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A series of alkenyl phenylboronic acid pinacol esters has been synthesized via an olefin cross-metathesis
reaction of vinylphenylboronic acid pinacol ester derivatives. After catalytic hydrogenation, the resulting
boronates were coupled via a microwave-mediated Suzuki-Miyaura reaction to afford a library of biaryl-
ethyl aryl and biarylethyl cycloalkyl derivatives. A complementary reaction sequence involved an initial
Suzuki-Miyaura coupling.

Crown Copyright © 2012 Published by Elsevier Ltd. All rights reserved.

A number of diarylethane derivatives display biological activity.
For example, 1a is a potent Helicobacter pylori urease inhibitor! and
1b is an estrogen receptor (ERB) agonist (Fig. 1).2 Relatively few
examples of bioactive biarylethyl aryl compounds appear in the lit-
erature; 2a is an interleukin-4 antagonist® and 2b is an effective
bombesin receptor subtype-3 (BRS-3) agonist for the treatment
of obesity” (Fig. 1).

Retrosynthetic analysis reveals a cross-metathesis® reaction
(CM) (Scheme 1) and a hydrogenation sequence with a supplemen-
tary Suzuki-Miyaura (SM) reaction to furnish 10 via the useful
substituted ethylarylboronate synthon 8 (Scheme 1). We present
herein our studies on a series of reactions leading to a library of bia-
rylethyl arenes and precursors, with the crucial CM chemistry med-
iated by catalysts 6.

Schmalz et al. previously investigated the synthesis of biologi-
cally important trans-stilbenes via Ru-catalyzed cross-metathesis
reactions.® Indeed, olefin metathesis followed by hydrogenation
reactions are vital in the synthesis of alkyl-bridges or chains,” or ali-
phatic rings or macrocycles,® and in diversity-oriented synthesis.’

Vinylphenylboronic acid pinacol esters 4 were readily synthe-
sized in good yields from their boronic acid precursors 3 by reac-
tion with pinacol, in the presence of magnesium sulfate (MgSO,)

* Corresponding author.
E-mail address: j.spencer@sussex.ac.uk (J. Spencer).

as a desiccant. Initial CM reaction optimizations were attempted
on 4a (4-vinylphenylboronic acid pinacol ester) with styrene (5a)
using a catalytic amount of Grubbs’ catalysts, 6b or 6¢ (Table 1).

The ester 4a and styrene (5a) are considered to be type I olefins
which imply that they are able to undergo a rapid homodimeriza-
tion and whose homodimers can participate in competing CM reac-
tions. An excess of 5a (up to 5 equiv) was used in order to obtain
the cross-coupled product 7a in good yield and to minimize homo-
coupling.!® In our case, this still led to a large amount of E-stilbene
(styrene homodimerization product) which, in most cases, was dif-
ficult to separate from the expected product, 7a, by chromatogra-
phy, probably also impacting on the final isolated yield of the
latter. A number of pertinent observations can be made regarding
this reaction:

(i) The reaction time appears to affect the yields obtained.
When the reaction was stopped after 2.5 h a moderate yield
of 55% was obtained (Table 1, entry 1) and better yields were
obtained after 16 h or 24 h, that is, 58% and 60%, respectively
(Table 1, entries 3 and 4). However, the best yield was
obtained after 6 h reaction time (76%).

(ii) A decrease in the molar percentage of catalyst led to a
decrease in the yields (e.g., 76% yield with 5 mol % of 6b,
Table 1, entry 2; 65% yield with 3 mol % of 6b, entry 6; 52%
yield with 1 mol % of 6b, entry 9).

0040-4039/$ - see front matter Crown Copyright © 2012 Published by Elsevier Ltd. All rights reserved.
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Figure 1. Biologically active diarylethanes and biarylethyl arenes.
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Scheme 1. Synthesis of biarylethyl arenes or cycloalkanes via a CM/SM reaction sequence.

