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Ortho-carbonylated phenylboronic acid

Treatment of alkynes with ortho-formyl and acetyl phenylboronic acids in the presence of a
cobalt catalyst resulted in the formation of 2,3-disubstituted indenols in good yields. When aryl
silyl alkynes were used, 2-aryl-3-silyl indenols were obtained regioselectively in good yields.

2009 Elsevier Ltd. All rights reserved.

Introduction

2,3-Disubstituted indenols are an important class of organic
molecules, since they serve as synthetic  intermediates of
biological active compounds useful in_pharmaceutical and
agricultural chemistry."” In 2005, Rh-catalyzed [3+2] annulation
reactions of ortho-carbonylated phenylboronic acids with alkynes
were studied for the synthesis of 2,3-disubstituted indenols by
Hayashi and Murakami, independently.™* These previous
studies exhibited variable regioselectivities when unsymmetrical
alkynes, such as 1-phenyl-1-propyne and 1-
(trimethylsilyl)propyne, were used. In 2007, Lu and co-workers
reported a Pd-catalyzed reaction of ortho-formylphenylboronic
acids with alkynoate esters, which gave the corresponding 2-
methoxycarbonyl-3-substituted indenols regioselectively.* We
recently reported the synthesis of 2,3-disubstituted indenones by a
Co-catalyzed regioselective [3+2] annulation of ortho-
methoxycarbonylphenylboronic acid with alkynes, which gave
the corresponding indenones in good yields.”® In this study we
extended the Co-catalyzed [3+2] annulation method to the
synthesis of 2,3-disubstituted indenols, in which ortho-formyl and
acetyl phenylboronic acids were reacted with alkynes.

Results and discussion

In our previous work, the Co-catalyzed [3+2] annulation of
ortho-methoxycarbonylphenylboronic acid with 1-phenyl-2-
trimethylsilylacetylene (2a) produced 2-phenyl-3-silyl indenone
as a single regioisomer (1st equation, Scheme 1). This led us to
investigate the reaction of ortho-formylphenylboronic acid with
2a (2nd equation, Scheme 1). In the presence of 10 mol % of
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Scheme 1. Cobalt-catalyzed [3+2] annulation of ortho-
carbonylated phenylboronic acids with silyl aryl acetylenes

Co(acac), and DPPE,’ the reaction of ortho-
formylphenylboronic acid (1la) with 1-phenyl-2-trimethylsilyl
acetylene (2a) in acetonitrile was carried out at 80 °C for 12 h,
which gave 2-phenyl-3-silyl indenol 3a as a single regioisomer in
84% yield (Table 1). The reaction of [4-(methoxyphenyl)-
ethynyl]trimethylsilane  (2b) with 1a also proceeded
regioselectively to form the corresponding 3-silyl-substituted
indenol 3b in 95% yield. 4-[(Trimethylsilyl)ethynyl]phenol (2c)
was also applicable albeit in modest yield due to the desilylation
of 2¢. Methyl 4-[(trimethylsilyl)ethynyl Jbenzoate (2d) gave 3d in
72% vyield.® 3-(Trimethylsilylethynyl)benzonitrile (2e) tolerated
the reaction conditions and formed the corresponding indenol 3e
in 53% yield as a single regioisomer. The modest yield of 3e was
mainly attributed to the slow reaction. When 1-
(trimethylsilyl)propyne (2f) was reacted with 1a, 2-methyl-3-silyl
indenol 3f was obtained in 70% yield with a regioselectivity of
95:5. In a similar protocol, ortho-acetylphenylboronic acid (1b)
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reacted with silyl alkynes 2a-2d to give the corresponding
indenols 3g-3j in good to excellent yields.

Table 1. Co-catalyzed regioselective [3+2] annulation of 1
with silyl alkynes 2a-2f*

o] 10 mol % Co(acac), HO g4
R? 10 mol % DPPE
R' + / SRR . O’ R2
T™MS MeCN, 80 °C, 12 h
B(OH), ‘s
1 2 3
(1.5 equiv)
1a:R1=H 2a:R2=Ph
1b:R'=Me 2b : R2= 4-MeQO-Ph
2¢ : R2= 4-HO-Ph
2d : R2= 4-MeQ,C-Ph
2e : R2= 3-NC-Ph
2f : R2=Me
OH OH OH
TMS T™S T™MS
3a: 84% 3b: 95% 3c: 54%
OH OH OH
T™MS T™MS CN T™S
3d: 72% 3e: 53% 3f 70% (95:5)P

HO. e HO. e HO. e
™S ™S ™S
3g: 78%

3h: 94% 3i: 59%

HO,

Me
S

™
3j: 89%

*Reaction conditions: 1 (1.5 equiv), 2 (0.5 mmol), Co(acac), (10 mol %),
DPPE (10 mol %) in MeCN (2 mL) at 80 °C for 12 h. ® Determined by
NMR analysis.

