Supporting Information

SUPPORTING INFORMATION

One-Pot Formation of Allylic Chlorides from Carbonyl

Derivatives

Matthew J. Fuchter, Jean-Noél Levy

Current address: Department of Chemistry, Imp&dllege London, London SW7 2AZ

Department of Pharmaceutical and Biological ChemiSchool of Pharmacy, University of London, 9-29

N

o oA~ w

Brunswick Square, London WC1N 1AX

General Experimental ProCeaUI €. .. ... ..ottt e e e e e e e e 2
General Procedure (A) for the synthesis of (3-chloroprop-1-enyl) substituted aromatic derivatives:
........................................................................................................................... 3
General Procedure (B) for theformation of allylicalcohols:.............cccoviiiiii i 5
General Procedure (C) for therearrangement of allylic alcoholsto allylic chlorides................. 8
CiTal SIUAIES, .t e e e e e e e 11
N L S 0T o 1 = 13

S1



Supporting Information

1. General Experimental Procedure:

All reagents and solvents were supplied from consiaksources mainly Sigma-Aldrich and Fluka andduas
supplied unless otherwise indicated. Reactionsirneguanhydrous conditions were conducted in glassw
which had been heated with a heat gun under dnANreactions were carried under dry.Mll reactions were
monitored by analytical thin-layer chromatograpmy.C) performed using indicated solvent on E. Mesdica
gel 60 F254 plates (0.25mm). TLC plates were vigadl using UV light (254nm) and/or by staining iasic
potassium permanganate KMpfollowed by heating.

Solvents were removed by rotary evaporator belo"C5nd the compounds further dried using low-pressu
vacuum pumps. The purification of the compounds a@seved by column chromatography using MercklFlas
Silica Gel 60 (230 — 400 mesh).

'H and™*C NMR were recorded on a Bruker Advance 400 spphtstometer at 400MHz. Chemical shifesH)
are quoted in ppm (parts per million) and referente CDC} residual chloroform signdH 8= 7.26,%C 6=
77.0 or d6DMSO residual dimethyl-sulphoxide sigriéd 5= 2.54,"°C 5= 40.45.

S2



Supporting Information

2. General Procedure (A) for the synthesis of (3-chloroprop-1-enyl) substituted aromatic

derivatives:

Benzaldehyde derivatives were diluted in dry THFn{B). Vinylmagnesium chloride (1 eq) was then added
slowly at ambient temperature. The mixture wasedimnd monitored by TLC. Following full consumptiof

the benzaldehyde derivative, the mixture was coated78 °C. TiC} (0.5 eq) was added and the reaction
allowed to rise to ambient temperature, before virgrto 80 °C. The reaction was stirred for severalutes at

80 °C, and then quenched with water (10 mL). AcQEX mL) was added and the resulting phases separate
The organic layer was washed with water and theeaus! layer was extracted with AcOEt (3 x 10 mL)eTh
combined organic phase was dried over anhydrous@4gRemoval of the solvent under reduced pressure
followed by flash column chromatography (Silicap&ht: Hexane/AcOEt 6/1) afforded (3-chloroprop-i4gn

substituted aromatic derivatives.

(E)-(3-chloroprop-1-enyl)benzene (11):*

o

Following the procedure A with benzaldehydéd.2 mL, 1.88 mmol), vinylmagnesium chloride 1.6(M2 mL,
1.90 mmol) and titanium tetrachloride (0.1 mL, 0:88ol) gave the compountdl (218 mg, 77%) as a pale
yellow liquid : IR (ATR) 3083, 3027, 1644, 1579,88} 775 crit; *H NMR (400 MHz, CDCJ)  7.38-7.41 (m,
2H, Ar-H), 7.31-7.35 (m, 2H, AH), 7.26-7.29 (m, 1H, AH), 6.66 (d,J = 15.6 Hz, 1H, Ar-El), 6.32 (dt,J =
15.6, 7.2 Hz, 1H, B-CH,CI), 4.25 (dd,J = 7.2, 1.2 Hz, 2H, B,-Cl); *C NMR (100 MHz, CDGCJ) & 135.5,
134.2, 128.6 (2C), 128.3, 126.7 (2C), 124.9, 4M8&; (El) m/z 152 (M); HRMS (El)mVz calc for GH.CI
152.0393, found: 152.0393.

(E)-1-(3-chloroprop-1-enyl)-2-methylbenzene (21):

@wa

Following the procedure A with tolualdehyd8 (0.2 mL, 1.66 mmol), vinylmagnesium chloride 1.6(M06
mL, 1.70 mmol) and titanium tetrachloride (0.09 n@L.35 mmol) gave the compou2d (184 mg, 67%) as a
pale yellow liquid: IR (ATR) 2945, 1600, 1484, 7481"; '"H NMR (400 MHz, CDC}) § 7.43-7.46 (m, 1H, Ar-
H), 7.14-7.20 (m, 3H, AH), 6.88 (d,J = 15.6 Hz, 1H, Ar-@), 6.21 (dtJ = 15.6, 7.3 Hz, 1H, B-CH,CI), 4.27
(d, J = 7.3 Hz, 2H, E,-Cl), 2.36 (s, 3H, Ar-El3); **C NMR (100 MHz, DMSOY 135.4, 134.5, 131.3, 130.3,
128.0, 126.5, 126.1, 125.5, 45.9, 19.2; MS (@l 166 (M); HRMS (El)nVz calc for GoH1,Cl 166.0549,
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found: 166.0551.

(E)-1-(3-chloroprop-1-enyl)-2,4-dimethylbenzene (22):

)é/\wc.

