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Abstract: Treatment of terminal or internal acetylenes bearing a variety of
substituents with perfluorocalkyl iodides in the presence of a catalytic
amount of triethylborane provides the corresponding perfluorcalkenes in good
to excellent yields. The addition of perfluorcalkyl iodides to olefins is
also described.

The addition reaction of perfluorocalkyl iodides to carbon-carbon
multiple bond is one of the most efficient and versatile methods for direct

1

introduction of the perfluorocalkyl group to organic molecules. Perfluoro-

alkylation of acetylenes and olefins has been performed by photolysis,2

3 4 5 or transiticon-metal

pyrolysis, electrolysis, free radical initiator,
catalyst.6 These methods, however, have some drawbacks and there still
exists a need for new methods. In the course of our study on the triethyl-

7 we examined the addition of perfluoroalkyl

borane-induced radical addition,
iodides to carbon-carbon multiple bonds and found that triethylborane exhib-
ited good catalytic activity for the reaction.

8 was added to

Triethylborane (1.0 M hexane solution, 0.1 ml, 0.1 mmol)
a solution of 1-dodecyne (0.17 g, 1.0 mmol) and tridecafluorchexyl iodide
(0.53 g, 1.2 mmol) in hexane (6.0 ml) at 25°C under an argon atmosphere.
The resultant mixture was stirred for 5 h at 25°C and concentrated in vacuo.
The residual o0il was submitted to preparative thin layer chromatography on
silica gel to afford (E)-2-iodo-1-tridecafluorohexyl-1-dodecene (1, 0.57 g)
in 94% yield.

The representative results are summarized in Table 1. The new reaction
has the following characteristics. (1) Reaction proceeded with high regio-
and stereoselectivities to give (E)-2-iodo-1-perfluorocalkyl-1-alkene (trans-
addition product) exclusively. This result is in striking contrast teo the
results obtained through the previously reported procedurez‘6 which gives
the adducts as stereocisomeric mixtures of (E)- and (Z)-2-iodo-1-perfluoro-
alkyl-1-alkenes. (2) Not only terminal acetylenes but also internal acety-

lenes reacted easily with perfluoroalkyl iodides under the same conditions
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Table 1. Addition of perfluorcalkyl iodides to acetylenes?

EtsB R\ /R
1c=CR2 =30 o C=C
RIC=CR™ + Ryl hexane 1© “R?

Alkyne Reaction Conditions Product
Run ReT Rr! R? Temp(°C) Time(h) (%)
1 CF13I  n-CqgHy, H 25 5 94
2 HOCH,CH,CH,  H 25 5 71
3 FtOOC(CHy)g  H 25 5 85
4 HOOC(CH,)g  H 25 5 75
5 Ph H 25 5 84
6 PhCH,O(CH,), H 25 10 73b
7 n-CgHy 4 n-CgHyq 4 25 15 60
8 (CF3) 5CFI  n-CygHy, H 25 8 92
9 HOCH,CH,CH, H 25 8 77
10 EtOOC(CHylg H 25 8 82¢
11 PhCH,O(CH,), H 25 10 869
12 n-CgHy n-CgHq 4 25 12 44
13 CF3I  n-CqgHy, H -24 10 76
14 HOCH,CH,CH, H 24 10 72
15 EtOOC(CHy)g H -24 10 73
16 n-CcHy 4 n-CgHy g -24 10 46
17 CF,Br,  n-CqoHyy H 25 8 53

a) Alkyne (1.0 mmol), C6F13I (or (CFB)ZCFI, 1.2 mmol), and Et;3B (0.1 mmol)

were employed (Run 1-12). Alkyne (1.0 mmol), CF3I (5.0 mmol), and Et3B (1.0
mmol) were employed (Run 13-76). Alkyne (1.0 mmol), CF,Br, (4.0 mmol), and
Et;B (1.0 mmol) were employed (Run 17). b) Contaminated by Z-isomer (E/Z =

93/7). «¢) See Ref. 2. d) Contaminated by Z-isomer (E/%Z = 95/5).

to give 40-60% yvields of the products.10 (3) Mild reaction conditions
enable us to accomplish the effective addition of volatile polyfluoro-
methanes such as iodotrifluoromethane’’ and dibromodifluoromethane to acety-
lenes (Run 12-17). (4) The use of hexane as a solvent is critical to the
reaction, In other solvents such as benzene, dichloromethane, or tetra-
hydrofuran, reaction proceeded very slowly and did not complete even after
prelonged reaction time, (5) CF3CHZI was not so effective as CeF13I- For
instance, the reaction of 1-dodecyne with CF3CH,I gave CF3CH,CH=C(I)CypHog
(E/Z = 4/1) in 39% vield.

Trans-addition was confirmed as follows. Treatment of 1, derived from
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1-dodecyne and tridecafluorohexyl iodide, with tributyltin hydride in the
presence of PA(PPhy), gave (z)-tridecafluoroalkene 2 exclusively. On the
other hand, triethylborane-induced hydrodehalogenation12 of 1 afforded a
mixture of 2 and its stereoisomer 3 (2/3 = 1/1).

R« /CGF13 a R\ /C6F13 a R\ -H
— ‘ ——

— - |

AN TN £ 7
Pi 2 H Pd(O) l l H Et3B H 3 CSFH3
R=n-CigH21 a: n-Bu3zSnH
The new technique provided us with a convenient and effective method

for the addition of perfluoroalkyl iodides to alkenes (Table 2).'3/14

Table 2. Addition of perfluoroalkyl iodides to alkenes®

Et, B Rl\ /R2
hexane [’C -Cbe

RICH=CHR? + Ryl

Alkene Reaction Conditions Product
Run Rfl R RZ Temp(°C) Time(h) (%)
1 C6F13I n—C10H21 H 25 3.5 93
2 MeQOC(CH5 ) g H 25 3.0 90
3 CH4C(0)CH,CH, H 25 3.5 26
b
4 n~C5H11 n—C5H11 25 10 67
5 (CF4) ,CFT n-Cq gHo H 25 3.0 87
6 MEOOC(CHz)B H 25 3.0 84
7 . HOCH2CH2CH2 H 25 2.0 76
8 CF3I n—C10H21 H -24 5.0 78
9 MeOOC(CH,)g H -24 3.5 86
10 HOCHZCHZCHz H -24 10 73
11 CH3C(O)CH2CH2 H -24 3.5 64
12 n-CgHy n-CgHyy,  -24 4.0 61P
13 CF,Br, n-Cq gHay H 25 10 89¢
14 MeOOC(CHy)g H 25 10 909

a) Alkene (1.0 mmol), CgFq3I (or (CF3)2CFI, 1.2 mmol), and Et3B (0.1 mmol)
were employed (Run 1-7). Alkene (1.0 mmol), CF3I (5.0 mmol), and Et,B (1.0
mmol) were employed (Run 8-12}). Alkene (1.0 mmol), CF,Br, (4,0 mmol), and
Et4B (1.0 mmol) were employed (Run 13 and 14). b) Erythro/threc = 1/1. ¢}
Product was n-CqgHyqCH(Br)-CH,CF,Br. d) Product was MeQOC(CH,)gCH(Br)-
CHZCFzBr.
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The relative reactivities for alkynes and alkenes to the addition of
CgFq31 in competitive reaction conditions were as follows: 1-Octyne=1-
octene (1.0)>cyclooctene (0.3)>3-hexyne = 4-octene (D.1).
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