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1. Synthesis of N-aryl-1,2,3,4-tetrahydroisoquinolines (1a-f)

General procedure. The two-neck flask equipped with a reflux condenser and a stir bar was charged
with palladium(I1) acetate (3 mol%), rac-BINAP (5 mol%) and sodium tert—butylate (2 equiv.) and
then the vessel was purged with dry argon. Dry toluene (1.6 mL) was added under an argon stream,
and the mixture was stirred for ca. 5 min. Afterward, aryl bromide (1 mmol) and 1,2,3,4-
tetrahydroisoquinoline (NH-THIQ, 2 equiv.) were added, and argon was bubbled through the
solution via a needle for 10 min. Then, the flask was sealed with a septum, and the reaction mixture
was stirred at 110 °C for 20-24 h under an argon atmosphere. After cooling to room temperature,
the reaction mixture was rotary evaporated. The product was isolated by column chromatography
on silica gel using ethyl acetate/hexanes mixture as an eluent. The products are colorless to slightly
yellowish oils that quickly form white solids and are best stored in a fridge. The product yields can

probably be increased using classical ratio of Pd(OACc),: rac-BINAP (1:2) in the synthesis.

/@ 2-Phenyl-1,2,3,4-tetrahydroisoquinoline (1a)' was obtained from bromobenzene

@ (2.355 g, 1.575 mL, 15 mmol) and NH-THIQ (3.99 g, 30 mmol). Eluent: ethyl

acetate/hexanes 1:20 v/v. Yield: 2.910 g (93%), white solid. *H NMR (CDCls, 400

MHz): 6 7.32 (dd, 2H, J = 8.6 Hz, J= 7.3 Hz, Ar), 7.23-7.17 (m, 4H, Ar), 7.03 (d, 2H, J = 8.1 Hz,

Ar), 6.87 (t, 1H, J = 7.3 Hz, Ar), 4.45 (s, 2H, NCH,Ar), 3.60 (t, 2H, J = 5.9 Hz, NCH,CH,), 3.02 (t,
2H, J= 5.9 Hz, NCH,CH)).

o_ 2-(4-Methoxyphenyl)-1,2,3 4-tetrahydroisoquinoline (1b)* was obtained from

@Q 4-bromoanizole (1.870 g, 1.25 mL, 10 mmol) and NH-THIQ (2.66 g, 20

mmol). Eluent: ethyl acetate/hexanes 1:5 v/v. Yield: 0.887 g (37%), white

solid. *H NMR (CDCls, 400 MHz): 6 7.20-7.14 (m, 4H, Ar), 7.01 (d, 2H, J = 9.1 Hz, Ar), 6.89 (d,

2H,J=9.1 Hz, Ar), 4.32 (s, 2H, NCH,Ar), 3.79 (s, 3H, OCH3), 3.46 (t, 2H, J = 5.9 Hz, NCH,CHy),
3.01 (t, 2H, J = 5.9 Hz, NCH,CH,).

cl 2-(4-Chlorophenyl)-1,2,3,4-tetrahydroisoquinoline (1c)' was obtained from

NO/ 1-bromo-4-chlorobenzene (0.995 g, 5 mmol) and NH-THIQ (1.33 g, 10

©© mmol). Eluent: ethyl acetate/hexanes 1:10 v/v. Yield: 0.585 g (47%), white

solid. *H NMR (CDCls, 400 MHz): 6 7.25 (d, 2H, J = 8.9 Hz, Ar), 7.24-7.17 (m, 4H, Ar), 6.91 (d,

2H, J = 8.9 Hz, Ar), 4.40 (s, 2H, NCH,Arr), 3.55 (t, 2H, J = 5.8 Hz, NCH,CH,), 3.00 (t, 2H, J = 5.8
Hz, NCH,CHj).
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CN  2-(4-Cyanophenyl)-1,2,3,4-tetrahydroisoquinoline (1d)* was obtained from 4-

@1/@ bromobenzonitrile (1.820 g, 10 mmol) and NH-THIQ (2.66 g, 20 mmol).

Eluent: ethyl acetate/hexanes 1:3 v/v. Yield: 1.661 g (71%), white solid. *H

NMR (CDCls3, 400 MHz): 6 7.52 (d, 2H, J = 8.9 Hz, Ar), 7.26-7.18 (m, 4H, Ar), 6.88 (d, 2H, J =

8.9 Hz, Ar), 450 (s, 2H, NCHAr), 3.63 (t, 2H, J = 5.9 Hz, NCH,CHy), 3.00 (t, 2H, J = 5.9 Hz,
NCH,CH,).

Br 2-(4-Bromophenyl)-1,2,3,4-tetrahydroisoquinoline (1e)* was obtained from

N/©/ 1,4-dibromobenzene (590 mg, 2.5 mmol) and NH-THIQ (333 mg, 0.25 mL).

©© Eluent: ethyl acetate/hexanes 1:20 v/v. Yield: 0.365 g (50%), white solid. *H

NMR (CDCls, 400 MHz): 6 7.37 (d, 2H, J = 8.4 Hz, Ar), 7.22-7.18 (m, 4H, Ar), 6.85 (d, 2H, J =

8.4 Hz, Ar), 6.89 (d, 2H, J = 9.1 Hz, Ar), 4.39 (s, 2H, NCH,Ar), 3.54 (t, 2H, J = 5.8 Hz,
NCH,CH,), 2.99 (t, 2H, J = 5.8 Hz, NCH,CHy,).

CF3 2-(3,5-Bis(trifluoromethyl)phenyl)-1,2,3 4-tetrahydroisoquinoline (1f)> was

obtained from 1-bromo-3,5-bis(trifluoromethyl)benzene (4.395 g, 2.586 mL,

@ o 15 mmol) and NH-THIQ (3.99 g, 30 mmol). Eluent: ethyl acetate/hexanes 1:10

v/v. Yield 5.000 g (96%), white solid. '"H NMR (CDCls, 400 MHz): 6 7.30-7.24 (m, 7H, Ar and

Arg), 4.52 (s, 2H, NCH,), 3.87 (t, 2H, J = 5.9 Hz, NCH,CHy), 3.07 (t, 2H, J = 5.9 Hz, NCH,CHy).

