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[ndeny] derivatives have been extensively employed in
organometallic chemistry as ligands.' Group 4 metallocene
catalysts containing such ligands have shown activities in
olefin polymerization® as well as in various organic reactions
of small molecules.” Recently, unbridged bis(2-arylindenyl)-
zirconium dichlorides were reported to produce elastomeric
polypropylene with a stereoblock microstructure when
activated by MAQ (methylaluminoxane).! Waymouth and
coworkers investigated several zirconocene catalysts con-
taining a different aryl substituent in the 2-position of the
indenyl ligand for their polymerization behavior, and
reported that the bis(2-arylindenyl) framework was impor-
tant for the production of elastomeric polyproplylene.”

Although the importance of 2-arylindenes as ligands for
olefin polymerization catalysts is increasing, only a couple
of synthetic methods to 2-arylindenes have been reported.™™
These reported procedures, however, have a serious limita-
tion, as strongly basic reagents are required, The reaction of
an organolithium reagent or arylmagnesium bromide with 2-
indanone is troublesome due to the susceptibility of 2-
indanone to enolization.® This method is particularly
ineffective for most organolithium nucleophiles as well as
sterically demanding nucleophiles, The reaction utilizing
1.2-di(magnesiomethyl)benzene dichloride’™ and the corre-
sponding methyl ester of the substituent moiety was
reported,™ I[n this method, the starting methyl esters. if not
commercially available, needed to be prepared separately
and use of the di-Grignard reagent limited the functional
group compatibility of this procedure. Therefore, a more
convenient and general way to make a variety of 2-aryl-
indenes is necessary.

We now report a synthetic route to a family of 2-aryl-
indenes via Suzuki coupling reaction® of 2-indenylboronate
with various aryl bromides. 1o develop an efficient protocol,
we initially focused on the preparation of an indenyl boron
derivative as the coupling component. Since various aryl
halides are commercially available, this approach seems
more attractive than the coupling between bromoindene” and
arylboronic acids. We found that Masuda’s borylation
procedure'” could be employed to prepare the indenylboron
derivative. The original reaction conditions’™ was modified
by changing the catalyst from PdCla(dppf)/AsPh; to PdCly/
PPhz and applied to bromoindene. 'The desired indenylboro-
nate 1 was obtained in 80-88% yield in either THF or
dioxane at 80 °C (Scheme 1).'" In this reaction, using an
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Scheme 1. Synthesis of 2-indeny Iboronate.
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excess of toxic AsPhs ligand with regard to the precatalyst
was not necessary, and carrying out the coupling with a
mixture of PACl; and PPh; was enough to give the desired
product in high vield,

Next, reaction conditions for the Suzuki coupling reaction
of indenylboronate | and bromobenzene were optimized'
by using PA(QAc): as the precatalyst and KiPQy as the
base'* (Table 1). THF or dioxane was more effective than
toluene as a solvent, and PPh; was a better ligand than the
other bidentate ligands that were screened. The coupling
product, 2-phenylindene was isolated in 92% yield under the
optimized conditions,

Other aryl halides were tested in the coupling reaction and
the results are shown in Table 2," Sterically hindered aryl
halides with ortho substituents were effectively coupled to
atford the comesponding 2-aryl substituted indenes in good
vields (lable 2. entries 2-4). Ortho substituents such as
methyl, phenyl, and methoxy groups were accommaodated. [t

Table 1. Optimization of Suzuki coupling of 2-indeny lboronate and
bromobenzene

— 5% Pd(OAG), Ligand
1+ ¢ SeBr Ph
N/ 3 equiv K;PQ,, 80 °C

Cntry Ligand Solvent Yield (%)
1 PPhs THF 92
2 PPhs dioxane 83
3 PPhs THF 63
4 PPhs tolucne 48
3 DPPB THF 71
6 DPPB tolucne 30
7 BINAPY toluene 35

