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Generation and flow in-line analysis of formylated-aryllithium equivalent ('Department of
Chemistry, Faculty of Science, Hokkaido University, 2AGC Inc.) OMoe Adachi', Ryuhei
Kikuchi!, Hiroki Soutome'?, Aiichiro Nagaki'

Organolithium species generally have a low compatibility with electrophilic functional
groups. With flow microreactors, we have successfully generated and reacted a range of short-
lived aryllithium species. However, organolithium species bearing highly electrophilic
substituents such as formyl groups are still difficult to generate, rendering conventional flow
synthesis methods ineffective for these compounds. Inspired by the concept of Weinreb amides,
we hypothesized that lithium alkoxide moieties, formed by a reaction of aryllithium species
with DMF, could serve as “masked formyl groups” and thus act as equivalents of formyl-
functionalized aryllithium species. Inline IR analysis of the reaction between mono-lithiated
dibromoarenes with DMF suggested the formation of chemical species containing an anionic
formyl-equivalent moiety. These intermediates could be lithiated to generate organolithium
species bearing formyl-equivalent groups.

Keywords : flow microreactor; in-line IR; Formyl groups
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! Ashikari, Y.; Kawaguchi, T.; Mandai, K.; Aizawa, Y.; Nagaki, A. J. Am. Chem. Soc. 2020, 142, 17039; Ichinari, D.;
Ashikari, Y.; Mandai, K.; Aizawa, Y.; Yoshida, J.; Nagaki, A. Angew. Chem. Int. Ed. 2020, 59, 1567.
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Unsymmetrical Carbonylation of Dibromoarenes Using Dianionic Organolithium Species
(\Department of Chemistry, Faculty of Science, Hokkaido University, AGC Inc.) ORyuhei
Kikuchi,' Moe Adachi,! Hiroki Soutome,! Aiichiro Nagaki!

The introduction of carbonyl groups into aromatic compounds is exemplified by the
carbonylation of aryllithium species with Weinreb amides. However, the generation of
aryllithium species bearing highly electrophilic functional groups such as formyl groups is
extremely challenging. As a result, conventional methods require the use of protecting groups,
making it impossible to introduce multiple carbonyl groups in a single step. Recently, we
discovered that the reaction between organolithium species and DMF produces intermediates
containing an anionic equivalent of formyl groups.

In this presentation, we report the generation and reactions of dianionic aryllithium species
formed through the monolithiation of dibromoarenes followed by reaction with DMF to yield
an anionic intermediate, which is then further lithiated. By leveraging this method, we achieved
one-pot, high-yield synthesis of aromatic compounds bearing asymmetric carbonyl groups,
which previously required multi-step reactions in conventional methods.
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Selectivity control in competitive parallel and sequential organolithium reactions by flowmicro
coexisting method (' Graduate School of Chemical Sciences and Engineering, Hokkaido Univ.,
2Faculty of Science, Hokkaido Univ.) OMasatomo Iwata,' Yosuke Ashikari,? Aiichiro Nagaki?

The reaction of highly reactive chemical species such as organolithiums can be controlled
by employing flow microriactors.! We have recently studied flash co-existing chemistry where
unstable organolithiums are generated and reacted in the presence of multiple electrophilic
functional groups. We herein report that this methodology can control not only competitive
parallel reactions but also competitive sequential reactions such as the reaction between
organolithiums and acid anhydride.

Using a flow microreactor, a solution of 4-iodobenzonitrile and benzoic anhydride was
mixed with n-butyllithium at —40 °C, affording the desired compound, 4-cyanobenzophenone
in a high yield. This indicates that flash co-existing method prevents the over-reaction of the
organolithiums with the product.

