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1P-47 4> FrB [1,2-b][1, 2] ROV FT7IU-12-F VEOERK EBRIERIG
(' PERRHE, 2 HFRAHIT) OWPKEE ', IRHIIRRR?, HhER] ', SOFEER
1P-48 g NMR & PAT ZAWV:=RIGE=2Y) VYT
(ELT7AVL, *ELT VLRGSR ORGSR, =2, MAER?
1P-49  DIPSkewphos/PICA ZF& (K -Ru SR ZAMEICALV -, SEB|RFERS b EL LTI
Y -BELUO -7 FIRTIVEORFKFRIERIE
(" BE b, 2 JERBET) OMWiEds ', Bkl 2, 1B 2, SEp=Ra] 2, MAHis 2,
FrileQR Y, 2w |, RTEEE Y, KRR ®
1P-50 Z74A4 UNTIIEERRRIGEHRBEILEICLDMEER
(FRBE ) ORMEESR, Péter Vamosi, <B¥hnk, ek, WEER, MG
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(TE R, ® AR RS, YT KRR SEHRA |, JUARVDRR | B — B AR = 2
HORE %, =RRERE 0, Oni)IEEL !
FINL)UBEREEFAVEA U F—ILETILFILEBR-_FORFLLLED
Friedel-Crafts ZILFIERIGIZE Z4M > F—ILBERDTFTEK

CEEBERHD O% 1348, Ignacio Ibafiez Sanchez, #k) LI
FA—IVBEFELEHES Y A4S ILEIF DualPore DINTCHOLAAR U O —ELTD
SEEETAE

(' Fy—E—T X, R, *EHERG T OFARF—", I ?,
FSRRAIEE 2, WK, FsaE !, HEER] Y, (LmsR ®, BRI S, EEAEAN °
D-3-T)—=I-2-TTFTUBAFILELY O-2-T)—IL-2-TTUVBAFILD
EFRMER : Organic Syntheses —RE

(BARBeHET) OSgfdz, MRS, ik, Uk
TiCl, / amine RIGHIZAL\3 C-C HEARICDIFELRIGHE - IR

(BAZ KRB T) OfMEPHEE, HENRA, [EREREHE, HILR
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CRIAED ONRINTEE, —Z2@Eyd, HEr, #HED
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NGO LM ERWEAD DT IILA—ILBEOREEKRNT ) ILIERE
(RRBe/eHERE 1) O/MRHHESE, BUREEE, 1L —AR
FEEBEANRUBFERDBEDILARZIL BRI —~ATOTREESEEARIG
(RRBCHEH T) O—®EKR, ARFER, EEDERAS, kR, (LI —es
ROJFFTI)oEKRRERELTRHW XL UEMIEIZKS

FER/A VR YLTILOA—ILOARFET

CEEBERH) OBBRAEN, mREAR, SIHEE, FolfEZ

7 —IILEBMATAOTL—2DEK
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BRRERYBERFEIVRMELE LT LTI FEEFBTROBEMAY T LY
CVIABERSE, P VaBE KD LGS, Osigss |, HTa ', ikl
/NBERHE Y, AE##T

5053 UEEREKEFIET B meso-N-Ns 72 O 0 DR IER L
BB ) Oz, FE/EEE]

THAUVAR—REFRLIZHPLC A Vv FBEDOHEL

(LY —FIvNy) O/NE—%, Sergey Galushko

-8RI/ —LEOS—bDORREBEHNIBRDYTI VI EFIRYT S
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(BIZERGEHT) OHEE—RE, WHHE=ET, fud5h, ik
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BORTEIH Y, WR—ER ', EEEFSE] L, Ll Y, DR, EEEA, MEREE S
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BT

Role of Process Chemistry through Pharmaceutical Product Lifecycle
-The case of donepezil hydrochloride ‘Aricept’ which is therapeutic agent for Alzheimer type dementia-

Akio Imai, Project management Group, Japan Regional Quality, Global Quality Headquarters, Eisai Co., Ltd.

H3CO 0
3
m\CN /\© donepezil hydrochloride
-Hel

HyCO

I-2

Development of Hyper-Functional Immobilized Catalysts A typical example

based on the “Umbrella Effect” Me _\f:“>_| + [HO)E —@

Yasuhiro Uozumi
Cat (0.28 mol ppmi)
n W

Institute for Molecular Science and RIKEN —In water - e —.—“ Q
TON = 3,570,000

TOF = 115,000 b1

(\;?‘ ) lr;}? S0sH )x

o A N\~
Development of Cyan dye for Inkjet printer N\ N\ca’/N\ s SDQNH:L
Takafumi Fujii* > r\u" T w

NN A =

/ N \ o
Group II, Functional Chemicals R&D Lab., Nippon Kayaku Co.,Ltd Lo S SENATX NH{N—’(N

o
A7 - A% = pryridine ring or barzen ring

X = gkylene, arylene

R\ R = akyloxy, arylcay, akylaming, ardaming

ST

~Thermal and Microwave-enhanced Flow Reactions Using

Near-future-conscious Process Chemistry Research r‘i" Catalyst Cartridge

Heterogeneous Catalytic System ~
Hironao Sajiki*

Laboratory of Organic Chemistry, Gifu Pharmaceutical University

ST

CORNING AFR: the efficiency of micro flow combined
with productivity of batch reactor

Roland Guidat
Corning Advanced Flow Reactor

Capillary have not the most efficient heat and mass transfer properties.
Good chemical engineering performances is a must, however not
enough to make a performing industrial flow reactor.
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1P-01

One-Pot Transformation of r;'° .
\ Br n-BuLi LLd NH,OH Rz:Rs /R
Aryl Bromides into 5-Aryltetrazoles R{j
isoxazole
and 3-Arylisoxazoles via Aldoximes. @ One-Pot Reaction -
Metal Fi N
Kobayashi Eiji*, Hideo Togo ¢ Metal Free D""A @/L
Graduate School of Science, Chiba University. tetrazole
1P-02
One-Pot Preparation of Aromatic Amides, 4-Arylthiazoles 1) AlCI o °
H  BrCH,COCI ,Br| 312,20 NH
and 4-Arylimidazoles from Aromatic compounds R'@ 2h0 RG)LCH o —— RQ)LNHZ

aromatic amides

Takahiro Yamamoto*, Hideo Togo

X
A R
. . o 3) R7ONH; , K,CO
Graduate School of Science, Chiba University. ) R KGO0 RQ//: N

thiazoles (X=8)
imidazoles (X = N)

1P-03
Evaluation of intra- and inter-molecular Interaction between the carbonylgroup and solvent
interactions of amino acid derivatives in nanpolar aliphatic
solutions by '*C NMR spectroscopy '”"““““a'ﬁ"’”F’ 3 polar functional group
.mm-:f ‘
e intramaleculor

Saori Chaki', Yoshikazu Hiraga*l, Satomi Niwayamaz,
Yuri Uyama', Ryosuke Hoshide', Kanji Yoshimoto' -%\ fl\c
""Hiroshima Institute of Technology

2 Muroran Institute of Technology “'D"’; &

’% I ‘* hydrogen banding
- ‘\

{:l

1P-04

Automated Cooling Crystallization of Paracetamol Using
the ‘Calibration-Free’ Direct Supersaturation Control Method
Mayu Nakatsukasa*, Roland Hass, Jon Goode and lan Haley

L

Mettler-Toledo Ltd. [——

1P-05

Sequantial Cross-coupling Reaction Strategy:
(2EAE)-, (2Z,4Z)-Stereocomplementary Synthesis of Multi-Substituted dlenes

% oTs Epln X CO;M N " 1 Ré
Taichi Takemoto*, Yutaro Hanatani, i come oo K come RzJ\( Me REJ\C(O " Me:i;\r - U\(
2
. . B R? Pd cat. base, Pd cat. R2 CO,Me R? CO,Me
Hidefumi Nakatsuji, Yoo Tanabe ors Bpin Sequential Approach: 5 examplos:
38 - 86%
Ry e One-pot Approach: 13 examples; M¢02S I3 ROR
Department of Chemistry, School of Sciece and Technology, =~ coMe 2exampes:  come T RN SOM oo, AR O
Retained : Inverted = 86 : 14— >08 : 2 R® R RY R
Kwansei Gakuin Univ. Misuse s Bt o Cross:
. Coupling




1P-06

The Use of a High Surface Area Sodium Dispersion for the

Reduction of Aliphatic Esters and Tertiary Amides O Na Dispersion
D. Neil Work!, Glenn Carroll', Mitsuhiko Izawa®* )J\ - EtOH P
1 R” N ooc = R” TOH
Vertellus |
2 . . i Hexane (28 - 95%)
Advanced Sciences Division, Nomura Jimusho, Inc.
In Situ Monitoring for Continuous Chemistry i L]
Yoichi Yamasaki*, Brian Wittkamp, Ayman D. Allian, Steven Richter I
'-
. . ! Y
AutoChem Business Unit, Mettler-Toledo . J—
Figure 3. ReactlR™ concentration profile of CH band at 780cm-1
BEiCH,  MIB
asm
Differentially Substituted Olefin Template Strategy for Synthesis i '"c"’m’ e %_t G
Inluor-e - |1 ih
of Tetrasubstituted Alkenes from (E)-1-bromo-2-iodoalkenes R S mn
* Tetsuo Iwasawa, Naoki Endo ae" g
— = —
B 3 H . Blusne B
Department of Materials Chemistry, Ryukoku University BC2ZN @100 S,
Hnghe isomer 04
An efficient method for the synthesis of (diacetoxyiodo)arene using
sodium hypochlorite pentahydrate | AcQ—|-0Ac
g NaCIO-5H,0 g
Kazunori Miyamotol*, Ayumi Watanabe', Tomohide Okada?, Tomotake \\.J AcOH. | A
A R
Asawa®, Masanobu Uchiyama'?
'Graduate School of Pharmaceutical Sciences, The University of Tokyo, “Nippon Light Metal Co., Ltd. *RIKEN
New preparations of Vilsmeier reagent and dichloromethyl alkyl ethers,
and their applications to regioselective formylations of 1 H-pyrrole-2-carboxylate
)
T. Warashina'*, D. Matsuura', Y. Kimura', CI@'Y'e cl
H ME'NYCI H Cl)\O'Bu H
2 2 2 OHC
T. Sengoku®, M. Takahashi®, H. Yoda \E,j)—COZR H |I/\>—002R I ’j coR

5-position
selective formylation

4-position
selective formylation

! Tharanikkei Chemical Industry Co., Ltd., * Shizuoka University




1P-11

HYAc- 5E S-Type
(5% Ru-Al,03 powder)

Highly Active Ruthenium Catalyst for Ring Hydrogenation X H; (<1 MPa) O
R—+ - » R—

Yoshiyuki Wada*, Tomoteru Mizusaki, Akira Komatsu, Hiroyasu Suzuka, Z IPA, < 60 °C, time

Shinji Ueno, Yukio Takagi lower temprature

lower H, pressure
lower amount of catalyst

Chemical Catalysts R&D Dept., N.E.CHEMCAT Corporation shorter reaction time
Development of a Novel Catalytic Direct Synthetic Sc(OTf)3 JH
0 + TMS.NH (0.20-10 mol %) N up to 99% yield
Method of N-Unprotected Ketimines RAkRZ 2 ZTMS,0 = RJK , >17 examples
. . . . . low-reactive
Yuta Kondo*, Kazuhiro Morisaki, Yoshinobu Hirazawa, 1) co-product -
R'=R“=Ph
Ph.__N Bue
Hiroyuki Morimoto, Takashi Ohshima h OBu GlyO'Bu-HCI
Ph one-pot
Graduate School of Pharmaceutical Sciences, Kyushu University 82% (2 steps)
cat. Pd/L
Ar=NO, + (HO),B=Ar — = Ar=Ar'
NHC/Pd Catalyzed Cross-Coupling Reactions of Nitroarenes )
R
MeQ Cy. P
Myuto Kashihara*, Kazuhiko Semba, Yoshiaki Nakao 2 ;11 ;
R L
this work \ b { previous O Q
Graduate School of Engineering, Kyoto Univ. (1 mol% Pd) N 1 (5 mol% Pd)
\ / Ar
NHC BrettPhos

1P-14

Oxidative C-N bond formation reaction of phenols with phenothiazines using hypervalent iodine(Il) reagent

OAc

Koji Morimoto 12, Kentaro Toda '*, Hitoshi Takeuchi !, Toshifumi Dohi !? e o
- )
R
RN, o 2
Yasuyuki Kita 2 o . persentioaneqty L,
O AT
(! College of Pharmaceutical Sciences, Ritsumeikan University, Z X C:N bond formation @ D R?

2 Research Organization of Science and Technology, Ritsumeikan University)

1P-15

Amide formation reactions using latent base solvent, N,N-dimethylacetamide

H
Rikuto Otsuka*, Tomohiko Ohwada, NHy cl \H/RZ

Ry
0 DMAC )

Kazuo Maruhashi

Graduate School of Pharmaceutical Sciences,

H
NH,  Ci R N. R
e Univen 0 g
e University of Tokyo H,N 0] acid/DMAC  H,N (0]




1P-16

Continuous process development using Micro Flow Reactor

Toshiyuki Kawanabe*, Shinichi Furusato

Saibrirati l' —

R

Production Technology Dept., Minamata, JNC corporation.
Beaction Wep Estraction step Purification step
| (Ml Flow Reagtor] (Coflom® ACR] [Cofang® ACR] |
Dehydration-Free Direct Amidation of Carboxylic Acids o HO. 0. OH
. . . s . cbzHN. L Br Br
with Amines Catalyzed by Diboronic Acid Anhydride 7~ "OH
By
o — . . . OH
Naoyuki Shimada*, Mai Hirata, Masayoshi Koshizuka, Naoki Ohse, 0
+ Br Br CszN\)J\N/\n/OtBu
o . OtBu (2.0 mol%) S H
HoN
Kazuishi Makino 2 /\([)]/ N “on O
A A . . . - Without any additives
Department of Pharmaceutical Sciences, Kitasato University 1:1 molar ratio  * No dehydration protocol ~ 95%, >99% ee

1P-18

Development of the Highly Efficient Hiyama Cross-Coupling Reaction
Using Ppm Loading Amout of a Palladium NNC-Pincer Complex

. ) ) @Br + (®0) Si@ DPP-NNCPd (5molppm) /7 N\__/ \
Shun Ichii*, Go Hamasaka, Yasuhiro Uozumi RI= ¢ —7Re KF (3.0 equiv) R = — Re
] . (1.2 equiv) propylene glycol up to 99% yield
Institute for Molecular Science (IMS), SOKENDAI (R® = Me or Et) ’ 43 examples

1P-19

Synthetic study of (-)-domoic acid
Shigeru Nishizawa*!, Takuma Ohnishi!, Yu Oyagi', Shingo Sasaki', Hiroto Suzuki'

School of Pharmaceutical Science, University of Shizuoka

Ouchi Hitoshi', Makoto Inai', Tomohiro Asakawa?, Fumihiko Yoshimura', Toshiyuki Kan'

f/_J,Z_S:cozH

CO,H
coH N 2

(-)-Domoic Acid

1P-20

Metal-Free Introduction of Cycloalkanes onto Electron-Deficient X
|
Nitrogen-Containing Heteroaromatics via Radical Pathway #

Luan Zhou*, Hideo Togo

~

P

N

BPO (1.3 eq.)
CF;COOH (1.3 eq.)

Cycloalkane (5.0 mL) _ N

Graduate School of Science, Chiba University

22 examples
up to 89%

DCE (1 mL), temp (100 C), time (4 h)' =




1P-21

Yoshiaki Horiguchi*

Precious Metals Chemistry, Umicore Japan KK

and NHC-Palladium Catalysts for Cross-Coupling Reactions

Industrially Applicable Leading-Edge Ru-Based Metathesis Catalysts

SiMes \ /:) /\_,/:\
() v,
TIMes °‘$4u7 /?/ N /_} 3
al o 'S e, '/NF <IN
e, i o< ) L " b
ST 5@ RO e
" M
—J T\
Grubbs-1I Hoveyda-ll Umicore CX31 Umicore CX32

1P-22

Safe, Practical, and Catalytic Carbonylation Reactions Using Carbon Monoxide Surrogates

Hideyuki Konishi'*, Masataka Fukuda!, Tomoyuki Sekino!, Tsuyoshi Ueda?, Kei Manabe!
o]

CN o
. . . . . o, ‘s Et;SiH
ISchool of Pharmaceutical Sciences, University of Shizuoka e = <©)LH
H R | el .
. . cat. [Pd] :' « wide substrate scope |
2Process Technology Research Laboratories, Pharmaceutical ° substrate :

i *gram scale

b cl Lo s !
0CI Cl s o j@/
PN —_—
0
H () R
Cl Cl

Technology Division, Daiichi Sankyo Co., Ltd.

1P-23

A Practical Synthesis of 5-Substituted 1H-Tetrazoles utilizing Diphenyl Phosphorazidate

. . DPPA (1.5 eq.) N~
as Both Activator and Azide Source N-OH _DBU @0ea) A N
Kotaro Ishihara'*, Mayumi Kawashima', Takatoshi Matsumoto?, R xylenes, reflux, 2-16 h N
: PSS .1 R = aryl, heteroaryl, alkyl 24 examples
Takayuki Shioiri’, Masato Matsugi 43-99% yield
1 . .. . . 2 . R
Faculty of Agriculture, Meijo University, ~ Institute of o /F'i\/N DPPA, DBU PG N
Multidisciplinary Research for Advanced Materials, Tohoku University N7 T0H ] o ﬂ ~ N
H No or Little Racemization HN-N
s . . . . 1
Bromination of organic compounds using sodium R' NaOCI:5H,0 (5 eq), KBr (5 eq) R Br
. . . . H3PO4 (5 eq), hexane, rt
hypochlorite pentahydrate with bromide ion | o >
. . . . . 2 min 277"
Kouta Adachi,!” Tomomi Akiyama,' Rie Osugi,! R R Br
) _ o NaOCl 5H,0 (6.5 eq.) Br 0
Yoshikazu Kimura, 2 Masayuki Kirihara! NaBr (8.0 eq.)
. . . CH3  HS04(65 eq.) Br OH
IShizuoka Institute of Science and Technology, > or
, ) ) ) DCE:HO=5:1 94% 76%
Tharanikkei Chemical Industry Co., Ltd. rt 22h without GFL with GEL
irradiation irradiation

1P-25

Ocxidation of alcohols containing fluorine using sodium hypochlorite pentahydrate
OH Q
Katsuya Suzuki,'* Hideo Shimazu,2 Kana Nakakura,! Katsuya Saito,! /ko TEMPO (1 mol%), CFs)J\OEt
. . . o CF3 Et  NaOCI*5H,0 (2.4 eq) 93%
You Kikkawa,! Yoshikazu Kimura,> Masayuki Kirihara! KHSO, (5 mol%)
IShizuoka Institute of Science & Technology, 2 Nippon Light Metal OH ' o

CH3CN 0°C, 30 min 0]
Company, Ltd. 3 Iharanikkei Chemical Industry Co., Ltd. ArA/J\c Fs AF/Q)J\CFs
up to 96%




1P-26

S

BH3
7 t-Bu_ ,t-Bu
Industrial Production of Synthetically Useful Phosphine Ligands t.Bule\H + |
Me H
from Sterically Hindered Alkyl Phosphines £Bu tBu
\/
Ken Tamura, Natsuhiro Sano*, Eiji Hirakawa, Satoshi Takeshita, Tsuneo Imamoto AN
/]: 3H-QuinoxP*
Specialty Products R&D Dept., Nippon Chemical Industrial Co., Ltd. N :P\
Me tBu
1P-27
- i RS il RS
Syntheses of 5-membered rings from cyanophosphates . H \‘/Rz 1) NC=P(OEt), R2
under neutral conditions: Synthesis of (-)-neplanocin A 1 J\/X 2) TMSN, 1 | X
R cat. Bu,SnO R
Hiroki Yoneyama,* Kenji Uemura, Yoshihide Usami, Shinya Harusawa R Ad HO pd
' ’ ’ RO \_@
Osaka University of Pharmaceutical Sciences O><O — HO OH

(-)-Neplanocin A

1P-28

Chemoselective Flow Hydrogenation of Aldehydes in Water

o o ARP
WH Pt
+ ——

in Water with an Amphiphilic Polymer-Supported
Platinum Nanocatalyst

Takao Osako*, Kaoru Torii, Shuichi Hirata, Yasuhiro Uozumi
Ha in 22 seconds

Institute for Molecular Science, JST-ACCEL

Packed in
Cartridges

==

Chemoselective!

up to 99% vyield

1P-29

Approaches to find pure crystalline form from crystalline forms mixture
- Case study on polymorph screening of atorvastatin calcium — i
Sayuri Ukida*, Masayuki Yamashita, Yuko Yoshida, Mitsuhisa Yamano

Chemical R&D Division, Spera pharma, Inc.,

1P-30

Real-time monitoring of carbon monoxide gas by gas analyzer

Kiyoto Sawamura*, Wataru Katoda, Takayuki Miyake, Kenta Jonoue

2, Propylene l i

NH; HCI

. .. 1. (COCI);,
Sumitomo Dainippon Pharma Co., Ltd. HNLO Pyridine NJ\CI glycol
R™ R THF, 0°C R)\R‘ 3. warm to rt

R™ 'R




1P-31

Coated or Immobilized
on silicage

High Chiral Recognition Ability of Polysaccharide Based Immobilized column "CHIRALPAK® IH"
Q
Kenichi Yoshida*, Tatsuo Kishimoto, Ryota Hamasaki, Atsushi Ohnishi J( & R ,/-JL\,\/LH-/:%I
L tLs
CPI Company, DAICEL Corporation o \OJf Amylose

tris[{5)-a-methylbenzylcarbamate]

1P-32

Transition-metal-free and Metal-cyanide-free One-pot Transformation

of Arenes to Aromatic Nitriles BCI, (1.2 eq.)

N CI,CHOMe (1.2 eq.)

aq. NH; (4 mL)

1, (2.5 eq.) N CN

Kohei Imahase*, Hideo Togo RT

Graduate School of Science, Chiba University 1st step

> DCE or DCM, -50 °C ~ 40 °C, 0.5 ~ 37 h

> R
60°C,3h Z

Up to 94%
31 examples

2nd step

1P-33

Aqueous Asymmetric 1,4-Addition Catalyzed by an Amphiphilic
Resin-Supported Chiral Diene Rhodium Complex

Guanshuo Shen,* Takao Osako, Makoto Nagaosa, Yasuhiro Uozumi

Institute for Molecular Science, JST-ACCEL, SOKENDAI Frac

BiCHI; —

Barch & Cord

@ ¢

e e

g o 5 el

g o B

5 .A«{. T 1, AT
---&;n.. A

i "cg&

| uz--:-ﬂ-"; :': o I:; ﬁi‘;? ﬁ

i

1P-34

Lactone synthesis from diols by Pt/C-catalyzed

dehydrogenation under reduced pressure HO,

Pt/C

Ryoya Takakura*, Kazuho Ban, Yoshinari Sawama, Hironao Sajiki

Gifu Pharmaceutical University

H,0, 80 °C, 900 hPa

of

1P-35

'Gifu Pharmaceutical University, °N. E. Chemcat Corporation

el e - . H
Facilitative Effect of Niobic Acid on Carbon to p d/zc
Hydrogenative Deprotection of N-Benzyl Groups PG Nb0yC | i
1 1 . .2 1’N\ 2 MeOH, rt R'” “R?
Yuta Yamamoto *, Ban Kazuho', Yukio Takagi-, R R
R, R?2 = Ar, Alkyl, H
Masatoshi Yoshimura®, Yoshinari Sawama', Hironao Sajiki' (0]
Pe= ¥ o'y




1P-36

Palladium-Catalyzed Synthesis of a-Silyl-Substitued Allylic Boronates using 3-Boryl-Substituted
Allyl Benzoates and Silylboranes

OBz
Miki Murakami*, Juri Sakamoto, Yoshikazu Horino, Hitoshi Abe )\/\ Pd-cat SiMe,Ph
Ar B(pin) — — » S
Graduate School of Science and Engineering, University of Toyama + MeCN I B(pin)

PhMe,Si-B(pin) 80-100 °C

1P-37

Ultrafast enantiomeric separations using 1.6pm particle ' - M\
packed into chiral column named as “CHIRALPAK® U series” A ﬂ

Daisuke Fukuda*, Keisuke Yokota, Yoshiki Ueyama,

Shinpei Ono, Ryota Hamasaki, Takafumi Onishi, Atsushi Ohnishi

70% shortening

1 ti
Life Science Development Center, CPI Company, DAICEL Corporation in analysis time

0 10 20 30 40 min.

1P-38

An Effective Catalyst for Chemoselective
Y R-CO,R' (\ PPh,
Hydrogenation of Esters: RuCl,(ox-PNNP) WHo
Niy, 00
Yuji Nakayama*, Naota Yokoyama, Hideki Nara H,, base | RuCly(ox-PNNP): 4 “Ru cl
v - : \CI
Corporate Research & Development Division, “H IéPh
2
Takasago International Corporation R-CH ZO H

1P-39

Addition-reaction of amides to styrenes
o [e]

[e]
. . . KOtBu R?
Soma Tamaoki'*, Joshua P. Barham'?, Noriyuki Ohneda?, R‘\NJH N ——— R‘\NJ\(\/N v RY Ar
! 80 °C, 2h ! L
1S

R
Tadashi Okamoto?, Hiromichi Odajima?, Hiromichi Egami', eat o0 vono o
4 : 1 eTransition Metal-free .
Yoshitaka Hamashima «High Atom Economy up to 91% Mono
«Control of Selectivity up to >30 : 1 Mono : Bis
«Scalable in Flow up to 65 g/h in flow

"University of Shizuoka, 2SAIDA FDS INC.

1P-40

Efficient synthesis of 4-pentyn-1-ol
Katsuya Saito, " Yoshikazu Kimura,2 Osamu Furusawa, 3 1) n-BuLi (4 eq.),

0 £BuOMe (120 mL)
Teruo Kosugi,> Masayuki Kirihara! Cl 0°C,3h u

! Shizuoka Institute of Science & Technology, ?4‘;?)2n?mol) 2) H* H,0 3.15g (94%)

2 Tharanikkei Industry Co., Ltd., 3 Fukuzyu pharmaceutical Co., Ltd.




1P-41

Construction of Column Purification Process of Middle Molecular Peptide API,

Depending on the Purpose of Use. AR TR l

BRIFE ﬁ?
Shunsuke Ochi*, Yoshinori Murata

BERARTFFIRE
API R&D Center, CMC R&D Division, Shionogi & Co., Ltd. %

1P-42

Asymmetric total synthesis of (—)-dehydro-exo-brevicomin via photocyclization reaction

Tsuyoshi Masuda*, Ken Mukai, Yusuke Miyoshi, Nobuhiro Kanomata

1) photoisomerization

. . . . . 1 7 OH 2) acetal cyclization /O
Department of Chemistry and Biochemistry, Waseda University M —_—
o
prepered in 7 steps (-)-dehydro-exo-brevicomin
1P-43
Heterogeneous metal catalyzed aerobic intramolecular C-H lactonization
Kenji Matsumoto*, Noriko Hashimoto, Tsukasa Hirokane, o
CO,H Rh/C (cat.)
Masahiro Yoshida O H* O o
—_— >
Faculty of Pharmaceutical Sciences, Tokushima Bunri OO 0, OO
University
1P-44
Cross-Coupling Reaction of Alkyl Halides N
. _ . Br < =Ny )[FeCI4]
with Aryl Grignard Reagents Using Ferrate Salts Q PhsP PPhs
Tsubasa Maruyama, Masaru Matsugaki, Toru Hashimoto, CPME, t, 1 h
BrMg 949
o
Yoshitaka Yamaguchi*

Yokohama National University Iron-Catalyzed Cross-Coupling Reaction

1P-45

Asymmetric Aza-Michael Addition of a,B-Unsaturated Carboxylic Acids Catalyzed by

Multi-Functional Thiourea/Boronic Acids 7 T o . Ty

Kenichi Michigami'*, Noboru Hayama'-2, Hiroki Murakami', 3R1’\+)L0H§ . NN
Tamas Foldes®, Kazuya Nishibayashi!, Yusuke Kobayashi!, ‘ i,,,'f?f[“ﬂ%,,% N-Boc—sitagliptinK/N /ch
Imre Papai®, Yoshiji Takemoto! ROm o N

(1 Kyoto University, 2 Mukogawa Women’s University R":\)LOH ¥ ‘IMO L» Lou-Asp
3 Institute of Organic Chemistry, Hungary) R'=allyl, COR | N-OH-Asp for KAWA igation




1P-46 \

CO,Et
\< 2 (2.0 equiv) o
Development of Catalytic and Enantioselective S N I | o
~<: flow rate = 1.7 mL/mi H OO
: J J N ow rate = 1.7 mL/min s
Sequential Reaction in Flow System tard' Yy reaction fime: 26 sec : @
N
S. Takizawa*, H. D. P. Wathsala, M. Sako, K. Kishi, H Sasai AN ) | N LN

" cat. 3 (20 mol %)

ISIR, Osaka University PhF  NHBz iz%’egcﬂoa/ost:;eomer
. ) C o o N 0
Synthesis of Indolo[1,2-4l[1,2]benzothiazin-12-ones Mo~ oP~0Ne
= p-TsOH O =
and their Oxidation N7 toluene N O
Masao Shimizu'*, Kotaro Masuda®, Shinji Tanaka', Norio Sakai* TMCPBA + NaOCI'5H,0
0] or H,0O 0
'National Institute of Advanced Industrial Science and Technology (AIST) O _ o N
I -
Department of Pure and Applied Chemistry, Tokyo University of Science ('Sﬂ'N Q Z ()"S‘;(;\l
1P-48 \
In-situ reaction monitoring using qNMR and PAT
Koji Omori'*, Toru Miura?, Masatoshi Matsumoto® +*
Yo s L

'FUJIFILM Corporation

2 . .
FUJIFILM Wako Pure Chemical Corporation | B s

1P-49 \

Asymmetric Hydrogenation of Polysubstituted Aromatic Ketones and y- or 6-Keto Esters Catalyzed by

the DIPSkewphos/PICA Derivative—Ru Complexes g e o
] I:r Tl /\iH
1 Kanto Chemical Co., Inc. 2 Hokkaido University ““’gr\ ; ‘}— ﬁ.r’:"N SN S
E * z LA i ok
g T P o,
Noriyuki Utsumi 1*, Noriyoshi Arai 2, Kei Kawaguchi 2, T bass

Takanori Namba 2, Yuki Matsumoto 2, Takeaki Katayama 1, Toshihisa Yasuda 1, Kunihiko Murata 1, Takeshi Ohkuma 2

1P-50 \

Synthetic strategy using fine bubble and ¢ TqonKEIO—
-HW
rapid reaction optimization method AN

Keiya Matsuo*, Péter Vamosi, Takuya Kon, Kohei Sato, & JO—RIGEHEREL Optimized condition
Tetsuo Narumi, Nobuyuki Mase =y | ,{.’L : "
Applied Chemistry and Biochemical Engineering Course, Department of Engineering, . (= g ..-'( ‘ i

Graduate School of Integrated Science and Technology, Shizuoka University




Day 2 (July 27)

I-7

Development of High-performance
Flavor and Fragrance Ingredients

Hiroyuki Watanabe
Technical Research Institute, R&D Center, T. Hasegawa Co., Ltd.

e

Demonstration of practical total synthesis of natural products
to enable 100 g scaling
Toshiyuki Kan*

School of Pharmaceutical Science, University of Shizuoka.

Nobiletin (1) ICA (2)

I-9

Issues and Prospects in Special Peptide Manufacturing — Expectation for PeptiStar Inc.
Keiichi Masuya*
Executive Vice President, PeptiDream Inc.

R & D Executive Officer, PeptiStar Inc.

I-10

Development of Micro-flow Amide Bond Formation

0 R
PHM\’”‘NJ\]er
7 & R G

- ] ’

Shinichiro Fuse* o | " ’ &
micro-flow

Lab. for Chem. and Life Sci., IR, Tokyo Tech amide bond formation

toward Innovation of Peptide Synthesis

I-11

Process  Oriented  Olefin  Metathesis —
Development and Application of Cyclic Alkyl oM oF Ph

i i TERMINAL =, SMWITH
Amino Ruthenium Complexes OLEFINS ACRYLONITRILE
Andrzej Tracz*, Rafal Gawin, Michal Chwalba, ETHENOLYSIS () MACROCYCLIG
Anna Gawin, Krzysztof Skowerski
Apeiron Synthesis S.A. UltraCat UItraNltroCat




I-12

Hisashi Yamamoto

. . . . Anchor A Acid
From Lewis Acid Catalyst to Peptide Synthesis ‘””"""’°" @@
Amino acid or peptide

Aclivalion

Molecular Catalyst Research Center, Chubu University

Amino acid o
peptide

- # - Poly-peptide

Amino acid or peptide




2P-01

Reaction kinetics analysis in flow conditions using PAT
Koji Omori*, Kei Harada, Hideki Matsumoto,
Takahiro Morita, Shinya Ishida, Kenji Wada

FUJIFILM Corporation £

2P-02

Root Cause of By-Product Formation in a Hydrogenation Reaction

Yoshifumi Fujisawal *, Sonja Kamptmann2 P & r':: HH
1Mettler Toredo K.K., 2 Novartis Pharma AG, Basel > Ho PIC 0 +Loknown - Ha PO
ettler Toredo , 2 Novartis Pharma AG, Base on P OR  Imourtes (A P on
N 20°C 2bar  H.N 30°C. 6bar  H:N

2P-03

Synthetic study of the LMNO fragment of gymnocin-B Me Ho Me = MeoMe o]
CAe @ %
_ ﬁo/;kpMp oyclzation  HO™ o o el

H

Yasuko Hori*, Wakana Yamazaki, Keisuke Takazawa, DEIPS
L H
p-TolO,S . O

H mea/—Q
Takeo Sakai, Yuji Mori

2 07: - 07:
H H H H
LMNO fragment

Faculty of Pharmacy, Meijo University

2P-04

Line
Valve  Union filter

LC/MS analyses of impurities under the phosphate

buffer using the online desalination tube

Desalination tube

Sachiki Shimizu*, Yutaka Takahashi ‘L 1. 6mn i.d. ::
MS-Solutions Ltd. . : =S
]Z}l’l\<;s;)l1ate buf fer) faste - A oo i-d
Development of Amylose-based Chiral Separation Column with Excellent Preparative Performance
Tsuyoshi Watabe*, Masahide Kobayashi, Yoshihiko Yamada,
This stutly
Takehiro Iwadate, JunkO Iwadate, Tomoko Izukawa, |“T||||1mm||ﬂ|| of preepaarive perfirmands™

Clinal APT.OATC

CONIICT Services

Chihiro Morita, Saoko Nozawa, Noritaka Kuroda

YMC Co.,Ltd.




2P-06

Catalytic asymmetric transformation of glycerine and its

OH OH (~OH
application to facile preparation of ceramide. HO_A_OH HaCH2C)150 AN 3 (CH2)14CHs
o
5 steps
Mizuki Ueno*, Keisuke Miyamoto, Kosuke Yamamoto, * / (R)-Sphingolipid E
: : OH OH (" OH
Masami Kuriyama, Osamu Onomura Ho_X_OTs Tep: H3C(H20)150\)\,N1r (CHy)uaCHa
R) s

Graduate School of Biomedical Sciences, Nagasaki University
(S)-Sphingolipid E

2P-07

Dehydroxymethyl bromination reaction of methoxybenzyl alcohol
using the combination of PhI(OAc): and LiBr

- - N PhI(OAC),, LiBr Br
Ayako Shibata, Sara Kitamoto, Kazuma Fujimura, MeO 4©/\OH TRV, BE M e0*©/
Hiromi Hamamoto, Akira Nakamura, Yasuyoshi Miki, CFsCH,OH
Tomohiro Maegawa*

School of Pharmaceutical Sciences, Kindai University, Faculty of Agriculture,Meijo University, Research Organization
of Science and Technology, Research Center for Drug Discovery and Pharmaceutical Sciences, Ritsumeikan University

2P-08

Enantioselective Friedel-Crafts Alkylation Reaction of Indoles

with non-activated #-Alkyl-f#-Nitrostyrenes Catalyzed .

by Chiral BINOL Phosphates @)\ . @ chiral metal phosphate :
NO, N N\
H

Mio Kaneko*, Ignacio Ibafiez Sanchez, Takahiko Akiyama N

Department of Chemistry, Gakushuin University

2P-09

—@—5 ppm in EtOAC

Performance Evaluation as a Metal Scavenger of Newly Developed DualPore Silica Beads with Thiol Ligand s || o o

—t—50 ppm in MeOH

Riichi Miyamoto!*, Aya Ogawa?, Tomohiro Matsuo?, Tomohiro Ichikawa?, Hong-zhi Bai',

Pd conc. [ppm]

Kanji Meguro'-3, Tsuyoshi Yamada?, Yoshinari Sawama?, and Hironao Sajiki?

'DPS Inc., *Gifu Pharmaceutical University, *Hamari Chemicals, Ltd.

Flowed volume [mL]

2P-10

Practical syntheses of methyl (£)-3-arylbut-2-enoates and methyl (Z)-2-arylbut-2-enoates

: Two subjects in Organic Syntheses

Me
Takeshi Tsutsumi,* Yuichiro Ashida, Hidefumi Nakatsuji, Ar |
)\/COzME
Yoo Tanabe M Ar” “CO,Me
Department of Chemistry, School of Science and Technology, Methyl (Z)-3-arylbut-2-enoate Methyl (Z)-2-arylbut-2-enoate

Kwansei Gakuin Univ.




2P-11

Specific reactivity and selectivity concerning C-C bond forming reactions utilizing TiCl, / amine reagent

Masatoshi Kakuno,* Nao Tamura, E'edmpg"e amine TiCl,
. Mukaiyama Michel .
Yutaro Hanatani, Yoo Tanabe R/\)LR ————— 1,4-additions | N direct Ti-aldol
Department of Chemistry, or ) i
. ' o — 1.2-additions TiCl, amine
School of Science and Technology, /\)L N c%:isen ' |~~co,me Ti-Claisen
. . . . e — N ' 4i=Aaisen
Kwansei Gakuin University. R™™X" "OMe condensation | L ncHO condensation
Palladium-Catalyzed Dehydrogenation of Benzyl Alcohols .., . , R
\ N\ Pd(OAc), (5 mol%) R N R
. .. . . I R A OH TPPMS (10 mol%) (=X —X
for Construction of 2-Arylbenzimidazoles “On Water N | e aon k) 7\
1 2 on water
Hidemasa Hikawa*, Risa Ichinose, Shoko Kikkawa, Isao Azumaya R'=H, Me, F, PhCO, CN, CO,Me, ~oxidant- and base-free 22 examples
CO,H, NOy, CI protocol up to 99%

Faculty of Pharmaceutical Sciences, Toho University #= OMe, Me, F; R<Me, Ph

2P-13

Dehydration-type Ti-Claisen condensation (carbonhomologation) of a-heteroatom-substituted acetates
with alkyl formats: Utilization as (Z)-stereodefined cross-coupling partners and application to

concise synthesis of Strobilurin A Dt
R?0.
Suzuki-Miyaura ) J\

. ) ] ) ) and Negishi Cross-couplings Co,R! 28 examples
Keigo Fukuda,* Risa Kamada, Hideya Kitaguchi, @ cost + 9 Euorsuy (R% > @ COR' Tt yie
Hidefumi Nakatsuji, Yoo Tanabe oy R @ oo NS o,

=Cl,Br, R? = Me, iPr, Bn .
X = OTs, OTf 24 examples gfg:f_izﬁﬁng /\ CO,R' 9 examples
K i Gakuin Uni it (R' = Me, Bu, NG N 37 - 98% yeild 62 — 99% yield
wansei Gakuin University At Bonayt) Nj;om
MeO,C’ ilurin A
Chiral Syntheses of Methyl or Benzyl (R)-2-Sulfanylcarboxylic SH P sH
: R =Me
. . . . o, . R/*kCOZMe R/*kCOQH CH,CO,Me
Esters and Acids with Optical Purity Determination using HPLC : Ph
(R)1 NG

Momoyo Kawamoto,* Ryosuke Sasaki, Yoo Tanabe

. . . Ph”SNMe | R NPhl | RSN aPh
Department of Chemistry, School of Science and Technology, Kwansei ——— \;N \;N ) HPLC

no catalyst g Me 9 Me
: : : or Ti(OiPr,
Gakuin University (OPrly trans cis

2P-15

Stereocomplementary preparation of multisubstituted (E)-, (Z£)-a,p-unsaturated esters by stereoretentive
cross-coupling and reduction reactions starting from (E)-, (Z)-sterodefined enol sulfonates

Daisuke Yoshitake,* Yuka Sato, Yuichiro Ashida, oTs ﬁ;i‘g:gr o ? :/
xR 1Py COMe ———————» o

x~ _R? 17y - COMe
Yoo Tanabe R! cat Pd(OAc),, cat. o R2
. . CO,Me SPhos CO,Me
Department of Chemistry, School of Science and ; . . m '
" Et;SiH, KCI 14 examples;
Technology, PA(OAG),, PPh; 7examples; i 66-99%
. . . —_— 54 - 90% E KTC cross-coupling
Kwansei Gakuin Univ. RN /oMso S Eiz=oisa-2i>08 1 11 oxampies;
CO,Me CO,Me H 50 — 96%




2P-16

Enantioselective conjugate addition of a,a-dithioacetonitriles
with nitrostyrenes using chiral Pd complexes

Akari Tokunaga*, Hikari Saito, Masaru Kondo, Shuichi Nakamura

Department of Life science and applied chemistry, Nagoya Institute of Technology

SN0z s/<

Ac

Mes

Ac
N N
Mest 3/\ i

N---Pd---N

Pd catalyst

Mes.

Mes

CN  Pd catalyst (5 mol%) { CN

Ag(acac) (5 mol%)

AcOEt

up to 98

L

NO,
% yield

up to 98% ee

2P-17

Synthesis of tricyanocyclopentadienides and functional

Et0,C

T,

NC._SO,Ph

CO,Et

NC CO,Et
=== Na*
CN

School of Pharmaceutical Sciences, Kindai University.

room temperature

group transformation. Et0,C
\ CO,Et
Masayuki Shintai*, Ayano Ogata, Yoshinori Ohno, Takeo Sakai, Yuji Mori OO Hi “i NC— 5y ~COAEt
©)—cN S —
Faculty of Pharmacy, Meijo University | N NG CN
pKa 4.6(in CD4CN)
Decarboxylative Bromination of Aliphatic Carboxylic Acid
Using Hypervalent (Diacetoxyiodo)benzene AcD—|—DAc
- _ e R-
A o . A-COH + KBr + YT R=-Br
Ayumi Watanabe'*, Kazunori Miyamoto!, Masanobu Uchiyama!-
IGraduate School of Pharmaceutical Sciences, The University of Tokyo, 2RIKEN
Efficient Synthesis of 1,5-Disubstituted Tetrazoles from Ketoximes
Akira Nakamura*, Kanna Morishita, Asami Yanagi, N,OH TMSN, . N"N‘N
. . BF3°OEt N= \
Yuya Yamashita, Tomohiro Maegawa )L 3 2 R "\R : ',N—(
R CH;CN N R R

2P-20

Ni/dcypt or

Nl/dppp calalyst

Pd/dcypt catalyst

Catalytic Decarbonylative C—C Bond
Formation of Aromatic Esters
Toshimasa Okita*, Kei Muto, Junichiro Yamaguchi

Waseda University

D

M M
e\A‘ e

Si'Prg

LB G S e

&

i Pd/dcype catalyst

C-H Aryiation

Decarbonyiative intramolecuiar

%Q

dcypl

20
=0

dPPD

2
£
,@




2P-21

Structure-Activity Relationship Study of PHA, A Circadian Clock Modulator
Ami N. Saito*, Kei Muto, Norihito Nakamichi, Junichiro Yamaguchi QO

Waseda University and Nagoya ITbM

PHA

HN — Derivatization
N /
H

High Activity

(0]
HN N\ -
IN \ /N
LR

2P-22

cat. Pd/ligand

Waseda University

.
¢
o - 2
R!
L

m—benzyl complex

e R? no
Pd-catalyzed Dearomative Allylation of Benzylic Alcohols i M s )
N OR —_— = R
Masaaki Komatsuda*, Kei Muto, Junichiro Yamaguchi R M:B, Sn o
up to 97%

2P-23

Decarbonylative C—Heteroatom Bond Formation of Carboxylic Acid Derivatives

Ryota Isshiki*, Kota Ishitobi, Kotaro Asahara, “P’R
Q g H” \R (e}
Kei Muto, Junichiro Yamaguchi (j, R’ Ni catalyst X xg NiorPd catalyst XR
|Ar] R <e————||Ar —_— @
Waseda University. Z X=0 = X=0,8

2P-24

Chiral Phosphoric Acid Catalyzed

RIOH

. tBu CPA. (10 mol%)
R I S
A H
v O
2
R s (1.2 equiv)

toluene (0.1 M) t, time

Asymmetric Reduction of Tertiary Indolyl Alcohol
with Benzothiazoline
Hiroto Osakabe*, Shota Saito, Masamichi Miyagawa, Takahiko Akiyama

Department of Chemistry, Faculty of Science, Gakushuin University

RIH

R® y
\
N
R

2P-25

Synthesis of Multiarylated Heteroarenes
Takashi Asako*, Shin Suzuki, Kenichiro Itami, Kei Muto,

Junichiro Yamaguchi

Waseda University and Nagoya University

heptaarylindole
(HAI)

5 6

heptaarylisoquinoline
HAIQ)

— 20




2P-26

Enantioselective Nucleophilic Addition Reaction of

Heteroaromatics to Trifluoromethylated N-H NH Cat H,N CF4 OO Ar
M+ NeH = o o
Ketimines by Means of Chiral Phosphoric Acid Ar CF; Ar”* Nu O O o oH
H H
Masaru Yoshida*, Masamichi Miyagawa, Takahiko Akiyama . N N Ar
NuF: / E/) Cat.

Department of Chemistry, Gakushuin University.

OMe L-selectride (3 eq) OH
Functional group selective demethylation using L-selectride D e \N\,

reflux, 2 h
Kosho Makino '*, Yumi Hasegawa 2, Takahide Inoue !, Hidetsugu Tabata 2, OMe 85%
Me 4'\ Me L-selectride Me 4'\ Me

Tetsuta Oshitari 2, Hideaki Natsugari 2, Kiyomi Ito 3, Hideyo Takahashi ! L SN _Gea ms N

6 A
HNOOME THF HN OMe
reflux, 3h

! Tokyo University of Science, 2 Teikyo University, * Musashino University 945,

2P-28

Aerobic Oxidative Kinetic Resolution of Racemic Secondary Alcohols

OH chiral AZADO OH
Using Chiral Multidentate Nitroxyl Radical/Copper Catalysis [Cu]
\R? rt, air (open) \R? ot

. . . + ketone

Koki Kasabata*, Yusuke Sasano, Naoki Kogure, Junpei Koyama,
=) ¢} i
Tomohiro Nishiyama, Yoshiharu Iwabuchi @F('\\lj %e:ttli(\:/ae”
1 ",
Graduate School of Pharmaceutical Sciences, Tohoku University 0. R?
] .
—-— I
Bromocyclohexane/cat. FeCl,
¥ PTFE Tube
_— (®0.75 mmX1.5m)

Phenylmagnesium bromide/additive

A new synthetic route of a-carbagalactose part of RCAI-56 o
organocatalytic BnO _OBn
Naoki Ushida?*, Nobukazu Nagai¢, Yasuyuki Ishii?, Toshio Nishikawa“ HJ\/ Diels-Alder reaction
+ ——> BnO

“Graduate School of Bioagricultural Sciences, Nagoya University Bn O/\J 8 steps BnO o
5 REGIMMUNE Corporation a-carbagalactose




2P-31

Enantioselective One-Pot Synthesis of

Bicyclic Pyrrolidine Derivatives via Sequential Catalytic Process
Kazuhiro Takenaka*, Bijan Mohon Chaki, Jianfei Bai,

Shinobu Takizawa, Hiroaki Sasai

The Institute of Scientific and Industrial Research, Osaka University

Lo

NH LG
PG

Rﬂﬁ -

up to 92%
up to 90% ee

Enantioselective One-pot Process

2P-32

Oxidative Coupling of Amides Toward Aromatic Rings Utilizing Oxygen-Bridged Hypervalent Iodine

as a key Catalyst

Toshifumi Dohi!, Mio Dochi'*, Chihiro Yasui!, Hirotaka Sasa!,
Daichi Koseki', Yasuyuki Kita?
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Graduate School of Engineering, Osaka University

| . . . . o R4NH-PG — — NR,PG
College of Pharmaceutical Sciences, Ritsumeikan University PG =Ac. T o
R o ) (PG=Ac, Ts) (less than 2 mol%) N
esearch Organization of Science and Technology, + | R,
Ritsumeikan University arenes co-oxidant Z
Catalytic Desymmetrization of meso-N-Ns Aziridines
Using Chloramine Salts as Nucleophiles N bhase Transfer Catalvet HNS
a_ ase Transfer Catalyst*
Kenya Yamamoto*, Satoshi Minakata O:Nst ' CI/N_NS desymmetrization O\NNS
H

2P-34

HPLC method transfer by efficiently using design space
Kazuhide Konishi*, Sergey Galushko

ChromSword Japan Co. Ltd. '
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Sequential Cross-coupling Reaction Strategy:

(E)-, (£)-Stereocomplementary Synthesis of Fully Substituted
a,f-Unsaturated Esters using (E)-, (£)-a-Chloro Enol Tosylates
Yuichiro Ashida,* Kohei Nakata, Hidefumi Nakatsuji, Yoo Tanabe
Department of Chemistry, School of Science and Technology,

Kwansei Gakuin University
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triazine: Triazox

'Kanazawa University, 2Kobe Gakuin University

Development of an isolable epoxidizing reagent based on (— 5

Tatsuki Betsuyaku'*, Yuki Igarashi', Kohei Yamada!, Masanori

Kitamura!, Koki Hirata!, Kazuhito Hioki?, Munetaka Kunishima!
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Synthesis of Icatibant Acetate Using Hydrophobic-Tag Strategy HO
Daisuke Kubo*!, Kazuaki Kanai!, Rino Araki', Natsumi Iwanaga',

Kousuke Suzuki', Hideaki Suzuki', Ichiro Shima', Shuji Fujita',

Takashi Yamasaki', Yu Ito!, Masayo Endo', Yohei Okada?, Kazuhiro Chiba?

JITSUBO Co., Ltd., *Tokyo University of Agriculture and Technology
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dialkyl malonate as proton sources

Masatoshi Murakata,* Masahiro Kimura
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Toshinobu Ohno

Institute of Industrial Science and Technology
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Development of Composite Materials Consisting of Monocationic Porphyrin Dyes and Carbon Nanotubes
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2. MEIJI Pharmaceutical University.

An analysis of Pharmaceutical tablet by measuring with

Aiko Hayauchil *, Toshiro Fukami2, Akira Okayama2, Yu Onishi2 Sl
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Osaka University,

2Faculty of Pharmacy, Minia University, Egypt
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Thermal hazard analysis of dimethyl sulfoxide and amine mixture

Yuto Koizumi*, Yu-ichiro Izato, Atsumi Miyake AN S /
I Investigation of mixing hazard

Yokohama National University. - Thermal analysis

Weakly basic amine
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S
Small Molecule Dramatically Changing Circadian Period of Plants BML: Period Lengthening Molecule
Tomoaki T. Takahara*, Kei Muto, Norihito Nakamichi, Junichiro Yamaguchi )
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Kinetic Resolution of a-Hydroxy-Caraboxylic-Acid Derivateives Using a Chiral NHC Catalyst
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Practical Selective Monohydrolysis of Bulky Symmetric Diesters 0,R aqueous KOH/HZ0
Satomi Niwayama*, Jianjun Shi C
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Roland GUIDAT

Global Chief Engineer Corning AFR

Master Degree in Chemical Engineering
( ENSIC — France 1975)

Postgraduate Degree

(INPL Nancy — France 1976)

1977-1990: Various position in chemical production plant (Head of maintenance, HSE engineer, production plant
manager)in large international Chemical Companies (Solvay, Hoechst, ICl )

1990-1997: CEO and co-founder of a company dedicated to design, manufacturing and sales of large welded plate
enhanced heat exchangers worldwide (China, India, and Europe)

1997-2000: ongoing activity as Business manager after selling previous company (now these products are part of
Alfa Laval group)

1998: participant to a European Program (Joule IV) for process intensification

2000-2007: managing director of a company dedicated to plate heat exchangers and production equipment for fine
chemical and Pharma industry

From 2007: working for Corning AFR, mainly focused on development, design and commissioning of advanced flow
reactor for industrial unit.

Patents:

About a dozen of patents related to enhanced corrugated heat exchanger (Ziepack ®), and flow reactor

Publication:

Several publications, presentation to symposium and posters related to flow reactor, seamless scale-up, cGMP in
flow reactors.



Makoto Fujita

Department of Applied Chemistry, The University of Tokyo
Bunkyo-ku, Tokyo 113-8656, Japan

E-mail: mfujita@appchem.t.u-tokyo.ac.jp

Tel +81-3-5841-7259 Fax +81-3-5841-7257

Diplomas
BSc Chiba University (1980)
MSc Chiba University (1982)
PhD Tokyo Institute of Technology (1987)

Research Activities
1982-1988. Researcher, Sagami Chemical Research Center.
1988 -1997 Assist. Prof. to Assoc. Prof., Chiba University.
1997- 1999 Assoc. Prof., Inst. for Molecular Science (IMS)
1999 — 2002 Professor, Nagoya University.
2002-  Professor, The University of Tokyo

Awards (selected)

Wolf prize (2018); Naito Foundation Merit Award, 2017; John Osborn Lecturer, 2015; Medal with
Purple Ribbon, 2014; Fred Basolo Medal , 2014 (ACS); Arthur C. Cope Scholar Award, 2013 (ACS);
The Chemical Society of Japan (CSJ) Award, 2013; Thomson Reuters Research Front Award, 2012;
Reona Ezaki Award, 2010; Japan Society of Coordination Chemistry (JSCC) Award, 2010; The
Commendation for Science and Technology by the Minister of Education, Culture, Sports, Science
and Technology, Research Category, 2009; Honorary Professor of Renmin University of China
(Department of Chemistry); International Izatt-Christensen Award in Macrocyclic Chemistry, 2004:
Silver Medal of Nagoya Medal Seminar, 2003; Japan IBM Award, 2001; Gold Medal of Tokyo Techno
Forum 21, 2001; The Divisional Award of the Chemical Society of Japan, 2000; Progress Award in
Synthetic Organic Chemistry, Japan; 1994.

Research Interests

» Coordination Self-Assembly: Construction of nano-scale discrete frameworks, including ML,
Archimedian/non-Archimedian solids (n = 6-48), by self-assembly.

* Molecular Confinement Effects: Developing/creating new properties and new reactions in the
confined cavities of self-assembled coordination cages.

* Crystalline Sponge Method: Single-crystal-to-single-crystal guest exchange in the pores of self-
assembled coordination networks is applied to a new X-ray technique that does not require
crystallization of target compounds.

Recent Key Publications

* “Self-Assembly of Tetravalent Goldberg Polyhedra from 144 Small Components”, D. Fujita, Y.
Ueda, S. Sato, N. Mizuno, T. Kumasaka, M. Fujita, Nature 2016, 540, 563.

* “Self-Assembly of MsoLeo Icosidodecahedron”, D. Fujita, Y. Ueda, S. Sato, H. Yokoyama, N.
Mizuno, T. Kumasaka, M. Fujita, Chem 2016, 1, 91.

» ”X-ray analysis on the nanogram to microgram scale using porous complexes"
Y. Inokuma, S. Yoshioka, J. Ariyoshi, T. Arai, Y. Hitora, K. Takada, S. Matsunaga, K. Rissanen,
M. Fujita, Nature 2013, 495, 461.
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Andrzej Tracz
Senior Scientist
Apeiron Synthesis S.A.

Dk

Education:

2006 — 2011 MSc studies in Biotechnology, Wroclaw University of Technology

2009 — 2011 BSc course in Management and Production Engineering, Wroclaw
University of Economics

2012 — present PhD studies in Chemistry, Wroclaw University of Technology

Career:

2009 — 2010 Research Assistant, Institute of Immunology and Experimental
Therapies, Polish Academy of Sciences, Wroclaw

2013 — 2015 Researcher, Apeiron Synthesis S.A., Wroclaw

2015 — present Senior Scientist, Apeiron Synthesis S.A., Wroclaw
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Role of Process Chemistry through Pharmaceutical Product Lifecycle
-The case of donepezil hydrochloride ‘Aricept’ which is therapeutic agent

for Alzheimer type dementia-

Akio Imai*
Project Management Group, Japan Regional Quality, Global Quality Headquarters, Eisai Co., Ltd.
4-6-10 Koishikawa, Bunkyo-ku, Tokyo, 112-8088, Japan

a-imai@hhc.eisai.co.jp

Donepezil hydrochloride was first synthesized by medicinal chemist in December 1986, after that, process
studies such as selection of starting materials (synthesis route’s decision), proposal of optimum crystalline
form, reaction condition, reaction post-treatment, purification, drying, particle control method, etc. were
energetically carried out by process chemist, and the industrial manufacturing method was established. In
this lecture, the following are introduced: Improvement of the manufacturing method in the development
process, consideration of "optimum manufacturing method" through the comparison with the manufacturing

method of other companies, and various event generated throughout the product life cycle.
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Development of Hyper-Functional Immobilized Catalysts based on the “Umbrella Effect”

Yasuhiro Uozumi
Institute for Molecular Science and RIKEN-CSRS
Myodaiji, Okazaki 444-0864, JAPAN (IMS) and Horosawa, Wako 351-0198, JAPAN (RIKEN)
uo@ims.ac.jp, uo@riken.jp

A series of amphiphilic polymer-supported transition metal complexes and nanoparticles have been
developed with a view to use them in organic molecular transformations under aqueous heterogeneous
conditions. = The polymeric catalysts promoted, for representative examples, palladium-catalyzed
Suzuki-Miyaura coupling, Heck reaction, Tsuji-Trost allylic substitution, platinum-catalyzed hydrogenation,

aerobic oxidation, and copper-catalyzed Huisgen cycloaddition often at a mol ppm or lower loading level.

XV Zed, @E CEREFRMMEC IR ICEN T ERCBAMB ORI Z B L, Foa X B
PER Y T RS ARGE RS X OV k7 2l 2 B L C& 72, Y AREHIE LA 72 Pd $
(Rt 1, A4 2 kil 2, REMEE 3 X ON4, KU T I R P il 5 OfFEE XIRT S
(Scheme 1), Z b WBEME R > FHFARENT (1) EE il cd v BRI AEICE T O
SFURBRERIEYE) & & B ITHAERMBRE TORBIRIEDIRANT L A L (2) WEEEEMEEED
FEED DK CTOEY TEBNAIRE L 725 (22 - BRETFIME) (3) BERAED 2 12—
N A/ w7 m—KMERE S Th D (4) TRE Y E 12 X0 @O ARBHE M 5 T
%:avmm~mb%ﬁ@%ﬁ%f@ﬁ%“@ﬁ%ﬁéhé(ﬁ%ﬁ%%%)ﬁf%ﬁHﬁ%%)

CHEAME A R BB D T AR L 9D B O A U K A Sy A T IR R
gi%%%C%%%EWWA%@LW%EEﬁm%%Rﬁﬁé(ﬁ@ﬂﬁ%oﬁm%u$®%ﬁ
EMREAZ O L TR 2 8T, A &AM CRGICHEftT 2 HNRTE D, TORDAF « R
Bj— (EEHR) THHIZHEDLT, T LAXIST 28—l ISR L0 & @mW AR 2 R,
B 2 12l 5 13K H ¢ Suzuki-Miyaura )i % €L ppm LLF O Pd BT LSz THO B
7x=N%&52%2% (Scheme2 (k)), ¥ [AflfEIT Heck SUGST U AL EHSGIZ BT [A]
BRICE WSR2 Ld Uiz, 2 2 kil 2 13k i K EAL SR EE 72 7 L R = L B ok FE Ak
EERB LU, FAFITER Y 0 —L&h, 8 22 OB CERON+EABmNER SR
72 (Scheme 2 (TF)), ¥ FHEE TIZRONOARFMBELS, Rt Huisgen Bt 72 & bR
%o
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pr@ @0lh, @

PR,/ [Pd]

catalyst 2 (ARP-Pt) catalyst 3a (R = Ph) catalyst 4
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AIkyI)]\H %0’0’0‘0‘.‘ 7 Alkyl /KH

Continuous Flow Reactor
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40-100 °C, system pressure 30 bar
1 mL/min, contact time 22 sec

Cl catalyst 5
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Scheme 2: RRMEHFLEH (ppm s Suzuki-Miyaura kit (£) L EHEI7O—HILAR=IL

kRl ()

(1) FHEERAFESEE, 2016, 74, 621. (2) J. Am. Chem. Soc. 2012, 134, 3190. (3) (a) Angew. Chem,.
Int. Ed. 2011, 50, 9437. (b) ChemCatChem 2015, 7, 2141. (4) ACS Catal. 2017, 7, 7371. (5) J. Am. Chem.

Soc. 2012, 134,9285.J. Org. Chem. 2018 in press.
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Development of Cyan dye for Inkjet printer

Takafumi Fujii*
Group I, Functional Chemicals R&D Lab., Nippon Kayaku Co.,Ltd.
31-12, Shimo 3-chome, Kita-ku, Tokyo, 115-8588, Japan
takafumi.fujii@nipponkayaku.co.jp

Inkjet technologies using dye-based ink started with consumer desktop printers for home and office uses.
Typical inkjet dyes for consumer printing are direct dyes or acid dyes. In general, phthalocyanine type dyes
represented by Direct Blue 199 have been used as cyan dyes for ink jet printers, but ozone resistance
(resistance to oxidizing gases in the air) was poor, which is a problem. As a result of earnest study to solve
this problem, we have developed a cyan dye represented by the general formula in FIG.1. In this presentation,

let us introduce about the process of producing water-soluble dyes by taking the cyan dye 1 as an example.

