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Process Innovation Microwaves Bring

Keiji Kidani *
R&D Department, Microwave Chemical Co., Ltd.
Photonics center 5F, 2-1 Yamadaoka, Suita, Osaka 565-0871, Japan
kkidani@mwcc.jp

For more than 100 years since its emergence in the late 19th century, the chemical industry has not changed.
It still uses heat and pressure derived from fossil fuel. If we could change the way we produce fuel and
chemicals, we could change the world. Our goal is to make a significant contribution to achieving carbon
neutrality through innovative microwave heating technology. We are already advancing multiple projects
simultaneously based on the advantages of microwaves, and we are working across a wide range of fields, as
shown in the diagram. In our presentation, we introduce several practical examples that have been pursued

with a view toward social implementation.
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Exploration and Prospects of Sustainable Chemical Synthesis Processes

Based on Flow Electrosynthesis Technology

Naoki Shida*
Department of Chemistry and Life Science, Yokohama National University
79-5 Tokiwadai, Hodogaya-ku, Yokohama, Kanagawa, 240-8501, Japan
shida-naoki-gz@ynu.ac.jp

This presentation introduces flow electrolysis as a sustainable method for organic synthesis, offering energy
efficiency and environmental benefits. By utilizing solid polymer electrolyte (SPE) electrolysis, we
overcome challenges such as scaling and low productivity in conventional electrochemical synthesis. SPE
enables efficient, three-dimensional reactions, supporting diverse substrates and renewable energy
integration. Our recent studies demonstrate successful applications of SPE in flow systems, providing
insights into future chemical manufacturing technologies aimed at reducing greenhouse gas emissions and

enhancing on-demand production capabilities.
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B WSSHEN D . BIBOGA 23 L B IO RSN EIT LN Z ERm ST,

TAUTKE L, BEREOITT =4 AW (ARM) BEM Y T 7 F—2 Ao ve ) O O ERK
FEEZRAE LEZ (K5, 6) Y, AFEIED T X —2FNE<, 5 F mol ' O@EEIT
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B O/ NS <, RIFMOREHIN AETH D Z LRI,

OHW Cathodic chamber

Q :
Rh NPs
\ Vi
———
/J OH~ conduction HN \O
Anodic chamber through AEM

OH~ — 1/40, + 1/2H,0 + e

Applicable to various N-containing aromatic compounds
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Biocatalysis for Green Chemistry

-Enzyme Immobilization and CO: Utilization
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Organic synthesis using enzymes represents a promising approach to green chemistry, as
biocatalysis offers excellent chemo-, regio-, and enantioselectivity while operating under mild
conditions without the use of toxic or depleting materials. However, effective process
engineering of biocatalytic reactions is essential. Here, enzyme immobilization is discussed as
it is a crucial first step in establishing efficient flow processes. Specifically, the immobilization
of alcohol dehydrogenase, aldehyde dehydrogenase, and Baeyer-Villiger monooxygenase
through inorganic hybrid nanocrystal formation and by the method to bind enzymes on the
surface of 3D-printed reactors is focused on. Additionally, as it is important to utilize abundant
CO:s: to replace conventional organic solvents derived from fossil fuel and to convert COz into
valuable chemicals, transesterification by lipase using CO: as solvent and biocatalytic reductive
carboxylation by malic enzyme and isocitrate dehydrogenase using CO: as substrate are

explored.
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WHNTWD, £ TS T, ZEMWD E & BIFF S D I ENE Thermoplasma acidophilum 1
KoV v IWEEEFE (TaME) %V, HIEORIED CO, % W 218 TTHI VIR 5 2 RIS 0 B %S
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TaME: Thermoplasma acidophilum B3R D Malic enzyme
TalDH: T. acidophilumEa3E M lsocitrate dehydrogenase
TaGDH: T. acidophilumied3& D Glucose dehydrogenase

Figure 6 #f#\E Thermoplasma acidophilum H3ED ) o TWEIESE (TaMe) oA VY 7 - V FRiK kSR
(TalDH) % ikl & 3~ 23R 5T I B ViR & WA B 1012
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Development of Highly Efficient Divergent Synthesis for
2'-0,4'-C-Ethylene-bridged Nucleic Acid (ENA) phosphoramidites

Yuzo Abe*, Kazutoshi Ukai and Makoto Michida

Process Technology Research Laboratories, Daiichi Sankyo Co., Ltd.
1-12-1 Shinomiya, Hiratsuka, Kanagawa, 254-0014, Japan

