Electronic Supplementary Material (ESI) for Green Chemistry.
This journal is © The Royal Society of Chemistry 2017

An efficient approach for the synthesis of S5-hydroxy-chromeno[2,3-

b]pyridines under catalyst and solvent free conditions

Shruti Gupta, and Jitender M. Khurana*
Department of Chemistry, University of Delhi, New Delhi -110 007, India.

Email Address: jmkhuranal@yahoo.co.in; jmkhurana@chemistry.du.ac.in.

SPECTRAL DATA

1-(4-fluorophenyl)-5-hydroxy-2-imino-2,10a-dihydro-1H-chromeno[2,3-b|pyridine-3-

carbonitrile (IVa)

Yellow solid, M.p: 236-240 °C, vp.x (DCM/cm!): 3318, 2219, 1565, 1149. 6y (400 MHz,
DMSO-d¢): 8 9.47 (s, 1H, OH), 8.06 (s, 1H, CHyiny1), 7.65 (d, 1H, J = 8.4 Hz, ArH), 7.64 (m, 2H,
ArH), 7.22 (m, 1H, ArH), 7.20 (m, 3H, ArH), 7.08(m, 1H, ArH), 6.20 (d, 1H, J=4.4 Hz, CH ),
5.50 (d, 1H, J= 5.6 Hz, NH ). &¢ ( 100 MHz, DMSO-dy ): 158.49 (d, 'Jc.r =238.30 Hz), 156.16,
153.39, 148.86, 141.68, 135.43 (d, *Jcr = 1.91 Hz),, 133.70, 125.10, 124.12 (d, *Jc_r = 8.60 Hz),
123.60, 120.30, 117.45, 116.35, 115.13 (d, 2Jc_r = 22.9 Hz),, 112.63. 91.42, 73.16. HRMS (ESI)
m/z calcd for C19H,FN;0, [M+H]" 334.0992, found: 334.0991.

1-(4-chlorophenyl)-5-hydroxy-2-imino-2,10a-dihydro-1H-chromeno|[2,3-b]pyridine-3-
carbonitrile (IVb)

Yellow solid, M.p: 260-262 °C, vp.x (DCM/cm): 3314, 2228, 1561, 1149. 3y (400 MHz,
DMSO-dg): 8 9.56 (s, 1H, OH), 8.08 (s, 1H, CHyiny1), 7.86 (d, 1H, J= 6.8 Hz, ArH), 7.68 (m, 2H,
ArH), 7.45 (m, 3H, ArH), 7.16 (m, 2H, ArH), 6.20 (d, 1H, J=5.6 Hz, CH ), 5.51 (d, I1H, J=4.4
Hz, NH ). 6c ( 100 MHz, DMSO-d¢ ): 156.75, 153.38, 148.83, 141.73, 138.21, 133.73, 128.39,
127.04, 125.16, 123.64, 123.26, 120.22, 117.45, 116.25, 113.05, 91.99, 73.12. HRMS (ESI) m/z
calcd for C19H>,CIN3;O, [M+H]" 350.0696, found: 350.0669.

1-(4-bromophenyl)-5-hydroxy-2-imino-2,10a-dihydro-1H-chromeno|2,3-b]pyridine-3-
carbonitrile (IVc)



Yellow solid, M.p: 270-272 °C, vy (DCM/cm!): 3315, 2225, 1560, 1148. 8y (400 MHz,
DMSO-dg): 8 9.58 (s, 1H, OH), 8.11 (s, 1H, CHyiy1), 7.90 (d, 1H, J= 7.6 Hz, ArH), 7.66 (m, 5H,
ArH), 7.19 (m, 2H, ArH), 6.23 (d, 1H, J=4.4 Hz, CH ), 5.54 (d, 1H, J=5.2 Hz, NH ). o¢ ( 100
MHz, DMSO-dg ): 155.67, 153.30, 148.84, 141.76, 138.66, 133.75, 131.30, 125.19, 123.67,
123.58, 120.22, 117.46, 116.23, 115.06, 113.10, 92.08, 73.13. HRMS (ESI) m/z calcd for
C19HpBrN3;O, [M+H]" 394.0191, found: 394.0164.

