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EXPERIMENTAL SECTION

All the reagents used were of Analar or chemically pure grade. Solvents were purified
and dried according to the literature procedure.! The starting compounds 8-methyl-2-oxo-1,
2-dihydroquinoline-3-carbaldehyde,and ruthenium precursor [RuHCI(CO)(PPh;);], were
prepared by the literature method.>*Melting points of the complexes were recorded by
RAAGA melting point apparatus. FT-IR spectra of the ligands and complexes have been
recorded as KBr pellets with a JASCO FT-IR 4100 instrument in the range 400-4000 cm!.
Electronic spectra of the ligands and complexes were recorded in DMSO using JASCO V-
630 UV-Vis Spectrometer in the 200-800 nm range. '"H NMR spectra were taken in DMSO-
d® by using Bruker 400 MHz instrument with TMS as standard. Mass spectrum was recorded
with a high-resolution Q-TOF mass spectrometer. Single crystal data collections and
corrections for the complexes 2-4 were done at 293 K with CCD Kappa Diffractometer using
graphite monochromated Mo Ka (k = 0.71073 A) radiation.* The structural solution was done
by using SHELXS-97° and refined by full matrix least square on F?using SHELXL-
2014.°The catalyst have been regenerated by separation technique using methanol and
chloroform as solvents. For Gas chromatography-mass spectroscopic analysis, AGILENT
5977C GC/MSD was used with split-mode injector (split ratio-1:100), the interpretation of
the mass spectra was done by using National Institute Standards and Technology
(NIST23).The CD spectrum were recorded in JASCO J-1500 with ethyl acetate as standard
solution.
Preparation of new ruthenium(II) complexes

To a solution of [RuHCI(CO)(PPhs)s] (0.05 g, 0.052 mmol) in chloroform (10 cm?),
was added to a methanolic solution (10 cm?)of(HL!-#) (0.013-0.017 g, 0.052 mmol) and the
reaction mixture was refluxed for 5 h. It was subjected to thin layer chromatography where two
spots were identified and isolated by silica gel column chromatography using benzene—methanol as

solvent mixture. The yellow band was eluted with 98:2 benzene: methanol and complex 1-


mailto:rpnchemist@gmail.com
mailto:rpnchemist@buc.edu.in

4was isolated from a reddish-brown band by using 85:15 benzene: methanol as eluent, and

was crystallized by using chloroform-ethyl acetate mixture afforded red semi crystals.

[RuHS8MT] (1) - Yield: 82%. mp: >280 °C. Anal. Calcd for C49H4,CIN,O,P,RuS: C,61.99;
H, 4.46; N, 5.90; S, 3.38. Found: C, 61.96; H, 4.42; N, 5.86; S, 3.33%. FT-IR (v, cm™! ) in
KBr: v(C=0) 1644, v(C=N) 1479, v(C-S) 746. UV—vis(DMSO), Apax, nm (g, dm?> mol ™! cm™)
274 (11,2401) (Intra ligand transition), 359 (34,3007) (LMCT), 413 (47,5989) (MLCT). 'H
NMR (400 MHz, DMSO-dg, 6 ppm, J Hz):11.64 (s, 1H, N(1)H), 10.47 (s, 1H, N(4)H), 9.14
(s, IH, -CH=N), 8.78 (s, 1H, C(4)H), 7.78 (s, 1H, J =8 Hz, C(5)H), 7.63-7.64 (d, 1H, J =4
Hz, C(7)H), 7.60-7.61 (t, 1H, J =4 Hz,C(6)H), 6.44-6.48 (d. 2H, J = 16 Hz, terminal -NH,),
7.46-7.48 (m, 15H, J = 8 Hz, -PPh;), 7.40-7.42 (m, 15H, J = 8 Hz, -PPh;), 2.70 (s, 3H, -CH3,
quinoline methyl at C(8) position).?C NMR(DMSO,oppm):150.07,148.33,144.56,
143.97,141.97,139.87,138.79,138.20,135.20,135.01,134.68,134.05,133.90,133.84,133.67,133
47,132.94,131.78,130.91,130.48,130.05,129.94,129.81,129.64,129.12,129.06,128.73,128.32,
128.14,127.65,127.57,126.78,126.58,126.25,125.90,125.82,125.77,125.48,125.20,125.01,124
.73,124.55,124.39,124.07,123.97,123.76,123.53,120.74,30.03.ESI: m/z calcd. for
C49H4,CIN4O,P,RuUS, 958.2; found, 949.2[M+0.5H,0]".

[RuHS8MMT] (2) - Yield: 79%. mp: >280 °C. Anal. Calcd for C5oHy4CIN4O,P,RuS: C,61.99;
H, 4.60; N, 5.82; S, 3.33. Found: C, 61.95; H, 4.58; N, 5.80; S, 3.30%. FT-IR (v, cm™! ) in
KBr: v(C=0) 1644, v(C=N) 1481, v(C-S) 747. UV—vis(DMSO), Apa, nm (g, dm* mol!
cm ') 266 (11,8311) (Intra ligand transition),359 (43,2710) (LMCT), 409 (55,6890) (MLCT).
'"H NMR (400 MHz, DMSO-dg, & ppm, J Hz): 11.16(s, 1H, N(1)H), 10.79 (s, 1H, N(4)H),
9.26 (s, 1H, -CH=N), 8.83 (s, 1H, C(4)H), 7.41-7.44 (d, 1H, J = 12 Hz, C(5)H), 7.32-7.33(d,
1H, J = 4 Hz, C(7)H), 7.26-7.28(t, 1H, J = § Hz, C(6)H), 7.60-7.65 (m, 15H, J = 20 Hz, -
PPhs), 7.54-7.58 (m, 15H, J= 16 Hz, -PPh;), 2.25-2.27 (t, 3H, J = 8 Hz, terminal -CH,), 2.70
(s, 3H, quinoline -CHj at C(8) position)."*C NMR(DMSO,dppm):150.29, 146.31, 145.14,
144.71, 141.92, 138.71, 138.11, 137.56, 137.43, 137.40, 137.19, 134.69, 134.56, 133.98,
133.91, 133.79, 133.10, 133.02, 132.47, 130.80, 130.58, 130.37, 129.51, 129.12, 129.07,
129.02, 128.77, 128.32, 128.25, 127.85, 127.76, 127.61, 127.58, 127.37, 127.11, 127.08,
126.60, 126.42, 126.27, 126.06, 126.03, 125.89, 125.84,125.34, 124.64, 124.62, 123.68,
123.42, 30.09, 21.55. ESI: m/zcaled. for CsoHgCIN4O,P,RuUS, 1026.13; found, 962.13
[M+2CH;0H]".




