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A zinc(II)-included hemicryptophane, which has a zinc(II) centre embedded in the cavity, was synthesised in high yield and

characterised by fast atom bombardment mass spectrometry, 1H NMR spectroscopy and X-ray crystal structure analysis.

The X-ray crystal structure shows that zinc(II)-included hemicryptophane has a preorganised cavity, formed by the

cyclotriveratrylene and tris(aminoethyl)amine (tren) moieties. The zinc(II) centre is coordinated to the N4 core of the tren

cap and to the nitrogen atom in acetonitrile. The acetonitrile guest is stabilised through CH–p interactions. The absolute

configuration of the nitrogen atom in the amino group was assigned by anomalous X-ray scattering; the results indicated that

a chiral zinc(II)-included hemicryptophane was obtained by spontaneous asymmetric crystallisation.

Keywords: hemicryptophane; zinc; capsule; spontaneous asymmetric crystallisation

Introduction

Molecular capsules have been of much interest to chemists

because they provide a precise space as a site for recognition

and catalysis (1). Although a number of molecular capsules

have been reported, there have been few examples of

molecular capsules that contain a functional groupwithin the

internal space (2).Hemicryptophane,which is composed of a

cyclotriveratrylene (CTV) host unit, is capable of construct-

ing a catalytic site and a suitable binding pocket for specific

substrates in the internal space (3).We recently synthesised a

hemicryptophane composed of a racemic CTV host unit, a

tris(aminoethyl)amine (tren) ligand and three rigid phenyl

spacers encapsulating the acetonitrile guest molecule within

the internal space. We also synthesised a zinc(II)-included

hemicryptophane which had a catalytic site in the internal

space (4). Here, we show that the novel chiral zinc(II)-

included hemicryptophane, which is formed by spontaneous

asymmetric crystallisation, has a binding pocket specifically

suitable for an acetonitrile molecule.

Results and discussion

Synthesis and characterisation

The synthetic pathway for the preparation of 2 is outlined in
Scheme 1. Addition of racemic hemicryptophane 1 (4) to an

acetonitrile solution of zinc perchlorate hexahydrate resulted

in the formation of 2 ·MeCN in 92%yield. The zinc complex

of 2 was observed by fast atom bombardment mass

spectrometry (FAB-MS), but the host–guest complex of

2 ·MeCN was not detected. The 1H NMR spectrum of 2 is

shown in Figure 1. The signal which can be assigned to the

encapsulated acetonitrile molecule was not observed

probably because H2O included in DMSO-d6 easily

displaced the inner acetonitrile molecule.

Crystal structure of zinc(II)-included hemicryptophane 2

Slow diffusion of tetrahydrofuran into an acetonitrile

solution of 2 resulted in single crystals suitable for X-ray

crystal structure analysis. The X-ray crystal structure of 2

is shown in Figure 2. The X-ray crystallographic analysis

shows that 2 crystallises in the orthorhombic space group

P212121 and has a C3-symmetric conformational structure.

The crystal structure of 2 shows that a good preorganised

cavity is formed by the CTV and tren moieties; there are

three 23-membered entrances to the cavity. The zinc(II)

centre is coordinated to the N4 core of the tren cap and to

the nitrogen atom in acetonitrile. The acetonitrile guest is

centred in the cavity and is stabilised through CH–p

interactions [d(C· · ·CvC) ¼ 3.8 Å]. The ZnZN average

distances for the trigonal base of the pyramid are 2.098 Å

and the capping tertiary nitrogen atom is more loosely

bound to the metal ion [d(Zn1ZN1) ¼ 2.214 Å] than is the

nitrogen atom in acetonitrile [d(Zn1ZN5) ¼ 2.095 Å].

Selected bond distances (Å) and angles (8) for 2 are listed

in Table 1. The absolute (R) configuration of the nitrogen
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atom in the amino group in the crystal was determined by

anomalous X-ray scattering, although the hemicrypto-

phane 1 starting material was a racemic compound of P or

M configuration. This indicates that spontaneous asym-

metric crystallisation occurred in the recrystallisation of

racemic 2 without any external chiral source (5).

Conclusions

We have demonstrated the synthesis and characterisation of

a zinc(II)-included hemicryptophane 2. The X-ray crystal

structure of 2 reveals a well-defined cavity encapsulating an

acetonitrile guestmolecule, formedbysolid and spontaneous

asymmetric crystallisation of zinc(II)-included hemicrypto-

phane. Further research on molecular recognition and

chemical reactions, using a variety of metal-included

hemicryptophanes as platforms, is currently under way.

Experimental procedure

Materials and methods

NMR spectra of 2 in DMSO-d6 were obtained using a

JEOL-400 spectrophotometer (JEOL, Tokyo, Japan).

Single-crystal X-ray diffraction experiments were carried

out with a Rigaku RAXIS-RAPID diffractometer (Rigaku,

Tokyo, Japan). Acetonitrile was distilled over calcium

hydride. Other chemicals were of reagent grade and used

without further purification.

Synthesis of zinc(II)-included hemicryptophane 2

A solution of hemicryptophane 1 (120mg, 148mmol) and

zinc perchlorate hexahydrate (54.8mg, 148mmol) in

acetonitrile (20ml) was stirred at ambient temperature

for 1 h. The reaction mixture was recrystallised from

acetonitrile and tetrahydrofuran to give 171mg (92%) of 2
as colourless prisms.

Mp 230–2318C; 1H NMR (DMSO-d6, 400MHz):

d 2.08 (s, 3H), 2.85–3.07 (m, 12H), 3.48 (d, 3H,

J ¼ 6.0Hz), 3.56 (br s, 3H), 3.92 (br s, 6H), 4.69 (d, 3H,

J ¼ 6.0Hz), 7.19 (br s, 12H), 7.28 (br s, 3H), 7.54 (br s,

3H); FAB-MS: calcd for C51H54Cl1N4O10Zn1: 985.2934

([M 2 ClO4]
þ); found: 985.2933 [M 2 ClO4]

þ.

