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Experimental Sect;icn

General. A;ll reactions were run under a dry Ar atmosphere. Reactions. were
monitored by GC analysis of reaction aliquots. GC yields were detemﬁned by using a
hydrocarbon as the internal standard. GC analysis was performed on HP6890 Gas
Chromatography using HP-5 capillary column (30 m x 0.32 mm, 0.5 uM film) on a
column packed with SE-30 on Chemoserb W. Column chromatcgraphy was carried out
on 230400 mesh silice gel. IR spectra were recorded Perkid-Elmer_FT-IR 2000. 1H and.
C NMR spectra were recorded on Varian Gemini-200, Varian ‘Inova-»300 spectrometers.
THF is d1st111ed from sodlum/benzophenone ZnBr; wasbﬂam’e dried under vacuum.
Pd(PPhs)s,” (E)- chr0101odoethylene (E) brom01odoethylene 4- ethynyl 1-nitrobenzene?,
'4-ethyny1-1-methoxybenzene , 4-ethyny1—1-ﬂuorobenzene ,4-(2'-br0moethynyl) -toluene®
were prepared as reported in the literature. The starting materials were purchased from

commercial sources and used as received.

4- Ethynyl -1- trlﬂuoromethylbenzenef To a solution of lithium acetyhde
ethylenediamine complex (2.1 g of 90 wt%, 20 mmol) in THF (5 mL) was added

anhydrous ZnBr; (5.0 g, 22 mmol) in THF A(ll mL) at 0 °C. The reaction mixture was
stirred at 0 °C for 1 h. ‘4-Triﬂuoromethy1-l-iodoben’zene (4.6 g, 17 mrﬁol) and Pd(PPh;)4
(323 mg, 2 mol%) were added to the reaction mixture at 0 °C, which was then stirred at
25 °C overnight. The reaction mixturewa(s quenched with aqueous NH4C1, extracted
with ether, dried over MgSQy, and concentrated‘. | Blub-fo-bluc distillation afforde'd’1.67 bg
(58%) of .the title product as a colorless Hquid: 1HVNMR (CDCl3) 8 3.17 (s,.1 H), 7.55 (s,
4H) ppm ; °C NMR (CDC13) § 79.57, 82. 19, 123.83 (q, J = 267 0 Hz), 12526 (q, J =
3.8 Hz, 2C), 125. 96 130 62 (q, J=32. 7 Hz) 132.40 (20) ppm

A Strictly “Pair”-selective Synthesis of ConJugated Dlynes ......
,'E Neglshl M. Hata, and C Xu .




©2000 American Chemical Spciety, Org. Lett., Negishi 01000270m Supporting Info Page 2 7
- ' S , v ‘ 2 -

| F‘@%Br

4-(2'-Bromoethynyl)-l-ﬂuorobenzeneg:_v Representati-ve Procedure for the

Sy-lithesis of Alkynylbromide': To a solutiori,()f 4-ethynyl-i-ﬂuorobenzene (ll‘O mg,v
0.92 ‘mmol) in THF (4 mL) was added n-BuLi (0.40 mL of 2.5 M hexane solution, 1.0
- mmol) at -78 °C. The reaction mixtﬁre was stirred at this temperature fof’ 30 min, treated
with N-bromosuccinimide (178 ‘mg, 10 mmol), gradually Warmed to 25 °C, and then-
stirred overnight. - The reaction mixture was quenched 'Wi‘th taglqueous NH4CI, extracted
with ether, dried over MgSOs, and concentrated. Puriﬁcat’ipn by column chromatography
(silica gel; pentane) afforded 145 mg (79 %) pf ‘-the tlitlev product as a white solid: 'H
NMR (CDC13) §6.9-7.1 (m, 2 H), 7.3-7.5 (Ip 2 H) ppfn- "3C NMR (CDC13) 3 49.54 (d,
J=2.0 Hz), 79.00, 115.62 (d,J = 22.2 Hz, 2C) 118.75 (d J=3.5Hz),133.89(d,/=8.1
Hz, 2C), 162.66' (d J=250.3 Hz) ppm. |

FQC;@f_——~BF

4-(2'¥Bromoethynyl)-1-t-riﬂuorométhylbenzené: The title .comp‘o_und was

prepared from 4-ethyny1-1-triﬂuoromethylbenzene (141 mg, 0.83 mmol) and N-
bromosuccinimide (178 mg, 1.0 mmdl). Puriﬁcétipn By column chromatography (silica |
gel, pentane) at’forded 131 mg (65 %) of the product as a white solid: 'H NMR (CDClj)
8 7.4-7.7 (m, 4 H) ppm; B3C NMR (CDCl3) § 52.97, 78. 82 123.81 (q, J=272 0 Hz),
125.28 (q, /= 3.7 Hz, 2C), 126 48 130.45(q, J=32.7 Hz) 132.28 ppm

