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1. General information:        

All reagents, chiral catalysts I, IV and V were purchased from Sigma Aldrich and the other 

chiral catalysts such as II, III and VI were prepared according to the reported procedures.1,2,3 

Solvents were purified according to standard procedures. Reactions were carried out and 

monitored by TLC analysis. For column chromatography, silica gel (60 − 120 mesh size) were 

used. 1H NMR spectra were recorded on 400 MHz and 600 MHz spectrometer.13C NMR spectra 

were recorded on 150 MHz. For 1H and 13C, CDCl3 is used as reference NMR solvent. Chemical 

shifts and coupling constants were reported in parts per million (ppm) and Hertz (Hz) 

respectively. Multiplicity was indicated as follows: s (singlet), d (doublet), t (triplet), q (quartet), 

m (multiplet), dd (doublet of doublet), brs (broad singlet), dt (doublet of triplet). HRMS mass 

spectra were taken from mass spectrometer using +ESI mode. Enantiomeric ratios were 

determined by HPLC using stationary phase chiral column through the help of Dionex (Ultimate 

3000) instrument.  

2. General Procedure for the synthesis of various o-hydroxybenzyl alcohols (1): 

Various kinds of o-hydroxybenzyl alcohols 1 were prepared based on literature procedure.4,5a 
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First, a super dried 2-neck round-bottomed flask equipped with a stirbar was taken. It’s one neck 

was closed with rubber septum and the other neck was fitted with a 2-way adapter (one side was 

linked with a argon balloon and other side was connected with a high vacuum pump). Then 

argon flash was done for 2-3 times. Thereafter a magnet and magnesium turnings (16 mmol) 

were charged under the stream of argon. Next, the flask was made vacuum and continued heating 

using heatgun for about 15 minutes. After heating, the whole flask was cooled under argon 
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environment. Then 5 to 8 crystal of iodine was added through the septum quickly under the 

argon flow. Again the flask was made vacuum and argon flash. Thereafter, dry THF (5.3 ml) was 

added with the help of a dry syringe and the whole set up was placed in ice bath (0oC). Aryl 

halide (16 mmol) was then added dropwise throughout 30 minutes. Finally, after completion of 

aryl bromide addition the reaction set up was shifted to room temperature and continued stirring 

for 3 hours. Reaction mixture was then turned to viscous and gray color, that indicated the 

formation of the Grignard reagent. 

A separate dried 2 neck round-bottomed flask equipped with a stirbar was made vacuum and 

argon flashed. Then corresponding salicyldehyde (4 mmol, 1 equiv) and dry THF (4.4 ml) were 

added. Next, the whole set up was placed in an ice bath and consequently in situ prepared 

Grignard reagent (2.93 ml, 3M, 2.2 equiv) was added dropwise under argon. Finally the reaction 

set up was shifted at room temperature and continued stirring for overnight. Progress of the 

reaction was monitored by TLC analysis. Reaction mixture was quenched by using saturated 

NH4Cl solution (15 ml). Work up was done by using diethyl ether and washed with brine 

solution. Organic layers were concentrated and purified by column chromatography using 

(Hexane / EtOAc) as solvent system to afford the corresponding desired o-hydroxybenzyl 

alcohol 1. 

This compound was prepared according to the general procedure 2. 

Here, coupling of 2-hydroxy benzaldehyde (488 mg, 4 mmol) with insitu 

prepared 4-methoxy phenyl magnesium bromide was employed. The 

crude product was purified by column chromatography using 10% 

(Hexane / EtOAc) solvent system to get 435 mg (yield: 47%) of the 

desired compound 1a as a pale orange sticky solid. 

 

 

This compound was prepared according to the general procedure 2. 

Here, coupling of 5-bromo-2-hydroxy benzaldehyde (804 mg, 4 mmol) 

with insitu prepared 4-methoxy phenyl magnesium bromide was 

employed. The crude product was purified by column chromatography 

using 10% (Hexane / EtOAc) solvent system to get 523 mg (yield: 42%) 

of the desired compound 1b as a colorless sticky solid. 
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This compound was prepared according to the general procedure 2. Here, 

coupling of 3,5-dichloro-2-hydroxy benzaldehyde (764 mg, 4 mmol) with 

insitu prepared 4-methoxy phenyl magnesium bromide was employed. 

The crude product was purified by column chromatography using 10% 

(Hexane / EtOAc) solvent system to get 756 mg (yield: 63%) of the 

desired compound 1c as an orange sticky solid. 

 

This compound was prepared according to the general procedure 2. Here, 

coupling of 3,5-dibromo-2-hydroxy benzaldehyde (1120 mg, 4 mmol) 

with insitu prepared 4-methoxy phenyl magnesium bromide was 

employed. The crude product was purified by column chromatography 

using 10% (Hexane / EtOAc) solvent system to get 1160 mg (yield: 75%) 

of the desired compound 1d as a white solid. 

 

This compound was prepared according to the general procedure 2. Here, 

coupling of 2-hydroxy benzaldehyde (488 mg, 4 mmol) with insitu 

prepared phenyl magnesium bromide was employed. The crude product 

was purified by column chromatography using 8% (Hexane / EtOAc) 

solvent system to get 642 mg (yield: 80%) of the desired compound 1e as 

a colorless sticky liquid. 

 

This compound was prepared according to the general procedure 2. Here, 

coupling of 2-hydroxy benzaldehyde (488 mg, 4 mmol) with insitu 

prepared 3-methoxy phenyl magnesium iodide was employed. The crude 

product was purified by column chromatography using 10% (Hexane/ 

EtOAc) solvent system to get 150 mg (yield: 16%) of the desired 

compound 1f as an orange sticky liquid.  

 

Synthesis of 2-(1-hydroxy-3-phenylprop-2-yn-1-yl) phenol: 

2-(1-hydroxy-3-phenylprop-2-yn-1-yl) phenol was prepared based on literature procedure.5b 
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Phenyl acetylene (460 mg, 4.5 mmol) was added in 2.5 ml dry THF. Then the solution was 

cooled to -78 oC. At that temperature n-BuLi (1.8 ml, 2.5 M in THF) was added dropwise. 

Resultant reaction mixture was shifted to -40 oC for 4 hours and again thereafter cooled to -78 

oC. Then 2-hydroxy benzaldehyde (250 mg, 2.05 mmol) was added dropwise to the reaction 

mixture and continued stirring for 12 hours. After completion of the reaction, reaction mixture 

was quenched by saturated NH4Cl. Finally, work up was done by DCM. The crude product was 

purified by column chromatography using 15% (Hexane/ EtOAc) solvent system to get 279 mg 

(yield: 61%) of the desired compound 1g as white solid.  

3. Stepwise procedure for the synthesis of various enecarbamates (2): 

(A).Preparation of substituted cinnamic acids (6) 

CHO

R1
+

HO OH

O O
OH

O

R1

N

DMF , 90 oC

5 hrs

ref (6)

4 5 6

 

To a solution of the corresponding substituted benzaldehyde 4 (3 mmol) and malonic acid 5 (9 

mmol) in DMF (1.8 ml) was added pyridine (3 mmol) and stirred for 5 hrs at 90oC. After adding 

water (4 ml), the reaction mixture was acidified (pH 1) with concentrated HCl and it was cooled 

to 0 oC. Resulting precipitate was filtered and washed with cold water for 2 to 3 times. Finally, 

crude solid product 6 was dried under vacuum pump for 3-4 hours. Thereafter substituted 

cinnamic acids (6b to 6o), (Solid, white in color) were used directly without further purification 

for the preparation of substituted 3-phenyl-acryloyl azides 7. 
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             Yield (452 mg, 93 %)                    Yield (458 mg, 80 %)                       Yield (580 mg, 95 %)  
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              Yield (473 mg, 95 %)                      Yield (521 mg, 95 %)                       Yield (573 mg, 84 %) 

OH

O

OH

O

Cl

OH

O

Br6h 6i

6j

 

             Yield (460 mg, 95 %)                      Yield (495 mg, 90 %)                       Yield (660 mg, 97 %) 
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                  Yield (413 mg, 85 %)                   Yield (468 mg, 94 %)                    Yield (520 mg, 95 %) 

OH

O

Br

OH
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6n
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                                             Yield (656 mg, 96 %)                  Yield (380 mg, 72 %)  

(B). Preparation of substituted 3-phenyl-acryloyl azides (7) from cinnamic acids (6) 

 

OH

O

R1

6

DPPA, Et3N

toluene, rt

overnight

N3

O

R1

7

ref (7)  

To the solution of corresponding cinnamic acid 6 (2 mmol) in toluene (13.3 ml), was added Et3N 

(10 mmol) and diphenylphosphoryl azide (DPPA, 8 mmol) under argon balloon. Then the 

reaction mixture was stirred for overnight at room temperature. Progress of the reaction was 

monitored by TLC. Then work up was done by using DCM solvent and washed with brine 

solution. Organic layer was dried over Na2SO4 and concentrated in vacuo. Finally the crude 
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acryloyl azides (7a to 7o) were purified by column chromatography using 2% (Hexane / EtOAc). 

Thereafter substituted 3-phenyl-acryloyl azides (7a to 7o), (Solid, white in color) were used 

directly for the preparation of various enecarbamates 2 without any characterization.  

N3

O
N3

O

7b
7c

N3

O

7a  

         Yield (277 mg, 80 %)                Yield (220 mg, 59 %)             Yield (332 mg, 77 %) 

 

 

                     Yield (360 mg, 79 %)                 Yield (311 mg, 81 %)                 Yield (333 mg, 80 %) 
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O
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O
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O
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                    Yield (452 mg, 90 %)                 Yield (312 mg, 83 %)                      Yield (342 mg, 82 %)  

N3

O
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N3

O

F
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                      Yield (430 mg, 85 %)            Yield (183 mg, 49 %)                     Yield (335 mg, 88 %) 

N3

O

Cl 7m

N3

O

Br

N3

O

7n 7o

 

              Yield (375 mg, 90 %)               Yield (312 mg, 62 %)                 Yield (335 mg, 83 %) 

(C).Preparation of enecarbamates (2) from substituted 3-phenyl-acryloyl azides (7) & 

characterization data for the enecarbamates (2) 
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A solution of corresponding acryloyl azide 7 (1 mmol) in toluene (3 ml) was added dropwise to a 

stirred mixture of hydroquinone (0.05 mmol), pyridine (0.06 mmol) and corresponding alcohol 

or thiol (1.2 mmol) at 100 oC. The mixture was then stirred for 30 minutes under reflux condition 

and the toluene was removed by rotary evaporation. Finally the crude product was purified by 

doing column chromatography using (Hexane / EtOAc) as solvent system to afford the desired 

enecarbamates 2. 

Benzyl styrylcarbamate (2a) 

The procedure 3 (C) was followed for the reaction of 7a (173 mg, 1 

mmol) to enecarbamate 2a. The crude product was purified by column 

chromatography using 3% (Hexane / EtOAc) solvent system to get 225 

mg (yield: 89%) of the desired compound 2a as a white solid. 1H NMR 

(600 MHz, CDCl3): δ 7.39 - 7.36 (m, 5H), 7.29 - 7.28 (m, 5H), 7.17 (d, 

J = 2.8 Hz, 1H), 6.77 (brs, 1H), 5.98 (d, J = 14.5 Hz, 1H), 5.20 (s, 2H); 

13C NMR (100 MHz, CDCl3): δ 153.8, 136.4, 136.0, 128.8, 128.8, 128.6, 128.5, 126.5, 125.5, 

124.1, 111.2, 67.6. 

Benzyl 4-methylstyrylcarbamate (2b) 

The procedure 3 (C) was followed for the reaction of 7b (187 mg, 1 

mmol) to enecarbamate 2b. The crude product was purified by column 

chromatography using 4% (Hexane / EtOAc) solvent system to get 187 

mg (yield: 70%) of the desired compound 2b as a white solid.  1H NMR 

(600 MHz, CDCl3): δ 7.38 (d, J = 4.2 Hz, 4H), 7.35 (dd, J = 8.3, 3.9 

Hz, 1H), 7.18 (d, J = 7.7 Hz, 3H), 7.09 (d, J = 7.9 Hz, 2H), 6.61 (brs, 1H), 5.94 (d, J = 14.6 Hz, 

1H), 5.19 (s, 2H), 2.32 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 153.8, 136.2, 136.0, 133.5, 

129.5, 128.7, 128.5, 128.4, 125.4, 123.3, 111.2, 67.5, 21.2. 

Benzyl 4-isopropylstyrylcarbamate (2c) 

The procedure 3 (C) was followed for the reaction of 7c (215 mg, 1 

mmol) to enecarbamate 2c. The crude product was purified by column 

NHCbz2a  

NHCbz2b

 

NHCbz2c
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chromatography using 3% (Hexane / EtOAc) solvent system to get 248 mg (yield: 84%) of the 

desired compound 2c as a white solid. 1H NMR (600 MHz, CDCl3): δ 7.39 (d, J = 4.1 Hz, 4H), 

7.35 (d, J = 5.0 Hz, 2H), 7.23 (d, J = 7.2 Hz, 2H), 7.16 (d, J = 8.1 Hz, 2H), 6.78 (brs, 1H), 5.97 

(d, J = 14.5 Hz, 1H), 5.20 (s, 2H), 2.90 – 2.87 (m, 1H), 1.26 (d, J = 6.9 Hz, 6H); 13C NMR (100 

MHz, CDCl3): δ 153.9, 147.2, 136.0, 133.9, 128.7, 128.5, 128.3, 126.8, 125.4, 123.4, 111.2, 

67.4, 33.8, 24.1.  

