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1. Optimization of Reaction Conditions 
Table S1. Optimization of Reaction Conditions with thiophene-based substrate: 

 

 

 

                                                

sr. no Ni-H (mol-%) acid (mol-%) Time X+Y (h) Yield (%)a 

1 5 TfOH (20 mol%) 3+3 87 
2 5 TfOH (20 mol%) 2.5+2.5 77 
3 5 TfOH (20 mol%) 2+2 77 
4 5 TfOH (20 mol%) 1.5+1.5 >99 
5 3 TfOH (12 mol%) 1.5+1.5 >99 
7 1.25 TfOH (5 mol%) 25+25 min >99 
8 1 TfOH (4 mol%) 20+20 min >99 
9 0.5 TfOH (2 mol%) 20+20 min >98 

10 0.25 TfOH (1 mol%) 30+30 min >98 
12 - TfOH (5 mol%) 1.5+1.5 - 
13 1 FeCl3(4 mol%) 0.5+15 33 
14b 1 MSA (4 mol%) 0.5+17 >99 
15c 1 DPP (4 mol%) 0.5+24 97 
16b 1 CSA (4 mol%) 0.5+24 27 
17 1 Bi(OTf)3 (4 mol%) 15+15 min >99 

aYield determined by quantitative GC-FID analysis. bReaction performed at 60 oC. c Reaction performed at 
115 oC, solvent = toluene. 

Note: Time (X+Y) indicates that the reaction mixture comprised of reactant, Ni-H and solvent was stirred 
for X h, followed by addition of the acid and further stirring for Y h. 
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2. Olefin Isomerization Experiments: Spectral Data for Products 2a-2h 
(E)-1-Methoxy-4-(prop-1-en-1-yl)benzene (2a) 

 1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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(E)-1-(Prop-1-en-1-yl)-4-(trifluoromethyl)benzene (2b)  

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S6 
 

19F NMR (282 MHz, CDCl3)  
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(E)-1,2,3,4,5-Pentafluoro-6-(prop-1-en-1-yl)benzene (2c) 

1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (75 MHz, CDCl3)     
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19F NMR (376 MHz, CDCl3) 
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(E)-1-Methyl-2-(prop-1-en-1-yl)benzene (2d)  

 

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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(E)-2-(Prop-1-en-1-yl)phenol (2e)  

 

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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(E)-1-Bromo-2-(prop-1-en-1-yl)benzene (2f)  

 

1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (75 MHz, CDCl3)     
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But-2-en-1-ylbenzene (2g) 1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (75 MHz, CDCl3)     
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2-Octene (2h) 1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (75 MHz, CDCl3)     
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3. Spectral Data for Indole Based Substrates 3aa-3af, 3ba-3bg 
3-(2-(Allyloxy)ethyl)-1-benzyl-1H-indole (3aa)  

1H NMR (400 MHz, CDCl3) 

 

 

  

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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3-(2-(Allyloxy)ethyl)-1-benzyl-5-methoxy-1H-indole (3ab)  

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

 13C{1H} NMR (101 MHz, CDCl3)     
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3-(2-(Allyloxy)-2-phenylethyl)-1-methyl-1H-indole (3ac)  

 

1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 
13C{1H} NMR (101 MHz, CDCl3)     
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3-(2-(Allyloxy)ethyl)-1-benzyl-5-bromo-1H-indole (3ad)  

1H NMR (400 MHz, THF-d8) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, THF-d8)     
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3-(2-(Allyloxy)ethyl)-1H-indole (3ae)  

1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (75 MHz, CDCl3)     
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1-Benzyl-3-(2-(but-3-en-2-yloxy)ethyl)-1H-indole (3af)  

1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (75 MHz, CDCl3)     
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1-(2-(Allyloxy)ethyl)-3-phenyl-1H-indole (3ba)  

1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (75 MHz, CDCl3)     
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1-(2-(Allyloxy)ethyl)-5-bromo-3-phenyl-1H-indole (3bb)  

 

1H NMR (300 MHz, CDCl3)  

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (75 MHz, CDCl3)     
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1-(2-(Allyloxy)ethyl)-5-methoxy-3-phenyl-1H-indole (3bc)  

 

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)      
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1-(2-(Allyloxy)ethyl)-5-fluoro-3-phenyl-1H-indole (3bd)  

 

1H NMR (400 MHz, CDCl3) 

  

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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19F NMR (376 MHz, CDCl3) 
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1-(2-(Allyloxy)ethyl)-5-chloro-3-phenyl-1H-indole (3be)  