1-(3-chlorophenyl)-5-hydroxy-2-imino-2,10a-dihydro-1H-chromeno|[2,3-b]pyridine-3-
carbonitrile (IVd)

Yellow solid, M.p: 188-190 °C, vp.x (DCM/cm): 3362, 2217, 1586, 1147. 8y (400 MHz,
DMSO-dg): & 9.63 (s, 1H, OH), 8.11 (s, 1H, CHyiny1), 7.87 (m, 2H, ArH), 7.64 (m, 1H, ArH),
7.38 (m, 2H, ArH), 7.13 (m, 5H, ArH), 6.23 (d, 1H, J=5.6 Hz, CH ), 5.52 (d, 1H, J = 5.2 Hz,
NH ). HRMS (ESI) m/z calcd for C19H;,CIN3;O, [M+H]" 350.0696, found: 350.0681.

1-(4-methoxyphenyl)-5-hydroxy-2-imino-2,10a-dihydro-1H-chromeno[2,3-b]pyridine-3-

carbonitrile (IVe)

Yellow solid, M.p: 198-200 °C, vy (DCM/cm!): 3330, 2221, 1564, 1213. 8y (400 MHz,
DMSO-dg): 8 9.28 (s, 1H, OH), 8.02 (s, 1H, CHyiny1), 7.84(d, 1H, J = 7.6 Hz, ArH), 7.53 (m, 3H,
ArH), 7.14 (m, 4H, ArH), 6.18 (s, 1H, CH ), 5.50 (s, 1H, NH ), 3.73 (s, 3H, OCHj3). d¢ ( 100
MHz, DMSO-dg ): 156.38, 155.81, 153.38, 148.89, 141.56, 133.56, 131.96, 125.07, 124.03,
123.50, 120.39, 117.42, 116.47, 113.67, 92.85, 73.21, 55.26. HRMS (ESI) m/z calcd for
CyoHsN30; [M+H]" 346.1192, found: 346.1191.

1-(4-methylphenyl)-5-hydroxy-2-imino-2,10a-dihydro-1H-chromeno[2,3-b]pyridine-3-
carbonitrile (IVf)

Yellow solid, M.p: 194-196 °C, vp.x (DCM/cm): 3330, 2222, 1603, 1151. 6y (400 MHz,
DMSO-dg): 6 9.34 (s, 1H, OH), 8.04 (s, 1H, CHyiny), 7.85 (d, 1H, J = 7.2 Hz, ArH), 7.52 (m, 3H,
ArH), 7.16 (m, 4H, ArH), 6.19 (d, J = 4.0 Hz, 1H, CH ), 5.50 (d, J = 4.0 Hz, 1H, NH ), 2.27 (s,
3H, CHs;). 8¢ ( 100 MHz, DMSO-dg ): 156.12, 153.39, 148.87, 141.65, 136.56, 133.65, 132.66,
128.97, 125.06, 123.57, 121.97, 120.38, 117.48, 116.45, 112.35, 91.38, 73.18, 20.64. HRMS
(ESI) m/z calcd for Cy0H;5N30, [M+H]" 330.1243, found: 330.1225.



1-(2-methylphenyl)-5-hydroxy-2-imino-2,10a-dihydro-1H-chromeno[2,3-b]pyridine-3-
carbonitrile (IVg)

Yellow solid, M.p: 198-200 °C, vpa (DCM/cm!): 3401, 2217, 1559, 1152. &y (400 MHz,
DMSO-dg): & 9.13 (s, 1H, OH), 8.02 (s, 1H, CHyjny), 7.56 (d, 1H, J = 6.8 Hz, ArH), 7.42 (m, 5H,
ArH), 7.06 (m, 2H, ArH), 6.17 (d, 1H, J = 4.4 Hz, CH ), 5.49 (s, 1H, NH), 2.14 (s, 3H, OCH).
8¢ ( 100 MHz, DMSO-dg ): 157.09, 153.31, 148.90, 141.37, 137.28, 134.20, 133.50, 130.38,
126.60, 126.17, 126.06, 124.69, 123.38, 120.30, 117.38, 116.40, 90.31, 73.16, 18.09. HRMS
(ESI) m/z caled for CooH;sN30, [M+H]* 330.1243, found: 330.1237.

