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Abstract
Starting with resin-bound glutamic acid, an efficient synthesis of N-substituted pyrrolidinones is
described utilizing the Ugi four-component reaction (U-4CR). The same methodology is
employed to produce N-substituted pyrrolidinone tethered N-substituted piperidines.

Solid-phase organic synthesis (SPOS) has emerged as a powerful approach for the rapid
generation of structurally diverse compounds in the drug discovery community. One major
focus of this field is the synthesis of bioactive compounds and their derivatives on the solid
phase.1 Multi-component reactions (MCRs) are one of the best tools in modern organic
synthesis because of their productivity, simple procedures, convergence and facile
execution.2 One of the most important MCRs is the Ugi four-component reaction (U-4CR),
in which a carboxylic acid, an amine, a carbonyl compound, and an isocyanide react in a
one-step reaction, affording related compounds with variable structures.3 The Ugi four-
component reaction is a powerful way to make library scaffolds containing a high number of
substitution diversities. Therefore, it has been utilized very efficiently in conjugation with
solid-phase organic synthesis to prepare large collections of molecules in a short reaction
sequence.4

The N-substituted pyrrolidinone is an attractive drug template because of its extensive
biological activities in various drug targets, such as Aspartic Protease,5 Beta-Amyloid
Cleaving Enzyme (BACE),6 Progesterone Receptor (PR),7 Human Melanocortin-4
Receptor,8 Factor Xa,9 and HIV-1 Integrase.10 The development of new synthetic protocols
for N-substituted pyrrolidinone derivatives are topics of continuous interest.11 Herein, we
would like to present our approach toward the solid-phase synthesis of enantiopure N-
substituted pyrrolidinones, utilizing glutamic acid as a bifunctional reagent in an Ugi four-
center three-component reaction (U-4C-3CR).12 We also used the same methodology to
create diversified N-substituted pyrrolidinone tethered N-substituted piperidines.

Polymer supported glutamic acid 2 was readily prepared by the coupling of L-Fmoc-
Glu(tBu)-OH to MBHA resin (Scheme 1). The generated resin bound bifunctional
compound 2 was optimized for the solid phase Ugi reaction conditions. The initial attempt
was carried out with benzyl isocyanide (1.1 equiv.) and cyclohexanone (1.1 equiv.) in
acetonitrile/methanol (1:1) for 24 h at 65 °C. Following cleavage of the solid support, the
desired product was obtained in 58% yield (Table 1, entry 4a), with traces of starting
material. In order to drive the reaction to completion, we used varying stoichiometries of the
isocyanide and ketone. The better results were obtained using two fold excess of the
reagents with a yield of 83% (Table 1, entry 4c). We also tested the reaction under different
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reaction conditions by reducing the reaction time (Table 1, entry 4d) or by lowering the
temperature (Table 1, entry 4e). In both cases, the reaction was incomplete and lower yields
were obtained.

Under the optimized conditions (Table 1, entry 4c), the scope of the solid phase Ugi reaction
was explored using various isocyanides and ketones (Table 2). Polymer-supported glutamic
acid was allowed to react with different isocyanides (2 equiv.) and ketones (2 equiv.) to
afford the corresponding products in very good yields. We tried the same reaction conditions
starting from resin-bound aspartic acid. The reaction was not successful and very low yields
were obtained.

In order to increase the diversity, we used Boc-piperidone as the carbonyl reagent for the
solid-phase Ugi reaction. Following the Ugi condensation of the resin-bound free glutamic
acid 2 with isocyanide and Boc-piperidone, the Boc group was deprotected with 55% TFA/
DCM and the resin-bound pyrrolidinone tethered piperidine 6 was treated with diversified
capping agents such as sulfonyl chlorides, isocyanates, isothiocyanates and carboxylic acids
(Scheme 2). In all cases, the reaction proceeded smoothly and the desired products 8 were
obtained in high yields (Table 3).

In conclusion, we employed polymer supported glutamic acid as an efficient bifunctional
component in Ugi reaction. Using this approach, we performed the parallel solid phase
synthesis of enantiopure N-substituted pyrrolidinone derivatives tethered to different
biologically relevant heterocycles such as piperidine.

