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Abstract . Immobilization methods of lariat azacrown ether, containing oxyethylene spacer in the si-
dearm of crown ring, on the polymer matrix were studied. Crown ethers bound to polystyrene resins
by oxyethylene spacer were obtained by the reaction of monoazacrown ether with 2-tosyloxyethoxy-
or 2-(2-tosyloxyethoxy)ethoxy methylated polystyrene resins, derived from tosylation of 2-hydroxye-
thoxy- or 2-(2-hydroxyethoxy)ethoxymethylated polystyrene resins. This method presented a conve-
nient route to immobilize various crown ether structure on polystyrene supports by poly(oxyethy-
lene) spacers. Polymer supported simple crown ethers without oxygen donors in the spacer chain
corresponding to the above lariat azacrowns were obtained by the reaction of crosslinked w-bromoal-
kylated polystyrene resins with monoazacrown ether.
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INTRODUCTION

Crown ether moieties immobilized on polymeric
supports are effective catalysts for aqueous-organic
two-phase reaction.!™ !

Crown ethers with additional donor atoms in the
side arms of the macrorings are called as lariat
crown ethers.?~1°

The lariat ethers can bind alkali metal cations
by cooperative coordination of the crown ring do-
nors and the side chain donors . The binding abi-
lity of the lariat crowns is generaily higher than
that of crown ether with simple alkyl side chains.

This paper reports on the syntheses of crown
ethers attached on polystyrene supports by oxye-
thylene spacers.

EXPERIMENTAL

Materials

Monoaza-15-crown-5 and monoaza-18-crown-6
were prepared by Gokel's method.’® Crosslinked
polystyrene resins containing hydroxyl groups
were prepared by suspension polymerization of st-
yrene, divinylbenzene (DVB)(2mol%), and hyd-
roxyl-containing styrene derivatives as described
previously.'

Polystyrene-supported monoazacrown ethers
with heptamethylene spacers were prepared by
the method described previously.!® Other reagents
and solvents obtained commercially were used as
received.

Measurements

IR spectra were taken using a Shimadzu FTIR-
4000 spectrophotometer. 'HNMR spectra were re-
corded on a 60 MHz instrument (JNM-PMX 60)
using CDCl; as solvent and tetramethylsilane as
internal standard. Hydroxyl content was determi-
ned by acetylation with an acetic anhydride-pyri-
dine mixture.’® Crown ether content was determi-
ned by adsorption of KSCN.#* The amount of im-
bibed solvent into catalysts was determined from
gain in weight of the catalysts by using a fritted
tube at room temperature, '8!
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Synthesis of 2-(vinylbenzyloxy)ethanol®

A 1L four-necked flask was charged with 3.4 mol
of ethylene glycol, 2 mol of sodium hydroxide and
2 g of hydroquinone. After the mixture was stirred
at 80T for 2h, 1 mol of chloromethylstyrene (a
mixture of meta- and para-isomers (6 ; 4), techni-
cal, 91%) was added dropwise over a period of 30
min to the stirring mixture at 80C. The reaction
system was stirred at the same temperature for an
additional 20 min. After cooling, the mixture was
poured into a brine (ca. 15% ), and the organic la-
yer was separated. The aqueous layer was extrac-
ted with toluene and extract, combined with the
organic layer, was washed with a brine and dried
over anhydrous MgSO,. After evaporation of to-
luene the residue was distilled under reduced
pressure, in the presence of 1,1-diphenyl-2-picryl-
hydrazyl : b.p. 100-105C (0.35-040 torr) ; yield,
69%.

