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1. General information

Bovine serum albumin (BSA) was purchased from Aladdin Chemicals (Shanghai,
China). Lipozyme®RM IM (275 U/g) was purchased from Novozyme (Beijing, China).
Unless otherwise noted, all reagents were obtained from commercial suppliers and were
used without further purification.

All high-speed ball-milling reactions were conducted in a Retsch Mixer Mill MM
400 with 50 mL stainless steel grinding jar and three stainless steel grinding balls
(diameter 10 mm). The NMR spectra were recorded on a Bruker AVANCE III 400
spectrometer (400 MHz for 'H NMR, 100 MHz for '*C NMR) or Bruker AVANCE III
500 spectrometer (500 MHz for 'H NMR, 126 MHz for *C NMR) with DMSO-d; as
solvent and tetramethylsilane (TMS) as internal standard. The mass spectra were
measured by Bruker microTOF-Q II with electrospray ionization (ESI). All melting points
were determined on an Optimelt MPA 100 melting point apparatus and were uncorrected.
2. Mechano-biocatalytic rapid synthesis of 2-amino-3-cyano-4H-pyran
derivatives

A mixture of aromatic aldehyde (0.5 mmol), malononitrile (0.5 mmol), dimedone
(0.5 mmol) or 3-(dimethylamino)phenol (0.5 mmol), NaCl (300 mg) and BSA (50 mg for
reactions with dimedone as substrate 3, 80 mg for reactions with 3-
(dimethylamino)phenol as substrate 3) was milled for 40 min at 30 Hz in a Retsch MM
400 Mixer Mill (MM 400, Retsch, Germany) using a 50 mL stainless steel grinding jar
with three stainless steel grinding balls (diameter 10 mm). After the milling was stopped,
the reaction mixture was extracted with ethyl acetate (10 mL). The organic phase was
concentrated in vacuo and the residue was purified by column chromatography on silica

gel (eluent: petroleum ether/ethyl acetate, 2~4:1, V/V) to afford the products.



3. Optimization of the reaction conditions for the synthesis of Sa

Initially, the three-component reaction of benzaldehyde (1a), malononitrile (2) and
3-(dimethylamino)phenol (3b) was used as a model reaction to optimize the reaction
conditions including BSA loading, grinding frequency and reaction time.
3.1 Optimization of BSA loading for the synthesis of 5a

As shown in Table S1, the yield of the product was improved greatly by increasing
the BSA loading from 0 to 80 mg and reached a plateau after 80 mg (Table S1, entries 1-
6). Considering the cost of BSA, 80 mg was chosen as the suitable BSA loading for further
investigation.

Table S1 Influence of BSA loading on the model reaction®

CHO ¢ /@\ BSA N
+ +
[ j <CN T OH  Nacl, Ball-milling ‘ |
~N
N o

1a ) 36 30Hz, 30 min | NH,
5a
Entry BSA loading (mg) Yield (%)°
1 0 34
2 40 43
3 50 48
4 60 68
5 80 82
6 100 84

8 Reaction conditions: benzaldehyde 1a (0.5 mmol), malononitrile 2 (0.5 mmol), 3-
(dimethylamino)phenol 3b (0.5 mmol), specified amount of BSA and NaCl (300 mg)
were placed in a 50 mL stainless steel grinding jar along with three stainless steel grinding

balls (diameter 10 mm) and milled for 30 min at 30 Hz.



b|solated yields.
3.2 Optimization of grinding frequency for the synthesis of 5a

The influence of grinding frequency on the model reaction was also investigated and
the results are summarized in Table S2. As can be seen from Table S2, When the grinding
frequency increased from 15 Hz to 30 Hz, the yields increased from 59% to 82% (Table
S2, Entries 1-4). Therefore, 30 Hz was chosen as the optimum grinding frequency for the
further reactions.

Table S2 Effect of grinding frequency on the model reaction®

Entry grinding frequency (Hz) Yield (%)°
1 15 59
2 20 75
3 25 81
4 30 82

8 Reaction conditions: benzaldehyde 1a (0.5 mmol), malononitrile 2 (0.5 mmol), 3-
(dimethylamino)phenol 3b (0.5 mmol), BSA (80 mg) and NaCl (300 mg) were placed in
a 50 mL stainless steel grinding jar along with three stainless steel grinding balls (diameter
10 mm) and milled for 30 min at the specified grinding frequency.
b|solated yields.
3.3 Time course of the model reaction

We then investigated the time course of the model reaction (Figure S1). As shown in
Figure S1, the yield increased obviously in the first 20 min. After 40 min of reaction, the

yield reached a plateau. Thus, subsequent reactions were carried out for 40 min.
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Figure S1 Time course of the model reaction. Reaction conditions: aldehyde (1a, 0.5
mmol), malononitrile (2, 0.5 mmol), 3-(dimethylamino)phenol (3b, 0.5 mmol), BSA (80
mg) and NaCl (300 mg) were placed in a 50 mL stainless steel grinding jar along with
three stainless steel grinding balls (diameter 10 mm) and milled at 30 Hz. The yield was

calculated based on the weight of purified product.



