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ABSTRACT

A quaternary ammonium salt readily immobilized on a soluble poly(ethylene glycol) polymer support efficiently catalyzes different reactions
carried out under phase-transfer catalysis conditions; the catalyst, easily recovered by precipitation and filtration, shows no appreciable loss

of activity when recycled three times.

One of the major problems associated with the use of solublebeen used for the immobilization of cinchona alkaloid-
catalysts lies in the recovery of the catalyst from the reaction derived ligands for the asymmetric dihydroxylation reacfion.

medium. Immobilization of the catalyst on a polymeric
matrix can provide a simple solution to this problérm
this context, the ideal polymer support should be soluble in

To the best of our knowledge, however, a whole catalytic
system has never been attached to PEG.
Here we report that a quaternary ammonium salt can be

some solvents, for the catalyzed reaction to be carried outeasily synthesized on a modified MeOPEG, and this sup-

under optimum conditions, and insoluble in other solvents,

ported catalyst is an efficient and recoverable promoter of

so that the supported catalyst can easily be isolated andseveral reactions carried out under phase-transfer catalysis

recovered by precipitation and filtratién.

Poly(ethylene glycol)s (PEGs) dfl,, greater than 2000
Da are readily functionalized, inexpensive polymers that
feature these convenient solubility properfiéecently, the
mono methyl ether of PE£g, (MeOPEG) has successfully
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The preparation of the immobilized catalyst is described (obtained in quantitative yield from MeOPE®vas reacted
in Scheme 1. On the basis of our previous experience in thewith the Cs salt of commercially available 4-hydroxybenzyl
alcohol (3 equiv, DMF, 50C, 15 h) to afford alcoho? in

_ nearly quantitative yield Reaction of2 with PBr; (3 equiv,

Scheme 1 CH.ClI,, 0°C to room temperature, 15 h) gave bromRim

. 95% yield. This was converted into ammonium sélby
O—o@—/\om-s

reaction with tributylamine (10 equiv) in toluene (86, 72
h, 85% yield).

1 y Compound4 was then used as catalyst in a series of
O_o_@_/\_o_@_/ standard transformations carried out under PTC conditions.
The results are reported in Table 1. For sake of comparison,
2, X=0H the yields of the same reactions promoted by nonsupported
_] b and structurally related catalysts were also inclutled.
3. X=Br . . . ..
c [ The reported data indicate thashowed a catalytic activity
4, X = N*BugBr’ that was similar to, or even better than that of the nonsup-

ported catalysts. Remarkably, the benzylation of phenol and

ﬁauger' pyrrole (enFries 7—10)_requir§d only 0.01 equi_v of c_atalyst
O—O—Q—/ 4 to occur in>95% vyield. Dichloromethane, in which the
catalyst is readily soluble, was found to be the organic solvent
5 of choice, but the reaction could satisfactorily be carried out
O — MeO(CH,CH,0),CHyCHy- also in the absence of organic solverll'g (entries 3 a_nd 4).
n=100-125 Generally the use of solid/liquid conditions led to higher

yields than those observed under liquid/liquid conditions

3 G000 (8 mat squivl, 4-hwdronybenzylaioohol (entries 2vs 1, 7 vs 5, 10 vs 9). As shown by entries 11—-13

(3 mol equiv), DMF, 50°C, 15 h. ® PBrs (3 mol and 15, catalys# could be recovered by precipitation and
equiv), CHoCly, 0°C to RT, 15 h. © n-BugN (10 mol filtration, and recycled three times to run the same (entries
equiv), toluene, 65°C, 72 h. 11 and 12) or a different reaction (entry 13) without any

appreciable loss of the catalytic activiy.