UG, a7 HEME LT, kI LA TEE DD, £OTDO—2ThHLHYBIOERK
Hoffi, FHmEANZIEH L, A7 V=2 N 2 —HEESER L TE,

B RFETHWONEA 7 P2y b7 o Z—OEIIIREMELEMMEH S TR,
GubtOFE)E & U TIIme ekl R OE YR 3542 T 5, MM Yuth X ONE LB O R o —>2 & LT,
ANRIERCH VARV NVEEZE L TEY, KEHEF TOEKBITHOILTND

A7y NV E—HOYT AARITIT AN Direct Blue 199 IZRFESNDH T F 1Y
T = UREBEPHNLINTE N, A Y M (ZERP OB T A 2NESHREE 2> T
7o U TIIAREZ R T N HERGTORM R, M1 O—fRATRENDI VT VBRI LT,

(\,A1\\ . ’rA4\7 746303H )X
RN -
7jLsoaNa) g Q *{SOZNH2>
X ANV y
/ /
f%sosz) N N R
y 7N\ ) A N:<
JpzY” NT Y pey A S0NH-X-NH N
N . N—4{

R
Direct Blue 199 Al - A% = pyridine ring or benzen ring 7
X = alkylene, arylene
R',R" = alkyloxy, aryloxy, alkylamino, arylamino

1
1. A7y NV Z—H 7 @#E 1 LW Direct Blue 199 O —fEE




AEE TR, 1 cREIns T aFEREHIC . KEEPEYLRHLE 7 a2 oW T, R
Jr&ETIEL,

KT BFELINITVUVREZATLOITEIKAOGRIRE, A7 407008 (K2), 7
nu 2R AT (K3) ROARLTZ7EANLTRE (K3) O4TENLRD,
BEIETHLRNT 4 TV AR 21TV A T —ELMTN DA RIETER S L, KT ZVEE,
X/ U U, RFEXROHEASAD 2 77 VT F =0 AT 180~200°C TG S /72, X
21 2—fBl& LT, BOKT XN/ Ul (20 2) ORISRATLH LD, BONDHRNLT 4
TV FEITEEE L TR U 2 D, t)//%2OEE5# T E Y OB
O~4DEAMELTELND, /- D UBROAE K OBAPEDE NS X 5 BVEE A28 8 M
IREME TR D,

CuCl,-2H,0 (1.0) (’;“\ . C )

o O w_ X X N\ - -
24.0 \ =
Ny -COOH HQNJLNHQ (24.0) N /,N
0+ u N\ 'Cu\ /N
COOH  (NH)¢M070,4°4H,0 (0.016) O\ N
o) Sulfolane AN L
(2.0) (2.0) A2 N A3

A'- A* = pyridine ring or benzen ring

X 2. RV T 47V G778 —

BEWT, RV T 4TV FE2% 7 an ALK 140C T v Z)vk b5, KRSk
T, BV PUVBREADZNVEAGTEZ 63, XUBVBROBICANVRANEZ D, £, Z
DIRFD AV ANLEITRIRNMED 20 < L RUBUVRISH LTI VA LI ANR AR D, feké
TRELT. Ao nu R VR ARV T 4 T V05 3 2K Chlik4a L7 E=7
KEMiHSERMOTT U aHE 1 2157, AHE TITPFIE 4 ORGEEIZ OV THFFET LIZuy,

— - R’ —

SN r o N:< 7N rooN :4630 H )
¢ ptn I A4 ¢ a1 VR 3
. A A% —X- \ /
CSOH | 0 A NAL HN=X NH«N 4” AN AN A
S0CH, ) N N= 4 - \ N N= %{sosz)
2 N, o4 N *%302C|> _— N, Cd N y
NN " NHH NN R
/r’ N\ N/ VY \W\ 7N\ 7 VR
(A2 LAY Ca2r” NT Y a3y 4 SONH-X- NHK\ 4
L e- -~ N o N
A" - A% = pyridine ring or benzen ring A" - A% = pyridine ring or benzen ring a
3 X = alkylene, arylene
R',R" = alkyloxy, aryloxy, alkylamino, arylamino
1

X 3. Z7uawu AR ALK ORANT 7AW TR
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Near-future-conscious Process Chemistry Research

~ Thermal and Microwave-enhanced Flow Reactions Using Heterogeneous Catalytic System ~

Hironao Sajiki*
Laboratory of Organic Chemistry, Gifu Pharmaceutical University
1-25-4 Daigaku-nishi, Gifu 501-1196, Japan

sajiki@gifu-pu.ac.jp http://sv1.gifu-pu.ac.jp/lab/yakuhin/
The continuous flow system using a heterogeneous catalyst is a technology that significantly achieves high
reaction efficiency compared to the batch system in a flask or reaction vessel, by the secure communication
of the reagents and substrate with a solid catalyst inserted in a narrow channel. The flow hydrogenation
evaluations using four types of heterogeneous Pd catalysts, efficient and practical protocol for the 10% Rh/C
or 10% Ru/C-catalyzed flow hydrogenation of aromatic nuclei, and continuous flow Suzuki-Miyaura
reaction between various haloarenes and aryl boronic acids were successfully achieved within only ca. 20 s
during the single-pass through a cartridge filled with each catalyst. Furthermore, dehydrogenative oxidation
methods of IPA and alicyclic compounds without any unsaturated bonds using the continuous flow system

under microwave irradiation conditions have been developed.

BRI CTHEATT 5 A — RS8N T, OGS E L TR L2 BiE L7z 7 v —Ki&
DRGNS TEY D BETIE. W 9707 a— KIS a R L CEE LA E ST 5
T —EEARLIERE SR TV ? L, ERMNIZEALES T haxza ) I —2ENTE
70 —H#OGOBBARILE AT TH Y | SIS TN TN E XIS L LT R 22 BRE23 2%
HAThDH, AGHEETIZ, YMEEICE T D, il — Y v U2 —FEmwd 5 (73 R) b
PRI ERE T 2 THEfE ) TIRFBRBREGEIS], LTy A 7 v (MW) &7
— ST ABE DR T4y 7 r— (IPA) RIBRFzULEY Db O E ERIIKFERIEA S
(kFRLERE) | O Z /BN 5,

YUTNNRRT7 u—REMBETRIN  EE NG ToBMEEN Bk, R
) — Rl A B CiA 72 7 v —REHIE STL UG DR E 2R RO —2>Th 5 D35,
ZELRDNHEW SV TIREED ZHED—>Th DR & Al E MR L 7220 s
HLREVRFFOB AN O EETH S, Y YRR TIL, ARREERLY T %=
T =7V BILAR T HE VR Bia I RAICHEE U AR SR il A B




L. BEEEHIBIRAEAKREL S~ WA L TWD, FOHNnE 10% PA/HP20. 0.5% PA/MS3A &
0.3% Pd/BN) Z 4R L. 10% Pd/C Z Nz 7= 4 FEOfREIZ -S>V T . ThalesNano £ H-Cube™ 7 {ii fii
LT, it —FY o2 —FBRBIEL750TT (AR R), iITEOEREE 2 LA O]
M FREITKRFE(NT D LN TX ARG EAE L9

L ZATHEEFROEMKE, 772006, TEETKS) ITHHRERELHETH DN, H))
OSSR R VUETH -7, BEICH 4 13 Ru/C =° Rh/C Z i & U7~ #FE. 60~80 °C Ti
1Ty FABB OIS EZHELTWS,? nE 7 —IsIcEmf Lz 2 A, Ny FRH
TIID 72 E B EFFRMN DB 2 L CWOVEGE TGN, i — Y v U % KSR @i 4 5
HOFM20 RS T TRIETIHENFALNE o7 Y
SUTNNRRATa—RBAR—BEH IRy 7Y TR Foxld. 10% Pd/IC ikt s L TR
DEKRTIVa— i UG K7 ) =TT T8 A—ERGZMEL TS, a7 —
FOSICHER Lz e 2 A, USRI — N U » P 2Bl 50970 20 B TafEL, dhd s
T U — LBEERNENRETELNT, 1.1 YEO 7= Ra gl 1.5 YEORET N 7 A
(Na,CO3) % 50% T4 / — VKIS R U CRST D72, A o BEE BT ME & 72 D
3. fRIEE2N S 0 Pd OIRIR G EL o 2 EFREAN I SN 5,10
~A 7 eRic k3 HEN T o —RREEEFIE LB ARBRILRG|  HERBREL 2 #EHE L o
BRI SE D010, B LRFOPEH Z I L2 e = RV X —F = —  DRENL IS AR AR
THY ., KETXLX—OFHMER SN TND, TOEROFE—HLE LT, EiELKENAEK
EICRHRRE < (s - Ik T2 HERDIRAIR E R DD, I T, D FRICEEDOKER A%
BRA L. WIRTIHED TE#ANA T4 Rl Z2KkFEXY VT & L THRATERZ B S TND,
Foxld, PA/ICRRWC il L=, 7a— i) o7 and U 38K 5 OBiKER
I INVNER B S HITT D RUnS 2 e U, KERBERVE e RS (R FRK) & L THET
L7z, ZNODORIGE A4 7 (MW) 230X —JRE Uiz 7 o —3EE (RSt
X FDS) | #HWTHEILTZE Z A, PYCHIEEGFIE T, DT 10 W O~ A 7 v ik & il Fe R 451
BET2DOHL T, ZARICHEBR SETWA IPA ZIZEEBICKEL 7T M AACERT 5 2 LITHkID
L7z, & BT FRNICARIaffE S 2 F - 72 W AR R UL AW OBk FRE FAL G b & BRI E
(TT5ZENHBMNERY T haxa ) I — BN TEREE 2L ) KERIEE L LTS L
7.

1) Selected reviews, (a) Chemical Reactions and Processes under
Flow Conditions, eds. S. V. Luis, E. Garcia-Verdugo, RSC Publishing, Cambridge, |
2010; (b) S. V. Ley et al., Angew. Chem. Int. Ed. 2015, 54, 10122; (c) T. Glasnov,
Continuous Flow Chemistry in the Research Laboratory, Springer, Cham, 2016.
2) (a) S. V. Ley et al., Chem,. Soc. Rev. 2013, 42, 8849; (b) S. Kobayashi et al.,
Nature 2015, 520, 329.  3) (a) Chem. Eur. J. 2009, 15, 834; (b) ChemCatChem 2012, 4, 546. 4) (a) Adv. Synth.
Catal. 2009, 351, 2091; (b) Tetrahedron 2012, 68, 8293; (c) Catal. Sci. Technol. 2014, 4, 260. 5) (a) Adv. Synth.
Catal. 2012, 354, 1264; (b) Chem. Eur. J. 2013, 19, 484; (¢) ChemCatChem 2013, 5, 2360. 6) Tetrahedron 2014,
70, 4790. 7) Chem. Eur. J. 2009, 15, 6953. 8) Eur. J. Org. Chem. 2015, 11, 2492. 9) (a) Adv. Synth. Catal.
2010, 352, 718; (b) Chem. Commum. 2007, 5069, (c) Tetrahedron 2007, 63, 10596; (d) Chem. Eur. J. 2007, 13,
5937. 10) Catalysts 2015, 5, 18. 11) (a) Green Chem. 2014, 16, 3439; (b) Adv. Synth. Catal. 2015, 357, 1205.
12) Green Chem. 2018, 20, 1213.
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CORNING AFR: the efficiency of micro flow combined with productivity of batch reactor

The keys to overcome the paradigm

Roland Guidat

Corning Advanced Flow Reactor, Shanghai Regional Headquarter
N° 358 Lu Qiao Road, Jinqia Export processing Zone, Pudong
Shanghai 201206, China

Guidatr@corning.com

Flow reactors have proven their great interest at lab scale due to superior heat and mass transfer
performances together with an even Residence time distribution.

A lot of publications have dealt with the mass transfer capability of capillary, however other items (such
as AFR exhibit similar or even higher mixing efficiency; This will be explained by chemical engineering
performances measurement as well as by some examples of chemical reaction performed micro channel
capillary and in engineered micro and meso flow reactors (LF and G1 Corning Advanced Flow reactors).

The analysis of other chemical engineering properties (heat transfer and residence time distribution) shows
also that ultimately, capillary is not the most efficient flow reactor, even at lab scale.

In addition, having an efficient flow reactor at lab scale is a good starting point but far away to be enough
to make an industrial scale flow reactor. An industrial reactor needs also to have an acceptable throughput
—numbering-up is not a solution, and we will disclose why-, it has to be easily scalable to reduce time to
market and avoid loss of efficiency. Ultimately it should be made in a material with a good corrosion
resistance and follow the internal and local regulation regarding pressure vessel equipment.

Measurement of heat and mass transfer coefficient for all range of Corning Advanced flow reactor has
demonstrated that scale-up from lab to production was a straightforward process.

Additional examples of industrial cases, as well as reaction at lab scale have confirmed the easy scale-up
of an AFR reactor.

Ultimately, the issue of corrosion is addressed by an outstanding material (SiC Unigrain™) and the G4
industrial reactor is compliant with major regulation and codes (PED, ASME, SELO).

In conclusion, flow reactor is not only a dedicated tool for lab scale; it is now an efficient tool to move to
production.
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FOR KRR A LR e R
(F) 7R AT FERT R B FEER

Tz 1% 2013 4RI, AREIORE L 2 LBE L L72au X SR EN THSi AR k) #REL
7= (1) VY, ZOMIOREEFRNC, THTIT7 (Bt #EiEles:, REmILE, 51k
X BRAE AR, SR OEEER (BUE. 'R BEL ERE, ofr. W F) Lo TREZITLMNC
M2 DRERBERD -T2, HHOT, 4 HOKREHMOBZICBWNT, o OREGERE I
THEHHERTOEATHYRBE, L TA—F AEETITRN &, HITIFHRFTE S O
DR R L T2 DAL B OEEREICHE A B TV D EF LB LZ, 20X 2K
RPN A, EERRE (ST b OEFEEZT, AL OfEd AR DIEE UMD &
T 7257 T REEREAT Tk~ & 8B S DA 2 BRAA L 72,

Lok, AR DEESIT, 72 ORESCMRITIERITM B L L 2, F7o, BB
LB RIBE LAY &, EERCTOEMEZEE LM b8 22 L, EERIEH O
SMGE (proof—of—concept) Z K L7z, S HIZIE, HTDORF ARSI B 2Rk o fo st B & ik
FEICARFIEEZER L, R ERE & VI RFERFROR My 7 OffEz R L Y, 20
Lo SEFIFRISAMIEICBO T, EHAR L VENR OB ERE L0, RIMEEH O
WERETH o7, S AFICHEEEN D RMMLEWIT, EHER 3R UBREETHbONR%
<, ZOWMERETIRESLHET—HTHD, —H T, RRLEWIT, AFEEZ R T HORE
CHIDLIL, [LFANR—=ZADIARI NG, 4 B THAIBEMEICEIT 2 Y — MEEMERRIZITIRNT
ZEDOTERWMEEMIETH D, Z 2T, M AR EDNRICHE DM Z R L 7o R &
FEAT DFERZAENT D,



faj = HEE

2 R & -

=1 e e I M R R

(b}

M,
?
TN +  Znly == [[Znl;)y(tpt)yx(solvent)],
@/l\"ﬁl\@ 1

M H

1. (a) fEFHAR DEOHKEK.  (b) AR Y 1 OEKAFT—2  Fr wEICRE L=l
DEJEFER 113, BRI HER LN SHILNDO A A FE B TE AW EZA LTV Y, BRI TRz &
iz, WbIX” wet pore” AT D24 OSEMEIL, WM O L 5 ebtklE LTOEHEHHTE VWL O
D, A D5 A D DBFRRLONTHIALNICIEE U ONLEICBET D720, L b 7 A b o X BRI
BEThol, ZOBRBEGHTTFIETEI L, Hzice ZEN7 A N OREMITEE L CnA LIZO0E
AR VETH D, X BOETBGII R E OB MBS B LETH 50, FOFEMES 2> HHE—n )
EIIRESETH D LHESLIME DIAA TV, AR PIEIT, &2 UHREBHIES] L7222/ 2 k&2
LiAteZ & CTH A Ny EMIESIT 52 L 2R L, BEOHMEE LI,

SEXH
1) Y. Inokuma, S. Yoshioka, J. Ariyoshi, T. Arai, Y. Hitora, K. Takada, S. Matsunaga, K. Rissanen, M. Fujita,
Nature 2013, 495, 461-466.
2) M. Hoshino, A. Khutia, H. Xing, Y. Inokuma, M. Fujita, /[UCrJ 2016, 3, 139-151.
3) KRR PGSR, 2 SO, BEE R WAL, 2017, 75, 538-547.
4) K. Biradha and M. Fujita, Angew. Chem. Int. Ed. 2002, 41, 3392-3395.
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Development of High-performance Flavor and Fragrance Ingredients

Hiroyuki Watanabe
Technical Research Institute, R&D Center, T. Hasegawa Co., Ltd.
29-7, Kariyado, Nakahara-ku, Kawasaki-shi, 211-0022, Japan

hiroyuki_watanabe@t-hasegawa.co.jp

Interesting flavor and fragrance ingredients could be found from wide variety of natural products and foods.
Some key compounds possess very high-performance in spite of extremely small amount. So using them,

the flavors and fragrances could be clearly improved.

1. EROERE

FEHIEMANFIER SN D 7 L—s3— (Flavor) & AA&MmANFICEA SN 7L 7T A
(Fragrance) IZKBI&ZN D, RIZEZEHICHET D E, FRHIUTO XL I REEX LOEHRE LD,
BHOMRESZDORPTYH, PBVIIEROBVWLESE2ELATARLABERBEZED O TH 5,
D3E IR IES B D BRI RN D RbR TN W), EETIES 50— TEWE
B, BRI TEREOE S EHMTRRBIZLY, BN TARSR 2 ICHES L TWDH
WTH, ZOESEERNBY Z2HFFT 5 2 SIXRERGENH Y, 5\ o TiEfE TR
RGO YAEHE (BWLE) 2080 OB THR— M2 2 ENBRENHE L TOT L—N
—DEHRTH D,

2. FREFEE L TR O BRSE

BV TR SO EEOEALEW N SRR SN TE Y, FEHITOME < Dy Z2RA LT
HOR BN 2GR L LTHREAT 5, Al DBIE & T DLROWRET, FRPER TIIRH b EHER
thThHy, HE (bxroIZ o) LIRS, DEERST TRFICENIZHE BRI 2T 5121,
BRANT =< P ADEmWER S OIEH P LHATH 5, BHEIIINZ 2R Lk s 2 < Emvy
b, T K> THEEEDOHRRZDER SNDD, MEORINT b &2 Eb iRm0
T = U AR DFES ORI, HEFEOBREICENTLEHERZEIRDIDTH D,
Z DL mfIMEDOFRHMEEY (ERERATEIANT Yy VT 4= IV EBIFEIND 2 L
HHD) IFEBITHIFIC IV R IND, 2L 2T a— —DOFXUIEIZ 800 8 2 DB
BIERENTWDD, ZO &) REMRERIEEM b EER S 2 R T REN D 5,




REW O ORI HTFTRER F IR ORE, FXULEWOBRREMZ T2 i Hl1E, £L T
GC/0 (BWREHT A7 1) Lo NBIORTE A & Lo BRI 2 © TIXORRFIEEZFIHT
MUE, BE O FETIIRECE WX ) REEAMERS & AT 2 ERAREE 725,

IHTC K o TRWESHIERSIIMETH Y, HoN D AT MUFER TS L fEE TS o0
BANRH Y, AEAERICE D ZoEREN Thh, FEE L L CHRAERAHR SN HhoE
21X DA R ERALFIC L - TIThiL D,

3. mf M E RS DB FE B

DX BRFLRNBRERRIZELD, WETHIBDZIZDHFERENMON TP -T2 DR
(see table entry 1, 4), ANHWETIIHLINEFRHMELEWE L TONRT p—< U AN BT
Mol bORHEL ROoNnoTETEY (see table entry 2, 3, 5), TN bEFHWTa2=—7
IR D AT R OIER DT D K 91272 o7,

AKEHETIZZIN OO —HOBR 7 0t X &2t TCOMIEEBNABNT 5,

Table IR AL LA OB FE 51

entry ingredient source
o
1" /\/Eﬂ”\)j\/ YUZUNONE" yuzu (Citrus junos)
29 — CHO roasted chicken (yakitori)

0
3% 05\/\)\ DAMASCENOLIDE" rose (Rosa damascena)
Z

74 Wo/k alphonso mango

5% rotundone grapefruit

1) Miyazawa, N.; Tomita, N.; Kurobayashi, Y.; Nakanishi, A.; Ohkubo, Y.; Maeda, T.; Fujita, A. J. Agric.
Food Chem. 2009, 57, 1990.

2) %556 ] FEL - T B L OWE L RICB T D Rliaa i 2 5 4E p.35 (2012 ) and see
references therein.

3) 60 [El FHEf - T AN B LUK o 5imaiiHE 54 p.185 (2016 %) and see
references therein.

4) ol [a] FE T B LUK RICBE T 2 FmaiE 2 5 4E p.1 (2017 4F) and see references
therein.

5) 5559 Bl HEE - TARCB I OB RICET 25 ma i EE 548 p.18 (2015 4F) and see

references therein.
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Demonstration of practical total synthesis of natural products to enable 100 g scaling

Toshiyuki Kan*
School of Pharmaceutical Sciences, University of Shizuoka.
52-1 Yada, Suruga-ku, Shizuoka 422-852, Japan
kant@u-shizuoka-ken.ac.jp

Practical total syntheses of the natural products, nobiletin (1) and fairy chemicals (2, 3, 4) were accomplished
at the 100 g scale. As these natural products possess significant biological activities that are useful for drug
and agrochemicals, our ability to synthesis them at large scale enabled their use in animal and crop
experiments. Nobiletin, isolated from citrus fruits, has received special attention for its remarkable biological
activity enhancing PKA/ERK/CREB signaling in cell culture systems. As fairy chemicals, isolated as
compounds causing fairy rings, possess plant growth activities, these compounds are expected to play a

significant role in solving the food crisis that the world is expected to face in near future.

OEF L, FERN O RO R ERICHEF TE LEEIEEN TS, L, b [EK
ﬁ%é@OJ&#F%ﬂﬁm®ﬁﬁébﬁjkwoé®%a HiZT 570Nz, Twonidttof
DENNEOE AR E LTIz &
BHT &I, Al KRS

Fairy chemicals (FCs: 2, 3, 4)

o)
chIcEERT ) B LT MO Njkm N i 'y i
NH NH
(1) 27 =7 U—{LaM 2, 3, wmeo < LA AL
4) ZBUGATAEZR A — L TD OMe 0 " " "
Nobiletin (1) ICA (2) AHX (3) AOH (4)

BRRIZEE) LTz D TR T 5,
MEEICZ < EEND 2 ELTF U (1) 1T 1938 FITHBEEIE R E SNl < BB IS KR
Thd, "INE THEEREDITEORE L RVEEWTE 5723, 21 RIS A Y BB ATERS
PIE PRI OFRMERH SN SNAICER 2RO, I, HRINAD AL (X OFFPE S D
7o, HEEMEZ BT D ARTTIEZE < OWFFEE DRI Z £ > Tuve, B EERZ OEE L, %)
BRI L D2BMPHE AT 2 I 2 =7 4 — DAY 238345 L& 2T,

BRE, HE OB ICERZ LB 7 TRV BREENEZ L LT, AF—A 1ITRLIZV
— MITEER LT, RERROHIT, bU%h#v&yﬁyﬁ)@%%%A®XF%Vﬁ@§A?%
ST, AV IVHEDE A L Bayer-Villiger OB S (5—6. 6—7) Z#0 KT Z & THEHEIC



BlL7z, X5IT, 712kt L Friedel-Craft KIS ETTV, T FAEDEA LPLA T MALIZL Y 7E ©
Tx /) UHER8 AR LT, REMV— NI RIRSE A2 LB & PRI L #Ek T E
L2 TR MBMEERIAT S Z & CIERIREORE G FREC X 72, Fx D7 7R ERUTHE
W, TINARY N T =09 & R — &5 Claisen LZITV B-U 7 h o 10 2/ LT2,
FlEfe . BIESOBRAL & BAKITHEICHEIT U1 21572, ARARRIE, 11 B, #RUIER 53% T—4)
D/ o< MEREMNIEL Lo To, ZTDD, FTav ARG AREE 720 7 A 2 v 7 A0
I T35 T 100 777 A A — )L CORENA[REIC /e 572, S HIT, GRS IEFIEMEE TEFRAS L0
RILL L THRTE S, RARMOBEULEWA 2 51,10 mg 123 L THEBEIE 5 J7./500 mg @ 1/20
DAk AR & FEBL L 7=,
Scheme 1
OMe OMe OMe

TiCl,, Cl,CHOMe 1) POCls, PhN(Me)CHO
MeO SeOZ’ 30% H202 Meo:© 2) SeOQ, 30% H202 MeO OMe AcCl, A|C|3

3) Et;N, MeOH MeO
4) K,COs, Mel
ome ¥ KeCOs Me OMe

7

5 6
OMe OMe OMe OMe
Meo]@(:i ) Nen pom LHMDS MeOOMeTFA 1
MeO ®/ N MeO
o)
8 9

1)
2)

MeO 3) EtzN, MeOH MeO
4) KgCOs, Mel

OMe O OMeO O

10

77 V=Y 7 (Fairy ring) LR EITZENIPRICELT 28R T, IV THRETISADLZ
EMTE D, BEHFEDEMTIE, KK 1727V — BimalE0 Z20FTHL Lizzxon T, =
O BRBZIT 19 LIS SN TWERNFIRIZOW T ARHO EETH - 72, HEFEFIEHE O
Rl RO BRI T, BEOBEEROEEIC T 2T UV —) U VBB ERE LB, 2ADE %%
CHRICZ AT XV ATURBEND ZEERA L, TOH, 20X apERNWEZEAT D
EEZFEARRERERLIZE ZAICAQR) & AHX (3) % Hif - #&vhrE L7z, P (#212 fairy chemicals
(FCs) EWEFR) S 512, 2B FCs WEATR T TREMEETLH LW LM O E bIRET 5
ZEEMOEMIT LT, £z, FCs 5% OB T OfE F. FCs I1THEMITHE % 72 A b LA (&,
IR, M, FolR/e l) o BitEE 5272, D78, FCs T2 HI-SCHE C O EW S % FHE
2% EiRE S, B (HY) CTORMBREZTREICT 28RICET Lz, A bLIEE D OFE=R
TORF D%, 7oA 47 I v 7 ZFTT 100 75 LA — L TORERER STV,

BE . AR T 0 AEREPFENTIENWe T T Xy 7 ARERR R O MAR— it &
LRI FEE T FCs DFE A DFRFMIRT: 7 U — B EAIT SRR R EHR &S L £ 7,

1) K. Tseng J. Chem. Soc., 0,1003 (1938).

2) T. Kan et al. Chem. Commun., 47, 2868 (2011), FFiT5 4559531 5

3) H. Kawagishi et al. ChemBioChem, 11, 1373 (2010).

4) T. Kan and H. Kawagishi et al. Angew. Chem. Int. Ed., 53, 1552 (2014).
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Issues and Prospects in Special Peptide Manufacturing — Expectation for PeptiStar Inc.

Keiichi Masuya*
Executive Vice President, PeptiDream Inc.
R&D Executive Officer, PeptiStar Inc.
3-25-23, Tonomachi, Kawasaki-ku, Kawasaki-shi, Kanagawa, 210-0821, Japan

k-masuya@peptidream.com

Existing Fmoc solid phase method is also applicable in the synthesis of special peptides
("non-natural AAs, artificial AAs, N-Me AAs etc, so-called" special AAs "). However, expensive
Fmoc special AAs are used in large excess, which becomes a big problem in scale up.

Recently, several companies have reported the hybrid method using an organic tag instead of the
solid phase method, and the fields of peptide synthesis and production are attracting attention in
the spotlight. PepiStar Inc., which starts production in 2019, has been establishing innovative
manufacturing methods centering on PeptiDream Inc., and has prepared several innovations in
line with the start of operations. In the present lecture, I would like to discuss the future from the

present state of peptide synthesis / production.

NT T REUILE DERA T — /B < (—ROBISZ RN T) | 1963 4RI Merrifield 734
B L. 1970 FERICHENL S AU7 Foe [EFRERBUE B IR b T\ 5, DPEAROEGEIL. HEIG
RSN B BIRFE SN TEB Y AR A RIIHFEIC 2R > TV 5D, AR E i LT, JFEO Fmoce
7R BRMAHI R EEROHTEG TENAY v EBRB D, T ST F ROMRI LS TR
MEMRZ L 2B 2 ERMBNTED . KBEIO Froc 7 /B EMARENLELTETAY v b
»Hb,

Bk ~7F K GERIR, AT 2 /R, N-Me 72 /BRSGARR LT “B5k7T X VBR”) OERIC
BWTH, BEFD Fmoc FAIEITEHAFTRETH 5, L L. @filiZe Fmoc Kok 7 X/ Wk 4 Kl ) 2 i
DT &I, AT —=AT v T ORI KRE REE R D,

BALIXEAREICR D DAY 72 AW TnA 70w MER ELFAENSHE S, (b
F RERR - BEDO ST A2 IR ONTWN D, 2019 EIZRIE L BIIAT A X7 F 2 X —4TlE, <7 F
R U — 2tE % P TR 2 BN 21T - TE TR Y | HEFIRICAE DE TV < OO Hiklh %
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Development of Micro-flow Amide Bond Formation toward Innovation of Peptide Synthesis

Shinichiro Fuse*
Laboratory for Chemistry and Life Science, Institute of Innovative Research, Tokyo Institute of Technology,
4259 Nagatsuta-cho, Midori-ku, Yokohama, Kanagawa 226-8503, Japan
sfuse@res.titech.ac.jp

Biologically active medium sized peptides are particularly valuable for drugs. Therefore, development of
rapid, clean, inexpensive, and scalable synthetic approaches that can be used for coupling of racemizable
and/or sterically hindered amino acids are highly important. We developed micro-flow amide bond formation
based on rapid activation of carboxylic acids and their amidation without severe racemization that only only
emitted CO, and the HCI salt of DIEA. Biologically active 13-mer oligopeptide containing highly
racemizable amino acids was successfully synthesized using our developed approach In addition, we
demonstrated mild and rapid micro-flow synthesis of a-amino acids N-carboxyanhydride that are important

monomers for polypeptides.

RTF FEELITTAEREELORMER Y 27 DIRE LIRS FEIRGOEFE 2 X FOKRS O
DEFEHELDEZZHNTNDLZ LD, ITEREEZROTWD, ZIUEY, KEDORTTF
REfKa 2 N CHHGTE 2 FIEOBRBEMLE I N TV D, AR#IE TIEAT T REROFEFHICmIT T,
Fox DNHUN B ARSI E T ~A 7 a7 0 —iE2RE L CMAICE L TE 27 2 MEEIS
WZDOWNWTIkR 5,

PERDFEAANARITT D7 2 MEIBEIX I VR UV BOFESH2IEE I X 7' (k& [E5EET 2
NERFRELTD, Bex OFIET N LTS, DIVRUBEE RO (<1 8) IEME LT,
T IMEMEI L OOEETT 2 FEGEZIERT 2828 R ET 5, AFETREZED DTV NI
IR OMRERER (<18) Z EMICHEET 20 E NI mThD, 77 Az Ny TGS
PR CITEEIR DIR G RO FILHU B . B L2 2 572 1 BOARIM D UG REH & IEfE L il
THIELEIIARARETHD, —H T, A 71X —2HWDEEHRESIZE Y Z Ol 2 328 AT
RETHD, M1IARTHEY, HAVRVER1 & DIEA @ DMFRIEE b U R A7 2 0D MeCN AR % |
ENENVI VR T EEALT2OEO T FHRI XY —(ZEHEAL, DT 205 THLR R
HIEHAL ST, SV T OEO TFRII 9 —I2, ARSI OWRIKR & KAl 2 D MeCN
WIREHAL, 43 BTT7 I MEGEZRESETHNO YT F K3 2157, KAFEE, K1 T
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FR72 NCA Z@MiE CHRTE 2 FIENRO LN TN D, HERD NCA A kL M % U E{E T
%m0, BEIEMD DI VWERRRTHY | ZOEAED 5K 100 FH O, M—DRHANE
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DB IEME~OWRRE] pH #5i) (280 LRSS OMEAT & AR OEISOS O [BhEE 2 WL L7z,
F o, TR O PGH AR

R ©
2 XD ERMESME T CARE R H-";{Lou. .
FHIEA TS NCA DA . E
WZHRII LTz, B2TOF N

JEMBRT < BB LU vihasgee E—

BAMIpH 2 i

MOIEZ T ERERT 2 E
B & JFURHE L7- NCA O3k =

(0.1 #) »oiEFn (20 °C)
IRE R FEZBRSE L2 D Tk 2

H1n (X2),

5 Uk
1) a) Fuse, S.; Tanabe, N.; Takahashi, T. Chem. Commun. 2011, 47, 12661, b) Fuse, S.; Mifune, Y.; Takahashi,
T. Angew. Chem. Int. Ed. 2014, 53, 851. 2) Fuse, S.; Mifune, Y.; Nakamura, H.; Tanaka, H. Nat. Commun.
2016, 7, 13491, doi:10.1038/ncomms13491. 3) Fuchs, F. Ber. Dtsch. Chem. Ges. 1922, 55, 2943; Farthing,
A. C.J. Chem. Soc. 1950, 3213.
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Process Oriented Olefin Metathesis — Development and Application of Cyclic Alkyl Amino

Ruthenium Complexes

Andrzej Tracz*, Rafal Gawin, Michal Chwalba, Anna Gawin, Krzysztof Skowerski
Apeiron Synthesis S.A.
Dunska 9, 54-427 Wroclaw, Poland

andrzej.tracz@apeiron.synthesis.com

Catalytic transformations enabling carbon-carbon bond formation belong to fundamental set of tools
in modern organic synthesis. As such, Olefin Metathesis (OM) stands out as a powerful and versatile
methodology, ubiquitously used in academia and already validated in industry ranging from pharmaceutical
manufacturing, renewable feedstock modification and polymer production'. This advancement was possible
due to extensive development of N-Heterocyclic Carbene (NHC) ruthenium complexes, derived from Grubbs
11" generation, Hoveyda-Grubbs and indenylidene catalysts.

The state-of-art in olefin metathesis is the application of NHC complexes for the formation of
internal C=C bonds and Cyclic Alkyl Amino Carbene (CAAC) containing ruthenium benzylidenes in the
production of terminal olefins. In the majority of cases NHC-ligated complexes provide low level of
unproductive metathesis cycles, while showing low stability of propagating methylidenes. Such
characteristics determine lack of compatibility of NHC catalysts in Cross Metathesis (CM) of renewable
feedstock sourced methyl oleate with ethylene to produce methyl 9-decenoate (9-DAME) and linear a-
olefins (LAO). Furthermore, low stability of active species narrows applicability of NHC catalysts in
assemblage of industrially important macrocyclic musks and compounds containing nitrile functionality. On
the other hand, the only reported CAAC complexes capable of achieving required TON in ethenolysis® are
non-commercially available and are synthesized in a non-sustainable manner, burden with safety and
processing issues. In addition, CAAC ligated catalysts had been limitedly explored with only few examples
of internal double bond formation.

We have addressed these issues during the development of an alternative synthetic pathway towards
polyamide 11 (PA11) building block which consists two challenging metathesis steps: ethenolysis of
vegetable oil fatty acid esters followed by cross metathesis of 9-DAME with acrylonitrile. As a result, we
have developed a new class of bis-substituted CAAC indenylidene complexes exhibiting unprecedented
versatility. A complex with phenyl group linked to the quaternary carbon and symmetrical diethyl
substitution of the N-aryl ring (UltraCat) exhibited high performance. In the ethenolysis of commercially
available methyl oleate a TON of 88 000 was reached with 3 ppm loading, while at Self Metathesis (SM) of
1-decene over 315000 TON was reported with the use of 1 ppm of UltraCat’. Moreover, bis(CAAC)



complexes are synthesized in six steps from starting materials without process difficulties and may by easily
converted do CAAC-ligated ruthenium benzylidenes.

The next challenging transformation involved CM with acrylonitrile which is known for poisoning
effect on conventional NHC catalysts. Additionally, the highest reported TON was below the limit for
economic feasibility of the discussed process. For this task, a set of CAAC complexes bearing 2-isopropoxy-
S-nitrobenzylidene dissociative ligand was synthesized utilizing a three-step-one-pot method. A structure-
activity relationship study of CM with acrylonitrile distinguished best performing catalyst. After further
optimization, this demanding step was completed with 15 ppm catalyst loading and 38 000 TON*, matching
tight budget for the synthesis of PA11 precursor.

A synergistic effect of methylidene stability and unmatched reactivity makes CAAC-based catalysts
prominent candidates for macrocyclic Ring Closing Metathesis (mRCM) — a pivotal step in synthesis of
several Active Pharmaceutical Ingredients and fragrance molecules. This transformation is demanding due to
high dilution and evolving ethylene. Ethylene reenters a metathetic cycle and increases the rate of
unproductive events contributing to the generation of prone to decomposition methylidenes. Our studies
focused on determining optimal catalyst structure, tailored for the mRCM. A range of catalysts bearing NHC
ligands were compared to the series of CAAC complexes. The most active and selective catalyst allowed the
formation of 16-membered lactone at loadings as low as 10-30 ppm reaching 62000 TON®,

A typical concentration for mRCM reactions equals 5 mM or lower in order to avoid excessive dimer
formation. Such practice demands tedious purification of large volumes of solvents and causes process
difficulties. Further modification of the leading CAAC catalyst for mRCM based on introducing larger
iodide anion ligands to the ruthenium center. This alteration led to suppressed reactivity towards internal
olefins while maintaining sufficient efficiency for transformation of terminal double bonds. Such selectivity
implicated marginal backbiting rate of the formed product and allowed for managing mRCM reactions in

concentration raised up to 100 mM.

[1] Higman C. S., Lummiss J. A. M., Fogg D. E., Angew. Chem. Int. Ed., 2016, 55, 3552.

[2] Marx V. M., Sullivan A. H., Melaimi M., Virgil S. C., Keitz B. K., Weinberger D. S., Bertrand G.,
Grubbs R. H., Angew. Chem. Int. Ed., 2015, 54, 1919.

[3] Gawin R., Kozakiewicz A., Gunka P. A., Dabrowski P., Skowerski K., Angew. Chem. Int. Ed., 2017,
56, 981.

[4] Gawin R., Tracz A., Chwalba M., Kozakiewicz A., Trzaskowski B., Skowerski K., 4ACS Catal., 2017, 7,
5443,
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From Lewis Acid Catalyst to Peptide Synthesis

Hisashi Yamamoto*,
Molecular Catalyst Research Center, Chubu University
1200 Matsumoto, Kasugai, Aichi, Japan

hyamamoto@jisc.chubu.ac.jp

Catalytic peptide synthesis is the long-standing problems for chemical synthesis. One of the most
difficult problems for previous synthesis is that the required activated carboxylic acid which caused 1) the
racemization of the product and 2) the equimolar usage of the activated ester unit results significant amounts
of side products. Generally, Lewis acid catalyst interacts the basic site of molecule and activates another
carbonyl group nearby. This activation process will avoid any racemization path since the coordination of
Lewis acid to the methyl ester may not be attacked by the amide oxygen intramoleculaly. Lewis acid
catalyst can be used various metal alkoxides such as Ta or Nb alkoxides with 1-10 mol% loading. The

proposed process has huge potential for future drug industry.

oA ABRRRBEIT 0 - PNICAFAE T D30 S BOAL L CL I OB 2 @8 34U, B FE
THERERAEMAL TN TE S, AREBIZZDa L7 MIHESE, T E THEL ZRHTRUG
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R RARBLI VAR &R VR E OFEFOKB R L 7o o TR Y 1RO T I FEUG & TR
DK E 72> T,

ZIT, SLICESENRT 2 MERISEFET -0, KigEEZES>= A7 V0T 3 MMufitito



BRICETF LIz, TORER, X o 2Vt L =4 7™ MEN =7 2 MGt cdhHh s 2 L %
BR LT, ZOMRIZESWT, LFOXT T FERRICHkEL L 72,

M. o Ta(OEt)s (1-10 mol%)

o0 OH O toluene, rt, 24 h OH O /@/ o @
_—
K/IKOR K/U\OR * \)LOR K/U\N + \)LN
1:1

H,N 88% yield

pATacat. OH O 2 2
OH O JR\ Ta(OEt);5 (10 mol%) Oh o R
OMe R J\(lLome *HN 7 COMe toluene, R N™ CO.Me
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One-Pot Transformation of Aryl Bromides into 5-Aryltetrazoles and 3-Arylisoxazoles via

Aldoximes.

Kobayashi Eiji*, Hideo Togo
Graduate School of Science, Chiba University
Yayoi-cho 1-33, Inage-ku, Chiba 263-8522, Japan
eiji@chiba-u.jp

Nitrogen-containing heteroaromatics, such as tetrazole and isoxazole, are very important units because they
are contained in many pharmaceuticals and agrochemicals due to a broad range of biological activities. We
developed the transition-metal-free and one-pot transformation of aryl bromides which are inexpensive and
easily available into 5-aryltetrazoles with #n-BuLi, DMF, and diphenylphosphoryl azide, and 3-arylisoxazoles
with n-BuLi, DMF, and Oxone in the presence of alkynes, respectively. Those details will be reported.
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Jta, < DMF & & RadxI 7 2 UORISENOLEERT IV RE S A~FEL, i Y7
=V UBRT Y REDRIGEITWN ST U—T b TV =&, TIF L&D 1,3 B+
FIMBAC S ATV 3T U — A VW — L&k FNFNY Ry OB S%4e7
FHIETHEKRT D Z & 25 L7-(Scheme 1),
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Scheme 1 : Purpose of this research

E3TTEES|

FHEBRRALY O THF ¥AHRIC n-BuLi Z 12 THEL L7222, DMF 2% 5 2 & Txsd
LT NVT b REMERSE LN, Tk Fef T I UEBENHOH-HC) & K.COs
MR HZET, XUV C=NR LR T DHEEBRT IV R A~GFE LT,
B2 7T b T — VERRIZEBWTIEIDPPA & 18- T E V7 1[54.0]-7-7 7 & (DBU)
EERSEIMEAT 22 L CoIET 2 57 V=T 7YV — VB ERN AR 96% T
bz,
Flo, A YT —AAHRICBNTIE, T =RV EKDBEWERFTT VXL
Oxone'Z1EH ¥ 5 Z & T, 13- MMM GZ -T2 3-7 U —vA V¥ —)b
BN B IR 84% T H 7= (Scheme 2), = Z TIX AW N EE 2@ %2 LT\ 5,

N

-
1) n-BulLi (1.2 equiv.) 4) evaporation: N-N
THF (6.0 mL), -50 °C, 0.5 h \ 5) DPPA, DBU N
Ar—Br { ) A Sn-H ) > /"\N‘N
2) DMF (1.2 equiv.), r.t., 1 h toluene (3.0 mL), 110 °C, 15 h Ar H
3) NH,OH-HCI (1.5equiv) tetrazoles
K2CO;3 (1.5 equiv.), r.t., 2 h i DPPA: (PhO),P(=O)N3! 20 examples
-------------------- up to 96% yield
4) evaporation:
5) R—=——R, (1.5 equiv.), N-C
Oxone® (1.5 equiv.) A /Ry
> r
CH;CN :IM HCI: H,0=3:1:2(30 mL) R,
0°Ctort.,1h isoxazoles
o T . 21 examples
1 Oxone™: 2KHS305 Kz 904 KHSO4 up to 84% yield
Scheme 2 : One-pot Synthesis of 5-Aryltetrazoles and 3-Arylisoxazoles
. J
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One-Pot Preparation of Aromatic Amides, 4-Arylthiazoles and 4-Arylimidazoles from

Arenes
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plane_takahiro@chiba-u.jp

Aromatic amides, thiazoles and imidazoles exhibit various pharmacological activities and are important units
contained in many medicines, such as antibacterial drugs, anti-inflammatory drugs, and anticancer drugs. In
general, thiazoles are synthesized through a multi-step process via a-haloketones. Now, we found that aromatic
amides can be synthesized in one pot by reacting iodine, aq. NH3 and a-bromoketones which were obtained
directly by the Friedel-Crafts acylation of arenes with bromoacetyl chloride and AlICl;. Additionaly, we also
found that 4-arylthiazoles and 4-arylimidazoles can be synthesized in one pot by reacting a-bromoketones with

thioamides and amidines, respectively.
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GRBEEFAAMTHLTFT V=N, A IF—VEOEEFERT I i, e 23EEEE 2R
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-7 BETEFNVEZEAL, HINTATVERLT VE=TARRST IVERISSE D Z LX) HFHEE
TIRFBRUYRYy FTERTELZ 2/ LT, &b, AFEEZHWTELLa-TREATF LY
FoAC, FAT I RROT IV VARG SEL L ICEY 4T V=L F TS 4-T Y =LA &
— Vb U UARy FCARRTELZEERAH L, ZTh OO MAERET D,

il

[#5R]
ZLMERRETORE R IR raa A2 ThiE 1st A7 7 @ Friedel-Crafts 73 ALK GIZE D a7



IALHITH E RANCSUSBEITL XIS T 55 EE o -~ b a2 DL o7z,

WIZT INESR DT Ry ME R D GRAFIRFS AT ST fE R L &R o -2 b D a i3 Br $LLI% Cl D
KB EIR TG T DS ERT INEAFHENTE | o, HIROEREMBEOBINBEIED Cl ObDT
WIS ESETE T, Br TRUTIUIRIG LR ToZEMNG, 1st 277 THWAT U BANITEAL a-7 2
BT BFNELT, BONIZEEFE o-7 BEAF NV hAZIVFE ToE=T KEMZT 60CTRIGIEDZE
128D, F— RHRVLBIOGE R CHERIET IR L2 L= (Scheme 1.), F7=, N7 F5ER o
TREAF NV NAZEIR TR AF A TIRERIEHI I LEAEHSELHZ LR BILBUSEITL T 2-7 =
ZNF T VEEREISDZ LI EILTZ(Scheme 2.), E5ICF A TIROMRDOVICRU XTIV % 80°C
(reflux) CYEHESHHZEITED, 2-T7 2= W AIF Y — ViR E 155 Z LIl H L 72 (Scheme 3.),
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Ve \
1) AICI; (1.6 eq.) 12(2.2 eq.) o)
H  BrCH,COCI (1.2 eq.) aq. NH; (5.0 mL) NH
R-@ o o R 2
CH,Cl, (1.6 mL) CH,CN (3.0 mL)
2.0 mmol Temp.,2 h 60°C,5h 24 exam
’ ples
2)H,0 (1.0mL) up to 92% yield
Scheme 1. F&E7IROI VY M A
\_ J
7 \
S
1) AICI; (1.6 eq.) Ry ONH, (1.1 eq) Riv-s
H RyBrCHCOCI (1.2 eq.) K,CO; (4.5 eq.) ' N’>‘R2
<y »
CH,Cl, (1.6 mL) CH,CI, (4.0 mL)
2.0 mmol Temp.,2 h rt,3h 29 examples
2) H,0 (1.0 mL) up to 95% yield
Scheme 2. 4-7)—)LF PV - IO VRY b B
\_ J
7 \
NH
1) AICI; (1.6 eq.) Rz)LNHZ (1.1 eq.) Ri<-NH
H  RyBrCHCOCI(1.2eq)  K.CO, (65 eq) ' R
R—@ > - - R
CH,Cl, (1.6 mL) THF:H,0 (4:1, 5.0 mL)
2.0 mmol 0°Cto rt.,2h 80°C,16h 6 examples
2) H,0 (1.0 mL) up to 91% yield
Scheme 3. 4-7!)— )LV - )LD viRy bE R
\_ J/
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Evaluation of intra- and inter-molecular interactions of amino acid derivatives

in solutions by BC NMR spectroscopy
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It is well known that compounds having polar functional groups, such as a carbonyl group and a
hydroxyl group, can form aggregates by inter- or intramolecular forces such as hydrogen bonding
and dipolar-dipolar interaction in a solution. For measurement of such forces, we recently
reported that the chemical shifts of the carbonyl carbons in 13C NMR have good correlation with the
empirical parameter for solvent polarities, EtN, depending on the structures. In this study, 13C
NMR chemical shifts were monitored for evaluation of the interaction between the carbonyl groups

in amino acid derivatives and various solvents with different polarities.

TR F LIV EETALAMIE, ERTIZBV T, KEREA P AR 72 EICR
DT EERIC L Y SEREZERT 2 ZEMmbN T\, £ T, IVR=VEEZHET H{LE
MINRIET TED L) REBRIEEZ TR L TWAH D% 13C NMR # WAL, ¥ ZhE T,
DFRIZTZ AT NI IVRF NI E DAY (=T AT V) ([ZOWTIE, WMEEL S OKE
ALY, ZATIVEBEO I IVR=VRFED 13C NMR ALY 7 MMES S 7 52 L 285 L
7o 2 ABFFETIE, 73/ H%E Boc ETHR#ELLT 2/ BEFHEARD 13C NMR A7 L& LD 772
LEREFTHIEL, FREFNDO I AR VRFED 13C NMR LS 7 b OZF8) 2 ik L=,

112 MBoc-alanine (1a) D /71 /L R = LR D 13C NMRALF Y 7~ EIREEOMNE & OFBI 2R LT,
FIVIRF T FEER L Boe F2D B /LR =)LV iRFE D 13C NMR (L5 7 M IIEBEORRIEDSHE N3 5 12>
TIRRES > 7 B S 7=, RIS, N-Boc-alanine methyl ester (1b)? 13C NMR {b522 7 kD2
Bais (K2), TOEE, 1b O AT VB IO Boc DO W /VR = VIRFEOZEENL, 1a L1FE
WEEDBRM->T, ZOZ N5, 1laBL O 1b OWTHO I VR = VIS IREORIEN & < 72 5 (12
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Fig. 1. The behaviors of the C NMR chemical shifts of Fig. 2. The behaviors of the C NMR chemical shifts of
V 7k 0) @J % the carbonyl carbons of N-Boc-alanine (1a) the carbonyl carbons of N-Boc-alanine methyl ester (1b)
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Scheme 1. Interaction between the carbonyl group and solvent
% ;ﬁ‘j‘ AT / u)? %Mg 72 5Nz AL (a) N-Boc protected aming acid having nonpelar aliphatic functional group (1a and 1b)
(b} N-Boc Amino acid having a polar functional group (hydroexyl group) (2a and 2b)
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Automated Cooling Crystallization of Paracetamol Using

the ‘Calibration-Free’ Direct Supersaturation Control Method
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Many pharmaceutical and fine chemical compounds are manufactured via cooling crystallization from a
solvent. Obtaining the optimum crystal size is essential to achieve consistent product quality and desired
product performance. During a cooling crystallization the crystal size is governed by the relative rates of
nucleation and growth. These in turn are driven thermodynamically by the level of supersaturation. At high
supersaturation levels, nucleation tends to dominate, giving rise to a preponderance of smaller crystals. At

low supersaturation levels, growth tends to dominate, resulting in fewer but larger crystals.

Typically, a cooling crystallization will proceed by cooling at a constant pre-determined rate over a
predetermined temperature range. While this is quite straightforward from a process control perspective, it
often means that supersaturation levels — and thus the relative rates of nucleation and growth — can vary
during cooling. This can lead to batch-to-batch inconsistency and an undesired crystal size.

This poster describes the use of a ‘calibration-free’!

method where the temperature during a cooling
crystallization is controlled automatically in a water/IPA solvent in order to maintain a constant level of
supersaturation. In this work, a seeded solution of Paracetamol in water/IPA was cooled automatically using
two levels of supersaturation. The cooling was carried out in a OptiMax 1 litter synthesis workstation
together multiple real-time monitoring probes. A Mid IR-ATR (ReactIR 15) system was used to directly
measure the level of Paracetamol in solution - which acted as an input to the reactor temperature set-point
control during cooling. ParticleTrack G400 provided real time measurement of crystal size and crystal
population and a ParticleView V19 in situ imaging probe provided additional insight into particle shape and

particle structure.



Experimental Setup

OpfiMax (1 L)
Precision Synthesis
Workstation

b

ReactiR 15
Real-Time FTIR Analysis

/)

/

==

ParticleView V19
Inline PVM (Particle Vision
and Measurement)

ParticleTrack G400
In situ FBRM Particle
Characterization

iControl
- ’-‘—_'—l.—~~‘=
- .
s ~aJL= ov.
iCIR

iC FBRM

Integrated Software
Approach

Through this method a better understanding, and possibly a shorter process development time, can be realized by

quickly isolating the ideal cooling profile and targeted particle size.

The thermodynamic and kinetic process map derived by this method can be applied to minimize cycle times

ParticleTrack and ParticleView facilitates a detailed understanding of nucleation and growth rate consistency

through tech transfers and scale-up

ReactIR enables automated supersaturation control via single peak height assessment

Using the ‘calibration-free’ method enables scientists to derive optimal cooling / anti-solvent profiles and ensures

product quality is maintained on scale
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Sequential Cross-coupling Reaction Strategy:
(2EAE)-, (2Z,47)-Stereocomplementary Synthesis of Multi-Substituted dienes

Taichi Takemoto*, Yutaro Hanatani, Hidefumi Nakatsuji, Yoo Tanabe
Department of Chemistry, School of Science and Technology, Kwansei Gakuin University
2-1, Gakuen, Sanda, Hyogo 669-1337, Japan
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Consistent with our continuing studies on practical sulfonylation reactions directed for the process
chemistry, we already reported (£)-, (£)-stereocomplementary syntheses of multi-substituted a,p-unsaturated
esters utilizing (£)-, (£)-stereocomplementary enol tosylation of B-ketoesters and a-formylesters, followed
by various stereoretentive cross-coupling reactions. Herein, we have developed (2E4E)-,
(2Z,47)-stereocomplementary syntheses of multi-substituted conjugated dienes with diesters moiety:
sequential stereoretentive Miyaura-Ishiyama borylation of (£)-, (Z)-enol tosylates and Suzuki-Miyaura
cross-coupling. In addition, the present method could be performed in the one-pot procedure
(Miyaura-Ishiyama borylation and Suzuki-Miyaura cross-coupling), which produced various symmetric and

asymmetric conjugated dienes.

W AMEEML, RO EARFESGRTHER, $f~T VT LELTHAHATHS. %<

BEIEN D % —J7, %é%?ﬁ&ib?&“}: ¥ D NLREIRA G RS i?ﬁf}\f‘%é D ezt op-REIFIT
AT IND (E)-(Z)-SEEERI ST LIVERGEDBFE 72 b N EH A RA~DISH 2 #E L T& 7.
IO nEIE LT, SRREFE - LA T FEL, :J;QJEU%WK W Y T T ERMET B SR
BN 2B RREZ RH LIZOT, ZO3MZRET 5.

(1) (B)-@-T/—I+Fo5— FDOMEERER-BLUKRVEILE

CRER RED SV TEMET D2, fIET D (BE)-, (2)-T VT =/Viha BT AT
LA EIRAYC G- 2 7= (Scheme 1). BB —f%M < 156 n  Scheme

OTs Bpin

BT AT SRR VBT AT ML, JRAN T Y v TRy oo (pi':)zalz' ~ ca: D
R2 solvent, reflux R2

—h =L LTRIHARETH Y, AAREKRTREE LT on Bpin

%%?‘2‘4‘:?% 5 . (E)', (D‘T/l/b‘:jl/ﬂ_f = V@IX?/I/@*)JOD R’ \CORMe 24 examples; > " \CORMe

51 - 99%
Retention: Inversion =86 : 14 — >98 : 2



SARHISERI G RIETH 5.

(2) (BE)-, @-ZLT=NKRAVEBIRTILOHR-BEFAY TV TICLEZEMR QEAE)-
QZAZD)-KBE O T O DI ARHEHTHE R

(1) THEOLNT(E)- (2)-T T =/VRa B AT VERW, S8R5l >y 7Y 7 &kiTo7
LTS, AR CIIIE E A ERGRRET Liso T, — HIRBHIKZRINT 5 2 L TR-E
WAy 70 7RO N M EICHEIT L7 scheme 2
(Scheme 2). oTs Bpin Pd(dppb)CI, (5 mol%), oh

ORISR, R e o, S oo IR WO e
UUEy MSICBETR L. Tabb, 2 B o TP 40 (311 75%
BEE DB > 7V 7 RS E KIS X 0 Bthd %71 TH 5 (Scheme 3).

ZORER, BRERER, TRy b, WL s
WZBWTY, (B)-, (2)-TIVr=/)Lhn BT A e
TNEBIOERD (B)-, (2)-—~/— )V T—
NEOSNARREE 7 v A H 7Y > TRHEIT L,
KT DS B (QEAE)-, QZAZ)-# BT Y
1R O FLBT — M 0D i W SEAR R SE RS A RS T RE
TH o7~ (Scheme 4). ALIHFLEHILA T
TV DYIDSARHGER 72 B RIE E W R D,

Enol Tosylate 2

R
MeO,C™
1N COMe

n\® l
P 1
CO,Me Me0,C7 X R

/ org. solv.
Stereoretentive Stereoretentive
SCheme 4 Mivaura-Ishivama Borylation Cross-Couplng
Sequential Approach
OTs OTs
OTs (pin, Bpin R3J\rC02Me R3J§rR MeO,C R* R' R*
Xx_COMe (pin);B; &(CO Me 3 3
1 2 1 2 R R
RJ\I/2 base R f R CO;Me RN Me0,C” XY
R Pd cat. R base, Pd cat. RZ CO,Me RZ CO,Me
—_— -
OTs Bpin 5 examples;
— 86°
RINR R 38-86%  Meo,c R R' R
CO,Me 245:xarr9|;93‘l,/es; CO,Me RH\H\(COZMe MeOZC)YyCOzMe
- ° 2 3 2 3
Retained : Inverted = 86 : 14— >98 : 2 R® R J R® R
Stereoretentive s ive C Coupli
Mivaura-Ishivama Borylation Stereoretentive Cross-Coupling 13 examples;
21-75%
One-pot Approach
OTs Bpin oT oT
1A _CO,Me 1A CO,Me s s
R R A COMe A _R*
R? (pin),By, base, Pd cat R or R base, Pd cat.
pin);B,, 3 8 R4 CO,Me’ ’
OTs Bpin
2
RVXAR RN R?
CO,Me CO,Me

PLE, ARIETRFR - JERR, W O EHR 2,4-368% O 0 OB CRE — MO @ WAL R 5ERY
B THD. ERESRKARY, MERZICR T 28R EIEOGBICFIHTRE & Wiff S s.
1) For an example: de Paolic, M.; Chataigner, I.; Maddaluno, J. Top. Curr. Chem. 2012, 327, 87.
2) a) Org. Lett. 2008, 10, 2131. b) Org Lett. 2009, 11, 4258. c) Synlett 2010, 2087. d) Chem. Eur. J. 2015,

21,5934, e) Org. Biomol. Chem. 2015, 13, 8205. f) Synthesis 2016, 48, 4072. g) ChemistryOpen 2017,
6,73. h) Synform 2017, A38-A42. i) Org. Synth. 2017, 94, 93. References cited therein.
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The Use of a High Surface Area Sodium Dispersion for the Reduction of Aliphatic Esters and Tertiary
Amides
D. Neil Work', Glenn Carroll', Mitsuhiko Izawa’*
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The effectiveness of a high surface area sodium dispersion in the reduction of esters and amides will be
discussed. The material is a non-pyrophoric reagent that can be handled in air. A broad range of aliphatic
ester and tertiary amide substrates were reduced to primary alcohols with good yields. The sodium dispersion

1s much safer and efficient than the traditional Bouveault-Blanc reduction.

FTRITAT 41—V a L
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B BV RES TH D, SbIC, MRBREANZY =277 v 7%, BI/ERHN B O
BB EVIHRLH D,
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SR T M) U LN ERWEZ AT VDIRERITETH D Bouveault-Blane (7 —AR—77 ) &
TCIT A IS TH B3, FHLM: - ZetofEE2z 5, £2, AL TGS ® 5720,
7 IABUMEE D RAET D Z ENMEEE R D,
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T AT WAZ DWW TR Z et L7 3, s FEO B T 90% L b, IKTH 73% 72 -7 7,
A VT 4 ANFEBEEZ TR0 T,

HE1EMZKHT DT PRI U LOEIZ 4.5 FLTHIN, 4 EFBINSTHD Z L EEE
T 5 &, FEEIT 12 5% & TGN STV D,

Na Dispersion

O
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Hexane (73 -98%)

B 3/T I FEORME
TRV TLT 4 A=V a 358 3T I FORETICHAEN TH D, LiAlH, IcfRFEESNDHE
RU RRETCHIOEE, ERIIET I THDIN, T R TLAT f A=V 3 VOBFAIET Lo
—ARGELND, HBEEIGET 28%~95%Th D, HFHEERAFFOLEDOELA. HHER LOEBIL)N
-F, -OMe, —SMe O AT N HEHIEDRFF SN2, —Cl, Br TITHICEZ b o7z,

O Na Dispersion
)J\ 7~ EtOH PN
R™ 'N° —Q(goc = OH

| Hexane (28 - 95%)

SCHER
1) An, J.; Work, D. N.; Kenyon, C.; Procter, D. J. J. Org. Chem., 2014, 79, 6743-6747.
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In Situ Monitoring for Continuous Chemistry
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In situ analytical technologies combined with continuous chemistry development and/or production provides
an instantaneous “view” of the chemistry as it is reacting. The “viewing” aspect of in situmonitoring readily
determines conditions such as steady state of the reaction, formation of undesired intermediates, kinetics, and
so forth that allows scientists to develop continuous chemistry processes faster and with higher product
quality and yield. In addition, due to the in situ nature of this technology, sampling for offline analysis is

eliminated, which also increases overall productivity but also increases safety of the process.

Ozonolysis is a fundamentally important oxidation reaction due to the wide application possibilities it has in
API production'. This is a known technique that selectively oxidizes double bonds to form species such as
hydroxyl groups, aldehydes, ketones, carboxylic acids, etc. Figure 1 shows a generic reaction scheme of an
Ozonolysis oxidation. Unfortunately, Ozonolysis has not been widely adopted at larger batch scale due to the
exothermicity, thermal stability of the Ozonide and Ozone toxicity. However in continuous chemistry, where
the volume of material at any given time is orders of magnitude smaller than batch, these negatives of

Ozonolysis are no longer an issue.

