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ABSTRACT

Reaction of the ligands, bis-2,2'-(N-alkylamino)azobenzenela & b, with K;[PdCl,] and K,[PtCl,]in a
1:1 ratio in methanol afforded Pd(Il), Pt(ll) complexes 2a -2d. Both the complexes were
characterized by 'H NMR, IR spectroscopy and elemental analysis. Furthermore, the solid-state
structures of complex (2b and 2c ) was determined using single crystal X-ray diffraction analysis. The
diffraction analysis revealed that the ligand 1a binds with Pt(Il) in monoanionicterdentate (N,N,N)
fashion offering distorted square planar geometry where fourth coordination site is satisfied by one
chloride ligand. Redox properties of the new complexes were examined.

Keywords- Pt(ll), Bis-2,2'-(N-alkylamino)azobenzene, Crystal structure, Suzuki & Heck
coupling,Palladium(11),Platinum(I1)

I. INTRODUCTION

Selective c-c bond-formation by palladium-catalyzed reactions are known as versatile tools in organic synthesis.
Suzuki coupling is an efficient method for the production of biaryls, which are important in agrochemistry,
pharmaceutical, herbicides, materials and synthetic chemistry [1-3].

After the discovery of cis-platin, Pt(Il) complexes supported by nitrogen donor ligands have attracted greatly
attention both in research and biological applications [4-14]. Platinum complexes incorporating nitrogen and
oxygen or sulfur donor ligands with azo functionality have attracted a great deal of attention because of their
potential interest in C-H bond activation, redox property, oxidative addition, reductive elimination,
regioselective ring amination and invitro cytotoxicity [15-25]. In last few years, research containing platinum
complexes has concentrated on the study of their photophysical properties and their anticancer activity and
interest in biological chemistry [12-14, 4-11]. Orthometallatedplatinum compounds containing nitrogen donor
ligands have attracted a great deal of attention because of their use in functionalization of organic molecules
[26-27], luminescence / phosphorescence [28-30], mesogenic materials [31-33] and antitumour agents [5, 8-13].

For this reason, the development of new approaches for the synthesis of new platinated compounds containing
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nitrogen donor ligands is a pursued goal. A very limited phosphine free palladium azo-imine complexes have
been found to useful as homogeneous catalyst in Suzuki and Heck coupling reactions [19, 34-35].

Herein, we report the synthesis of palladium and platinum complexes incorporating bis-2,2'-(N-
alkylamino)azobenzene ligands. Both the complexes were characterized by UV-Vis, IR and 'H NMR
spectroscopy. The structure of the complex 2b and 2d were determined by X-ray crystallography. Catalytic
activityinSuzuki and Heck coupling reactions of palladium 2a complexes and redox behavior of the new
complexes were examined.

1. EXPERIMENTAL

A. Materials and Physical measurements

The solvents used in the reactions were of reagent grade (Merck, Kolkata, India) and were purified and dried by
general procedure [31]. Sodium chloride, Methyl iodide, ethyl bromide and potassium carbonate were purchased
from Merck, India. Methyl iodide was purchased from SRL, Mumbai, India. Potassium tetrachloropalladate,
Potassium tetrachloropltinate was purchased from Sigma-Aldrich. 2,2'-diaminoazobenzene and (2-((2-
aminophenyl)diazenyl)-N-alkylaniline) were prepared following reported procedure [16, 30]. Microanalysis (C,
H, N) was performed using a Perkin-Elmer 2400 C, H, N, S/ O series Il elemental analyzer. Infrared spectra
were recorded on a Perkin Elmer BX-1 FT-IR spectrometer with the samples prepared as KBr pellets. Electronic
spectra were recorded on a Shimadzu UV- 1800 PC spectrophotometer. *H NMR spectra were obtained on
Bruker 400 NMR spectrometers in CDCl5 using TMS as the internal standard.

B. Synthesis of complex

Palladium complexes 2a &2b was prepared following similar procedures. A representative procedure for 2a is
given below.

