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Reactions of alkyl substituted aromatic mono carboxylic acids with first row transition metal ions in the presence of chelating and
bridging N,N-donor ligands produce a variety of discrete and polymeric complexes, depending on the position of the substituent on
benzoic acid and the ability of auxiliary ligand to act as a chelating or bridging ligand. Ten different compounds isolated in the present
study fall into two different structural types, viz. discrete mono or/ dinuclear complexes ([Cu(L"),(AL"(H,0)] (1), [Mn(L"),(ALY], (2)
and [Zn(L"),(AL")], (3)) and polymeric compounds (4-11). The polymeric compounds isolated can further be classified into four
different structural types, viz. 1-D helical polymers, linear 1-D polymeric chains, rail-road like polymers and 2-D polymeric sheets. The
structure modulation is a result of combination of the types of substituents on the aryl ring of the benzoic acid and the nature of the
auxiliary ligand used. For example, when 1,10-phenanthroline used as the auxiliary ligands, if the carboxylic acid used is 4-tert-butyl
benzoic acid, discrete complexes have been isolated. However, for the same auxiliary ligand when 2,4,6-trimethyl benzoic acid is used as
the carboxylate, a series of 1-D helical polymers ([M(L?),(AL")(H,0)], M = Mn (4); Co (5); Cu (6); Zn (7)) have been obtained. This
clearly demonstrates the ability of 0,0’-disubsitituted benzoic acids to form helical polymers, whereas p-substitution on the aryl ring
results in discrete complexes. The reactions of metal acetates with benzoic acid in the presence of 4,4’-bipyridine has been found to be
sensitive to the ortho substituents on the acid. When two equivalents of 2,4,6-triisopropyl benzoic acid was used, a linear polymer
([Zn(L*),(AL], (8)) is obtained. The use of either one or two equivalents of 2.4,6-trimethyl benzoic acid invariably leads to the isolation
of rail-road like polymers ([M(L*)(OAc)(AL?)], M = Mn (9) and Zn (10)) where the rails are bridged by acetate ligand. Replacing the
carboxylic acid by a phosphate diester leads to the isolation of a 2-D polymer ([Zn(L*),(AL%)], (11)), due to the ability of phosphate to
act exclusively as a bridging ligand. In addition to extensive analytical and spectroscopic characterization of the products, the solid-state
structures of all the new compounds have been determined using single crystal X-ray diffraction.

Introduction shape of anions.'' The ligand 4,4'-bipyridine is an ideal connector
between the transition metal atoms for the propagation of
coordination networks'? and an excellent bridging ligand giving

so rise to a large number of one-, two-, and three-dimensional
frameworks with grids and channels. In addition, hydrogen
bonding gives rise to attractive, multi-directional and selective
properties of the compounds obtained thereby.'*'* In the present
work, we have chosen three simple organic building units, 4-tert-

ss butylbenzoic acid (LIH, tbbaH), 2,4,6-trimethylbenzoic acid
(L’H, tmbaH) and 2,4,6-triisopropylbenzoic acid (L*H, tipbaH)
and various metal acetate salts with two different types of
auxiliary ligands (one chelating and one bridging N-N-donors) as
starting materials to address the objective of tuning coordination

s geometry and aggregation behavior of resultant products. The

results of these investigations are described herein.

Inorganic-organic hybrid materials are accessible today through
rational synthesis using a wide choice of metal ions and an
infinite choice and design of ligands.'” Metal carboxylates are
very much in vogue in recent years for the preparation of hybrid
metal-organic frameworks.> Although quite a number of
compounds have been synthesized containing mono carboxylic
acids and many structurally characterized compounds in this class
are known, there is little information in the literature on studies
where systematic efforts have been made to fully understand the
structural aspects and binding preferences of mono carboxylic
acid complexes in the context of frameworks solids.”’ The
introduction of ancillary ligand 1,10-phenanthroline (1,10-phen,
AL") and 4,4’-bipyridine (4,4’-bpy, AL?) which have different
ligation behavior may induce new structural evolution leading to
complexes with tunable dimensions and physical properties.>”
The dimensions of the desired compounds can be varied by using Results and discussion
the length of the linker or the bulky substituents on the phenyl

. : a1 o 10
ring of th; haryl clarboxylzi;['e orgam:l bul(lidmg unltsl. " The s benzoates with substituted benzoic acids. Complexes 1-6 have
geometry of the resultant architectures depend on several factors been synthesized from a reaction of metal acetates (M = Mn, Cu

such as coordination geometry of the metal ion, presence of guest and Zn) with AL' and substituted benzoic acids (L'H/L*H) in

molecules, ligand and transition metal ratio and the type and methanol and DMSO/acetonitrile (Scheme 1). The resulting

A. Role of chelating unit in the reaction of transition metal

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00-00 | 1
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single crystals of metal benzoate complexes are air- and moisture
stable and are soluble in organic polar solvents such as DMSO.

8"
S
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o
M=Cy
1.10-phen
tbba-H
MeOH/DMSO
100°C
M=Mn,Zn

2, M=NMn
3, M =Zn

Dinuclear Complexes

Helical 1D-polymers

Scheme 1 Synthesis of discrete and 1-D helical polymeric
s complexes 1-7.

The FT-IR spectra of complexes show strong absorption bands at
around 2960 and 2875 cm’', that are due to the C-H vibrations of
the fert-butyl group of the acid in 1-3. Complexes 1 and 4-7 show
a band at around 3368 cm™ due to O-H stretching vibration of
o water or methanol. The v,,(COO) is observed at 1636 cm™ while
v{(COO) is observed at around 1431cm™. The '"H NMR spectrum
of complex 3 in dmso-ds shows well separated peaks for all the
protons of AL' and L' ligands. The peaks in the range 8.13-8.92
ppm correspond to the aromatic protons H'* of AL' ligand
s (Fig.1). The downfield shift of protons H'-H* of AL' ligand
compared to free AL' is consistent with the loss of electron
density after coordination to the metal ion. Two doublets appear
at 7.82 and 7.35 ppm for arene protons of L'. The methyl-protons
of tert-butyl group appear as singlet at 8 1.24 ppm. Similarly,
compound 7 also shows well separated peaks in the range 8.31-
9.25 ppm and 7.42-7.84 ppm for all the aromatic protons of AL'
and benzoic acid ligands, which are downfield shifted compared
to free ligands. The '*C NMR spectra of 3 and 7 show well
separated peaks for all the carbon atoms in the molecule..

S

HS (acid) HS' (acid)

H1 H3 H2
H5 (acid) HS' (acid)

7 HAI M M

H1 H3 H2

H4
phen
H1 H3 H2
9.5 9.0 8.5 8.0 7.5 7.0
ppm

5
Fig. 1 '"H NMR spectra of 3 (top) and 7 (middle) and free 1,10-
phen (bottom) in DMSO-d.
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The ESI-MS spectrum of 1 shows a peak at m/z
600.165 corresponding to the 1-H,O ion. This indicates that
under mass spectral conditions water molecule is removed from
the complex in solution to give /Cu(L’),(AL")]. Compounds 2 and
3 exhibit ions at m/z 592.175 and 601.168, respectively, due to
the monomeric form /M(L'),(AL')] formed under mass spectral
conditions. The *C NMR and ESI-MS spectra are included in
supporting information (Fig. S1-S5).

