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S1. General procedures

$1.1. Reagents and solvents
All reagents were purchased from commercial suppliers and used without further purification.

Anhydrous solvents were dried using a Solvent Purification System (SPS M BRAUM) or purchased
from commercial suppliers degassed and stored over molecular sieves. Solvents used in catalytic
experiments were deoxygenated using the freeze-pump-thaw methodology and kept under an

atmosphere of nitrogen.

$1.2. Instrumentation
Nuclear magnetic resonance (NMR) spectra were recorded on Bruker spectrometers operating

at 300 or 400 MHz (*H NMR) and 75 or 100 MHz (*3C{*H} NMR), respectively, and referenced to
SiMe, (0 in ppm and J in Hertz). NMR spectra were recorded at room temperature with the
appropriate deuterated solvent. Electrospray mass spectra (ESI-MS) were recorded on a SYNAPT
XS High-Definition Mass Spectrometer (Waters Corporation, Manchester, UK) equipped with an
electrospray ionization (ESI) source. UV-visible absorption spectra were recorded on a Varian
Cary 300 BIO spectrophotometer and a JASCO V-780 spectrophotometer using dry and degassed
methanol. Emission spectra were recorded on a FluoTime300 on similar methanol solutions, and
using 2-methyl-THF for the emission spectra at 77K for complex I. The photocatalytic reactions
were carried out in a homemade photoreactor (see Figure S36). The setup has a magnetic stirrer,
Schlenk flask connected to a bubbler filled with mineral oil, stirring bar and two Kessil PR160L-
440 nm LED lamps. Molecular hydrogen was detected using an Agilent 990 Micro-GC gas

chromatograph, using argon as carrier gas.

S2. Synthesis and characterization of ruthenium complexes

$2.1. Synthesis of ruthenium complex |

\, : Synthesis of I. Metal complex | was prepared by modifying a reported
method in the literature. * In a 30 mL Schlenk flask, under inert atmosphere,

|
N/Rlu"" 2-hydroxypyridine (100 mg, 1.05 mmol) was dissolved in 5 mL of THF for 5
7 W 0 cl minutes. Then, solution was mixed with sodium hydride dry, 90% (30.3 mg,

[—

1.2 eq.) and stirred for 30 min at room temperature using a bubbler filled

with mineral oil to let the gas to be released from the reaction media. After
that, solvent was eliminated by reduced pressure, forming a white precipitate that corresponds
to the pyridone sodium salt (see Scheme 1). This salt was further reacted with [Ru(p-
cymene)Cl,], (261.5 mg, 0.43 mmol) in 5 mL of dry CH,Cl, during 3h at room temperature. Next,
solution was filtered through a celite pad, precipitated in CH,Cl,/diethylether and dried under
reduced pressure to obtain an orange solid (263 mg, 84% yield). *H NMR (400 MHz, CDCl;): 6
7.85 (d, J= 7.4 Hz, 1H, CHop,), 7.31 (t, J= 5.9 Hz, 1H, CHo,), 6.41 (t, J= 5.9 Hz, 1H, CHoy,), 6.05 (d,
J= 8.6 Hz,1H, CHgy,), 5.62 (dd, J= 5.8, 10.1 Hz, 2H, CH,.¢,m), 5.37 (t, J= 5.8 Hz, 2H, CH,.,m), 2.94
(m, 1H, CHip), 2.35 (s, 3H, CHswe), 1.33 (dd, J= 5.8, 10.1 Hz, 6H, CHsp,). HRMS ESI-TOF-MS
(positive mode): [M-CI]* 330.0434; calc. 330.0436; g,: 0.6 ppm.



$2.2. Characterization NMR spectra of ruthenium complex |
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Figure S1 *H NMR spectrum of complex I in CDCl.
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Figure S2 'H NMR spectrum of complex | in CD3CN.
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Figure S3 *H NMR spectrum of complex | in MeOD.
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Figure S4 'H NMR of a) complex I in MeOD; b) | in CDCl; after MeOD solvent removal.



$2.3. HR-MS of ruthenium complex |

O

|
—Ru,
_ O
I 270.

MW: 364.83 g/mol (RUC15H18NOC|)

Fragment: 330.0434 [M - Cl]*, 270.9831 [M - PyO]*

100 9831 330.0434 1.12¢6
+
[M - PyO] [M — C|]+
312.0095
B3
379.0616
o L PAIO2A25859 5600150, 1111, oo 11 R ‘ ssa1024 ]
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Figure S5 HR-MS of complex I in CH3;CN.
synap_inf_JM_071 (0.037) Is (1.00,1.00) RuC15H18NO 1: TOF MS ES+
100+ 330.0436 2.92e12
Simulated
332.0444
LIS
324.0464
| | ‘ |
O 7T T T T T T T T T T T T T T T T T T mz
316 318 320 322 324 326 328 330 332 334 336 338 340 342 344 346 348
synap_inf_JM_071 1 (0.037) 1: TOF MS ES+
100+ 330.0434 1.10e6
Experimental
332.0448
<
324.0466
316.0091
ol \ 318.3038 322.0357 ‘ L L ‘ \ 339.1786 343.0446 _ 346.0418 iz
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Figure S6 Comparison of simulated (top) and experimental (bottom) HRMS of complex I.
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Figure S7 HR-MS of complex I in CH;0H.



