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Cross-coupling methodology to form carbecarbon bonds has
revolutionized organic synthesisThe Suzuki-Miyaura coupling

is, arguably, of the greatest practical importance of these methods.

Recently, improved catalyst systems for SuztMiyaura couplings

(BINAP)Pd, that oxidative addition occurs after binding of the
amine to Pd(0) intermediassuch a process is unlikely for coupling
reactions involving arylboronic acids.

The use of the catalyst derived froinand Pd(OAc) in THF

have been described, that allow couplings to be carried out at roomdemonstrated a good deal of generality and is successful for a

temperaturé to handle electron-rich aryl chloridés? and to
prepare highly substituted biarA$Missing is a system capable
of handling aryl tosylates. This would be of significant interest as

variety of combinations in which neither substrate contains an ortho
substitutent larger than an OMe group (Table 2). In these cases the
reactions were complete B3 h at 80°C (80—90% isolated yield).

tosylates are more easily handled and considerably less expensivecommon functional groupscyano, aldehyde, nitro and ketene
than aryl triflates. Aryl tosylates are relatively unreactive compared were tolerated.

to aryl halides and triflates. They have been reported as substrates

Table 2. Suzuki—Miyaura Coupling of ArOTs and VinylOTs in

for other palladium-catalyzed processes, particularly in aromatic 1ga

aminationt However, for the formation of carbercarbon bonds
little success has been realized, and no general catalyst existe

success has been seen with Ni catdlyiderein we report on our
efforts in this area.

We recently reported that XPhdk? was an excellent supporting
ligand for the Pd-catalyzed amination of aryl benzenesulforfates.
During this study we also confirmed previous work which had
revealed that ferrocenyl ligandsl and12 were also moderate to
very good in this regaréf Thus, we were surprised by the results
shown in Table 1. Whild was an effective supporting ligand for
this transformation, the use i or 12 provided none of the desired

Table 1. Screening of Ligands for Suzuki—Miyaura Coupling of
ArOTs
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product. While this is not easily interpretable, one possibility is, as

Entry  ArOTs or VinylOTs Ar'B(OH), Product Yield (%)
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aReaction conditions: ArOTs or VinylOTs (1 equiv), 'B(OH); (2
equiv), KsPOs-H20 (3 equiv), 2 mol % Pd(OAg) 5 mol %1, THF, 80°C,
3 h. Isolated yield (average of two run8)2-Methoxy-biphenyl-4-yl)-
phenylmethanol was also isolated in 3% yi€ldReaction time 5 h.
d Reaction time 1 he PhB(OH) (1.3 equiv) at room temperature for 2 h.

For difficult substrates, complete conversion of aryl tosylates
was achieved when the cross-coupling reaction was performed with
a higher catalyst loading (3% Pd(OA@nd 7 mol %) in t-BuOH
for 6 h (Table 3). We believe th&tBuOH probably increases the
solubility of the aryl tosylates and arylboronic acids, allowing them
to proceed at rates much faster than protodeboronation. For example,
with 2,6-dimethoxyphenylboronic acid (Table 3, entry 1), a high
yield of coupling product (92%) was obtained. When THF was
employed as solvent under similar conditions, conversion of the

we have previously shown for amination reactions catalyzed by aryl tosylate was incomplete, and extensive deboronation of the
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Table 3. Suzuki—Miyaura Coupling of ArOTs in t-BuOH?
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Entry ArOTs Product Yid (%)
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aReaction conditions: ArOTs (1 equiv), B(OH), (2 equiv), KPOy-H,O
(3.0 equiv), 3 mol % Pd(OAg) 7 mol %1, t-BuOH, 80°C, 6 h. Isolated
yield (average of two runs¥.Reaction time 9 h, 8992% conversion of
ArOTs. ¢ Reaction time 17 h at 118C, 88-93% conversion of ArOTs.

boronic acid was observed. We also found that more hindered
boronic acids such as 2-methylphenylboronic acid (entries 3 and
4) and 2,6-dimethylphenylboronic acid (entries 6 and 7) could be
efficiently utilized as substrates; in THF these reactions failed to
proceed to completion. These conditions also worked well to
combine 5-(tosyloxy)-1-tetralone and pyridine-3-boronic acid (entry
5). Remarkably, 2,4,6-triisopropylphenylboronic acid, which is

exceptionally hindered, could be coupled in high yield (entry 8).

These results indicated that the transmetalation step was facile under

the conditions studied. In contrast, even a single methyl group at
the a-carbon to the tosylate was enough to prevent complete
conversion (entries 9 and 10) although very good isolated yields
were still obtained. Thus, the standard situation in which trans-
metalation is rate limiting does not hold here. Moreover, the
coupling of 2,4-dimethylchlorobenzene with PhB(Qldjoceeded
quantitatively n 1 h at 50°C. Thus, it is tempting to postulate that
the transition states for oxidative addition ofRd to the tosylate
and the aryl chloride have significantly different steric requirements.
We have also demonstrated, as shown in Table 4, for the first

Table 4. Enolate Arylation of Aryl Benzenesulfonates
PA(OAC), (2%) /1 (5%)

Toluene / tBuOH (5/ 1)
110 °C, Cs,CO3
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aK,CO; as baset-BuOH as solvent, from aryl tosylaté Toluene was
the solvent® Isolated yield of pureis isomer. Ratio otis:transin crude
product was~5:1.

system can handle a wide range of substrates, including extremely
hindered arylboronic acids, under mild conditions. The same catalyst
was also used in the first example of the cross-coupling of carbonyl

enolates with aryl arenesulfonates.
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