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1. Materials and methods

Unless otherwise noted, all chemicals and starting materials were obtained commercially from
Acros and Aldrich-Sigma Co. and used without further purification. N',N''-(ethane-1,2-diyl)diethane-
1,2-diamine (5e) was obtained by treatment of commercially available tetracthylenepentamine
dihydrochloride with 2.5 M solution of KOH in methanol. [(2-Bromoacetylamino)methyl]phosphonic
acid diethyl ester (1) was synthesized according to a known procedure [25]. Pd(dba), was synthesized
according to a known method [26] and used without recrystallization. 3-Bromo-1,10-phenanthroline
(2) was synthesized according to the procedure [27] and purified by column chromatography followed
by recrystallization from boiling acetone. Starting complex cis-Ru(bpy).Cl> was synthesized from
RuCl3-3H20 according to a known method [28]. Preparative column chromatography was carried out
using Silica gel 60 (40-63 pm) from Merck Co. Dioxane was distilled successively over NaOH and
sodium under argon, CH>Cl; and CH3;CN were distilled over CaHa, chloroform was distilled over
P>0s, MeOH was used freshly distilled.

'H, 3P and '3C NMR spectra were registered with Bruker Avance-400 spectrometer in CDCls,
CD30D or CD3CN, using the residual signals of CHCl3, CHD>OD or CHD>CN as internal standards.

MALDI-TOF mass-spectra were obtained on a Bruker Daltonics Autoflex II mass-spectrometer
in positive ion mode with a dithranol matrix and polyethyleneglycols as internal standards. Accurate
mass measurements (ESI-HRMS) were performed with a Thermo Scientific Orbitrap Elite high-field
orbitrap hybrid mass spectrometer. FTIR spectra were registered on Nicolet iS 5 and Bruker Vector 22
spectrophotometers. Micro-ATR accessory (Pike) was used in order to obtain FTIR spectra of
polycrystalline solid complexes.

Protonation and complexation studies were performed at room temperature. The solutions were
prepared with double-deionized high-purity water (18.2 MQ cm) obtained from a «Millipore
Simplicity» apparatus. Solution concentrations and other experiment conditions are given in the title of
the corresponding figures and tables. pH measurements were carried out using «Mettler Toledo»
apparatus with a combined electrode LE438. The electrode was calibrated with commercial buffers
(pH = 4.01 and 7.00). UV—vis spectra were registered with Agilent Cary 60 device in quartz cuvette
(Hellma, /=1 cm).

Fluorescence spectra were obtained with Horiba Jobin Yvon Fluoromax-2 apparatus in quartz
cuvette (Hellma, /=1 cm). Luminescence quantum yields were determined relative to Ru(bpy)3(PFs)2
in aerated acetonitrile according to a standard procedure [29].

Protonation studies were conducted in a glass beaker equipped with magnetic stirrer and pH-
electrode adding HCI (4 M or 0.01M) or KOH (5 M or 0.01M) to the solutions of complexes. Metal-
binding experiments were conducted by a manual addition of the aliquots of metal salt solutions by a
Hamilton syringe to a solution of chemosensor placed in a quartz cuvette. All metal salts used were

perchlorates of general M(ClO4),:xH20 formula. Caution! Although no problems were experienced,



perchlorate salts are potentially explosive when combined with organic ligands and should be
manipulated with care and used only in very small quantities.

Hg(ClO4) solution was prepared in acetonitrile (HPLC, Merck) to avoid hydrolysis of the salt.
Aqueous solutions of metal perchlorates were prepared with concentrations of about 1000-fold of that
of the ligands in order to decrease the influence of the medium changes on the spectra of the studied
solutions. Stability constants were calculated using nonlinear least-squares analysis by means of
HYPERQUAD algorithm [31] after factor analysis of the combined data sets [32]. The goodness of fit
was assessed through the scaled standard deviation of the residuals (s), which has an expectation value
of unity in the absence of systematic errors assuming a correct weighting scheme. The results were

checked by plotting calculated molar extinction graphs.



2. Synthesis
2.1 Palladium-catalyzed amination of 3-bromo-1,10-phenanthroline

General Procedure. A flask flushed with dry argon and equipped with a magnetic stirrer, a condenser
and a gas outlet was charged with 3-bromo-1,10-phenanthroline (2) (0.5 mmol), Pd(dba), (2-10
mol%), ligand (2.5-20 mol%), amine (0.33—5 mmol), and absolute 1,4-dioxane (5 mL). #~-BuONa (0.75
mmol) was added, and the reaction mixture was stirred under reflux for 24 h. After cooling to r.t., the
mixture was concentrated under reduced pressure. The solid residue was taken up in dichloromethane
and subjected to column chromatography on silica gel using a CH>Cl,/MeOH/ NH3(aq) mixtures as
eluents (gradual elution wusing pure CHCl,, CH:Cl/MeOH, 200:1 to 3:1, and then
CH>Cl/MeOH/NH3(aq), 100:20:1 to 10:4:1 v/v).



Table S1. Optimization of the amination reaction conditions.?
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Entry Ligand Pd(dba):/Ligand (mol%)  Base Time, h 3 Yield, % 4
1€ - - Cs2CO3¢ 16 0° 0
20t - - Cs2CO3¢ 16 0 100
3 BINAP 2/4 tBuONa ¢ 16 traces 100
4 BINAP 2/25 tBuONa ¢ 16 traces 100
5 BINAP 10/10.5 BuONa 11 30 (28) 70
6 BINAP 10/25 BuONa 11 30 70
7 BINAP 10/10.5 Cs2CO3¢ 11 <15 85
8 BINAP 10/10.5 K3PO48 11 0 100
9i BINAP 10/10.5 BuONa 11 16 80
10 DPPF 10/10.5 BuONa 11 0 100
11 JohnPhos 10/20 BuONa 16 0 100
12 DavePhos 10/10.5 BuONa 11 0 100
13 XantPhos 10/10.5 BuONa 11 0 100
14 BrettPhos 10/10.5 BuONa 16 0 100
15 RuPhos 10/10.5 BuONa 16 0 100
16 L1 10/10.5 BuONa 11 35 60
17 L2 10/10.5 BuONa 11 0 100
18 L3 10/10.5 BuONa 11 35 65
19 L4 10/10.5 tBuONa 11 <15 85
20 L5 10/10.5 tBuONa 11 60 (54) 30
21 L6 10/10.5 BuONa 11 60 (50) 30

2 Reaction conditions: 3-bromo-1,10-phenanthroline (0.25 mmol), Pd(dba), ligand and base (1.5
equivalents) were vigorously stirred in dioxane (2.5 ml) under reflux until a complete covertion of the
starting bromide (NMR monitoring) under inert atmosphere.

b Determined by NMR spectroscopy. The isolated yields are given in parenthesis.