Nucleic acid therapeutics based on chemically synthesized oligonucleotides such as antisense
oligonucleotide (ASO) or siRNA, are attracting attention as a new drug modality. In recent years,
modification of nucleic acid structure by several approaches have been developed for improvement of
stability in in vivo. Especially, 2'-O,4'-C-ethylene-bridged nucleic acid (ENA) is highly promising
modified nucleic acid which was discovered at Daiichi Sankyo. We have developed a highly efficient
manufacturing method of ENA phosphoramidites for synthesis of ENA containing oligonucleotides to
increase the productivity and to reduce the manufacturing cost and the lead time. Direct glycosylation
reactions with a new common intermediate, development of efficient synthetic routes and telescoping

multiple reaction steps which enable to improve the productivity of ENA’s manufacturing significantly will

be presented in this lecture.
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University Venture Challenges for Peptide Drug Innovation

Masaru Mitsuda*
Peplnnova Co., Ltd.
Central Nagoya No.1101, 34-17, Meieki 2-chome, Nishi-ku, Nagoya-shi, Aichi 451-0045, Japan

mitsuda@pepinnova.com

Peplnnova is a university venture established in order to implement novel peptide synthesis technologies
“HiSURE® System” developed at Chubu University. HISURE® System consists of elemental technologies
that enable the design of a convergent process for liquid-phase peptide synthesis. By realizing the practical
application of HISURE® System, we aim to solve various issues in the production of peptide pharmaceuticals

and contribute to driving the innovations that next-generation peptide drugs will bring.
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Science of Fairy Chemicals and Their Application Development

Hirokazu Kawagishi
Faculty of Agriculture, Shizuoka University, 836 Ohya, Suruga-ku, Shizuoka 422-8529, Japan
Research Institute Mushroom Science, Shizuoka University, 836 Ohya, Suruga-ku, Shizuoka 422-8529,

Japan

For centuries, people over the world have been mystified by the formation of rings of accelerated or
suppressed plant growth in woodlands and grassy fields. The rings sometimes erupt with mushrooms, adding
to the intrigue. Myth led these geometric patterns of plant growth to be called “fairy rings”. In 2010, we
discovered the “fairies”, a plant-growth regulator, 2-azahypoxanthine (AHX) and a plant growth inhibitor,
imidazole-4-carboxamide (ICA), from the fairy-ring fungus Lepista sordida. Furthermore, a common
metabolite of AHX in plants, 2-aza-8-oxohypoxanthine (AOH) was found. The three compounds were
named fairy chemicals (FCs). Afterward, it was found that FCs endogenously exist in plants and are
biosynthesized via a new purine metabolic pathway. Based on these findings, I formulated a hypothesis that
FCs are a new family of plant hormone. FCs increased the yield of rice, wheat, and other crops in the
greenhouse and/or field experiments. We are now trying to develop FCs into agrochemicals. In addition,

AOH launched as a cosmetic ingredient in last year.
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Development of a Continuous Production Process for Ionizable Lipid DOP-DEDA

Yuki Teshima*, Tomoyuki Koge, Hironobu Ishiyama, Toshio Kurosaki, Masaki Matsumoto
Lipid Research & Development Department, Lipid Division, Nippon Fine Chemical Co., Ltd.
1-1, 5-chome, Umei, Takasago-City, Hyogo, 676-0074, Japan

teshima@nipponseika.com

DOP-DEDA (CAS RN: 2247753-10-0) is an ionizable lipid suitable for lipid nanoparticles which are used as
delivery systems for nucleic acid. Conventionally, DOP-DEDA has been produced by a batch process.
However, it has been difficult to scale up in batch process. We have developed a continuous production

process for DOP-DEDA that can solve the scale up problems.
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Total Synthesis of Keramaphidin B and Ingenamine Using Dynamic Crystallization

Yuki Kurihara,'* Minori Yagi,' Takashi Noguchi,! Sho Yoshimura,' Haruka Yasufuku,' Ayane Okita'
Takeshi Oishi,? Noritaka Chida,' Toshitaka Okamura,' Takaaki Sato'
Faculty of Science and Technology Keio University,' School of Medicine Keio University>

yuki0925kurihara@keio.jp, takaakis@applc.keio.ac.jp

The control of the selectivity is a central issue in organic synthesis. In this presentation, we report the
DMAP-catalyzed Diels-Alder reaction of the hydroxypyridone. Although the regioselectivity is not
controlled under both kinetic and thermodynamic conditions in solution. We solved this challenging
selectivity by the dynamic crystallization. Dynamic crystallization has required two conditions; 1) the
reaction is reversible and 2) the desired product is the least soluble crystals. Thus, as the reaction proceeds,
crystals of the desired product can be selectively precipitated. Selectivity by dynamic crystallization is
independent of the stability of transition states and products in solution, relying instead on the solubility of
the crystals. Thus, the total synthesis of (+)-keramaphidin B (1) and (+)-ingenamine (2) is achieved from the

resulting tricyclic intermediate.
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[crt —— [crt —

