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ABSTRACT: Seven double-armed cyclens bearing two
aromatic side-arms, at the 1- and 7-positions of the cyclens,
were prepared via three steps from dimethyl 2,2'-iminodiace-
tate. The X-ray structures of the Ag* complexes and Ag*-ion-
induced 'H NMR spectral changes suggest that the two
aromatic side-arms cover the Ag® ions incorporated in the
ligand cavities, as if the aromatic ring “petals” catch the Ag*
ions in the way a real insectivorous plant (Venus flytrap)
catches insects, using two leaves. It is also reported that the
CH—r interactions between the aromatic side-arms, as well as
the Ag*— interactions, are crucial for double- and tetra-armed
cyclens to work as argentivorous molecules.

Ag*—r interactions

Ag*—n and CH—nx interactions

B INTRODUCTION

Increasing attention has been focused on metal-cation—7z" and
CH—7"""* interactions. It is well known that weak molecular
forces such as cation—z, CH—z, hydrogen-bonding, and
dipole—dipole interactions are important for controlling the
shapes of compounds and play a vital role 1n varlous specific
phenomena in chemistry and biochemistry.> Recently, we
reported that tetra-armed cyclens with aromatic side-arms
behave like an insectivorous plant (Venus flytrap) when they
form complexes with Ag® ions; that is, the aromatic side-arms
cover the Ag" ions incorporated in the ligand cavities by Ag"—z
interactions,” and no conformational changes are observed
when other metal cations are added in organic solvents or in
water.* Several groups have reported the X-ray structures of
Co®, Ni**, Cu*, and Zn** complexes with tetra-armed
cyclens.’ Aromatic side-arms in the complexes with armed
cyclens, however, never cover the metal ions incorporated in
the cyclen unit. We therefore called the tetra-armed cyclens
“argentivorous molecules”.’

The Venus flytrap uses two leaves to trap insects, so we
prepared armed cyclens bearing two aromatic side-arms, at the
1- and 7-positions of the cyclen, to see if the armed cyclens
behave like flytraps. Here we report that both Ag'—z and
CH-—r interactions are important for tetra-armed cyclens and
double-armed cyclens to act as argentivorous molecules.

B RESULTS AND DISCUSSION

Double-armed cyclens (la—7a in Figure 1) bearing two
aromatic rings, at the 1- and 7-positions of the cyclen, were
prepared via two steps from 1,4,7,10-tetraazacyclododecane-
2,6-dione (see scheme in the Supporting Information).”
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Figure 1. Double-armed cyclens.

AgCF;SO; complexes were prepared using these new double-
armed cyclens.

To compare the electron densities on the aromatic ring
components we used, electrostatic potentials were calculated
using the HF/6-31G(*) method.® The electrostatic potential is
defined as the energy of interaction of a positive point charge
with the nuclei and electrons of a molecule, and the value of the
electrostatic potential correlates with the electron densities on
the aromatic rings. Figure 2 shows the electrostatlc potential
maps of the side-arm components of 1la—7a.” Toluene (b) has
the highest electrostatic potential of the benzene derivatives
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Figure 2. Electrostatic potential maps of (a) 1,3-difluoro-4-
methylbenzene, (b) toluene, (c) 1-methyl-4-phenoxybenzene, (d) 4-
methyl-N,N-dimethylaniline, (e) 1-methylnaphthalene, (f) 1-methyl-
anthracene, and (g) 1-methylpyrene.

(a—d in Figure 2). The electrostatic potentials of 1-
methylnaphthalene (e), 1-methylanthracene (f), and 1-methyl-
pyrene (g) are higher than those of the substituted benzenes
(a—d), and the areas with high electrostatic potentials are larger
than those of the benzenes. We therefore expected that
significant intramolecular Ag"—x interactions would be
observed in the double-armed cyclens with toluene (2a), 1-
methylnaphthalene (Sa), 1-methylanthracene (6a), and 1-
methylpyrene (7a) as side-arms.

