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1 General information

Unless otherwise stated, all air- and moisture-sensitive reactions were carried out under a nitrogen
(N2) atmosphere in oven-dried Schlenk tubes. Solvents were obtained as p. a. grade, dried using a
VAC solvent purification system, and stored over molecular sieves (4 A) when necessary. Diethyl
ether dichloromethane and tetrahydrofuran (THF) were collected from a solvent purification

system and stored over molecular sieves.

All reagents were prepared following literature procedures, and commercially available chemicals
were purchased from Aldrich Chemical Co., Alfa Aesar, Fluorochem, TCI Europe, and used as
received. Analytical thin layer chromatography (TLC) was performed on silica gel 60 F2s4 plates
(Merck). TLC plates were visualized by exposure to short-wave ultraviolet light (254 nm). Flash
chromatography was performed on VWR silica gel using standard techniques. All NMR spectra
were recorded on 400 or 500 MHz Bruker AVANCE Il with a BBO probe at 298 K using CDCl3
as solvent. Chemical shifts are given in ppm relative to the residual solvent peak (*H NMR: CDCls
8 7.26; 3C NMR: CDClIs & 77.16). Chemical shifts are reported in ppm, and coupling constants
(J) are given in Hertz (Hz), with signal multiplicities described as follows: s (singlet), br (broad
signal), d (doublet), t (triplet), g (quartet), pent (pentet), and m (multiplet). High-resolution mass
spectra (HRMS) were measured on a Bruker microTOF with electron spray ionization (ESI). Mass
calibration was performed immediately before measuring the sample using sodium formate
clusters. Optical rotations were recorded on a thermostated polarimeter using a sodium lamp (589
nm) and a 1.0 dm cell. Enantiomeric excesses were determined by gas chromatography (GC) using
30 m columns with helium as the carrier gas (1 mL/min, constant pressure), and detection by either
MS or FID detector.
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2 Preparation of nano-copper catalyst - MCC-AmP-Cu(l/11):

The primary catalyst was prepared following the literature procedure.*

Preparation of amino-functionalized microcrystalline cellulose (AmP-MCC): In an 100 mL
flask, MCC (1.0 g), tartaric acid (97.6 mg, 5 mol% to silane) was dispersed in dry toluene (20 mL).
Next, 3-aminopropyltrimethoxysilane (2.27 mL, 13.0 mmol) was added and the mixture was
stirred at 90 °C for 48 h. The suspension was then centrifuged and the crude AmP-MCC was
washed using soxholated extraction with acetone. After 16 h, the resulting AmP-MCC was dried
under vacuum for 24 h to afford off-white AmP-MCC (1.2 g).

Preparation of the mixed valence Cu(l/Il) nanocatalyst Cu-AmP-MCC: To a suspension of
AmP-MCC (1.0 g) in pH-adjusted H20 solution (25 ml, pH 9) by the use of 0.1 N LiOH, was
added a suspension of copper(ll) trifluoromethanesulfonate (Cu(OTf)2, 0.3 g) in deionized water
(20 mL, pH 9) at room temperature. After stirring for 24 h, the formed Cu(Il)-AmP-MCC with
pale-blue color was recovered by centrifugation and was washed with deionized H20 (3 x 30 mL)
and acetone (3 x 30 mL) by using centrifuge. The washed Cu(Il)-AmP-MCC was collected by

decantation and dried overnight under vacuum.

In the next step, the dry Cu(ll)-AmP-MCC was suspended in deionized water (35 mL), and NaBH4
(190.0 mg, 5.0 mmol, 3.7 equiv to copper) in deionized water (15 mL) was added slowly at room
temperature. After vigorous stirring for 1 h, the resulting mixed valence Cu(l/11) nanocatalyst Cu-
AmP-MCC was recovered by centrifugation and was washed with deionized H20 (3x30 mL) and
acetone (3x30 mL) by the use of a centrifuge. The washed Cu-AmP-MCC was collected by
decantation, dried for 48 h under vacuum and obtained as dark blue amorphous powder (0.95 g).

We assumed the copper content catalyst loading same as previously reported procedure.
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3 Synthesis of starting materials

All the allylic alcohol derivatives were made according to the literature procedure as listed below.

RR t. DMAP R ORT O
cat.
R1J§/k0H . j\ )OK NEts (1.5 equiv) R1J§/k0)1\
RS o} R3
CH2C|2, 0 OC-rt, 6 h
1-OH 1.3 equiv 1

Scheme S1: Synthesis of allylic acetate derivatives

A. Synthesis of allylic acetate derivatives: To a solution of allyl alcohol (5.0 mmol, 1.0
equiv) in CH2Cl2 (0.5 M) was added 4-dimethylaminopyridine (DMAP) (10 mol%, 0.1 equiv) and
triethylamine (NEtz) (7.5 mmol, 1.5 equiv) (Scheme S1). Then acetic anhydride (Ac20) (6.8 mmol,
1.3 equiv) was added dropwise at 0 C. The progress was monitored using TLC and after completion
the reaction mixture was quenched with NH4ClI solution, organic layer was collected, dried over

Na2SOg, purified via column chromatography using (5-10)% Et,O in petroleum ether).

R R R2 R* O
R N OH . )O]\ pyridine (2.0 equiv) RA\H\OJ\O/
R ci” 0" CH,Cly, 0°C-1t, 6 h R3
1-OH 1.3 equiv 1

Scheme S2: Synthesis of allylic carbonate derivatives

B. Synthesis of allylic carbonate derivatives: To a solution of allyl alcohol (5.0 mmol, 1.0
equiv) in CHxCl; (0.5 M) was added pyridine (10 mmol, 2.0 equiv) (Scheme S2). Then methyl
chloroformate (CICO2Me) (6.8 mmol, 1.3 equiv) was added dropwise at 0 C. The progress was
monitored using TLC and after completion the reaction mixture was quenched with NH4CI
solution, organic layer was collected, dried over Na2SO4, purified via column chromatography
using (5-10)% Et0 in petroleum ether) as eluent. For compounds 1p and 1q, additionally 3% NEts

was added to the eluent system

The spectral data of allylic substrates were matched with the previously reported literature as
tabulated below.
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Table S1: Literature data of allylic substrates 1

Allylic alcohol substrates Number Literature background
n-CoHrg™ " 0Ac la reference?
n-CBHm/\/\OCOZMe 12’ reference®
n—CGH13/\/\OPiv la” reference®
n-CsHyq 0CO,Me 1b reference®
pr N 1 f 6
r 0CO,Me c reference
1d’ reference’
n—C6H13 X OAc
N
M
©/\AOCOZ © le reference®
N
0CO,Me 1f reference®
X~ ~0oco,Me
m 2 1g reference®
PG PPN :
N N S 0c0,Me 1h reference
0co,Me _ A
1j reference
|
'7'06"|13/;/OC02Me 1k reference®
0CO,Me
1l reference®®
0CO,Me
@ im reference’*
0CO,Me
1n reference?
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0CO,Me
10 reference®
0CO,Me
X 1p reference®*
o
0CO,Me
= la* reference®

(E)-Dec-3-en-2-yl methyl carbonate (1d’):

n-CgHs A\)\ocone

3

This compound was prepared using procedure 3B. *H NMR (400 MHz, CDClz): & 5.80 — 5.69
(m, 1H), 5.46 (ddt, J = 15.4, 7.1, 1.5 Hz, 1H), 5.15 (p, J = 6.6 Hz, 1H), 3.76 (s, 3H), 2.01 (td, J =
7.3,5.8 Hz, 2H), 1.41 - 1.32 (m, 5H), 1.31 — 1.23 (m, 6H), 0.88 (t, J = 6.9 Hz, 3H); 13C NMR (101
MHz, CDCls): 8 155.3, 134.6, 128.9, 75.5, 54.6, 32.2, 31.5, 28.7, 22.6, 20.6, 14.2.

Methyl ((7R,11R,E)-3,7,11,15-tetramethylhexadec-2-en-1-yl) carbonate (1i):

0CO,Me

This compound was prepared using procedure 3B. *H NMR (400 MHz, CDCls) § 5.39 (tp, J =
7.1, 1.4 Hz, 1H), 4.68 (d, J = 7.2 Hz, 2H), 3.80 (s, 3H), 2.06 — 2.00 (m, 2H), 1.73 (d, J = 1.3 Hz,
3H), 1.57 — 1.50 (m, 1H), 1.49 — 1.02 (m, 19H), 0.92 — 0.84 (m, 12H); 3C NMR (101 MHz,
CDCls) 6 156.0, 143.9, 117.6, 64.9, 54.8, 40.0, 39.5, 37.6, 37.5, 37.4, 36.8, 32.9, 32.8, 28.1, 25.1,
24.9, 24.6, 22.9, 22.8, 19.9, 19.8, 16.6.

