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General. All reactions were conducted in flame-dried glassware under a nitrogen atmosphere 
with dry solvents, unless otherwise noted. Dry diethyl ether, tetrahydrofuran, toluene and 
dichloromethane were obtained by passing inhibitor-free, HPLC grade solvents through activated 
alumina columns. N,N-Dimethylformamide and N,N-diisopropylethylamine were purchased in 
anhydrous forms and used without further purification. Titanium(IV) tetraisopropoxide was 
purified by distillation at 150 millitorr prior to use. Chlorotriisopropoxytitanium(IV) was 
purchased from Sigma-Aldrich Co. as a solution in hexanes and used as received within one 
month of opening. Cyclopentylmagnesium chloride and n-butyllithium were purchased as 
solutions in Et2O and hexanes, respectively, and titrated on a monthly basis.1 
N-Bromosuccinimide was recrystallized from boiling water and dried under high vacuum for 24 h, 
powdered cesium fluoride was dried under high vacuum at 140 °C for 4 h, and 
chlorotrimethylsilane was distilled from calcium hydride prior to use. Dess-Martin periodinane 
was prepared according to literature procedures.2,3 Commercially available alcohols 2, 4 and 19 
were distilled under nitrogen atmosphere prior to use. Imines 1,4 455 and alcohols 20,6 21,7 30,8 
were prepared according to literature procedures. Intermediates were prepared according to 
literature procedures (S-7,9 S-15,10 S-18,11 S-2112 and S-2313) or by adaptation of literature 
procedures for similar compounds (S-9,14 S-10,15 S-12,16 S-13,15 S-1716 and S-1917). All other 
commercially available reagents were used as received. Yields refer to chromatographically and 
spectroscopically (1H NMR) homogeneous materials, unless otherwise stated. Reactions were 
monitored by thin-layer chromatography carried out on 250 μm E. Merck silica gel plates 
(60F-254) and visualized using UV light or appropriate stains, including ninhydrin, 
p-anisaldehyde, ceric ammonium nitrate, and potassium permanganate. Silica gel for flash 
column chromatography was purchased from Silicycle (P60, particle size 40-63 μm). 1H NMR 
data were recorded at 400 or 500 MHz using a Bruker AM-400 or AM-500 instrument. 1H NMR 
chemical shifts are reported relative to residual CHCl3 (7.26 ppm) or TMS (0.00 ppm). 13C NMR 
data were recorded at 100 or 126 MHz using a Bruker AM-400 or AM-500 instrument. 13C NMR 
chemical shifts were reported relative to the central line of CDCl3 (77.23 ppm). Infrared spectra 
were recorded using a Thermo Electron Nicolet 6700 FT-IR spectrometer. Low resolution mass 
spectrometry was performed on a Waters Micromass® ZQTM instrument using electrospray 
ionization. High resolution mass spectrometry was performed at the W. M. Keck Foundation 
Biotechnology and Resource Laboratory at Yale University using a Bruker 9.4T Apex-Qe Hybrid 
Fourier Transform Ion Cyclotron Resonance mass spectrometer consisting of an Apollo II 
electrospray ionization source. Optical rotations were measured on a Perkin Elmer Model 341 
polarimeter using a 1 mL capacity micro cell with a 10 cm path length. All compounds purified 
by chromatography were sufficiently pure for use in further experiments, unless indicated 
otherwise. Relative stereochemistry was defined using the R*/S* convention proposed by IUPAC. 
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Preparation of Homoallylic Amines via Cross-Coupling of Allylic Alcohols with Imines
 

 
Synthesis of (±)-N-benzyl-1-phenylbut-3-en-1-amine (3). To a solution of imine 1 (125 μL, 
131.3 mg, 0.672 mmol) and Ti(Oi-Pr)4 (300 μL, 288 mg, 1.01 mmol) in Et2O (2.5 mL) at −78 °C 
was added c-C5H9MgCl (2.25 M in Et2O, 2.03 mmol) in a drop-wise manner. The mixture was 
warmed to −40 °C over 30 min and stirred for 1 h at this temperature. A solution of lithium 
alkoxide 2a, prepared by the deprotonation of alcohol 2 (69 μL, 58.9 mg, 1.01 mmol) in THF (1.0 
mL) at −78 °C with n-BuLi (2.56 M in hexanes, 1.08 mmol) followed by warming to 0 °C over 
15 min, was added in a drop-wise manner to the brown solution of imine–Ti complex at −40 °C 
via cannula. The mixture was warmed to 0 °C over 30 min then stirred at this temperature for 3 h. 
The reaction was quenched by addition of water (1.0 mL) followed by rapid stirring until the 
precipitate became white in color. The mixture was diluted with saturated aqueous NaHCO3 (20 
mL) and extracted with EtOAc (3 × 20 mL). The organic extracts were combined, dried over 
MgSO4 then concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel (10% EtOAc/hexanes) to afford homoallylic amine 3 as a colorless 
oil (112 mg, 70%). 
Data for (±)-N-benzyl-1-phenylbut-3-en-1-amine (3): 1H NMR (500 MHz, CDCl3) δ 7.37–7.21 
(m, 10H), 5.75–5.66 (m, 1H), 5.09–5.02 (m, 2H), 3.71–3.66 (m, 2H), 3.52 (d, J = 13.3 Hz, 1H), 
2.46–2.36 (m, 2H), 1.75 (br, 1H); 13C NMR (126 MHz, CDCl3) δ 144.08, 140.89, 135.70, 128.60, 
128.55, 128.33, 127.53, 127.26, 127.03, 117.71, 61.88, 51.68, 43.33; IR (thin film, NaCl) 3063, 
3026, 2835, 1639, 1603, 1585, 1493, 1453, 1356, 1326, 1307, 1198, 1117, 1070, 1028, 995, 916, 
824, 759, 700 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for C17H19N+H+ 238.1590, found 
238.1590; Rf 0.66 (silica gel, 1:3 EtOAc/hexanes). 
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Synthesis of (±)-N-benzyl-4-methyl-1-phenylpent-3-en-1-amine (5). To a solution of imine 1 
(125 μL, 131.3 mg, 0.672 mmol) and Ti(Oi-Pr)4 (300 μL, 288 mg, 1.01 mmol) in Et2O (2.5 mL) 
at −78 °C was added c-C5H9MgCl (2.25 M in Et2O, 2.03 mmol) in a drop-wise manner. The 
mixture was warmed to −40 °C over 30 min and stirred for 1 h at this temperature. A solution of 
lithium alkoxide 4a, prepared by the deprotonation of alcohol 4 (106 μL, 87.3 mg, 1.01 mmol) in 
THF (1.0 mL) at −78 °C with n-BuLi (2.56 M in hexanes, 1.08 mmol) followed by warming to 
0 °C over 15 min, was added in a drop-wise manner to the brown solution of imine–Ti complex 
at −40 °C via cannula. The mixture was warmed to 0 °C over 30 min then stirred at this 
temperature for 3 h. The reaction was quenched by addition of water (1.0 mL) followed by rapid 
stirring until the precipitate became white in color. The mixture was diluted with saturated 
aqueous NaHCO3 (20 mL) and extracted with EtOAc (3 × 20 mL). The organic extracts were 
combined, dried over MgSO4 then concentrated in vacuo. The crude product was purified by 
flash column chromatography on silica gel (10% EtOAc/hexanes) to afford homoallylic amine 5 
as a colorless oil (148 mg, 83%). 
Data for (±)-N-benzyl-4-methyl-1-phenylpent-3-en-1-amine (5): 1H NMR (500 MHz, CDCl3) 
δ 7.38–7.21 (m, 10H), 5.09–5.05 (m, 1H), 3.67 (d, J = 13.4 Hz, 1H), 3.63 (dd, J = 8.0, 5.8 Hz, 
1H), 3.52 (d, J = 13.4 Hz, 1H), 2.43–2.36 (m, 1H), 2.30–2.24 (m, 1H), 1.73 (br, 1H), 1.67 (s, 3H), 
1.54 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 144.57, 141.10, 134.66, 128.51, 128.50, 128.25, 
127.54, 127.08, 126.95, 121.24, 62.81, 51.79, 37.72, 26.02, 18.15; IR (thin film, NaCl) 3027, 
2912, 1602, 1494, 1453, 1376, 1358, 1306, 1199, 1108, 1072, 1028, 983, 911, 804, 754, 700 
cm−1; HRMS (ESI, FT-ICR) m/z calc’d for C19H23N+H+ 266.1903, found 266.1904; Rf 0.69 
(silica gel, 1:3 EtOAc/hexanes). 
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Synthesis of (±)-N-benzyl-3,4-dimethyl-1-phenylpent-3-en-1-amine (7). To a solution of imine 
1 (125 μL, 131.3 mg, 0.672 mmol) and Ti(Oi-Pr)4 (300 μL, 288 mg, 1.01 mmol) in Et2O (2.5 
mL) at −78 °C was added c-C5H9MgCl (2.25 M in Et2O, 2.03 mmol) in a drop-wise manner. The 
mixture was warmed to −40 °C over 30 min and stirred for 1 h at this temperature. A solution of 
lithium alkoxide 6a, prepared by the deprotonation of alcohol 6 (101 mg, 1.01 mmol) in THF (1.0 
mL) at −78 °C with n-BuLi (2.56 M in hexanes, 1.08 mmol) followed by warming to 0 °C over 
15 min, was added in a drop-wise manner to the brown solution of imine–Ti complex at −40 °C 
via cannula. The mixture was warmed to 0 °C over 30 min then stirred at this temperature for 3 h. 
The reaction was quenched by addition of water (1.0 mL) followed by rapid stirring until the 
precipitate became white in color. The mixture was diluted with saturated aqueous NaHCO3 (20 
mL) and extracted with EtOAc (3 × 20 mL). The organic extracts were combined, dried over 
MgSO4 then concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel (10% EtOAc/hexanes) to afford homoallylic amine 7 as a colorless 
oil (151 mg, 80%). 
Data for (±)-N-benzyl-3,4-dimethyl-1-phenylpent-3-en-1-amine (7): 1H NMR (500 MHz, 
CDCl3) δ 7.39–7.20 (m, 10H), 3.73 (dd, J = 8.9, 5.5 Hz, 1H), 3.69 (d, J = 13.7 Hz, 1H), 3.48 (d, J 
= 13.7 Hz, 1H), 2.57 (dd, J = 13.4, 8.9 Hz, 1H), 2.13 (dd, J = 13.4, 5.4 Hz, 1H), 1.70 (s, 1H), 1.63 
(s, 3H), 1.59 (s, 3H), 1.54 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 144.93, 141.19, 128.49, 128.44, 
128.08, 127.97, 127.48, 127.01, 126.87, 124.68, 60.79, 51.70, 44.36, 20.97, 20.74, 18.67; IR (thin 
film, NaCl) 3026, 2913, 2858, 1603, 1493, 1453, 1373, 1356, 1328, 1308, 1199, 1155, 1116, 
1071, 1028, 911, 759, 734, 717, 699 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for C20H25N+H+ 
280.2060, found 280.2060; Rf 0.68 (silica gel, 1:3 EtOAc/hexanes). 
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Synthesis of (±)-(Z)-N-benzyl-3-methyl-1,6-diphenylhex-3-en-1-amine (9). To a solution of 
imine 1 (125 μL, 131.3 mg, 0.672 mmol) and Ti(Oi-Pr)4 (300 μL, 288 mg, 1.01 mmol) in Et2O 
(2.5 mL) at −78 °C was added c-C5H9MgCl (2.03 M in Et2O, 2.03 mmol) in a drop-wise manner. 
The mixture was warmed to −40 °C over 30 min and stirred for 1 h at this temperature. A solution 
of lithium alkoxide 8a, prepared by the deprotonation of alcohol 8 (178 mg, 1.01 mmol) in THF 
(1.0 mL) at −78 °C with n-BuLi (2.63 M in hexanes, 1.08 mmol) followed by warming to 0 °C 
over 15 min, was added in a drop-wise manner to the brown solution of imine–Ti complex at 
−40 °C via cannula. The mixture was warmed to 0 °C over 30 min then stirred at this temperature 
for 3 h. The reaction was quenched by addition of water (1.0 mL) followed by rapid stirring until 
the precipitate became white in color. The mixture was diluted with saturated aqueous NaHCO3 
(20 mL) and extracted with EtOAc (3 × 20 mL). The organic extracts were combined, dried over 
MgSO4 then concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel (5% EtOAc/hexanes) to afford homoallylic amine 9 as a colorless 
oil (Z:E ≥ 20:1, 208 mg, 87%). No evidence for minor isomer was observed by 1H NMR. 
Data for (±)-(Z)-N-benzyl-3-methyl-1,6-diphenylhex-3-en-1-amine (9): 1H NMR (500 MHz, 
CDCl3) δ 7.39–7.10 (m, 15H), 5.26 (app t, J = 7.0 Hz, 1H), 3.74 (dd, J = 8.6, 5.9 Hz, 1H), 3.66 (d, 
J = 13.5 Hz, 1H), 3.47 (d, J = 13.5 Hz, 1H), 2.56–2.43 (m, 3H), 2.32–2.19 (m, 2H), 2.16 (dd, J = 
13.4, 5.9 Hz, 1H), 1.66 (br, 1H), 1.59 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 144.58, 142.36, 
141.02, 132.70, 128.65, 128.55, 128.50, 128.45, 128.23, 128.02, 127.52, 127.20, 126.96, 125.92, 
60.32, 51.73, 41.81, 36.30, 29.99, 23.74; IR (thin film, NaCl) 3026, 2920, 2853, 1603, 1585, 
1494, 1453, 1377, 1362, 1329, 1307, 1199, 1116, 1070, 1028, 912, 749, 699 cm−1; HRMS (ESI, 
FT-ICR) m/z calc’d for C26H29N+H+ 356.2373, found 356.2363; Rf 0.31 (silica gel, 1:9 
EtOAc/hexanes). 
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Synthesis of (1R*,2R*)-N-benzyl-2,4-dimethyl-1-phenylpent-3-en-1-amine (11). To a solution 
of imine 1 (125 μL, 131.3 mg, 0.672 mmol) and Ti(Oi-Pr)4 (300 μL, 288 mg, 1.01 mmol) in Et2O 
(2.5 mL) at −78 °C was added c-C5H9MgCl (2.03 M in Et2O, 2.03 mmol) in a drop-wise manner. 
The mixture was warmed to −40 °C over 30 min and stirred for 1 h at this temperature. A solution 
of lithium alkoxide 10a, prepared by the deprotonation of alcohol 10 (101 mg, 1.01 mmol) in 
THF (1.0 mL) at −78 °C with n-BuLi (2.63 M in hexanes, 1.08 mmol) followed by warming to 
0 °C over 15 min, was added in a drop-wise manner to the brown solution of imine–Ti complex 
at −40 °C via cannula. The mixture was warmed to 0 °C over 30 min then stirred at this 
temperature for 3 h. The reaction was quenched by addition of water (1.0 mL) followed by rapid 
stirring until the precipitate became white in color. The mixture was diluted with saturated 
aqueous NaHCO3 (20 mL) and extracted with EtOAc (3 × 20 mL). The organic extracts were 
combined, dried over MgSO4 then concentrated in vacuo. The crude product was purified by 
flash column chromatography on silica gel (5% EtOAc/hexanes) to afford homoallylic amine 11 
as a white solid (d.r. ≥ 20:1, 153 mg, 81%). No evidence for minor isomer was observed by 1H 
NMR. See 11→S-1→S-2 for the stereochemical assignment. 
Data for (1R*,2R*)-N-benzyl-2,4-dimethyl-1-phenylpent-3-en-1-amine (11): 1H NMR (500 
MHz, CDCl3) δ 7.36–7.19 (m, 10H), 4.94–4.90 (m, 1H), 3.60 (d, J = 13.8 Hz, 1H), 3.40 (d, J = 
13.8 Hz, 1H), 3.20 (d, J = 9.0 Hz, 1H), 2.56 (app tq, J = 9.2, 6.7 Hz, 1H), 2.00 (br, 1H), 1.74 (d, J 
= 1.1 Hz, 3H), 1.66 (d, J = 1.2 Hz, 3H), 0.65 (d, J = 6.7 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 
143.32, 141.31, 133.68, 128.87, 128.70, 128.44, 128.27, 128.13, 127.15, 126.79, 68.22, 51.58, 
40.09, 26.19, 18.55, 18.41; IR (thin film, NaCl) 3026, 2967, 2927, 1602, 1494, 1453, 1376, 1305, 
1200, 1107, 1070, 1028, 980, 913, 837, 764, 735, 700 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for 
C20H25N+H+ 280.2060, found 280.2060; Rf 0.37 (silica gel, 1:9 EtOAc/hexanes). 
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Synthesis of (1R*,2R*)-N-allyl-N-benzyl-2,4-dimethyl-1-phenylpent-3-en-1-amine (S-1) 
(from 10). Allyl bromide (93 μL, 130 mg, 1.07 mmol) was added to a mixture of amine 11 (100 
mg, 0.358 mmol), K2CO3 (247 mg, 1.79 mmol) and tetrabutylammonium iodide (13 mg, 0.035 
mmol) in DMF (0.90 mL). The reaction was stirred at 60 °C for 18 h, poured into H2O (25 mL), 
and the aqueous phase extracted with Et2O (3 × 50 mL). The organic extracts were combined, 
washed with brine (1 × 25 mL), dried over MgSO4 then concentrated in vacuo. The crude product 
was purified by flash column chromatography on silica gel (3% EtOAc/hexanes) to afford amine 
S-1 as a colorless liquid (108 mg, 94%). 
Data for (1R*,2R*)-N-allyl-N-benzyl-2,4-dimethyl-1-phenylpent-3-en-1-amine (S-1): 1H 
NMR (500 MHz, CDCl3) δ 7.38–7.16 (m, 10H), 5.77 (dddd, J = 17.3, 10.2, 8.6, 3.8 Hz, 1H), 
5.18–5.07 (m, 3H), 3.86 (d, J = 13.8 Hz, 1H), 3.43 (d, J = 10.6 Hz, 1H), 3.19 (app ddt, J = 14.2, 
3.8, 2.0 Hz, 1H), 3.09 (ddq, J = 13.2, 10.3, 6.6 Hz, 1H), 2.94 (d, J = 13.8 Hz, 1H), 2.56 (dd, J = 
14.2, 8.6 Hz, 1H), 1.80 (d, J = 1.1 Hz, 3H), 1.65 (d, J = 1.2 Hz, 3H), 0.66 (d, J = 6.6 Hz, 3H); 13C 
NMR (126 MHz, CDCl3) δ 141.03, 138.01, 137.82, 130.84, 129.46, 128.93, 128.81, 128.21, 
128.05, 127.02, 126.72, 116.72, 68.66, 53.47, 52.73, 34.08, 26.11, 19.25, 18.00; IR (thin film, 
NaCl) 3062, 3026, 2965, 2925, 2810, 1641, 1601, 1494, 1453, 1419, 1373, 1313, 1289, 1259, 
1201, 1154, 1125, 1090, 1072, 1056, 1029, 987, 945, 915, 870, 836, 760, 738, 703 cm−1; HRMS 
(ESI, FT-ICR) m/z calc’d for C23H29N+H+ 320.2373, found 320.2375; Rf 0.59 (silica gel, 1:9 
EtOAc/hexanes). 
 

