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General: All manipulations were carried out under the argon atmosphere using standard
Schlenk techniques. All glassware was oven or flame dried immediately prior to use. All
solvents were purified and dried according to standard methods prior to use, unless stated
otherwise.

All reagents were obtained from commercial sources and used without further purification.
"H NMR spectra were obtained at 400 MHz and recorded relative to tetramethylsilane
signal (0 ppm) or residual protio-solvent. '3C NMR spectra were obtained at 100 MHz
and chemical shifts were recorded relative to the solvent resonance (CDCl;, 77.0 ppm).
Data for 'H NMR are recorded as follows: chemical shift (8, ppm), multiplicity (s =
singlet, d = doublet, t = triplet, m = multiplet or unresolved, br = broad singlet, coupling
constant(s) in Hz, integration). Data for 3C NMR are reported in terms of chemical shift

(3, ppm).

The phosphoramidite ligands!!), ligand L6[! and substituted allyl chlorides® were
prepared according to the known procedures.

Synthesis of the allylic chloride (2k)

An oven-dried round-bottomed flask equipped with a magnetic stir bar was charged with
(2E,2'E)-3,3'-(1,2-phenylene)diprop-2-en-1-ol! (5.26 mmol), 1H-benzo[d]-[1,2,3]tirazole
(12.63 mmol, 2.4 equiv) and dichloromethane (10.0 mL) under argon atmosphere. The
solution was cooled to 0 °C and thionyl chloride (12.63 mmol, 2.4 equiv) was added
dropwise. The reaction mixture was stirred at 0 °C for 2 h, and then warmed to room
temperature for 1 h. The reaction mixture was filtered and washed with 2 % NaOH
aqueous solution and brine, respectively. The organic layer was dried over anhydrous



sodium sulfate, filtered, and concentrated in vacuo. The crude residue was purified by
flash column chromatography (hexane/ethyl acetate/ triethylamine) to provide 1,2-
bis((£)-3-chloroprop-1-enyl)benzene (830 mg, 70 % yield).

@CHO PhyP=CHCO,Et ©§CO2H DIBAL-H
THF, Reflux, 19h “co,Et  DCM,0°C

CHO
= OH DCMO°C

1,2-Bis((£)-3-chloroprop-1-enyl)benzene 2k: White solid, m.p. 81.2-81.7 °C, 70 %
yield. '"HNMR (400 MHz, CDCl;) 6 = 7.44-7.42 (m, 2H), 7.28-7.25 (m, 2H), 6.92 (d, J =
15.6 Hz, 2H), 6.19 (dt, J = 15.2, 7.2 Hz, 2H), 4.26 ppm (dd, J = 16.8, 1.2 Hz, 4H). 3C
NMR (100 MHz, CDCl3) 6 = 134.5, 131.5, 128.3, 127.8, 126.9, 45.2 ppm. IR (KBr): Vi,
(em') = 3058, 1617, 1248, 964, 749, 670, 614. Anal. calcd for C;,H,Cl,: C, 63.46; H,
5.32; Cl, 31.22. Found: C, 63.50; H, 5.31; Cl, 31.19.

General procedure for domino reaction of allyl chloride (2), CO, (1) and amine (3) in
the presence of iridium complex:

[Ir(COD)CI]2 (0.008 mmol, 4 mol %), phosphoramidite ligand L1, [O,0'-(S)-(1,1'-
dinaphthyl-2,2'-diyl)-N,N'-di-(S,S)-[phenylethylphosphoramidite] (0.016 mmol, 8 mol %)
were dissolved in THF (0.5 mL) and propylamine (0.3 mL) in a dry Schlenk tube filled
with argon. The reaction mixture was heated at 50 °C for 30 min, and then the volatile
solvents were removed under vacuum to give a yellow solid. After that, DABCO (0.4
mmol, 200 mol %), amine 3 (0.20 mmol, 100 mol %), and toluene (2.0 mL) were added,
the solution was bubbled CO, 1 (1 atm) for 10 minutes, then allyl chloride 2 (0.24 mmol,
120 mol %) was added. The reaction was stirring at 15 °C and kept bubbling CO, 1 (1
atm). After the completion of the reaction monitoring by TLC, the crude reaction mixture
was filtrated with celite and the solvent was removed under reduced pressure. The crude
residue was purified by flash column chromatography (petroleum ether/ethyl acetate) to
give the desired products 4.

(0]
)J\ (R)-1-Phenylallyl propylcarbamate (4a): Colorless oil, 51 %

0 NH yield, b/l = 90/10, 94 % ee. The ee of the product was
NP determined by chiral HPLC. [Daicel CHIRALCEL OD-H (0.46
©/\/ cm x 25 cm); hexane/2-propanol = 90/10; flow rate = 1.0
4a mL/min; detection wavelength = 214 nm; tx = 6.019 (major),
7.008 (minor) min]. [a]p?® = +16.6° (¢ 0.4, CHCl;). 'H NMR (400 MHz, CDCl3) & =
7.38 (d, J=4.4 Hz, 4H), 7.33-7.28 (m, 1H), 6.18 (d, J = 5.6 Hz, 1H), 6.02 (ddd, J = 16.8,
10.4, 6.0 Hz, 1H), 5.30 (d, /= 17.2 Hz, 1H), 5.23 (dt, J = 10.4, 1.2 Hz, 1H), 4.79 (br, 1H),
3.18-3.12 (m, 2H), 1.51 (sext, J = 7.2 Hz, 2H), 0.91 ppm (t, J = 7.2 Hz, 3H). '3C NMR
(100 MHz, CDCl;) 6 = 155.6, 139.4, 136.8, 128.5, 128.0, 127.0, 116.5, 76.5, 42.8, 23.2,
11.2 ppm. IR(KBr): vy (cm™) =3476, 2964, 2918, 2843, 1696 (C=0), 1523, 1262, 1263,
698. HRMS (ESI+) calcd for C;3H7NNaO, [M+Na]*: 242.1151, Found: 242.1134.

