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Activation of Unsaturated Molecules by Electron Injection for Organic Synthesis

Hideki Yorimitsu*
Department of Chemistry, Graduate School of Science, Kyoto University
Sakyo-ku, Kyoto 606-8502, Japan
yori@kuchem.kyoto-u.ac.jp

As represented by dissolving metal reduction in liquid ammonia, reductive hydrogenations of unsaturated
hydrocarbons using alkali metals constitute a fundamental class of reactions in organic synthesis. Such
reductions mostly result in simply forming two new C-H bonds by in situ protonation. Introductions of
substituents other than hydrogen by using aprotic electrophiles have been far less investigated, although they
should pave the way for a new class of useful transformations that increase molecular complexity and
diversity starting from simple unsaturated compounds. I will talk about our endeavor to develop reductive
difunctionalization reactions of unsaturated molecules by electron injection from alkali metals in the

presence of reduction-resistant electrophiles.
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X Ph Ph :
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1 then 6 equiv pinacol Bpin 2 67% Bpin
threo:erythro = 93:7
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THF, rt, 0.5 h, then pinacol

Bpin pinB Bpin pinB Bpln

pinB
Ph Ph Ph
& Q

pinB Bpin  pinB Bpin

R 81% NBoc MeO  83% OMe  63% pinE_— Bpin
R=F:78% Me E:Z=4:96 BH
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2 equiv Na dispersion -
L ArYk Ar
2 equiv Lil —
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0°Ctort,05h threo:erythro
Bpin Bpin Bpin Bpin
Ph Ph Ph Ph
e o
inB inB inB inB
p p SMe p p
70%, 90:10 49%, 95:5 79%, 70:30 65%, 86:14 63%
5 equiv Me, Bpin
(Me0),S0, Ph& Ph
standard Ph . ® 0°Ctort Me Bpin 78%
Ph—ph conditions A M~ .\Ph
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iNBa—___—«Bpin
M = Li, Na cl "¢ P U P
8 60 °C, w/o Lil 72%

threo:erythro = 28:72
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2 equiv
Br Me
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__________________________________________________________________ S .
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Development of an Efficient Manufacturing Process for a Key Intermediate
in the Synthesis of Edoxaban

Makoto Michida

Process Technology Research Laboratories (PTRL), Daiichi Sankyo Co., Ltd.
michida.makoto.wp@daiichisankyo.co.jp

We have developed a novel highly efficient manufacturing method to access a key intermediate of edoxaban
to increase the productivity and to reduce the manufacturing cost. A salient feature of the new synthetic route
is a unique rearrangement reaction to construct a differentially protected 1,2-cis-diamine from
1,2-trans-aminoalcohol utilizing neighboring group participation. In addition, a flow reaction system has also
been applied to the process in a large scale in order to suppress the degradation of the unstable reaction
intermediate. Furthermore, the efficiency of the optical resolution of a chiral lactone intermediate was

improved by employing enzymatic resolution.
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AFNT I NZL LB, i< T E=T7 K TOMBIC LY ZRF T K3 28T trans-7 2 ) TV
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Do TDH, 6 T Y FELARILT DI LY cis-PT I UBHEHBE L, B &Y o VR L
LCHAGT 5, ARET, HEH kg 27—V TORBEOEE L Ho 7o)y, WL EENEDN E2IE
D T2DITIE, 627 ~DEHDERT 10%FREEIET D ARSI (frans-T) 1Z X D IERIE T OREZ
WDNEFEAR T D D ANERE & 72 > Tz,