(E)-4-(4-((tert-butyldimethylsilyl)oxy)-3-methoxyphenyl)but-3-en-2-yl methyl carbonate
(1a):

0CO,Me
N

TBSO
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This compound was prepared using procedure 3B. *H NMR (400 MHz, CDCI3) § 6.90 (d,J =2.0
Hz, 1H), 6.85 (dd, J = 8.1, 2.0 Hz, 1H), 6.79 (d, J = 8.1 Hz, 1H), 6.58 (dd, J = 15.9, 1.0 Hz, 1H),
6.05 (dd, J=15.9, 7.2 Hz, 1H), 5.40 - 5.30 (m, 1H), 3.81 (s, 3H), 3.78 (s, 3H), 1.46 (d, J = 6.5 Hz,
3H), 0.99 (s, 9H), 0.15 (s, 6H); 1*C NMR (101 MHz, CDCls) § 155.3, 151.2, 145.5, 132.6, 130.2,
126.2,121.1, 120.1, 110.1, 75.7, 55.6, 54.7, 25.9, 20.7, 18.6, -4.5.
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4 Optimization studies

The reaction conditions were optimized using €-2-nonenyl acetate 1a and n-butyl magnesium
chloride 2a (Scheme S3). The reactions were conducted in oven-dried schlenk tubes under a N>
atmosphere. After completion, the reaction mixture was quenched with drops of water and
volatilities were removed under reduced pressure. Crude *H-NMR was measured using 1,3,5-

trimethoxybenzene (TMB) as an internal standard.

MCC-Amp-Cu(l/Il)

O nBu—MgCl LiBr
X J\J' s cou nCoHis N8y * neCoty N 0H
n-CeHis~ X7 O (1.5equiv)  solvent (1.0 mL), 6H13 sH13
T,1.0h
2 2a 3a 1-OH

Scheme S3: Optimization of reaction conditions with nonenyl acetate 1a.

Table S2: Initial screening with nonenyl acetate 1a [@:

entry | catalyst addit_ive solvent T yield of 3a | unreacted | vyield of 1-
(equiv) (%0)(®] la (%) | OH (%)M

1 5 mol% LiBr (2.0) THF rt 86 - 10

2 5 mol% - THF rt 16 42 40

3 - LiBr (2.0) THF rt - 22 74

4 5mol% | LiBr(2.0) THF 0°C 81 - 16

5 5mol% | LiCI(2.0) THF rt 70 - 21

6 5mol% | LiBr(2.0) Et,0 rt 85 8

[a] Reaction conditions: 1a (0.2 mmol, 2a (0.3 mmol), THF (1.0 mL) were used under N, atmosphere. [b] Yields were
determined by *H-NMR analysis using 1,3,5-trimethoxybenzene (TMB) as internal standard.

The next reactions were performed using €-2-nonenyl carbonate (1a”) and n-butylmagnesium
chloride (2a).

MCC-Amp-Cu(l/I1)

O ngu— LiBr
NN )J\ + > MgCI n—C6H13/\v\”Bu + n-C6H13/\/\OH
n—CGH13/\/\O o (1.5 equiv) soIv_I(?nz ((;I t:nL),
1a' | 2a T 3a 1-OH

Scheme S4: Optimization of reaction conditions with nonenyl carbonate 7a’.
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Table S3: Initial screening with nonenyl carbonate 1a’

Entry | catalyst addit_ive solvent T yield of 3a unreacted | yield of 1-

(equiv) (%0)[®] 1a’ (%0)I | OH (%)
1 5mol% | LiBr(2.0) | THF re 98 - 2
2 5 mol% - THF rt 54 35 8
3 - LiBr (2.0) THF rt - 65 35
4 5mol% | LiBr(2.0) THF 0°C 95 - 3
5 5mol% | LiCl (2.0) THF rt 89 7 3
6 5mol% | LiBr(2.0) Et,0 rt 95 2
7 1 mol% LiBr (2.0) THF rt 39 34 13
8 2.5mol% | LiBr (2.0) THF rt 75 15 10
9 5mol% | LiBr(2.0) THF rt 95 - -

[a] Reaction conditions: 1a’ (0.2 mmol), 2a (0.3 mmol), THF (1.0 mL) were used under N, atmosphere. [b] Yields
were determined by 'H-NMR analysis using 1,3,5-trimethoxybenzene (TMB) as internal standard, ¢) OPiv (1a°’) was
used as leaving group instead of OCO;Me.
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5 General procedure for heterogeneous copper-catalyzed allylic-substitution

An oven-dried Schlenk tube was charged with LiBr (2.0 equiv) under a N atmosphere and it was
then dried under vacuum using a heat blower, followed by the addition of heterogeneous Cu-
catalyst (8.0 mg, 0.01 mmol, 0.05 equiv Cu) under N> atmosphere. After that, the catalyst and
additive mixture were dried again under vacuum at room temperature, followed by the addition of
1.0 mL of THF under N2 atmosphere. Next, the allylic alcohol derivative 1 (1.0 equiv) was added,
and finally, the Grignard reagent (1.5-2.0 equiv) was added dropwise at room temperature under
N2 atmosphere. Then the reaction mixture was stirred for 1 h or left overnight. Afterward, the
reaction mixture was quenched with a few drops of water, volatiles were removed under reduced
pressure, and the desired compound was isolated via flash chromatography (n-pentane and n-

pentane/ diethyl ether gradient).

2 oa MCC-Amp-Cu(I/1) (5 mol%) 2 s
RmRQ RS MgX LiBr (2.0 equiv) R® R
1J§/k )J\ - + 1§/k 5
R o 0 (1.5 equiv) THF (1 mL), rt, 1.0 h R R
R3 R3
1 2 3

Scheme S5: General procedure for the synthesis of allylic substituted derivatives.
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3.1 Synthetic details and characterization data

(E)-Tridec-6-ene (3a):°

n-CeHiy "N0.C,Hq

Following the general procedure, (E)-methyl non-2-en-1-yl carbonate 1a’ (40.1 mg, 0.20 mmol,
1.0 equiv) and n-butyl magnesium chloride (0.15 mL, 0.30 mmol, 1.5 equiv, 2.0 M in THF) were
reacted in THF (1.0 mL) for 1 h. Product 3a was isolated via column chromatography (pentane)
as colorless oil (32.2 mg, 0.176 mmol, 88%); *H NMR (400 MHz, CDCIs) 6 5.39 (ddd, J = 5.3,
3.7, 1.6 Hz, 2H), 2.01 — 1.93 (m, 4H), 1.39 — 1.22 (m, 14H), 0.88 (td, J = 7.0, 0.9 Hz, 6H); 13C
NMR (101 MHz, CDCls) 6 130.5, 32.8, 32.7, 31.9, 31.6, 29.8, 29.5, 29.0, 22.8, 22.7, 14.3, 14.2.

(olefinic carbon signals are overlapped).

(E)-Dodec-6-ene (3b):1®

n—C5H11/\/\n-C4H9

Following the general procedure, (E)-methyl oct-2-en-1-yl carbonate 1b (37.3 mg, 0.20 mmol,
1.0 equiv) and n-butyl magnesium chloride (0.15 mL, 0.30 mmol, 1.5 equiv, 2.0 M in THF) were
reacted in THF (1.0 mL) for 1 h. Product 3b was isolated via column chromatography (pentane)
as colorless oil (30.2 mg, 0.182 mmol, 92%); 'H NMR (400 MHz, CDClz) § 5.45 —5.33 (m, 2H),
1.97 (tdd, J=7.4,3.6, 1.4 Hz, 4H), 1.40 — 1.23 (m, 12H), 0.89 (t, J = 6.9 Hz, 6H).; 13C NMR (101
MHz, CDCls) 6 130.5, 32.7, 31.6, 29.5, 22.7, 14.2;

(E)-Dec-4-ene (3c):

n-Pr/\/\n—C‘ng

Following the general procedure, (E)-hex-2-en-1-yl methyl carbonate 1c (31.7 mg, 0.20 mmol,
1.0 equiv) and n-butyl magnesium chloride (0.15 mL, 0.30 mmol, 1.5 equiv, 2.0 M in THF) were
reacted in THF (1.0 mL) for 1 h. Product 3c was isolated via column chromatography (pentane) as
colorless oil (26.7 mg, 0.19 mmol, 95%); 'H NMR (400 MHz, CDCIs) § 5.45 — 5.33 (m, 2H),
2.00 — 1.92 (m, 4H), 1.37 — 1.23 (m, 8H), 0.91 — 0.86 (m, 6H).; *C NMR (101 MHz, CDCls) §
130.8, 130.2, 34.9, 32.7, 31.6, 29.5, 22.9, 22.7, 14.2, 13.8.
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(E)-5-Methyltridec-6-ene (3d):

n—C6H13 N n—C4H9

Following the general procedure, (E)-dec-3-en-2-yl methyl carbonate 1d* (42.7 mg, 0.20 mmol,
1.0 equiv) and n-butyl magnesium chloride (0.15 mL, 0.30 mmol, 1.5 equiv, 2.0 M in THF) were
reacted in THF (1.0 mL) for 1 h. Product 3d was isolated via column chromatography (pentane)
as colorless oil (31.8 mg, 0.16 mmol, 81%) 10:1 (a:y) selectivity; 'H NMR (400 MHz, CDCl3) §
5.38 —5.29 (m, 1H), 5.24 (ddt, J = 15.3, 7.5, 1.1 Hz, 1H), 2.03 (t, J = 6.6 Hz, 1H), 2.00 — 1.93 (m,
2H), 1.38 — 1.21 (m, 14H), 0.94 (d, J = 6.7 Hz, 3H), 0.88 (td, J = 7.0, 2.2 Hz, 6H); 13C NMR (101
MHz, CDClzs) 6 136.6, 128.6, 37.1, 36.8, 32.7, 31.5, 29.8, 29.5, 23.0, 22.7, 21.1, 14.3, 14.2 (two

carbon signals are overlapped).

