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Abstract 

The conjugate addition of aldehydes and ketones to 3-nitro-2H-chromenes under basic 

conditions has been explored. A series of inorganic and organic bases were examined. Proline 

combined with NaOAc was found to act as an efficient catalyst for the reaction. A number of 

substituted 3-nitro-2H-chromenes, aldehydes, and ketones are applicable for this transformation. 

trans-3-Nitro-4-substituted chromanes were sometimes obtained in good yields and with 

excellent diastereoselectivities. trans-2-Methyl-2-(3-nitrochroman-4-yl)propanal could be 

transformed into cis-2,3-dihydro-1,1-dimethyl-1H-chroman[3,4-b]pyrrole in one step.  

 

Keywords: Conjugate addition, carbonyl compounds, 3-nitro-2H-chromenes, organocatalysis, 

proline 

 
 

 

Introduction 

 

Chromans are important structural units of many natural products and drugs.1 Chroman 

derivatives exhibit a variety of useful biological activities,2 such as antioxidation,3 antiestrogen,4 

anticonvulsion,5 and neuroprotection.6  Their synthetic methods have been the subject of a 

number of publications.7 3-Nitro-2H-chromenes, readily available from the reaction of 

salicylaldehyde and nitroethylene, are valuable intermediates for the synthesis of chroman 

derivatives.8 Their conjugate addition reactions with nucleophiles,9 reduction,1a and 1,3-dipolar 

cycloaddition with azomethine, azide, and diazo compounds,10 have been developed for the 

synthesis of many chroman derivatives. We speculate that the conjugate addition of unmodified 

carbonyl compounds to 3-nitro-2H-chromenes can provide a simple and direct route for chroman 

derivatives. To the best of our knowledge, such a transformation has never been explored. In this 

paper, we report highly efficient conjugate addition of aldehydes and ketones to 3-nitro-2H-
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chromenes in the presence of bases. Proline combined with NaOAc was found to be a good 

catalyst for this reaction. A series of 3-nitrochromans was prepared, sometimes in good yields 

and with excellent diastereoselectivities. 

 

 

Results and Discussion 

 

Initially the reaction of 3-nitro-2H-chromene 1a and isobutyraldehyde 2a was studied. A number 

of inorganic and organic bases were examined as the catalyst. The results are summarized in 

Table 1. NaOAc and K2CO3 were found to be inefficient and no reaction was observed (Table 1, 

entries 1-2). Strong inorganic bases, such as LiOH and KOH provided low yield of product 3a 

together with many side products (Table 1, entries 3-4). Organic bases, such as triethylamine 

(TEA), N,N-diisopropylethylamine (DIPEA), 1,4-diazabicyclo[2.2.2]octane (DABCO), 1,8-

diazabicyclo[5.4.0]undec-7-ene (DBU), 4-dimethylaminopyridine (DMAP), and N-

methylpyrrolidine (NMP) gave 3a in poor yields (Table 1, entries 5-10). On the other hand, 

piperidine provided product 3a in significantly improved yield (Table 1, entry 11). Further study 

indicated that pyrrolidine is even a better base for the reaction (Table 1, entry 12). The results 

strongly imply that secondary amines exhibit beneficial effect for the transformation. Special 

base catalytic mechanism may not be involved in this case and the enamine activation 

mechanism is highly possible. In recent years, proline and its derivatives have been found to be 

efficient catalysts for many reactions of aldehydes and ketones via the enamine activation 

mechanism.11 Thus, proline was examined as the catalyst for the reaction of 1a and 2a. 

Unfortunately, the reaction only provided 3a in low yield (Table 1, entry 13). Further study 

uncovered that the combination of 20 mol % proline and 100 mol % NaOAc produces an 

extremely efficient catalyst system. Product 3a was obtained in excellent yield (98%) (Table 1, 

entry 14). In addition the reaction occurred with excellent diastereoselectivity and only trans-3a 

was observed. The trans-configuration of 3a was assigned by 3J(3-H, 4-H)  0 Hz and further 

confirmed by NOESY spectrum. Homochiral (S)-proline was also examined, but the 

enantioselectivity of the reaction was low (23% ee, determined by chiral HPLC analysis).12 

Proline methyl ester combined with NaOAc gave 3a in lower yield (Table 1, entry 15). The 

result suggests that the free carboxylic group of proline is important for the catalytic activity. The 

hypothesis was further supported by the fact that pyrrolidine combined with NaOAc gave 

moderated yield of 3a (Table 1, entry 16). 
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Table 1. Reaction of 1a and 2a in the presence of basesa 

O

NO2

O

NO2

CHO

MeOH, rt
CHO

1a 2a 3a

Base (100 mol%)

 
 

Entry Base Yield (%)b,c 

1 NaOAc 0 

2 K2CO3 0 

3 LiOH 14 

4 KOH 13 

5 TEA 19 

6 DIPEA 17 

7 DABCO 14 

8 DBU 38 

9 DMAP 12 

10 NMP 28 

11 Piperidine 76 

12 Pyrrolidine 84 

13 Proline 28 

14 Proline (20 mol%)/NaOAc (100 mol%) 98 

15 Proline methyl ester (20 mol%)/NaOAc (100 mol%) 52 

16 Pyrrolidine (20 mol%)/NaOAc (100 mol%) 68 

aThe reactions were carried out with 1a (0.10 mmol), 2a (1.00 mmol) and base (0.10 mmol) in 

MeOH (1.0 mL) at room temperature for 5 h.  
bGC yields determined with dodecane as the internal standard.  
cOnly trans-3a was observed by NMR analysis. 

 

Using proline/NaOAc as the catalyst, a number of reaction solvents were screened and the 

results are summarized in Table 2. Significant effect of the solvent on the yield was observed. 

Low yields of 3a were obtained in hexane, toluene, dichloromethane, THF, and diethyl ether 

(Table 2, entries 1-5). Only traces of product were obtained in 1,4-dioxane and acetonitrile 

(Table 2, entries 6-7). Methanol was found to be the optimum solvent and excellent yield was 

achieved (Table 2, entry 8). The result implicates that protic solvents may be necessary for the 

reaction. 
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Table 2. Effect of reaction solventsa 

Entry Solvent Yield (%) 

1 Hexane 23 

2 Toluene 12 

3 CH2Cl2 17 

4 THF 12 

5 Et2O 17 

6 1,4-Dioxane 3 

7 CH3CN 5 

8 MeOH 98 

a The reactions were carried out with 1a (0.10 mmol), 2a (1.00 mmol), NaOAc (0.10 mmol) and 

(R/S)-proline (0.02 mmol) in the solvent (1.0 mL) at room temperature for 5 h.  

 

The effect of the loading of proline and NaOAc was also studied and the results are 

summarized in Table 3. The loading of proline and NaOAc exerted significant effect on the 

yield. Using 5 mol % and 10 mol % proline and NaOAc provided poor yields of 3a (Table 3, 

entries 1-2). Increasing the loading of proline/AcONa to 20 mol % improved the yield (Table 3, 

entry 3). In addition, increasing the loading of NaOAc also resulted in better yield (Table 3, entry 

4). Excellent yield was achieved using 20 mol  % proline and 100 mol % NaOAc (Table 3, entry 

5). 