Keywords : Flow microreactor; Coexisting reaction, Competitive parallel reaction;
Competitive sequential reaction, Acid anhydride

Ta—<Arn Y7 = 3TAKY T U LD LS RERICE L E O R
EFRIRI SN ATRE T H 5 |, FeiliFex X, 7a—~A 27 vl 7 7 ¥ —0E{bFE
PEEERALZEGE 77 v a7 I A M) — 2GR L BEORE RN EGFT S
MBI DAY F 7 ARSI A TS 2 ARl KTFEIC LY BEERIETT
BOSIZIN 2 THFRIBRR S ZHIH cE 5 Z L2l LTz,

4-9— KRRy = MY Ve ZBEFBEKYOIRGE R 7 —~A 70 )T 7%
—H, —40°C Tn-7FNIVFILERAELIZEZA, BMTHD 427 7 X
T ) URENETHE LN, ., RO EERDOIEIATF 7 v —iETiITo 72 b
IATNA—NWEREL EONT, ThbbET7 T v a2 I A Y —EDOIFHIC
K07V =Y F U LR EZEEREARY & ORICZET 2 EE SIS H FTHE T

HDHEVBREI N,
I o o
/©/ I _JI_ s0mumin 0 o PP
Ph”™ SO0~ “Ph
NC o
0.1 M 15eq -40 °C /@)\ph
1.5 mL/min NC NC CN

nBuLi

0, 0,
1.05eq 80% 7%

MeOH3 eq = usual flash flow 51% 32%

1. Nagaki, A.; Imai, K.; Ishiuchi, S.; Yoshida, J. Angew. Chem., Int. Ed. 2015, 54, 1914.
2. HHEEM, ANFER, ARE B BHARLFRE 104 £FF2 (2024) , E1143-3pm-04.
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Development of Continuous-Flow Hydrogenation and Reductive
Alkylation Using Highly Stable Etched Silicon Powder- Supported
Palladium Catalyst

(‘RIKEN Center for Sustainable Resource Science, >Graduate School of Science and
Engineering, Saitama University) OEman Soliman,'* Zhenzhong Zhang,! Heeyoel Baek,!
Yoichi M. A. Yamada'*

Keywords: Flow Chemistry; Heterogeneous Catalyst; Reductive Alkylation; Hydrogenation;
Palladium Nanoparticles

Development of solid-supported metal nanoparticle catalysts for continuous-flow organic
transformation is important for modern synthetic organic chemistry. However, overcoming
their deactivation owing to leaching and aggregation remains a challenge. Our team previously
developed robust silicon nanostructure-supported metal nanoparticle catalysts for organic
reactions.!!! Here, a more durable etched Si powder-supported palladium catalyst (ESi-Pd) was
developed for continuous-flow hydrogenation of alkenes and reductive alkylation of amines.
ESi-Pd exhibited high stability and catalytic activity. Thus, continuous flow hydrogenation of
various alkenes afforded the corresponding alkanes up to quantitative yield. Especially the
hydrogenation of stilbene provided 1,2-diphenylethane quantitatively for 30 d consecutively.
Moreover, the flow system was applied to a continuous-flow reductive alkylation of primary
and secondary amines with aldehydes or ketones. This flow system was also applied to the
synthesis of valuable compounds of (-)-menthol and donepezil.
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(1) Accounts, see: (a) H. Baek, Y. M. A. Yamada, Synlett 2023, 34, 1739. (b) Y. M. A. Yamada,
Chem. Pharm. Bull. 2017, 65, 805. Examples, see: (c) H. Baek, T. Sato, Y. Uozumi, Y. M. A.
Yamada, Eur. J. Inorg. Chem. 2021, 708. (d) T. Sato, Y. Uozumi, Y. M. A. Yamada, ACS Omega.
2020, 5, 26938. (e) Y. M. A. Yamada, H. Baek, T. Sato, A. Nakao, Y. Uozumi, Comms. Chem.
2020, 3, 81. (f) H. Baek, K. Kashimura, T. Fujii, S. Fujikawa, S. Tsubaki, Y. Wada, Y. Uozumi,
and Y. M. A. Yamada, ACS Catal. 2020, 10, 2148. (g) Y. M. A. Yamada, Y. Yuyama, T. Sato, S.
Fujikawa, Y. Uozumi, Angew. Chem. Int. Ed. 2014, 53, 127.
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Study on Olefin-Selective Catalytic Hydrogenation Reactions Using Continuous Flow
Synthesis (Graduate School of Science and Technology, Tokushima University) O Miku
Tashima, Norikazu Miyoshi, Masaharu Ueno

