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Reaction Scheme:

O ;. B
X
CN
T ¢t Ay e
N CN G Solvent free
1 ) 3 R Stirring, RT,
B B 1 min
R, = Alkyl/ Aryl R, =H, Me

Table S1: Synthesis of spiro[4H-pyran-3,3’-oxindoles] compounds 4a-s through a three-

component reaction

Product (4) Yield? Melting Reference
Entry ! 2 3 %) Point (°C) s
o) 0
1 Qf& _ﬁi 84  288-292 1a
” 0
0 0
2 88 296-298 1b
0
3
80 >300 la
4 81 296-298 1d
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Spectral Data of 4a-s:
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IH NMR spectra of compound 4a in d;-DMSO
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IH NMR spectra of compound 4f in dg-DMSO
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IH NMR spectra of compound 4g in d-DMSO
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Reaction Scheme:

0 O O
X CN MOE‘Z
0 5, ZrO, NPs
N ¥ + :

CN R;—NHNH,  Solvent free
1 2 6 Stirring, RT,

R; = Alkyl/ Aryl Rg=H, Ph 1 min

Table S2: Synthesis of spiro[indoline-3,4'(1H")-pyrano-[2,3-c]pyrazol-2-one compounds 7a-w
through a four-component reaction

Entry 1 2 3 4 Product (7) Yield®* Melting Reference
(%)  Point(°C)
0 Q HN._ O
N CMN HoN-NH, NC A 90 278-280 2a
o) NH
7a
g 0 0 H,N_ 0K
2 C[/g:o [N oo (N 8 204206  2a
N Ch <”/ HN=-NH, ¢ M 0
3 NH
7b
i 0 0 H,N__o__N
3 wo <CN COCHs  H,N-NH, | N 87 278-280 2a
N ch <”/ . Ne N
e} NH
7c
Br P i HN__O H
4 Cﬁgzo CN ,COCHs H,N-NH, | I N 84 282-284 2a
N Ch <”/ Bre_ o
e} NH
7d
0 HN__ O H
py 92 >300 2b

0}
| I}
s e S oo e
N Ch

o
?Z
9}
z
T —
o -
z

~
(]
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0=0

80 228-232

<CN OCHs  H,N-NH,
CNM <”/

83 240-244

0
I}
<CN COCHs  H,N-NH,
a gf

90 244-246

0
Il
<CN COCHs  H,N-NH,
et gf

84 250-254

0
I}
<CN COCHs  H,N-NH,
a gf

86 262-264

0
I}
<CN COCHs  H,N-NH,
a gf

92 260-262

0
I}
<CN COCHs  H,N-NH,
a gf

CN COCHs H,N-NH, 88 254-258
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13

15

16

17

HzN—NHZ

HN”

NH,

oA .

89

94

83

87

85

258-262

224-226

140-142

158-162

190-192

2a
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18

19

20

21

22

23

Q
Br
mo <CN COCyHg
N CN
(0]
)
[ I(IZOC H
@E/gzo CN 2Hs
N CN
K/\/Br
(0]
0
CN COC;Hs
(e <
N Cn
H
(0]
Q
0 CN ,COCH
. < 2H5
0 CN
N
\ (0]

HzN—NHZ

.NH
HN 2

HzN—NHZ

HN”

Br

Br

78

86

82

88

84

178-180

272-274

196-198

200-204

228-232

198-202

%Isolated Yields (%)
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Spectral Data of 7a-w:

N o
© ~ N NN O
] w0 =~ D~ T N

N H OO O ®
~ o I TEESANRR
— — L O R R

3.396
2.459
1.489

B U

4 e 3 .

IH NMR spectra of compound 7a in d,-DMSO

178.46

aaaaaa

—162.90
——155.69

—95.82

I
N
Z
o]
OAN ZT

NH

N -

D000 oo

9.38

. -

T T T T T

T T T T T T T
190 180 170 160 I50 140 130 120 110 100 20 80

T T T T T T

T 1
70 60 50 40 30 20 10 ppm

13C NMR spectra of compound 7a in dg-DMSO

S30




FE
[-%
(=%
-
€96°1T or'e
&N
187°2
- ™
z9¢°¢
-«
- w0
- ©
9689
mmm.mV [ . ~80L
| 1
ETT L —— Ze60
9Lz L—" 86
Il
-l
[ ©
e
0€L°0T L oot
P B
=
F&A
12€°21 160
. [ ™
Iz YO =
T
Pz

