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Letters
Alkoxyacetyl (AAc) group as a useful linker for organic synthesis
on poly(ethylene glycol) support
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Abstract—An alkoxyacetyl group (AAc) group was found to be an efficient linker for high-throughput synthesis of small molecules
on a soluble polymer support. The linker allows high-yield loading of alcohols and phenols either by conventional carbodiimide-
mediated esterification or transesterification using Yb(OTf)3. Chemoselective cleavage to release small molecules is attained also by
Yb(OTf)3 or TMSCHN2. The preparation, protocols for loading and releasing of small molecules, and an application to the Ugi
four-component coupling reaction are reported.
� 2004 Elsevier Ltd. All rights reserved.
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Poly(ethylene glycol) (PEG) was reported in 1972 by
Bayer and Mutter as a support for peptide synthesis.1

Much later on in the 1990s, the usefulness of the support
was reinvestigated and found to really raise the effi-
ciency for the preparation of small molecules.2;3 The
significant merit is brought by the unique physical
properties of PEG; it is generally soluble to typical
solvents such as CHCl3, CH2Cl2, MeOH, water, and so
on, whereas it is insoluble to ethers such as diethyl ether
and tert-butyl methyl ether to form precipitates. Since
then, the support has often been used especially in the
field of carbohydrate chemistry.4–8 On the other hand,
this technology has been paid attention from the view-
point of high-throughput synthesis of small molecules.9

To attach small molecules on the PEG support, several
linkers have been reported so far; succinate ester,7 p-
alkoxybenzyl ether,5 arylsulfonamide,3 dioxyxylyl die-
ther (DOX),4 alkyl silyl ether,6 and formyl acetal linker.8

As a part of our ongoing program directed toward
chemical genetics studies,10 we have found an alkoxy-
acetyl (AAc) linker is simple but useful to synthesize
small molecules on the PEG support. In this letter, we
report our preliminary results on the use of the AAc
linker to load and release small molecules as well as to
perform chemical reactions on the PEG support.
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We used poly(ethylene glycol) monomethyl ether
(MPEG-OH, 1, average MW¼ 5000, 0.200mmol/g)11;12

as the starting material. The preparation of poly(ethyl-
ene glycol) monomethyl ether carboxylic acid (MPEG-
O-AAc-OH, 2)13 was first attempted by alkylation of 1
with bromoacetic acid in the presence of Na metal or
NaH in THF.14 These reactions, however, did not give 2
cleanly, and only a messy reaction mixture was
obtained. We then tried oxidation of 1 via two pathways
as shown in Scheme 1. One is a direct oxidation to the
carboxylic acid by Jones oxidation (CrO3, H2SO4, ace-
tone, rt)15 and the other is a stepwise oxidation via an
aldehyde (2,2,6,6-tetramethyl-1,1-piperidinyloxy (TEM-
PO) and (bis(acetoxy)iodo)benzene (BAIB)16 followed
by NaClO2).

17 After extraction followed by precipitative
purification using diethyl ether, both approaches were
MPEG
O

OH

O AAc

>99% conversion
>86% weight-based recovery

Scheme 1. Reagents and conditions: (a) Jones oxidation, 0 �Cfi rt,

1.5 h. (b) TEMPO, BAIB, CH3CN–H2O, rt, 2 h; then NaClO2,

tBuOH–H2O, rt, 4 h.
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found to give 2 successfully in quantitative conversion
(0.199mmol/g)12;18 with more than 86% recovery.19

Condensation of chemically pure MPEG-O-AAc-OH 2
with 2-naphthaleneethanol (4) was next attempted under
several conditions (Table 1). All reactions were carried
out at rt for 1 day using 30mg (ca. 12 lmol) of 2 and
2mg (ca. 24 lmol, 2 equiv) of 4 except for run 6 where a
methyl ester 3 was used. At first, carbodiimide-mediated
acylation was attempted. When DCC was used in
combination with DMAP, acylation was found to pro-
ceed only in 27% conversion yield as judged from the 1H
NMR spectrum after purification by gel-permeation
column chromatography (GPC) on Sephadex G-25 (run
1). The conversion yield was improved to 70% by the use
of water-soluble carbodiimide in place of DCC (run 2).
Addition of HOBt was strongly effective for quantitative
conversion to give 5 (run 3).20 For polymer 2, Vedejs�
procedure using Bu3P

21 or the Mitsunobu reaction
(DEAD and Ph3P)

