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Abstract 23 

The study of the reactivity of the 3-methoxyimino-2-phenyl-3H-indoles C6H4-4R1-1-24 

[C8H4N-3’-NOMe] [R1 = Cl (1a) or H (1b)] with cis-[PtCl2(dmso)2] has allowed the 25 

isolation of trans-[Pt{C6H4-4R1-1-[C8H4N-3’-NOMe]}Cl2(dmso)] [R1 = Cl (2a) or H (2b)] 26 

and cis-[Pt{C6H4-4R1-1-[C8H4N-3’-NOMe]}Cl2(dmso)] -CH2Cl2 [R1 = Cl (3a) or H(3b)]. 27 

Their crystal structures confirm: (a) the existence of a PtANindole bond,  (b) the relative 28 

arrangement of the Cl- ligands (trans in 2a and 2b or cis in 3a and 3b) and (c) the anti- (E) 29 

configuration of the oxime. A comparative study of the spectroscopic and photo-optical 30 

properties of ligands and their platinum(II) complexes (2a, 2b, 3a and 3b) is also reported. 31 

 32 
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1. Introduction  45 

Transition metal complexes containing heterocyclic ligands have a long history of 46 

interest because the binding of the metal offers possibilities for tuning the properties of the 47 

free ligands [1,2]. The nature of the transition metal, its oxidation state, the electronic and 48 

steric characteristics of ligands bound to the metal and their relative disposition modify the 49 

physical and chemical properties and have direct implications on the potential utility of metal 50 

complexes in a wide range of areas that include Chemistry, Medicine, Biology and Materials 51 

Science [3–7]. 52 

Furthermore, the interest in novel cis and trans isomers of [Pt(L2)(L3)Cl2] or 53 

[Pt(L2)2Cl2] complexes with L2 or L3 = N containing heterocycles has increased 54 

considerably in recent years. This has been prompted mainly by their chemical or physical 55 

properties and their utility as sensors for biomolecules as well as their potential antitumoral 56 

activity [8–11]. The synthesis, characterization and structural studies of new types of trans 57 

and cis [Pt(L1)(L2)Cl2] or [Pt(L1)2Cl2] complexes are required to elucidate: (a) the role of 58 

the Cl- ligands and (b) the lability of the Pt–Cl bonds in the cis and trans isomers of 59 

[Pt(L1)(L2)Cl2] or [Pt(L1)2Cl2] complexes with potential biomedical utility. This may allow 60 

to establish relationships between their structures, properties or activities and consequently, 61 

it could provide useful tools for the rational design of new and more efficient platinum(II) 62 

complexes. 63 

Platinum(II) complexes [Pt(L1)(L2)Cl2] or [Pt(L1)2Cl2] where L1 derived from 64 

imidazole or pyrazole have been reported [12], but related analogues with indolyl units are 65 

scarce [13]. In this work we present the synthesis of trans and cis isomers of compounds 66 

[Pt(L3)Cl2(dmso)] where L3 is one of the two 3-methoxyimino-2-phenyl-3H-indoles (1a 67 

and 1b shown in Scheme 1) and a comparative study of their structures and spectroscopic 68 

properties. 69 

 70 

  71 
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2. Results and discussion 72 

2.1. Synthesis and description of the crystal structures of the complexes 73 

Trans-[Pt{C6H4-4R1-1-[C8H4N-3’-NOMe]}Cl2(dmso)] [R1 = Cl(2a) an dH (2b)] 74 

were prepared by treatment of the corresponding ligand (1a or 1b) [14] with the equimolar 75 

amount of cis-[PtCl2(dmso)2] [15] in refluxing methanol for 2 h (Scheme 1). Shorter 76 

refluxing periods (from 2 h to 0.5 h) produced a significant decrease of the yield [from 87% 77 

to 23% (for 2a) or from 73% to 27% (for 2b)]. However, when the reaction time was t = 8 78 

h, two different products were isolated for each ligand (Scheme 1). One of them was 2a or 79 

2b; while characterization data of the other ones (3a or 3b) and their crystal structures (see 80 

below) indicated that they were cis-[Pt{C6H4-4R1-1-[C8H4N-3’-81 

NOMe]}Cl2(dmso)]·CH2Cl2 [R1 = Cl (3a) or H (3b)]. 82 

The four compounds are air-stable solids at room temperature and were also 83 

characterized by X-ray diffraction studies. The molecular structures of trans-[Pt{C6H4-4R1-84 

1-[C8H4N-3’-NOMe]} Cl2(dmso)] [R1 = Cl (2a) or H (2b)] (Figs. 1 and 2) showed that the 85 

platinum(II) atom is located in a slightly distorted square-planar environment bound to the 86 

heterocyclic nitrogen, the sulfur atom of the dmso ligand and the two mutually trans chloride 87 

ligands [Cl(1)-Pt-Cl(2) 175.95(5)° (in 2a) and 177.65(4)° (in 2b)]. In both complexes bond 88 

lengths and angles around the platinum(II) (Table 1) fall in the range reported for related 89 

trans-[Pt(L1)Cl2(dmso)] complexes with L1 = N-donor heterocyclic ligand [16,17] and the 90 

coordination plane of the platinum(II) forms angles of 73.76° (2a) and of 98.30° (2b) with 91 

the heterocycle. 92 

The molecules of 2a and 2b differ in the orientation of the substituents of the dmso 93 

ligand in relation to the Cl- ligands, [torsion angles C(16)-S-Pt-Cl(1) and C(17)-S-Pt-Cl(1) 94 

are: 147.25° and 37.3° (in 2a) and 57.0° and 53.06° (in 2b)]. 95 

In the crystals of 2a, two parallel and proximal molecules of trans-[Pt{C6H4-4Cl-1-96 

