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Experimental Section
Materials. Et;,O and THF were distilled from Na/benzophenone, Et;N was distilled
from KOH, and DMSO was distilled from CaH,. The commercially available
chemicals were purchased and used without additional purification unless otherwise
noted. Melting points were determined by a semi automatic melting point apparatus
made by Shenguang in China.
1. Synthesis of 3-Aryl Substituted Secondary Propargylic Alcohols
General Procedure for Synthesis of 1a-d:'

To a dry three-necked flask containing the magnesium turnings (2.88 g, 0.12 mol)
and I, (a few crystals) in THF (120 mL) were added several drops of ethyl bromide.
Upon the initiation of the Grignard reaction, the remaining ethyl bromide (0.12 mol)
was added dropwise, which was followed by stirring until the magnesium disappeared.
Phenylethyne (0.10 mol) was added dropwise into the solution at 55 °C followed by
stirring for 1.5 h at this temperature. Then corresponding aldehyde (fresh distilled) or
acetone (0.08 mol) was added at 55 °C and the resulting mixture was stirred at this
temperature for 2 h. The reaction mixture was then quenched with an aqueous
solution of saturated NH4Cl and extracted with Et,O. The combined organic layer was
washed with 5 % HCI, sat. NaHCOs (aq.), brine, and dried over anhydrous Na,;SOs.
Filtration, evaporation of the solvent, and distillation afforded the propargylic
alcohols.

(1) 4-Phenyl-3-butyn-2-ol (1a)

Mg Ph—— 1) CH5CHO, 60 °C, 2.3 h
EtBr EtMgBr Ph—=—=—MgBr Ph——=
THF 55°C, 1.5 h 2) sat. NH,ClI (aq.) 1a  OH
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The reaction of ethyl bromide (8.96 mL, d = 1.461 g/mL, 13.09 g, 0.12 mol),
magnesium turnings (2.88 g, 0.12 mol), phenylethyne (11.0 mL, d = 0.930 g/mL,
10.20 g, 0.10 mol), and acetaldehyde (4.0 mL, d = 0.780 g/mL, 3.12 g, 0.07 mol) in
THF (120 mL) afforded 1a* (8.72 g, 84%, 126-128 °C/2.2 mmHg): Liquid; '"H NMR
(300 MHz, CDCls) 6 7.46-7.38 (m, 2 H), 7.33-7.27 (m, 3 H), 4.81-4.72 (m, 1 H), 2.24
(bs, 1 H), 1.55 (d, J=6.6 Hz, 3 H).

(2) 1-Phenyl-1-octyn-3-ol (1b)
1) n-CgHy;CHO Cabtuen

— O _
EtMger _P""— _ pp—=—mgar 89 C.3h Ph——

55°C, 1.8 h 2) sat. NH,Cl (aq.) T,

Mg
EtBr
THF

The reaction of ethyl bromide (8.96 mL, d = 1.461 g/mL, 13.09 g, 0.12 mol),
magnesium turnings (2.88 g, 0.12 mol), phenylethyne (11.0 mL, d = 0.930 g/mL,
10.20 g, 0.10 mol), and hexanal (9.9 mL, d = 0.834 g/mL, 8.23 g, 0.08 mol) in THF
(120 mL) afforded 1b* (11.12 g, 67%, 165.5 °C/10.5 mmHg): Liquid; "H NMR (400
MHz, CDCls) 6 7.47-7.41 (m, 2 H), 7.35-7.27 (m, 3 H), 4.61 (t, J = 6.8 Hz, 1 H),
2.35-2.15 (m, 1 H), 1.88-1.74 (m, 2 H), 1.60-1.44 (m, 2 H), 1.40-1.28 (m, 4 H), 0.92 (t,
J=06.2 Hz, 3 H).

(3) 1,3-Diphenyl-2-propyn-1-ol (1c)

Mg Ph—— 1) PhCHO, 60 °C, 1.8 h Ph
EtBr EtMgBr Ph—=——MgBr ) ph%<
THF 55°C, 1.3 h
L 2) sat. NH,CI (aq.) 1c OH

The reaction of ethyl bromide (6.9 mL, d = 1.461 g/mL, 10.08 g, 0.09 mol),
magnesium turnings (2.10 g, 0.09 mol), phenylethyne (8.8 mL, d = 0.930 g/mL, 8.18
g, 0.08 mol), and benzaldehyde (8.2 mL, d = 1.045 g/mL, 8.57 g, 0.08 mol) in THF

(70 mL) afforded 1c* (13.55 g, 81%): Liquid; '"H NMR (300 MHz, CDCls) &
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7.63-7.56 (m, 2 H), 7.49-7.41 (m, 2 H), 7.40-7.25 (m, 6 H), 5.66 (s, 1 H), 2.59 (bs, 1
H).

(4) 2-Methyl-4-phenyl-3-butyn-2-ol (1d)

1) CH3COCHg

M —_— o _
EtBr TH?: EtMgBr _ PN —  pp— MgBr 557°C,2.0h PhTé

55°C,2.5h 2) sat. NH,CI (aq.) 1d OH

The reaction of ethyl bromide (0.90 mL, d = 1.461 g/mL, 1.31 g, 0.012 mol),
magnesium turnings (0.29 g, 0.012 mol), phenylethyne (1.1 mL, d = 0.930 g/mL, 1.02
g, 0.01 mol), and acetone (0.59 mL, d = 0.791 g/mL, 0.47 g, 0.008 mol) in THF (12
mL) afforded a crude product, which was purified by chromatography on silica gel
(eluent: petroleum ether/ethyl acetate = 10/1) to afford 1d°> (1.22 g, 94%): Liquid; 'H
NMR (300 MHz, CDCls) 6 7.44-7.38 (m, 2 H), 7.32-7.25 (m, 3 H), 2.364 (s, 1 H),
1.62 (s, 6 H).

General Procedure for the Synthesis of 1e-k:°

To a dry three-necked flask were added aryl iodide (2 mmol), 3-butyn-2-ol (4
mmol, 2 equiv), Cul (2 mol%), Pd(PPh;3),Cl; (2 mol%), DMSO (5 mL), and Et;N (5
mL). The resulting mixture was then heated at 40-45 °C. After complete conversion of
the starting material as monitored by TLC, the reaction mixture was quenched with an
aqueous solution of saturated NH4ClI and extracted with Et,O. The combined organic
layer was washed with 5 % HCI, sat. NaHCOj (aq.), brine, and dried over anhydrous
Na,SOq. Filtration, evaporation, and chromatography on silica gel (eluent: petroleum
ether/ethyl acetate = 10/1~2/1) afforded the desired product.

(1) 4-(m-Methylphenyl)-3-butyn-2-ol (1e)
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OH 2 mol % Pd(PPhs),Cly/Cul OH
2 >7| = 2 >—<—
N\ DMSO, EtsN, 40-45 °C, 10.5 h

le

The reaction of 3-iodotoluene (1.0959 g, 5.0 mmol), 3-butyn-2-ol (0.6983 g, 9.9
mmol), Cul (0.0193 g, 0.10 mmol, 2 mol%), and Pd(PPh3),Cl, (0.0675 g, 0.096 mmol,
2 mol%) in 12 mL of DMSO and 10 mL of Et;N afforded 1€’ (0.7166 g, 89%): Liquid;
'H NMR (300 MHz, CDCl3) & 7.27-7.08 (m, 4 H), 4.80-4.70 (m, 1 H), 2.32 (d,J=0.3
Hz, 3 H), 2.04-1.98 (m, 1 H), 1.55 (d, J = 6.6 Hz, 3 H).

(2) 4-(p-Methylphenyl)-3-butyn-2-ol (1f)

OH 2 mol % Pd(PPh3),Cl,/Cul OH
| + = —
C DMSO, Et3N, 40-45 °C, 10.3 h C \

1f

The reaction of 4-iodotoluene (1.1127 g, 5.1 mmol), 3-butyn-2-o0l (0.7260 g, 10.4
mmol), Cul (0.0202 g, 0.11 mmol, 2 mol%), and Pd(PPh;),Cl, (0.0722 g, 0.10 mmol,
2 mol%) in 20 mL of DMSO and 20 mL of Et;N afforded 1’ (0.7458 g, 91%): Liquid;
'H NMR (300 MHz, CDCls) & 7.34-7.29 (m, 2 H), 7.12-7.07 (m, 2 H), 4.80-4.70 (m,
1 H), 2.42 (bs, 1 H), 2.33 (s, 3 H), 1.54 (d, J= 6.6 Hz, 3 H).

(3) 4-(p-Methoxyphenyl)-3-butyn-2-ol (19)

OH 2 mol % Pd(PPhs),Cl,/Cul OH
Meo@l v :—< - Me04< >—<:
DMSO, Et3N, 40-45 °C, 11.2 h

1g

The reaction of 4-iodoanisole (0.4880 g, 2.1 mmol), 3-butyn-2-ol (0.2808 g, 4.0
mmol), Cul (0.0080 g, 0.04 mmol, 2 mol%), and Pd(PPh;),Cl, (0.0284 g, 0.04 mmol,
2 mol%) in 5 mL of DMSO and 5 mL of Et;N afforded 1g’ (0.2863 g, 78%): Liquid;
'H NMR (300 MHz, CDCls) & 7.39-7.34 (m, 2 H), 6.86-6.80 (m, 2 H), 4.80-4.70 (m,

1 H), 3.81 (s, 3 H), 2.01 (d, J = 4.5 Hz, 1 H), 1.54 (d, J = 6.6 Hz, 3 H).
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(4) 4-(p-Chlorophenyl)-3-butyn-2-ol (1h)

OH 2 mol % Pd(PPhj),Cl,/Cul OH
cl |+ :—< c|©+<
DMSO, Et3N, 40-45°C, 11.2 h

1h

The reaction of 4-chloroiodobenzene (0.4792 g, 2.0 mmol), 3-butyn-2-ol (0.2737
g, 3.9 mmol), Cul (0.0084 g, 0.044 mmol, 2 mol%), Pd(PPh;3),Cl, (0.0279 g, 0.039
mmol, 2 mol%) in 8 mL of DMSO and 8 mL of Et;N afforded 1h’ (0.3376 g, 93%):
Liquid; '"H NMR (300 MHz, CDCls) & 7.38-7.33 (m, 2 H), 7.31-7.26 (m, 2 H),
4.80-4.70 (m, 1 H), 2.02-1.96 (m, 1 H), 1.55 (d, J = 6.6 Hz, 3 H).

(5) 4-(2-Pyridyl)-3-butyn-2-ol (1i)

X / 2 mol % Pd(PPhs),Cl,/Cul
| + = S \ ,\1 -
N7 oH DMSO, EtsN, 40-45 °C, 11.5 h ¥

The reaction of 2-iodopyridine (0.4148 g, 2.0 mmol), 3-butyn-2-ol (0.2832 g, 4.0
mmol), Cul (0.0082 g, 0.043 mmol, 2 mol%), and Pd(PPh;),Cl, (0.0280 g, 0.040
mmol, 2 mol%) in 5 mL of DMSO and 5 mL of Et;N afforded 1i® (0.2801 g, 94%).
The reaction mixture was extracted with ethyl acetate and washed with brine. 1i:
Liquid; "H NMR (300 MHz, CDCl;) & 8.58-8.54 (m, 1 H), 7.65 (td, J = 7.7 and 1.5
Hz, 1 H), 7.43-7.38 (m, 1 H), 7.27-7.20 (m, 1 H), 4.86-4.76 (m, 1 H), 3.56 (d, J = 5.1
Hz, 1 H), 1.59 (d, J= 6.6 Hz, 3 H).

(6) 4-(2-Thienyl)-3-butyn-2-ol (1j)

Br t = T

S DMSO, Et3N, 40-45 °C, 15.4 h S OH

The reaction of 2-bromothiophene (0.3548 g, 2.2 mmol), 3-butyn-2-ol (0.2792 g,
4.0 mmol), Cul (0.0099 g, 0.052 mmol, 2 mol%), and Pd(PPhs),Cl, (0.0283 g, 0.040

mmol, 2 mol%) in 5 mL of DMSO and 5 mL of Et;N afforded 1j° (0.1921 g, 58%):
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Liquid; 'H NMR (300 MHz, CDCL3) & 7.25 (d, J = 1.2 Hz, 1 H), 7.20 (dd, J = 3.6 and
1.2 Hz, 1 H), 6.99-6.95 (m, 1 H), 4.81-4.72 (m, 1 H), 2.01-1.95 (m, 1 H), 1.55 (d, J =
6.6 Hz, 3 H).

(7) 4-(m-Trifluoromethylphenyl)-3-butyn-2-ol (1k)

F3C F3G

G OH 2 mol % Pd(PPhs),Cl,/Cul OH
Br + :—< <\ >—<:
DMSO, Et;N, 40-45 °C, 12.4 h

1k

The reaction of 3-trifluoromethylphenyl bromide (0.4577 g, 2.0 mmol),
3-butyn-2-ol (0.2772 g, 4.0 mmol), Cul (0.0092 g, 0.048 mmol, 2 mol%), and
Pd(PPh3),Cl, (0.0296 g, 0.042 mmol, 2 mol%) in 5 mL of DMSO and 5 mL of Et;N
afforded 1k (0.3224 g, 74%): Liquid; '"H NMR (300 MHz, CDCls) & 7.69 (s, 1 H),
7.61-7.51 (m, 2 H), 7.46-7.39 (m, 1 H), 4.82-4.73 (m, 1 H), 2.20-2.08 (m, 1 H), 1.57
(d, J= 6.6 Hz, 3 H); >*C NMR (CDCls, 75 MHz) & 134.7, 130.9 (q, J = 32.4 Hz, 1 C),
128.8, 128.4 (q, J = 3.6 Hz, 1 C), 124.9 (q, J=3.7 Hz, 1 C), 123.6 (q, J = 270.8 Hz),
123.5, 92.5, 82.5, 58.7, 24.2; ""F NMR (CDCl;, 282 MHz) 8§ -63.0; IR (neat, cm™)
3341, 2985, 2934, 1610, 1588, 1487, 1432, 1372, 1335, 1237, 1169, 1130, 1073, 1039;
MS (m/z) 214 (M, 10.52), 199 (100), HRMS caled for C;;HoF;0 (M"): 214.0605,
found: 214.0604.

2. Synthesis of Optically Active Propargylic Alcohol (S)-4-Phenyl-3-butyn-2-ol

((S)-1a) from Racemic Propargylic Alcohol 1a'*!!

Novozym 435, 60 °C
Ph%< + AcOCH=CH, Ph%< + Ph%

. oA 233h OAc (S)-1a OH

To a mixture of racemic 1a (4.0032 g) and vinyl acetate (100 mL) was added

Novozym 435 (0.7008 g). After shaking at 60 °C for 23.3 h as monitored by TLC, the
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reaction mixture was worked up by filtration and washing with ether. Evaporation and
purification by flash chromatography on silica gel (eluent: petroleum ether/ether =
from 60/1 to 20/1) afforded (S)-1a (1.6780 g, 42%): ee > 99% ( HPLC conditions:
Chiralcel OJ-H, n-hexane/i-PrOH = 90/10, 1 mL/min, A = 230 nm, tr 10.121 min
(major), 8.978 min (minor), [a]*p = -45.4 ° (¢ = 1.06, Et,0)) and
(R)-4-Phenyl-3-butyn-2-ol acetate (2.7696 g, 54%): ee = 71% (ee value was
determined after its conversion to the corresponding alcohol), [a]*p =+145.8°(c=
1.03, CHCL). (S)-1a: Liquid; "H NMR (300 MHz, CDCl3) & 7.46-7.39 (m, 2 H),

7.34-7.27 (m, 3 H), 4.76 (q, J=6.6 Hz, 1 H), 2.16 (bs, 1 H), 1.56 (d, J=6.6 Hz, 3 H).
(S)-1a was prepared by a different method in 98% ee, [a]*’p = -44.8 ° (¢ = 1.0, Et,0).’
3. General Procedure for the CuCl-Mediated Carbometallation of Propargylic
Alcohols with Grignard Reagents Followed by Protonolysis

To a solution of CuCl (1.0 mmol, 1 equiv) and propargylic alcohol (1 mmol) in
toluene (1.5 mL) under a nitrogen atmosphere was added the corresponding Grignard
reagent (6 equiv, 6 mmol) dropwise at -78 °C in 15 min, which was followed by
warming up to rt naturally. After complete conversion of the starting material as
monitored by TLC, the reaction mixture was quenched with an aqueous solution of
saturated NH4Cl at 0 °C, and extracted with Et;0. The combined organic layer was
washed with 5 % HCI, sat. NaHCOs (aq.), brine, and dried over anhydrous Na,;SOs.
After filtration and evaporation, the NMR yield and ratio were determined by using
1,3,5-trimethylbenzene as the internal standard (35 pL, 0.25 mmol). Chromatography

on silica gel (eluent: petroleum ether/ethyl acetate = 40/1~2/1) of the crude product
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afforded the desired product.

(1) 3-(n-Pentyl)-4-phenyl-3(E)-buten-2-ol (E-2a)

1) 1 equiv CuCl, toluene  ph CsHyp-n

n-CcH,,MgBr __
Ph%( + sM11Vd -78°Ctort, 11.6 h
o) in THF (1 M) 2) sat. NH,CI o°c H OH
6 equiv ) sat. NH,Cl (aq.),

1a E-2a

The reaction of 1a (0.1477 g, 1.0 mmol), CuCl (0.1005 g, 1.0 mmol, 1 equiv),
1.5 mL of toluene, and a solution of n-CsH;;MgBr in THF (1 M, 6 mL, 6 mmol, 6
equiv) afforded E-2a (0.1984 g, 90%): Liquid; 'H NMR (300 MHz, CDCls) &
7.36-7.38 (m, 2 H), 7.27-7.18 (m, 3 H), 6.56 (s, 1 H), 4.42 (q, J = 6.4 Hz, 1 H),
2.42-2.32 (m, 1 H), 2.22-2.10 (m, 1 H), 1.65-1.55 (m, 1 H), 1.55-1.43 (m, 2 H), 1.39
(d, J = 6.6 Hz, 3 H), 1.37-1.23 (m, 4 H), 0.91-0.83 (m, 3 H); °C NMR (CDCls, 75
MHz) 6 146.8, 137.7, 128.5, 128.1, 126.3, 124.0, 71.7, 32.2, 28.8, 28.4, 22.5, 22.3,
14.0; IR (neat, cm™) 3357, 3056, 3024, 2957, 2929, 2868, 1649, 1599, 1493, 1464,
1368, 1284, 1165, 1114, 1071; MS (m/z) 200 (M'-H,0), 10.73), 129 (100);

Elemental analysis calcd for C;sH»,0: C, 82.52, H, 10.16; Found: C, 82.86, H, 10.03.

(2) 3-(n-Pentyl)-4-(2-thienyl)-3(E)-buten-2-ol (E-2b)

1) 1 equiv CuCl, toluene

N\ . MCsHuMOBr .7g0c o1, 10h
= in THF (1 M)
s
o) 6 equiv 2) sat. NH,ClI (aq.)

. 0°C
1j

E-2b

The reaction of 1j (0.1530 g, 1.0 mmol), CuCl (0.0991 g, 1.0 mmol, 1 equiv), 1.5
mL of toluene, and a solution of N-CsH;;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv)
afforded E-2b (0.1881 g, 83%): Liquid; 'H NMR (300 MHz, CDCl3) & 7.26-7.22 (m,
1 H), 7.02-6.95 (m, 2 H), 6.67 (s, 1 H), 4.38 (g, J = 6.3 Hz, 1 H), 2.54-2.42 (m, 1 H),

2.34-2.22 (m, 1 H), 1.70 (bs, 1 H), 1.60-1.47 (m, 2 H), 1.45-1.32 (m, 7 H), 0.91 (¢, J =
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7.1 Hz, 3 H); >C NMR (CDCls, 75 MHz) & 145.1, 140.2, 127.2, 126.7, 124.9, 117.4,
72.4,32.5,29.3,28.4,22.5, 22.4, 14.1; IR (neat, cm™) 3357, 2956, 2931, 2869, 1637,
1508, 1466, 1367, 1319, 1282, 1214, 1156, 1103, 1059, 1007; MS (m/z) 224 (M",
28.70), 153 (100); Elemental analysis calcd for C,3H,00S: C, 69.59, H, 8.98; Found:
C, 69.54, H, 8.96.

(3) 3-(n-Pentyl)-4-(2-pyridyl)-3(E)-buten-2-ol (E-2c)

1) 1 equiv CuCl, toluene

— n-CsH1;MgBr -78°Ctort, 10 h
) *  inTHFE@AM
\ N o (1 M) 2) sat. NH,Cl (aq.)
6 equiv o
i 0C HO
E-2c

The reaction of 1i (0.1471 g, 1.0 mmol), CuCl (0.0993 g, 1.0 mmol, 1 equiv), 1.5
mL of toluene, and a solution of N-CsH;;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv)
afforded E-2c (0.1720 g, 78%). The organic layer was washed with brine. E-2c:
Liquid; "H NMR (300 MHz, CDCls) & 8.59-5.55 (m, 1 H), 7.62 (td, J = 7.8 and J =
2.1 Hz, 1 H), 7.21 (d, J= 8.1 Hz, 1 H), 7.08 (ddd, J =7.5, 5.0 and 1.2 Hz, 1 H), 6.60
(s, 1 H), 4.42 (q, J=2.8 Hz, 1 H), 2.75-2.64 (m, 1 H), 2.40-2.28 (m, 1 H), 2.08 (bs, 1
H), 1.54-1.44 (m, 2 H), 1.40 (d, J = 6.3 Hz, 3 H), 1.34-1.22 (m, 4 H), 0.86 (t, J = 7.1
Hz, 3 H); >C NMR (CDCls, 75 MHz) & 156.9, 151.7, 149.1, 135.9, 123.8, 123.0,
120.9, 71.7, 32.2, 28.7, 28.6, 22.5, 22.3, 14.0; IR (neat, cm™) 3379, 2957, 2929, 2868,
1648, 1586, 1563, 1468, 1429, 1367, 1291, 1152, 1118, 1059; MS (m/z) 219 (M",
7.65), 158 (100); HRMS calcd for C;4H; NONa (M'+Na): 242.1515; found:
242.1510.

(4) 2-(n-Pentyl)-1,3-diphenyl-3(E)-propen-2-ol (E-2d)
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1) 1 equiv CuCl, toluene ~ Ph CsHyg-n

p— & h'cTsﬁél('\f*in -78 °Ct0 45°C 12 h H>:§70H
——  + i _
OH 6 equiv 2) sat. NH4Cl (ag.), 0 “°C PH
le E-2d

The reaction of 1¢ (0.2092 g, 1.0 mmol), CuCl (0.1002 g, 1.0 mmol, 1 equiv), 1.5
mL of toluene, and a solution of N-CsH;;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv)
afforded E-2d (0.1273 g, 45%): Liquid; 'H NMR (300 MHz, CDCl3) & 7.45-7.40 (m,
2 H), 7.38-7.25 (m, 7 H), 7.25-7.17 (m, 1 H), 6.77 (s, 1 H), 5.31 (s, 1 H), 2.34-2.20 (m,
1 H), 2.05 (bs, 1 H), 2.02-1.90 (m, 1 H), 1.45-1.28 (m, 2 H), 1.25-1.12 (m, 4 H),
0.84-0.76 (m, 3 H); °C NMR (CDCls, 75 MHz) & 144.3, 142.3, 137.6, 128.7, 128.4,
128.2, 127.7, 126.8, 126.5, 125.6, 77.8, 32.0, 28.6, 28.5, 22.2, 13.9; IR (neat, cm™)
3396, 3026, 2955, 2929, 2859, 1654, 1599, 1576, 1493, 1450, 1378, 1232, 1187, 1073,
1030; MS (m/z) 280 (M", 6.55), 209 (100); Elemental analysis calcd for CooH,40: C,
85.67, H, 8.63; Found: C, 85.75, H, 8.62.
4. Synthesis of 4-deutero-3-(n-pentyl)-4-phenyl-3(E)-buten-2-ol (E-5a)

1) 1 equiv CuCl, toluene
n-CsH;,MgBr CsHii-n

-78°Ctort, 16.3 h Ph _
Ph%< *in THF (1 M) 5
2) D,O, -40 °Ctort D OH

OH 6 equiv

1a E-5a
Following the procedure for the CuCl-mediated carbometallation of propargylic
alcohols with Grignard reagents described above, the reaction was conducted using 1a
(0.1488 g, 1.0 mmol), CuCl (0.0998 g, 1.0 mmol, 1 equiv), 1.5 mL of toluene, and a
solution of n-CsH;;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv). After complete

conversion of the starting material as monitored by TLC, the reaction mixture was

quenched with D,O (0.5 mL) at -40 °C and warmed up to rt to afford E-5a (0.1961 g,

S11



88%, D incorporation: 99%): Liquid; 'H NMR (300 MHz, CDCls) & 7.36-7.29 (m, 2
H), 7.27-7.17 (m, 3 H), 6.55 (s, 0.01 H), 4.41 (q, J = 6.4 Hz, 1 H), 2.42-2.30 (m, 1 H),
2.22-2.10 (m, 1 H), 1.77 (bs, 1 H), 1.56-1.42 (m, 2 H), 1.38 (d, J = 6.6 Hz, 3 H),
1.34-1.22 (m, 4 H), 0.90-0.83 (m, 3 H); >C NMR (CDCl;, 75 MHz) & 146.7, 137.6,
128.5, 128.1, 126.3, 71.7, 32.2, 28.8, 28.4, 22.5, 22.3, 14.0; IR (neat, cm™) 3363,
3056, 3021, 2957, 2929, 2868, 1639, 1597, 1493, 1464, 1370, 1285, 1114, 1063; MS
(m/z) 219 (M", 3.22), 148 (100); HRMS calcd for C;sH,; DO (M"): 219.1733, found
219.1730.
5. General Procedure for the CuCl-Mediated Carbometallation of Propargylic
Alcohols with Grignard Reagents Followed by lodination

Following the procedure for the CuCl-mediated carbometallation of propargylic
alcohols with Grignard reagents described above, the reaction was conducted using
propargylic alcohol (1 mmol), CuCl (1.0 mmol, 1 equiv), 1.5 mL of toluene, and a
solution of Grignard reagent in THF (6 equiv, 6 mmol). After complete conversion of
the starting material as monitored by TLC, the reaction mixture was quenched by the
dropwise addition of a solution of I, (6 mmol, 6 equiv) in 5 mL of THF at -40 °C,
followed by warming up to rt naturally for 1 h, treatment with an aqueous solution of
saturated Na,S,0; at 0 °C, and extraction with Et;0. The combined organic layer was
washed with 5 % HCI, sat. NaHCOs (aq.), brine, and dried over anhydrous Na,;SOs.
After filtration and evaporation, the NMR yield and ratio were determined by using
1,3,5-trimethylbenzene as the internal standard (35 pL, 0.25 mmol). Chromatography

on silica gel (eluent: petroleum ether/ethyl acetate = 100/1~10/1) of the crude product

S12



afforded the desired product.

(1) 4-1odo-3-(n-pentyl)-4-phenyl-3(Z)-buten-2-ol (Z-4a)

1) 1 equiv CuCl, toluene Ph
-78°Ctort,8.7h —
I OH

n—C5H11MgBr C5H11-n

ph%< + in THF (1 M)

OH 6 equiv 2)1,,-40 °Ctort, 1.2 h
la 3) sat. Na,S,05 (aq.), 0°C  Z-4a

The reaction of 1a (0.1469 g, 1.0 mmol), CuCl (0.1007 g, 1.0 mmol, 1 equiv),
1.5 mL of toluene, a solution of n-CsH;;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv),
and a solution of I, (1.5243 g, 6.0 mmol, 6 equiv) in THF (5 mL) afforded Z-4a
(0.2878 g, 83%): Liquid; '"H NMR (300 MHz, CDCls) & 7.37-7.28 (m, 2 H), 7.28-7.15
(m, 3 H), 4.97-4.87 (m, 1 H), 2.21-1.99 (m, 2 H), 1.93 (bs, 1 H), 1.40 (d, J = 6.3 Hz, 3
H), 1.36-1.20 (m, 2 H), 1.15-0.99 (m, 4 H), 0.74 (t, J = 6.9 Hz, 3 H); °C NMR
(CDCl3, 100 MHz) 6 149.3, 144.5, 128.2, 128.1, 127.6, 96.0, 77.0, 31.8, 29.8, 28.8,
22.0, 21.2, 13.8; IR (neat, cm™) 3363, 2956, 2928, 2865, 1620, 1592, 1486, 1458,
1442, 1367, 1285, 1222, 1175, 1104, 1060; MS (m/z) 344 (M", 0.50), 327 (M-H,0)",
22.04), 117 (100); HRMS calcd for C;sH,;01 (M"): 344.0637, found: 344.0642.

(2) (S)-4-1odo-3-(n-pentyl)-4-phenyl-3(Z)-buten-2-ol ((S)-Z-4a)

n-CsH;,MgBr 1) 1 equiv CuCl, toluene Ph CsHian
— / o —
Ph—=—_ + inTHFAWM) -78°Ctort, 12.2 h 7
OH 6 equiv 2)1,,-40 °Ctort, 2 h HO
S)-la
eé >)99% 3) sat. Na,S;03 (aq.), 0°C  (S)-z-4a
ee >99%

The reaction of (S)-(-)-1a (0.1474 g, 1.0 mmol, ee > 99%), CuCl (0.0991 g, 1.0
mmol, 1 equiv), 1.5 mL of toluene, a solution of n-CsH;;MgBr in THF (6 mL, 1 M, 6
mmol, 6 equiv), and a solution of I, (1.4864 g, 5.9 mmol, 5.9 equiv) in THF (5 mL)

afforded (S)-Z-4a (0.2541 g, 73 %): ee > 99% (HPLC conditions: Chiralcel AS-H,

S13



n-hexane/i-PrOH = 95/5, 0.5 mL/min, A = 230 nm, tr 9.474 min (major), 10.582 min
(minor), [a]’p = +3.4 ° (c = 1.02, CHCly)). Liquid; 'H NMR (300 MHz, CDCl;) &
7.36-7.29 (m, 2 H), 7.27-7.17 (m, 3 H), 492 (qd, J = 6.4 and J = 3.0 Hz, 1 H),
2.21-1.99 (m, 2 H), 1.96-1.84 (m, 1 H), 1.44-1.24 (m, 5 H), 1.15-0.98 (m, 4 H), 0.74 (t,
J=6.8 Hz, 3 H); °C NMR (CDCls, 100 MHz) & 149.3, 144.4, 128.1, 128.0, 127.5,
95.9, 76.9, 31.8, 29.7, 28.7, 21.9, 21.2, 13.8; IR (neat, cm™) 3355, 2956, 2928, 2869,
1612, 1592, 1487, 1458, 1442, 1367, 1286, 1222, 1104, 1060; MS (m/z) 344 (M",
3.33), 117 (100); HRMS calcd for C;sH,;01 (M"): 344.0637, found: 344.0645.

(3) 4-(p-Chlorophenyl)-4-iodo-3-(n-pentyl)-3(Z)-buten-2-ol (Z-4b)
Cl

1) 1 equiv CuCl, toluene
C / N-CsHuMOBr  7g°c o1, 10 h _CsHun
Cl — + in THF (1 M) N1 -40°Ctort 1h
OH 6 equiv )la:- ort ! OH
3) sat. Na,S,05 (aq.), 0 °C
1h Z-4b

The reaction of 1h (0.1801 g, 1.0 mmol), CuCl (0.1001 g, 1.0 mmol, 1 equiv), 1.5
mL of toluene, a solution of n-CsH;;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv), and
a solution of 1 (1.5261 g, 6.0 mmol, 6 equiv) in THF (5 mL) afforded Z-4b (0.2930 g,
78%): Solid: m.p. 70.5-71.0 °C (hexane/ethyl acetate); 'H NMR (300 MHz, CDCls) &
7.34-7.26 (m, 2 H), 7.17-7.10 (m, 2 H), 4.89 (q, J = 6.6 Hz, 1 H), 2.20-1.98 (m, 2 H),
1.94 (bs, 1 H), 1.42-1.22 (m, 5 H), 1.18-1.00 (m, 4 H), 0.77 (t, J = 6.9 Hz, 3 H); "°C
NMR (CDCls, 75 MHz) 6 150.2, 142.9, 133.3, 129.5, 128.5, 94.1, 76.9, 31.8, 29.8,
28.9, 22.0, 21.2, 13.8; IR (KBr, cm™) 3363, 2956, 2929, 2869, 1587, 1486, 1465,
1395, 1367, 1221, 1088, 1060, 1015; MS (m/z) 380 (M"(’Cl), 0.73), 378 (M"(*°Cl),

2.49), 125 (100); Elemental analysis calcd for C;sH,0OCIL: C, 47.58, H, 5.32; Found:
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C,47.59,H, 5.32.

(4) 4-1odo-3-(n-pentyl)-4-(m-trifluoromethylphenyl)-3(2)-buten-2-ol (Z-4c)
CF;
F3C -CeHy MgBr 1)1 e(luiv CuCl, toluene
. -78°Ctort, 11.2 h CsHy1-n
@%( + inTHF (1 M) _
OH 6 equiv 2)1,,-40°Ctort, 1.3 h

3) sat. Na,S,05 (aq.), 0 °C

1k
Z-4c

The reaction of 1k (0.2080 g, 0.97 mmol), CuCl (0.0992 g, 1.0 mmol, 1 equiv),
1.5 mL of toluene, a solution of n-CsH;;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv),
and a solution of I, (1.5324 g, 6.0 mmol, 6 equiv) in THF (5 mL) afforded Z-4c
(0.3020 g, 75%): Liquid; "H NMR (300 MHz, CDCls) & 7.53-7.43 (m, 3 H), 7.42-7.37
(m, 1 H), 4.92 (qd, J= 6.5 and 3.3 Hz, 1 H), 2.18-1.98 (m, 2 H), 1.92 (d, J=3.3 Hz, 1
H), 1.41 (d, J= 6.6 Hz, 3 H), 1.38-1.23 (m, 2 H), 1.15-1.00 (m, 4 H), 0.74 (t, J = 6.9
Hz, 3 H); °C NMR (CDCl;, 75 MHz) & 151.0, 145.1, 131.6, 130.6 (q, J = 32.1 Hz, 1
C), 128.8,125.0(q,J=3.9Hz, 1 C), 1243 (q,J=3.8 Hz, 1 C), 123.8, (q, J =271 Hz,
1C), 93.1,76.8,31.8,29.8,28.9, 21.9, 21.3, 13.7; "’F NMR (CDCls, 282 MHz) -62.8;
IR (neat, cm™) 3373, 2959, 2931, 2871, 1604, 1589, 1484, 1461, 1432, 1368, 1329,
1310, 1210, 1167, 1131, 1093, 1072, 1001; MS (m/z) 412 (M", 1.47), 185 (100),
HRMS caled for C¢HyoF;01 (M+): 412.0511, found: 412.0503.

(5) 4-1odo-4-(m-methylphenyl)-3-(n-pentyl)-3(2)-buten-2-ol (Z-4d)

C.H--MaB 1) 1 equiv CucCl, toluene
n- r -
o n--snud 78°Ctort, 17.3 h _ st
— ' inTHF (A M)
OH 2)1,,-30°Ctort, 1.3 h | OH

6 equiv
1e 3) sat. Na,S,05 (aq.), 0 °C
Z-4d
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The reaction of 1e (0.1628 g, 1.0 mmol), CuCl (0.0966 g, 0.98 mmol, 1 equiv),
1.5 mL of toluene, a solution of n-CsH;;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv),
and a solution of I, (1.5294 g, 6.0 mmol, 6 equiv) in THF (5 mL) afforded Z-4d
(0.1795 g, 49%): Liquid; "H NMR (300 MHz, CDCls) & 7.24-7.17 (m, 1 H), 7.06-6.97
(m, 3 H), 4.91 (q, J = 6.6 Hz, 1 H), 2.33 (s, 3 H), 2.20-1.98 (m, 2 H), 1.92-1.84 (m, 1
H), 1.42-1.25 (m, 5 H), 1.18-0.98 (m, 4 H), 0.75 (t, J = 6.9 Hz, 3 H); °C NMR
(CDCl3, 75 MHz) 6 149.1, 144.4, 137.8, 128.6, 128.4, 128.1, 125.1, 96.4, 77.0, 31.8,
29.8,28.8,22.0,21.4,21.2, 13.8; IR (neat, cm™") 3383, 2956, 2928, 2860, 1597, 1581,
1481, 1456, 1377, 1367, 1252, 1217, 1183, 1159, 1104, 1059, 1000; MS (m/z) 358
(M", 7.08), 231 (100); Elemental analysis calcd for C;sHp310: C, 53.64, H, 6.47;
Found: C, 53.67, H, 6.47.

(6) 4-1odo-4-(p-methylphenyl)-3-(n-pentyl)-3(Z)-buten-2-ol (Z-4¢)

1) 1 equiv CuCl, toluene
n-CsHy1MgBr 78 to1t. 14 h B CeHyon
©%< +in THF (1 M) -
OH 6 equiv 2)15,-40 °Ctort, 2 h | OH
3) sat. Na,S,03 (aq.), 0 °c
. Z-4e

The reaction of 1f (0.0806 g, 0.50 mmol), CuCl (0.0498 g, 0.50 mmol, 1 equiv),
0.75 mL of toluene, a solution of n-CsH;;MgBr in THF (3 mL, 1 M, 3 mmol, 6 equiv),
and I, (0.7532 g, 3.0 mmol, 6 equiv) afforded Z-4e (0.1191 g, 66%): Solid: m.p.
52.1-52.8 °C (hexane/ethyl acetate); '"H NMR (400 MHz, CDCls) & 7.15-7.07 (m, 4
H), 490 (q, J = 6.5 Hz, 1 H), 2.34 (s, 3 H), 2.21-1.99 (m, 2 H), 1.93 (bs, 1 H),
1.43-1.25 (m, 5 H), 1.18-1.00 (m, 4 H), 0.75 (t, J = 6.9 Hz, 3 H); *C NMR (CDCl;,

100 MHz) 6 149.1, 141.8, 137.3, 128.9, 128.0, 96.5, 77.1, 31.8, 29.8, 28.8, 22.0, 21.2,
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13.8; IR (KBr, cm'l) 3373, 3022, 2956, 2927, 2869, 1603, 1570, 1506, 1456, 1404,
1367, 1262, 1224, 1180, 1106, 1059, 1021; MS (m/z) 358 (M, 0.50), 341 (M*-OH),
1.83), 105 (100); HRMS calcd for C¢H»;01 (M"): 358.0794, found: 358.0780.

(7) 4-1odo-4-(p-methoxyphenyl)-3-(n-pentyl)-3(2)-buten-2-ol (Z-4f)

CH30

1) 2.2 equiv CuCl, toluene
n-CgHyMgr 1) 22 ¢

. -78°Ctort, 13.3 h CsHyp-n
CH30 = + in THF (1 M) —
OH 9 equiv 2)1,,-40°Ctort, 1.4 h | OH
1g 3) sat. Na,S,03 (ag.), 0°C
Z-4f

The reaction of 1g (0.1591 g, 0.90 mmol), CuCl (0.1966 g, 2.0 mmol, 2.2 equiv),
1.5 mL of toluene, a solution of n-CsH;;MgBr in THF (8 mL, 1 M, 8 mmol, 9 equiv),
and a solution of I (2.0013 g, 7.9 mmol, 9 equiv) in THF (7 mL) afforded Z-4f
(0.1907 g, 56%): Liquid; '"H NMR (300 MHz, CDCls) & 7.16-7.11 (m, 2 H),
6.87-6.81 (m, 2 H), 4.90 (q, J = 6.5 Hz, 1 H), 3.81 (s, 3 H), 2.22-2.00 (m, 3 H),
1.42-1.25 (m, 5 H), 1.18-1.00 (m, 4 H), 0.76 (t, J = 6.9 Hz, 3 H); >*C NMR (CDCls,
75 MHz) & 158.6, 149.2, 137.1, 129.4, 113.5, 96.4, 77.1, 55.2, 31.8, 29.8, 28.8, 22.0,
21.1, 13.8; IR (neat, cm™") 3440, 2956, 2869, 1602, 1574, 1505, 1464, 1441, 1366,
1288, 1247, 1173, 1106, 1034; MS (m/z) 374 (M", 0.80), 121 (100); Elemental
analysis caled for C;sH230,1: C, 51.35, H, 6.19; Found: C, 51.31, H, 6.22.

(8) 1-lodo-2-(n-pentyl)-1-phenyl-1(Z)-octen-3-ol (Z-49)

CoHe-MaB 1) 1 equiv CucCl, toluene
_ fsHuen NRsRUMOBT o 29004611 1280
PhT< + inTHF (1 M)
OH 6 equiv 2) 15, -40°Ctort, 2.5 h l OH

3) sat. Na,S,05 (ag), 0°C  CsH
Z-49g

Ph CgHqq-n

1b
The reaction of 1b (0.2106 g, 1.0 mmol), CuCl (0.1038 g, 1.0 mmol, 1 equiv),

1.5 mL of toluene, a solution of n-CsH;;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv),
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and a solution of I, (1.5382 g, 6.1 mmol, 6 equiv) in THF (5 mL) afforded Z-4g
(0.1304 g, 31%): Liquid; "H NMR (300 MHz, CDCls) & 7.34-7.27 (m, 2 H), 7.25-7.17
(m, 3 H), 4.72 (t, J = 6.6 Hz, 1 H), 2.20-1.96 (m, 3 H), 1.71-1.50 (m, 2 H), 1.48-1.20
(m, 8 H), 1.14-0.97 (m, 4 H), 0.96-0.88 (m, 3 H), 0.72 (t, J = 6.9 Hz, 3 H); °*C NMR
(CDCl;, 75 MHz) & 148.9, 144.6, 128.1, 128.0, 127.5, 96.7, 80.9, 35.3, 31.8, 31.7,
29.7,28.9,25.7,22.6, 21.9, 14.1, 13.8; IR (neat, cm™) 3396, 3057, 2955, 2929, 2859,
1620, 1592, 1487, 1462, 1378, 1304, 1215, 1116, 1029; MS (m/z) 400 (M", 0.49), 91
(100); Elemental analysis calcd for C19H»90I: C, 57.00, H, 7.30; Found: C, 57.00, H,
7.32.

(9) 3-Ethyl-4-iodo-4-phenyl-3(2)-buten-2-ol (Z-4h)

1) 1 equiv CuCl, toluene  Ph Et
EtMgBr —

_ -78°Ctort, 16.3 h
Ph——= + InTHF (A M) I OH

OH 6.0 equiv 2) I, -40°Ctort, 1.2 h
1a 3) sat. Na;S;03 (aq.), 0°C 5 4,

The reaction of 1a (0.1440 g, 0.99 mmol), CuCl (0.1008 g, 1.0 mmol, 1 equiv),
1.5 mL of toluene, a solution of EtMgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv), and a
solution of I (1.5325 g, 6.0 mmol, 6 equiv) in THF (5 mL) afforded Z-4h (0.2452 g,
82%): Solid: m.p. 100.2-101.0 °C (hexane/ethyl acetate); 'H NMR (300 MHz, CDCl5)
8 7.36-7.29 (m, 2 H), 7.27-7.18 (m, 3 H), 4.98-4.89 (m, 1 H), 2.36-2.07 (m, 3 H), 1.41
(d, J = 6.6 Hz, 3 H), 0.92 (t, J = 7.5 Hz, 3 H); >C NMR (CDCl;, 75 MHz) § 150.3,
144.4, 128.2, 128.0, 127.5, 95.9, 77.0, 21.9, 21.2, 15.0; IR (KBr, cm™) 3318, 3052,
2976, 2967, 2930, 2870, 1615, 1576, 1485, 1440, 1373, 1367, 1342, 1288, 1218, 1184,
1103, 1072, 1052, 1015; MS (m/z) 302 (M, 2.81), 131 (100); Elemental analysis

calcd for C1,H;50I: C, 47.70, H, 5.00; Found: C, 47.73, H, 5.01.
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(10) 4-1odo-3-isopropyl-4-phenyl-3(Z)-buten-2-ol (Z-4i)
1) 1 equiv CucCl, toluene Ph

Ph — + ! -78 ClOIt, 12.1t —
2) |21 40°Cto |t, 15 h | OH

OH 6 equiv

3) sat. Na,S,05 (aq.), 0 °C
la Z-4i

The reaction of 1a (0.1426 g, 0.98 mmol), CuCl (0.1041 g, 1.1 mmol, 1 equiv),
1.5 mL of toluene, a solution of i-C;H;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv),
and a solution of I, (1.5432 g, 6.1 mmol, 6 equiv) in THF (5 mL) afforded Z-4i
(0.2575 g, 83%): Solid: m.p. 88.7-89.2 °C (hexane/ethyl acetate); 'H NMR (300 MHz,
CDCls) 6 7.36-7.28 (m, 2 H), 7.27-7.15 (m, 3 H), 4.84 (q, J = 6.6 Hz, 1 H), 2.88-2.73
(m, 1 H), 2.28 (bs, 1 H), 1.54 (d, J=6.9 Hz, 3 H), 1.05 (d, J=6.9 Hz, 3 H), 0.96 (d, J
=7.2 Hz, 3 H); >C NMR (CDCl;, 75 MHz) & 152.8, 145.4, 128.2, 127.9, 127.5, 94.6,
74.3,31.8,21.9,21.8,21.3; IR (KBr, cm™) 3361, 2982, 2963, 2932, 2872, 1616, 1587,
1574, 1477, 1458, 1440, 1365, 1227, 1161, 1109, 1057; MS (m/z) 316 (M", 0.80), 145
(100); Elemental analysis calcd for C3H710: C, 49.38, H, 5.42; Found: C, 49.40, H,
5.41.

(11) 3-Allyl-4-iodo-4-phenyl-3(Z)-buten-2-ol (Z-4j)

1) 1 equiv CuCl, toluene Ph /
AllyMgCl 78°Ctor, 22 h —
Ph%( + inTHF (1.7 M) 0 | OH
OH 6 eqUiV 2) |2, -40Ctort, 0.8 h
1a 3) sat. Na,S,05 (aq.), 0 °C 7-4]

The reaction of 1a (0.2973 g, 2.0 mmol), CuCl (0.2038 g, 2.1 mmol, 1 equiv), 3
mL of toluene, a solution of CH,=CHCH,;MgCl in THF (7 mL, 1.7 M, 12 mmol, 6
equiv), and a solution of 1(3.0215 g, 11.9 mmol, 6 equiv) in THF (10 mL) afforded

Z-4j (0.3160 g, 49%): Solid: m.p. 47.7-49.9 °C (hexane/ethyl acetate); '"H NMR (300
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MHz, CDCls) & 7.36-7.28 (m, 2 H), 7.27-7.18 (m, 3 H), 5.83-5.68 (m, 1 H), 5.01-4.88
(m, 3 H), 2.93 (qdt, J=13.1, 6.3, and 1.7 Hz, 2 H), 2.23 (d, J = 3.3 Hz, 1 H), 1.39 (d,
J = 6.6 Hz, 3 H); °C NMR (CDCls;, 75 MHz) & 146.2, 144.1, 137.0, 128.2, 128.0,
127.8, 116.1, 97.0, 77.0, 32.8, 21.2; IR (KBr, cm™) 3396, 3077, 3058, 2975, 2927,
1637, 1588, 1573, 1487, 1442, 1411, 1367, 1285, 1219, 1177, 1103, 1061, 1029, 1000;
MS (m/z) 314 (M", 5.86), 128 (100); Elemental analysis calcd for C;3H;50I: C, 49.70,
H, 4.81; Found: C, 49.66, H, 4.83.
(12) 4-1odo-3,4-diphenyl-3-buten-2(Z2)-ol (Z-4k)
1) 1 equiv CuCl, toluene  pp, Ph
Ph%( + in TZhFM(Qi% y —° Clor, 14h >:§,
2)1,-40°Ctort, 1 h ' OH

OH 6 equiv o
1a 3) sat. Na,S,03 (aqg.), 0 "C 7.4k

The reaction of 1a (0.1467 g, 1.0 mmol), CuCl (0.1032 g, 1.0 mmol, 1 equiv),
1.5 mL of toluene, a solution of PhAMgClI in THF (3.4 mL, 1.8 M, 6 mmol, 6 equiv),
and a solution of I, (1.5237 g, 6.0 mmol, 6 equiv) in THF (5 mL) afforded Z-4k
(0.2435 g, 69%): Solid: m.p. 99.1-100.8 °C (hexane/ethyl acetate); 'H NMR (300
MHz, CDCl3) 6 7.19-7.10 (m, 3 H), 7.09-6.95 (m, 7 H), 5.18-5.08 (m, 1 H), 1.69 (bs,
1 H), 1.31 (d, J = 6.3 Hz, 3 H); °C NMR (CDCls, 75 MHz) & 150.2, 143.7, 135.7,
130.0, 129.1, 127.7, 127.5, 127.2, 127.0, 100.7, 76.6, 21.4; IR (KBr, cm™) 3339, 2977,
1597, 1574, 1486, 1440, 1365, 1283, 1111, 1057; MS (m/z) 350 (M", 5.03), 179 (100);

Elemental analysis calcd for C;¢H;sOI: C, 54.88, H, 4.32; Found: C, 54.87, H, 4.32.

1) 1 equiv CuCl, toluene
PhMgBr )1leq Ph Ph

. -78°Ctort, 14 h
ph%< + in THF (1 M) I>_§70H

OH 6 equiv 2)15,-40°Ctort, 1 h

1a 3) sat. Na,S,03 (aq.), 0 °C 7.4k
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The reaction of 1a (0.1449 g, 1 mmol), CuCl (0.1013 g, 1 mmol, 1 equiv), 1.5
mL of toluene, a solution of PhMgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv), and a
solution of I, (1.5245 g, 6 mmol, 6 equiv) in THF (5 mL) afforded Z-4k (0.2174 g,
63%). The data of the compound are the same as those desribed in the previous

experiment.

(13) 4-1odo-3-(p-methylphenyl)-4-phenyl-3(Z)-buten-2-ol (Z-41)

1) 1 equiv CuCl, toluene
-78°Ctort, 13 h

4-MeCgH4MgBr o Ph
— + in THF (2 M) S | on
OH 6 equiv 2) |2, -40 "Ctort, 1.5 h
la 3) sat. Na,S,03 (aq.), 0 °C
Z-4]

The reaction of 1a (0.1473 g, 1.0 mmol), CuCl (0.0993 g, 1.0 mmol, 1 equiv),
1.5 mL of toluene, a solution of 4-MeCcHsMgBr in THF (3 mL, 2 M, 6 mmol, 6
equiv), and a solution of I, (1.5244 g, 6.0 mmol, 6 equiv) in THF (5 mL) afforded
Z-41 (0.3030 g, 83%): Solid: m.p. 112.0-112.4 °C (hexane/ethyl acetate); 'H NMR
(300 MHz, CDCl3) 6 7.09-6.87 (m, 9 H), 5.16-5.05 (m, 1 H), 2.20 (s, 3 H), 1.88-1.74
(m, 1 H), 1.30 (d, J = 6.6 Hz, 3 H); °C NMR (CDCls, 75 MHz) & 150.1, 143.9, 136.7,
132.6, 129.8, 129.2, 128.5, 127.5, 127.1, 100.4, 76.6, 21.4, 21.1; IR (KBr, cm™") 3406,
3078, 3024, 2973, 2922, 2866, 1609, 1590, 1576, 1509, 1487, 1442, 1403, 1367, 1329,
1263, 1200, 1184, 1113, 1055; MS (m/z) 365 (M'+1), 1.97), 364 (M", 9.73), 193
(100); Elemental analysis calcd for C7H;70I: C, 56.06, H, 4.70; Found: C, 56.10, H,
4.70.

(14) 4-1odo-3-(p-methoxyphenyl)-4-phenyl-3(2)-buten-2-ol (Z-4m)
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OCHg

1) 1 equiv CuCl, toluene

OH  4-MeOCgH4MgBr  -78°Ctort, 13 h Ph
Ph%< + inTHF (2 M) o —
6 equiv 2)15,-40°Ctort, 1 h | OH
la 3) sat. NayS,03 (aq.), 0 °C

Z-4m

The reaction of 1a (0.1442 g, 1.0 mmol), CuCl (0.1017 g, 1.0 mmol, 1 equiv),
1.5 mL of toluene, a solution of 4-MeOCsHsMgBr in THF (6 mL, 1 M, 6 mmol, 6
equiv), and a solution of I, (1.5241 g, 6.0 mmol, 6 equiv) in THF (5 mL) afforded
Z-4m (0.2732 g, 73%): Solid: m.p. 97.1-98.3 °C (hexane/ecthyl acetate); 'H NMR (300
MHz, CDCl3) 8 7.11-6.99 (m, 5 H), 6.96-6.90 (m, 2 H), 6.70-6.64 (m, 2 H), 5.16-5.06
(m, 1 H), 3.70 (s, 3 H), 1.78 (d, J = 6.0 Hz, 1 H), 1.30 (d, J = 6.6 Hz, 3 H); °C NMR
(CDCl;, 75 MHz) & 158.5, 149.8, 144.0, 131.2, 129.3, 127.8, 127.6, 127.2, 113.3,
100.7, 76.6, 55.1, 21.5; IR (KBr, cm™) 3424, 2971, 2930, 2835, 1605, 1573, 1508,
1488, 1463, 1441, 1366, 1287, 1246, 1177, 1112, 1056, 1031; MS (m/z) 380 (M",
16.08), 209 (100); Elemental analysis calcd for Ci7H;70,1: C, 53.70, H, 4.51; Found:
C, 53.77, H, 4.56.

6. Synthesis of 4-Bromo-3-(n-pentyl)-4-phenyl-3(Z)-buten-2-ol (Z-6a)

1) 1 equiv CucCl, toluene Ph CgHypon
n-CsH1;MgBr -78°Ctort, 16.3 h —
Ph——— +
inTHF(IM) 5y NBS, -40 °Ctort, 2.8 h BY OH

OH 6 equi
equiv 3) sat. NH,Cl (aq.), 0 °C

1a Z-6a

Following the procedure for the CuCl-mediated carbometallation of propargylic
alcohols with Grignard reagents described above, the reaction was conducted using 1a
(0.1408 g, 0.96 mmol), CuCl (0.0998 g, 1.0 mmol, 1 equiv), 1.5 mL of toluene, and a

solution of n-CsH;;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv). After complete

conversion of the starting material as monitored by TLC, the reaction mixture was
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quenched with NBS (1.1170 g, 6.3 mmol, 6.3 equiv) at -40 °C to afford Z-6a (0.1545
g, 54%): Solid: m.p. 47.9-48.8 °C (hexane); 'H NMR (300 MHz, CDCls) & 7.39-7.24
(m, 5 H), 5.09 (q, J = 6.5 Hz, 1 H), 2.18-1.98 (m, 2 H), 1.91 (bs, 1 H), 1.45-1.30 (m, 5
H), 1.17-1.01 (m, 4 H), 0.76 (t, J = 6.8 Hz, 3 H); C NMR (CDCls, 75 MHz) & 144.0,
140.8, 128.6, 128.2, 127.9, 117.8, 71.3, 31.8, 29.5, 29.3, 22.0, 21.2, 13.8; IR (KBr,
cm™) 3386, 3058, 2957, 2929, 2868, 1632, 1593, 1488, 1443, 1368, 1263, 1230, 1104,
1061, 1029; MS (m/z) 298 (M'(*'Br), 0.83), 296 (M(”Br), 0.90), 217 (100);
Elemental analysis calcd for C;sH»;BrO: C, 60.61, H, 7.12; Found: C, 60.57, H, 7.15.
7. General Procedure for the CuCl-Mediated Carbometallation of Propargylic
Alcohols with Grignard Reagents Followed by Allylation

Following the procedure for the CuCl-mediated carbometallation of propargylic
alcohols with Grignard reagents described above, the reaction was conducted using
propargylic alcohol (1 mmol), CuCl (1.0 mmol, 1 equiv), 1.5 mL of toluene, and a
solution of Grignard reagent in THF (6 equiv, 6 mmol). After complete conversion of
the starting material as monitored by TLC, the reaction mixture was quenched by the
dropwise addition of a solution of allyl bromide in 2 mL of THF at -40 °C, followed
by warming up to rt naturally. The resulting mixture was treated with an aqueous
solution of saturated NH4CI at 0 °C, and extracted with Et;0. The combined organic
layer was washed with 5 % HCI, sat. NaHCOj (aq.), brine, and dried over anhydrous
Na,SO4. After filtration and evaporation, the NMR yield and ratio were determined by
using 1,3,5-trimethylbenzene as the internal standard (35 pL, 0.25 mmol).

Chromatography on silica gel (eluent: petroleum ether/ethyl acetate = 40/1~10/1) of
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the crude product afforded the desired product.
(1) 3-(n-Pentyl)-4-phenylhepta-3(E),6-dien-2-ol (E-7a)

1) 1 equiv CuCl, toluene  Ph CsHyp-n

n-CsH11MgBr 78°Ctort, 12.2 h =
Ph%{ T inTHF (1 M) — OH
OH 6 equiv 2) 6 equiv allyl bromide /
la -40°Ctort, 4.3 h
3) sat. NH,Cl (aq.), 0 °C E-7a

The reaction of 1a (0.1499 g, 1.0 mmol), CuCl (0.1041 g, 1.1 mmol, 1 equiv),
1.5 mL of toluene, a solution of n-CsH;;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv),
and a solution of allyl bromide (0.54 mL, d = 1.398 g/mL, 0.7549 g, 6.2 mmol, 6.2
equiv) in THF (2 mL) afforded E-7a (0.2250 g, 85%): Liquid; '"H NMR (300 MHz,
CDCl) 6 7.34-7.27 (m, 2 H), 7.26-7.18 (m, 1 H), 7.11-7.07 (m, 2 H), 5.82-5.67 (m, 1
H), 5.05-4.89 (m, 3 H), 3.15 (qdt, J = 12.9, 6.3, and 1.5 Hz, 2 H), 2.02-1.85 (m, 2 H),
1.59 (bs, 1 H), 1.38 (d, J = 6.6 Hz, 3 H), 1.35-1.19 (m, 2 H), 1.15-0.96 (m, 4 H), 0.74
(t, J=7.1 Hz, 3 H); °C NMR (CDCls, 75 MHz) & 143.4, 140.3, 136.0, 135.5, 128.4,
127.9, 126.2, 115.2, 67.6, 38.7, 32.2, 30.3, 28.4, 22.1, 22.0, 13.9; IR (neat, cm™) 3382,
3077, 3057, 3019, 2956, 2929, 2870, 1636, 1599, 1491, 1456, 1441, 1368, 1283, 1106,
1177, 1072, 1056; MS (m/z) 258 (M", 1.22), 130 (100); HRMS calcd for C;gH,sONa
(M"+ Na): 281.1876, Found: 281.1870.

(2) 3-Methyl-4-phenylhepta-3(E),6-dien-2-ol (E-7b)

1) 1 equiv CuCl, toluene Ph

CH3MgCl 78°Cto rt, 18 h —
Ph—= * inTHF@E M) Yy rwr—— OH
OH 6 equiv ) 6 equiv allyl bromide

1a -40°Ctort,3h v
3) sat. NH,Cl (ag.), 0 °C E-7b

The reaction of 1a (0.1475 g, 1.0 mmol), CuCl (0.0984 g, 0.99 mmol, 1 equiv),

1.5 mL of toluene, a solution of CH3MgCl in THF (2 mL, 3 M, 6 mmol, 6 equiv), and
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a solution of allyl bromide (0.54 mL, d = 1.398 g/mL, 0.7549 g, 6.2 mmol, 6.2 equiv)
in THF (2 mL) afforded E-7b (0.1858 g, 91%): Liquid; '"H NMR (300 MHz, CDCl;) &
7.34-7.27 (m, 2 H), 7.25-7.18 (m, 1 H), 7.13-7.08 (m, 2 H), 5.82-5.68 (m, 1 H),
5.05-4.91 (m, 3 H), 3.26-3.06 (m, 2 H), 1.75 (bs, 1 H), 1.58 (s, 3 H), 1.34 (d, J = 6.3
Hz, 3 H); °C NMR (CDCls, 75 MHz) & 143.3, 136.1, 135.6, 133.9, 128.5, 127.9,
126.2, 115.1, 66.7, 38.2, 21.3, 13.1; IR (neat, cm™) 3364, 3077, 2975, 2926, 2862,
1636, 1601, 1492, 1442, 1405, 1376, 1290, 1091; MS (m/z) 202 (M", 1.64), 130 (100);
Elemental analysis calcd for C14H;30: C, 83.12, H, 8.97; Found: C, 83.10, H, 8.95.
(3) 3-1sopropyl-4-phenylhepta-3(E),6-dien-2-ol (E-7c)
1) 1 equiv CuCl, toluene Ph
>,Mg|3r -78°Ctort, 12.4 h —

T e i)

3) sat. NH,Cl (ag.), 0 °C

6 equiv
la

E-7c

The reaction of 1a (0.1465 g, 1.0 mmol), CuCl (0.0978 g, 0.99 mmol, 1 equiv),
1.5 mL of toluene, a solution of i-C;H;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv),
and a solution of allyl bromide (0.7364 g, 6 mmol, 6 equiv) in THF (2 mL) afforded
E-7c (0.1887 g, 82%): Liquid; '"H NMR (300 MHz, CDCls) & 7.34-7.26 (m, 2 H),
7.25-7.18 (m, 1 H), 7.08-7.03 (m, 2 H), 5.76-5.61 (m, 1 H), 4.99-4.87 (m, 2 H), 4.65
(g, J=6.8 Hz, 1 H), 3.47-3.33 (m, 2 H), 2.48 (h, J=6.9 Hz, 1 H), 1.82 (bs, 1 H), 1.52
(dd, J=6.6 and 0.6 Hz, 3 H), 0.98 (dd, J = 6.9 and 0.3 Hz, 3 H), 0.87 (d,J=7.2 Hz, 3
H); °C NMR (CDCls;, 75 MHz) & 144.9, 143.2, 136.4, 136.3, 128.4, 127.8, 126.0,

115.4, 66.0,39.4, 31.1, 23.7, 21.5, 21.2; IR (neat, cm™) 3439, 3076, 2962, 2930, 2870,

1634, 1597, 1574, 1490, 1462, 1441, 1412, 1370, 1259, 1111, 1071, 1049; MS (m/z)
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230 (M", 0.27), 212 (M"-H,0), 5.75), 187 (100); Elemental analysis calcd for
Ci16H220: C, 83.43, H, 9.63; Found: C, 83.50, H, 9.63.

(4) 3-Cyclohexyl-4-phenylhepta-3(E),6-dien-2-ol (E-7d)

1) 1 equiv CuCl, toluene Ph

c-hexylMgCl -78°Ctort,12 h —
Ph%( +
ou in THF (_1 M) 2) 6 equiv allyl bromide OH
6 equiv 0
-40°Ctort, 7.4 h /
la 3) sat. NH,Cl (ag.), 0 °C
E-7d

The reaction of 1a (0.1446 g, 1.0 mmol), CuCl (0.1033 g, 1.0 mmol, 1 equiv),
1.5 mL of toluene, a solution of ¢-C¢H;;MgCl in THF (6 mL, 1 M, 6 mmol, 6 equiv),
and a solution of allyl bromide (0.7336 g, 6.1 mmol, 6.1 equiv) in THF (2 mL)
afforded E-7d (0.2033 g, 76%): Liquid; 'H NMR (300 MHz, CDCl3) & 7.33-7.19 (m,
3 H), 7.06-7.01 (m, 2 H), 5.68 (ddt, J = 17.3, 10.2, and 4.8 Hz, 1 H), 4.99-4.88 (m, 2
H), 4.66 (q, J = 6.7 Hz, 1 H), 3.39 (qdt, J = 13.2, 6.6, and 1.5 Hz, 2 H), 2.08 (tt, J =
11.8 and 3.5 Hz, 1 H), 1.65-1.57 (m, 4 H), 1.55-1.38 (m, 7 H), 1.05-0.95 (m, 3 H); "*C
NMR (CDCls, 75 MHz) 6 144.8, 143.3, 136.8, 136.4, 128.4, 127.8, 126.1, 115.4, 67.0,
42.3,39.5,31.6,31.4, 26.4, 26.3, 25.9, 23.5; IR (neat, cm™") 3416, 3076, 2927, 2851,
1635, 1597, 1490, 1448, 1369, 1257, 1094, 1071; MS (m/z) 270 (M, 0.92), 187 (100);
Elemental analysis calcd for C9H»cO: C, 84.39, H, 9.69; Found: C, 84.44, H, 9.65.
(5) 4-Phenyl-3-vinylhepta-3(E),6-dien-2-ol (E-7e)

1) 1 equiv CuCl, toluene Ph _ S

vinyl MgCl -78°Ctort, 18 h
Ph%( + in THF (1.69 M) . . OH
OH 6 equiv 2) 6 equiv allyl bromide /
q 40°Ctort, 3.2 h

la 3) sat. NH,Cl (ag.), 0 °C E-7e

The reaction of 1a (0.1465 g, 1.0 mmol), CuCl (0.0999 g, 1.0 mmol, 1 equiv),
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1.5 mL of toluene, a solution of CH,=CHMgCl in THF (3.55 mL, 1.69 M, 6 mmol, 6
equiv), and a solution of allyl bromide (0.54 mL, d = 1.398 g/mL, 0.7549 g, 6.2 mmol,
6.2 equiv) in THF (2 mL) afforded E-7e (0.1652 g, 77%): Liquid; '"H NMR (300 MHz,
CDCls) 6 7.35-7.20 (m, 3 H), 7.16-7.11 (m, 2 H), 6.11 (dd, J =18 and 11.7 Hz, 1 H),
5.82-5.68 (m, 1 H), 5.45 (dd, J =18 and 1.8 Hz, 1 H), 5.14-4.95 (m, 4 H), 3.38 (ddt, J
=15.3,6.0,and 1.7 Hz, 1 H), 3.23 (ddt, J = 15.0, 6.0, and 1.7 Hz, 1 H), 2.04 (bs, 1 H),
1.52 (d, J = 6.6 Hz, 3 H); °C NMR (CDCls, 75 MHz) & 142.6, 139.2, 137.8, 135.4,
133.7, 128.9, 127.9, 126.6, 115.7, 115.6, 67.0, 39.1, 22.2; IR (neat, cm™) 3405, 3078,
2976, 2930, 1635, 1620, 1490, 1442, 1414, 1369, 1280, 1074; MS (m/z) 214 (M",
2.26), 129 (100); Elemental analysis calcd for C;sH30: C, 84.07, H, 8.47; Found: C,
84.02, H, 8.50.

(6) 6-Bromo-3-(n-pentyl)-4-phenylhepta-3(E),6-dien-2-ol (E-7f)

1) 1 equiv CuCl, toluene Ph CsHyp-n
n-CsHi;sMgBr  -78°Ctort, 12.2 h Br —

Ph%( + in THF (1 M) Br MOH
OH 6 equiv 2) 6 equiv :Q;
Br

-40°Ctort,6h
3) sat. NH,Cl (ag.), 0 °C

la E-7f

The reaction of 1a (0.1455 g, 1.0 mmol), CuCl (0.0999 g, 1.0 mmol, 1 equiv),
1.5 mL of toluene, a solution of n-CsH;;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv),
and a solution of 2-bromoallyl bromide (1.1931 g, 6.0 mmol, 6 equiv) in THF (2 mL)
afforded E-7f (0.1612 g, 48%): Liquid; "H NMR (300 MHz, CDCl3) & 7.34-7.19 (m, 3
H), 7.14-7.08 (m, 2 H), 5.41 (d,J=1.8 Hz, 1 H), 540 (d,J=1.5Hz, 1 H),4.93 (q, J
=6.5Hz, 1 H),3.55(s,2H), 2.05-1.92 (m, 2 H), 1.86 (bs, 1 H), 1.40 (d, J = 6.6 Hz, 3

H), 1.36-1.20 (m, 2 H), 1.15-0.97 (m, 4 H), 0.73 (t, J = 6.9 Hz, 3 H); °C NMR
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(CDCl3, 75 MHz) 6 143.1, 141.8, 133.0, 131.4, 128.5, 127.9, 126.5, 118.2, 67.4, 45.7,
32.2,30.0, 28.5,22.0, 21.7, 13.8; IR (neat, cm™) 3419, 2956, 2929, 2870, 1626, 1599,
1576, 1491, 1465, 1441, 1377, 1262, 1106, 1056, 1023; MS (m/z) 338 (M'(*'Br),
1.03), 336 (M'("Br), 0.99), 129 (100); Elemental analysis calcd for C;3HysBrO: C,
64.10, H, 7.47; Found: C, 64.16, H, 7.56.

(7) 6-(n-Butyl)-3-(n-pentyl)-4-phenylhepta-3(E),6-dien-2-ol

1) 1 equiv CuCl, toluene Ph CgHiq-n
n-CsHq;MgBr -78°Ctort, 10.3 h n-C,Hq —
Ph—== +
— in THF (L M) CaHgn OH
OH 6 equiv 2) 6 equiv
la Br E-79

-40°Ctort,3.3h
3) sat. NH,Cl (aq.), 0 °C

The reaction of 1a (0.1439 g, 0.99 mmol), CuCl (0.1004 g, 1.0 mmol, 1 equiv),
1.5 mL of toluene, a solution of n-CsH;;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv),
and a solution of 2-(n-butyl)allyl bromide (0.9897 g, 6.1 mmol, 6.1 equiv) in THF (2
mL) afforded E-7g (0.2433 g, 79%): Liquid; "H NMR (300 MHz, CDCl;) & 7.31-7.24
(m, 2 H), 7.23-7.16 (m, 1 H), 7.14-7.09 (m, 2 H), 4.88-4.76 (m, 3 H), 3.15-3.00 (m, 2
H), 2.08-1.90 (m, 4 H ), 1.52 (bs, 1 H), 1.40-1.20 (m, 9 H), 1.17-0.98 (m, 4 H), 0.85 (t,
J=7.2Hz, 3 H),0.74 (t, = 6.9 Hz, 3 H); °C NMR (CDCls, 75 MHz)  147.9, 143.8,
141.1, 135.2, 128.4, 127.8, 126.1, 109.9, 67.8, 40.9, 36.5, 32.3, 30.4, 29.8, 28.1, 22.4,
22.1, 21.7, 13.93, 13.88; IR (neat, cm™) 3406, 2957, 2929, 2871, 1645, 1599, 1576,
1491, 1465, 1441, 1378, 1263, 1179, 1055; MS (m/z) 314 (M", 4.03), 243 (100);
Elemental analysis calcd for C,,H340: C, 84.02, H, 10.90; Found: C, 84.07, H, 10.91.
8. General Procedure for the Pd-catalyzed Kumada-type Coupling Reaction

Following the procedure for the CuCl-mediated carbometallation of propargylic
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alcohols with Grignard reagents described above, the reaction was conducted using
propargylic alcohol (1 mmol), CuCl (1.0 mmol, 1 equiv), 1.5 mL of toluene, and a
solution of Grignard reagent in THF (6 equiv, 6 mmol). After complete conversion of
the starting material as monitored by TLC, Pd(PPh;3)4 (2 mol %, 0.02 mmol) and a
solution of aryl or vinyl iodide (6 equiv, 6 mmol) in THF (2 mL) were added
sequentially at rt. The resulting mixture was then heated at 80 °C and monitored by
TLC until the starting material disappeared. This mixture was then quenched with an
aqueous solution of saturated NH4Cl, and extracted with Et,O (15 mL x 3). The
combined organic layer was washed with 5 % HCI, sat. NaHCOs (aq.), brine, and
dried over anhydrous Na,SOjs. After filtration and evaporation, the NMR yield and
ratio were determined by using 1,3,5-trimethylbenzene as the internal standard (35 pL,
0.25 mmol). Chromatography on silica gel (eluent: petroleum ether/ethyl acetate =
20/1~10/1) of the crude product afforded the desired product.

(1) 3-(n-Pentyl)-4,4-diphenyl-3-buten-2-ol (8a)

n-CsHiMgBr 1 tec}uiv CuCl Bhi Ph CsHygn
Ph—=— *+ InTHFQM) —em —
OH 6 equiv -78 "Ctort 2 mol % Pd(PPh3)4 Ph OH
1a 11h 80°C,20h
8a

The reaction of 1a (0.1458 g, 1.0 mmol), CuCl (0.0992 g, 1.0 mmol, 1 equiv), 1.5
mL of toluene, a solution of Nn-CsH;;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv),
Pd(PPhs)4 (0.0237 g, 0.02 mmol, 2 mol%), and PhI (1.2537 g, 6.2 mmol, 6 equiv)/
THF (2 mL) afforded 8a (0.2204 g, 75%). According to '"H NMR analysis of the
crude reaction mixture before separation, product 8a was formed in 80% yield

together with 7% of the protonolysis product 2a. 8a: Liquid; 'H NMR (300 MHz,
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CDCls) 6 7.29-7.20 (m, 4 H), 7.19-7.10 (m, 6 H), 4.63 (q, J = 6.6 Hz, 1 H), 2.22-2.10
(m, 2 H), 1.77 (s, 1 H), 1.52-1.33 (m, 2 H), 1.30 (d, J = 6.6 Hz, 3 H), 1.18-1.03 (m, 4
H), 0.75 (t, J = 6.9 Hz, 3 H); °C NMR (CDCls, 75 MHz) & 142.6, 142.2, 141.5, 139.9,
128.8, 128.7, 128.1, 128.0, 126.4, 126.3, 68.3, 32.2, 30.2, 27.3, 22.0, 21.9, 13.8; IR
(neat, cm™) 3405, 3077, 3055, 3020, 2956, 2929, 2870, 1597, 1576, 1490, 1465, 1443,
1367, 1257, 1100, 1073, 1054, 1031, 1002; MS (m/z) 294 (M", 2.19), 167 (100);
Elemental analysis calcd for C,1H60: C, 85.67, H, 8.90; Found: C, 85.66, H, 8.83.

(2) 4-(m-Methylphenyl)-3-(n-pentyl)-4-phenyl-3(Z)-buten-2-ol (Z-8b)

©\ Ph C5H11-n
1 equiv CuCl —
n-CsHy;MgBr

OH 511110 toluene OH

Ph%< + inTHF (1 M) -
-78 "Ctort 2 mol% Pd(PPh3),

6 equiv
1a 12.2h 80°C,24.3h

Z-8b

The reaction of 1a (0.1421 g, 0.97 mmol), CuCl (0.1004 g, 1.0 mmol, 1 equiv),
1.5 mL of toluene, a solution of n-CsH;;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv),
Pd(PPhs)4 (0.0343 g, 0.03 mmol, 3 mol%), and 3-iodotoluene (1.3033 g, 6.0 mmol, 6
equiv)/THF (2 mL) afforded Z-8b (0.2234 g, 75%). According to '"H NMR analysis of
the crude reaction mixture before separation, product Z-8b was formed in 77% yield
together with 6% of the protonolysis product 2a. Z-8b: Liquid; '"H NMR (300 MHz,
CDCls) 6 7.32-7.24 (m, 2 H), 7.22-7.14 (m, 4 H), 7.04-6.98 (m, 1 H), 6.97-6.92 (m, 2
H), 4.64 (q, J = 6.5 Hz, 1 H), 2.29 (s, 3 H), 2.20-2.13 (m, 2 H), 1.45-1.35 (m, 3 H),
1.31 (d, J = 6.6 Hz, 3 H), 1.19-1.05 (m, 4 H), 0.76 (t, J = 6.9 Hz, 3 H); °C NMR
(CDCl;, 75 MHz) & 142.7, 142.3, 141.3, 140.3, 137.7, 129.4, 128.7, 128.1, 128.0,

127.3,126.3, 125.9, 68.5, 32.3, 30.3, 27.4, 22.1, 22.0, 21.4, 13.9; IR (neat, cm™") 3418,
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3054, 3020, 2956, 2928, 2868, 1599, 1581, 1490, 1461, 1443, 1377, 1258, 1098, 1054,
1004; MS (m/z) 308 (M", 2.05), 181 (100); HRMS calcd for C2,Ha50 (M"): 308.2140,
Found: 308.2141.

(3) 4-(p-Methoxyphenyl)-3-(n-pentyl)-4-phenyl-3(Z)-buten-2-ol (Z-8c)

Ph C5H11-n
1 equiv CuCl CH OOI —
OH n-CsHy;MgBr toluene ° OH

Ph—= + _—
/\ INTHF (M) = 7g0c 101t 2 mol% Pd(PPhs),

1a 6 equiv 12 h 80°C, 12 h

OO e

The reaction of 1a (0.1467 g, 1.0 mmol), CuCl (0.1002 g, 1.0 mmol, 1 equiv),
1.5 mL of toluene, a solution of n-CsH;;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv),
Pd(PPhs)4 (0.0236 g, 0.02 mmol, 2 mol%), and 4-iodoanisole (1.3891 g, 5.9 mmol,
5.9 equiv)/THF (2 mL) afforded Z-8c (0.2412 g, 74%). According to 'H NMR
analysis of the crude reaction mixture before separation, product Z-8¢ was formed in
80% yield together with 9% of the protonolysis product 2a. Z-8¢c: Liquid; '"H NMR
(300 MHz, CDCl3) & 7.31-7.24 (m, 2 H), 7.21-7.13 (m, 3 H), 7.08-7.02 (m, 2 H),
6.84-6.78 (m, 2 H), 4.69 (q, J = 6.4 Hz, 1 H), 3.76 (s, 3 H), 2.24-2.08 (m, 2 H),
1.57-1.48 (m, 1 H), 1.47-1.25 (m, 5 H), 1.20-1.02 (m, 4 H), 0.76 (t, J = 6.8 Hz, 3 H);
C NMR (CDCls, 75 MHz) & 158.2, 143.0, 141.2, 139.8, 134.7, 130.1, 128.8, 128.1,
126.3, 113.5, 68.5, 55.2, 32.3, 30.3, 27.5, 22.1, 22.0, 13.9; IR (neat, cm™") 3422, 3055,
2955, 2931, 2870, 1606, 1574, 1508, 1463, 1442, 1367, 1283, 1244, 1175, 1103, 1072,
1037; MS (m/z) 324 (M, 2.03), 197 (100); HRMS calcd for Ca,H,50, (M"): 324.2089,

Found: 324.2088.

(4) 4-(p-Chlorophenyl)-3-(n-pentyl)-4-phenyl-3(Z)-buten-2-ol (Z-8d)
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C|\©\ Ph CgHqp-n
1 equiv CuCl

-CsHq1MgB

OH N-tsM1 VgET toluene |

Ph%< +  inTHF (L M) - OH
6 equiv -78°Ctort 2 mol% Pd(PPhy),

1a 13 h 80°C12h

Z-8d

The reaction of 1a (0.1450 g, 1.0 mmol), CuCl (0.1012 g, 1.0 mmol, 1 equiv),
1.5 mL of toluene, a solution of n-CsH;;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv),
Pd(PPhs)s (0.0234 g, 0.02 mmol, 2 mol%), and 4-chloroiodotoluene (1.4257 g, 6.0
mmol, 6 equiv) in THF (2 mL) afforded Z-8d (0.2269 g, 69%). According to 'H NMR
analysis of the crude reaction mixture before separation, product Z-8d was formed in
71% vyield together with 10% of the protonolysis product 2a. Z-8d: Liquid; 'H NMR
(300 MHz, CDCl3) 6 7.32-7.16 (m, 5 H), 7.16-7.05 (m, 4 H), 4.62 (q, J = 6.4 Hz, 1 H),
2.24-2.12 (m, 2 H), 1.46-1.30 (m, 6 H), 1.15-1.04 (m, 4 H), 0.76 (t, J = 6.9 Hz, 3 H);
BC NMR (CDCls, 75 MHz) & 142.24, 142.19, 140.7, 138.9, 132.4, 130.3, 128.8,
128.4, 128.2, 126.6, 68.4, 32.3, 30.2, 27.4, 22.11, 22.06, 13.9; IR (neat, cm™) 3405,
3056, 2956, 2929, 2868, 1596, 1488, 1464, 1443, 1395, 1376, 1259, 1192, 1090, 1055,
1015; MS (m/z) 330 (M"('CI), 0.37), 328 (M (*°Cl), 1.12), 201 (100); HRMS calcd
for C21H2535C10 (M+): 328.1594, Found: 328.1595.

(5) 3-(n-Pentyl)-4-phenyl-3(E),5(E)-decadien-2-ol ((3E,5E)-8e)

1 equiv CuCl n-C4Hog Ph CoMlueen
n-CeH-~MaBr equiv Cu \— —
o OH . 5H11M9 toluene | OH
PhT< + in THF (l M) o \
6 equiv -78°Ctort 2 mol% Pd(PPhs) 1-CH
i’ 16.3h 80°C, 235h ‘ (§E 55)-8
,5E)-8e

The reaction of 1a (0.1446, 0.99 mmol), CuCl (0.1032 g, 1.0 mmol, 1 equiv), 1.5
mL of toluene, a solution of Nn-CsH;;MgBr in THF (6 mL, 1 M, 6 mmol, 6 equiv),

Pd(PPhs)4 (0.0263 g, 0.02 mmol, 2 mol%), and 1(E)-hexenyl iodide (1.2556 g, 6.0

S32



mmol, 6 equiv)/THF (2 mL) afforded (3E,5E)-8e (0.1431, 48%): Liquid; '"H NMR
(300 MHz, CDCls) 7.37-7.20 (m, 3 H), 7.10-7.00 (m, 2 H), 6.71 (d, J = 15.3, 1 H),
5.12(q, J = 6.6 Hz, 1 H), 5.05-4.94 (m, 1 H), 2.08-1.98 (m, 2 H), 1.92-1.80 (m, 2 H),
1.61 (bs, 1 H), 1.41 (d, J = 6.6 Hz, 3 H), 1.35-1.16 (m, 6 H), 1.12-0.95 (m, 4 H),
0.88-0.81 (m, 3 H), 0.73 (t, J = 6.9 Hz, 3 H); °C NMR (CDCl;, 75 MHz) & 140.8,
140.3, 137.1, 135.0, 129.6, 128.2, 127.8, 126.2, 67.3, 33.0, 32.2, 31.5, 30.3, 29.4, 22.2,
22.1, 13.90, 13.86; IR (neat, cm™) 3376, 3056, 3029, 2957, 2927, 2859, 1632, 1601,
1574, 1491, 1462, 1376, 1284, 1176, 1098, 1057, 1026; MS (m/z) 282 ((M"-H,0),
40.66), 169 (100); Elemental analysis calcd for C;1H3,0: C, 83.94, H, 10.73; Found:
C, 83.84, H, 10.79.

9. Synthesis of 5-methyl-4-(n-pentyl)-3-phenyl-2(5H)-furanone (9a)

Ph — CsHin Ph. CgHypn
— 5 mol % Pd(PPhg), /o
| OH )
CO (1 atm), Et3N (2 equiv) O o
Z-4a CH3CN, 70 °C, 15.3 h
9a

To a Schlenk tube were added Pd(PPhs)s (0.0242 g, 0.02 mmol, 5 mol%), Z-4a
(0.1372 g, 0.40 mmol), EtsN (0.0828 g, 0.82 mmol, 2 equiv), and CH3;CN (4 mL) at rt.
This mixture was degassed using greeze-pump-thaw cycles with CO and then heated
at 70 °C. After complete conversion of the starting material as monitored by TLC, the
reaction mixture was quenched by H,O (5 mL) and extracted with Et,O (20 mL x 3).
The combined organic layer was washed with 5 % HCI (10 mL), sat. NaHCOs (aq.)
(10 mL), brine (10 mL), and dried over anhydrous Na,SO4. Chromatography on silica
gel (eluent: petroleum ether/ethyl acetate = 20/1) of the crude product afforded 9a

(0.0656 g, 67%). Liquid; 'H NMR (300 MHz, CDCls) § 7.47-7.32 (m, 5 H), 5.06 (q, J
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=6.7 Hz, 1 H), 2.77-2.65 (m, 1 H), 2.42-2.30 (m, 1 H), 1.60-1.40 (m, 5 H), 1.35-1.20
(m, 4 H), 0.91-0.82 (m, 3 H); °C NMR (CDCl;, 75 MHz) & 172.6, 166.1, 130.0,
128.8, 128.3, 128.2, 126.4, 77.9, 31.6, 27.4, 26.7, 22.1, 18.3, 13.8; IR (neat, cm™)
2954, 2931, 2866, 1752, 1656, 1601, 1493, 1446, 1376, 1322, 1150, 1100, 1062; MS
(m/z) 244 (M", 58.66), 91 (100); Elemental analysis calcd for C1¢H»00,: C, 78.65, H,

8.25; Found: C, 78.64, H, 8.26.
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Data File D:\HPCHEM\1\DATA\ZXB\ZXB00000.D Sample Name: zxb-1-119-2

n-hexane/i-propanol=90/10; 230 nm; 1.0 ml/min; OJ-H

Injection Date : 4/10/2008 8:53:29 PM .
Sample Name ¢ zxb-1-119-2 Location : -
Acg. Operator : zxb
Method : D:\HPCHEM\1\METHODS\ERIC.M Ph—— <
Last changed : 4/10/2008 8:40:09 PM by cb —
(modified after loading) 1a OH
Vw1, A, Wavelength=230 nm (ZXB\ZXB00000.D) o I T T/,
mAU | I
] %
| ? 5
600 ©
ﬁ o
4 | -
‘ i
‘ ‘\ |
500 | |
] 1
|
]
‘ |
400 | ‘
i | i
|
| w »
‘ 300 - ‘ ‘
| L |
| | I
" ]
o | ‘
! |
! |
. | |
100 -/ [ ‘
| ‘ i i i ‘
J | i i i
| 1 |
| ol ‘ i
| 0 - - |
024 &6 &8 10
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
il Bttt [====]=—===== === [ === [ === I
1 8.978 BV 0.1916 8165.71045 643.88654 49.9350
2 10.167 VB 0.2213 8186.96094 560.62018 50.0650
Totals : 1.63527e4 1204.50671
Results obtained with enhanced integrator!
*** End of Report ***
Instrument 1 4/10/2008 9:12:49 PM zxb Page 1 of 1
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Data File D:\HPCHEM\1\DATA\ZXB\ZXB000O01.D Sample Name: zxb-1-122-2

n-hexane/i-propanol=90/10; 230 nm; 1.0 ml/min; OJ-H

Injection Date : 4/10/2008 9:08:34 PM

Sample Name ¢ zxb-1-122-2 Location : -

Acq. Operator : zxb

Method : D:\HPCHEM\1\METHODS\ERIC.M Ph—=—1

Last changed : 4/10/2008 8:40:09 PM by cb ©OH
(modified after loading) S1a

| VWD1 A, Wavelength=230 nm (ZXB\ZXB000O01 D) T
| mAU j E
| ] ® |
J : ;
[ 1750 - i
i 4 i
| ] |
! 1500 - |
| ] |
ﬁ | |
1250 | . i
| ] |
; ] . 5
| 1000 - ‘
| j 1
i ‘
0 |
I é | i
| 500 ? f
| | ! |
| | |
- 250 P ?
| ] ;
! | |
i 1 |
o - x - |
t | e ' —— - " - s e B
bee . o 2 . 4 5 — 8 10 min
Area Percent Report
Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
il Bt === == === === | === |
1 10.121 BB 0.2467 3.20112e4 1997.00330 100.0000
Totals : 3.20112e4 1997.00330
Results obtained with enhanced integrator!
*** End of Report ***
nstrument 1 4/10/2008 9:21:30 PM zxb Page 1 of 1
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i-propanol=95/5; 230nm; 0.5 ml/min; AS-H

4/24/2008 7:55:08 PM
sz—l—I$4?0

zxb

D: \HPCHEM\ 1\METHODS\ERIC.M
4/24/2008 7:53:31 PM by zxb

"Operator
f Method

Location

changed Ph, CsHqq-n
4 (modified after loading) —
1ysis Method D: \HPCHEM\ 1\METHODS\ERIC.M I OH
st changed 4/24/2008 8:44:47 PM by mao /
4 (modified after loading) Z-4a
r, VWD1 A, Wavelength=230 nm (ZXB\ZXB00010.D) )
mAU %
i o
| ©
i1 ]
| e
800 - ! i
I H
I
AR
600 H A
| |
| |
o I
| a
400 { |
A
200 -| P 0
i i
1 . i i
i [ o
| ! \ j \
l 0 _ ———— B L — g
! . . : T T
\ 0 2 4 6 10 12 min
Area Percent Report
Sorted By Signal
Multiplier : 1.0000
Dilution : 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=230 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
""" | mmmmmmm | mmmm [ mmmmmmm | s mmmm e | mmmmmm e [ m e |
1 9.463 VV 0.1632 1.01411e4 966.16229 50.0983
2 10.582 Vv 0.1934 1.01013e4 810.89063 49.9017
Totals 2.02423e4 1777.05292
Results obtained with enhanced integrator!
*x* End of Report ok
nstrukent 1 4/24/2008 9:09:14 PM mao Page 1 of 1
Page 1
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iexane/i-propanol=95/5; 230nm; 0.5 ml/min; AS-H

gnjection Date : 4/24/2008 8:23:09 PM

'Sample Name : ozxb-1-144 Location : -
Acg. Operator . zxb
Acqg. Method : D:\HPCHEM\1\METHODS\ERIC.M
Last changed : 4/24/2008 7:53:31 PM by zxb Ph — CgHyi-n
(modified after loading) >—‘<__
Analysis Method : D:\HPCHEM\1\METHODS\ERIC.M ! $
Last changed : 4/24/2008 8:44:47 PM by mao HO
(modified after loading) (S)-Z-4a
VWD1 A, Wavelength=230 nm (ZXB\ZXB00012.D) T ‘\‘
mAU 4 X
b
] ]
I
| 1200+ i
] |
1000 — |
800 j
] |
600 — i
| |
‘ »

400 H
I
200 - : b

P
0 B . Y I A S

[

|

|

L o 2 . R i

Area Percent Report

Sorted By : Signal
Multiplier : 1.0000
Dilution : 1.0000

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=230 nm

| I |
1 9.474 vv 0.1640 1.46850e4 1390.35144 100.0000
Totals : 1.46850e4 1390.35144

Results obtained with enhanced integrator!

*** End of Report ***

rument 1 4/24/2008 9:11:41 PM mao Page 1

Page 1 of 1.

S70



SL'L
(442
0gLL
Svi'L
1SL°L
651,
y9C'L
e8¢ L —

An

06c'L — T
962°L j
el //
8LeL -

gzeL —/

Cl

CsHqq-n

\_7

OH

S71

Z-4b
zxb-1-104

[r

.
0

17
}/,00‘

;

)/.00

1.97
/ 2(01

_




veg'sL SR
} IS
8221 ————
noze—
19997 — — —
19162 —
gegle— E
o
3 <
]
]
o
L —©
2.5'9L ]
658'9. 5

000l ——==

vev'LL

1L0'V6

6582} —
9€G'6C —

gceeel

gee'erl

9G1°0G}

Cl

C5H11-n

Z-4b
2xb-1-104-c

S72

Ll

180



0000
cLL0 —

9€L'0

" 65L0

_8L0°L

Ge0'l
- 850°L
cLoL
L60°L

A\
=\
=k

}Egg
.l

.03
3[23
/Z1

04
?98

7

L WA

8.8
688'v
006y
oLy
126y
£E6'Y
- evey —/

¥56'%

V

LL

CF3

C5H11—n

OH

Z-4c
zxb-1-176

S73

)/.00

|




L89°€L

8§¢’lc —/ E
OLS'LZJ/
92682

€9.'62
GGL'Le

PPM

6.5°9L

¥92°9L

000°22
zeviL—/
2£0°'€6

B8E8LL —
200221

zsevel
[10]5% 447

e vl
cov'vel
cee'vel :\\
S.6vCl
620'G¢l
8.0°G¢Cl

619'GCl
€882l X

286051

CF3

CsHyq-n

-OH

Z-4c
zxb-1-176-c

S74

M

T
200




68¢e'8LL

£00°¢c)

zsT el
LOE¥ZL \
ove vzl — N\

6lg'6el

€881
Leeeel

600°0¢1
[4% 401
€98°0¢1

€62C'LEl
LE9'LEL

CFj

C5H11—n

OH

Z-4c

zxb-1-176-c

A

S75

e

PPM

T
118




o

$9L1-1-9x2Z
Bl 274

€9.°29-

S76



~
<
o
N

sz —

w8y —
168Y f
816y —

ov6'¥

\

I
o]

Z-4d
2xb-1-200-1

S77

5.16

N ‘JU

11
) ﬁgg

ﬁOO

o

T
4




s
a
o
3
z
zz8el - F
Hee — 3+ o
LISV —— 3 [N
opeer — i
68262 — %
181e —
% o
3 <t
b 3
3 o
3
L
085°9L T
0002, — £ 5 o i
gyl — & 2 o
? § &
N L
— [a0]
x
N E
“l
. E3
11896 ————— —
F R
3|
i8]
pLLGZL — 7
o B—
8L 3
6v9'82L — [
E
062261 2l
-3
R E— L
2906 — S—
£ |
L
o
-8
£
* L
E o
00

S78




46
(24
06

/

08
168y ——7
€16V
£e6'y

N

1L0°L
8L0°L
160°L
660°L
43204
0clL
6€LL
€51,
8G¢'L

'

C5H1 1-n
OH

Z-4e
zxb-1-145

S79

.06

Y,

4
4

{.05

7

fOO




L19'9L

000'2L X

0S0°22 ;
__—

yee' Ll

0v5'96

8l€'LEL
18L°LyL

SLi'evl

C5H11'n

OH

Z-4e

1z-5-12-c

S80

T
180




000°0-
¥e€L0
LSL°0
08,0
0€0'}L
590°)L
¥80°L
¥ol'L

QL1
Trr ¥

TAN
oL —
gL — =
6€€°L
09’}
vIEL

i

\\

PPM

T
0

S6e+
600 ——
€20 —

vz
(%4
6.1C
€122

)

B

08¢

CH3Q

C5H11-n

OH

Z-4Af
zxb-1-157

S81

5.16
(W

_foo
M

rr
i




| s
[
o
o
L
Lp8El — |
SHLIE— ¥ I8
v — —
78187 —
69L°6Z |
ovelE —
o
<t
vzz'ss |
o
¥ [©
. < i
9.5°92 -
o0t s 3 —
S ;
vzvu/ g -8
-
Q. [Te)
- N
ey
o N 10
[3e]
. xI L
9vv'96 o —]
o
-8
ZYELL
o
-8
£8€'621 |
ShiLEL 3
o
-8
vz YL — ¥
509'851 _¥lo
ire
o
-8

S82




0020
€20 W\
9vL0 —
£06°0

1260

0360

1660

0€0'}
8€0'}
8¥0'L
€50°L
cezZl

65¢’L
SleL
Lee’l
clLeL
G8¢e’lL
era
¥i9'L
§G9'L
1191
€96°L
810'C
€v0'C
¢80T
[44%4
JA4N4
YAVYAYA

(

/.

e NN

PPM

T
0

0Ly
vel'v
Ol —

6L1°L
€81°L
oleL
8¢cc'L

207

¢oc L —
L0€°L
€eeL

ey

C5H11-n

OH

n-CsHiq

Z-4g
zxb-1-103

S83

100
b

05

N




=
o
1 LS
£62°€L i
.
290p) — _—
068'LZ
ug'zzh\ i R
SLL'QZ-\ _—
zee'sz\ L
989'63_\\
gzlLe ~— _t
gogle — —_—
YEE'GE ———— N
o
<
o
[~©
G/59.
ooouX s L
veys oz g —
L¥6°08 I 3 i r®
o Fol
¥ < L
wn
o N £
£ -« N -
¥59'96 ‘O
o
O\
gzl — F
Zv0'8zL
eelgzl — -
o
-
¥8G byl L
606°8%) — —~ EE——-
o
e
o
@

S84




T10

03

r

622c
8¥2'C
€L2C

868'%
L6y
616'%
[43e84
e’y
¥S6'¥
€96'¥
9/6'%
98L'L
€61,
861",
€02’
802°L
cleL
0ceL
§eeL
622,
JAXAA
6vC'L
vse'L
8G¢'L
962,
00g’ZL
2c0g’L
80¢€°L
ole’L
8ce’L
yee'L
Sve'L
16€°L
§6e'L

e

Et

Ph

OH

Z-4h
ZXB-1-93

S85

:

]/.00

1

Lo




610Gl

g€ecie

I8l —

levvyl

0ve'0S1

Et

Ph

OH

Z-4h
ZXB-1-93

S86

T
180

T
100

1
120

T
140

1
160




0000~

v08'p
9z8'v O~
ave'y f

0.8'%

OH

zxb-1-123

S87

J

01 11
o

y
Jo M

o
ki

[oo
A

I
1l




82ZE VL
959, —

0002, ———
vev'LL —

€09'v6

Ley'svl

esLest

Ph

S88

Z-4i
zxb-1-111-c

Reduinriprepid

20

-
P




6062

0000
c8e’L

- Yoyl

62z'¢

2\
ovee
9v8'C
168'C
9682
998'C
(- X4
1.8 \\
§68°C
e |

—_

916°C

s

vLLS
G6L'S
LELV'L
8L/,

064°2 \
g61'L
661'L /

SleL
0ce’L
6€C’L
eve’L
¥8C'L

Ph

OH

Z-4j

ZXB-1-84

S&9

©
(a2}
]
— _
S
<
o
o
AR
e
[s2]

2/10




0LL'le

c08'ce

96696

150911

Gee'sel —

oloel

L60'¥PL
Locovi

Ph

OH

Z-4j
zxb-1-84-c

B N

S90

T
120




=
o
Lo
0000 Lo
YOEL — S r
gee L — N L
2651 S
8v9'L : -
G89'L \ N
16971
6EL°L o
o
T - i
o) NI L
K [32]
o < L
Q
N -
g
D_ -
160G L
660G N ° m
LLLG — 2N\ e B
8EL's ——7 \\ L
651' /
191G r
-©
2,69 i
¥00°L \ -
9102 X L
0£0°2 R\ - o
6v0L ——= S o — I~
290, = i
%0 / i
yrAv / L
1STL |
oo

S91




| =
o
o
o
86€°1T . ir<
o
<
o
[©
. z I
o g :
- o
gevi— g 2 =
| N ® ®
£ 2 -
N
|-
o
699°004 S
8v0'22L L&
99L'LZL;\ -
€8y 1zl L
zeg'za>\—
121621 -
966'63L/
YA — -
o
-3
G89'eYL
Z9L°061 i
o
L ©
o
%

S92



z
[+
000°0- s
0621 —— - -
e — i
pIgL — 2
o8 — =~ i
-~ oy
0022 @ J L
T3
—m
_ |
o © |
F 3 -
N x
= —_ N <
o
950°S 3 I
9/0'S ; L‘_\ il
160 f =1
LS
ovL's -
o
6.8'9 i
5069
926'9 A\ -
996'9 \ <
666 \\ N = -
102 7 m\ % L~
202 /
6v0'L -
90, / I
8€T'L
©

S93




Aol

o
3|
1
-Q
19012 S
geyiz— L
o
<
fra
a
885°9L il
Anﬂ'll,—ix AN
VUV Lo / %) —
BV LL | & _} =)
X <
N it
N 4
& N it
&
o
¥ O
69€°00} s
i.—
o
6L0°L2) &
96v' L2l ]
S1v'8e -
eu'suk¥
818°62) ———— i
8L5Z€} ]
269°9¢} —
g
vL8°EY) —4
1051 N
ilo
-2
o
-2

594



0000 ——

Fﬁe

jO']
J

T
PPM

T
0

969'¢

OCH;

Ph

)—OH

Z-4m

zxb-2-10

S95

(3.01

4/94

1,00

1




<t
[

,-
(3]

9.0°GS

§G9°001

€9C°€LL

ISL2eL
81921 &_
187621 ——
€61°1EL —

z66°evl

86yl

8€5'8G1

OCH;

OH

Ph

Z-4m

S96

ZXB-2-10-1-C




?/.13

33

.

C5H11-n
OH

E-5a
zxb-1-115

Ph

S97

il
.02 [19j{

[
\

.0
J

i N

/fOO

0.01




819°L¢€1

59991

<
- I
r ©O
['2]
O.
= (a]
o

E-5a
zxb-1-115-c

S98

W

I aisagtobihodiaid
Wbl ik e

.y
erap

ko

ORI Tprroey

ol

TV

0 PPM




0000

C5H11-n

Ph

OH

Br

Z-6a
ZXB-1-116

S99

‘E;M

38

[

P

/(.00

/29

. M

ﬁ
PPM

T
0




ae8LLLL

C5H11-n

Ph

OH

Br

Z-6a
zxb-1-116

S100

PPM




0000- —__

2o
S€L°0
8G/°0
PATONY
Le0')L
¥oL'L

6LL°L
08¢t
9€e’L

FL00
ive

bog’
98¢e’
6851

608 —
506°L
GL6'L

J

- —

4

.21
329

L€6°1
8v6'L
856}
696'L

Qg

N

8cL'e —
€el'e
Svi'e
1SL'e
al'e
€8¢

4y

G68'y —_
6E6Y —————=
656V —

086t
L€0'G
1€0°G
£H0'G

189° f
vl

\

C5H11-n

Ph

OH

E-Ta

S101

zxb-1-107

S s

.07
P b

e

2J04 £.09
iz

At

i




? s
- L O
j N
o
8/8°€l £ |
88022 F R
1502z — 3
0982 —— 3
L0£08 ———— r
072 — 3
169'8€ : 2
o
©
-r B
286°29 : 4
8LS0L— S L
[ o ?
0002, ——— T 5 N __J
i — 5 2 ilS
o S i
T L
X 3
< 3
o S
4
Fl
E 3
1.8
1: Al
4
i
it
0€TSHL .
b SIS
1<
051L'9ZL — :
S06'22) — ——3
61¥'821 3 |
89p'GEL — 3L
8ro9eL — ¥l o
PRAN, 4 — 33
09€°EV) I
o
-©
i A ol
4
§L
3
il o
-2

S102




0000

Lel'e
oel'e

it

zxb-1-114

S103

FZG

123

n
J

7

r

(W . S

PPM

T
0




s
[" N
| o
O
G60°El
| ©
9sZ'L2 N
L
1618€ o
<
o
~©
6€2°99 i
X L
o ?
<
9.5'9L ‘ g < L
0002, ——= T
yeyi— \/C\ — -3
£ 70 R
£EL'GLL -
o
-
S0Z9ZL — L
el — —
lesseL — 3 L
GL6EEL —0
665'6E) ———— -
yo09EL — Q
8YEErl -
o
-2
o
e
L

S104




000°0-

©
0
@
o

OH

E-Tc

S105

zxb-2-112

§L3 %
& 4
&
Sl
‘w\
\‘3\ =
8
=

0 PPM




eveie
YOS ble —
g€eLee——

oLL'Le

0zy'6¢

L4411

G€0'9¢CL

0e8Lel —
neyeeL ———

¥STOEL
0sE9EL ——

12Teh)

e8Py —

Ph

OH

E-7c
zxb-1-112-c

S106




829t ﬂ
0S9'v
€L9V
569V

§G68'Y
696t

¥€9'S J
€0L°G

G¢lL'S

120, /

€€0'L
$S0°L
€eCL
L6C'L

Ph

OH

E-7d
zxb-2-109-2

S107

-

e

.?2

98

/98

oo ] o0
w

23
198

Mo

PPM

T
0




I L=
o
[+ W

-G

£LV'ET -&

L06'GT & |

¥ae 9t ——=>=

10v'9C — L

6GEIE ———— :3

9/G'1E — L

6LY'6€ —3 12

092'Zy ‘i

-3

1699 i

815'9/ T L

000°LL ——== Y o A

\ZvLL - & -8

~ o

T L

£ E: i
o
-2

68€°GLL 4‘ -
o
AN

260°92L —_ L

60822} —

ogrgeL — L

LP9EL —— L

LLL9EL — e

S6ZEPL

werrL — "

% o
e
i .
o

S108

T



\

000°0-
60G°1
LE€G'}

SHN'Z

161°¢ X
961°¢ :\\\
1oz'e

Liee
VAYAS

5.05

S109

zxb-1-113

J]f.oo /(07 [£o1 _ j{

14

ffgs

e

(.98




‘.-
[=2]
e
(2]
o~

960'6€

OH

Ph

e raatbel ol

¥
?
® 3
@
(Y Ay 3
S ;
w g
X
N

M

|

W

ool

S110

f
0 PPM

|
20

1
20

1




0000 ——
0.0
0€L°0
€50
00’1
ceo’l —\
G0}
850°1L
8.0°L
c60°L
el
GS2'L
(27X
88¢C'L
8ce’l

ono

J00

i
L0}

Nk

[4°1* R

CsH11'n

Ph

Br,

OH

S111

E-7f

zxb-1-155

99
3(1o 91
‘92 /00
/(07

&
—
8
\\ %
3
hadlse]
S Al —

(03
.95

T
PPM

T
0




cLL8LL

1SLLbL -
szleyl —

C5H11-n
OH
E-7f
zxb-1-155-1-c

Ph

S112




0000~
GLL0 ;\
880
1920

0€8°0
580
8/8°0
900'L
L€0°L
001
680°L
o723 il J—

JAVA
9ce’lL
€5¢C'1
89¢'1L
oce'l
el
L9271
8¢}
GLS'L
vi6'l
g6l
¢86'L
£€66°1
810¢C
Ly0C
902

/

)

0co'e
v.0'€
880°¢
€vi'e

98L'y
1e8'v
€v8'v
€98t

& S

(1]
S0L°L
2y
0cL'.L
Lel'L
€el’L
691°L
vLL'L
0L
A TAVA
¢se.
§Ge'.
19¢°L
6.2,
JATAVA
(40}

N

_
_1
o}
<
o ©® =
o
:;“‘___~_§\“\\\
tae)
o
oy
=] 2
=
©
o
V.x %J
-
o
. w -
- T I
I
n
o o)
| S
N
< w -
= s
. N
I
<
Q
<

B}

S113

PPM

T
0




OPPM

§26'601

o6l'sel

€0’ Iyl
6¥8°evl

[S7A: WA 4%

Ph

CsH11-n

n-C4H9

OH

E-7g
ZXB-1-159-C

S114

i

S

el A daaad.
. A

T
120




©
1)
N =
3K

L09'p /
v29'y ﬁ

SY9'v
199'%

S0L'L
LLVL

X4
6EL°L
124 —\
86, \\
S9i°Z A
6912
[S7A)

[4:19

o &
el %
L4 TAVA

7

1C7° )
3l o

LeL
9T,
[4:740
162,

C5H11-n

Ph

OH

Ph

PPM

8a
zxb-1-117-1

700
k

.20
T
7

:

S115



982'92)
ZIrozl X

50082 —N\__
T

€1L'82L —
€881 f

vz YL
609°ZrL -

C5H11'n

Ph

OH

Ph

8a
zxb-1-117-1-c

S116

0 PPM

20

T
140 120 100 80 60

160



[

2.99
12
/

Y09V
G29'v
VA4°R4
699y

CsHiq-n

Ph

—OH

2(94
/205

A

Z-8b
zxb-2-52-1

.00

S117




006'SZL —
ole9zl

€82/21 \
p2082L O\

144147

€ELLEY ——
6920V} ——

05H11'n

Ph

OH

Z-8b

S118

zxb-2-54-1-c

vy

PPM

[ S B R B
20

T
40

I
100

120

I
140

T
160




0000 —
2820
520
1110
160'}
oLt
Ll
9zl
9lE’L
6ec'L
09¢'L
16€')
oLt'l
eyl
1 AN
625’}
1512
(544
0912
9912
cLL'C
061L'Z
1612

I o

6S.°¢

L59Y
8.9t
IR
1ZLy

.

164'9
86.°9
€189

=}
I
«©
©

Y

LE0°L
0L
090
LEVL
(4402
6vl'L
€G51°L
JA<AY
0s¢’L
sz,
0.2,

~NOoOWw
D O M~
NN
Ll o

c0e’L

C5H11—n
OH

Ph

Z-8¢
zxb-2-105

CH50

2ﬁg7

S119

/700

.01

i

PPN

O

|
Kj




G91'GS

€LG°eLL

¥81°8G1

S120

zxb-2-43-3-1-c

L

I
160

\
180

PPM




=

929’y
LY9'y

05H11-n

Ph

OH

Cl

Z-8d
zxb-2-54-1

S121

700

5/10
712

PPM

o




s
e
o
v.8°€L |
OQO'ZZ>_ —8
zIze
8ev'/2 —
LeLoe — f L
v9zze —— :
S
-
o
[©
£6£°89 —4 |
s
659, — - X L
a0/ / — T o %) ]
000°24 g 7
i — © - -2
=3
£ NG I
x
X L
O
=)
o
AN
1199zl — N
Sig'8ct L
656971 — 0 —
_—
692821 — L
9LE0EL f 1
8pizel L
ST6'8EL — °
SeLOV) — 0 N
z6LTpL —
AgAAL) .
o
o
e
o
=

S122




24

J%l

|

|

)

696V
020°'S
cLL's
yeL's

€89'9
eL'9
2ce0L
LE0°L
cvo'L
2s0°'L
6S0°L
$90°L
992’
(YA
9.2’
Lee’s
oTe'L
0se'L

Y2

C5H11—n

Ph

OH

n-C4H9

S123

(3E,5E)-8
zxb-2-67-1

32

2.07
i
}(16

M

1.01

17

/fOO
B

3

T

/

M




§l9'62)

L10°GEL
080°L€L
0/zZ'0vL
G801

C5H11-n

Ph

OH

(3E,5E)-8e
zxb-2-67-1-c

n-C4Hg

S124

I
180

0OPPM

20

80

T
100




LJ0o v
€180
6.8°0
6880
15T
v9zZ'L
LITL
182')
6621
Lel
0zl
beeL
eyl
8ov'L
€611
9051
8251
LbGL
155} -
59G}
089}
602
1287 — 2
e — 7~
85¢°Z
5l€2
88e°2
L0v'T
2992
9892
§69'2
0LL2
812
€T
£vLT

T

L

§20'G
LY0'S
690°G
2¢60'S

e

€92°L
95¢e°L
[4°1 A
L9¢°L
LiE'L
9LEL
€8¢€°L
16€L
ov'L
L0V'L
8ly'L
gL
0ey'L
oEY'L
[424

v

C5H11-I7

Ph

9a
zxb-1-138-2

S125

/K07

e

fOO

A

A




Z6€°92Z1
6Y2'821 :\

280'991

6561

CsHyq-n

Ph

9a
zxb-1-138-2-c

S126

T
®P!

20




