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Experimental: 

 General Procedures. All organic reactions were performed under an atmosphere 

of N2 in flame- or oven-dried glassware unless otherwise stated. All preparations for all 

C–H activation experiments were carried out in a N2-filled Vacuum Atmospheres inert 

atmosphere box (glovebox). Thin-layer chromatography was performed on Merck 60 F254 

250-μm silica gel plates. Visualization of the developed chromatograms was performed 

by fluorescence quenching. Flash chromatography was carried out using Merck 60 230-

240 mesh silica gel or a Biotage SP Flash Purification System (Biotage No. SP1-B1A).  

IR spectra were recorded on a Thermo Nicolet Avatar 370 fitted with a single bounce 

ZnSe ATR plate; stretching frequencies are reported in cm-1 and the data shown include 

only major absorptions.  1H, and 13C NMR measurements were conducted using a Bruker 

AV-300, AVB-400, or DRX-500 spectrometer as noted at room temperature. NMR 

chemical shifts are reported in ppm and referenced to residual protonated solvent or 

added internal standard, and coupling constants are reported in Hz.  High resolution mass 

spectra (HRMS) and elemental analyses were performed by the University of California, 

Berkeley Micro-Mass Facility using ProSpec equipped with an EI source (EI), ZAB 

equipped with a FAB (FAB), or LTQ Orbitrap (ESI).  X-ray crystal structures were 

obtained by the University of California, Berkeley X-ray Crystallography Facility.  Chiral 

HPLC analyses were performed on a Shimadzu VP Series with a Chiralcel AD-H column 

(250 mm x 4.6 mm) or Chiralcel AS-H (250 mm x 4.6 mm) using a flow rate of 1 

mL/min. A Perkin-Elmer 241 polarimeter with a sodium lamp was used to determine 

specific rotations and concentrations are reported in g/dL. Melting points of the 
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compounds obtained as solids were measured with a Laboratory Devices Inc. MEL-

TEMP 3.0.  

 Materials. Unless otherwise noted, materials were obtained from commercial 

suppliers and used without further purification. Tetrahydrofuran (THF) was obtained 

from a Seca Solvent System by Glass Contour (solvents were passed through activated 

alumina columns under nitrogen pressure). (1S,1S',2R,2R')-1,1'-di-tert-butyl-(2,2')-

diphospholane ((S,S’,R,R’)-Tangphos) was purchased from Sigma-Aldrich.  

[RhCl(coe)2]2 (also available from Strem Chemical) was prepared according to 

referenced literature procedure.1 Tetrahydrofuran-d8, dioxane-d8, toluene-d8 were dried 

over sodium/benzophenone ketyl and distilled using vacuum transfer procedures. All 

liquid reagents and deuterated solvents were thoroughly degassed using three freeze-

pump-thaw cycles prior to transfer into the glovebox.  Racemic samples of the cyclized 

products for chiral HPLC analysis were prepared by using PCy3 as a ligand instead of 

(S,S’,R,R’)-Tangphos.2 

N

N

 

 1-(2-methylenebutyl)-1H-benzo[d]imidazole.  To an ice-water cooled solution 

of 1H-benzimidazole (132 mg, 1.13 mmol) in THF (5 mL) was added NaH (60%/mineral 

oil) (81 mg, 2.0 mmol).  The mixture was stirred under the same conditions for 15 

minutes.  3-bromo-2-ethyl-propene (200 mg, 1.35 mmol) was added as a solution in THF 

(2mL) and the mixture was stirred at rt for 18 h.  The reaction was quenched with sat. 

NaHCO3 (aq), and the resulting mixture was extracted three times with ethyl acetate.  The 

organic layers were combined, dried over anhydrous MgSO4, filtered, and concentrated. 
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The residue was purified by silica gel column chromatography (200:10:1 CH2Cl2: 

MeOH: NH4OH) to give the title compound as a clear oil (126 mg, 60% yield).  ; 

υmax(film)/cm-11493, 1457; 1H NMR (400 MHz, CDCl3): δ 7.88 (s, 1H), 7.86-7.81 (m, 

1H), 7.39-7.32 (m, 1H), 7.31-7.23 (m, 2H), 4.99 (s, 1H), 4.81 (s, 1H), 4.71 (s, 2H), 1.99 

(q, 2H, J = 7.4 Hz), 1.06 (t, 3H, J = 7.4 Hz); 13C{1H} NMR (100 MHz, CDCl3): δ 145.3, 

144.1, 143.7, 134.3, 123.2, 122.4, 120.6, 112.0, 110.3, 50.3, 26.4, 12.1; HRMS (FAB+) 

Calcd for C12H15N2 [MH]+ 187.1235; Found 187.1233.   

N

N
Ph

 

 1-(2-Phenylallyl)-1H-benzoimidazole. To a ice-water cooled solution of 1H-

benzimidazole (249 mg, 2.11 mmol) in THF (10 mL) was added NaH (60%/mineral oil) 

(128 mg, 3.20 mmol).  The mixture was stirred under the same conditions for 15 minutes.  

(1-bromomethylvinyl)benzene (389 mg, 1.98 mmol) was added as a solution in THF (3 

mL), and the mixture was stirred at rt for 18 h. The reaction was quenched with sat. 

NaHCO3 (aq), and the resulting mixture was extracted three times with ethyl acetate.  The 

organic layers were combined, dried over anhydrous MgSO4, filtered, and concentrated. 

