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Synthesis of Chemical Modified S-cyclodextrin
and its Inclusion Behavior in Alcohol/Water

Mixed Solvents

HONGZHI XIE and SHIKANG WU*

Institute of Photographic Chemistry, Chinese Academy of Sciences, Beijing 100101, China

(Received 25 January 2000)

The chemical modified f-cyclodextrin(CD), which
bears a fluorophore group - N,N-dimethylamino-
chalcone (DMAC), was synthesized. The self-inclu-
sion behavior of this compound in aqueous solution
and in alcohol/water mixed solvents was investigated
in detail, and compared with the inclusion system
of non-modified CD with free DMAC molecule. The
results showed that a deep self-inclusion complex
was formed for this compound in aqueous solution
and had the ability to recognize different organic
molecules by two fully different modes: “in-out”” and
“co-inclusion” mechanisms. The inclusion behavior
of these systems in various ratio of alcohol/water
mixture as solvents was investigated. The results
indicated that the self-inclusion complex has a higher
stability in alcohol/water mixed solvents than that in
the case of non-modified CD. The chalcone group
appended at $-CD enabled the host as a sensitive
probe to study the inclusion behavior of CD.

Keywords: Chemical modified g-cyclodextrin; N,N-Dimethy-
lamino chalcone; Self-inclusion complex; Ternary complex;
Molecular recognition

INTRODUCTION

Cyclodextrins (CDs) are cyclic oligosaccharides
that have the ability to form inclusion complexes

*Corresponding author.
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by accommodating a variety of guest molecules
into their cavities due to the hydrophobic inter-
action [1]. They have been received much atten-
tion as molecular receptors (hosts) used in
molecular recognition of neutral molecules
(guests) because they are able to discriminate
between guests with different shapes and di-
mensions [2,3]. As CDs are basically inert with
respect to optical spectroscopy, inclusion phe-
nomena involving these molecules are usually
studied with spectroscopically active guest mo-
lecules. Fortunately, CDs can be converted into
spectroscopically active species by modified with
chromophoric groups. Ueno [4, 5] and Corradini
[6,7] have prepared a number of cyclodextrin
derivatives modified with the fluorophore, and
the dansyl group has been widely used. This is
based on the dansyl group has relatively weak
fluorescence emission in a polar solvent, Such as
water, whereas its emission intensity is higher
and emission maximum wavelength is blue shift
in non-polar solvent. The fluorophore attached to
CD with adequate size as a pendant may form an
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intramolecular complex (self-inclusion) by being
included into the cavity of CD moiety [4-8].
Upon guest addition, the modified CDs would
exclude the fluorophore from inside to outside
of the CDs cavity. Hence, CDs derivatives have
been employed as fluorescent chemosensors
(FCS) to detect certain chemical species inert in
spectroscopy.

It is well known that most studies of CDs
complex stability have been carried out in fully
aqueous solution [9], but quite a few works
investigated the CDs complex formation and
dissociation in binary aqueous-organic solvent
mixtures or even in pure organic solvents. Some
investigators [10,11] employed the water-
miscible solvents, usually with alcohols, DMSO,
DMF, etc., to study the stability of the CDs
complex formed. However, the solvent effect on
CDs complex stability was focused on by the
addition of small amounts of organic cosolvents,
usually no more than 1%(v/v). At this concen-
tration, the alcohol does not significantly alter
the bulk solvent polarity. It is obviously sig-
nificant to design new kind of CD derivatives
that bears a molecular probe which is sensitive
to environment polarity and easily used to
monitor the formation or dissociation of inclu-
sion complex between probe and CDs.

We have prepared a new kind of intra-
molecular charge transfer (ICT) compounds,
such as N,N-dimethylchalcone (DMAC), and
investigated the photophysics of them in detail
[12,13]. In present work, a novel chemical
modified F-cyclodextrin was synthesized. We
would like to study the inclusion complex
behaviors of the chemical modified CD, com-
pared with the non-modified one in the whole
ratio of bulk alcohol/water mixed solvents.
Hope to clarify the relationship of the formation
and dissociation of multi-component inclusion
complexes with the proportion of mixed sol-
vents and learn the added alcohol molecules
how to change the strength of host-guest asso-
ciations. The fluorescence spectra are employ-
ed as sensitive monitor to follow and study this
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process, by comparing the stability of these
complexes formed from the chemical modified
CD and the non-modified one, so as to provide
a general means of studying the stability of in-
clusion complex from CDs in mixed solvents.

