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Supporting Information 

cis-4-(Nitromethyl)chroman-2-ol (11) 

 

 

 

 

Analytical Data for 11 

1H NMR:  (200 MHz, CDCl3 + D2O)  

δ 1.90-2.25 (m, 2H, 2H3), 3.73 (dddd, J(H4-H3•) = 4.8 Hz, J(H4-H3•) = 4.8 Hz, J(H4-

H1’•) = 5.9 Hz, J(H4-H1’•) = 9.3 Hz, 1H, H4), 4.73 (dd, J(H1’•-H4) = 5.9 Hz, J(H1’•-H1’•) = 

12.7 Hz, 1H, H1’•), 5.02 (dd, J(H1’•-H4) = 9.3 Hz, J(H1’•-H1’•) = 12.8 Hz, 1H, H1’•), 5.74 

(t, J(H2-2H3) = 2.7, 1H, H2), 6.80-7.30 (m, 4H, 4H5,6,7,8) 

13C NMR: (50.3 MHz, CDCl3) 

δ C 151.3 (C8a), 119.8 (C4a), CH 129.1, 128.8, 121.6, 117.7 (C5,6,7,8), 91.5 (C2), 30.9 

(C4), CH2 80.5 (C1’), 28.9 (C3) 

 

trans-4-(Nitromethyl)chroman-2-ol (12) 

 

 

 

Analytical Data for 12 
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1H NMR:  (200 MHz, CDCl3 + D2O) 

δ 1.90-2.25 (m, 2H, 2H3), 3.89 (dddd, J(H4-H1’•) = 5.1 Hz, J(H4-H3•) = 5.5 Hz, J(H4-

H3•) = 8.9 Hz, J(H4-H1’•) = 9.3 Hz, 1H, H4), 4.51 (dd, J(H1’•-H4) = 9.3 Hz, J(H1’•-H1’•) = 

12.4 Hz, 1H, H1’•), 4.84 (dd, J(H1’•-H4) = 5.1 Hz, J(H1’•-H1’•) = 12.4 Hz, 1H, H1’•), 5.65 

(dd, J(H2-H3•) = 2.7, J(H2-H3•) = 4.8 Hz, 1H, H2), 6.80-7.30 (m, 4H, H5,6,7,8) 

13C NMR: (50.3 MHz, CDCl3) 

δ C 151.8 (C8a), 119.9 (C4a), CH 129.0, 126.7, 119.8, 117.8 (C5,6,7,8), 90.7 (C2), 31.1 

(C4), CH2 79.9 (C1’), 30.0 (C3) 

 
cis-2-Ethoxy-1,10b-dihydro-2H,5H-chromeno[3.4-c][1,2]oxazin-5-one-4-oxide (13) 

 

 

 

 

 
Analytical Data for 13 

M.P.: (104-106) °C [diethyl ether] 

1H NMR:  (200 MHz, CD3COCD3) 

δ 1.23 (t, J(3H2’-2H1’) = 7.2 Hz, 3H, 3H2’), 2.13 (ddd, J(H� -H2) = 4.1 Hz, J(H� -

H10b) = 12.1 Hz, J(H� -H� ) = 13.5 Hz, 1H, H� ), 3.16 (ddd, J(H� -H10b) = 6.4 Hz, 

J(H� -H2) = 7.3 Hz, J(H� -H� ) = 13.6 Hz, 1H, H� ), 3.68 (dq, J(H�¶ -3H2’) = 7.1 Hz, 

J(H�¶ -H�¶ ) = 9.5 Hz, 1H, H�¶ ), 4.07 (dq, J(H�¶ -3H2’) = 7.1 Hz, J(H�¶ -H�¶ ) = 9.5 

Hz, 1H, H�¶ ), 4.22 (dd, J(H10b-H� ) = 6.4 Hz, J(H10b-H� ) = 12.1 Hz, 1H, H10b), 5.65 

