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Efficient Synthesis of Substituted Terphenyls by Suzuki Coupling Reaction®
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Abstract: The Suzuki cross-coupling reactions of phenyl-1,4-
diboronic acid bis-pinacol ester with arange of aryl halides are re-
ported. The reaction proceeded smoothly, even with sterically hin-
dered aryl halides, to give symmetrical terphenyls often
quantitatively.
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The Suzuki cross-coupling reaction which is based on the
Pd-catalysed reaction between arylboronic acids and aryl
halides, triflates or diazonium salts is the most useful ap-
proach for the synthesis of biaryls.? This method is highly
valuable for the synthesis of unsymmetrical biarylsasit is
compatible with alarge variety of functional groups. The
synthesis of many hindered biaryls bearing bulky ortho-
substituents has been reported.?*"* However in some ca-
ses, the protonolysis of the C—B bond predominated, |ead-
ing to moderate yields.?**¢* To avoid this undesirable
side reaction, various strategies have been developed.
Thus, the replacement of the triphenylphosphine of the
palladium catalyst by expensive and bulky monodendate
ligands has been recommended.® We took interest in an
other aternative which allows anhydrous conditions in
which no protonolysis occurs,?%346 namely the use of aryl-
boronic estersinstead of arylboronic acids. Thus, wewish
to report, herein, our results on the synthesis of symmetri-
cal and even hindered terphenyls from aryl-1,4-diboronic
acid esters, expanding our previous studies on the synthe-
sis of biaryls with three ortho-substituents.” Actually, ter-
phenyls play an important role in a number of high
performance engineering materials, < including liquid
crystals® and non linear optical materials,® as well as
spacers in some catenanes and porphyrins.®

We first examined the cross-coupling reaction between
phenyl-1,4-diboronic acid bis-pinacol ester (1) and 1-flu-
oro-3-iodobenzene (2b) in the presence of thallium(l) car-
bonate, sodium phenoxide and silver carbonate which
proved to be efficient for arylboronic ester coupling
(Table 1).” Using TI,CO,, the reaction between the dibor-
onic ester 1 and theiodide 2b proceeded rather slowly re-
quiring 64 hours under reflux for its completion (Scheme
and Table 1, entry 2). Using sodium phenoxide, the reac-
tion proceeded even more slowly and required 110 hours
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to reach an 82% vyield (Table 1, entry 4). This result is
consistent with our previous studies.” With Ag,CO,, only
6 hours were required to achieve a quantitative yield
(Table 1, entry 5). Inthelatter case, the amount of catalyst
could be lowered to 12 mmol equivalent without decreas-
ing the reaction yield, however with alonger reaction time
(16 h) (Table 1, entry 8).

Wethen studied the synthesis of arange of substituted ter-
phenyls 3a— (Scheme and Table 2). The yields obtained
were excellent in most cases, being well above those re-
ported in the literature.’® The reaction of electronrich aryl
iodides with phenyl-1,4-diboronic acid is known to give
low yields.'® Furthermore, the relative reactivity of aryl
halides decreases in the order I>0Tf>Br>>Cl.2 All these
explain the moderate and more especialy the low yield
obtained for the coupling of 1 with iodoanisole 2d and
with bromoanisole 2k respectively (Table 2, entries 4 and
11).

Tablel Effect of the Nature of the Base on the Cross-Coupling Re-
action Between 1 and 2b?

Entry Base Catalyst Time (h) Yield (%)
(mol equiv)
1 TI,CO, 0.09 16 40
2 TI,CO, 0.09 64 98
3 PhONa 0.09 16 21°
4 PhONa 0.09 110 82
5 Ag,CO, 0.04 6 93
6 Ag,CO, 0.026 6 81
7 Ag,CO;, 0.028 16 97
8 Ag,CO, 0.012 16 9%
9 Ag,CO, 0.004 16 47

a1 Equiv of 1, 1.8 equiv of 2b, 2 equiv of base, and anhyd THF, at
reflux (aslight excess of 1 was used to complete the reaction).

b Yield of monocoupled product 4b = 18%.

¢Yield of monocoupled product 4b = 9%.

Attemptsto couple 1 with 1-tert-butyl-2-iodobenzene (2i)
failed to yield the corresponding terphenyl. Even after an
extended reaction time (115 h instead of 16 h), only 24%
of the monocoupled product 4i was obtained (Table 2, en-
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1 2ai X=1 3ai 4b, 4d, 4i

2j-k X=Br
a R=Ph g R = 1-naphthyl
b R=3-FCgH,4 h R = mesityl
¢ R =4-NO,CgH, i R=2-t-BuCgHy
d R =4-MeOCgH,4 j R=4-MeO,CCgH,
e R = 3-pyridyl k R =4-MeOCgHy
f R=2-MeCgH4

Scheme

try 9). Thisisprobably dueto the extreme steric hindrance
of the ortho tert-butyl group.

