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Abstract: The mixture of borate complexes formed on treatment of B-
allyl-9-BBN with KOMe readily undergoes Suzuki reactions in the
presence of catalytic amounts of Pd(0) complexes, thus transferring
their allyl moiety to aryl bromides, -iodides or -triflates.

 

The palladium catalyzed cross coupling of aryl halides, triflates or
diazonium salts with various organoboron derivatives in the presence of
a base became one of the most popular methods for C-C-bond
formations in recent years.1,2 Generally referred to as Suzuki reactions,
these transformations exhibit an unrivaled compatibility with functional
groups in both reaction partners and represent environmentally benign
processes with considerable appeal for the preparation of
pharmacologically active compounds and the production of fine
chemicals.3

In order to widen the scope of Suzuki-type reactions, we have recently
described a complementary protocol employing 9-MeO-9-BBN as a
"shuttle" that allows to transfer i.a. methyl-, TMSCH2- and alkynyl
groups which are beyond the scope of the traditional set-up.4,5 As a
further extension, we now report the first general procedure for the
transfer of allyl groups under Suzuki conditions. 

Palladium-catalyzed cross coupling reactions of allylboron derivatives
are essentially unknown. In a close survey of the literature we found
only a brief mentioning of reactions of tricrotylboron in the presence of
aq. NaOH and Pd(PPh3)4 cat.6 and a preliminary report on the use of
allyl(dimethoxy)borane.7 The latter, however, is rather limited in scope
since only aryl iodides were found to be suitable substrates while
bromides afforded the cross coupling products in poor yield. Having in
mind our previous experiences that various types of organic residues
can be transferred from the 9-BBN template to an aryl-PdX species,4 we
investigated whether B-allyl-9-BBN may be useful in this context.

Scheme 1

B-Allyl-9-BBN can be prepared on a mole scale from allyl bromide and
B-methoxy-9-BBN in the presence of aluminum chips.8 Addition of 1
equiv. KOMe9 to a solution of this compound in THF leads to a mixture
of borate complexes as can be deduced from the 11B NMR spectrum.
K[(MeO)(allyl)BBN] (δ = -1.5 ppm) is the major component of this

mixture, but some ligand scrambling leading to the formation of minor
amounts of K[(MeO)2BBN] (δ = 4.5 ppm) and K[(allyl)2BBN] (δ =
-15.6 ppm) cannot be avoided (Scheme 1).

Reaction of an aryl halide or triflate with this mixture of borate
complexes in the presence of 3 mol% of either PdCl2(dppf) or
Pd(PPh3)4 in refluxing THF afforded the desired cross coupling
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products in good to excellent yields. The results are compiled in the
Table. As can be deduced from these experiments, electron rich and
electron poor substrates react with similar ease and several functional
groups turned out to be compatible. This includes ethers, esters,
aromatic ketones, thioketals and heterocyclic motives. Aldehydes,
however, are not tolerated as evident from Scheme 2.

Scheme 2

Several practical aspects of this new allylation procedure are worth
mentioning. Although B-allyl-9-BBN is a very sensitive compound,8

solutions of the borate complexes formed on addition of KOMe are
fairly easy to handle. They can be bottled and stored for extended
periods of time without loss of activity. The palladium catalyzed cross
coupling reactions usually proceed to completion in 30-60 min and only
a slight excess of the borate is required (≈ 1.2 equiv.). The conversion is
roughly indicated by the precipitation of the KX salts and can be
quantitatively monitored by 11B NMR of aliquots of the crude mixtures.
Aryl bromides, iodides and triflates were found to react with
comparable ease. Since B-allyl-9-BBN can be easily prepared in
multigram amounts,8 this new protocol is particularly suitable for large
scale preparations. As can be seen from entry 2, substituted allyl groups
can also be transferred in this way.

This new Suzuki type allylation reaction favorably compares to the well
known Stille coupling employing allyltributyl (or trimethyl)
stannane.10,11 Thus, compound 12 was prepared on a multigram scale in
86% in only 0.5 h reaction time by means of this new method,12

whereas the Stille coupling afforded the desired compound in
significantly lower yield only after extended periods of time
[allyltributylstannane (1.4 equiv.), Pd2(dba)3 (3 mol%), tris(2-furyl)-
phosphine (12 mol%), LiCl (3 equiv.), NMP, 40 °C, 48 h, 41%; 60 °C,
24 h, 60%]. Moreover, the purification of the product is easy in the
boron based protocol whereas the removal of the noxious tin residues
formed in the latter case may be tedious. These features make the new
Suzuki-type protocol for the transfer of allyl groups attractive for further
applications to organic synthesis.
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