 
Synthesis of (2R*,3R*)-1-benzyl-3-methyl-2-phenyl-1,2,3,6-tetrahydropyridine (S-2) (from 
10). To a solution of amine S-1 (81 mg, 0.254 mmol) in CH2Cl2 (9.0 mL) was added Grubbs II 
catalyst (2.1 mg, 0.0025 mmol). The reaction was refluxed for 1 h, treated with DMSO (20 μL), 
then stirred for 24 h at ambient temperature. The mixture was concentrated in vacuo, and the 
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crude product was purified by flash column chromatography on silica gel (2% EtOAc/hexanes) to 
afford tetrahydropyridine S-2 as a white solid (65 mg, 97%). 
Data for (2R*,3R*)-1-benzyl-3-methyl-2-phenyl-1,2,3,6-tetrahydropyridine (S-2): 1H NMR 

Synthesis of (1R*,2R*)-N-benzyl-2,4-dimethyl-1-phenylpent-3-en-1-amine (11). To a solution 

enylpent-3-en-1-amine (11): 1H NMR (500 

(500 MHz, CDCl3) δ 7.43–7.40 (m, 2H), 7.37–7.33 (m, 2H), 7.28–7.23 (m, 5H), 7.21–7.17 (m, 
1H), 5.69–5.64 (m, 2H), 3.71 (d, J = 13.1 Hz, 1H), 3.19 (dd, J = 17.2, 2.6 Hz, 1H), 3.04 (d, J = 
8.1 Hz, 1H), 2.86 (d, J = 13.1 Hz, 1H), 2.74 (dd, J = 17.0, 3.8 Hz, 1H), 2.57–2.50 (m, 1H), 0.84 
(d, J = 7.0 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 142.82, 139.74, 131.38, 128.96, 128.85, 
128.62, 128.32, 127.44, 126.92, 124.07, 72.27, 60.03, 52.29, 38.96, 19.02; IR (thin film, NaCl) 
3027, 2956, 2925, 2872, 2786, 1601, 1493, 1454, 1372, 1361, 1329, 1309, 1282, 1254, 1236, 
1197, 1162, 1125, 1102, 1072, 1029, 993, 971, 913, 832, 759, 731, 699 cm−1; HRMS (ESI, 
FT-ICR) m/z calc’d for C19H21N+H+ 264.1747, found 264.1742; Rf 0.54 (silica gel, 1:9 
EtOAc/hexanes). 
 

 

of imine 1 (125 μL, 131.3 mg, 0.672 mmol) and Ti(Oi-Pr)4 (300 μL, 288 mg, 1.01 mmol) in Et2O 
(2.5 mL) at −78 °C was added c-C5H9MgCl (2.23 M in Et2O, 2.01 mmol) in a drop-wise manner. 
The mixture was warmed to −40 °C over 30 min and stirred for 1 h at this temperature. A solution 
of lithium alkoxide 12a, prepared by the deprotonation of alcohol 12 (101 mg, 1.01 mmol) in 
THF (1.0 mL) at −78 °C with n-BuLi (2.66 M in hexanes, 1.06 mmol) followed by warming to 
0 °C over 15 min, was added in a drop-wise manner to the brown solution of imine–Ti complex 
at −40 °C via cannula. The mixture was warmed to room temperature over 30 min then stirred for 
3 h. The reaction was quenched by addition of water (1.0 mL) followed by rapid stirring until the 
precipitate became white in color. The mixture was diluted with saturated aqueous NaHCO3 (20 
mL) and extracted with EtOAc (3 × 20 mL). The organic extracts were combined, dried over 
MgSO4 then concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel (5% EtOAc/hexanes) to afford homoallylic amine 11 as a white 
solid (d.r. ≥ 20:1, 128 mg, 68%). No evidence for minor isomer was observed by 1H NMR. See 
11→S-1→S-2 for the stereochemical assignment. 
Data for (1R*,2R*)-N-benzyl-2,4-dimethyl-1-ph
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MHz, CDCl3) δ 7.36–7.19 (m, 10H), 4.94–4.90 (m, 1H), 3.60 (d, J = 13.8 Hz, 1H), 3.40 (d, J = 
13.8 Hz, 1H), 3.20 (d, J = 9.0 Hz, 1H), 2.56 (app tq, J = 9.2, 6.7 Hz, 1H), 1.99 (br, 1H), 1.74 (d, J 
= 1.0 Hz, 3H), 1.66 (d, J = 1.1 Hz, 3H), 0.65 (d, J = 6.7 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 
143.33, 141.32, 133.68, 128.88, 128.71, 128.44, 128.27, 128.14, 127.15, 126.80, 68.24, 51.59, 
40.09, 26.19, 18.55, 18.40; IR (thin film, NaCl) 3026, 2967, 2927, 1602, 1494, 1453, 1376, 1305, 
1200, 1107, 1070, 1028, 980, 913, 837, 764, 735, 700 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for 
C20H25N+H+ 280.2060, found 280.2060; Rf 0.38 (silica gel, 1:9 EtOAc/hexanes). 
 

 
Synthesis of (1R*,2R*)-N-allyl-N-benzyl-2,4-dimethyl-1-phenylpent-3-en-1-amine (S-1) 

henylpent-3-en-1-amine (S-1): 1H 

(from 12). Allyl bromide (93 μL, 130 mg, 1.07 mmol) was added to a mixture of amine 11 (100 
mg, 0.358 mmol), K2CO3 (247 mg, 1.79 mmol) and tetrabutylammonium iodide (13 mg, 0.035 
mmol) in DMF (0.90 mL). The reaction was stirred at 60 °C for 18 h, poured into H2O (25 mL), 
and the aqueous phase extracted with Et2O (3 × 50 mL). The organic extracts were combined, 
washed with brine (1 × 25 mL), dried over MgSO4 then concentrated in vacuo. The crude product 
was purified by flash column chromatography on silica gel (3% EtOAc/hexanes) to afford amine 
S-1 as a colorless liquid (105 mg, 92%). 
Data for (1R*,2R*)-N-allyl-N-benzyl-2,4-dimethyl-1-p
NMR (500 MHz, CDCl3) δ 7.38–7.16 (m, 10H), 5.77 (dddd, J = 17.3, 10.2, 8.6, 3.8 Hz, 1H), 
5.18–5.07 (m, 3H), 3.86 (d, J = 13.8 Hz, 1H), 3.43 (d, J = 10.6 Hz, 1H), 3.19 (app ddt, J = 14.1, 
3.8, 2.0 Hz, 1H), 3.13–3.04 (m, 1H), 2.94 (d, J = 13.8 Hz, 1H), 2.56 (dd, J = 14.2, 8.6 Hz, 1H), 
1.80 (d, J = 1.1 Hz, 3H), 1.65 (d, J = 1.1 Hz, 3H), 0.66 (d, J = 6.6 Hz, 3H); 13C NMR (126 MHz, 
CDCl3) δ 141.03, 138.01, 137.82, 130.84, 129.46, 128.93, 128.81, 128.21, 128.05, 127.03, 
126.73, 116.72, 68.66, 53.47, 52.73, 34.08, 26.11, 19.25, 18.00; IR (thin film, NaCl) 3062, 3026, 
2965, 2924, 2811, 1641, 1601, 1583, 1494, 1453, 1419, 1373, 1314, 1259, 1200, 1154, 1126, 
1090, 1071, 1050, 1029, 987, 965, 915, 870, 839, 760, 738, 703 cm−1; HRMS (ESI, FT-ICR) m/z 
calc’d for C23H29N+H+ 320.2373, found 320.2374; Rf 0.59 (silica gel, 1:9 EtOAc/hexanes). 
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Synthesis of (2R*,3R*)-1-benzyl-3-methyl-2-phenyl-1,2,3,6-tetrahydropyridine (S-2) (from 
12). To a solution of amine S-1 (79 mg, 0.247 mmol) in CH2Cl2 (9.0 mL) was added Grubbs II 
catalyst (2.1 mg, 0.0025 mmol). The reaction was refluxed for 1 h, treated with DMSO (20 μL), 
then stirred for 24 h at ambient temperature. The mixture was concentrated in vacuo, and the 
crude product was purified by flash column chromatography on silica gel (2% EtOAc/hexanes) to 
afford tetrahydropyridine S-2 as a white solid (61 mg, 94%). 
Data for (2R*,3R*)-1-benzyl-3-methyl-2-phenyl-1,2,3,6-tetrahydropyridine (S-2): 1H NMR 
(500 MHz, CDCl3) δ 7.43–7.40 (m, 2H), 7.37–7.33 (m, 2H), 7.28–7.23 (m, 5H), 7.21–7.17 (m, 
1H), 5.69–5.64 (m, 2H), 3.71 (d, J = 13.1 Hz, 1H), 3.19 (dd, J = 17.2, 2.6 Hz, 1H), 3.04 (d, J = 
8.1 Hz, 1H), 2.86 (d, J = 13.1 Hz, 1H), 2.74 (dd, J = 16.9, 3.8 Hz, 1H), 2.57–2.50 (m, 1H), 0.84 
(d, J = 7.1 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 142.82, 139.75, 131.38, 128.96, 128.85, 
128.62, 128.32, 127.44, 126.91, 124.07, 72.27, 60.03, 52.29, 38.96, 19.02; IR (thin film, NaCl) 
3027, 2956, 2925, 2872, 2786, 1601, 1493, 1454, 1372, 1361, 1329, 1309, 1282, 1254, 1236, 
1197, 1162, 1125, 1102, 1072, 1029, 993, 971, 913, 832, 759, 731, 699 cm−1; HRMS (ESI, 
FT-ICR) m/z calc’d for C19H21N+H+ 264.1747, found 264.1744; Rf 0.54 (silica gel, 1:9 
EtOAc/hexanes). 
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Synthesis of (1R*,2R*,Z)-N-benzyl-2-methyl-1,6-diphenylhex-3-en-1-amine (14) and 
(1R*,2R*,E)- N-benzyl-2-methyl-1,6-diphenylhex-3-en-1-amine (16). To a solution of imine 1 
(125 μL, 131.3 mg, 0.672 mmol) and Ti(Oi-Pr)4 (300 μL, 288 mg, 1.01 mmol) in Et2O (2.5 mL) 
at −78 °C was added c-C5H9MgCl (2.23 M in Et2O, 2.01 mmol) in a drop-wise manner. The 
mixture was warmed to −40 °C over 30 min and stirred for 2 h at this temperature. A solution of 
lithium alkoxide 13a, prepared by the deprotonation of alcohol 13 (178 mg, 1.01 mmol) in THF 
(1.0 mL) at −78 °C with n-BuLi (2.66 M in hexanes, 1.06 mmol) followed by warming to 0 °C 
over 15 min, was added in a drop-wise manner to the brown solution of imine–Ti complex at 
−40 °C via cannula. The mixture was warmed to 0 °C over 30 min then stirred at this temperature 
for 3 h. The reaction was quenched by addition of water (1.0 mL) followed by rapid stirring until 
the precipitate became white in color. The mixture was diluted with saturated aqueous NaHCO3 
(20 mL) and extracted with EtOAc (3 × 20 mL). The organic extracts were combined, dried over 
MgSO4 then concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel (2→5% EtOAc/hexanes) to afford homoallylic amines 14 (d.r. ≥ 
20:1, Z:E ≥ 20:1, 136 mg, 57%) and 16 (d.r. ≥ 20:1, E:Z ≥ 20:1, 84 mg, 35%) as colorless oils. No 
evidence for minor isomer was observed by 1H NMR of each product. See 14→S-3→S-2 and 
16→S-4→S-2 for the stereochemical assignment. 
Data for (1R*,2R*,Z)-N-benzyl-2-methyl-1,6-diphenylhex-3-en-1-amine (14): 1H NMR (500 
MHz, CDCl3) δ 7.34–7.14 (m, 15H), 5.52 (app dt, J = 10.7, 7.3 Hz, 1H), 5.22–5.16 (m, 1H), 3.58 
(d, J = 13.7 Hz, 1H), 3.37 (d, J = 13.7 Hz, 1H), 3.20 (d, J = 8.9 Hz, 1H), 2.71–2.58 (m, 3H), 
2.45–2.40 (m, 2H), 1.89 (br, 1H), 0.61 (d, J = 6.7 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 142.96, 
142.08, 141.19, 134.40, 130.73, 128.71, 128.67, 128.49, 128.44, 128.32, 128.23, 127.26, 126.85, 
126.03, 67.72, 51.60, 39.40, 36.16, 29.71, 18.26; IR (thin film, NaCl) 3062, 3026, 3001, 2958, 
2926, 2872, 1603, 1585, 1494, 1454, 1419, 1404, 1371, 1352, 1329, 1306, 1279, 1199, 1118, 
1074, 1028, 971, 912, 842, 763, 737, 699 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for C26H29N+H+ 
356.2373, found 356.2373; Rf 0.45 (silica gel, 1:9 EtOAc/hexanes). 
Data for (1R*,2R*,E)-N-benzyl-2-methyl-1,6-diphenylhex-3-en-1-amine (16): 1H NMR (500 
MHz, CDCl3) δ 7.34–7.11 (m, 15H), 5.59 (app dt, J = 15.0, 6.7 Hz, 1H), 5.22 (app ddt, J = 15.2, 
9.0, 1.2 Hz, 1H), 3.59 (d, J = 13.7 Hz, 1H), 3.36 (d, J = 13.7 Hz, 1H), 3.18 (d, J = 8.9 Hz, 1H), 
2.74–2.64 (m, 2H), 2.39–2.25 (m, 3H), 1.92 (br, 1H), 0.68 (d, J = 6.8 Hz, 3H); 13C NMR (126 
MHz, CDCl3) δ 142.89, 142.09, 141.11, 134.78, 131.46, 128.72, 128.67, 128.51, 128.45, 128.30, 
128.27, 127.21, 126.86, 126.06, 66.97, 51.48, 44.66, 36.18, 34.68, 18.50; IR (thin film, NaCl) 
3062, 3025, 2966, 2926, 2854, 1603, 1585, 1494, 1453, 1420, 1372, 1351, 1306, 1279, 1199, 
1113, 1072, 1028, 974, 913, 840, 748, 700 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for 
C26H29N+H+ 356.2373, found 356.2374; Rf 0.39 (silica gel, 1:9 EtOAc/hexanes). 
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Synthesis of (1R*,2R*,Z)-N-allyl-N-benzyl-2-methyl-1,6-diphenylhex-3-en-1-amine (S-3). 
Allyl bromide (85 μL, 119 mg, 0.982 mmol) was added to a mixture of amine 14 (117 mg, 0.329 
mmol), K2CO3 (227 mg, 1.64 mmol) and tetrabutylammonium iodide (12 mg, 0.032 mmol) in 
DMF (0.80 mL). The reaction was stirred at 60 °C for 20 h, poured into H2O (25 mL), and the 
aqueous phase extracted with Et2O (3 × 50 mL). The organic extracts were combined, washed 
with brine (1 × 25 mL), dried over MgSO4 then concentrated in vacuo. The crude product was 
purified by flash column chromatography on silica gel (3% EtOAc/hexanes) to afford amine S-3 
as a colorless liquid (110 mg, 85%). 
Data for (1R*,2R*,Z)-N-allyl-N-benzyl-2-methyl-1,6-diphenylhex-3-en-1-amine (S-3): 1H 
NMR (500 MHz, CDCl3) δ 7.38–7.34 (m, 4H), 7.31–7.14 (m, 11H), 5.79 (dddd, J = 17.4, 10.2, 
8.7, 3.8 Hz, 1H), 5.51–5.42 (m, 2H), 5.17–5.06 (m, 2H), 3.85 (d, J = 13.8 Hz, 1H), 3.43 (d, J = 
10.6 Hz, 1H), 3.26–3.14 (m, 2H), 2.92 (d, J = 13.8 Hz, 1H), 2.73–2.61 (m, 2H), 2.56 (dd, J = 
14.1, 8.7 Hz, 1H), 2.51–2.36 (m, 2H), 0.61 (d, J = 6.6 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 
142.39, 140.75, 137.89, 137.33, 136.07, 129.50, 129.03, 128.65, 128.50, 128.28, 128.09, 127.14, 
126.85, 126.82, 126.01, 116.96, 68.37, 53.57, 52.62, 36.35, 33.32, 29.81, 19.33; IR (thin film, 
NaCl) 3062, 3026, 3004, 2965, 2926, 2810, 1641, 1602, 1494, 1453, 1418, 1370, 1257, 1155, 
1122, 1092, 1074, 1057, 1029, 986, 916, 962, 737, 699 cm−1; HRMS (ESI, FT-ICR) m/z calc’d 
for C29H33N+H+ 396.2686, found 396.2687; Rf 0.55 (silica gel, 1:9 EtOAc/hexanes). 
 

 
Synthesis of (2R*,3R*)-1-benzyl-3-methyl-2-phenyl-1,2,3,6-tetrahydropyridine (S-2) (from 
13, via 14). To a solution of amine S-3 (94 mg, 0.238 mmol) in CH2Cl2 (8.0 mL) was added 
Grubbs II catalyst (2.0 mg, 0.0024 mmol). The reaction was refluxed for 5 h, treated with DMSO 
(20 μL), then stirred for 24 h at ambient temperature. The mixture was concentrated in vacuo, and 
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the crude product was purified by flash column chromatography on silica gel (2% 
EtOAc/hexanes) to isolate S-2 containing minor impurity by TLC (presumably 
4-phenyl-1-butene). The mixture was diluted with Et2O (100 mL), washed with 1 N HCl (25 mL), 
then the aqueous phase was basified with 3 N NaOH (25 mL) and extracted with Et2O (100 mL). 
The organic extract was dried over MgSO4 then concentrated in vacuo to afford 
tetrahydropyridine S-2 as a white solid (52 mg, 83%). 
Data for (2R*,3R*)-1-benzyl-3-methyl-2-phenyl-1,2,3,6-tetrahydropyridine (S-2): 1H NMR 
(500 MHz, CDCl3) δ 7.43–7.40 (m, 2H), 7.36–7.32 (m, 2H), 7.28–7.23 (m, 5H), 7.21–7.16 (m, 
1H), 5.69–5.63 (m, 2H), 3.71 (d, J = 13.1 Hz, 1H), 3.21–3.15 (m, 1H), 3.04 (d, J = 8.1 Hz, 1H), 
2.86 (d, J = 13.1 Hz, 1H), 2.76–2.71 (m, 1H), 2.58–2.49 (m, 1H), 0.84 (d, J = 7.1 Hz, 3H); 13C 
NMR (126 MHz, CDCl3) δ 142.82, 139.75, 131.37, 128.95, 128.84, 128.61, 128.31, 127.44, 
126.91, 124.08, 72.26, 60.02, 52.28, 38.95, 19.02; IR (thin film, NaCl) 3027, 2956, 2925, 2872, 
2786, 1601, 1493, 1454, 1372, 1361, 1329, 1309, 1282, 1254, 1236, 1197, 1162, 1125, 1102, 
1072, 1029, 993, 971, 913, 832, 759, 731, 699 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for 
C19H21N+H+ 264.1747, found 264.1747; Rf 0.53 (silica gel, 1:9 EtOAc/hexanes). 
 

 
Synthesis of (1R*,2R*,E)-N-allyl-N-benzyl-2-methyl-1,6-diphenylhex-3-en-1-amine (S-4) 
(from 13). Allyl bromide (53 μL, 74.1 mg, 0.612 mmol) was added to a mixture of amine 16 (72 
mg, 0.203 mmol), K2CO3 (140 mg, 1.01 mmol) and tetrabutylammonium iodide (7.5 mg, 0.020 
mmol) in DMF (0.50 mL). The reaction was stirred at 60 °C for 20 h, poured into H2O (25 mL), 
and the aqueous phase extracted with Et2O (3 × 50 mL). The organic extracts were combined, 
washed with brine (1 × 25 mL), dried over MgSO4 then concentrated in vacuo. The crude product 
was purified by flash column chromatography on silica gel (3% EtOAc/hexanes) to afford amine 
S-4 as a colorless liquid (74 mg, 92%). 
Data for (1R*,2R*,E)-N-allyl-N-benzyl-2-methyl-1,6-diphenylhex-3-en-1-amine (S-4): 1H 
NMR (500 MHz, CDCl3) δ 7.38–7.12 (m, 15H), 5.79 (dddd, J = 17.4, 10.2, 8.6, 3.8 Hz, 1H), 
5.62–5.56 (m, 1H), 5.52–5.45 (m, 1H), 5.17–5.07 (m, 2H), 3.90 (d, J = 14.0 Hz, 1H), 3.41 (d, J = 
10.7 Hz, 1H), 3.34–3.23 (m, 1H), 2.96 (d, J = 14.0 Hz, 1H), 2.92–2.82 (m, 1H), 2.80–2.69 (m, 
2H), 2.56 (dd, J = 14.2, 8.6 Hz, 1H), 2.49–2.36 (m, 2H), 0.70 (d, J = 6.6 Hz, 3H); 13C NMR (126 
MHz, CDCl3) δ 142.57, 140.82, 137.81, 137.33, 136.11, 129.46, 128.94, 128.69, 128.50, 128.27, 
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128.06, 127.97, 127.08, 126.80, 125.94, 116.89, 68.29, 53.34, 52.41, 38.43, 36.36, 34.87, 19.55; 
IR (thin film, NaCl) 3026, 2972, 2927, 2810, 1641, 1602, 1584, 1494, 1453, 1417, 1371, 1311, 
1256, 1155, 1124, 1072, 1029, 989, 962, 916, 867, 762, 739, 699 cm−1; HRMS (ESI, FT-ICR) m/z 
calc’d for C29H33N+H+ 396.2686, found 396.2689; Rf 0.55 (silica gel, 1:9 EtOAc/hexanes). 
 

