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Highly efficient and rapid aminolysis of epoxides with various amines in water under microwave irradiation in

the absence of catalyst was developed. Chiral β-amino alcohols were formed in a short time with excellent yields.
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Introduction

Chiral β-amino alcohols are very important organic compounds

due to their use as intermediates in the synthesis of biologi-

cally active natural products and pharmaceuticals and medicinal

chemistry.1 They were typically prepared from ring opening

of epoxides by reacting with much excess amine at elevated

temperature for long time.2 Since poor control of regioselectivity

or some functional groups may be susceptible to high tempera-

ture, a variety of metallic catalysts3-24 and nonmetallic catalyst25-29

have been introduced for the cleavage of epoxides in recent

years. Recent method without using catalyst in water for

long reaction time has been reported.30

However, the use of expensive catalysts and toxic organic

solvents, or long reaction time limited the application of

aminolysis of epoxides. Take account of the advantages of

microwave irradiation such as enhancement of the rate of

reaction, higher yield, greater selectivity and decrease in

reaction time, we herein present the first highly efficient

microwave-assisted aminolysis of epoxide by the reaction of

a variety of amines with epoxides in the absence of any

catalyst in water. Since using only water instead of any

organic solvents and microwave heating, it showed the great

importance from the point of view of green chemistry and

especially high efficiency. The reaction can also be perform-

ed at room temperature, while it takes more than 3 days to

complete the reaction with very low yield. 

Results and Discussions

Treatment of epoxide 3 or 4 with 1.2 equiv of substituted

aryl piperazines afforded chiral 3-hydroxy-6-nitro-4-substituted

piperazin-1-yl chromans 1 and 2 as asymmetric ring-opening

product, respectively (Scheme 1). 

These reactions proceeded smoothly in water under

microwave irradiation with a very simple procedure without

using any organic solvent or catalyst. The reaction is very easy

because product isolation and purification is straightforward,

requiring simple solvent (EtOAc) extraction and solvent

evaporation or column chromatography in some cases.

†This paper is dedicated to Professor Eun Lee on the occasion of his ho-

nourable retirement.

Scheme 1. Reaction of epoxide 3 with amines in water under
microwave irradiation.

Table 1. Synthesis of 1 by asymmetric ring opening reaction of
epoxide, 3 with amines, 5 in water under microwave irradiation.

Entry Amine Product
Reaction time

 (min)

Yield 

(%)a

1 1a 18 85

2 1b 20 82

3 1c 17 79

4 1d 22 82

5 1e 18 83

6 1f 15 85

7 1g 18 90

alsolated yield.
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Moreover, the yields of all the reactions were excellent as

shown in Table 1 and Table 2. It gave a more straightforward

way compared to other methods involved several steps and

catalyst reported in the literature.31

The data clearly show that the reaction of different amines

with epoxides in water under microwave irradiation gives

corresponding chiral β-amino alcohols within minutes instead

of hours or days. The β-amino alcohols thus obtained gave

satisfactory IR, 1H NMR, 13C NMR, mass spectral data and

optical rotation value. This method is superior to other

existing methods in that it forms single product under

moderate temperature in very high yields (76-90%) and very

short time (15-23 min) in water. 

The formation of epoxide 3 was through five steps

illustrated in Scheme 3.32 First it involved the nitration of 2-

hydroxyacetophenone to give 2-hydroxy-5-nitroacetophenone

7. Then the chromanone 8 was formed by reacting 7 with

acetone catalyzed by pyrrolidine in refluxing toluene. Compound

9 was obtained by the reduction of 8 by NaBH4. Finally

epoxide 3 was afforded via the epoxidation of 2H-chromene

10, which was obtained through dehydration of 9, by (R,R)

Jacobson’s catalyst. Similarly, epoxide 4 was formed by catalysis

of (S,S) Jacobson’s catalyst. Yields were high in all steps.

Reaction conditions: (a) fuming HNO3/H2SO4; (b) acetone,

pyrrolidine, toluene, reflux; (c) NaBH4, MeOH, -5 oC-rt.; (d) p-

Toluenesulfonic acid monohydrate, toluene, reflux; (e) (R,R)-

Jacobsen's catalyst, NaOCl, Na2HPO4·12H2O, CH2Cl2, H2O,

-5 oC-rt.