4. Data of the products

2-Amino-7,7-dimethyl-5-oxo-4-phenyl-5,6,7,8-tetranydro-4H-chromene-3-carbonitrile
(4a, C18H18N20z)

White solid; mp 222-223 °C. IR(KBr): 3398.0, 3317.5, 3214.5, 2966.5, 2203.4, 1668.9,
1604.5, 1372.6, 1214.8, 1140.8, 1031.3, 699.6 cm™'. 'H NMR (400 MHz, DMSO-ds) §
7.29 (t,J = 7.4 Hz, 2H), 7.17 (dd, J = 20.2, 7.3 Hz, 3H), 7.01 (s, 2H), 4.18 (s, 1H), 2.49
(d, J=12.1 Hz, 2H), 2.26 (d, J = 16.1 Hz, 1H), 2.11 (d, J = 16.1 Hz, 1H), 1.05 (s, 3H),
0.96 (s, 3H).!*C NMR (100 MHz, DMSO-ds) § 196.12, 162.96, 158.94, 145.21, 128.80,
127.61, 127.03, 120.20, 113.19, 58.75, 50.44, 36.04, 27.27. HRMS (ESI) m/z calcd for

CisHsN2O,Na [M+Na]": 317.126, found: 317.127.
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CN
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2-Amino-7,7-dimethyl-4-(3-nitrophenyl)-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (4b, Ci1sH17N304)
White solid; mp 213-215 °C. *H NMR (500 MHz, DMSO-ds)  8.09 (d, J = 8.1 Hz, 1H),
7.98 (s, 1H), 7.65 (dt, J = 15.7, 7.7 Hz, 2H), 7.19 (s, 2H), 4.43 (s, 1H), 2.56 (s, 2H), 2.28
(d, J=16.1 Hz, 1H), 2.12 (d, J = 16.1 Hz, 1H), 1.05 (s, 3H), 0.96 (s, 3H). *C NMR (126
MHz, DMSO-ds) & 196.21, 163.62, 159.09, 148.23, 147.47, 134.65, 130.49, 122.25,

119.82, 112.24, 57.66, 50.34, 35.88, 32.31, 28.80, 27.22. MS (ESI): [2M+Na]*: 701.69.
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2-Amino-7,7-dimethyl-4-(4-nitrophenyl)-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (4¢, C1sH17N304)

Faint yellow solid; mp 184-185 °C. *H NMR (500 MHz, DMSO-ds) & 8.18 (d, J = 8.7 Hz,
2H), 7.45 (d, J = 8.7 Hz, 2H), 7.19 (s, 2H), 4.37 (s, 1H), 2.55 (d, J = 3.1 Hz, 2H), 2.27 (d,
J =16.1 Hz, 1H), 2.12 (d, J = 16.1 Hz, 1H), 1.05 (s, 3H), 0.97 (s, 3H). 3C NMR (126
MHz, DMSO-ds) & 196.14, 163.56, 159.04, 152.74, 146.73, 129.08, 124.13, 119.77,
112.20, 60.22, 57.45, 50.33, 36.12, 32.30, 28.73, 27.41, 21.23, 14.55. MS (ESI):

[2M+Na]": 701.73.
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2-Amino-4-(2-fluorophenyl)-7,7-dimethyl-5-oxo0-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile (4d, C1sH17FN202)

Yellow solid; mp 237-239 °C. 'H NMR (500 MHz, DMSO-dg) & 7.28 — 7.09 (m, 4H),
7.06 (s, 2H), 4.45 (s, 1H), 2.60 — 2.50 (m, 2H), 2.27 (d, J = 16.1 Hz, 1H), 2.09 (d, J =
16.1 Hz, 1H), 1.05 (s, 3H), 0.97 (s, 3H).13C NMR (100 MHz, DMSO-ds) 5 196.05, 163.58,
161.62, 159.21, 131.72, 130.12, 129.08, 124.88, 119.98, 115.99, 115.77, 111.82, 57.14,

50.35, 32.27, 30.29, 28.96, 27.06. MS (ESI): [2M+Na]*: 647.81.
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CN

0~ "NH,
2-Amino-4-(3-fluorophenyl)-7,7-dimethyl-5-oxo0-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile (4e, C1gH17FN205)
Yellow solid; mp 211-212 °C. *H NMR (500 MHz, DMSO-dg) & 7.18 (dd, J = 8.7, 5.6
Hz, 2H), 7.11 (t, J = 8.8 Hz, 2H), 7.05 (s, 2H), 4.20 (s, 1H), 2.51 (s, 2H), 2.25 (d, J = 16.1
Hz, 2H), 2.11 (d, J = 16.1 Hz, 2H), 1.04 (s, 3H), 0.95 (s, 3H). 3C NMR (100 MHz,
DMSO-dg) 6 196.16, 163.28, 161.39, 158.99, 148.18, 130.79, 123.71, 120.00, 114.44,

113.97, 112.62, 58.14, 50.40, 35.78, 32.29, 28.72, 27.39. MS (ESI): [2M+Na]*: 647.72.
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CN

0~ "NH,

2-Amino-4-(4-fluorophenyl)-7,7-dimethyl-5-oxo0-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile (4f, C1gH17FN20>)

White solid; mp 189-191 °C. 'H NMR (500 MHz, DMSO-ds) & 7.35 (dd, J = 14.1, 7.9
Hz, 1H), 7.09 (s, 2H), 7.06 — 6.98 (m, 2H), 6.96 — 6.92 (m, 1H), 4.23 (s, 1H), 2.53 (d, J =
2.8 Hz, 2H), 2.26 (d, J = 16.0 Hz, 1H), 2.14 (d, J = 16.0 Hz, 1H), 1.04 (s, 3H), 0.97 (s,
3H). 13C NMR (100 MHz, DMSO-ds) § 196.14, 162.94, 162.55, 160.14, 158.93, 141.39,
129.55, 129.46, 120.10, 115.59, 115.38, 113.05, 58.52, 50.42, 35.37, 32.27, 28.80, 27.31.

MS (ESI): [2M+Na]': 647.75.