$2.4. Synthesis of ruthenium complexes II-VII
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Figure S8 Ruthenium complexes I-VII used in photodehydrogenation of amines.

Ruthenium(Il) complexes 11,2 11,3 IV 4 and VII > were prepared according to reported procedures
in the literature.

_ >_©_ >_©_ OTf
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Scheme S1. Synthesis of neutral and cationic MIC-Ru" complexes V-VI.

Synthesis of V. Metal complex V was prepared by adapting a reported method in the literature.®
\/ : In a 100 mL Schlenk flask, under inert atmosphere, 1,3-dimesityl-4-
(phenylcarbamoyl)-1H-1,2,3-triazol-3-ium chloride (200 mg, 0.43 mmol)

u e [H,L]Cl, Ag,0 (99 mg, 0.43mmol), [Ru(p-cymene)Cl,], (132 mg, 0.21 mmol)

N 1‘( and tetramethylammonium chloride (141 mg, 1,29 mmol) were
introduced along with dry acetonitrile (8mL) and stirred for 20 hours at

60 °C in the absence of light, covered up in aluminum foil. The reaction

v mixture was filtered through celite and washed with acetonitrile (2 x 20
mL). Solvent was evaporated under reduced pressure. The resultant oil was redissolved in
dichloromethane and filtered again through celite. Then, the solvent was partially removed, and
the solution was passed through a silica gel chromatographic microcolumn, using DCM as eluent.
The volatiles were removed under reduced pressure, to afford a brown solid. (247.4 mg, 83 %
yield). 'H NMR (400 MHz, CD,Cl,) & 7.69 (dd, J = 8.5, 1.3 Hz, 2H, CHyom), 7.24 (t, J = 7.8 Hz, 2H,
CHarom), 7-20 (d, J = 3.9 Hz, 2H, CHaom), 7.05 (s, 1H, CHarom), 7.04 — 6.99 (m, 1H, CHaom), 6.99 (s,
1H, CHarom), 5.22 (d, J = 6.3 Hz, 1H, CH,.ym), 4.83 (d, J = 5.4 Hz, 1H, CHp.cym), 4.72 (d, J = 6.3 Hz,
1H, CHy.cym), 4.00 (d, J = 5.4 Hz, 1H, CHy.ym), 2.47 (s, 3H, CH3), 2.36 (s, 3H, CHs), 2.32 (s, 3H, CH,),



2.25 (s, 3H, CHs), 2.25-2.18 (m, 1H, CHip,), 2.14 (s, 3H, CHs), 1.92 (s, 3H, CHs), 1.89 (s, 3H, CHs),
0.94 (dd, /=6.9, 1.8 Hz, 6H, CHs,p;). 3*C NMR (75 MHz, CD,Cl,) 6 171.8, 162.4, 153.8, 141.9, 141.5,
137.5, 135.8, 135.2, 134.3, 130.3, 129.6, 129.5, 129.4, 128.0, 127.6, 123.6, 100.7, 97.8, 95.0,
92.6, 81.7, 79.3, 31.1, 24.2, 21.6, 21.5, 21.1, 19.0, 18.9, 18.1, 17.8, 17.5. HRMS ESI-TOF-MS
(positive mode): [M+H]* 695.2128; calc. 695.2097; €,: 4.4 ppm.

Synthesis of VI. Metal complex VI was synthesized following a reported method in the
literature. 7 In a 100 mL Schlenk tube and under argon atmosphere,

OTf
> O _‘ complex V (100 mg, 0.14 mmol) and AgOTf (37 mg, 0.144 mg) were
Mes R'u,,, added. Then, 15 mL of DCM and 2 mL of acetonitrile were introduced
N \ 'NCCHj : . - .
N Q N in the tube, and it was let stirring for 3 hours. The reaction crude was
Y Ph ) , ,
/N Y filtered through a celite pad, and the volatiles were removed under
Mes reduced pressure. The dark brown oil was redissolved in DCM (20 mL),
Vi