Conclusions

In summary, the present study is the first highly efficient

and practical method for the preparation of β-amino alcohols

in water by microwave irradiation. This method offers high

yields, very short reaction time, simple procedure and

environmentally friendly conditions without any catalyst

and organic solvents, compared with the conventional exist-

ing methods. The determination of biological activities of

these products is underway.

Experimental Section

General. 1H and 13C NMR spectra were recorded in

CDCl3 (400 MHz for 1H and 100 MHz for 13C, respectively)

with TMS as the internal reference on Bruker Advance 400

FT spectrometer. Chemicals shifts were reported in parts per

million. Mass spectra (MS) were measured by the EI method.

The specific rotation values were determined by a Digital

polarimeter (DIP-1000, Jasco). Melting points are uncorrect-

ed. Silica gel (70-230 mesh) was used for flash column

chromatography. All the reactions were monitored by TLC

using 0.25 mm silica gel plates (Merck 60F-254) with UV

indicator. All microwave-assisted reactions were carried out

on 1.5KW Microwave heating device (KMIC). The microwave-

assisted reaction time is the hold time at the final tempera-

ture. All chemicals were used as delivered from Sigma-

Aldrich or Acros. 

General Procedure for the Synthesis of Compound 1

and 2. Epoxide (1.81 mmol, 1.0 equiv) and amine (2.35

mmol, 1.2 equiv) were mixed in water and placed in a

round-bottomed flask. The mixture was subjected to micro-

wave irradiation (1 KW, 55 oC) for 15-23 min. The reaction

was monitored with TLC. And then the reaction mixture was

extracted with ethyl acetate and dried over MgSO4. The

solvent was removed under reduced pressure to give the

chiral β-amino alcohols. In some cases, further purification

by column chromatography on silica gel was carried out. 

(3R,4S)-2,2-Dimethyl-6-nitro-4-(4-phenylpiperazin-1-

yl)chroman-3-ol (1a): A light-yellow solid, mp 155-157 oC.

Table 2. Synthesis of 2 by asymmetric ring opening reaction of
epoxide, 4 with amines, 5 in water under microwave irradiation.

Entry Amine Product
Reaction time

 (min)

Yield 

(%)a

1 2a 23 85

2 2b 18 83

3 2c 19 80

4 2d 19 81

5 2e 20 79

6 2f 21 76

7 2g 18 82

alsolated yield.

 

 

 

 

 

 

 

Scheme 2. Reaction of epoxide 4 with amines in water under micro-
wave irradiation.

Scheme 3. Preparation of epoxide 3 via nitration, ring cyclization,
reduction, dehydration and epoxidation.
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-155.8 (c 1.0, CH2Cl2); IR (KBr) ν/cm-1: 3430, 3030,

2977, 2940, 2831, 1601, 1583, 1514, 1478, 1451, 1427,

1383, 1332, 1271, 1238, 1170, 1136, 1071, 1013, 998, 943,

921, 840, 751, 696; 1H NMR (400 MHz, CDCl3) δ 1.24 (s,

3H), 1.52 (s, 3H), 2.74 (s, 1H), 2.99-3.08 (m, 4H), 3.19-3.26

(m, 4H), 3.79-3.85 (m, 2H), 6.86-6.96 (m, 4H), 7.26-7.30

(m, 2H), 8.05 (dd, J = 9.2, 2.8 Hz, 1H), 8.49 (d, J = 2.8 Hz,

1H); 13C NMR (100 MHz, CDCl3) δ 18.7, 26.7, 49.8, 50.7,

63.1, 70.3, 79.9, 116.5, 118.0, 120.2, 122.8, 124.7, 124.9,

129.2, 141.4, 151.4, 159.4; MS (EI) m/z: 383 (M+, 20%), 312

(17), 161 (10), 132 (100), 118 (21), 104 (16), 77 (8), 56 (10). 