[RuHSMET] (3) - Yield: 73%. mp: >280 °C. Anal. Calcd forCs;H4CIN4O,P,RuUS: C,62.67;
H, 4.74; N, 5.73; S, 3.28. Found: C, 62.72; H, 4.68; N, 5.80; S, 3.32%. FT-IR (v, cm™' ) in
KBr: v(C=0) 1646, v(C=N) 1481, v(C-S) 743. UV—vis(DMSO), Apax, nm (&, dm?> mol™' ecm™)
268 (11,3221) (Intra ligand transition), 360 (43,3710) (LMCT), 410 (55,9802) (MLCT). 'H
NMR (400 MHz, DMSO-dg, & ppm, J Hz):11.17 (s, 1H, N(1)H), 10.79 (s, 1H, N(4)H), 8.32
(s,1H,-CH=N), 7.79 (s, 1H, C(4)H), 7.63-7.64 (d, 1H, J = 4 Hz, C(5)H), 7.56-7.58 (t, IH, J
= 8 Hz, C(7)H), 7.40-7.41 (t, 1H, J = 4 Hz, C(6)H), 7.30-7.37 (m, 15H, J = 28 Hz, -PPh;),
7.24-7.27 (m, 15H, J = 12 Hz, -PPh;), 1.18-1.26 (p, 2H, J = 32 Hz, terminal -CH,), 2.42 (s,
3H, terminal -CH,), 2.28 (s, 3H, quinoline -CH3 at C(8)
position).*CNMR(DMSO,5ppm):150.29, 148.59, 146.29, 145.17, 144.73, 143.29, 141.36,
141.32, 141.06, 140.31, 139.48, 138.47, 137.61, 137.50, 137.40, 137.23, 137.12, 136.61,
136.30, 136.17, 134.53, 133.98, 133.93, 133.52, 133.06, 132.42, 132.86, 131.08, 129.93,
129.87, 129.54, 129.27, 129.22, 129.04, 128.39, 127.80, 127.78, 127.66, 127.62, 127.08,
126.91, 126.80, 126.68, 126.62, 126.24, 126.01, 123.96, 122.81, 29.66, 21.57, 21.15 ESI: m/z
calcd. for Cs;H46CIN4O,P,RuUS, 1085.46; found, 976.46 [M+DMF+2H,0]*.

[RuHS8MPT] (4) - Yield: 70%. mp: >280 °C. Anal. Calcd for CssH4sCIN4O,P,RuS: C,64.42;
H, 4.52; N, 5.46; S, 3.13. Found: C, 64.38; H, 4.60; N, 5.53; S, 3.18%. FT-IR (v, cm™' ) in
KBr: v(C=0) 1646, v(C=N) 1528, v(C-S) 744. UV—vis(DMSO), Apax, nm (g, dm? mol ! cm™!)
269 (11,8756) (Intra ligand transition), 364 (38,8361) (LMCT), 418 (56,2910) (MLCT). 'H
NMR (400 MHz, DMSO-dg, 6 ppm, J Hz): 11.41 (s, 1H, N(1)H), 10.28 (s, 1H, N(4)H), 9.22
(s, 1H, -CH=N), 8.51 (s, 1H, C(4)H), 7.40-7.41 (d, 1H, J=4 Hz, C(5)H), 7.36-7.37 (d, 1H, J
=4 Hz, C(7)H), 7.25-7.29 (t, 1H, J = 16 Hz, C(6)H),_7.61-7.68 (m, 15H, J = 28 Hz, -PPh;),
7.51-7.58 (m, 15H, J = 28 Hz, -PPh;),7.22-7.24 (t, 1H, J = 8 Hz, phenyl proton), 7.18-7.20(t,
2H, J = 8 Hz, phenyl proton), 7.14-7.16 (d, 2H, J = 8 Hz, phenyl proton), 2.46 (s, 3H, -CHj,
quinoline methyl at C(8) position).*CNMR(DMSO,5ppm):150.45, 150.07, 149.66, 148.37,
147.73, 146.49, 146.36, 144.71, 144.61, 144.47, 144.39, 144.00, 143.45, 139.38, 139.24,
138.05, 136.42, 136.34, 135.56, 135.01, 134.92, 134.78, 134.65, 134.23, 133.94, 133.68,
133.56, 133.47, 130.01, 129.88, 129.58, 129.31, 128.81, 128.76, 128.67, 128.54, 128.29,
128.10, 127.65, 127.61, 127.51, 127.29, 126.98, 126.38, 126.20, 126.02, 125.79, 125.75,
125.30, 125.18, 124.99, 124.14, 124.11, 124.03, 123.07, 29.65.ESI: m/zcalcd. for
CssH46CIN4O,P,RuUS, 1065.55 ; found, 1024.51 [M+CH;CN]*.




Infrared spectroscopy

120
m;‘N i \\
100f=—"N rdhs TR N Ay e
\ n o / \ n\ N |I ¥ N \n /W
\ f 1 | \ SR ! ful it ‘I |
I I'. | l | |‘ | [ [ .i :rrf' | I\‘I "I
‘ [ & . | [ | E5 | ! '
80 | / § I‘ | | ." | ‘ g%i gl ||‘
%T '.‘ [ & | ‘ | I' _f_l E% _‘_EJ =
i | ] | | S= = &.5\ L
\ | | S = s e
60 ".‘ | | % ::E: g
\ f _N N JT" = = =
y = T == e R & <E. 2 =
\ = ¢ ~ e = =
40— \gd / H P co = =
.f_?/ 2
30 1 1 L 1 1
2000 3000 2000 1000 400
Fig.S1. FT-IR spectrum of the complex [RuH8MT)] (1)
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Fig.S2. FT-IR spectrum of the complex [RuH8MMT)] (2)
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Fig.S3. FT-IR spectrum of the complex [RuHSMET] (3)
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Fig.S4. FT-IR spectrum of the complex [RuH8MPT] (4)
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Fig. S5. Electronic spectra of ligands (HL!4) and the complexes (1-4)

Procedure for catalytic transfer hydrogenation of alkenes

The alkene (0.030 mg; 1mmol) and catalyst (0.005 mmol) were dissolved in 10 cm? of
methanol, to this sodium borohydride (NaBH,) (0.225 mg; 6 mmol) was added under ice cold
condition with stirring. Further, the reaction mixture was stirred in room temperature for 6 h.
The reaction was monitored by thin layer chromatography before prior to the next step. After
the completion of the reaction, the reaction mixture was worked up with chloroform and

water where the organic layer was collected, passed through anhydrous Na,SOy,, distilled and
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dried. The product was isolated by using column chromatography with petroleum ether (60-

80 °C) and ethyl acetate as eluents.