FEINE2ITLBSTRERIUNY 8 ZRRI=N B4 26000
L e e - L -1 - i eded olod od =
YOS v
124000
M
+22000
(| |
|
| r 20000
I | | [
i I
|I I o ! [l Il 18000
CN
L) 16000
07 "NH;
o @ F14000
0.97
E (s) F (s) | 12000
4.23 1.04
==

~10000
8000
6000

4000

Ul JL Lo

24z %_
0993 =

: 23 i a3 i

E = -

S “eis e o 2000
T T T T T T T T

10.0 9.5 9.0 8.5 8.0 7.5 o 6. 6.0 3 30 2.0 1 L0 0. 0.0 0. 1.0

5.0 4.5 L0
1 (ppm)



: z38 R &2 R 5585 [
L g¥Es : &3 i s siss
| N Y [ [ 6000000
5500000
r
5000000
CN 4500000
||
07 "NH,
4000000
3500000
3000000
2500000
2000000
1500000
1000000
I
| L-500000
| - : I , L Ol
L 1]
L | [ ] ,
~—500000
210 260 160 léﬂ 170 léﬂ lgﬂ 1-;0 1:‘\0 IZID IIID 11‘30 8‘0 TID GIO 5‘0 4‘0 3‘0 2‘0 1‘0 ‘Il -10
£l (ppm)
F: ITMS + ¢ ESI Full ms [50.00-1200.00]
100 646.79
95
90
85
80
75
70
65
& 80
=
<
Z 55
=1
2 5 335.14
&
Z 45
=
& 40
35
10 647.75
25
20
15 646,11
10 336.1 648.74
5 375.44 432.79
o 313.12 407.96 454.75 482,64 530,87 590,15 612.81 70873 74468

300

350

400

450

500 550 600
miz

650 700



2-Amino-7,7-dimethyl-5-oxo-4-(0-tolyl)-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile

(49, C19H20N202)

White solid; mp 208-210 °C. '"H NMR (500 MHz, DMSO-des) § 7.12 (dd, J = 14.5, 7.1

Hz, 2H), 7.05 (td, J= 7.4, 1.3 Hz, 1H), 6.96 (s, 2H), 6.94 (s, 1H), 4.47 (s, 1H), 2.53 (d, J

=7.5 Hz, 2H), 2.47 (s, 3H), 2.25 (d, J= 16.1 Hz, 1H), 2.08 (d, J= 16.1 Hz, 1H), 1.05 (s,

3H), 0.97 (s, 3H). *C NMR (100 MHz, DMSO-ds) § 196.25, 162.98, 158.74, 144.05,

135.22,130.36, 127.74, 126.86, 126.66, 120.24, 113.92, 58.67, 50.40, 32.35, 31.37, 28.90,

27.25,19.56. MS (ESI): [2M+Na]": 639.81.
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2-Amino-7,7-dimethyl-5-oxo-4-(m-tolyl)-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile (4h, C19H20N202)

White solid; mp 207-208 °C. '"H NMR (500 MHz, DMSO-ds) 6 7.17 (t, J = 7.5 Hz, 1H),
7.00 (d,J=7.0 Hz, 3H), 6.95 — 6.89 (m, 2H), 4.12 (s, 1H), 2.52 (s, 2H), 2.27 (s, 3H), 2.24
(s, 1H), 2.11 (d, J=16.1 Hz, 1H), 1.05 (s, 3H), 0.97 (s, 3H). 3*C NMR (100 MHz, DMSO-
de) 6 196.11, 162.90, 158.90, 145.19, 137.76, 128.71, 128.17, 127.72, 124.76, 120.22,

113.22, 58.84, 50.45, 35.95, 32.31, 28.89, 27.21, 21.56. MS (ESI): [2M+Na]": 639.79.
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2-Amino-7,7-dimethyl-5-oxo-4-(p-tolyl)-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile
(4i, C19H20N20>)

White solid; mp 218-220 °C. 'H NMR (400 MHz, DMSO-ds) 5 7.09 (d, J = 7.9 Hz, 2H),
7.02 (d, J= 8.0 Hz, 2H), 6.98 (s, 2H), 4.12 (s, 1H), 2.51 (d, J = 1.4 Hz, 2H), 2.25 (s, 3H),
2.23 (s, 1H), 2.09 (d, J = 16.1 Hz, 1H), 1.04 (s, 3H), 0.95 (s, 3H). *C NMR (100 MHz,
DMSO-ds) 6 196.09, 162.74, 158.88, 142.29, 136.07, 129.34, 127.54, 120.23, 113.32,

58.87, 50.45, 35.64, 32.27, 28.89, 27.22, 21.07. MS (ESI): [2M+Na]": 639.81.
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2-Amino-4-(2-methoxyphenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile (4j, C19H20N203)

Yellow solid; mp 200-202 °C. 'H NMR (400 MHz, DMSO-de) & 7.12 (t, J=7.0 Hz, 1H),
6.93 (dd, J=16.7, 7.0 Hz, 2H), 6.82 (d, J = 7.4 Hz, 1H), 6.79 (s, 2H), 4.44 (s, 1H), 3.71
(s, 3H), 2.49 (s, 1H), 2.41 (d, J = 17.6 Hz, 1H), 2.21 (d, J = 16.1 Hz, 1H), 2.03 (d, J =
16.1 Hz, 1H), 1.01 (s, 3H), 0.93 (s, 3H). '*C NMR (100 MHz, DMSO-ds) § 196.04, 163.56,
159.45, 157.27, 132.61, 129.01, 128.26, 120.78, 120.32, 112.33, 111.91, 57.79, 56.06,

50.50, 32.25, 30.79, 29.09, 27.00. MS (ESI): [2M+Na]": 671.79.
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2-Amino-4-(3-methoxyphenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4H-chromene-3-

carbonitrile (4k, C19H20N203)

