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19

20 Abstract
21 Several palladium(II) and platinum(II) complexes (1-20) of general formula [M(Ln)(X)(Y)] [M = Pd, 

22 X = Y = Cl (1-Cl÷4-Cl), X = Y = OAc (1-OAc÷4-OAc); M = Pt: X = Y =Cl (5-8); M = Pd, X = Cl, 

23 Y = CH3 (9-12); M = Pt, X = Cl, Y = CH3 (13-16) or X = Y = CH3 (17-20); n = 1-4] have been 

24 synthesized by reaction of different Pd(II) and Pt(II) derivatives with various 3-substituted 1-(2-

25 pyridyl)-imidazo[1,5-a]pyridines; i.e. Ln=1-(2-pyridyl)-3-arylimidazo[1,5-a]pyridine (aryl = Phenyl, 

26 L1; 2-o-Tolyl, L2; Mesityl, L3) and 1-(2-pyridyl)-3-benzylimidazo[1,5-a]pyridine (L4). Detailed 

27 spectroscopic investigation (including IR, mono- and bi-dimensional 1H NMR) and elemental 

28 analysis has been performed for all these species, allowing their complete characterization. Ln act as 

29 N,N-bidentate ligands and coordinates the metal centers in a chelate fashion through the pyridyl (Npy) 

30 and the pyridine-like nitrogen atom of the imidazo[1,5-a]pyridine group (Nim).  The X-ray structural 

31 analysis performed on two of Pd(II) and three Pt(II) complexes, namely [Pd(L2)(CH3)Cl] (10), 

32 [Pd(L3)(CH3)Cl] (11) and [Pt(L1)Cl2] (5), [Pt(L4)Cl2] (8), [Pt(L2)(CH3)Cl] (14) confirmed the 

33 spectroscopic and analytical data. Finally DFT studies unveiled the structural reasons behind the 

34 inertia of the synthesised compounds toward metalation, identified as the higher angle steric strain in 

35 comparison with the analogous bipyridine complexes.

36
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37 Introduction
38 The coordination chemistry of heavy d8 transition metals (e.g. Ir(I), Pd(II), Pt(II), Au(III)) is 

39 dominated by the use of bidentate nitrogen donors as supporting ligands, wherein 2,2’-bipyridines 

40 and 1,10-phenanthrolines are the most important examples.1 In particular, the extraordinary 

41 coordination properties of 2,2'-bipyridines in metal-catalyzed reactions2 have led to a myriad of 

42 applications in a variety of fields, including macromolecular chemistry,3 supramolecular chemistry,4 

43 materials chemistry,5 photochemistry6 and electrochemistry.7   

44 Following our continuous interest in the study of the reactivity of bidentate nitrogen ligands,8 we 

45 decided to investigate the coordinating behaviour of a series of aromatic N-heterocyclic ligands 

46 containing the imidazo[1,5-a]pyridine skeleton (Figure 1)9 i.e. 1-(2-pyridyl)-3-arylimidazo[1,5-

47 a]pyridines and 1-(2-pyridyl)-3-benzylimidazo[1,5a]pyridine.

48

49  
50 Fig. 1.  Imidazo[1,5-a]pyridine skeleton: 

51 the atom numbering adopted throughout the text

52

53 The wealth of nitrogen heterocycles offer many intriguing possibilities for the development of 

54 bidentate nitrogen donors  for the synergic tuning of structural and physicochemical properties of 

55 resulting complexes. In particular, 1-(2-pyridyl)imidazo[1,5-a]pyridines have emerged as an 

56 attractive new class of ligands, owing to their ability to act as bidentate donors by employing their 

57 pyridyl unit in conjunction with a fused imidazole.10 Heterocycles containing the imidazo[1,5-

58 a]pyridine skeleton possess unique photophysical properties11 and have potential applications in the 

59 field of OLEDs12 and organic thin-layer field-effect transistors (FETs).13 Different 1-(2-

60 pyridyl)imidazo[1,5-a]pyridines have been coordinated to transition metals to produce highly 

61 luminescent complexes containing Re(I),14 Zn(II),15,13 Ag(I),16 Cd(II),17 Ru(II)  and Os(II)18 metal 

62 centers. Furthermore, the coordination of these complexes with small organic molecules often 

63 produces a significant effect on their biological activities.19 The coordinating behaviour of these 

64 ligands with d8 ions of transition metals, like Pd(II) and Pt(II), is to our knowledge unexplored.

65 These ligands resemble 6-substituted 2,2'-bipyridines and we intended to verify the possibility that in 

66 addition to the typical N-N chelating behaviour (Figure 2a), cyclometallated complexes could also be 
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67 obtained by activation of a C-H bond of the aryl substituent in the 3-position (Figure 2b), or via 

68 rollover cyclometallation resulting from the activation of a C-H bond of the pyridyl substituent 

69 (Figure 2c).20 

70

71  

72
73 Fig. 2. Sketch of possible targets.

74

75 With this idea in mind, we synthesized a series of ligands containing the heterocyclic imidazo[1,5-

76 a]pyridine core, owing also to its huge biological and medicinal applications (Figure 3). 19-21 We also 

77 selected several substituents to tune the steric protection around the metal center and allow for 

78 different C-H activation possibilities involving either C(sp2)-H or C(sp3)-H bonds, thus leading to the 

79 potential formation of  5- and 6-membered metallacycles. Therefore, we selected aryls [phenyl (Ph, 

80 L1), o-tolyl (o-Tol, L2), mesityl (Mes, L3)], together with a benzylic group (CH2Ph, L4) as 

81 substituents.

82

83 Fig. 3. Ligands synthetized and used in this work.
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84 Results and discussion
85

86 Synthesis and characterization of the ligands 

87 The ligands 1-(2-pyridyl)-3-arylimidazo[1,5-a]pyridine Ln (n= 1-3) (Figure 3) were readily 

88 synthesized, in good yields, by reacting suitable aromatic aldehydes with 2,2’-dipyridylketone and 

89 ammonium acetate in hot acetic acid, using minor modifications to the published procedures.22 On 

90 the other hand, the ligand 1-(2-pyridyl)-3-benzylimidazo[1,5-a]pyridine, L4, was synthesized 

91 following a different procedure due to the instability of the corresponding aliphatic imine which is 

92 formed during the synthesis.23 

93 The structure of the ligands was assessed by 1H NMR spectroscopy: multi-dimensional NMR 

94 experiments were employed to assign all the proton signals (see Table 1).

96

Table 1.  1H NMR selected data of Ln in CDCl3

Ln H8 H6' H5 H3' H4' H5' H6 H7 Others

L1 8.70; d 8.64; d 8.26; d 8.24; d 7.72; td 7.10; dd 6.92; dd 6.65; td 

L2 8.71; d 8.64; d 7.64; d 8.23; d 7.70; t 7.09; dd 6.60; t 6.93; t 2.26; s, CH3

L3 8.94; d 8.89; d 7.61; d 8.48; d 7.95; td 7.33; dd 6.82; dd 7.17; t 2.62; s, [3H] 
CH3 para. 2.27; 
s, [6H] CH3 
ortho

L4 8.62; d 8.60; d 7.59; d 8.17; d 7.71; td 7.07; dd 6.52;dd 6.84; t 4.51; s, CH2

97
98

99 For example, the interpretation of 1H NMR spectra of Ln in CDCl3 is far from trivial; the existence 

100 of three different spin systems involving two sets of protons and a variable number of protons 

101 depending on the 3-substituent was clearly identified by 2D NMR techniques (COSY, and NOE , see 

102 the Supporting Information).24  For L1 these spin systems include 4 (●), 4 (○), and 5 (◆) protons 

103 respectively (Figure 4).  This information however was not sufficient to unequivocally assign all 

104 signals in relation to the proposed molecular structure.
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105
106 Fig. 4. Spin systems of ligand L1

107

108 In the 1H NMR spectrum of L1 the signal resonating at lower fields has been attributed to the proton 

109 H8; this is  an anomalous chemical shift, especially compared to the signal of the proton H5 and 

110 considering also the proximity to the nitrogen atom in 4-position of the imidazo[1,5-a] pyridine 

111 skeleton. We believe this unusual shift is due to the interaction of the proton H8 with the nitrogen 

112 atom of the pyridyl substituent in 1-position (Figure 5). 

113

114

115 Fig. 5. Long-range N‧‧‧H interaction in L1 and L1i 

116
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117 To confirm this observation we synthesized the isomer of L1 (1-phenyl-3-(2-pyridyl)-imidazo[1,5-

118 a]pyridine), L1i, in which the positions of the 2-pyridyl and the phenyl substituents have been 

119 exchanged (Figure 5).25 Gratifyingly, in the 1H NMR spectrum of  L1i  the most deshielded proton is 

120 proton H5, which is in agreement with the presence of a long-range N‧‧‧H interaction (assignments 

121 based on COSY and NOESY spectra, Figure S1).

122

123

124 Synthesis and characterization of the complexes [Pd(Ln)X2] (X=Cl, OAc) and [Pt(Ln)Cl2] 

125 The reaction of L1-4 with Pd(OAc)2 led to the formation of adducts [Pd(Ln)(OAc)2] (1-OAc: n = 1; 2-

126 OAc: n = 2; 3-OAc: n = 3; 4-OAc: n = 4), followed by anion exchange with LiCl to yield the adducts 

127 [Pd(Ln)Cl2] (1-Cl: n = 1; 2-Cl: n = 2; 3-Cl: n = 3; 4-Cl: n = 4). In all complexes the ligands act as 

128 classic chelating N^N donors and spectroscopic investigation confirms the presence in solution of the 

129 PdCl2 adducts, which was also further corroborated via elemental analysis (Scheme 1). 

130

131
132

133 Scheme 1. Synthesis of PdCl2 adducts via metathesis of Pd(OAc)2 adducts with LiCl. 

134

135 In the case of 1-Cl the formation of a cyclometallated species can be ruled out by spectroscopic 

136 analysis,  despite the employment of reaction conditions which normally afford activation of the 

137 C(sp2)-H bond in the ortho position of phenyl substituents.26 In the 1H NMR spectrum of 1-Cl the 

138 number of signals and their integral values are in perfect agreement with the proposed formulation. 