1-Bromo-1, 5-heptadie.n-3-yne:' To a 0.5 M solution of ethynylmagnesium
bromide in THF (50 mL, 25 mmol) was added at 0 °C ZnBr; (5.6'g, 25 mmol) in THF (25

mL). The reaction mixture was stirred for 30 min., then (E)-l-‘bromc')propené (1.81g,15

mmol) and Pd(PPh;), (345 mg, 2 mol%) were added. After stirring at 25 °C overnight,
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the reaction mixture was first .treated With water (0.14 g, 8 mmol) and then distilled to
another flask cooled at —78 °C. vThe ‘distillatewa‘s warmed to 25 "°C, and then cooled to—-
78 °C. n-BuLi (6 mL of 2.5 M hexane solution, 15 mmol) was added at —78 °C. The "
reaction mixture was stirred at —78 °C for 30 min., treated‘with a _solntion .of -anhydrous
ZnBr; (3.4 g, 15 mmol) in THF (15 mL), and warmed to 0 °C. (E)-Bromoiodoethylene
(3.50 g, 15 rnmol) and Pd(PPh;)4 (345 mg, 2 mol%) were added to the reaction mixture at
0 °C Which was then stirred at 25 °C for 1 h. The reaction mixture was. quenched with
aqueous NH,CI, extracted with ether, dried over MgSO,, and concentrated Purification

' by column chromatography (silica gel, pentane) afforded 1.85 g (72%) of the title product
as a colorless liquid: 'H NMR (CDC13) 51.83 (dd J=6.8, 1.6 Hz, 3H), 5.5-5.7 (m, 1 H),

© 6.23(dq, J=15.7, 6.8 Hz, | H), 6.33 (dd, J = 14.0, 2.2 Hz, 1H), 6.67 (d,/J=140Hz, 1
H); “C NMR (CDC13) 5 18.82, 84.21, 90.56, 110.31, 117.50, 117.70, 140.84; HRMS .
caled for C;H;Br 169.9731, found 169.9735. —

n-Hex-%:i\Cl

' '(E)-l-,Chloro-l-decen-3;yneh: Representative Procedure for th;e Synthesis of
Haloenyne Derivatives: To a so]utr"on of l-octyne (1.1 g, 10 mmol) in.THF (15 mL)b
was added n-BuLi (4.0 mL of 2.5 M _hexane solution, 10 mmot) at =78 °C. The reaction
mixtn're was stirred at 78 °C' for 30 min. "treated with a solution of anhydrous ZnBr; '(3 0
g, 13 mmol) in THF (10 mL), and warmed to 0 °C, (E) Chlor01odoethy1ene (1.9 g, 10
mmol) and Pd(PPh3)4 (231 mg, 2 mol%) were added to the reactlon mixture at 0 °C,
which was then stirred at 25 °C for 1 h. The reaction mixture was quenched with

aqueous NH,CI, extracted Withether dried over anhydrous MgSO., and concentrated.

Purification by column chromatography (silica gel, pentane) afforded 1.46 g (86%) of the
title product as a colorless liquid: 'H NMR (CDCI3) 6 0.87 (t, /= 6.8 Hz 3 H) 1.2-1.6
(m, 8 H), 2.27 (td, /= 17.0, 2.3 Hz, 2H) 589(dt J=13.6,2.3Hz, 1 H), 6.40 (d,J=13.6

“Hz, 1 H) ppm; BC NMR (CDCI3) § 13.99, 19.38, 22 52 28.46, 28. 54, 31.30, 75.65,
93.43, 114.30, 128.63 ppm.




© 2000 American Chemical Society, Org. Lett., Negishi 01000270m Supporting Info Page 4
: ' : 4

n-Hex : N o B
N
: (E)-I-Bromo-l-decen-3-,yn_‘e": The title compound was prepared from 1-octyne

(0‘9. mL, 6.0 mmol) ahd (E) bromoiodoethylene (1.4 g, 6.0 mmol). Analysis of an

aliquot of the reactlon m1xture by GC indicated the formation of the title compound in
94% yield. Purlf cation by column chromatography (sﬂlca gel, pentane) afforded 0.96 g
- (74 %) of the title product as a colorless 11qu1d:. 'H NMR (CDCl;) & 0.87 (t,J=6.8Hz,3

H), 1.2-1.6 (m, 8 H), 2.24 (td, J_'=‘-6".9,‘2.3 Hz, 2 H), 6.15 (dt, J = 14.0, 2.3 Hz, 1 H), 6.54

(d,J=14.0 Hz, ¢ H) ppm; ’?C NMR (CDCls) 8 14.00, 19.40, 22.50, 28.35, 28.52,31.28,

77.19, 93.23, 116.85, 118.04 "ppm' E / Z ratio is 95 : 5 based on °C NMR' IR (neat)
. 2930, 2858, 2332, 2217 cm™; MS (CI, 70 eV) m/z (relatlve 1nten51ty) 273 (43), 271 (39),

216 (M7, 31), 214 (M 31) 192 (35) 191 (100) 149 (32) 147 (30), 135 (98)

.:,\'

ct |

-(E)-1-Chloro-4-phenyl-1- buten-3-yne’ The title compound was prepared from |
phenylacetylene (1.1 mL, 10.0 mmol) and (E)- chlor01odoethy1ene (1. 88 8 10.0 mmol)
Analysis of an aliquot of the reaction mixture by GC indicated the formatlon of the title

' compound in 89% yleld. Purifi catlon by column chromatography (silica gel, pentane)
_afforded 131 g (8‘1 %) of the title product as a white solid: 'H NMR’(CDCI3) 56.12(d,J
=13.5Hz, 1 H), 658(d J=13.5Hz, 1 H), 7.25-7.35 (m, 3 H), 735 7.45 (m, 2H)ppm'
C NMR (CDC13) 5 84.37, 91 93, 113. 81 122. 58 128.31 (2C), 128.55, 130.08, 131.46

(2C) ppm.