 

Table 3. Effect of the loading of proline and NaOAca 

Entry Proline (mol%) NaOAc (mol%) Yield (%) 

1 5 5 8 

2 10 10 17 

3 20 20 53 

4 20 50 82 

5 20 100 98 

aThe reactions were carried out with 1a (0.1 mmol), 2a (1.0 mmol) in MeOH (1.0 mL) at room 

temperature for 5 h.  

 

A mechanism of proline/NaOAc catalysis is suggested (Scheme 1). Enamine intermediate A 

is generated from the reaction of proline and isobutyraldehyde. 3-Nitro-2H-chromene 1a is 

activated via the hydrogen-bonding interaction with the carboxylic group of proline and the 

transition state B is provided. The consequent conjugate addition affords the intermediate C, 

which is hydrolyzed to provide product 3a and to regenerate proline. The hydrogen-bonding 

interaction in the transition state B seems to be important for the activation of 3-nitro-2H-

chromene 3a, since the pyrrolidine and proline methyl ester gave much lower yield than proline. 
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Although AcONa was found to be very important for achieving good yield, its exact function in 

the reaction is not clear. It may work as a base to promote the formation of enamine intermediate 

A.  
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Scheme 1 

 

A variety of 3-nitro-2H-chromenes 1a-1j were examined in the reaction with isobutyraldehyde 

2a. The results are summarized in Table 4. The substitutionof the aromatic ring by a methoxy 

group at the C7 or C8 position was tolerated very well (Table 4, entries 2-3). Substitution of the 

aromatic ring at C6 with methoxy, methyl, or a halogen also provided the products in good yields 

(Table 4, entries 4-7). However the substitution at C6 with a nitro group or the disubstitution at 

C6 and C8 with an halogen resulted in low yields (Table 4, entries 8-10). In these cases, some 

unidentified side products were observed. 
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Table 4. Reactions of isobutyraldehyde 2a with a variety of 3-nitro-2H-chromenes 1a-1ja 

 

O

NO2

CHO
NaOAc (100 mol%)

MeOH, rt

Proline (20 mol%)

O

NO2

CHO

R1

R2

R3

R1

R2

R3

1a-j 2a 3a-j

+

 
 

Entry Substrate Product 

 

Time (h) Yield (%)b,c 

R1 R2 R3 

1 H H H 3a 5 96 

2 H H CH3O 3b 6 92 

3 H CH3O H 3c 6 89 

4 CH3O H H 3d 6 85 

5 CH3 H H 3e 8 71 

6 Cl H H 3f 3 77 

7 Br H H 3g 2 81 

8 NO2 H H 3h 3.5 20 

9 Cl H Cl 3i 2.5 40 

10 Br H Br 3j 4 31 

aThe reactions were carried out with 1a-1j (0.10 mmol), 2a (1.00 mmol), (R/S)-proline 

(0.02 mmol) and NaOAc (0.10 mmol) in MeOH (1.0 mL) at room temperature.  
bIsolated yields.  
cOnly trans-products were observed by NMR analysis.  

 

A number of aldehydes and ketones were also examined and the results are summarized in 

Table 5. Acetaldehyde provided the product in low yield after extended reaction time (Table 5, 

entry 2). Propanal and butanal were highly reactive substrates and the reactions could be 

completed in less than 5 min. The corresponding adducts were obtained in good yields, but with 

low diastereoselectivities (Table 5, entries 3-4). Cyclopentane carbaldehyde also provided 

product 4e in good yield (Table 5, entry 5). Cyclopentanone was found to be a good substrate for 

the transformation and good yield could be achieved (Table 5, entry 6). Cyclohexanone gave 

lower yield than cyclopentanone, probably due to bigger steric hindrance (Table 5, entry 7). 

Acetone and acetophenone provided products 4h and 4i respectively in moderate yields (Table 5, 

entries 8-9). 1-Methoxyl acetone gave product 4j in good yield and with complete 

regioselectivity, but the diastereoselectivity was low (Table 5, entry 10). Hydroxylacetone also 

afforded the corresponding products, but in moderate yield (Table 5, entry 11). 
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Table 5. Reaction of 1a with aldehydes and ketones 2a 

O

NO2

O

NO2

R4

2a-m1a 3a, 4b-k

O

R6

R6

O

R4
NaOAc (100 mol%)

MeOH, rt

Proline (20 mol%)

+

R5

R5

 
 

Entry Carbonyl compounds 2 Product 

 

Time (h) Yield (%)b Drc 

R4 R5 R6 

1 CH3 CH3 H 3a 5 96 - 

2 H H H 4b 18 20 - 

3 CH3 H H 4c 0.1 90 71:29 

4 CH3CH2 H H 4d 0.1 97 60:40 

5 (CH2)4 H 4e 5 88 - 

6 H (CH2)3 

(CH2)4 

4f 5 92 84:16 

7 H 4g 5 78 57:43 

8 H H CH3 4h 5 56 - 

9 H H Ph 4i 5 60 - 

10 H OCH3 CH3 4j 5 83 55:45 

11 H OH CH3 4k 5 63 60:40 

aThe reactions were carried out with 1a (0.10 mmol), 2a-2m (1.00 mmol), (R/S)-proline 

(0.02 mmol) and NaOAc (0.10 mmol) in MeOH (1.0 mL) at room temperature.  
bIsolated yields.  
cDetermined by NMR analysis.  

 

Product 3a could be reduced with zinc powder under acid conditions and chroman[3,4-

b]pyrrole 5 was obtained in excellent yield (Scheme 2). The 3,4-cis-configuration was 

established by NOE analysis as well as the coupling constant 3J(3-H, 4-H) = 11.8 Hz. The 

racemization at C3 of 3a occurred under the reaction conditions and thus the thermodynamically 

favoured 5 showing the cis-fusion was obtained. 

 

O

NO2 Zn/AcOH

CHO

O

NH

3a 5

MeOH

98%

 
Scheme 2 
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Conclusions 

 

In conclusion, we have developed an efficient conjugate addition of aldehydes and ketones to 3-

nitro-2H-chromenes. Proline associated with NaOAc was found to be the best catalyst. An 

enamine activation mechanism was proposed. The reaction provided a number of 4-substituted 

3-nitrochromans, sometimes in good yields and with excellent diastereoselectivities. The 

reduction of trans-2-methyl-2-(3-nitrochroman-4-yl)propanal 3a with zinc/AcOH gave the 

chroman[3,4-b]pyrrole 5 in one step. Further studies are currently underway to apply the method 

for the synthesis of valuable chromane derivatives and to develop an enantioselective version of 

the reaction. 

 

 

Experimental Section 

 

General. All solvents were used as commercial anhydrous grade without further purification. 

Nitroethylene was purchased from Taiyang Chemical Company of China. The flash column 

chromatography was carried out over silica gel (230–400 mesh), purchased from Qingdao 

Haiyang Chemical Company. Melting points were recorded on an electrothermal digital melting-

point apparatus. 1H and 13C NMR spectra were recorded on a Bruker Avance 400 MHz 

spectrometer as solutions in CDCl3 unless otherwise stated. Chemical shifts in 1H NMR spectra 

are reported in parts per million (ppm, δ) downfield from the internal standard Me4Si (TMS, δ = 

0.00 ppm). Chemical shifts in 13C NMR spectra are reported relative to the central line of the 

chloroform signal (δ = 77.0 ppm). High-resolution mass spectra were obtained with the Thermo 

MAT 95XP mass spectrometer. The low resolution mass spectra were obtained with the Thermo 

Trace GC Ultra – DSQ II and Agilent 6120 (Quadrupole LC-MS) mass spectrometer. Infrared 

(IR) spectra were recorded on a Bruker Tensor 37 spectrophotometer. Data are represented as 

frequency of absorption (cm-1). Enantiomeric excesses of compound 3a were determined by 

HPLC using a Daicel Chiralpak AD-H column (hexane/i-PrOH = 95/5, λ = 210 nm, 

0.5 mL/min). GC yields were determined by GC (Agilent 6890N) with a Agilent capillary 

column HP-5 (30m  0.32mm, 0.25μm) and dodecane was used as the internal standard. 