Molecular structure of discrete complexes. The reaction of
metal acetate with AL' and substituted benzoic acid can in
principle provide two types of complexes viz. either discrete or
polymeric systems. Since 1,10-phenanthroline (AL') is known
only to chelate metal ion, it is generally believed that in presence
of AL' only discrete complexes are expected to result. The
carboxylate ligand on the other hand either can act as chelating or
bridging ligand apart from the possibility of acting as terminal
monodentate ligands with free C=0O group under unfavorable
chelating or bridging condition (Fig. 2). Hence in order to
unravel, the coordination behavior of L' and L? in the presence of
AL', compounds 1-7 have been probed by single crystal X-ray
diffraction.

Palymeric system

Fig. 2 Aggregation of transition metal benzoates (from discrete to
polymeric system).

Structure of mononuclear complex [Cu(L'),(AL")(H,0)](H,0)
(1). Compound 1 crystallizes in the triclinic space group P 1. In
[Cu(L")(AL")(H,0)] (1), the central metal ion is coordinated to
one 1,10-phen, two acids and one water molecule (Fig. 3). The
acid acts as a monodentate ligand. This is reflected in the C-O
bond distances. The coordinated oxygen of tbba has a longer
bond length {O(1)-C(1): 1.279(4) A} than the non-coordinated
oxygen (O(2)-C(1): 1.231(4) A).

Fig. 3 Molecular structure of [Mn(L"),(AL")(H,0)](H,0) (1).

This journal is © The Royal Society of Chemistry [year]
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The central copper ion adopts a distorted square pyramidal
environment with two nitrogen atoms from 1,10-phen, two
oxygen atoms from tbba acid and one oxygen from the
coordinated water molecule surrounding the metal ion. There are

s intramolecular H-bonding interactions between the hydrogen
atoms of the coordinated water molecule and the oxygen atoms of
the acid molecules (O5-H5A--04: 2.0609(5) and O5-H5A--02:
1.919(6) A), apart from the intermolecular H-bonding
interactions between the hydrogen atoms of the free

10 uncoordinated water molecule and the oxygen atoms of the acid
molecules (O6-H6b--02: 1.896(5) and O6-H6b--03: 2.509(4)
A). These secondary interactions lead to the formation of a 1-
dimensional polymer as shown in Fig. 4. Selected bond lengths
and angles in 1 are given in Table S1. The comparison of

15 parameters of 1 with related Cu-phen complexes is presented in
Table S2."7

Fig. 4 Inter/intra-molecular hydrogen bonding interactions in 1.

0 Structure of [M(L') (AL")],(2CH;0H) (2, M = Mn; 3, M = Zn).
Yellow crystals of 2 and colorless crystals of 3 were obtained

(a)

(d)

=
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from the respective reaction mixture (methanol and DMSO).
Compound 2 crystallizes in the monoclinic C2/c space group.
Crystal structure of 2 contains two manganese ions, four tbba
acids and two 1,10-phen units apart from two methanol solvent
molecules are present in the crystal lattice. The Mn?* ions adopt
distorted square pyramidal geometry with -N,O; coordination
environments as shown in Fig. 5. Each manganese ion is
coordinated by two nitrogen centers of 1,10-phen unit, one
oxygen of a tbba unit in monodentate mode and two oxygen
atoms of bidentate two tbba units. Among the four tbba acids,
two act as monodentate and other two act as bis-chelating ligand
and bridge two Mn*" ions, thus forming eight-membered ring.
The C-O bond distances observed in the carboxylate group units
also support the fact that the acid coordinates either in a bidentate
or monodentate fashion. The two 1,10-phen units are tightly
packed and are held together through z-x interactions. The carbon
atoms of one of the 1,10-phen units exhibit n-x interactions with
the centroid of the arene unit of another 1,10-phen at a distance of
around 3.924(2) A as shown in Fig. 5 and Fig. S6. The
arrangement of four tbba units around the two metal ions shows
resemblance to a bowl. The 1,10-phen unit of adjacent molecules
sit on the bowl through hydrogen bonding interactions between
hydrogen atoms of 1,10-phen unit and oxygen atoms of tbba units
(03-+H17: 2.854(2) A and 04--H18: 2.626(4) A) leading to the
formation of a 1-dimensional polymeric structure. Selected bond
lengths and angles for 2 are listed in Table S3. A comparison of
structural parameters of 2 with related Mn-phen complexes is
presented in Table S4.'%

Compound 3 is isomorphous to compound 2 and crystallize in the
monoclinic C2/c space group (Fig. 5). Selected bond lengths and
angles in 3 are listed in Table S5 and a comparison of parameters
with related known Zn-phen complexes is presented in Table

Fig. 5 Molecular structure of [Mny(L")4(AL"),]J(2CH;0H) (2) (a) and [Zn,(L")4(AL"),](2CH;0H) (3) (b) (hydrogen atoms and solvent
molecules are omitted for clarity), CH-n and 77 interactions in 2 (c) and Formation of a 1-dimentional polymer through intermolecular
hydrogen bonding interactions between adjacent molecules of phen and tbba ligands in 3.

This journal is © The Royal Society of Chemistry [year]
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S6."° Like in 2, the arrangements of four tbba units resemble to
one big bowl and 1,10-phen unit of adjacent molecule sits on the
bowl through hydrogen bonding interactions (O3--H26A:
2.757(5) A and O4---H27A: 2.580(4) A) which results in the
formation of a 1-dimensional polymer (Fig. 5).

w

Molecular structure of 1-D helical polymers

[M(L?),(AL")(H,0)], (4-7) (M = Mn, Co, Cu, Zn). Single crystal

10 X-ray diffraction studies reveal that compounds 4-7 are
isomorphous, which crystallize in tetragonal 14, space group (Fig.
6). Selected bond distances and angles are listed in Table S7.
Crystal structure of 4 contains a manganese ion bound to one
1,10-phen, two L2 and one water molecule. The central

1s manganese ion is hexa-coordinated with a distorted octahedral
geometry. Two nitrogen centers of 1,10-phenanthroline, two
oxygen atoms of two different tmba acids and one oxygen of
water account for five coordination sites at the metal. The oxygen
from another carboxylate (that is bridging to manganese) satisfies

20 the sixth coordination site. The tmba ligand acts as a bridging unit
to two Mn(II) atoms via its carboxlylate oxygen atoms.

Fig. 6 Molecular structures of the asymmetric part (repeating
unit)  of  [Mn(L)(ALYH,0)], (4)  (left)  and
[Cu(L?),(AL)(H,0)], (6) (right).

