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SUPPORTING INFORMATION

Experimental

All chemical purchased from spectrochem, Aldrich, alpha assar. Melting points were
determined in open capillaries (using instrument Tempo) and are uncorrected. IR spectra were
recorded on a FT-IR Bruker, spectrometer, '"H NMR spectra were measured on brukeravance |l 400
MHz in CDCl3, ds DMSO as a solvent and TMS as an internal standard, Mass Spectra were
determined mass spectrometers (GCMS).

General procedure for the synthesis of Catalyst:

The Ceria-Molybdenum (CM) metal oxide catalyst where prepared by simple grinding method,
0.33 gm of ammonium Ceric nitrate salt ( as a source of Ce) and 0.49 gm of ammonium
heptamolybdate salt (as a source of Mo) are well mix with mortal and piston for 20 mini. to change a
colure of mixture to form a catalyst, then mixture was calcined at 500°C for 02 hr. Prepared Ceria-
Molybdenum (CM) mix metal oxide used as a catalyst in organic transformation such as, in synthesis
of polyhydroquinoline.

Typical procedure for the synthesis of polyhydroquinoline derivatives 5e:

A mixture of aldehyde 0.122 mg(1 mmol), dimedone0.140 mg(1mmol), ethyl acetoacetate
0.130 mg(1 mmol), ammonium acetate 0.170 mg (1.5 mmol) and 50 mg Ceria-Molybdenum as a
catalyst (CM) were the mixture with ethanol solvent was refluxed up to completion of reaction.
Reaction was monitored by using TLC (pet ether: ethyl acetate 6: 4, as an eluent). After completions
of reaction then add 5ml excess ethanol to reactant disappeared, and filtered to separate a catalyst.
Then few mL of child water was added drop wise with continuous stirring in the filtrate to obtained crud
product of polyhydroquinoline, solid crud product which separated was filtered and recrystallized from
ethanol to get a pure product.

The authenticity of synthesized derivatives was established by comparing their M.P. and the
spectral data of FT-IR, NMR, and GC-MS for selected compounds are presented in the subsequent
section under results.

Ethyl-4-phenyl-2,7, 7-trimethyl-5-ox0-1,4,5,6,7,8- hexahydroquinoline-3-carboxylate (Table 1, 5a): 'H
NMR (400MHz, DMSO, § ppm):0.91-1.04(S,6H,CHs) 1.20(t,3H, CH3) 2.10-2.20 (m,4H,CH>), 2.24
(S,3H, CHs), 4.03-4.08 (m, 2H, CH2), 5.04(S,1H, CH), 7.06-7.31(m, 6H,Ar H); 13C NMR(400 MHz,
DMSO0):14.25, 19.15, 27.10, 29.49, 32.64, 36.65, 40.70, 50.82, 59.81, 76.77, 105.86, 111.73, 128.01,
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144.04, 147.23, 149.46, 167.61, 195.94; FT-IR (cm™): 686, 757, 1061, 1104, 1150, 1202, 1370 , 1475,
1593 , 2956, 3281; M* (m/z)= 338.14

Ethyl-4-(4-chlorophenyl)-3-quinolinecarboxyl acid ethyl ester (Table 1,5b):

'"H NMR (400 MHz, CDCls, § ppm): 0.91-1.05 (S, 6H, 2CHs), 1.17-1.21 (t, 3H,CH3), 2.11-2.21 (m, 4H,
2CHz), 2.30-2.34 (S, 3H, CHa), 4.03-4.08(m, 2H,CHz), 5.02 (S,1H, CH), 6.81-7.27(m, 5H Ar H); 13C
NMR(400 MHz, DMSO): 14.23, 19.27, 27.06, 29.46, 31.43, 32.65, 36.28, 40.82, 50.71, 69.92, 105.62,
111.56, 115.32, 127.99, 129.43, 131.60, 143.99, 145.70, 149.06, 167.32, 195.80, FT-IR (cm™"): 827,
1076, 1205, 1372, 1482, 1593, 1641, 1696, 2950, 3195; M* (m/z)= 373.14
Ethyl-4-(4-hydroxyphenyl)-2,7, 7-trimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate (Table
1, 5¢): '"H NMR (400 MHz, CDCl;) = § 0.94 -1.04 (s, 6H, 2 CH3), 1.18 (t, 3H, CHs), 1.99-2.54 (m, 4H, 2
CHz), 3.97-4.02(m, 2H, CH), 4.78 (s, 1H, CH), 6.54-6.99 (dd, 4H, Ar-H), 8.73 (s,1H, OH), 8.79 (broad,
1H, NH); '*C NMR (400 MHz, CDCls): § 14.12, 18.22, 26.60, 29.17, 32.02, 34.86, 50.43, 58.75,
104.46, 110.56, 114.23, 128.30, 138.42, 144.01, 148.93, 155.02, 166.99, 194.30.; FT-IR (cm™): 3451,
3190, 2948, 2313, 1677, 1598, 1478,1373, 1211, 1153,1107, 1016, 839, 760; Mass (GC-MS): (m/z )
M*=355.14