 

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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1-(3-(Allyloxy)propyl)-3-phenyl-1H-indole (3bf)  
 

1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 
13C{1H} NMR (101 MHz, CDCl3)     
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1-(2-(Allyloxy)ethyl)-3-(phenylthio)-1H-indole (3bg)  

 

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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4. Spectral Data for Indole Based Cyclization Products 5aa-5af, 5ba-5bg 
9-Benzyl-1-ethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole (5aa)  

 

1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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9-Benzyl-1-ethyl-6-methoxy-1,3,4,9-tetrahydropyrano[3,4-b]indole (5ab) (4 mmol scale)   

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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1-Ethyl-9-methyl-3-phenyl-1,3,4,9-tetrahydropyrano[3,4-b]indole (5ac)  

 

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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9-Benzyl-6-bromo-1-ethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole (5ad)  

1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (75 MHz, CDCl3)     
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1-Ethyl-1,3,4,9-tetrahydropyrano[3,4-b]indole (5ae)  

1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (75 MHz, CDCl3)     
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9-Benzyl-1-ethyl-1-methyl-1,3,4,9-tetrahydropyrano[3,4-b]indole (5af)  

 

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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1-Ethyl-10-phenyl-3,4-dihydro-1H-[1,4]oxazino[4,3-a]indole (5ba)  

 

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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8-Bromo-1-ethyl-10-phenyl-3,4-dihydro-1H-[1,4]oxazino[4,3-a]indole (5bb)  

 

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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1-Ethyl-8-methoxy-10-phenyl-3,4-dihydro-1H-[1,4]oxazino[4,3-a]indole (5bc)  

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)      
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1-Ethyl-8-fluoro-10-phenyl-3,4-dihydro-1H-[1,4]oxazino[4,3-a]indole (5bd) 1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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19F NMR (282 MHz, CDCl3)  
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8-Chloro-1-ethyl-10-phenyl-3,4-dihydro-1H-[1,4]oxazino[4,3-a]indole (5be)  

 

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (100 MHz, CDCl3)     
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1-Ethyl-11-phenyl-4,5-dihydro-1H,3H-[1,4]oxazepino[4,3-a]indole (5bf)  

 

1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (75 MHz, CDCl3)     
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1-Ethyl-10-(phenylthio)-3,4-dihydro-1H-[1,4]oxazino[4,3-a]indole (5bg)  

 

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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5. Spectral Data for O-Allylated Substrates 6a-b, 8a-b and Products 7a-b, 9a-b 
1-(2-(Allyloxy)ethyl)-3-methoxybenzene (6a)  

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

  

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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4-(2-(Allyloxy)ethyl)-1,2-dimethoxybenzene (6b)  

1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (75 MHz, CDCl3)     
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1-Ethyl-6-methoxyisochromane (7a)  

1H NMR (300 MHz, CDCl3) 

                                                                        

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (75 MHz, CDCl3)     
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1-ethyl-6,7-dimethoxyisochromane(7b)  

1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (75 MHz, CDCl3)     
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3-(2-(Allyloxy)ethyl)thiophene (8a)  

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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2-(2-(Allyloxy)ethyl)thiophene (8b)  

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)      



S48 
 

7-Ethyl-4,7-dihydro-5H-thieno[2,3-c]pyran (9a)  

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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4-Ethyl-6,7-dihydro-4H-thieno[3,2-c]pyran (9b)  

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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6. Spectral Data for Substrates for Acetalization 10a-10h, and Products 11a-11h 
N-Allyl-N-(2-(hydroxymethyl)phenyl)-4-methylbenzenesulfonamide (10a)  

 

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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N-Allyl-N-(2-(1-hydroxyethyl)phenyl)-4-methylbenzenesulfonamide (10b)  

 

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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N-Allyl-N-(2-(hydroxymethyl)benzyl)-4-methylbenzenesulfonamide (10d)  

1H NMR (400 MHz, CDCl3) 

  

 

 

 

 

 

 

 

 

 

 

 
13C{1H} NMR (101 MHz, CDCl3)     
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2-(2-(Allyloxy)phenyl)ethan-1-ol (10e)  

1H NMR (400 MHz, CDCl3) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
13C{1H} NMR (101 MHz, CDCl3)     
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(2-(Allyloxy)phenyl)methanol (10f)  

 

1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (75 MHz, CDCl3)     
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1-(Allyloxy)-3-phenylpropan-2-ol (10g)  