Benzyl 4-tert-butylstyrylcarbamate (2d) 

The procedure 3 (C) was followed for the reaction of 7d (229 mg, 1 

mmol) to enecarbamate 2d. The crude product was purified by column 

chromatography using 2.5% (Hexane / EtOAc) solvent system to get 

270 mg (yield: 87%) of the desired compound 2d as a white solid. 1H 

NMR (600 MHz, CDCl3): δ 7.39 (d, J = 4.1 Hz, 4H), 7.35 (dd, J = 

8.4, 4.0 Hz, 1H), 7.31 (d, J = 8.3 Hz, 2H), 7.23 (d, J = 8.5 Hz, 3H), 6.63 (brs, 1H), 5.96 (d, J = 

14.6 Hz, 1H), 5.19 (s, 2H), 1.31 (s, 9H); 13C NMR (100 MHz, CDCl3): δ 153.9, 149.4, 136.0, 

133.5, 128.7, 128.5, 128.4, 125.7, 125.2, 123.5, 111.1, 67.4, 34.6, 31.4. 

Benzyl 4-fluorostyrylcarbamate (2e) 

The procedure 3 (C) was followed for the reaction of 7e (191 mg, 1 

mmol) to enecarbamate 2e. The crude product was purified by column 

chromatography using 4% (Hexane / EtOAc) solvent system to get 188 

mg (yield: 69%) of the desired compound 2e as a white solid. 1H 

NMR (600 MHz, CDCl3): δ 7.38 (d, J = 3.9 Hz, 4H), 7.22 (t, 2H), 

7.16 (dd, J = 14.0, 11.6 Hz, 1H), 6.97 (t, J = 8.7 Hz, 3H), 6.74 (brs, 1H), 5.94 (d, J = 14.6 Hz, 

1H), 5.19 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 162.8, 160.4, 153.9, 135.9, 132.4, 128.7, 

128.5, 128.4, 126.8, 126.7, 123.9, 115.7, 115.5, 110.1, 67.5.   

Benzyl 4-chlorostyrylcarbamate (2f) 

The procedure 3 (C) was followed for the reaction of 7f (208 mg, 1 

mmol) to enecarbamate 2f. The crude product was purified by column 

chromatography using 3.5% (Hexane / EtOAc) solvent system to get 

192 mg (yield: 67%) of the desired compound 2f as a white solid. 1H 

NMR (600 MHz, CDCl3): δ 7.40 – 7.34 (m, 5H), 7.23 (d, J = 8.5 Hz, 

NHCbz2d

 

NHCbz

F

2e
 

NHCbz

Cl

2f
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3H), 7.19 (d, J = 8.2 Hz, 2H), 6.73 (brs, 1H), 5.92 (d, J = 14.5 Hz, 1H), 5.19 (s, 2H); 13C NMR 

(100 MHz, CDCl3): δ 153.7, 135.9, 134.9, 131.9, 128.9, 128.8, 128.7, 128.5, 126.6, 124.7, 

109.9, 67.7. 

Benzyl 4-bromostyrylcarbamate (2g) 

The procedure 3 (C) was followed for the reaction of 7g (252 mg, 1 

mmol) to enecarbamate 2g. The crude product was purified by column 

chromatography using 4% (Hexane / EtOAc) solvent system to get 206 

mg (yield: 62%) of the desired compound 2g as a white solid. 1H NMR 

(600 MHz, CDCl3): δ 7.38 (d, J = 8.1 Hz, 6H), 7.22 (d, J = 13.3 Hz, 

1H), 7.13 (d, J = 7.8 Hz, 3H), 6.67 (d, J = 10.9 Hz, 1H), 5.90 (d, J = 14.5 Hz, 1H), 5.19 (s, 2H); 

13C NMR (75 MHz, CDCl3): δ 153.7, 135.8, 135.4, 131.8, 128.8, 128.6, 128.5, 126.9, 124.7, 

119.9, 109.9, 67.7. 

Benzyl 3-methylstyrylcarbamate (2h) 

The procedure 3 (C) was followed for the reaction of 7h (187 mg, 1 

mmol) to enecarbamate 2h. The crude product was purified by column 

chromatography using 4% (Hexane / EtOAc) solvent system to get 228 

mg (yield: 85%) of the desired compound 2h as a white solid. 1H NMR 

(600 MHz, CDCl3): δ 7.36 – 7.30 (m, 5H), 7.21 (t, J = 12.7 Hz, 1H), 

7.13 (t, J = 7.6 Hz, 1H), 7.08 (s, 1H), 7.05 (d, J = 7.4 Hz, 1H), 6.95 (d, J = 7.4 Hz, 1H), 6.71 (d, 

J = 10.8 Hz, 1H), 5.90 (d, J = 14.5 Hz, 1H), 5.15 (s, 2H), 2.28 (s, 3H); 13C NMR (100 MHz, 

CDCl3): δ 153.8, 138.2, 136.2, 136.0, 128.7, 128.6, 128.5, 128.3, 127.3, 126.1, 123.9, 122.6, 

111.3, 67.5, 21.5. 

Benzyl 3-chlorostyrylcarbamate (2i) 

The procedure 3 (C) was followed for the reaction of 7i (208 mg, 1 

mmol) to enecarbamate 2i. The crude product was purified by column 

chromatography using 4% (Hexane / EtOAc) solvent system to get 187 

mg (yield: 65%) of the desired compound 2i as a white solid. 1H NMR 

(600 MHz, CDCl3): δ 7.38 – 7.33 (m, 5H), 7.23 (d, J = 5.5 Hz, 2H), 

7.17 (t, J = 7.8 Hz, 1H), 7.11 (t, J = 9.3 Hz, 2H), 6.81 (d, J = 8.5 Hz, 1H), 5.88 (d, J = 14.5 Hz, 

1H), 5.18 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 153.7, 138.3, 135.8, 134.6, 130.0, 128.8, 

128.6, 128.4, 126.3, 125.4, 125.3, 123.4, 109.8, 67.7. 

NHCbz

Br

2g

 

NHCbz2h
 

NHCbz

Cl

2i
 



 S11  
 

Benzyl 3-bromostyrylcarbamate (2j) 

The procedure 3 (C) was followed for the reaction of 7j (252 mg, 1 

mmol) to enecarbamate 2j. The crude product was purified by column 

chromatography using 3.5% (Hexane / EtOAc) solvent system to get 294 

mg, (yield: 89%) of the desired compound 2j as a white solid. 1H NMR 

(600 MHz, CDCl3): δ 7.41 (s, 1H), 7.38 (brs, 5H), 7.28 (d, J = 7.3 Hz, 

1H), 7.19 (d, J = 7.3 Hz, 1H), 7.12 (t, J = 7.8 Hz, 1H), 6.88 (brs, 1H), 

5.89 (d, J = 14.5 Hz, 1H), 5.20 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 153.7, 138.6, 135.8, 

130.2, 129.2, 128.8, 128.6, 128.4, 128.3, 125.3, 123.8, 122.9, 109.6, 67.7. 

Benzyl 2-methylstyrylcarbamate (2k) 

The procedure 3 (C) was employed for the reaction of 7k (187 mg, 1 

mmol) to enecarbamate 2k. The crude product was purified by column 

chromatography using 3% (Hexane / EtOAc) solvent system to get 212 

mg, (yield: 79%) of the desired compound 2k as a white solid.  1H NMR 

(400 MHz, CDCl3): δ 7.41 – 7.34 (m, 6H), 7.17 – 7.09 (m, J = 17.5, 7.0 

Hz, 4H), 6.70 (brs, 1H), 6.15 (d, J = 14.4 Hz, 1H), 5.20 (s, 2H), 2.29 (s, 3H); 13C NMR (100 

MHz, CDCl3): δ 153.7, 136.0, 135.1, 134.8, 130.5, 128.8, 128.6, 128.5, 126.7, 126.4, 124.9, 

124.8, 109.0, 67.6, 20.2. 

Benzyl 2-fluorostyrylcarbamate (2l) 

The procedure 3 (C) was followed for the reaction of 7l (191 mg, 1 

mmol) to enecarbamate 2l. The crude product was purified by column 

chromatography using 3% (Hexane / EtOAc) solvent system to get 234 

mg (yield: 86%) of the desired compound 2l as a white solid. 1H NMR 

(600 MHz, CDCl3): δ 7.40 – 7.34 (m, 7H), 7.12 (dd, J = 13.2, 5.9 Hz, 

1H), 7.05 (t, J = 7.5 Hz, 1H), 7.01 (dd, J = 10.2, 8.8 Hz, 1H), 6.85 (brs, 1H), 6.09 (d, J = 14.5 

Hz, 1H), 5.20 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 160.9, 158.5, 153.7, 135.9, 128.8, 128.6, 

128.4, 127.6, 127.5, 126.4, 126.4, 126.2, 126.1, 124.3, 124.3, 124.2, 124.1, 115.9, 115.6, 103.7, 

103.7, 67.7. 

Benzyl 2-chlorostyrylcarbamate (2m) 

The procedure 3 (C) was followed for the reaction of 7m (208 mg, 1 

mmol) to enecarbamate 2m. The crude product was purified by column 

chromatography using 2.5% (Hexane / EtOAc) solvent system to get 256 

NHCbz

Br

2j

 

NHCbz
2k

 

NHCbz

F

2l
 

NHCbz

Cl
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mg (yield: 89%) of the desired compound 2m as a white solid. 1H NMR (400 MHz, CDCl3): δ 

7.48 (d, J = 7.6 Hz, 1H), 7.38 (brs, 5H), 7.32 (d, J = 8.0 Hz, 1H), 7.21 (d, J = 5.5 Hz, 1H), 7.18 

(d, J = 7.5 Hz, 1H), 7.10 (t, J = 7.6 Hz, 1H), 6.79 (d, J = 8.6 Hz, 1H), 6.34 (d, J = 14.5 Hz, 1H), 

5.20 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 153.6, 135.9, 134.4, 132.3, 129.9, 128.9, 128.7, 

128.5, 127.6, 127.1, 126.1, 125.8, 107.3, 67.8. 

Benzyl 2-bromostyrylcarbamate (2n) 

The procedure 3 (C) was followed for the reaction of 7n (252 mg, 1 

mmol) to enecarbamate 2n. The crude product was purified by column 

chromatography using 3% (Hexane / EtOAc) solvent system to get 220 

mg (yield: 66%) of the desired compound 2n as a white solid. 1H NMR 

(400 MHz, CDCl3): δ 7.52 (d, J = 8.0 Hz, 1H), 7.47 (d, J = 7.7 Hz, 1H), 

7.38 (brs, 5H), 7.22 (dd, J = 16.1, 9.1 Hz, 2H), 7.03 (t, J = 6.9 Hz, 1H), 6.82 (brs, 1H), 6.32 (d, J 

= 14.5 Hz, 1H), 5.20 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 153.6, 136.2, 135.9, 133.1, 128.8, 

128.7, 128.5, 127.9, 127.8, 126.2, 126.0, 123.0, 109.9, 67.8. 

Benzyl 2,4-dimethylstyrylcarbamate (2o) 

The procedure 3 (C) was followed for the reaction of 7o (201 mg, 1 

mmol) to enecarbamate 2o. The crude product was purified by column 

chromatography using 4% (Hexane / EtOAc) solvent system to get 199 

mg (yield: 71%) of the desired compound 2o as a white solid. 1H NMR 

(400 MHz, CDCl3): δ 7.39 (d, J = 4.1 Hz, 4H), 7.29 (d, J = 7.9 Hz, 1H), 

7.07 (dd, J = 22.1, 10.6 Hz, 2H), 6.97 (s, 1H), 6.95 (s, 1H), 6.63 (d, J = 10.2 Hz, 1H), 6.11 (d, J 

= 14.4 Hz, 1H), 5.19 (s, 2H), 2.29 (s, 3H), 2.25 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 153.7, 

136.4, 136.1, 134.6, 132.2, 131.2, 128.8, 128.6, 128.5, 127.1, 124.9, 124.1, 109.0, 67.6, 21.2, 

20.1. 