IH NMR spectra of compound 7b in dg-DMSO

9

(A%
(0
89"
96"
€C”
16

6L
90

90"

81

L9

€0°
90"
86
LE
1z

G8°

19°

86"

LT"

‘9¢t
62T —

b6

6¢
6€
6€
6€

ov
0p

S

'G6

11t

61T
G2T —

GET
0rT

6ST

291

8LT

™
ppm

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 3‘0 20

T

13C NMR spectra of compound 7b in dg-DMSO

S31



79G*°

S6v°2C

9L8"
068"
p06°
816"
9L6"
966"
€00°
£v0°
150"
vLO”
€0T°
LLe:

[l el N DR CRECRERT-RE N

N\

29 01

91€°21

—

J

-

11

B
IH NMR spectra of compound 7c in d;-DMSO

13

976

61°6€
9 6€
€L76€
T0°0%
6C°0%
LS 0¥
98700
€€°8Y L\\\W

8z°66 —

8€°56

ZTITT
de:/
987711 =
0L"GTT
10°9TT mmmwwu
G0°6TT

T0°GET
G2 geT ——

0z°86T —

8T LYT

69°GGT —
9% LST —

667291

87 8LT

T

170 160 150 140 130 120 110 100

T

|
10 ppm

T T T T T T
70 60 50 40 30 20

80

90

T T T T T T T

190 180

13C NMR spectra of compound 7c in d;-DMSO

S32



Sov e —

erere —

999°0T ——

yye el

1

10

1‘2
(

©
~
©|

N
|00
12
IS

IH NMR spectra of compound 7d in d;-DMSO

€7°6

€1°66

€T 2Tl ——
8G PIT —
107611 ——

oL L2T ———
9T ZET ———U

0Z°GET
€G°GET V

02 19T —

967661

267291

86°LLT

10 ppm

T T T T T T T T T T T
100 90 80 70 60 50 40 30 20

e

T

T
190 180 170 160 150 140 130 120 110

13C NMR spectra of compound 7d in d¢-DMSO

S33



06G°
0¢9-

L0OS”

Z6€"

qoL”
€6L"
26¢”
8veE”"
LLS®
709°

6€L°0T

6€€°CT

T—

T—

MV

[ R

\

IH NMR spectra of compound 7e in dg-DMSO

14

61

9%

VL
20

62"
LS"

68
Z8

61"

vL®

o€’

69°
80"
1
9¢*
[4:h
€0°
9L"
99°

66"

z8

TLLT

S'6

‘6€

6€ —

“6€

op

oy

[0)7

4

L |\\\\l

56—

T T T T T T T T T T
120 110 100 90 80 70 60 50 40 30

130

T

140

13C NMR spectra of compound 7e in d;-DMSO

T T
150

170 160

180

T

190

10 ppm

20

S34



©
n
©
—

LOG"

A8

Z6L"9
L18°9
czTL
9vT L
0LT L
S6T°L
91z L
S8C° L
80€° L
9€€" L
99€°L
pov-L
0€7 "L
87 L
S0G°L
62G6°L
S6S°L
029°L
SP9°L

90%°2T

o~

™

7

T
11

T
12

_w@e

26
0¢
Ly
[43

61

91
86"
66
16
S9
8% "
€2’
L6"
78
0¢
[
89

SE

IH NMR spectra of compound 7f in d;-DMSO

LO

926

08"
80"
9e”
79"

€C”

‘G661

"9t

‘9LT

8€
6€ -
6€
6€
“6E
0V
‘0p I\
Ly

56—

"G6

60T ——0__

811

”mNH/
AN

821 ~¢

62T w
621
TTET l\
TPET

GET
‘et .

T

T T T T
150 140 130 110

160

180

90

100

120

BC NMR spectra of compound 7f in dg-DMSO

170

190

S35



166"
Sh9°

S06°
01G"

T6€”

LET®
991"
T1p°
€26°
€ce”
1€e”
(4T
6G¢C"