~0 =0
Oy 07 Rearrangement o Quench 0 0
Ri-u;’f"-ng o !J_‘{U SELUILL SULE rJ\ R, —HUEh i 4 'y
[(B3+2] Ri 1 Tl R H Ry H
i

Ozonide

Figure 1. Generic reaction scheme of an Ozone oxidation reaction



In this study, Styrene was chosen as the model 100% O, CORONA 87%0,,3%0,

i . . DISCHARGE
system for this ozonolysis study as it is both UV METHOD

active for HPLC, as well as IR active for React]R™

detection. Initial work was done in conventional
batch mode to understand the reaction kinetics
before proceeding to the continuous processing

stage. In this step, Ozone was generated via the

) ReactiR™ —

Corona Discharge method at an ozone output

flow rate of Ozone of 2L/min (see Figure 2 for the

experimental setup). Figure 2. Experimental setup of bateh mode Ozonolysis of

shyrene using ReactiR™ [n situ analytics

Based on the specifics of the Ozone generator the amount of Ozone produced translates to 37umol/ sec,
which as you will see further becomes the rate limiting step of the oxidation. Figure 3 is a summary of the
batch study understanding the reaction kinetics of the Ozonolysis reaction by profiling the concentration of
the CH band at 780cm-1 by ReactIR™. As can be seen in Figure 3, the styrene begins to undergo immediate
consumption when the Ozone is applied to the reactor and took approximately 23 minutes to be completely
consumed. From this data, the rate of styrene consumption is determined to be 36pumol/sec - which results
with styrene consumption being directly proportional to the Ozone feed rate. Further work was done at
various reaction temperatures and Ozone feed rates to determine whether the conversion is completely

dependent upon the Ozone feed rate and not other factors such as mass transfer.

0 _O) a o
= 0, - DMS .
Q/\ > do > ©)L RN
A0 3mi Shyrene T Sort Ozone Eeneraior
=y r‘rk‘
%
g
E Adg 3mil Styrene l h'I‘
s ~ ‘\.
& L]
|
| \x
4
|
WA A f ey "Paga,
Thirss (e . h
Figure 3. ReactIR™ concentration profile of CH band at 780cm-1
Reference

[1] Ozonolysis Applications in Drug Synthesis.
Van Ornum, Scott G.; Champeau, Robin M.Pariza, Richard. Chemical Reviews (2006), 106(7), 2990-3001.
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Differentially Substituted Olefin Template Strategy for Synthesis
of Tetrasubstituted Alkenes from (E)-1-bromo-2-iodoalkenes

Tetsuo Iwasawa*, Naoki Endo
Department of Materials Chemistry, Ryukoku University
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Efficient regio- and stereoselective synthesis of differentially all-carbon tetrasubstituted olefins still remains a
grand challenge, although their significance lies in medicinal and material chemistry field. Herein we present
an intuitive approach to differentially all-carbon tetrasubstituted olefins from a scaffold of (£)-1-bromo-2-
iodoalkenes. The significant key was the chemo-selective substitution reaction in the scaffold: the iodine atom
of the scaffold selectively undertook CuTC-mediated cross-coupling reactions with organotin reagents, giving
new carbon-carbon bondings. The resultant vinyl bromides were successfully subjected to various
transformations into tetrasubstituted olefins bearing four different carbon-linked groups. The crystallographic
analysis revealed that the configuration of the double bonds is fully retained in those two steps. Thus, the

template strategy would provide a general entry for preparing novel full-substituted alkenes analogues.

Eowiﬁéﬁﬁwﬁ B OB Vo (LU, BFEREMNER T V) 1 &
BRI OH MR B IS B W TEWMIED H 5 1ba e LTHbiLD, L LRNRL, EOME
k;oim@ﬁ%ﬁéﬁiwwfﬁbwl%”T%%#Jﬂofﬁﬁjwﬁﬁwﬁmﬁﬁ7w#/

B LTI, IR RAZIALRF LT 4 U AF T A, HIVR= LA LT 4 AL E W o T
RTFETEASNEHIENES Tidlel, E9 LTHRERIBEMNDELCTLES, TV o70BLIR
WXL Toa 7 r=Vvr 7 b— ] S FEREBINTVWD 2, 2= >O el

THRELBRNTEA LT 7 — Myl LT, IRRIEMRRISIZAT Z & TR ZREF L
T EFRMERBNELRT VT ANHEETHFIETHD, 290V oWRmOL & SFRETI
AR, RERFBWNERT V7 % T2RRIS, BEDPOEWMEIZ] DYV \aT Vr=VT v
T— FEROBICIRVMEATEZ 3, LOLERL, 22 THLNLIE T LY T vry



R REBR S B ST & oD U BN & bIREET D g e A U B
HZoTLEWY, bEBLEDTAFUNIHESTLEI EWV)RBEICEET S *5,

ASRIFE L IX, BESTO—D2THD (BE)-1-7BE2-3— RT LT | ﬁbf%zﬁl/z v
R EH (CuTC) & AR TR WD & RIS TH D g a7 U A RIS S, 2
U RR S EIRICTEE L TCE D 2 e A L, &, 22T %%ﬂt%ﬂ:t %Mb/\%@%
BT OEMAEITH Z & T, RFREBIER T V7 o OBE—EROEEIZKDI LT (Schemel) ©,
RIEDORRKOKRIX, (E)-1-7 0F2-0— 77 v L AHEA X%ﬁ;?é& DI vaAR T TG
23 CuTC OIRMMIZ L > T UEBRICEZ Y, Hona FUBERFEICMH S8 TH D,

1) 1M TMSBr RSnBuj \\ cross-
-78 °C, 5 min | CuTC S coupling
\ e — —_— —  —
\ 2) 0.5 M NIS Br toluene Br

~r,1h 81% (2.45¢g) 90°C  80% (2.10 g)
98:2 2h single isomer

91% (2.63 g)
>96:4

Scheme 1. A stereo-defined synthesis of tetrasubstituted olefin via the (£)-1-bromo-2-iodoalkene.

ZIZTHEULDEAE = NRITIN L OO BRSNS 5 Z & C, I RAEREUELR T V7
UADEHNTRETH D . WIT LD RS O BRI LT F £, kT D Bk FE I E
AT N NTERETH I ENTES (Scheme 2)

metal-
N N
catalyzed \ O \
reactlons S S
Br NC
A/ /
95 % 91% 72% 50%

(iPr)3Si

Sonogashira Rosenmund-von H3C Negishi lithium-halogen
cross-coupling  Braun cyanation cross-coupling exchange

Scheme 2. Syntheses of differentially all-carbon tetrasubstituted olefins.
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An efficient method for the synthesis of (diacetoxyiodo)arene using

sodium hypochlorite pentahydrate

Kazunori Miyamotol*, Ayumi Watanabel, Tomohide Okada 2, Tomotake Asawaz, Masanobu Uchiyamal’3
'Graduate School of Pharmaceutical Sciences, The University of Tokyo, Nippon Light Metal Co., Ltd.
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(Diacetoxyiodo)arene Arl(OAc), 1 is among the most common and synthetically useful reagent in organic
chemistry. The parent (diacetoxyiodo)benzene 1a has enjoyed widespread application as a powerful and
versatile oxidant as well as an excellent platform for the construction of other hypervalent-A*-iodanes."
However, despite their importance, commercially available 1a is still being expensive compared to
parent univalent iodobenzene. We report herein an efficient method for the preparation of 1 using
commercially available reagent, sodium hypochlorite pentahydrate 3. Exposure of iodoarene with 3
in the presence of acetic acid resulted in the rapid formation of 1a in high yields (Table 1, entry 2).

This method enables us to prepare a variety of (diacetoxyiodo)arenes with electron donating- and

withdrawing groups in good to high yields (Table 2).

VTR FFTI— K7 L—2 Arl(OAc), 1 13, =AiOBEFli = 7R bEH O Tl b — KA T,
DOFARRETH D, BTk VEANLRY T M I —FRUE Ly 1a 13, BRZEXF TLE
T 0 BRMENES | BHEGIRN T LD . SRR EREL OB L H S BT B AcO—|—OAc
AHAREFIC BN TRPERVRIEL LTASATHS ) L LARD, N
MRS TN D 1a IFHHOEMITH D Z &% (¥34,000/mol, HF{LEK) . A% @

BTHEMT AT, LIZULITEROBADO D 20, @Rtz AV 5 05 1



WD Lhn, Za, ML OEEREBIEOREN RS EEN TV,

REHFERT MY U NI LM om Ot 2R ORETH Y | ) 4-12% DOKEEE L
THBALZICASFAEISN T DR, FBERAL INHIE 1 28T 2701135 L Tunen,
FERIT, 4% OWHIEHRBET U U LKEREZFRHT T, I — RN BUAER S TH B
2 BELNT, Kb IcHfMioad —Y ¥ 2 (PhIO,) 2AEUTLES (Table I, entry 1)
LA, IHELMIHREND XD R o klEREET NV U ASKMY 3 2ROV ITHW,
FERR H IR CRUSZ FEM LI L 2 A, 10 NRETHERLL 1la MEONDHZ &2/ LK (entry

2) o ARG BRE LIz E 2 A,
Table 1. Synthesis of (diacetoxyiodo)benzene 1a with NaClO-5H,0 3.

WElg 2 3.0 4&EICH U, MeCN & % | AcO—I1—OAc
. _ oxidant (1 eq.)
WiE CHCL, IR TRIGET -T2 —_—
solvent, rt
LBalch, mNETHNY 1a 235 1a
LD ENbh o7~ (entries 3 and entry oxidant time (min) solvent 1ayield (%)2
1 4% NaClO aq. 10 AcOH 0 (90)°
4) . WHHHERE D L A= KFI 2 NaClO5H,03 10 AcOH 91
L 3 3 10 MeCN¢ 88
(HEIHLE) bR TS D 4 3 10 CH,CI,° 87
5 Ca(Cl0),-3H,09 30 AcOH 73

L EIRPEDME L BUS OB IE S
itz (entry 5) o

ARIDEFAFITHE % OB A EHRETH VD . B Ry IMEE#RE, EFitEEERLNT
EROLADRIRIGETHNY 1 ZEOND Z ENbhol (Table 2) , B, FEANES
RIA—=FT L= EANDZ LB ARETH D, WM FRITIEC LD BUSHAEMAT Tlx, ROSIEVERE
VI3 2 Yk R

2 |solated yields. ? Yield of PhlO, 2. ° AcOH (3 eq.) was added. 9 0.6 eq.

Table 2. Synthesis of 1 with iodoarene and 3.2

BEDOHLDOTH DA - 3(1eq) ) ?Ac

o r— r—
REMED I RIR E T, R AcOH, rt, 10 min OAc

1
SR O W E
EP T ﬁ = iﬁ 0 AcO—1—0Ac AcO—1—0Ac AcO—I1—0Ac AcO—I—0Ac AcO—I1—0Ac
TIFERELTE D © ij;[F Mo Me
S A )N F F

T LMD EWFIE o, I T e
TH 5, 76% 87%P 100% 75% 66%

2|solated yields. ?NaCIO-5H,0 (2 eq.) was used.
Reference

1) V. V. Zhdankin, P. J. Stang, Chem. Rev. 2008, 108, 5299-5358.
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New preparations of Vilsmeier reagent and dichloromethyl alkyl ethers,

and their applications to regioselective formylations of 1H-pyrrole-2-carboxylate

Takuya Warashina'*, Daisuke Matsuura', Yoshikazu Kimura', Tetsuya Sengoku?,
Masaki Takahashi®, Hidemi Yoda®
"R&D, Tharanikkei Chemical Industry Co., LTD. 5700-1 Kambara, Shimizu-ku, Shizuoka 421-3203 Japan
* Department of Applied Chemistry, Faculty of Engineering, Shizuoka University, 3-5-1 Johoku, Naka-ku,
Hamamatsu 432-8561, Japan
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We have developed a new preparation of the crystalline Vilsmeier reagent from DMF with phthaloyl
dichloride. New preparation methods of dichloromethyl alkyl ethers have also been developed by the
reaction of alkyl formates (C1~C4) and oxalyl chloride in the presence of catalytic amount of
N-methylformanilide. The formylation of aromatic compounds has been examined systematically by the use

of these reagents, leading to the regioselective formylations of 1H-pyrrole-2-carboxylate.

FEBLE ORER 2B I LAl TH 5 Vilsmeier-Haack 83 (VR) &7 A F /L AT
T —T )b (2a) #REGHRIZHAT HIFENZENCHRER H D, VR ZHW 554, @% NN-
PAFNVRNLET 2R (DMF) EAF ALY X 0ERRIL, BB S Z &< in sih TIT O A
U VBEKDWEEDBRNEETH 5 5 2 UGS OPLEESEFPEN BAF & 72 B0, —F, 2a DA, FARLCHEH
PEDEWPCls ETIIR AT 2T 5 2 L2z, JFEIO X 2 F /L (1a) 23 b.p.32°C, fp.-20
°C ThDA, FERBI KIS T D, BATINOOMEEZ 7 VT LIHiHoOGRiELZBE L, W
I H - 1H- B0 — L2- VIR VR AT )L ~DOALEERA 72 RV L bz Eil LT,

COcCl :
& s :
COCI H

1
N (0]
Me : Me” ’f o
N\ in 1,4-dioxane @\ . H ¢} (COCl),, (10 mol %) Cl
me” = me e g ! JL H > A
€ H R R
N o & C|e v H” O cl (0)

DMEF VR . 1 R = a: Me, b: Et, c: n-Pr, d: n-Bu 2
o}
[0} .
Scheme 1. Preparetion of VR from DMF and OPC : Scheme 2. Preparetion of dichloromethyl alkyl ethers



1. VR #id O FHL Gl 1k Y

BexlZ7 s vl R (OPC) iR LAl L 9% VR AEih OFRIEE 2 B%E L2 (Scheme 1),
BT DK 7 2 VERITEIEZIRNE S v, AT o852 AT 5 DA T VR fida 2 B+ 5 2 &
WT&ETe, TSk VU Pkotans ) =BG 2 L, S bICHEE L2 VR IIE
EORERCHEMNTE 2%, (EERMEOHIME O WRENE IR > 7,

2. V7 uuAFNLTIAFNLT—F )L (2) OEEEHHRARIEDBE 2
Fx IR D N-AF ARV LT =Y RIFIET, FREXHBT7 VXL (la~ld) EH{bA %3 U v
EHRAWD 2 OfERAREZBISE LT (Scheme 2), AEIL, fERMEN DR HEEDOT VX VA
BT 52EREICHAKTE D,

3.1H-E' 0 —)V2- VIR AR ATV (3) IS DA EEINA AL 2 LAl
VR & 2a2d D REICATFRGEL o224 . 2L DR Table 1. Formylation ofpyrrole carboxylates.

H
VI ALREEET LT2 (Table 1), 3a (C VR ffdh & {FH & m JT\,)—<\ HC\@)—{)R
OHC ©

5L SAARL VIR (5a) ANEIRAVICHS B L=, DMF

3 R=a:Et,b:Me 5
EPOCLZHWADY A . 4a L 5a NES D Z EMNEE I VR 4a (ND) 5a (89%)
. 2d, AICI, 4a (94%) 5a (ND)
TI/\ 3) #ji A1C13 TY_“F 2d é’ﬁﬁi\éﬂ‘é k 4 ’LLT]:/I/ ''''' V ';'c."""'"""';l;;;\]'];)' """""""""" .5b(.8-9‘V.).
UK (4a) DEIRIZHE OGN, 2a ZHWDHEIRE) 4a 280 4000 ?P.flf?;....
) a (46% 3
DERIEAREA Y 105,20 £ BRI L 220 OTI00 g, seo

CIRBRDIL  BIRHED 5 B 1D DI H L, Goineiyiao

4. 2a~2d DRIV I ALREDREIE

Table 2. Formylation of aromatic compounds.

FEHHO 2d 28 2a LRBROKSHZRT Z E 2P 50 jLR
E LD, FERERICYTEEDLHLOTIERY, 22 g (2w H
T BRWARERE BRI DL ERELE ) i >>{jﬁ%
(Table 2). TN BARR U 20 DBV AL X =F, H, Me dRriCaHIZ\EZLHIJEtW X =F, H, Me
1T L7223, 2b~2d Tld4: < SOSIFERT 8 FORHEL T & S
STz, RUB U TIERMICR D EMfIC R AT AT e e e — —
ROUEAME T Lz, MV 0TI RISAIETT a0 el TR
L2, N URREOEFEENHIX 2¢ 0 2d 23MEH Toluene  100%(47/53) B2%(44/56) 92%(44/56) 69%(30/70)
TRE L HEZR T B, *GC%(olp ratio)

Lk, Bex I RKREASRKATHEZ: Vilsmeier i3 E U7 mo XA F LT )LF )L —T )L O FHARKIES
BRI L. 2000 &fd O NLEBRINA AL JUEDBRFICE LTc, £7o. 26 ORED FFHE ARV

IIHARIZONWTE L O R E&T-,

2a 2b 2c 2d

Ref. 1) (a) Kimura, Y.; Matsuura, D.; Hanawa, T.; Kobayashi, T. Tetrahedron Lett. 2012, 53, 1116; (b)
Kimura, Y.; Matsuura, D. Inter. J. Org. Chem. 2013, 3 (34), 1. 2) Kimura, Y.; Warashina, T. Tetrahedron Lett.
2017, 58, 4598. 3) Psarra, V.; Fousteris, M. A.; Hennig, L.; Bantzi, M.; Giannis, A.; Nikolaropoulos, S. S.
Tetrahedron 2016, 72, 2376. 4) Garrido, D. O. A.; Frydman, B. J. Org. Chem. 1988, 53, 403.
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Highly Active Ruthenium Catalyst for Ring Hydrogenation

Yoshiyuki Wada*, Tomoteru Mizusaki, Akira Komatsu, Hiroyasu Suzuka, Shinji Ueno, Yukio Takagi
Catalysts Development Center, Chemical Catalysts R&D Dept.,
N.E. CHEMCAT Corporation/ Numazu Plant
678, Ipponmatsu, Numazu, Shizuoka, 410-0314, Japan
yoshiyuki.wada@ne-chemcat.co.jp

The hydrogenation of substituted aromatic rings using heterogeneous catalysts is an important transformation
in synthetic organic chemistry. The ring hydrogenation reactions often require harsh conditions, such as high
reaction temperature and hydrogen pressure due to the stability of aromatic rings. Therefore, the
development of a highly active catalyst which can be used under mild conditions is eagerly desired. As it was
found that the catalyst activity becomes higher along with the increase in Ru(0)/RuOx ratio on ruthenium on
alumina catalyst, the new catalyst “HYAc-5E S-Type” was prepared under the optimized condition to
maximize the Ru(0) content. This catalyst efficiently catalyzes the ring hydrogenation of various substrates

under mild conditions, hence it is industrially useful from the viewpoint of cost and environmental load.

FEBROEKZRONT, BRI KFZEOREICHEHATHY . EXEPFEEROAKEZIZLD
ke 2B CRIFH SN CW5, Rh, Ru, Pt, Pd 2 FASKDOEBR 27 V), U, I—R
YR EOHRICE S HICHEF LAY — R AN, AEIZ X0 RISRFPNOESICRETE,
M0 3= LAE 23 /I RE T dd 2 7280 TR b A MIE A 5 < . BKFEHIRIZIZ Rh ° Ru 2 485F L7
i AMEH S 415, BEFETH B%Ru 7L R (TEkdn) A BLEL & U CHRGE L TV s, Bk
EEOE TIEmiIR, RARIEZ BT HGAOMBEN L EICHLE L R DEANE L, &ibE - 2 A b
[ CARRE & 72 D72, R PEO [ EAERE STz, s LIk ik, fiiiRils s o = —
=2 7T 5 2 THIA Ru 7L 2 R R HYAc—-5E S-Type A BA%E L. AR el 520 72 S
T TR FEREZKFNT L EEZ AT LIZOTHET 2,

e lx, ABUGOTEMEY A FTHD Ruki +EEHOMHEEICHFH L, FaBitairo7-, XL ET
Gyt (XPS) \Z K D FRHT OFE SR, TER S TR %o Ru 1 0 ffi Ru & LT 41%, B2{k# (RuOx)
ELTH8%E., U ENBRIEHE LTHEELTWDZ ERHLNE T2,

Z 2T, MEEREEDOTF 2 —= 72 KD | kx 72 Ru(0)F (AT O4 RuFED 5 5 0 1ifi Ru @
BE) ZATHH T AEREL, V7 2= A X1 OBKFLSICEAT S Z 8 & Lz, K



FJE 0.2 MPa, SJGIEE 50°C & W RS TR ZE T8 2 A, Ru(0) R ER L &4 iTis
LR L Ru(0) R 78%LL FECITHFFRMNERICKBILENTZV 7 a2 20 3 8EIE
EEMIcE LT,

H; (0.2 MPa)
5% Ru-Al,0; powder

(0 4 mol%)
O O IPA, 50 °C 2h

1

entry Rugi.;;:;ox ) yiel2d (%)* .
1 16/83 56 35 9
2 35/65 32 45 23
3 43 /57 26 44 30
4 63 /37 15 40 45
5 78122 1 1 98

* calculated by peak areas obtained from GC

INHOANG, Ru(0) BRREKRERD L OPFMEELT 2 —=0 79252 & T, ¥l 5%Ru 7 /v
2K THYAC-5E S-Type | % BR%E L7-, AT, 60°CLL T, 0.6MPa LA &\ 9 bRl IFR RN 722 55
TEFKEBEEST R B2 ST LA L THIEdd & Helig Uaha X < SOt Uz, AR EiE .,
BIEDOKIEGMEZLELET, VT 7 ¥ —Ofilf7e < HTX 5 s CLEMICRRMmES &< . &
7o P EARECCRONRFRAMEIC L W . X b, BEAMOKBIC L HFET 2 Z enliffsn D,

H, (0.6 MPa) - "
HYAc-5E S-Type cat. yield (%)
(1 0 mol%) 5
0 -
IPA, 60 oc 1h 5%Ru-Al,05 powder (ref.) 73
HYAc-5E S-Type 100
4
H, (0.6 MPa) o
HYAc-5E S-Type " " ot yield (%)
(2 0 mol%) N N . 6 7 8
+
0 -
©/ \© — ©/ U O/ \O 5%Ru-Al,0; powder (ref.) 20 32 48
HYAc-5E S-Type 2 13 85
7 8

* calculated by peak areas obtained from GC
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Development of a Novel Catalytic Direct Synthetic Method of N-Unprotected Ketimines

Yuta Kondo*, Kazuhiro Morisaki, Yoshinobu Hirazawa, Hiroyuki Morimoto, Takashi Ohshima
Graduate School of Pharmaceutical Sciences, Kyushu University
Maidashi 3-1-1, Higashi-ku, Fukuoka, 812-8582, Japan
ohshima@phar.kyushu-u.ac.jp

N-Unprotected ketimines are useful compounds and intermediates for the synthesis of various
pharmaceutical and biologically active amines and amino acids. Herein we report a new catalytic method of
synthesizing N-unprotected ketimines. The use of bis(trimethylsilyl)amine as a nitrogen source and scandium
(IID) triflate as a catalyst is key to effectively promoting the reaction even in a multigram scale and with
much broader functional group tolerance than conventional synthetic methods. Application to the one-pot

synthesis of valuable compounds via N-unprotected ketimines is also demonstrated.

I KT B REAINEOGIE, RIS E DA RGE T L TH AR NERIRES
BT I VHEHEDROICARATRERA A2 THEO—2ThH D, Berld, EF LEEErFI U 2HD
ToWEHAR BB A IERIRT X BB ORI BB AR L C&E 2 |, ZORGTIE, &% E
ICRERE AT 5 s F IV BV AICUAE R D RE TRA KD 2 & 70| R
Ri#T X VA AR TE D20, BREFAMEICENRT-GETH S (Scheme 1), LAvL, MG
BHLiebaER EREES T I U208 ODOERIE., Grignard 33K 72 & O g HAMREK 2 V5 ik
2, aza-Wittig SO 7 EBRER SRR AR &2 REICA U D Tk 3, B RMICAR R 22 6 2 1T &
HHEORED NH; 2L T5FEREEAZANWD Z ENLETH Y | HREEI OB B R
DO T Z L TWe, LEOERNDL, 2o ORMBEE R iEeE R LIRE S T I 08
HA IR E A BEORT 2 BHE L TRet 2k 27 o7,

Scheme 1. Traditional Methods of Synthesizing N-Unprotected Ketimines and Nucleophilic Addition
to N-Unprotected Ketimines

R1//N +  R2MgBr then MeOH
strong base
+H

H H. _H
O N + \NU R1 )N\
+ PhsP=NH .
R1JJ\R2 ? - PhsP=0 R1JJ\R2 catalyst R Nu
N-unprotected N-unprotected
JOJ\ + NH; high temperature ketimines amines
R OR2 excess high pressure
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~ J\H

U7 Iy (TMSNH) 2 V2 Z & T, il i‘+ TMSANH mgﬁﬁ%w‘ 1

BORN) TLFO AL ZNKR AT DT RTOR Cequiv)  M90°C R! “R?
(1.1-2.0 equiv)  _tus,0 >17 examples
LD AHET, AFREG T b FrbERE . oM N~H
- —ra A L) 7 - "\H )

LR T L % B IR S 2 BT Al B0 B B2 J\ /i Me

A A W B = LITHREI L7 ¢ (Scheme 2), Ph” Ph P “CF, Ve N

. o . . N o vi o/ vi H
ABSEERD D 100CAMORE TlEfF L, 9O%veld Ba%yeld oo 6 91% yield
B 72 T O R R M DB A L e e

H
NJ‘
Lig, B Fefvdh BARFvik ~el CozHMe Me
L BTMEMETHS A PR, TR N o cour

MIETH D ) T 0 A FAIER Ok 7R 8% yield 9% yield
REENHEAATRECTH 0 . BREELFHICHLENZETH D, BT, = AT LVESBIEERIETH
DIV VA b DM T X U, HRHEMED Grignard FRER A W D 0ERIE TIZA B K EEC
HY, RFEEHNDZ LIZE > THIO TEIETERRT D Z ENA[EL e o7z,

Flo. REISIZAT—NVT v TNREGTHY, 100 mL 7T A3 TYIVF T T AR —)LDEFR
LTI U OERICH B LTz (Scheme 3), VIV F T T AR — )VORIGETIZE D D720
ﬁﬂﬁifﬁfﬁﬁi}imﬁf@ﬁk LTEY, @%ﬁfﬁﬁ Scheme 3. Multigram-Scale Synthesis

MIIBMERBETE I > T2, o yH
. - . . N )J\ v TMSNH Sc(OTf)3 (0.2 mol%) )J\
E-factor 73 1.2 LIEHDT 7 A 7 INNVE o N 2 neat Ph” “Ph
ﬁi (5_50) L:tt,\\‘—(;’gﬁ»w_d\ é < . f)%ij%%}ﬁﬂ] (50 mmol) (1.1 equiv) 90 °C, 24 h 85% vyield
(purified by distillation)
MICENTFIETH S, E-factor = 1.2

BT, KFEOHERY THLIAFHAF LI axH L (TMS0) INEEE TR D a7 588
LIZK WEWIRIEEENL, TRy FER~DISH bR LTz, TR, HEET 2 /g
BRRSOIREE L U CEEAR T U v Schiff i ko U R NER AR L7- (Scheme 4)

Scheme 4. One-Pot Synthesis of Glycine Schiff Base

H (e}
o) N*" 4
Sc(OTf)3 (5.0 mol% GlyO'BuHCI
)J\ " TMSZNH ( )3 ( °) |: )J\ y PhYN\)J\OtBU
Ph Ph Ph Ph | one-pot reaction Ph
+TMS,0 82% vyield (2 steps)
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NHC/Pd Catalyzed Cross-Coupling Reactions of Nitroarenes

Myuto Kashihara*, Kazuhiko Semba, Yoshiaki Nakao
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Nitroarenes are useful starting materials in organic synthesis because they are not only readily accessible but
also easily functionalized via SxAr/SeAr/VNS and/or C-H functionalization reactions in a site-selective
manner. Thus, direct transformations of a nitro group on aromatic rings give efficient pathways to
poly-functionalized arenes. Our group has previously reported the Pd-catalyzed Suzuki—Miyaura coupling of
nitroarenes. However, the Pd/BrettPhos system reported then was not efficient enough, requiring at least 5.0
mol% of the catalysts to obtain the products in a reasonable yield. Here, we report N-heterocyclic carbene

(NHC) ligand L1 is much more efficient than BrettPhos for the cross-coupling of nitroarenes.

FHER= N b EMTLMTAFRL TH Y, FERRE,SREFEBLOSSCH D U REZE
B, C-H BREFACUS 72 812 & o THEESRIAY B o8k & 1B T X 5 - O ARG b E Iz VT
BRRENT 407 7my 7 Thd, LPLEEREO= M E2RYRE, OB~ L EH
FTHIFEE, = brioiEx, U7 MR I n A D v T Y LT KIGERT v R A YKk &
WoleZ BT o ARHWLR TS (K1), LEdos THER= F2{btEWOEEN 27 1
Ay TV TE, ATy T RORT hAhxza ) I —IEBEN-SERTEROAKTIEE 525, €
@io@ﬁﬁﬁifﬁ#é%@@ Ao b ESEBEICHIRR H Y, K0 — a7 FiEn
KOLITW =, !

V02 direct cross-coupling of nitroarenes X
RT = R
=
v readily available v step-economical
v easily modifiable v atom-economical
reduction . cross-couplin,
l X multi-step process Sandmeyer rgacgion
( A NH; diazotization A NoX
R4 R+
¥ Z

1. FHROLERF



& 1 X LARETIZ, /\"?V‘?»’Aﬁiﬁ% LD HERE= k&M OBR—E/] T > 7V 7,
Buchwald-Hartwig 7 X /b, Expii= Fefbsz e zhimE L g (M2, 1 —3),
D INH ORI, iﬁfﬁﬂfi%k L T BrettPhos W\ 5 Z &I12L Y, ZHAUE TITHEFI DR
r—NOz i OBRACEIT N2 8 CTHEATT 5, AFEITEEEMHEHAIA, EIRBAIZZEZ D Z
TRV HE 2 OGS FIREIC /2 5 & I S 15 45 “Cﬂﬂﬁf%@}im ATt C?SUO Ll
7‘£75> 537 ¥ 7 I /BrettPhos ﬁEﬁKOD@ MEDS 53 TR eI, RIFRINRA/R D - OIIIRETSH
5 mol% DA &N LB TH VD, FEHMEIZITZZ LroTz,

Ho).5~(D) (j@
— R—,/

NO o)

A 2 cat. Pd/BrettPhos H-‘!l:!:B ,

RL > R \ (2) |MeQ Cy,P—Pd-N Lo
F = Pr;

HO)? {)ﬁ MeO

. FEITHR

X =5 mol% catalyst loading

& T CH 2 TR E O A BRE L, Bric 2 AR OB MATE, EOREE, L1 DX 5k
HHEATDN-~T VA7 7 > (NHC) BNLF723, Ar-NO, A OIEMALICIET (25D
ROUTHLHZ EERDT T, B F L1 EZHWD E, NTV T AEEZ 1mol%E TH U THRIGH R
TS (4),

l\llles
NO: 1 mol% Pd/ligand Ph N7"'
/©/ + Ph—B(OH), 8t 1 mol% Pdligan O @i\ Pr
MeO MeO \ / iPr
w/L1:60% | ipr
w/ BrettPhos: 7% ! L1
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Oxidative C-N bond formation reaction of phenols with phenothiazines
using hypervalent iodine(Ill ) reagent
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" College of Pharmaceutical Sciences, Ritsumeikan University
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?Research Organization of Science and Technology, Ritsumeikan University

The phenol skeletons are important fragments found in a wide range of organic compounds, such as natural
products, pharmaceuticals, and optoelectric materials. Therefore, the development of new phenol coupling
reactions is an important research subject in organic synthesis. We have recently developed the oxidative
bond formatting reaction to phenols that successfully proceed using hypervalent iodine(III) reagents, such as
phenyliodine diacetate (PIDA) and phenyliodidine bis(trifluoroacetate) (PIFA). In this study, we present the

oxidative C-N bond forming reaction as a new development of the cross-coupling reaction of phenols.

7 x )= /VHOBLROSIZ AR o, EIEERBOEGRIZENTHAHRFIETH
Do RIPTH, BT =/ —VEHOBILE T v 7 ) > ZROSE, AN L BERIERETH
Do TNETICHAITT = /7 — VT T 2R SIS & LT, SREEMEDME < SRt 72
1,1,1, 3,3, 3-hexafluoro—2-propanol [ (CF,),CHOH]7Zz XD 7 )4 a 7 ) a— L 3 DR 7
I ELAITH D phenyliodine diacetate (PIDA) X° phenyliodidne bis(trifluoroacetate)
(PIFM) N2 7 =/ —VEOBLRIEN TR RS ETT2 225, ¥ Zhb oG
AEIEPERR OB RIIEA LTS, 2 —FHBIE 3 v RKEHIZ AWz 7 = 7 — VRO
FHEAIRT — R ARSI OWTORETH D OO, By 7V T ROGIZOWTIRIE L

Jo EHE ST R Do T, e
SOk AR AR A R[:I§ .

= e
. H |
N ° 1] 4 N OH (@]
B.om2AHy 7Y 7R R1—©/ . ©:N®R2 Hypervalent lodine(lll) Reagent Q\OH
DFEARME LT AT A O
GRSEAEROTET =/ sonemen X7
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ITolom, EFXIZEAEBLNRNoTc, EBLITHRFILIZEZ A, Y Z7ar A2 h gIRka
U FROGH & W TS EAT 9

&L WERESHIO N 71 2
% o A )} /7 {$75§ 48 Eﬂé L UOH ©: j@ lodine(lll) Reagent (1 equiv.)

CH,CI

Wbmote, Bl 3 RS Short (Ifrj
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& LTHBRIC v u @& s
R
BL7-boxE WD LRI lodine(lll) Reagent ; PIDA; 74% PIFA; 66% ge R' = H; 849
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. NN ABXs
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Scheme 2

S 517~ (Scheme 2),
WICEE RO T, BEOHAEICOWTHREI LI E 2 A, HirRE# 7 = 7 —/LVFEIZEB
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TEPRF ST, AV MLIZE R

Pz
KEfTSD 26-VA L 7= Cj“ (jiij (1 oquivy RﬁJ

CHQC|2

N
=L TR, USSR T =/ —/1/7k 1 sau) 5h,rt @[ ]©
S

L A (VAN G A 3 U

o 7x ) FTUVEICE LTI, Ot para o OMe
ErRkBETHD Y 7t MO Bu Meo BT Meo one o
2T NI A DT b R < %:w % or Do,
PN PN e N\
REIHEAT LT, AR, B8 4 - LT
G SR % FA N 22 WV ERE 22 C-N 74% 66% 56% 60%
Scheme 3
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Amide formation reactions using latent base solvent, N,N-dimethylacetamide

Rikuto Otsuka*, Tomohiko Ohwada, Kazuo Maruhashi
Graduate School of Pharmaceutical Sciences, The University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
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We revealed that N,N-dimethylacetamide (DMAC) works as a latent Brensted basic solvent. We also
showed that other solvents such as urea-based solvents also work similarly. Although the basicity of these
solvents is very weak, it can neutralize hydrogen chloride generated from the reaction of amine and acid
chloride in the course of amide formation. This feature enables the reaction to undergo almost completely
without adding other bases. Various kinds of amides were obtained in high yield and in high purity by a
simple reaction of amines and acid chlorides in DMAC. Under these reaction conditions, aromatic amines
react with acid chlorides faster than aliphatic amines. This characteristic can lead to selective acylation

reaction of an aromatic amine even in the coexistence of an aliphatic amine.

/a4 RETIVNOT I NEEEZHKT 2 KNIEARKIED 1 > TH 5, B, KISDH
BCART LN AKFZEELZTRTHDICHEEEZMADLERH LB, NN-VAFALTEX IR
(DMAC) DT X RRIEBEZ W5 LR Z N2 72 < TH IEBHEITT D SISHI OWME R 8 5, AT
Z2CIX DMAC ZE DRI IEF IZHWEEETH A IZE 00 bbb T, o/ u T4 RET I U ORIRIC
BWCTT LU ATy RERERE LTRICEZETSED Z L2 MEE LT,

EEOT IVEMBInTA Rey7un A2 RTINS ED &, 7 I R RIS T L
T-H S CRUSAMELIET 5 (Table 1, runl BE Y run2), Z iUk, S CTHE UK ENILEDO T
YETH N ALT LN TH D, Lo, DVAC 23R E L THWD & SR Z Nz 5 2 L 72 <
FOSPEIEEEINEITT D, DIAC ZIABEE LCTIHAL, YZra A X oz Einzs e, Y4
BIRFINCSOSDNEITT 5 2 £ 205 (run3, 4, 5, Table 1) . DMAC IRIAEEE L T2 Tl/al, 7L v
ATy R L L TCOMELFF>Z L A IR LTz,



Table 1 Amide formation in the presence of DMAC

O
" S e W
Cl
~o Cl 23°C - H
O
Reaction TLC Isolated A 8
Run Solvent Additive
time sketch Yield [t o
1 CH,CL no addition 2 hrs A 49 %
2 CH,CL, no addition 17 hrs A 45 % E0m - | @ ®
3 CH:Cl, DMAC (0.5 eq) 17 hrs A 55 %
4 CH,CL DMAC (1 eq) 17 hrs A 70 %
5 CH,CL DMAC (2 eq) 17 hrs B 82 % 7R - | @
~ — - . o - -|- -
6 DMAC no addition 2 hrs B 85 %

— IR ERETT AT AT I LI v T A Ra& DMAC 2t L LTt Sz e 2
67 RARR DN E VIR TR LN, EHICEL OBE . UGS T LIZBICRGSA STk (&
VR 2Nz 5 2 & THEOBWARD B ILE & LTz, B E <ol 7 A TAKRT %
MENEND T, ZOWEIIFHIAr—VT v THERICED THRAZRMEETH 5,

DMAC LIAMZ MR L2 LT ROBE (FIZIE NN - AF AT e L U RE) 2l
A THINTHEREZ A2 D 2 & 722 < SR HEIT L7z,

DMAC Z It & U 7o SOSIZIB W T SREEPEDO R WIEMIET X K0 & REMEMERNT =V S EDJ5
BT I DIFONHES B n 74 RERINTHEVWI FERDLoTo, Ziud, HEMEORWEE
BT 2O NAETTHEAKBICL > TF e hAab Sz <, 774 RERISREZR 7 v K
MESHTWRNT I UV OFEEREWLLTH D, ZOMWEIL, NIRRT X 7 R L 5
TR EELOEBICHFERT X ORI T ISR TE 5, BRT 2 ) KL FERT
S HENAFT L EE A DMAC IZIAEN L, N LA aligE Nz -0 bIZBEs e T4 RENzb
ZET, BT I MEBFEBL L (TR,

W Mok @

94 % 0 % (not detected)

Reference
1) Otsuka, R.; Maruhashi, K.; Ohwada, T., Synthesis 2018, 50(10), 2041-2057.
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Continuous process development using Micro Flow Reactor

Toshiyuki Kawanabe*, Shinichi Furusato
Production Technology Dept., Minamata, JNC corporation
1-1, Noguchi-cho, Minamata, Kumamoto, 867-8501, Japan

t.kawanabe@jnc-corp.co.jp

Micro flow reactor is a reaction device, in which a micro space can be used as a reaction field. The
characteristics of micro flow reactor include high mixing efficiency, high heat transfer efficiency, and precise
residence time control. Thus, applying this device to product manufacturing process, various advantages can
be expected compared to conventional batch process. Herein, we have applied this device to a manufacturing
process of raw material for electric industry combining with Coflore® ACR technology. As a result, we have
succeeded in replacing a multiple step batch process with one seamless process which involve a simplified

cooling unit. This result could lead to the reduction of the production cost and efficiency.

1. &5
INC (BR) 13 &AL S O L& Tk 2 B E S Z R LTV D, b ofbiE0zh# (a2 X5 %,
REzHEDIT~vA 77— T 7 Z—0MF.R ZANT=2R kit 5 LT X7,

L EIOFFETIE, BFHEERIORLE TRO—DThH 5 2-7TBE-T-A hFF 72 L DRV
I TRRIZM R 28, 2k a2l hle, B, RRISZ /Ny FT1T 2 BRIE. BIAERD O RIA
2T 5%, S0 CREDMIKIRGHENLETH D, £ CARLIERICME R Z@H L, skE
AT Z & T BIAEBYORIAEZISIL . BUKIESRFOBEMEIT o7, AU LV LGOS & 72
D155 MHEEAE O A I - 7o, F IR TRE (Fhi, R TR O —E) 1T Coflore® ACR(AM
Technology #H8Y) 2 H L. SO TRE~TR AL TR £ Cof LA TRE D MRG 2 1T - 72,

EQ(/ (=t

AN

Micro Flow Reactor (M.F.R.) Coflore®ACR*

GEF TR |




2. M.F.R. & Coflore® ACR

MF.R X, lmm AIEORKEZAE T HIFY—, Fa—T 2B/ TT7re— G ATHRCEED
FETH D, BUNERITROGCZTTO ZEI2X 0 ®mIBEARIER, BnB e, R 2R ] 23 vl 6e
Thh, ZORMEEZFHTHZ LT, xR PWIFTE S,

Coflore® ACR IX AM Technology D 7 o — K IndEE Th 5, AEEIL, M= FMET M
WZEEIT 5 2 & T, BN ORI DRSS I T 5, ZOFREICED AT U —FR~D
KRR, = b (RS OZFIZ L0 Al EER TR Td 2,

3. EB
JOSTARO M. F.REARGHIME A L@ B 2 X o
1 TRd, AREEZ AT, WREER, Sz REc L IH

T-shaped

B L TR % 50 L. B ORIE 2 i © % 54 micromixer
PR LT, NeL <haped
B TAMATIE. Coflore® ACR M= k micromier [ E%
ERObT =y NEAWTE, BREHT AW 72 R EE A X DMF @ ([
2 VAR A TR IS % ot OB Lo f, L2wrc |

i =y M2 W TR Tt 2170, 20tk & 1. ST MERSHEER
FYEOMER Z AT T2,

R TE IS =y M & W THliEEKE T
N U T AAIMRTE R % S0 L 72, AR TR INATE AL
DHEITTHEAT U —PRAET L, Lo TARTETIE
A2 Z Y —IC K D PHE e < 22 ETERR A FMi AT HE D il 58
1177,

1

(Gom = 19
:

2.4 TRE(E) &R TR CR) D2 E X

4. FEHR

B TRED M. F. R, AR CIR RN . SOSIRE 2 F 2 it U SUSHIE 24T o 7o/ 3R RO IR
0~20°C T/ FORIGIRE-80C & [RIFLE £ CRIERD DG T& 5 Z L SRS =,
ZHAUZE D MER O THHBIE O LN RETH D Z & MR I LT,

AT CIX, EERORER. BAFR RN & VERME MR S iv7z, MR IR T, EioOf R,
IR AKFE T R U O DIMATERRIC L 0 2T U =R L7223, %R REBELRNARETH D 2
EDHER S LT,

PLEDOFER LV | MF.R. & Coflore i HIZ LV | MmEIRKfH OERSAL & 2 0LB T2 £ T ol
MATRETH D MW L7z, Y4 H ORI TIIARFOFEMIZ O N THRET 5,
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Dehydration-Free Direct Amidation of Carboxylic Acids with Amines
Catalyzed by Diboronic Acid Anhydride

Naoyuki Shimada*, Mai Hirata, Masayoshi Koshizuka, Naoki Ohse, Kazuishi Makino
Department of Pharmaceutical Scineces, Kitasato University
9-1, Shirokane 4-chome, Minato-ku, Tokyo, 108-8641, Japan

shimadan@pharm kitasato-u.ac.jp

Amide bonds are found in around 25% of commercially available pharmaceuticals. Consequently, the
development of an efficient method to construct amide bonds is one of the most important task in current
organic synthesis. Catalytic dehydrative amidation of carboxylic acids with amines would represent a most
straightforward approach for the synthesis of these compounds. We have developed the direct amidation of
B-hydroxycarboxylic acids with amines catalyzed by novel biphenyl-derived diboronic acid anhydride. The
catalyst loading in this reaction could be reduced to 0.01 mol% and the synthetic utility was demonstrated by

application to the drug synthesis, catalytic Weinreb amide synthesis and catalytic dipeptide synthesis.

7 X REA TG REES O E P IEFBICE EN DL FHRGHRNTH D | ZONEMNRERTF
EORRNEE R L 2o TS, RINTHOAFERGRIIVRCEEET I 2 MR E T
57 X MEIER e d — B Thd 253, FERILAH ST & 72Mi A 7% v 2 7 G TR R 7-2)
RO HUOEMES R EN UIZUISMEE 2D 2 b, BERE~DERBPE EER TV D,
1996 =D A, AR S "OFA o VIR Z W= MEEZ R E LT, ZRETICHI AR UL
7 X OBKHEEIC K D EHEA AR T I MERS QBRI P03 Wi T TE 7z, I<
BT OEN B & LT, SEl, B D VL. DATB B2 AT 5 Z AR U FILAW At L L
727 X MMEBUR P72 5 N T F REESTEREUL P2 HE L TWD, LL2RA S, 2 E TICH
FHINTELINVAR L BOBEENRMEA T I MERSIE, Wb BKF OB L EIC X
DK EA LB L F 2 S EMRT REFPEDEIN TV HORBRTH D, ARIFEL 1T, 21
ETICHALND Z EDRPoTeyRu VB Z it LTHWSD Z & T, WEIERIDIHIA R
EMTHDP-£ FaXxT BV RUBROBERENT I MEEOBREZ B E L TIFRICET LR Y,

— 100 —



XL OIZ 1.0 mol% D YA SREKY) 4a FF/E T, 3-8 RRFXU3-7 == /L7 n /N fgla) b %
BEON-XUVNVAFLT I QRa)k DT I MEKSEAT 572 (Scheme 1), ZDfEHR, ~o N
KA TRISIEMMICHEIT L, ST 57 2 K 3aa 23 710 DONETH LT, ﬁa*;ﬁ;%%i%@%:—:
YT EAToTRER. R URIREA DA ML RAR T Z A AT 4b 2 W TZ85E12, IR D[
En@H o, S5IT, /STALIC  gcheme 1. Catalyst Screening

H BB T ZAHARIALT e & W Q
) OH 4+ H‘N/\Ph organoboron catalyst NP

AT & B 7 B A BEE M O | oone 0111

QYT . Ph™ "OH
ABB S, DT 0.2 mol%dfil 1a 2 OO
BERIZ BT b 98% D IR T T omee OB A0S

organoboron catalyst
I RN3aa 25252 LERHLE. o 0. OH HO. 0. OH HO. 5. 0. g OH

7pde. BEAMEESAETIL, R EDO T H “ no catalyst
L RBAERT B OB Tho T, “ Al

VR m CEREEKY) de 13, FRT

1.0 mol% 70% 1.0 mol% 87% 1.0 mol% quant trace
0.01 mol% F CHhlL & 2 (K FJgE T  0.2mol%, 10% 0.2 mol%, 50% 0.2 mol%, 98%
B b e (TON)IZ 8,900 % Scheme 2. Diboronic acid anhydride catalyzed amidations
A b O O
= . . . 4c (0.01-0.5 1%
si#k L 72 (Scheme 2a), ¥ 7=, Weinreb Rj\)J\OH N H~,TrR3 % R%NRstx
~ e o N oluene (0.
7 X F@ﬁﬁﬁﬁ@éﬁk&u%]ﬁﬁﬁﬂﬁg R2" “OH R 110 °C R2" “OH
ThHY XET 57 2 N 3ac 25 95% tae. 2b-d 3
1.0 equiv 1.0 equiv
D= H T B AU72(Scheme 2b), A a) Low éé}é/}is}'/ééa}r}g} """"" b) Weinreb amide ¢ ¢) Drug synthesis

% 8T%DIHETHKT D Z EITH

fidi s I LAY ROt o A
Lfi;ﬁéhé Fet'h 3 ffd ﬁN/OMe thkN/\G
1 FBed) L e OHK N

yJ L?L:(Scheme 20) é o A o U % 3bb 3ac tropicamide (3cd)
A 89% (8 h, 0.01 mol%) 95%7 (4 h, 0.5 mol%)  87% (5 h at reflux, 0.5 mol%)
FER1d 2 REE & LT AR T TON = 8,900 aperformed with 3 equiv of HNMe(OMe) in PhCF4 (0.2 M)

7L A wed A YL TF K 3de Scheme3. Catalytic dipeptide synthesis
NI T2 L EEHIC _4c (20moal%) _
1 CszN\)]\OH N HEN/\H/OIBU CszN\)]\N/\ﬂ/otBu

DCE (0.05 M)

ﬁ'%%ﬂé:k%fﬁfﬂ Lf:(Scheme 3)0 _\OH 90°C,4h \O
ViR na EREEKY) 4 Ffilik b4 Cbz-Ser-OH (1d)  H-Gly-OfBu (2e) 3de
1.0 equiv 1.0 equiv 95%, >99% ee

HART I MRS, ek O AR
U EMEET I MBS & g LT IRINFIRN KB EZ LB E L2 WRITZ AT %,
(&5 3Cik]

1) Ishihara, K.; Ohara, S.; Yamamoto, H. J. Org. Chem. 1996, 61,4196-4197.

2) For review, see: Lundberg, H.; Tinnis, F.; Selander, N.; Adolfsson, H. Chem. Soc. Rev. 2014, 43,
2714-2742.

3) (a) Noda, H.; Furutachi, M.; Asada, Y.; Shibasaki, M.; Kumagai, N. Nat. Chem. 2017, 9, 571-577; (b)
Liu, Z.; Noda, H.; Shibasaki, M.; Kumagai, N. Org. Lett. 2018, 20, 612-615.

4) For boronic acid catalyzed amidation of a-hydroxy carboxylic acid, see: Yamashita, R.; Sakakura, A.;
Ishihara, K. Org. Lett. 2013, 15, 3654-3657.
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Development of the Highly Efficient Hiyama Cross-Coupling Reaction
Using Ppm Loading Amout of a Palladium NNC-Pincer Complex

Shun Ichii*, Go Hamasaka, Yasuhiro Uozumi
Institute for Molecular Science (IMS), SOKENDAI
5-1, Myodaiji Azahigashiyama, Okazaki, Aichi, 444-8787, Japan
ichii@ims.ac.jp

We have developed the efficient Hiyama cross-coupling reaction using a palladium NNC-pincer complex
(DPP-NNC Pd). Hiyama coupling reaction of various aryl bromides with aryltrialkoxysilanes proceeded in
the presence of a 5 mol ppm loading amount of the complex and 3 equivalents of potassium fluoride in
propylene glycol at 100 °C for 12 h to give the corresponding biaryls in up to 99%. This method was
applicable to the synthesis of Adapalene and a biaryl-type liquid crystalline compound, and the derivatization
of Dextromethorphan. ESI-MS and NMR analyses for the reaction mixture suggested the generation of
five-coordinated spirosilicate species in situ. The silicate would be a highly reactive silicon intermediate in

this reaction.

XT T MR K B IR IR A BT RSO X E R SO TR O & OB AR I B WV TR
FIHED, Frio, B - smEAM DMK B R TR TH D 7 A B a A izl »
TV T NI ey AR TR E S 25, L LG, BT A BILEWXZEDRFE-7
A FAEA OIRE S P ZATISEIZZ L @Il v 70 o VRIS E R L EITSE 5720123
mol%ED /T U MR NI TH D, FEBE ppm B R TOMILDY »~ 7V o 7S A L=
BT E A EHE STV,

— 7T T F 4 13 ppb 726 ppm B DT V7 L NNC-E° > Y- —THIgEK (DPP-NNC PA)3 7 U LT
T — e T N TIT VAR UET N OLEDT UNAALT U — LS VB XU Na 7 oAb T )
— /L EYEME LA L T ¢ v & DU ER-Heck B P& SRS 5 2 L 2 8E L TnD, £ 2T,
Fex lIARSERZRIL D » 7Y T ROSIZHE AT 5 Z & T, ppm EO/XT Uy AMlEEZ X 2 EahERg
WAy 7Y T RIGINEBLTE DO TIE W EE-R L, AR LT,

FE 72 BOGSAE ORiET 24T o 725G 3. Fe & 135 mol ppm £ DPP-NNC P 3 Y 'L > /) =1 —
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NPT a2 DBAT V=TV — L Y T Aaxs I MLy 7 v 7 RS h3R
(AL, $IST DT U — LB E BIFRIETH 2 5 Z L 2 R L7z (Scheme 1), AL
JREL7RIHE A R L ﬁﬁﬁmrmﬁmA%%a@%<®ﬁwEEﬁ [k L CE A IR T o
7o & DI ARFIEOH A Z R 7 DI EIK O BEMEA BHE B~ D FH 2 Wat L7z, 2 OFE S,
TENVDTTEAT—=VER, YINEEBALLTXFA M X MLV T 7 o OFFE R L O
7V — AR O ESY F DA I wT%H*#Tf'ﬁm > BRI TR DLz, £z,
ABED B CHEAT9 2 R Z 5 7212, ESI-MS B X OVNMR EBi %2 3206 L=, = DOfEHR, 7
U~wb)7w2%yy7/&7mtV/793~wk®ﬁm’i@%¢f£ﬁ&@XHHVU
— FREADRTER S D 2 L D HER S dv, KPR LT » 77V 7 BOSIZ RV CmlE 7R o
A BUGHITH D Z L g sz,

\ = K+
/
Cl
DPP-NNC Pd (5 mol
R \— —/"R? KF (3.0 equiv) ;
. ropylene glycol
(1.2 equiv) P 1%)6 °C, 192!{] up to 99% yield
(R3 = Me or Et) 43 examples Active silicon intermediate
Selected examples:
OO w0 O
" )
R' = Me, 94% yield 99% yield R2 = OMe, 99% vyield Q
R' = OMe, 98% vyield R? = morpholinyl, 95% yield Me O O
R' = NMe,, 95% yield N \ R2 = F, 90% yield
R' = OH, 85% yield Me,N—( >—© 72% yield
R' = Ph, 89% yield N=

o)
R' = CFg, 94% yield 95% yield 7 -
R' = Ac, 99% yield Me O Q ¢ Me O Q NMe
R' = CHO, 92% yield E\>_©

1_ h o, P
R' = CO,Bu, 89% vyield S 94% yield 82% yield

R' = C(O)NEty, 94% yield

91% yield
F3C MeO
0 O~ F

o) Sy 000

O~ ron :

M
Adapalene Dextromethorphan derivative liquid crystalline compound

93% vyield (6.9 g) 90% yield 88% yield

Scheme 1. The Hiyama Coupling Reaction with 5 mol ppm loading amount of DPP-NNC Pd

1) Go Hamasaka, Fumie Sakurai, Yasuhiro Uozumi, Chem. Commun., 2015, 51, 3886.
2) Go Hamasaka, Shun Ichii, Yasuhiro Uozumi, Adv. Synth. Catal. 2018, 360, 1833.
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Synthetic study of (—)-domoic acid

Shigeru Nishizawa*!, Takuma Ohnishi', Yu Oyagi', Shingo Sasaki', Hiroto Suzuki', Ouchi Hitoshi'
Makoto Inai', Tomohiro Asakawa?, Fumihiko Yoshimura', Toshiyuki Kan'

School of Pharmaceutical Science, University of Shizuoka
52-1, Yada, Suruga-ku, Shizuoka City, 422-8526, Japan
s17115@u-shizuoka-ken.ac.jp

(-)-Domoic acid (1) is a potent neurotoxin natural product that acts as a

gulutamate agonist. As a part of our research program on kainoid chemistry, we /7 “;_COZH
report herein our progress toward the total synthesis of 1. To access a variety of "'COZH N"2 COH
analogues of 1, we designed the synthetic strategy in which the diene side-chain (-»Domoic Acid (1)
would be introduced at the late stage of the synthesis. The stereoselective

construction of contiguous asymmetric carbon centers at C3 and C4 position was established by the
sequential 2,3-Wittig and Eschenmoser-Claisen rearrangement. Julia-Kocienski olefination was found to be

effective for the introduction of the diene side-chain by a model study.

O-FUEA# (1) 1X 1958 FIALEBANT YT MO HEES - DA = VBRI (WA /A
R) TH2D '\, A A REIWO T NVE I B (GluRs) (ISBT 50 A = VBB (KARs)
WXL, AT A=A ME LTERT2Z ERHESNTEY, BAIEZIL L O & L7kt
BRI W TEERMEAEDHETH D, 1 OGRS, 1982 FITKIMHIZ > TER I TY
é*%?l?i@ﬁf‘é?)@ . BRNEEZR R E LTI TWD 2, FAIIIA A ROGAZE, IO

MR Z T T, ZNETIC T == DA =V, MFPA, 770X Ui A BXLO B
@éé Bl EEMERHM 2 85 LT\ % 3, GluRs OIEMER BICid, 4 (ERENKE BT L L
DBAGINE 72> TSI, TEPEEN 2 G % IE AT gD b &0 1 OSLIRRINI e & akik
DHESLZSO S LT, 4 MEBEZERICEAT D Z LIC Lo Thx RFFERE AR TE 5,

FPNFIEED VAR R 2 ZFEEE L, TATE R 4 ~OBELEToT-, ZOB, F4A— 25

V3 EARE L7AE LS OSEIC OH oTBS EtSiH, Pd/C oH
eV, BA720RIZT 4 2157, \ﬂ/\/ \n/\/ acetone H\n/-\/Ph
2 steps 63%(3 steps) o
2 3 gram scal 4
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KNTER U VU EO Z#GEAREFFLOBEIET Lz, 3.4 MONKILFET, 5 TAREiR
BRIGERRISEE LTHWS Z ETHIEINL7Z, T72bb, BWAEET o X LT va—L 5 L 4
ZHRWTHRZIT 12tk AHEA (LAY 6 @ 2,3-Wittig Still #507INI XY 4 MLOARFF L%
BELEAETIAT Va—)L 7 L 1L, D%, 7Y /LT /)La—)L 8 % Eschenmiser-Claisen iz
PN Z 0 AKBEFED NI L F 2 AFIRET 5L T 3 M OARFREMELT IR 9 5L
oo BENT 9 IDHRL, RILICEY RUEA®E 1 O =& Z-4 L7 ¢ YT D op-A 0
77 b 10 237z, BUE, BREFEAOKRE 1T TV 5D,

pve e, — PMBo-<=>—§OjBS as PMBOMBS
+ HUAL_Ph
)\\ Yo — 0 Ph o) Ph

A 0 \—SnBu, 23-Wittig 7
5 4 6 rearrangement

©
PMBOJ,, PMBOJ,, HO
; OH S — ; OTBS \ DOTBS
\ S -~ 4 \ S — 4 N
TBDPSO—/_\—‘\; HO $ PMBO
Ph
8 7

Ph Ph
7
Eschenmoser- MeO
Claisen +NMez
rearrangement MeO
NMe OBn
/= 2 PMBO—/ . —CONMe, _/
PMBO—/ 5 . S o R
. 3 —
$ TBDPSOJH =
TBDPSO—/_\\—‘\; Ph OJ_\_LPh
Ph

9 10

FB 2T, BRKERITIEESNL CTH DM MR T 25 O 720 SRR T BRI E R HIFT
TE 5, GRGEHE & LT, 11 (2XF L Julia-Kocienski S a VWS Z & T E (RSERENTI R A 1T
I EETETHD, LLAENDL, AIGIZHWS Phenyltetrazole sulufone(PT-Sulfone) 12 (=
ATV o PATIEVEARFRZ A LTV D T O iR M S TH#EAT3 % Julia-Kocienski & Cli— B A
VLRGSR E N D, TOTOAREIT AT E R 13 ZHAVWTRGEEZTo7o 8 2 A, FREOIUER
MONFHELER D ZERIARKIEPETTH 2 L2 /AL, Yo 14 2157,

N.
N° "N
=, & COR >\¢,\'j — 12 NaHMDS —
© O\ ' /S0 P © T oou R
H o ee -78 °C
N CO,R H 53% CO,Me
CO,Me ) . .
PG 2 Julia-Kocienski
1 12 13 reaction 14

99% ee E/Z=25:1
1) Takemoto, T. et al. Chem. Pharm. Bull. 1958, 6, 578.

2) Ofune, Y. et al. J. Am. Chem. Soc. 1982, 104, 3511.
3)Kan, T. et al. Org. Lett. 2011, 13, 1089; Kan, T. et al. Org. Lett. 2014, 16, 564.
Kan, T. et al. Org. Lett. 2014, 16, 1980; Kan, T. et al. Chem. Pharm. Bull. 2016, 64, 723.
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Metal-Free Introduction of Cycloalkanes onto Electron-Deficient Nitrogen-Containing
Heteroaromatics via Radical Pathway
Luan Zhou*, Hideo Togo
Graduate School of Science, Chiba University
Yayoi-cho 1-33, Inage-ku, Chiba 263-8522, Japan
togo@faculty.chiba-u.jp

Functionalized electron-deficient nitrogen-containing heteroaromatics, such as quinoline and isoquinoline,
are important because of their biological activities. There are many reports for the introduction of functional
groups, such as alkyl, ether, aryl, and amide groups, onto electron-deficient nitrogen-containing
heteroaromatics by using radical reactions with transition metals and peroxides. However, there are few
reports for the introduction of nitrogen-containing heteroaromatics onto cycloalkanes under
transition-metal-free conditions. Here, we have succeeded in the metal-free introduction of
nitrogen-containing heteroaromatics onto cycloalkanes to form C-C bonded heteroaromatics via

carbon-centeced radicals arising from benzoyl peroxide and cycloalkanes.