[C8H4N-3’-NOMe]}Cl2(dmso)] with a head to-head orientation are connected by two C(9)-97 

H(9C)· · ·N(2) interactions [distances: H(9C)· · ·N(2) = 2.67 Å and C(9· · ·N(9) = 3.61 Å 98 

and angle C(9)-H(9C) · · · N(2) = 167.6°] forming dimers containing a central eight 99 
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membered ring (Fig. 3a) through a typical 𝑅𝑅22 (8) hydrogen bond system [4b]. This type of 100 

hydrogen bond pattern is quite frequent for N-heteroaromatic molecules [16] such as 101 

dibromodiquinoline [18], but examples involving aliphatic C-H bonds are not common [16]. 102 

The orientation of the dmso ligands in each dimer permits the existence of a pair of 103 

bifurcated C-H · · ·O intermolecular interactions between the oxygen O(2) and the H(13) 104 

and H(17C) atoms of two different molecules [distances: O(2) · · · H(13) = 2.51 Å, O(2) · · 105 

· C(13) = 3.318 Å, O(2) · · · H(17C) = 2.53 Å and O(2) · · · C(17C) = 3.416 Å] (Fig. 3b). 106 

These weak interactions allow the connectivity between a molecule of the dimer and two 107 

units belonging to two different dimeric units. 108 

For this arrangement of groups the separations between the Cl(1) and Cl(2) bound to 109 

the metal and the H(11) and H(16) atoms, respectively, of two different molecules (2.854 Å 110 

and 2.872 Å, respectively) are smaller than the sum of the van der Waals radii of these atoms 111 

(1.70 Å and 1.20 Å for Cl and H, respectively) [19], and fall in the range expected for C-H 112 

· · · Cl hydrogen bonds (from 2.40 to 2.90 Å) [3,16]. As a consequence of these interactions 113 

a three dimensional network results.  114 

In the crystal of 2b the arrangement of two vicinal molecules is such that the H(14) 115 

atom of one of the molecules is at 3.58 Å of the centroid of the ring defined by the set of 116 

atoms [C(1)-C(6)] of the other unit, thus suggesting the existence of weak CAH  p 117 

interactions [3,4,16]. This arrangement of groups precludes the existence of CAH  N 118 

interactions similar to those found in 2a, but enables short contacts between the chloride 119 

ligands [Cl(1) and Cl(2)] of a molecule and two CAH bonds [C(5)AH(5) and C(2)AH(9A), 120 

respectively] of two different units located in the upper and lower plane.  121 

The distances Cl(1)  H(5) (2.86 Å), Cl(1)  C(5) (3.634 Å), Cl(2)  H(9A) (2.82 Å) and 122 

Cl(2)  C(9) (3.623 Å) are consistent with the typical values expected for non-conventional 123 

CAH  Cl bonds [3–5,16]. As a consequence of these weak interactions the assembly of the 124 

molecules results in a chain (Fig. 4). Two proximal chains are connected by two CAH  O 125 

bonds, involving the O(2) atom and the H(16C) atom of the dmso, that generate an eight 126 

membered ring {graph set notation R22 (8) [4b]}. 127 

Despite the formal similarity between 2a and 2b their structural motifs are different. 128 

The assembly of vicinal molecules is achieved by C−H· · ·N (in 2a) or weak C−H· · ·π (in 129 

2b) intermolecular interactions. Furthermore, in the resulting units of 2b, the Cl− ligands are 130 
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involved in non-conventional C−H· · ·Cl bonds. The relative arrangement of the substituents 131 

of the dmso ligand in the two products plays a key role in the crystal packing since it modifies 132 

the connectivity between structural units forming bifurcated C−H· · ·O bonds (in 2a) or 133 

eight-membered rings (in 2b). 134 

The crystals of cis-[Pt{C6H4-4R1-1-[C8H4N-3’-NOMe]}Cl2(dmso)] [R1 = Cl (3a) or 135 

H (3b)] contain a 1:1 array of [Pt{C6H4-4R1-1-[C8H4N-3’-NOMe]}Cl2(dmso)] [R1 = Cl 136 

(3a) or H (3b)] (Figs. 5 and 6, respectively) and CH2Cl2 molecules. In the two cases, the 137 

coordination sphere of the platinum(II) is similar to those of 2a and 2b, except for the relative 138 

cis arrangement of the two Cl− ligands [Cl(1) APtACl(2) bond angles are 90.07(8)° (in 3a) 139 

and 90.94(7)° (in 3b)]. Bond lengths and angles around the platinum(II) (Table 1) agree with 140 

those reported for cis-[Pt(L1)Cl2(dmso)] complexes with L1 = N-donor heterocyclic ligand 141 

[16,17,20]. The variations detected in the PtACl(1) and PtACl(2) bond lengths in 3a and 3b 142 

when compared with those obtained for 2a and 2b could be due to the different influence of 143 

the ligands in a trans disposition [20]. 144 

In the crystal architecture of 3a, dichloromethane has an interesting role because two 145 