The residue was purified by silica gel column chromatography (0-70% gradient of ethyl 

acetate in hexanes) followed by washing with diethyl ether to give the title compound as 

a white solid (326 mg, 66% yield). mp 126-127 °C; υmax(film)/cm-1 1490; 1H NMR (400 

MHz, CDCl3): δ 7.90 (s, 1H), 7.84-7.77 (m, 1H), 7.45-7.26 (m, 8H), 5.55 (s, 1H), 5.18 (s, 

2H), 4.98 (s, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 143.8, 143.3, 142.2, 137.9, 133.9, 

128.7, 128.5, 125.9, 123.0, 122.2, 120.4, 115.3, 110.0, 48.7; HRMS (EI): Calcd for 

C16H14N2 [M]+ 234.1157; Found 234.1162. 
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N

N
O

OMe

 

2-(1H-benzo[d]imidazol-1-yl)-1-(4-methoxyphenyl)ethanone.  To a 25 mL 

round bottom flask was added benzimidazole (890 mg, 7.54 mmol), 2-bromo-1-(4-

methoxyphenyl)ethanone (695 mg, 3.05 mmol), and DMF (4 mL).  The solution was 

stirred at rt for 16 h during which time the solution became cloudy.  DMF was removed 

via high-vac at 0.05 mmHg, and the resulting crude solid was suspended in CH2Cl2 and 

washed with sat. NaHCO3 (aq).  The layers were separated and the aqueous layer was 

washed three times with CH2Cl2.  The organic layers were combined, dried over 

anhydrous MgSO4, concentrated, and purified by silica column chromatography 

(200:10:1 CH2Cl2: MeOH: NH4OH) to yield a white solid (350 mg, 43% yield).  Physical 

data were consistent with the previously reported characterization.3  1H NMR (400 MHz, 

CDCl3): δ 8.04 (d, 2H, J = 8.8 Hz) 7.97 (s, 1H), 7.92-7.83 (m, 1H), 7.37-7.24 (m, 3H), 

7.05 (d, 2H, J = 8.8 Hz), 5.55 (d, 2H), 3.95 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): 

δ 189.9, 164.6, 144.0, 143.5, 134.5, 130.5, 127.3, 123.3, 122.4, 120.4, 114.4, 109.5, 55.7, 

50.1; 

N

N

OMe

 

 1-(2-(4-methoxyphenyl)allyl)-1H-benzo[d]imidazole.  In a 25 mL Schlenk flask 

equipped with a stir bar was combined 2-(1H-benzo[d]imidazol-1-yl)-1-(4-

methoxyphenyl)ethanone (280 mg, 1.05 mmol), methyl triphenylphosphonium bromide 
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(756 mg, 2.12 mmol), and K2CO3 (336 mg, 2.43 mmol), and THF (10 mL).  The 

suspension was heated at 135 °C for 24 h.  The reaction vessel was cooled to rt, filtered 

through celite, and the celite was washed with THF.  The filtrate was concentrated and 

purified by silica column chromatography (95:5 methyl tert-butyl ether: triethylamine) to 

yield a white solid (159 mg, 57%).  mp 121-123 °C;  υmax(film)/cm-1 1605, 1513; 1H 

NMR (300 MHz, CDCl3): δ 7.89 (s, 1H), 7.84-7.76 (m, 1H), 7.45-7.38 (m, 1H), 7.37-

7.22 (m, 4H), 6.86 (d, 2H, J = 8.9 Hz), 5.47 (s, 1H), 5.13 (s, 2H), 4.91 (s, 1H), 3.79 (s, 

3H); 13C{1H} NMR (75 MHz, CDCl3): δ 159.8, 143.9, 143.4, 141.5, 134.0, 130.3, 127.1, 

123.0, 122.2, 120.4, 114.1, 113.4, 110.0, 55.3, 48.8; HRMS (FAB+) Calcd for 

C17H17N2O [MH]+ 265.1341; Found 265.1339.   

N

N
O

CF3

 

2-(1H-benzo[d]imidazol-1-yl)-1-(4-(trifluoromethyl)phenyl)ethanone.  To a 25 

mL round bottom flask was combined benzimidazole (231 mg, 1.96 mmol), 2-bromo-1-

(4-(trifluoromethyl)phenyl)ethanone (200 mg, 0.75 mmol), and DMF (1 mL).  The 

solution was stirred at rt for 16 h during which time it became cloudy.  DMF was 

removed via high-vac at 0.05 mmHg, and the resulting crude solid was suspended in 

CH2Cl2 and washed with sat. NaHCO3 (aq).  The layers were separated and the aqueous 

layer was washed three times with CH2Cl2.  The organic layers were combined, dried 

over anhydrous MgSO4, concentrated, and purified by silica column chromatography 

(200:10:1 CH2Cl2: MeOH: NH4OH) to yield a white solid (200 mg, 87% yield).  mp 169-

172 °C; υmax(film)/cm-1 1706, 1323; 1H NMR (400 MHz, CDCl3): δ 8.81 (d, 2H, J = 8.1 
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Hz), 7.98 (s, 1H), 7.93-7.82 (m, 3H) 7.40-7.22 (m, 3H), 5.64 (s, 2H); 13C{1H} NMR (100 

MHz, CDCl3): δ 190.6, 143.6, 143.5, 135.9 (q, JC-F = 31.5 Hz), 136.8, 134.1, 128.5, 126.3 

(q, JC-F = 3.7 Hz), 123.5, 123.4 (q, JC-F = 271.5 Hz) 122.6, 120.7, 109.2, 50.7; 19F NMR 

(375 Mhz, CDCl3): δ −62.5; HRMS (FAB+) Calcd for C16H12F3N2O [MH]+ 305.0896; 

Found 305.0899.   

