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Syntheses of (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)arenes through the Pd-catalyzed borylation of
arylbromides with the successive use of 2,2’-bis(1,3,2-benzodioxaborole) and pinacol were investigated.
PdCl,(dppf) and AcOK in EtOH or DMSO successfully provided (4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)arenes. In particular, this method was more effective in the borylation of arylbromides bearing sulfonyl

groups than the conventional Pd-catalyzed borylation using pinacolborane or bis(pinacolato)diboron.
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Arylboronic acids and their diol-esters are important reagents
in organic synthesis! and the applications in transition metal-cat-
alyzed C-C, C-N, and C-0 bond formations render them as some
of the most useful synthetic reagents in both academic laboratories
and industry.? Particularly, (4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)arenes (pinB-Ar) are some of the most available reagents
because of their stability against air and moisture.! Numerous
number of reports have been published regarding the syntheses
of pinB-Ar through transition-metal catalyzed borylation of are-
nes> or arylhalides* with pinacolborane (pinBH) or bis(pinacola-
to)diboron (pinyB,). Although these borylations are widely
applicable to a variety of substrates, they are unsatisfactory for
pinB-Ar syntheses from substrates bearing several specific substit-
uents. Sulfonyl groups are instances of such substituents. On the
other hand, some sulfonated pinB-Ar are important intermediates
in the synthesis of medicines. For example, pentafluorophenyl 4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzenesulfonate (a)
is an intermediate in the synthesis of protein kinase inhibitors®
and IKK2 inhibitors,® and 4-(4,4,5,5-tetramethyl-1,3,2-dioxaboro-
lan-2-yl)benzenesulfonamide (b) is an intermediate in the synthe-
sis of phosphodiesterase inhibitors.” The reported synthetic
methods of compounds a and b employed conventional Pd-
catalyzed borylations using pinBH or pin,B,. Compound a was
synthesized from pentafluorophenyl 4-bromobenzenesulfonate
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and pin,B,°> or pinBH® in the presence of PdCl,(dppf) (3.0 mol %),
dppf (3.0 mol %), and AcONa in 1,4-dioxane at 105 °C for 16 h. This
conventional borylation afforded rather low yields, 37% and 14%,
respectively. Compound b was obtained from 4-bromobenzene-
sulfonamide and pin,B, in a moderate yield (68%) by the use of
PdCl,(dppf) (2.7 mol %) and AcOK in DMSO at 80 °C.” Nevertheless,
a somewhat long reaction time, 16 h, was required.

In the search for an efficient process for the borylation of
these sulfonated arylbromides, we found that the successive
use of 2,2’-bis(1,3,2-benzodioxaborole) (cat,B;) and pinacol with
PdCl,(dppf) catalyst successfully provided moderate yields. Thus,
after heating a mixture of cat,B,, PdCl,(dppf), pentafluorophenyl
4-bromobenzenesulfonate, and AcOK in EtOH at 80°C for 2 h,
followed by the addition of pinacol and stirring at room temper-
ature for 30 min, a was obtained in 90% 'H NMR yield. The prod-
uct was isolated as a white solid in 78% yield (Scheme 1).2° In
addition, the borylation of 4-bromobenzenesulfonamide under
the same conditions provided b in 85% 'H NMR yield and 60%
isolated yield. The yield of a was obviously superior to the liter-
ature data.>® While the yield of b was slightly lower than the
reported yield,” the reaction time was considerably shorter than
that for the reported borylation using pin,B,. Although cat;B, is
an expensive reagent, we can present the advantage of the
present borylation in the syntheses of sulfonated pinB-Ar. Inter-
estingly, both reactions afforded low yields in DMSO solvent,
which is generally used in conventional borylation: 0% and 45%
'H NMR yields, respectively.
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Scheme 1. Pd-catalyzed borylation of pentafluorophenyl 4-bromobenzenesulfonate and 4-bromobenzenesulfonamide with the successive use of cat,B, and pinacol.

Then, we examined the application of this borylation to the
other substrates. At first, the reaction conditions were surveyed
using methyl 4-bromobenzoate as the substrate. Representative
results for the synthesis of methyl 4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)benzoate (c) are listed in Table 1.%°

PdCl,(dppf) quantitatively provided ¢ (entry 1). The combined
use of PdCl,(MeCN), or Pd(OAc), and PPh; afforded moderate
yields (entries 2 and 3). The use of AcONa also produced an excel-
lent yield (entry 4). Alcohols other than EtOH were suitable as a
solvent for this reaction except ‘BuOH (entries 5-9). As in the case
of the reactions in Scheme 1, the yield was drastically reduced by
the use of DMSO (entry 10). This low yield was improved to excel-
lent yields by increasing the amount of AcOK to 7.2 mmol (entry
11). Borylation using 7.2 mmol of AcOK also gave an excellent yield
even with ‘BuOH as a solvent (entry 12). Various Pd catalysts or
substituted cat,B, provided excellent yields with 7.2 mmol of
AcOK in DMSO (entries 13-17). In contrast to the borylation in en-
try 4, the yield was declined with 7.2 mmol of AcONa instead of
AcOK (entry 18).

