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New biionic transition metal complexes based
on the salen ligands: synthesis and application as synthons
in the preparation of chiral homo- and heterobimetallic systems
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A new approach was used for the development of chiral homo- and heterobimetallic sys-
tems resulting in the preparation of four original bimetallic systems, two of which were studied

by X-ray diffraction.
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Studies in the field of asymmetric metal complex ca-
talysis have been conducted already for quite a while, and
various efficient chiral catalytic systems have been devel-
oped since then.1=4 It was found that the best results (the
yields >99%, the ee up to 99%) are shown by binuclear
catalytic systems, in which the metal ions are fixed in
space with respect to each other,5~7 and such a fixation of
metals can be due to either the covalent bond system,3—12 or
noncovalent!3 interactions. In the overwhelming majority
of cases, such binuclear catalytic systems are homobi-
metallic. In the first place, this is because the polydentate
ligands capable of retaining two (or more) metal ions at
the fixed distance by the covalent bond system are used for
their synthesis, but such an approach does not guarantee
obtaining heterobimetallic systems. As of this moment,
only a limited number of methods for the synthesis of
heterobimetallic systems are known;14—18 however, most
of them cannot be virtually used for the synthesis of sys-
tems based on two different transition metals.

Taking this into account, we set us a purpose to develop
a simple method for the synthesis of bimetallic systems,
which would have allowed us to equally easily obtain both
the homo- and heterobimetallic systems.

Our approach is based on the idea of mutual fixation of
two separate molecules of metal complexes with respect to
each other by electrostatic interaction. Initially, complexes
of different metals are prepared separately, and only then they
are used to form bimetallic homo- or heterobimetallic
systems. The authors of the work!® used an approach, which
has something in common with ours, but differing in the fact
that a chiral organic anion of the BINOL phosphoric acid
derivative was a counter ion at the achiral manganese com-
plex in the "ion-pair” catalyst A developed by the authors.?

We have chosen complexes of chiral tetradentate
ligands, which are the Schiff bases of (R,R)-diaminocyclo-
hexane with substituted salicylaldehydes (salens) bearing
charged functional groups (B), as the first model systems.
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Sulfo groups were chosen as the anionic and trimethyl-
ammonium groups as the cationic groups. The choice of
such a system was stipulated by the fact that salen-based
catalysts in most cases display excellent results in the enan-
tioselective formation of C—C and C—N bonds (see
Refs 20 and 21).

Results and Discussion

Synthesis of ligands with anionic groups involves the
use of 3-zert-butyl-5-sulfosalicylaldehyde disodium salt as
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the starting compound. Such a Schiff base (1) has been
described earlier,2? but we modified this method using
(1R,2R)-1,2-diaminocyclohexane as a free base, as it is
shown in Scheme 1, rather than its salt with (R, R)-tartaric
acid, as in the original?? work.

This method seems to be more simple and convenient,
since it does not require additional purification of ligand 1
from the tartrate impurities.

Further, we developed a procedure for the synthesis of
the second ligand 5 required for the study (Scheme 2).

It was found that direct reduction of 3-fert-butyl-5-nitro-
salicylaldehyde with hydrogen with simultaneous reduc-
tive methylation of the amino group with formaldehyde
leads to the key intermediate product, viz., 3-tert-butyl-5-
dimethylaminosalicylaldehyde; however, it has proved
unstable, and we rejected this approach. That is why we
have chosen the method using a salicylaldehyde triacetyl
derivative, viz., 2-(diacetoxymethyl)-6-tert-butyl-4-nitro-
phenyl acetate (2),23 as the starting compound. Compound 2
was also reduced with hydrogen with simultaneous meth-
ylation, that allowed us to obtain 2-(diacetoxymethyl)-6-
tert-butyl-4-(dimethylamino)phenyl acetate (3) stable
even during prolonged storage. The reaction of compound 3
with (1R,2R)-1,2-diaminocyclohexane (R,R)-tartrate
in aqueous ethanol in the presence of potash led
to (1R,2R)-1,2-bis-{[3-tert-butyl-5-(dimethylamino)-2-
hydroxyphenyl]methyleneamino}cyclohexane (4). The
reaction of methyl iodide with compound 4 in MeCN
afforded the target compound 5. Note that, despite seem-
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ing feasibility and simplicity of the synthesis, compounds
2—5 were obtained for the first time.