¢ The reaction was performed in DMF at 140°C.

d 2 equivalents of Cs2COs;

¢ no conversion of the bromide was observed.

fCul (200 equivalents) was added.

¢ 2 equivalents of KzPO4

i Reaction was performed in toluene using 3 equivalents of amine.
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N-benzyl-1,10-phenanthrolin-3-amine (3). Compound 3 was obtained according to the general
procedure from 3-bromo-1,10-phenanthroline (2) (130 mg, 0.5 mmol), benzylamine (54 mg, 0.5
mmol) and ~-BuONa (72 mg, 0.75 mmol) in the presence of Pd(dba): (29 mg, 10 mol%) and phosphine
L5 (28 mg, 10.5 mol%). Yield: 86 mg (60%); yellowish oil; chromatography (CH2Clo/MeOH, 20:3
v/v). IR (em™): 3247, 3028, 2960, 2922, 2851, 2201, 1603, 1584, 1536, 1505, 1494, 1475, 1452, 1419,
1406, 1378, 1351, 1296, 1265, 1248, 1200, 1182, 1138, 1099, 1071, 1054, 1027, 948, 906, 858, 828,
813, 793, 776, 728, 697, 639, 609. 'H NMR (400 MHz, CDCls): § = 4.46 (s, 2H, CH2N), 7.09 (d, *J =
2.9 Hz, 1H, H4(Phen)), 7.26-7.43 (m, 5H, H(Ph)), 7.45 (dd, 3J = 8.0 Hz, °J = 4.4 Hz, 1H, H8(Phen)),
7.54 (d, 3J = 8.9 Hz, 1H, H5(Phen)), 7.62 (d, 3J = 8.9 Hz, 1H, H6(Phen)), 8.11 (dd, °J = 8.0 Hz, J =
1.8 Hz, 1H, H7(Phen)), 8.72 (d, *J = 2.9 Hz, 1H, H2(Phen)), 9.05 (dd, 3J = 4.4 Hz, “J = 1.8 Hz, 1H,
H9(Phen)). NH proton was not unambiguously assigned. '*C NMR (100.6 MHz, CDCls): 6 =47.6 (1C,
CH:;N), 111.8 (1C), 121.1 (1C), 126.2 (1C), 126.3 (1C), 126.5 (1C), 127.3 (2C), 127.5 (1C), 128.7
(20), 129.9 (1C), 135.9 (1C), 137.5 (1C), 137.9 (1C), 141.1 (1C), 143.5 (1C), 146.1 (1C), 149.7 (1C).
HRMS (MALDI-TOF): m/z [M+H]" calcd for Ci9H6N3: 286.134; found: 286.138.
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N'-(1,10-phenanthrolin-3-yl)ethane-1,2-diamine (6a). Compound 6a was obtained according to the
general procedure from 3-bromo-1,10-phenanthroline (2) (130 mg, 0.5 mmol), ethylenediamine 5a
(300 mg, 5 mmol) and -BuONa (72 mg, 0.75 mmol) in the presence of Pd(dba), (29 mg, 10 mol%)
and phosphine L5 (28 mg, 10.5 mol%). Yield: 55 mg (46%); yellow oil; chromatography
(CH2Cl/MeOH/NH3(aq), 100:20:2 v/v). IR (em™!): 3282, 3141, 2910, 2858, 1655, 1620, 1591, 1575,
1534, 1499, 1480, 1466, 1394, 1363, 1282, 1232, 1143, 1112, 1097, 1079, 1026, 929, 837, 811, 769,
733, 715, 664, 627, 578, 481, 447, 419 '"H NMR (400 MHz, CDCl3+CD30D, 2:1 v/v): 6 =2.94 (t,3J =
5.5 Hz, 2H, CH:NHb»), 3.24 (t, 3J = 5.5 Hz, 2H, CH,NH), 5.55 (br. m, 1H, NH), 6.97 (d, /= 2.6 Hz,
1H, H4(Phen)), 7.36 (dd, °J = 7.8 Hz, 3J = 4.4 Hz, 1H, H8(Phen)), 7.46 (d, °J = 8.8 Hz, 1H, H5(Phen)),
7.53 (d, 3J = 8.8 Hz, 1H, H6(Phen)), 8.03 (dd, 3/ = 7.8 Hz, *J = 1.8 Hz, 1H, H7(Phen)), 8.47 (d, *J =
2.6 Hz, 1H, H2(Phen)), 8.86 (dd, °J = 4.4 Hz, “J = 1.8 Hz, 1H, H9(Phen)). Two NH protons were not
unambiguously assigned. '3C NMR (100.6 MHz, CDCIs+CDsOD, 2:1 v/v): 6 = 39.7 (1C, CH,), 44.7
(1C, CH), 110.9 (1C), 121.0 (1C), 126.1 (1C), 126.2 (1C), 126.4 (1C), 130.0 (1C), 135.9 (1C), 136.8
(1C), 140.7 (1C), 144.0 (1C), 145.9 (1C), 149.3 (1C). HRMS (ESI): m/z [M+H]" calcd for C14HisNa:
239.1296; found: 239.1291.
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N'-(2-aminoethyl)-N?-(1,10-phenanthrolin-3-yl)ethane-1,2-diamine (6b). Compound 6b was
obtained according to the general procedure from 3-bromo-1,10-phenanthroline (2) (130 mg, 0.5
mmol), triamine Sb (258 mg, 2.5 mmol) and -BuONa (72 mg, 0.75 mmol) in the presence of Pd(dba),
(29 mg, 10 mol%) and phosphine L5 (28 mg, 10.5 mol%). Yield: 77 mg (55%); yellow oil;
chromatography (CH>Cl./MeOH/NH3(aq), 100:20:3 v/v). IR (em™!): 3356, 3051, 2965, 2938, 2907,
2831, 1636, 1605, 1589, 1508, 1478, 1457, 1433, 1425, 1410, 1360, 1340, 1251, 1222, 1204, 1179,
1140, 1103, 1022, 949, 910, 864, 832, 816, 775, 729, 700, 669. 'H NMR (400 MHz, CD;0OD): J =
2.69-2.74 (m, 2H, CH2N), 2.75-2.80 (m, 2H, CH2N), 2.86 (t, 3/ = 6.2 Hz, 2H, CH2N), 3.32 (t, 3/ = 6.2
Hz, 2H, CH,NPhen), 6.09 (br. s, 1H, NHPhen), 7.14 (d, “J = 2.5 Hz, 1H, H4(Phen), 7.46 (dd , J = 7.8
Hz, 3J = 4.3 Hz, 1H, H8(Phen)), 7.58 (d, °J = 8.8 Hz, 1H, H5(Phen)), 7.62 (d, °J = 8.8 Hz, 1H,
H6(Phen)), 8.16 (d, 3/ = 7.8 Hz, 1H, H7(Phen)), 8.49 (d, “J = 2.5 Hz, 1H, H2(Phen)), 8.85 (d,’J=4.3
Hz, 1H, H9(Phen)). Three NH-protons were not unambiguously assigned. *C NMR (100.6 MHz,
CD;3;OD): 6 =41.7 (1C, CHy), 43.5 (1C, CH), 48.9 (1C, CH), 52.2 (1C, CH»), 111.9 (1C), 122.4 (1C),
127.6 (1C), 127.8 (1C), 127.9 (1C), 131.9 (1C), 137.5 (1C), 137.6 (1C), 141.9 (1C), 146.2 (1C),
147.1(1C), 150.4 (1C). HRMS (MALDI-TOF): m/z [M+H]" calcd for CisH20Ns: 282.1718; found:
282.1736.