 
Synthesis of (2R*,3R*)-1-benzyl-3-methyl-2-phenyl-1,2,3,6-tetrahydropyridine (S-2) (from 
13, via 16). To a solution of amine S-4 (62 mg, 0.157 mmol) in CH2Cl2 (5.3 mL) was added 
Grubbs II catalyst (1.4 mg, 0.0016 mmol). The reaction was refluxed for 5 h, treated with DMSO 
(20 μL), then stirred for 24 h at ambient temperature. The mixture was concentrated in vacuo, and 
the crude product was purified by flash column chromatography on silica gel (2% 
EtOAc/hexanes) to isolate S-2 containing minor impurity by TLC (presumably 
4-phenyl-1-butene). The mixture was diluted with Et2O (100 mL), washed with 1 N HCl (25 mL), 
then the aqueous phase was basified with 3 N NaOH (25 mL) and extracted with Et2O (100 mL). 
The organic extract was dried over MgSO4 then concentrated in vacuo to afford 
tetrahydropyridine S-2 as a white solid (33 mg, 80%). 
Data for (2R*,3R*)-1-benzyl-3-methyl-2-phenyl-1,2,3,6-tetrahydropyridine (S-2): 1H NMR 
(500 MHz, CDCl3) δ 7.43–7.40 (m, 2H), 7.36–7.32 (m, 2H), 7.28–7.23 (m, 5H), 7.21–7.16 (m, 
1H), 5.69–5.63 (m, 2H), 3.71 (d, J = 13.1 Hz, 1H), 3.21–3.15 (m, 1H), 3.04 (d, J = 8.1 Hz, 1H), 
2.86 (d, J = 13.1 Hz, 1H), 2.76–2.71 (m, 1H), 2.58–2.49 (m, 1H), 0.84 (d, J = 7.1 Hz, 3H); 13C 
NMR (126 MHz, CDCl3) δ 142.82, 139.75, 131.37, 128.95, 128.84, 128.62, 128.31, 127.44, 
126.91, 124.08, 72.26, 60.02, 52.28, 38.95, 19.02; IR (thin film, NaCl) 3027, 2956, 2925, 2872, 
2786, 1601, 1493, 1454, 1372, 1361, 1329, 1309, 1282, 1254, 1236, 1197, 1162, 1125, 1102, 
1072, 1029, 993, 971, 913, 832, 759, 731, 699 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for 
C19H21N+H+ 264.1747, found 264.1748; Rf 0.53 (silica gel, 1:9 EtOAc/hexanes). 
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Synthesis of (1R*,2R*,E)-N-benzyl-2-methyl-1,6-diphenylhex-3-en-1-amine (16). To a 
solution of imine 1 (125 μL, 131.3 mg, 0.672 mmol) and Ti(Oi-Pr)4 (300 μL, 288 mg, 1.01 
mmol) in Et2O (2.5 mL) at −78 °C was added c-C5H9MgCl (2.23 M in Et2O, 2.01 mmol) in a 
drop-wise manner. The mixture was warmed to −40 °C over 30 min and stirred for 2 h at this 
temperature. A solution of lithium alkoxide 15a, prepared by the deprotonation of alcohol 15 (178 
mg, 1.01 mmol) in THF (1.0 mL) at −78 °C with n-BuLi (2.66 M in hexanes, 1.06 mmol) 
followed by warming to 0 °C over 15 min, was added in a drop-wise manner to the brown 
solution of imine–Ti complex at −40 °C via cannula. The mixture was warmed to room 
temperature over 30 min then stirred for 3 h. The reaction was quenched by addition of water (1.0 
mL) followed by rapid stirring until the precipitate became white in color. The mixture was 
diluted with saturated aqueous NaHCO3 (20 mL) and extracted with EtOAc (3 × 20 mL). The 
organic extracts were combined, dried over MgSO4 then concentrated in vacuo. The crude 
product was purified by flash column chromatography on silica gel (2→5% EtOAc/hexanes) to 
afford homoallylic amine 16 (d.r. ≥ 20:1, E:Z ≥ 20:1, 131 mg, 55%) as a colorless oil. No 
evidence for minor isomer was observed by 1H NMR. A small amount of amine 14 (d.r. ≥ 20:1, 
Z:E ≥ 20:1, 5 mg, 2%) containing trace impurities was also isolated. See 16→S-4→S-2 for the 
stereochemical assignment. 
Data for (1R*,2R*,E)-N-benzyl-2-methyl-1,6-diphenylhex-3-en-1-amine (16): 1H NMR (500 
MHz, CDCl3) δ 7.34–7.11 (m, 15H), 5.59 (app dt, J = 15.0, 6.7 Hz, 1H), 5.22 (app ddt, J = 15.2, 
9.0, 1.2 Hz, 1H), 3.59 (d, J = 13.7 Hz, 1H), 3.36 (d, J = 13.7 Hz, 1H), 3.18 (d, J = 8.9 Hz, 1H), 
2.74–2.64 (m, 2H), 2.39–2.24 (m, 3H), 1.91 (br, 1H), 0.68 (d, J = 6.8 Hz, 3H); 13C NMR (126 
MHz, CDCl3) δ 142.89, 142.09, 141.11, 134.78, 131.46, 128.72, 128.66, 128.51, 128.45, 128.30, 
128.27, 127.21, 126.86, 126.05, 66.97, 51.48, 44.66, 36.17, 34.68, 18.50; IR (thin film, NaCl) 
3062, 3025, 2966, 2926, 2854, 1603, 1585, 1494, 1453, 1420, 1372, 1351, 1306, 1279, 1199, 
1113, 1072, 1028, 974, 913, 840, 748, 700 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for 
C26H29N+H+ 356.2373, found 356.2373; Rf 0.37 (silica gel, 1:9 EtOAc/hexanes). 
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Synthesis of (1R*,2R*,E)-N-allyl-N-benzyl-2-methyl-1,6-diphenylhex-3-en-1-amine (S-4) 
(from 15). Allyl bromide (83 μL, 116 mg, 0.959 mmol) was added to a mixture of amine 16 (114 
mg, 0.321 mmol), K2CO3 (222 mg, 1.61 mmol) and tetrabutylammonium iodide (12 mg, 0.032 
mmol) in DMF (0.80 mL). The reaction was stirred at 60 °C for 20 h, poured into H2O (25 mL), 
and the aqueous phase extracted with Et2O (3 × 50 mL). The organic extracts were combined, 
washed with brine (1 × 25 mL), dried over MgSO4 then concentrated in vacuo. The crude product 
was purified by flash column chromatography on silica gel (3% EtOAc/hexanes) to afford amine 
S-4 as a colorless liquid (116 mg, 91%). 
Data for (1R*,2R*,E)-N-allyl-N-benzyl-2-methyl-1,6-diphenylhex-3-en-1-amine (S-4): 1H 
NMR (500 MHz, CDCl3) δ 7.38–7.12 (m, 15H), 5.79 (dddd, J = 17.4, 10.2, 8.6, 3.8 Hz, 1H), 
5.62–5.56 (m, 1H), 5.52–5.45 (m, 1H), 5.17–5.07 (m, 2H), 3.90 (d, J = 14.0 Hz, 1H), 3.41 (d, J = 
10.7 Hz, 1H), 3.32–3.26 (m, 1H), 2.96 (d, J = 14.0 Hz, 1H), 2.91–2.82 (m, 1H), 2.80–2.69 (m, 
2H), 2.56 (dd, J = 14.2, 8.6 Hz, 1H), 2.48–2.36 (m, 2H), 0.70 (d, J = 6.6 Hz, 3H); 13C NMR (126 
MHz, CDCl3) δ 142.56, 140.81, 137.81, 137.33, 136.11, 129.45, 128.94, 128.68, 128.50, 128.26, 
128.06, 127.97, 127.08, 126.80, 125.94, 116.89, 68.29, 53.34, 52.41, 38.43, 36.35, 34.86, 19.55; 
IR (thin film, NaCl) 3026, 2972, 2927, 2810, 1641, 1602, 1584, 1494, 1453, 1417, 1371, 1311, 
1256, 1155, 1124, 1072, 1029, 989, 962, 916, 867, 762, 739, 699 cm−1; HRMS (ESI, FT-ICR) m/z 
calc’d for C29H33N+H+ 396.2686, found 396.2688; Rf 0.55 (silica gel, 1:9 EtOAc/hexanes). 
 

 
Synthesis of (2R*,3R*)-1-benzyl-3-methyl-2-phenyl-1,2,3,6-tetrahydropyridine (S-2) (from 
15). To a solution of amine S-4 (102 mg, 0.258 mmol) in CH2Cl2 (8.7 mL) was added Grubbs II 
catalyst (2.2 mg, 0.0026 mmol). The reaction was refluxed for 5 h, treated with DMSO (20 μL), 
then stirred for 24 h at ambient temperature. The mixture was concentrated in vacuo, and the 
crude product was purified by flash column chromatography on silica gel (2% EtOAc/hexanes) to 
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isolate S-2 containing minor impurity by TLC (presumably 4-phenyl-1-butene). The mixture was 
diluted with Et2O (100 mL), washed with 1 N HCl (25 mL), then the aqueous phase was basified 
with 3 N NaOH (25 mL) and extracted with Et2O (100 mL). The organic extract was dried over 
MgSO4 then concentrated in vacuo to afford tetrahydropyridine S-2 as a white solid (56 mg, 
82%). 
Data for (2R*,3R*)-1-benzyl-3-methyl-2-phenyl-1,2,3,6-tetrahydropyridine (S-2): 1H NMR 

Synthesis of (1R*,2R*,Z)-N-benzyl-2,3-dimethyl-1,6-diphenylhex-3-en-1-amine (18). To a 

(500 MHz, CDCl3) δ 7.43–7.40 (m, 2H), 7.36–7.32 (m, 2H), 7.28–7.22 (m, 5H), 7.20–7.16 (m, 
1H), 5.69–5.63 (m, 2H), 3.71 (d, J = 13.1 Hz, 1H), 3.21–3.15 (m, 1H), 3.04 (d, J = 8.1 Hz, 1H), 
2.86 (d, J = 13.1 Hz, 1H), 2.76–2.71 (m, 1H), 2.57–2.49 (m, 1H), 0.84 (d, J = 7.1 Hz, 3H); 13C 
NMR (126 MHz, CDCl3) δ 142.82, 139.75, 131.37, 128.95, 128.84, 128.61, 128.31, 127.44, 
126.91, 124.08, 72.25, 60.02, 52.28, 38.95, 19.02; IR (thin film, NaCl) 3027, 2956, 2925, 2872, 
2786, 1601, 1493, 1454, 1372, 1361, 1329, 1309, 1282, 1254, 1236, 1197, 1162, 1125, 1102, 
1072, 1029, 993, 971, 913, 832, 759, 731, 699 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for 
C19H21N+H+ 264.1747, found 264.1748; Rf 0.53 (silica gel, 1:9 EtOAc/hexanes). 
 

 

solution of imine 1 (125 μL, 131.3 mg, 0.672 mmol) and Ti(Oi-Pr)4 (300 μL, 288 mg, 1.01 
mmol) in Et2O (2.5 mL) at −78 °C was added c-C5H9MgCl (2.23 M in Et2O, 2.01 mmol) in a 
drop-wise manner. The mixture was warmed to −40 °C over 30 min and stirred for 2 h at this 
temperature. A solution of lithium alkoxide 17a, prepared by the deprotonation of alcohol 17 (192 
mg, 1.01 mmol) in THF (1.0 mL) at −78 °C with n-BuLi (2.66 M in hexanes, 1.06 mmol) 
followed by warming to 0 °C over 15 min, was added in a drop-wise manner to the brown 
solution of imine–Ti complex at −40 °C via cannula. The mixture was warmed to 0 °C over 30 
min then stirred at this temperature for 3 h. The reaction was quenched by addition of water (1.0 
mL) followed by rapid stirring until the precipitate became white in color. The mixture was 
diluted with saturated aqueous NaHCO3 (20 mL) and extracted with EtOAc (3 × 20 mL). The 
organic extracts were combined, dried over MgSO4 then concentrated in vacuo. The crude 
product was purified by flash column chromatography on silica gel (2→4% EtOAc/hexanes) to 
afford homoallylic amine 18 as a colorless oil (d.r. ≥ 20:1, Z:E ≥ 20:1, 133 mg, 54%). No 
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evidence for minor isomer was observed by 1H NMR. See 18→S-5→S-6 for the stereochemical 
assignment. 
Data for (1R*,2R*,Z)-N-benzyl-2,3-dimethyl-1,6-diphenylhex-3-en-1-amine (18): 1H NMR 

Synthesis of (1R*,2R*,Z)-N-allyl-N-benzyl-2,3-dimethyl-1,6-diphenylhex-3-en-1-amine (S-5). 

-benzyl-2,3-dimethyl-1,6-diphenylhex-3-en-1-amine (S-5): 1H 

(500 MHz, CDCl3) δ 7.39–7.14 (m, 15H), 5.35 (app td, J = 7.1, 1.3 Hz, 1H), 3.58 (d, J = 13.7 Hz, 
1H), 3.32 (d, J = 13.7 Hz, 1H), 3.31 (d, J = 10.0 Hz, 1H), 2.79 (dq, J = 10.0, 6.9 Hz, 1H), 
2.75–2.60 (m, 2H), 2.51–2.43 (m, 2H), 1.75 (br, 1H), 1.50 (d, J = 1.2 Hz, 3H), 0.58 (d, J = 6.9 Hz, 
3H); 13C NMR (126 MHz, CDCl3) δ 143.52, 142.37, 141.20, 137.71, 128.80, 128.72, 128.48, 
128.40, 128.37, 128.34, 128.06, 127.27, 126.85, 125.96, 64.83, 51.55, 41.69, 36.52, 29.52, 18.13, 
16.31; IR (thin film, NaCl) 3062, 3026, 2965, 2933, 2855, 1602, 1585, 1494, 1454, 1380, 1373, 
1352, 1331, 1304, 1281, 1199, 1096, 1069, 1029, 839, 784, 749, 699 cm−1; HRMS (ESI, FT-ICR) 
m/z calc’d for C27H31N+H+ 370.2529, found 370.2531; Rf 0.53 (silica gel, 1:9 EtOAc/hexanes). 
 

 

Allyl bromide (80 μL, 112 mg, 0.924 mmol) was added to a mixture of amine 18 (114 mg, 0.308 
mmol), K2CO3 (213 mg, 1.54 mmol) and tetrabutylammonium iodide (11 mg, 0.030 mmol) in 
DMF (0.75 mL). The reaction was stirred at 60 °C for 20 h, poured into H2O (25 mL), and the 
aqueous phase extracted with Et2O (3 × 50 mL). The organic extracts were combined, washed 
with brine (1 × 25 mL), dried over MgSO4 then concentrated in vacuo. The crude product was 
purified by flash column chromatography on silica gel (3% EtOAc/hexanes) to afford amine S-5 
as a white solid (109 mg, 86%). 
Data for (1R*,2R*,Z)-N-allyl-N
NMR (500 MHz, CDCl3) δ 7.39–7.36 (m, 2H), 7.33–7.13 (m, 11H), 7.10–7.08 (m, 2H), 
5.82–5.74 (m, 1H), 5.24 (app t, J = 6.8 Hz, 1H), 5.12–5.07 (m, 2H), 3.94 (d, J = 13.4 Hz, 1H), 
3.65 (d, J = 11.2 Hz, 1H), 3.37 (dq, J = 13.4, 6.7 Hz, 1H), 3.11–3.06 (m, 1H), 2.91 (d, J = 13.4 
Hz, 1H), 2.60–2.41 (m, 4H), 2.30 (app td, J = 14.3, 7.1 Hz, 1H), 1.75 (s, 3H), 0.63 (d, J = 6.7 Hz, 
3H); 13C NMR (126 MHz, CDCl3) δ 142.57, 140.75, 139.06, 137.85, 137.64, 129.61, 129.16, 
128.62, 128.44, 128.16, 128.15, 127.16, 126.82, 125.90, 124.88, 117.18, 66.23, 53.74, 53.58, 
36.46, 35.89, 29.89, 18.60, 17.72; IR (thin film, NaCl) 3026, 2964, 2931, 2813, 1641, 1602, 1494, 
1453, 1418, 1374, 1331, 1259, 1156, 1120, 1098, 1074, 1029, 998, 986, 919, 868, 844, 761, 740, 
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700 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for C30H35N+H+ 410.2842, found 410.2844; Rf 0.59 
(silica gel, 1:9 EtOAc/hexanes). 
 

