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Abstract: A one-pot synthetic procedure for 2,2'-disubstituted biaryls was developed
via a Suzuki cross-coupling reaction of aryl triflates in a biphasic solvent system. The
effects of various bases and solvents were investigated. Results showed that the
Na,CO;-toluene/H,O combination gave the highest yields.
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In our recent studies of serine protease inhibitors, we found an interesting
biaryl compound 1, which is prepared from the 2,2'.4,4'-tetrasubstituted
analogue 2 (Scheme 1).'" The functionalized 2,2-disubstituted biaryls consti-
tute an important class of compounds that includes numerous pharmacologi-
cally active products and various compounds with applications in
materials.'”! Although the Suzuki cross-coupling reaction is one of the most
efficient methods for the preparation of asymmetrical biaryls,m the
synthesis of 2,2'-disubstituted biaryls is limited. Most of the methods
require special ligands such as biphenyl-2-yl(dicyclohexyl)phosphine and
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dicyclohexyl(2',6'-dimethoxybiphenyl-2-yl)phosphine  for the coupling
reaction*’ or have limited functional groups."”’

Among several synthetic procedures for aryl boronic acids or esters,' the
most useful method is based on the cross-coupling reaction of an aryl halide or
aryl triflate with tetra(alkoxo)diboron in the presence of a palladium
catalyst.'”! This method allows the use of commercially available bis(pinaco-
lato)diboron, which is not only thermally stable but also insensitive to air and
moisture. Moreover, this method can be utilized for the one-pot preparation of
asymmetrical biaryls without the isolation of the aryl boronic esters."™ On this
basis, we planned to develop a method for the preparation of functionalized
2,2'-disubstituted biaryls by the use of bis(pinacolato)diboron.

We first tried to prepare the biaryl 2 based on a stepwise cross-coupling
reaction. We employed an aryl triflate as the coupling reagent, because
from the synthetic point of view, the use of aryl triflate had several advantages,
including the easy access from phenols. The synthesis of the starting materials
(6 and 9) is shown in Scheme 2. Dimethyl 4-hydroxyisophthalate 3 can be
converted to the monomethyl ester 4 in pyridine under reflux conditions.'!
The monoacid 4 is protected by the fert-butyl group and converted to the cor-
responding triflate 5 by treatment with trifluoromethanesulfonic anhydride. At
the borylation step, we employed a method reported by Ishiyama and
coworkers, except for the particular palladium catalyst,’®! and obtained the
aryl boronate 6 in 82% yield. (In our preliminary work, the yield of the aryl
boronate 6 was barely affected by use of palladium catalysts such as
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Scheme 2.
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PdCI,(PPhs), and PdCl,(dppf), and so we selected PdCl,(PPhs), with regard
to cost.) The triflate 9 was synthesized in two steps from 2-hydroxy-5-nitro-
benzoic acid 7.

Next, the coupling reaction of the aryl boronate 6 with the triflate 9 was
examined. In this step, the yield of biaryl 2 was affected by the base and
solvent. When K5;PO,4 was employed as the base, biaryl 2 was obtained in
only 45% yield, whereas the yield increased remarkably to more than 80%
with weak bases such as K,COjz; and Na,COs; in dioxane. Toluene was
found to be more suitable as a solvent than dioxane and N,N-dimethylforma-
mide (DMF). Thus, biaryl 2 was obtained in 87% yield in a reaction with
Na,COj; as base and toluene as solvent. This result suggests that mild
reaction conditions might be suitable for the cross-coupling reaction,
because of the base sensitivity of triflates.