White solid; mp 193-195 °C. 'H NMR (400 MHz, DMSO-ds) 5 7.21 (t, J = 7.9 Hz, 1H),

7.01 (s, 2H), 6.77 (dd, J = 8.1, 2.3 Hz, 1H), 6.71 (d, J = 7.7 Hz, 1H), 6.66 (d, J = 1.9 Hz,

1H), 4.15 (s, 1H), 3.72 (s, 3H), 2.52 (s, 2H), 2.26 (d, J = 15.9 Hz, 1H), 2.12 (d, J = 16.1

Hz, 1H), 1.04 (s, 3H), 0.98 (s, 3H).13C NMR (100 MHz, DMSO-ds)  196.10, 163.04,

159.66, 158.95, 146.78, 129.90, 120.16, 119.79, 113.70, 113.05, 111.91, 60.23, 58.67,

55.38, 50.44, 35.93, 32.27, 28.91, 27.23. MS (ESI): [2M+Na]*: 671.75.
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2-Amino-4-(4-methoxyphenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile (41, C19H20N203)

White solid; mp 202-204 °C. *H NMR (400 MHz, DMSO-ds) § 7.05 (d, J = 8.6 Hz, 2H),
6.97 (s, 2H), 6.84 (d, J = 8.6 Hz, 2H), 4.12 (s, 1H), 3.72 (s, 3H), 2.51 (s, 2H), 2.25 (d, J
=16.1 Hz, 1H), 2.09 (d, J = 16.1 Hz, 1H), 1.04 (s, 3H), 0.95 (s, 3H). 1*C NMR (100 MHz,
DMSO-de) & 196.12, 162.59, 158.86, 158.36, 137.31, 128.68, 120.28, 114.13, 113.44,

58.99, 55.45, 50.47, 35.22, 32.26, 28.89, 27.23. MS (ESI): [2M+Na]*: 671.76.
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2-Amino-4-(4-bromophenyl)-7,7-dimethyl-5-oxo0-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile (4m, C1gH17BrN20>)

Faint yellow solid; mp 201-203 °C. *H NMR (400 MHz, DMSO-ds) & 7.45 (d, J = 8.3 Hz,
2H), 7.07 (d, J = 8.4 Hz, 2H), 7.04 (s, 2H), 4.14 (s, 1H), 2.47 (s, 2H), 2.21 (d, J = 16.1
Hz, 1H), 2.07 (d, J = 16.0 Hz, 1H), 1.00 (s, 3H), 0.91 (s, 3H). 3C NMR (100 MHz,
DMSO-dg) 6 196.15, 163.09, 158.92, 144.65, 131.67, 129.98, 120.07, 120.03, 112.70,

58.11, 50.39, 35.65, 32.28, 28.78, 27.32. MS (ESI): [2M+Na]*: 768.52.
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2-Amino-4-(4-cyanophenyl)-7,7-dimethyl-5-0xo0-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile (4n, C19H17N302)

White solid; mp 225-228 °C. *H NMR (400 MHz, DMSO-ds) 5 7.78 (d, J = 8.2 Hz, 2H),
7.36 (d, J =8.2 Hz, 2H), 7.16 (s, 2H), 4.30 (s, 1H), 2.53 (5, 2H), 2.26 (d, J = 16.0 Hz, 1H),
2.12 (d, J = 16.0 Hz, 1H), 1.04 (s, 3H), 0.96 (s, 3H). 3C NMR (100 MHz, DMSO-ds) &
196.16, 163.55, 159.02, 150.71, 132.88, 128.81, 119.85, 119.25, 112.20, 109.90, 57.56,

50.33, 36.28, 32.30, 28.71, 27.42. MS (ESI): [2M+Na]*: 661.83.
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2-Amino-4-(furan-2-yl)-7,7-dimethyl-5-oxo0-5,6,7,8-tetrahydro-4H-chromene-3-

carbonitrile (40, C16H1sN203)

Yellow solid; mp 226-228 °C. *H NMR (400 MHz, DMSO-ds) 5 7.54 (s, 1H), 7.15 (s,

2H), 6.39 (s, 1H), 6.12 (s, 1H), 4.39 (s, 1H), 2.57 (s, 2H), 2.35 (d, J = 16.1 Hz, 1H), 2.23

(d, = 16.1 Hz, 1H), 1.11 (s, 3H), 1.05 (s, 3H). *C NMR (100 MHz, DMSO-ds) § 195.89,

163.73, 159.76, 156.17, 142.22, 120.03, 110.91, 110.81, 105.52, 55.82, 50.35, 32.29,

29.45, 28.90, 27.02. MS (ESI): [2M+Na]*: 591.77.
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2-Amino-7,7-dimethyl-5-0x0-4-(thiophen-2-yl)-5,6,7,8-tetrahydro-4 H-chromene-3-
carbonitrile (4p, C1sH1sN202S)

White solid; mp 227-230 °C. 'H NMR (400 MHz, DMSO-ds) 6 7.27 (d, J = 4.9 Hz, 1H),
7.09 (s, 2H), 6.86 (dd, J = 4.9, 3.6 Hz, 1H), 6.81 (d, J = 3.1 Hz, 1H), 4.48 (s, 1H), 2.50
(d, J =17.7 Hz, 1H), 2.38 (d, J = 17.7 Hz, 1H), 2.26 (d, J = 16.2 Hz, 1H), 2.10 (d, J =
16.2 Hz, 1H), 1.00 (s, 3H), 0.93 (s, 3H). *C NMR (100 MHz, DMSO-ds) 5 196.00, 162.96,
159.35, 149.74, 127.27, 124.89, 124.46, 120.08, 113.36, 58.48, 50.32, 32.23, 30.87, 29.10,

