Electronic Supplementary Material (ESI) for Green Chemistry.
This journal is © The Royal Society of Chemistry 2020

Supporting information

Nitromethane as a Surrogate Cyanating Agent: 7-N,N-Dimethylamino-4-

Hydroxycoumarin-Catalyzed, Metal-Free Synthesis of a-Iminonitriles
lddum Satyanarayana,® Kiran B. Manjappa,®* and Ding-Yah Yang®"*
4Department of Chemistry, Tunghai University
bGraduate Program for Biomedical and Materials Science, Tunghai University
No. 1727, Sec. 4, Taiwan Boulevard, Xitun District, Taichung 40704, Taiwan
Tel: 886-4-2359-7613; Fax: 886-4-2359-0426;

*Email: kiran@thu.edu.tw, yang@thu.edu.tw

S1


mailto:kiran@thu.edu.tw
mailto:yang@mail.thu.edu.tw

Table of Contents

INSEFUMENTALION .. ...t e e e e e S3

X-ray crystallographic data of compounds 7k, 9 and 11.........cccccccviiiiiiiiiiesieece e S4-S9
General procedure A&B for the synthesis of a-Iminonitriles and procedure for the gram scale
SYNthesis Of COMPOUNT 7K. ... .o e e e S10
Spectral data of COMPOUNTS 78—W..........coiiitiiiii e S10-S16
Spectral data 0f COMPOUNT 4C.......ouiniiiiii e e e S17
Spectral data of COmPoUNd L1.... .. oo e S17
Procedure for the synthesis and spectral data of compounds 8 and 9.......................... S17-S18
Spectral data of compounds 12 and 4a..........cooviriniiiriii e S18
Procedure for the synthesis and spectral data of compound 13......................coooini. S18-S19
RETIINCES. . ...t S20
'H and 1*C NMR spectra for synthesized COMPOUNGS. ............cccoovniiueiiniieiiiieeiin, S21-S82

S2



Instrumentation: Melting points were determined on a Mel-Temp melting point apparatus in open
capillaries and are uncorrected. Infrared (IR) spectra were recorded using 1725XFT-IR
spectrophotometer. High-resolution mass spectra (HRMS) were obtained on a Thermo Fisher
Scientific Finnigan MAT95XL spectrometer using a magnetic sector analyzer. '"H NMR (400
MHz) and '*C NMR (100) spectra were recorded on a Bruker 400 spectrometer. Chemical shifts
were reported in parts per million on the scale relative to an internal standard (tetramethylsilane,
or appropriate solvent peaks) with coupling constants given in hertz. '"H NMR multiplicity data
are denoted by s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet). Analytical thin-layer
chromatography (TLC) was carried out on Merck silica gel 60G-254 plates (25 mm) and developed
with the solvents mentioned. Visualization was accomplished by using portable UV light, and
iodine chamber. Flash chromatography was performed in columns of various diameters with
Merck silica gel (230—400 mesh ASTM 9385 kieselgel 60H) by elution with the solvent systems.
Solvents, unless otherwise specified, were reagent grade and distilled once before use. All new

compounds exhibited satisfactory spectroscopic and analytical data.
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X-ray crystallographic data of compound 7k (CCDC-2023156)

Single crystal of 7k was obtained by slow evaporation from dichloromethane and n-hexane at 25
°C. Single-crystal X-ray data were collected at 150 K on a Bruker APEX-11 CCD diffractometer
using graphite-monochromated Mo KR radiation (A = 0.71073A°). The crystal structures were
solved by using SHELXS-97, and the structures were refined using SHELXL-97 2014. All non-
hydrogen atoms were refined anisotropically. Hydrogen atoms were fixed at geometrically
calculated positions and were refined using riding model.
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Figure S1: ORTEP diagram of compound 7k. The ellipsoid contour probability levels: 50%

Table S1. Crystal data and structure refinement for 7k.

Identification code bmk4739
Empirical formula C18 H20 N4
Formula weight 292.38
Temperature 280(2) K
Wavelength 0.71073 A
Crystal system Triclinic
Space group P-1

Unit cell dimensions

a=9.6739(15) A
b=9.7128(14) A
¢ =9.8240(13) A

= 105.074(5)°.
B = 113.757(4)°.
v = 94.114(5)°.

Volume 799.3(2) A3

Z 2

Density (calculated) 1.215 Mg/m3

Absorption coefficient 0.075 mm-1

F(000) 312

Crystal size 0.490 x 0.420 x 0.380 mm3
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Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.000°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

2.889 to 25.000°.

-11<=h<=11, -11<=k<=11, -11<=I<=11

19624

2659 [R(int) = 0.0374]

94.1%

Semi-empirical from equivalents
0.9281 and 0.8604

Full-matrix least-squares on F2
2659/0/200

0.985
R1=0.0774, wR2 = 0.2251
R1 =0.1051, wR2 = 0.2633
0.023(9)

0.286 and -0.240 e.A-3
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X-ray crystallographic data of compound 9 (CCDC-2023155)

Single crystal of 9 was obtained by slow evaporation from dichloromethane and n-hexane at 25 °C.
Single-crystal X-ray data were collected at 150 K on a Bruker APEX-I1 CCD diffractometer using
graphite-monochromated Mo KR radiation (A =0.71073A°). The crystal structures were solved by
using SHELXS-97, and the structures were refined using SHELXL-97 2014. All non-hydrogen
atoms were refined anisotropically. Hydrogen atoms were fixed at geometrically calculated
positions and were refined using riding model.
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Figure S2: ORTEP diagram of compound 9. The ellipsoid contour probability levels: 50%

Table S2. Crystal data and structure refinement for 9.