Thus obtained ligands 1 and 5 were converted to the
corresponding complexes upon the action of copper(ir)
and nickel(11) acetates in methanol (Scheme 3).
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Complexes 6 and 7 are colored powders, poorly solu-
ble in both water and most organic solvents, except meth-
anol. These complexes were obtained for the first time and
characterized by elemental analysis, UV spectroscopy, and
NMR (for compounds 6a and 7a).

For the synthesis of binuclear metal-containing sys-
tems, solutions of complexes 6 and 7 in methanol were
mixed in pairs in equimolar ratios, which led to the forma-
tion of compounds 8—11 as precipitates (Scheme 4).

Elemental analysis of complexes 8—11 showed that
these compounds contain no iodine and in complexes 9
and 10 the ratio of metals Cu: Ni = 1:1. Since such
compounds were obtained for the first time, it was of in-
terest to study their structures. Single crystals of com-
plexes 9 and 10 were grown from methanol solutions.
The structures of the synthesized compounds are given in
Figs 1 and 2.

The X-ray diffraction study showed that the planes of
the complex "halves" are at a distance of about 3.6 A with
respect to each other, whereas the distance between the
metal atoms is 5 A. In both complexes (9 and 10), one
methanol molecule is coordinated to the Cu atom.

In conclusion, we developed a new method for the
design of bimetallic salen systems, which allows the syn-
thesis of both homo- and heterobinuclear catalytic sys-
tems with equal simplicity. At the present time, we con-
duct studies on catalytic activity and stereodifferentiating
ability of the obtained chiral binuclear metal complex sys-
tems in the reactions with the C—C bond formation.

Experimental

The 'H and '3C NMR spectra were recorded on a Bruker
AVANCE 300 spectrometer (300 MHz and 75.5 MHz, respec-
tively) using residual signals for the undeuterated solvent as an
internal standard (\H NMR). Optical rotation was measured on
a Perkin—Elmer 241 polarimeter in a 5-cm thermostated cell at
25 °C. Elemental analysis for the compounds obtained was per-
formed in the Elemental Analysis Laboratory of the A. N. Nes-
meyanov Institute of Organoelement Compounds of the Russian
Academy of Sciences. The C, H, and N contents were deter-
mined on a Carlo Erba 1106 instrument, the S content was de-
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Fig. 1. The structure of complex 9. Hydrogen atoms and the solvent molecules are not shown.

Fig. 2. The structure of complex 10. Hydrogen atoms and the solvent molecules are not shown.

termined by the Schoniger method, the Cu and Ni contents,
by X-ray fluorescence analysis on a VRA 30 instrument. Elec-
tronic absorption spectra were recorded on a Specord M-40 spec-
trometer (Carl Zeiss, Jena). All the starting reactants (Aldrich or
Acros) were used without additional purification. (R,R)-Di-
aminocyclohexane was obtained by resolution of racemic 1,2-di-

aminocyclohexane through the formation of diastereomeric salt
with (1R,2R)-tartaric acid®¥ and subsequent liberation of the
free base, i.e., (R,R)-diaminocyclohexane, using the known pro-
cedure.?5 According to the GLC data, the enantiomeric purity
of (1R,2R)-cyclohexanediamine in the formed salt is 99%
(a 25 mx0.23 mm ID quartz capillary column, 12 um DP-TFA-
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B-CD, T., = 140°C, N, carrier gas, 1.8 atm, retention time
11.2 min). 3-tert-Butyl-5-sulfosalicylaldehyde disodium salt was
obtained using the known procedure.22 3-tert-Butyl-5-nitro-
salicylaldehyde was obtained according to the standard proce-
dure by nitration of 3-fert-butylsalicylaldehyde in acetic acid.2®
Properties of the starting compounds obtained by these proce-
dures completely corresponded to the literature data.