26.92. MS (ESI): [2M+Na]*: 623.73.
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2-Amino-4-(2,3-dichlorophenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-chromene-
3-carbonitrile (4q, C1sHisCl2N203)
Yellow solid; mp 231-233 °C. *H NMR (400 MHz, DMSO-dg) & 7.49 (dd, J=7.9, 1.4
Hz, 1H), 7.31 (t, J = 7.9 Hz, 1H), 7.21 — 7.15 (m, 1H), 7.13 (s, 2H), 4.78 (s, 1H), 2.53 (d,
J=4.0 Hz, 2H), 2.25 (d, J = 16.0 Hz, 1H), 2.09 (d, J = 16.0 Hz, 1H), 1.05 (s, 3H), 0.98
(s, 3H). 13C NMR (100 MHz, DMSO-dg) & 196.12, 163.79, 159.16, 132.25, 130.65,

129.25, 128.74, 119.58, 112.10, 56.79, 50.34, 32.27, 28.78, 27.44. MS (ESI): [2M+Na]":
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2-Amino-4-(2-bromo-5-methoxyphenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-

chromene-3-carbonitrile (4r, C1oH19BrN2O3)

Faint yellow solid; mp 184-186 °C. *H NMR (400 MHz, DMSO-ds) & 7.50 (d, J = 8.8 Hz,

1H), 7.10 (s, 2H), 6.82 (dd, J = 8.8, 3.0 Hz, 1H), 6.66 (d, J = 2.5 Hz, 1H), 4.70 (s, 1H),

3.76 (s, 3H), 2.59 (s, 2H), 2.31 (d, J = 16.0 Hz, 1H), 2.16 (d, J = 16.0 Hz, 1H), 1.11 (s,

3H), 1.06 (s, 3H). C NMR (100 MHz, DMSO-ds) & 195.96, 163.58, 159.38, 159.03,

133.79, 119.54, 114.25, 113.63, 112.42, 57.43, 55.74, 50.39, 32.25, 28.88, 27.34. MS

(ESI): [2M+Na]*: 828.75.
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2-Amino-4-(2,5-dimethoxyphenyl)-7,7-dimethyl-5-0x0-5,6,7,8-tetrahydro-4 H-

chromene-3-carbonitrile (4s, C20H22N204)

Faint yellow solid; mp 211-213 °C. *H NMR (400 MHz, DMSO-ds) & 6.88 (d, J = 8.9 Hz,

1H), 6.86 (s, 2H), 6.73 (dd, J = 8.9, 3.1 Hz, 1H), 6.51 (d, J = 3.0 Hz, 1H), 4.44 (s, 1H),

3.70 (s, 3H), 3.65 (s, 3H), 2.55 (d, J = 17.7 Hz, 1H), 2.45 (d, J = 17.6 Hz, 1H), 2.26 (d, J

=16.1 Hz, 1H), 2.07 (d, J = 16.1 Hz, 1H), 1.04 (s, 3H), 0.98 (s, 3H). 1*C NMR (100 MHz,

DMSO-ds) 6 196.03, 163.63, 159.40, 153.53, 151.48, 133.93, 120.25, 115.27, 113.08,

112.22, 111.97, 57.70, 56.72, 55.64, 50.46, 32.25, 30.74, 29.13, 26.93. MS (ESI):

[2M+Na]*: 731.11.
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2-Amino-7-(dimethylamino)-4-phenyl-4H-chromene-3-carbonitrile (5a, C1sH17N30)

Yellow solid; mp 201-203 °C. IR(KBr): 3456.0, 3324.0, 3198.4, 2190.5, 1649.5, 1520.7,
1404.8,1263.1,1115.0, 1044.2, 818.8, 702.8 cm™*. *H NMR (400 MHz, DMSO-ds) 5 7.30
(t,J = 7.5 Hz, 2H), 7.18 (dd, J = 16.3, 7.3 Hz, 3H), 6.83 (s, 2H), 6.79 (d, J = 8.6 Hz, 1H),
6.45 (dd, J = 8.6, 2.4 Hz, 1H), 6.24 (d, J = 2.4 Hz, 1H), 4.60 (s, 1H), 2.86 (s, 6H). 1*C
NMR (100 MHz, DMSO-ds) & 160.85, 150.65, 149.42, 147.09, 129.91, 128.98, 127.82,
126.99, 121.31, 110.94, 109.85, 98.96, 56.79. HRMS (ESI) m/z calcd for C1gH17N3ONa

[M+Na]": 314.1264, found: 314.1257.
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2-Amino-7-(dimethylamino)-4-(3-nitrophenyl)-4H-chromene-3-carbonitrile (5b,
C18H16N4O3)

Orange solid; mp 196-198 °C. 'H NMR (400 MHz, DMSO-ds) & 8.13 — 8.07 (m, 1H),
8.02 (s, 1H), 7.65 (dt, J = 15.4, 7.7 Hz, 2H), 7.00 (s, 2H), 6.83 (d, J = 8.7 Hz, 1H), 6.47
(dd, J = 8.7, 2.5 Hz, 1H), 6.26 (d, J = 2.5 Hz, 1H), 4.89 (s, 1H), 2.87 (s, 6H). 3*C NMR
(100 MHz, DMSO-ds) 6 161.09, 150.90, 149.47, 149.37, 148.38, 134.76, 130.76, 129.93,

122.23,122.17, 120.99, 109.99, 109.61, 98.98, 55.89. MS (ESI): [2M+Na]": 695.62.
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2-Amino-7-(dimethylamino)-4-(4-nitrophenyl)-4 H-chromene-3-carbonitrile (Sc,
CisHi16N403)