12 11 10

Fig. S7. '"H NMR spectrum of complex [RuH8§MMT] (2)
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Fig. S9. 'H NMR spectrum of complex [RuH8MPT] (4)
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Fig. S10. *CNMR spectrum of complex [RuH8MT] (1)
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(5%t

£0°PTT
et
PTHTT
667421
8T°STI
0£°STT
cLoeTt
6L7€TT
20°921
0T°9T1
8£°071
867921
6T°LTT
18°LTT
19°L21
$9°LTT
0T'8T1
6T°82T
PS8BTI
L9°8TT+
9L°8TTH
18°8TT+
887621
T0°0€T—
LY EET]
95"EET
89°€ET
O°PET
8L PET
76'PET]
T0°SET
r-9eTH
S0°SET
PT6ET]
00°PFT
6E°PPT
LPpT
9°FFT
TLPPT]
9£°0pT
67°0pT
EL°LFT
LESPT
LO°0ST

10

20

30

40

i

130 120 lll]ﬂ(lll)]lglm} 90 80 70 60
Fig. S13. *CNMR spectrum of complex [RuHSMPT] (4)

140

200 1% 180 170 160

210




1001 279.1075

|
163. 111‘5
pao.1110
301.090%
1941273 2241394 ﬁ
e pk it
100 200 300

915.2061

9132008
&

954.2231

91220204

(956.2245

957.2268

oss. 2288

Fig. S14. Mass spectrum of the complex [RuH8MT)] (1)
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Fig. S19. ORTEP diagram of complex 3with hydrogen bonding



Fig. S20. ORTEP diagram of complex 4 with hydrogen bonding




Table S1. Crystallographic data and structure refinement of new Ru(Il) complexes

Compound 2 3 4
Empirical formula C50H44C1N402P2RuS C51H46C1N302P2RuS C55H46C1N302P2RuS
Formula weight 1041.517 961.41 1026.99
Temperature(K) 273 K 298 K 298 K
Wavelength(A) 0.71073 0.71073 0.71073

Crystal system Triclinic Triclinic Orthorhombic

Space group P-1 P-1 P212121

a(A) 12.243(2) 12.2178(5) 14.1817(9)

b (A) 13.080(3) 13.2469(6) 19.1965(13)

c(A) 16.249(3) 16.3505(8) 19.3673(13)

a(®) 89.777(6) 89.348(2) 90

B () 74.454(5) 74.1690(10) 90

v (©) 89.408(6) 89.295(2) 90

Volume (A?%) 2506.8(8) 2545.6(2) 5272.5(6)

V4 2 2 4

Absorption co-efficient  0.522 0.503 0.491

(mm')

F(000) 1071.029 988 2118

Theta range for data 2.03 to 27.21 2.33t023.26 2.37 t0 26.73

collection (°)

Index ranges 15 <=h<=-13, 15<=h<=-15 18<=h<=-18,
16<=k<=-16, 17<=k<=-16, 24<=k<=-24,
20<=1<=0 20<=1<=-20 24<=1<=-24

Refinement method olex2.refine 1.5 XL (Sheldrick, XL (Sheldrick, 2008)
(Bourhis et al., 2008)

2015)

Final R indices R1=0.0698 (4939), R1=0.0534(7291), RI1=20.0683 (7787),

[I>20(])] R indices (all ~wR2=0.1619 wR2 =0.1564 wR2 =0.2020 (11631)

data) (8631) (11250)

Table S2. Selected bond lengths (A) and angles (°) of new Ru(II) complexes

BOND LENGTH

Complex 2 Complex 3 Complex 4

Rul-P1 2.395(19) | Rul-PI 2.403(10) Rul-P1 2.416(3)
Rul-P2 2.397(19) | Rul-P2 2.468(11) Rul-P2 2.382(3)
Rul-S1 2.354(18) | Rul-Sl 2.355(11) Rul-S1 2.348(3)
Rul-Cl 1.853(7) Rul-C32 2.389(10) Rul-C57 1.838(10)
Rul-N1 2.153(5) Rul-N1 2.156(3) Rul- NOOS 2.162(8)
Rul-Cll1 2.463(19) | Rul-CI2 1.846(4) Rul-ClI 2.43403)
BOND ANGLE

Complex 2 Complex 3 Complex 4

S1-Rul-Cll1 169.34(6) | S1-Rul-CI2 169.44(4) S1-Rul-Cll1 171.21(10)
S1-Rul-Cl 94.38(2) S1-Rul-C32 95.83(13) S1-Rul-C57 94.4(3)
S1-Rul-N1 80.20(15) | S1-Rul-N1 80.29(9) S1-Rul-N008 79.6(2)
S1-Rul-P1 90.79(6) S1-Rul-P1 89.31(4) S1-Rul-P1 93.67(12)
S1-Rul-P2 89.43(6) S1-Rul-P2 88.78(4) S1-Rul-P2 89.56(12)
P1-Rul-Cl 88.92(2) P1-Rul-C32 88.29(12) P1-Rul-C57 90.4(3)




