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General Information. All reactions were carried out in flame-dried glassware under an 

atmosphere of nitrogen with magnetic stirring unless otherwise indicated. Methylene chloride was 
obtained from Fisher and purified by degassing with argon followed by passage through an activated 

neutral alumina column. Benzene was purchased from Fisher and purified by degassing with argon 
followed by passage through both an activated neutral alumina column and Q5 reactant column. 

Toluene and triethylamine were purchased from Aldrich and purified by distillation from CaH2 then 

stored under nitrogen. Pentane (HPLC grade) was purchased from Fisher and used as received. 
Anhydrous chloroform (stabilized with amylenes) and methanol were purchased from Aldrich and 

used as received. The Grubbs second generation and Hoveyda-Grubbs second-generation catalysts 
were obtained from Materia Inc. and used without purification. Allylamine and all ketone reagents 

were purchased from Aldrich and used as received. 1H NMR spectra were recorded on Bruker DPX-

300 (300 MHz) or DPX-400 (400 MHz) spectrometers. 1H NMR chemical shifts (δ) are reported in 

parts per million (ppm) relative to tetramethylsilane internal standard (0 ppm) or CD3OD internal 
standard (3.31 ppm). Data are reported as follows: (s = singlet, br s = broad singlet, d = doublet, br d = 

broad doublet, t = triplet, q = quartet, quint = quintet, dd = doublet of doublets, dq = doublet of 
quartets, ddd = doublet of doublet of doublets, ddt = doublet of doublet of triplets, m = multiplet; 

integration; coupling constant in Hz; assignment). Proton decoupled 13C NMR spectra were recorded 

on Bruker DPX-300 (75 MHz) or DPX-400 (100 MHz) spectrometers and are reported in ppm from 
CDCl3 internal standard (77.1 ppm) or CD3OD internal standard (49.0 ppm). 29Si NMR spectra were 

recorded on a Bruker DPX-300 (60 MHz) spectrometer and are reported with tetramethylsilane (0 

ppm) as an internal standard. Infrared spectra were recorded on a Perkin Elmer Paragon 1000 FT-IR or 
Nicolet Avatar 370 DTGS spectrometers. Optical rotations were recorded on a Jasco DIP-1000 digital 

polarimeter; the concentration c is reported in g/100mL. Low resolution mass spectra were obtained on 
a JEOL HX100 mass spectrometer in the Columbia University Mass Spectrometry Laboratory. 
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General Procedure for the Cross-Metathesis/Imine Cinnamylation Reactions Described in 
Table 1: To a solution of the vinylarene or vinylheteroarene (3.75 mmol) in either 1,2-dichloroethane 
(DCE), CHCl3, or CH2Cl2 (5 mL) is added (S,S)-21 (0.750 mmol) followed by the second generation 

Grubbs catalyst (16.8 mg, 2.6 mol% based upon (S,S)-2). The resulting mixture is heated at reflux for 
3.5 h (DCE) or 5 h (CHCl3) or 7 h (CH2Cl2) and then cooled to room temperature. The imine (3 or 4) 

(0.50 mmol) is then added. The reaction mixture is then heated at reflux for 14 h and then cooled to 

room temperature and quenched by the addition of ethanol (0.5 mL). The resulting mixture is diluted 
with ethyl acetate (20 mL) and washed with water and brine (10 mL each). The organic layer is dried 

(MgSO4), filtered, and concentrated. The residue is purified by flash chromatography on silica gel. 
Characterization Data for the products in Table 1: Amines 5, 6, and 15 have been previously 

characterized.  

Amine 5, Table 1: The reaction was carried out in DCE according to the general procedure. Amine 
5 has been previously characterized.2 

Amine 6, Table 1: The reaction was carried out in DCE according to the general procedure. Amine 

6 has been previously characterized.2 
Amine 7, Table 1: The reaction was carried out in chloroform according to the general procedure. 