8GETT

80% 21T

J

/

W/

®®®®~ ™~~~

J

e %X

!H NMR spectra of compound 7g in d¢-DMSO

9676

0Z°6€
Lp"6€
SL6E
€0° 0%
1€°0¥
6507
98°0%
96°LY
€r rs —

06°76

P9°0TT

78811 ——

097021 —
€L°9¢1

€T PET —00
ThTSET —

16°€vVT
62°8%1

0L"GST

LT €91

88°8LT

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

13C NMR spectra of compound 7g in de-DMSO

S36



cze et

wle
=121
oled

'H NMR spectra of compound 7h in dg-DMSO

56

81 6€
9% "6€
7L 6E
[0 4
0g 0P
LSOV
G8°0F
Tetey
9% LY
7S°GS

N\

79766

€L760T
89°LTI
€0°6TT —~
9" €2T —~
187721
07627 ——
007261 ——=
2 e =~
€2°GET

A4 A

9L"GST

€0°€91

LGILT

T

10 ppm

T T T
40 30 20

50

T

60

T

190 180 170 160 150 140 130 120

80 70

90

110 100

13C NMR spectra of compound 7h in dg-DMSO

S37



10 ppm

30 20

40

wm. €€°6 —~—_
& 8% 1T
¥26°0 JH [ e 482 08°0C
8GF° T ———n —18C \ko.HN
—aaz €0°6€
-goz € 6€
£65°T E o .
&t 65°6€
8€9° T 98°6¢€
\. @) P1°0F
6872 E e ()] Nv.@v\
0L 0¥
o = 3
Em— : 86 Sz LY
- . 95 56 —
©
o g
N~
0z0°L Fe m
SH0°L 5
. 2
By L —= |7|% o
8ce L —F — £
962" L 81 601
0zeL Feo w
TVE L
Y— 287811 ——
o T1€°€2T —_
Fo I} 69 72T —
- se762T
..Plv gereer ——
Lo > 20°GET
o 6L°2FT
3 (7]
2= x
M P9 GST ——
F o =z 987291
98221 /ﬂ T
= —
Lo 99°9L1

126 110 100 90 80 70 60 50
S38

130

150 140

13C NMR spectra of compound 7i in d-DMSO

180 170 160

190




pov°1

215°¢

SIZ €
S0P e ——

90T L
vmm.»wuumuu

ove"L
29€° L MHHHMI

gTeE" 21

13

1

e

IH NMR spectra of compound 7j in de-DMSO

LE"6
9L°92 ~__
T1°6€
6€°6€
99°6€
¥6°6€
zz 0
05°0%
8L 0¥ |\\\\u
ZroLy
8256 —
0L"S6

€1°60T

b0 6TT —

S§9°
09"
06~
9€”
61"

"

L9"

90"

SL”

€T —~—~~—0_
et —

62T
CET —

GeT —

€v1

S6T

€91

9LT

T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

10 ppm

13C NMR spectra of compound 7j in d;-DMSO
S39




0T 1
NS.HW.,
€8T°1

€95 T ——=
et —

S8% ¢

Sye”

€ —
T€L°€
Hﬁ.mW.
69L°€

T20°L
Pr0°L
690°L
°zlL
8v1°L —
vee L
€0€° L
vee"L
9veE"L

[ARARAN

M R e !

ppm

12 11 10

T

13

H NMR spectra of compound 7k in dg-DMSO

€
20

b6 "

€l
ov
89

ve
4
6L

e
§6°

79

91

88"
87"
G8°
67"
19°
0z

€e”

L

€6°

1€

‘60T

9LT

76
‘el

149

“6¢
“6¢
“6€
“6€
“0p
‘0%
.3\

Lb
G —"

‘G6

81T ——
€21 —~—
ver ——
62T

ZET
GET —

448

GST

91

10 ppm

T T
20

30

40

13C NMR spectra of compound 7k in dg-DMSO

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 5‘0

S40



£
2 6€°6

10 ppm

20

30

e _862 AN
z8€°1 07°6€
Fac 89°6€
56°6€
2z z e €2°0%
i 15°0p

S.Sx

_

110 100 90 80 70 60 50 40
S41

120

Fe wn
- £9°€Y
- gl M 16°LY
a) 856
Lo _nhv
o
216" ¥ c
¥96° ¥ V Fo z0z "=
moo.mw L
190°G ~
o)
€90°L Lo c
TLOL > L9°G6
860" L m
ZET L
. G561
mﬂ.h/ W F~Joor & .
mmm.hv ECY o mw.mo._,.
882" L O V17611
._”Nm.h 02T 9L €zt
i -5 (AN
ver°L © 00°62T V
Lvv'L = 17621 — —
Lo © ee-oer — =
nDuu vz SET \
LS9€T
n mw.mz\
Le x
M GL"GST
zZ 117691
A T
—
€T°LLT
[ &N
o
LA i