filtered again through celite, and solvent was evaporated. The oil was
precipitated with n-pentane and dried to afford a light brown powder. (121 mg, >99% vyield).
1H NMR (400 MHz, CD,Cl,) & 7.41 (d, J = 7.5 Hz, 2H, CHarom), 7.29 (t, J = 7.7 Hz, 2H, CHarom), 7.22
(s, 2H, CHarom), 7.13 = 7.06 (m, 2H, CHyrom), 6.99 (s, 1H, CHarom), 5.79 (d, J= 6.4 Hz, 1H, CHp.oym),
5.08 (d, J = 5.8 Hz, 1H, CH,.cm), 4.84 (d, J = 6.4 Hz, 1H, CH,.cym), 4.24 (d, J = 5.7 Hz, 1H, CHp.cm),
2.42 (s, 6H, CHs), 2.31 (s, 3H, CHs), 2.18 (s, 3H, CHs), 2.05 (s, 3H, CHs), 2.03 (s, 3H, CHs), 2.01 —
1.96 (m, 1H, CHy,), 1.87 (s, 3H, CHs), 1.84 (s, 3H, CHs), 0.87 (d, J = 7.0 Hz, 3H, CH3 ), 0.83 (d, J =
6.9 Hz, 3H, CH;,).2*C NMR (75 MHz, CD,Cl,) 6 167.7, 163.0, 148.2, 143.3, 142.8, 135.1, 135.0,
134.4, 134.3, 130.9, 130.7, 130.1, 130.0, 129.9, 129.8, 127.0, 126.4, 124.5, 119.2, 105.4, 101.2,
96.7,93.7, 84.8, 83.8, 31.3, 24.0, 21.7, 21.6, 21.0, 19.0, 18.2, 17.8, 17.2, 4.5. HRMS ESI-TOF-MS
(positive mode): [M — OTf — NCCH;]* 659.2347; calc. 659.2334; €,: 1.9 ppm.



$2.5. Characterization NMR spectra of ruthenium complexes II-VII
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Figure S9 *H NMR spectrum of complex Il in CDCl;.
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Figure S11 *H NMR spectrum of complex IV in MeOD.
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Figure $13 13C NMR spectrum of complex V in CD,Cl,.
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Figure $14 'H NMR spectrum of complex VI in CD,Cl,,
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Figure $16 'H NMR spectrum of complex VII in CDCl;.

$2.6. HR-MS of ruthenium complexes Il - VII

O

MW: 414.89 g/mol (RuC,5H,,NOCI)

1
|
N/Ru,
",
| “ci Fragment: 380.0594 [M - CI]*
. O
Il
synap_inf_JM_068 1 (0.037) 1: TOF MS ES+
- 270.9826 1.68¢6
100
[M=Cl]*
312.0096 380.0594
3
459.0422
242.2850 ‘ 423.0705
168.0432 212.0365 288.9949 355.0370 il Jll, 4893225 517.3664 6510337
LR AR AR T T i T T T T IRARA AR AL L DAL L L A A A
440 460 480 500 520 540

‘ 420

160 180 200 220 240 260 280 300 320 340 360 380 400

Figure S17 HR-MS of complex Il in CH;CN.

synap_inf_JM_068 (0.037) Is (1.00,1.00) RuC19H20NO 1: TOF MS ES+
380.0594 2.87e12
100
Simulated
382.0602
LIS
374.0621 ‘
0 T T T T T ‘ ‘ T T T T r m/z
355 360 365 370 375 380 385 390 395 400 405
synap_inf_JM_068 1 (0.037) 1: TOF MS ES+
1004 380.0594 1.05e6
Experimental
382.0606
0\07
374.0626
355.0370 363.3177 371.1366 ‘ L ! ‘ | 389.2430 396.0632 4023613
T T T T T T T T T T
355 360 365 370 375 380 385 390 395 400 405

Figure $S18 Comparison of simulated (top) and experimental (bottom) HR-MS of complex II.
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/ SN—Ru. MW: 414.89 g/mol (RuC;9H,NOCI)
A
(0] c Fragment: 380.0597 [M - CI]*
]]
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00— 380.0597 3.02e6
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242.2855 312.0009
0 ”\“‘!‘1‘”w‘”‘\J””w”w”w“‘ T ”‘\”“w”w””w”ww‘ “w““hw”"”‘;“‘““"1‘1““‘\”””‘w‘”w‘”1\‘”‘\"”\””\””\””w”w”w”wm
200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560

Figure S19 HR-MS of complex Il in CH3;CN.

synap_inf_JM_070 (0.037) Is (1.00,1.00) RuC19H20NO 1: TOF MS ES+
100~ 380.0594 2.87¢12
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355 360 365 370 375 380 385 390 395 400 405
synap_inf_JM_070 1 (0.037) 1: TOF MS ES+
100~ 380.0597 5.49¢5
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382.0604
D\D,
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0 358.3679 362.3328 369.3917 L 390.0611  396.0552 4023519
T T T T T T T T T T
355 360 365 370 375 380 385 390 395 400 405

Figure $20 Comparison of experimental (top) and simulated (bottom) HR-MS of complex IlI.
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Figure S21 HR-MS of complex IV in CH;0H.
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synap_inf_JM_067 (0.037) Is (1.00,1.00) RuC20H22N202Cl 1: TOF MS ES+
u 4590415 2.46e12
100
Simulated [161.0413
LIS
453.0446 6‘3-‘0404
0 T T T T ‘ \‘ T T T T T T T  m/z
435 440 445 450 455 460 465 470 475 480 485 490
synap_inf_JM_067 1 (0.037) 1: TOF MS ES+
. 459.0421 3.96e5
100
- 161.0422
Experimental
D\O,
453.0450 463.0414
0 437.3044441.3633445.3615449.3617 | | ‘ . 468.3920 4753667 481.0232 489.3205
T T T T T T T T T T T T T
435 440 445 450 455 460 465 470 475 480 485 490