2

G

The Mn-O (carboxylate) distances are not equal; Mn(1)-O(3):
2.189(1) A is longer than Mn(1)-O(1): 2.099(1) A. The Mn-O
(water) distance is the longest (2.220(1) A). The average Mn-O-C
angle is 131.255°. As a consequence of the tmba bridge,
compound 4 has an extended 1- D helical structure as shown in
Fig. 7.

3

S

Fig. 7 Helical structure of [Mn(L?),(AL")(H,0)], (4).

Each [Mn(L?),], in the 1-D chain is linked through hydrogen
bonds to three neighboring chains having opposite helicity with a
Mn---Mn distance of 5.591(1) A. The water hydrogen atoms are
involved in hydrogen bonding with the carboxylate oxygen of the
neighboring chains. Moreover, 1-D helical network has
hydrogen-bonded sites oriented in three directions, leading to a 3-
D network having small channels. Therefore the water molecule
allows the construction of molecular frameworks in which the
infinite 1-D helical building units are linked to form 3-D

3

a

4

S

hydrogen bonded network. The formation of an infinite chain in
4s the complex rather than a simple mononuclear complex or any
other motif is attributed to the steric hindrance provided by the
bulky 0,0’-dialkyl substitution of the aryl ring. Comparison of the
structural parameters of previously reported Mn(II)-carboxylate
complexes having —O and —N coordination core with 1,10-phen
s0 ligand, with compound those of 4 is presented in Table S4.'%
Compound 5 is isomorphous to 4 and hence also forms a helical
structure (Fig. S7). The Co-O (carboxylate) distances in the
molecule are not equal (Co(1)-O(3): 2.167(2) A is longer than
Co(1)-O(1): 2.044(2) A). The Co-O (water) distance (2.145(2) A)
ss is similar to Cu-O (carboxylate) bonds. The average Co-O-C
angle is about 131.02°. Compound 6 is also isomorphous to
compounds 4 and 5, and hence it also forms a helical structure
and crystallizes in the tetragonal crystal system with space group
14, (Fig. 6). The Cu-O (carboxylate) distances in the molecule are
not equal (Cu(1)-O(3): 2.405(5) A is longer than Cu(1)-O(1):
1.947(5) A). The Cu-O (water) distance (2.005(5) A) is the
longest among Cu-O bonds in 5." The average Cu-O-C angle is
about 125.9°. In the O,N, basal plane of 5, the O(1)-Cu(1)-N(1)
and O(1)-Cu(1)-N(2) angles 170.7(2)° and 89.8(2)°,
respectively. The average cis-angle around copper ion is 89.5(2)°

=y
S

are

o
S

(Table S8). A literature compilation of copper-1,10-phen
complexes where the central metal ion Cu(Il) is having —O and —
N coordination is given in Table S2."” Compound 7 is also
isostructural to compounds 4-6, having the same crystal
70 parameters with the formula [Zn(L*),(AL")(H,0)]. However, the
full structural solution is not possible in this case due to persistent
twinning problems. The c-axis gets tripled and thus there are
three zinc atoms and associated ligands in the asymmetric unit of
6 (Fig. S7). A comparison of zinc-1,10-phenanthroline complexes
75 with —O and N coordination is presented in Table S6."

The description of structures of 1-7 described above clearly
show that the aggregation of metal benzoates are tuned from
mononuclear complex to helical polymers through discrete
dinuclear systems by using different substituted benzoic acids.

so The ortho-methyl substituted acid aids the formation of helical
polymers while the para-fert-butyl group substituted benzoic acid
leads to isolation of discrete systems because of steric reasons.
The formation of monomeric form in 1 may be ascribed to the
preference of copper ions to form square pyramidal geometry

ss over the tbp geometry observed for Zn and Mn metal ions in
complexes 2 and 3.

B. Role of linear ditopic N-donors in the reaction of transition
metal benzoates with substituted benzoic acids
Ditopic spacers such as 4,4’-bipyridine, where the two donor sites
are diagonally opposite to each other have been extensively used
as building blocks to build linear to 3-D structures when suitable
metal ions are used in conjuction with other ligands such as
carboxylic acids. In spite of the richness of the chemistry of 4,4’-
os bipyridine as a spacer ligand,'? surprisingly there are not many
reports in the literature where bulky mono carboxylic acids have
been used in conjuction with 4,4’-bipyridine to build coordination
polymers.
Reactions of AL? with manganese and zinc acetate with
100 substituted benzoic acids (L*H/L*H) in methanol and DMSO lead

©
S
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to formation of complexes 8-10 (Scheme 2). The resultant single
crystals of metal benzoates complexes obtained are air- and
moisture stable and soluble in organic polar solvents. The 'H
NMR spectrum of 8 shows well separated peaks for all the

s protons of AL* and L? ligands with a 1:2 intensity ratio. The two
doublets appearing at 8.75 and 7.88 ppm correspond to the 4,4’-
bpy protons and the singlet observed at 6.93 ppm is due to the
arene protons of the tipba unit. Complex 10 also shows well
separated resonances for AL? and L? unit protons with 1:1 ratio as

0 shown in Fig. S8. The 'C NMR spectra are included in
supporting information (Fig. S9-S12).

Scheme 2 Synthesis of polymers 8-10 using AL? with metal
acetates and substituted benzoic acids.
15
Molecular structure of hexa-coordinated linear polymer
[Zn(L),(AL?)], (8). A single crystal X-ray diffraction study has
been carried out for compound 8 in order to establish its solid-
state structure. The compound crystallizes in the monoclinic
20 space group C2/m. The asymmetric unit of the unit cell of 7
reveals that the central metal zinc ion is coordinated to one end of
two 4,4'-bpy ligands and two tipba acid molecules (Fig. 8). The
geometry around zinc can be best described as distorted
octahedral with O4N, coordination environment.

Zn(0Ac),.2H,0 + L*H

(notisolated)

| o
T

oH

Fig. 8 Possible structure evolution of 1-D linear polymeric chain

in [Zn(L*),(AL?)], (8) (hydrogen atoms are omitted for clarity).
The six coordination sites of the metal are satisfied by four
oxygen atoms of two acids and one nitrogen atoms of two 4,4'-

30 bpy unit, thus leading to the formation of a linear 1-D polymer as
shown in Fig. 8. The sterically crowded carboxylic acid (L?) acts
a bidentate chelating ligand and having similar O-C distances
(O(1)-C(1): 1.265(4) A; O(2)-C(1): 1.260(4) A) (Table S9). In
addition there are hydrogen bonding interactions between oxygen

35 atoms of L* and hydrogen atoms of AL? (O1-+-H22-C22: 2.566(2)
A) which leads to the formation of 2-D sheet as depicted in Fig.
9. Comparison of previously reported some zinc-4,4'-bpy
complexes with 8 are presented in Table $10.%

40 Fig. 9 2-D sheet formation in 8 through C-H:---O hydrogen
bonding interaction (triisopropylbenzene units omitted for
clarity).