The product was purified by flash chromatography (15-20% ethyl acetate/hexane) to give 55.6 mg 
(65%) of amine 7. 1H NMR (500 MHz, CDCl3): δ 7.23-7.08 (m, 8H, Ph-H, o-tolylArH), 6.96 (t, J = 

7.5 Hz, 1H, o-tolylAr-H), 6.90 (d, J = 7.5 Hz, 1H, phenolAr-H), 6.87 (m, 2H, phenolAr-H), 6.73 (t, J 

= 7.5 Hz, 1H, phenolAr-H), 6.07 (ddd, J = 10.0 Hz, 10.0 Hz, 17.0 Hz, Ph-CH-CH=CH2), 5.24 
(apparent d, J = 17.0 Hz, 1H, Ph-CH-CH=CH2), 5.19 (apparent d, J = 10.0 Hz, 1H, Ph-CH-CH=CH2), 

3.92 (d, J = 10.0 Hz, 1H, N-CH), 3.87 (apparent t, J = 9.0 Hz, 1H, Ph-CH), 3.81 (d, J = 14.0 Hz, 1H, 

NCH2), 3.63 (d, J = 14.0 Hz, 1H, NCH2 ), 2.04 (s, 1H, ArCH3); 13C NMR (125 MHz, CDCl3): δ 158.4, 

140.1, 139.5, 136.0, 130.6, 129.2, 128.8, 128.2, 128.0, 127.5, 126.6, 126.4, 123.3, 119.5, 118.3, 116.8, 

67.5, 53.2, 51.0; IR (thin film): 3294, 3026, 1589, 1490, 1455, 1253, 1091, 914, 756, 727, 700 cm-1; 

LRMS (FAB+): calculated for C24H25NO: 343, found: 344 (M+H); [α]D
23 = -49° (c 0.49, CHCl3). 

                                                

(1) The large-scale (~150 g) preparation of (S,S)-2 is described in the supporting information file 
associated with: Berger, R.; Rabbat, P. M.A.; Leighton, J. L. J. Am. Chem. Soc. 2003, 125, 9596. 

(2) See the supporting information file associated with: Huber, J. D.; Leighton, J. L. J. Am. Chem. 

Soc. 2007, 129, 14552. 
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Amine 8, Table 1: The reaction was carried out in chloroform according to the general procedure. 

The product was purified by flash chromatography (15-20% ethyl acetate/hexane) to give 54.8 mg 
(65%) of amine 8. 1H NMR (500 MHz, CDCl3): δ 7.29-7.13 (m, 6H, Ph-H, phenolArH), 7.05 (m, 1H, 

HetAr-H), 6.85 (m, 2H, phenolAr-H), 6.80 (m, 1H, HetAr-H), 6.73 (t, J = 7.5 Hz, 1H, phenolAr-H), 

6.55 (d, J = 3.5 Hz, 1H, HetArH), 6.07 (ddd, J = 9.0 Hz, 10.0 Hz, 17.0 Hz, Ph-CH-CH=CH2), 5.24 (m, 
2H, Ph-CH-CH=CH2), 3.89 (apparent t, J = 8.5 Hz, 1H, Ph-CH), 3.86 (d, J = 8.5 Hz, 1H, N-CH), 3.80 

(d, J = 13.5 Hz, 1H, NCH2), 3.62 (d, J = 14.0 Hz, 1H, NCH2 ); 13C NMR (125 MHz, CDCl3): δ 158.3, 

144.0, 139.8, 138.1, 129.3, 128.9, 128.8, 128.4, 128.2, 127.0, 125.2, 124.2, 123.2, 119.6, 119.0, 116.9, 
68.2, 53.2, 51.1; IR (thin film): 3293, 3029, 2897, 2853, 1589, 1490, 1454, 1253, 757, 698 cm-1; 

LRMS (FAB+): calculated for C21H21NOS: 335, found: 336 (M+H); [α]D
23 = -19° (c 0.75 CHCl3). 

Amine 9, Table 1: The reaction was carried out in chloroform according to the general procedure. 
The product was purified by flash chromatography (15-35% ethyl acetate/hexane) to give 53.1 mg 

(57%) of amine 9. 1H NMR (400 MHz, CDCl3): δ 7.93 (d, J = 6.0 Hz, 1H, NO2Ar-H), 7.85 (s, 1H, 

NO2Ar-H), 7.29-7.14 (m, 6H, Ph-H, NO2Ar-H), 7.06 (overlapping peaks, 2H, NO2Ar-H, phenolAr-H), 
6.86 (m, 2H, phenolAr-H), 6.75 (t, J = 7.6 Hz, 1H, phenolAr-H), 6.16 (ddd, J = 9.6 Hz, 9.6 Hz, 16.8 

Hz, Ph-CH-CH=CH2), 5.36-5.32 (m, 2H, Ph-CH-CH=CH2), 3.87 (d, J = 10.0 Hz, 1H, N-CH), 3.82 (d, 

J = 13.6 Hz, 1H, NCH2), 3.69 (apparent t, J = 9.6 Hz, 1H, Ph-CH ), 3.64 (d, J = 13.6 Hz, 1H, NCH2); 

13C NMR (100 MHz, CDCl3): δ 158.2, 148.5, 143.4, 139.2, 137.9, 134.8, 129.6, 129.4, 129.2, 128.9, 

128.5, 128.1, 123.3, 122.9, 122.1, 119.9, 119.7, 116.9, 67.2, 58.0, 51.0; IR (thin film): 3283, 3031, 

2855, 1589, 1528, 1490, 1350, 1253, 760, 704 cm-1 ; LRMS (FAB+): calculated for C23H23NO: 374, 
found: 375 (M+H); [α]D

23 = -13° (c 1.0, CHCl3). 

