Tetrahedron Letters,Vol.30,No.24,pp 3155-3158,1989 0040-4039/89 $3.00 + .00
Printed in Great Britain Maxwell Pergamon Macmillan plec
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Abstract: Treatment of terminal acetylenes (R C=CH) with secondary or
tertiary alkyl iodides (RZI) in the presence of triethylborane provides the
corresponding ‘alkenyl iodides (R1C(I) CHRZ) in goeod yields.

Recently, much attention has been paid to free radical reactions for
the synthesis of organic molecules.1 The intramolecular atom transfer addi-
tion of alkyl iodides to properly located triple bond has been widely
studied.? 1In contrast, there has been little investigation of intermolecu-
lar addition.3 We have reported that alkyl radical is easily generated from
alkyl iodide by means of triethylborane and adds to methyl vinyl ketone to

give boron enolate.?

Here we report further exploitation of triethyl-
borane-induced radical reaction for the addition of alkyl iodides to non-
activated alkynes as well as activated alkynes.

Triethylborane (1.0 M hexane solution, 0.5 ml, 0.5 mmol)5 was added to
a solution of. trimethylsilylacetylene (0.49 g, 5.0 mmeol) and cyclohexyl
jodide (0.21 g, 1.0 mmol) at 25°C under an argon atmosphere. The resultant
mixture was stirred at 25°C for 6.5 h and then concentrated under reduced
pressure. The residual oil was submitted to preparative thin layer chroma-
tography on silica gel to give (z)-1-iodo-1-trimethylsilyl-2-cyclohexyl-
ethene (0.27 g)% in 88% yield.

The representative results are summarized in Table 1. Several comments
are worth noting. (1) It is essential to use hexane as a solvent. Reaction
did not proceed in benzene, dichloromethane, ether, or tetrahydrofuran., (2)
The addition of alkyl iodide took place at room temperature for the acti-
vated acetylenes (Run 7-13). On the other hand, the hexane solution had to
be heated to 60°C for the reaction of non-activated alkynes (Run 14-17).
(3) The reaction proceeded regioselectively but nonsterecselectively with
the exception of the reaction of trimethylsilylacetylene and triphenyl-
stannylacetylene, For instance, the addition of t-butyl iodide to 1-
dodecyne gave a mixture of (E}- and (z)-2,2-dimethyl-4-iodo~-3-tetradecene
(E/2 = 77/23). {4) Trimethylsilylacetylene is an excellent substrate for
the addition of alkyl iodides. Not only secondary and tertiary alkyl
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Table 1. Triethylborane induced radical addition of alkyl iodides to

acetylenes? 1 2 i f{
EEt:3E3 F?\ /F2 F?\ A~
RIC=CH + R ~—==— "Zc=C_ + Cc=C{_,
hexane | H [ R
Run Acetylene R2T Reaction Conditions Product

R! Temp( °C) Time(h) v(%)P E/Z
1 Me;si EtI 25 7.5 84 0/100
2 n-CgHq 3T€ 25 7.5 85 0/100
3 i-PrI 25 6.5 794 0/100
4 cyclohexyl iodide 25 6.5 gsd 0/100
5 Me3SiCH,I 25 6.5 664 0/100
6 t-Bul 25 6.5 80 0/100
7 COOEt i-Pril 25 4.0 88 34/66
cyclohexyl iodide 25 4.0 90 23/77

9 t-Bul 25 3.0 81 92/8
10 Ph i-Pri 25 11.0 81 21/79
11 cyclohexyl iodide 25 11.5 72 17/83
12 Me 3SiCH,T 25 11.0 60 11/89
13 t-Bul 25 11.0 58 81/19
14 THPOCH, t-Bul 60 12.0 40 60/40
15 HOCH,CH,CH, t-Bul 60 12.0 46 85/15
16 n-Cq gHy; i-PrI 60 16.0 34 31/69
17 t-Bul 60 20.0 41 77/23
18 Ph3Sn i-Pri 25 12.0 53 0/100
19 t-Bul 25 12,0 44 0/100

a) Trimethylsilylacetylene (5.0 mmol), alkyl iodide (1.0 mmol), and Et3B
(0.5 mmol) were employed (Run 1-6). Acetylene (1.0 mmol), alkyl iodide (4.0
mmol), and Et3B (0.5 mmol) were employed (Run 7-13). Acetylene (1.0 mmol),
alkyl iodide (4.0 mmol), and Et3B (2.0 mmol) were employed (Run 14-19). b)
Isolated purified yields based on R4I (Run 1-6) or acetylenes (Run 7-19).
c) (n—C6H13)3B was used instead of Et3B. d) Product was contaminated by
small amount of Me3SiC(I)=CHEt (<5%).
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iodides but also primary iodides easily added to trimethylsilylacetylene to
provide the corresponding alkenyl iodides with high regio- and stereoselec-
tivities {Run 1-6). (Z)-1-TIodo-1-trimethylsilyl-2-alkylethenes were obtain-
ed exclusively upon treatment with alkyl iodides such as t-butyl iodide, i-
propyl iodides, and ethyl iodide. (5) Triphenylstannylacetylene also easily
reacted with alkyl iodides to give (Z)-1-iodo-1-triphenylstannyl-2-alkyl-
ethenes. Moreover, tributylstannylacetylene afforded a complex mixture, and
no trace of alkenyl iodides was detected.