Molecular structure of hexa-coordinated rail-road polymers 9
4s and 10
[M(OA)(LY)(ALY)], (9, M = Mn; 10, M = Zn). Crystals of 9 and
10 suitable for X-ray measurement were obtained from the
reaction mixture in methanol/DMSO mixture after 5 days.
Compound 9 crystallizes in monoclinic P2,/c space group. The
so basic structural motif of 9 is shown in Fig. 10. Here two
manganese ions are bridged by two acetate ligands to produce an
eight-membered M,0,C, metal carboxylate ring.

Mn(OAc),.4H,0 + LH

Fig. 10 Possible structure evolution in manganese polymer 9
ss [Mn(OAc)(L*)(ALY)],.

This journal is © The Royal Society of Chemistry [year]
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Each of the metal ion is further chelated by a trimethyl benzoate
(L?) ligand, taking the coordination number around each divalent
metal to form. The remaining two coordination sites on the metal
is taken up by two bridging 4,4’-bpy ligands. By the ability of
4,4’-bpy ligand to bridge the adjacent [M,(ji-acetate),(L?),] units
as shown in Fig. 10, results in the formation of “rail-road” like
polymer. The two nearest manganese ions across the two “rails”
are separated from each other by 4.066(2) A, which is roughly
also distance between the two rails. The adjacent manganese ions
along each of the rails are separated by 11.960(3) A. Thus, these
polymeric structures can be regarded as a highly periodic 1-D
polymer made of two parallel metal chains with bridges between
them through acetate anions. The two Mn-O(acetate) distances
around the Mn ions are almost similar (Mn-O1: 2.103(2) A; Mn-
02: 2.094(5) A). The L? which act as the bidentate chelating
ligand display the longer Mn-O(acid) distances (Mn-O3: 2.231(2)
A; Mn-04: 2.297(5) A). Other selected bond lengths and angles
are listed in Table S11. The C-H---O hydrogen bonding
interactions between oxygen atoms of L* and hydrogen atoms of
AL? (O4--H7-C7: 2.454 and O4--H2-C2: 2.296 A) which leads
to the formation of 2-D sheets. A second hydrogen bonding
between the uncoordinated methanol and oxygen atoms of L?
(03--H5A-05: 2.274 A) has also been observed (Fig. 11).

Fig. 11 2-D sheet formation through hydrogen bonding in 9.

The two Mn-O(acetate) distances around the Mn ions are almost
similar (Mn-O1: 2.103(2) A; Mn-02: 2.094(5) A). The tmba
which act as the bidentate chelating ligand display the longer Mn-
O(acid) distances (Mn-O3: 2.231(2) A; Mn-O4: 2.297(5) A).
Other selected bond lengths and angles are listed in Table S11.
The C-H:---O hydrogen bonding interactions between oxygen
atoms of L? and hydrogen atoms of AL* (04-+-H7-C7: 2.454 and
04:-H2-C2: 2.296 A) which leads to the formation of 2-D sheets.
A second hydrogen bonding between the uncoordinated methanol
and oxygen atoms of L* (O3--H5A-05: 2.274 A) has also been
observed (Fig. 11).

Compound 10 is isostructural to 9 and crystallizes in
monoclinic C2/c space group (Fig. S13 and S14). In addition to
the contents of 9, lattice DMSO solvents have been found to be
present in 10. The acetate group act as bridging unit and the Zn-
O(acetate) distances are almost equal as in 9 (Zn-O3: 2.029(2) A;
Zn-04: 2.025(3) A). The bidentate chelating tmba acid Zn-
O(acid) distances (Zn-O1: 2.450(2) A; Zn-02: 2.080(5) A) show
significant non equivalent of Zn-O distance unlike in 9. Selected
bond lengths and angles are listed in Table S12 and comparison
of previously reported zinc-4,4'-bpy complexes to 10 is presented
in Table $10.%°

50

65

75

C. Role of phosphate ligand in the formation coordination
polymer. The molecular structure of 9 and 10 reveal the strong
preference for HL? (substituted benzoic acids) to act exclusively
as bidentate chelating ligands in the presence of 4,4’-bipyridine
linkers. However it has been well established in the literature that
phosphinic acids R,POOH and dialkyl/aryl phosphate
(RO)POOH seldom involve in chelating mode of coordination
but prefer the role of bridging ligand and connect two or more
metal atoms. Hence, the sterically crowded benzoic acid was
replaced with a diaryl phosphate is order to synthesize layered
structure. The reaction of zinc acetate with 4,4’-bipyridine (AL?)
and diphenylphosphate (dppH) in methanol/DMSO mixture
yields the coordination polymer 11 (Scheme 3), which is
completely different from the rail-road like metal carboxylate
based polymers 9 and 10. Compound 11 has been characterized
by analytical and spectroscopic methods.

Scheme 3 Synthesis of metallophosphate polymer 11 using AL?
with metal acetates and L*H.

-12.56

T T T
10 9 8 7 6 5 4 3 2 1 0 ppm

Fig. 12 *'P (top) and 'H NMR (bottom) spectra of 11 in DMSO-
ds.

The elemental analysis for polymer 11 is in well agreement with
it’s solid-state structure. The FT-IR spectrum of 11 shows
absorption bands at 2977, 1184 and 1069 cm™ corresponding to
the Vaycnp Vio.0) and vyop vibrations. Absence of any

This journal is © The Royal Society of Chemistry [year]
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absorption in the range 2700-2500 cm’ indicates that the
neutralization of dppH ligand. The *'P NMR spectrum of 11
shows a single resonance at -12.56 ppm indicating the presence
of only one types phosphorus center in the product (Fig. 12). The
'H NMR spectrum of 11 shows well separated peaks for all the
protons of AL? and dpp ligand in a 1:2 ratio of the intensities.
Two doublet of doublets have been observed at 8.73 and 7.84
ppm for the o and B protons of AL? units. Aromatic protons of
dpp appear as two triplets (7.25 and 7.01 ppm) and a doublet
(7.15 ppm) in the aromatic region (Fig. 12 and Fig. S15).

Molecular structure of [Zn(L*),(AL?)], (11). Attempts to obtain
single crystal suitable for diffraction studies always yielded poor
quality non-transparent crystals with high degree of mosaicity.
The best of these crystals were obtained from one batch of the
reaction mixture after 1 week through slow evaporation.
Compound 11 crystallize in monoclinic C2/c space group. The
central zinc ion adopts a slightly distorted octahedral arrangement
with a —N,04 coordination environment. Each metal ion is
surrounded by four oxygen atoms from four different bridging
dpp ligands and two nitrogen atoms of two different 4,4’-bpy
ligands. The two N-atoms at the metal occupy the trans positions
and thus facilitate the formation of 2-D sheet structure. The M-
O(P) and M-N bond length (2.09(1)2.11(1) A and
2.10(2)/2.16(2) A) are comparable with the previously reported
complexes formed by dppH with Cu, Ca and Pb metal ions.>' The
structure of 11 can be regarded as a two-dimensional sheet made
of a linear 1-D polymer [Zn(dpp),] which is doubly bridged by
two 4,4’-bipyridine ligands (Fig. 13).