(dd, J(H2-H� ) = 4.1 Hz, J(H2-H� ) = 7.4 Hz, 1H, H2), 7.03-7.48 (m, 4H, 4H7,8,9,10) 
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13C NMR: (50.3 MHz, CD3COCD3) 

δ C 153.1 (C5), 148.8 (C6a), 119.0 (C10a), 115.3 (C4a), CH 129.3, 127.0, 125.0, 117.3 

(C7,8,9,10), 104.5 (C2), 33.4 (C10b), CH2 65.6 (C2’), 38.8 (C1), CH3 14.5 (C2’) 

Analysis: C13H13NO5  (263.25) 

Calculated: C, 59.31; H, 4.98; N, 5.32 

Found:  C, 59.43; H, 4.98; N, 5.39 

 

trans-4-(2,2-Diethoxyethyl)-3-nitrochroman-2-one (15) 

 

 

 

 

Analytical Data for 15 

1H NMR:  (200 MHz, CD3COCD3) 

δ 1.10 (t, J(3H2’’’-2H1’’’) = 7.0 Hz, 3H, 3H2’’’), 1.20 (t, J(3H2’’-2H1’’) = 7.0 Hz, 3H, 

3H2’’), 1.89-2.17 (m, 2H, 2H1’), 3.29-3.77 (m, 4H, 2H1’’, 2H1’’’), 4.16 (td, J(H4-H3) = 

3.7 Hz, J(H4-2H1’) = 7.0 Hz, 1H, H4), 4.60 (t, J(H2’-2H1’) = 5.1 Hz, 1H, H2’), 6.04 (d, 

J(H3-H4) = 3.7 Hz, 1H, H3), 7.12-7.30 (m, 2H, 2HAr), 7.35-7.45 (m, 2H, 2HAr) 

13C NMR: (50.3 MHz, CD3COCD3) 

δ C 158.2 (C2), 149.9 (C8a), 121.6(C4a), CH 129.6, 128.7, 125.6, 117.0 (C5,6,7,8), 

100.7(C2’), 85.5 (C3), 32.6 (C4), CH2 61.8 (C1’’), 61.6 (C1’’’), 35.7 (C1’), CH3 14.8 (C2’’), 

14.7 (C2’’’) 
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IR:  (CHCl3) 

2981 (m), 1784 (s), 1563 (s), 1488 (m), 1460 (m), 1371 (m), 1249 (m), 1177 (s), 

1123 (m), 1062 (s) 

Analysis: C15H19NO6  (309.32) 

Calculated: C, 58.25; H, 6.19; N, 4.53 

Found:  C, 58.37; H, 6.10; N, 4.59 

 

4-(Nitromethyl)chroman-2-one (16) 

 

 

 

 

Analytical Data for 16 

1H NMR:  (200 MHz, CD3COCD3) 

δ 2.93 (dd, J(1H3-H4) = 4.2 Hz, J(H� -H� ) = 16.7 Hz, 1H, 1H3), 3.18 (dd, J(1H3-H4) 

= 6.5 Hz, J(H� -H� ) = 16.7 Hz, 1H, 1H3), 3.97-4.10 (m, 1H, H4), 4.85 (abx, 2H, 

2H1’), 7.04-7.27 (m, 2H, 2HAr), 7.33-7.43 (m, 2H, 2HAr) 

13C NMR: (50.3 MHz, CD3COCD3) 

δ C 166.0 (C2), 151.8 (C8a), 121.5 (C4a), CH 129.7, 128.1, 124.7, 117.1 (C5,6,7,8), 33.5 

(C4), 77.8 (C1’), 31.2 (C3) 

IR:  (CHCl3) 

3029 (w), 1776 (s), 1550 (s), 1490 (m), 1458 (m), 1162 (m) 

Analysis: C10H9NO4  (207.18) 
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Calculated: C, 57.97; H, 4.38; N, 6.76 

Found:  C, 57.83; H, 4.48; N, 6.69 

 

3a,11c-cis-11b,11c-cis-1,2,11b,11c-Tetrahydro-3aH,6H-chromeno[3.4-c]furo[3.2-

e][1,2]oxazin-6-one-5-oxide (18) 