(iii) Product yields do not appear to be affected by the number of
equivalents of 5a used. Very similar yields were obtained
when changing the number of equivalents (65%, 58%, and
63% yields obtained with 5, 2, and 1.6 equiv of 5a, Table 1,
entries 6-8, respectively).

(iv) With catalyst 6¢ the expected product was formed in a mod-
erate yield, 51% (Table 1, entry 11).

(v) The reaction was also attempted under microwave irradia-
tion but gave lower yields (Table 1, entries 12 and 13).

Next, other 2-, 3-, and 4-substituted styrene derivatives 5 were
selected as reaction partners with 4a, using 6b as the catalyst
(3 mol %), in order to broaden the CM reaction scope (Table 2).
The products 7 were obtained in poor to moderate yields (Table 2)
although the 2-substituted styrene 50 did not react, probably due
to steric reasons. Crystals of the anisole-substituted product 7d
were grown and analyzed by X-ray crystallography (Fig. S1), which
confirmed the presence of the olefin and boronate moieties, in the
(E)-configuration.

A few non-aromatic vinyl derivatives were reacted with 4a. The
cyclohexane derivative 7k was obtained in a reasonable 58% yield
(Table 2, entry 10), while none of the expected product was
observed for the CM reaction with vinyl acetate 51 (Table 2, entry
11), possibly due to the high volatility of this compound.

For the reactions leading to 7b and 7g, the expected products
were obtained as mixtures with the homodimerization products
of 5b and 5g, respectively, and could not be separated by chroma-
tography. The yield could not be calculated by '"H NMR spectros-
copy due to overlapping signals (Table 2, entries 1 and 6). Hence,
these products were used as mixtures for the next steps.

The CM reaction was also attempted with heterocyclic deriva-
tives 5h-j, but only the starting materials were observed after
6h (Table 2, entries 7-9) in line with previous findings.!!!?
Although Schrock’s catalyst has been shown to be successful for
some of these substrates, we did not attempt to use it for these
reactions.

Related symmetrical (E)-stilbenes have previously been pre-
pared via the homocoupling of 1,3-dibenzylbenzotriazolium
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Table 1
CM reaction of 4a with 5a

@i@m .J*i

43°C
2

Entry 5a (equiv) 6 (mol %) Time (h) Yield® (%)

1 5 6b (5) 2.5 55

2 5 6b (5) 6 76°

3 5 6b (5) 16 58P

4 5 6b (5) 24 60°

5 5 6b (5) 16 42bc

6 5 6b (3) 6 65

7 2 6b (3) 6 58

8 1.6 6b (3) 6 63

9 5 6b (1) 24 52°

10 2 6b (1) 24 65°

11 5 6¢c (3) 6 51

12 5 6b (5) 0.5 46>

13 5 6b (5) 2 26°4

Only the (E)-isomer was observed by 'H NMR.

2 Isolated yields.

® Yield calculated by 'H NMR spectroscopy; mixture of expected product + traces
of starting material 4a.

¢ Reaction achieved at room temperature.

d Reaction under microwave irradiation in a sealed vial at 40 °C (Power max.,300
W, in a CEM Explorer).
Power max is a special cooling feature which enables microwave irradiation with
concomitant cooling.
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CM reactions of 4
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bromides'® and styrylboronates 7 are also accessible via Wittig
reactions.!*1>

The homodimerization products 7m and 7s, from 4a and 4b,
respectively, were deliberately synthesized, moreover in excellent
yields, (Table 2, entries 12 and 18). Crystals of 7m were grown and
analyzed by X-ray diffraction (Fig. S1) and this confirmed its (E)-
configuration. Compounds 7m and 7s promise to be useful syn-
thons for the synthesis of symmetrical stilbenes (vide infra) as does
the orthogonally-protected MIDA-analogue 7f,'® which is a poten-
tial precursor to unsymmetrical stilbenes (MIDA: methyliminodi-
acetic acid). "B NMR spectroscopic studies were able to
distinguish the distinct boron [sp? (pinacol) or sp> (MIDA)] envi-
ronments in the boron-containing metathesis products (Table 3
and Supplementary data).