(E)-Hept-1-en-1-ylbenzene (3e):’

©/\/\H_C4Hg

Following the general procedure, cinnamyl methyl carbonate 1e (38.5 mg, 0.20 mmol, 1.0 equiv)
and n-butyl magnesium chloride (0.15 mL, 0.30 mmol, 1.5 equiv, 2.0 M in THF) were reacted in
THF (1.0 mL) for 1 h. Product 3e was isolated via column chromatography (pentane) as colorless
oil (33.1 mg, 0.19 mmol, 95%); *H NMR (400 MHz, CDCls) § 7.37 — 7.33 (m, 2H), 7.32 — 7.26
(m, 2H), 7.22 — 7.16 (m, 1H), 6.38 (dt, J = 15.7, 1.5 Hz, 1H), 6.23 (dt, J = 15.8, 6.8 Hz, 1H), 2.25
—2.17 (m, 2H), 1.52 — 1.43 (m, 2H), 1.39 — 1.28 (m, 4H), 0.95 — 0.88 (m, 3H).; 3C NMR (101
MHz, CDCls) 6 138.1, 131.4, 129.8, 128.6, 126.9, 126.0, 33.2, 31.6, 29.2,22.7, 14.2.

(E)-(3-Methylhept-1-en-1-yl)benzene (3f):18
n-C4Hg

Following the general procedure, (E)-methyl (4-phenylbut-3-en-2-yl) carbonate 1f (41.2 mg,
0.20 mmol, 1.0 equiv) and n-butyl magnesium chloride (0.15 mL, 0.30 mmol, 1.5 equiv, 2.0 M in
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THF) were reacted in THF (1.0 mL) for 1 h. Product 3f was isolated via column chromatography
(pentane) as colorless oil (35.7 mg, 0.19 mmol, 95%); *H NMR (400 MHz, CDClz) § 7.38 — 7.33
(m, 2H), 7.29 (dd, J = 8.5, 6.9 Hz, 2H), 7.21 — 7.16 (m, 1H), 6.33 (d, J = 15.9 Hz, 1H), 6.10 (dd, J
=15.9,8.0 Hz, 1H), 2.34 — 2.22 (m, 1H), 1.42 — 1.24 (m, 6H), 1.07 (d, J = 6.7 Hz, 3H), 0.92 - 0.85
(m, 3H); *C NMR (101 MHz, CDCIs) & 138.1, 137.3, 128.6, 128.0, 126.9, 126.1, 37.4, 37.0,
29.8, 23.0, 20.8, 14.3.

(E)-(2-methylhept-1-en-1-yl)benzene (3g):*°

Following the general procedure, (E)-methyl (2-methyl-3-phenylallyl) carbonate 1g (41.2 mg,
0.20 mmol, 1.0 equiv) and n-butyl magnesium chloride (0.20 mL, 0.40 mmol, 2.0 equiv, 2.0 M in
THF) were reacted in THF (1.0 mL) for 15 h. Product 3g was isolated via column chromatography
(pentane) as colorless oil (35.5 mg, 0.188 mmol, 94%); 'H NMR (400 MHz, CDCl3) 6 7.31 (t, J
=7.6 Hz, 2H), 7.26 — 7.21 (m, 2H), 7.18 (td, J = 6.9, 3.1 Hz, 1H), 6.27 (s, 1H), 2.17 (t, J = 7.6 Hz,
2H), 1.86 (s, 3H), 1.57 — 1.48 (m, 2H), 1.40 — 1.29 (m, 4H), 0.92 (t, J = 6.8 Hz, 3H); 13C NMR
(101 MHz, CDCIl3) 6 139.6, 138.9, 129.0, 128.1, 125.9, 124.8, 40.9, 31.7, 27.8, 22.8, 17.9, 14.3;

(6E,10E)-2,6,10-Trimethylhexadeca-2,6,10-triene (3h):?°

N N N"N.C4Ho
Following the general procedure, methyl ((2E,6E)-3,7,11-trimethyldodeca-2,6,10-trien-1-yl)
carbonate 1h (56.1 mg, 0.20 mmol, 1.0 equiv) and n-butyl magnesium chloride (0.20 mL,
0.40 mmol, 2.0 equiv, 2.0 M in THF) were reacted in THF (1.0 mL) for 15 h. Product 3h was
isolated via column chromatography (pentane) as colorless oil (48.6 mg, 0.18 mmol, 92%); ‘H
NMR (400 MHz, CDCI3) 4 5.16 — 5.06 (m, 3H), 2.12 — 2.02 (m, 4H), 2.02 — 1.93 (m, 6H), 1.68
(9,3 =1.3Hz, 3H), 1.60 (g, J = 1.2 Hz, 9H), 1.37 — 1.22 (m, 6H), 0.92 — 0.86 (m, 3H); 13C NMR
(101 MHz, CDClzs) 6 135.0, 134.9, 131.4, 125.0, 124.6, 124.4, 39.9, 39.9, 31.7, 29.7, 28.1, 26.9,
26.8, 25.8,22.8,17.8, 16.2, 16.1, 14.3.
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(11R,15R,E)-7,11,15,19-tetramethylicos-6-ene (3i):

YWIP(MHQ

Following the general procedure, methyl ((7R,11R,E)-3,7,11,15-tetramethylhexadec-2-en-1-yl)
carbonate 1i (70.9 mg, 0.20 mmol, 1.0 equiv) and n-butyl magnesium chloride (0.20 mL,
0.40 mmol, 2.0 equiv, 2.0 M in THF) were reacted in THF (1.0 mL) for 15 h. Product 3i was
isolated via column chromatography (pentane) as colorless oil (54.5 mg, 0.16 mmol, 81%); H
NMR (400 MHz, CDCls) 6 5.15 (t, J = 7.2 Hz, 1H), 1.99 (p, J = 7.4 Hz, 4H), 1.61 (s, 3H), 1.59 —
1.50 (m, 2H), 1.46 — 1.24 (m, 17H), 1.22 — 1.05 (m, 6H), 0.96 — 0.85 (m, 15H); ¥*C NMR (101
MHz, CDCls) 6 135.3, 124.8, 40.2, 39.6, 37.6, 37.6, 37.5, 36.8, 33.0, 32.9, 31.8, 29.8, 28.2, 28.1,
25.6, 25.0, 24.7, 22.9, 22.8, 22.8, 19.9, 19.9, 16.0, 14.3; GC MS (EI): 336.5 [M+], (6), 140.2 (6),
127.3 (11), 125.3 (18), 111.2 (85), 98.1 (26), 97.1 (34), 85.1 (28), 70.1 (61), 69.1 (100).

(E)-2,6-dimethyldodeca-2,6-diene (3j):%*

n-C4H9

Following the general procedure, (E)-3,7-dimethylocta-2,6-dien-1-yl methyl carbonate 1j
(42.5 mg, 0.20 mmol, 1.0 equiv) and n-butyl magnesium chloride (0.20 mL, 0.40 mmol, 2.0 equiv,
2.0 M in THF) were reacted in THF (1.0 mL) for 15 h. Product 3j was isolated via column
chromatography (pentane) as colorless oil (35.7 mg, 0.18 mmol, 92%); 'H NMR (400 MHz,
CDCI3) 6 5.18 —=5.05 (m, 2H), 2.12 — 2.03 (m, 2H), 2.02 — 1.93 (m, 4H), 1.68 (q, J = 1.3 Hz, 3H),
1.60 (dd, J = 4.5, 1.3 Hz, 6H), 1.38 — 1.22 (m, 6H), 0.92 — 0.86 (m, 3H); 1*C NMR (101 MHz,
CDCls) 6 134.9, 131.4, 125.0, 124.6, 39.9, 31.7, 29.7, 28.0, 26.9, 25.8, 22.8, 17.8, 16.1, 14.3.