Figure S22 Comparison of simulated (top) and experimental (bottom) HR-MS of complex IV.
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Mes ; MW: 694.25 g/m0| (RUC37H41N4OCI)
\ Ru.,,
N \ /C| . +
N N Fragment: 695.2128 [M + H]
. ~Ph
N
Mes O
\")
100+ 270.9827 [M + H]* 2.53¢5
695.2128
312.0095
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<
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380.0590 659.2379
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o w“ww:‘m\““““‘1““"4"‘1“‘J‘Ps‘J\‘:“‘H“J‘Hu‘w‘m_m‘w‘fm‘wH\um“lw 73?“17?67‘963‘034“?77‘491
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900

Figure S23 HR-MS of complex V in CH;CN.

synap_inf_JM_069 (0.037) Is (1.00,1.00) RuC37H41N4OCIH
100-

1: TOF MS ES+
695.2097 2.28e12
. 697.2095
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LIS
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08732430 677.4739 683.5292 | | 709.4535713.1991 717.2002 721.4653 727.1683,
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Figure S24 Comparison of simulated (top) and experimental (bottom) HR-MS of complex V.
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Mes Ru.. MW: 848.91 g/mol ([RuCssH4sNsO]CF3S0O5)
N \ NCCHj
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N
/
Mes o
\'/|
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Figure S25 HR-MS of complex VI in CH;CN.
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Figure S26 Comparison of simulated (top) and experimental (bottom) HR-MS of complex VI.
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MW: 602.57 g/m0| (RUC31H30 ClzNz)

Fragment: 567.1151 [M - CI]*

VIl
[M-CI]*
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Figure S27 HR-MS of complex VIl in CH;CN.

synap_inf_JM_049a (0.071)Is (1.00,1.00) RuCIN2C31H30 1: TOF MS ES+
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Figure $28 Comparison of simulated (top) and experimental (bottom) HR-MS of complex VII.
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$2.7. Absorption spectra of ruthenium complexes I-VII
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Figure $29 Absorption spectra of complexes I-VIl in degassed methanol (5.0 x 10> M).

$2.8. Absorption and emission of ruthenium complex |

Relative intensity (a.u.)

/
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Figure S30 Absorption of complex | (black) and emission spectra at 298K (red) and 77K (blue).
Solutions were prepared in dry MeOH (absorption and emission at 298 K) or dry 2-methyl-THF
(emission at 77K), ImM. The energy associated with Aq is Eqo = 3.6 eV.
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$2.9. Cyclic voltammetry of ruthenium complex |

Cyclic voltammetry (CV) experiments were performed using a standard three-electrode
configuration consisting of a glassy carbon disk working electrode, a silver (Ag/AgCl) reference
electrode, and a platinum counter electrode. The electrolyte solution was prepared by dissolving
(["BusN][PF¢], 0.1 M) in anhydrous acetonitrile (MeCN). A volume of 5 mL of the supporting
electrolyte solution was transferred to the electrochemical cell under an inert atmosphere. The
analyte was added directly to the electrolyte to achieve a final concentration of 3 mM. When
applicable, ferrocene (Fc) was added as an internal standard at a concentration of 3 mM. Prior
to measurements, the solution was thoroughly degassed with argon for at least 5 minutes to
remove dissolved oxygen. During voltammetry, a gentle positive pressure of inert gas was
maintained over the solution. Voltammograms were recorded in the potential range of —2.4 to
+2 V vs Ag, at a scan rate of 50 mV/s, unless otherwise stated. Under these conditions, ferrocene
exhibited a reversible redox couple centered at approximately +0.4V vs Ag, consistent with
literature values in MeCN. Redox potentials of analytes were reported recalibrated to the Fc/Fc*
couple. Control experiments on blank electrolyte solutions (0.1 M ["BusN][PFs] in MeCN) were
conducted to monitor for residual moisture or oxygen. All measurements were performed at
room temperature (~20 °C).

40 -
E, =0.777V
20-
<
E
€ —
2 0-
=}
(@]
_20_
E,z/=F 1909V

-2.0 -1.5 1.0 -0.5 0.0 0.5 1.0
Potential (mV/s)

Figure $31 Cyclic voltammetry performed on a 3 x 103 M solution of ruthenium complex | at a
scan rate of 100 mV/s.

20



60

Current (uA)
) N
o o o
1 1 1

R
o
1

I
o
1

—25mV/s
——50 mV/s
—— 100 mV/s
—— 200 mV/s

—
-1.0

—
-0.5

0.0 0.5 1.0

Potential (mV/s)

Figure $32 Cyclic voltammetry performed on a 3 x 103 M solution of ruthenium complex | at
different scan rates.
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Figure S33 Cyclic voltammetry performed on a 3 x 103 M solution of ruthenium complex | at

different scan rates, focusing on the oxidation (left) and reduction (right) processes

With these data, and using the Rehm-Weller equation, the redox potentials in the excited state

of complex | were estimated.

