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1. Mechanistic Studies

1.1  UV-Visible spectra of proton reduction catalysts

Solutions of 10* M was prepared for all Co-based proton reduction catalysts used for the
present catalytic study as well as for [Ru(bpy);]** using analytical grade acetonitrile. Then the
solution-state UV-Visible spectra were recorded and are given in Figure S1. From the UV-
visible absorption spectra of proton reduction catalysts, it is found that the proton reduction
catalysts do not absorb in the visible-light region. However, the photoredox catalyst
[Ru(bpy);]*>* absorbs the visible-light, hence initiates the redox reaction via single electron
transfer process and not the proton reduction catalysts.
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Figure S1. (A) UV-Visible spectra of proton reduction catalysts used for the present study.
(B) Comparison of UV-Visible spectral absorbance of [Ru(bpy);]Cl, with proton reduction
catalysts used for the present study.

1.2 Detection of liberated gas
The liberated hydrogen gas was detected and quantified after completion of the reaction for

substrate 1a.
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Figure S2. GC analysis.
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1.3 Quantification of hydrogen gas

The evolved hydrogen gas was quantified by the hydrogenation of styrene, and it is observed
that 76% of hydrogen gas was evolved from the hydrogenation reaction while the isolated
yield of 2a is 93%. The evolved hydrogen gas was utilized for hydrogenation of styrene.
Simultaneously two parallel reactions were carried out. In one reaction vial, visible-light
mediated photoredox catalytic acceptorless dehydrogenation of 1a was carried out under the
optimal reaction condition. Whereas in another reaction vial thermal hydrogenation of styrene
5 was carried out using RhCI(PPh;); as the catalyst. Both the reaction vials are connected to
each other by a cannula and were allowed to continue for 12 h. After the stipulated time, the
reaction mixture was analyzed in GC for hydrogenation of styrene and the results are given
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Figure S3. Quantification of hydrogen.

Reaction conditions: Substrate (0.25 mmol), [Ru(bpy);]Cl, (1.0 mol %), [Co] (2.5 mol %),
water 8.0 mL, ambient temperature, 12 h, 36 W blue LED, “Isolated yield, °GC yield using n-
decane as internal standard.

1.4 Cyclic voltammetric analysis

1.4a Cyclic voltammetry of proton reduction catalyst IV

Redox potentials of proton reduction catalyst and photocatalyst were judged through
cyclic voltammetric (CV) investigations. Typically three electrode systems comprising
glassy carbon (GC, 3mm dia.) was used as working electrode and Ag/Ag™ (0.1M
TBAP in acetonitrile) as reference electrode and platinum wire was used as counter
electrode, respectively. CVs were recorded in acetonitrile containing 0.1M TBAP as
electrolytic medium. Solutions were purged with argon for 30 minutes before scans
and also jacketed during the measurements. Potentials were calibrated using the
ferrocene as internal standard.
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Figure S4. CV of IV (0.001 M) in 0.1 M NBu4PF in degassed CH;CN with scan rate 100

mV/s.

1.4b  Cyclic voltammetry of partially saturated N-heterocycles

In order get insight into the oxidation potential of the partially saturated N-
heterocycles, we recorded the cyclic voltammetry data for few of the compounds. The
cyclic voltammetry was measured at 10 mV s! scan rate using Ag/AgCl as reference
electrode, Pt wire as counter electrode and glassy carbon electrode as working
electrode in anhydrous degassed acetonitrile with 0.1 M tetrabutylammonium
perchlorate (TBAP) as supporting electrolyte. The oxidation potential for 1a, 3f and

