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Synthesis of symmetrical cyclodextrin derivatives
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Summary — Several water-soluble symmetrical cyclodextrin derivatives bearing positively charged or negatively charged
groups were synthesized to examine the possibility of obtaining stable electrostatically linked heterodimers in water. The
positively charged species were obtained from per-amino functionalization of the 6-glucose positions, whereas the negative
units were obtained through introduction of thioglycolate or glycolate groups at the 6- or 3-glucose positions.
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Introduction

The design of molecular assemblies in solution is a topic
of current interest [1-7]. Many strategies have been de-
vised to observe predefined species built by assembly
of conveniently designed components. Among the inter-
actions that may be used to generate oligomeric self-
assembled systems, attention has essentially focused on
ligand—metal and hydrogen bonds. Although of cur-
rent use in the field of self-assembly on solid supports
[8-10], electrostatic interactions were only marginally
envisaged to design self-assembled species in solution.
This may be understood when one considers the limi-
tations of this type of interaction to build a complex of
predefined geometry. The first limitation results from
the nature of the electrostatic interaction. Indeed, in
the case of two central charges, it is described by a
(24z_)/er? term, where 2z, and z_ represent the num-
ber of positive and negative charges borne by the inter-
acting species, ¢ is the dielectric constant of the medium
and 7 is the distance between the application points
of the charges [11, 12]. Since the interaction range is
large (r~2 dependence) and no angular dependence ap-
pears in the interaction law, electrostatic interactions
are generally considered to be non-specific [13]. The
second limitation lies doubtlessly in the often incom-
patible requirement of designing species that would be
simultaneously highly charged and soluble in a medium
of low dielectric constant which generally has a poor
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ability to solvate ions. Despite these drawbacks for self-
assembly engineering, electrostatic interactions are nev-
ertheless recognized to play a major role in the control
over molecular assemblies in biological systems.

In the present paper, we report the design and the
synthesis of the components of a self-assembled sys-
tem that is based on charge—charge electrostatic in-
teractions, but should exhibit stability and selectivity
features comparable to those presented by other self-
assembled systems.

The basic idea underlying the design of the present
self-assembled system based on electrostatic interac-
tions between point charges was to make use of rigid
bodies with several charges tightly bound to planar
faces according to a similar spatial distribution in both
positively and negatively charged species. It rests on
energetic considerations that: i) prevent the species
from reorganizing its backbone to minimize its energy
through intramolecular deformations which decrease
the electrostatic repulsion between identically charged
groups (rigidity and absence of spacer); and ii) allow for
complementarity between oppositely charged species by
means of planar surfaces bearing identical charge distri-
bution. In order to avoid the solubility problems asso-
ciated with the solvation of individual charged compo-
nents, we decided to concentrate our attention on the
use of water as a solvent. We therefore had to work with
highly charged species to overcome the effect of the high
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dielectric constant of water. However, since the neutral-
ization accompanying the association would be reason-
ably expected to induce aggregation or precipitation,
each interacting species was chosen to be hydrophilic,
independently of the presence of charges.

Cyclodextrins appeared suitable candidates to fulfil
these various requirements. They are cyclic oligomers
of a-(1-4)-linked D-glucose displaying a toroidal shape
presenting six, seven or eight primary hydroxyl groups
on one rim and twice as many secondary ones on
the other rim for a, 8 and ~-cyclodextrin respectively
(14-17}. Their reactivity has been extensively investi-
gated and numerous water-soluble cyclodextrins have
already been synthesized [18]. The high symmetry and
degree of functionalization, the rigidity of the cyclodex-
trin torus and the possibility of introducing positive and
negative functionalities without a long spacer on the
primary rim make cyclodextrins suitable units for gen-
erating in water heterodimers based on two components
of opposite charges. Furthermore, because of the circu-
lar distribution of charges on the primary rim, face-to-
face dimerization [19] may be reasonably considered as
the most probable arrangement of heterodimers (fig 1).
Such a dimerization strategy yields self-assembled dou-
ble cyclodextrin architectures and represents an alter-
native to the synthetically demanding covalent dimer-
ization of cyclodextrin [20].

Fig 1. Hypothetical heterodimer formation resulting from
interaction between two oppositely charged units.

Once the cyclodextrin backbone has been chosen,
the main task of the molecular design of charged units
consists of looking for the nature of charged groups to
be borne on both cyclodextrin components. Ideally, the
most suitable groups to be introduced for the present
purpose should be pH-insensitive (like quaternary am-
moniums, for instance). Indeed, since the presence of
numerous charges in close proximity is required to give
stable heterodimers, the most highly charged cyclodex-
trin derivatives will be observed at significantly different
pH from the intrisic pK, of the grafted function [21].
Hence, the final apparent acidities or basicities of the
six, seven or eight acidobasic functions on cyclodextrin
units will decrease by about 3-4 pH units [22]. Thus,
the coexistence of the most highly positively and nega-
tively charged species in aqueous solutions requires pH-
sensitive grafted functions to be sufficiently basic and
acid.

In the present paper, we report the synthesis
of water-soluble symmetrical cyclodextrin derivatives
which are expected to bear high opposite charges under
the same conditions (pH, ionic strength, etc) in aqueous
solutions.

Results

Synthesis of positively charged cyclodextrins

Ideally, the most suitable positive group to be intro-
duced for the present purpose should either be pH-
insensitive or remain positive in a wide pH range (in
particular, for biological applications at neutral pH). No
per-6 introduction of pH-insensitive positive groups has
been reported. Indeed, only a few per-6-functionalized
cyclodextrins have been described in the literature [23].
Among them, the potentially positive per-6-amino cy-
clodextrins (ammonium) appeared the most suitable
because of the large enough basicity of the primary
amine function.

The per-6-amino a- and 3-cyclodextrins [24, 25] and
the per-6-methylamino-g-cyclodextrin [26] have been
already reported. The syntheses of the per-6-amino cy-
clodextrins proceed via i) the synthesis of the intermedi-
ate per-6-azido derivatives either from the direct trans-
formation of the commercially available cyclodextrins
using triphenylphosphine sodium azide as a reagent
[25] or from nucleophilic substitution on perhalogeno
derivatives [27]; and ii) the reduction of the corre-
sponding intermediate per-6-azido derivatives, either
by catalytic hydrogenation [28] or reduction with tri-
phenylphosphine [25]. Although the syntheses based on
triphenylphosphine have high yields, they require either
tedious repetitive precipitations to eliminate the excess
phosphine and the triphenylphosphine oxide formed
during the reaction or to prepare some easily tractable
derivative, for instance, the per-2,3-di-O-acetyl-6-azido-
cyclodextrins [29], from which the per-6-azido cyclodex-
trins can be regenerated. In order to avoid these draw-
backs, we looked for other methods to synthesize the
per-6-amino cyclodextrins while keeping a purification
step before the transformation of the azide into the
amine. Our strategy was based on the synthesis of the
per-6-azido-2,3-di-O-benzyl cyclodextrins 4 in which a
final hydrogenation should directly lead to the expected
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Fig 2. Synthesis of per-6-azido cyclodextrins.



