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Abstract—Poly[N-(2-aminoethyl)acrylamido]trimethyl ammonium chloride resin was developed as a new polymeric phase-transfer
catalyst. This quaternized polyacrylamide catalyzed the regioselective ring opening of epoxides by thiocyanate ion to give
thiocyanohydrins in high yields under mild conditions. © 2002 Elsevier Science Ltd. All rights reserved.

Epoxides are one of the most versatile intermediates in
organic synthesis and a large variety of reagents are
known for the ring opening of these compounds.! Their
electrophilic reactions with different nucleophilic anions
have been an interesting subject in organic synthesis.?
Of these anions, the reaction of thiocyanate ion with
epoxides, in the absence or in the presence of a catalyst,
has been widely studied and is a suitable method for the
preparation of thiiranes.®> The formation of thiiranes
from the reaction of epoxides and thiocyanate has been
proposed to occur through the intermediacy of the
corresponding B-hydroxy thiocyanate, but this interme-
diate has not been isolated due to its rapid conversion
to the corresponding thiirane > t%>

There are only a few methods reported in the literature
for the synthesis of PB-hydroxy thiocyanates. In one
method, thiocyanohydrins are prepared by the opening
of a cyclic sulfate with NH,SCN to form the corre-
sponding B-sulfate, which is hydrolyzed to the thio-
cyanohydrin. A second method involves the addition of
thiocyanic acid (generated in situ at low temperature)
to an epoxide.® Recently Sharghi reported the conver-
sion of epoxides to [-hydroxy thiocyanates using
NH,SCN in the presence of phenol containing a macro-
cyclic diamine as a catalyst.” In the first two of these
methods, it has been reported that the presence of some
hydroquinone or DDQ is required to stabilize the (-
hydroxy thiocyanate and inhibit its conversion to a
thiirane.*®

* Corresponding author. Tel.: +98-711-2284822; fax: +98-711-
2280926; e-mail: tamami@chem.susc.ac.ir

Phase-transfer catalysts (PTCs) facilitate reactions
between water-soluble reagents and organic soluble
substrates. The most important PTCs, which have been
used widely in organic reactions, are quaternary ammo-
nium and phosphonium salts, crown ethers, and
cryptands.®!! These catalysts are generally not recov-
ered and this is a problem when the relatively expensive
cryptands and crown ethers are used. On the other
hand, some of the ammonium and phosphonium salts
sometimes form stable emulsions. During the last few
years much interest has been focused on the applica-
tions of functionalized polymers as PTCs,'>!3 because
they provide ease of separation of the catalyst and
isolation of the product. A significant number of qua-
ternary ammonium and phosphonium salts as well as
crown ethers and cryptands bound to polystyrene type
resins have been used in synthetic organic chemistry.!>-1¢

Polyacrylamide and its modified forms have been used
as cosolvent-type catalysts for nucleophilic displace-
ment reactions under biphasic and triphase condi-
tions,'” as supports for the solid-phase synthesis of
peptides,'® for metal complexion,'®?° and for the prepa-
ration of a number of polymer supported reagents.?! >
These supported systems, were found to have entirely
different characteristics in terms of polarity, solvation,
and reactivity compared to the commonly used
polystyrene supported species.

Recently, we have reported the use of quaternized
amino functionalized cross-linked polyacrylamide as an
efficient polymeric PTC in the synthesis of
halohydrins®* and azidohydrins.?® In this report, we
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describe the results that successfully led to the develop-
ment of an efficient and simple method for the transfor-
mation of epoxides to [-thiocyanohydrins using
quaternized amino functionalized cross-linked poly-
acrylamide as an efficient heterogeneous polymeric
PTC.

Polyacrylamide cross-linked with divinylbenzene (2%)
was prepared by free radical solution polymerization of
the monomer mixture in ethanol using benzoyl peroxide
as an initiator. Poly[N-(2-aminocthyl)acrylamide] was
obtained by the transamidation reaction of cross-linked
polyacrylamide with excess ethylene—diamine. Poly[N-
(2-aminoethyl)acrylamido]trimethyl ammonium chlo-
ride was prepared by the reaction of poly[/N-(2-amino-
ethyl)acrylamide] with an excess of methyl iodide in
DMF at room temperature and subsequent exchange of
the iodide anion with chloride.***

To develop the synthetic utility of this modified poly-
mer, it was examined in the reaction of epoxides with
NH,SCN, especially for the synthesis of B-thiocyanohy-
drins under phase-transfer conditions (Scheme 1). The
effects of solvent and molar ratio of the polymer on the
ring opening of epoxides were investigated. The reac-
tions were carried out in wet tetrahydroforan, chloro-
form, dichloromethane, ethyl acetate, acetonitrile and
water. The best solvent was acetonitrile (Table 1). The
optimum molar ratio of the polymeric catalyst to epox-
ide was found to be 0.15-0.2:1.

The reactions of different epoxides carrying electron-
donating or withdrawing groups with NH,SCN were
performed in acetonitrile at room temperature in pres-
ence of 0.15-0.2 molar equiv. of the polymeric PTC.
The corresponding B-thiocyanohydrins were obtained
in very high yields without the formation of any of the
corresponding thiiranes (Table 2).

CN
CHLCN, rt.
RS N%CN%}—Q
0o OH

~CH,CHY
PTC:  CONHCH,CHRi(CHg),CT
Scheme 1.

