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General Procedures. *H (400 MHz) ,**C (100 MHz) and *'P (162 MHz) NMR spectra
were recorded in CDCl3, and chemical shift (3) are given in ppm relative to CDCls. Evolution of
reaction was followed by GC-MS Hewlett Packard (EI mode) HP6890-5973. Optical rotations
were measured at 22°C in a 10 cm cell in the stated solvent ; [a]p values are given in 10™ deg
cm? g (concentration ¢ given as g/100 mL). Enantiomeric excesses were determined by chiral-
GC (capillary column, 10 psi Hy) or chiral-SFC with the stated column. Temperature programs
are described as follows: initial temperature (°C) — initial time (min) — temperature gradient
(°C/min) — final temperature (°C) ; retention time (Ry) are given in min. Flash chromatography
were performed using silica gel 32-63 um, 60 A.

All reactions were conducted under a nitrogen atmosphere. CH,Cl,, was distilled from
CaH, under nitrogen. THF was distilled from sodium-benzophenone ketyl under nitrogen.
paraMetylcinnamyl chloride (4b) was synthesized by the reaction of corresponding allylic
alcohol with SOCI, in the presence of pyridine. Cinnamyl carbonate (9) was synthesized by the
reaction of cinnamyl alcohol with methyl chloroformate in the presence of pyridine. Benzylamine
(Fluka), allylamine (Fluka) and n-hexylamine (Fluka) were distilled on CaH, under reduced
pressure. 3-butenylMgBr (5b) and 4-pentenylMgBr (5¢) were synthesized in ether by addition of
the corresponding bromide onto magnesium. (E)-cinnamyl chloride (4a) (Aldrich), (E)-cinnamyl
alcohol (Acros), 4-bromo-1-butene (Aldrich), 5-bromo-1-pentene (Fluka) and Copperthiophene
carboxylate (FrontierScientific) were purchased and used without further purification. In some
cases the enantiomers of ligands 1b-3b have been used.

General procedure for phosphoramidite ligand synthesis. To a stirred mixture of EtsN
(6 eq) and PCl; (leq) at 0°C, a solution of Bis-[(R)1-(2-methoxy-phenyl)-ethyl]-amine® (22.2
mmol) in THF (10 ml) was added and the reaction mixture was stirred at room temperature for
nearly 3h until complete disappearance of PCl; (checked by 3P NMR). Biphenol or binaphtol (1
eq) in THF (5ml) was slowly added to the reaction mixture at 0°C and the suspension was stirred
at room temperature overnight. The suspension was filtered trough celite with toluene and
concentrated under reduced pressure. Purification by flash chromatography on Silicagel using
ether as eluent gave the ligand as white foam.

/ 0,0’-1,1’-diphenyl-2 2 -diyl-N,N’-di-(R,R)-1-(2-methoxyphenyl)-ethyl

phosphoramidite 1b *H NMR (400 MHz, CDCls) : 7.56-6.46 (m, 16H),

O 5.05 (quint, J = 7.52 Hz, 2H), 3.65 (s, 6H), 1.62 (d, J = 7.32 Hz, 6H). **C

NMR (100 MHz, CDCls) : 156.2, 152.4, 152.3, 151.9, 151.8, 132.2, 130.8,

130.8, 130.8, 130.7, 130.0, 129.0, 127.6, 127.6, 127.4, 124.0, 122.5, 119.5,

109.2, 54.7, 49.3, 49.2, 22.3, 22.2. *'P NMR (162 MHz, CDCls) : 152.41.
[a]% = +34.1 (c 1, CHCIy).
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0,0’-(S)-1,1’-dinaphthyl-2,2’-diyl)-N,N’-di-(R,R)-1-(2-methoxyp
henyl)-ethylphosphoramidite 2b 'H NMR (400 MHz, CDCls):
8.05-5.03 (m, 20H), 5.07 (dq, J; = 1.04 Hz, J, = 7.08 Hz, 2H), 3.52
(s, 6H), 1.61 (d, J = 7.08 Hz, 6H). **C NMR (100 MHz, CDCls):
155.9, 150.7, 150.16, 133.0, 132.3, 131.4, 130.5, 129.5, 128.4, 128.2,
127.5, 127.4, 127.3, 127.2, 126.0, 125.8, 124.7, 124.4, 124.4, 1243,
122.8, 122.5, 121.8, 119.4, 109.3, 65.9, 54.6, 48.3, 48.2, 22.2, 15.3.
'p NMR (162 MHz, CDCls) : 152.15. [a] 2 = +272.2 (¢ 1, CHCls).