Figure 3 shows the X-ray structure of the 2a/AgCF;SO;
complex (see also Figure $4 in the SI for the X-ray structures of

Figure 3. ORTEP diagram of the 2a/AgCF;SO; complex. Hydrogen
atoms are omitted.

the 1a/AgCF,SO; and 3a/AgCF;SO; complexes). In the 2a/
AgCF;S0; complex, the Ag* ion is coordinated by the four N
atoms of the cyclen. Contrary to our expectations, the Ag" ion
incorporated in the cyclen ring is not covered by the
intramolecularly linked side-arms, but is covered by an aromatic
side-arm of the nearest-neighbor molecule, resulting in the
formation of the one-dimensional polymeric chain structure.
The C13—Agl and C14—Agl distances are 2.608 and 2.577 A,
respectively.

In contrast, the side-arms in 4a, with triphenylamino groups,
cover the Ag" ions in the ligand cavities (Figure 4). We
confirmed Ag'—7 interactions between the aromatic side-arms
and the Ag" ions because the Cll1—Agl and C30-Agl
distances are 2.666 and 3.390 A, respectively (in tetra-armed
cyclens, typical C—Ag distance range is 3.272—3.344 A*™). In
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Figure 4. ORTEP diagram of the 4a/AgCF;SO; complex. CF;SO;~
and solvent are omitted.

this complex, the C11—Ag]1 distance is shorter than the C30—
Agl distance. Interestingly, intramolecular CH—7 interactions
between the aromatic rings are also observed in the 4a/
AgCF;SO; complex. The H20—benzene plane (C35 to C40),
H19—benzene plane (C35 to C40), H30—benzene plane (C16
to C21), and H31—benzene plane (C16 to C21) distances are
2.764,2.791, 2.939, and 3.132 A, respectively. The distances are
comparable with typical CH— distances in aromatic rings.za’d

On the other hand, in the S5a/AgCF;SO; and 6a/AgCF;SO;
(Figure Sa—d) complexes, two side-arms cover the Ag® ions
incorporated in the ligand cavities as if the two aromatic ring
“petals” caught the Ag® ions in the way an insectivorous plant
(Venus flytrap) catches insects, using two leaves. The Cl4—
Agl distance in the S5a/AgCF;SO; complex and the C12—Agl
and C27—Agl distances in the 6a/AgCF;SO; complex are
2.821, 2.753, and 2.863 A, respectively. In these complexes, the
Ag'—n bond distances are shorter than those of the tetra-armed
cyclens.

The conformation of the pyrene side-arms in the 7a/
AgCF;SO; complex (Figure 6) is slightly different from those
of the side-arms in the Sa/AgCF;SO; and 6a/AgCF;SO;
complexes, although the two side-arms in the ligand cover
the Ag" ion incorporated in the ligand cavity. The C4—Agl,
C5—Agl, C53—Agl, and C55—Agl distances are 2.633, 2.996,
3.113, and 3.387 A, respectively. In the complex, the C4—Agl
and C5—Agl distances are shorter than the C53—Agl and
C55—Agl distances. The dihedral angle between the two
pyrene planes is ca. 78°, whereas the dihedral angles between
the two aromatic ring-planes in the 5a/AgCF;SO; and 6a/
AgCF;SO; complexes are ca. 30°. As shown in Figure 6a and b,
the HS1—pyrene-plane and H61—pyrene-plane distances are
2.424 and 2.815 A, respectively. These bond distances indicate
CH-—7 interactions between two pyrenes.

In contrast, no side-arms cover the metal cations
incorporated in the ligand cavities in the 6a/HgCl, and 7a/
Cu(CF;S80;), complexes (Figure 7). These X-ray structures
suggest that (i) the aromatic rings that have higher electron
densities, such as naphthalene, anthracene, and pyrene, cover
the Ag" ions by Ag*—7 interactions, (ii) the side-arms cover the
Ag" ions using Ag'—7 and CH-—7 interactions only when
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Figure S. ORTEP diagrams of Sa/AgCF;SO; [(a) top and (b) side views] and 6a/AgCF;SO; [(c) top and (d) side views] complexes. Hydrogen

atoms and CF;SO;™ are omitted.