859

NH;* CI
0
HO o)
1) PtO,, Hy or PPhy 8 %‘ >
2) HCI0.1 M / !
(@ ' ()
Na Ns NH,
Q NaH, BnGI 0 o
HO T omRa BroN—T " o

OH
s G

OBn
o—}

PtO,, Hy, (Boc),0

o n==6
B n=7
Y n=8

Fig 3. Synthetic routes to access per-6-ammonium chlorhydrate 3-cyclodextrin 63.

per-6-amino derivatives (fig 3; route ¢j. Indeed, we have
previously shown that hydrogenolysis of per-2,3-di-O-
benzyl B-cyclodextrin derivatives smoothly remove the
protecting benzyl groups [30]. Furthermore, the trans-
formation of azide to amine by hydrogenation in the cy-
clodextrin series was previously reported [24, 28]. The
per-6-azido cyclodextrins were synthesized in two steps
(fig 2): i) the cyclodextrins 1o, 13 and 1v were first
transformed into the per-6-chloro cyclodextrins 2a, 2/3
[31] and 2+ by reaction with mesyl chloride in DMF
[32-33]; ii) nucleophilic substitution by sodium azide in
DMF afforded the expected per-6-azido cyclodextrins
3a [25], 30 [24] and 3~. Compound 33 was then alky-
lated (NaH, BnCl, DMF) [30] to give the per-6-azido-
2,3-di-O-benzyl-3-cyclodextrin 443 (fig 3). Numerous at-
tempts were made to reduce 43 by hydrogenation to
directly reach 643, but none of them provided pure 63
(fig 3; route ¢). Catalytic hydrogenation on platinum
oxide does not cleave the benzyl groups, whereas with
palladium on charcoal it does remove the benzyl groups
but leads to palladium complexes from which it is im-
possible to extract pure 63 [34]. Consequently. we tried
first to reduce the azido groups before cleaving the ben-
zyl ethers (fig 3; route d). We failed to reduce 44 cleanly
by hydrides (LiAlH4 or NaBHj,. NiCl; [35]). Eventually,
we tried to simultaneously reduce the azido groups and
protect the amino groups produced (fig 3; route e). We
succeeded in isolating the pure per-6-N-Boc-protected
B-cyclodextrin 54 by hydrogenation on platinum ox-
ide in the presence of excess di-tert-butyl dicarbonate
[36] but the low yield of this reaction led us to give up
this strategy. Therefore, we synthesized the per-6-amino
cyclodextrins 6c, 63 and 6+ according to previously
described procedures [25], the iminophosphorane route
appearing more convenient since the absence of metal

avoids complex formation and allows the isolation of the
free amine instead of the corresponding ammonium salt
{fig 3. route a).

Synthesis of negatively charged cyclodextrins

The same criteria as for the positively charged units ap-
ply for the negatively charged ones. Ideally, we would
prefer to work with pH-insensitive species. Persulfate
cyclodextrins have been reported [37] and would be
ideal in view of the low intrisic pK, of the sulfuric func-
tion. Unfortunately, their synthesis does not allow easy
purification of the final compounds and their chemi-
cal stability may be limited. Therefore, the carboxylic
group appeared more suitable. When it is activated by
electron-withdrawing substituent, the intrisic pK, of
the carboxylic group would still be low enough to ob-
serve the coexistence of perammonium and percarboxy-
late cyclodextrins at neutral pH.

In the same way as other workers [38], we first tried
to directly oxidize the primary alcohol into the cor-
responding carboxylic acid but we failed to extract
any pure material from these trials. It was thus nec-
essary to introduce the shortest possible spacer for at-
taching the carboxylic groups onto the cyclodextrin
backbone. Since it has been reported that it was im-
possible to obtain the homologated percarboxylic acid
[39], we decided to synthesize several glycolate deriva-
tives of the (J-cyclodextrin. These can be obtained a
priori from either condensation on perhalogeno cyclo-
dextrins or direct carboxymethylation of the cyclo-
dextrins. Two different routes were first identified to
give the per-6- or per-3-glycolate cyclodextrins. Intro-
duction of many functionalities in the 6-position of
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Fig 4. Synthesis of per-3-glycolic acid 3-cyclodextrin 10.

the cyclodextrins may be achieved either via the tert-
butyldimethylsilyl protection {40, 41] or halogenation
of all 6-positions [42, 43], whereas the main entry to
the functionalization of the 3-positions goes through
the protection of the 2- and 6-positions followed by the
removal of the protecting groups [44]. We first chose
to introduce the glycolate group by reacting the cor-
responding benzyl-protected hydroxy derivatives with
ethyldiazoacetate; the condensation of the diazoester in
methylene chloride is catalyzed by the boron trifluoride
ether complex and generally occurs smoothly with high
yields on aliphatic and polyoxyethylenic alcohols [45].
The two per-2,6-di-O-benzyl and per-2,3-di-O-benzyl j3-
cyclodextrins 7 [46] and 11 [30, 47} were first obtained
in one and three steps respectively from 1. The diazo-
condensation proceeded successfully onto the per-2,6-
di-O-benzyl 3-cyclodextrin 7 to yield the per-2,6-di-O-
benzyl-3-ethylglycolate ester J-cyclodextrin 8 (fig 4).
Compound 8 was then debenzylated by hydrogenolysis
on palladium/charcoal to give the per-3-ethylglycolate
ester 9 which was then hydrolyzed to give the cor-
responding heptaacid 10. Surprisingly, the similar re-
action onto the per-2,3-di-O-benzyl [-cyclodextrin 11
was unsuccessful despite the use of various conditions
of temperatures and work-up. It is likely that this un-
expected reactivity is related to the sensitivity of the
per-2,3-di-O-benzyl g-cyclodextrin 11 to acidic condi-
tions [48]. Therefore, we tried to condense 11 onto bro-
moacetate derivatives under Williamson conditions. We
eventually managed to isolate the per-2,3-di-O-benzyl-
3-tert-butyl glycolate ester 3-cyclodextrin 12 in low
yield after extensive purification (14%; fig 5). Finally,
we decided to synthesize the thioglycolate derivative,
which appeared to be more easily accessible from the
nucleophilic substitution of the thiolester onto the per-
6-halogeno derivatives. The final target molecule 15 was
obtained either by direct condensation of the methyl-
thioglycolate ester with the per-6-bromo §-cyclodextrin
13 to give the per-6-methylthioglycolate 3-cyclodextrin
14, which was subsequently hydrolyzed under basic con-
ditions (fig 6), or by reaction of the ethylthioglycolate
ester with the per-2,3-di-O-acetyl-6-iodo S-cyclodextrin
17 obtained from 1 in three steps: i) per chlorination
of the 6-positions to give 2/; ii) acetylation of the re-
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Fig 5. Synthesis of per-2,3-dibenzyl-3-tert-butyl glycolate
ester S-cyclodextrin 12.
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maining 2- and 3-positions to afford 16; and iii) halogen
exchange to provide 17 (fig 7). The condensation prod-
uct 18 was then hydrolyzed under basic conditions to
yield 15.

