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Thermogravimetric analysis (TGA) evaluates the thermal stability of the MNPs-CPTMS and MNPs-Guanidine. These
nanoparticles show suitable thermal stability without significantly decreasing in weight (Fig. S1). The weight loss at temperatures
below 200 °C is due to the removal of physically adsorbed solvent and surface hydroxyl groups.The curve shows a weight loss
about 10% from 250 to 600 °C, resulting from the decomposition of organic spacer grafting to the MNPs surface.
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Fig. S1. TGA curve of MNPs-Guanidine.



X-ray photoelectron spectroscopy (XPS) analysis was used to investigate the chemical binding in the synthesized MNPs-
Guanidine. In the wide-scan spectrum of functionalized MNPs (Fig. S2) the predominant components are Si 2p (103 eV), Si 2s
(150 eV), C 15 (284 eV), N 1s (400 eV), O 1s (530 eV), and Fe 2p (710 eV).
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Fig S 2. XPS spectrum of MNPs-Guanidine



In order to investigate the size distribution of nanoparticles, DLS (dynamic light scattering) graph of the nanoparticles are
presented in Fig. S3. This size distribution is centered at a value of 44 nm.

Size Mean | Std Dev Size Mean Std Dev Size Mean Std Dev Size Mean Sid Dev
d.nm__ |Number % Number %| d.nm__|Number %{Number %j d.nm__|Number %) Number %) dnm_ |Number % Number %|
0.400 o.q 5.61 0.0 788 0.0 1110 o
0.463 o.q 6.50 0.0 913 0.0 1280 o
0536 0.q 7.53 0.0 106 0.0 1480 0.0
0621 0.q 8.72 0.0 12 0.0 1720 0.0
0719 0.0 101 0.0 142 0.0 1980 0.0
0.833 0.q "7 0.0 164 0.0 2300 o
0.965 0.q 135 0.0 190 0.0 2670 o
112 0.q 157 0.0 220 0.0 3080 o0
129 0.q 182 0.0 255 0.0 3580 0.0
150 0.0 210 0.0 295 0.0 4150 0.0
174 0.q 244 0.0 342 0.0 4800 o
2m 0.q 28.2 0.0 396 0.0 5560 oq
233 0.q 327 0.0 459 0.0 6440 0.0
270 0.q 378 25.0 531 0.0 7460 0.0
312 0.0 438 50.0 615 0.0 8630 o0
362 0.q 50.7 25.0 712 0.0 1.00e4 o
419 0.q 58.3 0.0 825 0.0
485 0.q 68.1 0.0 955 0.0
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50 ) AR R AR PSR 5
40 ; RETTIRCEEES SEEEe A RE AL R R SRR U RS 4
P R S R R SR SR SR
] :
g .
2 ey e e s R T S e R R A
10 I B R 1
100 1000 10000
Size (d.nm)
l: Mean with +/-1 Standard Deviation error bar|

Fig S3. DLS data of MNPs-Guanidine in ethanol



Meanwhile, the reusability of MNPs-Guanidine was studied for the reaction of 5-chloroisatin, hydrazine hydrate, ethyl
acetoacetate and dimedone or malononitrile. After completion of the reaction, the nanocatalyst was easily separated using an
external magnet. The recovered magnetite nanoparticles were washed several times with acetone and then dried at room
temperature. Figure S4 indicates that the catalyst could be reused for seven times with a minimal loss of activity.
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Fig S4. Reusability of MNPs-Guanidineas catalyst for the synthesis of 6b and 7f
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hydro-5'-bromo-1H-spiro[chromeno [2, 3-c]pyrazole-4,3'-

thyl-7,8-di

3,7,7-Trime

BCNMR

indoline]-2', 5(6 H)-dione (6¢):
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3,7,7-Trimethyl-7,8-dihydro-5'-nitro-1H-spiro[chromeno [2, 3-c]pyrazole-4,3'-

indoline]-2', 5(6 H)-dione(6d)

TH NMR

__._ |=| = = .
um_ | mm B B
1]} 1 |

...__.
Et__._nnwmm___.mmn_p__.n__m_,:m.!___._u_
A | | ] LR A e RS E

12

MY 1A

ol M 1
] | ]
EH D 1
0 BE
e} L]
TR SREORT DO ik
(el L&
rrvisaand Butceazalyd - 2y
INE CTERILT 00 1 1
i og'e- bl
[EELE R Id
Hr I 3N
iannmnes [0 THETE) #oesrans
HE QO0MIN 'S T4
F e 1 a
I#En DO '8 n
1&fn 03 Ok ma
[LWLE O
HRE SLIAETECT i
=R TLIREC"0 ST
W WRLATT s
) a4
¥l =
o | ANIATOE
Tl pi
T SR
TRusay v 5 ORI
12ade WITELEHT
b 1 LY
LTIOETHE ing
fRMAEEN IRy e terrhay - 2
1 i edd
0er ] ot
1m0 fr

F310AmIny WIBg JusIIng

LN |
<) AN R
u a NS A1
| Y Y 1 T .
b b e et DRI B LD LW sNalsl miE o=t -
a ..u- g M et D.D.r.. bt el L 23
(- T = W =N &g =] g o u



13C NMR: 3,7,7-Trimethyl-7,8-dihydro-5'-nitro-1H-spiro[chromeno [2, 3-c]pyrazole-4,3'-
indoline]-2', 5(6 H)-dione (6d)
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[indoline-3,4'-pyrano|2,3-

1ro

-3'-methyl-2-o0x0-2'H-sp

1mno

Methyl 6'-Am

clpyrazole]-5'-carboxylate (7a)