Figure 6. ORTEP diagrams of 7a/AgCF;SO;. CF;SO;™ is omitted.

substituted benzenes that can participate in CH—7 interactions
between the side-arms are introduced, and (iii) when pyrene is
used as the side-arms, both Ag*—z and CH— interactions are
observed. We previously reported that tetra-armed cyclens with
four 4-nitrobenzenes, which have very low electron densities on
the benzenes, act as argentivorous molecules. These findings
suggest that CH—7 interactions, as well as Ag"—7 interactions,
play a crucial role in the behavior of argentivorous molecules.?

To determine the structures of the complexes in solution,
Ag'-ion-induced "H NMR spectral changes were examined. As
shown in Figure 8, upon addition of AgCF;SO; (below 1.0
equiv), two sets of signals appeared (one for free 7a and the
second for its complex, primed), reflecting a slow-exchanging
process. The complex signals (H,', H), and H;" protons in
Figure 7) appear at higher field, ca. —0.12, —0.49, and —0.16
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ppm, than the corresponding signals (H,, Hj, and H; protons)
of free 7a, respectively, upon addition of 1.0 equiv of Ag" ions.
In contrast, in 'H NMR titration experiments using la, 2a, and
3a, no higher-field shifts of the aromatic protons were observed
(see Figure SS in the SI). These results indicate that the H,, Hy,
and H; protons are located in the shielding area in another
pyrene ring. In the X-ray structure of the 7a/AgCF;SO;
complex (Figure 6), the H61, HS3, and HS1 hydrogens
corresponding to the H,, Hy, and H; protons are located in the
shielding area of another pyrene ring. Both the 'H NMR and X-
ray data therefore strongly support the suggestion that the
structure of the 7a/AgCF;SO; complex in solution is similar to
the solid-state structure.

To visualize the Ag'—7 interactions, the isosurfaces of the
LUMO and HOMO of the Ag" complexes were calculated
using the B3LYP/3-21G(*) theoretical level.® Figure 9 shows
the LUMO (mesh) and HOMOs (solid) of the X-ray structures
of the 4a/Ag"—7a/Ag" complexes. In all cases, the LUMO of
the Ag” ion is distorted by interaction with the HOMOs of the
aromatic side-arms. These graphics clearly support Ag'—n
interactions between the Ag" ion and the aromatic side-arms.

In conclusion, we demonstrated that double-armed cyclens
bearing two aromatic side-arms with high electron densities
behave like an insectivorous plant (Venus flytrap) by Ag"—x
interactions. It was also shown that CH—z interactions between
aromatic side-arms, as well as the Ag'—x interactions, are
crucial for double- and tetra-armed cyclens to work as
argentivorous molecules. Applications of double-armed cyclens
bearing chromophores (anthracene and pyrene) as metal-ion
Sensors are NOw in progress.

B EXPERIMENTAL SECTION

General Information. Melting points were obtained with a Mel-
Temp capillary apparatus and were not corrected. FAB mass spectra
were obtained using a JEOL 600 H mass spectrometer. '"H NMR
spectra were measured in CDCly on a JEOL ECP400 (400 MHz)
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Figure 7. ORTEP diagrams of 7a/Cu(CF;S0;), (a) and 6a/HgCl, (b).
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Figure 8. Ag'-ion-induced 'H NMR spectral changes of 7a (in
CD,Cl,/CD;0D). The positions of the H,, Hy, and H; protons were
assigned using ROESY, COSY, and 1D NOE NMR (Figure S6 in the
SI).

spectrometer. Cold ESI-mass spectra were recorded on a JEOL JMS-
T100CS mass spectrometer. Cyclen was purchased from Macrocyclics.
All reagents were standard analytical grade and were without further
purification.

Preparation of 1,4,7,10-Tetraazacyclododecane-2,6-dione.
1,4,7,10-Tetraazacyclododecane-2,6-dione was prepared according to
the procedure described in the literature. Yield: 32%. Mp: 168.0—169.0
(dec). 'H NMR (D,0): 6 3.64 (t, ] = 5.5 Hz, 4H), 3.61 (s, 4H), 2.99
(t, J = 5.5 Hz, 4H). FAB-MS (m/z) (matrix: DTT/TG = 1:2): 201
(M + 1]*, 100%).