Next, catalytic hydrogenations were performed on compounds
7 to afford the reduced products 8 in very good yields (Table S1,
Supplementary data). Crystals of 8b were grown and analyzed by
X-ray crystallography, which, along with its NMR spectra, con-
firmed that both the nitro group and vinylic bond had been re-
duced (Fig. S1).

The boronic esters 8 were then coupled with a range of aryl ha-
lides 9 in Suzuki—-Miyaura (SM) reactions in the presence of tetra-
kis(triphenylphosphine)palladium(0) using microwave conditions.
The corresponding biarylethyl arenes 10 were obtained in moder-
ate to very good yields (Table 4). Crystals of 10e were grown and
analyzed by X-ray crystallography (Fig. S1). The symmetrical prod-
uct 10f is a very interesting compound (Table 4, entry 6) since it
contains indole moieties, which are privileged scaffolds in medici-
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Table 2 (Continued)
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Entry 4 5 (equiv) Time (h) Product (7) Yield?® (%)
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Only the (E)-isomer was observed by '"H NMR.

"Yield undetermined because the product is in a mixture with the homodimerization product of 5 and could not be separated by chromatography.

Percentage yield in parentheses, calculated from the crude 'H NMR.

dYield calculated by 'H NMR, a mixture of the expected product and traces of the homodimerization product of 5d were obtained.

°By-product of entry 5.
¢ Isolated yields.

nal chemistry. Such analogues could be potential ligands for, for
example, dimeric GPCRs (G-protein coupled receptors).!”

A complementary route toward the synthesis of biarylethyl aryl
and biarylethyl cycloalkyl derivatives was undertaken via an initial
SM coupling, followed by a CM reaction. 4-Vinylphenylboronic acid
(3a) was coupled with aryl halides 9 using McCluskey’s conditions,

with Pd(DIPHOS), as the catalyst [DIPHOS = 1,2-bis(diphenylphos-
phino)ethane].’® In our hands, the SM coupling under these condi-
tions was effective for electron-rich and electron-poor aryl
bromides (Table 5, entries 2 and 6), but no expected product was
observed when using an ortho-substituted aryl bromide (Table 5,

entry 5), although we did not investigate this extensively.
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Table 3
1B chemical shifts of homo- and cross-metathesis boron-containing stilbenes?

Compound 1B chemical shift
4a 30.7°

5f 15.8¢

7f 28.7, 10.4°

7m 30.8°

7t 14.1°

¢ Shifts are quoted at the peak center, relative to BFs-Et,0, recorded on a Varian
VNMRS 600 spectrometer at 192 MHz.

b Recorded in CDCls.

¢ Recorded in DMSO-de.

Three ruthenium-based catalysts were tested in the CM reac-
tion of 11b: 6a was found to be inefficient (Table 6, entry 1), how-
ever, catalysts 6b and 6¢ were both suitable for this reaction since
the expected product 12a was obtained in moderate yields (e.g.,
54% yield with 6b, Table 6, entry 2 and 62% yield with 6¢, Table 6,
entry 4). The CM reaction was also attempted on 11c¢ with olefin
5d, catalyzed by 6b, which gave the expected product 12b in 75%
yield (Table 6, entry 5). E/Z ratios were generally high.

1215

More examples of related biarylethyl aryl analogues were ob-
tained through reduction of the nitro group in 10b, affording ami-
nopyridine 13a, which was subsequently functionalized by
reaction with isovaleryl chloride to give 15a (Scheme 2). Both the
olefin and nitro group in compound 12b were reduced by catalytic
hydrogenation to afford the aryl product 13b in 75% yield
(Scheme 2).