 

Typical experimental procedure for the synthesis of 3-nitro-2H-chromenes 1a-1j8a,b 

A solution of salicylaldehyde (1.22 g, 10 mmol) and Bu2NH (0.65 g, 5 mmol) in dry chloroform 

(80 mL) was placed in a round-bottomed flask fitted with a Dean-Stark apparatus. At the room 

temperature, nitroethylene (0.73 g, 10 mmol) was added slowly with a syringe pump over 24 h. 

Then the reaction mixture was refluxed for 24 h and the water formed during the reaction was 

removed by the Dean-Stark apparatus. A second portion of nitroethylene (0.73 g, 10 mmol) was 

added according to the above procedure and the reaction solution was refluxed for further 24 h. 

After cooling down, the reaction solution was filtered through a layer of silica gel and washed 

with CH2C12/petroleum ether (V/V = 1/1). The filtrate was washed with 1% aqueous sodium 
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hydroxide to remove unreacted salicylaldehyde, and then with water. The organic layer was 

dried over anhydrous MgSO4 and evaporated under vacuum. The residue was recrystallized from 

hexane to give 3-nitro-2H-chromene 1a. 

3-Nitro-2H-chromene (1a).8a,e Yield: 45%. yellow solid, Mp 77.0-78.0 C (lit.8a Mp 79.5-

80.5 oC). 1H NMR (400 MHz, CDCl3): δ=7.78 (s, 1H), 7.34 (m, 1H), 7.25 (dd, J = 7.6, 1.6 Hz, 

1H), 7.00 (m, 1H), 6.91 (d, J = 8.2 Hz, 1H), 5.25 (d, J = 1.1 Hz, 2H); 13C NMR (100 MHz, 

CDCl3): δ=154.95, 139.15, 133.96, 130.53, 129.21, 122.70, 118.27, 116.58, 62.93; IR (KBr): 

1651, 1601, 1570, 1481, 1320, 1226, 1198, 1123, 1072, 764, 713 cm-1; MS (ESI): m/z = 176.0 

[M - H]-; HRMS (ESI) calcd for C9H6NO3
- [M - H]-: 176.0348, found: 176.0360. 

8-Methoxy-3-nitro-2H-chromene (1b).8a,b,e Yield: 55%. Yellow solid, Mp 125.6-127.1 C (lit.8a 

Mp 128-129 oC). 1H NMR (400 MHz, CDCl3): δ=7.78 (s, 1H), 6.98 (m, 2H), 6.89 (dd, J = 6.5, 

2.6 Hz, 1H), 5.31 (s, 2H), 3.90 (s, 3H); 13C NMR (100 MHz, CDCl3): δ=148.22, 143.92, 139.29, 

129.24, 122.60, 122.24, 119.03, 116.40, 63.20, 56.26; IR (KBr): 1577, 1559, 1541, 1508, 1480, 

1338, 1272, 1015, 784, 719 cm-1; MS (ESI): m/z = 206.1 [M - H]-; HRMS (ESI) calcd for 

C10H8NO4
- [M - H]-: 206.0453, found: 206.0462. 

7-Methoxy-3-nitro-2H-chromene (1c).8a,b,e Yield: 50%. Yellow solid, Mp 117.6-118.8  C 

(lit.8a Mp 120-121 oC). 1H NMR (400 MHz, CDCl3): δ=7.78 (s, 1H), 7.17 (d, J = 8.5 Hz, 1H), 

6.57 (dd, J = 8.5, 2.4 Hz, 1H), 6.45 (d, J = 2.4 Hz, 1H), 5.24 (s, 2H), 3.83 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ=164.84, 156.95, 136.18, 131.80, 129.76, 111.34, 109.64, 101.80, 63.14, 55.68; 

IR (KBr): 1618, 1559, 1508, 1490, 1459, 1437, 1337, 1257, 1077, 954, 870, 715 cm-1; MS (ESI): 

m/z = 206.0 [M - H]-; HRMS (ESI) calcd for C10H8NO4
- [M - H]-: 206.0453, found: 206.0460. 

6-Methoxy-3-nitro-2H-chromene (1d).8a,b,e Yield: 56%; Yellow solid, Mp 88.7-89.8  C (lit.8a 

Mp 90-91 oC). 1H NMR (400 MHz, CDCl3): δ=7.71 (s, 1H), 6.90 (q, J = 8.9, 2.9 Hz, 1H), 6.84 

(d, J = 8.9 Hz, 1H), 6.75 (d, J = 2.9 Hz, 1H), 5.16 (d, J = 0.8 Hz, 2H), 3.78 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ=154.91, 148.90, 139.81, 129.22, 120.04, 118.84, 117.29, 114.02, 62.88, 

55.80; IR (KBr): 3060, 1652, 1576, 1507, 1489, 1458, 1320, 1255, 1135, 842 cm-1; MS (ESI): 

m/z = 206.1 [M - H]-; HRMS (ESI) calcd for C10H8NO4
- [M - H]-: 206.0453, found: 206.0459. 

6-Methyl-3-nitro-2H-chromene (1e).8b,e Yield: 42%. Yellow solid, Mp 74.1-75.6 C (lit.8b Mp 

75-76 oC). 1H NMR (400 MHz, CDCl3): δ 7.75 (s, 1H), 7.14 (dd, J = 8.3, 1.9 Hz, 1H), 7.05 (d, J 

= 1.4 Hz, 1H), 6.82 (dd, J = 8.3, 3.8 Hz, 1H), 5.22 (d, J = 0.9 Hz, 2H), 2.29 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ=152.89, 139.18, 134.70, 132.21, 130.63, 129.45, 118.13, 116.30, 62.93, 

20.36; IR (KBr): 2920, 1576, 1508, 1340, 1158, 1076, 945, 860 cm-1; MS (ESI): m/z = 190.0 [M 

- H]-; HRMS (ESI) calcd for C10H8NO3
- [M - H]-: 190.0504, found: 190.0507. 

