Svuthesis of Diazacrown-finictionalized-B-CL> at the Secondary Side

Bull. Korean Chem. Soc. 2000, Vol. 21, No. 11 1119

Synthesis of Diaza-18-Crown-6-Functionalized 8-Cyclodextrin Derivatives
at the Secondary Side and Induced Circular Dichroism Studies of Their
Complexes with (2-Naphthoxy)alkylammonium Ions

Kwanghee Koh Park,” Young Sin Kim, Hee Kyoung Jung, Hee Eun Song,” and Joon Wao Park'

Department of Chemistrv, Chungnam National Universitv. Taejon 305-764, Korea
“Department of Chemisiry, Ewha Womans Universitv. Seoul 120-730. Korea
Received September 20, 2000

B-Cyclodextrin derivatives connected with diaza- 18-crown-6 through flexible bridges (R) at the secondary face
1a-c (1a: R = «(CH»)s~: 1b: R = -CH-CH-OCH-CHa--: 1¢: R = -(CH:):-) have been prepared. The association
constants of 1 with (2-naphthoxy)alkylammonium ions (2a: alkyl = butyl; 2b: alkyl = octyl) were determined
by induced circular dichroism (ICD) spectroscopy and it was found that the derivatization of S-CD with the
diazacrown resulted in enhanced binding with 2, compared to the native 8-CD. ICD Characteristics of the host-
guest complexes indicate that a part of the alkylammonium moiety of 2 is protruded from the secondary side
of the B-CD cavity, and the guest molecules 2a and 2b move to the secondary and primary side, respectively.
to make the binding of the amimonium group with the diaza-18-crown-6 moiety more feasible. The energy ac-
companied by the relocation of the guest molecules inside 5-CD moiety is compensated by the interaction en-

ergy between the ammonium ion and diazacrown ether.

Introduction

Cyclodextrins (CDs) are cvelic oligosacchandes and have
hyvdrophobic cavities capable of forming inclusion com-
plexes with a variety of orgamc molecules in aqueous solu-
tion. Thev have attracted widespread interest as hosts in
supramolecular chemistry.! One of drawbacks in utilizing
CDs in vanious applications is low binding constant with
most guest molecules. Much efforts have been exercised to
modify CDs to provide non-covalent interactions to improve
the guest binding characteristics of CDs.” In contrast to CDs.
crown ethers and related macrocycles bind with metal 1ons
by coordination and ammonium ions ¥ hydrogen bonding
mostly in organic media.>* To improve the molecular recog-
nition characteristics of the macrocvcles. particularly for
biologically important amine compounds, a wide variety of
derivatives of crown ethers have been prepared and sub-
jected to extensive investigation.” However. characteristics
of CDs and crown ethers were rarely combined to obtain a
receptor with multiple recognition sites: Willner and Goren
first reported the synthesis of the 3-CD derivative modified
with diaza-18-crown-6 at the primary face and showed its
enhanced binding of alkali metal salts of p-nitrophenolates
in DMF.* Recently, we found that the B-CD derivative func-
tionalized with diaza-18-crown-6 at the pnimary face. 1d
shows 7-10 fold greater binding constants for aromatic
ammonium ions in aqueous media than the unmodified S-
CD due to the cooperative binding of the aromatic group to
B-CD and ammonium group to crown ether moiety.® It is
known that B-CD derivatives functionalized with the same
group but at different sides could exlubit quite contrasting
properties.” but the 3-CD derivatives functionalized at the
secondary side are less common than the derivatives modi-
fied at the primary face. presumably due to greater difficulty

n synthesis. Here, we report the synthesis of S-cyclodextrin
derivatives linked with diaza-18-crown-6 at the secondary
side through flexible bridges, 1a-¢ and mduced circular
dichroism (ICD) studies of their complexes with (2-naph-
thoxy)alkylammonium 1ons 2a-b. The dependences of the
host-guest association constants and ICD pattern on the con-
necting inkages in the hosts and the alkyl chains in the guest
molecules were mvestigated.
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Results and Discussions

Syntheses of Diaza-18-Crown-6-Functionalized #
Cyclodextrin Derivatives at the Secondary Side and (2-
Naphthoxy)alkylammonium Chloride. The synthesis of 8-
cyclodextrin derivatives connected with diaza-18-crown-6 at
the secondary face through flexible chains, 1a-¢ 1s outlined
in Scheme 1. Reaction of B-CD with equimolar amount of
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Scheme 1. Svnthesis of Diaza-18-crown-6-functionalized B-Cyclodextrins at the Secondary Side.