*
l;red - l;red

The excited state redox potential for the reduction process turned to be Erea=1.691Vand

Eox = 2,823V vs Fc/Fct

+ E)_

E' =E

ox ox

- EO—O

$2.10. Synthesis and characterization of complex Vil

Synthesis of VIII. Metal complex VIIl was synthesized by mixing complex | (25 mg, 0.069 mmol),
and AgOTf (26.7 mg, 1.5 eq.) in 2 mL of DCM and 1 mL of CH;CN

NCCH; — |oTf
HsCCN,, | NCCH;
Ru_
v ~
J NL(I) NCCH,

Vi
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in a Schlenk flask under inert atmosphere. Solution was stirred at reflux overnight. After that, a
brown solution was obtained, which was filtrated in celite and washed with acetonitrile (2 x
10 mL). Volatiles were removed under reduced pressure, obtaining a brown oil. The oil was
washed with diethylether and chloroform to eliminate free p-cymene, and dried under reduced
pressure, obtaining a brown solid (20 mg, 57% yield). H NMR (300 MHz, CD;0D) & 8.28 (d, J =
6.1 Hz, 1H, CHoy,), 7.79 (t, J = 6.9 Hz, 1H, CHqy,), 6.99 (t, J = 6.5 Hz, 1H, CHq,y), 6.85 (d, J = 8.3 Hz,
1H, CHoyy), 2.63 (s, 3H, CHs), 2.57 (s, 9H, CHj). 3C NMR (100 MHz, CD;0D) & 169.6, 154.2, 117.9,
112.2, 2.9. HRMS ESI-TOF-MS (positive mode): [M — OTf — NCCH3]* 319.0143; calc. 319.0136;
€: 2.2 ppm.

NMR Spectra of complex VIl

6

6
_-2.63
~257

VIl
A A : ' LAJ

T T T T T T T T T T T T T
2.5 2.0 1.5 1.0 0.5 0.0

T
0.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
ppm

Figure $34 'H NMR spectrum of VIl in MeOD. Signals at 4.87 and 3.31 ppm correspond to
water and MeOD respectively.

22



154.2

141.7

1179
112.2

NCCHs | [] | OTf
H3CGN,}, ANCGCHj4
‘Ru
|
TN NCCHj
J>O
T vn
W
60 hp | 14 Dl Aol ] fo T[] o 3 5 70 60 50 40 20 10
Ppm
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Figure $36 'H-13C HSQC of complex VIl in MeOD.
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HR-MS of complex VIII

NCCH; — |oTf
HsCCN,, | ..NCCHj MW: 508.44 g/mol ([RuCy3H16NsO]CF;S05)
Ru
N( | \NCCH3 Fragment: 319.0143 [M - OTf - MeCN]*
/ 0 277.9868 [M - OTf - 2MeCNJ*

— 236.9609 [M - OTf - 3MeCN]*

Vil
[Ru(Opy)(CH5CN),]*
100+ 277.9868 1.60e5
[Ru(Opy)(CHsCN)]*
236.9609
> 137.0021
192.1758
[Ru(Opy)(CH3CN)s]*
172.5557 370.1275
319.0143 386.1013 465.1688
ol ‘h“‘,”\\‘\“‘ 429.3214 517.3751 549.4764
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Figure S37 HR-MS of complex VIl in MeOH.

synap_inf_JM_055 (0.037) Is (1.00,1.00) RuC11H13N40 1: TOF MS ES+
100+ 319.0136 2.97e12
321.0144
LIS
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[ T T T T 1 J T | T T T T m/z
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100+ 319.0143 2.07e4
344.1049
. 3210163
=
304.2608 328.9674
1305.9866
301.1465 307.9853 313.0152 3412615
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Figure S38 Comparison of simulated (top) and experimental (bottom) HR-MS of complex VIII.
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UV-Vis Absorption spectrum of complex VIII
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Figure S39 Absorption spectra of complexes | vs VIl in degassed methanol (5.0 x 10> M).
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S3. Photocatalytic dehydrogenation reactions

$3.1. General procedure for photocatalytic reactions

Ru] &

Blue LED (440 nm) N —
NH, - . N - 2H, 4}
R.T. 24 h
1B 1c

1A

In a generic catalytic reaction, 0.3 mmol of benzylamine, 3.0 mol% of the required catalyst and
0.2 mmol of 1,3,5-trimethoxybenzene (internal standard) were dissolved in 1.0 mL of dry
methanol. Reaction was placed in a 12 mL Schlenk flask connected to a bubbler filled with
mineral oil (the bubbler allows the release of hydrogen gas and excludes air from the reaction
system). Then, reactions were left at room temperature in a homemade photoreactor (Fig. S40)
using 45 W Kessil PR160L blue LEDs (A = 440 nm) lamps placed at the distance of 5 cm of the
centre of the Schlenk (intensity of 172 mW/cm?) and a fan for the tabulated time. Before and
after reaction, an aliquot was extracted and analysed by GC-FID to obtain conversions and yields
(See S3.2 section).

b)

439.0 nm
100

Kessil PR160L

80

60

404

20

Emission intensity (a.u.)