Me ‘ =\

Cl

»(E)-l-Chloro-4-(4'-toluenyl)-l'—buten-3-yne: The title compound was prepared

from 4-ethyny1‘toluene‘ (0.63 mL, 5.0 mmol) and (E')Qchloroiodoethylene (1.13 g, 6.0
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mmol).:' Purification by column chrom‘atogr}aphy‘(silica gel, pentane) afforded 0.80 g 4.5
mmol, 90%) of the title product as a white solid: 'H NMR»(CDC'13)‘ 6233 (s,3H),6.13
(d, J=13.6 Hz, 1 H), 6.58 (d, J¥'1‘36Hz 1 H), 7.11 (d, J = 8.1 Hz, 2H) 7.32 d,J= ;
8.1 Hz, 2 H) ppm; °C NMR (CDC]3) 5 21.48, 83.76, 92.14, 113, 97, 119 51, 129.13

- (20C); 129.67, 131.38 (2C), 138.81 ppm; IR (HUJOI) 3076 3028 2205 cm’’ HRMS caled
for CHH9C1 176.0393, found 176.0393. '

g —

Cl

(E)-l-Chlo-ro-4-(4'Qfluoroplienyl)—l-‘buten'-3-yne:. The title _compou-nd was
prepared from 4-et}rynyl-l-ﬂuorobenz_ene (0.84 g, 7.0 mmol) and (E)-chloroiodoethylene
( 1.'32 g, 7.0 mmol). Purification by“column ch'rorn‘atography (silica gel, pentane)
afforded 1.1 g (86%) of the title produ'ct as a colorless liquid: '"H NMR (CDCl;) § 6.10
(dd, J = 1.7,13.6 Hz, 1 H), 6.57 (dd, J = 2.1, 13.6 Hz, 1 H), 6.9-7.0 (m, 2 H), 7.3-7.4 (m,.
2 H) ppm; °C NMR (CDCl) 3 84.10 (d, J=15 Hz), 90.83, 113.60, 115.57(d, J=22.2
Hz, 2C), 118.67 (d, J ="3.5 Hz), 130.18, 133.32(d, J = 86Hz 2C), 162.57 (d, J = 250.3
Hz) ppm; IR (neat) 2973,2209 cm’! MS (CI 70 eV)m/z (relatlve mten51ty) 182 (M +2, )
35), 180 (M", 100), 145 (86) 125 (48), 75 (15)

(E)-l-_Chloro-4f(4'-triﬂuoromethylphényl)-1-buten-3-yné: The title ct)mpound

was prepared from 4-ethynyl-l-triﬂuoromethylberlzene (0.68 g, 4.0 mmol) and (E)-

- chloroiodoethylene (0.75 g, 4.0 mmol). Purification by column chromatography (silica -
gel, pentane) afforded 0.77 g (84%) of the title product as a colorless 11qu1d 'H NMR
(CDCl3) 86.12 (d, J = 13.6 Hz, 1 H), 6.65 (d,J=13.6 Hz, 1 H), 7.4-7.6 (m, 5 H) ppm;
BC NMR (CDCl;) 8 86.64, 90.34, 113.36, 123.87 (q, J = 271.9 Hz), 125.25 (q,J=37
Hz, 2C) 126.44,130.30 (q, /= 33.2 Hz), 131.5.1_, 131.69 (2C) pprn; IR (neat) 3076, 2208
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cm’’; MS (Cl, 70 eV) m/z (relatrve 1ntens1ty) 289 (3D, 287 (lOO) 275 (12), 273 (39),
_232 (18),231 (17), 230 (M 56).

n-Hex%@ |

1-Phenyl-deca-1, 3-diyn_ek: Rep’resentative Procedure for the Pd-Catalyzed

Synthesis of. Conjugated Diynes from ChlorOenyn‘e'Derivatives (Method A): To a
solutron of (E)-I-chloro-1-decen- 3-yne (171 mg, 1.0 mmol) in THF (3 mL) was added n-
BuLi (0.8 mL of 2.5 M hexane solutron 2.0 mmol) at =78 °C. The reaction mixture was
stirred first at —78 °C for 30 min and then at -30 °C for 30 min; treated with a solutron of
'anhydrous ZnBr, (270 mg, 1.2 mmol) i in THF (l mL) and warmed to 0°C. Iodobenzene'
(204 mg, 1.0 mmol) and Pd(PPh;), (23 mg; 2. mol%) were added to. the reactlon mixture |
at 0 °C, which was then stirred at 25 °C for 3 h. Analys1s of an allquot of the reaction
mrxture by GC 1nd1cated the formation of the title compound i 1n 93% yield. The reaction
mixture was quenched with aqueous NH4C1 extracted with ether, dried over MgSO,, and
concentrated. Purification by column chromatography (srhca gel, pentane) afforded 152
mg (72%) of the title product as a colorless liquid: 1H NMR (CDCl3) § 0.90 (t,J=16.8
Hz, 3H) 1.2-1.6 (m, 8 H), 2.34 (t, J = 6.9 Hz, 2H) 72 ~7.6 (m, 5 H) ppm; 3C NMR
(CDCL;) & 14.00, 19 55, 22.48, 28.21, 28.53, 31.26, 65. 04 74.42, 74.64, 84.82, 122.11,
128.27 (2C), 128.72, 132.43 (2C) ppm IR (neat) 2245 cm’ Representatlve Procedure
for the Pd-Catalyzed Synthesis of Con_lugated Drynes from Bromoenyne Derivatives
(Method B): To a solution of (£)-1-bromo-1 -decen-3-yne (215 mg, 1. O mmol) in THF
(3 mL) was added LDA (l I mL of 20 M heptane/ethylbenzene solution, 2.2 mmol) at -
78 °C. The reaction mixture was stirred at —78 °C for 30 min, treated with a solutron of
anhydrous ZnBr, (270 mg, 1.2 mmol) in THF ( 1 mL), and warmed to 0 °C. lodobenzene -
(204 mg, 1. 0 mmol) and Pd(PPh3)4 (23 mg, 2 mol%) were added to the reaction mrxture
at 0 °C, which was then stirred at 25 °C for 1 k. The reaction mixture was quenched with
aqueous NH,Cl, ‘extracted with ether' dried over anhydrous MgSO;, and concentrated.
Purification by column chromatography (51llca gel, pentane) afforded. 189 mg (90%) of