EXPERIMENTAL

General

H'NMR, IR and MS spectra were recorded at a
Varian GERMANA-300MHz NMR, a Bio-RAD
FTS spectrometers and a Finnigan 4021C GC/MS
systems, respectively. Elemental analyses were
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carried out on a Heiaeus CHN-Rapid instrument.
Commercially available reagents were used as
received unless otherwise noted. Such as g-cyclo-
dextrin monohydrate (Aldrich Chemical Co.)
was dried in vacuo for 48h at 110°C. Pyridine
was refluxed over Na for 15h and then distilled.
DMF was dried over CaH, for 2d, and then
distilled under reduced pressure prior to use.
Ethylenediamine was redistilled before use. The
following materials — p-tosyl chloride, diethyl-
ene glycol, p-dimethyl-amino-benzaldehyde
are all purchased from Beijing Chemical Co.
Methanol (MeOH), Ethanol (EtOH), 1-Propanol
(1-PrOH) and 2-Propanol (2-PrOH) were all AR
regeants. 1-Adamentanecarboxylic acid (1-ACA,
99%) and stearyltrimethylammonium chloride
(STAC) were purchased from Aldrich (USA) and
Tokyo TCI kasei Co. (Japan), respectively. 4-
hydroxy-acetophenone (98%), was obtained from
Acros. TLC experiment was carried out on a pre-
coated silica gel plates (60F-254) with solvent
of EtoAc/2-propanol/concentration ammonia
liquor/H,O (7:7:5:4). A solution of diphenyl-
amine (0.1g), aniline (0.1ml), and 85%
phosphoric acid (1mL) in acetone (10mL) was
used as a spray reagent to detect the parent and
modified 5-CD.

Synthesis of 1,5-ditosyloxy-3-oxapentane(1)

To a solution of 11.6mlL of dithylene glycol
(0.110mol) and 33.0mL of triethylamine
(0.176mol) in 150mL of 1,2-dichloroethane,
44.0 g of p-tosyl chloride(0.231) was added with-
in 1h. After stirring for 12h at room tempera-
ture, the reaction mixture was filtrated to remove
the precipitate and the filtrate was concentrated
to dryness. The residue was recrystallized from
95% ethanol and dried in vacuo to give 28.8 g of
white crystals (yield, 64%). mp: 78~79°C,
IR(KBr): 3022(PhC—H), 2887(HC—H), 1360
(S=0) cm™}; "HNMR (300 MHz, CDCly): 62.40
(6H,s), 3.58~3.61(4H,t,J=4.5Hz), 4.07~4.10
(4H,t,]=45Hz), 7.33~7.36(4H,d,]=8.1Hz),
7.76 ~7.79(4H, d,] = 8.2 Hz).

Synthesis of 4-hydroxy-4'-N,N-
dimethylaminochalcone(2)

To a solution of 10g of 4-hydroxy-acetopheno-
ne(73.4 mmol) and 11.6 g p-N,N-dimethylamino-
benzadehyde (77.8 mmol) in 50 mL of methanol,
40 mL of 50% KOH aqueous solution was added.
The mixture was stirred at 40°C for 48 h. After
cooling, the reaction mixture was poured in
300mL water containing 45mL of acetic acid.
The yellow precipitate were collected by filtra-
tion and washed with water. Recrystallization
of the solid from 95% ethanol yields 15.0g of
yellow crystals (yield, 77%). mp: 212~214°C
IR(KBr): 3318(PhO—H), 3022(PhC—H), 1637
(C=0), 1605, 1546(C=C) cm™'; 'HNMR
(300MHz, CD3;OD): 63.04(6H, s), 6.75~ 6.78(2H,
d,J=89Hz), 6.87~6.89(2H,d,]=8.7), 7.48~
753 (1H,d,J=152), 7.58~7.61(2H,d,]J=10.1),
7.69~7.74(1H,d,J=154), 7.96-7992H,d,]=
8.9). MS(ED) m/e: 267 (M ™).