S-benzyl N-styrylcarbamothioate (2p) 

The procedure 3 (C) was followed for the reaction of 7p (173 

mg, 1 mmol) to enecarbamate 2p. The crude product was 

purified by column chromatography using 4% (Hexane / 

EtOAc) solvent system to get 227 mg (yield: 84%) of the 

desired compound 2p as a white solid. 1H NMR (600 MHz, 

CDCl3): δ 7.43 (brs, 1H), 7.37 (d, J = 7.3 Hz, 2H), 7.33 (t, J = 

7.5 Hz, 2H), 7.30 (d, J = 4.3 Hz, 4H), 7.27 (s, 1H), 7.19 (dt, J = 8.6, 4.3 Hz, 1H), 7.11 (brs, 1H), 

NHCbz

Br

2n
 

NHCbz
2o

 

H
N S

O
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6.05 (d, J = 14.5 Hz, 1H), 4.25 (s, 2H); 13C NMR (100 MHz, CDCl3): δ 165.2, 138.0, 136.3, 

129.0, 128.7, 127.4, 126.6, 125.6, 123.3, 112.3, 34.2. 

tert-butyl styrylcarbamate (2q) 

The procedure 3 (C) was followed for the reaction of 7q (173 

mg, 1 mmol) to enecarbamate 2q. The crude product was 

purified by column chromatography using 4% (Hexane / 

EtOAc) solvent system to get 94 mg (yield: 43%) of the 

desired compound 2q as a white solid. 1H NMR (600 MHz, 

CDCl3): δ 7.30 (d, J = 4.3 Hz, 5H), 7.18 (dt, J = 8.4, 4.1 Hz, 1H), 6.49 (brs, 1H), 5.94 (d, J = 

14.5 Hz, 1H), 1.53 (s, 9H); 13C NMR (125 MHz, CDCl3): δ 152.8, 136.7, 128.8, 126.2, 125.3, 

124.5, 109.9, 81.1, 28.4. 

Allyl styrylcarbamate (2r) 

The procedure 3 (C) was followed for the reaction of 7r (173 

mg, 1 mmol) to enecarbamate 2r. The crude product was 

purified by column chromatography using 4% (Hexane / 

EtOAc) solvent system to get 177 mg (yield: 87%) of the 

desired compound 2r as a white sticky solid. 1H NMR (600 MHz, CDCl3): δ 7.30 – 7.27 (m, 

5H), 7.23 (s, 1H), 7.16 (dd, J = 8.6, 5.0 Hz, 1H), 6.63 (d, J = 8.3 Hz, 1H), 5.98 (d, J = 14.6 Hz, 

1H), 5.35 (d, J = 17.1 Hz, 1H), 5.26 (d, J = 10.3 Hz, 1H), 4.66 (d, J = 4.8 Hz, 2H); 13C NMR 

(125 MHz, CDCl3): δ 153.5, 136.2, 132.2, 128.6, 126.3, 125.3, 124.0, 118.4, 110.9, 66.2. 

Prop-2-ynyl styrylcarbamate (2s) 

The procedure 3 (C) was followed for the reaction of 7s (173 

mg, 1 mmol) to enecarbamate 2s. The crude product was 

purified by column chromatography using 5% (Hexane / EtOAc) 

solvent system to get 175 mg (yield: 87%) of the desired 

compound 2s as a white solid. 1H NMR (400 MHz, CDCl3): δ 

7.29 (d, J = 3.4 Hz, 4H), 7.23 (d, J = 2.8 Hz, 1H), 7.19 (s, 1H), 6.97 (brs, 1H), 6.03 (d, J = 14.5 

Hz, 1H), 4.78 (s, 2H), 2.53 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 153.0, 136.1, 128.8, 126.6, 

125.5, 123.7, 111.9, 77.8, 75.5, 53.3. 

4. References: 

1) (a) P. Wipf and J.-K. Jung, J. Org. Chem., 2000, 65, 6319; (b) J. Seayad, A.-M. Seayad 

and B. List, J. Am. Chem. Soc., 2006, 128, 1086.  
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5. General procedure for the synthesis of trisubstituted Chromans (3): 

OH

OH

Ar1

+

Ar2

NHCOOR3
O

Ar1

Ar2

NHCOOR3

catalyst (10 mol%)

toluene

O

O
P

O

OH

Pri iPr

Pri

iPr

iPrPri

cat:

TRIP
1 2

3
major dr

 

To a solution of o-hydroxybenzyl alcohol (1) (0.08 mmol), enecarbamate (2) (0.12 mmol) in 0.4 

ml dry toluene, catalyst VI (10 mol%) was added. Then the reaction mixture was stirred at room 

temperature for 3 to 4 days unless otherwise noted. After the completion of reaction, reaction 

mixture was directly subjected to the column using 5-7% (hexane/ ethyl acetate) to obtain the 

desired product (3). 
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6. Solvent and temperature screening: 

OH

OH
+

Ph

NHCbz O

Ph

NHCbz

OMe OMe

1a 2a
    3a

catalyst VI
 (10 mol%)

Solvent,
Temperature,

3 d

major dr  

entrya solvent temperature yieldb % eec % 

1 toluene rt 81 90 

2 DCM rt 54 88 

  3d DCM rt 65 82 

4 DMF rt n.d - 

5 DCE rt 74 90 

6 toluene 0 oC 82 88 

aReaction condition: 0.04 mmol of 1a and 0.06 mmol of 2a in 0.2 mL solvent using 10 mol% catalyst for 3 days. 
bIsolated yield after silica gel column chromatography. cDetermined by HPLC and of the major diastereomer. d5 mg 

4Ao MS was used. 

 

7. Possible  mechanistic pathway involved in the synthesis of trisubstituted chromans (3): 

If the reaction underwent via concerted [4+2] mechanism then only two diastereomers 3 and 3' 

can be formed, not only that but also trans geometry of enecarbamates 2 also will be retained in 

the tri-substituted chroman products. On the other hand, if the reaction underwent through 

stepwise path there might be a possibility of four diastereomers formation (diastereomer 3, 3', 3'' 

& 3'''). In that case trans geometry of enecarbamates 2 will not necessarily be retained in the tri-

substituted chroman products. (Scheme 1).  

In all of our experiments, we finely observed the presence of only two diastereomers 3 & 3' with 

generally high diastereomeric ratio determined from 1H NMR experiment and HPLC analysis. 

Relative stereo chemistry of the product 3 & 3' were confirmed from coupling constant value 
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and from COSY & NOESY experiment. However, we did not get any traces of product 3'' & 

3'''. These results might support the highly concerted nature of the concerned reaction.  
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   Scheme 1. Analysis of chroman formation based on Stepwise & concerted mechanism 
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O

OMe

NHCbz

O

Ha
NHCbz

Hb

Ph

Ar

3a' minor dr

Hc

Ar = PhOMe
O

OMe

NHCbz

O

Ha
NHCbz

Hb

Ph

Hc

MeO

3a major dr  
Stereo specific addition of the enecarbamates 2 can also be supported by considering the 

coupling constant value of three characteristic protons Ha, Hb & Hc present in the chroman ring. 

As for example it is shown below for the compound (3a/3a'), Diastereomeric ratio: 5.6:1. 

For 3a (major dr): Ha: 5.97 (t, J = 9.6 Hz, 1H), Hb: 3.12 (t, J = 10.3 Hz, 1H), HC: 4.31 (d, J = 

10.9 Hz, 1H) & for 3a' (minor dr): Ha: 6.14 (t, J = 10.3 Hz, 0.2H), Hb: 3.50 (dd, J = 10.2, 4.8 

Hz, 0.2H), Hc: 4.25 (d, J = 5.2 Hz, 0.2H). 

In addition, if the reaction proceeded via stepwise mechanism, then the iminium ion & 

carbocation intermediates might be captured by an external reactive nucleophile like indole for 

its stability as reported by Shi et al.8 Hence, we carried out our reaction in presence of indole 

(Scheme 2. below) but the intercepted product 9 was not formed. Instead of that we got the 

product 10 as major along with trace amount of tri-substituted product (3a/3a’). From this 

experiment we proposed that the concerned reaction possibly underwent via concerted pathway 

rather than stepwise way. 

 

 
              Scheme 2.    Trapping experiment using indole as reactive nucleophile 
8) J.-J. Zhao, S.-B. Sun, S.-H. He, Q. Wu and F. Shi, Angew. Chem. Int. Ed., 2015, 54, 5460. 
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Characterization data of compound 10: 1H NMR (600 MHz, CDCl3): δ 8.04 (s, 1H), 7.37 (d, 

J = 8.2 Hz, 1H), 7.28 (d, J = 8.0 Hz, 1H), 7.21 – 7.15 (m, 4H), 7.02 (t, J = 7.5 Hz, 1H), 6.95 (d, J 

= 6.9 Hz, 1H), 6.85 (d, J = 8.7 Hz, 4H), 6.68 (d, J = 1.4 Hz, 1H), 5.77 (s, 1H), 5.02 (s, 1H), 3.79 

(s, 3H); HRMS (-ESI): Calc for (C22H19NO2-H)-  [M-H]- 328.1343; found: 328.1345, 13C NMR 

(100 MHz, CDCl3): δ 158.5, 154.1, 137.1, 134.5, 130.2, 130.1, 129.2, 128.1, 127.0, 124.1, 

122.7, 121.0, 120.1, 119.9, 118.1, 116.5, 114.2, 111.4, 55.4, 42.7. 

 

1H NMR & 13C NMR spectra of compound 10: 

 

 

 

OH

O

NH

10  
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8. Characterization data for the trisubstituted chromans (3):  

Benzyl 3,4-dihydro-4-(4-methoxyphenyl)-3-phenyl-2H-chromen-2-ylcarbamate (3a/3a') 

Compound (3a/3a') was prepared according to the general 

procedure 5; Reaction time: 3 days; purified by column 

chromatography using 6% (Hexane / EtOAc) solvent system. White 

solid (30.2 mg, yield: 81%); mp: 114-116 oC; Diastereomeric 

ratio: 5.6:1; 1H NMR (600 MHz, CDCl3): δ 7.30 (brs, 3H), 7.23 – 

7.13 (m, 7H), 7.03 (d, J = 8.2 Hz, 0.3H), 6.97 (d, J = 8.4 Hz, 1H), 

6.93 (d, J = 5.6 Hz, 2H), 6.82 (t, J = 7.4 Hz, 1H), 6.78 (d, J = 8.5 

Hz, 2H), 6.74 (d, J = 7.7 Hz, 1H), 6.68 (d, J = 8.6 Hz, 2H), 6.63 (d, 

J = 8.6 Hz, 0.5H), 6.51 (d, J = 8.6 Hz, 0.4H), 6.14 (t, J = 10.3 Hz, 

0.2Ha minor), 5.97 (t, J = 9.6 Hz, 1Ha major), 5.42 (d, J = 8.9 Hz, 1Hf), 5.03 (dd, J = 30.8, 11.1 

Hz, 2.2He), 4.31 (d, J = 10.9 Hz, 1Hc major), 4.25 (d, J = 5.2 Hz, 0.2Hc minor), 3.73 (s, 0.5Hd 

minor), 3.72 (s, 3Hd major), 3.50 (dd, J = 10.2, 4.8 Hz, 0.2Hb minor), 3.12 (t, J = 10.3 Hz, 1Hb 

major); 13C NMR (150 MHz, CDCl3): δ 158.4, 155.5, 154.0, 138.8, 136.1, 134.6, 130.1, 128.9, 

O NH

O O

OMe

3a major

a

bc

d

e

f
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128.7, 128.4, 128.3, 128.1, 127.3, 126.2, 121.4, 117.2, 113.9, 82.1, 67.2, 55.3, 53.0, 50.8; 

HRMS (+ESI): Calc for C30H28NO4 [M+H]+ 466.2013; found: 466.2016. 

HPLC: Chiralpak IC column. Flow rate 1 mL/min. UV detection at 254 nm for major 

diastereomer; τ(major) = 20.1 min., τ(minor) = 15.0 min. using hexane: isopropanol = 90:10 as 

eluent, ee 90%. 

Benzyl 3,4-dihydro-4-(4-methoxyphenyl)-3-p-tolyl-2H-chromen-2-ylcarbamate (3b/3b') 

Compound (3b/3b') was prepared according to the general 

procedure 5; Reaction time: 3 days; purified by column 

chromatography using 6% (Hexane / EtOAc) solvent system. 

White solid (32.2 mg, yield: 84%); mp: 53-55 oC; 

Diastereomeric ratio: 5:1; 1H NMR (600 MHz, CDCl3): δ 7.30 

(brs, 3H), 7.20 (brs, 2H), 7.15 (t, J = 7.5 Hz, 1H), 6.97 (dd, J = 

15.2, 7.8 Hz, 4H), 6.84 – 6.75 (m, 5H), 6.73 (d, J = 7.6 Hz, 1H), 

6.69 (d, J = 8.5 Hz, 2H), 6.63 (d, J = 8.4 Hz, 0.4H), 6.52 (d, J = 

8.4 Hz, 0.4H), 6.10 (t, J = 10.2 Hz, 0.2Ha minor), 5.93 (brs, 1Ha 

major), 5.34 (brs, 1Hf), 5.04 (d, J = 19.8 Hz, 2.4He), 4.29 (d, J = 11.0 Hz, 1Hc major), 4.22 (d, J 

= 5.3 Hz, 0.2Hc minor), 3.73 (s, 3.6Hd), 3.07 (t, J = 9.6 Hz, 1Hb major), 2.29 (s, 0.5Hg minor), 

2.27 (s, 3Hg major); 13C NMR (150 MHz, CDCl3): δ 158.4, 155.5, 154.0, 136.8, 136.2, 135.7, 

134.8, 131.4, 130.2, 130.1, 129.6, 129.0, 129.0, 128.7, 128.3, 128.2, 128.0, 126.3, 124.7, 121.3, 

121.1, 117.2, 117.0, 113.8, 113.3, 82.2, 82.2, 67.2, 67.2, 55.4, 55.3, 52.5, 50.7, 48.6, 48.4, 21.3; 

HRMS (+ESI): Calc for C31H30NO4 [M+H]+ 480.2169; found: 480.2172. 