N

N

CF3

 

 1-(2-(4-(trifluoromethyl)phenyl)allyl)-1H-benzo[d]imidazole.  To a 25 mL 

Schlenk flask equipped with a stir bar was combined 2-(1H-benzo[d]imidazol-1-yl)-1-(4-

trifluoromethyl)ethanone (450  mg, 1.47 mmol), methyl triphenylphosphonium bromide 

(1.06 g, 2.96 mmol), K2CO3 (470 mg, 3.40 mmol), and THF (15 mL).  The suspension 

was heated at 135 °C for 24 h.  The reaction vessel was cooled to rt, the reaction mixture 

was filtered through celite, and the celite pad was washed with THF.  The filtrate was 

concentrated, and the crude product purified by activity III neutral alumina 

chromatography (2:1 hex: EtOAc) to yield a white solid (190 mg, 42%).  mp 119-121 °C; 

υmax(film)/cm-1 1498, 1325; 1H NMR (400 MHz, CDCl3): δ 7.91 (s, 1H), 7.88-7.81 (m, 

1H), 7.63 (d, 2H, J = 8.1 Hz), 7.52 (d, 2H, J = 8.1 Hz), 7.45-7.49 (m, 1H), 7.38-7.29  (m, 

2H), 5.64 (s, 1H), 5.19 (s, 2H), 5.14 (s, 1H); 13C{1H} NMR (100 MHz, CDCl3): 

δ 143.9, 143.2, 141.5, 141.4, 133.8, 130.5 (q, JC-F = 32.9 Hz), 126.3, 125.8 (q, JC-F = 3.7 

Hz), 123.9 (q, JC-F = 271.5 Hz), 123.3, 122.4, 120.6, 117.4, 109.8, 48.6;  19F NMR (375 

Mhz, CDCl3): δ −61.5;  HRMS (FAB+) Calcd for C17H14F3N2 [MH]+ 303.1109; Found 

303.1111.   
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N

NMeO

N

N

MeO  

 6-methoxy-1-(2-methylallyl)-1H-benzo[d]imidazole and 5-methoxy-1-(2-

methylallyl)-1H-benzo[d]imidazole.  To an ice-water cooled solution of 6-methoxy-1H-

benzo[d]imidazole (300 mg, 2.0 mmol) in THF (5 mL) was added NaH (60%/mineral oil) 

(136 mg, 3.40 mmol).  The mixture was stirred under the same conditions for 15 minutes. 

3-Bromo-2-methylprop-1-ene (300 mg, 2.24 mmol) was added, and the mixture was 

stirred at rt for 18 h.  The reaction was quenched with sat. NaHCO3 (aq), and the resulting 

mixture was extracted three times with ethyl acetate.  The organic layers were combined, 

dried over anhydrous MgSO4, filtered, and concentrated. The residue was purified by 

silica gel column chromatography (10:1 t-butyl methyl ether: triethylamine) to obtain two 

clear oils.  Less polar product (6-methoxy-1-(2-methylallyl)-1H-benzo[d]imidazole): 

100 mg (24% yield); υmax(film)/cm-1 1491, 1438, 1224; 1H NMR (300 MHz, CDCl3): δ 

7.76 (s, 1H), 7.66 (d, 1H, J = 8.6 Hz), 6.90 (dd, 1H, J = 8.6, 2.0 Hz), 6.78 (d, 1H, J = 2.0 

Hz), 4.97 (s, 1H), 4.79 (s, 1H), 3.83 (s, 2H), 3.83 (s, 3H), 1.69 (s, 3H); 13C{1H} NMR 

(75 MHz, CDCl3): δ 157.0, 142.9, 139.7, 138.6, 134.9, 121.0, 114.1, 111.6, 93.9, 56.1, 

51.3, 20.1; HRMS (FAB+) Calcd for C12H15N2O [MH]+ 203.1184; Found 203.1185.  

More polar product (5-methoxy-1-(2-methylallyl)-1H-benzo[d]imidazole): 60 mg 

(14%); υmax(film)/cm-1  1492, 1430, 1224;  1H NMR (300 MHz, CDCl3): δ 7.81 (s, 1H), 

7.26 (d, 1H, J = 2.3 Hz), 7.22 (d, 1H, J = 8.9 Hz), 6.91 (dd, 1H, J = 8.9, 2.3 Hz), 4.97 (s, 

1H), 4.81 (s, 1H), 4.53 (s, 2H), 3.84 (s, 3H), 1.67 (s, 3H); 13C{1H} NMR (75 MHz, 
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CDCl3): δ 156.4, 145.0, 143.8, 139.9, 128.9, 114.2, 113.5, 110.7, 102.6, 56.0, 51.53, 20.0; 

HRMS (FAB+) Calcd for C12H15N2O [MH]+ 203.1184; Found 203.1187.   

