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Structure and Hydrolysis Study of Inclusion Complex of
Cyclodextrin and Aspirin
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Abstract

Specific molecular recognition of cyclodextrin and aspirin was determined. A stable 1:1 inclusion complex was
established in solution. The distinct structure of inclusion complex was elucidated by FT-IR, FAB-MS, UV, 'H NMR,
and °C NMR spectroscopy. Based on the 'H NMR data, a time-averaged conformation of ¢ -cyclodextrin-aspirin
inclusion complex was proposed, which was supported by CPK model. Moreover, ¢-cyclodextrin exhibited significant
catalytic activity toward the hydrolysis of aspirin in alkaline solution.

Key words — Cyclodextrin, Aspirin, Complex, NMR

AERY2EALS 273989~ (glucopyranose) T
A2 $45e slonl B4y Bo2 WY BE (avi)
o 2718 Folz 9 (guest) 2AET 2]
OE Are) XHSHEL FHIH1L35] AF2Y2E
o ¥omH BE S =547] (OH)7} Heg A3}
FE HA
o 2 EE HFAY7IEC] §F Wil 4
B2 TFE FokelA o]

*To whom all correspondence should be addressed
Tel : (0335) 330-6183, Fax: (0335) 335-7248
E-mail : kskim@wh.myongji.ac.kr

86 / 475154

b

Ho ) B9 A77F B2 oA n Yok 1 F
stz slopops) $8& ot %ww 23 9
Aoz AZRYAEDL W 370

%l

o X rir
N
B
ol
)

o
(o3

By
N
i,
T
oo
=2



NgRYiEY kxRl THAREY T2 7}

3 oS FAFo R w3 1T BAIIE

o A5 549 44 7274 5oL &

2A 2AEY shehd ZL Asetd whge o

ol £ gtk
olAdYUL QO F

ol ofF

7F A ke Foll 74 B8l

2 oFolH781213]. 2t AAGIA B
2 &7 —,L—EHEJOJ 2 AL (salicylic acid) &2 H3}H
A A3 5 g2 LS . o8 e EAYE
Hasim o4 OP“W%]_% Azd7) A AlFRE2

EUS o183 THHYTL AZAGIL 1 x| B
A78 s
uE Nz X
8Y Tz

2 AYelA AHEE ¢, 8-A122Y2EYL Chemical
Dynamic Co.9|H Y3ty of2Au @& Sigma Chemical
Co.ol/ FY4stAth. NMRe| A8 &0fE DMSO9 DO
© Aldrich Chemical Co.9|A T3 ch

M3 uy

(1) #8271 3% 233 (NMR Spectroscopy)

'H NMR& Varian VXR-500 23342 ALgslQda A9
Eg=112 psec (00°) AFH] (pulse width) ¢} 5z 9] ub
EAZHE FolA Bl DMSO-dgE 9% ¥ (external
reference) 02 A3} 0.H 5 mm Al H-E ALEs T
“C NMRZ Nicolet NT-2008 AHg3tx IEUHIE 11
psec (459)91M AAEGE AEASR (pulse delay) & 4%
7t Fem, 12 mme] A B#HS AHESE

(2 4949 F5 BFH (IR Spectroscopy)

FT-IRE Perkin-Elmer Model 16003 A}&3l9th 1A
N&E= KBrg of&3te tia (Diso)dye ol &3tgth
AL AASHA I 4000-600 cm™ o] WA EHs Aok

(3) A& A-7HA1 A F4 B3 (UV-VIS Spectroscopy)

Beckman DU-7HS 24l o] A H-7}A) A &4+ EIAE

ST AeoM BE 2L AAE9AT
(4) A% 539 (Mass Spectroscopy)
e Az A (FAB) 4% ¥ Eg+ Kratos MS-50

el &8 A+

sector A& B3}7|E ALL34 3:19 dithiothreitol/
dithicerythritol S W|Eg 22 A8l 7H&EAYL 8 kV
o] A7 £E & 100 sec/dec otk
(6) a-NE2Y2EAT ol o] IHIRHEY A
a-AE2Y2EH 1 mmole (1.08g) & 35T 9 20 mi9
o4 ZRaol Sk 2E 249 oland (0180g) ¢
9 gl Arlee] WEES 2 HolA STAN UAD
BASAAG. et 2R 2o} B F a3 23
AYfHzz 4e he AF eBoIA 0TI 15AZ
Az
€ «-AF2d2EDD okxsdle) FASYEY 24
o238 (0.5 mmole) & 5 mlo] FEEIE] A2
A =QqT 2 EFY o-AFRHY2EDS § £ &
g ez Aristgth AR SolM FEEXES
$As) AAste F3 eSS BEAT