(3R,4S)-4-(4-(2-Fluorophenyl)piperazin-1-yl)-2,2-dimethyl-

6-nitrochroman-3-ol (1b): A light-yellow solid, mp 82-85
oC; -123.6 (c 1.0, CH2Cl2); IR (KBr) ν/cm-1: 3433,

3076, 2977, 2937, 2830, 1614, 1584, 1518, 1500, 1478,

1453, 1428, 1379, 1340, 1271, 1238, 1207, 1168, 1137,

1075, 1013, 996, 944, 926, 839, 809, 750, 695; 1H NMR

(400 MHz, CDCl3) δ 1.25 (s, 3H), 1.54 (s, 3H), 2.58 (d, J =

2.4 Hz, 1H), 3.02-3.10 (m, 4H), 3.12-3.19 (m, 4H), 3.79 (d, J

= 10.0 Hz, 1H), 3.87 (dd, J = 10.0, 2.4 Hz, 2H), 6.87 (d, J =

9.2 Hz, 1H), 6.93-7.10 (m, 4H), 8.05 (dd, J = 9.2, 2.4 Hz,

1H), 8.51 (d, J = 2.0 Hz, 1H); 13C NMR (100 MHz, CDCl3)

δ 18.7, 26.7, 49.8, 50.7, 63.1, 70.3, 79.9, 116.2 (d, JCF = 18.7

Hz), 118.0, 119.2, 122.7 (d, JCF = 7.7 Hz), 122.9, 124.5,

124.8 (d, JCF = 21.0 Hz), 140.0 (d, JCF = 8.7 Hz), 141.5,

154.5, 157.0, 159.4; MS (EI) m/z: 383 (M+, 20%), 312 (17),

161 (10), 132 (100), 118 (21), 104 (16), 77 (8), 56 (10). 

(3R,4S)-4-(4-(4-Fluorophenyl)piperazin-1-yl)-2,2-dimethyl-

6-nitrochroman-3-ol (1c): A light-yellow solid, mp 154-

156 oC; -108.0 (c 1.0, CH2Cl2); IR (KBr) ν/cm-1: 3462,

3096, 3054, 2976, 2944, 2899, 2880, 2837, 1612, 1584,

1512, 1483, 1456, 1427, 1412, 1384, 1370, 1338, 1319,

1283, 1263, 1233, 1221, 1171, 1137, 1094, 1064, 1009, 985,

948, 916, 837, 820, 813, 762, 749, 718, 707, 688; 1H NMR

(400 MHz, CDCl3) δ 1.25 (s, 3H), 1.53 (s, 3H), 2.63 (d, J =

2.8 Hz, 1H), 3.00-3.09 (m, 4H), 3.11-3.19 (m, 4H), 3.80 (d, J

= 10.0 Hz, 1H), 3.84 (dd, J = 10.0, 2.8 Hz, 1H), 6.87 (d, J =

9.2 Hz, 1H), 6.90-7.00 (m, 4H), 8.05 (dd, J = 8.8, 2.8 Hz,

1H), 8.47 (d, J = 2.4 Hz, 1H); 13C NMR (100 MHz, CDCl3)

δ 18.7, 26.7, 49.8, 51.6, 63.1, 70.3, 79.9, 115.6 (d, J CF = 22.0

Hz), 118.1, 118.3 (J CF = 7.6 Hz), 122.7, 124.8 (d, J CF = 10.4

Hz), 141.4 (J CF = 9.8 Hz), 148.0, 153.2, 158.6, 159.4; MS

(EI) m/z: 401 (M+, 9 %), 330 (18), 179 (8), 150 (100), 136

(20), 122 (20), 56 (10). 

(3R,4S)-4-(4-(2-Methoxyphenyl)piperazin-1-yl)-2,2

-dimethyl-6-nitrochroman-3-ol (1d): A yellow crystal, mp

153-154 oC; -102.1 (c 1.0, CH2Cl2); IR (KBr) ν/cm-1:

3434, 3074, 2937, 2833, 1615, 1584, 1518, 1500, 1478,

1375, 1339, 1270, 1240, 1138, 1125, 1075, 1028, 1014, 996,

944, 924, 838, 821, 793, 750, 696; 1H NMR (400 MHz,

CDCl3) δ 1.25 (s, 3H), 1.55 (s, 3H), 2.67 (s, 1H), 3.01-3.11

(m, 8H), 3.78-3.85 (m, 2H), 3.87 (s, 3H), 6.85-7.04 (m, 5H),

8.04 (dd, J = 8.8, 2.8 Hz, 1H), 8.51 (d, J = 2.8 Hz, 1H); 13C

NMR (100 MHz, CDCl3) δ 18.7, 26.8, 50.0, 51.9, 55.4, 63.2,

70.3, 79.9, 111.2, 118.0, 118.4, 121.0, 123.0, 123.2, 124.7,

125.0, 141.1, 141.5, 152.2, 159.4; MS (EI) m/z: 413 (M+, 21

%), 342 (18), 207 (11), 191 (14), 162 (100), 148 (25), 134

(19), 120 (11), 56 (12). 