Synthesis of 1-Tosyloxy-5-(4"-N,N-
dimethylaminochalcone-4'-oxy)-
3-oxa-pentane(3)

A solution of 1 (3.34g, 8.07mmol) in 20 mL of
acetonitrile was warmed up to 110°C, a solution
of 2 (1.68g, 6.29mmol) in 60mL of acetonitrile
was added dropwise over 2h. Then the mixture
was stirred for 10h at 110°C. After cooling, the
reaction mixture was concentrated in vacuo and
poured into water, causing immediate formation
of a orange precipitate. The crude product was
collected by filtration and washed with water.
Silica gel column chromatography(petroleum
ether(60 ~90°C)/ethyl acetate, 1:1) afforded
1.80g orange solid(yield, 55%). mp: 82 ~84°C.
IR(KBr): 3022(PhC—H), 1653(C=0), 1605,
1540(C=C), 1350(5=0) cm~!, 'HNMR
(300MHz, De-DMSO):  62.40(3H,s); 2.98(6H,s);
3.48~3.50(2H,t,] =4.0Hz); 3.63~3.66(2H,t,]=
4.0Hz);3.63 ~3.69(2H, t,] =3.9);4.02~4.04 (2H,
t,]=3.9Hz); 6.72~6.74(2H,d,J =8.5Hz); 7.02~
7.05(2H,d,] =8.5Hz);7.40 ~ 7 46(3H,t ], =8.5 Hz;



15:29 29 January 2011

Downl oaded At:

548 H. XIE AND S. WU

Jo=16.0Hz); 7.64~7.67(2H,d,94Hz); 7.70~
7.75(1H, d,] = 15.0Hz); 7.75~7.78(2H,d,) =
8.0Hz); 8.09~8.122H,d,]=8.5Hz). MS(El) m/e
(rel. Intens.): 355(2); 155(18); 91(100).

Synthesis of mono-6-O-(p-tosyl)-6-
B-cyclodextrin(CDoTs)(4)

A solution of p-tosyl chloride (7.5g, 39.4 mmol)
in 30mL of dry pyridine was dropped to a
solution of dry 3-cyclodextrin (22.4 g, 19.8 mmol)
in 225mL of dry pyridine, with stirring at room
temperature for 8 h under N,. Then, the reaction
mixture was concentrated in vacuo then poured
into a large amount of acetone. The white pre-
cipitate were collected by filtration and washed
with acetone for several times. The crude
product was recrystallized three times from
water and dried in vacuo to give pure white
crystals 8.2 g (yield 32.2%, based on 3-CD). The
TLC of the product gave only a spot with
Ri=0.6 (R¢=0.28 for 3-CD). mp: 178 ~179°C
(dec, rfs 179°C {14]), IR(KBr): 3400(O—H),
2930(PhC—H), 1630, 1320(S=0) cm™'; "THNMR
(300 MHz,D¢-DMSO): 62.42(3H,s,—-CH3), 3.18 ~
3.42(14H, m,C2,C4—H), 3.43~3.74(28H,m,
C3—H, C5—H,C6a,C6b—H), 4.13~4.55 (6H,
m,C6—OH]), 4.76~4.82(7H,s,C1—H), 558~
5.87(14H, m,C2—OH,C3—OH), 7.40~7.45(2H,
dJ=15Hz, Ph—H), 7.72~7.77Q2H,dJ=15,
Ph—H) Anal. Calcd. for C49H76O37S.3H201
C, 43.81; H, 6.15; S, 2.39. found: C, 43.58; H, 6.21;
S, 2.49.

Synthesis of mono-6-deoxy-(6-
aminoethylamino)-#-cyclodextrin (5)

The dried 3-CDoTs (1.5 g, mmol) was dissolved
in 10mL of dried anhydrous ethylenediamine
and then stirring at 70°C for 3h under N,. The
reaction mixture was poured into a large excess
of ethanol and the precipitate was collected by
filiration. The crude product was recrystalized
from 70% ethanol, giving 0.7 g of white crystals

(Yield, 51%, based on B-CDoTs), m.p. 248°C.
IR(KBr):  3400~3500(0—H, N—H) cm™},
THNMR(300 MHz, D6-DMSQO): 2.654H, m,
N—CH;), 3.40~3.55(14H, m, 2-H, 4-H), 3.60~
3.90(28H, m, 3-H, 5-H, 6a, 6b-H), 4.90 ~4.93 (7H,
d, 1-H), Anal. Caled. for CyyH 76034N5.4H50:
C, 42.0; H, 6.81; 5, 2.22. found: C, 41.65.; H, 6.05;
S, 2.25.