[#=5]
REMVREERFTEFRBECTHDLX ) VoA VX7 U T, M R ERLSCAEIEEDE &
EFNDEHTHDLD, ZNOIEY~DRFHENEDORBIIEECTH D, HEHERRFEHETE
AT HAREHEIE LT Friedel-Crafts ISIEH DD, ¥/ U oR0A VXU o B /REM
BREBRGEHERE~OHEMIIRETH D, — ., EFREUGER G ERBF~RBEHLEANT D
Tk L LT Minisci KISBRHE SN TWD, ZOMIGIE, BT XKIEMNEGERZSFRBOERIA 1%
Bronsted BRIZ LD 7' b b3 56 2 E CHEFROEFEBEL I LI, EZ~REMEEZHET 5K
RIVHINVEEHSETRBHEEAL TS, ZHETIT Minisci MIGEIGH LT, #ieskza &
DEJFA T AAFAE T TT AT, = =TV, KOT U — A 8HR E A8 AT 5 RO L < i
SNTWD, Ll 7 ue7 X VEOEBASITMD TROEATWD, £Z T, FAILBPO &
YIRTNI DA LDRFET VAN EERSERBIENSELZ2 LI 22T ) —
AN T CORE — IREFECTRE ST 7 a T X NV EE A KIS E RS LT, FORE. Fx
RIEFICBWTCERMRINETHNMESD Z LISk LD T, ZOMERET 5,
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SRR ORR, Wic 7 a7 (5.0 nl) & 1,2- P 7mrxZ (1.0 nl DCE) .
T VEOSRAN @R LR A b (BPO) % FAWVT 100 C TG SH7- & & Eﬁﬁﬂ@fﬁ%%
w1520 Z LITHE) L7z (Scheme 1), B FRIBUGERGERBOMFN LTI A, /U
AYF )V, T2F L FI DU RORCSF T — LI EANARETH > 72, BAHLGMED A
N HRPE ARG MDD 1 T B OBEHILSAE L THINRIZRF TH o7,

N
BPO (1.3 equiv.)
O TFA (1.3 equiv.
r::—:/j + (1:3 equiv.) - Rﬁ@
I\N/ DCE (1.0 mL) '\N/)
100 °C, 4 h
(2.0 mmol) (5.0 mL) up to 89% yield
Scheme 1. YOOAFVIEOBA K

- Y,

WIZ.AVYX )V, 7x2F 0 NI DU ROROSF 7 — )L B2 I R G R0y

FEBRA~HEBRNO+ EBRF COEARIGEIToT- (Table 1), FOFEHE. 7 a~FH o L [EkE
WCHEBR NS+ EBRTII. AVX )V ROV F T AR N T2 F o NI Do aHE L L
LA BWNERTIHINT D BRSO, ZHD I Enb, REUNIEFREMGEET
BRE

a7 T CEIGCAER H D LRI LT,

( )
BPO(1.3 eq.)
CF;COOH (1.3 eq.)
Cycloalkane (5 mL)
N N
R—,:\/) . R@Cycloalkyl
N DCE (1 mL), temp (100 °C), time (4 h) N

(2.0 mmol)

product, yield

@g % @5%@@@@

87% 94% 87% 68 %
S, S,
Sra@lee
N N

59% 51% 90% 87%

57%

Table 1. YHO7ILFIEOEET
\_
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Industrially Applicable Leading-Edge Ru-Based Metathesis Catalysts and
NHC-Palladium Catalysts for Cross-Coupling Reactions

Yoshiaki Horiguchi*
Precious Metals Chemistry, Umicore Japan KK.
Ark Mori Building 26F, 12-32, Akasaka 1-Chome Minato-ku, Tokyo 107-6026, Japan

yoshiaki.horiguchi@ap.umicore.com

Ruthenium-based metathesis catalysts are broadly used in academia for the construction of complex
molecules and very unique so as to allow synthetic chemists to create completely new retro synthetic routes.
In contrary, its industrial use is quite limited even though some enterprising front runners have been using.
The plausible major reason is that the representative Grubbs Hoveyda catalysts have been industrially
available only in user-unfriendly, IP bundled business conditions. Umicore is pleased to announce that it
has acquired Grubbs Hoveyda catalyst business and sells these in user-friendly business model, that is, IP
included sales. This change is supposed to trigger much broader usage of Grubbs Hoveyda in industry. In
this paper, the details and some examples of industrial usage as well as catalyst selection guide would be
presented. On the other hand, palladium catalyzed cross coupling reactions are very widely used in
industry. This presentation focuses on N-heterocyclic carbene (NHC) Pd-catalyzed cross coupling reactions
showing the features of NHC-Pd, which are advantageous for industrial applications, such as high stability
against oxygen, high reactivity for oxidative addition even to aryl chlorides, very low catalyst loading, easy
removal of residual Pd, very robust processes, and etc. ~ As the consequence, NHC-Pd has been proven to be

widely applicable for industrial use in various application area.

Grubbs—1II Hoveyda— Il il (203 S 415 Ru B A & & o Al NI TEHINTEY |
B R DG RO TRICHEH SV TW A BIIHZEIZBEN W, L7 4 o A X A F
DDAV T 4 D T EFEG OB Z IS TH DAY, 2005 T Grubbs B — AL E &% E
L7 EMB B D K5I TR 20 FABES TH Y | A RBIIZIZENE TIZIIARAIRET
Ho BRI DT A | TIUTESWICHRR GV — PR FTREE 2o T, ZDORER, kit
DX D ITFRENTIIFER ICAH A RS & UTLEMT BALTEZH STV DA, ZL & I3 I
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TEMRISHIZRVEA TR, FORERERE LTEZLIND DM, Grubbs Hoveyda fiftftd
TR TP OFAICBEEL Ca—F—2 s THOD THREETH 7= 2 LIz TS &
EZz2 b, A= 27 1L Grubbs Hoveyda it 2 22BN L, =3I a7 CiERTET 5
LI Lo TEOMBEICRE 12T Z Ll oT, T7b b IP M FEHAZ O T Z i & fi
B2 Roes o (IPEHEIE LTrA YT OF5RE—GIRL), ZORE, AZEI AL
DA R 72 i O TR ZRIGHN A #e 2 L2 L T D, BETIHERO TERr—1
TG FAFCHPERIIC Y > TO2—H— T A R HRT,

SIMes
SIMes CI\R

"u—
cl o™
\R_

- RU i
aw‘l \ 0

Ph <
PCy3

Grubbs-II Hoveyda-ll

— 5T, PdfiiiEAE W a2k o 7Y U ROSIEFEBRECTOGMRICE E LT, TE S oA THE
AZHNBN TV O EMN TEERNSTH D, ERFETHEORLE, WS EL FOE D
EZ D E L TR E7 o A THEA SN TS, KiERo Pd il b L CERFE~T oI L~
> (NHC) Pd $if& (fo3m972451 & LT Unicore CX31, CX32 & FERlCR L77) DUEER &N THBY . Kl
BN Z N BEHAD G EE X OSSAFZERAED Hiv, $sARA—"Eil T~ 7Y > 7| Buchwald—Hartwig 7 2
JAt. 7 by o MOBEET )V —UUtEEZL D uAh vy FY U IRIGICERTHD Z LAREN TN
Do FORFRE LT, Ofed TREMED & < JREFE LTHET V= b WD ZERHRD, ~T
REEDIGS AR, QMBI L TLRETHY | RIFT, BHRWERE, RISREOWTHIZ BN T HRB D
R 23 BN Ot E AR E T (& T 10 ppm £T) BTEDOT » 7Y > AR % I
BLGEOND, OBRLEES LU0 Pd ORRENES . %x, IR LIEFRIZ. 70Xy 7Y
VI ROGE TERAr— NV TEMT D124 7->TH, AFACE <, FEEE BN THZHO TEMDOHINR
&Y BUR, B100 kg/FEQMER SALTI Y, ZAUINHC-Pd 25 THEAICIEF 120 L2 il Th 5 =
LERTRTHIE Th D, i, Sl RER 7 — 22T Unicore CX31, CX32 @ ZfEHICHMED H 57 1
B ALFE DS A~OEEY o T ARBOZ T E2 L CWETOT, BROH S FHITBEL TS0,

}@@W\Q );@/w

Pd »—Pd
[Q? [N ¢l
Umicore CX31 Umicore CX32
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Safe, Practical, and Catalytic Carbonylation Reactions Using Carbon Monoxide Surrogates

Hideyuki Konishi!*, Masataka Fukuda', Tomoyuki Sekino!, Tsuyoshi Ueda?, Kei Manabe!
!School of Pharmaceutical Sciences, University of Shizuoka
52-1 Yada, Suruga-ku, Shizuoka 422-8526, Japan
Process Technology Research Laboratories, Pharmaceutical Technology Division, Daiichi Sankyo Co., Ltd.
1-12-1 Shinomiya, Hiratsuka, Kanagawa 254-0014, Japan

konishi@u-shizuoka-ken.ac.jp

The utilization of carbon monoxide (CO) surrogates in synthetic organic chemistry has gained much
attention from chemists. We have developed the improved methods for carbonylation reactions using unique
CO surrogates previously reported by our laboratory, and have applied the reactions to gram-scale synthesis
to expand the utility of the CO surrogates. Included in this research is reductive carbonylation and
aryloxycarbonylation of bromoarenes for further improvement of the reaction conditions, which allows us to

conduct the reactions in highly safe, practical, and efficient manner without using external CO gas.

TR, AEA BT W TRERIREE 2 —fB{LIRHE (CO) T ARITEDLY | LTRSS W BRI
[ZX D CO AT 2 BHA £ 7213k AR D CO FMADFIH 3 EH 2L DTV D, CO Fflifkz v
LEMERSOSIE, ROSERFFOL2MELEMME, IRMEITENTEY . ZAE TIZEZ O CO %
AR HE S TND Dy BIFEETIE, FEBRFBT AT AR N-RAV Iy B Y DX 57,
ML IENMESRM T T CO AR TE DB OFH CO EMiiR 2RI oL L bic, Thb a5
IR = AL Z D AREE R BUG Z e LT &7 Y, EE BT, MMBE D CO FEAiAD S & 72 % A MM
D1 Ed T OEBEOFEAKICBT AFIHOAREMIERE B & LT, CO FMMifkE v 5 s
TEOBRER T T LA =LA, FHSDBRFEIZ OV TG L7 D THET 5,

N-RV I vy 1) % CO ElifR & L THWDETH VR = UL EISIE, ~a 7 AbT U —
IWINBXRST BT VT b REEEEE- 25 schemet. . ______,
ﬁﬁﬁiﬁﬁﬁﬁ“(%éo 71:,{_771/\__‘/@5% Et3SiH (1.3 equiv)

TEHI A VIR = ALBOSIZ DWW T, REOG l:ﬁ:
T T DA — U THEITT D424 P

o Pd(OAG); (3 mol%)
o O DPPB (4.5 mol%) o

1
1
1
|

S , N -

g a,C0O;3 (1.5 equiv)

=N : = H
H ' toluene, 80 °C

| Ph
1
1
1
1

0] 2 h (slow add.) + 16 h
R LT, FOFRE . 50 mmol A4 —/LD 50 mmol N—fo(rmylsaccr;arin 82% yield
e . e 2.0 equiv 7449
BOSIZRW T, ST DI & Ji 2 T gow adaion”
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80 °C 1T H oD, NV I Py Yo Tabled .
LY EFALT L ORATE R TR i i

422 & T HHNOT VT v ROSEBME Ar=Br ¥ I O>_N';/\<) i toluene, 80 °C A
L RIFRIETHOND Z LA RIL  sommal 1 n 2 (lowaday e

7= (Scheme 1), F£72. 5 mmol A7 —/LiZ |
TABIGSZMOEE I LT To7c & 2

[e)
% BAF R CHIET 5 T AT e K445 °H OH (gﬂ (jfTi“
% LnTE (Table 1) 2, RO)( » L
— ., ¥E246-F)7un7x-=)L% R=0nBu 72% 80% 64% 66%
CO Mtk e LCHVA T oET L— git§£
DTNV R = ARSI B W T R BT
STRFTIZREHO T AT V% EGIET
BAHEOCT ) VR T EHANDS CO e

Pd(OAc), (3 mol%)
DPPB (4.5 mol%)
Na,COj (1.5 equiv) o)

slow addition

Pd(PhCN),Cl, (1 mol%)

LA DOEHEIRIMAMLECTHH-T=, =2 5 "o éaBrSp(gogélevo)m 0
T, HISEEORBERAT-L 25, K }AmI;T — mj:f%”
2 & LCDBU & VTR CO & A 2,4,6-trich|oropher?y|| formate s0rc.24m Ar = 2,4,6-ClyCqH,
EHDEMITBNTHHDT AT AHNE @0 eai)

NETHOLNDLZ EERHMTE L BIT, O/COZAF MEOO/COW @COZ’”
b T & fe i 0.5 mol% E TIKk 52 R CN

LIRS L, RHSNI-Roldtkam R ohe o o o4
W b ARSI S A A M Toun (jﬂw [{%’ (jmw
THZERbMNY, T2=AL Y 75— Qe o N s T0%
]\ c:;d_ L_,C Tl:_) iﬁﬁﬁ ﬂﬁ‘é(ﬁ) - 71,: (Table 2) . CO,Et 93% 89% 89% (from PhOTf)

a) Pd(PhCN),Cl, (0.5 mol%) and Xantphos (1 mol%) were used for 48 h.

E N Zii}i};_é; VXIS MY g DEEE [S%/El\ b) 5 mmol scale (1.04 g of the product was obtained).
R B 7 MR D 275 1 A

T VERICBIEHT S 2 S 5 c
MTE, S bR AMAEE =T o o o SN
Z LR TE (Scheme2) ¥, NN B ¢ /©)‘\N S ojg/
ke % A /©)‘\ H/\@/ aryloxycarbonylation H/\@)J\ Cl
€O jﬂ?ﬁﬂﬁ:}gﬁﬁ v 6 ﬁ*%é H Ejz " 3.18 mmol " 93% yield
SIS TliX, AR AEAFRD 135g

intermediate for histone deacetylase inhibitor

CO W AZMBELET, BHED
H T ABF AT F A a0 BB 2O THIRI LS E T 2820775, ABETIE, CO il
KERHWBMD 7T DA — G RREICHTHEZ DWW T HHET 5,

1) Wu, L.; Liu, Q.; Jackstell, R.; Beller, M. Angew. Chem. Int. Ed. 2014, 53, 6310. 2) Konishi, H. Chem.

Pharm. Bull. 2018, 66, 1. 3) Konishi, H.; Fukuda, M.; Ueda, T.; Manabe, K. Org. Synth. 2017, 94, 66. 4)
Konishi, H.; Sekino, T.; Manabe, K. Chem. Pharm. Bull. 2018, 66, 562.

— 111 —



1P-23

Diphenyl Phosphorazidate Zi&HAbLA2>2>7 ¥ FJEE LTHWE
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A Practical Synthesis of 5-Substituted 1H-Tetrazoles
utilizing Diphenyl Phosphorazidate as Both Activator and Azide Source

Kotaro Ishihara'*, Mayumi Kawashima', Takatoshi Matsumoto?, Takayuki Shioiri', Masato Ma‘[sugi1
! Faculty of Agriculture, Meijo University, 1-501, Shiogamaguchi, Tempaku-ku, Nagoya, 468-8502, Japan
? Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, 2-1-1, Katahira,
Aobaku, Sendai 980-8577, Japan
153561501 @ccalumni.meijo-u.ac.jp

An efficient synthesis of 5-substituted 1H-tetrazoles utilizing diphenyl phosphorazidate (DPPA) was
achieved under reflux conditions in xylenes. Various aromatic and aliphatic aldoximes were effectively
converted to the corresponding 5-substituted 1H-tetrazoles. Optically active aldoximes derived from amino
acids afforded the aminotetrazoles with almost no racemization. This method is easy to perform and enables

the preparation of tetrazoles without the use of toxic metals and explosive azide sources.

(7=

HEBMEBFHEEZBRIEM TH LT TV —/id, F OREED R R &Rk & 725 B CTHFE
PITHON TS, EFRILFICB T, 7 7Y — VERIT D VR RO AW SR & 7B S,
IO EEICHAH I TV D,

W T N T = MET Y RMEAEM L = R U LA ORI [3+2] BRALATINEISIZ X 0 Bk
SIND, A T LI EHNTCT LV R NG T MYV EERTOIRELH DN, Z
NHOFETEEEZ b OSRREBERENH DTV NERELEL TS Y,

INETIL. BAxIFT 7=V VET VK (DPPA) 27 2 RIRE LTHWS T L REF T AND
DT T —AEAHERH LTS Y, ARIETIE, BERT Y FMERAETH S DPPA ZHNTT
NI VPR TE, BENPOBMERT TV — L ERNARETH D, LN LS, JElE
R, MEBVBEBREEGTLITV RV LAEHWEE, BERYOIERNMEN-720 . BWVG
Rl 2B L L7e L, £ORKE LT, EETHL M= OB ENRISIRE & L TA+4T
borEEBEZXOLNT, 2T, RLGEHOHREIZ X 2 RICKE ORHME, OO | Z2 i AT,
IO, HFEMEREEICARISZEH L7207 IR E S~ T,

ELTRE TS|

NRURXT N R LEETNVEEE LTHY, SEMEOME 21T -7 (Table 1), /Lo I
HICTRINE T2 T 2A IRE EF & EBITIENM ELE, 22T, L0 EhAEETHH X
LU EAWTRIGERATESR. BRERY RN EIHETE LI, KIGKHLEF T2 &03b
o7z, DMF EARICEBWTH, SREZ B35 2 & TREEORRENMS DLz, HEORFHIC
BWTIX, DBU gl CTH D Z Loz, DPPA Db D IZ p-NO,DPPA % W =84, IX
FIXE T Lz,

— 112 —



j{}im j- }:) ﬁ @L)EH . 7“5 nﬂ/\ }:) 71:— L: . 1:% 2 fcﬁ j:ﬁ Table 1. Oplwir;i:atiog;;sga;ti;:)Conditions N\N
SEATH7 L RS AE BRI, KIS LI (Mbled, () E=E e O]

solvent, temp., time
EELE - BIFET VR LAEHIC, MinTER I EITL, _Ez=1002

entry  Base solvent  temp. (°C) time (h) yield (%)

HE T 267 T — KRG, ML= ZREEIZHV 1 DBU toluene t 16 nd

BT, 1EEACRIEHEIT LR REICB N ThH, & 2 o) e D o 4
VUL UEREEELE LTHWD Z & TIERE KiEIzm b S, BOs A A
RE DM CX 7z, 7/ RKE2HTH6EE T, 7/ BT 6 DBU  DMF 110 16 70
LBRILEE A CREERY AR L, EoA TV REL AL 0 P e e 2

RRHTIE, BISOSZ A CTe oo BRAERITIE O oTc, 0 BN xylenes 1814s 4 40

Table 2. Synthesis of 5-Substituted 1H-Tetrazoles from Aldoximes 10 DIPEA  xylenes 138-144 4 25
DPPA (1.5 eq.) 11 DBU toluene 110 16 56
N-OH DBU (3.0 eq.) R—</ N a) Determined by 'H NMR. b) p-NO,DPPA was used instead of DPPA.
R solvent, reflux, time N’ N
toluene xylenes : toluene xylenes : toluene xylenes

entry R(E/Z)? | entry R(EIZ)® i entry R (EIZ)2

time (h) yield (%) time (h) yield (%) : time (h) yield (%) time (h) yield (%) : time (h) yield (%) time (h) yield (%)

: : H
1 *\ > 16 93 4 %9 | 9 @g, 16 85 4 o4 | N
: Do U%— 16 83 4 99

(101) ; (10M)

‘ ; (512)
s . G
2 16 89 4 9 | 10 %* 16 19 16 70
(16/1) 1 : ijf
3 3 HN

(71) 18 16 35 4 74
cl 8 (4/1)
:/(— N T 16 80 4 9% |
3 A\ & 16 81 4 87 3 (1071) ! g
' . ! complex complex
(10/1) ; Ky P19 ©A 16 ixture 4 mixture
! ; (6/4)
Br@g, P12 16 14 16 77
4 16 81 4 %5 | ; =
©1) ! @n) co s e 7 6 86

. | NC - | (n)
5 MeOgCO% % 73 4 s | 10 O§ 16 38(20° 4 43028 |
A71) : (or) : k'
| O P2t 48 65 16 83
s OZNO? 16 77 > 79 14 O 16 %0 4 9 am

(1011) 3 37 Do nCeftiat- 48 40 16 89
; ; an
7 Meo‘@g_ 16 81 4 98 | O o :
(13/1) 1 O 1 o N 8 23 Qé_ 48 33 16 88
OMe (101) (3/1)

' O '
8 - 16 182 (20)20 4 183 (44)2b; _ ; _
@g (20) (44) L | § 16 92 4 9% | 24 { 16 trace 16 68
(41) : (21) ' (1/0)
a) Determined by "H NMR. b) 2-(1 H-tetrazol-5-yl)phenol were shown in the parentheses. c) 1,4-di(1H-tetrazol-5-yl)benzene were shown in the parentheses.

BN T URRIS 2 7 X/ BRIOROIEEIFAE R IEIICIHEN L, 7€ S(LORE % <72 (Scheme 1),
TO/HRE BEALETEIULEELDILRLT T —AEEAMTE S I LBbho T,

DPPA (1.5 eq.)

’ DPPA (1.5 eq . K
<j\/N DBU 3 0eq) (j\/ /‘é DBU (3.0 eq.) . N
_N., - .
N OH xylenes, reflux, 16 h toluene, 90 °C, 16 h N =Ny

Boc 589 BOC HN-y 68% Hohnoy
(EIZ=1/1) 28 >99% ee® E/Z 1/1)@ 97% ee®
>99% ee® >99% ee®

a) Determined by 1H NMR. b) Determined by chiral HPLC. c) Determined by chiral HPLC of the methylated derivative.
Scheme 1. Application to Chiral Aldoximes

[F 0]

TV L ARBEETGME T CRIGEITY) 2 & T DPPA 27 VU RRE L THWET LV RF U A LED
[3+2] BRALMINBOSIZ E Y . 7 F T Y — AR Z RN AR TE 7o, FAEEREE LT B k%
FEAEALDZ LR, METDHT b TV — RN FETE -, KFBEEFEESCEREZET
L2 ML, BEICERBENMTZDZ LMD, BT RV —LARIETH D Y,

[References]

1) (a) Patil, U. B. et al. Tetrahedron Lett. 2012, 53, 3706. (b) Heravi, M. M. et al. Synlett 2012, 23, 2927.
(c) Akula, R. K. ef al. Lett. Org. Chem. 2014, 11, 440. (d) Abdollahi-Alibeik, M. et al. New J. Chem.
2015, 39, 2116. (e) Guggilapu, S. D. et al. Synlett 2016, 27, 1241.

2) Ishihara, K. et al. Synlett 2016, 27,2225. 3) Ishihara, K. ef al. Synthesis 2018, 50, 1293.
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Bromination of organic compounds using sodium hypochlorite pentahydrate with

bromide ion

Kouta Adachi,"” Tommomi Akiyama,' Rie Osugi,' Yosikazu Kimura,” Masayuki Kirihara'
'Department of Materials and Life Science, Shizuoka Institute of Science and Technology, 2200-2 Fukuroi,
Shizuoka 437-8555, Japan, “Research and Development Department, Iharanikkei Chemical Industry Co.,
Ltd., 5700-1 Kambara, Shimizu-ku, Shizuoka 421-3203, Japan.
kirihara.masayuki@sist.ac.jp

Electrophilic dibromination of alkenes were achieved by using sodium hypochlorite pentahydrate and
sodium bromide under an acidic condition. The reaction of toluene with NaOCl-5H,O (6.5 eq), NaBr (8 eq),

H,SO, (6.5 eq) selectively produced o,0—dibromotoluene in a high yield. The same reaction under

visible-light irradiation produced benzoic acid as the main product.

Fx X BF A A2 Br)Ed, Ho USRS U v 2L 5 K% (Na0Cl-5H,0) ' TRl

FA A (0Br) IZE L T &, ZHCHBIRIEEMEMZ D &, FHEORZA N TEHZ L
Z R LT/~ ? (Scheme 1),

OMe OMe
SlEE, ZORSICE DTNV v OREFHIRFE NaOCI-5H,0 (1.5 eq),
(L&, BERMMDT h N EBHELE R DT NaBr (2 eq) .
Z DREMIE BT 5, ACOH, r.t, 20 -
Scheme 1 Br
(2 Table 1 B
7 7/0)%$ﬂ$ avle NaOCI+5H,0, KBr, H3PO4 r
vy maFE L E RO TRIGEEERE LT b et .,
Z%(Table 1), WHEHHERET LU v L5 AR , W?
N . NaOCI-5H,0 KB H3PO Iv. time  vyie
LKBr, UVEREMVAEHETY T o EAIEE o ea) ) oy ) ®
<BONDZLERMLE (runs 2,3,5), BoOf 36 36 10 heane 05 19
. . 3.6 . h .
FEADZ2NE | IRIHE -7 un ), E7- b 2 36 30 hexane 05 75
" 3 5.0 50 50 hexane 05 80
L \/%{@ﬁ L7-% Jﬁ T %%E@Eﬂ NIZkY %% 4 3.6 36 30 toluene 15 0°
FIOHNADBER LB DN KEIZERKR LT 5° 3.6 36 30 toluene 15 70

DT TIWVIKANTHIGEEE) L TY 7 aE ®Benzyl Bromide hY & ik, ER T TR
NS VNNl =
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e DTNV AT L TY 7T B BlbOBE T2 L ZA, WIS BAFRIIETY 7 n e EE21525
Z LR TE T (Table2),

Table 2
R NaOCI-5H20 (5 eq), KBr (5 eq) R Br
H3PO4 (5 eq), hexane, rt
| - .
R2 10 min R2” g,
substrate product yield (%) substrate product yield (%)

Br Br
q 80 PhaSi” X Ph3SiJ\/Br 85

Br Br
©\J\ g |O2N X OyN Br g4
Br

FHEBEWEHDZ P NVRFEL

AR Xk 510, EBREOWEHMNY 720 TEHEEED ML U NBAE_ DL 70 | KEES TGS ES
EHIDABDBIER 5O, BAL_DMIER L ed o7, £2°C, RllEHRBET R 7 A5
KF & RALM A v H e, FEFRMEE T 2 0V RBEOEORE 21T > 72,

BRIy 7o VAR E U ML o ICRBEEFERET Y v A5 KM (6.5 eq).
NaBr (8.0 eq). il (6.5 eq) ZHIZTIBSAET 22 BHRIS A SHT-E A, (T BEAF L)
BUBNINERL GO, —J7, [A—OISZ att (BERREOGAT EFDI3W) BT R TiTo72 & 24,
LRI 76% TR L7 (Scheme 2), Z DA OKINREEMFIHMED (Y 70 E AT /L) Ry
PUnfHEn-2 ent, ZEFBII(FN) TaEAF )R U OIASIRIZ L > THELT-EE X
T2,

NaOCI 5H,0 (6.5 eq.) NaOCI 5H,0 (6.5 eq.)
NaBr (8.0 eq.) )

Br NaBr (8.0 eq.) CH
B_ﬁﬁmm5w) (:r 3H§mm5w¢mmﬂ)= ’
DCE:H,0=5:1 DCE:H,0=5:1
94% rt 22h |3F5£5'|':'F| rt 22h EEEET l 76%

Scheme 2

References
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Oxidation of alcohols containing fluorine using sodium hypochlorite pentahydrate

Katsuya Suzuki'*, Hideo Shimazu?, Kana Nakakura!, Katsuya Saito', You Kikkawa', Yoshikazu Kimura?,
Masayuki Kirihara!
"Department of Materials and Life Science, Shizuoka Institute of Science and Technology, 2200-2 Fukuroi,
Shizuoka 437-8555, Japan, *R&D Department of Chemicals, Nippon Light Metal Company, Ltd., 480
Kambara, Shimizu-ku, Shizuoka 421-3203, Japan * Research and Development Department, Iharanikkei
Chemical Industry Co., Ltd., 5700-1 Kambara, Shimizu-ku, Shizuoka 421-3203, Japan

kirihara.masayuki@sist.ac.jp

Oxidation of fluorinated alcohols is one of the important method for synthesis of fluorinated ketones. However,
fluorinated alcohols are hard to be oxidized because of the strong electron withdrawing effect of fluoroalkyl
groups. We have reported that fluorinated alcohols having an aromatic substituent are effectively oxidized to
the corresponding fluorinated ketones by reaction with sodium hypochlorite pentahydrate catalyzed by
TEMPO and potassium hydrogen sulfate in acetonitrile. We have now found that the reaction is also applicable
to the oxidation of a fluorine-containing hemiacetal to the corresponding ester and fluorinated alcohols having

an allylic moieties produce the corresponding a,3-epoxyketones.

BTy RT N A= NLVORIT, FHEE T v BREAERICEMERENT 4 7T 0y I ThLET
RIONKR=NVDOHENIRERIED—>Th b, LML, 7 vR T Va— Iz rta 7 Lx LEo
SRR RE IR KV LIk L CHiRd CRIEMETH 5728, @ O LHITiImibd 52 &
IL—AICINEETdH 5 (Scheme 1), & Z T, miffi CIBEFEMED & % Dess-Martin iFKD K 5 7258 /) 72
e LA 2 R EH O D EORR LSRN MLEL ST\ | ZORDEE, 57 vH#T L=
— VOB G DRFZERNFERIITONTE Y, W O0DH LWHERBEE SN TETW15 2,

OH [O] OH a
1, — | i
R™ TR¢ R®™R; 4 R R
(R¢ = Fluoroalkyl group) nglg};giscg?:/vzed Scheme 1

— i H a0 WHERFET N U T A 5 KFPI(NaOCl-5H,0) & VW e —fig 7 v =2 — L Db B %
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ML ST TEY 3, ZOMSE IR Z LR, FREERELFOE7 v Rz T va—L
% TEMPO BE{LT 2% 2 & THIGT DI NAR= VAN E BB TE D, FOMKa A b - BERAA O K
I BT B Z EITEEN LTz 4 (Scheme 2), & 52 TEMPO filtfit 2348 < C & SUG R 2 K <
AUTRLEDBINERSBOND Z 2 AT L Tz 4

TEMPO (1 mol%), NaOCI-5H50 (2.4 eq)

)O\HC KHSO, (5 mol%) )OL
Ar” CF, > »  Ar” CF,
CH3CN 0°C, 18~43 min
up to 99%
Scheme 2

ASENIZORIGE S DIZHRFT LR R, ~I 78X — R TH ZORISDIERE T L, *Hs
TAHZATANPNERLGELND Z L &AM L7 (Scheme 3),

TEMPO (1 mol%), NaOCI-5H,0 (2.4 eq)
KHSO, (5 mol%) O

> CFg)J\OEt
93%

OH
CFy” “OEt

CD3CN 0°C, 30 min

Scheme 3

Flo, BT vRET VATV a— ) UKORBLRILETIX, 7T a— i angsr hr ~ERIND 72T
T, T idaOBE L RIFFCHEIT L, 7 v ap-TARF 7 b ERT 5 2 &3
L7z (Scheme 4),

oH TEMPO (1 mol%), NaOCl-5H,0 (2.4 eq) o

KHSO4 (5 mol%) 0
NS
AI’/\)\CF3 > Ar/<‘)J\CF3

CH3CN 0°C, 30 min

Scheme 4

up to 96%
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Industrial Production of Synthetically Useful Phosphine Ligands from
Sterically Hindered Alkyl Phosphines

Ken Tamura, Natsuhiro Sano*, Eiji Hirakawa, Satoshi Takeshita, Tsuneo Imamoto
Specialty Products R&D Department, Nippon Chemical Industrial Co., Ltd.
11-1, 9-Chome, Kameido, Koto-ku, Tokyo 136-8515, Japan
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Large-scale production of synthetically useful phosphine ligands bearing bulky alkyl groups has
been investigated. A three-hindered quadrant bisphosphine ligand, 3H-QuinoxP*, was synthesized
in high yield and its practical utility was revealed in representative catalytic asymmetric reactions.
An industrial production process for highly reactive bisphosphine ligands and bulky monodentate

phosphine ligands such as Buchwald ligands has been established by our phosphine technology.

1. =SRERHALF SH-QuinoxP* D B3
INETICERSNTE L ORFRRAT 4 VBN DOEEIT G THLFENREL, £ b a2 H
W R F SRS Tl Halem o FABREE 525 2 EAmE ST DY, 2004 4,
FHT A o ThDH, CLxIFEE D Trichickenfootphos
Table 1. Asymmetric Hydrogenation of Dehydroamino Acids
(TCFP) 73 Pfizer +£:® G. Hoge 512 L » THF I, Using TCFP or MiniPhos
Z OFRMLFITZENLARNCH R S v7e Gxi#R MiniPhos DY acun_ Rt

I Rh-Ligand ACHNj:W
RN NS IR AFNIEZ BRI\ tert 7 FIVEE~E S A RITR2 Hz, MeOH RO OR2
CL X =R PRIERINENL -~ FE L2 b D Th o7z, M
. . t'BU‘}PV RU'Me t—Bu"/'P\/P\t_Bu
FRET 5 L WEIZ L > TUI =) o F AR 2 o Mé tBu Mé tBu
TEXHZ ENMESNTWS (Table1) ), MiniPhos TCFP
TCFP X7 IERE2NBRIE 7 v~ b 777 4 =128V qiame R 2 R ee (%)

TCFP MiniPhos

KIFUFAT— T BBER DY . KEARICHE — e e o
FlTHDH, LICHIETHD TCFP X, K ICEMbLEZT 2 COOMe RER= Gy 99 o7
RTLEXP TORYFDNRETH L7, DL H 7 8  COOMe Me  Me % 87
RIED IR NMENT-BNL T DBIR KD BTz,

Y H1E 2005 FEIZBAFE STz XA D QuinoxP* % 10 kg L ED L~V CEPENT DI ED L7223,
SRR OV SRECAL 1 & 72 5 3H-QuinoxP* DB IZ HAE L T B Y, Z OFNL 11355 & 72 %
T2 I NI R B EZ T 22, Flo, @MERREROED tert-7F )V A FIVHRAT 4 LR
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Fo%% )XY y%%&: ﬁ]\‘j“ AZ LMy . ﬁ\ﬁy%&ﬁﬁ’: Table 2. Asymmetric Hydrogenation of Dehydroamino Acids
Using QuinoxP* or 3H-QuinoxP*3)
FOEIEIIAETH Y RESAITEIS FTREZR L & 7 5

TWo, REMRAL T ¢ ATk B RFAFELTHA AC“”IF“ e AGHN 5 R
3 2 H,, MeOH 3 )

TR T AR R A YA OB L R &R RTR ROR
tBu Me tBu t-Bu

Tme BT, FEIZE>TIEFIL G xFr%EF> TCFP %
EE S SEREIRE A BT D 2 & LR B R ORED @[ I @[ I
DOFZEIZ LW S M &7 (Tables 2,3) °

QuinoxP* 3H-QuinoxP*
2 . 7 A ﬁ D4 70 U o 7\)EH ﬁﬂfﬁ%@ﬁﬁ% Substrate R’ R? R? Quinoxlif (‘ZU:I—QuinoxP*
VAR T e b hm A7 o VEREERETH 1 COOMe  H H 99.9 99.9
by IRAT 4 VN ERICBWTEED KEW I anr 2 35CLCeH; H  COOMe 73 89
UTAXNVEAT 4> (PCD4, PCDE) %, FAFA 0w WM or

RAT A4 (P'M4\ P-D4, P'DG) %20)%% < E'!é: E 'x;;’ Table 3. Asymmetric Hydrogenation of a-Dehydroamino Ketones
N R o to trans-/-amino Alcohols®)
RENT 4Ty 7k REEELTWVWD, Zhb%
. re " . - OH

IO THSIC 3H-QuinoxP* D RFRNLF 2 AT 52 [ o vy AL
1 - o c

LISTE BN, MHOKAT 4 LR FRET B E AT R iji} NHAC N

Buchwald B P AR AT 4 LED T v AT

v OB T b BRI AT 5 = L NARECH S By ugana O ee(®)
(Scheme 1), XPhos <> SPhos |34 ICEE Nk x < | H+ 1 TeFP 34166 99
5?I:liﬁ*ﬁ@%%%?%?ﬁﬂ)ﬂl@???ﬁﬁf%E)o 2 QuinoxP* 75/25 84
3 3H-QuinoxP* 93/7 94
o) e L0 e 0,0
PD6 PoD6 Building Units

PH; + )\ acid >L Ho >ka L >ka
|
Cl
tB t- Bu ,tBu Cy\ :Cy
’ C — C . PCy2 PCy2
@ @ +Bu +Bu i-Pr i-Pr IPI'O OI Pr MeO OMe
tBu “Me tad Me t-Bu/U\t-Bu

PM4 P-D4 PC- D4
- e Bisphosphine Ligand Xfl;}l:r RuPh SPho
08 U 0S S
hiral Liean isphosphine Ligands ‘
¢ gands Scheme 1. Buchwald Ligands

(1) Phosphorus Ligands in Asymmetric Catalysis: Synthesis and Application, Vols. 1-3 (Ed.:Boerner, A.), Wiley-VCH,
Weimheim, 2008.

(2) Hoge, G.; Wu, H-P; Kissel, W. S.; Pflum, D. A.; Greene, D. J.; Bao, J. J. Am. Chem. Soc. 2004, 126, 5966.

(3) Gridneyv, I. D.; Imamoto, T.; Hoge, G.; Kouchi, M.; Takahashi, H. J Am. Chem. Soc. 2008, 130, 2560.

(4) Zhang, Z.; Tamura, K.; Mayama, D.; Sugiya, M.; Imamoto, T. J. Org. Chem. 2012, 77, 4184.

(5) Hu, Q.; Chen, J.; Zhang, Z.; Liu, Y.; Zhang, W. Org. Lett. 2016, 18, 1290.
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Syntheses of 5S-membered rings from cyanophosphates under neutral conditions:

Synthesis of (-)-neplanocin A

Hiroki Yoneyama,* Kenji Uemura, Yoshihide Usami, Shinya Harusawa
Department of Pharmaceutical Organic Chemistry, Osaka University of Pharmaceutical Sciences
4-20-1 Nasahara, Takatsuki, Osaka 569-1094, Japan
harusawa@gly.oups.ac.jp

We recently reported a novel synthetic method of alkynes or five-membered compounds from ketones
under neutral conditions via cyanophosphates which can be easily prepared by the reaction of carbonyl
compounds with diethyl phosphorocyanidate (DEPC). In this presentation, efficient syntheses of
(-)-neplanocin A and a tetrol compound, the latter of which is an important synthetic precursor of
(-)-neplanocin A or its analogues, are described. Furthermore, an unusual dihydropyran compound was

observed during the synthetic study of the tetrol.

Fexlx, rR=nibEm1 LT LY Vg T = K (DEPC) DOEGICAERT DHVT JRAT
=— k2 (CP) |2, TMSN; & filtif 8 BuaSn0 % b S5 2 L CTHERT DT F TV VAR AT = —
N8DTTZ T AT = a NlEioTHRAETLT MI T IARANnG, o FOERPBBEELTT
NE YT U ANy B R5E L, [L2HEAI2 L 7w 6 ~12, [1,5]-C-H ARSI X 0 A fafn
HEBRILAW TR, PSR T C—2IC AR T 2 ARG E #E L7 (Scheme 1)

Scheme 1.

T™MS
o} N
DEPC I TMSN; o NN
Q LiCN (cat.) (EtO)2PO_ CN Bu,SnO (cat) |  (EtO),Py0, J=
_— 1 _— >~
R" 'R? THF, rt R" 'R? toluene, reflux rRT R2
1 2 cyanophosphates 3 tetrazolylphosphates
1 [1.2] RI—— R? 6
N—N
Q A\ ~ 3
I R® 4
- (Et0),P-OTMS NN -2 x N, G R
) G G - B S
R R2 R! R2 R
4 tetraazafulvenes 5 alkylidenecarbenes ( R2=CH2XCHR3R4 )

— 120 —



Alal, RFEZIRFBEX 7 LAY RRFUAEWE () neplanocin A D& IZIGH L7z (Scheme 2), 77
J vy X 0iEWzS b 1a & DEPC 20 S8, EEMICHE O CP 2a (2, TMSN; & filtfit & o
BuzSnO # Mz U Hugi S, 7 aXr T U R ARE, BRIRT Y 17 0 (PSQL00B) & VY, 1% A
B ) =) BRRTTF VAR DO N T 2y a~ 7T 7 4 =2k, HDTBEZDT ) ~—0 Tok sy
L7z, IBIZTB% TFA THfE#ET L Z LICkY, 27T /v ADREMREZER LT, 9
Scheme 2.

NH, 5 NH,
N N DEPC (1.2 eq) Et0~,','\o o </N | \)N TMSN; (6 eq)
EtO”
>< o/\<o_/N N/) LiCN (0.6 eq) >‘\ 5 NN Bu,SnO (0.6 eq)
./ ~
/S'\ & ¢ THF, 1t, 0.5 h Sli\ EE toluene, reflux, 24 h
< <G
1a 2a (quant)
NH,

B 7] NH,

N N /
N N
\ \/ .. H F NHz | psQ100B silica gel §< 4 jl\)\/) TEA o <N | /)
o Gz N\)/\\<N MeOH - EtOAC O N"N N
A \—Z<_// N=/ (1:99, vv) A DCE / MeOH </

18 h HO  OH
(78)

!
\

X
X

(-)-Neplanocin A (98%)
5a 7B (36%) +7a (25%)

WIZ AT T ) v AROEREEROT-DOEEFMEOT ba—/L8DAKEZTT>7- (Scheme 3),
DUAR—AXVFEEL b 1b 2 bAA L7z CP2b %2, TMSNs & BuzSnO & h/L— gtk
TBAF CRUET 2L, 7 ha—/L 8 65% THLIL, RIKFICTH Lo/ RrEZ U ALEW 9
(20%)3F B 7=, 9 DAERBEFIZ, > D[1,6]-0-Si FEAIE KL RA U RIEE D 1,2-TBDMS
T MIEVERERELDOEEZTND, 2

Scheme 3.
0 o TBDMS
EtO),PO  CN " 0
o (EtO), 1) TMSN; (3.0 eq) WOH
/_.<—//OTBDMS DEPC (3.0 eq) H<_//OTBDMS Bu,SnO (0.3 eq) T (

Tro LICN (3.0eq) 10 +— toluene 5. & o S
: 2 i z B reflux, 24 h o C
oS THF > 2) TBAF (3.0 eq)

. rt,0.5h 2b (95%) THF, rt, 1h 8 (/B = 1/3; 65% ) 9(20%)
;¥ —N/
e Si
Si
TN . 1S
[1,6]-0-Si r<—o) or 1,2-shift @
™o\ ™™\

1) H. Yoneyama, et al., J. Org. Chem., 82, 5538-5556 (2017).
2) H. Yoneyama, et al., HETEROCYCLES, 96, 106-126 (2018).
3) H. Yoneyama, et al., Tetrahedron, 73, 6109-6117 (2017).

4) H. Yoneyama, et al., Tetrahedron, 74, 2143-2150 (2018).
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Chemoselective Flow Hydrogenation of Aldehydes in Water with an Amphiphilic
Polymer-Supported Platinum Nanocatalyst

Takao Osako*, Kaoru Torii, Shuichi Hirata, Yasuhiro Uozumi
Institute for Molecular Science (IMS) and JST-ACCEL
5-1 Higashiyama, Myodaiji, Okazaki, 444-8787, Japan

osakot@ims.ac.jp

A chemoselective continuous-flow hydrogenation of aldehydes catalyzed by a dispersion of platinum
nanoparticles in an amphiphilic polymer (ARP-Pt) has been developed. Aromatic and aliphatic aldehydes
bearing various reducible functional groups, such as keto, ester, or amide groups, readily underwent flow
hydrogenation in aqueous solutions within 22 seconds in a continuous-flow system containing ARP-Pt to
give the corresponding primary benzylic or aliphatic alcohols in up to 99% yield with excellent
chemoselectivity. Moreover, the long-term continuous-flow hydrogenation of benzaldehyde for eight days
was realized, and the total turnover number of the catalyst reached 997. The flow hydrogenation system
provides an efficient and practical method for the chemoselective hydrogenation of aldehydes bearing

reducible functional groups.

RE)—RiEBBREMEEE AW 70— KIS AT N, #8277 2 a i L0 b @ A%
DTEMEZFIREICT D DA BT ISR DA A2 58T 2 TRAREE L, 7 U —2 7
{EEMERREFRSINNZ LD AT — VT v TP ERE G FEBLITE L2 Lnh, ERTAS T2 H T
HEALLT, HEHEZEDTVD,

Fexld, ZTHVETITWBUEMER Y ZF L - RY =F L (PS-PEG) L ¥ AEF 7T FF 5 filihiE
(ARP-Pt, Scheme la)?Dfifi 1 — h Y v DA EfSHT 70— 7 7 22 HNT, 7r—RITBT
DRNERA IR T VA — VDK PBRBISIE D BROA LT 4 = a7 L—r DORKFE S Y
EZRHLCEZ, TITCAMETIE, K70 —V AT A0 R EE~OHH~Bf L., HEET T
FFF J R (ARP-PODfRIE S — U~ (¢ 4.0 x 70 mm) % Hfif <727 v — VU 7 7 % (H-Cube Pro,
ThalesNano £f, Scheme 1b)% H\WNC, 7 /L7 & REOKH 7 10— /KBLEIRZ DWW THRFTE T Z 72,

5)
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k. ZAT I, TR R EOBIEREE R TR WEREL S A D E R L ONEIK T LT e
ROKH 7 7 —KFAUBG % 40-100 °C, 30 bar DY AT AJETICBWTERM L7z & & A, @I oR T
BOSHHEITS 5 Z L/, 7Tt FEOZBDKEFL S, BHET D 1T V= — /L Zhxim 99%IR

BIRIICE 25 Z L 2/ LIz (Scheme 1c), 7o, ATV R—V AT LAEMNHZ &2k, "X
7T e RO 8 AROMERE Y B —/KFELIEA FTREL 720 | ATRIZE T Do TON 725 997 IZ5)E
L7z,

Scheme 1.
a) Preparation of ARP- Pt

i /’ \ PhCH,OH /A3
0 o] N Pt ”HOBO"C

c) Selective Flow Hydrogenation of Aldehydes

0 OH
i
Pt H
/@)J\H / L
) -

R = COCHj,, COOCH;,

NHBoc etc Continuous Flow Reactor
Yo X 40-100 °C, 30 bar OH
optical microscopic image  TEM image | WH within 22 sec \H/k\H
b) Flow Reactor System (H-Cube Pro) i n in H,O or H,O/EtOH n H
If e+ : : up to 99% yield

Typical Results
! H 0 OH
H
E 89% yield 71% yield

References:

1) Y. M. A. Yamada, T. Arakawa, H. Hocke, Y. Uozumi, Angew. Chem. Int. Ed. 2007, 46, 704.
2) Y. M. A. Yamada, T. Arakawa, H. Hocke, Y. Uozumi, Chem. Asian. J. 2009, 4, 1092.

3) T. Osako, K. Torii, Y. Uozumi, RSC Adv. 2015, 5, 2647.

4) T. Osako, K. Torii, A. Tazawa, Y. Uozumi, RSC Adv. 2015, 5, 45760.

5) T. Osako, K. Torii, S. Hirata, Y. Uozumi, ACS Catal. 2017, 7, 7371.
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Approaches to find pure crystalline form from crystalline forms mixture

- Case study on polymorph screening of atorvastatin calcium —

Sayuri Ukida'*, Masayuki Yamashita!, Yuko Yoshida?, Mitsuhisa Yamano'
!Chemical R&D Division, *Analytical R&D Division, Spera pharma, Inc.,
17-85, Jusohonmachi, 2-chome, Yodogawa-ku, Osaka, 532-0024, Japan
sayuri.ukida@spera-pharma.co.jp

The selection of an appropriate crystalline form which has optimal physical properties is important in R&D
of active pharmaceutical ingredients. An exhaustive polymorph screening is required for a drug candidate
development. In this work, crystallization of Atorvastatin Calcium (ATC) was studied by conventional
polymorph screening to obtain all of the reported crystalline forms. It was not easy to find each crystalline
form of the obtained ATC crystalline samples because they were observed as mixtures with some kinds of
crystal forms and/or amorphous. 12 crystalline forms of ATC were classified by creating analyzed list with
PXRD diffraction angle. After that, ATC was crystallized in slurry conversion conditions by seeding a couple

of the crystals obtained by polymorph screening conditions, in order to identify single crystalline forms.

JFIENFER S 2T 550, BIREMSS & LT EDORRE IRt D00, EELOBRRE S
BEAOHFTHO TEHETH D, 207, BIETIIHEMNMERICBSWTRMEEAZ Y —=
TREMENDZ &1L, RIERHEE 2> TWD, FmEBAZ UV —=0 7128\ T, AIEEZRIRY
ETOGMEEMEET D2 E PRI L D720 IRATREED 5 0O CERRBESMECof b 2R
T DNE N AT TIEIC O W T b InHINE, BERBERINE, BEE72 L2 < O TERAR LN TV D,
AlENX, MRS VOB D, BEEM STV AREMmE

Ao V== 7 OFET, BBMORREE 2 TG TE 5 Q 9 o

MERGE LT, X% LT 58 WI21%. Atorvastatin Calcium ﬂ/C /Nw 2 ’

(ATC) (Fig. ))& IR L7-, AMLAMIE, HMG-CoA 5 rE2sEIH O Q °/<of )
-

EHLL L CHEI B LD Pfizer £1:0 Lipitor 3 p%70 T, %< Ofk
B TENH LILTERY | Z08IE 70 FEELL E L b EbitTn

%, Fig. 1 Atorvastatin Calcium

— 124 —



AW TIIFERZIEA T V—= 7 & LT, 25 FADEEZ 1T 5 AR & fegdtk . RIS L&
BRI 20 TR PR L CHL— IR A b ek & IR SR ISR d b St O db b S8 AT TR OGBS Bl
2. AR X MEPTRIE (PXRD), RAEZEEERFRFE (TG-DTA) &rRzZEAEERE (DSC)
2 Ko THEEIEHI 24T o 72, PXRD fER KV . BB ANZ =B 6NTH, i oia s
X ORI £ T2 I3FEE RIET Dk CHEE Sz, £70RO 3 SOBEHIZ L - Tl ¥
— OHBBNEETH Y | RTICRFR A Lz, OREICB T 2IEMEOEIG R E @B
MENZ LWL DR AT = DEER(E @FELRET /N Z — OB Y — 7 DFFEE

IR BIEAREE D IEF TR AL Lo <MD T OFERIENFET S Z EBHIN EHEE L
TW5, & ZCHEidmE mixture Z T3 572012, B2 —2 L Z2DREETAERNCY X MELT
fEmmlE Z ST 52 LT RFEFHOERDEF AR - 2 AT N TE,

VLD ATC @I I51T DM da Tl /0 Fis R 25D T Methanol HE— VB fb (L4 4F<°, THF /
water JROVABAERILSRGE CHEONMRAEZHICE > T, ZHAOEZH -OAE TEE T2 L %
HAQIZ, FERIRINA T U —a = g ETORT 21T 72,

‘ l (a) 1200} ‘ Lak
G:AX‘(
180
i ool :;: |-u..'.-.:i
g i ® L + + |
uxvj J-:m:-
.M |
- e — L. : . i
= Yeme Ceo - —_— a0 |.-r.r:“m(:* 1800 P
Fig. 2 #dh2 A7 UV —= 7128} 5 THF / Fig. 3 fMZEAs )V —=2 71285
water @bT#) (&) £A7 Y —aisSmYE ik Methanol &4 (a) & A5 J—=2 /83>
T® THF / water f#m# (b) DSC JIE#E R 15T Methanol &% (b) DSC HIER R

THF / water T2 3\\ N Tik, DSC DfERE A D L, A7 U —=V T ORI D 5 HIKFE S D
FEEmATE A, AR ORER AN E— T b= (Fig. 2), F 7= THF / water st D F, ATC JFIEHRE
T D Form I LFEPLD PXRD [RIHT/ 8% — 2 &R LT3, DSC #ER L 0 B Z/5 T 5729 Form
[ & 870 DT & HEE L=, Methanol @iV ClL, IKEAROFEEBALNAT Y —a N
— Va3 RS TIR ARV Z & AR S 72 (Fig. 3),

L ED X H1Z, ATC O X 9IS OFEREZTE & R oL A ITx L Tl EiE S TV D52 TE
A V== T EAT 9 L 2RO mixture 235 Hiv, fEsaBHBIAREEE 725, &2 THAIL
PXRD (28T B [EHT /S & — UM DS L7 B R 2 — & L LT 2 AU HE S W O RARS
B LS LCHEERINTORT Y —a "= a UiEZEAT 5 2 &0k » TH— Ok AIF
EF5HEE M Ulc, SRITEICMOBESEN O b S8, BRI —=v 278
INIIAZ ) —a "= g ELY B—OfMmE 2RI KBGT 2 FELHYL L TH&E 2
EEZTND,

Reference
1) Y.S.Jinetal.,, Chem. Eng. Technol. 2010, 33, 839.
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Real-time monitoring of carbon monoxide gas by gas analyzer

Kiyoto Sawamura*,Wataru Katoda, Takayuki Miyake, Kenta Jonoue
Sumitomo Dainippon Pharma Co., Ltd. 3-1-98 Kasugade-naka, Konohana-ku, Osaka 554-0022, Japan

kiyoto-sawamura(@ds-pharma.co.jp

Oxalyl chloride is a reagent widely used for synthesis reaction, but it is well known that carbon monoxide
gas is generated during reaction. Carbon monoxide gas is a tasteless, odorless and highly toxic gas, and in
use, attention must be paid in handling, especially during manufacture, and secure safety measures are
essential. In order to understand the generation behavior of carbon monoxide, we examined real-time

monitoring using a gas analyzer and succeeded in tracking its behavior.

HALA YV M ERRBUSICIA SN RIETH D08, SUSFHZ —F(LIRFBE T ANENAETDHZ &
MBI TWD, —BRLRFEA AL, BHRER HEHEOGWHT A THY | HRIZERL T, FricilidE
FRCRE W TIIIR O ENTEERLETH Y | ERZENRPVLAL D, Fox i, Scheme 1 DX
I 2R WT, —BLIRFEDORAEEBEZ IR T DD AT IAF—2H N T AE A LE
=XV 7 EFERLT, FRlRRERRNARER T v A2 ML LT,

Scheme 1
/L 1. (COClI),, /L 2. Propylene
HN™ Y0 Pyridine NZ >ci| glycol NH, HCI
—_—
R)\R' THF, 0 °C R)\R' 3. warm to rt R™ R

(1) HATFZ A P —MAX300-LG (Extrel CMS i)

AT F A Y —I%, Extrel CMS £ (USA, Pittsburg) 23BH%E L7z 7 0t AN ASHEEETH D,
JEVNRFERIFH (100%~10ppb) OWPENRY TNAX A ATHFE, HAZ v~ 7T 7 LKL TLA
RUARERN M 180 FDOKIR~ AT T T A T — 2 X—ZANFEOfNT Y 7 MINE SN TE
D EREATIE A RICHEERTRE & W o IR R A T 5,

(2) —RILIRFT ARKIL S R 2 b —Ya >

WEAZHE LT —BILIRFBHT AHEREO RS I 2 b—va a2 U— X MBS T %
M L7z, FOfEE. LLTFD 2 o0& tEnm-iE, #FAEE 50ppn® UL O —E{LREH 2 H3E 0
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AR, HRATICEES 5 ARV Z e b o T,
A) —BRALERFE T A DS PEH B EE 3000ppm LLF T, o — @l E THRE S TN D
B) —MR{LfRIE A AR & 90 4y LA EICERETE 5

(3) HATFIFIAVF—ICLDYTNEA LE=FV T

(2) Ky, BAFVI VU LE 90 S THEL, —BLRETAOREEGHZE=FY) T LT,
FMERAA > M, O FICEW—EHE T—RIbRET ANFEEL TWDHD, Qf(fbA XY
IV EBEENVEDRLIRB T ADEAEL TWDENTH D, MG S IUXFRR 2 bRrEXR %
By & 972 s St vl BE & HIlr T X B,

HIER B D LR FEIT, BELEY AT T 7 A MRE— (G5 R28) K=o, 7T U5
P T CHIEEIT o 72, ZORER, —BbRFRPEHEIL, 211% L HimE e RE T /R L
7ofe, ZAUE, —ER bR FE &SRR TRIET 5 BbIRE L T Lizioo LHEJI L 7=, & Z T,
—IbRE, LR EOE T ABLORETAZHNTH AT F I 4 F—%KIE L THIE .
Il LTz, = OfER., QLA ¥ U A TS ED—EEE T BLRBETAREEL TND Z &
QAR UFERMER 5% TH D 2 & 2 Lz (Fig 1),

AKFERL O HEAFH U ADOHFEELZ 2 br—L (904581 452 LT, JeH iR
3000ppm LA T & 720 | Rl 72 kbR, BREXIROMLEDO 2N T m® A& HENL LT,

Figure 1. CO W AE=XY 7

=—CO gas [mol/min] s CO gas [%] = =(COC)2@TF&E [%]
0.015 100%
E - 75%
£ o.01 _
[
3 g
|
a 50% &
#® B
i g
8 0.005 -
8 25%
0 T i 0%
0 50 100 150
¥R [min]
Reference

1) Stefan G. Koenig. et al., Org. Lett. 2009, 2, 433-436
2) HARPEEM/ESS (8h/day. 40h/week ZiE ST & EENA UARVVEE)
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High Chiral Recognition Ability of Polysaccharide Based Immobilized column
"CHIRALPAK® IH"

Kenichi Yoshida*, Tatsuo Kishimoto, Ryota Hamasaki, Atsushi Ohnishi
CPI Company, DAICEL Corporation
1-1, Shinko-cho, Myoko-shi, Niigata 944-8550 , Japan
chiral@)jp.daicel.com

Chiral stationary phases (CSPs) based on polysaccharide derivatives show high chiral separation ability for a
wide range of racemic compounds'’, so they have been broadly and successfully used for analysis of
enantiomeric purity and isolation of enantiomers by LC and SFC. However, coated type CSPs have
limitations of usable mobile phases. In order to overcome this drawback, polysaccharide derivatives were
immobilized onto silica gel. Immobilized type CSPs, CHIRALPAK" IA, IB, IC, ID, IE, IF and IG maintain
excellent chiral separation ability based on the property of the polysaccharide derivatives and also have a
high tolerability for versatile solvents and have been widely accepted by many chiral chromatographers
because of their convenience.

CHIRALPAK® IH (Particle size : 5um) which has amylose tris[(S)-a-methylbenzylcarbamate] as a chiral
selector for the CSP was launched, it’s the immobilized version column of CHIRALPAK® AS-H (Particle
size : Sum) which is coated version column in December 2017. IH has a similar tendency of chiral
recognition to AS-H for many compounds. And it was found that IH shows better preparative productivity
than AS-H when using eluent which can’t be used for coated version column. In this poster, we report on the

outstanding performance of TH.

EH S, R, R 0NN T, P RMEROSHE - T OEEENEGE>TWNDH, =
O EIZ T D HFER T I L O L BERFT ORI BN T, ¥ —F v MEEWOR#E
Bt - BUFIIEZETH Y | FlZF T /LEMOLE ., FRFE CEMEZOHEEERZ IG5 2 &
MTEL v~ NI 7 4 —IEIC K20 0E (H) HBIERE RN 2R 5, et Bk sy
ks L OVATICIE HPLC A A 7 ARIA< VBN TEY | FITELr—ZARLT I B —RAD I L3 A
— FERERR EARFHFHAAIEL LT=F T4 H T ATRIEVEAIT L TEmWilkile h a2 B4 5
ZEeMbERBEHINTWD, ORI HEAINHIR SN RO a—F ¢ o 78 5
LG, AR T b~ N—=a U7y 7S, TR R IAAIO RN 2 | 1BV MEE
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(2 RE LoD ATREREASEAS 5 TN B, I— /EL
T 4 v 7B A CHIRALPAK® AS-H(AS # A kﬁ\\ L@
VX, MOTHERR S Z M2 =—7 J’ _| Amylose

PROYBERE 2R IR VBN TVDDY, T \Costed or immobilized.  tris[(S)-a-methylbenzylcarbamate]
—F U VTN T K ThDI0, HATED o e

ﬁ%‘;&%{ﬁ%ﬂ@#@%hf“to /%\IE' AS &/I) 70 Fig 1. CHIRALPAK® AS-H or CHIRALPAK® IH
Da=—7 Iy 2 MR L= 5 £, 184

Mt % f-7 5- L 7= CHIRALPAK® TH OBAFIZRREN L 7=,

TIa—ZA RYR[()-a-AFAR A HANA—1] (Fig. 1) 25 um U HF L EIZHE
EbT 52 L TELINE IH R A2 B T LA X 0.46eml. D. X 25eml/15eml D F1 F L2 S5k L 7=,
INHDH T AERWIAFEHR (n-Hexane/Alc.) 3 X ONHAHR (H,0/MeCN) Z B EiHH & LT, [F UARF
FRIA (2 BERSEAR) % Ff-> CHIRALPAK® AS-H/AS-RH(Particle size:5um) & 7yBEMERE D ik 247 -
7o TORER. THH T A& AS-H/AS-RH 5 7 LD BRERNIIEAL L TR, WA T LIFAS XA 7
D =—7 IR A B N TN D Z L b oo, ZOSBERHEIL, fLOMmRERIT A 7 2 (1A
~16) & OMICHFERH Y | TH T ABMHERIEL A Z 23 U — X ({CHIRAL series : IA~1G) (2N
D2 LKV SBERThERNEE D Z LRI SN D,

- 2- : ; . . |

1-Phenoxy-2-propanol 1-(tert-butyldimethylsilyl}-4-vinyl-2-azetidinone ‘ | |
o™ )
N\

Column size : 4.6mml.0 * 250mmL o TBOMS

Mobile phase : n-Hex/IPA=90/10 [v/v}

Flows rate - 1.0mL/min. b CHIRALPAK™ A5-H Column size o &.6mml.D. ¥ 250mmL

Temp. o 25°C T - CHIRALPAK® IH Mobile phase . n-Hex/IPA=30/10 [vw/v)

Detection : 220nm Flow rate - 1.0mL/min.

W Temp. r 255C
] Detection : 210nm

T T T —
o 2 4 6 &8 10 12

Time {min)

O
X
=
@
@

Time {min)

Flo HIZEN BRI 2 R o7 2 —T 1 7“’*”77 T L TIHE A T & WA (AcOET)

ZRENVEICHWSD Z & TUAS-H L0 S 0B, FF i THRNEPGOND Z & b ST,
ARFEFE T CHIRALPAK® TH /87 4 —=~ L A ﬁﬂh@%ﬂ _Ob\“ci&%ﬁ”éo
CHIRALPAK® AS-H CHIRALPAK® IH CHIRALPAK® IH
NEFII’CIXEI"I = on Condition<A> Condition=a= Condition=B=
o0 ¥ ﬂl i
| 0.014 mg/finj 0.014 mg/inj |
Column size c 4 emml.D ¥ 250mmlL | . &Nl . me/ink | 1.67 me/Inj. |
IMobile phass : el n-Hex/IPASACCH = 30/10/0.1 [viv/v) ‘ | | % | [As-HD ¥ 11562 |
<B> n-Hex AcOEL/AcOH = 73/30/0.1 [v/v/v) | | | | | I|I
Flow rate - 1.0mL/min. |
Temp. : 25°C ) J U I& . 4J I\J ] l'\__
Detection : <f=230nm, <B-340nm 5 1.':, 9'3 :', 1.':, ﬁ':, :', 1.':, 9'3
Tme min} Time dmin) Tine ¢min)
References

1) J. Shen and Y. Okamoto, Chem. Rev., 2016, 116, 1094-1138.
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Transition-metal-free and Metal-cyanide-free One-pot Transformation

of Arenes to Aromatic Nitriles.