BC{*H} NMR (CDCls, 125 MHz): & 150.0 (s, 1C, NC(Arg)), 134.3 (s, 1C, C1 (Ph)), 132.8 (s, 1C,

C2 (Ph)), 132.0 (q, 2C, Jcr = 32.1 Hz, C3 and C5 (Arg)), 127.9 (s, 1C, C6 (Ph)), 126.5 (s, 1C, C2

(Ph)), 126.1 (s, 2C, C5 and C3 (Ph)), 124.1 (q, 2C, Jc = 272.8 Hz, CF3), 112.4 (s, 2C, C2 and C6

(Arg), 110.0 (s, 1C, C4, (Arg), 49.0 (s, 1C, NCHyAr), 44.9 (s, 1C, NCH,CH,Ph), 28.6 (s, 1C,
NCH,CH,Ph).
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2. Optimization of hydrolysis of complex Ru-4,7PEt and phosphonate-
substituted phenanthroline ligand 4,7PEt.

Table S1. Optimization of hydrolysis of complex Ru-4,7PEt.!

N |
Reagent
A
solvent, T
20r 2Cr
Ru-4,7PHEt; :n=1,m=0
Ru-4,7PEt Ru-4,7PHEt:n=m =1
Ru-4,7PH3;Et; :n=2, m =1
Ru-4,7PH:n=m=2
- 3
Ent- Solvent ... T 2 Time Conversion® Yield * (%)
ry (mL) g (°C) (h) (%) Ru-PH;Et; Ru-4,7PHEt Ru-PH:Et; Ru-4,7PH
1 EtOH H,O 100 2 86 30 56 0 0
2  EtOH(2) NaOH 100 2 100 0 99 * 0 0
3 EtOH (2) HCI(1 M) 100 2 89 36 53 0 0
4 H,0 (4) - 100 2 100 30 70 0 0
16 100 10 90 0 0
30 100 6 94 0 0
5 H,0 (4) - 130 4 100 0 99° 0 0
6 H,0 (4) - 150 6 100 0 0 65 35
20 100 0 0 13 87
48 100 0 0 0 99 (94 °)

' Reaction conditions: Ru(ll) complex (0.1 mmol), reagent (ca. 2 equiv.) and solvent were
refluxed in a glass pressure resistant tube with a screw cap. A crude sample of Ru-4,7PEt was
used in all experiments (a mixture of Ru-4,7PEt and Ru-PH;Ets, ca. 1:1) and complex loading
was calculated based on this composition of starting material. > The temperature of the oil bath is
given. 3 Conversion and yields were determined by *'P and *H NMR spectroscopies. * Attempts to
isolate the pure product by precipitation from acidic aqueous solutions failed due to the high
solubility of the complex. ° Isolated yield.
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Table S2. Optimization of hydrolysis of phenanthroline 4,7PEt.!

= ’ P(O)(OEt), = | P(O)(OH)n(OEt)2.,
Nx Reagent Nx
>
NTX EtOH, 100 °C N7
| | P
P(O)(OEt), P(O)(OH)m(OEt)o.m
) Ru-4,7PH,Et; :n=1, m =0
Ru-4,7PEt Ru-4,7PHEt : n= m = 1
- 2 0
Entr Reagent  Time (h) Conversion * Yield %)
y g (%) PH,Et,  4,7PHEt
1 H,O 2 0 0 0
2 NaOH 2 94 59 35
3 HCI (1 M) 2 50 50 0

! Reaction conditions: 4,7PEt (0.1 mmol), reagent (ca. 2 equiv.), and EtOH
(2 mL) were refluxed in a glass pressure resistant tube with a screw cap.
2 Conversion and yields were determined by *P and *H NMR spectroscopies.

3. Synthesis of Ru(l1) complexes for NMR studies

[Ru(4,7-Br-Phen)(bpy).](PFs). (Ru-4,7Br,). 4,7-Dibromo-1,10-phenathroline
N/ N\ (260 mg, 0.77 mmol) and cis-Ru(bpy).Cl, (339 mg, 0.7 mmol) were refluxed in
MeOH (23 mL) for 30 h. The hot solution was filtered, and the filtrate was

allowed to cool to room temperature. Then, a saturated aqueous solution of

=/ 2PFs  NH4PFg (3 mL) and water (30 mL) were added to this solution. The precipitate
formed was collected, washed with water (3 x 10 mL) and dried under reduced pressure. Yield
676 mg (93%), orange powder. 'H NMR (CDsCN, 400 MHz): § 7.24 (ddd, J = 7.6 Hz, 3J = 5.3 Hz,
3 = 1.3 Hz, 2H, H5 (bpy)), 7.45 (ddd, *J = 7.7 Hz, %) = 5.6 Hz, “J = 1.3 Hz, 2H, H5’ (bpy)), 7.58
(ddd, 33 = 5.6 Hz, *J = 1.3 Hz, °J = 0.7 Hz, 2H, H6 (bpy)), 7.80 (ddd, *J = 5.6 Hz, *J = 1.3 Hz, °J =
0.7 Hz, 2H, H6’ (bpy)), 7.94 (d, 31 = 5.6 Hz, 2H, H3 and H8 (Phen)), 7.99-8.03 m (2H, H4 (bpy)),
8.04 1 (2H, *J = 5.6, H2 and H9 (Phen)), 8.08-8.12 (m, H4’ (bpy)), 8.49 (d, 3J = 8.2 Hz, H5 (bpy)),
852 (d, % = 82, 2H, H5 (bpy)), 853 (s, 2H, H5 and H6 (Phen)). Anal. Calcd. for
CsoH22BrF1oNgP2RuU: C, 36.91; H, 2.13; N, 8.07. Found: C, 37.11; H, 2.43; N, 7.83. HRMS
(MALDI TOF) m/z: [M—-2PFg]" Calcd. for Cs,H22BroNgRu 749.9316; Found 749.9360.
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Analytically pure samples of Ru-4,7PH;Et; and Ru-3,8PH;Et; (Table S1) were prepared
according the following general procedure:

A crude sample of Ru-3,8PEt or Ru-4,7PEt obtained as described in the Experimental part
was dissolved in MeOH/water mixture (ca. 6 mL, 1:1 v/v) and a saturated aqueous solution of
NH4PFg (0.5 mL) was added to this solution. This aqueous phase was extracted with CH,Cl, (1 x 5
mL) and the organic phase was dried over 3A molecular sieves, evaporated to dryness under
reduced pressure and redissolved in CH,Cl, (ca. 5 mL). The Ru(ll) complex was extracted with
water (1 x 5 mL), and aqueous phase was evaporated under reduced pressure (2 Torr) at 55 °C to

give an analytically pure sample of the target product as red glassy solids.

