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Fig. S1 ED-XRF spectrum of #2-BN/Fe;04/APTES-AMF/Cul.
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Fig. S2 Core level XPS spectra of (a) B 1s, (b) Si 2p, (¢) N 1s, (d) O 1s, (e) C 1s and (f) Fe 2p.



Table S1 Comparison of the catalytic activity of 4~-BN/Fe;0,/APTES-AMF/Cu! nanocatalyst with
previously reported catalysts for the synthesis of 2-amino-4-aryl(or heteroaryl)-7,7-dimethyl-5-
0x0-5,6,7,8-tetrahydro-4 H-chromene-3-carbonitriles.

Aromatic Reaction Yield TOF
S.No. | aldehyde | Dimedone Malononitrile conditions (%) (min') | Ref.
CHO Y 0 CN CuFezO4, EtOH, 93 _ 58
1. 60 °C, 8 min
CN
CHO
o 0 CN Sodium alginate,
2. t:r EtOH, reflux, 50 93 0.186 59
min
CN
Cl
CHO h-
o o CN BN/Fe;04/APTE
3. S-AMF/Cul, 97 64.9 PW
- ethanol-water
(1:1), r.t., 15 min
Cl
CHO 0 0 CN Ags[PMo0,04],
4, < EtOH/H,0, 97 B 60
reflux, 90 min
CN
CHO ) o CN PC/AgNPs,
5. H,O/EtOH, 82 B 61
reflux, 35 min
CN
CHO ) 0 CN [Cu(bpdo),.2H,0
6. 1* 97 19.4 62
x montmorillonit,
H,O/EtOH,
NO, reflux, 25 min




h-

(1:1), r.t., 15 min

CHO CN BN/Fe;O04/APTE
7. S-AMF/Cu™, 97 64.9 PW
- ethanol-water
(1:1), r.t., 15 min
NO,
CHO CN Ni@Fe doped 90 _ 63
8. CeO, chitosan,
EtOH, 60 °C, 10
CN .
min
CHO
CN MNPs-PhSO;H,
9. H,O/EtOH, 100 90 B 64
°C, 15 min
CN
Cl
CHO CN Bi-Su,
10. H,O/EtOH, 80 84 B 65
°C, 35 min
CN
h-
CHO CN BN/Fe;O04/APTE
11. S-AMF/Cu", 98 65.6 PW
- ethanol-water




Catalyst recyclability test

Fig. S3 FESEM micrographs of (a) fresh catalyst, (b) recovered catalyst after sixth cycle and TEM

images of (c)

fresh catalyst, (d) recovered catalyst after sixth run.
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Fig. S4 (a) VSM and (b) XRD spectra of recovered 4-BN/Fe;0,/APTES-AMF/Cul! catalyst.



I'H and 3C NMR spectra of 2-amino-4-aryl(or heteroaryl)-7.7-dimethyl-5-0x0-5.6.7.8-
tetrahvdro-4H-chromene-3-carbonitriles (4a-40)

'H NMR of 2-amino-4-phenyl-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (4a)
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13C NMR of 2-amino-4-phenyl-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-

carbonitrile (4a)
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HRMS of 2-amino-4-phenyl-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-carbonitrile

(4)
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'"H NMR of 2-amino-4-(2-bromophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (4b)
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13C NMR of 2-amino-4-(2-bromophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-
3-carbonitrile (4b)
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'"H NMR of 2-amino-4-(2-chlorophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (4c)
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13C NMR of 2-amino-4-(2-chlorophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-
3-carbonitrile (4¢)
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HRMS of 2-amino-4-(2-chlorophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (4c)

<10 6 |Cpd 13: €18 H17 CI N2 02: +ES| MFE Spectrum (0.076-0.726 min) Frag=175.0v SPB-14R.d
s3] 3201072
{M-H)+
251
2_
15
14 674.2324
05. (2M+NHa)y+
0 L L

395 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700
Counts vs. Mass-to-Charge (m/z)



'"H NMR of 2-amino-4-(3-nitrophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (4d)
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HRMS of 2-amino-4-(3-nitrophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile (4d)
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'"H NMR of 2-amino-4-(3-chlorophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-

carbonitrile (4e)
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13C NMR of 2-amino-4-(3-chlorophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-
3-carbonitrile (4e)
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carbonitrile (4e)
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"H NMR of 2-amino-4-(4-fluorophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (4f)
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13C NMR of 2-amino-4-(4-fluorophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-

3-carbonitrile (4f)
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'"H NMR of 2-amino-4-(4-chlorophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (4g)
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13C NMR of 2-amino-4-(4-chlorophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-
3-carbonitrile (4g)

+ = & K 885 OR < B ommen o L
pled gated NOE 35 | 3 ags B 3| 2 SE3ER
| I R | R 0.011

