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Polyethylene Glycol (PEG) as Polymeric Support and Phase-transfer Catalyst
in the Soluhle Pglvmer Liguid Phase Svnthesis of a-Amino Esters
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Abstract: o-substituted oi-amino esters were synthesized in liquid-phase by polyethylene glycol
(PEG) promoted alkylation of a polyethylene glycol-supported Schiff base activated glycine ester.
© 1998 Elsevier Science Ltd. All rights reserved.
The liquid phase method, known for more than 25 years in peptide synthesis,! has been recently

applied to the synthesis of small organic molecules and to combinatorial chemistry.2 Using soluble polymers

support such as polyethylene glycol (PEG), this method combines the strategical features of solution and solid
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characterized by NMR spectroscopy.

In an ongoing research project toward the development of efficient and facile methods for the synthesis
of ai-amino acids,3 it seemed attractive to use this methodology for synthesizing o-substituted o-amino acids.
We decided to adapt a simple and efficient method developed initially for the solution synthesis of o—amino
acids : the phase-transfer catalyzed alkylation of Schiff base activated glycine ester 1 using a mild non-
nucleophilic base, K2CO3 (Scheme 1, R1 =Me).4 The reaction was catalyzed by a quaternary ammonium salt

especially when the reactivity of the electrophile was poor (R2= n-Bu). Recently PEG have received increasing
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by substitution or elimination reactions.> In this paper we report that PEG present as a polymeric support can
also act as a catalyst during the course of the reaction. Consequently the use of a quaternary ammonium salt is
not necessary. The alkylation which was studied is described in Scheme 1 (R ]=PEG) starting from the Schiff
base activated glycine PEG ester 2 as the starting material and various electrophiles R2X.

Scheme 1
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The preparation of the starting material 2 is described in Scheme 2. Polyethylene glycol with an
average molecular weight of 2000 and two free hydroxyl groups was used instead of the usual HO-PEG-OMe
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with an average molecular weight of 5000. This resulted in increasing the loading of the polymer by a factor of
5. In some cases precipitation in ether for purification was more cumbersome producing slightly lower yields
of the expected products.
Scheme 2
P DCC HCi
BocNH” “CO,H + HO-PEG BocNH” “CO,PEG ~——
DMAP CHCl
P
NH _
d L
PP N, - N ~A.bEA
CiNH3 CO.PEG - /N LUzrela
>HCl PH

Protected Boc glycine was anchored to the polymer using DCC as coupling agent in the presence of
DMAP.6 Deprotection using HCI and transimination with benzophenone imine afforded starting material.”
Purification was performed by precipitation in Et20 and the products were characterized by IR spectroscopy
and 1H and 13C NMR.

The test reaction which was examined to investigate the effect of PEG on the rate of substitution was
the alkylation described in Scheme 1 performed in refluxing acetonitrile using K2CO3 as a base, 1.5
equivalents of n-BuBr as the electrophile and in the absence of a quaternary ammonium salt. The rate of

to the rate of alkylation of Schiff base 1 in the presence in solution of a PEG. In these reactions only the
starting material and the expected product were observed by 1H NMR and the ratio of starting
material/fexpected product is reported in Table 1.
Table 1. Effect of PEG on the kinetics of the alkylation
Entry 1 Entry 2 Entry 3
P P P
N P
Se=N""CO,Me >=N"""CO,Me N"CO,PEG
PH PR+ MeO-PEG PH
i . 4y 1/3a 1/3a 2/4a
ratio starting material/
exnected nroduct
L htdetel Shdee
Reaction 14h 92/8 57/43 77/23
ime 24h - 20/80 41/59
36h 77/23 0/100 0/100
MeO-PEG= polyethylene glycol dimethyl ether with an average molecular weight of 2000
In the absence of PEG (entry 1) after 36h only 23% of conversion is observed while PEG supported
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effect of PEG on the reaction rate. This result was confirmed by examining the reaction rate of Schiff base 1 in
the presence of PEG which showed a similar effect on the reaction rate. In this case the reaction rate seemed to
be slightly higher than for the PEG supported Schiff base 2. These effects can be explained by a possible
chelation of the potassium ion by the oxygen atoms of the PEG molecules. Indeed it has been shown that PEG
have the ability to form chelates like a crown ether therefore resulting in the solvation of the potassium cation
and in an acceleration of the reaction.8 When the Schiff base is anchored on the PEG (entry 3) the rate is
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slower than with “free” Schiff base 1 and PEG (entry 2) : this seems to point out that the accessiblity of the
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higher electrophilicity of the halides which were used, shorter reaction times were necessary (14 h). In all
cases, only the expected product was obtained with moderate to good yields.9 The a-amino esters synthesized
by this method could be either used for further reaction on solid-support such as in peptide synthesis after N-

deprotection with TFAla.b or released from the polymer via transesterification with methanol (scheme
2).lc,10
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Scheme 2
Ra2
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PH T '
dae KCN Se=N"""COM
e
MeOH  pp 2
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Table 2. Synthesis of a.—substituted oc—aminoesters
n-BuBr Br COzMe
RoX A\ i - il
27 N\ Br v
Alkylated PEG Ester 4a 4b 4c 4d de
Yield (%) of 4 68 78 71 65 74
Yield (%) of 3 (from 4 ) 67 69 73 54 75

In summary, we have shown that a poylethylene glycol polymer could act both as support and phase-
transfer catalyst in liquid-phase synthesis. This provides us with an efficient and practical method for the
synthesis of a—substituted o-amino esters.
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mmol), methyl 2-bromomethylacrylate (0.27 g, 1.5 mmol) and K C()3 032 g, mrnol) vere mﬂ\.. e
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vacuo over P20j5 yielding 0.93
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