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Copper-catalyzed Internal-selective Carboboration of Challenging Terminal Alkynes
(Hiroshima University) O Takada Masaki, Nakamoto Masaaki, Tushima Takumi, Yoshida
Hiroto

Copper-catalyzed three-component carboboration of alkynes with a diboron and carbon
electrophiles is a potent method for synthesizing multisubstituted borylalkenes in regio- and
stereo-defined manners. The boron functionality is usually installed into the terminal carbon of
terminal alkynes with (pin)B—B(pin), and thus reversing this regioselectivity is still challenging.
In such circumstances, there have been two reports on the copper-catalyzed internal-selective
carboboration; however, the regioselectivity became uncontrollable with aromatic terminal
alkynes and propargyl ethers. Herein we disclose that the internal-selective carboboration of
these challenging terminal alkynes becomes feasible by using (pin)B—B(mdan) as a boron
source.

Keywords : carboboration, copper catalyst; terminal alkynes; diboron, internal selectivity
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1) R. Alfaro, A. Parra, J. Aleman, J. L. G. Ruano, M. Tortosa, J. Am. Chem. Soc. 2012, 134, 15165.

2) H. Yoshida, I. Kageyuki, K. Takaki, Org. Lett. 2013, 15, 952.

3) W. Su, T.-J. Gong, Q. Zhang, Q. Zhang, B. Xiao, Y. Fu, ACS Catal. 2016, 6, 6417.

4)Y. Gao, N. Kim, S. D. Mendoza, S. Yazdani, A. F. Vieira, M. Liu, A. Kendrock. IV, D. B. Grotjahn, G.
Bertrand, R.Jazzar, K. M. Engle, ACS Catal. 2022, 12, 7243.

5) T. Tsushima, H. Tanaka, K. Nakanishi, M. Nakamoto, H. Yoshida, ACS Catal. 2021, 11, 14381.
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Triarylborane-catalyzed hydrogenation of N-substituted indoles (' Faculty of Engineering, Osaka
University, *Center for Future Innovation (CFi), Division of Applied Chemistry, Faculty of
Engineering, Osaka University) O Masakazu Tanigawa,' Taiki Hashimoto,' Yoichi
Hoshimoto'?

The construction of indoline moieties has attracted much attention in the pharmaceutical
field owing to their unique structural features and biological properties. Herein, we report a
hydrogenation of N-substituted indoles that proceeded efficiently in the presence of a catalytic
amount of triarylboranes under solvent-free conditions. The mechanistic studies revealed that
H, cleavage is initially mediated by a frustrated Lewis pair (FLP) comprising the indole olefin
moiety and boron atom, which then switches to an FLP comprising the indoline nitrogen and
boron atoms after the indoline formation.

Keywords : Triarylboranes; Indoles; H> cleavage,; Hydrogenation; Frustrated Lewis Pairs

A > RV BRI 7 TR IE IS T D AR R E 2 FE o T2 T
KT 7 TFHFA U ORBHICBWTERESN TS, RENRA R CORKRIET
BHDHA Y R= N OKRFCRIETIE, 063k, EmEOBETAZ AW TESR ST
TN BEAMMBEVIS THENER SN W, £, EBAEMEL L kFEZ2 AW
T FEDBR SN TE 2 IWRSTFARME 2 W 7o KB FIEICIE B O 4 3 %
STV, ABFE CITIERESE T, &0 MY 7V — LR o R{EEYw BY) %
FAWD Z LT N-EHA v R— VB ERO KBS ENRICTET TS 2 L 2 A
H U USSR OB RIERE 3R K C 8,500 IZE L7z, & BT, SHEENFZEIC X
0. Hy OR¥E—BHZUCBI G- DV A ZAHIEN A R—L DA L 7 4 LD B AERR
MThHHA L RV OEBIFA~EAL v FTHZEERALNILE,?

20 atm H, H

A\ 1mol% B! ®H

N neat,100°C,16 h N

\ \ .