Experimental Section
Procedure for the synthesis of polymer supported glutamic acid 2

A 100 mg sample of p-methylbenzhydrylamine hydrochloride salt (MBHA) resin (1.15
mequiv/g, 100–200 mesh) was contained within a sealed polypropylene mesh packet. 13

Reactions were carried out in polyethylene bottles. Following neutralization of the resin with
5% diisopropylethylamine (DIEA) in dichloromethane (DCM), L Fmoc-Glu(tBu)-OH (6eq)
was coupled using the conventional reagents hydroxybenzotriazole (HOBt, 6 equiv) and
diisopropylcarbodiimide (DIC, 6 equiv.) in anhydrous DMF for 2 h. Completion of the
coupling was monitored by the ninhydrin test. 14 Following removal of t-Butyl group with
55% TFA/DCM and washing with DCM (3 ×), the Fmoc group was deprotected with 20%
piperidine in DMF (2×10min). The resin was then washed with DMF (3×), iPrOH (3×),
DCM (3×).

General procedure for the solid-phase Ugi reaction: Synthesis of compounds 4 and 5
Resin 2 was put in a solution of ketone (2 equiv.) in acetonitrile/methanol (4:1) for 1 h at 65
°C, and then isocyanide (2 equiv.) was added. After allowing the mixture to react at 65 °C
for 24 h, the resin was washed with MeOH (3×), DMF (3×), DCM (3×) and dried. The
completeness of the reaction was verified by cleavage and analysis with LC-MS. 4: 1H
NMR (DMSO d6): δ 1.30–1.86 (m, 10H, H on cyclohexane ring); 2.12–2.29 (m, 4H, H on
pyrrolidine ring); 4.24 (m, 2H, H on benzyl group); 4.56 (m, 1H, H on pyrrolidine ring);
7.08–7.18 (m, 5H, H on benzyl group); 7.49 (s, 1H, H on amide group); 7.98 (s, 1H, H on
amide group); 9.00 (t, 1H, J= 5.8 Hz, H on amide group). 13 C NMR (DMSO d6): δ 21.69 (C
on piperidine ring), 22.12 (C on piperidine ring), 24.75 (C on pyrrolidine ring), 25.20 (C on
piperidine ring), 29.64 (C on pyrrolidine ring), 31.00 (C on piperidine ring), 32.44 (C on
piperidine ring), 42.18 (C on benzyl group), 58.24 (C on piperidine ring), 61.79 (C on
pyrrolidine ring), 126.40 (C on benzyl group), 126.80 (2C, C on benzyl group), 128.03 (2C,
C on benzyl group), 139.66 (C on benzyl group), 173.12 (C on amide group), 174.64 (C on
amide group), 176.81 (C on amide group) ESI-MS: 343 (MH+).
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5a: 1H NMR (DMSO d6): δ 1.71–1.89 (m, 4H, H on piperidine ring); 2.15–2.34 (m, 3H, H
on piperidine ring); 2.76–2.89 (m, 2H, H on piperidine ring); 3.02–3.23 (m, 4H, m, 4H, H on
pyrrolidine ring); 4.28 (m, 2H, H on benzyl group); 4.52 (m, 1H, H on pyrrolidine ring);
7.19–7.30 (m, 5H, H on benzyl group); 7.53 (s, 1H, H on amide group); 8.06 (s, 1H, H on
amide group); 9.18 (t, 1H, J= 5.7 Hz, H on amide group)

ESI-MS: 345 (MH+). 5b: 1H NMR (DMSO d6): δ 1.11–1.86 (m, 20H, H on tow piperidine
rings); 2.08–2.28 (m, 4H, H on pyrrolidine ring); 3.48 (m, 1H, H on piperidine ring); 4.53
(m, 1H, H on pyrrolidine ring); 7.52 (s, 1H, H on amide group); 7.93 (s, 1H, H on amide
group); 8.47 (m, 1H, H on amide group). ESI-MS: 336 (MH+). 5c: 1H NMR (DMSO d6): δ
0.84 (t, 3H, J= 7.3 Hz, H on the n-butyl group); 1.23–1.86 (m, 14H, H on the n-butyl group
and cyclohexane ring); 2.09–2.28 (m, 4H, H on pyrrolidine ring); 2.99 (q, 2H, J= 6.5 Hz, H
on the n-butyl group); 4.53 (m, 1H, H on pyrrolidine ring); 7.50 (s, 1H, H on amide group);
7.96 (s, 1H, H on amide group); 8.48 (m, 1H, H on amide group). ESI-MS: 310 (MH+).
5d: 1H NMR (DMSO d6): δ 1.28–1.86 (m, 10H, H on cyclohexane ring); 2.07–2.31 (m,
10H, H on 2-morpholinethyl group and pyrrolidine ring); 3.11 (m, 2H, H on 2-
morpholinethyl group); 3.53 (t, 4H, J= 4.6 Hz, H on 2-morpholinethyl group); 4.51 (m, 1H,
H on pyrrolidine ring); 7.44 (m, 1H, H on amide group); 7.92 (m, 1H, H on amide group);
8.47 (t, 1H, J= 5.5 Hz, H on amide group). ESI-MS: 367 (MH+)