In conclusion, we have demonstrated that 3- and 4-vinyl-
phenylboronic acid pinacol esters are able to undergo CM reactions
allowing the synthesis of ethylenic phenylboronic acid pinacol es-
ter derivatives. The latter can be reduced, coupled via an SM reac-
tion and functionalized leading to a library of highly substituted
biarylethyl aryl and biarylethyl cycloalkyl compounds. A comple-
mentary and equally useful approach, employing an initial SM cou-
pling, was also achieved. This highlights the synthetic potential of
arylboronic esters, in furnishing libraries of compounds with drug-
like properties or synthetically challenging architectures.'®?° Com-
pounds 7m/8f, and regiosiomers, for example, 7s, as well as the
orthogonally protected boronic ester 7f, may have applications as
linkers or staplers in, for example, supramolecular chemistry or
as synthons in organic synthesis and medicinal chemistry, and this
is actively being pursued.?!?? Moreover, although somewhat lim-
ited commercially, vinylaryl boronic acids should be readily syn-

Table 4
SM reactions of compounds 8
Pd(PPh,),
0 Na,CO,
B\ + Br—Ar /—QAr
R® 0 toluene R®
EtOH
8 9 H,O
uw, 150 °C, 10 min
Entry 8 9 Product (10) Yield® (%)
° s WaW,
/ Br NO NO
O % :( 2 2 10a 99
! O ° 3
8a
Br NO. O NO
2 8a 07 2 2 10b 89
9b
° - WaW,
/ B
§ )= f o we 7
[¢]
; P~ o /
8c
(0] (0]
)4 W,
4 8¢ H /o ’ 10d 54
9d
\ N b
o) Fo 10e 41
5 Fe 9b
8d
O S S
0 O 4 Br NH = O O NH  10f 77
g 28 ° OO
0 9e
8f

Conditions: 9

(1.1 equiv), Pd(PPh3), (3 mol %), Na,CO5 (3 equiv), toluene/ethanol/water 1:1:1, microwave irradiation (Power max., 300 W, CEM Explorer), 150 °C, 10 min.

Power max is a special cooling feature which enables microwave irradiation with concomitant cooling.

@ Isolated yields.
b Yield over 3 steps.
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Table 5
SM couplings of 3a Pd(DIPHOS),
OH K,CO;4
B, *  Br—Ar Ar
74 oH THF/H,0 7/
uw
3a 9 100 °C, 30 min, 100 W 11

Entry 9 Product (11) Yield (%)?

) aYatat
1 r 63

\ ot / | 11a

2 Br—@NOZ 9a NOz 11b 98

Br NO /—Q—QNO
3 \N // 2 9b Y N / 2 11c 67

NO, NO,
4 63
H H

(0] [¢]
5 9h 11e -

Br

aYav

: - O .

Conditions: ArBr (1 equiv), Pd(DIPHOS), (1 mol %), K»CO5 (2.4 equiv), THF/H,0 1:1 [5 mL for 1 mmol of ArB(OH),], CEM Explorer microwave irradiation (100 W), 100 °C,

30 min.
2 Isolated yields.

Table 6
CM reactions on compounds 11b, ¢ 6
Rl (3 mol%) A
Ar + r
7 C 7 CH,Cl, Riwd/ C
45 °C
1 5 N, 12

Entry 11 5 (equiv) 6  Time (h) Product (12) E/Z ratio® Yield® (%)

OO O e

<O~ / / :
1 6a 6 — —

11b 5a(3)
12a

2 11b 5a (3) 6b 6 12a 100:0 54
3 11b 5a(1.5) 6¢ 6 12a 95:5 37
4 11b 5a(3) 6¢ 6 12a 95:5 62

O O o

O, Q A\ NO

74 N= 74 \) o) Q 4 N / 2

5 6b 16 / 100:0 75

11c 5d (5)
12b

2 Calculated by 'H NMR spectroscopy.
b Isolated yields.

14a
H2
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Q N EtOH Q N CH,Cl,
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10b 13a
72%
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EtOH
rt, 16 h
13b
75%

Scheme 2. Hydrogenation of compounds 10b and 12b (PS-NMM = polymer supported N-methylmorpholine base).
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thesized from their vinylaryl halide precursors in a single step
The solid state structures presented in the Supplementary data
(Fig. S1) have been deposited at the Cambridge Crystallographic
Centre.