(7) &ABENAA o-AEEY2E]T ofAd B
9 7z 47
'H NMR 978 9314 ¢-A22d92EAY oAy
ol 5 B4 (10 mM)S deuterated phosphate buffer (pD
1102 M) o =9tk °C NMR d7% $Is)4E DMSOst
DO (1:5) £¥4& Srjz ARkt

8) ¢ &N Zuj& e gy 24
NSz AEASY ojAdY s}pEHd wXE 9%

& AH FAF F5 B2 ABYS £FR
A A ATHIG]. of23Y Y FEe 025 mM 2 3143}
F1 A Z2ZUAEYY FEE 0 mM 94 10 mM ¢
Aol =5 HIAAAM SHstA Ad SF&A2
Lu]2 A3 (pH 11, 02 M) A2olx A4 o
(salicylate) o]-&2] AA S 10xmt} 302 nm ol A 0]-/\
o] o 2D o 72 SYSHAS wYrlE BES
olAm Y] ML Azto g &8yt &S (K )
g &g (k) £ T A8 AF3AY
o2 AststRTi4].
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o M ZAHNOH FUHUEEY] FE MR B
& A HolM 4 No| daro g pHE 72 %3} A7ezH

352 FAAAT. of $ANA ofHZE (15 ml) FE8
HES A3 FolA dzww Adagzdasd
o F4HEL Ao g 4% 2Rz B4
s

¢-NE2Y
A3} opxAe] HBEFig 1)L z;zﬁ s3E
. 2)3 ofxsldy) ww FTR 28 Eelo 4 & 2
o7} 557 Gk} (Table 1). o}231e] 249 X-A
Ago] olahd AtErY 2go] F2AFd st FAY
Moixl AL & 5 AHY op2FUe FlaBy sy

d (C=0)9] A& w7} AESF7) ZAhsts o o235t
AL olausl B gol AFEY2EAT FA w
= 3R HeEold Ao Aud & ok W f-
NE2drERY BooE Had Ye FEH S8l A
o5 HolA ol2ulAd nA ol N AHYHE FAT
Ae & 5 AT (6]

A9 24EQAME of2dd Ao F 259 o-
NgzU2EJAL W7k QY ofzT ] gId 210, 260
nme] & sjo]az} glold e H&E & YN (Fig. ).

500MHz 'H NMR 23 E# Ao B$eo] W]
A ostd g-AF2HAEATG ofaYo] 1:19) B
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Fig. 1. IR absorption spectra of (A) aspirin, (B) « -cyclo-
dextrin-aspirin freeze dry complex, and (C) «-

cyclodextrin.
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Table 1. Infrared spectral analysis of aspirin before and
after complexation with alpha-cyclodextrin, with

KBr
Acetoxyl  Carboxyl Aromatic
Carbonyl  Carbonyl _
_ _ C=C
=0 =0 Stretchi
Stretching  Stretching chmng
Aspirin 1753.2(s) 1692.0(s)  1605.5(s)
Aspirin
- a cyclodextrin 1753.2(s)  1687.4(s)  1605.8(s)
adsorption complex
Aspirin
- a -cyclodextri
@ -eycocedtm 17531(s) 16884(s) 16063(s)
freezedrying
complex
s; strong

100.00 4-«..._...
%T Z
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1600 1500 1400 1300 1200 1100 cm’