Identification code
Empirical formula
Formula weight

is204a
C12 H10 N2 O3
230.22

Temperature 150(2) K

Wavelength 0.71073 A

Crystal system orthorhombic

Space group Pna2l

Unit cell dimensions a=7.7193(5) A o =90°.
b =22.2405(17) A B =90°.
c=5.8028(5) A y = 90°.

Volume 996.23(13) A3

Z 4

Density (calculated) 1.535 Mg/m3

Absorption coefficient 0.113 mm-1

F(000) 480
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Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

0.470 x 0.380 x 0.070 mm3
3.213 t0 27.962°.

-10<=h<=10, -29<=k<=29, -7<=I<=7

14325

2328 [R(int) = 0.0185]

99.3 %

Semi-empirical from equivalents
0.9281 and 0.8268

Full-matrix least-squares on F2
2328 /1/154

1.005

R1=0.0302, wR2 = 0.0893
R1=0.0311, wR2 = 0.0906
-0.18(19)

n/a

0.259 and -0.205 e.A-3
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X-ray crystallographic data of compound 11 (CCDC-2023154)

Single crystal of 11 was obtained by slow evaporation from CH3CN and n-hexane at 25 °C. Single-
crystal X-ray data were collected at 150 K on a Bruker APEX-1I CCD diffractometer using
graphite-monochromated Mo KR radiation (A =0.71073A°). The crystal structures were solved by
using SHELXS-97, and the structures were refined using SHELXL-97 2014. All non-hydrogen
atoms were refined anisotropically. Hydrogen atoms were fixed at geometrically calculated
positions and were refined using riding model.
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Figure S3: ORTEP diagram of compound 11. The ellipsoid contour probability levels: 50%

Table S3. Crystal data and structure refinement for 11.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient
F(000)

1S243
C19 H16 Br N O3
386.24

150(2) K

0.71073 A
monoclinic

P 21/c
a=15.431(2) A

b = 13.4305(19) A
c=7.9796(9) A
1642.1(4) A3

4

1.562 Mg/m3

2.520 mm-1
784
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Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

0.560 x 0.270 x 0.050 mm3
2.985 to 28.072°.

-20<=h<=20, -17<=k<=17, -10<=1<=10

25833

3942 [R(int) = 0.1415]

99.4 %

Semi-empirical from equivalents
0.7456 and 0.3506

Full-matrix least-squares on F2
3942/0/217

1.136

R1=0.0970, wR2 = 0.1802
R1=0.1667, wR2 = 0.2155
n/a

1.090 and -0.720 e.A-3
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General procedure A for the synthesis of compounds 7a—w.

To a stirred solution of amine 1 (1.0 mmol, 1.0 equiv.), aldehyde 2 (1.1 equiv.) and 7-N,N-
dimethylamino-4-hydroxycoumarin (3b, 1.0 equiv.) in CH3NO» (5 mL) was added DABCO (3.0
equiv.) at room temperature. The resulting mixture was heated at 80 [] in oil bath for 2 h. After
completion of the reaction, the mixture was cooled to room temperature and was diluted with ethyl
acetate (50 mL). The organic phase was washed with water (10 mL), brine (10 mL), dried over
anhydrous MgSQg4, and evaporated under reduced pressure to provide the crude product. The crude

product was purified by column chromatography to obtain the desired compound.

General procedure B for the synthesis of compounds 7a, 7¢, 7k and 71.

To a stirred solution of B-nitrostyrene derivative (1.0 mmol, 1.0 equiv.), amine (1.1 equiv.) and 7-
N,N-dimethylamino-4-hydroxycoumarin (3b, 1.0 equiv.) in EtOH (5 mL) was added DABCO (3.0
equiv.) at room temperature. The resulting mixture was heated at 80 [ in oil bath for 0.5 h. After
completion of the reaction, the reaction mixture was concentrated under reduced pressure. The
crude product was simply passed through a small pad of a silica gel column chromatography to

give the corresponding a-iminonitrile.

Procedure for the gram scale synthesis of compound 7k.

To a stirred solution of compound 8 (1.0 g, 5.2 mmol, 1.0 equiv.), amine 5 (779 mg, 5.72 mmol,
1.1 equiv.) and 7-N,N-dimethylamino-4-hydroxycoumarin (3b, 1.1 g, 5.2 mmol, 1.0 equiv.) in
EtOH (20 mL) was added DABCO (1.75 g, 15.6 mmol, 3.0 equiv.) at room temperature. The
resulting mixture was heated at 80 [] in oil bath for 1.5 h. After cooled down to room temperature,
the reaction mixture was concentrated under reduced pressure, and the residue was purified
through silica gel column chromatography using 10% EtOAc/hexanes to give the desired product
7k in 72% yield (1.1 g) along with the catalyst 3b in 17% yield (182 mg).

