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Series of homoleptic and heteroleptic 3d transition metal complexes were prepared in analytically pure
form and high yield, by reacting appropriate metal precursors with 1,3-bis(2-pyridylimino)isoindolate
(BPIH) ligand under suitable reaction conditions. The complexes were characterized by various spectro-
analytical techniques, including IR, UV, NMR, ESI Mass and X-ray crystal analysis. A distorted octahedral
structure containing two meridionally coordinating BPI ligands was assigned to all the homoleptic com-
plexes. While, for the heteroleptic complexes, a highly distorted square pyramidal geometry, with a planar
tridentate BPI ligand coordinating to the metal center along with chloro and aqua ligands was assigned.
Considering the unique structural features of the complexes, potential catalytic applications are envisaged.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Bis(2-pyridylimino)isoindoles (BPIs) are an interesting class
of polypyridilamine pincer ligands known for their unique
structural features and diverse coordination chemistry. Bis(2-
pyridylimino)isoindoles act as a meridionally coordinating pincer
ligand system, providing a flexible coordination cavity containing
three nitrogen donor sites (NNN) for the metal ion. Depending
upon the nature of the metal precursor and the reaction condi-
tions, they can function as an anionic (upon deprotonation) or
neutral (no deprotonation) ligands forming either 1:1 or 2:1 (lig-
and:metal) complexes [1-4].

Enormous number of complexes with varieties of transition
metals have been derived from these ligands, which have found
versatile applications in various important catalytic processes, in-
cluding the transfer hydrogenation of ketones and imines [5],
dehydrogenation of alcohols and amines [6-9], hydrogenation of
alkenes [10-12] and carbon dioxide [13], controlled radical poly-
merization [14,15], oxidation of hydrocarbons [16-19], dehydro-
genative carboxylation of alkanes [20], hydrosilylation [21] and
asymmetric cyclopropanation [22] etc. Apart from this, a number
of platinum derivatives of BPIs have been used in luminescence ap-
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plications [23-26]. Conversely, transition metal complexes of this
system were also probed as structural models for various enzymes
and found to mimic the respective highly selective biological pro-
cesses, such as, catalase like activity [27,28], superoxide dismutase
(SOD) mimic activity [29-32], phenoxazinone synthase mimic ac-
tivity [33,34], catechol oxidase mimic activity [35,36] etc.

In the current article we report synthesis and characterization
of series of homoleptic and heteroleptic first row transition metal
complexes derived from a BPI ligand. We believe that, the simple
protocols suggested for the synthesis of mono and bis BPI ligated
complexes and their structural features established by the thor-
ough spectro-analytical methods in this article would lead to fur-
ther developments of this system and attract additional applica-
tions.

2. Experimental
2.1. Materials and instrumentation

All the chemicals including the ligand precursors, metal salts
and solvents were purchased from commercial vendors, Sigma-
Aldrich (Merck), Sd-fine, Nice Chemicals, Spectrochem and Thermo
Scientific and were used without further purification. The molar
conductivity measurement was done by using ELICO-CM-82 con-
ductivity bridge. The IR spectra were recorded using Perkin Elmer
FTIR instrument in the range 4000-500 cm~!. The 'H NMR spec-
tra of the ligand (in CDCl3) and complexes (in DMSO-d6) were
recorded on Joel ECZ 500 MHz spectrometer at room temperature.
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Scheme 1. Preparation of 1,3-bis(2-pyridylimino)isoindolate (BPIH) ligand.

The respective chemical shifts were referenced to solvent residue
resonances and are reported relative to Trimethylsilane. The UV-
Visible spectra were recorded on a SHIMADZU-1800 UV-VIS spec-
trophotometer. All the compounds were analyzed for carbon, hy-
drogen and nitrogen by Thermo Scientific Flash 2000 Organic El-
emental Analyzer. Metal and chloride estimation were done by
following the established protocols [37]. The mass spectra of the
complexes were recorded using Micromass QTOF ESI-MS instru-
ment (model HAB273). The single crystal x-ray study was done us-
ing Bruker APEX-II CCD machine.

2.2. Preparation of ligand, 1,3-bis(2-pyridylimino )isoindoline (BPIH)

1,3-bis(2-pyridylimino) isoindoline (BPIH) ligand was prepared
by following a reported protocol [1,2,38,39] described below.