the title compound
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'(E)-7-Ociadecen-9, 11-diyne: Method A: ‘The title comprnd was prepared
from (E)-1-chloro-1-decen-3-yne (128 mg, 0.75 mmol) and (E)-1-iodo-1-octene (179 mg,
075 mmol). Analysis of én aliquot.- of the reaction mixture by GC indicated the
formation 6f the title. compound in 84% yield. Purification by column chromatog"raphy‘
(silica gel, pentane) afforded 130 mg (71%) of the product as a colorless liiquid: 'H NMR
(CDCl3) 6 0.8-1.0 (m, 6H) 1. 2—1 6(rﬁ 16 H), 2.06 (q, J=6.8 Hz, 2 H), 2.26 (1, J= 6.9
Hz, 2 H), 543 (d, J = 16.5 Hz, 1H), 6.22 (m, 1 H) ppm; *C NMR (CDCl) 8 13.96,
| 19.47, 22.48, 22.53, 2827 28.51,28.71, 31.26, 31.58, 33.17, 65.22, 72.87, 73.88, 83. 43
108.63, 147.99 ppm; IR (neat) 2929, 2858, 2361, 2339, 2232 em™ ; MS(CI, 70 eV) m/z
(relative intensity) 244 (M", 14), 215 (5), 131 (23) 117 (24), 91 (36), 43 (100); HRMS”‘
calcd for C sHag 244.2191, found 244. 2189

n-Hex—=—= -

S —cooMe
| (E)-2-Methyl-2-tridecen-4, 6-diynoic Acid Methyl Ester: Method A: The title
compound was prepared from (E)é1-ch10ro_—1-decén-3-yne (128 mg, 0.75 mmol) and (£)-

3-bromo-2-methylacrylic acid rhethyl ester (134.mg, 0.75 mmol). Analysis of an aliquot
.' of the reaction mixture by GC indicated the fonﬁation of the‘title_j'c.ompound in 84% |
yield. Purification b’y cdlumn chromatography (silica gel, 95/5 pentane/ether) afforded
- 126 mg (72%) of the title product _a-s-é yellow liquid: '"H NMR (CDCI;) 56 0.85(t,J=6.7
Hz, 3 H)’, 1.2-1.6 (m, 8 H), 2.04 (s, 3 ‘H), 2.32 (t, J¥,7.0 Hz, 2 H), 3.71 (s, 3 H), 6.57 (s,
1 H) ppm; °C NMR (CDCl) & 13.90, 15.51, 19.65, 22.40, 28.01, 28.47, 31.17, 52.02,
64.84, 70.96, 65.22, 86.06, 89.05, 118.68, 141‘63 1167.04 ppm; IR'(neat) 2932, 2860,

2361, 2339 2229, 1719 ecm™;  MS (CI 70 eV) m/z (relative intensity). 232 M7, 12),217
(5), 203 (6), 115 (26), 91 (39), 77 (50), 43 (100); HRMS calcd for C15H2002 232.1463,
found 232.1465. Method B: The title compound was pr'epared from (E)-1-bromo-1-
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decen-3-yne (215 mg, 1 mmol) and (E)—3.-bromo'-2-mcthylacrylic acid methyl ester ( 178 -
mg, 1 mmo]). Purification by column chromatography (silica gel, 95/5 pentane/ether)__',

afforded 154 mg (88%) of the title compound.

