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Value from Innovation

nor-AZADO

(9-Azanoradamantane-N-oxyl)
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o ABENKER 2 K7L I-ILOEEHTTEE
s 7L O-I)LDETE LA TTRE

cat (X mol %)

WAL

(IR NaOCl (1.5 eq)
OH KBr, n-BusN*Br o
R7” R; ag. NaHCO,, CH,Cl, HI’JJ“ R,
0°C
Loading time
ar:lncﬂur:t’ (min) Nor-AZADO TEMPO Jr
B%N\
OH 1 20 92 89 0.
©/\/\’ 0.01 20 89 19 TEMPO
0.003 30 82
OH 1 20 99 97
0.01 30 H) 28
0.005 30 96
0.003 40 92 -
OH 1 20 929 5
U 0.01 30 98 —
( 0.005 30 96
0.003 40 92 ---
SEXEE  Iwabuchi, V. et al. : Chem. Pharm. Bull., 59, 1570 (2011). Iwabuchi, Y. et al. : Chem. Pharm. Bull., 61, 1197 (2013).
Iwabuchi, Y. et al. : Organic Square, 45, 2 (2013). Iwabuchi, Y. et al. : Chem. Asian J., 10, 1004 (2015).
3d—K No. G B2
016-24984 18
012-24986 nor-AZADO 58
010-24982 100 g
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Development of manufacturing method for active pharmaceutical ingredients at SHIONOGI

Shinichi Oda
Production technology department, Shionogi Pharma Co., Ltd.
1-3, Kuise Terajima 2-chome, Amagasaki, Hyogo 660-0813, Japan
shinichi.oda@shionogi.co.jp

In this presentation, I will outline the work of process chemists from the early stages to the late stages of
drug development, using case studies of manufacturing process development for Naldemedine tosylate and
S-234462 drug substance. Although the main purpose is to introduce the attractiveness of process chemistry
to students and young participants, I would appreciate it if you could give me some advice from each

experience and expertise.

AFEE T, TAT AU b VR KON S-234462 JREKDORIEBIR FH 2 VT, I FHBER
BT DN LB E TOT nt 2{EFEDEFIZHO VT T 5. FAELEFOSMI I
TWAHERRIZ, a2 FOR NI E TR T2 ENRERBNTIEDSD, FHMOSIEHNG,
Fox OBFNBERLE RN AR08 LT ZHEM L THEE, EmcEhusntdhs.

1. AT APy by VR ORI B %

FAT AP hIOVEREIE, SHIONOGI TAISL L7- RigtEA 4 4 MR EEEEcH L V. Al
HL— R B BRI T 2 BePE O RYES R 2 /8 ThESE L 78495 % Scheme 1 1279, A %
SANKREZNT XA VR 1 ERXRXT I RE XV LD RIS D%, RIS Z1TH Z & TH
HEPRR 2 24572, 20k, BT VI =D LS5 2 & CHBBETRAKTH L1 VT %
— K S ~EFHELEZ. ANV UERE 427 8T b T A ETTRETF AT AN LR Y
5 ZRBLL-%, SABFAETE Rax o oA Yo7 32— 8 3 ~OMNNMKISEITH> 2 & T, H
BEPRIA 6 2457, S5IC, WREMT, M7 v FULRIE, BAEOGE F20 L2, b IVEgiE
bZ4T9 Z L THILTF ALY h et 2 8% L7- (Scheme 1).

RO T, ABEBME TOE L — RO BRI O REEE T - 724, 91D T oIS
TO T 70, ARG ICAT 2B ER R, JRIEOSERIEC b iti, et 2{bFEOHFEOR
Kt/ 5.



Scheme 1. Synthetic Route of Naldemedine Tosylate for Late Clinical Studies
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Reagents and conditions: (a) CDI, MeCN then benzamidoxime then K,COj;, Water, 92% (b) AICl;, Et;N (¢) Ac,0O, Et;N, AcOEt (d) 3, CuCl,, AcOH,

toluene, 90% (2 steps from 2) (e) KOH, 2-propylalcohol, water then TsOH, 63%

2. S-234462 OHIEE%E

S-234462 %, PN EGEA S Velneperit (S-2367) D%k & L TR & T2 NPY Y5 ZAA
TR A=A NTHD ). AIEEEREO AL — MIRELREEL G, AT v TENRZN L,
BHEERMEOEWVRIEDOHEH L T\ 2 & L, M ToRIEIZRITSEO RN H o 7. BIFRY)
/%I Co 2 BepE O BEL B A4 2 CREEE L 7 &1L % Scheme 2 1239, AREGERITAR Y Y A %4
Va1 OFEL, HEETREEA4 L R U HARZ VANV =T 2R 5 OWIER S & F i L
5. BREERITEE L Wb EmTH D, 3 X MY, BRAEZARGVERIEA B L, SRITHEE LA
O Z DBRIEIZE S T BRI OW TR T 5.

Scheme 2. Synthetic Process of S-234462 for Late Clinical Studies
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Reagents and conditions: (a) PCls, polyphosphoric acid, toluene, 94% (b) 2, NaOHaq, THF, 97% (c) 5, TPP, DIAD, THF (d) KOHaq
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o O o

S-234462

OEt

(2 steps), 86%

3. BEHR

'Oda, S.; Masui, Y.; Omura, S.; Imamura, Y.; Takeuchi, Y.; Hosoya, M. Org. Process Res. Dev. 2022, 26,
2519-2525

20da, S.; Manaka, K.; Kakiya, K.; Hozumi,Y.; Fukui, Y.; Omura, S. Kurashita, M.; Takeuchi, Y.; Kitamura,
H. Org. Process Res. Dev. 2015, 19, 531536

30da, S.; Fukui, Y.; Hozumi, Y.; Takeuchi, Y.; Hosoya, M. Org. Process Res. Dev. 2022, 26, 2483—2491
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Design of Molecules, Materials, and Processes with Data Science and Machine Learning

Hiromasa Kaneko*
Department of Applied Chemistry, School of Science and Technology, Meiji University
1-1-1 Higashi-Mita, Tama-ku, Kawasaki, Kanagawa 214-8571, Japan
hkaneko@meiji.ac.jp

In researching, developing, and manufacturing highly functional materials, it becomes common to utilize
chemical data and chemical engineering data for data science and machine learning to improve the design of
molecules, materials, and processes, and process control. It is important to construct mathematical model y =
f(x) with high predictive ability between explanatory variables x and objective variables y, and then, y values
can be predicted from x values using the constructed model, and x values can be designed to meet target y
values. In this article, Datachemical LAB, which is a web service to perform data science and machine

learning for the design of molecules, materials, and processes, and process control, is presented.
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o o o lemperalure L sofestimale  CcOuston X siofestimates  "CAUUon sum of log

name material material material property a Tunction for property b function for
propertya X property b probabilitics

1 2 3 property a praperty b
sample_627 0 1 0 100 10 0.3448572323 0.431431236 0.1577976089 0.5316344977 0.4536748581 0.1330377870 -3.8568218801
sample 8113 U 1 v 100 120 03142509114 04512063191 01521689547  0.5533248549  0.4/82646266  0.1364618016  -3.8/44743768
sample_1308 0 1 0 100 20 03430066670 04791042687 01554571437 05318747156 04513972876 01326430043  -38814723415
sample_7433 0 1 0 100 110 0.3173006566 0.4458279462 0.1508723739 0.5500629308 0.4724234090 0.1350123818 -3.093709793
sample_1950 0 1 0 100 30 03408536392  0.4276399996  0.1534354771  0.5324206433  0.4500815634  0.1316638529 3.9019783182
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sample_6070 0 1 0 100 90 03236045557  0.4368906499 01492499712  0.5439509952  0.4621885835 01325951821  -3.9225672554
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Calculation and reduction of CO; emmission in each chemically synthesized product toward

carbon neutral society

Akira Matsumoto*
Production, BASF Toda Battery Materials LLC
1-1-1 Shinoki, Sanyo-Onoda, Yamaguchi, 756-0847, Japan

akira.matsumoto@basf.com

Consumers are often deciding which commercial products they buy based mainly on price and brand
impression in case function is similar. In future, indication of product carbon footprint may be one of the
main factors for selection. In such future, process chemists can contribute directly more to increase the value
of their products by reducing environmental impact including CO, emission from their production process.
How can process chemists set their targets to reduce their CO, emission and evaluate their achievements?
Life Cycle Assessment and calculation of product carbon footprint, which will be discussed in the lecture,

will help for them.
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1. Life Cycle Assessment (LCA) D15