Comparison of polymeric structures 4-11. Structure
determination for compounds 4-11 revealed the fact that different
types of 1-D coordination polymers can be assembled by
engineering both primary (benzoic acid derivative) and auxiliary

35 (N,N’-donor) ligands. Although it is generally expected that the
use of 1,10-phen donor should lead to formation of discrete metal
complexes such as 1-3, polymer formation can by easily induced

Zn(0AC),.2H,0 + L*H

l
e
| o<

(notisolated)

| | | |

Ao-Oofeofoof

Fig. 13 Structure evolution of 2-D polymeric sheet in 11
40 (peripheral atoms are omitted for clarity).

by a simple substitution of alkyl groups at 0,0’-positions of the
benzoic acids. The bulky substituent at the vicinity of COO"
group tend to direct L'H and L?H to be predominantly bridging
s ligands and hence 1-D helical polymer can be exclusively
isolated (path a; Scheme 4). However, when 4,4’-bipyridine is
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Scheme 4 Comparison of polymeric structures 4-11.
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Table 1 Crystal data’s for compounds 1-6 and 8-11.

Compound 1 2 3 4 5
Indentification code RM145a RK1_141 RK1_139 SG RK1-417
Formula C34H33CuN,O6 CooH76MnoN4Oyg  CegH76N4O12Zn, C3,H3,MnN,O5 C32H3,CoN; 05
Formula weight 634.20 1243.23 1272.07 579.54 583.53
Temperature (K) 293(2) 100(2) 150(2) 150(2) 150(2)
Wavelength, (A) 0.71073 0.71073 0.71073 0.71073 0.71075
Crystal system Triclinic Monoclinic Monoclinic Tetragonal Tetragonal
Space group P1 C2/c C2/c 14, 14,

a(A) 7.8156(8) 31.05(14) 31.01(7) 20.2631(3) 20.184(4)
b (A) 10.315(2) 9.83(4) 9.72(2) - 20.184(4)
c(A) 20.747(2) 20.58(9) 20.78(2) 13.8155(5) 13.719(3)
a(®) 101.27(1) -- - - --

B () 100.209(8) 101.19(8) 101.99(3) - --

7 (°) 97.11(1) -- - - --

Volume (&%) 1592.5(4) 6161(46) 6126(24) 5672.6(2) 5589(2)

Z 2 4 4 8 8

D(caled), Mg/m® 1323 1.340 1.379 1.357 1.387

abs coeff, mm"! 0.732 0.474 0.850 0.509 0.658
Cryst. size, mm’ 0.40x0.20x0.17 0.22x0.16x0.07 0.21x0.09x0.04 0.40x0.30x0.30 0.03x0.08x0.32
0 range 2.05 to 24.96° 3.02 to 25° 2 to 25° 1.78 to 27.53° 23t031.3
Goodness-of-fit on F? 1.029 1.057 1.191 1.019 0.852

R, [I>20(])] 0.0467 0.0577 0.0479 0.0273 0.0334

R, [I>20(])] 0.1188 0.1522 0.1346 0.0614 0.0886
Compound 6 8 9 10 11*
Indentification code RM116b RM135a RK1_163 RM130 RK1_195
Formula C;3,H;3,CuN,05 CoHs4N204Zn Cy3H,6MnN,O5 CysHsoN4OoSZn,  C34HpsN,OgP2Zn
Formula weight 588.14 716.24 465.40 965.70 719.89
Temperature (K) 293(2) 293(2) 150(2) 293(2) 150(2)
Wavelength, (A) 0.71073 0.71073 0.71075 0.71073 0.71075
Crystal system Tetragonal Monoclinic Monoclinic Monoclinic Monoclinic
Space group 14, C2/m P2/c C2/c C2/c

a(A) 20.5720(8) 12.0429(9) 13.211(8) 28.2040(18) 22.74(12)

b (A) 20.572(1) 11.3433(5) 11.690(7) 11.4950(15) 28.36(13)
c(A) 13.725(2) 14.8837(7) 14.445(9) 15.0420(9) 10.39(5)

a () - - - - -

) - 98.784(5) 99.84(1) 114.001(5) 101.66(8)

7 () - - - - -

Volume (&%) 5809.0(1) 2009.4(2) 2198(2) 4455.0(7) 6562(56)

Z 8 2 4 4 8

D(caled), Mg/m® 1.345 1.184 1.406 1.440 1.458

abs coeff, mm’' 0.795 0.652 0.637 1.184 0.901

Cryst. size, mm’ 0.35x02x0.15 0.35x0.20x0.20 0.32x0.06x0.02 0.15x0.10x0.10 0.39x0.10x 0.03
0 range 1.40 to 24.98° 1.38 t0 24.97 23t031.3 1.94 to 24.99 23t031.3
Goodness-of-fit on F> 1.023 1.064 1.194 1.044 1.310

R, [I>20(])] 0.0432 0.0383 0.0814 0.0321 0.1326

R, [I>207])] 0.0910 0.1023 0.1557 0.0793 0.3206

* Poor quality crystals-repeated attempts failed to improve the diffraction quality (R, [/>207])] = 0.1326 (11).

used as the N,N’-donor (in place of 1,10-phen), the role of the
substituted acid is reversed and hence they become strictly
chelating bidentate ligands. Since 4,4’-bpy bridges the adjacent
octahedral metal ions in trans fashion a highly linear polymer is
s isolated (path b; Scheme 4). Switch over from carboxylate to a
diaryl phosphate offers two types of bridging ligands at metal

(viz. 4,4’-bpy and dpp’) and hence only a 2-D polymeric sheet is
isolated (path c; Scheme 4). Thus by tuning both carboxylate (or
phosphate) and N,N’-donor ligand, diverse polymeric compounds

10 can be designed.

This journal is © The Royal Society of Chemistry [year]
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UV-visible studies
The UV-visible spectrum of 1 shows strong absorption at 290 nm
in methanol and 292 nm in dimethylsulfoxide. Complex 2 also
shows strong absorption at 294 nm in methanol and 298 nm in
s dimethylsulfoxide. These transitions are due to the =n-m*
transitions of the aromatic moieties present in the complex. No
major solvent effect has been observed. Similarly the UV-visible
measurements have been carried out for the complexes 3, 4 and
6-9 in methanol and DMSO and listed in Table 2. The complex 7
10 shows a weak absorption at 692 nm which may attributed to a
metal to ligand charge transfer (MLCT) transition. Strong
absorption band observed around 210 and 240 nm for complexes
9 and 10 in methanol may be due to the two different types of n-
m* transitions of the aromatic moieties present in the complex.

15

Table 2 UV-visible data’s for complexes 1-9 in methanol and
dimethylsulfoxide.