(2)-N-Phenylbenzimidoyl cyanide (7a).

Yellow solid (85 mg, 41% vyield from general procedure A; 93 mg, 45%
N TQ yield from general procedure B). Rf = 0.5 (10% EtOAc/hexanes). mp
@ N 74-76 °C (lit. 74—76 °C). "H NMR (400 MHz, CDCl;): 6 8.19 (d, J = 7.6

Hz, 2H), 7.63-7.55 (m, 3H), 7.50 (t, J = 7.6 Hz, 2H), 7.35 (t, J = 7.6 Hz,
1H), 7.22 (d, J = 7.6 Hz, 2H). 13C NMR (100 MHz, CDCLs): § 149.1, 139.8, 133.6, 132.9, 129.3,
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129.1, 128.3, 127.3, 120.3, 110.9. IR (neat) vmax : 2218, 1601, 1588, 1568, 1475, 1452, 1188, 1003
cmt. HRMS (EI) m/z: [M*] calcd for C14H10N2, 206.0844; found, 206.0837.

(2)-4-Bromo-N-phenylbenzimidoyl cyanide (7b).2

Br| Yellow solid (155 mg, 54% vyield). Rt = 0.6 (10% EtOAc/hexanes).

N mp 102-104 °C (lit. 103.8-104.7 °C). "H NMR (400 MHz, CDCls): &

© \CN 8.04 (d, J = 8.8 Hz, 2H), 7.71 (d, J = 8.8 Hz, 2H), 7.50 (t, J = 7.6 Hz,

2H), 7.38—7.34 (m, 1H), 7.23 (d, J = 7.6 Hz, 2H). *C NMR (100 MHz,

CDCls): 0148.8,138.6,132.6, 132.4,129.6, 129.4, 127.9,127.7,120.4, 110.7. IR (neat) ymax : 2219,

1896, 1578, 1468, 848, 776, 688 cm L. HRMS (EI) m/z: [M*] calcd for C1sHoBrN2, 283.9949;
found, 283.9953.

(2)-2,4,5-Trimethoxy-N-phenylbenzimidoyl cyanide (7c).

OMe Orange solid (142 mg, 48% yield from general procedure A; 171 mg,
oMe | 58% yield from general procedure B). Rt = 0.5 (20% EtOAc/hexanes).

N ﬁ/@/ mp 72-74 °C. 'H NMR (400 MHz, CDCls): 6 7.49-7.45 (m, 3H),
©/ \CN OMe 7.31-7.27 (m, 1H), 7.15- 7.13 (m, 2H), 6.59 (s, 1H), 4.00 (s, 3H),
3.99 (s, 3H), 3.94 (s, 3H). *C NMR (100 MHz, CDCl5): 6 154.8, 154.2,
149.5,143.9, 137.2,129.1, 126.4, 120.1, 115.3, 111.8, 111.2, 97.3, 56.9, 56.4, 56.2. IR (neat) vmax

2216, 1612, 1564, 1542, 1438, 1190, 1002 cm™*. HRMS (EI) m/z: [M*] calcd for C17H16N20s3,
296.1161; found, 296.1164.

(2)-4-(Dimethylamino)-N-phenylbenzimidoyl cyanide (7d).

| Orange solid (143 mg, 57% yield). Rr= 0.5 (10% EtOAc/hexanes). mp

N~ 1 104-106°C 'H NMR (400 MHz, CDCl3): & 8.03 (d, J = 9.2 Hz, 2H),

@N\ 7.45 (t,J = 8.4 Hz, 2H), 7.30-7.25 (m, 1H), 7.16-7.14 (m, 2H), 6.76 (d,

cn J =9.2 Hz, 2H), 3.13 (s, 6H). '*C NMR (100 MHz, CDCIl3): § 153.3,

150.1, 139.5, 130.0, 129.1, 126.1, 121.8, 120.5, 111.40, 111.35, 40.1. IR (neat) vmax : 2212, 1612,

1568, 1448, 1112, 1058 cm™t. HRMS (El) m/z: [M*] calcd for CigHisNs, 249.1266; found,
249.1272.
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(2)-4-Methoxy-N-phenylbenzimidoyl cyanide (7¢).2

ome | Yellow solid (130 mg, 55% yield). Rf= 0.4 (10% EtOAc/hexanes).

N mp 82-84 °C. 'H NMR (400 MHz, CDCls): 6 8.12 (d, J = 9.2 Hz,

@f \CN 2H), 7.48 (t, J = 7.6 Hz, 2H), 7.34-7.30 (m, 1H), 7.19-7.17 (m, 2H),

7.05 (d, J = 9.2 Hz, 2H), 3.93 (s, 3H). '*C NMR (100 MHz, CDCls):

0163.5,149.4, 139.2, 132.4, 130.2, 129.2, 126.9, 122.2, 120.4, 114.5, 55.6. IR (neat) vmax : 2963,

2845, 2219, 1602, 1556, 1489, 1447, 1108, 1026 cm ™. HRMS (EI) m/z: [M"] calcd for C1sH12N20,
236.0950; found, 236.0954.

(Z2)-N-(4-Methoxyphenyl)benzimidoyl cyanide (7f).

