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Synthesis, spectral and theoretical studies on axial
coordination of dinuclear Salen zinc(IT) complexes

JIA-MEI CHEN, WEN-JUAN RAN*, FENG GAO, RUAN DUAN,
YING-HUI ZHANG and ZHI-ANG ZHU

Department of Chemistry, Nankai University,
Tianjin 300071, P.R. China

(Received 2 February 2006, revised 5 August 2006, in final form 16 August 2006)

Two dinuclear chiral Salen Zn(II) complexes Zn,L (L= N,N'-(1R,2R)(—)-1,2-cyclohexylene-
bis(3-hydroxybenzylideneimine)) and Zn,L'(OAc), (L'=N,N'-(1R,2R)(—)-1,2-cyclohexylene-
bis(3-methoxybenzylideneimine)) with compartmental, potentially hexadentate Schiff-base
ligands L and L’ have been synthesized and characterized by elemental analyses, 'H NMR,
mass spectra, UV-Vis spectra and circular dichroism spectra. Their axial coordination with
N-containing monodentate ligand (imidazole) and bidentate bridging ligands (ethylenediamine
and 1,2-propylenediamine) have been studied by circular dichroism spectral titration, UV-Vis
spectral titration and molecular modeling. The results of thermodynamic study, including
standard association constants (K?), and thermodynamic parameters (AHY, ASEL AGY),
together with the energy obtained from molecular modeling suggest that Zn,L can bind two
monodentate axial ligands or one bidentate ligand via a bridging mode with its two zinc atoms.
However, the complex Zn,L’'(OAc), can bind two bidentate ligands by a mode that each of its
two zinc atoms coordinates to one of the two nitrogen atoms of the bidentate ligand.
A small modification on the structure of a complex leads to a distinct binding mode with a
certain ligand.

Keywords: Salen complexes; Axial coordination; Molecular modeling

1. Introduction

The chemistry of chiral Salen metal complexes has received increasing interest since they
were first prepared and applied in epoxidation of unfunctionalized olefins in the early
1990s by Jacobsen [1] and Katsuki [2]. In the last two decades, many new chiral Salen
complexes [3-6], including monomers, chain dimers and trimers, were designed and
synthesized. Many of these complexes are good asymmetric catalysts for reactions such
as aziridination [7], cyclopropanation [8, 9], epoxide ring opening [10, 11], hetero-Diels-
Alder [12, 13] and sulfimidation [14, 15]. Axial coordination of metal complexes with a
secondary ligand has been widely investigated in molecular recognition [16-20],
molecular assembly [21, 22] and artificial metalloenzymes [23-25]. It has been reported
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that the presence of pyridine N-oxide derivatives has a significant effect on catalytic
rates and total turnovers of the Salen metal catalysts [26]. The presence of organic bases
such as DABCO, pyridine or triethylamine, has been found to give higher yields in
chemical fixation of carbon dioxide catalyzed by a Salen Zn(I1) complex [27]. Studies on
axial coordination of Salen metal complexes with simple ligands can provide a basis for
conceptualizing how Salen metal complexes might catalyze these kinds of reactions and
for exploring how the properties of the Salen metal complexes might be utilized in
developing novel catalysts. On the other hand, optimization of catalytic activities for
a given process is typically achieved through methodically tailoring complexes. To get
a fundamental knowledge of this subject and develop more structurally diverse
catalysts, we have studied the axial coordination of several series of mononuclear
Salen complexes [28—31], dinuclear Salen complexes bridged by a single aliphatic chain
[32, 33] and trinuclear Salen complexes bridged by a crown ether [34]; many of these
complexes showed interesting ligand binding properties.