X-ray crystallography

Suitable X-ray quality crystals of 2 were grown by slow

evaporation of an acetonitrile/tetrahydrofuran solutionof2 at

ambient temperature. A single crystal of 2 of appropriate

dimensions was mounted on a glass fibre and used for data

collection. Data were collected on a Rigaku RAXIS-RAPID

diffractometer equipped with a graphite-monochromated

MoKa radiation source (k ¼ 0.71075 Å). Absorption
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Scheme 1. Synthesis of zinc(II)-included hemicryptophane.

Table 1. Selected bond distances (Å) and angles (8) for 2.

Bond lengths (Å)

Zn1ZN1 2.214(3)
Zn1ZN2 2.107(3)
Zn1ZN3 2.085(3)
Zn1ZN4 2.102(3)
Zn1ZN5 2.095(3)

Angles (8)
N1ZZn1ZN2 82.52(14)
N1ZZn1ZN3 83.26(14)
N1ZZn1ZN4 83.31(14)
N1ZZn1ZN5 179.46(13)
N2ZZn1ZN3 118.17(14)
N2ZZn1ZN4 119.77(14)
N2ZZn1ZN5 97.09(14)
N3ZZn1ZN4 117.70(14)
N3ZZn1ZN5 97.26(14)
N4ZZn1ZN5 96.59(14)

6 4 2 ppm

MeCN

H2O

CHD2SOCD3

Figure 1. 1H NMR spectrum (400 MHz, DMSO-d6, 298K) of 2.
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correction was performed with the CrystalStructure

(version 3.8) program. The structure was solved by direct

methods using SHELXS-97 and refined by full-matrix

least-squares techniques using SHELXL-97 (Table 2).

Supplementary Material available

Crystallographic data for the structure 2 reported in this

paper have been deposited with the Cambridge Crystal-

lographic Data Centre as supplementary publication No.

CCDC 783757.
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(c) Rondelez, Y.; Sénèque, O.; Merlau, M.L.; Mejia, M.D.P.;
Nguyen, S.T.; Hupp, J.T. Angew. Chem. Int. Ed. 2001, 40,
4239–4242. (d) Slagt, V.F.; van Leeuwen, P.W.; Reek, J.N.
Angew. Chem., Int. Ed. 2003, 42, 5619–5623. (e) Leung,
D.H.; Fiedler, D.; Bergman, R.G.; Raymond, K.N. Angew.
Chem. Int. Ed. 2004, 43, 963–966. (f) Slagt, V.F.; Kamer,
P.C.; van Leeuwen, P.W.; Reek, J.N. J. Am. Chem. Soc. 2004,
126, 1526–1536. (g) Darbost, U.; Rager, M.N.; Petit, S.;
Jabin, I.; Reinaud, K.N. J. Am. Chem. Soc. 2005, 127, 8517–
8525. (h) Kleij, A.W.; Lutz, M.; Spek, A.L.; van Leeuwen,
P.W.; Reek, J.N. Chem. Commun. 2005, 3661–3663. (i)
Wilkinson, M.J.; van Leeuwen, P.W.; Reek, J.N. Org.
Biomol. Chem. 2005, 3, 2371–2383. (j) Kleij, A.W.; Reek,
J.N. Chem. Eur. J. 2006, 12, 4218–4227. (k) Koblenz, T.S.;
Dekker, H.L.; de Koster, C.G.; van Leeuwen, P.W.; Reek,
J.N. Chem. Commun. 2006, 1700–1702. (l) Kuil, M.;
Soltner, T.; van Leeuwen, P.W.; Reek, J.N. J. Am. Chem. Soc.
2006, 128, 11344–11345. (m) Leung, D.H.; Bergman, R.G.;
Raymond, K.N. J. Am. Chem. Soc. 2006, 128, 9781–9797.
(n) Leung, D.H.; Bergman, R.G.; Raymond, K.N. J. Am.
Chem. Soc. 2007, 129, 2746–2747. (o) Coquiere, D.; Le Gac,
S.; Darbost, U.; Seneque, O.; Jabin, I.; Reinaud, O. Org.
Biomol. Chem. 2009, 7, 2485–2500. (p) Visnjevac, A.; Gout,
J.; Ingert, N.; Bistri, O.; Reinaud, O. Org. Lett. 2010, 12,
2044–2047.

(3) (a) Gosse, I.; Dutasta, J.-P.; Perrin, M.; Thozet, A. New
J. Chem. 1999, 23, 545–548. (b) Gautier, A.; Mulatier, J.C.;
Crassous, J.; Dutasta, J.P. Org. Lett. 2005, 7, 1207–1210.

N3

N1N2

N5

N4

Zn1

Figure 2. Crystal structure of 2 ·MeCN (left: side view; right: top view). The locations of the hydrogen atoms of the amino groups and
the acetonitrile molecule were calculated. Other hydrogen atoms and solvents of crystallisation were omitted for clarity.

Table 2. Crystal data and refinement details.

2

Empirical formula C120H136Cl4N13O30Zn2

Formula weight 2513.04
Crystal colour Colourless
Crystal system Orthorhombic
Space group P212121
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b (Å) 17.4628(4)
c (Å) 23.1703(6)
Volume (Å3) 6026.0(3)
Z 2
Dcalcd (mg/m3) 1.385
m (MoKa) (mm21) 0.71075
R1 0.0569
wR2 0.1421
Goodness of fit (GOF) on F 2 1.135
Flack parameter 0.005(12)
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