CH2Cl2 molecules act as connectors betweentwo [Pt{C6H4-4Cl-1-[C8H4N-3’-146 

NOMe]}Cl2(dmso)] units with a head-to-tail orientation (Fig. 7). The assembly depicted in 147 

Fig. 7 arises from the existence of two complementary C−H· · ·X (X = Cl or O) interactions. 148 

First, non-conventional hydrogen bonds involving the Cl(4) atom of the CH2Cl2 and the 149 

H(11) atom of the phenyl ring [distances Cl(4) · · · H(11) = 2.83 Å and Cl(4) · · · C(11) = 150 

3.601 Å and angle Cl(4) · · · H(11)−C(11) = 140.9°]. Second, the separation between the 151 

H(18A) atom of both CH2Cl2 molecules and the oxygen of the dmso ligand [distances O(2) 152 

−H(18A) = 2.17 Å and O(2) · · · C(18) = 3.045 Å] and their relative orientations [angle 153 

C(18) −H(18A) · · · O(2) = 148.6°] are consistent with the values reported for (C−H)phenyl 154 

· · · O(dmso) interactions in transition metal complexes [4a,16,21]. 155 

Thus, in this case there is a cooperative assembly between two molecules of CH2Cl2 156 

and two molecules of cis-[Pt{C6H4-4Cl-1-[C8H4N-3’-NOMe]}Cl2(dmso)] resulting in 157 

𝑅𝑅44 (22) hydrogen bonding pattern. According to data available at the Cambridge 158 
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Crystallographic Data Centre compounds containing CH2Cl2 acting as ‘‘linkers’’ between 159 

other molecules via simultaneous C−H · · · O and (C−H)phenyl · · · Cl intermolecular 160 

interactions are not common [16,22]. The crystal structure of cis-[Ru(L4)Cl2(dmso)] · 161 

CH2Cl2 [L4 = bis(diphenylphosphino)phenylether] also reveals the existence of both types 162 

of short contacts [22], but the relative arrangement of the CH2Cl2 molecules is different 163 

from that found for 3a, where the assembly leads to dimeric units {cis-[Pt{C6H4-4Cl-1-164 

[C8H4N-3’-NOMe]}Cl2(dmso)] · CH2Cl2}2 in which the CH2Cl2 molecules can be 165 

visualized as bridges between two molecules of the platinum(II) complex. As far as we 166 

know, complexes showing an 𝑅𝑅44 (22) hydrogen bond pattern similar to that found in 3a have 167 

not been described before. Additionally, in the crystal of 3a, the separation between the Cl(1) 168 

atoms of the molecules defining the dimers and the H(16) atom of two close ones is [Cl(1) · 169 

· · H(16) = 2.854 Å] indicates weak C−H · · · Cl intermolecular interactions between the 170 

molecules that assemble giving a three dimensional network. Despite the quality of the 171 

crystal of 3b was poorer1 than that of 2b, its crystal structure reveals some interesting 172 

differences. In 3b the relative arrangement of two molecules of trans-[Pt{C6H5-1-[C8H4N-173 

3’-NOMe]}Cl2(dmso)] with a head-to-tail orientation are connected through the dmso 174 

ligands by two bifurcated weak C−H · · · O interactions [separations O(2) · · · H(16A) = 175 

2.657 Å and O(2) · · · H(17C) = 2.608 Å] (Fig. 8). This type of assembly is quite common 176 

especially in the crystal structures of complexes having dmso molecules as solvation [16,23]. 177 

Examples of cycloplatinated complexes derived from planar N-donor ligands exhibiting a 178 

similar arrangement have also been described [24]. 179 

It should be noted that the crystal structures of the four complexes 2a,b and 3a,b 180 

exhibit the following common features: (a) the two rings of the indole moiety are nearly 181 

coplanar (angles between their main planes being 4.8°, 1.4°, 3.0° and 1.2° in 2a, 2b, 3a and 182 

3b), (b) the ligand (1a or 1b) adopts the anti-(E) configuration, (c) the oxime moiety is 183 

practically coplanar with the pentagonal ring (angles defined by their main planes = 3.3°, 184 

1.5°, 1.1° and 3.4° for 2a, 2b, 3a and 3b, respectively) and (d) the phenyl rings defined by 185 

the set of atoms [C(10)−C(16)] are twisted in relation to the pentagonal ring [angles between 186 

planes = 43.0(2) °, 47.5(2) °, 49.9(4) ° and 51.8(4) °, respectively]. As a consequence of 187 

these arrangements of groups: (a) the nitrogen of the ‘‘═N−OMe’’ unit is close to the H(15) 188 
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atom of the phenyl ring [distances N(2) · · · H(15) = 2.666, 2.679, 2.777 and 2.879 Å for 2a, 189 

2b, 3a and 3b, respectively] and (b) the separation between the H(5) and the O(1) atoms and 190 

the value of the angle C(5) − H(5) · · · O(1) (Table 1) suggest a C − H · · · O intramolecular 191 

interaction resulting in a S(6) hydrogen bond system [4b]. 192 

 193 

2.2. Solution studies 194 

Compounds 2a,b–3a,b are soluble in CH2Cl2 and CHCl3, but the solubilities of 3a 195 

and 3b are greater than those of trans isomers (2a and 2b, respectively). The four products 196 

were characterized in solution by mono- and two dimensional NMR (see Section 4).  197 