P1-Rul-N1 91.75(15) | P1-Rul-N1 90.93(9) PI-Rul-N008 | 88.2(3)
P1-Rul-P2 177.56(6) | P1-Rul-P2 176.76(4) | P1-Rul-P2 176.77(11)
P1-Rul-Cll 87.17(6) |P1-Rul-Cl2 | 91.61(4) P1-Rul-Cll 86.94(10)
P2-Rul-Cll 93.05(6) | P2-Rul-CI2 | 90.73(4) P2-Rul-Cll 89.86(10)
P2-Rul-N1 90.68(15) | P2-Rul-N1 91.31(9) P2-Rul-N008 | 92.3(3)
P2-Rul-C1 88.63(2) | P2-Rul-C32 [89.26(12) | P2-Rul-C57 89.5(3)
N1-Rul-Cl 174.54(2) | N1-Rul-C32 | 176.07(15) | N1-Rul-C57 173.7(4)
NI-Rul-Cll 89.40(15) | NI-Rul-CI2 | 89.18(9) NI-Rul-Cll 91.7(2)
Cl1-Rul-Cll 96.04(2) | C32-Rul-CI2 | 94.71(13) | C57-Rul-Cll | 94.4(3)

Table S3. Hydrogen bonds for complexes (2 - 4) [A and °]

RuHSMMT

D-H---A d(D-H) d(H---A) | d(D---A) | <(DHA)

N(4)---O(2) 1.991 0.861 2.833 165.53

Symmetry operation: (X, Y, Z); (-X, -y, -Z)

RuHSMET

N(3)--0(2) | 1.801 11.035  [2.828 |[171.07

Symmetry operation: (X, y, z); (-X, -y, -Z)

RuHSMPT

N(1)--O(1)  0.861 1 1.897  [2.754 | 173.33

Symmetry operation: (X, y, z); (-x+1/2, -y, z+1/2); (-x, y+1/2, -z+1/2); (x+1/2, -y+1/2, -z)

Spectral studies of substrates

The substrate scope was extended with different substituent under optimal
hydrogenation conditions (Fig. 4 (1A-5E)). The 'H NMR and '3C NMR spectral data of the
products obtained are provided in (Fig. S21. - Fig. S70). The GC and GC-MS chromatograms
of the products are provided in (Fig. S71—-S79). The products were analysed by CD spectrum
in ethyl acetate solvent at 10uM concentration, to determine their enantiomeric nature. The

CD spectra of representative hydrogenated products have been shown in (Fig. S80—S84).7-°

'H NMR of the products
1A:'HNMR(400MHz,DMSO,8ppm,J/Hz):8.25(s,1H),8.19-8 21(t, 1H, J =8 Hz),7.95-
7.97(d,1H,J = 8Hz),7.90-7.92(d,1H,J = 8Hz),7.84-7.86(t,1H,J = 8 Hz),7.72-7.76(t,1H,J =
16Hz),7.51-7.61(m,6H,J = 40Hz),5.75-5.76(d,1H,J = 4 Hz),5.54-5.58(q,1H,J = 16Hz),3.05-
3.21(m,2H, J=64Hz),2.14-2.36(dp,2H,J =
88Hz).*CNMR(DMSO,6ppm):151.25,146.14,142.00,138.25,134.07,133.79, 130.42,
130.37,129.12,128.01,127.62,127.60,126.28,125.89,125.85,123.73,
123.42,69.16,38.24,30.09.




1B:'HNMR(400MHz,DMSO,5ppm,/Hz):8.14(s,1H),8.09-8.12(d,1H,J = 12 Hz),7.91-
7.94(dd,1H,J = 12Hz),7.85-7.86(d,1H,J = 4Hz),7.80-7.82(d,1H,J = 8 Hz),7.73-7.77 (t,1H,J =
16Hz),7.66-7.67(d,1H,J = 4Hz),7.64(s,1H),7.47-7.55(m, 4H,

J=32Hz),5.62-5.65(d,1H,J = 12Hz),5.43-5.46(q,1H.J = 12Hz),3.39(s,3H),

2.96-3.11(m,2H,J =  92Hz),2.06-2.25(dp,2H,J =  76Hz),*CNMR(DMSO,5ppm):
150.29,144.71,141.92,137.19,133.91,133.79,132.47,130.37,129.12,128.32,
127.76,127.58,127.08,126.60,126.27,125.89,125.84,123.68,123.42,69.16,38.30, 30.09, 21.55.
1C:'HNMR(400MHz,DMSO,éppm,J/Hz):8.19(s,1H),8.09-8.11(d,1H,J = 8Hz),7.90-
7.92(dd,1H,J = 8Hz),7.79-7.81(d,1H,J = 8Hz),7.73-7.77(t,1H,J =16 Hz),7.67(s, 1H),7.51-
7.53(d,1H,J = 8Hz), 7.47-7.49(m,2H,J = 8Hz), 7.39-7.40(d, 1H,J =4Hz),7.37-7.38(d,1H,J =
4Hz),5.63-5.64(d, 1H,J =4Hz),5.43-5.46(q,1H,J = 12Hz). *CNMR(DMSO,dppm):151.15,
146.43,141.99,140.40,137.91,135.01,133.79,133.01,130.85,130.39,129.65,129.12,127.59,126
.80,126.40,126.25, 125.88,125.83,123.70,123.42,69.18,30.03,29.55.

1D:'H NMR (400 MHz, DMSO, 6 ppm, J Hz): 8.24 (s, 1H), 8.13-8.16 (d, 1H, J =
12Hz),7.93-7.95(dd,1H,J = 8Hz),7.82-7.84(d,1H,J = 8Hz),7.74-7.77(t,1H,J =12 Hz),
7.56-7.58(d,1H, J = 8Hz),7.538-7.539(d,1H,J = 4Hz),7.45-7.52(m,4H),5.63 (s,1H),5.46-
5.48(t, 1H,J =8 Hz),3.00-3.15(m,2H),2.09-
2.29(dp,2H),2.64(s,3H).*CNMR(DMSO,6ppm):150.33,145.24,141.97,138.42,135.61,133.80,
133.75,130.41,130.23,129.11,128.24,127.77,127.60,127.24,126.25,125.82,125.78,124.64,123
.73,123.46,69.25,30.02,29.43.