22 gave 5 in moderate yields (runs 4
and 5). Ytterbium(III) trifluoromethanesulfonate
(Yb(OTf)3) is known to catalyze transesterification of
methoxyacetates.23;24 When methyl ester 3, prepared
from 2 and TMSCHN2 in quantitative conversion, was
treated with 5 equiv of 2-naphthaleneethanol (4) in the
presence of 0.3 equiv of Yb(OTf)3 and MS4A, the
reaction certainly proceeded to provide 5 in 86% con-
version yield (run 6). Because the applicability of this
reaction was found to be limited to simple, primary
alcohols from our independent studies, the protocol
shown in run 3 was used for further studies.

With optimized acylation conditions in hand, loading of
a variety of alcohols was next examined. At first, pri-
mary alcohols including hydroxyaldehyde (6 and 7) and
glucose derivatives (8–10) were acylated with 2 (Fig. 1),
and the reactions were found to proceed in high con-
version yields (>91%) in 1 day. For secondary alcohols,
the reaction gave the products generally in moderate
yields (64–77% for 11–14) except for sterically crowded
(35% for 15) and less crowded ones (>99% for 16).
Acylation of tertiary alcohols is sluggish, because 1-
Table 1. Esterification of naphthaleneethanol 4 under various conditions

2-naphthaleneethanol 
(2 equiv)

O
OR

O

MPEG
2 (R = H)
3 (R = Me)

rt, 1 day

Run Polymer Conditions (equiv)

1 2 DCC (1.5), DMAP (0.1), CH2Cl2
2 2 EDC�HCl (1.5), DMAP (0.1), CH2Cl

3 2 DIC (5), HOBt (0.15), DMAP (0.17)

4 2 DIC (1.5), Bu3P (0.1), CH2Cl2
5 2 DEAD (5), Ph3P (5), benzene

6c 3 Yb(OTf)3 (0.3), MS4A, CH2Cl2

aYields were determined by 1H NMR.
bWeight-based recovery was >95% in all runs.
c The reaction was carried out with 5 equiv of 4 for 4.5 h.
adamantanol was not acylated at all under these reac-
tion conditions and 2 was completely recovered (data
not shown). With this procedure, phenol is also acylated
quantitatively unless electron-withdrawing groups are
present at the o- or p-position (17–20).

Mild conditions other than strongly acidic or basic ones
to cleave the AAc functionality for releasing small
molecules on this platform were next explored using 5 of
0.193mmol/g (Table 2).12 At the outset, it was found
that Yb(OTf)3 worked as a catalyst also for this purpose
well (run 1). Thus, 0.3 equiv of this catalyst in anhydrous
MeOH at rt cleanly cleaved the AAc linker after 2 h. The
reaction mixture was directly subjected to GPC to give
MPEG-O-AAc-OMe 3 and 2-naphthaleneethanol (4) in
97% and 95% yield, respectively. Transesterification was
also effected by the use of TMSCHN2 in hexane–MeOH
(run 2). With a large excess amount (20 equiv) of this
reagent, both components 3 and 4 were isolated in high
yields (>99% for 3 and 97% for 4) after concentration
followed by GPC. This reaction is apparently induced
by a nucleophilic attack of MeOH to the ester carboxyl
group as judged from the following experimental results;
when deuterated methanol (CD3OD) was used for a
solvent, MPEG-O-AAc-OCD3 was produced cleanly.
For high-throughput parallel cleavage of small mole-
cules aiming for library construction, the latter proce-
dure would be advantageous over the former because
the reagents are volatile; the procedure allows isolating
the small molecules by removing 3 through simple pre-
cipitation using diethyl ether.

As described above, the procedures for loading and
releasing small molecules via the AAc linker were
established well. Our concern next moved to chemical
reactions on this platform. This was demonstrated by
applying Ugi 4-components coupling (4CC) reaction25

to 21 of 0.194mmol/g.12 Two sets of reactions were
carried out with large excess (20 equiv) of amine, iso-
cyanide, and carboxylic acid in MeOH at rt (Scheme 2).
After 1 day, the MPEG-bound Ugi products 22 and 24
were isolated by GPC and/or precipitation from diethyl
O O
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Figure 1. Structure and the loading yield for alcohols and phenols

under conditions using DIC-HOBt-DMAP-pyridine in DMF and

CH2Cl2.