139 The most salient features are: 1) a significant upfield shift of the H8 signal upon complexation ( δ 

140 7.82 ppm vs  δ 8.70 ppm in the free ligand); 2) a downfield shift of the signal related to the proton 

141 H6' (δ 9.00 ppm vs δ 8.61 ppm in the free ligand).
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142 The alterations of the substituents in ligands L2, L3 and L4 offer different possibilities for the 

143 potential formation of cyclometalated species. With L2 and L3 ligands we wanted to exploit the 

144 possibility of the C-H activation in the methyl group in the ortho position, thereby leading to the 

145 formation of a 6-membered metallacycle featuring less ring strain with respect to analogous 5-

146 membered cycles expected with L1. However, this would involve a less favourable activation of 

147 C(sp3)-H bonds compared to a C(sp2)-H activation predicted in the case of the phenyl substituent. On 

148 the other hand, the employment of ligand L4 could lead to the formation of a 6-membered 

149 metallacycle by activating an aromatic C(sp2)-H bond. Nevertheless, in every case only the adducts 

150 [Pd(Ln)Cl2] were isolated and even trace amounts of the cyclometalated derivatives  could not be 

151 detected by  1H NMR analysis. In the 1H NMR spectra all signals have been assigned; noticeably, the 

152 proton H6’ of the pyridyl ring is significantly deshielded, due to the presence of the chloride bound 

153 to the metal (Table 2).27 The proposed structures were confirmed by CHN analyses. 

154

Table 2.  1H NMR data in CD2Cl2 of [Pd(Ln)Cl2] (1-Cl ÷ 4-Cl)

# H6’ H5’ H4’ H3’ H8 H7 H6 H5 Har Other

1-Cl 9.10 7.22 7.85 7.98 7.91 7.33 6.89 7.97 7.65

2-Cl 9.25 7.41 8.03 7.85 7.95 7.41 6.88 7.55 7.55- 7.41 2.21 ortho CH3 

3-Cl 9.26 7.33 8.01 7.43 7.93 7.33 6.87 7.84 7.08 2.41, para CH3;; 
2.03 ortho CH3 [6H]

4-Cl 9.27 7.27 7.97 7.89 7.89 7.27 6.88 7.77 7.34 4.44 CH2

155

156 To confirm the lack of cyclometalated species, in the two steps process (see Scheme 1), the 

157 corresponding acetate derivatives 1-OAc, 2-OAc, 3-OAc and 4-OAc were also isolated and 

158 characterized. In the 1H NMR spectra of these species (Table 3) different chemical shifts for methyl 

159 protons of the acetate are observed, likely due to the inequivalence of the two nitrogen donors. The 

160 methyl signal at higher fields can be confidently assigned as the acetate ligand in trans with respect 

161 to the pyridyl moiety (Npy):  by arranging itself perpendicularly to the metal plane, the aromatic ring 

162 of the aryl group imparts a more effective shielding on the vicinal acetate group compared to the 

163 effect exerted on the other acetate ligand trans to the imidazolyl nitrogen (Nim). This effect is less 

164 pronounced in the case of 4-OAc owing to the presence of the benzylic CH2 spacer.

165

Table 3.  1H NMR data in CDCl3 of [Pd(Ln)(OAc)2] (1-OAc ÷ 4-OAc)

# H6’ H5’ H4’ H3’ H8 H7 H6 H5 Har Other

1-OAc 8.12 7.24 7.98 7.80 7.91 7.29 6.86 7.85 7.67- 7.60 1.99 CH3 (OAc); 1.13 
CH3 (OAc);
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2-OAc 8.14 7.25 7.98 7.51 7.89 7.31 6.86 7.79 7.50-7.40 2.18 ortho CH3; 1.98 
CH3 (OAc); 1.11 CH3 
(OAc);

3-OAc 8.14 7.30 7.98 7.40 7.89 7.24 6.85 7.77 7.04 2.35 para CH3; 2.09 
ortho CH3 [6H]; 1.98 
CH3 (OAc); 1.13 CH3 
(OAc);

4-OAc 8.07 7.16 7.92 7.74 7.84 7.16 6.77 7.84 7.35-7.23  4.60 CH2; 2.14 CH3 
(OAc); 1.89 CH3 
(OAc);  

166

167 In order to further investigate the inertness towards metalation, we prepared the analogous 

168 Pt(II) from the reaction of ligands L1-4 with K2PtCl4 in a 1:1 ratio, in water and HCl under reflux 

169 (Scheme 2). These experimental conditions were chosen as they previously led to the formation of 

170 cyclometalated species when 6-phenyl-2,2'-bipyridine was employed as a ligand.28 However, also in 

171 this case only the corresponding Pt(II) adducts [Pt(Ln)Cl2]  (5: n = 1; 6: n = 2; 7: n = 3; 8: n = 4) could 

172 be isolated: 

173 Scheme 2. Synthesis of PtCl2 adducts. 

174

175  These were fully characterised with analytical and spectroscopic techniques; elemental analyses also 

176 support the formation of the adducts 5-8 and the absence of cyclometalated species. The 1H NMR 

177 data is also in complete agreement with the proposed formulation. In particular, in all cases the H6 

178 'proton signals are more deshielded than those of the corresponding palladium complexes most likely 

179 due to the greater electronegativity of platinum.29 The coupling constant 3JPt-H confirms the successful 

180 coordination of the pyridyl nitrogen to the platinum atom. In compound 7 the methyl groups in the  

181 ortho are isochronous, like in the case of the analogous Pd complex 3-Cl.

182
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Table 4. 1H NMR data in CDCl3 of [Pt(Ln)Cl2] (5 - 8)

# H6’ H5’ H4’ H3’ H8 H7 H6 H5 Har Other

5 9.51 (36 Hz)* 7.33 8.05 7.84 7.95 7.33 6.92 7.84 7.66

6 9.63 (34 Hz) 7.62 8.07 7.86 7.96 7.62 6.91 7.62 7.62-7.28 2.22 ortho CH3 

7 9.63 (37 Hz) 7.31 8.07 7.87 7.97 7.37 6.91 7.43 7.07 2.42, para CH3; 
2.03, ortho CH3 
[6H]

8 9.39 (38 Hz) 7.51 8.22 8.22 8.33 7.22 7.12 8.33 7.51-7.22 5.41 CH2

183 *in brackets 3JPt-H 

184

185 X-ray quality crystals of compounds 5 and 8 were obtained by slow diffusion of di-isopropyl ether 

186 into a dichloromethane solution at room temperature, which lead to the identification of the molecular 

187 structure of both species (Figure 6). 5 and 8 crystallise in monoclinic P21/n and P21/c respectively, 

188 and both display square planar geometry around the Pt centre [5: Σ∠ = 359.95(14) ; 8: Σ∠ = 360.0(2)°], 

189 featuring a pyridyl-imidazopyridine ligand which acts as a bidentate donor [5: Pt1−N1 = 2.020(2) Å, 

190 Pt1–N2 = 2.023(2) Å; 8: Pt1–N1 2.029(2) Å, Pt1−N2 = 2.028(3) Å] and the metal centre perfectly 

191 placed on the mean plane calculated between the four donor atoms [Pt‧‧‧mean l.s. plane: 5: 0.0320(8) 

192 Å; 8: 0.0109(11) Å]. Two chloride ions are bound to the metal centre in cis mutual position to 

193 complete the coordination sphere [5: Pt1–Cl1 = 2.2896(8) Å, Pt1–Cl2 = 2.2869(8) Å 8: Pt1–Cl1 = 

194 2.2883(9) Å, Pt1–Cl2 = 2.2961(11) Å] (see Table S1).

195 Figure 6. Solid state structure of 5 (left) and 8 (right) with selective atom labelling and thermal 
196 ellipsoids set at 50% probability level. Hydrogen atoms have been omitted for clarity. Selected bond 
197 length and angles for 5: Pt(1)–Cl(1) 2.2896(8) (Å); Pt(1)–Cl(2) 2.2869(8) (Å); Pt(1)–N(1) 2.8020(2) 
198 (Å); Pt(1)–N(2) 2.023(2) (Å); N(1)–Pt(1)–N(2) 80.60(9)º. Selected bond length and angles for 8: 
199 Pt(1)–Cl(1) 2.2883(8) (Å); Pt(1)–Cl(2) 2.2961(10) (Å); Pt(1)–N(1) 2.028(3) (Å); Pt(1)–N(2) 2.029(3) 
200 (Å); N(1)–Pt(1)–N(2) 80.44(11)º.
201

202
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203 Synthesis of chloro(methyl) derivatives of Pd(II) and Pt(II), [M(Ln)(CH3)Cl]

204 With the intent to further expand the coordination chemistry of these new ligands sets, we targeted 

205 the synthesis of heteroleptic adducts of Pd and Pt by employing the organometallic starting materials 

206 [Pd(COD)(CH3)Cl] and [Pt(DMSO)2(CH3)Cl]. These were reacted with the free ligands Ln  (Scheme 

207 3), affording the new heteroleptic organometallic derivatives [Pd(Ln)(CH3)Cl] (9: n= 1; 10: n = 2; 11: 

208 n = 3; 12: n = 4)  and [Pt(Ln)(CH3)Cl] (13: n= 1; 14: n = 2; 15: n = 3; 16: n = 4). 

209

210 Scheme 3: Synthesis of heteroleptic organometallic Pd and Pt complexes 9-16 and isomers 9’-16’.

211

212 All the resulting complexes are 1:1 adducts in which the nitrogen ligands act as a chelating donor. 

213 Due to the inequivalence of the two nitrogen donors and the planar square geometry typical of the 

214 Pd(II) and Pt(II) systems, two geometric isomers are expected: one with the methyl group in trans to 

215 pyridyl-N (Npy) the other with the methyl group in trans to imidazolyl-N (Nim) (Scheme 3). 1H NMR 

216 studies (Table 5) reveal, in the case of most Pd complexes, there is a marked preference for the pyridyl 

217 donor (Npy) to bind trans to the methyl group (major isomers: 9-11). The minor isomers, 9’-11’, are 

218 also formed in smaller quantities, with the methyl groups positioned in trans with respect to the 

219 imidazolyl donor (Nim). In the 1H NMR spectra of 9-11, the signals related to the Pd-CH3 and H6' 

220 pyridine protons are very diagnostic and indicate the formation of the proposed structures. In the 

221 major isomers δ(Pd-Me) occurs in the range 1.05-0.35 ppm and the H6’ are markedly downfield 

222 shifted due to the proximity of the coordinated halide. In contrast, in the case of complex 

223 [Pd(L4)(CH3)Cl]  the major isomer in solution is that with the methyl group in trans to Nim (12’), 

224 most likely because of steric effects (vide infra).