NMe, NMe, Os_NMe, OsNMe,
O
MezNH aq. NH3 aq. Boc,O
- NaOH aq o
o CH3CN HoN® BocHN®
f OH OH
1 2 3 4 5
Os__NMe, Os__NMe, 1)HCOONH,, Pd/C Os_NMe,
Toluene, CH;0H
NaN; 2) (COCH),
MsCl, Et3N PTC* CH3CN
. toluene . - -
MIBK BocHN™ BocHN™ Y BocHN™ Y
N NH., (COOH),
OMs *Dodecylpyridinium Na NH,
6 chrolide 7 B
64% from 1 66% from 6
Scheme 1 42% overall yield

trans-T VAR L CLEEB ELTE, 7V EHORELTH D Boc OB RICL DL
DTHDHEELEL, AV— kT trans-T ORIVEZERITIHITE Ao ST Lz, 22T, Mg
IR AFWANFIH Lz T FNBIERISTD cis-T7 I EHEE] oa 7 ob &
HEL— haBZR LT,

B_WMREKEO= T

Fig. 1 \ZR 4 & 9ICA VAR =V H%T ¥ —  Fig.1 New concept for cis-diamine synthesis
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K, s \_N N
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EATEXBLELE CRUHDILET R Th
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o HN HNC BocHN™

NH,
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Scheme 2 {IZ/ R T EOIC,. T /7 ha— 4 L0FE L8 2 lHIEGFETMALZEZA
FABMITERNE TORKRANLT 7 I R 9 TERS, 7YV P10 THY |, BRAHPIIESITH
fRL T LE ol —F, 10%REGLNIARMS 9 TiTAR<, BIRENZ LI2 Coz &2 b 5 —T7
VERMEAR 1l ThoTo, 612, REHOREIZ BV RIZAER LT 10
(BB LU CEAERM E 72D Z EVHII L, R IRERONE DS EE & T

DT I KIS LT 9 OAF
NMez
Csz\ 5

NALTZ77I R 1
TH DD, FTED cis-U7 I UFRERETEZ L EBHLNE ST,
O NMe, 5\“\492 é ENMez

0
Oy-NMe2 1) et §-Nobz
0
NaOH aq.
CH3CN BN
HoNY 2) MsCl, EtsN HNY ToHCON '\:l\\\
<!
OH CHyCN O oms  80C.2h /s—-NCbz /S~NH
& NHobz b o “NHCbz o
8 9 10 11
Not detected Maior product 10%
(unstable)

4
Scheme 2

ZORISEICH L, =7y FThd BIZHYET 5 Boc X EALL 15 Z W TS ETT >
Tl ZA THILIZEEBY 16 REIETAER Lz, SHICEY DV IKRERNTAIEICLTTW
—THDHANK=NHNFRESN, YRy N TBICE#T S Z &3k 7 (Scheme 3), A/L— K
FHAT 52 EICED . EIEPOEOSEEINMET cis-T 7 I U EREBET L2 EnTE, 2
WECHEE 7225 TOTIEN KIB IS SE S v,

B ZMi7e 7 ee7 7 b 12 ZHWTYH, FERICT

Ia—RKI77 ho10ORDYIC,
THHZ ENGhol=7-, T 12 25k LTERHALE,

[IF LT
ST a—)L 4 ~DLEHIN AT
NS Os__NMe
NMe; Os__NMe, Oy NMe2 Et3-§-l\?Boc 2
O NH N HO 14
a .
MeoNH aq_ eaq aOH aq
AOEt N CH5CN HNY
B O=s  OH
(@) OH Y
O NHBoc
12 13 3 4 15
B Os_NMe, |
(@) NM62 O NMez
1) Pyridine, H,O
MsCl, EtsN Et;N 2) (COOH),
CH4CN N CHsCN | BooN' CHZCN
o=d O=\S~ﬁH BocHN H
>8 OMs > NH, (COOH),
O NHBoc L o] _
16 17 B
63% from 12 84% from 16
53% overall yield
Scheme 3
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Fig.2 Approaches for optically pure 12
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15t generation