 

 

 

 

 

Analytical Data for 18 

M.P.: (153-154) °C [dry acetone] 

1H NMR:  (200 MHz, CDCl3) 

δ 1.76 (m, 1H, 1H1), 1.99 (m, 1H, 1H1), 3.65 (dddd, J(H11c-H11b) = 4.8 Hz, J(H11c-

H� ) = 5.3 Hz, J(H11c-H3a) = 7.1 Hz, J(H11c-H� ) = 10.2 Hz, 1H, H11c), 3.85-4.16 (m, 

2H, 2H2), 4.46 (d, J(H11b-H11c) = 4.8 Hz, 1H, H11b), 6.16 (d, J(H3a-H11c) = 7.1 Hz, 

1H, H3a), 7.05-7.40 (m, 4H, H8,9,10,11) 

13C NMR: (50.3 MHz, CD3COCD3) 

δ C 153.1 (C7a), 151.1 (C6), 119.6 (C11a), 115.1 (C5a), CH 130.1, 128.8, 125.8, 117.7 

(C8,9,10,11), 110.6 (C3a), 47.2 (C11c), 38.3 (C11b), CH2 69.7 (C2), 26.8 (C1) 

Analysis: C13H11NO5  (261.23) 

Calculated: C, 59.77; H, 4.24; N, 5.36 

Found:  C, 59.87; H, 4.29; N, 5.39 
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3a,4-trans-3a,9a-cis-4-(Nitromethyl)-2,3,3a,9a-tetrahydro-4H-furo[2.3-b]chromene (19a) 

 

 

 

 

Analytical Data for 19a 

M.P.: (89-90) °C [diethyl ether/petroleum ether = 8/2] 

1H NMR:  (200 MHz, CDCl3) 

δ 1.63 (m, 1H, 1H3), 2.14 (m, 1H, 1H3), 2.74 (ddd, J(H3a-H4) = 1.8 Hz, J(H3a-H9a) = 

5.5 Hz, J(H3a-1H3) = 9.6 Hz, 1H, H3a), 3.69 (ddd, J(H4-H3a) = 1.8 Hz, J(H4-1H1’) = 

7.1 Hz, J(H4-1H1’) = 8.7 Hz, 1H, H4), 3.89 (m, 2H, 2H2), 4.48-4.67 (abx, 2H, 2H1’), 

5.80 (d, J(H9a-H3a) = 5.4 Hz, 1H, H9a), 6.90-7.30 (m, 4H, 4H5,6,7,8) 

13C NMR: (50.3 MHz, CDCl3) 

δ C 152.9 (C8a), 119.5 (C4a), CH 129.7, 129.3, 122.0, 117.7 (C5,6,7,8), 99.7 (C9a), 40.3 

(C3a), 37.3 (C4), CH2 78.8 (C1’), 67.4 (C2), 28.2 (C3) 

IR:  (CHCl3) 

  3025 (w), 1588 (m), 1552 (s), 1488 (m), 1377 (m), 1219 (m), 1044 (m), 978 (m) 

MS:  235 (M+, 12), 187 (37), 160 (100), 131 (55), 115 (35), 107 (77), 91 (83) 

Analysis: C12H13NO4  (235.24) 

Calculated: C, 61.27; H, 5.57; N, 5.95 

Found:  C, 61.20; H, 5.49; N, 5.99 
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3a,4-trans-3a,9a-cis-4-(Nitromethyl)-2,3,3a,9a-tetrahydro-4H-furo[2.3-b]chromen-6-ol (19b) 

 

 

 

 

Analytical Data for 19b 

1H NMR:  (200 MHz, CD3COCD3) 

δ 1.40-1.65 (m, 1H, 1H3), 2.08-2.23 (m, 1H, 1H3), 2.73-2.88 (m, 1H, H3a), 3.61 (td, 

