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Fabrication and characterization of nickel ferrite encapsulated silica particles bearing
triazine as an effective reusable solid base nanocatalyst for synthesis of 4H-chromenes

under mild conditions

Maryam Mohammadi, Hossein Naeimi*, Zohreh Zahraei

Synthesis of 4H-chromene derivatives catalyzed by tris (NiFe,O4@SiO:PrThioTriazole) TriAzine

In one pot, 5, 5-dimethyl-1,3-cyclohexanedione (1 mmol), an aromatic aldehyde (1 mmol), malononitrile (1
mmol), and the nanocatalyst (0.04 g) were mixed together and stirred in 2 mL of ethanol under reflux
conditions. Thin-layer chromatography (TLC) was used to observe the progress of the reaction. After the
reaction was completed, the mixture was filtered, and the resulting precipitate was washed with acetone for
separation of the catalyst. The solvent of the sub-filter solution was then evaporated to obtain a pure product

that was verified using melting point, FT-IR, and 'H NMR analyses.



Spectral figures of compound 2-amino-4-(3-bromophenyl)-7,7- dimethyl-5-0x0-5,6,7,8-tatrahydro-4H-

chromene-3-carbonitrile (4a); 3

Spectral figures of compound 2-amino-4-(3-nitrophenyl)-7,7- dimethyl-5-0x0-5,6,7,8-tatrahydro-4H- chromene-
3-carbonitrile (4b); 4

Spectral figures of compound 2-amino-4-(4-chlorophenyl)-7,7- dimethyl-5-0x0-5,6,7,8-tatrahydro-4H-

chromene-3-carbonitrile (4¢); 5

Spectral figures of compound 2-amino-4-(4-dimethylaminophenyl)-7,7- dimethyl-5-0x0-5,6,7,8-tatrahydro-4H-

chromene-3-carbonitrile (4d); 6

Spectral figures of compound 2-amino-4-(2-chlorophenyl)-7,7- dimethyl-5-0x0-5,6,7,8-tatrahydro-4H-

chromene-3-carbonitrile (4e); 7

Spectral figures of compound 2-amino-4-(2-nitrophenyl)-7,7- dimethyl-5-0x0-5,6,7,8-tatrahydro-4H- chromene-
3-carbonitrile (4f); 8

Spectral figures of compound 2-amino-4-(4-nitrophenyl)-7,7- dimethyl-5-0x0-5,6,7,8-tatrahydro-4H- chromene-
3-carbonitrile (4g); 9

Spectral figures of compound 2-amino-4-(3-methoxyphenyl)-7,7- dimethyl-5-0x0-5,6,7,8-tatrahydro-4H-

chromene-3-carbonitrile (4h); 10

Spectral figures of compound 2-amino-4-(3-cyanophenyl)-7,7- dimethyl-5-0x0-5,6,7,8-tatrahydro-4H-

chromene-3-carbonitrile (41); 11

Spectral figures of compound 2-amino-4-(2,6-dichlorophenyl)-7,7- dimethyl-5-0x0-5,6,7,8-tatrahydro-4H-

chromene-3-carbonitrile (4j); 12

Spectral figures of compound 2-amino-4-(phenyl)-7,7- dimethyl-5-0x0-5,6,7,8-tatrahydro-4H- chromene-3-
carbonitrile (4k); 13

Spectral figures of compound 2-amino-4-()-7,7- dimethyl-5-0x0-5,6,7,8-tatrahydro-4H- chromene-3-carbonitrile
(41); 14
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Figure S1. 'H NMR 4a
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Figure S2. FT- IR 4a
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Figure S3. "H NMR 4b
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Figure S4. FR-IR 4b
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Figure S5. '"H NMR 4c

Figure S6. FT- IR 4c



o o (=] [=] o (=] o o o o o (=]

g ) 2 g ? 2 8§ 8 8 8 g
8 m g m I m L m w .9 - m m § m m 9. X
60~ - KT
o1 - ~omr
oz

01T s M
@ . w1
h:% T
Qvn\. - -y
e

sor— — =01
9y

ou —— ,mT
(3 SN e
MEGW n
e

we—
({3
seu—

Fag

67 66 65 64

70 69 68

14 (pprm)

Hew A

|
T

H,C

+o

-~

f (ppm)

Figure S7.'H NMR 4d
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Figure S8. FT- IR 4d
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Figure S9. '"H NMR 4e
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Figure S11. '"H NMR 4f
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Figure S12. FT- IR 4f
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Figure S13. '"H NMR 4g
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Figure S14. FT- IR 4g
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Figure S15. '"H NMR 4h
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Figure S16. FT- IR 4h
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Figure S17. 'H NMR 4i
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Figure S18. FT- IR 4i

11



o o 2 o 2
8 8 & 8§ g g 8 8 , 8
T T T T A ! A A !
001~ g —J st
vl e
0T
607
(244 = Fai
1133 e L
et p— S
1% ‘a1
e
8T
we— —_—e -
a
@
RHW Faa
@i ————— ru1
- — >0
Jp-ea

g
g 8 -
o
T3
-
~
L
ne— E -y~
-
,Jm
R S
e - -
e — W -3.....
w ~
b~ ——
Ll B g
-
~
Sk~ -
e - Iz..n.,S
~

el

hj

S$19. 'TH NMR 4,

Figure

v

gt

0650
92z30
L8001
L1
g 24}
st
9LL67h
—— 30812

59 ¥

TLG5IE

ez ems

60 89}

Gy

200

Waronumbers (cme1)

ge8rgses

FREALSIRI LY,

&

hj

$20. FT- IR 4

Figure

12



g 8 8 8 R 8 o
960~ — st
01" ~we
234
Qe
v - 50
(144 |.||”m ~m
(134 s
axw _ 0o
(134
8T
nr— w -mo
we
ne
e
[AFS H.._ v.%p_.
we = T
41 1 e
we

7.0 69

63

23 72 1

74

1 (gpm)

Fo

o

Figure S21. '"H NMR 4k
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Figure S22. FT- IR 4k
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Figure S23. '"H NMR 41

Figure $24. FT- IR 41
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