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Helical capsule-like assembly of [1,-25] shows a strong Cotton effect from the chirality transfer of the tartaric acid unit to tris(imidazoline) base

through charged hydrogen bonds in aqueous solvent.

Self-assembled supramolecules produced through noncovahelical capsule-like structure, composed of two tris(imida-
lent interactions are important for their possible applications zoline) (1) bases and three tartaric acids through charged
to information storage, catalysis, molecular transport, separa-H-bonds in aqueous solution.

tion, and sensing.Most of those assembled by hydrogen  The K, value of the protonated form df®is high (9.88)
bonding have been reported in apolar, noncompetitive enough to play a role as a base. Thuisan abstract protons
solvents; but self-assembled cage-like structures in polar from carboxylic acid$.A 2:3 mixture of1 and tartaric acid
solvents are less comméMoreover, H-bond mediated self-  (2) js expected to form a self-assembled structure via proton
assembled chiral supramolecules in aqueous sdlaemeven  ransfer from the acids to the imidazolines. We expect that
less reported even tho_ugh they_ exist in many biomoleculesiye charged, directional hydrogen bonding interactions
such as DNA and proteins. Herein we report a self-assembledyetween the tris(imidazoliniums) and tartrates would force
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both partners to form a discrete capsule-like structure with
helicity directed by the chirality of tartaric acid (Scheme 1).
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ionization (CSI) mass spectra which clearly show molecular

Scheme 1. Helical Capsule-like Assembly through Charged 10N peaks and an appropriate fragmentation pattern in the
Hydrogen Bonds concentration range of 0:1100 mM (Figure 2§,

[ ]
N NH

HG OH

HO, | POM o,d  toH

2 H Nt 3

R,l /\] HO.C “OoH — = .
N HN :
Il l ]
h ) . b
1 2 [1225] e

Addition of a solution ofl in methanol to a solution ¢ by -
in methanol resulted in a white suspension. The resulting o l ‘
solid was negligibly soluble in most organic solvents such e A i U
as ethanol, chloroform, THF, and even DMF, but highly ' .
soluble in aqueous solvent. TRE NMR spectra of a 2:3 T
mixture of 1 and 2 in D,O were simple, suggesting the .
formation of a symmetric structure. H-bond mediated as- .
sociation ofl and 2 was determined to be reversible and "
fast on the NMR time scale. Therefore, the observed NMR o]
resonances are averaged between the complex and each |
monomer, suggesting the formation of a discrete complex ] a
([12:23]) rather than higher oligomeric species. - }

The fact that the chiral proton aftartaric acid 2-) was ) -
strongly shifted upfield (4.76 to 4.31 ppm), coupled with »
the downfield shift of the aromatic and ethylene protons of L T A
1 (A6 = +0.31 and+0.36 ppm, respectively) clearly shows : - - - 2
that C_omp_lexatlon OC,C“TS, through the protoln transfer from Figure 2. Cold spray ionization (CSI) mass spectra of the complex
tartaric acid to the tris(imidazoline) base (Figure 1). [1,253): (a) [1] = 200 mM, ] = 300 mM, (b) ] = 2 mM, [2]

= 3 mM in water.

MALDI mass spectrometric analysis also corroborated the
dimeric complex structure, where the isotope patterms/at
1058 ([lz°2-5-CO;) ™), 1080 (fl2°2-3-CO°Nal™), and 1098
([12:2-3-CO,*Na-HQO] 1) with 1 amu spacings are consistent
with the calculated isotope distribution pattern corresponding
to a monocharged molecular ion peak of the proposed
dimeric structure. Additional support comes from a Job’s
plot analysis in RO, which indicates a 2:3 stoichiometry
betweenl and 2. Furthermore, concentration-dependent
NMR spectra show little changes #it NMR resonances
. \ upon increasing concentrations, and vapor pressure osmom-
a \ etry (VPO) data show the convergence of molecular weights,

l l which exclude the possibility of self-aggregation or extensive
e L — association of 1D sheets at high concentrations. The com-
E B0 TR T e ee B T S0 3e e plexation betweerl and?2 in a 1:1 ethanol/water mixture
Figure 1. *H NMR spectra in DO at 298 K: (a)L, (b) 1-2*5 (2:3 was driven by both enthalpy and entropyHa, = —3.64
molar ratio), and (cPt. Peaks at 4.80 ppm are due to the residual kcal/mol, TAS,, = +4.61 kcal/mol at 30C) and was strong
solvent protons. even in aqueous media (ld¢,, = 5.96) (Figure 3).

Evidence for the helical structure df,f2-3] comes from

circular dichroism (CD) spectroscopic studies. When adding

To confirm the formation of the dimeric 1}-2t3]) su-
pramolecular structures, we performed a mass spectrometricH] §6)8(53§|)-M453 gpfS(ilti\éf iﬁ]ri bzos)o/ )mlé égZZ-l«iﬂﬁ]Fﬂzg 0/1?0;/01)5, 228(31-12%'
H H i ) 0), . XN , 0), . 2° ) 0), . 204
analys'ls for the 'com.plex. The crucial ewdence for the HI* 3%), 1015.1 (1o-25-H]*, 29%); Sakamoto, S.: Fujita, M.; Kim, K.:
formation of the dimeric structure was obtained by coldspray Yamaguchi, K. Tetrahedron200Q 56, 955-964.