In this report, starting from bis(salicylaldiminato) Schiff-base complexes, we design
two chiral Salen ligands H4LL and H,L" with N,O4 compartment by adding two O-donor
atoms to the Salen structure. The N>O4 compartment incorporates two Zn(II) ions at
adjacent positions to form chiral dinuclear Zn(II) complexes with only one Salen ligand.
This type of complex can be expected to have novel and distinct axial coordination
behavior. The two chiral Salen ligands H4L and H,L' derived from (R,R)-1,2-
diaminocyclohexane and 2,3-dihydroxy-benzaldehyde or o-vanillin and their dinuclear
chiral Salen Zn(II) complexes Zn,L and Zn,L'(OAc), were synthesized and
characterized. The axial coordination of the two complexes with monodentate
imidazole and bidentate diamines was investigated in detail via circular dichroism
and UV-Vis spectral titrations. Molecular modeling has been carried out to understand
the axial coordination on a molecular level.

2. Experimental

2.1. Materials and chemicals

Chloroform (CHCIl3) was purified by standard methods [35], while other solvents were
analytical grade, used as received. Zinc(Il) acetate, 2,3-dihydroxy-benzaldehyde,
o-vanillin and other reagents were commercial products used without further
purification. (R, R)-1,2-diaminocyclohexane was prepared by a literature procedure [36].

2.2. General procedures

"H NMR spectra were recorded on a Mercury Vx300 NMR spectrometer (300 MHz),
using Me,Si as internal standard. Elemental (C, H and N) analyses were carried out
with a Perkin—Elmer 240C elemental analyzer. Electrospray mass spectra (ES-MS) were
recorded on a Trace DSQ instrument. UV—Vis spectra were measured on a Shimadzu-
265 spectrophotometer with a thermostated cell compartment. Circular dichroism
spectra were recorded on a JASCO-715 spectropolarimeter.
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Scheme 1. Synthesis of Salen ligands H4L, H,L' and their dinuclear Zn(II) complexes.

2.3. Synthesis and characterization

The synthesis of chiral dinuclear Salen Zn(II) complexes is outlined in scheme 1.

2.3.1. H4L. The ligand H4L (N,N'-(1R,2R)(—)-1,2-cyclohexylene-bis(3-hydroxyben-
zylideneimine)) was prepared according to the literature method [37] with some
modifications. To a solution of 276 mg (2mmol) of 2,3-dihydroxy-benzaldehyde in
40 mL methanol, 114 mg (1 mmol) of (R,R)-1,2-diaminocyclohexane in 10 mL methanol
was added dropwise. The resulting solution was refluxed for 4h, cooled to room
temperature and the solvent was removed. The orange solid was purified by silica gel
column chromatography using diethyl ether/petroleum ether (2:1) as eluent and dried
under vacuum.

Yield: 68.2%. Anal. Calcd for C,o0H»,N>O4 (%): C, 67.78; H, 6.26; N, 7.90. Found:
C, 67.54; H, 6.07; N, 8.11. '"H NMR (d¢-DMSO) § (ppm): 13.40 (s, 2H, OH), 8.90
(s, 2H, OH), 8.42 (s, 2H, N=CH), 6.78-6.74 (m, 2H, ArH), 6.75 (t, J=7.2Hz, 2H,
ArH), 6.59 (t, J=6.9 Hz, 2H, ArH), 3.40 (t, /=4.7 Hz, 2H, chiral H), 1.91-1.45 (m, 8H,
aliphatic H). UV-Vis (CHCl3) data: Ama,/nm (log(e/mol™" dm*cm™")): 262.2 (4.689),
307.4 (4.277), 431.4 (3.674). CD (CHCIl;) data: A, /nm (As/molfldm3 cm™'): 270
(4+5.853), 295 (—5.965).

2.3.2. ZmL. To a solution of 354mg (I mmol) of H4L in 3mL methanol, 440 mg
(2mmol) of zinc(IT) acetate in 15 mL methanol was added in one portion, under stirring
at room temperature for 2 h. The precipitated complex was collected by filtration. The
resulting yellow solid was washed with methanol twice and dried under vacuum.
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Yield: 85.6%. Anal. Caled for Zn2C20H13N204 . 2H20 (%)Z C, 4645, H, 429,
N, 5.42. Found: C, 46.40; H, 4.24; N, 5.71. MS (ESI): m/e =480 (M =480). IR (KBr,
em™1): voy 3425, vern 2860, ven 1635 and ve_c 1456. UV-Vis (CHCL,) data: Amax/NM
(log(e/mol~" dm? cm™")): 240.8 (4.325), 283.8 (4.258), 376.6 (3.721). CD (CHCl;) data:
Amax/M (Ag/mol™" dm? em™"): 276 (+4.569), 299 (—4.834), 338 (—4.052), 424 (—4.270).