7 @ e ‘*

—
A A
-8 ., Qg D0 . _ 4
REM: [CF>DfFf — TERYE REM: E>F —> FERWE

(c) AW : BIMFE R

crystallization ﬁ/ s SRIE
= T e 1) TR
* S~ 2) EN B BREDELES
F
[B#fE]: E<F > THEAME 1. BR ORI A



BRED LV COLNLETHLIHEA, ENTAMM LD (K 1a), —J, A% LR Tl
WSO IBNT, KO ZERICEMPERT D, EFRMF L0 6 EDFNEZETHIUL, fiﬂ
MITE THDH (K1b), LhL, ZNHOFETIE, W LERMERREI Lz &8, LiIFL
FAEC D, 2oL ) eRPlicx LT, A2 BIFBERE M EIcE R Lz (M 1c), BIRURE L TIX
R TH D T ENESEMEE 2D, Z2OF T, BLAERY E D BIBREORWFETH o7
Bt BOROMATICHE, E 2NRIRAICHT T2, AR OBIRMET, iR HICB T 2 EBIRE
R OLEMETIT R FEFROBIYEIKFET 2720, B—RTIFAE UERW L S @Rk %
BRI CE D, S BT, ARPOREREMEEZFIH T, IO &S fifE 2R FiE TORRN A
RECTH D, BIRMERIE - R TIEO 2 S CENT- iR E VA D, ﬁ%%fi EsOF Lt (e 1S
L 72L& SRR Diels-Alder NG a2 KMEE Li-ro~7 4 VU8 ERERETD Y,

[&REHE]

MR O “IRAEIPEY) & U CPEAE S5 keramaphidin B (1) 33 X O ingenamine (2) X, <~ > %I
FHIZ5) ﬁéhéﬂﬁﬁ?»ﬁﬂ%%f%@” ZNETIZ2 DD T N—TIZ K> TRERNHE S
TWD Y, AR EOREIT, 1) Ef&myﬁ (CSa{i) wEite —BRELER & 2) REIRDT I
%L@%mfﬁéo_MEfﬁ%%L BT D0, EAT 7 X NT wEPREIAE LCERE
Lz (M2), 7T \f%%®$ﬁm@7:/%m%\fﬁ@?:%%_%%ﬁx\éﬁ%ﬁgm
LTCW5, Sbiz=F I FEZFIHT UL, ingenamine (2) IR HNDHE R U ERESIZEAN
T& 2D, ZRIEFLEKOMBEIZIL, Diels-Alder SU& (3atda—S5a) Zatl L7z, AKJETIE, C8a
PO VYRR R T A AFEE L DD ALEEIWEZHE L2 T i 7e 700, 70, KERRY 7 I Ui
V7RI RN6DHETNATIFRIAUIZEY —ZFITHEE L, RIMORGEE K Z B3 %MTKO

OH 0 double
o base-catalyzed o H macrocyclic
N [ NH Diels-Alder T ||, N0 _ B | 7Y B alkylation
TsN __~ + X s > BN T - HN < NH /[ e
Fole 53%
</o O\) — A
3a 4a 6 Common Intermediate (7
, EBRLEDEE \
1) SREPLEE \
—base-catalyzed Diels-Alder
2) KER 7S B Q Q
—double macrocyclic alkylation
H2. §REE \ J ingenamine: (+)-2 keramaphidin B: (

[BkE RISk 2 =REBHROIEREE]

I, Diels-Alder Kt DFEE 725 Fux ) Ku3ad, ~L A2 KdazApkL7z (K
3), BEAFRE/R 8 DA —/L%& TIPS =—7 /L L L TERFEL T & L7, Hil\C. AN 10
EDORET » TV 72T 3 REZME LR, BREEOL U D70 —J50 TIPS Kz bRE
L. BUY =11 & LT, I OFHBFRA~D Ts FDOE A, TBAFIZTH 9 — 5D TIPS %%
frEL, E Fexo vy Rr3a~Bfillc, —FH, P2/ 740 ThHoH~vL A I Ndald, 7€



ve—L 12 2R EREE L, et o — L 122U F AL LR, 13 L DOT LF kI T
FEEME L, F<UVRY NESICED S ULV EZBREL, Buo—L 14 2587, &%, 14
O a—LEN %, PDC Z#HWTELL, ~L A I Fdazx A LT,

o oTIPS OH
OH OTIPS ()\2\ HO. x nBuLi, pTsClI o) S
HO TIPSCI, imidazole TIPSO o] ZnBr | ~30 °C to —10 °C;
‘ X - = ‘ X e —— N~ e —— TsN =~
N N PdCl,(dppf), 80 °C HNMe,, —10 °C;
A g, 90% " 2(dpen) 0 TBAF 0
o
. 0 89% 1 </o 83% 3a </o
o)
nBulLi, =78 °C; _
13,-78 °Cto rt; NH | NH
— TBAF = PDC, pyridine
/E:NTIPS - . - . Y
Br <\ 0 13 0. 67% o)
12 2 2 S -
O~14 0 4a B3, £ FOF VLY KY3aETL A3 K 4a & i