(Z)-Tridec-6-ene (3g) (3k):*

— n-C4H
n-CGH 1 3/_\/ 49
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Following the general procedure, (Z)-methyl non-2-en-1-yl carbonate 1k (41.2 mg, 0.20 mmol,
1.0 equiv) and n-butyl magnesium chloride (0.20 mL, 0.40 mmol, 2.0 equiv, 2.0 M in THF) were
reacted in THF (1.0 mL) for 15 h. Product 3k was isolated via column chromatography (pentane)
as colorless oil (25.1 mg, 0.138 mmol, 69%, 8:1 mixture of a:y isomer); *H NMR (400 MHz,
CDCls, for a -isomer) & 5.35 (ddd, J =5.6, 4.4, 1.2 Hz, 2H), 2.07 — 1.97 (m, 4H), 1.40 — 1.20 (m,
14H), 0.88 (tt, J = 6.9, 2.3 Hz, 6H); 13C NMR (101 MHz, CDClIs, for a -isomer) & 130.1, 31.9,
31.7,29.9, 29.6, 29.1, 27.4, 27.3, 22.8, 22.7, 14.3, 14.2 (olefinic carbon signals are overlapped).

(Cyclohex-2-en-1-ylmethyl)benzene (31):2

Ph

Following the general procedure, cyclohex-2-en-1-yl methyl carbonate 11 (31.3 mg, 0.20 mmol,
1.0 equiv) and benzylmagnesium chloride (0.30 mL, 0.30 mmol, 1.5 equiv, 1.0 M in Et,O) were
reacted in THF (1.0 mL) for 1 h. Product 3l was isolated via column chromatography (pentane) as
colorless oil (31.4 mg, 0.182 mmol, 91%); *H NMR (400 MHz, CDCls) § 7.34 — 7.27 (m, 2H),
7.24 —7.17 (m, 3H), 5.75 — 5.68 (m, 1H), 5.63 — 5.56 (m, 1H), 2.66 (dd, J = 13.3, 7.2 Hz, 1H),
2.56 (dd, J = 13.3, 8.1 Hz, 1H), 2.46 — 2.34 (m, 1H), 2.05 — 1.97 (m, 2H), 1.80 — 1.68 (m, 2H),
1.59 — 1.47 (m, 1H), 1.35 — 1.23 (m, 1H); 3C NMR (101 MHz, CDCls) ) 5 141.0, 131.5, 129.3,
128.3,127.5, 125.9, 42.9, 37.3, 29.0, 25.5, 21.4.

3-Butyl-5-methylcyclohex-1-ene (3m):2 24

n-C4H9

Following the general procedure, methyl (5-methylcyclohex-2-en-1-yl) carbonate 1m (34.1 mg,
0.20 mmol, 1.0 equiv) and n-butyl magnesium chloride (0.15 mL, 0.30 mmol, 1.5 equiv, 2.0 M in
THF) were reacted in THF (1.0 mL) for 1 h. Product 3m was isolated via column chromatography
(pentane) as colorless o0il (22.4 mg, 0.147 mmol, 74%); *H NMR (400 MHz, CDCl3) 6 5.67 —5.58
(m, 2H), 2.13 — 2.02 (m, 2H), 1.85 — 1.71 (m, 1H), 1.65 — 1.54 (m, 1H), 1.50 — 1.22 (m, 8H), 0.94
(d, J=6.7 Hz, 3H), 0.92 - 0.88 (m, 3H); 1*C NMR (101 MHz, CDCls) § 131.7, 125.8, 36.0, 36.0,
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33.8, 33.8, 29.9, 24.8, 23.1, 21.6, 14.3, (trans:cis 13:1); GC MS (EI): 152.2 [M+] (6), 110.1 (11),
96.1 (18), 95.2 (100), 93.1 (6), 82.1 (25), 81.1 (30), 67.1 (41).

3-Butyl-1,2,3,6-tetrahydro-1,1'-biphenyl (3n):

n-C4H9

Ph™"

Following the general procedure, methyl (1,2,3,6-tetrahydro-[1,1'-biphenyl]-3-yl) carbonate 1n
(46.5 mg, 0.20 mmol, 1.0 equiv) and n-butyl magnesium chloride (0.15 mL, 0.30 mmol, 1.5 equiv,
2.0 M in THF) were reacted in THF (1.0 mL) for 1 h. Product 3n was isolated via column
chromatography (pentane) as colorless oil (39.4 mg, 0.183 mmol, 92%); ‘H NMR (400 MHz,
CDClz) 6 7.39-7.32 (m, 2H), 7.32 - 7.21 (m, 3H), 5.86 — 5.76 (m, 2H), 3.00 — 2.90 (m, 1H), 2.40
—2.30 (m, 1H), 2.25 - 2.13 (m, 2H), 1.93 (ddd, J = 13.0, 11.1, 5.7 Hz, 1H), 1.85 — 1.77 (m, 1H),
1.46 — 1.29 (m, 6H), 1.00 — 0.89 (m, 3H); 13C NMR (101 MHz, CDClz) ) 5 147.4, 132.0, 128.4,
127.2,126.1, 126.0, 36.1, 35.7, 34.9, 34.5, 33.3, 29.9, 23.1, 14.3.

3-Butylcyclohept-1-ene (30):

n-C4H9

Following the general procedure, cyclohept-2-en-1-yl methyl carbonate 10 (34.1 mg, 0.20 mmol,
1.0 equiv) and n-butyl magnesium chloride (0.15 mL, 0.30 mmol, 1.5 equiv, 2.0 M in THF) were
reacted in THF (1.0 mL) for 1 h. Product 3o was isolated via column chromatography (pentane)
as colorless oil (28.4 mg, 0.186 mmol, 93%); 'H NMR (400 MHz, CDClz) 6 5.80 —5.70 (m, 1H),
5.56 (ddd, J = 11.1, 4.3, 1.9 Hz, 1H), 2.23 — 2.03 (m, 3H), 1.99 — 1.89 (m, 1H), 1.71 — 1.49 (m,
3H), 1.43—1.17 (m, 8H), 0.94 — 0.85 (m, 3H); 13C NMR (101 MHz, CDCls)  138.6, 131.1, 39.8,
36.9, 33.7, 30.9, 29.7, 28.9, 27.2, 23.1, 14.3; GC MS (El): 152.2 [M+] (3), 110.1 (7), 96.1 (77),
95.2 (100), 93.1 (10), 82.1 (42), 81.1 (75), 96.2 (77), 67.1 (95).

(E)-1-Methoxy-4-(3-methylhept-1-en-1-yl)benzene (3p):%°
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Following the general procedure, (E)-4-(4-methoxyphenyl)but-3-en-2-yl methyl carbonate 1p
(47.3 mg, 0.20 mmol, 1.0 equiv) and n-butyl magnesium chloride (0.15 mL, 0.30 mmol, 1.5 equiv,
2.0 M in THF) were reacted in THF (1.0 mL) for 1 h. Product 3p was isolated via column
chromatography (2% Et,0 in pentane) as colorless oil (41.3 mg, 0.19 mmol, 95%); *H NMR (400
MHz, CDClIs) 6 7.28 (dd, J = 7.8, 1.3 Hz, 2H), 6.86 — 6.81 (m, 2H), 6.28 (dd, J = 15.9, 1.0 Hz,
1H), 5.95 (dd, J = 15.8, 7.9 Hz, 1H), 3.80 (s, 3H), 2.30 — 2.19 (m, 1H), 1.40 — 1.24 (m, 6H), 1.06
(d, J = 6.7 Hz, 3H), 0.92 — 0.85 (m, 3H); 13C NMR (101 MHz, CDClz3) & 158.7, 135.2, 131.0,
127.3,127.1, 114.0, 55.5, 37.4, 37.1, 29.8, 23.0, 20.9, 14.3.

(E)-Tert-butyl(2-methoxy-4-(3-methylhept-1-en-1-yl)phenoxy)dimethylsilane (3q):

n-C4H9
A

TBSO

Following the general procedure, (E)-4-(4-((tert-butyldimethylsilyl)oxy)-3-methoxyphenyl)but-3-
en-2-yl methyl carbonate 1q (73.3 mg, 0.20 mmol, 1.0 equiv) and n-butyl magnesium chloride
(0.20 mL, 0.40 mmol, 2.0 equiv, 2.0 M in THF) were reacted in THF (1.0 mL) for 1 h. Product 3q
was isolated via column chromatography (2% Et,O in pentane) as colorless oil (55.8 mg,
0.16 mmol, 80%); *H NMR (400 MHz, CDCls) 5 6.88 (d, J = 1.9 Hz, 1H), 6.82 (dd, J = 8.2, 2.0
Hz, 1H), 6.78 (d, J = 8.1 Hz, 1H), 6.27 (dd, J = 15.9, 1.0 Hz, 1H), 5.97 (dd, J = 15.8, 7.9 Hz, 1H),
3.83 (s, 3H), 2.32 - 2.20 (m, 1H), 1.42 — 1.25 (m, 6H), 1.08 (d, J = 6.7 Hz, 3H), 1.01 (s, 9H), 0.94
—0.87 (m, 3H), 0.16 (s, 6H); *C NMR (101 MHz, CDCls) & 151.1, 144.4, 135.3, 132.1, 127.9,
121.0, 119.0, 109.7, 55.6, 37.4, 37.1, 29.8, 25.9, 23.0, 20.9, 18.6, 14.3, -4.5. HRMS [M+Na]"
calcd. for C21H3sNaO,Si™ 371.2377, found 371.2374.