Kohei Imahase*, Hideo Togo
Graduate School of Science, Chiba University
Yayoi-cho 1-33, Inage-ku, Chiba 263-8522, Japan
imahase@chiba-u.jp

Aromatic nitriles are widely used for medicines, agrochemicals, and functional materials, such as liquid
crystals. Additionally, since the nitrile groups can be easily converted into other functional groups, such as
carboxylic acids, amides, amines, and tetrazoles, aromatic nitriles are important compounds from the
viewpoint of organic synthesis. However, most of those synthetic methods require toxic transition metals or
metal cyanides. Here, we have established preparation of aromatic nitriles from arenes by the treatment of
arenes with CLCHOCH3 and BCl;, followed by the reaction with molecular iodine and aq. ammonia. By
using the present method, various aromatic nitriles from electron-rich arenes could be obtained in the range
of 70~94% yields.

(=]

FEBE= N VT, EIELORE R EOBREMMEE L OUASHWOI TV D HE RS FF# T
b, Flo, WVRUVBRST IR, 70, T8I =g EAOBERIEEBMPES 220, Ak
BAHROBLENS b ORFEN R ERITEERFETH D, HEHKE= NV IVOBEFO G ML T FR
B—tkT I ROPKSEFH YT Y =7 LM E CuCN % V7= Sandmeyer G732 ENHIF HiL b,
L LARNS, ZHOHDORIGIE, BRREBY T A EIT Pd 0L 5 @il &48E,. BLO
A N ST D,

WHFEE CTIE N E TEFEELREFRILAEMIZ, POCL 3 LN DMF % U /= Vilsmeier-Haack
BOSZEATVD VT L & aq. NHy TRBE L THEHE= b VL& BAFRIEETHTWD, 2 ORIGIE,
EE LT A EERE IS, BEE T IIMNERE ORISR T T, B8 E R ERIL
B~ T ) EET Ry FEATELZOT, HFEFIAMTHL, LLARBL m-F b N
YIFFT 2 EATT T E VL ~DTT ) EOBNINETH L7 EORER DD, AEFA X,
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FHEBILEGWIZ CLCHOCH: X OV 7 FAE A FEH S E VT L & aq. NHs &S SEDH 2 LT X
O, HFEBR= NI VERSOPRGET T URYy MEKRTELZ L2 A LD T, ZO5EM% %

ESQ A

GRS

1,2,4,5-7 b 7 AF)L_E (1 mmol) & WIS RET DGR 1st 27 » 7 Tl CLLCHOCH; (1.2
eq) )t D 12-Vr/nux X U RREEE L, BCh(12eq)&2 Mz 52 L2k >TT AT b REMAT
bHYr7un AFNVEEEA L, 2nd AT v 7T I OEIRIZ L(2.5 eq.) & aq. NH; (4 mL) & 1z
IR Z Lick . (e T 25FHE =NV ILET KRy b THRIIZARK T 72(Scheme 1),

Me BCl; (1.2 eq.) aq. NH3 (4 mL) Me
Me H  ci,cHOMe (1.2 eq.) I (2.5eq) Me
DCE,0°C,2h  60°C,3h
Me
Me 1st step 2nd step Me
1 mmol 94%
Scheme 1. One-pot Transformation 1,2,4,5-Tetramethylbenzene
to 2,3,5,6-Tetramethylbenzonitrile.

CN

Me

WIZ, ZOFEZANTH L OFEFECEMNOEER= NI LVOARERTFT LI 2 A, FEx
BTG A FF OB FEIRILKERC, BEEERBRILADIZCB W CTENENHRRE NS BT/

RCRICT D FHE= NI VE2GDH 2 LI L7=(Table 1),

N\ H BCl; (1.2 eq.) aq. NH; (4 mL) N CN
R CI,CHOMe (1.2 eq.) 12(2.5eq.) R
7 > Z
DCE or DCM (4 mL), 60°C,3 h Up to 94%
1.0 mmol -50 °C ~40°C, 0.5~37 h 31 examples
1 1st step 2nd step 2
product, yield, (solvent, temperature, time)
Me Me
Me CN /@iCN /©:CN MeOD/CN : _CN
Me Me Me Me Me MeO Me,N
Me
2a, 94 % (92 %)? 2b, 94 % 2¢,92 % 2d, 94 % 2e, 74 %"
(DCE, 0 °C, 2 h) (DCE, 0°C, 1 h) (DCM, -30 °C, 25 h) (DCM, -50 °C,0.5h)  (DCE, r.t., 2 h)
CN CN CN CN CN
N
& N s
0\) Me
2,94 % 2g, 80 %° 2h, 80 % 2i, 85 % 2j, 88 %
(DCE, r.t., 2 h) (DCE, 40 °C, 4 h) (DCE, 10°C,17h)  (DCM, -30 °C, 3 h) (DCM, -10 °C, 1 h)
2 2a (8 mmol) was used. b BCl; (2.0 eq.) and CI,CHOMe (2.0 eq.) were used.
¢ BCl; (1.5 eq.) and CI,CHOMe (1.5 eq.) were used.
Table 1. One-pot Transformation of Arenes to Aromatic Nitriles.

Reference

S. Ushijima, K. Moriyama, H. Togo, Tetrahedron 2012, 68, 4588.
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Aqueous Asymmetric 1,4-Addition Catalyzed by an Amphiphilic Resin-Supported Chiral

Diene Rhodium Complex
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We have developed a rhodium-chiral diene complex immobilized on amphiphilic polystyrene-poly(ethylene
glycol) (PS-PEG) resin (PS-PEG-diene*-Rh) that efficiently catalyzed the asymmetric 1,4-addition of
various arylboronic acids to cyclic or linear enones in water under batch conditions to give the corresponding
B-arylated carbonyl compounds in excellent yields and with excellent enantioselectivity. The catalyst was
readily recovered by simple filtration and reused 10 times without loss of its catalytic activity and
enantioselectivity. Moreover, the PS-PEG-diene*-Rh catalyst was successfully applied in a continuous-flow
asymmetric 1,4-addition. Long-term continuous-flow asymmetric 1,4-addition during 12 h readily gave the

desired product on a 10 g scale with high enantioselectivity.

The asymmetric rhodium-catalyzed 1,4-addition of organometallic reagents to enones is widely used as an
efficient and important C-C bond-forming process, providing chiral B-substituted carbonyl compounds that
are useful as chiral building blocks in organic synthesis.” Although various chiral rhodium catalysts have
been developed to achieve highly enantioselective 1,4-addition of arylboronic acids to enones, the
asymmetric reactions are generally performed in organic solvents under homogeneous conditions. In order to
realize the green-sustainable chemistry, the conversion of the asymmetric reactions into green sustainable
processes using recyclable heterogeneous catalysts in water is becoming a new important challenge.

We herein report the development of a rhodium—chiral diene complex immobilized on amphiphilic
polystyrene-poly(ethylene glycol) (PS-PEG) resin (PS-PEG-diene*-Rh, Scheme la) and its use in the

1,4-addition of arylboronic acids to enones in water under heterogenous conditions.”
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PS-PEG-diene*-Rh efficiently catalyzed the asymmetric 1,4-addition of various arylboronic acids to cyclic
or linear enones in water under batch conditions to give the corresponding B-arylated carbonyl compounds in
excellent yields and with excellent enantioselectivity (up to 99% yield, up to 98% ee, Scheme 1b). The
catalyst displayed excellent recyclability. Thus, the supported catalyst was readily recovered by simple
filtration from the resulting reaction mixture and reused 10 times without loss of its catalytic activity and
enantioselectivity (fresh 91% yield, 95% ee; 10™ reuse 91% yield, 92% ee).

We also applied PS-PEG-diene*-Rh for the continuous-flow reaction. In a flow reactor containing a
cartridge of the immobilized rhodium-chiral diene complex, the continuous-flow asymmetric 1,4-addition of
phenylbronic acid to cyclohex-2-en-one at 50 °C was completed within 10 seconds. The long-term
continuous-flow reaction for 12 h provided 11.7 g of (R)-3-phenylcyclohexanone with 93%
enantioselectivity (Scheme 1c¢). The total TON of the catalysts reached 1073.

Scheme 1.

a) Preparation of PS-PEG-Diene*-Rh
i ArB(OH), (0.45 mmol) i

( PS}»O ( /)_\NHZ
‘ { PS-PEG-diene*-Rh (2.5 mol% Rh)  x~ ™ 1PN
or or
PS-PEG-NH, EDCI (3 equiv) \‘, ) - . L\,\ L
(NH,: 0.27 mmol/g)  HOBt (3 equiv) /—(\ /j_\ ™7n R2 H,0, 50 °C, 3-12 h, N, A 22 NAr
0]
N DMAP (0.3 equiv) U 28 examples

0.3 mmol

b) Scope of the Arylboronic Acids and Enones

(e}

up to 99% vyield, up to 98% ee
DMF, 30 °C,18h Selected examples:
A\ PS-PEG-diene* 1 o) o o o o
HO : A i L U P

° Mo Mo, Yo, Yo o

91% yield. 95% ee
o 10" reuse : 99% yield 96% yield 41% yield 82% yield
. 91% vyield. 92% ee 94% ee 98% ee 75% ee 94% ee
[RhCl(coe)yls  ~pg- N \

CH,Cly pEG) H O Rh ¢) Long-Term Continuous-Flow Asymmetric 1,4-Addition

30°C. 18N o PS-PEG-diene*~Rh o)
PS-PEG-diene*-Rh o ) (250 mg, 0.0625 mmol Rh) j\
oz et -0 |+ eron, R ]
\(/ ~ ”

Ph

1"3' u KOH (50 mM)
‘ H,O-EtOH (1:1), 50 °C 11.7g (12 h)
3 mL/min 62% yield, 93% ee
(contact time 10 sec) TON = 1073

References:

1) a) T. Hayashi, K. Yamasaki, Chem.Rev. 2003, 103, 2829. b) M. M. Heravi, M. Dehghani, V. Zadsirjan,
Tetrahedron: Asymmetry 2016, 27, 513.

2) G. Shen, T. Osako, M. Nagaosa, Y. Uozumi, J. Org. Chem. 2018, ASAP (DOI: 10.1021/acs.joc.8b00178)
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Lactone synthesis from diols by Pt/C-catalyzed dehydrogenation under reduced pressure

Ryoya Takakura*, Kazuho Ban, Yoshinari Sawama, Hironao Sajiki
Gifu Pharmaceutical University
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Lactones are important frameworks in organic, pharmaceutical and industrial chemistries. The transition
metal-catalyzed dehydrogenation is an attractive method to give the corresponding oxidized products due to
the less waste property except for hydrogen gas. We have developed a platinum on carbon (Pt/C)-catalyzed
dehydrogenative lactonization of diols in water under neutral reaction conditions. The present lactonization
could effectively proceed under gently reduced pressure (900 hPa) using our newly constructed reaction

device.

77 b AIRRESR G AL e E 2T DA TTH Y | S RIEOREITEE T
b5, b RoxUBoBiKiEaCERIR F O Baeyer-Villiger B&{L72 E2N@H DT 7 b o ARkE s
LTHIBNTWD, £, A=z iH & LIEBREIPREUS 2R 2 S RiE bIEFEITHIE &
NTEY | BERKRL FIRBERNEBRAIE LTHESh D, L2AT, EBeREME Lz
B AKFBOGIE, BIERMDKFZDHD 7 U = lgfbiké LTHEARSATEBY , VA=A E T 7
R ASOZBBOSIC B SN TN D, [ - A S 2 A 8 — Rz 2o 2 & T, 7 b A
T3/ I ICENTREARMKBA OSSN ER S D 2, AREEEOMER Do mE g T o
150 CULEO@RREM 2P UETH D, Forld, IHMERBERAY) —REBBABAAE T, K
THEATT 2% 1 80D 2 WVIEE 2 T v a2 — LV OBUKFRBALRIEZ B LT\ D, 9 5 1 kT v
OV EIE L LT SOG TR, BIAET 27KHRIT K 2 HAE T OB VAR = VOGRS T 228, R
W TR L CTRIZEKSE ZBRETIUT, MIST 2 WVRCBRPIRESIEON D Z & 2dmil
Liz, Al BICBERIG Y A7 JEaMEL T o . .

- ) cheme 1: Dehydrogenative lactonization
PEZAE T CHATT 2 VA —AEDT T FFRE g on o
(PUC IR KT ALE 2 BIR L, 5 7 b 240 (¢5 e <;j
A RkiE & U CiEH L 72(Scheme 1), 2 ’

— 134 —



12-X BV AX ) —v(layx FEE L
L T, 10% Pt/C (10 mol%){F1E F. K+ 80 C
T 6B L= 2 A, HHID T 7 0
hoAk (72 U 1 2a) AMERR Lz 2RI @C“ 19% PYC (X mol%) @:‘fo

OH  H,0 (1 mL), 80 °C

Table 1: Optimization under reduced pressure

.]‘I\Il "

s T /111111117

(17%) TdH Y . 54% D JFURFAS ELIR & 72

. 3 1a (0.25 mmol) 2a
(Table 1, entry 1), L22L., BZER T &K
}7{5@%%@ FEﬁ L:&’gl (& E)}j—:j]?éﬂj%ﬁﬁ{ﬁﬁ_ entry pressure [hPa] X time yield [%]@
DI DR ANR—R L IR DRRIZED T T 1a P
L HELE L C(Table 1, A B, B30/ 1013 0 6 ” =
BT T (900 hPa) k& %+ 5 &, H 2 900 0 6 5 70
&5 2a OILER 70%FETHELE 2 900 148 0 89 (88")

[a] Determined by 1H NMR analysis using 1,2-methylenedioxybenzene as

(entry 2), FAEHIIZ, 1 mol%®D 10% Pt/C fF  internal standard.

EF. 80 °C. 48 BERINEMEFET 2L 220 o

NENETHELND Z ERP B E o7 (entry 3), AL, SIRMEICHEORIPH D H DD,
ANLIZ Me R F NEHA L T2 12-_0 B P A % ) — )LEBER®AD, 1e)lc bl RETHY, 7 v
IRDS BN CTH: 5 FU7=(Table 2, entries 2 and 3), 72, 4,5- _EHK(1e, 1) UILNLITFEY L7
WT V77T 40T DIFH—NTHDH 2T 2=)b-14-TH o Ph—11d), 77X L@ LT
VE =LA EEE L LGB B RRIC, XS T 2T 7 b AR AR L7 (entries 4-7),

Scheme 2: Scope of substrates

HO OH o. 0
10% Pt/C (1 mol%)
H,0, 900 hPa, 80 °C, 48 h
entry  substrate product entry  substrate product
o) o o)
R.4 OH R ' MeO OH MeO
o o OH P
OH R 5 MeO MeO
1 R=H (1a) 89% — 5 (1e) 54% 0
' Cl Cl
2 R=Me (1b) 30% 61% : D::g: o
3 R=F (1c) 23% 63% ;O cl cl
’ ° : (1) 68%
OH o %0 ! HO_HO 0O
o :
o = SO ®
4 4
(1d) 65% 9% ! (19) 90%

DL b, RS T, AKPCTHEITT 5 A4 — VO PYC BB K FRE LIS 2R L7=Z 7 b
YA RIEDOBFIZ ) LTz, RIETK O AIZ XV PYC OIFTER 72 R KD S 5 7o D L 47
FlETH D, UK THR, PUC ITHEMAR AW THRGIZEI T 5 Z LA TE, BEFHAMMRE LT
T 2SO A M TH D, FRODRBIESRMC X 2 FOSERIKIZ, e 2 A6 5 i
BETL2HDTHY ., FRx BRIE~DICHBFEETH 5,

References:
1) K. Kaneda et al., Heterocycles, 2010, 80, 855. 2) K. Shimizu et al., RSC A4dv., 2015, 5, 29072. 3) Y. Sawama, H.
Sajiki et al., Adv. Synth. Catal., 2015, 357, 1205. 4) Y. Sawama, H. Sajiki et al., Green Chem., 2014, 16, 3439.
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Facilitative Effect of Niobic Acid on Carbon to Hydrogenative Deprotection of N-Benzyl
Groups

Yuta Yamamoto'*, Ban Kazuho!, Yukio Takagi’, Masatoshi Yoshimura?, Yoshinari Sawama', Hironao Sajiki'

'Laboratory of Organic Chemistry, Gifu Pharmaceutical University, 1-25-4 Daigaku-nishi, Gifu 501-1196,
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N-Benzyl protective groups were effectively cleaved under Pd/C and Nb,Os/C-catalyzed hydrogenation
conditions. Heterogeneous Nb,Os/C significantly accelerated the Pd/C catalyzed deprotection of N-Bn as

well as N-benzyloxycarbonyl (Cbz) and O-Bn protected compounds.

RPNV Bn)IERT I EKBEEOFHEL L LTS, PAC ZftE L L7 kFE Lo iRIC
Lo ThiR#EESND, UL, TIORUDINMRERWNSU DL T I INEEE L LEERA.
BFHHITH & L0 PUREOEITICE W AERT A7 2 b PA/C Ofitiiis & LTERT S0, G
RPN R AR T T2 BRETH D, L 2AT=FTWHNb0)IE, HFHNICT L AT v Nig
SREKITTitEZ b oA AR E PR O R E R BEERAME L L CERE ST D Y, ST iE,
N-RUDVT 2 ORFEIRIC L DB IC RO T, TG = 4 7 (Nb205/C) % Pd/C

Table 1 DI L T2 Z & CTRISHIRES EITTHZ
H, (balloon)
Bn 10% Pd/C (1 mol%) EERHLT,
' 10% Nb,Os/C (1 mol%) H N _ .
N 2>s N Nb20s/C OUHNZN R % Table 1 12~ L7z, N-X
\M/7 m MeOH, rt, Time \M} m . ’ 5\ J ’
1a 2a VONTHTFAT I (Qa)EIE E L CKER
) ; P T MeOH H1, =T 1 mol%® Pd/C % filij
Time Yield (%)
Ny iy T O S aduet | L L7 L T AR 60 43 T b ERk Lo
1 60 e _ 40 54 23 (Entry 1), Pd/C & Nb205/C % Z#1Z41 1 mol%
2 45 O O 0 100 R LZE A, KIGIE 45 23 Tl L T
3 60 — O 100 0 Q)N EEIICH B AL (Entry 2), 7.
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Nb20s/C DA TIIBifr#IL 2 < ET LRI &5 (Entry 3), NbeOs/C 1IKFE(LFERE 2 FFi= 72
W N D7 D PA/C bR KL iR a2 R B < IS5 Z L B Bk 72 o7z,

Pd/C & Nb2Os/C % $hfifit & U 7= /KFEAL D RIC X 2D il IR~ 72 Wi © & % (Table 2).

FH—tkT IO NBnfRi#HRAD)R° 7 = U U FHERD N-Bn (R (le-1e) D BifRiE b 2hE B 1T
Lz, 220 D7 278U I VDR KBS R I NI o Tehy, R E UL A%
T ANHR=(Chz) B & LT B Q3R O RE S AL, ST 5 2f BElCE iR LN, +
T2 BT 2D Chz (FHEEALRL T = ) — DN D UARH#ERQLD) b 5 5 KBRS .
B 22D @R T3 2 BARFEIR (2D and 207235 H 417z, 7238, N-Cbz X° O-Bn fRi#&EFEDKFE
{B53fiE & Nb2Os/C BHAFT D EMEESND Z ENRH LN/,

Table 2

H, (balloon)
10% Pd/C (1 mol%)
10% Nb,O5/C (1 mol%)
Substrate Product
MeOH, rt, Time
Yield Yield
Substrate Product (Time) Substrate Product (Time)
N'Bn NH; quant N H NH
2 . . 9
©MH ©M (10 h) | Bn Y No
1b 2b N Reaction
Bn H 1f
N, N, ¥
84%
RO O s D YNHZ o
1c 2c N (1h)
19

H
N. NH,
@ Bn © quugnr;[) NH, 96%
1d 2d (0.5 h)
E}n
NH
N-gn © 2 92% O-8n OH 98%
(1 h) (1.5 h)
d 1i 2i

PLE Nb2Os/C % PA/C OISt b 525 Z L T NRUUAT I ZIILDE LTkEx 72U UL
BURFE R DONARESICMEE SN D Z & & R LTz, Nb2Os/C D7 L ATy R R OV A A
PEICEY N7 I URERES L, BRENMEES N TS HDEEZTND, Nb20s/C

X PA/IC L RBEDOMARREARAEETH Y, BFELLT <, BMREERIEO S TEIRTE 57207
7 A BRI R E S s s
1) M. Hara et al., J. Am. Chem. Soc. 2011, 133, 4224-4227.
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Palladium-Catalyzed Synthesis of a-Silyl-Substitued Allylic Boronates using 3-Boryl-
Substituted Allyl Benzoates and Silylboranes

Miki Murakami*, Juri Sakamoto, Yoshikazu Horino, Hitoshi Abe
Graduate School of Science and Engineering, University of Toyama, Gofuku 3190, Toyama, 930-8555,
Japan

horino@eng.u-toyama.ac.jp

Palladium-catalyzed reaction of allyl benzoates having a pinacolatoboryl group at 3-position and silylboranes
provides convenient access to an array of a-silyl-substituted allylic boronates in good yields. In addition, the
present method can be applied to the three-component reaction to give d-silyl-substituted anti-homoallylic

alcohols if the reaction is carried out in the presence of aldehydes.

T IUNKRUFEERND VR = ACEW O SRR T U LRI, AP B 2R R
“RFEFREETRLED—DTH D, TNETIZ, SEIERT VAR TRILAEVOARIENBZ X
NTWa, Bz, 7V AARBeR— R D a2 Y VEEEEST VbR e x— ML, KSREIZE -
TTINTARBIZEDT VBRI T VLR URIZL DT VIBLRISZRIE CE 57217 T <,
EROE =LA a A REMRLS FELTE RN ERD, Va-v D VERT ULARE X — kO
ARIEELTIE. D) a—20uT7 UL FoLLESYART U EORIGEGE DY, 2) TL=1vF
YO Rar v R 2)Y, 3) AR T TORT Uy AMbic kDI — RAF L (a=R
UN) VT ETAT D~y IR (KD VERRE SN TVWD, LLARRL, 2hEDORIE

= Ead N i imizul)
OIS B FFAME R, " Hiyama g Shimizd .

Al RT VT AR T, 3L R34k¢ﬂ +PW%%mmmwz—ﬁ%L>Ri(*Tﬁ©%mk(n
WS PRV NVENEBR LT R -99°C R®  SiMesPh
JNRyym—h 1LV NRT 2 mRoush? e (Clpo)BH SiPhMe,

. " ——/ (chiral borane)

21T D apLiZv o . d
LORIGETTS &L afiicy YA EE 1S ©

! SR — Nagin
bOT YRR =k 3 BHRRRED e e . .
LRIFRINEKETELNDZ &2 R NN ez Xantphos ~ iMe, o

i Cs,CO ,
L7z (X4), KRIGE, n-7 U T YT = B(pin)
m this work

50y LRREEL YU LERT L LD oo s -

= Ny + PhMe,Si-B(pin) ——8M8 > 4)
kT A RAZNMACROGNT & - THEAT Ar 1/ B(pin) 22 MeCN Ar X s B(pin)

80-100 °C
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THO, IERIELD bEWEREATFAMZRSOZ LIRSS,

KB 1a L U NRT 2 2OV TRIEME 21T > 72 (Table 1), FFRNNT VU A2 AW5 LAY
R 3a S 48% . F DALIEFMEIK d4a 28 4% D HERINECENZNSE DL (entry 1), BEEE/NT ¥
TLADRDOVIZ N ZNAAaEEBANT U L E WD E 3a OERE ELE (entry2), FU T x
SR AT 4 D EE T L BOSKEEEMNE SN2 3R PME T L7z (entries3and4), —J7, &
BoOME 2T ZA, 7T F=FMIABRERBRWIEREZ G5 272 (entries 6 and 7).,

Table 1. Optimization of reaction conditions

5 mol% Pd-cat.

OBz oS 10 mol% PPhs SiMe,Ph SiMe,Ph
+ e,Si-B(pin) —m8¥ —» +

Ar)\/\B(pin) ? e solvent Ar/\)\B(pin) Ar)\/\ B(pin)
1a (Ar = CgH4,CO,Me) 2 3a (Ar = CgH4CO,Me) 4a (Ar = CgH4CO,Me)

entry Pd solvent temp (°C)/time (h) 3a (%) 4a (%)

1 Pd(OAc), MeCN  60/5 48 4

2 Pd(OCOCF;), MeCN  80/4 57 5

39 Pd(OCOCF;), MeCN  80/1 60 1

4 Pd(OCOCFs;), MeCN  80/0.5 48 0

5 Pd(OCOCF;), MeCN  100/2 63 3

6V Pd(OCOCF;), DMF 80/0.5 16 0

7% Pd(OCOCFs;), THF 80/3 33 0

Y PPhs (15 mol%) was used. ” PPh; (20 mol%) was used.
EARMECHOWTHET LT & 24, FHER BICEFHE GRS B LR E 2 VD LA E
RYEME T2 Z &M hole (Table 2), SHIT, YIART L 2DVRAFNLT ==L VA
ZRVZFAT U VRITRAD & 3e DILRPIKT LT,

Table 2. Scope and limitations

OBz 5 mol% Pd(OCOCF3), SiMe,Ph SiMe,Ph
o 15 mol% PPhj )\/\
Ar = B(pin) * PhMezSi-B(pin) Ar X B(pin) * Ar = B(pin)
MeCN, 80-100 °C
1 2 3 4
SiMe,Ph OMe SiMe,Ph SiMe,Ph SiEt,
AN ™ NN NN
B(pin) | A B(pin) B(pin) B(pin)
=
3b, 52%2) 3¢, 40% MeO 3d, 25% MeO,C 3e, 14%
4b, 9% 4c, 36% 4d, 29%

Y Pd(OAc), (5 mol%) and P(p-MeOC4H,); (10 mol%) were used.
KEIEZT VT e FIRETTRISEIT) &, BPTEM L o U VERT U Re x— I
Ko7 NT e ROT VIERIEN T Ry FTEIT L, 8 iy U VAN ERR LIZATT U AT v
T )LEER S PIARERIICHEOND Z e bbhrole (U5),

OBz 5 mol% Pd(OAC), OH
)\/\ o 10 mol% P(4-MeOCgHq)s
Ph B(pin) + PhCHO + PhMe,Si-B(pin) Ph N (5)
0 -
MeCN, 80 °C Ph  SiMe,Ph
(2)-5, 52%

2 E ik

1) M. Shimizu, H. Kitagawa, T. Kurahashi, T. Hiyama, Angew. Chem. Int. Ed. 2001, 40, 4283.
2) M. Chen, W. R. Roush, Org. Lett. 2013, 15, 1662.

3) D. Kurandina, M. Parasram, V. Gevorgyan, Angew. Chem. Int. Ed. 2017, 56, 14212.
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Ultrafast enantiomeric separations using 1.6pm particle packed into chiral column named as
“CHIRALPAK® U series”

Daisuke Fukuda*, Keisuke Yokota, Yoshiki Ueyama, Shinpei Ono, Ryota Hamasaki, Takafumi Onishi,
Atsushi Ohnishi
Life Science Development Center, CPI Company, DAICEL Corporation
1-1, Shinko-cho, Myoko-shi, Niigata 944-8550 Japan
chiral@jp.daicel.com

During recent years, high-speed analysis has been required in ODS column field and UHPLC system using
sub-2um columns has spread world-wide. Also chiral chromatographers have the same request and
high performance sub-2pm chiral columns were awaited.

In 2016, we succeeded in developing the first sub-2pm chiral columns named “CHIRALPAK® IA-U, IB-U,
and IC-U in the market. These columns show higher theoretical plate number and reasonable van Deemter
curve as expected from their smaller particle size (1.6um). These 1.6pum columns contribute to rapid method
development of chiral separation.

In this poster, at first, we introduce the performances of “CHIRALPAK® U series columns” and show some

examples of the chiral column screening protocol and rapid method development using them.

TLBLEIZIB N T, ENAEOERIZEELRFETHY . ZOMEERIET HMESHT, FF
2% 7 LA DG AT FME ST 2. & 0 ERER, B CEid 5 2 L1k, ekt x b
ICBWTEHEERKRE ZR7-7, TF., I TAOMCBWTHLEESEAOX I V5T ANREENT
BY., a2 TYETIL, 2016 06 FRIBARL FREZIERO 3um 25 1.6 um ~& S HITH
ki1t L7= CHIRALPAK® U ¥V — X% 5 fiffi L1fi L TV 5, 2 CHIRALPAK® U ¥ U — X3k
B L O a— b7 Afbic X oEE®E, Stz frR e LTRY ., o O KIE 25866, £
7= G SRR O BHIRIC £ 58 2 2 MEBSATRETH 5, A% TIL CHIRALPAK® U > U — X%
AW @ B S K OEEX T VDT LR T U —=2 T OEFUZDONTHRITT 5,
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TIa—A RURABS-VAFIT 2=V A— MiFERERI T 1.eum >V B 7 IVICHE
A LI AN EZ B T LY A 2030 ¢ X5emL DA T DEICFE L, £OH T L%2MH L, van
Deemter plot Z{Epk L7z (Fig.1). B 1226, HIFFL7ZEY 1.6 pm ¥ 7/ T L TIEmEOBRIEE )
OME AR EERAZ B W TR W ERGR BB S 2R L TR D | @itz B W TH @V I T A% % 5 fE

THZ Enbhrol,
20
18 A
16 CHIRALPAK" IA
A
14 A
B . A 4
12 A A A
] Taa o
* . .
& 0 CHIRALPAK  IA-3 S
=8 = [ 3
o= 5 m m = pm
6 * . * .
® e e 0 o o o * CHIRALPAK® IA-U
! 1.6um trans-Stilbene oxide
2
0 mobile phase : n-Hex/IPA=90/10 (v/v)

0.0 0.5

1.0 1.5 2.0 2.5 3.0
(mm/sec.)

Fig.1

FEIHETHENT T DA TE DL LV IREND, 2RO OETHEIIT THX—RF
A OBl AR U T2 E MR o KRiEZe i/ Mok Th L7 (Fig2), 38%Cld CHIRALPAK UV
— R &AW @E ORI X OEESTOTDDOXF T A I T AR Y —=2 778 halon

THIITT 5,

CHIRALPAK® IA
Sum, 4.6 x 250mm

CHIRALPAK® IA-3
3um, 4.6 x 150mm

CHIRALPAK® IA-U
1.6um, 3.0 x 100mm

4 Mobile phase: n-Hex/IPA =90/10 (v/v)
Flow rate: 1.0mL/min(5um, 3pum)

0.7mL/min(1.6pm)
Injection: 0.2uL

Detect.: UV230nm
Temp.: 25°C
Sample: trans-stilbene oxide (1),
Flavanone (2),
Shorten analysis Ethotoin (3),
time by 70% 4-Benzoyloxy-2-azetidinone (4)
T r T T T T T 7T T 1T 1T 17T 17T 17T T T1TT7]
0 10 20 min.

Fig.2
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An Effective Catalyst for Chemoselective Hydrogenation of Esters: RuCl(ox-PNNP)

Yuji Nakayama*, Naota Yokoyama, Hideki Nara
Corporate Research & Development Division, Takasago International Corporation
4-11, 1-chome, Nishiyawata, Hiratsuka City, Kanagawa, 254-0073, Japan

yuji_nakayama(@takasago.com

We have developed novel ruthenium complex having o-xylylene-tethered PNNP tetradentate ligand
[RuCl,(0x-PNNP)], which affords a highly chemoselective hydrogenation of esters. The tetradentate ligand,
ox-PNNP was readily prepared in 2 steps starting from 1,2-bis(bromomethyl)benzene in high yield.
Interestingly, ox-PNNP was allowed to react with [RuCl,(p-cymene)], to give cis-a-RuCl,(ox-PNNP) as
racemate, whereas the complexation with RuCly(PPh;); gave cis-f form. RuCl,(ox-PNNP) showed the
excellent catalytic activity and functional group selectivity in the hydrogenation of tert-butyl ester,
halogenated ester, and unsaturated ester. Furthermore, RuH(m'-BH,)(ox-PNNP), prepared by treating
RuCl,(ox-PNNP) with NaBH,, was useful for the catalytic hydrogenation of nitriles under neutral conditions

to give primary amine as a main product.

B — R C X 2 = AT NV OKRFEALBUGIE, ERDEBARFY % B TS & e CHEHE
W fERMEN D7 iz, HERRE R 22 & CHETT S D Z e D BRERICHHAI L2 17 v —b
PEETu v AL LCBETHLRBIFENEATHSL Y, 2oLk H) Ry —FfiE LT, ZNET
244 TV T =7 A-PNP- LR = VA TH D Ru-MACHO?, LS C b Al TE M 2 JE 3
9% Ru-MACHO-BH ZBA% L CE V., T TIEHWEDKEFHT T THEWABIEMEZ B35
Ru-PNP-NHC ##{k Y% R L7z, ZOEFHLIE, o-F 2V LU HETHEE SN~ PNNP TURER . T
(0x-PNNP) % 2 HHi7e/LT =7 L85 ; RuClL(ox-PNNP)YZ BH%E L, AREEAA T 2 7 /L DERIR
FIARF LSS BN TEN S22 6T 52 L2 A L0 T, ZZIClET 5,

o O e

PhoP-.__|/ -PPhy Ph,P-__if -PPh, PhaP~. i/ -PPhy

R RO 2 ‘Rlu ©«Nn, | \\\C|
Cl\“ : H\‘ ! C|\\ | /// / \CI

g He' G Me - -C N -Me
© X \=/ K/Pph2
RU-MACHO RU-MACHO-BH Ru-PNP-NHC J
Complex (rac)-RuCly(ox-PNNP)

— 142 —



VU FEREN, 7T % ox-PNNP 1Z. Mk 1,2-E 2 (FaERAF/N) X, NaH fE(E FC2-

TPV R OGS/ PhLPLI ZEH S5 2 & T, i IRELS GRT L 2 L
Hskr=, SHLT =0 AR E OB ARG LIZE 2 A, BLRIENZ &2, [RuCly(p-cymene)], & D
BTl cis-of& 03753 5415 — 77, RuCly(PPhs)s & DG TIE cis-BIEBFHIND Z ERbhotz, T
NODERDFT L7 B NMRHIEEITo72E 2 A, WG AKEZR Y — 7 BN Bl S - 2
L35, RuCh(ox-PNNP)Z& BT ORKFEET ST KL LTHEELTND Z ERbhotz,

0]

PN
o (2.1eq.)
F‘Q'ﬂ
5 NaH (2.2 eq.)
r

Br THF, reflux, 1 h O (1.0 eq.) O

(1.0 eq.) o
94%y PR,PLI | n-Hexane/THF o o,
(2.2 eq.) r.t,1h oy
PPh H ,— PPh
Q po2 [RuCly(p-cymene)], N PPh, RuCl,(PPhg), (H\ o2
Nl (05eq) (j: (1.0eq) Nyl
. - —_—
e RIS IONTTY
i N ! cl 1-BuOH Acetone N PPh
\ bPh reflux, 1 h |—|"\l\_/PPhz reflux, 1 h lll;!/ ’
2
89%y ox-PNNP (1.1eq.)  80%y cl
(rac)-cis-a. (rac)-cis-p

IS OENFEIEROMBIEE 2 TR Z A IZIERIETH o722 &0 n, 2R E < filik
k5 cis-ofkZ W TEFE T 2 7 L Ol r) /K 7 ft%:ﬁoto ZDFER, mEm W EER tert-7
R, M7 eI NRCT WV A-T R ELEEFERA T VLG L LTHOTYH, @8RBI AT v
HAL DKL EST LT, BT Rwumymwm:ﬁv74/®m MERHE LT WA R A
TV DRI FALSOSIZ B W T H BN AETEME 2R U LERICAE A2 A afn 7 L a— L& &

BRI E 2 72,

o

L N

SN |
TIXFWG | noa Y

v I

H ben, 99.9%conv., 99.3%sel.

CO,M
nCSHH/\/\/ oivie

RuCl,(ox-PNNP) (0.033 mol%) m
— M 2
Gyt O2Me > 1-CeHy - < Lon]

Hz (5 MPa), KOMe, Toluene 99.4%conv., 97.1%sel.

— — CO,M
n'CSHHW 2ve 100°C, 5 h LN

93.5%conv., 92.6%sel.

(2, RuClL(ox-PNNP)% NaBH, CHLHEI4 25 Z L TE LS E R U RS ; RuH(M'-BH,)(0x-PNNP)
I, FEERFETO= N KBl L TERLTRY, Al E LTILHET 2 2 mRRNICE
252 Ebbhrole, ARBERETIE, I OFBEHADISHBNZ SV CEEZ #5575,

References:
1) S. Werkmeister, K. Junge, M. Beller, Org. Proc. Res. Dev. 2014, 18, 289. 2) W. Kuriyama, T. Matsumoto, O. Ogata, Y. Ino, K.

Aoki, S. Tanaka, K. Ishida, T. Kobayashi, N. Sayo, T. Saito, Org. Proc. Res. Dev. 2012, 16, 166. 3) O. Ogata, Y. Nakayama, H. Nara,

M. Fujiwhara, Y. Kayaki, Org. Lett. 2016, 18, 3894. 4) WO 2017/170952 Al.
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Addition-reaction of amides to styrenes

Soma Tamaoki'*, Joshua P. Barham'?, Noriyuki Ohneda?, Tadashi Okamoto?, Hiromichi Odajima?,
Hiromichi Egami', Yoshitaka Hamashima'
!School of Pharmaceutical Sciences, University of Shizuoka, 52-1 Yada, Suruga-ku, Shizuoka 422-8526,
Japan.
2SAIDA FDS INC., 143-10 Isshiki, Yaizu, Shizuoka 425-0054, Japan.

hamashima@u-shizuoka-ken.ac.jp

Amide is fundamentally active pharmaceutical ingredient. Therefore, the investigation of transformation of
an amide compound is an important subject. We report herein a C-alkylation of alkylamides with styrenes
under simple basic conditions. A range of amides and styrene derivatives were applicable to the reaction,
which gives rise to rapid molecular complexity and pharmaceutically relevant scaffolds in a single step.
Reaction scalability was demonstrated via continuous synthesis using a flow microwave applicator, and the

amount of the product was calculated to be 65 g/h.

7R RIEEERLICBITAEELERERZO—2THY, 7 I MEAEMOEE L, & DL
JEDOBFITEELZRETH D, TNE TRA RO RS LN TS, FTHT I FEZ REZFH
& LT ViR = b E A~ DA I DNEFITHFFE STV 5, — 5T 1971 4EIZ Pines Hid., N-
AFN2-E0 Y RRN-AFN-2-ERY RUDAF L ~OMIIGE#®E LTV L3 21
LIBET X BB O MR T Vo o OIS IIRE A e SN TR b3, ME I3 240
RBZLVONRBIRTH D, 22 THEFL 1L, NN-UT X NLT I RORATF L ARG
ERRETL, 70 —G A0S SR LIz O THET 5,

EFTHDICCAFATEFT IR 2 Z W TH A FERFT 21T - 72 (Table 1), W D8RI
KOBu i TH Y, TOYEMFITIL0.6 YE~1.5 YEOLAITINENREL, 3.0 4ELTH L
IERITME T35 Z & 230> 7= (entries 1-3) , ASUNMEHIRICEB W THRNETIEH 52038 T L, IS
N E LT 18-crown-6 Z I35 Z & T, IGHEDEE S L7 (entries 4, 5), — /7. NaOBu DA
TIEHICHEIT LR E DD, 18-crown-6 {F1E ., 80 °C ICCRUFRINETCHIMEZ 5252 L%
FLH U 7= (entries 6,7) .
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ARSI 722 7 VL7 2 REICHE )G A Table 1

RETHY, 5 BT BBA Viix RIEHICH Base (Y sq) ]
. | Additive (1.0 eq.) [
= = =)
CCHEISTHIOBARONS LB A NS %”V*TK
L7z (Fig. 1) ° o Temp., 2h I
—— N — —~ R =H, 3a
— v F 2 3
7u—R~ A 7 o R E OB & KA vy 2 Base e Temp. Yield (%)
RER A M LT Y . 2 E TIT Diels-Alder X (Xea)  (Yea) (0 3a 3
¢ 1 = AR S g 1 25  KOfBu (0.6 eq.) - 80 71 16
JER> Williamson =— 7 /L £ FRA DTG ) L 2 2 KO (1.522.) - 80 72 21
ToB M. EOERREL Y, SEOWR 2 gmben 2 B
< e - 5 25  KOtBu(1.5eq) 18- 6 25 39 45
MEEZEELTT I RTE2EEICHN 7 —K 6 25 NaOmBu(i5e0) 18.cownt 80 65 9
7 25 NaOtBu (1.5eq.) 18-crown-6 25 0 0

Jis A~ L7z (Table 2) . KOBu & W\ % & =i
THIRETH I L THRAICKIGHETLTL
FV, EMRNRZREG D Z &N Fig.1

W#E o7/, T2 THEIC

NaOfBu # W TR % = &&Ltoijfxiwf (j/Qi%—\ R )
SR ORI, DT 0445 THK =
BRI L% RSO, TIRRRY L, RIEII o o RTMEE
TAUTERRR B 1 RS 72 0 OUEAN

65g L7725,
FERI AR A X — TR T 5,

a: Determined by "H-NMR

Table 2

Base (X eq.)

18-crown-6 (Y eq.)
N— N—
Ph
0 R %

Temp., Time

neat, air R=H,8a

1 7 (25eq.) R = CH,CH,CqgHs, 8b
" Base 18-crown-6 Temp. Time Yield (%)? Productivity (%)?
Entry Condition X

(Xeq) (Yeq)  (°C) (min) ga gb 8a 8b
1 Batch NaOtBu (1.5 eq.) 15 80 120 88 10 - -

2 Batch NaOtBu (1.5 eq.) 1.5 25 120 0 0 0.10 0.02
3 Flow, MW NaOtBu (0.6 eq.) 0.6 25 2.9 0 0 - -

4 Flow, MW NaOtBu (0.6 eq.) 0.6 180 0.4 73 7 64.86 9.40

a: Determined by 'H-NMR

235 3k

1) Pines, H.; Kannan, S. V.; Simonik, J. J. Org. Chem. 1971, 36, 2311-2315

2) Yokozawa, S.; Ohneda, N.; Muramatsu, K.; Okamoto, T.; Odajima, H.; lkawa, T.; Sugiyama, J.; Fujita,
M.; Sawairi, T.; Egami, H.; Hamashima, Y.; Egi, M.; Akai, S. RSC Adv. 2015, 5, 10204.

3) Egami, H.; Sawairi, T.; Tamaoki, S.; Ohneda, N.; Okamoto, T.; Odajima, H.; Hamashima, Y. Molbank
2018, 2018, M996.
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Efficient synthesis of 4-pentyn-1-ol

Katsuya Saito, '* Yoshikazu Kimura, > Osamu Furusawa, *> Teruo Kosugi®, Masayuki Kirihara!
"Department of Materials and Life Science, Shizuoka Institute of Science and Technology, 2200-2 Fukuroi,
Shizuoka 437-8555, Japan, 2Research and Development Department, Tharanikkei Chemical Industry Co.,
Ltd., 5700-1 Kambara, Shimizu-ku, Shizuoka 421-3203, Japan, *Fukuzyu pharmaceutical Co., Ltd. 48
Hagiwara, Toyama, Toyama 939-8261, Japan

kirihara.masayuki@sist.ac.jp

The conventional methods for preparation of 4-pentyn-1-ol from the reaction of 2-(chloromethyl)-
tetrahydrofuran with strong bases requires low temperature conditions (below -33 °C). These conditions are
not favorable for industrial production methods. We found that the reaction of 2-(chloromethyl)
tetrahydrofuran with n-butyllithium in #-butyl methyl ether at 0 °C to afford the desired 4-pentyn-1-ol in 94%
yield.

4-pentyn-1-ol IIAARKICBWTHARZRELT 4 77y 7 ThY, EIHRM, BEFEE L
THEHINIWE TH D, 4-pentyn-1-ol & EkT H121% 2-(chloromethyl) tetrahydrofuran
(2-CICH,THF) (ZHEAT =T HTT b U AT I RERISSELHIE ' £3T T E e
7 7 (THF) H1-78 CT nBuli ZJSSEDLHENMBATWD %, HIFILT E=7 IR
D, FOWR (33 CO)UTIZT H2UENRSH D, BEIT-T8 CEVWIHIRESRMETHY, Wil
LT DI OISR A B L Lic, £ 2 THRAIIZORISZ, LEMICES IR
TITH FiEE ROT AT 0OBE 21772 - 72,

£, 2-CICH,THF & n-BuLi OJin%, THF R EIR CITieo7c & 2 A, HMERIREWIZ/ -
7o THF JZ=ER Tl n-Buli (Zxf L TARLE T, W 2+3INBRLEUS 2B Z L THfEd 5 2 & 3
BN TWD (Scheme 1) °, AT ZNDDBRERNRM DT DIZSUSHEME o T LB R T,

Li—Bu

" /—> (»O H @O

(0) .

O o —— (-
Scheme 1

Z 2T THF XV RIS ZERT—T NMEEZHND Z L TRIERY DI 6D LB 2
cyclopentyl methyl ether (CPME). diethyl ether (Et,0). ¢butyl methyl ether (#BuOMe) % 1&&
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WUMFT LTz, £, RALKFERELE & LT hexane %Fﬁb\f*ﬁﬁifbf:o

HEm L 3 M0 nmBuli WU TH DN MEEICSUSZHED 5 72|2 4 &8N A 7= (Table 1), CPME
%%w(48ffﬁméﬁ6kvﬁmﬁﬁ¢ifﬁﬁbt7anﬂﬁvﬂﬂw#§<Eﬂbt@m
D, 22T, 0 CTRIGESETLEZ A, ISITRIFITEITL, BIAEBD BIZEAER N7
(run 2), Et,0, ¢BuOMe & CPME & [AIEEODFER % 5 2 7= (run 3,4), hexane TIIi Ttk £ Cift
1789, BT A< AR L2572 (run 5), CPME (bp 105 C) iX@&ilSTH 5 720 HEYH (bp
154 °C) O HEENRHE L < (Et.0 X8 KDFEEMN & 5 728, t-BuOMe 23 it DIFIEETH 2 &L fbamS 1 7=,

Table 1
el o n-BuLi 4 eq. OH OH
St (M O
Cl solvent Cl
1 2 3
. THNMR ratio (%)
Run  Temp (°C) Solvent Time (h)
1(S.M.) 2 3
1 -78 CPME 1 0 54 46
2 0 CPME 2 0 >99 <1
3 0 t-BuOMe 3 0 >99 <1
4 0 Et,O 2 0 99 1
5 0 hexane 3 74 0 26

2-C1CH.THF @ t-BuOMe ##1Z 15% BuLi ~F ¥ iK% 0 ‘CTHA. £ D F ¥ 3R 21772
ole, fAMENT CE=Y AKEREZMZ, FEg-F L CTHIME LIEER £T2 2 & T,
4-pentyn-1-ol Z EINR TEHSH Z L IZE) L7= (Scheme 2),

o OH
[;)F—\ 1) n-BuLi (4 eq.), t-BuOMe (120 mL), 0 °C, 3 h (;V/é&
C

| "
4.82 g 2)H", H0

(40 mmol) Scheme 2 3.15 9 (94%)

APIGEOEREILL T DO X H12E 2T 5 (Scheme 3), £ nBuLi N7 v XA FNIEOKFEEZL
BT, RSB ZD, 7aa 7 V7 ARBERKT 5, RIZ nBuli X7 va 7 )vr AR T
I KFE R L CRBEROS N B Z 0 T AR U NERT D, ZOTVF L KFEE nrBuli 235X
WETT =T b, RFZICHRUBEOEM T 1 h oAb S i, 4-pentyn-1-ol BAEKT 5,

EO)%CI T?’% @:_/B—? X YR
o P, P = e

Scheme 3.
References

1) Jones, E. R. H.; Eglinton, Geoffrey; Whiting, M. C. Organic Syntheses 1953, 33, 68-9.
2) CN101830778 2010
3) BKBIGOER Ty +— L AbT (F) 528 p. 838, HAELFFIA, 2015 4.
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Construction of Column Purification Process of Middle Molecular Peptide API,

Depending on the Purpose of Use.

Shunsuke Ochi*, Yoshinori Murata
API R&D Center, CMC R&D Division, Shionogi & Co., Ltd.
1-3, Kuise Terajima 2-chome, Amagasaki, Hyogo, 660-0813, Japan

shunsuke.ochi@shionogi.co.jp

The quality control of API (Active Pharmaceutical Ingredients) is one of the most important points in
pharmaceutical manufacturing. In general, the quality of API for clinical use is higher than that for
non-clinical use. In the peptide API manufacturing, the key step of quality control is the column purification.
Therefore, in order to supply a stable and high-quality peptide API, it is important to establish a
manufacturing method of peptide API that not only constructs a robust column purification process with high
productivity, but also designs the quality suited to each development stage. This time, we will introduce the

detailed of construction method of column purification process as a case-study.

JFEEEGE I B W TCRERIEIAIEFICEE TH L HFITE 2 £ TH RV, Fo 7 F NERED WE
FIEICB W TR EERTRIIN T MU ITRTH L. Z0-OEWE Ry 77 F RF#K A%
ERAGT DI OITI TR R THAERD R W T DGR OBENRNETH S, AT, BAFEEMED
JFRIERGE 2 B\ TIRIEER R RBR A O RAREBRA 7e E RO HHE IS U MERFF B EETH
5.

Ll 2 1Ty T F REHRZ EOL~L O TRIE LT D Db, BT LERLE VD
&5 7 IRERELE TITH W W LRE £ X 5 IZHYERE LT D Db, 1220 THEEIEHWTH
T5.

7T LR TREAZBERET D ECEMERXTTF FE2E -0 RICHVC 2 RHEA & B
IO~ fHAGDOENREE L R->TL 5. LL, BETAEERDHOREEZEET D201
I & B O SBERERS ST TIEAR TS TH D, T2 THRAIILUFICRT 4 HBZBE L
RO T MERTROBYEREEFEET 2 F CRETEEEDO B OERE RXTTF Re2 et
KATRE /e LSRN E R L CELS ENRFRRTH DL B 272,

H
Ir
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7T DENELRERLE T O T F R O ek
LEIH7=0 DOH T LAER TN/ TF N &

A T BEREDS R\ T A TR & BB O G
717 I A & Vs 28 o P B

B~ w N

A7 MEANRCRE RIS CIRMMRE T 256 bE 200, TULLDBRNPINEZETH
LA WERIENNEEIC 2. 21BN T DERTIEATE D X7F ROBREWED T LK
BLD BB UAEFEMED R FIZD72 085 . H1 T AAMERLIE HZEE O FEMESE IOV T HZE L
2B DORTF R ZEMGT H1-DIIMNETH D, S OHEE Z FAFRET CRE 5 F CF
BR72 < Bh=MC T 7 2 TR OBIEFREZITO SN ARETH Y, FEERICT 2 1L 2 HH & v 5 FH]
WTH T LEMTROMELZ#EREL TN 5.

F7o, BREREOFIME B O TUXERAARIIS U mER b EETH L. oF 0 B
LOIEFERARBR THO DRI OWTIE S HRRE R 5 & AT MERGHI T 2 F MY %
Gl R T A ERHKD. —F, BRRABR THOAFIRITEME CLE LIz mE DOJFIET
HOLENEE L. TN EERTH-ODOH T LS TIEOREREFIEICOWNT SO TR
T 5.

JEERFR AR T FFIRE
HARTFE @
Ll
BRERARTFRIRE
L % B 9IRS Cf- s B il 4
I
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Asymmetric total synthesis of (—)-dehydro-exo-brevicomin via photocyclization reaction

Tsuyoshi Masuda*, Ken Mukai, Yusuke Miyoshi, Nobuhiro Kanomata
Department of Chemistry and Biochemistry, Waseda University
3-4-1 Ohkubo, Shinjuku-ku, Tokyo 169-8555, Japan

kanomata@waseda.jp

(-)-Dehydro-exo-brevicomin, isolated from the urine of an adult male of house mouse, has an unique bicyclo
[3.2.1] skeleton having three stereogenic centers. Throughout the chemical synthetic study, we found
photoisomerization from (£)-alkene to (£)-alkene triggers to form acetal ring system. The computed traditional
state of both olefins supports the cyclization from (Z)-alkene is much favored reaction pathway for acetal
formation due to the intramolecular hydrogen bond. Furthermore, each of the reactions was extensively
optimized for dealing with volatile organic compounds. Overall, the asymmetric total synthesis of (—)-dehydro-

exo-brevicomin was achieved over 8 steps in 36% total yield.

HIRFUCIR S AFET DRI, 7B X —NEEEZ AT 2O BEAFET D, TxlL5 B
BRE 6 BEMER L 68-UA4AXV 7 0 [321]-47 % VEEEEHETLIE 7 albAW (eg
1-3) IZHFEH Lz, v u7 v —VEREZAT 2 RO HEFEREIIZHH Y, TNk o
T AEMTEIEN S STV D (Figurel). Fox 1%, ZH OLAMOMRNLE/KEHIEL, (-7t
FezXy7real v)EEPIOEMLEYE LCREL, FEEMBLZ. (-7 Feox
V7L EaI TR LA TR XX OAADRP L HEBES A LESCTHY D, CL,5,7
MAZARFFLEALTND.

OH
=
7 o\ 00—~ oﬁr = =
5. * 14 OH (e}
o O (0]
7 7 o

HO HO

(-)-Dehydro-exo-brevicomin (1) Psoracorylifol B (2) Attenol B (3)

Figure 1. Selected natural isolate having 6,8-dioxabicyclo [3.2.1] octane structure

-7 RFrz=XY 7L EaI )DOFEHMAEN % Scheme 1 (2777, LA 1 OB/ 1
[3.2.1] ‘HH#IE, VA= 4O _EHEEGOREMAL (trans — cis) P&, Fi< i FNERILRIGIZ L 0 1
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HTXDHLEEZ. £z, CSMDONAEIT CL T DS EFRIC L VRIHCE 5 & L, ST
BRAK trans-4 13X RO 7 /v 22 —)L § 725 Sharpless A5 T & K 2 AkIZ L 5 CL, CT LD SLAR LS
DEAN L ZDHDOEERINCEVERTHZEE LT

OH o} OH
74 hy 2
1 OH v
Ly —— | A
077 o photo
1

cis-4 isomerization trans-4 5

Scheme 1. Synthetic plan of (—)-dehydro-exo-brevicomin (1)

O)-Tb RFr=Xx Y7L Ea1)DA%E Scheme 2 (2353, HRD T v RA3-~Ft-1-4
—/L(5)D TBS R£#IZ L W 5572 6 12k L Sharpless A5t a3 AbZ24T\, SHAEMER U4
—IVR T AT, BT 5 Z L Tk X — L iki# L TBS OifriEZ U ARy MITE#EITS
%, U7 a—/L 8% IBX FR{LICE D 9 ~E A LT, Wittig ’OSIZ LY “EEGEEAL,
SRERVERG A A L AHARIIE DOWEX W CT v X — L &BREL, UA4A— 11 257, F R
Grubbs filiiita 724 L 7 ¢ U A Z 2 A2 K0 HEER U, YIS RTBAR trans-4 % 7 THE, IR 53%
T2, U — Vv trans-4 27 v A2 UERIET, 365 nm O RICTHRKFN LA, HEH
FEEONHBEMIZ LD cis-4 DAERE, i< TRNT & F = VBRALKIG DS ER AT L, FTEo
O-TeRr=XY 7L Ea I MEIE 68%TH 27z, AEKTIE, MROT/LVa—1L 5§ 7hi 8
THERRILER 36%, JETFHIEE 96.8% ee IZT 1 ODEEAHRETH Y, 4SBT nGEaefT Mo
R ER~E B Tx 5.

AD-mix-B <:><8me
MsNH, e

+-BuOH / H,0 = 1/1 OH p-TsOHeH,0 o<;> IBX
PO S N ° ~OH
XO 0°C TBSO/\/kC DMF 0 DMSO
94% 89% HO . 089
trans-3-hexen-1-ol, (5) 7 ° 8 %
5 X=H TBSCI, imidazole
6: X =TBS CH2C|2, 96%

+
Ph3PMeBr DOWEX 50W_)(8, (H") OH methyl vinyl ketone
H o n-BuLi, THF o THF /H0 =171 OH Grubbs 2nd cat.
Z ' CH,Cl,, reflux

Ko} -78to 0 °C O 50 °C :
98% 81% 85%
9 10 11
OH
o OH on 1365 nm] oH 7
— CH,Cl, = o
—_— —_— o)
68% o ; .
trans-4 cis-4 (-)-dehydro-exo-brevicomin, (1)

36% over 8 Steps
Scheme 2. Total synthesis of (—)-dehydro-exo-brevicomin (1)
[Z% 3R]
1) (a) Wiesler, D. P.; Schewende, F, J.; Carmack, M.; Novotny, M. J. Org. Chem. 1984, 49, 882-884. (b) Peter,
J, A. Naturwissen. 2013, 100, 487-506. 2) Li, B.; Williams, D, B.; Smith, B. A. Org. Lett. 2015, 17, 3-5.
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Heterogeneous metal catalyzed aerobic intramolecular C-H lactonization
Kenji Matsumoto*, Noriko Hashimoto, Tsukasa Hirokane, Masahiro Yoshida
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Recently direct C—H bond functionalization of arenes has received many attentions as one of the most
powerful methods for the formation of C—O bonds. Although the significant progress has been achieved,
there are only few heterogeneous metal catalyzed C—H oxygenation reactions. Furthermore, direct
catalytic C—H bond functionalization using molecular oxygen as the only oxidant is highly desirable.
We report the heterogeneous metal-catalyzed aerobic acyloxylation and intramolecular oxidative
lactonization reactions under mild conditions. These methods provide an operationally simple and

efficient approach for the synthesis of the valuable products.

B E R R ST n R A I, BRGSO EM R 2 RIS 5 ECEE LA MR
Thd, HFHEERO C-H fEH 20N LEBEN D OMBELNICA~T 0 R 2 AT D 0E. ATES
RIFERNSE TR TERMETE 5720, A TEN DR FIROENTZAG/EE U TP A
INTWD, Frxld, R RERAML XD ERBICEIBAELT V— v 7Y v TR %E
B L. AEBET I VHEORED y ) ITRIGB IO a2y 7Y IR, £ LT TN
TV TR EE R L TER L2 LTI 7 v b 72V 1 #RFHS T TARE—% RW/C
Rl ER S5 &, 9NMRFE ETT v ARG E T35 2 L2 R L7z (Scheme 1),

n
R' Heterogeneous metal catalyst R'
O eono: (JOC
1 2

Scheme 1 FAHY—REBMEICK I FFROEE 7 OFX RS
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zTiF%%W%mwék%@ﬁ%#o%ﬂ%?ﬁM%%ﬁzé:& ix D o BIOT IV
XNFEROT v X AR S FHBICHEIT T 5 2 & 7 EIVEEISFIPHIC R U CREAF O AR Y R
VU LTHE LTc, ARSI, Bl S o 73S TITFA); FOESBEZHW D BN 72 <
BRI &V D IR 7R G T ORI S FER O EEET &1 X IAUEUG ST T 2 AR
%520%:T%E\$mﬁﬁﬁgmﬁm®é%@5@%kbf YFINT v u X ARG E A L
DT, ZOFEMEImET 5,

T T RVUAMIE L CFEEROT v n R I ALROSIIMIBICET L, — 5, ALV
W5 EBONMFEMEL L, 77 F— VB ANMERIR TR BN D DA TH T, £ T2 T 7 FNVE
B 3 BT Y 7 vA afilik (TFA) HTARYE—% RWC M2 E S gL 24,
FTAT X ACRISDBEITL, XY 7<) VBRI 4 ZRIETHEZ2 L2 2/ LT
(Scheme 2), FE4%E TlE Oxone CIWEEEDERLAI Z b P EimE A EXLE E T 50125 L, RS
(XWesE A LR b & LTV ICHEIT 3 2 A CEN D, & 2 CARKISD RS2 500
R KR A AR R A A DTG LT, OSSR, R —%u U ML, LT =T
Dy NT VT L BT EORE) - REAAE T CARRISITHET TS Z e ol ZOH T
AN — R BB 2 W56 10K b BIFRFERPM S OND Z L3 ginol,

o

CO,H
O 5% Rh/C ?
° - 91%
TFA, 50 °C, O, OO

3 4

Scheme 2 FAH—REBMKIC LD P9FAHRT7 > OFXFIERIG

PLED XDz, Wz LR AN VL 2 iy 5y N7 o m  SAbEOG & R UTe, ARBUGS I
ﬁéﬁC%{%%@M&%?&hymﬁm&$ﬁ¢:kﬁT%\NVV&vUV@%¢®F@ém
BE L THERMEDOEWIGTH D, ARISITKIRFR 5 FICEB T 2 5 EERA~O BEREERELEA
HEE L THERFEDO LSRR ZENEIFENS,

Reference

[1] (a) K. Matsumoto, K. Dougomori, S. Tachikawa, T. Ishii, M. Shindo, Org. Lett. 2014, 16, 4754—4757. (b)
K. Matsumoto, M. Yoshida, M. Shindo, Angew. Chem. Int. Ed. 2016, 55, 5272-5276. (c) S. Fujimoto, K.
Matsumoto, M. Shindo, Adv. Synth. Catal. 2016, 358, 3057-3061. (d) S. Fujimoto, K. Matsumoto, T. Iwata,
M. Shindo, Tetrahedron Lett. 2017, 58, 973-976.