225

226

[Pd(COD)(CH3)Cl]
or

[Pt(DMSO)2(CH3)Cl]
+ Ln

CH2Cl2

72 h, r.t.
– COD or 2 DMSO

n = 1-4

N

NR N
M

ClH3C

N

NR N
M

CH3Cl

+

M = Pd
9: R = Ph
10: R = o-Tol
11: R = Mes
12: R = CH2Ph

M = Pt
13: R = Ph
14: R = o-Tol
15: R = Mes
16: R = CH2Ph

M = Pd
9': R = Ph
10': R = o-Tol
11': R = Mes
12': R = CH2Ph

M = Pt
13': R = Ph
14': R = o-Tol
15': R = Mes
16': R = CH2Ph
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Table 5. 1H NMR selected data in CDCl3 of [Pd(Ln)(CH3)Cl] (9 ÷ 12) (9’ ÷ 12’)

# H6’ CH3 of the arylic substituent in 3 (L2, L3) or CH2 (L4) Pd-CH3 %

9 9.11 d 0.35 s 85

9’ 8.51d 1.04 s 11

10 9.13 d 2.17 s [3H] ortho 0.39 s 95

10’ 8.51 d 2.25 s 1.00 s 5

11 9.18 d 2.02 s [6H] ortho; 2.41 s [3H] para 0.39 s 98 

11’ 8.55 d 2.03 s [6H] ortho; 2.38 s [3H] para 1.01 s 2

12’ 8.56 d 5.15 s [2H] 1.17 s 90

12 9.23 d 5.36 s [2H] 1.26 s 10

227

228 The assignment of the two isomers’ signals can be inferred from: 1) the chemical shift of the H6' 

229 proton, which is very deshielded compared to the free ligand, due to the presence of chloride bound 

230 to the metal center; 2) the chemical shift of the methyl ligand bound to the Pd centre, which is shielded 

231 by the proximity of the phenyl substituent that is located almost perpendicularly to the metal plane, 

232 thus shielding the methyl protons. In the case of complex [Pd(L1)(CH3)Cl]  a third species is also 

233 present (ca. 4%), which we assigned as the dichloride analogue 1, occurring from the reaction of 9 

234 with the chlorinated solvent.30  The same trend can be reported for the other complexes, 10 and 11 

235 with an increase in the percentage of the isomer prevailing (methyl ligand trans to pyridyl ring) with 

236 the increase in the steric hindrance of the substituent (Table 5).

237 The 1H NMR spectrum of complex with L4 displays a behaviour in stark contrast with our previous 

238 observations. The main stereoisomer is the one with the methyl in trans to the imidazo nitrogen (Nim) 

239 (12’), as it can be easily deduced by the chemical shift of the H6' proton (see Table 6). Because of the 

240 benzylic CH2 spacer, the shielding effect operated by the aromatic ring of the substituent on the Pd-

241 CH3 is not as effective as that observed in the cases seen above (δ 1.26 ppm  vs  δ 1.17 ppm).

242 X-ray quality crystals of compounds 10 and 11 were obtained by slow diffusion of di-isopropyl ether 

243 into a dichloromethane solution at room temperature (Figure 7). Compound 10 crystallises in the 

244 monoclinic P21/c, whilst 11 crystallises in the triclinic P–1. Both compounds displays square planar 

245 geometries around the Pd centre [10: Σ∠ = 360.0(4)°; 11: Σ∠ = 359.9(3)°], with the pyridyl-

246 imidazopyridine ligands acting as bidentate donors similarly to what observed previously for 5 and 8 

247 [10: Pd1−N1 = 2.143(5) Å; Pd1−N2 = 2.067(5) Å; 11: Pd(1)−N(1) = 2.055(3) Å; Pd(1)−N(3) = 

248 2.148(4) Å] and the metal centre perfectly placed on the mean calculated between the four donor 

249 atoms [Pt1···mean l.s. plane:  10:  0.039(2) Å; 11: 0.049(2) Å]. In 10, the methyl carbon C(20) is in 

250 the trans position with respect to pyridyl nitrogen N(3) [Pt1−C20 = 2.114(5) Å], whilst chloride ion 
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251 Cl(1) is positioned in trans to the imidazolyl nitrogen N(1) [Pt1−Cl1 = 2.295(2) Å]. The same 

252 coordination motif is observed in 11 [Pd(1)–Cl(1) = 2.3064(13) Å; Pd(1)–C(22) = 2.049(5) Å; Cl(1)–

253 Pd(1)–C(22A) = 89.22(14)°] (see Table S2). The isomers 10’ and 11’ were also detected as disordered 

254 components in the solid state analysis of 10 and 11: 10’ has an occupancy of approximately 15%, 

255 whilst 11’ accounts for only 5% of the crystallographic model (see SI). These observations are in 

256 agreement with the spectroscopic data. Unfortunately, due to the low occupancy of the minor 

257 components (10’ and 11’), it is not possible to offer any detailed structural analysis.

258

259

260 Figure 7. Solid state structure of 10 (left) and 11 (right) with selective atom labelling and thermal 
261 ellipsoids set at 50% probability level. Hydrogen atoms have been omitted for clarity with the 
262 exception of those belonging to methyl groups C(20) and C(22). Selected bond length and angles for 
263 10: Pd(1)–Cl(1) 2.300(2) (Å); Pd(1)–C20(2) 2.069(9) (Å); Pd(1)–N(1) 2.147(4) (Å); Pd(1)–N(2) 
264 2.068(4) (Å); N(1)–Pd(1)–N(2) 79.67(15)º. Selected bond length and angles for 11: Pd(1)–Cl(1) 
265 2.3064(12) (Å); Pt(1)–C(22) 2.049(5) (Å); Pd(1)–N(1) 2.148(3) (Å); Pd(1)–N(2) 2.055(3) (Å); N(1)–
266 Pt(1)–N(2) 78.94(12)º.
267

268

269 In the case of Pt(II) analogue complexes [Pt(Ln)(CH3)Cl] (13: n = 1; 14: n = 2; 15: n = 3; 16:  

270 n = 4) were obtained and characterised; the most significant data, obtained from the analysis of the 

271 1H NMR spectra, are reported in Table 6.

272 The Pt chloro(methyl)derivatives were obtained in good yield, with the exception of the complex 

273 obtained with L4 (16). Also in this case all compounds were thoroughly characterized with analytical 

274 and spectroscopic methods. The interpretation of the 1H NMR spectra of the platinum complexes (see 

275 Table 6) is simpler than palladium complexes due to the coupling of the protons with the NMR active 

276 195Pt nucleus. In this case, the Pt–H coupling allowed us to identify with certainty the prevailing 

277 geometric isomer in solution i.e. the one with Npy in trans to methyl group (13-15). Accordingly, the 

278 corresponding 3JPt-H shown in Table 6 for the H6’ signal of the pyridine ring should be very small, 

279 owing to the strong trans-influence the methyl ligand. In our case it was not possible to resolve these 
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280 signals due to the high intensity of the field to which the 1H NMR spectra were registered (due to 

281 Chemical Shift Anisotropy, CSA). In the case of the minor isomer (i.e. with the methyl in trans to 

282 Nim) the value of  3JPt-H for the same proton (H6’) was found to be approximately 60 Hz, which is in 

283 agreement with the presence in the trans position of a ligand with low trans-influence, such as a 

284 chloride. Also in this case, the chemical shift of the methyl ligand is considerably shielded by the ring 

285 current of the aryl substituent and resonates at δ = 1 ppm, as already observed for the corresponding 

286 Pd complexes. When ligand L4 was employed, complex 16’ was isolated in poor yield, featuring the 

287 methyl group in trans to Nim. In this case, the chemical shift of methyl is shifted to δ = 1.25 ppm with 

288 a coupling constant of approximately 80 Hz. This observation highlights the effect of the benzylic 

289 CH2 spacer in attenuating the shielding effect imparted by the aromatic ring of the substituent.

290

Tables 6. 1H NMR selected data in CDCl3 of [Pt(Ln)(CH3)Cl] (13, 14, 15; 13’,14’, 16’)
# H6’ CH3 of the arylic substituent in 3 

(L2, L3) or CH2 (L4)
Pt-CH3 %

13 9.49 d; (not resolved)* 0.51 s; 2JPt-H= 78.1 
Hz

80 

13’ 8.96 d; (ca. 60 Hz) 1.21s; 2JPt-H= 72.2 Hz 20 

14 9.37d; (not resolved)* 2.04 s [3H] ortho 0.39 s; 2JPt-H= 77.5 
Hz

89 

14’ 8.84 d; (ca. 62 Hz) 2.12 s; [3H] ortho 1.09 s; 2JPt-H= 71.7 
Hz

11

15 9.44 d; (not resolved) 2.02 s [6H] ortho; 2.19 s [3H] para 0.52 s; 2JPt-H= 80.0 
Hz

ca.100 

16’ 9.04 d 3JPt-H= 60.0 Hz 5.30 s [2H]  1.25 s; 2JPt-H= 80.1 
Hz

100

291 *in brackets 3JPt-H 

292

293 X-ray quality crystals of compound 14, were obtained by slow diffusion of di-isopropyl ether into a 

294 dichloromethane solution at room temperature (Figure 8). Compound 14 crystallises in the 

295 monoclinic P21/c  and displays an analogous coordination motif to 10 and 11, with square planar 

296 geometry around the Pt centre [Σ∠ = 360.0(6)°;  Pt1−N1 = 2.110(4) Å; Pt1−N2 = 2.026(4) Å; 

297 Pt1···mean l.s. plane = 0.043(2) Å]; the Pt−Npyridyl distance is elongated with respect to dichloride 

298 analogues 5 and 8 [2.020(2) Å and 2.028(3) Å respectively] owing to the methyl carbon C(20) 

299 positioned in trans with respect to pyridyl nitrogen N(1) [Pt1−C20 = 2.068(11) Å], whilst the Pt−Cl 

300 bond is trans to the imidazo nitrogen N(2) is of similar magnitude to the other complexes described 

301 in this report [Pt1−Cl1 = 2.217(8) Å] (see Table S2). Also in this case the isomer 14’ is present in the 

302 crystallographic model, with an occupancy of approximately 15% (see SI).
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303

304

305 Fig. 8. Molecular structure of 14 with ellipsoids set at 50% probability level. Hydrogens have been 
306 omitted for clarity with the exception of those belonging to methyl group C(20).
307

308 Synthesis of dimethyl derivatives of Pt(II), [M(Ln)(CH3)2]

309 Finally, we synthesised and fully characterised a series of dimethyl derivatives of formula 

310 [Pt(Ln)(CH3)2] (17: n = 1; 18: n = 2; 19: n = 3; 20: n = 4), by reacting the precursor 

311 [Pt(DMSO)2(CH3)2] with free ligand Ln. Reactions were carried out initially in dichloromethane, but 

312 the solvent was changed to acetone in order to prevent activation of the chlorinated solvents as 

313 previously reported in the literature.30 Indeed the 1H NMR spectra recorded in CD2Cl2 showed 

314 evidence of a mixture of products consisting of the expected adduct, [Pt(Ln)(CH3)2],  together with a 

315 mixture of complexes obtained by oxidative addition of dichloromethane i.e. 

316 [Pt(Ln)(CH3)2(CH2Cl)Cl].30 So clean adducts were obtained by operating in acetone, and their 

317 formation was confirmed via 1H NMR studies carried out in deuterated acetone (Table 7).

