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Parasitic Diseases - A Global Health Problem
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CuBr, (7.5 mol%)
2,2-bipyridyl (7.5 mol%)
TEMPO (10 mol%)
NaOMe (7.5 mol%)

Air (Microbubble)

Sheldon, R. A. et al. Adv. Synth. Catal. 2004, 346, 805.
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® Pd/C (150 pm)®

X H, (Condition) 114000 % FHK
Methanol NE CHEMCAT

30°C,2h

100 - *
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80 - + MNB
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e &
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Mase, N. et al. Synlett 2013, 24 (17), 2225.
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Pd/Al,O5 (3 mol%) >
H, (FB, 5 mL/min) L
MeOH/ACOEt = 1:1 (0.125 M)
50°C

(10 mmol, 2.6 g) 'ﬁt*iﬁ FBff
= Pd cat. (0.1 wt%) Pd cat. (0.06 wt%)
30h C—> 24h
Conv. >99.9% Conv. >99.5%

JNC  %¥5936027
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Pd/Al,O3 (4 mol%)

H,N \©/O\©\ H, condition (5 mL/min) H2N\©/O\©\
NO NH,

2 DMF (0.125 m)
(10 mmol) 30°C,7h FB : >99%

_ Bubbling : 48%
(o) -
O 8 3

TEILIIN %FE2012-140292

Mase, N. et al. Synlett 2017, 28 (16), 2184.
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@ C-C bond Formation

Redox JL
© F F

® Others
Polymerization Alkynylation
(Sonogashira Coupling)

Oxidation
(Photo oxidation) C2H2 CZH4 Degas

Hydroperoxide
Hydroperoxide 02 N2

Hydrogenation H2 FB Method NH3 Amidation

1) Mase. N.; Mizumori. T.; Yayyemoto, Y. Chem. Commun. 2011, 47, 2086.
2) Mase, N.; Isomura. S.; Toda. M.; Watanabe. N. Synlett 2013, 24, 2225 .
3) Mase, N.; Nishina. Y.; Isomura. S.; Sato. K.; Narumi. T.; Watanabe. N. Synlett, 2017, 28, 2184.
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Vapor pressure Min. Ignition Gas phase oo
(psi)® energy (J) <

Acetone 0.2 04

Liquid phase
Carbon dioxide 207.0 ‘ >11 '

.
Ethylene 270.0 >11 €

a at 30°C.

Diluent

Hamlen, R. P., et al., J. Chem. Eng. Data, 1962, 7, 281.
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Pd(PPh3),Cl, (5 mol%)
/ Cul (2 mol%), piperidine (1. 8 eq.)
DMSO (0.1 M)
(0.1 mmol) m.2h

1

oxidative
addition

Ar-X _Ar
\
Rate-limiting step

reductive / o
elimination Ar
Pd' <
= R S =

R4 442 )LIZHCECHA
R=H, Ar EHIEE ST RERNABE

Ar

Sikk, L.; Tammiku-Taul, J.; Burk, B.; Kotschy, A., J. Mol. Model. 2012, 18, 3025.
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/ Pd(PPhg3)4 (5 mol%)
©/ plperldme (0.1 M)
(0.1 mmol)

1

Ar——R
R=H, Ar Pd(Lah_ /A
reductive oxidative
elilmination addition
Ar-Pd'—
i [PA"X(Ar)(L)]
L
complexation
deprotonation _ /%\
HX-amine Ar-Pd'—
amine II_

Tougerti, A., et al., Chem. - Eur. J. 2007, 13, 666.
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Pd(PPhs), (5 mol%) = ‘
/ + &
piperidine (0.1 M) O

(0.1 mmol) 40°C, 2h
1 2 3
Entry  C,H, condition Reacz:::iv:)time Y;;I);ia R(gtl3€;a
1 balloon 120 91 51:49
2 balloon 10 9.8 92:8
3 FB 10 >99 40:60

2Determined by GC analysis (column: GL Sciences TC-17)., decane was added as internal standard (0.1 M).
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Pd catalyst (0.7 mmol)

"on Hz (1.0 mLimin, 1.0 eq.) oH
MeOH (20.7 mM)
Flow rate 2.0 mL/min

Residence time 60 s

NIy on—k 254 70—%  FB-R54 70—

( ) @00
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100 - - 100
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80 1 Xy | 80
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- L @
« O e
S

propyl benzene ethyl benzene

40 - 33% 9% / ©/\/\ - 40

20

Conv. (%)

Hydrocinnamaldehyde

lio, T. et al. Synlett 2020, 31 (19), 1919.
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Pd catalyst (0.4 mmol)