General Procedures for the Reaction of Cyclen-dione with
Aromatic Aldehydes. After stirring a mixture of cyclen-dione (10.0

2545

6alAg”

TalAg*

Figure 9. LUMOs and HOMOs calculated by the DFT methods
[B3LYP/3-21G(*)] using the X-ray structures of the Ag" complexes
with 4a—7a (isosurface value is 0.032 au). 4a/Ag" complex,
LUMO[+1] (mesh) and HOMO[-10], HOMO[-11],
HOMO[-13], HOMO[-15] (solid); Sa/Ag* complex, LUMO[+4]
(mesh) and HOMO[-3] (solid); 6a/Ag" complex, LUMO[+4]
(mesh) and HOMO[-1] (solid); 7a/Ag" complex, LUMO[+5]
(mesh) and HOMO[-2], HOMO[-6] (solid).

mmol) and 3,5-difluorobenzaldehyde (352 mmol) in dry 1,2-
dichloroethane (100 mL) at room temperature for 1 day under an
argon atmosphere (1 MP), NaBH(OAc); (35.1 mmol) was added and
the mixture was stirred for 1 day at room temperature. Saturated
aqueous NaHCOj; was added, and the aqueous layer was extracted
with chloroform three times. The combined organic layer was washed
with water, dried over Na,SO,, and concentrated. The residual solid
was recrystallized from acetonitrile to give 1b in 93% yield. Mp:
138.4—139.2 °C. '"H NMR (CDCL,): § 6.97—6.91 (m, 2H), 6.93—6.85
(m, 4H), 6.82—6.74 (m, 2H), 3.89 (s, 2H), 3.69 (s, 2H), 3.30 (g, ] =
5.6 Hz, 4H), 3.27 (s, 4H), 2.62 (t, ] = 5.6 Hz, 4H). FAB-MS (m/z)
(matrix: DTT/TG = 1:2): 453 ([M + 1]%, 100%). Anal. Calcd for
Cy,H,uN,O,F,: C, 58.40; H, 5.35; N, 12.38. Found: C, $8.35; H, 5.39;
N, 12.26.
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Table 1. Crystal Data of Metal Complexes

formula

M

T/K

cryst syst
space group
a/A

b/A

c/A

f/deg
U/A3

VA

D./g cm™
u/mm™!
data/restraints/params
no. reflns used [>206(I)]
Ry, wR, [I > 26()]

R, wR, [all data]

GOF

formula
M

T/K
cryst syst
space group
a/A

b/A

c/A
p/deg
U/A3

V4

D./g cm™
1

3

#/mm”™
data/restraints/params
no. reflns used [>26(1)]
Ry, wR, [I > 26(1)]

R;, wR, [all data]

GOF

1a/AgCF;SO;
Cy3HyAgFN,O58
681.42
298
monoclinic
P2(1)/c
20.7362(19)
10.8673(10)
12.0256(11)
100.386(2)
2665.5(4)
4
1.698
0917
6632/18/360
6632 [R(int) = 0.0504]
0.0863, 0.1860
0.1264, 0.2089
1.101
Sa/AgCF;SO;
C31H36AgF;N,O;S
709.57
298
monoclinic
C2/c
13.298(2)
14.800(2)
17.760(3)
107.748(3)
3329.0(9)
4
1416
0.721
4165/12/235
4165 [R(int) = 0.0468]
0.1150, 0.2698
0.1300, 0.2769
1.393

formula
M

T/K
cryst syst
space group
a/A

b/A

/A
a/deg
p/deg
y/deg
U/A}

V4

D./g cm™

-1

3

#/mm
data/restraints/params
no. reflns used [>20(I)]
Ry, wR, [I > 26(I)]

R, wR, [all data]

