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Abstract— A new synthetic approach to silylated polyunsaturated halides has been developed, starting from the readily available (1E,3E)-
1,4-bis(trimethylsilyl)-1,3-butadiene and (3E)-1,4-bis(trimethylsilyl)-3-buten-1-yne. A simple epoxidation reaction, followed by regio-
selective a-opening of the epoxide ring by metal halides affords the corresponding halohydrins with a high degree of stereoselectivity. A
subsequent 3-elimination reaction from these compounds leads to (Z,E)-dienyl halides and to (Z)-enyne halides. © 2001 Elsevier Science

Ltd. All rights reserved.

1. Introduction

In our recent studies on the synthesis of stereodefined
compounds' we have devised new methodology for the
synthesis of a series of natural compounds®~’ with a conju-
gated unsaturated structure starting from unsaturated bis-
silyl derivatives. In continuation of these studies, we
have explored the possibility of synthesizing mono-silyl-
ated and conjugated polyunsaturated halides, with a well-
defined stereochemistry, which represent useful building
blocks for the construction of polyunsaturated natural
compounds.

It is well known that unsaturated silyl derivatives can
undergo stereospecific substitution reactions with a variety
of electrophiles, but, especially for halogens, both retention
and/or inversion of configuration take place, depending on
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the nature of substituent.® Naturally, for bis-silylated deri-
vatives, the direct substitution reaction of one silyl group
with halogen is complicated both by chemo- and stereo-
selective factors. Thus, in order to overcome the difficulty
of synthesizing mono-silylated polyunsaturated halides in a
stereoselective manner, we now report an effective and
stereoselective method for the synthesis of unsaturated
halogenoderivatives with a conjugated mono-silylated
diene or enyne structure employing o,p-epoxysilanes,
prepared from bis-silylated derivatives. Indeed, it is
known that o,3-epoxysilanes exhibit a regiochemical
preference for a-opening of the epoxide ring with a variety
of nucleophiles to produce diastereomerically enriched
B-hydroxyalkylsilanes, which can undergo stereospecific
syn or anti [(3-elimination reactions under basic or acidic
conditions, leading to heteroatom-substituted olefins of
defined stereochemistry.”"”
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Table 1. Conversion of epoxide 2 to dienyl halides 4

Epoxide Reaction Product 3 Yield Diastereomeric Reaction Product 4 Yield Isomeric purity
conditions® (%) purity (%) conditions” (%) (Z,EIEE) %

2 @) 3a 71 96 @iv) 4a 52 95/5

2 (ii) 3b 84 90 (iv) 4b 62 90/10

2 (iii) 3c 95 88 (iv) 4c 57 86/14

(1) 2/LiCI/AcOH 1:4:4 in THF at 70°C, reaction time 48 h; (ii) 2/LiBr/AcOH 1:2:4 in THF at 50°C, reaction time 24 h; (iii) 2/Lil/AcOH 1:2:4 in THF at r.t.,

reaction time 5 h.
® (iv) 3a—¢/BF3Et,0 1:1 in CH,Cl, at 0°C, reaction times 10—20 min.

2. Results and discussion

The first step of our methodology (Scheme 1) requires a
simple epoxidation reaction of (1E,3E)-1,4-bis(trimethyl-
silyl)-1,3-butadiene 1'* with m-chloroperbenzoic acid
(MCPBA) to give the a,B-epoxysilane 2. The subsequent
regio- and stereoselective a-opening of the epoxide ring by
lithium halides in the presence of acetic acid" affords the
corresponding halohydrins 3. Finally, the reaction of
compounds 3 with BF;-Et,0 leads, by a stereospecific anti
B-elimination reaction, to the unsaturated mono-silylated
halogenoderivatives 4 with a (Z,E) configuration.