CO, HEHIIZ. Life Cycle Assessment Tl SN D BREAMDOEE D—2>TY, TN HLDOELX DT
—HEMAETHILET, M7 vt AORE~OEELRAHRET L2 LN TEET, HH
TlE, Life Cycle Assessment O EAKBINN D 7' v 2L FH N ERRG #5355 DBRICEB BT 5~
XREEBEZTHET,

® T aZhERASHT [eco—efficiency analysis]
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PO (eco—efficiency analysis) TF, =aghREoro HIYIX, BF (= A M) LARER REA
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X 2. = ahR5HT (eco-efficiency analysis) D4l

o HiH—KR7v 7 U b [Product Carbon Footprint (PCF)]

=Ry =a2— b TNVOERIZIT, CO, PEHEDO WA KNI £5, W —KR 7> b
7Y MPCEIE, BB D T A T A 7 VO A IR B BETHRA LTIRENIR T X O &4 45T
L72t D TY, [Cradle-to—gate] (@ VNI MNHS— MET) O PCF Tk, BIOEMED O JFFE
ORYE, ARG ORENOHANICESZ ETO, $XTOT AL OREDRET AEHEZR
HLUFET, F7-. [Cradle-to—grave] (P INIT)HEYFT) @ PCF 1, S5O RS & 5l
uumiﬂﬂ%%T(P“% VYAV ETOHFHELZEZDIL-GEOT A T A 7 V2R EFEE LT

. (X3)

Energy SCOpe 2

purchase ‘

= & = g

Customer Consumer End of Life

Em-'a 6 =

Raw materials

Use phase

Scope 3 upstream Scope 3 downstream

ISO 14067:2018 (. raqc to-gate

Cradle-to-grave

CO.e (CO,equivalent): E THREMRNIRAECO, SFHERLUHITHE (H: CH,: x34, N,O: x298

,‘ BASF emissions Lhal do nol contribule (o the PCF, such as emissions om research and administialive builldings.

X 3. ®UiL A —AR> 7 7Yk [Product Carbon Footprint (PCF)]
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IR A APEH I, Scope 1. 2, 3 IZ/HMEENET, Scope 1 X, BN TOERERICIHAES
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Scope 3 DJI| &R IE. 7T A ¥ —0BHEAN L7 FAEN O B A FEILS ~ Dk 2 & e JEHH &1
20 ET,
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0 ET,
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ICE XM X, ZOFAFRREEMEH S ZFERMICH D B THHAE, XM AYART R T
—FEEVWET, Fle, FI NIV A I AE v ARG URGFREEATEE T, W7 S e—F
IR DA T, MR A R R R O L RIFORMEEZ B LETH, I—ARr 7y F 7Y M
B S CnET,

INOONEZEEE 2T, EHTIEY 7' 2P DA UG & 33T D BRI COp PEH & A 8%
TELANRTTEEBZZTHET,

® H—ARr7y UV ERAPUL SN TOT 1 2MuEE~OHFF

=R =a— T VE BUROHE BGEED KPL 72 TlEH D FH A,

B LI —ARr 7y N7V » MRS B L2 b EBECHGIcH TE TWET, %D
P A HEEDRSEMEL LT, ZTNETIHIESLT 7 0 RA A=V ENRFLT L, 4%,
=R 7y T Y U FOERTFABES COe DEKT IHEE VPG ZBRIRT 5 2 & AR 72 5 00
HLNVETA, TOLIREETIE, ek 2MFERRET v X2BIT 5 CoHEH &4 B
HZET, H—ARr 7y b7V hORNREOAFENFIREIZZR Y £7°, 7 7' ALFEF RGO
OB EA A=V EICERCE DIENARE LR > TNDHTL L I,
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Digitalization of Organic Synthesis —Toward Normalization of Reactivity Scale—

Norie Momiyama*
Institute for Molecular Science, SOKENDALI (The Graduate University for Advanced Studies)
5-1, Higashiyama, Myodaiji-cho, Okazaki, Aichi, 444-8787, Japan

momiyama@ims.ac.jp

Recently, information science and technology have greatly advanced, which have become essential for organic
synthesis. Synthetic chemists can now receive enormous information from physical and experimental data.
However, the data published in papers is only a part of the huge number of experiments; many negative data
become the legacy of each research organization. Data initially categorized as negative data often become the
driving force for the reaction development. The long-term reaction development remains a bottleneck in
organic synthesis. To overcome this inherent issue in organic synthesis, we initiate the research program “The
Digitalization of Organic Synthesis (Digi-TOS)”. In particular, “all data-driven reaction development system”

would be presented.
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FERIE 15 & L T Support Vector Regression, Random Forest, XGboost % #8fT L 7=, 5817 L 7-#h 5
BFEORNT, Lasso DGR X OMRIEIRERE & & ICHAHIPHOE & 72 572, Lasso [EIf OfE R,
F; 772 LoDmna AT HONT, REET —F ONERHER (R PR ITRAET — 2 KT
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PMEIER & @R OGE IR > TWelod, mVRE T HITE 28828 (RN & @I o sk
IZFRE & Te, T —2ED D720 20%0° 5 60% RO CIE, EHIE & THRER K& <4HAnd
ZEMbrol, £l FMEOEEE S T 700 ~a AR~ SR T AR B a S
ACDOGRE JKER) K0 b, ~ 7200 MO USRI & SOGRER (GREM) 231 5 AR D UL
RICWBE G2 5BERN -T2 Enman (K2 4),
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W, RINFERT — 2 2BEZTH0, B EFHEEZITo72(X3), KGRDO7 1 b ROk
W7 v BOBMBAIEL, Fe XY L L FrF 7 X L L TREREVNIRO SN o1, —FH, F
B LSRN OERNACH 5 7 v RIFF LOBR oML, Fs XU L& F, 72L& TR
05 LN olc, CHelpG Efa b oL, F, 7 X L E, Fs~VU Lo X0 b IEER 244
VCTBY 7RV MEENRT W ERRB SN, SHIC, FHEER EOKSHE L BERAIE L
& L. 1,2,4,5,7,8-hexafluoronaphthalene (UL T 3,6-HyFs 7 Z L) IZOWTH, ELFEIEZIT-
77 TORER, 3,6cHyFs T 7 X LU DOFFERT oy L~y 1L Fs RV Lo WnW—8ERL,
CHelpG EffIX F, 7 Z L ERI%ETH -T2, 3,6-HFs T 7 X L Ui, Fy XU LU F, 7% L
DELLDORE LIRS 20 F Th DI ENREINT,
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-0.02au N - T 002 au
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EFDHTIC LD . v 720 MMEDIRE & RS a7 AROS O BEER F & L TIREI N Z
EMB, Fi 72 L0 E36-HFe 77 % L& TiiFERS & LTHW, ~abd U AbFlofb iz
D0 ZMA~ 7Ry U MMEOBMFEEREE LT, ERT — 2 DRV 2L 3720 )ISIRE A —T78C,
—40°C, 0°C, 25°C. BuUGKFM % 30 43, 1], 2 el 4 RRET & L7z, MEREAIC 4 16 F28R 2 i
LCT —FWEEEITo T, WERIT, WEHEEZ AW FB XN HNMRICE D RE L= (F 1),

