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Continuous-Flow Telomerization of CO, and Butadiene to &-Lactone with
Heterogeneous Pd Catalysts

(School of Science’ and GSC Social Cooperation Laboratory?, The Univ. of Tokyo)
OKota TAKENO", Haruro ISHITANI2, Shiit KOBAYASHI"2

Production of chemical substances mainly relies on fossil resources as a carbon
source, and utilization of CO, emitted during production processes as renewable
carbon sources is an important issue from the viewpoint of CCU strategy. Especially,
transformation by non-reducing processes to chemical commodities is desirable, and
in particular, conversion into polyester monomers is one of the most prominent ways.
Lactonization of butadiene and CO; to give divinyl d-lactone is a promising reaction
giving a polymer element with multiple reaction sites, and several homogeneous
conditions using Pd catalyst system' have been reported but few examples using
heterogeneous Pd system.? This study investigated the telomerization of CO, using
polystyrene-supported imidazolium-based heterogeneous Pd catalyst under batch
conditions orienting continuous-flow system. We carefully explored catalyst
preparation methods and various reaction conditions and found the desired lactone
could be obtained in 45% yield with 286 of TON.

Keywords: CO; Utilization; Heterogeneous Pd Catalyst; Lactone Synthesis

EHRREFTRRRELCEERICEKELTOAN MICEVTHESN S ZF#E
RBEEF-LERRRES S CCU K, HICFERMITOERIZEY, EHMELT
REEENEFENDILEYHRADEBAETETH D, 1,3-TE2 VTV ERIERERD
RIBIZEYRY)IRATLRERMELGDESIBOEZIL 8- FoEERT HRIEIE.
NATHERDITZCIOADERELHY .. BAGE—T Y bD—DTHB. ARG
(. ¥—F Pd RV EBIE SN TS —AT '\ TH—FK Pd il Z AU - Hl1X
FEAER 2, RBFETIE, BEEL Pd MEICK S ERET Y o ERERET LT,
BHRELTAIFYIILAZY bERTHKRYRFLUZRAL. Pd(OAc), LiBE
£ETTEA L. NaBH4 [T K HETUMEICL Y F/ MFILERTRE L =EE1L Pd
i ZEALND &, 40%IRE, TON=286 TEHIDS Y Fo&2/{GHIENTET,

Polymer-based Pd° catalyst (0.14 mol%)
PPh; (0.14 mol%) =
TBAAc (2.9 mol%)

-+ CO - X
N 2 MeCN/THF = 1/1 (1.0 M) 0~ "0
2.2 MPa ° 40% yield (GC)
70°C,20h TON: 286

r
Polymer: BMImPS-4-890

1) for example: M. Bao et al., ChemistrySelect, 2020, 5, 9404.
2) S. Pitter et al., J. Mol. Catal. A: Chem. 1999, 149, 255.
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Continuous-Flow Hydrogenative Synthesis of Cyclic Ethers from Biomass-Derived
Compounds

(School of Science’ and GSC Social Cooperation Laboratory?, The Univ. of Tokyo)
OTakashi UEMURA?, Haruro ISHITANI2, Shu KOBAYASH]I'2

The development of reductive conversion of biomass-derived chemicals into value-
added chemicals presents a critical avenue to achieve a carbon-neutral society. Last
year, we reported the hydrogenative conversion of furoic acid to &-valerolactone using
a heterogeneous platinum catalyst supported on silicoaluminophosphate.’ During the
investigation, we found that tetrahydropyran was the main product when furoic acid
was processed using a continuous-flow system at low space velocity (SV) conditions.
In this study, we focused on this hydrodeoxygenation of the lactone and explored
various reaction conditions. Inspired by the experimental results that the
hydrodeoxygenation was effectively promoted by the addition of homogeneous Lewis
acids, several group IV metal-incorporated SAPO-34 supports were tested, and it was
found that a Pt catalyst supported on Zr-SAPO-34 exhibited superior activity. Under
the conditions consisting of SV 15 h' at 60 °C reaction temperature, the desired
tetrahydropyran was obtained continuously for more than 48 h with 86% yield.
Keywords: Heterogeneous Catalyst; Continuous-flow Reaction; Hydrogenative
Conversion; Silicoaluminophosphate; Biomass Conversion