A solution of 1a (0.135 g, 0.34mmol) in 10 cm®methanolwas added to a solution of Na,[PdCl,] (0.1 g,
0.34mmol) in 10 cm® methanol. The mixture was stirredfor 6 h. The dark solid precipitate was separated by
filtrationand purified by column chromatography using silicagel (60-120 mesh). The eluent was toluene-
acetonitrile (80/20 v/v) mixed solvent. Upon evaporation of the solvent,a blue solid of pure 2a was
obtained.Yield: 2a, 70%. Anal. Calc. for C14HsN4CIPd: C, 44.11; H, 3.97; N, 14.70.Found: C, 44.24; H, 4.07;
N, 14.52%. UVIVIS (lma/nm (¢/ dm® mol™), dichloromethane): 575 (10420), 360(8325), 260(24450),
230(36730). IR (KBr, cm™): 3062v(NH), 1739v(C=N), 1400v(N=N).*H NMR (300 MHz, CDCls):3.22 (CH, d,
3H), 3.45-3.53 (CH3, m, 3H), 5.30 (NH, s, 1H), 6.58 (ArH, t, 1H), 6.99 (ArH, t, 1H), 7.20-7.28 (ArH, m, 2H),
7.32 (ArH, t, 1H), 7.39 (ArH, d, 1H), 7.57 (ArH, d, 1H), 8.07 (ArH, d, 1H).Yield: 2c, 64%. Anal. Calc. for
C1sH1sN,CIPd: C, 46.96; H, 4.68; N, 13.69. Found: C, 46.58; H, 4.54; N, 13.47%. UV/VIS (/ma/nm (&/ dm? mol’
1), dichloromethane): 610 (9380), 575(11510), 360(8715), 260(22955), 230(36530). IR (KBr, cm™'): 3071
v(NH), 1744v(C=N), 1403v(N=N)."H NMR (300 MHz, CDCl;):1.21 (CHj, t, 3H), 1.26 (CHs, t, 3H), 3.16-3.21
(CH,, m, 2H), 4.01-4.07 (CH,, m, 2H), 6.0 (NH, s, 1H), 6.53 (ArH, t, 1H), 6.96 (ArH, d, 1H), 7.16-7.21 (ArH,
m, 2H), 7.25-7.28 (ArH, m, 1H), 7.36 (ArH, d, 1H), 7.52 (ArH, d, 1H), 7.97 (ArH, d, 1H).
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Similarly, blue platinum complexes 2¢ & 2d were synthesized by same procedure. Yield: 2c, 60%. Anal. Calc.
for C14H1sCINgPt: C, 35.79; H, 3.22; N, 11.93. Found: C, 35.32; H, 3.45; N, 11.84%. UV/VIS (Amax/nm (&/ dm?
mol™), dichloromethane): 630 (14040), 585 (14500), 355 (14900), 265 (40050). IR (KBr, cm™): 3134 v(NH),
1614 v(C=N), 1405 v(N=N). 1H NMR (400 MHz, CDCls): 7.90 (m, ArH, 1H), 6.58 (d, 1H, ArH), 7.50 (d, 1H,
ArH), 7.43-7.47 (m, 1H, ArH), 7.20-7.23 (m, 2H, ArH), 6.71-6.76 (d, 2H, ArH, NH), 6.55 (t, 1H, ArH), 3.38 (t,
6H, CH3). E1/2 [V]: 1.58, -1.22, -0.85. Yield: 2d, 65%. Anal. Calc. for CisH9CIN4Pt: C, 38.60; H,3.85; N,
11.25. Found: C, 38.44; H, 3.65; N, 11.36%. UV/VIS (Ama/nm (¢/ dm? mol™), dichloromethane): 625 (14500),
585 (15540), 360(16630), 270(41350). IR (KBr, cm—1): 3052 v(NH), 1615 v(C=N), 1410 v(N=N). *H NMR
(400 MHz, CDCl5): 7.90 (b, s, ArH, 1H), 7.63 (d, ArH, 1H), 7.41(t, ArH, 2H), 7.13-7.16(m, ArH, 3H), 6.86 (b,
NH, 1H), 6.51 (t, 1H, ArH), 4.23-4.31 (m, 2H, CH,), 1.06-1.11 (m, 6H, CHj).

I11. CRYSTALLOGRAPHY

Single crystal of 2band2cwas grown by diffusion of dichloromethane into petroleum ether at room temperature.
Data were collected by o- scan technique on a Bruker Smart CCD diffractometer with Mo-K, radiation
monochromated by graphite crystal. Structure solution was done by direct method with SHELXS-97 program
[32, 33]. Full matrix least square refinements on F? were performed using SHELXL-97 program [32, 33]. All
non-hydrogen atoms were refined anisotropically using reflections I > 2¢ (I). The C-bound hydrogen atoms
were included in calculated positions and refined as riding atoms and N-bound hydrogen atoms were assigned
and refined.