(3R,4S)-4-(4-(3-Methoxyphenyl)piperazin-1-yl)-2,2-

dimethyl-6-nitrochroman-3-ol (1e): A light-yellow solid,

mp 84-87 oC; -152.3 (c 1.0, CH2Cl2); IR (KBr) ν/cm-1:

3435, 3095, 3079, 2989, 2970, 2944, 2853, 2832, 1614,

1576, 1509, 1476, 1448, 1427, 1383, 1333, 1297, 1274,

1218, 1204, 1170, 1150, 1126, 1072, 1059, 997, 940, 839,

751, 698, 680; 1H NMR (400 MHz, CDCl3) δ 1.25 (s, 3H),

1.54 (s, 3H), 2.61 (d, J = 2.4 Hz, 1H), 2.97-3.07 (m, 4H),

3.18-3.27 (m, 4H), 3.79 (d, J = 10.0 Hz, 1H), 3.80 (s, 3H),

3.83 (dd, J = 10.0, 2.8 Hz, 1H), 6.44 (dd, J = 8.0, 2.0 Hz,

1H), 6.48 (t, J = 2.4 Hz, 1H), 6.56 (dd, J = 8.0, 2.0 Hz, 1H),

6.87 (d, J = 8.8 Hz, 1H), 7.18 (t, J = 8.0 Hz, 1H), 8.05 (dd, J

= 8.8, 2.4 Hz, 1H), 8.47 (d, J = 2.0 Hz, 1H); 13C NMR (100

MHz, CDCl3) δ 18.7, 26.8, 49.8, 50.5, 55.2, 63.1, 70.3, 79.9,

102.9, 104.9, 109.2, 118.1, 122.7, 124.7, 124.9, 129.8,

141.4, 152.7, 159.4, 160.6; MS (EI) m/z: 413 (M+, 23 %),

342 (12), 281 (16), 207 (33), 191 (15), 162 (100), 151 (23),

135 (17), 56 (11). 

(3R,4S)-4-(4-(4-Methoxyphenyl)piperazin-1-yl)-2,2-

dimethyl-6-nitrochroman-3-ol (1f): An off-white solid,

mp 183-184 oC; IR (KBr) ν/cm-1: 3336, 3073, 3038, 2979,

2948, 2930, 2896, 2833, 1613, 1584, 1509, 1463, 1407,

1370, 1348, 1333, 1292, 1270, 1251, 1220, 1178, 1165,

1137, 1062, 1033, 1016, 993, 945, 927, 914, 827, 747, 712,

691; -170.2 (c 1.0, CH2Cl2); 
1H NMR (400 MHz,

CDCl3) δ 1.24 (s, 3H), 1.49 (s, 3H), 2.86 (s, 1H), 3.02-3.06

(m, 4H), 3.11-3.13 (m, 4H), 3.78 (s, 3H), 3.81-3.85 (m, 2H),

6.84-6.94 (m, 5H), 8.04 (dd, J = 8.8, 2.8 Hz, 1H), 8.48 (d, J

= 2.8 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 18.6, 26.8,

49.9, 52.1, 55.6, 63.1, 70.2, 80.0, 114.4, 118.0, 118.7, 122.8,

124.7, 124.9, 141.4, 145.6, 154.1, 159.4; MS (EI) m/z: 413

(M+, 32 %), 355 (8), 341 (7), 327 (8), 281 (47), 267 (7), 253

(18), 207 (100), 191 (24), 162 (62), 152 (15), 135 (22), 120

(12), 96 (11), 73 (10), 59 (10), 44 (31). 