'H NMR
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3'-methyl-2-0x0-2'H-spiro[indoline-3,4'-pyrano|2,3-

1mno-

: Methyl 6'-Am

13C NMR

clpyrazole]-5'-carboxylate (7a)
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'TH NMR: Methyl 6'-Amino-3'-methyl-2-oxo-5-chloro-2'H-spiro[indoline-3,4'-pyrano|2,3-

c|pyrazole]-5'-carboxylate(7b)
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3,4'-pyrano[2,3-

me-

[indol

1ro

3'-methyl-2-o0xo0-5-chloro-2'H-sp

1no-

: Methyl 6'-Am

13C NMR

clpyrazole]-5'-carboxylate(7b)

wdd oz oy 09 08 00b OZL OV 094 0BL Q02 02 OKZ
1 | 241 | 1 | 1 1 1 | 1 | 1 1 l
0
ZH 001 g
0 ass
RI aa
ZHH 9BS9ZT9°00T 48
B9LZE IS
s1mameaed furssaload - 24
ZHH SO0STET 008 2048
apr 0s'81 £T1d
ap 0581 2T
ar 00'k- 2d
J23EM 00'08 2q42d
HI <IN
9T12a7RA 29dd4add
EEEEsEEE Nu _._Ei.mu EEEEEEEE
ZHH S96R0Z9°00T T045
ap 00'2- T1d
d3En 0§°L Td
JET TN
sssEEsss .—u .._H.EHIH.“U (TTTTTTT]
23€ 00020000°0 ZTp
23€ 000000E0"0 TP
93¢ 00000000°T 1a
A 0°00€ il
M 009 cli)
d3EM SLE'ET na
9'26LS L
296 0850TTE°0 oy
ZH LT5979°0 SIHAIL
ZH 6E0"ROROY HAUS
¥ sq
0002 SN
SR JHIATOS
ummm..w al
pebdhz 204 TNd
TOMUTITOR ™ §  (qHI0Hd
223de HALSKT
PTRT _amil
LT60RTOZ 3B
g1aameawd uoratetnboy - 24
1 DHI0Ed
9z9 OHAXT
T-£TURqIR) jeitydi)
£1339MRIR RAWJ AUITIN
:NWN-..Vn L ik 8 b i B o
0O YOVUWOoOOoOOoOO0OWH h FNNNWRWa WL O
. Wobhmom-dREn & N
= Ddupprwinoo @ B ARG ReE e S R A e
B NNOBBUDNn-IN =N oORYMNGOWVWOWH W
wWwwlWhoowWwo » W

17



'TH NMR: Methyl 6'-Amino-3'-methyl-2-0x0-5-bromo-2'H-spiro[indoline-3,4'-pyrano|2,3-

c|pyrazole]-5'-carboxylate(DMSQO-dg4, 400 MHz)(7c):

B

P § 8 ¢ 8 6 0L kb 2k EL PL SL 8L £ 8
I [l Dl sl

00°'T ad

0 a9

24 0£'0 a1

0 gss

Wi AQn

ZHH SPOOOET "00% 48
89LZE 18
g1zameaed Oﬁ_..ﬂmnun_ouﬁ - a4
ZHH OTLRZET 00V TodSs
ar 00°'9- T4
296N 006 Td
HT TN
s=sssess 1] TINNYH]) ===s====
2986 00000000 S 1q
A 0°00E aLl
J¥EN 00°9 aq
J9EM 002 'E¥ nd
218 94

298 9L79STR'T 1
2H ETZESE'0 S34aId
ZH BLO'PLSTT HAS

0 5q

9T SH
05SHA JHIATOS
mw....mn 1L

z 9044 10d
TONUTITNE W & (HI0dd
209ds HOYLSHI

ek 97 _9JutL
2060FTOZ 8q
£1vlameled ﬂﬂ.ﬂ.u..nn.n.:bud_ -2
1 OHI0dd
£E9T ONdX3
T-HE TRV

EIlamMeIRd BIARJ IULIAND

B Al

dIa¥naa \
e L

)

Ln

e

%0

285°T
28F "2
EED 8
SkSOT
922 " el —

18



wdd , z €& ¥ 9 § L B 5 O M 2k EF ¥L Sk 91 2L Bl

19

Jﬁﬁjj ﬁﬁ J

SAAMRAE ] BART AUIIIN

'"H NMR: Methyl 6'-Amino-3'-methyl-2-0x0-5-bromo-2'H-spiro[indoline-3,4'-pyrano[2,3-
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3,4'-pyrano[2,3-

me-

[indol

1ro

3'-methyl-2-0x0-5-bromo-2'H-sp

1no-

: Methyl 6'-Am

13C NMR

c|pyrazole]-5'-carboxylate (7c¢):
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'TH NMR: Methyl 6'-Amino-3'-methyl-2-oxo-5-nitro-2'"H-spiro[indoline-3,4'-pyrano[2,3-

c|pyrazole]-5'-carboxylate(DMSO-ds, 400 MHz): (7d):
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'TH NMR: Methyl 6'-Amino-3'-methyl-2-oxo-5-nitro-2'"H-spiro[indoline-3,4'-pyrano[2,3-

c]pyrazole]-5'-carboxylate (DMSO-d; + D,0, 400 MHz) (7d):
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3,4'-pyrano[2,3-

ine-

[indol

1ro

Methyl 6'-Amino-3'-methyl-2-0xo0-5-nitro-2'H-spi

BCNMR

c|pyrazole]-5'-carboxylate (DMSO-ds , 100 MHz): (7d):
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