The key step of our procedure required the a-opening of the
epoxide ring by metal halides under acidic conditions. In
order to optimize the reaction, we have performed several
reactions with various metal halides (lithium-, sodium-,
magnesium- and potassium halides) in the presence of acetic
acid,15 or of silica gel,16 or of amberlyst 15 res.in,17 and we
have found that better results can be obtained using lithium
halides in the presence of acetic acid. The reaction was
regiospecific and we observed only « ring opening by halide
ions under acidic conditions leading, in high yields, to the
halohydrins 3 with the halogen group on the carbon bearing
the trimethylsilyl group. The reaction was also highly
stereoselective and the halohydrins 3a—c were the main
diastereomers. In particular (Table 1), the stereoselectivity

of the reaction was dependent on the nature of halide
ions (the stereoselectivity followed the order C1>Br>I).
Moreover, in accordance with other Works,ls‘16 the reactivity
of lithium halides was in the order Lil>LiBr>LiCl. Due to
the low reactivity of lithium chloride, the reaction required
the use of a significant excess of halide (the reaction time
can be shortened by using an excess of lithium chloride).
Finally, the reactions of the halohydrins 3a—c¢ with BF;-Et,0
in CH,Cl, at 0°C led to the desired compounds 4a—c with a
(Z,E) configuration in high isomeric purity, by an anti
B-elimination process. All isomeric purities were deter-
mined by GC/capillary analysis.

Employing the same strategy, the halogenoderivatives 8
were prepared starting from (E)-1,4-bis(trimethylsilyl)-3-
buten-1-yne 5'8 (Scheme 2).

Also in this case, the key step required the regioselective
a-opening of the bis-silylated propargylic epoxide 6 by
metal halides in the presence of acetic acid, but we
observed, after several reactions with various metal halides,
that the stereoselectivity was strictly dependent on both the
halide ion and the metal. Indeed (Table 2), to obtain the
halohydrins 7a and 7b in high diastereomeric purity
(99%) it was necessary to use, respectively, the salts
CuCI/NH,CI and CuBr/NH,Br" instead of lithium halides.
(It is noteworthy that recently'*” it has been shown that the
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Table 2. Conversion of epoxide 6 to dienyl halides 8
Epoxide Reaction Product 7 Yield Diastereomeric Reaction Product 8 Yield Isomeric
conditions® (%) purity (%) conditions® (%) purity (Z/E) %
6 () 7a 64 99 (iv) 8a 80 99/1
6 (i1) 7b 64 99 (iv) 8b 72 97/3
6 (iii) Tc 81 89 (iv) 8c 79 89/11

(1) 6/CuCl/NH,CIl/AcOH 1:6:6:12 in THF at 70°C, reaction time 40 h; (ii) 6/CuBr/NH,Br/AcOH 1:5:5:10 in THF at 70°C, reaction time 15 h; (iii) 6/Lil/AcOH

1:2:4 in THF at r.t., reaction time 8 h.
® (iv) 7a—¢/BF3Et,0 1:1 in CH,Cl, at 0°C, reaction times 10—20 min.
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ring opening of propargylic epoxides by nucleophiles led to
bromoallenols'® or to homopropargylic alcohols® by the
nucleophilic attack on the propargylic position, with a
regiochemical preference opposite to that found for our
substrates, thus confirming the importance of the presence
of the silyl group on the epoxide ring.) The halides 8 were
finally obtained in high isomeric purity (89-99%) by reac-
tions of the halohydrins 7 with BF;-Et,0 in CH,Cl, at 0°C.
All isomeric purities were determined by GC/capillary
analysis.

In conclusion, the procedure described here appears to be a
useful route to stereodefined polyunsaturated halogeno-
derivatives, which, in principle, are useful intermediates in
the synthesis of more extended conjugated systems via
coupling reactions involving the halogen atom and electro-
philic substitution reactions of the silyl group. Moreover,
the ready availability of the starting bis-silyl derivatives
employed, the mild reaction conditions, the simplicity
of the operations involved, and the high selectivity are
additional features making the methodology very
promising.