Conclusion

Two series of highly charged, water-soluble «, 8 and
~v-cyclodextrin derivatives have been synthesized. The
three homologous positively charged per-6-ammonium
cyclodextrins chlorhydrates constitute the first series.
The ¥ compound has been obtained according to des-
cribed methods for a and 3 cyclodextrin derivatives.
The second series of negatively charged S-cyclodextrins
was obtained by introduction of carboxylate groups on
the cyclodextrin backbone; the first derivative was syn-
thesized by grafting a glycolate group on all the 3-posi-
tions whereas the second derivative was obtained by
appending thioglycolate groups on the 6-positions. In a
forthcoming paper [21], we will report the interaction
between cyclodextrins bearing opposite charges and
their assembly into electrostatically bound supramolec-
ular architectures.



OH

861

Br
0 Brp, PPhy Q
HO OH" )\ OMFa HO on
1B ')r 13 0‘}
7 7
<COQM9 <C02Na
S S
HSCH,CO,Me o) NaOH (o)
Cs,C043, DMPU H,0
s HO oH" | ’ HO OH")
14 '},‘ 15 %
Fig 6. Synthesis of per-6-thioglycolic acid-3-cyclodextrin 15 (first route).
cl cl '
HO OH Oa’ Pyridine AcO o Butanone AcO o Aco
0‘} 17 ?
28 A 16 i ’
<C02Et <002Na
S S
HSCH,CO,Et 0o NaOH o
NaH, DMF MeOQH
AcO OAc HO OH
18 07\,’ 15 037—

Fig 7. Synthesis of per-6-thioglycolic acid-J-cyclodextrin 15 (second route).

Experimental section

Anhydrous solvents (SDS) were kept on molecular sieves
(3-4 A) and were used as obtained. All catalytic hydrogena-
tions were performed at 1 bar pressure. Column chromato-
graphy (CC): silica gel 60 (0.040-0.063 mm) Merck. Analyti-
cal and preparative thin layer chromatography (TLC): silica
gel plates Merck; detection by UV (254 nm), Iz, 5% H2SO4
or a mixture of MoO4(NH4)2 (2.5 g), (NH4)2Ce(NO3)e
(1.2 g) and H2SO4 (100 mL, 3.6 M). Melting points (un-
corrected): Kofler hot-stage.

'H-NMR spectra: AM-200-SY-Bruker (4.7 T) recorded at
room temperature; Aspect 3000 calculator; chemical
shifts in ppm related to protonated solvent as internal
reference (*H: CHCl3 in CDCls, 7.26 ppm; CHD,OD
in CD3OD, 3.30 ppm; CHD2SOCDs in CD3;SOCDs3,
2.49 ppm; CHD2COCD; in CD3;COCD3;, 2.04 ppm;
CsHD4N in CsDsN, 8.65. 7.5 and 7.14 ppm. “C:
BCDCl; in CDCls, 76.9 ppm, '*CD3OD in CD30D.
49.0 ppm, '3CD3SOCD; in CD3SOCD;3, 39.6 ppm;
1BOD3COCD; in CD3COCD;, 29.8 ppm, PCC4DsN in
CsDsN, 149.0, 134.6 and 122.6): coupling constants J in
Hz.

Mass spectrometry: FAB-MS (positive mode) were per-
formed by the Service de spectrométrie de masse du
CNRS, Vernaison, by Dr O Laprévote in the Labo-
ratoire de spectrométrie de masse of TCSN (CNRS)
and/or at CERMAV by Dr C Rossso. Microanalyses
were performed by the Service de microanalyses de

I’Université Pierre-et-Marie-Curie, Paris or CNRS, Ver-
naison. The commercial cyclodextrins were dried under
vacuum (1 mmHg) at 100°C for 24 h before use. Com-
pounds 7 [46] and 11 [30] were synthesized as described
previously. Except for 6a and 63, which were fully char-
acterized for physicochemical purposes, previously re-
ported compounds (3¢, 38, 13, 16 and 17) are not de-
scribed again. Their characteristics were in agreement
with those given in the corresponding quoted reference.

64 ,6B,6C,6D,6E,6F,6C-Heptachlom-
64,65 ,6< 60,65 67 ,6C -heptadeozy-B-cyclodextrin
28 [31]

Mesyl chloride (12.4 mL, 18.3 g; 160 mmol, 5.2 equiv)
was added dropwise into a solution of (-cyclodextrin 13
(5.0 g; 44 mmol) in dry DMF (90 mL). After stirring for
2 d at 65°C, the solvent was evaporated, the residue was
dissolved into methanol (25 mL) and the resulting solution
was neutralized with a 3 M solution of sodium methylate in
methanol. After stirring for 30 min at room temperature, the
mixture was poured onto ice and the resulting precipitate
was filtered, thoroughly rinsed with methanol and dried.
The white powder of 28 (5.17 g; 92%) was used without
further purification for the next step.
MP decomposition T > 265°C.
'H NMR (DMSO-ds): 6 5.99 (d, 2J = 6, 1H), 5.85 (s, 1H),
4.94 (d, 3J = 3, 1H), 4.07 and 3.59 (AB, *J = 10, 2H);
3.8-3.3 (m, 4H).
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13C NMR (DMSO-ds): 6 102.0, 83.5, 72.4, 71.9, 71.1, 44.9.

64,68,6C,6° 686" - Hezachloro-
64,68,6¢,6,6F 6" -hexadeozy-a-cyclodertrin 20

Compound 2a was prepared as for 28 using mesyl chloride

(13.5 mL, 20.0 g; 0.17 mol; 5 equiv), 1la (5.65 g; 6 mmol) and

DMF (75 mL); 2a was isolated as a white powder (6.50 g;

90%).