The unit cell parameters and intensities of reflections for the
crystals of compounds 9 and 10 were measured on a Bruker
SMART APEX Il CCD automatic diffractometer (7= 100 K,
AMo-Ko radiation, graphite monochromator, ¢- and m-scan
technique). The absorption correction was applied using the
SADABS program.?’ The basic crystallographic data are given in
Table 1. The structures of the compounds were solved by direct
methods and refined by the full-matrix least squares method with
anisotropic displacement parameters for nonhydrogen atoms.
Crystals of both compounds contain two independent formula units
per asymmetric unit. Two of four sulfo groups in different anions of
compound 9 and all four sulfo groups in the anions of compound 10
are disordered over two positions related by the rotation around
the C—S single bond with occupancies 0of 0.5:0.5,0.5:0.5,0.7: 0.3,
0.5:0.5,0.7 : 0.3, and 0.5 : 0.5, respectively. Crystals of both
compounds contain methanol and water solvent molecules. In
the crystal of compound 10, twelve methanol solvent molecules
(one of which has partial occupancy of 0.5) and ten water sol-
vent molecules (one of which is disordered over two positions

with occupancies of 0.6:0.4 and one has partial occupancy
of 0.5) were refined with anisotropic displacement parameters for
nonhydrogen atoms. Methanol and water solvent molecules in
the crystal of compound 9 are considerably disordered and it was
impossible to correctly refine their positions in the framework of
the experiment performed. Therefore, the contribution of these
molecules to the total scattering from the crystal of compound 9
was removed using the SQUEEZE program implemented in the
PLATON9S program package.?® The total amount of solvent
molecules in the crystal of compound 9 was determined based on
the data from the SQUEEZE program, which showed that the
number of electrons in the free volume of its unit cell is equal to
158, as well as based on the isostructurality of crystals of com-
pounds 9 and 10 (see Table 1). The hydrogen atoms in methanol
and water solvent molecules in compound 10 were located in the
difference Fourier maps and refined with fixed positional and
thermal parameters. The other hydrogen atoms in both com-
pounds were positioned geometrically and refined isotropically
with the fixed positional (the riding model) and thermal (U;,,(H) =
= 1.5U4(C) for the CH; groups and Ujo(H) = 1.2U,4(C) for all
other groups) parameters. The absolute structures of compounds
9.6CH;0H-5H,0 and 10-5.75CH;0H-4.75H,0 were
determined by the refinement of the Flack parameter (see Table 1).
All the calculations were performed using the SHELXTL program
package.?? The tables of the atomic coordinates, bond distances,
bond and torsion angles, and anisotropic temperature parameters

Table 1. Basic crystallographic data and structure refinement statistics for compounds 9 - 6CH;OH - 5H,0 and

10-5.75CH;OH - 4.75H,0

Compound

9.6CH;OH - 5H,0

10-5.75CH;0H-4.75H,0

Molecular formula
Crystal size, mm

CoH124N602,S,NiCu
0.02x0.25x0.25

Ceg.75H122.5N6021 55, NiCu
0.15x0.18x0.21

Molecular weight 1576.11 1563.60
T/K 100 100
Crystal system Triclinic Triclinic
Space group P1 P1
a/A 8.947(6) 8.6649(6)
b/A 15.316(11) 15.4052(10)
c/A 29.58(2) 30.615(2)
o/deg 77.166(16) 78.719(2)
B/deg 84.593(16) 87.894(2)
y/deg 88.734(16) 88.695(2)
V/A3 3935(5) 4004.5(5)
Z 2 2
dp1e/g cm™3 1.330 1.297
F(000) 1690 1676
p/mm=! 0.636 0.624
20max/deg 50 53
Number of reflections