n;Hex : , : ﬂ ‘

S

1-(2’-Thiophenyl)-deca-1, 3- diyné Method A:  The tltle compound was

prepared from (£)-1-chloro-1- decen 3-yne (128 mg, 0.75 mmol) and 2- 1odothlophene
(158 mg, 0.75 mmol). Analysis of an aliquot of the reaction mixture by GC 1nd1cated the
formation of the title compound in 93% yleld Purlﬁcatron by column chromatography
(pentane) afforded 130 mg (80%) of the title product as a ye]low liquid: 'H NMR o
(CDCl3) 6 0.90 (t,J = 6.8 Hz, 3H) 1.2-1.6 (m, 8 H), 234(t J= 69Hz 2H),69-7.0
(m, 1 H), 7.2-7.3 (m, 2 H) ppm; "*C NMR(CDC13)6 14.00, 19. 65, 22.48, 28.15, 28 51,
31. 24, 64.95, 67.62, 78. 52 87.05, 122.43, 126. 93, ]27 90 133.73 ppm IR (neat) 2930, |
‘2859, 2361, 2339 2232 cm ; MS (CI, 70 eV)m/z (relatrve 1nten51ty)216(M 100), 201
(14), 187 (72), 173 (56), 145 (91), 45 (40) HRMS caled for C14H;6S 216.0973, found

-+ 216.0968.

n-HexF l

-(4’-Fluorophényl)-deca 1, 3-diyne: - Method A: The title compound was

. prepared from (E)-1-chloro-1-decen-3-yne (85 mg, 0. 50 mmol) and 4-fluoro-1-
iodobenzene (111 mg, 0.50 mmol). Purlﬁcatlon by column chromatography (silica gel,
pentane) afforded 88 mg (72%) of the title product as a colorless liquid: 'H NMR
(CDCIs) 6 0.90 (t, J = 6.8 Hz, 3 H), 1.2—11.6 (m, 8 H), 2.35 (t, J= 6.9 Hz, 2 H), 6.9-7.1
(m, 2 H), 7.4~ 7.5 (m, 2 H) ppm; "’C NMR (CDCls) & 13.98, 19.52, 22.48, 28.19,28.53,
31.26, 64.90 (d, J = 1.0 Hz), 73.54, 7417(d J= 20Hz) 84.83, 11567(d J =222 Hz, |

20), 11821(d J= 30Hz) 134.40 (d,J = 8:6 Hz, 2C) 162.73 (d, J= 2508Hz)ppm IR
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(neat) 2246, 2155 em™; MS (CI, 70 eV) m/z (relative intensity) 285 (100), 229 (M*+1,
35), 228 (M, 29); ‘HRMS caled for C;¢H;7F 228.1314, found 228.13 12.

Ethyl 2—(4-Phenylbuta-1, 3-diynyl)-benzoate: Method A: The title’
| compound was prepared from (E)-l-chloro~4-phenyl-1_-'b'.uten-3-yne (122 fng, 0.75 mmol)
and ethyl 2-iodobenzoate (207 mg; 0.75 mmol). :Analysis of an"aliquot of the reaction
mixture by GC indicated the formation of the title compound in 78% yield. Purification
by column chromatography _(.silica ‘ge1,495/5 pentane/ether) afforded 150 mg (73%) of thc |
title product as a yell_ow liquid: _lH‘ NMR (CDCl3) 8 1.43 (t,J=7.1 Hz, 3 H), 4.42 (q, /=
7.1 Hz, 2 H), 7.0-8.0 (m, 9 H) ppm; °C NMR (CDCly) § 14.06, 61.24, 74.02, 78.68,
79.82, 83.04, 121.60, .122‘.23.,.2128.'29 (20), 128.55 129.13, 130.45, 1'31."60',.‘132.34 (20),
132.79, 134.89, 165.52 ppm" IR (neat) 2983, 2936, 2215 em”; MS (Cl, 70 eV) m/z
(relatlve intensity) 277 (M +2, 31), 275 (M", 100), 247 (4); HRMS calcd for C]igHA]402.
274.0994; found 2274.0990. B

 /\ -_‘—'——

(E)¥(1-Ethylidene-5-phénylpenta-_i,i2:1-diyn'yl)-‘trimethylsilane: Method:

‘ 'A: The title compound was prepared from (E)-1-chloro-4-phenyl—,1-buten.-3-yne. (122
mg, 70.75 mmol) and (E)-(1-iodo-propenyl)-trimethylsilane (178 mg, 0.75 | mmol).
.Analysis of an aliquot of the reaction mixture by GC indicated the fonhation of the title

- compound in 85% yleld Purification by column chromatography (silica gel, pentane)

afforded 127 mg (71%) of the title product as a yellow liquid: 'H NMR (CDCl3) 6 0.17
(s, 9 H), 2.02 (d, J = 6.6 Hz, 3 H), 6.38 (q, J = 6.6 Hz, 1 H), 7.25-7.35 (m, 3 H), 7.45-
7.55 (m, 2 H) ppm; C NMR (CDCly) & -1.92 (3C), 19.05, 74.49, 81.39, 81.55, 82.46,
122.40, 124.48, 128.33 (2C), 128.75, 132.25 (2C), 150.33 ppm; IR (neat) 2958, 2904,
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2204, 2128 cm’'; MS (CL, 70 evj m/z (relative intensity) 297 (6), 296 (26), 295 (100),
255 (13), 239 (M™+1, 6), 73 (5); 'HRMS calcd for Ci6H;5Si 238.1178, found 238.1175.