1H NMR spectra showed a singlet in the range 4.0 < δ < 5.0 ppm, due to the OMe unit. 198 

As expected, for the trans isomers (2a and 2b) the methyl groups of the dmso ligand were 199 

equivalent; while they were diastereotopic in the cis isomers (3). For 3a and 3b, one of the 200 

resonances appeared in the same range as for 2a and 2b; while the other one was upfield-201 

shifted (ca. 0.9 ppm). This finding can be due to the anisotropy of one of the aromatic rings 202 

close to this Me group. 203 

The low field region of the 1H and 13C{1H} NMR spectra was complex and the 204 

complete assignment of the signals was achieved with the aid of {1H–1H} COSY and 205 

NOESY and {1H–13C} HSQC and HMBC experiments. 206 

The shift of the signal due to the H(5) proton in the 1H NMR spectra of 2a,b–3a,b (see 207 

Section 4), suggests that the C(5) – H(5) · · · O(1) intermolecular interaction present in the 208 

crystals (see above) remains in CDCl3. 209 

The chemical shift of the singlet detected in the 195Pt{1H} NMR spectra of 2a, 2b, 3a 210 

and 3b (in the range –2959 > δ > –3022 ppm) was consistent with the values reported for 211 

other complexes where the platinum(II) has a ‘‘Pt(N)Cl2(Sdmso)’’ environment [9,25]. Since 212 

it is well-known that an upfield shift of the signals due to 195Pt is related to a stronger 213 

interaction between the platinum(II) and the ligands [25], the comparison of the 195Pt 214 

chemical shift for the trans configured isomers [δ = –3022 (for 2a) and –3015 (for 2b)] and 215 
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their isomeric cis forms [δ = –2965 (for 3a) and –2959 (for 3b)] indicates that the strength 216 

of these interactions is greater in 2a and 2b. 217 

It should be noted that no significant change was observed in the 1H NMR spectra of 218 

freshly prepared solutions and those kept after 5 days, thus suggesting that the new products 219 

are stable in CDCl3 (or CH2Cl2) solutions and they are not prone to isomerize at 298 K. 220 

One of the main interests in phenylindole derivatives arise from their potential 221 

luminescence [1], that makes them useful for fluorescence imaging microscopy and for 222 

labeling of biomolecules such as DNA [26]. On the other hand, some square-planar 223 

platinum(II) complexes are photoluminescent with emissive states usually arising from 224 

intraligand π →π* (IL), metal-to-ligand charge transfer (MLCT) or even ligand-to-ligand 225 

charge transfer (LL’CT) [27,28]. In view of these facts, we also studied the effect produced 226 

by platinum(II) center on the spectroscopic properties of these new ligands. 227 

The absorption spectra of the ligands (1a, 1b) and compounds 2a,b–3a,b were 228 

recorded in CH2Cl2, and their main features are summarized in Table 2. For comparison 229 

purposes data of the precursors C6H5-4R1-1-[C8H4N-3’-NOH] [R1 = Cl (4a) or H (4b)] 230 

used in the preparation of ligands 1a and 1b [14] are also included.  231 

The Uv–vis. spectra of 1a,b and 4a,b displayed the typical three intense bands due to 232 

π →π* transitions of the heterocyclic unit [1]. The Uv–vis. spectra of the platinum(II) 233 

complexes showed three (for 3a and 3b) or four (for 2a, 2b) bands. The bands in the range 234 

269 < λ < 275 nm appear at similar energies to those observed for the free ligands; while 235 

those at around 347 and 424 nm are shifted to lower energies than in 1a or 1b and could be 236 

assigned to metalperturbed intraligand transitions. For the trans isomers of [Pt{C6H4-4R-1-237 

[C8H4N-3’-NOMe]}Cl2(dmso)] (2a, 2b) an additional band at around 252 nm was also 238 

observed. 239 

Ligands 1 are not luminescent in the solid state (298 K, 77 K) or the glassy state (77 240 

K) in CH2Cl2, but they are photoluminescent in fluid (CH2Cl2 solutions) at 298 K. As 241 

observed in Fig. 9a, upon excitation of a 5 x 10−5 M solution of 1b at λ ~ 400 nm, a very 242 

weak emission centered at 450 nm was observed. However, excitation in the next higher 243 
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energy absorption band (~305–330 nm) resulted in a dual emission at 375 nm (maximum) 244 

and at 430 nm (broad shoulder). For a 10−3M solution of 1b, a similar emission pattern was 245 

observed by excitation at λexc ~ 302 nm; while the low energy band was selectively observed 246 

at ~470 nm when λexc was 385 nm (Fig. 9b). The excitation spectrum monitored at the low 247 

energy band (450–470 nm) resembles the absorption spectrum, pointing that the emissive 248 

states come from the same absorbing species. 249 

Ligand 1a showed a similar behavior (Fig. 10), except that the low energy feature was 250 

only clearly visible by using 10−3 M solutions. Energy emission bands of 1a appeared at 251 

slightly greater wavelengths than for 1b. Although lifetimes could not be measured due to 252 

the low intensity of these emissions, they are tentatively assigned to be π →π* excited states 253 

of phenylindole and the oxime units. 254 

Unfortunately, the platinum complexes 2 and 3 are not luminescent in solution and 255 

also in the solid state neither at room temperature (298 K) nor at low temperature (CH2Cl2 256 

glass, 77 K). Previous studies on photophysical properties of platinum(II) complexes have 257 

shown that these properties are dependent on a wide variety of factors among which the 258 

nature of the ligands bound to the Pt(II) as well as the existence of Pt · · · Pt and/or π · · · π 259 

interactions between vicinal molecules appear to play a crucial role [27,28]. For compounds 260 

