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Vesicles have been prepared from a cyclic phosphate ester (5,5-di-n-dodecyl-2-hydroxy-1,3,2-dioxaphosphorinan-2-one) with copper(ll) counterions
(Cu(dDP),). They form a highly efficient aqueous Lewis acid catalyst system. The reaction of two azachalcon derivatives (1a, 1b) with
cyclopentadiene (2) was studied to elucidate the catalytic potential of this system.

The use of micellar and vesicle-forming surfactants as efficient catalysis of a DielsAlder reaction by vesicles,
catalysts is widespread and has been investigated in detaicomposed of a phosphate surfactant, with copper(ll) as the
for many different types of reactions in agueous solutidn.  active counterion.

Among these, surfactants with counterions acting as active Several groups have reported bilayer structures with
catalysts form a special cla¥%¥.Metallo-micelles have been  copper(ll) as counteriof&!? including vesicular morphol-
reported as catalysts for several types of reacfion&?Other ogy!? also combinations of copper ions with chelating
examples include catalysis of DNA hydrolysis by cerium compounds, forming bilay&tor vesiclé>~*7 structures, are
phosphate bilayet$ and catalysis of aldol reactions by known.

lanthanide dodecyl sulfate dispersididHerein, we report We have examined the possibilities of catalyzing the
Diels—Alder reactions of 3-phenyl-1-(2-pyridyl)-2-propen-

19;13) E;r%i?, . V.; Martinek, K.; Yatsimirskii, A. KRuss. Chem. Rev.  1-one (La) and 3-(4-methoxyphenyl)-1-(2-pyridyl)-2-propen-

(2) Taioglu, S.Tetrahedron1996,52, 11113. 1-one (1b) with cyclopentadien@) using a combination of
(3) Bunton, C. A.; Scrimin, P.; Tecilla, B. Chem. Soc., Perkin Trans.  Lewis acid catalysis and vesicular catalysis. Previously, this
21996, 419. reaction has been studied in different solvents, with particular

(4) Fornasier, R.; Milani, D.; Scrimin, P.; Tonellato, 0. Chem. Soc.,
Perkin Trans. 21986, 233.

(5) Hampl, F.; Liska, F.; Mancin, F.; Tecilla, P.; Tonellato, ldngmuir (11) Kobayashi, S.; Wakabayashi, Tetrahedron Lett1998,39, 5389.

1999,15, 405. (12) Fuhrhop, J.-H.; Koesling, V.; Schénberger,l&bigs Ann. Chem.
(6) Manabe, K.; Mori, Y.; Wakabayashi, T.; Nagayama, S.; Kobayashi, 1984, 1634.

S.J. Am. Chem. So2000,122, 7202. (13) Shimomura, M.; Kunitake, . Am. Chem. S0d.982,104, 1757.
(7) Mancin, F.; Tecilla, P.; Tonellato, Wangmuir2000,16, 227. (14) Kunitake, T.; Ishikawa, Y.; Shimoumura, M.; Okawa, H.Am.
(8) Menger, F. M.; Gan, L. H.; Johnson, E.; Durst, D.HAm. Chem. Chem. Soc1986,108, 327.

Soc.1987,109, 2800. (15) Lu, X.; Zhang, Z.; Liang, YJ. Chem. Soc., Chem. Comma@94,
(9) Otto, S.; Engberts, J. B. F. N.; Kwak, J. C. X.Am. Chem. Soc. 2731.

1998,120, 9517. (16) Lu, X.; Zhang, Z.; Liang, YLangmuir1996,12, 2, 5501.

(10) Kimizuka, N.; Watanabe, E.; Kunitake, Them. Lett.1999, 29. (17) Lu, X.; Zhang, Z.; Liang, YLangmuir1997,13, 3, 533.

10.1021/0l015611g CCC: $20.00  © 2001 American Chemical Society
Published on Web 03/02/2001



emphasis on water, both uncatalyzed and catalyzed by Rate profiles for the reactions dfwith 222 in solutions
transition metal ions, as well as in micellar media of Me- containing Cu(dDR)vesicles are shown in Figure 2. For
(DS), (Me = Ni?", Ci?*; DS =di-n-dodecylsulfatey:*® The

rate is significantly enhanced by using water as a solvent,_

as well as by using specific Lewis acid catalysts, and the

combination leads to spectacular rate enhancements, even Results for 1a
further increased by using metallo-micelles as Lewis atids. M re S, ..
In the present study, vesicles have been prepared from el L™ Cu(dDPz)2 o ¢ .
equimolar amounts of the sodium salt of 5,5rd#todecyl-
2-hydroxy-1,3,2-dioxaphosphorinan-2-one (NadDP) and 54
CuCh.*® The size of the copper vesicles was determined using ) . 4 ;
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dynamic light scattering to be mainly 40 nm, with very few
larger ones of about 200 nm, in accordance with EM pictures [C] (mV)
(Figure 1). The vesicles of the corresponding sodium salt
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Figure 2. Rate profiles for the reaction dfaand1b in Cu(DS)

and in Cu(dDP) solutions. The concentration @is 1—2 mM.