Yellow solid (123 mg, 52% vyield). Ry = 0.6 (10%

N \(© EtOAc/hexanes). mp 76—78 °C (lit. 78 °C). 'H NMR (400 MHz,

O \CN CDCls): 5 8.17-8.15 (m, 2H), 7.59-7.53 (m, 3H), 7.36 (d, J = 8.8
MeQ Hz, 2H), 7.03 (d, J = 8.8 Hz, 2H), 3.89 (s, 3H). *C NMR (100
MHz, CDCls): ¢ 159.5, 141.8, 136.9, 134.2, 132.4, 129.0, 127.9, 123.1, 114.5, 111.7, 55.5. IR

(neat) vmax : 2976, 2854, 2211, 1558, 1552, 1465, 1443, 1038 cm™ L. HRMS (El) m/z: [M*] calcd
for C1sH12N20, 236.0950; found, 236.0946.

(2)-N-(4-(Dimethylamino)phenyl)benzimidoyl cyanide (7g).

Orange solid (145 mg, 58% yield). Rf= 0.6 (10% EtOAc/hexanes).
Nj/© mp 106-108 °C. 'H NMR (400 MHz, CDCls): 6 8.15-8.12 (m, 2H),

- /@f \CN 7.55-7.51 (m, 5H), 6.79 (d, J = 9.2 Hz, 2H), 3.08 (s, 6H). °C NMR
’T‘ (100 MHz, CDCls): 6 150.8,137.0,135.1, 131.4, 131.3, 128.8, 127 .4,

124.6, 113.0, 111.9, 40.3. IR (neat) vmax : 2217, 1618, 1564, 1452,
1122, 1158 cm %, HRMS (EI) m/z: [M*] calcd for C1sH1sNs, 249.1266; found, 249.1269.

(Z2)-N-(4-Bromophenyl)benzimidoyl cyanide (7h).2

Yellow solid (166 mg, 58% yield). Ri= 0.5 (5% EtOAc/hexanes). mp
NW/O | 113-115°C(lit. 115°C). '"H NMR (400 MHz, CDCls): 6 8.18—8.16 (m,

2H), 7.64—7.55 (m, 5H), 7.11 (d, J = 8.8 Hz, 2H). '3C NMR (100
MHz, CDClz): ¢ 148.0, 140.3, 133.4, 133.2, 132.5, 129.1, 128.3,
122.1,120.9, 110.7. IR (neat) vmax : 2220, 1894, 1587, 1467, 836, 774, 682 cm™. HRMS (EI) m/z:
[M*] calcd for C1aH9BrN2, 283.9949; found, 283.9952.

S12



(2)-N-(Pyridin-2-yl)benzimidoyl cyanide (7i).*

Orange solid (116 mg, 56% vyield). Rt = 0.4 (10% EtOAc/hexanes). mp
N. N 6264 °C (lit. 62-64 °C). 'H NMR (400 MHz, CDCls): & 8.64-8.62 (m,
1H), 8.27-8.24 (m, 2H), 7.89-7.84 (m, 1H), 7.67-7.62 (m, 1H),
7.59-7.55 (m, 2H), 7.32-7.28 (m, 2H). 3C NMR (100 MHz, CDCLs): 6
159.2, 148.9, 141.2, 138.3, 133.7, 133.4, 129.1, 128.7, 123.0, 118.4, 111.5. IR (neat) ymax : 2917,
2318, 1578, 1522, 1449, 1200, 778 cm™ L,

= CN

(2)-N-(I1soquinolin-3-yl)benzimidoyl cyanide (7j).*

Orange solid (140 mg, 54% yield). Rf = 0.4 (10% EtOAc/hexanes).

N. N HQ mp 76-78 °C. '"H NMR (400 MHz, CDCls): & 8.32-8.29 (m, 3H),
@I/\j \CN 8.16 (d, J = 8.4 Hz, 1H), 7.89 (d, J = 8.0 Hz, 1H), 7.81-7.77 (m,
1H), 7.69-7.65 (m, 1H), 7.62-7.57 (m, 3H), 7.39 (d, J = 8.4 Hz,
1H). 3C NMR (100 MHz, CDCls): 6 158.8, 147.2, 142.1, 138.7, 133.56, 133.53, 130.4. 129.3,
129.1,128.9,127.6,127.4,126.8,116.7, 111.4. IR (neat) vmax : 2921, 2322, 1644, 1576, 1528, 1441,
1190, 788 cm ™.

(2)-4-(Dimethylamino)-N-(4-(dimethylamino)phenyl)benzimidoyl cyanide (7k).

| Orange solid (217 mg, 74% yield from general procedure A; 240 mg,
NSl 82% yield from general procedure B). R¢= 0.5 (10% EtOAc/hexanes).

/@NY@ mp 80—-82°C. 'H NMR (400 MHz, CDCl5): 6 8.00 (d, J = 8.8 Hz, 2H),
SN CN 7.36 (d, J =8.8 Hz, 2H), 6.79 (d, J = 8.8 Hz, 2H), 6.75 (d, J = 9.2 Hz,
l 2H), 3.10 (s, 6H), 3.04 (s, 6H). '>*C NMR (100 MHz, CDCl3): 6 152.6,
149.8, 138.6,133.8,129.2, 123.4,123.1,112.9,112.3, 111.5, 40.5, 40.1. IR (neat) vmax : 2226, 1648,

1559, 1465, 1139, 1161 cm™t. HRMS (El) m/z: [M*] calcd for CisH20N4, 292.1688; found,
292.1682.