[2] K. Matsumoto, S. Tachikawa, N. Hashimoto, R. Nakano, M. Yoshida, M. Shindo, J. Org. Chem. 2017, 82,
4305-4316.
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Cross-Coupling Reaction of Alkyl Halides with Aryl Grignard Reagents
Using Ferrate Salts

Tsubasa Maruyama, Masaru Matsugaki, Toru Hashimoto, Yoshitaka Yamaguchi*
Department of Advanced Materials Chemistry, Graduate School of Engineering,
Yokohama National University
79-5 Tokiwadai, Hodogaya-ku, Yokohama, 240-8501, Japan
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Transition metal-catalyzed cross-coupling reactions of organic halides as electrophiles with organometallic
reagents are one of the most promising procedures for modern synthetic organic chemistry. Recently, iron
complexes have been actively investigated as a catalyst, because iron is a practical, ideal transition metal due
to its low cost, non-toxicity and availability. Therefore, various nitrogen, phosphorus and carbon donors as a
ligand and/or an additive have been utilized in cross-coupling reactions. We were interested in the inherent
nature of iron as a catalyst for the cross-couplings, and thus we investigated the preparation of an
onium-ferrate salt and the cross-coupling reaction of alkyl halides with aryl Grignard reagents using the

onium-ferrate salt.

FRITZAM CEMEDME S RARICEEITFET 2IHESRBILETH DL Z Lnb, ITF, Sa itz A
W IR — IRFBRE A AEBUG OBIF NIRRT TWD, T ThH, Skt a2 7V v 7K
SR, REFHIELTE 2| AT AV EHNDLZ LR TE D2 LD, BREFME
SE L ORBITEERBETH D, TNETICT I UK AT 1 v, GRBEIN D L~ (NHC)
72 8RB OUIIA & U THWZ SNBSS TE e, ZOHT, A I XV VT LATH
BRI TF A ANE T HDERIEEERDS, e T ALT v F v L Grignard ROGHIE DY o 2Ty ) T
FOSIZEBWT, miEtEZe il e UCHRET 5 Z ¢l S Tna, ZOMEERTIZA IF Y I
DAF A INBAERT D NHC RO & L THREL TWAH Z e NEXBND, T Z TR
T, MISRTIZEBWTERMREEZ RIS BRNWEBIONDI A= DB EX DT A NCEHT HA 4 %t
WISRIESEIR A G L, ARl L CTHW e e 7 AL T Vv & BEH R Grignard UGHID 7 v
AT 7 T RIS ERGE LT,

F=LfEELTER(MN) T 2=V R AT 4 )4 I =271 K (PPNC) %AW, 3 flitfEfk
EREDRIEEATD 2 LT LD, A A RIS FEA (PPN)[FeCly] 1 Z 3 AE R E LT 91%DILHET
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7= (Scheme), #FHESER 1 DA RIS, X AREEMEATIC KL 0 MR L7, BULBRIEWL T & ITEHA 1
IXZEE I E L CH B2 IE L A ERE o T,

N N

1

yellow solid, 91%
Scheme. Preparation of ferrate salt 1

SEIR 1 Zfi e U CHW e a7 AL T VRV & B FRR Grignard KSHIE DI v AH o T Y o
TROSERRET LT (Table), & 2 w7 MAbTAF AL THL T nEr 7 a~k o &7 2 =1
Grignard SUGHIE DFISTIX, 70 A v TV TR THD 7 ==y 7 a~FH o 94%@1&%
TELN (entry 1), —J7, X325 I 7AbW<CtE b TITICEENMME T L7z (entries 2 — 3),
it GPEEHL 26T 5 Grignard SOSHIZ AW D & AT EICE TR L NT-DIZHRT L, ﬂf?ﬂ%%l
MERLE AT 554, }iﬁﬁﬁ%af'ﬁﬁ@ﬂi% LUK T2 B S 47 (entries 4 — 7) o MEARHIIZ Z =W o -
K UV Grignard SUSHIZE W TZGG121E, 46%DIEE TARD 3G Hive (entry 8), 5 2 #kEHIR
%M7w%w%%wtﬁm,m%®mﬁfém%ﬂ%%hk (ZHRFL, RIS D 3 v

TITIRDIE T A B 7z (entries 9 — 11),

Table. Results of cross-coupling reaction

1 (5 mol%)

Alkyl—X + BrMg—Aryl > Alkyl—Aryl

entry Alkyl—X product time (h) yield (%)?@

1 1 94 (X = Br)?

3 1 38 (X =Cl)

4 1 87 (R = p-Me)

5 R 1 92 (R = p-OMe)

7 24 63 (R = p-F)

8 24 46 (R = 0-Me)

9 24 81 (X = Br)

10 /\)\ 24 53 (X = 1)

11 24 26 (X = Cl)

4 |solated yield.
5The yield was determined by GLC analysis using undecane as an internal standard.

PPNCI & FeCl; 7B LA ERMESEAR 1 13K CLREITH VY Z LR T, F2H/EMIT IV
FILOREH - EJ2 - Corriu v 7Y ¥ Z RUSIHRE U CTRE WSR2 7R3 2 E b o T,
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Asymmetric Aza-Michael Addition of a,p-Unsaturated Carboxylic Acids Catalyzed by

Multifunctional Thiourea/Boronic Acids

Kenichi Michigami'*, Noboru Hayama'-2, Hiroki Murakami', Tamas Foldes®, Kazuya Nishibayashi',
Yusuke Kobayashi', Imre Papai®, Yoshiji Takemoto'
1 Graduate School of Pharmaceutical Sciences, Kyoto University, 2 School of Pharmaceutical Sciences,
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Organocatalytic asymmetric Michael addition have been recognized as a potent protocol for constructing
chiral building blocks. However, reactive or activated Michael acceptors are generally required, and direct
Michael addition of o,B-unsaturated carboxylic acids is thus a highly challenging transformation. In our
recent works were focused on the intermolecular asymmetric aza-Michael addition of a,p-unsaturated
carboxylic acids with hydroxylamine derivatives catalyzed by finely designed multifunctional
thiourea/boronic acids, which provide a series of N-alkoxy-B-amino acids as well as N-alkoxyaspartic acid
derivatives without protection/activation of carboxylic acids. We also report spectroscopic analyses and

theoretical calculations to shed light to the reaction mechanism of the catalytic systems.

B TR 2 D R~ A 7 AT INROS T, %?wfw?4yﬁfmy7%(m&x%§m
DINRIERIEE LTTEMTHLIALSFIHIN TS, LhL, — R~ A FARIEZFIRIC
JISHED B a,pREfIT VT B KRB X O b7 ERHN Eﬂh\ PRl SO DR A LR /M*
BIKILIH O UORETEM LA T LERNH D, FTH, o AEIF A VAR FRIT T 5 B
<A T NMATINMBOSNETF v Lo P R ETH D (Scheme 1),

Scheme 1
R O chiral catalyst* R'R%2 O

|:> chiral catalyst* |
R1J\/U*Q Nu-H >\)LO R1J\/U\ Nu-H u>\)]\OH

reactive Michael acceptors H, alkyl, OR, NR,, etc. limited & challenging
—J7, AR CERIX VR VR E OREEIC L VIRABREKMETER L, VAR AR
LZENMBNTND, ZHEHMM LR e URftiiic L 257 I NG RIS 72 EDBEATHIIE S
TWb, BTl Re RO VR CEBIEMALERIZE R L, 7 U — VR a R/ AR 3K b 8 i
BAZ KD o,B- BRI VAR BRI KT D T NANT v~ A VAN % B FE L7z (Scheme 2A)Y,
AYENT I VAR RIS DR AR~ A T ARG DRI OEI T D53, 57 T NRISIZER B4,
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STHBOE~E BT IO X LR W ENRMLETH o=, €2 T, SEFELI1X, T2
FHENLTT Y — AR r gl FARFE 2R U7 SRR 24 Br7o 25k 5] - ARk Lo, Al
e ReX 7 I UFERE WL FHEAEFET V—~ A IS I @V EREEZ R L, fix
D N-TIaxv-B-7 I /% @I - @RI 5 2 5 2 LB 572 572 (Scheme 2B)?,

Scheme 2
(A) Previous Work - (B) This Work o
--._X (X=0O,NTs) catalystA (20 mol%) 4?3@'52(;? ”:t‘" 2/‘;)h BnOn o
0 catalyst B (20 mol%) _* Q )]\ R(\)]\ 4, . f\)j\
A X OH TBME/CCly (1:2) OH ! hydrogen boqqqqqor chiral R OH
n 4AMS, 1t,24h upto QM 96% ee | s backbone up to 86%, 97% ee
(N=1,2) ;emmmmmmoneo o CL2 i LTl . BnO-NH, ! i
) E B(OH)Z MeO Ph‘NJLN‘:” <

| \Q\ Q catalyst hybr/dlzat/on - /NVQ

e CF3 > Bronsted  [B(OH),

‘,,9{*‘,‘%'¥S,t,‘,‘ 777777777 catalystB ase acid binding site

AR ORGSR
BREMEAHAIEIZ L0 | ERE O A v Q  catalyst (10 mol%) g P Fin ™o
. R1’\)]\0H PhCO,H (1 equiv) “NH O 5 . NN
ANV L Z 6 Col N/ N - S A S X)) ' > : : N
4 AMS, C,Cly R oH | (N
AR UEELESLES — e BNOTNH M,24h  yield & eeincreased |  N-Boc-sitagliptin  CFs
LT B ATREE AR S i, £ 2T, ARUSICEBEREFM LI L o Pt
lourea

A, WEB IR F A @RS & b i2m B L7 (Scheme 3), ARGET)
RET Y —~A T NfERe B X 57 I FiEE kn’*ﬂ?%/\?b“li‘é L

LT UHERFIRRE CTH D v ¥ 7 ) 7T U AREIR E DRI A R T RE

St bz, FHELHHTIC LY | BEEIRRNEIO 8 AR /@mn (,V
0 vy hvE UTTHEE L SR INE KO 7'e R AbZ R L T Kol Q
% Z LR EL7e (Figure 1),

Fxide Fex o7 I VBB ERORET Y —~ A F VAP HEREEITT A2 RICERB L, K
iR 2 7 < VIR ERICE T 5 2 & L Lz, T72b b, 7v»&%/ixTw XL CTFA
PR — TD/MA47)yF%ﬁﬁfTEFH%VWT:/%Wﬁéﬁtk_é\K%T%—V%
B VAN R AT & SRR HEAT L. BT D N-7 L2 X 7 ARG XU AT LR E IR « &7
RIRINEIIZFE 7= (Scheme 4), ARFHIIAD 7L 2 % L HOBR#IC L > TR LN T AT
BRHSkOE FaX i u7 Ik, 7V —r7e7 I RMMuike LTHMB LD KAHA 7 X RIRE IH]
MATRBZRREH 7 F 7 A FTHY | a7 I/ BHRD o-7 FANVRUBEIREGT HZ LT, 7
WA S Z L7 OXTF RN EHATHETH > 7= (Scheme 5),

Scheme 4 s » Scheme 5 o
' oC-
o P“‘NJ\N“Q , | SEMO. 1) TFA, CH,Cl, 0 °C;
H H R0 . NH O then H,0, 42% o OMe
R1ONOH N NH O : Bno\n/'\)]\ 2) DMSO/H,0, 40 oC \)L
! 2 FmocHN OBn
g (10mol%)  som, * O\n/\)]\OMe : oMe " age o 7N
+ | (o) i,
PhCO,H (1 equiv) 0 ; . FmocHN\_)]\n/OH Bu \ (0]
R?0-NH; 4AMS,CCly,1t,24h  up to 88%, 96% ee | 86% ee Bu O 86% ee

[1] Azuma, T.; Murata, A.; Kobayashi, Y.; Inokuma, T.; Takemoto, Y. Org. Lett. 2014, 16, 4256.
[2] Hayama, N.; Azuma, T.; Kobayashi, Y.; Takemoto, Y. Chem. Pharm. Bull. 2016, 64, 704.
[3] Bode, J. W.; Fox, R. M; Baucom, K. D. Angew. Chem., Int. Ed. 2006, 46, 1248.
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Development of Catalytic and Enantioselective Sequential Reaction in Flow System

Shinobu Takizawa*, H. D. P. Wathsala, Makoto Sako, Kenta Kishi, Hiroaki Sasai

The Institute of Scientific and Industrial Research (ISIR), Osaka University
8-1 Mihogaoka, Ibaraki-shi, Osaka 567-0047, Japan.
taki@sanken.osaka-u.ac.jp, sasai@sanken.osaka-u.ac.jp

Enantioselective sequential reaction using chiral organocatalyst is a facile approach to construct complicated
organic molecules in a single operation. However, the development of efficient stereoselective construction
strategy with a sequential reaction is still challenging in organic synthesis. Herein, we report a highly atom
economical, chemo-, diastereo- and enantioselective domino process via an organocatalyzed Rauhut-Currier
(RC) reaction followed by [3+2] annulation sequence in flow system. In this sequential reaction, the reactive
intermediate 4 through intramolecular RC of 1 is readily converted into 5 by the [3+2] annulation with
allenoate 2 in a flow reactor with chiral organophosphine catalyst 3. The tricyclic compound 5 was obtained

as a single diastereomer with better results than that of using batch conditions.

—FEOBNECHEEOSUG I ERE L CHEITT 2 R/ ST, REER TR E BB 5 0B
< —RITBHRIbEmELGRTE D D, L, BHEORSE - REMETEED DHER SN DA
R BOSTIE, BIAERPAE LT, 2FrFABIOCT 27 UARIRMEOHIE G RS ik
R, ARl TIZINAT I RERETHYE )1 ET LU ATV 2SN UnbBE LT
i 3 2 VN, 7 R A= ) < v iofkE - SEAREERFY Rauhut-Currier (RC)/[3+2]8R{LaE L D
BRI 21T > 72,

—

O SN
Ph,P  NHBz
U cat. 3 (20 mol %) one-pot
v I B
N~<: CO,Et toluene, 80 °C, 5 min in batch
¥ © 2 Rauhut-Currier [3+2]
1a (2.0 equiv) reaction L cyclization 5a

reactive intermediate single diastereomer
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TR HWHENRYFIET, V) la ETVUBBT ATV 2 (CME) AR AT g il
32 (20 mol %) DFET., AT H80°CIZTKIEEITI &, ZODORFRFZTLEFFOEMO
“RAUEAY 5a BNHE DOV T AT LAY —L LTELNTE, SLRMEPANROUFE LB L
HOD, 2 DHCHEAEISNREEE 72572,

quiv)

.

flow rate = 1.7 mL/min mumr

80 °C (oil bath)

cat. 3 (20 mol %)

reaction time: 26 sec in flow
5 min in batch 76%, 94% ee in flow
65%, 92% ee in batch

Z 2T, il b FOSERE ORNIMEAE B~ A 7 I —2HW b 7 —iEE R LT,
7 —5iEERWIUX, 2 OB CHEEDIIHTTE 57217 T, RUGKRM b M CE 5 E MIfF L
Too FEEEL A7 —ARTIE, W RC SIS EAT L, ZhERANICAR L7 FREA 429D % > %
F UL E 2 L DOBRIBRILSUSDEITT D 72 30 FPLINIZ 5a 53 76%UXE 94% ee THF H L7z,
=RAULEY 5 OMBLE L, SUGEE 1b & 2 [ZHRBE(S)-3 2 HWT7BED T £k Sb O A X
BREEMITIC L W SRRIETH D LHEE LT,

o :
Ph,P NHBz
cat. 3 (20 mol %)
+ 2 >
— i toluene, 80 °C
PH /N~<7 (2.0 equiv)
Ts O
1b (S,R,R)-5b
single diastereomer
78%, 94% ee in flow (26 sec)
75%, 94% ee in batch (5 min)
ZE 3R

1) a) Tietze, L. F. Domino Reactions: Concepts for Efficient Organic Synthesis; Wiley-VCH: Weinheim,
Germany, 2014. b) Kishi, K.; Takizawa, S.; Sasai, H. ACS Catal. 2018, 8, 5228.

2) Gong, J.-1.; Li, T.-Z.; Pan, K.; Wu, X.-Y. Chem. Commun. 2011, 47, 1491.

3) Kishi, K.; Arteaga, F. A.; Takizawa, S.; Sasai, H.; Chem. Commun. 2017, 53, 7724
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Synthesis of Indolo[1,2-b][1,2]benzothiazin-12-ones and their Oxidation

Masao Shimizu'*, Kotaro Masuda?, Shinji Tanaka', Norio Sakai’
'National Institute of Advanced Industrial Science and Technology (AIST)
1-1-1 Higashi, Tsukuba, Ibaraki, 305-8565, Japan
*Department of Pure and Applied Chemistry, Tokyo University of Science (RIKADALI),
2641 Yamazaki, Noda, Chiba, 278-8510, Japan

m.shimizu@aist.go.jp

Indolo[1,2-b][1,2]benzothiazin-12-one was synthesized from the reaction of
pyrrole[1,2-b][1,2]benzothiazin-10-one  with  2,5-dimethoxytetrahydrofuran in the presence of
p-toluenesulfonic acid. The oxidation of the pyrrole[1,2-5][1,2]benzothiazin-10-one was carried out as a
model substrate. The reaction of this compound with mCPBA or H,0O, as an oxidant gave a corresponding
sulfoxide, while a sulfone derivative was obtained from the oxidation with NaOCI5H,O in aqueous

acetonitrile. The same oxidation proceeded for indolo[1,2-5][1,2]benzothiazin-12-one.

AN T I RRANVT = 7 I NEOER —MEM ST AT LG, JrEiEER ot
HIEMERRE SN TV EDORFEL TS, FxlL, TRNETICAL T =0T X NEEZAT D
flie DILEM AR EBRE L CE 2D, ZOMEOH T VAV T = =)L Ea— L D4y NERLURZ
L0, BPEERARE "SR TWAE R aRX Y FT7 P OFHARKRICEI L Y, —FH. AR
—VEREIE, KRR - AR T % < OAEFIEHEY O AR LR Ch D, £ T, A4UF
ETIIRNICANL T 20T I RRANVKR T I R EPORZ—MERE & A F— UEEDO 5
DS Z G T HHHREZRBRILEM THH A Fu Y F 7O FBEROAREIT- T,

o RS FTO-10-F QIR LT 2,5-Y A KU T T R T AN SET,
0.7 ¥8ED p- NV T AR UBOFIET, ML= FT80C, 3.5 R EZ1TS & HRIDA
Y RaRYFT () DN 29% T BTN, REUSDFEER2 b 65%[AIU ST, fEx DRG

Q 0 MeO’QOMe
dOH 1) SOC|2/to|uene> = p-TsOH
s—Niij 2) AICI5/CH,Cl, N7 toluene
= 80 °C, 3.5 h
1 2

Scheme 1. Synthesis of Indolobenzothiazin-12-one (3).
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G RR LTeny, ROSREEOIER 72 E &2 R L < 375 & Bt o [ EIFD L2y, RIRFC B
B DOIEREL FR->TLE-T-DT, Eita 3 DAMKEMtE Lz,
FONTHRBEREEY 3 OIS % o -
~ Table 1. Oxidation of Pyrrolobenzothiazin-10-one (2).
T, ST D ANLEX Y REBXOALVE

0 0
HEOGHRERAT, ETETAVAEBEL LY _ oxidant _
S N S o ., —_—
BB FT O U-10-F 0 210k L CEEA N7 CH;Cl, gN~7
ERIGS W, 1.2 MRo nCPBA £RIESES 2 " °
&L ANVKRF T R (@)D 810 TR LT, fillli & . Solvent 5 Time Yield"
N _ Oxidant L Additive (h) (%)

7 MeReO; fE1E T, 30%iER LK FEAK & DRIHIT (ml)
BOTH, FEICAARF S R 478 T8 CfGe  MOPBA(IZeq) 10 - oo o

§ . i w17 e MCPBAQR4ea) 10 - 05 822
Ni-e LML, ANKRB)Z5EA7-012mFE mCPBA (2.4 eq) 10 _ 3 772

BOnCPBA Z W& Z A, b ITEMER SN 10,9 (15eq) 2 MeReO;¥ 05 77

=72 T ot (Table 1), —F. 1.1 %&EDK H0Y(30eq) 2 MeReOs” 3 75
WiEEf U v A KMY (NaOC1-5H,0) % 1) Isolated products. 2) A trace amount of sulfone 5 was
LA L LTTE h=hUb—Ak (5:1) %I obtained. 3) 30% H,05aq. 4) 4 mol%.

B L TCEIRTHRISSE D &, AR b DBUEER 46% TH AL, JFE 2 25 39%EIL S vz, L72ds
T, NaOC1'5H,0 ZF&{bAl & U THWERINSERMETIL, AVERF T R4 ISR mWZ &
DRI, T Ty 2.4 ¥ED NaOClI'bH,0 ZHNWAS Z L2k, BHHDO A LKL b 2R 80% T

B/FHZENTEL, ZDXD
CERALF 2 AT 2 = b e Table é Oxidation of Indolobenzothiazin-12-one (3).

0
L0, AR F Y RFERK L _ Oni NN _
s o1 —i- O &» | or O
ZIVIR VB EAR B LR gN Solv. 10 mL Ag N g-N Q
. . rt., 0.5 h A e
K TART 5 FA T, 3 © °°
. - . 0.2 mmol 6 7
ETIVHEEIZEBIT HBEK ——
SSNYN Entry Oxidant Solv Yields" (%)
IS EA Y Ry T T ' 6 7
Vv 3 OBRALIISITHR L TAT 1 mCPBA (1.2 eq.) CH.Cly 93 )
o 2) 3}
V. BIOA > Fay s F 2 H,0,? (1.5 eq.) / MeReO3®  CH,Cl, 87
3 NaOCI-5H,0 (2.4 eq.) CH3CN-H,0% - 82

TV SAXFVRFG)BLW
S, STUA XY R #EIRM
IZARR T2,

1) Isolated products. 2) 30% H,0,. 3) 4 mol%. 4) 5:1.

(%% k]

1) Bates, D. K., Tafel, K. A. J. Org. Chem., 1994, 59, 8076-8080; US Patent, 1993, 5270307.

2) Masuda, K., Kato, D., Tanaka, S., Ando, W., Sakai, N., Shimizu, M. Phosphorus, Sulfur,
and Silicon and the KRelated Elements, 2017, 192, 235-236.
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In-situ reaction monitoring using QNMR and PAT

Koji Omori " Toru Miura %, Masatoshi Matsumoto >
"FUJIFILM Corporation, 12-1, Ohgi-cho 2-Chome, Odawara-shi, Kanagawa 250-0001, Japan
koji.omori@fujifilm.com
2 FUJIFILM Wako Pure Chemical Corporation, 1633, Oazamatoba, Kawagoe-shi, Saitama 350-1101, Japan

PAT and q NMR are complementary in many respects such as quantitative, continuity, resolution, easy of
measurement. In this presentation, we introduce the urethane reaction monitoring using PAT and q NMR.
PAT indicated us in-situ monitoring data conveniently, but PAT didn’t indicate us quantitative data. On the
other hand, ¢ NMR was able to make us to measure quantitatively. By using ¢ NMR and PAT in combination,

we understood urethane reactions more in detail than before.

A, AL R EIR MR DO 7 m AR ICEB W CHEEMIC KN B ET 5 Y — 1 & LT,
PAT (Process Analytical Technology) 23 H &L TW5, PAT IS EN A2 U 7L 2 A A THIET
XD OIS DENEFRIZ O | LOEOESWVLEZBRTE 5, RfETITIA 7 —%to
React IR & EasyMax @ 2 F#HD PAT YV — /L& WD Z & TY TAE A LIRS E B LTV 5,

—J57C PAT 1 I REEDME K TE B 2w S LI WE ZANHER TH D, T AT~ ARHR
HCIIKRFFRA (o b, H ZFH L7z quantitative NMR (QNMR) & PAT & fHFF U 7= SO fi#dT %
AT, EBSHALR (SI) b L—H B U 7 ¢ Ol S 7o NEIEEME 2 V72 oNRV 1, JRERAIC
HIESGALEY DM ENRE CTE, WENGHE LR —OFEEWEZ VL LN En |
FERWREDHIEE L L THESTER ZEDO TV D, TOENTRED D B ASE R0/ MR A E
L WVWSTAFEICEHA IS TWS 2, 20 g\MR QR CERME . DREEE) & PAT OFME%
HIZOFRT 2 2 & T, K0S Z BT 2 Z e TE o TInEHwET 5,

b {
Yo EEE W—— @
H
- ’Wm

D «— B EHRNE

Figure 1. qQNMR OHIEA A —
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TF L) a— )b T 2= A YT 32— OGN B AR T DALY OGS BHZ A kT
—#t® ReactIR & EasyMax TIHEH L7z, £ OfEHR, bkt Y ITHKT 5 IR ' —2 (1600 cm', 1540
em ) ZBUHIL . £ ORMZ(IT EasyMax OEVEZ M E —H L7z, —F T, 2 b D PAT TS
FOPRURD AR, FEIOMKRII DN B R o7z, £ 2T, [FRFIZ gNMR TJ;UE\%: BEFL7-, £
FES. BOSE, FRIEROAR., FEIOEKRT X TEMHRT H I LN TE 2, KFZIZPAT & gNMR O
TR EENRDHIET, A TADOMIEOH LN /o ToT — X 2L qfé‘ St D FEH
S AN VA o it

1600 cm™?! 1540 cm-1 FBNEEICLBIRIGEOZEL

{ERRSY (EREY 120 RIG3#87.1%

100 &

§ # ethyleneglycol
P i 60 intermediate1
=8 = :
o X ® reaction product
40 == Easymax
Fd —
g i React IR
L4 *
- 1% o o o0 teo o o >
L I L L e T e [ 0 20 20 60 80 100 120 140
1800 1700 1600 1500 Ti .
METTLER TOLEDO Wavecumber (cm-1) mecmm

Figure 2. React IR JHI/E 5 5 Figure 3. PAT & q NMR (2 X % )i B B 5

NCO

O e >
R o] f S B EIN: o A" qNmRmEE
”"/\/ MEK toluene O HeC, % 1,4-BTMSB-d,

ctiylencglycol 67 °C intermediate LrsY Ho X

oY 3 120min
r

PAT gNMR re 80min
gNMR _dec_dsp 12

MM
PAT gNMR re 70min
9NMR _dec_dsp 11

M

PAT gNMR re 60min
aNMR_dec_dsp 10

PAT gNMR re 55min
GNMR dec_dsp 9

1\ MM e
PAT gNMR re 50min

GNMR dec_dsp 8 1 L 8

A JA o J

PAT gNMR re 45min
GNMR dec_dsp 7

A

PAT gNMR re 40min
GNMR dec_dsp 6 ﬂ Lo

1 A
A s Al A i

PAT GNMR re 35min

awrecdn s Regction product | i

PAT GNMR re 30min = I
GNMR dec_dsp 4 I | 4

PAT GNMR re 20min
GNMR_dec_dsp 3

PAT gNMR re 10min
GNMR_dec_dsp 2

PAT gNMR re Omin

oNMR dec.dsp | Intermediate Omin Intermediate

Ethyleneglycol 1,4-BTMSB-d,

) & ] i & i) ) 0 36 35 4 i3 32 o 00 01
1 (ppm)

Figure 4. qNMR /& & 5

DMiura T. fll Accred. Qual. Assur., 16, 421(2011) 2) BAIEEFH, 2014, 16 55 BHHLIE
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Asymmetric Hydrogenation of Polysubstituted Aromatic Ketones and y- or 6-Keto Esters
Catalyzed by the DIPSkewphos/PICA Derivative—Ru Complexes

Noriyuki Utsumi 1*, Noriyoshi Arai 2, Kei Kawaguchi 2, Takanori Namba 2, Yuki Matsumoto 2, Takeaki
Katayama 1, Toshihisa Yasuda 1, Kunihiko Murata 1, Takeshi Ohkuma 2
1 Central Research Laboratory, Technology & Development Division, KANTO CHEMICAL Co., Inc.
7-1, Inari 1-chome, Soka-city, Saitama, 340-0003, Japan
2 Division of Chemical Process Engineering and Frontier Chemistry Center, Faculty of Engineering,
Hokkaido University, Kital3 Nishi8, Kita-ku, Sapporo, Hokkaido, 060-8628, Japan
utsumi-noriyuki@gms.kanto.co.jp

The DIPSkewphos/PICA derivative—Ru complexes indicate specific catalytic ability for the asymmetric
hydrogenation. These catalysts hydrogenate polysubstituted aromatic ketones efficiently to afford chiral
alcohols with excellent enantioselectivity. These catalysts are also effective for the asymmetric
hydrogenation of y- and d-keto esters. The hydrogenation proceeds alternatively depending on the

reaction conditions to afford chiral hydroxyesters or diols in excellent enantiomeric excess.

FAEET NV a— AL EWIE, B SRS L GO G EEE E L TRENREL L. ZO%)
IR G BIERRE NI ST D, T TH 7 R OB AR E KFELRISIZ £ 5 e EE
T a— EEBDOERIT. EOIGHE, = F AR, AR A B L IEE A AR FIET
HbH, LnLaens, HEOHEIZ X > TX, ]SS v FABRERA 0 THLIEE LS
<, PR REFREE L TERIN TV,

DIPSkewphos/PICA B —Ru §{E
;fz Bl' NJ-AM
‘“x-, ,-' |
N HEN/l\‘f
AI';- ?N -\H HzN I =
o 3-AMIQ 3,5-Me;PICA
= 3,5-PrsPh R
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Fk 4 1%, DIPSkewphos/PICAFEEIL-RuSE AN, 7 b U FHDO R KBS BV THLIZSE % RL7e
W RS TR e SO & = v FARRM 2R T2 L2 R L, T72bb, ARICKD, Z
IE TR ARFRICEN I DTV o To, MREEOR X RLEHITER T N O
RFACBOE D ENFE, @  FARRICHET Lz, FlxiE, M THIEm<, KF R RS
FU T AEAWTHIETLSDNET LRVN2,3'4'.56-_FZAF AT ' F 7/ i, 1 MPadK
FIEHRT . 30 mM D BuONafF(E NI Al (S/C) 500, 40 COEAFTRRANIAKFAL S 4L,
99% ee D FTEMET /L 21— L % 95%DILE T H- 2 77,

RuBr;|(S, S)-dipskewphos](3-amiq)

+ Hj
1MPa  BuDNa, IPA, 40°C, 21 h

S/C = 500
[ketone);=1M
[BuONa] = 30 mM

95% yield
99% ee

% 7. DIPSkewphos/PICA #HEfA-Ru $5(KI1X, 7 N = AT VD RFKRFALIISIZ & HNAEH
L7z Y FRIZ, y- BEW 87 b= AT VHORFRFLSISITB N TR, RIGEEEZEET 572
FC, EEEIEEE Fa v m AT L E WG U AL & ZIIRICIEY 7301 D 2 L ITEkB LT,
B 21T, 4-FXV4-T 2= )VT Z W tert-7 F VL, 0.8 MPa DAKEFFEL F. 1| mM @ BuOK {7
{ETIZ S/IC=5000, 25 COEMMTHRANIKF LI, BILZRET 97% ee DIFEET 7 Mo %
97%DHBEINERTEH 2 T2, —J7. BUGSM % /KFEIE 2 MPa, BuOK i 50 mM, S/C =500, 40 C
WCEWT 2 LT AT VOB TN HHEETT L. 97% ee DIEFHIEME 1,4-2 4 — L M 9T%UR TEH BTz,

1) H, (0.8 MPa) 0
RuBr,[( S, S)-dipskewphos](3-amiq)
0 5 E1OH, BuOK (1 mM), 25 °C, 5 h 0
PhM( 1B - Ph
a 2) BuOK, toluene, 25 °C S1C = 5000
Q7% yield, 97% ee
H, (2.0 MPa)
RuBr,[( S, 5)-dipskewphos](3-amiq) OH
EtOH, BuOK (50 mM), 40 °C, 24 h F,h)'\,/\/DH

S/C =500
97% yield, 7% ee

Z ® X 9|2 DIPSkewphos/PICA #53EKRu $&5(K1T, 2N E TICL < DN TN DL L (X8 e 2|
R 72 BOSHE & BRI 2 7R, 2 OIS | FEROAE TIISUGHECRIRE DN A+ Th 2 E
23T, A DIPSkewphos/PICA #FE(K—Ru $EENSHNAIER T2 2 L BRSNS,

1) Angew. Chem. Int. Ed. 2018, 57, 1386
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Synthetic strategy using fine bubble and rapid reaction optimization method
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Continuous flow synthesis is suitable to optimize the reaction condition due to accurate control of reaction
parameters and inline analysis using monitoring module. We herein developed a method to optimize reaction
conditions based on the design of experiments and three-dimensional approximation using continuous flow
microwave reactor. Furthermore, we have developed a gas-liquid reaction using fine bubbles (FB). In this
work, we applied the FB and reaction optimization method to synthesize 5-aminoimizazole-4-carboxamide

that is precursor of fairy compounds.

1970 A%, AHEITRE SN D 19704 f¢ )
P TIHLRITEBNT, em W | PP M
A4 ZADEEE H N F A — L g 3. -

20005 4%

»
DT m— A EAL ST e 2
F, LLT 200 R FE G ppenuz § FravrshLR 65 R
5 A HOIT pm YA XOBLEIZ K (ton scale) (kg scale) (g scale)
BY T BRSO RN S O o .
NT&E7, LU, EfhnfifEA4E cm mm Hm
MToLT77A T I ANADE BEH AZ
e ARl BHEZR G Sy 70 TR Figure 1. 7u—8{ilBil oIy 7y 07

DI N6 7 a— LR EEL < | AEPER 7 —/WICERHED B 2126 B & Sl BEZE 3 IRERRY (2
v 7)) ThD (Figure 1), 7 0 —THEIC K D ZBPEA R & FR1A L7 SO 2 BA%E 35121,

TREEZROTZENHTHY , BRUENES EZIMLEE LR WKISRBENEEND, iz, 7
Y= o FATAF T r I AR Y — (GSC) DELEIGBEFWHIL « & = 3L X —{b)3 al e/
T Bl X BEEA~OBITREENTND Y, TR HITYBRISRRAE AV 5 G CTRIL T X
LHEBZ, RIEN - MEEIRIINEAE T2 IXET 2 ET Ch H~ A 7 vl & IRAHICEHE % 4k
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EELHEMTHD T 74 3T (FB) HEIZHEHR Lz,

~ A 7 v ITRIE N OWEIRIRAINEE 7= i%iﬂ“(% L7, Ny FFRECBOTRS HNDG
NT&ETe, Lol ¥4 7 nEDRGBHES OFIRIC KBURZRTOART— LT v T IIREETH
5,2 TC.7r—FEII~vA 7 ariEfToZ b T“:@E%%%ﬁ’iﬁ%f“% % &% % 7= (Figure 2-1),
Flo, BE=H VU TED 2= VICK DA T A RN, EBRETENEIZEEDS P, =RocdhmTEl
ZOFHT 5 2 LT X0 BOS S 2 sk CE 5 & & 27 (Figure 2-2), ZAUE TIT, Fischer A
Y R=VERAEET VO E UTRIRGMZ Rl L C& 7o, ZORR, 14 BlOSMFHE & i
U X0 | IR 99% D i 5% 140 3 CHREE LTz, S b7 bh ik B L, EaEE L
~ A 7 ) A BRI A S RIS IR T 5 2 & TR ) ORI SRR ET LTz,
ZORER, 60 DRI THRBERMEZFE L., ROSKMEORE Rk 2 #El LTz,

1. R4Y/0RIA—Fik 2 IO—REEHBEL | 3. T7ATNIO—Fik

& HEFEENYFAR) : I ¢ fEEEF(7R—AR)
vV R[BEXER(RTT78-)
e

== | RRAUTLAILHH | v 4FT70—

OB X REHE | gg;g;;i;zdjﬂ L ——
* EFEEWIA—HR) EW'“"““““'“ x SERAOHE. BRI AEE

W H Z» N
N Mﬂ,f’“"_» / ‘ I 0 2|§$7£(FB7I:I—7J'T)

]

O EMRIRN., BHE- E#RE%D% © Jir"%#ﬂ:iﬁﬁﬂ: © m}&ﬁﬁiéjts E%mﬂ’]m*ﬁi@ﬁ

Figure 2. ~A 7 0,7 7 A TN 7 v —FEOKHR & 7 1 — UG SR R LT 5

KMz OSHIE T2 70— OME, ma A Roml A7 RIERaZ LELET, KHEZERY
PR BAED LB TR TE 5 2 L2 b TEE DB ATRE R BUSRNTH 2, 1ERDKHE — KA 7 1
—EE LT, Q[URREHW (AT 7 71—) AT 7a—=R3MoitTns 2, L, KEENT
KA TBES 2 Z LI X DR HE OHIRC, R EO KA LGS 5 Z LIS K DT AL &
DN D D, £ 2T, WETIZT 7 A ALK Z SIREICHMSE S FB Hdfi 2w M+ 2 Z &
TINSOMENFLTE D EEZ, FB 7o —TFE& % L7z (Figure 2-3),

EBIT, T —ROSSHRELFE S FB 7 0 —FEOERIC LV | Mok EHE RN 2R~
=7 U — LAY ORIEMATH 5 5-aminoimidazole-4-carboxamide (AICA) YDA RIZE Y AT, BT

IR — B ROR 2 % < B, BN KEDREDOHTH D Z b, 7 v —UGH DA Al
BBThd, £lo, T XTORISITBNTT7a— b TE 472D, 7o —ISGErEb FiEzEHA LT
WO Ex B LT,

2 E BN

1) Fanelli, F.; Parisi, G.; Degennaro, L.; Luisi, R. Beilstein J. Org. Chem. 2017, 13, 520.
2) Carl, J. M.; lan, R. Org. Proc. Res. Dev. 2015, 20, 327.

3) Choi, J.-H.; Kawagishi, H. ef al. Angew. Chem. Int. Ed. 2014, 53, 1552.
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Reaction kinetics analysis in flow conditions using PAT

Koji Omori, Kei Harada, Hideki Matsumoto, Takahiro Morita, Shinya Ishida, Kenji Wada
FUJIFILM Corporation, 12-1, Ohgi-cho 2-Chome, Odawara-shi, Kanagawa 250-0001, Japan

koji.omori@fujifilm.com

We determined reaction rate constants in flow conditions using inline IR(PAT). This made us understand the
bottleneck step and impurity production routes. Based on this information, we designed better prescriptions
than before. In this presentation, we introduce how to use PAT equipments and results of PAT measurement

data.

WA, ALRRGERSCEIE TR D 7 o ARFICB W T 7 o — G ER S Tnd, 7a—KIGiE
AEREIZEDETRB A L7222 5EEIICER AT 5 2 & T, ISTREBICHIE L, SET & [F
RHCAER D 2 N TED, ZO7a—0FfMEZIEHT 52 & T, ERE Y b mfiE e 5 4
SO BAFED = —RZEDECEEMRETH D, ~F TLOMELZELS TH-0121E, MR
FOGSDOBFENANT R TH D, =2 TARETIL, A b7 —#D React IR & RC-1 @ 2 FEFED PAT %
WD Z & TS Z SRS ARAT AL R FH M L 7= D TS 3 5,
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Root Cause of By-Product Formation in a Hydrogenation Reaction
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Manual sampling of hydrogenations is tedious and error prone since it includes releasing the pressure,
purging the reactor with protecting gas, opening the reactor, taking the sample, closing the reactor,
performing a leak test, purging the reactor with protecting gas, and pressurizing the reactor with H2. This is a
time consuming procedure, especially when heterogeneous catalysts are involved.

Hydrogenations are often performed in pressure laboratories, which are located a distance away from
analytical labs where offline sampling analysis takes place. This may cause delays and gaps in data collected
during reactions which run frequently longer than eight hours.

A new laboratory device called EasySampler™ is applied to eliminate these sampling challenges by
providing an automated and robust inline method of taking respresentative samples from reactions, even
under diffi cult-to-sample conditions such as from elevated pressures, slurries, and other heterogeneous
reactions.

By enabling us to capture streams of analytical data points at regular intervals, our scientists were able to
establish a path to understanding the mechanism and the conditions which cause the critical by-product
desalkoxy-3 formation. By adding quantitative HPLC measurements throughout the course of the pressure
reaction, where sampling had previously been impossible, assumptions were quickly corrected and a realistic
mechanistic model had been drawn. Based on that, better decisions were made which have improved
productivity and shortened timelines to reach the next milestone in process development of a high-quality
drug APL

The exact mechanism of formation of desalkoxy-3 and the root cause of desalkoxy-3, respectively, are still
unclear. More experiments would be required to clarify the synthetic pathway. However, by overlaying H2

uptake curves with HPLC results taken at regular intervals during the hydrogenation experiments, we were
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able to defi ne a stop criterion. This stop criterion can successfully be used on production scale to stop the
hydrogenation at the right point in time, where the reaction is fi nished but only small and acceptable
amounts of desalkoxy-3 have been formed assuring a product of high purity and quality.

EasySampler turned out to be a suitable sampling technology that effectively supported us in the elucidation

of chemical pathways which has helped in the development of a safe and more robust chemical process.
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Synthetic syudy of the LMNO fragment of gymnocin-B

Yasuko Hori*, Wakana Yamazaki, Keisuke Takazawa, Takeo Sakai, Yuji Mori
Faculty of Pharmacy, Meijo University
150 Yagotoyama, Tempaku-ku, Nagoya, 468-8503, Japan

mori@meijo-u.ac.jp

Gymnocin-B is a polycyclic ether natural product having fifteen contiguous trans-fused ether rings.
Synthesis of the LMNO fragment is a bottleneck for total synthesis of gymnocin-B because the seven
membered O ring has a large steric repulsion between syn-dimethyl groups. We have succeeded in
constructing of the 2,7-dimethyloxepane ring through a 7-endo cyclization of tertiary alcohol to vinyl
epoxide against the Baldwin rule. The cyclized product 11 was transformed to the O-ring epoxysulfone 13,

which will be used in the oxiranyl anion coupling with the L-ring triflate for the MN-ring construction.

Gymnocin-B (%, JREHHETERE Karenia mikimotoi 7> 6 BB S L7z, T2 FHICE WV EHHEER

%ﬁ%%oﬁvﬁﬁm~?w@béo:@Ekf%%@é@‘Kﬁﬁf%k@%@&&ofwé®
 BTIREEDO R TH D O BRENLTH Y | syn-2,7-dimethyloxepane ‘HH5 &\ 9 FEF 1SRRI

mht%m%kofwé TN ZREEGMOWME L2, AR LMNO 77 7 A v b OREFIZ
[11F | Baldwin Il C L@ FF & S on, o~
% T-endo BRALFIGT X 2 Rh==-1 72
syn-2,7-dimethyloxepane ‘& #4515 %
BAE L. gymnocin-B @ O B =4 ¥
ANV DEREAT > T2 D THET 2,

Fex 1 gymnocin-B &, 3 OOT7 T 7 A MIHBTTHEKEZRBEL TS, 20955 LMNO 77
A MI BRZAER LTS LERN 77— ORTAFVALR G DOLFF T =T =
FAETHEKT Datl 2T, ZO0RL=y FOT7ERIT, E=1TRI F10 2HH LT
% T-endo BRAUSOG THEZE S 5 Z &1 L7z, (Scheme 1)

DEIPS
I H H MeMS

o) Me
p-TolO,S H o o) S|’t Bu oxiranyl OTES p-TolO,S O Me Me o Me
. Jd St Bu anion BSO 7 endo o
8 A o7 1 H ) )\ /k

Ho H H H R cycllzaﬂon — o™ R
LMNO fragment L ring unit O ring unit 10

Scheme 1. LMNO 7 7 7' % > s O Wi& plfEHT

Figure 1. Gymnocin-B
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Tri-O-benzoyl-D-glucal (1)% Ferrier i/, S & Ccis-A L 7 4 U G ERIRA~AI T X — 2 21572,
DWTEDE F Wittig L& L., cis-trans DY T ) T— | 3 Z @R, SRRMIZEZ, D\ T
=Mk T v a— % TBS fR# L, DIBAL T3 DO AT A AR TEILLTT /LT ba—)L 4~
EFE LT, o7 VAT va—v 4 O 13-V A —/VEL % p-methoxybenzylidene 2512 2 U £/
EL., TBS XOREELFH K7 /Va—/L@ TBDPS Ri#E%21T-7-, & LT, syn-2,7-dimethyloxepane
BRO2MDOAFNVILZEANT D70, S5 623 BA%E L7 nor-AZADO FRALIZ X 0 3 k7 v = —/L
o b & LTI MeMgBr % i STz, A F AL T 52 7 VI & @ SE ARSI I T L |
HEDOFMEIR 7 Z2 @R TR/ L ENTE T, T, Bifri#EL TESLTT VAT /a—L 8 &
L. Sharpless N7 TR F AL E 1TV SEAREBRINFIZ R 2 K 9 21572, %2 Parikh-Doering &1l
Wittig SOt 2 fiii L B = /LR % 2 RafG7ot%, 5 =T v a— i~ L ifRiET 25 2 & T 7-endo i1k
ZAT O 12O D FEE 10 ~§5E L7, (Scheme 2)

[ONGRIEN Me H - Me H
© OB HO__ O . = 1, TBSOTH, 2,6-lutidine
@ z H,0 wNppz FEl0:C(Me)C=PPh; Et0,C ‘ HO OBz HO ‘TBSO oH
7 0Bz MeCN N toluene . 2, DIBALH iy
o8z 80 °C, 50 h OBz 80°C. 3 h i OBz 72% (2 steps) R OH
72% 92%
1 2 3 4
1, nor-AZADO
TBDP ' OTBDPS
MeOPHhCH(OMe), Me H ? Mes H (10 mol %), MeHo- 1o
PPTS HO | TBSO 0 1, TBAF HO 0 PhI(OAc), ‘ HO o
“onon A SO, imidazole N A
CH,CI — " ~pmp 2: TBDPSCI, imidazole — >pMp 2. MeMgBr — S PMP
2 h f 9 97% (2 steps) i 9k 81% (2 steps) oh
89% 5 6 7
((el -
2, TESOTY, 2,6-lutidine 14 | TESO o ' HO TESO o CH,Cl,-DMSO (4:1) w\o
3, PPTS A O):\PMP CH,Cl, o A O):\PMpz, PhsPCH,Br — o/EkPMP
MeOH-CH,Cl, (1:1) H H -20°C,1h H H NaHMDS H H
78% (3 steps) 8 84% 3, TBAF

9 73% (3 steps) 10
Scheme 2. S {AERINAY72 B =/L=RE T K10 DAL
FE 10 % PPTS E &5 Z LI L - T, T-endo BRALIK 11 % 88% & W\ 9 IR TH D Z & 1Z
L7z, 2O 0BR=2=> k11 % TBS{b L. Kt = /L% ¥ Markovnikov % Wacker FR{t.1Z
IO 7rFe F12 &L, HiWTHWE JOSICE Y BE= L 2Lk ke L, ~BuOOK TTARF &
ELLTOBRZARF VAR 13 2/ LIS LT, ZO% LEN 77— b adFv 7=
WNT =AU ETHy TV T SHLMNO 77 7 A NEBET 5 TETHD, (Scheme 3)

Me MeMe 1, TBSOTf, 2,6-lutidine o
M " aoe & MeMe
L ~PMP .o o~ ~ _ _H
— 07 CH,CI HO=\_ /0" } 2, Pd(PhCN),Cly, O, y L TPMP
ijO7TPMP CHaCla i 4O H 1BUONO, 857 TBSO N HO H
88%
10 1 12
H H
L
A \ OTf DEIPS M
1, (Et0),P(0)CH,SO,Tol BnO 07 IH H_H MeM& —0Q
LiCl, EtgN, 98% yee o H™H p-Tol0,S o 0o sic! :u
o Mgy T - o tBu
2, tBUOK, +BUOOH  Tol02So o PP NN
34% p="H H H H H H
13 LMNO fragment
8:2)

Scheme 3. 0 BB /R ¥ 2 ALK > 13 DERK
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LC/MS analyses of impurities under the phosphate buffer using the online desalination tube

Sachiki Shimizu*, Yutaka Takahashi
MS-Solutions Ltd.
18-13, Ogawanishimachi 2-chome, Kodaira-shi, Tokyo, 187-0035, Japan

sachiki.mssol@gmail.com

By high qualitative ability, LC/MS analyses of impurities in the process development is very important.
Because the detection is possible at the low wavelength, phosphate buffer is frequently used for a HPLC
mobile phase. However, it is difficult to use it for the online LC/MS analysis because the phosphate buffer is
nonvolatile. Therefore, we developed a method of the online LC/MS analysis under the phosphate buffer by

converting phosphate ions into volatile ions, using ion-exchange resin.

7'ak ARFEIZEB T DM AT N T, MR v~ 7T 7 EE&oHEHLC-M) X, &
S CEMREN DN E W DR L TS, —F T HPLC oA OB EFRALEIC X, Kk
ECHLRHMBARECHBEE RSN D, U UBEEEIRSA S T&z, L, U UER
WA I AR TH D720 MS DA FALETHH L, A A OBARREIZ22 Z ELHM
R DA A ALEMHITHZ b AT A TLC/MS ORIEIZHNWD Z EIXTE 20, & 2T,
Toexld, A A HBNEE AT Y VIR A HIEMED A A U NTEWS 5 2 LT, U IR EIR A
WS EIZBWTH A T A 2 TLC/MS ZHIET 2 ka2 R LD THET 5,

T TA VT 2 —7 (YT 7 Fa—7) ZE3Te LCMS VAT L% Fig LITRT, HHEK
B UEEEIX Y VT I F a—T R OA A U ATHBIIRICR A Sh, R A BRI D,

Line

-~
Eluent Waste - -

(Phosphate buffer) -J.# " Inm i. d.
’ﬁ

Fig.1 Schematic of experimental apparatus
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%< ORYMEICHEIR R DD~ 7 1T A RRPUEY
HO12>THLTY A~ (erythromycin) % HyCa, A _CHy
BELE LT, U BRI A VT LC ST DJ\:J\,;T:
7%??07":0 l\_Ilj_,J\ IUXDV/]) ‘:/Vﬂj:\ uv %&”2753351/\ Tt

CENLEEETORMALETHY . RFTH lmtgﬁg prmime
215 nm —(*ﬁlﬂ LTWA, IEH.:.--UH DT (337"'67’\‘013/\E T
HPLC K TNMS OWIESM% Fig. 2 1T,
[HPLCS:A4] (QISESED
Eiy . Agilent 1200 Eriy : JEOL JMS-T100LP
VRN . TOSOH 0DS-100V, 40 °C A F A . ESI Pos.
(Bupm 2.0 mm i.d. X100 mm) =— RIVEFE 2000 V
B EFE : A -+ 10mM KH,PO K¥EHR VU7 4 A 1EE © 65V
B -+ CHLN bt it = L : 250 C
A/B=80/20 = 20/80 (0° =10 ) FV 74 2 1IRE ;100 °C
Vit © 0.3 ml/min T E A : m/z 50~1000
EanEn : UV (215 nm)
Z{VJ‘J(E | Y AR R B0 o INFy I Fa—T : CFANLO100
{ B : n

Fig.2 Conditions of HPLC and MS

U VPR E SR CL LC/MS 24> T4 U CHIE LT %A Fig. 3\, =Y Ap~A v
FZHIH SN AL, BEEEND ., XTI 2a~A 2 U+ (+16), Y=V 2o~ A
VCHy (-14), ZlI=mV Au~A v o+HiEFE-20 (+14) LHETTH LN TE I,

750. 4605 [M+H]*

| TICC |
- ] St | % CyrHegN Oy (~4. 58ppm)
| . i .|‘ E I comp—i _I.‘.In.m...uJ....L. -,:..h..u*....,ll.k.: i P
] Impurity = X | H . ,
| P : EIC: m/z 750 ; 720. 4529 [M+H]*
—,...——.-—---.—Eq—.-r = l: e mete Y CoolegN Os5 (0. T1ppm)
H {l = | YO FSTFRPRN N S 1 SO AN | RO S
: Y';'.JL,, EIC: m/z 720 B e e
= 3 . = e | 748. 4454 [\M+H]+
EN | ? CHogN Oy, (3. 97ppn)
| : Z g ;L',J"LHWEIC: m/z 748 TR P
——————— o it
_ _ 734. 4691 [M+H]*
erythromycin | \ BIC: m/z T34 | erythromycin

RIS (min)

'z

Fig.3 TICC, EIC and mass spectra of erythromycin impurities

LIS LT = — 7 25 2 & T, U BRI A S L s C b A e T A v
TLC/MS DRENTIHE & 72 o T2, HIURS DA A2 ST ~OW A 72 LRREIE & 5 13, At
BT 5 2 LT 7 ABREEO R RUAT OREE A BT E B,

[BEEE] S OBEHCH 720 AABEFHRASHICE KRR TH I ZTHES E L L L BT ET,
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Development of Amylose-based Chiral Separation Column with Excellent Preparative

Performance

Tsuyoshi Watabe*, Masahide Kobayashi, Yoshihiko Yamada, Takehiro Iwadate, Junko Iwadate,
Tomoko Izukawa, Chihiro Morita, Saoko Nozawa, Noritaka Kuroda
YMC Co.,Ltd.
59 Yonnotsubo-cho Iwakuraminami, Sakyo-ku, Kyoto 606-0033, Japan
watabe@ymc.co.jp

Chiral chromatography, which is a simple and useful purification technique for preparative purposes, has an
important role in many industry fields. In order to improve the preparative performances of chiral
chromatography, we developed the manufacturing process of the amylose-based chiral separation column
(CHIRAL ART Amylose-C/Alcyon SFC CSP Amylose-C) applied for our preparative HPLC/SFC contract
services. The developed column named as CHIRAL ART Amylose-C Neo/Alcyon SFC CSP Amylose-C Neo
showed better resolution (Rs) values for many racemic compounds than the original Amylose-C and also the
competitive columns. Additionally, Amylose-C Neo gave preferable chromatographic peak shapes under
high loadings, resulting in the excellence preparative performances. In this poster, we present the preparative

performances of Amylose-C Neo through some cases.

X¥oNru~ NI 7 4—% BETCEMMEOSWSBRRFETHY ZOERETHHWDD
PEEDIIZBNWTEE > TWD, 7~ T 7 40— N Tex 7 UG O BUE R CII 2 hET
%Wﬁ”*\*7ﬂ/ TEER 5 7 AR Wb TE Y . ZoMRen B4 bk bk Tnd

ZHEFH LR O T amylose tris(3,5-dimethylphenylcarbamate) % % 7 /L L 7 ¥ — & L7=% 7 L5
Bt 7 Z 2 CHIRAL ART Amylose-C/Alcyon SFC CSP Amylose-C (Fig.1) 1%, 4 ® HPLC/SFC %3t
Y — e 22T b A E
DE, £ Z T4 1E, Amylose-C
PERMOBIEICH R A M A, 43 H
PERE % 7] | L 7= CHIRAL ART
Amylose-C Neo/Alcyon SFC CSP
Amylose-C Neo % BiZ& L7z,

Fig.1. Amylose-C D¥ Z /L& L7 Z—
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Amylose-C Neo (%, #E2KD Amylose-C LRIUF Tt L7 X —ThoHIcd, TSR E DA
WNIAER EBHEL L TV D 23 PEREGEIC & 0 70t (Rs) Z2 RibgIZ A B S¥ 5 2 LI1Zakgh L7z (Fig.2),

%72 Amylose-C Neo D7 1~ 27 F MIHITHE— 27 RIT, AN ELZHESCL THL R TH
D ERD Amylose-C L VD & @\ EREE A5 5 Z & iR S v7z (Fig.3) . A% Tl CHIRAL
ART Amylose-C Neo/Alcyon CSP Amylose-C Neo @ 77 BUEREIZ DWW TR 2R L TG T 5,

SEC analysis
Amylose-C Neo

- e

HPLC analysis
Amylose-C Neo

Amylose-C

Amylose-C
J A Rs=96 J A A Rs=136
0 25 5.0 7.5 10.0 125 min 0 06 12 18 24 30 36 42 48 54min
* Toluene (0.5 mg'mL. 1, marker)
Column 25 pm, 250X 4.6 mml D. Column c5 um, 250X 4.6 mmlD.
O\/ 1 Eluent - n-hexane/2-propanol/trifluoroacetic acid Elent - COy/methanol (80/20)
"|’\|)\ ™ (80/20/0.1) Flow rate : 3.0 mL/min
AT ) ) ']"' . Flow rate : 1.0 mL/min = ) Temperature  : 40°C
N-Cbz-DL € Temperature - 25°C trans-stilbene oxide Detection - UV at 230 om
Detection UV at 254 nm Back pressure : 13.8 MPa
Fig.2. {3k & o B i D 57 BEME RE Hhiig
3 —k—Amylose-C ]
25 Amylose-C Neo Amylose-C
- —{Amylose-C Neo
= 2
15
M \
- I
R
0.5
0 T T \ .
0 2 4 6 5 mg/Inj. 5 mg/Inj.
HRHETE [me-sample/injection] 0 25 50 75 100 125 mn 0 25 30 75 100 125 mn
- Column cS5pum, 250 4.6 mml D.
y T chy Elent : nn-hexane/2-propanol/diethylamine
P e T (90/10/0.1)
Flow rate 1.0 mL/min
disopyramide Tempalratl.n’e - 25°C
Detection - UV at 290 nm

Fig.3. 0 dn & i B i O FUEHA faf & kb
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Catalytic asymmetric transformation of glycerine and

its application to facile preparation of ceramide

Mizuki Ueno*, Keisuke Miyamoto, Kosuke Yamamoto, Masami Kuriyama, Osamu Onomura
Graduate School of Biomedical Sciences, Nagasaki University
1-14, Bunkyo-machi, Nagasaki, 852-8521, Japan

onomura@nagasaki-u.ac.jp

Ceramides are essential component for a human because they tether horny layer cells each other and water.
Despite this fact, most of the commercially available ceramides are racemic. Thus their activity and safety
don’t secure absolutely. Therefore, we set about synthesis of chiral Sphingolipid E which has similar function
to the ceramide from glycerine to expand further develop cupper-catalyzed asymmetric desymmetrization of
glycerine which was reported by our laboratory. Chiral Sphingolipid E was expected more water retaining

action and the feeling of use compared with racemic one.

7 NI, IoABMRE LK ZES D22 L, AMRIZBWTHHEDOE ST TH D,
RKRDOEZ I R, & FOMA~DBIGEAN L, FEMBEHFOET I FERERET D Lol A
Uy b5 —F5T, dWEPLELRW, FEFITEMTHDL LW MENH D, {EENHFE L
TRMEE® 113 Sphingolipid E & XiFh, ROt T I NERBKOREEZFSE T I NHEEWHE
ThY ., EREPICAMES E LTRMEhfiliesnTnd, LirL, 20X 2filkotT I K
FEREMEIZIZ LA ENR T EIRTH Y, BFEEARE T2 2 LI X DTEEOHIRZ D — g O
R ISR D R T2 5,

—J5, 7 UV ATEFELBHITE R LTV DAL T 4 — BB EPET D BR O FE R BIEY)
ThHY ., AREENRS KRR L TWD, BIFEETIX, $ Tl A2 W=7V 'Y O EIL
PO RMIERI R AT IEGIME L, e RIEEER MO L 5% T 0 3 2=y FTHD
glycerol tosylate(3) DEKIZEEN L TV 5,

OH (\OH OH

) 0
CHs(CH2)150\)\/N\n/(CH2)14CH3 =\ Ho _X_OTs =\
Cl OTs
(0]
Sphingolipid E (1) epichlorohydrin (2) glycerol tosylate (3) glycidyl tosylate (4)
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Alal, 7V Y CORFIEMNMEORERM E LT, (H—KD Sphingolipid E OEKIZE T LT,
WA AL — b & DL FISRT,

(REAERIL— )
CUCN (10 mol%)

(R,R)-PhBOX (10 mol%) NaNj3 (2 eq)
OH TsCl (1.2 eq), Na,CO3 (1.5 eq) OH 15-crown-5 (10 mol%) OH
HO OH P 1o oTs — P Ho_ _A__N
A acetone (0.25 M) A CH4CN (0.1 M) N
i, 10 h (R)-3 reflux, 24 h (R)-5
96%, (94% ee) 97%

CH3(CH2)14CHzBr (1 5 eq)
2-MeOPhB(OH), (10 mol%)
TBAB (20 mol%)

K,COs (1.5 eq) OH 10% Pd/C, H, OH
. eq i ﬁ -
2 . CH3(CH2)150 A N3 MeOH CH3(CH2)150 (-~ NH2
NMP (0.5 M) (R)-6 it 4 h (R)-7
90°C, 24 h 59%
o (2 steps from azide)
1)CH3(CH,);4COCI (1.05 eq)
H 3(LH2)14
éf;\s (0.9 eq) OTBS DIPEA (2.1 eq)
. OH H CH,Cl, (0.2 M)
2 picoline borane (1.5 eq) et it 1h (R)-1

P CHy(CHy)150_~_ NH

85%, (93.3% ee)

MeOH (0.2 M) (R)-8 2)$ﬁéF( (20 e)q)
" 2h 56% "t Sormin (B6TH RILE 26%)

ZZTiX, (D305 NaNsio L A7 4k, Williamson ether {bZ R TT I (A -T ~KiKL., &
T I AEICE D T AT UEHEEAL (-8 & Lz, #i< 7k, TBS HDOMifri#E % THR
D (B)-1 DERITHE LTz, JEFHEEITHER LTl 0, #INFE 269 TH o7,

fEVNT, NaNs O 2 [FIiES DRV — OB BT o7, TARFVERAZHREH LT I &R
MEEL, HL— R L0 1 TREWVA RS OMXEE O (5)-1 24T, L,
(-1 ITEFELEFMEMET LTV, 22 TlX Glyeidyl tosylate(S)-4 O —F WA L THET
S INEXTWED, L0 HBERED B 4-Cl A2 EHS (-9 1L 27 L 2 A, B I
TO-12EHLZ N TE,

(BRERERIL—F)
o " Bew 05w C'\@ o
Ho _X_0Ts 0°C, 1day - ds"_o \/&

(R)-2 2) 4-CIPhSO,CI (1.0 eq)
NaOt-Bu (1.1 eq), DMAP (0.1 eq)
DCM (0.5 M) (S)-9
0°C—> rt, 6h 73% (91% ee)
CHs(CHy)150H (1.5 eq) 1) TBSO NH, (4.0 eq)
NaH (2.0 eq) H3C(H2C)150\/LA
THF (0.2 M) (S)-10 MeOH/H,0 (0.4 M)
30°C, 19h 80°C 4h
51%
OH |, 11
HaC(H,C)150 AU N~ otBs ——— 3 (S)
(S)-8 85% (91.3% ee)
82% (&5TF HRINFE25% from glycerine)
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Dehydroxymethyl bromination reaction of methoxybenzyl alcohol using the combination of
PhI(OAc); and LiBr

Ayako Shibata, Sara Kitamoto, Kazuma Fujimura, Hiromi Hamamoto, Akira Nakamura, Yasuyoshi Miki,
Tomohiro Maegawa*
School of Pharmaceutical Sciences, Kindai University, 3-4-1 Kowakae, Higashi-osaka, Osaka 577-8502,
Japan
Faculty of Agriculture, Meijo University, 1-501 Shiogamaguchi, Tempaku, Nagoya 468-8502, Japan
Research Organization of Science and Technology, Research Center for Drug Discovery and Pharmaceutical
Sciences, Ritsumeikan University, 1-1-1, Nojihigashi, Kusatsu, Shiga 525-8577, Japan
maegawa@phar.kindai.ac.jp

Organic halides are the important class of compounds in organic syntheses and widely used as a synthon in a
variety of fields. Decarboxylative halogenation is one of the method to make organic halides and converts
the carboxylic acids to the corresponding halides. We have developed the decarboxylative halogenation of
aromatic carboxylic acids using the combination of hypervalent iodine reagents and alkali metal halide.