Acknowledgments

Novartis is thanked for funding this work (PhD award to C.B.B.).
The EPSRC Mass Spectrometry Unit (Swansea) is thanked for HRMS
measurements. The EPSRC is also thanked for funding the National
Crystallography Service.?* Johnson Matthey PLC is thanked for a
loan of Pd salts. We are also indebted for the many useful referee
comments.

Supplementary data

Supplementary data associated with this article can be found,
in the online version, at http://dx.doi.org/10.1016/].tetlet.2012.
12.081.

References and notes

1. Xiao, Z.-P.; Maa, T.-W.; Fu, W.-C.; Peng, X.-C.; Zhang, A.-H.; Zhu, H.-L. Eur. ]J.
Med. Chem. 2010, 45, 5064-5070.

2. Weiser, M. ].; Wu, T. ].; Handa, R. J. Endocrinol. 2009, 150, 817-1825.

3. Barr, K. J.; Cunningham, B. C.; Flanagan, W. M.; Lu, W.; Raimundo, B. C.; Waal, N.
D.; Wilkinson, ].; Zhu, J.; Yang, W. U.S. Patent 6,376,524 B1, 2002; Chem. Abstr.
2001, 136, 53574.

4. Liu,].; He, S.; Jian, T.; Dobbelaar, P. H.; Sebhat, I. K.; Lin, L. S.; Goodman, A.; Guo,
C.; Guzzo, P. R; Hadden, M.; Henderson, A. J.; Pattamana, K.; Ruenz, M.;
Sargent, B. J.; Swenson, B.; Yet, L.; Tamvakopoulos, C.; Peng, Q.; Pan, J.; Kan, Y.;
Palyha, O.; Kelly, T. M.; Guan, X.-M.; Howard, A. D.; Marsh, D. ].; Metzger, J. M.;
Reitman, M. L.; Wyvratt, M. ].; Nargund, R. P. Bioorg. Med. Chem. Lett. 2010, 20,
2074-2077.

5. (a) Murdzek, J. S.; Schrock, R. R. Organometallics 1987, 6, 1373-1374; (b)
Schrock, R. R.; Murdzek, J. S.; Bazan, G. C.; Robbins, J.; DiMare, M.; O'Regan, M. J.
Am. Chem. Soc. 1990, 112, 3875-3886; (c) Schwab, P.; France, M. B.; Ziller, ]. W.;
Grubbs, R. H. Angew. Chem., Int. Ed. Engl. 1995, 34, 2039-2041; (d) Schwab, P.;
Grubbs, R. H.; Ziller, J. W. J. Am. Chem. Soc. 1996, 118, 100-110; (e) Scholl, M.;
Ding, S.; Lee, C. W.; Grubbs, R. H. Org. Lett. 1999, 1, 953-956; (f) Sanford, M. S.;
Love, J. A.; Grubbs, R. H. J. Am. Chem. Soc. 2001, 123, 6543-6554; (g) Garber, S.
B.; Kingsbury, J. S.; Gray, B. L.; Hoveyda, A. H. J. Am. Chem. Soc. 2000, 122, 8168-
8179; (h) Connon, S. J.; Blechert, S. Angew. Chem., Int. Ed. 2003, 42, 1900-1923;
(i) Liu, X.; Sternberg, E.; Dolphin, D. J. Org. Chem. 2008, 73, 6542-6550; (j)
Hoveyda, A. H.; Lombardi, P. J.; O'Brien, R. V.; Zhugralin, A. R. J. Am. Chem. Soc.
2009, 131, 8378-8379; (k) Meek, S. J.; O'Brien, R. V.; Llaveria, J.; Schrock, R. R.;
Hoveyda, A. H. Nature 2011, 471, 461-466.