Table 1

Next, the scope and limitations of the substrates were investi-
gated. Based on the results in Table 1, we performed the borylation
under two conditions: 3.0 mmol of AcOK in EtOH (conditions A)
and 7.2 mmol of AcOK in DMSO (conditions B). We chose the high-
er yield from the results obtained under these two conditions for
each substrate and summarized them in Table 2.3° A variety of
functional groups did not retard the reaction except in the case
of entries 3, 5, 8, 12, and 14. In the first three of these substrates,
the functional groups which exist at the ortho-position to bromine
presumably result in a sterically unfavorable environment.

To date, two similar pinB-Ar syntheses by the use of catecholbo-
rane derivatives were reported.'® One is the Pd-catalyzed syn-
thesis of 2-(1-naphthyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
through the reaction of 1-iodonaphthalene and catecholborane
(catBH) followed by the addition on pinacol.'® Another is 2-aryl-
4,4,55-tetramethyl-1,3,2-dioxaborolanes syntheses from arylbro-
mides and 2-chloro- or 2-bromo-1,3,2-benzodioxaborole (catB-CI
or catB-Br) in the presence of CoBr; and Zn followed by the addi-
tion of pinacol.'®® In both cases, a catB-Ar is considered to be an

Pd-catalyzed borylation of 4-bromobenzoate with the successive use of cat,B; and pinacol under various conditions®

Pd catalyst (3.0 mol%)
base

@: C.B B’DD 1.1 i
.1 equiv

MeOOC—@—Br

solvent, 80 °C, 2 h

pinacol (2.2 equiv O.
22 equh) MeOOC—@—B ]é
rt, 30 min ‘O
c

Entry Pd catalyst Base Solvent Yield® (%)
1 PdCl,(dppf) AcOK (3.0 mmol) EtOH 99 (96)
2 PdCl,(MeCN), + (PPhs) AcOK (3.0 mmol) EtOH 83

3 Pd(AcO), + PPhs AcOK (3.0 mmol) EtOH 71

4 PdCl,(dppf) AcONa (3.0 mmol) EtOH 98

5 PdCl,(dppf) AcOK (3.0 mmol) PrOH 99

6 PdCl,(dppf) AcOK (3.0 mmol) PrOH 99

7 PdCl,(dppf) AcOK (3.0 mmol) ‘BuOH 46

8 PdCl,(dppf) AcOK (3.0 mmol) n-Hexanol 99

9 PdCl,(dppf) AcOK (3.0 mmol) Cyclohexanol 86

10 PdCl,(dppf) AcOK (3.0 mmol) DMSO 56

11 PdCl,(dppf) AcOK (7.2 mmol) DMSO 99 (96)
12 PdCl,(dppf) AcOK (7.2 mmol) ‘BuOH 94

13 PdCl,(PPhs), AcOK (7.2 mmol) DMSO 99

14 Pd(PPhs)4 AcOK (7.2 mmol) DMSO 97

15 PdCl, + 2PPh; AcOK (7.2 mmol) DMSO 99

16 PdCly(MeCN); + (PPhs) AcOK (7.2 mmol) DMSO 96

17¢ PdCl,(dppf) AcOK (7.2 mmol) DMSO 90

18 PdCl,(dppf) AcONa (7.2 mmol) DMSO 52

2 Methyl 4-bromobenzoate 1.0 mmol, solvent 6.0 mL.
> TH NMR yield. Isolated yields are shown in parentheses.
¢ 5,5'-Di-tert-butyl-2,2’-bis(1,3,2-benzodioxaborole) was used instead of cat;B,.
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Table 2

Scope and limitations of substrates in Pd-catalyzed borylation with the successive use of cat,B, and pinacol®

Entry Ar Conditions Isolated yield (%) Entry Ar Conditions Isolated yield (%)
1 Hooc~_— A 60 (d) 11 NC~/_)— A 84 (n)
Me
2 @— B 72 (e) 12 Ho@» A 44 (o)
Me
Me
3 Q B 48 (f) 13 Meo~/H— A 95 (p)
Me
4 Bu—~{_H— B 88 (g) 14 PhO~_)— B 49 (q)
CF3
5 @ B 44 (h) 15 Fgco@ B 78 (r)