)J\ o~ (R)-1-p-Tolylallyl propylcarbamate (4b): Colorless oil, 74 %

Q NH yield, b/l = 92/8, 84 % ee. The ee of the product was determined

N by chiral HPLC. [Daicel CHIRALCEL OD-H (0.46 cm x 25 cm);
©i\4b/ hexane/2-propanol = 95/5; flow rate = 1.0 mL/min; detection



wavelength = 214 nm; tg = 7.574 (major), 8.978 (minor) min]. [a]p?® = +5.0° (c 0.4,
CHCL;). 'H NMR (400 MHz, CDCly) & = 7.35-7.33 (m, 1H), 7.21-7.19 (m, 2H), 7.18-
7.14 (m, 1H), 6.36 (d, /= 5.2 Hz, 1H), 6.01 (ddd, J=16.4, 10.8, 5.6 Hz, 1H), 5.22 (d, J =
10.4 Hz, 1H), 5.21 (d, J = 17.2 Hz, 1H), 4.80 (br, 1H), 3.18-3.13 (m, 2H), 2.38 (s, 3H),
1.51 (sext, J = 7.2 Hz, 2H), 0.90 ppm (t, J = 7.2 Hz, 3H). 3C NMR (100 MHz, CDCl;) §
= 155.7, 137.5, 136.3, 135.8, 130.5, 127.8, 126.7, 126.1, 116.4, 76.6, 42.8, 23.2, 19.2,
11.2 ppm. IR(KBr): vy, (cm™) = 3445, 2969, 2922, 2871, 1696 (C=0), 1649, 1556, 1509,
1453, 1267, 1141, 1038, 982, 926, 731. HRMS (ESI+) calcd for C4H,sNNaO, [M+Na]":
256.1308, Found: 256.1309.

(0]
)L ~ (R)-1-m-Tolylallyl propylcarbamate (4¢): Colorless oil, 72
O NH % yield, b/l = 96/4, 85 % ee. The ee of the product was
N determined by chiral HPLC. [Daicel CHIRALCEL OD-H
\©/4\/ (0.46 cm x 25 cm); hexane/2-propanol = 90/10; flow rate = 1.0
c

mL/min; detection wavelength = 214 nm; tg = 5.331 (major),
6.319 (minor) min]. [a]p**=+20.5° (¢ 0.6, CHCl;). 'H NMR (400 MHz, CDCl3) 6 = 7.23
(d,J=7.6 Hz, 1H), 7.15 (d, /= 8.0 Hz, 2H), 7.11 (d, /= 7.2 Hz, 1H), 6.14 (d, /= 5.6 Hz,
1H), 6.01 (ddd, J=16.8, 10.4, 6.0 Hz, 1H), 5.30 (d, /= 17.2 Hz, 1H), 5.22 (d, /=104,
Hz, 1H), 4.78 (br, 1H), 3.19-3.11 (m, 2H), 2.35 (s, 3H), 1.51 (sext, J = 7.2 Hz, 2H), 0.91
ppm (t, J = 7.6 Hz, 3H). *C NMR (100 MHz, CDCls) 6 = 155.7, 139.3, 138.1, 136.9,
128.7, 128.4, 127.7, 124.1, 116.3, 76.7, 42.8, 23.2, 21.4, 11.2 ppm. IR(KBr): Vpax (cm)
= 3412, 2960, 2922, 2862, 1696 (C=0), 1523, 1453, 1267, 1234, 1132, 1034, 983, 922,
763, 694. HRMS (ESI+) caled for C4H;oNNaO, [M+Na]*: 256.1308, Found: 256.1325.

)J\ o~ (R)-1-p-Tolylallyl propylcarbamate (4d): Colorless oil, 48
O NH % yield, b/l = 95/5, 90 % ee. The ee of the product was
N determined by chiral HPLC. [Daicel CHIRALCEL OD-H
/©/\/ (0.46 cm x 25 cm); hexane/2-propanol = 90/10; flow rate =
4d 1.0 mL/min; detection wavelength = 214 nm; tx = 4.824
(minor), 5.299 (major) min]. [a]p?® = +18.0° (¢ 0.5, CHCl;). 'H NMR (400 MHz,
CDCly) 6 = 7.25 (d, J = 8.8 Hz, 2H), 7.16 (d, J = 8.0 Hz, 2H), 6.14 (d, J = 5.6 Hz, 1H),
6.01 (ddd, J = 16.4, 10.4, 5.6 Hz, 1H), 5.28 (d, J = 17.2 Hz, 1H), 5.22 (d, J = 10.4, Hz,
1H), 4.77 (br, 1H), 3.16-3.09 (m, 2H), 2.34 (s, 3H), 1.51 (sext, J= 7.2 Hz, 2H), 0.90 ppm
(t, J=7.2 Hz, 3H). 3C NMR (100 MHz, CDCl;) 8 = 155.7, 137.8, 136.9, 136.5, 129.2,
127.1, 116.2, 76.3, 42.8, 23.2, 21.1, 11.2 ppm. IR(KBr): v (cm™') = 3477, 2964, 2922,
2848, 1715 (C=0), 1514, 1258, 1225, 1132, 1038, 982, 927, 815, 745. HRMS (ESI+)
calced for C14H oNNaO, [M+Na]*: 256.1308, Found: 256.1309.

(0]
)J\ ~ (R)-1-(4-Bromophenyl)allyl  propylcarbamate  (4e):

Q NH Colorless oil, 44 % yield, b/l = 94/6, 59 % ee. The ee of the

= product was determined by chiral HPLC. [Daicel
/©/\/ CHIRALCEL OD-H (0.46 cm x 25 cm); hexane/2-propanol
Br de = 90/10; flow rate = 0.6 mL/min; detection wavelength =

214 nm; tg = 9.894 (major), 10.346 (minor) min]. [a]p*’=+6.6° (¢ 0.6, CHCl;). 'H NMR
(400 MHz, CDCl3) 6 = 7.48 (d, J = 8.4 Hz, 2H), 7.22 (d, J = 8.4 Hz, 2H), 6.12 (d, /= 5.6
Hz, 1H), 5.97 (ddd, J = 16.8, 10.4, 7.0 Hz, 1H), 5.28 (d, J = 17.2 Hz, 1H), 525 (d, J =
10.8, Hz, 1H), 4.79 (br, 1H), 3.18-3.09 (m, 2H), 1.51 (sext, J = 7.2 Hz, 2H), 0.91 ppm (t,
J =72 Hz, 3H). 3C NMR (100 MHz, CDCl3) & = 155.4, 138.5, 136.3, 131.6, 128.8,
122.0, 117.0, 75.8, 42.8, 23.1, 11.2 ppm. IR(KBr): vy (cm!) = 3449, 3048, 2927, 2848,
1720 (C=0), 1505, 1258, 1226,1137, 983, 937, 820, 741. HRMS (ESI+) calcd for
C3HsBrNNaO, [M+Na]*: 320.0257, Found: 320.0266.