0+

T T T T T
300 350 400 450 500 550 600
Wavelength (nm)

Figure S40 (a) Photoreactor system and (b) emission spectrum of Kessil PR160L-440 nm lamp.
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S3.2. GC-FID Quantification

GC-FID Quantification was performed using an Agilent 8890GC System equipped with an
Agilent 123-103B Column. Temperature program: 1) 80 °C, 10 °C/min until 150 °C, hold 1
min. 2) 150 °C, 20 °C/min until 270 °C, hold 2 min. Total time: 16 min.

A An. S A — A N

Figure S41 Representative reaction progress by GC/FID in the ADH of benzylamine (r.t. =
6.91 min) to benzonitrile (r.t. = 6.35 min) and N-benzylidenebenzylamine (r.t.= 14.39 min)
in the presence of 0.2 mmol of 1,3,5-trimethoxybenzene as an internal standard (r.t. =
11.84 min). Red line: Oh; blue line: 24h.

1.2
vy =1.0015x 'y
L3 R? = 0.9997
y=1.0028x
o R? = 0.9996
0.8 A
P y =0.502x
=) R? = 0.9999
™
=06
S ]
=
0.4 - of
0.2
a
0N T T T T T
0 0.4 0.8 12 1.6 2
Area ratio
B Benzylamine Benzonitrile N-benzylidenebenzylamine

Figure S42 Calibration curves of benzylamine (blue), benzonitrile (orange) and
N-benzylidenebenzylamine (green).

To quantify the obtained products, we generated -calibration curves using 1,3,5-
trimethoxybenzene as an internal standard (Fig. S42). Solutions with known concentrations of
the amine, nitrile, imine and internal standard were prepared, and measurements were
performed by GC-FID. The moles of product were calculated using the slope of the curve, the
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moles of standard (n,;) and the area ratio between the product (Ap) and the standard (A,;) using
the following equation:

np =moles of product

Ap
np = slope x (— X N,
Ast

Ap = Area of product
) A, = Area of standard

n,, = moles of standard

Once the moles of products and reactants were obtained, the percentages of conversion, yields
and selectivity could be calculated with the following equations:

Np e 1 —MNp £ np X Sg _
R, initial "R, l : =mol reactant
%Cony = " TRIMA L 600, %Yield = ———x 100 ng = moles of reactan
MR, initial MR, initial np =moles of product
np X Sg sp = Stoichiometric factor
%Select = x 100

MR initial ~ MR, final |

$3.3. General procedure for scope reactions

Ru] & Ri- 2

Blue LED (440 7
RONH, = 280 g=N + RONR + 2H A

RT,24h 0
A B C —

A mixture containing the corresponding amine (0.3 mmol), catalyst I (3.0 mol%), 0.2 mmol of
TMB (internal standard), deoxygenated MeOH (1.0 mL), and a PTFE-coated magnetic bar were
placed in a 12 mL Schlenk flask connected to a bubbler filled with mineral oil. The photocatalytic
reactions were carried out using 45 W Kessil PR160L blue LEDs (A = 440 nm) lamps placed at the
distance of 5 cm of the centre of the Schlenk (intensity of 172 mW/cm?) at room temperature
(see Fig. S40) for 24 h. Before and after reaction, an aliquot was extracted and analysed by GC-
FID. Calibration curve of each amine and nitrile was obtained to calculate conversions and yields.
Nitriles 1B and 8B were purified by silica gel chromatography (h: 10 cm; @ :1 cm) using 90:10
pentane: diethylether mixture and were characterised by NMR spectroscopy.
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$3.4. 'H NMR spectra of nitrile derivatives
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Figure S43 'H NMR spectrum (400 MHz) of benzonitrile 1B in CDCl; after 24h of reaction and
purification by column chromatography.
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Figure S44 'H NMR spectrum (400 MHz) of 4-methoxybenzonitrile 8B in CDCl; after 24h of
reaction and purification by column chromatography.
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S4. Mechanistic insights

$4.1. Detection of molecular hydrogen

Ry & Ry D

Blue LED (440 nm) N _ + 2H * N—RY.,
©/\NH2 . ©/\N/\© 2 J \-l cl
RT.,24h 0
Detected —
1B 1C

1A

To detect hydrogen, the reaction was scaled up: 1.5 mmol of benzylamine and 3.0 mol% of
catalyst I were dissolved in 3.0 mL of dry methanol. Reaction was placed in a 50 mL Schlenk flask
sealed with a rubber septum and parafilm. Then, it was left at room temperature in a home-
made photoreactor (see Fig. S40) for 20h. After reaction, the internal gas phase was analysed by
Gas Chromatography (GC-TCD) analysis (Agilent 990 Micro-GC gas chromatograph) using argon
as carrier gas. To do that, a sealed vial connected to a continuous flow of argon was used. In this
vial, we connected the GC-TCD entry system, which has a syringe that absorbs a certain volume
of the headspace directly to the column to obtain the chromatogram (Fig. S45). We purged the
system three times to ensure that there is no other gas present in the vial. Then, we connected
the vial to the reaction using a cannula to obtain the chromatogram of the internal headspace
of the reaction. GC-TCD spectrum clearly confirmed the formation of molecular hydrogen from
the reaction (Fig. S46). Conversion of the reaction was 6%, indicative of the slower reaction times
achieved when hydrogen cannot be released from the reaction media.