(E)-Non-2-en-1-ylcyclopentane (3r):2°
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n'C5H13/\/\O

Following the general procedure, (E)-methyl non-2-en-1-yl carbonate 1a’ (40.1 mg, 0.20 mmol,
1.0 equiv) and cyclopentylmagnesium chloride 2b (0.15 mL, 0.30 mmol, 1.5 equiv, 2.0 M in Et20)
were reacted in THF (1.0 mL) for 1 h. Product 3r was isolated via column chromatography
(pentane) as colorless oil (35.2 mg, 0.18 mmol, 91%); *H NMR (400 MHz, CDClz) § 5.45 - 5.32
(m, 2H), 2.06 — 1.92 (m, 4H), 1.88 — 1.77 (m, 1H), 1.76 — 1.66 (m, 2H), 1.64 — 1.54 (m, 2H), 1.52
—1.43 (m, 2H), 1.39 — 1.22 (m, 8H), 1.18 — 1.06 (m, 2H), 0.92 — 0.84 (m, 3H); 3C NMR (101
MHz, CDCls) 8 131.0, 129.8, 40.3, 39.2, 32.8, 32.4 (2C), 31.9, 29.8, 29.0, 25.3 (2C), 22.8, 14.3.

(E)-Non-2-en-1-ylcyclohexane (3s):?’

”'CGH13/\/U

Following the general procedure, (E)-methyl non-2-en-1-yl carbonate 1a’ (40.1 mg, 0.20 mmol,
1.0 equiv) and cyclohexylmagnesium chloride 2¢ (0.15 mL, 0.30 mmol, 1.5 equiv, 2.0 M in Et;0)
were reacted in THF (1.0 mL) for 1 h. Product 3s was isolated via column chromatography
(pentane) as colorless oil (37.4 mg, 0.18 mmol, 61% vyield, 67% purity, mixed with 33%
inseparable 1,1'-bi(cyclohexane))?; 'H NMR (400 MHz, CDCls) § 5.43 — 5.30 (m, 2H), 2.00 —
1.94 (m, 2H), 1.89 — 1.82 (m, 2H), 1.75 - 1.59 (m, 9H), 1.38 — 1.14 (m, 10H), 0.90 — 0.85 (m, 3H);
13C NMR (101 MHz, CDCIs) 6 131.6, 128.9, 40.8, 38.3, 33.3, 32.8, 31.9, 29.8, 29.0, 26.8, 26.5,
22.8,14.2.

(E)-Tetradec-7-ene (3t):%°

n—CsH13/W\/\

Following the general procedure, (E)-methyl non-2-en-1-yl carbonate 1a’ (40.1 mg, 0.20 mmol,
1.0 equiv) and pentylmagnesium bromide (0.15 mL, 0.30 mmol, 1.5 equiv, 2.0 M in Et2O) were
reacted in THF (1.0 mL) for 1 h. Product 3t was isolated via column chromatography (pentane) as
colorless oil (33.4 mg, 0.17 mmol, 85%); *H NMR (400 MHz, CDCls) § 5.39 (ddd, J = 5.3, 3.7,
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1.6 Hz, 2H), 2.01 - 1.92 (m, 4H), 1.37 — 1.22 (m, 16H), 0.91 — 0.85 (M, 6H); *C NMR (101 MHz,
CDCls) 5 130.5, 32.8, 31.9, 29.8, 29.0, 22.8, 14.3.

(E)-2-Methyltridec-6-ene (3u):

n_CaHm/w

Following the general procedure, (E)-methyl non-2-en-1-yl carbonate 1a’ (40.1 mg, 0.20 mmol,
1.0 equiv) and isopentylmagnesium bromide (0.15 mL, 0.30 mmol, 1.5 equiv, 2.0 M in Et,O) were
reacted in THF (1.0 mL) for 1 h. Product 3u was isolated via column chromatography (pentane)
as colorless oil (36.2 mg, 0.184 mmol, 92%); *H NMR (400 MHz, CDCl3) § 5.41 (td, J =3.7, 1.8
Hz, 2H), 2.03 - 1.94 (m, 4H), 1.61 — 1.49 (m, 1H), 1.42 — 1.26 (m, 10H), 1.22 — 1.15 (m, 2H), 0.93
—0.87 (m, 9H); *3C NMR (101 MHz, CDCIs) & 130.5, 38.7, 33.0, 32.8, 31.9, 29.8, 29.0, 28.1,
27.6,22.8, 22.8, 14.3 (olefinic signals are overlapped); GC MS (El): 196.3 [M+] (10), 111.2 (14),
, 97.1(25), 84.1 (20), 83.1 (40), 70.1 (42), 69.1 (100).

(E)-Non-2-en-1-ylbenzene (3v):*

”'CeH13/\/©

Following the general procedure, (E)-methyl non-2-en-1-yl carbonate 1a’ (40.1 mg, 0.20 mmol,
1.0 equiv) and phenylmagnesium chloride (0.15 mL, 0.30 mmol, 1.5 equiv, 2.0 M in THF) were
reacted in THF (1.0 mL) for 1 h. Product 3v was isolated via column chromatography (pentane)
as colorless oil (37.3 mg, 0.184 mmol, 92%); 'H NMR (400 MHz, CDClz) § 7.33 — 7.26 (m, 2H),
7.19 (dt, J = 6.3, 1.7 Hz, 3H), 5.62 — 5.47 (m, 2H), 3.34 (d, J = 5.8 Hz, 2H), 2.03 (td, J = 7.2, 5.6
Hz, 2H), 1.42 — 1.23 (m, 8H), 0.93 — 0.85 (m, 3H); 13C NMR (101 MHz, CDCls) § 141.3, 132.3,
128.8, 128.6, 128.5, 126.0, 39.2, 32.7, 31.9, 29.6, 29.0, 22.8, 14.2.

(E)-1-Chloro-4-(non-2-en-1-yl)benzene (3w):3!

n'CeH13/\/©\
Cl
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Following the general procedure, (E)-methyl non-2-en-1-yl carbonate 1a’ (40.1 mg, 0.20 mmol,
1.0 equiv) and (4-chlorophenyl)magnesium bromide (0.30 mL, 0.30 mmol, 1.5 equiv, 1.0 M in
Et,O) were reacted in THF (1.0 mL) for 1 h. Product 3w was isolated via column chromatography
(pentane) as colorless oil (45.4 mg, 0.19 mmol, 96%); *H NMR (400 MHz, CDClz) § 7.26 — 7.22
(m, 2H), 7.13 - 7.08 (m, 2H), 5.56 — 5.45 (m, 2H), 3.29 (d, J = 4.7 Hz, 2H), 2.06 — 1.97 (m, 2H),
1.41 - 1.22 (m, 8H), 0.92 — 0.84 (m, 3H); *C NMR (101 MHz, CDCls) & 139.7, 132.8, 131.7,
130.0, 128.5, 128.3, 38.5, 32.6, 31.9, 29.5, 29.0, 22.8, 14.2.

(E)-1-Methoxy-3-(non-2-en-1-yl)benzene (3x):*?

0
n-C6H13/\/\©/ ~

Following the general procedure, (E)-methyl non-2-en-1-yl carbonate 1a’ (40.1 mg, 0.20 mmol,
1.0 equiv) and (3-methoxyphenyl)magnesium bromide (0.30 mL, 0.30 mmol, 1.5 equiv, 1.0 M in
THF) were reacted in THF (1.0 mL) for 1 h. Product 3x was isolated via column chromatography
(pentane) as colorless oil (44.2 mg, 0.19 mmol, 95%); *H NMR (400 MHz, CDClz) § 7.23 - 7.17
(m, 1H), 6.80 — 6.77 (m, 1H), 6.76 — 6.72 (m, 2H), 5.60 — 5.47 (m, 2H), 3.80 (s, 3H), 3.31 (d, J =
5.2 Hz, 2H), 2.06 — 1.98 (m, 2H), 1.42 — 1.22 (m, 8H), 0.92 — 0.84 (m, 3H); 3C NMR (101 MHz,
CDCls) 6 159.8, 143.0, 132.5, 129.4, 128.6, 121.0, 114.3, 111.4, 55.3, 39.2, 32.7, 31.9, 29.6, 29.0,
22.8,14.2.

(E)-1-Methyl-2-(non-2-en-1-yl)benzene (3y):3!