Yield (%)
F,#74L> 05h 1h 2h 4h FFI4L> 05h 1h 2h  4h .100
80

oo NI <o °
25 °C 25 °C 200

#1 FFP 7202 (E)E 3,6cHFs 7 % L (F) OEKZEFER

BHBIC, THEBROBREZIEE 2. FeXU Ly OBEAZE B LI v#E LETo7- (K 4), KIS
T L ROSHRRIL, Fr B LW 3,6-HaFs 77 # L Ui ff CRIF AR RA2 5 2 2 RUSS L Fo 7 %
L DI TRIGFIERE 5 R T2 IRRMEN DA 23 FIEZERAE, TOMKE, 0°CT 4 R L7
BaZ, 8% T 4 T BN EAKBL S NI ARG biTc, ZO&M% 3 U ELRSICEH L
LA, AEATAETA I UHELENT PFIPR 2 40% IR TEHONT-, ZORIGEMEZ, F -7
Z LI FETIHMENRIZE TR TH D, BRI L DR EEDORE L BEFIREDOBELRIZ
FESWTPIHEERD T2 5 LOGFERZ £ U7z 2 & BSICRORERA 7218 LICE RN -7, 27—
& BRENVR SR BHIE & 2T D DOF WA IR T DR OO EDEEZ BND,

F F F F
R R ,
OO OO Entry D:Oorl,  Yield (%)
F F TMP,Mg-2LiBr D,Oorl, F E 1 DO 48
F ‘ F THF THF F ‘ F 2 L 40
0°C,4h 0°Ctort,1h o 3 b S
R R
F F

X4 Fe~Y L roEKFE B LT VRIS R: D, 1)

BV

BEI 7 RmLFRR O E ER R fRATHE R & AR UL OB EZLEE2 S L2, Tk
ST EERE L, MENIC TR OERT — 2 ZWEST L0727 T a—F /0 Lz, 4lal,
e/ INBR DA ) SO FEBR CTHEKTE TIL 5% Tdh o 7= PFIPR DI % 40%URIC E Tli L T& 7=, #F%E
EBOME L FICMEOHALICET 2NAELXEE N OEIZE STV EWn, BE, Pt
O ERER T OREAE. S BT, PRE D 10 DAERIS A RS T T2 BSOS S TR A OB
HINEFRIZHEATND, 27 — X RERSEHIE S AT A OBER, e — 2 INEICBIT 5~
AV RV T hOFE—HE 720 | BERENE D FRIIIZEDMNEIZEEN 5 2 & 2 W5 T 5,
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The Challenge of startup CDMO
- What did I think and feel to the foundation of new company? -

Shinichiro Fujiie*
Director, Executive Officer, PeptiStar, Inc.
2-5-1, Mishima, Settsu, Osaka, Japan 566-0022
s-fujiie@peptistar.co.jp

PeptiStar is the CDMO for peptide, oligonucleotides and PDC and was founded with the mission to garner
top level technologies developed in Japan to manufactures various medium molecular weight compounds
efficiently and with high quality in a state-of-the-art facility. PeptiStar aspires to enhance patients’ QOL,
not only in Japan, but around the globe, by garnering high level development and manufacturing
technologies developed by top level companies in Japan. This spirit is what drives PeptiStar’s ability to
continuously deliver novel innovation. Our mission is to deliver highly cost competitive, high-quality peptide
and oligonucleotide APIs and to this end, we continuously strive to hone our skills to fulfill the responsibility

as the largest class leading CDMO in Asia.

RTF AL — AT, X7 T FFEEORER ML > 7 ZfHET << 2017 49 H 1 HIZAS
TF R Y — 2R St ER SRR, A TERAS 0 3t X VL& =690
DHETH D, FENLHFFERRFE N B ARERITIEBAFEMAE (AMED) 7205 90 (R DB % & 18 #7)»
%@ﬁ%ﬂﬁlm% ZEDEIEFH 200 BHOEESE b &I KBFEHTTTICARHIFIE, 2 2
ORITER 2 & VDG & 72 S, X7 F K CM0 ROV —F 4 v T h v_=—|2h b <
ﬁ—wv%hfwﬁfﬁﬁg\xt—k\)—Xf7wﬁnxk®%ﬁ%ﬁ%bfwéo

ARTF REAARKIZIE 1963 12 Merrifield 23T L 1970 FARITHENT 407~ Fmoc [EFHIE N BIE
HIL LI TWD, X7 F REMARIEICKT 2 B, ZEEEICH LT I/ B UGR
EEBEL TV OR#ET XV BELET L L RIS E > TUTEEOT X VB H » 7Y
Y RENMETH D Z L OSEHITHIIE Z VT 2 T DR BRSO IEE. (RS Ailakk) & KREolk
WA L2 2n 2 & Th b, itﬁmmb&w«7%%ﬂ§<\%gn/ku—
e LTI IR, REIK, ¥7 ey SRMOEBOT- DT T MEFRIZ X 2 SWE ORI B
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Enantio- and Diastereo-Selective Synthesis of Potent Retinoid-Related Orphan Receptor yt
Inverse Agonist TAK-828F

Ryoji Tsuruoka,* Keisuke Majima, Naoki Yoshikawa, Takahiro Konishi, Mitsuhisa Yamano
Process Chemistry Development Japan, Pharmaceutical Sciences, Takeda Pharmaceutical Co. Ltd.
26-1, Muraoka-Higashi 2-chome, Fujisawa, Kanagawa, 251-8555, Japan

ryoji.tsuruoka@takeda.com

An asymmetric synthesis of a tetrahydronaphthyridine scaffold of TAK-828F as a RORyt inverse agonist has
been developed. The synthesis features a newly discovered atom economical protocol for Heck-type
vinylation of a chloro-pyridine using ethylene gas, an unprecedented formation of dihydronaphthyridine
directly from 2-vinyl-3-acylpyridine mediated by ammonia, and a ruthenium-catalyzed enantioselective
transfer hydrogenation as key steps. This represents the first example of the enantioselective synthesis of a
5,6,7,8-tetrahydro-1,6-naphthyridine compound. In addition, an efficient and scalable synthesis of a
cis-1,3-disubstituted cyclobutane carboxylic acid scaffold has also been developed featuring

diastereoselective reduction of a cyclobutylidene derivative with NaBHa.

TAK-828F (1) (%, wLHZES T3 TAIZEI L UBHZE 472 Retinoid-Related Orphan Receptor y t
(RORy t) ZFIRWHEEIFETH D, AMEEWIT, JeHENES6,7,8-7 M F b Ru-1,6-F7F U P
AN, A X UFERB I Weis |BED 1,3 B 7 a7 X U VR UEBEREIKE FNER
TIRENLTHES LIAEEY TH Y . Medicinal Chemistry (2L DAY VARV — kT,
RIBHEAL HEH T 30 TRUEZRTAK SN TWVE Y, 22T, BERNICKLEVWIR L 251k
AW 2 735 TAK-828F £ TOA /L — b (Scheme 1) IZEH T 5 &, 2 TR - KUK (BF 12 TR,
AU ZR<A%) . FMEIERSISSC 1,17 —(azodicarbonyl)dipiperidine (ADDP), b RF 0 &\ 7= 8l
BOREZRPAEOMEM, @2l E D FEREOMN, HETLETH 7 LA LE, Lo
Tt x DA — T v 7 EOBRENRL LT W, 2, BFEEE(EEY (B -11 2155 TR TIX
¥ 7V HPLC BEINBRA SN TEY . Ar—NVT v T IHl-o> TV T AT LA~—HyENE% %K
ST ALAIE, B EOK T a iz, LEOEFENG, Fxix TAK-828F O R 7r—/L
T TRIREIN OB IR IR A EIE DO BIFIZIE, £ 0 B TR ORI 72 (B -11 OFii L — R BN
YFELWEE X, BBRARIEOMIEIZERY fTeZ & & LT,



Scheme 1. TAK-828F (1) @A U U F /LA — b

OMe phthalimide OMe
nBulLi, (HCHO _ADDP, BugP | =N 0 H,NNH,*H,0 N
SN SN P _— | N
| _ THF, -78 °C to rt THF, rt N EtOH, reflux _—
Me 37% 69% 92% NH,
2 o 5
4
OH
ethyl glyoxylate N SN SN
4 MHCI-CPME M HCI-CPME (Boc),0, Et3 | P Mel, A92003 | 2 M LiOH |
EtOH reflux THF, HZO rt THF rtto 50 °C EtOH THF, rt
82% EtOzc 67% EtO,C ,}J 89% EtO,C . quant. HO,C
Boc Boc
7 8 9
OMe OMe OMe
=N =N >N
| _ chiral HPLC | _ | _
10, T3P, DMAP, iPr,NEt (hexane/EtOH) TFA