3. Experimental

Macherey-Nagel silica gel (60, particle size 0.040—
0.063 mm) for flash column chromatography and
Macherey—Nagel aluminum sheets with silica gel 60 F,sy4
for TLC were used. GC analysis was performed on a
Hewlett-Packard 5890 series II gas chromatograph
equipped with a SE-30 (methylsilicone, 30 mX0.25 mm
id) capillary column. GC—mass spectrometry analysis was
performed on a Shimadzu GCMS-QP5000 gas chromato-
graph-mass spectrometer equipped with a MDN-1 capillary
column (methylsilicone, 30 mX0.25 mm id). IR spectra
were recorded on a Perkin—Elmer FT-IR 1710 spectrometer.
'H NMR spectra were recorded in deuterochloroform on a
Bruker AM 500 spectrometer at 500 MHz and on a Bruker
AM 300 spectrometer at 300 MHz. Elemental analyses were
recorded on a Carlo Erba EA 1108 elemental analyzer.
Solvents were dried before use as follows: methylene
chloride was distilled over phosphorus pentoxide, tetra-
hydrofuran was distilled from sodium.

3.1. Synthesis of products 2—4

3.1.1. (E)-1,4-Bis(trimethylsilyl)-3,4-epoxy-1-butene (2).
MCPBA (1.72 g, 10.0 mmol) was added at room tempera-
ture to a solution of 1 (2.00 g, 10.08 mmol) in CH,CI,
(35 mL). The reaction mixture was stirred for 24 h,
quenched with a 2M aqueous solution of Na,COj;
(50 mL), and extracted with petroleum ether (3X50 mL).
The organic extracts were washed with a 2 M aqueous solu-
tion of Na,CO; (50 mL), then with water (2X50 mL), dried
over anhydrous Na,SO, and concentrated under vacuum.
Purification by flash chromatography (5% ethyl acetate/
petroleum ether) led to the title compound 2 (1.27 g, 59%
yield) as a colorless oil; [Found: C, 55.9; H, 10.2.
CoH»,0Si, requires C, 56.02; H, 10.34%]; v, (liquid
film) 1619, 1261, 1019, 840 cm™'; 8y (500 MHz, CDCl,)
6.11 (1H, dd, J=18.7, 0.6 Hz, =CHSi), 5.63 (1H, dd,
J=18.7, 7.6 Hz, =CHCHO), 3.12 (1H, ddd, J=7.6, 3.4,

0.6 Hz, =CHCHO), 2.15 (1H, d, /=3.4 Hz, CHSi), 0.04
(18H, s, SiMes); MS m/z 199 (1), 147 (2), 133 (2), 111
(25), 73 (100), 59 (8), 45 (20), 43 (8%).

3.1.2. (E)-1,4-Bis(trimethylsilyl)-3-hydroxy-4-chloro-1-
butene (3a). A THF solution (SmL) of 2 (0.101 g,
0.47 mmol), LiCl (0.080 g, 1.89 mmol) and acetic acid
(0.10 mL, 1.75 mmol) were introduced in a tightly
stoppered flask, then the resulting mixture was stirred at
70°C. After reaction completion (48 h) and after cooling
at room temperature, the mixture was quenched with a satu-
rated aqueous solution of NH4CI (20 mL) and extracted with
ethyl acetate (3X20 mL). The organic extracts were washed
with water (3X20 mL), dried over anhydrous Na,SO, and
concentrated under vacuum. The residue was purified by
percolation on florisil column (ethyl ether as eluent) leading
to the title compound 3a (0.091 g, 77% yield, diastereomeric
purity=96%) as a yellowish oil; [Found: C, 48.0; H, 9.2.
C10H,3ClOSi, requires C, 47.87; H, 9.23%]; vy.x (liquid
film) 3600—3200 (br), 1619, 1250, 992, 840cm™'; &y
(500 MHz, CDCl;) 6.07 (1H, dd, J=18.7, 5.6 Hz,
=CHCHOH), 594 (1H, dd, J=18.7, 1.3 Hz, =CHSi),
4.44-4.37 (1H, m, CHOH), 3.50 (1H, d, J=3.7 Hz,
SiCHCI), 2.35 (1H, broad s, CHOH), 0.13 (9H, s, SiMej3),
0.07 (9H, s, SiMes); MS m/z 147 (26), 145 (40), 129 (18),
111 (18), 109 (24), 101 (18), 99 (12), 95 (17), 93 (36), 75
(91), 73 (100), 61 (16), 59 (33), 52 (16), 47 (18), 45 (66), 43
(22%).