 
Synthesis of (2R*,3R*)-1-benzyl-3,4-dimethyl-2-phenyl-1,2,3,6-tetrahydropyridine (S-6). To 

for (2R*,3R*)-1-benzyl-3,4-dimethyl-2-phenyl-1,2,3,6-tetrahydropyridine (S-6): 1H 

a solution of amine S-5 (93 mg, 0.227 mmol) in CH2Cl2 (7.7 mL) was added Grubbs II catalyst 
(2.0 mg, 0.0024 mmol). The reaction was refluxed for 20 h, treated with DMSO (20 μL), then 
stirred for 24 h at ambient temperature. The mixture was concentrated in vacuo, and the crude 
product was purified by flash column chromatography on silica gel (1→2% EtOAc/hexanes) to 
isolate S-6 containing minor impurity by TLC (presumably 4-phenyl-1-butene). The mixture was 
diluted with Et2O (100 mL), washed with 1 N HCl (25 mL), then the aqueous phase was basified 
with 3 N NaOH (25 mL) and extracted with Et2O (100 mL). The organic extract was dried over 
MgSO4 then concentrated in vacuo to afford tetrahydropyridine S-6 as a white solid (51 mg, 
81%). 
Data 
NMR (500 MHz, CDCl3) δ 7.39–7.32 (m, 4H), 7.29–7.24 (m, 5H), 7.21–7.17 (m, 1H), 5.43–5.40 
(m, 1H), 3.59 (d, J = 13.1 Hz, 1H), 3.15 (d, J = 6.8 Hz, 1H), 3.08–3.01 (m, 1H), 2.95 (d, J = 13.1 
Hz, 1H), 2.80–2.73 (m, 1H), 2.40–2.32 (m, 1H), 1.72 (s, 3H), 0.97 (d, J = 7.0 Hz, 3H); 13C NMR 
(126 MHz, CDCl3) δ 142.55, 139.73, 136.55, 129.03, 128.98, 128.53, 128.32, 127.38, 126.92, 
119.83, 71.66, 60.04, 51.45, 42.00, 21.27, 17.32; IR (thin film, NaCl) 3026, 2966, 2933, 2876, 
2788, 1601, 1585, 1493, 1451, 1419, 1374, 1329, 1312, 1237, 1137, 1098, 1068, 1048, 1029, 
1000, 977, 928, 909, 876, 836, 801, 781, 754, 702 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for 
C20H23N+H+ 278.1903, found 278.1904; Rf 0.55 (silica gel, 1:9 EtOAc/hexanes). 
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Synthesis of (±)-N-benzyl-3-chloro-1-phenylbut-3-en-1-amine (22). To a solution of imine 1 
(92 μL, 96 mg, 0.493 mmol) in Et2O (2.0 mL) at room temperature was added ClTi(Oi-Pr)3 (1.0 
M in hexanes, 0.616 mmol). The reaction was then cooled to −70 °C and c-C5H9MgCl (2.28 M in 
Et2O, 1.23 mmol) was added in a drop-wise manner. The mixture was warmed to −40 °C over 20 
min and stirred for 1.5 h at this temperature. A solution of sodium alkoxide 19a, prepared by the 
deprotonation of alcohol 19 (59 μL, 68 mg, 0.740 mmol) in THF (2.0 mL) at 0 °C with NaH 
(60% dispersion in mineral oil, 32 mg, 0.925 mmol) for 30 min, was added in a drop-wise 
manner to the brown solution of imine−Ti complex at −40 °C via Teflon cannula. The mixture 
was allowed to warm to room temperature in the cooling bath and stir overnight. The reaction 
was quenched by the addition of a saturated aqueous solution of NH4Cl (2.0 mL) followed by 
rapid stirring at room temperature for 15 min. The mixture was then diluted with saturated 
aqueous NaHCO3 (50 mL) and extracted with Et2O (3 × 40 mL). The combined organic extracts 
were washed with brine, dried over MgSO4 and concentrated in vacuo. The crude product was 
purified by flash column chromatography on silica gel (5→7% EtOAc/hexanes) to afford 
homoallylic amine 22 as a colorless oil (79 mg, 59%). 
Data for (±)-N-benzyl-3-chloro-1-phenylbut-3-en-1-amine (22): 1H NMR (500 MHz, CDCl3) 
δ 7.40−7.21 (m, 10H), 5.18 (d, J = 1.1 Hz, 1H), 5.11 (s, 1H), 4.01 (dd, J = 8.7, 5.2 Hz, 1H), 3.67 
(d, J = 13.2 Hz, 1H), 3.53 (d, J = 13.2 Hz, 1H), 2.67 (dd, J = 14.2, 8.7 Hz, 1H), 2.57 (dd, J = 14.2, 
5.1 Hz), 1.70 (s (broad), 1H); 13C NMR (126 MHz, CDCl3) δ 143.0, 140.5, 139.8, 128.7, 128.6, 
128.3, 127.6, 127.5, 127.1, 115.3, 59.5, 51.8, 48.7; IR (thin film, NaCl) 3329, 3062, 3027, 2915, 
2837, 1622, 1453, 1139, 734, 699 cm−1; LRMS (ESI) m/z calc’d for C17H18ClN+H+ 272.1, found 
272.1. 
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Synthesis of (±)-N-benzyl-3-bromo-1-phenylbut-3-en-1-amine (23). To a solution of imine 1 
(92 μL, 96 mg, 0.493 mmol) in Et2O (2.0 mL) at room temperature was added ClTi(Oi-Pr)3 (1.0 
M in hexanes, 0.616 mmol). The reaction was then cooled to −70 °C and c-C5H9MgCl (2.28 M in 
Et2O, 1.23 mmol) was added in a drop-wise manner. The mixture was warmed to −40 °C over 20 
min and stirred for 1.5 h at this temperature. A solution of sodium alkoxide 20a, prepared by the 
deprotonation of alcohol 20 (100 mg, 0.740 mmol) in THF (2.0 mL) at 0 °C with NaH (60% 
dispersion in mineral oil, 32 mg, 0.925 mmol) for 30 min, was added in a drop-wise manner to 
the brown solution of imine−Ti complex at −40 °C via Teflon cannula. The mixture was allowed 
to warm to room temperature in the cooling bath and stir overnight. The reaction was quenched 
by the addition of a saturated aqueous solution of NH4Cl (2.0 mL) followed by rapid stirring at 
room temperature for 15 min. The mixture was then diluted with saturated aqueous NaHCO3 (50 
mL) and extracted with Et2O (3 × 40 mL). The combined organic extracts were washed with 
brine, dried over MgSO4 and concentrated in vacuo. The crude product was purified by flash 
column chromatography on silica gel (5→7% EtOAc/hexanes) to afford homoallylic amine 23 as 
a colorless oil (94 mg, 61%). 
Data for (±)-N-benzyl-3-bromo-1-phenylbut-3-en-1-amine (23): 1H NMR (500 MHz, CDCl3) 
δ 7.44−7.16 (m, 10H), 5.55 (s, 1H), 5.43 (d, J = 1.6 Hz, 1H), 4.01 (dd, J = 8.6, 5.1 Hz, 1H), 3.67 
(d, J = 13.2 Hz, 1H), 3.54 (d, J = 13.2 Hz, 1H), 2.73 (dd, J = 14.3, 8.6 Hz, 1H), 2.66 (dd, J = 14.3, 
5.1 Hz, 1H), 1.68 (s (broad), 1H); 13C NMR (126 MHz, CDCl3) δ 142.9, 140.5, 131.2, 128.7, 
128.6, 128.4, 127.6, 127.6, 127.1, 119.9, 60.1, 51.8, 50.7; IR (thin film, NaCl) 3026, 2907, 2836, 
1629, 1453, 1129, 892, 700 cm−1; LRMS (ESI) m/z calc’d for C17H18BrN+H+ 316.1, 318.1, found 
316.1, 318.1. 

 

 
SI-22



 
Synthesis of (±)-N-benzyl-3-iodo-1-phenylbut-3-en-1-amine (24). To a solution of imine 1 
(92 μL, 96 mg, 0.493 mmol) in Et2O (2.0 mL) at room temperature was added ClTi(Oi-Pr)3 (1.0 
M in hexanes, 0.616 mmol). The reaction was then cooled to −70 °C and c-C5H9MgCl (2.28 M in 
Et2O, 1.23 mmol) was added in a drop-wise manner. The mixture was warmed to −40 °C over 20 
min and stirred for 1.5 h at this temperature. A solution of sodium alkoxide 21a, prepared by the 
deprotonation of alcohol 21 (135 mg, 0.740 mmol) in THF (2.0 mL) at 0 °C with NaH (60% 
dispersion in mineral oil, 32 mg, 0.925 mmol) for 30 min, was added in a drop-wise manner to 
the brown solution of imine−Ti complex at −40 °C via Teflon cannula. The mixture was allowed 
to warm to room temperature in the cooling bath and stir overnight. The reaction was quenched 
by the addition of a saturated aqueous solution of NH4Cl (2.0 mL) followed by rapid stirring at 
room temperature for 15 min. The mixture was then diluted with saturated aqueous NaHCO3 (50 
mL) and extracted with Et2O (3 × 40 mL). The combined organic extracts were washed with 
brine, dried over MgSO4 and concentrated in vacuo. The crude product was purified by flash 
column chromatography on silica gel (5→7% EtOAc/hexanes) to afford homoallylic amine 24 as 
a colorless oil (108 mg, 60%). 
Data for (±)-N-benzyl-3-iodo-1-phenylbut-3-en-1-amine (24): 1H NMR (500 MHz, CDCl3) δ 
7.45−7.15 (m, 10H), 6.03 (d, J = 1.2 Hz, 1H), 5.74 (d, J = 1.2 Hz, 1H), 3.93 (dd, J = 7.7, 6.0 Hz, 
1H), 3.66 (d, J = 13.2 Hz, 1H), 3.53 (d, J = 13.2 Hz, 1H), 2.67−2.55 (m, 2H), 1.64 (s (broad), 
1H); 13C NMR (126 MHz, CDCl3) δ 142.7, 140.5, 128.8, 128.7, 128.6, 128.4, 127.7, 127.6, 127.1, 
108.5, 61.0, 54.2, 51.8; IR (thin film, NaCl) 3026, 2900, 2833, 1613, 1493, 1125, 759, 669 cm−1; 
LRMS (ESI) m/z calc’d for C17H18IN+H+ 364.1, found 364.1. 
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Synthesis of (1R*,2S*,E)-N-benzyl-2-butyl-3-iodo-1-phenylhex-3-en-1-amine (26). To a 
solution of imine 1 (250 μL, 260 mg, 1.34 mmol) in toluene (2.8 mL) at room temperature was 
added ClTi(Oi-Pr)3 (1.0 M in hexanes, 1.40 mmol). The reaction was then cooled to −70 °C and 
c-C5H9MgCl (2.28 M in Et2O, 2.80 mmol) was added in a drop-wise manner. The mixture was 
warmed to −30 °C over 30 min and stirred for 2 h at this temperature. Then freshly distilled 
TMSCl (160 μL, 137 mg, 1.27 mmol) was added and the reaction stirred at −30 °C for an 
additional 1 h. A solution of sodium alkoxide 25a, prepared by the deprotonation of alcohol 25 
(90 mg, 0.335 mmol) in THF (2.0 mL) at 0 °C with NaH (60% dispersion in mineral oil, 20 mg, 
0.502 mmol) for 30 min, was added in a drop-wise manner to the brown solution of imine−Ti 
complex at −30 °C via Teflon cannula. An additional 3 mL of toluene was added to facilitate 
stirring. The mixture was allowed to warm to room temperature in the cooling bath and stir 
overnight. The reaction was quenched by the addition of a saturated aqueous solution of NH4Cl 
(5.0 mL) followed by rapid stirring at room temperature for 15 min. The mixture was then diluted 
with saturated aqueous NaHCO3 (50 mL) and extracted with Et2O (3 × 40 mL). The combined 
organic extracts were washed with brine, dried over MgSO4 and concentrated in vacuo. The crude 
product was purified by flash column chromatography on silica gel (3→4% EtOAc/hexanes) to 
afford homoallylic amine 26 as a yellow oil (d.r. ≥ 20:1, E:Z ≥ 20:1, 79 mg, 53%). A portion of 
the product was purified a second time by flash column chromatography on silica gel (3% 
EtOAc/hexanes) to yield analytically pure 26. No evidence for minor isomer was observed by 1H 
NMR. 
Data for (1R*,2S*,E)-N-benzyl-2-butyl-3-iodo-1-phenylhex-3-en-1-amine (26): 1H NMR (500 
MHz, CDCl3) δ 7.42−7.02 (m, 10H), 6.44 (t, J = 7.5 Hz, 1H), 3.46 (d, J = 13.4 Hz, 1H), 3.34 (d, 
J = 13.4 Hz, 1H), 3.27 (d, J = 9.3 Hz, 1H), 2.28−2.09 (m, 2H), 1.94−1.87 (m 1H), 1.77 (s (broad), 
1H), 1.14−0.90 (m, 7H), 0.83−0.59 (m, 5H); 13C NMR (126 MHz, CDCl3) δ 147.6, 142.0, 140.9, 
129.3, 128.5, 128.4, 128.4, 127.6, 126.9, 110.6, 66.4, 51.8, 50.2, 31.1, 29.2, 25.6, 22.6, 14.1, 
14.0; IR (thin film, NaCl) 3026, 2958, 2932, 2871, 2858, 1455, 1132, 756, 700 cm−1; LRMS 
(ESI) m/z calc’d for C23H30IN+H+ 448.1, found 448.2. 

 

 
Synthesis of (1R*,2S*,E)-N-benzyl-3-bromo-2-phenethyl-1-phenyloct-3-en-1-amine (28). To 
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a solution of imine 1 (1.17 mL, 1.23 g, 6.32 mmol) in toluene (25 mL) at room temperature was 
added ClTi(Oi-Pr)3 (1.0 M in hexanes, 6.63 mmol). The reaction was then cooled to −70 °C and 
c-C5H9MgCl (2.28 M in Et2O, 13.27 mmol) was added in a drop-wise manner. The mixture was 
warmed to −30 °C over 30 min and stirred for 2 h at this temperature. A solution of sodium 
alkoxide 27a, prepared by the deprotonation of alcohol 27 (424 mg, 1.58 mmol) in THF (5.0 mL) 
at 0 °C with NaH (60% dispersion in mineral oil, 79 mg, 1.97 mmol) for 30 min, was added in a 
drop-wise manner to the brown solution of imine−Ti complex at −30 °C via Teflon cannula. The 
mixture was allowed to warm to room temperature in the cooling bath and stir overnight. The 
reaction was quenched by the addition of a saturated aqueous solution of NH4Cl (10 mL) 
followed by rapid stirring at room temperature for 15 min. The mixture was then diluted with 
saturated aqueous NaHCO3 (100 mL) and extracted with Et2O (3 × 70 mL). The combined 
organic extracts were washed with brine, dried over MgSO4 and concentrated in vacuo. The crude 
product was purified by flash column chromatography on silica gel (3→5% EtOAc/hexanes) to 
afford homoallylic amine 28 as a yellow oil (d.r. ≥ 20:1, E:Z ≥ 20:1, 420 mg, 56%). A portion of 
the product was purified a second time by flash column chromatography on silica gel (3% 
EtOAc/hexanes) to yield analytically pure 28. No evidence for minor isomer was observed by 1H 
NMR. 
Data for (1R*,2S*,E)-N-benzyl-3-bromo-2-phenethyl-1-phenyloct-3-en-1-amine (28): 1H 
NMR (400 MHz, CDCl3) δ 7.35−6.99 (m, 13H), 6.89 (d, J = 7.5 Hz, 2H), 6.13 (t, J = 7.5 Hz, 1H), 
3.56−3.43 (m, 2H), 3.33 (d, J = 13.5 Hz, 1H), 2.69 (td, J = 10.7, 3.5 Hz, 1H), 2.54−2.36 (m, 1H), 
2.18−1.89 (m, 3H), 1.81 (s (broad), 1H), 1.65−1.55 (m, 1H), 1.37−1.12 (m, 5H), 0.80 (t, J = 7.1 
Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 142.0, 141.9, 140.9, 138.3, 129.0, 128.6, 128.5, 128.4, 
128.4, 128.3, 128.2, 127.7, 126.9, 125.9, 65.0, 51.6, 49.4, 33.2, 32.0, 31.5, 30.0, 22.6, 14.1; IR 
(thin film, NaCl) 3026, 2926, 1642, 1494, 1453, 734, 698 cm−1; LRMS (ESI) m/z calc’d for 
C29H34BrN+H+ 476.2, 478.2, found 476.3, 478.3. 

 

 
Synthesis of (R*)-1-((S*)-2-bromocyclohex-2-enyl)-N-(4-methoxybenzyl)-1-phenylmethan- 
amine (31). To a solution of imine 29 (320  μL, 360 mg, 1.60 mmol) in toluene (6.4 mL) at room 
temperature was added ClTi(Oi-Pr)3 (1.0 M in hexanes, 1.68 mmol). The reaction was then 
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cooled to −70 °C and c-C5H9MgCl (2.28 M in Et2O, 3.36 mmol) was added in a drop-wise 
manner. The mixture was warmed to −30 °C over 30 min and stirred for 2 h at this temperature. A 
solution of sodium alkoxide 30a, prepared by the deprotonation of alcohol 30 (70 mg, 0.400 
mmol) in THF (1.5 mL) at 0 °C with NaH (60% dispersion in mineral oil, 20 mg, 0.500 mmol) 
for 30 min, was added in a drop-wise manner to the brown solution of imine−Ti complex at 
−30 °C via Teflon cannula. The mixture was allowed to warm to room temperature in the cooling 
bath and stir overnight. The reaction was quenched by the addition of a saturated aqueous 
solution of NH4Cl (4.0 mL) followed by rapid stirring at room temperature for 15 min. The 
mixture was then diluted with saturated aqueous NaHCO3 (50 mL) and extracted with Et2O (3 × 
40 mL). The combined organic extracts were washed with brine, dried over MgSO4 and 
concentrated in vacuo. The crude product was purified by flash column chromatography on silica 
gel (10% EtOAc/hexanes) to afford homoallylic amine 31 as a colorless oil (d.r. ≥ 20:1, 82 mg, 
53%). A portion of the product was purified a second time by flash column chromatography on 
silica gel (3% EtOAc/hexanes) to yield analytically pure 31. No evidence for minor isomer was 
observed by 1H NMR. 
Data for (R*)-1-((S*)-2-bromocyclohex-2-enyl)-N-(4-methoxybenzyl)-1-phenylmethanamine 
(31): 1H NMR (400 MHz, CDCl3) δ 7.43 (app d, J = 7.2 Hz, 2H), 7.32 (app t, J = 7.3 Hz, 2H), 
7.28−7.21 (m, 3H), 6.90−6.81 (m, 2H), 6.14 (dd, J = 4.1, 2.9 Hz, 1H), 4.35 (d, J = 4.2 Hz, 1H), 
3.80 (s, 3H), 3.67 (d, J = 12.9 Hz, 1H), 3.59 (d, J = 12.9 Hz, 1H), 2.75−2.68 (m 1H), 1.96−1.24 
(m, 5H), 1.28−1.19 (m, 1H), 0.82−0.67 (m, 1H); 13C NMR (126 MHz, CDCl3) δ 158.8, 140.9, 
133.1, 132.9, 129.5, 128.2, 128.2, 127.2, 125.5, 114.0, 63.5, 55.5, 51.6, 48.4, 27.7, 25.2, 18.5; IR 
(thin film, NaCl) 2935, 2833, 1512, 1452, 1246, 1036, 807, 704 cm−1; HRMS (ESI, FT-ICR) m/z 
calc’d for C21H24BrNO+H+ 386.1114, 388.1094, found 386.1097, 388.1078. 

 

 
Synthesis of (±)-N-(4-methoxybenzyl)-3-bromo-1-(thiophen-2-yl)but-3-en-1-amine (33). To a 
solution of imine 33 (113 mg, 0.493 mmol) in Et2O (2.0 mL) at room temperature was added 
ClTi(Oi-Pr)3 (1.0 M in hexanes, 0.616 mmol). The reaction was then cooled to −70 °C and 
c-C5H9MgCl (2.28 M in Et2O, 1.23 mmol) was added in a drop-wise manner. The mixture was 
warmed to −40 °C over 20 min and stirred for 1.5 h at this temperature. A solution of sodium 
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alkoxide 20a, prepared by the deprotonation of alcohol 20 (100 mg, 0.740 mmol) in THF (2.0 
mL) at 0 °C with NaH (60% dispersion in mineral oil, 32 mg, 0.925 mmol) for 30 min, was 
added in a drop-wise manner to the brown solution of imine−Ti complex at −40 °C via Teflon 
cannula. The mixture was allowed to warm to room temperature in the cooling bath and stir 
overnight. The reaction was quenched by the addition of a saturated aqueous solution of NH4Cl 
(4.0 mL) followed by rapid stirring at room temperature for 15 min. The mixture was then diluted 
with saturated aqueous NaHCO3 (50 mL) and extracted with Et2O (3 × 40 mL). The combined 
organic extracts were washed with brine, dried over MgSO4 and concentrated in vacuo. The crude 
product was purified by flash column chromatography on silica gel (7→9% EtOAc/hexanes) to 
afford homoallylic amine 33 as a yellow oil (86 mg, 53%). A portion of the product was purified 
a second time by flash column chromatography on silica gel (3% EtOAc/hexanes) to yield 
analytically pure 33. 
Data for (±)-N-(4-methoxybenzyl)-3-bromo-1-(thiophen-2-yl)but-3-en-1-amine (33): 1H 
NMR (500 MHz, CDCl3) δ 7.30−7.24 (m, 1H), 7.24−7.15 (m, 2H), 7.00−6.95 (m, 2H), 6.90−6.83 
(m, 2H), 5.60 (s, 1H), 5.47 (d, J = 1.6 Hz, 1H), 4.34 (dd, J = 8.4, 5.4 Hz, 1H), 3.80 (s, 3H), 3.75 
(d, J = 13.0 Hz, 1H), 3.57 (d, J = 13.0 Hz, 1H), 2.84 (dd, J = 14.2, 8.4 Hz, 1H), 2.75 (dd, J = 14.3, 
4.6 Hz, 1H), 1.71 (s (broad), 1H); 13C NMR (126 MHz, CDCl3) δ 158.9, 148.0, 132.3, 130.5, 
129.6, 126.7, 125.0, 124.6, 120.2, 114.0, 55.7, 55.5, 51.2, 51.0; IR (thin film, NaCl) 2833, 1611, 
1512, 1247, 1036, 825, 701 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for C16H18BrNOS+H+ 
352.0365, 354.0345, found 352.0363, 354.0341. 