(R)-1-Phenylallyl butylcarbamate (4f): Colorless oil, 52 % yield, b/l = 92/8, 94 % ee.
The ee of the product was determined by chiral HPLC. [Daicel CHIRALCEL OD-H
(0.46 cm x 25 cm); hexane/2-propanol = 90/10; flow rate = 1.0 mL/min; detection
wavelength = 214 nm; tz = 5.598 (major), 6.609 (minor) min]. [a]p?® = +26.8° (¢ 0.5,
CHCl;). 'H NMR (400 MHz, CDCl;) 6 = 7.35 (d, J = 4.4 Hz, 4H), 7.32-7.27 (m 1H),
6.17 (d,J=5.6 Hz, 1H), 6.02 (ddd, J = 16.8, 10.4, 6.0 Hz, 1H), 5.29 (d, J=17.2 Hz, 1H),
5.24 (dd, J = 104, 0.8, Hz, 1H), 4.77 (br, 1H), 3.21-3.15 (m, 2H), 1.51-1.44 (m, 2H),
1.38-1.29 (m, 2H), 0.91 ppm (t, J = 7.2 Hz, 3H). 3C NMR (100 MHz, CDCls) 6 = 155.6,
139.4, 136.8, 128.5, 128.0, 127.0, 116.5, 76.4, 40.8, 32.0, 19.9, 13.7 ppm. IR(KBr): Vpax
(em!) = 3486, 2964, 2932, 2848, 1701 (C=0), 1510, 1449, 1244, 1128, 1021, 927, 736,
690. HRMS (ESI+) calcd for C;4H;9NNaO, [M+Na]*: 256.1308, Found: 256.1311.

)O]\ NP (R)-1-m-Tolylallyl butylcarbamate (4g): Colorless oil, 47
O NH % yield, b/l = 95/5, 83 % ee. The ee of the product was
AN determined by chiral HPLC. [Daicel CHIRALCEL OD-H
\©/\/ (0.46 cm x 25 cm); hexane/2-propanol = 90/10; flow rate =
4g 1.0 mL/min; detection wavelength = 214 nm; tg = 5.068
(major), 6.146 (minor) min]. [a]p?® = +22.5° (¢ 0.4, CHCl;). 'H NMR (400 MHz,
CDCl3) 6 =7.23 (d, J = 7.6 Hz, 1H), 7.15 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 7.6 Hz, 1H),
6.14 (d,J=5.6 Hz, 1H), 6.01 (ddd, J = 16.4, 10.0, 5.6 Hz, 1H), 5.29 (d, /= 16.8 Hz, 1H),
5.22 (d, J = 10.4, Hz, 1H), 4.76 (br, 1H), 3.21-3.15 (m, 2H), 2.35 (s, 3H), 1.51-1.44 (m,
2H), 1.37-1.29 (m, 2H), 0.91 ppm (t, J = 7.2 Hz, 3H). '3C NMR (100 MHz, CDCl;) § =
155.7, 139.4, 136.2, 137.0, 128.8, 128.4, 127.8, 124.1, 116.3, 76.5, 40.8, 32.0, 21.4, 19.9,
13.7 ppm. IR(KBr): vy (cm') = 3449, 3048, 2972, 2932, 2843, 1715 (C=0), 1505, 1263,
1240, 1132, 1025, 983, 932, 732. HRMS (ESI+) caled for C;sH,NNaO, [M+Na]*:
270.1465, Found: 270.1459.

(R)-1-m-Tolylallyl butylcarbamate (4h): Colorless oil, 50 %
yield, b/l = 93/7, 93 % ee. The ee of the product was
% determined by chiral HPLC. [Daicel CHIRALCEL OD-H
m (0.46 cm x 25 cm); hexane/2-propanol = 90/10; flow rate = 1.0
mL/min; detection wavelength = 214 nm; tg = 5.962 (major),
6.522 (minor) min]. [a]p?®=+3.2° (¢ 0.5, CHCl;). '"H NMR (400 MHz, CDCl;) 6 = 7.34-
7.32 (m, 1H), 7.21-7.17 (m, 2H), 7.16-7.13 (m, 1H), 6.36 (d, /= 4.4 Hz, 1H ), 6.00 (ddd,
J=15.6,10.8,5.6 Hz, 1H), 5.79-5.68 (m, 1H), 5.22 (d, /= 10.4 Hz, 1H), 5.21 (d, J=18.0
Hz, 1H), 5.08 (d, J=18.0 Hz, 1H ), 5.09 (d, J = 8.8.0 Hz, 1H), 4.83 (br, 1H), 3.28-3.25
(m, 2H), 2.38 (s, 3H), 2.27-2.22 ppm (m, 2H). *C NMR (100 MHz, CDCl;) & = 155.6,
137.4,136.2, 135.7, 135.0, 130.5, 127.9, 126.7, 126.1, 117.3, 116.5, 73.6, 40.0, 34.1, 19.2
ppm. IR(KBr): vy (cm') = 3426, 3081, 2848, 1705 (C=0), 1649, 1509, 1458, 1248,
1127, 1029, 996, 912, 749. HRMS (ESI+) calcd for C;sH;oNNaO, [M+Na]*: 268.1308,
Found: 268.1297.

