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Figure S1: Scanning electron microscope (SEM) images of TMU-17-UR as an efficient H-bond pillar-layered
MOFs-based catalyst.

Materials and methods

Indole (CgH7N, 99%), acetic anhydride (C4HO3, 95%), cyano acetic acid (CsH3NO,, 99%),
hydrazine (N,Hy, 80%), P-TSA (C;HgOsS, 99%), 5,5-dimethylcyclohexane-1,3-dione (Sigma-
Aldrich, 99%), 1-(4-chlorophenyl)ethan-1-one (Merk, 98%), bromine (Sigma-Aldrich, 99%),
potassium cyanide (Merk, 97%), pyridine-4-carboxaldehyde (CsHsNO, Sigma-Aldrich ),
formic acid (Merk, 98%), Zn(NO;),-6H,0 (Sigma-Aldrich, 99%), 2-amino terephthalic acid
(NH,-BDC, 95%), phenyl isocyanate (PhNCO, 98%) and various aromatic aldehyde
derivatives (95%) were purchased from Merck and Sigma-Aldrich. Furthermore, N, N-
dimethylformamide (DMF, 99%), ethanol (EtOH, 99%), methanol (MeOH, 99%), acetonitrile
(CH;CN, 99%) and other solvents were purchased from commercial sources without further

purification.

Characterization

The X-ray powder diffraction (XRD) technique with a model device PHILIPS PW1730
(Netherlands), was used to characterize the crystal plates of the catalyst. The FT-IR technique
model device (PerkinElmer Spectrum Version 10.02.00) was used to identify the functional
groups of the different stages of the desired catalyst. Moreover, the morphology of the different
stages of catalyst was characterized using a scanning electron microscope (SEM) technique as
well as energy-dispersive spectroscopy (EDS) and elemental mapping was carried out by the
model ZEISS Sigma VP (German). In addition, the thermal and chemical stability of the
catalyst was determined using a thermogravimetry/differential thermal analysis (TG/DTA)

technique (BAHR STA 503). Finally, the Brunauer-Emmett-Teller (BET, BELSORP-mini-II)



British Journal of Haematology (BJH) technique with a model device BELSORP-mini-II was
utilized to determine the surface area and pore size of the synthesized catalyst.

[Fa5U

WM MO AT ~OON GO~ T00Om HE‘.E:%EG

85 ACRNCD Y PRRAARNASTSET 5 o o 4 o o L
o iR 8 v g = R Toh AR B u  fl  B e s SEAARER 500
\ SV SNSSN T SN N A ~{=

450

400

350

300

250

200

150

1 ‘ -
N M | 5

| | i I | I ] [ |
mm.»wwwﬁ,wuwmwuw WL'I‘WW W L\/-r‘" ¥ U_wawwywwwquﬂww R  eaat a1

r T T T T T T T T y T T . T T . T T !
190 180 170 160 150 140 130 120 110 100 90 80 70 50 50 40 30 20 10 0
f1 (ppm)

BC-NMR spectrum of TMU-17-UR.
Spectral data of TMU-17-UR as a catalyst:

BC-NMR (63 MHz, DMSO-dy) 8ppm 169.6, 167.7, 159.3, 157.2, 156.1, 153.1, 151.4, 149.7,
142.0, 140.0, 135.7, 131.9, 131.7, 129.1, 123.1, 122.4, 118.8, 117.9, 115.3, 113.2.



103,

100““‘"“‘*'\ |I‘ |\(\| !
= b1 i !._._. ! IK""i
80- ||'\ | i ﬂ ".i'nH a2 st
it
|

70 J"L\ 1.?&;:115‘(4 E s bnes

l\ 839 xﬁmss cm-1
604 i 2

G soj . 1014, urﬁ's.??ﬂ'l‘l'1
° 1134 39m-1

40+ 1256.96cm-1 O

1241,31cm-1
304 3167.5 1614 _

- 1372 31cm-t
201 R 1417.25cm-A
1664.21¢ 1503 .39¢m-1
104 T T e 1000 500400
3500 3000 2500 2000 THisl
= cm-1
FT-IR spectrum of 4-(4-chlorophenyl)-3-(1H-indol-3-yl)-7,7-dimethyl-1,4,6,7,8,9-hexahydro-5H-

pyrazolo[3,4-b]quinolin-5-one (FCI).