Synthesis of mono-6-deoxy-6-[8-(4"-
N,N-dimethylaminochalcone-4'-oxy)-3-
amino-6-oxy-octa-1-amino]-g-Cyclodextrin(6)

5 (0.41g, 0.35mmol), 3 (0.21g, 0.42mmol) and
0.1g of K,CO; were dissolved in 10mL of dry
DMEF and stirred for 24h at 70°C under N,. The
reaction mixture was cooled and poured into
50 mL of acetone, causing an immediate forma-
tion of a yellow precipitate. The precipitate was
collected by suction filtration and washed with
acetone. The crude product was purified by
a column of Sephadex G-15 (1.5 x 40cm bed)
eluted with water. The yellow fraction was
collected and assay by TLC. Fractions that gave
only one spot with R;=0.52 were combined and
evaporated to dryness by ice-drying (—40°C,
40mbar,). A 033g of yellow crystals were
obtained (yield, 53.7%, Based on 5). mp:
246 ~248°C(dec.), IR(KBr): 3405(0O—H),
2929(PhC—H), 1631(C=0), 1650, 1570(C=C)
cm !, 'THNMR(300MHz, De-DMSO): 62.24(2H,
t,N—CH,), 2.34(2H,t,N—CH;), 2.68(2H,t,
N—CH,), 274(2H,t,N—CHz), 3.01(6H,s,
N—CH;),  3.20(2H,t,0—CH),  3.54(2H,t,
O—CH,), 3.64(2H,t,0—CH;), 3.10~4.01(42H,
m,CD—CH), 4.03~4.38 (6H, m,C6b-OH),
475~4.79(7H,d,C1—H), 5.72~6.60 (14H,m,
C2—OH,C3—O0H), 6.23~6.67(2H,d,J=7.3Hz,
Ph—H), 7.09~712 (2H,d,]=72Hz, Ph—H),
745~747(2H,d,]=8.0Hz, Ph-H), 7.64~772
(2H, q,J =12Hz, —C=CH), 8.08~8.10 (2H, d,
J: 8.0HZ, Ph-H), Anal. Caled. for: C65H99037 N3.
H,O0: C, 50.91; H, 6.60; N, 2.74. Found: C, 50.68;
H, 6.54; N, 2.73.
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Fluorescence and UV Measurements

Fluorescence and UV spectra were measured
by using a Hitachi MPF-4 Fluorescence and a
Hitachi 300 spectrophotometers in a 1 x 1cm
quartz cell, respectively. The stock solutions
of 5x107*moldm™ of compound 6
(DMAC-CD) and 2 (DMAC) and 5x107°
mol.dm ~? of 3-CD were prepared in methanol,
respectively. The experimental solutions of
DMAC and DMAC-CD in mixed solvents were
prepared by following procedure. Adding 1mL
of the stock solution of DMAC to each 10-mL
flask and removing methanol in vacuo, each
alcohol was added into the flask directly to give
the solutions which were 0~ 100% by volume in
alcohols upon dilution to the mark with deio-
nized water. The final concentration of fluores-
cence samples is at 5x 107" mol.dm™> Each
sample was shaken for 20min with a KQ-50B
ultrasonic shaker and allowed to equilibrate
overnight.

RESULTS AND DISCUSSION

Studies of Self-inclusion Behavior and
Recognition Mechanism of DMAC-CD

It is well known that the photophysical beha-
viors of the intra-molecular charge transfer (ICT)
compounds in excited states strongly depends
on the polarity of the environment surround-
ed [12,15]. Among these compounds, the N,N-
dimethylaminochaicone (DMAC) derivatives
appear to be particularly susceptible to change
the intensity of the fluorescence emission with
the polarity of the solvent used, for instance, the
fluorescence of this compound is very weak in
water. In addition, the peak wavelength in the
fluorescence spectrum of this compound will
shift obviously to red, if the solvent polarity
increases [12,13]. So, this compound can be used
as a suitable probe molecule for detecting
the property of different environments. Figure 1
shows the fluorescence spectra of compound

60

Rel. Fluo. Intens.