Characterization of the catalyst:

The XRD pattern of the Cerium-Molybdenum (CM) catalyst calcined at 500°C for 02 hr are
shown in Fig. S$1. (supplementary data). The results are in accordance with crystal arrangement with
unit cell parameter a= 18.42, b= 19.65, c= 7.42 A and a = = y = 90° and 2d6 observed at 26 = 12.9,
22.7, 23.5, 25.8, 27.5, with corresponding to the planes (hkl) 101, 401, 403, 202, 222. In xrd pattern
shows highest peak at 26 = 25.8 and (202) plane shows to the orthorhombic phase. Molecular formula
of catalyst is calculated form EDX data, the formula is Ce1Mo3Os Fig. S3. SEM image of catalyst are
shown in Fig. S2., Similarly, in FT-IR spectra bands at 442 cm-! shows Ce-O tetrahedral bending
vibrtion, 500 cm-* ring vibration, 1080- 754 cm™! internal assymetric stretch, externl symmetric stretch
due to Ce-O-Ce or Mo-O-Mo bending vib. mode, 1153 cm! Ce-O-Mo streching vib., 3661-3427 cm-'
presence of Bridge OH stretching frequency (Ce-OH-Mo) shown in Fig. S4.

Sample Name grinding Ceria-Molybdenum XRD

Crystal system: Orthorombic Lattice Type: P

Radiation:  Cu Wavelength: 1.540598

Lattice Parameter: a= 18.42 b=19.65 c=7.42 Lattice Parameter: Alpha= 90 Beta= 90 Gama=90
2Theta Start= 3 2Theta End= 69.9986

Total 46 Experimental Peaks! Total 38 matching Lines are found
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Fig. S1. XRD of Ceria-Molybdenum calcinend 500°C

Table. 1. (h k 1) Peak file of XRD of Ceria-Molybdenum calcinend 500°C

H KL 26 20 20 d d Intensity
(Exp.) (Calc.) (Diff.) (Exp.) (Calc.) (Exp.)

1 12.944 12.852 0.092 6.83398 6.88257 1646.87
0 14.288 14.340 -0.052 6.19392 6.17143 127.37
1 18.739 18.743 -0.004 4.73145 4.73044 85.13
1 22.755 22.708 0.046 3.90483 3.91271 1234.87
0 23.524 23.598 -0.074 3.77889 3.76715 1451.06
24813 24.877 -0.064 3.58531 3.57622 305.14
25.883 25.869 0.014 3.43947 3.44129 2627.03
27.523 27.440 0.084 3.23812 3.24783 1852.08
29.110 29.155 -0.045 3.06519 3.06056 742.91
30.433 30.482 -0.049 2.93487 2.93028 376.89
31.266 31.268 -0.002 2.85853 2.85832 127.67
32.314 32.272 0.043 2.76814 2.77170 159.74
33.304 33.309 -0.004 2.68809 2.68774 557.39
33.932 33.885 0.047 2.63976 2.64334 542.32
35.690 35.724 -0.034 2.51365 2.51137 154.31
36.900 36.904 -0.004 2.43399 2.43371 68.17
38.013 38.013 0.000 2.36522 2.36522 68.38
39.152 39.143 0.009 2.29902 2.29952 934.39
39.831 39.847 -0.017 2.26139 2.26048 363.61
43.571 43.502 0.070 2.07552 2.07868 215.27
45.287 45.324 -0.038 2.00080 1.99923 165.84
46.487 46.446 0.041 1.95190 1.95352 400.39
47.621 47.659 -0.038 1.90804 1.90659 330.24
49.496 49.440 0.055 1.84007 1.84200 405.28
51.264 51.273 -0.009 1.78068 1.78038 138.62
52.984 52.954 0.030 1.72684 1.72775 405.48
54.208 54.233 -0.024 1.69070 1.69000 223.44
55.380 55.391 -0.012 1.65768 1.65736 268.69
56.576 56.592 -0.016 1.62543 1.62501 266.18
57.838 57.834 0.004 1.59293 1.59303 288.38