HPCB-5 developed in our laboratory functions as an inhibitor of the ceramide transport
protein, and we are conducting synthetic research aimed at mass supply for drug discovery and
development. However, there were problems concerning selectivity and reproducibility in the
olefin-selective catalytic hydrogenation reaction with substrates coexisting with nitro groups
and olefins, which is necessary in the synthetic process. In recent years, heterogeneous
palladium catalysts with reduced activity have been developed, enabling selective reduction of
functional groups. On the other hand, it is difficult to control reaction conditions in large scale
reactions due to technical problems, and there are issues related to selectivity and
reproducibility. We investigated the reaction conditions for the continuous flow synthesis,
which could precisely control the reaction. We have now succeeded in selective synthesis on a
decagram scale, and will report on the details in this presentation.

Keywords : Continuous-flow, Green chemistry, Selective hydrogenation; Olefin;, Decagram
scale
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1) N. Nakano, M. Ueno, S. Sakai, D. Egawa, S. Kawasaki, K. Kumagai, M. Suzuki, K. Hanada, S.
Kobayashi, Communications. Chemistry, 2019, 2, Articlenumber:20;

2) T. Takahashi, M. Yoshimura, H. Suzuka, T. Maegawa, Y. Sawama, Y. Monguchi, H.Sajiki,
Tetrahedron Lett., 2012, 68, 8293
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Fast Reductive Transformation Reactions Enabled by Highly
Active Monolithic Polymer-Supported Catalysts

(!Department of Chemistry, Faculty of Science, Hokkaido University)
(OXianzhu Zhong', Kazuhiro Okamoto', Aiichiro Nagaki'
Keywords: Monolithic polymers; Palladium catalyst; Hydrogenation

Heterogeneous catalysts play a

pivotal role in catalytic chemistry NO2
due to their unique advantages, | N =
o
R

however, their lower -catalytic NH,
activity, resulting in slower reaction Reactant N
rates, has limited their application in l//

Pd@Monolith R

processes demanding rapid and MFC
column reactor Product

efficient synthesis. To address this H2
limitation, this study introduces a novel approach combining the development of highly
active heterogeneous catalysts with a methodology to control "reaction time and space."

Monolithic polymers were engineered as high-surface-area supports with tailored active
sites for immobilizing transition metals.> By screening various precursor monomers with
functional groups and optimizing synthesis conditions, monoliths with different degrees of
cross-linking, pore sizes, and surface areas were prepared. These modified monoliths were
then combined with palladium to fabricate the Pd@monolith catalyst.

Using the Pd@monolith catalyst, a column reactor was designed for the reductive
transformation of nitro compounds via a flow reaction system. Hydrogen, as the reducing
agent, was delivered through a microflow controller, enabling precise regulation of reaction
parameters such as time and temperature to maximize reaction efficiency. Unlike
conventional batch reactions, flow reactions allowed for rapid reactant reduction within
seconds and facilitated easy replacement of the catalytic column, enabling efficient
screening of optimal catalysts for a variety of reactants.

This system also demonstrated high chemoselectivity and catalytic activity in the
reductive transformation of challenging compounds with high steric hindrance, high polarity,
or low solubility. By intricately controlling conditions such as temperature, reactant flow
rate, and column length, this approach successfully overcame traditional limitations of
heterogeneous catalysts, paving the way for broader applications in efficient and selective
chemical transformations.