N

NF3C

N

N

F3C  

1-(2-methylallyl)-6-(trifluoromethyl)-1H-benzo[d]imidazole and 1-(2-

methylallyl)-5-(trifluoromethyl)-1H-benzo[d]imidazole.  To an ice-water cooled 

solution of 6-(trifluoromethyl)-1H-benzo[d]imidazole4 (250 mg, 1.34 mmol) in THF (5 

mL) was added NaH (60%/mineral oil) (91 mg, 2.28 mmol).  The mixture was stirred 

under the same conditions for 15 minutes.  3-Bromo-2-methylprop-1-ene (216 mg, 1.61 

mmol) was added, and the mixture was stirred at rt for 18 h.  The reaction was quenched 

with sat. NaHCO3 (aq), and the resulting mixture was extracted three times with ethyl 

acetate.  The organic layers were combined, dried over anhydrous MgSO4, filtered, and 

concentrated. The residue was purified by silica gel column chromatography (200:10:1 

CH2Cl2: MeOH: NH4OH) to obtain two white solids.  Less polar product (1-(2-

methylallyl)-5-(trifluoromethyl)-1H-benzo[d]imidazole):  50 mg (16%); mp 42-43 °C; 

υmax(film)/cm-1 1503, 1326; 1H NMR (400 MHz, CDCl3): δ 8.07 (s, 1H), 7.97 (s, 1H), 

7.50 (d, 1H, J = 8.4 Hz), 7.42 (d, 1H, J = 8.4 Hz), 5.00 (s, 1H), 4.77 (s, 1H), 4.69 (s, 2H), 

1.67 (s, 3H);  13C{1H} NMR (100 MHz, CDCl3): δ 145.2, 143.2, 139.0, 135.9, 124.7 (q, 

JC-F = 31.5 Hz), 124.0 (q, JC-F = 271.4 Hz), 119.9 (q, JC-F = 2.9 Hz), 118.0 (q, JC-F = 3.7 

Hz), 114.3, 110.6, 51.2, 19.7; 19F NMR (375 MHz, CDCl3): δ −59.8;  HRMS (FAB+) 

Calcd for C12H12F3N2 [MH]+ 241.0953; Found 241.0954.  More polar product (1-(2-

methylallyl)-6-(trifluoromethyl)-1H-benzo[d]imidazole):  50 mg (16%); mp 35-37 °C;  

υmax(film)/cm-1 1486, 1325; 1H NMR (400 MHz, CDCl3): δ 8.01 (s, 1H), 7.88 (d, 1H, J = 
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8.4 Hz), 7.64 (s, 1H), 7.52 (d, 1H, J = 8.4 Hz), 5.02 (s, 1H), 4.80 (s, 1H), 4.73 (s, 2H), 

1.71 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 145.9, 145.6, 138.9, 133.4, 125.2 (q, 

JC-F = 32.3 Hz), 124.8 (q, JC-F = 270.2 Hz), 120.8, 119.2 (q, JC-F = 3.7 Hz), 114.4, 107.9 

(q, JC-F = 4.1 Hz), 51.2, 19.7; 19F NMR (375 MHz, CDCl3): δ −59.9; HRMS (FAB+) 

Calcd for C12H12F3N2 [MH]+ 241.0953; Found 241.0952.   

N

NPh

Ph  

 1-(2-Methylallyl)-4,5-diphenyl-1H-imidazole. To an ice-water cooled solution 

of 4,5-diphenyl-1H-imidazole (1.00 g, 4.54 mmol) in THF (20 mL) was added NaH 

(60%/mineral oil) (284 mg, 7.10 mmol).  The mixture was stirred under the same 

conditions for 15 minutes.  3-Bromo-2-methylpropene (0.49 mL, 4.9 mmol) was added, 

and the mixture was stirred at rt for 18 h.  The reaction was quenched with sat. NaHCO3 

(aq), and the resulting mixture was extracted three times  with ethyl acetate.  The organic 

layers were combined, dried over anhydrous MgSO4, filtered, and concentrated. The 

residue was purified by silica gel column chromatography (0-50% gradient of ethyl 

acetate in hexanes) followed by washing with diethyl ether to give the title compound as 

a white solid (671 mg, 54% yield). mp 94-95 °C; υmax(film)/cm-1 1600, 1503; 1H NMR 

(400 MHz, CDCl3): δ 7.60 (s, 1H), 7.52-7.46 (m, 2H), 7.45-7.39 (m, 3H), 7.35-7.29 (m, 

2H), 7.24-7.17 (m, 2H), 7.17-7.10 (m, 1H), 4.90 (s, 1H), 4.60 (s, 1H), 4.28 (s, 2H), 1.64 

(s, 3H); 13C{1H} NMR (100 MHz, CDCl3):δ 140.9, 137.9, 137.2, 134.6, 130.8, 130.6, 

128.9, 128.7, 128.6, 128.1, 126.5, 126.2, 113.0, 50.5, 19.9; HRMS (EI): Calcd for 

C19H18N2 [M]+ 274.1470; Found 274.1471. 
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General Procedure for ligand screen and reaction optimization.  In a nitrogen-

filled inert atmosphere box, [RhCl(coe)2]2 (2.9 mg, 0.0040 mmol), ligand, substrate (0.05 

mmol), and solvent (0.4 mL) were combined in a medium-walled NMR tube.  The tube 

was fitted with a Cajon adapter, frozen with liquid nitrogen, and flame-sealed under 

vacuum.  The tube was then placed in an oil bath set to the desired temperature.  

Periodically, the tube was removed from the bath, cooled to room temperature, and 

analyzed by 1H-NMR spectroscopy. All optimization reactions were carried out via this 

procedure by varying temperature, solvent, ligand, ligand loading, and additives. 