470 530 590 650 680
Wavelength(nm)

FIGURE 1 The fluorescence emission spectra of DMAC (1)
and DMAC-CD (2) in the aqueous solution at pH="7.0:
excitation wavelength()\gx) was 435nm. Each concentration
was 5 x 10> mol - dm~

DMAC-CD, DMAC, and DMAC mixed with g-
CD (1:10, DMAC+CD) in aqueous solution.
The fluorescence intensity of the DMAC—CD is
much higher than that of the reference com-
pound DMAC, and its peak wavelength is
blue shift from 580nm to 560nm, similar as
DMAC +CD system. This result demonstrates
evidently that the chalcone moiety of
DMAC-CD is located inside of the CD cavity
and to form an intra-molecular complex (self-
inclusion) due to the hydrophobic interaction.
The fluorescence spectra of DMAC-CD in
different organic solvents were examined too.
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In Figure 2, it can be found that the fluorescence
peak wavelength (\.y) is correlated linearly
with the polarity parameter [E; (30)] [16,17] of
the media used. This result is well consistent
with the fluorescence character of DMAC in
same condition, suggesting that the chalcone
moiety of DMAC—CD is located at the outside
of CD cavity in organic solvents. The fluores-
cence intensities of DMAC-CD in various
organic solvents, as shown in Figure 3, exhibit
evidently “positive solvato-kinetic effect” [18],

580
570-
560 -
550

540 +

Wavelength (nm)

530

520

180 200 220 240 260 280
E, (30) Values (KJ. mol™)

FIGURE 2 The change of fluorescence peak wavelength
(Dem(max.)) of compounds DMAC and DMAC-CD with the
E, (30) values function.

200

s DMAC
s DMACCD

i e

Rel. fluo. Intens.
8

o
1

T 7 1 T T

210 220 230 240 250 260 270
E, (30) Values (KJ. mol™")

FIGURE 3 The change of fluorescence intensities (Rel. Fluo.
Intens., 1p of compounds DMAC and DMAC-CD at
Adem(max.) with the E, (30) values function.

which is the fluorescence intensity increases
with the decreasing of the polarity of solvent.
These results give another evidence that the
DMAC moiety of DMAC-CD was excluded
from CD cavity in pure alcohols, resulting in
same fluorescence behavior as that of DMAC.
Nelson et al. [19] have gathered more evidence
for the formation of ternary complexes(CD/
PAH/alcohol). Warner et al. [20] have also
investigated the influence of various straight-
chain and branched molecule of alcohols upon
the 3-CD/acridine complex and confirmed the
existence of ternary inclusion complexes from
3-CD. However, with regard to the multi-
component complex of chemical modified CD,
to the best of our knowledge, it has been not
noted clearly in the literature so far. In the
present studies, the addition of 1-ACA into the
aqueous solution of DMAC—CD results in a
decrease of emission intensity and a red shift of
peak wavelength in fluorescence spectrum
(from 560 to 580 nm). This demonstrates clearly
that the DMAC moiety included in the cavity is
excluded from the CD cavity to the bulk water
environment with guest accommodation. But
upon addition of STAC, a remarkable increase in
the emission intensity of DMAC-CD was
observed. To further confirm this phenomenon
that was not from the micelle solubilization, the
following experiment was done. In a mixed
solution of modified CD and STAC, a certain
amount of 1-ACA was added with ratio (host 5:
1-ACA =1:40). The experiment showed that the
fluorescence of the system decreases. It is just
the formation of ternary complex that results in
the increasing of the emission intensity when the
hydrophobic alkyl chain of STAC molecule
inserts into the cavity of CD causing an altera-
tion of the polarity CD inner cavity. Hence, there
are two different kinds of molecular recognition
mode existing in here, and they are strongly
depended on the shapes and dimensions of the
guests. One of them is “in-out” mechanism and
the other one is the “co-inclusion” mechanism.
For “‘large dimension molecule”’, such as 1-ACA,



15:29 29 January 2011

Downl oaded At:

SYNTHESIS OF CHEMICAL MODIFIED §-CYCLODEXTRIN 551

there exists a “in-out” movement of appended
chalcone group for inclusion of the guest in CD
cavity, so the interaction of host with guest is
governed by the “in-out” mechanism. For long
linear-chained molecule, such as STAC, it can
insert into the CD cavity, as a spacer, to form
ternary inclusion complexes with 3-CD and the
chalcone moieties. Obviously, the “co-inclusion”
mechanism plays an important rule in here. The
method of “continuous variation”” [21] has been
employed as a means of verifying the stoichio-
metry of CD/guest associations. But this method
is not suitable to our case of the DMAC-CD
system associating with guest. This is attributed
the two of following facts. One is the lower
solubility of guest such as 1-ACA in aqueous
solution. Another is the case of highest concen-
tration of guest such as STAC, which may form
a micelle system resulting in an additional
enhancement in fluorescence intensity. Another
method to determine the stoichiometry of
the association is the ““Benesi-Hildebrand plots”
method [20,22]. The basement of this method is
that, to promise a 1:1 stoichiometry of
DMAC-CD/guest association, Benesi-Hildeb-
rand plots of the fluorescence data should result
in linear relationship and be well consistent to
following equation.