1) a) Vogt, C., Weckhuysen, B.M., Nat. Rev. Chem. 2022, 6, 89. b) Timothy N. et al., Chem.
Sci., 2023,14,4230. 2) Miura, Y, et al., Polymers 2022, 14, 5123.
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—HB ! Development of chemoselective aerobic oxidation enabled by flow reaction system
(‘Department of Chemistry Faculty of Science, Hokkaido University, *Department of Pharmacy,
Faculty of Pharmacy, Gifu University of Medical Science) OXKyoko Mandai'?, Kazuhiro
Okamoto', Hiroki Mandai?, Aiichiro Nagaki'

Development of the reactions using air as the sole oxidant source is important in view of low
cost, low environmental impact, and safe operation. Oxidation with air, however, are not
practically viable when it is performed in a conventional batch reactor due to the low efficiency
for gas—liquid mixing. Using our previously reported flow aerobic oxidation system, which
was established for epoxidation of cyclohexene, the substrate with two oxidizable functional
groups could not be oxidized efficiently because of internal generation of an active oxidizing
agent. Based on the plausible reaction mechanism, we developed the flow system, consisting
of the first part of peracid generation from isobutyraldehyde and air, and the latter part of
subsequent oxidation of the substrate, to find the functional substrate was oxidized
chemoselectively in controlled manner.

Keywords : aerobic oxidation, flow reactor, chemoselective oxidation
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1) Mandai, K.; Yamamoto, T.; Mandai, H.; Nagaki, A. Beilstein J. Org. Chem. 2022, 18, 660-668.
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Development of Polymer-supported Triarylmethyl Cations for Photocatalytic Reactions
(School of Science, The Univ. of Tokyo) O Kazumichi MAEDA, Tomoya HISADA,
Yasuhiro YAMASHITA, Shu KOBAYASHI

Photoreactions have attracted much attention as environmentally friendly reactions,
and the immobilization of photocatalysts is important to achieve efficient
photoreactions. In our previous research, we found that triarylmethyl cations promoted
radical-induced [4+2] cycloaddition reactions in high yields with high regio- and
diastereoselectivity. In this study, we investigated the immobilization of triarylmethyl
cations on polymethacrylate, which is highly light permeable, for continuous-flow
reactions. After examining polymer structures and counter anions, we found that the
radical-induced [4+2] cycloaddition reaction proceeded with high yields and selectivity
under optimal conditions. Also, the high catalyst activity was maintained after the 6™
run in recovery and reuse experiments. Furthermore, by performing reactivation with
perchloric acid, the catalyst activity was successfully recovered. In addition, the
application to a continuous-flow reaction was also investigated. This presentation will
report the details of these investigations.

Keywords: Heterogeneous catalyst; Organocatalyst; Cycloaddition; Photooxidation-
reduction catalyst; Continuous-flow synthesis
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Polymer Mechanochemistry in Wet Bead Milling (Mitsuichemicals Inc.!, School of
Science? and GSC Social Cooperation Laboratory®, The Univ. of Tokyo)

oYuho KINBARA'2, Haruro ISHITANI3, Shi KOBAYASHI?3

In mechanochemistry, where mechanical stress and force are used for molecular
transformation, specific chemical phenomena on insoluble compounds occur such as
reactions or molecular weight changes. Recently, various reactions have been
reported using dry mechanochemistry, but wet mechanochemical achievable in bead
milling performed in solvents, has not been sufficiently investigated. In this study, we
focused on the molecular weight change of polymers by bead milling and attempted
to apply wet mechanochemistry toward chemical recycling method for polymers.’

For polycarbonate, each solvent gave different molecular weight changes, but there
was no correlation between the molecular weight and the vyield of their
depolymerization reaction. Similarly, for polymethyl methacrylate, different molecular
weight changes were observed depending on the solvent, and the results of TG
analysis confirmed a decrease in pyrolysis temperature due to lower molecular weight.
A discussion of each result using mass spectrometry and solvent parameters will be
reported.