2.3.3. H,L'. To a solution of 304mg (2mmol) of o-vanillin in 30 mL methanol,
114mg (1 mmol) of (R,R)-1,2-diaminocyclohexane in 10 mL methanol was added
dropwise. The resulting solution was refluxed for 4 h, cooled to room temperature and
the solvent was removed. The yellow microcrystalline product was purified by silica gel
column chromatography using diethyl ether/petroleum ether (1:3) as an eluent, and
dried under vacuum.

Yield: 76.8%. Anal. Calcd for C»,H»cN>Oy4 (%): C, 69.09; H, 6.85; N, 7.32. Found:
C, 69.06; H, 6.83; N, 7.08. '"H NMR (d¢-DMSO) § (ppm): 13.51 (s, 2H, OH), 8.48
(s, 2H, N=CH), 6.98-6.91 (m, 4H, ArH), 6.74 (t, J=7.8Hz, 2H, ArH), 3.72 (s, 6H,
OCH3), 3.42 (t, J=4.4Hz, 2H, chiral H), 1.91-1.48 (m, 8H, aliphatic H). UV-Vis
(CHCl3) data: Apa/nm(log(e/mol™" dm?®cm™")): 240.6 (4.166), 261.4 (4.315), 332.8
(3.680). CD (CHCl;) data: Apa/nm (Ag/mol~'dm?® ecm™1): 254 (+5.063), 275 (—5.300),
333 (—4.785).

2.3.4. Zn,1/'(OAc),. To a solution of 378 mg (1 mmol) of H,L' in 3mL methanol,
440 mg (2mmol) of zinc(Il) acetate in 15 mL methanol was added in one portion and
stirred at room temperature for 2h. The precipitated complex was collected by
filtration. The resulting pale yellow solid was washed with methanol twice and dried
under vacuum.

Yield: 82.4%. Anal. Caled for Zn,CrgH30N>Og (%): C, 49.62; H, 4.80; N, 4.45.
Found: C, 49.91; H, 4.78; N, 4.52. '"H NMR (CDCls) § (ppm): 8.26 (s, 2H, N=CH), 6.81
(d, J=8.1Hz, 4H, ArH), 6.62 (t, J="7.2 Hz, 2H, ArH), 3.89 (s, 6H, OCH3), 3.38 (s, 2H,
chiral H), 2.91 (s, 6H, CH;COO™), 2.00 (s, 8H, aliphatic H). UV-Vis (CHCl;) data:
Amax/nm  (log(e/mol~'dm?em™")): 242.4 (4.422), 273.4 (4.317), 356.8 (3.851). CD
(CHCl3) data: Amaxy/nm (Ag/mol™'dm?’ecm™"): 265 (+4.483), 286 (—4.858), 345
(43.850), 378 (—4.454).

2.4. Circular dichroism spectral titrations

To a solution of 1.0 x 10™*moldm— of Zn,L or Zn,L'(OAc), in CHCIl; was added
a solution of imidazole or diamines in CHCls. The solutions were allowed to incubate for
48 h before the spectra were recorded for equilibrium. Spectra in the range of 600-250 nm
were recorded with [ligand]/[complex] ratios from 0 to 500 at room temperature.

2.5. UV-Vis spectral titrations

The thermodynamics experiments were performed with at least 100-fold excess of the
axial ligands to the dinuclear complexes. Spectra titrations were carried out by
following the changes on the m—x* absorption bands of the zinc(II) complexes
with increasing concentrations of the axial ligands at different temperatures (15, 20, 25,
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and 30°C). Generally, ten samples with a constant concentration (about
2.0 x 10~*moldm™?) of the complexes were used with [ligand]/[complex] ratios from
0 to 3000. The solutions were allowed to incubate for 48 h before the spectra were
recorded for equilibrium. The structures of the axial ligands are shown in scheme 2.