'H NMR (DMSO-ds): 6 4.91 (d, *J = 2.5, LH), 4.1-3.7 (.
4H), 3.6-3.2 (m, 3H).

13C NMR (DMSO-de): § 101.9, 83.6, 72.6, 71.6, 70.9, 45.2.

Anal calc for (CeHoO4Cl)g (1083.5): C, 39.90; H, 5.02.
Found : C, 39.72; H 5.19.

64,68,6C,60 ,6F 65,6667 -Octachloro-
64,68 ,6C,6° 67 6% 6% 6 -octadeozy-vy-cyclodextrin
2y

Compound 2+ was prepared as for 23 using mesyl chloride

(3.0 mL, 4.4 g; 3.8 mmol, 4.7 equiv), 1v (1.30 g; 1.0 mmol)

and DMF (20 mL); 2v was isolated as a white powder

(1.40 g; 97%).

'H NMR (DMSO-ds): 6§ 4.97 (d, *J = 3.1, 1H), 4.1-3.9,
3.9-3.7, 3.7-3.3 (m, 6H).

13C NMR (DMSO-ds): 6 102.0, 82.9, 72.3, 72.2, 71.1, 44.9.

Anal cale for (CeHoO4Cl)g (1444.7): C. 39.90; H 5.02.
Found: C, 39.53; H, 5.40.

A sample of 2 was acetylated for analysis.

24,98 90 9D 9P oF o0 2H 54 3B 5C 8P ,3F 3F 36 1.
hezadeca-O-acetyl-64,68 6,67 6% 6" 6,67 -octa-
chloro-64,68,6 6 ,6F 67 6% 65 -octadeory-
v-cyclodextrin

'H NMR (CDCl3): 6 5.33 (dd, *J = 10, 1H, H3), 5.25 (d,
37 = 3.7, 1H, H1), 4.74 (dd, ®*J = 3.7, 10, 1H, H2), 4.10
(m, 1H, H5), 3.95 (m, 2H, H6), 3.81 (dd, 3J = 10, 1H,
H4).

13C NMR (CDCl): § 170.2, 169.3, 95.8, 75.6, 70.5 (2), 70.0,
44.3, 20.6, 20.5.

Anal calc for (C10H1306Cl)s (2117.3): C, 45.38; H 4.95.
Found: C, 45.31; H, 4.95.

64,68 ,6C 67,6 67 ,6C - Heptaazido-
64,68 ,6€,67 67,676 -heptadeory-3-cyclodextrin 33

[24]

A mixture of 20 (1.98 g; 1.56 mmol) and sodium azide (7.2 g;
0.11 mol, 10 equiv) in dry DMF (90 mL) was stirred for 2 d
at 75°C. After cooling at room temperature, the suspension
was poured into water and the precipitate was filtered. After
drying, 33 was obtained as a white powder (1.91 g; 93%).

Mp decomposition 240-245°C (lit, slow decomposition T >
230°C [24]).

64,68,6C 67,68 6F -Hexaaazido-6",68 6 67 65 6 -
hezadeozy-a-cyclodextrin 3 [25]

Compound 3a was prepared as for 33 using 2a (3.00 g;
2.8 mmol), NaN3z (10.0 g; 0.15 mol, 9 equiv) and DMF
(50 mL); 3a was isolated as a white powder (2.36 g; 76%).

64,68 6€,6° 65 6F 6,61 -Octaazido-
64,68,6¢ 6P 68 6F 6,67 -octaadeozy-v-cyclo-
dextrin 3y

Compound 3y was prepared as for 33 using 2v (1.24 g;
0.86 mmol), NaN3 (6.0 g; 92 mmol, 14 equiv) and DMF
(25 mL); 3y was prepared as a white powder (839 mg; 65%).

'H NMR (DMSO-ds): 6 4.86 (d, 3J = 3, 1H), 3.9-3.2 (m,
6H).

13C NMR (DMSO-de): 102.0, 82.6, 72.4, 72.3, 70.4, 51.2.

Anal calc for [(CeHoN3O4)s - 3.3 H20] (1556.7): C, 37.03;
H, 5.09. Found: C, 36.81; H, 4.88.

24 9B 9C 9D oF oF oG 94 8B 5C 3D 3E §F 3G.
Tetradeca-O-benzyl-64,68 ,6¢ 67,65 65 ,6C -hepta-
azido-64,68,6C 6P ,6F 67 6 -heptadeozy-G-cyclo-
dextrin 403

NaH (80% suspension in mineral oil; 2.42 g; 81 mmol,
5 equiv) was added at 0°C into a solution of 38 (1.50 g;
1.14 mmol) in dry DMF (40 mL). After 1 h at 0°C, benzyl
chloride (7.5 mL, 8.25 g; 65 mmol, 4 equiv) was added and
the mixture was further stirred for 1 h at 0°C and then
2 h at room temperature. After hydrolysis with water, the
solution was extracted with ethyl acetate. The organic phase
was washed with water, dried over Na;SO,4 and evaporated.
The crude residue was washed twice with pentane. The
decanted yellow oil was purified by CC on silica gel (200 g;
elution: CH,Cly/pentane (95:5) then CH2Clz) to give 48 as
a colorless resin (1.35 g; 45%).

'H NMR (CDCl3): 6 7.39-7.18 (m, 10H), 5.01 (d, *J = 3,
1H), 5.05 and 4.77 (AB, 2J = 11, 2H), 4.61 and 4.41 (AB,
2] =12, 2H), 4.0-3.6 (m, 5H), 3.53 (dd, 2J = 9, *J = 3,
1H).

13C NMR (CDCls): 6 138.8, 137.9, 128.2, 127.9, 127.8, 127.6,
127.1, 127.0, 98.4, 80.1, 79.8, 78.6, 75.3, 73.1, 71.2, 52.0.

Anal calc for (C20H2104N3)7 (2571.7): C, 65.38; H, 5.76; N,
11.44. Found: C, 65.58; H, 5.85; N, 11.43.

TLC: silica, CH2Cl2/pentane (95:5), Ry = 0.4.

24,98 2° 9D 9E oF 2G 34,58 ,5C 3P 8 8F 5G.
Tetradeca-O-benzyl-64,68 ,6C,6° ,6% 6 ,6C -heptakis
[(tert-butozycarbonyl)amino]-64,68 6% 67,67 67 6C -
heptadeozy-3-cyclodextrin 58

A suspension of platinum oxide (46 mg) in a solution of 43
(99 mg; 0.038 mol), (Boc)2O (87 mg; 0.40 mmol, 1.3 equiv)
in MeOH (10 mL) and dioxane (2 mL) was hydrogenated for
6.5 h at 40-50°C. After filtration, the filtrate was evaporated
and the residue was purified by preparative TLC (elution:
CH:Cl,/ether 95:5) to yield 53 as a colorless resin (25 mg;
21%).