(0}

)J\ J\ (R)-1-(4-Bromophenyl)allyl isopropylcarbamate (4i):
AL White solid. m.p. 83.7-85.5 °C. 35 % vyield, b/l = 88/12, 68
=

% ee. The ee of the product was determined by chiral HPLC.
4i [Daicel CHIRALPAK AD (0.46 cm x 25 cm); hexane/2-
Br propanol = 90/10; flow rate = 1.0 mL/min; detection

wavelength = 214 nm; tg = 6.432 (major), 8.636 (minor) min]. [a]p?® = +9.2° (¢ 1.1,
CHCly). 'H NMR (400 MHz, CDCl;) § = 7.48 (d, J = 8.4 Hz, 2H), 7.22 (d, J = 8.0 Hz,
2H), 6.11 (d, J = 4.8 Hz, 1H), 5.96 (ddd, J = 16.8, 10.0, 5.6 Hz, 1H), 5.28 (d, J = 16.8 Hz,
1H), 5.24 (d, J = 10.4 Hz, 1H), 4.61 (br, 1H), 3.85-3.77 (m, 1H), 1.17 (d, J = 6.4 Hz, 3H).
1.14 ppm (d, J = 6.4 Hz, 3H). 13C NMR (100 MHz, CDCly) & = 154.5, 138.5, 136.4,



131.6, 128.8, 121.9, 116.9, 75.6, 43.2, 23.0 ppm. IR(KBr): Vig (cml) = 3477, 3421,
2960, 2913, 1701 (C=0), 1645, 1617, 1514, 1244, 1071, 936, 619. HRMS (ESI+) calcd
for C,3H,¢BrNNaO, [M+Na]*: 320.0257, Found: 320.0255.

)Oj\ (S)-5-Phenylpent-1-en-3-yl isopropylcarbamate (4)):

O NH Colorless oil, 41 % yield, b/l = 99/1, 38 % ee. The ee of the

= product was determined by chiral HPLC. [Daicel
©/\/\/ CHIRALPAK IC (0.46 cm x 25 cm); hexane/2-propanol =
4 90/10; flow rate = 1.0 mL/min; detection wavelength = 214

nm; tg = 6.106 (major), 6.958 (minor) min]. [a]p?®=+3.5° (¢ 0.4, CHCl;). '"H NMR (400
MHz, CDCl3) 8 = 7.35-7.27 (m, 2H), 7.19-7.17 (m, 3H), 5.82 (ddd, J=16.8, 10.4, 7.2 Hz,
1H), 5.27 (d, J = 17.2 Hz, 1H), 5.18 (d, J = 10.4 Hz, 2H), 4.50 (br, 1H), 3.84-3.79 (m,
1H), 2.7-2.6 (m, 2H), 2.04-1.86 (m, 2H), 1.17 (d, J = 2.4 Hz, 3H), 1.15 ppm (d, J = 2.4
Hz, 3H). '3C NMR (100 MHz, CDCl3) 6 = 155.1, 141.6, 137.0, 128.4, 128.3, 125.9,
116.3, 74.4, 43.0, 36.2, 31.4, 23.0 ppm. IR(KBr): v (cm™) =3414, 3054, 2983, 2929,
2858, 1716 (C=0), 1645, 1509, 1456, 1267, 1227, 1074, 992, 931, 735. HRMS (ESI+)
calcd for C;5H,NNaO,[M+Na]*: 270.1465, Found: 270.1461.

(R,E)-1-(2-(3-Chloroprop-1-enyl)phenyl)allyl propylcarbamate (4Kk):

®
< Ij ore
|2
Ph™\/™pr-0 Qe =/ YoonH
N * I\
; \( \ ©
5h Ph Cl
= "M1a (R)-4k NH
K 3a  DABCO, PhMe, 15 °C - \
cl cl CO, 1 (1 atm) Gk
\/\HNICI:O ;"OC\:\NH/\/
o 4/ N\ ©

7a

light yellow semisolid, 60 % yield, b/l = 95/5, 96 % ee. The ee of the product was
determined by chiral HPLC [Daicel CHIRALCEL OD-H (0.46 cm x 25 cm); hexane/2-
propanol = 90/10; flow rate = 1.0 mL/min; detection wavelength = 214 nm; tg = 6.840
(major), 10.871 (minor) min]. [a]p?® = +11.4° (¢ 0.3, CHCl;). When the same reaction
with 2k was performed using the ligand (R,R,Ra)-L1, (S)-4k was obtained in 56% yield
with b/l 99/1 and 99% ee, which is determined by a chiral HPLC [Daicel CHIRALCEL
OD-H (0.46 cm x 25 cm); hexane/2-propanol = 90/10; flow rate = 1.0 mL/min; detection
wavelength = 214 nm; tz = 6.840 (major), 10.871 (minor) min]. 'H NMR (400 MHz,
CDCl) 6 =7.47-7.45 (m, 1H), 7.38-7.36 (m, 1H), 7.30-7.28 (m, 2H), 7.06 (d, J = 15.6 Hz,
1H ), 6.40 (d, J=4.4 Hz, 1H), 6.17 (dt, J= 14.8, 7.2 Hz, 1H ), 6.02 (ddd, J = 16.0, 10.4,
4.8 Hz, 1H), 5.23 (d,/=10.8 Hz, 1H ), 5.20 (dd J=16.8, 1.6 Hz, 1H), 4.79 (br, 1H), 4.25
(d, J=7.2 Hz, 2H), 3.18-3.10 (m, 2H), 1.54-1.48 (m, 2H), 0.90 ppm (t, J = 7.6 Hz, 3H).
3C NMR (100 MHz, CDCls) 6 = 155.5, 136.8, 136.3, 134.9, 131.6, 128.3, 128.2, 127.6,
127.5, 126.9, 116.8, 73.6, 45.3, 42.8, 23.2, 11.2 ppm. IR(KBr): Vi (cm') = 3473, 3412,
2964, 2913,2843, 1710 (C=0), 1645, 1645, 1617, 1509, 1252, 745, 614, 474. HRMS
(ESI+) calcd for CgHygCINNaO, [M+Na]*: 316.1075, Found: 316.1068.

j (R)-1-(4-chlorophenyl)allyl propylcarbamate (41): Colorless
07 NH™"" oil, 46% yield, b/l = 90/10, 63% ee. The ee of the product was

N determined by HPLC. [Daicel CHIRALCEL OD-H (0.46 cm
T
Cl



X 25 cm); hexane/2-propanol = 90/10; flow rate = 0.7 mL/min; detection wavelength =
214 nm; tg = 13.246 (minor), 13.997 (major) min]. [a]p?° = +8.6° (¢ 0.4, CHCl;). 'H NMR
(400 MHz, CDCl;) 6 = 7.33-7.26 (m, 4H), 6.13 (d, J = 5.2 Hz, 1H), 5.97 (ddd, J = 16.4,
10.4, 5.6 Hz, 1H), 5.28 (d, J = 17.6 Hz, 1H), 5.24 (d, J = 10.8, Hz, 1H), 4.82 (br, 1H),
3.17-3.12 (m, 2H), 1.51 (sext, J = 7.2 Hz, 2H), 0.91 (t, J = 7.2 Hz, 3H). 3C NMR (100
MHz, CDCl;) & = 155.4, 138.0, 136.4, 133.8, 128.6, 128.4, 116.9, 75.7, 42.8, 23.1, 11.2.
IR(KBr): vinax (cm™) = 3454, 3053, 2960, 2932, 2843, 1719, 1509, 1262, 1220, 1085, 978,
931, 819, 731. HRMS (ESI+) caled for Ci3H;sCINNaO, [M+Na]*: 276.0762, Found:
276.0762.