/  0,0’-(R)-1,1’-dinaphthyl-2,2’-diyl)-N,N’-di-(R,R)-1-(2-methoxyp
henyl)-ethylphosphoramidite 3b *H NMR (400 MHz, CDCls) :
8.04-6.52 (m, 20H), 4.99 (dq, J1 = 1.24 Hz, J, = 7.08 Hz, 2H), 3.58
(s, 6H), 1.55 (d, J = 7.08 Hz, 6H). *C NMR (100 MHz, CDCls) :
156.1, 149.9, 132.8, 132.5, 131.4, 130.3, 129.2, 128.3, 128.0, 127.7,
127.6, 127.4, 127.3, 125.9, 125.6, 124.7, 124.5, 124.2, 122.7, 1212.5,
119.6, 109.2, 54.6, 50.3, 50.2, 22.6, 22.5. 'P NMR (162 MHz,
CDCl;) : 152.25. [a] Z = -144.3 (c 1.1, CHCIy).

Typical procedure for enantioselective copper-catalyzed Sy2’ substitution with
Grignard reagent. A dried Schlenk tube was charged with copper salt (1 mol%) and the chiral
ligand (1.1 mol%). Dichloromethane (2 mL) was added and the mixture was stirred at room
temperature for 30 min. The allylic chloride (1 mmol) was introduced dropwise and the reaction
mixture was stirred at room temperature for a further 5 min before being cooled to —78°C in an
ethanol-dry ice cold bath. The Grignard (3 M in diethyl ether, 1.2 eq) in dichloromethane (0.6
mL) was added over 40 min via a syringe pump. Once the addition was complete the reaction
mixture was left at —78°C for a further four hour at which point gas chromatography of an aliquot
showed that all the starting material had been converted. The reaction was quenched by addition
of agueous hydrochloric acid (1IN, 2 mL). Diethyl ether (10 mL) was added and the aqueous
phase was separated and extracted further with diethyl ether (3 x 3mL). The combined organic
fractions were washed with brine (5 mL), dried over anhydrous sodium sulfate, filtered and
concentrated in vacuo. The oily residue was purified by flash column chromatography (eluent =
pentane) to yield the product as a mixture of Sy2” and Sn2 regioisomers. Gas Chromatography or
Supercritical Fluid Chromatography on a chiral stationary phase showed the enantiomeric excess
of Sy2” product.

Typical procedure for tandem copper catalyzed enantioselective allylation-
intermolecular metathesis. Same procedure as above until full conversion of the allylic chloride
when gas chromatography of an aliquot showed that all the starting material had been converted.
Enantiomeric excess of the Sy2’ product was measured with this aliquot. At this point the
reaction mixture was allowed to warm to room temperature and stirred for one hour. Grubbs’
catalyst first generation’ (5 mol%) as solid was added and the reaction mixture was stirred at
room temperature for a further two hours at which point gas chromatography of an aliquot
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showed that all the Sy2” product had been converted. The reaction was quenched by addition of
aqueous hydrochloric acid (1N, 2 mL). Diethyl ether (10 mL) was added and the aqueous phase
was separated and extracted further with diethyl ether (3 x 3mL). The combined organic fractions
were washed with brine (5 mL), dried over anhydrous sodium sulfate, filtered and concentrated in
vacuo. The oily residue was purified by flash column chromatography (eluent = pentane) to yield
the metathesis-product. Analysis by chiral GC or SFC showed the enantiomeric excess.

