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1. 'H NMR spectra of catalytic runs for CO2 hydrogenation:
Figure S1. Conditions: C-1, NaOH, pH2/pCO (bar) = 30/10, 130 °C, 24 h (Table 1, entry 1).
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Figure S2. Conditions: C-2, NaOH, pH2/pCO (bar) = 30/10, 130 °C, 24 h (Table 1, entry 2).
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Figure S3. Conditions: C-3, NaOH, pH2/pCO:> (bar) = 30/10, 130 °C, 24 h (Table 1, entry 3).
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Figure S4. Conditions: C-4, NaOH, pH2/pCO> (bar) = 30/10, 130 °C, 24 h (Table 1, entry 4).
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Figure S5. Conditions: C-5, NaOH, pH2/pCO> (bar) = 30/10, 130 °C, 24 h (Table 1, entry 5).
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Figure S6. Conditions: C-6, NaOH, pH2/pCO (bar) = 30/10, 130 °C, 24 h (Table 1, entry 6).
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Figure S7. Conditions: NaOH, pH2/pCO- (bar) = 30/10, 130 °C, 24 h (Table 1, entry 7).

e 9 T [ =) M~
~ m n @ 0 o
~ 9 ™ oo~ -
| | Vo |
| \ | o |
DMF [ h U i
A - — PN .,
; T T T T T T T T T T T T T T T
5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 25 2.0 15 1.0 05
f1 (ppm)

Figure S8. Conditions: C-7, NaOH, pH2/pCO (bar) = 30/10, 130 °C, 24 h (Table 1, entry 8).
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Figure S9. Conditions: C-8 NaOH, pH2/pCO: (bar) = 30/10, 130 °C, 24 h (Table 1, entry 9).
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Figure S10. Conditions: C-3, DBU, NaOH (0.1 mmol), pH2/pCO: (bar) = 30/10, 130 °C, 24
h (Table 1, entry 10).
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Figure S11. Conditions: C-3, EtsN, NaOH (0.1 mmol), pH2/pCO- (bar) = 30/10, 130 °C, 24 h
(Table 1, entry 11).
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Figure S12. Conditions: C-3, KzPOs, NaOH (0.1 mmol), pH2/pCO: (bar) = 30/10, 130 °C, 24
h (Table 1, entry 12).
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Figure S13. Conditions: C-3, KOH, pH2/pCO; (bar) = 30/10, 130 °C, 24 h (Table 1, entry
13).
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Figure S14. Conditions: C-3, LiOH, pH2/pCO- (bar) = 30/10, 130 °C, 24 h (Table 1, entry
14).
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Figure S15. Conditions: C-3, Ca(OH)2, pH2/pCO; (bar) = 30/10, 130 °C, 24 h (Table 1,
entry 15).
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Figure S16. Conditions: C-3, NaOH, pH2/pCO> (bar) = 30/10, 130 °C, 12 h (Table 1, entry
16).
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Figure S17. Conditions: C-3, NaOH, pH2/pCO: (bar) = 30/10, 130 °C, 48 h (Table 1, entry
17).

i i o~ b, ™M 'y

M %) N D @~ N

u? ~ q“ o !\\l o -
I [ /

HCOONa DMF \LJLJKJ

T T T T T T T T
4.0 35 3.0 25 2.0 15 1.0 0.5

0.39=
1.00= —-

" T T T T T T T T
5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5
f1 (ppm)

Figure S18. Conditions: C-3, NaOH, 0.1 mmol TMNO, pH2/pCO: (bar) = 30/10, 130 °C, 24
h (Table 1, entry 18).
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Figure S19. Conditions: C-3, NaOH, pH2/pCO: (bar) = 30/10, 130 °C, 24 h (Table 1, entry
19).
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Figure S20. Conditions: C-3, NaOH, pH2/pCO. (bar) = 30/10, 130 °C, 24 h only water
(Table 1, entry 20).
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Figure S21. Conditions: C-3, NaOH, pH2/pCO: (bar) = 30/10, 130 °C, 24 h only THF (Table
1, entry 21).
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Figure S22. Conditions: C-3, NaOH, pH2/pCO> (bar) = 10/10, 130 °C, 24 h, (Table 1, entry
22).
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Figure S23. Conditions: C-3, NaOH, pH2/pCO; (bar)