1052 Org. Lett., Vol. 5, No. 7, 2003



Time (min)
0 30 60
T T T T T
04 4
T

8 17 iy
2
8
3

-2 4 -

3 T T T T T T T T T T

0 i
k=
©
B -2 a
2
£
B 4 i
o
[*]
£ 6
8
X

T T T 1 T T T T T Ll
00 05 10 15 20 25 3.0 35 40 45
Molar Ratio

Figure 3. Titration of 1 with 2 by isothermal microcalorimetry
under the condition ofllo = 50 uM and [2]o = 3.9 mM in H,O/
EtOH (1:1, v/v) at 30°C.

2- to a constant concentration (1&M) of achiral tris-
(imidazoline) () in aqueous ethanol, strong Cotton effects
near the maxima of UVvis absorbance of appeared due
to the chirality transfer of tartrate th Complementary signs
were observed witl2P as well: AAyi4 nm= +25.88 mdeg/
cm and—32.83 mdeg/cm fofl,*2P3 and 1,°2%3 at [2]/[1] =
22, respectively (Figure 4).

Complementary CD signs still remained even A{[[]
= 3 ([1] = 16 uM; AAs14 nm= +19.36 and—17.02 mdeg/
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Figure 4. CD spectra of [,*23] and 1 in aqueous solvent (water/
ethanol= 1:1, v/v) at 20°C. UV—vis absorbance ol (dashed
line), CD spectra of I,-23] ([1] = 10 uM) after addition of 22
equiv of p- (filled circle) or L-tartaric acid (filled rectangle). Note
no CD activity of1 alone (open circle).
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cm for 1,-2P; and 1,23, respectively). The fact that CD
Amax Of [12°23] appears in almost the same wavelength as
UV Amaxindicates that our system exists in a discrete dimeric
form in solution without extensive self-association of 1D
sheets through—z interaction®® These helical dimersij-

23] and [1,:2°;] are affected by solvent polarity; upon
increasing the percentage of ethanol, the CD intensity is
slightly increased and the maxima of the Cotton effects are
red-shifted. These phenomena are interpreted as follows: a
charged hydrogen-bond mediated dimeric structure is favored
in less polar solvent containing a larger quantity of ethanol
giving rise to a self-assembled helical caps@erprisingly,

the multiple charged H-bonded helical assembly still remains
intact even in pure water(Figure 5).
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Figure 5. Solvent effect on (a) the CD spectra of the self-assembled
structure, 1,-2;3], where DO, D1, D2, and D5 mean 0:6, 1:5, 2:4,
and 5:1 of ethanol/water solution dff2P;] in volume ratios, and
the same notations apply for LO, L1, L2, and L5 a§-p-3], and

(b) its CD activity (AA) vs solvent composition at 215 nm under
the conditions of I] = 5 uM and [2)/[1] = 22 in aqueous ethanol
(2:1, viv) at 20°C.

The absolute configuration for the induced helicity bf[
23] by chiral tartaric acid can be assigned by comparison
with the signs of the Cotton effects for the crystal structures
of similar helical complexes.[1,:2%;] shows the same

(7) Kim, H.-J.; Moon, D.; Lah, M. S.; Hong, J.-Angew. Chem., Int.
Ed. 2002 41, 3174-3177. CCDC-182210 contains the supplementary
crystallographic data fdvi-[Ags-L "MeS)]3*, wherelL ") stands for 1,3,5-
tris[2-[4-(S)-methyl-1,3-0xazoline]]benzene.
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negative Cotton effect as for the reference crystal structure metal-mediated helical structufénalyses of the H-bonding

of M-[Agz-L"™e(),]3+, while [1,:2P;] shows the same positive
Cotton effect as that dP-[Ags-L ™MeR),]3+, Therefore, it can
be concluded thatl helicity is induced by -tartaric acid to
afford M-[1,-2"3], while P helicity is induced byb-tartaric
acid to affordP-[1,-2P].

To reason why -tartaric acid induce$/ helicity in [1,-
23] (and vice versa), computational modeling fde-pl]
was carried out to obtain a global minimized structtidne
dimeric complex is plausibly formed by charged H-bonded
triple clipping of threeLr-tartrate via twelve Coulombic
H-bonds between the two parallel prestacked tris(imidazo-
liniums) (3.70 A)~30° out of phase byr— interaction in
water (Figure 6). While one carboxylate &fis hydrogen

Figure 6. Energy-minimized structure of compléd-[1,°2-3] in
water. H-bonds viewed from the top are shown as dotted lines (left),

and tris(imidazoliniums) from the side are represented as cylinders gependentH NMR spectra of the complex. This material is

with tartrates as lines for clarity (right).

bonded with two imidazoliniums of on one side, there is
another carboxylate df hydrogen bonded with two imida-
zoliniums of 1 on the other side that is parallel bt#30°

out of phase. Chirality ofi-tartaric acid seems to be
transferred to the helicity of the complex through the directed
hydrogen bonds to afford a left-handed structivtd],1,-2"3],

patterns of the calculatéd-[1,-2"3] and arbitraryP-[1,-2"5]°
gave insights into the understanding of the unidirectional
helicity; the average bond angle and bond length of NBI
are 1.672 A and 168n M-[1,-2%3], whereas the values are
1.771 A and 14%in P-[1,-2"3], which is not favored with
regard to H-bonding due to the longer distance and narrower
anglet®

In conclusion, we have demonstrated the first example of
a novel H-bonded supramolecular chiral assembly with
unidirectional helicity in aqueous solvent. These self-
assembled supramolecules show strong Cotton effects, which
are induced by chiral tartaric acid units, thus affording helical
capsule-like structures &fi-[1,+25] and P-[1,-2°;] from 2-
and2®, respectively. Further studies involving the generation
of an expanded cavity size, chiral recognition, separation,
transport, and catalysis inside the cavity are underway.
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