F /_'\‘ :: \_/ F

1, 4- Bls(4'-fluorophenyl) buta-1, 3- dlyne Method A: The title compound was
prepared from (£)-1-chloro-4-(4'- ﬂuorophenyl) 1-buten- 3-yne (135 mg, 0. 75 mmol) and
4-ﬂuoro-1-1odobenzene (200 mg, 0.90 mmol). Analysis of an ahquot of the reaction -
mixture by GC indicated the formation of the title compound in 86% yield. Purification
by column chromatography (silica gel pentan'e) 'afforded 131 mg (73%) of the title
product as a white solid: 'H NMR (CDC13) 8 7.0-7.2 (m, 4 H), 7. 4—7 6 (m, 4 H) ppm;
C NMR (CDC13) 6 73.53 (2C), 80.41 (2C), 115.89 (d J= 22.2 Hz, 4C), 117:78 (2C),
134.53 (d, J = 8.6 Hz, 4C), 163.05 (d, J=251.8'Hz, 2C) ppm; IR (nujol) 2144 cm™; MS
(CI, 70 eV) m/z (relative intensity) 391 (5), 333 (6),' 331 (22), 296 (17), 295 (100), 257

(8), 239 (M'+1, 6).‘ Repr'esentati‘ve Procedure for the Synthesis of Conjugated
Diynes by Cadiot-Chodkiewicz Reaction (Met_ho.d'C):' To a solution of -4-ethyny1§17
fluorobenzene (90.mg, 0.75 mmol) ‘in EtOH (4 mL) was added hydroxylamine
hydrochloride (42 mg, 0.60 mmol), cuprous chloride (70 mg, 0. 071 mmol), and »-
propylamme (79 mg, 1.4 mmol). 4-(2' -Bromoethynyl) 1 fluorobenzene (149 mg, 0.75
mmol) in EtOH (1 mL) was added to the reaction m1xture, which was then stirred at 25
°C ouemight :Analysis of an aliquot of the reaction mixture by GC indicated th‘e‘, '
'formatron of the- tltle compound in 57% yield. The reaction mixture was quenched wrth
water, ‘extracted with ether, dried over MgSQOq, and concentrated. Purlﬁcatlon on column

chromatography (silica gel, pentane) afforded 86 mg (48%) of the title product.

F3C‘"</;\> : : @»NOZ

1- (4 -Nitrophenyl)- 4-(4"-trlﬂuoromethylphenyl) buta-1, 3-diyne: Method A:

" The t1tle compound was prepared from. (E)-1-chloro-4- (4'-trlﬂuoromethylphenyl) 1-
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'buten 3-yne (173 mg, 0.75 mmol) and 1-iodo- 4-n1trobenzene (187 mg, 0.75 mmol)
Purlﬁcatron by column chromatography (silica gel, 3/ 1 pentane/CHZClz) afforded 205 mg
(87%) of the title product as a yellow solrd. 'H NMR (CDCl3) & 7.6—7.“7, (m, 6 H), 8.2— .
8.3 (m, 2 H) ppm; "°C NMR (CD;COCD;) 8 75.71, 77.86,. 81.19, 82.75, 124.70 (20),
125.84 , 126.57 (q, J= 3.8 Hz, 2C), 127.07 (q, J = 204.1-Hz), 131.70 (q, J = 32.4 Hz),

'+ 134.10 (2C), 134.54 (2C), 139.82, 148.99 ppm; IR (nujol) 3107, 2361, 2341, 2211 cm’;,
MS (CI, 70 eV) m/z (relatrve 1nten51ty) 317 (M +2, 13) 316 (M” +1 100); HRMS calcd

- for C17H3F3N02 315.0507, found 315.0502.

@ _ -'_-V@F‘|

'1.;(4’-Fluorophenyl)-4-(4"-trifluorome'thylphcnyl)—buta-l, 3v-diy'ne: Method

"A: The title compound was prepared from (E)-1-chloro-4-(4'7triﬂuoromethy1phcny1)-i-

~ buten-3-yne (173 mg, 0.75 mmol) and ‘4A-ﬂuoro-1-iodobenzene (200 mg, - 0.90 mmol)4 |
Analysis-of an aliquot of the reaction mlxture by GC 1nd1cated the. formation of the title
compound in 78% yield. Purlﬁcatlon by column chromatography (silica gel, pentane)
afforded 157 mg (73%) of the title product as a white SOlld.. ]H NMR (CDCl;) §7.0-7.2
(m, 2 H), 7.4-7.7 (m, 6 H) ppm; C NMR (CDCly) 8 73 24,76.05,79.78, 81.72, 115.97
(d,J=22.2 Hz, 2C) 117.49 (d J= 3.5 Hz), 123.75 (q,J 275.0 Hz), 125.37 (q, J= 3.7
Hz, 2C), 125. 58 131 18 (q,J = 32 7Hz) 132.69 (2C), 134.65 (d, J = 8.6 Hz, 20), 163.22
d,J= -251.8 ‘Hz) ppm; IR (nujol) 2361, 2340, 2217 cm™; MS (CI, 70 eV) m/z (relative
intensity) 346 (11), 345 (100), 331 (6), 289 (3), 288 (M, 11); HRMS caled for Cj7HsF,
288.0562, found 288.0558. - Method C: The title compound was prepared from 4-
ethynyl-1-fluorobenzene (90 - mg, 0.75. mmoi) and . 4-(2'-bromoethynyl)-1--
trifluoromethylbenzene (187 mg, 0.75 mmol). Analysis of an aliquot of the reac’tion
‘mixture by GC indicated the formation of the title compound.40% yield, along with 1,4-
bis(4’-triﬂuoromethylphenyl)-buta-1 3-diyne as a by-product in 24 % yield. Purification -
by column chromatography (srhca gel pentane) afforded 82 mg (38%) of the title
product. '
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,1-(4’-Fluorophenyi)-4-(4"-toluenyl);buta-l 3‘-diy'ne" Method A: (I) The title :