The rate constants presented are the observed (pseudo)-first-order
rate constants divided by the concentratiorof

comparison, the effect of Cu(DSinicelles on the rate is
Figure 1. Electron micrograph of vesicles formed from NadDP shown a_s well. Therg are two Qbserva.tlons to be made. First,
and CuC). The bar represents 200 nm. the maximum rate is 1.5—2 times higher for the Cu(PS)
micelles than for the Cu(dDPYesicles, under the reaction
conditions used. Nevertheless, the efficiency of the metallo-

are 32 nm on average, but upon addition oRCuusion vesicular Catalysis is extremely hlgh, invoIving arate increase
will most likely take place, analogous to addition of other relative to the uncatalyzed reaction in acetonitrile of a factor

bivalant cationg® of 1 x 105
Not unexpectedly, the second-order rate constant did

(18) Otto, S.; Bertoncin, F.; Engberts, J. B. F. N.Am. Chem. Soc.  depend on the concentration 2fin the case of Cu(dDR)

1996,118, 7702. vesicles. At lower concentrations 2f(in the range of 0.2
(19) Solutions were prepared by sonicating a dispersion of Na(dDP) at

about 50°C using a Branson 250 sonicator. To the resulting vesicular

solutiong® was added a concentrated stock solution of GLiTHis resulted (20) Buwalda, R. T. Wagenaar, A.; Engberts, J. B. FLikbigs Ann.

in vesicles with an average size of predominantly 40 nm, which were stable Recueil1997, 1745.

for several days. The increase in turbidity may be caused by the appearance (21) This salt was made by adding a saturated solution of copper(ll)

of a few larger vesicles. Attempts to prepare vesicles directly from the copper acetate to a concentrated solution of the acid afGin HAc/HO 1:1,

salf! failed. From the more obvious choice of surfactantneiodecyl from which the copper salt precipitated.
phosphate, no vesicles could be prepared, as the copper salt precipitated (22) Reactions were performed at Z5. Concentrations were in the order
immediately. of 0.2—2 mM for2 and 0.01 mM forl.
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0.5 mM), k, tends to be higher, particulary at lower on the rate. Two ways of preparing solutions at a specific
concentrations of surfactant. Since the concentratichisf concentration of Cu(dDR)wvere examined: (1) dilution of
rather high compared to that of Cu(dDRPi is likely that a “concentrated” (2 mM) stock solution and (2) direct
the size and morphology of the vesicles will be influenced preparation of the solution. The second method resulted in
by incorporation of2. rates up to a factor of 2 higher than in the case of method 1.
Most important, however, is the fact that catalysis is |f however, the solutions, prepared by method 2, were used
already observed at much lower concentrations (by a factor after standing for 42 days, the results were similar to those
of 10-20) for the metallo-vesicles, as compared t0 the from method 1. It may be that the initial size of the vesicles
metallo-micelles (see Figure 2). This is caused by the muchig smaller than the 40 nm found (vide supra) but that at higher
lower critical vesicle concentration (cvc) of Cu(dDPas concentrations of surfactant a rapid relaxation to slightly

cqmpgred to the cmc of Cu(D|ZS)As aresult, hydrophobur:]_ o larger vesicles takes place. Solutions prepared by method 2
microdomains are present at lower concentrations, to whic may therefore initially contain smaller vesicles. Indeed, at

both the diene and the dienophile can bind efficiently (vide low (0.3 mM) concentration of surfactant, a slow increase

infra). Cyclopentadiene will bind predominantly into the . . . .
: . : - in turbidity was observed over a period of a day using UV/
hydrophobic core of the vesicle bilayer (for Cu(RSpi vis spectroscopy. If these assumptions hold, one might

celles, similar binding characteristics were confirmed by late about wh I il ldb Hicient
NMR experimenty, whereas the dipolar dienophile will be speculate about why smaller vesicles would be more etlicien
catalysts. In this context, we note that for the alkaline

bound at the surface of the bilayer, complexed to copper i S Y , )
ions. In fact, the rate in the vesicular phase may even be hydrolysis and thiolysis gb-nitrophenyl octanoate it has been

lower than that in the micellar phase, because of the largeroPserved that smaller vesicles (130 nm vs 140 nm) are

hydrophobicity of the inner core of the vesicles will result the better catalysts.In this case, the main contribution to

in a more extensive shielding @ffrom the dienophile. the enhanced rate has been ascribed to the more efficient
An attempt was made to determine the binding strengths binding of the substrate to the smaller vesicles. This may

of the dienophiles to copper ions at the vesicular surface. also be the case for the present system. Alternatively, one

Assuming that the copper ions in bulk water will not could imagine that in the smaller, more curved vesicles the

bind significant amounts of dienophile at the concentra- hydrophobic diene is better accessible to the (Cu(ll)-

tions considered, the complexation constantbfto Ct?* complexed) dienophile.

counterions is estimated to be larger than 8500./M This To summarize, vesicles formed from Cu(dR®Je able

is a factor of 7 higher than the complexation constant & Cu  to catalyze the DielsAlder reaction ofl with 2 efficiently

in water (1240 M). The combination of binding of the  at Jow (0.1 mM) concentrations, making vesicular catalysis

dienophile to a vesicle and to a €uion thus leads to an  mgre attractive than micellar catalysis from the viewpoint

overall strongly enhanced dienophileopper(ll) binding, ot “green chemistry”. The rate depends on the exact reaction

which accounts for the high catalytic efficiency of the copper conditions, as well as on the exact method of preparing the

vesicles. _ vesicular solutions.
At concentrations o? below ca. 0.5 mM, the exact method

of preparation of the vesicular solutions was also of influence
0OL015611Q

(23) Because of the high affinity of the dienophile for the vesicles, it
was not possible to determitteat concentrations of dienophile low enough
to ensure no changes in vesicle morphology. Instead, we found a systematic (24) Kawamuro, M. K.; Chaimovich, H.; Abuin, E. B.; Lissi, E. A,;
dependence oK on the concentration of the dienophile. Cuccovia, I. M.J. Phys. Chem1991,95, 1458.
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