Fig. 2. IR absorption spectra of (A) aspirin, (B) «-cyclo-
dextrin-aspirin complex by freeze dry, and (C) «-

cyclodextrin-aspirin adsorption complex.
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Fig. 3. UV absorption spectra of (A) aspirin and (B) «-
cyclodextrin-aspirin complex.
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Fig. 4. 500 MHz 'H NMR spectra of aspirin (bottom)
and aspirin- ¢ -cyclodextrin complex (top).
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Table 2. 500 MHz ‘HNMR chemical shift of aspirin before
and after complexation with alpha-cyclodextrin
in pD 114 phosphate buffer (DMSO-ds was used
as an external reference)

COOH
6, l 2 C/CHJ
I
5 3 )
4
6
Alpha-
DX Alpha- Aspirin  Difference
Protons  Aspirin CDX

Complex  (ppm) (ppm) (Hz)

(ppm)
CH; 23170 2.3150 1.0
3 7.1460 7.1260 10.0
4 7.4960 7.4930 15
5 7.3560 7.3460 5.0
6 7.6740 7.6635 5.3
1 5.0385 5.0425 20
2 3.6108 3.6185 -39
3 3.9470 3.9720 -12.5
4 3.5670 3.5730 30
5 3.8260 3.8280 -1.0
6. 3.8985 3.8970 038
6’ 3.8510 3.8530 -1.0

A3 24 JYES o|FHA of
MM«] %6&’: _Lal ‘I"E‘ Fa A5 (C3H, C-H,
C6-H) o] W3}7} CH; 49 ¥3 B}k & o] B33
tHFig. 5).

¢-AE2ZYAEY $E9 500 MHze 'H NMR 25 E
e 73 238 2" A49 2¥Es}e]Z2 Raccoon &
A AgdolAel AsA BAHART (Fig. 6, 7). ©] A
AgHoId A AN FRE B2 AR} oA
ol e BAS A5 T& AdE E & U (Table
3). ¢-N22HY2EAT ofAHAY 1:1 @A 500
MHz 'H NMR 23 E39] 884 o537 2L 4% 4
27} Table 2, 35} Fig. 4, 59 it} o-A|F2Y2EY £9)
H-3'¢] (Fig. 5) & & °]5L Wz w8 A% 53z 9
# Ao Husoldrh. H-3(125 Hy)9 3183 o)
W37} H5(-10 Hz)¢) W3Rty 2 A0 % Ro} oh2dd
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Fig. 5. 500 MHz 'H NMR spectra of a-cyclodextrin
(bottom) and ¢ -cyclodextrin-aspirin complex (top).

Table 3. 500 MHz 'HNMR computer-simulated spectra
data for alpha-cyclodextrin and alpha-cyclod-
extrin-aspirin complex

HO (]
3 3 ©
HO 3 2 I
O\() )
Protons alpha-CDX alpha-CDX-Aspirin
Chemical shift (ppm)
1 5.0425 5.0385
2 3.6185 3.6108
3 3.9720 3.9470
4 3.5730 3.5670
5 3.8280 3.8260
6a 3.8970 3.8985
6b 3.8530 3.8510
Coupling constant (Hz)
J2 35 35
Jis -0.7 0.7
Js 10.2 10.2
Jas 8.6 8.6
Jss 10.3 103
Ja6a -03 0.3
Jssb -0.7 0.7
J56a 21 22
Js60 47 5.0
Jeasb -121 -12.4

90 / A= er3 |

4.0 3.9 3.8 3.7 3.6 35

4
Fig. 6. 500 MHz 'H NMR spectrum of ¢ -cyclodexirin
{top) and its spin simulated spectrum (bottom).

4

Fig. 7. 500 MHz 'H NMR spectrum of « -cyclodextrin-
aspirin complex (top) and its spin simulated
spectrum (bottom).
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Fig. 8. 50.3 MHz BC NMR spectra of (A) aspirin, (B) a-
cyclodextrin-aspirin complex, and (C)
trin.