40%

VI 3a LV ) T 4 4a DAL TE DT, Diels-Alder UGN & D ZEBRIE B 5a DI
BT LT ARRIGOFEIZHTZ D | WP TORICHEEZH L0 T 2 BT, BEOEWY 7
FAT L —NEFTLE RaX Y R3b e~ A2 Ndb 2V TGN EEEREE L (B
1),3b & 4b % DMAP (10 mol %) 1F7E F T 40 °C (2T 5 & | BAHD ZEMHALE 5b MR 5%,
NEE AR 15b 23 14% TR DALz (entry 1), WSINAIZ MG L72fE R, LiClIZ X 0 SOSPES KIEIZ
L7z (entry 2), F7z. AT OERNG | ABUSIE LICl OWINT X 0 PSSz 7z 2 2 &
Nbohotz, £, AR LB 5b 33 L OV 15b % LiCl JE/FLE F T DMAP (10 mol %) & F:i2n
BT oL, ZNENEELE L7z 5b, 15b 2AENL S 47z (entry 3, 4), —J7. Sb B L TUN15b IZxF L,
LiCl 23RN L CTINEAT % & | BE 92 4 >DILAEY (3b-5b, 15b) DAL R TE 7= (entry 5, 6)
T 7205, LiCl DI E Y | REOSTEEGR S DB F B~ Bk LTz, LarL, KRG
DONLEFRYEIL, &6 0 DORINERTFEEZ AW T HIIICITE S R0 o T,

0. DMAP (10 mol %)
addmve 1 equw)
TsN _~
CHZCIzlPhH 1(0.2 M)
0Bu 40°C, 3 days

(1.2 equiv)
entry SM additive yields

5b 15b 3b 4b
1 3b+4b none 5% 14% 55% 68%
2 3b+4b LiCl 39% 20% 8% 22%
3 5b none 98% 0% 0% 0%
4 15b none 0% 97% 0% 0%
5 5b LiCl 38% 15% 12% 24%
6 15b LiCl 27% 1% 1% 22%

The yields were determined by "H NMR using mesitylene as an internal standard.

1. Diels-Alder R i D& 51



MLEDEIMEDUE A2 B R U AR A USSR ZET L CWZER, BRIk T & # — /L& & D HVH 3a-5a,
15a TiE, (LEOREBEDR RN EnbroTe (FR2), F|RIZBW THNAR (CHClL/PhH = 1)
T DR MREZRIE L= A, BERRILIKR 5a 28 0.3 mgmL & xS . LA ~<T
50 fELL BT ENZ Lot T ORRIL, BIRREAA L0 TR T RetE 2R Uiz, FEERIT,
LiCl Z N3 2P 5F R T 3a & da ZINEVT 2 & ROSOEATIZMEV, BAYY Sa O B i
DT L= (K 4), 8 BREIOMEVE, T8RO A THIFE: 5a ALK 77% T Hav, (DE R =
BRIEBHSE OREGLCET) LTz,

o_ 0 OH o
15a 3a 4a 5a J/ o)
OH: o X I NH
solubility (mg/mL) 18 16 700 0.3 o . —= TWN~F + S >

TsN 0 o)
The solubility was measured in CH,Clo/PhH = 1 o) </ 0\7
at room temperature. o o
R2. BME 15a: trace 0\7 3a (1.0 equiv) 4a (1.1 equiv)

(crystals, soluble) (crystals, least soluble)

o

DMAP (10 mol %)

LiCl (0.5 equiv)
CH,Cl,/CgHg = 1 (1.0 M)
40 °C, 8 days

R4 BHRERIEICLZZIREBROBE

[REBROT S VEROEE]

FNT, ZTIVKRERT VX IUEDOIE L b7l Reaak L (K5, 6 D2 >OMIB
R —DRFEEEHF L TODHEICER L, BIRT B X —/L 5a /5 2 FAFERICHIEAZME L, 4
TRRTOAERKE B L7, £, Diels-Alder BR{LIK 5a D =T v a— L& hLom— ML E L7214,

(o} o
pMeCgHy O b o pMeCeHI,)kO
pMeCgH,COCI o, - BrPhsP(CH,)sOBOM o :

Et;N, DMAP; | NH tBuOK PO NaH;
_— TsN _— > TsN S _—
1M HClI, 60 °C N b} 3 Sml,, HMPA