= 5/15, 130 °C, 24 h, (Table 1, entry
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2. 'H NMR spectra of catalytic runs for sodium bicarbonate hydrogenation:

Figure S24. Conditions: C-3, NaHCOz (0.5 mmol), NaOH (0.05 mmol), pH2 (bar) = 40, 80

°C, 24 h (Table 2, entry 1).
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Figure S25. Conditions: C-3, NaHCOz (0.5 mmol), NaOH (0.05 mmol), pH2 (bar) = 20, 80
°C, 24 h (Table 2, entry 2).
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Figure S26. Conditions: C-3, NaHCO3 (0.5 mmol), 'BuOK (0.05 mmol), pH: (bar) = 40, 80
°C, 24 h (Table 2, entry 3).
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Figure S27. Conditions: C-3, NaHCO3 (0.5 mmol), NaOH (0.05 mmol), pH2 (bar) = 40, 130
°C, 24 h (Table 2, entry 4).
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Figure S28. Conditions: NaHCO3 (0.5 mmol), pH: (bar) = 40, 80 °C, 24 h (Table 2, entry 5).
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Figure S29. Conditions: C-3, NaHCOs (0.5 mmol), pHz (bar) = 20, 80 °C, 24 h (Table 2,
entry 6).
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3. IH NMR spectra of catalytic runs for inorganic carbonate hydrogenation:

Figure S30. Conditions: C-3, Li2COz (0.5 mmol), NaOH (0.05 mmol), pH> (bar) = 40, 80 °C,
24 h (Table 3, entry 1).
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Figure S31. Conditions: C-3, Na2COz (0.5 mmol), NaOH (0.05 mmol), pH2 (bar) = 40, 80
°C, 24 h (Table 3, entry 2).

o hon Al ~ ~ [sal
™ ©Q ~ e QN 5 o
@ r~ E o~ o ~—
| | | Vo |
DMF ,
1
HCOONa /
Y ] U A A
T T
~— o
= =
o i
T T T T T T v T T T T T T T T T T !
5 9.0 85 8.0 7.5 7.0 65 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.
1 (ppm)

Figure S32. Conditions: C-3, K2CO3z (0.5 mmol), NaOH (0.05 mmol), pH2 (bar) = 40, 80 °C,
24 h (Table 3, entry 3).
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Figure S33. Conditions: C-3, Cs,CO3 (0.5 mmol), NaOH (0.05 mmol), pH2 (bar) = 40, 80
°C, 24 h (Table 3, entry 4).
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Figure S34. Conditions: C-3, Li>CO3 (0.5 mmol), pH: (bar) = 40, 80 °C, 24 h (Table 3, entry
5).
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4. Homogeneity Test: A drop of mercury was added to the reaction mixture and benchmark
reaction was performed under optimized conditions of CO. hydrogenation. The TON

remained almost unaffected (TON= 900), which confirmed the homogeneous nature of
reaction.

Figure S35. Conditions: C-3, NaOH, pH2/pCO:> (bar) = 30/10, 130 °C, 24 h, mercury one

drop.
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5. Mechanistic experiments:

25 2.0 1.5 1.0 0.5

Ph\EhCO
< N - 0 . P31
/'YIO:CC;:(()) THF, 130 °C No Change in °'P NMR
/IID 12 h
Ph pp
C-3
ph FN NG
*p. CO N (.:O Carboxylate proton peak at
“Mo=CO NaOHSEq. Mo<CO  10.0 ppm observed
Mol THF, 130 °C p’ 1 CO PP
P co 6h /1 COOH in
Ph/FI’h Ph pp, in '"H NMR
C-3 C-3a
Ph\Fu’hCO ph Ph —le
PO NaOH 5 Eq. b CO
Mo:CO o AN Formate peak at 8.5 ppm
/1°Co THF, 130 °C Mo’Co
P co 24 h p” | CO  observedin 'HNMR
c-3 P
C-3c