5-hydroxy-2-imino-1-(pyridin-3-yl)-2,10a-dihydro-1H-chromeno[2,3-b]pyridine-3-
carbonitrile (IVh)

Yellow solid, M.p: 226-228 °C, Viae (DCM/cm): 3321, 2221, 1562, 1200. &y (400 MHz,
DMSO-dg): 8 9.65 (s, 1H, OH), 8.68 (m, 1H, CHyiny), 8.29 (d, 1H, J = 4.4 Hz, ArH), 8.11 (m,
2H, ArH), 7.83 (d, 1H, J = 7.6 Hz, ArH), 7.46 (m, 2H, ArH), 7.18 (m, 1H, ArH), 7.09 (m, 1H,
ArH), 6.21 (s, 1H, CH ), 5.51 (s, 1H, NH). 8¢ ( 100 MHz, DMSO-ds ): 155.84, 153.48, 148.89,
144.07, 143.21, 141.80, 136.06, 133.81, 129.14, 124.98, 123.58, 123.50, 120.20, 117.55, 116.25,
92.04, 73.15. HRMS (ESI) m/z calcd for Cy5H;,N,0, [M+H]* 317.1039, found: 317.1034.

Methyl 4-(3-cyano-5-hydroxy-2-imino-2,10a-dihydro-1H-chromeno|2,3-b]|pyridin-1-yl)
benzoate (IVi)

Yellow solid, M.p: 218-220 °C, vp.x (DCM/emt): 3372, 2215, 1717, 1558, 1184. 6y (400 MHz,
DMSO-dg): 6 9.80 (s, 1H, OH), 8.13 (s, 1H, CHyiny1), 7.95 ( m, 3H, ArH), 7.86 (m, 2H, ArH),
7.49 (m, 1H, ArH), 7.28 (m, 2H, ArH), 6.23 (d, 1H, J = 4.8 Hz, CH), 5.52 (d, 1H, J = 4.8 Hz,
NH). o¢ ( 100 MHz, DMSO-ds ): 165.99, 155.35, 153.41, 148.89, 144.09, 141.86, 133.87,
130.07, 129.93, 125.27, 123.53, 121.80, 120.09, 117.49, 116.12, 113.95, 93.12, 73.09, 51.88.
HRMS (ESI) m/z caled for C,1H sN;O04 [M+H]" 374.1141, found: 374.1131.

1-(4-iodophenyl)-5-hydroxy-2-imino-2,10a-dihydro-1H-chromeno[2,3-b]pyridine-3-
carbonitrile (IVj)

Yellow solid, M.p: 240-242 °C, vma (DCM/emr!): 3321, 2223, 1554, 1148. &y (400 MHz,
DMSO-dg): 8 9.55 (s, 1H, OH), 8.10 (s, 1H, CHyiny), 7.91 (d, 1H, J = 8.0 Hz, ArH), 7.71 (m,
2H, ArH), 7.54 (m, 3H, ArH), 7.21 (m, 1H, ArH), 7.09 (d, 1H, J = 8.0 Hz, ArH), 6.23 (d, 1H, J



=5.2 Hz, CH), 5.53 (d, 1H, J = 5.6 Hz, NH). 8¢ ( 100 MHz, DMSO-d; ): 155.60, 153.37, 148.83,
141.74, 139.17, 137.12, 133.74, 125.19, 123.74, 123.68, 120.22, 117.45, 116.24, 113.11, 92.17,
86.90, 73.12. HRMS (ESI) m/z caled for C;oH;,IN30, [M+H]* 442.0052, found: 442.0039.

1-(3-bromophenyl)-5-hydroxy-2-imino-2,10a-dihydro-1H-chromeno|2,3-b]pyridine-3-
carbonitrile (IVk)

Yellow solid, M.p: 202-204 °C, vp.x (DCM/cm): 3332, 2221, 1552, 1199. 6y (400 MHz,
DMSO-dg): 8 9.62 (s, 1H, OH), 8.11 (s, 1H, CHyiny), 8.01 (s, 1H, ArH), 7.88 (d, 1H, J = 7.6 Hz,
ArH), 7.66 (d, 1H, J = 7.6 Hz, ArH), 7.49 (m, 1H, ArH), 7.32 (m, 4H, ArH), 6.22 (d, 1H, J = 4.4
Hz, CH), 5.52 (d, 1H, J = 5.6 Hz, NH). 8¢ ( 100 MHz, DMSO-ds ): 155.61, 153.46, 148.78,
141.84, 140.98, 133.90, 130.49, 125.82, 124.90, 123.90, 123.61, 121.92, 120.23, 117.62, 116.15,
92.34, 73.12. HRMS (ESI) m/z calcd for C;9H,BrN;O, [M+H]" 394.0191, found: 394.0190.