SAA W2 N Ao, ONW_RNNNNENONMDNO NN
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10 4 2 58.994 59.013 -0.019 1.56445 1.56399 369.48
0 10 3 60.075 60.088 -0.014 1.53886 1.53854 54.27
12 1 1 61.851 61.854 -0.003 1.49887 1.49879 62.51
5 11 2 62.988 62.970 0.017 1.47452 1.47489 123.22
12 5 0 65.181 65.196 -0.016 1.43011 1.42981 256.88
10 5 3 67.711 67.703 0.008 1.38269 1.38284 159.79
4 4 5 69.137 69.145 -0.008 1.35761 1.35747 65.87
10 100 69.989 69.947 0.042 1.34316 1.34387 90.76

SM image
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Fig. S2. SEM of Ceria-Molybdenum calcinend 500°C

EDX image:

Table 2. Elemental composition of Ceria-Molybdenum catalyst.

Sr. Element Wt. % Atomic %
No.
1 B 15.12 41.39
2 O 22.37 41.40
3 Mo 41.11 12.69
4 Ce 21.41 4.52
Total 100 100
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Fig. S3. EDX of Ceria-Molybdenum calcinend 500°C

FT-IR spectrum of Ceria-Molybdenum catalyst.
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Orbital: Electron. J. Chem. x (x): xx-xx, 201x




Transmittance [%]
955 96.0 965 97.0 975 980 985 99.0

T ¥ oY ~ ¥ @ L N T O T ATONO
MmN O N N 5 o W ¥ - O ®LOow~ - VWY
NG B oW - o © Mo M 8 O O NIY-W N~ NO
N® O 0D @© N 0 QKN K KObBooA < N O
RO N ©© I8 Q @ © 0 ¥ ® NATTOO ™ O ©O
DM O OO © N - Y = ¥ = rv-vvv O N ©©
T T T T T T
3500 3000 2500 2000 1500 1000
Wavenumber cm-1

H-NMR of (5a)

POLY-1B BRUKER
orocnwsonnsanm o qoo ConoNLa dn g oS o AVANCE II 400 NMR
a8 ocadnosons E SED® EESER Ry g pspuia S Spectrometer
OMANNN A OO S Socoo AANN A o NN OO0 S
N e el sl S w Teaw NNNNNNN S I SAIE" ) )

Panjab University
~\|pF" \Z NN/ Chandigarh
Current Data Parameters
NAME Sep20-2017
EXPNO 130
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170920
Time 18.40
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CDC13
O NS 16
(0] DS 2
SWH 12019.230 Hz
O/\ FIDRES 0.183399 Hz
| AQ 2.7263477 sec
RG 144
N DW 41.600 usec
DE 6.00 usec
H TE 296.0 K
D1 1.00000000 sec
TDO 1
F2 - Processing parameters
ST 32768
SF 400.1300069 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
A . A A t J
fﬁﬁﬁ E mw NH F\T#ﬁ
i [o] 154 i < —[olo
NN o N o< or e e
T T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 -1 ppm

3CNMRof (5a)

manishkumarmanul986@gmail.com

Orbital: Electron. J. Chem. x (x): xx-xx, 201x



POLY-1B BRUKER
AVANCE II 400 NMR

> I Q3 s83 3 oo o~ 0 0 Spectrometer
: R R R e
3 G 353 SIS -3 Sl s o o o SAIF ) )
2 3 I3 R i SRR 5 3 23 Panjab University
\ ’ / \l/ KV Chandigarh
Current Data Parameters
NAME Sep20-2017
EXPNO 131
PROCNO 1
F2 - Acquisition Parameters
Date_ 20170920
ime 18.53
INSTRUM spect.
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
TD 65536
SOLVENT cDCl3
NS 364
DS 4
fe) SWH 29761.904 Hz
O FIDRES 0.454131 Hz
AQ 1.1010548 sec
RG 1030
O/\ oW 16.800 usec
| DE 6.00 usec
TE 296.8 K
D1 2.00000000 sec
N 11 0.03000000 sec
H DELTA 1.89999998 sec
TDO 1
CHANNEL f1 =
13C
9.60 usec
-2.00 dB
100.6228298 MHz
CHANNEL f2 =
CPDPRG2 waltz16
NUC2 1H
PCPD2 80.00 usec
PL2 -3.00 dB
PL12 14.31 dB
PL13 18.00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
sI 32768
SF 100.6127690 MHz
J L WDW EM
. , . I " . 0
LB 1.00 Hz
GB 0
T T T T T T T T T T T T T T T T T T T T T T T 140
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppmpc N
manishkumarmanul986@gmail.com
=
>
° BRUKER
o -
[e2)
\O
= o
88
c
5 Cl
=
g 0
~ -
5 o
e
'_
o O o)
~
(]
o |
©
@ N
- o o = 9~ LANY O ® A- DX
© o v ~NoY T QD@ @ ® M OoN NG o 3 99
v O © v ¥ o O©<m o N KW ow N 2R
M ™ - (=2} ~ Yol D D @ ~ ~NOoOWw N~ © ~ g (o2}
«Q ~ © by o D O Oown < e} NANT— OO N o ©
® o ® ® FrrT v v T r+- vv O © NO©
T T T T T T
3500 3000 2500 2000 1500 1000