Figure S36. Scheme for mechanistic experiments.
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Figure S37. *P{*H} NMR of C-3.
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Figure S38. *H NMR for C-3a after 6-hour reaction time.
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Figure S39. 3P{'*H} NMR taken (in CDClIs) after 6-hour reaction time.
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Figure S40. H NMR (taken in DMSO d-6) after 24 h reaction time.
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Figure S41. 3P{*H} NMR taken (taken in DMSO d-6) after 24-hour reaction time.
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Figure S42. Experimental IR Data for carboxylate intermediate complex C-3a.
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Figure S43. HRMS Data for metal formate fragment.
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Figure S44. Colour before heating the reaction mixture of complex C-3 and NaOH.
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6. Characterization data for molybdenum complexes.
(a) Characterization data of C-1.

Mo(DPPM)(CO)4 (C-1)

'H NMR (500 MHz, CDCls) § 7.53-7.26 (m, Ar), 4.45(t).
$1pL1H}-NMR (203.0 MHz, CDCls) § 2.3 (s, 2P).

FT-IR (cm™) vco= 2016, 1912, 1857.

HRMS of Co9H22M004P,: Calculated 594.0047. Found 594.1570.

Figure S46. 'H NMR for C-1.

153
~1.38
~7.26
~445

B Jl ) R

Figure S47. *'P{*H} NMR for C-1.
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Figure S48. IR data for C-1.

Figure S49. HRMS data for C-1 (Exact mass = 594.0047).
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6(b) Characterization data of C-2.

Mo(DPPE)(CO)4 (C-2)
IH NMR (500 MHz, CDCls) § 7.64-7.31 (m, Ar), 2.48 (m, 2H), 2.45 (m, 2H).
31p{1H}-NMR (203.0 MHz, CDCls) & 55.2 (2P).
FT-IR (cm™) v(CO) = 2013, 1902, 1869.
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HRMS of C3yH24M004P2: Calculated 608.0204. Found 608.6085.

Figure S50. 'H NMR for C-2.
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Figure S51. *P{*H} NMR for C-2.
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Figure S52. IR data for C-2.
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Figure S53. HRMS data for C-2 (Exact mass = 608. 0204)
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6 (c) Characterization data of C-3.

Mo(DPPP)(CO), (C-3)
IH NMR (500 MHz, CDCl3) § 7.39-7.19 (m, Ar), 2.38 (m, 4H), 1.90 (2H).
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S1pLIH}-NMR (203.0 MHz, CDCl3) § 21.23 (2P).
FT-IR (cm™) v(CO) = 2016, 1905, 1856.
HRMS of C31H26M004P2: Calculated 622.0360. Found 622.0264.

Figure S54. 'H NMR for C-3.
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Figure S55. *!P{*H} NMR for C-3.
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Figure S56. IR data for C-3.
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Figure S57. HRMS data for C-3 (Exact mass = 622.0360).

1.4
1.357
1.39
1,257
1.2
1.157
1.19

1.05

11
0,95
0.9
0.85
0.8
0.75
0.7
0,657

0.6
0.55

0.5

0.45
0.4

0.35

03
0.25
0.2
0.15
0.1
0.05

617.5788

618.5821

619.5925 624.0002
’ U 620, rm 621. ju;rs
622.6236
6.19 519 l 622, 264 623,242 624.6229
] ' l" ﬂ 6204 ?ﬁ&WV 6214 EDSQ |

3000

625.4081 626.
‘ -.M 626 zzzif J.JM

627 140

T
5165 617 E|L75 618 EIBE 619 6195 620 6205 621 6215 622 5225 523 6235 624 5245 525 6255 626 6255 627 6275 628

Counts vs. Mass-to-Charge (m/z)

S29



6(d) Characterization data of C-4.