Keywords : Bead Mill, Mechanochemistry, Molecular weight control, Polymer,
Chemical Recycling

BB D E D FERICHNATEA N/ 7R M) —TlE, #AEREEYVORIE
PRFEZLEOREGILFERENEC S, BFETREXA D/ 7T A M)—TD
DFEBPBRESINTVED, BEPTITONEIE—XIILTOREIXAHD/TIH
LREICOVWTIETRERENESATLEL, ARETERYI—Dr ALY
A IOL~ADEREZBME LT, E—XINIZKBEBXAD/ TR N)—DDF
EREICEZSIMBERE LI,

RYUA—RRr—rZ2RAVERETIE., BEISELICELGLINFELTILESZHH.
NFELREERCONREFIZHEAFIR OGN ofz, RUAZZYILEAFILEL
BLEGELRKIC, BIRTGBEICKYELGINFELRLAER S LM
Z. 16 PHOERTIIENFELICLIBTBEEDETEHER Lz, SHEICD
WTEEATMOBENSA—FZTAVEERZHRET S,

i O \/ O i > . % Bead Milling Terminal structure change
0" of o0 Solvent, -10°C Molecular weight change

1) T. Kawase, H. Ishitani, S. Kobayashi, Chem. Lett., 2023, 52, 745.
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Solid-State Béchamp Reduction Using Mechanochemistry and Its Application to Synthesis of

Boacalid. ('Graduate School of Engineering, Hokkaido University, *WPI ICReDD, Hokkaido
University) (OAsahi Nagao', Koji Kubota'-2, Hajime Ito'*?

The Béchamp reduction is a well-known method for reducing nitroarenes to aromatic amines
using zero-valent metals. However, conventional approaches face challenges such as the
requirement for large volumes of solvent, high temperatures, and prolonged reaction times.! In
this study, we successfully developed a mechanochemical protocol for the Béchamp reduction
using inexpensive Zn metal as a reductant. Notably, this newly developed solid-state protocol
does not require an organic solvent, and all synthetic operations can be performed under
ambient conditions. This reaction is considerably faster than previous solution-based reactions,
and most nitroarenes were reduced within 30 min. Furthermore, we utilized this method to
achieve the mechanochemical synthesis of Boscalid, which is widely used as a pesticide,
showecasing its practical applicability.

Keywords : Mechanochemistry; Ball mill; Amine synthesis, Zinc, Nitro group

Béchamp 25013 0 i B2 HWCT= FrlA2E LT 5 FIETHY FEHET IO
REOBRERIETH D, LnL, ZOBGFORICHRIEOZL  ITEREEERNLETH D
b @RS R WEOE M COMENH o1, AR TIZ, AN/ 7
I HIVEIZ X D& 7 digha )@ i oe Al & LTV 2 Béchamp 12 o0 D BHFE L2 AL
LTz s REISITAEEZ W2 BN 72 T TOEBRBIEIZZER T THE
AIRETH D, 2. Z DRUNMITER DEFIR AT T D Béchamp 3ot L W HIFFITH |
% < OFEEITX LT 30 AN TRIS D FERE Lo, S BIC ARFELTEN T2 2 & T,
AL LTI HWHBNAR A Y ROETFREAD )7 I VAR EER L A
DA AT 72 G AT R Sz,

The first mechanochemical protocol for the BEchamp reduction

Zn, NH,CI : Q MeQ
No2 NH2 : OMe o
ball milling : @NH
2 NH

50 °C, 30 min H
up to 87% yield . Q NH,

solvent free  short reaction time  high selectivity E 81% 7% 87%
SN
Application to all-step mechanochemical synthesis of Boscalid | _
Pd cat. Cl
N02 Ar-B(OH), cl oz Cl arcoci cl
base additive NH4CI base NH
baII baII baII
milling milling milling Boscalid