NAF I RABARILEYMEZETHIZMAMBEEDS MEEMEIZEBRT DEHTIE. B
— Ry Za— I EBHEEZRRITI-ONDEELFRTHS, HEEELIL. BT
W/ ) VEBIERRSMEEANS, JOBMASS-/\LASY bADKFREER
FRE L. TOAET. JOBZEEZREE (SV) FHETERIO—KFRILT D L.
TEFSEROESUATERMELDZEZRE L, AIETEH. 2OSY LoD
RERREHITEBE L. BRAORIGEH EHRET LTz, KFRIEBREBRERIGHILA REEDH
MIZEYRESNEEVWSERBRICEDIEZ EAD IV iEEEE F—J L 1= SAPO-
34 BIXERET L& T A, Zr-SAPO-34 HEFHEAEIFIZENT-EEERT &
#RHELE=.SV=15h'. RIGEE60°CHO7O—&HT. T hSEFOES V% 86%
DUNE T 48 BRI L EHICF[ D ENTET -,

H TOF:12.9 /h
2 DMPS-Pt/ZrSAPO-34 TON: >619

30.0 (0.12 mmol) Space-time-yield: 39 mmol/h dL
w/ CeIIquse (W-50)
mL/min BPR
Cr - O
0.9 MPa
in TFE (0.3 M) mL/mln 10 X 50 mm 80-89% yield ~ 1% yield
60 °C for 48 h

1. EMREIL, NEEh, AR, /IMME, BREEEF104FFER, E1142-2pm
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Efficient Continuous-Flow Synthesis of 3-Aminochromones Using Polystyrene-Supported
N-Heterocyclic Carbene Catalysts (NIPPON SODA CO., LTD.," ACTIVE PHARMA CO.,
LTD.,2 GSC Social Cooperation Lab.,> School of Science,* The Univ. of Tokyo) O
Shunsuke MOURI,! Toshiya ASAKAWA,? Masatoshi TANIMURA,? Haruro ISHITANI,® Shi
KOBAYASH |34

3-Aminochromones are useful heterocyclic motifs found in several drug molecules, and
development of efficient synthetic methods of these compounds is important. This study
focused on the synthesis through intramolecular reaction between an aldehyde and a
nitrile," and the reaction under continuous-flow conditions using a polystyrene-supported
N-heterocyclic carbene (NHC) catalyst were investigated. The NHC precursor, a triazolium
salt-supported catalyst 3, was prepared using chloromethyl polystyrene 1 with triazoline 5
followed by oxidation using a trityl cation. The resulting catalyst 3 was packed into a column,
converted to NHC 4 by treatment of DBU. Using this column-flow system, we confirmed
formation of the target 3-aminocromone 7 in 88% yield by flowing a THF solution of 6.
Details of preparation of the immobilized catalyst, reaction optimization, and application
into synthesis of iguratimod, an anti-rheumatic drug will be discussed.
Keywords: NHC Catalyst; 3-Aminochromone; Inframolecular Cyclization; Heterogeneous
Catalyst; Flow Reaction

AMETIE, EXERREDOEECLIELERONS -7/ VOEVEREERLED
—DTH5. P FHRFILTER - ZrY LB C-CHAMBRIGIZCEB L., RURFLY
[CEZIE L= NNATOBKAHILARY (NHC) DiER 7 O—&H-TOMEERZRET L=,
sBaaAFILRY RF LY (Merrifield #i8)1 (LT, FUFZYUL 5 EDhy T
U RUMUFILAFAUICKDEIEZERT LT, NHCHIBRAE BB FUTVUD
LIEEELAE 3 #R/EL-, ChEHSLIZFEL, DBU Z/EHESHETNHCEA ~ZE
?ﬁu—i& HE 6 % THF BKELTERIAHETI-FI/VAEFY 7 % 88%IE

BEZENTE:, MEDRAEEC A —RIGEHEDORELIZDOVNTEM., HVIZ,
'J rb?%?«f T5FERERADEAIZ ST L TR B,

Cr’ N—ph Cr/N\N—Ph Phoo O/N —Ph
polystyrene N/ N/ o “er, | C(\J :
H 3 Ph” Ph ' ~' e .
o 5 é : é A, :
—_— 0~ o~ —> H
NaH, THF CH,Cl, ! '