Table 2. Cleavage of ester function of 5 (0.193mmol/g) to release small mol

O
OMPEG

O

5 (0.193 mmol/g)

conditio

Run Conditions (equiv)

1 Yb(OTf)3 (0.3), MeOH, rt, 2 h

2 TMSCHN2 (20), hexane, MeOH, 0 �Cfi rt, 6 h

a Isolated yield.

M. Oikawa et al. / Tetrahedron Letters 45 (2004) 2371–2375 2373
ether. Weight-based recovery for 22 and 24 was 93% and
96% yields, respectively, most of the weight loss for
which can be attributed to the precipitation operation.
The conversion yields were satisfactorily 91% for 22 and
85% for 24, as judged from the 1H NMR spectra. In
both cases, the 1H NMR spectra of MPEG-bound Ugi
4CC products (22 and 24) showed no significant amount
of contaminated small molecule reagents such as the
amine, carboxylic acid, and isocyanide; only the pres-
ence of an unreacted aldehyde functionality and the Ugi
4CC product was recognized.
ecule 4
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Scheme 2. Reagents and conditions: (a) benzylamine (20 equiv), ethyl

isocyanoacetate (20 equiv), monoethyl fumarate (20 equiv), MeOH, rt,

1 day, 91% conversion yield. (b) Yb(OTf)3 (0.3 equiv), MeOH, rt, 4 h,

96% (for 23) and 97% (for 25) yield. (c) 4-bromophenethylamine

(20 equiv), benzyl isocyanide (20 equiv), fumaric acid monobenzyl

amide (20 equiv), MeOH, rt, 1 day, 85% conversion yield.
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Cleavage of the AAc linker to release the Ugi 4CC
products was attempted next. This was effected by
applying Yb(OTf)3 in MeOH at rt for 4 h. After purifi-
cation either by GPC or silica-gel flash column chro-
matography, 23 and 25 were provided in 76% and 73%
yields, respectively, for two steps from 21. Calculated
from these experiments, cleavage yield was evaluated to
be 96% (23) and 97% (25) satisfactorily. Although it was
unfortunately found that the conditions using volatile
TMSCHN2 in MeOH were not effective in this case as it
caused decomposition of the product, no significant
decomposition was detected at all in the present cleavage
under the conditions using Yb(OTf)3 in MeOH. It
should also be noted that the cleavage reagent,
Yb(OTf)3, catalyzes the transesterification of the ethyl
ester functionalities of 22 as well. The side reaction was,
however, suppressed to be <10% under short reaction
time (4 h) and thus we achieved the selective cleavage of
the AAc functionality. Based on these protocols, we have
successfully prepared 26 Ugi 4CC products of 28–92%
purity on this platform (Scheme 3).

Though the Ugi 4CC reaction is a convenient and
powerful diversity-generating reaction, it is often diffi-
cult to cleanly isolate the desired product by chro-
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Scheme 3. Reagents and conditions: (a) MeOH, rt, 1 day, then GPC.

(b) Yb(OTf)3 (0.3 equiv), MeOH, rt, 4 h, then GPC. Abbreviations are

as follows. A¼ benzylamine, B¼ 4-chlorobenzylamine, C¼ 4-meth-

oxybenzylamine, D¼ 4-bromophenethylamine, E¼octylamine, F¼
2-aminoethanol, G¼ 3-aminopropanol, J¼ fumaric acid monobenzyl

amide, K¼monoethyl fumarate, L¼benzyl isocyanide, M¼ ethyl

isocyanoacetate. Obtained as a dimethyl ester.
matographic separation especially when excess reagents
are used to raise the conversion yield. An efficient
purification is, however, readily realized in the present
study by using the soluble MPEG polymer associated
with the AAc linker as shown above and hence this is the
apparent merit of this platform. In addition, release of
the small molecules from the platform is effected rapidly
under mild conditions using Yb(OTf)3 catalyst without
significantly losing the purity. By using this platform, a
larger size of the compound library for the Ugi 4CC
reaction is under construction in our laboratory.

In summary, we have shown in this paper an alkoxy-
acetyl (AAc) group is a useful linker for the MPEG
support, which can load and release small molecules
under mild conditions efficiently. Preparing Ugi 4CC
products on this platform further showed the usefulness.
From these results we believe the platform would be
applicable not only to construction of small molecule
libraries but also to rapid synthesis of hit compounds
found from biological screening in chemical genetics
studies.
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