3.1.3. (1Z,3E)-1-Chloro-4-trimethylsilyl-1,3-butadiene
(4a). BF;-Et,0O (0.05 mL, 0.39 mmol) was added, under
nitrogen, at 0°C, to a CH,Cl, solution (7 mL) of 3a
(0.091 g, 0.36 mmol). The reaction mixture was stirred for
15 min at 0°C, then quenched with a saturated aqueous solu-
tion of NH4Cl1 (20 mL). The resulting mixture was extracted
with ethyl acetate (3X20 mL) and the organic phases were
washed with water (3X20 mL) and dried over anhydrous
Na,S0O,. The residue obtained by evaporation of the solvent
at reduced pressure was purified by percolation on florisil
column (ethyl ether as eluent) leading to the title compound
4a (0.030 g, 52% yield, isomeric purity=95%) as a yellow-
ish oil; [Found: C, 52.2; H, 8.2. C;H,;ClSi requires C, 52.31;
H, 8.15%]; viax (liquid film) 1610, 1550, 1281, 1240, 995,
842 cm™'; 8y (500 MHz, CDCl3) 6.89 (1H, ddd, J=18.5,
10.0, 0.9 Hz, CH=CHSi), 6.28 (1H, ddd, J=10.0, 7.1,
0.9 Hz, CH=CHCI), 6.04 (1H, dt, J=18.5, 0.9 Hz,
=CHSi), 5.98 (1H, dt, J/=7.1, 0.9 Hz, =CHCl), 0.05 (9H,
s, SiMes); MS m/z 162 (2), 160 (M™, 4), 147 (20), 145 (57),
119 (11), 109 (38), 95 (35), 93 (100), 81 (8), 79 (17), 73
(17), 59 (69), 45 (31), 43 (43%).

3.14. (E)-1,4-Bis(trimethylsilyl)-3-hydroxy-4-bromo-1-
butene (3b). In a tightly stoppered flask were introduced a
solution of 2 (0.101 g, 0.47 mmol) in THF (5 mL), LiBr
(0.082 g, 0.94 mmol) and acetic acid glacial (0.10 mL,
1.75 mmol), then the resulting mixture was stirred at
50°C. On completion of the reaction (24 h), a saturated
aqueous solution of NH,Cl was added (20 mL) and the
mixture was extracted with ethyl acetate (3X20 mL). The
organic extracts were washed with water (3X20 mL), dried
over anhydrous Na,SO,4 and concentrated under vacuum.
The resulting crude product was purified by percolation on
florisil column (ethyl ether as eluent) affording the title
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compound 3b (0.116g, 84% yield, diastereomeric
purity=90%) as a bright yellow oil; [Found: C, 40.8; H,
7.9. CyoHy3BrOSi, requires C, 40.66; H, 7.85%]; Vmax
(liquid film) 3600-3200 (br), 1620, 1250, 991, 840 cm
oy (300 MHz, CDCl;) 6.05 (1H, dd, J=18.7, 5.2 Hz,
=CHCHOH), 593 (1H, dd, J=18.7, 0.9 Hz, =—CHSi),
4.31 (1H, ddd, J=5.2, 3.6, 0.9 Hz, CHOH), 3.52 (1H, d,
J=3.6 Hz, SiCHBr), 2.67 (1H, broad s, CHOH), 0.13 (9H,
s, SiMes), 0.05 (9H, s, SiMe3); MS m/z 201 (3), 191 (14),
189 (14), 147 (13), 139 (13), 137 (13), 129 (14), 127 (10),
125 (16), 111 (16), 109 (22), 75 (84), 73 (100), 61 (15), 59
(36), 47 (15), 45 (53), 43 (17%).