1) K. Kubota, A. Nagao, H. Ito, RSC Mechanochem. 2025, accepted.
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Mechanochemistry-Directed Ligand Design Enabling Highly Efficient Solid-State Palladium-
Catalyzed Conjugate Arylation ('Graduate School of Engineering, Hokkaido University, *WPI-
ICReDD, Hokkaido University) OHina Shoji,! Keisuke Kondo,! Koji Kubota,"* Hajime Ito!*

In our previous study, we found that phosphine ligands bearing poly(ethylene)glycol (PEG)
chains were capable of promoting highly efficient mechanochemical palladium-catalyzed
Suzuki-Miyaura cross-coupling reactions under mild conditions.” In this study, motivated by
this success, we developed a highly efficient mechanochemical conjugate arylation reaction
catalyzed by palladium by designing novel bipyridine ligands with PEG chains. Traditional
bipyridine ligands, which were used in the solution-based conjugate addition, showed poor
catalytic activities under mechanochemical conditions. In contrast, the newly developed
PEGylated bipyridine ligand facilitated the mechanochemical conjugate addition to give the
desired arylated products in excellent yield. This mechanochemical arylation was fast and
required only 60 min to complete the reactions for most substrates.

Keywords : Mechanochemistry; Conjugate Addition; Ball Mill; Palladium, Bipyridine Ligand

UHFFEE TIZLLRT, RY =F L 7Y a2 — W(PEG)#HAZEA LIZAR A7 ¢ VBN
ERWDZ LT, NIV AlEEE W= A D ) r I KRB a A0 > 7V
VI RGRAR G T TR EIT T 2 L aWmE Lo ), AIFRETIL, 20 A
T 7 NG R RIA LR PR FHC RS & B e ) U UELFIC PEG # A
AL LOWENIF 2T D2 L0k o T @R RGO MMl L 5 A A 7
r I ANIET ) — MEBUSE DO BRF IR LT, ik OFRSGMECTHOY O TS E
U U UBUL L, A T I NGB TRWEEE R LTz, —TF, #iT2ICBR
F L7 PEG RV VU2 WD & BUSIERENRIEIZH ET5Z &% R
Lize RAD 2 I HNVEISIFFERICH S 1FE A EDOIBEIZIBNT 60 5 THRILA
SERE LT,

Ligand design enabling new mechanochemical reaction development

=
|
Showing high performance compared S N
to the traditional bipyridine ligands L N._ h
. Pd
PEG chain
0 Pd cat./ ligand @
+ > (o)
R1/\)J\R2 (HO),B additive
ball milling R! R2
conjugate ketone arylboronic acid up to 99% yield

1) T. Seo, K. Kubota, H. Ito, J. Am. Chem. Soc. 2023, 145, 6823—6837.
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Deprotection of benzyl group by mechanochemical Birch reduction with sodium metal

(‘Graduate School of Engineering, Hokkaido University, " WPI-ICReDD, Hokkaido University)
(ONaoki Shizukuishi,! Keisuke Kondo,! Koji Kubota,'? Hajime Ito!

The benzyl group as well as its derivatives are widely adopted as protecting groups in organic
synthesis. The Birch reduction has been widely used for deprotection of the benzyl groups, but
traditional solution-based conditions often require a large excess amount of alkali metals,
highly dehydrated conditions with relatively complex reaction set-ups, and large quantities of
dry bulk solvents. Our group previously reported a mechanochemical protocol using ball
milling for extremely fast Birch reduction using alkali metals under solvent-less, ambient
conditions.!? In this study, we developed a highly efficient debenzylation of alcohols and
amines using an almost stoichiometric amount of sodium Iump under solvent-less
mechanochemical conditions. Notably, these reactions are rapid (within minutes) and generate
the desired products in high yield at room temperature. Importantly, all synthetic operations
can be carried out in air without special precautions against moisture and temperature control.
Keywords : Mechanochemistry, Ball Mill, Sodium, Debenzylation, Green Chemistry