2a,b and 3a,b: (a) the shortest distance between proximal platinum(II) ions (8.486, 6.364, 261 

7.263 and 7.815 Å, respectively) allows us to discard the existence of any interaction 262 

between them and (b) strong π · · · π interactions were not observed in their crystal 263 

structures. Thus, from the above observations we assumed that the lack of luminescence of 264 

2a, 2b, 3a and 3b may be attributed to the low field nature of the ligands bound to the Pt(II). 265 

 266 

  267 
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3. Conclusions 268 

A series of neutral 2-phenylindole platinum(II) complexes were synthesized and 269 

characterized. X-ray crystal structures of these new products have allowed us to: (a) confirm 270 

the mode of binding of the ligands in the complexes, (b) the relative arrangement of the Cl− 271 

ligands in the isomers of [Pt{C6H4-4R1-1-[C8H4N-3’-NOMe]} Cl2(dmso)] and (c) 272 

existence of a C(5)−H(5)· · ·O(1) intramolecular interaction [S(6) hydrogen bond pattern] 273 

in the four complexes [2a,b and 3a,b] and consequently a nearly coplanar arrangement of 274 

the indolyl unit and the heteroatoms of the oxime.  275 

Additionally, we have also proved that the nature of the substituent R1 (Cl or H), the 276 

relative arrangement of the two Cl− ligands [trans (in 2a and 2b) or cis (in 3a and 3b)] and 277 

the crystallization solvent (in 3a) are important to induce significant modifications in the 278 

type, pattern and directionability of the C−H· · ·Cl, C−H· · ·N or C−H· · ·O intermolecular 279 

interactions. Moreover, these studies provided conclusive evidence of the relevancy of the 280 

coordinated dmso ligand in the crystal architecture. From the structural point of view, 281 

product 3a is especially interesting because it is an adduct with an uncommon 𝑅𝑅44  (22) 282 

hydrogen bonding motif formed by complementary C−H· · ·O and C−H· · ·Cl interactions 283 

that link the coordinated dmso ligands of two molecules of cis-[Pt{C6H4-4Cl-1-[C8H4N-3’-284 

NOMe]}Cl2(dmso)] with two CH2Cl2 units. The strong tendency of these platinum(II) 285 

complexes to establish different types of intermolecular interactions may be relevant in view 286 

of their potential utility as sensors for Biomolecules 287 

The study of the photophysical properties revealed that ligands 1a and 1b exhibit a 288 

weak dual emission in CH2Cl2, but unfortunately, none of the platinum complexes are 289 

emissive, neither in solution (CH2Cl2 at 298 K) nor in solid state, probably due to the 290 

presence of the low-field nature of the monodentate ligands (Cl− and dmso) bound to the 291 

platinum(II), which facilitate fast nonradiative decay to the ground state. 292 

Finally, it should be noted that since recent studies have enhanced the interest in 293 

developing 2-phenylindole derivatives as a new class of anticancer drugs [29], compounds 294 

2a,b and 3a–b appear to be excellent candidates to evaluate the influence of: (a) the binding 295 
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of the nitrogen heterocycle and (b) the relative arrangement of the Cl− ligands in the cis and 296 

trans isomers on their potential antitumoral activity. Further work on this field is currently 297 

under way. 298 

 299 

 300 

 301 

 302 

  303 
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4. Experimental 304 

4.1. Materials and techniques 305 

Cis-[PtCl2(dmso)2] and the ligands (1a and 1b) were prepared as reported previously 306 

[14,15]. The remaining reagents were obtained from commercial sources and used as 307 

received. Except methanol (that was HPLC grade), the solvents were dried and distilled 308 

before use [30]. Elemental analyses (C, H, N, S) were carried out on a Carlo Erba EA1108 309 

apparatus. Mass spectra (ESI+) were performed with a LC/MSD-TOF spectrometer using a 310 

H2O/CH3CN (1:1) mixture to introduce the sample. Infrared spectra were obtained with a 311 

Nicolet 400FTIR instrument using KBr pellets. High resolution 1HNMRspectra and the two-312 

dimensional [{1H–1H}-NOESY and COSY and {1H–13C}-HSQC and HMBC]experiments 313 

were registered with a Varian VRX-500 or a Bruker Avance DMX-500 MHz instruments at 314 

298 K. The chemical shifts (δ) are given inppmand the coupling constants (J) in Hz. 315 

195Pt{1H} NMR spectra were obtained with a Bruker-250 MHz instrument at 298 K. In all 316 

cases the solvent for the NMR experiments was CDCl3 (99.9%) and the references were 317 

SiMe4 [for 1H and 13C{1H} NMR] and H2[PtCl6] [δ195Pt{H2[PtCl6]} = 0.0, for 195Pt{1H} 318 

NMR]. UV–vis spectra of 10−4 M solution of 1a,b–4a,b in CH2Cl2 were recorded at 298 K 319 

with a Cary 100 scan Varian UV spectrometer. The optical absorption spectrawere recorded 320 

using aHewlett–Packard 8453 (solution) spectrophotometer in the visible and near-UV 321 

ranges. Emission and excitation spectra were obtained on a Jobin–Yvon Horiba Fluorolog 322 