“Isolated yicld. »93% pure by 'H NMR. "K:P0,-H,;0 was uscd instead of
K3PO;. “DPPB=1 4-bis{diphenylphosphino)butane. “BINAP=2.2'-bis(di-
p-tolylphosphino)-1.1'-binaphthyl.
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Table 2. Suzuki coupling of ary! bromides”

5% PA{OAC);. 10% PPhy

1+ Ar—Br
3 equiv Ky;PO4. THF, 80 °C
Cotry  Aryl bromide Product Time (h)  Yield (%)
Me Me,
2 Me—QBr O’ O Me 30 84
Me Me
OCH, H3CQO
3 ’ O 25 78
Br
Ph Ph
4 @i 24 89
Br ’ O
. 4 O
(e D
6 | A ’ - 24 60
P N/
N~ Br N

“Reaction conditions: 1.0 equiv ary] bromide, 1.1 equiv 2-indenylbhoronate,
3.0 equiv K04, 3% Pd(OAC), 10% PPhe, THF (0.3 mmol aryl bromides
1 ml: reaction times have not been minimized. “Isolated Yiclds.

is notable that 9-bromoanthracene was reacted to form the
corresponding product in good yield (Table 2, entry 5, 87%).
The reaction conditions were also effective for the coupling
of 2-bromopyridine (Table 2, entry 6).

[n summary, this method provides a versatile way to
prepare a variety of 2-arylindenes in good to high vield. The
mild reaction conditions which do not require the use of
strong bases both in the preparation of 2-indenylboronate
and in the Suzuki coupling reaction potentially allow a broad
range of functional group variation in the coupled products.
Work to extend the scope of this reaction is in progress.
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puriticd by Kugelrohr distillation to give 2-indenylboronate as a
white solid (mp 73-74 °C) in 80% yield. The product can be
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IH). 7.30(d./  7Hz THY. 746 (d./ 7 Hz IH). 7.30-7.21 (m.
2H). 3.54 (s. 2H). 1.33 (s. 12H): "“C NMR (735 MHz. CDCl;) 8
147.0. 145.7. 145.0. 126.3. 126.0. 124.0. 122.0. 83.6. 41.7. 25.1.

. For Suzuki coupling reactions of aryvlboronates with aryl halides.

seer (@) Chaumeil. H.: Signorella. 8. Le Drian. C. fetrahedron
2000. 36. 9655. (by Zhu. L. Duyuette. 1. Zhang. M..J Org. Chem.
2003. 68. 3729. (¢) Satoh. Y. Gude. C.: Chan. K.: Firooznia. F.
Tetrahedron Letr. 1997, 38. 7643, For the Suzuki coupling of
vinylboronates with aromatic halides: (d} Eastwood. P. R. Tesra-
hedron feit. 2000, 7, 3703,

. A better vield was obtained when anhydrous K;PQ,. rather than

KyPO, 0 was employed in our reactions. The use of K:POZ1 1O in
alkyl-alkyl Suzuki coupling reaction. see: Netherton. M. R.: Dai.
C.2 Newschiitz. K.: Fu. G, C. L Am Chem. Soc, 2001, 123, 10099,

. General procedure for Suzuki coupling of 2-indenylboronate

and aryl bromides: An oven-dried rescalable Schlenk tube was
charged with PA{OAc): (3.4 mg. 0.015 mmol). PPh; (7.9 mg.
0.030 mmol). 2-indenylboronate (79.9 mg. 0.33 mmol) and
K:POs (191 mg. 0.90 mmol). The Schlenk tube was evacuated and
backfilled with nitrogen. and THF (1 mL) and the aryl bromidc
(0.30 mmol) were added through a rubber scptum (arvl bromides
which were solids at room temperature were added prior to the
evacuation/back il cycle). The reaction Schlenk tube was sealed
and was heated 0 80 °C for the indicated amount of time. The
reaction mixture was cooled to room temperature and filtered
through a plug of SiO. The filtratc was concentrated and the
resulting residuc was purificd by tlash chromatography to atford
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