'H NMR (CDClz): é 7.26-7.00 (m, 10H), 5.66 (broad s, 1H),
5.27 (unresolved d, 1H), 4.73-4.42 (m, 4H), 4.01-3.47 (m,
6H), 1.41 (s, 9H).

130 NMR (CDCls): 6 156.4, 139.0, 138.2, 128.1, 127.9, 127.7,
127.3,127.2, 126.9, 98.1, 80.0, 78.6, 78.3, 74.7, 72.4, 70.9,
41.1, 29.4, 28.5.

MS (FAB™): m/z 3097 [M + Li%t] (calc: 3 098).



64,68 ,6°,67,6% 67,65 - Heptaamino-
64,68 ,6%,6° 6% 6% 6C -heptadeozy-3-cyclo-
deztrin-heptachlorhydrate 63

e By hydrogenation [24]
A suspension of platinum oxide (160 mg) in a solution of
34 (350 mg; 0.27 mmol) in a mixture methanol/water 3:1
(30 mL) was hydrogenated for 4 h at room temperature.
After filtration, the filtrate was evaporated to give 316 mg
of a grey powder containing platinum; 60 mg of this powder
was dissolved in HC1 0.1 M. The solution was filtered over a
glass microfibre filter and lyophilized to give 63 as a white
powder (50 mg; 61%).
Mp 185-190°C (decomposition) (lit 182--185°C dec [24]).
'H NMR (D20): 6 5.10 (d, °J = 2, 1H), 4.1 (m, 1H), 3.9
(dd, ®J = 8, 1H), 3.6 (dd, ®J = 10, 1H), 3.5-3.2 (m, 3H).
13C NMR. (D0): § 101.4, 82.2, 72.1, 71.6, 67.8, 40.3.
Anal calc for [(CeH1204NCl)7 - 13H20]: C, 31.18; H, 6.85;
N, 6.06. Found: C, 31.23; H, 6.82; N, 5.65.

e By the iminophosphorane route (25]
A mixture of 33 (1.00 g; 0.76 mmol), triphenylphosphine
(4.2 g; 1.6 mmol; 3 equiv) in methanol (25 mL) and diox-
ane (130 mL) was stirred at room temperature for 2 h.
Water (1.75 mL) was then added and the solution was fur-
ther stirred for 60 h. After evaporation, the residue was
suspended in toluene (100 mL) and the resulting suspen-
sion was sonicated and centrifugated. This operation was
repeated five times. The solid was extracted for 2 d with
a Soxhlet extractor (toluene). After drying, the heptaamine
was isolated as a white powder (765 mg; 85%) contaminated
with a small amount of phosphine which was detected by
'H NMR (the microanalysis should agree with the formula
(CeH1104N)7 - 10 H20, (Ph)sPO; anal cale: C, 45.42; H,
7.11; N, 6.17; found: C, 45.63; H, 7. 09; N, 6.37). This white
solid (200 mg) was suspended in 10 mL water. After acidi-
fication with HCI 0.1 M to pH 2, the aqueous solution was
extracted with methylene chloride. The lyophilization of the
aqueous phase gave 63 as a white powder (200 mg; 82%).
Anal cale for [(CeH12NOy)7 - 6.5 HCI - 11 Ho0}: C, 32.28;

H, 6.81; N, 6.27; Cl, 14.78. Found: C, 32.00; H, 6.51; N,

5.86; Cl, 14.71.

64,68 ,6C 6 68 67 -Hexaamino-64,65 ,6¢ 67,67 67 -
hezadeozy-a-cyclodextrin-hexachlorhydrate 6«

This was synthesized as described in reference 25 (yield

78%).

'H NMR (D.0): § 5.07 (d, *J = 3, 1H), 4.1 (m, 1H), 3.9
(dd, *J =9, 1H), 3.7-3.3 (m, 3H). 3.18 (dd, *J = 6 and
13, 1H).

13C NMR. (DO, internal reference CD3OD at 49.0 ppm): é
102.2, 83.2, 73.4, 72.1, 68.7, 41.1.

Despite extensive extraction, it was impossible to remove
some residual triphenylphosphine [49]. NMR spectra and
analysis agreed with the formula: [(CeH1204NCl)g - 0.17
PPhy - 5.1 H20] (1322.09): C, 35.50; H, 6.46; N, 6.36; Cl,
16.09. Found: C, 35.53; H, 6.63; I\, 6.15; Cl, 16.16.

64,68 ,6C 6P 6F,6F 6, 6" -Octaamino-
64,68 ,6€ ,6P,6% 6 6% 6" -octadeory-v-cyclodextrin
6y

A mixture of 3y (690 mg; 0.46 mmol), triphenylphosphine
(3.31 g; 12.6 mmol, 3.4 equiv) in methanol (10 mL) and
dioxane (50 mL) was stirred at room temperature for 6 h.
Concentrated NHs (3.5 mL) was then added and the solution
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was further stirred for 18 h. The suspension was filtered and
the solid was thoroughly rinsed with MeOH and then dried
to yield 6+ as a white powder (639 mg; 91%).

'H NMR (D20): 6 5.26 (d, 3J = 3, 1H), 4.2 (m, 1H), 4.0

(dd, *J = 9, 1H), 3.8-3.2 (m, 4H).
13C NMR (D0, internal reference CD30D at 49.0 ppm): &

101.5, 81.9, 72.8, 72.6, 68.6, 41.2.

As for B¢, the presence of residual triphenylphosphine
was detected by *H NMR. NMR spectra and analysis agreed
with the formula: [(CGH1204N)8 - 0.33 PPhs - 8.5 HzO]
(1529.06): C, 42.35; H, 7.25; N, 7.33. Found: C, 42.63; H,
7.46; N, 7.32.