2.6. Molecular modeling

Molecular modeling was carried out with the Tripos force field in Sybyl 6.91 software
(Tripos Inc.) on an SGI Indigo II workstation. Geometry optimization was performed
with a gradient of 0.01kcalmol™'. Using the optimized conformation as initial
conformation, simulated annealing was performed to obtain the minimal energy
conformations of the dinuclear complexes, imidazole, diamines and their adducts.

3. Results and discussion

3.1. CD spectral titration

CD spectral changes of chiral dinuclear complexes, Zn,L and Zn,L'(OAc),, induced by
the addition of imidazole or diamines are shown in figure 1. For Zn,L—Im (imidazole)
(figure 1a) and Zn,L'(OAc),—PD (1,2-propylenediamine) (figure 1b), with the increasing
concentration of the axial ligands, the Cotton effect peaks of the dinuclear complexes
gradually reduced, while new Cotton effect peaks of their corresponding adducts
gradually appear with considerable enhancement in intensity. The decrease in intensity
shows loss of dinuclear complexes, with increase in the amount of the corresponding
adducts in the solution. The isosbestic points observed indicate the complex—ligand
systems are in a state of equilibrium. For Zn,L and diamine systems (figure Ic, d), with
the increasing concentration of diamines, the Cotton effect peaks of the dinuclear
complexes do gradually reduce, but no new Cotton effect peaks arise, which indicates
that their coordination modes probably differ with those above. Comparison of change
in CD spectra of Zn,L with the same concentration of ED (ethylenediamine) and PD is
shown in figure 2, axial coordination capability of Zn,L with ED is stronger than that
with PD.

3.2. UV-Vis spectrophotometric titration

Interactions between the dinuclear complexes and the axial ligands (Im, ED and PD) at
different temperatures were studied by UV-Vis spectroscopy. In solution, the reaction
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Figure 1. Changes in CD spectra of the dinuclear complexes with increasing concentrations of the
axial ligands in CHCl; at 298K: (a) [Zn,L]=5.0x 10" moldm™>; [Im]/[Zn,L]=0-500; (b)
[Zn,L/(OAc),] = 1.0 x 10~*moldm™>; [PD]/[Zn,L/(OAc),]=0-2; (¢) [Zn,L]=5.0 x 10> moldm~>; [ED]/
[Zn,L]=0-5; (d) [Zn,L]=1.0 x 10~*mol dm~3; [PD]/[Zn,L] = 0-5.

between the dinuclear complexes and the axial ligands produces the desired adducts.
By monitoring the changes in UV-Vis spectra, an increase in ligand concentration
caused the formation of more adduct. A series of experiments was carried out with
various axial ligands. The values of the association constants (K), at different
temperatures were evaluated for the reaction represented as follows:

Complex + n Ligand = Adduct

B [Adduct]
"~ [Complex][Ligand]"

M

where [Adduct], [Complex] and [Ligand] represent the equilibrium molar concentra-
tions. The corresponding standard association constant, K’ is given by
K’ = K/(moldm™3)™™.

A representative UV—Vis spectral titration of Zn,L by the addition of imidazole is
shown in figure 3(a). As the decrease of the bands at 390 nm and 285 nm (for Zn,L) and
the increase of the band at 250 nm (for Zn,L-Im adduct), four isosbestic points are
observed, showing a process of the consumption of Zn,L and the production of the
Zn,L-Im adduct. Similar characteristics have also been observed in other complex—
ligand systems.
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Figure 2. Comparison of changes in CD sgectra of Zn,L with the same concentration of diamine ligands:
(a) Free Zn,L, [Zn,L] = 1.0 x 10~*moldm~>; (b) [ED]/[Zn,L] = 5; (c) [PD]/[Zn,L]=5.