) compound was prepared from (E)-1 chloro-4 (4'- toluenyl) 1-buten-3-yne (115 mg, 0.65
mmol) and 4- fluoro-1-iodobenzene (160 mg, 0. 72 mmol). Analysis of an aliquot of the
reactlon mixture by GC indicated the formatlon of the title compound in 93% yield.
Purification by column chromatography (5111ca gel, pentane) afforded 133 mg (88%) of
the title product as a white solid: lHFNMRZ(CDClj)'S 235(s, 3 H),‘6.9—7.'~l (m, 2 H),
7.0-7.2 (m, 2 H), 7.35-7.45 (m, 2 H), 7.45-7.55 (m, 2 H) ppm; '"*C NMR (CDCl;) &
21.57, 73.15, 73.87, 80.09, 81.85, 115.81 d,J= 222 Hz, 2C), 118.01 (d, J = 3.0 H),

| 118.52, 12_9.2‘1 (2C), 132.39 (2C), 134.44 (d, J=v86 Hz, 2C), 139.65, 162.92 (d, J =
251.3 Hz) ppm IR (nujol) 3000, 2359, 2214, 2141 cm’ HRMS caled for Cy7H, F
234. 0845 found 234 0836. (II) The title compound was prepared from (E)-1-chloro-4- |

- (4- ﬂuorophenyl) 1-buten- -3- -yne (68 mg, 0.38 mmol) and 4-1odotoluene (98 mg, 0.45
mmol). Analysis of an aliquot of the reaction mixture by GC indicated the formation of
the titie compound in 81% yield. Method C}' (I) The fitl'e compound was prepared from
4- ethynyl 1- ﬂuorobenzene (90 mg, 0 75 mmol) and 4-(2'- bromoethynyl) toluene (146
mg, 0.75 mmol). Analy51s of an allquot of the reactlon mixture by GC indicated the
formation of the title compound in 55% yield, along with 1, 4-bls(4'-tolueny1)-buta-1‘, 3-
diyne and 1,4-bis(4’-ﬂuorophenyl)-buta-1, 3-diyne as by-products, in'26 and 8% yields,
respectively. Purification by column chromatography (silica gel, pentane) afforded-.60 '
mg (34%) of the title product.' (II) The title compound ‘was prepared from 4-
ethynyltoluene (44 mg, 0.38 mmol) and‘4-(2’-bromoethyny»1)-1-»ﬂuo‘robenzene‘ (74 mg;
0.38 mmol). AnalySie of an aliquot of the reaction mixfure by . GC ‘indicated the.

~ formation of the title compound in 48% yield; along w1th 1, 4- bls(4’ ﬂuorophenyl) buta-

1, 3-diyne as a by-product in 16% yield.
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1-(4'- Methoxyphenyl)-4-(4''- toluenyl)-buta-1, 3-diyne: Method A: The title
- compound was prepared from (E)-1-chloro-4-'(4’-tolu'enyl) 1-buten-3-yne (90 mg, 0. 51
mmol) and 4-iodoanisole (129 mg, 0.55 mmol). Ana1y51s of an allquot of the reactlonv
mixture by GC 1ndlcated the formation of the title compound in 76% yield. Purification
by column chromatography (srlrca gel pentane) afforded 93 mg (74%) of the title product
as a white solid: 'H NMR (CDC13) 6 2 36 (s 3 H), 3.81 (s, 3 H), 6. 8—6 9 (m, 2 H) 7.1-
7.2 (m, 2 H), 7.35-7.5 (m, 4 H) ppm Be NMR (CDCl3) & 21.58, 55.30, 72.85, 73.53,
h81 30, 81.45, 113, 82, 114.12 (2C), 118.86, 129 18 (2C) 132.33 (2C) 134.05 (20),
13937, 160.28 ppm IR (nujol) 2361, 2215, 2138 cm 1‘ MS (CI, 70 eV) m/z (relative
intensity) 304 (23), 303 (100), 247 (M*+1, 28); HRMS caled for CisH140 246 1045,
_ found 246.1039. Method C: The trtle compound was prepared from 4- ethynyl I-
. methoxybenzene (99 mg, 0.75 mmol) and 4-(2' bromoethynyl) toluene (146 mg, 0.75 .
4 mmol) Purification by column chromatography (5111ca gel, 95/5 pentane/ether) afforded
62 mg (34%) of the t1t]e product along with 1, 4- b15(4’ toluenyl) buta-1, 3- dlyne 17 mg-
(20%) as a by-product. NMR data of 1, 4- bls(4' toluenyl) buta 1, 3-diyne: 'H NMR
(CDC13) §2.36 (s, 6 H), 7.1~7.2 (m, 4 H), 7.35-7.5 (m, 4 H) ppm Bc NMR (CDC13) 8
21.60 (2C), 73.44 (2C), 81.52 (2C), 118.78 (2C), 129.20 (4C) 132.38 (4C), 139.48 (2C).
ppm.