Typical procedure for tandem copper catalyzed enantioselective allylation-
intramolecular metathesis. Same procedure as above until full conversion of the allylic chloride
when gas chromatography of an aliquot showed that all the starting material had been converted.
Enantiomeric excess of the Sy2’ product was measured with this aliquot. At this point the
reaction mixture was allowed to warm to room temperature and stirred for one hour. Ethyl
acrylate (3 equivalents) and Grubbs’ catalyst second generation® (5 mol%) as solid was added
and the reaction mixture was stirred at 40°C overnight. The reaction was quenched by addition
of aqueous hydrochloric acid (1IN, 2 mL). Diethyl ether (10 mL) was added and the aqueous
phase was separated and extracted further with diethyl ether (3 x 3mL). The combined organic
fractions were washed with brine (5 mL), dried over anhydrous sodium sulfate, filtered and
concentrated in vacuo. The oily residue was purified by flash column chromatography (eluent =
pentane/ether:95/5) to yield the metathesis-product. Analysis by chiral SFC showed an
enantiomeric excess of 96%.

Typical procedure for enantioselective copper-catalyzed Sy2’ substitution with
organozinc reagent. Under an argon atmosphere ligand 3b (2 mol%) and CuTC (1 mol%) were
dissolved in THF (2.5 mL) and stirred at room temperature for 10 min. To the cooled solution (-
40°C) was added Et,Zn (1 M in hexane, 1.1 eq). After 5 min, cinnamyl bromide (0.5 mmol) was
added and the reaction was stirred at —40°C for 18h. The mixture was quenched by addition of
aqueous sulfuric acid (1M, 1 mL). Diethyl ether (5 mL) was added and the aqueous phase was
separated and extracted further with diethyl ether (3 x 3mL). The combined organic fractions
were washed with brine (5 mL), dried over anhydrous sodium sulfate, filtered and concentrated in
vacuo. The oily residue was purified by flash column chromatography (eluent = pentane) to yield
the product as a mixture of Sy2’ and Sn2 regioisomers. Supercritical Fluid Chromatography on a
chiral stationary phase showed an enantiomeric excess of 91%.
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(+)-3(S)-Phenyl-1-pentene  *H NMR (400 MHz, CDCls): 7.32-7.20 (m, 5H),
5.98 (m, 1H), 5.08-5.03 (m, 2H), 3.16 (dt, J; = 7.58, J, = 7.32 Hz, 1H), 1.76 (dq,
Ji = 7.58, J, = 7.32 Hz, 2H), 0.90 (t, J = 7.32 Hz, 3H). *C NMR (100 MHz,
CDClg): 144.7, 142.5, 128.6, 127.8, 126.3, 114.2, 51.9, 28.5, 12.3. [a] # = +55.2
(c 1.1, CHCI5) for 96% ee. Lit* [a]Z= +35.0 (c 6 , CsHs) (S) enantiomer. Ee was measured by
chiral SFC with a Chiralcel OJ column (1% MeOH, flow rate 2mL/min) R+: 3.43 (R), 3.80 (S).

F

mAL

Z (+)-3(S)-Phenyl-1,6-heptadiene® *H NMR (400 MHz, CDCls): 7.37-7.22 (m,
5H), 5.98 (m, 1H), 5.85 (m, 1H), 5.10-4.99 (m, 4H), 3.32 (q, J = 7.32 Hz, 1H),
2.06 (m, 2H), 1.86 (m, 2H). **C NMR (100 MHz, CDCls): 144.3, 142.2, 138.5,
128.5, 127.6, 126.2, 114.7, 114.2, 49.2, 345, 31.6. [a]% = +33.0 (c 1.0,

CHCI3) for 92% ee. Ee was measured by chiral GC with a Hydrodex B-3P column (program: 75-
45-1-170) Ry: 39.76 (R), 41.02 (S).
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0 (-)-3(S)-Phenylcyclopentene® *H NMR (400 MHz, CDCls): 7.33-7.19 (m, 5H),
5.96 (m, 1H), 5.80 (m, 1H), 3.90 (m, 1H), 2.52-2.40 (m, 3H), 1.74 (m, 1H). *C
O NMR (100 MHz, CDCls): 146.6, 134.3, 131.9, 128.4, 127.2, 126.0, 51.3, 33.8,
32.5. [a]# = - 163.4 (c 1.05, CHCI3) for 92% ee. Ee was measured by chiral

SFC with a chiralcel OJ column (1% MeOH, flow rate 2mL/min) Ry: 4.15 (S), 4.58 (R).