318

Table 7. 1H NMR in acetone-d6 of [Pt(Ln)(CH3)2] (17 ÷ 20)

# H6’ CH3 of the arylic substituent in 3 (L2-L3) 
or CH2 (L4)

Pt-CH3

17 9.04 d; (ca. 24 Hz)* 0.76 s; 3JPt-H= 90.0 Hz
0.26 s; 3JPt-H= 89.4 Hz

18 9.03 d; (ca. 24 Hz) 2.21 s [3H] CH3 ortho 0.75 s; 3JPt-H= 88.5 Hz
0.24 s; 3JPt-H= 90.6 Hz

19 9.04 d; (ca. 24 Hz) 2.38 s [3H] CH3 para; 2.01 s [6H]
CH3 ortho

0.77 s; 3JPt-H= 88.1 Hz
0.28 s; 3JPt-H= 88.5Hz

20 9.04 d; (ca. 24 Hz) 4.90 s, [2H] 1.10 s; 3JPt-H= 87.0 Hz
0.91 s; 3JPt-H= 87.9 Hz

319    * in brackets 3JPt-H
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320 The elemental analyses and the spectroscopic characterization of these complexes are in agreement 

321 with the reported stoichiometry. The ligands act as a chelating bidentate with the two methyls in trans 

322 to the two different nitrogen atoms, Npy and Nim. The corresponding signals are easily distinguishable 

323 thanks to the chemical shift, being the one at higher fields the methyl in trans to the pyridine ring due 

324 to the screen operated by the substituent in 3-position  of the imidazo-pyridine skeleton. This effect 

325 is less pronounced for the complex obtained with L4 (20). The 3JPt-H of the protons belonging to the 

326 two methyl ligands coordinated to the Pt centre are not very different from each other, highlighting a 

327 very similar trans-influence of the two types of nitrogen donor groups. Surprisingly, the 3JPt-H 

328 coupling constants of the H6' protons can be accurately measured, unlike the platinum chloro(methyl) 

329 complexes seen previously (Table 7).

330

331

332 Theoretical analysis

333 As discussed above with this series of ligands, contrary to what was observed in our previous works,8i 

334 cyclometalation can’t be realized. Taking advantage of the X-Ray structure of the [Pt(Ln)Cl2 series 

335 and to understand the nature of this phenomenon we performed a theoretical prediction of the Gibbs 

336 energy associated with the metalation of the four Pt adducts ([(Pt(Ln)Cl2]aq → [(Pt(Ln−H)Cl]aq + 

337 HClaq) comparing the values with the thermodynamics of the complex formed by the similar ligand 

338 6-(1-phenylbenzyl)-2,2’-bipyridine (bipy). In Table S5 is summarized a comparison of X-Ray and 

339 DFT (M06/6-311g(d,p)/SDD+f[ECP]) selected parameters, the little deviations demonstrate that the 

340 selected DFT level of theory guarantees accurate performances in the structural prediction of this 

341 kind of complexes. Furthermore the method appear robust and was successfully applied in literature 

342 for high accuracy energy prediction of transition metal complexes.31 

343 The results summarized in Table 8 clearly show that the hypothetical reaction is associated, for all 

344 the ligands, with ∆Gaq values considerably higher respect the homologous reaction of [(Pt(bipy)Cl2]. 

345 Particularly ∆∆Gaq values ranging from 7.10 to 17.31 kcal·mol-1 highlight thermodynamics inertia of 

346 the metallatation for the [(Pt(Ln)Cl2] series.

347

Table 8. Theoretical relative ∆Gaq calculations for the cyclometallation reaction of the synthetized 
adducts: [(Pt(Ln)Cl2]aq → [(Pt(Ln−H)Cl]aq + HClaq .

Complex ∆∆Ggas
[a] ∆∆Gaq

[a],[b]

[(Pt(L1−H)Cl] 21.15 17.31

[(Pt(L2−H)Cl] 16.84 13.41
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[(Pt(L3−H)Cl] 14.08 11.12

[(Pt(L4−H)Cl] 13.97 7.10

[a] Values in kcal·mol-1 referred to the value obtained for the bypi complex taken as a zero, ref8i. [b] Gibbs free energy 

computed with the following formulae: ∆Gaq = ∆Ggas + ∆Gsol([(Pt(Ln−H)Cl]) − ∆Gsol([(Pt(Ln)Cl2]) + ∆Gsol(HCl) + 

RTlnV.

348

349 An accurate structural analysis of the hypothetical cyclometallated complexes unveils the reasons 

350 behind the high ∆∆Gaq associated with the cyclometallation. The 5-member and 6-member rings 

351 formed by the ligands L1-4 presents a high angle steric strain in comparison with the characterized 

352 bipyridine complex. As it can be seen in Table 9, the mean of the deviation from the ideal angles 

353 ranges from 4.35º to 8.51º for the ligands synthetized in this work versus 2.94º computed for the 

354 stable complex [Pt(bipy−H)Cl]. In addition, the distances Pt(II)-N play a critical role, in fact the 

355 cyclometallation forces these bonds to became smaller respect to the ideal values increasing the 

356 potential energy of the compounds.

357

Table 9. Selected bond lengths and bond angles on the formed ring in cyclometallation reaction. 
In parenthesis is reported the absolute deviation from the ideal value in angstrom and degrees 
respectively.

N

N
N

N

N
N

R

R

N

N
N

Pt
Cl

Pt
Cl

Pt
Cl

[Pt(L1-H)Cl] R=H, [Pt(L2-H)Cl]
R=CH3, [Pt(L3-H)Cl]

[Pt(L4-H)Cl]

1
2

3
4

5

12
3

4
5

6

12

3

4
5

6

N
N

Pt
Cl

[Pt(bipy-H)Cl]

12

3 4

5

6

Ph

[Pt(L1−H)Cl] [a] [Pt(L2−H)Cl] [a] [Pt(L3−H)Cl] [a] [Pt(L4−H)Cl] [a] [Pt(bipy−H)Cl] [a]

Angles [b],[c] 5-member ring 6-member ring 6-member ring 6-member ring 6-member ring

1-2-3 112.05 (7.95) 116.88 (7.38) 116.44 (6.94) 123.61 (3.61) 120.27 (0.27)

2-3-4 114.18 (5.82) 125.44 (5.44) 124.73 (4.73) 127.76 (7.76) 122.70 (2.70)

3-4-5 113.93 (6.07) 120.29 (0.29) 118.29 (1.71) 118.64 (9.14) 115.51 (6.01)

4-5-1(6) 126.28 (6.28) 123.28 (3.28) 123.22 (3.22) 126.37 (6.37) 119.34 (0.66)

5-1(6)-2(1) 73.56 (16.44) 130.11 (10.11) 128.79 (8.79) 131.17 (11.17) 124.30 (4.30)

6-1-2 -- 90.36 (0.36) 89.28 (0.72) 92.09 (2.09) 93.67 (3.67)

Mean dev. 8.51 4.48 4.35 6.69 2.94

Distances 
[b],[c]
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Pt(II)-N(1) 1.933 (0.090) 1.978 (0.045) 1.980 (0.043) 1.982 (0.041) 2.041 (0.018)

Pt (II)-N(3) 2.313 (0.293) 2.198 (0.178) 2.211 (0.191) 2.196 (0.176) 2.154 (0.134)

Mean dev. 0.192 0.112 0.117 0.109 0.076

[a] DFT computed structural data from this work. [b] Angles in degrees. [c] Distances in Å.

358

359 Conclusions
360 In this work we wanted to test the behaviour of four ligands of the imidazo[1,5a]pyridine series with 

361 Pd(II) and Pt(II) in order to compare the results with those obtained with 2,2'-bipyridine ligands. 

362 Although this study with these metal ions is a novelty for these ligands, the result is that only neutral 

363 adducts have been obtained in which the ligand acts as an N,N chelating: in no case has activation of 

364 CH bonds been obtained as was obtained instead in the case of 2,2'-bipyridine ligands. The theoretical 

365 study performed on the Pt(II) series suggest that the high angle steric strain of the 5- and 6-member 

366 rings formed by the ligands L1-4 as well as the deviation from ideal Pt(II)-N distances could be 

367 responsible of the thermodynamics inertia of these complexes toward cyclometallation.
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386 Experimental section
387 All the solvents were purified and dried according to standard procedures.32 The starting complexes 

388 [Pd(COD)(CH3)Cl]33, trans-[Pt(DMSO)2(CH3)Cl]34 and  cis-[Pt(DMSO)2(CH3)2]26a,35 were 

389 synthesized according to literature. Elemental analyses were performed with a Perkin-Elmer 

390 elemental analyzer 240B at the Department of Chemistry and Pharmacy of the University of Sassari. 

391 FT-IR spectra were registered with a Jasco FT-IR-480 Plus spectrometer. 1H spectra were recorded 

392 with a Bruker Avance III 400 spectrometer operating at 400.0 MHz. Chemical shifts are given in ppm 

393 relative to internal TMS for 1H, J values are given in Hz. Two-dimensional 1H COSY and NOESY 

394 spectra were performed by means of standard pulse sequences. 

395

396

397 Synthesis of the ligands

398 L1 (3-phenyl-1-(pyridin-2-yl)imidazo[1,5-a]pyridine)

399 To a solution of bis(2-pyridyl)ketone (0.9209 g; 5.00 mmol) in acetic acid (30 ml) were added 

400 benzaldehyde (1.01 ml; 10 mmol) and ammonium acetate (1.9010 g; 25 mmol). The pale yellow 

401 solution was refluxed under inert atmosphere for 5 h. The solution was then put in a mixture of 

402 water/ice (250 ml), extracted with dichloromethane. dried with Na2SO4, filtered and concentrated to 

403 small volume. The product was purified with a chromatographic column using a mixture of ethyl 

404 acetate and n-hexane (8:2). The solution was concentrated to a small volume and n-hexane was added 

405 to give a yellow precipitate (L1). Yield: 0.6647 g (49%). 

406 1H NMR, δH[CDCl3]: 8.70 (d, 1H, H8); 8.64 (d, 1H, H6’); 8.26 (d,1 H, H5); 8.24 (d, 1H, H3’); 7.85 

407 (dd, 2H, ortho H); 7.72 (td, 1H, H4’); 7.54 (td, 2H, meta H); 7.47 (tt,1H, para H); 7.10 (dd, 1H, H5’); 

408 6.92 (dd, 1H, H7); 6.65 (td,1H, H6).

409 1H NMR, δH[CD2Cl2]: 8.71 (d, 1H, H8); 8.61 (d,1H,H6’); 8.30 (d,1H,H3’); 8.21 (d,1H,H5); 7.85 (d, 

410 2H, ortho H); 7.74 (t,1H, H4’); 7.58 (t, 2H, meta H); 7.49 (t,1H, para H); 7.11 (dd,1H, H5’); 6.95 

411 (td,1H, H7); 6.61 (dd,1H, H6). 

412 1H NMR, δH[(CD3)2CO]: 8.74 (d, 1H, H8); 8.62 (d, 1H, H6’); 8.50 (d,1 H, H5); 8.26 (d, 1H, H3’); 7.94 

413 (d, 2H, ortho H); 7.80 (td, 1H, H4’); 7.60 (t, 2H, meta H); 7.51 (t,1H, para H); 7.16 (dd, 1H, H5’); 

414 7.04 (dd, 1H, H7); 6.84 (t,1H, H6).