GOF

2a/AgCF;SO4
Cy3Hi,AgF;N,O58
609.46
298
monoclinic
P2(1)/c
14.6799(8)
10.2113(6)
16.6281(9)
94.6660(10)
2484.3(2)
4
1.629
0.951
6177/0/324
6177 [R(int) = 0.0208]
0.0436, 0.1134
0.0531, 0.1209
1.042
6a/AgCF;SO;
C,oHyAgFN,O,S
841.72
100
monoclinic
P2(1)/c
10.1283(7)
19.0025(14)
19.4108(14)
94.6190(10)
3723.7(5)
4
1.501
0.660
9217/7/486
9217 [R(int) = 0.0232]
0.0461, 0.1179
0.0501, 0.1207
1.102
7a/Cu(CF,;S0;),
C4H,CuFN,O-S,
980.48
90
monoclinic
P2(1)/c
12.9581(8)
16.6195(10)
20.0520(11)

108.536(2)

4094.3(4)

4

1.591

0.722

10184/0/593

10184 [R(int) = 0.0737]
0.0613, 0.1211

0.0979, 0.1354

1.026
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3a/AgCF;S0,
CroHgoAgFNO)05,
1587.28
90
monoclinic
C2/c
44.359(3)
10.5230(5)
33.2164(19)
115.458(2)
13999.5(13)
8
1.506
0.699
17368/0/972
17 368 [R(int) = 0.0609]
0.0563, 0.1163
0.0858, 0.1273
1.035
7a/AgCF;SO5
C,HyAgFN,O,S
889.76
90
monoclinic
Ce
19.473(2)
16.4227(17)
14.1119(15)
117.169(2)
4015.1(7)
4
1472
0.617
9300/53/519
9300 [R(int) = 0.0285]
0.0737, 0.1960
0.0856, 0.2104
1.043

4a/AgCF;S0,
CysHs4AgF3NO,S
975.90
173
monoclinic
P2(1)
10.1046(9)
9.9420(8)
22.717(2)
99.837(2)
2248.6(3)
2
1.441
0.559
10191/2/576
10 191 [R(int) = 0.0305]
0.0665, 0.1756
0.0820, 0.1875
1.077
6a/HgCl,
CisHyHgCLN,
824.23
90
monoclinic
C2/c
22.1820(19)
7.6862(6)
20.9636(16)
104.577(2)
3459.1(5)
4
1.583
4.637
4305/0/209
4305 [R(int) = 0.0476]
0.0515, 0.1420
0.0521, 0.1424
1.185
Sa

C3oH36N,
452.63

298

triclinic

PT
11.5947(16)
14.973(2)
16.169(2)
81.717(3)
78.957(2)
68.798(3)
2560.0(6)

4

1.174

0.070
12487/0/629
12 487 [R(int) = 0.0200]
0.0643, 0.1717
0.1317, 0.2328
1.028
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2b: Yield 85%. Mp: 135—136.5 °C. '"H NMR (CDCl,): & 7.48—7.29
(m, 10H), 7.16 (s, 2H), 3.82 (s, 2H), 3.70 (s, 2H), 3.31-3.17 (m,
8H), 2.61 (t, ] = 5.7 Hz, 4H). FAB-MS (m/z) (matrix: DTT/TG =
1:2): 381 ([M + 1]*, 100%). Anal. Calcd for C,,H,sN,0,: C, 69.45; H,
7.42; N, 14.73. Found: C, 69.40; H, 7.40; N, 14.84.

3b: Yield 80%. Mp: 162.8—163.9 °C. 'H NMR (CDCLy): § 7.35—
7.31 (m, 4H), 7.28—7.24 (m, 4H), 7.13—7.07 (m, 6H), 7.02—6.96 (m,
8H), 3.78 (s, 2H), 3.65 (s, 2H), 3.25 (s, 8H), 2.62 (t, ] = 5.5 Hz, 4H).
FAB-MS (m/z) (matrix: DTT/TG = 1:2): 565 ([M + 1], 30%). Anal.
Caled for C3,H;eN,0,+0.5CH,OH: C, 71.36; H, 6.60; N, 9.65.
Found: C, 71.56; H, 6.41; N, 9.49.

4b: Yield 73%. Mp: 202.4—203.2 °C. 'H NMR (CDCl,): § 7.23—
7.17 (m, 10H), 7.14—7.11 (m, 4H), 7.01—6.96 (m, 16H), 3.73 (s, 2H),
3.61 (s, 2H), 3.27 (s, 4H), 3.23—3.22 (m, 4H), 2.63 (t, J = 5.5 Hz,
4H). FAB-MS (m/z) (matrix: DTT/TG = 1:2): 715 ([M + 1], 2%).
Anal. Caled for C,4H,(N¢O,+0.25H,0: C, 76.80; H, 6.51; N, 11.68.
Found: C, 76.83; H, 6.55; N, 11.65.