6-Chloro-3-nitro-2H-chromene (1f).8a Yield: 46%. Yellow solid, Mp 109.5-110.4 C (lit.8a Mp 

115-116 oC). 1H NMR (400 MHz, CDCl3): δ=7.70 (s, 1H), 7.28 (dd, J = 8.6, 2.5 Hz, 1H), 7.23 

(d, J = 2.5 Hz, 1H), 6.86 (d, J = 8.6 Hz, 1H), 5.25 (d, J = 1.1 Hz, 2H); 13C NMR (100 MHz, 

CDCl3): δ= 153.33, 140.07, 133.41, 129.53, 127.84, 127.59, 119.51, 117.92, 63.05; IR (KBr): 

3080, 1655, 1517, 1479, 1338, 1163, 1070, 951, 861, 840, 646 cm-1; MS (ESI): m/z = 210.0 [M - 

H]-; HRMS (ESI) calcd for C9H5ClNO3
- [M - H]-: 209.9958, found: 210.0002. 
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6-Bromo-3-nitro-2H-chromene(1g).8a,b Yield: 40%. Yellow solid, Mp 120.1-121.5  C (lit.8a 

Mp 121-122 oC). 1H NMR (400 MHz, CDCl3): δ=7.70 (s, 1H), 7.42 (dd, J = 8.6, 2.4 Hz, 1H), 

7.38 (d, J = 2.4 Hz, 1H), 6.81 (d, J = 8.6 Hz, 1H), 5.26 (d, J = 1.1 Hz, 2H); 13C NMR (100 MHz, 

CDCl3): δ=153.86, 139.98, 136.33, 132.49, 127.74, 120.03, 118.33, 114.62, 63.03; IR (KBr): 

1513, 1474, 1331, 1013, 901, 836, 709 cm-1; MS (ESI): m/z = 253.8 [M - H]-; HRMS (ESI) calcd 

for C9H5BrNO3
- [M - H]-: 253.9453, found: 253.9460. 

3,6-Dinitro-2H-chromene(1h).8a Yield: 58%. Yellow solid, Mp 157.0-158.0 C (lit.8a Mp 160-

161 oC). 1H NMR (400 MHz, CDCl3): δ=8.19-8.24 (m, 2H), 7.81 (s, 1H), 7.02 (d, J = 8.9 Hz, 

1H), 5.41 (d, J = 1.2 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 159.36, 142.78, 140.39, 129.03, 

126.95, 125.91, 118.02, 117.17, 63.79; IR (KBr): 3068, 1660, 1661, 1509, 1480, 1456, 1332, 

1237, 1209, 1101, 837, 752 cm-1; MS (ESI): m/z = 221.0 [M - H]-; HRMS (ESI) calcd for 

C9H5N2O5 
- [M - H]-: 221.0198, found: 221.0202. 

6,8-Dichloro-3-nitro-2H-chromene (1i). Yield: 54%. Yellow solid, Mp 130.2-131.1 C. 1H 

NMR (400 MHz, CDCl3): δ=7.68 (s, 1H), 7.39 (t, J = 2.7 Hz, 1H), 7.16 (d, J = 2.1 Hz, 1H), 5.35 

(s, 2H); 13C NMR (100 MHz, CDCl3): δ=149.13, 140.57, 133.44, 128.07, 127.46, 127.15, 

122.85, 120.35, 63.58; IR (KBr): 1558, 1508, 1457, 1326, 1163, 1071, 867, 710 cm-1; MS (ESI): 

m/z = 243.8 [M - H]-; HRMS (ESI) calcd for C9H4Cl2NO3
- [M - H]-: 243.9568, found: 243.9555. 

6,8-Dibromo-3-nitro-2H-chromene (1j).8a Yield: 64%. Yellow solid, Mp 142.6-143.8 C(lit.8a 

Mp 146.5-147.5 oC). 1H NMR (400 MHz, CDCl3): δ=7.67 (m, 2H), 7.33 (d, J = 2.3 Hz, 1H), 

5.36 (d, J = 1.2 Hz, 2H); 13C NMR (100 MHz, CDCl3): δ 150.65, 140.40, 138.88, 131.65, 

127.03, 120.66, 114.55, 111.50, 63.65; IR (KBr): 1541, 1507, 1458, 1330, 1190 cm-1; MS (ESI): 

m/z = 331.8 [M - H]-; HRMS (ESI) calcd for C9H4Br2NO3 
- [M - H]-: 331.8558, found: 331.8415. 

 

Typical experimental procedure for the conjugate addition of carbonyl compounds to 3-

nitro-2H-chromenes 

A mixture of proline (2.30 mg, 0.02 mmol), NaOAc (8.20 mg, 0.10 mmol) and 3-nitro-2H-

chromene 1a (17.72 mg, 0.10 mmol) in MeOH (1.0 mL) was stirred for 5 min at room 

temperature. Then isobutyraldehyde 2a (72.11 mg, 1.00 mmol) was added and the reaction 

mixture was stirred for 5 h at room temperature. After the solvent was evaporated under vacuum, 

the residue was purified by flash column chromatography over silica gel (EtOAc/petroleum 

ether) to provide 3a. 

trans-2-(3-Nitrochroman-4-yl)-2-methylpropanal (3a). Yellow oil. 1H NMR (400 MHz, 

CDCl3): δ=9.53 (s, 1H), 7.20 (m, 1H), 7.06 (dd, J = 7.7, 1.4 Hz, 1H), 6.93 (m, 2H), 4.97 (m, 1H), 

4.64 (ddd, J = 12.8, 4.33, 1.53 Hz, 1H), 4.45 (dd, J = 12.8, 5.0 Hz, 1H), 4.03 (s, 1H), 1.16 (s, 

3H), 1.13 (s, 3H); 13C NMR (100 MHz, CDCl3): δ=203.93, 154.43, 130.45, 129.35, 121.88, 

118.45, 117.44, 80.88, 64.99, 49.71, 43.16, 20.50, 20.32; IR (KBr): 2968, 2918, 2850, 1719, 

1608, 1585, 1556, 1508, 1490, 1397, 1361, 1230, 1120, 1042, 758 cm-1; MS (ESI): m/z = 248.1 

[M - H]-; HRMS (ESI) calcd for C13H14NO4
- [M - H]-: 248.0923, found: 248.0912. 

trans-2-(8-Methoxy-3-nitrochroman-4-yl)-2-methylpropanal (3b). Yellow oil. 1H NMR (400 

MHz, CDCl3): δ=9.55 (s, 1H), 6.90 (t, J = 8.1 Hz, 1H), 6.82 (dd, J = 8.1, 1.0 Hz, 1H), 6.66 (dd, J 
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= 7.8, 0.9 Hz, 1H), 4.99 (m, 1H), 4.72 (ddd, J = 12.8, 4.4, 1.4 Hz, 1H), 4.53 (dd, J = 12.8, 5.1 Hz, 

1H), 4.06 (s, 1H), 3.86 (s, 3H), 1.16 (s, 3H), 1.11 (s, 3H); 13C NMR (100 MHz, CDCl3): 

δ=203.77, 148.60, 143.79, 121.98, 121.52, 119.50, 111.13, 80.75, 65.42, 55.93, 49.71, 42.82, 

20.47, 20.26; IR (KBr): 2921, 2851, 1717, 1587, 1553, 1458, 1361, 1264, 1224, 1102, 1028, 

734 cm-1; MS (ESI): m/z = 278.1 [M - H]-; HRMS (ESI) calcd for C14H16NO5
- [M - H]-: 

278.1028, found: 278.1034. 

trans-2-(7-Methoxy-3-nitrochroman-4-yl)-2-methylpropanal (3c). Yellow oil. 1H NMR (400 

MHz, CDCl3): δ=9.52 (s, 1H), 6.95 (d, J = 8.6 Hz, 1H), 6.52 (dd, J = 8.6, 2.6 Hz, 1H), 6.44 (d, J 

= 2.6 Hz, 2H), 4.93 (m, 1H), 4.68 (ddd, J = 13.0, 3.9, 1.7 Hz, 1H), 4.39 (dd, J = 13.0, 4.7 Hz, 