ji (R)-1-(3-methoxyphenyl)allyl propylcarbamate (4m):

0 NH " Colorless oil, 51% yield, b/l = 95/5, 87% ee. The ee of the

MeO N product was determined by HPLC. [Daicel CHIRALCEL
m OD-H (0.46 cm x 25 cm); hexane/2-propanol = 90/10; flow
rate = 1.0 mL/min; detection wavelength = 214 nm; tg =

7.490 (minor), 10.733 (major) min]. [a]p?® = +10.1° (¢ 0.5, CHCl;). '"H NMR (400 MHz,
CDCly) 6 = 7.27 (t, J= 8.0 Hz, 1H), 6.94 (d, J= 7.2 Hz, 1H), 6.89 (s, 1H), 6.84 (dd, J =
8.0, 2.4 Hz, 1H), 6.14 (d, J= 5.6 Hz, 1H), 6.00 (ddd, /= 16.4, 10.4, 5.6 Hz, 1H), 5.30 (d,
J=16.8 Hz, 1H), 5.23 (d, J = 10.4, 1H), 4.82 (br, 1H), 3.80 (s, 1H), 3.19-3.10 (m, 2H),
1.51 (sext, J = 7.2 Hz, 2H), 0.91 (t, J = 7.2 Hz, 3H). 3C NMR (100 MHz, CDCl3) & =
159.7, 155.6, 141.0, 136.7, 129.5, 119.3, 116.5, 113.4, 112.6, 76.4, 55.2, 42.8, 23.1, 11.2.
IR(KBr): Vo (em!) = 3347, 2974, 2932, 1705, 1603, 1528, 1500, 1267, 1132, 982, 782,
712. HRMS (ESI+) calcd for C;4H yNNaO; [M+Na]": 272.1257, Found: 272.1254.

j (R)-1-o0-tolylallyl benzylcarbamate (4n): Colorless oil, 60%
O NH yield, b/l = 94/6, 92% ee. The ee of the product was determined
: by HPLC. [Daicel CHIRALCEL OD-H (0.46 cm x 25 cm);
©i\4: hexane/2-propanol = 90/10; flow rate = 1.0 mL/min; detection

wavelength = 214 nm; tg = 7.806 (minor), 8.675 (major) min].
[a]p? = +5.0° (¢ 1.0, CHCl;). 'TH NMR (400 MHz, CDCls) 6 = 7.34-7.30 (m, 3H), 7.27-
7.25 (m, 3H), 7.21-7.16 (m, 3H), 6.45 (d, J = 5.6 Hz, 1H), 6.01 (ddd, J = 16.4, 10.0, 5.6
Hz, 1H), 5.3 (d, J=10.8 Hz, 1H), 5.2 (d, /= 16.4, 1H), 5.1 (br, 1H), 4.41-4.35 (m, 2H),
2.39 (s, 3H). 13C NMR (100 MHz, CDCls) & = 155.6, 138.3, 137.3, 136.3, 136.1, 135.5,
130.5, 128.6, 127.9, 127.5, 126.7, 126.1, 116.6, 74.0, 45.1, 19.2. IR(KBr): vy (cm™) =
3407, 3053, 3025, 2960, 2918, 1696, 1519, 1248, 1127, 1029, 978, 922, 754. HRMS
(ESI+) calcd for C4H{9)NNaO, [M+Na]*: 301.1308, Found: 301.1317.

Aniline 3f was used in this reaction under the optimized
reaction conditions, but failed to give the corresponding allyl

= carbamate 4o.
O
Cl

Synthesis of Cinnamyl propylcarbamate 5al!:

An oven-dried 25 mL round bottom flask was sequentially charged with a stir bar, the
allyl alcohol (0.5 mmol) and CH,Cl, (3 mL). To the mixture was added propyl
isocyanate (2.5 mmol) dropwise at 0 °C. The reaction mixture was allowed to warm to
room temperature and stir overnight. Then diluted with H,O, the aqueous layer was

9] @ (R)-1-(4-chlorophenyl)allyl phenylcarbamate (40):
O)LN H



extracted with CH,Cl, twice and the combined organic layers were dried over Na,SO,,
filtered, and concentrated in vacuo. Purification by flash chromatography provided the
cinnamyl propylcarbamate Sa (82 mg, 75 % yield).

0

~_ S White solid, m.p. 47.1-48.0 °C, 75 % yield. '"H NMR
O NH (400 MHz, CDCl3) 6 = 7.39 (d, J = 7.2 Hz, 2H), 7.30 (dd,
J=1.6,7.2 Hz, 2H), 7.27-7.23 (m, 1H), 6.64 (d, J = 16.0
Hz, 1H), 6.29 (dt, J = 15.6, 6.4 Hz, 1H), 4.72 (d, J = 6.0
Hz, 3H), 3.19-3.14 (m, 2H), 1.53 (sext, J= 7.2 Hz, 2H), 0.93 ppm (t, /= 7.2 Hz, 3H). 3C
NMR (100 MHz, CDCl3) & = 156.3, 136.4, 133.5, 128.5, 127.9, 126.6, 124.1, 65.2, 42.8,

23.2,11.2 ppm.

5a

N 1-Phenyl-N-propylprop-2-en-1-amine (6a)!: Colorless oil, 13 %

™~ vield. 'H NMR (400 MHz, CDCl;) 8 = 7.34-7.30(m, 4H), 7.26-

7.22 (m, 1H), 5.93 (ddd, J = 17.2, 10.0, 7.2 Hz, 1H), 5.20 (d, J =
16.8 Hz, 1H), 5.09 (d, J = 10.0 Hz, 1H), 4.17 (d, J = 7.2 Hz, 1H),
2.59-2.53 (m, 1H), 2.49-2.42 (m, 1H), 1.51 (sext, J = 7.2 Hz, 2H),
1.40 (br, 1H), 0.90 ppm (t, J = 7.2 Hz, 3H).