NaH results in mono-deprotonation of the hyvdroxy] groups
at the 2-position.® which are more acidic. The alkoxide
reacts with m-diiodoalkane to give mono-2-O-(¢-1o0do-
alky])-3-CD 4. Higher hydrophobicity of the product 4.
compared to native 3-CD. enables one to purify the product
by reverse-phase column chromatography. The compound 4
was reacted with diaza-8-crown-6 in dry DMF at 70-80 °C
for 3 h. Product 1 is partially purified by cation exchange
chromatography after acidification. Further purification and
removal of NaCl contained in the crude product by reverse-
phase column chromatography provides analvtically pure
la-c. The compounds 1a and 1b are fairly soluble n water.
but 1c is only spanngly soluble in water. Because of this.
only 1a and 1b are subjected to guest binding studies in
aqueous media.

¢-(2-Naphthoxy)alkvlammonium chlorides are prepared
by the procedure outlined in Scheme 2. 2-(w-lodoalkoxy)
naphthalene was obtained by refluxing 2-naphthol with
@ -diodoalkane in the presence of K~COs in acetone. The
reaction product was transformed to @-(2-naphthoxy)alkyl-
amine by following Gabriel amine svnthesis procedure.” The
amine was transformed to its salt by adding conc HCl to the
solution in absolute ethanol.

Induced Circular Dichroism Studies of (2-Naphthoxy)-
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alkylammonium Ion Complexes with B-Cyclodextrin
Derivatives. Induced circular dichroism (ICD) spectroscopy
1s one of the useful methods for the observation of the com-
plexation behavior of chromophoric guests with cvclodex-
trins, since cyveclodextring are mherently chiral and ICD
spectral changes caused by the inclusion of guest molecules
n cvclodrxtring are often more sensitive than other spectra.
We measured the ICD spectra of 0.20 mM solution of (2-
naphthoxy)alkylammomum ions 2 in the presence of various
concentrations (0-3.0 mM) of S-CDs. The spectra of 2a and
2b n the presence of 5.0 mM of 8-CD and the spectra of 2a
n the presence of 2.0 mM of the azacrown-modified -CD
1a are shown in Figure | as representative examples.

ICD Spectra of the ammonium ions 2a and 2b exhibit sim-
ilar pattemn of peaks in the presence of either S-CD or the
azacrown-modified f-CD derivatives studied here. The
spectra comprise of three peaks: a large positive peak at 227
nm, a medium negative peak at 284 nm and a small negative
peak at 331 nm. The ICD spectral pattern 1s simular to that of
2-naphthol,” 2-naphtholate’' and 2-naphtholamine'' in f-
CD solution and the peaks are assigned as 'Ly (331 nm), 'L,
(284 nm). and 'B. (227 nm) transitions of naphthyl group
which is axially included nto the cavity of 3-CD.!” The
direction and the magmtude of the transition dipole of 2-
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O@HZ)H-N®
)

NK

O(CHZ)nNHf

2: (2-naphthoxy)alkylammonium ion
a:n=4 b:n=8

Scheme 2. Svnthesis of {2-Naphthoxy )alkylammonium Ions.
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Figure 1. Circular dichreism spectra of 0.20 mM solution of 4~(2-
naphthoxybutylammenium ion 2a in the presence of 3.0 mM S-
CD (a) or 2.0 mM 2-O-}d-{azacrown)butyl}-5-CD 1a (b), and 8-
(2-naphthoxy Yoctylammonium ion 2b in the presence of 3.0 mM S-
CD (c) at 23 °C. The spectra were taken with 0,10 ¢cm path-length
cell up to 230 mm and 1.0 cm cell above 230 mm. Inset is the
direction and magnitude of the tramnsition dipole moments of 2-
naphthol (ref. 10).

naphthol are shown in Figure 1: note that Amay of 'L, and 'Ly
transitions of 2a and 2b are slightly different from those of
2-naphthol.