OH methylcyclohexane (10 mM)

80°C,70s

1a
back pressure 0.8 MPa over reductlon
Bubbling flow Slug flow FB-Slug flow
100 -
H Conv. 90% 88%
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X Alcohol g
=~ 60 4 o
2 =
Q 40 - §
(&)

90
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lio, T. et al. Synlett 2020, 31 (19), 1919.
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Fairy Chemicals (FCs) found in Shizuoka

0 w9
y NH Nj\)LthH
<HthN 0=<H| Nf,N
AHX AOH

e ine)  (2-Aza-b-oxohypoxanth
Growth promoter

/\

> Fungus forming a ring | ¢pista sordida
(o]

q"])LNHz ICA
N (Imidazole-4-carboxamide )
H

Growth inhibitor

v Production of FCs by fungus in soil

v FCs control plant growth

v’ Effective on all plants regardless of
taxonomic rank

Kawagishi, H. et al. ChemBioChem 2010, 11, 1373.
Kawagishi, H. et al. Angew. Chem. Int. Ed. 2014, 53, 1552.

Chemical synthetic method of FCs
Key intermediate
= o o
o 7 steps N:L)LNH NaNO. NfNH aq. NH NI‘LNH
i 2 Rk T 4 d it <
B Ao " I NH, agHo NN, <ﬂ N
H
Total; > 50 h AICA DICA AHX
\/ . St Ha, thcl XOD l

H 2 steps o " o
N
on HCN oN q"])L'***: o :"\)thm
NC\%\NHE NC\%\N%NHE’ N =&,H N
NH; ICA AOQOH

NH;

X0D;
Xanthine oxidase

How to establish a production

: method for industrialization?

456 2004-035529; Kawagishi, H. et al. Angew. Chem. Int. Ed. 2014, 53, 1552.; Kan, T. et al. Tetrahedron Lett. 2018, 59, 3516.
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TL=OZXDK

k = A*exp(-E/RT)

AFERF. E:EFHEIRLYF— R SAER. T:RE
BETHSTHIZHESF-EEDKEK DRI
k'/k=exp(-E/R(T+x))/exp(-E/RT)
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7K IR/—)L Yy
RybFL—k(#3150°C. 34) EFLT (700 W, 10F))

EBRDEREIXESGDHEAIM?

RYNTU—EBFLUOTMET HE? SRIRMME

BON /\OH NN
K IR/—I)L 5

Ry TL—k(#150°C, 357) BFL T (700 W, 107)
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1 0 Convennonal method (Batch} . % Present study (Microwave + Flow method)
)ﬁ ) -= =mll=—

§ v Scallng up restricted by penetration depth ¥ Microwave-assisted continuous synthesis

T N PRy S i e v S b e g W SRR 0 0D R oo e, N kg

&EE o Rr—LTvT . 3 w6 L
o BERMAOHIE REE:ME3 mm, WEE 6 m

o BEOEE- REI<RiLr-wEmn ~280°C. ~3.0MPa

HIFZERGAR I0—E Advantages

RAVOEEREKE vV BME-EIRILF—
v ¥B— - REEIA /DR mME
v BFEERRT

v OV ILVE—RLIRS
v 24—Ry o %l

HASFDS (FER) - EXE MR O HEM
FHERI RS KRR XE-HEKXFE

D) —o0—F7EFILIERE: TR T TSk

o o 40~150 W I -rj“
R-OH + )j\ )j\ R-OAc + CH3;COOH
0 1.0~6.4 mL/min L J

(1.1 eq) 202~262°C, 2.5 MPa  RIGE:AE 3 mm AEE 6 mL

1.0~1.6 min
e~ - T T R L e Ty S A e W R et A Ar Tt e DR, e e
OhAc
/\OAC /\/\OAG ©/\ )\“/\/L\"‘/\
OAc
y. >09% y. 98% y. >09% y. 98%
(5.6 kg/day, 2.0 ton/y) (6.4 kg/day, 2.3 tonly) (4.9 kg/day, 1.8 tonly) (4.0 kg/day, 1.5 tonly)
6.4 mL/min (1.0 min) 6.4 mL/min (1.0 min) 4.8 mL/min (1.33 min) 4.0 mL/min (1.6 min)
40 W (211°C) 40 W (213°C) 40 W (205°C) B0 W (238°C)
D—— SRR s st N .
)\ OAc >k § OAc
OAc [ ] OAc E ! I
: y. >09% y. 98% i y. 81% i y. 97%
- (5-6 kg/day, 2.0 tonly) (4.7 kg/day, 1.7 tonly) = | (3.5 kg/day, 1.2 tonly) | (6.3 kg/day, 2.3 tonfy)
4.8 mL/min (1.3 min) 4.8 mL/min (1.3 min) 4.1 mL/min (1.5min)  © 6.4 mUmin (1.0 min)
40 W (202°C) 40 W (215°C) 150 W (262 c) i 80 W (245°C)

> Acetylation of various alcohols in ton/year scale
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+B)— o o the reaction ? =K - > ~
c— O ? trial and er: c-eo o ﬁﬁ{t'hﬂ%Fﬂﬁb\b\b\gf:b
@ S oA FEIADORFMN

Knowledge-based
First condition s.m. r.m s.m. r.m.

