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Catalytic Double Carbon—-Boron Bond Formation for the Synthesis of
Cyclic Diarylborinic Acids as Versatile Building Blocks for n-Extended

Heteroarenes
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Abstract: The first catalytic synthesis of cyclic diarylborinic
acids is developed using a dihydroaminoborane reagent as the
boron source. Unlike previously reported methods that use
organolithium reagents, this method allows the easy synthesis
of cyclic diarylborinic acids bearing a range of functionalities
including CN, CO,Et, CONEt, and NMeCO,'Bu. Further-
more, these cyclic diarylborinic acids provide rapid access to
skeletal diversity, in particular they enable the synthesis of six-
to nine-membered m-extended heteroarenes through simple
cross-coupling reactions, which are important synthetic targets
in both advanced materials and pharmaceuticals.

The development of synthetic methods for elaborate m-
conjugated molecules is crucial for the creation of new
functional organic materials, such as light emitting diodes,
transistors and solar cells.'! The annulative two-fold C(sp?)—
C(sp®) cross-coupling reaction between organodimetallic
reagents and dihalides represents a powerful method for
this purpose (Scheme 1a). Among the organodimetallic
reagents reported to date,? cyclic diarylborinic acid 1% is
particularly useful, because of its stability towards air and
moisture, and the low toxicity and easily removable nature of
the boron-based residue generated after the cross-coupling. It
thus has similar properties to those of the arylboronic acids.
However, the potential utility of 1 remains limited because all
of the reported syntheses of 1 require the use of organo-
lithium reagents 2, thus rendering the introduction of many
common functional groups impossible (Scheme 1b).F!
Herein, we report the first catalytic synthesis of 1, which
allows access to a range of functionalized cyclic borinic acids,
including a seven-membered derivative (Scheme 1b). The
synthetic utility of 1 as a dianionic building block was also
demonstrated by its elaboration into a diverse array of ring
systems.

On the basis of the widespread utility of palladium-
catalyzed borylation of aryl halides in the synthesis of
functionalized arylboronic acids/” we envisioned that
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Scheme 1. Cyclic diarylborinic acid 1 and methods for its preparation.

1 would be formed if borylation occurs twice between
dihalide 3 and dihydroborane reagent 4 (Scheme 2a). Diiso-
propylaminoborane (R = Pr,N, 4a)® was chosen as a readily
available dihydroborane reagent. Although several catalytic
borylation reactions of aryl halides using 4a have been
reported,’” none afforded a diarylated product, even in the
presence of an excess amount of the aryl halide (Sche-
me 2b).% This suggested that it may not be possible for both
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Scheme 2. Working hypothesis: two-fold borylation.
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of the B—H bonds in 4a to react, and thus raised an
uncertainty with our hypothesis. Nevertheless, we expected
that the second borylation would be facilitated in our system
owing to its intramolecular nature (Scheme 2a).

To test our hypothesis, we initially examined the reaction
of ditriflate 3a with 4a (2 equiv) in the presence of a palladium
catalyst at 65°C for 15h (Table 1). The yield of borylated

Table 1: Optimization of the reaction conditions.?

4a (2 equiv)
Pd(OAC), (10 mol%) Aqueous °
QOOR Ligand (20 mol%)  work-up @[ :@L
Et;N (5 equiv) B R
X X Additive (50 mol%) OH
3a:X=O0Tf, R=H THF, 65 °C, 15 h 1a:R=H
3b: X =Br, R=CF; 1b: R =CF;
Entry  Substrate  Ligand Additive ~ NMR yield of 1 [%]
1 3a DPEPhos none >99 (76)"
2 3b CyJohnPhos  KI 97 (75)®
PPh,  PPh, O PCy,
saelNe
DPEPhos CyJohnPhos

[a] Reaction conditions: 3a or 3b (0.50 mmol), 4a (1.0 mmol), Pd(OAc),
(0.05 mmol), ligand (0.10 mmol), Et;N (2.5 mmol), additive