H H
F N ——————— F N F N
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(racemic)-11 (R
OMe OMe
) )
13, HATU, iPryNEt = TFA

|
= |
DMF, 95% F N N rt, 92% F N N HOOG
Me)p/ O 04\&/ Me)p/ o} OAD\/ E \Ek/
Me CO,tBu Me COxH CO,tBuU
1 |

_______

F9°, TAK-828F OHLVE THHT T FrF 75U PUBROARKIERIEIZOW TR T 5,
e s, 7 R Re b 7F U U0 OBROMNESCEREOFEICEADL T, AFAKICL DA
BHA BRI RGBS T o 7oy, WA ERMNTIZ Z D | Scheme 2 OB D X 572 KaF7F Y
VUERFEILTHI LI, FEERT R T R F T F U U ARARAETH D EE X
oo . BIBMAL 2250 R F7F U P BIZOWT HEEULEYOAKIZHIGIO 20 DT

HoT-N, ZHUEB OBLETHY, COLHI R 2-E= LU PUNERTE IR,
o7 I kT AZlickniETSEEZT,
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Scheme 3. (A)-11 OFREEE

(i) iPrMgCI MeO cl MeO N (¢]] MeO N |

N
MeONorr® iy (Et0CO), B NH, | ethylene, Pd cat. [
| _ = COOEt = CONHy =™~ = CONH,
Br 7% 94% 84%
15 0 (0] (6]
16 17 18
F | OMe
MeO.__N l\;/I e)p/ B
e N (i HCOOH, Ru cat. MeO. _N © 21 /
NH, | 1\ (i) (Boo)0 [ Cul-DMEDA H
- . B > N. - F. N
64% 72% Boc 91% N
07 “NH, CONH, Me O Boc
19 20 Me
(98.9%ee) (RM11

PLED XD 72 R@iaklc, SEHBREYV Y 16 000, 7878 Fatb7F U UVBREHBEL TW
N— hOBIRIZETTHHELE Lz (Scheme 3) ¥, fL&W 15 13, Grignard SRE AR TT vk L,
EDILTVE=TAKTUEEST D Z LIV EZICT I NITICE RSN, i< 2-Z7nu ) o
FHER~DE = VEEANCON T, BEAMOBE L, =F LW A% AWz Heck SUS A BR%S
L7, 18Dkt FuT I UIcoWTIE, 2-E =AUV DEBEBTFREAF LT 4 v & LTOWMEICE
HL, 7VE=7 TS A7 CRILL, Y Ret7F Y20 19 252 28 KIGE LT
ZENTERL, ZOXHCLTHELNIALEY 19 X, " ANV—T"» NRAZ U —=2 T DR5R,
Ru il A7 T COKRBEBEUAFIE T E VI RERREROT D LITRIIL s o F A
PHETT R RuFT7F U0 20 ~EBHT 52 LAHREE o7, LAWY 20 1%, {LEW 21
EHFAE Ty T 7S/ HZLICLY, (B-11 ~&Ehnl, fRE LT, HlROEE 15
25 6 LHE K 26%DFURTA Y P FADERL— k& DILEF A (B)-11 DG EZEM LT,
BB, REHL— FTIE, WThoOFEE GRS E L TRGARETH D . BRI TZAHTA
FRG D OEBEMEDIERVAENMEN SN TWD, £72, BICADIRE DR FIROE S b FrgET
REEATHD,

WRICWB-11 DTy TV o I —F—L b cisiBE2FFO1,3 EH 7 a7 & VR R
FHEAK 13 ORYEBIRICHOWTIRRS, U P F LDV — bk (Scheme 4) TlX, #1742 23
DIRTCIZ L D cis/trans T 4/1 BRETH Y | T OO 7= DIZHIES T LD REMB A2 E A
L7-ba% 26 DX T )V HPLC BEINMETH L0 E, 2 H 5 H A — /L7 v 7123 S WA RkiE
ThoT-,

Scheme 4. 7 a7 X VR UEEFHEAR 13 O ) PFILERHIL— b

(e] PN (@] (o]
PhgP” "COtBuU H,, 10% Pd/C
HO " HO 0 — o o
toluene, 90 °C, 54% S MeOH, rt, quant.
o OtBu OtBu
22 column purification 23 24
(R)-1-phenylethanol H O - [e) (o)
DEAD, PPh3 : chiral HPLC : Hj, 10% Pd/C
Ph/\O o} _ Ph/\o (0] —— HoO (0]
THF, rt, 64% hexane/EtOH, 68% MeOH, rt, 99%
OtBu OtBu OtBu
colurnn purification 25
26 13



ZOAEEMITOWT Y, WEROEE T 7 a7 X VBRO cis/trans O\ EXEE LW E VB L
ol X0 AR — T o I Uiz, SCAREHR ) 72 A EIE OB FE L %?Lkoﬁaﬁﬂﬁﬁ%\ﬁb
HIRE 22 DA VR U FEE BfR# L $i ANV RI AL OKISIZEVELNA AL 7 ¢ 2 28 % NaBH,
TIEILTAHZ &L, cis/trans Bedd 12/1 & [%1/\33@?)_&"@72/7?‘?\_ LA RH L7 (Scheme 5) ¥,
EBIZZOEEWIIRERLIC I D T AT L~ —asmE b U, RSB K0 HEEE 99. 5% 0L B
cis K&EGD Z LTI LTz, L&Y 29 1% BuOH TOMFRIZ LV | tBu = AT /L2 FFOiBE K 30
NEEBEEBATRETH Y . BLBnibick 0 TV A 0EV— b EEORIE 18 2527, K
EIC XD | FERIETIERIRNC X D 2Kl I L OB OBRENE LroTc v 7 n 7 7 VEBRONR
B2 AR E R L, RINERIIA Y DT d 23%0 5 39% ~ & K& g Lz,

Scheme 5. 7 a7 & VAR VEEFEK 13 OF A RKE

O
0 BnOH, EDCI 0 BnO i
J\& DMAP )J\& Meldrum's acid, piperidine AN o
HO BnO )rMe
@) @) o © Me
22 27 28

88% overall yield from 22

(0]
O
1) NaBH,4, THF BnO o Et3N, tBUOH /ﬂ\x:}\\/ﬂ\
o (o) > | BnO
2) Recrystallization
) Recry o dkm OtBu
57% yield, > 99.5:0.5 dr Me
29 30
o NH, NH
(@]
Hp, 5% Pd/C Ph/'\Me /L 2
(@) (@)
HO HO Ph Me
OtBu OtBu
13 13-SPEA
79% yield from 29
>99.5:0.5dr

PLEDOIIEREIC LY, Y DF AL — k@b fkch s R-11 & 13 2, Lo A7/ —)L
T WD A RRIEIC TERT A 2 LT L, TAK-828F O NFARIRIN A 72 Bl & k1 D B % 1
L7,

1) Kono, M. et al. J. Med. Chem. 2018, 61, 2973-2988.
2) Tsuruoka, R. et al. J. Org. Chem. 2020, 85, 10797-10805.
3) Majima, K. et al. JJ. Org. Chem. 2021, 86, 11464-11471.
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Inception of Process Chemistry and the Pride as a Chemist in Pharmaceutical Sciences

Yoshiharu Iwabuchi
Graduate School of Pharmaceutical Sciences, Tohoku University
6-3 Aobayama, Sendai, 980-8578, Japan
y-iwabuchi@tohoku.ac.jp

Several lessons learned from the discovery of AZADOs, the highly active alcohol oxidation catalysts, and
their synthetic applications over the past 20 years will be presented. The twists and turns from
organocatalysts to hybrid catalysts will be presented from the perspective of a chemist in pharmaceutical
sciences, and the effectiveness of open innovation will be illustrated with research case studies that made

significant progress through interaction with process chemists in industry.