3h are given below.
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Figure S5. CV of 1a (0.01 M) in 0.1 M NBu4PF¢ in degassed MeCN with scan rate 10 mV/s.
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Figure S6. CV of 3f (0.01 M) in 0.1 M NBu4PF¢in degassed MeCN with scan rate 10 mV/s.
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Figure S7. CV of 3h (0.01 M) in 0.1 M NBu4PFg in degassed MeCN with scan rate 10 mV/s.
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\?\\\\0\1\m?\Hﬁ"\H\?m\0\1\\\\?H\ﬁnuH?MH%HH?\\\\0\1\\H?\H\ﬁH\%m\%m\%u?uu%
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Relative Abundance
w B S (4] (2] (2]

nNow

483.0756
R=51106

N

426.0812
R=54007
C15H21 0p N5 Co=426.0818
-1.5449 ppm
413.2542
R=53502

474.4259

541.9363 - 592.8544
R=42400 ‘ | ‘ R=43902 577.0609
1

R=42500 N R=33600 , R=41700

‘ ‘ 558.9572

TR | I , 1
R e N LA h e b o e s L A A AN anans BB s e e Naaasan aaass

T T T ! T T
420 440 460 480 500 520 540 560 580 600

HRMS of IV

370-A#97 RT: 043 AV:1 NL:7.59E8
T: FTMS + p ESIFull ms [100.00-1500.00]
144.0809
R=94307
C 10 H1o N =144.0808
0.6641 ppm
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o
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a

Relative Abundance
o
S

vl Dl

160.0757
116.9862 134.9966 R=89307
R=103902 R=97907

110.0580 1200446 1259864 C0Hs CINa=134.9972 167.0227 181.0384

= -4.4583 ppm 152.9471 67 6
R=100002 R=94202 R=99902 PP | Rress102 R=86507 R=83507

0— L L L L L L L L L L L L L L L L L L L L L L L] \A T T I\ S e B
105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190
m/z

HRMS of 2a
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MKS-2G#110 RT: 049 AV:1 NL: 9.19E9
T: FTMS + p ESI Full ms [100.00-1500.00]

144.0808
R=94503
C10H1o0N=144.0808
-0.0772 ppm

\H?\H\‘T“\m?\H\c\“\H\?H\\"\“m\?HHc\"uH?MH(WnuH?\\\\0\1\\H?\Hﬁ‘\\\\?\\\ﬂ’\\\\%\\\“{‘o\\\?
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(2¢)

Relative Abundance
- - N N w w S S (42 o (2]

115.0544
R=96002
CoH7=115.0542 158.0966 216.9224 237.0732 277.0679 301.1410  319.1148

0: 1.4843 ppm R=83502 R=56500 R=72007 R=65107 R=45100 R=62907
WAL ML M) LA (R LAAA AL LAAM LA LR LARAAN NAAR) BAAAS RARAS MALM) AAMH LMD LAAM MALM MAMME LAAAS LALMS ML AR LARALN AAAR RAAM RAMAS LALAN AAAMY RAAR MM MALAN LAAAN MAAM LM RAAA) LA
100 120 140 160 180 200 220 240 260 280 300 320

m/z

HRMS of 2¢

372-A88 #115 RT: 0.51 AV: 1 NL: 3.00E9
T: FTMS + p ESIFull ms [100.00-1500.00]

207.9759
R=79002
CgH7NBr=207.9756
1.0683 ppm

B 209.9729
957 R=78107

E Br

\

657 (2d)

Relative Abundance
[$)]
T

208.9787 210.9758

R=79202 =
206.9672 R=79002

R=55500
CgHg NBr=206.9678 211.9792

E -2.9946 ppm R=74202
Baaa T aaaua aaua T T

T T T T T T T T
206 207 208 209 210 211 212 213 214 215 216
m/z

HRMS of 2d
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200B106 #353-355 RT: 1.57-1.58 AV:3 NL: 6.91E9
T: FTMS + p ESIFull ms [100.0000-1500.0000]

148.0556
R=90119
CoH7 NF =148.0557
-0.5581 ppm
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Relative Abundance
- N N w w B S o

1080813 1220965 1361120 1641435 1771119 199.0940 229.1410 251.6014
R=98844 R=99454 R=94232 R=78464 _ R=79202 R=76357 R=64524 R=71513
T B B B e L L o e T e T I B B B TN PR R R

T T T T
110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260
m/z

HRMS of 2e

372-A7#106 RT: 047 AV:1 NL: 1.06E10
T: FTMS + p ESIFull ms [100.00-1500.00]