The magnitude of the ICD spectra” is getting greater as
the concentration of the host 1s higher. although the absorp-
tion spectra remain unchanged. and becomes leveled off at
high concentration of the host. However, for a given guest-
host pair, the ratio of the peaks does not depend on the con-
centration of 3-CDs. This implies that the average structure
of the complex does not change in the concentration range of
the hosts studied here. The dependence of A¢ value at 227
nm on the concentration of the hosts 1s presented in Figure 2.

Assunung | : 1 host-guest stoichiometrv. the complex-
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Figure 2. Variation of ICD signals at 227 nm of 0.20 mM 2a (2,
2 yand 2b ( @, & ) on the concentration of the host. Hosts are -
CD(:, @)orla({ =, &) The lines are fitted to equation (2) and
the obtained parameters are given in Table 1.
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ation between the host (H) and the guest (G) 1s expressed by
equation (1).

H+G <>H G (0

The ICD signal {A¢) of a guest solution in the presence of a
host is related to the initial concentrations of the guest [G],
and the host [H], and the association constant X by Eq. (2).""

Ae = (A& /[GI)I[Ge + [H]s + VK
- {([Glo+ [H]. + VK) — 4[G]. [H], 372 2)

where Ag is the ICD expected when all of the guest mole-
cules form the complex. i.e. ICD of the complex. The X and
Ag. values were obtained from the non-linear-least-square
fitting of the dependence of A¢ on the host concentration
[H]o to Eq. (2) (Figure 2). The experimental data fit well
with the equation and the obtained K and Ag values are
summarized in Table 1.

Table 1 shows that the K value between 2b and 3-CD is
about 4 times greater than that between 2a and S-CD. Such
dependence of X value on the length of the aliphatic linkage
between the 2-naphthoxyl and the ammonium groups is rem-
iniscent of the similar dependence observed in the binding
between 2-naphthoxvalkyl-viologen compounds and S
CD." This indicates that the complexation between 2a and
[-CD is mainly inclusion of 2-naphthoxy group into the -
CD cavity. while the aliphatic linkage is the primary portion
contributing to the binding of 2b with S-CD."* As the elec-
trostatic potential of the secondary face of S-CD is nega-
tive.” the cationic ammonium group of the guest molecule
would favor the secondary face.

Table 1 indicates that the functionailzation of S-CD with
cdiaza-18-crown-6 at the secondary face enhances the bind-
ing affinity of (2-naphthoxy)alkylammonium guests. The
attachment of diaza-18<rown-6 to $-CD by tetramethylene
bridge (1a) results in 1.3 times enhancement of the binding
for naphthoxyalkylammonium ions 2a and 2b. compared to
native 3-CD. Diaza-18-crown-6-attached S-CD at the sec-
ondary face through ethoxyethyl group. 1b shows ca. 1.3
times stronger binding for naphthoxybutylammonium ion
2a. but no significantly enhanced binding for naphthoxy-
octylammonium ion 2b. This result clearly indicates that.
with a possible exception of 1b/2b system. the azacrown-
appended F-CD derivatives behave as hosts with two recog-

Table 1. The Association Constants (K) and Induced Circular
Dichroism of the Complexes between (2-Naphthoxy jalkylammo-
nium Ions and B-CD or its Diaza-18-crown-6 Derivatives at the
Secondary Face in HAO at 25 °C

o]
Guest Host KM 43%7 ;lnlll —Agi  =Afagy | A&
2a B3CD 950x70 15304 10:27:88
la 1430120 13306 1.0:24:78
1b 1260+ 1350 13905 1.0:24:68
2b  SBCD 3970310 79+£0.2 1.0:51:190
la 35980710 6.1+£02 1.0:10: 350
1b 3970+ 3520 7608 1.0:72:220
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nition sites for (2-naphthoxyl)alkylammonium compounds
in aqueous media.

