
Articles

Synthesis and Applications of a Novel Polymer-Supported EEDQ
Reagent

Ramesh Kakarla,* Guo Li, and Samuel W. Gerritz

Early DiscoVery Chemistry, Bristol-Myers Squibb R&D, 5 Research Parkway, Wallingford,
Connecticut 06492-7600

ReceiVed February 5, 2007

A simple synthetic protocol for a novel polymer-supported EEDQ reagent is reported. This reagent promotes
solution-phase amide bond formation without any additives or base, as well as the selective coupling of
aliphatic amines with acids in the presence of aromatic amines.

Introduction

In recent years, solution-phase parallel synthesis1 using
polymer-supported reagents has become an integral tool in
medicinal chemistry. For a recent library synthesis, we
required a polymer-supported amide bond-forming reagent
that could be accessed in multigram quantities and did not
require an additive or a base to activate the acid. Polymer-
supported carbodimide2 reagents generally require the ad-
dition of auxiliary nucleophiles (such as HOBt)3 or a base
(such as DMAP) to accelerate the amide bond formation.
EEDQ4 is a well-known coupling reagent that does not
require any additive or base to form the amide bond. We
envisioned that polymer-supported EEDQ would be as
efficient as EEDQ in amide bond formation and would
facilitate the efficient synthesis of library compounds. Two
solid-supported reagents related to EEDQ have been re-
ported: Poly-Q5 and PS-IIDQ.6 The synthesis of Poly-Q is
labor intensive (it is made via a copolymerization process),
and the reported loading5 is low (0.3 mmol/g). Commercially
available PS-IIDQ6 is expensive, and its synthesis requires
harsh reaction conditions. This article describes the straight-
forward synthesis and characterization of a high-loading
polymer-supported EEDQ (PS-EEDQ) reagent.

Results and Discussion

The synthesis of PS-EEDQ is outlined in Scheme 1.
Commercially available Wang hydroxyl resin7 was coupled
to 6-hydroxyquinoline by a Mitsunobu8 reaction using PPh3
and DEAD in THF to afford the Wang resin-supported
isoquinoline with 85% loading.9 The Wang resin-supported
isoquinoline was treated with ethyl chloroformate and di-
isopropylethylamine in dichloromethane (DCM) at 0°C,
followed by addition of ethanol and shaking at room

temperature overnight to afford the PS-EEDQ reagent with
80% loading.10

Amide bond formation between CBZ-L-proline and 2-phe-
nylglycine methyl ester (HCl salt) was used for optimization
studies as shown in Scheme 2. Various amounts of PS-EEDQ
(0.5-4 equiv) and solvents (DCM and CH3CN) were studied,
and the optimal yield was achieved by using 3 equiv of PS-
EEDQ in DCM overnight to give product1 in 80% yield.
In the case of free amine substrates, the optimal amount of
PS-EEDQ is 2 equiv. The chiral purity of product1 was
determined11 and compared with the three other possible
stereoisomers to establish that no racemization occurred
during coupling. To explore the generality of PS-EEDQ, a
small amide library was prepared as shown in Table 1.
Coupling of CBZ-proline to tetrahydroisoquinoline (Table
1, entry 4),o-anisidine (Table 1, entry 7),p-anisidine (Table
1, entry 10), and methyl 4-aminobenzoate (Table 1, entry
13) resulted in good yields of products4, 7,12 10,13 and13,
respectively. Coupling of phenylacetic acid to 2-phenylgly-
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Scheme 1.Synthesis of Polymer-Supported EEDQ
(PS-EEDQ)

Scheme 2.PS-EEDQ Promoted Amide Bond Formation
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cine methyl ester (Table 1, entry 2), tetrahydroisoquinoline
(Table 1, entry 5),o-anisidine (Table 1, entry 8),p-anisidine

(Table 1, entry 11), and methyl 4-aminobenzoate (Table 1,
entry 14) also gave acceptable yields of products2,14 5,15

Table 1. Coupling of Acids with Amines and Anilines Using PS-EEDQ

a All reactions were performed on a 0.1 mmol scale in 5 mL of DCM for 16 h.

Table 2. Coupling of Acids with Diamines Using PS-EEDQ

a All reactions were performed on a 0.1 mmol scale in 10 mL of DCM for 16 h.
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8,16 11,17 and14,17 respectively. PS-EEDQ-mediated coupling
reactions of anilines with benzoic acid (Table 1, entries 9
and 12) resulted in good yields of products918 and 12.19

However, PS-EEDQ coupling of benzoic acid with 2-phe-
nylglycine methyl ester (Table 1, entry 3) and tetrahydroiso-
quinoline (Table 1, entry 6) gave poor yields of320 and6.21

No product (15) was obtained during the PS-EEDQ coupling
of methyl 4-aminobenzoate with benzoic acid (Table 1, entry
15). It is not clear why benzoic acid performs poorly under
these conditions.

After successfully demonstrating the coupling of amines
and anilines with various acid substrates using PS-EEDQ
(Table 1), we turned our attention to the selective coupling
of diamines to acids. We chose aminobenzylamine regioi-
somers which contain one aromatic and one aliphatic amine
group, and the results of these substrates coupling to CBZ-
L-proline using PS-EEDQ are shown in Table 2. In all the
cases, PS-EEDQ gave pure products (16, 17, and 18) in
greater than 70% yield, and no bis-coupled product was
observed. In contrast, coupling of 3-aminobenzylamine with
CBZ-L-proline using PS-carbodimide with DIEA (Table 3,
entry 2) produced the mono- and bis-coupled products in a
7:1 ratio in 60% yield. In the case of PS-IIDQ-mediated
(Table 3, entry 3) coupling of 3-aminobenzylamine with
CBZ-L-proline, the mono- and biscoupled products were
formed in 8:1 ratio in 80% isolated yield.

In conclusion, we have developed a scalable, inexpensive,
and simple synthetic method for a novel polymer-supported
EEDQ reagent and have shown that this reagent is a very
efficient and versatile amide bond-forming reagent. PS-
EEDQ is also capable of forming amide bonds between acids
and aliphatic amines in the presence of aromatic amines. PS-
EEDQ resin retains its reactivity for several months if it is
stored in the refrigerator. We have found that the PS-
isoquinoline recovered from PS-EEDQ after completion of
the reaction can be recycled to provide PS-EEDQ without
any loss of its reactivity to form amide bonds.
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Table 3. CBZ-L-Proline Coupling to 3-Amino-benzylamine
Using PS Reagents

entry coupling reagent base solvent
product ratio
(bis/mono)a,b

1 PS-EEDQ no base DCM 0/100
2 PS-Carbodimide DIEA DCM 13/87
3 IIDQ-Polystyrene no base DCM 10/90
a All reactions were performed on a 0.1 mmol scale in 10 mL of

DCM for 16 h. b The ratio of bis/mono was determined by HPLC.
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