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Abstract: Alkpes react with bis(pyridine)iodine(I)tetrafluoroborate (1) and aromatic rings (activated, 

nonactivated and deactivated) in a Friedel-Crafts-type alkylation reaction to give, in a regio- 

and stereoselective way, @am-thdostyrene derivatives. 

Electrophilic addition to alkynes have been used to promote carbon-carbon bond 

formation: alkyl halides in the presence of Lewis acid and other sources of carbenium ions,l 

hydrogen bromide to compounds containing two suitable situated triple bond,@2 acylium 

salts in the presence of aromatic compounds,3 and a mixture of iodine and copper(I) 

cyanide to (perfluoroalkyl)alkynes.4 

We have described the iodo-carbofunctionalization of internal alkynes with 

bis(pyridine)iodine(I) tetrafluoroborate (1) and anisole.5 These processes represent 

synthetical examples of the application of alkynes as alkylating agents in Friedel-Crafts-type 

alkylation reactions. Only a few cases with alkynes have been previously described.26 The 

high importance of carbon-carbon bond formation in organic chemistry prompted us to 

study this reaction with different alkynes and aromatic rings (see Scheme 1 and Table). 
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R -CE C-R’ + ArH (D) 
HBF, 

+ I(C5H5N),BF4 - 
R\ /’ 

c=c 
Ar / ‘RI 

R= Ph, n-Bu; RI= H, Me 

ArH (D) = benzene, beI’L?ene+&, toluene,p-xylene, mesitylene, 

pentamethylbenxene, bromobenxene, anisole, naphthalene 

Scheme 1 

The reaction is quite general and allows the functionalixation of 

alkynes with activated, nonactivated and deactivated aromatic rings.7 

terminal and internal 

The reaction products were purified by column chromatography (silica, hexane-ether 

98:2) to eliminate the small amounts of unreacted alkyne and aromatic compound (and the 

corresponding iodoarenes when the nucleophile was anisole or mesitylene). All the 

compounds show 1H, 1% NMR spectroscopy and mass spectrometry according with the 

proposed structures. The stereochemistry was determined by NOE experiments and the 

regiochemistry was confirmed based on 13C chemical shift of carbon that bears the iodine 

atom. 

Anti-addition products were only yielded, which is in agreement with the previously 

proposed mechanism through a vinyleneiodonium ion.8 

On the other hand, the Friedel-Crafts-type alkylation reaction on the aromatic ring 

give, in some cases, different isomers in concordance with the electronic effect of their 

substituents: a mixture of ortho- and pare-substitution with toluene (39:61) and 

bromobenzene (5:95), thepara-isomer with anisole and a mixture of l- and a-isomer with 

naphthalene (84:16). 

It is noteworthy the posibility to introduce different aromatic compounds as 

nucleophile, in special when the aromatic ring is deactivated like in bromobenzene. 
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Table: Synthesis of @un.r-a-iodostyrene derivatives 

R\ /’ 
c=c 

Ar ‘= p’ R1 

R RI ArH (D) Yield (%)a 13C-NMR h(ppm)b 

C(a) C(s) 

Ph H Benzene 

Ph H Benzene& 

Ph H Toluene 

Ph H p-Xylene 

Ph H Mesitylene 

Ph H Pentamethylbenzene 

Ph H Bromobenzene 

Ph Me Anisole 

Ph Me Naphthalene 

n-Bu H Mesitylene 

75 

68 

92c oltho (39) 

para (61) 

78 

75 

94 

2oc o&o (5) 

Pam (95) 

6od 

!MF 1-naphthyl(84) 

2naphthyl(l6) 

60 

153.2 80.8 

152.2 79.1 

152.2 79.0 

152.3 78.0 

152.3 78.7 

150.5 79.0 

151.4 77.6 

151.7 80.8 

151.8 79.8 

148.3 100.3 

145.5 100.2 

145.6 100.3 

151.2 78.8 

aYield of isolated products, relative to starting 1 and not optimized. 

bSpectra were recorded on a Brucker AC-300 spectrometer in DCC13 using TMS as internal 

standard. 

CIsomers ratios, determined by 1H NMR spectra of the crude reaction. Isomers could not 

be separated. 

oIsomerpam was only obtained. 



REFERENCES AND NOTES 

(a) G.H. Schmid in S. Patai: The Chemistry of the Carbon-Carbon Ttiple Bond, Wiley, 

New York, 1978, Part 1, p. 275. (b) P.B.D. de la Mare, and R. Bolton: Electrophilic 

Additions to Unsatumted Systems, Elsevier, New York, 1982, p. 299. 

H.W. Whitlock, Jr., P.E. Sandvick, L.E. Overman, and P.B. Reichardt, J. Org. Chem, 34, 

879 (1969). 

AA. Schelogev, W.A. Smit, S.A. Khurshudyan, VA. Chertkov, and V.F. Kucherov, 

Synthesis, 324 (1977). 

P. Moreau, and A. Commeyras, J. Chem. Sot., Chem. Commun., 817 (1985). 

J. Barluenga, M.A. Rodriguez, J.M. Gonzalez, P.J. Campos, and G. Asensio, Tetrahedron 

Lett., 27, 3303 (1986). J. Barluenga, M.A. Rodriguez, P.J. Campos, and G. Asensio, J. 

Am. Chem. Sot., 110,5567 (1988). J. Barluenga, MA. Rodrfguez, and P.J. Campos, J. 

Chem. Sot., Perkin Trans. I, s&mitted for g.bli~Xl~n. 

V. Franzen in: Friedel-Crafts and Related Reactions, Interscience, New York, 1963-1965, 

Vol. 2, p. 413. 

Typical experimental procedure for iodofunctionalization of alkynes: 

To a solution of l(5 mmol, 1.86 g) in anhydrous methylene dichloride (25 ml) cooled at 

-80°C tetrafluoroboric acid (10 mmol, 1.40 ml of ethereal 54% solution) and the alkyne 

were added under inert atmosphere. After twenty minutes of stirring, the aromatic 

compound (5 mmol) disolved in methylene dichloride (5 mmol) was introduced into the 

reaction flask. The solution was allowed to arise at -60°C during one hour and then 

hydrolized with water (50 ml), extracted with methylene dichloride (3 x 25 ml), washed 

with 5% aqueous solution of sodium thiosulfate (25 ml), dried over anhydrous sodium 

sulphate and evaporated in vacua. Reaction products were purified by column 

chromatography (silica, hexane-ether 98:2). 
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