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The achiral or enantioselective alkylation R to nitrogen
in a number of saturated heterocycles has attracted
considerable attention over the last decade.1 Generally,
the process involves activation of the nitrogen by some
electron-withdrawing group that, upon treatment with
a strong base, produces the R-lithio derivative, and
introduction of an electrophile then completes the se-
quence. Removal of the activating group is the final step
to the R-substituted amine (Scheme 1). This process has
also been extended to the formation of chiral nonracemic
pyrrolidines by deprotonation-alkylation of the N-Boc
derivative mediated by (-)-sparteine.2,3 The R-lithio
derivatives formed during this sequence are generally
believed to alkylate with retention2ef,4 (alkyl group enters
from same face as the proton removed), although some
reports of an inversion process (alkyl group enters from
face opposite proton removal) have appeared.5
During the course of a total synthesis of (+)-conessine,6

we had the occasion to examine the methylation at C-20
of the enantiomerically pure tetracyclic pyrrolidine 1. We
found, as a result of this study, what we believe to be
rigorous proof for stereoselective deprotonation and alky-
lation of the lithio anions of t-Boc-pyrrolidines. In
addition, Beak has also been concerned with the stereo-
chemistry of deprotonation and subsequent electrophilic
alkylation and on the basis of some very astute experi-
ments concluded that the key enantio-determining step
was deprotonation.7 The experiments involved deuter-

ated N-Boc benzylamines that ultimately were cyclized
to enantioenriched 2-aryl pyrrolidines. Although the
conclusion about asymmetric deprotonation is sound, the
stereochemistry of the lithiations substitution was not
definitively assignable.

In the present study, the enantiopure pyrrolidine 1
with known absolute configuration8 also possesses a rigid
ring system that allows ready assignment of all pertinent
protons (HA, HB, HC).9 When a 0.3 M ethereal solution
of 1 was treated at -90 °C with sec-butyllithium-
TMEDA and then quenched with excess iodomethane,
the product 4 was obtained in 50% yield with the
â-methyl diastereomer predominating (>15:1, 88% de).10
Similarly, quenching the lithio intermediate 2 with
methanol-d4 produced the deuterio derivative 3, again
with â-D predominating >15:1 over the R-D epimer.11 The
yields for the â-methyl derivative 4 were determined by
integration of the methyl doublet at 1.24 ppm relative to
the distinct proton signals in the deuterio derivative 3.
No products other than starting pyrrolidine 1 were
present. (The low yield of 4 (∼50-60%) was due to a
very slow rate of alkylation at -90 °C.)
Since both the deuteration and methylation gave the

same stereochemical result on reaction with the lithi-
opyrrolidine 2, it was now of interest to see what factors
control this process. Therefore, we designed an experi-
ment to assess the importance of the kinetic isotope effect
(KIE) on proton removal for this system. It was felt that
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direct comparison of deprotonation of the protio (1) and
the specifically monodeuterio (3) systems would be a
valid case to examine. Thus, an ethereal solution of 3
was treated with sec-butyllithium and TMEDA at -90
°C for 16 h. Similarly, the protio system 1 was subjected
to the same conditions in another reaction vessel at
the same time. After 16 h (complete deprotonation
required these lengthy times), both reaction vessels were
quenched at 90 °C with excess iodomethane and, after
20 h, worked up. The reaction of 1 with s-BuLi/io-
domethane gave, as expected, a 50-60% yield of 4 (15:1
â-Me), whereas the reaction of 3 produced less than 2%
alkylated material, the remainder being starting deute-
riopyrrolidine 3. It thus became clear that the deproto-
nation of 1 was highly selective for the â-H (HB) and the
large KIE present in 3 at -90 °C significantly prevented
its deprotonation.2e,12 We may further conclude that the
deprotonation is rate determining as well as stere-
ochemically significant.
Next, we proceeded to examine the effect of temp-

erature on the deprotonation-methylation step and
found, firstly, that the KIE was still a significant fac-
tor (>10) in metalations at temperatures as high as -30
°C. Deprotonations were also performed at -78, -45,
and -30 °C and quenched with both CD3OD and CH3I
in each case. In all cases, the â/R selectivity, observed
at -90 °C, decreased as the temperature of methylation
or deuteration was raised. Thus, at -45 °C a 2:1 â/R
ratio of D (or CH3) was observed, whereas at -30 °C a
1:1 â/R ratio of D or CH3 was noted. Over the entire
temperature range study, the deuteration and methyla-
tion stereochemical result closely parallelled each
other. It is noteworthy that no dialkylation or dideu-
teration was observed even though excess base or elec-
trophile was present. In addition, we noted that the
warm-cool protocol of Beak7 also resulted in significant
loss of stereoselectivity in both deuteration or meth-
ylation.
Taken together, all of the above reaction characteristics

point clearly to a kinetically dominated generation of a
specific, configurationally stable, lithio pyrrolidine at -90
°C. This occurs by highly stereoselective removal of the
â-proton in 1 to give what we believe is the â-lithio anion
2 followed by methylation with retention, the â-meth-
ylpyrrolidine 4 (or D-product 3).
In agreement with earlier observations of Beak, Hoppe,

Gawley, and others,1-4 the stereochemically produced
R-lithio derivative, which we see as a highly associated
ion pair, begins to "loosen-up" as the temperature rises,
allowing inversion to occur (loss of stereochemical integ-
rity). Alkylation then takes place on this anion mixture
leading to the observed lower selectivity.
It is important to note that the present study was

performed without an enantiomerically pure cosolvent
(e.g., (-)-sparteine), but only using the simple diamine,
TMEDA.13 The resident stereocenters present in the
pyrrolidine system provided the only basis for stereocon-
trol for the deprotonation-alkylation.
It was also desirable to address the basis of the proton

selectivity observed. Thus, why was the less accessible
proton (HB) removed in preference to the more accessible
HA?14 We felt that CIPE15 was responsible, in part, for
this observation wherein s-BuLi is required to complex
the Boc carbonyl group prior to proton abstraction. In

order for this to occur, the Boc group must adopt a
conformation whereby the carbonyl group and the ac-
companying BuLi complex sit over the proton to be
removed (Figure 1). For the N-Boc system, 5A, the BuLi
complexes to the carbonyl oxygen and the base is now
available to align itself with either HB or HA (6 or 7). In
the alignment to remove HB, the O-t-Bu residue of the
Boc group is turned so it is away from the region of the
remainder of the molecule and exhibits little steric
problems. On the other hand, alignment 7 brings the
t-Boc group over the top of the molecule, an area of
increasing steric encumbrance. These two conformations
appear to be distinctly different in their sterics such that
6 is favored for the removal of HB even though the latter
is pointed into the concave face. To achieve 6 or 7, the
Boc-BuLi complex is not more than 25-30° away from
coplanarity (between NsCdO) and no severe reduction
in π-σ overlap need be experienced.16
If the above stereochemical argument favoring only HB

removal is valid, then use of the corresponding forma-
midine 5B, with much less steric bulk, should not show
this selectivity. Indeed, this is observed by metalating
the formamidine 5B, which exhibited no selectivity under
any conditions when the methyl iodide was introduced.
The formamidine activating group appears to access
either proton (HA, HB) in 5B when complexed with BuLi,
thus furnishing 6 or 7 with equal facility.
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