measured 33911 40021

independent 27200 32249

with 1> 2c(]) 13820 19512
Number of refinement parameters 1285 1720
R, (I>20(1)) 0.0771 0.0718
wR; (all reflections) 0.2033 0.1846
GOOF 0.851 1.003
Flack parameter 0.036(15) 0.028(14)
Tmin/ Tmax 0.857/0.987 0.880/0.912
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for compounds 9-6CH;0H - 5H,0 and 10-5.75CH;0H - 4.75H,0
were deposited with the Cambrige Structural Database.
(1R,2R)-Cyclohexane-1,2-diylbis(2-azaethenyl-3-zerz-butyl-
2-hydroxybenzo-5-sulfonic acid) disodium salt (1). (1R,2R)-1,2-
Diaminocyclohexane (151 mg, 1.32 mmol) was added to a solu-
tion of 3-tert-butyl-5-sulfosalicylaldehyde disodium salt (800 mg,
2.65 mmol) in methanol (5 mL). The mixture was refluxed for
6 h, then the solvent was evaporated on a rotary evaporator, and
the residue that was obtained was dried using a vacuum oil pump
to yield a dark yellow product (870 mg, 96%), which was used
without additional purification, [a]p?® —152 (¢ 0.01 MeOH).
'H NMR (300 MHz, CD;0D), &: 8.45 (s, 2 H, CHN); 7.76
(d,2H, Ar,/=2.15Hz);7.61 (d,2 H, Ar,/=2.14 Hz); 3.50—3.53
(m, 2 H, CH, diaminocyclohexane); 1.7—1.97 (m, 4 H, CH,
diaminocyclohexane); 1.4—1.7 (m, 4 H, CH,, diaminocyclo-
hexane); 1.32 (s, 18 H, C(CH3);). 3C NMR (75.5 MHz,
CD;0D), &: 166.61, 163.64, 159.72, 156.85, 138.68, 135.63,
126.64, 118.82, 73.15, 35.94, 34.01, 29.71, 25.25. Found (%):
C,52.57;H,5.61;N,4.33; S,9.91; Na, 7.32. Co,gH34N,Na,0¢S,.
Calculated (%): C, 52.65; H, 5.68; N, 4.39; S, 10.04; Na, 7.20.
2-(Diacetoxymethyl)-6-zerz-butyl-4-nitrophenyl acetate (2).
3-tert-Butyl-5-nitrosalicylaldehyde (2) (4.56 g, 20 mmol) was
dissolved in acetic anhydride (6.6 mL) with heating to 50 °C.
After 2 was completely dissolved, concentrated sulfuric acid (one
drop) was added to the solution. The precipitate that formed was
filtered off, washed with water, dried in air, and recrystallized
from hexane to yield a cream product (5.28 g, 72%), m.p.
122—123°C. "H NMR (300 MHz, CDCly), 8: 8.4 (s, 1 H Ar);
8.36 (s, 1 H, Ar); 7.76 (s, | H, CH(OCOCH3),); 2.41 (s, 3 H,
OCOCH;); 2.12 (s, 6 H, (OCOCH3;),); 1.39 (s, 9 H, C(CHj)3).
13C NMR (75.5 MHz, CD5Cl), 8: 169.17, 168.24, 151.66, 145.64,
144.76, 131.55, 124.28, 121.69, 83.75, 35.5, 30.21, 21.2, 20.64.
Found (%): C, 55.64; H, 5.85; N, 3.73. C;;H,;NOj. Calcula-
ted (%): C, 55.58; H, 5.76; N, 3.81.
2-(Diacetoxymethyl)-6-zerz-butyl-4-(dimethylamino)phenyl
acetate (3). A 10%Pd—C catalyst (0.6 g) was added to a solution
of compound 2 (2.5 g, 6.8 mmol) and formaldehyde (5 mL) in
ethanol (30 mL), and the reaction mixture was stirred for 72 h at
room temperature and atmospheric pressure of hydrogen. The
reaction progress was monitored by TLC using light petro-
leum—acetone (10 : 1) as an eluent. After the reaction was com-
pleted, the mixture was filtered from the catalyst, and the filtrate
was concentrated to obtain a dark yellow oil, which was recrys-
tallized from hexane to yield a cream product (2.1 g, 85%) with
m.p. 93—94 °C. 'H NMR (300 MHz, CDCly), &: 7.71 (s, | H,
CH(OCOCH;),); 6.84 (s, 1 H, Ar); 6.8 (s, 1 H, Ar); 2.96 (s, 6 H,
(OCOCHs;),); 2.33 (s, 3 H, 3 H, OCOCHs); 2.09 (s, 6 H,
N(CHj3),); 1.33 (s, 9 H, C(CH;);). 13C NMR (75.5 MHz,
CD;0D), &: 172.53, 170.22, 168.17, 150.18, 143.65, 139.22,
130.62, 114.57, 110.62, 86.91, 41.21, 36.08, 31.11, 21.53, 20.67.
Found (%): C, 62.52; H, 7.53; N, 3.78. C;gH,;NOy. Calcula-
ted (%): C, 62.45; H, 7.45; N, 3.83.
(1R,2R)-1,2-Bis-{[3-tert-butyl-5-(dimethylamino)-2-hydr-
oxyphenyl]methyleneamino}cyclohexane (4). (R,R)-Diamino-
cyclohexane L-tartrate (361 mg, 2.74 mmol) and K,CO5 (3.78 g,
27.4 mmol) were dissolved in a water—ethanol mixture (1 : 1, 10 mL)
with heating followed by the slow (dropwise) addition of a solu-
tion of compound 3 (1 g) in ethanol (10 mL) to the solution
obtained. The reaction mixture was heated for 2 h at 80 °C,
cooled, and kept for 16 h. The solution that was obtained was
half concentrated, diluted with water to the initial volume, fil-