. Velder, J.; Ritter, S.; Lex, J.; Schmalz, H. G. Synthesis 2006, 273-278.

7. (a) Cossy, ].; Bargiggia, F. C.; BouzBouz, S. Tetrahedron Lett. 2002, 43, 6715-
6717; (b) Boulard, L.; BouzBouz, S.; Cossy, J.; Franck, X.; Figadére, B. Tetrahedron
Lett. 2004, 45, 6603-6605; (c) Cho, Y. S.; Wan, Q.; Danishefsky, S. J. Bioorg. Med.
Chem. 2005, 13, 5259-5266; (d) Elaridi, J.; Patel, J.; Jackson, W. R.; Robinson, A.

[<2]

10.
11.

12.

13.
. (a) Schlosser, M.; Schaub, B. J. Am. Chem. Soc. 1982, 104, 5821-5823; (b)

15.

16.
17.
18.

19.

20.

21.

22.

23.

24.

1217

J.J. Org. Chem. 2006, 71, 7538-7545; e) Bourcet, E.; Virolleaud, M.-A.; Fache, F.;
Piva, O. Tetrahedron Lett. 2008, 49, 6816-6818; (f) Dash, J.; Melillo, B.;
Arseniyadis, S.; Cossy, J. Tetrahedron Lett. 2011, 52, 2246-2249.

. (a) Reddipalli, G.; Venkataiah, M.; Fadnavis, N. W. Tetrahedron: Asymmetry

2011, 22, 1778-1783; (b) Kotha, S.; Chavan, A. S.; Shaikh, M. J. Org. Chem. 2012,
77, 482-489.

. (a)Kotha, S.; Mandal, K. Chem. Asian J. 2009, 4, 354-362; (b) Kotha, S.; Seema, V.

Synlett 2011, 2329-2334.

Chatterjee, A. K.; Choi, T.-L.; Sanders, D. P.; Grubbs, R. H. J. Am. Chem. Soc. 2003,
125, 11360-11370.

Kawai, T.; Shida, Y.; Yoshida, H.; Abe, J.; Iyoda, T. J. Mol. Catal. A: Chem. 2002,
190, 33-43.

(a)Zhu, S.S.; Cefalo, D. R.; La, D. S.; Jamieson, J. Y.; Davis, W. M.; Hoveyda, A. H.;
Schrock, R. R. J. Am. Chem. Soc. 1999, 121, 8251-8259; (b) Kawai, T.; Komaki,
M.; Iyoda, T. J. Mol. Catal. A: Chem. 2002, 190, 45-53.

Xiao, X.; Lin, D.; Tong, S.; Luo, H.; He, Y.; Moa, H. Synlett 2011, 1731-1734.

McEwen, W. E.; Beaver, B. D. Phosphorous Sulfur Relat. Elem. 1985, 24, 259; (c)
Maryanoff, B. E.; Reitz, A. B. Chem. Rev. 1989, 89, 863-927. and references cited
therein; (d) Yamataka, H.; Nagareda, K.; Ando, K.; Hanafusa, T. J. Org. Chem.
1992, 57, 2865-2869; (e) Bellucci, G.; Chiappe, C.; Lo Moro, G. Tetrahedron Lett.
1996, 37, 4225-4228.

(a) Das, B. C.; Mahalingham, S. M.; Evans, T. Tetrahedron Lett. 2009, 50, 3031-
3034; (b) Das, B. C.; Zhao, X.; Tang, X.-Y.; Yang, F. Bioorg. Med. Chem. Lett. 2011,
21, 5638-5641; The Wittig reaction using an arylboronic acid pinacol ester
aldehyde component with phosphorus derivatives was also published a few
years ago: (c) Nicolas, M.; Fabre, B.; Marchand, G.; Simonet, J. Eur. J. Org. Chem.
2000, 1703-1710; (d) Oehlke, A.; Auer, A. A.; Jahre, 1.; Walfort, B.; Riiffer, T.;
Zoufalg, P.; Lang, H.; Spange, S. J. Org. Chem. 2007, 72, 4328-4339.