Amine 10, Table 1: The reaction was carried out in chloroform according to the general procedure. 

The product was purified by flash chromatography (15-25% ethyl acetate/hexane) to give 56.0 mg 
(65%) of amine 10. 1H NMR (400 MHz, CDCl3): δ 7.25-7.13 (m, 4H, Ph-H), 7.04 (m, 2H, p-FArH), 

6.91-6.78 (m, 6H, phenolAr-H, p-FArH), 6.73 (t, J = 7.2 Hz, 1H, phenolAr-H), 6.12 (ddd, J = 9.6 Hz, 

9.6 Hz, 17.2 Hz, Ph-CH-CH=CH2), 5.24 (m, 2H, Ph-CH-CH=CH2), 3.79 (m, 2H, N-CH, NCH2), 3.62 
(d, J = 13.6 Hz, 1H, N-CH2), 3.55 (apparent t, J = 9.2 Hz, 1H, PhCH); 13C NMR (100 MHz, CDCl3): 

δ 162.8, 160.8, 158.3, 139.8, 139.0, 136.9, 129.9, 129.8, 129.2, 128.9, 128.8, 128.2, 128.1, 123.1, 

119.5, 118.6, 116.8, 115.6, 115.5, 67.5, 57.6, 51.0; IR (thin film): 3924, 3030, 2901, 2853, 1589, 1509, 
1491, 1253, 1225, 912, 830, 758, 701 cm-1; LRMS (FAB+): calculated for C23H22FNO: 347, found: 348 

(M+H); [α]D
23 = -20° (c 0.77 CHCl3). 
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Amine 11, Table 1: The reaction was carried out in chloroform according to the general procedure. 

The product was purified by flash chromatography (10-35% ethyl acetate/hexane) to give 98.1 mg 
(54%) of amine 11. 1H NMR (300 MHz, CDCl3): δ 8.13 (dd, J = 1.8 Hz, 4.5 Hz, 1H, pyr(6-pos)-H), 

7.50 (dd, J = 1.8 Hz, 7.5 Hz, 1H, pyr(4-pos)-H), 7.28-7.17 (m, 6H, Ph-H, phenolAr-H), 7.10 (dd, J = 

4.8 Hz, 7.8 Hz, 1H, pyr(5pos)-H), 6.88 (m, 2H, phenolAr-H), 6.78 (apparent dt, J = 0.9 Hz, 8.1 Hz, 
1H, phenolAr-H), 6.10 (ddd, J = 9.9 Hz, 9.9 Hz, 17.1 Hz, 1H, CH=CH2), 5.41-5.32 (m, 2H, CH=CH2), 

4.25 (apparent t, J = 9.3 Hz, 1H, PhCH), 4.03 (d, J = 9.6 Hz, 1H, NCH), 3.86 (d, J = 13.5 Hz, 1H, 
NCH2), 3.64 (d, J = 13.8 Hz, 1H, NCH2); 13C NMR (75 MHz, CDCl3): δ 158.1, 147.9, 139.0, 138.3, 

136.7, 135.7, 129.4, 129.1, 128.9, 128.5, 128.0, 122.8, 120.4, 119.7, 116.9, 65.7, 53.2, 50.7; IR (thin 

film): 3029, 2854, 1588, 1563, 1490, 1455, 1408, 1253, 1183, 1059, 912, 847 cm-1; LRMS (FAB+): 
calculated for C22H21ClN2O: 364, found: 365 (M+H); [α]D

23 = -75° (c 0.92 CHCl3). 