415

416 L2 (3-(o-tolyl)-1-(pyridin-2-yl)-imidazo[1,5-a]pyridine)

417 To a solution of bis(2-pyridyl)ketone (0.9209 g; 5.00 mmol) in acetic acid (30 ml) were added o-

418 tolylaldehyde (1.20 ml; 10 mmol) and ammonium acetate (1.9003 g; 25 mmol). The pale yellow 

419 solution was refluxed under inert atmosphere for 5h. The solution was then  put in a mixture of 
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420 water/ice (250 ml), extracted with dichloromethane, dried with Na2SO4, filtered and concentrated to 

421 small volume. The product was purified with a chromatographic column using a mixture of ethyl 

422 acetate and n-hexane (8:2). The solution was concentrated to a small volume and n-hexane was added 

423 to give a yellow precipitate (L2). Yield: 0.8560 g (60%). 

424 1H NMR, δH[CDCl3]: 8.71 (d, 1H, H8); 8.64 (d,1H, H6’); 8.23 (d,1H, H3’); 7.70 (t,1H, H4’); 7.64 (d, 

425 1H, H5); 7.51 (d, 1H,H6”); 7.40 (m, 3H, H5”+H4”+H3”); 7.09 (t, 1H, H5’); 6.93 (dd, 1H, H7); 6.60 (t, 

426 1H, H6), 2.26 (s, 3H, CH3).

427 1H NMR, δH[CD2Cl2] 8.71 (d, 1H, H8); 8.63 (d,1H, H6’); 8.20 (d,1H, H3’); 7.73 (t,1H, H4’); 7.69 (d, 

428 1H, H5); 7.51 (d, 1H, H6”); 7.42 (m, 3H, H5”+H4”+H3”); 7.11 (t, 1H, H5’); 6.96 (t, 1H, H7); 6.65 (t, 

429 1H, H6), 2.27 (s, 3H, CH3).

430 1H NMR, δH[(CD3)2CO]: 8.72 (d, 1H, H8); 8.62 (d,1H, H6’); 8.21 (d, 1H, H3’); 7.85 (d, 1H, H5); 7.78 

431 (td, 1H, H4’); 7.56 (d, 1H, H6”); 7.44 (m, 3H, H5”+H4”+H3”);  7.15 (dd, 1H, H5’); 7.03 (dd, 1H, H7); 

432 6.78 (t, 1H, H6), 2.27 (s, 3H, CH3).

433

434 L3 (3-mesityl-1-(pyridin-2-yl)imidazo[1,5-a]pyridine)

435 To a solution of bis(2-pyridyl)ketone (0.9207 g; 5.00 mmol) in acetic acid (30 ml) were added 

436 mesitylaldehyde (1.04 ml; 10 mmol) and ammonium acetate (1.9023 g; 25 mmol). The pale yellow 

437 solution was refluxed under inert atmosphere for 5 h. The solution was then put in a mixture of 

438 water/ice (250 ml), extracted with dichloromethane, dried with Na2SO4, filtered and concentrated to 

439 small volume. The product was purified with a chromatographic column using a mixture of ethyl 

440 acetate and n-hexane (8:2). The solution was concentrated to a small volume and n-hexane was added 

441 to give a yellow precipitate (L3). Yield: 0.9088 g (58%). 

442 1H NMR, δH[CDCl3]: 8.94 (d, 1H, H8); 8.89 (d, 1H, H6’); 8.48 (d, 1H, H3’); 7.95 (td, 1H, H4’); 7.61 

443 (d, 1H, H5); 7.33 (dd, 1H, H5’); 7.26 (s, 2H, meta H); 7.17 (dd, 1H, H7); 6.82 (td, 1H, H6); 2.62 (s, 

444 3H, para CH3); 2.27 (s, 6H, ortho CH3). 

445 1H NMR, δH[CD2Cl2]: 8.68 (d, 1H, H8); 8.62 (d, 1H, H6’); 8.20 (d, 1H, H3’); 7.72 (t, 1H,  H4’); 7.36 

446 (d,1H, H5); 7.09 (t, 1H, H5’); 7.05 (s, 2H, meta H); 6.93 (t,1H,H6); 6.60 (t,1H,H7); 2.38 (s,3H, para 

447 CH3); 1.99 (s,3H, ortho CH3).

448 1H NMR, δH[(CD3)2CO]: 8.71 (d, 1H, H8); 8.62 (d, 1H, H6’); 8.20 (d, 1H, H3’); 7.77 (td, 1H, H4’); 

449 7.51 (d, 1H, H5); 7.14 (dd, 1H, H5’); 7.08 (s, 2H, meta H); 7.02 (dd, 1H, H7); 6.75 (t, 1H, H6); 2.37 

450 (s, 3H, para CH3); 1.99 (s, 6H, ortho CH3).

451

452

453
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454 L4 (3-benzyl-1-(pyridin-2-yl)imidazo[1,5-a]pyridine)

455 To a solution of bis(2-pyridyl)ketone (1.3998 g; 7.60 mmol) in methanol (30 ml) were added 

456 phenylalanine (1.2554 g; 7.6 mmol) and slowly few drops of acetic acid. The pale yellow solution 

457 was refluxed in an inert atmosphere for 12 h. The resulting orange solution was concentrated to a 

458 small volume and diethyl ether added to give a product which was purified with a chromatographic 

459 column using a mixture of ethyl acetate and n-hexane (8:2). The solution was evaporated completely 

460 to give L4 as a brown oil. Yield: 1.4963 g (69%). 

461 1H NMR, δH[CDCl3]:  8.62 (d,1H, H6’); 8.60 (d,1H, H8); 8.17 (d,1H, H3’); 7.71 (td,1H, H4’); 7.59 

462 (d, 1H, H5); 7.24 (m, 5H, Har); 7.07 (dd,1H, H5’); 6.84 (dd, 1H, H7); 6.52 (t, 1H, H6); 4.51 (s, 2H, 

463 CH2).

464 1H NMR, δH[CD2Cl2]:  8.62 (d,1H, H8’); 8.60 (d,1H, H6’); 8.16 (d,1H, H3’); 7.73 (t,1H, H4’); 7.68 

465 (d, 1H, H5); 7.27 (m, 5H, Har); 7.10 (t,1H, H5’); 6.88 (t, 1H, H7); 6.59 (t, 1H, H6); 4.49 (s, 2H, 

466 CH2). 

467 1H NMR, δH[CD3COCD3]:  8.62 (d,1H, H8); 8.58 (d,1H, H6’); 8.20 (d,1H, H3’); 8.03 (d, 1H, H5); 

468 8.02 (t,1H, H4’); 7.25 (m, 5H, Har); 7.12 (dd,1H, H5’); 6.92 (dd, 1H, H7); 6.69 (t, 1H, H6); 4.52 (s, 

469 2H, CH2).

470 1H NMR, δH[(CD3)2SO]:  8.56 (d,1H, H6’); 8.47 (d,1H, H8); 8.16 (d,1H, H5); 8.05 (d, 1H, H3’); 

471 7.78 (t,1H, H4’); 7.27 (s, br 5H, Har); 7.17 (dd,1H, H5’); 6.97 (t, 1H, H7); 6.75 (t, 1H, H6); 4.48 (s, 

472 2H, CH2).

473

474 L1i (1-phenyl-3-(pyridin-2-yl)imidazo[1,5-a] pyridine)

475 To a solution of 2-benzoylpyridine (0.9160 g; 5 mmol) in toluene (25 ml) were added benzyl 

476 ammine (950 µL; 5.5 mmol), iodide (1.5302 g; 6 mmol) and sodium acetate (1.2302 g; 15 

477 mmol). The dark solution was refluxed in an inert atmosphere for 6 h, until to disappear of the 

478 ketone. At the solution was added Na2SO3 (5%) and the mixture was extracted with dichloro 

479 methane and water. The organic fraction was anhydrified with Na2SO4 and filtered. The product 

480 was purified with a chromatographic column using a mixture of ethyl acetate and petroleum 

481 ether (1:3) and obtained as a yellow precipitate (L1i). Yield: 0.5964 g (44%). 

482 1H NMR, δH[CDCl3]: 10.03 (d, 1H, H5); 8.65 (d,1H, H6’); 8.49 (d,1H, H3’); 7.97 (d, 2H, ortho 

483 H); 7.90 (d,1H,H8); 7.79 (td, 1H, H4’); 7.49 (t, 2H, meta H); 7.32 (t, 1H, para H); 7.21 (dd, 

484 1H, H5’); 6.94 (dd, 1H, H7); 6.77 (t, 1H, H6).

485 1H NMR, δH[CD3COCD3]: 10.08 (d,1H,H5); 8.695 (d,1H,H6’); 8.48 (d,1H,H8); 8.04 (m,3H, 
486 ortho H+H3’); 7.93 (td,1H,H4’); 7.49 (t,2H, meta H); 7.33 (t,1H, para H+ H5’); 7.07 (t,1H,H6); 

487 6.91 (t,1H,H7).
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488 1H NMR, δH[CD3)2SO]: 9.97 (d,1H,H5); 8.715 (d,1H,H6’); 8.10 (d,1H,H8); 8.04 (m,3H, ortho 

489 H+H3’); 7.51 (t,2H,Har); 7.39 (t,1H,H4’); 7.33 (t,1H,H5’); 7.11 (t,1H,H6); 6.99 (t,1H,H7).

490

491

492 Synthesis of the complexes

493 [Pd(L1)Cl2] (1-Cl) 

494 To a solution of L1 (0.1193 g; 0.44 mmol) in acetic acid (25 ml) was added Pd(OAc)2 (0.0988 g; 0.44 

495 mmol). The orange solution was refluxed under inert atmosphere for 6 h and evaporated to dryness. 

496 The crude obtained was solubilized with chloroform (25 ml), treated with LiCl in excess, stirred for 

497 12 h at room temperature then filtered. The resulting solution was concentrated to a small volume and 

498 diethyl ether added to give a precipitate which was recrystallized from CH2Cl2/Et2O to give the 

499 analytical sample as yellow solid (1-Cl). Yield: 0.0947 g (48%). M.p.: 276 °C

500 Found: C 47.85; H 2.80; N 9.25 %. Calc. for C18H13Cl2N3Pd: C, 48.19; H, 2.92; N, 9.37. 

501 1H NMR, δH[CD2Cl2]: 9.10 (d, 1H, H6’); 7.98 (d, 1H, H3’); 7.97 (t, 2H, H5); 7.91 (d, 1H, H8); 7.85 

502 (t, 1H, H4’); 7.65 (m, 5H, Har); 7.33 (d, 1H, H7); 7.22 (t, 1H, H5’); 6.89 (t, 1H, H6).