J 79% (2 steps) 100 °C
OHC CHO

43%
16

pTsCl, Et;N CIPhzPCH,0Me
MesN+HCI; tBUOK Smly, Hy0;
NaBHy, —20 °C 1M HCI, MeOH
88% 7%
CBry, PPhs

imidazole, 40 °C;

TFA, 40 °C

51%

B5. 70 R6DA Bk



MRS TT £ H =N DT AT E N 16 ~EEH LTz, T, Wittig KIS T Z MRS
VT AV EBERELENS, 2 00 ZHE L T17 & Liz, 17 % NaH CQOEE L7-%. Marko 5
MBI L7z SmLIC K2 —EFEa M5 & 9 Ts BOBRE L BN O =T /v a2 — /)L Ok
EBHEAT L, 18 B DNz, FENT, A I FEIC Ts EABA L72%, NaBH, GEEL, ~I7 3
F—19 L L7=, 19 @ Wittig SIS TlE, BRI 7 I F—LOBBRTAELET AT E Rb 1R
R LIz ) — V=T L 20 GO, WT, V2R y hRIET Sml, & HCI ZIEXRINZ %
L. TRCORBEORE L 6 BERT 7 ¥ AOBMRN—3ITHEIT L, 21 2527, &2, Appel
ﬁmﬁiéi%k&\%T@%%KiéIT:FMLT\V7D;b6@ém@gko

V7 I ReNHFOLNTZDOT 2 OHDRNICTH DX 7 IIVREIRT VX bz L7z (K6),
KEISTIE, 1 ERADOT VR AAIC LD 22-25 D 4 SO BVEKRNER T D AHEMER S 5, VT, 2
FEHDT IVFNMARIZT, 22, 23 OIFEAOLBEFHETHLEAT 7 X LT 05, 24, 25 DI
BEMER 26 NEL D, 22T, 225095, BATFT 7 X AFRKT ~EHTX2 2 DLN 13 8
BRI 72 LR LTWDHZ EIZHER Lc, —KIIZ, 7 AFRIZ XD BILBOS DML, TERkcT
LB FT A ENMBNTEY, 11 BERICHAST 13 BROGHEN D, 2k, 13
BIERT 7 & 522 DMEREMICAET, THRERATREIEEZ 2T, FE, V7R IFN6% CC0s &b
IZ MeCN H1T 60 °CITHIES % & B —HEIN SN b DD, 13 BERT 7 & L 22 3ERMIC
o7z (condition A), SUSHEDM EAHIFF L, KV @ ToHh 5 DMSO ¥t & LTHV, =
IEDND 60 °C ~ L EERERICINEAT A L. HINDOE AT 7 2 T DU 46%., {7 & TR 26 28 7% T
A Ak C & 7= (condition B), x4 12, Hid P E1A 7 2 DIBAL-H C—2%8|Z3%JC L | keramaphidin B ((+)-1)
DEEREER Lz, £72, mCPBA T7 D) I FEEZZRF 1L L7=%. DIBAL-HELIZ XY
ingenamine ((+)-2) DA A EK LT,

1st 2nd

alkylation alkylation
_ _—
condition A !
Cs,CO3, MeCN, 60 °C, 4 h : 2nd

22: 55%, recovery of 6: 22% | NH alkylation
condition B O
Cs,CO3, DMSO, 1, 4 h; A
Cs,C03, 60 °C, 24 h; ' .
7:46%, 26: 7% N e ;

R, DIBAL-H 1. mCPBA
LLS: 12 steps
p 46% 2. DIBAL-H
total 1.3% yield 31% (2 steps)
‘o
keramaphidin B ((+)-1) common intermediate (7) ingenamine ((+)-2)

B6. STNARBKTZ I FILELER



€10)|

Lk, FL7= 51T keramaphidin B ((2)-1) & ingenamine ((£)-2) OAA k%, B FTEEZ I8 FRE K
012 TRBIONI3 TRICTER L, “BIEOT B A48T 5 Diels-Alder SU& TiE, ¥J—%
IZB W THEGRA - B2 FEOWTNE AW TS (LE SR OHIENINEE T - 72, & Z T,
AR O EaYE & . LICHIZ K 2 BUS O it 2RI U7z BiR0fEsafbic L 0 . BBt 2 FEBl
L7z, 61T, JEHNC K 2 70 R A E TR 2 B RO NS D v, 2R 70 = BRMB#& OREEEI
P LTz, £70, v I VIR OGN AR RERR S 7 I UEK IR, X7 VRERRT LR
BIZCT—RITHR L, 7T~ 7 4 VUVHEHOMBNEE R ZER LT,