Amine 12, Table 1: The reaction was carried out in CH2Cl2 according to the general procedure. The 

product was purified by flash chromatography (5-15% ethyl acetate/hexane) to give 97.1 mg (58%) of 

amine 12. 1H NMR (500 MHz, CDCl3): δ 7.43-7.29 (m, 5H, Ph-H), 7.16 (appt. t, J = 7.0 Hz, 1H, 

phenolArH), 6.86 (appt. t, J = 8.5 Hz, 2H, phenolAr-H), 6.74 (t, J = 7.0 Hz, 1H, phenolAr-H), 5.78 

(ddd, J = 10.0 Hz, 10.0 Hz, 18.0 Hz, Ph-CH-CH=CH2), 5.29 (appt. d, J = 10.0 Hz, 1H, Ph-CH-

CH=CH2), 5.13 (appt. d, J = 17.0 Hz, 1H, Ph-CH-CH=CH2), 3.75 (d, J = 14.0 Hz, 1H, NCH2), 3.66 (d, 
J = 10.0 Hz, 1H, NCH), 3.58 (d, J = 13.5 Hz, 1H, N-CH2), 2.23 (appt. t, J = 9.0 Hz, 1H, Ph-CH), 

1.70-1.58 (m, 4H, CyHexH), 1.36 (m, 1H, CyHexH), 1.16-0.96 (m, 6H, CyHexH); 13C NMR (125 
MHz, CDCl3): δ 158.4, 141.4, 137.3, 129.2, 128.7, 128.1, 123.4, 120.0, 119.3, 116.7, 63.8, 57.2, 50.9, 

38.3, 32.7, 27.9, 26.8; IR (thin film): 3296, 3027, 2925, 2852, 1616, 1589, 1490, 1452, 1254, 1093, 

1034, 1002, 919, 755, 726, 701 cm-1; LRMS (FAB+): calculated for C23H29NO: 335, found: 336 
(M+H); [α]D

23 = -34° (c 1.5 CHCl3). 

Amine 13, Table 1: The reaction was carried out in DCE according to the general procedure. The 

product was purified by flash chromatography (10-20% ethylacetate/hexane) to give 90.9 mg (55%) of 
amine 13. 1H NMR (300 MHz, CDCl3): δ 7.33−7.16 (m, 9H, Ph-H, o-MePh-H), 6.66-6.60 (m, 3H, 

phenolAr-H), 6.47 (d, J = 7.5 Hz, 1H, phenolAr-H), 5.94 (ddd, J = 8.1 Hz, 9.9 Hz, 17.1 Hz, 1H, Ph-

CH-CH=CH2), 5.04 (apparent d, J = 10.2 Hz, 1H, Ph-CH-CH=CH2), 4.88 (partially buried apparent d, 

J =  17.1 Hz, 1H, Ph-CH-CH=CH2),  4.88 (br s, 1H, NH or OH),  4.56 (d, J = 7.5 Hz, 1H, N-CH), 4.28 
(brs, 1H, NH or OH), 4.04 (apparent t, J = 8.1 Hz, 1H, Ph-CH), 2.36 (s, 1H, ArCH3); 13C NMR (75 

MHz, CDCl3): δ 145.3, 142.0, 139.0, 138.1, 137.1, 135.8, 131.2, 128.6, 126.4, 127.8, 127.7, 127.6, 

127.1, 126.7, 121.6, 119.3, 117.6, 115.9, 114.6, 63.2, 52.8; IR (thin film): 3524, 3420, 3062, 3028, 
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2978, 1610, 1512, 1449, 1267, 922, 739, 703 cm-1; LRMS (FAB+): calculated for C23H23NO: 321, 

found: 322 (M+H); [α]D
23 = -93° (c 2.0, CHCl3). 

Amine 14, Table 1: The reaction was carried out in DCE according to the general procedure. The 

product was purified by flash chromatography (10-25% ethyl acetate/hexane) to give 86.8 mg (54%) of 

amine 14. 1H NMR (300 MHz, CDCl3): δ 7.20−7.04 (m, 5H, Ph-H), 6.87 (t, J = 3.6 Hz, 1H, phenolAr-

H), 6.71 (d, J = 3.0 Hz, 1H, phenolAr-H), 6.63-6.46 (m, 4H, phenolAr-H, thiophene-H), 6.34 (d, J = 
7.5 Hz, 1H, thiophene-H), 5.89 (ddd, J = 8.4 Hz, 10.2 Hz, 16.8 Hz, 1H, Ph-CH-CH=CH2), 5.08-5.00 

(m, 2H, Ph-CH-CH=CH2), 4.81 (br s, 1H, NH or OH),  4.49 (d, J = 5.1 Hz, 1H, N-CH), 4.40 (br s, 1H, 

NH or OH), 4.00 (apparent t, J = 7.5 Hz, 1H, Ph-CH); 13C NMR (75 MHz, CDCl3): δ 149.7, 143.6, 

141.1, 137.7, 135.6, 128.5, 128.0, 127.6, 127.6, 127.1, 125.8, 124.6, 121.9, 118.9, 118.0, 115.1, 114.6, 

63.8, 52.5; IR (thin film): 3521, 3416, 3062, 1610, 1513, 1444, 1265, 741, 700 cm-1; LRMS (FAB+): 

calculated for C20H19NOS: 321, found: 322 (M+H); [α]D
23 = -54° (c 0.70, CHCl3). 