Cyclohepta 3-O-(1—4)-(2,6-di-O-benzyl-a-D-gluco-
pyranosyl) ethyl glycolate 8 [24,25 2C 2D 2B oF oG_
64,68 ,6 60 ,6F 6% ,6C -tetradeca-O-benzyl-

34 38 € 3D 8E 9F 3G _hepta-O-(ethyl glycolate)-
B-cyclodextrin]

A solution of ethyl diazoacetate (330 puL; 3.1 mmol, 3 equiv)

in methylene chloride (15 mL) was added dropwise at

0°C into a solution of 7 (358 mg; 0.15 mmol), boron tri-
fluoride/ethyl ether (one drop) in dry methylene chloride

(25 mL). After stirring overnight at room temperature,

the organic solution was washed with aqueous solutions of

sodium hydrogen carbonate, sodium chloride and was then
dried over Na;SQy4. After evaporation of the solvent, the
crude residue was purified by column chromatography (elu-

tion: gradient of acetone in methylene chloride) to yield 8

as a colorless resin (283 mg; 63%).

'H NMR (CDCls): § 7.42-7.16 (m, 10H), 4.96 (d, 3.J = 3,
1H), 4.80-4.74 (m, 3H), 4.37-4.28 (m, 3H), 4.03 (m, 2H),
3.7 (m, 4H), 3.45-3.40 (m, 2H), 1.13 (t, J = 7, 3H).

13C NMR (CDCly): 6 169.8, 138.3, 138.1, 128.1, 127.9, 127.4,
99.2, 81.3, 79.7, 78.5, 73.1, 73.0, 71.2, 70.9, 69.0, 60.1,
14.0.

Anal calc for (Ca4H2s07)7 (2 999.2): C, 67.27; H, 6.59.
Found: C, 67.03; H, 6.61.

TLC CH2Cl,/acetone 95:5; Ry = 0.5.

Cyclohepta (1—4)-(8-O-a-D-glucopyranosyl) ethyl
glycolate 9 [3%,38 ,9C 3P 3B 8F 3G _hepta-
O-(ethyl glycolate)-3-cyclodextrin/

A suspension of Pd/C (Aldrich E10INE/W; 640 mg), 8

(350 mg; 0.12 mmol) in ethanol 95% (35 mL) and CH2Cl2

(15 mL) was stirred for 24 h under a hydrogen atmosphere

at room temperature. After filtration, the solution was de-

colorized on active charcoal and then evaporated to yield 9

as a colorless resin (216 mg; 86%).

'H NMR (CD30D): § 5.02 (d, ®J = 3, 1H), 4.82 and 4.61
(AB, 2J = 23, 2H), 4.21 (m, 2H), 4.1-3.7 (m, 4H), 3.56
(dd, 2J =9, %7 =3, 1H), 1.28 (t, 3J = 7, 3H).

3C NMR (CD3;0D): § 173.0, 102.8, 82.9, 80.1, 74.9, 73.6,
70.1, 62.0 (2), 14,0.

Anal cale for [(C10H1607)7 - 7 H20] (1863.7): C, 45.09; H,
6.82. Found: C, 44.86; H, 6.50.

MS (FAB%): m/z 1759 [M + Na*] (cale: 1 761).

Cyclohepta (1—4)-(3-O-a-D-glucopyranosyl) glycolic
acid sodium salt 10 (84,98 ,8 3P 3F 9F 3G _phepta-
O-(glycolic acid)-B-cyclodextrin/

A mixture of 9 (60 mg; 0.032 mmol), 1 M NaOH (380 pL;
0.38 mmol, 1.5 equiv) and MeOH (10 mL) was stirred at
room temperature for 1 h. A white precipitate formed.
Water was added and the aqueous solution was extracted
with CH2Cly. The aqueous phase was lyophilized to yield
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a mixture of NaOH and the sodium salt of 10 (60 mg;

estimated yield: quantitative).

'H NMR (D.0): 6 5.01 (bs, 1H), 4.54 (bs, 2H), 4.18 (bs,
2H), 3.9-3.5 (m, 4H).

130 NMR (D20 + CD30D): § 181.0, 102.7, 84.4, 80.6, 74.6,
74.2, 66.4, 63.4.

Cyclohepta 6-O-(1—4)-(2,3-di-O-benzyl-a-D-gluco-
pyranosyl) tert-butyl glycolate 12
[24,28 2C 2D pE oF G 34 3B §C 3D gE gF 3G
tetradeca-O-benzyl-64,68 6€ 6P 67 6F 6% -hepta-
O- (tert-butyl glycolate) 3-cyclodextrin/

NaH 80% (16 mg; 0.5 mmol, 2 equiv) was added at 0°C to

a solution of 11 (100 mg; 0.042 mmol) in freshly distilled

DMF on CaH> (5 mL). After stirring for 1 h at 0°C, tert-

butyl bromoacetate (156 mg, 118 uL; 0.80 mmol, 2.5 equiv)

was added. The solution was stirred for 1 h at 0°C and then
overnight at room temperature. After quenching with water,
the mixture was extracted with ethylacetate. After washing
with water, the organic phase was dried over NazSO4 and
concentrated. The crude residue was treated again as above.

Preparative TLC (SiO2; elution: CH2Cly/acetone 97:3) pro-

vided 12 as a colorless resin (23 mg; 17%).

'H NMR (CDCl3): 6 7.19-7.00 (m, 10H), 5.26 (d, *J = 3,
1H), 5.03 and 4.74 (AB, *J = 11, 2H), 4.47 (broad s, 2H).
4.1-3.8 (m, 7 H), 3.5 (in, 1H), 1.45 (s, 9H).

13C NMR (CDCl3): 6 169.2, 139.4, 138.4, 128.0, 127.8, 127.2,
126.8, 98.4, 80.8, 78.8, 75.2, 72.5, 71.6, 70.5, 69.3, 6%.6,
29.4, 28.2.

MS (FAB*): m/z 3203 [M + Li¥] (calc: 3 202).
TLC (CH2Clz/acetone 95:5); Re = 0.6.

64,68 ,6€ 6P 67 67 ,6C - Heptabromo-
64,6%,6C,6° 65 6% 6° -heptadeory-G-cyclodextrin 13
(42|

Bromine (4.7 mL, 91.7 mmol) was carefully added over
15 min to a solution of triphenylphosphine (24.3 g,
92.7 mmol) in dry DMF (90 mL) (evolution of heat; the
solution reached approximately 50°C) [43]. 3-Cyclodextrin
1 (5.4 g; 4.76 mmol) was then added and the resulting solu-
tion was stirred for 15 h at 80°C. After cooling and evapora-
tion of about 40 mL DMF under reduced pressure, sodium
methoxide in methanol (3 M, 30 mL) was added to the re-
action vessel with cooling until pH 8-9 and the mixture was
stirred for 30 min. The product was precipitated with ice
water then filtered, washed with water (500 mL) and then
with CH2Clz (500 mL). The precipitate was dissolved into a
small amount of DMF and precipitated again by addition of
methanol. The precipitate was filtered off and dried under
high vacuum (6.47 g, 86%).