O-Et Ru-3,8PH;Et; was obtained from 3,8PEt (100 mg, 0.22 mmol) and cis-
C(Q OT 7™ [Ru(bpy),Cl,] (100 mg, 0.2 mmol). Yield 46 mg (20%), deep red glassy
NN
| N

X

- N solid. *H NMR (CDsCN, 400 MHz): § 8.94 (dd, 1H, 3J4p = 13.8 Hz, ‘0 =

A  L1Hz, HT (Phen)), 8.92 (d, 1H, 33up obs. = 10.9 Hz, H4 (Phen)), 8.64-8.51
X | N\ X
2PFg

Y ookon (m, 4H, (bpy)), 8.37 (d, 1H, *Jun = 8.9 Hz, 6H (Phen)), 8.29 (d, 1H, 3344 =

o-et 8.9 Hz, 5H (Phen)), 8.28 (7.94-7.90 (m, 2H, (bpy)), 8.16-8.12 (m, 2H), 8.08

(dd, 1H, 3Jp = 6.8 Hz, *J 1 = 1.1 Hz, H9 (Phen)), 8.01-7.96 (m, 2H, (bpy)), 7.94-7.89 (m, 2H,

(bpy)), 7.62-7.58 (m, 2H, (bpy)), 7.51-7.49 (m, 2H, (bpy)), 7.26-7.21 (m, 2H, (bpy)), 4.11-3.98

(m, 4H, OCH, P(O)(OEt),), 3.56-3.49 (m, 2H, OCH, P(O)(OH)(OEt)), 1.18 (t, 6H, 344 = 7.0 Hz,

CHs P(O)(OEt),), 0.88 (t, 3H, *Jun = 7.0 Hz, CH3 P(O)(OH)(OEY)). *P{"H} NMR (D0, 162.5

MHz): § 11.02 (s, 1P, P(O)(OEt),), 1.35 (br. s., 1P, P(O)(OH)(OEt)), 144.51 (m, 1P, Jgp = 706.7
Hz, PFg). MS MALDI TOF: [M—2PF¢—H]"* Calcd. for CsgH3;NsOgP,RU* 837.13; Found 837.15.

7 | B0, Ru-4,7PH;Et; was obtained from 4,7PEt (60 mg, 0.131 mmol).) and cis-
| /\N SN 1 : P\O_Et [Ru(bpy).Cl;] (60 mg, 0.12 mmol). Yield: 21 mg (16%), deep red glassy
~ N>TU{N/ solid. *H NMR (CDsCN, 400 MHz): § 8.72 (d, 1H, *Jun = 9.5 Hz, H5 or
U N K M _oH  H6 (Phen)), 8.92 (d, 1H, *Jup obs = 10.9 Hz, H4 (Phen)), 8.60-8.51 (m,
2pFs | /\ e—d © 4H,), 8.21 (dd, 1H, “Jup = 3.4 Hz, *Jyn = 5.3 Hz, H9 or H2 (Phen)),

8.13-8.09 (m, 4H), 8.03 (dd, 1H, %3y p = 14.7 Hz, *Jy 1 = 5.4 Hz, H3 or H8 (Phen)), 8.00-7.98 (m,
2H (bpy)), 7.84-7.81 (m, 2H, (bpy)),7.57—7.53 (m, 2H, (bpy)), 7.48-7.44 (m, 2H, (bpy)), 7.26-7.21
(m, 2H, (bpy)), 4.30-4.14 (m, 4H, OCH, P(O)(OEt),), 3.8-3.70 (m, 2H, OCH, P(O)(OH)(OEY)),
1.32 (td, 6H, *Jupn = 7.0 Hz, *Jup = 3.7 Hz, CH; P(O)(OEt),), 1.06 (t, 3H, *Jun = 6.9 Hz, CHs
P(O)(OH)(OEY)). *'P{"H} NMR (D;0, 162.5 MHz): ¢ 12.06 (s, 1P, P(O)(OEt),), 1.50 (s, 1P,
P(O)(OH)(OE)), 144.51 (m, 1P, Jgp = 706.7 Hz, PFg). MS MALDI-TOF: [M—2PFs—H]* Calcd. for
CagH37NgOsP-RU* 837.13; Found 837.16.
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4, Photostability studies
A stirred 0.01 mM solutions of the ruthenium complex in various solvents was irradiated by a blue
LED (12 W) at room temperature in a glass vial under air. The aliquots were periodically taken off

and analyzed by UV-vis spectroscopy. The results are depicted in Figure S1.

14 1.4
—Ru-4,7PH_0 —Ru-3,8PH_0
1.2 —Ru-4,7PH_24h 1.2 —Ru-3,8PH_24h
o 101 —Ru-4,7PH_48h o 10 —Ru-3,8PH_48h
£ 08 £ 08 A
g 3
2 06 2 064
04 0.4
0.2 4 0.2 4
0.0 x x v \ 0.0
300 400 500 600 700 '
(a.) Wavelength (nm) 300 400 Wavelengi’gutnm] 600 e
14 1.4
—Ru-4,7PH_0 ~—Ru-3,8PH_0
12 —Ru-4,7PH_24h 1.2 —Ru-3,8PH_24h
o 10 —Ru-4,7PH_48h . 10 —Ru-3,8PH_48h
£ 08 2 08
3 g
2 06 2 06
0.4 0.4
0.2 0.2
0.0 . 0.0 \
300 400 500 600 700
7
(b) Wavelength (nm) %0 o0 Wavelengfgo[nm] 6% o
14 1.4
—Ru-4,7PH_0 —Ru-3,8PH_0
12 { —Ru-4,7PH_24h 12 —Ru-3,8PH_24h
g 101 ~—Ru-4,7PH_48h o 10 —Ru-3,8PH_48h
:
2 08 8 08
3 o
a B
< 056 < 064
0.4 0.4 4
0.2 4 0.2 4
0.0 0.0 . . r )
300 400 500 600 700 ’
A 7
(C) Wavelength (nm) 800 00 Waveleng?l?%nm] 600 o0
14 —Ru-4,7PH_0 14 —Ru-3,8PH_0
1.2 —Ru-4,7PH_24h 12 —Ru-3,8PH_24h
o 10 ~—Ru-4,7PH_48h o 10 —Ru-3,8PH_48h
8
:
.g 0.8 8 084
2 o
2 3
2 06 & 064
04 0.4 4
0.2 0.2 4
0.0 4 0.0
300 400 500 600 700 300 400 500 600 700
(d) Wavelength (nm) Wavelength (nm)