1 2 3

SUS Column

. w/ 4 and Celite®
6 in THF 7, 88% (NMR yield)

1) Vedachalam, S.; Zeng, J.; Gorityala, B. K.; Antonio, M.; Liu, X. W. Org. Lett. 2010, 12, 352-355.
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Chemoselective Control of Arylpotassium Species by a Flow Reaction System Using
Schlosser Superbases (*Fuculty of Science, Hokkaido University, 2Hokkaido University of
Science) oHiroki Nakayama?, Shintaro Kamio?, Kazuhiro Okamoto?, and Aiichiro Nagaki'

Direct C-H activation of aromatic rings using the strong basicity of organo-potassium
species has many advantages such as shortening the reaction steps, but its high reactivity
causes problems in functional group tolerance. In this study, we succeeded in preventing
excessive reactions by utilizing the high-speed mixing capability of the flow microreactor,
and in controlling reactivity appropriately by changing the organolithium species, which is
the anion source of the Schlosser bases, to selectively carry out the deprotonation reaction.

First, the desired organolithium species were generated by mixing a solution of
organolithium species and potassium alkoxide in a flow microreactor, then reacted with
fluorobromobenzene, which readily undergoes halogen-lithium exchange with alkyl lithium,
finally, we trapped deprotonated intermediates with the electrophile tributyltin chloride. We
found that the ortho-position of the fluoro group is highly selectively deprotonated when the
reactivity is appropriately controlled by changing the lithium species used and the
organopotassium species. It was also shown that functionalization, which is difficult with
organolithium species, is possible by changing the electrophile.

Keywords: Flow Microreactor; Organopotassium Species; Schlosser Bases

FHRED V) w7 DFEOTR ) I M AR U725 BFEROEEN C-H &ML 00 T
DGR EL L DRIENH DD, FDEWISEN D EREETFAMEICHEN S 5,
SlEFkxIEIT7a—~A 27 )77 2 —OEEESZEN L CRE RIS EE S E &
H1Z, Schlosser DO T =A LR THLAKY F U LFEEAET T 52 & TRISHZE
EENHIE L, SR 7 2 M AMERSE TS5 2 ST L,

EFPF. AU FULRELE D) D AT L axy ROBWKE 7 a—~< A a7 74
—HTIRAE L TEAOEKD U v 2EERAESEH%Z, TAXV) T ATIIES
W o= F I ATWNEITT A 70 n T e e oPr LRSS, RETFH
DAL RN TFNAXT RN v T HRKIGREME LT, HWD Y F U LFEEZET
95 Z & TROME % 3w U L
MUK U 7 A% t+BuOK
S als, Tt unkod v
MIAEZERANCH T 7 F > o
fkxnsrZ 2R L, & /@F

Br

/ Schlosser base

lo. REFHELES D&
THWYD F U L0 TIXIN#E2
BREICOVWTHLARETH
DT ENITRENT,

H
Electrophile
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Flash Flow Generation and Selective Monoaddition of Organopotassium species to Lactones
(Faculty of Science, Hokkaido University) O Dong-eun Yoo, Kazuhiro Okamoto, Hiroki
Nakayama, Ruka Ebisawa, and Aiiciro Nagaki

Hydroxyketones, intermediates in the anionic ring-opening polymerization of lactones, have
been extensively studied in various fields due to their importance as precursors for total
synthesis and pharmaceuticals. Since lactones are polymerizable monomers that contain a-
protons, they can react with anionic organometallic species, leading to ring-opening
polymerization and deprotonation as side reactions. To address these issues, the synthesis of
hydroxyketones through solvent tuning or the mediation of stable intermediates has been
reported. We herein demonstrate that hydroxyketones were obtained in high yields by selective
nucleophilic addition of aryl-potassium nucleophiles to lactones, utilizing the features of flow
microreactor system including rapid mixing, quenching, and precise temperature control. The
present reaction system was successfully applied to selective addition of organopotassium
species to lactones and lactams bearing various substituents. By controlling the equivalents of
these reactants, oligomers and diols were selectively obtained, and the reaction was effectively
controlled using high-flow-rate flow conditions.