According to a theoretical work by Harata and Uedaira."
the rotational strength of 'By transition of naphthy] group.
which appears near 227 nm. is maximum when the naphthy]
group is at the center of the 8-CD cavity and becomes less as
the chromophore moves to the outside. Much smaller Ae for
the complexes of 2b than that for 2a complexes indicates
that the naphthalene moiety of 2b locates near a nm of S-
CD. The theorv also suggests that. in contrast to the 'By tran-
sition. the rotational strength of the 'Ly transition near 330
nm becomes less negative when the chromophore moves to
the narrow primary side. but becomes more negative when it
moves to the wide secondarv face. The smaller ratio of
Agr/Ags3) of 2a complexes than that of 2b complexes indi-
cates that the naphthalene moiety in 2b complexes resides
near the pnmary face of 3-CD. This agrees with our afore-
mentioned expectation from the larger X values for 2b and
the preference of the ammonium group for the secondarv
side of 3-CD.

The magntude of the ICD signal at 227 nm. as well as the
ratio of Aéxa/Ags31. of 2a and 2b complexes with the modi-
fied B-CDs is significantly different from that of 3-CD and
depends on the linkage between 3-CD and diaza-18-crown-
6. This imphes that the position of the naphthy] chromophore
with respect to 3-CD cawvity varies upon binding of the
ammonium group with the appended diaza-18-crown-6-
moiety of the 3-CD derivative. The increasing order of the
ratio Aéxvy/Aeay for 2a1s 1b < 1a < FCD. This suggests that
the naphthyl group move to the secondary face of 3-CD to
facilitate the binding between the ammonium group of naph-
thoxybutylammonium ion and the appended diaza-18-crovwn-
6-moiety of the B-CD derivative. The extent of the move-
ment is more significant for the complex with 1b than for the
complex with 1a. presumably due to the longer linkage
between the azacrown moiety and the 3-CD cavity of 1b. A
different trend for the order of the ratio Aexy/Agss, B-
CD <1b <1a. is observed for the complexes of 2b. indicat-
ing that the naphthyl group of 2b moves further to the pn-
mary face of f-CD to make the binding between the
ammonium group and azacrown moiety more feasible. This
imphes that, though a part of the octamethvlene linkage of
2b is mside the S-CD cavity. the protruded part of the link-
age 1s too long for the ammonium group to bind with the
azacrown moiety. Obviously, the mismatch between the pro-
truded octyl ammonium group of 2b and the S-CD-pendent
diazacrown is greater for 1a than 1b. Contrary to this, the

2a/3-CD complex

2b/B3-CD complex

Scheme 3. Schematic Representation of the Structures of
2a/3-CD and 2b/3-CD Complexes.
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protruded part of the butylammonium moiety of 2a in its
complex with -CD is not long enough for the ammonium
group to bind with the azacrown ether moiety. Based on the
K values and the ICD characteristics of the complexes. the
structures for the B-CD complexes of 2a and 2b are repre-
sented in Scheme 3.

The relocation of naphthyl group inside the 3-CD cavity
would be energetically disfavored, but it could be compen-
sated by the energetically favored interaction between the
ammonium group and diaza-18-crown-6 moiety. The ener-
getic disfavor for the relocation of naphthyl group would be
a reason why the binding constants of the naphthoxyalkyl-
ammonium 1on with the diazacrown-modified 5-CDs are
less than twice of that with 5-CD. though both 5-CD and
diazacrown moieties bind cooperatively the guest molecules.

In conclusion. we synthesized f-cyclodextrin derivatives
connected with diaza-18-crown-6 through flexible bridges at
the secondary face la-¢ and have demonstrated that the
denvatization results in enhanced binding with (2-naphthoxy)-
alkylammonium 1ons (2a: alkyvl =butyl; 2b: alkvl=octyl),
compared to the native -CD. Induced circular dichroism
characteristics of the host-guest complexes were measured.
A part of the alkylammomum moiety of 2 1s protruded from
the secondary side of the 8-CD cavity. To make the binding
of the ammomum group with the diaza-18-crown-6 moiety
feasible. 2a and 2b move to the secondary and primary side,
respectively. The energy accompanied by the relocation of
the guest molecules inside S-CD moiety is compensated by
the interaction energy between the ammonium ion and diaza-
crown ether.

Experimental Section

"H NMR spectra were recorded on a Varian Unity INOVA
400 spectrometer at the Center for Research Facilities at
Chungnam National Umiversity. Mass spectra were taken at
Korea Basic Science Center. Circular dichroism spectra
were taken with a JASCO J-810 spectropolarimeter.