6a

~_~ N-Propyl-1-o-tolylprop-2-en-1-amine (6b): Colorless oil, 11 % yield.

HN 'H NMR (400 MHz, CDCl;) & = 7.43 (d, J = 7.6 Hz, 1H), 7.23-7.19 (m,

Z 1H), 7.15-7.13 (m, 2H), 5.87 (ddd, J=17.2, 10.0, 7.2 Hz, 1H), 5.15 (d,

J=17.2 Hz, 1H), 5.09 (d, J = 10.4 Hz, 1H), 4.40 (d, J = 7.2 Hz, 1H),

6b 2.60-2.54 (m, 1H), 2.50-2.44 (m, 1H), 2.35 (s, 3H), 1.59 (br, 1H),
1.55-1.49(m, 2H), 0.91 ppm (t, J = 7.2 Hz, 3H). *C NMR (100 MHz,

CDCl;) 6 = 140.7, 140.2, 135.7, 130.4, 126.7, 126.3, 126.2, 114.9, 61.8, 49.7, 23.3, 19.3,

11.8 ppm. IR(KBI): Vimae (cm') = 3412, 3086, 2955, 2918, 2848, 1635, 1621, 1458, 1267,
1118, 908, 759. HRMS (ESI+) caled for Cy3HaoN [M+H]*: 190.1590, Found: 190.1586.

HN 7 N-Propyl-1-m-tolylprop-2-en-1-amine (6¢): Colorless oil, 17 %

= yield. 'H NMR (400 MHz, CDCl;) § = 7.22 (dd, J = 7.2, 7.6 Hz,

2H), 7.15-7.12 (m, 2H), 7.06 (d, J = 7.2 Hz, 1H), 5.93 (ddd, J =

6c 17.2,10.4, 7.2 Hz, 1H), 5.20 (d, /= 17.2 Hz, 1H), 5.08 (d, /= 10.4

Hz, 1H), 4.14 (d, J = 6.8 Hz, 1H), 2.59-2.53 (m, 1H), 2.49-2.43 (m, 1H), 2.34 (s, 3H),

1.56-1.47 (m, 3H), 0.90 ppm (t, /= 7.2 Hz, 3H). *C NMR (100 MHz, CDCl;) 6 = 143.0,

141.2, 138.1, 1284, 127.9, 124.3, 114.7, 114.0, 66.2, 49.5, 232, 21.4, 11.8 ppm.

IR(KBr): vinax (cm') = 3403, 3226, 2918, 2843, 1640, 1621, 1463, 628. HRMS (ESI+)
caled for Cy3H,0N [M+H]™: 190.1590, Found: 190.1588.

g N-Propyl-1-p-tolylprop-2-en-1-amine (6d): Colorless oil, 15 %

= yield. 'H NMR (400 MHz, CDCl3) 6 = 7.22 (d, J = 8.0 Hz, 2H),

7.14 (d, J = 7.6 Hz, 2H), 5.92 (ddd, J = 17.2, 10.0, 7.2 Hz, 1H),

6d 5.18 (d,J=17.2 Hz, 1H), 5.07 (d, /= 10.4 Hz, 1H), 4.14 (d,J= 7.6

Hz, 1H), 2.58-2.52 (m, 1H), 2.49-2.42 (m, 1H), 2.33 (s, 3H), 1.56-1.44 (m, 3H), 0.89 ppm

(t, J=17.2 Hz, 3H). *C NMR (100 MHz, CDCl;) 8 = 141.3, 140.0, 136.7, 129.2, 127.1,

114.6, 65.9, 49.5, 23.2, 21.1, 11.8 ppm. IR(KBr): vipex (cm') = 3440, 2922, 2843, 1635,

1463, 1374, 1188, 959, 824, 600. HRMS (ESI+) calcd for C;3HyoN [M+H]": 190.1590,
Found: 190.1585.



1-(4-Bromophenyl)-N-propylprop-2-en-1-amine (6e): Colorless oil, 11 % yield. 'H
NMR (400 MHz, CDCls) 6 = 7.45 (d, J = 8.0 Hz, 2H), 7.23 (d, /= 8.0 Hz, 2H), 5.87 (ddd,
J=17.2,10.0,7.2 Hz, 1H), 5.19 (d, J=17.2 Hz, 1H), 5.10 (d, /= 10.0 Hz, 1H), 4.15 (d, J
=7.2 Hz, 1H), 2.57-2.51 (m, 1H), 2.46-2.39 (m, 1H), 1.82 (br, 1H), 1.50 (sext, /= 6.8 Hz,
2H), 0.90 ppm (t, /= 7.2 Hz, 3H). 3C NMR (100 MHz, CDCls) 6 = 142.0, 140.6, 131.5,
129.0, 120.8, 115.3, 65.5, 49.4, 23.2, 11.7 ppm. IR(KBr): viex (cm!) = 3650, 3076, 2955,
2918, 2857, 1654, 1463, 1383, 1006, 922, 824, 749, 521. MS (El+, m/z, rel. intensity)
116 (100), 253 (M*). HRMS (EI+) caled for Ci,H;{NBr (M+): 253.0466, Found:
253.0463.

N-(1-Phenylallyl)butan-1-amine (6f)!”): Colorless oil, 16 % yield.
'H NMR (400 MHz, CDCLy) & = 7.34-7.32 (m, 4H), 7.27-7.22 (m,
1H), 5.93 (ddd, J = 17.2, 10.0, 7.2 Hz, 1H), 5.20 (dd, J = 16.8, 1.2

6f Hz, 1H), 5.09 (dd, J = 10.0, 1.2 Hz, 1H), 4.17 (d, J = 7.2 Hz, 1H),
2.62-2.56 (m, 1H), 2.52-2.45 (m, 1H), 1.52-1.42 (m, 2H), 1.37-1.29 (m, 3H), 0.89 ppm (,
J =172 Hz, 3H). '3C NMR (100 MHz, CDCls) & = 143.1, 141.3, 128.5, 127.2, 127.1,
114.7, 66.3, 47.4, 32.3, 20.5, 14.0 ppm. IR(KBr): Ve (cm!) = 3477, 2950, 2922, 2853,
1645, 1459, 1114, 918, 704, 615.