 General procedure for asymmetric alkylation.  To a scintillation vial in a 

glovebox, was added (S,S’,R,R’)-Tangphos (8.1 mg, 0.028 mmol), [RhCl(coe)2]2 (10.8 

mg, 0.0150 mmol), substrate (0.15 mmol) and THF (1.5 mL).  The solution was then 

transferred to a 15 mL Schlenk tube, heated for the specified time, cooled to rt, and 

concentrated.  The residue was purified by silica gel column chromatography (200:10:1 

CH2Cl2: MeOH: NH4OH) to yield the desired product. 

N

N *

 

 2-Methyl-2,3-dihydro-1H-benzo[d]pyrrolo[1,2-a]imidazole (2). The general 

procedure was applied using 1-(2-methylallyl)-1H-benzo[d]imidazole as the substrate.  

The reaction vial was heated at 135 °C for 20 h, and after purification the product was 

obtained as a white solid (23 mg, 89%).  mp 85-87 °C; [α]D
25 +21.43 (c 0.19, CHCl3); 

υmax(film)/cm-1 1615, 1521, 1453; 1H NMR (400 MHz, CDCl3): δ 7.73-7.66 (m, 1H), 

7.32-7.17 (m, 3H), 4.26 (dd, 1H, J = 7.6, 10.0 Hz), 3.66 (dd, 1H, J = 6.0, 10.0 Hz), 3.29-

3.12 (m, 2H), 2.69 (dd, 1H, J = 6.0, 15.6 Hz), 1.35 (d, 3H, J = 6.8 Hz); 13C{1H} NMR 
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(100 MHz, CDCl3): δ 160.6, 148.5, 132.4, 121.8, 121.6, 119.6, 109.4, 50.1, 35.7, 32.2, 

20.0; HRMS (EI): m/z calcd. for C11H12N2 (M+): 172.1000; found: 172.1006; HPLC 

(Chiralcel AD-H column, 5% iPrOH/hexanes, 1mL/min): major, 18.45 min; minor, 21.50 

min; 98% ee.   X-ray quality crystals of the HCl salt of 2 (CCDC 727522) were obtained 

by dissolving the compound in a minimal amount of Et2O, precipitation with 1M HCl in 

Et2O, and recrystallation from CH2Cl2/hexanes. 

N

N *

 

 2-Ethyl-2,3-dihydro-1H-benzo[d]pyrrolo[1,2-a]imidazole. The general 

procedure was applied using 1-(2-methylenebutyl)-1H-benzo[d]imidazole as the substrate.  

The reaction vial was heated at 135 °C for 60 h, and after purification the product was 

obtained as a yellowish oil (20 mg, 71%).  [α]D
25 +7.28 (c 0.38, CHCl3);  υmax(film)/cm-1 

1525, 1451; 1H NMR (400 MHz, CDCl3): δ 7.77-7.69 (m, 1H), 7.35-7.29 (m, 1H), 7.29-

7.20 (m, 2H), 4.29 (dd, 1H, J = 10.1, 8.1 Hz), 3.75 (dd, 1H, J = 10.1, 6.8 Hz), 3.26 (dd, 

1H, J = 16.6, 8.6 Hz), 3.06 (apparent septet, 1H), 2.77 (dd, 1H, J = 16.6, 7.1 Hz), 1.75 (m, 

2H), 1.09 (t, 3H, J = 7.3 Hz); 13C{1H} NMR (100 MHz, CDCl3): δ 160.6, 148.5, 132.4, 

121.8, 121.6, 119.6, 109.4, 48.4, 42.8, 30.1, 27.8, 12.1; HRMS (EI): m/z calcd. for 

C12H15N2 [MH]+ 187.1232; Found 187.1230; HPLC (Chiralcel AD-H column, 5% 

EtOH/hexanes, 1mL/min): major, 30.85 min; minor, 28.20 min; 90% ee.   

N

N
Ph

*

 

 2-Phenyl-2,3-dihydro-1H-benzo[d]pyrrolo[1,2-a]imidazole. The general 

procedure was applied using 1-(2-Phenylallyl)-1H-benzoimidazole as the substrate.  The 
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reaction vial was heated at 135 °C for 46 h, and after purification the product was 

obtained as a white solid (32 mg, 91%).  mp 144-146 °C; [α]D
25 +64.55 (c 0.44, CHCl3);    

υmax(film)/cm-1 1618, 1516; 1H NMR (400 MHz, CDCl3): δ 7.78-7.70 (m, 1H), 7.46-7.19 

(m, 8H), 4.54 (dd, 1H, J = 8.4, 10.0 Hz), 4.28 (m, 1H), 4.10 (dd, 1H, J = 7.2, 10.0 Hz), 

3.53 (dd, 1H, J = 8.4, 16.8 Hz), 3.21 (dd, 1H, J = 7.2, 16.8 Hz); 13C{1H} NMR (100 MHz, 

CDCl3): δ 159.9, 148.6, 141.8, 132.3, 129.1, 127.6, 126.9, 122.1, 121.9, 119.8, 109.6, 

50.4, 46.2, 32.4; HRMS (EI): m/z calcd. for C16H14N2 (M+): 234.1157; found: 234.1160; 

HPLC (Chiralcel AD-H column, 10% iPrOH/hexanes, 1mL/min): major, 41.78 min; 

minor, 35.43 min; 97% ee.  