(0.25 mmol) in THF (2 mL) at 65°C for 15 h. [b] Isolated yields are
shown.

product 1a was estimated by 'H NMR spectroscopy after
treatment with methanol and an aqueous solution of NH,CL
A brief screening of the ligand revealed that a bisphosphine
with a diphenyl ether backbone (i.e., DPEPhos) displayed the
highest activity, giving 1ain > 99 % NMR yield (entry 1). The
product 1la could be isolated in 76% yield by column
chromatography. Unfortunately, however, reactions under
these optimized conditions using DPEPhos failed to promote
the borylation of dibromide 3b. Reoptimization of the
reaction conditions showed that using KI together with
CyJohnPhos,”! markedly improved the yield of 1b, affording
product 1b in 97% NMR yield (entry?2, see also the
Supporting Information (SI) for details of optimization and
some discussion regarding the effect of KI).[*M

The reaction was successfully applied to the synthesis of
a diverse array of cyclic diarylborinic acids (Scheme 3). In
addition to diarylborinic acids bearing simple alkyl, aryl and
alkoxy groups (1c-1h), those containing cyano, chloro, ester,
amide, carbamate, and fluoro groups (li-lo) were all
compatible with the present catalytic conditions. This high-
lights the synthetic advantage of our protocol over previously
reported methods using organolithium reagents.” In partic-
ular, the tolerance of an aryl chloride moiety, as shown for 1k,
is notable when considering that the report that the borylation
of aryl chlorides occurs with 4a using a Pd/XPhos catalyst.["
Our protocol also allowed the synthesis of m-extended
analogue 1p as well as diarylborinic acids containing nitrogen
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Scheme 3. Pd-catalyzed synthesis of cyclic diarylborinic acids by annu-
lative two-fold borylation. [a] Reaction conditions: 3 (0.50 mmol), 4a
(1.0 mmol), Pd(OAc), (0.050 mmol), ligand (0.10 mmol), Et;N

(2.5 mmol) in THF (2 mL) at 65°C for 15 h. Ligand: DPEPhos for
ditriflates 3c¢-3 h; CyJohnPhos for dibromides 3i-3 0 and 3s; XPhos for
3p and 3r; RuPhos for 3q. "H-NMR yields are shown. Numbers in
parentheses are isolated yields. [b] KI was added. [c] After the reaction,
2-aminoethanol (4.0 equiv) was added. [d] Using 1.0 g of 3s.

(1q) and sulfur (1r) tethers. Notably, seven-membered diaryl-
borinic acid 1s was successfully synthesized."” Although we
routinely isolated the product after hydrolysis in the form of
borinic acid 1, chromatographic separation led to a consid-
erable loss of 1 in some cases (numbers in parentheses in
Scheme 3 refer to isolated yields). However, this issue could
be easily addressed by formation of an aminoalcohol adduct,
such as 1j,® which could be isolated by simple filtration and
used directly for the subsequent two-fold cross-coupling (see
below).

Our catalytic protocol can be readily applied to the gram
scale production of cyclic diarylborinic acids (Scheme 4, 3i—
1i). The obtained functionalized boracycle can then serve as
a 1,5-dianion equivalent in annulative cross-coupling with
dihalides under palladium catalysis, and thus allows access to
a diverse range of m-extended heteroarenes (Scheme 4).5¢!
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Scheme 4. Pd-catalyzed annulative two-fold Suzuki—Miyaura coupling for the synthesis of benzannulated heterocycles. Reaction conditions: Ti
(0.25 mmol), 5 (0.50 mmol), Pd,(dba); (0.0038 mmol), ‘Bu;P-HBF, (0.0090 mmol), Cs,CO; (0.83 mmol), H,O (2.5 mmol) in ‘AmOH (3 mL) at
100°C for 24-48 h. Yields of isolated products are shown. [a] Run on a 1.0 mmol scale.