Cl
_ 1 — aE: F B F
Br Br
:~N /S C3 Me\N; 7>
Me’ ‘i-l >> I-l’l F F

H H Br Br
! ! B!
B! | B! |

1) Wei, H.; Li, B.; Wang, N.; Ma, Y.; Yu, J.; Wang, X.; Su, J.; Liu, D. ChemistryOpen 2023, 12
€202200235. 2) Nieto, M. J.; Lupton, H. K. Curr. Med. Chem. 2020, 28, 4828. 3) Hashimoto,
T.; Tanigawa, M.; Kambe, K.; Ogoshi, S.; Hoshimoto, Y. Precis. Chem. 2024, ASAP. DOI:
10.1021/prechem.4c00090
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Activation of Aryl Chlorides through m-Coordination for Radical Coupling with Arenes
(‘Faculty of Science Tokyo University of Science, *RIKEN Center for Sustainable Resource
Science) OKeita Itonaga'?, Masaya Nagata,' Yuichiro Mutoh,? Kohei Endo,' Laurean Ilies®

Aryl iodides and bromides have typically been employed as substrates for radical cross-
coupling reactions with arenes. In contrast, aryl chlorides, although widely available, have been
less used in such reactions due to their lower reactivity.' It has been reported that the bond
dissociation energy of C—Cl in aryl chlorides is decreased through m-coordination of an aryl
chloride to [Cr(CO)s], which facilitates radical reactions.” However, this effect has not been
explored in organic synthesis. We found that the cross coupling between aryl chloride-
chromium complexes and arenes proceeds in the presence of ‘Bu-SpiroBpy and KO'Bu. For
example, the reaction of 4-chlorotoluene complex 1a-Cr with a solvent amount of benzene
gave 4-methyl-1,1"-biphenyl (3a) in 71% yield after decomplexation.’ On the other hand, the
reaction did not proceed with 4-chlorotoluene (1a), suggesting that n-coordination to chromium
carbonyl is indispensable for the radical coupling.

Keywords : Chromium, w-Coordination, Radical Cross Coupling; Spirobipyridine
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TL—=rDruRAy 7Y 7 TR G 7T ) =R AT U — RN TY
0B ANFRG BTV —IRHEIN TR, £, 7 Aol L2
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1) Areview: G. Nocera, J. A. Murphy, Synthesis 2020, 52, 327.
2) H. Lin, Q. Chen, L. Cao, L. Yang, Y.-D. Wu, C. Li, J. Org. Chem. 2006, 71, 3328.
3) M. Nagata, K. Itonaga, Y. Mutoh, K. Endo, L. Ilies, Chem Lett. 2024, 53, upae233.
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Synthesis of Zinc Organophosphate Complexes by Aerobic Oxidation and Their Application
as Oxidation Catalysts

(!Department of Applied Chemistry, ’Institute of Liberal Arts and Sciences, Tokushima
University) ODaiki Mori,' Motoya Nii,! Keiji Minagawa,!? Yukihiro Arakawa'

Zinc organophosphate complexes such as Zn[O,P(OR):]> have attracted attention as
organic—inorganic hybrid materials with various potential applications, including protective
layer on metal parts, gas storage, and catalytic applications. Conventionally, they have been
synthesized by the reaction of Zn*" with organophosphorus compounds, but high temperature
and pressure conditions and expensive zinc salt reagents are often required. Herein, we present
a simple method for synthesizing Zn[O,P(OR):]. by aerobic oxidation under mild conditions
using inexpensive metallic zinc and phosphoric acid diesters and their application as catalysts
for oxidation reactions.

Keywords : Zinc, Phosphoric acid diester; Aerobic oxidation, Oxidation catalyst; Coordination
polymer
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1) M. Debowski et al., Dalton Trans. 2022, 51, 6735-6746.
2) A. L. Jonson et al., Inorg. Chem. 2023, 62, 4770-4785.

© The Chemical Society of Japan - [F12102-4pm-04 -



[F12102-4pm-05 BA{L24 B1055SE2 (2025)

ERA MAVFULEFERARREEMICL D RICHREFEZER
LN 3R R e D R 3

(FER KRB T) O$fkmH FnH - 1% m7 - LB MR - =4F 18

Development of Novel Reactions Utilizing Reaction Intermediates Formed by Metallic
Strontium and Aromatic Conjugated Compounds (Graduate School of Science and Technology,
Tokushima University) (OChisato Kamada, Takahiro Nishizawa, Masaharu Ueno, Norikazu
Miyoshi

It has been suggested that aromatic conjugated compounds reacted with metallic strontium
to afford metallacycle intermediates. These intermediates are stable under an inert gas
atmosphere and react with electrophiles such as active protons to obtain reduced products,
indicating the formation of dianions or their equivalents. Upon thoroughly examining the
properties and reaction of various metallacycle intermediates with several electrophilic
reagents, some interesting findings were obtained.