3.1.5. (1Z,3E)-1-Bromo-4-trimethylsilyl-1,3-butadiene
(4b). BF;-Et,0 (0.05 mL, 0.39 mmol) was added, under
nitrogen, at 0°C, to a CH,Cl, solution (7 mL) of 3b
(0.116 g, 0.39 mmol). The reaction mixture was stirred for
20 min at 0°C, quenched with a saturated aqueous solution
of NH,Cl (20mL) and extracted with ethyl acetate
(3X20 mL). The organic extracts were washed with water
(3X20 mL), dried over anhydrous Na,SO, and concentrated
under vacuum. Purification by percolation on florisil column
(ethyl ether as eluent) led to the title compound 4b (0.050 g,
62% yield, isomeric purity=90%) as a colorless oil; [Found:
C, 40.9; H, 6.5. C;H;;3BrSi requires C, 40.98; H, 6.39%];
Vmax (liquid film) 1608, 1545, 1280, 1250, 990, 843 cm™';
oy (500 MHz, CDCl;) 6.81 (1H, ddd, /=18.4, 9.7, 1.0 Hz,
CH=CHSi), 6.60 (1H, ddd, J=9.7, 7.1, 1.0Hz,
CH=CHBr), 6.15 (1H, dt, J/=7.1, 1.0 Hz, =CHBr), 6.11
(1H, dt, /=18.4, 1.0 Hz, =CHSi) 0.07 (9H, s, SiMe;); MS
mlz 206 (5), 204 (M™, 4), 191 (39), 189 (39), 165 (6), 163
9), 139 (61), 137 (62), 125 (31), 123 (14), 109 (69), 83 (25),
73 (19), 59 (100), 45 (37), 43 (63%).

3.1.6. (E)-1,4-Bis(trimethylsilyl)-3-hydroxy-4-iodo-1-
butene (3c). A THF solution (5mL) of 2 (0.101 g,
0.47 mmol), Lil (0.126 g, 0.94 mmol) and acetic acid
glacial (0.10 mL, 1.75 mmol) were introduced in a tightly
stoppered flask, then the resulting mixture was stirred at
room temperature. After 5 h the reaction was completed,
and a 10% aqueous solution of sodium thiosulfate was
added (20 mL). The resulting mixture was extracted with
ethyl acetate (3X20 mL), the organic phases were washed
with water (3X20 mL) and dried over anhydrous Na,SO,.
The residue obtained by evaporation of the solvent at
reduced pressure was purified by percolation on florisil
column (ethyl ether as eluent). 0.153 g of the title compound
3c (95% yield, diastereomeric purity=88%) were obtained
as a yellowish oil; [Found: C, 35.1; H, 6.8. C;oH»3I0Si,
requires C, 35.08; H, 6.77%]; Vmax (li(I]uid film) 3600—
3200 (br), 1617, 1250, 990, 841 cm '; 6y (500 MHz,
CDCl;) 6.04-5.80 (2H, m, CH=CH), 3.77 (lH, t,
J=4.2 Hz, CHOH), 3.49 (1H, d, J=3.6 Hz, SiCHI), 2.18
(1H, broad s, CHOH), 0.16 (9H, s, SiMe3), 0.06 (9H, s,
SiMes); MS miz 252 (<1), 237 (6), 214 (2), 201 (4), 199
(6), 185 (7), 171 (3), 147 (11), 127 (10), 125 (26), 111 (10),
109 (13), 101 (11),99 (11),97 (9), 85 (5), 83 (6), 75 (64), 73
(100), 61 (13), 59 (63), 47 (13), 45 (44), 43 (17%).