tered, and washed with water and a small amount of ethanol to
y i e 1 d
a yellow product (527 mg, 37%). M.p. 110—112 °C, [a] 525 —308
(c 0.01 MeOH). 'H NMR (300 MHz, CDCl5), &: 8.25 (s, 2 H,
CHN); 6.89 (d,2 H, Ar, /=29 Hz);6.43 (d, 2 H, Ar, /=2.9 Hz);
3.25—3.40 (m, 2 H, CH, diaminocyclohexane); 2.76 (s, 12 H,
N(CH3),); 1.82—2 (m, 4 H, CH,, diaminocyclohexane);
1.5—1.8 (m, 4 H, CH,, diaminocyclohexane); 1.41 (s, 18 H,
C(CH;);). BCNMR (75.5 MHz, CDCls), 8: 165.8, 153.3, 143.3,
137.5,118.3,114.6,72.43,42.4,34.9, 33.1, 29.3, 24.3; Found (%):
C, 73.62; H, 9.32; N, 10.66. C;9gH,;NOg¢. Calculated (%):
C, 73.81; H, 9.29; N, 10.76.

(1R,2R)-Cyclohexane-1,2-diylbis(2-azaethenyl)(3-zert-butyl-
2-hydroxy-5-trimethylammoniobenzene) iodide (5). Compound 3
(450 mg, 1.7 mmol) was dissolved in dry MeCN (15 mL) fol-
lowed by the addition of CH;I (1.1 mL, 17.3 mmol) to the solution
obtained. The mixture was stirred for 20 h and diluted with di-
ethyl ether (15 mL). The precipitate that formed was filtered off
and washed with a small amount of diethyl ether to yield a yellow
product (500 mg, 72%) with m.p. 206—208 °C, [a]p® —183
(c 0.01 MeOH). '"H NMR (300 MHz, CD;0D), &: 8.64 (s, 2 H,
CHN);7.85(s,2H, Ar,/J=3.3Hz);7.61 (s,2 H, Ar, /= 3.3 Hz);
3.63 (s, 18 H, N(CH3)3); 3.59—3.65 (m, 2 H, CH, diaminocy-
clohexane); 1.93—2.06 (m, 4 H, CH,, diaminocyclohexane);
1.57—1.86 (m, 4 H, CH,, diaminocyclohexane); 1.42 (s, 18 H,
C(CHj);). 3C NMR (300 MHz, CD;0D), &: 166.18, 162.94,
141.21, 138.43, 122.76, 121.7, 119.51, 72.83, 58.15, 36.63, 33.83,
29.54,25.24). Found (%): C, 73.62; H, 9.32; N, 10.66. C;gH,;NOj.
Calculated (%): C, 73.81; H, 9.29; N, 10.76.

Nickel(i1) (1R,2R)-cyclohexane-1,2-diylbis(2-azaethenyl)-
bis(3-tert-butyl-2-oxybenzene-5-sulfonate) disodium salt (6a).
A solution of nickel acetate tetrahydrate (19.9 mg, 80 pumol) in
methanol (5 mL) was added to a solution of compound 1
(54.6 mg, 80 umol) in methanol (1 mL). The solution that was
obtained was stirred for 12 h. The precipitate that formed was
filtered off and washed with a small amount of cold water and
a small amount of cold methanol to yield an orange product
(38 mg, 68%), [a] 2> —460 (¢ 0.01 MeOH). 'H NMR (300 MHz,
DMSO-dyg), 8: 7.69 (s, 2 H, CHN); 7.55 (s, 2 H, Ar); 7.4 (s, 2 H,
Ar); 3.11 (m, 2 H CH, diaminocyclohexane); 3.3 (m, 4 H, CH,,
diaminocyclohexane); 1.31 (s, 18 H, C(CH3)3); 1.25 (m, 4 H,
CH,, diaminocyclohexane). '3C NMR (300 MHz, DMSO-dy),
8:162.97, 159.02, 138.06, 133.42, 129.08, 127.58, 118.9, 69.66,
35.03,29.32,28.2,23.88. UV (CH;0H), A, /nm (e/L g~ m~1):
334 (1117); 409 (939). Found (%): C, 48.29; H, 4.98; N, 4.00;
Na, 6.57; Ni, 8.4; S, 9.16. C,gH34N,Na,NiOgS,. Calculated (%):
C, 48.36; H, 4.93; N, 4.03; Na, 6.61; Ni, 8.44; S, 9.22.