IV. RESULTS AND DISCUSSION

Reactions of la-b with K,PdClsand K,PtCl,separately in methanol water at room temperature afforded blue
coloured complexes of composition 2a-2d. In all complexes the ligand binds in tridentate fashion through amido
nitrogen, azo nitrogen and amino nitrogen atoms. The fourth coordination site of the complexes is occupied by a
chloride ligand.

Fig. 1: Synthesis of ligands and palladium and platinum complexes
All the palladium(ll) and platinum (1I) complexes are soluble in common organic solvents, producing blue-
violet and intense blue colour solutions. UV-visible spectra of the complexes were recorded at room
temperature in dichloromethane solvent. Spectral data are presented in the Experimental Section. The absorption

bands observed in the spectra of the free ligand have shifted to lower energy region in the spectra of all
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palladium complexes due to the coordination of the ligand with metal ion. All the transitions are majorly due to
intra ligand charge transfer transitions [19, 33, 39]. A Characteristic low energy absorption band for 2cat 570-
575 nm is assigned as mixed metal ligand charge transfer The absorption spectra of the platinum compounds
contains of four intense absorption bands at ~275, ~355, 585 and ~630 nm, the first two bands can be assigned
to the m—m* transitions of the phenyl rings and n—n transitions of azo (-N=N-) [19,33, 39]. Characteristic low
energy absorption peaks observed at 585 nm and 630 nm could be assigned to mixed metal ligand charge
transfer transition [19,33,39].

In IR spectra for the complexes 2a—2b, the vy band appeared within the range 3076-3062 cm™ [42,48]. The
vn-n band (1508-1504 cm™) of all the ligands shifted to lower frequency (1406—1400 cm™) in the complexes,
consistent with coordination of the azo nitrogen [34-35, 40]. A new band, near 17441736 cm™,in the IR spectra
of the complexes unlike the ligands, has been attributed to imine formation [34-35, 40]. For the complexes 2c
&2d of in solid KBr pellet displayed vy.4 absorption as a singlet band at 3134 cm™ and 3047 cm™ respectively
due to coordination with amino nitrogen [15,19,33,39]. The vy-y band (1508-1504 cm™) of all the ligands
shifted to lower frequency ~1408 cm™ in the complexes, indicating the coordination of the azo
nitrogen[15,19,33,39]. A new band, near ~1616 cm™, in the IR spectra of the complexes has been signifying to
imine (—C=N-) formation [12, 34-35]. The spectral data for the complexes are collected in experimental section.
The NMR spectra of the complexes were recorded in CDCl; at room temperature. The complexes shows highly
resolved *H-NMR spectra, which are in complete agreement with the X-ray structures. All aromatic protons
signals appeared in the range 6.72-7.91 ppm. Two —CH3; and —CH,CH3 signals of complexes 2a and 2b appeared
as multiplate due to formation of two unsymmetrical chelate rings with ligands. A broad singlet at 6.76 ppm and
6.86 ppm is assigned for NH proton of the complexes 2a and 2b respectively. The spectral data for the
complexes are collected in experimental section.

The structure of 2b & 2d has been determined by single crystal x-ray analysis. Overall view of the molecules of
2a with the atom-labeling scheme is shown in Fig. 2 and selected bond lengths and bond angles are given in
Tables 1 & 2. Complexes 2b & 2d is monoclinic and crystallize in the space group P2,,,and P2,/c with Z=8 and
Z = 4. The both palladium and platinum metal centre is bonded to the amido nitrogen, azo nitrogen and amino
nitrogen of the tridentate (N,N,N) donor system along with a chloride ion which is trans to azo nitrogen. The
tetra-coordination geometry of the platinum(ll) atom is distorted square planar (mean deviation 0.076 A),
deviation from the idealized geometry is mainly due to geometric constraints imposed by the tridentate ligand.
The maximumdeviation is represented by the bite angle N(1)-Pt(1)-N(3) of 83.4(2). The Pt(1)-N(1), Pt(1)-N(3),
Pt(1)-N(4), Pt(1)-CI(1) and N(1)-N(2) bond lengths 1.935(5), 2.068(6), 1.991(6), 2.350(2) and 1.285(7) A are
within the normal range similar to relatedplatinum complexes of terdentate nitrogenous ligands [12,15-17]. The
C(8)-N(2) and C(13)-N(4) lengths (~1.34A) is comparatively shorter than the C-N single bond C(1)-N(1) and
C(6)-N(3), 1.423(8) and 1.475(9) A) in the same molecule is close to the imine distance [12,15-17].
Furthermore, the elongation of four bonds (C(8)—-C(9) (1.412(10) A), C(10)-C(11) (1.403(11) A), C(12)-C(13)
(1.4449) A) and C(8)-C(13) (1.451(9) A)) and compression of two bonds (C(9)-C(10) (1.354(10) A)
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andC(11)-C(12) (1.336(10) A)) adjacent to six
membered chelate rings of this molecule is attributed
extensive delocalizationof the negative charge along