N

N

OMe

*

 

2-(4-methoxy-phenyl)-2,3-dihydro-1H-benzo[d]pyrrolo[1,2-a]imidazole. The 

general procedure was applied using 1-(2-(4-methoxyphenyl)allyl)-1H-

benzo[d]imidazole as the substrate.  The reaction vial was heated at 175 °C for 24 h, and 

after purification the product was obtained as a yellowish solid (33 mg, 83%).  mp 115-

117 °C;  [α]D
25 +48.11 (c 0.9, CHCl3); υmax(film)/cm-1 1513; 1H NMR (400 MHz, 

CDCl3): δ 7.77−7.69 (m, 1H), 7.35-7.15 (m, 5H), 6.88 (d, 2H, J = 8.6 Hz), 4.47 (dd, 1H, 

J = 10.1, 8.1 Hz), 4.21 (m, 1H), 4.02 (dd, 1H, J = 10.1, 8.1 Hz), 3.80 (s, 3H), 3.48 (dd, 

1H, J = 16.9, 8.8 Hz), 3.14 (dd, 1H, J = 16.9, 8.6 Hz); 13C{1H} NMR (100 MHz, CDCl3): 

δ 159.9, 158.8, 148.5, 133.6, 132.2, 127.9, 121.9, 121.7, 119.6, 114.3, 109.5, 55.3, 50.4, 

45.4, 32.5; HRMS (FAB+): m/z calcd. for C17H17N2O (MH+): 265.1335; found: 
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265.1333; HPLC (Chiralcel AD-H column, 10% EtOH/hexanes, 1mL/min): major, 47.10 

min; minor, 32.32 min; 87% ee.  

  N

N

CF3

*

 

2-(4-trifluoromethyl-phenyl)-2,3-dihydro-1H-benzo[d]pyrrolo[1,2-

a]imidazole. The general procedure was applied using 1-(2-(4-

(trifluoromethyl)phenyl)allyl)-1H-benzo[d]imidazole as the substrate.  The reaction 

mixture was heated at 175 °C for 24 h, and after purification the product was obtained as 

a yellowish solid (39 mg, 87%).  mp 162-165 °C; [α]D
25 +36.63 (c 0.8, CHCl3); 

υmax(film)/cm-1 1538, 1412, 1324; 1H NMR (400 MHz, CDCl3): δ 7.80-7.71 (m, 1H), 7.62 

(d, 2H, J = 8.2 Hz), 7.39 (d, 2H, J = 8.2 Hz), 7.34-7.21 (m, 3H), 4.56 (dd, 1H, J = 10.4, 

8.1 Hz), 4.33 (m, 1H), 4.10 (dd, 1H, J = 10.4, 7.9 Hz), 3.56 (dd, 1H, J = 16.9, 8.8 Hz), 

3.19 (dd, 1H, J = 16.9, 7.3 Hz); 13C{1H} NMR (100 MHz, CDCl3): δ 159.4, 148.7, 145.9, 

132.2, 130.0 (q, JC-F = 33.0 Hz), 127.4, 126.3 (q, JC-F = 3.9 Hz), 124.0 (q, JC-F = 272.3 

Hz), 122.3, 122.1, 119.9, 109.6, 50.1, 45.8, 32.2; 19F NMR (375 MHz, CDCl3): 

δ −61.7;  HRMS (FAB+) Calcd for C17H14F3N2 [MH]+ 303.1109; Found 303.1106;  

HPLC (Chiralcel AD-H column, 10% EtOH/hexanes, 1mL/min): major, 26.66 min; 

minor, 22.43 min; 79% ee.  

N

NMeO *

 

2-Methyl-2,3-dihydro-1H-7-methoxy-benzo[d]pyrrolo[1,2-a]imidazole.  The 

general procedure was applied using (6-methoxy-1-(2-methylallyl)-1H-
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benzo[d]imidazole) as the substrate.  The reaction vial was heated at 175 °C for 36 h, and 

after purification the product was obtained as a yellowish solid (27 mg, 89%).  mp 100-

103 °C; [α]D
25 +22.95 (c 0.9, CHCl3); υmax(film)/cm-1 1626, 1457, 1408; 1H NMR (500 

MHz, CDCl3): δ 7.54 (d, 1H, J = 8.1 Hz), 6.83 (dd, 1H, J = 8.1, 2.3 Hz), 6.74 (d, 1H, J = 

2.3 Hz), 4.17 (dd, 1H, 1H, J = 9.9, 7.6 Hz), 3.83 (s, 3H), 3.58 (dd, 1H, J = 9.9, 6.9 Hz), 

3.22-3.07 (m, 2H), 2.68-2.56 (m, 1H), 1.31 (d, 3H, J = 6.7 Hz); 13C{1H} NMR (125 MHz, 

CDCl3): δ  159.7, 155.8, 142.8, 132.8, 119.8, 110.2, 93.5, 55.8, 49.9, 35.6, 32.0, 19.9; 

HRMS (FAB+): m/z calcd. for C12H15N2O (MH+): 203.1179; found: 203.1175; HPLC 

(Chiralcel AS-H column, 2% EtOH/hexanes w/ 0.1% diethylamine, 1mL/min): major, 

33.96 min; minor, 40.53 min; 71% ee.   

