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Arynes are found to be facilely inserted into bis(pinacolato)-
diboron by using a platinum—isocyanide catalyst, affording diverse
1,2-diborylarenes, which can be converted into o-terphenyls via
Suzuki-Miyaura coupling reaction.

Arylboron compounds are invaluable reagents in synthetic
organic chemistry' for constructing diverse functional
molecules via Suzuki-Miyaura coupling,”> Petasis reaction,’
etc. While a variety of arylboron compounds can be prepared
by a reaction of aryl Grignard reagents (or aryllithiums) with
boron electrophiles and transition metal-catalysed borylation
of Ar-X (X = halogen or OTf)* or Ar—H bonds (Scheme 1),’
the development of new synthetic approaches is still of great
importance.®

We have already disclosed that the strained carbon—carbon
triple bond of arynes could smoothly be inserted into metal-
containing o-bonds (C-Sn,” Sn—Sn® or Si-Si°) in the presence
of a palladium catalyst, giving various arylstannanes and
arylsilanes in a straightforward manner. In view of the con-
trollable properties of arynes toward the insertion reaction
with the aid of transition metal catalysis,'® we envisaged that a
new method for synthesizing arylboron compounds would be
feasible depending upon the catalytic insertion reaction of
arynes into a boron-containing o-bond.!! We report herein
that a platinum—isocyanide complex efficaciously catalyses an
insertion reaction of arynes into the B-B bond of bis(pinacolato)-
diboron [(pin)B-B(pin)] to produce 1,2-diborylarenes, which
are difficult to access using conventional methods (eqn (1)).!2
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Table 1 Catalyst screening for diborylation?

KF
18-crown-6
M (5 mol %) :
@ims Liganrgc()ZS mol %) ©:B(p'")
+  (pin)B—B(pin) _
ot DME, 80°C B(pin)
1a 2a
Entry M Ligand Time/h Yield (%)?
1 Pt(dba), @\NC 23 77
2 Pt(dba)z MNC 48 76
n-Bu
3 Pt(dba), NC 22 61
n-Bu
4 Pt(dba), CyNC 22 10
5 Pt(dba), Ph;CNC 99 10
6 Pt(dba), None 16 0
7 Pt(PPhj)4 None 16 0
8 Pd(OAc), /)\/)\N c 23 0

“ The reaction was carried out in DME at 80 °C using 1la
(0.060 mmol), (pin)B-B(pin) (0.084 mmol), KF (0.12 mmol),
18-crown-6 (0.12 mmol), M (3.0 pmol) and ligand (0.015 mmol).
b Isolated yield based on 1a.

The diborylation was found to facilely proceed in DME
at 80 °C when in situ-generated benzyne (from 1a'’ and
KF/18-crown-6) was treated with (pin)B-B(pin) in the presence
of Pt(dba), and l-adamantyl isocyanide (1-AdNC), giving
1,2-diborylbenzene (2a) in 77% yield (Table 1, entry 1).
Isocyanides bearing another fert-alkyl substituent also
promoted the diborylation (entries 2 and 3), whereas the
reaction using cyclohexyl or trityl isocyanide became sluggish
(entries 4 and 5). The combination of Pt(dba), and an iso-
cyanide ligand has proven to be vital for the diborylation, and
thus, other platinum complexes (Pt(PPhs)s or Pt(dba),: a
catalyst for diborylation of alkynes'* or alkenes'®) and a
palladium—isocyanide complex (a catalyst for disilylation®
and distannylation® of arynes) did not afford the desired
product at all (entries 6-8).'6

By using the optimized catalyst (Pt(dba),—1-AdNC),
4-substituted arynes (from 1b—1e) and 3-methylbenzyne (from
1f) could also participate in the diborylation to provide
the respective diborylarenes (2b-2f) in high yields (Table 2,
entries 1-5). The use of disubstituted arynes further elevated
the versatility of the reaction. Thus, 3,4-dimethoxy- and
4,5-dimethyl-1,2-diborylbenzene (2g and 2h) were readily
available from the corresponding arynes in 67% and 80%
yield (entries 6 and 7), and moreover, 3,6-dimethoxybenzyne
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Table 2 Platinum-catalysed diborylation of arynes®

KF
18-crown-6
Pt(dba), (5 mol %)

3 .
N2 TMS 1-AdNC (25 mol %) .- Blin)
R— | + (piNB—B(IN) — > R |
5 DME, 80 °C N

1 OTf B(pin)

1 2
Entry R Time/h Yield (%)° 2
1 4-MeO (1b) 43 78 2b
2 4-Me (1c) 49 73 2
3 4-F (1d) 16 73 2d
4 4-Ph (1e) 14 67 2e
5 6-Me (1f) 30 84 2f
6 3,4-(MeO), (1g) 47 67 2g
7 4,5-Me, (1h) 21 80 2h
8 3,6-(MeO), (1i) 45 50 2i
9 3,6-Me; (1)) 41 44 2j

“ The reaction was carried out in DME at 80 °C using 1 (0.060 mmol),
(pin)B-B(pin) (0.084 mmol), KF (0.12 mmol), 18-crown-6 (0.12 mmol),
Pt(dba), (3.0 mol) and 1-AdNC (0.015 mmol). ® Isolated yield based
on 1. “ KF = 0.24 mmol, 18-crown-6 = 0.24 mmol.

(from 1i) and 3,6-dimethylbenzyne (from 1j) underwent the
diborylation as well, despite steric congestion around the triple
bond (entries 8 and 9).