(3R,4S)-2,2-Dimethyl-6-nitro-4-(4-(3-(trifluoromethyl)

phenyl)piperazin-1-yl)chroman-3-ol (1g): A light-yellow

solid, mp 76-79 oC; IR (KBr) ν/cm-1: 3434, 3055, 2978,

2936, 2837, 1614, 1586, 1517, 1450, 1323, 1271, 1166,

1124, 1075, 1013, 994, 947, 837, 787, 751, 696; -

143.6 (c 1.0, CH2Cl2); 
1H NMR (400 MHz, CDCl3) δ 1.17

(s, 3H), 1.46 (s, 3H), 2.53 (d, J = 2.0 Hz, 1H), 2.93-2.99 (m,

4H), 3.15-3.24 (m, 4H), 3.74 (d, J = 10.0 Hz, 1H), 3.80 (dd,

J = 10.0, 2.0 Hz, 1H), 6.79 (d, J = 9.2 Hz, 1H), 6.99-7.06 (m,

3H), 7.28 (t, J = 8.0 Hz, 1H), 7.97 (dd, J = 8.8, 2.4 Hz, 1H),

8.41 (d, J = 2.0 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ

18.9, 26.7, 49.7, 50.1, 63.1, 70.5, 79.9, 112.6, 113.4, 116.2,

118.4, 119.2, 121.2, 124.7, 124.8 (d, JCF = 3.1 Hz), 129.6,

136.2, 164.8, 167.7, 172.0; MS (EI) m/z: 451 (M+, 9%), 380

(22), 200 (100), 172 (17), 145 (8), 56 (8). 

(3S,4R)-2,2-Dimethyl-6-nitro-4-(4-phenylpiperazin-1-

yl)chroman-3-ol (2a): A white solid, mp 161-162 oC;

+127.0 (c 1.0, CH2Cl2); IR (KBr) ν/cm-1: 3391, 3081,

3027, 3012, 2980, 2948, 2913, 2888, 2820, 1602, 1586,

1527, 1496, 1479, 1426, 1384, 1371, 1341, 1270, 1224,

1167, 1137, 1069, 1012, 996, 942, 914, 839, 769, 747, 737,

695; 1H NMR (400 MHz, CDCl3) δ 1.24 (s, 3H), 1.51 (s,

α[ ]D
20

α[ ]D
20
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3H), 2.74 (d, J = 2.4 Hz , 1H), 2.99-3.07 (m, 4H), 3.19-3.27

(m, 4H), 3.80 (d, J = 10.0 Hz, 1H), 3.84 (dd, J = 10.0, 2.4

Hz, 1H), 6.85-6.96 (m, 4H), 7.26-7.30 (m, 2H), 8.04 (dd, J =

9.2, 2.8 Hz, 1H), 8.48 (d, J = 2.4 Hz, 1H); 13C NMR (100

MHz, CDCl3) δ 18.7, 26.7, 49.8, 50.7, 63.1, 70.2, 79.9,

116.5, 118.0, 120.2, 122.8, 124.7, 124.9, 129.1, 141.4, 151.3,

159.4; MS (EI) m/z: 383(M+, %), 312 (20), 161 (11), 132

(100), 118 (24), 104 (8), 77 (10), 56 (11). 

(3S,4R)-4-(4-(2-Fluorophenyl)piperazin-1-yl)-2,2-

dimethyl-6-nitrochroman-3-ol (2b): A light-yellow solid,

mp 83-86 oC; +99.7 (c 1.0, CH2Cl2); IR (KBr) ν/cm-1:

3435, 3075, 2977, 2937, 2850, 2829, 1646, 1314, 1583,

1517, 1500, 1478, 1452, 1428, 1378, 1339, 1271, 1238,

1207, 1168, 1137, 1074, 1013, 996, 945, 926, 839, 810, 751,

695; 1H NMR (400 MHz, CDCl3) δ 1.25 (s, 3H), 1.54 (s,

3H), 2.62 (d, J = 2.8 Hz, 1H), 3.02-3.10 (m, 4H), 3.12-3.18

(m, 4H), 3.79 (d, J = 10.0 Hz, 1H), 3.87 (dd, J = 10.0, 3.2

Hz, 1H), 6.86 (d, J = 9.2 Hz, 1H), 6.93-7.10 (m, 4H), 8.05

(dd, J = 9.2, 2.8 Hz, 1H), 8.51 (d, J = 2.4 Hz, 1H); 13C NMR

(100 MHz, CDCl3) δ 18.7, 26.8, 49.8, 51.6, 63.1, 70.3, 79.9,

116.1 (d, J CF = 20.5 Hz), 118.0, 119.2, 122.7 (d, J CF = 7.7

Hz), 122.9, 124.5, 124.8 (d, J CF = 22.3 Hz), 140.0 (d, J CF =

8.3 Hz), 141.5, 154.5, 157.0, 159.4; MS (EI) m/z: 401 (M+,

14%), 330 (26), 150 (100), 136 (26), 122 (27), 56 (12). 

