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Catalytic amounts of chemically modified β-cyclodextrins modified cyclodextrins. The process of molecular recognition
between the cyclodextrin and the substrate allowed us toallowed us to achieve, in high yields, the deprotection of

various water-insoluble allylic carbonates in a genuine two- perform substrate-selective catalytic reactions which cannot
be achieved in homogeneous or biphasic media withphase system without co-solvent. The catalytic activities

were up to 300 times higher than those observed without conventional transition metal catalysts.

usually prevents the quantitative recovery of the catalyticIntroduction
system.

Cyclodextrins (CyD) are cyclic oligosaccharides com-
posed of six, seven or eight glucose units linked by an α-
(124) glucosidic bond and have traditionally been desig- Results and Discussionnated as α-CyD, β-CyD or γ-CyD, respectively. These
water-soluble molecules have a large intramolecular cavity Preliminary studies have been realized with allyl undecyl
which is essentially hydrophobic and which can host a large carbonate as a water-insoluble model substrate. As depicted
variety of organic molecules. [1] This outstanding property in Figure 1, the deprotection rate of this substrate is low
has been utilized for a long time in the food, cosmetic and without a mass-transfer promoter (initial activity: 0.03 h21;
pharmaceutical industries and still finds new potential ap- conversion after 24 hours: 3%).
plications. [2] For instance, the use of CyDs as inverse phase- Interestingly, the addition of a CyD into the reaction
transfer catalysts has recently been reported in reactions in- medium improved the catalytic activity. As shown in Fig-
volving aqueous/organic two-phase systems. [3] In this par- ure 1, best results are obtained with chemically modified
ticular application, the CyD forms an inclusion complex β-CyDs. Indeed, whereas the initial catalytic activity was
with the substrate in the organic phase or in the liquid increased by a factor of about 20 in the presence of α-,
boundary layer at the liquid/liquid interface, and then β-, or γ-CyD, the most effective catalyst, dimethyl-β-cyclo-
moves into the aqueous phase where it reacts with a hydro- dextrin (DMCyD), induced a rate enhancement of 300 and
philic molecule or salt. After reacting, the reaction product the conversion was completed after 3 hours. It is worth
is released into the organic phase and the transfer cycle mentioning that we have never observed such large rate
can continue. increases in our previous studies. Indeed, the best catalytic

Our continuing interest in the use of chemically modified enhancements in hydrocarboxylation, hydroformylation,
CyDs as inverse phase-transfer catalysts in biphasic reac- hydrogenation and Wacker oxidation involved factors of
tions involving water-soluble transition-metal catalysts led 7, 9, 14 and 24, respectively. [4] Control experiments con-
us to examine the effect of such supramolecular carriers on ducted with methyl-α-glucopyranoside and maltoheptaose
the palladium-catalyzed cleavage of water-insoluble allylic (compounds which have the same subunits as the CyDs
carbonates. [4]

but which do not possess a lipophilic host cavity) confirm
The removal of an allyloxycarbonyl group from allylic that a process of molecular recognition must operate to

carbonates in an aqueous/organic medium is a well-known perform the reaction, and that enhancement of the cata-
process which could find interesting applications in the syn- lytic activity cannot be attributed to a co-solvent effect of
thesis of peptides. The reaction is catalyzed by a water- the CyDs. Moreover, the poor effect of amylose 2 a linear
soluble palladium/triphenylphosphane trisulfonate complex polymer of -glucose which can adopt helical confor-
and occurs under mild conditions. [5] However, in the case mations with six or seven glucose units per turn 2 also
of highly water-insoluble substrates, the reaction rates are suggests that the formation of stable inclusion complexes
low and large amounts of co-solvent are required which is crucial to achieve the deprotection. Indeed, amylose is

a linear oligosaccharide which cannot strongly encapsulate[a] Université d’Artois, Laboratoire de Physico-Chimie des Interfa-
the organic compounds. [6] The activity of the chemicallyces et Applications,
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Scheme 1. Cleavage of various allylic carbonates in the presence of chemically-modified cyclodextrins

