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Synthesis of the ligands 

Ligands L1 and L4 were classically prepared according to a Knoevenagel reaction. The 

methyl groups on the 4 and 4’ positions in tetramethyl-bipyridine 1 were selectively deprotonated 

with lithium diisopropylamine (LDA), followed by the addition of two equivalents of the 

corresponding aldehyde. The resulting dialcohol was then dehydrated in presence of an acid (PPTS, 

pyridinium p-toluenesulfonate).1  
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Scheme 1. Synthesis of ligands L1 and L4. 

 Ligand L22 was also prepared with Knoevenagel reaction in 62% yield, but tBuOK was used as a 

base to deprotonate 4,4’-dimethyl-6,6’-diphenyl-2,2’-bipyridine (Scheme 2). 
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Scheme 2. Synthesis of ligand L2. 
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Ligand L3 was prepared in 47% according to a Horner-Wadsworth-Emmons reaction 

between the 4,4’-methylphosphonate ethyl ester-6,6’-dimethyl-2,2’-bipyridine 4 and the aldehyde 5 

(Scheme 4).3 The 4,4’-methylphosphonate ethyl ester-6,6’-dimethyl-2,2’-bipyridine 4 was prepared 

in three steps from 4,4’,6,6’-tetramethyl-2,2’-bipyridine 1 (Scheme 3)4, 5: dilithiation of 1 with 

LDA, followed by reaction with chlorotrimethylsilane and subsequent chlorination with 

hexachloroethane afforded selectively the resulting bis-chloromethyl derivative 3, which was finally 

converted into the phosphonate ester derivative 4 in 85 % overall yield.6 All these styryl bipyridine 

ligands display a trans geometry for the vinyl double bond as proved by the high coupling constant 

measured on the 1H NMR spectra. 
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Scheme 3. Synthesis of ligand L3. 
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Computational study 

Table S1. TD-DFT (CAM-B3LYP) transition energies (in nm) to the low-lying singlet excited 

states of complexes C1-C5 and associated oscillator strengths f calculated in dichloromethane. The 

main character of the state is given in percentage (in parenthesis). 

 

complex state ΔE (nm) f 

C1 ILCTL1 (94) 410 1.37 

 ILCTL1 (90) 397 1.95 

 MLCTL1 (72) / ILCTL1 (14) 325 0.07 

 ILCTL1 (92) 310 0.08 

 ILCTL1 (67) / MLCTL1 (22) 299 0.23 

 ILCTL1 (83) 291 0.26 

 ILCTL1 (79) 280 0.06 

 ILCTL1 (70) / LLCTDPEPhos (16) 280 0.09 

 MLCTDPEPhos (65) / LLCTDPEPhos (13) 262 0.09 

 ILCTL1 (39) / MLCTL1 (34) 257 0.11 

 MLCTDPEPhos (57) 252 0.07 

    

C2 ILCTL3 (90) 410 2.04 

 ILCTL3 (84) 398 1.64 

 ILCTL3 (81) 306 0.07 

 ILCTL3 (50) / MLCTL3 (28) 298 0.06 

 ILCTL3 (64) 294 0.08 

 ILCTL3 (75) 293 0.12 

 ILCTL3 (79) 287 0.28 

 ILCTL3 (59) 275 0.05 

 ILCTL3 (49) / LLCTDPEPhos (12) 269 0.07 

 ILCTL3 (41) /MLCTL3 (28) 264 0.06 

 ILCTL3 (63) 260 0.09 

 ILCTL3 (59) 259 0.11 

 ILCTL3 (26) / MLCTDPEPhos (25) / LLCTDPEPhos (12) 258 0.18 

 ILCTL3 (32) /MLCTDPEPhos (21) / MLCTL3 (14) 258 0.09 

 ILCTL3 (78) 257 0.23 
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 ILCTL3 (78) 256 0.24 

    

C3 MLCTMes2Phen (43) / MLCTL3 (28) / ILCTL3 (12) 442 0.35 

 MLCTMes2Phen (37) / ILCTL3 (23) / MLCTL3 (22) 421 0.73 

 ILCTL3 (87) 419 1.51 

 MLCTL3 (61) / ILCTL3 (22)  404 0.61 

 MLCTMes2Phen (53) / ILCTL3 (26) / MLCTL3 (10) 374 0.21 

 MLCTL3 (47) / MLCTMes2Phen (28) / ILCTL3 (12) 355 0.10 

 ILCTL3 (63) / MLCTL3 (12)  307 0.06 

 ILCTL3 (64)  303 0.08 

 ILCTL3 (79)  302 0.10 

 MLCTL3 (36) / LLCL3 (25) / ILCTL3 (13) 292 0.14 

 ILCTL3 (73)  273 0.11 

 ILCTL3 (55) / LLCTMes2Phen (21) 271 0.13 

 ILCTL3 (56) 268 0.16 

 ILCTL3 (24) / ILMes2Phen (17) / MLCTMes2Phen (13) 267 0.06 

 ILCTL3 (19) / ILMes2Phen (19) / MLCTMes2Phen (16) 267 0.37 

 ILCTL3 (65) / LLCTL3 (16) 265 0.18 

 ILCTL3 (64) 264 0.25 

 ILCTL3 (71) 264 0.09 

 ILMes2Phen (22) / LLCTL3 (16) / MLCTL3 (10) 260 0.05 

 ILMes2Phen (33) / MLCTMes2Phen (17) 255 0.39 

 ILCTMes2Phen (21) / MLCTMes2Phen (18) 253 0.19 

 MLCTMes2Phen (51) / ILCTL3 (12) 252 0.07 

 ILMes2Phen (66) / LLCTL3 (11) 250 0.05 

    