|
s

T T
140 130

150

T

160

13C NMR spectra of compound 71 in d.-DMSO

T
170

180

190




10 ppm

30 20

40

Fe
o
g 056
E e
97T Teze 96°6¢
- 11768
F e 6€°6€
99°6¢
187°2 ot AN
- o zz op
2 6707
15276 ~ F e S :
reze e LL 3\
&) 60" LY
67" 7 ! eorvs =
mmv.v/ Fe d6
16677
BméV hz c
ST9° % - = .
HNm;\HNI Fe e WMWM
vL9° Y
189" 7 ™~
©
960°L Fe m
olL £9°66
Set L 8
LiL :
151
SHé/ F~Jr £
Cozi w1 O 87601
TPE L 17 o .
e = 98°8TT ~__
4 Lo o 0" ¥2T
L8E L . om.vmﬁV
cec L L 0" 82T ———
8 Q.mS“
Lo Lz ZeT
m Treoer—
) 67 TV —
Lo x
> L6°6GT
Z .
e T Z17€91
—
" 02°9L1
-
662721 e
b

180 170 160 150 140 130 120 110 100 90 80 70 60 50
13C NMR spectra of compound 7m in dg-DMSO
S42

190




= CRhhTTmedlINEISRReS - < 3
= P N A N N S S S ST P Y ™ N -
fﬁzN C) N
| 1 N
NC
(0)
NH
T T T T T T T T |
11 10 9 5 4 3 2 1 ppm
o _—— W
] ~l=ivic -l o “
IH NMR spectra of compound 7n in d;-DMSO
P ?i PO EeamoinmN © oo N<TO®Do -
. e e e Ty e Ty T e e e LA ITITNNOMA —
~  H "N~ NOOONVNnNMOoO O s e e e e e e e e
~ 0 T TTMOMANNNNNNAA komooomc\c\c\ o~
E 8 SIEh0J8S88REE ¢ gsddsddd S

11 JH.HJH_LJ A N ‘

T T T T T T T T T T T T T T T T T T T 1
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

13C NMR spectra of compound 7n in d-DMSO

S43




10 ppm

T
20

30

40

T

T T T T T
90 80 70 60 50
S44

T

T

FE
Q
o
1€°21
-
0TS" 0se 1L°62
mﬂ.mml/
o 07" 6€
89°6€
2 o
(9p] .
Lo 15°0%
. e = m».Su\
o =160 b6° LY
G6€” ) el —
LLS” _6
685" - S
LE9" pu
799
169" /ﬁ - 00°GL
SoL” Lo/ O 11°8L
9GL" N~
soL
€pT” m
LotT"
161" o > 15796
A m
LT
68¢" 10°011
ere” L /001 nmu 60°8TT ~ >
bre” T O mmuoﬁ/
89g” Toel st MM/
gee” oLt 92"
L1v* N\6S't o© mo.EHV
13348 Feo W21 (O 08°621 ———
L — mm.mmﬂ\
. ) .
L0S O €L 1€
ves bos) 297 LET—
oss’ L o o 267001 — 7
169" 7] E.Hi\
reL 17 ppT
ots’ o £e7 syl
e >
[ —
pa

13C NMR spectra of compound 70 in d;-DMSO

T

190 180 170 160 150 140 130 120 110 100




v°6

9%e"1

887°¢

T 1

10 ppm

20

30

[ABE1S

Fo 07 6€
89°6¢€

66°0 S6°6€
< €C 07

[ e 16°0%
N 6L°0¥

89€°€ w oo.mv\
-/ Ly"

<

216" — g -

Pr6Ty —

z€0°L F©

870" L

850" L

TLO"L .

660" L ——\a - ~ €

692" L

LieL— 7~ T

m«mé\u

Ly
S.mmi\!

5
El

L

wn
1
[{o]
]
c
o
I~
o]
c .
S 26766
o
10 = 60T
- 2L 60T —~—_
oS m ST*6TI
—_— :.HNH/
e ...Plv mm.mﬁ%
€LE L © =) wwwwﬁ/
L6v"L < Lhrecl ~__
pE0ET
G2S L o R
— 16 Hmﬂ\
. O om.mmﬁ\
- Gz GET
m o E.mmﬁ\
2] Y ARA A
Fe DMn €L7°GST
90°€91
Z
L I
- ST LLT
o~
o

91€"CT

T T T T
70 60 50 40

80

90

13C NMR spectra of compound 7p in d;-DMSO
S45

T T T T

190 180 170 160 150 140 130 120 110 100

Br

Ll L il




09¢”
08g”"

L8Y"
[A%N

T9¢”
cLE”

716"
96"
996"
800"
620"
L80"
60T"
PET"
€ve:”
69¢°
26¢”
[4%5
ve”
cLe”
107"
8¢h "
v8v -