— Batch reaction (Total: N X140 min

15 30.min
i 1

g

il l“

Preparation Batch reactlon Processing & Purification  Analysis & Evaluatlon
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Reaction Analysis

1. Collection

: Batch re i
A
— — | |
1Ll
Off-line
F
000000000000
0080000000600 ]

HTS | 990060000000 | ™5
008000000000 Ll
000000000600 =321 4
008000000000
008000000000 -
0000060000600 In-line

96-well, vial —
-_—

Temperature
Time, pressure

Solvent, Catalyst FIOW*%*

Off-line

BHFE X RBIEDTiN : [ERRET R

2. Regression 3. Prediction 57’1’:"')7(;1*

P‘“al S is

® Training set ® Test set

® Predicted,

: e ] . . "?
Data set| Operatorauitc-ami ’_-:.”’ et ?:L\wa\“‘ ‘
: g;a;1 J?_ _ 2 i%ﬁqlii !I!l’ < Cil:s
. | . In-line §
Python%{#5:Google Colaboratory PythonZ{5:Anaconda

T59Y M5 Python 58k, RITTERH—ER
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® GPU ~DEHT7 IR
o fHHE(ZHEF
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O Colaboratory & (&
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« lHICHE
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a5 FESANDEAPTS

BWHPEE Dk VT ~ADBAERE (slideshare.net)

One variable at a time (OVAT) optimization

O O
R-OH + AOJ\

(1.1 eq)
200
150
EHB
MW 100

(W, Temp. (°C))

50

microwave

XX mL/min
XX °C, 2.5 MPa

Design Space

R-OAc + CH3;COOH

optimum
. . A
J2\
False
optimum
25 5 7.5

ZEHA: FiE (ml/min)

10

Sheppard, T., D. et al. Org. Biomol. Chem. 2016, 14, 2373; Org. Process Res. Dev. 2016, 20, 1979.

A DoE (Design of Experiments, EERETE %) study

O O microwave CH.COO
R-OH + R-OAc + H H
)ko)J\ XX mL/min ¢ *
(1.1 eq) XX °C, 2.5 MPa
Design Space
200
o o
150
EHB optimum
W 100 ® ® YAY
(W, Temp. (°C)) R
BEZLITAH=8HIC
so | ICEEIEERA
o o
0 2.5 5 7.5 10

ZEHA: fi= (ml/min)
Sheppard, T., D. et al. Org. Biomol. Chem. 2016, 14, 2373; Org. Process Res. Dev. 2016, 20, 1979.
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FF (X2 (ERAM)
o TA LK 11 GRE)
= R, INE, S

® i = (& t-FFAE)
R, BIRE. EES

® SHRIGICENWT, Rt EE5ZA5EH
® HAOREBETCERTEIRBEEHEZRT
® JOCAME., TRILFE-THELLEES

O+4+1 EHBRBIEFE (In-line A TELULVES)

O mBEEH (1)
max O B (209)
@ ® BiEsi
L I NOMN NN |
9+4=13[\N

— @ I St
uw @ O ® 1425¢:10%

(W, Temp. (°C))

BIE6HLE
o ® ®

min LA F B (mlimin) max

Mase, N. et al. Chem. Rec. 2019, 19, 77.

JO0—RIGEEREIL (9+4+13K) 3@ 7 La—Lo7EFILiE

Flow rate: XX mL/min (XX min)

o O MW: XX W,XX°C, 2.5 MPa o
+
>L0H )kok )ko/k + CH3COOH + )L

Neat (5.0 M)
(1.1 eq) BRI A S (WK11)

Flow rate [mL/min] R EDZBILTE T TRHL,

16(@0min)  32@20min)  64¢1 EEEOFE{LEREIC

Conversion & Yield [%] (Temp. [°C])