Encouraged by this result, we subsequently investigated the one-pot
procedure from the triflate 5 to biaryl 2 (Scheme 3). To date, only two
methods of one-pot biaryl synthesis using bis(pinacolato)diboron have been
reported.’®! Ishiyama and coworkers reported an efficient in situ cross-coupling
reaction of aryl triflates in the presence of K;PO, for the second coupling
reaction.”™ Giroux and coworkers described a one-pot preparation of biaryls
using DMF/H,0 as a solvent.®™! As described in Table 1, obtaining biaryl 2
in high yield requires the use of a toluene—weak base system. However,
because these prior methods used K;PO, as a base or DMF as a solvent, we
could not utilize them for the one-pot synthesis of biaryl 2. We therefore
attempted to apply our toluene—weak base system to one-pot biaryl synthesis.
That is, after coupling between the triflate 5 and bis(pinacolato)diboron in
toluene, another triflate 9 was added in the presence of Na,CO; without
isolation of the aryl boronate 6. It is noteworthy that the desired biaryl 2 is not
obtained in the toluene alone, but that the addition of H,O in the second cross-
coupling reaction affords biaryl 2 in 74% yield without hydrolysis of the ester
groups. The reason why addition of H,O produces a good result is not clearly
understood. The yield substantially decreased without addition of another
palladium catalyst for the second cross-coupling reaction.

Various asymmetrical biaryls were synthesized by this one-pot procedure
in a biphasic solvent system (Table 1). Cross-coupling between variously sub-
stituted aryl triflates proceeded in good yield (runs 1-7), whereas with the

3 mol% PACL(PPh.),
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OTfCOZtBU Toluene, reflux, 12 h SHS Toluene-H0 Q
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Table 1. Cross-coupling reactions of various aryl triflates using the one-
pot procedure
3 mol% PAGL{PPh ),
8 mol% PPh; AcOK 5 mol% Pa(PPh;), @ R'
R' bis{pinacolato)diboron N&CO,, B
OTf Toluene, reflux, 12 h Toluene-H,Q, G R
A reflux, 24 h
Yield (%)
Run A
1 COo,Me Q 69
@ CO,Et
CO,tBu oTf
OTf 5
2 COMe @\ 79
CO,tBu ot
OTf 1
5
3 @ NO, 72
CN @
oTf CO,Bn
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oTf
5 88 (37)1% (0)*!
CN NG,
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Table 1. Continued

Run A B Yield (%)
U Qs 0l
COEt OHC CEt
OTf OTf
10 15

Notes. Yield of isolated products is based on the triflates used for the
second coupling reaction. Yields obtained using reported methods are
shown in parentheses. 8a) K;PO,-dioxane combination for the second
cross-coupling reaction. 8b) Na,CO3;~DMF/H,O combination for the
second cross-coupling reaction; 2.0 eq. of triflate 13 was employed.

prior methods (K3PO4—dioxane combination'®! and Na,CO;—DMF/H,0
combination® for the second cross-coupling reaction) the yield decreased
to 37% and 0%, respectively (run 5). As is often the case with cross-
coupling reaction of the electron-rich substituent,”! the triflate 14 reacted
more slowly to result in a reduced yield for the corresponding product
(run 8). Interestingly, the ortho-disubstituted triflate 15 reacted and ortho-
trisubstituted biaryl was obtained without difficultly (run 9).

In conclusion, we have modified the one-pot Suzuki cross-coupling
reaction by the use of a biphasic solvent system. This method allows the pre-
paration of asymmetrical biaryls from aryl triflates with various functional
groups, including CO,Et, CN, NO,, and CHO, and even from those with sub-
stituents in the ortho position.

GENERAL PROCEDURE

Melting points were determined on a Yanaco micromelting apparatus or Biichi
melting-point apparatus B-545 and are uncorrected. Proton magnetic
resonance ("H NMR) spectra were obtained in CDCl5 or dimethylsulfoxide-
ds (DMSO-dg) using a Jeol INM-EX400, JNM-GX500, or INM-A500 spec-
trometer. Chemical shifts were recorded in parts per million (8), downfield
relative to tetramethylsilane as the internal standard. Mass spectra (MS)
were recorded on a Jeol JIMS-DX300 or a Hitachi M-80 mass spectrometer.
Elemental analysis was carried out on Yanaco MT-3 or MT-5 CHN
analyzer and a Yokogawa IC7000S ion chromatoanalyzer. Chromatographic
separations were performed using a silica-gel column (Merck Kieselgel 60).