Phthalonitrile (10 mmol, 128 g) and 2-aminopyridine
(20 mmol, 1.88 g) were dissolved in n-butanol (35 ml) in a
round bottom flask equipped with a reflux condenser and a
catalytic amount of calcium chloride (~ 0.1 mmol, 0.1 g) was
added. The reaction mixture was heated to reflux (~180 °C) on
a heating mantle for 48 h. After cooling the reaction mixture, a
greenish-yellow solid was obtained, which was then filtered and
dried under vacuum. The solid obtained was recrystallized using
methanol to get the ligand BPIH in a greenish-yellow crystalline
form. Yield 70% (Scheme 1) (Note: Comparatively same yield was
obtained, when sodium ethoxide (~ 0.1 mmol) was used as a
catalyst under similar reaction conditions).

M.P. 180 - 182 °C; IR (ATR, selected, cm~1) 3203 (b), 3062 (w),
1625 (s), 1578 (s), 1552 (s), 1456 (s), 1425 (s), 1374 (m), 1141 (w),
1099 (m); UV-Vis (DMSO) (Amax in nm (log & in dm3 mol~! cm™1)
280 (4.19), 297 (4.16), 330 (4.10), 346 (4.11), 370 (4.14), 386 (4.18),
408 (3.95); 'H NMR (CDCl3, 500 MHz, 298 K, ppm) § 13.97 (1H,
br, -NH), 8.61 (2H, m), 8.07 (2H, dd), 7.76 (2H, td), 7.64 (2H, dd),
7.46 (2H, d), 7.11 (2H, m); 3C NMR (CDCl3, 125 MHz, 298 K, ppm)
6 = 160.1, 153.1, 148.7, 139.3, 135.5, 132.8, 123.6, 122.9, 121.3; Ele-
mental Analysis for C;gHy3N5, Caled (found) C 72.23 (72.32), H 4.38
(4.68), N 23.40 (23.86)%.

2.3. Synthesis of heteroleptic (mono) complexes

Six heteroleptic complexes [BPIH]MnCl, (C1), [BPI|FeCl,
(C2), [BPI]Co(H,0)Cl (C3), [BPIHINICl, (C4), [BPIH]CuCl, (C5)
& [BPIH]ZnCl, (C6) were synthesized by following the method
described below.

1 mmol (0.3 g) of 1,3-bis(2-pyridylimino) isoindoline (BPIH),
taken in 10 ml of methanol was added dropwise to solution of
1 mmol of corresponding transition metal chloride in 10 ml of
methanol in a round bottom flask with continuous stirring. After
refluxing for 4 h the mixture was bought to room temperature to
get the complex. The solid complex obtained was filtered, washed
thoroughly with hot methanol and dried under vacuum.

[BPIH]MnCl, (C1): BPIH (0.3 g, 1 mmol), MnCl,-4H,0 (0.198 g,
1 mmol). Isolated as a yellow solid. Yield 72%; Molar conductance
(am in DMSO) 6 ohm~!cm? mol~!; IR (ATR, selected, cm~!) 3204
(b), 3140 (b), 3062 (b), 1654 (m), 1626 (s), 1582 (s), 1553 (s),
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1518 (s), 1468 (s), 1456 (s), 1427 (s), 1375 (m), 1099 (m), 1053
(s); UV-Vis (DMSO) (Amax in nm (log & in dm3 mol~! cm~!) 275
(4.27), 289 (4.25), 297 (4.24), 319 (4.08), 335 (4.16), 350 (4.18),
370 (4.23), 388 (4.28), 411 (4.05), 455 (2.57); Elemental Analysis
for C15H13C;,NsMn Calcd. (found) C 50.85 (50.23), H 3.08 (2.86), N
16.47 (16.86), Mn 12.92 (12.82), Cl 16.68 (17.02)%.