Yellow solid; mp 186-188 °C. '"H NMR (400 MHz, DMSO-ds) & 8.19 (d, J = 8.6 Hz, 2H),
7.45 (d, J=8.7 Hz, 2H), 7.01 (s, 2H), 6.79 (d, J= 8.7 Hz, 1H), 6.52 — 6.42 (m, 1H), 6.26
(d,J=2.4Hz, 1H), 4.84 (s, 1H), 2.87 (s, 6H). '*C NMR (100 MHz, DMSO-ds) § 161.03,
154.56, 150.93, 149.45, 146.68, 129.92, 129.12, 124.43, 120.97, 109.96, 109.38, 99.00,

55.65. MS (ESI): [2M+Na]": 695.66.
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2-Amino-7-(dimethylamino)-4-(2-fluorophenyl)-4 H-chromene-3-carbonitrile (5d,
CisH16FN30)

Purple solid; mp 207-209 °C. *H NMR (400 MHz, DMSO-dg) 8 7.32 — 7.23 (m, 1H), 7.15
(dt,J=12.5,6.7 Hz, 3H), 6.88 (s, 2H), 6.78 (d, J = 8.6 Hz, 1H), 6.46 (dd, J = 8.7, 2.5 Hz,
1H), 6.24 (d, J = 2.5 Hz, 1H), 4.88 (s, 1H), 2.86 (s, 6H). 1*C NMR (100 MHz, DMSO-ds)
0160.47,160.17, 158.04, 149.72, 148.59, 132.32, 129.17, 128.38, 128.11, 124.07, 120.00,

115.13, 108.77, 108.58, 97.90, 54.06, 33.53. MS (ESI): [2M+Na]*: 641.72.
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2-Amino-7-(dimethylamino)-4-(3-fluorophenyl)-4 H-chromene-3-carbonitrile (Se,
CisHi6FN3O)

Orange solid; mp 144-146 °C. '"H NMR (400 MHz, DMSO-ds) § 7.35 (dd, J = 14.1, 7.9
Hz, 1H), 7.07 — 6.94 (m, 3H), 6.91 (s, 2H), 6.82 (d, /= 8.7 Hz, 1H), 6.46 (dd, /= 8.7, 2.5
Hz, 1H), 6.24 (d,J=2.5Hz, 1H), 4.67 (s, 1H), 2.86 (s, 6H). '*C NMR (100 MHz, DMSO-
ds) 0 163.91, 161.48, 160.98, 150.77, 150.07, 149.40, 131.04, 129.85, 123.89, 121.16,

114.54, 113.94, 110.20, 109.88, 98.96, 56.20. MS (ESI): [2M+Na]": 641.74.
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2-Amino-7-(dimethylamino)-4-(4-fluorophenyl)-4 H-chromene-3-carbonitrile (51,
CisHi6FN3O)

Yellow solid; mp 141-142 °C. '"H NMR (400 MHz, DMSO-de) & 7.24 — 7.16 (m, 2H),
7.12 (t, J = 8.8 Hz, 2H), 6.87 (s, 2H), 6.77 (d, J= 8.7 Hz, 1H), 6.46 (dd, J = 8.7, 2.5 Hz,
1H), 6.24 (d, J=2.4 Hz, 1H), 4.64 (s, 1H), 2.86 (s, 6H). 3C NMR (100 MHz, DMSO-dj)
0162.57,160.80, 160.16, 150.69, 149.38, 143.30, 143.27, 129.90, 129.71, 129.63, 121.23,

115.79, 115.58, 110.69, 109.88, 98.95, 56.71. MS (ESI): [2M+Na]": 641.69.
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2-Amino-7-(dimethylamino)-4-(o-tolyl)-4 H-chromene-3-carbonitrile (5g, C19H19N30)

Yellow solid; mp 177-179 °C. '"H NMR (400 MHz, DMSO-ds) & 7.19 — 7.04 (m, 3H),
6.97 (d, J="7.2 Hz, 1H), 6.77 (s, 2H), 6.63 (d, J= 8.7 Hz, 1H), 6.43 (dd, J = 8.6, 2.5 Hz,
1H), 6.24 (d, J = 2.4 Hz, 1H), 4.89 (s, 1H), 2.86 (s, 6H), 2.31 (s, 3H). *C NMR (100
MHz, DMSO-ds) 6 160.56, 150.62, 149.67, 144.70, 135.28, 131.09, 129.67, 126.87,

126.78,121.21, 110.66, 109.84, 98.81, 56.56,37.19, 19.51. MS (ESI): [2M+Na]": 633.73.
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2-Amino-7-(dimethylamino)-4-(m-tolyl)-4 H-chromene-3-carbonitrile (Sh, C19H19N30)

Yellow solid; mp 174-176 °C. "H NMR (400 MHz, DMSO-dc) § 7.18 (t,J = 7.8 Hz, 1H),
7.01 (d,J=7.6 Hz, 1H), 6.96 (d, J= 1.6 Hz, 2H), 6.81 (s, 2H), 6.78 (d, /= 8.7 Hz, 1H),
6.45 (dd, J=8.7,2.6 Hz, 1H), 6.23 (d, /= 2.5 Hz, 1H), 4.55 (s, 1H), 2.86 (s, 6H), 2.26 (s,
3H). 13C NMR (100 MHz, DMSO-ds) § 160.82, 150.61, 149.39, 147.07, 138.02, 129.91,
128.86, 128.31, 127.71, 125.05, 121.32, 111.00, 109.83, 98.97, 56.89, 21.57. MS (ESI):