RUOVNVEB X OREOFERITAEEHRKICBIT oR#ERLE L TREAS HnsiT
Wb, N—=FBILSIE, N DVEOBRELEE L THEH STV A2, BEFORE
TRREMETIEL, BEICH L CRREIEO T LA ) SRS LEL L 72 DA% |, ik
HIREME S > N7 778 ORI 2 N T2 s IR SRStk O B 5, 4
WFZEE TIILIRT, R—V I WK DA D 2 I W WiEE WD Z LT, N—F &K
JEDSKIEIZANE S 5 Z & 2 R U, AT D22 P CEMAEER 7 17 h =2 /Ld
WESTAZ AR L= 2 AR TIXZ DA D ) r I W ViEE WD Z 8T, EIZH LT
fEFERBEOHIRT U U LABBIC X D EERRA D VIRER S O BRI A
L7z, ZORIGTHESMICHEIT L, BRIOBA Y DU bR Z IR TH 2 72, FFIC,
Z OEME TR 22K A~D 5 7 OWPE R 78 ERNRETH Y | F T OEBRERAEILZE
KFETITH 2 ENTE, MEICEBAFTRETH -7,

Toen e (tosau) on °

.5 equiv
or . or .
/

10 mL jar (stainless-steel) Ro<

) 10 mm ball x 2 (stainless-steel) r;lH
R4 ball miling (30 Hz) Ry DMI

rt, 15 min up to 99% yield

1) Y. Gao, K. Kubota, H. Tto, Angew. Chem. Int. Ed. 2023, 62, €202217723.
2) K. Kondo, K. Kubota, H, Ito, Chem. Sci. 2024, 15,4452.
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Mechanochemistry-enabled transformation of N-sulfinyl imines to nitriles (' Graduate School
of Engineering, Hokkaido University, *WPI-ICReDD, Hokkaido University) O Tetsu Makino,!
Koji Kubota,'* Hajime Ito?

Nitriles are important compounds found in pharmaceuticals and functional materials. One of
their synthesis methods is the pyrolysis of N-sulfinyl imines that yields the corresponding
nitriles. However, the conditions reported so far require considerably high temperatures and
suffer from low functional group tolerance.' In this study, we found that zers-butanesulfinyl
imines can be converted to corresponding nitriles under mild conditions at room temperature
in the presence of potassium cyanide in DMSQO. These reactions were rapid and completed
within 30 min for most substrates. Furthermore, by employing a mechanochemical method*>
with a catalytic amount of tetrabutylammonium bromide (TBAB), this experimental procedure
was simplified, eliminating the need for high-boiling point solvents in the reaction.

Keywords : Mechanochemistry; Ball mill; Solid-state reaction; Aldimine; Nitrile

= R UL, EIELOBIENM B SICAR OGN A EERILAEM TH D, DAL
DONEDIT N-ANVT 4 = A IV DRGTEPM O TND D, @IRFEDNLETH
0. BREEFREMENE WIFREN D o 72 15, R TIL, tert-T X U ANVT 4 =
A X% DMSO I, 7 A BV O AERISEESEDH T LT, EiRE WO R
REMETIETH= FUMCEHTE AL Z L2 R L-, ARBRSITELONTHEIT L.
FEAEDFEEITKH LT 30 LNIZSER LTz, &6, R—AIvEzHW=AD 7
FINIAE S ERONMZEMA LIE 2 A, M EOT N T FAT E=T AT R
~A R (TBAB) Z i % Z & CHEESIFETOFEN =NV L AEETH 5
ZERbhrol, TOFEIZEY . KINEEEO IR EREBAEO iR 2 B L 72,

KCN CN

-~
N" Bu cat. TBAB N
l - R—:

ball milling
= rt, 30 min, under air up to 99% yield

v mild conditions v broad substrate scope

v solvent-free conditions v simple operation under air

1) Davis, F. A.; Friedman, A. J.; Kluger, E. W. J. Am. Chem. Soc. 1974, 96, 5000.
2) Mukade, T.; Dragoli, D. R.; Ellman, J. A. J. Comb. Chem. 2003, 5, 590.
3) Tanuwidjaja, J.; Peltier, H. M.; Lewis, J. C.; Schenkel, L. B.; Ellman, J. A. Synthesis 2007, 21, 3385.