In summary, the double Suzuki cross-coupling reaction of
the aryl diboronic ester with aryl halides proceeded readi-
ly, with very highyields, using Ag,CO; as base. This pro-
vides a very convenient and simple procedure for the
preparation of substituted and even hindered, symmetrical
terphenyls.

THF and Et,O were freshly distilled from sodium/benzophenone,
and MeOH from Mg. All melting points were taken on a capillary
melting point apparatus (Mettler FP51). IR spectra were recorded
on aNicolet 205 FTIR spectrometer. *H NMR (250 MHz) and 3C
NMR (62,9 MHz) spectra were measured in CDCI; (unless other-
wise noted) on a Bruker ACF 250 spectrometer. EI mass spectra
were obtained at the laboratoire de spectrométrie de Masse Bio-Or-
ganique of the ECPM in Strasbourg, and the microanalyses were
done by the Service de Microanalysesdel’ICSN in Gif-sur-Y vette.

lodobenzene (2a), 1-fluoro-3-iodobenzene (2b), 4-iodo-1-nitroben-
zene (2c), 4-iodoanisole (2d), 4-bromoanisole (2k), 2-iodotoluene
(2f) and iodonaphtal ene (2g) were commercially available and used
without further purification. Reported procedures were used to pre-
pare 1-tert-butyl-2-iodobenzene (2i),'! iodomesitylene (2h),'?
Ag,CO;® and sodium phenoxide.* Pd(PPhy), was prepared ac-
cording to the literature™ and used fresh or within 3 months at the
longest when stored under N, at —30 °C. 3-lodopyridine (2€) was
prepared according to the literature'® and isolated as the hydrochlo-
ride. Methyl 4-bromobenzoate (2j) was obtained by esterification of
the corresponding acid with anhyd HCl in MeOH and further re-
crystallisation from cyclohexane.

Phenyl-1,4-diboronic Acid

The published procedures'” were slightly modified. A solution of p-
dibromobenzene (6.00 g, 25.4 mmol) in anhyd THF (50 mL) was
added dropwise to Mg (1.20 g, 50 mmol) in THF (5 ml) under re-
flux. After refluxing overnight, the mixture was placed in an ace-
tone-dry ice bath and trimethyl borate (4.41 g, 4.73 mL, 42.4 mmol)
was added dropwise at —70 °C. The mixture was stirred at —70 °C

Table2 Synthesisof Substituted Terphenyls by Cross-Coupling
Reaction Between 1 and 2a—k?

Entry (Hetero)Aryl  Product Yield (%)°
Halide

1 2a 3a quant®
2 2b 3b quant®
3 2c 3c 86
4 2d 3d 55
5 2e 3e quant®
6 2f 3f quant®
7 29 39 quant®
8 2h 3h quant®
gd 2i 4 24

10 2] 3 85

11 2k 3d 7°

a1 equiv of 1, 1.8 equiv of (hetero)aryl halide, 0.025 equiv of
Pd(PPhy),, 2 equiv of Ag,CO;, and anhyd THF, 16 h at reflux.

b Yields are determined, after chromatography, based on (hetero)aryl
halide.

¢Yield: 98-100%.

4 Reaction time-extended to 115 h.

€Yield of mono-coupled product = 27%.

for 2 h and allowed to warm gradually tor.t. After hydrolysis by ad-
dition of ag 2M HCI until pH 3, the solution was extracted with
Et,O (3x 100 mL). The combined organic phases were dried
(MgSO,) and concentrated in vacuo. The desired product was re-
crystallised from H,O and isolated as colourless crystals (1.5 g,
35%).

Phenyl-1,4-diboronic Acid Bis-pinacol Ester (1)

This procedure was adapted from a brief description in the litera-
ture.2®® A suspension of phenyl-1,4-diboronic acid (1.00 g, 6.03
mmol), pinacol (1.71 g, 14 mmol) and MgSO, (2.00 g, 16 mmol) in
anhyd MeOH (10 mL) was stirred overnight at 30 °C. The solvent
was evaporated under reduced pressure and the residue was extract-
ed with EtOAc (30 mL). The organic phase was washed with H,0O
(10 mL), dried (MgSO,) and then concentrated in vacuo. The crude
product was purified by silica gel chromatography (petroleum
ether—CH,Cl,, 70:30 to CH,CI, pure) and isolated as a colourless
solid (1.93 g, 97%); mp 237-238 °C (Lit.*® mp 226 °C).