503

504 [Pd(L2)Cl2] (2-Cl) 

505 To a solution of L2 (0.1259 g; 0.44 mmol) in acetic acid (25 ml) was added Pd(OAc)2 (0.0987  g; 0.44 

506 mmol). The orange solution was refluxed under inert atmosphere for 6 h and evaporated to dryness. 

507 The crude obtained was solubilized with chloroform (25 ml), treated with LiCl in excess, stirred for 

508 12 h at room temperature then filtered. The resulting solution was concentred to a small volume and 

509 diethyl ether added to give a precipitate which was recrystallized from CH2Cl2/Et2O to give the 

510 analytical sample as yellow solid (2-Cl). Yield: 0.0997 g (49%). M.p.: 215 °C

511 Found: C 49.30; H 2.99; N 8.94%. Calc. for C19H15Cl2N3Pd: C, 49.32; H, 3.27; N, 9.08.

512 1H NMR, δH[CD2Cl2]: 9.25 (d, 1H, H6’); 8.03 (t, 1H, H4’); 7.95 (d, 1H, H8); 7.85 (d, 1H, H3’); 7.55 

513 (m, 2H, H6”+H5); 7.41 (m, 5H,  H5”+H4”+ H3” +H5’+ H7); 6.88 (t, 1H, H6); 2.21 (s, 3H, CH3).

514

515

516 [Pd(L3)Cl2] (3-Cl) 

517 To a solution of L3 (0.1391 g; 0.44 mmol) in acetic acid (25 ml) was added Pd(OAc)2 (0.0988 g; 0.44 

518 mmol). The orange solution was refluxed under inert atmosphere for 6 h and evaporated to dryness. 

519 The crude obtained was solubilized with chloroform (25 ml), treated with LiCl in excess, stirred for 

520 12h at room temperature then filtered. The resulting solution was concentred to a small volume and 
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521 diethyl ether added to give a precipitate which was recrystallized from CH2Cl2/Et2O to give the 

522 analytical sample as yellow solid (3-Cl). Yield: 0.1900 g (88%). M.p.: > 290 °C

523 Found: C 51.04; H 3.50; N 8.46%. Calc. for C21H19Cl2N3Pd: C, 51.40; H, 3.90; N, 8.56.

524 1H NMR, δH[CD2Cl2]: 9.26 (d, 1H, H6’); 8.01 (t, 1H, H4’); 7.93 (d, 1H, H8); 7.84 (d, 1H, H5); 7.43 

525 (d, 1H, H3’); 7.33 (m, 2H, H5’+H7); 7.08 (s, 2H, meta H); 6.87 (t, 1H, H6); 2.41 (s, 3H, para CH3); 

526 2.03 (s, 6H, ortho CH3).

527

528 [Pd(L4)Cl2] (4-Cl)

529 To a solution of L4 (0.1251 g; 0.44 mmol) in acetic acid (50 ml) was added Pd(OAc)2 (0.0989 g; 0.44 

530 mmol). The solution was refluxed under inert atmosphere for 6 h and evaporated to dryness. The 

531 crude obtained was solubilized with chloroform (25 ml), treated with LiCl in excess, stirred for 12 h 

532 at room temperature then filtered. The resulting solution was concentred to a small volume and diethyl 

533 ether added to give a precipitate which was recrystallized from CH2Cl2/Et2O to give the analytical 

534 sample as yellow solid (4-Cl). Yield: 0.0631 g (31%). M.p.: 225 °C 

535 Found: C 49.30; H 2.99; N 8.90%. Calc. for C19H15Cl2N3Pd: C, 49.32; H, 3.27; N, 9.08.

536 1H NMR, δH[CD2Cl2]: 9.27 (d, 1H, H6’); 7.97 (t, 1H, H4’); 7.89 (m, 2H, H8+H3’); 7.77 (d, 1H, H5); 

537 7.34 (m, 5H, Har); 7.27 (m, 2H, H5’+H7); 6.88 (t, 1H, H6); 4.44 (broad, 2H, CH2).

538

539 [Pd(L1)(OAc)2] (1-OAc) 

540 To a solution of L1 (0.1193 g; 0.44 mmol) in dichloromethane (25 ml) was added Pd(OAc)2 (0.0988 

541 g; 0.44 mmol). The orange solution was stirred for 12 h at room temperature, then evaporated to a 

542 small volume and diethyl ether added. The yellow precipitate formed was filtered off and 

543 recrystallized from CH2Cl2/Et2O to give the analytical sample as a yellow solid (1-OAc).Yield: 

544 0.2050 g (94%). M.p.: 176 °C

545 Found: C 52.95; H 3.74; N 8.30%. Calc. for C22H19N3O4Pd: C, 53.29; H, 3.86; N, 8.47.

546 1H NMR, δH[CD2Cl2]: 8.12 (d, 1H, H6’); 7.98 (td, 1H, H4’); 7.91 (d, 1H, H8); 7.85 (d, 1H, H5); 7.80 

547 (d, 1H, H3’); 7.67-7.60 (m, 5H, Har); 7.29 (dd, 1H, H7); 7.24 (t, 1H, H5’); 6.86 (t, 1H, H6); 1.99 (s, 

548 3H, C(O)CH3); 1.13 (s, 3H, C(O)CH3).

549

550 [Pd(L2)(OAc)2] (2-OAc) 

551 To a solution of L2 (0.1259 g; 0.44 mmol) in dichloromethane (25 ml) was added Pd(OAc)2 (0.0987 

552 g; 0.44 mmol). The orange solution was stirred for 12 h at room temperature, then evaporated to a 

553 small volume and diethyl ether added. The yellow-green precipitate was filtered off and recrystallized 

Page 22 of 33Dalton Transactions

D
al
to
n
Tr
an
sa
ct
io
ns

A
cc
ep
te
d
M
an
us
cr
ip
t

Pu
bl

ish
ed

 o
n 

17
 M

ar
ch

 2
02

1.
 D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

ita
' d

eg
li 

St
ud

i d
i S

as
sa

ri 
on

 3
/1

7/
20

21
 7

:2
3:

52
 A

M
. 

View Article Online
DOI: 10.1039/D1DT00546D

https://doi.org/10.1039/D1DT00546D


23

554 from CH2Cl2/Et2O to give the analytical sample as yellow solid (2-OAc). Yield: 0.0919 g (41%). 

555 M.p.: 250 °C

556 Found: C 53.90; H 3.95; N 7.99 %. Calc. for C23H21N3O4Pd: C, 54.18; H, 4.15; N, 8.24.

557 1H NMR ,δH[CD2Cl2]: 8.14 (d, 1H, H6’); 7.98 (d, 1H, H4’); 7.89 (d, 1H, H8); 7.79 (d, 1H, H5); 7.51 

558 (d, 1H, H3’); 7.50-7.40 (m, 4H, Har); 7.31 (t, 1H, H7); 7.25 (t, 1H, H5’);  6.86 (t, 1H, H6); 2.26 (s, 3H, 

559 ortho CH3); 1.98 (s, 3H, C(O)CH3); 1.11 (s, 3H, C(O)CH3).

560

561 [Pd(L3)(OAc)2] (3-OAc) 

562 To a solution of L3 (0.1383 g; 0.44 mmol) in dichloromethane (25 ml) was added Pd(OAc)2 (0.0985 

563 g; 0.44 mmol). The orange solution was stirred for 12 h at room temperature, then evaporated to a 

564 small volume and diethyl ether added.  The yellow precipitate formed was filtered off and 

565 recrystallized from CH2Cl2/Et2O to give the analytical sample as a yellow solid (3-OAc). Yield: 

566 0.2130 g (90%). M.p.: 268 °C 

567 Found: C 55.01; H 4.15; N 7.64%. Calc. for C25H25N3O4Pd: C, 55.82; H, 4.68; N, 7.81.

568 1H NMR, δH[CD2Cl2]: 8.14 (d, 1H, H6’); 7.98 (t, 1H, H4’); 7.89 (d, 1H, H8); 7.77 (d, 1H, H5); 7.40 

569 (d, 1H, H3’); 7.30 (t, 1H, H5’); 7.24 (t, 1H, H7); 7.04 (s, 2H, meta H); 6.85 (t, 1H, H6); 2.35 (s, 3H, 

570 para CH3); 2.09 (s, 6H, ortho CH3); 1.98 (s, 3H, C(O)CH3); 1.13 (s, 3H, C(O)CH3).

571

572 [Pd(L4)(OAc)2] (4-OAc) 

573 To a solution of L4 (0.1259 g; 0.44 mmol) in dichloromethane (25 ml) was added Pd(OAc)2 (0.0986 

574 g; 0.44 mmol). The orange solution was stirred for 12 h at room temperature, then evaporated to a 

575 small volume and diethyl ether added. The yellow precipitate formed was filtered off and 

576 recrystallized from CH2Cl2/Et2O to give the analytical sample as a yellow solid (4-OAc). Yield: 

577 0.1435 g (64%).  M.p.: 260 °C

578 Found: C 53.90; H 3.94; N 8.02%. Calc. for C23H21N3O4Pd: C, 54.18; H, 4.15; N, 8.24.

579 1H NMR, δH[CD2Cl2]: 8.07 (d, 1H, H6’); 7.92 (t, 1H, H4’); 7.84 (t, 2H, H5+H8); 7.74 (d,1H, H3’); 

580 7.35-7.23 (m, 5H, Har); 7.16 (m, 2H, H5’+H7); 6.77 (t, 1H, H6); 4.61 (s, 2H, CH2); 2.10 (s, 3H, Pd-

581 CH3); 1.73 (s, 3H, Pd-CH3).

582

583 [Pt(L1)Cl2] (5) 

584 To a solution of K2PtCl4 (0.1005 g; 0.24 mmol) in H2O (25 ml) were added L1 (0.0651 g; 0.24 mmol) 

585 and slowly few drops of HCl (2 M). The mixture was heated at reflux under inert atmosphere for 72 

586 h, until the solution was colourless, and then cooled. The yellow precipitate was filtered off, washed 
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587 with water, ethanol and diethyl ether and finally recrystallised from dichloromethane and diethyl ether 

588 to give the analytical sample as a yellow solid (5).  Yield: 0.1225 g (95%). M.p.:  > 290 °C 

589 Found: C 39.97; H 2.10; N 7.63%. Calc. for C18H13Cl2N3Pt: C, 40.24; H, 2.44; N, 7.82.

590 1H NMR, δH[CD2Cl2] : 9.51 (d, 1H, 3JPt-H= 36 Hz, H6’); 8.05 (t, 1H, H4’); 7.95 (d, 1H, H8); 7.84 (m, 

591 2H, H3’+H5); 7.66 (m, 5H, Har); 7.33 (m, 2H, H5’+H7); 6.92 (t, 1H, H6).