1E:'HNMR(400MHz,DMSO,éppm,/Hz):8.90-8.92(d,1H,J = 8Hz),8.06(s, 1H),7.71-
7.73(d,1H,J = 8Hz),7.82-7.89(m,4H),7.61-7.62(dd,1H,J = 8Hz), 7.64-7.66

(d,1H,J = 8 Hz),7.44-7.55(m,4H),5.76-5.78(d,1H,J =8Hz),5.50-5.52 (q, 1H,J =8 Hz),2.98-
3.14(m,2H),2.10-2.34(dp,2H).*CNMR(DMSO,oppm):  150.07, 143.97, 141.97, 138.20,
134.68, 133.84, 133.47, 130.48, 129.94, 129.12, 128.73, 128.32, 128.14, 127.65, 127.57, 126.25,
125.90, 125.82, 125.77,125.01, 123.97, 123.76, 123.53, 69.37, 38.19, 30.03.
2A:'HNMR(400MHz,DMSO,5ppm,/Hz):8.23(s,1H),7.98-8.01(d, 1 H,J= 12 Hz),7.91-
7.93(d,1H,J= 8Hz),7.71-7.77(dd,1 H,J= 36Hz),7.62-7.64(t,1 H,J=8Hz),
7.12-7.30(m,5H,J=72Hz),5.56-5.60(d,2H,16Hz),5.22-5.25(t,1H,J =12Hz),
4.52-4.58(q,2H,J=36Hz),2.05-
2.19(dp,2H,J=56Hz).*CNMR(DMSO,dppm):152.21,145.67,135.46,134.68,130.56,129.29,12
8.57,128.49, 128.03,127.63,127.56,127.33,127.19,126.37,126.22,72.14,71.25,29.18.
2B:'HNMR(400MHz,DMSO,5ppm,J/Hz):8.40(s,1H),8.02(s,1H),7.73-7.75 (d,1HJ =8
Hz),7.57-7.60(d,1H,J = 12 Hz),7.48-7.49(d,1H,J =4Hz),7.38-7.40(d, 1H,J = 8Hz),7.31-



7.35(t, 1H,J =16Hz),7.21-7.26(p,2H.J =20Hz),5.41-5.42(d, 1H,J = 4Hz),4.65-4.68(t,1H,J =
3Hz),2.73-2.95(dp,2H,J = 88Hz),2.41(s,3H), 1.97-2.02(q,2H,J =
20Hz).*CNMR(DMSO,5ppm):150.07,144.03,143.26,
138.58,136.20,134.89,133.60,129.97,129.05,128.50,128.36,127.79,126.25,
125.96,125.20,123.95,72.09,38.90,29.60.
2C:'HNMR(400MHz,DMSO,8ppm,JHz):7.99(s,1H),7.65-7.66(d,1H,J = 4 Hz),7.50-
7.48(d,1H,J = 8Hz),7.24-7.39(m,6H,J = 60Hz),5.64-5.65(d,1H,J = 4 Hz),4.74-4.80
(t,1H,J=6Hz),2.81-3.04 (dp,2H,J = 92Hz),2.42(s,3H),2.10-2.11 (q, 2H,

J = 4Hz).*CNMR(DMSO,5ppm):151.22,146.48,146.39,140.04,137.48,
133.00,129.34,128.72,128.48,127.99,127.36,127.23,126.88,126.37,125.77,
72.50,39.07,29.74,21.78.

2D:'HNMR(400MHz,DMSO,8ppm,JHz):9.04(s,1H),7.84-7.86(d,1H,J = 8Hz),7.70-
7.73(d,1H,J = 12Hz),7.64-7.68(t, 1H,J = 8Hz),7.51-7.54(t,1H,J = 12Hz),

7.38-7.41(m,3H,J = 12Hz),7.30-7.32(d,1H,J = 8Hz),5.65-5.67(d,1H,J = 8Hz), 4.82-
4.83(q,1H,J =4 Hz),2.82-3.05(dp,2H,J = 92Hz),2.58(s,3H),2.12-2.14(q,2H,

J =8 Hz). BC NMR (DMSO, ¢ ppm): 150.29, 146.14, 144.45, 139.06, 134.99, 133.80, 131.10,
129.18, 128.95, 128.25, 127.95, 127.20, 126.23, 125.48, 124.22, 120.70, 71.54, 38.72, 29.45.
2E:'HNMR(400MHz,DMSO,ppm,JHz):7.76(s,1H),7.61-7.63(d,1HJ = 8 Hz),7.47-
7.50(d,1H,J = 12Hz),7.32-7.34 (d, 1H,J = 8Hz),7.23-7.25 (d,1H, J= 8 Hz),

7.37-7.44(m,5H,J =28Hz),7.13-7.16(t,1H,J = 12Hz),7.01-7.05(t,1H,J = 16Hz),
5.36-5.37(d,1H,J = 4Hz),4.50-4.54(q,1H,J = 16Hz),2.55-2.79(dp,2H,J = 96Hz), 1.79-
1.87(q,2H,J = 32Hz).*CNMR(DMSO,5ppm):150.07,146.36,140.00,
138.05,134.65,133.47,130.01,128.81,128.67,128.54,128.29,128.10,127.51,
127.29,126.98,126.38,125.75,124.99,124.03,72.47,38.90,29.65.
3A:'HNMR(400MHz,DMSO,5ppm,J/Hz):8.29(s,1H),7.97-7.99(s,1H,J = 8Hz),
7.91-7.93(d,1H,J = 8Hz),7.73-7.77(t,1H,J = 16Hz),7.60-7.64(t,1H,J = 16Hz),
7.26-7.28(d,2H,J = 8Hz),7.13-7.15(d,2H,J = 8Hz),5.33-5.34(d,1H,J = 4Hz),

4.60-4.64 (q,1H,J = 16Hz),2.77-2.99(dp,2H,J = 88Hz),2.28(s,3H),1.98-2.03(q, 2H,

J = 20Hz).*CNMR(DMSO,6ppm):151.25,146.55,146.15,143.30,138.06,
136.16,134.08,130.24,129.03,127.92,127.89,127.78,127.46,126.82,126.25,
72.11,38.92,29.69,21.15.
3B:'HNMR(400MHz,DMSO,8ppm,JHz):8.14(s,1H),7.79-7.81(d,1H.J = 8 Hz),
7.69(s,1H),7.56-7.58(d,1H,J = 8Hz),7.34-7.36(d,1H,J = 8Hz),7.27-7.29(d, 1H,