Cyclohepta (1—4)-(6-S-a-D-glucopyranosyl) methyl
glycolate 14 [64,68 6 67,67 ,6F 6% -hepta(methyl
2-thioglycolate ester)-64,68 .6C 67,65 6 66 -
heptadeozy-3-cyclodextrin/

Dry 13 (1.00 g, 0.63 mmol) in DMPU (4 mL) was added
under argon to a suspension of cesium carbonate (2.00 g,
6.1 mmol) and methyl thioglycolate ester (0.6 mL; 6.7 mmol;
1.5 equiv). After stirring for 12 h at 60°C, 14 was obtained
after precipitation in water as a light yellow solid and dried
under high vacuum (0.63 g; 57%).
'H NMR (pyr-ds): & 5.37 (d, *J = 5.2, 1H, H1), 4.5 (m, 2H,
H3 and H5), 4.0 (m, 2H, H4 and H2), 3.68 (m, 2H, CH,),

3.58 (s, 3H, CHs), 3.36 (dd, 2J = 14, 1H, H6a), 2.85 (dd,
2J = 14, 1H, H6b).

13C NMR (pyr-ds): 6 170.4, 102.7, 85.1, 73.3, 72.9, 72.3,
51.3, 34.2, 33.7.

Anal calc for [(CoH14068)7 - 3 HpOJ: C, 41.94; H, 5.75; S,
12.44. Found: C, 41.88; H, 5.51; S, 11.69.

MS (FABY): m/z 1773 [M + Na*] (cale: 1775); 1884
[M + Cs]* (calc: 1885).

Cyclohepta (1—4)-(6-S-a-D-glucopyranosyl) glycolic
acid sodium salt 15 [64,65,6C,6P,6F,6F ,6C -hepta
(2-thioglycolic sodium salt)-6%,6% 6€,60 68 67 6C-
heptadeozy-B-cyclodextrin/

Compound 14 (0.63 g; 0.37 mmol) was treated with aq
NaOH (1 M; 3 mL) for 12 h at room temperature. After
neutralization by 1 M HCI to neutral pH, inorganic sodium
salts were removed by ultrafiltration (membrane YCO, 5 500
MW cut-off) and 15 was lyophilized (0.59 g; 99%).

'H NMR (D;0; TMS as internal reference): § 5.10 (d,
3J = 4.4, 1H, H1), 3.91 (m, 1H, H5), 3,81 (dd, 3J = 8.75,
1H, H3), 3.7-3.5 (m, 2H, H2 and H4), 3.3 (broad s, 2H,
CHz), 3.2-3.0 (m, 1H, H6a), 2.9-2.7 (m, 1H, H6b).

13C NMR (D20; TMS as internal reference): § 179.9 (CO),
103.7 (C1), 85.8 (C4), 74.5, 73.9, 73.8 (C2, 3, 5) 40.3
(CHz), 35.3 (C6).

Anal cale for [(CgH1106SNa)s, (CsH12068)], 4 NaCl, 15
H.0): C, 29.31; H, 4.73; Na, 10.02; C, 6.19. Found: C,
29.39; H, 4.47; Na, 9.91; Cl, 6.29.

MS (FAB'): m/z: 1653 [M + H]' (calculated for acidic
form: 1655).

24 9B oC oD o oF oG 9A 3B 3C gD oE gF G _Tetrq-
deca-O-acetyl-64,65 6 67,67 67 65 -heptachloro-
64,68 ,6C 67 6% 6T 6 -heptadeoxy-B-cyclodextrin 16
.

(39]

A mixture of 23 (1.26 g, 1 mmol), dry pyridine (20 mL) and
acetic anhydride (12.5 mL) was stirred for 30 h at room tem-
perature. The solution was poured onto crushed ice and the
resulting suspension was filtered. The precipitate was dis-
solved in ethyl acetate. The organic phase was washed with
0.5 M H3S04, then water and dried over NaxSO,4. After
evaporation, the residue was purified by column chromatog-
raphy (SiO3; elution: CH2Cly /MeOH 97.5:2.5) to yield 16 as
white crystals after recrystallization from EtOH 95% (1.56 g;
84%).

Mp 180-185°C (lit 180-182°C [39)]).

24,08 9C oD 9B oF oG 94 9B 5C gD 3B 3F 3C_Tetra-
deca-O-acetyl-64,68 6,67 ,6%,6% ,6G -
heptaiodo-6*,68 6,67 ,6% 67 ,6C -heptadeozy-
B-cyclodextrin 17 [39, 50]

A suspension of Nal (5.25 g; 35 mmol, 10 equiv), 16 (925 mg;
0.49 mmol) in butanone (25 mL) was refluxed for 48 h. After
partial evaporation of the solvent, addition of water and
extraction with ethyl acetate, the organic phase was washed
with water, and then dried over Na;SO4 and concentrated.
The crude residue was dissolved in MeOH and precipitated
in water to yield 17 after filtration as a white solid (925 mg;
75%).

Mp 180-184°C (lit 176-180°C [39], 172-177°C [50]).



Cyclohepta (1—4)-(2,3-di-O-acetyl-6-S-a-D-gluco-
pyranosyl) ethyl glycolate 18
[24,98 2C 2D oF oF 9G 94 3B g 3D gk gF §4.
tetradeca-O-acetate-64,65 ,6C 67,67 67 ,6C -hepta
(ethyl 2-thioglycolate ester)-64,68 6,6V ,6F 6F 69-
heptadeozy-3-cyclodextrin/

NaH (80% suspension in mineral oil; 52 mg, 1.7 mmol) was
added into a solution of ethyl thioglycolate (206 ulL, 226 mg;
1.9 mmol) in dry DMF (10 mL) at 0°C. After stirring for 1 h
at 0°C, 17 (200 mg; 0.08 mmol) was added and the solution
was stirred for 24 h at 75°C. After cooling and evaporation
of the solvent, the residue was dissolved in ethylacetate,
the organic phase was washed with water, saturated brine
and dried over Na;SO4. After evaporation, the residue was
purified by column chromatography and preparative TLC
(elution: AcOEt/MeOH 98:2) to yield 18 as a colorless resin
(123 mg; 63%).

'H NMR (CDClz): 6§ 5.21 (d, *J = 10, 3J = 8, 1H), 5.02 (d,
3J =4, 1H), 4.71 (dd, *J = 10, *J = 4, 1H), 4.21-4.06
(m, 3H), 3.82 (dd, °J = 9, 1H), 3.32 (AB, 2H), 3.2-2.9
(m, 2H), 2.02 and 1.98 (2s, 6H), 1.25 (t, *J = 7 Hz, 3H).