J(H4-H3a) = 1.8 Hz, J(H4-2H1’) = 7.8 Hz, 1H, H4), 3.68-3.78 (m, 2H, 2H2), 4.68 (dd, 

J(1H1’-H4) = 8.0 Hz, J(H�¶ -H�¶ ) = 12.7 Hz, 1H, 1H1’), 4.83 (dd, J(1H1’-H4) = 7.5 

Hz, J(H�¶ -H�¶ ) = 12.7 Hz, 1H, 1H1’), 5.73 (d, J(H9a-H3a) = 5.8 Hz, 1H, H9a), 6.62-

6.73 (m, 3H, 3HAr), 8.09 (bs, OH) 

13C NMR: (50.3 MHz, CD3COCD3) 

δ C 151.4 (C8a), 145.4 (C6), 121.9 (C4a), CH 117.8, 115.6, 115.4 (C5,7,8), 100.0 (C9a), 

40.1 (C4), 37.3 (C3a), CH2 78.0 (C1’), 66.6 (C2), 27.9 (C3) 

IR:  (CHCl3) 

  3321 (b), 3024 (m), 1554 (s), 1499 (s), 1376 (m), 1213 (s), 1042 (m), 982 (m) 

MS:  251 (M+, 60), 203 (50), 176 (100), 147 (40), 123 (47), 107 (53) 

Analysis: C12H13NO5  (251.24) 

Calculated: C, 57.37; H, 5.22; N, 5.58 

Found:  C, 57.44; H, 5.30; N, 5.52 

 

3a,4-trans-3a,9a-cis-4-(Nitromethyl)-2,3,3a,9a-tetrahydro-4H-furo[2.3-b]chromen-7-ol (19c) 
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Analytical Data for 19c 

M.P.: (212-213) °C [ethyl acetate/petroleum ether : 5/5] 

1H NMR:  (200 MHz, CD3COCD3) 

δ 1.32-1.63 (m, 1H, 1H3), 2.00-2.20 (m, 1H, 1H3), 2.63-2.78 (m, 1H, H3a), 3.68 (td, 

J(H4-H3a) = 1.4 Hz, J(H4-2H1’) = 7.6 Hz, 1H, H4), 3.78 (dd, J(2H2-1H3) = 5.8 Hz, 

J(2H2-1H3) = 8.6 Hz, 2H, 2H2), 4.61 (dd, J(1H1’-H4) = 7.6 Hz, J(H�¶ -H�¶ ) = 12.6 

Hz, 1H, 1H1’), 4.75 (dd, J(1H1’-H4) = 7.8 Hz, J(H�¶ -H�¶ ) = 12.6 Hz, 1H, 1H1’)), 5.71 

(d, J(H9a-H3a) = 5.2 Hz, 1H, H9a), 6.28 (d, J(H8-H6) = 2.3 Hz, 1H, H8), 6.38 (dd, 

J(H6-H8) = 2.4 Hz, J(H6-H5) = 8.2 Hz, 1H, H6), 6.94 (d, J(H5-H6) = 8.2 Hz, 1H, H5), 

8.36 (bs, OH) 

13C NMR: (50.3 MHz, CD3COCD3) 

δ C 158.8 (C7), 154.5 (C8a), 111.3 (C4a), CH 130.7, 109.5, 104.4 (C5,6,8), 100.1 (C9a), 

40.8 (C4), 36.9 (C3a), CH2 79.7 (C1’), 67.4 (C2), 28.4 (C3) 

IR:  (CHCl3) 

  3249 (b), 2930 (m), 1623 (m), 1553 (s), 1510 (m), 1465 (m), 1377 (m), 1159 (m), 

993(m) 

MS:  251 (M+, 43), 203 (43), 191 (53), 176 (100), 123 (90) 

Analysis: C12H13NO5  (251.24) 

Calculated: C, 57.37; H, 5.22; N, 5.58. 

