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A diamine-free protocol for the s-BuLi-mediated lithiation—trapping of N-Boc heterocycles has been developed. In the optimized procedure,
lithiation is accomplished using s-BuLi in THF at —30 °C for only 5 or 10 min. Subsequent electrophilic trapping or transmetalation—Negishi
coupling delivered a range of functionalized pyrrolidines, imidazolidines, and piperazines in 43—83% yield.

In 1989, Beak and Lee described a simple and effective
method for the a-functionalization of N-Boc heterocycles
1 — 2 via lithiation—trapping (Scheme 1).* The lithiation
was accomplished using s-BuLi and TMEDA in Et,0 at —78
°C for 3.5 h, conditions that have become widely adopted
for carrying out such a-functionalizations.™? Indeed, recent
examples in alkaloid natural product syntheses,? lithiation
of N-Boc piperazines,* and synthesis of potential pharma-
ceuticals® have all made use of these standard lithiation
conditions.

Recently, a key observation from our own work led us to
consider whether a simpler protocol for the racemic lithiation
of N-Boc heterocycles could be developed. In particular, we
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Scheme 1. Lithiation—Trapping of N-Boc Heterocycles 1 Using
s-BuLi/TMEDA in Et,0
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speculated that the diamine may not be required and that
the lithiation could be successfully carried out at higher and
more convenient temperatures over much shorter reaction
times. In this paper, a simple and effective diamine-free
lithiation of N-Boc heterocycles at —30 °C is presented.
Our starting point in the development of a diamine-free
lithiation protocol was an observation from an attempted
asymmetric deprotonation using s-BuLi and (—)-sparteine
in THF. Thus, lithiation of N-Boc pyrrolidine 3 using s-BuL.i/
(—)-sparteine in THF at —78 °C for 3 h and subsequent
trapping with benzaldehyde delivered two separable diaster-
eomeric hydroxy pyrrolidines syn-4 (62% yield) and anti-4
(35% yield) (Scheme 2). Not unexpectedly,® both syn-4 and
anti-4 were formed in 50:50 er, a result which is most likely
explained either by a lack of complexation of (—)-sparteine



Scheme 2. Attempted Asymmetric Lithiation-Trapping of N-Boc
Pyrrolidine 3 Using s-BuLi/(—)-Sparteine in THF
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to s-BuLi in THF’ or by a faster rate of lithiation of N-Boc
pyrrolidine 3 by s-BuLi/THF compared to s-BuLi/(—)-
sparteine. Either way, racemic adducts syn-4 and anti-4
(formed in a total yield of 97%) will presumably have been
generated via s-BuLi/THF-mediated lithiation of 3, suggest-
ing that the diamine is not required. This result led us to
investigate a diamine-free racemic lithiation protocol using
s-BuLi in THF.

To start with, we used the lithiation—benzaldehyde trap-
ping of N-Boc pyrrolidine 3 (using 1.3 equiv of s-BulLi) to
optimize the solvent, temperature, and lithiation time (Table
1). The diastereomeric adducts syn-4 and anti-4 were isolated
separately, but for ease of comparison of results, the
combined % yield is presented in Table 1.2 At —78 °C in
Et,0, lithiation of 3 using s-BuLi is slow, and adducts 4
were obtained in only 8% yield after a lithiation time of 60
min (entry 1). This result is consistent with the need for a
ligand (such as TMEDA) to promote the s-BuLi-mediated
lithiation in Et,0.>2 In contrast, use of the more coordinating
solvents THF and methyl-THF® under identical conditions
(=78 °C, 60 min lithiation time) was far more successful:
adducts 4 were obtained in 89% and 92% yields, respectively
(entries 2 and 3). Our initial objective was to determine
whether high yielding lithiation could be maintained at higher
temperatures and shorter reaction times.

