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Inclusion Complex Formation of Alkyl Sulfonate and Related Compounds
with Double Cyclodextrin Hosts

Yasuji IHARA and Akio NAKANO"

Summary

The inclusion complex formation of alkyl slufonate and its related compounds with a -, -, ¥ -
cyclodextrins(CDs) and double- 3 -cyclodextrins in aqueous solution was investigated by fluorescence
spectrum measurements at different temperatures. The increases of alkyl chain length in duble CDs
decreased the binding constant. The fitness of the alkyl sulfonate to the cavity of CD was suggested
to affect the binding constant. Based on the temperature dependence of the binding constants at
different temperatures, the entropy and enthalpy changes were calculated for the complex formation
and contribution of entropy to the process was discussed.

1. #
YrzuFEFXMY Y (CD, 1) I&, FVva—RH
A a-1,4 HETRRIEBO LA -7, EETH
OT|IRA ) THTHD, REHLRLIDIZ6, 7, 8
BOITNI—- AR THEREN, o, B, y-CDD
AKX ER TS, ZORKGFONEIE LS
W3 BEAKEERT-OHELEATEY, —F, &=#
MEA B AM % R T-CHEDP T ATV S, Z0D
BANILO K & ZIZICE L BRI &Y, BiAkME
BEAFOBAMLEW (T A PEET S L,
Z1 6 OBUKEER G KB P TCDICAFRICELY
AFN, ROBEFIZFLET H0HD, ¥ A M
HEERMLEEERICE ), BEEAREEHRT S,
F7-CDIIEADLONRERENTBY, Thboo
CDDF A MR R L TRE L BELBEN D
LEEZLNTWAEL®D, FOTEIEHRRBEE
bEESETH S, BERERESEDERIICDDOER D FF
ERelEThy, FlATES, bR, LEITE
Vo GHETOMENRLZRENTEY, RESEFI
BT EFKTFOREFER & O TLHEEH OB
38, ICHVEIRESI NG,
ARFRICBV TR, BREGORMERRFOILE
YORIRMERELEL BT LEHWT, REMICEE
KEEBLREZTAIFNANK VB (4) RUF
DOEEILEWECDR 2BOCDREET LT TN
CD (2) LOHMEERAZHA, BUKEESEODEE

i

RCRIZTHEBII DWW 2T o7, T4%bb
TUVELNANK EBELTRHBEOT VR LVEEDOR
2% 3ERAV, -, 8-, Ry CDEDOIEIEA
FERANRY PVEERUERE T - T L OHES
BEEIVBRI LA, FLT, SICRIZTCDET
WEVANKVBEOBKERVGTFH A AOEE:
EBL7, SHIBETELsE, BEEHORE
REREDPOSBRDFENRTA—F —2HETAHIEICX
D FOMEEBOBEEER L,

2. % B
2—-1 & #
YraFEFA MYy (CD, 1) HEERAE (GR)
TR LEFOFEFRHV, ¥V 7uTH A
MUY (2) 126-7 3 /-5-CDEAHNT B “IEERE—
INVEEYm—= AT VI AT (2a) TP
oBm— = b0 72V AF)VQ2b), ANY
Bm—= b7z VIRXFN(2), ENF B
m—=rI 722 VLAFNQRA) EORIETHELR
ZADTHAE', HAET U —-TL L TOELERE
(3) OPBaldTRAELIIHALTEI T IV &2
—73IJ6FTIVVANK BRI YT TL
TAB L7 TAFNVALK VB (dac) BT7LF
VMEEDRL L 3FEHV,

* HKFE THE

-33-



TR SR G B A SR 70 e

1a;n=4 R'=R%R%-H (a-CD)

1b;n =4 R'=R%-CHj;, R%=H (DM-a-CD)
1e;n=5 R'=R2=R%:H (B-CD)

1d;n =5 R'=R3%-=CH3 R?=H (DM-3-CD)
1e;n=5 R'=R%=R3-CH; (TM-B-CD)
1f; n=6 R'=R?=R%-H (1-CD)

NHCO(CHy)CONH

2

2a;
2b;
2c,
2d;

n=2 (W2-CD)
n=4 (W4p-CD)
n=6 (W6-p-CD)
n=8 (W8{CD)

(CHa)acOHN OO
SOy

3a (BNS)

T OO0,

3b (WBNS)

CH3(CHNSO3
4

4a: n=10 (AS11)
4b: n=12 (AS13)
4c; n=14 (AS15)

_34-

=
T

#26% (2000)