For example, cross-coupling of 1i with 1,2-dibromo-
(hetero)arenes 5a-5d enabled the modular synthesis of the
tribenzo[b,d,floxepine skeleton in 6a-6c¢ or the heteroarene-
fused analogue 6d. This structural motif is found in anti-
depressant drugs!'! and natural products.l'” In addition, cross-
coupling of 1i with 1,2-dibromocyclopentene Se proceeded
efficiently to afford corresponding dibenzo[b,f]oxepin deriv-
ative 6e. m-Extended xanthene derivative 6f was also
assembled by cross-coupling of 1i with 1,1-dibromoalkene
5f, valuable finding with respect to potential application in
the synthesis of molecular probes for aggregation induced
emission.”] Moreover, a larger ring system can also be
accessible by the reaction of 1i with dibromobiaryl Sg and Sh,
which led to the construction of a tetrabenzo[b,d,f,h]Joxonine
skeleton 6g and 6h.""! Cross-coupling with 1,8-dibromonaph-
thalene 5i yielded dibenzo[b,g]naphtho[1,8-deJoxocine
framework 6i, for which a synthetic method has not
previously been reported. This modular assembly of six- to
nine-membered w systems by simply changing the dihalide
coupling partners highlights the synthetic utility of the cyclic
diarylborinic acids.

Importantly, this annulative two-fold cross-coupling can
be performed directly from dihalide 3 and 4a without the
need for chromatographic isolation of borinic acid
1 (Scheme 5). The palladium-catalyzed reaction of 3i and
4a, followed by treatment with 2-aminoethanol, led to the
formation of borinate 1j, which could be isolated by simple
filtration. This material was used directly in a subsequent
annulation with 5a to form 6a in 51 % overall yield.

In addition to their use as a 1,5-dianion equivalent, cyclic
diarylborinic acid derivatives can also serve as useful pre-
cursors to functional organoboron compounds. For example,
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Scheme 5. Pd-catalyzed two-fold Suzuki-Miyaura coupling using cyclic
borinate 1j.

the reaction of ditriflate 3a with 4a, followed by addition of
MesLi instead of aqueous work up, led to the formation of 9-
mesityl-9H-boraxanthene 8a, a class of fluorescent com-
pounds that are currently attracting much attention
(Scheme 6).1"%!

sy CalPAOAS, o 0
2 cat. DPEPhos @ :@ MesLi (5 equiv)
+ - - . B — . B
Et;N, THF N -78°Ctort, 24 h
4a S ’
(2 quiv) 65°C. 15h hiad \<>/
7a

not isolated 8a 53%

Scheme 6. One-pot synthesis of 9-mesityl-9H-boraxanthene 8a.

In summary, we have developed the first catalytic method
for the synthesis of cyclic diarylborinic acids through a two-
fold borylation of dihalides using 4a as the boron source. This
method allows the synthesis of cyclic diarylborinic acids
bearing a range of functionalities, which could not be
synthesized by previously reported methods using organo-
lithium reagents. The cyclic diarylborinic acids can serve as
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air- and moisture-stable building blocks with low toxicity for
the rapid synthesis of a diverse range of m-extended hetero-
arenes through annulative two-fold Suzuki-Miyaura cross-
coupling reactions. The unique compound libraries made
possible by our method promise to accelerate the discovery of
new functional molecules.

Acknowledgements

This work was supported by a Grant-in-Aid for Scientific
Research from MEXT, Japan and ACT-C (J1210B2576) from
JST, Japan. We also thank the Instrumental Analysis Center,
Faculty of Engineering, Osaka University, for their assistance
with HRMS.

Conflict of interest

The authors declare no conflict of interest.