1. [FLC&HIC

EENT ot ZMEFEIC A LIz, 2N ZFEWTIYR L2 0LOE G BRI/ W72 8
(7 atAMEFEMIC) TholoblEolob & Tholz, RKFDOERETHEIIME > TV DRI
BOSH, 7at AMEFEOBIGTIIRHINTWDLZ a2y | CORMRAEEAE LI-boD, A
AN HRE D ONITENESL Z ERHKe o7, 1ZERL, ZRUHFRY TTYA U LR
HA= XTI OO AP L&, Ty o ARRR LT, FTARELT 4
Ty 7 E UTHBREHEM 2 TV a— L E D T2 DICEE LI AT T L o — LR L il
BERERTE RN oToled, —H FIUNLHENT, 77 1-Me-AZADO G L., £ D
TV a— VERL AR & U COIEME A TEMPO &l L7 Z & Niaié b 7p o722,

TV a— ) OBALOGIE, ARSI T D HISHILE & 72 D I VR = MEE M ERDBOG & L
THLS D OREAITHIFE S d, Swern B2k, IR 7l 3 7 3K (Dess-Martin 2, IBX f2{k) 72 &
B OENT-FIENRRE SN TE T, B HIC, WEXHORHIRELZ BT 7Y — 72
Z MU= LTSI, ABSOSICES b7 vt 2R AERL L, £OFTEH, A=
FaX T DN EMEEE DT 2 — VIR U OSIE, BOK, ARIR R E R I SRR E A L L
HJ 1~5 mol% M mDOMPBAAAE T, LM CAFES LB bAIZ VT, fEREBEIEO L & ITFIE,



KD B RIRFEFE CHCR T NV 2 — VOB E LT 5 2 L b REMAERNSERT o' A
AR FE TR R ORI TS A FE A& A Tt TV D 5,

ARVRY T ATIE, YMRETHETLTND 20 F2 B2 L2 LTV DI AH= e LT
T H IV DR SR & 8 U TR - BN AR Lz,

2. AR FOXVILS DAL EMELE T AT ILI—IIVERIERIE

A=t aX T UhniE, BT I VHEKROBEM O S H NN-EH# N-O -« Ji1H
(N-oxyl %) ZETLAHORHTH Y . DT P hFE L [FERIC, PARRE TG 2 R T J5m
DO Z RS, Thebb, BaRmbF L7720 1758
TLEZTHERDORINE BN 1 EFRIhA* Y7

3
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A A BB A L, B TR O RS 2T 1 ot
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R R 2B LA Lo TAR Y T VB =T AL A N ®
NEBRICSNG L THERT S TAA Aok N S
fLiZB W T 2 OB, T72bb, 04X YT = 426, 4H*

UAAFUEIEEELE TAME L. Q= FaX I LT VA A B A L 3 AR 3 E
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. AXYTFUEZDLAFVERILESEE T A X TLOBARE
EHB DA E R LTz 2002 F40%, TR (2021 7 —~ A LFEH) | 7 L—7 LicEE



LERY BBEBAENEL LRWAX VT UED T AL F U BIEAGK &3 5 AR5 e &
&< Z LR TYHL H o=, TEMPO BRLITEE D T v o — A KR EE N A7 2 B IZ BV T
—HT LT — VORI Z AIRE L T 5, Z OFFEET XX JRIREIX, 1983 45, Semmelhack 5 ° |2
Ko THM & Tz, TEMPO XU TEMPO DL ML EMZRIET 2 4 DDA F LI LY
F LTS VE DT B SR BRPE DS I L, B KRR OB 2 N L TV D72 L ST
Wb, ZDI=d, TEMPO LI, & #k7 /L3 — Lo RHITIATR AN 5 1285 — 4k T /L 22— )L D
fbtxzEF L LTz, TEMPO (T~ THEVEME P .OEFEOSEBEEREMI LTV D
1-Me-AZADO W TNT AZADO 1%, TEMPO £V & S OMIEETEME 2 7R3 & 13IFF L TUveps, FEERO
X ER COBEEZENCEEL LD TH o720,
AZADO O KXEEREDRF

1-Me-AZADO 3 X WV AZADO D F— MG HKIX, TNEN 1,3-T X~ 7 oV F— V& HBEWE
ELT6ILfEE 10 TRAEL TV, MIEETIX1IEHZV AR T 77 AREIZAK TE T
Zlbdo, R, ZoOHREDL LB OUINKEZHK L TH bW LW T, ZEREE
pRZHM LT 2 A ANIZ 1-Me-AZADO %250 DI T\ e, FEMEE TENOTRLTHEHHI 2 &b
T&T, TN OFRENRH > T, LN ENRMEZ RO BN D X 2R o7en, HIFRPKRFD
FBRE TS Z LITREEL 7o > T, 22 TLURIND TixD b - 7= HETTE (BF) OW—
BRI LI 24, HIFFLL EO TR ATET 5 2 L0 . HEFEOEE, & bIFED S
VW AZADO OFFEARZ FIREL T2 BRI AT 52 2 &N TE e, 20— ME, S ADHE
b5 (KK 12k 5% 277 K27 —/LTD AZADOL®REDHEL 72> T 5 7,

=EE7 L3 — VBRIt Nor-AZADO D FF

AZADO £V b= 87 M CIHEFLHEBH S = X7 Uhvid, KRk
T a— VL & 2 B EIRF S LA, L L., BRIV A X%/ L 72 ABOO [8-azabicyclo[3.2.1]-
octane N-oxyl ][> ABHO [7-azabicyclo[2.2.1]heptane N-oxyl|i% [HBZ2E T ¥ /v) & L TOREMEIME
TL., REICHETHZENMBNT W, T a— i e U COIEA T A= hexs
TN (FFRITEZTU LA T ) OERTIIE ZICH LD 2 ZORMIZE R D~
Nor-AZADO DMEREAMRFES 5 Z & & Lz,

o Ok, SR & G

steric

TEMPO 1-Me-AZADO ABNO AZADO Nor-AzADO ~ accessibility
[ ELN \o . N \O. ]
ABOO ABHO

unstable radicals



3t (BR) & OFFEIRFFEIC L Y Nor-AZADO & Ak L, fIEEME IS DUV CREMIZR FLis it &
AT o TofER. Nor-AZADO X AZADO TIIER CERWIEZ R T DR T oy Ve BT 52 L
I L72 %, Nor-AZADO IXBIfE, FDGHIEE (BK) 2263l L LTiRIES N TV D,
TILIA—ILDOZERERIE A~ DBKEL

ERPOWMFE LA & T HBILISE, 7V —2 7 I AN —DH SN —f@DORENHIGS
TS, 73 TE Y TEMPO A filifit & 42 28 NEFR T FE S C & 7o, R APEICA
BB EZR L T e, BEHELIL, YI0EBRESRE TV —0ZERME b L LT Liang 12 & - THRd
72 TEMPO/NaNO,/Br, ¥ A7 L& b o k& LT, Effi AZADO % fillif & 95 SNSRI Z KA L
2o T DOFER . 5-F-AZADO 73 Ff 12 @ WG 2 /8 L. [5-F-AZADO (1 mol%) /NaNO: (10
mol%)/AcOH/Ox(balloon)/rt] & VN 9 SRIFIZEB W THEZ 22 7 /L 3 — L 2RIk TE 5 2 L &2 1
U7z 7, il OREIETEPERIBE 2 BT L7245 R 5-F-AZADO 137 v R T OE TR IR L - T,
EREXRIUAT IUEBLOT R YT BT A A F 2 OARRIE TRIZAET % itz (HNO; =2 H,0)
MORHESN TEEZRBFL T2 ERARBREINZ Y, ZRbOMmAEZ S &IC, BERZE ()
L DOIFEIFFE A B L R TO NOX L & 7 L o — Ul CAER T 5 KN O HI i A & LT,
5-F-AZADO X O AFHEIZHE L2 AZADOL % il & U CTEE 500 g 27 —/L CTOZEXEEL X% Shi
i DGR A EBLL . REUROH AR EIE L ',
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AZADOs DR R 2L LT, 7't 2508 T b M AlRE R 7 /v 2 — VIR FIE 2 PHIE T
LT EMTEEN, Bk T5 (73 7 ha— LBl 1 3IRMBIROEETho7T-, KAICH, [E
BeE7Y —] EWOFEREEALEZ LT, BEOMBIZEANbTEbIND L EoT,
TEMPO-Cu & & U ABNO-Cu HEME(IC K 57 /L3 —ILEKEEIE