1/(Ii=lo) =1/(c[Hlo) +1/(cKp[H]o) - 1/[G],

in which Iy, I; is the emission intensity in absence
and presence of guest, Ky, is the binding constant
of host with guest, and [H]o, [G], are the total
amount of host and guest, respectively. And ¢ is
instrument constant. As shown in Figure 4, the
plots of 1/(If-I;) as a function of 1/[G]; are well
linear relationship for both of 1-ACA (Fig. 4a)
and STAC (Fig. 4b), suggesting that the most
appropriate model for DMAC—-CD and 1-ACA
or STAC is 1:1 stoichiometry of the association.
It is necessary to emphasize that this stoichio-
metry(1:1) is based on whole of the host and
guest but the “ternary” called here is in an
accordance with the each part of complex: CD

0.35

0.30 4
0.25

0.20 1

1t - 1)

0.15

0.10 4 .

0.05

T T T v T M T M
2000 4000 6000 8000 10000
(@) 1I[1-ACA]

—
0 5000 10000 15000 20000
(b) [STAC]

FIGURE 4 Benesi-Hildebrand plots for DMAC—-CD host
(5 x 10" mol - dm™) in 0.1mol - dm™> KH,PO, buffer at
pH=7.0 (25°C) depicting with (a) 1:1 DMAC-CD/1-ACA
and (b) 1:1 DMAC-CD/STAC stoichiometric fits. Ae=
435nm, A\, =560 nm.

moiety, chalcone group and guest. The binding
constants (Ky) of them are 793 mol ™! for 1-ACA
and 1270 mol ™" for STAC.

The Inclusion Behaviors of CD Systems
in Alcohol/Water Mixed Solvents

Figure 5a shows the fluorescence peak wave-
length (Ae) of the above-mentioned three
systems as a function of different percentages
of methanol/water mixed solvents. It can be
seen that the A, of DMAC in absence of 5-CD is
blue shift (from 580nm to 560 nm) linear-likely
with the increasing of methanol percentages in
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FIGURE 5 Fluorescence peak wavelength (Acn{max.)) of DMAC, DMAC with 3-CD (DMAC +CD, with the molar ratio
DMAC :CD =1:10), and DMAC—CD system as a function of alcohol content in aqueous solution (%, v/v): a, MeOH, b, EtOH,
¢, 1-PrOH, d,2-PrOH. Each concentration of DMAC with and without CD, and DMAC-CD was 4 x 10mol - dm~? - A, was set

at each maximum absorption wavelength.

aqueous solution, consistent with the decreasing
in polarity of bulk mixed solvents. As for DMAC
added CD system, the e, (560nm) is much
shorter than that of DMAC (580nm) in fully
aqueous solution, owing to the hydrophobic
driving force to make the DMAC located at the
inside of the 3-CD. Then, a little blue shift
plateau occurs with the increasing of the content
of methanol in aqueous solution until 50%(v/v)
methanol/water mixture arrived, after that the
further blue shift appeared again with increas-
ing of the percentage of methanol till 100%. But
for the DMAC—-CD system, a fully different
resuit is observed. The Agp, of this system is blue

shift continuously with increasing of the metha-
nol until 40%(v/v) methanol contained and does
not vary if further increasing concentration of
methanol in solvent, as shown in Figure 5a. All
of these results suggest that the formation and
dissociation of inclusion complex between 3-CD
and DMAC are influenced or controlled by the
hydrophobic driving force of bulk mixed sol-
vents. At lower concentration of methanol, as
the methanol does not significantly alter the bulk
solvent hydrophobicity, the methanol molecule
can insert into the CD cavity to form a multi-
component complex (CD/DMAC/MeOH,),
exhibiting a little blue shift in fluorescence
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spectrum. At 50% (v/v) methanol in water, an
“inverse driving force”” which is against the
original hydrophobic interaction, occurs due to
the decreasing of polarity of mixed solvent. This
interaction extracts the DMAC molecule into
the bulk phase eventually. But for DMAC—-CD
system, the movement of the chalcone group is
limited by the linking chain and the hindrance
existing in the narrower rim of the §-CD. So
the self-inclusion complex of DMAC—CD shows
itself the higher stability in methanol/water
mixed solvents than the complexes from the
free DMAC with g-CD.