Figure S45 Experimental set-up used to detect hydrogen by GC-TCD.
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Figure S46 GC-TCD spectrum of the internal gas phase (containing H, and N,) after 20h of
reaction in the photodehydrogenation of benzylamine using catalyst I.

$4.2. Kinetic studies: Order in catalyst

&

[Ru] (x mol%) [Ru] = :

Blue LED (440 nm) —Ru,
S caueap Chal RS
MeOH, R.T. 0
1A |

To obtain the reaction progress profiles, 0.3 mmol of benzylamine, a certain amount of catalyst |
(x mol%) and 0.2 mmol of 1,3,5-trimethoxybenzene (internal standard) were dissolved in 1.0 mL
of dry methanol. Reaction was placed in a 12 mL Schlenk flask connected to a bubbler filled with
mineral oil. Then, reactions were left at room temperature in a homemade photoreactor (Fig.
S40) using 45 W Kessil PR160L blue LEDs (A = 440 nm) lamps placed at the distance of 5 cm of
the centre of the Schlenk (intensity of 172 mW/cm?) and a fan. At selected times, an aliquot was
extracted and analysed by GC-FID to obtain conversions and selectivity (Fig. S47 - S48).

100
80 A
— 60 A
®
z —o—3 mol%
S 40
——2.5 mol%
—8—1.25 mol%
20
——0.75 mol%
0 T T T
0 10 20 30 40 50
t (h)

Figure S47 Kinetic profile of the photocatalytic dehydrogenation of benzylamine at different

catalyst loadings of complex I. Conversions determined by GC-FID using TMB as internal
standard.

31



100%

80%

60%

40%

20%

0%

74 74

nitrile

75

W imine

74

n

t (h)

73

75

76

Figure S48 Product selectivity of nitrile / imine in the photocatalytic dehydrogenation of
benzylamine using catalyst | at 3.0 mol% catalyst loading.

Order in catalysts was stablished using graphical analysis based on the normalized time scale
method (VTNA) &10,
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Figure S49 Evaluation of order in catalyst using variable time normalization analysis (VTNA).
Order in catalyst corresponds to the representation showing the greatest overlay according to
VTNA, which is 1 in this case. Data: blue triangles (2.5 mol%), purple squares (1.25 mol%) and
red diamonds (0.75 mol%).
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$4.3. Monitoring of the reaction by 'H NMR spectroscopy

'H NMR monitoring of the reaction was obtained by dissolving p-methoxybenzylamine (0.3
mmol) and catalyst I (3.0 mol%) in 1.0 mL of deuterated methanol. Reaction was placed in a 12
mL Schlenk flask connected to a bubbler filled with mineral oil. Then, reaction was left at room
temperature in a homemade photoreactor (Fig. S36). At selected times, a 0.5 mL aliquot was
extracted, analysed by 'H NMR spectroscopy, and returned to the reaction Schlenk until
completion of the reaction (Fig. S50).
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[Ru] =1 (3.0 mol%) _N
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NH, . N
R.T., MeCD
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Oh |
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Figure S50 Monitoring of the reaction by *H NMR spectroscopy using MeOD.
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$4.4. Pseudocatalytic experiment

p-methoxybenzylamine (3.7 uL, 0.028 mmol) and catalyst | (5 mg, 0.014 mmol) were dissolved
in 1.0 mL of deuterated methanol. Reaction was placed in an NMR tube opened to the
atmosphere using a bubbler. Then, reaction was left at room temperature in a homemade
photoreactor (Fig. S40). At selected times, NMR tube was closed under inert atmosphere and
analysed by 'H NMR spectroscopy (Fig. S51).
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Figure S51 Pseudocatalytic experiment using 1 eq. of p-methoxybenzylamine and 0.5 eq. of
catalyst I in MeOD.
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Figure S52 Comparison of the pseudocatalytic reaction after 15h of blue light vs commercial free
p-cymene.
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$4.5. Catalyst stability

5 mg of complex | were dissolved in 1.0 mL of dry MeOD under inert atmosphere (standard
conditions). Solution was irradiated with blue light (440 nm, see Fig. S40) during 16h. An aliquot
of 0.5 mL was extracted at selected times to obtain *H NMR spectra (Fig. S53).
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Figure S53 Catalyst stability experiment. Solution of complex | in MeOD was irradiated under
blue light (A= 440 nm). 'H NMR spectra were recorded after 1h and 16h of blue light irradiation.
After 16h the dissociation of free p-cymene was observed (signals at 7.1, 2.7 and 1.2 ppm).
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Figure S54 Reaction image before (a).and.after.24h.(b) adiation. A drastic change in
the reaction color was observed, changing from yellow to dark brown.

$4.6. UV-Vis kinetic experiment

To perform UV-Vis kinetic experiment, 9 x 10> mmol of complex | were diluted in 1 mL of MeOH
(standard conditions). Then, 0.3 mmol of benzylamine were added. The mixture is irradiated at
440 nm for the selected time (0.5h, 1h, 1.5h, 3h, 4h, 8h). For UV-Vis measurements, a 200 uL
aliquot is extracted, diluted to 4 mL and measured directly in the UV-Vis spectrometer.