The exclusive formation of (Z)-1-iodo-1-trimethylsilyl-2-alkylethenes
may be attributed to the isomerization of E-isomer into Z-isomer under the
reaction conditions.’ 1In fact, stirring a hexane solution of (E)-T1-iodo-1-
trimethylsilyl-3,3-dimethyl-1-butene (1a),8 (E)-1-iodo-1-trimethylsilyl-1-
octene (1b),9 or (E)-1-iodo-1-trimethylsilyl-2-cyclohexylethene (1c)8 at
25°C for 5 h in the presence of a catalytic amount of triethylborane gave

the corresponding Z-isomer (2a,7 2b,10 or 2c7) quantitatively.

R.. SiMe; Et;B Ry I
_ . a \_ 3 3 N =
RC-‘—'C‘SlMeB HIC—{C\I H/ ZC\S‘Mea

R=t-Bu, n-Cghh3, c-CeHn @) i-Bu,AlH/hex-ether, 12

The reaction was successfully applied to the intrameclecular addition

reactions (eq. 1 and 2) and intermolecular addition-cyclization reaction

{eg. 3) shown below.12
R R
O:“ /'i' Et3B A (1)
0”0 25°C 0”0~ R=SiMe; 94°%
3(Ref11) R=H 75°%.
I"=‘-SiMe3 Et5B _ ISiMe-3 (2)
25° °fo
Me 5°C Ste 68°
H
=-H t-Bul Z~t-Bu
— 0 (3)

0
Y~—Me EtsBgpec Me .o
n-Bu nBu |
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TH_NMR (CDCl4) 60.15 (s, 9H), 0.90-1.50 (m, 6H), 1.50-1.80 (m, 4H),
2.25-2.50 (m, 1H), 5.87 (d, J = 7.9 Hz, 1H); '3C-NMR (CDCly) §-1.31,
25.59, 25.99, 31.18, 47.49, 110.4, 152.4. Found: C, 43.16; H, 7.09%.
Calcd for CqqH,(ISi: C, 42.86; H, 6.87%.
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Nozaki, ibid., 41, 2215 (1976).

1b: Bp 90°C (bath temp)/1 Torr; IR (neat) 2952, 2922, 2852, 1590, 1459,
1249, 840, 756 cm_1; TH-NMR (CDCl3) §0.25 (s, 9H), 0.80-1.00 (m, 3H),
1.15-1.50 (m, 8H), 1.95-2.15 (m, 2H), 7.16 (t, J = 7.8 Hz, 1H); | 3C-NMR
(cbclsy) 81.15, 14.02, 22.52, 28.74, 29.09, 31.57, 35.14, 106.3, 156.6.
Found: €, 42.76; H, 7.39%. Caled for CqqHp,I8i: C, 42.58; H, 7.47%.

2b: Bp 90°C (bath temp)/1 Torr; IR (neat) 2954, 2922, 2852, 1602, 1459,
1261, 1248, 870, 839, 750 cm’1; TH-NMR {(cpcly) §0.15 (s, 9H), 0.80-1.00
{(m, 3H), 1.10-1.60 {(m, 8H), 2.15-2,30 (m, 2H), 6.10 (t, J = 6.3 Hz, 1H);
T3c_NMR (CDCly)5-1.43, 14.03, 22.52, 27.82, 28.86, 31.62, 38.89, 113.2,
147.7. Found: C, 42.85; H, 7.69%. Calcd for C1qHy3151: C, 42.58; H,
7.47%.

3 (R = H, Mixture of E and Z isomer). Major isomer: bp 45°C (bath
temp)/1 Torr; 'H-NMR (CDCly) 81.20-1.50 (m, 1H), 1.50-1.80 (m, 1H),
1.80-2.20 {m, 2H), 2.71 (br.s, 1H), 3.46 (ddd, J = 11.7, 10.7, 2.5 Hz,
1H), 3.89 (br.d, J = 11.7 Hz, 1H), 4.40 (ddd, J = 14.4, 2.6, 1.6 Hz,
1H), 4.48 (ddd, = 14.4, 2.5, 2.4 Hz, 1H), 5.35 (d, J = 3.7 Hz, 1H),
5.96 (ddd, J = 5.2, 2.6, 2.5 Hz, 1H); |3C-NMR (CDCl,) §150.6, 102.3,
75.39, 67.08, 64.37, 44.91, 22,60, 20.,40. Found: C, 36.37; H, 4.25%,
Calcd for C8H11IO%: C, 36.11; H, 4.17%. Minor isomer: 105-110°C (bath
temp)/15.5 Torr; H-NMR (CDC13)51.20—1.80 {m, 3H), 1.90-2.20 (m, 1H),
2,60-2.80 (m, 1H), 3.70-3.80 {(m, 1H), 3.80-4.00 (m, 1H), 4.30 (4dd, J =
13.4, 1.8 Hz, 1H), 4.56 (ddd, J = 13.4, 1.7, 1.6 Hz, 1H), 5.28 (d, J =
3.8 Hz, 1H), 5.94 (dad, J = 3.5, 1.8, 1.7 Hz, 1H); |>C-NMR (CDCls)
§152.52, 99.91, 58.46, 67.14, 61.47, 43,92, 22.17, 21.98.
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