2-Hydroxy-5-(methoxycarbonyl)benzoic Acid (4)

Pyridine (500 mL) was added to 3 (36.0 g, 171 mmol), and the mixture was
refluxed for 17 h. The mixture was then concentrated in vacuo, and the
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residue was acidified with 1 M HC1/H,O (200 mL). The resulting precipitate
was filtered, washed with H,O, and dried in vacuo to give 4 (33.4 g, 100%) as
a brown solid: "H NMR (300 MHz, DMSO-de) &: 3.84 (3H, s), 7.07 (1H, d,
J=8.8Hz), 8.06 (1H, dd, J = 2.2 Hz, 8.8 Hz), 8.39 (1H, d, J = 2.2 Hz);
FAB-MS (m/z): 197 M +H)™".

3-tert-Butyl 1-Methyl 4-{[(Trifluoromethyl)sulfonyl]oxy}-
isophthalate (5)

Conc. H,SO4 (5.9 mL, 111 mmol) and 2-methylpropan-2-ol (53.0 mL, 554 mmol)
were added to a solution of 4 (10.0 g, 51.0 mmol) and MgSO, (53.4 g,
444 mmol) in CH,Cl, (500 mL), and the mixture was stirred at room tempera-
ture for 12 h. The mixture was then filtered and partitioned between CHCI; and
5% NaHCOj3 in H,0, and the organic layer was dried over MgSQO,, filtered, and
concentrated in vacuo to give a colorless 0il (9.91 g). Trifluoromethanesulfonic
anhydride (13.0 mL, 77.3 mmol) was added to a solution of the compound
obtained above (9.90g) and pyridine (16.0 mL, 197 mmol) in CH,Cl,
(100 mL), and the mixture was stirred at room temperature for 30 min. The
mixture was partitioned between CH,Cl, and H,O, and the organic layer was
dried over MgSO,, filtered, and concentrated in vacuo. The residue was
purified by silica-gel column chromatography (hexane/AcOEt=9:1) to
give 5 (13.3 g, 88%) as a colorless oil: '"H NMR (300 MHz, DMSO-dg) 8:
1.58 (9H, s), 3.91 (3H, s), 7.72 (1H, d, J = 8.6 Hz), 8.30 (1H, dd, J/ = 2.4 Hz,
8.6 Hz), 8.43 (1H, d, J = 2.4 Hz); FAB-MS (m/z): 385 (M + H)™.

3-tert-Butyl 1-Methyl 4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-
2-yDisophthalate (6)

AcOK (3.09 g, 31.5 mmol) was added to a stirred solution of 5§ (8.07 g,
21.0 mmol), bis(pinacolato)diboron (5.85 g, 23.1 mmol), PPh; (330 mg,
1.26 mmol), and PdCIl,(PPhs), (442 mg, 0.630 mmol) in 1,4-dioxane
(130 ml) at room temperature under an argon atmosphere. The mixture was
stirred at 80°C for 12 h and then concentrated in vacuo. The residue was
purified by silica-gel column chromatography (hexane/AcOEt=9:1) to
give 6 (6.26 g, 82%) as a colorless solid: "H NMR (300 MHz, DMSO-dg) &:
1.33 (12H, s), 1.57 (9H, s), 3.89 (3H, s), 7.61 (1H, d, J = 7.7 Hz), 8.12 (1H,
dd, J=15Hz, 7.7Hz), 8.28 (IH, d, J = 1.5Hz); FAB-MS (m/z): 363
M+ H)™

Benzyl 2-Hydroxy-5-nitrobenzoate (8)