TEMPO/CuCl % W72 7 /b = — L2 b i, 1984 4, Semmelhack © 12 8 > THID THL
mENE 2 ARSI FTRER T L — )L F R DT L a— LR T Y LT L — )L b o Tl
LSRR FTWEHET V3 —WIZ R BTV 22, £ D%, Sheldon HIZ K5 2,2-bipyridyl U 77 K
DE AR, Koskinen 512 X 5 AL OAF FAMEOR R4 U C, fiighs & JEEAMEICBE T 5%
TN S CTE 72, 2011 5, Hoover & Stahl 13, FEEH L2 EBEESE 7 ) -0 - HIEDOZERT
TOMIBER 7 V3 —VlRE L2 ERIC, ChE CHEEE SN TELBIHIRET v a -1 %8828
BT Ara—LoT7T VT e R~ QMBI E FEB 3 52 TEMPO/ CuOTf /2,2-bi-
pyridyl/N-Me-imidazole 7> HAE R &AL 5 il s 2 7 A& L= 13, Z o Stahl H OfiiEs 27 A D
BEMEZ iRl 2 EROE RICEES BBk Lic, Mg & 250, MRRICEm SV 2 k7 /v 3 —Ld
fefbz 3T & LTz B ofiit s 27 228\ T, TEMPO OfRb D IS RIIZ 2> Ry R
ABNO % iV % Z & TRIBEDNRIE S LTV 5 14



5. 73X/ 7NLa—/LBBOMER : AZADO-Cu iFEMEIC L Z 7)o — L ESBEIERIE

T aA RRERBMHME D LT HEERMEMOERTIZ, LIXLIET I/ 7 ra—n
DT v 23— VIR LA E & 72 5 /[ #E T 5, Ll BEFIOZIE7 ra—Lr i g
FIZT I AT 20 TIVHFETICKRIELTLE S, FIFMIIC, =T I 25T 1=
—LIZEW T, Swern fiE{L<° TPAP & {l(cat. PuNRuO/NMO)AEL) L7-FInNm o528, k7T 2
R—RT I ~OEAFNTE STV,

WHFSEE TIZTFCED, 20 [T 77 ha— /] OfRZ2H L TRFNZ21T> TE 2R, 4
X VT VR LA T DERICH S 7L a— b FETIZER TE 22> 7-, LA L. Stahl
51T & > THAE &7z TEMPO-Sfitii R (12 K 5 7L a2 — L 28 Kb BOG S %2 AZADO (2 i L 7=
LA TE TR DI THERINRMR N ST2T 2 ) T a— L ORRERESLCONIHETT L,
AR TR OB AE R 252 Z 2 R L P,

B St 2 K54 U724 3. AZADO/CuCl/2,2-bipyridyl/DMAP & 9 iR DMAAHEZ A5 Z
LT, R - WEZERE WAL TS, ka7 I 2 T va— VB A, @EEN» oL
SEEINAICEREPTRETH D Z VRSN, TEMPO TiX, 7 2/ 7L a— L OiRb H Kbk Ltk
TL72W 2 L W

R3 \N,R4 AZADO (1-5 mol%), CuCl (3-5 mol%) Rj \N,R4

' bpy (3-5 mol%), DMAP (6-10 mol%)
Rz)\O/\\ R1 - Rz/ko)k R1
MeCN (0.2 M), air (open), rt
OH
H OH
HNiE::\ N\J/\tﬁJ7%<CN [::]' OH oH
7 o HaN \/\(\a)\/\/
OH L HoN 3 HN

89%/4h 74% /2.5 h 88%/1h 72% /2 h 61%/1.5h
(MeCN: 0.1 M) (MeCN: 0.1 M)
(1-Me-AZADO was used.)

OH

N/\)\ OH

5 X OH
/N\l(N MezN/\)\@ BN~~~ EtzN\/k
g

74%/1h
77%14.5h 80% /2.5h (1-Me-AZADO was used.) 0%

ARBS THM S oAb R e 1T, AL L TERT 2817 L =

= R ,—I+
%o RHES hRFUAT UHARELT B - L CRET B L ERL | | =N /om:
TW5, %Eﬁiﬁﬂﬁ%ﬁft%@ﬁ% ZHESOT, SwhlbIc > TIRIBE | SN \o-%ﬁ
A17-Oppenauer D6 BIREBIREZ KR TT L a— L OB{bZFEHRT 5 ~ |

SOGHERE D b . Bl OBIRNMEZ AT Z LN TE 5,
(7T a— L RE] ORI ZSE T, ShiE T Va2 — OB bIicHkEk Lo, AiEl
BWIE., EREIESCAHBE RIS T D OGRS A B RIA & L TOREMNIA < L S U ATE



ENTWDN, AT 4 RRVFT V& BLE2ZT0T VEMEEREELZ D FRICAET 5T/ a
— N DANVE=IAEE~DIRALICEA TR, —RIEO W HERm O TV o T, xR
FOFEF, AZADO (3 mol%)/CuCl (6 mol%)/bpy (3 mol%)/DMAP (6 mol%)/MeCN (0.2 M)/air (open)/rt
VD SRR BRI SUSATERE L Bl 2 BRI R 5 Z &7 < mIERIZTHRIO A
WR=IALEMNEOND Z L 2R LTz Y,

OH AZADO (x mol%), CuCl (2x mol%) o)

s bpy (x mol%), DMAP (2x mol%) s
Ry” R4 ) Ry” R4
MeCN (0.2 M), air (open), rt

94%/1h  R=PMB 97%/1 h (x= 3) 79%/1 h 78%1/2 h
(x=3) R=Tr  96%/1h (x 3) 97%/1 h (x=3) (x=5,0°C, 0.1 M) (x=5, 1-Me-AZADO)
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Organic Solvent-free Asymmetric 1,4-Addition in Solid-State using Chiral Rhodium Catalyst
Developed as a Homogeneous Catalyst

Toshinobu Korenaga*, Hiroto Kori, Gaku Okamoto, Hidetoshi Hirahara, Masayuki Shirai
Faculty of Science and Engineering, Iwate University
4-3-5 Ueda, Morioka, Iwate, 020-8551, Japan

korenaga@iwate-u.ac.jp

Organic solvent-free asymmetric 1,4-addition of arylboronic acids to coumarin substrates in solid-state gave
chiral 1,4-adducts in high yield with high enantioselectivities only by conventional stirring. The used chiral
Rh catalyst were developed as a homogeneous catayst, and the chiral ligand, (R)-MFF-MeO-BIPHEP, of the
catalyst was designed by computationally-led molecular design including calculations of transition-states.
The organic solvent-free reaction could be applied to gram-scale synthesis of synthetic intermediate for the

urological drug, Detrusitol, by performing a greener purification using a minimum necessary organic solvent.

B)— R IR B YA T T2 B RN A RAE T 503, FEIRIE CIIIEM T & 37, AEEME-OBPUE
MELUETTDORMATERY, ERICKHL, R—VINVREDAH ) 7FIA N —IZkD)
BELBRINTVDIN, FFREOEBEZLE LT 51O KREAMICTITERD D, SEIFKA X, KISTE
PEAME N < U BV O Rh il REF 1L 4-MHINEOGS T 2D SR 72 ) — R fii (Rh/MF-MeO-BIPHEP)

Z FH R 8 S %ma TRV LT, S 6122 Ol 2 Mt - BB DO R L4-AINEUGIZ
AWz b Z A, 8 OBERO 2 TR ﬁmﬁL TIHZEaRML (K1), 51T, MR
DA LU BREEIAA Y 1 & 212 X 5 iEFE AR IES R EIEA (R)-3aa D7 T LA
VAR LD THRET 5,

1 BEA-BEETEF1 400K

[RhOH(cod)],>
(R)-MFF-MeO-BIPHEP ®
A S/C =1000 MeO PAr
m + PhB(OH), ( ) _—'» TRLZ =L e PArs

o o w/o organic solvent (BEBBERARE) O .