HPLC: Chiralpak IA column. Flow rate 1 mL/min. UV detection at 220 nm for major 

diastereomer; τ(major) = 33.6 min., τ(minor) = 58.2 min. using hexane: isopropanol = 90:10 as 

eluent, ee 92%. 

Benzyl 3,4-dihydro-3-(4-isopropylphenyl)-4-(4-methoxyphenyl)-2H-chromen-2-ylcarbamate 

(3c/3c') 

Compound (3c/3c') was prepared according to the general procedure 5; Reaction time: 3 days; 

purified by column chromatography using 6% (Hexane / EtOAc) solvent system. Pale yellow 

solid (34.5 mg, yield: 85%); mp: 48-50 oC; Diastereomeric ratio: 8.3:1; 1H NMR (600 MHz, 

CDCl3): δ 7.30 (brs, 3H), 7.22 (brs, 2H), 7.15 (t, J = 7.5 Hz, 1H), 7.04 (d, J = 7.6 Hz, 2H), 6.97 

(d, J = 8.3 Hz, 1H), 6.82 (dd, J = 12.8, 6.2 Hz, 3H), 6.77 (d, J = 8.5 Hz, 2H), 6.74 (d, J = 7.7 Hz, 

O NH

O O
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Me

3b major
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g
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1H), 6.68 (d, J = 8.6 Hz, 2H), 6.61 (d, J = 8.5 Hz, 0.5H), 6.48 (d, J = 8.5 Hz, 0.3H), 6.11 (t, J = 

10.2 Hz, 0.1Ha minor), 5.94 (brs, 1Ha major), 5.35 (d, J = 7.5 Hz, 

1Hf), 5.04 (d, J = 19.8 Hz, 2.1He), 4.29 (d, J = 10.9 Hz, 1Hc 

major), 4.23 (d, J = 5.3 Hz, 0.12Hc minor), 3.73 (s, 3.4Hd), 3.08 

(t, J = 9.8 Hz, 1Hb major), 2.83 (dt, J = 13.8, 6.9 Hz, 1.1Hg), 1.20 

(dd, J = 6.9, 3.1 Hz, 6.7Hh); 13C NMR (150 MHz, CDCl3): δ 

158.4, 155.56, 154.0, 147.7, 136.0, 134.9, 131.4, 130.2, 129.0, 

128.7, 128.3, 128.2, 128.0, 126.8, 126.3, 121.3, 117.2, 113.8, 

113.2, 82.2, 67.2, 55.3, 52.5, 50.7, 33.8, 24.1, 24.1; HRMS 

(+ESI): Calc for C33H34NO4 [M+H]+ 508.2482; found: 

508.2483. 

HPLC: Chiralpak IC column. Flow rate 1 mL/min. UV detection at 274 nm for major 

diastereomer; τ(major) = 24.8 min., τ(minor) = 20.0 min. using hexane: isopropanol = 93:7 up to 

τ = 30.0 min. thereafter, hexane: isopropanol = 86:14 as eluent, ee 88%. 

Benzyl 3-(4-tert-butylphenyl)-3,4-dihydro-4-(4-methoxyphenyl)-2H-chromen-2-ylcarbamate 

(3d/3d') 

Compound (3d/3d') was prepared according to the general 

procedure 5; Reaction time: 3 days; purified by column 

chromatography using 6% (Hexane / EtOAc) solvent system. 

White solid (36.3 mg, yield: 87%); mp: 56-58 oC;  

Diastereomeric ratio: 9.1:1; 1H NMR (600 MHz, CDCl3): δ 

7.30 (brs, 4H), 7.23 (brs, 2H), 7.19 (d, J = 7.8 Hz, 2H), 7.15 (t, J 

= 7.5 Hz, 1H), 6.96 (d, J = 8.2 Hz, 1H), 6.82 (dd, J = 16.1, 8.0 

Hz, 3H), 6.77 (d, J = 8.5 Hz, 2H), 6.74 (d, J = 7.7 Hz, 1H), 6.68 

(d, J = 8.7 Hz, 2H), 6.59 (d, J = 8.7 Hz, 0.3H), 6.47 (d, J = 8.5 

Hz, 0.2H), 6.10 (t, J = 10.3 Hz, 0.1Ha minor), 5.93 (brs, 1Ha 

major), 5.34 (brs, 1Hf), 5.04 (d, J = 20.0 Hz, 2He), 4.29 (d, J = 10.8 Hz, 1Hc major), 4.23 (d, J = 

5.2 Hz, 0.11Hc minor), 3.73 (s, 3.4Hd), 3.10 (t, J = 7.2 Hz, 1Hb major), 1.26 (s, 10Hg); 13C NMR 

(150 MHz, CDCl3): δ 158.4, 155.6, 154.0, 150.1, 136.2, 135.6, 135.0, 131.4, 130.2, 128.7, 

128.3, 128.1, 128.0, 127.9, 126.3, 125.7, 125.1, 121.3, 117.2, 113.8, 113.1, 82.2, 67.2, 55.3, 52.4, 

50.6, 34.6, 31.5; HRMS (+ESI): Calc for C34H36NO4 [M+H]+ 522.2639; found: 522.2639. 
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HPLC: Chiralpak IC column. Flow rate 1 mL/min. UV detection at 274 nm for major 

diastereomer; τ(major) = 23.9 min., τ(minor) = 19.9 min. using hexane: isopropanol = 93:7 up to 

τ = 55.1 min. thereafter, hexane: isopropanol = 88:12 as eluent, ee 88%.  

Benzyl 3-(4-fluorophenyl)-3,4-dihydro-4-(4-methoxyphenyl)-2H-chromen-2-ylcarbamate 

(3e/3e') 

Compound (3e/3e') was prepared according to the general 

procedure 5; Reaction time: 3 days; purified by column 

chromatography using 7% (Hexane / EtOAc) solvent system. 

White solid (28.6 mg, yield: 74%); mp: 53-55 oC; Diastereomeric 

ratio: >20:1; 1H NMR (600 MHz, CDCl3): δ 7.30 (brs, 3.2H), 

7.19 (brs, 2H), 7.16 (t, J = 7.8 Hz, 1.3H), 6.95 (d, J = 8.2 Hz, 

1.1H), 6.87 (d, J = 6.5 Hz, 4.3H), 6.82 (t, J = 7.4 Hz, 1.5H), 6.76 

(d, J = 8.4 Hz, 2.3H), 6.72 (d, J = 7.7 Hz, 1.1H), 6.69 (d, J = 8.6 

Hz, 2.2H), 6.08 (t, J = 10.3 Hz, 0.05Ha minor), 5.93 (t, J = 9.9 Hz, 

1Ha major), 5.35 (brs, 1.1Hf), 5.04 (s, 2.1He), 4.25 (d, J = 11.1 Hz, 

1.1Hc major), 3.73 (s, 3.3Hd), 3.10 (t, J = 10.5 Hz, 1Hb major); 13C NMR (150 MHz, CDCl3): δ 

162.8, 161.2, 158.5, 155.5, 154.0, 136.0, 134.6, 134.3, 130.1, 129.8, 129.8, 128.7, 128.4, 128.2, 

128.1, 125.9, 121.4, 117.2, 115.8, 115.7, 113.9, 82.0, 67.3, 55.3, 52.4, 50.9; HRMS (+ESI): 

Calc for C30H30FN2O4 [M+NH4]
+ 501.2184; found: 501.2178; Specific rotation of (3e/3e') was 

found to be [α]26
589 = +134.4 (c = 0.25 g/100ml, CHCl3).  

HPLC: Chiralpak IC column. Flow rate 1 mL/min. UV detection at 254 nm for major 

diastereomer; τ(major) = 14.7 min., τ(minor) = 12.9 min. using hexane: isopropanol = 90:10 as 

eluent, ee 84%. 

Benzyl 3-(4-chlorophenyl)-3,4-dihydro-4-(4-methoxyphenyl)-2H-chromen-2-ylcarbamate 

(3f/3f') 

Compound (3f/3f') was prepared according to the general procedure 5; Reaction time: 3 days; 

purified by column chromatography using 6-7% (Hexane / EtOAc) solvent system. White solid 

(19.2 mg, yield: 48%); mp: 56-58 oC; Diastereomeric ratio: 8.3:1; 1H NMR (600 MHz, 

CDCl3): δ 7.32 (d, J = 6.8 Hz, 3.3H), 7.20 (d, J = 5.8 Hz, 1.9H), 7.15 (t, J = 7.1 Hz, 3.4H), 6.95 

(d, J = 8.2 Hz, 1.2H), 6.85 (d, J = 7.7 Hz, 1.9H), 6.82 (t, J = 7.5 Hz, 1.5H), 6.76 (d, J = 8.4 Hz, 

2.3H), 6.71 (d, J = 7.8 Hz, 1.3H), 6.69 (d, J = 8.6 Hz, 2.2H), 6.65 (d, J = 8.6 Hz, 0.3H), 6.51 (d, J 
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= 8.6 Hz, 0.2H), 6.07 (t, J = 10.4 Hz, 0.12Ha minor), 5.93 (t, J = 

10.0 Hz, 1Ha major), 5.28 (d, J = 9.3 Hz, 1Hf), 5.05 (s, 2.2He), 4.25 

(d, J = 11.1 Hz, 1.2Hc), 3.74 (s, 3.4Hd), 3.10 (t, J = 10.5 Hz, 1Hb 

major); 13C NMR (150 MHz, CDCl3):δ 158.6, 155.4, 153.9, 137.5, 

136.0, 134.2, 133.1, 130.1, 130.1, 129.7, 129.1, 128.8, 128.5, 128.2, 

128.1, 125.9, 121.5, 117.2, 114.0, 81.9, 67.3, 55.4, 52.6, 50.8; 

HRMS (+ESI): Calc for C30H30ClN2O4 [M+NH4]
+ 517.1889; 

found: 517.1895. 

HPLC: Chiralpak IA column. Flow rate 1 mL/min. UV detection at 

220 nm for major diastereomer; τ(major) = 50.8 min., τ(minor) = 

109.5 min. using hexane: isopropanol = 92:8 as eluent, ee 92%. 

Benzyl 3-(4-bromophenyl)-3,4-dihydro-4-(4-methoxyphenyl)-2H-chromen-2-ylcarbamate 

(3g/3g') 

Compound (3g/3g') was prepared according to the general 

procedure 5; Reaction time: 3 days; purified by column 

chromatography using 6% (Hexane / EtOAc) solvent system. White 

amorphous solid (23.1 mg, yield: 53%); Diastereomeric ratio: 9:1; 

1H NMR (600 MHz, CDCl3): δ 7.30 (d, J = 4.9 Hz, 1H), 7.24 (d, J 

= 8.4 Hz, 4H), 7.19 (s, 1H), 7.13 (d, J = 6.0 Hz, 2H), 7.08 (t, J = 7.6 

Hz, 1H), 6.88 (d, J = 8.1 Hz, 1H), 6.75 (d, J = 7.7 Hz, 1H), 6.74 – 

6.71 (m, 2H), 6.69 (d, J = 8.5 Hz, 2H), 6.63 (t, J = 9.6 Hz, 3H), 

6.58 (d, J = 8.7 Hz, 1H), 6.45 (d, J = 8.6 Hz, 1H), 6.00 (t, J = 10.5 

Hz, 0.11Ha minor), 5.86 (t, J = 9.9 Hz, 1Ha major), 5.25 (d, J = 9.9 

Hz, 1Hf), 4.98 (s, 2.2He), 4.17 (d, J = 11.1 Hz, 1.1Hc), 3.67 (s, 3.4Hd), 3.02 (t, J = 10.5 Hz, 1Hb 

major); 13C NMR (150 MHz, CDCl3): δ 158.6, 155.4, 153.9, 138.0, 136.0, 134.2, 132.0, 130.1, 

130.1, 130.0, 128.8, 128.5, 128.2, 128.1, 125.9, 121.5, 121.3, 117.2, 114.0, 81.8, 67.3, 55.4, 52.6, 

50.8; HRMS (+ESI): Calc for C30H30BrN2O4 [M+NH4]
+ 561.1383; found: 561.1377. 