 

 
Synthesis of N-((1R*,2S*)-1-(benzo[d][1,3]dioxol-5-yl)-3-bromo-2-(2-(tert-butyldimethyl- 
silyloxy)ethyl)-4-methylpent-3-enyl)aniline (36). To a solution of imine 34 (279 mg, 1.24 
mmol) in toluene (5.0 mL) at room temperature was added ClTi(Oi-Pr)3 (1.0 M in hexanes, 1.30 
mmol). The reaction was then cooled to −70 °C and c-C5H9MgCl (2.28 M in Et2O, 2.60 mmol) 
was added in a drop-wise manner. The mixture was warmed to −30 °C over 30 min and stirred for 
2 h at this temperature. A solution of sodium alkoxide 35a, prepared by the deprotonation of 
alcohol 35 (100 mg, 0.310 mmol) in THF (1.5 mL) at 0 °C with NaH (60% dispersion in mineral 
oil, 39 mg, 0.387 mmol) for 30 min, was added in a drop-wise manner to the brown solution of 
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imine−Ti complex at −30 °C via Teflon cannula. The mixture was allowed to warm to room 
temperature in the cooling bath and stir overnight. The reaction was quenched by the addition of 
a saturated aqueous solution of NH4Cl (4.0 mL) followed by rapid stirring at room temperature 
for 15 min. The mixture was then diluted with saturated aqueous NaHCO3 (50 mL) and extracted 
with Et2O (3 × 40 mL). The combined organic extracts were washed with brine, dried over 
MgSO4 and concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel (10% EtOAc/hexanes) to afford homoallylic amine 36 as a white 
solid (d.r. ≥ 20:1, 85 mg, 52%). No evidence for minor isomer was observed by 1H NMR. 
Data for N-((1R*,2S*)-1-(benzo[d][1,3]dioxol-5-yl)-3-bromo-2-(2-(tert-butyldimethylsilyl- 
oxy)ethyl)-4-methylpent-3-enyl)aniline (36): 1H NMR (500 MHz, CDCl3) δ 7.06 (dd, J = 8.4, 
7.6 Hz, 2H), 6.92 (d, J = 1.6 Hz, 1H), 6.89 (dd, J = 7.9, 1.6 Hz, 1H), 6.77 (d, J = 7.9 Hz, 2H), 
6.64 (t, J = 7.3 Hz, 1H), 6.51 (d, J = 7.7 Hz, 2H), 5.92 (s, 1H), 4.26 (s, 1H), 4.16 (d, J = 9.1 Hz, 
1H), 3.49 (ddd, J = 9.9, 5.9, 3.7 Hz, 1H), 3.36 (ddd, J = 10.1, 4.5, 4.5 Hz, 1H), 3.14 (td, J = 10.4, 
3.4 Hz, 1H), 1.99 (s, 3H), 1.91 (s, 3H), 1.76−1.67 (m, 1H), 1.48−1.39 (m, 1H), 0.83 (s, 9H), 
−0.04 (s, 3H), −0.09 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 148.2, 148.0, 146.9, 137.0, 135.8, 
129.1, 124.0, 121.7, 117.8, 114.2, 108.2, 108.0, 101.1, 61.7, 60.2, 47.2, 33.6, 26.1, 26.0, 21.8, 
18.3, −5.2; IR (thin film, NaCl) 3395, 2954, 1602, 1502, 1246, 1040, 940, 836, 775, 748, 691 
cm−1; LRMS (ESI) m/z calc’d for C27H38BrNO3Si+H+ 532.2, 534.2, found 532.4, 534.3. 

 

 
Synthesis of (±)-N-benzyl-1-phenyl-3-(pyridin-3-yl)but-3-en-1-amine (38). To a solution of 
imine 1 (92  μL, 96 mg, 0.493 mmol) in Et2O (2.0 mL) at room temperature was added 
ClTi(Oi-Pr)3 (1.0 M in hexanes, 0.740 mmol). The reaction was then cooled to −70 °C and 
c-C5H9MgCl (2.42 M in Et2O, 1.48 mmol) was added in a drop-wise manner. The mixture was 
warmed to −40 °C over 20 min and stirred for 1.5 h at this temperature. This solution of the 
brown imine−Ti complex at −40 °C was rapidly added via Teflon cannula (< 30 s) to a solution of 
lithium alkoxide 37a, prepared by the deprotonation of alcohol 37 (100 mg, 0.740 mmol) in THF 
(1.5 mL) at −78 °C with n-BuLi (2.50 M in hexanes, 0.925 mmol) for 15 min; the solution of the 
lithium alkoxide was neon orange in color and contained a precipitate. The mixture was then 
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warmed to −40 °C over 1 min and allowed to warm to room temperature in the cooling bath and 
stir overnight. The reaction was quenched by addition of a saturated aqueous solution of NH4Cl 
(2.0 mL) followed by rapid stirring at room temperature for 15 min. The mixture was then diluted 
with saturated aqueous NaHCO3 (50 mL) and extracted with Et2O (3 × 40 mL). The combined 
organic extracts were washed with brine, dried over MgSO4 and concentrated in vacuo. The crude 
product was purified by flash column chromatography on silica gel (50→60% EtOAc/hexanes) to 
afford homoallylic amine 38 as a yellow oil (85 mg, 55%).  
Data for (±)-N-benzyl-1-phenyl-3-(pyridin-3-yl)but-3-en-1-amine (38): 1H NMR (400 MHz, 
CDCl3) δ 8.55 (d, J = 1.7 Hz, 1H), 8.45 (dd, J = 4.8, 1.5 Hz, 1H), 7.58−7.48 (m, 1H), 7.33−7.01 
(m, 11H), 5.27 (s, 1H), 5.09 (s, 1H), 3.66−3.50 (m, 2H), 3.32 (d, J = 13.3 Hz, 1H), 2.85−2.70 (m, 
2H), 1.68 (s (broad), 1H); 13C NMR (126 MHz, CDCl3) δ 148.9, 148.0, 143.7, 143.0, 140.5, 
136.3, 133.7, 128.7, 128.5, 128.2, 127.5, 127.4, 127.0, 123.3, 117.3, 60.2, 51.6, 44.9; IR (thin 
film, NaCl) 3026, 2927, 2838, 1626, 1453, 1119, 908, 700 cm−1; LRMS (ESI) m/z calc’d for 
C22H22N2+H+ 315.2, found 315.2. 

 

 
Synthesis of (±)-N-(2-bromobenzyl)-1-(4-(trifluoromethyl)phenyl)-4-methylpent-3-en-1- 
amine (40). To a solution of imine 39 (170 mg, 0.500 mmol) in Et2O (3.3 mL) at room 
temperature was added ClTi(Oi-Pr)3 (1.0 M in hexanes, 0.750 mmol). The reaction was then 
cooled to −70 °C and c-C5H9MgCl (2.28 M in Et2O, 1.50 mmol) was added in a drop-wise 
manner. The mixture was warmed to −40 °C over 20 min and stirred for 1.5 h at this temperature. 
A solution of lithium alkoxide 4a, prepared by the deprotonation of alcohol 4 (65 mg, 0.750 
mmol) in THF (1.5 mL) with n-BuLi (2.50 M in hexanes, 0.925 mmol) at −78 °C and warming to 
room temperature over 30 min; was added in a drop-wise manner to the brown solution of 
imine−Ti complex at −40 °C via Teflon cannula. The mixture was allowed to warm to room 
temperature in the cooling bath and stir overnight. The reaction was quenched by addition of a 
saturated aqueous solution of NH4Cl (4.0 mL) followed by rapid stirring at room temperature for 
15 min. The mixture was then diluted with saturated aqueous NaHCO3 (50 mL) and extracted 
with Et2O (3 × 40 mL). The combined organic extracts were washed with brine, dried over 
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MgSO4 and concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel (5→7.5% EtOAc/hexanes) to afford homoallylic amine 40 as a 
colorless oil (137 mg, 67%). 
Data for (±)-N-(2-bromobenzyl)-1-(4-(trifluoromethyl)phenyl)-4-methylpent-3-en-1-amine 
(40): 1H NMR (500 MHz, CDCl3) δ 7.60 (d, J = 8.1 Hz, 2H), 7.56−7.47 (m, 3H), 7.28−7.22 (m, 
1H), 7.20 (dd, J = 7.5, 7.1 Hz, 1H), 7.12 (td, J = 7.7, 1.8 Hz, 1H), 5.06−5.00 (m, 1H), 3.72 (d, J = 
13.9 Hz, 1H), 3.66−3.53 (m, 2H), 2.42−2.31 (m, 1H), 2.27−2.18 (m, 1H), 2.14 (s (broad), 1H), 
1.69 (s, 3H), 1.55 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 148.7, 139.9, 135.6, 133.1, 130.8, 
[129.8, 129.6, 129.3, 129.0, F3C-C], 128.9, 127.9, 127.5, [127.8, 125.6, 123.5, 121.3, F3C-], 
[125.51, 125.48, 125.45, 125.42, F3C-C-CH], 124.2, 120.6, 60.0, 51.9, 37.8, 26.0, 18.2; IR (thin 
film, NaCl) 2972, 2915, 1440, 1325, 1164, 1125, 1067 cm−1; LRMS (ESI) m/z calc’d for 
C20H21BrF3N+H+ 412.1, 414.1, found 412.4, 414.4. 

 

 
Synthesis of (±)-1-(2-chlorophenyl)-4-methyl-N-(3-methylbut-2-enyl)pent-3-en-1-amine (42). 
To a solution of imine 41 (103 mg, 0.500 mmol) in Et2O (3.3 mL) at room temperature was added 
ClTi(Oi-Pr)3 (1.0 M in hexanes, 0.750 mmol). The reaction was then cooled to −70 °C and 
c-C5H9MgCl (2.28 M in Et2O, 1.50 mmol) was added in a drop-wise manner. The mixture was 
warmed to −40 °C over 20 min and stirred for 1.5 h at this temperature. A solution of lithium 
alkoxide 4a, prepared by the deprotonation of alcohol 4 (65 mg, 0.750 mmol) in THF (1.5 mL) 
with n-BuLi (2.50 M in hexanes, 0.925 mmol) at −78 °C and warming to room temperature over 
30 min; was added in a drop-wise manner to the brown solution of imine−Ti complex at −40 °C 
via Teflon cannula. The mixture was allowed to warm to room temperature in the cooling bath 
and stir overnight. The reaction was quenched by addition of a saturated aqueous solution of 
NH4Cl (4.0 mL) followed by rapid stirring at room temperature for 15 min. The mixture was then 
diluted with saturated aqueous NaHCO3 (50 mL) and extracted with Et2O (3 × 40 mL). The 
combined organic extracts were washed with brine, dried over MgSO4 and concentrated in vacuo. 
The crude product was purified by flash column chromatography on silica gel (5→10% 
EtOAc/hexanes) to afford homoallylic amine 42 as a yellow oil (110 mg, 79%). 
Data for (±)-1-(2-chlorophenyl)-4-methyl-N-(3-methylbut-2-enyl)pent-3-en-1-amine (42): 1H 
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NMR (500 MHz, CDCl3) δ 7.54 (d, J = 7.7 Hz, 1H), 7.31 (d, J = 7.9 Hz, 1H), 7.28−7.21 (m, 1H), 
7.18−7.08 (m, 1H), 5.22 (dd, J = 6.9, 5.6 Hz, 1H), 5.15−5.05 (m, 1H), 4.21−4.16 (m, 1H), 3.00 (d, 
J = 6.9 Hz, 2H), 2.42−2.20 (m, 2H), 1.69 (s, 6H), 1.55 (s, 3H), 1.50−1.36 (m, 4H); 13C NMR (126 
MHz, CDCl3) δ 141.6, 135.0, 134.6, 133.9, 129.6, 128.3, 127.8, 127.0, 123.2, 120.8, 58.8, 45.4, 
35.7, 26.1, 25.9, 18.1, 18.0; IR (thin film, NaCl) 2968, 2914, 2855, 1442, 1376, 1104, 1046, 1033, 
754 cm−1; LRMS (ESI) m/z calc’d for C17H24ClN+H+ 278.2, found 278.4. 

 

 
Synthesis of (±)-1-(2-chlorophenyl)-4-methyl-N-(4-(trimethylsilyl)but-2-enyl)pent-3-en-1- 
amine (44). To a solution of imine 43 (E:Z = 4:1, 132 mg, 0.500 mmol) in Et2O (3.3 mL) at room 
temperature was added ClTi(Oi-Pr)3 (1.0 M in hexanes, 0.750 mmol). The reaction was then 
cooled to −70 °C and c-C5H9MgCl (2.28 M in Et2O, 1.50 mmol) was added in a drop-wise 
manner. The mixture was warmed to −40 °C over 20 min and stirred for 1.5 h at this temperature. 
A solution of lithium alkoxide 4a, prepared by the deprotonation of alcohol 4 (65 mg, 0.750 
mmol) in THF (1.5 mL) with n-BuLi (2.50 M in hexanes, 0.925 mmol) at −78 °C and warming to 
room temperature over 30 min; was added in a drop-wise manner to the brown solution of 
imine−Ti complex at −40 °C via Teflon cannula. The mixture was allowed to warm to room 
temperature in the cooling bath and stir overnight. The reaction was quenched by addition of a 
saturated aqueous solution of NH4Cl (3.0 mL) followed by rapid stirring at room temperature for 
15 min. The mixture was then diluted with saturated aqueous NaHCO3 (50 mL) and extracted 
with Et2O (3 × 40 mL). The combined organic extracts were washed with brine, dried over 
MgSO4 and concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel (8→15% EtOAc/hexanes) to afford homoallylic amine 44 as a 
yellow oil (E:Z = 4:1, 116 mg, 69%). 
Data for (±)-1-(2-chlorophenyl)-4-methyl-N-(4-(trimethylsilyl)but-2-enyl)pent-3-en-1-amine 
(44): 1H NMR (500 MHz, CDCl3) δ 7.55−7.53 (m, 1H), 7.32−7.30 (m, 1H), 7.27−7.24 (m, 1H), 
7.16−7.13 (m, 1H), 5.52−5.46 (m, 1H), 5.36−5.31 (m, 1H), 5.15−5.11 (m, 1H), 4.22−4.19 (m, 
1H), 3.05−3.01 (m, 1H), 2.93−2.89 (m, 1H), 2.38−2.33 (m, 1H), 2.29−2.23 (m, 1H), 1.69 (s, 3H), 
1.56 (s, 3H), 1.44−1.38 (m, 3H), −0.01 to −0.05 (m, 9H); 13C NMR (126 MHz, CDCl3) δ 141.7, 
141.6, 135.0, 134.9, 133.9, 133.8, 129.6, 129.2, 128.4, 128.3, 128.2, 127.8, 127.8, 127.0, 127.0, 
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127.0, 125.8, 120.8, 59.0, 58.4, 50.0, 44.4, 35.7, 26.0, 22.9, 19.0, 18.1, 18.1, −1.1, −1.7; IR (thin 
film, NaCl) 2954, 2914, 1442, 1248, 1033, 857, 754, 693 cm−1; LRMS (ESI) m/z calc’d for 
C19H30ClNSi+H+ 336.2, found 336.5. 

 

 
Synthesis of (±)-N-benzyl-5-methyl-2-phenylhex-4-en-2-amine (46). To a solution of ketimine 
45 (104 mg, 0.500 mmol) in Et2O (3.3 mL) at room temperature was added ClTi(Oi-Pr)3 (1.0 M 
in hexanes, 0.750 mmol). The reaction was then cooled to −70 °C and c-C5H9MgCl (2.28 M in 
Et2O, 1.50 mmol) was added in a drop-wise manner. The mixture was warmed to −40 °C over 20 
min and stirred for 1.5 h at this temperature. A solution of lithium alkoxide 4a, prepared by the 
deprotonation of alcohol 4 (65 mg, 0.750 mmol) in THF (1.5 mL) with n-BuLi (2.50 M in 
hexanes, 0.925 mmol) at −78 °C and warming to room temperature over 30 min; was added in a 
drop-wise manner to the brown solution of imine−Ti complex at −40 °C via Teflon cannula. The 
mixture was allowed to warm to room temperature in the cooling bath and stir overnight. The 
reaction was quenched by addition of a saturated aqueous solution of NH4Cl (3.0 mL) followed 
by rapid stirring at room temperature for 15 min. The mixture was then diluted with saturated 
aqueous NaHCO3 (50 mL) and extracted with Et2O (3 × 40 mL). The combined organic extracts 
were washed with brine, dried over MgSO4 and concentrated in vacuo. The crude product was 
purified by flash column chromatography on silica gel (5→7% EtOAc/hexanes) to afford tertiary 
carbinolamine amine 46 as a colorless oil (115 mg, 83%). 
Data for (±)-N-benzyl-5-methyl-2-phenylhex-4-en-2-amine (46): 1H NMR (400 MHz, CDCl3) 
δ 7.48 (dd, J = 8.3, 1.2 Hz, 2H), 7.35−7.09 (m, 8H), 5.01 (t, J = 7.4 Hz, 1H), 3.51 (d, J = 12.6 Hz, 
1H), 3.38 (d, J = 12.6 Hz, 1H), 2.49−2.32 (m, 2H), 1.63 (s, 3H), 1.52 (s (broad), 4H), 1.44 (s, 
3H); 13C NMR (100 MHz, CDCl3) δ 147.2, 141.7, 134.8, 128.5, 128.3, 128.3, 126.9, 126.6, 126.4, 
119.9, 59.4, 47.2, 41.9, 26.3, 25.5, 18.2; IR (thin film, NaCl) 3026, 2970, 2912, 2853, 1601, 1494, 
1451, 1337, 1028, 763, 700 cm−1; LRMS (ESI) m/z calc’d for C20H25N+H+ 280.2, found 280.2. 
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Synthesis of (1S,2S,5S,Z)-N-benzyl-6-(tert-butyldiphenylsilyloxy)-2,3,5-trimethyl-1-phenyl- 
hex-3-en-1-amine (48). To a solution of imine 1 (100 μL, 105 mg, 0.538 mmol) and Ti(Oi-Pr)4 
(240 μL, 230.4 mg, 0.811 mmol) in Et2O (2.0 mL) at −78 °C was added c-C5H9MgCl (2.26 M in 
Et2O, 1.63 mmol) in a drop-wise manner. The mixture was warmed to −40 °C over 30 min and 
stirred for 1 h at this temperature. A solution of lithium alkoxide 47a, prepared by the 
deprotonation of alcohol 47 (100 mg, 0.261 mmol) in THF (1.0 mL) at −78 °C with n-BuLi (2.47 
M in hexanes, 0.272 mmol) followed by warming to 0 °C over 15 min, was added in a drop-wise 
manner to the brown solution of imine–Ti complex at −40 °C via cannula. The mixture was 
gradually warmed to room temperature over 2 h then stirred for 6 h. The reaction was quenched 
by addition of water (1.0 mL) followed by rapid stirring until the precipitate became white in 
color. The mixture was diluted with saturated aqueous NaHCO3 (20 mL) and extracted with 
EtOAc (3 × 20 mL). The organic extracts were combined, dried over MgSO4 then concentrated in 
vacuo. The crude product was purified by flash column chromatography on silica gel (1→3% 
EtOAc/hexanes) to afford homoallylic amine 48 as a colorless oil (d.r. ≥ 20:1, Z:E ≥ 20:1, 105 mg, 
72%). No evidence for minor isomer was observed by 1H NMR. 
Data for (1S,2S,5S,Z)-N-benzyl-6-(tert-butyldiphenylsilyloxy)-2,3,5-trimethyl-1-phenylhex- 
3-en-1-amine (48): 1H NMR (500 MHz, CDCl3) δ 7.66–7.62 (m, 4H), 7.41–7.17 (m, 16H), 5.08 
(d, J = 9.6 Hz, 1H), 3.60 (d, J = 13.8 Hz, 1H), 3.47–3.37 (m, 2H), 3.34 (d, J = 13.8 Hz, 1H), 3.29 
(d, J = 10.0 Hz, 1H), 2.90–2.80 (m, 1H), 2.77–2.70 (m, 1H), 1.77 (br, 1H), 1.47 (s, 3H), 1.07 (d, J 
= 6.5 Hz, 3H), 1.03 (s, 9H), 0.54 (d, J = 6.9 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 143.44, 
141.18, 137.21, 135.82, 135.78, 134.26, 134.22, 132.33, 129.71, 129.68, 128.85, 128.40, 128.35, 
128.22, 127.77, 127.29, 126.83, 69.09, 64.73, 51.61, 41.95, 35.00, 27.11, 19.51, 18.23, 18.13, 
16.59; IR (thin film, NaCl) 3027, 2961, 2931, 2858, 1602, 1590, 1492, 1472, 1454, 1428, 1382, 
1361, 1306, 1263, 1192, 1113, 1074, 1028, 1008, 999, 938, 824, 739, 701 cm−1; HRMS (ESI, 
FT-ICR) m/z calc’d for C38H47NOSi+H+ 562.3500, found 562.3475; [α]D

