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ABSTRACT
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In combination with the Bedford Pd precursor, the new biaryl monophosphorus ligand 5 was efficient for palladium-catalyzed Miyaura borylation

of sterically hindered aryl bromides at low catalyst loadings.

Arylboronic acids or esters are key chemical building
blocks in synthetic organic chemistry that have been
utilized for a variety of chemical transformations.' Of
particular importance are their applications in transition-
metal-catalyzed cross-coupling reactions, of which are the
well-known Suzuki—Miyaura coupling reactions.” The
syntheses of aryl boronic acids or esters have thus gained
a great deal of attention, and a few methods have emerged.?
One of the most common methods includes the transmeta-
lation of aryl lithium or Grignard reagents with trialkyl
borates.* However, this method generally requires harsh
reaction conditions and is incompatible with sensitive
functional groups. By using aryl halides and bis(pinacolato)-
diboron as the reagents, the palladium-catalyzed Miyaura
borylation is more functionality-tolerable and has become
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an important alternative for the synthesis of arylboronic
esters.” A recent modification using pinacolborane as the
reagent is attractive albeit with more limitations of the
substrate scope.® Despite these progresses,”® Miyaura bor-
ylation of sterically hindered aryl halides remains a very
challenging task. For example, only a modest yield (72%)
was achieved on the palladium-catalyzed borylation of
2-bromo-1,3,5-triisopropylbenzene at a high catalyst load-
ing (5 mol %).%d We herein report the application of biaryl
monophosphorus ligands 1 and 5 (Figure 1) in the palladium-
catalyzed Miyaura borylation. Excellent reactivities have
been achieved on a series of sterically hindered aryl
bromides.

We have developed a series of conformationally rigid
biaryl monophosphorus ligands containing a 2,3-dihydro-
benzo[d]|[1,3]oxaphosphole substructure 1—4 and have
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Figure 1. Novel biaryl monophosphorus ligands.

Scheme 1. Miyaura Borylation of 2-Bromo-1,3,5-triisopropyl-
benzene with Pd-BI-DIME Catalysts
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demonstrated the superior reactivity of ligand 1 (BI-
DIME) for Suzuki—Miyaura couplings and Buchwald—
Hartwig aminations.”'° The excellent reactivity of BI-DIME
observed in the sterically hindered Suzuki—Miyaura cou-
pling reactions prompted us to investigate its catalytic
activities in the Miyaura borylation of sterically hindered
aryl halides. 2-Bromo-1,3-5-triisopropylbenzene was cho-
sen as the substrate of study (Scheme 1). An initial result
under standard conditions (1.5 equiv bis(pinocolato)-
diboron, 3 equiv KOAc, 1 mol % Pd,dbas, 2 mol % 1,
100 °C, 12 h) provided a disappointingly low yield (13%).
A close monitoring of the reaction course showed a good
initial reaction rate (~5% conversion within 1 h). How-
ever, the reaction significantly slowed down afterward
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Scheme 2. Ligand Survey on Miyaura Borylation of 2-Bromo-
1,3,5-triisopropylbenzene”
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“The reactions were carried out under nitrogen at 100 °C for 12 h, 2-
bromo-1,3,5-triisopropylbenzene (1 mmol), bis(pinacolato)diboron (1.5
mmol), Bedford Pd precursor ((.01 mmol), ligand (0.02 mmol), KOAc
(3 mmol), dimethyl acetamide (2 mL), averaged HPLC assayed yields
based on two runs. The main side-product with ligand 1-5 was 1,3,5-
triisopropylbenzene.

Ad. o~ O
P 8 CysP O PCy,
ta PCy; iPr iPr
L 9: PPh; MeO . OMe O

iPr

7: PtBuy 12: DPPF 10 (SPhos) 11(XPhos)

indicating fast catalyst deactivation. Although the deacti-
vation pathway was not well understood, we envisioned
that the incorporation of a sterically hindered phosphite
ligand in the reaction system could increase the catalyst
longevity of the reaction, a strategy successfully employed
by Bedford and co-workers in Suzuki—Miyaura coupling
reactions.!! To our delight, a much improved yield (54%)
was observed when the Bedford Pd precursor, a phosphite-
ligated palladacycle complex,'” was employed instead of
Pd,dba; (Scheme 1).

The improved yield observed in combination with the
Bedford Pd precursor encouraged us to develop a more
efficient biaryl monophosphorus ligand for Miyaura
borylation. Although ligands 2—4 did not provide much
improved yields, we found ligand 5 containing an
anthracenyl moiety at the low aryl ring'? provided
4.4.5,5-tetramethyl-2-(2,4,6-triisopropylphenyl)-1,3,2-di-
oxaborolane in 85% yield (Scheme 2). Itis noteworthy that
this is the highest yield reported to date on this sterically
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Table 1. Miyaura Borylation of Di-ortho-substituted Aryl

Bromides”
\ /
/ \ (1.5 equiv)
0
Br AI'_B\
Bedford Pd precursor: 5 (1:2) o]
KOAc (3 equiv), DMAc
100°C, 12 h
entry product Pd loading {(mol %) yield (%)
B o c=RENNNE
0
2 B, 1 95
(e}
CF3
0
3 B, 0.5 89
e}
CF3
0
4 MeOOC B, 1 85
O
CN
5 B 1 60
e}
0
6 B, 1 91
e}
7 N 1 82
N= o