N

N

MeO

*

 

2-Methyl-2,3-dihydro-1H-6-methoxy-benzo[d]pyrrolo[1,2-a]imidazole.  The 

general procedure was applied using (5-methoxy-1-(2-methylallyl)-1H-

benzo[d]imidazole) as the substrate.  The reaction vial was heated at 175 °C for 24 h, and 

after purification the product was obtained as a yellowish solid (28 mg, 92%).  mp 119-

122 °C; [α]D
25 +12.56 (c 0.7, CHCl3); υmax(film)/cm-1 1522, 1282, 1442; 1H NMR (400 

MHz, CDCl3): δ 7.19 (d, 1H, J = 2.3 Hz), 7.14 (d, 1H, J = 8.8 Hz), 6.84 (dd, 1H, J = 8.8, 

2.3 Hz), 4.21 (dd, 1H, J = 10.0, 7.7 Hz), 3.85 (s, 3H), 3.62 (dd, 1H, J = 10.0, 6.0 Hz), 

3.26-3.09 (m, 2H), 2.72-2.59 (m, 1H), 1.33 (d, 3H, J = 6.6 Hz); 13C{1H} NMR (100 MHz, 

CDCl3): δ 162.4, 155.7, 149.2, 127.0, 111.2, 109.6, 102.3, 55.8, 50.2, 35.6, 32.3, 20.0; 

HRMS (FAB+): m/z calcd. for C12H15N2O (MH+): 203.1184; found: 203.1177; HPLC 
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(Chiralcel AS-H column, 2% EtOH/hexanes w/ 0.1% diethylamine, 1mL/min): major, 

33.67 min; minor, 38.65 min; 81% ee.  

N

NF3C *

 

2-Methyl-2,3-dihydro-1H-7-trifluoromethyl-benzo[d]pyrrolo[1,2-a]imidazole.  

The general procedure was applied using (1-(2-methylallyl)-6-(trifluoromethyl)-1H-

benzo[d]imidazole) as the substrate.  The reaction vial was heated at 175 °C for 24 h, and 

after purification the product was obtained as a yellowish solid (30 mg, 83%).  mp 80-

83 °C; [α]D
25 +10.89 (c 0.9, CHCl3); υmax(film)/cm-1 1523, 1454, 1309; 1H NMR (400 

MHz, CDCl3): δ 7.76 (d, 1H, J = 8.6 Hz), 7.58 (s, 1H), 7.48 (d, 1H, J = 8.6 Hz), 4.32 (dd, 

1H, J = 10.2, 7.8 Hz), 3.73 (dd, 1H, J = 10.2, 6.3 Hz), 3.36-3.17 (m, 2H), 2.72 (dd, 1H, J 

= 15.1, 5.6 Hz), 1.37 (d, 3H, J = 6.6 Hz); 13C{1H} NMR (100 MHz, CDCl3): δ 163.3, 

150.6, 131.8, 124.9 (q, JC-F = 271.5 Hz), 124.0 (q, JC-F = 32.2 Hz), 119.8, 118.7 (q, JC-F = 

3.7 Hz), 107.2 (q, JC-F = 4.4 Hz), 50.3, 35.7, 32.2, 19.9; HRMS (FAB+): m/z calcd. for 

C12H12 F3N2 (MH+): 241.0953; found: 241.0944; HPLC (Chiralcel AS-H column, 2% 

EtOH/hexanes, 1mL/min): major, 22.75 min; minor, 17.55 min; 53% ee.  

N

N

F3C

*

 

2-Methyl-2,3-dihydro-1H-6-trifluoromethyl-benzo[d]pyrrolo[1,2-a]imidazole.  

The general procedure was applied using (1-(2-methylallyl)-5-(trifluoromethyl)-1H-

benzo[d]imidazole) as the substrate.  The reaction vial was heated at 175 °C for 24 h, and 

after purification the product was obtained as a yellowish solid (29 mg, 81%).  mp 107-

110 °C; [α]D
25 +4.02 (c 1.0, CHCl3); υmax(film)/cm-1 1531, 1322; 1H NMR (400 MHz, 
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CDCl3): δ 7.95 (s, 1H), 7.46 (d, 1H, J = 8.3 Hz), 7.3 (d, 1H, J = 8.3 Hz), 4.29 (dd, 1H, J = 

10.1, 7.6 Hz), 3.69 (dd, 1H, J = 10.1, 6.3 Hz), 3.32-3.15 (m, 2H), 2.72 (dd, 1H, J = 15.7, 

5.8 Hz), 1.36 (d, 3H, J = 6.6 Hz); 13C{1H} NMR (100 MHz, CDCl3): 

δ 162.7, 147.9, 134.4, 125.0 (q, JC-F = 271.5 Hz), 124.1 (q, JC-F = 3.1 Hz), 118.9 (q, JC-F = 

3.6 Hz), 117.1 (q, JC-F = 3.7 Hz), 109.7, 50.2, 35.8, 32.2, 19.9; HRMS (FAB+): m/z calcd. 

for C12H12F3N2 (MH+): 241.0953; found: 241.0947; HPLC (Chiralcel AS-H column, 2% 

EtOH/hexanes, 1mL/min): major, 13.44 min; minor, 14.75 min; 71% ee.  

