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Figure 1. Drawing of symmetrical triamino-per-O-melhyl-tv-cyclodextrin 
(1). The coordinates used for the cyclodextrin skeleton were based on 
crystal structure data summarized by Saenger.1' The shaded circles rep
resent methoxyl groups and the full circles represent ammonium 
groups. 

Scheme I. Synthetic Route to Symmetrical Triamino-per-O-methyl-
a-cyclodextrin (1) 
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Symmetrical Triamino-per-O-methyl-a-cyclodextrin: 
Preparation and Characterization of Primary 
Trisubstituted a-Cyclodextrins 

Sir: 

Exploitation of the unique geometry of cyclodextrins for the 
construction of models of receptor binding and of enzyme ca
talysis has been severely limited by the dearth of well-char
acterized polysubstituted derivatives. Thus, while the efficient 
modification of all of the primary hydroxyl groups of a- and 
,d-cyclodcxtrins has been described' and numerous mono-
substituted compounds have been reported,2 no derivatives of 
intermediate substitution number have been described for 
which the positions of substitution are established.3 We report 
here the preparation and characterization of 6,6",6""-tri-
amino-6,6",6""-trideoxy-6',6"',6/"",2,2',2",2/",2"",2'"",3,-
3',3",3"'.3"",3"'"-pentadeca-0-methyl-«-cyclodextrin (1) 
(= symmetrical triamino-per-O-methyl-a-CD), a trisubsti
tuted «-cyclodextrin of known regiosubstitution that possesses 
a threefold axis of symmetry (Figure 1). 

Synthesis. The synthesis of 1 is outlined in Scheme 1. Re
action of purified4 a-cyclodextrin 2 with 3.3 equiv of trityl 
chloride in pyridine (55 0 C, 24 h) gave a multitude of prod
ucts." Thin-layer chromatography (TLC) on silica gel (buta-
none-water-3-methyibutan-l-ol, 7:1:1) showed six major 
products, having Rj values of 0.37, 0.28, 0.26, 0.23, 0.20, and 
0.14, and about 12 minor products. The desired symmetrically 
substituted 6.6",6""-tri-0-trityl-a-cyclodextrin 3 (Rj of 0.28) 
was isolated in 23% yield after "short column chromatogra
phy" h on silica gel eluting with butanone-water-3-methyl-
butan-1-ol, 100:10:1.7 The product was identified by 1H and 
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L,C NMR spectroscopy (vide infra).* Methylation of the 15 
hydroxyl groups of 3 was accomplished using methyl iodide 
and crystalline sodium hydride in dimethylformamide 
(DMF).1 Removal of the three trityl groups, by brief treatment 
of 4 in a two-phase system (concentrated hydrochloric acid-
chloroform), gave 5. Reaction of the three free hydroxyl groups 
with methanesulfonyl chloride in pyridine, followed by dis
placement of the sulfonate groups with sodium azide in DMF, 
gave the symmetrical triazido-per-6)-methyl-a-cyclodextrin 
(7). Reduction of 7 with triphenylphosphine and ammonia in 
dioxane9 gave the desired product 1. isolated as its trihydro-
chloride salt. Each of the five reactions from 3 to 1 went in 
yields between 94 and 97%. and 1 was isolated in 19% overall 
yield from a-cyclodextrin 2. 

In a similar fashion, mono-6-amino-6-deoxy-6/,6",6'",-
6"",6"" ,,2,2',2",2"',2"",2""',3,3 ,,3",3"',3"",3 /""-hepta-
deca-O-methyl-a-cyclodextrin hydrochloride (8) (= mo-
noamino-per-0-methyl-a-CD) was prepared in 24% overall 
yield, beginning with the preparation of mono-6-O-trityl-
«-cyclodextrin.2a 
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Figure 2. 11C NMR spectrum of symmetrical tritrityl-pcr-0-methyl-
«-cyclodextrin (4): solution in CDCU, chemical shifts from Me4Si. The 
downfield trityl signals arc not shown. Insets show the C-I signals from 
the spectra of two isolated !//!symmetrical derivatives. 

p.p.m. 

Figure 3. '-1C NMR spectrum of symmetrical triamino-pcr-O-mcthyl-
<Y-cyclodexlrin (1): solution in D2O with internal methanol standard, 
chemical shifts from methanol referred to external Me4Si. 

Characterization. The characterization of compound 1 and 
of compounds 3-7 relied on their threefold rotational axis of 
symmetry, which is exhibited in their 1H and 13C NMR 
spectra.10 Of the four possible primary trisubstituted isomers, 
only the desired isomer retains any rotational symmetry. For 
instance, the 13C NMR spectrum of 3 (Figure 2) shows only 
one kind of trityl group and two kinds of a-glucose unit. Al
though the expected two pairs of signals for the 12 C-2 and C-3 
atoms are not resolved (81.3 and 81.5 ppm), all other predicted 
signals are seen: C-I at 100.2 and 98.5; C-4 at 82.4 and 82.2; 
C-5 at 71.8 and 70.9; and C-6 at 70.6 and 63.2 ppm. Re
markably, the threefold symmetry is exhibited even by the 15 
0-methyl groups, 12 of which are on the secondary side of the 
cyclodextrin torus, away from the substitution site: C-2 OCH3 
at 61.9 and 61.5; C-3 OCH3 at 58.2 and 57.6; and C-6 OCH3 
at 58.6 ppm. As expected, only one type of trityl group is ob
served, with the single quaternary carbon signal at 86.3 ppm 
(the four other singlets, for the ortho, meta, para, and ipso 
carbons, are downfield and are not shown in Figure 2). (In 
contrast, two of the asymmetrically substituted tri-O-trityl 
derivatives isolated from the trityiation reaction showed three 
different trityl groups plus a multiplicity (theoretically six) of 
a-glucose units. The number of spectroscopically distinct 
a-glucose units was most clearly seen in the C-I signals of the 
13C NMR spectra (see insets in Figure 2).) The NMR spec
tra10 for 1 and 3-7 all exhibit the expected symmetry, while 
those for unsymmetrical derivatives do not. In the 13C NMR 

spectrum of 1 (Figure 3), the two C-I signals are not resolved, 
but other signals (for C-3 through C-6) show the expected 
symmetry doubling. These results confirm that 1 is the desired 
isomer in high purity.8 

The procedure outlined here provides access to a wide variety 
of cyclodextrin derivatives, and the rational synthesis of so
phisticated model systems employing regiospecifically disposed 
functionality at the primary end of the cyclodextrin cavity and 
additional functionality at the secondary end, is now pos
sible. 
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Symmetrical Triamino-per-O-methyl-a-cyclodextrin: 
A Host for Phosphate Esters Exploiting Both 
Hydrophobic and Electrostatic Interactions 
in Aqueous Solution 

Sir: 

With the aim of designing a host molecule that would cat
alyze a simple chemical reaction by specific stabilization of its 
transition state,1 we have opted first to investigate the synthesis 
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