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Potassium Vinyltrifluoroborate : A Stable and Efficient Vinylating
Agent of Arenediazonium Salts using Palladium Catalysts
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Abstract : The air stable potassium vinyltrifluoroborate 1 was efficiently prepared in one step from
vinylmagnesium chloride and used in palladium cross- couplmg reactions with arenediazonium salts
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Carbon-Carbon bonds formation using palladium mediated cross-coupling reactions has became one
of the most useful procedures'. One reaction, in particular, the palladium cross-coupling of
organoboron derivatives has been extensively used in organic synthesis”,

WcJ, then othcrs4, have recently shown that arenediazonium tetrafluoroborates” were effective
substrates in palladium-catalyzed cross-coupling reactions with aryl- and alkenylboronic acids.
Further 1mpr0vemeqnts in the preparation of biaryls w7ere obtained using the very stable potassium
aryltrifiuoroborates’ (ArBF,K), more easily obtained™’ and purified than the corresponding boronic
ac1ds A vmyl boronate protected as its pinacol ester has been recently used with aryl halides

ture of the styryl boronates and styrenes depending upon the reaction conditions .

Here, we report a simpie preparation of polassium vinyltrifluoroborate 1. This reagent is a very
Firnmtiommnliaa A Ay tha wvin n n

efficient ageiit for the pxcpamuuu of functionalized styrenes introducing the nu_yn moiety on an
aromatic ring from arenediazonium tetrafluoroborates (Scheme 1) via palladium catalyzed reaction.
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Scheme 1

First of all, the desired potassium vinyltrifluoroborate was prepared in 78% yield by treatment of
commercially available 4,4,6-trimethyl-2-vinyl-1,3,2-dioxaborinane, with aqueous potassium
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hydrogenodifluoride (KHF,).

A more direct and efficient procedure for the preparationg of 1 involves treatment of trimethylborate
with vinylmagnesium chloride, followed by the in situ addition of aqueous KHF,.

The titled compound was obtained in 84% yield (Scheme 2). The reaction has been carried out on a
0.2 mol scale. This material is none air and water sensitive and is thermally stable.
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The reagent 1 proved to be a highly efficient vinylating agent for the preparation of styrenes
derivatives. The palladium-catalysed cross-coupling reaction of arenediazonium tetrafluoroborates
with potassium vinyltrifluoroborate was carried out, at room temperature (Table). We noted that the
efficiency of the cross-coupling depends on the correct choice of catalyst and solvent.

The data "l"P" in tahle (entrv 1) that 8% of PAIOQAcY. in dioxane ic an effective catalyst. T

e reaction
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took place in 5 minutes and 86% yield. In the presence of the palladacycle'’ Pd,(u-OAc),(P(o-
tolyl),), (5%) in methanol. The reaction was completed in less than one minute, affording cross-
coupling product in 81% yield. Since the reaction rate was very high we decreased the amount of
catalyst. The reaction was achieved in 10 minutes using 1% of the palladacycle in 86% yleld Under
these conditions (0.1 to 1% of catalyst) we synthetized various functionalized styrenes A slight

excess (1.2 eq.) of the boron reagent was necessary o obtain better yields of styrenes As described
in the tahle ogand vielde of ctureneg ennild he ohtained aven with law catalyt rates cnech ac ) 102
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Pd-catalyzed vinyiation of diazonium saits with 1

Entry % catalyst Time Styrene Yield
) ’ (min) ’ (%)
i 58 5 . O 86°
5b instantaneous FhC / g1
+b 10 / \ orC
i \__/ 86
2 v 20 weo—/ N/ T8

3 0.5° 20 78°

4 b 120 4 gg°
0.1 ElOQCW (98%) 88

5 0.1° 30 . /7w (95°%) 70°
|\
6 0.5" 60 o d N/ 75°

In 1.4 dioxane using Pd(OAc),. (b) In methanol/ Pd,({i-OAc),(P(o-tolyl),),.
Isolated Yields. (d) Conversion Yields (G.C.).

1
Qiaicd S \8) cis L ).

(ester, ketone) or electrondonating groups (methoxy, methyl), the reaction proceeded smoothly w1th
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tetrafluoroborates bearing a bromide or a triflate substituent. The reaction was chemoselective (entries
5, 6). The diazonium functionnal group proved to be far more reactive giving bromo- and (trifluoro-
methylsulfonyloxy)styrene in yield ranging from 70 to 75%.

nyltrifluoroborate 1. Thus, in th

This reaction is not limited to the simple potassium vin »
conditions, cross-coupling of 4- (ethoxycaxbonyl)benzenedlazomum tetrafluoroborate with potdsmum
styryltrifluoroborate, afforded the stilbene derivative in almost quantitative yield. The reaction is

instantaneous at room temperatures and a simple filtration gives the pure product.