N

N *Ph

Ph  

 6-Methyl-2,3-diphenyl-6,7-dihydro-5H-pyrrolo[1,2-a]imidazole. The general 

procedure was applied using 1-(2-Methylallyl)-4,5-diphenyl-1H-imidazole as the 

substrate.  The reaction vial was heated at 135 °C for 98 h, and after purification the 

product was obtained as a white solid (37 mg, 90%).  mp 139-141 °C;  [α]D
25 +4.09 (c 

0.29, CHCl3); υmax(film)/cm-1 1599; 1H NMR (400 MHz, CDCl3): δ 7.55 (d, 2H, J = 7.2 

Hz), 7.42-7.12 (m, 8H), 4.08 (dd, 1H, J = 7.6, 10.4 Hz), 3.53 (dd, 1H, J = 6.4, 10.4 Hz), 

3.23-3.04 (m, 2H), 2.63 (dd, 1H, J = 6.4, 15.6 Hz), 1.30 (d, 3H, J = 6.8 Hz); 13C{1H} 

NMR (100 MHz, CDCl3): δ 153.1, 141.2, 135.2, 131.3, 128.9, 128.8, 128.2, 127.7, 127.1, 

126.4, 125.2, 51.8, 35.6, 32.3, 19.8; HRMS (EI): m/z calcd. for C19H18N2 (M+): 274.1470; 

found: 274.1474; HPLC (Chiralcel AD-H column, 3% EtOH/hexanes, 1mL/min): major, 

18.40 min; minor, 16.20 min; 95% ee.  
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2-Methyl-2,3-dihydro-1H-benzo[d]pyrrolo[1,2-a]imidazole 
 
Racemic (Chiralcel AD-H column, 5% iPrOH/hexanes, 1mL/min, λ = 254 nm) 
 

 

 
Enantiomerically enriched (98% ee) 
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N *

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009



S40 

2-Ethyl-2,3-dihydro-1H-benzo[d]pyrrolo[1,2-a]imidazole 
 
Racemic (Chiralcel AD-H column, 5% EtOH/hexanes, 1mL/min, λ = 280 nm) 

 

 
 
Enantiomerically enriched (90% ee) 

 

 
 
 
 

N

N *
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2-(4-methoxy-phenyl)-2,3-dihydro-1H-benzo[d]pyrrolo[1,2-a]imidazole. 
 
Racemic (Chiralcel AD-H column, 10% EtOH/hexanes, 1mL/min, λ = 280 nm)  

 
 

 
Enantiomerically enriched (87% ee) 
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2-(4-trifluoromethyl-phenyl)-2,3-dihydro-1H-benzo[d]pyrrolo[1,2-a]imidazole 
 
Racemic ((Chiralcel AD-H column, 10% EtOH/hexanes, 1mL/min, λ = 230 nm)  
 

 

 
 
Enantiomerically enriched (79% ee) 
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2-Methyl-2,3-dihydro-1H-7-methoxy-benzo[d]pyrrolo[1,2-a]imidazole 
 
Racemic (Chiralcel AS-H column, 2% EtOH/hexanes w/ 0.1% diethylamine, 1mL/min, λ 
= 280 nm) 
 

 

 
Enantiomerically enriched (71% ee) 
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2-Methyl-2,3-dihydro-1H-6-methoxy-benzo[d]pyrrolo[1,2-a]imidazole 
 
Racemic (Chiralcel AS-H column, 2% EtOH/hexanes w/ 0.1% diethylamine, 1mL/min, λ 
= 280 nm) 
 
 

 

 
Enantiomerically enriched (81% ee) 
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2-Methyl-2,3-dihydro-1H-7-trifluoromethyl-benzo[d]pyrrolo[1,2-a]imidazole 
 
Racemic (Chiralcel AS-H column, 2% EtOH/hexanes, 1mL/min, λ = 250 nm)  
 

 

 
 
Enantiomerically enriched (53% ee) 

 
 

 
 
 
 
 

N

NF3C *

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009



S46 

 
2-Methyl-2,3-dihydro-1H-6-trifluoromethyl-benzo[d]pyrrolo[1,2-a]imidazole 
 
Racemic (Chiralcel AS-H column, 2% EtOH/hexanes, 1mL/min,, λ = 250 nm)  
 

 

 
 
Enantiomerically enriched (71% ee) 
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2-Phenyl-2,3-dihydro-1H-benzo[d]pyrrolo[1,2-a]imidazole 
 
Racemic (Chiralcel AD-H column, 10% iPrOH/hexanes, 1mL/min, λ = 280 nm) 
 
 

 
 

 
 
Enantiomerically enriched (97% ee) 
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6-Methyl-2,3-diphenyl-6,7-dihydro-5H-pyrrolo[1,2-a]imidazole 
 
Racemic (Chiralcel AD-H column, 3% EtOH/hexanes, 1mL/min, λ = 230 nm)  
 

 

 
 
Enantiomerically enriched (95% ee) 
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ORTEP diagram of the HCl salt of 2-Methyl-2,3-dihydro-1H-benzo[d]pyrrolo[1,2-
a]imidazole (2•HCl) (CCDC 727522) 

 
Empirical formula  C11 H13 Cl N2 

Formula weight  208.68 

Crystal system  Orthorhombic 

Unit cell dimensions a = 14.8792(16) Å α= 90°. 

 b = 7.4397(8) Å β= 90°. 

 c = 10.0119(11) Å γ = 90°. 

Volume 1108.3(2) Å3 

Temperature  100(2) K 

Space group  P2(1)2(1)2 

Z 4 

Reflections collected 9520 

Independent reflections 1990 [R(int) = 0.0186] 

Final R indices [I>2sigma(I)] R1 = 0.0353, wR2 = 0.0933 

R indices (all data) R1 = 0.0357, wR2 = 0.0936 

Absolute structure parameter 0.03(2) 
(Flack parameter and esd) 
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