@ -cyclodex-

Table 4. 5043 MHz “CNMR carbon chemical shifts of
aspirin before and after complexation with alpha-
cycoldextrin in 83% DO, 0.IM phosphate buffer
pD 7.4 and 17% DMSO-ds

Zoon "‘
T
|
5 3 0
4 o~ )
Alpah-
Carbons (iDi( ACI%};?_ Aspirin  Difference
Complex (ppm) (ppm) (Hz)
(ppm)

8 174.495 174601  -5.33

7 174.350 174326 118

2 149.411 149427  -0.79

1 132.705 132691 071

4 132.627 132691 325

6 131.408 131446  -1.88

5 127.913 127933  -0.96

3 124.115 124119 -018

9 22242 2241 005

1 103.119 103.104 0.77

4 82.975 82.970 029

3 74.850 74.846 0.17

5 73.589 } a 73563 } b 131 } c

2 73157 73128 148

6 61.858 61.837 1.04

a,b: These assignments might be interchangeable
c: The differences are highly tentative because of the uncer-
tainties in the chemical shift assignments.

27} o-AEFRY2ERY FF TFHIUL
0}&:1] A9 C4-8bA (para)7} 7}% ZA £38 A
ATt

ol el Fa9l vta AxEY FAYE AA47 T
ol o8] #53 A otxgjde HdaE FEo| oA
Zzd2edY 539 Ye Fo) TTE A ¢ F UK
t}. Komiyama$} Hirai[11]9] 2% A4t o) o-AEE
drede H-3, H5Y & 4 o159 A= dd) e-
]ai‘—l’\E"’]«] B oo $EgE 3y sked e AAE

F e vz 29 7HEHIE a-AIRRYAE
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A 68 IxFo] ¢-AFRY2EY tZ BEFER ALE
“Atk. e 8 (pH=11) oA of2yY Fo]&
£ B-ANZ2Y2EY (Kp=11.3 mM) 9] ASHT ¢-AZ

292EY (Kp =64 mM) o] O 2 238 AL L 9
Atk A28 ZolA g0 YOINE ¢-AFRYAED (ke

047 m") o] B-A|22Y2EY (k=028 m") Bt} & o]
#EH Y. o 2 ¥4 &9 (pH=123) JAMx= 2
& 2HE AT (Table 5, 6). o] Ao &ty ¢-AE
RYX2EHO| B-AFRY2EHHY o}2RUL Jl5E
d ated o £ 549 ZUAS g

7HERE WHEAlY ol Ad-B-AIZRY2E-Y FiEe o
WFE A9 WhgoA B 4 Qe ok (acyl) FAAANEZEA

AFRYrEde] BAEAYS YFT & AU o127

Fig. 9. Proposed structure of aspirin and ¢ -cyclodextrin
complex in the solution state.

Table 5. The summary of dissociation constants (Kp in
mM) of alpha-cyclodextrin-asprin and beta-cy-
clodextrin-aspirin complexes in alkaline solution

Alpha Beta

-cyclodextrin -cyclodextrin Glucose
1 64 113
12.3 10.2 20.8 713

a: Molar ratio (glucose/aspirin) = 6

92 / AmHE3A

48% - 473

o

Table 6. The summary of alpha-cyclodextrin and beta-
cyclodextrin hydrolytic rate constants (Kc) in
alkaline solution

pH Kn(min™)  k(min)  ke/kn
ﬁg})‘(a 1 0.04 047 1175
?égx 11 0.04 028 7.00
ﬁg};{a 123 033 481 1458
Fceglx 123 033 241 730
Glucose® 12.3 033 0.88 267

a: Molar ratio (gtucose/aspirin) = 6

Ao ol 2E Aol BojAEA ofd-f-AFZH2EY
e A & F AU o] ofd-p-AEFEHAEY
FAB A £37]d] s EA=ojza 21 A3+ Fig 10
on m/z 11773} 11997} o}A-B-AERUAE ]
29 YEF o]o] A8 AYE & & AUt o
2 AZRY2EY g of2Y Y strEs AP LS
o2 A} of A€ 2}A)(esterase) o WM HH ofal-

AZ2Y2EY FRAES 4TS ¢ + STk

flo o

B-CDX+Na”*
1157

p-CDX-acyl+H *

B-CDX+H"
1135

B-CDX-acyl+Na”

1177 1199

Fig. 10. FAB mass spectrum of ¢ -cyclodextrin acyl inter-
mediate.
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