5b: Yield 43%. Mp: 132.6—133.0 °C. 'H NMR (D,O in the
presence of NaOD): § 8.30—8.37 (m, 2H), 8.00 (d, J = 7.6 Hz, 2H),
7.82—7.89 (m, 2H), 7.58—7.69 (m, 3H), 7.42—7.54 (s, SH), 5.08 (s,
2H), 4.27 (s, 2H), 3.20—3.51 (m, 16H). FAB-MS (m/z) (matrix:
DTT/TG 1:2): 481 ([M + 1]%, 100%). Anal. Calcd for
C;0H;,N,0,+0.5CHCl;: C, 67.80; H, 6.06; N, 10.37. Found: C,
67.47; H, 6.32; N, 10.42.

6b: Yield 71%. Mp: 273.8—274.5 °C. '"H NMR (CDCl,): § 8.53 (s,
1H,), 8.41—8.39 (m, 2H), 8.24 (d, J = 9.1 Hz, 2H), 7.52—7.45 (m,
4H), 7.32 (t, ] = 6.6 Hz, 2H), 8.42 (s, 1H), 8.09—8.06 (m, 2H), 7.97
(d, J = 8.4 Hz, 2H), 7.10 (t, ] = 6.6 Hz, 2H), 6.69 (s, 2H), 4.80 (s,
2H), 4.64 (s, 2H), 3.27(s, 4H), 2.99—2.95 (m, 4H), 2.62 (t, ] = 5.8 Hz,
4H). FAB-MS (m/z) (matrix: DTT/TG = 1:2): 581 ([M + 1]*, 20%).
Anal. Caled for C3H36N,0,+0.5CH;0H: C, 77.99; H, 6.29; N, 9.57.
Found: C, 78.08; H, 6.34; N, 9.50.

7b: Yield 84%. Mp: 251.3—252.1 °C. '"H NMR (CD,CL,): § 8.41 (d,
J =9.5 Hz, 1H), 8.33 (d, ] = 9.5 Hz, 1H), 823 (d, ] = 6.9 Hz, 1H),
8.17 (d, J = 8.1 Hz, 1H), 8.15—8.07 (m, 4H), 8.03—7.96 (m, 3H), 7.90
(t, ] = 7.7 Hz, 1H), 7.87—7.85 (m, 2H), 7.82—7.76 (m, 3H), 7.54 (d, ]
= 9.1 Hz, 1H), 6.88 (s, 2H) 4.46 (s, 2H), 4.34 (s, 2H), 3.32 (s, 4H),
3.02—3.01 (m, 4H), 2.63 (t, ] = 5.8 Hz, 4H). FAB-MS (m/z) (matrix:
DTT/TG = 1:2): 629 ([M + 1], 20%). Anal. Calcd for C,,H;(N,O,:
C, 80.23; H, 5.77; N, 8.91. Found: C, 80.00; H, 5.88; N, 8.79.

General Procedure for Reduction of 4,10-Disubsituted-
1,4,7,10-tetraazacyclododecane-2,12-diones. A mixture of 1b
(2.00 mmol) and DIBAL-H (40 mL, 1 mol/L solution in THF) was
stirred for 1 day at room temperature. After benzene (120 mL), NaF
(160 mmol), and water (2 mL) were added at 0 °C, the mixture was
stirred a further day at room temperature under an argon atmosphere.
The mixture was filtered, and the filtrate was evaporated under
reduced pressure. The residual solid was recrystallized from
acetonitrile to give la in 70% yield. Mp: 157.1-158.2 °C. '"H NMR
(CD,CL,): 6 6.91 (d, ] = 6.0 Hz, 4H), 6.73 (tt, J; = 9.1 Hz, ], = 2.4 Hz,
2H), 3.59 (s, 4H), 2.63 (broad s, 8H), 2.56 (broad d, ] = 4.9 Hz, 8H).
BC NMR* (CD,Cl,): 6 163.4 (dd, YJcr = 248.0 and ¥Jcy = 12.7 Hz),
144.4 (t, ¥Jcg = 8.5 Hz), 112.0 (dd, ¥Jcp = 24.4 Hz and ¥ = 6.2 Hz),
102.7 (t, YJcp = 25.5 Hz), 59.6, 52.2, 45.6. FAB-MS (m/z) (matrix:
DTT/TG = 1:2): 425 ([M + 1]*, 100%). Anal. Calcd for C,,H,gN,F,:
C, 62.25; H, 6.65; N, 13.20. Found: C, 62.32; H, 6.75; N, 13.22.
*Signs of BC-p coupling constants in the 13C NMR spectrum of la
have not been considered.