Table 1. The effect of the solvent on the reaction of sty-
rene oxide with NH,SCN using the polymeric PTC*

Entry Solvent Time (h) Conversion (%)
1 THF 6 5b

2 CHClL, 6 0

3 CH,Cl, 6 0

4 EtOAc 6 7°

5 CH,CN 1.5 100

6 H,O 6 47

“ The molar ratio of the polymeric catalyst to styrene oxide was 0.2:1.
b By GC.

Except for the reactions of styrene oxide (entry 1) and
1,2-butene oxide (entry 6) which produce a small per-
centage of the other regioisomer, the reactions of the
epoxides were found to be highly regioselective and
only one isomer was obtained. Also in the case of cyclic
epoxides (Table 2, entries 7-8), trans products were
obtained. Obviously, in these reactions, the attack
appears to be largely, if not entirely, at the primary
carbon atom of the epoxide ring. The direction of ring
opening is that characteristically observed for reactions
of monoalkyl-substituted epoxides under Sy2 condi-
tions and is probably dictated by steric and electronic
factors. In the reaction with styrene oxide, the thio-
cyanate ion attacks predominantly at the secondary
carbon atom of the epoxide ring, a fact, which is
reasonably well established.?®

As shown in our previous papers,>*> the poly[N-(2-
aminoethyl)acrylamido]trimethyl ammonium chloride
resin in this transformation acts both as a catalyst for
nucleophilic ring opening reactions as well as being a
phase-transfer agent. It seems that this polymeric cata-
lyst carrying the nucleophile has an activating effect on
the epoxy substrate and the reaction proceeds smoothly
in the vicinity of the catalyst. Probably the ring opening
of the epoxide is facilitated by hydrogen bonding
between the oxygen of the epoxide and the amidic
hydrogen of the polymer.

In  conclusion,  poly[N-(2-aminoethyl)acrylamido]-
trimethyl ammonium halide resin has proved to be a
highly efficient polymeric PTC for the regioselective
ring opening of epoxides to thiocyanohydrins by thio-
cyanate ion. It plays a special role as an electrophilic
catalyst, as well, for such reactions. The resin has the
inherent advantages of being a solid-phase-transfer cat-
alyst, including operational simplicity, filterability,
regenerability, and reuse. In particular, the workup of
the reaction was very easy and the pure products could
be isolated without any purification; the filtered poly-
meric catalyst could be recovered, and after changing it
to the CI- form, it be used several times and used
without any loss in its capacity and efficiency.

Reactions of epoxides with other nucleophiles under
phase-transfer conditions, using this polymer and some
other reactions such as reductions and the effect of
parameters such as the nature of the alkyl groups on
the quaternized site and the spacer length are currently
under investigation.

Typical procedures:

(A) Poly[N-(2-aminoethyl)acrylamido]trimethyl ammo-
nium iodide resin was prepared as described in the our
previous papers.?*>

(B) Reactions of epoxides with NH,SCN under PTCs:
To a mixture of the epoxide (1.0 mmol) and NH,SCN
(3 mmol) in acetonitrile (20 ml), was added poly [N-(2-
aminoethyl)acrylamido]trimethyl ammonium chloride
(~0.1 g). The suspension was stirred at room tempera-
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Table 2. Reaction of epoxides with NH,SCN in presence of poly[N-(2-aminoethyl)acrylamido]trimethyl ammonium chloride

resin as PTCs in CH;CN*

Entry Epoxide Time (h) Product® Yield %°
0 CN OH ]
1 1.5 Ph OH o A_scN 90 (89,11)
Ph~ )
o Minor
2 0.5 OH 92
PhOCHs” PhO_ | _scn
o o f OH
3 \"—g—o\/& 1 \Cotscen o
0 OH
4 A0 2.5 /\/O\)\/SCN 91
o) OH
5 4 89
CICHZ/A C|CH2)\/SCN
A T
SCN
6 CH.CH3 3 CHgCH3 H CHjCHs 90 (18, 82)
Minor
OH
7 1 O/ 89
""SCN
OH
8 O>O 6 O:.,SCN 86

a : All of the reactions were carried out at room temperature. Molar ratio of PTC to epoxide was 0.2: 1.

b :Structures and regiochemical ratios determined for the
¢ : Yield refers to isolated product.
d: Two regioisomers were obtained and the yield refers

ture for the time shown in Table 2. The progress of
each reaction was monitored by TLC, using CCl,—ether
(5:1) as eluent and/or GC. The polymer was removed
by filtration. The organic solvent was dried with anhy-
drous Na,SO, and the pure product was obtained upon
evaporation of the solvent. The characterizations of
products were performed using IR, 'H and *C NMR
spectroscopy.

(C) Selected spectroscopic data: (a) 2-Hydroxycyclo-
hexyl thiocyanate: IR (neat): v SCN, 2163 cm™!; 'H
NMR (DMSO), ¢ (ppm): 2.95 (1H, m), 2.36 (1H, m),
2.15(1H, s), 1.8 (2H, m), 1.6 (2H, m), 1.2-1.5 (4H, m);
13C NMR (CCl,), d (ppm): 110.0, 72.2, 54.8, 34.9, 32.6,
30.6, 27.1; (b) 2-hydroxy-2-phenylethyl thiocyanate: IR
(neat): v SCN, 2160 cm™!; '"H NMR (DMSO0), é (ppm):
7.3 (5H, m), 4.9 (1H, dd), 3.95 (2H, m), 3.2 (1H, s); *C
NMR (DMSO), ¢ (ppm): 137.6, 129.1, 128.6, 126.4,
112.6, 71.3, 63.6.

products by 'H-NMR .

to both isomers.
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