
Tetrahedron Letters Vol. 21, pp 2581 - 2584 
0 Pergamon Press Ltd. 1980. Printed in Great Britain 

Pietro adored Pa510 V%nt~%~lo 

Istituto di Chimica Organica dell*Universita, I-10125 Tcrino, Italy. 

Summsta: Phcsphcnium salts immobilized on silica gel have been found to be bath 
&cellar and phaee-transfer catalysts.Tb%y are able to exchange their parent 
anions with the anions present in an aqueous solution and promote, in catalytic 
boots, the dec~~xylat~~~ of ~-~trcben~~~o~azo~e~3-c~b~xylat% to give 
2-cyano-5-nitrcphenolate , a test for micellar catalysis. 

@icellar catalysis is due to subetrate binding and to a change in its envircn- 

ment. 1 

@,,H33N+(CKJ)3Br- (@4hy)4P+Br- 

1 2 

Onium salta of long hydrocarbon chain having a hydrcphylic head, such as &., 

Bre typical micelle forming surfactants , and have been supported on cross-linked 

polystyrene. 
2 
Conversely 2, equally soluble in water, cannot: form mioelles, but 

is very active as a phase-transfer oatalyst,3 Although 1 and p have similar 

functions, each one can effioientily work according to only one of the above 

mentioned mechanisms. 

Rep%nding on the way in wioh the reaction is carried cut, pho%phoni~ salts 

supported on silica gel, 4 such as 2, can act either as phase-transfer or 

mioelfar catalysts. 

In the presence of an organic phase under phase-transfer ~cnditicns the 

activity of 1 strongly d%pends on the adsorption of the organic substrate and 

its mechanism is exactly like the mechanism cf soluble catalysts.S 

We report here the high activity of phosPhoni~ salts supported on silica 

gel as insoluble catalysts to mimic functions of mioelles. In water 2 works 

via adsorption, rapidly exchanges its anions with the aqueous solution, and 

provides a hydrophobic environment. In fact 1 (1.3 mequiv PR 
I~ 

/g, 100-140 

mesh) dacolorizes the I,Ox.lQ -4 I aqueous S~~Uticn~ of sever&l dyes such as 

cresol red, methyl red, tory& brcmorescl green and potassium picrafe, by 

exchanging its brom$ne with the corresponding dyes anions. 
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Linear relationships between the decreases of the U.V. absorbance8 of 

these solutions and the grams of fictionalized silica added are follow%d* 

Addition of salts can affect the adsorption on 3 of an unbuffered 1.0~10-~ M 

aqueous solution of potassium picrate. The observed trend (figure) does not 

resemble the classical exchange of anions in the phase-transfer catalysis, but 

rather parallels the known effects of such salts on the micel.lar catalyzed 

reactions. 6.7 
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fi#$re- Potassium picrate adsorption on 2 (100 II& of an unbuffered 

aqueous solution, 1.0x10 -4 M) (-&I. Effect on the adsorption 

Of salts added to a 100 mL 1.0x10 
-4 I unbuffered aqueous 

Rate constants for d8Garboxyb&ion of 

+ CO2 

4 5 

Thie decarboxylation isS aa compared with water (k_= 0106xL0 
-4 *-I 

, T=30& 

95 times faster in micellar k (molar ratio lJ+195, T=25Wj6; 1300 times faster 

in cationic pclysoapsr partially laurylated poly(4-vinylpyridine) and polyf 2- 

ethyl-l-vinylimidazoata, as cata,lgsts (molar ratio ~Ql~sO~P#~=~~~ %=30eT: 

1300 times faster wPth quaternize& polyethylenimines (molar ratio polY%thylsn- 



imine/&=2, T=2S°C; the molecular weight of polyethylenimine was 24 OOOj8; 

14 000 times faster with polycrown ethers (molar ratio polycrown/@?jO, Cscl 

0.02 I, T=25*C)? 

Sheer suspensions of unfunctionalized silica gel in 2.0~10~ M aqueous solu- 

tions of cetyltrimefhylammonium (and phosphonium) bromide and N-cetylpyridinium 

bromide do not enhance , or rather slightly inhibit the decarboxylation of 4, 

compared with the rate of such micellar catalysts alone. 