Keywords: aminoborane - borylation - diarylborinic acid -
palladium - heteroarene

[1] a) Chem. Rev. 2007, 107, 923-1386 (A special issue on organic
electronics and optoelectronics using m-conjugated molecules,
Eds.: S. R. Forrest, M. E. Thompson); b) A. Narita, X.-Y. Wang,
X. Feng, K. Miillen, Chem. Soc. Rev. 2015, 44, 6616; c) J. Wu, W.
Pisula, K. Miillen, Chem. Rev. 2007, 107, 718; d) S. Sergeyev, W.
Pisula, Y. H. Greets, Chem. Soc. Rev. 2007, 36, 1902; e)S.
Laschat, A. Baro, N. Steinke, F. Giesselmann, C. Hagele, G.
Scalia, R. Judele, E. Kapatsina, S. Sauer, A. Schreivogel, M.
Tosoni, Angew. Chem. Int. Ed. 2007, 46, 4832; Angew. Chem.
2007, 119, 4916; f) J. E. Anthony, Chem. Rev. 2006, 106, 5028;
¢) M. Bendikov, F. Wudl, D. F. Perepichka, Chem. Rev. 2004, 104,
4891.

A recent review on organodimetallic reagents: a) M. Shimizu, T.
Hiyama, Eur. J. Org. Chem. 2013, 8069; Selected examples: [Zr]
b) T. Takahashi, R. Hara, R. V. February, J. Am. Chem. Soc.
1996, 718, 5154; c) T. Takahashi, Y. Li, P. Stepnicka, M.
Kitamura, Y. Liu, K. Nakajima, M. Kotora, J. Am. Chem. Soc.
2002, 124, 576; d) C. L. Hilton, C. R. Jamison, B. T. King, J. Am.
Chem. Soc. 2006, 128, 14824; e) C.L. Hilton, B. T. King,
Organometallics 2006, 25, 4058; f) C. L. Hilton, J. M. Crowfoot,
P. Rempala, B. T. King, J. Am. Chem. Soc. 2008, 130,13392; g) L.
Zhou, K. Nakajima, K. Kanno, T. Takahashi, Tetrahedron Lett.
2009, 50, 2722; [Sn] h) X. Xue, L. T. Scott, Org. Lett. 2007, 9,
3937;1) I. Nagao, M. Shimizu, T. Hiyama, Angew. Chem. Int. Ed.
2009, 48, 7573; Angew. Chem. 2009, 121, 7709; j) M. Shimizu, 1.
Nagao, S.-i. Kiyomoto, T. Hiyama, Aust. J. Chem. 2012, 65, 1277,
k) A. Kamimura, T. Tanaka, M. So, T. Itaya, K. Matsuda, T.
Kawamoto, Org. Biomol. Chem. 2016, 14, 8109; [B] 1)J. W.
Goodby, M. Hird, K. J. Toyne, T. Watson, J. Chem. Soc. Chem.
Commun. 1994,1701; m) M. Shimizu, K. Shimono, T. Kurahashi,
S. Kiyomoto, I. Nagao, T. Hiyama, Bull. Chem. Soc. Jpn. 2008,
81,518; n) M. Shimizu, I. Nagao, Y. Tomioka, T. Hiyama, Angew.
Chem. Int. Ed. 2008, 47, 8096; Angew. Chem. 2008, 120, 8216;
0) M. Shimizu, Y. Tomioka, I. Nagao, T. Hiyama, Synlett 2009,
3147; p) M. Shimizu, I. Nagao, Y. Tomioka, T. Kadowaki, T.
Hiyama, Tetrahedron 2011, 67, 8014; q) M. Shimizu, Y. Tomioka,
I. Nagao, T. Kadowaki, T. Hiyama, Chem. Asian J. 2012, 7, 1644;

2

—

www.angewandte.org

&These are not the final page numbers!

Communications

© 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Angewandte

intemationaldition’y) Chemie

r) H. Kashihara, T. Asada, K. Kawashima, Chem. Eur. J. 2015,

21, 6523; s) Y. Shoji, N. Tanaka, S. Muranaka, N. Shigeno, H.