[BPIJFeCl, (C2): BPIH (0.3 g 1 mmol), FeCl;-6H,0 (0.270 g,
1 mmol). Isolated as a dark brown solid. Yield 65%; Molar con-
ductance (ay in DMSO) 10 ohm~'cm? mol-!; IR (ATR, selected,
em~1) 3061 (b), 1634 (w), 1604 (m), 1570 (s), 1550 (m), 1523 (w),
1467 (m), 1430 (s), 1386 (m), 1089 (s), 1073 (s); UV-Vis (DMSO)
(Amax in nm (log ¢ in dm3 mol~! cm~1!) 290 (3.96), 298 (3.96),
317 (3.81), 333 (3.73), 350 (3.70), 369 (3.71), 388 (3.71), 412 (3.46),
454 (2.30); Elemental Analysis for C;gH;NsFeCl, Calcd. (found) C
50.86 (50.51), H 2.85 (2.98), N 16.48 (17.02), Fe 13.14 (13.24), Cl
16.68 (16.42)%.

[BPIICo(H,0)Cl (C3): BPIH (03 g 1 mmol). CoCl,-6H,0
(0.237 g, 1 mmol). Isolated as an orange solid. Yield 72%; Molar
conductance (ap in DMSO) 7 ohm~!cm? mol~!; IR (ATR, selected,
em-1) 3300 (b), 1633 (w), 1595 (m), 1566 (s), 1519 (s), 1454 (s),
1361 (w), 1086 (s), 1067 (s); UV-Vis (DMSO) (Amax in nm (log &
in dm3 mol-1 cm~1) 261 (3.74), 291 (3.54), 336 (3.53), 353 (3.43),
394 (3.39), 413 (3.47), 436 (3.48), 490 (3.15); Elemental Analysis
for C1gH14N50CoCl, Caled. (found) C 52.64 (51.92), H 3.44 (3.28), N
17.05 (17.72), Co 14.35 (14.82), Cl 8.63 (8.93)%.

[BPIHINICl, (C4): BPIH (0.3 g, 1 mmol), NiCl,-6H,0 (0.237 g,
1 mmol). Isolated as a green solid. Yield 68%; Molar conductance
(am in DMSO) 4 ohm~!cm? mol~!; IR (ATR, selected, cm~!) 3325
(b), 3078 (b), 1659 (w), 1636 (m), 1625 (m), 1612 (w), 1599 (w),
1564 (m), 1552 (m), 1529 (s), 1479 (s), 1463 (s), 1429 (s), 1378
(m), 1109 (s), 1084 (m); UV-Vis (DMSO) (Amax in nm (log & in
dm3 mol-! em~1) 278 (4.22), 296 (4.20), 336 (4.23), 350 (4.20),
370 (4.16), 390 (4.21), 412 (4.01), 436 (4.01), 464 (3.83); Elemental
Analysis for CigH13N5NiCl, Calcd. (found) C 50.40 (50.34), H 3.06
(2.98), N 16.33 (16.89), Ni 13.68 (13.12), Cl 16.53 (16.28)%; ESI mass
(m/z), 356.04 ([BPI]Ni+).

[BPIH]CuCl, (C5): BPIH (0.3 g, 1 mmol), CuCl,-2H,0 (0.17 g,
1 mmol). Isolated as a green solid. Yield 70%; Molar conductance
(am in DMSO) 6 ohm~!cm? mol~1; IR (ATR, selected, cm~') 3329
(b), 1663 (w), 1632 (m), 1598 (w), 1580 (s), 1532 (s), 1485 (m),
1466 (s), 1437 (m), 1381 (w), 1113 (m), 1101 (m); UV-Vis (DMSO)
(Amax in nm (log & in dm?® mol-! cm~1) 276 (3.98), 298 (3.91),
319 (3.80), 333 (3.89), 351 (3.88), 371 (3.90), 389 (3.92), 413 (3.69),
475 (3.26); Elemental Analysis for C;gH13N5CuCl, Caled. (found) C
49.84 (50.23), H 3.02 (3.08), N 16.15 (16.68), Cu 14.65 (14.28), Cl
16.34 (16.30)% ESI mass (m/z), 361.04 ([BPIJCu+).