(2)-N-(4-Aminophenyl)-4-(dimethylamino)benzimidoyl cyanide (71).

| Yellow solid (127 mg, 48% yield from general procedure A; 148
N< mg, 56% yield from general procedure B). Rf = 0.6 (30%

Nﬁ EtOAc/hexanes). mp 100—-102 °C. 'H NMR (400 MHz, CDCl;):
HZN/©/ CN 07.99 (d, J=8.8 Hz, 2H), 7.19 (d, J = 8.8 Hz, 2H), 6.77-6.74 (m,

4H), 3.82 (s, 2H), 3.10 (s, 6H). 13C NMR (100 MHz, CDCls): &
152.8, 145.7, 140.9, 135.6, 129.4, 123.1, 122.6, 115.3, 112.4, 111.4, 40.1. IR (neat) vmax : 3427,
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3357, 2221, 1619, 1558, 1449
found, 264.1382.

, 1001 cm™t. HRMS (EI) m/z: [M*] calcd for Ci6H16Na4, 264.1375;

(2)-N-(4-(Dimethylamino)phenyl)-2,5-dimethoxybenzimidoyl cyanide (7m).

OMe

Orange solid (208 mg, 67% yield). Rt = 0.6 (20% EtOAc/hexanes).
mp 92-94°C 'H NMR (400 MHz, CDCls): § 7.50 (d, J = 9.2 Hz,
2H), 7.37 (d, J = 3.2 Hz, 1H), 7.06-7.03 (m, 1H), 6.97 (d, J = 9.2
Hz, 1H), 6.78 (d, J = 9.2 Hz, 2H), 3.95 (s, 3H), 3.85 (s, 3H), 3.07
(s, 6H). *C NMR (100 MHz, CDCL): § 153.9, 152.7, 150.6, 137.2.
130.1,125.8,124.4, 119.0, 113.9, 113.6, 111.9, 56.7, 55.9, 40.4. IR

neat vmax: ] ] l l H Cm* . mz Cac Or 18M19IN3 2)
(neat) vmax : 2217, 1648, 1572, 1468, 1432, 1114 cm™t. HRMS (EI) m/z: [M*] calcd for C1gH1sN30

309.1477; found, 309.1475.

(Z2)-N-(4-(Dimethylamino)phenyl)-2,4,5-trimethoxybenzimidoyl cyanide (7n).

OMe

Orange solid (222 mg, 65% vyield). R = 0.5 (30%
EtOAc/hexanes). mp 78—80°C. '"H NMR (400 MHz, CDCls): ¢
7.43 (s, 1H), 7.41 (d, J = 9.2 Hz, 2H), 6.78 (d, J = 8.8 Hz, 2H),
6.59 (s, 1H), 3.984 (s, 3H), 3.981 (s, 3H), 3.93 (s, 3H), 3.05 (s,
6H). *C NMR (100 MHz, CDCI3): 6 153.9, 153.0, 150.1, 143.8,

137.7,130.6, 123.8, 116.9, 113.6, 112.0, 111.4, 97.6, 57.0, 56.4,

56.2, 40.5. IR (neat) vmax : 2211, 1624, 1568, 1478, 1432, 1070 cm™t. HRMS (EI) m/z: [M*] calcd
for C19H2:N303, 339.1583; found, 339.1580.

(2)-N-(4-(Dimethylamino)phenyl)-4-methoxybenzimidoyl cyanide (70).

OMe
1O
CN
)

Yellow solid (190 mg, 68% vyield). Rr = 0.4 (10%
EtOAc/hexanes). mp 84—86 °C. 'H NMR (400 MHz, CDCls): §
8.08 (d, J =8.8 Hz, 2H), 7.45 (d, J = 8.8 Hz, 2H), 7.02 (d, J =
8.8 Hz, 2H), 6.79 (d, J = 8.8 Hz, 2H), 3.91 (s, 3H), 3.06 (s, 6H).

3C NMR (100 MHz, CDCl3): § 162.4, 150.4, 137.6, 132.0,

129.2,128.0, 124.0, 114.2,112.9, 112.1, 55.5, 40.4. IR (neat) vmax : 2225, 1656, 1578, 1468, 1444,
1108 cm™t. HRMS (EI) m/z: [M*] calcd for C17H17N30, 279.1372; found, 279.1368.
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(Z2)-N-(4-(Dimethylamino)phenyl)-3-methoxybenzimidoyl cyanide (7p).

Yellow solid (179 mg, 64% yield). Rf = 0.5 (10% EtOAc/hexanes).
mp 70-72 °C. '"H NMR (400 MHz, CDCl3): 6 7.72-7.68 (m, 2H),
\ 7.54 (d, J=9.2 Hz, 2H), 7.42 (t, = 8.0 Hz, 1H), 7.09-7.06 (m, 1H),

/O/ h 6.79 (d, J = 9.2 Hz, 2H), 3.92 (s, 3H), 3.08 (s, 6H). '*C NMR (100
N MHz, CDCIl3): ¢ 160.0, 150.8, 136.9, 136.5, 131.3, 129.8, 124.6,
120.4, 118.1, 113.0, 111.9, 111.2, 55.5, 40.3. IR (neat) ymax : 2226,
1658, 1565, 1477, 1445, 1128 cm ™. HRMS (EI) m/z: [M*] calcd for C17H17N30, 279.1372; found,
279.1367.