Following the procedure A with 2,4-dimethylbenzdlgee 14 (0.2 mL, 1.49 mmol), vinylmagnesium chloride
1.6 M (0.94 mL, 1.50 mmol) and titanium tetrachdieri(0.08 mL, 0.75 mmol) gave the compo@2d(195 mg,
73%) as a pale yellow liquid: IR (ATR) 3012, 291910, 1497, 630 cth 'H NMR (400 MHz, CDCY)) § 7.35
(d, J =7.7 Hz, 1H, ArH), 6.98-7.00 (m, 2H, AH), 6.85 (d,J = 15.3 Hz, 1H, Ar-&), 6.18 (dtJ = 15.6, 7.0 Hz,
1H, CH-CH,CI), 4.26 (ddJ = 7.3, 1.0 Hz, 2H, 8,-Cl), 2.32 (s, 3H, Ar-El3), 2.31 (s, 3H, Ar-Ely); **C NMR
(100 MHz, CDC}) 8 138.1, 135.7, 132.2, 132.0, 131.3, 127.0, 12626,41, 46.0, 21.2, 19.8; MS (Ef¥z 180
(M); HRMS (EI) nvz calc for GiH13Cl 180.0706, found: 180.0709.

(E)-1-(3-chloroprop-1-enyl)-2-methoxybenzene (23):2

@(\wc.

Following the procedure A with 2-methoxybenzaldeqy8 (0.2 mL, 1.47 mmol), vinylmagnesium chloride 1.6
M (0.94 mL, 1.50 mmol) and titanium tetrachlorideQ8 mL, 0.75 mmol) gave the compo281(125 mg, 95%
without purification) as a pale yellow liquid: IRTR) 2940, 1598, 1488, 1242, 748 ¢niH NMR (400 MHz,
CDCly) § 7.43 (d,J = 7.7 Hz, 1H, ArH), 7.23-7.27 (m, 1H, AH), 6.97 (d,J = 15.8 Hz, 1H, Ar-G), 6.93 (tJ =

7.7 Hz, 1H, ArH), 6.87 (d,J = 7.7 Hz, 1H, AH), 6.35 (dt,JJ = 15.8, 7.3 Hz, 1H, B-CH.CI), 4.26 (dJ=7.3
Hz, 2H, (H,-Cl), 3.83 (s, 3H, O-85); *C NMR (100 MHz, CDGJ)) § 157.1, 129.5, 129.3, 127.4, 125.7, 125.0,
120.8, 111.0, 55.6, 46.3; MS (Etyz 182 (M); HRMS (El)mVz calc for GoH1,CIO 182.0498, found: 182.0497.

Further purification (Si¢) resulted in decomposition.

(E)-1-(3-chloroprop-1-enyl)-3-methoxybenzene (24):

Following the procedure A with 3-methoxybenzaldedhy@ (0.2 mL, 1.47 mmol), vinylmagnesium chloride 1.6
M (0.94 mL, 1.50 mmol) and titanium tetrachlorid=Q8 mL, 0.75 mmol) gave the compo2#tl(127 mg, 59%)
as a pale yellow liquid: IR (ATR) 1579, 1488, 7#6°c, *H NMR (400 MHz, CDCJ) § 7.25 (t,J = 8.0 Hz, 1H,
Ar-H), 6.99 (d,J = 7.7 Hz, 1H, ArH), 6.93 (t,J = 1.8 Hz, 1H, ArH), 6.83 (ddJ = 7.9, 2.4 Hz, 1H, AH), 6.63
(d, J = 15.6 Hz, 1H, Ar-Gl), 6.31 (dtJ = 15.6, 7.2 Hz, 1H, B-CH,CI), 4.24 (ddJ = 7.2, 1.0 Hz, 2H, B,-Cl),
3.82 (s, 3H, O-6l,); *C NMR (100 MHz, CDGJ) 5 160.0, 137.5, 134.2, 129.8, 125.4, 119.5, 11412,11, 55 4,
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45.5; MS (Em/z 182 (M); HRMS (Em/z calc for GoH1,.CIO 182.0498, found: 182.0497.

(E)-methyl 4-(3-chloroprop-1-enyl)benzoate (26):

\H/Q/MCI
_0

0
Following the procedure A with methyl 4-formylberate 18 (200 mg, 1.22 mmol), vinylmagnesium chloride
1.6 M (0.77 mL, 1.23 mmol) and titanium tetrachdieri(0.065 mL, 0.62 mmol) gave the compo@6d194 mg,
76%) as a pale yellow solid: IR (ATR) 3043, 295616, 1431, 1104, 761 ¢ *H NMR (400 MHz, CDCJ) &
8.00 (d, J =8.3 Hz, 2H, Alrh), 7.44 (d, J = 8.3 Hz, 2H, A, 6.69 (d, J = 15.7 Hz, 1H, Arkg), 6.43 (dt, J =
15.7, 7.0 Hz, 1H, B-CH,CI), 4.25 (dd, J = 7.0, 1.2 Hz, 2HHECI), 3.91 (s, 3H, O-8;); *C NMR (100 MHz,
CDCl,  ppm) 166.8, 140.5, 133.1, 130.1 (2C), 129.8, 12126.7 (2C), 52.2, 45.0; MS (Cijz 228 (M);
HRMS (Cl)mvz calc for G;H;sNO,Cl 228.0791, found: 228.0799.

3. General Procedure (B) for the formation of allylic alcohols:

Rz
R4%
o MeX coH R,
Rs 1
PN _
R™ R R Rs

THF Ry

Benzaldehyde or ketone derivatives were dilutedrinTHF (6 mL). The grignard reagent was added law0
°C. The mixture was stirred 30 min and allowed trmw to RT. The reaction was monitored by TLC. Roelfg
full consumption of the substrate, the mixture wagnched with a saturated solution of J&H(10 mL) and
extracted with ether (3 x 10 mL). The combined aiggphase was dried over anhydrous MgSRemoval of
the solvent under reduced pressure followed byhfltadumn chromatography (Silica, Eluent: Hexane/EtO

4/1) afforded the alcohol derivatives.

4-(1-hydroxyallyl)benzonitrile:®

jond
NC

Following the procedure B with 4-formylbenzonitril@ (200 mg, 1.53 mmol), vinylmagnesium chloride 1.6 M
(1.15 mL, 1.83 mmol) gave the compound (197 mg, Ba& pale yellow liquidH NMR (400 MHz, CDCJ) &
7.64 (dt,J=8.4, 1.7 Hz, 2H, AH), 7.49 (d,J = 8.3 Hz, 2H, ArH), 5.97 (dddJ = 16.2, 12.4, 3.8 Hz, 1H,HG
CH,), 5.37 (dtJ = 17.1; 1.0 Hz, 1HCH,), 5.23-5.26 (m, 2H, B, and H-OH); *C NMR (100 MHz, CDG)) &
147.8, 139.4, 132.4 (2C), 127.0 (2C), 118.9, 11617,4, 74.8.
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2-phenylbut-3-en-2-ol:*

OH
o
Following the procedure B with acetophenone (0.4 8184 mmol), vinyl magnesium chloride 1.6 M (5 n8.0
mmol) gave the compound (530 mg, 84%) as a palewdiquid: '"H NMR (400 MHz, CDCJ) § 7.48 (d,J = 8.0
Hz, 2H, ArH), 7.37 (t,J = 8.0 Hz, 2H, ArH), 7.37 (t,J = 7.6 Hz, 1H, ArH), 6.20 (ddJ = 17.2, 10.4 Hz, 1H,
CH-CH,), 5.32 (d,J = 17.2 Hz, 1H, @), 5.17 (d,J = 10.8 Hz, 1H, @), 1.08 (s, 3H, €;); **C NMR (100
MHz, CDCL) § 146.4, 144.9, 128.3 (2C), 127.0, 125.2 (2C), 112448, 29.4.

3-methyl-2-phenylbut-3-en-2-ol:*

HO,

oot

Following the procedure B with acetophenone (1 &35 mmol), isopropenylmagnesium bromide 0.5 M (30
mL, 15 mmol) gave the compound (1.2 g, 89%) asle yellow liquid:*H NMR (400 MHz, CDC}) & 7.44-7.47
(m, 2H, ArH), 7.31-7.35 (m, 2H, AH), 7.23-7.27 (m, 1H, AH), 5.20-5.21 (m, 1H, B,), 4.96-4.98 (m, 1H,
CH,), 1.70 (s, 3H, E3-COH), 1.62-1.63 (m, 3H, I@;-CCH,); **C NMR (100 MHz, CDGCJ) & 150.3, 146.1,
128.3 (2C), 127.0, 125.4 (2C), 110.8, 77.1, 28821

(E)-1-phenylbut-2-en-1-ol:°

OH
o

Following the procedure B with crotonaldehyde (@B, 11 mmol), phenylmagnesium bromide 1 M (15 mk, 1
mmol) gave the compound (1.47 g, 90%) as a palewdiquid: *H NMR (400 MHz, CDC}) 6 7.32-7.38 (m,
4H, Ar-H), 7.24-7.29 (m, 1H, AH), 5.66-5.80 (m, 2H, B-CHCH, and G4-CHj), 5.15 (dd,J = 6.3; 3.4 Hz, 1H,
CH-OH), 1.93 (d,J = 3.6 Hz, 1H, OH), 1.72 (d] = 5.9 Hz, 1H, @); **C NMR (100 MHz, CDGJ) § 143.5,
133.8, 129.7 (2C), 128.6, 127.6, 126.2 (2C), 75733.

3-methyl-1-phenylbut-2-en-1-ol:°

OH
©/K)\

Following the procedure B with benzaldehyde (0.6, ll64 mmol), 2-methyl-1-propenylmagnesium bromide
0.5 M (15 mL, 7.5 mmol) gave the compound (782 86%) as a pale yellow liquidH NMR (400 MHz,
CDCly) § 7.33-7.40 (m, 4H, AH), 7.24-7.28 (m, 1H, AH), 5.40 — 5.49 (m, 2H, I8-OH, CH-CHOH), 1.81 (s,
3H, CH3), 1.76 (s, 3H, E5); °C NMR (100 MHz, CDG)) § 144.2, 135.4, 128.5 (2C), 127.7, 127.3, 125.8 (2C)
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70.8, 25.9, 18.3.

4-methyl-2-phenylpent-3-en-2-ol:’

HO
©)<)\

Following the procedure B with acetophenone (1 iB5 mmol), 2-methyl-1-propenylmagnesium bromide 0.
M (30 mL, 15 mmol) gave the compound (1.37 g, 948 pale yellow liquid‘H NMR (400 MHz, CDC}) &
7.46-7.49 (m, 2H, AH), 7.29-7.33 (m, 2H, AH), 7.19-7.23 (m, 1H, AH), 5.73 (s, 1H, €), 1.74 (s, 3H, €5
COH), 1.60 (s, 3H, B3), 1.48 (s, 3H, €5); *C NMR (100 MHz, CDGCJ) & 149.0, 136.7, 132.4, 128.0 (2C),
126.3, 125.1 (2C), 74.0, 33.8, 26.8, 19.1.

1-cyclohexylprop-2-en-1-ol:®
OH

She

Following the procedure B with cyclohexanecarbajdieh(0.54 mL, 4.5 mmol), vinylmagnesium chloridé M
(3.4 mL, 5.4 mmol) gave the compound (530 mg, 84%x pale yellow liquidtH NMR (400 MHz, CDC}) &
5.86 (dddJ = 17.3, 13.4, 3.9 Hz, 1H,HGCH,), 5.20 (dtJ = 17.3, 1.4 Hz, 1H, B,), 5.14 (dtJ = 10.4, 1.4 Hz,
1H, CH,), 3.85 (m, &-OH), 1.81-1.88 (m, 1H, B-CHOH), 1.63-1.78 (m, 4H), 0.94-1.44 (m, 6K5C NMR
(100 MHz, CDC}) 6 140.0, 115.6, 77.9, 43.7, 28.9, 28.5, 26.7, Z63.

5-phenylpent-1-en-3-ol:°
OH

@/\)\/

Following the procedure B with 3-phenylpropanab(fL, 3.7 mmol), vinylmagnesium chloride 1.6 M (2iL,
4.3 mmol) gave the compound (538 mg, 90%) as aymlew liquid: '"H NMR (400 MHz, CDC}) § 7.28-7.33
(m, 2H, ArH), 7.21-7.24 (m, 3H, AH), 5.94 (ddd,) = 16.8, 12.4, 4.2 Hz, 1H,HGCH,), 5.28 (dtJ = 17.2, 1.4
Hz, 1H, GH,), 5.17 (dtJ = 10.5, 1.2 Hz, 1H, B,), 4.16 (m, 1H, &-OH), 2.68-2.82 (m, 2H, B,-Ar), 1.86-1.92
(m, 2H, (H,-CH-OH); *C NMR (100 MHz, CDGJ) § 142.0, 141.2, 128.6 (2C), 128.5 (2C), 126.0, 118206,
38.7, 31.8.
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4. General Procedure (C) for the rearrangement of allylic alcohols to allylic chlorides:

ROH Ra >~MQCI Ry R4

R R3 T RN R3
R, R,

Alcohol derivatives were diluted in dry THF (5 mlio-Propyl magnesium chloride (1 eq) was added slowly a
ambient temperature. The mixture was stirred fomii® and then cooled to -78 °C. TjQ0.5 eq) was added and
the reaction was allowed to rise to ambient tentpesabefore warming to 80 °C. The reaction wagesdifor
several hours at 80 °C, then quenched with wa@mgll) and cooled to ambient temperature. AcOEt (0
was added. The organic layer was washed with veatdrthe aqueous layer was extracted with ACOEt 18 x
mL). The combined organic phase was dried over dius MgSQ. Removal of the solvent under reduced

pressure followed by flash column chromatographijcgg Eluent: Hexane/AcOEt 6/1) afforded (3-chlprop-

1-enyl) substituted aromatic derivatives.

(E)-4-(3-chloroprop-1-enyl)benzonitrile (25):

e
NC

Following the procedure C with 4-(1-hydroxyallylyimonitrile (180 mg, 1.13 mmol)jso-propyl magnesium
chloride 2 M (0.6mL, 1.2mmol) and titanium tetramtide (0.06 mL, 0.57 mmol) gave the compo@ad(155
mg, 78%) as a pale yellow solid: IR (ATR) 2966, 222702, 836 cih; 'H NMR (400 MHz, CDC})) § 7.62 (dt,
J=8.3, 1.7 Hz, 2H, AH), 7.47 (dtJ = 8.3, 1.7 Hz, 2H, AH), 6.67 (d,J = 15.7 Hz, 1H, Ar-&l), 6.43 (dtJ =
15.7, 6.9 Hz, 1H, B-CH,CI), 4.25 (dd, J = 6.9, 1.1 Hz, 2HHECI); *C NMR (100 MHz, CDCJ, 5 ppm) 140.4,
132.6, 132.2, 128.9, 127.3, 118.8, 111.7, 44.6;(MI$ m/z 195 (M+NH;,); HRMS (CI) m/z calc for GgH1,N,Cl
195.0689, found: 195.0689.

(E)-(4-chlorobut-2-en-2-yl)benzene (36):*°

oy~

Following the procedure C with 2-phenylbut-3-eniZ200 mg, 1.35 mmol)iso-propyl magnesium chloride 2
M (0.7 mL, 1.40 mmol) and titanium tetrachlorideQ® mL, 0.67 mmol) gave the compousl (174 mg, 78%)

as a pale yellow liquid: IR (ATR) 3038, 2960, 14988, 695 cnt; 'H NMR (400 MHz, CDCJ) 6 7.33 (m, 5H,

Ar-H), 5.91 (tq,J = 7.8, 1.5 Hz, 1H, B-CH,CI), 4.19 (d,J = 8.0 Hz, 2H, ®,-Cl), 2.06 (d,J = 1.4 Hz, 3H,

CHs); *C NMR (100 MHz, CDGJ) 5 142.4, 141.0, 128.4 (2C), 127.8, 126.0 (2C), 122192, 15.9; MS (El)

Mz 166 (M); HRMS (EI)nVz calc for GoHy;,Cl 166.0549, found: 166.0550.
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(E)-(4-chloro-3-methylbut-2-en-2-yl)benzene (37):

Oy

Following the procedure C with 3-methyl-2-phenyl34én-2-o0l (1 g, 6.17 mmol)iso-propyl magnesium
chloride 2 M (3.1 mL, 6.2 mmol) and titanium tetnbaride (0.33 mL, 3.13 mmol) gave the compo®&7d(900
mg, 81% without purification) as a yellow liquidR (thin film) 2953, 2924, 2855, 2357, 765, 701cit NMR
(400 MHz, CDC}) § 7.32-7.36 (m, 2H, B-Ar), 7.19-7.28 (m, 2H, 8-Ar), 3.96 (s, 2H, E,-Cl), 2.02 (s, 3H,
CH3-Ar), 1.93 (s, 3H, El;-CH,CI); *C NMR (100 MHz, CDCJ) 5 143.1, 137.5, 128.3 (2C), 127.7 (2C), 127.4,
126.8, 48.8, 21.4, 16.7; MS (Btyz 180 (M); HRMS (El)nvz calc for G;H;3sCl 180.0706, found: 180.0703.

(3-methylbuta-1,3-dien-2-yl)benzene:

ol

Obtained after purification &7 on flash chromatography: colourless liquid die#@0(mg, 54%): IR (thin film)
3093, 3027, 2929, 2857, 897, 701 tntH NMR (400 MHz, CDCJ) § 7.26-7.33 (m, 5H, B-Ar), 5.32 (s, 1H,
CH,-CAr), 5.14 (s, 1H, @,-CAr), 5.11 (s, 1H, El,-CCHy), 4.87 (s, 1H, E,-CCH;), 2.00 (s, 3H, E5); **C

NMR (100 MHz, CDC}) § 151.0, 143.6, 141.5, 128.6 (2C), 127.9 (2C), 12¥18.9, 113.9, 21.2; MS (Efz

144 (M); HRMS (El)m/z calc for G;H;, 144.0939, found: 144.0935.

(E)-(3-chlorobut-1-enyl)benzene (38):

cl
o™
Following the procedure C with (E)-1-phenylbut-2-kol (200 mg, 1.34 mmol)so-propyl magnesium chloride
2 M (0.7 mL, 1.40 mmol) and titanium tetrachlori@08 mL, 0.75 mmol) gave the compowd&i(210 mg, 95%
without purification) as a pale yellow liquid: IRh{n film) 3026, 2970, 2926, 1448, 693 ¢m'H NMR (400
MHz, CDCk) é 7.26-7.40 (m, 5H, B-Ar), 6.59 (d,J = 16 Hz, 1H, Gi-Ar), 6.30 (dd,J = 16, 8.4 Hz, 1H, 8-
CHCI), 4.70-4.78 (m, 1HCH-CI), 1.71 (d,J = 6.8 Hz, 3H, E5); *C NMR (100 MHz, CDGJ) § 135.9, 131.0,
130.9, 128.6 (2C), 128.1, 126.7 (2C), 58.3, 25.F K&l) m/z 166 (M); HRMS (El)m/z calc for GoH1;Cl
166.0549, found: 166.0546.
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(E)-(3-methylbuta-1,3-dienyl)benzene (39): ™

w

Following the procedure C with 3-methyl-1-phenyH2uén-1-ol (500 mg, 3.08 mmoljso-propyl magnesium
chloride 2 M (1.6 mL, 3.20 mmol) and titanium tetnkoride (0.17 mL, 1.61 mmol) gave the compo3ad357

mg, 80%) as a colourless solid: IR (ATR) 2909,3,6I875, 1239, 753 ch'H NMR (400 MHz, CDC}) § 7.46
(d,J=7.4 Hz, 2H, ArH), 7.33-7.37 (m, 2H, AH), 7.23-7.27 (m, 1H, AH), 6.91 (d,J = 16.2 Hz, 1H, Ar-El),

6.57 (d,J = 16.2 Hz, 1H, Ar-CH-@), 5.15 (s, 1H, C-8,), 5.12 (s, 1H, C-Ch), 2.01 (s, 3H, €5); *C NMR
(100 MHz, CDC}) 6 142.2, 137.6, 131.8, 128.8, 128.7 (2C), 127.5,8.25C), 117.4, 18.7.

(E)-(4-methyl penta-2,4-dien-2-yl)benzene (40a): *?

o

Following the procedure C with 4-methyl-2-phenylp8ren-2-ol (1 g, 5.58 mmol)iso-propyl magnesium
chloride 2 M (2.8 mL, 5.60 mmol) and titanium teféoride (0.29 mL, 2.74 mmol) gave the compouita

(400 mg, 45%) as a colourless liquid: IR (thin §l8080, 3021, 2967, 2919, 893, 756, 696'ctH NMR (400
MHz, CDClL) § 7.45-7.47 (m, 2H, AH), 7.34-7.38 (m, 2H, AH), 7.28-7.30 (m, 1H, AH), 6.24 (s, 1H, 6-

CCHg), 5.13 (s, 1H, €,), 4.97 (s, 1H, &), 2.26 (s, 3H, €3), 1.98 (s, 3H, €); °*C NMR (100 MHz, CDG))

8 144.2,142.2,136.2, 129.7, 128.2 (2C), 126.9,925C), 115.3, 23.8, 17.5; MS (Etyz 158 (M); HRMS (EI)
m/z calc for G,H1,158.1096, found: 158.1092.

(4-methyl penta-1,3-dien-2-yl)benzene (40b):

o

Following the procedure C with 4-methyl-2-phenylp8ren-2-ol (1 g, 5.58 mmol)iso-propyl magnesium
chloride 2 M (2.8 mL, 5.60 mmol) and titanium tetnboride (0.29 mL, 2.74 mmol) gave the compouit

(300 mg, 35%) as a colourless liquid: IR (thin §lB8080, 3025, 2969, 2929, 2911, 895, 773, 703. &thNMR

(400 MHz, CDC}) & 7.40-7.42 (m, 2H, AH), 7.26-7.33 (m, 3H, AH), 5.95 (s, 1H, 6-CCH,), 5.52 (s, 1H,
CH,), 5.07 (s, 1H, @), 1.88 (s, 3H, €), 1.72 (s, 3H, €3); “C NMR (100 MHz, CDCJ) & 145.3, 141.3,

137.0, 128.1 (2C), 127.3, 126.5 (2C), 124.9, 112633, 19.6 ; MS (Eljvz 158 (M); HRMS (El)mz calc for
C1,H14158.1096, found: 158.1092.
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(E)-(3-chloroprop-1-enyl)cyclohexane (41):

O/\/\m

Following the procedure C with 1-cyclohexylprop+2-&-ol (150 mg, 1.07 mmol)iso-propyl magnesium
chloride 2 M (0.7 mL, 1.40 mmol) and titanium tetnkoride (0.07 mL, 0.66 mmol) gave the compodaq101
mg, 60%) as a colourless liquid: IR (ATR) 2923, 84883 cril; *H NMR (400 MHz, CDC)) § 7.71 (dd,J =
15.6, 6.8 Hz, 1H, B-CH), 5.52-5.59 (m, 1H, B-CH,CI), 4.03 (d,J = 7.2 Hz, 2H, Ei,-Cl), 1.94-2.02 (m, 1H,
CH), 1.70-1.74 (m, 4H, 8;), 1.02-1.32 (m, 6H, B,); *C NMR (100 MHz, CDG)) § 141.9, 123.7, 46.0, 40.3,
32.7 (2C), 26.2, 26.1 (2C); MS (Btyz 158 (M); HRMS (El)m/z calc for GH;sCl 158.0862, found: 158.0859.

(E)-(5-chloropent-3-enyl)benzene (42):

@N\wc.

Following the procedure C with 5-phenylpent-1-ent3160 mg, 0.99 mmol)so-propyl magnesium chloride 2
M (0.5 mL, 1.00 mmol) and titanium tetrachlorideQ® mL, 0.57 mmol) gave the compoué2 (98 mg, 50%)
as a colourless liquid: IR (thin film) 3027, 292856, 1453, 966, 698 ¢cm*H NMR (400 MHz, CDCJ)) 7.27-
7.31 (m, 2H, ArH), 7.17-7.22 (m, 3H, AH), 5.78-5.85 (m, 1H, B-CH,CI), 5.61-5.70 (m, 1H, B-CHCH,CI),
4.03 (d,J = 7.2 Hz, 2H, El,-Cl), 2.72 (t,J = 7.2 Hz, 2H, ®,-Ar), 2.36-2.42 (m, 2H, 8,-CH,Ar); **C NMR
(100 MHz, CDC}) & 141.4, 135.0, 128.4 (2C), 128.3 (2C), 126.5, 128593, 35.2, 33.8; MS (EHVz 180 (M);
HRMS (EI)m/z calc for G;H.5sCl 180.0706, found: 180.0701.

5. Chiral studies:

(E)-1-phenylbut-2-en-1-ol (45):
OH
SA
Chiral alcohol5 was prepared as previously reportetf.
Characterization as previously reported.

Chiral HPLC: CHIRALCEL OD-H, n-Hexane / Isoproparmob5/5%, 1 ml / min, 26°C
Rt = 9.57 min (75% ee) ; Rt = 11.56 min

(E)-(3-chlorobut-1-enyl)benzene (38):

@A\i
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Characterization as previously reported.
Chiral HPLC: CHIRALCEL 0OJ-H, n-Hexane / Isopropar9.5/0.5%, 1 ml / min, 26°C
Rt =17.36 min (75% ee); Rt = 20.49 min

(1) Tunge, J. A.; Mellegaard, S. Grg Lett 2004, 6, 1205-7.

(2) Yin, J.; Gallis, C. E.; Chisholm, J. DOrg Chem 2007, 72, 7054-7.

(3) Marion, N.; Gealageas, R.; Nolan, SCPg Lett 2007, 9, 2653-6.

(4) Marco, J. A.; Carda, M.; Rodriguez, S.; CstiE.; Kneeteman, M. Netrahedron 2003, 59, 4085-4101.
(5) Wang, D.; Chen, D.; Haberman, J. X.; Li, Ctefrahedron 1998, 54, 5129-5142.

(6) Gau, A. H.; Lin, G. L.; Uang, B. J.; Liao, [E; Wang, S. LJ Org Chem 1999, 64, 2194 - 2201.
(7) Li, H.; Walsh, P. 33 Am Chem Soc 2005, 127, 8355-61.

(8) Bergmeier, S. C.; Stanchina, D. MOrg Chem 1997, 62, 4449-4456.

(9) Schmidt, BJ Org Chem 2004, 69, 7672-87.

(10) Denmark, S. E.; Fu, J.; Lawler, M.JOrg Chem 2006, 71, 1523-36.

(11) Lebel, H.; Davi, M.; Diez-Gonzalez, S.; Nol& P.J Org Chem 2007, 72, 144-9.

(12) Allred, E. L.; Stevenson, B. K.; Chou, T.JCAm. Chem. Soc. 1979, 1181-1187.

(13) Oh, C. H.;Jung, S. H.; Bang, S. Y.; Park].Drg Lett 2002, 4, 3325-7.

(14) Yadav, V. K.; Babu, K. Getrahedron 2003, 59, 9111-9116.

(15) Pocker, Y.; Hill, M. J3 Am Chem Soc 1969, 91, 3243-3248.

(16) Kenyon, J.; Partridge, S. M.; Phillips, HChem. Soc. 1937, 207-218.

S12



Supporting Information

CFONANANONTOME ™~ Mo
MNMeEA O ~TOoOWOoOWwsY O ™~ O W
NNMNNH A O NN NN oo
N S APV PRV vV S
>
Cl
11
; i ! 1 I
T T T T T T T T T T T T T T T T
7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm
B [ 8
! - Ll o
\I‘j | | NAV:‘\.‘I:L _‘f;:':}ii’a:alﬁ\t;:‘_.f:. i
AN
Cl
11

T T T T T T T T T T T T T T T
140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 ppm

S13



Supporting Information

516
513
506
1926
190
185
73
007
9268
346
329
310
308
290
272
4.447
4.444
4.429
4.426

£
S
s
X
<

Cl
21

7.5 7.0 6.5 6.0 55 5.0 4.5

B @E e 5

Cl
21

oA it s 4 et s A &JLJML

" AT U AT PR S T B DT .

134 132 130 128

2.0 1.5 1.0 0.5 ppm

130 120 110 100 20 80

S14



Supporting Information

4.274
4.271
4,256

4.253

22

Cl

it s skl

¥e

22

Cl

1.0

05 ppm

140 130 120 110 100 20

60

S15



Supporting Information

TOFOoOOADNNOITMNA= O -0 ON ® 9o
MOVWLOTLONND=T=O=OO TN ~ -9
NOOAOOO A NWEOMMMM MM o ey
FrOOUVVVYOVLWYWEWYLYWYWwW = e

4.257
—2.053

N

Cl
23

Cl
23

T T T T T T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S16



Supporting Information

6.928
6.924
6.847
6.841
6.827
6.821
6.820
6.654
6.614
6.352
6.335
6.317
6.314
6.296
6.278

N

o Oy A
nTm
N NN
T T T

Cl
24

4,232
—3.812
o aB g

P
T T T T T T T T T
6.0 55 5.0 4.5 4.0 35 3.0 25 2.0
d &
o~ Ll
| 1 | | \ | / |
(0] A
- Cl
24
7O [P , il . L i
T T T T T T T T ) T T T T T T
160 150 140 130 120 110 100 90 80 70 60 50 30 20 10

Ppm

S17



Supporting Information

P16°E
aaﬁ.ql///r

62T ¥

0¥Z' b
va.qw
LSZ° ¥
65Z°F

Cl

AN

26

S

i

|

A

.

1.5 1.0

2.0

25

ﬁj
©

8

4.5

5.0

Cl

AN

26

ppm

T T T T T T T
150 140 130 120 110 100 20

T
160

S18



Supporting Information

Mmoo R E el
o = $ oW MmN
[EReERE & MMM ma N
N B ewEewen
OH
/
NC
i ,.AILJ L J L L } a A
T T T T T T T T T T T T T T
8.0 TS 7.0 6.5 6.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm
ik d 8
ol - o
i
OH
/
NC
I ! .
T T T T T T T T T T T T T T T T
150 140 130 120 110 100 20 80 70 60 50 40 30 20 10 ppm

S19



Supporting Information

865'T [/
859'T ———

89T
16T ——

—
4

PAVWA

HO

> 3.36
= 1.02

3 1.07
1 1.05

T 1.00

Wiy
N o
wWwha
o ~Nw

¢Ge6¢

HO

9GECIT

09T'S2T
[/

£10°22T —— >
852821 ——

S98' VYT ——
TEV'OVT

\
100

\
150

ppm (t1)

S20



Supporting Information

OWINNOONO-MmS ~wwmo OO
SO N 000NN, oor-r-r- oMM~
MOMOMNINNNNSN NN OO WYY
Lot ol ol o o ol ol ol o wnT TS o

Parameters
ine-May29-2008-7
12

T
3.0 25 20 1.5 1.0 05 ppm

75 7.0 6.5

ga

Sample Ref jnllé4

HO

T
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S21



Supporting Information

STLT
0€L'T
826'T
L86'T
6507 ——
€912

P

[A4%]
TST'S
8ST'S
99T'S
€0L'S
90L°'S
LS
8¢L'S
wL's
9SS

vSeL
89¢°L
SleL
v8¢'L
68¢°L
PRAA
we'L
JAZWA
v9€°L
18¢€°L

W PP

OH

I 1.

Fa

00

06

5.C 4.C 3.C 2.C 1.C

6.0

7.0

8.0

ppm (1)

908°LT

ove'sL
9¥8'9L
voT'LL
18V°LL

6G¢°9¢T
085°2¢T N\
§65'8¢T K

610661 ——

6TSEVT

OH

\
100

ppm (1)

S22



Supporting Information

89T
9S.'T
T6L°T
L6L°T
218’1

Sve'L
09¢’L
08¢'L
0ge’L
6vEL
19€°L
08€"L
86€°L

OH

D

399

T 2.00

4.0

5.0

6.0

ppm (t1)

vve8T

188'G¢

S08'0L ———__

12,9,
vv0'LL N

A

9L ——

OH

8€8'G¢T
€eeLeT N
voL LT ——

——

9LE'SET

Lye T

o

\
100

ppm (t1)

S23



Supporting Information

et
09¢'T
8L¢'T
87’1
889'T [//

909'T

TvLT
88T ——

oz —

S19°¢

VITy —
LN

CET'Y

0€L'S

S6T'L
€1e’'L

T L
09Z'L \
962, ——N\
9te’ L ——
gee’L /
697°L

887,

HO

=- 0.57

3 1.00

- 1.00
1 2.03

1 2.38

ppm (t1)

LyT'6T

69.°9¢

818'¢€e

986°€L

YiTset [/
€8¢°9¢T ——— >
166°L2T
19€7¢CET

LGL9ET

200°6vT

HO

\
100

\
150
ppm (1)

S24



Supporting Information

SL6"0
Z66°0
G00°1
?10°T

g6¢e”

889"

956"

BoZ L

Processing

DRTANeTers

ppm

-

'I.F

3.0

.
o

T
5.0

T
5.5

OH

Gl

ity

ket il

PR PR

- b J;. sl Ll L

10 ppm

20

60 50

70

140 130 120 110 100

150

S25



Supporting Information

s=o
sac

ppm

ters

PITETo

39998

0.5

795°
SiLs®
609"
T98°
€98"
GLe”
6L8"
€88"
Lgg*
£€68°
006"
G06"
916"
cz6”
90L° 2
0cL 2
9eLZ
TPL2
8hL 2
T9L°E
€oL 2
0LL" 2
LeL e

HANRE

CHANKEL 1

cessing

Brocessing parame

e e R e

e

e B G U
Eqsﬁo 45

OH

0ST ¥
POT
8LT P
ESTS
9616
6ST°S
6LT"S
81§
SBT"§
€62°S
LGZ" S
09z°s
L6Z"s
0oE"s
€0E°S
968°4
216°5
cT6" s
6€6°S
666" 8
G868
186°S
86T°L
102 L
TLE~L
8IZ L
922" L
Lge L

o

bl ol

e lA
8

S26

10 ppm

20

70

100

110

130 120

140




Supporting Information

OO ) 0y 00 Y D S [ O Y 00 ™~ oW o o o < oy
HOEOWHVANMNMM R w Mmoo o 0 wy g
WO TSNS T T ) [S RS RN — o 0 o o
ST 0000w 0 R ooy - — o

75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 05 ppm

Cl
NC 25

T T T
140 130 120 110 100 90 80 70 60 50 40 30 20 10  ppm

S27



Supporting Information

7

i

7

7

T

7

7

7

3

7

7
-
___—14.298
TT—14.276

Cl
36

s ]
™~ U
B
(SRS

T T
05 ppm

75 70 65 60 55 50 45 40 35 30 25 20 15 10
tha & 8 8
N
Cl
36
T T T T T T T T T T T T T T T
140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S28



Supporting Information

SE6'T ———_
€202

656'€

16T,
092 ——~— N
aveL

Cl

37

Iy

Yy

I
©m
(=t

= 2.00

i
e
woo
[SoT=

7.0 6.0 5.0 4.0 3.0 2.C

8.0
ppm (t1)

oL 9T

€TIV'1e

€288y

589°92
000°2L %\\

Cl

37

LT€°LL

108'92T
06€°22T [/
0TL 22T ——

o8t ——

€9v°LET

VL0 EVT

\
100

ppm (t1)

S29



Supporting Information

L00°¢

T8V ———

TIT°S —~
>

8ET'S
9T€’S

09Z°L
2871 \
662°L ———\
zieL ——7
12871

= 3.03

_J

- =- 0.99

- = = 1.68
- = 1.00

T} 511

ppm (1)

6ST'Te

089'92
000 2L ——2\

oteLL ——

LEG'ETT
G26'9TT

91T L2T [/
¥98'LeT ——

085'82T ——

0SS TVT ——
SEQ'EVT

€e0°191

\
10C

ppm (1)

S30



Supporting Information

€0L'T —
LN

0cL'T

80.°v

szLy \
evLy —— N\
190y ——
811

129
1629
0T€'9
T€EE9
1G9
v19'9
09¢'L
99¢'L
v8¢'L
cie’L
cee’ L
0s€’L
v8€'L
€0v’L

P

Cl

38

I 2.96

7} 0.94

1 0.97

71 1.00

% 6.03

7.0 6.0 5.C 4.C 3.C 2. 1.c 0.C

8.0
ppm (t1)

451814

€2€'8S

9899
00022

Cl

38

TozelL

989'9¢T

Se1'8etT \
8T9'82T —— 2\
CI6'0ET ——
8E0'TET K

vee'seT ——

Wi

M

\
100

ppm (1)

S31



Supporting Information

7.468
7.449
7.348
7.328
— 6.891
— 6.588
5.149
2.010

2
N

39

39

140 130 120 110 100 20 80 70 60 50 40 30 20 10 ppm

S32



Supporting Information

8S'T

186'T

v9¢'¢

€L6'Y
CET'S

9ve'9

40a

K

3 3.24

F 3.19

I 1.05
I 1.07

3 1.00

ppm (1)

6ESLT

98.°€¢

S0€'STT

€16°G¢T
668'9¢T \
T8T8T ———

rovezt —

€0C9€T

LTCeyT ——
6GC VYT

40a

\
100

\
150

ppm (t1)

S33



Supporting Information

ovs'T
9TL'T
¢88'T

2L0°S
2SS
goas N

056'S

09¢'L
§9¢°L

¢8e’L

208 L —\\
wewL—
8€E’L /
cov'L

6TV'L

40b

Iy

> 3.27
3 3.33

= 1.10

= 1.08

= 1.00

6.0

679°61

16€°9¢

L8CVTT

cre'vet
¥659°9¢T N\
Gee LT —

rest —

696'9€T
oveTrT
LyESYT

=
40b

.

\
100

ppm (1)

S34



Supporting Information

TE0T
T90°T
G80'T
viT'1
92Tt
SET'T
8sT'T
SOT'T
LTt
v6T'T
Teet
lLeet
18¢'T
8G¢'T
Sl2'T
€8¢'T
S0E'T
€1e'T
0ce't
9€S'T
GE9'T
999'T
0TL'T
9€L'T
Lv6'T
GS6'T
S.6'T
86T
266'T
T10¢
0co'e
€¢0'v
o'y
615'S
9€S'S
5SS

E

189'S
€0L'S
GelL'S
crl's

i

09¢'L

Cl

41

_J

I

Qv 5.8¢

T 4.3¢

F 11

= 1.9¢

I 1.0:
I 1.0(

5.0

ppm (t1)

€810V

818'GY

88Y'€CT

TELTVT

Cl

A

41

\
100

ppm (1)

S35



S36

o
i
o 08168 ———__
— L2258
— F 207
3 982°sy
T 2.1€
<«
—

o
- 2.0C [ «

Cl

42

'
T T

Supporting Information

o .
j -2 8v6'GeT [/
3.55 1 Zvs 9zt
T 23 zse'8eT
B | oovezT ——
r v00°SET
=
[
3 TLETHT

T
ppm (t1)

Cl

42

A

100

ppm (t1)