Optimum condition

94, 33 (187) 48, 40 (190) 32, (Limitation of heating)
91, 54 (200) 88, 60 (220) 42, :” PTE o
97, 18 (210)— 85, 70 (230) 78, = w
& -
Flow rate [mL/min] D:
2.6 (2.5 min) 4.3 (1.5 min) = Knowledge based
Conversion & Yield [%] (Temp. [*C]) reere el 0 first condition
93, 46 (216) 87, 61 (219) Optimum condition:4.1 mL/min, 262°C
97, 52 (232) 81, 74 (227) (Conv. 93%, yield 81%)

9+4+1 experiments within 140 min

TFRIMNT TS 1542 811 D4 EE (NON-GMP)

RE{LICEL-AF RIGFHE=1405

1. Acetylation

9+4+1 up to 99% yield,
conditions 8.98 kald
R-OH + Ac,0O e —— R-OAc g/iday
140 min 269 kg/month

3.28 tonlyear
2. Fischer indol synthesis
NHNH,  9+4+1 up to 99% yield,

condltlons 778 giday
140 min \ 23.3 kg/month
284 kglyear

ZI

1.1eq
3. Diels-Alder reaction
9+4+1 o] up to 94% yield,
(e} conditions CO,Et
EtO,C———CO,Et + N gl 547 glday
\_/ 140 min 16.4 kg/month
40eq CO.Et 200 kglyear
4. lonic Liquid
up to 96% yield,
R3N + RX R4N+X— 36 kglday

1.08 ton/month _ .
13.1 ton/year TR=RH
Mase, N. et al. Chem. Rec. 2019, 19, 77.




O EEERMET
e N pel =

M2-&F B4-ETE RARY - EERSA
AT
F5)—2403<Y /YR fiEE AN -IA—F# SRR
& HE

MR/y0E70—b% BEPEICLIREEHRERBELFEORTRE]
EFTED

=240 3KY TS50 MEIC &S T0—RIG S REREL FiE DS

TIOTUMNAIZR D RICFEERE : 2E 3K #E
EEREARK Kt
T A A1 A2 A3 R4HOHEE A
MEFEKREAX ki
| A1~A2~A3 SOCLIEE
B & B2 B3 st

FEEXRE(1EER109) :
2EHIKENHE(B"=32=9 - 3)

BREEKRELInlineY Ty
® #EHIREE (Gradientik) ® Off-lineY> ) 4
220
o
gzoo Shimadzu GC-2010
“-': —‘_ -
°é.’_1ao : v 17—43/10 min
= 160 - Gradient ® In-Iine‘U“Jj'J‘Jb'
Isocratic
140 ‘ ‘ ‘ ‘ ‘ : v, ” 5
50 60 70 80 90 100 110 H '__'f. =

Microwave power [W]

vV IMOOROEZEMESE

BeatSensing co.,Itd. BS-F1000
NIR analyzer

v 1207 —%/10 min

70— RIS FEHREREL: 2 I3KE
9 — 3 Exp. UW: 50-150 W

O O in 30 steps O O
>|\OH )J\OJ\ FR: 2.5, 5.0, 7.5 mL/min >|\OJ\ )J\OH )J\

(1.00 eq) (1.05 eq) co-product by-product
MLS PLS SVR RF

\

L
of
A1
= 0

= )"

R20.96, Q2 0.96 R? 0.91; Q20.90 R20.99, Q2 0.99 R20.99, Q2 0.99

i - Train. Max.
Methog Flowrate  pW  Yield  Productivity RSE

(mL/min) (W) (%)® PIE (g/min)®  Froductivity g

(g/min)
MLS 3.7 150 47.0 1.51/1.04 1.17 45.2
PLS 5.3 150 409 2.46/1.30 1.17 89.2
SVR 5.5 134 399 1.177/1.31 1.17 10.7
RF 6.2 128 25.0 1.45/0.93 1.17 55.9

[a] Determined by NIR analysis ; [b] P:Predicted Productivity E: Experimental Productivity ; [c] Relative Square Error

v Predicted high productivity condition in 30 min.




70—RibEHREREIL: 3 or 4EH3KE

pW: 50-150 W
>|\ O O in 30 steps >I\ (0] (0] )J\
+ + +

OH )J\O)J\ o)J\ )I\OH
co-product by-product

FR: 2.5, 5.0, 7.5 mL/min
Press.: 0.5, 1.5, 2.5 MPa

(1.00 eq) (1.0, 1.05, 1.10 eq)
- 3 factors optimization 7 — 4 factors optimization

27 — 5 Exp. 81 — 7 Exp.
=2 eq. 1.00 i eq. 1.05 ) eq. 1.10

L 3 A
ﬁw"""f:a-.w 60 : o fp, o

R20.99, Q2 0.99

.. Productivity Train. Max.
No. of No. of Flow rate pyW Press. Yield PIE (g/min) Productivity E
b

Factors Exp. (mL/min) (W) (MPa) Q- (%) 2 (g/min) (%) ©
3 5 54 137 15 - 41.0 1.15/1.32 1.17 12.9

4 7 55 140 21 1.05 441 1.59/1.45 1.46 9.7
[a] Determined by NIR analysis ; [b] P:Predicted, Productivity E: Experimental Productivity ; [c] Relative
Square Error

EHIRIZANDDH?