OMe

(2)-4-Bromo-N-(4-(dimethylamino)phenyl)benzimidoyl cyanide (7q).

=) Yellow solid (220 mg, 67% vyield). Ri = 05 (10%
N\(©/ EtOAc/hexanes). mp 64—66 °C. '"H NMR (400 MHz, CDCls):

O S §7.99 (d, J = 8.8 Hz, 2H), 7.64 (d, J = 8.8 Hz, 2H), 7.57 (d, J
SN CN =9.2 Hz, 2H), 6.78 (d, J = 9.2 Hz, 2H), 3.09 (s, 6H). *C NMR
| (100 MHz, CDCl3): 6 151.0, 136.6, 134.2, 132.0, 129.4, 128.6,

125.8, 125.0, 112.9, 111.8, 40.3. IR (neat) vmax : 2209, 1678, 1564, 1455, 849, 764, 685 cm ™.
HRMS (El) m/z: [M*] calcd for C16H14BrN3, 327.0371; found, 327.0365.

(2)-N-(4-(dimethylamino)phenyl)-4-nitrobenzimidoyl cyanide (7r).

NO, | Yellow solid (171 mg, 58% vyield). Ri = 0.7 (20%
N\(@ EtOAc/hexanes). mp 96—98 °C. 'H NMR (400 MHz, CDCl;):

/O/ S §8.34 (d, J= 9.2 Hz, 2H), 8.27 (d, J = 9.2 Hz, 2H), 7.74 (d, J
N o =9.2 Hz, 2H), 6.79 (d, J = 9.2 Hz, 2H), 3.14 (s, 6H). 3C NMR
| (100 MHz, CDCl3): 0 151.9, 148.8, 141.0, 135.8, 127.6, 126.4,

125.6, 124.0, 113.3, 111.7, 40.2. IR (neat) vmax : 3219, 2812, 2214, 1614, 1532, 1435, 1441, 989
cm. HRMS (EI) m/z: [M*] calcd for C16H14N4O2, 294.1117; found, 294.1113.

(2)-N-(4-(Dimethylamino)phenyl)isonicotinimidoyl cyanide (7s).

~~n| Yellow solid (156 mg, 62% vyield). Rt = 0.5 (10% EtOAc/hexanes). mp

Noor X Il 78-80 °C 'H NMR (400 MHz, CDCl3): 6 8.77 (d, J = 6.0 Hz, 2H), 7.94
\NJ@/ CN (d, J =6.0 Hz, 2H), 7.73 (d, J = 9.2 Hz, 2H), 6.78 (d, J = 9.2 Hz, 2H),
3.12 (s, 6H). >*C NMR (100 MHz, CDCls): § 151.9, 150.5, 142.4, 135.7,
126.4, 126.0, 120.5, 113.0, 111.7, 40.2. IR (neat) wmax : 2921, 2322, 1642, 1521, 1454, 1202, 771

cm . HRMS (EI) m/z: [M*] calcd for C1sH14Na4, 250.1218; found, 250.1215.
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(Z2)-N-(4-(dimethylamino)phenyl)picolinimidoyl cyanide (7t).

_ Yellow solid (136 mg, 54% yield). Rf= 0.6 (10% EtOAc/hexanes).
N T/ENE mp 88-90 °C. '"H NMR (400 MHz, CDCls): § 8.79-8.77 (m, 1H),
N
\'Tl/@/ CN

8.24 (d, J = 8.0 Hz, 1H), 7.84-7.80 (m, 1H), 7.74 (d, J = 8.8 Hz,
2H), 7.40—-7.37 (m, 1H), 6.78 (d, J = 8.8 Hz, 2H), 3.10 (s, 6H). 1*C
NMR (100 MHz, CDCl3): 6 153.8, 151.5, 149.5, 136.6, 135.8, 130.3,
126.0, 124.8, 121.0, 113.6, 111.7, 40.3. IR (neat) vmax : 2929, 2311, 1612, 1558, 1424, 1233, 769
cm L. HRMS (EI) m/z: [M*] calcd for C1sH14Na4, 250.1218; found, 250.1215.

(2)-N-(4-Bromophenyl)-4-(dimethylamino)benzimidoyl cyanide (7u).

| Orange solid (201 mg, 61% vyield). Rr = 05 (10%
N EtOAc/hexanes). mp 59-61 °C. '"H NMR (400 MHz, CDCls): &

N\W/Q 8.00 (d, J = 9.2 Hz, 2H), 7.56 (d, J = 8.8 Hz, 2H), 7.03 (d, J =
BrQ CN 8.8 Hz, 2H), 6.75 (d, J = 9.2 Hz, 2H), 3.13 (s, 6H). '*C NMR
(100 MHz, CDCIl3): 6 153.4, 149.0, 139.8, 132.2, 130.2, 122.4,

121.5, 119.5, 111.4, 111.2, 40.1. IR (neat) vmax : 2219, 1658, 1528, 1477, 853, 761, 677 cm™ ™.
HRMS (El) m/z: [M*] calcd for C16H14BrN3, 327.0371; found, 327.0368.