L e R
mhil

N (+)-3(S)-Phenyl-1,7-octadiene® *H NMR (400 MHz, CDCls): 7.32-7.20
(m, 5H), 5.95 (m, 1H), 5.80 (m, 1H), 5.08-4.96 (m, 4H), 3.26 (q, J = 7.53
Hz, 1H), 2.10-1.32 (m, 6H). **C NMR (100 MHz, CDCls): 144.5, 142.4,
138.8, 128.5, 127.6, 126.2, 114.6, 114.0, 49.9, 34.9, 33.8, 26.9. [a]% = +
36.8 (c 1.07, CHCI3) for 96% ee. Ee was measured by chiral SFC with a chiralcel OJ column
(1% MeOH, 10°C, flow rate 2mL/min) Ry: 2.82 (R), 2.97 (S).

kit
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(-)-3(S)-Phenylcyclohexene *H NMR (400 MHz, CDCls): 7.36-7.23 (m, 5H),

5.93 (m, 1H), 5.75 (m, 1H), 3.44 (m, 1H), 2.14-1.55 (m, 6H). *C NMR (100
O MHz, CDCls): 146.7, 130.2, 128.4, 128.3, 127.8, 126.0, 41.9, 32.7, 25.1, 21.2,

[o]Z = -121.9 (c 1, CHCIs) for 96% ee. Lit’ [a]® = +149.70 (c 6 , CsHe) (R)
enantiomer. Ee was measured by chiral SFC with a chiralcel OJ column (1% MeOH, flow rate
2mL/min) Ry: 4.73 (S), 5.15 (R).

s

(+)-3(S)-(4-Methylphenyl)-1-pentene *H NMR (400 MHz, CDCls): 7.15 (d,
J =8.08 Hz, 2H), 7.11 (d, J = 8.08 Hz, 2H), 5.95 (m, 1H), 5.05 (m, 2H), 3.13
(g, J = 7.49 Hz, 1H), 2.35 (s, 3H), 1.75 (m, 2H), 0.90 (t, J = 7.32 Hz, 3H). **C
NMR (100 MHz, CDCls): 142.5, 141.5, 135.6, 129.1, 127.5, 113.8, 51.4, 28.4,
21.1, 12.2. [a] % = +55.9 (c 1.26, CHCI3) for 96% ee. Ee was measured by

chiral GC with a Chirasil-Dex CB column (program: 70-0-1-170) R+: 29.66 (R), 29.97 (S).
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_ (+)-3(5)-(4-Methylphenyl)-1,6-heptadiene 'H NMR (400 MHz, CDCls):

7.18 (d, J = 8.08 Hz, 2H), 7.14 (d, J = 8.08 Hz, 2H), 5.99 (m, 1H), 5.87 (m,

_  1H), 5.11-5.00 (m, 4H), 3.30 (q, J = 7.48 Hz, 1H), 2.38 (s, 3H), 2.08 (m,

2H), 1.85 (m, 2H). *C NMR (100 MHz, CDCls): 142.4, 141.3, 138.6,

135.7, 129.2, 127.5, 114.7, 114.0, 48.8, 34.5, 31.6, 21.1. [a] & = +35.5 (c

1.22, CHCI3) for 93% ee. Ee was measured by chiral GC with a Hydrodex B-3P column
(program: 80-0-1-170) Ry: 27.13 (R), 27.59 (S).

(-)-3(S)-(4-Methylphenyl)cyclopentene® *H NMR (400 MHz, CDCls): 7.12

(s, 4H), 5.94 (m, 1H), 5.79 (m, 1H), 3.88 (m, 1H), 2.52-2.39 (m, 3H), 2.35 (s,

O 3H), 1.72 (m, 1H). *C NMR (100 MHz, CDCl5): 143.5, 135.5, 134.5, 131.7,

129.1, 127.1, 50.9, 33.9, 32.5, 21.0. [0] 2 = -171.9 (c 1.15, CHCI5) for 93% ee.