A
n-CgHq3

Following the general procedure, (E)-methyl non-2-en-1-yl carbonate 1a’ (40.1 mg, 0.20 mmol,
1.0 equiv) and o-tolylmagnesium chloride (0.40 mL, 0.40 mmol, 2.0 equiv, 1.0 M in THF) were
reacted in THF (1.0 mL) for 1 h. Product 3y was isolated via column chromatography (pentane)
as colorless oil (38.3 mg, 0.177 mmol, 89%); 'H NMR (400 MHz, CDClIz) § 7.20 — 7.08 (m, 4H),
5.57 - 5.50 (m, 1H), 5.47 —5.39 (m, 1H), 3.31 (dq, J = 6.3, 1.2 Hz, 2H), 2.30 (s, 3H), 2.01 (tdd, J
=7.6, 6.0, 1.2 Hz, 2H), 1.43 — 1.20 (m, 8H), 0.93 — 0.84 (m, 3H); 1*C NMR (101 MHz, CDCls)
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0 139.3, 136.4, 132.1, 130.2, 129.1, 127.9, 126.2, 126.1, 36.7, 32.7, 31.9, 29.6, 29.0, 22.8, 19.5,
14.2.

(E)-Dec-3-en-1-ylbenzene (3z):33

n-CgHj4 /W©

3

Following the general procedure, (E)-methyl non-2-en-1-yl carbonate 1a’ (40.1 mg, 0.20 mmol,
1.0 equiv) and benzylmagnesium chloride (0.30 mL, 0.30 mmol, 1.5 equiv, 1.0 M in Et,O) were
reacted in THF (1.0 mL) for 1 h. Product 3z was isolated via column chromatography (pentane) as
colorless oil (35.6 mg, 0.164 mmol, 82%); *H NMR (400 MHz, CDCls) § 7.34 — 7.26 (m, 2H),
7.23 -7.17 (m, 3H), 5.52 — 5.40 (m, 2H), 2.70 (dd, J = 9.0, 6.7 Hz, 2H), 2.33 (ddd, J = 10.4, 5.8,
2.5 Hz, 2H), 2.05 — 1.95 (m, 2H), 1.41 — 1.24 (m, 8H), 0.91 (t, J = 6.8 Hz, 3H); 1*C NMR (101
MHz, CDCls) & 142.4, 131.3, 129.4, 128.6, 128.4, 125.8, 36.3, 34.6, 32.7, 31.9, 29.7, 29.0, 22.8,
14.3.

(E)-Dodec-5-en-1-ylbenzene (3aa):3*

n-CeH; /W\/©

3

Following the general procedure, (E)-methyl non-2-en-1-yl carbonate 1a’ (40.1 mg, 0.20 mmol,
1.0 equiv) and (3-phenylpropyl)magnesium bromide (0.80 mL, 0.40 mmol, 1.5 equiv, ~ 0.5 M in
THF)*® were reacted in THF (1.0 mL) for 1 h. Product 3aa was isolated via column
chromatography (pentane) as colorless oil (44.8 mg, 0.183 mmol, 92%); ‘H NMR (400 MHz,
CDCI3) 6 7.33 —7.27 (m, 2H), 7.23 - 7.16 (m, 3H), 5.47 — 5.35 (m, 2H), 2.66 — 2.59 (m, 2H), 2.08
—1.95 (m, 4H), 1.70 — 1.59 (m, 2H), 1.48 — 1.39 (m, 2H), 1.39 — 1.23 (m, 8H), 0.96 — 0.86 (m,
3H); C NMR (101 MHz, CDCIs) & 143.0, 130.8, 130.1, 128.6, 128.4, 125.7, 36.0, 32.8, 32.6,
31.9, 31.1, 29.8, 29.4, 29.0, 22.8, 14.3.

(E)-Dec-3-en-1-yltrimethylsilane (3ab):*

|
si
n-CeH13M ~
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Following the general procedure, (E)-methyl non-2-en-1-yl carbonate 1a’ (40.1 mg, 0.20 mmol,
1.0 equiv) and ((trimethylsilyl)methyl)magnesium chloride (0.15 mL, 0.30 mmol, 1.5 equiv, 1.0
M in Et,O) were reacted in THF (1.0 mL) for 1 h. Product 3ab was isolated via column
chromatography (pentane) as colorless oil (33.3 mg, 0.158 mmol, 78%); 'H NMR (400 MHz,
CDClIs) 6 5.50 - 5.32 (m, 2H), 2.05-1.91 (m, 4H), 1.39 — 1.19 (m, 8H), 0.94 — 0.84 (m, 3H), 0.64
—0.51 (m, 2H), -0.02 (s, 9H); *C NMR (101 MHz, CDCls) 6 133.2, 129.0, 32.7, 31.9, 29.8, 29.0,
27.0, 22.8, 16.8, 14.3, -1.4; GC MS (El): 212.2 [M+], (2), 197.2 (2), 72.1 (2), 67.1 (2), 74.1 (8),
99.1 (10), 73.1 (100).

(E)-2,2-dimethylundec-4-ene (3ac):

”'C6H13W

Following the general procedure, (E)-methyl non-2-en-1-yl carbonate 1a’ (40.1 mg, 0.20 mmol,
1.0 equiv) and tert-butyl magnesium chloride (0.15 mL, 0.30 mmol, 1.5 equiv, 2.0 M in Et,0O) were
reacted in THF (1.0 mL) for 1 h. Product 3ac was isolated via column chromatography (pentane)
as colorless oil (35.1 mg, 0.192 mmol, 78%), 4:1 (a:y) selectivity; 'H NMR (400 MHz, CDCls
for major isomer) 6 5.47 — 5.32 (m, 2H), 2.00 (q, J = 6.5 Hz, 2H), 1.85 (d, J = 6.2 Hz, 2H), 1.38 —
1.22 (m, 8H), 0.89 — 0.82 (m, 12H).; 3C NMR (101 MHz, CDClz (for major isomer) & 132.9,
127.4, 47.3, 32.8, 31.9, 31.0, 29.8, 29.0, 27.9, 22.8. 14.3; GC MS (El): 182.3 [M+] (15), 126.2
(69), 124.2 (38), 97.2 (65), 83.1 (52), 70.1 (47), 69.1 (100), 67.1 (23).

(E)-2-Methylundec-4-ene (3ad):%’

n-CegHy 3/\/Y

Following the general procedure, (E)-methyl non-2-en-1-yl carbonate 1a’ (40.1 mg, 0.20 mmol,
1.0 equiv) and isopropyl magnesium chloride (0.15 mL, 0.30 mmol, 1.5 equiv, 2.0 M in THF) were
reacted in THF (1.0 mL) for 1 h. Product 3ad was isolated via column chromatography (pentane)
as colorless oil (19.2 mg, 0.114 mmol, 57%), 20:1 (a:y) selectivity; *H NMR (400 MHz, CDCls)
5 5.45 -5.32 (m, 2H), 2.09 — 1.82 (m, 4H), 1.57 (dt, J = 13.3, 6.7 Hz, 1H), 1.37 — 1.24 (m, 8H),
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0.92 — 0.81 (M, 9H); 3C NMR (101 MHz, CDCls) § 131.7, 129.1, 42.2, 32.8, 31.9, 29.8, 29.0,
28.7,22.8,22.4, 14.2.

(E)-Undeca-1,4-diene (3ae):*’

=
n-CgH NN

3

Following the general procedure 1 (E)-methyl non-2-en-1-yl carbonate 1a’ (40.1 mg, 0.20 mmol,
1.0 equiv) and vinyl magnesium bromide (0.30 mL, 0.30 mmol, 1.5 equiv, 1.0 M in THF) were
reacted in THF (1.0 mL) for 1 h. Product 3ae was isolated via column chromatography (pentane)
as colorless oil (11.3 mg, 0.07 mmol, 37%); *H NMR (400 MHz, CDClIz) § 5.90 — 5.80 (m, 1H),
5.53 -5.38 (m, 2H), 5.09 — 4.97 (m, 2H), 2.77 (ddd, J = 6.7, 4.1, 2.6 Hz, 2H), 2.07 — 1.98 (m, 2H),
1.41 - 1.24 (m, 8H), 0.95 — 0.86 (m, 3H).; 3*C NMR (101 MHz, CDCls) & 137.7, 132.0, 127.6,
114.8, 36.9, 32.7, 31.9, 29.6, 29.0, 22.8, 14.3.

(E)-1-Fluoro-4-(4-phenylbut-3-en-2-yl)benzene (3af):%

XN

T

Following the general procedure, (E)-methyl (4-phenylbut-3-en-2-yl) carbonate 1f (41.3 mg,
0.20 mmol, 1.0 equiv) and (4-fluorophenyl)magnesium bromide (0.30 mL, 0.30 mmol, 1.5 equiv,
1.0 M in THF) were reacted in THF (1.0 mL) for 1 h. Product 3af was isolated via column
chromatography (pentane) as colorless oil (41.6 mg, 0.18 mmol, 92%); 'H NMR (400 MHz,
CDCls) 6 7.38 (dd, J = 7.3, 1.5 Hz, 2H), 7.34 — 7.28 (m, 2H), 7.27 — 7.20 (m, 3H), 7.06 — 6.98 (m,
2H), 6.46 — 6.32 (m, 2H), 3.65 (p, J = 6.8 Hz, 1H), 1.47 (dd, J = 7.1, 1.0 Hz, 3H); 3C NMR (101
MHz, CDCls) 8 161.5 (d, J = 243.9 Hz), 141.4 (d, J = 3.2 Hz), 137.6, 135.1, 128.8 (d, J = 7.8 Hz),
128.8,128.7, 127.3, 126.3, 115.3 (d, J = 21.0 Hz), 41.9, 21.5.