Sugiyama, K. Takenouchi, F. Hajjaj, T. Fukushima, Nat.

Commun. 2016, 7, 12704; see also [2j]; [Si]; t) K. Ozaki, K.

Kawasumi, M. Shibata, H. Ito, K. Itami, Nat. Commun. 2015, 6,

6251; [Li] Recent reviews on organodilithium reagents: u) W.-X.

Zhang, Z. Xi, Org. Chem. Front. 2014, 1, 1132; v) S. Zhang, W.-

X. Zhang, Z. Xi, Top. Organomet. Chem. 2014, 47, 1; [Mg] w) J.

Wei, L. Liu, M. Zhan, L. Xu, W.-X. Zhang, Z. Xi, Angew. Chem.

Int. Ed. 2014, 53, 5634; Angew. Chem. 2014, 126, 5740; x) H.

Fang, G. Li, G. Mao, Z. Xi, Chem. Eur. J. 2004, 10, 3444; [Al]

y) H. Fang, C. Zhao, G. Li, Z. Xi, Tetrahedron 2003, 59, 3779;

[Fe] z) G. Li, H. Fang, Z. Li, Z. Xi, Chin. J. Chem. 2003, 21, 219.

The first synthesis: a) J. M. Davidson, C. M. French, J. Chem.

Soc. 1960, 191; b) P. M. Maitlis, J. Chem. Soc. 1961, 425; The use

as an organocatalyst: ¢) E. Dimitrijevi¢, M. S. Taylor, Chem. Sci.

2013, 4, 3298; Typical synthesis: d) L. Niu, H. Yang, Y. Jiang, H.

Fu, Adv. Synth. Catal. 2013, 355, 3625; The use in Suzuki-

Miyaura reaction: e)E. Dimitrijevic, M. Cusimano, M.S.

Taylor, Org. Biomol. Chem. 2014, 12, 1391; Representative

works on dibenzoheteraborine ring systems: f) M. Kranz, F.

Hampel, T. Clark, J. Chem. Soc. Chem. Commun. 1992, 1247,

¢) T. Agou, J. Kobayashi, T. Kawashima, Chem. Eur. J. 2007, 13,

8051.

Recent reviews on Miyaura-Ishiyama borylation: a) T. Ish-

iyama, N. Miyaura, J. Organomet. Chem. 2000, 611, 392; b) T.

Ishiyama, N. Miyaura, Chem. Rec. 2004, 3, 271; c¢) N. Primas, A.

Bouillon, S. Rault, Tetrahedron 2010, 66, 8121; d) W. K. Chow,

O.Y. Yuen, P. Y. Choy, C. M. So, C.P. Lau, W. T. Wong, E. Y.

Kwong, RSC Adv. 2013, 3, 12518; e) E. C. Neeve, S.J. Geier,

1. A. 1. Mkhalid, S. A. Westcott, T. B. Marder, Chem. Rev. 2016,

116, 9091.

[5] V.R. Koster, H. Bellut, S. Hattori, Justus Liebigs Ann. Chem.

1968, 720, 1.

a) L. Euzenat, D. Horhant, Y. Ribourdouille, C. Duriez, G.

Alcaraz, Chem. Commun. 2003, 2280; b) L. Pasumansky, D.

Haddenham, J. W. Clary, G. B. Fisher, C. T. Goralski, B. Sin-

garam, J. Org. Chem. 2008, 73, 1898; c) D. Haddenham, C. L.

Bailey, C. Vu, G. Nepomuceno, S. Eagon, L. Pasumansky, B.

Singaram, Tetrahedron 2011, 67, 576; d) L. Marciasini, N. Richy,

M. Vaultier, M. Pucheault, Chem. Commun. 2012, 48, 1553;

e) L. D. Marciasini, N. Richy, M. Vaultier, M. Pucheault, Adv.