Figure S1. UV-vis spectra of the Ru-4,7PH (left) and Ru-3,8PH (right) solutions in water (a),
MeOH (b), MeCN:H,0 (3:1) (c), DMSO (4 vol% H,0) (d), before (red line) and after irradiation

(blue LED, 12 W) for 24 h (blue line) and 48 h (green line).
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5. Single crystal analysis of Ru-4,7PH

The main problem we encountered within the search for all counterion is was the analysis of
the Fourier density synthesis and atomic displacement parameters in order to “catch” the oxonium
cation. The main difficulty is due to at least two different disorders that influence the occupancies
of water molecules and/or oxonium cations. The disorder of PO3; group led to decrease of O(6w)
occupancy down to 0.5. Furthermore, the chloride anion is also disordered with two positions
characterized by the occupancies 0.885(3) and 0.115(3). This disorder causes the decrease of O(5w)
oxygen occupancy down to 0.885(3) while O(5w”) occupancy is only 0.115(3). Clearly for correct
description of such disordered supramolecular assembly (water, chloride anion, oxonium) one need
to use the number of restraints: the same free variable for the same “part” of the disordered
supramolecular moiety, as well as EADP in order to decrease the correlations. It should be
mentioned that usage of all such constraints cause some increase in discrepancy factors and as one
of the referee pointed out the “the refining all the entities in the solvent sphere with free
occupancies will lead to a significant lowering of R1 to 5.65%” but unfortunately the matched

model often degrades the residual electron density and discrepancy factors (see Figure S2b).
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Figure S2. (a) Fragment of the crystalline structure of Ru-4,7PH showing the environment of the
chloride and oxonium ions in the crystal. Minor disordered parts observed in the single crystal X-
ray structure were omitted for clarity. (b) Residual density in the area of solvents and anions the

crystalline structure of Ru-4,7PH.

Assuming the presence of partial disorder of chlorine anion and water molecules the exact
position of oxonium cation is controversial. The choice of proposed position was based on the
presence of shortened O----O separation that is commonly the characteristic of oxonium which form
stronger H-bonds than water do (for e.g. see *°). Assuming that the proposed position of oxonium is
characterized by unrealistic O----Cl separation we can’t exclude that some other position of

oxonium can be observed or disorder is more complicated. But basing on the H-bonding pattern it
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seems that such a position is one of the most probable and doubtful CI----O distance can be the

consequence of disorder influence.

6. Detailed NMR analysis of Ru(ll) complexes.

Comparative analysis of spectral data for Ru(ll) complexes containing asymmetric phen ligands.

As discussed in the article, a comparative analysis of the proton signals of two bpy (2,2'-
bipyridine) ligands in [Ru(bpy).(phen)]** complexes with D3 symmetry (Figure S3) allows for easy
assignment of all proton signals based on the data 1D and 2D *H NMR spectroscopy (Tables S3 and
S4). However, when dealing with complexes containing asymmetric phen ligands, the two bpy
ligands become non-equivalent, and the position of each ligand relative to the substituent on the

phen ligand has to be determined.
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Figure S3. 3D schematic representation of the Ru(Il) complexes showing atom labeling.

Table S5 summarized *H NMR spectral data for a series of asymmetric [Ru(bpy)z(phen)]**
complexes that were reported previously by us and others and obtained in this work. Analyzing
these data, one can conclude that o-H (H2, H9) of the phen ligands can be unambiguous assigned
only for the compounds containing strong electron-donating or electron-withdrawing groups at
positions 3 or 4 of the heterocycle. For these complexes, the a-H proton of the substituted py ring
are upshifted or down-shifted, respectively, as generally observed in all aromatic organic

compounds.
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Table S3. Characteristic proton signals in *H NMR spectra of [Ru(bpy)(phen)]**

complexes.t
R R _
— P(O)(OEt)2 R /N R
/ A ~L7=12 1—4
A\Y ’f NS
B—N\ ’N—Z
\ N -JRUZ N / u2+ _--RUE N 1;14;13\N_“\-\h1:;+— _Nfsz;m;u
NJ N \>E—1’; /' \‘, \;a-zsjl
7oy ¢ N - BN N—z7
— — 8 2PFgs 1w %2 o2 %
Ru-phen R=H v SR
Ru-bpy Rﬂ-g 'IEPnEt R = P(O)(OEt), Ru-4PEt wat
Ru-4,7PH R = P(Q)(OH),
X=ClorPFg
Complex Solvent H2 H9 H22 H23 H13 H32
Ru-bpy CDsCN 7.73 7.73 7.73 7.73 7.73 7.73
Ru-phen CDs;CN 8.09 8.09 7.85 7.85 7.53 7.53
Ru-4,7PEt CDs;CN 8.29 8.29 7.80 7.80 7.52 7.52
Ru-4PEt ? CDsCN 8.24 8.14 7.82 7.84 7.48 7.57
Ru-4,7PH D,O 8.24 8.24 7.86 7.86 7.51 7.51

! Signals were assigned using detailed NMR investigations (the spectra are given in Figures S4—
S30 at the end of this section). 2 Ref. °

The a-H of the bpy ligands directed towards the phen ligand (H13 and H32) appear close to
Su 7.53 ppm, i.e. the chemical shift of o-H in the parent (non-substituted) [Ru(bpy)(phen)]**
complex. However, in most cases, their position with respect to the substituent on the phen ligand
cannot be defined due to the similarity of their chemical shifts. Proton directed towards the py ring
with an electron-withdrawing substituent on the phen ligand (H32) experience a downshift
compared to their analogs in the second bpy ligand (H13), but this downshift is clearly observed
only for derivatives with strong electron-withdrawing groups. Additionally, the remaining two a-H
protons of the bpy ligands (H22 and H23), directed towards the adjacent bpy ligand, exhibit very
similar chemical shifts and appear close to o4 7.82 ppm. Consequently, when comparing the
chemical shifts of the unknown complex with those of the parent [Ru(bpy).(phen)]** complex and
reported complexes of this series, six signals of a-H can be separated into three characteristic
groups and unambiguously attributed to bpy or phen ligands. However, their relative positions in
the coordination sphere of the metal ion can rarely be determined without additional structural
analyses; in particular using two dimentional heteronuclear NMR techniques. Such 2D NMR
analysis can be quite challenging due to the close similarity of chemical shifts for numerous protons
and carbons, as well as the structural specificity of these compounds. For example, in Ru-4PEt, two
a-H protons of the bpy ligands (H13 and H32) directed towards the phen ligand cannot be assigned
based solely on quantitative NOESY experiments, as their cross-peak integrals are very similar.