General procedure for the synthesis of compounds 8a-8c
Resin 5a was shaken in 55% TFA/DCM for 30 min to remove the Boc group. Following
neutralization with 5% DIEA/DCM, the resin was coupled with a carboxylic acid (6 equiv.)
using conventional reagents HOBt (6 equiv.) and DIC (6 equiv.) in anhydrous DMF
overnight. The resin was then washed with DMF (3×), DCM (3×), dried and cleaved with
HF for 1.5 h at 0 °C. All samples were purified by preparative HPLC and characterized by
LC-MS and 1H-NMR. 8a: 1H NMR (DMSO d6): δ 1.75–2.32 (m, 8H, H on piperidine ring);
3.46 (m, 4H, H on pyrrolidine ring); 4.28 (m, 2H, H on benzyl group); 4.57 (m, 1H, H on
pyrrolidine ring); 7.20–7.28 (m, 5H, H on benzyl group); 7.37–7.39 (m, 2H, H on benzoyl
group); 7.42–7.45 (m, 3H, H on benzoyl group); 7.53 (m, 1H, H on amide group); 7.96 (m,
1H, H on amide group); 9.11 (m, 1H, H on amide group). ESI-MS: 449 (MH+). 8b: 1H
NMR (DMSO d6): δ 1.70–2.37 (m, 8H, H on piperidine ring); 3.40 (m, 4H, H on pyrrolidine
ring); 3.67 (m, 2H, H on 2-phenylacetyl group); 4.26 (m, 2H, H on benzyl group); 4.48 (m,
1H, H on pyrrolidine ring); 7.19–7.23 (m, 6H, H on benzyl group and 2-phenylacetyl
group); 7.26–7.32 (m, 4H, H on 2-phenylacetyl group); 7.52 (m, 1H, H on amide group);
7.95 (m, 1H, H on amide group); 9.12 (t, 1H, J= 5.7 Hz, H on amide group). ESI-MS: 463
(MH+). 8c: 1H NMR (DMSO d6): δ 1.58–2.31 (m, 25H, H on piperidine ring and
adamaneacetyl group); 3.40 (m, 4H, H on pyrrolidine ring); 4.27 (m, 2H, H on benzyl
group); 4.51 (m, 1H, H on pyrrolidine ring); 7.19–7.30 (m, 5H, H on benzyl group); 7.50 (m,
1H, H on amide group); 7.94 (s, 1H, H on amide group); 9.07–9.13 (m, 1H, H on amide
group). ESI-MS: 521 (MH+)