(8% 3]
1) Kurihara, Y.; Yagi, M.; Noguchi, T.; Yasufuku, H.; Okita, A.; Yoshimura, S.; Oishi, T.; Chida, N.;
Okamura, T.; Sato, T. J. Am. Chem. Soc. 2024, 146, 11054.
2) (a) Kobayashi, J.; Tsuda, M.; Kawasaki, N.; Matsumoto, K.; Adachi, T. Tetrahedron Lett. 1994, 35, 4383.
(b) Tsuda, M.; Inaba, K.; Kawasaki, N.; Honma, K.; Kobayashi, J. Tetrahedron 1996, 52, 2319.
(c) Kobayashi, J.; Kawasaki, N.; Tsuda, M. Tetrahedron Lett. 1996, 37, 8203.
(d) Kong, F.; Andersen, R. J. Tetrahedron Lett. 1994, 35, 1643.
(e) Kong, F.; Andersen, R. J. Tetrahedron 1995, 51, 2895.
3) (a) Baldwin, J. E.; Claridge, T. D. W.; Culshaw, A. J.; Heupel, F. A.; Lee, V.; Spring, D. R.; Whitehead, R.
C.; Boughtflower, R. J.; Mutton, I. M.; Upton, R. J. Angew. Chem. Int. Ed. 1998, 37, 2661.
(b) Meng, Z.; Fiirstner, A. J. Am. Chem. Soc. 2020, 142, 11703.
(c) Meng, Z.; Spohr, S. M.; Tobegen, S.; Farés C.; Fiirstner, A. J. Am. Chem. Soc. 2021, 143, 14402.
4) Lam, K.; Marko, 1. E. Org. Lett. 2008, 10, 2773.
5) llluminati, G.; Mandolini, L. Acc. Chem. Res. 1981, 14, 95.
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Development of Techology for Supplying N-Glycan from Hen Egg Yolk

Satoshi Nakane*, Kouki Iida, Tomohito Sakurai, Yoshifumi Hachisu
Process Technology Research Laboratories, Technology Development Supervisory Department,
Technology Division, Daiichi Sankyo Co., Ltd.
1-12-1, Shinomiya, Hiratsuka, Kanagawa, 254-0014, Japan

satoshi.nakane@daiichisankyo.com

Pharmaceuticals encompass various types of drug molecules, including small molecules and
antibodies, collectively referred to as "modalities." Expanding the modalities is expected to
provide a means for the drug discovery targets that were difficult to approach with conventional
small molecule drugs. Glycans are considered one of such modalities for a drug discovery platform
technology since they are known to play a key role in various biological processes. Glycans are
widely distributed in the human body, but do not exist as homogeneous structures. In order to
achieve a stable supply of homogeneous glycans, we have developed a method to supply
sialylglycopeptide (SGP) by extraction and purification from egg yolk. We report on the

manufacturing method of obtaining SGP in this presentation.

R3S 00U E 2N o T OREE R H Y, LT TE£X V7 1]
EMEENT WD, EX U T 4 OIEFRIL, TEROIES FIEEKTIZT v —FRHEETH - 724l
WH—7y NIRRT HFEE LTI SN TS, O L) EX Y 7 1 AIZRIERIF O
—OL LTHERHIT OND, BT, Z v VBB AT 5 T hokaiRic
I FAELTEY , ZELAEMBSRICES L, FRciMoal o =r—v a 0~
Bt ZCHEERER ZRIZLTWD, o4 oo

ZOEOEHIT, X7 VFFR 33} é%o AN
(RNA/DNA) & RTF R (4237 >; 0

H) 1Cki< =4 meE) &b ”° mi&t, é;ﬂ 4‘
e = e
FELTHERSATETOS, —F  SEYISa e | ;ﬁ}uw
T AR CAAR S L2 B0 <
BRI Th Y. ThEH 1. SGPOIELS.



WEET5HZ L TEEMLHBA~OIEANEFTE 5, £ 2 CTHa ik, H—iEHOME %
fa L. sialylglycopeptide (SGP, X 1) ZfiH - T 22 L2k H8—72 27 ﬂ&*ﬁﬁ@i
KR DRSS i T2,

PIFEICIE, SGP MBS TN TWA Z ENEL MO TWDS, £z, INE &l - Bl
T 52 & THOLNDMARINE 2B SGP 23T 2 /K THith 3 2 FiE b £ < #iEfins
0%, B T — T OMAGTIR E L C Z OBARIN S i Ic3E B Lz, BRSNS R A
KM L, RaWE Hilh - B+ 25 2 & T SGP 2~ EBED/KARERGTEZHD

O, ZOfHKEIRIZIE SGP O H # 2 XTI E iR EORMED N L REICE TN TR,
FERAOARE 72D Z LRSI, BAIXINDORMMERET D720, A&/ —
JVISINC K DML, A A ASHRIBIC & 5 0 F 4 o A&cH, il EIcmE Lz
ultrafiltration (UF) &>, AR Y 2F L U BiE (SP207SS) (Z KX DGR A A DHOE T
BT a2 2% Lz (K2), LFICEE TREOFEM & B L7z SGP O S ERHfiF X
O FER M) OGS fRAT 2 507,

1)7Kkimi
2)i=HE

1) MeOH
(AMLRS)

2) PK216
(Na-f 7 >-3z13)

1) UF/DF S P
(ESTIRE. B “’I}“& 2
2) SP20755H 7 /A =

(HHRETER)
—_—

3) UF

o * Wop s
(=HE) _@“ﬁ;[ﬁc* Moo
ACHN- HO. O, o
" ,&4,;
H NHAG

4) RiEE IR

MeOH#HIHR

X2, SGPiH - FBERTIO0—DIRTES.