8 B 56 (k)
F

9 . C A 63 (1)
F

10 F@» A 99 (m)
F

O,

.
16 0@ B 97 (s)
17 Mes~/_H— B 99 (t)

18 F@S@» A 85 (u)
Q
19 >>_< % A 77 (v)
Me
Q
20 H :y B 72 (w)
H,N
o}
21 Me—« A 65 (x)
HN

@ All the products are known compounds and were isolated as a white solid see Ref. 9.

intermediate, though it was not isolated. It seems likely that a
catB-Ar is highly sensitive to moisture and chromatogram and fa-
vors transesterification with pinacol. We also could not isolate a
catB-Ar from the reaction mixture in the present borylation. Nev-
ertheless, a catB-Ar that can be formed through the Pd-catalyzed
borylation of arylbromides with cat,B; is probably an intermediate
(Scheme 2).

As described above, the present borylation is advantageous in
the synthesis of sulfonated pinB-Ar. On the other hand, recent
interests in borylation are focused in the large-scale synthesis of
pinB-Ar using convenient reagents. For example, Molandar and
co-workers reported the borylation of arylchlorides with By(OH)4
in the presence of Pd/X-Phos catalyst.!’ ArB(OH), thus generated
in the reaction mixture was readily esterificated with pinacol to
pinB-Ar in a one-pot reaction. Schmidt-Leithoff and co-worker re-
ported Pd-catalyzed borylation of arylhalides or triflates with
pinyB, that was generated in situ through the esterification of
(Me,N),B-B(NMe,), with pinacol.'? Since both B,(OH), and
(Me,;N),B-B(NMe,), are stable and easy to handle, these processes
should be suitable for the large-scale synthesis of pinB-Ar. Cat;B; is
also a stable reagent which is solid at room temperature. From that
point of view, our method seems advantageous for large-scale syn-
thesis of pinB-Ar.

In conclusion, we presented a new route for the synthesis of
pinB-Ar from arylbromides in the presence of a Pd catalyst. This

o O
Q= 10
o o

Ar-Br ——————>

O pinacol (@)
a2 P
O O

Scheme 2. Speculated reaction scheme of Pd-catalyzed borylation with the
successive use of cat,B, and pinacol.

method characteristically exhibited a high yield with sulfonated
arylbromides which previously afforded rather low yields via con-
ventional borylation using pinBH or pin,B,. Mechanistic consider-
ations and the application to a one-pot Suzuki-Miyaura coupling
are now under investigation.
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General procedure: The synthetic procedure for pentafluorophenyl 4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolane-2-yl)benzenesulfonate (a) is presented as an
example (Scheme 1). 2,2’-Bis(1,3,2-benzodioxaborole) (cat2B2, 262 mg,
1.10 mmol), PdCI2(dppf) (25 mg, 0.030 mmol), AcOK (294 mg, 3.0 mmol),
pentafluorophenyl 4-bromobenzenesulfonate (403 mg, 1.0 mmol), and EtOH
(6.0 mL) were charged in a reaction vessel under an Ar atmosphere. The
resulting mixture was stirred for 2h at 80°C. After cooling to room
temperature, pinacol (260 mg, 2.20 mmol) was added to the mixture. The
mixture was further stirred for 30 min at room temperature. H,0 and n-hexane
were added to the mixture and the product was extracted into the organic
layer. After drying the organic layer with anhydrous MgSO,, solids were
removed by filtration. The filtrate was concentrated. The product was obtained
as a white solid by Kugelrohr distillation.

Characterization of products: All the products were given CAS numbers. We
characterized each compound by 'H NMR. The chemical shifts (5, ppm to
SiMe,) in CDCl3 were listed below. Pentafluorophenyl 4-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)benzenesulfonate (a, 928656-94-4): 1.32 (12H, s), 7.95
(2H, d, J=8.6Hz), 8.02 (2H, d, J=8.6Hz). 4-(4,4,55-Tetramethyl-1,3,2-
dioxaborolan-2-yl)benzenesulfonamide (b, 214360-51-7): 1.36 (12H, s), 4.75
(2H, s), 7.91 (2H, d, J=8.4Hz), 7.95 (2H, d, J=8.4 Hz). Methyl 4-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (c, 171364-80-0): 1.36 (12H, s),
3.92 (3H, s), 7.87 (2H, d, J=8.4Hz), 8.02 (2H, d, J=8.4Hz). 4-(44,55-
Tetramethyl-1,3,2-dioxaborolan-2-yl)benzoic acid (d, 180516-87-4): 1.36
(12H, s), 790 (2H, d, J=83Hz), 8.08 (2H, d, J=83Hz). 2-(3,5-
Dimethylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (e, 325142-93-6):
1.34 (12H, s), 2.32 (6H, s), 7.10 (1H, s), 7.44 (2H, s). 2-(2,6-Dimethylphenyl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (f, 325141-72-8): 1.38 (12H, s), 2.39
(6H, s), 6.94 (1H, s, J=7.3 Hz), 7.12 (1H, s, ] = 7.3 Hz). 2-(4-tert-Butylphenyl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (g, 214360-66-4): 1.32 (9H, s), 1.33
(12H, s), 7.40 (2H, d, ] = 8.3 Hz), 7.75 (2H, d, ] = 8.3 Hz). 2-(4,4,5,5-Tetramethyl-
1,3,2-dioxaborolan-2-yl)benzotrifluoride (h, 1073339-21-5): 1.37 (12H, s),
7.49-751 (2H, m), 7.65-7.67 (1H, m), 7.71-7.73 (1H, m). 2-[3,5-
Bis(trifluoromethyl)phenyl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (i,
69807-91-6): 1.37 (12H, s), 7.94 (1H, s), 8.23 (2H, s). 2-(4-Chlorophenyl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (j, 195062-61-4): 1.34 (12H, s), 7.34