“The reactions were carried out under nitrogen at 100 °C for 12 h,
aryl bromide (1 mmol), bis(pinocolato)diboron (1.5 mmol), Bedford Pd
precursor/5 = 1:2, KOAc (3 mmol), dimethyl acetamide (2mL), isolated
yields. ? The main side product was the debromo compound.

hindered substrate at 2 mol % Pd loading. A series of
commercially available ligands were also employed for
comparison. Some commonly used monophosphorus li-
gands such as Ad,PrnBu (6), tBusP (7), CysP (8), PPhs (9),
SPhos (10), and XPhos (11) were inefficient for this reac-
tion and all provided <30% yields. An often applied
chelating ligand DPPF (12) also led to a very low yield.
These results clearly demonstrated the outstanding reac-
tivity of ligand 5 for sterically hindered Miyaura boryla-
tion. We hypothesized that the unique structural and
electronic properties of ligand 5 facilitate the key transme-
talation step of the Miyaura borylation process. While it is
not clear whether there is a rate acceleration of the catalytic
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Scheme 3. Miyaura Borylation of 1-Bromo-4-methoxybenzene
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Table 2. Miyaura Borylation of Aryl Chloride with Pd,dbaz and
Ligand 1 as the Catalysts”

o
BB, 1.5 equiv
d ° (1.5 equiv) =
Ar—=Cl Ar—B,
Pd,dbas: 1 (1:4) o]

KOAc (3 equiv), DMAc
100°C, 12 h

entry product Pd loading (mol %)

0
1 B, 2 82
e}

o
3 MeOOCOB’\ :@ 1 86
o

yield (%)

“The reactions were carried out under nitrogen at 100 °C for 12 h,
aryl chloride (1 mmol), bis(pinocolato)diboron (1.5 mmol) KOAc
(3 mmol), dimethyl acetamide (2 mL), isolated yields. ” The reaction
was incomplete.

cycle in the presence of both ligand 5 and the bulky
phosphite from the Bedford Pd precursor,'* the fact that
a low conversion (8%) was observed with the Bedford Pd
precursor alone as the catalyst suggests that the bulky
phosphite ligand is less likely to promote the rate of the
catalytic cycle but rather plays a role in increasing the
longevity of the Pd catalyst.

To explore the synthetic utilities of ligand 5 for palladium-
catalyzed sterically hindered Miyaura borylation, the com-
bination of the Bedford Pd precursor and ligand 5 was
applied in the borylation of a range of di-ortho-substituted
aryl bromides. As shown in Table 1, excellent yields were
achieved on a series of sterically congested aryl bromides at

(14) For a report about multiligand-based Pd catalysis, see: Fors,
B. P.; Buchwald, S. L. J. Am. Chem. Soc. 2010, 132, 15914.
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low palladium loadings (0.5—1 mol % Pd). Various func-
tionalities such as —CF;3 (entry 3), —COOMe (entry 4),
—CN (entry 5), and phosphonate (entry 8) were well tolerated.
A high yield was also achieved on an oxazole substrate
(entry 7).

To further demonstrate the catalytic efficiency of ligand
5 for Miyaura borylation, 1-bromo-4-methoxybenzene
was subjected to borylation in the presence of 0.005
mol % Bedford Pd precursor and 0.01 mol % ligand S,
and the desired product 2-(4-methoxyphenyl)-4,4,5,5-tet-
ramethyl-1,3,2-dioxaborolane was obtained in 90% iso-
lated yield (9000 TON). To our knowledge, this is the
lowest catalyst loading reported to date in Miyaura bor-
ylation (Scheme 3).

The combination of ligand 5 and the Bedford Pd pre-
cursor was unfortunately incapable of catalyzing the bor-
ylation of aryl chlorides.>® This could be attributed to the
s-acidity of the phosphite ligand from the Bedford Pd
precursor which makes the key oxidative addition of aryl
chloride more difficult.!" Nevertheless, the palladium cata-
lyst generated from Pd,dbas and BI-DIME (1) proved to
be efficient for the borylation of a series of aryl chlorides
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(Table 2) with various functionalities. For a sterically
bulky aryl chloride, a higher catalyst loading (4 mol %)
was required and only a moderate yield was obtained
(entry 4).

In conclusion, a novel and efficient biaryl monopho-
sphorus ligand 5 is developed for the palladium-catalyzed
Miyaura borylation. In combination with the Bedford Pd
precursor, ligand 5 is efficient for the borylation of a series
of sterically hindered aryl bromides with various function-
alities at low catalytic loadings. A turnover number up to
9000 has been demonstrated, which provides potential for
practical applications. BI-DIME also proves to be efficient
for the borylation of aryl chlorides. Further efforts will be
focused on exploring the relationships between the ligand
structures and the reactivities for Miyaura borylation, and
progress will be reported in due course.

Supporting Information Available. Experimental de-
tails and NMR spectra of ligand 5 and all arylboronic
ester products, general borylation procedure. This mate-
rial is available free of charge via the Internet at http://
pubs.acs.org.
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