¥

N-(1-m-Tolylallyl)butan-1-amine (6g): Colorless oil, 10 % yield.
'"H NMR (400 MHz, CDCl3) 6 = 7.22 (dd, J = 7.6, 7.2 Hz, 1H),
7.15-7.11 (m, 2H), 7.06 (d, J = 7.2 Hz, 1H), 5.92 (ddd, J = 17.2,
10.4, 7.2 Hz, 1H), 5.20 (d, /= 17.2 Hz, 1H), 5.08 (d, J=10.0 Hz,
1H), 4.13 (d, J = 6.8 Hz, 1H), 2.62-2.56 (m, 1H), 2.52-2.46 (m, 1H), 2.34 (s, 3H), 1.52-
1.44 (m, 2H), 1.37-1.29 (m, 3H), 0.89 ppm (t, J = 7.2 Hz, 3H). '*C NMR (100 MHz,
CDCl;) 6 = 143.1, 141.3, 138.1, 128.4, 127.9, 127.8, 124.3, 114.7, 66.3, 47.4, 32.3, 21.4,
20.5, 14.0 ppm. IR(KBr): vu., (cm™) = 3463, 3025, 2960, 2927, 2848, 1641, 1454, 1123,
918, 733, 616. HRMS (ESI+) caled for C4H;,N [M+H]*: 204.1747, Found: 204.1747.

i

6

N-(1-0-Tolylallyl)but-3-en-1-amine (6h): Colorless oil, 10 % yield.

'"H NMR (400 MHz, CDCl3) 6 = 7.41 (d, J= 7.6 Hz, 2H), 7.23-7.19

(m, 1H), 7.15-7.13 (m, 1H), 5.90 (ddd, J = 17.2, 10.0, 7.2 Hz, 1H),

5.82-5.72 (m, 1H), 5.15 (d, /= 17.2 Hz, 1H), 5.09 (d, J = 10.4 Hz,

6h 1H), 5.08 (d, J=17.2 Hz, 1H), 5.03 (d, /=10.0 Hz, 1H ), 4.21 (d, J

= 6.8 Hz, 1H), 2.71-2.65 (m, 1H), 2.61-2.55 (m, 1H), 2.34 (s, 3H),

2.29- 2.24 ppm (m, 2H). BC NMR (100 MHz, CDCl;) & = 140.6, 140.1, 136.5, 135.3,

130.4, 126.7, 126.3, 126.2, 116.3, 115.0, 61.7, 46.6, 34.3, 19.3 ppm. IR(KBr): Vi, (cm™)

= 3408, 3076, 2922, 2848, 1645, 1607, 1458, 926, 745, 614. HRMS (ESI+) calcd for
Ci4H N [M+H]*: 202.1590, Found: 202.1589.

¢

HN~ " 1-(4-chlorophenyl)-N-propylprop-2-en-1-amine (61): Colorless oil,

_ 9% yield. '"H NMR (400 MHz, CDCls) 6 = 7.29-7.26 (m, 4H), 5.87

6l (ddd, /=172, 10.0, 7.2 Hz, 1H), 5.19 (d, J=17.2 Hz, 1H), 5.09 (d,

Cl J=10.0 Hz, 1H), 4.15 (d, /= 7.2 Hz, 1H), 2.57-2.50 (m, 1H), 2.46-

2.39 (m, 1H), 1.53-1.47 (m, 3H), 0.90 (t, /= 7.2 Hz, 3H). 3C NMR

(100 MHz, CDCly) 6 = 141.6, 140.9, 132.7, 128.6, 128.5, 115.1, 65.5, 49.5, 23.2, 11.8.

IR(KBr): Vinax (em!) = 3431, 3086, 2964, 2927, 2871, 1486, 1388, 1094, 1020, 1006, 917,
829, 516. HRMS (EI+) caled for C1,H;sNCI [M]*: 209.0971, Found: 209.0965.

HN 1-(3-methoxyphenyl)-N-propylprop-2-en-1-amine (6m):
MeO = Colorless oil, 11% yield. '"H NMR (400 MHz, CDCls) 6 = 7.24
6m (dd, /= 8.0, 7.6 Hz, 1H), 6.93-6.91(m, 2H), 6.79 (dd, J = 8.0, 1.2



Hz, 1H), 5.92 (ddd, J = 17.2, 10.4, 7.6 Hz, 1H), 5.20 (d, J = 16.8 Hz, 1H), 5.08 (d, J =
10.0 Hz, 1H), 4.15 (d, J= 7.2 Hz, 1H), 3.81 (s, 1H), 2.59-2.52 (m, 1H), 2.49-2.43 (m, 1H),
1.54-1.46 (m, 3H), 0.90 (t, /= 7.2 Hz, 3H). *C NMR (100 MHz, CDCl;) § = 159.8, 144.9,
141.1, 129.4, 119.6, 114.8, 112.7, 112.5, 66.2, 55.2, 49.5, 23.3, 11.8. IR(KBI): Ve (cm)
= 3319, 2960, 2927, 2876, 2829, 1603, 1467, 1383, 1262, 1052, 922, 782, 703. HRMS
(EI+) calcd for C3H,sNO [M-H]': 204.1388, Found: 204.1391.

HN@ N-benzyl-1-o-tolylprop-2-en-1-amine (6n): Colorless oil, 12% yield.

_ 'H NMR (400 MHz, CDCl3) 8 = 7.51 (d, J = 6.0 Hz, 1H), 7.33-7.29

(m, 4H), 7.27-.21 (m, 2H), 7.17-7.12 (m, 2H), 5.90 (ddd, J = 13.6,

6n 8.0, 5.6 Hz, 1H), 5.18 (d, J = 14.8 Hz, 1H), 5.12 (d, J = 8.4 Hz, 1H),

4.44 (d, J= 6.0 Hz, 1H), 3.73 (d, J = 6.0 Hz, 2H), 2.26 (s, 3H), 1.60 (br, 1H). 3C NMR

(100 MHz, CDCl;) & = 140.5, 140.4, 140.0, 135.9, 130.4, 128.4, 128.2, 126.9, 126.8,

126.4, 126.3, 115.2, 60.8, 51.4, 19.2. IR(KBr): vima (cm™!) = 3412, 3225, 1612, 1556, 922,
609. HRMS (ESI+) calcd for C3H sNO [M+Na]*: 260.1410, Found: 204.1417.