4) Kubota, K.; Seo, T.; Koide, K.; Hasegawa, Y.; Ito, H. Nat. Commun. 2019, 10, 111.
5) Kubota, K. Bull. Chem. Soc. Jpn 2023, 96, 913.
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Development of Mechanochemical Rieke Method

(*Graduate School of Engineering, Hokkaido University, *WPI-ICReDD, Hokkaido University)
OYamato Fukuzawa,' Koji Kubota,'> Hajime Ito'

The Rieke method is a practical protocol for producing highly reactive metal particles and has
been widely used for the synthesis of a variety of organometallic compounds.'~ However, this
method usually requires large amounts of toxic organic solvents, an inert gas atmosphere, and
a strictly dehydrated environment, making the synthetic procedure very complicated. Our
group has studied mechanochemical methods characterized by solvent-minimized conditions,
short reaction time, and simple operation under air.*® In this study, we attempted to overcome
the drawbacks of the conventional Rieke method by developing a new, effective
mechanochemical solid-state Rieke method. Details of the reaction conditions, surface
observations of the metals through XPS analysis, and the application of the prepared active
Rieke metals to organic synthesis will be discussed.

Ricke {EiX, @@ a7 Ak E T A0 ) &R/ TERILTT D 2 L CEKSES R S—T
A I NVEFRESEDLHETHY, Hr 2GSRI OERRITHN LN TE R 15,
LU, TERDOEMN TIIREDAERARISEE A AN DMEN DD b, NEMET AR
FRSEKBRENLATH D | JEHERBIEN RO BN D, UWFIEETIL, A— b
WA T 2 L HNVEIZ DWW TIIZEZ LT\ 5, Z OFIETZER T ClifEic s
i C & VRIS A B A i/ NRICHIH T & D LW ) KA B o 0, ABFZETTIE, ek
Rieke (EDOR W ZFIRT 5 Z & A BBIZ, A= INVEHNTZ AT ) 7 I VA RE
(2 & D8 LW 72 [EHA Rieke IEDOBT Zat Lo, A%ERTIT, BRI RIGS
HEOBFHERC XPS HITIC L 28 BEHROTE., BLOFHE LZEEEROAKE
R A~DISH ORI HONT, A RET 5,

3 -

adit o U
i additive 3
MX, a(”lfi""",\l"a’EtKa)' "Rieke M"
T ball milling
® Solvent-minimized conditions ® Simple synthetic operation ® Short reaction time

1) R. D. Rieke, S. J. Uhm, P. M. Hudnall, J. Chem. Soc., Chem. Commun., 1973, 269b.

2) R. D. Rieke, Chem. Res. 1977, 10, 301.

3) L. Zhu, R. M. Wehmeyer, R. D. Rieke, J. Org. Chem. 1991, 56, 1445.

4) R. Takahashi, A. Hu, P. Gao, Y. Gao, Y. Pang, T. Seo, J. Jiang, S. Maeda, H. Takaya, K. Kubota, H.
Ito, Nature Commun. 2021, 12, 6691.

5) P. Gao, J. Jiang, S. Maeda, K. Kubota, H. Ito, Angew. Chem. Int. Ed. 2022, 61, €202207118.

6) R. Takahashi, P. Gao, K. Kubota, H. Ito, Chem. Sci. 2023, 14, 499.
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