Synth. Catal. 2013, 355, 1083; f) L. D. Marciasini, M. Vaultier, M.

Pucheault, Tetrahedron Lett. 2014, 55, 1702; g) H. D. S. Guer-

rand, L. D. Marciasini, T. Gendrineau, O. Pascu, S. Marre, S.

Pinet, M. Vaultier, C. Aymonier, M. Pucheault, Tetrahedron

2014, 70, 6156; h) H.D.S. Guerrand, L.D. Jousseaume, M.

Vaultier, M. Pucheault, Chem. Eur. J. 2014, 20, 5573; 1) H. D. S.

Guerrand, M. Vaultier, S. Pinet, M. Pucheault, Adv. Synth. Catal.

2015, 357, 1167.

[7] M. Tobisu, T. Igarashi, N. Chatani, Beilstein J. Org. Chem. 2016,
12, 654.

[8] L. Marciasini, B. Cacciuttolo, M. Vaultier, M. Pucheault, Org.
Lett. 2015, 17, 3532.

[9] J. P. Wolfe, S.L. Buckwald, Angew. Chem. Int. Ed. 1999, 38,
2413; Angew. Chem. 1999, 111, 2570.

[10] Synthesis of an ethanolamine adduct of 1s: a) E. E. van Tame-
len, G. Brieger, K. G. Untch, Tetrahedron Lett. 1960, I, 14;
Leading references on the chemistry of dibenzoborepin: b) L. G.
Mercier, W. E. Piers, M. Parvez, Angew. Chem. Int. Ed. 2009, 48,
6108; Angew. Chem. 2009, 121, 6224; c) R. E. Messersmith,
M. A. Siegler, J. D. Taver, J. Org. Chem. 2016, 81, 5595.

[11] a) J. Claghorn, M. D. Lesem, Prog. Drug Res. 1996, 46,243;b) W.
Sperling, J. Demling, Drugs Today 1997, 33, 95; c¢) K. Zimmer-
mann, P. C. Waldmeier, W. G. Tatton, Pure Appl. Chem. 1999, 71,
2039; d) X-ray crystallography of tribenzo[b,d,floxepine; L.