144.0808
R=94607
C10H1o0 N =144.0808
0.4523 ppm
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(2f)

Relative Abundance
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i
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o

n
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a

129.0571
R=85102

116.9862 CoH7N=129.0573 134.9966 149.0121 152.9468 160.0759 167.0225 174.0914
E R=102502 -1.4502 ppm R=97505 R=91602 R=104600 R=75502 R=71400 R=69600
LT R R L L L L ) L i R L L L L L L L i L L L L R L L L LA Rl L Lt L LA R LA LA R LA R AR R LA MY LA MR LAARI MM L |

115 120 125 130 135 140 145 150 155 160 165 170 175

HRMS of 2f
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372-ABI#106 RT: 047 AV:1 NL: 1.03E10
T: FTMS + p ESI Fullms [100.00-1500.00]

Relative Abundance

B 129.0566
| R=91407

149.0119

188.0704
R=82207
C11H100O2N=188.0706
-1.2313 ppm

191.0771
R=66200

181.0489
R=74600

216.4706 226.9508 245.0780
R=62300 R=70302 R=44800

MeO,C

A/

(29)

288.9211 301.1404

R=88702
T

L A M M L L At Al M A

140

372-A77 #96 RT:. 042 AV:1 NL: 6.08E9

T: FTMS + p ESI Full ms [100.00-1500.00]
160.0754
R=90007

220 240

| BARALBAAM Ridad baaad | NAAL T
180 200 260

m/z

HRMS of 2g

C10H10 ON=160.0757

Relative Abundance

N
o

=}
[ENENNARTENENTNNANET

2

145.0520
R=94407
CgH7 ON=145.0522
-1.6820 ppm

-1.5683 ppm

182.0573
R=82907

C10Hg ONNa = 182.0576

-1.8588 ppm 212.0068 226.9510 2450780 264.9541

R=57600 R=71502 R=61700 R=51300

T
280

MeO

R=62702
T

R=55600
T

300

288.9212
R=64602

(2h)

T
320

\

315.6865

T
340

L R L R Rl Il B R L LA AR LA LR AR AR AR EARL) LR RS
180 200 220 240 260

m/z

HRMS of 2h
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370-D #102 RT: 0.45 AV:1 NL: 3.36E9
T: FTMS + p ESIFull ms [100.00-1500.00]

175.0503
R=84607
CoH7 02 N2 = 175.0502
0.6825 ppm
X
—
O,N N
(2i)
©
°
2
=3
o
<
[
=
kKt
[5)
['4
161.0472
R=89807
149.0122 °
Re01802 CoH7 02 N=161.0471
C7Hy CINa=149.0128 0.5010 ppm
E 41048 ppm 172.0945 191.0454 203.0527 2121072
E L R=75102 R=77502 R=77000 R=62300
O B L B e B LA A e L L e LR LA A
135 140 145 150 155 165 170 175 180 185 195 205 215
m/z
HRMS of 2i
MKS-2T#113 RT: 050 AV:1 NL: 4.43E9
T: FTMS + p ESIFull ms [100.00-1500.00]
178.0419
R=86106
C1oHg NCl=178.0418
0.4595 ppm
- \
85; —
80 Cl N Me
e (2))
704
657
g 507
e
S5
2 >
3 =
2 503
[ |
= B
T 454
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404
357
304
2
204
15
103 144.0806
E R=92102
1220732 C1oH1o N =144.0808 190.0860  204.4389 2251118 237.0731 256.8203 277.0677 297.0821
E R=95402 -0.9245 ppm | Res5200  R=48700 R=73407 R=71707 R=60900 R=64207 R=59607
[ o o o I e e I I |
100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 280 300

m/z

HRMS of 2
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372-A15#112 RT: 0.50 AV: 1
T: FTMS + p ESIFull ms [100.00-1500.00]

Relative Abundance

(%)) (2] (2] ~ ~ © ©
§.8 Fuf. 8
NN NENEENE]

o
S

[ R
=3

N
o

N
=]

116.9862
R=105202

114.0917

NL: 2.76E8

121.0174
R=102502

132.0809
R=99507

CgH1oN=132.0808
0.8399 ppm

125.9865
R=99402

J

Iz _

(4b)

149.0122
R=92202

144.0808
R=93507

134.9965
R=97607

| " X .