3–11 Tau-3 spectrofluorimeter. 323 

 324 

4.2. Synthesis of trans-[Pt{C6H4-4R1-1-[C8H4N-3’-NOMe]}Cl2(dmso)][R1 = Cl (2a) or H 325 

(2b)] 326 

Cis-[PtCl2(dmso)2] (231 mg, 5.5x10−4 mol) was suspended in 30 mL of methanol and 327 

refluxed until complete dissolution. Then, the hot solution was filtered directly on a solution 328 

containing 5.5x10−4 mol of 1a (149 mg) or 1b (129 mg) in 5 mL of methanol and the 329 

resulting reaction mixture was refluxed for 2 h. After this period, the undissolved materials 330 
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were removed by filtration and discarded and the filtrate was concentrated on a rotary 331 

evaporator to ca. 15 mL and then allowed to cool at room temperature. The pale orange (for 332 

1a) or yellow (for 1b) solid formed was collected by filtration, washed with (2x5 mL) 333 

portions of methanol and air dried for 1 day and afterwards dried in vacuum for 2 days. 334 

Yields: 290 mg (86%) for 2a and 227 mg (71%) for 2b. Characterization data for 2a: Anal. 335 

calc. for C17H17Cl3N2O2PtS: C 33.21, H 2.79, N 4.56 and S 5.22%. Found: C 33.1, H 2.8, 336 

N, 4.6 and S 5.3%. MS(ESI+): m/z = 614.9{[M]+H}+. IR(selected data): νmax = 2997 and 337 

2937 [υ(C−H)], 1585 [υ(>C═N−)] cm−1. 1H NMR data: δH = 3.39[s, 3JPt,H = 19, 6H, 338 

2Me(dmso)], 4.38(s, 3H, OMe), 7.45(td, 3JH,H = 7.8 and 4JH,H = 1.1, 1H, H6), 7.60(d, 3JH,H 339 

= 7.5, 2H, H12 and H14), 7.62(td, 3JH,H = 7.8 and 4JH,H = 1.1, 1H, H7), 8.05(dd, 3JH,H = 340 

7.8 and 4JH,H = 1.0, 1H, H5), 8.38(dd, 3JH,H = 7.8 and 4JH,H = 1.0, 1H, H8) and 8.45(d, 341 

3JH,H = 7.5, 2H, H11 and H15). 13C{1H} NMR data: δC = 43.7[Me(dmso)], 66.1(OMe), 342 

120.2(C9), 121.9(C8), 127.3(C5), 128.5(C4), 128.8(C12 and C14) 138.8(C13), 129.3(C6), 343 

132.4(C7), 133.0(C11 and (C15), 150.7(C3), 152.5(C10) and 168.0(C2). 195Pt{1H} NMR 344 

data: δPt = −3022. For 2b: Anal. calc. for C17H18Cl2N2O2PtS: C 35.18, H 3.13, N 4.83 and 345 

S 5.52%. Found: C 35.0, H 3.1, N 4.75 and S 5.5%. MS(ESI+): m/z = 581.4{[M]+H}+. IR 346 

(selected data): νmax = 3003 and 2937[υ(C−H)] and 1602[υ(>C═N)] cm−1. 1H NMR data: 347 

δH = 3.39[s, 3JPt,H = 19, 6H, 2Me(dmso)], 4.38(s, 3H, OMe), 7.41(td, 3JH,H = 7.8 and 4JH,H 348 

= 1.1, 1H, H6), 7.58–7.70(m, 4H, H7, H12, H13 and H14) and 8.03(dd, 3JH,H = 7.7 and 4JH,H 349 

= 1.0, 1H, H5), 8.38(dd, 3JH,H = 7.7 and 4JH,H = 1.0, 1H, H8) and 8.44(dd, 3JH,H = 7.5 and 350 

4JH,H = 1.2, 2H, H11 and H15). 13C{1H} NMR data: δC = 43.8[Me(dmso)], 66.4(OMe), 351 

120.3(C9), 122.0(C8), 127.5(C5), 128.6(C4), 128.8(C12 and C14), 129.2(C6), 132.7(C7), 352 

133.1(C11 and C15), 139.1(C13), 150.8(C3), 152.5(C10) and 168.5(C2). 195Pt{1H} NMR 353 

data: δPt = −3015. 354 

 355 

 356 



15 
 

4.3. Synthesis of cis-[Pt{C6H4-4R1-1-[C8H4N-3’-NOMe]}Cl2(dmso)]·CH2Cl2 [R1 = Cl 357 

(3a) or H (3b)] 358 

These products were isolated using the same procedure as described above for the 359 

trans isomers (2a and 2b) but in these cases the reaction mixture was refluxed for 8 h. After 360 

this period, the solution was concentrated to dryness on a rotary evaporator. The residue was 361 

dissolved in the minimum amount of CH2Cl2 and passed through a short (3.0 mm x 2.5 mm) 362 

SiO2 column. Elution with CH2Cl2 produced two bands. The first one gave, after work up, 363 

the corresponding trans-[Pt{C6H4-4R1-1-[C8H4N-3’-NOMe]}Cl2(dmso)] [with R1 = Cl 364 

(2a), (205 mg) or H (2b), (169 mg)]; while the second one yielded small amounts of 365 

compounds 3a (73 mg) or 3b (65 mg). Characterization data for 3a: Anal. calc. for 366 