[BPIH]ZnCl, (C6): BPIH (0.3 g 1 mmol), ZnCl, (0.136 g,
1 mmol). Isolated as a yellow solid. Yield 72%; Molar conductance
(am in DMSO) 4 ohm~'cm? mol~!; IR (ATR, selected, cm~1) 3292
(b), 3143 (b), 3078 (b), 1656 (m), 1628 (s), 1614 (m), 1592 (m), 1556
(m), 1520 (s), 1487 (s) 1431 (m), 1375 (w), 1101 (m), 1065 (m),
1056 (m); UV-Vis (DMSO) (Amax in nm (log & in dm3 mol~! cm™1)
280 (4.22), 296 (4.20), 319 (4.05), 333 (4.10), 350 (4.11), 370 (4.16),
389 (4.20), 418 (3.97); 'H NMR (DMSO-dg, 500 MHz, 298 K, ppm)
§ 13.92 (1H, br, -NH), 8.66 (2H, br), 8.03 (2H, br), 7.85 (2H, br),
7.71 (2H, br), 7.43 (2H, br), 7.21 (2H, br); Elemental Analysis for
Cy1gH13N5ZnCl, Elemental Analysis Calcd. (found) C 49.63 (49.32),
H 3.01 (2.82), N 16.08 (15.62), Zn 15.01 (15.36), Cl 16.28 (16.16)%.

2.4. Synthesis of homoleptic (bis) complexes

Six homoleptic complexes, [BPI];Mn (C7), [{BPI};Fe]Cl (C8),
[BPI],Co (C9), [BPI];Ni (C10), [BPI],Cu (C11) & [BPI], Zn (C12) were
synthesized by following the method described below.

1 mmol (0.3 g) of ligand, BPIH, in 10 ml of methanol was added
dropwise to solution of 0.5 mmol of respective metal precursor in
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10 ml of methanol in a round bottom flask with continuous stir-
ring. Few drops of 25% ammonia (or 0.1 N potassium hydroxide)
solution were added to the reaction mixture. The mixture was then
refluxed on a water bath overnight and cooled to room tempera-
ture. The solid obtained was filtered and dried under vacuum.

[BPI];Mn (C7): BPIH (0.3 g, 1 mmol) and Mn(NO3),-4H,0
(0126 g, 0.5 mmol), following the protocol described above. Iso-
lated as a brownish yellow solid. Yield 77%; Molar conductance (ap
in ohm~'cm? mol-1) 8; IR (ATR, selected, cm~!) 3050 (b), 1631
(w), 1594 (w), 1569 (s), 1549 (w), 1525 (s), 1461 (s), 1425 (m),
1366 (w), 1089 (s), 1066 (s); UV-Vis (DMSO) (Amax in nm (log ¢ in
dm3 mol~! cm~1) 286 (3.90), 313 (3.98), 335 (3.90), 371 (3.82), 393
(4.00), 418 (4.08), 448 (3.81); Elemental Analysis for C3gH,4N1gMn,
Calcd. (found) C 66.36 (65.92), H 3.71 (3.81), N 21.50 (22.01), Mn
8.43 (8.13)%.

[{BPI},Fe]Cl (C8): BPIH (0.3 g 1 mmol) and FeCl;-6H,0
(0135 g, 0.5 mmol), following the protocol described above. Iso-
lated as a dark brown solid. Yield 72%; Molar conductance (ap in
DMSO) 38 ohm~!cm? mol~!; IR (ATR, selected, cm~!) 3062 (b),
1634 (w), 1567 (w), 1523 (s), 1455 (s), 1425 (s), 1364 (w), 1095 (s),
1073 (s); UV-Vis (DMSO) (Amax in nm (log ¢ in dm3 mol-! cm™1)
257 (4.01), 265 (3.83), 298 (3.86), 318 (3.77), 332 (3.69), 349 (3.67),
368 (3.61), 388 (3.60), 412 (3.35), 454 (2.27); Elemental Analysis
for C3gH,4NygFeCl Calcd. (found) C 62.85 (63.48), H 3.52 (3.82), N
20.36 (21.01), Fe 8.12 (8.20), Cl 5.15 (4.85)%; ESI mass (m/z), 652.16
([BPI] Fe™).