(E)-N-(4-(Dimethylamino)phenyl)benzo[b]thiophene-2-carbimidoyl cyanide (7v).

Orange solid (190 mg, 62% yield). R¢= 0.5 (30% EtOAc/hexanes).

. Y@ mp 114-116 °C 'H NMR (400 MHz, CDCL): § 7.92 (s, 1H),

Q S 7.87-7.83 (M, 2H), 7.64 (d, J = 9.2 Hz, 2H), 7.44-7.41 (m, 2H),
\rlv eN 6.77 (d, J=9.2 Hz, 2H), 3.10 (s, 6H). '*C NMR (100 MHz, CDCl:):
o 151.1, 143.2, 141.0, 139.5, 136.1, 127.2, 126.6, 125.5, 125.0,

124.9, 1245, 122.5, 112.6, 111.8, 40.3. IR (neat) vmax : 2922, 2234, 1716, 1648, 1528, 1468, 1201
cm . HRMS (EI) m/z: [M*] calcd for C1gH15N3S, 305.0987; found, 305.0984.

(E)-N-(4-(Dimethylamino)phenyl)thiophene-2-carbimidoyl cyanide (7w).

S Orange solid (108 mg, 42% vyield). Rf = 0.5 (20% EtOAc/hexanes).
N\\(@ mp 103-105 °C. 'H NMR (400 MHz, CDCls): 6 7.70-7.69 (m, 1H),
SN CN
|

751 (t, J = 9.2 Hz, 3H), 7.17-7.15 (m, 1H), 6.76 (d, J = 9.2 Hz, 2H),
3.07 (s, 6H). 3C NMR (100 MHz, CDCls): ¢ 150.7, 142.8, 136.45,
136.37, 130.5, 128.0, 125.4, 124.7, 112.5, 111.9, 40.3. IR (Neat) vmax : 2912, 2209, 1721, 1658,
1532, 1425 cm L. HRMS (EI) m/z: [M*] calcd for C14H13NsS, 255.0830; found, 255.0828.
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(E)-7-(Dimethylamino)-3-(phenyl(phenylamino)methylene)chromane-2,4-dione (4c).

mp 216-218 °C. 'H NMR (400 MHz, CDCls): 6 15.7 (bs, 1H),
7.96 (d, J = 8.8 Hz, 1H), 7.38-7.36 (m, 2H), 7.27-7.25 (m, 2H),
O ~ O 7.18-7.11 (m 4H), 6.83 (d, J = 7.6 Hz, 2H), 6.63 (dd, J = 8.8, 2.4
~N
ITI (@) @]

Yellow solid (192 mg, 50% yield). Ri= 0.5 (20% EtOAc/hexanes).
O HN’ i

Hz, 1H), 6.35 (d, J = 2.4 Hz, 1H), 3.10 (s, 6H). 13*C NMR (100
MHz, CDCls): § 182.2, 172.2, 162.0, 156.3, 154.9, 137.4, 133.7,
129.5,128.8, 128.4, 127.7, 127.3, 126.5, 125.0, 109.3, 108.5, 97.2, 96.8, 40.2. IR (neat) ymax : 1721,
1614, 1548, 1442, 1121, 899 cm L. HRMS (EI) m/z: [M*] calcd for CasH20N20s, 384.1474: found,
384.1472.

3-(4-Bromophenyl)-7-(dimethylamino)-2,3-dihydro-4H-furo[3,2-c]Jchromen-4-one (11).

5 Yellow solid (66 mg, 17% vyield). Rf = 0.5 (20%
Q O N EtOAc/hexanes). mp 222-224 °C 'H NMR (400 MHz,
- O CDCL): 6 7.54 (d, J = 8.8 Hz, 1H), 7.46 (d, J = 8.4 Hz, 2H),
’T‘ o "0 7.17 (d, J=8.4 Hz, 2H), 6.67 (dd, J = 8.8, 2.4 Hz, 1H), 6.58
(d, J=2.4 Hz, 1H), 5.12 (t, J = 9.2 Hz, 1H), 4.68-4.60 (m,
2H), 3.09 (s, 6H). 3C NMR (100 MHz, CDCL): 6 168.3, 160.8, 157.6, 153.7, 140.7. 132.0, 129.0,
123.6, 121.2, 108.9, 101.0, 100.4, 98.1, 81.7, 45.1, 40.2. IR (neat) max : 3442, 3814, 2938, 2844,
1616, 1224, 1158, 1119 cm™t. HRMS (El) m/z: [M*] calcd for C19H16BrNOs, 385.0314; found,
385.0310.

Synthesis of (E)-N,N-dimethyl-4-(2-nitrovinyl)aniline (8).°

To a solution of 4-(N,N-dimethylamino)benzaldehyde (1.0 mmol, 1.0 equiv.) in nitromethane (10
mL) was refluxed for 0.5 h in oil bath. After completion of the reaction, the cooled reaction mixture
was concentrated in vacuo. The crude residue was subjected to column chromatography to afford
the desired S-nitrostyrene 8.