IR(neat) : 3400(0OH), 1630(C=C), 1100cm
(C-0-0)

'HNMR(CDCly) : 8=2.50(s ; OH),  3.52-3.84
(m ; OCH,CH,0), 4.54(s ; benzylic CH,), 5.17-5.
91(m ; CH,=), 654-7.04(m; CH=), 7.24-7.38
(m ; phenylene)

2-(2-Vinylbenzyloxyethoxy)ethanol was prepa-
red in a similar manner from diethylene glycol and
chloromethylstyrene : b.p. 116-120C  (0.30-0.40
torr) ; yield, 54%

IR(neat) : 3400(0OH), 1625(C=C), 1100cm™
(C-0-0)

ITHNMR(CDCly) : 8=332(s s OH),  3.53-3.70
(m ; OCH,CH,0), 4.67(s : benzylic CH,), 5.30-
6.03(m ; CH,=), 6.63-7.17(m ; CH=), 7.34-7.57
(m ; phenylene)

7-Bromoheptylstyrene was prepared in a similar
manner from vinylbenzyl magnesium chloride (60/
40 meta/para) and 1,6-dibromohexane by the pro-
cedure described!® : b.p. 118-120C (0.3 torr) 3
yield, 35%

IR(neat) : 1610(C=C), 1250(CH,Br), 560 cm™
(CH,Br)

HNMR(CDCI,) : $=1.37-1.92(m ; CH,), 247~
2.70(m ; benzylic CH,), 3.23-347(m ; CH,Br),
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5.10-5.90(m ; CH,=), 6.63-6.93(m ; CH=), 6.93-
7.43(m ; phenylene)

Tosylation of Hydroxyl-containing polystyrene

resins”

A 100 mL threé-necked flask was charged with
450 g of 2-hydroxyethoxymethylated polystyrene
beads (OH content, 2.23 mequiv/g ; crosslinked
with 2mot% of DVB), p-toluenesulfonyl chloride
(94.07g, 20.1 mmol), di-isopropylamine (4.07 g,
402 mmol), and carbon tetrachloride (40 ml).
The mixture was stirred at a reflux temperature
for 6 h under nitrogen. After cooling, the separated
polymer beads were washed thoroughly with me-
thanol/dioxane(1 . 1 v/v), dioxane, tetrahydrofu-
ran(THF), and dichloromethane, and dried at 60C
in vacuo ; yield of tosylated product, 4.46 g(92% )

Immobilization of Crown Ether Structures on

Polystyrene Resins

A 50 mL three-necked flask was charged with 5.
50g of 2-tosyloxyethoxymethylated polystyrene
resin (tosyl content, 1.16 mequiv/g), monoaza-15-
crown-5(7.0g, 31.8 mmol), and acetonitrile (20

mL). The mixture was stirred at 80C for 5 days
under nitrogen. After cooling, polymer beads were
separated using a fritted glass funnel, washed tho-
roughly with dioxane/water(1:1 v/v), dioxane/
methanol (1: 1 v/v), dioxane, THF, and dichloro-
methane, and dried at 60C in vacuo : yield of
crown-containing polymer Ia, 5.84 g; degree of
loading, 1.34 mequiv/g.

RESULTS AND DISCUSSION

Microporous polystyrene resins containing lariat
azacrown ether moieties were successfully prepa-
red by the reaction of monoazacrown ethers with
2-tosyloxyethoxymethylated or 2-(2-tosyloxye-
thoxy)ethoxymethylated polystyrene resins cross-
linked with 2 mol% of DVB(Scheme 1). The tosy-
lated resins were obtained by tosylation of polyst-
yrene resins having ethylene or diethylene glycols
moieties according to the method: of Darling and
Frechet.!® The tosylation and the immobilization of
the azacrowns proceeded in high yields : In the