HPLC: Chiralpak IA column. Flow rate 1 mL/min. UV detection at 220 nm for major 

diastereomer; τ(major) = 57.1 min., τ(minor) = 108.3 min. using hexane: isopropanol = 92:8 up 

to τ = 45.1 min. thereafter, hexane: isopropanol = 90:10 as eluent, ee 94%. 
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Benzyl 3,4-dihydro-4-(4-methoxyphenyl)-3-m-tolyl-2H-chromen-2-ylcarbamate (3h/3h') 

Compound (3h/3h') was prepared according to the general procedure 5; Reaction time: 3 days; 

purified by column chromatography using 6% (Hexane / EtOAc) 

solvent system. Pale yellow solid (26.9 mg, yield: 70%); mp: 52–

54 oC; Diastereomeric ratio: 10:1; 1H NMR (600 MHz, CDCl3): 

δ 7.30 (brs, 3H), 7.20 (brs, 2H), 7.15 (t, J = 7.5 Hz, 1H), 7.07 (t, J 

= 7.7 Hz, 1H), 7.02 (d, J = 8.2 Hz, 0.3H), 6.97 (t, J = 8.2 Hz, 2H), 

6.88 (d, J = 7.9 Hz, 0.2H), 6.82 (t, J = 7.1 Hz, 1H), 6.78 (d, J = 8.5 

Hz, 2H), 6.73 (d, J = 7.6 Hz, 3H), 6.69 (d, J = 8.7 Hz, 2H), 6.63 

(d, J = 8.6 Hz, 0.3H), 6.50 (d, J = 8.6 Hz, 0.3H), 6.10 (t, J = 10.3 

Hz, 0.1Ha minor), 5.93 (t, J = 9.3 Hz, 1Ha major), 5.34 (d, J = 8.9 

Hz, 1Hf), 5.04 (dd, J = 24.5, 11.5 Hz, 2He), 4.31 (d, J = 11.1 Hz, 1Hc major), 4.23 (d, J = 5.3 Hz, 

0.1Hc minor), 3.73 (s, 3.3Hd), 3.06 (t, J = 10.2 Hz, 1Hb major), 2.23 (s, 3Hg major), 2.19 (s, 0.3Hg 

minor); 13C NMR (150 MHz, CDCl3): δ 158.4, 155.5, 154.0, 138.7, 138.3, 136.1, 134.8, 131.4, 

130.1, 129.0, 128.7, 128.3, 128.1, 128.0, 126.3, 125.4, 124.6, 121.4, 117.2, 113.8, 82.1, 67.2, 

55.3, 52.9, 50.6, 21.6; HRMS (+ESI): Calc for C31H30NO4 [M+H]+ 480.2169; found: 480.2170. 

HPLC: Chiralpak IC column. Flow rate 1 mL/min. UV detection at 274 nm for major 

diastereomer; τ(major) = 19.0 min., τ(minor) = 14.3 min. using hexane: isopropanol = 90:10 as 

eluent, ee 92%. 

Benzyl 3-(3-chlorophenyl)-3,4-dihydro-4-(4-methoxyphenyl)-2H-chromen-2-ylcarbamate 

(3i/3i') 

Compound (3i/3i') was prepared according to the general 

procedure 5; Reaction time: 4 days; purified by column 

chromatography using 6-7% (Hexane / EtOAc) solvent system. 

White semi solid (19.2 mg, yield: 48%); Diastereomeric ratio: 

5:1;  1H NMR (600 MHz, CDCl3): δ 7.32 (d, J = 6.9 Hz, 4H), 7.22 

(d, J = 6.4 Hz, 2H), 7.18 – 7.10 (m, 4H), 7.01 (d, J = 8.1 Hz, 0.3H), 

6.95 (d, J = 8.2 Hz, 1H), 6.92 (s, 1H), 6.82 (dd, J = 11.0, 3.9 Hz, 

2H), 6.78 (d, J = 8.5 Hz, 2H), 6.71 (dd, J = 12.7, 8.3 Hz, 3H), 6.65 

(d, J = 8.6 Hz, 0.4H), 6.52 (d, J = 8.5 Hz, 0.3H), 6.07 (t, J = 10.3 

Hz, 0.2Ha minor), 5.92 (t, J = 9.8 Hz, 1Ha major), 5.31 (d, J = 9.9 
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Hz, 1Hf), 5.06 (brs, 2.1He), 4.28 (d, J = 11.0 Hz, 1Hc major), 4.24 (d, J = 5.3 Hz, 0.2Hc minor), 

3.74 (s, 3.6Hd), 3.10 (t, J = 10.4 Hz, 1Hb major); 13C NMR (150 MHz, CDCl3): δ 158.6, 155.4, 

153.9, 141.0, 136.0, 134.6, 134.1, 131.4, 130.1, 130.1, 129.5, 128.7, 128.4, 128.2, 128.2, 127.7, 

126.5, 125.8, 121.5, 117.2, 114.0, 81.8, 67.4, 55.4, 52.8, 50.6; HRMS (+ESI): Calc for 

C30H30ClN2O4 [M+NH4]
+ 517.1889; found: 517.1907. 

HPLC: Chiralpak IA column. Flow rate 1 mL/min. UV detection at 254 nm for major 

diastereomer; τ(major) = 29.3 min., τ(minor) = 48.7 min. using hexane: isopropanol = 90:10 as 

eluent, ee 94%. 

Benzyl 3-(3-bromophenyl)-3,4-dihydro-4-(4-methoxyphenyl)-2H-chromen-2-ylcarbamate 

(3j/3j') 

Compound (3j/3j') was prepared according to the general 

procedure 5; Reaction time: 4 days; purified by column 

chromatography using 6% (Hexane / EtOAc) solvent system. 

Yellow white solid (34.8 mg, yield: 80%); mp: 64-66 oC; 

Diastereomeric ratio: 20:1; 1H NMR (600 MHz, CDCl3): δ 7.31 

(t, J = 6.9 Hz, 4H), 7.22 (brs, 2H), 7.16 (t, J = 7.6 Hz, 1H), 7.09 – 

7.02 (m, 2H), 6.95 (d, J = 8.1 Hz, 1H), 6.87 (d, J = 6.8 Hz, 1H), 

6.82 (t, J = 7.4 Hz, 1H), 6.77 (d, J = 8.5 Hz, 2H), 6.71 (dd, J = 

11.7, 8.5 Hz, 3H), 6.08 (t, J = 10.3 Hz, 0.03Ha minor), 5.92 (t, J = 

9.7 Hz, 1Ha major), 5.41 (d, J = 9.2 Hz, 1Hf), 5.05 (d, J = 6.1 Hz, 

2He), 4.27 (d, J = 11.0 Hz, 1Hc major), 4.21 (d, J = 5.3 Hz, 0.05Hc minor), 3.74 (s, 3.1Hd), 3.09 

(t, J = 10.6 Hz, 1Hb major); 13C NMR (150 MHz, CDCl3): δ 158.6, 155.5, 153.9, 141.3, 136.0, 

134.1, 131.5, 130.5, 130.4, 130.1, 130.1, 128.7, 128.4, 128.2, 128.1, 126.9, 125.8, 122.8, 121.5, 

117.2, 114.0, 81.8, 67.3, 55.4, 52.7, 50.6; HRMS (+ESI): Calc for C30H30BrN2O4 [M+NH4]
+ 

561.1383; found: 561.1428. 

HPLC: Chiralpak IA column. Flow rate 1 mL/min. UV detection at 254 nm for major 

diastereomer; τ(major) = 30.1 min., τ(minor) = 48.0 min. using hexane: isopropanol = 90:10 as 

eluent, ee 94%. 

Benzyl 3,4-dihydro-4-(4-methoxyphenyl)-3-o-tolyl-2H-chromen-2-ylcarbamate (3k/3k') 

Compound (3k/3k') was prepared according to the general procedure 5; Reaction time: 3 days; 

purified by column chromatography using 6% (Hexane / EtOAc) solvent system. White 
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amorphous solid (27.6 mg, yield: 72%); mp: 71-73 oC;  

Diastereomeric ratio: 4.2:1; 1H NMR (600 MHz, CDCl3): δ 7.30 

(brs, 4H), 7.25 – 7.15 (m, 5H), 7.08 (t, J = 8.0 Hz, 1H), 7.03 (d, J = 

8.3 Hz, 0.3H), 6.98 (t, J = 7.5 Hz, 1H), 6.93 (d, J = 7.5 Hz, 1H), 

6.89 (t, J = 7.5 Hz, 0.3H), 6.85 (t, J = 7.4 Hz, 1H), 6.80 (d, J = 7.6 

Hz, 1H), 6.73 (d, J = 8.4 Hz, 2H), 6.65 (d, J = 8.6 Hz, 2H), 6.60 (d, 

J = 8.5 Hz, 0.5H), 6.45 (d, J = 8.3 Hz, 0.5H), 6.14 (t, J = 10.1 Hz, 

0.2Ha minor), 5.93 (brs, 1Ha major), 5.24 (d, J = 7.3 Hz, 1Hf), 5.01 

(dd, J = 31.1, 16.0 Hz, 2.4He), 4.34 (d, J = 10.6 Hz, 1Hc major), 

4.27 (d, J = 4.9 Hz, 0.24Hc minor), 3.73 (s, 3Hd major), 3.72 (s, 0.6Hd minor), 3.45 (t, J = 9.7 Hz, 

1Hb major), 2.42 (s, 0.7Hg minor), 1.73 (s, 3Hg major); 13C NMR (100 MHz, CDCl3): δ 158.5, 

158.5, 155.7, 155.5, 154.3, 153.9, 137.5, 136.9, 136.1, 134.7, 132.9, 131.3, 130.4, 130.3, 130.2, 

130.1, 128.7, 128.5, 128.3, 128.1, 126.9, 126.8, 126.3, 125.7, 124.6, 121.4, 121.2, 117.3, 117.1, 

113.7, 113.1, 82.7, 78.5, 67.2, 55.3, 51.2, 47.5, 45.9, 44.0, 19.8, 19.7; HRMS (+ESI): Calc for 

C31H30NO4 [M+H]+ 480.2169; found: 480.2189. 

HPLC: Chiralpak IA column. Flow rate 1 mL/min. UV detection at 220 nm for major 

diastereomer; τ(major) = 38.0 min., τ(minor) = 73.6 min. using hexane: isopropanol = 95:5 as 

eluent, ee 88%. 

Benzyl 3-(2-fluorophenyl)-3,4-dihydro-4-(4-methoxyphenyl)-2H-chromen-2-ylcarbamate (3l) 

Compound (3l) was prepared according to the general procedure 5; 

Reaction time: 3 days; purified by column chromatography using 

7% (Hexane / EtOAc) solvent system. White solid (32.1 mg, yield: 

83%); mp: 60-62 oC;  Diastereomeric ratio:>20:1; 1H NMR (600 

MHz, CDCl3): δ 7.31 (d, J = 6.0 Hz, 3H), 7.21 (d, J = 5.9 Hz, 2H), 

7.15 (dd, J = 14.6, 7.7 Hz, 2H), 7.09 (brs, 1H), 7.03 (t, J = 7.0 Hz, 

1H), 6.96 (d, J = 8.1 Hz, 1H), 6.90 (t, J = 9.3 Hz, 1H), 6.86 (d, J = 

8.2 Hz, 2H), 6.82 (t, J = 7.5 Hz, 1H), 6.72 (d, J = 7.7 Hz, 1H), 6.69 

(d, J = 8.5 Hz, 2H), 6.01 (t, J = 9.9 Hz, 1Ha major), 5.47 (d, J = 8.8 

Hz, 1Hf), 5.07 (d, J = 12.3 Hz, 1He), 5.01 (d, J = 12.3 Hz, 1He), 

4.46 (d, J = 11.3 Hz, 1Hc major), 3.73 (s, 3Hd major), 3.58 (t, J = 10.6 Hz, 1Hb major); 13C NMR 

(150 MHz, CDCl3): δ 161.9, 160.3, 158.5, 155.5, 153.9, 136.1, 134.1, 130.0, 130.0, 128.9, 
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128.9, 128.7, 128.3, 128.2, 128.1, 125.89, 124.7, 121.4, 117.2, 115.7, 115.6, 113.9, 81.7, 67.2, 

55.3, 48.7, 32.1; HRMS (+ESI): Calc for C30H30FN2O4 [M+NH4]
+ 501.2184; found: 501.2187; 

Specific rotation of (3l) was found to be [α]25
589 = +87.2 (c = 0.25 g/100ml, CHCl3). 

HPLC: Chiralpak IA column. Flow rate 1 mL/min. UV detection at 220 nm for major 

diastereomer; τ(major) = 28.4 min., τ(minor) = 56.7 min. using hexane: isopropanol = 90:10 as 

eluent, ee 94%. 

Benzyl 3-(2-chlorophenyl)-3,4-dihydro-4-(4-methoxyphenyl)-2H-chromen-2-ylcarbamate (3m) 

Compound (3m) was prepared according to the general procedure 

5; Reaction time: 3 days; purified by column chromatography 

using 6% (Hexane / EtOAc) solvent system. White solid (35.2 mg, 

yield: 88%); mp: 70-72 oC; Diastereomeric ratio:>20:1; 1H NMR 

(600 MHz, CDCl3): δ 7.31 (d, J = 6.5 Hz, 5H), 7.21 (d, J = 5.3 Hz, 

3H), 7.17 (t, J = 7.7 Hz, 1H), 7.10 (t, J = 8.3 Hz, 1H), 6.97 (d, J = 

8.1 Hz, 1H), 6.88 (d, J = 8.0 Hz, 2H), 6.83 (t, J = 7.4 Hz, 1H), 6.73 

(d, J = 7.6 Hz, 1H), 6.69 (d, J = 8.5 Hz, 2H), 5.89 (brs, 1Ha major), 

5.50 (d, J = 8.4 Hz, 1Hf major), 5.03 (dd, J = 41.7, 12.3 Hz, 2He 

major), 4.40 (brs, 1Hc major), 4.03 (brs, 1Hb major), 3.73 (s, 3Hd major); 13C NMR (150 MHz, 

CDCl3): δ 158.6, 155.5, 153.8, 136.5, 136.1, 133.4, 130.2, 129.9, 129.7, 128.7, 128.4, 128.3, 

128.2, 128.1, 127.7, 126.0, 121.4, 117.2, 113.9, 82.7, 67.2, 55.3, 49.5, 46.6; HRMS (+ESI): 

Calc for C30H27ClNO4 [M+H]+ 500.1623; found: 500.1604; Specific rotation of (3m) was found 

to be [α]28
589 = +68.8 (c = 0.25 g/100ml, CHCl3). 