1a 2a H,O (substrate amt.) (R)- 3aa _
> 99% ee, gram scale Ar 'OCF3

E3l7N E5l7N El7N MFF-MeO-BIPHEP




(FEREBICKZFFRAFOME] P

BEAMRIEIZ 25 1a & 2a DA 14-MTIEL 3 mol%lh EOfiffil B2 /8 L U, s mis vk 7
Rh/MeO-F»-BIPHEP fiifit C %, . S/C = 1000 T(R)-3aa 1% 23% L& S22y (K2), Bk, DFT &
FIZE D BEROME, AEEMEIE Rh-Ph FRA~D 1a OFFALUG T, FREDOIAK SRR EA L
TWDHZ ERbhrole (K3), 22 THRARGDERKELZ KA L, M'F-MeO-BIPHEP (X 1) %
BREL, EBRELFHE LLE A, THEY BT & 1a OFIZ CH-r HEA/ERAN A S (K3),
TERBUAL T K VIFASIED AGHMET L7c, EBRIZZ OB 72 B LAF LA WS
&L S/IC=3000 DT HINE % ZHERK TE 2 (K2),

E2 AFILHRVUY(1a)ANDAF1,4-130 l3 i A DI AR IRERFE DB TN AE
[RhOH(cod)], R)-3aa * Rh 2a 2 :
Ligand | p/-\p i
1a + 2a - (R)-3aa H,0 Ph-H . F N Ar
organic solvent o0, : _Rh :
, o ee ! K N o !
Ligand L*-Rh Ph H,0 |_* Rh-Ph  'CF3 H)/,Y |
(R)-BINAP (S/C=1000): 0% id ; H ;
(R)-MeO-F 4,-BIPHEP (S/C=1000): 23% \/1a o / Jc ;
(R)-MFF-MeO-BIPHEP (S/C=3000): 91% BEBRE=BARS}-""" [ '_”_t?f_a_c_t'PP:

[EREREF 1, - FmRE) 2

2 mol%® Rh/MF-MeO-BIPHEP fillfif Z VST~ U L 1b & 2a DRISITHWZ L 2 A
R CHERT 27207 T IR 95% T 99% ee D(R)-3ba 3G Hhiz, T DA, 2a DR TRAE L
NRUB ALY KINREE B R 2 RS> TE /oD, TANEEE UTHRE L 72 & B 2, IRIKH %
LW 2-FTT7FNARa Ui 2b Z HOWTCRISEIToTc & 2 A, RONEEWITEMmEAIRED £ £
THoTD, BWILE, 99% ece T H4 FHENOEK-BHEFF4-FMRE 2Np

(R)-3bb 2VE 57 (K 4), iC, RO BIEHEP C[\/,l £,
[RhOH(cod)]>». MFF-MeO-BIPHEP, 1b+2b w/o organic solvent o O
1b. 2b AZSE TG | BT FIch H20 (substrate amt) ) 3pb
ELIZE ZA, MEMEDRWERIRE TOFEICH 1D BT, 70%IEE, 91% ee T(R)-3bb 735
bz, Ziix, Ak THIE [RhOH(cod)], & MFF-MeO-BIPHEP M IAMEIZIAT 5 Z & T S
% fil 5 4 FE[RhOH(diphosphine) |23, A2 72 < & B HICARKR L, T3 CEIEETH 5
7. EERETHEAF B5 FF14-FINREDSEMENE
LA IRE AT L7 b
DLEZ N, '
Z O FER-ERR R &5
B9 572, W DODLhy
WaiToCHhI, T/~
Uy 1b & 2-F 7 F R n
5 2b GEE) O RRHTE
12 FE 1% O SEM [Hif
ZHEE LT & 2 A 2b OfE




B IR O LAHIIR (R)-3bb OFEEAH > TV D = LB S s (5), IR & &
BITH A TV KO ITBE SN DT, AR OB BIFEZ DT IFE 2b 2> T XD
SR ATz, ISR S1%HEAT L2 SUSIREWI O XRD 2 JE L, SUSBRARKF D /X7 — 2 L IR T
Blee A, —HI7 <V DOE—I PRZ L 2o TN &b, MOMICENREZ 572, b

X, ERRAE LI E BB (K 6), —J., Ml AN, 7~V 1b, 2-F7F
LR VR 2b, 1LA-RHINR (R)-3bb % 1:1:1 TR T 12 BEEIINEA L T % XRD /8% — 2 kiE
motzlzh, AHIEAMMNRES Y &> CRlfE LD Tidie <, ERR DERIC Wm#t%t%®&
Ezbhi,

Ee AF1,4-FHMKEDXRDAEHT
vcoumarine1b v 2-Np-B(OH), 2b 1,4-adduct 3bb
v v v

12 h (conv. 51%)

intensity

10

Al ARG LVERR) 2
VS CRE R S 21T > Th . W CLBEOWEA M L7-0 TIEa RITdm, # 2T, EELE
AR (R)-3aa D27 T DA — HE7 SEEFF1 40 RU BOSOEEICLIEES

JLVTCOMIRIEE R & . B % solvent-free reaction (conventional purification)
ie 1] =P - v Rh cat. column
BB L7 RsBRast2Te (B 0.1 mol% Rh  extraction  chromatography 5
SR 12 + 24 —M»— > » (R)-3aa
7) o 0.1 mol%@ﬁﬂiﬁi%ﬁﬁ v \gﬂ‘ﬂ‘f‘{ﬁﬁi 1.00g 5.33¢g no solvent EtOAC EtOAc (50 mL) (1 )40
AF VAAINES ZATV, iz /s H0 (7 equiv) | (15ML)  Hexane (200 mL) 9'9 , g
water >99% ee
WALEZ R LR, CRETO sashing total 265 mL|
WIHAE 2O 265 mL 025, 3 o greener and  metal
o . purification|| |decanting scavenging filtration recrystn. (R)-3aa
3mL O HEE T, KiERELED EtOAc Scavenger alumina 126
HIBKICRRZ) LTz, (R)-3aa ICIX Rh (Scavenger= 1 Bmb)  43mg) (30mg) 269
| SiliaMetS® DMT! NaHCOa 80°C, 240  pupsewmwam  >99% ee
@;’%T—%%ﬁ{ﬁl éh?‘\ l:ﬁ%liﬁil = R R / water

R ATRE R BRI 7 v A DAl REME 2 /R 2 L N TE T2,

References:
1) T. Korenaga, R. Sasaki, T. Takemoto, T. Yasuda, M. Watanabe Adv. Synth. Catal. 2018, 360, 322.
2) T. Korenaga, H. Kori, S. Asai, R. Kowata, M. Shirai ChemCatChem, 2020, 12, 6059.
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Discovery of New Functions of Plant-Derived Ingredients :
Asymmetric Ring-Opening Reaction of meso-Epoxides

Tatsuhiro Asano'*, Kazuya Tsuzaki', Koichi Wada', Yuki Takeuchi'
Junichi Enoki?, Yasuhisa Asano?, Yasuo Kato?, Makoto Hibi?
'Kyowa Pharma Chemical Co., Ltd., 530, Chokeiji, Takaoka, Toyama, 933-8511, Japan
>Toyama Prefectural University, 5180 Kurokawa, Imizu, Toyama, 939-0398, Japan

tatsuhiro.asano@kyowa-kirin.co.jp

The asymmetric ring-opening reaction of meso-epoxides with amines is an ideal method for obtaining
optically active ? -aminoalcohols, which are important constituent units of active pharmaceutical ingredients.
Here, we have discovered that plant powder has an asymmetric ring-opening reaction catalytic ability. This

catalyst was easily removed by filtration, was heat resistant (> 100 © C) and was easy to reuse.