To a solution of 7 (49.8 g, 271 mmol) and KHCO;5 (32.5 g, 325 mmol) in
DMF (270 mL) was added benzyl bromide (38.6 mL, 325 mmol), and the
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mixture was stirred at room temperature for 12 h. The mixture was parti-
tioned between AcOEt and 5% NaHCO; in H,O, and the organic layer
was dried over MgSQO,, filtered, and concentrated in vacuo to give 8
(68.6 g, 93%) as a yellow solid: 'H NMR (300 MHz, DMSO-dg) &: 5.40
(2H, s), 7.19 (1H, d, J=9.2Hz), 7.33-7.47 (3H, m), 7.47-7.55 (2H,
m), 8.33 (1H, dd, J=29Hz, 9.2Hz), 854 (1H, d, /=29 Hz), 11.61
(1H, br s); FAB-MS (m/z): 272 (M-H)".

Benzyl 5-Nitro-2-{[(trifluoromethyl)sulfonyl]oxy}benzoate (9)

Trifluoromethanesulfonic anhydride (13.8 mL, 82.0 mmol) was added to a
solution of 8 (14.9 g, 54.5 mmol) and pyridine (8.8 mL, 109 mmol) in
CH,Cl, (300 mL), and the mixture was stirred at room temperature for
30 min. The mixture was partitioned between CH,Cl, and H,0, and the
organic layer was dried over MgSO,, filtered, and concentrated in
vacuo. The residue was purified by silica-gel column chromatography
(hexane/AcOEt =9:1) to give 9 (11.2 g, 51%) as a colorless solid: 'H
NMR (300 MHz, DMSO-dg) 6: 5.44 (2H, s), 7.35-7.53 (5H, m), 7.92
(1H, d, J=9.2Hz), 8.63 (1H, dd, J=2.8Hz, 9.2Hz), 8.73 (1H, d,
J = 2.8 Hz).

Ethyl 2-{[(Trifluoromethyl)sulfonyl]oxy}benzoate (10)

Compound 10 was synthesized from ethyl salicylate according to the same
procedure as that for 9. Compound 10 was obtained as a colorless
oil (99% vyield: 'H NMR (300 MHz, DMSO-d¢) & 1.33 (3H, t,
J=17.1Hz), 436 (2H, q, J=7.1Hz), 7.57 (1H, d, J=8.2Hz), 7.62-
7.70 (1H, m), 7.80-7.88 (1H, m), 8.07 (1H, d, J= 7.9 Hz); FAB-MS
(m/z): 299 (M +H)™.

2-Methylphenyl Trifluoromethanesulfonate (11)

Compound 11 was synthesized from o-cresol according to the same procedure
as that for 9. Compound 11 was obtained as a colorless oil (73% yield): 'H
NMR (300 MHz, DMSO-d¢) é: 2.34 (3H, s), 7.34-7.44 (3H, m), 7.46-7.51
(1H, m); GC-MS (m/z): 240 (M)™.

2-Cyanophenyl Trifluoromethanesulfonate (12)

Compound 12 was synthesized from 2-hydroxybenzonitrile according to the
same procedure as that for 9. Compound 12 was obtained as a colorless oil
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(95% yield): "H NMR (300 MHz, DMSO-dg) 8: 7.69—7.77 (1H, m), 7.83 (1H,
d, J = 8.4 Hz), 7.92-8.00 (1H, m), 8.16 (1H, d, J = 7.7 Hz); ESI-MS (m/2):
252 M+ H)™.

2-Nitrophenyl Trifluoromethanesulfonate (13)

Compound 13 was synthesized from 2-nitrophenol according to the same
procedure as that for 9. Compound 13 was obtained as a colorless oil
(100% yield: 'H NMR (300 MHz, DMSO-d¢) &: 7.76-7.85 (2H, m),
7.95-8.03 (1H, m), 835 (IH, d, J=8.3Hz); FAB-MS (m/z): 272
M +H)* .

