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Convenient preparation of aryl ether derivatives using a sequence
of functionalized polymers
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Abstract—A four-step synthesis to aryl ether derivatives, three of which utilize polymer-supported reagents, has been developed.
Supported triphenylphosphine was successfully utilized in two distinct synthetic processes in the first step, whilst supported base
and ionic and covalent scavengers were employed to complete the synthesis and purification of the target compounds. © 2003
Elsevier Science Ltd. All rights reserved.

Current synthetic approaches in organic chemistry have
benefited greatly from the pioneering work conducted
in the area of functionalized polymers during the 1970s
and 80s.1 In particular, multi-step synthesis using sup-
ported reagents has become a common approach in
synthetic organic chemistry and has been the subject of
steady literature attention from both academic and
industrial laboratories over the past 10 years.2,3 In a
previous communication we outlined an optimized pro-
cedure for the construction of aryl ethers from amino-
alcohols and phenols using polymer-supported
triphenylphosphine.4 That chemistry was carried out as
part of a larger exercise focused towards the develop-

ment of a four-step synthesis of functionalised aryl
ether derivatives; details of this exercise are outlined
below (Fig. 1).

Aryl ethers 1 were designed using a pharmacophore
model as putative ligands for a family of cellular recep-
tors, and we chose to synthesize a targeted combinato-
rial library of derivatives using a sequence of supported
reagents. For the first step, we examined two distinct
uses of supported triphenylphosphine 2.5 As outlined
previously,4 the Mitsunobu coupling of phenols 3 with
N-protected aminoalcohols 4 using 2 in the presence of
triethylamine served as a successful route to the inter-
mediate compounds 8 (Scheme 1), and several deriva-
tives prepared using this approach were used in the
subsequent steps in the compound library synthesis.

In addition to the Mitsunobu route, we also developed
an alternative approach to 8 by using 2 to mediate
chlorination of N-protected aminoalcohol substrates.6

In a typical procedure, 4 was first dissolved in an equal
volume mixture of carbon tetrachloride and
dichloromethane, and the resulting solution was treated
with 2. After 12 h stirring at reflux the correspondingFigure 1.

Scheme 1.
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alkyl chlorides were isolated in high yields. This proce-
dure was successful for the production of both primary
and secondary alkyl chlorides 5, as illustrated by the
representative examples shown in Table 1.

To complement the set of protected aminoalcohols
previously synthesized using the Mitsunobu reaction,4

alkyl chloride 5a was treated with phenolates, generated
by treating the phenol substrates 3 with polymer-sup-
ported 1,5,7-triazabicyclo[4.4.0]dec-5-ene (TBD) 6 in
chloroform.7 These nucleophilic displacements were
conducted over the course of 12 h at reflux in the
presence of a catalytic quantity of potassium iodide.

Upon completion of the reactions, the crude product
mixtures were poured onto sulfonic acid resin 7;8 after
10 min, the suspensions were filtered, and the resins
washed extensively with methanol and dried. The resins
were then treated with a methanolic ammonia solution,
and the products 8 were subsequently isolated following
evaporation of the filtrate in vacuo. A representative set
of data for this step, illustrating the use of substrate 5a,
is shown in Table 2.

Removal of the N-benzyl or N-BOC protecting groups
from intermediates 8 was then accomplished using 10%
trifluoroacetic acid in dichloromethane or transfer

Table 1.

543Entry 21

4a 4bSubstrate 4c 4d 4e
80 94Isolated yield of 5 (%) 8088 45

Table 2.

Entry Phenol Alkyl halide Conversion to 8 (%)9

3a1 5a 99
5a3b 952

3c3 5a 95
853d 5a4

3e5 5a 95
6 3f 5a 95

3g 957 5a
955a8 3h

9 3i 5a 85
10 603j 5a
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Table 3.

Entry 1 2 3 4 5 6 7 8 9 10

9a 9a 9a 9aAmine 9a9a 9a 9a 9a 9a
10b 10c 10d 10e 10f10a 10gSulfonyl chloride 10h 10i 10j

90Conversion to 14 (%)9 90 90 90 85 85 85 90 90 85

12 13 14 15 1611 17Entry 18 19 20
9bAmine 9b 9b 9b 9b 9b 9b 9b 9b 9b

10b 10c 10d 10e 10fSulfonyl chloride 10g10a 10h 10i 10j
80 80 80 85 9060 75% Conversion to 149 60 85 60

22 23 24 25 26 27Entry 2821 29 30
9c 9c 9c 9c 9c9c 9cAmine 9c 9c 9c

10aSulfonyl chloride 10b 10c 10d 10e 10f 10g 10h 10i 10j
50 90 90 90 90% Conversion to 149 9090 85 90 90

31Entry 32 33 34 35 36 37 38 39 40
9d 9d 9d 9d 9d 9d 9dAmine 9d9d 9d
10b 10c 10d 10e 10f10a 10gSulfonyl chloride 10h 10i 10j
85 85 85% Conversion to 149 8585 85 80 85 85 90

hydrogenation,10 respectively, to furnish the desired
secondary amines 9. Finally, these products were
treated with a structurally diverse set of sulfonyl chlo-
rides 10 in the presence of polymer-supported Hünig’s
base 1111 using an equal volume mixture of N,N-
dimethylformamide and acetonitrile as solvent. After 16
h stirring at room temperature, the suspensions were
filtered into a bed of aminomethyl polystyrene 1212 to
remove excess sulfonyl chloride. Finally, following
filtration, the product solutions were treated with sup-
ported mesatoic anhydride 1313 to remove any unre-
acted amine 9 and to furnish the desired target
compounds 14. Table 3 depicts examples of products
isolated in this exercise.14

In summary, a convenient multi-step sequence to func-
tionalised aryl ether derivatives using a series of poly-
mer supported reagents has been developed, in which
supported triphenylphosphine was utilized efficiently in
both Mitsunobu coupling and chlorination, and func-

tionalized covalent and ionic scavengers were used for
purification. This method enabled us to rapidly produce
several hundred structurally diverse aryl ether ana-
logues in high conversion.
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