20 –6.0 (c 1.00, CHCl3); 
Rf 0.50 (silica gel, 1:9 EtOAc/hexanes). 
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Preparation of Allylic Alcohols and Imines
 

 
Synthesis of 2,3-dimethylbut-3-en-2-ol (6). A solution of ethyl methacrylate (5.00 mL, 4.58 g, 
40.1 mmol) in Et2O (25 mL) was added drop-wise to MeLi (1.6 M in Et2O, 88.0 mmol) at −78 °C 
over a 15 min period. The mixture was warmed to room temperature over 1 h then stirred for 
additional 16 h. The reaction was cooled to 0 °C and carefully quenched with saturated aqueous 
NH4Cl (40 mL). The mixture was diluted with Et2O (120 mL) and the organic phase was washed 
with brine (1 × 40 mL), dried over MgSO4 then concentrated in vacuo. The crude product was 
purified by fractional distillation (110–111 °C, 760 mm) to afford allylic alcohol 6 as a colorless 
oil (2.26 g, 56%). 
Data for 2,3-dimethylbut-3-en-2-ol (6): 1H NMR (500 MHz, CDCl3) δ 5.00–4.98 (m, 1H), 
4.77-4.75 (m, 1H), 1.81–1.79 (m, 3H), 1.48 (s, 1H), 1.34 (s, 6H); 13C NMR (126 MHz, CDCl3) δ 
152.15, 108.62, 73.34, 29.06, 19.36; IR (thin film, NaCl) 3355 (br), 3092, 2977, 1644, 1450, 
1375, 1281, 1172, 1041, 1010, 961, 934, 901, 870, 859 cm−1; LRMS (ESI) m/z calc’d for 
C6H12O+H+ 101.1, found 101.1. 
 

 
Synthesis of (±)-2-methyl-5-phenylpent-1-en-3-ol (8). A solution of hydrocinnamaldehyde 
(1.00 mL, 1.02 g, 7.59 mmol) in THF (10 mL) was added drop-wise to isopropenylmagnesium 
bromide (0.5 M in THF, 9.15 mmol) at 0 °C. The mixture was warmed to room temperature over 
30 min then stirred for additional 1 h. The reaction was cooled to 0 °C and carefully quenched 
with saturated aqueous NH4Cl (10 mL). The mixture was poured into H2O (5 mL), layers 
separated, and the aqueous phase was extracted with Et2O (3 × 30 mL). The combined organic 
extract was washed with brine (1 × 30 mL), dried over MgSO4 then concentrated in vacuo. The 
crude product was purified by flash column chromatography on silica gel (10→20% 
EtOAc/hexanes) to afford allylic alcohol 8 as a colorless oil (1.08 g, 81%). 
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Data for (±)-2-methyl-5-phenylpent-1-en-3-ol (8): 1H NMR (500 MHz, CDCl3) δ 7.28–7.14 (m, 
5H), 4.95–4.94 (m, 1H), 4.86–4.84 (m, 1H), 4.09–4.05 (m, 1H), 2.74–2.67 (m, 1H), 2.65–2.58 (m, 
1H), 1.90–1.79 (m, 2H), 1.72 (s, 3H), 1.52 (d, J = 3.3 Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 
147.61, 142.20, 128.66, 128.59, 126.04, 111.46, 75.49, 36.78, 32.10, 17.83; IR (thin film, NaCl) 
3341 (br), 3027, 2944, 2862, 1650, 1604, 1496, 1454, 1373, 1301, 1154, 1030, 900, 803, 749, 
699 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for C12H16O+Na+ 199.1093, found 199.1094; Rf 0.22 
(silica gel, 1:9 EtOAc/hexanes). 
 

 
Synthesis of (E)-2-methylpent-3-en-2-ol (10). A solution of methyl crotonate (7.70 mL, 7.27 g, 
72.6 mmol) in Et2O (45 mL) was added drop-wise to MeLi (1.6 M in Et2O, 160 mmol) at −78 °C 
over a 10 min period. The mixture was warmed to room temperature over 1 h and stirred for 
additional 16 h. The reaction was cooled to 0 °C and carefully quenched with saturated aqueous 
NH4Cl (80 mL). The mixture was diluted with Et2O (240 mL) and the organic phase was washed 
with brine (1 × 80 mL), dried over MgSO4 then concentrated in vacuo. The crude product was 
purified by fractional distillation (118–119 °C, 760 mm) to afford allylic alcohol 10 as a colorless 
oil (5.14 g, 71%). 
Data for (E)-2-methylpent-3-en-2-ol (10): 1H NMR (500 MHz, CDCl3) δ 5.68–5.59 (m, 2H), 
1.69–1.67 (m, 3H), 1.43 (s, 1H), 1.29 (s, 6H); 13C NMR (126 MHz, CDCl3) δ 139.30, 122.16, 
70.81, 29.94, 17.83; IR (thin film, NaCl) 3340 (br), 3029, 2975, 1675, 1452, 1377, 1293, 1233, 
1152, 1083, 992, 968, 896, 791, 770 cm−1; LRMS (ESI) m/z calc’d for C6H12O+H+ 101.1, found 
101.1. 
 

 
Synthesis of (Z)-2-methylpent-3-en-2-ol (12). A solution of ester S-7 (3.83 g, 33.6 mmol) in 
Et2O (20 mL) was added drop-wise to MeLi (1.6 M in Et2O, 73.6 mmol) at −78 °C over a 30 min 
period. The mixture was warmed to room temperature over 1 h then stirred for additional 16 h. 
The reaction was cooled to 0 °C and carefully quenched with saturated aqueous NH4Cl (40 mL). 
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The mixture was diluted with Et2O (120 mL) and the organic phase was washed with brine (1 × 
40 mL), dried over MgSO4 then concentrated in vacuo. The crude product was purified by 
fractional distillation (114–115 °C, 760 mm) to afford allylic alcohol 12 as a colorless oil (1.76 g, 
52%). 
Data for (Z)-2-methylpent-3-en-2-ol (12): 1H NMR (500 MHz, CDCl3) δ 5.52–5.47 (m, 1H), 
5.42 (dq, J = 11.8, 7.0 Hz, 1H), 1.83 (dd, J = 7.0, 1.5 Hz, 3H), 1.51 (d, J = 1.1 Hz, 1H), 1.37 (s, 
6H); 13C NMR (126 MHz, CDCl3) δ 137.95, 125.27, 71.88, 31.13, 14.18; IR (thin film, NaCl) 
3356 (br), 3014, 2974, 2931, 1658, 1464, 1447, 1364, 1276, 1210, 1182, 1148, 967, 941, 881, 769, 
710 cm−1; LRMS (ESI) m/z calc’d for C6H12O+H+ 101.1, found 101.1. 
 

 
Synthesis of (±)-1-phenylhex-4-yn-3-ol (S-8). To a solution of 1-bromopropene (8.80 mL, 12.4 
g, 103 mmol) in THF (70 mL) at −78 °C was added n-BuLi (2.56 M in Et2O, 151 mmol) 
drop-wise over a 30 min period. The resulting white suspension was stirred for 2 h at −78 °C. A 
solution of hydrocinnamaldehyde (9.00 mL, 9.17 g, 68.3 mmol) in THF (35 mL) was added to 
the in situ generated 1-propynyllithium18 drop-wise over 10 min, and the mixture was stirred for 
additional 30 min at −78 °C. The reaction was quenched with saturated aqueous NH4Cl (35 mL), 
warmed to room temperature, then poured into a mixture of Et2O and H2O (70 mL each). The 
layers were separated, and the aqueous phase was extracted with Et2O (3 × 70 mL). The 
combined organic extract was washed with brine (2 × 70 mL), dried over MgSO4 then 
concentrated in vacuo. The crude product was purified by flash column chromatography on silica 
gel (10→20% EtOAc/hexanes) to afford propargylic alcohol S-8 as a colorless oil (10.7 g, 90%). 
Data for (±)-1-phenylhex-4-yn-3-ol (S-8): 1H NMR (500 MHz, CDCl3) δ 7.36–7.22 (m, 5H), 
4.40–4.38 (m, 1H), 2.84 (app t, J = 7.9 Hz, 2H), 2.10–1.98 (m, 2H), 1.92 (d, J = 2.1 Hz, 3H), 1.82 
(br, 1H); 13C NMR (126 MHz, CDCl3) δ 141.66, 128.69, 128.61, 126.13, 81.65, 80.35, 62.27, 
39.75, 31.64, 3.78; IR (thin film, NaCl) 3322 (br), 3027, 2920, 2859, 2229, 1717, 1670, 1603, 
1584, 1496, 1454, 1336, 1176, 1136, 1055, 1030, 916, 847, 801, 781, 751, 700 cm−1; HRMS (ESI, 
FT-ICR) m/z calc’d for C12H14O+Na+ 197.0937, found 197.0937; Rf 0.48 (silica gel, 1:3 
EtOAc/hexanes). 
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Synthesis of (±)-(E)-1-phenylhex-4-en-3-ol (13). A solution of propargylic alcohol S-8 (1.60 g, 
9.18 mmol) in THF (10 mL) was added drop-wise to a suspension of LiAlH4 (700 mg, 18.4 
mmol) in THF (25 mL) at 0 °C over a 5 min period. The mixture was warmed to room 
temperature over 30 min, then refluxed for 24 h. The reaction was cooled to 0 °C, carefully 
quenched with H2O (25 mL) and saturated aqueous Na,K-tartrate (25 mL), then stirred at room 
temperature for 1 h. The mixture was diluted with Et2O (150 mL) and the organic phase was 
washed with brine (1 × 50 mL), dried over MgSO4 then concentrated in vacuo. The crude product 
was purified by flash column chromatography on silica gel (10→20% EtOAc/hexanes) to afford 
a single isomer of allylic alcohol 13 as a colorless oil (1.52 g, 94%). 
Data for (±)-(E)-1-phenylhex-4-en-3-ol (13): 1H NMR (500 MHz, CDCl3) δ 7.28–7.14 (m, 5H), 
5.66 (dqd, J = 15.2, 6.4, 0.8 Hz, 1H), 5.50 (ddq, J = 15.3, 7.2, 1.5 Hz, 1H), 4.07–4.02 (m, 1H), 
2.73–2.61 (m, 2H), 1.89–1.74 (m, 2H), 1.70–1.68 (m, 3H), 1.45 (d, J = 3.5 Hz, 1H); 13C NMR 
(126 MHz, CDCl3) δ 142.23, 134.26, 128.65, 128.56, 127.40, 125.98, 72.64, 38.96, 31.99, 17.90; 
IR (thin film, NaCl) 3325 (br), 3027, 2918, 2858, 1673, 1603, 1496, 1454, 1378, 1306, 1178, 
1119, 1053, 1030, 1006, 966, 923, 747, 699 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for 
C12H16O+Na+ 199.1093, found 199.1093; Rf 0.52 (silica gel, 1:3 EtOAc/hexanes). 
 

 
Synthesis of (±)-(Z)-1-phenylhex-4-en-3-ol (15). To a solution of propargylic alcohol S-8 (2.32 
g, 13.3 mmol) and Ti(Oi-Pr)4 (7.90 mL, 7.58 g, 26.7 mmol) in Et2O (65 mL) at −78 °C was added 
c-C5H9MgCl (2.03 M in Et2O, 67.0 mmol) drop-wise over a 20 min period. The mixture was 
warmed to −30 °C over 1 h and stirred for additional 1 h at this temperature. The reaction was 
quenched by addition of saturated aqueous NaHCO3 (5.5 mL) and warmed to room temperature. 
To the mixture were added celite and NaF (25 g each), and the resulting slurry was stirred rapidly 
for 2 h. The suspension was filtered through celite and the filtrate concentrated in vacuo. The 
crude product was purified by flash column chromatography on silica gel (10→20% 
EtOAc/hexanes) to afford a single isomer of allylic alcohol 15 as a colorless oil (1.78 g, 76%).  
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Data for (±)-(Z)-1-phenylhex-4-en-3-ol (15): 1H NMR (500 MHz, CDCl3) δ 7.28–7.14 (m, 5H), 
5.58 (dqd, J = 10.9, 6.9, 1.0 Hz, 1H), 5.46–5.40 (m, 1H), 4.50–4.44 (m, 1H), 2.72–2.61 (m, 2H), 
1.96–1.88 (m, 1H), 1.79–1.71 (m, 1H), 1.63 (dd, J = 6.9, 1.7 Hz, 3H), 1.42 (d, J = 3.4 Hz, 1H); 
13C NMR (126 MHz, CDCl3) δ 142.15, 133.45, 128.61, 128.57, 126.95, 126.01, 67.04, 39.11, 
31.87, 13.57; IR (thin film, NaCl) 3325 (br), 3026, 2921, 2859, 1659, 1603, 1496, 1454, 1317, 
1168, 1044, 998, 922, 817, 749, 730, 699 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for 
C12H16O+Na+ 199.1093, found 199.1093; Rf 0.50 (silica gel, 1:3 EtOAc/hexanes). 
 

 
Synthesis of (±)-(E)-4-methyl-1-phenylhex-4-en-3-ol (17). A solution of tiglic aldehyde (1.00 
mL, 871 mg, 10.4 mmol) in THF (20 mL) was added drop-wise to phenethylmagnesium chloride 
(1.0 M in THF, 12.5 mmol) at 0 °C, and the mixture was warmed to room temperature over 1 h. 
The reaction was stirred for additional 1 h, then cooled to 0 °C and carefully quenched with 20% 
aqueous NH4Cl (20 mL). The layers were separated, and the aqueous phase was extracted with 
Et2O (3 × 40 mL). The combined organic extract was washed with brine (1 × 40 mL), dried over 
MgSO4 then concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel (10% EtOAc/hexanes) to afford allylic alcohol 17 as a colorless oil 
(1.87 g, 94%). 
Data for (±)-(E)-4-methyl-1-phenylhex-4-en-3-ol (17): 1H NMR (500 MHz, CDCl3) δ 
7.29–7.15 (m, 5H), 5.51–5.46 (m, 1H), 4.02 (app td, J = 7.0, 3.0 Hz, 1H), 2.67 (ddd, J = 14.1, 9.8, 
6.1 Hz, 1H), 2.57 (ddd, J = 13.9, 9.6, 6.5 Hz, 1H), 1.92–1.79 (m, 2H), 1.63–1.61 (m, 6H), 1.42 (d, 
J = 3.2 Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 142.35, 137.99, 128.64, 128.54, 125.96, 121.31, 
77.58, 36.69, 32.39, 13.25, 11.16; IR (thin film, NaCl) 3324 (br), 3063, 3026, 2920, 2861, 1670, 
1604, 1584, 1496, 1454, 1380, 1320, 1211, 1153, 1030, 1006, 916, 828, 781, 749, 699 cm−1; 
HRMS (ESI, FT-ICR) m/z calc’d for C13H18O+Na+ 213.1250, found 213.1250; Rf 0.57 (silica gel, 
1:3 EtOAc/hexanes). 
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Synthesis of (Z)-2-iodohept-2-en-1-ol (S-10). To a suspension of CuI (1.24 g, 6.54 mmol) in 
THF (20 mL) at 0 °C, was added n-BuLi (2.5 M in hexanes, 13.1 mmol) in a drop-wise manner. 
After stirring at 0 °C for 30 min the reaction was cooled to −78 °C. Then a solution of methyl 
propiolate (0.500 g, 5.95 mmol) in THF (3 mL) was added drop-wise via Teflon cannula. The 
reaction stirred at −78 °C for 4 h, then I2 (3.32 g, 13.09 mmol) was added as a solid. The reaction 
was then allowed to warm to room temperature in the cooling bath overnight, and stir for 24 h. 
The reaction was then quenched with 20 mL saturated aqueous NH4Cl then diluted with saturated 
aqueous Na2S2O3 and extracted to with Et2O (3 × 50 mL) the combined organic extracts were 
washed with saturated aqueous NaHCO3 and brine, dried over MgSO4 and concentrated in vacuo. 
The crude product was purified by flash column chromatography on silica gel (5% 
EtOAc/hexanes) to afford a brown viscous oil (1.045g) whose 1H NMR had signals consistent 
with ester S-9, but was contaminated with numerous unidentified side products. This brown oil 
was carried directly onto the next reaction without further purification. The brown oil (1.045 g, 
3.89 mmol), was dissolved in toluene (12 mL) and cooled to −78 °C. DIBAL (1.0 M in hexanes, 
8.96 mmol) was then added in a drop-wise manner. The reaction stirred at −78 °C for 30 min. The 
cooling bath was then removed for 10 min, and then replaced with a 0 °C bath for 1 h. The 
reaction was quenched with H2O (15 mL) and then 1.7 g of L-tartaric acid was added. The 
reaction stirred vigorously for 20 min until two clear layers formed. The layers were then 
separated, the aqueous layer extracted with Et2O (2 × 50 mL), the combined organic extracts 
were washed with saturated aqueous NaHCO3 and brine, dried over MgSO4 and concentrated in 
vacuo. The crude product was purified by flash column chromatography on silica gel (15% 
EtOAc/hexanes) to afford alcohol S-10 as a yellow oil (Z:E ≥ 20:1, 634 mg, 44% over two steps). 
No evidence for minor isomer was observed by 1H NMR. 
Data for (Z)-2-iodohept-2-en-1-ol (S-10): 1H NMR (400 MHz, CDCl3) δ 5.89 (t, J = 6.8 Hz, 
1H), 4.24 (d, J = 6.6 Hz, 2H), 2.20−2.12 (m, 2H), 2.05−1.97 (m, 1H), 1.46−1.28 (m, 4H), 0.91 (t, 
J = 7.1 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 136.8, 108.3, 71.9, 35.6, 30.5, 22.5, 14.1; IR 
(thin film, NaCl) 3311, 2955, 2927, 2857, 1464, 1084, 1012, 833 cm−1. 
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Synthesis of (±)-(Z)-4-iodonon-4-en-3-ol (25). To a solution of S-10 (1.0 g, 4.16 mmol) in 
hexanes (85 mL) at room temperature was added MnO2 (10.87 g, 125.0 mmol). The reaction 
stirred vigorously at room temperature for 2 h, then another portion of MnO2 (5.0 g, 5.74 mmol) 
is added. The reaction was then stirred for three more hours at room temperature. The reaction 
was then filtered through Celite with the aid of Et2O, and concentrated in vacuo. The crude 1H 
NMR was consistent with clean conversion to aldehyde S-14. The aldehyde was used in the next 
reaction without any further purification. The crude oil was taken up in Et2O (40 mL) and cooled 
to 0 °C in an ice bath, then ethylmagnesium bromide (3.0 M in Et2O, 4.99 mmol) was then added 
in a drop-wise manner. The reaction stirred for 30 min at 0 °C, before being quenched with H2O 
(1 mL). Sufficient MgSO4 was then added to absorb all of the water, and the reaction was filtered, 
washed with Et2O (200 mL) and concentrated in vacuo. The crude product was purified by flash 
column chromatography on silica gel (10% EtOAc/hexanes) to afford alcohol 25 as a colorless 
oil (310 mg, 28% over two steps). 
Data for (±)-(Z)-4-iodonon-4-en-3-ol (25): 1H NMR (500 MHz, CDCl3) δ 5.89 (t, J = 6.8, 1H), 
3.54−3.50 (m, 1H), 2.19 (dd, J = 14.3, 7.0 Hz, 2H), 1.81 (d, J = 5.8 Hz, 1H), 1.63−1.58 (m, 2H), 
1.44−1.30 (m, 4H), 0.91 (t, J = 7.1 Hz, 3H), 0.85 (t, J = 7.4 Hz, 3H); 13C NMR (126 MHz, 
CDCl3) δ 137.0, 116.2, 80.0, 35.5, 30.6, 30.1, 22.5, 14.2, 9.8; IR (thin film, NaCl) 3358, 2960, 
2930, 2872, 2858, 1460, 1013 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for C9H17IO+Na+ 291.0216, 
found 291.0220. 