1H), 3.95 (s, 1H), 3.76 (s, 1H),1.15 (s, 3H), 1.12 (s, 3H); 13C NMR (100 MHz, CDCl3): δ=204.22, 

160.41, 155.10, 131.02, 109.93, 108.73, 102.07, 80.70, 64.63, 55.30, 49.70, 42.70, 20.49, 20.28; 

IR (KBr): 2920, 2850, 2718, 1718, 1619, 1555, 1506, 1464, 1361, 1202, 1163, 1031, 752 cm-1; 

MS (ESI): m/z = 278.1 [M - H]-; HRMS (ESI) calcd for C14H16NO5
- [M - H]-: 278.1028, found: 

278.1032. 

trans-2-(6-Methoxy-3-nitrochroman-4-yl)-2-methylpropanal (3d). Pale yellow oil. 1H NMR 

(400 MHz, CDCl3): δ=9.54 (s, 1H), 6.85 (d, J = 8.9 Hz, 1H), 6.77 (dd, J = 8.9, 2.9 Hz, 1H), 6.59 

(d, J = 2.9 Hz, 1H), 4.97 (m, 1H), 4.42-4.53 (m, 2H), 4.02 (d, J = 2.6 Hz, 1H), 3.75 (s, 3H), 1.16 

(s, 3H), 1.13 (s, 3H); 13C NMR (100 MHz, CDCl3): δ=203.87, 154.30, 148.63, 119.89, 118.15, 

115.12, 115.03, 81.21, 65.66, 55.69, 49.86, 43.46, 20.50, 20.21; IR (KBr): 2920, 2851, 1719, 

1555, 1499, 1472, 1361, 1212, 1048, 725 cm-1; MS (ESI): m/z = 278.1 [M - H]-; HRMS (ESI) 

calcd for C14H16NO5
- [M - H]-: 278.1028, found: 278.1035. 

trans-2-(6-Methyl-3-nitrochroman-4-yl)-2-methylpropanal (3e). Pale yellow solid, Mp 121.2-

123.0 C. 1H NMR (400 MHz, CDCl3): δ=9.54 (s, 1H), 7.00 (dd, J = 8.3, 1.9 Hz, 1H), 6.84 (d, J 

= 1.5 Hz, 1H), 6.79 (d, J = 8.3 Hz, 1H), 4.96 (m, 1H), 4.59 (ddd, J = 12.7, 4.52, 1.5 Hz, 1H), 

4.43 (dd, J = 12.7, 5.1 Hz, 1H), 3.97 (s, 1H), 2.26 (s, 3H), 1.16 (s, 3H), 1.12 (s, 3H); 13C NMR 

(100 MHz, CDCl3): δ=204.02, 152.33, 131.27, 130.63, 130.05, 118.29, 117.15, 81.08, 65.14, 

49.70, 43.34, 20.69, 20.55, 20.24; IR (KBr): 2924, 2854, 1720, 1553, 1499, 1459, 1359, 1216, 

1032, 882, 817 cm-1; MS (ESI): m/z = 262.1 [M - H]-; HRMS (ESI) calcd for C14H16NO4
- [M - 

H]-: 262.1079, found: 262.1083. 

trans-2-(6-Chloro-3-nitrochroman-4-yl)-2-methylpropanal (3f). White solid, Mp 86.6-88.2 

C. 1H NMR (400 MHz, CDCl3): δ=9.50 (s, 1H), 7.17 (dd, J = 8.7, 2.5 Hz, 1H), 7.07 (d, J = 2.5 

Hz, 1H), 6.85 (d, J = 8.7 Hz, 1H), 4.95 (m, 1H), 4.70 (ddd, J = 13.0, 3.8, 1.7 Hz, 1H), 4.43 (dd, J 

= 13.0, 4.9 Hz, 1H), 4.00 (d, J = 1.9 Hz, 1H), 1.17 (s, 3H), 1.16 (s, 3H); 13C NMR (100 MHz, 

CDCl3): δ=203.40, 152.87, 130.06, 129.49, 126.67, 119.90, 118.82, 80.36, 64.92, 49.49, 42.76, 

20.70, 20.48; IR (KBr): 3116, 3039, 2919, 1722, 1556, 1486, 1231, 1024, 735 cm-1; MS (ESI): 

m/z = 282.0 [M - H]-; HRMS (ESI) calcd for C13H13ClNO4
- [M - H]-: 282.0533, found: 282.0539. 

trans-2-(6-Bromo-3-nitrochroman-4-yl)-2-methylpropanal (3g). Yellow oil. 1H NMR (400 

MHz, CDCl3): δ=9.50 (s, 1H), 7.31 (dd, J = 8.7, 2.4 Hz, 1H), 7.21 (d, J = 2.3 Hz, 1H), 6.79 (d, J 

= 8.7 Hz, 1H), 4.94 (m, 1H), 4.71 (ddd, J = 13.0, 3.8, 1.7 Hz, 1H), 4.42 (dd, J = 13.0, 4.8 Hz, 

1H), 3.99 (s, 1H), 1.17 (s, 6H); 13C NMR (100 MHz, CDCl3): δ=203.38, 153.38, 132.98, 132.41, 
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120.37, 119.24, 113.92, 80.32, 64.83, 49.48, 42.72, 20.74, 20.48 ; IR (KBr): 2921, 2851, 1719, 

1552, 1474, 1360, 1230, 1179, 1126, 1026, 816 cm-1; MS (ESI): m/z = 325.9 [M - H]-; HRMS 

(ESI) calcd for C13H13BrNO4
- [M - H]-: 326.0028, found: 326.0033. 

trans-2-(3,6-Dinitrochroman-4-yl)-2-methylpropanal (3h). White solid, Mp 125.0-127.1 C. 
1H NMR (400 MHz, CDCl3): δ=9.51 (s, 1H), 8.07-8.14 (m, 2H), 7.01 (d, J = 9.0 Hz, 1H), 4.94-

5.02 (m, 2H,), 4.50 (dd, J = 14.0, 4.6 Hz, 1H), 4.10 (s, 1H), 1.23 (s, 3H), 1.22 (s, 3H,); 13C NMR 

(100 MHz, CDCl3): δ=202.69, 158.81, 141.86, 126.85, 125.32, 118.10, 117.90, 79.29, 64.70, 

49.21, 42.30, 21.14, 20.48; IR (KBr): 2920, 2851, 1717, 1584, 1553, 1515, 1472, 1339, 1237, 

1096, 748 cm-1; MS (ESI): m/z = 293.1 [M - H]-; HRMS (ESI) calcd for C13H13NO6
- [M - H]-: 

293.0774, found: 293.0771. 

trans-2-(6,8-Dichloro-3-nitrochroman-4-yl)-2-methylpropanal (3i). Yellow oil. 1H NMR (400 

MHz, CDCl3): δ=9.49 (s, 1H), 7.32 (d, J = 2.3 Hz, 1H), 7.00 (d, J = 4.1 Hz, 1H), 4.99 (m, 1H), 

4.85 (dd, J = 13.2, 1.4 Hz, 1H), 4.54 (dd, J = 13.2, 4.9 Hz, 1H), 4.04 (s, 1H), 1.17 (s, 3H), 1.16 (s, 