J=8Hz),5.35-5.37(d,1H,J =8Hz),4.61-4.64(t, 1 H,J = 12Hz),2.75-2.96(dp, 2H,

J = 84 Hz), 2.48 (s, 3H), 2.29 (s, 3H), 1.97-2.03 (q, 2H, J = 24 Hz). *C NMR
(DMSO,3ppm): 150.29,144.73,143.29,137.50,137.12,136.17,133.98,132.42,129.27,
129.04,127.80,127.62,126.80,126.62,126.24,72.04,38.97,29.66,21.57,21.15.
3C:'HNMR(400  MHz,DMSO,5ppm,JHz):8.00(s,1H),7.65-7.68(d,1H,/=12  Hz),7.34-
7.35(d,2H,/=4Hz),7.27-7.29(d,2H,J=8Hz),7.12-7.14(d,2H,/=8 Hz),
5.52-5.53(d,1H,J=4Hz),4.74-4.75(t, 1 H,/=4Hz),2.08-2.09(q,2H,/=4Hz),

2.81-2.99(dp,2H, J=72 Hz).*CNMR(DMSO,3ppm):152.14,149.51,146.46,
143.34,140.03,137.50,136.16,133.05,129.34,129.05,127.92,127.37,126.87,
126.29,125.78,72.32,37.81,29.75,21.74,21.14.

3D:'HNMR(400MHz,DMSO,8ppm,/Hz):7.81(s,1H),7.40-7.42(d,1H.J = 8 Hz),7.21-
7.22(d,2H,J = 4Hz),7.09-7.17(dd,1H,J = 32Hz),6.95-6.97(d,1 H,J = 8 Hz),

6.90-6.92(d,2H,J = 8Hz),5.24-5.28(d,1H,J = 16Hz),4.487-4.49(t,1H,J = 1.2 Hz),2.56-
2.79(dp,2H,J = 92Hz),2.39(s,3H),2.05(s,3H),1.80-1.88(q,2H,J = 32Hz).

B3C NMR (DMSO, & ppm): 150.28, 145.21, 143.22, 138.09, 136.17, 135.59, 133.69, 129.99,
129.24, 129.01, 127.67, 127.00, 126.81, 126.23, 125.61, 72.24, 38.91, 29.65, 21.10, 17.79.

3E: "THNMR(400MHz,DMSO,dppm,J/Hz):8.00(s,1H),7.84-7.86(d, 1 H,J=8 Hz),7.73-
7.75(d,1H,J=8 Hz),7.55-7.71(m,4H,J= 64 Hz),7.34-7.36(d,2H,J=8 Hz),

7.13-7.15(d,2H,J= 8Hz),4.84-4.85(d,1H,J=4Hz),4.72-4.75(q,1H,J=12 Hz),
2.82-3.04(dp,2H,J/=88Hz),2.05-2.13(q,2H,J=
32Hz).*CNMR(DMSO,5ppm):150.10,144.04,143.33,138.06,136.23,134.73,133.49,130.07,1
29.09,128.64, 128.28,128.09,127.49,126.93,126.32,125.78,124.99,124.06,72.35,38.93,29.72,
21.18.

4A:'"HNMR(400MHz,DMSO,éppm,J/Hz):8.23 (s,1H),8.01-7.99 (d,2H,J = 8 Hz), 7.94-7.91
(d,2H,J =12 Hz),7.77-7.75 (t,1H,J = 8 Hz),7.40-7.39 (t,1H,J = 4 Hz),

7.15-7.14 (d,2H,J = 4 Hz),5.56 (s,1H),2.14-2.13 (d, 2H,J = 4 Hz),2.05-2.01 (t,2H,

J =16 Hz), 3.94 (s, 1H). *C NMR (DMSO, 6 ppm): 151.02, 146.78, 146.15, 140.38, 137.88,
132.83, 129.08, 128.72, 128.24, 127.49, 126.03, 125.99, 125.77, 79.93, 72.73, 21.78, 21.40.
4B:'HNMR(400MHz,DMSO,5ppm,J/Hz):8.40 (s,1H),8.02 (s,1H),7.60-7.57 (d, 2H,J = 12
Hz),7.49-7.48 (d,2H,J = 4 Hz),7.25-7.23 (d,1H,J = 8Hz),7.06-7.03 (d,1H,

J=12 Hz),5.54 (s,1H),4.46 (s,1H),2.95-2.89 (m,2H),2.79-2.75 (m,2H),2.42 (s,3H).
BCNMR(DMSO,dppm):150.39,146.15,144.28,138.43,134.92,133.68,129.88,
128.81,128.76,127.54,127.12,126.91,126.23,125.61,125.18,124.14,72.66,29.39, 28.98.



4C:'HNMR(400MHz,DMSO,8ppm,JHz):7.99 (s,1H),7.66-7.65 (d,2H,J = 4 Hz),

7.39-7.35 (d, 2H,J = 16 Hz),7.28-7.26 (d,1H,J = 8 Hz),7.50-7.48 (d,1H, J = 8 Hz),5.65

(s, 1H), 4.80 (s,1H),3.85 (s,1H), 3.04-2.81 (m,2H),2.11-2.10 (d,2H, J =4 Hz),2.42
(s,3H).*CNMR(DMSO,0ppm):150.39,145.27,143.35,137.70,137.23,136.52,134.19,
129.43,128.84,128.39,126.91,126.80,126.16,72.97,72.04,29.66,28.76.
4D:'HNMR(400MHz,DMSO,éppm,J/Hz):8.19 (s,1H),8.11-8.09 (d,1H,J = 8 Hz), 7.92-7.91
(d,1H,J =4 Hz),7.81-7.79 (d,2H,J = 8 Hz), 7.77-7.73 (t,1H,J = 16 Hz),

7.53-7.51 (d,1H,J = 8 Hz),7.40-7.38 (d,1H,J/ = 8 Hz),7.45-7.43 (d,1H,J = 8 Hz),5.63

(s,1H), 3.09-2.99 (m,2H),2.22-2.07 (m,2H),2.23 (s,2H).*CNMR(DMSO,6ppm):150.59,
145.59,143.97,130.49,136.61,135.44,135.17,133.95,130.56,129.30,128.88,
127.84,126.66,125.61,125.45,73.76,72.24,29.65,29.11.