130 NMR (CDCl3): 6 170.3, 170.0, 169.0, 96.4, 78.4, 71.5,
70.6, 70.3, 61.2, 35.2, 34.2, 20.5, 14.0.

Anal cale for (C14H200sS)7: C, 48.27: H, 3.79. Found : C,
47.86; H, 5.65.

TLC: SiO;; elution: AcOEt/MeOH 98:2, Ry = 0.7.

Acknowledgments

We are indebted to L Lacombe for recording and interpreting
some NMR spectra in the course of the present work and O
Laprévote for recording the mass spectra of the compounds
53 and 12. The Ringdex Company is gratefully acknowl-
edged for generous supplies of a. 3 and v-cyclodextrins.

References

Lehn JM, Angew Chem Int Fd Engl (1988) 27, 89
Lehn JM, Angew Chem Int Ed Engl (1990) 29, 1304
Lindsey JS, New J Chem (1991) 15, 153

Philp O, Stoddart JF, Synlett (1991) 445

Whitesides GM, Mathias JP, Seto CT. Science (1991)
254, 1312

6 Sauvage JP, Dietrich-Buchecker CO.
(1990) 46, 503

7 Constable EC, Tetrahedron (1992) 48, 10013

8 Hong JD, Lowack K, Schmitt J, Decher G. Progr Colloid
Polym Sci (1993) 93, 98

9 Decher G, Hong JD. Ber Bunsenges Phys Chem (1991)
95, 1430

10 Lvov Y, Decher G, Méhwald H, Langmuir (1993) 9, 481

11 Antropov L in FElectrochimie Théorigue, Mir, Moscow,
1979

12 Bockris JOM, Reddy AKN in Modern Electrochemistry,
Plenum, 6th ed, New York, 1977

13 An angular dependence and a lower range of interac-
tions are associated with the electrostatic interaction in
systems involving at least one dipole instead of a charge

(SRR VD

Tetrahedron

14 Bender ML, Komiyama M. In Cyclodextrin Chemistry,
Springer, Berlin, 1977

15

17
18
19

20

21

26

27

28

29
30

31
32

33

34

35

36

37

38

39

40

41

42
13

865

Szeijtli  J, In
Dordrecht, 1988

Saenger W, Angew Chem Int Ed Engl (1980) 21, 344
Wenz G, Angew Chem Int Ed FEngl (1994) 33, 803
Croft AP, Bartsch RA, Tetrahedron (1983) 39, 417

Several reports on related associations involving cy-
clodextrins or calixarenes have recently been published.
See, for instance, Koh K | Araki K, Shinkai S, Tetrahe-
dron Lett (1994) 35, 8255; Zhao S, Luong HT, J Chem
Soc, Chem Commun (1994) 2307

For recent reports, see, Venema K, Baselier CM, Feiters
MC, Nolte RJM, Tetrahedron Lett (1994) 35, 8661;
Jiang T, Sukumaran DK, Soni SD, Lawrence DS, J Org
Chem (1994) 59, 5149 and references therein

Hamelin B, Jullien L, Guillo F, Lehn JM, Jardy A, De
Robertis L, Driguez H, J Phys Chem submitted

Jullien L, Canceill J, Valeur B, Bardez E, Lefevre,
Pansu R, Marchi V, Lehn JM, J Am Chem Soc to be
submitted

Many of the references mentioning such species are
quoted throughout this paper

Cyclodextrin  Technology, Kluwer,

4 Tsujihara K, Kurita H, Kawazu M, Bull Chem Soc Jpn

(1977) 50, 1567

Boger J, Corcoran RJ, Lehn JM, Helv Chim Acta (1978)
61, 2190

Yatsimirski AK, Eliseev AV, J Chem Soc Perkin Trans
2 (1991) 1769

Parrot-Lopez H, Ling CC, Zhang P, Baszkin A,
Albrecht G, De Rango C, Coleman AW, J Am Chem
Soc (1992) 114, 5479

Umezawa S, Tatsuta K, Bull Chem Soc Jpn (1968) 41,
464

Hata T. Yamamoto I, Sekine M, Chem Lett (1975) 977
Jullien L, Canceill J, Lacombe L, Lehn JM, J Chem Soc
Perkin Trans 2 (1994) 989

Khan AR, D’Souza VT, J Org Chem (1994) 59, 7492

Evans ME, Long Jr L, Parrish FW, J Org Chem (1968)
33, 1074

Berberan-Santos MIN, Brochon JC, Canceill J, Jullien
L, Lehn JM, Pouget J, Tauc P, Valeur B, J Am Chem
Soc (1992) 114, 6427

Cyclodextrins are known to stabilize palladium colloids.
See, for instance, Willner I, Mandler D, J Am Chem Soc
(1989) 111, 1330

Tailler D, Jacquinet JC, Noirot AM, Beau JM, J Chem
Soc Perkin Trans 1 (1992) 3163

Saito S, Nakajima H, Inaba M, Moriwake T, Tetrahe-
dron Lett (1984) 30, 837

Moriya T, Saito K, Kurita H, Matsumoto K, Otake T,
Mori H, Morimoto M, Ueba N, Kunita N, J Med Chem
(1993) 36, 1674

Casu B, Scovenna G, Cifonelli AJ, Perlin AS, Carbohydr
Res (1968) 63, 13

Baer HH, Shen Y, Gonzalez FS, Berenguel AV, Garcia
JI, Carbohydr Res (1992) 235, 129

Takeo K, Uemura K, Mitoh H, J Carb Chem (1978) 7,
293

Flgedi P, Carbohydr Res (1989) 192, 129

Takeo K, Sumimoto T, Kuge T, Staerke (1974) 24, 111

Gadelle A, Defaye J, Angew Chem Int Ed Engl (1991)
30, 78



866

44 Bergeron RJ, Meeley MP, Machida Y, Bioorg Chem
(1976) 5, 121

45 Jullien L, Lehn JM, J Incl Phenom Mol Recogn (1992)
12, 55

46 Canceill J, Jullien L, Lacombe L, Lehn JM, Helv Chim
Acta (1992) 75, 791

47 Angibeaud P, Utille JP, Synthesis (1991) 737

48

49

50

As an indication of its sensitivity towards acids, this
compound decomposes when it is solubilized in standing
chloroform containing traces of hydrochloric acid

As for 6+, both amines have been shown to be sensi-
tive to acid media. During tentative purification of the
chlorhydrates, we noticed fast degradation if the pH of
aqueous solutions were too low

Cramer F, Mackensen G, Sensse K, Chem Ber (1969)
102, 494