Mono-2-0-(@-iodoalkyl)-§CD da-c. This was prepared
by modifying the reported precedure.” Dried $-CD (7.0 g,
6.2 mmol) was dissolved mn 70 mL of dry DMF, to which
equimolar amount of NaH was added and the mixture was
stired overmight until the solution became clear. To this
solution was added equimolar amount of @ @'-diiodoalkane
or l-iodo-2-(2-iodoethoxy)ethane'” and stirred at 1t for 6-30
h (8 h for 4a, 30 h for 4b. and 6 h for 4¢). The precipitates
obtaned by addition of acetone (500 mL) to ca. 10 mL of
the concentrated reaction mixture were purified by reverse-
phase column chromatography (Licroprep Rp-18, Merck)
eluting with water/acetomtrile gradient (for 4b and 4¢) or
water/methanol gradient (for 4a). The title compounds were
obtained in the vields of 10-13%.

Mono-2-0-(@-azacrown-alkyl)-§CD 1la-c. 1.5 Molar
excess of 4.13-diaza-18-crown-6 (1.4.10,13-tetraoxa-7.16-
diazacyclooctadecane, 197 mg, Aldrich) in | mL of dry
DMEF was added to a solution of mono-2-O-(¢@-iodoalky1)-5-
CD 4 (0.50 mmol) n 4 mL of dry DMF and the reaction
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mixture was heated at 70-80 °C for 3 h. The precipitates
obtained by the addition of acetone to the concentrated reac-
tion mixture {ca. 1-2 mL) was dissolved in water. acidified
to pH 3 with 0.5 M HCL and then purified by cation ex-
change chromatography (Sephadex-CM C-235. Aldnch) using
0-0.5 M NaCl gradient as eluent. The fractions containing
the product was concentrated under reduced pressure and
basified to pH 9 with 0.5 M NaOH. Further purification and
removal of NaCl contained in the crude product by reverse-
phase column chromatography (eluent: water/methanol gra-
dient) provided analytically pure 1a-¢ with the vields of ca.
40%.

1a; mp. 240 °C (dec); '"H NMR (D-0) 6 1.62 (broad s, 4H.
B-CD-OCH-CH-CH~CH-N-). 2.65 (broad s, 2H, B-CD-
OCHA-CH-CH-CH-N-), 2.85 (broad s. 8H. two -CH:NCHa-
of diazacrown ether moiety). 3.50-4.10 (m, 60H, -CD moi-
ety + nine -OCH--), 5.09 (broad s, 6H. anomeric H of -CD
moiety), 3.21 (broad s, |H. anomeric HI1A of -CD moiety):
BC-NMR (D:0) 8 20.10. 25.49. 46.15. 51.25, 52.05, 58.8.
66.80, 67.84. 68.12, 68.22. 70.17, 70.38. 70.54, 70.62, 70.94.
71.35,71.69, 78.56. 79.75, 8(.33. 99.05. 100.47; mass (posi-
tive ion FAB) 1431.6 (calculated for CssHiinOsgN-+H™:
1451.6).

1b: mp 255 °C (dec); 'H-NMR (D-0) & 2.82-2.96 (m.
10H, five -NCHa-), 3.53-4.10 (in. 64H. 5-CD moiety + eleven
-OCHx-). 5.06-3.10 (m, 6H, anomeric H of -CD moiety).
521 (d.J =4, 1H, anomeric HIA of 3-CD moiety): 3C.NMR
(D-0) 6 4994, 50.14. 5445, 56.36. 6291, 63.07, 67.94.
68.30, 68.41. 72.30, 72.44. 72.50, 72.69. 73.58, 74.25, 7438,
74.59, 74.74. 74.79, 75.69. 75.99. 83.08. 84.06, 84.55, 103.16,
104.67; mass (positive 1on FAB) 1467.6 (calculated for
CssH1nOaN-+H": 1467.6).