BE] (En] o (2H] (B
B (RE IR | | Al
u8] (BE] ¢ (w5 (22
n?, [me ZRE) 2

RER R

(discrete variable)

B mEiE%E
PoOTHED

NBTENIL,
ET-EDORELES
RATLS

M/ 7nE70—b% BHFE (LSRG FEERERBELFEDOFRTREI

BHFE LS FRoRFICRDBERE L

Alibrary of 459

solvent molecules
A machine 3
learning 10 barg Hy ives: %
Prior chemical algorithm — 72‘-’3_9::}. mﬂm -—
knowledge: Feature L A (2 de. - ( /\R_H
S dosetos, 125 //J7 \/gl‘/-
A representation Analysis Experiment ) 'é‘(\ r,@_J ~ P ;
of S(:l:;lg? ?; o Iniial conc. = 0.1 M :f;f @ b S Brvaracatam
molecular
descriptors
Conv. > 90%/MD
Fi Conv. > 90% d.e. > 60%
& d.e.> 60%
N 1/34 13/34 1/34
e E 1218 10/18 7/18

o LZDMH-XT—52  ® {LFEEIEIRLI-BHK (459-34)
® FrAl7g sy FECibF o RZERETIIHE{L R

Lapkin, A.* Chem. Sci. 2019, 10, 6697; Nakai, H., Bull. Chem. Soc. Jpn. 2020, 93, 841.
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3 data

2'2&%5 o %#a‘;ﬁl‘ﬁ%b

RER

c-hexane
Acetone
Water
B h- X

HHmEE

Output

Input

o yWHi A, BE. REICIA ., FBEDHFEERFTFR
® SFt7335ZH — 920FEH;
o BILBEMNFAIN-ET—ILETR(ECATT—ILIE?)

BB R Z ]9 B 5 F 50 F (Molecular Descriptor)
DFITEDVEZRGITHFEORMHRERORIEL

EARCEREEIREE]

> roEE{bt R E - ESv T BiEELTRbLI-E,
> BRI 7 IO—F%H13—L1-5,2700) 73 F 5o F

>RFFATOERE-TSTAVDAIUN, (146 - #AZH
wF . 3IRITECIBF

> PEHE (LogPh &) ORIV T 42 E)— R 51497 5— JEY
AX—=T75—h3E)

H—LOBEYTT

= T

Dragon

An easy approach to molecular descriptor calculations
__ssirr

20—7tEFIVIEREIZEIT 58 EE

B RE L
0

O O Microwave: 50-150 W (6]
ROH + +
)J\OJ\ Solvent : XX ROJ\ AOH
RT: 1.61 min
(1.00 eq) (1.05 eq) BPR: 2.5 MPa ne5
&0 (Random: n =10)
L
5 w0 T T
L]
k) * x
i 20 — x
g x == L 1
< 19 T
a
Substrate EtOH (50) i-PrOH (58) t-BuOH (63)
Target NMP NMP y-Valerolactone
Method ML Random ML Random ML Random
Trainin Cyclohexane Cyclohexane Cyclohexane
solveng DMA® Acetone Acetone
Water Water Water
(XL Cl 15.4 215 16.4 30.4 12.2 30.6
Exp.
SDa 7.91 143 2.73 13.7 0.4 1.7

[a]: SD: Standard deviation, [b]: Acetone and EtOAc could not be separated in GC analysis.

EERT MR 253 BB DR R, RBEL B IEE TR

)\ (6] 0O Microwave: 50-150 W )\ (@] (@]
OH B )J\OJ\ OJ\ + )J\OH

(1.00 eq)

Solvent : XX
RT: 1.61 min.

(1.05 eq) BPR: 2.5 MPa

58 Solvents: experiment data & 920 variables
195 Solvents: 920 variables
v Predicted from 253 solvents (1B D& & TF )

Rank Predicted solvent Yield (%)
Training Max. NMP 68.5
1 2-Methylcyclohexanone 56.8
2 N-Methyl-e-caprolactam 80.3
3 N-Ethyl-2-pyrrolidone 86.5

TSI IH— LR TEDDHAS...
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