T\

| -(2E)-7-Phenyl-2-hep'ten-.4,b 6-diyne’; -Method‘ B: The title compound was
prepared from (I»E, 5E')-ll-brom0-l, 5-heptadien-3-yne (171 mg, 1.0 mmol) and
iodobenzcnc (204 mg, 1.0 mmol). Purification by column chromatography (silica gel,
pentane) afforded 129 rng (78%),of the title compound as a liquid: 'H NMR (CDCl) &
1.90 (dd, =69, 1.8 Hz, 3 H), 5.67 (dq,J = 15.8, 1.8 Hz, | H), 6.42 (dt, /= 15.8, 6.9 Hz,
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1 H), 7.3-7.6 (m, 5 H) ppm' C NMR (CDC13) 8 18.89, 72 19, 74.09, 80.38, 80 77,
109.76, 121.88, 128. 31, 128. 93, 132.32, 143. 80ppm

(1E, 7E)-1-Bromo-1 7-nonadien-3'5-diyne' Method B: The title compound

. was prepared from (1E, 5E)-1-bromo-1, 5-heptadien- 3-yne (171 mg, 1.0 mmol) and (E)- |

A bromo1odoethylene (233 mg, 1.0 mmol). Pur1ﬁcatlon by column chromatography (silica
gel, pentane) afforded - 138 mg (71%) of the title compound as a colorless l1qu1d 'H
NMR(CDCl3)5 1.82 (dd J= 69 1.8 Hz, 3H) 5.56 (ddq, J = 15.8, 1.8, and 1 Hz, 1 H),
6.27 (dd, /= 14.2, 1 Hz, 1 H), 637(dq,J—158 69Hz 1 H), 6.86 (d,J = 142Hz 1H)
ppm; “C NMR (CDCl3) 8.18.94, 71.92, 76.35, 76,72, 82.03, 109.64, 116. 71, 121.75,
144.39 ppm; IR (neat) 2928, 2361, 2202, 1550, 1438, 1197, 946, 913 cm’ L HRMS calcd

- for CoH;Br 193.9731, found 193.9735. | B

N\ / —. _‘ \oH

5-p-Tolylpenta-2, 4-diyn-1-ol™: To a solut1on of’ (E) 1-chloro-4- (4’-toluenyl) 1-
buten 3-yne (132 mg, 0.75 mmol) in THF (3 mL) was added n-BuLi (0.66 mL of 2.5 M
hexane solution, 1.65 mmol) at —78 °C. The reaction mixture was first stirred at ~78 °C
for 30 min and then at =30 °C for 30 min, treated with paraformaldehyde (68 mg, 2.3
mmol). The reactlon mixture was gradually warmed to 25 °C, stirred overnight. .The
react_lon mixture was quenched wrth water, extracted wrth. ether, dried over Na;SO,, and
concentrated. Puriﬁcationvby column achro’matography (silica gel, 3/1 pentane/ether)
afforded 115 mg (90% yield) of the title compound as a white solid: 'H NMR (CDCls) §
2.32 (s, 3 H), 2.8-3.0 (brs, 1 H), 4.42 (s, 2H), 7.05-7.15 (m, 2 H), 7.3-7.4 (m, 2 H) ppm;
Bc NMR (CDC13) & 21.45, 51.36, 70. 34 72. 57 78 72, 80.13, 118.10, 129.07 (2C)

132.41 (2C), 139. 62 ppm




© 2000 Alﬁériczin Chemical Society, Org. Lett., Negishi 01000270m Supporting Info Page 15

References:

~a. Coulson, D. R. Inorg. Synth. 1972, 13, 121.
b.. Van de Walle, H.; Henne, A. Bull. CI. Scz Acad R Belg 1925 11,360 [Chem.
 Abstr, 1926, 20, 1050]. _
c. (a) Negishi, E.; Allmardanov A.; Xu, C Org. Lett. 2000, 2, 65. (b) Viehe, H G. ,.
Franchlmont E. Chem. Ber. 1966, 96, 3153.
- d. 'Neglshl E.; Kotora, M.; Xu, C. J. Org. Chem. 1997, 62, 8957.
“e. Dembinski, R;; Lis, T.; Szafert, S.: Mayne, C.L; Bartik, T.; Gladysz, J.A. J.
| Organomet. Chiem. 1999, 578,229, '
| f. Kodaira, K.; Okuhara, K. Bull. Chem. Soc. Jpn 1988, 61, 1625.
g. Meng, H.-H. B,; Dalton L. R Wu, S.-T. Mol. Cryst qu Cryst. Scz Technol‘
Sect A 1994, 250 303.
h. _Ratovelomanana V. Lmstrumelle G. Tetrahedron Lett. 1981 22,315.
. ..Andrelm B. P 'Benettl M.; Carplta A.; Rossi, R. Tetrahedron 1987 43, 4591
‘j. Negishi, E.; ; Okukado, N; ; Lovich, S F.; Luo, F -T.J. Org Chem. 1984, 49, 2629
k. Ziegler,C.B.; ; Harris, S. M,; ; Baldwin, J. E. J. Org. Chem 1987 52,443.
1. Park, Y. T., Chiesel, N.; Economy, J. Mol. Cryst. Lig. Cryst. Sci. Technol. Sect. A
1994, 247,351, |
m. Godt, A. J. Org. Chem. 1997, 62, 74-71.‘