Synthesis of the branched allylic compound 7k8:

cuTC
e (RILT
= ). OGNH R SOGNH T "'OCNH/\/
\ (0] EtMgBr O
Cl DCM, -78 °C / \

(R)-4k

CuTC (0.0075 mmol, 7.5 mol %), phosphoramldlte hgand anti-L1 [0,0'-(R)-(1,1'-

dinaphthyl-2,2'-diyl)-N,N"-di-(R, R)-[ phenylethylphosphoramidite] (0.0083 mmol 8.3 mol
%) were dissolved in DCM (0.5 mL) in a dry Schlenk tube filled with argon. The mixture
was stirred at room temperature for 10 min. The allyl chloride 4k (0.1 mmol in 0.5 mL
DCM) was added dropwise and the reaction mixture was stirred at room temperature for
an additional 5 min before cooling the reaction mixture to -78 °C using an ethyl
acetate/dry ice cold bath. The Grignard reagent (3 M in diethyl ether, 1.2 equiv) was
added manually over a 20 min period. Once the addition was completed, the reaction
mixture was left at -78 °C for an additional 4h. The reaction was quenched by addition of
aqueous hydrochloric acid (1 M, 3 mL). Diethyl ether (5 mL) was added and the aqueous
phase was separated and extracted with diethyl ether (3 x 5 mL). The combined organic
fractions were washed with brine (5 mL), dried over anhydrous sodium sulfate, filtered,
and concentrated in vacuo. The crude residue was purified by flash column
chromatography (hexane/ethyl acetate) to give an inseparable mixture of the branched
product 7k and linear product 8k. (R)-1-(2-((S)-Pent-1-en-3-yl)phenyl)allyl
propylcarbamate (7k): light yellow oil, 51 % yield, b/l = 84/16, 98 % ee, dr 3.1:1. The ee
of 7k was determined by HPLC. [Daicel CHIRALCEL OD-H (0.46 cm x 25 cm);
hexane/2-propanol = 98/2; flow rate = 0.5 mL/min; detection wavelength = 214 nm; tg =
15.401 (major), 16.847 (minor) min]. [a]p*® = +33.9° (¢ 0.3, CHCl;). 'H NMR (400
MHz, CDCl;) 6 = 7.36 (d, J = 7.2 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H), 7.26-7.19 (m, 2H),
6.52(d,/J=4.0Hz, 1H), 6.03 (ddd, J=17.2, 10.8, 4.8 Hz, 1H), 5.92 (ddd, J=17.2, 10.4,
7.2, Hz, 1H), 5.22 (d, J=10.8, Hz, 1H), 5.19 (d, J = 17.2 Hz, 1H), 5.15 (d, /= 10.0 Hz,
1H), 4.97 (d, J=16.8 Hz, 1H), 4.77 (br, 1H), 3.62-3.56 (m, 1H), 3.17-3.12 (m, 2H), 1.80-
1.72 (m, 2H), 1.56-1.47(m, 2H), 0.93-0.86 ppm (m, 6H); 8k : 'HNMR 6 =743 (d, J =
6.8 Hz, 1H), 6.73 (d, /= 15.6 Hz, 1H), 6.46 (d, /= 5.2 Hz, 1H), 6.11-6.09 (m, 1H), 2.23-
2.18 ppm (m, 1H). 3C NMR (100 MHz, CDCls) 8 = 155.6, 142.3, 142.0, 137.0, 136.9,
136.6, 128.2, 128.0, 127.6, 127.1, 126.5, 126.1, 116.0, 114.5, 72.9, 45.7, 42.8, 35.3, 28.5,
23.2,22.5,13.7, 12.1, 11.2 ppm. IR(KBr): vinax (cm!) = 3412, 3072, 2960, 2922, 2871,



1701 (C=0), 1631, 1509, 1262, 1230, 1141, 1038, 982, 917, 754, 619. HRMS (ESI+)
calcd for CigH,5sNNaO, [M+Na]*: 310.1778, Found: 310.1780.

Controlling experiment 1:

X (6]
X Cl J\ A~
O N
2a H
[Iry/L1 4a
AN + 0
X 0 DABCO, Toluene, J\
15°C N ©/\/\O N
H
H 5a

6a

[Ir(COD)CI]; (0.008 mmol, 4 mol %), phosphoramidite ligand L1 (0.016 mmol, 8 mol %)
were dissolved in THF (0.5 mL) and propylamine (0.3 mL) in a dry Schlenk tube filled
with argon. The reaction mixture was heated at 50 °C for 30 min, and then the volatile
solvents were removed under vacuum to give a yellow solid. After that, allylic carbonate
2a (0.04 mmol), 4a (0.2 mmol), DABCO (0.4 mmol), and toluene (2.0 mL) were added.
The reaction was stirring at 15 °C in 2 h. Then the reaction mixture was filtrated with
celite and the solvents were removed under reduced pressure. The organic layer was
evaporated to give the crude products. 'H NMR analysis of the crude products showed
that 4a/6a is in a ratio of 15/1.

Controlling experiment 2:

0 [ryL1
OJ\N/\/ DABCO Toluene, Q
H
4a N/\/ ©/\/\
[Ir(COD)CI]; (0.008 mmol, 4 mol %), phosphoramldlte ligand L1 (0.016 mmol, 8 mol %)
were dissolved in THF (0.5 mL) and propylamine (0.3 mL) in a dry Schlenk tube filled
with argon. The reaction mixture was heated at 50 °C for 30 min, and then the volatile
solvents were removed under vacuum to give a yellow solid. After that, 4a (0.2 mmol),
DABCO (0.4 mmol), and toluene (2.0 mL) were added. The reaction was stirring at 15
°C in 2 h. Then the reaction mixture was filtrated with celite and the solvents were

removed under reduced pressure. The organic layer was evaporated to give the crude
products. '"H NMR analysis of the crude products showed that 4a/6a is in a ratio of 5/1.
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NMR Spectra of the compounds 2k, 4, 5, 6 and 7k
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"H NMR spectrum for the controlling experiment 1:
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"H NMR spectrum for the controlling experiment 2:
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HPLC Chromatograms of the Chiral Compounds
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