2—2 H &

CDIZ & 8% 70 — 7O aEEMIZpHT.0, 0.05M
DUEEF MUY LABEEPICTEERELEEL T
1w, AEREKROEEEK (Kb) &, CDRE
WCHESYEEOEEARYZ P VEALHD S Benesi-
Hildebrand D' 2 HWAZ LIZL W EH L, £
T NFNANK CEEEOVBEREHBOENL S
O—7%8BFREL L TMAE, TLFLALUEK
VEBORBBEEIEIHEART PVOERELS
ConnorsEDR'CEFHWA T LI WEH L, BE
1315-40C D EFH T +0.05C IR > TIT o 726

A-edilEdlEst] —72 0BHZE&5HK
SHx BV, 25CIIT LR ER—EBRLGTCHIEL
72

3. BERUER
3—1 HBCDWLBESTI—TOLEER
BLHIIZ, CDILHTAHEELTT—T (3a) O
pH7.0BHEE WS, 25CICB I 2 LHIEREZRETL
2o THbEL, COORERLIME) SHALTO—T
DBRKEXEEICBITIHELEARZ P VOTRLDO—
FERLIZRT, 2ORIIBVT, HEICDERE
[C] (mol/1), #t#hiZ530nmiZBITBELANRY |
VELAFZRT, TRODARZ P VELL D
Sh% I, WTFhOBESLCDREDEME & b
IZHIL, HAEEICEL T -FE 2 THI
ETAHLEITHE, BIZIEORBEAFNVELET
ATM- 3 -CDIZCDDIKBETELIFKRE(XBLF
BHELTWAZ ENBOOLNI, ZDEIZICDE
7O T T ebbHEREOLALPOMEIER
DHRTHHEEZOND, —f%I232¢ ¢-CD, f#-
CD, RU'y -CORUZDFEEL 0GB
BWAEKEERT L ERESR TV,

8
74
£
<
8
pid
N 10
<
1a
L
8 9 10
103(C1, moin
Figure 1 Plot of Fluorescence Changes of BNS(3a)

on Complexation with CDs at 25°C
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Table 1 Binding Constants of Inclusion Complex Formation of BNS(3a)
with Cyclodextrins in Aqueous Solution at 25 T

Kb Ratio
a—-CD(1a) 76.9 1
DM-a-CD(1b) 152 1.98
B-CD(1c) 274 3.56
DM-3-CD(1d) 591 7.69
TM-3-CD(1e) 15500 202
y-CD(1f) 5920 77.0

2 At pH 7.0, 0.05 M phosphate buffer, * L/moal,
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Figure 2 Plot of Fluorescence Changes of WBNS(3b)
on Complexation with Double CDs at 25C.

Table 2 Binding Constants of Inclusion Complex Formation of Various Substartes

with Cyclodextrins in Aqueous Soiution at 25 C»*

W28-CD  W4BCD  WBH-CD  WBH-CD
(2a) (@0 20 (2d)
BNS(3a) 1470000(13.9)  583000(5.50) 363000(3.42) 106000(1)
WBNS(3b) 175%‘6?)?))(3.86) 631000(1.39) 489000(1.08) 453000(1)
AS11(4a) 2;;;6%50)(13.0) 180000(7.82) 106000(4.61) 23000(1)
AS13(4b) 155&)00(20.0) 660000(8.51) 367000(4.74) 77500(1)
AS15(4c) 1910((5)(')108(:(518) 360000(9.75) 212000(5.75) 36900(1)

63.9)

» At pH 7.0, 0.05 M phosphate buffer, ® L/mol,
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Figure 3 Estimated Models for Complex Formation
of WBNS(3b) with Double CD
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Figure 4 Circular Dichroism Spectra for Complex
Formation of Alkyl Sulfonate with W4- 3-CD.
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Table 3 Thermodynamic Quantities for Complex Formation

AH(kcal/mol) AS(cal/molK) AG(kcalmol)
BNS(3a) W2$-CD -11.3 68.4 9.08
W443-CD -8.82 61.7 9.58
W6-8-CD -9.10 -63.7 9.88
Ww8-CD -11.1 -72.9 10.7
WBNS(3b) W2$-CD -10.2 -64.2 8.98
W4$-CD -9.32 -63.4 9.57
W64-CD -16.8 -87.7 9.36
W83-CD -11.7 716 9.63
AS11(4a) w23-CD -8.37 615 9.98
w44-CD -3.68 -46.9 103
W648-CD -5.56 -54.3 10.6
W8£-CD -6.49 -60.4 115
AS13(4b) W2$-CD -4.08 -43.9 9.02
W43-CD -4.12 -45.7 9.51
W63-CD 5.22 -50.6 9.87
W84-CO -125 -78.0 10.8
AS15(4c) w24-CD -2.16 -32.5 7.62
W48-CD -7.46 -58.1 9.87
W63-CD -7.37 -59.1 10.3
W84-CD -8.09 -65.0 1.3
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Figure 6 Entropy-enthalpy Compensation for Complex

Formation.
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