152.9471
R=89302

158.0965
R=89202

163.0390
R=88907

R=95702
bkl Sl Mo

115

372-A37 #103 RT: 046 AV: 1 NL: 2.60E7
T: FTMS + p ESI Fullms [100.00-1500.00]

Relative Abundance

S s NN W W
o o o o o O
Dovvnbvvnn Drvn b bennnlinn

146.0599
R=86502

!
Tt
125 130

Cg9Hg ON=146.0600

-1.129"3 ppm

135 140 145 150
m/z

HRMS of 4b

CgH19 ON=148.0757

H
(4c)

147.0502
R=63400

147.7857
R=60900

156

148.0756
R=93102

-0.3558 ppm

1

160

T T 1
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T T
146.2

T T
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T T
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T T
146.8

LU L B B B T T T T T 1
147.0 147.2 1474 147.6 147.8

m/z

HRMS of 4¢
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372-A30#156 RT: 069 AV: 1 NL: 8.52E6
T: FTMS + p ESI Full ms [100.00-1500.00]

212.0682
R=76707
C11H11 02N Na=212.0682
-0.1111 ppm
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Relative Abundance
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259

205.0863

R=65802 5061176

R=70000

5

209.0696
R=70702

208.0690
R=57500

(4d)

213.0760

R=69400
215.1045
R=65500

R=54000

214.0897 ‘
I

N—co,Et

216.9228
R=71302

219.1744
R=71902

218.0648
R=51300

=}

208

I T T
205 206 207 209

SM-372-A66 #101 RT: 0.45 AV:1 NL: 8.41E7

T. FTMS + p ESI Fullms [100.00-1500.00]
148.0758
R=92907

210

HRMS of 4d

CgH1o ON=148.0757

0.6747 ppm

Relative Abundance
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Rsoses o092 4630389
‘ R=87407

I

Ly

214

216

MeO
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HRMS of 4e
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MKS-6B #126 RT: 0.56 AV:1 NL: 1.14E10
T: FTMS + p ESI Full ms [100.00-1500.00]

Relative Abundance

H\$HH$HH§°’HH$

®

\%HH%HH$HH$HH$\H§

IS
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H?HH“\“\H?HH%HH?

N

n

-0.6549 ppm

152.0618

R=85907

C12 Hg = 152.0621

-1.9697 ppm
T T T

180.0807
R=83703
C13 H10 N =180.0808

226.9512
R=72802
H3 014 =226.9517 288.9216
R=63102

(4f

)

331.1049

C1gH11 ONg=331.1050 362.9256
-0.4368 ppm
T T T

R=57807

R=54700

T T
140 160

MKS-6F #107 RT: 0.47 AV:1 NL: 2.28E9
T: FTMS + p ESIFull ms [100.00-1500.00]
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300

T T
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HRMS of 4f

159.0916
R=89707
C1oH11N2=159.0917
-0.2885 ppm

194.0963
R=81407

C 14 H12 N = 194.0964

152.9469 173.0121 -0.5009 ppm
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T
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MKS-6G#132 RT: 0.59 AV:1 NL: 3.87E9
T: FTMS + p ESI Full ms [100.00-1500.00]
207.0917
R=78607
C14 H11 N2 =207.0917
0.1468 ppm

Relative Abundance N
oHHﬁ"HH?\H\U“IHH?\Hﬁn\\\\?\H\THH?HH‘{]HH%HH(fHH%\H\g‘\\H;\Hﬁ\\\\%\\\\gﬁ\\%\\\\$HH$
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149.0233 180.0807 226.9512 259.9931 R=64807
R=89202 R=82607 R=74202 R=51700 C14H1702Ng=301.1408
116.9861 CgHs503=149.0233 C13H1oN=180.0808 H3 014 =226.9517 Cg 05 Ng = 259.9925 -0.3148 ppm

R=100702 -0.2391 ppm -0.4855 ppm ) -2.3968 ppm 2.5575 ppm
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