2a: Yield 56%. Mp: 200.0—201.0 °C. 'H NMR (CD,ClL,): § 7.25—
7.42 (m, 10H), 3.56 (s, 4H), 2.56—2.64 (m, 18H). *C NMR
(CD,CL,): & 140.26, 129.6, 128.6, 127.4, 60.3, 52.1, 45.6. FAB-MS (m/
z) (matrix: DTT/TG = 1:2): 353 ([M + 1]%, 100%). Anal. Calcd for
Cy,H;,N,: C, 74.96; H, 9.15; N, 15.89. Found: C, 75.09; H, 9.19; N,
13.90.

3a: Yield 45%. Mp: 98.5—100.2 °C. 'H NMR (CD,CL): § 7.24—
7.35 (m, 8H), 7.07 (t, ] = 7.3 Hz, 2H), 6.91-7.02 (m, 8H), 3.53 (s,
4H), 2.49-2.65 (m, 18H). 3C NMR (CD,Cl,): § 157.7, 156.7, 135.0,
130.8, 130.1, 123.6, 119.2, 118.9, 59.4, 52.1, 45.6. FAB-MS (m/z)
(matrix: DTT/TG = 1:2): 537 ([M + 1]%, 20%). Anal. Calcd for
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C;,H,oN,O,: C, 76.09; H, 7.51; N, 10.44. Found: C, 76.14; H, 7.53;
N, 10.39.

4a: Yield 77%. Yellow oil. 'H NMR (CD,CL,): & 7.13—-7.23 (m,
12H), 6.91-7.03 (m, 16H), 3.53 (s, 4H), 2.51-2.69 (m, 18H). °C
NMR (CD,CL): 6 1483, 147.1, 134.4, 130.3, 129.6, 124.38, 124.36,
123.0, 59.7, 52.1, 45.9. FAB-MS (m/z) (matrix: DTT/TG = 1:1): 687
([M + 177, 20%). Anal. Calcd for C,sHN¢+H,O: C, 78.37; H, 7.43;
N, 11.92. Found: C, 78.25; H, 7.38; N, 11.63.

5a: Yield 43%. Mp: 134.0—134.8 °C. 'H NMR (CD,CL,): § 8.14—
8.20 (m, 2H), 7.85—7.91 (m, 2H), 7.80 (d, J = 8.1 Hz, 2H), 7.40—7.57
(m, 8H), 4.01 (s, 4H), 2.63 (s,16H). *C NMR (CD,Cl,): § 135.3,
134.2, 132.8, 129.0, 128.0, 127.8, 1264, 125.9, 125.8, 124.1, 58.2, 52.7,
45.8. FAB-MS (m/z) (matrix: DTT/TG = 1:1): 687 ([M + 1], 20%).
Anal. Caled for C30Hz6N,: C, 79.60; H, 8.02; N, 12.38. Found: C,
79.38; H, 8.05; N, 12.42.