 

 
Synthesis of (Z)-methyl 2-bromo-5-phenylpent-2-enoate (S-12). To a solution of the 
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methyl(triphenylphosphoranylidene)acetate (7.47 g, 22.38 mmol) in THF (60 mL) at −20 °C was 
added N-bromosuccinimide (4.35 g, 24.61 mmol) as a solid. The reaction was allowed to stir for 
20 min at −20 °C and turned pale yellow in color. Then K2CO3 (5.14 g, 37.30 mmol) was added 
as a solid, followed by hydrocinnamaldehyde (2.0 mL, 2.0 g, 14.9 mmol) neat, in a drop-wise 
manner. The reaction was allowed to warm to room temperature and stir 8 h. At this point 
hexanes (60 mL) was added, the reaction stirred 5 min at room temperature, and the resulting 
slurry was filtered through a one-inch plug of silica gel with the aid of Et2O and concentrated in 
vacuo. Crude 1H NMR showed the product was formed in 5:1 (Z:E) selectivity. The crude 
product was purified by flash column chromatography on silica gel (1.5→3% EtOAc/hexanes) to 
afford pure (Z) alcohol S-12 as a colorless oil (2.6 g, 65%). 
Data for (Z)-methyl 2-bromo-5-phenylpent-2-enoate (S-12): 1H NMR (500 MHz, CDCl3) δ 
7.35−7.30 (m, 3H), 7.25−7.20 (m, 3H), 3.82 (s, 3H), 2.82 (t, J = 7.7 Hz, 2H), 2.72−2.59 (m, 2H); 
13C NMR (126 MHz, CDCl3) δ 163.1, 145.45, 140.6, 128.8, 128.5, 126.6, 116.7, 53.5, 33.9, 33.7; 
IR (thin film, NaCl) 3438, 3027, 2951, 2859, 1726, 1624, 1435, 1268, 1045, 742 cm−1; HRMS 
(ESI, FT-ICR) m/z calc’d for C12H13BrO2+Na+ 290.9991, found 290.9979. 

 

 
Synthesis of (Z)-2-bromo-5-phenylpent-2-en-1-ol (S-13). To a solution of S-12 (2.90 g, 10.82 
mmol) in toluene (30 mL) at −78 °C was added DIBAL (1.0 M in hexanes, 24.9 mmol) via Teflon 
cannula over 30 min. The reaction was stirred at −78 °C for 30 min, the cooling bath was then 
removed for 10 min, and then replaced with a 0 °C bath for 1 h. The reaction was then quenched 
with H2O (15 mL), diluted with H2O (100 mL) and 15 g of L-tartaric acid was added. The 
reaction stirred vigorously for 1 h until two clear layers formed. The layers were then separated, 
the aqueous layer extracted with Et2O (2 × 150 mL), the combined organic extracts were washed 
with saturated aqueous NaHCO3 and brine, dried over MgSO4 and concentrated in vacuo. The 
crude product was purified by flash column chromatography on silica gel (15% EtOAc/hexanes) 
to afford alcohol S-13 as a colorless oil (Z:E ≥ 20:1, 2.30 g, 88%). No evidence for minor isomer 
was observed by 1H NMR. 
Data for (Z)-2-bromo-5-phenylpent-2-en-1-ol (S-13): 1H NMR (500 MHz, CDCl3) δ 7.34−7.27 
(m, 2H), 7.25−7.18 (m, 3H), 6.04 (t, J = 6.9 Hz, 1H), 4.24 (d, J = 5.0 Hz, 2H), 2.75 (t, J = 7.8 Hz, 
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2H), 2.54 (dd, J = 15.2, 7.3 Hz, 2H), 1.94 (td, J = 6.7, 1.4 Hz, 1H); 13C NMR (126 MHz, CDCl3) 
δ 141.3, 129.5, 128.7, 128.6, 127.6, 126.3, 68.6, 34.5, 32.6; IR (thin film, NaCl) 3331, 2925, 
2858, 1495, 1453, 1096, 1022, 698 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for C11H13BrO+Na+ 
263.0042, found 263.0042. 

 

 
Synthesis of (±)-(Z)-4-bromo-1-phenylnon-3-en-5-ol (27). To a solution of S-13 (1.4 g, 5.80 
mmol) in CH2Cl2 (25 mL) at 0 °C was added Dess-Martin periodinane (4.93 g, 11.66 mmol) in 
one portion as a solid. The reaction was stirred vigorously at 0 °C for 6 h. The reaction was then 
diluted with 200 mL of 20% EtOAc/hexanes and washed with a 1:1 mixture of saturated aqueous 
NaHCO3 and NaS2O3 solutions (3 × 60 mL). The organic layer was dried with MgSO4 and 
concentrated in vacuo. The crude 1H NMR was consistent with clean conversion to aldehyde 
S-14. The aldehyde was used in the next reaction without any further purification. A suspension 
of anhydrous CeCl3 (2.13 g, 8.70 mmol) in THF (19 mL) at −78 °C was stirred for 45 min. Then, 
to the suspension was added n-BuLi (2.73 M in hexanes, 8.70 mmol), in a drop-wise manner. The 
reaction stirred 45 min at −78 °C and turned dark brown/black in color. Then a solution of 
aldehyde S-14 (5.80 mmol) in THF (5 mL) was added via Teflon cannula. The cannula and flask 
were rinsed with THF (3 mL). The reaction was allowed to warm to room temperature in the 
cooling bath overnight. The reaction was then quenched with saturated aqueous NaHCO3 (1 mL) 
and diluted with Et2O (200 mL) and brine (200 mL). Layers separated, and the aqueous layer 
extracted to Et2O (2 × 200 mL), the combined organics were dried over MgSO4 and concentrated 
in vacuo. The crude product was purified by flash column chromatography on silica gel (5→7% 
EtOAc in 1:1 hexanes/benzene) to afford alcohol 27 as a colorless oil (Z:E ≥ 20:1, 424 mg, 25% 
over two steps). No evidence for minor isomer was observed by 1H NMR. 
Data for (±)-(Z)-4-bromo-1-phenylnon-3-en-5-ol (27): 1H NMR (500 MHz, CDCl3) δ 
7.32−7.27 (m, 2H), 7.23−7.17 (m, 3H), 5.98 (t, J = 6.8 Hz, 1H), 4.07−4.00 (m, 1H), 2.81−2.66 (m, 
2H), 2.59−2.44 (m, 2H), 1.79 (d, J = 6.3 Hz, 1H), 1.70−1.56 (m, 2H), 1.38−1.13 (m, 4H), 0.90 (t, 
J = 7.2 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 141.3, 132.6, 129.4, 128.6, 126.3, 76.9, 33.6, 
34.6, 32.6, 27.7, 22.6, 14.2; IR (thin film, NaCl) 3362, 3026, 2924, 2858, 1656, 1495, 1453, 1097, 
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1021, 748, 699 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for C15H21BrO+Na+ 319.0668, 321.0648, 
found 319.0659, 321.0638. 

 

 
Synthesis of (Z)-methyl 2-bromo-5-(tert-butyl-dimethyl-silanyloxy)-pent-2-enoate (S-17). To 
a solution of DMSO (560 μL, 0.615 g, 7.89 mmol) in CH2Cl2 (13 mL) at −78 °C was added 
oxalyl chloride (460 μL, 0.668 g, 5.26 mmol), in a drop-wise manner. The reaction was then 
allowed to stir 10 min at  −78 °C.  Το the reaction was then added alcohol S-15 (0.500 g, 2.63 
mmol). The reaction stirred 15 min at −78 °C. Then freshly distilled Et3N (1.82 mL, 1.32 g, 13.15 
mmol) was added in a drop-wise manner. The reaction stirred 10 min at −78 °C, the cooling bath 
was then removed, and the reaction allowed to warm to room temperature. The reaction was then 
diluted with 1.0 M KHSO4 (20 mL) and extracted with CH2Cl2 (2 × 30 mL). The combined 
organics were then washed with saturated aqueous NaHCO3 and brine, dried over MgSO4 and 
concentrated in vacuo. The crude 1H NMR was consistent with clean conversion to aldehyde 
S-16. The aldehyde was used in the next reaction without any further purification. To a solution 
of the methyl(triphenylphosphoranylidene)acetate (1.31 g, 3.94 mmol) in THF (11 mL) at −20 °C 
was added N-bromosuccinimide (0.768 g, 4.33 mmol) as a solid. The reaction was allowed to stir 
for 20 min at −20 °C and turned pale yellow in color. Then K2CO3 (0.362 g, 6.57 mmol) was 
added as a solid, followed by aldehyde S-16 (2.63 mmol) as a solution in THF (3 mL), in a 
drop-wise manner via cannula. The reaction was allowed to warm to room temperature and stir 8 
h. At this point hexanes (25 mL) was added, the reaction stirred 5 min at room temperature, and 
the resulting slurry was filtered through a 1-inch plug of silica gel with the aid of Et2O and 
concentrated in vacuo. Crude 1H NMR showed the product was formed in 11:1 Z/E selectivity. 
The crude product was purified by flash column chromatography on silica gel (5% 
EtOAc/hexanes) to afford alcohol S-17 as a colorless oil (370 g, 44% over two steps). Analysis of 
the purified product by 1H NMR indicated Z/E ratio of 14:1. 
Data for (Z)-methyl 2-bromo-5-(tert-butyl-dimethyl-silanyloxy)-pent-2-enoate (S-17): major 
isomer (Z): 1H NMR (400 MHz, CDCl3) δ 7.38 (t, J = 6.9 Hz, 1H), 3.82 (s, 3H), 3.75 (t, J = 6.4 
Hz, 2H), 2.57−2.53 (m, 2H), 0.88 (s, 9H), 0.07 to −0.04 (m, 6H); 13C NMR (126 MHz, CDCl3) δ 
163.1, 143.9, 117.1, 60.8, 53.4, 36.0, 26.0, 18.5, −5.2; minor isomer (E): 1H NMR (400 MHz, 
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CDCl3) δ 6.79 (t, J = 7.5 Hz, 1H), 3.81 (s, 3H), 3.70 (t, J = 6.2 Hz, 2H), 2.75−2.70 (m, 2H), 0.88 
(s, 9H), 0.07 to −0.04 (m, 6H); 13C NMR (126 MHz, CDCl3) δ 163.5, 146.5, 111.9, 61.6, 53.0, 
35.1, 26.0, 18.5, −5.2; mixture of olefin isomers: IR (thin film, NaCl) 2954, 2929, 2857, 1753, 
1627, 1472, 1260, 1097, 837, 777 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for C12H23BrO3Si+H+ 
325.0653 found 325.0645. 

 

 
Synthesis of (Z)-3-Bromo-6-(tert-butyl-dimethyl-silanyloxy)-2-methyl-hex-3-en-2-ol (35). To 
a solution of methylmagnesium chloride (2.76 M in THF, 3.72 mmol) in THF (10 mL) at −78 °C 
was added ester S-17 (0.545 g, 1.69 mmol) in a drop-wise manner as a solution in THF (2 mL) 
via Teflon cannula. The reaction was allowed to warm to room temperature in the cooling bath 
and stir overnight. The reaction was then quenched with saturated aqueous NaHCO3 (2 mL), 
diluted with saturated aqueous NaHCO3 (40 mL), extracted with Et2O (2 × 40 mL), dried over 
MgSO4 and concentrated in vacuo. The crude product was purified by flash column 
chromatography on silica gel (10→15% EtOAc/hexanes) to afford alcohol 35 as a pale yellow oil 
as the only product isolated (Z:E ≥ 20:1, 290 mg, 53%). No evidence for minor isomer was 
observed by 1H NMR.  
Data for (Z)-3-Bromo-6-(tert-butyl-dimethyl-silanyloxy)-2-methyl-hex-3-en-2-ol (35): 1H 
NMR (400 MHz, CDCl3) δ 6.09 (t, J = 6.7 Hz, 1H), 3.68 (t, J = 6.6 Hz, 2H), 2.39−2.32 (m, 2H), 
1.99 (s, 1H), 1.48 (s, 6H), 0.89 (s, 9H), 0.06 (s, 6H); 13C NMR (126 MHz, CDCl3) δ 138.1, 123.9, 
74.2, 61.7, 35.4, 29.3, 26.1, 18.5, −5.0; IR (thin film, NaCl) 3412, 2955, 2929, 2858, 1472, 1256, 
1103, 836 cm−1; HRMS (ESI, FT-ICR) m/z calc’d for C13H27BrO2Si+Na+ 345.0856, 347.0836 
found 345.0851, 347.0830. 
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Synthesis of 2-(pyridin-3-yl)prop-2-en-1-ol (37). To a solution of 3-iodopyridine (1.46 g, 7.15 
mmol) and stannane S-18 (3.0 g, 8.58 mmol) in DMF (15 mL) at room temperature was 
sequentially added PdCl2 (0.126 g, 0.715 mmol), CsF (2.16 g, 14.30 mmol), CuI (0.270 g, 1.43 
mmol) and P(t-Bu)3 (1.0 M in toluene, 1.43 mmol). The reaction flask was then evacuated and 
backfilled with argon five times, and then heated to 45 °C for 3 h. The reaction turned jet black 
within 5 min at 45 °C. After 3 h a distillation head was put on the reaction flask and the DMF was 
removed by vacuum distillation. The residue was purified by flash column chromatography on 
silica gel (90% EtOAc/hexanes, then EtOAc) to afford alcohol 37 as a yellow oil (420 mg, 44%). 
Data for 2-(pyridin-3-yl)prop-2-en-1-ol (37): 1H NMR (500 MHz, CDCl3) δ 8.58 (s, 1H), 8.39 
(d, J = 4.5 Hz, 1H), 7.75−7.71 (m, 1H), 7.22 (dd, J = 7.9, 4.9 Hz, 1H), 5.45 (s, 1H), 5.43 (s, 1H), 
4.72 (s, 1H), 4.48 (s, 2H); 13C NMR (126 MHz, CDCl3) δ 148.4, 147.2, 144.8, 134.9, 134.0, 
123.5, 114.4, 64.2; IR (thin film, NaCl) 3216, 2860, 1931, 1589, 1569, 1477, 1414, 1061, 1035, 
911, 816, 723 cm−1; LRMS (ESI) m/z calc’d for C8H9NO+H+ 136.1, found 136.3. 

 

 
Synthesis of N-(4-methoxybenyl)benzylideneamine (29). To a flask with 150 mL of water at 
room temperature was sequentially added p-methoxybenzylamine (10.5 g, 76.64 mmol), and 
freshly distilled benzaldehyde (8.12 g, 76.64 mmol). The resulting heterogeneous mixture was 
stirred vigorously for 60 minutes. The reaction was then extracted with CH2Cl2 (3 × 200 mL), 
dried over Na2SO4, and concentrated in vacuo. The resulting residue was distilled under reduced 
pressure (158−165 °C, 0.5 torr) to yield imine 5 as a colorless oil (11.3 g, 65%). 
Data for N-(4-methoxybenyl)benzylideneamine (29): 1H NMR (400 MHz, CDCl3) δ 8.37 (s, 
1H), 7.78−7.76 (m, 2H), 7.43−7.38 (m, 3H), 7.27−7.24 (m, 2H), 6.90−6.87 (m, 2H), 4.77 (s, 2H), 
3.80 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 161.7, 158.8, 136.3, 131.5, 130.9, 129.4, 128.7, 
128.4, 114.1, 64.7, 55.4; IR (thin film, NaCl) 3027, 2834, 1643, 1611, 1512, 1480, 1247, 1174, 
1035 cm−1; LRMS (ESI) m/z calc’d for C15H15NO+H+ 226.1; found 226.0. 
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Synthesis of N-(4-methoxybenyl)-2-thiophenylideneamine (32). To a flask with 70 mL of 
water at room temperature was sequentially added p-methoxybenzylamine (8.73 mL, 9.35 g, 
45.04 mmol), and 2-thiophene carbaldehyde (4.09 mL, 5.0 g, 45.04 mmol). The resulting 
heterogeneous mixture was stirred vigorously overnight. The reaction was then extracted with 
CH2Cl2 (3 × 200 mL), dried over Na2SO4, and concentrated in vacuo. The resulting residue was 
distilled under reduced pressure (160−163 °C, 0.5 torr) to yield imine 32 as a yellow oil which 
solidified upon standing (3.22 g, 31%). 
Data for N-(4-methoxybenyl)-2-thiophenylideneamine (32): 1H NMR (500 MHz, CDCl3) δ 
8.42 (d, J = 1.1 Hz, 1H), 7.40 (d, J = 5.0 Hz, 1H), 7.32 (dd, J = 9.0, 3.6 Hz, 1H), 7.24 (d, J = 8.7 
Hz, 2H), 7.07 (dd, J = 5.0, 3.6 Hz, 1H), 6.91−6.86 (m, 2H), 4.74 (s, 2H), 3.80 (s, 3H); 13C NMR 
(126 MHz, CDCl3) δ 158.9, 155.0, 142.7, 131.3, 130.7, 129.5, 129.1, 127.5, 114.1, 60.0, 55.5; IR 
(thin film, NaCl) 3002, 2834, 1632, 1611, 1513, 1431, 1248, 1035, 819, 715 cm−1; HRMS (ESI, 
FT-ICR) m/z calc’d for C13H13NOS+H+ 232.0791, found 232.0789. 

 

 
Synthesis of N-phenyl(benzo[d][1,3]dioxol-6-yl)methylideneamine (34). To a suspension of 
piperonal (6.0 g, 39.97 mmol) in THF (160 mL), and MgSO4 (25 g) at room temperature was 
added aniline (3.65 mL, 3.72 g, 39.97 mmol). The reaction was stirred vigorously overnight. The 
following morning the reaction was filtered and concentrated in vacuo. The crude product was 
crystallized from 100 mL of boiling heptane to yield imine 34 as white needles (4.97 g, 55%).   
Data for N-phenyl(benzo[d][1,3]dioxol-6-yl)methylideneamine (34): 1H NMR (500 MHz, 
CDCl3) δ 8.34 (s, 1H), 7.54 (d, J = 1.5 Hz, 1H), 7.38 (t, J = 7.8 Hz, 2H), 7.30−7.25 (m, 1H), 
7.24−7.15 (m, 3H), 6.89 (d, J = 8.0 Hz, 1H), 6.04 (d, J = 1.0 Hz, 2H); 13C NMR (126 MHz, 
CDCl3) δ 159.6, 152.3, 150.7, 148.7, 131.5, 129.3, 125.9, 121.1, 108.4, 107.1, 101.8; IR (KBr) 
2894, 1625, 1602, 1584, 1493, 1454, 1266, 1042, 936, 814, 767, 699 cm−1; HRMS (ESI, FT-ICR) 
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m/z calc’d for C14H11NO2+H+ 226.0863, found 226.0860. 
 