Coupling Reaction; General Procedure

In aflask equipped with a Dean—Stark apparatus, a stirred suspen-
sion of 1 (100 mg, 0.3 mmoal), aryl halide (0.51 mmol), Ag,CO;
(167 mg, 0.6 mmol) and Pd(PPhs), (9 mg, 0.025 mmol) in anhyd
THF (20 mL) was refluxed in the dark for 16 h under N,. The sus-
pension was then filtered through Celite. The solvent was evaporat-
ed under reduced pressure. The residue was dissolved in CH,Cl, (30
mL) and successively washed with ag 2 M HCI (10 mL) and H,O
(10 mL). The aqueous layers were extracted with CH,Cl, (3 x 20
ml). The combined organic layers were successively washed with
aq NaHCO;, (40 mL) and brine (40 mL), dried (MgSO,) and concen-

Synthesis 2002, No. 6, 757—-760 1SSN 0039-7881 © Thieme Stuttgart - New York

Downloaded by: University of Western Ontario. Copyrighted material.



PAPER

Synthesis of Substituted Terphenyls 759

trated in vacuo. The coupling product was purified by silicagel col-
umn chromatography and further recrystallisation.

p-Terphenyl (3a)
Chromatography: petroleum ether—Et,O (95:5); mp 212-214°C
(Lit.1d mp 212-213 °C).

The IR, *H and 3C NMR spectral data were identical to those re-
ported in the literature.™

1,4-Bis(3-fluor ophenyl)benzene (3b)
Chromatography: petroleum ether—Et,O (95:5); mp 141.3 °C (pe-
troleum ether).

IR (KBr): 682, 780, 833, 873, 1192, 1397, 1477 cm™,

IH NMR: § = 7.00-7.12 (m, 2 H), 7.33 (dm, 2 H, J = 9 Hz), 7.38—
7.45 (M, 4 H), 7.66 (s, 4 H).

13C NMR: § = 113.88 (2 CH, J = 22 Hz), 114.26 (2 CH, J = 21 H2),
122.63 (2 CH, J= 2.7 Hz), 127.54 (4 CH), 130.31 (2 CH, J=8.4
Hz), 139.34 (2 C), 142.79 (2 C), 163.23 (2 CF, J = 245.68 H2).

Anal. Calcd for CigHy,F, (266.3): C, 81.18; H, 4.54; F, 14.27.
Found: C, 81.3; H, 4.55; F 13.3.

1,4-Bis(4-Nitrophenyl)benzene (3c)
Chromatography: petroleum ether—CH,Cl, (60:40); mp 272.3°C
(chlorobenzene) (Lit.*° mp 273 °C).

IR (KBr): 746, 820, 856, 1342, 1507, 1594, 2342, 2361 cm ™.

'H NMR: §=7.77 (s, 4H), 7.80 (d, 4 H, J=89Hz), 834 (d, 4 H,
J=89Hz).®

13C NMR (C,D,Cl,): 8 = 124.21 (4 CH), 127.81 (4 CH), 128.12 (4
CH), 138.99 (2 C), 146.49 (2 C), 147.05 (2 C).

Anal. Calcd for CygH;,N,0,-0.5C;H:Cl (376.6): C, 66.98; H, 3.88;
N, 7.44. Found: C, 67.0; H, 3.85; N, 7.55.

1,4-Bis(4-M ethoxyphenyl)benzene (3d)
Chromatography: petroleum ether—CH,Cl, (60:40 to 0:100); mp
271.7 °C (chlorobenzene) (Lit.2° mp 273-274 °C).

IR (KBr): 811, 820, 828, 1026, 1042, 1188, 1252, 1261, 1291, 1493,
1607 cm ™.

IHNMR: § = 3.86 (s, 6 H), 6.99 (d, 4H, J = 8.75 Hz), 7.57 (d, 4 H,
J=8.75Hz), 7.61 (s, 4 H).

13C NMR (C,D,Cl,): 8 =55.5 (2 CHj), 114.31 (4 CH), 127.00 (4
CH), 128.02 (4 CH), 132.96 (2 C), 138.81 (2 C), 158.99 (2 C).

HRMS: m/z Calcd for CyoHy0,: 290.13068, found: 290.130953

1,4-Bis(2-M ethylphenyl)benzene (3f)
Chromatography: cyclohexane-EtOAc (95:5); mp 145 °C (EtOAc)
(Lit.22! mp 145.5-146 °C)

IR (KBr): 456, 589, 720, 760, 844, 1005, 1028.5, 1373, 1395.5,
1468.5, 1476, 2952, 3019 cm™.

'H NMR: 3 =2.34 (s, 6 H), 7.2-7.33 (m, 8 H), 7.37 (s, 4 H)

13C NMR: § = 20.61 (2 CH;), 125.84 (2 CH), 127.28 (2 CH), 128.92
(2 CH), 129.91 (4 CH), 130.41 (2 CH), 135.45 (2 C), 140.39 (2 C),
141.69 (2 C).