We next examined Suzuki—Miyaura coupling of the resulting
diborylarenes with aryl halides in order to demonstrate their
synthetic utility, and found that variously substituted ortho-
terphenyls could be prepared in a straightforward manner.!”-!®
As depicted in Table 3, treatment of 2a with iodobenzene
(2.2 eq.) using Pd[P(#-Bu);], as catalyst and Cs,CO; furnished
the doubly coupled product 3a in 85% yield (entry 1). Aryl
iodides bearing Ac, NO,, CN, Me or OMe at the para position
were smoothly coupled with 2a regardless of their electronic
properties, giving symmetrical ortho-terphenyls 3b-3f in good
yields (entries 2-6), and 3-thienyl and 1-naphthyl moieties
could also be introduced via the coupling (entries 7 and 8).
Under similar reaction conditions, a 1 : 1 coupling reaction of
2a with 1,8-dihalonaphthalenes proceeded efficiently to provide
fluoranthene derivatives (3i and 3j) in one step (Scheme 2).'%*°

Furthermore, the coupling reaction using diborylarene 2a
was extended to the synthesis of unsymmetrical ortho-terphenyls
(Table 4). At first, 2a was transformed into the monoboryl-
biphenyl by reaction with iodobenzene (1.0 eq.) in the presence
of Pd(PPhj), catalyst and KOH. Subsequent coupling reaction
with electron-deficient (entries 1-3) or -rich (entries 4-6) aryl
halides took place successfully to afford 4a—4f, and in addition,
I-naphthyl, 9-phenanthryl and 9-anthryl halides of steric

B 0
Cs,CO3
H,0

3i: 56% (24 h)

Pé[P(t'BU)3]2 (5 mol %)

DME, 80 °C ] O

3j: 71% (28 h)

Scheme 2 Synthesis of fluoranthene derivatives via Suzuki-Miyaura
coupling.

Table 3 Synthesis of symmetrical ortho-terphenyls via Suzuki—

Miyaura coupling”
Cs,CO;5
H,0
PA[P(t-Bu)sl, (5 mol %)
2a + 2 x T —
DME, 80 °C
AS

Entry Ar'-X Time/h Yield (%)? 3

1 Ph-1 29 85 3a
2 4-AcCgH,-1 36 82 3b
3 4-0,NCgH 41 46 72 3c
4 4-NCCgH,-1 74 64 3d
5 4-MeCgHy-1 52 64 3e
6 4-MeOCgH,1 39 55 3f
7 3-Thienyl-Br 19 74 3g
8 1-Naphthyl-I 39 74 3h

“ The reaction was carried out in DME at 80 °C using 2a
(0.039 mmol), an aryl halide (0.086 mmol), Cs,CO3 (0.090 mmol),
H,O0 (15 pL) and Pd[P(t-Bu)s], (2.0 pmol). ? Isolated yield based on 2a.

hindrance also underwent coupling with high efficiencies
(entries 7-9).2!

Successive addition of aryl halides allowed the entire coupling
process to be performed in one batch, where unsymmetrical
ortho-terphenyl 4j was obtainable in 43% yield without
isolation of the intermediary monoborylbiaryl (Scheme 3).
Various monoborylbiaryls (5a—5c¢) could also be synthesized
by a 1: 1 coupling reaction of 2a with aryl iodides (Scheme 4).

In conclusion, we have demonstrated that the diborylation
of arynes smoothly proceeded by employing a platinum—
isocyanide catalyst, and that the Suzuki-Miyaura coupling
reaction of the resulting 1,2-diborylarenes gave a convenient
approach for the synthesis of ortho-terphenyls of structural

Table 4 Synthesis of unsymmetrical ortho-terphenyls via stepwise
Suzuki-Miyaura coupling”

Ph—|
KOH

H,0 B(pin)
Pd(PPhs), (5 mol %)
2a _—
DME, 40 °C, 23 h
56%
)
Cs,C03
H,O
Pd[P(t-Bu)z], (5 mol %)
_—_—
DME, 80 °C
4 O

Entry Ar-X Time/h Yield (%)° 4

1 4-AcCgHy-1 22 93 4a
2 4-O,NCgH4-1 16 86 4b
3 4-NCCgH4-1 18 72 4c
4 4-MeCHy-1 21 85 4d
5 4-MeOC¢H4-1 21 68 4e
6 3-Thienyl-Br 29 87 4f
7 1-Naphthyl-T 19 87 4g
8 9-Phenanthryl-I 24 81 4h
9 9-Anthryl-Br 4 64 4i

“ The reaction was carried out in DME at 80 °C using monoboryl-
biphenyl (0.039 mmol), an aryl halide (0.043 mmol), Cs,CO;
(0.045 mmol), H,O (7.5 pL) and Pd[P(¢-Bu)s], (2.0 pmol). ? Isolated
yield based on monoborylbiphenyl.
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‘ 4j: 43%

Scheme 3 One-batch Suzuki-Miyaura coupling of 2a.

2a
DME, 60°C,7 h 80°C,24h

C8,CO .
Hsé 3 B(pin)
N =\ R PAP(-Bulsb
a B — e ]
\ 7/ DME, 60 °C 2

B(pin)

O Bpin) O : B(pin)
MeO,C I ‘ l A

5a: 82% (17 h) 5b: 55% (16 h) 5¢:31% (16 h)

(9

Scheme 4 Synthesis of borylbiaryls via Suzuki-Miyaura coupling.

diversity, which attract considerable attention due to their
pharmacological activity.>> Further studies on the catalytic
cycle of the diborylation as well as on a catalytic insertion
reaction of arynes into other c-bonds are in progress.
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