Mo(DPPF)(CO)s4 (C-4)

'H NMR (500 MHz, CDCls) & 7.26-7.60 (m, Ar), 4.25 (m, 8H).
31P{*H}-NMR (203.0 MHz, CDCls) & 33.24 (2P).

FT-IR (cm™) v(CO) = 2020, 1891, 1878.

HRMS of C4oH34FeMo0O4P2: Calculated 794.0330. Found 794.8298.

Figure S58. *H NMR for C-4.
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Figure S59. *!P{*H} NMR for C-4.
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Figure S60. IR data for C-4.
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Figure S61. HRMS data for C-4 (Exact mass = 794.0330).
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6 (e) Characterization data of C-5.
Mo(DpePhos)(CO)4 (C-5)

'H NMR (500 MHz, CDCls) § 7.40-6.87 m (22H), 6.50 t(2H).
$1P{*H}-NMR (203.0 MHz, CDCls) § 26.97 (2P).

FT-IR cm™ v(CO) 2024, 1922, 1867.

HRMS C4oH2sMo00OsP, Calculated 748.0466. Found 748.5423.

Figure S62. 'H NMR for C-5.
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Figure S63. *'P{*H} NMR for C-5.
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Figure S64. IR data for C-5.
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Figure S65. HRMS data for C-5 (Exact mass = 748.0466).
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4

6(f) Characterization data of C-6.

Mo(Xanthphos)(CO). (C-6)
'H NMR (500 MHz, CDCls) § 7.47-6.97 (m, 22H), 6.54 (t, 2H), 1.56 (t, 6H).
31P{*H}-NMR (203.0 MHz, CDCls) § 20.71 (2P).
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FT-IR (cm™) v(CO) = 2013, 1913, 1862.
HRMS data of C43H32M00sP»: Calculated 788.0779. Found 788.0768.

Figure S66. *H NMR for C-6.
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Figure S67. *P{*H} NMR for C-6.
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Figure S68. IR data for C-6.
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Figure S69. HRMS data for C-6 (Exact mass = 788.0779).
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6(g) Characterization data of C-7.

Mo(DiPPF)(CO)4 (C-7)
IH NMR (500 MHz, CDCls) § 4.31 (4H), 4.16 (4H), 2.24 (m, 4H), 1.93-1.24 (m, 24H).
31p{IH}-NMR (203.0 MHz, CDCls) § 41.25 (2P).
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FT-IR (cm™) v(CO) = 2010, 1885, 1845.
HRMS of C2sH3sFeMoO4P2: Calculated 628.0480.

Figure S70. *H NMR for C-7.

Found 628.0483.
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Figure S71. *'P{*H} NMR for C-7.
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Figure S72. IR data for C-7.
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Figure S73. HRMS data for C-7 (Exact mass = 628.0480).
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6(h) Characterization data of C-8. Mo(DCPF)(CQO)4 (C-8)
'H NMR (500 MHz, CDCl3) & 4.34 (4H), 4.24 (4H), 2.31 (4H), 1.55 (4H), 1.30 (m, 20H),

1.20 (m, 16H).
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31p{'H}-NMR (203.0 MHz, CDCls) § 33.61 (2P).
FT-IR (cm™) v(CO) = 2012, 1857.
HRMS: CsgHs,FeMoO4P, Calculated 788.1738. Found 788.1741.

Figure S74. 'H NMR for C-8.
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Figure S75. *'P{*H} NMR for C-8.
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Figure S76. IR data for C-8.
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Figure S77. HRMS data for C-8 (Exact mass = 788.1738)

5.2

5 788.1741
4.8
4.6
4.4
4.2

4
38
3.6
3.4
3.