Found:  C, 57.33; H, 5.20; N, 5.61 
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3a,4-trans-3a,9a-cis-4-(Nitromethyl)-2,3,3a,9a-tetrahydro-4H-furo[2.3-b]chromen-8-ol 

(19d): 

 

 

 

 

 

Analytical Data for 19d 

1H NMR:  (200 MHz, CD3COCD3) 

δ 1.42-1.63 (m, 1H, 1H3), 2.08-2.22 (m, 1H, 1H3), 2.75-2.89 (m, 1H, H3a), 3.70 (td, 

J(H4-H3a) = 1.8 Hz, J(H4-2H1’) = 7.7 Hz, 1H, H4), 3.75-3.84 (m, 2H, 2H2), 4.70 (dd, 

J(1H1’-H4) = 7.6 Hz, J(H�¶ -H�¶ ) = 12.8 Hz, 1H, 1H1’), 4.84 (dd, J(1H1’-H4) = 7.9 

Hz, J(H�¶ -H�¶ ) = 12.8 Hz, 1H, 1H1’), 5.83 (d, J(H9a-H3a) = 5.4 Hz, 1H, H9a), 6.63-

6.71 (m, 1H, 1HAr), 6.73-6.82 (m, 2H, 2HAr), 7.69 (bs, OH) 

13C NMR: (50.3 MHz, CD3COCD3) 

δ C 146.1 (C8a), 140.6 (C8), 121.4 (C4a), CH 121.9, 120.1, 115.6 (C5,6,7), 100.5 (C9a), 

40.8 (C4), 37.2 (C3a), CH2 78.9 (C1’), 67.4 (C2), 28.3 (C3) 

IR:  (CHCl3) 

  3540 (b), 3025 (w), 2982 (w), 1553 (s), 1482 (s), 1377 (m), 1222 (m), 1053 (m), 972 

(m) 

MS:  251 (M+, 66), 203 (48), 176 (100), 175 (45), 147 (38), 123 (49), 107 (45), 77 (42) 

Analysis: C12H13NO5  (251.24) 

Calculated: C, 57.37; H, 5.22; N, 5.58. 

Found:  C, 57.31; H, 5.30; N, 5.55 
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3a,4-trans-3a,9a-cis-6-Chloro-4-(Nitromethyl)-2,3,3a,9a-tetrahydro-4H-furo[2.3-b]chromene 

(19e) 

 

 

 

Analytical Data for 19e 

M.P.: (137-139) °C [ethyl acetate/petroleum ether : 4/6] 

 
1H NMR:  (200 MHz, CD3COCD3) 

δ 1.45-1.67 (m, 1H, 1H3), 2.11-2.28 (m, 1H, 1H3), 2.80-2.93 (m, 1H, H3a), 3.79 (td, 

J(H4-H3a)= 1.8 Hz, J(H4-2H1’) = 7.7 Hz, 1H, H4), 3.80-3.88 (m, 2H, 2H2), 4.77 (dd, 

J(1H1’-H4) = 7.4 Hz, J(H�¶ -H�¶ ) = 13.1 Hz, 1H, 1H1’), 4.90 (dd, J(1H1’-H4) = 7.8 

Hz, J(H�¶ -H�¶ ) = 13.1 Hz, 1H, 1H1’), 5.82 (d, J(H9a-H3a) = 5.2 Hz, 1H, H9a), 6.84 (d, 

J = 8.3 Hz, 1H, 1HAr), 7.19-7.31 (m, 2H, 2HAr) 

13C NMR: (50.3 MHz, CD3COCD3) 

δ C 152.8 (C8a), 126.2, 123.0 (C4a,6), CH 130.1, 129.9, 119.6 (C5,7,8), 100.8 (C9a), 

40.9 (C4), 37.3 (C3a), CH2 79.2 (C1’), 67.9 (C2), 28.7 (C3) 

IR:  (CHCl3) 

  2975 (m), 1553 (s), 1479 (m), 1372 (m), 1219 (m), 1038 (m), 880 (m) 

MS:  271 (M++2, 12), 269 (M+, 34), 221 (44), 196 (35), 194 (100), 193 (34), 141 (44) 