HPLC: Chiralpak IA column. Flow rate 1 mL/min. UV detection at 220 nm for major 

diastereomer; τ(major) = 19.6 min., τ(minor) = 65.3 min. using hexane: isopropanol = 90:10 as 

eluent, ee 94%. 

Benzyl 3-(2-bromophenyl)-3,4-dihydro-4-(4-methoxyphenyl)-2H-chromen-2-ylcarbamate (3n) 

Compound (3n) was prepared according to the general procedure 

5; Reaction time: 3 days; purified by column chromatography 

using 6% (Hexane / EtOAc) solvent system. White solid (38.8 mg, 

yield: 89%); mp: 72-74 oC; Diastereomeric ratio:>20:1; 1H NMR 

(600 MHz, CDCl3): δ 7.38 (d, J = 7.6 Hz, 1H), 7.34 – 7.29 (m, 

5H), 7.21 (d, J = 5.7 Hz, 2H), 7.17 (t, J = 7.5 Hz, 1H), 7.03 (t, J = 
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8.4 Hz, 1H), 6.97 (d, J = 8.1 Hz, 1H), 6.89 (d, J = 7.9 Hz, 2H), 6.83 (t, J = 7.4 Hz, 1H), 6.73 (d, J 

= 7.6 Hz, 1H), 6.69 (d, J = 8.4 Hz, 2H), 5.88 (t, J = 9.4 Hz, 1Ha major), 5.54 (d, J = 9.6 Hz, 1Hf 

major), 5.07 (d, J = 12.3 Hz, 1He major), 4.99 (d, J = 12.3 Hz, 1He major), 4.40 (d, J = 10.7 Hz, 

1Hc major), 4.04 (t, J = 10.0 Hz, 1Hb major), 3.73 (s, 3Hd major); 13C NMR (150 MHz, CDCl3): 

δ 158.6, 155.5, 153.7, 138.2, 136.1, 133.2, 133.0, 130.3, 129.9, 128.7, 128.7, 128.4, 128.3, 128.2, 

128.1, 126.4, 126.0, 121.4, 117.1, 113.9, 82.8, 67.2, 55.3, 49.7, 49.3; HRMS (+ESI): Calc for 

C30H27BrNO4 [M+H]+ 544.1118; found: 544.1148; Specific rotation of (3n) was found to be 

[α]28
589 = +64.0 (c = 0.25 g/100ml, CHCl3). 

HPLC: Chiralpak IB column. Flow rate 1 mL/min. UV detection at 220 nm for major 

diastereomer; τ(major) = 10.6 min., τ(minor) = 16.8 min. using hexane: isopropanol = 90:10 as 

eluent, ee 94%. 

Benzyl 3,4-dihydro-4-(4-methoxyphenyl)-3-(2,4-dimethylphenyl)-2H-chromen-2-ylcarbamate 

(3o/3o') 

Compound (3o/3o') was prepared according to the general 

procedure 5; Reaction time: 3 days; purified by column 

chromatography using 6% (Hexane / EtOAc) solvent system. 

White solid (24.9 mg, yield: 63%); mp: 95-97 oC;  

Diastereomeric ratio: 4.3:1; 1H NMR (600 MHz, CDCl3): δ 7.30 

(brs, 4H), 7.24 – 7.19 (m, 2H), 7.17 (t, J = 7.7 Hz, 1H), 7.10 (s, 

1H), 7.02 (d, J = 8.0 Hz, 1H), 7.00 – 6.96 (m, 2H), 6.88 (t, J = 7.3 

Hz, 0.3H), 6.84 (t, J = 7.4 Hz, 1H), 6.78 (d, J = 7.6 Hz, 1H), 6.74 

(d, J = 8.3 Hz, 3H), 6.66 (d, J = 8.6 Hz, 2H), 6.61 (d, J = 8.6 Hz, 

1H), 6.46 (d, J = 8.4 Hz, 0.5H), 6.11 (t, J = 10.1 Hz, 0.2Ha minor), 5.89 (brs, 1Ha major), 5.21 

(brs, 1Hf), 5.03 (dd, J = 46.0, 9.0 Hz, 2.5He), 4.31 (d, J = 10.4 Hz, 1Hc major), 4.25 (d, J = 4.9 

Hz, 0.23Hc minor), 3.73 (s, 3.7Hd), 3.40 (t, J = 9.7 Hz, 1Hb major), 2.37 (s, 0.6Hg minor), 2.25 (s, 

3.7Hh), 1.69 (s, 3Hg major); 13C NMR (150 MHz, CDCl3): δ 158.5, 158.5, 155.5, 154.3, 154.0, 

136.6, 136.2, 134.9, 134.4, 133.0, 131.4, 131.1, 130.2, 130.2, 128.7, 128.4, 128.3, 128.0, 127.7, 

126.4, 124.7, 121.4, 121.1, 117.3, 117.1, 113.7, 113.2, 82.7, 78.6, 67.2, 60.6, 55.3, 51.2, 46.0, 

43.8, 21.2, 21.1, 19.7, 19.6; HRMS (+ESI): Calc for C32H32NO4 [M+H]+ 494.2326; found: 

494.2324. 
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HPLC: Chiralpak IC column. Flow rate 1 mL/min. UV detection at 254 nm for major 

diastereomer; τ(major) = 24.1 min., τ(minor) = 22.5 min. using hexane: isopropanol = 92:8 as 

eluent, ee 92%. 

S-benzyl N-3,4-dihydro-4-(4-methoxyphenyl)-3-phenyl-2H-chromen-2-ylcarbamothioate 

(3p/3p') 

Compound (3p/3p') was prepared according to the general 

procedure 5; Reaction time: 3 days; purified by column 

chromatography using 6% (Hexane / EtOAc) solvent system. 

White solid (28.5 mg, yield: 74%); mp: 79-81 oC;  Diastereomeric 

ratio: 20:1; 1H NMR (600 MHz, CDCl3): δ 7.27 (d, J = 7.0 Hz, 

1H), 7.25 (brs, 1H), 7.24 – 7.14 (m, 7H), 6.96 (d, J = 8.1 Hz, 1H), 

6.93 (d, J = 6.1 Hz, 2H), 6.83 (t, J = 7.5 Hz, 1H), 6.78 (d, J = 8.6 

Hz, 2H), 6.74 (d, J = 7.7 Hz, 1H), 6.69 (d, J = 8.7 Hz, 2H), 6.13 

(brs, 1Ha major), 5.88 (d, J = 8.8 Hz, 1Hf major), 4.31 (d, J = 10.9 

Hz, 1Hc major), 4.24 (d, J = 5.2 Hz, 0.1Hc minor), 4.10 (brs, 2.1He), 3.73 (s, 3.2Hd), 3.12 (t, J = 

10.4 Hz, 1Hb major); 13C NMR (100 MHz, CDCl3): δ 168.1, 158.4, 153.8, 138.4, 137.7, 134.5, 

131.3, 130.1, 129.0, 128.8, 128.7, 128.3, 128.1, 127.4, 126.0, 121.5, 117.2, 113.9, 113.3, 80.8, 

55.3, 52.8, 50.4, 34.3, 29.9; HRMS (+ESI): Calc for C30H28NO3S [M+H]+ 482.1784; found: 

482.1780; Specific rotation of (3p/3p') was found to be [α]29
589 = +111.2 (c = 0.25 g/100ml, 

CHCl3).  

HPLC: Chiralpak IA column. Flow rate 1 mL/min. UV detection at 220 nm for major 

diastereomer; τ(major) = 32.4 min., τ(minor) = 57.1 min. using hexane: isopropanol = 90:10 as 

eluent, ee 95%. 

tert-butyl 3,4-dihydro-4-(4-methoxyphenyl)-3-phenyl-2H-chromen-2-ylcarbamate (3q/3q') 

Compound (3q/3q') was prepared according to the general procedure 5; 

Reaction time: 3 days; purified by column chromatography using 6-7% 

(Hexane / EtOAc) solvent system. White amorphous solid (26.9 mg, 

yield: 78%); mp: 55-57 oC; Diastereomeric ratio: 1.5:1; 1H NMR 

(600 MHz, CDCl3): δ 7.21 – 7.13 (m, 7H), 7.02 (d, J = 8.2 Hz, 1H), 

6.96 (d, J = 8.1 Hz, 1H), 6.93 (d, J = 7.2 Hz, 3H), 6.86 (t, J = 7.3 Hz, 
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1H), 6.81 (d, J = 7.4 Hz, 1H), 6.78 (d, J = 8.5 Hz, 2H), 6.72 (d, J = 6.9 Hz, 2H), 6.68 (d, J = 8.5 

Hz, 2H), 6.60 (d, J = 8.1 Hz, 1H), 6.48 (d, J = 8.0 Hz, 1H), 6.09 (t, J = 10.4 Hz, 0.7Ha minor), 

5.90 (brs, 1Ha major), 5.07 (dd, J = 17.9, 9.1 Hz, 2Hf), 4.30 (d, J = 11.1 Hz, 1Hc major), 4.24 (d, 

J = 5.3 Hz, 0.7Hc minor), 3.73 (s, 3Hd major), 3.72 (s, 2Hd minor), 3.47 (t, J = 4.8 Hz, 0.7Hb 

minor), 3.08 (t, J = 9.9 Hz, 1Hb major), 1.36 (s, 6He minor), 1.33 (s, 9He major); 13C NMR (150 

MHz, CDCl3): δ 158.5, 158.4, 155.0, 154.6, 154.2, 154.0, 139.0, 138.1, 134.8, 132.7, 131.3, 

130.2, 130.1, 130.0, 129.2, 128.7, 128.5, 128.4, 128.2, 128.0, 127.2, 127.1, 126.2, 124.6, 121.2, 

121.0, 117.2, 117.1, 113.8, 113.3, 81.9, 80.6, 77.8, 55.3, 55.3, 53.2, 53.2, 50.8, 48.8, 28.4, 28.3; 

HRMS (+ESI): Calc for C27H30NO4 [M+H]+ 432.2169; found: 432.2167. 

HPLC: Chiralpak IA column. Flow rate 1 mL/min. UV detection at 220 nm for major 

diastereomer; τ(major) = 17.4 min., τ(minor) = 27.6 min. using hexane: isopropanol = 92:8 as 

eluent, ee 90%. 

Allyl 3,4-dihydro-4-(4-methoxyphenyl)-3-phenyl-2H-chromen-2-ylcarbamate (3r/3r') 

Compound (3r/3r') was prepared according to the general procedure 

5; Reaction time: 3 days; purified by column chromatography using 

6% (Hexane / EtOAc) solvent system. White semi solid (20.3 mg, 

yield: 61%); Diastereomeric ratio: 6.7:1; 1H NMR (600 MHz, 

CDCl3): δ 7.24 – 7.12 (m, 5H), 6.96 (d, J = 8.1 Hz, 1H), 6.93 (d, J = 

6.8 Hz, 2H), 6.81 (t, J = 7.1 Hz, 1H), 6.77 (d, J = 8.4 Hz, 2H), 6.73 (d, 

J = 7.3 Hz, 1H), 6.68 (d, J = 8.4 Hz, 2H), 6.61 (d, J = 7.7 Hz, 0.3H), 

6.49 (d, J = 7.8 Hz, 0.3H), 6.11 (t, J = 9.7 Hz, 0.1Ha minor), 5.94 (brs, 

1Ha major), 5.80 (brs, 1Hg), 5.27 (brs, 1Hf), 5.13 (d, J = 12.3 Hz, 

2Hh), 4.50 (d, J = 23.1 Hz, 2He), 4.31 (d, J = 11.0 Hz, 1Hc major), 

4.25 (d, J = 4.5 Hz, 0.2Hc minor), 3.73 (s, 3.3Hd), 3.10 (t, J = 9.2 Hz, 1Hb major); 13C NMR (150 

MHz, CDCl3): δ 158.4, 155.4, 154.0, 138.8, 134.6, 132.5, 131.4, 130.1, 129.2, 128.9, 128.3, 

128.1, 127.3, 126.2, 121.4, 118.0, 117.2, 113.9, 113.3, 82.0, 66.1, 55.3, 53.0, 50.8; HRMS 

(+ESI): Calc for C26H26NO4 [M+H]+ 416.1856; found: 416.1890. 
 