Figure 1. Effect of various acyclic oligosaccharides and cyclodextrins on the cleavage rate of allyl undecyl carbonate in a two-phase
system; the chemically modified CyDs are schematically represented by a hollow truncated cone; the value in brackets corresponds to
the average number of substituted hydroxyl group of the CyD; the ratio of initial catalytic activities is defined as the ratio between the
initial catalytic activity in the presence of CyD and the initial catalytic activity without CyD

bited a much lower activity than the methylated derivatives Figure 2 shows that the nature of the substrates signifi-
cantly affects the catalytic efficiency of the DMCyD. Asof the β-CyD. With the methylated CyDs, the molecular

recognition between the undecyl allyl carbonate and the expected, the beneficial effect of the DMCyD is less marked
with substrates which do not possess a lipophilic grouphost cavity is probably better. Another possible expla-

nation could be a weaker inhibition of the CyD catalysis which fits well into the host cavity of the CyD or which are
slightly soluble in water. For instance, the cleavage rateby the undecanol which is produced in the reaction course.

Indeed, in supramolecular catalysis, product inhibition is of allyl butyl carbonate, allyl octyl carbonate and allyl
citronellyl carbonate is only increased by factors of 4, 40always a potential problem. Finally, it must be pointed out

that the reaction mixture is strictly biphasic, separates and 160, respectively.
The difference in reactivity of phenylbenzyl allyl carbon-readily, and can be recycled four times without loss of

catalytic activity. ate isomers and naphthylmethyl allyl carbonate isomers

Figure 2. Ratio of initial catalytic activities as a function of the nature of the allylic carbonate; the ratio of initial catalytic activities is
defined as the ratio between the initial catalytic activity in the presence of DMCyD and the initial catalytic activity without DMCyD
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from Strem Chemicals, Aldrich Chemical or Acros Organics inmust also be pointed out. Indeed, the conversion of p-phe-
their highest purity and used without further purification. Com-nylbenzyl allyl carbonate is four times faster than that of o-
mercially unavailable carbonates were synthesized from the corre-phenylbenzyl allyl carbonate although these two coum-
sponding alcohols by reaction with allyl chloroformate in a mixturepounds have the same solubility in water. Similar results
of THF/pyridine. [5c] Trisodium tris(m-sulfonatophenyl)phosphanehave also been observed with naphthylmethyl allyl carbon-
(TPPTS) was synthesized as reported by Gärtner et al. [8] All the

ates. The conversion rate of β-naphthylmethyl allyl carbon- catalytic reactions were performed under nitrogen using standard
ate is three times faster than that of α-naphthylmethyl allyl Schlenk techniques. Solvents and liquid reagents were degassed by
carbonate. bubbling nitrogen for 15 min, or by two freeze-pump-thaw cycles,

The difference in reactivity observed between the two iso- before use.
mers suggests that the chemically modified CyDs can be General Procedure for the Deprotection of Carbonates: Pd(OAc)2
used to perform substrate-selective catalytic reactions. This (0.067 mmol, 15 mg), TPPTS (0.60 mmol, 0.34 g), chemically
possibility was established unequivocally using competitive modified β-CyD (0.47 mmol) and water (3 g) were introduced un-

der nitrogen into a Schlenk tube. After stirring for 1 h, the yellowexperiments. In these experiments, the deprotection of a 50/
solution was transferred into a mixture of carbonate (1.67 mmol),50 mixture of o-phenylbenzyl allyl carbonate and p-phe-
diethylamine (3.34 mmol, 0.24 g), heptane or toluene (3 g), and do-nylbenzyl allyl carbonate was carried out with a normal co-
decane as internal standard (0.14 g). The medium was stirred atsolvent (acetonitrile) or with the DMCyD.[7] The ratio of
1000 rpm at 20°C and the reaction was monitored by quantitativethe products p-phenylbenzyl alcohol and o-phenylbenzyl
gas chromatographic analysis of aliquot samples of the organic

alcohol, as determined by chromatography, was used as a layer.
measure of substrate selectivity. As expected, no substrate
selectivity was observed in a control experiment in which [1] [1a] J. Szejtli, Chem. Rev. 1998, 98, 174321753. 2 [1b] G. Wenz,
acetonitrile was used as the mass-transfer promotor (50:50 Angew. Chem 1994, 106, 8512873; Angew. Chem. Int. Ed. Engl.

