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Abstract—An unusual solvent effect in the cuprate displacement reaction of indolizidin-5-yl-methyl p-toluenesulfonate with dialkyl
cuprates, derived from an alkyllithium and Grignard reagents, during the synthesis of indolizidine alkaloids 167B and 209D is
described.
� 2005 Elsevier Ltd. All rights reserved.
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Scheme 1. Epoxide-initiated cationic cyclization of azides.
Apart from being the reaction medium, solvents play a
vital role in several organic reactions.1 Especially in
organometallic reactions, the solvent is a most critical
aspect in terms of the rate of the reaction and stereo-
chemical outcome of the reaction, as it controls the
aggregation of the organometallic reagent by chelation.2

Ethers such as Et2O, THF, and DME are widely used as
solvents in organocuprate reactions.3 In several
instances, unexpected reaction products are obtained
by simply changing the reaction medium.4 Herein, we
report an unusual solvent effect in the cuprate displace-
ment reaction of indolizidin-5-yl-methyl p-toluenesulfo-
nate with dialkyl cuprates.

Recently, we reported a novel method for the stereose-
lective construction of an azabicyclic ring skeleton based
on the epoxide-initiated cationic cyclization of azides
(Scheme 1).5 The 5-hydroxymethyl indolizidine 1, read-
ily obtained by our new methodology, was identified as
a potential precursor in the synthesis of indolizidine
alkaloids 167B and 209D by a cuprate displacement
reaction of the corresponding tosylate 3 (Scheme 2).
Our initial efforts on cuprate displacement reactions of
tosylate 3 with different dialkyl cuprates, derived from
alkyllithium or Grignard reagents, in THF were unsuc-
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cessful and resulted in the isolation of unexpected
products.

Treatment of tosylate 3 with ethylmagnesium bromide
in the presence of CuCN in THF furnished the corre-
sponding bromo derivative 46 in 69% yield (Scheme 2),
as the only isolable product, presumably via nucleo-
philic displacement of the tosylate by a bromide ion
present in the medium.

Hence, it was envisaged that a halide-free dialkyl cup-
rate reagent would be an ideal choice to overcome this
problem. Thus, the tosylate displacement reaction was
carried out with Bu2Cu(CN)Li2, generated in situ from
the readily available n-BuLi and CuCN. To our surprise,
this reaction also resulted in the exclusive isolation of an
unexpected product 5, in which the nucleophilic substi-
tution had taken place on the aromatic ring (Scheme
2). The formation of compound 5 was confirmed by
1H, 13C NMR, and mass spectral data.7 The 1H NMR
spectrum of compound 5 showed three different sets of
protons, two doublets at d 7.84 and 7.11 and one singlet
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Scheme 2. An unusual solvent effect in the cuprate displacement reaction of indolizidin-5-yl-methyl p-toluenesulfonate with cuprates.
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at d 7.19 corresponding to one proton each, in the aro-
matic region. In the 13C NMR spectrum, there were six
different aromatic carbons of which three were quater-
nary carbons. The above data clearly indicate that
nucleophilic substitution had taken place on the aro-
matic ring. The remaining signals corresponding to the
azabicyclic ring skeleton were found to be unchanged.
A mass spectrum of compound 5 showed a molecular
ion peak at m/z 365 corresponding to the molecular
weight of the proposed structure.

Product 5 is formed presumably as a result of nucleo-
philic addition of the cuprate on the aromatic ring of
tosylate 3, leading to intermediate 6, followed by rearo-
matization (Scheme 3).

Although intramolecular aromatic nucleophilic subs-
titution of aryl sulfones/aryl sulfonamides with alkyl-
lithiums is well documented in the literature,8

the corresponding intermolecular aromatic nucleophilic
displacement with dialkyllithium cuprate is reported for
the first time.

After surveying several solvents and additives, a smooth
cuprate displacement of the tosylate was realized with
Bu2Cu(CN)Li2 when the reaction was carried out in
Et2O. Thus, treatment of tosylate 3 with Bu2Cu(CN)Li2
in Et2O at �78 �C afforded 5-pentyl indolizidine 2a in
53% yield, which is an analogue of the natural indolizi-
dine alkaloids 167B and 209D (Scheme 2).

Intriguingly, the reaction of tosylate 3 with Et2Cu(CN)-
MgBr, in Et2O at �78 �C, afforded indolizidine 167B 2b
in 62% yield. Under similar reaction conditions, indolizi-
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Scheme 3. Aromatic nucleophilic substitution of tosylate 3 with

cuprate.
dine 209D 2c was prepared in 67% yield upon treatment
of 3 with (C5H11)2Cu(CN)MgBr (Scheme 2). The spec-
troscopic data of these two synthetic products were in
complete agreement with the reported data.5,9

In conclusion, the present study has illustrated that the
reaction medium is critical in organocuprate reactions.
An unusual solvent effect in the cuprate displacement
reaction of indolizidin-5-yl-methyl p-toluenesulfonate
with dialkyl cuprates was observed. The total syntheses
of the indolizidine alkaloids 167B and 209D was
achieved readily by the corresponding cuprate displace-
ment reaction in Et2O.
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