1. A¥ ) —\iEERITHRE

JRNE DR SRy OFh KR ﬂonwmoxm%aﬁ¢5%®® 2R DI
ELEICELEREORK TS D, Flo, W, WS TS X LT B OEMENRF &
R ONDWUNRILERET L2 0300 JHEEAIMIZNEENEAET L2 Db o7, Bl
INEERY DI KRR 5 SGP #HtfG3 2% ik L LT, BUKMEARIEE ORI X 2 LR
ERHONTWVDN, ZOHRE KBRICEENDZED X X7 BB T 570
Bt L CAE OB FITIFEA LW Elbho Tz, — 5, Bilahizk %%%a
F R SGP ZHWEREFHZBWT, =& /) —)L 2-7uax)— TR TERF=R
U V7 EOUEEZ 30%-50%DEG CTRBEKIZIEG T 5 & SGP IR ITRES 208, A%



J—ERWTESE . SO%RREOEISTIMATH SGPIXILE LW ERbhoTz, 20
ZEMND, BURIFE R O KIFIRIC R LT 11 OB B2 LA X ) — Vv EINZT-
EZABEBVEME LY NI EE RO DN Ule—75 T, SGP LK IAFAE
LT 7z, & BIZFEMZRRIFRET 21T o T R, KA Z J — Vi % 60°C., 3 RFfE e
L. GHEHILT=OBAT 52 & TSGP ORIFE=Z9T%E R AT H I L7l —EDENT
W EBRET DRM S Lz, 29 UCTRIEEKIL, PR EWEAE Lo 71T
W TFRRBATZ FEhE L2 BRIC b BT BN < | BEMOHE TEN TV, X<, £
AR E b B 7R LBt obr T O AT R o T, Bt CHL R Th o7,

2. SP207SS #ifERRI T2

RO A X ) — R TR TR, —EBEOES TG DORENRTEDL OO, —HiIX
35179 % Z & 3 Size Exclusion Chromatography (SEC) 34T THERR S 4L T2, Mgt A D
Tk B B A SP207SS & FAVD Z &
T, @RS & SGP g A Cch 5 lﬁ::”_r” g
TN - T 7 b —AKBIROM I
e/ RSB NHH Z L2 A LT (K3),
ARTRITEET 2 SGP OME Kb B
IR ThHHEEZ, BELRTRET L ; : _ .
WIT, BRI BB LT A — L4 lﬂumﬁﬁﬁﬁﬂl
VETNEFRL, NTRA—F—AFT 4
IR LT, £, BIEOFEFAHIZONWT
BRE L. 6 /8y e chilis 2 bR iThe 55 |
ThB T & HHAR L, AFEMEOR -2 R ISy ol
Lz, ThOORIMICEY, MEORMY | BRAGORE | '
B A ERT S & FERC, SGP & 90%RRE ) ) )
DOEWENRE THE X BST 5 Fikad  ®3. SP207SSHERBERAIEZOZIOY N I A.
BH¥E LT,

3. HUE SGP O REIHE D 72 0 B A5 AT IR OREYT

SR BT EO @SR DARIE, WA HPLC IZ T L2V D2 E AT
5 MRS N, TOTw, T L7z SGP O IL, FEBHORER AN 2 HPLC, &)
57 TR DAHM X SEC & Cation Exchange Chromatography (CEX) (2T AT
)58 E Ule, X 4 1TI3RH KREEIR & Bt S L7z SGP (B i) @ SEC 43t (X
4-a,b) . CEX T (X d-c,d) 3 L OFRAIRDWIAE HPLC 07 (K 4-e) 239, ZbHoy
HHEOREIZL Y | 1T AOBNERT A —F —|\Zx T DR R %2 X0 iz 5 2
LRTEDE ISR SRIREEIRIC S L,



RP-HPLC
4-e

i |

i

o Wt

19 N ——

T T T T T T T T T T T T T
1250 15.00 17.50 20.00 2250 25.00 27.50 30.00

» | . 4. SGPmEi. SEC: 4-a)/kihibik. 4-
— | VU , bYRFE4R, CEX: 4-c)/kihiti®. 4-d)EF2F.
B S S S S : ‘ RP-HPLC: 4-e)&#&4A.

