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The one-pot cyclooligomerization of a saccharide-derived p-nitrophenyl carbamate monomer was developed to generate a series of novel
carbamate-containing cyclodextrin analogues. The “transcarbamoylation” occurs by initial base-induced activation to the isocyanate, followed
by polycondensation/cyclization of the isocyanato alcohol. In the presence of NaH, only cyclized oligomers were observed, suggesting the
importance of Na™ in promoting the efficiency of the cyclization process. The facile deprotection of the oligomers was achieved.

Since their discovery in 1891, cyclodextrins (CDs) have applications, for example, as enzyme mimics, and to alter
attracted considerable interest, particularly in the field of their binding characteristics to tailor them for specific guest
supramolecular chemistry, as a result of their ability to form molecules’9 The complexation characteristics of CDs are
inclusion complexes with a wide range of substrdtes. dictated by the internal cavity size and shape, which in native
Because of these remarkable inclusion properties, CDs haveCD is somewhat fixed by the(1 — 4) linked glucopyranosyl
found numerous application$.For example, immobilized  units within the backbone. As derivatizations at the C2, C3,
CDs have been employed for the separation of compoundsand C6 hydroxyl groups of native CD have a limited effect
based on their selective retention of guest molecules, andon the cavity shape, analogues of CDs that have configura-
mobile CDs have been used as delivery syst&himwever, tionally and/or constitutionally modified backbones are of
most of the applications of CDs make use of their ability to particular interest in the development of organic hosts with
modify the chemical and physical properties of guest different complexation propertiés® Despite the synthetic
molecules. Thus, CDs have been used to both increase andghallenge that these targets pose, a variety of cycloglycans
decrease the availability of drugs by changing their solubili- have been prepared by a total synthetic approach (stepwise
ties upon complexation. Additionally, CDs have been used .
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and catalyze reactiori. 1993,34, 2171-2174.
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preparation of a linear precursor followed by cyclization)

with p-methoxybenzaldehyde dimethyl acetal. Reacetylation

and by a one-pot polycondensation/cyclization approach of 7 at the C2 and C3 positions ga® Regioselective

(using a “monomer” to generate a variety of macrocycles).

reduction of the benzylidene at the C6 position was achieved

The incorporation of nonsaccharide components within the using the conditions of Johansson and Samuelsson to afford
backbone has also been employed to access a variety ofilcohol9.1°Finally, azide reduction and carbamoylation with
constitutional CD analogues with profound changes in the p-nitrophenyl chloroformate gave the desired saccharide-

cavity shape. These include the “glycophafigkat incor-

boundp-nitrophenyl carbamaté. The heterogeneous condi-

porate aromatic components and others that utilize crowntions of Choy and co-workers were used for the carbamoy-

ether unit$ and butadiyne units.

Herein, we report the synthesis of a series of novel
carbamate-containing CD analogu8sfrom isocyanato
alcohol monomer2, which is generated in situ from the
activated carbamate monomefScheme 1).

Scheme 1. Synthesis of the Carbamate-Containing CD
Analogues3

H NO,
PMBO Q 7 -
Ac o\/\N)L
H
1

OAc

H
R
Ac
NGOl pugo A o 1
~

OAc
2 OAc H n

In monomerd, thep-nitrophenyl carbamate acts as a stable

isocyanate precursor. Access to this carbamate was obtained

by glycosylation of the fully acetylated glucopyranosyl
trichloroacetimidate4 with 2-chloroethanol to give the
2-chloroethyl glycoside as thg-anomer5 in 82% vyield
(Scheme 2). Subsequent displacement of chloride withsNaN
afforded the 2-azidoethyl glycosidgin 95% yield® The
2-azidoethyl glycosidé was deacetylated and benzylidenated

Scheme 2. Synthesis of Monomet
Ac!
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lation'! as the activated carbamate could be isolated and
purified in good yield with minimal base-induced decom-
position??

Although the reaction op-nitrophenyl carbamates with
amines to form ureas is, in most cases, facile and well-
documented, their reaction with stoichiometric amounts of
alcohols proceeds with lower yields while requiring harsher
conditions that involve prior activation to the isocyangte.
Lewis acids such as chlorosilanes may be used in the
presence of base to quantitatively cleave the activated
carbamate to its isocyanate; however, the presencesNf Et
alone will often readily generate the isocyanate to varying
extents of conversiot.

Our oligomerization conditions for monomer were
developed from optimization of the parallel reaction between
model compound8 and10 (Scheme 3). It is worth noting

Scheme 3. Model Reaction betwees and 10
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that protection of the C4 hydroxyl group as the PMB ether
in both monomerd and 9 was necessary, as it prevented
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acetyl migrations originating from C2 and C3, thereby [ NG

allowing us to maintain the position of the free alcohol at
C6. Reaction betweef and 10 with the use of both NaH

and EN in CH,Cl,, afforded carbamat&l in 92% vield, crarves -

the reaction reaching completion within 1 h. In addition to " N .

increasing the nucleophilicity of the alcohol, the NaH plays " " } o N el

an important role in driving the reaction to completion by ;AQ‘_Q_J&__J};i_‘/gﬁ\_ljl,u.\_ g

precipitating the byprodugi-nitrophenol out of solutionas ~ = =~ = " < BT R

the phenolate salt.
Polycondensation of monom2mproduced a series of low i
molecular weight cyclized oligomef linear growth being Ui !