3H); 13C NMR (100 MHz, CDCl3): δ=202.90, 148.70, 129.86, 128.67, 126.45, 123.42, 121.25, 

80.04, 65.50, 49.45, 42.62, 20.85, 20.40; IR (KBr): 2920, 2851, 1719, 1553, 1468, 1246, 1184, 

1026, 866 cm-1; MS (ESI): m/z = 316.0 [M - H]-; HRMS (ESI) calcd for C13H12Cl2NO4
- [M - H]-: 

316.0143, found: 316.0150. 

trans-2-(6,8-Dibromo-3-nitrochroman-4-yl)-2-methylpropanal (3j). Yellow oil. 1H NMR 

(400 MHz, CDCl3): δ=9.48 (s, 1H), 7.62 (d, J = 2.1 Hz, 1H), 7.18 (d, J = 2.0 Hz, 1H), 4.98 (m, 

1H), 4.84 (ddd, J = 13.2, 4.3, 1.5 Hz, 1H), 4.54 (dd, J = 13.2, 5.0 Hz, 1H), 4.03 (s, 1H), 1.17 (s, 

3H), 1.16 (s, 3H); 13C NMR (100 MHz, CDCl3): δ=202.88, 150.13, 135.37, 132.26, 121.66, 

113.79, 112.45, 80.09, 65.60, 49.46, 42.72, 20.85, 20.35; IR (KBr): 2920, 2851, 1718, 1551, 

1464, 1356, 1242, 1170, 722 cm-1; MS (ESI): m/z = 403.9 [M - H]-; HRMS (ESI) calcd for 

C13H12Br2NO4
- [M - H]-: 403.9133, found: 403.9135. 

trans-2-(3-Nitrochroman-4-yl)acetaldehyde (4b). Yellow oil. 1H NMR (400 MHz, CDCl3): 

δ=9.83 (s, 1H), 7.20 – 7.14 (m, 1H), 7.12 (d, J = 7.7 Hz, 1H), 6.97 (td, J = 7.6, 1.2 Hz, 1H), 6.86 

(dd, J = 8.2, 1.0 Hz, 1H), 4.84 – 4.80 (m, 1H), 4.77 (ddd, J = 12.1, 4.2, 1.5 Hz, 1H), 4.32 (dd, J = 

12.1, 2.3 Hz, 1H), 4.28 – 4.22 (m, 1H), 3.10 (dd, J = 18.9, 4.4 Hz, 1H), 2.90 (ddd, J = 18.9, 9.0, 

0.7 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ=198.41, 153.01, 128.65, 128.59, 122.27, 120.88, 

117.37, 81.31, 63.41, 49.45, 31.24; IR (KBr): 2961, 2851, 1716, 1609, 1585, 1541, 1489, 1459, 

1363, 1222, 1042, 756 cm-1; MS (ESI): m/z = 220.1 [M - H]-; HRMS (ESI) calcd for C11H10NO4
- 

[M - H]-: 220.0610, found: 220.0617. 

2-(3-Nitrochroman-4-yl)propanal (4c). Colorless oil. Dr = 71:29, signals corresponding to the 

major diastereoisomer: 1H NMR (400 MHz, CDCl3): δ=9.77 (d, J = 1.0 Hz, 1H), 7.23 – 6.85 (m, 

4H), 4.90 (dd, J = 8.1, 4.6 Hz, 1H), 4.72 (ddd, J = 12.4, 4.8, 1.3 Hz, 1H), 4.42 (dd, J = 12.4, 3.5 

Hz, 1H), 4.13 (t, J = 5.5 Hz, 1H), 2.85 – 2.75 (m, 1H), 1.18 (d, J = 7.3 Hz, 3H); 13C NMR (100 

MHz, CDCl3): δ=202.43, 154.06, 129.60, 128.78, 121.81, 118.45, 117.47, 80.80, 64.01, 49.96, 

37.88, 11.25; signals corresponding to the minor diastereoisomer: 1H NMR (400 MHz, CDCl3): 

δ=9.79 (d, J = 0.8 Hz, 1H), 7.23 – 6.85 (m, 4H), 4.77 (dd, J = 8.1, 4.6 Hz, 1H), 4.73 (ddd, J = 

12.4, 4.8, 1.3 Hz, 1H), 4.55 (dd, J = 12.4, 3.5 Hz, 1H), 4.28 (t, J = 5.5 Hz, 1H), 3.11 – 2.97 (m, 
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1H), 1.16 (d, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ=201.86, 153.50, 129.02, 128.38, 

122.38, 119.46, 117.62, 80.39, 64.91, 50.57, 36.17, 10.12; IR (KBr): 2923, 2852, 1718, 1609, 

1585, 1551, 1490, 1458, 1361, 1225, 1121, 1043, 858, 757 cm-1; MS (ESI): m/z = 234.1 [M - H]-; 

HRMS (ESI) calcd for C12H12NO4
- [M - H]-: 234.0766, found: 234.0769. 

2-(3-Nitrochroman-4-yl)butanal (4d). Colorless oil. Dr = 60:40, signals corresponding to the 

major diastereoisomer: 1H NMR (400 MHz, CDCl3): δ=9.73 (d, J = 2.1 Hz, 1H), 7.24 – 6.82 (m, 

4H), 4.86 (q, J = 3.7 Hz, 1H), 4.74 (ddd, J = 10.4, 4.1, 1.6 Hz, 1H), 4.36 (dd, J = 12.6, 3.5 Hz, 

1H), 4.06 (dd, J = 7.3, 3.4 Hz, 1H), 2.66 (dddd, J = 9.0, 7.3, 4.9, 2.1 Hz, 1H), 1.64 -1.49 (m, 2H), 

1.00 (t, J = 7.5 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ=203.28, 153.41, 128.09, 128.63, 121.77, 

118.63, 117.52, 80.54, 63.77, 56.91, 37.06, 19.97, 11.92; signals corresponding to the minor 

diastereoisomer: 1H NMR (400 MHz, CDCl3): δ 9.75 (d, J = 2.3 Hz, 1H), 7.24 – 6.82 (m, 4H), 

4.80 (q, J = 3.4 Hz, 1H), 4.77 (ddd, J = 12.4, 4.8, 1.3 Hz, 1H), 4.32 (dd, J = 12.3, 3.2 Hz, 1H), 

4.20 (dd, J = 7.3, 3.4 Hz, 1H), 2.76 (dddd, J = 9.0, 7.3, 4.9, 2.1 Hz, 1H), 1.91 -1.74 (m, 2H), 0.97 

(t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ 202.25, 153.80, 129.59, 128.90, 122.25, 

119.17, 117.59, 80.54, 64.45, 57.50, 36.53, 19.52, 12.32; IR (KBr): 2965, 1717, 1609, 1585, 

1556, 1491, 1462, 1388, 1361, 1232, 1122, 1044, 857, 758 cm-1; MS (ESI): m/z = 248.1 [M - H]-; 

HRMS (ESI) calcd for C13H14NO4
- [M - H]-: 248.0923, found: 248.0929. 

trans-1-(3-Nitrochroman-4-yl)cyclopentanecarbaldehyde (4e). White solid, Mp 95.1-96.7 C. 
1H NMR (400 MHz, CDCl3): δ=9.39 (s, 1 H), 7.25 – 7.16 (m, 2 H), 7.06 – 6.92 (m, 1 H), 6.88 (d, 

J = 8.5, 1 H), 4.85 (dt, J = 4.2, 2.7, 1 H), 4.81 – 4.71 (m, 1 H), 4.32 (dd, J = 13.3, 4.3, 1 H), 3.96 

(s, 1 H), 2.25 (t, J = 7.9, 1 H), 2.11 (dd, J = 12.7, 7.4, 1 H), 1.86 – 1.34 (m, 6 H); 13C NMR (100 

MHz, CDCl3): δ=203.75, 153.75, 130.24, 129.55, 121.70, 117.67, 117.37, 81.26, 63.83, 61.58, 

43.79, 32.45, 30.86, 24.28, 23.76; IR (KBr): 2923, 2853, 1718, 1608, 1584, 1553, 1489, 1457, 

1392, 1361, 1228, 1122, 1044, 756 cm-1; MS (ESI): m/z = 274.1 [M - H]-; HRMS (ESI) calcd for 

C15H16NO4
- [M - H]-: 274.1079, found: 274.1081. 