Figure 5b shows the A¢y, of three systems as
a function of ethanol percentage in aqueous
solution. The A, of DMAC-CD, is blue shift
with increasing of ethanol content in water at
about 0~ 30%, and does not vary until the 70%
of ethanol is contained, then is blue shift again if
further increasing the content of ethanol. As for
DMAC +CD system, the included DMAC mo-
lecule is extracted from the CD cavity in 40%
(v/v) ethanol, similar as the case of methanol.
However, an obvious difference was observed
from the fluorescence behavior of DMAC~-CD
in methanol and ethanol, as shown in Figures 5a,
5b. This suggests that the size and polarity of
alcohol play a important rule in affecting on the
inclusion behavior of chemical modified CD.
Since the molecular size of methanol is smaller
than that of ethanol, the self-inclusion complex
(DMAC—-CD) leaves residual “void space” at
each CD cavity opening for more methanol
molecules to occupy, relative to ethanol. So it
results in the average polarity of solvent-like
environment of the CD cavity to be approxi-
mately that of methanol, exhibiting the same
fluorescence behavior as that of DMAC in pure
methanol. But for ethanol, the contribution for
the changing of polarity of CD cavity by ethanol
molecule is obviously less than for methanol
owing to the fewer ethanol molecules included
within the CD cavity. The others alcohol/water
mixed solvents, such as 1-propanol/water
and 2-propanol/water, were also examined to

influence on inclusion behavior of these CD sys-
tems. The plots of Ay, of three above system as a
function of percentage of 1-propanol/water and
2-propanol/water mixed solvents are presented
in Figures 5c, 5d, respectively. The similar
variation tendency was obtained, compared
with ethanol/water mixed solvents. At lower
concentration of alcohol in water, it is obviously
favorable to the formation of multi-component
complex. But at the higher percentage of alcohol
in water, the inclusion complex was destroyed,
owing to that the hydrophobic driving force
of bulk solvents decreases with increasing the
organic content of the aqueous mixture.

The fluorescence intensity (Ig) of above three
systems are plotted as a function of alcohol
percentage in water in Figure 6. From Figure 6a,
the results show that the emission intensity of
DMAC in absence of CD increases in whole
methanol concentration range, whereas that of
DMAC—CD increases between ( ~40% and does
not vary from 40 to 100% of methanol. But for the
system of DMAC + CD mixture, its fluorescence
intensity increases at low methanol concentra-
tion, then does not vary (nearly from 30 to 50%),
and increases once again if further increasing the
methanol concentration. The finial result is that
the fluorescence intensities of three different
systems are same in 100% methanol. All of these
results are well fit with those in Figure 5a, giving
another strong evidence to support the sugges-
tion that the self-inclusion complex of chemical
modified -CD has a stronger stability in mixed
methanol/water solvents than that of 3-CD with
free DMAC. It is also interesting to note that the I;
of DMAC—-CD system in 50% methanol/water
mixed solvent are approximately equal to those
in 100% methanol, obviously different relative to
the case of DMAC + CD system. This result is
probably explained that there is a hydrophobic
“capped” area formed at the narrower rim of
DMAC-CD. This extended hydrophobic area
may be caused to occupied more methanol
molecules in, resulting in a less polar environ-
ment relative to the CD cavity - approximately
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FIGURE 6 Fluorescence intensities (I) of DMAC, DMAC with 3-CD (DMAC + CD, [DMAC]:[CD]=1:10), and DMAC-CD
system at A as a function of alcohol content in aqueous solution (%, v/v): a, MeOH; b, EtOH; ¢, 1-PrOH; d, 2-PrOH. Other

conditions were same as the case of Figure 5.

equal to the polarity of pure methanol media.
Therefore, the chalcone group is located in this
situation exhibits similar fluorescence behavior
as in pure methanol solvent. The variation of the
fluorescence intensity of three systems with
alcohol content, such as EtOH (Fig. 6b), 1-PrOH
(Fig. 6¢) and 2-PrOH (Fig. 6d), were examined
too and the results are well consistent with
the results from fluorescence wavelength. It is
necessary to indicate here that the difference in
fluorescence intensity among these systems at
higher concentration of alcohol, arises from the
reduction in the solubility of DMAC-CD in
alcohol.