Amine 15, Table 1: The reaction was carried out in DCE according to the general procedure. 

Amine 15 has been previously characterized.2 

Piperidine 16: To a solution of amine 5 (200 mg, 0.60 mmol) in toluene (12 mL) in a 45 mL 
stainless steel Parr bomb equipped with a glass liner and magnetic stir bar was added [Rh(OAc)2]2 (7.2 

mg, 0.015 mmol, 2.5 mol%) and XANTPHOS (26 mg, 0.045 mmol, 7.5 mol%) and the reaction 
apparatus was sealed and charged to 600 psi of 1:1 CO/H2 with three cycles of filling and purging. The 

bomb was then heated at 100 °C (oil bath, external temperature) for 16 h. The reaction mixture was 

cooled to room temperature, the bomb was vented and the reaction mixture was concentrated. The 
residue was dissolved in ethanol (12 mL) and treated with NaBH4 (46 mg, 1.2 mmol) and the resulting 

mixture was stirred for 2 h. The reaction was quenched by the addition of saturated aqueous NH4Cl (2 
mL) and the mixture was partitioned between water (10 mL) and ethyl acetate (15 mL). The layers 

were separated and the aqueous layer was extracted with ethyl acetate (15 mL). The combined organic 

layers were washed with brine, dried (MgSO4), filtered, and concentrated. The residue was purified by 
flash chromatography (5% ethyl acetate/hexane) to give 178 mg (86%) of piperdine 16 as a pale 

yellow solid. 1H NMR (300 MHz, CDCl3): δ 11.7-10.9 (br s, 1H, phenol OH), 7.12−7.00 (m, 9H, Ph-

H), 6.93 (m, 2H, Ph-H, phenolAr-H), 6.85-6.78 (m, 2H, phenolAr-H), 6.70 (t, J = 7.5 Hz, 1H, 

phenolAr-H), 4.05 (d, J = 14.1 Hz, 1H, N-CH), 3.26 (apparent d, J = 10.5 Hz, 2H, NCH2), 3.00 
(apparent d, J = 13.8 Hz, 2H, NCH2), 2.27-2.18 (m, 1H, Ph-CH), 2.07-2.04 (m, 1H, PhCHCH2), 1.93-

1.78 (m, 3H, PhCHCH2, PhCHCH2CH2); 13C NMR (75 MHz, CDCl3): δ 157.8, 143.3, 140.6, 128.9, 

128.7, 128.4, 128.3, 127.8, 126.6, 122.2, 119.4, 116.2, 75.6, 59.4, 53.6, 51.7, 33.4, 25.9; IR (thin film): 
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3029, 2933, 2813, 1589, 1490, 1255, 1081, 1033, 755, 698 cm-1; LRMS (FAB+): calculated for 

C24H25NO: 343, found: 344 (M+H); [α]D
23 = +136° (c 0.73, CHCl3). 

Piperidine 17: The procedure described above for the synthesis of 16 was employed starting with 

amine 8. Data for 17: 1H NMR (300 MHz, CDCl3): δ11.2 (s, 1H, phenol OH), 7.20−7.09 (m, 6H, Ph-

H, thiopheneAr-H), 6.99 (d, J = 5.1 Hz, 1H, phenolAr-H), 6.86-6.79 (m, 2H, phenolAr-H), 6.74-6.67 

(m, 2H, phenolAr-H, thiopheneAr-H), 6.37 (d, J = 3.6 Hz, 1H, thiopheneAr-H), 4.08 (d, J = 13.8 Hz, 
1H, N-CH), 3.36-3.25 (m, 2H, NCH2CH2), 3.20 (d, J = 10.2 Hz, 1H, NCH2), 3.01 (d, J = 14.1 Hz, 1H, 

NCH2), 2.27-2.21 (m, 2H, thiopheneArCH, thiopheneArCHCH2), 1.90-1.87 (m, 3H, 

thiopeheneArCHCH2, thiopheneArCHCH2CH2); 13C NMR (125 MHz, CDCl3): δ157.8, 146.7, 140.7, 

128.9, 128.7, 128.1, 126.6, 124.8, 123.4, 122.2, 119.5, 116.3, 76.8, 59.5, 53.4, 46.7, 34.8, 25.9; IR 

(thin film): 3029, 2946, 2914, 1852, 1588, 1492, 1409, 1255, 1099, 853, 758, 689cm-1; LRMS (FAB+): 

calculated for C22H23NOS: 349, found: 350 (M+H); [α]D
23 = +127° (c 0.95, CHCl3). 