C4 MLCTMes2Phen (51) / MLCTL2 (23) / ILCTL2 (13) 448 0.28 

 ILCTL2 (80) 409 1.43 

 ILCTL2 (41) / MLCTL2 (28) / MLCTMes2Phen (19) 407 1.13 

 ILCTL2 (34) / MLCTMes2Phen (31) / MLCTL2 (18) 373 0.75 

 MLCTMes2Phen (43) / MLCTL2 (37) 363 0.13 

 ILCTL2 (41) / MLCTL2 (13) 317 0.07 

 MLCTL2 (46) / ILCTL2 (14) 309 0.05 

 MLCTL2 (63) / ILCTL2 (12) 302 0.09 
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 MLCTL2 (22) / ILMes2Phen (21) / ILCTL2 (14)

 / MLCTMes2Phen (12) / LLCTMes2Phen (10) 299 
0.06 

 ILCTL2 (65) 294 0.08 

 MLCTL2 (38) / ILCTL2 (36) 290 0.08 

 ILCTMes2Phen (25) / MLCTMes2Phen (21) / LLCTMes2Phen (10) 289 0.21 

 ILCTL2 (33) / MLCTMes2Phen (18) / LLCTMes2Phen (13) 281 0.09 

 LLCTMes2Phen (25) / ILCTL2 (25) / MLCTMes2Phen (10) 276 0.06 

 LLCTMes2Phen (32) / MLCTMes2Phen (26) 275 0.06 

 ILCTL2 (58) 271 0.15 

 LLCTMes2Phen (23) / ILCT L2 (16) / MLCT L2 (11) 269 0.06 

 ILCTL2 (68) 267 0.18 

 ILCTL2 (21) / LLCT L2 (13) 257 0.05 

 ILCTL2 (30) / MLCT L2 (11) / LLCT L2 (10) 250 0.17 

    

C5 MLCTMes2Phen (53) / MLCT L4 (38) 447 0.12 

 MLCT L4 (56) / MLCTMes2Phen (32) 421 0.10 

 MLCT L4 (45) / MLCTMes2Phen (43) 395 0.42 

 ILCTL4 (52) / MLCT L4 (34) 362 1.48 

 MLCTMes2Phen (52) / MLCT L4 (33)  359 0.07 

 MLCT L4 (26) / ILCTMes2Phen (24) / LLCT L4 (19)
 / ILCT L4 (13) 332 0.45 

 ILCTMes2Phen (40) / MLCT L4 (26) / ILCT L4 (14) 330 0.43 

 LLCT L4 (56) / ILCTMes2Phen (16) 324 0.06 

 LLCT L4 (40) / MLCTMes2Phen (13) / ILCTMes2Phen (11) / MLCT 

L4 (10) 306 0.14 

 MLCTMes2Phen (51) / LLCT L4 (16) / ILCTMes2Phen (15) 303 0.06 

 MLCT L4 (56) 279 0.05 

 ILCTMes2Phen (70) / MLCTMes2Phen (16) 275 0.10 

 ILCTMes2Phen (52) 271 0.26 

 LLCT L4 (51) / ILCT L4 (14) / MLCT L4 (12) 268 0.09 

 MLCT L4 (41) / LLCT L4 (22) / ILCT L4 (20) 267 0.06 

 ILCT L4 (41) / LLCT L4 (21) / MLCT L4 (13) 264 0.24 

 ILCTMes2Phen (42) / LLCT L4 (16) 262 0.08 

 ILCTL4 (58) 260 0.05 

 ILCTL4 (59) 259 0.06 

 MLCTMes2Phen (58) / ILCTMes2Phen (14) 254 0.05 
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 ILCTMes2Phen (44) / LLCTMes2Phen (33) 253 0.05 

 ILCTMes2Phen (58) / MLCTMes2Phen (10) 252 0.09 

 ILCTMes2Phen (55) 251 0.20 

 ILCTMes2Phen (33) / LLCTMes2Phen (13) / ILCT L4 (13) 250 0.06 

 
Table S2. Graphical representation of the optimized structure and frontier molecular orbitals (from 

HOMO-3 to LUMO+3) of the copper (I) complexes C1 to C5 calculated using CAM-B3LYP 

functional considering solvent effect of dichloromethane with their energies in atomic unit. 
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Figure S1. Theoretical UV-Vis absorption spectra of the complexes C1-C5 in dichloromethane. 

 
Table S3 
Cartesian coordinates of the optimized structures of comples C1 to C5 
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