When the load of amine Sb was 155 mg (1.5 mmol, 3 equivalents) the yield of the product 6b was
32%. In this case N'-(2-(1,10-phenanthrolin-3-ylamino)ethyl)-N*-(1,10-phenanthrolin-3-yl)ethane-
1,2-diamine (7b) was also isolated from the reaction mixture in 34% vyield using

CH>Cl,/MeOH/NH3(aq) (100:20:1 v/v) as eluent.
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N'-(3-aminopropyl)-N3-(1,10-phenanthrolin-3-yl)propane-1,3-diamine (6¢). Compound 6¢ was

6¢c H,N

obtained according to general procedure from 3-bromo-1,10-phenanthroline (2) (130 mg, 0.5 mmol),
triamine Sc¢ (197 mg, 1.5 mmol) and -BuONa (72 mg, 0.75 mmol) in the presence of Pd(dba); (29 mg,
10 mol%) and phosphine LS (28 mg, 10.5 mol%). Yield: 56 mg (36%); yellow oil; chromatography
(CH2Cl/MeOH/NH3(aq), 100:20:3 v/v) IR (em™!): 3279, 2935, 2822, 1604, 1588, 1540, 1506, 1474,
1422, 1376, 1314, 1249, 1201, 1115, 1026, 858, 830, 814, 729, 586. 'H NMR (400 MHz, CD30D): d =
1.69 (quint, 3J = 7.3 Hz, 2H, CH.CH>CH,NH>), 1.90 (quint, °J = 7.0 Hz, 2H, CH,CH>CH>NPhen),
2.66 (t,%J = 7.4 Hz, 2H, CH2N), 2.71 (t, 3J = 7.2 Hz, 2H, CH,N), 2.75 (t, °*J = 7.2 Hz, 2H, CH:N), 3.26



(t, 3J = 6.8 Hz, 2H, CH,NPhen), 7.16 (d, “J = 2.7 Hz, 1H, H4(Phen)), 7.50 (dd, °J = 8.1 Hz, 3J = 4.5
Hz, 1H, H8(Phen)), 7.63 (d, 3J = 8.8 Hz, 1H, H5(Phen)), 7.68 (d, °J = 8.8 Hz, 1H, H6(Phen)), 8.23 (dd,
3J=8.1 Hz, “*J = 1.5 Hz, 1H, H7(Phen)), 8.53 (d, “*J = 2.7 Hz, 1H, H2(Phen)), 8.89 (dd, °J = 4.5 Hz, %J
= 1.5 Hz, 1H, H9(Phen)). Three NH-protons were not unambiguously assigned. '*C NMR (100.6
MHz, CD30D): 6 = 29.5 (1C, CH2CH>CH>), 32.8 (1C, CH2CH>CH>»), 40.5 (1C, CH2N), 42.1 (1C,
CH:N), 48.3 (1C, CH:N), 48.4 (1C, CH:N), 111.8 (1C), 122.4 (1C), 127.7 (2C), 127.8 (1C), 132.0
(10), 137.4 (1C), 137.5 (1C), 141.9 (1C), 146.4 (1C), 147.2 (1C), 150.4 (1C). HRMS (MALDI-TOF):
m/z [M+H]" calcd for Ci1sH24Ns: 310.2032; found: 310.2049.
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N',N'-bis(2-aminoethyl)-N?-(1,10-phenanthrolin-3-yl)ethane-1,2-diamine (6d). Compound 6d was
obtained according to the general procedure from 3-bromo-1,10-phenanthroline (2) (130 mg, 0.5
mmol), tetraamine 5d (219 mg, 1.5 mmol) and #~BuONa (72 mg, 0.75 mmol) in the presence of
Pd(dba), (29 mg, 10 mol%) and phosphine LS5 (28 mg, 10.5 mol%). Yield: 55 mg (34%); yellow oil;
chromatography (CH>Clo/MeOH/NH3(aq), 100:30:5 v/v). IR (em™!): 3276, 3046, 2946, 2839, 1656,
1604, 1587, 1537, 1506, 1472, 1422, 1408, 1375, 1354, 1338, 1298, 1265, 1248, 1201, 1171, 1139,
1099, 1030, 858, 829, 814, 727, 699. 'H NMR (400 MHz, CD3;0OD): J = 2.60 (t, 3J = 5.8 Hz, 4H,
CH>NH>»), 2.72-2.72 (m, 6H, CH,N), 3.28 (t, 3/ = 6.2 Hz, 2H, CH>NPhen), 7.16 (d, *J = 2.9 Hz, 1H,
H4(Phen)), 7.49 (dd, 3J = 8.1 Hz, 3J = 4.4 Hz, 1H, H8(Phen)), 7.62 (d, 3J = 8.9 Hz, 1H, H5(Phen)),
7.69 (d, 3J = 8.9 Hz, 1H, H6(Phen)), 8.22 (dd, 3/ = 8.1 Hz, *J = 1.6 Hz, 1H, H7(Phen)), 8.57 (d, *J =
2.9 Hz, 1H, H2(Phen)), 8.89 (dd, °J = 4.4 Hz, “J = 1.6 Hz, 1H, H9(Phen)). NH-protons were not
unambiguously assigned. *C NMR (100.6 MHz, CDs0D): & = 39.8 (2C, CH>), 41.9 (1C, CH»), 54.3
(1C, CHy), 56.6 (2C, CH»), 112.3 (1C), 122.5 (1C), 127.7 (1C), 127.8 (1C), 127.9 (1C), 131.9 (1C),
137.6 (1C), 137.7 (1C), 142.0 (1C), 146.2 (1C), 147.2 (1C), 150.4 (1C). HRMS (MALDI-TOF): m/z