[2M+Na]": 633.71.
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2-Amino-7-(dimethylamino)-4-(p-tolyl)-4 H-chromene-3-carbonitrile (5i, C19H19N3O)

Faint yellow solid; mp 164-166 °C. 'H NMR (400 MHz, DMSO-de) & 7.10 (d, J=7.9 Hz,
2H), 7.04 (d, J= 7.9 Hz, 2H), 6.79 (s, 2H), 6.76 (d, /= 8.7 Hz, 1H), 6.44 (dd, J=8.7,2.6
Hz, 1H), 6.22 (d, J = 2.5 Hz, 1H), 4.55 (s, 1H), 2.86 (s, 6H), 2.25 (s, 3H). 3C NMR (100
MHz, DMSO-ds) 6 159.66, 149.52, 148.30, 143.06, 134.95, 128.84, 128.44, 126.68,

120.24, 110.03, 108.74, 97.87, 55.88, 19.99. MS (ESI): [2M+Na]": 633.73.
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2-Amino-7-(dimethylamino)-4-(2-methoxyphenyl)-4 H-chromene-3-carbonitrile (5j,
C19H19N302)

Yellow solid; mp 196-198 °C. 'H NMR (400 MHz, DMSO-de) § 7.22 — 7.13 (m, 1H),
7.03 — 6.94 (m, 2H), 6.91 — 6.82 (m, 2H), 6.76 (s, 2H), 6.42 (dd, J = 8.7, 2.5 Hz, 1H),
6.22 (d, J = 2.5 Hz, 1H), 4.99 (s, 1H), 3.80 (s, 3H), 2.84 (s, 6H). *C NMR (100 MHz,
DMSO-ds) & 161.55, 156.71, 150.55, 149.72, 134.78, 129.24, 128.95, 128.21, 121.18,

111.90, 111.33, 109.75, 99.00, 56.10, 55.83, 33.62. MS (ESI): [2M+Na]": 665.72.
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2-Amino-7-(dimethylamino)-4-(3-methoxyphenyl)-4 H-chromene-3-carbonitrile (5Kk,
C19H19N302)

Yellow solid; mp 164-166 °C. 'TH NMR (400 MHz, DMSO-de) § 7.21 (t,J = 7.9 Hz, 1H),
6.83 (s, 2H), 6.81 (s, 1H), 6.77 (dd, J= 7.4, 2.0 Hz, 1H), 6.75 — 6.70 (m, 2H), 6.45 (dd, J
=8.7,2.6 Hz, 1H), 6.23 (d, J = 2.5 Hz, 1H), 4.57 (s, 1H), 3.72 (s, 3H), 2.86 (s, 6H). 1*C
NMR (100 MHz, DMSO-ds) 6 160.91, 159.76, 150.66, 149.39, 148.69, 130.11, 129.85,
121.30, 120.05, 113.95, 111.81, 110.81, 109.82, 98.96, 56.65, 55.42. MS (ESI):

[2M+Na]": 665.75.
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2-Amino-7-(dimethylamino)-4-(4-methoxyphenyl)-4 H-chromene-3-carbonitrile (S1,
C19H19N302)

Yellow solid; mp 180-182 °C. '"H NMR (400 MHz, DMSO-ds) § 7.07 (d, J = 8.6 Hz, 2H),
6.85 (d, J = 8.6 Hz, 2H), 6.77 (S, 2H), 6.74 (s, 1H), 6.45 (dd, J = 8.6, 2.4 Hz, 1H), 6.22
(d,J=2.4 Hz, 1H), 4.54 (s, 1H), 3.71 (s, 3H), 2.85 (s, 6H). *C NMR (100 MHz, DMSO-
ds) 0 159.57, 157.27, 149.50, 148.26, 138.12, 128.85, 127.78, 120.25, 113.24, 110.20,

108.76, 97.86, 56.06, 54.40. MS (ESI): [2M+Na]": 665.74.
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2-Amino-4-(4-bromophenyl)-7-(dimethylamino)-4 H-chromene-3-carbonitrile (Sm,
CisH16BrN3O)

Yellow solid; mp 211-213 °C. 'H NMR (400 MHz, DMSO-ds) § 7.50 (d, J = 8.3 Hz, 2H),
7.13 (d, J= 8.4 Hz, 2H), 6.88 (s, 2H), 6.77 (d, J= 8.7 Hz, 1H), 6.46 (dd, J = 8.7, 2.5 Hz,
1H), 6.23 (d, J=2.5 Hz, 1H), 4.63 (s, 1H), 2.86 (s, 6H). 3*C NMR (100 MHz, DMSO-dj)
0 159.76, 149.67, 148.31, 145.40, 131.11, 130.80, 129.03, 128.81, 120.06, 119.00, 109.17,

108.82, 97.87, 55.25. MS (ESI): [2M+Na]": 762.59.
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2-Amino-4-(4-cyanophenyl)-7-(dimethylamino)-4H-chromene-3-carbonitrile (5n,
C19H16N4O)

Orange solid; mp 175-177 °C. *H NMR (400 MHz, DMSO-ds) § 7.78 (d, J = 8.2 Hz, 2H),
7.36 (d, J = 8.2 Hz, 2H), 6.97 (s, 2H), 6.78 (d, J = 8.7 Hz, 1H), 6.46 (dd, J = 8.7, 2.5 Hz,
1H), 6.25 (d, J = 2.5 Hz, 1H), 4.76 (s, 1H), 2.87 (s, 6H). 13C NMR (100 MHz, DMSO-ds)
0 161.05, 152.52,150.89, 149.48, 133.11, 129.87, 128.88, 121.00, 119.27, 109.94, 109.87,