Proton assignment in this compound can only be accomplished by comparing the proton chemical
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shifts observed in this compound with those of Ru-4,7PEt, and Ru-phen (Table S3). For
complexes in which the difference in chemical shifts of H2 and H9 is less pronounced, complete

attribution of signals in proton spectra can be very difficult or even impossible.

Table S4. Assignment of characteristic proton signals in ‘H NMR spectra of
[Ru(bpy)2(phen)]** complexes with disubstituted phen ligands.

X =ClorPFg
f A b

Ru-4,7PHEt R= P(O)(OEt)(OH) 23:§'§§E‘EFﬂ?{gfg’g)(om

Ru-4,7PPh R = C:H,P(O)(OEt), RU-38PH R= P(O)(OH),

Ru-4,7-Br2 R =Br Ru-3.8COOH R= C(O)(OH)
Complex Solvent H2(H9) H22 (H23) H13(H32) Ref.
Ru-phen 1 CD;CN 8.09 7.85 7.53 this work
Ru-4,7PHEt D,0O 8.24 7.85 7.48 this work
Ru-3,8PEt CDsCN 8.15 7.90 7.58 6
Ru-3,8PHEt D,0O 8.18 7.91 7.57 this work
Ru-3,8PH D,0O 8.26 7.85 7.53 this work
Ru-4,7PPh CD;CN 8.57 7.89 7.71 6
Ru-3,8COOH  CD;OD 8.53 7.95 7.68 !
Ru-4,7Br, CD;CN 8.04 7.80 7.58 this work

! Signals were assigned using detailed NMR investigations (the spectra are given in Figures S4—
S30 at the end of this section).
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Table S5. Assignment of a—H proton signals in *H NMR spectra of [Ru(bpy).(phen)]?*

complexes with asymetrical phen ligands.

R
R1\ 7—12/6:511—/A<(R
/50_1\/ s
9—N\ /N:2
/14:13 NS /32:31
15\}6717 _kRuz: VN:;SVZ‘;O
18—N N—27
\22 212/ \26
20-21 24725
Ru-3PPh R = CgH4P(O)(OEt), Ru-4PPh R = CgH4P(O)(OEt), Ru-5PEt R = P(O)(OEt),
Ri=H Ry=H Ru-5PPh R = CgH,P(O)(OEt),
Ru-3Br R =Br Ru-4,7PHEt; R = P(O)(OEt), Ru-5Me R = Me
Ry=H R, = P(O)(OH)(OEt) Ru-5NO, R =NO,
Ru-3NHEt R = NH(CH,),0Ad Ru-5NHEt R = NH(CH,),0Ad
Ri=H
Ru-3,8PHEt;, R1= P(O)(OEt),
R1 = P(O)(OH)(OEt)
Complex Solvent H2 or H9 H22 or H23 H13 or H32 Ref.
Ru-phen * MeCN  8.09 8.09 7.85 7.85 7.53 7.53  this work
Ru-3PPh MeCN  8.19 8.12 7.93 7.84 7.70 758 ¢
Ru-3Br MeCN  8.10 8.08 7.84 7.78 7.62 748 8
Ru-3NHEt MeCN 750 7.85 7.84 7.82 7.66 755 °
Ru-4PPh MeCN  8.14 8.13 7.87 7.87 7.63 758 °©
Ru-5PEt MeCN 8.18 8.14 7.83 7.82 7.57 752 ¢
Ru-5PPh MeCN 814 8.13 7.88 7.88 7.61 759 °
Ru-5Me MeCN  8.05 8.02 7.85 7.85 7.53 753 1
Ru-5NO, MeCN 822 827 7.82 7.82 7.55 755 1
Ru-5NHEt MeCN  7.65 8.04 7.84 7.82 7.59 754 °
Ru-3,8PH;Et; MeCN 828 8.07 7.93 7.89 7.61 7.59  this work
Ru-4,7PH,Et; MeCN  8.19 7.99 7.82 7.81 7.55 7.53  this work

! Signals were assigned using "H-"C HMBC experiments.
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Assignment of signals for complexes Ru-4,7PH, RU-4PEt and Ru-phen.

Table S6. Signal assignment in NMR spectra of Ru-4,7PH.

2 <IN\ 7 2N, -1\ 34
[ | OH
D T
odhee
"o 7\2\8// a2 2\3%\/"/\\33
29\\30/31 OH
Ru-4,7PH
Assignment 3Sliz)hemlcialll_lshlft (p?grg) J|-E_H|-Z|) — —
1 148.0 10.5(33) 2.3(34)
2 8.24 152.0 5.3 2.8 12.8
3 7.96 127.8 5.3 13.5 7.9
4 142.3 168.8
5 8.84 127.6 4.5
6 8.84 127.6 4.5
7 142.3 168.8
8 7.96 127.8 5.3 13.5 7.9
9 8.24 152.0 5.3 2.8 12.8
10 148.0 10.5 (34) 2.3(33)
11 130.1 9.4
12 130.1 9.4
13 7.86 151.5 5.7 (14) 1.5 (15)
14 738 | 1272 72  57(13) 1.2
15 8.04 | 137.8 7.9 79  15(13)
16 8.52 124.0 8.2
17 157.0
18 156.9
19 8.47 124.0 8.2
20 7.92 137.7 7.9 7.9 1.4 (22)
21 713 | 1270 73 57(21) 12
22 7.51 151.3 5.7 (21) 1.4 (20)
23 7.51 151.3 5.7 (24) 1.4 (25)
24 7.13 | 1270 73 57(23) 1.2
25 7.92 | 1377 7.9 79  1.4(25)
26 8.47 124.0 8.2
27 156.9
28 157.0
29 8.52 124.0 8.2
30 8.04 137.8 7.9 7.9 1.5 (32)
31 7.38 127.2 7.2 5.7 (32) 1.2
32 7.86 1515 5.7 (31) 1.5 (32)
33 5.4
34 54
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Figure S4. (a) *H NMR spectrum of Ru-4,7PH (400 MHz, D,0, 298 K); (b) PSYCHE 'H NMR
spectrum of Ru-4,7PH (400 MHz, D,0, 298 K) in the aromatic region.