[M+H]" calcd for CisH2sNe: 325.2141; found: 325.2112.
HQN/_I-}N
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N'-(2-(1,10-phenanthrolin-3-ylamino)ethyl)-/V?-(2-aminoethyl)ethane-1,2-diamine (6e).
Compound 6e was obtained according to general procedure from 3-bromo-1,10-phenanthroline (2)
(130 mg, 0.5 mmol), tetraamine Se (219 mg, 1.5 mmol) and -BuONa (72 mg, 0.75 mmol) in the
presence of Pd(dba), (29 mg, 10 mol%) and phosphine L5 (28 mg, 10.5 mol%). Yield: 57 mg (35%);
yellow oil; chromatography (CH>Cl,/MeOH/NH3(aq), 100:30:5 v/v). IR (em™): 3286, 2935, 2825,
1654, 1604, 1588, 1506, 1424, 1357, 1250, 1203, 1172, 1118, 1025, 860, 831, 814, 729, 533. 'H NMR



(400 MHz, CDCI5+CDs0D, 2:1 v/v): § = 2.64 (t, 3J = 5.5 Hz, 2H, CHxN), 2.70-2.85 (m, 10H, CH>,
NH, NH»), 2.93 (t, 3J = 5.6 Hz, 2H, CH>), 3.32 (t, 3J = 5.6 Hz, 2H, CH>NPhen), 5.44 (br. s, 1H,
NHPhen), 7.06 (d, J = 2.5 Hz, 1H, H4(Phen)), 7.43 (dd, °J = 7.9 Hz, 3J = 4.4 Hz, 1H, H8(Phen)), 7.56
(d, 3J = 8.8 Hz, 1H, H5(Phen)), 7.61 (d, 3J = 8.8 Hz, 1H, H6(Phen)), 8.08 (dd, °J= 7.9 Hz, “J= 1.6 Hz,
1H, H7(Phen)), 8.60 (d, “J = 2.5 Hz, 1H, H2(Phen)), 8.96 (dd, °J = 4.4 Hz, *J = 1.6 Hz, 1H, H9(Phen)).
3BC NMR (100.6 MHz, CDCI5+CDs0D, 2:1 v/v): 6 = 40.7 (1C, CH>), 42.5 (1C, CH,), 47.7 (1C, CH»),
48.5 (2C, CH»), 51.2 (1C, CH»), 111.2 (1C), 121.1 (1C), 126.1 (1C), 126.3 (1C), 126.5 (1C), 130.1
(10), 135.8 (1C), 137.3 (1C), 141.1 (1C), 144.0 (1C), 146.3 (1C), 149.7 (1C). HRMS (MALDI-TOF):
m/z [M+H]" calcd for CisHasNe: 325.2141; found: 325.2165.
NLN"'-(ethane-1,2-diyl)bis(/V?-(1,10-phenanthrolin-3-yl)ethane-1,2-diamine) (7e) was also isolated
from the reaction mixture in 12% yield using CH2Cl,/MeOH/NH3s(aq) (100:20:1 v/v) as eluent.

7b

N'-(2-(1,10-phenanthrolin-3-ylamino)ethyl)-V?-(1,10-phenanthrolin-3-yl)ethane-1,2-diamine
(7b). Compound 7b was obtained according to general procedure from 3-bromo-1,10-phenanthroline
(2) (130 mg, 0.5 mmol), triamine 5b (25.8 mg, 0.25 mmol) and ~BuONa (72 mg, 0.75 mmol) in the
presence of Pd(dba), (29 mg, 10 mol%) and phosphine L5 (28 mg, 10.5 mol%). Yield: 60 mg (52%);
yellow oil; chromatography (CH>Cl,/MeOH/NH3(aq), 100:20:1 v/v). IR (em™): 3257, 3043, 2923,
2849, 1603, 1586, 1559, 1540, 1534, 1522, 1507, 1472, 1458, 1420, 1406, 1374, 1336, 1296, 1264,
1247, 1199, 1170, 1138, 1098, 1055, 976, 909, 857, 828, 813, 775, 727, 696, 669. '"H NMR (400 MHz,
CDCIl3+CDsOD, 2:1 v/v): 0 = 3.29 (br. s, 4H, CH»), 3.32 (br. s, 4H, CH>NPhen), 6.47 (br. s, 2H,
H4(Phen), 6.95 (d, 3J = 8.8 Hz, 2H, H5(Phen)), 7.16-7.22 (m, 4H, H6(Phen), H8(Phen)), 7.82 (d, 3J =
7.9 Hz, 2H, H7(Phen)), 8.25 (d, “J = 1.9 Hz, 2H, H2(Phen)), 8.65 (d, 3J = 4.4 Hz, 2H, H9(Phen)). NH-
protons were not unambiguously assigned. '*C NMR (100.6 MHz, CDCl3+CD3;O0D, 2:1 v/v): § = 39.6
(2C, CH»), 46.5 (2C, CH»), 111.0 (2C), 120.9 (2C), 125.8 (2C), 125.9 (2C), 126.0 (2C), 129.5 (2C),
135.9 (4C), 139.6 (2C), 142.9 (2C), 145.0(2C), 148.7 (2C). HRMS (MALDI-TOF): m/z [M+H]" caled
for CosHosN7: 460.224; found: 460.226.

Te
NLN"'-(ethane-1,2-diyl)bis(/V>-(1,10-phenanthrolin-3-yl)ethane-1,2-diamine) (7e¢) Compound 7e

was obtained according to general procedure from 3-bromo-1,10-phenanthroline (2) (130 mg, 0.5



mmol), tetraamine Se (36.5 mg, 0.25 mmol) and +-BuONa (72 mg, 0.75 mmol) in the presence of
Pd(dba), (29 mg, 10 mol%) and phosphine L5 (28 mg, 10.5 mol%). Yield: 49 mg (39%); yellow oil;
chromatography (CH2Clo/MeOH/NH3(aq), 100:20:1 v/v).