Complex Amax (NM) Amax (NM)
(g, Lmol'cm™) (e, Lmol'cm™)
in methanol in DMSO

1 290 (3300) 292 (3310)

2 294 (9020) 298 (7190)

3 292 (8800) 294 (5600)

4 - 298 (3400)

6 292 (10700) 296 (58700)

7 296 (7370) 274 (16900)
692 (74) 688 (21)

8 288 (1600) 290 (10200)

9 - 212 (43571)

245 (220342)

10 210 (853903) --

238 (676129)

20 Thermo gravimetric analysis
The thermal behavior of all the new compounds 1-11 have been
probed by TGA by heating the samples at a rate of 10°C/min.
Few representative TGA traces are shown in Fig. 14. The
complex 1 exhibits first weight loss at around 297 °C (2%) due to
25 loss of one methanol solvent molecule. The second weight loss
observed in the range 297-563 °C (63%) due to loss of organic
moiety (tbba and phen) from the complex. The TGA curve of
dimeric complex 2 shows the first weight loss around 297 °C
(7%) due to loss of solvent molecule. The second weight loss is
observed in the temperature range 297-526 °C (74%) due to loss
of all organic moiety (tbba and phen) from the complex. The
TGA curve of polymer 3 shows the first weight loss at 232 °C
corresponding to the loss of one coordinated water molecule. The
second and third weight loss that is observed in the range
between 232-448 °C (60%) and 448-816 °C (7%) is due to the
loss of organic moiety of the complex. Similarly, the polymers 4-
7 also show first weight loss at 215 °C due to loss of one
coordinated water molecule. The second weight loss in the range
215-818 °C (67%) is due to the loss of organic moiety of the
complexes. The TGA of linear polymer 8 shows an initial weight
loss in the range 206-274 °C (21%) due to the loss of one 4,4’-
bpy unit from the complex. The rail-road like polymer 9 shows

3

S

3

a

4

S

first weight loss at 200 °C (7.5%) due to loss of one acetate unit

from the complex, where the second weight loss in the range 196-
45 352 °C (38%) due to the loss of two acid molecules. The third

weight loss observed at 484 °C (35 %) due to loss remaining

organic units of the complex. The TGA curve of 10 also shows

similar types of weight losses like 9. The compound 11 shows

weight loss in the range 200-600 °C due to loss of all organic
so moieties.

= 2 discrete
100 - = 6 helical
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10 rail-road
= 11 phosphate
80
3
=
« 60
=
>
g
40
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Fig. 14 TGA plot for complexes 2, 6, 8, 9 and 11.

Conclusion

ss A series of transition metal benzoates which are having
different geometry and coordination modes for the carboxylate
have been synthesized from the reaction of metal acetates with
aromatic carboxylic acids having different substitutions on the
aryl ring and various N-donors. By utilizing the nucleophilic

0 subunits as tunable components of the overall framework instead
of merely ‘spacers’, we are able to change a discrete system to
infinite helix polymers and 1-D polymeric systems. The overall
crystal-topology of the resulting solid state assembly is found to
be highly dependent upon these auxiliary forces, and experiments

s show that future predictability may be possible with further
understanding. The interesting results of 1-D and 2D
metallophosphates from various N-donors are currently under
investigations.

» Experimental Section

Materials and Methods. Manganese acetate, cobalt
acetate, zinc acetate, copper acetate, 4,4'-bipyridine (Aldrich),
1,10-phenathroline  (Aldrich), 2,4,6-triisopropylbenzoic acid
(Lancaster), 4-tert-butylbenzoic acid (Lancaster), 2,4,6-

75 trimethylbenzoic  acid (Lancaster) and diphenylphosphate
(Lancaster) have been procured from commercial sources and
used as received. Solvents (methanol, acetonitrile and dimethyl
sulfoxide) have been purified and dried by employing standard
procedures.” All the starting materials and the products have

s0 been found to be stable towards moisture and air, and hence no
specific precaution has been taken to rigorously exclude air.

This journal is © The Royal Society of Chemistry [year]
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Melting points have been measured in glass capillaries and are
reported uncorrected. Microanalyses have been performed on a
Thermo Finnigan (FLASH EA 1112) or a Carlo Erba 1106
microanalyzer. Infrared spectra have been recorded on a Bruker
Alpha-P Fourier transform spectrometer and Perkin Elmer FT-IR
spectrometer as KBr diluted discs. The '"H NMR spectra have
been recorded on a Bruker Advance DPX-250 spectrometer using
(CH3),Si as the internal standard. EPR spectral studies have been
carried out on a Varian (E-line Century series E-112)
spectrometer with 100 kHz field modulations. The magnetic field
is calibrated with a proton meter and
tetracyanoethylene radical (g = 2.0077) as reference. Magnetic
measurements have been done on a CAHN electrobalance 7550
model sample magnetometer. Thermal studies have been carried
out on a Perkin Elmer Pyris thermal analysis system under
nitrogen flow with a heating rate of 10 °C min™".

resonance

General Procedure for complexes. Metal acetate is dissolved in
methanol. To this, a solution of N-donors (AL'/AL?) in methanol
was added. The solution of substituted benzoic acids
(L'H/L’H/L*H) in methanol was added into the reaction mixture
and allowed to stir at RT for 15 min. The mixture was heated
using water bath until the solution became clear. The clear
solution was layered on a suitable solvent in a beaker and kept for
crystallization at RT.

[Cu(L"),(AL")(H,0)](H,0) (I). Blue colored needles
of 1 have been obtained from a mixture of Cu(OAc),2H,0 (0.5
mmol, 0.10 g), AL' (1 mmol, 0.180 g) and L'H (1 mmol, 0.1782
g) in methanol/CH;CN/DMSO mixture. Yield: 0.27 g (~85%
based on Cu). M.p.: 220-222 °C. Elemental Anal. Calcd. for
C34H;34,CuN,0, (%): C, 68.27; H, 5.73; N, 4.68. Found: C, 67.74;
H, 5.88; N, 4.37. FT-IR data (KBr, em™): 3526(m), 3052(w),
2967(s), 2875(m), 1604(s), 1525(m), 1433(m), 1381(s),
12699(w), 1111(m), 867(s), 788(s). UV-vis (CH;0OH): 296 nm, €
= 7370 Lmol'em™, X = 692 nm, € = 74 Lmol'cm™'; (THF): 238
nm, € = 39,500 Lmollem™, & = 660 nm, £ = 22.9 Lmollem™;
(DMSO): A =274 nm, € = 169,00 Lmol'em™, A = 688 nm, ¢ =
20.5 Lmol'em™. TGA: Temperature range °C (weight loss): 29-
215 °C (3%); 215-818 °C (67%).

[Mn(L")(AL")],(2CH;0H) ~ (2). Yellow colored
needles of 2 have been obtained from the reaction of
Mn(OAc),"6H,0 (0.25 mmol, 0.0613 g), AL' (0.5 mmol, 0.09 g)
and L'H (0.5 mmol, 0.0891 g) in methanol/DMSO solvent
mixture. Yield: 0.13 g (~86% based on Mn). M.p.: > 300 °C.
Elemental Anal. Calcd. for C;0H;6Mn,N4,O4 (%): C, 67.63; H,
6.16; N, 4.51. Found: C, 67.79; H, 6.01; N, 5.38. FT-IR data
(KBr, cm™): 3063(m), 2971(s), 2905 (s), 2875 (s), 1932 (w),
1617(s), 1566(s), 1420(s, br), 1270(s), 1107(m), 1026(s), 802(s).
UV-vis (CH;0H): A =290 nm, & = 3,300 Lmol'cm™'; (DMSO): A
=292 nm, & = 3,310 Lmol'em™ (compound is insoluble in THF).
TGA: Temperature range °C (weight loss): 30-297 °C (3%); 297-
563 °C (62%).