Since the thermodynamic experiments were carried out under the conditions with at
least 100-fold excess of the ligand to the complex, the absorbance changes in the
UV-Vis spectra can be analyzed by a linear fit according to equation (2) [38]:

{Ae — Ay
In

m} =n- ln[L]O + anO (2)

where A4, is the absorbance of solution at a certain wavelength at equilibrium, A4 is the
initial absorbance and A, the final absorbance at the same wavelength, [L], is the initial
concentration of the axial ligand; n is a constant indicating the binding ratio of the
ligands to the complexes in complex—ligand coordination systems. A plot of
In{(Ae — Ag)/(Aoo — Ae)} versus In[L], leads to a straight line with slope n and intercept
In K°. Figure 3(b) shows the fit to equation (2) of the Zn,L-Im system at different
temperatures.

As shown in table 1, the binding ratio of imidazole to Zn,L is 2:1, while that of
diamines to Zn,L is 1:1. It is well known that planar mononuclear Zn(II) complexes
can accept only one axial ligand [26, 27], so each zinc of dinuclear Zn,L can bind one
imidazole, and the binding ratio is 2: 1. Similarly, Zn,L binds to one diamine with its
two zinc atoms coordinating with the two nitrogen atoms of diamines. The binding
ratio is 1: 1. Surprisingly, the binding ratio of propylenediamine to Zn,L'(OAc) is 2: 1,
which is similar to that of imidazole to Zn,L. It is possible that each acetate ion in
Zn,L'(OAc), is substituted by one PD. However, UV—Vis spectral titrations generally
provide necessary, but not sufficient, clues to support a binding mode. More clues of
binding will be obtained in the molecular modeling section.

From table 1, it is obvious that the complex—ligand interactions with both
monodentate and bidentate N-donors are considerably weakened at higher tempera-
tures, implying that their adducts are less stable than the dinuclear complexes
themselves. For Zn,L with diamine systems, the standard association constants
decrease in an order K%ED)>K’(PD). The standard association constants are
determined by both steric bulk and electronic effect of the methyl of PD, which
can be seen more clearly in the molecular modeling section. For Zn,L-Im and
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25°C: [Zn,L] =2.0 x 10~*mol dm >, [Im]/[Zn,L] = 0-1000. (b) Fit of the spectrophotometric data at different
temperatures to equation (2). (c) Van’t Hoff plots for the adduct formation reaction of Zn,L with imidazole in

CHCl,.
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Table 1. Standard association constants (K”) for the complex—ligand adduct formation reactions.

Complex Ligand 15°C 20°C 25°C 30°C n
Zn,L Im (1.1£04)x 10> (9.0+0.1) x 10> (7.1£0.2) x 10>  (5.6£0.1)x 10> 2.0
Zn,L ED (244+0.1)x 10" (2.1+0.7)x 10"  (2.0+0.5)x 10"  (1.8+£04)x 10" 0.8
Zn,L PD (5.44+0.1)x10°  (49+02)x10° (42+£02)x10° (3.7£0.1)x10° 0.9
Zn,L/(OAc), PD (1.1£03)x10*  (4.9+02)x 10>  (2.1£0.1)x10° (1.1£0.1)x10° 1.8

Table 2. A H°, A.SY, and A,GY values for the complex-ligand adduct formation reactions.

m> ™ m>

Complex Ligand —AH, (kJmol™") —AS? (Jmol 'K —A:G% (kJmol™")
Zn,L Im 33.6+4.1 57.9+9.8 16.4+£1.8
Zn,L ED 16.0+2.1 15.4+4.1 7.4+£0.9
Zn,L PD 18.5+1.5 492+£22 3.84+0.5
Zn,L/(OAc), PD 113.3£1.7 315.8+£3.1 19.1+£0.3

Zn,1/(OAc),~PD, the standard association constants are much higher, a result of the
difference in coordination mode.