Copper(i1) (1R,2R)-cyclohexane-1,2-diylbis(2-azaethenyl)-
bis(3-zert-butyl-2-oxybenzene-5-sulfonate) disodium salt (6b) was
obtained similarly to 6a from compound 1 (54.6 mg, 80 umol)
and copper acetate monohydrate (16 mg, 80 umol). The yield of
violet product 6b was 41 mg (73%), [o] p2°> —167 (¢ 0.01 MeOH).
UV (CH;0H), Ay, /nm (e/L g~ m~1): 363 (1408); 573 (61).
Found (%): C, 47.97; H, 4.93; Cu, 9.0; N, 3.98; Na, 6.53;
S, 9.11. CygH34N,Na,CuOgS,. Calculated (%): C, 48.03; H, 4.89;
Cu, 9.07; N, 4.00; Na, 6.57; S, 9.16.

(1R,2R)-Cyclohexane-1,2-diylbis(2-azaethenyl)bis(3-zert-
butyl-2-o0xy-5-trimethylammoniobenzene)nickel(11) diiodide (7a)
was obtained similarly to 6a from compound 5 (64.3 mg, 80 umol)
and nickel acetate tetrahydrate (19.9 mg, 80 umol). The yield of
orange product 7a was 57 mg (83%), [o] > —326 (¢ 0.01 MeOH).



1618  Russ.Chem.Bull., Int.Ed., Vol. 60, No. 8, August, 2011

Bolotov et al.

'"H NMR (300 MHz, DMSO-dg), 8: 7.94 (d, 2 H, Ar, J= 2.8 Hz);
7.84 (s, 2 H, CHN); 7.47 (d, 2 H, J = 2.7 Hz); 3.54 (s, 18 H,
N(CHj;)3); 3.29 (m, 4 H, CH,, diaminocyclohexane); 3.2 (s, 2 H,
CH, diaminocyclohexane); 1.35 (s, 18 H, C(CHj3)3); 1.33 (m, 4 H,
CH,, diaminocyclohexane). 13C NMR (300 MHz, DMSO-dy),
8:162.42, 159.17, 141.15, 133.49, 123.04, 120.9, 119.31, 69.71,
56.28, 35.71, 29.01, 28.38, 23.64. UV (CH;3;0H); A,/nm
(¢/L g~ m~1): 334 (776); 409 (620). Found (%): C, 47.37;
H, 6.12; 1, 29.33; N, 6.47; Ni, 6.8. C34H5,I,N,NiO,. Calculat-
ed (%): C,47.41; H, 6.09; 1, 29.47; N, 6.50; Ni, 6.81.

(1R,2R)-Cyclohexane-1,2-diylbis(2-azaethenyl)bis(3-zert-
butyl-4-o0xy-5-trimethylammoniobenzene)copper (1) diiodide (7b)
was obtained similarly to 6a from compound 5 (64.3 mg, 80 umol)
and copper acetate monohydrate (16 mg, 80 pmol). The yield of
the violet product was 62 mg (89%), [o] p2°> —108 (c 0.01 MeOH);
UV (CH;0H), Apa/nm (/L g~ m~1): 359 (1291), 575 (51).
Found (%): C, 46.99; H, 6.10; Cu, 7.3; I, 29.07; N, 6.42.
C;34Hs,Cul,N4O,. Calculated (%):C, 47.15; H, 6.05; Cu, 7.34;
I,29.30; N, 6.47.