[Zn(L"),(AL)],(2CH;0H) (3). Colorless block-like
single crystals of 3 have been obtained from the reaction of
Zn(OAc),2H,0 (0.5 mmol, 0.11 g), AL! (1 mmol, 0.180 g) and
L'H (1 mmol, 0.1782 g) in a methanol/DMSO mixture. Yield:
0.24 g (~79% based on Zn). M.p.: > 270 °C. Elemental Anal.
Calcd. for CgHggN4OsZn, (%): C, 68.05; H, 5.71; N, 4.67.

%

S

S

3

S

Found: C, 67.72; H, 6.20; N, 4.43. FT-IR data (KBr, cm‘l):

& 3368(w), 3065(m), 2960(s), 2874(m), 1636(s), 1570(m), 1432(s),

1353(s), 1109(m), 852(s), 793(s), 727(s). 'H NMR (400 MHz,
DMSO-d) (ppm): 8 9.16 (b, 2H, H', phen), 8.87 (d, J = 8.08 Hz,
2H, H®, phen), 8.24 (s, 2H, H*, phen), 8.07 (b, 2H, H2, phen),
7.80 (d, J=7.92 Hz, 4H, H’, acid), 7.35 (d, J = 7.96 Hz, 4H, H>,
acid), and 1.24 (s, 9H, CHj-tertbutyl of acid). UV-vis (CH;0H):
A =294 nm, & = 9,020 Lmol'cm™; (DMSO): A = 298 nm, ¢ =
7,190 Lmol'em™. TGA: Temperature range °C (weight loss): 30-
296 °C (7%); 296-344 °C (17%); 344-462 °C (48%); 462-526 °C
(7%).

[Mn(L?),(AL")(H,0)],, (4). Yellow colored needles of 4
have been obtained from the reaction of Mn(OAc),"6H,O (0.25
mmol, 0.0613 g), AL' (0.5 mmol, 0.09 g) and L*H (0.5 mmol,
0.0821 g) in a solvent mixture consisting of methanol, CH;CN
and DMSO. Yield: 0.13 g (~87% based on Mn). M.p.: 186-188
°C. Elemental Anal. Calcd. for Cs,H3,MnN,O5 (%): C, 66.32; H,
5.57; N, 4.83. Found: C, 65.41; H, 5.45; N, 5.10. FT-IR data
(KBr, cm™): 3307(m), 3063(m), 3012(m), 2961(m), 2931(m),
2737(m), 1571(s), 1439(s), 1398(s), 1184(s), 1118(s), 1031(s),
858(s), 802(s), 741(s), 644(s), 599(s). UV-vis (CH;0H): A = 292
nm, & = 8,800 Lmol'cm™; (THF): A = 292 nm, & = 61,00 Lmol"
'em; (DMSO): A = 294 nm, € = 56,00 Lmol'cm”. TGA:
Temperature range °C (weight loss): 30-232 °C (3%); 232-448 °C
(60%); 448-816 °C (6%).

[Co(L?)(AL))(H,0)],, (5). Orange colored crystals of 5
have been obtained from the reaction of Co(OAc),-6H,O (0.25
mmol, 0.071 g), AL' (0.5 mmol, 0.09 g) and L*H (0.5 mmol,
0.0821 g) in a solvent mixture consisting of methanol and
DMSO. Yield: 0.119 g (~82% based on Mn). Elemental Anal.
Calcd. for C3,H3,CoN,Os (%): C, 65.86; H, 5.53; N, 4.80. Found:
C, 65.62; H, 5.32; N, 4.72. FT-IR data (KBr, cm™): 3301-63(br),
3007(m), 2942(m), 2925(m), 1583(s), 1436(s), 1402 (s), 1171(s),
858(s).

[Cu(L?),(AL")(H,0)], (6). Blue colored needles of 6
have been obtained from the reaction of Cu(OAc),2H,O (0.25
mmol, 0.05 g), AL' (0.5 mmol, 0.0901 g) and L*H (0.5 mmol,
0.0821 g) in methanol/CH3;CN/DMSO solvent mixture. Yield:
0.12 g (~78% based on Cu). M.p.: 140 °C. Elemental Anal.
Calcd. for C3,H3,CuN,Os (%): C, 65.35; H, 5.48; N, 4.76. Found:
C, 65.46; H, 4.85; N, 4.77. FT-IR data (KBr, cm‘l): 3058-
2865(br), 1566(br), 1444(s), 1398(br), 1189(m), 1118(m),
1047(w, br), 980(w, br), 853(s), 807(s), 726(s), 598(m). UV-vis
(THF): A =302 nm, & = 5,068 Lmol'cm™'; (DMSO): A = 298 nm,
g = 3,400 Lmol'cm™. TGA: Temperature range °C (weight loss):
29-215 °C (3%); 215-818 °C (67%).

[Zn(L?) (AL")(H,0)], (7). Colorless block-like single
crystals of 7 have been obtained from the reaction of
Zn(0OAc),2H,0 (0.25 mmol, 0.055 g), AL' (0.5mmol, 0.0901 g)
and L*H (0.5 mmol, 0.0821 g) in methanol/CH;CN/DMSO
solvent mixture. Yield: 0.12 g (~81% based on Zn). M.p.: 140 °C.
Elemental Anal. Calcd. for C3,H3,ZnN,05 (%): C, 65.14; H, 5.47,
N, 4.75. Found: C, 65.65; H, 5.43; N, 4.46. FT-IR data (KBr, cm’
: 3262(m), 3068(m), 3007(m), 2966(m), 2931(m), 15869s),
1438(s), 1382(s), 1189(s), 1123(s), 1036(s), 858(s), 807(s),
735(s), 644(m), 613(s). UV-vis (CH;0H): A=292 nm, ¢ = 10,700

11s Lmollem™; (THF): A = 294 nm, ¢ = 140,00 Lmol'em™;

(DMSO): & = 296 nm, &€ = 58,700 Lmol'cm™. 'H NMR (400

This journal is © The Royal Society of Chemistry [year]
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MHz, DMSO-dg) (ppm): 5 9.19 (b, 2H, H', phen), 8.89 (d, J =
8.32 Hz, 2H, H?, phen), 8.26 (s, 2H, H*, phen), 8.10 (m, 2H, H,
phen), 7.82 (d, J = 8.28 Hz, 4H, H’, acid), 7.36 (d, J = 8.28 Hz,
4H, H*, acid), and 1.3 (s, 9H, CHj-acid). UV-vis (CH;OH):
A=292 nm, & = 10,700 Lmol'cm™' (THF): A =294 nm, & = 140,00
Lmollem™. (DMSO0): A =296 nm, & = 58,700 Lmol'cm™. TGA:
Temperature range °C (weight loss): 29-252 °C (3%); 252-816 °C
(58%). TGA: Temperature range °C (weight loss): 29-215 °C
(3%); 215-818 °C (67%).