Wavenumber cm-1

H-NMR of (5b)

Orbital: Electron. J. Chem. x (x): xx-xx, 201x



POLY-4CL

7.2708
7.2497
7.2290
7.1667

59

7.14
6.8159
5.0222

WV

4.0883
4.0707
4.0530
4.0353

2.3420
2.3014
2.2583
2.2107

NN

n
N
o
—
o~

2.1525
2.1129

BRUKER
v oo o AVANCE II 400 NMR
aaRk8aa 8 Spectrometer
SALIIE 2 SATF

Panjab University

Chandigarh

Current Data Parameters

NAME Sep20-2017
EXPNO 150
PROCNO 1
F2 - Acquisition Parameters
Date 20170920
Time 19.56
(:l INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
c) DS 2
O SWH 12019.230 Hz
FIDRES 0.183399 Hz
AQ 2.7263477 sec
0 RG 287
| DW 41.600 usec
DE 6.00 usec
Pd TE 297.4 K
D1 1.00000000 sec
F* TDO 1
== CHANNEL f1l =
1H
10.90 usec
-3.00 dB
400.1324710 MHz
F2 - Processing parameters
SI 32768
SF 400.1300051 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
n PO, VA l
Loy s . jﬁ B AN
o || |© o o < |m oo o
il | - o < on|on |
T T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 0 ppm
manishkumarmanul986@gmail.com
13C-NMR of (5b)
POLY-4CL BRUKER
AVANCE ITI 400 NMR
S & SRS BI8Ra @w O @~ 0 N o Nonmmoo~ o Spectrometer
v o qvm dR@Es W W “en P A i e SATF
3 o SYY mMAdaAN oo o e d o oYadar o w
a = [ R DA i R i R e~ H B Soooda o o Panjab University
| AW Vol
Current Data Parameters
NAME 5ep20-2017
EXPNO 151
Cl PROCNO 1
F2 - Acquisition Parameters
Date_ 20170920
Time 20.25
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
O TD 65536
(@] SOLVENT cDpCl13
NS 512
DS 4
O SWH 29761.904 Hz
| FIDRES 0.454131 Hz
AQ 1.1010548 sec
RG 0
N DW 16.800 usec
F* DE 6.00 usec
TE 298.0 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
Pl 9.60 usec
PL1 -2.0 B
SFOL 100.6228298 MHz
CHANNEL f£2
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 -3.00 dB
PL12 14.31 dB
PL13 18.00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
ST 32768
SF 100.6127690 MHz
L ) WDW E[‘g
" " . ” " " " mn B
v ’ ' i ' ' T LB 1.00 Hz
GB 0
T T T T T T T T T T T T \ T T T T T T T T T T T T pC 1.40
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0O ppm

GC-MS of (5B)

manishkumarmanul986@gmail.com

Orbital: Electron. J. Chem. x (x): xx-xx, 201x



Poly4CI#874 RT:. 3.00 AV:1 NL: 1.51E8
T: + ¢ EIFull ms [300.000-400.000]

N N ® ® © © o
g

)

344.07

H\ﬁn\\\\?\\\ﬂ‘\\\\?H\\({IH\\?H\\({IH\\?\H\%\H\%\H\%\H\$\\H({I\\H?HH?HH?HHU\‘HH?HHT\H

Relative Abundance

IS

328.11

w

302.11

[

IN)

346.10

IN]

330.10

303.12 358.12

356.14

355.14‘
HH‘H\\ |

31211 316.10 326.11 3314 347.12 560
325.12 ‘ ‘ 338.12
-

305.11
288

[0

3
Py |

373.14

375.15

37212 376.16

384.13

386.13

\ L], 39041 39713

12 363.10 371.11

[ et AN I
1

383.15

‘ ‘ 318.09
“ i \‘\

L
T

325

300 305 310

FT-IR of (5e)

