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Abstract: Alkynyl(phenyl)iodonium salts react with benzotriazole ion prepared from benzotriazole
and potassium f-butoxide to give l-alkynylbenzotriazoles in good yields, indicating that the
alkynyliodonium salts can be used for direct alkynylation of benzotriazole. © 1998 Elsevier Scicnce Lid.
All rights reserved.

Much attention has been paid to synthetic applications of benzotriazoles as a new synthetic methodology
in recent years.! Very recently benzotriazoles have been shown to behave as light-activatable DNA clcaving

agents.?2 The synthesis of furthermore functionalized benzotriazoles is considered to become important subjec

ficlds. In the light of recent development of a ne chemistry- ranging over material science and biochemistry
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the combination of the acetylenic bond and the benzotriazole functionality is thought to create a new chemistry.
To the best of our knowledge, however, there are no reports on alkynyi-substituted benzotriazoles. Introduction
of a carbon-carbon triple bond on the nitrogen atom of benzotriazole seems to be difficult because alkynyl
cations are unstable and impossible to be generated except for nuclear decay of a tritiated alkyne.4

Hypervalent iodine chemistry has been much studied lately and increased the utility in organic
synthesis. 5 Above all, alkynyl(phenyl)iodonium salts (1) have been recognized to be useful as synthon of
alkynyl cations.® On the basis of such studies, we selected alkynyl(phenyl)iodonium salts 1 as the substrate for
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the alkynylation reaction of benzotriazole. In this paper, we report the first example of alkynylbenzotrlazoles (2)
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Alkynyl(phenyl)iodonium tosylates (1: X = OTs) were prepared according to the method described in
the literatures.”-8 A solution of potassium salt of benzotriazole was prepared from #-BuOK and benzotriazole in
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a mixed solvent of --BuOH and THF. Then, solid [(4-methoxyphenyi)ethynyl]-(phenyl)iodonium tosylate (1a)
was added into the solution. After stirring the reaction mixture for 12 h, the product mixture was extracted and
submitted to column chromatography on silica gel. Elution with hexane-CH2Cl2 gave 1-[(4-
methoxyphenyl)ethynyl]benzotriazole (2a) as crystals but the yield was 29%.

Then, the same reaction was conducted in the reverse order of the addition. The solution of potassium
salt of benzotriazole in THF and +-BuOH was added to a solution of alkynyliodonium tosylate 1a in a mixed
solvent of ~BuOH and CH2CI? and the mixture was stirred at room temperature for 24 h. After workup of the

and sepa y graphy on silica gel, crystalline 1-alkynylbenzotr va
obtained in a 56% yield. Similar treatments of other alkynyl(phenyl)iodonium tosylates (1b-1d) gave the
corresponding 1-aikynyibenzotriazoles (Zb-2d) as crystais in 45-62% yields (eq. I and Tabie 1).
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Table 1. Yields and selected spectral data of new alkynylbenzotriazoles 2
2 yield/% mp/°C selected spectral data

2a 56 99-101 'HNMR (CDCIl3) 8 3.71(s, CH3), 6.79(d, J=7.8Hz, ArH) 7.33(d, J=7.5Hz,
ArH), 7.42-7.51(m, ArH) 7.58(d, J=8.0Hz, ArH), 7.97(d, J=8.2Hz, ArH);

13
C N}\v,}l (f“DCI%} 5 <A ‘1’)(\:{ \h 7486{Csp)’ 79_0]/(‘ p\ l’ZA 'ZQ IAQ QQ

NMR (CDCl;) 62.39(s, CH3), 7.21(d, J=7.8Hz, ArH) 7.42-7.64(m, ArH),
7.73(d, J=8.2Hz, ArH) 8.11(d, J=8.3Hz, ArH); '3C NMR (CDCl,)
821.44(Me), 75.20(C,,). 79.84(C,), 134.16, 143.81; IR 2244 cm™' (C=C)

2¢ 55 77-78  '"H NMR (CDCl;) 87.36-7.44(m, ArH), 7.55-7.67(m, ArH), 8.05(d, J=8.3Hz,
ArH); >C NMR (CDCl5) 875.48, 79.46, 133.77, 143.47;

IR 2259 cm™! (C=C)

2d 62 147-148 'H NMR (CDCl) 8 7.44-7.67(m, ArH, 5H), 7.72(d, J=6.8Hz, ArH, 1H),

7.79(d, =7.8Hz, ArH, 1H), 8.19(d, J=8.2Hz, ArH, 1H); '3C NMR (CDCl,)
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§78.71, 134.05, 143.82; IR 2261 cm™! (C=C)
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The alkynylbenzotriazoles Z show characteristic spectra of the acetylenic bond in the 13C NMR (8 74-75

and 78-80 ppm) and IR spectra (2240-2260 cm-1). Also, the characteristic signal of protons adjacent to the
nitrogen were observed at 8.0-8.2 ppm in the IH NMR spectrum and the signals of C-8 and C-9 of the
benzotriazole ring appeared at 134-135 and 143-144 ppm in the 13C NMR spectrum.

The formation of alkynylbenzotriazoles indicates that alkynyliodonium salts 1 behave as the alkynylating

agent of benzotriazole and are regarded as the synthon of alkynyl cations. However, the present reaction is
reasonably considered to proceed via the Michael addition of benzotriazole ion to the 3 carbon of the triple bond,

In order to understand the mechanism on the reaction of alkynyliodonium salts 1 with benzotriazole ion,
we further examined the reaction of 1-octynyi(phenyl)iodonium tosylate (1d: R = n-CgH]3). The treatment of
1d with benzotriazole ion afforded 1-(3-propyl-1-cyclopentenyl)benzotriazole (4)° and 1-(2-fert-butoxy-1-
hexylvinyl)benzotriazole (5)6 in 29 and 31% yields, respectively. The formation of 4 and 5 indicates that the
reaction of 1 with benzotriazole ion proceeds via alkylidenecarbene 3 which undergoes a typical intramolecular
1,5 C-H insertion and an electrophilic attack toward fert-BuOH, and supports the mechanism involving
alkylidenecarbenes 3 shown in Scheme 1.
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In summary, we have for the first time synthesized novei i-aikynyibenzotriazoles Z by use of
alkynyliodonium salts 1 and benzotriazole ion. The utility of alkynylation reaction using alkynyliodonium salts
1 has been further advanced. The useful functionality of the alkynyl and benzotriazole groups will be
developed in the near future. The details on this subject are now in progress.
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