(E)-1-Methoxy-4-(3-methylpentadec-1-en-1-yl)benzene (3ag):
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Following the general procedure, (E)-4-(4-methoxyphenyl)but-3-en-2-yl methyl carbonate 1n
(47.3mg, 0.20 mmol, 1.0equiv) and dodecylmagnesium bromide (0.30 mL, 0.30 mmol,
1.5 equiv, 1.0 M in Et20) were reacted in THF (1.0 mL) for 1 h. Product 3ag was isolated via
column chromatography (pentane) as colorless oil (61.8 mg, 0.19 mmol, 93%); ‘H NMR (400
MHz, CDCl3) 6 7.32 — 7.26 (m, 2H), 6.87 — 6.80 (m, 2H), 6.28 (d, J = 15.9 Hz, 1H), 5.95 (dd, J =
15.8, 7.9 Hz, 1H), 3.80 (s, 3H), 2.25 (hept, J = 6.7 Hz, 1H), 1.26 (s, 22H), 1.06 (d, J = 6.7 Hz, 3H),
0.91 - 0.85 (m, 3H); 3C NMR (101 MHz, CDCls) § 158.7, 135.2, 131.0, 127.3, 127.1, 114.0,
554, 37.4,37.4,32.1, 30.0, 29.8, 29.8, 29.5, 27.6, 22.8, 20.9, 14.3 (three signals are overlapping
with other signals). HRMS [M+Na]" calcd. for Co3H3sNaO* 353.2815, found 353.2812.

(E)-2-Fluoro-4-(4-phenylbut-3-en-2-yl)-1,1'-biphenyl (3ah):*

o

Following the general procedure 1 (E)-methyl non-2-en-1-yl carbonate 1f (40.1 mg, 0.20 mmol,
1.0 equiv) and (2-fluoro-[1,1-biphenyl]-4-yl)magnesium bromide (0.80 mL, 0.40 mmol,
2.0 equiv, 0.5 M in THF) were reacted in THF (1.0 mL) for 1 h. Product 3ah was isolated via
column chromatography (n-pentane) as light yellow oil (50.8 mg, 0.17 mmol, 84%); 'H NMR
(400 MHz, CDCls) 8 7.59 — 7.52 (m, 2H), 7.45 (t, J = 7.6 Hz, 2H), 7.39 (q, J = 7.3 Hz, 4H), 7.31
(t, J=7.5Hz, 2H), 7.22 (t, J = 7.3 Hz, 1H), 7.14 (dd, J = 7.9, 1.8 Hz, 1H), 7.11 — 7.05 (m, 1H),
6.48 (d, J = 15.9 Hz, 1H), 6.38 (dd, J = 15.9, 6.6 Hz, 1H), 3.69 (p, J = 6.9 Hz, 1H), 1.51 (d, J =
7.0 Hz, 3H); *C NMR (101 MHz, CDCl3) 6 159.9 (d, J = 247.8 Hz), 147.5 (d, J = 7.2 Hz), 137.5,
135.9, 134.4,130.8 (d, J = 4.0 Hz), 129.3, 129.1 (d, J = 2.9 Hz), 128.7, 128.6, 127.6, 127.4, 127.0
(d, J = 13.5 Hz), 126.4, 123.4 (d, J = 3.2 Hz), 115.0 (d, J = 23.0 Hz), 42.3 (d, J = 1.6 Hz), 21.2;
19F NMR (377 MHz, CDCls) § -118.08 (d, J = 2.2 Hz).
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6 Chirality transfer experiment:

(0]
/\)Oi )J\O)K 2
N . :
n-CeHq3 n—C6H13M
CalB, Na,COs5
1d-OH toluene, rt 1d

MCC-Amp-Cu(l/ll)

(5 mol%) )
OAc LiBr (2.0 equiv) o 1-CaHo
f CuHe-MgCl ————
1oty NN EeMOE ThE o Cettis
1 h 3d
1d 2a

81%, ee>99%

Scheme S6: Chirality transfer experiment

Following a modified literature procedure,”’ to a solution of 1d-OH in toluene was added
isopropenyl acetate (1.0 equiv), Na2COs (1.0 equiv), and Candida antarctica lipase B (CalB, 8.0
mg) sequentially. The mixture was stirred at room temperature overnight and then purified by
column chromatography on silica gel (eluent petroleum ether/diethyl ether = 20/1) to afford

enantiopure allylic alcohol acetate (R)-1d in 43% yield.

An oven-dried Schlenk tube was charged with LiBr (34.4 mg, 0.4 mmol, 2.0 equiv) and carefully
dried. MCC-AmP-Cu(l/1l) (8.0 mg, 0.01 mmol, 0.05 equiv Cu) was then added under N:
atmosphere. Dry THF (1.0 mL) and (R)-1d (39.7 mg, 0.02 mmol, 1.0 equiv) were added
sequentially. Next, n-butyl magnesium chloride (0.15 mL, 0.30 mmol, 1.5 equiv, 2.0 M in THF)
was added dropwise to the solution, and the reaction mixture was stirred for an hour. The desired

compound 3d was purified via column chromatography (pentane) with 81% yield.

Table S4: Optical rotation table

Substrate Optical rotation
QAC
nCeHy N [a]p % = +62.7, (c = 1000 g/100 mL, CHCls)
(R)-1d
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n-CgH13
(S)-3d

n-C4Hg

[o]o 2 = -28.868, (c = 0.433 /100 mL
CHCIs)
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Figure S1: Chromatography diagram of chirality transfer experiment; racemic (1d), bottom chiral (1d).
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7 Catalyst recycle experiment:

5.1 Catalyst recycling experiment using carbonate derivative as substrate:

MCC-Amp-Cu(l/1l)
(5 mol%)
_ LiBr (2.0 equiv) X
”'C6H13/\/\0002Me + 1-CaHo"MaCl — 52w, n-CeHis” X “n-C4Hg
rt, 20 min
1a' 2a 3a

Scheme S7: Catalyst recycling experiment with carbonates

Step 1:

An oven-dried Schlenk tube was charged with LiBr (34.4 mg, 0.4 mmol, 2.0 equiv) and carefully
dried. MCC-AmP-Cu(l/1l) (8.0 mg, 0.01 mmol, 0.05 equiv Cu) was then added under N:
atmosphere. Dry THF (1.0 mL) and (E)-methyl non-2-en-1-yl carbonate 1a’ (40.1 mg, 0.02 mmol,
1.0 equiv) were added sequentially. Next, n-butyl magnesium chloride 2a (0.15 mL, 0.30 mmol,
1.5 equiv, 2.0 M in THF) was added dropwise to the solution, and the reaction mixture was allowed
to stir for 20 minutes. The mixture was then transferred to a 2.0 mL micro-centrifuge tube and
centrifuged for 1 minute at 13000 rpm. The supernatant liquid was transferred to a vial, while the
solid residue was washed twice with dry THF, followed by two additional washes with acetone.
The heterogeneous catalyst was then dried for several hours. The supernatant liquid was quenched
with a few drops of water and 1,3,5 trimethoxy benzene was added to determine the *H-NMR

yield.
Step 2:

Once again, an oven-dried Schlenk tube was charged with LiBr (34.4 mg, 0.4 mmol, 2.0 equiv),
and carefully dried. The heterogeneous catalyst recovered from Step 1 was then added under N2
atmosphere followed by (E)-methyl non-2-en-1-yl carbonate 1a’ (40.1 mg, 0.02 mmol, 1.0 equiv)

and the procedure was carried out as described in Step 1.