Ee was measured by chiral GC with a Chiraldex B-TA column (program: 70-45-1-170) Ry:
40.65 (R), 41.56 (S).
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X (+)-3(S)-(4-Methylphenyl)-1,7-octadiene *H NMR (400 MHz,
CDCls): 7.13 (d, J = 8.08 Hz, 2H), 7.09 (d, J = 8.08 Hz, 2H), 5.97 (m,
1H), 5.80 (m, 1H), 5.05-4.92 (m, 4H), 3.22 (q, J = 7.56 Hz, 1H), 2.34 (s,
3H), 2.07 (m, 2H), 1.71 (m, 2H), 1.37 (m, 2H). °C NMR (100 MHz,
CDCls): 142.6, 1415, 138.8, 135.6, 129.2, 127.4, 114.5, 113.8, 49.4,

34.9, 33.7, 26.9, 21.0. [a] # = +39.5 (¢ 0.9, CHCI5) for 94% ee. Ee was measured by chiral GC

with a Hydrodex B-3P colum_r_1 (_p__rg_gram: 80-0-1-170) Ry: 37.28 (R), 37.61 (S).

-

(-)-3(S)-(4-Methylphenyl)cyclohexene® *H NMR (400 MHz, CDCls): 7.15
(s, 4H), 5.91 (m, 1H), 5.74 (m, 1H) 3.41 (m, 1H), 2.37 (s, 3H), 2.14-1.56 (m,
O 6H). °C NMR (100 MHz, CDCls): 143.7, 135.5, 130.5, 129.0, 128.2, 127.7,
415,32.7,25.1,21.3, 21.0. [0] 2 = -129.3 (c 1.1, CHCl5) for 94% ee. Ee was

measured by chiral GC with a Hydrodex B-3P column (program: 75-0-1-170) Ry: 48.52 (R),
48.77 (S).

W T

i
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(+)-3(S)- Cyclohexyl-1-pentene 'H NMR (400 MHz, CDCl3): 5.55 (dt, J; =
17.20 Hz, J, = 10.24 Hz, 1H), 4.99 (dd, J; = 10.24 Hz, J, = 2.28 Hz, 1H), 4.91
(ddd, J; = 17.20 Hz, J, = 2.28 Hz, J; = 0.72 Hz, 1H), 1.74-0.87 (m, 14H), 0.83
(t, J = 7.32 Hz, 3H). *C NMR (100 MHz, CDCls): 141.5, 115.0, 52.0, 41.5, 31.2,
29.7, 26.8, 26.8, 26.7, 24.4, 12.1. [a] 2 = +9.9 (¢ = 1.22, CHCI5) for 91% ee.

Ee was measured by chiral GC with a Chirasil-Dex CB column, Helium flow (program: 75-35-1-
170) Ry: 32.38 (R), 32.87 (S).

= B e

Z

(S,E)-ethyl-4-phenylhex-2-enoate 8° 'H NMR (400 MHz, CDCly):

o~ 1:32-7.18(m, 5H), 7.08 (dd, J; = 15.68, J, = 7.84 Hz, 1H), 5.80 (dd, J;

=15.68, J; = 1.28 Hz, 1H), 4.18 (q, J = 7.08 Hz, 2H), 3.30 (q, J = 7.56

° Hz, 1H, 1.81 (dq, J1 = 7.56, J, = 7.32 Hz, 2H), 1.28 (t, J = 7.08 Hz,

3H), 0.89 (t, J = 7.32 Hz, 3H). *C NMR (100 MHz, CDCls): 166.73,

151.74, 142.17, 128.68, 127.81, 126.74, 120.83, 60.28, 50.28, 27.94, 14.26, 12.14. [a] Z = +1.95

(c 1, CHCIs) for 96% ee. Ee was measured by chiral SFC with a chiralcel OD-H column (1%
MeOH, flow rate 2mL/min) Rr: 4.24 (S), 4.67 (R).