Table - Effect of the addition of 1, salts, phase-transfer 

~nf~ctionali5e~ silica gel on the aqueous ~a~~boxy~ation 

catalyst and 

of &a‘ 

Catalyst 
ratio of 

cafalyst sa3.t k&o4 a 
-1 

to carboxylate 

1 0.05 1.1 

3 + KC1 0.05 10 1.2 

2 + KI 0.05 10 0.5 

A+ NaOTs 0.05 10 0.7 

a 1.0 0.07 

silica gelb - 0.08 

3 + silica gelb 1.0 0.09 

a 5.0 mL of a solution 2.7x10 -2 M in water buffered with borate (pH=9) at 30°Co 
b 
Unfunctionalized silica gel, 100 mg, 

0.05 molar equivalents of 1 (5.2 mg, 6,7x10 
-3 mmol) in 5.0 mL of a solution 

2.7xl.O 
-2 

M of 4 (borate buffer , p&G) at 30QC catalyze the decarboxglation to 

give 2-cyano-5-nitrophenolate 2, stirring very slowly, simply to avoid concen- 

tration gradients in the water solu%ion; the observed pseudo-first-order rate 
-1 

conetants (k-)1' w&8 k@.~~lO-~ s . During the reaction the catalyst is red, 

showing the effect of the less polar milieu on which 2 is adsorbed (compared 

with water, Amax= nm). 

The phase-transfer catalyst 2 and the unfunctionalized silica gel pratically 

do not affect the rate of decarboxylation; this can be changed however by 

addition of salts (fable). 



On the ContraPy of gt the micelfar rni~~oe~~~o~e~~ of 1 of c4p.m3e is not 

dependent on the concentration of surfactantsl Since it represents another in_ 

Soluble phase and thus the kd are Linearly dependent on the catalytic amount 

of At with a slope of 0.20 (r=0.997; k+xm4 s -1 vs . mol %quiv.xla2 of A)* 

RXperim%ntS carried out with an excesS of 3 25 timers higher than tht oarbo- 

xylate (2,7x102 BI) showed that both 4 and 2 are entirely adsorbed by the ca- 

tialyst; the variation of the colour from yellow to orange-red is very rapid: 

visual observations estimated t -1 
-l/2 420 8) corresponding to k+& 350~10~ s ; 

this value is very near to one obtained by 3mid9 with polycrown ethers, 

The rate acceleration is derived from formation of hydrophobic ion pairs 

between carboxglate amion and Supported onium salt. Moreover the catalytic 

cent%rS are compelled together, in a given environment because are immobilized 

on a Solid matrix. The silica skeleton, which is also fully p%rmeable toward 

the water solutions, recalls the function of the tertiary structure in the ca- 

talytic pattern of the enzymes. 

The high catalytic activity of 1 should be important, because on such in- 

soluble syStems it is posSible to optimize the factors Contrdl.ing the CatalY- 

sist by chang&ng t-he nsture aa4 the lipoph$lioity of the system and the 

hardnsss of the supported onium 8aLt. 

References and Notea 
2) a)J.H. Fendler, E.J. Fendler Vatalysis in Micellar and lacromolecular 

Systems", Academic Press: New York,1975 and $dv.Phgs.Ora.Ch%m. 1970, &,272; 
b)K.L. Iittal "Solution Chemistry of Surfactants*q, Plenum: New York, 1979. 

21 J.&l. Brown, J.A. Jenkins, J.Chem.Soc.,Chem.Co~~., 1976, 458. 
3) a)W,P; geber, G.\v, Coke1 "Phase-Transfer Catalysis in Organic Synthesis'*, 

Springer-Verlag: Berlin, 1977. 
b)C.bl* Starks, C. Liotta "Phase-Transfer Catalysis", Academic Press: New 
York, 5978. 

4) P. Tundo, JIChem,Soc.,Chem,Comrnun,, Tg?7, 641 and P, Tundo, P. Venturello, 
J.Am.Ch%m.Soc.. 1979, 10f, 6606. 

5) P, Tundo, P. Venturello, unpublished results. 
6) C.A, Bunton, M.3. Rinoh, J. Hidalgo, L. S%pulveda, J.~.Cham.~oc., 1973, 94, 

3262. 
7) '1. Rumitake, 5. Shinkai, S. Hirotsu, J.C)rg.Chem., 1977, u* 306. 
8) M.F. Bampier, C-W. Chen, H.W. 'Nhitlock Jr., J,Am.Ghem.Soc., 1976, 98, 7064. 
9) S.C. Shah, J, Smid, J.Am.Chem.Soc., 1978, Jo09 1426. 
10) The kinetics were measured by taking 50 @L samples from the rfiaction mixtW% 

ana, after Suitable diluition, were monitored by u.v. at 400 nm in water. 
!l!he increases of the band of 2-cyano-Zj-nftrophenolate foIlOWe& correct 
pseudo-first-order relationships: k = (I/t)ln ad(a,-a%) , COrrelatiOn 
coefficients being better than 0.d. 

(Received in M 16 April 1980) 