2-(3-Nitrochroman-4-yl)cyclopentanone (4f). Brown oil. Dr = 84:16, signals corresponding to 

the major diastereoisomer: 1H NMR (400 MHz, CDCl3): δ=7.24 – 6.81 (m, 3H), 6.96 (dd, J = 7.8, 

1.6 Hz, 1H), 5.34 (q, J = 3.7 Hz, 1H), 4.89 (ddd, J = 12.8, 3.3, 1.8 Hz, 1H), 4.43 (dd, J = 12.8, 

3.1 Hz, 1H), 4.13 - 4.04 (m, 1H), 2.48 – 2.37 (m, 1H), 2.34 – 2.25 (m, 1H), 2.24 – 2.12 (m, 1H), 

2.09 – 1.98 (m, 2H), 1.84 – 1.62 (m, 2H); 13C NMR (100 MHz, CDCl3): δ=218.30, 153.27, 

129.62, 129.10, 121.73, 119.41, 117.44, 81.07, 63.62, 53.15, 38.87, 37.73, 27.97, 20.51; signals 

corresponding to the minor diastereoisomer: 1H NMR (400 MHz, CDCl3): δ=7.24 – 6.81 (m, 3H), 

7.00 (dd, J = 7.5, 1.2 Hz, 1H). 4.72 – 4.67 (m, 1H), 4.61 (ddd, J = 11.7, 5.3, 1.1 Hz, 1H), 4.32 

(dd, J = 11.8, 3.0 Hz, 1H), 4.27 (t, J = 4.5 Hz, 1H), 2.82 – 2.74 (m, 1H), 2.34 – 2.25 (m, 1H), 

2.24 – 2.12 (m, 1H), 2.09 – 1.98 (m, 2H), 1.84 – 1.62 (m, 2H); 13C NMR (100 MHz, CDCl3): 

δ=216.72, 154.03, 128.56, 128.17, 122.50, 121.14, 117.63, 81.07, 65.68, 54.76, 38.03, 35.48, 

26.08, 20.59; IR (KBr): 2923, 2853, 1734, 1583, 1544, 1460, 1362, 1223, 756 cm-1; MS (ESI): 

m/z = 260.1 [M - H]-; HRMS (ESI) calcd for C14H14NO4
- [M - H]-: 260.0923, found: 260.0927. 

2-(3-Nitrochroman-4-yl)cyclohexanone (4g). White solid, Mp 92.6-93.8 C. Dr = 57:43, 

signals corresponding to the major diastereoisomer: 1H NMR (400 MHz, CDCl3): δ=7.21 – 6.83 
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(m, 4H), 4.99 (q, J = 3.6 Hz, 1H), 4.80 (ddd, J = 12.6, 3.6, 1.5 Hz, 1H), 4.41 (dd, J = 12.6, 3.5 Hz, 

1H), 4.10 (dd, J = 8.7, 3.7 Hz, 1H), 3.04 – 2.47 (m, 2H), 2.38 (dtd, J = 21.7, 13.2, 5.8 Hz, 1H), 

2.13 (tdd, J = 12.5, 5.9, 2.9 Hz, 1H), 2.03 – 1.87 (m, 2H), 1.81 – 1.31 (m, 3H); 13C NMR (100 

MHz, CDCl3): δ=211.14, 154.79, 130.83, 128.89, 122.61, 121.35, 117.34, 81.30, 63.79, 54.18, 

42.89, 37.26, 32.27, 28.15, 25.33; signals corresponding to the minor diastereoisomer: 1H NMR 

(400 MHz, CDCl3): δ=7.21 – 6.83 (m, 4H), 4.89 (dd, J = 5.3 3.3 Hz, 1H), 4.70 (ddd, J = 12.3, 

3.6, 1.4 Hz, 1H), 4.35 (s, 1H), 4.14 (dd, J = 12.4, 3.1 Hz, 1H), 3.04 – 2.47 (m, 2H), 2.38 (dtd, J = 

21.7, 13.2, 5.8 Hz, 1H), 2.13 (tdd, J = 12.5, 5.9, 2.9 Hz, 1H), 2.03 – 1.87 (m, 2H), 1.81 – 1.31 (m, 

3H); 13C NMR (100 MHz, CDCl3): δ=210.59, 153.44, 128.10, 128.33, 121.03, 119.28, 117.64, 

81.91, 66.42, 55.45, 42.30, 34.38, 29.49, 27.57, 25.72; IR (KBr): 2925, 2855, 1703, 1584, 1549, 

1489, 1451, 1358, 1309, 1224, 1124, 757 cm-1; MS (ESI): m/z = 274.1 [M - H]-; HRMS (ESI) 

calcd for C15H16NO4
- [M - H]-: 274.1079, found: 274.1084. 

trans-1-(3-Nitrochroman-4-yl)propan-2-one (4h). Colorless oil. 1H NMR (400 MHz, CDCl3): 

δ=7.19 – 7.12 (m, 1H), 7.10 (d, J = 7.7 Hz, 1H), 6.96 (td, J = 7.6, 1.2 Hz, 1H), 6.85 (dd, J = 8.2, 

1.1 Hz, 1H), 4.85 (dd, J = 6.1, 3.5 Hz, 1H), 4.77 (ddd, J = 12.3, 3.9, 1.6 Hz, 1H), 4.29 (dd, J = 

12.3, 2.4 Hz, 1H), 4.20 – 4.12 (m, 1H), 3.02 (dd, J = 18.5, 4.2 Hz, 1H), 2.81 (dd, J = 18.5, 9.3 Hz, 

1H), 2.21 (s, 3H); 13C NMR (100 MHz, CDCl3): δ=205.13, 153.00, 128.63, 128.44, 122.14, 

121.47, 117.26, 81.38, 63.37, 49.18, 32.29, 30.27; IR (KBr): 2921, 2851, 1716, 1609, 1585, 1542, 

1489, 1459, 1361, 1222, 1041, 756 cm-1; MS (ESI): m/z = 234.1 [M - H]-; HRMS (ESI) calcd for 

C12H12NO4
- [M - H]-: 234.0766, found: 234.0769. 

trans-2-(3-Nitrochroman-4-yl)-1-phenylethanone (4i). White solid, Mp 86.4-88.2 C. 1H NMR 

(400 MHz, CDCl3): δ=7.96 (dd, J = 8.3, 1.2 Hz, 2H), 7.68 – 7.57 (m, 1H), 7.49 (dd, J = 10.7, 4.7 