It is also worth mentioning that compourdfavorably
synthesis of small organic molecules bound to modified compares as catalyst to other quaternary ammonium salts
PEGS$ ethereal bonds were selected for connecting the immobilized on insoluble polystyrene suppoftsThe use
polymer core to the reactive functionality. Mesylate of these catalysts generally required higher reaction temper-

Table 1. Phase-Transfer Reactions Catalyzed by Ammonium &alt

entry substrate reagent conditions? product time (h); °C yield (%)P lit. yield (%)
1 n—CgH17Br Kl H20 I’]-CgH17| 5; 40 56 93¢
2 n-CgHq7Br Kl solid/liquid n-CgHa7l 4; 40 75 -
3 n-CgH17Br KCN H,0d n-CgH17CN 8; 85 85 93¢
4 BnBr KCN H,0d BnCN 2;25 97 97¢
5 phenol BnBr NaOH aq PhOBnN 22; 25 18 86f
6 phenol BnBr NaOH solid PhOBnN 3;25 90 —
7 phenol BnBr NaOH solid PhOBnN 22;25 95 —
8 pyrrole BnBr NaOH aq N-Bn-pyrrole 3;40 95 -
9 pyrrole BnBr NaOH aq N-Bn-pyrrole 24; 40 99 679
10 pyrrole BnBr NaOH solid N-Bn-pyrrole 0.25; 25 99 -
11 pyrrole BnBr NaOH solid N-Bn-pyrrole 0.25; 25 g5h -
12 pyrrole BnBr NaOH solid N-Bn-pyrrole 0.25; 25 93 -
13 phenol BnBr NaOH solid PhOBnN 22; 25 92i -
14 styrene CHCls NaOH agk —! 2.5; 40—60 95 8gm
15 styrene CHCl; NaOH agk —! 2.5; 40—60 9on -

a All the reactions were carried out in a two-phase system. Under liquid/liquid and solid/liquid conditions, the organic solveni@asriéss otherwise
stated. NaOH ag was a 0.1 M solution in®1unless otherwise stated. The amount of catalyst was 0.04 equiv in entries 1—4, 11, and 15 assuming an average
MW of 6250 g/mol, and 0.01 equiv in entries 5—10 and 12-X1Kolated yields, except for entries 1—3 (GC yields; the remainder was starting material).
¢0.05 mol equiv of (n-gH17)sN*Br—; toluene/HO; 5 h, 90°C; GC yield (ref 8a)4 No organic solvent was addew).05 mol equiv of Aliquat 336; bD;
2h, rt (ref 8b).f0.01—0.10 mol equiv of n-B4BNN*Br—; NaOH 0.3 M in HO; 2—12 h, rt (ref 8¢)90.10 mol equiv of EBNN*Br—; NaOH 19 M in HO;
20 h, 40°C (ref 8d)." Reaction carried out with a sample #fecovered after use in entry 10Reaction carried out with a sample #fecovered after use
in entries 10 and 11.Reaction carried out with a sample 4frecovered after use in entries-102. kK The organic solvent was CHENaOH aq was 9 M
in H,0. ! The product is 1,1-dichloro-2-phenylcyclopropafié€.05 mol equiv of catalyst; NaOH was 19 M in®; 2.5 h, 46-60 °C (ref 8e)." Reaction
carried out with a sample af recovered after use in entry 14.

1738 Org. Lett., Vol. 2, No. 12, 2000



atures and/or longer reaction times than those employed here. In these reactions the product was obtained in 27 and 32%
For instance, the reactions of entries 2 and 4 required 15 hyield, respectively, thus showing that the ammonium moiety
heating at 110°C to occur in 81°% and 853° % vyield, of catalyst4 decisively contributed to the catalytic activity.
respectively, in the presence of catalysts similar to compoundRemarkably, the ammonium sé&ltfeaturing a shorter spacer

4 anchored on microporous polystyrene cross-linked with between the PEG core and the quaternary nitrogen atom is
2% divinylbenzene. In addition, solid supported phase- a catalyst less efficient thah(60 vs 75% yield in the reaction
transfer catalysts required a preliminary, long conditioning of entry 2).

time (up to 15 h) to ensure bead swelling and optimum |5 conclusion, the immobilization of an ammonium salt
accessibility of substrate and reagent to the catalytic'%ite. o a modified PEG provided an efficient phase-transfer
Finally, the high stirrring rate necessary with these catalysts catalyst that could easily be recovered and recycled. The
resulted in extensive mechanical degradation of the polymer ,,ssibility of exploiting enantiopure ammonium salts at-

beads, that were difficult to recover by filtratioh. tached to modified PEG in asymmetric phase-transfer
Since PEG itself is known to be a phase-transfer cata- catalyzed reactions is currently under active investigation in

lyst>*2the catalytic activity of alcohoR was tested in the 4 ;r |aboratories.

benzylation of pyrrole under the conditions of entries 8 and
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