2-Methoxyphenyl Trifluoromethanesulfonate (14)

Compound 14 was synthesized from 2-methoxyphenol according to the
same procedure as that for 9. Compound 14 was obtained as a colorless
oil (96% yield): '"HNMR (300 MHz, DMSO-dg) &: 3.90 (3H, s), 7.04—
7.10 (1H, m), 7.33 (1H, d, J = 8.3 Hz), 7.40-7.48 (2H, m); EI-MS (m/
z): 256 (M)™.

2-Ethoxy-6-Formylphenyl Trifluoromethanesulfonate (15)

Compound 15 was synthesized from 3-ethoxy-2-hydroxybenzaldehyde
according to the same procedure as that for 9. Compound 15 was obtained
as a colorless solid (69% yield): '"HNMR (300 MHz, DMSO-dg) 6: 1.38
(3H, t, J=7.0Hz), 423 (2H, q, J =7.0Hz), 7.57-7.62 (1H, m), 7.65-
7.70 (2H, m), 10.07 (1H, s).

GENERAL PROCEDURE FOR THE ONE-POT SUZUKI
COUPLING REACTION OF ARYL TRIFLATES IN A BIPHASIC
SOLVENT SYSTEM

AcOK (1.5 mmol) was added to a stirred solution of the triflate A
(1.1 mmol), bis(pinacolato)diboron (1.2 mmol), PPh; (0.06 mmol), and
PdCl1,(PPh3), (0.03 mmol) in toluene (10 ml) at room temperature under
an argon atmosphere. The mixture was refluxed overnight, and then the
triflate B (1.0 mmol), Pd(PPhs); (0.05 mmol), and 2mol dm > aq.
Na,CO3; (4 ml) were added to the reaction mixture. The solution was
refluxed overnight. The mixture was extracted with AcOEt, and the
organic layer was dried over MgSQ,, filtered, and concentrated in vacuo.
The residue was purified by silica-gel column chromatography (hexane/
AcOEt) to give the target biaryl.
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2'-Benzyl 2-tert-Butyl 4-Methyl 4'-Nitrobiphenyl-2,2’,
4-tricarboxylate (2)

Colorless oil; "H NMR (300 MHz, DMSO-dg) 8: 1.15 (9H, s), 3.93 (3H, s),
505 (2H, s), 7.04-7.11 (2H, m), 7.20-7.30 (3H, m), 7.33 (I1H, d,
J=28.1Hz), 7.56 (1H, d, J = 8.4 Hz), 8.05 (1H, dd, J = 1.5 Hz, 8.1 Hz),
8.28 (1H, d, /= 1.5 Hz), 8.44 (1H, dd, J = 2.3 Hz, 8.4 Hz), 8.72 (1H, d,
J=23Hz); FAB-MS (m/z): 491 (M) ; HRMS (FAB) calcd. for
Ca7H,5NOg: 491.1580; found: 491.1588.

2-tert-Butyl 2'-Ethyl 4-Methyl Biphenyl-2,2’ 4-tricarboxylate (Run 1)

Colorless oil; "H NMR (300 MHz, DMSO-de) 6:0.90 (3H,t,J = 7.1 Hz), 1.11
(9H, s), 3.91 (3H, s), 3.95 (2H, q, J = 7.1 Hz), 7.25 (1H, d, J = 7.5 Hz), 7.36
(1H, d, J = 7.9 Hz), 7.52-7.60 (1H, m), 7.62-7.70 (1H, m), 7.97 (1H, d,
J=79Hz), 8.11 (1H, dd, J= 1.8 Hz, 7.9 Hz), 8.35 (1H, d, J = 1.8 Hz);
FAB-MS (m/z): 385 (M + H)"; anal. caled. for Cy,HOg: C, 68.74; H,
6.29; found: C, 68.60; H, 6.23.