[BPI];Co (C9): BPIH (0.3 g, 1 mmol) and Co(NOs3),-6H,0
(0.146 g, 0.5 mmol), following the protocol described above. Iso-
lated as an orange red solid (A saturated solution of the pure com-
pound in MeOH:DCM (1:1) was stored at 2-4 °C for two days to
obtain the crystals suitable for X-ray analysis). Yield 76%; Molar
conductance (ap in DMSO) 7 ohm~!cm?2 mol~1; IR (ATR, selected,
cm~1) 3196 (b), 1633 (w), 1594 (w), 1565 (s), 1552 (w), 1519 (s),
1454 (s), 1388 (w), 1086 (s), 1067 (s); UV-Vis (DMSO) (Amax in nm
(log & in dm? mol~! cm~1) 288 (3.93), 297 (3.93), 320 (3.89), 334
(3.89), 350 (3.79), 369 (3.70), 391 (3.86), 413 (3.94), 437 (3.85), 502
(2.46); Elemental Analysis for C3gHp4N19Co Calcd. (found) C 65.96
(65.43), H, 3.69 (3.82), N 21.37 (21.84), Co 8.99 (9.25)%;

[BPI];Ni (C10): BPIH (0.3 g 1 mmol) and Ni(NO3),-6H,0
(0.145 g, 0.5 mmol), following the protocol described above. Iso-
lated as a brown solid. Yield 72%; Molar conductance (ap; in DMSO)
6 ohm~'cm? mol-!; IR (ATR, selected, cm~1) 3058 (b), 1636 (w),
1567 (s), 1552 (w), 1522 (s), 1455 (s), 1384 (w), 1087 (s), 1071
(s); UV-Vis (DMSO) (Amax in nm (log & in dm3 mol~! cm™1)
258 (3.95), 296 (3.86), 325 (3.92), 340 (3.87), 360 (3.65), 409
(3.82), 436 (4.01), 464 (4.00), 514 (2.32); Elemental Analysis for
C3gHy4NoNi Calcd. (found) C 65.98 (66.23), H 3.69 (4.02), N 21.37
(21.68), Ni, 8.96 (9.20)%; ESI mass (m/z), 656.16 ([BPI],NiH™).

[BPI];Cu (C11): BPIH (0.3 g, 1 mmol) and Cu(OAc),.H,0
(0.099 g, 0.5 mmol), following the protocol described above. Iso-
lated as a green solid. Yield 70%; Molar conductance (ap in DMSO)
7 ohm~1cm? mol~1; IR (ATR, selected, cm~1) 3046 (b), 1632 (w),
1580 (s), 1552 (w), 1533 (s), 1465 (s), 1433 (s), 1377 (m), 1088 (s),
1068 (s); UV-Vis (DMSO) (Amax in nm (log & in dm3 mol~! cm~1)
278 (4.04), 315 (4.03), 340 (4.01), 357 (3.86), 404 (3.88), 428 (4.05),
456 (3.96); Elemental Analysis for C3gHy4NjoCu Calcd. (found) C
65.49 (65.12); H 3.66 (3.82), N 21.22 (21.62), Cu 9.63 (10.02)%; ESI
mass (m/z), 660.16 (|[BPI],CuH™).

[BPI]; Zn (C12): BPIH (0.3 g, 1 mmol) and Zn(OAc),-2H,0
(0.109 g, 0.5 mmol), following the protocol described above. Iso-
lated as a yellow solid. Yield 76%; Molar conductance (ap in
DMSO) 6 ohm~!cm? mol~!; IR (ATR, selected, cm~!) 3044 (b),
1631(m), 1599 (w), 1569 (m), 1551 (s), 1533 (s), 1465 (s), 1450 (w),
1432 (m), 1367 (m), 1095 (s), 1074 (s); UV-Vis (DMSO) (Amax in
nm (log € in dm3 mol-! cm~1) 288 (4.20), 311 (4.17), 336 (4.18),
370 (4.08), 392 (4.20), 417 (4.24), 446 (4.07); 'H NMR (DMSO-dg,
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500 MHz, 298 K, ppm) § 8.58 (2H, br), 7.92-7.87 (4H, m), 7.60 (2H,
d), 743 (2H, d), 7.20 (2H, t); Elemental Analysis for C3gHp4N19Zn
Calcd. (found) C 65.31 (65.68), H 3.65 (3.42), N 21.16 (21.82), Zn,
9.88 (9.62)%; ESI mass (m/z), 661.16 ([BPI],ZnH).