3.1.7. (1Z,3E)-1-1odo-4-trimethylsilyl-1,3-butadiene (4c).
BF;-Et,0 (0.06 mL, 0.47 mmol) was added, under nitrogen,
at 0°C, to a CH,CIl, solution (7mL) of 3¢ (0.153 g,
0.45 mmol). The reaction mixture was stirred for 10 min

at 0°C, quenched with a saturated aqueous solution of
NH4,Cl (20mL) and extracted with ethyl acetate
(3%20 mL). The organic extracts were washed with water
(3%20 mL), dried over anhydrous Na,SO, and concentrated
under vacuum. Purification by percolation on florisil column
(ethyl ether as eluent) led to the title compound 4c¢ (0.065 g,
57% yield, isomeric purity=86%) as a yellowish oil;
[Found: C, 33.5; H, 5.2. C;H5ISi requires C, 33.34; H,
5.20%]; vmax (liquid film) 1604, 1550, 1289, 1249, 991,
840 cm™'; &y (500 MHz, CDCl3) 6.69 (1H, dd, J=9.5,
7.3Hz, CH=—CHI), 6.64 (1H, dd, J=17.8, 9.5Hz,
CH=CHSIi), 6.28 (1H, d, J/=7.3 Hz, =CH]I), 6.17 (1H, d,
J=17.8 Hz, =CHSi) 0.12 (9H, s, SiMe3); MS m/z 252 (M,
7), 237 (17), 185 (15), 171 (6), 125 (18), 109 (28), 97 (13),
95 (9), 83 (11), 73 (12), 59 (100), 45 (18), 43 (32%).

3.2. Synthesis of products 6—8

3.2.1. 14-Bis(trimethylsilyl)-3,4-epoxy-1-butyne (6).
MCPBA (2.87 g, 16.71 mmol) was added at room tempera-
ture to a solution of 5§ (1.64 g, 8.35 mmol) in CH,Cl,
(40 mL). The reaction mixture was stirred for 16 h,
quenched with a 2M aqueous solution of Na,COj;
(50 mL), and extracted with petroleum ether (3X50 mL).
The organic extracts were washed with a 2 M aqueous solu-
tion of Na,CO; (50 mL), then with water (2X50 mL), dried
over anhydrous Na,SO,4 and concentrated under vacuum.
Purification by distillation (Kugelrohr oven temperature
145-150°C, 40 mbar) led to the title compound 6 (1.06 g,
60% yield) as a yellowish oil; [Found: C, 56.7; H, 9.4.
CoH00Si, requires C, 56.53; H, 9.49%]; v (liquid
film) 2177, 1251, 1020, 845 cm™'; 8y (500 MHz, CDCl5)
3.08 (1H, d, J/=3.5 Hz, =CCHO), 2.34 (1H, d, J=3.5 Hz,
CHSi), 0.09 (9H, s, SiMes3), —0.01 (9H, s, SiMe3); MS m/z
212 (M <1), 197 (10), 171 (55), 143 (5), 131 (14), 123 (4),
117 (6), 109 (4), 97 (6), 73 (100), 59 (11), 58 (9), 55 (9), 53
(7), 45 (42), 43 (24%).

3.2.2. 1,4-Bis(trimethylsilyl)-3-hydroxy-4-chloro-1-butyne
(7a). In a tightly stoppered flask were introduced a solution
of 6 (0.100 g, 0.47 mmol) in THF (7 mL), CuCl (0.279 g,
2.82 mmol), NH4C1 (0.151 g, 2.82 mmol) and acetic acid
glacial (0.32 mL, 5.60 mmol). The resulting mixture was
stirred at 70°C for 40 h, then, after cooling at room tempera-
ture, quenched with a saturated aqueous solution of NH,Cl
(20 mL) and extracted with ethyl acetate (3X20 mL). The
organic extracts were washed with water (3X20 mL), dried
over anhydrous Na,SO4 and concentrated under vacuum.
Purification by percolation on florisil column (ethyl ether
as eluent) led to the title compound 7a (0.075 g, 64% yield,
diastereomeric purity=99%) as a colorless oil; [Found: C,
48.3; H, 8.4. C(H,,CIOSi, requires C, 48.26; H, 8.50%];
Vmax (liquid film) 3600-3200 (br), 2173, 1250, 1020,
844 cm™!; 8y (500 MHz, CDCl3) 4.63 (1H, d, J=3.5 Hz,
CHOH), 3.45 (1H, d, J=3.5 Hz, SiCHCl), 1.22 (1H, broad
s, CHOH), 0.17 (9H, s, SiMe5), 0.13 (9H, s, SiMes); MS m/z
199 (4), 158 (7), 155 (9), 145 (33), 143 (91), 127 (18), 125
(22), 117 (12), 99 (34), 75 (43), 73 (100), 45 (82), 44 (29),
43 (48%).