~_NO, Orange solid (164 mg, 85% yield). Rf = 0.5 (10% EtOAc/hexanes).
Q/V 'H NMR (400 MHz, CDCl3): 6 7.99 (d, J = 13.2 Hz, 1H), 7.53 (d,
N J=13.2 Hz, 1H), 7.45 (d, J = 9.2 Hz, 2H), 6.70 (d, J = 9.2 Hz, 2H),

| 3.10 (s, 6H).

Procedure for the synthesis of 7-(N,N-dimethylamino)-4H-chromeno[3,4-d]oxazol-4-one (9).
In a 25 mL round bottom flask, a mixture of 4-hydroxycoumarin 3b (1.0 mmol, 1.0 equiv.) and
DABCO (3.0 equiv.) in nitromethane (10 mL) was refluxed for 3 h in oil bath. After completion
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of the reaction, the cooled reaction mixture was concentrated in vacuo. The crude residue was
subjected to column chromatography to afford the desired oxazole 9.

Colorless solid (124 mg, 54% vyield). R = 0.4 (50% EtOAc/hexanes).
SN mp 202—204 °C. '"H NMR (400 MHz, CDCl3): J 7.98 (s, 1H), 7.65 (d, J

- m = 8.8 Hz, 1H), 6.74 (dd, J = 8.8, 2.4 Hz, 1H), 6.68 (d, J = 2.4 Hz, 1H),
']' © 3.11 (s, 6H). '*C NMR (CDCls, 100 MHz): 6 156.8, 156.7, 155.5, 153.1,
150.1, 122.3, 120.0, 109.6, 99.9, 98.7, 40.2. IR (neat) vmax : 2947, 2917,

1768, 1616, 1224, 1148, 1058 cm™ 1. HRMS (EI) m/z: [M™] calcd for C12H10N203, 230.0691; found,
230.0697.

Synthesis of 4-Hydroxy-3-(2-nitro-1-phenylethyl)-2H-chromen-2-one (12).’
This compound 12 was prepared according to the literature procedure.

o N0, | 'HNMR (400 MHz, DMSO-dy): & 8.07-8.04 (m, 1H), 7.66-7.62 (m,
1H), 7.42-7.33 (M, 4H), 7.32 (t, J = 7.2 Hz, 2H), 7.24 (t, J = 7.2 Hz, 2H),
X
O O 5.45 (d, J = 8.0 Hz, 2H), 5.30 (t, J = 8.0 Hz, 1H).
(0] O

(E)-3-(Phenyl(phenylamino)methylene)chroman-2,4-dione (4a).°

Colorless solid (213 mg, 62% yield). 'H NMR (400 MHz, CDCls): ¢
o HN@ 15.7 (s, 1H), 8.15 (d, J = 7.6 Hz, 1H), 7.60 (t, J = 6.8 Hz, 1H),
7.42-7.35 (m, 3H), 7.31 (d, J = 7.6 Hz, 1H), 7.27-7.22 (m, 3H),

=
7.20-7.16 (m, 3H), 6.87 (d, J = 6.8 Hz, 2H).
(0] (@]

Synthesis of 7-(dimethylamino)-3-(1-(4-(dimethylamino)phenyl)-2-nitroethyl)-4-hydroxy-
2H-chromen-2-one (13).

In a 25 mL round bottom flask, a mixture of 4-hydroxycoumarin 3b (1.0 mmol, 1.0 equiv.) and
S-nitrostyrene 8 (3.0 equiv.) in THF (10 mL) was stirred at 0 °C for 1 h. After that, the cooled
reaction mixture was concentrated in vacuo. The crude residue was subjected to column
chromatography to afford a mixture of 13 and 3b with the ratio of 1:1.4 (a total of 53 mg).
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on NO2

(O
N o Yo N~

Yield: 10% (38 mg). 'H NMR (400 MHz, DMSO-ds): 6 7.81
(d, J=9.2 Hz, 1H), 7.21 (d, J = 8.8 Hz, 2H), 6.74 (dd, J =
9.2, 2.4 Hz, 1H), 6.65 (d, J = 8.8 Hz, 2H), 6.50 (d, J = 2.4
Hz, 1H), 5.36, 5.30 (ABdq, J = 12.8, 8.0 Hz, 1H each), 5.07
(t, J=8.0 Hz, 1H), 3.00 (s, 6H), 2.83 (s, 6H). *C NMR (100
MHz, DMSO-ds): 6 163.0, 162.9, 154.8, 153.4, 149.8,

128.55, 128.45, 127.6, 124.6, 112.9, 109.2, 104.4, 100.1, 97.4, 77.8, 40.7, 38.3.

7-N,N-Dimethylamino-4-hydroxycoumarin (3b).
oH Violet solid (182 mg, 17% yield). 'H NMR (400 MHz, DMSO-ds): ¢

§ 11.99 (s, 1H), 7.58 (d, J = 8.8 Hz, 1H), 6.71 (dd, J = 8.8, 2.8 Hz, 1H),
-~ A, | 650(d,J=28Hz 1H),5.28 (s, 1H), 3.01 (5, 6H).
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