Piperidine 18: The procedure described above for the synthesis of 16 was employed starting with 

amine 11. Data for 18: 1H NMR (300 MHz, CDCl3): δ 11.0 (s, 1H, phenol-OH), 8.08 (dd, J = 1.8 Hz, 

4.8 Hz, 1H, pyr-(6-pos)-H), 7.65 (d, J = 7.8 Hz, 1H, pyr-(4-pos)-H), 7.26-7.09 (m, 7H, pyr-(5-pos)-H, 

Ph-H, phenolAr-H), 6.86-6.78 (m, 2H, phenolAr-H), 6.71 (t, J = 7.5 Hz, 1H, phenolAr-H), 4.02 (d, J = 
13.8 Hz, 1H, N-CH), 3.77 (apparent t, J = 9.6 Hz, 1H, NCH2), 3.18 (apparent t, J = 11.1 Hz, 2H, 

NCH2), 3.01 (d, J = 13.8 Hz, 1H, NCH2), 2.26-1.90 (m, 4H, pyrCH, pyrCHCH2, pyrCHCH2CH2), 
1.60-1.53 (m, 1H, pyrCHCH2CH2); 13C NMR (75 MHz, CDCl3): δ 157.7, 147.7, 138.9, 137.6, 137.1, 

128.9, 128.8, 128.5, 122.7, 122.0, 119.5, 116.4, 74.3, 59.0, 53.6, 45.8, 33.4, 25.8; IR (thin film): 3031, 

2935, 2855, 2819, 1589, 1563, 1488, 1410, 1255, 1183, 1102, 1081, 1058, 1034, 757, 700 cm-1; LRMS 
(FAB+): calculated for C23H23N2O: 378, found: 379 (75%), 381 (25%) (M+H for two chlorine 

isotopes); [α]D
23 = +42° (c 0.93, CHCl3). 

Piperidine 19: To a solution of piperidine 16 (69 mg, 0.20 mmol) in MeOH (3 mL) was added  
Pd(OH)2 on carbon (56 mg, 0.040 mmol, 20 mol%) followed by ammonium formate (315 mg, 5.0 

mmol) and the reaction mixture was stirred for 16 h. Et3N (0.5 mL) was then added and the reaction 

mixture was stirred 10 min before being filtered through a pad of celite. The celite was rinsed 
thoroughly with 1% Et3N in MeOH and the combined filtrates were concentrated. The residue was 

purified by flash chromatography (0.5% Et3N/5% ethyl acetate/94.5% hexane) to give 34 mg (72%) of 

the title compound as a pale yellow solid. 1H NMR (300 MHz, CDCl3): δ7.15−6.97 (m, 10H, Ph-H), 

3.73 (d, J = 10.2 Hz, 1H, N-CH), 3.28 (m, 1H, NCH2), 2.92-2.79 (m, 3H, NCH2, PhCH, NH), 2.09-
2.05 (m, 1H, PhCHCH2), 1.88-1.79 (m, 3H, PhCHCH2, PhCHCH2CH2); 13C NMR (75 MHz, CDCl3): 
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δ 143.8, 142.8, 128.3, 128.1, 127.5, 126.4, 68.5, 50.9, 47.8, 33.8, 26.7; IR (thin film): 3028, 2930, 

2852, 2785, 1602, 1492, 1452, 1287, 1201, 1166, 1128, 756, 698 cm-1; LRMS (FAB+): calculated for 
C17H19N: 237, found: 238 (M+H); [α]D

23 = +98° (c 0.84, CHCl3). 