3.2.3. (Z)-1-Chloro-4-trimethylsilyl-1-buten-3-yne (8a).”!
BF;-Et,0 (0.05 mL, 0.39 mmol) was added, under nitrogen,
at 0°C, to a CH,Cl, solution (7 mL) of 7a (0.075 g,
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0.30 mmol). The reaction mixture was stirred for 10 min at
0°C, quenched with a saturated aqueous solution of NH,Cl
(20 mL) and extracted with ethyl acetate (3X20 mL). The
organic extracts were washed with water (3%X20 mL), dried
over anhydrous Na,SO, and the solvent was evaporated at
reduced pressure. The residue was purified by percolation
on florisil column (ethyl ether as eluent) leading to the title
compound 8a>' (0.038 g, 80% yield, isomeric purity=99%);
oy (500 MHz, CDCls) 6.38 (1H, d, J=7.5 Hz, =CHCI),
5.87 (1H, d, J=7.5 Hz, =CCH), 0.20 (9H, s, SiMe;); MS
mlz 160 (3), 158 (M™, 10), 145 (35), 143 (100), 119 (14),
117 (39), 93 (7), 79 (8), 77 (7), 65 (14), 63 (25), 55 (5), 53
(14), 43 (24%).

3.2.4. 1,4-Bis(trimethylsilyl)-3-hydroxy-4-bromo-1-butyne
(7b). In a tightly stoppered flask were introduced a solution
of 6 (0.100 g, 0.47 mmol) in THF (7 mL), CuBr (0.337 g,
2.35 mmol) NH4Br (0.230 g, 2.35 mmol) and acetic acid
glacial (0.27 mL, 4.70 mmol), then the resulting mixture
was stirred at 70°C. After reaction completion (15 h), the
mixture was quenched with a saturated aqueous solution of
NH,CI (20 mL) and extracted with ethyl acetate (3X20 mL).
The organic extracts were washed with water (3X20 mL),
dried over anhydrous Na,SO, and concentrated under
vacuum. Purification by distillation (Kugelrohr oven
temperature 90—100°C, 1 mbar) led to the title compound
7b (0.088 g, 64% yield, diastereomeric purity=99%) as a
colorless oil; [Found: C, 41.0; H, 7.3. C,yH,;BrOSi, requires
C, 40.94; H, 7.21%]; vmax (liquid film) 3600-3200 (br),
2175, 1251, 1022, 843 cm ™ '; &y (500 MHz, CDCls) 4.56
(1H, d, J=3.4 Hz, CHOH), 3.46 (1H, d, /=3.4 Hz, SiCHBr),
1.23 (1H, broad s, CHOH), 0.19 (9H, s, SiMe5), 0.15 (9H, s,
SiMes); MS m/z 204 (4), 202 (4), 199 (4), 189 (32), 187 (32),
163 (4), 161 (4), 155 (4), 147 (10), 139 (6), 137 (6), 127 (9),
125 (22), 123 (14), 99 (27), 97 (16), 75 (43), 73 (100), 59
(11), 47 (18), 45 (76), 43 (37%).