Yield: 24 mg (39%); yellow oil; chromatography (CH>Cl,/MeOH/NH3(aq), 100:20:1 v/v). IR (cm™):
3290, 3051, 2918, 2848, 1653, 1604, 1588, 1540, 1507, 1473, 1422, 1413, 1375, 1270, 1250, 1200,
1173, 1139, 1112, 1100, 1029, 860, 831, 815, 729, 680, 669, 649. 'H NMR (400 MHz,
CDCI5+CDs0D, 2:1 v/v): 6 = 2.60-2.90 (br. s, 2H, NH) 2.82 (s, 4H, CH>), 2.96 (t, °J = 5.5 Hz, 4H,
CH,), 3.26 (br. s, 4H, CH,NHPhen), 5.24 (br. s, 2H, NHPhen), 6.96 (br. s, 2H, H4(Phen)), 7.40 (dd , 3J
= 8.0 Hz, °J = 4.4 Hz, 2H, H8(Phen)), 7.48 (d, °J = 8.8 Hz, 2H, H5(Phen)), 7.54 (d, °J = 8.8 Hz, 2H,
H6(Phen)), 8.05 (dd, 3/ = 8.0 Hz, “J = 1.6, 1H, H7(Phen)), 8.64 (br. s, 1H, H2(Phen)), 9.00 (dd, °J =
4.4 Hz, “J = 1.6 Hz, 1H, H9(Phen)). '3C NMR (100.6 MHz, CDCIs+CDsOD, 2:1 v/v): § = 42.5 (2C,
CH), 47.8 (4C, CH>), 48.6 (2C, CH»), 111.2 (20), 121.0 (2C), 126.1 (2C), 126.2 (2C), 126.4 (2C),
130.0 (2C), 135.7 (2C), 137.4 (2C), 141.2 (2C), 143.9 (2C), 146.4(2C), 149.7 (2C). HRMS (MALDI-
TOF): m/z [M+H]" caled for C3oH3i1Ns: 503.2671; found: 503.2702.



2.2. Synthesis of the compound 8a
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A 15 mL flask equipped with a magnetic stirrer, a condenser and a gas outlet was charged with 6a (61
mg, 0.26 mmol), chloroform (7 mL) and DIPEA (109 mg, 0.85 mmol). [(2-
bromoacetylamino)methyl]phosphonic acid diethyl ester 2 (162 mg, 0.56 mmol) was added, and the
reaction mixture was stirred at 40 °C for 48 h under argon. The solution was evaporated under reduced
pressure and the residue was chromatographed on silica gel using pure CH:Cl,, and then
CH2CI/MeOH (200:1 to 3:1 v/v) as eluents. Yield: 85 mg (50%); brown oil; chromatography
(CH2Cl2/MeOH, 10:1 v/v). IR (cm™): 3276, 3056, 2982, 2924, 2851, 1667, 1654, 1605, 1589, 1533,
1524, 1474, 1457, 1422, 1393, 1375, 1339, 1299, 1216, 1162, 1141, 1099, 1047, 1016, 971, 861, 830,
816, 779, 731, 681, 669. 'H NMR (400 MHz, CDCl3): 6 = 1.24 (t, *J = 7.1 Hz, 12H, CH3), 2.92 (t,%J =
5.3 Hz, 2H, CH2N), 2.92 (t, °J = 5.3 Hz, 2H, CH,NHPhen), 3.28 (s, 4H, CH2C(0)), 2.92 (t, *J = 5.3
Hz, 2H, CH,N), 3.55-3.65 (m, 4H, CH,P(0)), 4.06 (dq, *Jpr= 3Jun = 7.1 Hz, 8H, CH2OP), 6.17 (br. s,
1H, NHPhen), 7.09 (d, 3J = 1.9 Hz, 1H, H4(Phen)), 7.43 (dd, °J = 8.1 Hz, °J = 4.4 Hz, 1H, H8(Phen)),
7.58 (d, 3J = 8.8 Hz, 1H, H5(Phen)), 7.63 (d, 3J = 8.8 Hz, 1H, H6(Phen)), 8.11 (dd, °J = 8.1 Hz, 4J =
1.7 Hz, 1H, H7(Phen)), 8.18 (br. t, 3J = 5.7 Hz, 2H, C(O)NH), 8.83 (br. s, 1H, H2(Phen)), 8.99 (m, 1H,
H9(Phen)). 3C NMR (100.6 MHz, CDCls): 6 = 16.2 (d, *Jpc = 6.0 Hz, 4C, CH3), 34.3 (d, 'Jec = 156.7
Hz, 2C, CH,P(0)), 40.78 (1C, CH2N), 54.4 (1C, CH2N), 59.1 (2C, CH>C(0)), 62.8 (d, 2Jec = 6.5 Hz,
4C, CH20P), 111.2 (1C), 121.1 (1C), 126.2 (1C), 126.3 (1C), 126.5 (1C), 130.7 (1C), 135.9 (1C),
137.3 (1C), 141.5 (1C), 144.1 (1C), 146.3 (1C), 149.7 (1C), 170.4 (2C, C(0)). 3'P NMR (162.5 MHz,
CDCl3): 0 = 23.7. HRMS (MALDI-TOF): m/z [M+H]" calcd for C23H43NeOsP2: 653.2618; found:
653.2629.



2.3 Synthesis of the ruthenium complexes

General procedure. A two-neck flask equipped with a magnetic stirrer and a reflux condenser was
charged with cis-Ru(bpy).Clz, phenanthroline ligand (1.1 equivalents) and MeOH (Cry = 0.03M). The
reaction mixture was refluxed for 20 h in the dark. The hot reaction mixture was passed through a
glass filter and cooled down to r. t.. A saturated aqueous solution of NH4PFs (0.3 mL) was added to
this filtrate. After 5 min, the solution was diluted with distilled water (15 mL). In the case of
complexes Ru(Brphen), Ru(Bnphen) and Ru(N:Phen) the product was obtained as a solid
precipitate, which was washed with distilled water and diethyl ether, then dried under reduced
pressure. In the case of water-soluble complex Ru(N2P2phen) the product was extracted by CH>Cl (3
x 20 mL) and combined organic phases were dried over molecular sieves 3A. Then the solution was
evaporated under reduced pressure and the residue was chromatographed (on silica gel using pure
CH:Cly, and then CH>Cl2/MeOH (200:1 to 3:1 v/v) as eluents. After chromatography the product was
dissolved in CH>Cl, (20 mL), washed with distilled water (3 X 20 mL) to eliminate an excess of

NH4PFs, and dried over sieves 3A. Then the solution was evaporated under reduced pressure.