COOH NH,

bromo-
lactonization

diastereomeric
salt formation

. 6]
& LT, BRGICHH LT (Fig2), 4+ COOH 7 (S)18 | (R)-PEA N 0
bbb, HEIC 7 EIED 12 28 L.
Py N = O B w
BORICRERIC & BRI EIC 5T ona bmm> o P
NVRSTNE 4 o S lactonizati enzymatic
R E B T T 0 —FTh B, actonzaton rzymatic
2"d generation Br
rac-12
Scheme 4 [/ R T L HIC, = AT T —F cooH . o
AR LT BRI B SRR S L, 2 KOH, DBH (0.5 €q) 6(
N b L ISR R E A e LTz, A v B
EIC LY | LSRR OR)-PEA BRI P18 rac-12
f‘ﬁ 9 N E%{’E#j(ﬂ@ﬁ:ﬁ;ﬁlﬂ%ﬂj é 2/117]’10 - 0)% Efntijé%goéfs " e} © filtration in acetone 10 o
5 H=7 stat control then crystallization
- o S Gl g P
hic k0 HE kg 2y —reomizin LCRSRE (] SR 6(
49% r 92% r
LT, crude 12 12
95%ee 98%ee
24% overall yield
Scheme 4

Tu—Y 772 —0DiEH

BOMRERIETIE, TARRAF— L
(10g) TliE. 12—16 28 70% DR TEH B
Ty, AT =T v 22T, 16 DILFHE
DM DA A AL S 472 (Table 1), FREED
it R VIR T DK T 4—15 O TRRIT T,
Burgess 5K 14 2 R85 2 BR o R KD 5y
fRCdb DHEIHIA LTz, Z O RIS 5
febva—U 772 —DIEREBRFT5Z
e L7,

Table 1 Reslut of scale-up study

(@] NM62
o}
0
5 steps
_—
-~ HN
' Oss  OMs
O NHBoc
12 16
scale yield of 16
1049 70%
1 kg 65%
100 kg 63%

21 —



Table 2 (279 K D12, lHE DNy F TR
L4t 7ua—0 7 72— 2 CHMLZ14 % H
W, ENENA EDORISEATST L 2 A, 7r—
EDORE A —NT v TREOBERE 2 B 58 L
Th BV AR LT,

Ja—) 7 X —DRF—)LT v I WEIT
TSR RENE YT D I v T =
T & UNT, 18, 14 ORUSEN, S REREE R & D FE
T —2nb 7 aw 20ZFE 2 AL L, TEL
A =N ToOMELRELILYIab— g
D, P RE, WEER DK NT A= —
AUGE LTz, EBRICHEE kg DA —AT v 7l
HIZBWT, K7 e —Eo@HIZEY 1256 16
DBEFEINEN T REREFAFE LY, 7 =07
B —DNREMERTHZ LN TEI,

Reference

Table 2 Effect of plug-flow reactor

CSsli
| 0
t-BuOH / CH3;CN Cl—S—NHBoc
step-1 (')'
batch or flow 18
(unstable)
4, el
®en o
Et;N Et;N—S—NBoc
step-2 8
14
Os__NMe,
Ox_NMe,
14, NaOH agq.
—_—
CchN HN\\\
HoNY O=d
2 O,/S\ OH

OH NHBoc
4 15

addition time

entry mode reaction yield
step-1 step-2
1 batch 1h 1.5h 91
2 batch 5h 1.5h 85
3 flow 17 sec.” 1h 94
4 flow 17 sec.* 10h 93

*Residence time of step-1

Michida, M.; Ishikawa, H.; Kaneda, T.; Tatekabe, S.; Nakamura, Y. Org. Proc.Res. Dev. 2019, 23, 524.
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Biosynthesis of midium-molecular-sized modified peptides using microbial biosynthetic

machinery

Hiroyasu Onaka*
Graduate School of Agricultural and Life Sciences, The University of Tokyo,
1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan.
aonaka(@g.ecc.u-tokyo.ac.jp