4. SGP L[FUEE%: b OEERMY) OREEENT

i U7z SGP I, Bl AW /o4t oo 72 D idH HPLC (2T, SGP IAHIE#IZH) 3-4%
DREEZ b ORMPPFBLR < EAFT 5. RAEEDO NMITIFE KK DO T VEE L
77 h—=ZAD 1 20a23 fatkz & HREGRIEKRTH D Z s (XS) 1,
Z T, HEEMENTEAN OGS L & HITARR

OH Ho_ _o

MHE 2 BT 52k e L, 20 " on
HO O7:-0-["%
FEXSHENTIE . (VI BRI % &0 SGP 2 {1 AN

OH

RIS T RESE A W TCER L, £
MSMS T 2 Ehi 9% Z & TR L T\ 5 o o o
B OIS & R L7z b = 5. SGP &L Howﬂ o
A ZHLTWDZ ERDLMhoTz, KRIC AcHN—= > oM

—

NMR &R SALHOMBEAT 720 5% s 02 ehitrra2, 3REOS VIS4,
HNTAWET DA, SGP DA T D026 fEe L

FE &AM OAT 50,3 FEATE H, *°C, COSY, HSQC, HMBC, TOCSY # H\\% = & T,
XAl$ 5 Z ENARETH o7, LLEICE D | KRG EAMPD 02,3 fEGHRKE & D6 R
PR TH D LRE L (K6),

> 7//only HMBC

(6. a2,34Ea0TIVEE- 157 b—ACHH5 2R tAER.
A7at 2280, IIEEH RO KEIK DS 75%—85%INR Tt fE O SGP % Fiis:
TATO ARSI L, BRI ST AR — )L OIS A ER L TV 5,

BE IR
1) Spencer, D. I. R.; et al. Org. Biomol. Chem., 2022, 20, 4905-4914.
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Device for Flow Chemistry

‘O THRRICER” 5. kA&t DFC T,
TARTDAREIC [Hofcownig] EBAZEEZRFELTHEY £7,

sepamE [ ptimFlow |

SHE—VYRET. BEEMD AR

s EBAKAREE -3V 702 GERKRE) A8
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Leading the way in metathesis

Ru-Olefin-Metathesis in Drug
Discovery and Manufacturing

chhihll 0 Hirc

Ruthenium-based Metathesis Reactions in Drug Discovery

Apeiron Synthesis has developed a growing portfolio of over twenty exceptional metathesis catalysts designed to
accommodate a wide range of applications in drug discovery and large-scale production. The product scope
enables various metathesis reactions offering large functional group and structural tolerances:

o
0)1}
R A

7

e

¢ +)-Viroallosecurinine

Precursor of Hexacyclinic acid

BILN 2061
(Ciluprevir™)

Precious metal Scavenger Solutions

Metal salts and metal complexes used in many reactions T —
leave traces that affect product quality and can falsify biological Opn 70°C, 8¢ min J
fj d’cwﬂ e

screening. Metal scavengers developed at Apeiron are a CO0E! 2 snachCat N
universal solution for metal removal. SnatchCat is a powerful VIC, 8o
3.Filtration through NC

scavenger leading to ppm level of metal residues. . siicagel o
. &L R 0:26 ppm SnatchCat

C18 and C20 Synthesis for Fatty Di-Acids in GLP-1 like Peptides

» Ethylene evolution: Efficient removal
problematic, some catalysts not
O;H [Ru] = e i i = | I
M i J)/‘H; - ftirzepatide building block resistant to ethylene (= low cata _yst
24 Ho,c¥' ! efficiency, decomposition to give
10-undecylenic acid €20 diacid ruthenium hydrides which promotes
(10-UNDA) unwanted isomerization reactions).

coMe [Ru] COMe ) -

ZH ZCH, ﬁ — semaduidebuldingbleck , peaction  Selectivity:  Substrate
Me0,C ; Fy :

isomerization (terminal double bound to
memy;?;:i:;nwe €18 diester internal double bound) which leads to
HHOARE) by-products. Problem rises  with
increasing loading of catalyst used and

increasing reaction conversion.

Efficient and Selective Catalysts from Apeiron Synthesis

01 kg of catalyst yields

AN rﬂulimet-ms J/wﬁc"z“ CoH 2,817 kg of C20 di-acid!
o Hed “Jr\H " °p Q Apeiron Synthesis catalyst
superior vs benchmark

e o Q SlashCat and AS2053

= display best results for the
iy homo metathesis.
e 0O AS2053 is currently being
ASHES [SashCnl) o : used in the commercial
ACH 1 49 ; production of C20 di-acid.

€20 diacid €19 diacid C18 diacid
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