HPLC: Chiralpak IC column. Flow rate 1 mL/min. UV detection at 220 nm for major 

diastereomer; τ(major) = 28.6 min., τ(minor) = 22.1 min. using hexane: isopropanol = 95:5 as 

eluent, ee 90%. 
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Prop-2-ynyl 3,4-dihydro-4-(4-methoxyphenyl)-3-phenyl-2H-chromen-2-ylcarbamate(3s/3s') 

Compound (3s/3s') was prepared according to the general 

procedure 5; Reaction time: 3 days; purified by column 

chromatography using 7% (Hexane / EtOAc) solvent system. White 

semi solid (29.4 mg, yield: 89%); Diastereomeric ratio: 12.5:1; 1H 

NMR (600 MHz, CDCl3): δ 7.23 – 7.12 (m, 4H), 6.95 (d, J = 8.1 

Hz, 1H), 6.92 (d, J = 6.9 Hz, 2H), 6.82 (t, J = 7.4 Hz, 1H), 6.77 (d, 

J = 8.6 Hz, 2H), 6.73 (d, J = 7.6 Hz, 1H), 6.68 (d, J = 8.7 Hz, 2H), 

6.09 (t, J = 10.3 Hz, 0.1Ha minor), 5.92 (t, J = 9.8 Hz, 1Ha major), 

5.41 (brs, 1Hf), 4.60 (dd, J = 57.5, 15.5 Hz, 2.1He), 4.31 (d, J = 

11.1 Hz, 1Hc major), 4.24 (d, J = 5.3 Hz, 0.1Hc minor), 3.72 (s, 

3.2Hd), 3.11 (t, J = 10.4 Hz, 1Hb major), 2.42 (s, 1Hg major); 13C NMR (150 MHz, CDCl3): δ 

158.5, 154.7, 153.9, 138.7, 134.6, 131.4, 130.1, 128.9, 128.3, 128.1, 127.4, 126.1, 121.4, 117.2, 

113.9, 113.3, 82.0, 77.8, 75.2, 55.3, 53.1, 52.9, 50.7; HRMS (+ESI): Calc for C26H24NO4 

[M+H]+ 414.170; found: 414.1693.
 

HPLC: Chiralpak IC column. Flow rate 1 mL/min. UV detection at 220nm for major 

diastereomer; τ(major) =17.4 min., τ(minor) = 12.7 min. using hexane: isopropanol = 90:10 as 

eluent, ee 90%. 

Benzyl 6-bromo-3,4-dihydro-4-(4-methoxyphenyl)-3-phenyl-2H-chromen-2-ylcarbamate 

(3t/3t') 

Compound (3t/3t') was prepared according to the general 

procedure 5; Reaction time: 3 days; purified by column 

chromatography using 6-7% (Hexane / EtOAc) solvent system. 

White semi solid (37.5 mg, yield: 86%); Diastereomeric 

ratio: 2.6:1; 1H NMR (600 MHz, CDCl3): δ 7.29 (brs, 5H), 

7.26 – 7.11 (m, 8H), 7.08 (s, 0.4H), 6.90 (brs, 2H), 6.84 (d, J = 

8.0 Hz, 2H), 6.75 (d, J = 8.4 Hz, 2H), 6.69 (d, J = 8.5 Hz, 2H), 

6.63 (d, J = 8.6 Hz, 1H), 6.48 (d, J = 8.5 Hz, 1H), 6.11 (t, J = 

10.1 Hz, 0.3Ha minor), 5.93 (t, J = 8.6 Hz, 1Ha major), 5.34 

(brs, 1.1Hf), 5.03 (d, J = 20.1 Hz, 2.6He), 4.25 (d, J = 11.0 Hz, 1Hc major), 4.19 (d, J = 5.2 Hz, 

0.38Hc minor), 3.74 (s, 4.1Hd), 3.08 (t, J = 10.1 Hz, 1Hb major); 13C NMR (150 MHz, CDCl3): δ 
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158.8, 158.7, 155.5, 155.4, 153.2, 153.0, 138.4, 136.1, 133.7, 132.6, 131.9, 131.5, 131.3, 131.1, 

130.1, 129.1, 128.9, 128.7, 128.4, 128.4, 128.3, 128.1, 127.5, 127.4, 126.7, 119.1, 118.9, 114.2, 

113.6, 113.5, 113.3, 82.4, 67.4, 67.3, 55.4, 55.3, 52.6, 50.6, 48.5, 48.4; HRMS (+ESI): Calc for 

C30H27BrNO4 [M+H]+ 544.1118; found: 544.1101. 

HPLC: Chiralpak IA column. Flow rate 1 mL/min. UV detection at 220 nm for major 

diastereomer; τ(major) = 41.7 min., τ(minor) = 62.4 min. using hexane: isopropanol = 90:10 as 

eluent, ee 84%. 

Benzyl 6,8-dichloro-3,4-dihydro-4-(4-methoxyphenyl)-3-phenyl-2H-chromen-2-ylcarbamate 

(3u/3u') 

Compound (3u/3u') was prepared according to the general 

procedure 5; Reaction time: 6 days; purified by column 

chromatography using 6% (Hexane / EtOAc) solvent system. 

White semi solid (12.8 mg, yield: 30%); Diastereomeric 

ratio: >20:1; 1H NMR (600 MHz, CDCl3): δ 7.29 (brs, 3H), 

7.24 (d, J = 1.8 Hz, 1H), 7.18 (brs, 5H), 6.89 (brs, 2H), 6.74 (d, 

J = 8.4 Hz, 2H), 6.69 (d, J = 8.5 Hz, 2H), 6.61 (s, 1H), 6.18 

(brs, 0.03Ha minor), 6.00 (t, J = 8.9 Hz, 1Ha major), 5.36 (d, J 

= 8.5 Hz, 1Hf major), 5.05 (s, 2He major), 4.27 (d, J = 11.1 Hz, 

1Hc major), 3.74 (s, 3Hd major), 3.12 (t, J = 10.1 Hz, 1Hb 

major); 13C NMR (150 MHz, CDCl3): δ 158.8, 155.4, 148.8, 139.5, 137.9, 136.0, 133.1, 130.1, 

129.3, 129.0, 128.7, 128.5, 128.4, 128.3, 128.0, 127.6, 125.9, 122.9, 114.2, 83.1, 67.4, 55.4, 52.4, 

51.0; HRMS (+ESI): Calc for C30H26Cl2NO4 [M+H]+ 534.1233; found: 534.1232; Specific 

rotation of (3u/3u') was found to be [α]27
589 = +106.0 (c = 0.10 g/100ml, CHCl3). 

HPLC: Chiralpak IA column. Flow rate 1 mL/min. UV detection at 220 nm for major 

diastereomer; τ(major) = 40.4 min., τ(minor) = 70.8 min. using hexane: isopropanol = 93:7 as 

eluent, ee 88%. 

Benzyl 6,8-dibromo-3,4-dihydro-4-(4-methoxyphenyl)-3-phenyl-2H-chromen-2-ylcarbamate 

(3v/3v') 

Compound (3v/3v') was prepared according to the general procedure 5; Reaction time: 3 days; 

Temperature: 50 oC; purified by column chromatography using 6% (Hexane / EtOAc) solvent 

system. White solid (16.5 mg, yield: 33%); mp: 66-68 oC; Diastereomeric ratio: 11:1; 1H NMR 
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(600 MHz, CDCl3): δ 7.54 (d, J = 1.8 Hz, 1H), 7.29 (brs, 3H), 

7.18 (brs, 5H), 6.89 (brs, 2H), 6.79 (s, 1H), 6.73 (d, J = 8.5 Hz, 

2H), 6.69 (d, J = 8.6 Hz, 2H), 6.18 (t, J = 10.8 Hz, 0.1Ha 

minor), 5.99 (brs, 1Ha major), 5.34 (brs, 1Hf), 5.07 (d, J = 11.9 

Hz, 2He), 4.28 (d, J = 10.7 Hz, 1Hc major), 4.21 (d, J = 5.1 Hz, 

0.1Hc minor), 3.74 (s, 3.1Hd), 3.11 (t, J = 9.8 Hz, 1Hb major); 

13C NMR (150 MHz, CDCl3): δ 158.9, 155.3, 150.2, 139.5, 

137.9, 136.1, 134.1, 133.2, 131.9, 131.3, 130.1, 129.7, 129.0, 

128.7, 128.4, 128.3, 128.0, 127.7, 114.3, 113.6, 113.4, 112.2, 

83.4, 67.4, 55.4, 52.6, 50.9; HRMS (+ESI): Calc for C30H26Br2NO4 [M+H]+ 622.0223; found: 

622.0226. 

HPLC: Chiralpak IA column. Flow rate 1 mL/min. UV detection at 220 nm for major 

diastereomer; τ(major) = 19.9 min., τ(minor) = 48.6 min. using hexane: isopropanol = 88:12 as 

eluent, ee 92%. 

Benzyl 3,4-dihydro-3,4-diphenyl-2H-chromen-2-ylcarbamate (3w/3w') 

Compound (3w/3w') was prepared according to the general 

procedure 5; Reaction time: 3 days; purified by column 

chromatography using 5% (Hexane / EtOAc) solvent system. 

White solid (13.2 mg, yield: 38%); mp: 95-97 oC;  Diastereomeric 

ratio: 14.3:1; 1H NMR (600 MHz, CDCl3): δ 7.30 (brs, 3H), 7.18 

(brs, 5H), 7.14 (d, J = 4.1 Hz, 4H), 7.08 (t, J = 7.4 Hz, 0.2H), 7.03 

(d, J = 8.2 Hz, 0.1H), 6.98 (d, J = 8.2 Hz, 1H), 6.92 (d, J = 4.9 Hz, 

2H), 6.86 (d, J = 3.9 Hz, 2H), 6.82 (t, J = 7.4 Hz, 1H), 6.72 (d, J = 

7.6 Hz, 1H), 6.67 (d, J = 6.9 Hz, 0.1H), 6.60 (d, J = 7.5 Hz, 0.2H), 

6.16 (t, J = 10.2 Hz, 0.1Ha minor), 5.98 (t, J = 9.4 Hz, 1Ha major), 5.33 (d, J = 8.7 Hz, 1He), 5.04 

(dd, J = 29.0, 12.0 Hz, 2Hd), 4.37 (d, J = 11.0 Hz, 1Hc major), 4.30 (d, J = 5.4 Hz, 0.07Hc minor), 

3.15 (t, J = 10.2 Hz, 1Hb major); 13C NMR (150 MHz, CDCl3): δ 155.5, 154.1, 142.6, 139.5, 

138.6, 136.1, 130.4, 130.2, 129.2, 128.9, 128.7, 128.5, 128.3, 128.2, 128.1, 127.4, 126.9, 125.9, 

121.4, 117.2, 114.3, 82.1, 67.2, 53.0, 51.6; HRMS (+ESI): Calc for C29H26NO3 [M+H]+ 

436.1907; found: 436.1909. 
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HPLC: Chiralpak IC column. Flow rate 1 mL/min. UV detection at 220 nm for major 

diastereomer; τ(major) = 17.0 min., τ(minor) = 14.6 min. using hexane: isopropanol = 93:7 as 

eluent, ee 88%. 

Benzyl 3,4-dihydro-4-(3-methoxyphenyl)-3-phenyl-2H-chromen-2-ylcarbamate (3x/3x') 

Compound (3x/3x') was prepared according to the general 

procedure 5; Reaction time: 3 days; purified by column 

chromatography using 6% (Hexane / EtOAc) solvent system. 

White solid (26.1 mg, yield: 70%); mp: 48-50 oC;  Diastereomeric 

ratio: 2.2:1; 1H NMR (600 MHz, CDCl3): δ 7.30 (brs, 4H), 7.23 – 

7.14 (m, 8H), 7.06 (t, J = 7.9 Hz, 1H), 7.04 – 7.00 (m, 1H), 6.97 (d, 

J = 9.1 Hz, 2H), 6.94 (d, J = 6.1 Hz, 2H), 6.88 (t, J = 7.4 Hz, 

0.6H), 6.83 (t, J = 7.1 Hz, 1H), 6.76 (d, J = 7.7 Hz, 1H), 6.71 (d, J 

= 7.1 Hz, 1H), 6.69 (d, J = 2.4 Hz, 1H), 6.67 (d, J = 2.6 Hz, 1H), 

6.47 (d, J = 7.5 Hz, 1H), 6.39 (s, 1H), 6.26 (d, J = 7.5 Hz, 0.5H), 6.17 (t, J = 10.3 Hz, 0.4Ha 

minor), 6.02 (s, 0.5H), 5.96 (t, J = 9.8 Hz, 1Ha major), 5.36 (d, J = 9.7 Hz, 1.2Hf), 5.03 (dd, J = 

29.0, 10.1 Hz, 2.7He), 4.34 (d, J = 11.0 Hz, 1Hc major), 4.27 (d, J = 5.5 Hz, 0.46Hc minor), 3.63 

(s, 3Hd major), 3.51 (s, 1.5Hd minor), 3.15 (t, J = 10.4 Hz, 1Hb major); 13C NMR (150MHz, 

CDCl3): δ 159.6, 159.0, 155.7, 155.5, 154.0, 153.8, 144.2, 142.0, 139.5, 138.7, 137.7, 136.1, 

130.1, 129.4, 129.1, 128.9, 128.7, 128.3, 128.3, 128.2, 128.1, 127.4, 127.2, 125.6, 124.0, 122.8, 

121.6, 121.4, 121.2, 117.2, 117.1, 115.9, 115.0, 114.3, 112.9, 112.3, 82.0, 78.1, 67.3, 67.2, 55.3, 

55.2, 52.8, 51.6, 49.4, 48.6; HRMS (+ESI): Calc for C30H28NO4 [M+H]+ 466.2013; found: 

466.2014. 