Hz, 2H), 7.22 – 7.13 (m, 2H), 7.01 – 6.93 (m, 1H), 6.88 (dd, J = 8.6, 1.0 Hz, 1H), 4.96 (dd, J = 

6.0, 2.7 Hz, 1H), 4.84 (ddd, J = 12.4, 3.6, 1.6 Hz, 1H), 4.39 (d, J = 10.3 Hz, 1H), 4.35 (dd, J = 

12.4, 2.4 Hz, 1H), 3.59 (dd, J = 18.4, 3.8 Hz, 1H), 3.33 (dd, J = 18.4, 10.1 Hz, 1H); 13C NMR 

(100 MHz, CDCl3): δ=196.69, 153.32, 136.25, 134.11, 129.09, 129.06, 128.65, 128.27, 122.37, 

121.92, 117.49, 81.66, 63.52, 44.90, 32.60; IR (KBr): 2921, 2851, 1678, 1583, 1549, 1489, 1448, 

1355, 1222, 1103, 754, 689 cm-1; MS (ESI): m/z = 296.1 [M - H]-; HRMS (ESI) calcd for 

C17H14NO4
- [M - H]-: 296.0923, found: 296.0913. 

1-Methoxy-1-(3-nitrochroman-4-yl)propan-2-one (4j). Brown oil. Dr = 55:45, signals 

corresponding to the major diastereoisomer: 1H NMR (400 MHz, CDCl3): δ=7.23 – 6.84 (m, 4H), 

4.92 (dd, J = 6.3, 3.7 Hz, 1H), 4.77 (ddd, J = 11.7, 3.3, 1.6 Hz, 1H), 4.34 (dd, J = 12.5, 3.0 Hz, 

1H), 4.16 – 4.13 (m, 1H), 3.91 (d, J = 6.1 Hz, 1H), 3.38 (s, 3H). 2.37 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ=209.51, 153.56, 129.10, 128.87, 121.67, 117.55, 117.47, 88.20, 79.52, 64.11, 

59.76, 38.97, 27.98; signals corresponding to the minor diastereoisomer: 1H NMR (400 MHz, 

CDCl3): δ=7.23 – 6.84 (m, 4H), 4.86 (dd, J = 5.5, 2.8 Hz, 1H), 4.80 (ddd, J = 11.3, 3.4, 1.8 Hz, 

1H), 4.46 (dd, J = 12.2, 2.7 Hz, 1H), 4.16 – 4.13 (m, 1H), 4.07 (d, J = 4.1 Hz, 1H), 3.27 (s, 3H). 

2.29 (s, 3H); 13C NMR (100 MHz, CDCl3): δ=207.86, 154.05, 129.73, 128.49, 121.96, 118.21, 

116.73, 89.07, 79.27, 66.91, 59.16, 37.99, 27.47; IR (KBr): 2921, 2851, 1717, 1542, 1508, 1458, 
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1362, 1100, 753 cm-1; MS (ESI): m/z = 264.1 [M - H]-; HRMS (ESI) calcd for C13H14NO5
- [M - 

H]-: 264.0872, found: 264.0877. 

1-Hydroxy-1-(3-nitrochroman-4-yl)propan-2-one (4k). Pale yellow oil. Dr = 60:40, signals 

corresponding to the major diastereoisomer: 1H NMR (400 MHz, CDCl3): δ=7.25 – 6.87 (m, 

4H), 4.82 (ddd, J = 12.3, 2.9, 1.6 Hz, 1H), 4.67 (t, J = 2.9 Hz, 1H), 4.57 (dd, J = 5.1, 2.8 Hz, 

1H). 4.47 (dd, J = 12.3, 2.8 Hz, 1H), 4.16 (s, 1H), 3.50 (s, 1H). 2.37 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ=207.98, 154.28, 128.99, 128.27, 122.25, 117.77, 117.67, 79.81, 79.20, 64.99, 

39.07, 26.43; signals corresponding to the minor diastereoisomer: 1H NMR (400 MHz, CDCl3): 

δ=7.25 – 6.87 (m, 4H), 4.93 (dd, J = 6.4, 3.0 Hz, 1H), 4.77 (ddd, J = 12.3, 3.7, 1.6 Hz, 1H), 4.52 

(dd, J = 12.4, 2.8 Hz, 1H), 4.51 (t, J = 2.9 Hz, 1H), 4.29 (s, 1H), 3.51 (s, 1H), 2.26 (s, 3H); 13C 

NMR (100 MHz, CDCl3): δ=207.38, 154.17, 129.34, 128.46, 121.82, 117.86, 115.66, 80.98, 

79.28, 64.35, 40.05, 26.76; IR (KBr): 3448, 2925, 2853, 1716, 1609, 1586, 1552, 1491, 1461, 

1225, 1103, 1041, 758 cm-1; MS (ESI): m/z = 250.0 [M - H]-; HRMS (ESI) calcd for C12H12NO5
- 

[M - H]-: 250.0715, found: 250.0720. 

 

Reduction of trans-2-(3-nitrochroman-4-yl)-2-methylpropanal (3a) with zinc/AcOH13 

To a solution of the 3a (62 mg, 0.25 mmol) in MeOH/AcOH (V/V = 1/1, 5 mL) at 0 C was 

added zinc powder (400 mg, 6.25 mmol) in small portions over a period of 5 min. The reaction 

mixture was stirred for 2 h at room temperature and was then filtered. The filtrate was adjusted to 

pH 12 with aqueous NaOH (4 M). The aqueous layer was extracted with EtOAc (20 mL  3). 

The combined organic layer was dried over anhydrous Na2SO4. After the solvent was evaporated 

under vacuum, the residue was purified by flash column chromatography over silica gel 

(CH2Cl2/MeOH = 20/1) to provide cis-1,1-dimethyl-1,2,3,3a,4,9b-hexahydrochromeno[3,4-

b]pyrrole (5) as a colorless oil. 1H NMR (400 MHz, MeOD): δ=7.24 (d, J = 7.7 Hz, 1H), 7.08 

(dd, J = 7.5, 4.6 Hz, 1H), 6.85 (dd, J = 7.5, 1.1 Hz, 1H), 6.75 (d, J = 8.2 Hz, 1H), 4.48 (dd, J = 

9.4, 4.1 Hz, 1H), 4.10 (dd, J = 10.8, 9.5 Hz, 1H), 3.50 (td, J = 11.6, 3.7 Hz, 1H), 3.30 (dd, J = 1.6, 

3.2 Hz, 1H), 3.10 (d, J = 11.2 Hz, 1H), 3.02 (d, J = 11.2 Hz, 1H), 2.71 (d, J = 11.6 Hz, 1H), 1.47 

(s, 3H), 1.07 (s, 3H); 13C NMR (100 MHz, MeOD): δ=155.69, 128.91, 127.27, 123.35, 121.24, 

117.49, 70.96, 62.52, 58.12, 51.87, 40.68, 28.78, 22.52; IR (KBr): 3444, 2961, 2929, 2878, 1609, 

1486, 1452, 1230, 1160, 1074, 953, 860, 754 cm-1; MS (ESI): m/z = 204.1 [M + H]-; HRMS 

(ESI) calcd for C13H18NO+ [M + H]+: 204.1388, found: 204.1378. 
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