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Abstract—An efficient and general ionic liquid supported synthesis of cis-b-lactam library via multistep reactions have been success-
fully carried out in a single ionic liquid batch. The method exhibited the advantages over soluble and insoluble polymeric support
strategies, such as high loading capacity, avoiding of large excesses of reagents and easy purification. Also, the products were
obtained in good yields and purities.
� 2007 Elsevier Ltd. All rights reserved.
Since the discovery of penicillins, tremendous and con-
tinuous efforts have been made for the synthesis and deri-
vation of b-lactams to increase their antimicrobial
activity and clinical performance.1,2 Although much
progress has been made in the past few decades, the
rapid increase of bacterial resistance against standard
therapy has stimulated development of novel b-lactam
agents that are stable to b-lactamase and possess high
potency and broad spectrum activity. Apart from the
clinical treatment of bacterial infection, b-lactams have
also been clinically used as therapeutic agents for lower-
ing the cholesterol level in plasma,3,4 as anti-cancer
agents,5,6 and as enzyme inhibitors.7,8

In recent years, supported synthesis has become an effec-
tive strategy to access b-lactams libraries. The solid-
phase approach is attractive due to the facile purification
process of removing the excess reagents and side products
allow for the ease of product isolation and makes
automation possible.9 Additionally, the liquid-phase
approach using soluble polymers such as polyethylene
glycol (PEG), polyethylene glycol monomethylether
(MeOPEG) and other ingenious variant polymers as sup-
ports have also received considerable attention because
of their homogeneous phase chemistry strategies, which
have been employed successfully in the synthesis of b-lac-
tams.10 However, there were some limitations such as low
loading capacity, limited solubility during the reaction
processes, aqueous solubility, and insolubility in ether
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solvents.11 Recently, ionic liquids (ILs) have attracted
considerable interest as environmentally benign reaction
media in synthetic chemistry.12 Numerous chemical reac-
tions, including some enzymatic reactions, can be carried
out in ILs. An attractive feature of ILs is that their solu-
bility can be turned readily. Therefore, phase separation
from organic solvent or aqueous phase is allowed
depending on the choice of cations and anions. This
suggests the possibility of using the functionalized ILs
(so-called task-specific ILs) as soluble supports for or-
ganic synthesis. Substrates anchored on ILs are expected
to retain their reactivities, as in solution reactions, and al-
lowed the use of conventional spectroscopic analysis dur-
ing the synthetic process. We and several other groups
have demonstrated the feasibility of ILs supported
organic synthesis of small molecules,13 oligosaccharides14

and peptides,15 in which the excess reagents and byprod-
ucts in the multistep reactions can be removed easily by
simple solvent washing. More conveniently, as the IL-
supported reagents with high affinity for the ionic liquid
phase, the multistep reactions could perform in a single
IL batch, which combine the advantage of performing
homogeneous chemistry on a relatively large scale, while
avoiding of large excesses of reagents and the strategy
have been demonstrated by the synthesis of tirofiban ana-
logue.16 As a part of our work on combinatorial chemis-
try14,17 and b-lactam chemistry,18 we herein described a
novel and facile method for the IL-supported synthesis
of b-lactams library in IL batch.

As shown in Scheme 1, ion support 1 equipped with
hydroxyl group linker, 1-(2-hydroxyethyl)-3-methylimi-
dazolium hexafluorophosphate ([hydemim][PF6]) was
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Scheme 1. Synthesis of ion support 1. Reagents and conditions: (a) chloroethanol (1 equiv), MeCN, 80 �C, N2, 96 h; (b) K6PF4 (1.5 equiv), MeCN,
60 �C, 20 h.
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easily prepared in two steps using standard proce-
dures.13b The subsequent multistep transformations
were carried out in a single batch of IL (Scheme 2).
The esterification of 4-formylbenzoic acid with 1 in IL
medium [bmim][PF6] in the presence of dicyclohexylcar-
bodiimide (DCC) and dimethylaminopyridine (DMAP)
afforded the IL-supported aldehyde 2 as a pale yellow
oil. The resulting solution of 2 in [bmim][PF6] was trea-
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Scheme 2. IL-supported synthesis of b-lactams. All reactions were carried ou
(0.05 equiv), rt, 24 h; (b) 4 Å MS, R1NH2 (1.5 equiv), 50 �C, 24 h; (c) R2CH2C
MeOH (1:4), rt, 24 h.