Ru(Brphen)

Complex Ru(Brphen). The complex Ru(Brphen) was obtained according to the general procedure
from 3-bromo-1,10-phenanthroline (1) (200 mg, 0.77 mmol), cis-Ru(bpy)Cl> (339 mg, 0.7 mmol),
NH4PFs (3 mL of saturated (r.t.) aqueous solution) in 23 mL of MeOH. Yield: 633 mg (94%); red
powder. "H NMR (400 MHz, CD3CN): § = 7.23 (ddt, *J = 7.6 Hz, 3*J = 5.6 Hz, *J = 1.6 Hz, 2H), 7.41—
7.47 (m, 2H), 7.47-7.50 (m, 1H), 7.62 (d, 3J = 5.6 Hz, 1H), 7.72-7.79 (m, 2H), 7.84 (d, 3J = 5.0 Hz,
1H), 7.96-8.05 (m, 2H), 8.05-8.13 (m, 4H), 8.17 (d, 3J = 8.8 Hz, 1H, H6(Phen)), 8.27 (d, 3/ = 8.8 Hz,
1H, H5(Phen)), 8.45-8.55 (m, 4H), 8.62 (dd, *J = 8.3 Hz, *J = 1.3 Hz, 1H, H9(Phen)), 8.83 (d, /= 1.9
Hz, 1H, H2(Phen)). HRMS (MALDI-TOF): m/z [M-PFs]" calcd for C3;H23BrFsNgPRu: 816.9841;
found: 816.9881. The compound was reported previously in J. Am. Chem. Soc. 1997, 119, 852-853.



Ru(Bnphen)

Complex Ru(Bnphen) was obtained according to the general procedure from 3 (30 mg, 0.105 mmol),
cis-Ru(bpy)2ClL (45 mg, 0.093 mmol), NH4PFs (0.3 mL of saturated (r.t.) aqueous solution) in 1.5 mL
of MeOH. Yield: 83 mg (88%); red powder.

This compound was also obtained according to the palladium-catalyzed amination procedure from
Ru(Brphen) (97 mg, 0.1 mmol) and benzylamine (11 mg, 0.1 mmol) in the presence of BuONa (15
mg, 0.15 mmol), Pd(dba), (6 mg, 10 mol%) and BINAP (7 mg, 10.5 mol%) in 1 mL of dioxane. After
chromatography (silica gel, CH>Cl2/MeOH, 10:1 v/v), the product was dissolved in methanol, 0.3 mL
of NH4PF¢ (saturated (r.t.) aqueous solution) was added to precipitate the complex. The solid was
filtered, washed with distilled water to eliminate an excess of NH4PF¢ and dried under reduced
pressure. Yield: 59 mg (60%). IR (cm™): 3735, 3730, 3604, 3431, 3116, 3079, 2926, 2855, 1653,
1624, 1591, 1584, 1559, 1540, 1522, 1507, 1465, 1446, 1432, 1389, 1355, 1331, 1313, 1301, 1267,
1243, 1207, 1179, 1111, 1099, 1068, 1027, 1000, 947, 827, 762, 728, 699. '"H NMR (400 MHz,
CDs;CN): 6 = 4.35 (d, *J = 6.1 Hz, 2H, CH»), 5.99 (t, 3J = 6.1 Hz, 1H, NH), 7.15-7.35 (m, 7H), 7.35~
7.45 (m, 3H), 7.45-7.54 (m, 3H), 7.58 (d, 3°J = 5.7 Hz, 1H), 7.74 (d, 3J = 5.4 Hz, 1H), 7.78-7.95 (m,
3H), 7.95-8.12 (m, 5H), 8.37-8.56 (m, 5H). UV/Vis (CH3CN, Amax, nm (&, cm'M1)): 447 (12000), 420
(13000), 354 (21000), 290 (70000). Fluorescence (CH3CN): Aer =450 nm; Aem=603 nm. HRMS
(MALDI-TOF): m/z [M-PFs]" calcd for C3oH3 FsN7PRu: 844.132; found: 844.128; [M-H-2PFs]" calcd
for C39H30N7Ru: 698.1606; found: 698.1600

Ru(N,phen)

Complex Ru(Nzphen). The complex Ru(Nzphen) was obtained according to the general procedure
from 6a (55 mg, 0.23 mmol), cis-Ru(bpy)>Cl2 (102 mg, 0.21 mmol), NH4PFs (0.3 mL of saturated (r.t.)
aqueous solution) in 3.5 mL of MeOH. Yield: 140 mg (71%); red powder. IR (cm™): 3649, 3421,
3282, 2924, 2855, 2360, 2343, 1602, 1539, 1507, 1362, 1314, 1271, 1243, 1209, 1185, 1162, 1124,
1110, 1070, 1030, 831, 761, 731, 718, 668, 660.'H NMR (400 MHz, CD3CN): 6 = 3.12 (t, >J = 6.0 Hz,
2H, CH>), 3.46 (q, °*J = 6.0 Hz, 2H, CH>), 5.42 (1, 3J = 5.9 Hz, 1H, NH), 7.22-7.30 (m, 2H), 7.39-7.47
(m, 3H), 7.49-7.60 (m, 3H), 7.63 (d, 3>J = 5.7 Hz, 1H), 7.82 (d, ’J = 5.7 Hz, 1H), 7.84 (d, 3J = 5.6 Hz,



1H), 7.84 (d, 3J = 5.3 Hz, 1H), 7.94-8.13 (m, 7H), 8.43-8.55 (m, 5H). HRMS (ESI): m/z [M-H-2PF¢]*
calcd for Cs4HaoNsRu: 651.1558; found: 651.1545.
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N= 2PFg
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Ru(N,Pphen)
Complex Ru(N:P;phen). The complex Ru(N:P;phen) was obtained according to the general
procedure from 8a (57 mg, 0.087 mmol), cis-Ru(bpy).Cl2 (38 mg, 0.079 mmol), NH4PFs (0.3 mL of
saturated (r.t.) aqueous solution) in 2 mL of MeOH. Yield: 75 mg (70%); red glassy compound,
chromatography (silica gel, CH>Clo/MeOH, 20:1 v/v).