C17H17Cl3N2O2PtS·CH2Cl2: C, 30.90; H, 2.74; N, 4.00 and S, 4.58. Found: C 31.0, H 2.8, 367 

N 3.95 and S 4.7%. MS(ESI+): m/z = 636.9{[M]-CH2Cl2 + Na}+. IR (selected data): νmax 368 

= 2902 [υ(C−H)] and 1637 [υ(>C═N−)] cm−1. 1H NMR data: δH = 2.66[s, 3H, 3JPt,H = 369 

20.6, Me(dmso)], 3.32[s, 3JPt,H = 21.2, 3H, Me(dmso)], 4.38(s, 3H, OMe), 5.13(s, 2H, 370 

CH2Cl2), 7.43(td, 3JH,H = 7.6 and 4JH,H = 1.0, 1H, H6), 7.62(td, J = 7.6 and 1.0, 1H, H7), 371 

7.65(d, 3JH,H = 7.9, 2H, H12 and H14), 8.18(dd, 3JH,H = 7.6 and 4JH,H = 1.0, 1H, H5), 8.39 372 

(d, 3JH,H = 7.9, 1H, H8) and 8.49(d, 3JH,H = 7.9, 2H, H11 and H15). 13C{1H} NMR data: 373 

δC = 44.0[2JC,Pt = 47.2, Me(dmso)], 44.6[2JC,Pt = 55.4, Me(dmso)], 66.9(OMe), 122.0(C8), 374 

122.7(C9), 127.1(C5), 128.6(C14), 129.8(C12), 133.6(C6), 133.7(C4), 133.9(C7), 375 

134.1(C11), 134.6(C15), 139.4(C13), 151.4(C3), 152.6(C10) and 168.7(C2). 195Pt{1H} NMR 376 

data: δPt = −2965. For 3b: Anal. calc. for C17H18Cl2N2O2PtSCH2Cl2: C, 32.49, H 3.03, N 377 

4.21 and S 4.82. Found: C 32.6, H 3.15, N 4.3 and S 4.9%. MS(ESI+): m/z = 603{[M]-378 

CH2Cl2 + Na}+. IR (selected data): νmax = 2904[υ(C−H)] and 1637[υ(>C═N−)] cm−1. 1H 379 

NMR data: δH = 2.51[s, JPt−H = 20.2, 3H, Me(dmso)], 3.30[s, 3JPt,H = 22.0, 3H, Me(dmso)], 380 

4.38(s, 3H, OMe), 5.13(s, 2H, CH2Cl2), 7.42(td, 3JH,H = 7.6 and 4JH,H = 1.0, 1H, H6), 7.30–381 

7.70(br. m, 3H, H12, H13 and H14), 7.65(td, 3JH,H = 7.6 and 4JH,H = 1.0, 1H, H7), 8.15(d, 382 
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3JH,H = 7.6 and 4JH,H = 1.0, 1H, H5), 8.38(d, 3JH,H = 7.6, 1H, H8) and 8.48(dd, 3JH,H = 8.0 383 

and 4JH,H = 1.0, 2H, H11 and H15). 13C{1H} NMR data: δC = 44.6[2JC−Pt = 56.0, 384 

Me(dmso)], 45.0[2JC−Pt = 47.0, Me(dmso)], 66.4(OMe), 121.7(C9), 121.8(C8), 127.5(C5), 385 

128.5(C12), 128.7(C14), 132.6(C7), 132.9(C15), 131.6(C13), 131.7(C4), 133.2(C6), 386 

133.5(C11), 151.1(C3), 152.4(C10) and 169.5(C2). 195Pt{1H} NMR data: δPt = −2959. 387 

 388 

4.4. Crystallography 389 

Prismatic crystals of 2a, 2b, 3a and 3b (sizes in Table 3) were obtained by slow 390 

evaporation of saturated CH2Cl2 solutions of the compounds at 298 K. A crystal of 2a was 391 

selected and mounted on a Enraf–Nonius-CAD4 four circle diffractometer; while crystals of 392 

2b, 3a and 3b were mounted on a MAR345 diffractometer (with an image plate detector). 393 

For 2a, unit cell parameters were determined from automatic centring of 25 reflections in 394 

the range 12° <  Θ < 21° while in the remaining cases these parameters were obtained from 395 

3798 (for 2b), 9034 (for 3a) or 2922 (for 3b) reflections in the range 3° <  Θ < 31°. For all 396 

the products the unit cell parameters were refined by least-squares method. The number of 397 

reflections applying the condition I > 2σ (I) was 5255 (for 2a), 4982 (for 2b), 4176 (for 3a) 398 

or 5520 (for 3b). For 2a, three reflections were measured every 2 h as orientation and 399 

intensity control, and no significant intensity decay was observed. Lorentz-polarization and 400 

absorption corrections were made. 401 

The structures were solved by direct methods using the SHELXS computer program 402 

[31] and refined by full-matrix least squares method with the SHELX97 program [32]. The 403 

function minimized was ∑w||Fo|2 − |Fc|2|2, where w = [σ2(I) + (0.0535P)2 + 6373P] −1 (for 404 

2a), w = [σ2(I) + (0.0677P)2] −1 (for 2b), w = [σ2(I) + (0.0913P)2] −1 (for 3a) and w = [σ2(I) 405 

+ (0.06139P)2 + 1.7329P] −1 (for 3b); f , f´and f´´ were taken from the bibliography [33]. 406 