In contrast to the regioselective [3+2] annulation with
silyl-substituted alkynes, other unsymmetrical alkynes 2g—2i
gave regioisomeric mixtures of the corresponding 2,3-
disubstituted indenols (Table 2). For example, the reaction of
methyl phenyl acetylene 2g with 1a gave 3k in good yield
with 81:19 selectivity in favor of the 2-phenyl orientation. 1-
Phenylpentyne (2h) and ethyl 2-butynoate (2i) gave 3l and
3m in 68% and 71% yields, respectively, with similar
regioselectivities. Diphenylacetylene (2j) reacted with 1a to
give 2,3-diphenyl indenol 3n in 89% yield. Similarly, 4-
octyne (2K) gave the corresponding product 30 in 98% yield.
We also examined the reaction of 2-formyl-3-thienylboronic
acid with 2j. As a result, the corresponding product 3p was
obtained, albeit in moderate yield due to the slow reaction.
The reaction of ortho-acetylphenylboronic acid (1b) with 2j
also proceeded to form the corresponding 2,3-disubstituted
indenol 3q in 90% yield.

In our previous work, the [3+2] annulation of ortho-
methoxycarbonylphenylboronic acid with 4-
[(trimethylsilyl)ethynyl]benzoate (2d) gave the desired indenone
4 in very low yield due to the sluggish reaction (Scheme 2). In
contrast, 2-(4-methoxycarbonylphenyl)-3-silyl indenol 3d was
obtained in good yield by the reaction of 1a and 2d. Indenol
3d was successfully converted to 2-(4-
methoxycarbonylphenyl)-3-silyl indenone 4 by PCC oxidation
in 90% yield (Scheme 2).

Table 2. Co-catalyzed [3+2] annulation of 1 with internal
alkynes 2g-2j"

o 10 mol % Co(acac), HO 4
R 10 mol % DPPE
R JOmoInDPPE O -
R2 MeCN, 80°C, 12 h

B(OH), he

1 2 3
(1.5 equiv)
1a:R'=H 2g: R2= Me, R3=Ph

1b: R'=Me 2h: R2=n-Pr,R3=Ph

2i : R%= Me, R3= CO.Et
2j :R2 R3=Ph

2k : R2, R3=n-Pr

OH

OH OH
<) Ogres
Me Me

Me
3k 82% (81:19)b 31; 68% (87:13)0 3m: 71% (83:17)0
OH OH OH
— Me
W 2 (I~
O~ :
2 2
8 Ve 8
3n: 89% 30: 98% 3p: 47%
HO e
3q: 90%

* Reaction conditions: 1 (1.5 equiv), 2 (0.5 mmol), Co(acac), (10 mol %),
DPPE (10 mol %) in MeCN (2 mL) at 80 °C for 12 h. ® Determined by
NMR analysis.
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Scheme 2. Synthesis of indenone 4 from indenol 3d

A proposed mechanism for the Co-catalyzed annulation
process is shown in Scheme 3. Arylcobalt complex I would be
generated via the transmetalation of [Co]-X (X = OH or acac)
with ortho-formylphenylboronic acid (1a).” The regioselective
insertion of silyl alkyne 2a forms vinylcobalt complex II. The
[Co]—carbon bond of complex II undergoes migratory insertion
into the aldehyde to form alkoxycobalt complex III, which
undergoes protonation to give indenol 3a and regenerates the
[Co]-X catalyst.
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Scheme 3. Proposed reaction mechanism

Conclusion

In summary, we have demonstrated that the Co-catalyzed
[3+2] annulation of ortho-formyl and acyl-substituted
phenylboronic acids with alkynes led to 2,3-disubstituted
indenols. When silyl alkynes were used, regioselective annulation
took place to give 3-silyl-substituted indenols. Further studies
regarding the synthesis of biological active compounds are
currently underway in our laboratory.
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