This compound was also obtained from complex Ru(N:phen) according to the following
procedure. A 10mL flask equipped with a magnetic stirrer a condenser and a gas outlet was charged
with Ru(Nzphen) (47 mg, 0.05 mmol), CH>Cl, (3 mL) and DIPEA (20 mg, 0.15 mmol). [(2-
bromoacetylamino)methyl]phosphonic acid diethyl ester (2) (32 mg, 0.11 mmol) was added, and the
reaction mixture was stirred at reflux for 48 h under argon. Then the solution was evaporated under
reduced pressure and the residue was chromatographed on silica gel using a gradual elution with pure
CH:Cl; and then CH:Cl/MeOH, 200:1 to 3:1 v/v. The fractions containing the product
(CH2Cl12/MeOH, 20:1 v/v) were evaporated, dissolved in 10 mL of distilled water and NH4PF¢ (0.3 mL
of saturated (r.t.) aqueous solution) was added. The product was extracted with CH>Cl> (3 x 10 ml).
The combined organic layers were washed with distilled water (3 x 10 ml) to eliminate an excess of
NH4PFs and dried over sieves 3A. The solution was evaporated under reduced pressure. Yield: 24 mg
(35%). IR (cm'): 3299, 3083, 2985, 2933, 2644, 2382, 2349, 2337, 2325, 2114, 2082, 2051, 1981,
1944, 1667, 1600, 1531, 1466, 1445, 1434, 1391, 1369, 1300, 1217, 1184, 1161, 1100, 1020, 975, 876,
829, 763, 730, 717, 660, 647, 599, 579, 555. '"H NMR (400 MHz, CD3CN): 6 = 1.24 (dt, 3Juu = “Jup
=7.1 Hz, 12H, CHj), 2.71-2.79 (m, 2H, CH:N), 3.14-3.21 (m, 2H, CH2N), 3.24 (s, 4H, C(O)CH2N),
3.49-3.56 (m, 4H, CH2P(0)), 4.06 (dq, *Jpr = *Jun = 7.1 Hz, 8H, CH,OP), 6.41 (br. s, |H, NHPhen),
7.22-7.31 (m, 2H), 7.40-7.53 (m, 6H), 7.56 (d, °J = 5.5 Hz, 1H), 7.59 (d, °J = 2.3 Hz, 1H), 7.74 (d, 3J
= 5.5 Hz, 1H), 7.81 (d, 3J = 5.5 Hz, 1H), 7.84-7.91 (m, 2H), 7.94 (d, 3J = 8.9 Hz, 1H, H5(Phen)),
7.96-8.03 (m, 3H), 8.04-8.12 (m, 2H), 8.40-8.57 (m, 5H). *'P NMR (162.5 MHz, CD3;CN): § = —
144.5 (m, 'Jpr = 706.5 Hz, 2P, PF¢), 22.7 (2P, P(O)(OEt),). UV/Vis (H20, pH = 7.4, Amax, nm (g,
cm'M™)): 450 (12000), 354 (20000), 285 (66000). Fluorescence (H,O, pH = 7.4): Ao =450 nm;
Aem=603 nm. HRMS (ESI): m/z [M-PF¢]" calcd for CasHssFsN19oOgP3Ru: 1211.2594; found: 1211.2589;
m/z [M-2PF¢]* calcd for CasHsgN10OsP2Ru: 1066.2946; found: 1066.2926.



3. Protonation studies of complexes Ru(N:2phen) and Ru(N:Pzphen)
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Figure S1. Spectrophotometric titration of Ru(N;phen) ([Ru(Nz2phen)] = 33 uM, 7 = 0.1 M KCI,
pH =5.7-11.6).
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Figure S2. Absorbance changes with pH at A = 367 nm for Ru(Nzphen).
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Figure S3. (a) UV-vis spectra of Ru(N2phen) and [Ru(N:phen)H]" in water calculated using

Hyperquad program [31]. (b) Species distribution diagram for the Ru(N2phen)/H" system in water

calculated using Hyperquad program [31].
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Figure S4. Fluorimetric titration of Ru(Nzphen) ([Ru(Nzphen)] =11 uM, 7= 0.1 M KCl, Aex = 450

nm, pH =35.

7-10.5).



2PFg

Ru(N:Pzphen)

Absorbance

- 250 300 350 400 450 500 550
Wavelength (nm)

Figure S5. Spectrophotometric titration of Ru(N2P2phen) ([Ru(N:P2phen)] =21 uM, 7 =0.1 M KCI,
pH =1.0-9.2).
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Figure S8. Fluorimetric titration of Ru(N2P2phen) ([Ru(N2P2phen)] = 6.6 uM, I = 0.1 M KCI, Aex =

450 nm, pH = 1.1-9.3).
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4. Metal ion-sensing properties of complexes Ru(Nz2phen) and Ru(N:P;phen)
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Figure S9. Evolution of fluorescence spectrum of Ru(N:phen) upon addition of Cu(ClO4)2 (0-30
equivalents) ([Ru(Nzphen)] = 11 uM, 0.03M HEPES buffer, pH=7.4, Acx = 450 nm).
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Figure S10. (a) Fluorescence spectra of Ru(N2P>phen) ([Ru(N2P2phen)] = 5.4 pM, 0.03M HEPES
buffer, pH=7.4, lex = 450 nm) before and after addition of 15 equivalents of metal perchlorates

(IM™ ]t = 81 uM for each metal ion); (b) Normalized fluorescence intensity of the studied solutions at

Aem = 600 nm.
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Figure S11. Cross-selectivity studies of metal ion binding by ligand Ru(N2P;phen) ([Ru(N2P;phen)]

= 5.4 uM, 0.03M HEPES buffer, pH=7.4, 1ex = 450 nm) using fluorescence spectroscopy:

(ST) emission spectrum of Ru(N2P2phen);

(S2) emission spectrum of Ru(N2Pzphen) after addition of Cu?* (15 equivalents, [Cu®*]wot = 81 uM);

(S3) emission spectrum of Ru(N:2Pzphen) after addition of Li*, (Na*), K, Mg?*, Ca®’, Ba?>", AP**
([M™]ioc = 81 uM ,15 equivalents of each metal ion);

(S4) emission spectrum of Ru(N:Pzphen) after addition of Li*, (Na*), K, Mg?*, Ca*', Ba>", AP**
([M" ]t = 81 uM ,15 equivalents of each metal ion) and Cu?>" ([Cu®'fwt = 81 pM, 15
equivalents);