Keywords : Strontium,; Metallacycle;, Aromatic conjugated compounds
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Ly b BBA N FIAEDRISETSTRE. 7T v 7 94 MCTHEEERT A1
BN BIFRINERTE LN, D OISOV THET D,
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1) K. Mashima, H. Sugiyama, N. Kanehisa, Y. Kai, H. Yasuda, A. Nakamura, J. Am. Chem. Soc.,
116, 6977 (1994).
2) M. S. Sell, R. D. Rieke, Synthetic Commun., 25, 4107 (1995).
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Curious reaction of Aromatic Amides Using a Catalytic Amount of Strontium Metal in the
Presence of Sodium Arenide (Graduate School of Science and Technology, Tokushima
University) (OTatsuya Watanabe, Masaharu Ueno, Norikazu Miyoshi

We are developing a new synthetic method using strontium metal. We have found that
aldehydes are obtained in high yields using N, N-dimethylbenzoic amides and strontium metal.
During the investigation of this reaction, we obtained aromatic aldehydes from the amide in
high yield in the presence of a catalytic amount of strontium metal using sodium arenide. We
will report on this reaction in detail.
keywords ;Strontium,; Reduction, Amide
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1) N. Miyoshi, A. Miyoshi, Y. Miyazaki, S. Kubo, M. Ueno, Chem. Commun., 2022, 58, 6312-6315.

2) N. Miyoshi, S. Kimura, S. Kubo, S. D. Ohmura, M. Ueno, 4sian J. Org. Chem., 2020, 9, 1660-1664.

3) S. D. Ohmura, M. Ueno, N. Miyoshi, Tetrahedron Lett., 2018, 59, 2268-2271.

4) S. D. Ohmura, Y. Miyazaki, D. Kanehiro, Y. Yamaguchi, S. Kitakata, S. Tateda, T. Nishizawa, R.
Shimoda, G. Nagaoka, M. Ueno, N. Miyoshi, Asian J. Org. Chem., 2017, 6, 821-824.
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Visible-light-induced boron-catalyzed alkyne-de Mayo reaction ('Department of Chemistry,
Faculty of Science, Hokkaido University, *WPI-ICReDD, Hokkaido University) OMasaya
Endo,' Yukiho Yoshida,' Youhei Shimizu,!? Masaya Sawamura'~

de Mayo reaction is a classical photoreaction in which an alkene is inserted into the C1-C2
bond of a 1,3-dicarbonyl compound. On the other hand, analogous reactions with alkynes
instead of alkenes (alkyne-de Mayo) have been limited to low-yielding intermolecular
reactions' or intramolecular reactions.? It is partly due to the product’s susceptibility to
degradation under UV irradiation conditions. Herein, we developed visible-light-induced
boron-catalyzed alkyne-de Mayo reaction, circumventing the product’s degradation. In
particular, the reaction of 1,3-diketones and diarylacetylenes proceeded in high yield using
triethyl borate as a catalyst with blue LED irradiation. Without the boron catalyst, only trace
amounts of the product were obtained, suggesting that the boron catalyst plays a role in the
formation of the active species that can be excited by visible light.

Keywords : Boron Catalysis, Photochemical Reaction, Insertion Reaction, Alkyne, Visible
Light

de Mayo SilE, 13-V AR LEMD C1-C2 AT T A7 U AMEA L, 1,5-
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1) Marino, C.; Francesco, P. J. Chem. Soc., Chem. Commun., 1986, 1480.
2) Ulf, B.; Jonas, G.; Maecel, S.; Ljuba, I.; David, T.; Martin, H. J. Org. Chem, 2024, 89, 939.
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Visible-Light-Driven Boron-Catalyzed Decarboxylative Alkylation of 1,3-Diketones

(!Department of Chemistry, Faculty of Science, Hokkaido University, *WPI-ICReDD,
Hokkaido University,) OYukiho Yoshida,' Yohei Shimizu,!? Masaya Sawamura'?

In recent years, novel photochemical reactions utilizing stoichiometric organoboron
compounds have been developed. We have developed a visible light-driven carboxylic acid
functionalization using boron compounds as catalysts. Herein, we have developed a visible
light-driven decarboxylative alkylation of 1,3-diketones by extending the reported boron
catalysis. A boron catalyst with blue LED irradiation promoted the reaction, giving tertiary -
hydroxy ketones. Control experiments confirmed that both the boron catalyst and
photoirradiation are indispensable for the reaction. Several mechanistic studies suggested that
the in situ generated boron-diketone complex, which shows visible light absorption, is
considered to be the active species. The boron-diketone complex possessing high oxidative
potential in its excited state would oxidize a carboxylate via single-electron transfer.
Subsequent formation of an alkyl radical by decarboxylation would result in alkylation of the
diketone, affording the tertiary B-hydroxy ketone.