 
Synthesis of N-(2-Bromo-benzyl)-(4-trifluoromethyl)benzylideneamine (39). To a suspension 
of 4-trifluoromethylbenzaldehyde (1.53 mL, 2.0 g, 11.49 mmol) and MgSO4 (20 g) in THF (25 
mL) at room temperature was added 2-bromobenzylamine (2.02 g, 10.94 mmol). After vigorous 
stirring overnight, the reaction was treated with additional 4-trifluoromethylbenzaldehyde (400 
μL, 0.520 g, 2.98 mmol) and stirred for 4 h at room temperature. The reaction was then filtered 
and concentrated in vacuo. The crude product was purified by bulb-to-bulb distillation 
(250−270 °C, 1 torr) to yield imine 39 as a yellow oil (1.0 g, 27%) containing unidentified minor 
impurity. 
Data for N-(2-Bromo-benzyl)-(4-trifluoromethyl)benzylideneamine (39): 1H NMR (400 MHz, 
CDCl3) δ 8.46 (s, 1H), 7.92 (d, J = 8.1 Hz, 2H), 7.69 (d, J = 8.1 Hz, 2H), 7.59 (d, J = 8.0 Hz, 1H), 
7.43 (d, J = 7.6 Hz, 1H), 7.32 (app t, J = 7.5 Hz, 1H), 7.17 (app t, J = 7.6 Hz, 1H), 4.93 (s, 2H); 
13C NMR (126 MHz, CDCl3) δ 161.3, 139.3, 138.4, 132.7, [132.8, 132.5, 132.3, 132.1, F3C-C], 
129.9, 128.8, 128.6, 127.7, [127.3, 125.2, 123.0, 120.8, F3C-], [125.7, 125.6, 125.6, 125.66, 
F3C-C-CH], 123.7, 64.3; IR (thin film, NaCl) 1649, 1568, 1466, 1440, 1336, 1146, 1065, 1043, 
838, 752 cm−1; LRMS (ESI) m/z calc’d for C15H11BrF3N+H+ 342.0, 344.0, found 342.1, 344.2. 

 

 
Synthesis of 2-(3-methylbut-2-enyl)isoindoline-1,3-dione (S-19). To a suspension of potassium 
phthalimide (9.54 g, 51.62 mmol) and TBAI (1.84 g, 5.16 mmol) in DMF (25 mL) in a room 
temperature bath was added prenyl bromide (7.80 mL, 10.0 g, 67.70 mmol) neat via Teflon 
cannula. The reaction then stirred 18 h at room temperature. The reaction was then poured into 
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200 mL of H2O and filtered. The crude product was crystallized from 100 mL of boiling hexanes 
to yield compound S-19 as yellow plates (7.77 g, 53%). 
Data for 2-(3-methylbut-2-enyl)isoindoline-1,3-dione (S-19): 1H NMR (400 MHz, CDCl3) δ 
7.87−7.79 (m, 2H), 7.73−7.66 (m, 2H), 5.35−5.18 (m, 1H), 4.26 (d, J = 7.2 Hz, 2H), 1.83 (s, 3H), 
1.71 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 168.3, 137.4, 133.9, 132.5, 123.3, 118.5, 36.0, 25.8, 
18.1; IR (KBr) 3455, 2972, 2937, 2917, 1708, 1426, 1392, 1323, 1096, 944, 722, 530 cm−1; 
HRMS (ESI, FT-ICR) m/z calc’d for C13H13NO2+Na+ 238.0839, found 238.0837. 

 

 
Synthesis of N-(3-methylbut-2-ene)-2-chlorobenzylideneamine (41). To a solution of protected 
amine S-19 (3.0 g, 13.95 mmol) in MeOH (50 mL) at room temperature was added hydrazine 
hydrate (767 μL, 0.767 g, 15.34 mmol). The reaction was stirred at room temperature for 3 h, 
then additional hydrazine hydrate (767 μL, 0.767 g, 15.34 mmol) was added, and the reaction 
was heated to 45 °C for 2 h. At this point compound S-19 had been consumed according to TLC 
(20% EtOAc/hexanes). The reaction was cooled to room temperature and CH2Cl2 (50 mL), 
activated 3Å molecular sieves (20 g), and o-chlorobenzaldehyde (4.68 mL, 5.89 g, 41.85 mmol) 
were sequentially added. The reaction was then stirred vigorously at room temperature for 72 h. 
The reaction was then filtered through Celite, diluted with H2O (200 mL), layers separated, the 
aqueous layer extracted to CH2Cl2 (1 × 200 mL), the combined organic extracts were washed 
with saturated aqueous NaHCO3 and brine, dried over MgSO4 and concentrated in vacuo. The 
crude product was purified by vacuum distillation (108−110 °C, 1 torr) with trace residual 
aldehyde being removed under high vacuum (100 °C, 0.5 torr) for 10 min. This yielded imine 41 
as a colorless oil (1.05 g, 37%). 
Data for N-(3-methylbut-2-ene)-2-chlorobenzylideneamine (41): 1H NMR (500 MHz, CDCl3) 
δ 8.65 (s, 1H), 7.94 (dd, J = 7.6, 1.8 Hz, 1H), 7.31−7.11 (m, 3H), 5.28 (dd, J = 7.6, 6.3 Hz, 1H), 
4.19 (d, J = 6.9 Hz, 2H), 1.69 (s, 3H), 1.65 (s, 3H); 13C NMR (126 MHz, CDCl3) δ 158.1, 135.4, 
135.2, 133.6, 131.5, 129.9, 128.5, 127.1, 121.6, 59.3, 26.0, 18.3; IR (thin film, NaCl) 2969, 2912, 
1633, 1593, 1443, 1376, 1273, 1052, 755 cm−1; LRMS (ESI) m/z calc’d for C12H14ClN+H+ 208.1, 
found 208.3. 
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Synthesis of N-(2-chlorobenzylidene)-4-(trimethylsilyl)but-2-en-1-amine (43). To a solution 
of protected amine S-21 (3.0 g, 10.98 mmol) in EtOH (32 mL) at room temperature was added 
hydrazine hydrate (686 μL, 0.686 g, 13.74 mmol). The reaction was stirred at room temperature 
for 15 h, then additional hydrazine hydrate (400 μL, 0.400 g, 8.00 mmol) was added, and the 
reaction stirred 6 h at room temperature. At this point compound S-21 had been consumed 
according to TLC (20% EtOAc/hexanes) and a precipitate had formed. The reaction was filtered 
through Celite with the aid of CH2Cl2 (70 mL). To the filtrate was then sequentially added 
activated 3Å molecular sieves (25 g), and o-chlorobenzaldehyde (3.68 mL, 4.61 g, 32.94 mmol). 
The reaction was then stirred vigorously at room temperature for 18 h. The reaction was then 
filtered through Celite, diluted with H2O (200 mL), layers separated, the aqueous layer extracted 
to CH2Cl2 (1 × 200 mL), the combined organic extracts were washed with saturated aqueous 
NaHCO3 and brine, dried over MgSO4 and concentrated in vacuo. The crude product was purified 
by vacuum distillation (108−113 °C, 1 torr) to yield imine 43 as a yellow oil that was 
contaminated with trace amounts of unidentified impurities (E:Z = 4:1, 1.05 g, 36%). 
Data for N-(2-chlorobenzylidene)-4-(trimethylsilyl)but-2-en-1-amine (43): major isomer 
(E): 1H NMR (500 MHz, CDCl3) δ 8.63 (s, 1H), 7.97−7.92 (m, 1H), 7.29−7.16 (m, 3H), 
5.62−5.53 (m, 1H), 5.47−5.28 (m, 1H), 4.16 (d, J = 6.3 Hz, 2H), 1.42 (d, J = 8.1 Hz, 2H), −0.02 
to −0.14 (m, 9H); minor isomer (Z): 1H NMR (500 MHz, CDCl3) δ 8.67 (s, 1H), 7.97−7.92 (m, 
1H), 7.29−7.16 (m, 3H), 5.62−5.53 (m, 1H), 5.47−5.28 (m, 1H), 4.22 (d, J = 6.7 Hz, 2H), 1.52 (d, 
J = 9.3 Hz, 2H), −0.02 to −0.14 (m, 9H); mixture of olefin isomers: 13C NMR (126 MHz, 
CDCl3) δ 168.2, 159.2, 158.9, 158.2, 158.0, 143.2, 135.2, 134.0, 133.6, 133.6, 132.6, 132.4, 
132.4, 131.8, 131.7, 130.2, 130.1, 130.0, 129.9, 128.9, 128.6, 128.5, 127.1, 125.6, 124.1, 123.3, 
121.5, 66.3, 63.5, 58.2, 40.1, 23.1, 19.3, −1.5, −1.8; IR (thin film, NaCl) 2954, 2889, 1718, 1653, 
1469, 1248, 855, 755 cm−1; LRMS (ESI) m/z calc’d for C14H20ClNSi+H+ 266.1, found 266.4. 
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Synthesis of (2R,3S,E)-2,4-dimethylhex-4-ene-1,3-diol (S-24). To a solution of alcohol S-23 
(d.r. ≥ 99:1, 1.07 g, 3.37 mmol) in THF (90 mL) at 0 °C was added a solution of NaBH4 (0.64 g, 
17.0 mmol) in H2O (20 mL). The mixture was stirred at 0 °C for 10 min, warmed to room 
temperature over 30 min, then stirred for 5 h. The reaction was quenched with saturated aqueous 
NH4Cl (20 mL) and stirred for additional 1 h. The layers were separated, and the aqueous phase 
was extracted with EtOAc (3 × 50 mL). The organic extracts were combined, washed with 
saturated aqueous NaHCO3 and brine (1 × 50 mL each), dried over MgSO4 then concentrated in 
vacuo. The crude product was purified by flash column chromatography on silica gel (25→50% 
EtOAc/CH2Cl2) to afford diol S-24 as a colorless oil (d.r. ≥ 99:1, 455 mg, 94%). No evidence for 
minor isomer was observed by 1H NMR. 
Data for (2R,3S,E)-2,4-dimethylhex-4-ene-1,3-diol (S-24): 1H NMR (500 MHz, CDCl3) δ 
5.54–5.48 (m, 1H), 4.09 (d, J = 4.9 Hz, 1H), 3.62 (app d, J = 5.2 Hz, 2H), 2.41 (br, 1H), 2.30 (br, 
1H), 1.92–1.84 (m, 1H), 1.64 (d, J = 6.7 Hz, 3H), 1.60 (s, 3H), 0.90 (d, J = 7.0 Hz, 3H); 13C 
NMR (126 MHz, CDCl3) δ 136.92, 120.05, 79.24, 66.89, 37.94, 13.18, 12.94, 11.07; IR (thin 
film, NaCl) 3336 (br), 2918, 1748, 1671, 1456, 1419, 1381, 1339, 1316, 1032, 993, 858, 826, 772 
cm−1; LRMS (ESI) m/z calc’d for C8H16O2+Na+ 167.1, found 167.1; [α]D

20 –21.6 (c 0.50, 
CHCl3); Rf 0.32 (silica gel, 1:1 EtOAc/CHCl3). 
 

 
Synthesis of (2R,3S,E)-1-(tert-butyldiphenylsilyloxy)-2,4-dimethylhex-4-en-3-ol (47). To a 
solution of diol S-24 (d.r. ≥ 99:1, 429 mg, 2.97 mmol) in DMF (12 mL) were added imidazole 
(505 mg, 7.42 mmol) and tert-butyldiphenylsilyl chloride (800 μL, 859 mg, 3.13 mmol). The 
mixture was stirred at room temperature for 12 h, poured into H2O (100 mL) and extracted with 
Et2O (4 × 50 mL). The organic extracts were combined, washed successively with 1 N HCl, 
saturated aqueous NaHCO3 and brine (1 × 50 mL each), dried over MgSO4 and concentrated in 
vacuo. The crude product was subjected to flash column chromatography on silica gel (5% 
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EtOAc/hexanes) to isolate 47 containing minor impurity (presumably tert-butyldiphenylsilanol). 
Further purification by flash chromatography on silica gel (50% CH2Cl2/hexanes) afforded 
alcohol 47 as a colorless oil (d.r. ≥ 99:1, 879 mg, 77%). No evidence for minor isomer was 
observed by 1H NMR. 
Data for (2R,3S,E)-1-(tert-butyldiphenylsilyloxy)-2,4-dimethylhex-4-en-3-ol (47): 1H NMR 
(500 MHz, CDCl3) δ 7.69–7.65 (m, 4H), 7.45–7.36 (m, 6H), 5.56–5.50 (m, 1H), 4.18 (d, J = 4.5 
Hz, 1H), 3.66–3.59 (m, 2H), 2.31 (s, 1H), 1.89–1.80 (m, 1H), 1.61 (d, J = 6.8 Hz, 3H), 1.53 (s, 
3H), 1.06 (s, 9H), 0.93 (d, J = 6.9 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 136.34, 135.88, 
135.81, 133.68, 133,52, 129.92, 129.88, 127.90, 120.09, 78.54, 67.85, 38.20, 27.07, 19.44, 13.18, 
12.83, 11.20; IR (thin film, NaCl) 3448 (br), 3071, 2931, 2858, 1889, 1825, 1720, 1668, 1590, 
1473, 1428, 1390, 1362, 1306, 1261, 1188, 1113, 1007, 940, 824, 740, 702 cm−1; HRMS (ESI, 
FT-ICR) m/z calc’d for C24H34O2Si+Na+ 405.2220, found 405.2222; [α]D

20 –11.5 (c 1.00, 
CHCl3); Rf 0.41 (silica gel, CHCl3). 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 3 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 5 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 7 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 9 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 11 (from 10)
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound S-1 (from 10)
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound S-2 (from 10) 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 11 (from 12)
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound S-1 (from 12) 

 
SI-60



 

 
 

1H NMR (500 MHz) and 13C NMR (126 MHz) of compound S-2 (from 12) 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 14 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound S-3 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound S-2 (from 13, via 14) 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 16 (from 13)
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound S-4 (from 13) 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound S-2 (from 13, via 16) 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 16 (from 15)
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound S-4 (from 15) 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound S-2 (from 15) 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 18 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound S-5 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound S-6 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 48 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 6 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 8 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 10 

 
SI-77



 

 

 
 

1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 12 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound S-8 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 13 
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1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 15 

 
SI-81



 
 

 
 

1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 17 

 
SI-82



 
 

 
 

1H NMR (500 MHz) and 13C NMR (126 MHz) of compound S-24 

 
SI-83



 
 

 
 

1H NMR (500 MHz) and 13C NMR (126 MHz) of compound 47 

 
SI-84



Ph

NH
Bn

22

Cl

 

 

 
 
 
 
 
 
 
 

1H NMR (500 Mhz) and 13C NMR (126 Mhz) of compound 22 

SI-85



Ph

NH
Bn

23

Br

 

 

 
 
 
 
 
 
 

1H NMR (500 Mhz) and 13C NMR (126 Mhz) of compound 23 

SI-86



Ph

NH
Bn

24

I

 

 

 
 
 
 
 
 
 

1H NMR (500 Mhz) and 13C NMR (126 Mhz) of compound 24 

SI-87



Ph

NH
Bn

26

I

H9C4 C2H5

 

 

 
 
 
 
 
 

1H NMR (500 Mhz) and 13C NMR (126 Mhz) of compound 26 

SI-88



Ph

NH
Bn

28

Br

C4H9

Ph

 

 

 
 
 
 
 

1H NMR (400 Mhz) and 13C NMR (126 Mhz) of compound 28 

SI-89



Ph

NH
Bn

31

Br

H

 

 

 
 
 
 
 

1H NMR (400 Mhz) and 13C NMR (126 Mhz) of compound 31 

SI-90



NH
PMB

33

Br

S  

 

 
 
 
 
 
 
 

1H NMR (500 Mhz) and 13C NMR (126 Mhz) of compound 33 

SI-91



NH
Ph

36

Br

Me

OTBS

O

O

Me

 

 

 
 
 
 

1H NMR (500 Mhz) and 13C NMR (126 Mhz) of compound 36 

SI-92



Ph

NH
Bn

38

N

 

 

 
 
 
 
 
 

1H NMR (400 Mhz) and 13C NMR (126 Mhz) of compound 38 

SI-93



NH

40

Me

Me

F3C

Br

 

 

 
 

1H NMR (400 Mhz) and 13C NMR (126 Mhz) of compound 40 

SI-94



NH

42

Me

Me

Cl

Me

Me

 

 

 
 
 
 

1H NMR (500 Mhz) and 13C NMR (126 Mhz) of compound 42 

SI-95



NH

44

Me

Me

Cl

TMS

 

 

 
 
 
 
 

1H NMR (500 Mhz) and 13C NMR (126 Mhz) of compound 44 

SI-96



46

Me

Me

N Me

H

Bn

 

 

 
 
 
 
 

1H NMR (400 Mhz) and 13C NMR (100 Mhz) of compound 46 

SI-97



I
OH

Me

S-10  

 

 
 
 

1H NMR (400 Mhz) and 13C NMR (126 Mhz) of compound S-10 

SI-98



I
OH

Me

25

Me

 

 

 
 
 

1H NMR (500 Mhz) and 13C NMR (126 Mhz) of compound 25 

SI-99



S-12

Ph

Br
O

O

Me

 

 

 
 
 
 

1H NMR (500 Mhz) and 13C NMR (126 Mhz) of compound S-12 

SI-100



Ph

Br
OH

S-13  

 

 
 
 
 
 

1H NMR (500 Mhz) and 13C NMR (126 Mhz) of compound S-13 

SI-101



Ph

Br
OH

C4H9

27  

 

 
 
 
 

1H NMR (500 Mhz) and 13C NMR (126 Mhz) of compound 27 

SI-102



Br
O

S-17

O

Me

TBSO

 

 

 
 
 
 

1H NMR (400 Mhz) and 13C NMR (126 Mhz) of compound S-17 

SI-103



35

Br
OH

TBSO

Me Me

 

 

 
 
 
 

1H NMR (400 Mhz) and 13C NMR (126 Mhz) of compound 35 

SI-104



37

N
OH

 

 

 
 
 
 
 
 

1H NMR (500 Mhz) and 13C NMR (126 Mhz) of compound 37 

SI-105



N

29

OH

 

 

 
 
 
 
 

1H NMR (500 Mhz) and 13C NMR (126 Mhz) of compound 29 

SI-106



N

32

S

OH

 

 

 
 
 
 
 
 

1H NMR (500 Mhz) and 13C NMR (126 Mhz) of compound 32 

SI-107



O

O

N

34

H

 

 

 
 
 
 

1H NMR (500 Mhz) and 13C NMR (126 Mhz) of compound 34 

SI-108



N

39

Br

F3C

H

 

 

 
 
 
 

1H NMR (400 Mhz) and 13C NMR (126 Mhz) of compound 39 

SI-109



N

O

O

Me

Me

S-19  

 

 
 

 
 
 

1H NMR (400 Mhz) and 13C NMR (126 Mhz) of compound S-19 

SI-110



41

NCl Me

Me

H

 

 

 
 
 
 

1H NMR (500 Mhz) and 13C NMR (126 Mhz) of compound 41 

SI-111



43

NCl
TMS

H

 

 

 
 
 
 
 

1H NMR (500 Mhz) and 13C NMR (126 Mhz) of compound 43 

SI-112


	Title.pdf
	Binder1.pdf
	SI-1.pdf
	SI-2.pdf
	SI-2a.pdf
	SI-2b.pdf




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice




