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First Widely Applicable Palladium-Catalyzed trans-Selective M onoalkylation of
Unactivated 1,1-Dichlor o-1-alkenes and Palladium-Catalyzed Second Substitution

for the Selective Synthesis of (E)- or (Z)-Trisubstituted Alkenes

Ze Tan and Ei-ichi Negishi’

General Procedures. All reactions were run under a dry Ar atmosphere.
Reactions were monitored by GC analysis of reaction aliquots. GC analysis was
performed on an HP6890 Gas Chromatograph using an HP-5 capillary column (30 m x
0.32 mm, 0.5 puM film) packed with SE-30 on Chromosorb W. Column chromatography
was carried out on 230-400 mesh silicagel. *H and **C NMR spectra were recorded on a
Varian-Inova-300 spectrometer. THF was distilled from sodium/benzophenone. ZnBr;
was flame-dried under vacuum. Pd(‘BusP),,? Pd(Cy3P),,” Pd(DPEphos)Cl.° were prepared
as reported in the literature. The starting materials were purchased from commercial
sources and used as received. Optical rotations were measured on an Autopol [11
polarimeter.

General procedure for monoalkylation (Representative Procedure A): A
flame dried 25-mL round-bottomed flask under argon was charged with 1,1-dichloro-1-
akene (1 mmol), DMF (3 mL) and Pd(DPEphos)Cl- (35 mg, 0.05 mmol, 5 mol%). After
the addition of the organozinc reagent (1.2 mmol), the reaction mixture was stirred at

appropriate temperature until GLC analysis indicated the disappearance of the starting



material, and then it was quenched with diluted HCI. After extraction with ether, the
combined organic layers were washed with brine, dried over MgSQO,, filtered and
concentrated. The residue was purified by flash column chromatography on silica gel to
givethe desired product.
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(32)-4-Chloro-1-trimethylsilyl-3-penten-1-yne. This compound was prepared
according to Representative Procedure A using 1,1-dichloro-4-trimethylsilyl-1-buten-3-
yne and Me;Zn. Yield: 82%; *H NMR (CDCls, 300 MHz) d 0.18 (s, 9 H), 2.15(d, J = 1.3
Hz, 3 H), 5.60 (d, J = 1.3 Hz, 1 H); *C NMR (CDCls, 75 MHz) d 0.12 (3C), 26.34,
100.23, 100.31, 107.73, 143.26; IR (neat) 2961, 2146, 1594, 1428, 1250 cm™; HRMS

calcd. for CgH1sCISi [M]* 172.0475, found 172.0473.

TBSOV'\/Clv

(3Z,29)-1-tert-Butyldimethylsilyloxy-2-methyl-4-chlor 0-3-hexene. This compound was
prepared according to Representative Procedure A using (39-4-tert-
butyldimethylsilyloxy-1,1-dichloro-3-methyl-1-butene and Et.Zn. Yield: 85%; [a]p™
+21° (c 0.6, CHCl3); *H NMR (CDCls, 300 MHz) d 0.02 (s, 6 H), 0.88 (s, 9 H), 0.97 (d, J
= 6.5 Hz, 3 H), 1.09 (t, J = 7.0 Hz, 3 H), 2.30 (g, J = 7.0 Hz,, 2 H), 2.7-2.9 (m, 1 H),
3.35-3.55 (m, 2 H), 5.27 (d, J = 8.2 Hz, 1 H); *C NMR (CDCls, 75 MHz) d -5.38 (2C),
12.62, 16.38, 18.31, 25.88 (3C), 32.89, 36.29, 66.94, 126.95, 136.34; IR (neat) 1660,
1471, 1462, 1252, 1109, 1089 cm™’; HRMS calcd. for C13H2,ClOSi [M]* 262.1520, found

262.1524.
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(2Z,45)-5-Triisopropylsilyloxy-2-chlor o-4-methyl-2-pentene. This compound was
prepared according to Representative Procedure A using (39)-1,1-dichloro-3-methyl-4-
triisopropylsilyloxy-1-butene, Me;Zn and NMI. Yield: 73%:; [a]p™® +24.6° (c 0.48,
CHCl3); *H NMR (CDCls, 300 MHZ) d 1.02 (d, J = 6.5 Hz, 3 H), 1.06 (s, 21 H), 2.07 (s,
3 H), 2.7-2.9 (m, 1 H), 3.5-3.7 (m, 2 H), 5.32 (d, J = 9.4 Hz, 1 H); *C NMR (CDCls, 75
MHz) d 12.01 (3C), 16.39, 17.98 (6C), 26.25, 36.81, 67.20, 128.75, 129.76; IR (neat)
2959, 2943, 2866, 1463, 1383, 1113 cm™; HRMS calcd. for CisH3CIOSi [M+H]*

291.1911, found 291.1910.
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(42)-1-tert-Butyldimethylsilyloxy-5-chlor o-4-tridecene. This compound was prepared
according to Representative Procedure A using 5-tert-butyldimethylsilyloxy-1,1-dichloro-
1-pentene and "OctZnBr. Yield: 83%; *H NMR (CDCls, 300 MHz) d 0.03 (s, 6 H), 0.88
(bs, 12 H), 1.2-1.4 (m, 10 H), 1.4-1.7 (m, 4 H), 2.1-2.3 (m, 4 H), 3.60 (t, J = 6.4 Hz, 2 H),
5.43(t, J = 7.0 Hz, 1 H); *C NMR (CDCls, 75 MHz) d -5.31 (2C), 14.10, 18.33, 22.66,
25.01, 25.95 (3C), 27.41, 28.57, 29.23, 29.33, 31.86 (2C), 39.45, 62.65, 124.81, 135.11.
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(72)-8-Chloro-7-hexadecene. This compound was prepared according to Representative
Procedure A using 1,1-dichloro-1-octene and "OctZnBr. Yield: 85%; ‘H NMR (CDCl3) d
0.88 (t, J = 6.7 Hz, 6 H), 1.2-1.45 (m, 18 H), 1.5-1.6 (m, 2 H), 2.15 (g, J = 7.0 Hz, 2 H),
2.28(t, J=7.2Hz, 2 H), 542 (t, J= 6.9 Hz, 1 H); *C NMR (CDCl3, 75 MHz) d 14.07,

22.67, 27.41, 28.50, 28.56, 28.71, 28.91, 29.28, 29.35, 31.70, 31.87, 39.45, 125.37,



134.68; IR (neat) 1711, 1660, 1466, 1378 cm™; LRMS (Cl) calcd. for CigHzCl [M]*

258, found 258.
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(32)-3-Chloro-3-decene. This compound was prepared according to Representative
Procedure A using 1,1-dichloro-1-octene and Et;Zn. Yield: 76%; *H NMR (CDCls, 300
MHz) d 0.88 (t, J = 6.8 Hz, 3H), 1.11 (t, J = 7.3 Hz, 3H), 1.2-1.45 (m, 8 H), 2.15(q, J =
7.0 Hz, 2 H), 2.32 (q, J = 7.3 Hz, 2 H), 5.44 (t, J = 7.1 Hz, 1 H); **C NMR (CDCl3, 75
MHz) d 12.96, 14.32, 22.87, 28.74, 28.95, 28.17, 31.94, 33.08, 124.59, 136.46; LRMS

(C|) calcd. for C10H19C| [M]+ 174, found 174.

C6H13WC7H15
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(7Z, 10RS)-8-Chlor 0-10-methyl-7-octadecene. This compound was prepared according
to Representative Procedure A using 1,1-dichloro-1-octene and 2-methyl-1-decanylZnBr.
Yield: 70%; '"H NMR (CDCls, 300 MHZ) d 0.8-0.9 (m, 9 H), 1.0-1.2 (m, 1 H), 1.2-1.45
(m, 21 H), 1.7-1.9 (m, 1 H), 1.9-2.35 (m, 4 H), 5.40 (t, J = 7.0 Hz, 1 H); *C NMR
(CDCl3, 75 MHz) d 14.08, 14.12, 18.93, 22.65, 22.72, 26.92, 28.53, 28.73, 28.92, 29.37,
29.67, 29.91, 30.46, 31.71, 31.95, 36.25, 47.19, 126.70, 133.73; IR (neat) 1711, 1465,

1378, 1089 cm™.
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(2)-2-Chloro-1-phenyl-1-decene. This compound was prepared according to
Representative Procedure A using 2,2-dichlorostyrene and "OctZnBr. Yield: 90%; H

NMR (CDCl3, 300 MHz) d 0.98 (t, J = 6.7 Hz, 3 H), 1.3-1.55 (m, 10 H), 1.65-1.85 (m,2



H), 2.52 (t, J = 6.5 Hz, 2 H), 6.53 (s, 1 H), 7.3-7.4 (m, 1 H), 7.4-7.45 (m, 2 H), 7.65-7.7
(m, 2 H); *C NMR (CDCls, 75 MHZ) d 14.10, 22.66, 27.60, 28.61, 29.23, 29.35, 31.85,
41.18, 124.16, 127.34, 128.09 (2C), 128.96 (2C), 135.14, 135.25; IR (neat) 2954, 2926,
2855, 1642, 1492, 1465, 1447 cm™; HRMS calcd. for CisH24Cl [M+H]" 251.1566, found

251.1563.
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(22)-2-Chlor o-1-phenyl-1-propene® This compound was prepared according to
Representative Procedure A using 2,2-dichlorostyrene and MexZn. Yield: 80%; 'H NMR
(CDCls, 300 MHZ) d 2.28 (s, 3H), 6.45 (s, 1 H), 7.2-7.4 (m, 3 H), 7.55-7.6 (m, 2 H); °C
NMR (CDCls, 75 MHz) d 28.00, 124.72, 127.37, 128.12 (2C), 128.82 (2C), 130.33,

135.25; LRMS (Cl) calcd. for CgHoCl [M]™ 152, found 152.
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(32)-1-tert-Butyldiphenylsilyloxy-4-chlor o-3-dodecene. This compound was prepared
according to Representative Procedure A using 4-tert-butyldiphenylsilyloxy-1,1-dichloro-
1-butene and "OctZnBr. Yield: 80%; *H NMR (CDCls, 300 MHz) d 0.88 (t, J = 6.9 Hz, 3
H), 1.05 (s, 9 H), 1.2-1.4 (m, 10 H), 1.45-1.6 (m, 2 H), 2.28 (t, J = 7.5 Hz, 2 H), 2.43 ( q,
J=6.7Hz,2H),3.70 (t, J=6.6 Hz, 2H), 551 (t, J = 6.9 Hz, 1 H), 7.3-7.5 (m, 6 H), 7.6-
7.75 (m, 4 H); °C NMR (CDCls, 75 MHz) d 14.09, 12.22, 22.65, 26.83 (3C), 27.41,
28.62, 29.20, 29.34, 31.86, 32.11, 39.55, 62.71, 121.77 (2C), 127.62 (4C), 129.56 (2C),

133.91, 135.58 (4C), 136.31.
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(22)-2-Chloro-2-nonene.® This compound was prepared according to Representative
Procedure A using 1,1-dichloro-1-octene, MexZn and NMI. Yield: 75%; 'H NMR
(CDCl3, 300 MHZ) d 0.88 (t, J = 6.7 Hz, 3 H), 1.0-1.6 (m, 8 H), 1.81 (s, 3 H), 2.05-2.3
(m, 2 H), 5,57 (t, J= 7.0 Hz, 1 H).

OTBS
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(2Z,5RS)-5-tert-Butyldimethylsilyloxy-2-chloro-2-hexene.  This compound was
prepared according to Representative Procedure A using (4RS)-4-tert-
butyldimethylsilyloxy-1,1-dichloro-1-pentene, Me;Zn and NMI. Yield: 85%; '"H NMR
(CDCls, 300 MHz) d 0.03 (s, 6 H), 0.86 (s, 9 H), 1.11 (d, J = 5.9 Hz, 3 H), 2.08 (s, 3 H),
2.2-2.35(m, 2 H), 3.85 (g, J= 6.5 Hz, 1 H), 5.48 (t, J = 6.5 Hz, 1 H).
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(2Z,45)-5-tert-Butyldimethylsilyloxy-2-chlor o-4-methyl-2-pentene. This compound

e

was prepared according to Representative Procedure A using (39)-4-tert-
butyldimethylsilyloxy-1,1-dichloro-3-methyl-1-butene, Me>Zn and NMI. Yied: 76%;
[a]p® +7.6° (c 0.6, CHCI3); *H NMR (CDCls, 300 MHz) d 0.04 (s, 6 H), 0.89 (s, 9 H),
0.99 (d, J= 5.8 Hz, 3 H), 2.07 (s, 3 H), 2.65-2.9 (m,1 H), 3.35-3.55 (M, 2 H), 5.28 (d, J =
8.9 Hz, 1 H); *C NMR (CDCls, 75 MHz) d -5.37 (2C), 16.34, 18.32, 25.91 (3C), 26.27,
36.58, 66.90, 128.65, 129.96; IR (neat) 1666, 1472, 1463, 1252, 1069, 1037, 836 cm™;

HRMS calcd. for C2HzsCIOSi [M+H]* 249.1441, found 249.1437.
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(3E,52)-6-Chlor o-1-trimethylsilyl-3,5-heptadien-1-yne. This compound was prepared
according to Representative Procedure A using 1,1-dichloro-6-trimethylsilyl-1,3-
hexadien-5-yne and MexZn. Yield: 82%; 'H NMR (CDCls) d 0.19 (s, 9 H), 2.18 (s, 3 H),

5.62 (d, J = 15.6 Hz, 1 H), 6.10 (d, J = 10.6 Hz, 1 H), 6.92 (dd, J = 10.5, 15.6 Hz, 1 H).

mCSH17

(E)-2-Methyl-1-phenyl-1-decene.! A flame dried 25-mL three-neck round-bottomed
flask under argon was charged with Ni(dppp)Cl2 (11 mg, 0.05 mmol, 5 mol%) and ether
(5 mL). To the mixture was added (Z)-2-Chloro-1-phenyl-1-decene (250 mg, 1 mmol)
followed by CHsMgBr (0.5 mL, 3 M in ether, 1.5 mmol). After reluxing for 2 h, GLC
analysis indicated the consumption of the starting material. The mixture was allowed to
cool to room temperature, quenched with saturated NH4Cl and extracted with ether. The
combined organic layers were washed with brine, dried over MgSQO,, filtered and
concentrated. The residue was purified by flash column chromatography on silica gel
(hexanes) to give the desired product in quantitative yield (229 mg): 'H NMR (CDCls,
300 MHz) d 0.89 (t, J = 6.9 Hz, 3 H), 1.2-1.4 (bs, 10 H), 1.4-1.6 (m, 2 H), 1.84 (s, 3 H),
2.15(t, J= 7.8 Hz, 2 H), 6.26 (s, 1 H), 7.1-7.4 (m, 5 H); **C NMR (CDCls, 75 MHz) d
14.13, 17.75, 22.72, 28.06, 29.36, 29.38, 29.59, 31.95, 40.79, 124.73, 124.74, 127.99,
128.46, 128.59, 128.84, 138.78, 139.40; LRMS (CI) calcd. for Ci7H2s [M]* 230, found

230.

General procedurefor cross-coupling of the (Z)-chloroalkeneswith Grignard
reagents (Representative Procedure B): A flame dried 25-mL three-neck round-

bottomed flask under argon was charged with Pd(OAc), (11 mg, 0.05 mmol, 5 mol%),



CypsP (24 mg, 0.1 mmol, 10 mol%) and THF (2 mL). The mixture was stirred at 23 °C
for 10 min and the (2)-chloroalkene (1 mmol) was added followed by the Grignard
reagent (1.5 mmol). The flask was stirred at appropriate temperature until GLC analysis
indicated the consumption of the starting material. The mixture was alowed to cool to
room temperature, quenched with saturated NH4Cl and extracted with ether. The
combined organic layers were washed with brine, dried over MgSQO,, filtered and
concentrated. The residue was purified by flash column chromatography on silica gel to

givethe desired product.

TBDPSO\J/\V¢1\
CgH17

(32)-1-tert-Butyldimethylsilyloxy-4-methyl-3-dodecene. This compound was prepared
according to Representative Procedure B using (3Z2)-1-tert-butyldiphenylsilyloxy-4-
chloro-3-dodecene, Pd(‘BusP),, and MeMgBr. Yield: 100%; *H NMR (CDCl3, 300 MHz)
d0.87 (t, J= 7.0 Hz, 3H), 1.05 (s, 9 H), 1.2-1.4 (m, 12 H), 1.54 (s, 3H), 1.94 (t, J= 7.6
Hz, 2 H), 2.26 (g, J = 6.9 Hz, 2 H), 3.63 (t, J = 7.0 Hz, 2 H), 5.11 (t, J = 6.5 Hz, 1 H),
7.3-7.5 (m, 6 H), 7.65-7.75 (m, 4 H); *C NMR (CDCls, 75 MHz) d 14.11, 16.01, 19.19,
22.68, 26.84 (3C), 27.93, 29.29, 29.35, 29.54, 31.56, 31.91, 39.75, 63.85, 120.04 (2C),
127.56 (4C), 129.47 (2C), 134.13, 135.6 (4C), 137.43.

CgH17
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(7E)-8-M ethyl-7-hexadecene. This compound was prepared according to Representative
Procedure B using (72)-8-chloro-7-hexadecene, Pd('BusP),, and MeMgBr. Yield: 95%:
'H NMR (CDCls, 300 MHZ) d 0.88 (t, J = 7.0 Hz, 6 H), 1.1-1.5 (m, 20 H), 1.57 (s, 3 H),

1.9-2.1 (m, 4 H), 5.11 (t, J = 6.4 Hz, 1 H); IR (neat) 1466, 1378, 974 cm™.
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%\CSHN

CeH13

(72)-8-Methyl-7-hexadecene. *H NMR (CDCls, 300 MHz) d 0.88 (t, J = 6.3 Hz, 6 H),
1.2-1.6 (m, 20 H), 1.67 (s, 3 H), 1.9-2.1 (m, 4 H), 5.11 (t, J = 6.9 Hz, 1H); *C NMR
(CDCl3, 75 MHZ) d 14.09 (2C), 22.72 (2C), 23.42, 27.86, 28.11, 29.14, 29.38, 29.64,
29.68, 30.16, 31.79, 31.89, 31.97, 125.32, 135.36.

OTBS
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(2Z,5RS)-5-tert-Butyldimethylsilyloxy-2-(4’ -fluor ophenyl)-2-hexene. This compound
was prepared according to Representative Procedure B using (2Z,5RS)-5-tert-
butyldimethylsilyloxy-2-chloro-2-hexene, Pd(CysP),, and 4-PhenylMgBr. Yield: 85%;
'H NMR (CDCls, 300 MHz) d 0.02 (s, 6 H), 0.87 (s, 9 H), 1.07 (d, J = 6.4 Hz, 3 H), 2.01
(s, 3H), 2.05-2.2 (m, 2 H), 3.7-3.9 (M, 1 H), 5.50 (t, J = 7.0 Hz, 1 H), 6.9-7.2 (M, 4 H);
3C NMR (CDCl3, 75 MHZ) d -4.75, -4.62, 18.16, 23.61, 25.79, 25.87 (3C), 39.06, 68.86,
114.71, 114.99, 124.75, 129.50, 129.60, 136.55, 159.89, 163.14; IR (neat) 1603, 1509,
1375, 1253, 1223, 1088, 1004 cm™.
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(2RS,42)-2-tert-Butyldimethylsilyloxy-5-methyl-4-tridecene. This compound was
prepared according to Representative Procedure B using (2Z,5RS)-5-tert-

butyldimethylsilyloxy-2-chloro-2-hexene, Pd(CysP),, and "OctMgBr. Yield: 95%; 'H



NMR (CDCls, 300 MHz) d 0.03 (s, 6H), 0.87 (bs, 12 H), 1.09 (d, J = 5.8 Hz, 3 H), 1.2-
1.4 (m, 12 H), 1.66 (s, 3 H), 1.9-2.25 (m, 4 H), 3.7-3.8 (m, 1 H), 5.10 (t, J = 7.1 Hz, 1 H);
IR (neat) 1471, 1463, 1376, 1251, 1131, 1084, 1003, 836 cm™; HRMS calcd. for
CaoH430Si [M+H]* 327.3083, found 327.3080.

OTBS
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(2Z,5RS)-5-tert-Butyldimethylsilyloxy-2-phenyl-2-hexene.  This compound was
prepared according to Representative Procedure B using (2Z,5RS)-5-tert-
butyldimethy!silyloxy-2-chloro-2-hexene, Pd(CysP)2, and PhMgBr. Yield: 88%; *H NMR
(CDCls, 300 MHZ) d 0.01 (s, 6 H), 0.87 (s, 9 H), 1.07 (d, J = 6.4 Hz, 3 H), 2.03 (s, 3 H),
2.03-2.3 (m, 2 H), 3.7-3.9 (m, 1 H), 5.53 (t, J = 6.7 Hz, 1 H), 7.15-7.4 (m, 5 H); *C NMR
(CDCls, 75 MHz) d -4.74, -4.64, 18.17, 23.58, 25.76, 25.88 (3C), 39.05, 68.98, 124.31,
126.39, 128.00 (2C), 128.01 (2C), 137.59, 142.14; IR (neat) 1472, 1462, 1375, 1253,
1134, 1090, 1063, 1004 cm™; HRMS calcd. for CigHzOSi [M+H]" 291.2144, found
291.2141.

CeHis
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(2S,3Z,5E)-1-tert-Butyldimethylsilyloxy-2,4-dimethyl-3,5-dodecadiene.’ This
compound was prepared according to Representative Procedure B using (2Z,49)-5-tert-
butyldimethylsilyloxy-2-chloro-4-methyl-2-pentene, Pd(CysP),, and (E)-1-OctenylMgBr.
Yield: 73%; 'H NMR (CDCls, 300 MHz) d 0.02 (s, 6H), 0.87 (bs, 12 H), 0.95 (d, J = 6.6
Hz, 3 H), 1.2-1.4 (m, 8 H), 1.78 (s, 3 H), 2.12 (g, J = 7.2 Hz, 2 H), 2.7-2.9 (m, 1 H), 3.3-

3.5 (m, 2 H), 4.98 (d, J = 9.3 Hz, 1 H), 5.66 (dt, J = 6.9, 15.6 Hz, 1 H), 6.41 (d, J = 15.6



Hz, 1 H); *C NMR (CDCls, 75 MHz) d -5.34, -5.29, 14.09, 17.59, 18.37, 20.75, 22.63,
25.95 (3C), 28.96, 29.59, 31.77, 33.29, 34.62, 68.07, 127.48, 131.03, 131.27, 132.33;

Anal. Calcd. For CxoH400Si: C, 74.00; H, 12.42; found: C, 73.62; H, 12.24.

Ph
reso.
= Me

(2Z,49)-5-tert-Butyldimethylsilyloxy-2-phenyl-4-methyl-2-pentene. This compound
was prepared according to Representative Procedure B using (2Z,4S9)-5-tert-
butyldimethylsilyloxy-2-chloro-4-methyl-2-pentene, Pd(OACc),/CypsP, and PhZnBr.
Yield: 87%; [a]p® +25° (c 0.48, CHCl3); *H NMR (CDCls, 300 MHz) d 0.00 (s, 3 H),
0.02 (s, 3H), 0.89 (s, 9 H), 0.92 (d, J = 7.0 Hz, 3H), 2.03 (s, 3 H), 2.4-2.55 (m, 1 H), 3.3-
3.5(m, 2 H), 5.24 (d, J = 10.0 Hz, 1 H), 7.2-7.4 (m, 5 H); *C NMR (CDCl5, 75 MHz) d -
5.36 (2C), 17.63, 18.36, 25.88, 25.95 (3C), 35.97, 68.16, 126.42, 127.90 (2C), 128.02
(2C), 130.69, 136.68, 142.37; IR (neat) 1471, 1463, 1252, 1104, 1088, 836 cm™; HRMS
calcd. for CigHazOSi [M+H]"* 291.2144, found 291.2147.

' X
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(4Z,6S)-7-tert-Butyldimethylsilyloxy-4,6-dimethyl-1,4-heptadiene. This compound
was prepared according to Representative Procedure B using (2Z,4S9)-5-tert-
butyldimethylsilyloxy-2-chloro-4-methyl-2-pentene, Pd(OACc),/CypsP, and AllyIMgCl.
Yield: 83%; [a]p? +18.2° (c 0.66, CHCl5); *H NMR (CDCls, 300 MHZ) d 0.03 (s, 6 H),
0.89 (s, 9 H), 0.93 (d, J = 6.4 Hz, 3 H), 1.67 (s, 3 H), 2.45-2.65 (M, 1 H), 2.65-2.9 (M, 2
H), 3.3-3.5 (m, 2 H), 4.95-5.15 (m, 3 H), 5.7-5.9 (m, 1 H); *C NMR (CDCls, 75 MHz) d

-5.36 (2C), 18.04, 18.80, 23.82, 26.38 (3C), 35.85, 37.22, 68.59, 115.55, 129.55, 133.74,



136.85; IR (neat) 1637, 1471, 1463, 1252, 1122, 1085 cm™; HRMS calcd. for CisH310Si

[M+H]* 255.2144, found 255.2141.

=
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(32,59)-6-tert-Butyldimethylsilyloxy-3,5-dimethyl-1,3-hexadiene." This compound was
prepared according to Representative Procedure B using (2Z,49)-5-tert-
butyldimethylsilyloxy-2-chloro-4-methyl-2-pentene, Pd(OACc),/CypsP, and vinylMgBr.
Yield: 83%:; [a]p® -4.8° (c 0.15, CHCls); *H NMR (CDCl3, 300 MHZz) d 0.02 (s, 6 H),
0.87 (s, 9 H), 0.96 (d, J = 6.5 Hz, 3 H), 1.80 (s, 3 H), 2.7-2.9 (M, 1 H), 3.3-3.6 (m, 2 H),
5.05-5.35 (m, 3 H), 6.77 (m, 1 H); **C NMR (CDCls, 75 MHz) d -5.38, -5.31, 17.50,
18.34, 19.86, 25.92 (3C), 34.68, 7.95, 113.58, 132.49, 133.98, 134.14; LRMS (CI) calcd.

for C14H2808i [M]+ 240, found 240.

General procedure for cross-coupling of the (Z)-chloroalkenes with terminal
alkynes (Representative Procedure C): A flame dried 25-mL three-neck round-
bottomed flask with a reflux condenser under argon was charged with Pd(MeCN).Cl; (8
mg, 0.03 mmol, 3 mol%), 2 (43 mg, 0.09 mmol, 9 mol%), Cs,COs (812 mg, 2.5 mmol),
followed by anhydrous acetonitrile (3 mL) and the appropriate (Z)-chloroalkene (1
mmol). The dightly yellow suspension was stirred at 23 °C for 25 min. Then alkyne (1.5
mmol) was added via syringe and the mixture was stirred in a heating bath at the desired
temperature for the indicated time. The mixture was allowed to cool to room temperature,
guenched with saturated NH4Cl and extracted with ether. The combined organic layers
were washed with brine, dried over MgSO,, filtered and concentrated. The residue was

purified by flash column chromatography on silica gel to give the desired product.



TIPS
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(32,55)-6-tert-Butyldimethylsilyloxy-3,5-dimethyl-1-triisopr opylsilyl-3-hexen-1-yne.
This compound was prepared according to Representative Procedure C using (2Z,49)-5-
tert-butyldimethylsilyloxy-2-chloro-4-methyl-2-pentene and triisopropylsilylacetylene.
Yiled: 73%; [a]p®® +27° (c 0.38, CHCls); 'H NMR (CDCl3, 300 MHz) d 0.02 (s, 6 H),
0.88 (s, 9 H), 0.99 (d, J = 7.0 Hz, 3 H), 1.08 (s, 21 H), 1.83 (s, 3 H), 2.8-3.0 (m, 1 H),
3.35-3.6 (M, 2 H), 5.50 (d, J = 9.4 Hz, 1 H); *C NMR (CDCls, 75 MHz) d -5.36 (2C),
11.34 (3C), 16.73, 18.31, 18.68 (6C), 23.20, 25.89 (3C), 38.28, 67.28, 93.44, 106.52,

118.44, 141.47, HRMS calcd. for Cx3H470Si> [M+H] " 395.3165, found 395.3168.

=
TBSO _

(2S5,32)-1-tert-Butyldimethylsilyloxy-2,4-dimethyl-3-dodecen-5-yne. This compound

CeHis

was prepared according to Representative Procedure C using (2Z,49)-5-tert-
butyldimethy!silyloxy-2-chloro-4-methyl-2-pentene and 1-octyne. Yiled: 71%; *H NMR
(CDCl3, 300 MHz) d 0.02 (s, 6 H), 0.88 (bs, 12 H), 0.96 (d, J = 7.0 Hz, 3H), 1.2-1.6 (m,
8 H), 1.79 (s, 3 H), 2.30 (t, J = 7.0 Hz, 2 H), 2.75-2.9 (m, 1 H), 3.3-3.6 (m, 2 H), 5.35 (d,
J=9.3Hz, 1H); IR (neat) 2212, 1463, 1271, 1254 cm™.

TIPS

TBSOv' Pz
(32,55)-6-tert-Butyldimethylsilyloxy-3-ethyl-5-methyl-1-triisopropylsilyl-3-hexen-1-

yne. This compound was prepared according to Representative Procedure C using



(32,29)-1-tert-butyldimethylsilyloxy-2-methyl-4-chloro-3-hexene and
triisopropylsilylacetylene. Yiled: 65%:; [a]o™ +43° (c 0.18, CHCls); *H NMR (CDCls,
300 MHz) d 0.01 (s, 6 H), 0.87 (s, 9 H), 0.98 (d, J = 7.1 Hz, 3 H), 1.07 (bs, 24 H), 2.11
(0, J = 7.0 Hz, 2 H), 2.8-3.0 (m, 1 H), 3.35-3.6 (m, 2 H), 5.51 (d, J = 9.4 Hz, 1 H); **C
NMR (CDCls, 75 MHz) d -5.38, -5.34, 11.35 (3C), 13.27, 16.78, 18.29, 18.68 (6C), 25.89
(3C), 30.39, 38.01, 67.33, 94.20, 105.68, 125.13, 139.97; IR (neat) 2139, 1463, 1384,
1361, 1251, 1116, 1091 cm™; HRMS calcd. for CaH40Si> [M+H]" 409.3322, found

409.3318.

o

TIPSO =

(32,55)-6-tert-Butyldimethylsilyloxy-3,5-dimethyl-3-hexen-1-yne. This compound was
prepared according to Representative Procedure C using (2Z,45)-5-triisopropyl-2-chloro-
4-methyl-2-pentene and triethylsilylacetylene followed by deprotection with KoCOs in
refluxing MeOH. Yield: 63% over 2 steps; [a]p> +41.5° (c 0.26, CHCl3); *H NMR
(CDCl3, 300 MHz) d 1.02 (d, J = 6.7 Hz, 3 H), 1.06 (s, 21 H), 1.84 (s, 3H), 2.8-3.0 (m, 1
H), 3.04 (s, 1 H), 3.45-3.55 (m, 2 H), 5.61 (d, J = 9.4 Hz, 1 H); *C NMR (CDCls, 75
MHz) d 11.99 (3C), 16.70, 18.00 (6C), 22.99, 38.55, 67.58, 80.13, 83.09, 116.88, 142.57;
IR (neat) 3313, 2943, 2725, 1463, 1384, 1116, 1090 cm™; HRMS calcd. for Ci7H330Si

[M+H]* 281.2300, found 281.2305.

Reference;

@ C.Dai, G. C. Fu, J. Am. Chem. Soc., 2001, 123, 2719
(b) T. Yoshida, S. Otsuka, Inorg. Synth., 1990, 28, 113.



(©)

(d)
(€)

(f)
(9)
(h)

(i)

M. Kranenburg, Y. E. M. van der Burgt, P. C. J. Kamer, P. W. N. M. van
Leeuwen, K. Goubitz, J. Fraanje, Organometallics, 1995, 14, 3081.

K. Yates, H. Leung, J. Org. Chem, 1980, 45, 1401.

K. Moughamir, B. Mezgueld, A. Atmani, H. Mestdagh, C. Rolando, Tetrahedron,
Lett. 1999, 40, 59.

I. Maciagiewicz, P. Dybowski, A. Skowronska, Tetrahedron, 2003, 59, 6057.

X. Zeng, Q. Hu, M. Qian, E. Negishi, J. Am. Chem. Soc., 2003, 125, 13626.

E. Brandes, P. A. Grieco, P. Garner, J. Chem. Soc., Chem. Commun., 1988, 7,
500.

D. Gelman, S. L. Buchwald, Angew. Chem. Int. Ed., 2003, 42, 5993.



Ze Tan and Ei-ichi Negishi®

r T - h T T T 1
r ] 5 L] | T 1 -2 (]
ot - o S e
LR LR LI L]
L8]] [ E) N1} R

Firsl Widely Applicable Pallsdinm-Catabared irars-Selective M eyl

Za T and Fi-ichi Negishi®

! |
mm’_“—’“\t"icm" |

e T T TR et e R s e % e e e
e 184 aen Ldn 1zn Ias &D L1} ip 4 | 4 ppa




First Widely Appleeable Pabladium-Cstalyred trans-Selective Monoalkybstion. ...
Ze Ten and Fi-kchi Megishi®

o

e
L .
1]
:
1
¥
L]
;
L ]
¥
L] B il
1n AR M1
w LRI RNl L]
P
1%
e First Widely Applicable Falladiom-Catalyzed trans-Seloetive Monoalkylatios. ..,

Zee Tan 20 Fi-ichl Megishi®

B el e R i - e e T s CTTC TR

T
zoa (L1 L5# a0 ] 1on Ba ED an b4 | b o



First Widely Applicalibe Palladium-Cutalyzed iros-Selective Menoalkylution....
e Tam and Ei-ichi Negishi®

|' [
| | | |I
1 4 - !
‘ |
; _H\__h_ .”l A | || |.JL _ ||I -
I sy S S — — T—t—r - —e
7 B & 4 a H I = =]
Ll l-'; i TIE = J..l.-IIH.II =
1.1 .m [LE 1} (L RCH)

First Widely Applicalie thl—-l:uﬂ,'pd trans-Selective Manoalkylation. ...
Ze Tan and Ei-ichi Megishi®

meo LI

FEn

T R .| . : 1 . : =
20 18a 181 141 1zm 1o B0 B0 ap ] [ ppE



First Widely Applicahbe Palladium-Catalyoed trans-Selective Monoalkylation, ...
Zr Ton and Fi-ichi Megishi®

wao L £

M |I P
& “* A Y e _-‘I M. .
T T T (JBFS Pevt N d m i, T T
¥ E H] ] a ? ] 1] ppm
i R gt i
Eo T T
6 LI H

Fiest Widely Applicable Pallsdium-Cutalyzed trans-Selective Momoalkylation.,
Zie Tan and Ei-ichi Megishi®

i v r—rp—— T T T s s i et r T T T T T T T

Eel Ten L& 16D [211] LED rae g L1 41 zn (] npa




First Widely Applicahle Palladivm-Catalysed fran-Selective Menoalkylation....
Ze Tan and Ei-ichi Negishi®

e e

I
A e A | ‘ F

S
f X JI'H\,"'.._J_-'I lbr'-.,l !k Il

7 a 5 i 3 g 1 -8 ]

[ S — . L
T T qum
BER K2 883

First Widely Applicable Palledium-Catalyred trans-Selective Mosoalkylation....
e Tan and Ei-ichi Megishi”

o

B s e S - | 11 |
204 180 iaa 1an 120 7] Ho L1] &0 zu 0 ppm




First Widely Applicable Palladivm-Catalyzed srams-Sebeetive Menoalkylati
Ze Tun and Fi-ichi Negishi”

oy

if'
| |

L e e | T T T T

e FLNt)

T R

First Widely Applicabie Pallsdiums-Catalyzed trans-Selective Monoalky latien. ..
& Tan and Ei-ichi Negishi”

oY

T sy 3 e T
L L] i8a 1610 14w e 1w &0 ea 41 2k npE




Tl m FRIGLEMEY  FRR HUTTHT

i (] La 3

a ar

Ll e

a FEE

¥ L

L L

x LERCLT I B LB

First Widely Applicable Pallad m-Catalyeed trams-Selective Monoalkylation. ...
THE—=
FM&
(=]
— . | =
T T - . - 1 g
8 r B 3 a 3 2 1 =0 o
oan i o

T n Feffwives  rem HEIDHT

i L LA fr

2 sl

i 1

i .0

" 1.8

L] .4

1 LT

¥ . ¥

First Widely Applicable Palladivm-Catalyeed iraons-Sebective Menoalkylntion. ...
Ze Tan srd Fi-icki Ragishi®
= Y
(=]
| |
. A | — |
T T T T T T T T T T T T T T L T T T T
1am 170 (B BO LL] aB zn mpm

1aa 1ED




First Widely Applicable Palladism-Catalyzed trans-Selective Maonsalkylation....

Ze Tan and El-lechl Megich®
[

M:

[ . ; i -"'r-'i |

|
_L . I ..Aj._u_)' WAy

L

At e p—t— = v - T T
s ¥ W H 1 3 5 ” e
e - g R T
q T TN
LI 182 wod IR

e Tan and Ei-ichi Negishi

m\...«‘\#f"

First Widely Apglicable Palladinm-Cainlyzed trans-Selective Momoalkylatisn. ..

—
R

oo an 113 14a izn ioa




First Widely Applicable Palladium-Catalyzed trams-Selective Monvalkylation, ...
Ze Tan and Ei-ichi Negishi®

"c.u.,ﬁkg""*"" I'

—rm—

=

First Widely Applicable Palladivm-Catslyned tronr-Selective Monostiylstion....

e Ton and Fi-ichi Negishi®
muw*
i}
H .
et ~4 iyt S try e --"--—wwvv" Lwiw‘p_,n%ﬁp
e i e R L oo R S ey S fisle
i3n LR iia Ly !Iﬂ Blt ?It nn k1] lll an 24 1] ppa




First Widely Applicable Palladium-Catalyzed trans-Sebective Monsalkylntion....
Ze Ton and Ei-ichi Megishi’

reso LI,

TR SRS S |

T _— |
e e S ; e e R e Y
Ll r ] 5 L] a E I =0 ppE
T 'I i o l:. I.L:’r.':-r.r ey
LT
AL .
e
Lol
Ard
il
al
Sy First Widely Applicable Palladivm-Catalyzed trans-Selective Manoalkylation,...
5.1
r ZHTHMMNEW
i
‘\."l\ff“
PR , . R : : : e
izo inn Ao ED an N L] (i)



First Widely Applicable Pulladivm-Catalyzed frons-Seleeiive Monoatkytation. ..
Fe Tan and Ei-ichi Neglshi”

|=| ‘|.
| e T | T ey o s ol T | O, S
S I I O S S e Ol e o e e S —— [,I_"-
First Widely Applicable Falladivm-Catalyzed frans-Seleetive Monsalkylation, .,
Ze Tan and Bi-ichi Negishi”
rm/'\fl; |
Ma
iz
# Z 53
W TII
o J.él:l- o |2|:|_ l_ll- J.Hl"_'ﬂlﬂ-_- -ljlnl :|"| :Iul LT Ilﬂ. o ; e pp-




First Widely Applicabie Palludism-Catalyzed trans-Selective Monsalkylatioa. ..
Zr Ton and Bi-ichl Megishi®

oras |

|
- ”_ ’ F_ _h __._..J!'- i -'Ii- =I|'- ._

¥ S
T S —r g —
L] r § 5 ‘o 3 2 1 -4 BpE
. - i [ ey 4
s.an B N | ] [ ) e
[N E] T FEN T} L] ]
Firs Widely Applicable Palladium-Catatyred traws-Selective Manoalkylation....
e Tan and Bi-lehi Meyishi®
|
¥ Al L L l I
e B AILE s B s Bmanh i i i e o R ]——r—rr1 T T T T L
FF0 Fen (111} LED Lap FEd ] 1aq i &0 &0 e



First Widely Applicable Pallsdium-Catalyzed trams-Selective Monaalkylstion, .
6 Tan and Ei-ichi Negishi”

rso LT,

| f
|
| T | .
) ! ' !
sma s J_ T A T 5o ST
b b e e oy —— y B
iz L 10 1 (] 7 [ 5 & 3 ¥ 1 L]
o i - r - .
1448 R 1o R
Tz

First Widely Applicable Fallsdium-Catalyzed srans-Selective Munonlkylation....
e Tan and Ei-ichi Negishi®

HWMW

| | ‘ I
| ‘
L e | |
LI L e e S e e e e e e R e T S —e
(£ 1z (11] aO [.1] an 20 o



First Widely Applicable Falladivm-Catalyzed trans-Selective Mononlkylation. ...
Z& Tan and Ei-ichi Negishi™

s I

n J‘M 4'«_ O (X L b

S —_— i [
T.ar .m [T
LB LN H

First Widely Applicable Palladium-Cutalyzed frans-Selectivi Mansalkylation. ...

Ze Tun sed Ei-ichi Negishi’

e

||

T LI e B B

0

nps




First Widely Applicable Pallsdium-Catalyned iravws-Selective Mosoalloptsiien. ..

¢ Tan and Bi-ichi Negishi™
,‘ET“
|"-'
|
|
| |
| i
i (g i |I
-"A o A | ||
J | ||
il I
p——— L A 'll )1_ . I._\_‘_UH_L\' I|| - A |.___
8 ' ¢ P § 1 2 1 - ppm
Ty 4 o W e
First Widely Applicabie Palladium-Catalyzed frans-Seloctive Monoalkylation. ..
T Tan and Ei-ichi Negishi'
|
| 1 [‘ |
LI o | —
270 PN R i 180 170 e s 5 g ey




First Widely Applicable Pallndinm-Catalyzed rovas-Selective Monoalkylation....
£ Tan and F-icki Megishl®

m,_;"‘\fl\-c"”.'ﬁ

’
) I |
p FRa
|[
o h_ ‘e A l h |f.||J L
B 7 a ] 4 zlh ¥ _._-'I:_- ._.pnl
T i o [T _.""
First Widely Applicable Falladinm-Catalyzed frows-Selbective Monsalkylation, ..,
EtImmﬂEiui:hiN:g;i:hj'
Wa}\__’-\_ﬂpl‘w”ﬂ
| L L
| l . JL |

TRO L&k isa lan (441 inn -1 Al ip .a 0 ppl



Videly Applicable Pallndiwm-C atnlyzed ftroas-Selective Menoalkylstion, ..
Ze Tan and Ei-ichi Negighi®

. HLpT

ram i

¥oad [T

T (LR

v 1 (X

F.ida H

.19 i

wam nE

T.am 1.4

440 F.x

LN IR

1,981 LN )

1,400 LB

1.8 M.

i.388 .z ~

. LT

PR Y i ¥ J

w T

f
l JL AN b
T T T T T T T L]
] ) ] 5 1 3 z 1 -1 pEm
——— —= i o .
H S F.odd ¥.ap 13.13
e s AT

First Widely Applicable Palladium-Catalyzed trans-Selective Mowoaliylatien. ...
Zo Tan and Eivichi Negishi™

i

T ]
1 BT
T EHBEL
2 =2, T
o uF. T
i [LRE ]
& (T
T
B
1
i
1
1m
L
i
15
i
1
w ZELA.888  29.381

b —

A e e L B B e L L R

T T T
& 1an iEm 14w (4] 1aa ar (1] an 21 PR®




First Widdidy Applicable Palladimm-Catnlyzed frans-Sebective Manoalkylation...,
e Tan and Bl-lchi Megishi”

nea LG

P - -
M M -'h A ‘l B! |
S, = I AN S P Py .
T r— — T T P e e 1 e p——
! [ 5 a 1 ] 1 0 ppm
o ey - gl L i 2
i 1 o P S L Hil R

I
».

i 1.

o i
R "
LR .
AT 1.4
g 33,4
L (L}
5. dad .
1% 18 ELE ]
awam [TE]

First Widely Applicable Palladinm-Cuistyzed irqns-Sclective Mensaliglation, ...
& Tan and Ei-ichi Negishi®

=

14ap 1= o 1in Loa




First Widely Applicable Palladium-Catabyzed mams-Selective Mopoalkylatioa, ..
e Tan and Ei-ichi Megiski”

gy !

Cathir

e — Tr———r i SRn v
o LEEN LR oy
:
i
i'
H First Widely Applicable Pallndiwm-Cuinbyzed trany-Selective Monoslioylation.....
it
' e Tan and Ei-ichi Mogiski
i FEFFS PR T T Tt
1% SENI ALE LA, EN LT
gty M
"CyHyr
e s v | R o)
i R A -

L4w ian LEp 110 o L1]



Fieet Wdsly Applicable Palldiai-Catabyzed rans-Selecive Manealkylstion
Ze Tam and El-ichi Nepishi®

. e e e e . =
T ] 3 a 3 T ] -0 ppm
rar P T e q'.':E'.:!}__.f.i i
Fi
ral Widely Applicabile mwmh.m_m
Ze Tan and Eivichi Megisii®
F L]
MJ\J\
s |
T T T T T T T T T T T T T T T T T T T e . poee e . ey D ¥l v
i Fa 1) (1.1 (17} (E1] (§4] iLL] na L1} an 70 ] [0 ]



First Widely Applicable Pallsdive-Catalyzed trans-Selective Momoalkylaiben. .. |
£ Tan and Ei-ichi Negishi®
IP5
T8
|
) ; i - |

— — — —r—p e T T ¥
) B 5 4 3 I L) -a
“NT] ¥ A} FTITH]
5.3 e, wre i

Firat Widely Applicable Palladium-Catalyzed trans-Selective Momon oy lati
P Tan and Ei-ichi Neglshi®

L Ll 1 |

T T 1
e f L&p LED 180 LED i1 2] 1] an 20 [ ]

L T L ML v




Firat Widely Applicabile Palladtium-Catalysed trans-Sebeetive Monoalilation. ..
#2 Tan and Fi<icki Negishi®

-

i 'l ; N ___.M_ 7 O N
o 5 5 | A i T .
i il o B

i
:
;
First Widely Applicabie Palladium-Cutalyzed trans-Sedective Monsalkylation. ...
P Tan sd El-lchi Negishi®
'nm\,!\yf
J l‘ | ‘ .
1in : 0 ¥ ! a0 20 g i