Ribosomally synthesized and post-translationally modified peptides (RiPPs) are a group of natural
products that are important pharmaceutical resources. Here, we describe two newly discovered compounds,
lactazoles and goadvionins. The lactazole biosynthetic gene cluster consists of only six genes. With a
combination of post-translational modification enzymes and a cell-free ribosome translation system, we
established a system for the synthesis of lactazole and its derivatives by feeding template DNA into the
system. Goadvionins are lipopeptides generated by fusion of a lipid and a peptide. Analysis of their

biosynthetic pathway revealed a novel enzyme that fuses lipid and peptide chains.
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it &, SE SERFYIEICE VBN E ST, Ko< 20 HAICAY . HUEDAEET S
PAEWE THDLN=V ) v ORI A N LT b~ A v 80 KRR RTTAEWE D% FL
ERRIC, BYYEAHIECTEX D X9 o7, L LN, BETHLang UL LV AZLED,
To IR EGYED e 2 LHAEL TEBY | ZNOICKT DA DB N EE L 7o Tnd, FERIBIFRICE
WCHEER RO DL, Hilc oAl L 72 0 5L EME 2R THZHZEThHhDH, ZivE
TRENTZ OREESRRNE L TEMESRRIEIC B O T, IR bERZEM LA MEHRIR TH 7=, Ll
RN D, RN DIEND T, BERLEWOREIIZA T ERANRETLE S, FHE, AHZ
I E TR RRRRIEE 21T - TRV | ZORRER, I CIEH G & fr > KW D% HL
BB L TETWD, ZOZ D, < OFREHEIFZEE R RKARYIFBEICER Y RS Sh-oTik
ROMNEBZTEZND, ZOX IR AT L, SRR EAEMIE A E S B B IHET 5720
(2, BUE CTIRREC K L DR R EEICAER T 2D MM EROBEETHED HILTVD
D, WAEWERA~DOT 72 AR EMNHE LW e FORBEZ X T LE S 72dic, B Tl
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HELZ 2 UT 2 213 E 3 X R ERFD D0 | R D K 5 TR L PRS2 R 5 HED Z & ik
LWEWS DR H D, ZD7d, KIKE LT, R ERMEMLEMOEERMHRIR L 7o
TW5,

ZO LD IR DOF T, REIMAEBR~ >V — & AW FB R ORIk RO 7 7'a —
FLELTELDMRENMEREZ L TODFIETH D, RN RIRWIT LB DR SIZ LY
—WICHEED L 0 AG SN D, RIWIL, ZOZERE CHMERAEG MR A f7z, DR T
LW DMETH DD, f%%EAWV/%) WCFEMZDZ LIk, Bix RBERRS AT
v T HYE LT, R ERBZ D22 EYD BT 7 7 a—F 3G b &MiHE FEO—>Th
Dl D, BARTS 10 FaTL VHAIRFEERIC BV T, AEl~v T — BB 7% A
YDZOoDTaT T EANESTEY, — KR V—T7 25 L TR IENCHFZEN T bt Tun s,

AFHEHTIX, 2 OB LI ZDDOXTF RRRRY, 77 8 —/ d— R4 =220 T,
FNOOHEANS, Gk~ TV =2 W27 7 a7 A FIEOMNL £ TR L 720,

1. FARFF FORBRENEGHIEC L DS/ T T e 7AIRY

Z 0 B — VTR A Streptomyces lactacystinaeus INEPET T AT F R Th D, TAXTF K
FEDEDOTF A AN LT N UREEREA ) ~TZ A R EoEENLILEHOMm, Fi
Clostridium difficile %2 & U TH 3 FHEFRIRGRER TAFARR 278 L 72 S BT T D / 70T ¢ A4EDRIK
MRGR D HFHIZ L » TR0 < AR ILIC 72 > 72{bAEW) LFFS71 03 H 0 . AREEME & L To
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Z7 8 =D

structure gene
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— R = CET 2L EWIIED —RIHFED & L TRERIIN—TE2ERLTNDEZ L%
&ML (K5),