u
" e

J__ LA

8.6 8.5 8.4 8.3 8.2 8.1 8.0 79 7.8 7.7 786 7.5 7.4 7.3 7.2 71 7.0
ppm

Figure S5. Partial view of selective TOCSY NMR spectra of Ru-4,7PH with excitation at (a) oy
7.38 ppm, (b) o4 7.13 ppm (400 MHz, D,0, 298 K).
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Figure S6. Aromatic region of COSY *H spectrum of Ru-4,7PH (400 MHz, D,0, 298 K).
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Figure S7. Aromatic region of **C{*H} NMR spectrum of Ru-4,7PH (100 MHz, D,0, 298 K).
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Figure S8. Aromatic region of gHSQCAD spectrum of Ru-4,7PH (400 MHz, D,0, 298 K).
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Figure S9. Aromatic region of gHMBCAD spectrum of Ru-4,7PH (400 MHz, D,0, 298 K,
J =8 Hz).
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Figure S10. Partial view of gHMBCAD spectrum of Ru-4,7PH recorded with different values of J
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Figure S11. GEMSTONE NOESY spectrum of Ru-4,7PH recorded with excitation at o4 8.20 ppm
(400 MHz, D,0, 298 K).
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Table S7. Signal assignment in NMR spectra of Ru-4,7PEt.

16,15\\14 36-38
20/19\18/1|-|,\N¢1|3 97 > cj\P\//O
S
227N 7 07 e
23 /Ru2+\ : '5'
2|4|1' \\'Tl ‘ 'Tll/ %1l1/ OEt
250672873 g7 4\p/\33
| [ />0
2PF 29\30/31 OFEt
Assignment 31Chemlclal shift (pgm) J (H2)
P H C H-H H-P C-P
1 149.1 11.8(33) 2.6 (34)
2 8.29 153.8 53 2.8 13.8
3 8.07 131.0 5.3 14.7 7.9
4 136.2 183.2
5 8.88 128.6 40(33)  1.0(34)
6 8.88 128.6 4.0 (34) 1.0 (33)
7 136.2 183.2
8 8.07 131.0 5.3 14.7 7.9
9 8.29 153.8 5.3 2.8 13.8
10 149.1 11.8(34) 2.6 (33)
11 1311 10.2
12 131.1 10.2
13 7.52 152.6 5.6 (14) 15(15) 0.7 (16)
14 7.24 128.5 7.7(15) 5.6(13) 1.3(16)
15 8.02 139.1 | 83(16) 7.7(14) 15(13)
16 8.51 1253 | 83(15) 13(14) 0.7(13)
17 157.6
18 157.8
19 8.56 1253 | 83(20) 1.3(21) 0.7(22)
20 8.13 1392 | 83(19) 7.7(1) 15(22)
21 7.48 1286 | 7.7(20) 56(22) 1.3(29)
22 7.80 153.1 56(21) 15(20) 0.7(19)
23 7.80 153.1 5.6(24) 15(25) 0.7(26)
24 7.48 128.6 7.7(25) 5.6(23) 1.3(26)
25 8.13 139.2 | 83(26) 7.7(24) 15(23)
26 8.56 1253 | 83(25) 1.3(24) 0.7(23)
27 157.8
28 157.6
29 8.51 1253 | 83(30) 1.3(31) 0.7(32)
30 8.02 139.1 | 83(29) 7.7(31) 15(32)
31 7.24 1285 | 7.7(30) 5.6(32) 1.3(29)
32 7.52 1526 | 56(31) 1.5(30) 0.7 (29)
33 11.4
34 11.4
35 1.331 16.5 7.1 (37) 8.7 6.2
36 1.326 16.5 7.1 (38) 8.7 6.2
37 4.23(2) 64.6 7.1 (35) 0.6 5.9
38 4.23(2) 64.5 7.1 (36) 0.6 5.9
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Figure S13. Aromatic region of *H NMR spectrum of Ru-4,7PEt (400 MHz, CDsCN, 300K).
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Figure S14. Aromatic region of PSYCHE *H NMR spectrum of Ru-4,7PEt (400 MHz, CDsCN,
300K).
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Figure S15. Selective 'H TOCSY spectra of Ru-4,7PEt recorded with excitation at oy 7.21 ppm
(@), 7.44 ppm (b) (400 MHz, CD3;CN, 300K).
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Figure S16. “C{"H} NMR spectrum of Ru-4,7PEt (100 MHz, CD3;CN, 300K).
C2,Cs ¢, C
14, C31 C19,C
Y 1972 1C1e, Cao

C4 Cy Cu,C12  CyCs

PN N ..

— 4 L A

38.0 137.5 137.0 136.5 136.0 135.5 135.0 134.5 134.0 133.5 133.0 132.5 132.0 131.5 131.0 130.5 130.0 129.5 129.0 128.5 128.0 127.5 127.0 126.5 126.0 125.5 125.0 124.5
m

Ci5: Co7

Ci7,C2 C21,C2 C13,Ca2 oot Cos C1s C3o

C2, Cy

H C4,C1o
ol Il

T T T T T T T T T T T T T T T T T T T T T
158 157 156 155 154 153 152 151 150 149 148 147 146 145 144 143 142 141 140 139 138
ppm

Figure S17. Aromatic region of *C{*H} NMR spectrum of Ru-4,7PEt (100 MHz, CDsCN, 300K).
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Figure S18. Partial view of GEMSTONE NOESY spectrum of Ru-4,7PEt recorded with the
excitation at o4 8.29 ppm (400 MHz, D,0, 298 K).
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Figure S19. **P{"H} NMR spectrum of Ru-4,7PEt. (161.9 MHz, CDsCN, 300K).
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Figure S20. Aromatic region of gCOSY *H NMR spectrum of Ru-4,7PEt (CDsCN, 300K).
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Figure S21. Aromatic region of gHSQCAD NMR spectrum of Ru-4,7PEt (400 MHz, CDs;CN,
300K).
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Figure S22. Aromatic region of gHMBCAD NMR spectrum of Ru-4,7PEt, recorded for J = 8 Hz.
(400 MHz, CD3CN, 300K).
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Figure S23. Partial view of gHMBCAD NMR spectrum of Ru-4,7PEt (400 MHz, CDsCN, J =8
Hz, 300K).
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Table S8. Signal assignment in NMR spectra of Ru-phen.