Analysis: C12H12ClNO4  (269.68) 

Calculated: C, 53.44; H, 4.49; N, 5.19 

Found:  C, 53.31; H, 4.45; N, 5.15 
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4a,5-trans-4a,10a-cis 5-(Nitromethyl)-3,4,4a,10a-tetrahydro-2H,5H-pyrano[2.3-b]chromene 

(21) 

 

 

 

 

Analytical Data for 21 

M.P.: (117-118) °C [diethyl ether/petroleum ether : 2/8] 

 
1H NMR:  (200 MHz, CDCl3) 

δ 1.45-1.95 (m, 4H, 2H3, 2H4), 2.09 (m, 1H, H4a), 3.44 (ddd, J(H5-H4a) = 1.6 Hz, 

J(H5-1H1’) = 7.3 Hz, J(H5-1H1’) = 8.6 Hz, 1H, H5), 3.76 (m, 1H, 1H2), 3.97 (dt, 

J(1H2-2H3) = 2.6 Hz, J(H� -H� ) = 11.6 Hz, 1H, 1H2), 4.44-4.65 (abx, 2H, 2H1’), 

5.44 (d, J(H10a-H4a) = 2.5 Hz, 1H, H10a), 6.87-7.30 (m, 4H, 4HAr) 

13C NMR:  δ C 153.1 (C9a), 117.0 (C5a), CH 129.3, 129.3, 121.4, 117.3 (C6,7,8,9), 93.0 (C10a), 40.3 

(C4a), 34.1 (C5), CH2 79.8 (C1’), 60.8 (C2), 24.5 (C4), 23.3 (C3) 

IR:  (CHCl3) 

  3145 (m), 1578 (m), 1550 (s), 1477 (m), 1365 (m), 1218 (m), 1042 (m), 974 (m) 

MS:  249 (M+, 23), 201 (339), 172 (100), 145 (72), 131 (69), 107 (79), 91 (68) 

Analysis: C13H15NO4  (249.26) 

Calculated: C, 62.64; H, 6.07; N, 5.62 

Found:  C, 62.55; H, 6.09; N, 5.59 
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4a,12c-cis-12b,12c-cis-2,3,12b,12c-Tetrahydro-1H,4aH,7H-chromeno[3.4-c]pyrano[3.2-

e][1,2]oxazin-7-one-6-oxide (23) 

 

 

 

 

 

Analytical Data for 23 

M.P.: (119-120) °C [dry acetone] 

1H NMR:  (200 MHz, CD3SOCD3) 

δ 1.06-1.28 (m, 1H, 1H2), 1.36-1.52 (m, 1H, 1H2), 1.54-1.79 (m, 2H, 2H1), 2.94-3.09 

(m, 1H, H12c), 3.66 (td, J(1H3-2H2) = 3.4 Hz, J(H� -H� )= 11.3 Hz, 1H, 1H3), 3.68-

3.84 (m, 1H, 1H3), 4.68 (d, J(H12b-H12c) = 4.0 Hz, 1H, H12b), 6.09 (d, J(H4a-H12c) = 

3.8 Hz, 1H, H4a), 7.07 (dd, J = 1.3 Hz, J = 8.0 Hz, 1H, 1HAr), 7.17-7.27 (m, 1H, 

1HAr), 7.28-7.40 (m, 1H, 1HAr), 7.47 (bd, J = 7.5 Hz, 1H, 1HAr) 

13C NMR: (50.3 MHz, CD3SOCD3) 

δ C 153.6 (C7), 149.7 (C8a), 117.7 (C6a), 109.4 (C12a), CH 129.0, 127.2, 124.8, 116.6 

(C9,10,11,12), 102.9 (C4a), 36.7 (C12b), 31.1 (C12c), CH2 61.5 (C3), 22.8 (C1), 18.5 (C2) 

Analysis: C14H13NO5  (275.26) 

Calculated: C, 61.09; H, 4.76; N, 5.09 

Found:  C, 61.14; H, 4.68; N, 5.15 
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