(S5) emission spectrum of Ru(Nz2Pzphen) after addition of Mn?*, Co?*, Ni?*, Zn*" ([M" ]t = 81 uM,
15 equivalents of each metal ion);

(S6) emission spectrum of Ru(Nz2Pzphen) after addition of Mn?*, Co?*, Ni?*, Zn*" ([M" ]t = 81 uM,
15 equivalents of each metal ion) and Cu?* (15 equivalents, [Cu®*]wot = 81 uM);

(S7) emission spectrum of Ru(N2Pzphen) after addition of Ag*, Hg?*, Cd**, Pb?* ((M"" ]t = 81 uM, 15
equivalents of each metal ion);

(S8) emission spectrum of Ru(N2Pzphen) after addition of Ag*, Hg?*, Cd**, Pb?* ((M"" ]t = 81 uM, 15

equivalents of each metal ion) and Cu?" (15 equivalents, [Cu®" ]t = 81 uM).
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Figure S13. Cross-selectivity studies of metal ion binding by ligand Ru(N2P2phen) ([Ru(N2P;phen)]

= 5.4 uM, 0.03M HEPES buffer, pH=7.4) using UV-vis spectroscopy:

(ST) emission spectrum of Ru(N2P2phen);

(S2) emission spectrum of Ru(N2Pzphen) after addition of Cu?* ([Cu?']wt = 81 uM, 15 equivalents);

(S3) emission spectrum of Ru(N:2Pzphen) after addition of Li*, (Na*), K, Mg?*, Ca*’, Ba>*, AP*
([M™]ioc = 81 uM, 15 equivalents of each metal ion);

(S4) emission spectrum of Ru(N:2Pzphen) after addition of Li*, (Na*), K, Mg?*, Ca*’, Ba>", AP**
([M" ]t = 81 uM, 15 equivalents of each metal ion) and Cu?>" ([Cu®'Jwt = 81 pM, 15
equivalents);

(S5) emission spectrum of Ru(Nz2Pzphen) after addition of Mn?*, Co?*, Ni?*, Zn*" ([M" ]t = 81 uM,
15 equivalents of each metal ion);

(S6) emission spectrum of Ru(Nz2Pzphen) after addition of Mn?*, Co?*, Ni?*, Zn*" ([M" ]t = 81 uM,
15 equivalents of each metal ion) and Cu?" ([Cu?']iwt = 81 pM, 15 equivalents);

(S7) emission spectrum of Ru(N2Pzphen) after addition of Ag*, Hg?*, Cd**, Pb?* ((M"" ]t = 81 uM, 15
equivalents of each metal ion);

(S8) emission spectrum of Ru(N2Pzphen) after addition of Ag*, Hg?*, Cd**, Pb?* ((M"" ]t = 81 uM, 15

equivalents of each metal ion) and Cu?" ([Cu®" ]t = 81 uM, 15 equivalents).
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Figure S15. (a) UV-vis spectra of Ru(N2Pzphen)?" and [Ru(N2Pz;phen)Cu]*" in water calculated
using Hyperquad program [31].
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5. Structural studies of copper(Il) complex with Ru(N:2P2phen) chelator
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Figure S17. HRMS (ESI) spectrum of the {Cu[Ru(N:P;phen)]}(ClO4), complex.
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6. DFT-studies of Ru(N2phen) and Ru(N:P2phen) complexes
DFT-studies of Ru(phen) were previously published [24].

Table S2. Calculated isodensity plot of the HOMO and LUMO orbitals for complex Ru(Nz2phen)

The electron-cloud . The electron-cloud
distribution Orbital E(eV) distribution

@,
) Ao
@
HOMO -10.33 L \“‘
o o )

Orbital E(eV)

LUMO+3 -6.65

LUMO+2 -6.68

HOMO-1 -10.69

LUMO+1 -7.14 HOMO-2 -10.77

LUMO -7.23 HOMO-3 -10.85




Figure S20. The structure of Ru(N2phen) complex obtained by full geometry optimization at
B3LYP/6-31G(d,p) level.
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Table S3. Calculated isodensity plot of the HOMO and LUMO orbitals for complex Ru(N:Me:phen)

The electron-cloud

Orbital E(eV) distribution

Orbital E(eV) The electron-cloud distribution

LUMO+3 -6.65

LUMO+2 -6.68

LUMO+1 -7.15

HOMO -10.08

HOMO-1 -10.40

HOMO-2 -10.70

HOMO-3 -10.77
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Figure S21. The structure of Ru(N2Mezphen) complex obtained by full geometry optimization at

B3LYP/6-31G(d,p) level.
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7. NMR spectra of newly synthesized compounds
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Figure S22. 'H NMR spectrum of 3 (CDCl3, 400MHz, 300K).
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Figure S25. 'H NMR spectrum of Ru(Bnphen) (CD;CN, 400MHz, 300K).
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Figure S30. '"H NMR spectrum of 6¢ (CD30D, 400MHz, 300K).
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Figure S31. 3C NMR spectrum of 6¢ (CD30D, 100.6 MHz, 300K).
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[
3.5

100 95 9.0 75 5.0 4.5 4.0 3.0

—148.68
—~145.02
—142.94
—139.65
- —135.93
129.54
f125.98
{125.89
125.75
—~120.93
111.03
77.33
%—77.00
76.68
—46.54
—39.58

-
o
1

It

%}
z
z

o
(o]
vl
X
=z
i
T/

o
3
™

o
o

Intensity
o o
Sl
i

o
w

o
N
T

o
a

144 112 72

80

160 152 136 128 104 96 88 64

Chemical Shift (ppm)
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Figure S38. 'H NMR spectrum of 7e (CDCls, 400MHz, 300K).
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Figure S41. 3C NMR spectrum of 8a (CDCls, 100.6 MHz, 300K).
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Figure S42. 3'P NMR spectrum of 8a (CDCl3, 162.5MHz, 300K).
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Figure S43. 'H NMR spectrum of Ru(N2phen) (CD:CN, 400MHz, 300K).
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Figure S44. 'H NMR spectrum of Ru(N2P2phen) (CD:CN, 400MHz, 300K).
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Figure S45. 3'P NMR spectrum of Ru(N2P2phen) (CDsCN, 162.5MHz, 300K).



8. FTIR spectra of Ru(Bnphen) and Ru(Nzphen)
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Figure S46. FTIR spectrum of Ru(Bnphen) (neat).
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Figure S47. FTIR spectrum of Ru(Nz2phen) (neat).