10.

11.

12.

169

(2H, d, J=8.4Hz), 7.73 (2H, d, J=8.4Hz). 2-(2-Chlorophenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (k, 870195-94-1): 1.37 (12H, s), 7.20-7.24
(1H, m), 7.33-7.34 (2H, m), 7.68 (1H, d, J = 7.4 Hz). 2-(3,4-Difluorophenyl)-
4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1, 754226-39-6): 1.33 (12H, s), 7.14
(1H, d, J=10.7Hz), 7.50-7.54 (1H, m), 7.56-7.60 (1H, m). 2-(3.4,5-
Trifluorophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (m, 827614-70-0):
1.33 (12H, s), 7.36-7.40 (2H, m). 4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-
2-yl)benzonitrile (n, 171364-82-2): 1.35 (12H, s), 7.64 (2H, d, ] = 8.4 Hz), 7.88
(2H, d, J=8.4Hz). 4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (o,
269409-70-3): 1.33 (12H, s), 4.79 (1H, s), 6.82 (2H, d, J=8.6 Hz), 7.71 (2H, d,
J=8.6 Hz). 2-(4-Methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (p,
171364-79-7): 1.33 (12H, s), 3.83 (3H, s), 6.89 (2H, d, J=8.7 Hz), 7.75 (2H, d,
J=8.7Hz). Phenyl[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)|phenyl
ether (q, 269410-26-6): 1.34 (12H, s), 6.98 (2H, d, J=8.6 Hz), 7.01-7.03 (2H,
m), 7.13 (1H, tt, J = 1.0, 7.4 Hz), 7.32-7.37 (2H, m), 7.78 (2H, d, ] = 8.6 Hz). 2-[4-
(Trifluoromethoxy)phenyl]-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (r,
474409-28-9): 1.34 (12H, s), 7.20 (2H, d, J=8.8 Hz), 7.84 (2H, d, J = 8.8 Hz).
5-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-1,3-benzodioxole (s, 94838-
82-1): 1.32 (12H, s), 5.95 (2H, s), 6.83 (1H, d, J=7.9Hz), 7.24 (1H, s), 7.36
(1H, dd, J=1.1, 79 Hz). 2-(4-Methylthiophenyl)-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane (t, 190788-58-0): 1.33 (12H, s), 2.49 (3H, s), 7.22 (2H, d,
J=8.3Hz), 7.70 (2H, d, ] = 8.3 Hz). 2-[4-(Trifluoromethylthio)phenyl]-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (u, 1005206-25-6): 1.35 (12H, s), 7.64 (2H, d,
J=83Hz), 7.84 (2H, d, J=83Hz). 1-[4-(4,4,55-Tetramethyl-1,3,2-
dioxaborolane-2-yl)phenyl]ethanone (v, 171364-81-1): 1.36 (12H, s), 2.62
(3H, s), 7.89 (2H, d, J = 8.4 Hz), 7.93 (2H, d, ] = 8.4 Hz). 4-(4,4,5,5-Tetramethyl-
1,3,2-dioxaborolan-2-yl)benzamide (w, 179117-44-3): 1.35 (12H, s), 7.80 (2H,
d, J=73Hz), 7.88 (2H, d, J=7.3Hz). 4-(44,55-Tetramethyl-1,3,2-
dioxaborolan-2-yl)acetanilide (x, 214360-60-8): 1.34 (12H, s), 2.18 (3H, s),
7.51 (2H, d, J=8.3 Hz), 7.76 (2H, d, J = 8.3 Hz).
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