4E:'HNMR (400 MHz,DMSO,8ppm,J/Hz):8.72-8.70 (d,1H, J = 8 Hz),8.20-8.15 (d, 1H,J = 20
Hz),7.63-7.61(d,1H,J = 8 Hz),7.41-7.39 (d,1H,J = 8 Hz),7.76 (s,1H),7.50 (s, 1H),7.47
(s,1H),7.34 (s,1H),7.25-7.23 (d,1H,J = 8 Hz),7.05-7.01 (t,1H,J =16 Hz),

7.16-7.13 (t, 1H, J= 12 Hz), 5.37 (s, 1H), 4.53 (s, 1H), 2.79-2.55 (m, 2H), 1.85-1.83 (d, 2H,
J = 8 Hz).*CNMR(DMSO,6ppm):150.23,146.70,145.43,145.22,138.59,135.59,
134.37,133.60, 132.92,132.35,131.62,131.36,130.36,129.02,128.56,127.75,
127.38,125.79,120.20,71.55,29.33,17.77.

5A:'"HNMR(400MHz, DMSO,6ppm,JHz):8.40 (s,1H), 7.60-7.57 (d,1H,J = 12 Hz), 7.49-7.48
(d, 1H, J = 4 Hz), 7.31-7.21 (m, 2H), 7.35-7.33 (d,1H, J = 8 Hz), 7.06-7.03 (d,1H, J = 12
Hz),6.67-6.63 (t,1H,J = 16 Hz),5.48 (s,1H),4.68-4.65 (t,1H,J = 12 Hz),2.95-2.73 (m,4H).
BCNMR(DMSO,dppm):150.05,145.73,144.08,138.65,134.73,
133.62,131.38,129.98,128.59,127.81,125.97,125.20,123.97,120.20,71.54,29.45.
5B:'HNMR(400MHz,DMSO,5ppm,JHz): 9.02 (s,1H),7.99-7.84 (dd, 2H,
J=60Hz),7.70 (s,1H),7.43-7.38 (d,2H,J = 20 Hz),7.54-7.51 (t,1H,J = 12 Hz),5.67

(s, 1H),4.83 (s,1H),3.09-2.79 (m,4H),2.14  (s,3H).*CNMR(DMSO,5ppm):150.66,
150.23,144.76,137.69,137.25,133.70,132.54,128.65,127.78,127.61,127.03,
126.63,124.61,123.50,68.30,22.54,21.56.

5C:'"HNMR(400MHz,DMSO,8ppm,JHz):8.19 (s,1H),8.11-8.09 (d,1H,J = 8 Hz), 7.92-7.91
(d,1H,J =4 Hz),7.75-7.73 (d,1H,J = 8 Hz),7.67 (s,1H),7.53-7.51 (d,1H,

J=8 Hz),7.40-7.38 (t,1H,J = 8 Hz),5.63 (s,1H),5.45-5.43 (d,1H,J = 8 Hz),3.11-2.98

(m, 2H), 2.25-2.03 (m, 2H),247 (s,3H).*CNMR(DMSO,5ppm):151.20,146.46,
143.46,143.34,140.03,137.50,136.16,133.05,129.34,129.05,127.37,126.87,
126.29,125.78,72.32,21.74,21.14.



5D:'HNMR(400MHz, DMSO,dppm,JHz):7.99 (s,1H), 7.67-7.62 (d,2H,J = 20 Hz), 7.46-7.44
(t,1H,J =8 Hz),7.35-7.33 (d,1H,J = 8 Hz),7.29-7.26(d,1H,J =12 Hz),

7.16- 7.12 (t,1H,J =16 Hz),5.54 (s,1H),4.74 (s,1H),3.02-2.79 (m,2H),2.15-2.08 (m,2H), 2.26
(s,3H).*CNMR(DMSO,oppm):151.22,146.48,146.39,140.04,137.48,
133.00,129.34,128.78,128.48,127.36,127.23,126.88,126.37,125.77,72.50,22.62, 21.78.
S5E:'HNMR(400MHz,DMSO,8ppm,J/Hz):8.48 (s,1H),8.14 (s,1H),7.94-7.91 (t, 2H,J = 12
Hz),7.75-7.73 (d,2H,J = 8 Hz),7.64 (s,1H),7.55-7.53 (d,2H.J = 8 Hz),7.50- 7.48

(t,1H,J =8 Hz),5.62 (s,1H),5.46-5.43 (t,1H.J = 12 Hz),3.08-3.00 (m,2H),2.24- 2.19
(m,2H).*CNMR(DMSO,dppm):150.07,146.36,144.00,138.05,134.65,
133.47,130.01,128.54,128.29,128.10,127.51,127.29,126.98,126.38,125.75,
124.99,124.03,72.47,29.65,29.00.
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Fig. S31."H NMR spectrum of 2A
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2-Naphthyl methyl ketone 93-08-3
.alpha.-Methyl-2-naphthale nemethanaol T228-47-9
Quinoling, 2,4,6-tdmethyl- 2243-89-2
Naphthalene, 1,4, 6-rimethyl- 2131-47-2
2,3,6-Triphemy-pyridin-4-ol 1000278~

4.0

o

JJT 0
77.0 1010

0

T T
o 20

1 T
60

1 I L
80 100 1207140

Match Factor Component Area Area % Max. Esﬂmcaon'lnd

90.8
858
924
B4.9
520
46.9
655

1852099
993163.7
439915.0
354766.4
1063388.2
1732060778
245610673

011
0.57
0.25
0.20
061
100.00
14.18

1 T 1 1 | T T
220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520

Mass-to-Charge (m/z)