109.57, 98.99, 55.77. MS (ESI): [2M+Na]*: 655.73.
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2-Amino-7-(dimethylamino)-4-(furan-2-yl)-4 H-chromene-3-carbonitrile (5o,
Ci6Hi15N302)

Red solid; mp 178-180 °C. '"H NMR (400 MHz, DMSO-de) & 7.50 (d, J = 0.8 Hz, 1H),
6.94 (d, J=8.7 Hz, 1H), 6.90 (s, 2H), 6.50 (dd, J = 8.6, 2.5 Hz, 1H), 6.34 (dd, J = 3.0,
1.9 Hz, 1H), 6.22 (d, J=2.4 Hz, 1H), 6.13 (d, /= 3.1 Hz, 1H), 4.74 (s, 1H), 2.87 (s, 6H).
3C NMR (100 MHz, DMSO-ds) & 160.46, 156.61, 149.88, 148.63, 141.67, 128.47,

120.00, 109.64, 108.59, 107.10, 104.73, 98.03, 52.59, 33.00. MS (ESI): [2M+Na]":
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CN

2-Amino-7-(dimethylamino)-4-(thiophen-2-yl)-4 H-chromene-3-carbonitrile (Sp,
Ci16H15N30S)

Purple solid; mp 176-178 °C. '"H NMR (400 MHz, DMSO-ds) & 7.36 — 7.30 (m, 1H), 7.00
—6.93 (m, 3H), 6.92 (s, 2H), 6.49 (dd, J=8.7, 2.5 Hz, 1H), 6.21 (d, J=2.5 Hz, 1H), 4.96
(s, 1H), 2.86 (s, 6H). 13C NMR (100 MHz, DMSO-ds) § 159.82, 151.26, 149.76, 148.03,
128.77, 126.05, 124.29, 123.25, 120.07, 109.54, 108.69, 97.82, 55.94, 34.57. MS (ESI):

[2M+Na]": 617.71.
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2-Amino-4-(2,3-dichlorophenyl)-7-(dimethylamino)-4H-chromene-3-carbonitrile (5q,
C18H15CI2N30)

White solid; mp 210-211 °C. *H NMR (400 MHz, DMSO-dg) § 7.52 (dd, J = 7.9, 1.2 Hz,
1H), 7.33 (t, J = 7.9 Hz, 1H), 7.17 (d, J = 7.6 Hz, 1H), 6.96 (s, 2H), 6.72 (d, J = 8.7 Hz,
1H), 6.45 (dd, J = 8.7, 2.5 Hz, 1H), 6.24 (d, J = 2.5 Hz, 1H), 5.21 (s, 1H), 2.87 (s, 6H).
13C NMR (100 MHz, DMSO-ds) & 160.11, 149.86, 148.52, 145.09, 131.48, 129.31,
128.88, 128.40, 128.07, 127.96, 119.73, 108.82, 107.94, 97.82, 53.95. MS (ESI):

[2M+Na]": 742.50.

5 S | OE+0
|
4. 5E+0
oN Fa. 0R+07
SN ! 07 NH; [y ‘ E ‘
I AN B J 3. 5E+0
3. 0E+07
2. SE+0
dd ) |F (e 1 (s s
7.52 || 6.96 | 6.45 5.2 2.87
] = ==
(@ k2. 0R+07
7.17
1. 5E+0
F1. 0E+07
F5. 0E+06
I
I
TN l l
F0. 0E+00
G T T
33222 & 8 g ]
1.0 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 L5 10 05 00 -0.5 -1.0



= 2Ee ERESER R #7 o 2 [-eoooo00
g gg¢ ghddend g5 ¢ H
| I/ 1 i | A% | |
5500000
5000000
CL
'Cl 4500000
L
|
\N e} MH; (4000000
Fas0a000
3000000
2500000
(2000000
(= 1500000
(1000000
! N i 1 ! 500000
N | | |
‘ “I | B N ,
|-500000
20 200 19 180 170 160 150 40 130 120 1o 100 % & 70 60 s 4 3 2 10 0 -l
f1 (ppm)
F: ITMS + ¢ ESI Full ms [50.00-1200.00]
100 742.50
95
90 o
: C
80 cl
75 | CN
70 O
N 0” “NH,
85 N 740.76
8 60
5
2 55
a2
2 50 74448
@
Z 45
@
& 40
35
30
25
20
38218 74554
15 T18.84 746,49
10 384.18 ’
28515 747.57
(121728 34126 30036 ISV 41468 47969 50181 57983 6309 69275 755.63 786,03
A N e A e L iy RSNl L
300 350 400 450 500 550 600 650 700 750 800

miz



2-Amino-4-(2-bromo-5-methoxyphenyl)-7-(dimethylamino)-4H-chromene-3-

carbonitrile (5r, C19H18BrNzO»)

Yellow solid; mp 203-205 °C. *H NMR (400 MHz, DMSO-ds) § 7.50 (d, J = 8.8 Hz, 1H),

6.90 (s, 2H), 6.81 (dd, J = 8.8, 3.1 Hz, 1H), 6.75 (d, J = 8.7 Hz, 1H), 6.65 (s, 1H), 6.45

(dd, J=8.7, 2.5 Hz, 1H), 6.23 (d, J = 2.5 Hz, 1H), 5.06 (s, 1H), 3.69 (s, 3H), 2.86 (s, 6H).

13C NMR (100 MHz, DMSO-ds) 5 160.08, 158.38, 149.76, 148.34, 133.03, 127.98,

119.76, 116.21, 113.36, 112.09, 108.77, 108.48, 97.84, 54.72, 54.42. MS (ESI):

[2M+Na]": 822.65.
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