01s"
LES®

€96°

689"
vLL"®
96L"
T28°

T—~—_
T—

AN
z—

——

Br

(42

'H NMR spectra of compound 7q in d¢-DMSO

1

61"
9v "
L
4
og”
LG
S8-°
LT
L6"

6€

9

16"
()
L9
9¢*
€0"
9€”
11"
26"
4
c8”
V6"
S0°
L9
Le:
e’
(3
€9°

€9°

¢t

6€
6€
6€
(034

017
()4
(024
€y

Ly
96—

N\

‘96

60T
811
0cT
121
vet
SZ1

LT~

62T ———
0T ———

T€T
T€T
9€T
LET
428
[44°
SP1
191

<

I

9LT

Br

T T T T T M
10 ppm

T

S
@
- O
s U
o =
A
o ﬂO
© O
-
O
o M~
©
- &
o 3
s 3
o
- E
o O
a0
[T
S O
.o
S =
-0
(¢B]
S Q
N7
g Z
- O
2 ™
— i

S46



LeS 1T

S8¥% "

LSE”
8ze”
oLe”
z28e”
148
8% °
Tel*
vee:
€Le”
oge”
c08°
618"
LES”®
868"
GL8*
€68°
060"
LIT"
TCe”
445
89¢g"
LOb"
9v¥v -
G8p”
T16°
9€6°
ToL”
cLL”
86L"

o~

N\

Lo e e e a a Yo BT BT T o o R R T v

ﬁ £
o
Q.
“oot
- &N
(7p]
E o >
o
©
e O
~LE
€0
W anny
- w r~
JV\WAU
e c
~ 2
o O m:
o
- g1 ©
/€670 4=
Z161 O
ke
N m
Feo \$ZZ 4
[&]
6]
o
[7p]
i
x
. Z
I
—

20"

08"
LO"
ge”
€9°

16
6T

97"
0z*
8L”
S

4%

€T"
19°
V6"
N
LY"
9L”
S§9°
9e”
4N
ve”
€9°
0e”
10°
8"
€z’

8¢”

97"

[as

8¢
6€
6€
6€
‘6€
‘0F
)4
114
Ly
SS

W\

"G6

111
L1t
L1T
0zt
szt
9z1
LZT ~=
621
621
€1
€€t
LET
121
€pT
Spl

191

Y

%

SN

SLT

hadh ]

e

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

190

13C NMR spectra of compound 7r in dg-DMSO

S47



IP6°1T

mom.m
19€°¢€
[4T 04
89€° ¥
96€° ¥
131 AN4
881°9
€226
€62°6G
Zre"s
86L°S
G18°¢
€€8°G
ve8°g
£L8°S
SLO"L
€0T°L
2eT"L
8€T L
poeE"L
98E°L
£6E°L
STy L
TZv°L

oLe"¢l

13

1

2
|

o
<
-

!H NMR spectra of compound 7s in dg-DMSO

14

€

6G°
L8
ST*
4
oL

86
14

€8°

[As

8z"

4

8g”

8L"
Le:
8¢e”
(7
9z*
£€8°
[0
18
-
6L

0T”

16°

oL®

0°8

Le
LE
g€
8¢
8€
‘g€
“6€
(0374 I\\\\I
9y
€5 -

S8

€6

60T —
911
LTT —>=

€2t
921 M
Let

(0T ——
Ze1 ——

€et
geT —

4K

191

LT

R " -

T T T T T T T T T
20 110 100

ppm

13C NMR spectra of compound 7s in d;-DMSO

80 70 60 50 40

90

200 190 180 170 160 150 140 130 1

S48



O ® N W TN~ N

= TN @ ee] ©w o
mmmmmmmmm o ™M N @ ™ @
[l R N R ] O W wn ~N - - <
I N A N N g ™ o —- -
H,N.__ O N
| N
NC
Br 0
NH
T T T T | T T T T T T Ml
11 10 9 6 5 4 3 2 1 ppm
:““ﬁﬁ ﬁsf \af
_____ < Ieil
IH NMR spectra of compound 7t in dg-DMSO
- o N~ MS O 000 o T
— ['e] MO W< <~ oY oo o N ™M HMOOMWOWMSO N -
T T S ~ O~ NOOWOW T+ NO™ o~
n — VLSO FNOONODOWOSN A . R T
~ o T OOMONNNN A A A w ~ -0 OO0 0o oo o~
— A A A A A A A A A A A A A o ~r~ NLIITTOMONOON
H,N.__O N
| I N
NC
Br o
NH
T T T T T T ] T T T ™
190 180 170 160 150 140 130 120 110 100 90 80 70 60 30 20 ppm