RN R PR P O P P R T S, T T
pEO~ |IL FO0E
860 — *00¢
0671 J
mmq% - = __5 FooT
012~ e — =
grz— e e m—— -0
€E2-F —— i F10¢
n_wi_ﬁq = oe

OSWaSkT-

OQHZEE —

OOHbEE” —

615 — S —_— 00T
0oL

mo.hM

. = L7109
1217 = E— ol
€L % = —
mm.h\ ~ 00T
[4=¥

sz

_ v o .

T66— s > = —— 16
EETT- = Iﬂu 00T
na— ke e [%o

T T T T T T T

13.5 13.0 125 12.0 115 11.0 10.5 10.0

65 6.0 55 50 45 40 35 3.0 25 2.0 15 1.0 05 0.0

7.0
f1 (ppm)

90 85 80 7.5
'H-NMR spectrum of 4-(4-chlorophenyl)-3-(1H-indol-3-yl)-7,7-dimethyl-1,4,6,7,8,9-hexahydro-5H-

9.5

pyrazolo[3,4-b]quinolin-5-one (FCI).



DO Pl QDM = WO M P~ w0 T OO WO W o~
NNTEao9aQaa = © TTOQD o o
FE PP PR D i i CIeeied = (=R =]
et N e | 5 N Vi
)
|
|
]
| L)
|
| / |
AL E | P |
II |' ,II 'I |'l.’ 1
1
I
I |
"
. H
| 1
" \I i ‘
|
b 1
| IIfﬂ | | ll P'. il I| |'J ||
B0 LTGRO | _J'\_.._,.«-\_,wl 'JULK__J 5
L] W T fL]
88383 8 888 88
e - e e oo
T T T T T T T T T T T T T T T T T T T T T T T T T T T T
13.5 13.0 12.5 12.0 11.5 11.0 10.5 10.0 95 9.0 B85 8.0 725 60 55 50 45 4.0 35 30 25 20 15 10 05 0.0

7.0 65
f1 (ppm)

D,0 exchanging spectrum of 4-(4-chlorophenyl)-3-(1H-indol-3-yl)-7,7-dimethyl-1,4,6,7,8,9-

hexahydro-5H-pyrazolo[3,4-b]quinolin-5-one (FCI).




140
] T M MOOENBNG N~ Om

352
324

40.30MS0
32.90MS0
3°.60MSD
32.30MS0
3B SDMSD

130

271

i e b b A B b BR

| e i I Sl B R

-40.9 DMS0
-40.6 DMSO

—193.2
—153.0
4
K =3
34
30,
29,
27
5.
e
=
20,
112
107
105,
102,
—809
[41.4

[izo

riio

90

80

70

&0

50

40

30

20

1 ro
|

-.»Jl‘mWVLW Ju, W ‘W»mewww W'J w o W

30

e e

40

r T T T T T T T T T T T T T T T T T T T
0 190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

BC-NMR spectrum of 4-(4-chlorophenyl)-3-(1H-indol-3-yl)-7,7-dimethyl-1,4,6,7,8,9-hexahydro-5H-
pyrazolo[3,4-b]quinolin-5-one (FCI).

10



1121
|
1004 | ﬂ | ’
90- { | | ’
” ‘r | ’
o f ‘ ! | -
J ‘ Jm 530.09cm-1
704 ‘ “1\ \ 3V 943.70 ‘*.ﬁf:ﬁé.hiucm
| :
B 838, 02crq 663-130m-1
o~ >
o | ~_ 1010.04cml1
7 1256.36cm-1
40+ 33309 | I
“ NN |
Ly e / s ?\ -t H | 1371 84em-1 749.14cm-1
3158.08cm-1 29615
204 _
1655.02cm- 1501 46¢cm-1
: T T T T L
4000 3500 3000 2500 2000 1500 1000 500400
cm-1

FT-IR spectrum of 4-(4-bromophenyl)-3-(1H-indol-3-yl)-7,7-dimethyl-1,4,6,7,8,9-hexahydro-5H-
pyrazolo[3,4-b]quinolin-5-one (FC2).

11



20000

22
1138
—9.94
7.6
7.64
-7.42
7.40
7.25
7.5
) B
7,15
7,13

1717
L7.08
7.07
7.06
5,97
15,95
—521
74

51

43

42

B

18

14
102

i

Hs000

o

‘ | SEINL)
17000

‘ 16000
[l 1] L
(] 15000

..| J| | .ll . -||||. . Il [ s
(13000
12000
11000
10000
-a000

8000

7000

6000

5000

4000

3000

2000

] il N VO

o

A ¥ 4"

88888 8 &8

i o - o
T T T T T T T T T T T

60 55 50 45 40 35 3.0 25 2

1,004

i =
g8 8

kO 135 13.0 125 12.0 11.5 110 105 10.0 9.5 9.0 B.5

2,004

é 1000
(]

9 100—=
2410

75 7.0 6.5
f1 (ppm)

'H-NMR spectrum of 4-(4-bromophenyl)-3-(1H-indol-3-yl)-7,7-dimethyl-1,4,6,7,8,9-hexahydro-5H-
pyrazolo[3,4-b]quinolin-5-one (FC2).