Table 1. Characterization of Polymer-supported Lariat Crown Ethers

Polymer-supported Oxyethylene Monoazacrown Crown content” Ring sub-
lariat crown spacer unit (mequiv/g) stitution( % )
Ia CH,OCH,CH, 15-crown-5 0.62 8
(m=0) (n=1) 0.98 14
1.34 22
1.57 29
1.95 4
Ib 2 18-crown-6 0.92 14
(n=2) 1.28 23
1.55 32
Ila CH,OCH,CH,OCH,CH, 15-crown-5 0.84 12
(m=1) (n=1) 124 22
1.53 31
1.75 42
1.95 54
IIb 4 18-crown-6 0.76 11
(n=2) 1.24 23
146 32

a Determined by adsorption of KSCN
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comparison of IR-spectrum, tosylated resin, com-
pared with the original one, shows a new absorp-
tion due to tosyl group, and a decreased absorption
at 3400 cm™! due to the hydroxyl group. In the im-
mobitized crowns I and II, absorption at 1100 cmt
due to the ether group was appeared.

Table 1 list the polymer-supported lariat azac-
rown ethers prepared. The loading of crown resi-
dues could be controlled with ease by changing the
hydroxyl content of the starting polystyrene beads.
This is a convenient route to immobilize various
crown ether structures on polystyrene supports by
poly(oxyethylene) spacers, though the immobili-
zed lariat crown ethers can be also synthesized by
the reaction of hydroxyl-containing crowns and ch-
loroniethylated polystyrenes.2’

Table 2 list the polymer-supported monoazac-
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Fig. 1. Effect of percentage of ring substitution on the
amount of solvents imbibed into immobilized catalyst
with monoaza-15-crown-5 unit. (A) : catalyst Ia with
oxyethylene spacer of m=0. (B) : catalyst la with
oxyethylene spacer of m=1. The amount was deter-
mined on the basis of weight of dry catalyst(60-100
mesh) at room temperature. Fig. (A) also contains
data for IIa with tetramethylene spacer ((], W), pre-
sented in a previous paper.’®

Table 2. Characterization of Polymer-supported Crown Ethers

Polymer-supported Spacer Monoazacrown Crown content® Ring sub-
crown unit (mequiv/g) stitution( % )
(CH,), 15-crown-5 1.19 20
18-crown-6 121 22

 Determined by adsorption of KSCN
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rown ethers with heptamethylene spacers prepa-
red.

Fig. 1 and 2 reports the dependence of the
amount of toluene or methanol, imbibed into catal-
ysts I and I at room temperature, on the percen-
tage of ring substitution (RS).

The affinity of supported catalysts with similar
active sites for toluene and methanol corresponds
to the lipophilicity and hydrophilicity, respectively,
of the catalysts.'6122
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Fig. 2. Effect of percentage of ring substitution on the
amount of solvents imbibed into immobilized catalyst
with monoaza-18-crown-6 unit. (A) : catalyst Ib with
oxyethylene spacer of m=0. (B) : catalyst Iib with
oxyethylene spacer of m=1. The amount was deter-
mined on the basis of weight of dry catalyst(60-100
mesh) at room temperature.
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The decreased lipophilicity or increased hydro-
philicity with increasing RS is due to an increase
in the content of the hydrophilic crown ether unit
in the supported catalysts. It is interesting that the
affinity hardly depends on the structure of the
spacer chain : catalysts Ia and Ila containing one
oxygen and two oxygens, respectively, in the spa-
cer chain were similar in the affinity, which was
analogous to that of catalyst Ia with no oxygen in
the spacer, presented in a previous paper16 (see
Fig. 1A).

The catalysts with monoaza-15-crown-5 struc-
ture exhibited the lipo- and hydrophilicity similar
to those of the catalysts with monoaza-18-crown-6
structure(Fig. 2). This must be attributed to the
similar amphiphilic nature of both the crown stru-
ctures.

In conclusion, polystyrene-supported lariat azac-
rown ethers were prepared by the reaction of mo-
noazacrown ethers with polystyrene resins contai-
ning w-tosyloxylated groups. This synthetic me-
thod presented a more general route to immobilize
various crown ether structures on polystyrene su-
pports by poly(oxyethylene) spacers than a tradi-
tional method, synthesized by the reaction of hyd-
roxyl-containing crowns and chloromethylated pol-
ystyrene.
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