[Zn(L?)(AL?)], (8). Cubic colorless single crystals of 8
have been obtained from the reaction of Zn(OAc),2H,0 (0.25
mmol, 0.0549 g), AL? (0.5 mmol, 0.08 g) and L*H (0.5 mmol,
0.124 g) in methanol/DMSO solvent mixture. Yield: 0.15 g
(~83% based on Zn). M.p.: 262 °C. Elemental Anal. Calcd. for
C4Hs54N,04Zn (%): C, 70.42; H, 7.60; N, 3.91. Found: C, 70.31;
H, 7.89; N, 3.63. FT-IR data (KBr, cm™): 3500(w, br), 3204(w,
br), 3065(m), 2960(s, br), 1618(s), 1558(s), 1525(s), 1460(m),
1321(m), 1229(m), 1117(m), 1071(m), 874(s), 828(s), 643(s).
UV-vis (CH;0H): A = 288 nm, & = 1,600 Lmol'cm™; (THF): A =
290 nm, & = 10,200 Lmol'cm™; (DMSO): A =290 nm, & = 2,260
Lmol'em™. "TH NMR (400 MHz, DMSO-dg) (ppm): 6 8.74 (d, J =
5.88 Hz, 4H, H bpy), 7.88 (dd, J= 4.6 Hz, 4H, HP, bpy), 6.93 (s,
4H, H', acid), 3.13 (m, 2H, H, isopropyl, acid), 2.86 (m, 2H, H*,
isopropyl, acid), 1.19 (d, J = 6.92 Hz, H3, CH;-isopropyl, acid),
and 1.16 (d, J = 6.88 Hz, H3, CH;-isopropyl, acid). UV-vis
(CH;0H): A = 288 nm, ¢ = 1,600 Lmol'cm™; (THF): A = 290
nm, € = 10,200 Lmol'ecm™; (DMSO): A = 290 nm, £ = 2,260
Lmol'cm™. TGA: Temperature range °C (weight loss): 29-207
°C (0.5%); 207-274 °C (21%); 274-430 °C (75.5%).

IMn(L*)(0Ac)(ALY)], (9). Yellow colored needles of 9
have been obtained from the reaction of Mn(OAc),"6H,0 (0.123
g, 0.5 mmol ), AL* (0.08 g, 0.5 mmol) and L*H (0.164 g, 1 mmol)
in methanol/DMSO solvent mixture. Yield: 0.106g (42.6%).
Anal. Cald. for C,4H30N,O¢Mn (%): C,57.95, H, 6.08, N, 5.63.
Found: C, 57.35, H, 5.56, N, 5.80. IR (as KBr disc, em™):
2954(s), 2855(s), 1612(s), 1419(s), 1418(s) 1377(s), 1365(s),
1221(s), 1179(s), 1173(w), 814(s). TGA: Temperature range °C
(weight loss): 29-196 °C (7%); 196-352 °C (45%); 352-484 °C
(37%).

[Zn(LY)(0Ac)(AL?)], (10). Colorless needles of 10
have been obtained from the reaction of Zn(OAc),-2H,0 (0.055
g, 0.25 mmol ), AL? (0.04 g, 0.25 mmol) and L’H (0.082 g, 0.5
mmol) in methanol/DMSO solvent mixture. Yield: 0.128g (72%)
M.p. 255 °C. Anal. Cald. for C,3H,6N,05Zn (%): C,58.05, H,
5.51, N, 5.89. Found: C, 58.43, H, 5.49, N, 6.01. IR (as KBr disc,
em'): 2954(s), 2855(s), 1612(s), 1419(s), 1418(s) 1377(s),
1365(s), 1221(s), 1179(s), 1173(w), 814(s). "H NMR (400 MHz,
DMSO-dy) (ppm): & 8.73 (b, 4H, H®, bpy), 7.86 (d, J = 5.96 Hz,
4H, HP, bpy), 6.76 (s, 2H, H', acid), 2.53 (s, 6H, acid (CHs-
acetate)), 2.20 (s, 6H, acid, -CH3) and 1.82 (s, 3H, -CH3). UV-vis
(CH;0H): A=210 nm, £=853903 L mol'ecm’, A=238 nm,
£=676,129L mol'cm. TGA: Temperature range °C (weight
loss): 29-226 °C (35%); 226-786 °C (45%).

[Zn(L*),(AL?)], (11). A methanol solution of
Zn(0Ac),2H,0 (0.055 g, 0.25 mmol ) and AL? (0.040 g, 0.25
mmol) stirred at RT for 1h and L*H (125 mg, 0.5 mmol) was
added to the reaction mixture and allowed to continuously stir for
20 min. The precipitate was separated by filtration. The clear
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solution was kept for crystallization with 5 mL DMSO solution.
Colorless needles of 11 have been obtained after 1 week. Yield:
0.109 g (60%). Anal. Cald. for C3;H,sN,05P,Zn (%): C, 56.72,
H, 3.92, N, 3.89. Found: C, 58.43, H, 5.49, N, 6.01. IR (as KBr
disc, cm™): 2959(s), 1596(s), 1579(s), 1473(s), 1439(s), 1315(s),
1195(s), 1091(b), 759(s), 560(s). "H NMR (400 MHz, DMSO-dj)
(ppm): & 8.73 (dd, 4H, H% bpy), 7.84 (dd, 4H, HP, bpy), 7.25 (t,
4H, H?, dpp), 7.15 (d, 4H, H', dpp) and 6.99 (t, 2H, H?, dpp). *'P
NMR (DMSO-d;, 100 MHz): § -12.56 ppm.

X-ray diffraction Studies. The intensity data collection for
compounds 1, 8 and 10 have been carried out on a Nonius
MACHS3 four circle diffractometer while data measurement for
compounds 4 and 6 have been carried out on an STOE-AED2
diffractometer. The intensity data for complexes 2, 3, 5, 9 and 11
have been obtained on a Rigaku Saturn 724+ CCD
diffractometer. The unit cell dimensions have been determined
using well-centered and well-separated high angle reflections.
Intensity data collection and cell determination protocols have
been carried out using a graphite-mono chromatized Mo Ka
radiation (A = 0.71073 A) in each case. The resultant intensity
data have been corrected for Lorentz polarization and absorption
effects. All calculations have been carried out using WinGX. The
structure solution is achieved by direct methods as implemented
in SIR-92. The final refinement of the structure has been carried
using full least-squares methods on F? using SHELXL-97.'°The
positions of hydrogen atoms have either been located in the
successive difference maps or geometrically fixed and refined
using a riding model. All non-hydrogen atoms have been refined
anisotropically. Hydrogen bond parameters in each of the
compounds have been calculated using PARST.'® The crystal data
for compounds 1-6 and 8-10 are listed in Table 1.
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