Rk

2 e

ey 2T gg N3y Ingrt

2PFg 2|9\\3o/:;|1 g9
_ Chemical shift 3 (H2)

Assignment (ppm)

'H Bc H-H
1 148.4
2 809 | 1534 53 (3) 1.3 (4)
3 774 | 1320 8.3 (4) 53(2)
4 862 | 1377 8.3 (3) 1.3(2)
5 8.24 128.9
6 8.24 128.9
7 862 | 1377 8.3 (8) 1.3 (9)
8 774 | 1320 8.3 (7) 5.3 (9)
9 809 | 153.4 5.3 (8) 1.3 (7)
10 148.4
11 131.1
12 131.1
13 754 | 1527 |56(14) 15(15) 08 (16)
14 722 | 1282 |7.7(15) 56(13) 1.3(16)
15 799 | 1385 |82(16) 7.7(14) 15(13)
16 849 | 1250 |82(15) 1.3(14) 0.8(13)
17 157.9
18 158.2
19 853 | 1251 |83(20) 1.3(21) 0.8(22)
20 810 | 1387 |83(19) 7.7(21) 1.5(22)
21 745 | 1284 |7.7(20) 56(22) 1.3(19)
22 785 | 1529 |[56(21) 15(20) 0.8 (19)
23 785 | 1529 |56(24) 15(25) 0.8 (26)
24 745 | 1284 |77(25 56(23) 1.3(26)
25 810 | 1387 |83(26) 7.7(24) 1.5(23)
26 853 | 1251 |83(25) 1.3(24) 0.8(23)
27 158.2
28 157.9
29 849 | 1250 |82(30) 13(31) 0.8 (32)
30 799 | 1385 |82(29) 7.7(31) 1.5(32)
31 722 | 1282 |77(30) 56(32) 1.3(29)
32 754 | 1527 |[56(31) 15(30) 0.8 (29)
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Figure S24. "H NMR spectrum of Ru-phen (400 MHz, CDs;CN, 300 K).
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Figure S$25. ®*C{*H} NMR spectrum of Ru-phen (100 MHz, CDsCN, 300 K).
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Figure S26. Aromatic region of PSYCHE 'H NMR spectrum of Ru-phen (400 MHz, CDsCN,
300 K).
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Figure S27. Selective *H TOCSY spectra of Ru-phen recorded with excitation at & 7.21 ppm (a),
and 6y 7.44 ppm (b) (400 MHz, CD3CN, 300 K).
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Figure S28. gCOSY *H NMR spectrum of Ru-phen (400 MHz, CDsCN, 300K).
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Figure S29. gHSQCAD NMR spectrum of Ru-phen (400 MHz, CD3;CN, 300K).
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Figure S30. gHMBCAD NMR spectrum of Ru-phen (400 MHz, CD3CN, 300K, J = 8 Hz).
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Figure S31. Partial view of gHMBCAD NMR spectrum of Ru-phen (400 MHz, CD3CN, 300K, J
=8 Hz).
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7. Visible light photoredox-catalyzed functionalization of tertiary amines
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Figure S32. Homemade photoreactor setup: a — front view of the photoreactor;

b, ¢ — reaction tubes with glass inlets are fixed between LED; d — the reaction tubes; e —schematic
representation of photoreactor setup; 1 — electric fan (16 W, 188 m®h); 2 — plastic protecting tube
(d = 150 mm, h = 500 mm); 3 — aluminum cup (d = 110 mm); 4 — blue LED strip (LP SMD 5050,
300 Led, IP65, 12V, 12 W, 455 nm); 5 — magnetic stirrer (IKA® C-Mag HS 7); 6 — silicone hoses
for a slow air access; 7 — rubber septums with glass outlets; 8 — fixed polypropylene centrifuge

tubes (15 mL) equipped with magnetic stirring bars.
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Table S9. Recycling of Ru-4,7PHETt in the nitromethylation of THIQ 1a.

Ru-4,7PHEt (1 mol%)

C@ Blue LED (450 nm, 12 W) N
Ph”
o N MeNO,/MeOH, air, r.t.

NO,
1a 2a
Cycle* Time (h) Conversion (%) 2 Yield (%) 2
1 10 93 83
2 10 85 70
3 10 97 84
4 10 94 79
5 10 77 67
6 10 80° -
14 91 70
7 10 403 -
19 812 -
27 98 70

! Reaction conditions: 1a (0.3 mmol), Ru-4,7PHEt (1 mol%), MeNO, (1.2 mL), MeOH (0.8 mL), air, blue
LED (12 W), r.t.. 2 The yields and conversions were determined using NMR 'H analysis of the reaction
mixture. 1,3-Dimethoxybenzene was used as an internal standard. * Conversion was found using NMR *H
analysis of the reaction mixture without an internal standard.

Table S10. Recycling of Ru-bpy in the nitromethylation of THIQ 1la.

Ru-bpy (1 mol%)

C@ Blue LED (450 nm, 12 W) N
Ph”
ph N MeNO,/MeOH, air, r.t.

NO,
1a 2a
Cycle! Time (h) Conversion (%) 2 Yield (%) ?
1 10 91 73
2 10 30° -
36 97 75

! Reaction conditions: 1a (0.3 mmol), Ru-bpy (1 mol%), MeNO, (1.2 mL), MeOH (0.8
mL), air, blue LED (12 W), r.t.. ? The yields and conversions were determined using
NMR *H analysis of the reaction mixture. 1,3-Dimethoxybenzene was used as an internal
standard. * Conversion was found using NMR *H analysis of the reaction mixture without
an internal standard.
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Representative examples of *H NMR analysis of the reaction mixtures in the aza-Henry reaction.
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Figure S33. 'H NMR spectrum of reaction mixture obtained in
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Figure S34. 'H NMR spectrum of reaction mixture obtained in the 5th cycle of the nitromethylation

of THIQ 1a (400 MHz, CDCls, 298 K).
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Table S11. Recycling of Ru-4,7PHEt in the phosphonylation of THIQ 1a.

Ru-4,7PHEt (1 mol%)

qj Blue LED (450 nm, 12 W) @
Ph”
ph N HP(O)(OEt),, MeOH,air, r.t.