At —40 °C with a lithiation time of 60 min, a set of results
similar to those at —78 °C were obtained (entries 4—6).
However, after lithiating for 60 min at —30 °C, adducts 4
were isolated (37% yield) only in THF (entries 7—9). As a
result, our subsequent efforts focused on THF as the solvent,
and much higher yields were obtained after lithiation times
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Table 1. Optimization of the Diamine-Free Lithiation of N-Boc
Pyrrolidine 3

1. 1.3 equiv s-BuLi

solvent, temperature H
O time Ph

! 2. PhCHO N

Boc 3. NH,Claq) Boc OH

3 4

entry solvent temp (°C)  time (min)  yield (%)*

1 Et,0O —78 60 8
2 THF —78 60 89
3 methyl-THF —178 60 92
4 Et,O —40 60 26
5 THF —40 60 64
6 methyl-THF —40 60 94
7 Et,O -30 60 0
8 THF -30 60 37
9 methyl-THF -30 60 0
10 THF -30 10 89
11 THF -30 5 84
12 methyl-THF -30 5 73
13 THF —-20 30 10
14 THF —20 5 66
15 THF -20 2 57
16 THF -10 5 29
17 THF -10 1 0
18 THF 0 30 0

2 Combined total yield of syn-4 and anti-4 after purification by column
chromatography.

of only 10 min (89% yield, entry 10) or 5 min (84% yield,
entry 11). These lithiation conditions (—30 °C, THF or
methyl-THF, 5 or 10 min) proved optimal. At temperatures
above —30 °C, yields of adducts 4 ranged from 0 to 66%
(entries 13—18), and lower yields were generally obtained
for longer lithiation times at a particular temperature. From
this, we conclude that, at temperatures above —30 °C, some
of the s-BuLi is consumed by reaction with THF.® To probe
the s-BuLi-mediated decomposition of THF and Et,O, we
carried out the experiments summarized in Scheme 3. Thus,

Scheme 3. Investigation of the s-BuLi-Mediated Decomposition
of Et,0 and THF
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combining s-BuLi in Et,0 at —78 °C for 60 min and then
adding benzaldehyde led to a 62% yield of a 50:50 mixture
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of diastereomeric alcohols 5. Clearly, there was no noticeable
reaction of the s-BuLi with Et,O and direct nucleophilic
addition of s-BuL.i ensued. In contrast, a similar experiment
in THF at 0 °C for 30 min gave a 50:50 diastereomeric
mixture of homologated alcohols 6 (58% yield from s-BuLi
since 2 equiv are used up in generating 6). Such homologated
adducts result from a-lithiation of THF, subsequent decom-
position of lithiated THF to give a lithium enolate and
ethene,'* carbolithiation of ethene by s-BuLi to give a
homologated organolithium reagent,*? and eventual addition
of this primary organolithium to benzaldehyde.

Ultimately, we selected 1.3 equiv of s-BuLi in THF at —30
°C for 5 min for the lithiation of N-Boc pyrrolidine 3 and
trapped with a range of electrophiles, focusing predominantly
on C—C bond-forming reactions. The results are presented in
Scheme 4. Methylation (using Me,SO,) and allylation (using

Scheme 4. Lithiation—Trapping of N-Boc Pyrrolidine 3 Using
S-BuLi/THF at —30 °C for 5 min
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allyl bromide with transmetalation to the cuprate'®) proceeded
smoothly to give 7 (70% yield) and 8 (65% yield), respectively.
Reaction with MeO,CCl gave 9 in only 51% yield as the
product reacted further to give the o, a-disubstituted pyrrolidine
(18% yield).** Reaction with carbon dioxide gave a 49% yield
of adduct 10. We successfully introduced aldehyde and ketone
functionality (— 11 and 12) wia reaction with DMF and
PhCONMe,, respectively. Silylation using Me;SiCl was simi-
larly high-yielding. Finally, arylated pyrrolidine 14 was syn-
thesized in 73% yield via a transmetalation—Negishi coupling
protocol.*
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Use of 2.6 equiv of s-BuLi/3.0 equiv of MeO,CCl gave a 76% yield of the
a,a-disubstituted pyrrolidine (see Supporting Information).
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The lithiation—transmetalation—Negishi coupling process
was further extended to synthesize the seven arylated
pyrrolidines 15—21 (Scheme 5). For this, the racemic

Scheme 5. Lithiation—Transmetallation—Negishi Coupling of
N-Boc Pyrrolidine 3
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lithiated pyrrolidine was prepared using the standard lithiation
protocol (3, 1.3 equiv of s-BuLi, THF, —30 °C, 5 min). Then,
transmetalation to an organozinc reagent was accomplished
using ZnCl, to give a stock solution. Aliquots (equivalent
to 1.0 mmol) of the stock solution were used in seven parallel
Negishi coupling reactions.*>® After workup and purification,
arylated pyrrolidines 15—21 were obtained in 57—85% yields
(Scheme 5).