 

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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1-(Allyloxy)-2-methyl-1-phenylpropan-2-ol (10h)  

 

1H NMR (400 MHz, CDCl3) 

 

  

 

 

 

 

 

 

 

 

 
13C{1H} NMR (101 MHz, CDCl3)     
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2-Ethyl-1-tosyl-1,4-dihydro-2H-benzo[d][1,3]oxazine (11a)  

1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (75 MHz, CDCl3)     
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2-Ethyl-4-methyl-1-tosyl-1,4-dihydro-2H-benzo[d][1,3]oxazine (11b)  

 

1H NMR (400 MHz, CDCl3) 

 

  

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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3-Ethyl-4-tosyl-1,3,4,5-tetrahydrobenzo[e][1,3]oxazepine (11d)  

 

1H NMR (400 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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2-Ethyl-4,5-dihydrobenzo[d][1,3]dioxepine (11e)  

1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 13C{1H} NMR (75 MHz, CDCl3)     
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2-Ethyl-4H-benzo[d][1,3]dioxine (11f)  

1H NMR (300 MHz, CDCl3) 

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (101 MHz, CDCl3)     
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4-Benzyl-2-ethyl-1,3-dioxolane (11g)  

1H NMR (300 MHz, CDCl3)                                                                     

 

 

 

 

 

 

 

 

 

 

 

 

13C{1H} NMR (75 MHz, CDCl3)     
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2-Ethyl-4,4-dimethyl-5-phenyl-1,3-dioxolane (11h)  

1H NMR (300 MHz, CDCl3) 

 

 

 

 

  

 

 

 

 

 

 

 

13C NMR (75 MHz, CDCl3) 
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7. GC-FID Analysis Calibration Data 
Calibration Data for Gas Chromatography: 

 

 

 

 

For the purpose of obtaining a calibration curve a stock solution of compound 9a was prepared as 
described in the following paragraph 

Compound 9a was weighed into a 10 mL standard flask (42.06 mg, 0.25 mmol) anddissolved in 
CH2Cl2. From this stock solution, four sets of dilutions were prepared in GC vials: 100 µL, 150 µL, 200 µL, 
250 µL, two each. A similar procedure was followed for pentadecane, the internal standard (0.25 mmol, 
53.1 mg). However, this time 300 µL was added to every GC vial containing the previously prepared 
dilutions. Upon diluting the mixtures with CH2Cl2, they were subjected to GC analysis. 

area (product) area (pentadecane) mass (product) mass (pentadecane) 
537 5344 0.42 1.59 
528 5288 0.42 1.59 
777 4982 0.63 1.59 
821 5488 0.63 1.59 

1043 5225 0.84 1.59 
1010 5073 0.84 1.59 
1269 4944 1.05 1.59 
1499 5954 1.05 1.59 
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For the purpose of obtaining a calibration curve a stock solution of compound 1b was prepared as 
described in the following paragraph. 

1-allyl-4-(trifluoromethyl)benzene was weighed into a 10 mL standard flask (46.54 mg, 0.25 mmol) 
anddissolved in ethyl acetate. From this stock solution, three sets of dilutions were prepared in GC vials: 
300 µL, 200 µL, 400 µL, two each. A similar procedure was followed for pentadecane, the internal standard 
(0.25 mmol, 53.1 mg). However, this time 350 µL was added to every GC vial containing the previously 
prepared dilutions. Upon diluting the mixtures with ethyl acetate, they were subjected to GC analysis. 

area (product) area (pentadecane) mass (product) mass (pentadecane) 
3833.3 6628.8 1.39 1.85 
3634.9 6226.4 1.39 1.85 
2338.7 5994.2 0.93 1.85 
2615.4 6669.4 0.93 1.85 
5340.5 6811.7 1.86 1.85 
5122 6503 1.86 1.85 
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For the purpose of obtaining a calibration curve a stock solution of compound 1c was prepared as 
described in the following paragraph. 