Amine 23: To a solution of (1S,2R)-203 (147 mg, 0.55 mmol) in benzene (3.7 mL) was added 

styrene (190 µL, 1.67 mmol) followed by the second generation Hoveyda-Grubbs catalyst (21) (14 mg, 

0.02 mmol). The solution was heated at reflux for 2 h, and then cooled to room temperature. Aldimine 
22 (50 mg, 0.37 mmol) was added and the reaction mixture was stirred for 14 h. Saturated sodium 

bicarbonate (2 mL) was added, and, after 15 minutes, the solution was diluted with 30% isopropanol in 

CHCl3 (15 mL). Additional saturated sodium bicarbonate (10 mL) was added, the organic layer was 
separated, and the aqueous layer was extracted with 30% isopropanol/CHCl3 solution (2 x 10 mL). The 

combined organic layers were dried (MgSO4), filtered, and concentrated. The residue was purified by 

flash chromatography (5% MeOH in CH2Cl2) to give 58 mg (62%) of amine 23 as a tan solid: [α]D
23 = 

-32.6° (c 1.2, CH2Cl2); 1H NMR (300 MHz, CDCl3) δ 7.35-7.23 (m, 3H, Ar-H), 7.19-7.17 (m, 2H, Ar-

H), 6.99 (s, 2H, Imid-H), 6.04 (ddd, 1H, J = 17.4, 7.8, 2.4 Hz, CH=CH2), 5.74-5.61 (m, 1H, CH=CH2), 
5.01-4.84 (m, 4H, CH=CH2 x 2), 4.27 (d, 1H, J = 8.7 Hz, Imid-CHN), 3.63 (apparent triplet, 1H, J = 

8.1 Hz, ArCHCH=CH2), 3.05 (dd, 1H, J = 14.4, 5.4 Hz, one NCH2), 2.97 (dd, 1H, J = 14.4, 6.6 Hz, 
one NCH2); 13C NMR (75 MHz, CD3OD) δ 149.6, 142.3, 139.3, 136.9, 129.8, 129.2, 128.1, 122.5, 

117.0, 116.9, 61.4, 57.1, 50.9; IR (KBr) 3096, 3026, 2970, 2906, 2870, 2807, 1453, 1099, 993, 916, 
700 cm-1; LRMS (FAB+) calc’d for C16H19N3 253.3, found (M+H)+ 254.2. 

Amine 24: To a solution of (1S,2R)-20 (147 mg, 0.55 mmol) in benzene (3.7 mL) was added 2-
chloro-3-vinylpyridine (232 mg, 1.66 mmol) followed by the second generation Hoveyda-Grubbs 

catalyst (21) (14 mg, 0.02 mmol). The solution was heated at reflux for 2 h, and then cooled to room 

temperature. Aldimine 22 (50 mg, 0.37 mmol) was added and the reaction mixture was stirred for 13 h. 
Saturated sodium bicarbonate (2 mL) was added, and, after 15 minutes, the solution was diluted with 

30% isopropanol in CHCl3 (15 mL). Additional saturated sodium bicarbonate (10 mL) was added, the 
organic layer was separated, and the aqueous layer was extracted with 30% isopropanol/CHCl3 

solution (2 x 10 mL). The combined organic layers were dried (MgSO4), filtered, and concentrated. 

The residue was purified by flash chromatography (3-4% MeOH in CH2Cl2) to give 62 mg (58%) of 
amine 24 as a tan solid: [α]D

23 = -49.2° (c 1.4, CH2Cl2); 1H NMR (400 MHz, CDCl3) δ 8.13 (dd, 1H, J 
                                                

(3) For the synthesis of 20, see the supporting information file associated with: Perl, N. R.; 
Leighton, J. L. Org. Lett. 2007, 9, 3699. 
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= 4.4, 1.6 Hz, Ar-H), 7.37 (dd, 1H, J = 8.0, 1.2 Hz, Ar-H), 7.15 (dd, 1H, J = 7.6, 4.8 Hz, Ar-H), 6.99 

(s, 2H, Imid-H), 6.12 (ddd, 1h, J = 17.6, 7.6, 2.4 Hz, CH=CH2), 5.81-5.71 (m, 1H, CH=CH2), 5.18-
5.04 (m, 4H, 2 x CH=CH2), 4.30-4.25 (m, 2H, overlapping Imid-CHN and Ar-CHCH=CH2), 3.18 (dd, 

1H, J = 14.4, 5.2 Hz, one NCH2), 3.07 (dd, 1H, J = 4.4, 6.8 Hz, one NCH2); 13C NMR (75 MHz, 
CD3OD) δ 152.1, 149.2, 148.5, 139.7, 137.4, 137.0, 136.7, 124.3, 122.5, 119.1, 117.1, 59.7, 52.3, 50.8; 

IR (neat) 3143, 3074, 2979, 2817, 1563, 1452, 1407, 1099, 1061 cm-1; LRMS (FAB+) calc’d for 

C15H17ClN4 288.8, found (M+H)+ 289.2.  

Amine 26: To a solution of (1S,2R)-20 (215 mg, 0.81 mmol) in benzene (5.4 mL) was added 
styrene (280 µL, 2.43 mmol) followed by the Grubbs second generation catalyst (27 mg, 0.03 mmol). 

