chose
indolizidine 167B16 as a target and optimized a five-step
synthesis (Scheme 4).

Thus,N-Boc pyrrolidine7 was deprotonated usings-BuLi/
diamine (S,S)-4and allylated (via transmetallation to Cu)

using a protocol developed by Dieter.17 In this way, allylated
pyrrolidine 15 of 85:15 er was produced (78% yield). A
slightly reduced enantioselectivity is often encountered during
these types of transmetallation-allylation procedures.17 Next,
it was necessary to swap theN-protecting group to Cbz,18

which proceeded uneventfully to giveN-Cbz protected16
in 99% yield. Then, cross metathesis of16 with allylic
alcohol17 gave18 in 78% yield, which was oxidized with
Dess-Martin periodinane to give enone19 (72% yield), a
known intermediate in Lhommet’s,16c Remuson’s,16d and
Kim’s16e syntheses. Finally, treatment of enone19 with H2

and Pd/C gave indolizidine (-)-167B in 81% yield. This is
one of the shortest and most efficient syntheses of indolizi-
dine (-)-167B to date (5 steps, 35% overall yield), although
the natural product was produced in a presumed 85:15 er.19

Diamine (S,S)-4was also utilized in a new strategy for
the synthesis ofcis-2,5-disubstituted pyrrolidines via two
sequential lithiation-electrophilic trappings (Scheme 5). Thus,

cis relative stereochemistry would be achieved using
(-)-sparteine to introduce the E1 substituent and then a (+)-
sparteine equivalent (e.g., diamine (S,S)-4) to attach the E2

group.20 In contrast, use of (-)-sparteine in both steps would
produce atrans-2,5-disubstituted pyrrolidine, as has been
previously reported.2

This cis-pyrrolidine strategy was used to prepare pyrro-
lidine cis-22(Scheme 6), which is a key intermediate in the
synthesis of the CCK antagonist (+)-RP 66803.21 To start
with, s-BuLi/(-)-sparteine-mediated lithiation-Negishi cou-
pling of N-Boc pyrrolidine7 was used to prepare arylated
adduct 20 (81% yield, 95:5 er), according to a protocol
recently reported by Campos and co-workers.22 Then, the
second lithiation was carried out usings-BuLi/diamine
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(S,S)-4and subsequent trapping with CO2 afforded acidcis-
21which was not isolated. Instead, the crude carboxylic acid
was converted into its methyl ester (using Me3SiCHN2) and
Boc-deprotected to give pyrrolidinecis-2221b (>99:1 er) in
33% isolated yield (after column chromatography). The
reagent-controlledcis-stereoselectivity was essentially com-
plete as<5% of pyrrolidine trans-24 was produced (as
judged by1H NMR spectroscopy of the crude product and
comparison with a sample oftrans-24 prepared indepen-
dently, Vide infra). The efficiency of formingcis-22 was
compromised by competitive benzylic deprotonation of20,23

which led to 22% of pyrrolidine23.24 Nonetheless, our two-
operation route to pyrrolidinecis-24 from N-Boc pyrrolidine

7 is the shortest synthesis reported to date. Interestingly,cis-
22 was generated in>99:1 er, which is higher than the 95:5
er of the starting material20. Thus, the minor enantiomer
of 20 is either not deprotonated by the chiral base or
undergoes benzylic lithiation to ultimately give23. To
demonstrate unequivocally the success of ourcis-pyrrolidine
stratgey, lithiation-carboxylation of20 using s-BuLi/(-)-
sparteine and subsequent ester formation and Boc deprotec-
tion gave pyrrolidinetrans-2421c (27% yield) and optically
active pyrrolidine23 (18% yield, [R]D -44.5 (c 0.05 in
CHCl3)).

In summary, we have shown that diamine (S,S)-4is an
efficient (+)-sparteine surrogate for the asymmetric depro-
tonation of N-Boc pyrrolidine7. It is easy to synthesize
multigram quantities of diamine (S,S)-4 and we have
exemplified the usefulness of diamine (S,S)-4with concise
syntheses of indolizidine (-)-167B and pyrrolidinecis-22.
In addition, a convenient strategy for the synthesis ofcis-
2,5-disubstituted pyrrolidines has been disclosed.
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