/>—9

>~

CN
I I 0.007
"'\0/\}_1{1 F
0.006
0.005
0.004

T T T T T T T T
210 150 170 150 130 110 90 80 70 60 50 40 30 20 1w 0 -20 -40



'"H NMR of 2-amino-4-(4-nitrophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (4h)
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I3C NMR of 2-amino-4-(4-nitrophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (4h)
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carbonitrile (4h)
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'"H NMR of 2-amino-4-(4-cyanophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (41)

CN
5V 17 e Y .
| F7.0
0O |
| |' | Le.s
} | ,

N | | | ‘ ‘ 6.0
| | | [ I ] | F5.5
(o) NH, L
4.5
4.0
3.5
3.0
2.5
2.0
1 1.5
1.0

I
0.5

| 1

I y 4 ﬂ
A AN L — J'.IL I N | N — 1l p.a0
ti § ¥ i ) I

g8 s o B HA

o o o ™™

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 T T T T T T T T T T T T T T T T T T T T T T T
11.5 10.5 95 40 85 80 ¥5 70 65 60 55 50 45 40 35 30 25 20 1.5 10 05 00

f1 (ppm)



13C NMR of 2-amino-4-(4-cyanophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (41)
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HRMS of 2-amino-4-(4-cyanophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (41)
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'"H NMR of 2-amino-4-(4-bromophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (4j)

L

a2
740
=213

“ean

—d4, 55
—4.37
245
.27
2
2.21
217

L1

~1.m

F2.3

Vs

2.2
2.1
2.0
[ , ’
‘ | | F1.9
| | 15
1.7
F16

F1.5
NH,

1.4
F1.3
1.2

L1.0
0.9
0.8
H0.7
0.6
0.5
0.4
H0.3
I o2
\ o

|

|

|
-
!L__,__
|

i

-

0.1

1485-=
1.00-=
2.03—=
2103
i
=307

0.2

T
11 10 9 8 7 B 5 4 3 2

HRMS of 2-amino-4-(4-bromophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (4j)

%10 6 |Cpd 7: C18 H17 Br N2 02: +ESI MFE Spectrum (0.136-0.869 min) Frag=175.0v SPB-12.d

375.0512 -
254 (MiH)*

2
1.5+ N

14
NH, 747.0966
05- {2M+H)+

0 T ' l T T T T T T T T T T T T T hh| — T
350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800
Counts vs. Mass-to-Charge {m/z)




"H NMR of 2-amino-4-(4-methoxyphenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-
3-carbonitrile (4k)
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I3C NMR of 2-amino-4-(4-methoxyphenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-
chromene-3-carbonitrile (4k)
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HRMS of 2-amino-4-(4-methoxyphenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-
3-carbonitrile (4k)
<10 5 |Cpd 2: C19 H20 N2 03: +ESI MFE Spectrum (0.120-0.754 min) Frag=175.0V SPB-20.d
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"H NMR of 2-amino-4-(4-methylphenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-
3-carbonitrile (41)
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I3C NMR of 2-amino-4-(4-methylphenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-
3-carbonitrile (41)
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HRMS of 2-amino-4-(4-methylphenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (41)

%10 6 |Cpd 9: C19 H20 N2 O2: +ES| MFE Spectrum (0.133-0.784 min) Frag=175.0v¥ SPB-5R.d
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'"H NMR of 2-amino-4-(2-furyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-

carbonitrile
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HRMS of 2-amino-4-(2-furyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (4m)
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Cpd 5: C16 H16 N2 03: +ESI MFE Spectrum (0.048-0.732 min) Frag=175.0V SPB-40R.d
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'"H NMR of 2-amino-4-(2-thienyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-

carbonitrile (4n)

58 T
W A\ v

~-0.1

HRMS of 2-amino-4-(2-thienyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-

carbonitrile (4n)
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Cpd 3: C16 H16 N2 O2 S: +ESI MFE Spectrum (0.051-0.701 min) Frag=175.0V SPB-41R.d
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'"H NMR of 2-amino-4-styryl-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-carbonitrile

(40)

L T R S S SR R B B S S B N S S — = =2 8 3

(=] [=] [=] [ =] [ =] [ =] (=] (=] (=] (=] [=] [ =] [ =] [ =] [ =] [=] (=] (=] [=] .ﬂ

1 L 1 L 1 L | | 1 L 1 1 1 1 1 1 l 1 L 1 L 1 L 1 L 1 L 1 1 !
L0 TE
e .ﬂﬂ
BT | - BB
B —1 St
g - =0T
¥
wy— 1 - -oET [T
L0
m_.i.v.__
T
23 T =TT
G- — -t |t
E%Lﬂ
gz
oy —T =TS
By r
DENL.
5372

& B

10

1

13