The solution was heated at reflux for 2 h, and then cooled to room temperature. Aldimine 25 (100 mg, 

0.54 mmol) was added, and the reaction mixture was stirred for 18 h. To ensure complete consumption 

of starting aldimine, the reaction mixture was heated at 45 °C for 45 min, and then recooled to room 
temperature. Additional second generation Grubbs catalyst (45 mg, 0.05 mmol) was added and the 

reaction mixture was heated at 45 °C for 24 h. The reaction mixture was cooled to room temperature 
and treated with saturated sodium bicarbonate (2 mL). After 15 minutes, the solution was diluted with 

30% isopropanol in chloroform (15 mL). Additional saturated sodium bicarbonate (10 mL) was added, 

the organic layer was separated, and the aqueous layer was extracted with 30% isopropanol in 
chloroform (2 x 10 mL). The combined organic layers were dried (MgSO4), filtered, and concentrated. 

The residue was purified by flash chromatography (4% methanol in methylene chloride) to give 72 mg 
(48%) of amine 26 as a tan solid: [α]D

23 = +459.5° (c 0.9, MeOH); 1H NMR (300 MHz, CD3OD) δ 7.38 

(br s, 2H, Benzimid-H), 7.16-7.11 (m, 2H, Benzimid-H), 7.05-6.98 (m, 3H, Ar-H), 6.95-6.91 (m, 2H, 
Ar-H), 6.15-6.10 (m, 1H, one CH=CH), 6.01-5.91 (m, 1H, one CH=CH), 4.63 (d, 1H, J = 4.5 Hz, 

Benzimid-CHN), 3.86 (apparent br s, 1H, CHPh), 3.74-3.59 (m, 2H, NCH2CH=CH); 13C NMR (75 
MHz, CDCl3) δ 155.0, 139.4, 130.1, 128.2, 128.0, 127.3, 127.3, 122.5, 57.7, 46.4, 45.5, 45.5; IR (KBr) 

3443, 3062, 3026, 2927, 2870, 2772, 1455, 1427, 1198, 1049, 734, 700 cm-1; LRMS (FAB+) calc’d for 

C18H17N3 275.4, found (M+H)+ 276.2. 

Stereochemical Proofs. The relative and absolute stereochemistry of products 5 and 6 have 
previously been rigorously established by single crystal X-ray diffraction analysis.2 The 

stereochemistry of all products in Table 1 was assigned by analogy. The relative and absolute 
stereochemistry of products 23 and 24 were assigned by analogy, based upon previously determined 

similar structures.3  
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Determination of enantioselectivities: The enantiomeric excess (ee) of the products reported in 

this study was in every case determined by chiral HPLC analysis. Racemic samples were prepared by 
employing rac-2 and rac-20 in the reactions described in ths study. The rac allylsilanes were prepared 

by admixing the individual enantiomerically pure reagents, and slight deviations from 50:50 in the 
racemic HPLC traces may therefore be attributed to the error inherent in this procedure. 

The assays for compounds 5 and 6 have previously been described in detail.2 
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9: Chiralpak AD-H, 90/10 Hexane/i-PrOH, 1.0mL/min, 220 nm. 
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11: Chiralpak AD-H, 85/15 Hexane/i-PrOH, 1.0mL/min, 220 nm. 
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13: Chiralpak AD-H, 85/15 Hexane/i-PrOH, 1.0mL/min, 254 nm. 

Ph

HN

Racemic

Ph

HN

13 (Table 1)
Me Me

HO HO

   
 
 
 
 
 

14: Chiralpak AD-H, 85/15 Hexane/i-PrOH, 1.0mL/min, 254 nm. 

Ph

HN

Racemic

Ph

HN

14 (Table 1)
S S

HO HO

 
 

 
 
 
 
 

15: The assay for this compound has previously been described in detail.2 
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23 (bis-benzamide): Chiralpak AD-H column, 15% EtOH/hexanes, 1.0 mL/min, 254 nm. 

 
 
 
 
 

24 (bis-benzamide): Chiralpak AD-H column, 20% EtOH/hexanes, 1.0 mL/min, 254nm. 
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26 (bis-benzamide): Chiralpak AD-H column, 7% IPA/hexanes, 1.0 mL/min, 254 nm. 

 
1H NMR Spectra. 
The 1H NMR spectra of compounds 5, 6, and 15 have previously been published.2 
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16 (Scheme 3)
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19 (Scheme 3)
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24 (Scheme 4)
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