Five different hypotheses, such as ““hydro-
phobic interaction” [23], “dispersion interac-
tion” [24], “‘stoichiometic equilibrium” [25],
“competitive substrate” [20] and “co-solvents”
[9,26] have been proposed to account for solvent
effects on CD complex stability. In present work,
the effect of different alcohol/water mixed
solvents on the stability of self-inclusion com-
plex formed from chemical modified 3-CD and
the complex from the non-modified 8-CD with
chalcone molecule were investigated in detail by
fluorescence variation. The interested results are
summarized in Table I. It can be seen that, in
general, the polarity of CD cavity decreases as
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TABLE 1 Difference of inclusion behavior between DMAC —CD and DMAC + CD systems in alcohol/water mixed solutions

Formation of Dissociation of

Formation of

multi-complex multi-complex multi-complex DMAC in
Alcohol [ROH]}/ (%) [ROHI/(%) Aem (max)/nm Pure alcohol A)X/nm
/water A B A B A B Aem (max)/nm A B
MeOH 30 40 50 90 558 550 550 8 0
EtOH 10 30 40 70 556 549 540 16 9
1-PrOH - 20 - 60 557 557 538 19 19
2-PrOH - 10 - 60 560 552 531 29 21

* A=DMAC + CD system; B=DMAC-CD system.

alcohol molecule is included in, resulting in a
blue shift in the Aoy, of chalcone moiety located
in CD cavity due to its high sensitivity with the
polarity of the surrounded environment. There
are two main factors that influence the alcohol
molecule accessing to the CD inner cavity. One
is the hydrophobicity of alcohol, which increases
with increasing the length of alkyl part of
alcohol molecule resulting in the longer-chained
alcohol such as 1-PrOH to interact more deeply
within the cavity. Another is the contribution of
the polarity of inner CD cavity by the alcohol
molecules that decreases as the quantity of them
included increases. This is obviously related to
the size of the certain alcohol molecule and the
hindrance existing in the entry of CD cavity. The
data from Table I indicates that, the difference
(AN of Ay, between the systems with CD at the
alcohol concentration of which the multi-com-
ponent complex is formed and the free DMAC
in pure alcohol solvent, increases with increas-
ing the size of alcohol molecule. The order is
as follows: MeOH < EtOH < 1-PrOH < 2-PrOH.
This result is consistent with the suggestion that
the contribution of alcohol to polarity of CD
cavity is related to the quantity of “co-solvent”
molecules included in. On the other hand, from
Table I, it also can be seen that the dissociation of
the complexes of non-modified CD with free
DMAC become easier as the polarity of alcohol
decreases—with the order as following:
MeOH < EtOH < 1-PrOH < 2-PrOH. So these
factors result in the self-inclusion complex of
DMAC-CD having a higher stability in mixed

alcohol/water solvent, relative to DMAC +CD
system.

CONCLUSION

The method described in this work for studying
the formation and dissociation of inclusion
complexes and the stability of them by regulat-
ing the proportion of alcohol/water mixed
solvent is most useful for gaining a deep insight
into the structure of these inclusion complexes.
The self-inclusion and the multi-component
inclusion behaviors of the fluorescent sensory
system (DMAC —CD) with guest, clearly demon-
strate that this system is a very sensitive
chemosensor to detect organic guests with
different shapes and dimensions. In alcohol/
water mixed solvents, the multi-component
complexes of this system with different alcohol
molecules are formed at lower percentage of
alcohol in water but dissociated at higher
percentage, about 70%, of them. And the order
of the ability to form or dissociate these
inclusion complexes for different alcohols is
as follows: MeOH < EtOH < 1-PrOH < 2-PrOH.
The self-inclusion complex of DMAC—CD in
alcohol/water mixed solvents has a higher
stability and the ability to accommodate more
methanol molecules in its CD cavity than that
in the case of non-modified CD. This seems
to attribute to the fact that the cavity of
DMAC—CD molecule is only one entrance or
exit relative to non-modified CD.
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