592

593  [Pt(L2)Cl2] (6) 

594 To a solution of K2PtCl4 (0.1001 g; 0.24 mmol) in H2O (25 ml) were added L2 (0.0687 g; 0.24 mmol) 

595 and slowly few drops of HCl (2 M). The mixture was heated at reflux under inert atmosphere for 72 

596 h, until the solution was colourless, and then cooled. The yellow precipitate was filtered off, washed 

597 with water, ethanol and diethyl ether and finally recrystallised from dichloromethane and diethyl ether 

598 to give the analytical sample as a yellow solid (6).  Yield: 0.0793 g (60%). M.p.:  > 290 °C

599 Found: C 41.01; H 2.53; N 7.44%. Calc. for C19H15Cl2N3Pt: C, 41.39; H, 2.74; N, 7.62.

600 1H NMR, δH[CD2Cl2]: 9.63 (d, 1H, 3JPt-H= 34Hz, H6’); 8.07 (t, 1H, H4’); 7.96 (d, 1H, H8); 7.86 (d, 

601 1H, H3’); 7.62-7.28 (m, 7H, H5+ HAr+H5’+H7; 6.91 (t, 1H, H6); 2.22 (s, 3H, CH3).

602

603 [Pt(L3)Cl2] (7) 

604 To a solution of K2PtCl4 (0.1002 g; 0.24 mmol) in H2O (25 ml) were added L3 (0.0754 g; 0.24 mmol) 

605 and slowly few drops of HCl (2 M). The mixture was heated at reflux under inert atmosphere for 72 

606 h, until the solution was colourless, and then cooled. The yellow precipitate was filtered off, washed 

607 with water, ethanol and diethyl ether and finally recrystallised from dichloromethane and diethyl ether 

608 to give the analytical sample as a yellow solid (7).  Yield: 0.0750 g (54%). M.p.: > 290 °C

609 Found: C 43.10; H 2.97; N 7.03%. Calc. for C21H19Cl2N3Pt: C, 43.53; H, 3.31; N, 7.25.

610 1H NMR, δH[CD2Cl2]: 9.63 (d, 1H, 3JPt-H= 37 Hz, H6’); 8.07 (t, 1H, H4’); 7.97 (d, 1H, H8); 7.87 (d, 

611 1H, H3’); 7.43 (d, 1H, H5); 7.37 (t, H, H7); 7.31 (t, H, H5’); 7.07 (s, 2H, meta HAr); 6.91 (t, 1H, H6); 

612 2.42 (s, 3H, para CH3); 2.03 (s, 6H, ortho CH3).

613

614 [Pt(L4)Cl2] (8) 

615 To a solution of K2PtCl4 (0.1003 g; 0.24 mmol) in H2O (25 ml) were added L4 (0.0687 g; 0.24 mmol) 

616 and slowly few drops of HCl (2 M). The mixture was heated at reflux under inert atmosphere for 72 

617 h, until the solution was colourless, and then cooled. The yellow precipitate was filtered off, washed 

618 with water, ethanol and diethyl ether and finally recrystallised from dichloromethane and diethyl ether 

619 to give the analytical sample as a yellow solid (8).  Yield: 0.0436g (33%).  M.p.:  > 290 °C 
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620 Found: C 40.97; H 2.36; N 7.51%. Calc. for C19H15Cl2N3Pt: C, 41.39; H, 2.74; N, 7.62.

621 1H NMR, δH[CD2Cl2]: 9.65 (d, 1H, 3JPt-H= 38.0 Hz,  H6’); 8.02 (t, 1H, H4’); 7.90 (t, 2H, H8+H3’); 7.79 

622 (d, 1H, H5); 7.38-7.21 (m, 7H, H5’+H7+Har); 6.91 (t, 1H, H6); 5.41 (s, 2H, CH2).

623 1H NMR, δH[DMSO-d6]: 9.39 (d, br 1H, H6’); 8.33 (m, 2H, H8+H5); 8.22 (m, 2H, H3’+H4’); 7.51- 

624 7.22 (m, 8H, H5’+H7+Har); 7.12 (t, 1H, H6); 5.41 (s, 2H, CH2).

625

626 [Pd(L1)(CH3)Cl] (9)

627 To a solution of L1 (0.0976 g; 0.36 mmol) in dichloromethane (25 ml) was added under vigorous 

628 stirring [Pd(COD)(CH3)(Cl)] (0.0954 g; 0.36 mmol). The yellow solution was stirred for 24 h at room 

629 temperature then concentrated to small volume and treated with diethyl ether. The precipitate formed 

630 was filtered off, washed with diethyl ether and vacuum pumped to give the analytical sample as a 

631 yellow solid (9). Yield: 0.1341 g (87%). 

632 Found: C 54.02; H 4.01; N 9.73%. Calc. for C19H16ClN3Pd: C, 53.29; H, 3.77; N, 9.81. 

633 1H NMR, δH[CDCl3]: Major geometric isomer: 9.11 (d, 1H, H6’); 7.94 (d, 1H, H8); 7.86-7.79 (m, 3H, 

634 H3’+H4’+H5); 7.64-7.53 (m, 5H, Har); 7.24 (td, 1H, H5’); 7.18 (dd, 1H, H7); 6.78 (t, 1H, H6);  0.35 (s, 

635 3H, Pd-CH3) 

636 minor geometric isomer: 8.51 (d, 1H, H6’); 7.71 (m, 5H, Har); 6.86 (t, 1H, H6);  1.04 (s, 3H, Pd-CH3).

637

638 [Pd(L2)(CH3)Cl] (10)

639 To a solution of L2 (0.1030 g; 0.36 mmol) in dichloromethane (25 ml) was added under vigorous 

640 stirring [Pd(COD)(CH3)(Cl)] (0.0955 g; 0.36 mmol). The yellow solution was stirred for 24 h at room 

641 temperature then concentrated to small volume and treated with diethyl ether. The precipitate formed 

642 was filtered off, washed with diethyl ether and vacuum pumped to give the analytical sample as a 

643 yellow solid (10). Yield: 0.1353 g (85%). 

644 Found: C 54.95; H 4.61; N 9.27%. Calc. for C20H18ClN3Pd: C, 54.32; H, 4.10; N, 9.50.

645 1H NMR, δH[CDCl3]: Major geometric isomer: 9.13 (d, 1H, H6’); 7.95 (d, 1H, H8); 7.85 (m, 2H, 

646 H3’+H4’); 7.52 (t, 1H, H5’); 7.49 (d, 1H, H5); 7.41-7.34 (m 3H Har); 7.25(7, 1H, H5’);  7.19 (dd, 1H, 

647 H7); 6.78 (t, 1H, H6); 2.41 (s, 3H, para CH3); 2.02 (s, 6H, ortho CH3); 0.39 (s, 3H, Pd-CH3).

648 2.15 (s, 1H, ortho CH3); 0.32 (s, 1H, CH3) 

649 minor geometric isomer: 8.51 (d, 1H, H6’), 2.25 (s, 1H, ortho CH3); 1.00 (s, 1H, Pd-CH3).

650

651 [Pd(L3)(CH3)Cl] (11)

652 To a solution of L3 (0.1131 g; 0.36 mmol) in dichloromethane (25 ml) was added under vigorous 

653 stirring [Pd(COD)(CH3)(Cl)] (0.0953 g; 0.36 mmol). The yellow solution was stirred for 24 h at room 
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654 temperature then concentrated to small volume and treated with diethyl ether. The precipitate formed 

655 was filtered off, washed with diethyl ether and vacuum pumped to give the analytical sample as a 

656 yellow solid (11). Yield: 0.1286 g (76%). 

657 Found: C 56.99; H 4.97; N 8.70%. Calc. for C22H22ClN3Pd: C, 56.18; H, 4.72; N, 8.93.

658 1H NMR, δH[CDCl3]: Major  geometric isomer: 9.18 (d, 1H, H6’); 7.96 (d, 1H, H8); 7.88 (m, 2H, 

659 H3’+H4’); 7.41 (d, 1H, H5); 7.30 (t, 1H, H5’); 7.22 (t, 1H, H7); 7.04 (s, 2H, meta H); 6.79 (t, 1H, H6); 

660 2.41 (s, 3H, para CH3); 2.02 (s, 6H, ortho CH3); 0.39 (s, 3H, Pd-CH3).

661 minor geometric isomer: 8.55 (d, 1H, H6’); 6.99 (s, 2H, meta H); 6.86 (t, 1H, H6); 2.38 (s, 3H, para 

662 CH3); 2.03 (s, 6H, ortho CH3); 1.01 (s, 3H, Pd-CH3).

663

664 [Pd(L4)(CH3)Cl] (12)

665 To a solution of L4 (0.1255 g; 0.36 mmol) in dichloromethane (25 ml) was added under vigorous 

666 stirring [Pd(COD)(CH3)(Cl)] (0.0957 g; 0.36 mmol). The yellow solution was stirred for 24 h at room 

667 temperature then concentrated to small volume and treated with diethyl ether. The precipitate formed 

668 was filtered off, washed with diethyl ether and vacuum pumped to give the analytical sample as a 

669 yellow solid (12). Yield: 0.0429 g (27%). 

670 Found: C 54.95; H 4.69; N 9.29%. Calc. for C20H18ClN3Pd: C, 54.32; H, 4.10; N, 9.50.

671 1H NMR, δH[CDCl3]: Major geometric isomer: 8.56 (d, 1H, H6’); 7.89-7.80 (m, 4H, H8 H3’+H4’+H5); 

672 7.41 -7.26 (m, 5H, Har); 7.21 (t, 1H, H7); 7.12 (dd, 1H, H5’); 6.74 (t, 1H, H6); 5.15 (s, 2H, CH2); 1.17 

673 (s, 3H, Pd-CH3).

674 minor  geometric isomer: 9.23 (d, 1H, H6’); 6.75 (s, 1H, H6); 5.36 (s, 2H, CH2); 1.26 (s, 3H, Pd-

675 CH3).

676

677 [Pt(L1)(CH3)Cl] (13) 

678 To a solution of L1 (0.0379 g; 0.14 mmol) in dichloromethane (25 ml) was added under vigorous 

679 stirring [Pt(DMSO)2(CH3)Cl] (0.0563 g; 0.14 mmol). The yellow solution was stirred for 72 h at room 

680 temperature then concentrated to small volume and treated with diethyl ether. The precipitate formed 

681 was filtered off, washed with diethyl ether and vacuum pumped to give the analytical sample as a 

682 yellow solid (13). Yield: 0.0528 g (73 %). 