Ay
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General Procedure for the Iridium Catalyzed Enantioselective Allylic Amination:
[Ir(cod)Cl], (0.01 mmol) and ligand (0.02 mmol) were dissolved in 0.5 mL of THF in a 3 mL-test
tube under argon. A small magnetic stirbar was added, the test tube was capped with a septum
and the mixture was stirred for 10 minutes. Amine (10, 1.3 mmol) and cinnamyl methycarbonate
(9, 0.98 mmol) were added to the reaction mixture by syringe. The reaction mixture was stirred at
room temperature for 16 h. The solvent was evaporated in vacuo. *H-NMR analysis of the
residual crude mixture indicated the ratio of regioisomers 11/12. The mixture was then purified
by flash column chromatography on silica gel (cyclohexane : ethyl acetate 8:2) to give the
secondary amine as a white oil. A small amount of the product was derivatized into the
corresponding acetamide by treatment with acetic anhydride in diethylether over 5 minutes. The
acetamide was washed with water and filtered on silicagel. Chiral SFC analysis indicated the
enantiomeric excess.

(S)-N-(1-Phenyl-2-propenyl)benzylamine 11a®® 'H NMR (400.13 MHz,
CDCls) : 7.30-7.22 (m, 10H), 5.99 (ddd, J = 17.3, 10.2, 7.1 Hz, 1H), 5.26 (d, J =
17.1, 1H), 5.17 (d, J = 10.2, 1H), 4.27 (d, J = 7.2 Hz, 1H), 3.81 (d of AB pattern,
J = 13.4 Hz, 1H), 3.75 (d of AB pattern, J = 13.4 Hz, 1H), 1.72 (brs, 1H). *C
NMR (100.59 MHz, CDCls) 142.84, 141.02, 140.50, 128.59, 128.42, 128.20,
127.37, 127.26, 126.94, 115.20, 65.17, 51.33. The absolute configuration was
determined by comparison of the optical rotation with literature data.'® Ee was
measured by chiral SFC analysis of the acetamide with a chiralcel OB-H column
(2% MeOH, flow rate 2mL/min) Ry: 5.99 (S), 7.00 (R).

\

AL
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w7 (+)-N-(1-Phenyl-2-propenyl)allylamine 11b* 'H NMR (400.13 MHz,

- CDCls) 7.45-7.26 (m,5H), 5.91-6.02 (m, 2H), 5.29-5.13 (m, 4H), 4.27 (d, J =

7.1 Hz, 1H), 3.29-3.19 (m, 2H), 1.50-1.30 (brs, 1H). **C NMR (100.59 MHz,

CDCls) 142.74, 140.88, 136.78, 128.61, 127.33, 127.25, 115.97, 115.16,

65.24, 49.92. Ee was measured by chiral SFC analysis of the acetamide with a
chiralcel OB-H column (1% MeOH, flow rate 2mL/min) Ry: 3.92 (+), 4.53 (-).

s
-k

K

(+)-N-(1-Phenyl-2-propenyl)-n-hexylamine 11c'® 'H NMR (400.13 MHz,
CDCls) 7.40-7.26 (m, 5H), 5.98 (ddd, J = 17.2, 8.6, 7.0 Hz, 1H), 5.25 (dt, J =
Z 17.2, 1.3 Hz, 1H), 5.14 (dt, J = 10.4, 1.6, 1.3Hz, 1H), 4.21 (d, J = 7.0 Hz, 1H),
2.65-2.50 (m, 2H), 1.55-1.28 (m, 9H), 0.92 (t, J = 7.1 Hz, 3H). **C NMR (100.59
MHz, CDCls) 143.14, 141.30, 128.51, 127.27, 127.13, 114.81, 66.32, 47.76,
31.82, 30.20, 27.09, 22.66, 14.08.
Ee was measured by chiral SFC analysis of the acetamide with a chiralcel OD-H column (3%
MeOH, flow rate 1.8mL/min) Rt: 5.50 (+), 6.23 (-).

exy
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