2-tert-Butyl 4-Methyl 2’-Methylbiphenyl-2,4-dicarboxylate (Run 2)

Colorless oil; 'H NMR (300 MHz, DMSO-dg) &: 1.12 (9H, s), 2.02 (3H, s),
391 3H, s), 7.04 (1H, d, J= 7.3 Hz), 7.20-7.36 (3H, m), 7.41 (1H, d,
J=8.0Hz), 8.13 (1H, dd, J = 1.8 Hz, 8.0 Hz), 8.29 (1H, d, J = 1.8 Hz);
FAB-MS (m/z): 327 (M +H)"; anal. caled. for Cy0H»04: C, 73.60; H,
6.78; found: C, 73.30; H, 6.78.

Benzyl 2'-Cyano-4-nitrobiphenyl-2-carboxylate (Run 3)

Yellow oil; "H NMR (300 MHz, DMSO-d) &: 5.16 (2H, s), 7.16—7.25 (2H,
m), 7.30-7.37 (3H, m), 748 (1H, d, J=7.9 Hz), 7.54-7.62 (1H, m),
7.70-7.79 (2H, m), 7.87 (1H, d, J=17.7 Hz), 8.54 (1H, dd, J= 2.2 Hz,
8.4 Hz), 8.73 (1H, d, J = 2.2 Hz); ESI-MS (m/z): 359 (M +H)"; HRMS
(FAB) calcd. for C,;H4N50,: 358.0954; found: 358.0963.

Benzyl 2'-Methyl-4-nitrobiphenyl-2-carboxylate (Run 4)

Yellow oil; 'H NMR (300 MHz, DMSO-dg) &: 1.97 (3H, s), 5.07 (1H, d,
J=137Hz), 5.12 (1H, d, J = 13.7Hz), 7.03-7.13 (3H, m), 7.19-7.26
(2H, m), 7.27-7.35 (4H, m), 7.59 (1H, d, J=8.4Hz), 8.44 (1H, dd,
J=26Hz, 84Hz), 863 (IH, d, J=26Hz); FAB-MS (m/z): 348
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(M + H)™; anal. calcd. for C,;H;;NO,: C, 72.61; H, 4.93; N, 4.01; found: C,
72.50; H, 4.94; N, 4.01.

2'-Nitrobiphenyl-2-carbonitrile (Run 5)

Pale yellow crystals: mp 128—130°C (AcOEt—hexane) (lit.'"” mp 128-
131°C); 'H NMR (300 MHz, DMSO-dg) &: 7.55 (1H, d, J = 7.7 Hz), 7.59—
7.69 (2H, m), 7.76-7.84 (2H, m), 7.86-7.94 (1H, m), 7.79 (1H, d,
J=17.7Hz), 8.24 (1H, d, J = 8.1 Hz); ESI-MS (m/z): 225 (M + H)™; anal.
calcd for C;3HgN,O,: C, 69.64; H, 3.60; N, 12.49; found: C, 69.55; H,
3.73; N, 12.48.

Ethyl 2'-Nitrobiphenyl-2-carboxylate (Run 6)

Yellow oil; 'H NMR (300 MHz, DMSO-dg) &: 0.94 (3H, t, J = 7.1 Hz), 3.98
(2H,q,J = 7.1 Hz),7.33 (1H,d, J = 7.7 Hz), 7.37 (1H, d, J = 7.5 Hz), 7.53—
7.61 (1H, m), 7.62-7.73 (2H, m), 7.73-7.81 (1H, m), 7.98 (1H, d,
J=17.7Hz), 8.12 (1H, d, J = 8.1 Hz); FAB-MS (m/z): 272 M+ H)™;
anal. calcd. for C;gH;3NO,: C, 76.48; H, 5.21; N, 5.57; found: C, 76.37; H,
5.19; N, 5.55.