2.5. X-ray crystal analysis

A good quality single crystal of the size
0.085 x 0.117 x 0.265 mm of the homoleptic cobalt complex
(C9) was chosen under the polarizing microscope for diffrac-
tion studies. Crystal was separated using brush and mounted
on a nylon loop with the help of paratone oil. Intensity data
were collected on Bruker APEX-II CCD machine at 296(2)K, room
temperature. All data were integrated with SAINT and a multi-
scan absorption correction using SADABS-2012/1 was applied.
The structure was solved by direct methods using SHELXS-97
[40] and refined by full-matrix least-squares methods against F2
by SHELXL-2018/1 [40]. All non-hydrogen atoms were refined with
anisotropic displacement parameters. The hydrogen atoms were
refined isotropically on calculated positions using a riding model
(HFIX 43) with their Ujsvalues constrained to 1.2 times the Ueq of
their pivot atoms. Main structural entity and the solvent molecule,
dichloromethane, both sit on the special position 2-fold axis.
Hydrogen atom(H200) bonded to the carbon atom(C200) of the
solvent molecule have been found in the difference Fourier and its
positions was refined freely, whereas its Uj,value constrained to
1.2 times of the parent atom. Graphics and publication materials
were prepared with the help of Ortep-Ill for windows [41] and
WinGX suite [41] programs respectively.

3. Result and discussion
3.1. Synthesis of ligand

1,3-bis(2-pyridylimino) isoindoline (BPIH) ligand was prepared
by reacting pthalonitrile and 2-aminopyridine (1:2) in n-butanol,
in the presence of catalytic amount of calcium chloride or sodium
ethoxide (Scheme 1) [1,2,38,39]. Structure and analytical purity of
the ligand was confirmed by the various spectro-analytical tech-
niques, as described below.

3.2. Synthesis of complexes

Six heteroleptic transition metal complexes [BPIH]MnCl, (C1),
[BPI]FeCl, (C2), [BPI]Co(H,0)CI (C3), [BPIH]NICl, (C4), [BPIH]CuCl,
(C5), [BPIH]ZnCl, (C6) and six homoleptic transition metal com-
plexes, [BPIl,Mn (C7), [{BPI},Fe]Cl (C8), [BPI];Co (C9), [BPI],Ni
(C10), [BPI];Cu (C11) & [BPI], Zn (C12) were prepared by reacting
BPIH ligand with the corresponding metal precursor, in 1:1 and 2:1
ratio respectively, in methanol under suitable reaction conditions.
Structure and analytical purity of the complexes was confirmed by
the various spectro-analytical techniques (vide infra) and compared
with the related compounds reported in literature. The proposed
structures of the complexes are depicted in Scheme 2.

3.3. Structural elucidation

The ligand BPIH and all the twelve 3d transition metal com-
plexes were analyzed by various spectro-analytical methods, in-
cluding, molar conductivity measurements, IR, UV, NMR and mass
spectral analysis as well as elemental analysis and their structure
and analytical purity was confirmed (vide infra).

3.3.1. Molar conductivity measurements
The molar conductance of all the homoleptic and heterolep-
tic complexes (C1-C12) was measured at room temperature in
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C7 M=Mn(ll),n=0
C8 M=Fe(lll),n=1
C9 M=Co(ll),n=0
C10 M =Ni(ll), n=0
C11 M=Cu(ll),n=0
C12 M=2Zn(ll),n=0

Scheme 2. Projected structures of the complexes C1-C12.

DMSO solution with 10~3 mol/dm3 concentration. The values of
am for all the complexes were found to be below 10 ohm~!cm?
mol~! indicating a non-electrolytic nature of the complexes, ex-
cept for the iron complex C8, which showed higher conductivity
(am = 38 ohm~'cm? mol~1, 1:1 electrolyte) indicating its ionic na-
ture [42,43,44].