[19].The geometry  about

bond lengths

the normal range [40-42, 49-50].The C(1)-N(1) and C(6)-N(2) lengths (~1.34A) is shorter than the C-N single
bond C(7)-N(3) and C(12)-N(4), (~1.44A) in the same

molecule is close to the imine distance [19, 34-35, 40]. Thus
the carbon—carbon bond lengths on phenyl ring (adjacent to
six membered chelate rings) ofthe ligand (C(2)-C(3)
(1-353(4)A) and C(4)-C(5) (1-351(4) A))are appreciably

shorterthan that of other four bonds (C(1)-C(2) (1-445(3) A),
C(3)-C(4) (1-407(4), C(5)-C(6) (1-421(4)A) and C(6)-C(1)
(1-446(3) A))[16, 34].

Selected Bond Distances (A) and Angles (deg)
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Fig. 2: Molecular structure of 2a & 2d (80% probability ellipsoids) with atom numbering scheme
TABLE 1

for Compound 2a.

TABLE 2
Selected Bond Distances (A) and Angles (deg)

for Compound 2d.

Pt(1)-CI(1) 2.350(2)

Pd(1)-C(I1) 2.3476(15) Pt(1)-N(1) 1.935(5)
Pd(1)-N(1) 2.078(5) Pt(1)-N(3) 2.068(6)
Pd(1)-N(2) 1.932(5) Pt(1)-N(4) 1.991(6)
Pd(1)-N(4) 2.001(6) N(1)-N(2) 1.285(7)
N(1)-C(1) 1.454(7) N(1)-C(1) 1.423(8)
N(1)-C(13) 1.498(8) N(3)-C(6) 1.475(9)
NQNG) 1.26507) N(3)-C(7) 1.455(11)
N@<E) L.4056) N(4)-C(14) 1.479(9)
NGO 1'372 - N(4)-C(13) 1.340(9)

®)-C() 372(8) N(2)-C(8) 1.324(8)
N(4)-C(12) 1.337(8) CI(1)-Pt(1)-N(1) | 172.27(16)
C(7)-C(8) 1.418(9) CI(1)-Pt(1)-N(4) | 95.43(17)
CI(1)-Pd(1)-N(1) 89.09(13) N(1)-Pt(1)-N(3) | 83.4(2)
N(2)-Pd(1)-N(4) 91.0(2) N(1)-Pt(1)-N(4) | 91.6(2)
CI(1)-Pd(1)-N(2) 172.98(16) Pt(1)-N(1)-N(2) | 130.4(4)
N@)-NGE)-CO) 12030) Pt(1)-N(1)-C(1) | 115.4(4)
N(3)-N(2)-C(6) 112.6(5) N(1)-N(2)-C(8) 122.8(5)
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V. The Suzuki and Heck coupling reactions

The active catalytic performance of 2a in the Suzuki and Heck reaction cross coupling reaction (Equation 1 & 2)
was investigated by the conversion of different substratein refluxing THF and MeOHsolvent and K,CO; as base
resulting good yields.All the reactions were carried out in presence of air moisture. This reusability of the

catalyst was examined up to two times for a reactionwithout sufficient loss of its catalytic activity.

V1. Electrochemistry

The redox behavior of two complexes was examined in dichloromethane acetonitrile mixed solvent by cyclic
voltammetry. Both the complexes exhibited two reductive responses, one irreversible and other quasireversible,
reductive responses at negative to SCE and have assigned to reduction of azo (-N=N-) group [19]. One redox
response appeared at positive side to SCE in the potential range 1.04-1.58 V and oxidative in nature. This redox

response is quasireversible in nature and it also ligand centric [34].

VII. CONCLUSION

Newly designed, synhesized and characterized Pd(I1) complexes incorporating tridendatebis-2,2'-(N-
alkylamino)azobenzenela & b ligands have excellent calytic activity towards industrially important Suzuki and
Heck coupling reaction. Pt(Il1) complexes exhibit redox property. | thinkPt(Il) complexes have biological

activity towards cancer cell that will be further investigated.
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