3
2.8
2.6 782.1747
2.4

2.2
2 760.17%

786.1742

758.5684

799.6777

l 794.7213
Mo

T T T T T T T T T T T T T T T T
750 752 754 756 758 760 762 764 766 768 770 772 774 V76 78 7RO 782 784 786 78R 790 792 794 796 798 BOO
Counts vs. Mass-to-Charge (m/z)

S39



7. Crystal Data
Mo(DPPM)(CO)4

Figure S78. ORTEP drawing of C-1.

Table S1: Crystal data and structure refinement for C-1.
Ccdc no. 2241306

Empirical formula C29H22M004P>
Formula weight 592.34
Temperature/K 298

Crystal system monoclinic

Space group P2i/c

alA 16.405(3)

b/A 9.5092(14)

c/A 18.135(3)

a/° 90

/e 103.336(6)

y/° 90

Volume/A3 2752.8(8)

Z 4

peatcg/cm® 1.429

wmm 0.624

F(000) 1200.0

Crystal size/mm?® 0.231 x 0.098 x 0.078
Radiation MoKa (A =10.71073)
20 range for data collection/°|4.616 to 49.996

Index ranges -19<h<19,-11 <k<11,-21<1<21
Reflections collected 50748
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Independent reflections 4836 [Rint = 0.1448, Rsigma = 0.0658]
Data/restraints/parameters  [4836/0/325

Goodness-of-fit on F2 1.028

Final R indexes [[>=2¢ (I)] |R1=0.0397, wR> =0.0714

Final R indexes [all data] R1=0.0932, wR, = 0.0923

Largest diff. peak/hole / e A%|0.51/-0.58

Mo(DPPE)(CO)4

Figure S79. ORTEP drawing of C-2.

Table S2: Crystal data and structure refinement for C-2
Ccdc no. 2241303
Empirical formula CaoH24M004P>
Formula weight 606.37
Temperature/K 298

Crystal system orthorhombic
Space group Pbca

alA 16.8125(14)
b/A 14.6185(12)
c/A 22.679(2)

a/° 90

pB/e 90

v/° 90

Volume/A3 5573.9(8)

Z 8

pealcg/cm?® 1.445
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pw/mm? 0.619

F(000) 2464.0

Crystal size/mm?® 0.145 x 0.125 x 0.086

Radiation MoKa (A =10.71073)

20 range for data collection/°5.152 t0 52.824

Index ranges 21 <h<21,-17<k<18,-28<1<28
Reflections collected 96953

Independent reflections 5714 [Rint = 0.1140, Rsigma = 0.0401]
Data/restraints/parameters  [5714/0/335

Goodness-of-fit on F2 1.066

Final R indexes [[>=20 (I)] |R1=0.0366, wR> = 0.0835

Final R indexes [all data] R1=0.0698, wR, = 0.1042

Largest diff. peak/hole / e A=]0.53/-0.56

Mo(DPPF)(CO).

Figure S80. ORTEP drawing of C-4.

Table S3: Crystal data and structure refinement for C-4
Ccdc no. 2241308
Empirical formula CagH2sFeMoO4P2
Formula weight 762.33
Temperature/K 298.0

Crystal system monoclinic
Space group P21/n

alA 9.3770(7)

b/A 34.898(3)

c/A 20.4468(16)

a/° 90

pB/° 92.627(3)

y/° 90

Volume/A3 6684.0(9)

z 8

Pcalcglcm3 1.515
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pw/mm? 0.945

F(000) 3088.0

Crystal size/mm?® 0.236 x 0.156 x 0.123

Radiation MoKa (A =10.71073)

20 range for data collection/°|4.502 to 50.892

Index ranges -11<h<11,-42<k<42,-24<1<24
Reflections collected 87639

Independent reflections 12259 [Rint = 0.0926, Rsigma = 0.0515]
Data/restraints/parameters  (12259/0/829

Goodness-of-fit on F2 1.035

Final R indexes [[>=20 (I)] [R1=0.0338, wR> =0.0689

Final R indexes [all data] R1 =0.0543, wR, = 0.0776

Largest diff. peak/hole / e A=|0.34/-0.35
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