3.3.2. Infrared spectroscopy studies

Infrared spectrum of the ligand BPIH, shows broad ‘V’ shaped
absorption around 3300 cm~! which is typical for -NH stretch-
ing (from isoindoline ring) and the bands around 3000 cm~! are
attributed to the aromatic —~CH stretching. Several absorptions ob-
served in the range 1650-1350 cm~! which are characteristic for
this ligand molecule are attributed to the coupled modes involv-
ing the imines and the 2-pyridine groups. In the complexes, C2, C3
& C7-C12, disappearance of -NH band indicates the coordination of
the indole nitrogen upon deprotonation. A significant change in the
absorption pattern in the region 1650-1350 cm~! was observed
in all these complexes, due to the deprotonation and the sub-
sequent coordination. Further, typical weak absorptions observed
around 1630, 1590 & 1450 cm~! and strong absorptions observed
around 1530 1465, 1095 & 1074 cm~! confirm the presence of a
deprotonated isoindoline ligand. In the case of complexes C1, C4,
C5 &C6, strong to medium intensity absorptions observed around
1655, 1630 & 1100 cm~!, and a weak absorption observed around
3300 cm~! suggest the presence of a neutral, non-deprotonated
isoindoline ligand in these complexes. Alongside the lower fre-
quency shifts, decrease in the intensity observed for the charac-
teristic pyridyl skeletal bands in all complexes due to the partici-
pation of pyridyl ring nitrogen in the metal coordination. A broad
absorption band observed for the complex C3 around 3300 cm™! is
attributed to the OH stretching of the coordinated water molecule.
[45-47].

3.3.3. NMR studies

The 'H NMR of the ligand BPIH (in CDCl;3) exhibited seven well
separated peaks, with the chemical shift and integration values as
well as the multiplicity of all the peaks fitting well with the ex-
pected structure of the ligand. The aromatic protons of the isoindo-
line moiety appear at lower field due to the de-shielding effect of
the imino (C=N-) functionality. The isoindoline -NH was observed
at 14 ppm, indicating its highly acidic nature [38]. In the corre-
sponding 13C NMR spectrum, total nine peaks were observed ow-
ing to nine types of the carbons present in the molecule. The peak

at 160.1 ppm is assigned to the « carbon of pyridine rings, and
the peak at 153.1 ppm is ascribed to exo-C=N carbon, all the other
peaks observed in the range 120—150 ppm are attributed to the
aromatic ring carbons.

TH NMR spectrum of the heteroleptic zinc complex C6, mea-
sured in DMSO-d6, displayed 7 peaks. The broad peak observed at
613.92 ppm is attributed to the -NH proton indicating the neutral
coordination mode of the ligand. All the other six peaks observed
in the aromatic region are assigned to isoindoline and pyridine
ring protons. In the case of homoleptic zinc complex, C12, absence
of the -NH peak indicates the coordination of isoindoline nitrogen
upon deprotonation. However no significant change in the chemi-
cal shift values of the aromatic protons of isoindoline and pyridine
ring was observed. All the aromatic peaks in both the complexes
were found to be relatively broad and their symmetric pattern sug-
gest the typical planar NNN coordination mode of the ligand [2,48].

3.3.4. UV-Visible spectroscopy studies

UV-visible spectra of ligand BPIH and its mono (C1-C6) and bis
(C7-C12) complexes were recorded in DMSO (104 M) in the range
270-900 nm. In the electronic spectrum of the ligand, peaks ob-
served in the range 270-300 nm are assigned to the 7 — 7* tran-
sitions associated with the aromatic groups [45]. Multiple absorp-
tions observed at higher wavelength range, 300-415 nm are as-
signed to intra-ligand n — m* transitions mainly associated with
C=N groups of pyridine ring as well as exo-C=N group [1,45]. In
the complexes C2, C3 & C7-C12, the shapes and intensities of the
intra ligand m — 7* and n — 7* transitions, observed in the range
270-300 and 300-415 nm respectively, experience a significant
change suggesting the presence of deprotonated form of the ligand
in these complexes [2,29,48]. While in the case of complexes C1 &
C4-C6 these peaks remain mostly unaltered indicating the neutral
coordination mode of the ligand. Slight changes observed in the
absorption values are however attributed to the change in the elec-
tronic environment of the ligand upon coordination to the metal.
The LMCT transitions are observed in the range 430 - 475 nm
[28,45,48]. The cobalt complex C9 and nickel complex C10 exhib-
ited weak absorption peaks around 500 nm, attributed to the d-d
transitions [2,16,30].