In this report, we developed a novel dehydroxymethyl bromination reaction of methoxybenzyl alcohol using
the combination of PhI(OAc), and LiBr in CF;CH,OH. Selective monobromination and dibromination is

possible by changing the equivalent of reagents.

R — IRFRECTERSON T, B, KRR, B3, SR EOEMTFBEL LTHWLENT
WD, EDTeD, EOREE D GEH 0T AITIERF ICEHBEREGRFETFTHDLENVR D, H
BTA~a 7Z A OERED 1 DL LT, FEEANVERCEEORREERI 7 7 ACBOGRR & ) |
Hunsdiecker SSNRERI R 7HEE LT LTV, YiFZ2E=E Tl 2 £ TICBIE M 3 v ZikK
NGB RT V AR VRSS2 BUREER) N 1 7 AU EOS DBFE 24T > T Y . (CF;),CH0H H
PhI(OAc), & & B a7 At & DAL DT LY | BTEEREFRI VR B ERIGT 5
B ARNEBHRT D LITRBIL TV A, D~ A R RV UAT L 3 — VN D BEK
SNOEHSOGE, ITFEFIRE SN THDE, WIS DT L a— L ORGSO B
TRIESE LTAERKRLTHEY | TEEMES, BEEbmE S Ts b7, HiEime LT
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SEENTWR, FZTAIETIE, A FF IRV T L a— okt L CREEH I N 1 7 AR
SO TTEAT 52 LT, RUDT L a— ) VENS OEER R BFEISOMSLZ BIE L.,
MNEfTleoTe, £, 40 A XU HAEH T D 4-methoxybenzyl alcohol #FEE & LT, =il T,
PhI(OAc), 3 4 &, LiBr3 Y& &M CRBMRET 21T -7, LW CRIF 2R EZGT- 7 VA4 1%
B CF;CH,0H % W24, ¥ 7 vk & 117z 2,4-dibromoanisole 73 93% & BAF72 VR TH D
iz —7F. MeCN Z W34 Tlid® /7 7 a0 84T L 7= 4-bromoanisole 73 81% T S5 7=,
ZNUSNDEEETITE 7 7 o BATET U722, BIAERY AR L, IRITET L7z, RICHEL
J& & L. CF3CH,OH H', PhI(OAc), 1 4, LiBr 1 ¥ EmDOKME TG EIToT2E 2 A, 91%DILHET
T/ 7 uEhE 527, £ TCFCHOH #, PhI(OAc), 1 %%, LiBr | &% €/ 7 eE/bD5
ff:. PhI(OAc), 3 Y&, LiBr3 M && V7 uEbOfKMf L LT, flix DX T v a—Lx T
ERat&{T-7- (Table 1,2),

P ’fi 7- 7‘ ]\ 9’? :‘/ﬁ Table 1. Monobromination of methoxybenzyl alcohols Table 2. Dibromination of methoxybenzyl alcohols

PhI(OAc), (1 eq) Phl(OAc); (3 eq) X Br
AT HEETIIW N on LB (1 0q) e B N OH g 3 eq) R—.I//
FRb BMOKIES Rl CFCH,OH, t, 10 min R € #  GFsCH,OH, 1, 10 min
HIT LT N, E/ - Entry Substrate Product Yield (%) _Entry Substrate Product  Yield (%)
NI o el e S TR O A o it
4
VA BMF ‘/%75:75"9‘“ MeO MeO MeO MeO e
= Br Br
AIEETIIHFEFERD ) /@/\OH /@/ 50 , /@/\OH | EN 63
BT a L) ME BnO BnO BnO BnO B/
Br r
Feliz, £7= oz 3 /@\/\OH /@ 48 . @\/\OH Brji:[Br .
MeO Me MeO M
AN UEEBFT D ¢ e e y MeO Me MeO Me
3 B
P4
TITERIO KTt MeO MeO Br MeO T Me
Lol v o ©\/\OH <Br\©\/\OH> (04 A MGOD/\OH Meo:@m o1
7 aEbizB W Cix OMe OMe MeO MeO Br
1&Lly$f£ 75§ %)ﬁﬁﬁﬁ> 5 /@)\OH /©/Br t . @(\OH Br. | N Br 13
quan
AT L=, £/, F MeO MeO OMe Z>oMe
2 %&N‘\/‘T/\‘ﬂ/‘?/l/: , /©><OH | ~-Br 25 . /@)\OH | - Br qwant
— LTI L <X MeO MeO” MeO MeO”
Br Br
JIENEIT L, H3Mh /I::j/”\OH S o B
R Me Me Z 7 OH | P 55
RV T ) a—)b MeO MeO
a) Direct bromination of aromatic ring was occurred. Br

"C“ ?E) Llygi O) /f&T !i E‘ b) The corresponding aldehyde was obtained.
LN b DD HBDSUSHETTST D Z LR nhote, —Ji, AFNVEEZRT 5 EE TITHMORG
THEIT LR oz, RAZ =L TIE, ARICOISHEREIZ DN T HELET D,

<BB >
1) a) Synlett 2010, 2593. b) Synlett 2011, 1563. ¢) Heterocycles, 2015, 91, 561.
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XTIV VEBEREERWIEA LV =LA T AR NVEBH = P RXF L
& @D Friedel-Crafts 7/VFMUEISIZ L B A v R—IVEBEAEDARF AR

FEBERY B
O4= -4, Ignacio Ibafez Sanchez, Fk[LIF&EE

Enantioselective Friedel-Crafts Alkylation Reaction of Indoles with non-activated
f-Alkyl-g-Nitrostyrenes Catalyzed by Chiral BINOL Phosphates

Mio Kaneko*, Ignacio Ibafiez Sanchez, Takahiko Akiyama
Department of Chemistry, Gakushuin University

1-5-1, Megjiro, Toshima-ku, Tokyo, 171-8588, Japan
Email address: me0331.k@gmail.com

The catalytic asymmetric Friedel-Crafts alkylation reaction of indoles with activated alkenes is one of the most
straightforward methods for the synthesis of chiral aromatic indole derivatives bearing all-carbon quaternary
stereocenter. We will report an enantioselective Friedel-Crafts alkylation reaction of indoles with S,5-
disubstituted nitroalkenes leading to adducts bearing all-carbon quaternary centers in good yields with
excellent enantioselectivities. The key to success was the use of a chiral calcium BINOL bis(phosphate)

complex as a Lewis acid catalyst.

FIURLIRF L < OEBEMHALEY. REMTIZEENL2G8H2EKTHY | T ORI 72
HEIIAEA L FICB T 2EEREREO -2 THDH, A K==t T7 i bo
Friedel-Crafts 7 /L ¥ /WAGK S IE, A & R—L D =ALZE R AT IRFEEH T HX T IVRBEEBRA
R—VFHEAREZERT 5, b EZEN R ITED—D>TH D, YR TlX, 7 /1Y % Bronsted
Bt L CHW, AV F—LE A RV INARNER P OETRIMEREZETS= o 2F L
v DI U F A EIRE Friedel-Crafts 7 VX ALY, RIS EIT T2 2B LTWD
(Scheme 1)V, —J5, 7/ NVEEHR= b 2T L 3 RMERMEW =0, 4 K=t DxF T
A3 4RY) Friedel-Crafts 7 /L /ALEOS IHE B —FI LS SN TE LT AFINESLT L L E
<hWh EFoRMERbH -T2,

Scheme 1
(0]
X NO, 1 P~
B + N . \ O/ OH
v H OO
N
v H Ar

previous work ! This work 1-
X=H, COOMe — ! X=R (Alkyl) |

.................

ZorohROL L BHREETEE LTIV VA HW, A4 v R—L E BRI
Fl=7pnw= b AF Lo b OG- U F A EIRAY Friedel-Crafts 7 /L3 WAL D BRFE 2 H 5 UHFSE
24T o7,
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XTI U VEEG mol%) TN MSSATFE T, Ml ficBnW T F L EAER = o XF L 2a
R=EIZA > FR—VEER S0, ST AM0K 42 1XG SN 7en o7z, BBRENZ L2, F
SNY VAN AE 3 BV, ZERO= e AF Ly 2a ZEA S & 2 A, (NG
FEETL, BIUBREETHRERFOX T V72 A » R—/ViFEK 4a (R= Et, Y= H) 3 LE 87%, A
FHILER 95% ee T 7-, A Friedel-Crafts 7 /L X AL T EA 72 T VR VB E L= a7 L4
YRA VR VERERICE A FTEETH D . RS D AR BATF 72RO N L <A BT,
Scheme 2

<This work>

©j> 3 (5 mol%)
MS 5A
toluene
40°C, 24 h

-
Ne)
f

OrCa

J2

87%, 95% ee 87%, 93% ee

81%, 89% ee 61%, 89% ee 47%, 72% ee 0%

—F. A Y RO B2 AT DA E FV T BRI UG A@ﬁfh /*
AT LIRS T2 LMD RRISIZF T 172 Y VGRS LA 2 <:}]“_ d§>
Fefiifit & L C= hrAiEMib L, £72A4 v R—VOEFR LEDOKF LR N O q
AR Y N HEOBEFENKFERES & LI PRE 5 2 TRIGOEITL TV S ﬁﬂq£
& &% bivs (Figure 1) o Ou

o s |
Figure 1
[ & i)

1) a) Itoh, J. Fuchibe, K. Akiyama, T. Angew. Chem. Int. Ed. 2008, 47, 4016. b) Mori, K. Wakazawa, M.

Akiyama, T. Chem. Sci. 2014, 5, 1799.
2) Wu, H. Sheng, W,-J. Chen, B. Liu, R,-R. Gao, J,-R. Jia, Y,-X. Synlett. 2015, 26, 2817
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FA—VHE L5V b A VREF DualPore D

RGP ARIR Y ¥y — L U TOEMEM

TR 7 o — B R PRI, O B A T3 (BR)
OEAM—, /MIFE? WMEME®, MmIEKR?, A&, BREE, RS BRER S, ERALR

Performance Evaluation as a Metal Scavenger of
Newly Developed DualPore Silica Beads with Thiol Ligand

Riichi Miyamoto'®, Aya Ogawa?, Tomohiro Matsuo?, Tomohiro Ichikawa?, Hong-zhi Bai',
Kanji Meguro', Tsuyoshi Yamada?, Yoshinari Sawama?, and Hironao Sajiki’
'DPS Inc., 1-39-2215 Goryo-Ohara, Nishikyo-ku, Kyoto 615-8245, Japan, Laboratory of Organic Chemistry,
Gifu Pharmaceutical University, *Hamari Chemicals, Ltd.

miyamoto@dps-inc.co.jp

The newly developed ‘dual-pore’ silica beads which were fabricated to pulverize the monolithic silica gel
with the bimodal pore structure have been expected to the efficient solid support in flow chemistries of
absorption, separation, or catalytic reactions. It is based on the perfusion theory which is attributed to an
acceleration of flow diffusion and the convection inside the particle derived from the hierarchical pore
structure consisted of through- and small-pores in the beads. Here, we report the excellent palladium
scavenger using the thiol-modified dual-pore silica beads and the practical absorption abilities in diluted
Pd(OAc); in methanol (50 ppm) and the eluted palladium species from the Sonogashira coupling reaction
using a Pd/C catalyst as a model of eluted palladium.

VU HE ) RAEHE L THER S D BT BB FL S U 1 7L DualPore 13, REIRIEHTAY/ N & < L)
ERRNWZENB TR = IXA RN —IZBIT LAY -RFME L TCOMEARHFEND, Zhix
DualPore $7 7-NOME B BT L0 . B FPNERA~OFAROILE » S MEE SN D RX—T 2 —T 3 VR
WL DH0 LT TS, Fexld, 2o B Y IS TR A RIS E T 5 Y
Ty REBALT, @A A ZEmETRETDRORNWAZ VAR Dy —2lARB L TE T, K
WFZECIE, BT VT ADET NV E LTPAOAC), A ¥ / — VAR (50 ppm) & & Bz, RTV 7 A-
RFE ML L U2 EEROEE D v 7Y & VOGS OBICE I LT3 T 20 LRI 2 WA MERE b et
L7=DOTHET 5,

IRy T TR ERIHA L TCANLS T T BV AE A L. DualPore i (Ki—f-£%#iPH
50/200 pm, A /L7 FIEEAE 1.1 mmol/g) %, HAESS xRS 10 mm (FE 240 pL) &72% &L 9 1TR
V7L B T MR LIz — Ry VEIER L, 50 ppm @ PA(OAc) A &/ — VIR % 71— K
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U w12 3 mL/min O EHGEE CHIE L, 3
MOOEIKICRET 287 V0 Akd o e TRy P
FFIOREE CIIE Lz, € ORE, 100mL § DI
P LTORED BUREIHLT 5,8 &
SUYARH— F )y CICEE S, £ % 1
72+ 5 ppm @ Pd(OAc), A % / — VIRHED < N
B3ETIE 100 mL %7 LT B IEHITIE & A ° fipfumats 0
RN oT2 (K1), 0
WA REROEIRT v 7V 7 s TR ERE(mL)
HL72"T 00 LFEO WS B3R & WREE L X 1 Pd(OAc) A % / —/VEIK (50 ppm) % FHV 7=

71T KW A5 DR 5

U LRFEE L UCEEEY v ) VIR EER L N T VT MRFEE AR LT RISRE A X ) — v
TSOMLIZA AT v 7 LTHTATE LT, A AT w7 U= UG 5 mL % B 28% T (i £ 0.07 mL/min,
PEfER 214 7)) TAH T LB LUIEAER. AV OO/ T D7 AP 533 ppm H3H E TlE 0.40 ppm £ T

77 (2), 2-7a ) — )LIEpTo5

KT L7,

10% Pd/C
(Pd:20 pmol)

Ac Na;PO,-12H,0
(2 equiv.) MeOH - —

p— Thiol-modified
+ = (CH,),0H 50% 2-PrOH filtrate dual-pore silica gel cartridge
(20 mL)
L Ar,80°C,2h il ‘filtrate
5 mmol 1.5 equiv. u
membrane Atomic Absorption Spectrometry

filter

B2 N7V LEOBAERRGHIHWCRED v 7Y > 7RO & RERD7 A X

OEODEZOMMEA T T LT, THERTESEZ DT RBGE U7 V0 AR 10 mL 2@ L7z
25 (JEA) 4 mL/min, #AREFH 4 7). U7 A EIRET 0.48 ppm ToH 0 | ALK AS 50 50 < B
SNTHNRNT VT LOWRENRIZARE T EMOEDLLRWZ ERH LN E ST, TRB, ANVAT b
Ta ENVENEASNTNRY, DR U DSV ERE LI T AMIER LA O ORE T
446 ppm Zm L, /NT VT ATIFEALEHIREIN o7,

WA, BIES v 7"V v 7 RS O BRI % Bl = TV & ZRHK TR L C, Bile=F Vg & KEx =
NENA0mL T 7 AL TRT VT LAOWAEZEB 2R LT, £ ORRKED/RT D0 AREIT7.36
ppm 725 030 ppm £ TR T LT DU LIRRR S WAE SN, BT /VEIE 2.62 ppm 225 1.60
ppm F T T LZIZBE P, AKESC RO 2-7 1 /%) — VRGNS D3 T D0 ARENRITEL TH D
B, BERT T LR OEAST D0 AR SIS W I E R Do T,

PLE, ANH T R EEZE A LTZHH DualPore Bi11%, 7 /b3 — L HWMIKIER T O/3T 20 K j
R CRhE L SR T HBE N 2 RS 2 ENFRES NIz, MDD RT V0 AL F U 2 EFLIEH AT VT A
DET NS TIERL I RT VT A RFB A S LT-HIED » 7' ) VRIS T LI N7 Vo A
BIR % RN EHs K 0 L A0S EOFMEN 2 G ATV T O R T VT AR FRIRICERETE S
T EMTREN, KRB EREASOX S bR S v,
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SEHMIE L . Organic Syntheses —_J&
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Practical syntheses of methyl (Z)-3-arylbut-2-enoates and methyl (£)-2-arylbut-2-enoates
: Two subjects in Organic Syntheses

Takeshi Tsutsumi,* Yuichiro Ashida, Hidefumi Nakatsuji, Yoo Tanabe
Department of Chemistry, School of Science and Technology, Kwansei Gakuin University
2-1, Gakuen, Sanda, Hyogo 669-1337, Japan

tanabe@kwansei.ac.jp

(E)- and (Z)-stereodefined methyl 3-arylbut-2-enoates and methyl 2-arylbut-2-enoates are well-recognized
valuable synthetic building blocks in organic syntheses. Despite the utility, accessible (Z)-stereoselective
syntheses have been quite limited compared with (E)-stereoselective syntheses. Consistent with our recent
interests in process chemistry directed for Organic Syntheses, we present here a couple of practical methods for
the titled compounds utilizing (Z)-stereocontrolled enol tosylation and successive (Z)-sterecorententive
Suzuki-Miyaura and Fe-catalyzed cross-couplings. Both are performed using inexpensive and readily available
starting materials, reagents, and catalysts. Notably, purification procedures are carried out by simple distillation

and recrystallization or short columun chromatography.

UHFE=ETIiX,  Organic Syntheses MO 7 1t Z{bF 4t L T 5, BEIZ, A&7 Ti-Claisen #§6
T 2®mERHD D, A Me

apRBREAT A, SERT AT ARO[ o, Je
BEARCAT (/T 0y s ChoORELT, M Ar” mCOMe
Micheal 1152 2814 g AR 35 K 24V 5 HUE Methyl (Z)-3-arylbut-2-enoate Methyl (Z)-2-arylbut-2-enoate
LLTESHSATND, (237 ) —1- 1 ?
TTUBBAT N (1) KO (2)2-T U —N2-T 7 ATV (2) X HHEKABRA L LTHIFRFCX 51
L BT BIFED (2)-FIRAERIEIT. (B)-BRGA L R LT, BEAMNC B IR IR O TV D,
AL 1 KO 2 2 EOENRBIRAIC G 2 FIELHIE Lz, AFETSA 2 TENGRY,
LA CAFE G 7258 « BOGH] « iz v, fifl - BB THY, W7 L7u~v T 7 4 —ICKDHE
WEENARETH D, T72 5 Organic Syntheses X his D7 11 & 2L/ 72 Hikim TH 5,
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(1) (2)-3-FPI—=IL-2-TTFUBAFIL (1) DEREL?
7t b HERE A T

o .
extraction
co,M
s - Me)k/ 2% licl TMEDA TsCl (AcO=0)
VD (2)-1FRE AcOEt (1.2eq) (1.2eq) (1.2eq) Hz0 an 76% (30.69 g)

il recrystallization

x J— )L kil ﬁaﬁ Y = Y Y *j Yy, (ProH) ~Me)\,002Me
7

mp 67 — 68 °C
E:Z=2:>98

.o 5-10°C 5-10°C,1h
Bt 38 £ V& AR
Ae 1 ek ArB(OH);, (1.05 eq.) )
PREFIAR-ETH 7 v . CO,Me K,CO; (1.05eq.) Pd(OAc), (1 mol%) efﬁféﬂ%" Ar=Ph
o N N € . iPrOH-H,0 (3 : 1) PPh; (2 mol%) H,0 87% (7.64 g)

ATy 7V T D *2 - " distietion T come | 7877, C 075 mmig

_ ° = = > > e X 2Me E:Z=2:>98
JRIZE D BRI 1 <&/ 20-25°C  40-45°C,1h 1

Substrate Generality

%%%@Eﬁ)‘/}%j Br CHO o
kR (H % ?V % o i
ONMR S0 97% wer oo | I _come | I _come | I _come A come K come
E:7Z=2:>98) IZ&

T 52 SIS Lz, W7 AN v 7Y v T EED L EE R D D,

e
96% 78% 93% 79% 87% (Negishi) 91% (Sonogashira)

Q) (D2-FV=N2-TTFUBAFIL 2) DERK Y

7 A come spsster
HCO,Me (1.5 eq.) NaOtBu TsCl d Ar=Ph
A %/I/%—)%g & a B p THF (15eq) (15eq) H0 recrysztl:llization 82% (18.92 g)
I ¥V < ¥ < ¥V < ¥ (iPrOH) mp 92 - 93 °C
RS VI [N > > > - > E:Z=2:>98

v 0-10°C 0-10°C 0-10°C
ot < i (Z)-24R h h

=z /) —)L kv I Fe(acac); (5 mol%) ot P
Ar” “CO,Me TMEDA (1.0 eq.) MeMgBr/THF H e;‘A':gE':’)“ 80% (5.65 g)
MBS E D AcOEt (15¢eq.) NH,cl o bp 60 — 63 °C / 0.20 mmHg

ﬁ Y < y = y_ distillation | E:Zz=4:96

7\]‘\0 P4 }‘ ‘,C’/ﬁi 5 ° ’?% v Ar CO,Me column chromatography

20-25°C 20-25°C,1h 2 ( 95%, E:Z=2:98 ]
ﬁ_) ﬂf: (Z)—:E J Substrate Generality

Me Me
— )L }\ :/3 — }\ | | Me Me CO,Me nBu
|
(Z kA ) = BrQ/Econe Meo©):c02Me CI\/\)£C02Me \(C:;e\/ MJ:C02Me

98% 86% 69% 90% 83%

T aRA
v 7V T RISEATV, B 2 HmfiE DR (2)- SRS ("H QNMR #EE 97%, E: Z=4:96)
WZERT D2 LTI LTe, FHEBEORBROTRFEICbEM T, AE—RERE,

PLE. 2 FEORERIETITHREE (2)- ap-NEaFI A7 LD Organic Syntheses RO E K Z1T - 72,
Z® procedure D72 5T IHE—EMEOEWHIETH L7720, 7t 2{LFE~ORHABEFRFTE 5,

1) Ashida, Y.; Kajimoto, S.; Nakatsuji, H.; Tanabe, Y. “Synthesis of Methyl 1-Formylcyclopropanecarboxylate utilizing Ti-Claisen
Condensation”, Org. Synth. 2016, 93, 286-305.

2) Ashida, Y.; Nakatsuji, H.; Tanabe, Y.. “(Z)-Enol p-Tosylate Derived from Methyl Acetoacetate: A Useful Cross-coupling Partner
for the Synthesis of Methyl (Z)-3-Phenyl (or Aryl)-2-butenoate”, Org. Synth. 2017, 94, 93-108.

3) Tsutsumi, T.; Ashida, Y.; Nakatsuji, H.; Tanabe, Y. “(2)-Enol p-Tosylate Derived from Methyl Phenyl (or Aryl) acetate:
Synthesis of Methyl (Z)-2-Phenyl (or Aryl)-2-butenoate Utilizing Iron-catalyzed Cross-coupling”, Org. Synth. Accepted by

Editorial Board, and now under Checker’s review.
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TiCl, / amine KJ&FZ A5 C-C ARt DRER IR « B
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Specific reactivity and selectivity concerning C-C bond forming reactions

utilizing TiCly / amine reagent

Masatoshi Kakuno,* Nao Tamura, Yutaro Hanatani, Yoo Tanabe
Department of Chemistry, School of Science and Technology, Kwansei Gakuin Univ.
2-1, Gakuen, Sanda, Hyogo 669-1337, Japan

tanabe@kwansei.ac.jp

Consistent with our longstanding studies on Ti-Claisen condensation and related reactions, we disclose have
distinctive features between original Mukaiyama aldol reaction and Ti-Claisen condensation or direct
Ti-aldol addition. (i) When a,B-unsaturated ketones were used, 1,4-additions predominated for the original
Mukaiyama aldol addition, whereas 1,2-additions predominated for direct Ti-aldol addition. (ii) When
o,B-unsaturated esters were used, 1,4-additions predominated for the original Mukaiyama-Micheal addition,
whereas 1,2-additions predominate for Ti-Claisen condensation. (iii) Competitive reactions with Ph\CHO
and ester acceptors the regioselectively apparently depended on the addition order of TiCl, and BusN

reagents. DFT-calculation approach to account for this outcome is now under progress.

TiCly/ amine &A% 5 Ti-Claisen #gad L OV EHEE Ti-7 /0 R— VRS ZAFZE L T\ 5. @
H O Claisen #fF63s U aldol SIS & 1L 5872 2 KRS 22 SUSGHE « IR Z 479 2 L 3o 7o D TR
T 5.

(1) op-FEAMYT b>D 12 8IRHE, 1.4 BRME

JFRICH DML T v K=V Os Y &, TiCly/ amine FUGEIZ WD EHET LV R— VUG 2 % bk

Liz& 2 A, B 14500, %E
S .oy ichael Adtion
X 12PN HETT U, BHBR 7o {ir 15 158 0

oTMS o TiCl, (1.2 eq.) oR <
RPEDZEE R LI R\/\R ' RJv\R / CH,Clp, ~45°C, 1 h R)‘\r:
1,4- Addition

(2) op-FRAIZTIOD 12T i _
L N G " - ® "
Rit, 1458RHE R RONR K
JFR T & 5 [ (L-Micheal -1 R = Al An
&, Ti-Claisen i ¥ ZH#E L= & = A, Bid 1460, %1 1.2 0 Claisen oA HEST L,

BARE 2o B IRME D =2 R LT,
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Mukaiyama-Michael Addition

OTMS R’

—_ o — cat. LiO
(3) ZAFE FEIRTFIOR rreoe oy, —— s meoie N coume
R? U ’ 2 18 examples
EFEERRES S UVHERS — : " 56 - 98% yield
N _
BiE (DFT HEOHEA) . . R, o
N ! o o TiCl, - amine 1
FUSFIDMIEO LI £ 9, Nt K Tomamoeers Lf“”%$m@d
e N o S 2 2 — 88% yiel
AR BOED E NS XTIVT
~ j:[: - > VA
= RpIeiF Pl C b, [ ®
Ti-7 )V R — VT 7 < | - on
mixture e
._ . (\,--.A N ,‘E\: - /
Ti-Claisen ffi & ST 5 Z & D oy mm— . 75%
Z R U7z, e +4 ? " o o
Z DU 70 Ry Bk 2 R - ove

52%

72, £9, TICLOTZ AT )L &

TVT e R RO DFT MR Z A7, B BMEIC B W TIIAER =R L —ETR 6N

o, . e .0 o 1%k
KIZ, BN B X TiCl, @ zi Tic, Y \)oiﬂc'a o,

VRIS 31T 5 B 00 385 B S

BUIONWTELRT S,

0.6 kcal / mol

12.1 kcal / mol
11.5 kcal / mol

Calculated by Gaussian 16
______________ [DFT B3LYP / 6-31G(d)].

> B Ti-7/V F—AH1 > Ti-Claisen #i6&
HHNUD BN BMEET D &, &5 TiCly iX, £ PhCHO OiEMALICEE 59 5. &IZ TiCl,

li Tl-:L / ? - ]\ @%EEQ: Eg%; AIdoI Addition oD \)O]\ o

- \ . o . i A,

U, B Ti-7 L R— A oo qmy e o, o a, ) @
—_— ay — "0 \)\OMe—> Ph OMe

1.2 eq.

N |
5‘6?‘ 5. codte Acome Ph)\U

> EHH# Ti-7 /v R—/U41 < Ti-Claisen &
HENL O TICY WFET D &, PACHO B X R AT )V Ol FIZETEANT 5. IS5 BusN
g, Tiex ) T— FORAICEE L,

Ti-Claisen & 73#475 5. -4 b= o, eAg spiote
_ ) . R ] | /™
AT O TiHERB LV LETHD L T e * D, )\/ - N
== 24 = AA ) - “ M OMe
BUERGE LT, 4, DFTRHGIC eome Iy e
OMe
F B R R EERTD S, X

1) a) Narasaka, K.; Banno, K.; Mukaiyama, T. Chem. Lett. 1973, 1011. b) J. Am. Chem. Soc. 1974, 7503.

2) Tanabe, Y.; Matsumoto, N.; Higashi, T.; Misaki, T.; Itoh, T.; Yamamoto, M.; Mitarai, K.; Nishii, Y. Tetrahedron
(Symposium), 2002, 58, 8269-8280.

3) Narasaka, K.; Soai, K.; Aikawa,Y.; Mukaiyama, T. Bull. Chem. Soc. Jpn. 1976, 49, 779.

4) Ashida, Y.; Kajimoto, S.; Nakatsuji, H.; Tanabe, Y., Org. Synth. 2016, 93, 286-305. References cited therein.
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Palladium-Catalyzed Dehydrogenation of Benzyl Alcohols for Construction of
2-Arylbenzimidazoles “On Water”

Hidemasa Hikawa*, Risa Ichinose, Shoko Kikkawa, Isao Azumaya
Faculty of Pharmaceutical Sciences, Toho University
2-2-1 Miyama, Funabashi, Chiba 274-8510, Japan
hidemasa.hikawa@phar.toho-u.ac.jp

An “on water” synthetic strategy for the selective construction of 2-arylbenzimidazoles involving the
dehydrogenation of benzyl alcohols by a m-benzylpalladium(Il) system has been developed. This simple
oxidant- and base-free protocol can be achieved under mild conditions in an atom-economic process from
o-phenylenediamines and benzyl alcohols, affording the desired products in moderate to excellent yields.

Notably, the “on water” protocol is essential for achieving this new synthetic method in our catalytic system.

RV A IFY = )VFRKIE, BERGOEELELT 4770y 7012 LTHLATED,
T NE L (ARB) A4 A 77— (PPI) ICfFEEIND 70y 7 RAX—OREEZKRT,
FDlD, TNETIZEL OFHBRERIENHEINTED . 2015 4, Cheon HiX o~ 7 ==L
VT (la) ERVAT AT E ROKSIZBWT, kK% DMFIEHICHRNT 5 2 & ko ThH+
NEALSIE 2 IR S E, 2— 7 = =Ly Scheme 1: Synthetic strategies for 2-phenylbenzimidazole.
/], i &\\/\“—‘/I/ (3a) %ﬁ%ﬂ/\]ﬁloiiﬁ?ﬂﬂ‘] G:Aﬁi_é_ (A) Prewor\ljjljzwork Cheon et al., Tetrahedron 2015, 71, 532

%2 LICHE LTz (Scheme 1A), L2vL, KD% @ - @N/ @ pu
AURIEL LA NV YA A — L Ba B LT ta 2 wocc wﬂmz

1,2— VEHUK 40 DIREWME G 25, I 61T, H,0 : 3a (30%) and 4a (32%)

DMF/H,0 (9:1): 3a (98%)

ET/V? v I\ !i?/l/:[ *—/1/73)) [\Q%&)%ﬁ;@ L_,Cj,/s < (B_) Our previous work:

Hikawa and Azumaya et al. Adv. Synth. Catal. 2016 358,784. SOzNa

VERH Y | —EANCEEDOREWEREAIR NG ppr ™oy PAOTPPNS o cHo + Pheme | ! ph,P
2a  H0,80°C,Ar  34%  34% :
N5, . TPPMS

(C) Present work:

BalT, BEICELLS ., RO B WVAMESR]E  Hikawa and Azumaya et al. Asian J. Org. Chem. 2018, 7, 416.
PWHA AL LT, KEHEBRRE N AN o on r
N ) e cat. Pd(0) /TPPMS©: />_Ph >_Ph
YVNT 3= DIEMEAL & BRI NH, onH0 ¥
1a
IA~DISICBT A 247> T\ 5, i, K 4a: trace

Ph
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OFEZIEH Ll n — XU VAT VT N e & 5 X DT L a3 — )L ORI E
ZRH LTV (Scheme 1B), 4lrl, ZOHAEZ S &2, KFPFTHEITTHX DAL T La—Ld
R I K SBA L SO 2 Bl & L Te X A X — )V DRI D> D BR BE R A B RE D BRI R LT Rk
HL7- (Scheme 1C).

LI, o= 7 z=L P73 (1la), XUV 7ba—L (2a) (54&E), FE/ X7 7 L
(5 mol%) M OVKIAENEHR 27 4 VLT (TPPMS, 10 mol%) %Y —/L RF =—7H, 120°CT
20 WEINEN L7z, FROSEEEE U TKRDOAHRZE WA, BRI OEINETHIY 8a 5 27
(89%), —J7. KOO VICHBIAEZ FHWHA. WERKEEFLE, S5, kFBE
OEARPOSEHEZ EE L= & 2 A, KSIE (kw/kp) = 2.2 BB S N7=Z b, AKFBRAICK
B IEE OIEVAED R ZRE L TWADH EE X 53D, scheme 2. Control experlment

RIC, HHE IR R L, kxR R D NHPh O e Gl D

Pd(OAc), (5 mol%) =|=
BN NS P B ER LT I VM L~ >ﬁiﬁ1”m”m”(:[>*c>
H,0, air
5b-d

HHANFRECH o7z, 612, BTHtEREL LT VA 100°C, 3h ook

OILNERL LR LT L a— )UK 2 ~D3iE IR Scheme 3. Kinetic isotope effect (KIE).

BEThoT-MN 4—= F O ILT L a— RT3 NHPh 2';'%;;?20') PalOAG) (¢ o)

FNAT IV a— VTSN EL EIT Lo 72, @NHZ AP \/DW KIE3:4.7
FOSHEMEE RIAT 5720, ®HRFERZIT -7, 120 (0.51n:mo|) " | /\ e

OIZ, 722 1O Hammett study ANSY XSV AWl s serdrzommed

EBMplE—03ThHO, XUEBUVER EOEREOREZIZILEALEZ T TN ERbroTz, T

IV 11CxF LT Tsuji-Trost B N—X 2 P UAbROG CREZERR)S) DSETT 256, EEM &4

WBBIRB AR DT, BUNE p IZRERADMEELZ T ZENTHRIND, 7C <. DfkL7

N=—_ DK (Bb-d) Z#HRE & LIEREFEREITT2E 2 A, DILSN TRV HEBY 3n 235

Hi7z (Scheme 2), ZNH DR G, K scheme 4. Proposed mechanism.

Ksit, N—_y Db AR E LTV 2 Pl °A°2’T'°PMS o

EDBHALMNE 0Tz, SHIZ, NPTV @(7/ ai'fif,ve HT;

! -
= _/l/@ﬂﬁj}(%'ﬂﬁ}iﬁ; IZBWT N KIE =4.7 step 6: addlt/on HHb u
o A - reductive elimination ® b_ ;;n ’Zggag;f;;zzps
ﬁiéﬁfﬁu é ﬂf: : k 75) E ~ Ve ‘.‘//I/'fJA C *H ('f;': Bn— Pd ”)L ©/\Pd(II)L o}r; watgrsurface
G OIBBENEERH &£ 5 272 (Scheme ;filpe‘;;qinatlon Bn— Pd L @Pg?ll)L
- N C-H cleavage 2 : n
3). Fio. TUNNMRAIOBMEEL LT g,y Con 2 oy
Ar FFHK FIZB W TS RSB EIT LT, deprotonation | (H,0), " g
N . . Hammett p =-0.3
KSR LBOS 2R 4~ D ARG AE R NH, N
s ” . . \©: H Ph >—th, )—Ph
O)T&ﬂiﬁﬁ;*ﬂ%*ﬁ% Scheme 4 Li/j—\“@—o K{f&i NH, step 4: N step 5: N/

H dehydrogenation
PN < X 3mAR ST, P 1a cyclocondensation E ydrog 3
ﬁ]é;fé{f 2 E&%'@—“\ % R% ®E§/m f(ﬁ ﬂ7k7kﬁ: | /H _H dual activation by dangling

H H%0 OH group on water surface

ORI, QFEE T Vv a— L &% @:N%z o \N—H'\”E/
PEAL IR~ 1, @B TRRIRALA, IR & %«;‘[:Ikw; (Betonine Auts)

Cheon et al., Tetrahedron

Uigﬁi{%‘%@’fﬁﬁﬁ) %}fﬁifz& L/ 7‘: _'ié:j_‘ % \Jﬁ%&‘j‘]$z}) 5-endo-trig H o Spron et
SHERIINIR & A BRIV AL TH S,
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Strobilurin A & F~D)ix A

B R EE T
OfsH £&, #km HD, ko FHn, b FH3C, 1L 6

Dehydration-type Ti-Claisen condensation (carbonhomologation) of a-heteroatom-substituted
acetates with alkyl formats: Utilization as (Z)-stereodefined cross-coupling partners and
application to concise synthesis of Strobilurin A

Keigo Fukuda,* Risa Kamada, Hideya Kitaguchi, Hidefumi Nakatsuji, Yoo Tanabe
Department of Chemistry, School of Science and Technology, Kwansei Gakuin University
2-1, Gakuen, Sanda, Hyogo 669-1337, Japan

tanabe(@kwansei, ac, jp

TiCl,—Et;N or —BusN reagent conducted a highly (Z)-stereoselective carbon homologation (dehydration type
Ti-Claisen condensation) of alkyl o-heteroatom (halo and sulfonyloxy)-substituted acetates (XCH,CO,R) with
alkyl formates (HCO,R) to afford various alkyl B-alkoxy-o-halo or sulfonyloxy-substituted acrylates (24
examples; 51%91% yield). Stereoretentive Suzuki-Miyaura, Negishi, and Sonogashira cross-couplings using
the obtained methyl B-methoxy-a-halo or sulfonyloxy-substituted acrylates proceeded smoothly to produce a
variety of f-alkoxy-a-substituted acrylates in moderate to high yield (35 examples; 29% — 99% yield).

As a successful application, a 3-step straightforward synthesis of strobilurin A was performed utilizing the
present reaction sequence (dehydration type Ti-Claisen condensation and Suzuki-Miyaura cross-coupling),

wherein the geometry of the three consecutive olefins (2E,3Z,5F) was completely maintained.

FMRT AT IV RESANE T DT AT NVORE TiCl, - EtN 0 ,
Ti-Claisen fg & 1%, @ AL I U b HfT4 2% D, HOOMe+ R coRe / CH,Clj (or toluene) T R o
—F, FAT AT LOLTFIN Ti-Claisen §i o114 0-5°C,1hand20-25°C, 1h
HLA) 72 iKY Ti-Claisen fig & 23 1#EfT L,  T8so . N TBSO " - @,comvlez
1B- A TNV L/ B DB B /}f%W* 4 )j(}m<‘ﬁNm¢/>
VR T 7 2 g 1 o /CHClp, ~45°C,1h & oty meTOPenem precurser

ARHFTIE, HTENN—Varr b LTCanmERFALVR= VX VEIB= AT L, X AT
LD 7EFE « Bk Ti-Claisen #E S ZBFE L7 DO THET 2 Y, 7035, Massanet 5%, HHiEEE
ATV EIE LT D ALFE « Pk Ti-Claisen a2 8HE L TWD Y
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(1) @-BIRWEE - BiKE Ti-Claisen [CEDEZEH o, B-FREAMIXTILOER

a-NE F T AN R =V v COR )Ok TiCl, — EtsN or BugN
or 2 >
M A7/ 1, 4 BLXOFKBET AT H™ "OR? / CH,Cly
N2 MORIE, Z@RICAsE - GUIRE BR oM pn
Hii 7k Ti-Claisen g & 25 EfT L, Xt (R" = Me, Bu,
Allyl, Benzyl)
T5H BT IIAF T g-NT O EWT
1 BT — Type-I | 3_/*

7 J v Eﬂ ATV 2TiCly — ReN: "Ny H (j\ o HOR1 (‘:I/
3,5 ZAMT DI xeom o — UWZ BN, VSR

R 1 H) - . T RN H o
LDk, O""Ticsl3 o X ‘())Rf\ X ficl

Fx (Type-1) B 1ypen - R3N:) "l or _

N 4) H R3N:

£ Y Massanet © ot o AOR R0 H)x
(Type-2) @ 2 F&D i ) o7 H (o o o7 N ore
.. 1+#2 —— | i — C|§) - ¢ P —>3
double-activation H#E il J—i—a ;T‘,f|./c.
Cl Ti Cl—/—Ti Cl———Ti
” _ S PN \

RS % =, C'<5/é' “ mél/él c Clél/(‘:l

(2) BEKE Ti-Claisen SESHZANS (E)-BRUEEI QR DY T VIRE
&7 « BiAKE Ti-Claisen MG 12 &> TH LT B-

Suzuki-Miyaura, Negishi

R?0
\

XorYO” “CO.R'

3,5
24 examples
37 — 98% yeild

H,0
—_—

>:/

CO,R’

MeO. ‘ cross-coupling
T AX BT 7V IVEBRT ATV 3,5 /Ny v Scome
D ) » o 28 I
NF—sFa8Hs nAn Y 7Y LSRG @kl Exsoe 25 st v

WORE, WED 2TV, XG5 SEM o, ps

Sonogashira cross-coupling

"

COZMe

%D:EX%/I/ 6, 7 %%W?ﬁfé\ﬁiﬂ—é Z <‘: Z)gtﬂﬂ%f:o 9 examples
62 — 99% yield

(8) Strobilurin A DEEREHESHA~ADEA

MeO
|
=~ ~COMe
R
7

TAKRT VT e K& 3 BT (2)-Bpin (RIZE W2, Bk Ti-Claisen Mg &K% 1 v 7Y o 7 /38—

OTf
)\/OMe

FF—¢ LTHWDLHIEIZE ST

MeO,C

Strobilurin A D EEPEASRRIZ K P O > Phw
3 steps Bpin Pd(PPhg)s, K;CO3
ALt 56% / iPrOH - H,0
39% (E/Z=4:96)
(4) RMgBr ZRAWVEIEREHEIORDYTY LT
o, B-AEIFT AT Va2 E & LT RMgBr ZFH S ¥ |, e,

LA, %F#V%%%%%&?éh¢ﬁW%%ﬁmﬁi mmlmm‘ﬁgjg*
IKRFFCHEATS % 2 L o T N

1) a) Nakatsuji, H.; Nishikado, H.; Ueno, K.; Tanabe, Y., Org. Lett. 2009, 11, 4258-4261.
S.; Nakatsuji, H.; Tanabe, Y., Org. Synth. 2016, 93, 286-305.

S
x_OMe
MeO,C

strobilurin A
79%

R
XorYO CO,Me
6 examples

43 — 74% yield

b) Ashida, Y.; Kajimoto,

2) a) Tanabe, Y.; Manta, N.; Nagase, R.; Misaki, T.; Nishii, Y.; Sunagawa, M.; Sasaki, A., Adv. Synth. Catal. 2003, 345,

967-970. b) lida, A.; Okazaki, H.; Misaki, T.; Sunagawa, M.; Sasaki,
5380-5383.

3) Alvarez-Calero, J. M.; Jorge, Z. D.; Massanet, G. M. Org. Lett. 2016, 18, 6344—6347.

4) Nakatsuji, H.; Kamada, R.; Kitaguchi, H.; Tanabe, Y. Adv. Synth. Catal. 2017, 359, 3865-3879.
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Chiral Syntheses of Methyl or Benzyl (R)-2-Sulfanylcarboxylic Esters and Acids
with Optical Purity Determination using HPLC

Momoyo Kawamoto,* Ryosuke Sasaki, Yoo Tanabe
Department of Chemistry, School of Science and Technology, Kwansei Gakuin University
2-1, Gakuen, Sanda, Hyogo 669-1337, Japan

tanabe@kwansei.ac.jp

Accessible chiral syntheses of three types of (R)-2-sulfanylcarboxylic esters and acids were performed
directed for process chemistry: (R)-thiolactic ester (53%, 98%ee) and acid (39%, 96%ee),
(R)-2-sulfanylsucciinic diester (59%, 96%ee), and (R)-2-thiomandelic ester (78%, 90%ee) and acid (59%,
96%ee). The optical purity was determined by the simple derivatization to the corresponding
thiazolidin-4-ones based on accurate HPLC analysis with high resolution efficiency. Extension to more

accessible method for using (R)-thiolactic benzyl ester starting analogue is addressed.

WG 2- AN T 7 =V VR BB LY sH SH SH SH
FOTATIV 1, 213ET D 2-8 R qfk W&wweRGE%WE R&T%H R % COLH
DT A VAR —L LT, REMPLERMIZBT (R4 (S)-1 (R)-2 (S)-2

LEERELT 47T a7 L LTA A
F—LENTW5. Z Dk bkl A kiEIE, Kellogg % Y T, NMR T & 2 W5 OREESR
REFRESIE~OF]H S Feringa HIC L VRSN TS 2. Fox OFL PAF FIOBIFE V&5 & 4
5 REM 72 EIRG~ DR & RSN % L7z (Figure 1).

AHETIX, 2O ZICIZ 7 vt 2B b KIEZR S B 21T 5 & 361, MO BV HPLC
ML B LT,

1) XFEEEFAILERE - FAY TR - FARUTILBELUAFILIRATILOTOER{LES
Kellogg iE1E, HFEM: 2-t R X U= AT VA2 HEWE L LT, D A>T — % AcSCs(AcSH
L CsCO; 705 insitu THEK) 12X 5 SN2 KSEHWWTWAS D,
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Figure 1.

é’\@) (:?)'?LE?: (S) J /::l (S) -? /T/I/E&A)l a: o <Namra|products> \)\i
VDAL T — NZ, mﬂ&f‘ﬁ{ﬁiﬁ KSAc / TDA-1 Z1E | we o2 | = %ACOZH RS ;I “f ’
HS®s 70— S BUSERT, WIET 58k A

FREO B ERL ZenTE . st
2) HPLC [Z & % XPHEDRE R e ZQ ng Cn %%
$ﬁ?ﬁﬁ@%#T,?7YUVV¢%Vﬁ%%L,gmwm ﬁﬁ%ﬁ@smwmmwm
% 7L HPLC (Daicel AD-3) (Z & 2 ol EE I E 23 7] 5\(
\)\ co

HETH 7= V. Kellogg 8L Feringa 5D “C, °'P

H3N/T j/\s N/W TCOZ

Specific substrate for Streptomyces R61

NMR Yf{ 2a) xr D *%5};{—‘ 753‘,%“1/ \ MetAPs active site probes (2004) D.D-peptidases (2005)
PhO
oM o S s
RGO Me R CO,Me R/'\COZMe R! SIRZ G(\ s, J< S_S@
4
TDA-1 = N\N\ NS 4
(\O/\/OMG R= Me 161%, 99% ee H \j}y
/\/O\/\OM CH,CO,Me : 53%, 98% ee (2 steps) Non-steroidal farnesoid CNS-penetrant antagonist thiazolidine (2014
K/O\/\OMG Ph . 780/0y 97% ee X receptor (FXR) agonlst(()zm?:)
Oy OH N OH I
N s oA o—(CHQ)rN)_\s MS\E)\OH
Ph SNMe R\;7.\Ph N fj ferrton A
- 00O o o
Deacetylation g Ti(OPr)s N, . N
o Me Partial agonist for Muscarinic M Fructosyl peptide oxidase
R= M 71%. 98% e trans acetylcholine receptor (2015) inhibitor key segment (2015)
= Me 1 71%, 98%
CH,CO;Me : 97%, 93% ee : 5 FE
Ph : 87%, 90% ee 5] = s
) 1 Mer,. SYPh Me 7.\\Ph
Ph"SNMe | RS\ aPh ] ; \;N,
g — | 3 N ST S\ s
Hydrolysis g Me :" Me/,§7.\Ph \ |
. - S N I
R = Me: 53%, 96% ee % ™ Meyrph . | o d, e ‘|
Ph: 80%, 97% ee : g e I:: ” / ||I
1 [
— B - N . =
3) REFEFAIUBALONLOTO+RELFER "
BB LU HPLC ﬁﬁﬁr#a);‘;ei N g
MsCl
CHELT AR AP0 1 o W e g g M X
- - 0
RNE A 28n 2Bn CO4Bn HB-AcOH  SAc %%
{ J l\\ l/ I I/ /\CO B /9:/C:O B
% 84%
HThHhon. HRKTLAD (S)-F 4% e CO00,
B O RRED HIECERT 5 2 LT, ZORIBED  <Tratonsl method>
NaNO,
y = > N SA
Rk AR LT, AT, 2 o0RRLMEET, By Fe oo 8 Ase 7 -1
. . N . ~>CoH ~>COoLH COH COLH
BT LB L ORI LINRIRE CTH o 7. BRI 65% 62% 84%

DR L, L2xHEE:HPLC M 23 RETH 5.
PLE, Zatv 2B LORIEBLFEOBSE NG, F12, L-7 3 JBNL DT UG &8 DI 7
BRIEYORBENRENS.

YT BEETEHERELERZ X A 1= Kellogg ##% & Feringa ##% (2016 Nobel prize) [ZREBIT 5.

1) Strijtveen, B.; Kellogg, R. M. J. Org. Chem. 1986, 51, 3664-3671.

2) a) Strijtveen, B.; Feringa, B. L.; Kellogg, R. M. Tetrahedron 1987, 43, 123-130. b) de Vries, A. H. M.; Hof, R. P.;
Staal, D.; Kellogg, R. M.; Feringa, B. L. Tetrahedron Asymmetry 1997, 8, 1539-1543.

3) a) Tanabe, Y.; Suzukamo, G.; Komuro, Y,; Imanishi, N.; Morooka, S.; Enomoto, M.; Kojima, A.; Sanemitsu, Y.;
Mizutani, M. Tetrahedron Lett. 1991, 32, 383-386. b) ibid. 1991, 32, 387-390. c¢) Tanabe, Y.; Yamamoto, H.;
Murakami, M.; Yanagi, K.; Kubota, Y.; Okumura, H.; Sanemitsu, Y.; Suzukamo, G. J. Chem. Soc., Perkin Trans. 1
1995, 935-947.

4) Sasaki, R.; Tanabe, Y. Chirality, 2018, 30, 816-827.

5) For an example: Owen, L. N.; Rahman, M. B. J. Chem. Soc. C 1971, 2432-2440.
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Stereocomplementary preparation of multisubstituted (E)-, (£)-0,p-unsaturated esters
by stereoretentive cross-coupling and reduction reactions
starting from (E)-, (£)-sterodefined enol sulfonates
Daisuke Yoshitake,* Yuka Sato, Yuichiro Ashida, Yoo Tanabe

Department of Chemistry, School of Science and Technology, Kwansei Gakuin University
2-1, Gakuen, Sanda, Hyogo 669-1337, Japan

tanabe@kwansei.ac.jp

Consistent with our longstanding studies of (E)- and (Z)-stereocomplementary syntheses of a,f-unsaturated
esters, substrate-general stereocomplementary Suzuki-Miyaura (SM) cross-coupling and relevant
Kumada-Tamao-Corriu (KTC) cross-coupling reactions for preparing (£)- and (Z)-stereodefined fully-substituted
o,pB-unsaturated esters are described. The SM cross-coupling reactions were performed under a
Pd(OAc)2/SPhos/iPraNEt catalysis (total 14 examples; 66-99% yield). The KTC cross-coupling reactions was
performed under similar Pd(OAc),/SPhos conditions (total 11 examples; 50-96% yield). Application to a
useful pharmacophore possessing cyclopropane structure was performed, wherein distinctive deference between
XPhos and SPhos was observed. A plausible mechanism for the stereoretentive cross-coupling reactions is
proposed. A relevant (Z)-stereoretentive reduction of enol (Z)-p-chlorobenzenesulfonates is presented: an

alternative synthesis (to Lindlar method) of (Z)-a,B-unsaturated esters using EtsSiH/Pd(OAc)./PPh; catalysis.

LB op-REFIT 2T L OSHSBIRIARIZEERBETH D V. (B)-(D)-SIEHEN T LS
REDBRFE 72 b N EE BB EA~DICHOBRFHBR T, —#Horaxh v 7V I RISE, 8K -5
) X0b TRE] OFDBISHECEND EDMAZHRLTE. LL, MlEREEELLEZA,
IO 7Tr2fbFmE o [$5K - B bR RE] IR DS EZ R~T 2 LR 0noTod T,
WET 5. FMOMBRT THEH - £ - Corriu) HHEFT L.

SIS E LT, B LN RIS & 72D Merck 7 b — 7 3% LT-ERR P AOSR B (E)-,(2)- 3R
B, S DITIEHHL (E)-(D)- LR ERNE TS I~ 5
(1) SMLKTC 2 BRAyFY U JICL BB EHR o p-FEMIRTILD (E)-, (2)-MAHTEHERK
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E2ee)
Pd(OAc), / SPhos fill % T, N~ & Aeomom : |
SM DF72 54 KTC G H fosylatons, R1Q(Rz or Rinepr 1S RA@ N examples;

WIS BT T S 2 L Rj\(cone CoMe cat Spues” CO,Me 66 -99%
ek W S Q e Yo
v 7 TR R A~T 0 R E Y tomyations/ R ? 50 - 96%
DEAL ARETH STz,

(2) Merck EEGBED I OR AV T 25 (E)-, (2)-LHEBTRERK : Merck & & DHEE
vrurya sk
TR MW R v
Merck [E 3 1 fij {4 9o The prosentmethod &) IS wie Pd“’”"( S

X Me

R —_— L pg-°Ts
(E)-, (Z)-3a % SM 7 Cogme Coghe g
221 2:R= Reported (E)-4a, 4b
= A 73 P4 70 U Ve j % (E)sa1. 2R gﬂ method (A) Ar COzMe AréH(OH)s
. . (E)-3b-1, 2: R =—< v)\r"'e Methog 85
Y OB CO,M etho B
179 k 4 Meer {£ Reported method (A) " 218 (TSO)B(OH);
0SO0,Ar ™ hod (8) Ar‘PdL (E)-4a A"PdL
> e present metho n n
(A) CTi%, E— Z R)%rcozme — N\ CoMe Vl\rcoz’“e xMe
N - Me
B fenkZ v, . Me v Ve (I:OZMe
@3a:R=}—< (@)4a \ A o Ay /
(2)-4a DB EH2 2. s 1) "o
(A) m-(BnO)CgH,4B(OH), (1.5 eq.), iPr,NEt (3.0 eq.), Pd(OAc), (5 mol%), OMe i
N < XPhos (10 mol%) / Toluene-H,0 (1:5), 80 — 85°C, 2 h M ESo
4j3" $j§‘{£ (B)T 0s (10 mol%) / Toluene-H,O (1:5) e = dA'!eo oH
N (B) m-(BnO)C4H,B(OH), (1.5 eq.), iPr,NEt (3.0 eq.), Pd(OAc), (5 mol%), B etho I
ﬂj:ﬁ:,ji (: ;E’I‘i’ﬂﬁ 7“{ il:fﬂ SPhos (10 mol%) / Toluene-H,0 (1:5), 80 —85°C, 2 h = XPhos (Method A)
SPhos (Method B)

L, (B)- (2)-3ik
TSI (E)-, (2)-4a 52 5 CTHENL TS, Z D XPhos 3 L TN SPhos il 0> 75 B2 B U SO HEAE
ZHERIL7-.

(3) Et;SiH/Pd(OAc),/PPh; filiEfETTZALVS (2)-—E#E o p-FRFT X TILOERK
7 NEEEE A TVEKD (E)-= ) — VA LR T — R & IE L LT, Pd(OAc),/ PPh; filtlf2 G, Et;SiH
Pl E LTHWD & (2)-

(4-C1)CgH,SO,CI Et,SiH, KCI
SRR TSI L B, i L S PAUOAT PP J%
S TRy = y — COMe —  —————> R’ o R
B - R 2 1 CH,Cl, So,Me /DMSO CoMe
jﬁ Q’B-Ziﬁ/‘ﬂ%[]i AT /I/O)/E[\Ekji 7 examples; 7 examples;
71-96% 54-90%
Z R L7, AL Lindlar E/Z=94/6->98/2 E/Z=6/94-2/>98
BT TRIEFETE RNT L som ke R
\w Pz = - R=Et, Ph
X UENLE AT HIEAEYTYH R CO,Me /DMF R ) Icone
examples
\ . N 61-69%
AV TR =V IR IRAIT S 03 EIz=2/>98

AT 57280, TOMiTEEE LTHFTE 2.
Pk, —#EOAMFEOFERICOW TN, Tt 2{bETORMARHR IS,

1) Flynn, A. B.; Ogilvie, W. W. Chem. Rev. 2007, 107, 4698-4745.

2) Ashida, Y.; Nakatsuji, H.; Tanabe, Y. Org. Synth. 2017, 94, 93-108.

3) Ashida, Y.; Sato, Y.; Honda, A.; Nakatsuji, H.; Tanabe, Y. Synthesis 2016, 48, 4072-4080.

4) Christensen, M.; Nolting, A.; Shevlin, M.; Weisel, M.; Maligres, P. E.; Lee, J.; Orr, R. K.; Plummer, C. W_;
Tudge, M. T.; Campeau, L.-C.; Ruck, R. T. J. Org. Chem. 2016, 81, 824-830.
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Enantioselective conjugate addition of «,« -dithioacetonitriles with nitrostyrenes

using chiral Pd complexes

Akari Tokunaga*, Hikari Saito, Masaru Kondo, Shuichi Nakamura
Department of Life Science and Applied Chemistry, Nagoya Institute of Technology
Gokiso, Showa-ku, Nagoya, 466-8555 Japan

snakamur(@nitech.ac.jp

Thioacetals acts as highly-reactive nucleophiles precursor. Thioacetal moiety can be converted to
methylene and carbonyl group to give biologically active compounds. However, there are only a few
reports on the enantioselective reaction of a,0-dithioacetonitriles, which acts as cyanocarbonyl or
cyanomethyl anion equivalents. Therefore, we examined the enantioselective conjugate addition of
a,0-dithioacetonitriles with nitroolefins using chiral bis(imidazoline)-Pd complexes to give products in high

yield with high enantioselectivity. The obtained products can be converted to optically active lactams.

F AT X =T EOKRENEE T T DIV AR ORI TH D, ARSIV ZHRIC, ¥
F AL AT L U HROH NV AR VAT 5 ERNARETH D . T ORI AR E =
WLEAGRTABICERHTH D, L, FATBY = E2REAIE L THOW B R RSO
WEFITED I, Fio, T REST I ) B EABWN ey T ) AT LT AT X —
w%x%%&HMﬁmmmwk@ﬁmiﬁ<\:@ii&acry%ﬁ7tb:b9w%%w5$
FRIGOBRITEETH 5, THE, UFEETIE, Erd—MEe 2/ I 4 -85 D0 Al
W 2= T V-1, 3=V F AT DA I FEITKT D AE RSB N T, @R - s
F U F AR BERD 215D 2 SITRB LT R R T O 0 BN T B A R RIICTE
ML DA A L
BAREE T Ca-v

s Pd catalyst (S «__NO <\S cN R\1j(©ﬁr R
S — N base /& RTY-NY2 N
77 / 7\7 b= j‘ M % Q)\CN f S C:N\[Pd] _ ii R2: 777Pd777 \)__Rz
FEIAEECH D, ZD H* NO, R2 Br
59 fcﬁﬁ%ﬁ%ﬁ) 5. AF Pd catalyst
2. = ket L7 Scheme 1
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S NCKT Do, a-YFATE = N NVORFILBEMINSEOBRFICETF L7 (Schemel),

—haRAFLrba,a-VFATE = M ILOKIGICEWTHIRET FURE RIS T, RnSt
DS AT TR A I XYV VBREIC2,4,6- NI ATFAT 2= VEERTHEAAIZ VY >
NIV LfREE NS Z LT mINER - m S F AR EERM A S D Z BRI L
7= (Tablel),

RS
SR Catalyst (5 mol%) RS CN
1
o N0z 4 pe _Ag(acac) (5 mol%) R R’ Phebim-PdBr
RS” CN  AcOEt, rt., Time Ph 2 N | I\N)<R2 4a: R' = PhCO, R? = Ph

] ) NO, %/N----Iljd---N 4b: R" = CH,CO, R? = Ph
a a:R = -(CH2CH2)- 3aa-ad B 4c: R‘l = CH.CO R2 =M
2b: R = -(CH,CH3CH,)- R? Br R2 : 3CO, es
2c: R =SPh
2d: R = SEt
Entry Nu Catalyst Time (h) Yield (%) Ee (%)
1 2a 4a 24 80 73
2 2a 4b 24 93 72
3 2a 4c 24 92 95
4 2b 4c 24 85 89
5 2c 4c 48
6 2d 4c 48
7@ 2a 4c 48 96 97
[a] At O °C
Table 1

Flo. RBUNE, Bkx REHEL AT 5 HFBRIC
Mz, 2-7 YA, 2 Fr= i EO~TaBR | o s Ao
TN AV TTFAEREOT VR NAEHEAT @)\ @)\

D= hEALT A BN THEMMETHLS Z L 0°C,96h 0°C,72h rt,24h"! 0°C 48h
DB E 72> 7= (Figurel), X512, ARIGDA 7;;/g/oy§;d 98;/g/oy§;d Sggg/oyféd 75;/;% Yfe'd
B CTHDa, a-VFA-y-=bra=F VLAY | [a]Nu (3.0 equiv.) was added

L, VFAEMBLO=FeEEeG LD,
ZNODOEREDERRISERFTLIZE Z A, L7
FMEEZHERF Lo E £, BORIECH G2 T 7 2 2% 55 Z LIZHPI L7z (Scheme 2)

Figure 1

<\S CN  InCls*4H,0 (30 mol%) (S CONH, Fe(10eq.) (\S O NiCly6H,0 (5.0 eq.) 0
S Acetaldoxime (3.0 eq.) S NH4CI (10 eq.) SﬂNH NaBH,4 (10 eq.) /d
e
Ph Toluene/THF, 50 °C . ph Et,OM,0, 90 °C  py, MeOHITHF, 0°Ctort. o A~/
NO, NO;
87% yield 76% yield 80% yield
96% ee 97% ee 97% ee 97% ee

Scheme 2

1) M. Kondo, H. Saito, S. Nakamura Chem. Commun.2017, 53, 6776.
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Synthesis of tricyanocyclopentadienides and functional group transformation.