1-(2,3-dichlorophenyl)-5-hydroxy-2-imino-2,10a-dihydro-1H-chromeno[2,3-b]|pyridine-3-
carbonitrile (IVI])

Yellow solid, M.p: 230-234 °C, Vi (DCM/cm'): 3303, 2222, 1519, 1139. &y (400 MHz,
DMSO-de): 8 9.48 (s, 1H, OH), 8.10 (s, 1H, CHypny), 7.64 (m, 3H, ArH), 7.43 (m, 3H, ArH),
7.07 (m, 1H, ArH), 6.21 (d, 1H, J = 3.6 Hz, CH), 5.52 (d, 1H, J = 4.4 Hz, NH). 5¢ ( 100 MHz,
DMSO-dg ): 156.41, 153.38, 148.88, 141.36, 138.15, 133.77, 131.02, 128.17, 127.45, 126.26,
124.77, 123.54, 120.10, 117.46, 116.11, 113.04, 91.46, 73.10. HRMS (ESI) m/z calcd for
C1oH1>CLN;0, [M+H]* 384.0307, found: 384.0308.

1-(3-cyano-4-fluorophenyl)-5-hydroxy-2-imino-2,10a-dihydro-1H-chromeno[2,3-
b]pyridine-3-carbonitrile (IVm)

Yellow solid, M.p: 234-236 °C, vp.x (DCM/cm!): 3314, 2227, 1524, 1153. 6y (400 MHz,
DMSO0-dg): 9.76 (s, 1H, OH), 8.12 (m, 2H, ArH and CH,y), 8.10 (m, 1H, ArH), 7.81 (d, 1H, J
— 8.0 Hz, ArH), 7.54 (m, 2H, ArH), 7.15 (m, 1H, ArH), 7.10 (m, 1H, ArH), 6.22 (d, 1H, J = 5.2
Hz, CH), 5.52 (d, 1H, J =4.8 Hz, NH). 3¢ ( 100 MHz, DMSO-dq ): 158.34 (d, 'Je g = 250.8 Hz)
155.64, 153.44, 148.78, 141.81, 136.36 (d, *Jo_r = 1.9 Hz), 133.88, 129.41 (d, 3Jc_r = 8.6 Hz),
126.16, 124.95, 123.60, 120.11, 117.55, 116.73 (d, %Jcr = 21 Hz), 116.07, 114.13,
113.55,111.94 (d, 2Jcr = 22.9 Hz), 99.59, 92.04, 73.09. HRMS (ESI) m/z calcd for
CyoH11FN4O, [M+H]" 359.0944, found: 359.0942,



1-(2,4-dimethoxyphenyl)-5-hydroxy-2-imino-2,10a-dihydro-1H-chromeno[2,3-b|pyridine-3-

carbonitrile (IVn)

Yellow solid, M.p: 220-224 °C, V. (DCM/cm™): 3377, 2207, 1559, 1147. dy (400 MHz,
DMSO-dg): 8 8.59 (s, 1H, OH), 7.98 (s, 1H, CHyiny1), 7.80 (m, 1H, ArH), 7.88 (d, 1H, J = 7.6 Hz,
ArH), 7.60 (d, 1H, J = 7.6 Hz, ArH), 7.46 (m, 1H, ArH), 7.15 (m, 1H, ArH), 7.06 (m, 1H, ArH),
6.66 (m, 1H, ArH), 6.58 (m, 1H, ArH), 6.17 (d, 1H, J = 4.8 Hz, CH), 5.49 (d, 1H, J = 4.4 Hz,
NH), 3.76 (s, 6H, 2 OCH3;). 8¢ ( 100 MHz, DMSO-dg ): 157.81, 156.81, 153.62, 153.36, 148.95,
141.02, 133.54, 125.58, 124.92, 123.48, 120.38, 117.44, 116.39, 112.15,111.54, 104.31, 99.11,
90.72, 73.18, 55.89, 55.41. HRMS (ESI) m/z calcd for C,;H;7N304 [M+H]" 376.1297, found:
376.1293.