The process was repeated for both Step 3 and Step 4, and the calculated yields are summarized in

the table below.
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Table S5: Catalyst recycling experiment with carbonates

_ ' Detected allylic alcohol
Reaction cycle Yield of 3a Unreacted 1a’ observed
1d-OH
1st 94 n.d. n.d.
2nd 95 3 2
3rd 95 2 3
4th 91 n.d. 9
5.2 Catalyst recycling experiment using pivalate derivative as substrate:
MCC-Amp-Cu(I/Il)
(5 mol%)
_ LiBr (2.0 equiv)

n-CeH13/\/\OPiv + 1-C4Ho"MgCl —re o), n-CgHq3 n-C4Hg

rt, 20 min

1a" 2a 3a

Scheme S8: Catalyst recycling experiment with pivalates

An oven-dried Schlenk tube was charged with LiBr (34.2 mg, 0.2 mmol, 1.0 equiv) and carefully
dried. MCC-AmP-Cu(l/ll) (8.0 mg, 0.01 mmol, 0.05 equiv Cu) was then added under N
atmosphere. Dry THF (1.0 mL) and (E)-non-2-en-1-yl pivalate 1a’’ (45.3 mg, 0.2 mmol, 1.0 equiv)
was added sequentially. Following this, n-butylmagnesium chloride 2a (0.15 mL, 0.30 mmol,
1.5equiv, 2.0 M in THF) was added dropwise and the reaction mixture was stirred at room
temperature. After 20 minutes, the reaction mixture was transferred to a 2.0 mL microcentrifuge
tube and centrifuged at 13000 rpm for 1 minute. Then the supernatant liquid was transferred to a
vial, and the heterogeneous catalyst was washed with THF and centrifuged again. This washing
process was repeated twice, with all the supernatant liquid collected in the same vial. The solution
was then quenched with a few drops of water, and *H-NMR yield of 3a was measured using 1,3,5-

trimethoxybenzene as internal standard.
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For the next run, another oven dried Schlenk tube was charged with LiBr (34.2 mg, 0.2 mmol, 1.0

equiv) and carefully dried. THF (1.0 mL) was then added to the micro-centrifuge tube containing

heterogeneous Cu catalyst, and the resulting catalyst suspension was quickly transferred to the

Schlenk tube under N2 atmosphere. The (E)-non-2-en-1-yl pivalate 1a”* (45.3 mg, 0.2 mmol, 1.0

equiv) was then added followed by dropwise addition of n-butyl magnesium chloride 2a (0.15 mL,

0.30 mmol, 1.5 equiv, 2.0 M in THF). After 20 minutes, the reaction mixture was transferred to

another microcentrifuge tube and previously described procedure was followed.

Similarly, this process was repeated twice more until four cycles using the recovered catalyst from

the previous cycle.

Table S6: Catalyst recycling experiment with pivalates

Reaction cycle Yield of 3a Detected allylic alcohol
Unreacted 1a’’ observed
1d-OH
1%t 94 n.d. n.d.
2nd 95 n.d. n.d.
31 95 n.d. n.d.
4t 91 n.d. 6

5.3 Control Experiments:

In our next attempt, we aimed to determine whether the reaction proceeds via leached Cu catalyst

in a homogeneous medium. For this purpose, we commenced the reaction using filtrate of another

reaction.
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©/\/\0002Me C|M9\©\
+
1e F

MCC-Amp-Cu(l/Il) l
(5 mol%) ‘

LiBr (2.0 equiv)
—_—

THF (0.2 M),
rt, 20 min

X + n-C4Hg-MgClI

filtrate after
n-CeHis~ 7 0CO,Me I

centrifugation

|
O,

3ac'
(not detected)

1a’ 2a

Scheme S9: Control experiment to check catalytic activity of filtrate

An oven-dried Schlenk tube was charged with LiBr (34.4 mg, 0.4 mmol, 2.0 equiv) and carefully
dried. MCC-AmP-Cu(l/ll) (8.0 mg, 0.01 mmol, 0.05 equiv Cu) was then added under N>
atmosphere. Dry THF (1.0 mL) and (E)-methyl non-2-en-1-yl carbonate 1a’ (40.1 mg, 0.02 mmol,
1.0 equiv) were added sequentially. Next, n-butyl magnesium chloride 2a (0.12 mL, 0.24 mmol,
1.2 equiv, 2.0 M in THF) was added dropwise to the solution, and the reaction mixture was allowed
to stir for 20 minutes. The mixture was then transferred to a 2.0 mL micro-centrifuge tube and
centrifuged for 1 minute at 13000 rpm. Then the supernatant liquid was collected in a vial after

short silica filtration.

Another oven-dried vial was charged cinnamyl methyl carbonate 1e (0.2 mmol, 1.0 equiv) and 0.5
mL THF was added. Then the supernatant liquid was transferred carefully without disturbing the
lower sediment. Then (4-fluorophenyl)magnesium chloride (0.3 mmol, 1.5 equiv) was added
dropwise under an N2 atmosphere. After 20 mins of the reaction, *H-NMR yield was calculated
using 1,3,5-trimethoxybenzene as an internal standard. However, 3ac’ was not detected in crude
'H-NMR.
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Figure S2: Filtration catalytic activity test
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8 Control experiments for investigation of the role of LiBr

To investigate the role of LiBr in the developed reaction conditions, we performed the following

control experiments:

Table S7: Control experimental with aliphatic Grignard reagent 2d

MCC-Amp-Cu(l/ll)

(5 mol%)
additive (x equiv) P Y ) P e
n-C5H13/\/\OCOZMe + n-CgH{;—MgBr m» n-C6H13 n-C5H11 +Nn CGH13 OH
1a' 2d i, 1.0h 3t 1-OH
entry A(‘S;'Jtll\xe Yield (3t) (%0) Unreacted 12’ (%) Detected 1a-OH (%)
1 - 40 46 14

2 LiBr (2.0) 85 (isolated) - -

3 LiCl (2.0) 79 5 7

4 | NaBr(2.0) 52 41 7

Table S8: Control experimental with aromatic Grignard reagent 29

MgBr MCC-Amp-Cu(l/1l)

_(_5 mol%) _ S
”'CGH13/\/\OCOZMe + @ additive (x equiv) ”'CsHm/\/O\ + n-C6H13/\/\OH
THF (1.0 mL), ol
& rt, 1.0 h
1a' 2g 3w 1-OH

entry A(‘g(?lﬁ%e Yield (3w) (%) Unreacted 1a’ (%) DeteCt(ecgo )l a-OH

1 - 55 20 16

2 LiBr (2.0) 96 (isolated) - -

3 LiCl (2.0) 81 7 9

The results are summarized in Table S7 and Table S8. First, comparison of the results from
experiments using RMgBr (Table S7, entries 1 and 2) instead of RMgCI (main text, Table 1, entries
1 and 7) demonstrate that LiBr is essential for achieving high reactivity and selectivity in both
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cases, regardless of the anion in the Grignard reagents. Second, a control experiment using LiCl
instead of LiBr (Table S7, entry 3) indicates that LiCl can also play a similar role in the reaction,
albeit less efficiently than LiBr. Third, another control experiment using NaBr instead of LiBr
(Table S7, entry 4) indicates that the lithium counter ion is important for enhancing the rate of the
reaction. Fourth, these observations are also applicable to reactions involving aromatic Grignard
reagents (Table S8). Based on these control experiments, we can exclude the possibility that the
role of LiBr in facilitating the reaction is to promote a CI/Br exchange to generate RMgBr from
RMgCI.

In a relevant study by Knochel and co-workers,*! it was found that LiCl plays a key role in
increasing the reactivity of standard Grignard reagents by forming a more reactive Li complex
(RMgX-LiCl). In our current study using a heterogeneous nanocopper catalyst, the high
electrophilicity of Grignard reagents is crucial for achieving high selectivity toward the desired

allylic substitution over competing side reactions.

Inspired by Knochel’s study and based on our current experimental outcomes, we postulate that
LiBr coordinates with the Grignard reagent to form a Li complex (RMgX:LiBr), which exhibits
higher electrophilicity than standard Grignard reagents in the developed heterogeneous copper-
catalyzed allylic substitution.
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9 Grame-scale reaction:

MCC-Amp-Cu(l/11)
(4.0 mol%)

LiBr (1.5 equiv) AN
. e YN C,Ho=MgCl] ——————— n-CeHyq3 n-Cy4Hg
n-CeH1g OCOMe + 1-Caflo™MaCl e 20,0 mL),

1a 2a t, 15 h 3a
109 0.8 g, 88%

Scheme S10: Gram-scale reaction

To enhance the applicability of our protocol we conducted the reaction on gram-scale. An oven-
dried Schlenk flask was charged with LiBr (644.0 mg, 7.5 mmol, 1.5 equiv) under a N2 atmosphere
and it was then dried under vacuum using a heat blower, followed by the addition of heterogeneous
Cu-catalyst (160.0 mg, 0.2 mmol, 0.04 equiv Cu) under N2 atmosphere. After that, the catalyst and
additive mixture were dried again under vacuum at room temperature, followed by the addition of
20.0 mL of THF under N2 atmosphere. Next, the allylic alcohol derivative 1a’ (1.0 g, 4.99 mmol,
1.0 equiv) was added, and finally, the n-butyl magnesium chloride (3.8 mL, 7.5 mmol, 1.5 equiv,
2 M in THF) was added dropwise at room temperature with the reaction vessel placed in a water
bath under N2 atmosphere. Then the reaction mixture was stirred overnight. Afterward, the reaction
mixture was quenched with water, extracted with diethylether. The organic layer was collected,
dried over Na>SOg4. Volatiles were removed under reduced pressure, and the desired compound
was isolated via flash chromatography (n-pentane) with 87% vyield (801.6 mg, 4.40 mmol, 87%).
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11 NMR spectra

IH NMR (400 MHz, CDCls), 3a:
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IH NMR (400 MHz, CDCls), 3d
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'H NMR (400 MHz, CDCls), 3e
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'H NMR (400 MHz, CDCls), 30
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