Ethyl 2’-Cyanobiphenyl-2-carboxylate (Run 7)

Colorless oil; '"HNMR (300 MHz, DMSO-dg) 6: 0.96 (3H, t,J = 7.4 Hz), 4.04
(2H,q,J =7.4Hz),742(1H,d,J = 7.7 Hz),7.43 (1H,d, J = 7.7 Hz), 7.54—
7.67 (2H, m), 7.69-7.79 (2H, m), 7.90 (1H, d, J = 7.7 Hz), 8.01 (1H, d,
J=7.7Hz); FAB-MS (m/z): 252 (M +H)*; anal. caled. for C;sH;3NO,:
C, 66.41; H, 4.83; N, 5.16; found: C, 66.37; H, 4.84; N, 5.15.

Ethyl 2’-Methoxybiphenyl-2-carboxylate (Run 8)

Colorless oil; "H NMR (300 MHz, CDCl5) 6: 1.02 (3H, t, J = 7.1 Hz), 3.71
(3H, s), 4.08 (2H, q, J = 7.1 Hz), 6.89 (1H, d, J = 8.1 Hz), 6.99-7.06 (1H,
m), 7.21-7.27 (2H, m), 7.29-7.44 (2H, m), 7.48-7.57 (1H,m), 7.87 (1H, d,
J=17.8Hz); FAB-MS (m/z): 257 M+ H)*; HRMS (FAB) calcd. for
Ci6H1605: 257.1178; found: 257.1176.

Ethyl 2’-Ethoxy-6'-formylbiphenyl-2-carboxylate (Run 9)

Colorless crystals; mp 75-76°C (hexane); "HNMR (300 MHz, DMSO-dy)
6. 0.89 (3H, d, J=7.1Hz), 1.08 (3H, d, J= 6.9 Hz), 3.88-4.06 (4H,
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m), 7.26 (1H, d, J=7.5Hz), 7.31-7.36 (1H, m), 7.47-7.59 (3H, m),
7.61-7.68 (1H, m), 7.94 (1H, d, J = 7.5 Hz), 9.62 (1H, s); FAB-MS (m/
z): 299 M +H)"; HRMS (FAB) caled. for C;gH;s04: 299.1283; found:
299.1294.

ACKNOWLEDGMENT

The authors acknowledge Yuji Koga for his many helpful discussions during
the preparation of this manuscript. We are also grateful to the staff of the
Division of Analytical Science Laboratories of Astellas Pharma Inc. for
elemental analysis and spectral measurements.

REFERENCES

1. Ishihara, T.; Miura, M.; Koike, T.; Seki, N.; Hirayama, F.; Shigenaga, T. Jpn.
Kokai Tokkyo Koho. JP Patent 4,315,395, November 11 2004.

2. (a) Shen, W.; Fakhoury, S.; Donner, G.; Henry, K.; Lee, J.; Zhang, H.; Cohen, J.;
Warner, R.; Saeed, B.; Cherian, S.; Tahir, S.; Kovar, P.; Ng, S.; Marsh, K.;
Sham, H.; Rosenberg, S. Potent inhibitors of protein farnesyltransferase: Heteroar-
enes as cysteine replacements. Bioorg. Med. Chem. Lett. 1999, 9, 703-708;
(b) Baker, S. R.; Goldsworthy, J. The synthesis of biphenyl amino acids and
related 2,3-dihydroimidazol1,2-a]dibenz[c,e]azepines. Synth. Commun. 1994, 24,
1947-1957; (c) Gies, A.; Pfeffer, M. A novel strategy for the synthesis of oxyge-
nated phenanthrenes involving a combination of Ulmann and McMurry reaction.
J. Org. Chem. 1999, 64, 3650-3654; (d) Oi, S.; Matsunaga, K.; Hattori, T.;
Miyano, S. Convenient synthesis of 1,1’-binaphthyl-2,2’-dicarboxylic acid.
Synthesis 1993, 895-898; (e) Colletti, S. L.; Halterman, R. L. Organometallics
1991, 70, 3438-3448; (f) Hattori, T.; Koike, N.; Miyano, S. Asymmetric
synthesis of axially chiral 1,1’-biphenyl-2-carbolylates via nucleophilic aromatic
substitution on 2-methoxybonzoates by aryl Grignard reagents. J. Chem. Soc.,
Perkin Trans. 1 1994, 2273-2282.