Compound 1c was weighed into a 10 mL standard flask (52.03 mg, 0.25 mmol) and dissolvedin ethyl 
acetate. From this stock solution, three sets of dilutions were prepared in GC vials 300 µL, 200 µL, 400 µL, 
two each. A similar procedure was followed for pentadecane, the internal standard (0.25 mmol, 53.1 mg). 
However, this time 350 µL was added to every GC vial containing the previously prepared dilutions. After 
dilution of the mixtures with ethyl acetate, samples were subjected to GC analysis. 

area (product) area (pentadecane) mass (product) mass (pentadecane) 
3664.5 5953.2 1.56 1.85 
4059.9 6629.5 1.56 1.85 
2639.2 6333.5 1.04 1.85 
2576.5 6349.7 1.04 1.85 
4845.4 5888.4 2.08 1.85 
4817.6 5888.7 2.08 1.85 
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For the purpose of obtaining a calibration curve a stock solution of 1g was prepared as described in the 
following paragraph 

Compound 1g was weighed into a 10 mL standard flask (0.25 mmol, 33.0 mg) and dissolved in ethyl 
acetate. From this stock solution, three sets of dilutions were prepared in GC vials: 300 µL, 200 µL, 400 µL, 
three each. A similar procedure was followed for pentadecane, the internal standard (0.25 mmol, 53.1 
mg). However, this time 400 µL was added to every GC vial containing the previously prepared dilutions. 
After diluting the mixtures with ethyl acetate, samples were subjected to GC analysis. 

 

area (product) area (pentadecane) mass (product) mass (pentadecane) 
1492 4951.1 0.634 2.03 
1589 5064 0.634 2.03 
1575 5032 0.634 2.03 
2403 5191 0.951 2.03 
2320 4926 0.951 2.03 
2324 4897 0.951 2.03 
3131 5051 1.26 2.03 
3041 4944 1.26 2.03 
3186 5120 1.26 2.03 

 

 

  

y = 1,0196x - 0,0349
R² = 0,9968

0

0,5

1

1,5

2

2,5

3

3,5

0,0000 0,5000 1,0000 1,5000 2,0000 2,5000 3,0000 3,5000

Ar
ea

 ra
tio

Mass Ratio

4-phenyl-1-butene



S68 
 

 

 

For the purpose of obtaining a calibration curve a stock solution of compound 1h was prepared as 
described in the following paragraph 

1-octene was weighed into a 10 mL standard flask (28.05 mg, 0.25 mmol) and dissolvedin ethyl 
acetate. From this stock solution, three sets of dilutions were prepared in GC vials: 300 µL, 200 µL, 400 µL, 
two each. A similar procedure was followed for pentadecane, the internal standard (0.25 mmol, 53.1 mg). 
However, this time 350 µL was added to every GC vial containing the previously prepared dilutions. After 
diluting the mixtures with ethyl acetate, samples were subjected to GC analysis. 

area (product) area (pentadecane) mass (product) mass (pentadecane) 
3541.2 6341.3 0.84 1.85 
3149.2 6491.4 0.84 1.85 
2022.5 6336.7 0.56 1.85 
1902.2 5947.6 0.56 1.85 
4307.7 6614.1 1.12 1.85 
3724.3 5702.6 1.12 1.85 
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8. HPLC Data: Enantioselective Isomerization/Acetalization 
 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Column: Reprosil Chiral OM                                                   Wavelength- 254 nm 
Eluent: hexane:i-propanol 93:7 (static elution), run time: 25 mins 
Temperature: r.t. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



S70 
 

Column- Reprosil Chiral OM         Wavelength- 254 nm 
Eluent: hexane:i-propanol : 93 : 7 (static elution), run time: 25 mins. 
Temperature: r.t. 
 
Comparison of areas of peak at 2.103 and 2.466 indicate a ratio of 66:34. 

Similarly, other enantiomeric ratios were determined. 

The reactions for evaluating the enantiomeric excess were carried out as per general catalysis procedure 
A. The crude product was analyzed by HPLC. 

Table S2. Reaction trials with chiral phosphoric acid. 

 

 

 

 

 

sr. no Ni-H 
(mol-%) 

Acid 
(mol-%) 

Time 
(days) 

  11a:10a 
(%)a 

e.r.b 

c1 4 DPP (15) 4 75 : 25 racemic 
d2 4 CPA-1 (15) 4.5 72 : 28 65 : 35 
e3 4 CPA-1 (15) 6 74 : 26 65 : 35 
f4 4 CPA-1 (15) 4.5 60 : 40 62 : 38 

 

General reaction conditions: 1 (0.1 mmol). a Ratio determined by NMR spectroscopy. b Determined by 
HPLC analysis. c Isolated yield, temperature: 50 °C, solvent = toluene. d Temperature: 40 °C, solvent = 
toluene, e Temperature: 40 °C, solvent = toluene. f Temperature: 40 °C, solvent = THF. 

 

 

 

 

 

 

 

 

 

 

 



S71 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