3

—

(4

—_—

[6

—_

Angew. Chem. Int. Ed. 2017, 56, 1-6


http://dx.doi.org/10.1039/C5CS00183H
http://dx.doi.org/10.1021/cr068010r
http://dx.doi.org/10.1039/b417320c
http://dx.doi.org/10.1002/anie.200604203
http://dx.doi.org/10.1002/ange.200604203
http://dx.doi.org/10.1002/ange.200604203
http://dx.doi.org/10.1021/cr050966z
http://dx.doi.org/10.1021/cr030666m
http://dx.doi.org/10.1021/cr030666m
http://dx.doi.org/10.1002/ejoc.201300632
http://dx.doi.org/10.1021/ja960407x
http://dx.doi.org/10.1021/ja960407x
http://dx.doi.org/10.1021/ja016848k
http://dx.doi.org/10.1021/ja016848k
http://dx.doi.org/10.1021/ja065602i
http://dx.doi.org/10.1021/ja065602i
http://dx.doi.org/10.1021/om060270b
http://dx.doi.org/10.1021/ja803396n
http://dx.doi.org/10.1016/j.tetlet.2009.02.191
http://dx.doi.org/10.1016/j.tetlet.2009.02.191
http://dx.doi.org/10.1021/ol7015516
http://dx.doi.org/10.1021/ol7015516
http://dx.doi.org/10.1002/anie.200903779
http://dx.doi.org/10.1002/anie.200903779
http://dx.doi.org/10.1002/ange.200903779
http://dx.doi.org/10.1071/CH12060
http://dx.doi.org/10.1039/C6OB01018K
http://dx.doi.org/10.1039/c39940001701
http://dx.doi.org/10.1039/c39940001701
http://dx.doi.org/10.1246/bcsj.81.518
http://dx.doi.org/10.1246/bcsj.81.518
http://dx.doi.org/10.1002/anie.200803213
http://dx.doi.org/10.1002/anie.200803213
http://dx.doi.org/10.1002/ange.200803213
http://dx.doi.org/10.1055/s-0029-1218341
http://dx.doi.org/10.1055/s-0029-1218341
http://dx.doi.org/10.1016/j.tet.2011.08.019
http://dx.doi.org/10.1002/asia.201200132
http://dx.doi.org/10.1002/chem.201500074
http://dx.doi.org/10.1002/chem.201500074
http://dx.doi.org/10.1038/ncomms12704
http://dx.doi.org/10.1038/ncomms12704
http://dx.doi.org/10.1038/ncomms7251
http://dx.doi.org/10.1038/ncomms7251
http://dx.doi.org/10.1039/C4QO00231H
http://dx.doi.org/10.1002/anie.201310116
http://dx.doi.org/10.1002/anie.201310116
http://dx.doi.org/10.1002/ange.201310116
http://dx.doi.org/10.1002/chem.200400025
http://dx.doi.org/10.1016/S0040-4020(03)00522-2
http://dx.doi.org/10.1039/jr9600000191
http://dx.doi.org/10.1039/jr9600000191
http://dx.doi.org/10.1039/jr9610000425
http://dx.doi.org/10.1002/adsc.201300567
http://dx.doi.org/10.1039/c39920001247
http://dx.doi.org/10.1002/chem.200700622
http://dx.doi.org/10.1002/chem.200700622
http://dx.doi.org/10.1016/S0022-328X(00)00470-8
http://dx.doi.org/10.1002/tcr.10068
http://dx.doi.org/10.1016/j.tet.2010.08.001
http://dx.doi.org/10.1039/c3ra22905j
http://dx.doi.org/10.1021/acs.chemrev.6b00193
http://dx.doi.org/10.1021/acs.chemrev.6b00193
http://dx.doi.org/10.1002/jlac.19687200102
http://dx.doi.org/10.1002/jlac.19687200102
http://dx.doi.org/10.1039/B306874A
http://dx.doi.org/10.1021/jo702271c
http://dx.doi.org/10.1016/j.tet.2010.11.065
http://dx.doi.org/10.1039/C1CC14605J
http://dx.doi.org/10.1002/adsc.201200942
http://dx.doi.org/10.1002/adsc.201200942
http://dx.doi.org/10.1016/j.tetlet.2014.01.080
http://dx.doi.org/10.1016/j.tet.2014.04.036
http://dx.doi.org/10.1016/j.tet.2014.04.036
http://dx.doi.org/10.1002/chem.201304861
http://dx.doi.org/10.1002/adsc.201401153
http://dx.doi.org/10.1002/adsc.201401153
http://dx.doi.org/10.3762/bjoc.12.65
http://dx.doi.org/10.3762/bjoc.12.65
http://dx.doi.org/10.1021/acs.orglett.5b01620
http://dx.doi.org/10.1021/acs.orglett.5b01620
http://dx.doi.org/10.1002/(SICI)1521-3773(19990816)38:16%3C2413::AID-ANIE2413%3E3.0.CO;2-H
http://dx.doi.org/10.1002/(SICI)1521-3773(19990816)38:16%3C2413::AID-ANIE2413%3E3.0.CO;2-H
http://dx.doi.org/10.1002/(SICI)1521-3757(19990816)111:16%3C2570::AID-ANGE2570%3E3.0.CO;2-S
http://dx.doi.org/10.1016/S0040-4039(01)82703-9
http://dx.doi.org/10.1002/anie.200902803
http://dx.doi.org/10.1002/anie.200902803
http://dx.doi.org/10.1002/ange.200902803
http://dx.doi.org/10.1021/acs.joc.6b00927
http://www.angewandte.org

QDCh Communications AngiWandte .

