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We synthesized lipophilic cyclodextrins (CDs) having ionizable amino groups to investigate their abilities to form
ion pair compounds with a biologically important reducing agent of ascorbic acid (vitamin C, AsA). Although per-
methylation on the hydroxy groups of hydrophilic CD derivatives to make them lipophilic is unsuccessful, per-
acetylation affords lipophilic CD derivatives having amino groups with excellent yields. The preliminary studies using
hydrophilic amino-CDs revealed that the amino group introduced to the B-CD platform is able to form an ion pair with
AsA. The binding constants of two monoamino-f-CDs, one of which has an amino group at the primary hydroxy side
(1) and the other has it at the secondary hydroxy side (2), for AsA are 140 and 220 M "', respectively, indicating the
superiority of the secondary hydroxy side modification. B-CD itself may bind AsA, but the binding constant for the
B-CD-AsA complex cannot be obtained spectroscopically. Guest binding studies with adenine nucleotides, which have
similar negative charges support the ion pair formation between amino-CDs and AsA even in the highly polar aqueous
solutions. Binding AsA by the amino-CDs is also supported by the retardation effect on the oxidative degradation of
AsA. Ion pair formation between lipophilic CDs having amino groups and AsA is indicated by liquid-liquid extraction
and liquid membrane transportation experiments. When the hydroxy groups of 1 and 2 are acetylated (Acl and Ac2,
respectively) to make them lipophilic, they successfully extract AsA dissolved in aqueous phase into ethyl acetate phase
where the lipophilic amino-CDs exist. The extraction abilities of Acl and Ac2 are greater than tetrabutylammnonium
bromide, a well know ion pair agent, indicating that both amino group and CD framework are critical for the uptake of
AsA from aqueous to organic phases. As the binding strength difference observed for the corresponding hydrophilic
CDs, 1 and 2, the secondary hydroxy side modification is superior to the primary hydroxy side modification indicated by
the greater extraction ability of Ac2. The results obtained in this study suggest that (1) lipophilic amino-CD derivatives
may be useful in uptake of AsA across an organic layer, especially those which have amino groups at the secondary
hydroxy side, and (2) the transmembrane permeation abilities of lipophilic CD derivatives for AsA may be estimated
from simple binding studies in aqueous solutions using corresponding hydrophilic CD derivatives.
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Fig.1 Structures of ascorbic acid (AsA), its deprotonated
form, and dehydroascorbic acid.

(top view)

Fig.2 Structures and space filling model of 3-CD.
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Table 1 Structures of B-CD Derivative Used in This Study
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Fig.4 Circular dichroism spectra of AsA (7.5x10°M) in phos-
phate buffer solutions (pH7.4), alone or in the presence of
5.0mM of B-cd (top), 1 or 2 (middle), and DM (bottom).
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Table 2. Apparent Pseudo-First Order Rate Constants for Auto-Oxidation of AsA in at

Various Temperaturea,b)

TX DRI A A I A
fEshiz. 22T, ARMEICHER

IFVEV, ZOHRICEHEIRE

-1
Condition - . . /oh 1t CD 8 R % i S &, KA
(AS 15 25C 35¢ 15 CHAET B AsA DAL & MR
AsA only 0.0095 0.0278 0.124 0.131 0.365 L. #b. AEMOREY LT
with -CD 0.0094 0.0248 0.0408 0.116 0.257 FEEE = F VPIAMC S 7 B a v A
with DM 0.0182 0.0408 0.158 0.277 0.408 Rn-TE ) — N AT Z
with TM 0.0166 0.0338 0.135 0.225 0.412 DHFEIIRA - |_E HFIZT~
with 1 0.0105 0.0204 0.0630 0.136 0.315 VY a VIERASE S 572720,
with 2 0.0078 0.0178 0.0356 0.102 0.244 HWEEZ I 2 2 L IEARRETH -

a) All measurements were performed with 0.1 M phosphate buffer (pH 5.0).
b) The initial concentration of AsA was 1.0 mM and the concentrations of the additives

were 5.0 mM.

Table 3. Activation Eneregy (Ea), Activation Enthalpy (AH:;), and Activation Entropy(AS

¥ for the Auto-oxidation of AsA
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TdH5H Acb id AsA DEBEH~D
HH T SRR AR S o7z
oL, TI 2,2 HET 5

Acl TIZ/ANZ W25 b i b
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Table 4 Binding Constants of B-CD Derivatives for Adenine Derivatives in pH 7.4

Aqueous Solutions at 25C
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B-CD 1 2 Mo, HEEHAD AsA OBATIC
adenosine 16 (12) 13 (5.9 - ()Y X CD OZERMOATIE R L, A
AMP 44 (44) 46 (39) 79 (52) BERH) AT I EOHFENE
ADP 19 (15) 66 (4.9) 140 (38) ;féf“%)% Zk, Lo, 7ME
ATP 32 (38) 75 (30) 160 (120) -HBHORETOA F ¥ WK
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a) The values in parentheses were obtained in the presence of 20 mM of MgCl,.

b) Values could not be obtained owing to the small circular dichroism changes caused by

the addition of 2.
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Table 5 Partition Co-efficient (Ke) of AsA between Aqueous and Ethyl Acetate Layers®

4. £ %

Additives - — & — — AsA B EABMETH D,
F & U CHURPER B % BKE)

Acp 0 0 0 0 HEF% B-CD & (LAY

DM 0 0 0 0 AW LIS WHETH S, L

™ 0 0 0 0 P L%d5, CD R REFHT

Acl 0 >0.01 0.02 0.04 kv AR AET LB, BT

Ac2 0 0.02 0.05 0.08 BKNTHZIETOHIIVKRF Y

TBAB 0 > 0.01 0.01 0.02 T — bR % BOKPEZ2FLNICEL

a) K, is defined as (concentration of AsA in organic layer) / (concentration of AsA in

aqueous layer).

Table 6 Transmembrane Transportation Rates (unit in mM h™') at 25°C for AsA Medi-

ated by Lipophilic CD Derivativesa)

DAATVSEZ EPHILNTE
D12, AsAIZDOWVWTH, 7T
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VS E NS LENTH D &

Ac3 TBAB

0 0 0 0.0146 0.0201

0.0226

Bbhzhs, Mo ermTik

0.0078 TIRRAHALE IR & AT &

a) See Experimental Section for the detailed experimental conditions.
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Fig.3 Proposed mechanism for Ac1- or Ac2-mediated trans-
portation of AsA across liquid membrance.
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