Keywords :boron catalysis; radical; carboxylic acid; decarboxylation,; photochemical reaction
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[1] K. Sun, M. Ueno, K. Imaeda, K. Ueno, M. Sawamura, Y. Shimizu, ACS Catal. 2021,
11,9722.

[2] K. Sun, Y. Heike, M. Sawamura, C.-Y. Huang, Y. Shimizu, ChemRxiv. 2024,
doi:10.26434/chemrxiv-2024-6vjqd
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Reductive anti-1,2-Diboration of Alkenes Using Potassium Reductants (Graduate School of
Science, Kyoto University) O Hiroki Hayashi, Ziwei Zhang, Takashi Kurogi, Hideki

Yorimitsu

Our group has been working on the development of reductive functionalizations of
unsaturated bonds by alkali metal reductants. Among these, we have developed reductive syn-
1,2-diboration of alkenes and alkynes using sodium reductants in the presence of
trialkoxyborane as a reduction-resistant electrophile.! Recently, we found that the use of
potassium reductants, instead of sodium, for the reductive diboration of alkynes resulted in
reversal of stereoselectivity of the diboration to yield frans-1,2-diborylalkenes.> Herein, we
report anti-selective 1,2-diboration of alkenes using potassium reductants in the presence of
iPrOBpin.

Keywords : Potassium; Organopotassium,; Diboration; Reduction
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anti-Selective Unsymmetrical Difunctionalization of Alkynes by Potassium Reductants Using
Flow Microreactors (Graduate School of Science, Kyoto University) OZiwei Zhang, Takashi
Kurogi, Hideki Yorimitsu

Alkali-metal-induced reductive functionalization of alkynes is an important transformation
in organic synthesis. We have developed reductive syn-diboration of alkynes using lithium and
sodium reductants with trialkoxyborane as a reduction-resistant electrophile.!"! Additionally,
sequential introduction of boryl and another functional group in a syn-fashion was achieved by
performing the reaction in flow microreactors.”” Recently, the reversal of stereoselectivity in
the reductive diboration reaction of alkynes was discovered by using potassium reductants. 1*!
Herein, we report anti-selective unsymmetrical difunctionalization of alkynes by a combination
of potassium reductants and flow microreactors.

Keywords - Flow Microreactor; Organopotassium, Reduction, Stereocontrol

TAA)BIBICEETNF v ORITIEIS)SIIEREARKIC BT 2 BERZIN
W TH D, HKAIFZVF UV LERLEFF PV LETTAIBI N NI T vaxe KT Ve
W T XD syn-—BHEYRUICERE LN, 5, yr—~<A4 7w ) T
72 —=%H\w3 TR NEBIOMOEREELD syn FIRW 2 E K IVEAICH
)L 72B, wmilE, 7oA v oEit ZE A Y FEURICICEWTH Y v LAETTAl %
3 2 & Canti-— 8+ 7 FAEBYIE S N LAERME ORISR % o072
Bl SmE. AV Y LETTHE 7 —~A7u )77 2—%ffatbeEsd LT,
2ODHRLIZEREETAF Vo~ anti BIRWICE AT 3 LTI L7z, T
Frvi1YED BuOBpin DIRAGENREZE —FH Vv LETTHOBEWRE ~4 7

IFH-—MINTEEESET AT, RI ARV LT LT v Int 3%
%E"J CHAET 2, Hiid 2 FH—M2 AT Int &FExDORETRELRISSELZ L
TRV IVEB X OO R 5 BRI A anti FIRMICEA L2 UERT L7 V55
i,

O—=Q + BuOBpin

1 equiv

2.3 equiv

[1] S. Tto, M. Fukazawa, F. Takahashi, K. Nogi, H. Yorimitsu, Bull. Chem. Soc. Jpn. 2020, 92, 1171.
[2]Y. Jiang, T. Kurogi, H. Yorimitsu, Nat. Synth. 2024, 3, 192.
[3] BRERTR, HBATE, HOLIERS, B AR L2 55 104 FEFA2, E1111-4am-03.

© The Chemical Society of Japan - [F]12102-4pm-10 -