37



3.5 A1
3 A Cat
Cat+am Oh

e GG Cat+am 0.5h
= Cat+am1h
biicd
y Cat+am 1.5h
= 21 Cat+am 3h
a
5] Cat+am 4h
w
‘2 15 4 Cat+am 8h
9]
=z
=]
o)
(7]
e 1

0.5 -

250 300 350 400 450 500 550 600 650 700 750

Wavelength (nm)

Figure S55 Absorption spectra of complex I, and a mixture of complex | + benzylamine before
and after applying light irradiation (440 nm) in degassed methanol. The appearance of a new
band in the blue region of absorption spectra could be seen after light irradiation.

$4.7. Poisoning experiments and filtration experiment

& e

[Ru] (3.0 mol%)

Hg or P4VP (Scavengers) + 2H * N~ u,
NH 2 "
©/\ 2 Blue LED (440 nm) ©/ ©/\ /\© / - (k) cl
MeOH, R.T. =

Poisoning experiments using P4VP (poly(4-vinylpyridine)) as a scavenger of molecular species
and the Hg drop test as a scavenger of nanoparticles were performed. Scavengers were added
before the reaction started, and the reaction was performed using benzylamine as substrate
under standard conditions. During the reaction, aliquots at selected times were extracted and
analysed by GC-FID to obtain conversions and compared to the reaction without scavenger (Fig.
S56).
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Figure S56 Poisoning experiments in the photodehydrogenation of benzylamine catalysed by I.
P4AVP (poly-(4-vinylpyridine)) was added as molecular species scavenger (orange line) or Hg
(mercury test) was used as a scavenger of NPs (light blue line).

Additionally, a filtration experiment was performed to check if Ru heterogeneous species are
formed during the catalytic reaction. To do that, reaction monitoring of the
photodehydrogenation of benzylamine under standard conditions was performed. After 4
hours, catalytic reaction was cannulated through a celite pad. Then, the filtrated solution was
further monitored until completion. No significant changes compared to the reaction without
filtration were observed, supporting its homogeneous nature (Fig. S57).
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Figure S57 Monitoring of the photodehydrogenation of benzylamine using complex | under
standard conditions. After 4h, reaction was filtered and monitored again under blue light until
completion.

$4.8. Comparison of catalytic activity of complex | vs VIII
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Table S1 Photocatalytic activity of complex I vs complex VIII.

—
Cat (mol%) Conv(%) S,el,echIty (/?)
Nitrile Imine
1 1 (3.0 mol%) 100 76 22
[Ru(Opy)(CH3CN),]OTf
2 VIl (3.0 mol%) 100 70 28

$4.9. ESI-MS Experiments
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1A |
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MeOH, R.T.

To perform ESI-MS experiments, 0.3 mmol of benzylamine and 3.0 mol% of catalyst | were
dissolved in 1.0 mL of dry methanol. Reaction was placed in a 12 mL Schlenk flask connected to
a bubbler filled with mineral oil (the bubbler allows the release of hydrogen gas and excludes air
from the reaction system). Then, reaction was left at room temperature in a homemade
photoreactor (Fig. S40) using blue LEDs (A= 440 nm). Before and after 2h of reaction, an aliquot
was extracted and analysed by ESI-MS spectrometry (Fig. S58 — S59).
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Figure S58 ESI-MS spectrum obtained after mixing 0.3 mmol of benzylamine and 3.0 mol% of
catalyst Iin 1.0 mL of MeOH (before light irradiation).
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Figure S59 ESI-MS spectrum obtained after 2h of light irradiation of a mixture containing 0.3
mmol of benzylamine and 3.0 mol% of catalyst I in 1.0 mL of MeOH.

$4.10. Hydride trapping experiment

& I

[Ru] (3.0 mol%)
[CPh3][BF4] (0.2 equiv.) + 2H N~
NH 24 !
©/\ 2 Blue LED @40 nm) ©/ ©/\ /\© 4 k(\) Cl
MeOH, R.T. —

Benzylamine (0.3 mmol), Ru catalyst | (3.0 mol%), tritylium tetrafluoroborate (0.06 mmol, 0.2
equiv.) and 1,3,5-trimethoxybenzene (0.2 mmol, used as internal standard) were dissolved in
1.0 mL of dry methanol. Reaction was placed in a 12 mL Schlenk flask connected to a bubbler
filled with mineral oil (the bubbler allows the release of hydrogen gas and excludes air from the
reaction system). Then, reaction was left at room temperature in a homemade photoreactor
(Fig. S40) using 45 W Kessil PR160L blue LEDs (A = 440 nm) lamps placed at the distance of 5 cm
of the centre of the Schlenk (intensity of 172 mW/cm?) and a fan for the tabulated time. During
the reaction, aliquots at selected times were extracted and analysed by GC-FID to obtain
conversions and yields (Fig. S60).
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Figure S60 Kinetic profile of the photocatalytic dehydrogenation of benzylamine with tritylium
tetrafluoroborate as hydride scavenger (blue) and control (red).
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