Next, the scope of the racemic lithiation protocol was
explored with other N-Boc heterocycles (Scheme 6). Using

Scheme 6. Lithiation-Trapping of N-Boc Heterocycles Using
s-BuLi/THF at —30 °C for 5 min
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N-Boc 3-pyrroline, our best result was using lithiation—DMF
trapping: aldehyde 22 was obtained in a disappointing 20%
yield. Unfortunately, we have been unable to apply the
s-BuLi/THF-mediated lithiation—trapping to N-Boc piperi-
dine and N-Boc azepine. In both cases, trapped adducts were
not detected using a wide range of conditions (e.g., —78 °C
for 3 or 6 h; —40 °C for 1 or 3 h; —30 °C for 5 min) and
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different electrophiles (DMF or MeO,CCl). In one piperidine
example, we obtained a 28% yield of ester 24 from the
corresponding acetal-protected N-Boc piperidine. The lower
reactivity of N-Boc piperidine and N-Boc azepine toward
lithiation has been noted previously.*5"

We had better success with N-Boc imidazolidine 26 and
N-Boc piperazine 33 both of which are more active substrates
toward a-lithiation. The lithiation—trapping of N-Boc imi-
dazolidine 26 using s-BuLi in THF at —78 °C for 1 h was
reported by Coldham and co-workers.*® However, yields
were limited to 32—50%, and the authors proposed that, in
this unsymmetrical N-Boc heterocycle, rotamer interconver-
sion via rotation about the N—CO bond is very slow at —78
°C and only one rotamer underwent lithiation. We considered
that better yields of substituted imidazolidines might be
possible at higher temperatures where rotamer interconver-
sion could be facilitated. In the end, it was found that
lithiation using 1.3 equiv of s-BuLi in THF at —30 °C for
10 min worked well and, after trapping, delivered substituted
N-Boc imidazolidines 27—32 in 43—75% vyields (Scheme
7). Notably, yields in excess of 50% were obtained using

Scheme 7. Lithiation-Trapping of N-Boc Imidazolidine 26
Using s-BuLi/THF at —30 °C for 10 min
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most of the electrophiles. We also carried out the first
example of a lithiation—transmetalation—Negishi coupling
with N-Boc imidazolidine 26: arylated imidazolidine 32 was
obtained in a moderate 43% yield.*®

Finally, we carried out the s-BuLi/THF-mediated lithiation
of N-Boc piperazine 33. Lithiation—trapping of N-Boc
piperazines using s-BuLi/TMEDA in Et,0 has been de-
scribed by van den Hoogenband and van Maarseveen et al.*
and Coldham et al.?° Using s-BuLi in THF at —30 °C for 5
min, we obtained 71—83% yields of adducts 34—37 trapping
with DMF, MeO,CCl, benzophenone, and MezSiCl (Scheme
8). A Negishi coupling was also accomplished: arylated
piperazine 38 was formed in 55% yield.*

Scheme 8. Lithiation-Trapping of N-Boc Piperazine 33 Using

s-BuLi/THF at —30 °C for 5 min
Boc
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In summary, we report the scope and limitations of a new
diamine-free protocol for the racemic lithiation—trapping of
N-Boc heterocycles. The optimized procedure uses 1.3 equiv
of sBuLi in THF at —30 °C for only 5 min (for N-Boc
pyrrolidine 3 and N-Boc piperazine 33) or 10 min (for N-Boc
imidazolidine 26). Examples with a wide range of electro-
philes have been included in our study. Although our method
is not suitable for less reactive substrates such as N-Boc
piperidine and N-Boc azepine, it is a convenient method for
the racemic lithiation—trapping of N-Boc pyrrolidine 3,
N-Boc imidazolidine 26, and N-Boc piperazine 33.
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