Nickel(11) (1R,2R)-cyclohexane-1,2-diylbis(2-azaethenyl)-
bis(3-tert-butyl-2-hydroxy-5-trimethylammoniobenzene)nickel(i1)
(1R,2R)-cyclohexane-1,2-diylbis(2-azaethenyl)bis(3-zerz-butyl-
2-oxybenzene-5-sulfonate) (8). A solution of nickel acetate tet-
rahydrate (10 mg, 40 umol) in methanol (5 mL) was added to
asolution of compound 1 (27.3 mg, 40 umol) in methanol (1 mL).
A solution of nickel acetate tetrahydrate (10 mg, 40 pmol) in
methanol (5 mL) was added to a solution of compound 5
(32.2 mg, 40 pmol) in methanol (1 mL). The solutions were
stirred for 12 h, and then methanol was added to each solution
until precipitates that formed were completely dissolved. Two
solutions of thus obtained complexes were mixed, stirred for
12 h, and concentrated to dryness on a rotary evaporator. The
dry residue that was obtained was washed on a filter with a small
amount of cold water and a small amount of cold methanol to
yield an orange product (26 mg, 52%), [a]p® —478 (c 0.01
DMSO0). UV (DMSO), Aya/nm (/L g=' m~1): 334 (1194), 411
(914). Found (%): C, 59.03; H, 6.94; N, 6.64; Ni, 9.3; S, 5.06
CgoHggNgNiy04S,. Calculated (%): C, 59.25; H, 6.90; N, 6.69;
Ni, 9.34; S, 5.10.

Nickel(11) (1R,2R)-Cyclohexane-1,2-diylbis(2-azaethenyl)bis-
(3-tert-butyl-2-oxy-5-trimethylammoniobenzene)copper (i1)
(1R,2R)-cyclohexane-1,2-diylbis(2-azaethenyl)bis(3-zerz-butyl-
2-oxybenzene-5-sulfonate) (9). The nickel complex was obtained
from compound 1 (27.3 mg, 40 umol) and nickel acetate tetra-
hydrate (10 mg, 40 umol) similarly to complex 8. The copper
complex was obtained from compound 5 (32.2 mg, 40 umol) and
copper acetate monohydrate (8 mg, 40 umol). The yield of the
brown product was 26 mg (52%), [a]p> —308 (¢ 0.01 MeOH).
UV (CH30H), Ap,/nm (e/L g~ m~1): 357 (1348), 566 (44).
Found (%): C, 58.59; H, 6.74; Cu, 5.1; N, 6.70; Ni, 4.7; S, 5.11.
CgoHggCuNgNiO,S,. Calculated (%): C, 59.02; H, 6.87; Cu,
5.04; N, 6.66; Ni, 4.65; S, 5.08.

Copper(11) (1R,2R)-cyclohexane-1,2-diylbis(2-azaethenyl)-
bis(3-zert-butyl-2-hydroxy-5-trimethylammoniobenzene)nickel (1)
(1R,2R)-cyclohexane-1,2-diylbis(2-azaethenyl)bis(3-zerz-butyl-
2-oxybenzene-5-sulfonate) (10). Nickel complex 10 was obtained
from compound 5 (32.2 mg, 40 umol) and nickel acetate tetra-
hydrate (10 mg, 40 umol) similarly to complex 8; the copper
complex, from compound 1 (27.3 mg, 40 umol) and copper
acetate monohydrate (8 mg, 40 umol). The yield of the brown
product was 30 mg (59%), [a]p? —298 (¢ 0.01 MeOH). UV

(CH30H), A/nm (e/L g~ m~1): 360 (1189), 563 (44). Found (%):
C, 58.78; H, 6.91; Cu, 5.0, N, 6.61; Ni, 4.6; S, 5.04.
CgyHggCuNgNiO(S,. Calculated (%): C, 59.02; H, 6.87; Cu,
5.04; N, 6.66; Ni, 4.65; S, 5.08.

Copper(i1) (1R,2R)-cyclohexane-1,2-diylbis(2-azaethenyl)-
bis(3-tert-butyl-2-oxy-5-trimethylammoniobenzene)copper(ir)
(1R,2R)-cyclohexane-1,2-diylbis(2-azaethenyl)bis(3-zert-butyl-
2-oxybenzene-5-sulfonate) (11). The first copper complex 11 was
obtained similarly to complex 8 from compound 1 (27.3 mg,
40 pmol) and copper acetate monohydrate (8 mg, 40 umol). The
second copper complex was obtained from compound 5 (32.2 mg,
40 umol) and copper acetate monohydrate (8 mg, 40 umol). The
yield of the violet product was 30 mg (59%), [a]p2° —136 (¢ 0.01
MeOH). UV (CH;0H), Ay, /nm (e//L g~ m~1): 362 (1555),
573 (61). Found (%): C, 58.55; H, 6.89; Cu, 9.9; N, 6.58; S, 5.02.
CgoHggCu,yN¢O4S,. Calculated (%): C, 58.79; H, 6.84; Cu,
10.03; N, 6.64; S, 5.06.
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