683 Found: C 45.06; H 3.83; N 7.95%. Calc. for C19H16ClN3Pt: C, 44.15; H, 3.12; N, 8.13. 

684 1H NMR, δH[CDCl3] Major geometric isomer: 9.49 (d, 3JPt-H  not resolved, 1H, H6’); 8.00-7.91 ( m, 

685 2H, H8+H4’); 7.85 (d, 1H, H5); 7.75 (d, 1H, H3’); 7.65-7.54 ( m, 5H, Har); 7.30 (t, 1H, H5’); 7.22 (dd, 

686 1H, H7); 6.82 (t, 1H, H6); 0.51 (s, 3H, 2JPt-H= 78.1 Hz, Pt-CH3); minor geometric isomer: 8.96 (d, 

687 3JPt-H= 65.5 Hz 1H, H6’); 1.09 (s, 3H, 2JPt-H= 80.4 Hz, Pt-CH3).
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688 [Pt(L2)(CH3)Cl] (14) 

689 To a solution of L2 (0.0400 g; 0.14 mmol) in dichloromethane (25 ml) was added under vigorous 

690 stirring [Pt(DMSO)2(CH3)Cl] (0.0562 g; 0.14 mmol). The yellow solution was stirred for 72 h at room 

691 temperature then concentrated to small volume and treated with diethyl ether. The precipitate formed 

692 was filtered off, washed with diethyl ether and vacuum pumped to give the analytical sample as a 

693 yellow solid (14). Yield: 0.0661 g (89%). 

694 Found: C 46.21; H 3.87; N 7.68%. Calc. for C20H18ClN3Pt: C, 45.25; H, 3.42; N, 7.91. 

695 1H NMR, δH[CDCl3] Major  geometric isomer: 9.50 (d, 3JPt-H  not resolved, 1H, H6’); 7.99-7.92 ( m, 

696 2H, H8+H4’); 7.87 (d, 1H, H5); 7.45 (d, 1H, H3’); 7.42-7.34 ( m, 4H, Har); 7.30 (t, 1H, H5’); 7.22 (dd, 

697 1H, H7); 6.81 (t, 1H, H6); 2.15 (s, 3H, CH3); 0.51 (s, 3H, 2JPt-H= 78.1 Hz, Pt-CH3); minor geometric 

698 isomer: 8.96 (d, 3JPt-H= 65.5 Hz 1H, H6’); 2.23 (s, 3H, CH3); 1.07 (s, 3H, 2JPt-H= 78.8 Hz, Pt-CH3).

699

700 [Pt(L3)(CH3)Cl] (15) 

701 To a solution of L3 (0.0377 g; 0.12 mmol) in dichloromethane (25 ml) was added under vigorous 

702 stirring [Pt(DMSO)2(CH3)Cl] (0.0482 g; 0.12 mmol). The yellow solution was stirred for 72 h at room 

703 temperature then concentrated to small volume and treated with diethyl ether. The precipitate formed 

704 was filtered off, washed with diethyl ether and vacuum pumped to give the analytical sample as a 

705 yellow solid (15). Yield: 0.0603 g (90%). 

706 Found: C 48.16; H 4.29; N 7.31%. Calc. for C22H22ClN3Pt: C, 47.27; H, 3.97; N, 7.52.

707 1H NMR, δH[CD2Cl2]: Major  geometric isomer: 9.43 (d, 1H, H6’); minor  geometric isomer 8.71 (d, 

708 1H, H6’); 8.12-7.89 (m, 6H); 7.50-7.21 (m, 6H); 7.08 (s, 4H, meta H); 6.84 (s, 2H, H6); 2,41 (min. 

709 st., s, 6H, orto CH3); 2,20 (min. st., s, 3H, para CH3);  2.02 (Maj. st., s, 6H, orto CH3); 1.93 (Maj. 

710 st., s, 3H, para CH3); 1.15 (min. st., s, 3H, 2JPt-H= 71.2 Hz, Pt-CH3); 0.53 (Maj. st., s, 3H, 2JPt-H=71.4 

711 Hz, Pt-CH3).

712

713 [Pt(L4)(CH3)Cl] (16)

714 To a solution of L4 (0.0715 g; 0.25 mmol) in dichloromethane (25 ml) was added under vigorous 

715 stirring [Pt(DMSO)2(CH3)Cl]  (0.1005 g; 0.25 mmol). The yellow solution was stirred for 72 h at 

716 room temperature then concentrated to small volume and treated with diethyl ether The precipitate 

717 formed was filtered off, washed with diethyl ether and vacuum pumped to give the analytical sample 

718 as a yellow solid (16). Yield: 0.0305 g (23 %). M.p. > 290 °C

719 Found: C 46.17; H 4.01; N 7.72%. Calc. for C20H18ClN3Pt: C, 45.25; H, 3.42; N, 7.91.
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720 1H NMR, δH[CDCl3]: 9.04 (d, 3JPt-H= 60.0 Hz, 1H, H6’); 7.96 t, 1H, H4’); 7.90-7.84 (m, 2H, H8+H5); 

721 7.76 (d, 1H, H3’); 7.44-7.24 (m, 5H, Har); 7.23-7.13 (m, 1H, H5’+H7); 6.81 (t, 1H, H6); 5.30 (s, 2H, 

722 CH2); 1.24 (s, 3H, 2JPt-H= 80.1 Hz, Pt-CH3).

723

724 [Pt(L1)(CH3)2] (17)

725 To a solution of L1 (0.0732 g; 0.27 mmol) in dichloromethane (25 ml) was added under vigorous 

726 stirring [Pt(DMSO)2(CH3)2] (0.1030 g; 0.27 mmol). The yellow solution was stirred for 72 h at room 

727 temperature then concentrated to a small volume and treated with diethyl ether. The precipitate 

728 formed was filtered off, washed with diethyl ether and vacuum pumped to give the analytical sample 

729 as a pale green solid (17). Yield: 0.0616 g (46 %). M.p.: 250 °C

730 Found: C 49.03; H 4.04; N 8.29%. Calc. for C20H19N3Pt: C, 48.38; H, 3.86; N, 8.46.

731 1H NMR, δH[(CD3)2CO]: 9.04 (d, 1H, 3JPt-H= 28.1 Hz, H6’); 8.29 (d, 1H, H8); 8.19 (t, 1H, H4’); 8.14 

732 (d, 1H, H3’); 8.06 (d, 1H, H5); 7.77-7.60 (m, 5H, Har); 7.34 (t, 2H, H5’+H7); 7.00 (t, 1H, H6); 0.76 (s, 

733 3H, 2JPt-H= 90.0 Hz, Pt-CH3); 0.26 (s, 3H,2JPt-H=  89.4 Hz, Pt-CH3).

734

735 [Pt(L2)(CH3)2] (18) 

736 To a solution of L2 (0.0744 g; 0.26 mmol) in dichloromethane (25 ml) was added under vigorous 

737 stirring [Pt(DMSO)2(CH3)2] (0.0992 g; 0.26 mmol). The yellow solution was stirred for 72 h at room 

738 temperature then concentrated to a small volume and treated with diethyl ether. The precipitate 

739 formed was filtered off, washed with diethyl ether and vacuum pumped to give the analytical sample 

740 as a pale green solid (18). Yield: 0.1194 g (90%). M.p.: 219 °C

741 Found: C 50.05; H 4.51; N 8.02%. Calc. for C21H21N3Pt: C, 49.41; H, 4.15; N, 8.23.

742 1H NMR, δH[(CD3)2CO]: 9.03 (d, 1H, 3JPt-H= 28.1 Hz, H6’); 8.31 (d, 1H, H8); 8.20 (t, 1H, H4’); 8.14 

743 (d, 1H, H3’); 7.74 (d, 1H, H5); 7.58-7.32 (m, 4H, Har); 7.06-6.98 (m, 2H, H5’+H7); 6.78 (t, 1H, H6); 

744 2.21 (s, 1H, CH3); 0.75 (s, 3H, 2JPt-H= 88.5 Hz, Pt-CH3); 0.24 (s, 3H,2JPt-H=  90.6 Hz, Pt-CH3).

745

746 [Pt(L3)(CH3)2] (19) 

747 To a solution of L3 (0.0817 g; 0.26 mmol) in dichloromethane (25 ml) was added under vigorous 

748 stirring [Pt(DMSO)2(CH3)2] (0.0992 g; 0.26 mmol). The yellow solution was stirred for 72 h at room 

749 temperature, then concentrated to a small volume and treated with diethyl ether. The precipitate 

750 formed was filtered off, washed with diethyl ether and vacuum pumped to give the analytical sample 

751 as a pale green solid (19). Yield: 0.0602 g (83%). M.p.: 225 °C

752 Found: C 51.97; H 4.89; N 7.61%. Calc. for C23H25N3Pt: C, 51.29; H, 4.68; N, 7.80.
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753 1H NMR, δH[(CD3)CO]: 9.03 (d, 1H, 3JPt-H= 28.0 Hz, H6’); 8.32 (d, 1H, H8); 8.21 (t, 1H, H4’); 8.16 

754 (d, 1H, H3’); 7.59 (d, 1H, H5); 7.37-7.31 (m, 2H, H5’+ H7); 7.08 (s, 2H, Har); 7.02 (m, 1H, H6); 2.38 

755 (s, 3H, para CH3); 2.01 (s, 6H, ortho CH3); 0.77 (s, 3H, 2JPt-H= 88.5 Hz, Pt-CH3); 0.28 (s, 3H,2JPt-

756 H=  90.6 Hz, Pt-CH3).

757

758 [Pt(L4)(CH3)2] (20) 

759 To a solution of L4 (0,0372 g; 0,13 mmol) in acetone (25 ml) was added under vigorous stirring 

760 [Pt(CH3)2(DMSO)2] (0,0496 g; 0,13 mmol). The solution was stirred for 72 h at room temperature, 

761 then concentrated to a small volume and treated with diethyl ether. The precipitate formed was filtered 

762 off, washed with diethyl ether and vacuum pumped to give the analytical sample as a pale yellow 

763 solid (20). (Found: C 50.51; H 4.62; N 8.03%. Calc. for C21H21N3Pt: C, 49.41; H, 4.15; N, 8.23. 

764 Yield: 0,0504 g (76%). M.p.: 227 °C 

765 1H NMR, δH[(CD3)2CO]: 9.04 (d, 1H, 3JPt-H= 28.4 Hz, H6’); 8.16 (pt, 2H, H4’+H8); 8.10 (d, 2H, 

766 H5+H3’); 7.44-7.26 (m, 5H, Har); 7.24-7.19 (m, 2H, H5’+H7); 6.91 (t, 1H, H6); 4.90 (s, 2H, CH2); 

767 1.10 (s, 3H, 2JPt-H= 87.0 Hz, Pt-CH3); 0.91 (s, 3H,2JPt-H=  87.9 Hz, Pt-CH3).

768

769 Computational methods

770 All geometry optimizations and harmonic frequency calculations were performed through 

771 Gaussian09 36 at DFT level of theory using the Truhlar and co-workers M06 functional 37 including 

772 dispersion; the SDD basis-set including f-polarization functions38 and pseudo-potential has been 

773 applied for platinum while 6-311g(d,p) for the main group atoms. The solvent effect was taken into 

774 account employing the SMD continuum model of Marenich et all.39 This level of theory describes 

775 with high accuracy the structures of second- and third-row transition metal compounds,40 and in 

776 particular Pt and Pd organometallic complexes.41 
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