GdvG Streptomyces sp. TP-A0584 (GdvG) kb

DOMEDKIDE DDV DD DDA D) 4 T

8 Actinosynnema pretiosum ATCC31280(WP_118947408, A-type)

A I KA o d D DD )< D KK

9 Salinispora pacifica CNT084(WP_080681602, A-type)

dTEEERaEdD»D 00D O I

12 Salinispora pacifica CNR894(WP_027657831, B-type)

OO O ¢ D OO0 M@ > 43 hdAd

21 Salinispora pacifica DSM 45548(WP_018218316, C-type)

OO NikKkK KKK RO DD DD

24 Actinomadura meyerae DSM 44715(WP_089330376, D-type)

PO EE@E@E& I XAPO D DH D DY DDA )

25 Streptomyces bicolor NRRL B-3897(WP_051828012, A-type)

D <KKKKEKD DD DD [ 0 &

37 Bacillus marisfiavi JCM 11544(WP_053428484, E-type)

/pedens (| ee § | (beeeew

TsuB1/B2 Tsukamurella sp. 1534 (type-1 lipolanthin)

PO (aaEida DO HDIFFCO YO D A OAHEOKKK DD

FlaB1/F2 Streptomyces flavochromogenes (type-Il lipolanthin)

DO A XD KK PPN OODKIEO DD KDPDK
» o 4 I > —

GdvG Fatty Acid Polyketide LanD LanKC NRP other
homolog biosynthesis  biosynthesis  RiPP biosynthesis biosynthesis
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Crystallization Kinetic Analysis for Antisolvent and Cooling Crystallization,
and Challenges in Application for API Process Development

Takanori Kodera'**, Masanori Kobari?, Izumi Hirasawa?
1) API Process Development Department, Pharmaceutical Technology Division,
Chugai Pharmaceutical Co., Ltd.
5-5-1 Ukima, Kita-ku, Tokyo, 115-8543, Japan
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Aiming for application to process development of API, antisolvent crystallization model and estimation
method of crystallization kinetic parameters were developed. Especially for kinetic analysis for primary
nucleation, an original interpretatioin of metastable zone width proposed by Kubota was applied. Our
estimation method was applied to cooling crystallization and crystallization rate parameters were
successfully determined. These determined crystallization rate parameters can simulate the concentration
trend and number mean diameter of produced crystal indicating the possibility of application to development

of API process. Finally, further applications and related challenges are considered.

JFFEER T 7 22BN T, ST B E AR SN TOW D BB ED—D2>TH 5, FrIZIH
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Kubota OFEFR CIIMmAGEMTIZ 1T 2 L EHmEIX, ZIEEEEZX(1)TER L. RO EEL
2 CRINTCIEH2D) SbAMBICEELZEEOREETHL E Lz (H(2)).,



Ja = k(AT (1)
AT, = [(;:;;)(RH)]“‘"“RW (2)
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Fig. 1 Schematic diagram showing the modified induction time, #inam®
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Fig. 2 Relationship between the supersaturation, A4, and the modified induction time, #ingm®
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Toward Development of Biogenetically Inspired Assembly-Line Synthetic Processes
Hiroki Oguri*

Department of Chemistry, School of Science, The University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan.
hirokioguri@g.ecc.u-tokyo.ac.jp

Our research group aims to develop concise and flexible synthetic approaches to generate functional molecules
based on the structure, biosynthesis, and biological roles of natural products. With integration of the biosynthetic
logics and modern strategies of organic synthesis, biomimetic modular assembly lines were devised to gain rapid
access to natural product-like chemical space. In this symposium, I will introduce a chemoenzymatic hybrid
process that allowed very rapid and operationally simple access to the densely functionalized pentacyclic
alkaloidal skeleton within a single day from two simple synthetic substrates. A catalytic asymmetric de novo
synthetic process of 6-aza-artemisinins as well as divergent synthetic processes of indole alkaloidal scaffolds will

also be presented.
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