3.3.5. Elemental analysis and mass spectrometric studies

Results from the C, H, N analysis and metal and chloride esti-
mations are in fine agreement with the empirical formulae of the
prepared compounds (Scheme 2) and hence confirm their analyti-
cal purity.
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Fig. 1. Molecular structure of the complex C9 (views from two different angles) ORTEP diagram - thermal ellipsoids set at 50% probability (solvent molecule, DCM
was removed for the clarity). Selected bopd lengths and angles: Co(1)-N(1) = 2.007(2), Co(1)-N(1)#2 = 2.007(2), Co(1)-N(2) = 2.149(2), Co(1)-N(2)#2 = 2.149(2), Co(1)-
N(3)#2 = 2.168(2), Co(1)-N(3) = 2.168(2) A. N(2)#2-Co(1)-N(3)#2 = 171.59(9), N(1)-Co(1)-N(3) = 85.54(9), N(1)#2-Co(1)-N(3) = 94.02(9), N(2)-Co(1)-N(3) = 171.59(9)°.

ESI mass spectra of the heteroleptic nickel (C4) and copper
(C5) complexes exhibited higher intensity peaks at m/z 356 and
361, which are attributed to the molecular ions, [BPI|Ni* (M) and
[BPI|Cu* (M) respectively (due to loss of two chlorides and lig-
and deprotonation). In the case of homoleptic iron (C8), nickel
(C10) and copper (C11) complexes, higher intensity peaks observed
at m/z 652, 655 and 660 are ascribed to the molecular ions,
[BPI],Fe* (M), [BPI];NiH* (M + 1) and [BPI],CuH* (M + 1) respec-
tively. These mass peaks support the proposed stoichiometry and
structures of the complexes. In all the three mass spectra, base
peak is observed at m/z 300, which is consistent with the mass
of ligand molecular ion, [BPIHJHT(M + 1) [49].

3.3.6. X-ray diffraction studies

The molecular structure of the cobalt complex C9 is shown
in Fig. 1 along with the list of some selected bond lengths and
bond angles. The complex is comprised of two tridentate anionic
BPI ligands meridionally bound to the cobalt(Il) center, via isoin-
doline and two pyridine nitrogen atoms. The two ligand planes
essentially remain perpendicular to each other. The coordination
geometry around the cobalt(Il) ion is found to be ‘distorted oc-
tahedral’, with all the donor nitrogen atoms of the two ligand
units occupying the six tips. In the complex, the Co-N (isoindo-
line) bond distance (2.007 A°) is found to be significantly shorter
than the two Co-N (pyridine) bond lengths (2.149 & 2.168 A) in-
dicating the stronger coordination of the deprotonated isoindo-
line nitrogen. The difference in the Co-N bond distances of two
pyridine sidearms is attributed to the steric constraints. All three
Co-N bond lengths of this complex are found to be comparable
to the analogues cobalt complex having a methyl substituted BPI
ligand [16], and are significantly longer than the bonds reported
for the Co(Ill) complex containing the same BPI ligand [50]. The
N(pyridine)-Co-N(pyridine) bond angles are found to be 171 °C, in-
dicating the slight distortion in the planarity of the ligand around
the cobalt (II) center.

4. Conclusion

Six of each heteroleptic and homoleptic 3d transition metal
complexes of a bis(2-pyridylimino)isoindoline(BPIH) ligand were
obtained in analytically pure form in high yields. All the complexes
were characterized by various spectro-analytical tools. From the

data, a distorted octahedral structure, containing two meridion-
ally coordinating BPI ligands was assigned to the homoleptic com-
plexes (C7-C12). Which was further confirmed by the X-ray stud-
ies in the case of the cobalt complex C9. Heteroleptic complexes
(C1-C6) were proposed to have a highly distorted square pyrami-
dal geometry, with a planar tridentate BPI ligand, chloro and aqua
ligands coordinating to the metal center. The homoleptic iron com-
plex C8 was found to be cationic in nature. Interestingly, the het-
eroleptic manganese (C1) and cobalt (C3) complexes were found to
be active catalysts in the Guerbet upgradation of ethanol. We are
currently working on the methodology to improve the conversion
and selectivity of the reaction.

Supporting information

Representative infrared, electronic,c NMR and mass spectra of
the compounds and details of the single crystal analysis of the
compound C9 are provided in Supporting Information (the struc-
tural data of C9 is deposited with the Cambridge Crystallographic
Data Centre - CIF file CSD no. 2006565; http://www.ccdc.cam.ac.
uk/).
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