WFEE N T A2 T I ) v~k ) — ViR RKIIERL O =y FE L TEETH
5o TOROLMRORERIEIT, 12-TRF V7 anFH o b7 20 L OB REBIER G T
HDHN, TNETICHEINTVDDOIXEEET I L AREBRIERMEE L OMAEDLETHD |
EEWEASEI R . £RREERBOMENRS -T2, ZHSH LIx 1T, OB KRN, 1,2-7K
v randt U LENREGLE 0T I BROF A —/L & ORFBRBR il & U CHERE
HZ ExRMLTZ,

S SEEE  EERALLEELL » £ manmE - Lramny » Y. o
BE REERREEL LI R [ wEzs

- BERAERT = (BRI fE

+ >100°CTUIEBL THiEMEHERS
- BFIATEE

- BHBRICARE. 58 ToBNTEE
- PRSI (CHESHIC KDL

40°C
In Toluene or Heptane

- HEYIERSRYN(CAF AR Z IR THIHTHRR ! !
+ >1000 L A7 —JU[CT>100 kg BOXFEHERPEFRIEICERRTTHE
- SDGs/JVU—->TIAN—DERD 5 EERIRM R flE
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SACINE: 24 i%%ﬁ%’?%fﬂﬁ%EE;E@*%}EﬁK%ﬁM%%&%ﬁE%% L. FRICHIR DK EEMER G 2R3
mVEMEZ R T2 2 AL (KD,

© JKETEXE§EE 67 ‘J‘V??«rjs-DN@H
B REME 32 63 Y—¥IS5TJ—F-TN®2
toluene—water V xg 52 62 Z=Ho3
o ToB (FEF)* 9 54
37 °C, 16 h -
(RR)-1 - Ty 12 62 FyAvk/AoHE—3
SOTEREL_EOHEYIRL 5 THER ~NyFL 9 42 HHEEREE 9
ARFr. Cehivne, EZ9F A, FoA(BE)* 9 71
ha—Fwy, INERTF, EHHA. AT T * 5 27
WY, |E, 2220, IR, . S P
H)—T. JFF. R, KR, 73 (4R) 1 el
LYV RETERIRESEIE 1) RTEShR) R, 2) BESEAUAS L —T ()R, 3) HERAES. 4) BEES (k)R

ST T EATI TR
1. HEMBRDAII—-=>T

7ok, EHEREIC OWTIIARITH 205, HEWIZEA I D NN AR 1l & L“CT’FﬁH L
TS EHER LTV D (U\T A St 2 POMC (Plant-based Organic Molecular Catalyst) & #it), =
bR A 2 I T E AU, BEER. U AREERR IR . BESH A AR & T DT f@é{ﬂiEﬁ%ﬁEﬁi@ﬁﬁ
RIZENDHOEHFLTND

2. EEFEASMHEOMHER
HEBEEMHIZOW T HADA Y ZRXFV RE  TIV BLOTFA—VOMAEHOETHEEL,

TR DR CTIINEETH S TEIIRT X > BT A — Vv OfAEbETH-oThb T F
AR EIT T2 Z L 2B Lz (K 2),

OH O/
(INH (I (I o
58%ee 81%ee 53%ee 55%ee 59%ee 72%ee

NG QO
o a, ol a, o O
L d N d U

67%ee 52%ee 51%ee 78%ee 51%ee 79%ee

2. BEEST (>50%ee Ofl)



TIRFY RS DIEmE LT, TV P ORBRMnERAZE A, JOTEITLZb 0D
TF U F RTINS D TH -7 (K 3),

toluene-water

Sy S 4%ee, 81%

3. 7OV ORBRRIR

8. RAKRVTRT F7—F I BHEFEKR~DILH

POMC % fifi & L C1% 5 415 (IR, 2R)-2-(cyclopropylamino)cyclohexan-1-0l((R,R)-1)IE, mAFR T =
27 Z—¥ 1 EHFITHD 1-cyclopropyl-1-((/R,2R)-2-hydroxycyclohexyl)-3-(3-((2-oxo-1,2-dihydro
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Process development for the synthesis of BACE 1 inhibitor E2609

Masayuki Omori*, Kazuhiro Yoshizawa, Hiroyuki Chiba, Akio Kayano
API Research, Pharmaceutical Science & Technology Unit,

Pharmaceutical Profiling & Development Function,
Deep Human Biology Learning, Eisai Co., Ltd.
22 Sunayama, Kamisu-shi, Ibaraki 314-0255, Japan

m-omori@hhc.eisai.co.jp

An efficient process of BACE 1 inhibitor E2609 as a potential treatment for early Alzheimer’s disease has been
developed. The process consists of 10 chemical steps and overall yield is 29% from chiral 3-buten-2-ol. The
process features aminothiazine cyclization using diphenyl phosphoryl chloride and nitration by flow reaction.
In aminothiazine cyclization, generation of aminooxazine derivative is controllable compared with original
process using trifluoromethanesulfonic anhydride. In potentially hazardous nitration, safety manufacturing has

been operated under continuous flow technology control. Continuous flow type reactor has been designed and

installed as a GMP equipment and pilot-scale manufacturing has been achieved.
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Scheme 1: 1% generation route for E2609 synthesis
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Main issues

- Control of oxazine impurity
- Use of expensive reagent
- Hazardous nitration
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N
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H

Abbreviations:Tf,0 = Trifluoromethanesulfonic Anhydride, Py = Pyridine, DMI = 1,3-dimethyl-2-imidazolidinone
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Table 1 : Investigation results of activation reagent for thiazine cyclization
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o. H

X

a QA

Carbonyldiimidazole
(CDI)

"
/\0’ zl‘o/\

Diethyl phosphoryl Chloride
(DEPC)

Thiazine 7
\n/© Activation
reagent
0 [¢]
\ F N H\n/© ., F N H\(@
1T Y
& 8.4 © ° o O
OH H
Oxazine 8
SM 6 . .
Entry reagent (HPLC area%) Thiazine 7 / Oxazine 8
1 Tf,0, pyridine, -15-0°C 0.9 98.9 / 1.1
2 Ms,0, pyridine, -10°C 6 99.7 / 0.3
3 EDC-HCI, TEA, 50°C 0 0 / 100
4 CDI, pyridine, 60°C 0.1 99.9 / 0.1
5 DEPC, pyridine, 60-80°C 6 99.9 / 0.1
6 DPC, pyridine, 60°C 0.5 100 / 0

MsCl, TsCl conditions : Low selectivity and reactivity
Ac,0, TFAA conditions : Target material was not observed.
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Cl

Diphenyl phosphoryl Chloride
(DPC)

Table 2: Investigation results of flow nitration

NO,
HNO3, H,SO4,
F
N NH; CF3CO,H Ny NHz
T o o T
S S
H FsC” “OH H
9-TFA 10
Reaction HNO3 temp. SM/TM
E RT* :
ntry condiion™  (eq) (©g) (HPLC ratio)
1 1h Batch 1.2 0 0.7/99.3
2 1 min A 1.2 7 36.6/63.4
3 1 min A 1.2 50 3.2/96.8
4 3 min A 1.2 50 0.8/99.2
5 3.1 sec B 1.35 30 12.0/88.0
6 3.1 sec B 1.35 50 45/95.6
7 5.4 sec B 1.6 50 0.4/99.6

* Residence Time

** Reaction condition A : fHNO3; + H,SO, (3.47 eq.) + TFA (11.7 eq.)
Reaction condition B : c.HNO3; + H,SO,4 (6.84 eq.) + TFA (14.2 eq.)
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Scheme 2: Improved process for E2609 synthesis
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® -Total yield 29% (10 steps)
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S S -Application of flow reaction to nitration
H H
16 E2609

Abbreviations: BzCl = Benzoyl Chloride, Tf,O = Trifluoromethanesulfonic Anhydride, Py = Pyridine,
DPC = Diphenylphosphoryl Chloride, T3P® = Propylphosphonic Anhydride
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