. . . . . j | it
terminated by intramolecular cyclization. The formation of . it f ,f R \N
A end e e Ners

\
these oligomers is apparent from the MALDI mass spectrum -~ R p B % =
(Figure 1) in which the MW of each successive oligomer
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Figure 2. 1H NMR specta (in CDG) of (a) cyclic 2-mer at 20
80000 1 °C, (b) cyclic 3-mer at 20C, and (c) cyclic 3-mer at 56C.

(Figure 2). Increasing the ring size of the cyclic oligomer is
expected to increase the degree of conformational flexibility;
therefore, this observation is not surprisifig.

Although less entropically favored, cyclization of the larger
oligomers was observed. We believe that this tendency
toward cyclization may be due to coordination (perhaps of
the O atoms within the backbone) with Néons, which
Figure 1. MALDI mass spectrum of cyclized oligome8sbtained structurally preorganizes the oligomer for cyclization. In
by cyclooligomerization of monomer. All masses correspond to  support of this, the same reaction in the absence of NaH led
(M + Na)", for example, the peak at 929.56 corresponds to the {5 the formation of the linear oligomers, although the more
cyclic 2-mer (MW= 906.3). . o .

entropically favored cyclization of the smaller oligomers was
also observed (Figure 3J.

increases by 453 mass units (corresponding to a monome_
unit).

These CD analogues are structurally interesting with
potential utility in host-guest chemistry. The cyclic 2-mer,
3-mer, and 4-mer are isolable from the reaction mixture and
have been purified (by silica gel flash chromatography) and
fully characterized. The high degree of symmetry of these
protected cyclized oligomers was apparent from their NMR

500 1000 1500 2000 2500 3000 3500 4000 4500
Mass (nvz)

spectra. Each oligomer gave rise to one set of pyranoside N

signals, corresponding to the repeating monomer unit. I 0@ g
Connectivities were established by COSY NMR spectra, and © X N

molecular compositions were confirmed by HRMIBSAB. L ® 9

The 2-mer showed no broadened signals in #HeNMR 0 ‘ \ ik S ’
spectrum, and the appearance of the NH signal as a dd 500 1000 1500 2000 2500 3000 3500 4000 4500
indicates a fairly conformationally restricted structure. On Mass (m'z)

the other hand, both the 3-mer and 4-mer showed some signal

Figure 3. MALDI mass spectrum of the result of the reaction in
5
broadening, as well as some asymmetry at@G* When the absence of NaH. Although cyclized oligom&rare observed

the temperature was elevated to 3Q, these signals gt jow MW, the uncyclized counterparts appear to dominate at and
coalesced and/or sharpened to some degree, suggesting thatyond the 4-mer. All masses correspond to-4WNa)*.17

line broadening is the result of slow-equilibrating conformers

(15) The NMR spectra of the 3-mer and 4-mer at&0are very similar . .
with similar chemical shifts and almost identical coupling constants for Our deprotectlon sequence was performed on the isolated

Hi, Hz, and H. cyclic 2-mer3b to evaluate its efficiency for these systems.
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Facile removal of the PMB groups was achieved using [ | N

Kahne's conditions (10% TFA/Ci€l,) to afford12bin 92%

yield.*® Following this, Zemplén deacetylation provided the 50000 1 2 R
fully deprotected 2-met3b in 98% yield (Scheme 4). aso0 | o S
a000{ N
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Scheme 4. Deprotection of the Cyclic 2-MeBb 309001
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The same deprotection sequence was then performed on 25000 | S
the oligomeric mixture3 (Scheme 5). PMB ether deprotec- & o N
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Scheme 5. Deprotection of the CD Analogues
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Figure 4. (a) MALDI mass spectrum of the C4-deprotected CD
analogued 2. (b) MALDI mass spectrum of the fully deprotected
CD analogued.3. All masses correspond to (M Na)'.

12R=Ac NaOMe
13R=H MeOH

carbamate to the isocyanato alcohol. Facile deprotection of
tion proceeded cleanly to produce oligomé® with the the oligomers was also achieved.
MALDI mass spectrum shown in Figure 4a, each successive

oligomer being separated by 333 units (corresponding to the
mass of a C4-deprotected monomer unit). Final deacetylation Acknowledgment. We gratefully acknowledge the NIH,
afforded the fully deprotected oligomet8 (Figure 4b). PRF, American Heart Association, UIUC Research Board,
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involves the activation of a saccharide-deriypeqitrophenyl by the UIUC Mass Spectrometry Lab.
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(17) The uncyclized oligomers have molecular weights 26 units lower o .
than their cyclic counterparts because thitrophenyl carbamate is material is free of charge via the Internet at http://pubs.acs.org.
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