Dobelmann, A. H. Parham, A. Biising, H. Buchholz, B. Konig, [13] J. Shi, N. Chang, C. Li, J. Mei, C. Deng, X. Luo, Z. Liu, Z. Bo,
RSC Adv. 2014, 4, 60473. Y. Q. Dong, B. Z. Tang, Chem. Commun. 2012, 48, 10675.

[12] a) M.-I. Chung, H.-H. Ko, M.-H. Yen, C.-N. Lin, S.-Z. Yang, L.-T.  [14] X-ray crystallography of tetrabenzo[b,d,f,h]Joxonine: Ref. [3e].
Tsao, J.-P. Wang, Helv. Chim. Acta 2000, 83, 1200; b) H.-H. Ko, [15] a) A. Escande, M. J. Ingleson, Chem. Commun. 2015, 51, 6257,
C.-N. Lin, S.-Z. Yang, Helv. Chim. Acta 2000, 83, 3000; c) H.-H. b) J. Kobayashi, K. Kato, T. Agou, T. Kawashima, Chem. Asian J.
Ko, S.-Z. Yang, C.-N. Lin, Tetrahedron Lett. 2001, 42, 5269; d) Y.- 2009, 4, 42.

H. Lu, C.-N. Lin, H.-H. Ko, S.-Z. Yang, L.-T. Tsao, J.-P. Wang,

Helv. Chim. Acta 2002, 85, 1626; ¢) Y.-H. Lu, C.-N. Lin, H.-H.

Ko, S.-Z. Yang, L.-T. Tsao, J.-P. Wang, Helv. Chim. Acta 2003, 86, Manuscript received: December 26, 2016
2566. Final Article published: HIEl HE, HEEENE

Angew. Chem. Int. Ed. 2017, 56, 1-6 © 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org 5

These are not the final page numbers! *?


http://dx.doi.org/10.1039/C4RA10652K
http://dx.doi.org/10.1002/1522-2675(20000607)83:6%3C1200::AID-HLCA1200%3E3.0.CO;2-E
http://dx.doi.org/10.1002/1522-2675(20001108)83:11%3C3000::AID-HLCA3000%3E3.0.CO;2-O
http://dx.doi.org/10.1016/S0040-4039(01)00962-5
http://dx.doi.org/10.1002/1522-2675(200206)85:6%3C1626::AID-HLCA1626%3E3.0.CO;2-0
http://dx.doi.org/10.1002/hlca.200390207
http://dx.doi.org/10.1002/hlca.200390207
http://dx.doi.org/10.1039/c2cc35641d
http://dx.doi.org/10.1039/C5CC00175G
http://dx.doi.org/10.1002/asia.200800302
http://dx.doi.org/10.1002/asia.200800302
http://www.angewandte.org

GvDCh Communications Angewandte

intemationaldition’y) Chemie

Communications
E
Synthetic Methods @/ @ _catPd Ej@
two- fold borylation B
T. Igarashi, M. Tobisu,* \( 7/ OH
N.Chatani* _— 1Ei-1N1 E=0O,N, S, C=C Building blocks for
n-extended heteroarenes
Catalytic Double Carbon—Boron Bond The first catalytic synthesis of cyclic six- to nine-membered m-extended
Formation for the Synthesis of Cyclic diarylborinic acids is developed using heteroarenes through simple cross-cou-
Diarylborinic Acids as Versatile Building a dihydroaminoborane reagent as the pling reactions, which are important
Blocks for mt-Extended Heteroarenes boron source. The reaction products synthetic targets in advanced materials

provide rapid access to skeletal diversity, ~ and pharmaceuticals.
in particular they enable the synthesis of

6 www.angewandte.org
KRR

© 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Angew. Chem. Int. Ed. 2017, 56, 1-6
These are not the final page numbers!


http://www.angewandte.org