1994, 33, 8032822. 2 [1c] E. Fenyvesi, L. Szente, N. R. Russell,product ratio). In contrast, the use of DMCyD as mass-
M. McNamara, in Comprehensive Supramolecular Chemistry,transfer promotor led to a substantial substrate selectivity: Vol. 3 (Eds.: J. L. Atwood, J. E. D. Davies, D. D. MacNicol; F.
Vögtle), Pergamon, Oxford, 1996, 3052366.a product ratio of 82:18 was observed in the initial stages of

[2] [2a] A. R. Hedges, Chem. Rev. 1998, 98, 203522045. 2 [2b] D.the reaction. These two experiments show that the substrate
Duchene, D. Wouessidjewe, J. Coord. Chem. 1992, 27, 2232236.

selectivity cannot be attributed to a different reactivity of [3] Y. Goldberg, Phase Transfer Catalysis, Selected Problems and
Applications, Gorden and Breach Science Publishers, Amster-the water-soluble palladium catalyst towards the substrate,
dam, 1992, p. 364.but rather to a subtle process of molecular recognition be- [4] [4a] E. Monflier, S. Tilloy, Y. Castanet, A. Mortreux, Tetrahedon

tween the DMCyD and the substrate. In fact, the β-naph- Lett. 1998, 39, 295922960. 2 [4b] E. Monflier, S. Tilloy, Y. Cas-
tanet, F. Bertoux, A. Mortreux, New J. Chem. 1997, 21,thylmethyl allyl carbonate and p-phenylbenzyl allyl carbon-
8572579. 2 [4c] E. Monflier, G. Fremy, Y. Castanet, A. Mor-ate fit better in the DMCyD cavity than the α-naphthylme- treux, Angew. Chem 1995, 107, 245022452; Angew. Chem. Int.
Ed. Engl. 1995, 34, 226922271. 2 [4d] E. Monflier, E. Blouet,thyl allyl carbonate and the o-phenylbenzyl allyl carbon-
Y. Barbaux, A. Mortreux, Angew. Chem. 1994, 106, 218322185;ate. [1c]
Angew. Chem. Int. Ed. Engl. 1994, 33, 210022102.

[5] [5a] J. P. Genêt, E. Blart, M. Savignac, S. Lemeune, J. M. Paris,
Tetrahedron Lett. 1993, 34, 4189241925. 2 [5b] S. Lemaire-Au-
doire, M. Savignac, E. Blart, G. Pourcelet, J. P. Genêt, J. M.Conclusion Bernard, Tetrahedron Lett. 1994, 35, 878328786. 2 [5c] J. P.
Genêt, E. Blart, M. Savignac, S. Lemeune, S. Lemaire-Audoire,
J. M. Paris, J. M. Bernard Tetrahedron 1994, 50, 4972503. 2The process of molecular recognition between the cyclo-
[5d] S. Lemaire-Audoire, M. Savignac, G. Pourcelet, J. P. Genêt,dextrin and the substrate opens up new reaction possibil-
J. M. Bernard, J. Mol. Catal. 1997, 116, 2472258.

ities which cannot easily be achieved in homogeneous or [6] [6a] T. Oguchi, H. Yamasato, S. Limmatvapirat, E. Yonemochi,
K. Keiji, J. Chem. Soc., Faraday Trans. 1998, 94, 9232927. 2biphasic media with conventional transition metal catalysts.
[6b] G. Wulff, S. Kubik, Makromol. Chem. 1992, 193,Further studies are currently under way in our laboratory 107121080. 2 [6c] J. Szejtli, E. Banky-Elöd, Starch 1978, 30,

to achieve the mono-deprotection of a doubly protected 85291. 2 [6d] T. Kuge, K. Taeko, Agr. Biol. Chem. 1968, 32,
123221238.substrate by using a suitable chemically modified CyD. [7] The competitive experiments were conducted as described in
the experimental section except that a mixture of o-phe-
nylbenzyl allyl carbonate (0.835 mmol, 0.225 g) and p-phe-
nylbenzyl allyl carbonate (0.835 mmol, 0.225 g) was used. InExperimental Section the control experiment, 0.61 g of acetonitrile was added to the
reaction medium in place of DMCyD.General: The chemically modified CyDs were supplied by Roquette

[8] R. Gärtner, B. Cornils, H. Springer, P. Lappe, (RuhrchemieFrères (Lestrem, France), Cyclolab (Budapest, Hungary) or Ald- A.G.), DE-B 3235030, 1982 [Chem. Abstr. 101: P55331t, 1984].
rich Chemical and were used as received without further purifi- Received May 3, 1999

[O99255]cation. Palladium acetate and organic compounds were purchased
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