Keywords: flow microreactor, ring-opening reaction, organopotassium compounds, lactones
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Development of Water-Compatible Acylation Reactions Using a Flow Microreactor
(‘Department of Chemistry, Faculty of Science, Hokkaido University) O Daito Takahashi,'
Hiromichi V. Miyagishi,' Yiyuan Jiang,! Masahiro Takumi,' Aiichiro Nagaki'

Acylation reactions are commonly used for the modification of biomolecules, protection of
amines, and synthesis of pharmaceuticals. Although these reactions are typically performed in
organic solvents, the development of rapid acylation in aqueous solvents is essential due to the
water solubility of biomolecules and pharmaceuticals. Acylation with acyl chlorides is
particularly attractive because of its high reaction rate. However, the reaction in aqueous
solvents often results in low yields because of the hydrolysis of the acyl chlorides. In this study,
we developed a fast and efficient acylation method using acyl chlorides in water-containing
solvents with a flow microreactor. Moreover, we conducted kinetic analysis of the acylation
reaction using the quench flow method, enabled by the precise residence time control of the
flow microreactor.

Keywords : flow microreactor, acylation, reaction in water-containing solvents

T Y WACBOSIFANR G F OEMLIRGESOG . EH SRR SRRV BV T E
RIS TH D, T 9 LIERIEDS ITABBEEHF CIThn 203, ERS +OEIER
72 EOIEIIKEMED DN L KFTORBELRT ¥ LSO BN R D 5T
Wh, T YLD H TGRSV BRI OGS mE IS TS5 — 5T K
R BTSSR DN AT DO RRE LR T T2 2 28 mbnT
W5, KFETIX, 7er—~A 27077 X4 —%H\5DHZ L TRILFETFTOT
FOS % @l D@ CHI TS L Z LI LTz, £, 7r—~A a7/ X
— DFEE I AR R 2RI 5 2 & T, VR B O T 2ok LUK
3 P S OD i o FEE S AT 24T - 7

* Fast acylation
+ Efficient
* Kinetic analysis
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Hydroalkylation of indole via direct cation-anion reaction in flow microreactor ('Fac. Sci.,
Hokkaido Univ., 2Dep. Chem., Fac. Sci., Hokkaido Univ., *AGC Inc) OKazuki Miyamoto',
Hiroki Soutome??, Aiichiro Nagaki?

Acidic activation of indole can generate an indolium cation, which subsequently reacted with
nucleophiles to synthesize C2-functionalized indolines. However, in this method, the indolium
cation may react with the starting indole, necessitating the generation of the indolium cation in
the presence of the nucleophile. In this study, we utilized the rapid mixing capabilities of a flow
microreactor to achieve instantaneous generation of iminium cations and direct reaction
between organic cations and anions. This approach allowed the generation of indolium cations
under nucleophile-free conditions, followed by their reaction with highly reactive nucleophiles
such as alkyl lithium reagents.

Keywords : Flow microreactor; Dearomatization, Carbocation, Carbanion
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!Soutome, H.; Yamashita, H.; Shimizu, Y.; Takumi, M.; Ashikari, Y.; Nagaki, A. Nat. Commun. 2024,
15,4873
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Addition Reaction of Flow-Generated Unstable Organolithium Species to Imine under
Aqueous Conditions (' Department of Chemistry, Faculty of Science, Hokkaido University)
oShingo TANIGUCHI', Shuto WADA'', Kazuhiro OKAMOTO', Aiichiro NAGAKI!

While organolithium reagents are important chemical species in organic synthesis, their high
reactivity towards water and oxygen results in quick decomposition. Therefore, such reactions
require inert gas atmosphere, prohibiting water, and low temperature conditions when handling
them with usual batch reactors. We have continuously reported the generation of short-lived
reactive species and selective reactions with multiple functional groups possessing different
reactivity by precise control of temperature and residence time and rapid mixing using flow
microreactor system. In this study, we have found that the properties of solvents, such as
solubility in water and the polarity, affected the reaction selectivity by precise control of
temperature and mixing efficiency using a flow microreactor. We also found that the reaction
of organolithium reagents with a solution of organic solvents in which imine is dissolved and
water is mixed to obtain carbanion adduct of imine in high yield.

Keywords : flow microreactor, organolithium species, aqueous conditions
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1) Yoshida, J. et al. Angew. Chem. Int. Ed. 2015, 54, 1914.
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