P(O)(OEt),
1a 3a
Cycle ! Time (h) Conversion? (%) Yield? (%)

1 4 98 86
2 4 93 70
3 4 83 64
4 4 77 64
5 4 78 63
6 4 69 ° -

6 95 66
7 4 453 -

8 67° -

14 93 72

! Reaction conditions: 1a (0.375 mmol), Ru-4,7PHEt (1 mol%), HP(O)(OEt), (62 pL, 0.488 mmol, 1.3
equiv.), MeOH (1.5 mL), air, blue LED (12 W), r.t.. 2 The yields and conversions were determined using
NMR 'H analysis of the reaction mixture. 1,3-Dimethoxybenzene was used as an internal standard. °
Conversion was found using NMR *H analysis of the reaction mixture without an internal standard.

Table S12. Recycling of Ru-bpy in the phosphonylation of THIQ 1la.

Ru-bpy (1 mol%)

(:@ Blue LED (450 nm, 12 W) @
Ph”
ph HP(O)(OEt),, MeOH,air, r.t.

P(O)(OEY),
1a 3a
Cycle! Time (h) Conversion? (%) Yield? (%)
1 4 70° -
6 100 64
2 6 543 ;
16 93 68

! Reaction conditions: 1a (0.375 mmol), Ru-bpy (1 mol%), HP(O)(OEt), (62 puL, 0.488
mmol, 1.3 equiv.), MeOH (1.5 mL), air, blue LED (12 W), r.t. ? The yields and
conversions were determined using NMR H analysis of the reaction mixture. 1,3-
Dimethoxybenzene was used as an internal standard). * Conversion was found using NMR
'H analysis of the reaction mixture without an internal standard.
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Representative examples of 'H NMR analysis of the reaction mixtures in the phosphonylation
reaction.

Ru-4,7PHEt

Blue LED (450 nm,12 W)
N
Ph

MeOH, HP(O)(OEt),, air, r.t.

P(O)(OE),
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MeOH
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“ ﬂ *
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Figure $35. *H NMR spectrum of reaction mixture obtained in the 1st cycle of the phosphonylation
of THIQ l1a (400 MHz, CDCl3, 298 K).
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Figure S$36. 'H NMR spectrum of reaction mixture obtained in the 5th cycle of the phosphonylation
of THIQ 1a (400 MHz, CDCls, 298 K).
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Table S13. Comparison of TON and TOF values for Ru-4,7PHEt and Ru-bpy catalysts.*
Average TOF,

. TON TOF (1™ cycle),
Reaction Catalyst (number of cycles) bt (number c_)lf cycles),
Nitromethylation Ru-4,7PHEt 523 (7 cycles) 8.3 5.7 (7 cycles)
Ru-bpy 148 (2 cycles) 7.3 3.2 (2 cycles)
Phosphonylation Ru-4,7PHEt 485 (7 cycles) 21.4 12 (7 cycles)
Ru-bpy 132 (2 cycles) 10.6 6 (2 cycles)

! The values were calculated from the data given in the tables S9-S12.
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@ Conversion
mYield

mConversion
EYield

80 1 80 1
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%

o
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20 A 20 A

0 4

Cycle Cycle

Figure S37. (A) Recycling Ru-4,7PHEt in the nitromethylation of THIQ 1a. The irradiation time
was 10 h. (B) Recycling Ru-4,7PHEt in the phosphonylation of THIQ 1a. The irradiation time was
4 h.
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8. Spectral characterization of Ru(ll) complexes

UV-vis spectra of Ru(ll) complexes
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Figure S38. UV-vis spectra (¢ as function of wavelength) of complexes Ru-3,8PHEt, Ru-3,8PH,
Ru-PHEt and Ru-4,7PH in water.
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Figure $39. *H NMR spectrum of Ru-4,7PHEt (400 MHz, D,0, 300 K).
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Figure S40. *'P NMR spectrum of Ru-4,7PHEt (161.9 MHz, D,0, 300 K).
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Figure S42. *'P NMR spectrum of Ru-3,8PHEt (161.9 MHz, D,0, 300 K).
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Figure S45. *H NMR spectrum of Ru-3,8PHEt (400 MHz, D,0, 300 K).
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Figure S46. *'P NMR spectrum of Ru-3,8PHEt (161.9 MHz, D,0, 300 K).
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Figure S47. *H NMR spectrum of Ru-3,8PH;Et; (400 MHz, CDsCN, 298 K).
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Figure S49. *H NMR spectrum of Ru-4,7PH;Et; (400 MHz, CD5CN, 300 K).
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Figure S50. *'P NMR spectrum of Ru-4,7PH;Et; (161.9 MHz, CD5CN, 300 K).
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IR spectra of Ru(ll) complexes Ru-Pcat-A.
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Figure S51. IR spectrum of Ru-4,7PHEt (neat).
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Figure S53. IR spectrum of Ru-3,8PHEt (neat).
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Figure S54. IR spectrum of Ru-3,8PH (neat).
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Mass-spectra of Ru(ll) complexes.

Intens6 [M2+, -2H+2Na]2+ Impact2_230309_04_23al_MOR353.d: +MS, 1.0min #57-58
x10 2+
427.0353
1.25
[M2+, -H}Na]2+
1.00
[M2+, -H]+
1+
- [M]24 809.0984
[M2+, -2H+Nal+
0.50 831.0804
[M]2+
[M2+, -H]+
0.25 1+
781.0665
561.7177
477.0142 7011018
0.00 “
300 400 500 600 700 800 900 1000 1100 m/z
Intensé i Impact?_230309_04_23al_MOR353.d: +MS, 1.0min #57-58
x10 1+
0.8 80S.0984
0.6 1+
04 B08.0993 e 811.0992
- 207.0984 810.1010 e
g 812.1020
0.2 803.1001 1+
0.0 i " 1 1 8050532 | s13104e £17.0680
){11]6 i Impacta30309.4;3al_MORsss.d:CagHaaNeOsP:RU, B09.0975
1+
0.8 809.0985 Calcd. for C36H33N606P2Ru
0.6 1+ 1+
1+ 808.0994 1o 5110994
0.4 BO7.0988 210.1011 .
0.2 3031;'00? 1+ 812.1018 ;,
| 805.1002 813.1046
0.0 : 4 L : : : : i :
800 802 B804 806 808 810 812 814 816 818 m/fz

Figure S55. HR-ESI mass spectrum of Ru-4,7PHELt.
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Figure S56. HR-ESI mass spectrum of Ru-4,7PH.
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Figure S58. HR-ESI mass spectrum of Ru-3,8PH.
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