BF3K Pdy(u-0Ac)a(Plo-tolyl i)y 5%
EtOZC—Q—N,Bﬂ +©—//_ i i J\_/
5 - McOH, 20°C EtO,C
N/

1-2 min, 6%

Scheme 3

. 12

an efficient vinylating agent = of
arenediazonium salts. This reagent is one of the most stable form of vinyl derivatives and can be
stored at room temperature without decomposition. Moreover, boron is non toxic and from an
industrial view point, the use of diazonium salts, which derive from aromatic amines, is a better route
than from conventional halides and pseudohalides. Diazonium is so reactive that very fast reactions
have been conducted at room temperature Chemoselective cross- coupling reactions have been
achieved since the bromide and triflate substituents don't part uupdlc in the present CO‘L‘lpliﬁg Extension
of this reaction in synthesis and to other potassium alkenyltrifluoroborates is in progress and will be

reported in due course.

We have thus shown that potassium vinyltrifluoroborate proved to b
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Potassium vinyltrifluoroborate 1 : To a solution of trimethylborate (freshly distilled over sodium,
34 ml, 1.5 eq.) in anhydrous THF (200 ml) was added dropwise a 15% solution of
110 ml . 1

vinuvimaagnacis um chlamida 1n THLE ¢ N ) mal) at AN Tha mivinrs wag gtrirred nndor
Yiiiy uuasuu.)uu I uliulaue 1 1111 {117 1L, V.o 1UUL) at “uu . HG LHTALULC YWwdd dtiiva udiiuul
argon for 30 min at -60°C, placed at room temperaturc and stirred another 30 min. Potassium

or 1pe ) d ass
g ( eq.) was added at once at 0°C followed by slow addition of water
(200 ml) which resulted in an intense white precipitate. The suspensmn was stirred 30 mn at
room temperature and the solvents were removed under (bath temperature : 50°C). The resulting
powder was thoroughly dried under vacuum (< | mmHg) overnight, extracted several times with

/n‘r1 .—r\ 1

acetone (3X150 ml) and the solvent removed under vacuum. The product was purified by

Aicenluving in ﬂ‘ia miimimaiina armanimt AfF laalliag naatama amd eameaniad ~ addirinm ~AF diathygl
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ether. 22.53 g of potassium vinyltrifluoroborate were obtained as a white powder (84% yield).
This material has been prepared for the first time (Stafford, S.L. Can. J. Chem. 1963, 41, 807-
808) in a two step sequence from tetravinylstannane in 29% yield.

Herrmann, W.A; Brossmer, C.; Ofele, K.; Reisinger, C.P.; Priermeier, T.; Beller, M.; Fisher,
H. Angew. Chem. Int. Ed. Engl. 1995, 34 1844-1848.
General Cross-coupling procedure : Arenediazonium tetrafluoroborate (5§ mmol), potassium

vinyltrifluoroborate 1 (1.2 eq.) and Pd,(u-OAc),(P(o-tolyl),)," (0.1 to 5 mol%) were placed in a
flask under an argon atmosphere, in the dark (alummlum fo:l). Degassed methanol (10 ml) were
then added and the resulting suspension was stirred at 20°C for the indicated time. The course of
the coupling was followed by measuring gas evolution with a gas buret. After completion, the

mixture was filtered off on celite and washed with diethyl ether. The orgamc phase was washed
several times with brine and dried over &i‘ul_y(u“Oua magncmun sulfate, The solvent was removed
and the crude product was purified by Kugelrohr distillation.

Until now the most useful, vinyltributyistannane has been aevexop ed b y Stille et al.

(N MaWaom TMD . Darrinalla Y DRanald~r A B . Qiilla Neg Chem 1087 §2 A
{d) lviCisoadll, /.0, [ allllcliv, \J., nuoliaiuy, M. ., I, J 1\ J i e R707, J&, Tl
424, (b) Echavarren, A.M.; Stille, J.K. J. Am. Chem. Soc. 1987, 109 5478-5486. {c) Roth,

G.P.; Fuler, C.E. J. Org. Chem. 1991, 56, 3493-3496. (d) Badone, D.; Cecchi, R.; Gu121 U.
J. Org. Chem. 1992, 57, 6321-6323. However such coupling are generally limited to the rather
expensive aryl iodide, bromide and triflate and toxic side products are formed in this reaction.