In order to have a better understanding of the thermodynamics of the adduct
formation of the axial ligands with the complexes, it is important and helpful to
consider the enthalpic and entropic contributions. The A, HY and A,S% values for the
adduct formation reactions were calculated from the K’ at four different temperatures
according to the Van’t Hoff equation (equation (3)):

—AH; | ASy

K =27y TR

3)

The enthalpy and entropy changes of adduct formation reactions were determined in
the usual manner from the slopes and intercepts of the linear fit of In K’ to 1/T (see in
figure 3c). The Gibbs free energy changes, A,GY, were calculated from equation (4):

AGY = AHY — TA, S, %)

All the systems were treated by the same procedure and the results are summarized in
table 2. Thermodynamic parameters A, H? , A;S% and A,GY are all negative. Negative
A+HY indicates that the complex-ligand systems give out thermal energy during the
binding process. Meanwhile, the number of species changes to 1 from 2 or 3, therefore,
A.S% are also negative values. These facts imply that the adducts formed in CHCl;
solution are enthalpy stabilized but entropy destabilized. As a result, the negative value
of A;GY, determined by enthalpy and entropy, confirms the binding process is

m?
spontaneous.

3.3. Molecular modeling

The minimum energy conformation of the chiral dinuclear Salen Zn(II) complexes, the
axial ligands (Im, ED and PD) and their corresponding adducts were obtained by the
method of simulated annealing followed by a geometry optimization. Conformations of
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the complexes and their corresponding adducts are shown in figures 4 and 5. The total
energy (Eiora) and its components of minimum energy conformation calculated by
geometry optimization are shown in tables 3 and 4. The main components of energy are
bond stretching, angle bending and electrostatic energy, indicating that formation of the

Figure 4. Minimal energy conformations of Zn,L and its adducts: (a) Zn,L, (b) 1Zn,L-1ED, (c) 1Zn,L—
IPD, (d) 1Zn,L-2Im, (e) 2Zn,L-2ED, (f) 2Zn,L-2PD.

(@)

Figure 5. Minimal energy conformations of [Zn,L']*" and its adducts: (a) [Zn,L'*", (b) 1[Zn,L'*™—2PD,
(¢) 1[Zn,L'P=1PD, (d) 2[Zn,L'J?*-2PD.
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adducts is mainly determined by steric bulk and electronic effects. The adducts with
lower total energy have better stability [39, 40].

As seen in figures 4(a) and 5(a), the minimal energy conformations of Zn,L and
[Zn,L']>" are very close to the X-ray structure of similar Salen metal complexes [41-43],
indicating that the molecular mechanics optimization and molecular dynamics
simulation performed here are reliable. Zn,LL has a planar conformation with C,
symmetry and coordinates with two imidazole molecules from both axial orientations
simultaneously (figure 4d). For Zn,L-diamine systems, according to the conclusion of
UV-Vis spectra titration, the reaction of Zn,L. with diamines in CHCl; forms 1:1
adducts. Therefore, both diamines bridged complexes (figure 4b, c, 1:1 adducts) and
dimer structures (figure 4e, f, 2: 2 adducts) were sketched. From table 3, we can see that
the total energy ascended in the order E\yw (Zn,L-1ED)< Eya1/2 (2Zn,L-2ED) and
Eiora (ZnL-1PD) < Eio1/2 (2Zn,L-2PD). These sequences imply that Zn,L and
diamine ligands form structures with bridging mode.

As seen in figure 5(a), two methyls of [Zn,L']*" lie out of the Salen plane. Therefore,
if [Zn,L']** binds PD via bridge mode (figure 5¢) or dimerization (figure 5d), strong
distortions of the Salen plane will occur. However, in the case of the 1:2 adduct of
[Zn,L']>"-PD, as shown in figure 5(b), the flexibility of PD can efficiently avoid the
spatial repulsion. Energies of 1:1 and 1:2 adducts of the [Zn,L']*"~PD system are
summarized in table 4. The total energy ascends in the order FEiyu. (I[anL’]”—
2PD) < Eiorar (1IZZ0L'PPH-1PD) < Epo/2 (2[Zn,L/17"-2PD), indicating that [Zn,L']**
and ligand PD are apt to form 1:2 adducts.