Table 1. IL-supported synthesis of b-lactams in ionic liquid batch

Entry Product R1 R2

1 5a Ph Ph
2 5b 4-MeOC6H4 Ph
3 5c 2-MeOC6H4 Ph
4 5d 2-MeC6H4 Ph
5 5e 2,4-Me2C6H3 Ph
6 5f PhCH2 Ph
7 5g 4-ClC6H4 Ph
8 5h 2-ClC6H4 Ph
9 5i 4-FC6H4 Ph

10 5j t-Bu Ph
11 5k Cyclohexanyl Ph
12 5l CH3(CH2)10CH2 Ph
13 5m Ph 4-Cl–Ph
14 5n 4-MeOC6H4 4-Cl–Ph
15 5o 2-MeOC6H4 4-Cl–Ph
16 5p 2-MeC6H4 4-Cl–Ph
17 5q 4-ClC6H4 4-Cl–Ph
18 5r 2-ClC6H4 4-Cl–Ph
19 5s 4-FC6H4 4-Cl–Ph
20 5t Cyclohexanyl 4-Cl–Ph
21 5u CH3(CH2)10CH2 4-Cl–Ph

a Purities were determined by HPLC of crude diastereomeric products.
b Yields were determined based on ion support 1.
c Determined by HPLC analysis.
ted with primary amines in the presence of molecular
sieves at 50 �C to give IL-supported imines 3. After fil-
tration and washing with diethyl ether/ethyl acetate imi-
nes 3 underwent Staudinger cycloaddition reaction with
the in situ generated ketene from the corresponding acid
chlorides in the presence of triethylamine to give the IL-
supported b-lactams 4. Finally, cleavage of the ester
linkage using Et3N/MeOH (1:4) and extraction with
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t in [bmim][PF6]. Reagents and conditions: (a) DCC (1 equiv), DMAP
OCl (1.5 equiv), TEA (1.5 equiv), 0 �C, 2 h and then rt, 24 h; (d) Et3N/

Puritya (%) Yieldb (%) Cis:transc

97 82 >99:1
93 81 >99:1
98 82 >99:1
90 83 95:5
98 80 98:2
96 78 >99:1
88 82 81:19
87 82 88:12
91 79 94:6
97 80 98:2
98 82 90:10
97 82 92:8
93 80 >99:1
95 82 98:2
95 83 >99:1
93 81 96:4
90 82 85:15
92 80 87:13
95 82 92:8
93 83 90:10
93 82 93:7
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EtOAc afforded b-lactams 5 with the recovery of ion
support 1.19

As shown in Table 1, we obtained cis-b-lactams20 as
major products in high yields (78–83%, based on the
ion support 1) with excellent purities (87–98%). The
residue solution of [hydemim][PF6] in [bmim][PF6] could
be reused for another cycle of synthesis after washing
and drying. Compared with previously reported sup-
ported synthesis of b-lactams, our IL-supported version
in IL batch performed more efficiently and is a cleaner
process.

In summary, we have developed a novel, general and
facile ionic liquid supported synthesis of cis-b-lactam
in a single IL batch. Our method represents an attractive
alternative to classical solid- and liquid-phase synthesis
strategies and combines the advantage of performing
homogeneous chemistry on a relatively large scale while
avoiding of large excesses of reagents. The applications
of our method for the synthesis and biological evalua-
tion of b-lactam libraries are currently in progress.
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room temperature for 24 h, the insoluble N,N-di-
cyclohexylurea was eliminated by filtration. The filtrate
containing 2 was washed with benzene and then filtrated
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sieve (6.0 g), and stirred at 50 �C for 24 h. After filtration,
the mixture was washed with diethyl ether/ethyl acetate
(3:1, 3 · 50 mL) and dried in vacuo (10 mmHg) at 50 �C
for 3 h to give imine 3 in [bmim][PF6]. Staudinger
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of phenoxyacetyl chloride (2.55 g, 15 mmol) to the
[bmim][PF6] solution of 3 in the presence of Et3N
(1.52 g, 15 mmol) at 0 �C, after 2 h at 0 �C, the reaction
mixture was allowed to warm to room temperature. After
24 h, the by-product and excesses of reagents were
removed by extraction with H2O (2 · 30 mL) and diethyl
ether/ethyl acetate (3:1, 3 · 50 mL), respectively and dried
in vacuo (10 mmHg) at room temperature for 3 h. Then to
the solution of ion supported b-lactam 4a was added
Et3N/MeOH (1:4, 20 mL). The mixture was stirred at
room temperature for 24 h. After evaporated in vacuo, the
residue was extracted with EtOAc (5 · 50 mL) and the
extraction was filtered through a short pad of silica gel.
The filtration was dried over anhydrous Na2SO4 and then
removal of the solvent afforded 5a as a white solid (3.06 g,
82% yield). All products gave satisfactory 1H NMR, 13C
NMR, FT-IR and MS. Spectral data for 5a: 1H NMR
(CDCl3, 400 MHz): d (ppm) = 7.96 (d, J = 8.4 Hz, 2H),
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