(3S,4R)-4-(4-(4-Fluorophenyl)piperazin-1-yl)-2,2-

dimethyl-6-nitrochroman-3-ol (2c): A light-yellow solid,

mp 156-158 oC; +138.1 (c 1.0, CH2Cl2); IR (KBr) ν/

cm-1: 3464, 3096, 3055, 2976, 2945, 2899, 2879, 2836,

2810, 1612, 1584, 1511, 1483, 1455, 1427, 1412, 1384,

1370, 1338, 1319, 1263, 1233, 1221, 1170, 1136, 1094,

1064, 1008, 993, 985, 947, 916, 836, 762, 749, 718, 707,

688; 1H NMR (400 MHz, CDCl3) δ 1.25 (s, 3H), 1.54 (s,

3H), 2.62 (d, J = 2.4 Hz, 1H), 2.98-3.09 (m, 4H), 3.11-3.19

(m, 4H), 3.79-3.86 (m, 2H), 6.86-7.00 (m, 5H), 8.05 (dd, J =

8.8, 2.8 Hz, 1H), 8.47 (d, J = 2.4 Hz, 1H); 13C NMR (100

MHz, CDCl3) δ 18.7, 26.8, 49.8, 51.6, 63.1, 70.3, 79.9,

115.6 (d, J CF = 22.0 Hz), 118.1, 118.3 (J CF = 7.6 Hz), 122.7,

124.8 (d, J CF = 10.4 Hz), 141.4 (J CF = 9.8 Hz), 148.0, 153.2,

158.6, 159.4; MS (EI) m/z: 401 (M+, 17%), 330 (17), 179

(7), 150 (100), 136 (21), 122 (21), 56 (10). 

(3S,4R)-4-(4-(2-Methoxyphenyl)piperazin-1-yl)-2,2-

dimethyl-6-nitrochroman-3-ol (2d): A light-yellow solid,

mp 83-86 oC. +108.0 (c 1.0, CH2Cl2); IR (KBr) ν/cm-1:

3398, 3077, 2972, 2942, 2916, 2839, 2819, 1617, 1584,

1519, 1500, 1478, 1374, 1345, 1266,1241, 1168, 1133, 1124,

1077, 1046, 1032, 996, 944, 923, 838, 749, 719, 694; 1H

NMR (400 MHz, CDCl3) δ 1.25 (s, 3H), 1.54 (s, 3H), 2.69

(s, 1H), 3.03-3.11 (m, 8H), 3.78-3.85 (m, 2H), 3.87 (s, 3H),

6.85-7.04 (m, 5H), 8.04 (dd, J = 9.2, 2.8 Hz, 1H), 8.51 (d, J

= 2.4 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 18.7, 26.8,

50.0, 51.9, 55.4, 63.2, 70.3, 79.9, 111.2, 118.0, 118.4, 121.0,

123.0, 123.2, 124.7, 125.0, 141.1, 141.5, 152.2, 159.4; MS

(EI) m/z: 413 (M+, 22 %), 342 (14), 207 (8), 191 (14), 162

(100), 148 (25), 134 (19), 120 (10), 56 (11). 

(3S,4R)-4-(4-(3-Methoxyphenyl)piperazin-1-yl)-2,2-

dimethyl-6-nitrochroman-3-ol (2e): A light-yellow solid,

mp 84-87 oC; +131.1 (c 1.0, CH2Cl2); IR (KBr) ν/cm-1:

3429, 3079, 2975, 2938, 2934, 1604, 1583, 1496, 1479,

1452, 1373, 1338, 1269, 1201, 1170, 1074, 150, 1013, 994,

943, 838, 750, 694; 1H NMR (400 MHz, CDCl3) δ 1.25 (s,

3H), 1.53 (s, 3H), 2.65 (d, J = 2.4 Hz, 1H), 2.97-3.06 (m,

4H), 3.17-3.27 (m, 4H), 3.80 (d, J = 10.0 Hz, 1H), 3.80 (s,

3H), 3.83 (dd, J = 10.0, 2.0 Hz, 1H), 6.44 (dd, J = 8.0, 2.4

Hz, 1H), 6.48 (t, J = 2.4 Hz, 1H), 6.55 (dd, J = 8.0, 2.0 Hz,

1H), 6.87 (d, J = 8.8 Hz, 1H), 7.18 (t, J = 8.0 Hz, 1H), 8.05

(dd, J = 9.2, 2.8 Hz, 1H), 8.47 (d, J = 2.4 Hz, 1H); 13C NMR

(100 MHz, CDCl3) δ 18.7, 26.8, 49.8, 50.5, 55.2, 63.1, 70.3,

79.9, 102.9, 104.9, 109.2, 118.1, 122.7, 124.7, 124.9, 129.8,

141.4, 152.7, 159.4, 160.6; MS (EI) m/z: 413 (M+, %), 342

(17), 281 (11), 207 (25), 191 (15), 162 (100), 151 (22), 135

(11), 56 (9). 

(3S,4R)-4-(4-(4-Methoxyphenyl)piperazin-1-yl)-2,2-

dimethyl-6-nitrochroman-3-ol (2f): A light-yellow solid,

mp 143-144 oC; +133.9 (c 1.0, CH2Cl2); IR (KBr) ν/

cm-1: 3390, 3074, 3039, 2978, 2948, 2895, 2948, 2833,

1614, 1585, 1510, 1463, 1406, 1379, 1370, 1348, 1334,

1270, 1251, 1221, 1179, 1166, 1137, 1077, 1063, 1034,

1016, 993, 945, 927, 914, 827, 747, 729, 712, 692, 633; 1H

NMR (400 MHz, CDCl3) δ 1.24 (s, 3H), 1.50 (s, 3H), 2.86

(s, 1H), 3.00-3.06 (m, 4H), 3.11-3.13 (m, 4H), 3.78 (s, 3H),

3.81-3.85 (m, 2H), 6.84-6.94 (m, 5H), 8.04 (dd, J = 9.2, 2.0

Hz, 1H), 8.48 (d, J = 2.0 Hz, 1H); 13C NMR (100 MHz,

CDCl3) δ 18.6, 26.7, 49.9, 52.1, 55.6, 63.0, 70.2, 79.9, 114.4,

118.0, 118.7, 122.8, 124.7, 124.9, 141.4, 145.6, 154.0,

159.4; MS (EI) m/z: 413 (M+, 43 %), 342 (10), 191 (21), 162

(100), 148 (22), 134 (21), 120 (16), 56 (10). 

(3S,4R)-2,2-Dimethyl-6-nitro-4-(4-(3-(trifluoromethyl)

phenyl)piperazin-1-yl)chroman-3-ol (2g): A light-yellow

solid, mp 74-76 oC; +140.0 (c 1.0, CH2Cl2); IR (KBr)

ν/cm-1: 3428, 2977, 2937, 2837, 1613, 1586, 1517, 1479,

1450, 1323, 1271, 1238, 1166, 1125, 1076, 1049, 1013, 994,

947, 837, 788, 751, 697; 1H NMR (400 MHz, CDCl3) δ 1.26

(s, 3H), 1.54 (s, 3H), 2.53 (d, J = 3.2 Hz, 1H), 3.00-3.07 (m,

4H), 3.23-3.32 (m, 4H), 3.82 (d, J = 2.8 Hz, 1H), 3.86 (dd, J

= 10.0, 2.8 Hz, 1H), 6.87 (d, J = 8.8 Hz, 1H), 7.07 -7.13 (m,

3H), 7.36 (t, J = 8.0 Hz, 1H), 8.05 (dd, J = 8.8, 2.4 Hz, 1H),

8.48 (d, J = 2.0 Hz, 1H); 13C NMR (100 MHz, CDCl3)

δ18.7, 26.7, 49.7, 50.1, 63.1, 70.4, 79.9, 112.6, 113.4, 116.2,

118.1, 119.2, 121.2, 124.7, 124.8 (d, JCF = 3.1 Hz), 129.6,

136.2, 164.8, 167.7, 172.0; MS (EI) m/z: 451 (M+, 8%), 380

(20), 200 (100), 172 (11), 145 (9), 56 (9). 
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