Woerly, E. M.; Struble, J. R.; Palyam, N.; O’Hara, S. P.; Burke, M. D. Tetrahedron
2011, 67, 4333-4343.

(a) Shonberg, J.; Scammells, P. S.; Capuano, B. ChemMedChem 2011, 6, 963-974;
(b) Kithhorn, J.; Hiibner, H.; Gmeiner, P. J. Med. Chem. 2011, 54, 4896-4903.
Zayas, H. A.; Bowyer, M. C.; Gordon, C. P.; Holdsworth, C. I.; McCluskey, A.
Tetrahedron Lett. 2009, 50, 5894-5895.

(a) Spencer, J.; Burd, A. P.; Goodwin, C. A.; Mérette, S. A. M.; Scully, M. F,;
Adatia, T.; Deadman, ]. J. Tetrahedron 2002, 58, 1551-1556; (b) Schulz, M. J.;
Coats, S. J.; Hlasta, D. ]. Org. Lett. 2004, 6, 3265-3268; (c) Spencer, ]J.; Patel, H.;
Rathnam, R. P.; Nazira, A. Tetrahedron 2008, 64, 10195-10200; (d) Huang, J.;
Macdonald, S. J. F.; Cooper, A. W. |.; Fisher, G.; Harrity, ]. P. A. Tetrahedron Lett.
2009, 50, 5539-5541; (e) White, J. R.; Price, G. ].; Schiffers, S.; Raithby, P. R;;
Plucinski, P. K.; Frost, C. G. Tetrahedron Lett. 2010, 51, 3913-3917; (f) Spencer,
J.; Baltus, C. B.; Patel, H.; Press, N. ].; Callear, S. K.; Male, L.; Coles, S. J. ACS Comb.
Sci. 2011, 13, 24-31; (g) Spencer, J.; Baltus, C. B.; Press, N. J.; Harrington, R. W.;
Clegg, W. Tetrahedron Lett. 2011, 52, 3963-3968; (h) Salomone, A.; Petrera, M.;
Coppi, D. L; Perna, F. M.; Florio, S.; Capriati, V. Synlett 2011, 1761-1765.

(a) Cheng, G.; Vautravers, N. R.; Morris, R. E.; Cole-Hamilton, D. J. Org. Biomol.
Chem. 2008, 6, 4662-4667; (b) Funk, T. W.; Efskind, ].; Grubbs, R. H. Org. Lett.
2005, 7, 187-190.

During the preparation of this manuscript, papers reporting similar
compounds were published: (a) Blangetti, M.; Fleming, P.; O'Shea, D. F. J. Org.
Chem. 2012, 77, 2870-2877; (b) Klumpp, D. A. Synlett 2012, 1590.

For an alternative route to ethyl-bridged biaryl compounds see: Molander, G.
A.; Sandrock, D. L. Org. Lett. 2009, 11, 2369-2372.

(a) Murata, M.; Sambommatsu, T.; Watanabe, S.; Masuda, Y. Synlett 2006,
1867-1870; (b) Billingsley, K. L.; Buchwald, S. L. J. Org. Chem. 2008, 73, 5589—
5591.

Coles, S. J.; Gale, P. A. Chem. Sci. 2012, 3, 683-689.


http://dx.doi.org/10.1016/j.tetlet.2012.12.081
http://dx.doi.org/10.1016/j.tetlet.2012.12.081

	Olefin cross-metathesis/Suzuki–Miyaura reactions on vinylphenylboronic acid  pinacol esters
	Acknowledgments
	Supplementary data
	References and notes