HPLC: Chiralpak IA column. Flow rate 1 mL/min. UV detection at 220 nm for major 

diastereomer; τ(major) = 66.0 min., τ(minor) = 45.6 min. using hexane: isopropanol = 90:10 as 

eluent, ee 86%. 

Benzyl (3-phenyl-4-(phenylethynyl)chroman-2-yl)carbamate (3y/3y') 

Compound (3y/3y') was prepared according to the general procedure 5; Reaction time: 2 days; 

purified by column chromatography using 5% (Hexane / EtOAc) solvent system. White solid 

(22.4 mg, yield: 61%); mp: 176-178 oC;  Diastereomeric ratio: 2.5:1; 1H NMR (600 MHz, 

CDCl3): δ 7.58 (d, J = 7.6 Hz, 1.1H), 7.36 (d, J = 6.5 Hz, 4.2H), 7.32 (brs, 6.3H), 7.28 (d, J = 7.6 

Hz, 5.2H), 7.23 (dd, J = 14.7, 8.1 Hz, 7H), 7.02 (t, J = 7.3 Hz, 1H), 6.98 – 6.92 (m, 2H), 6.42 (t, 
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J = 9.8 Hz, 0.3Ha minor), 5.97 (t, J = 9.4 Hz, 1Ha major), 5.69 (d, J 

= 9.8 Hz, 1He major), 5.42 (d, J = 9.7 Hz, 0.4He minor), 5.09 (d, J 

= 28.8 Hz, 2.8Hd), 4.38 (d, J = 9.9 Hz, 1Hc major), 4.21 (d, J = 4.5 

Hz, 0.4Hc minor), 3.39 (dd, J = 8.9, 4.3 Hz, 0.4Hb minor), 3.24 (t, J 

= 9.3 Hz, 1Hb major); 13C NMR (100 MHz, CDCl3): δ 155.5, 

152.7, 152.6, 138.7, 136.1, 131.8, 131.7, 129.3, 129.3, 129.2, 

129.1, 129.0, 128.7, 128.6, 128.4, 128.3, 128.2, 127.9, 127.9, 

123.2, 123.1, 122.0, 121.7, 121.4, 121.4, 117.5, 117.4, 84.0, 81.5, 

67.4, 49.6, 47.0, 37.3, 36.9; HRMS (+ESI): Calc for C31H26NO3 

[M+H]+ 460.1907; found: 460.1912. 

HPLC: Chiralpak ID column. Flow rate 1 mL/min. UV detection at 254 nm for major 

diastereomer; τ(major) = 89.4 min., τ(minor) = 70.7 min. using hexane: isopropanol = 95:5 up to 

τ = 50.1 min. thereafter, hexane: isopropanol = 90:10 as eluent, ee 52%. 

9. NMR Spectra of enecarbamates (2) & trisubstituted chromans (3): 
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10. HSQC data of product (3a): 
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11. COSY and 1D NOE spectra for relative stereo chemistry of product (Table 1, entry 1) 

(3a/3a') 
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COSY and 1D NOE spectra for relative stereo chemistry of product (3a), (Table 1, entry 6)  
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COSY and NOESY spectra for relative stereo chemistry of product (3b) 
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12.  HPLC Chromatogram: 
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13. Determination of absolute stereochemistry for the compound (3q) from Mosher amides: 

For the determination of absolute configuration, we initially tried to recrystallize most of the 

synthesized trisubstituted chroman products. But unfortunately, because of the semisolid nature 

& for few cases amorphous, high powder nature of the substrate we were unable to get the 

crystal structure. In this situation, we then focused our attention towards an alternative method 

for assignment of absolute configuration i.e. Mosher experiment, a procedure for derivatizing 

and analyzing through the help of 1H NMR of an optically active amine. For this purpose, we 

have chosen the substrate (3q/3q') because conversion into corresponding chiral amine led to no 

change in configuration at the same time deprotection of Boc group present in this substrate was 

comparatively easier than Cbz deprotection present in other substrates.  

Boc group deprotection of substrate (3q): 

O NHBoc

O

(3q/3q')
dr: 1.5:1

Relative stereochemistry: Known

Absolute stereochemistry: Unknown

Formic Acid
DCM

rt, 3days O NH2

O

(11q/11q')

dr: 1.4:1
no change in configuration  

160 mg (0.37 mmol) of (3q/3q') was deprotected to corresponding chiral amine (11q/11q') with 

5 ml of 98% formic acid and 1.5 ml dry DCM solvent. The reaction was continued for 3 days. 

Progress of the reaction was monitored by TLC. Formic acid was evaporated and then 5 ml water 

was added. pH ~8 was maintained by the addition of Na2CO3. Organic phase was extracted with 

DCM and washed with brine. Finally purified by column chromatography. 

Preparation of (S)-(+) MTPA-Cl & compound (13):  
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(S)-(+) MTPA-Cl (12) was prepared according to literature procedure.6 (R)-(+) MTPA, Moshers 

acid (121 mg, 0.52 mmol) was dissolved in 2.4 ml dry DCM and cooled to 0 oC. Then oxalyl 

chloride (0.5 ml, 5.2 mmol) was added followed by the addition of one drop DMF. Thereafter, 

the reaction mixture was continued to stir for 1 hour. Progress of the reaction was then monitored 

by TLC analysis. The reaction mixture was concentrated in vacuo. After this, residue was 

suspended in hexane and concentrated it again in vacuo. Finally, product (S)-(+) MTPA-Cl was 

dissolved in required amount of dry DCM to prepare 0.21 M solution of corresponding Moshers 

acid chloride (12). 

In the next step (11q/11q') amine (16 mg, 0.048 mmol) was dissolved in 1.2 ml DCM and then 

previously prepared Moshers acid chloride (12) was added followed by the addition of 1.21 ml 

saturated aqueous Na2CO3. The reaction mixture was stirred for overnight. Organic phase was 

extracted with DCM & concentrated in vacuo. Finally purified by column chromatography using 

(hexane/ EtOAc) as solvent system to afford the desired product (13). 

Preparation of (R)-(-) MTPA-Cl & compound (15): 

O NH2

O

(11q/11q')

+

OH

O

OMeF3C

(S)-(-) MTPA

Oxalyl Chloride

1 drop DMF

dry DCM

0oC rt

Cl

O

OMeF3C

(R)-(-) MTPA-Cl

14

Cl

O

OMeF3C

(R)-(-) MTPA-Cl

14

O

OMeF3C

O

H

H

Ph

O

H

H
N

15

(S)
aqueous Na2CO3

saturated

DCM
overnight
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(R)-(-) MTPA-Cl (14) was prepared according to literature procedure.9 (S)-(-) MTPA, Moshers 

acid (121 mg, 0.52 mmol) was dissolved in 2.4 ml dry DCM and cooled to 0 oC. Then oxalyl 

chloride (0.5 ml, 5.2 mmol) was added followed by the addition of one drop DMF. Thereafter, 

the reaction mixture was continued to stir for 1 hour. Progress of the reaction was then monitored 

by TLC analysis. The reaction mixture was concentrated in vacuo. After this, residue was 

suspended in hexane and concentrated it again in vacuo. Finally, product (R)-(-) MTPA-Cl was 

dissolved in required amount of dry DCM to prepare 0.21 M solution of corresponding Moshers 

acid chloride (14). 

In the next step (11q/11q') amine (16 mg, 0.048 mmol) was dissolved in 1.2 ml DCM and then 

previously prepared Moshers acid chloride (14) was added followed by the addition of 1.21 ml 

saturated aqueous Na2CO3. The reaction mixture was stirred for overnight. Organic phase was 

extracted with DCM & concentrated in vacuo. Finally purified by column chromatography using 

(hexane/ EtOAc) as solvent system to afford the desired product (15). 

Characterization data for (13): 1H NMR (600 MHz, CDCl3): δ 7.55 – 7.51 (m, 2H), 7.42 – 

7.40 (m, 3H), 7.37 (d, J = 6.4 Hz, 2H), 7.21 (t, J = 7.2 Hz, 3H), 7.15 (dt, J = 15.2, 7.5 Hz, 4H), 

7.00 (d, J = 2.2 Hz, 1H), 6.99 – 6.95 (m, 4H), 6.94 – 6.91 (m, 3H), 6.90 – 6.86 (m, 2H), 6.81 (t, J 

= 7.5 Hz, 1H), 6.79 (d, J = 8.7 Hz, 1H), 6.76 (d, J = 8.6 Hz, 2H), 6.74 (d, J = 7.6 Hz, 1H), 6.67 

(d, J = 8.6 Hz, 2H), 6.59 (s, 0.3H), 6.19 (t, J = 10.0 Hz, 1H), 6.08 (dd, J = 9.9, 3.1 Hz, 0.7H), 

4.35 (d, J = 11.0 Hz, 1H), 4.31 (d, J = 5.0 Hz, 0.7H), 3.75 (s, 1.9H), 3.72 (s, 3H), 3.32 (s, 1.88H), 

3.27 (dd, J = 4.8, 3.3 Hz, 0.7H), 3.14 (t, J = 10.6 Hz, 1H), 2.88 (s, 3H), HRMS (+ESI): Calc for 

C32H29F3NO4 [M+H]+ 548.2043; found: 548.2021. 

Characterization data for (15): 1H NMR (600 MHz, CDCl3): δ 7.48 – 7.44 (m, 1H), 7.37 (d, J 

= 5.3 Hz, 1H), 7.33 (d, J = 10.2 Hz, 1H), 7.29 (d, J = 7.2 Hz, 1H), 7.24 – 7.21 (m, 2H), 7.20 – 

7.17 (m, 2H), 7.15 (d, J = 6.9 Hz, 2H), 7.09 (t, J = 7.8 Hz, 2H), 7.04 (d, J = 8.6 Hz, 1H), 6.98 – 

6.94 (m, 4H), 6.93 (d, J = 7.2 Hz, 1H), 6.84 – 6.80 (m, 2H), 6.78 (d, J = 8.5 Hz, 2H), 6.74 (d, J = 

7.7 Hz, 3H), 6.67 (d, J = 8.5 Hz, 2H), 6.59 (s, 0.4H), 6.20 (t, J = 10.1 Hz, 1H), 6.08 (dd, J = 9.8, 

3.0 Hz, 0.5H), 4.38 (d, J = 3.5 Hz, 0.4H), 4.36 (d, J = 11.2 Hz, 1H), 3.77 (s, 1.2H), 3.72 (s, 3H), 

3.33 (t, J = 3.3 Hz, 0.5H), 3.23 (s, 3H), 3.18 (s, 1.5H), 3.15 (d, J = 10.7 Hz, 1H); HRMS (+ESI): 

Calc for C32H29F3NO4 [M+H]+ 548.2043; found: 548.2036. 
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1H NMR spectra of (13): 

 

1H NMR spectra of (15): 
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COSY spectra of (13): 
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COSY spectra of (15): 
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Analysis for the absolute configuration of the major diastereomer of the substrate (3q /3q'): 

From the Mosher’s methodology,9,10 it is known that, in the most stable conformation of the 

MTPA amide, the trifluromethyl group is always syn periplanar with respect to carbonyl group. 

Furthermore, N-H bond and the carbonyl group prefers anti orientation amongst themselves from 

energy point of view. 

Accordingly, we envisioned the molecular models of our trisubstituted chroman moiety. 

Analysis of (13) & (15) reveals that Ha, Hb, Hc protons of the major dr are shielded in MTPA-

amide (13) compared to MTPA-amide (15). This clearly indicates that shielding interaction is 

present between the phenyl group of the Mosher part and the three adjacent protons. Thus, it can 

be predicted that the phenyl group adjacent to Hb must be coplanar with the phenyl group of 

Mosher part. Also, for our concerted mechanism, Ha and Hb must be trans to each other as 

dienophile enecarbamates are in trans conformation. In addition, coupling constant value & 

NOESY, COSY analysis (for compound (3a/3a')) revealed that Hb and Hc are also trans to each 

for the major diastereomer as shown in page no-S.17 & page no- S.96 to S.97.  

 

O

Ha

H
N

Ph

Hb

Hc

O

O

CF3
OMe

(R)
O

Ha

H
N

Ph

Hb

Hc

O

O
CF3(R)

OMe

shielding
interaction

no shielding
interaction

( 13 )
( 13 )

 

 Ha: δ 6.19 (t, J = 10.0 Hz, 1H)        shielded 

Compound (13) Hb: δ 3.14 (t, J = 10.6 Hz, 1H)        shielded 

 Hc: δ 4.35 (d, J = 11.0 Hz, 1H)        shielded 

 

 

9) D. J. Fox, S. Parris, D. S. Pedersen, C. R. Tyzack and S. Warren, Org. Biomol. Chem., 2006, 4, 3108; 10) J. M. 

Seco, E. Quinoa and R. Riguera, Chem. Rev., 2004, 104, 17. 
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 Ha: δ 6.20 (t, J = 10.1 Hz, 1H)                deshielded 

Compound (15) Hb: δ 3.15 (d, J = 10.7 Hz, 1H)                deshielded 

 Hc: δ 4.36 (d, J = 11.2 Hz, 1H) deshielded 

 

Thus, the absolute configuration for the major diastereomer of compound (3q) was determined as 

O
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