For all compounds, hydrogen atoms were computed and refined, using a riding model, with 407 

an isotropic temperature factor equal to 1.2 times the equivalent temperature factor of the 408 

atom to which it is linked. The final R (on F) factors were 0.033 (for 2a), 0.037 (for 2b), 409 

0.060 (for 3a) and 0.043 (for 3b) and wR(on F2) was 0.095, 0.087, 0.167, 0.120 and 0.165 410 
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for 2a, 2b, 3a and 3b, respectively. Further details concerning the resolution and refinement 411 

of these crystal structures are presented in Table 3. 412 

 413 

 414 

 415 

416 
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Table 1. Selected bond lengths, bond angles and other relevant structural parameters for 2a, 518 

2b, 3a and 3b. 519 

 520 

 521 

522 
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Table 2. Experimental visible-ultraviolet spectroscopic data in CH2Cl2 (10−4 M): 523 

wavelengths, λi (in nm), the molar extinction coefficients, {εi in mol−1 dm2 (in parenthesis)} 524 

for the free ligands, their closely related phenyl-indole derivatives {4a and 4b (depicted 525 

below)}, trans-[Pt{C6H4-4R1-1[C8H4N-3´-NOMe]}Cl2(dmso)] {R1 = Cl (2a) or H (2b)} 526 

and cis-[Pt{C6H4-4R1-1[C8H4N-3´-NOMe]}Cl2(dmso)] {R1 = Cl (3a) or H (3b)}. 527 

 528 

 529 

 530 

531 
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Table 3. Crystal data and details of the refinement of the crystal structures of compounds 532 

2a, 2b, 3a and 3b. 533 

 534 

  535 
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Figures Captions 536 

Scheme 1. (i) Cis-[PtCl2(dmso)2] {molar ratios Pt(II): (1a or 1b) = 1:1} in MeOH under 537 

reflux. (ii) 2 h. (iii) 8 h. (iv) SiO2-column chromatography. 538 

Figure 1. ORTEP plot of trans-[Pt{C6H4-4Cl-1-[C8H4N-3´-NOMe]}Cl2(dmso)] (2a). Hydrogen 539 
atoms have been omitted for clarity. 540 

Figure. 2. ORTEP plot of trans-[Pt{C6H5-1-[C8H4N-3´-NOMe]}Cl2(dmso)] (2b). 541 

Hydrogen atoms have been omitted for clarity. 542 

Figure 3. Assembly of two vicinal molecules of trans-[Pt{C6H4-4Cl-1-[C8H4N-3´-543 

NOMe]}Cl2(dmso)] (2a) by C−H· · ·N interactions (in blue) forming eight membered rings (a) and 544 

simplified view of the connectivity of these units by C−H· · ·O(dmso) interactions (in red) (b), the 545 

C−H· · ·Cl intermolecular interactions are not shown for clarity. (For interpretation of the references 546 

to color in this figure legend, the reader is referred to the web version of this article.) 547 

Figure 4. Schematic views of C−H· · ·Cl intermolecular interactions (in gray) between 548 

molecules of trans-[Pt{C6H5-1-[C8H4N-3´-NOMe]}Cl2(dmso)] (2b), forming chains and 549 

of the eight-membered rings resulting from C−H· · ·O contacts (in red) between dmso ligands 550 

of two different and parallel chains. (For interpretation of the references to color in this figure 551 

legend, the reader is referred to the web version of this article.) 552 

Figure 5. ORTEP plot of cis-[Pt{C6H4-4Cl-1-[C8H4N-3´-NOMe]}Cl2(dmso)]·CH2Cl2 553 

(3a). Hydrogen atoms and the molecule of CH2Cl2 and have been omitted for clarity. 554 

Figure 6. ORTEP plot of cis-[Pt{C6H5-1-[C8H4N-3´-NOMe]}Cl2(dmso)]·CH2Cl2 (3b). 555 

Hydrogen atoms and the molecule of CH2Cl2 and have been omitted for clarity 556 

Figure 7. Schematic view of the cooperative assembly of two molecules of cis-[Pt{C6H4-557 

4Cl-1-[C8H4N-3´-NOMe]}Cl2(dmso)] and two of CH2Cl2 in the crystals of 3a by C−H· · 558 

·O (in red) and C−H· · ·Cl (in gray) interactions. (For interpretation of the references to 559 

color in this figure legend, the reader is referred to the web version of this article.) 560 

Figure 8. Schematic view of the relative arrangement of the molecules of cis-[Pt{C6H5-1-561 

[C8H4N-3´-NOMe]}Cl2(dmso)] in 3b (a) by cooperative bifurcated C−H· · ·O interactions 562 



26 
 

between dmso units and the assembly of the resulting dimers by C−H· · ·Cl(1) contacts (b). 563 

Figure 9. Excitation and emission spectra of 1b in CH2Cl2, 5 x 10−5 M (a) and emission 564 

spectra of 1b in CH2Cl2, 10−3 M, (b) at 298 K. 565 

Figure 10. Excitation and emission spectra of 1a in CH . 2Cl2, 5 x 10−5 M (a) and emission 566 

spectra of 1a in CH2Cl2, 10−3 M, (b) at 298 K. 567 

  568 
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Scheme 1. 569 
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Figure 1 576 
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Figure 2 581 
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Figure 3 593 
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Figure 4 599 
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