1c; mp 245 °C (dec): '"H-NMR (DMSO-dg) & 1.23 (broad
s. 8H. 3-CD-OCH-CH-(CH~):CH-CH-N-), 1.33 (broad s.
2H, f-CD-OCH-CH:(CH»);CH-CH-N-), 1.48 (broad s, 2H.
B-CD-OCH-CH~(CH-)sCH~CH2N-). 2.38 (t. / = 7 Hz, 2H.
B-CD-CH~CH~(CH-);CH-CH2N-). 2.61 (broad s. 8H. two
-CH-NCHa- of diazacrown ether moiety). 3.18-3.76 (m, S-
CD moiety + mne -OCHa. overlapped with H-O peak), 4.81
(broad s, 6H, anomeric H of 8-CD moiety). 4.93 (d. broad s.
1H, anomeric H1A of $-CD moiety): "C-NMR (DMSO-ds)
0 25.38, 27.00. 29.09, 29.17. 29.49, 48.90. 49.15, 53.66.
55.00, 60.05. 69.64, 69.82. 70.00, 70.29. 71.99, 72.28, 72.53.
73.18, 80.79, 81.76, 82.52. 100.63. 102.18; mass (positive
1on FAB) 1507.7 (calculated for Ce2H1/OsoNa+H™: 1507.7).

®-(2-Naphthoxy)alkylammonium Chloride 2a-b. 2-(«»-
Iodoalkoxy)naphthalene was obtained in ca. 70% vield by
refluxing the equumolar mixture of 2-naphthol. @ @’-diiodo-
alkane and K-CO; 1n acetone for 10 h. 2-(w-lodoalkoxy)
naphthalene was then reacted with potassium phthalimide in
DMF at 90 °C for 3 h to give 2-[w-(2-naphthoxy)alky1]-
1soindole-1.3-dione in ¢ 80% vield. Tsvo molar excess of
hvdrazine hydrate was added to the solution of 2-[w-(2-
naphthoxv)alkyl]-1soindole-1.3-dione in methanol or etha-
nol. The reaction mixture was heated at reflux for 2 h, acidi-
fied to pH | with 1 M HCI, refluxed for 1. 5 h, adjusted to
pH 11 with | M NaOH. and then extracted with chloroform.
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The amine obtained by concentration of the organic layers
was dissolved in absolute ethanol and transformed to HCI
salt 2 by adding conc HCI. The yvields of the amine salt 2
from 2-[ax(2-naphthoxy)alky1]-isomndole-1,3-dione were c¢.
75%.

2a: mp 223 °C; 'H-NMR (DMSO-ds) & 1.72-1.88 (m. 4H,
-OCH-CH-CH-CH-NH;"). 2.84-2.92 (mn, 2H, -OCH-CH--
CH-CH-NH1"). 4.08 (t. /= 6 Hz, 2H, -OCH-CH-CH-CH:-
NH;%). 7.13(dd.J = 9 & 2 Hz, LH). 7.28-7.35 (m. 2H), 7.41-
7.47 (m. 1H), 7.76-7.83 (m, 3H), 8.04 (broad s. 3H, NH1).

2b: mp 169°C: 'H-NMR (DMSO-ds) & 1.30-1.40 (m. 6H.
-O(CH-»)3(CH)s-). 1.453 (quintet, /= 7 Hz. 2H. -OCH.CHa-
CH--). 1.56 (quntet, J=7 Hz. 2H, -CH-CH-NH;"). 1.77
(quintet. J=7 Hz. 2H. -OCH-CH»-). 2.70-2.80 (mn, 2H,
-CH-NHz1"). 4.07 (t. J= 6 Hz, 2H, -OCH--). 7.14 (dd. /=9
& 2 Hz. 1H), 7.28-7.35 (m. 2H). 7.42-7.46 (m. LH). 7.77-
7.83 (m. 3H), 8.00 (broad s, 3H, NH;").

Circular Dichroism Spectroscopy. Induced circular di-
chroism measurements were performed at 25.0+0.2°Cona
JASCO I-810 spectropolarimeter equipped with a tempera-
ture controller. The concentration of (2-naphthoxy)alkyl-
ammonium chloride was 2.0x 10~ M and conventional
quartz cells of light path-lengths of 1.0 cm and 0.10 ¢cm were
used for 250-370 mm and 200-250 nm wavelength regions,
respectively. The solution of (2-naphthoxy)alkylammonmum
ion without -CD or its derivative was used for baseline
measurement.
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1-lodo-2-(2-10doethoxy Jethane was prepared m 84% vield
by reacting diethylene glycol ditosylate with 10-fold
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The product was purified by silica gel column chromato-
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