12



Ry

S0

2. 7DMS0

»

S0
S0

D
32 30MS0
32 1DMS0D

16000

®9D
M8
319
289
67

l-40.1DME0

~32.9D

—152.7
—162.3
—1525
147.4
147.3
135
134
130,
129
12
21
119
119
118
—111
o7
104
—102
—504
409

15000

14000

13000

12000

11000

10000

Fe000

8000

7000
6000
5000
4000
3000

I i -

ro

—

F-1000

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

BC-NMR spectrum of 4-(4-bromophenyl)-3-(1H-indol-3-yl)-7,7-dimethyl-1,4,6,7,8,9-hexahydro-5H-
pyrazolo[3,4-b]quinolin-5-one (FC2).

13



%T

| 1131 5%m1
746.28cm-1
60 3249‘}:‘5cm-1 4 19‘02cm1.‘;£i?26w-1
55
50 1561.81cmi1 1 500.36cm-1
4000 3500 3000 2500 2000 1500 1000 500400
cm-1

FT-IR spectrum of 4-(3,4-dimethoxyphenyl)-3-(1 H-indol-3-yl)-7, 7-dimethyl-1,4,6,7,8,9-hexahydro-
SH-pyrazolo[3,4-b]quinolin-5-one (FC3).

14



2 5 ® BETRADLECRTEE k] BHUBRSTZ 48% 88
o o e R . R I MmN NN RN S O Leo
| e N | B T R T \Y4
| F55
| ‘ I
lll || ‘ ‘ H 50
| ’
I’ ( R | f f |
II | |I | | ||I I | 2 .I [ H ka5
8 I L b F 1¥ |
Fao
35
k30
k25
" 20
15
]
Fo
1 ! i
| K1 Ml b oF
] 1
| | s | UL )
JN J W JUW VL I\ SV IRV, Lo
s T 7 ol B L ) WoW et M T
8 8 8 8888 88 8 88 8888 838
= = - e s I N ] - [ e e v o o3 -3
T T T T T T T T T T T T T T T T T T T T T T T T T T T
13.5 13.0 12.5 12.0 11.5 110 105 10.0 9.5 9.0 85 80 7.5 5 60 55 50 45 40 3.5 30 25 20 15 1.0 05

7.0 6.
f1 (ppm)

!H-NMR spectrum of 4-(3,4-dimethoxyphenyl)-3-(1H-indol-3-yl)-7,7-dimethyl-1,4,6,7,8,9-hexahydro-
SH-pyrazolo[3,4-b]quinolin-5-one (FC3).

15



Wy i

O000000
o cCowurMmTYT TAO-=QOMNGR Qe i b e e g b
5 RESEERE HNARZI=35 HAG e donmARANAR Liso
I [ N e P [ I S S| DR, 0
120
110
100
el
80
70
60
50
40
I 30
i S 20
| i -
i ]
1 | 1
1 || il II J | | -0
o g ol A i W LWWWWW l"”"J i

20

- T T r T T T T T T T T T T T T T T -
190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

BC-NMR spectrum of 4-(3,4-dimethoxyphenyl)-3-(1H-indol-3-yl)-7,7-dimethyl-1,4,6,7,8,9-hexahydro-
SH-pyrazolo[3,4-b]quinolin-5-one (FC3).
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'H-NMR spectrum of 4-(4-hydroxyphenyl)-3-(1H-indol-3-yl)-7, 7-dimethyl-1,4,6,7,8,9-hexahydro-5H-
pyrazolo[3,4-b]quinolin-5-one (FCI0).
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BC-NMR spectrum of 4-(4-hydroxyphenyl)-3-(1H-indol-3-yl)-7,7-dimethyl-1,4,6,7,8,9-hexahydro-5H-
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BC-NMR spectrum of 3-(4-chlorophenyl)-7, 7-dimethyl-4-(2-nitrophenyl)-1,4,6,7,8,9-hexahydro-5H-
pyrazolo[3,4-b]quinolin-5-one (FDG).
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