13C NMR spectra of compound 7t in dg- DMSO

S49




LSL™T
LLL't
798°1
G88°1
LT6" T

016°¢
Z8E°€
p9g- €
G8G°€
865°€
SLL €

960" L
080°L
€0T°L
8C1°L
SLT L
T0C°L
8 L
CEEL
8EE"L
6GE°L
08E"L

§ee et

ér@\
i
-t

o~
a2
-

K

o
-3
-

f

L

IH NMR spectra of compound 7u in dg-DMSO

z9°
80"
aL"
8L"
66"
LO"
Le:
GG*
€8°
It
8€"
99"
4
A

144

A

6L"
4
€L
8g”
(I
66"

16°

19°
6L"

99°

€6 /
Y4
92
62 l////I
29 |////l
8¢ /
6€
6€
6€
6€
(1}4
(1}
(1}
Z\
S
S6
60T
8TT ———
€21 —
peT —
621
e ——
PET—
A48
GGT
79T ——

9LT

30

40

13C NMR spectra of compound 7u in dg-DMSO

T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50

180

190

10 ppm

20

S50



(A%

—

687°Z
verz —

69¢€°¢€

L26°
z66°
686"
€10
8€0°
GGT*
8LT"
8ve”
TLz”
962"
43N
€59°
099"
£€89°
LyL®
oLL:
LLL™L

[ e R )

W=

ovL 0T

10

T

1 7
] Lo
'H NMR spectra of compound 7v in dg-DMSO

@ (@[l
o] Qﬁ:F; ]
el

[/

12
g

13

LL”

08"
80"
et
"6€
16"
61"
‘0%

b I\\\\I

‘98

€9

v
V8
9¢

T —

8¢
6€
6€

6€
op

96601
267 LTT ~
mm.m:/
E.HNHW
7L 22T —

66 72T

6€°6CT ———

19°

60°CET
vE"CET wl
9€1

69°THT — _
¥ —
A

70191

8V LLT

10 ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 5
0
13C NMR spectra of compound 7v in dg-DMSO

190

S51



816"

018"

192"
€9€°

161"
812"
67v”
9LV”
989°
A
voL”
veL”

€ ——
c—

»

ppm

_oot
~e51
~05°t
NIk

'H NMR spectra of compound 7w in d-DMSO

15

A%
€T
16"
6L"
LO"
29
29°
06"
0T*
8L"

pe-

11—

T
30

40

T M

70

T

80

T

T T
120 110

130

T

T
170 150

180

10 ppm

20

50

60

90

100

140

160

190

13C NMR spectra of compound 7w in d;-DMSO

S52



Preparation of the Catalyst:

Preparation of ZrO, nano particle: A solution of ZrO,Cl,.8H,0 was condensed under a basic
medium (pH ~ 10) at 0-5 °C and the solution was stirred for 24 h at 100°C. The colloidal
particles were recovered by centrifugation, washed several times with water, dried and finally,
the NPs were calcined at 500 °C for 4 h.*

UV-Vis spectrum: In the UV-Vis spectrum (Fig. S1) of freshly prepared ZrO, nanoparticles
taken in solid state, a maxima was observed at 259 nm, which is equivalent to a band gap of 4.76

YA

1.8 1

1.6 1

UV-Vis spectra of Fresh ZrO, NPs

1.4 4
1.2
1.0

0.8+

Absorbance (arb. unit)

0.6 4

0.4+

0.2+

0.0 T T T T T T T T
200 250 300 350 400

Wavelength (nm)
Fig. S1 UV-Vis spectrum of ZrO, nanoparticles in solid state

Infrared spectra: The infrared spectrum of fresh ZrO, was depicted in Fig. S2a. The fresh
ZrO, showed a characteristic broad band at 3453cm™ and a broad band between 1600-1635 cm™,
which are assigned to the O—H modes of chemisorbed water and/or terminated hydroxides at the
surface of the nanoparticles.*®> The infrared spectra of reused catalyst after five runs is depicted

in Fig. S2b. It is important to note that all corresponding peaks are intact without any major
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change in characteristics peak which indicates that structure of catalyst doesn’t change even after

5 cycles.
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Fig. S2 (a) FT-IR spectra of fresh ZrO, NPs and (b) reused ZrO, NPs after 5™ cycle
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