Fig. S71. GCMS of 1B




E 'D;_
41
3.5
3
2.5
2
1.5
14
0.5
r-—r—T-r—rTTrTrTTTTTT
4 5 6 7 8B 9 10 11 12 13 14
RT Compound Name CAS# Match Factor Component Area Area % Max. Esﬂn&:tnad
c.
13.7778 2-Naphthalenecarbaxaldehyde 66-99-9 812 40460226 0.62
14.9731 2-Quinadlinecarboxaldehyde, oxime 1131-68-6 74.0 526498.8 0.08
16.5508 2-Chloro-8-methyl-3-quinolinecarbaldehyde 73568-26-0 89.1 5902273 0.09
18.0999 7-Chloro-4-methaeey-3-methyl quinoline EEOSEB— 69.4 10673933 0.16
31.5155 Isoquinolin-3-carboseylic amide, N, N-di-n-butyl-1-[2- 1000127~ 48.4 6566390516 100.00
pyridyl]- 39-0
33.7530 Naphthalene- 1-carbohydrazide, N2{1-(2- 1000272- 50.1 10823628.3 L65
chlorophemy ethylidene]- 00-8
ﬂ *x102]
5
8 0.9 1
0.87 3611
0.7
0.6
0.5
0.47
0.3 3081 343.1
0.2 11I1 1411 i J‘T
01 sia, 71 100 e |
0 T T 1 T 1 T T 1 i%b T | T T T I | T
40 60 80 100 12 80 200 220 240 260 280 300 320 340 380 400 420 440 460 480 500 520
Mass-to-Charge {miz)
Fig. S72. GCMS of 1D
xa0’ OH
4.5 *
4 ar
3.5
3 -~
25 Aa N
F3y
1.5
0.5
L' Sl - D T (RN R (R (R Py PN R R WA SN K B e e S B I R e s Y e e R B SR
4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Acquisition Time (min)
RT Compound Name CAS# Match Factor Component Area Area % Masx. Esl:iné:nmd
c
26.0936 Benz[a]anthracene-5,6-dial, 5,6-dihydro-7-methyl- 956-39-2 46.5 195589712.1 100.00
26.8299 Quinoxaline, 6-chloro-3-phemd-, 1,4-dioxide 346458-49- 58.6 114134237.0 5835
9
27.1454 1H-Pyrazalo[3,4-b]quinaline, 3,6-dimethyl-1-phenyl-  1000302- 68.6 89193747 4.56
05-0
E X102
5
8 097
0.8 2
0.7
0.6
0.5
0.4
0.3 293.1
0.2 3111
0.1
0 R e Ry e e 1 e Loy IR P Fes [
0 300 320 340 360 380 400 420 440 460 480 500 520
Mass-to-Charge (myz)

Fig. $73. GCMS of 2B




ot =2 B
4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Acquisition Time (min)
RT Compound Name CAS# Match Factor Component Area Area %o Max. Esmg“md
c
3.4985 Methacrylamide 79-39-0 67.6 2307.5 0.00
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11.3966 Ethanone, 1{4-bromophenyl)- 99-90-1 99,0 618657.0 1109
16.5506 2-Chloro-8-methyl-3-quinolinecarbaldehyde 73568-26-0 94.5 2527256 453
21.4846 2-Chloro-9-formyl acridine 22684-25-9 751 2721061.0 48.78
22,2878 1,3-Dichloro-7-ethyl-5,6,7,8-tetrahydro- 1000274~ 64.7 394056.9 7.06
[2,7Inaphthyridine-4-carbonitrile -4
22,8998 2-Amino-4-(4-chlorophenyl)-6-(2- 331828-45- 69.6 717810.1 12.87
methy lpropyl }pyridine-3-carbonitrile [
31.0849 Benzo[h]quinoline, 2,4-dimethyl- 605-67-4 52.9 704658.6 12.63
£ 0]
0.9
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0.7
0.6
0.54
0.4
0.3- 281.1
o 24p.0 294.1
0.1 . 7.1 425.3
o T.c..lﬂ,ﬁl"i'“r 17 w il i*. 4052 54 ;
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Fig. $77. GCMS of 4E
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Acquisition Time (min)
RT Compound Name CAS# Match Factor Component Area Area % Max. Esﬂn&nnnd
€
7.8491 Ethanane, 1-{2-thienyl)- 88-15-3 8.6 #I0678.0 031
17.1052 2-Chloro-6-methyl-3-quinolinecarbaldehyde 73568-27-1 Q7.0 44615312 155
75,2808 2-Chiaro-3-(3-hydroxy-phenylamina)- 1000301 66.1 9590 105.4 333
[1,4Inaphthoquinone 10-6
25,6728 2-Amino-5-fluom-3-nitrobenzotrifluoride, TMS %22503— 618 1696301.4 0.59
26.0266 3, 4-Dilydrotsoquinaline, 1-[3-methaogbenzyl]-6- 1000126~ 714 19565037.9 6.80
methoxy- 16-1
26.2083 2-Chioro-3-(3-hydraxy-phenylamino)- 1000301~ 54.7 268546428.0 93.29
[1,4naphthoquinone 10-6
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Fig. S78. GCMS of 5B
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4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Acquisition Time (min)
RT Compound Name CAS# Match Factor Component Area Area % Max. Btjmartmed
.
3.6989 Propanedinitrile 109-77-3 53.8 3292844.7 5.75
6.3954 2-Thiophenecarboxaldehyde 98-03-3 a8.7 1163996.5 2.03
7.8489 1-Pentanone, 1-(2-thienyl)- 53119-25-8 89.0 633773.8 111
16.5504 2-Chloro-8-methyl-3-quinolinecarbaldehyde 73568-26-0 95.2 2738659.1 4.78
17.7648 1,2-Benzenedicarboxylic add, bis(2-methylpropyl) B84-69-5 4.7 3986210.5 6.96
ester
24.4295 1,3,4a-Trichloro-6-methyl-9H-flucren=4-one 1000388- 68.6 654969.4 1.14
37-8
24.5156 4 4-Chlorophenyl }-2-(methylthio )thiophene-3- 11652642~ 683 55872379.2 97.58
carbonitrile 2
24.7738 2-Chloro-3-(4-hydraxyphenylamine)-1,4- 64897-00-3 703 6432084.5 11.23
naphthoguinone
25.6248 2-[(E)-2~{4-Hydroxyphenyl)ethenyl]quinolin-8-ol é%U:OQZ- 552 34605949.7 60.44
27.0209 2-Chloro-8-methyl-3-quinolinecarbaldehyde 73568-26-0 58.5 10418189.2 18.20
27.1452 ridine-3-carbonitrile, 2-oxo-4-phenyl-6-(thiophen-2- 1000304~ 79.7 15500315.6 27.07
yl)-1,2-dibydro- 72-3
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Fig. S79. GCMS of 5D
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Fig. S82. CD spectrum of 3D

Fig. S83. CD spectrum of 4E
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Fig. S84. CD spectrum of 5B
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Fig. 85.'H NMR spectrum of the catalyst regenerated after 1st cycle (C1)
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Fig. 86.'"H NMR spectrum of the catalyst regenerated after 4th cycle (C4)
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Fig. S87. PXRD patterns of the catalysts before usage in catalytic reaction (Complex 2) and
regenerated after1st(C1) and 4" (C4) cycles
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