For a stable coordination system, the energy gap AE (AE=FE (adduct)-TZE
(complex)-XFE (ligand)) is always a negative value. A bigger absolute value of AE

Table 3. Average energies (kcalmol™") of Zn,L and its adducts.

Energy term Zn, L 1Zn,L2Im  1Zn,L-1ED  2Zn,L2ED  1Zn,L-1PD  2Zn,L-2PD
Bond stretching energy 29.68 28.08 30.19 68.88 30.34 80.40
Angle bending energy 86.87 102.75 89.74 147.77 89.86 148.10
Torsional energy 5.65 6.47 8.04 17.83 8.07 18.25
Out of plane bending energy 0.94 0.94 0.85 4.49 0.84 3.97
1-4 van der Waal’s energy 9.00 5.04 8.50 22.27 8.39 22.74
van der Waal’s energy —0.50 —5.45 —5.41 —3.36 —5.68 —2.78
1-4 Electrostatic energy —-3.02 —3.28 —17.13 18.76 —19.03 3.41
Electrostatic energy 89.68 123.83 100.78 244.58 101.89 242.76
Total energy 218.04 258.39 215.54 515.67 214.68 516.85

Table 4. Average energies (kcalmol™") of [Zn,L']** and its adducts.

Energy term [Zn, L' 1[Zn,L'1*"—2PD 1[Zn,L'"—1PD 2[Zn,L'+-2PD
Bond stretching energy 31.17 31.40 32.51 184.91
Angle bending energy 73.19 73.12 88.50 241.65
Torsional energy 9.38 10.25 11.70 63.59
Out of plane bending energy 0.90 0.92 0.96 42.66
1-4 van der Waal’s energy 5.15 7.89 6.94 20.58
van der Waal’s energy —4.57 —15.74 —7.47 —14.31
1-4 Electrostatic energy —20.43 —6.21 —16.92 34.82
Electrostatic energy 194.36 173.63 203.58 303.06

Total energy 289.15 275.25 319.82 876.96
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Table 5. Energy gap (kcalmol™") between the free complexes, the free ligands and their
corresponding adducts.

Adducts EComplex ELigund EAdducl AE*
1Zn,L-2Im 218.04 24.812 258.39 —9.28
1Zn,L-1ED 4.55 215.54 —7.05
27Zn,L-2ED 515.67 70.49
1Zn,L-1PD 3.42 214.68 —6.78
27n,1-2PD 516.85 73.94
1[Zn,L'P*2PD 289.15 3.42 275.25 -20.73
1[Zn,L'1**1PD 319.82 27.25
2[Zn,L'7—2PD 876.96 291.831

*AE = Epdduct + @ X Ecomplex +b X ELigana, @ is stoichiometry of the salen complexes, b is stoichiometry of
the axial ligands.

imply that formation of the corresponding adduct is more favorable. The values of AE
in table 5 show that adducts of Zn,L—Im (1:2) Zn,L-ED (1:1, bridging mode), Zn,L-
PD (1:1, bridging mode), and [Zn,L']**~PD (1:2) are stable. For Zn,L and diamines
systems, their stabilities vary in the order ED > PD. These results are in good agreement
with the results of UV-Vis spectral titration.

4. Conclusions

The axial coordination of two new chiral dinuclear Salen zinc(II) complexes with
monodentate and bidentate N-donor ligands have been investigated here. Spectral and
molecular modeling studies suggest that Zn,L can accept either two monodentate axial
ligands or one bidentate axial ligand via the bridging mode. However, Zn,L'(OAc),,
with two additional methyls, binds two bidentate axial ligands. All the adducts are
enthalpy stable but entropy unstable. Steric and electronic effects are important in
formation of the adducts. Studies provide a basis for conceptualizing how Salen metal
complexes efficiently catalyze diverse synthesis reactions with high selectivity and for
exploring how the properties and the conformations of the Salen metal complexes might
be utilized in the development of novel asymmetric catalysts.
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