6a: Yield 69%. Mp: 223.5—224.9 °C. "H NMR (CD,CL): 5 8.47 (s,
2H), 8.28 (d, ] = 9.0 Hz, 4H), 8.04 (d, ] = 8.5 Hz, 4H), 7.47 (t, ] = 7.6
Hz, 4H), 7.21 (t, ] = 7.6 Hz, 4H), 442 (s, 4H), 2.63 (d, ] = 8.1 Hz,
16H). *C NMR (CD,CL): § 132.0, 131.8, 130.0, 130.3, 128.0, 126.6,
125.4, 1249, 52.9, 52.4, 45.7. FAB-MS (m/z) (matrix: DTT/TG =
1:2): 553 ([M + 1]%, 100%). Anal. Caled for CyH,oN,: C, 82.57; H,
7.29; N, 10.14. Found: C, 82.24; H, 7.26; N, 10.09.

7a: Yield 28%. Mp: 165.2—166.1 °C (dec). 'H NMR (CD,CL): §
845 (d, J = 9.3 Hz, 2H), 821 (d, J = 7.5 Hz, 2H), 7.90-8.14 (m,
14H), 4.28 (s, 4H), 2.55-2.73 (m, 16H). 3*C NMR (CD,CL): &
133.6, 131.8, 1312, 130.9, 130.0, 128.5, 127.9, 127.8, 1274, 126.3,
125.5, 125.4, 125.24, 125.23, 125.1, 123.7, 583, 52.9, 46.0. FAB-MS
(m/z) (matrix: DTT/TG = 1:2): 601 ([M + 1]*, 50%). Anal. Calcd
for C,HyoN,: C, 83.96; H, 6.71; N, 9.33. Found: C, 84.02; H, 6.83; N,
9.20.

Preparation of Metal lon Complexes. The ligand (0.0151
mmol) in chloroform (1 mL) was added to the corresponding metal
salt (AgOTf, Cu(OTf),, or HgCl,) (0.0153 mmol) in methanol (1
mL). Crystals were obtained quantitatively on evaporation of the
solvent.

1a/AgOTE. Anal. Caled for CpyH,oN,F,0,5Ag: C, 40.54; H, 4.14;
N, 8.22. Found: C, 40.64; H, 3.66; N, 7.95.

2a/AgOTf. Anal. Calcd for C,3H;,N,F;0;SAg: C, 45.33; H, 5.29;
N, 9.19. Found: C, 45.15; H, 5.41; N,8.95.

3a/AgOTf. Anal. Caled for C3;H,0N,F;0;SAg: C, 52.97; H, 5.08;
N, 7.06. Found: C, 53.06; H, 5.02; N, 7.01.

4a/AgOTH. Anal. Calcd for C,;H,N¢F;0;SAg: C, 59.81; H, 5.34;
N, 8.90. Found: C, $9.67; H, 5.18; N, 8.85.

Sa/AgOTf. Anal. Caled for C;H3N,F;0,;SAg+0.8CHCl;: C,
47.44; H, 4.61; N, 6.96. Found: C, 47.39; H, 4.29; N, 6.96.

6a/AgOTf. Anal. Caled for CzH,N,F;0;SAg+0.6CHCl;: C,
53.97; H, 4.64; N, 6.36. Found: C, 54.07; H, 4.62; N, 6.42.

7a/AgOTf. Anal. Caled for Cy;H,N,F;0;SAg+0.1CHCl;: C,
59.53; H, 4.65; N, 6.44. Found: C, 59.28; H, 4.42; N, 6.46.

7a/CuOTf,. Anal. Calcd for C,H,oN,FOS,Cu: C, 54.91; H, 4.19;
N, 5.82. Found: C, 54.94; H, 3.93; N, 5.73.

6a/HgCl,. Anal. Calcd for C33H,N,ClL,Hg+1.3CHCl;: C, 48.19; H,
425; N, 5.72. Found: C, 48.27; H, 4.22; N, 5.92.

Crystals of the metal complexes with 1a—7a were mounted on top
of a glass fiber, and data collections were performed using a Bruker
SMART CCD area diffractometer at 90—223 K. Data were corrected
for Lorentz and polarization effects, and absorption corrections were
applied using the SADABS'® program. Structures were solved by a
direct method and subsequent difference-Fourier syntheses using the
program SHELEX."" All non-hydrogen atoms were refined anisotropi-
cally, and hydrogen atoms were placed at calculated positions and then
refined using Uy (H) = l.ZUEq(C). The crystallographic refinement
parameters of the complexes are summarized in Table 1.
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