Anal. Caled for CyH,g (258.4): C, 92.98; H, 7.02. Found: C, 93.1;
H, 7.1,

1,4-Bis(1-Naphthyl)benzene (3g)
Chromatography: cyclohexane-CH,Cl.—Et,O (90:5:5); mp 207—
208 °C (cyclohexane) (Lit.1® mp 201-202 °C)

The IR, *H and 3C NMR spectral data were identical to those re-
ported in the literature.*®

1,4-Bis(2,4,6-Trimethylphenyl)benzene (3h)
Chromatography: petroleum ether—EtOAc (95:5); mp 182 °C (cy-
clohexane) (Lit.** mp 181-183 °C).

The IR, *H and 3C NMR spectral data were identical to those re-
ported in the literature.™

2'-(tert-Butyl)biphenyl-4-boronic Acid Pinacol Ester (4i)
Chromatography: cyclohexane-EtOAc (95:5); 4i was obtained im-
pure; mp 133-134 °C.

IR (KBr): 663, 754, 858, 1084, 1098, 1144, 1255, 1295, 1315, 1334,
1354, 1391.5, 2361, 2962, 2976 cm2.

IH NMR: =118 (s, 9 H), 1.37 (s, 12 H), 6.97 (dd, 1 H,
J=16,75Hz), 7.16 (td, 1 H, J= 7.5, 1 Hz), 7.21-7.35 (m, 3 H),
752 (brd, 1H,J=7Hz), 7.78 (br d, 2 H, J = 7.9 H2).

2-(4-Pyridin-3-ylphenyl)pyridine (3€)

The general procedure was used starting from 1 (100 mg, 0.3
mmol), 3-iodopyridine hydrochloride (132 mg, 0.54 mmol),
Ag,CO; (250 mg, 0.9 mmol), and Pd(PPh,), (9 mg, 0.025 mmoal) in
anhyd THF (20 mL). After the reaction, the suspension wasfiltered
through Celite and the filtrate was concentrated in vacuo. The crude
product was purified by silica gel column chromatography [from
EtOAc—cyclohexane (70:30) to pure EtOAc and EtOAc—EtOH
(90:10)]; mp 107-110 °C (cyclohexane).

IR (KBr): 571, 622, 683.5, 709, 796, 845.5, 851.5, 1002, 1569,
3010, 3028 cm™.

IHNMR: 8 = 7.40 (dd, 1 H, J = 7.9, 4.8 Hz), 7.71 (s, 4 H), 7.93 (ct,
1H,J=15,20,7.9Hz),863(dd, 1H,J=4.8, 1.5Hz), 8.90 (d, 1
H, J=2.0Hz).

13C NMR: 8 =123.59 (2 CH), 127.72 (4 CH), 134.21 (2 CH),
135.77 (2 C), 137.47 (2 C), 148.1 (2 CH), 148.65 (2 CH).

HRMS: m/z Calcd for CygHp,N,: 232.100048, found: 232.100034

Dimethyl [1,1';4',1”] Ter phenyl-4,4”-dicar boxylate (3))

The general procedure was used starting from 1 (100 mg, 0.3
mmol), methyl 4-bromobenzoate (2; 118 mg, 0.54 mmal), Ag,CO,
(167 mg, 0.9 mmal), and Pd(PPhy), (9 mg, 0.025 mmol) in anhyd
THF (20 mL). After 16 h at reflux, the suspension was quickly cen-
trifuged and the still hot supernatant organic phase was recovered.
Thereaction flask was washed threetimeswith chlorobenzene at re-
flux which was quickly centrifuged as above. The combined organ-
ic phaseswere evaporated in vacuo. The crude crystals were washed
with EtOAc (10 mL) and recrystallised from chlorobenzene; mp
297-302 °C (chlorobenzene) (Lit.?2 mp 305-306 °C).

IR (KBr) = 766, 820, 1112, 1195, 1277, 1299, 1434, 1721 cmL.
IH NMR: 3 =3.95 (s, 6 H), 7.72 (d, 4 H, J= 8.4 Hz), 7.74 (s, 4 H),
8.13(d, 4 H, J = 8.4 Hz).

13C NMR (C,D,Cl,): § = 52.32 (2 CH.), 126.95 (4 CH), 127.77 (4
CH), 128.94 (2 C), 130.12 (4 CH), 139.46 (2 C), 144.61(2 C),
166.89 (2 C=0).

Anal. Cacd for C,,H,40, (346.4): C, 76.29; H, 5.24. Found: C,
76.1; H,5.2.
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