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Metathesis versatility has been exploited to reveal the cyclic

directionality of cyclodextrins and to selectively synthesise a

unique cyclodextrin bearing three pairs of orthogonal protect-

ing groups on its primary rim.

The design and synthesis of artificial enzymes is a long-standing

goal for chemists.1 Cyclodextrins (CDs) are very appropriate

candidates for this purpose as they have both a hydrophobic cavity

to host the substrate and many functionalities to transform it.2 It

was however rapidly shown that they have only limited catalytic

activity, and that functionalities other than hydroxyl groups

should be introduced onto CDs. Progress in the design of CD-

based artificial enzymes was then tightly connected to the

possibility of selectively functionalizing CDs. Breslow’s utilization3

and improvement4 of Tabushi’s capping5 to synthesise a model of

ribonuclease followed by Tabushi’s synthesis of a carbonic

anhydrase model6 and the resulting emulation, are nice illustra-

tions of this fact. We recently proposed a method for the

bifunctionalization of CDs7,8 which was used by Bols9 to create

artificial enzymes that catalyse glycoside hydrolysis more efficiently

than non functionalized CDs.10

A step further relies on more sophisticated modifications such as

hetero-bifunctionalization, which allow three points recognition of

asymmetric species11 and have been shown to give rise to strong

asymmetric induction in the catalysis of an amination reaction.12

Only very few reports on hetero-bifunctionalization have been

published, and they all rely on sulfonate displacement,13 only

compatible with a certain number of functionalities. In our case a

perbenzylated CD is selectively deprotected by diisobutylalumi-

nium hydride (DIBAL-H) to form the diol 1 in excellent yield; a

large number of functionalizations can then be performed. A

challenging step forward is the duplication of this process to obtain

a CD with a set of three pairs of orthogonal protecting groups on

its primary rim.

When the allyl-protected CD 2 was exposed to the action of

DIBAL-H, a mixture of three compounds was obtained: the

starting diol 1 resulting from an A,D-type bis-deallylation (51%),

and two regioisomeric diols 3 and 4, both products of the same

type of bis-debenzylation, isolated in noticeably different propor-

tions (3 : 4, 18% : 9%) (Scheme 1).14 One goal was reached as we

observed the first example of a CD bearing three pairs of

orthogonal functionalities on its primary rim, but the synthesis of a

single compound remained a challenge at this point.

During the elucidation of the de-O-benzylation reaction

mechanism,8 we showed that a tetramethylene-capped CD could

be regioselectively de-O-benzylated. The bridge was remarkably

untouched because the oxygen atoms bearing it are oriented inside

the cavity; this feature also makes the endocyclic oxygen atoms of

the two sugars clockwise to the 6A,6D-capped glucosides (view

from the primary rim) more available for complexation, thus

inducing their de-O-benzylation on position 6.

The tetramethylene-capping of the CD was performed through

a Ring Closing Metathesis (RCM) using Grubbs’I initiator,15

followed by a saturation of the double bond making the cap inert

to further chemical transformation. According to our mechanism8

the lack of reactivity of the cap should be independent of the

presence of the double bond, even though we just showed that allyl

groups were preferentially cleaved by DIBAL-H over benzyl

groups. Furthermore keeping the double bond would enable us to

restore the allyl protecting group through a Ring Opening

Metathesis (ROM).

Consequently, the di-O-allylated compound 2 was reacted with

Grubbs’I catalyst to obtain, through RCM, the capped CD 5

(92%) as an inseparable mixture of E and Z isomers (1 : 1). This

mixture was submitted to the action of DIBAL-H under standard

conditions, to solely give, much to our delight, the 6C,6F-diol 6 in

84% yield. As hoped, not only did we turn off de-O-allylation, but

we also obtained a single regioisomer (Scheme 2).14 The final task

was the recovery of a unique CD with a set of three pairs of

orthogonal protecting groups on its primary rim. This aim was

easily achieved by protecting the formed diol 6 with tert-

butyldimethylsilyl (TBS) groups (95% yield), and re-opening the

bridge over the CD through a ROM using GrubbsI catalyst under

an atmosphere of ethylene to give 7 in 70% yield, thus restoring

allyl protection (Scheme 2).

In addition to the synthesis of a unique macrocyclic molecule

containing three pairs of orthogonal protecting groups on one of

its rims, we also confirmed our hypothesis concerning the

mechanism of our reaction. Indeed, the bridge is untouched by

DIBAL-H whatever its reactivity towards Lewis acids, meaning

that the orientation of the C-6/O-6 bond towards the inside of the

cavity induced by the capping through RCM in compound 5

prevents the aluminium atom complexing to the oxygen atom

bearing it (O-6A and O-6D), which is not the case with an allyl

group in CD 2. Furthermore, this change in orientation in 5 of

allyloxy functions also induces an easier approach of aluminium

reagent on the sugar units C, F, and their subsequent debenzyla-

tion, whereas the approach of aluminium on units B, E is
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hampered by the O-6C and O-6F benzyl groups. This selectivity is

due to the cyclic directionality of the CD, which is, so-to-say,

deciphered by the aluminium reagent and revealed by the RCM

reaction. (Fig. 1)

In conclusion, we present here an original use of metathesis by

sequentially performing an RCM and an ROM to reversibly cap a

CD, preventing allyl deprotection and inducing regioselective

synthesis of a unique CD 7 with a set of three pairs of orthogonal

protecting groups on its primary rim.
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