3. For reviews, see Miyaura, N.; Suzuki, A. Palladium-catalyzed cross-coupling
reactions of organoboron compound. Chem. Rev. 1995, 95, 2457-2483.

4. (a) Baudoin, O.; Guénard, D.; Guéritte, F. Palladium-catalyzed borylation of ortho-
substituted phenyl halides and application to the one-pot synthesis of 2,2’-disubsti-
tuted biphenyls. J. Org. Chem. 2000, 65, 9268-9271; (b) Barder, T. E.;
Walker, S. D.; Martinelli, J. R.; Buchwald, S. L. Catalysts for Suzuki—Miyaura
coupling processes: Scope and studies of the effect of ligand structure. J. Am.
Chem. Soc. 2005, 127, 4685—-4696.

5. Kiristensen, J.; Lysen, M.; Vedsg, P.; Begtrup, M. Synthesis of ortho substituted
arylboronic esters by in situ trapping of unstable lithio intermediates. Org. Lett.
2001, 3, 1435-1437.

6. (a) Alo, B. I.; Kandil, A.; Patil, P. A.; Sharp, M. J.; Siddiqui, M. A.; Snieckcus, V.
Sequential directed ortho metalation-boronic acid cross-coupling reactions: A
general regiospecific route to oxygenated dibenzo[b,d]pyran-6-ones related to
ellagic acid. J. Org. Chem. 1991, 56, 3763-3768; (b) Krizan, T. D
Martin, J. C. In situ trapping of ortho-lithiated benzenes containing electrophilic



3820 M. Miura et al.

10.

directing groups. J. Am. Chem. Soc. 1983, 105, 6155-6157; (c) Murata, M.;
Watanabe, S.; Masuda, Y. Novel palladium(0)-catalyzed coupling reaction of
dialkoxyborane with aryl halides: Convenient synthetic route to arylboronates.
J. Org. Chem. 1997, 62, 6458—-6459; (e) Murata, M.; Oyama, T.; Watanabe, S.;
Masuda, Y. Palladium-catalyzed borylation of aryl halides or triflates with
dialkoxyborane: A novel and facile synthetic route to arylboronates. J. Org.
Chem. 2000, 65, 164—168.

. Ishiyama, T.; Murata, M.; Miyaura, N. Palladium(0)-catalyzed cross-coupling

reaction of alkoxydiboron with haloarenes: A direct procedure for arylboronic
esters. J. Org. Chem. 1995, 60, 7508-7510.

. (a) Ishiyama, T.; Itoh, Y.; Kitano, T.; Miyaura, N. Synthesis of arylboronates via

the palladium(0)-catalyzed cross-coupling reaction of tetra(alkoxo)diborons with
aryl triflates. Tetrahedron Lett. 1997, 38, 3447-3450; (b) Giroux, A.; Han, Y.;
Prasit, P. One pot biaryl synthesis via in situ boronate formation. Tetrahedron
Lett. 1997, 38, 3841-3844.

. Coutts, I. G. C.; Edwards, M; Richards, D. J. Mild selective hydrolysis of the

methyl esters of some ortho-substituted aromatic carboxylic acid. Synthesis
1981, 487-489.

Muth, C. W.; Elkins, J. R.; DeMatte, M. L.; Chiang, S. T. Intramolecular trapping
of hudroxylamines from the catalytic hydrogenation of 2-nitrobiphenyls. J. Org.
Chem. 1967, 32, 1106-1110.



Copyright of Synthetic Communications is the property of Taylor & Francis Ltd and its content
may not be copied or emailed to multiple sites or posted to a listserv without the copyright
holder's express written permission. However, users may print, download, or email articles for
individual use.