3.2.5. (Z)-1-Bromo-4-trimethylsilyl-1-buten-3-yne (8b).?
BF;-Et,0 (0.05 mL, 0.39 mmol) was added, under nitrogen,
at 0°C, to a CH,Cl, solution (7mL) of 7b (0.088 g,
0.30 mmol). The reaction mixture was stirred for 20 min
at 0°C, quenched with a saturated aqueous solution of
NH,Cl (20mL) and extracted with ethyl acetate
(3X20 mL). The organic extracts were washed with water
(3%X20 mL), dried over anhydrous Na,SO,4 and concentrated
under vacuum. Purification by percolation on florisil column
(ethyl ether as eluent) led to the title compound 8b*
(0.044 g, 72% yield, isomeric purity=97%); Oy
(500 MHz, CDCls) 6.58 (1H, d, J=7.7 Hz, =CHBr), 6.30
(1H, d, J=7.7 Hz, =CCH), 0.20 (9H, s, SiMe3); MS m/z 204
(13),202 (M™, 13), 189 (100), 187 (100), 163 (53), 161 (51),
137 (5), 123 (13), 122 (10), 109 (17), 107 (25), 97 (6), 95
%), 93 (9), 79 (13), 77 (20), 67 (15), 55 (11), 54 (15), 53
(29), 43 (66%).

3.2.6. 1,4-Bis(trimethylsilyl)-3-hydroxy-4-iodo-1-butyne
(7c¢). In a tightly stoppered flask were introduced a solution
of 6 (0.100 g, 0.47 mmol) in THF (5 mL), Lil (0.126 g,
0.94 mmol) and acetic acid glacial (0.10 mL, 1.75 mmol),
then the resulting mixture was stirred at room temperature.
After reaction completion (8 h), the mixture was quenched
with a 10% aqueous solution of sodium thiosulfate (20 mL)
and extracted with ethyl acetate (3X20 mL). The organic

extracts were washed with water (3%X20 mL), dried over
anhydrous Na,SO, and concentrated under vacuum. Purifi-
cation by percolation on florisil column (ethyl ether as
eluent) led to the fitle compound Te¢ (0.130 g, 81% yield,
diastereoisomeric purity=89%) as a thick yellow oil;
[Found: C, 35.4; H, 6.2. C;yH,,I0Si, requires C, 35.29; H,
6.22%]; vmax (liquid film) 3600-3200 (br), 2170, 1250,
1018, 845cm™'; &y (500 MHz, CDCly) 4.08 (1H, d,
J=3.6 Hz, CHOH), 3.40 (1H, d, J=3.6 Hz, SiCHI), 1.23
(1H, broad s, CHOH), 0.20 (9H, s, SiMe3), 0.14 (9H, s,
SiMe3); MS m/z 250 (19), 235 (35), 199 (9), 185 (8), 155
(7), 147 (22), 125 (27), 123 (26), 99 (23), 97 (32), 83 (10),
75 (47), 73 (100), 59 (15), 47 (17), 45 (63), 43 (34%).

3.2.7. (Z)-1-Iodo-4-trimethylsilyl-1-buten-3-yne (8c).
BF;-Et,0 (0.05 mL, 0.39 mmol) was added, under nitrogen,
at 0°C, to a CH,Cl, solution (7mL) of 7c¢ (0.130 g,
0.38 mmol). The reaction mixture was stirred for 10 min
at 0°C, quenched with a saturated aqueous solution of
NH,Cl (20mL) and extracted with ethyl acetate
(3X20 mL). The organic extracts were washed with water
(3%20 mL), dried over anhydrous Na,SO, and concentrated
under vacuum. Purification by percolation on florisil column
(ethyl ether as eluent) led to the title compound 8¢ (0.075 g,
79% yield, isomeric purity=89%) as a yellowish oil;
[Found: C, 33.6; H, 4.5. C;H,ISi requires C, 33.61; H,
4.43%]; vma (liquid film) 2154, 1578, 1251, 1027,
844 cm™'; 6y (500 MHz, CDCl;) 6.81 (1H, d, J=8.4 Hz,
=CHI), 6.60 (1H, d, J/=8.4 Hz, =CCH), 0.22 (9H, s,
SiMes); MS m/z 250 (M™, 30), 235 (100), 209 (43), 155
(6), 123 (32), 107 (18), 97 (43), 93 (13), 77 (13), 67 (17),
55 (14), 53 (33), 43 (42%).
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