General procedure for the synthesis of compounds 8d-8i
Resin 5a was shaken in 55% TFA/DCM for 30 min to remove the Boc group. Following
neutralization with 5% DIEA/DCM, the resin was treated with DIEA (10 equiv.) and
corresponding reagents, such as sulfonyl chloride, isocyanate or thioisocyanate (10 equiv.)
in anhydrous DMF overnight. The resin was then washed with DMF (3×), DCM (3×), dried
and cleaved by HF for 1.5 h at 0 °C. All samples were purified by preparative HPLC and
characterized. 8d: 1H NMR (DMSO d6): δ 1.64–2.40 (m, 11H, H on piperidine ring and
tosyl group); 3.41 (m, 4H, H on pyrrolidine ring); 4.15 (m, 2H, H on benzyl group); 4.49 (m,
1H, H on pyrrolidine ring); 7.13–7.26 (m, 5H, H on benzyl group); 7.44 (d, 2H, J= 8.3 Hz, H
on tosyl group); 7.50 (s, 1H, H on amide group); 7.59 (d, 2H, J= 8.3 Hz, H on tosyl group);
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7.94 (s, 1H, H on amide group); 8.98 (t, 1H, J= 5.7 Hz, H on amide group). ESI-MS: 499
(MH+). 8e: 1H NMR (DMSO d6): δ 1.66–2.28 (m, 8H, H on piperidine ring); 3.49 (m, 4H, H
on pyrrolidine ring); 4.09 (m, 2H, H on benzyl group); 4.49 (m, 1H, H on pyrrolidine ring);
7.07–7.20 (m, 5 H, H on benzyl group); 7.50 (s, 1H, H on amide group); 7.69–7.76 (m, 3H,
H on naphthalene-2-ylsulfonyl); 7.94 (s, 1H, H on amide group); 8.08 (d, 1H, J= 8.0 Hz, H
on naphthalene-2-ylsulfonyl); 8.17 (d, 1H J= 8.8 Hz, H on naphthalene-2-ylsulfonyl); 8.21
(d, 1H, J= 8.2 Hz, H on naphthalene-2-ylsulfonyl); 8.41 (s, 1H, H on naphthalene-2-
ylsulfonyl); 8.95 (t, 1H, J= 5.6 Hz, H on amide group). ESI-MS: 535 (MH+). 8f: 1H NMR
(DMSO d6): δ 1.04 (d, 6H, J= 6.5, H on the isopropyl group); 1.58–2.37 (m, 8H, H on
piperidine ring); 3.44 (m, 4H, H on pyrrolidine ring); 3.73 (m, 1H, H on the isopropyl
group); 4.27 (m, 2H, H on benzyl group); 4.51 (m, 1H, H on pyrrolidine ring); 6.86 (s, 1H,
H on urea); 7.19–7.30 (m, 5H, H on benzyl group); 7.52 (s, 1H, H on amide group); 7.96 (s,
1H, H on amide group); 9.09 (t, 1H, J= 5.7Hz, H on amide group). ESI-MS: 430 (MH+).
8g: 1H NMR (DMSO d6): δ 1.24–2.34 (m, 8H, H on piperidine ring); 3.58 (m, 4H, H on
pyrrolidine ring); 4.29 (m, 2H, H on benzyl group); 4.54 (m, 1H, H on pyrrolidine ring);
7.20–7.30 (m, 7H, H on benzyl group and phenyl group); 7.44 (m, 2H, H on phenyl group);
7.53 (s, 1H, H on amide group); 7.96 (s, 1H, H on amide group); 8.47 (s, 1H, H on urea);
9.13 (t, 1H, J= 5.8 Hz, H on amide group). ESI-MS: 464 (MH+). 8h: 1H NMR (DMSO d6):
δ 1.08 (t, 3H, J= 7.2 Hz, H on ethyl group); 1.23–2.38 (m, 8H, H on piperidine ring); 3.41–
3.48 (m, 6H, H on pyrrolidine ring and ethyl group); 4.28 (m, 2H, H on benzyl group); 4.50
(m, 1H, H on pyrrolidine ring); 6.87 (s, 1H, H on thiourea); 7.19–7.30 (m, 5H, H on benzyl
group); 7.54 (s, 1H, H on amide group); 7.97 (s, 1H, H on amide group); 9.15 (t, 1H, J= 5.7
Hz, H on amide group). ESI-MS: 432 (MH+). 8i: 1H NMR (DMSO d6): δ 1.23–2.38 (m, 8H,
H on piperidine ring); 3.50–3.89 (m, 4H, H on pyrrolidine ring); 4.30 (m, 2H, H on benzyl
group); 4.56 (m, 1H, H on pyrrolidine ring); 7.09 (m, 1H, H on benzyl group); 7.28 (m, 9H,
H on benzyl group and phenyl group); 7.56 (s, 1H, H on amide group); 8.00 (s, 1H, H on
amide group); 9.19 (t, 1H, J= 5.7 Hz, H on amide group); 9.28 (s, 1H, H on thiourea). ESI-
MS: 480 (MH+).
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Scheme 1.
Reagents and conditions: (a) 55% TFA/DCM, 1h; (b) 20% piperidine/DMF, 10 min, twice;
(c) Benzyl isocyanide/Cyclohexanone (1:1) in Acetonitrile/MeOH (4:1); (d) HF/anisole, 1.5
h, 0 °C.
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Scheme 2.
Reagents and conditions: (a) Benzyl isocyanide, N-Boc-4-piperidinone, acetonitrile/
methanol (4:1), 65 °C, 24 h; (b) 55% TFA/DCM; (c) Acid, DIC, HOBt, DMF, r.t., overnight
or Sulfonyl chloride/isocyanate/thioisocyanate, DIEA, DMF, r.t., overnight; (d) HF
cleavage, 0 °C, 1.5 h.
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Table 3

Substituted piperidine products obtained

Entry R Obtained MW Yield (%) a

8a 449 (MH+) 76

8b 463 (MH+) 72

8c 521 (MH+) 68

8d 499 (MH+) 82

8e 535 (MH+) 85

8f 430 (MH+) 74

8g 464 (MH+) 79

8h 432 (MH+) 72

8i 480 (MH+) 80

a
Yields based on the weight of purified product and are relative to the initial loading of the resin. The purity of the purified compounds is higher

than 95% for all the compounds. The purity was estimated on analytical traces at λ= 214 nm and 254 nm.
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