315 320

330 335 340

AL L A I
345 350 355
m/z

360

375 380 385 390 395

365 370

=
o
(o]
—_ 0
R 0
= 3
[0]
o
c
©
E o
§ %
2 (o]
©
hd
'—
0
~ -
[«
N
~ -
[«2)
(2] (=2 @ @ 0 © - O < < O ONND
< A © © © < ~NNoo N®MOOY © © Qoo
~ -~ o 9 © ) N®© © o “oNome T N 2Ty
o 0 ® © 3 - N o & N —0O®- B & oY+
N < - o o » © L I © NTT-O0O A M ©OH®I
[s2] [sp) @ @ N N - Al -~ e O 0 MNNOY
T T T T T T
3500 3000 2500 2000 1500 1000

Wavenumber cm-1

H NMR of (5e)

Orbital: Electron. J. Chem. x (x): xx-xx, 201x



POLY-40H

BRUKER
o o [2} ™M N 0N WHOANNOETANTMOAMHOMNOON A~ O AVANCE II 400 NMR
E 8503 R N R ] Spectrometer
=~ S oo n OO0 OMLNMMONN-HHOANHAO0 O
6s Vv SevemmmaNNINNNNNNHAda S S SALF ) )
Panjab University
\ VY AN\ v Crandigash
Current Data Parameters
NAME Sep20-2017
EXPNO
PROCNO 1
OH F2 - Acquisition Parameters
Date_ 20170920
Time 20.31
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zg30
TD 65536
SOLVENT DMSO
C) () NS 16
Ds 2
SWH 12019.230 Hz
FIDRES 0.183399 Hz
O XN aQ 2.7263477 sec
| RG 161
DW 41.600 usec
DE 6.00 usec
N TE 297.9 K
H Dl 1.00000000 sec
TDO 1
== CHANNEL f1
10.90 usec
-3.00 dB
400.1324710 MHz
F2 - Processing parameters
SI 32768
SF 400.1299856 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
ou| | | = o —[olo (o oo] <
| o |o =3 = p o oo
ol NN - N I ] o3 e e
T T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 0 ppm
manishkumarmanul986@gmail.com
13C-NMR of (5a)
POLY-40H BRUKER
AVANCE II 400 NMR
a &> sS85 s 3 8BS TH® MO NHHEON®EON™ONN Spectrometer
: F . R ! . FYS FYAonsbmAao®onoNo
< © w o o ® <o w ToonTaesYenna%entas SAIF
&) £ 83538 & g 222 gsssassaasddqddd Panjab University
IR 7
Current Data Parameters
NAME Sep20-2017
EXPNO 161
PROCNO 1
F2 - Acquisition Parameters
Date 20170920
Time 21.00
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT DMSO
NS 512
DS 4
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010548 sec
O/\ RG 1030
bW 16.800 usec
DE 6.00 usec
TE 298.6 K
D1 2.00000000 sec
dil 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
== CHANNEL f1
.00 dl
100. 6228298 MHz
== CHANNEL f2
CPDPRG2 waltzl6
NUC2 1H
PCPD2 80.00 usec
PL2 -3.00 dB
PL12 14.31 dB
PL13 18.00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
SI 32768
SF 100.6128193 MHz
WDW EM
" N AT " " " B 0
u — i o o 1.00 H2
GB 0
N X T T T T T T ‘, T T \’ T T T T PC 1.40
?iO ??(} /‘\O )OU 190 '\80 170 166 150 '\40 130 170 110 100 90 80 70 60 50 40 30 20 10 0 ppm

manishkumarmanul986@gmail.com

GC-MS of (5e)

Orbital: Electron. J. Chem. x (x): xx-xx, 201x



11

Poly4AOH#915 RT:3.14 AV:1 NL:2.37E8
T: + ¢ EIFull ms [300.000-400.000]

1005

953

90

Relative Abundance
o
T

| 310.16

311.19
308.15 ‘ ‘3132

o
LT

301.08
Mum\

=3

‘ 3191532219
Lo [y P

32613

327.19

328.18

336.16

340.18

3‘” 23 34822 3531‘0
|

355.20

OH

Iz

356.21

354.19
365.20

357.22
36621 373.03

‘35818 I 38“7

(O XN

388.06 397‘.05

300 305 310 315 320

325 330

335

340

345

LI I B O O A O
350 355 360 365 370 375 380
miz

Orbital: Electron. J. Chem. x (x): xx-xx, 201x

385 390 395