7-bromo-5-hydroxy-2-imino-1-(4-methoxyphenyl)-2,10a-dihydro-1H-chromeno|[2,3-
b]pyridine-3-carbonitrile (IVo)

Yellow solid, M.p: 250-252 °C, vpax (DCM/cm!): 3377, 2211, 1556, 1201. &y (400 MHz,
DMSO-d): 6 9.39 (s, 1H, OH), 8.03 (s, 1H, CHyiny1), 7.84 (s, 1H, ArH), 7.58 (d, 1H, J = 8.4 Hz,
ArH), 7.46 (d, 2H, J = 8.8 Hz, ArH), 7.04 (d, 1H, J = 8.8 Hz, ArH), 6.92 (d, 2H, J = 8.4 Hz,
ArH), 6.21 (d, 1H, J = 4.8 Hz,, CH), 5.51 (d, 1H, J = 5.2 Hz, NH). 6¢ ( 100 MHz, DMSO-dy ):
156.41, 156.05, 152.53, 147.36, 141.87, 135.75, 131.65, 127.12, 124.48, 122.21, 119.87, 116.22,
114.98, 113.56, 111.81, 91.54, 73.36, 55.30. HRMS (ESI) m/z calcd for CyoH;4BrN;O; [M+H]*
424.0297, found: 424.0286.

7-bromo-5-hydroxy-2-imino-1-(4-iodophenyl)-2,10a-dihydro-1H-chromeno|2,3-b]pyridine-
3-carbonitrile (IVp)

Yellow solid, M.p: 240-244 °C, vy (DCM/cm): 3327, 2223, 1551, 1197. 8y (400 MHz,
DMSO-dg): & 9.62 (s, 1H, OH), 8.10 (s, 1H, CHyiny1), 7.88 (d, J = 5.6Hz, 1H, ArH), 7.67 (m, 3H,
ArH), 7.46 (m, 2H, ArH), 7.07 (d, 1H, J=8.4 Hz, ArH), 6.25 (d, J=5.2Hz, 1H, CH), 5.53 (d, J =
4.8 Hz, 1H, NH). HRMS (ESI) m/z calcd for C,oH;;BrIN;O, [M+H]* 519.9158, found:
519.9134.



7-chloro-1-(4-fluorophenyl)-5-hydroxy-2-imino-8-methyl-2,10a-dihydro-1H-chromeno|2,3-
b]pyridine-3-carbonitrile (IVq)

Yellow solid, M.p: 240-244 °C, e (DCM/cm'): 3327, 2211, 1551, 1191. &y (400 MHz,
DMSO-dg): & 9.50 (s, 1H, OH), 8.04 (s, 1H, CHyiy1), 7.65 (s, 1H, ArH), 7.60 (m, 2H, ArH), 7.20
(m, 3H, ArH), 6.18 (d, J = 4.4 Hz, 1H, CH), 5.48 (d, J = 4.4 Hz, 1H, NH), 2.30 (s,3H, CH;). 8¢ (
100 MHz, DMSO-dg ): 158.61 (d, Jer =239.43Hz), 156.15, 151.89, 147.65, 141.77, 141.52
135.22, 127.80, 124.42 (d, 3Jc ¢ = 7.60 Hz), 119.92, 119.44, 116.20, 114.99 (d, 2J¢ ¢ = 22.9 Hz),,
112.13, 91.62, 73.36. HRMS (ESI) m/z caled for CpoH;3CIFN;O, [M+H]* 382.0753, found:
382.0729.

1-(4-fluorophenyl)-5-hydroxy-2-imino-7-methyl-2,10a-dihydro-1H-chromeno|[2,3-
b]pyridine-3-carbonitrile (IVr)

Yellow solid, M.p: 240-244 °C, vyax (DCM/em™): 3347, 2223, 1561, 1190. &y (400 MHz,
DMSO-de): 8 9.47 (s, 1H, OH), 8.04 (s, 1H, CHyjny), 7.66 (m, 3H, ArH), 7.28 (m, 3H, ArH),
6.97 (d, 1H, J =8.4 Hz, ArH), 6.15 (d, J = 5.6 Hz, 1H, CH), 5.47 (d, J = 5.6 Hz, 1H, NH). & (
100 MHz, DMSO-ds ): 158.44 (d, 'Je.r =238.30 Hz), 156.03, 151.27, 148.95, 141.61, 135.42 (d,
4Jcr = 2.90 Hz), 134.29, 132.44, 125.02, 123.97 (d, *Jor = 7.60 Hz), 119.94, 117.32, 116.33,
115.02 (d, 2Jey = 21.9 Hz), 112.74, 91.20, 73.02. HRMS (ESI) m/z caled for CaoH;sFN;0,
[M+H]* 348.1148, found: 348.1121.
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