Masayuki Shintai*, Ayano Ogata, Yoshinori Ohno, Takeo Sakai, Yuji Mori
Faculty of Pharmacy, Meijo University
150 Yagotoyama, Tempaku-ku, Nagoya 468-8503, Japan

mori@meijo-u.ac.jp

Di- and tricyanocyclopentadienides 9a-e having two and three ester groups were synthesized by the reaction
of dithiin 6 and sulfones 8a-e. The diester 9a was further transformed into di-/-menthyl ester 14 and BINAM
diamide 15 by the base-mediated ester exchange and amidation, respectively. We also succeed in the
protonation of cyclopentadienide 9a by treatment of the corresponding tetraecthylammonium salt 16 with

Amberlyst 15. The acidity of the cyclopentadiene 17 was determined to be pKa 4.6 in CD3;CN.

BVVETRBIEERTH DT BEEER LT 7 a X X P 3B TRV E 2 A
T 5, x D EETIE, T RIS T ) FA T2 ERAVKUDLT NIV T /v 7nSy 20T
=R 1 ZROICART D2 HEEML L, ZhERWSAMEEZER LTS, LL, 113X
BERHAMETE AR —AFT L <, G R Na*
DEILICHIFIN D~ T-, T T, ZETHAZR

=F L OERERBE L, BifILA 2 oE AT
REZR DU YT /v R VIR 2 OAK Figure 1.5 h 527 ) o/ a4 Pm= 1 b
ZAT o T O THET 5 (Figure 1), NIV V=N ]

INETOT I TIT )3 7aXFPT=R 1 OEREEEEIL, 2 OO AT IVENLE 25
DT ) EEBANLIZYT AL 6HDWNEITF A7 TE2FERE LT, 208KETo72,
7t%vvawﬁy@?m%w3mi%%ﬁméﬂ-?7m%vv4y@mx%w4%W$%%
(ZE = 88:12)Tlal-, BoNlcd LV FAT— S ZREL, MEET TS BRET 5 Z &1
STIVFA v 6 WIHNERTHEONTZ, 6 % 200°C TMEALF 47 = 7 %A L7=(Scheme 1),

NaS._ _CN
CO,Et |
I Bro EtO,C | Br  NaS EtO,C EtO,C \3/ CN
_—
CHQC|2 neat I I O- CGH4C|2 \Q/
CO,E f, 22 h BOL™ Br | Sdays  EOL 200°C, 15min  Et0,C  CN
3 95% (ZE=88:12) 4 65% 82% ”

Scheme 1. F 1 > 6 . 7‘7]‘7:/70)/\}5}2
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THF I C7 2= VALK = AT b= UL 8a &7 r N oAb LizDOBIZYT A 6 A5
L NUTT v aRZ V=R 9a PRIFRINETHE N, —F, RAFEHETIFA 6 O
RboVIZFAT7 = 7 ZHWTEGE, 9a TGN NoTz, PF A 6 AWKk Tk
AT NEERT = = VA FORIE 8b-e IZX L TH—MENRHY, DT /v 7uaX TPz =R
¥H 9b-e N LN TG B AL7=(Scheme 2),

CO,Et Entry sulfone R? R2  product yield (%)
EtO,C._S._CN NaH R! CO,Et 1 8a CN Ph 9a 87
I I + RL_SO.R? ) .2 8 COMe Ph 9 38
EtO,C”~ S~ “CN THF Na 3 8c CO,Et Ph 9c 84
0°C NC  CN 4 8d CO,t+Bu Tol 9d 74
8a-e 05-1.5h 9a-e 5 8¢ Ph  CFy % 40

Scheme?2. NV 7 /v a2 V= K 9a OARK & —RIEO R

HEE OGRS 2 Scheme 3 10T, £, AR DT =AU NIOF A 2 6 1AL T 10 2R
L7z, B tEWO BB LF AT — T =4 1N BNEL D, RWT, BEICLY 6 BB 12 73
AETT%, B e bk s 6 n BFERIRBBRKIG TS BER 13 2B L., 2B OISR E 52 &
ThITT /v 7ua_oZ o= FK9aNEL5LBTERE L TV 5 (Scheme 3),

NC.__SO,Ph NG SO,Ph NC<SEQSPh NC H;’\ Base NC s
NC( S._CO,Et G coEt_ N COZEtHNC—%}/ngOZEtJC\QLCOZEt on

I'F\;Ecozaadd“'o” N \cost S) NG ot YN ¢ ot NG couEt ?

10 11 12 13

Scheme 3. £ & SO
FONCY T AT IV 9a DHER D HREELMAMRGT L7z, A~ b—/LfFET, NaHMDS Z Il X %
- g TZAT NS NET L, BHRINETY A U F IV AT )V 14 BNMF STz, £7-, BINAM
TFAE PR OB 21T > T, BIRTT I N 15 2155 Z & 123 L 7= (Scheme 4),

o
Fmenthol COEt BINAM OO AN
_NaHMDS ¢ COpEt _ NaHMDS N
R=Yo T . - T {}"\[ =
rt, 50 min NG r,2.5h cN Na
87% 57% o
14 9a 15

Scheme 4. ‘B HEFLZ L
Bontzrovr /v rsuX 2T =R9a 07 e hAbEIToTe, T RITZFAT UE=D
LZMZ T CHCL-H,0 5% THREBEZATV., T R F AT U E=U LM 16 & L7212, A4
R T MK - TF byﬂzé‘fﬁof:o Za hAbERe NI T v a2 =R 1T
DOFRMEZRE L7722 A CD;CN 1 CpKa 4.6 Thoiz, BIE, 1727 LU AT v NEgfiit & L C
D2 OGBS ICHLY 5 A TV % (Scheme 5).

CO,Et CO,Et CO,Et

NC -\ CO,Et Et,NCI NC CO,Et Amberlyst15  NC CO,Et
e e O s
* CHCl, H*  (in CD4CN)
NC ©CN NC

Na CHCI3-H,0 *NEt,
CN 66% (2 steps) NC CN

9a 16 17
Scheme 5. 7' 17 b > 1bds X OFERM: I E
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Decarboxylative Bromination of Aliphatic Carboxylic Acid

Using Hypervalent (Diacetoxyiodo)benzene

Ayumi Watanabe'*, Kazunori Miyamoto', Masanobu Uchiyama'*
'Graduate School of Pharmaceutical Sciences, The University of Tokyo, "RIKEN

watanabe-ayumil 28@g.ecc.u-tokyo.ac.jp

Hunsdiecker-type reactions have been traditionally used for the synthesis of alkyl halides from the
corresponding carboxylic acids.” However, they have some unavoidable problems such as the stoichiometric
use of expensive/toxic heavy metals (Ag, Hg, Tl, Pb, etc.) and toxic Br, (Scheme 1). Herein, we report a
novel decarboxylative bromination of carboxylic acids using (diacetoxyiodo)benzene and potassium bromide,
which overcomes above-mentioned problems. This method can be applicable to a wide range of 1°-3°
aliphatic carboxylic acids, notably those having a large steric hindrance. Mechanistic studies revealed that

the reaction proceeds via photo-induced radical chain pathway.

Hunsdiecker i3, 2l « L€ TESICATFA]

0
HRANR UM E AT AERT RIS TH N ae + B2 g ReBr
b, W< hOHERARICEA S TERY, Ll
JL + Br, + HGO ———» R-Br
25, WD Hunsdiecker BISGHIE, A, mffi7c#E R™ OH CCly
Scheme 1. Classic Hunsdiecker-type reaction
4 J® (Ag, Hg, Tl Pb, etc.) A mRHEIALRFZ LT

B EMAWDBENH -T2 (Scheme 1), AEIFk 4 1%, (KM TERL T D@\ =i O R 14 = &
FRAELHND Z & T, HeE L BERRIFEZ AV RWZ e TERRMRIR- R FCBIS OBFE I
v fLA T,
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Table 1. Optimization of decarboxylative bromination.

TR TT LVILE AcO—1—-OAc
y = —_ »
LT, REHEOBRHE [>—com +  Breouce + e P
1T-7= (Table 1), Z Dk
entry Br source consumed PhI(OAc), (%)* yield (%)*
4t

H MR E NS S 1 "Bu,NBr 80 5
KA Uz, IEEYER 2 LiBr 85 12
Lok Lz AL 3 NaBe 100 30
UowoaE 4 ' KBr # ’

5 KBr* 88 42

(entry 5) T. b @ IX

R b 27,

“NMR yields. * Finely ground.

ARBSE 1-3 $EORRWIIE T VR BRIZIK M ATRETH Y | Fiiifb S RIS SRIFIZB W T,
PR D @R THICT 2 RFMAENHFTOND Z 2 R L (Table2), —75. FHFBRA VKR

i CIX B O RS ITHETT Lo T,
eV T BUCHEREIRAT 24T > 7o, ARG
TSR TR0 T & h L AdEEA] (9,10-
a7y hTky) BINERCITRFE
Kaxh xRNz s, KTk THilE
SND T AV ESERETEIT LTV D
CHEESND,

LLbEo X5z, Fea T TlifE s
P CHEAT 3 2 HENIIE J7 VAR 2 e D Bk
[RIE- R FASOS DBHFEIC ) LTz, AF
VRV BSRROAT MBS T K o Tt

Table 2. Substrate scope.?

Phi(OAc),, KBr
R-CO,H » R-Br
CH,Cl,, nt, air

AN .

75 % 71%?® 89%?
@\ 0o, -
. =
Br r Br
T8 % *® 59 % 48 %
. A "’°’°® L
Br Br Br

85 % 53 % 0%

* Isolated yields. Finely ground KBr was used. * GC yields.

ZMALICS W, Fanreeyrno [11.1] XU Z W mKicn S En2 ey o

BREMIHFIZTAEHATH S,

RA L —=FERTIE, FMRECPUCHERE AT ORI OV THE T 5,

Reference

1) Johnson, R. G.; Ingham, R. K. Chem. Rev. 1956, 56, 219.
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Efficient synthesis of 1,5-disubstituted tetrazoles from ketoximes

Akira Nakamura*, Kanna Morishita, Asami Yanagi, Yuya Yamashita, Tomohiro Maegawa
School of Pharmaceutical Sciences, Kindai University
3-4-1 Kowakae Higashi-osaka, Osaka, 577-8502, Japan

maegawa@phar.kindai.ac.jp

We have developed a mild transformation of ketoximes to 1,5-disubstituted tetrazole derivatives via
Beckmann-type rearrangement. The reaction using trimethylsilyl azide (TMSN;) and BF;-OEt, provide the
tetrazoles, potentially bearing explosive properties, under safer reaction conditions than previous methods.
This method can selectively convert ketoximes to the desired 1,5-disubstituted tetrazoles even in the

presence of a nitrile group and an alkyne group.

1,5- _EHT N TV — VTAEMIEN A R T LAY A O N D EFEEMEETH Y . RENR LD
ELTHUIIMRIER 2Ry a 22 Y — 1ot 7 = ARFIEEO 7 ot 772 EOERLNAS
NTW5D, TOEOIHE, 1,5- BT b7V — VBT 8RBT TR Y . e ird
FAEDBAFE STV D, TNETICHRE SN TV LFEX OERIEOF T, AFENEL 27 ¥ v b
5 Beckmann A7 AR L7 THEICER L2 2 A, W @iESHCwmEo T U kK
FEHNVDMEND Y UGEEORHINGE LT e, 12 Flf Y28 Clid, 2@ T C Beckmann #5
(LS LTI D W T2 7 OGS 2

Lewis acid . N.

o N N, N ’OH R\ . %
ELTHED .9 GBI R 5 J\ __ Nasource _ 'ﬁ\ No N
' +
HTFTO 1,5- BT N7 — e R R ommmmmmmmmeees . R R’ R
geckmann typet 1,5-disubstituted
kDR E B LRSI 21T-o 7. .. -e.éir_”i"}cf‘fﬁe_"_ tetrazole

TNz UPBARKR LT bRV A LTT 7Y — VG RORIGGM% fE2 Et LTz
(Table 1), £37 ¥ MMeAlE L TLEMICENRTZ N AF AU LT YR (TMSNs) v, =
A ABORFS EAT o728 2 A, Z7 vAbAR U # 2 WIS S BWIEETHO 1,5- &
ar N7 — 10356152 Enghholc (Entries 1°4), WRIZ=7 bR U FEEHNT ¥ MM
FNZOWTHF L7 & 2 A, TMSN: IO T RIALHITIET 7Y — W id e AR Lo T
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(Entries 5-7), & BICIEBES [,

ONTHiE{b AR 2 A, N’OH Lewis acid (2.0 eq) Ph\N’N H o
N3 source (2.0 eq)= _ ‘:N + Ph’N +
Tt b= b U AREEA T oS Samvert = LGN

(0]
R e _ SM rt, 24 h 1 2 3
2L A ERIEREIT LN
5 X . . Yield
L 75)@\75)0 7 (Entrles 8- 11) . Entry  Lewis acid N3 source Solvent 1 2 3 SM
_ 1 BF3-OEt, TMSN3 CH3;CN 81% 10% - 10%
=0 - = - N
BAENIC =7 R U R B & 2 AICI3 TMSN3 CH3CN - - - 100%
S 3 ZnCl TMSN CH3CN 24% 5% - 51%
Ve NV =N N 2 3 3
U TMSN, 245 % 3 SR A MSOTE ... TMSNs .. CHaCN ..27% 15% L o.......D2%
- & VC‘\ E%E/‘ﬂ:? ]\ 3 \/“,_/I/ 5 BF;-OEt; DPPA CH3;CN - 24% 76%
6 BF3 OEtg NaN3 CH3CN - - 100%
PREbI, TR ERESRMAE L 7] BFgOFt . TBANs . OO e 100%
8 BF5-OEt, TMSN, CH,Cl, 9% - - 88%
(Entry 12), 9 BF5-OEt, TMSN; Toluene ; y - 100%
. - 10 BF5-OEt, TMSN, THF - - - 100%
RIS ARFEOIEEMEME 4y BF3-OEt, TMSN; DMF - - - 100%
122 BF3-OEt TMSN CH3;CN 99% - - -
ZHAOLNCT D0 Fax DT 2 & > -
a) 3 equivalents of BF3-OEt, and TMSN3; were used
b BRI AL L 2 S
Table 2
. . LOH  TMSN; (3 eq) R
% U7 B & Table 2 127~ J\ BF4+OEt, (3 eq) : R\N—N\N
—_—
s R R CH4CN Nn” SN
‘a— $E{Lz)‘ ’fT Liz<ne %X_ R room temperature R

BN DV TR FEEZFF
FEEREA T HHEE., - NEL T:L T:I T:l T:l
FHTT Y MMEH EIET D
ZENMOEND = Y LS

X
TNX U EFORBEIZEBWNT Br\@\ OzN\©\ NC\©\ \\©\
= LS NN NN, NI NN,
N N N N
)*N’ )* / )*N’ )* 1

99% 75% 99% 99%

b BHOT BTV =D EI

RTR/ONT, & BITHALER 87% 99% 84% 81% (14%)
CEDBRIEREZMMS D2 & o

T.HEBRELOT NI Y —L \OJ\@ R O\N,N Ch[N\\N @“:{N
O BRIC bR Lo, AT pe ' W "
TIERMAEET AT RS — L 99% 92% (7%)? 99% 83% )
MR KR T TR 5 2 L {3+ To o ecovere saring mter

NTE LDREmICHENTK
ST D, EERTIE, KAFHEOFRBELL D, RICHEEDEL 2 5D THRET %,

(k]

1) R. N. Butler, D. A. O’Donoghue, J. Chem. Res. Synop., 1983, 18-19. 2) K. Nishiyama, I, Miyata, Bull. Chem. Soc.

Jpn. 1985, 58, 2419-2420. 3) Synlett, 2018, in press DOI: 10.1055/s-0037-1609686

— 207 —



2P- 20
FEBT AT IV ORPERIBL A VR = VBRIRSRE — IRFAEB TR S OB F

TR N PN S s G e 2 e
ORALERF, HBEE, 1LHiE—R8

Catalytic Decarbonylative C—C Bond Formation of Aromatic Esters

Toshimasa Okita*, Kei Muto, Junichiro Yamaguchi
Department of Applied Chemistry, Waseda University
3-4-1 Ohkubo, Shinjuku, Tokyo 169-8555, Japan
wsd-okt.toshi@akane.waseda.jp

In recent years, catalytic decarbonylative coupling reactions using aromatic esters as unconventional but
ubiquitous aryl electrophiles have been studied to produce various transformations. Herein, we succeeded to
develop Pd or Ni-catalyzed decarbonylative C—C bond formations of aromatic esters: 1) alkynylation with
terminal alkynes; 2) methylation with dimethylaluminum chloride, 3) intramolecular C-H arylation. The key
for these achievements was the use of appropriate catalytic systems in which our original ligand, deypt was

employed.

EReRMEIC L2 a b7 U — Vv ERFBRER E DT v TV T RONIZIR ) IR R FE — R
FREATRENE LTHHAIN TV, EF, ~"a b7 V= hb 587 U — Akl &
W BOGBRFE S AT O TS, £OH T, FHEBET AT ART I R EOFHEFBEAINVR
WA ERZ REBETANCH DI NR=AILD » F Y o IE0N S N, ZnsHlih vy 70 v
FOG OB KRB AN R A AR E ZBRT 0L 09 1y 7V v TS OULRAEE LR L,
B2 B RIS DL R & ATREICT 5, BHEKRT AT V& O Tl ViR = VR 3% — IR BB TR
FOSIZBI LTl kAl & LT GooBen 237 /L7 % | Rueping & 23 7 /L /L ligh & 7o 1348 7 Fak
Wh | BPFRETIT 13-7 V= VESEEFERA R VR, BERS b EBRICHE LT D,

— O cat. Pd or Ni

~ L@ 0 2R, GOe

\ "/ ) :
OAr Decarbonylative

Carbon coupling
nucleophile

Our group

LAl aIIRT P L FE T IT = VA KD = OO F L LR = VR 3 — IR FEBRED T
BSOS DB LTz, BA TR DWW Tk R 5,
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i) Pd filtilC & 2 i A VR = AR T L % = AR RO
Pd/Cu LRI K 5 5 F/ - AT L &R

Pd/Cu catalyst

s
VTV E DA VR = VT L =)L %PS‘—’?F,%
- 2] o — = O _ ~ deypt > = _
bR = RnWiZ LY, BRI AT LD @—(’OPhH: =—sifPr, > (A )—=—siPr,

BTV I ED . C(sp )-Cpfs B Jig
Ji% Lf:%ﬂ@fﬁi&%ﬁdf“a’%)@ A B RS Broph Si’F"e
LEZRAET deyptBd-E A (Vv 7 ks oo 2y &)

WIRAT 4 I)VFAT7 =)D Z &R
WTHY | MOEN - TIEMSTELS EIT LRV, FHEET AT IVOMEAHREILIA L, e e
%m%*#7w%yﬁAﬁf%é BROSHBIE LT, 88R—5HH v 7 7RIS & ARG &

BRI T T IS R LTz,
i) Ni iz & 2 i B )V 7R = )V R F LAV B 0 BR %
Ni/deypt & % \ M Ni/dppp filiEA77E . K% ° L Moy Nifdoypt or dppp oatalyst _ Me

Sequential coupling

ﬁ” & LT :} A %/I/T/I/ = ]7 e U }\ %)EH R=Ph, Me(,); -Methylnucclleophi/es
W= LR = T R F AV S D BIFENT R oo O 0 e
LD, BURHENZ LI, AT LS =0 A ; ot M

o
N A FIALAIGFL A AL L CTHHEEE PanOMe $ MeOMe

HZEMNDL, MO VR = VRS THW 0 Selective methylation
B EMARARE TChH ST BB/ ET VXL AT ARG T 5, F7-. A AEEE LTT I U 2R
MUT R =0 BRIEDO)VA AFPEEZMET D2 LT, 72 = VT AT )L E AF VT AT )V
LB ~D T = = VT AT IVERAR A TF AR TEDLZ b bhroT,
)i VAR =By N C-H 7 U — ML LB OR_ Y 7 T ARk

BHEET AT VORI VRN 7Y v TR % . f

BT OBRARIE~EIRE L, 2-7 VA 0 ZEERTE <Ny N
WKL, 7= )= & D SyAr UBIC & I AT ; ‘

x5V T V) =T —7 L% Pd/dcype filt i X TV K,COs5

ﬁf?ﬁﬁ}éﬂ‘é E. Hﬁﬁ/l/ﬂf::}l/ﬂ‘ﬂ/\%m C-H 7V [@Pd]/‘]
— LSRN EITL SR 75 o Eons 2t %
ZARY -l Oy R

[1] Takise, R.; Muto, K.; Yamaguchi, J. Chem. Soc. Rev. 2017, 46, 5864.

[2] Okita, T.; Kumazawa, K.; Takise, R.; Muto, K.; Itami, K.; Yamaguchi, J. Chem. Lett. 2017, 46, 218.

[3] Okita, T.; Muto, K.; Yamaguchi, J. Org. Lett. 2018, 20, 3132.

[4] Okita, T.; Komatsuda, M.; Saito, A. N.; Hisada, T.; Takahara. T. T.; Nakayama, K. P.; Isshiki, R.; Takise,
R.; Muto, K.; Yamaguchi, J. Asian J. Org. Chem. 2018, in press. DOI: 10.1002/ajoc.201800207
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Structure-activity Relationship Study of PHA, A Circadian Clock Modulator

Ami N. Saito'*, Kei Muto', Norihito Nakamichi®, Junichiro Yamaguchi'
'Department of Applied Chemistry, Waseda University
3-4-1 Ohkubo, Shinjuku, Tokyo 169-8555, Japan
*Institute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University
Furo-cho, Chikusa, Nagoya, 464-8601, Japan
an3110@akane.waseda.jp

From high-throughput screening of the chemical library, PHA767491 (PHA) was discovered as a clock
modulator of both plants and animals. Various PHA analogues were synthesized by utilizing synthetic
chemistry to prepare affinity probes. By means of an affinity-based proteomic approach, it was revealed that
CASEIN KINASE 1 (CKI1) family was the target of PHA. Further SAR studies of PHA, analogues, we
successfully discovered some analogues that exhibit a greater period-lengthening effect. Currently, we are

studying the practical application of these molecules as novel CK1 inhibitors.

ML, BRDOREZITS L2 KALOBRHR, BIEREE., o iEtEslaa s hr—4
HEEHBEEE & MEEN D AR Y X A EHERFT D NIRTED GRS AT A& RFo, W) O AT T %1%
BEHREEHIRE {KAFT D720, BHRES AT A% NABRITHIET 5 2 & T, 2R (A~ 2§
RO RBAFEDO M EOFREM ZFFO> Z LD, AT TR INIZHES LTS, ZOFT
b, FURTBEICHES L, MAEERANEZ 2 2 LT, WESRREEDO KL % WHEICT /08y (1
HIFEHREE 0 )R EE 28D TW5D, Iy aFfIHT 52 & T kWb TV BE 7/
FIETIEREE Lo T BEA~OISHAPHRE I LTV 5,

Forld, METHAB LSRR U —=7EEZHWT 1 SELEOIRE T A7 F VIR L,
vuAXF AT OBMARE~OEEZFM LTz, TORER, v uA XFXFTOMH Y X 5% K
EF 2 A THID TD/NyT PHAT67491 DIRIEIZRE LT,
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Target ID

Casein Kinase (CK1) family

Al ZORREZILIZ, PHA O —VERFFOT VXU, Ee—L C3{L, BXLV, BV
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Pd-catalyzed Dearomative Allylation of Benzylic Alcohols

Masaaki Komatsuda*, Kei Muto, Junichiro Yamaguchi
Department of Applied Chemistry, Waseda University
3-4-1 Ohkubo, Shinjuku, Tokyo 169-8555, Japan
el-cdlm68@asagi.waseda.jp

We succeeded to develop a Pd-catalyzed dearomative allylation of benzylic alcohols with allyl metals such as
borates and stannanes. The key of the reaction is the generation and reactivity of a n—benzyl complex as the
catalytic intermediate through the benzylic C—O bond cleavage. The use of electron-rich phosphine as a ligand
enhances the reaction efficiency, realizing mild reaction conditions. Moreover, the resulting dearomatized
compounds, which were thermodynamically unstable, could be transformed by cyclopropanation or oxidation
successfully. This reaction allowed for the use of ubiquitous frameworks such as benzylic alcohols for the

synthesis of substituted alicyclic systems.

i 5 B AL PO T B A AT D B G & 2R —IRTUBE A~ L FFEEARE T D720,
SR EHIRER UL A O G RRIE L 72D, Lo L, HFEBREIC L 2 LEHRICL Y FHROM
FIRALIIR A RE T D, BRI, BHIEOE A A 5 5 F iR (W07 & A B RE R L) 138 L < .
WHARER D FEEIC T2 ) =RV RV R FOBEFEERSEFRL LT VR E0E
FRERFEFERICRONTEY | EFHICHERRN P U EHO YT EORBIISLLEATW AN,
EDTD, XU CHOME FBEE R E — A6 T D 72 DI 72 72 BRI 1T D < ROSEREF DS
VETHD,

B ld, RUBUVHOBGEFENERERAL 2 EH T L X DL ARPI 2 R & 95 TR
EHL, 7205, BREBMEZHWTHERON VARG ZESRE LTa-Xr YL
BER A AR S, ALEDRIUICREFEZ AT 5 2 & CHEEFR & RRFICERERLA RIS 2 5
L&z,

L, 0 :9 .
. R
@)\Rz > R2 —©/\
R! R1 R!

m-benzyl complex

[FER DR Z D BOG & LTIIA, Bao HIZ Lo THLR DT LSRRI E LTT U v
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ZREVER T B DT a— VISR LSS O AAEE T, 7T U LR RRLT U LR T —
FERIGESED 2L TS FRBRNT U MMEREITT 5 2 L2 R L7 R DA C-0 4]
i A et D @A LS D U BN A VD T & TRIERRNT n-X U VLR AR A AR R &
T ENAKIEORTH Y | FAFI722 OSSN TARKISITHEITT 5,

Yamamoto & Bao
R

D cl M cat. Pd/phosphine
R P + P _
M: B, Si, Sn “
This work
:ﬁ O k Iri— ~:¢:
: OE‘ cat. Pd/phosphme .
—> = Z "R2
OEt OR
M: B, Sn 5
R1
up to 97%

ik\%%ném%§%MWMﬁﬁ%m ICAZRETHOESGICHEERILLTLEI R, v 7
1 7 N AR mCPBA BE{KIC K B A2 ke HIICAT 5 2 & C=IRouBE S ZffERr L7 £ 3584k
THZ LTS LIz, EBIT, XUV RICETTRSIEZ LAY E N OIIEATIEICE D <
AT NVZRENZE b CERELND, UL, TAFLV) F U LA ERASERZEZA
1,6-FH NS HEAT LB HA L 23 — > A S LB WG ST,

Derivatization of products

cyclopropanation
KFSB ! -
R! l oxidation
R = phosphate >
ANF
OR KFsB n-BulLi
@ MeCN
O EWG , = / EWG —
R! N
R = phosphate R

PLb. RS0 Al A TR DA T L a— VEO RS ERET U AL AR L=, ARk
Y OFHEIZ LY, 72 BE TS BRI E R 72 OO B REHE AVEZ ST LT,

[1] Zhuo, C.-X.; Zhang, W.; You, S.-L. Angew. Chem., Int. Ed. 2012, 51, 12662.

[2] Trost, B. M.; Czabaniuk, L. C. Angew. Chem., Int. Ed. 2014, 53, 2826.

[3] (a) Bao, M.; Nakamura, H.; Yamamoto, Y. J. Am. Chem. Soc. 2001, 123, 759. (b) Zhang, S.; Cai, J.;
Yamamoto, Y.; Bao, M. J. Org. Chem. 2017, 82, 5974. (¢) Zhang, S.; Ullah, A.; Yamamoto, Y.; Bao, M.
Adv. Synth. Catal. 2017, 359, 2723.

[4] Komatsuda, M.; Muto, K.; Yamaguchi, J. Submitted.
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Decarbonylative C—Heteroatom Bond Formation of Carboxylic Acid Derivatives

Ryota Isshiki*, Kota Ishitobi, Kotaro Asahara, Kei Muto, Junichiro Yamaguchi
Department of Applied Chemistry, Waseda University
3-4-1 Ohkubo, Shinjuku, Tokyo 169-8555, Japan
isshiki@asagi.waseda.jp

Aromatic carboxylic acid derivatives are abundant, easy to prepare, and different as a chemical feedstock from
haloarenes, coupling reactions using aromatic carboxylic acid derivatives are attractive for the synthesis of
substituted aromatic molecules. Recently, we have developed Pd or Ni-catalyzed decarbonylative Carbon—
Heteroatom bond formations using aromatic esters or thioesters: 1) intramolecular decarbonylative C—O bond
formation of aromatic esters; 2) intermolecular decarbonylative C—P bond formation of aromatic esters; 3)

intramolecular decarbonylative C—S bond formation of thioesters.

FHEMERF —~T 2R R A T AEPEEESC A MBI T 2 EEFK TH Y | ZOHHH
BRREEIEORBITMS BENTWD, T DDA ZERT 2 By 7] & U T Ein & O
ERWEEEE A A0 Atz T U —AbHl & 95 Ullman f§E 08 H 5, £, TFETILERER
iR EFAE N, BEE v 7 oAb % A5 Buchwald-Hartwig 1 > 7'V v FRBEHFEAR v k% H
V% Chan-Lam-Evans 77 v 7'V > 7 7¢ EOEER FIES A ST 5, [FEEOEWTIETH S
LoD, TV = /MMEENTIFELE v 7 AEAF L TV D,

— 5T, R, FEBRTATART IR, FAZRTIVEDOHERAINVE VBEFEREHTHT )
— ALFNC WD A AR = AT G 7Y o 7 ROSOBRENER 28D T DM, BEFBED LR
BB RIX T IGREE, SRR E LTATFRES THLA7O, o5 EET U —/EHICHW S
P FIEIBE OGRS 2 — T D etk 2 W 5, o, BEE a7 A ER\b 0 v 7
U v 7RG &~ WE 2 ZMICAFTE D, mBREARRE 1 7 VB 2 AR LRV R
TEN TS, TNETHRAIT=v b LFNT Uy AMlEFET, HFEBRZ AT VIR L
TEx DREREFZER S LB AR = VTR — REE TR G & s LT,

— 214 —



Conventional Method

Transition metal catalyst

Proposed Method

O Ni, Pd or Rh catalyst
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Al Fox lIARFERZ ZFHOMN I VR = VI RFE —~T v JJ iSOG~ & B L7z, il
HOE @ R AT ¢ VBT % B D Ni/deypt [deypt: 3,4-bis(dicyclohexylphosphino)thiophene], &
L < IZ Pd/deppt [deppt: 3,4-bis(dicyclopentylphosphino)thiophene] il 2 75 &7 U — /L = AT LI §<‘T
LIEREED ZETRANVR=ARDT U — Lo —T VARAETT 5 2 L & B LR G#
2-T VNIRRT YV — VT AT VTS EIT L ﬁﬁ#év?)~wiﬂ7wﬂﬁghéo
KEINT T T DA =V CRIGCHIGHEITL, £oy-Farvzn— ARz X hu VR EDAE
WIEEE OFEL~EH TX 5, I 51T, Ni/deypt BEAFTE T, flix OB FRT AT VI RKEH
ELTEHRAT 4 ATy R VIRZ S SED Z L TRAVER= AR C-P #iE TR
JSSHEELTT 5 2 & & L L 72P, ARUSIZRRR OB VR = VRO T U — L ARk & ORI 7 b
NAR =N E~OISHANFRETH 5, BIRENZ 12, EBLORISIZE W T H AR 72BN 123
deypt BHfZ K O B & W9 BIR R BLAL F R R AW 67, £ 7. Ni/dppb [dppb: 1,4-
bis(diphenylphosphino)butane], & L < |Z Ni/P"Bu; filtlit 2 fi~x OF A= 27 vizxt L, fEHS® 5 2
ETCRANR=NTTF F =T VERPATEETH 2%, RRIGIIHFERT UV —NF 4T 27 VIR
B9, B %%%%7»%»?%I27w S-TIVFNF AT AT )L, §S-R P IFF T AT )L
EVDTRHIR T AT AT ZEMAFRETH Y | ST 2F A= —T A B/END,

Q. _pn
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i \
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X=0

0 i decypt
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@ X — C-Heteroatom Formation
) Q =R
Ni or Pd catalyst O’
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2O
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[1] Takise, R.; Muto, K.; Yamaguchi, J. Chem. Soc. Rev. 2017, 46, 5864.

[2] (a) Takise, R.; Isshiki, R.; Muto, K.; Itami, K.; Yamaguchi, J. J. Am. Chem. Soc. 2017, 139, 3340. (b) Isshiki,
R.; Muto, K.; Yamaguchi, J. Org. Lett. 2018, 20, 1150. (c) Ishitobi, K.; Isshiki, R.; Asahara, K. K.; Lim, C.;
Muto, K.; Yamaguchi, J. Chem. Lett. 2018, 47, 756.
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Chiral Phosphoric Acid Catalyzed
Asymmetric Reduction of Tertiary Indolyl Alcohol with Benzothiazoline

Hiroto Osakabe*, Shota Saito, Masamichi Miyagawa, Takahiko Akiyama
Department of Chemistry, Faculty of Science, Gakushuin University
1-5-1 Mejiro, Toshima-ku, Tokyo 171-8588, Japan
takahiko.akiyama@gakushuin.ac.jp

Chiral indole scaffold is found in natural products and medicines. Development of efficient method for the
enantioselective synthesis of chiral indole derivatives is desired. We present enantioselective synthesis of
chiral indole derivatives. Treatment of racemic tertiary indolyl alcohol with chiral phosphoric acid and
benzothiazoline furnished chiral indole in high yield with high enantioselectivity. This method was

applicable to various indole derivatives and will be a useful method to synthesize chiral indole derivatives.

A v R= VS IE, REISOABIEMEWE 72 EICE < RON D2 EEREBREKE L THLNT
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WFIENE IR A R— VBB Z ST D kL LT, ek, REMME L RETHIZ2HWZRE
Friedel-Crafts S SN EIZHWONTE 7=,

—H. A R=DILZE R AF UV UENRER LA R AT V3 — X, BBIZED
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© H X
t-Bu R’ @[ ¥ar 3y —tBu o 0
3 1 (cat.) oy tBuU S 3 ~p’
R s R BN
N\ — »|R § N\ ‘ 0" oH
-H,0 O
N N
R? N R2 X
L R _ cat.

— 216 —



AMRETIZ, XTIV UL EBITHWLZ LT VR TFT Y Y BB T KB R L
LTHEREL . 77 bAoA X kT DR FBBENVILE CROS IR B SET L, ST 57 I 007
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AIFFRTIE, A RUAT A a— Uk L THFINY VEREER S Z LTk W RERI AR
AFF R EAERSE, XUV F TV L DB TLEBIR) LT, SMICAFEEAT
LFTNA L R=NaGlToZ xR L,

FT. ISR IFOREILEIT T2, =AY RU AT a—ixt L, 22T 7 FLEEHT S
RS FTIV U 4T 222604 TN T 2o VEEETHXTINY UigE RV UM
g, SR T 24 RRER S5 2 &Ik, RISITERESHET L, T 21E ik % m iYL
ROFlemWT T o FAERETE L Z LIZkE LT,

I, E—RMEORF 21T o 7o, BARE A RU AT I a— LiF8RICk L THF I LY
VE2BIUON Y TFT VY CEERSE L, WTHOREBEIZEWTHRIGTIER < R, 3tk
T 2B TR @R DD @ VM TR B ATz, ARIRICSONITRR % 22 A 0 R—/LaF8RITkf LT
BWHARETH Y, Bz x I NA v R—=ILDOBRRIED—DIZ b EEZ LD,

(10 mol%)
N t-Bu
*
R\©E</ @E O (1.2 equiv) R\©E</
N toluene (0.1 M), rt, 24 h En

Bn
90%, 98% ee 71%, 98% ee

Bn

89%, 97% ee 73%, 95% ee 92%, 96% ee 80%, 94% ee 93%, 96% ee

References
1. L.Wang, Y. Chen, J. Xiao, 4Asian J. Org. Chem. 2014, 3, 1036 — 1052.
2. C.Zhy, K. Saito, M. Yamanaka, T. Akiyama, Acc. Chem. Res. 2015, 48, 388-398.
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Synthesis of Multiarylated Heteroarenes

Takashi Asakol*, Shin Suzukiz, Kenichiro Itamiz, Kei Mutol, Junichiro Yamaguchi1
1Department of Applied Chemistry, Waseda University
3-4-1 Ohkubo, Shinjuku, Tokyo 169-8555, Japan
*Department of Chemistry, Graduate School of Science, Nagoya University
Furo-cho, Chikusa, Nagoya 464-8602, Japan
potetohead-jr@ruri.waseda.jp

Multiply arylated heteroarenes are privileged structural motifs in functional molecules such as natural products,
pharmaceuticals and functional organic materials. To construct these skeletons, classical cyclization and cross-
coupling reaction have been used as conventional and reliable methods. Despite recent advancements in
regioselective C—H arylations of heteroarenes, regioselective synthesis of multiply arylated heteroarenes
remains challenging. We achieved the synthesis of multiply arylated heteroaromatics using sequential C—H
couplings, cross couplings, and [4+2] cycloaddition of 5S-membered heterocyclic compounds. This synthetic
method allows us for facile and rapid access to pentaarylpyridine, heptaarylindole and heptaarylisoquinoline

with different aryl substituents.

ZEMA~T v EHRIL, EBEES % ﬁ% SRR R EORSRENE Y T O B E L THEIT S
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BrE %%@ﬁ#éﬂ%%ﬁzéo%%@%%@ATDﬁ*f BREIE, AR R RS L
:ﬁnz\ IRy T TERNOND, ZTNHDOFEL, EFEERFEFRV/MLATHLZ L
ERIBEIAR DR L TR A B3 2 sUHEN R S, TFE T, FRTOFREE LA L L3I E
EEBATED C-H fAEEFREEPAEINICHEBEESNTWDS, fIZIEA  F—1 Tk, 27T
DOFEHEALTKT LT C-H EHEFERE N ER STV D, Lﬂbﬁﬂ% FRIZ_ B A RIEAL
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[1] (a) Suzuki, S.; Segawa, Y.; Itami, K.; Yamaguchi, J. Nature Chem. 2015, 7, 227. (b) Suzuki, S.; Itami, K.;
Yamaguchi, J. Angew. Chem., Int. Ed. 2017, 56, 15010.

[2] Asako, T.; Hayashi, W.; Suzuki, S.; Amaike, K.; Itami, K.; Muto, K.; Yamaguchi, J. Tetrahedron 2017, 73,
3669.
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Enantioselective Nucleophilic Addition Reaction of Heteroaromatics to Trifluoromethylated
N-H Ketimines by Means of Chiral Phosphoric Acid

Masaru Yoshida*, Masamichi Miyagawa, Takahiko Akiyama
Department of Chemistry, Gakushuin University
1-5-1, Megjiro, Toshima-ku, Tokyo, 171-8858, Japan
y.masa060628@gmail.com

o-Trifluoromethylated chiral amines have attracted considerable attention because of interesting biological activity.
However, there are few methods for the preparation of trifluoromethylated chiral amines, and most of the methods
used N-protected imine as a starting material. We focused on trifluoromethylated N-H ketimine as a starting material
for the preparation of trifluoromethylated primary chiral amines. As part of our continued interest in the
development of chiral phosphoric acid catalyzed enantioselective reactions, we investigated enantioselective
nucleophilic addition reaction of heteroaromatics such as indoles and pyrroles with trifluoromethylated N-H
ketimines by means of chiral phosphoric acid to give trifluoromethylated primary chiral amines in high yields and

with high enantioselectivities in one step.
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Conventional method for the preparation of primary chiral amines
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B RRIEFIENET I 2R OWIEENDIEFICEOAFINETH L Z LISk Lz,

R
3a (10 mol%) HoN - CF3
)NE N4 R MS13X (150 wi%) 2
~ A
A CF, N mesitylene (0.1 M) ' Ar
2

4 -20 °C, 24 h NH OO
(2 equiv) 23 examples 0

up to 91% yield, 92% ee

o TOH
HoN  CFj O‘

NH R 3b (10 mol%) s A o
0, cAr=_Cgrs
+ Z/ § MS3A (150 wt%) AT 3b: Ar = 2,4,6-(i-Pr)3CHa
Ar CF, H toluene (0.1 M) R
2 5 -78°C, 24 h 16 examples
(2 equiv) up to quant, 97% ee
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CF3 + >
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/H
NPMP 3b (10 mol%) PMP—N CF,4
{/ \§ MS3A (150 wt%) H
N
CF3 +
N toluene (0.1 M) | y/
. rt, 24 h
4 (2 equiv) 0% yield
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Functional group selective demethylation by using L-selectride

Kosho Makino '*, Yumi Hasegawa 2, Takahide Inoue ', Hidetsugu Tabata 2, Tetsuta Oshitari 2,
Hideaki Natsugari 2, Kiyomi Ito 3, Hideyo Takahashi !
!'Faculty of Pharmaceutical Sciences, Tokyo University of Science, Yamazaki, 2641 Noda-shi, Chiba
278-8510, Japan
2Faculty of Pharma Sciences, Teikyo University, 2-11-1 Kaga, Itabashi-ku, Tokyo 173-8605, Japan
3 Faculty of Pharmacy, Musashino University, 1-1-20 Shinmachi, Nishitokyo-shi, Tokyo 202-8585, Japan
kosho-maki(@rs.tus.ac.jp

The reductive O-demethylation of methoxypyridine and its analogues by using L-selectride was examined. It
was elucidated that O-demethylation of 4-methoxypyridine proceeded much faster than anisole. The

functional group selective demethylation was applied to the selective synthesis of omeprazole metabolites.

=SB BV CTEIESL O MRHHRFE OMIITEERREDO — 2O Th V| AENOFERIZEL - T
TS T2 I R O E AR Z A ST D ER S 5, FTHHFER LICA B
F VAR T HERDITIIPA TS EBEICE Z 508, EEOHEFR LICA NV ERFETD
Bt WERDMTo TS L) 2iE S L VLB REFSBIR e A F AL 2 LA RO FIEIC L - T
HETLZEnRDODOND, A FFTHEOBA T MALKINEZIVE TIEZ < HEINTWSE D,
BBrs D X 9 (RIS T C—FICHifRE SN D b ONE L,

SRR A F LTS BB A0, =BT, I o
P T CRIEATA S Leselectride 135 H L, BV P VB EDA K A reclectrde, @
% BT B ORI S EFTT 2 T B L, - 0% % N P Nig
ANTEY D VBERVPUVBOMFICA PR ERERTS 1a 2h 2a

omeprazole BIEALA I W CHEHAEHGRINAIICH 2 F /L v & 47 By Reagent  Equiv. 2a (%)
5 = }: KJﬂinJ Lf:@'@%’uﬂ::?‘"éo 1 L-selectride 3 85

. N 2 L-selectrid 2 58

[4— A b EY VOB AT K] selectide
C ) %0)&{4:%% Lz 4 th i 1 DR T 3 L-selectride 1 32
Majetich N *4 — ETOXyPYTIAIne ( a) 4 N-selectride 3 7
IV DRRF 21T > 7= (Table 1), THF H 3 24 & D L-selectride 5 Keolootide 3 A
FAET ., INBGETTZ 2 BERIAT 9 2 &Ik D | 85% DR TR A F LB s s
LR (2a) 21572 (entry 1), L-selectride D4 &5k &9 L IY 7 LiBH, 3 0
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ROK TN D LU (entries 2, 3), N-selectride <° K-selectride TlE, RISHENE L KT L=
(entries 4, 5), F£7-. LiBHEt; &% " LiBHy & VT H IR I E S 720 > 7= (entries 6, 7).

[ A — et DRG] Scheme 1
RO b & B x RIBEICH LTS A ] n/jo“”e il n/ﬁ“
FH L7z (Scheme 1), 1a DR BHEATH S (1b) N THE N
TIL 89%. (le) Tl 82% DL TRHLA F/Llk 1-e e

OMe OMe | OMe |

PIFO N, SARERRE W (1d) THEZR @0'\"6 @ MeﬁMe @ :
CFREMHEAT LTz, LvL, N-AF Y RIK (1) N oome  Lbe Lo @

TIHHHERIR B DG DIV A T/ ETL 1c 14 ?f ' anisole |
RN LR bIoaT. Flm. T =V — LT OWT  (89%,24h) (82%,8h)  (84%,4h) (0% 1h) ! (trace, 3 h)!

I, 3R TIRIZ E A ERISDEIT Lo T, ZTHICED , ARINEIRVEBVREIDVEY UV
IZBWT, KV ESEITTL 2 LM 6MNIR T,

[Omeprazole {34 DEINAI K]

ERED Leselectride (C & DETHIBLA T/AL, KT BBrs IC Lo MR | 4'O\MeMeo
BT O A F AL E T, @3 5 HREWE 3) 7°5 omeprazole U \{NI/S N

+
Y 42, (5)? KT (6)? OERAIA KA TT > 72 (Table 2), L-selectride % H HNQEOMe
WHEEY DUVEBRED A (LA N UESKEREICER SN E 4 O omeprazole

B 94% THF BT (entry 1), F72, BBy ZHifb AF Lo 0 ClolBW\T 2.5 YEH, 6
FEA N EEDBPPA T AL S ITAGEH 5 (79%) & 4 ALY 6 LD T DA F b ST
K 6 (9%) Z1F7- (entry 2), S HIZ, WEIED BBrs Z VY, 6 (82%) DA%+ (entry 3),
L-selectride & ONBBr; #7510, OGGREE & & DX 5HH T, 3 FFHD omeprazole {4 & 3R
PINCAFD Z &N TE 2, RBRTIL, PRI RISSEORE, EE B X NE O omeprazole
R OEKIZON T H PR CTHE T 2,

Table 2
,OMe OH OMe OH
Me A Me Me\fil\/l/e Mefil\/l/e Me\fﬂe
| | | |
pZ S N — pZ S N + pZ S N + _
N hig 6 N g N g 6 N S\(/N 6
HN OMe HN OMe HN OH HN\G.OH
3 4 5 6
Entry Reagents Equiv. Temp. Time 4 (%) 5 (%) 6 (%)
1 L-selectride 3 reflux 3h 94 — —
2 BBr; 25 0°C 12h — 79 9
3 BBr; 5 rt. 4h — — 82
(&% 3]

1) Majetich G., Zhang Y., Wheless K., Tetrahedron Lett., 1994, 35, 8727—8730.
2) T AT BRIRASEA, AT TV — T b ) T LS.

— 223 —



2P- 28

X T NVEEEN R AZADO/SRfREE 2 VW3 T2 IFE /T LV a—LD

ZERIRACREE TR BIE DB % &R H

RALKRZFRZEBE R A FER
OMMMDEAT, FEEHIT. ANEEE ., /LA, PR SL, aHernR

Aerobic Oxidative Kinetic Resolution of Racemic Secondary Alcohols Using Chiral

Multidentate Nitroxyl Radical/Copper Catalysis

Koki Kasabata*, Yusuke Sasano, Naoki Kogure, Junpei Koyama, Tomohiro Nishiyama, Yoshiharu Iwabuchi
Graduate School of Pharmaceutical Sciences, Tohoku University
6-3 Aoba, Aramaki, Aoba-ku, Sendai, 980-8578, Japan
y-iwabuchi@m.tohoku.ac.jp

Optically active alcohols have been used as building blocks for asymmetric synthesis of medicines and
natural products. One of methods affording optically active alcohols is oxidative kinetic resolution (OKR) of
racemic secondary alcohols. Here, we report OKR by using combination catalysis of multidentate niroxyl
radical including chiral oxazoline moiety and copper salt. The developed OKR have resolved racemic
secondary aliphatic alcohols containing various functional groups with high chemoselectivity and

enantioselectivity under mild conditions.

JAEME R T Vv a— i, BEEGERREM IR EDAREERDENT 4 7Ty 7 & UTHEIZHAWGL
TETo, HFAEERT NV a— N2/ HEO—2L LT, 78 IF M7V a— VOB ERI Ty
% (Oxidative Kinetic Resolution: OKR) 232 1F H 2, T E TICHE S TE72% < @ OKR O K8 5 H #i
FIZ. NPT ha—AReT VATV a— i EOIE LA RS 72T v a— VTR b, IBRT v
a— /WA S Bl 7, BBIRT v a— VIEA PR Ch o2l é LT, FALICK Y #RESINT
FINNT =0 LY LR EZ V. OKRDR, YHHREETRIH ST L=aFd o7 I 27z OKRYZ
MHENTWD, LovL, 26 OG5S 5w A M B Re R FE ISR S & - 72,

FRE OIX IR T V3 — VT ROk 2 T B RE IR A AT 2 817272 OKR OBHFE AR Hiv T
D LE A, BHEETHIE SN AZADO/SRHZAMECHE B Lz, ABEET, —MRAICEBESIFICRZE &
ENDE BN SEIRT I U E2EGLMENET LV a—L 2SR - FEL WO RERMARSIET T, EbFRimm
(RIS D N R=EE~ & ZRALTE 5 Y, SRIFERHE 513 AZADO (ZF T NIRRT 2R 6 S
T BT AU 2 A R L. R IV 72 OKR 036k % 72 BRe R 2 A T 2Rl T v a— W zkt LT B
e o F AP RELT 5 2 L2 R L7z TlRET 5,
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AZADO/SH ML 2 Y B~ L RBT 512 H 72 0 BhiFl & LCHU = bpy (2,2°-bipyridyl) % %7 /L73
Bu-Box [ZZAF LT trans-2-7 = =)L 7 a~FH% /—/L 1 D OKR %1772 >7=, TOREER, FIRE =T L
=V T IR TH Y, = FABRIEIIREL Lo 72 (Scheme a), £ Z T, flfilcZ 44>
U v i & TR T 0 AZADO 3 & NMI (1-methyl-imidazole) & fHAA A 72 =R AL 2 F v
AZADO 4 ZH721ZE R L, OKR KT L fiiiE v 2 it Ulc, WAL rans-2-7 = =)o 7 m~F 4 ) —
V1 PREE DT o F AR T 0ET 5 Z LR b2 757 (Scheme b,c),

(a) Cooperative Catalysis

OH 1-Me-AZADO (5 mol%) OH 0 ,
H tBu-BOX (5 mol%) H ' 0 0
Ph CuOTf (10 mol%), NMI (10 mol%) Ph Ph) al |
- * : . >/N N\)
MeCN, air (open), rt N-O B
(£)-1 (£)-1 2 ; Bu Bu

56% conv., ~1% ee 1-Me-AZADO Bu-BOX

(b) Bidentate AZADO 3/Cu
OH bidentate AZADO 3 (1 mol%) OH o)

: bpy (3 mol%) H
Ph CuOTf (6 mol%), NMI (6 mol%) Ph WP @«E
o + '
: N N—,
: o. ~

MeCN, air (open), rt
()1 (1S,2R)-1 (S)-2

51% conv., 33% ee (k.o: 2.6) bidentate AZADO 3

(b) Tridentate AZADO 4/Cu

o)
oH tridentate AZADO 4 (3 mol%) oH 9 : @\( _7
O,Ph CuOTf (6 mol%), NMI (6 mol%) @»Ph i‘jﬂ’h ; N N—.
> + N O. ‘r
MeCN, air (open), rt ' /g
: NN

()1 (Rt (A2 | tridentate L
27% conv., 31% ee (Krei: 16) ' AZADOa N

RIZZVERNARL S )L AZADO % V% OKR Ot 21778 > 7o, RIS 7 L AZADO 3 # 5%
OKR Tl&, ¥ 7 NAFH V) o LOBEMILZERA AT L2 SR L, 2 f0iZmmWOEHRES TS Lz
trans-2-7 VX)L 7 T H ) —L D OKR & RAF7RTF o F ARV TEIT S & 20 (ha = 12) O
IR U 7o, BT Z L AZADO 4 % H % OKR Cld, i & AIANZ SV CREMZR BT 2170
RIE 7RG E R UTe (ke =75), FEEAEHORFI 21T RS TR, 2-7 ==y 7 anF i ) — LR
A YRV —=NVFUCK L TR F o FARPRPELRBLL, 3 MT IVRAVT 4 N, EFEER
TR Chk 2 RBEREEZTIRT D ZENMHLNE o7, FEITAR A X —ICTRET D,

(1) Mizoguchi, H.; Uchida, T.; Katsuki, T. Angew. Chem. Int. Ed. 2014, 53, 3178-3182.

(2) (a) Tomizawa, M.; Shibuya, M.; Iwabuchi, Y. Org. Lett. 2009, /1, 1829-1831. (b) Murakami, K.; Sasano, Y.;
Tomizawa, M.; Shibuya, M.; Kwon, E.; Iwabuchi, Y. J. Am. Chem. Soc. 2014, 136, 17591-17600.

(3) (a) Sasano, Y.; Nagasawa, S.; Yamazaki, M.; Shibuya, M.; Park J.; Iwabuchi, Y. Angew. Chem. Int. Ed. 2014, 53,
3236-3240. (b) Sasano, Y.; Kogure, N.; Nishiyama, T.; Nagasawa, S.; Iwabuchi, Y. Chem. Asian J. 2015, 10, 1004-1009.
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Study on iron catalyzed cross coupling reactions under micro-flow conditions

Koji Machitani, Hajime Mori", Yasuhiro Nishiyama, Akane Saito
Industrial Technology Center of Wakayama Prefecture
60, Ogura, Wakayama-shi, 649-6261, Japan
hmori@wakayama-kg.jp

Microreactor is one of the promising technologies for the efficient synthesis of fine chemicals. A lot
of applications for organic synthesis have been reported so far. The iron catalyzed cross coupling reactions
between an aromatic Grignard reagent and a haloalkane are useful reactions. In some cases, severe reaction
control was needed to obtain a coupling product in good yield. In previous symposium, we reported the study
on the iron catalyzed cross coupling reactions under micro-flow conditions focused on the additives.
Through that study, we found that no additive condition succeeded to proceed the reaction in some cases. In

this symposium, we will report the new insight about this flow reaction.

PITEE MR EEE Y | R0, KEETHDL NIRRT VU LR ERV I ER SRR D
0 5 HEREEFRARARGE - U CHER S TER Y | SO REZ1E D L 722 < OB RS DT DT
HBITWD, BIZIE HERFOPH S35 EFR Grignard L a7 A B DI Ry
VIR EHEL TS Y (AF—21) , ERRRISEA ORI RLF CiEd 2 b0 OKIE
TOR., Grignard 3RFK D Slow addition, ZEDEMI T (Tetramethylethylenediamine (TMEDA) )

MgBr FeCl, Cat.
A
Br TMEDA (1.2 eq.)
THF

A¥—A1 GBI DA oY TN

OFEH &) RISSEEZREHIRRH Y | 2N bR E EORE L e->TnDd, ZHDORISEHED
HlfE, ikt o2 el & SRFEDOEER D7D TH 5 EHERI STV D, Frx 1L D X H 72l
ZRRTLFEE LT, ~A 77 7 2 —DRREEN L7 —RTOIa Ay 7Y VTR
JEDIRETZAT > TR | HEORY VAR Y T A TIE ERMISIZEIT 57 X RENLF DR A Hls
A L7z ?  BEEOME LI, BSOS ORB ZEDI-FER, 7TI v 7 —0OF&HTHLH D
FEEE SR HETT T 2 720 BT I S B 7z,
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KISEEELTTrET 7 B
XYoL T 2o TRV T LT
23 FEHWT, ThEhoRE
EElREE Y ) VR T TRk

-

Bromacyclohexane/cat. Fell,

PTFE Tube

_— ” (@ 0.75 mm % 1.5 m) ' BT FRIEAGRB X OZEDD
Phenylmagnesium bromide/additive o VT U H— 9:1“—7 75? ﬁ- S

B zEAT-> 72 (K1), JsTF =
M1 7a—<A270l)7 7 %—%FH LKk — 7% PTFE 8 0. 75 mm ¢ X 1.5

mDbHDEHNT, FONMREX, 0°CHLU=R, fidix 10 mL/h THEE L CTHEM L7, Bt
BFR IR,

BEMR DN FAOWHETIET X VEORIITMETH D0, SR S SIZFEIC G &2 e 724G 5
~A 7 r7a—F%RTIE7 I VHEORMR LT BRGNS Z LR L E 72572 (Run 5, 6),

K1 FEx ORMEBRETORE R

-

MgBr A
cat. FeCl, Ami .
Qe [ e |

\ (5 mol%) (1.0eq.) (0.1eq.)
o . Yield &Y
Run 7 I B EE (Bm1) /% (€7z=n) /%
1 o 0°C 43 19
2 r.t 46 9
3 °C 7 12
A TMEDA rt 73 13
5 UoC 33 16
5 " 48 17

ZORRITIVEHELTERIZFAT I (EtN) ZHWEGE L BERROER TCH- -
(Runl,2), L LARGL, BIAEMRD D —EEGEOLNTWD Z Enb, X0 EE e ROSHIE A 22
EEZOND, —H, %%T@%énfwéTmméﬁ%%Jﬂq0@@%#?m&kmgﬁmﬁ
AT Lo 72y, BIRTIERG IR THMMZ G LN, REISIFEAN Y FRICEBWNTIZ 0CT
30 LA ENT CRIEEZ DS VI FT2MERH DM, 7 17— R TSR 2 Bz — ERFRRTR
HI20T, TIVERMLARLS TH, EiR, EREHTHRYRGOND Z ERNRINT, KR
CUALTIEINS OFERICOWCEERICHE T 5,

2% 30k

1) M. Nakamura, K. Matsuo, S. Ito, E. Nakamura, J. Am. Chem. Soc., 2004, 126, 3686-3687.

2) H. Mori, Y. Tanaka, K. Machitani, Y. Nishiyama, A. Saito, 2017 Summer Symposium on Process Chemistry, 1P-42

— 227 —



2P- 30
RCAI-56 @ o~ NNH T I b — RS DHHERILE

A PG VNS T e
PRSIV A R 2
O HERR ¢, KHHMFn e, AHRZ ", FEIgEER

A new synthetic route of a-carbagalactose part of RCAI-56

Naoki Ushida“*, Nobukazu Nagai®, Yasuyuki Ishii”, Toshio Nishikawa*
“Graduate School of Bioagricultural Sciences, Nagoya University
Furo-cho, Chikusa-ku, Nagoya, 464-8601, Japan
®REGIMMUNE Corporation, 35-3, Hakozaki-cho, Chuou-ku, Tokyo, 103-0015, Japan

nisikawa@agr.nagoya-u.ac.jp

RCAI-56 is a synthetic sphingoglycolipid, which shows a potent anti-tumor activity via selective induction of
Thl type cytokines. It has been expected for practical use as a anti-cancer drug, however, large-scale
synthesis of its a-carbagalactose part from p-galactose is difficult because any synthetic intermediates are non-
crystalline. We have developed a new highly stereoselective synthetic route from non-sugar materials by
organocatalytic asymmetric Diels-Alder reaction as a key reaction. This synthesis should be suitable for
large-scale preparation, owing to five of eight intermediates don’t need column chromatography for their

purifications.

RCAI-56 (1) Vi%, KRN7000 % Mg & U TR Iz, Fr7R a- I NAAT T 7 N —AEiEE 5T
BRA 7 4 APEEE TH D, AMEEWIT Thl B A b A 2 2 RROFHE LS i 2 150
b4 2 Z & TR ARPIEETEE 2R 970, HTLWLHY VAl L TOERMEABIFESN TS, L
ML, EOERUCME IR a- DN T 7 b—ABIE AT N-ap-HT77 h—A(2) 05 11 TRTH
RENTED , WTFNOPFMELEREEZ RSNV TZORESRBEE L, =2 THhaid, Ak
% 72 R Diels-Alder SUSIZ L > THEF T 7 o ~FH o 2595 3 O LA KIEE B
% L 7= (Scheme 2)

HO _OH o
HO _OH BnO _-OBn YHM\
11 steps HO
Q —_— pp— H H
HO BnO HO :
HO BnO 0
OMe OH 13

methyl-a-D-galactose (2) a-carbagalactose 3 OH

mz
lle]

RCAI-56 (1)

Scheme 1
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Diels-Alder I E 72 1-_X DA X T XV 51, RO 1,47 vau-2-77 2 (4)
IZ BnONa Z#{EH S ETERT MR TEZRFE LT, ol 5 &7 7L A(6) LD
MacMillan fitfit (7) 2 FV N 72 455 Diels-Alder SUG 21%, 7 m~F & 2 8 Z @\ LRl (96%ee)
THX7, 7V7t K% Oxone IZL > THARVRIZE(LL, 7rET Y M ALT 9 2457, Hii
WTC, DBUIZE A HBr{t 10 & L, LiIAIH4IZ XL DT 7 b DIEIL LG Lo KEBFED N ¥
METY 7 a~F o 1LICEB LT, 080412 KD cis VA —IZE D IVARTF 7 F—ADF
NTONKFLEEALEZ 12 28OV T AT LA ~—& LT, KEIC, KEEIEONEER
7RE ) N VIR . B a WA T T 7 F—A 3 HEBR L THD Z LTI Lz,

2’ o)
Bn‘* )<
Cl I ‘Hcl  OHC 1) Oxone o
BnOH, NaH 6 DMF
/\)/ BnO/\) > D 2) NBS BnO
DMSO N BnO
cl MeOH-H,0 NaHCO, Br
4 5 8 CH,Cl>-H,0 9
96%ee.
1) LiAIH, OBn BnO _OBn
EtZO OSO4 NMO BnBr NaH
—>
) BnBr, NaH BnO acetone- HZO HO BnO

DMF
o- carbagalactose 3

Scheme 2

PLE, TGO 406 9 TRTa BT T N —R 8 & ENAKRIRIIZERT 50— &
¥ LT, ZOERNL— DS H 4 >OPMRITRREMELZ L, 1 DIZREEIC X 2 AR AT
RBCTHLI LD, REAGMICEL TV B2 LND, BUE, FTROATF—LT v 7HEIV
AT v T OBRI 2T ) R VUL OBREO S EE R TH S,

References
1) T. Tashiro, R. Nakagawa, T. Hirokawa, S. Inoue, H. Watarai, M. Taniguchi and K. Mori, Tetrahedron

Lett. 2007, 48, 3343.
2) K. A. Ahrendt, C. J. Borths, and D. W. C. MacMillan, J. Am. Chem. Soc. 2000, 122, 4243.
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Enantioselective One-Pot Synthesis of Bicyclic Pyrrolidine Derivatives
via Sequential Catalytic Process

Kazuhiro Takenaka*, Bijan Mohon Chaki, Jianfei Bai, Shinobu Takizawa, Hiroaki Sasai
The Institute of Scientific and Industrial Research (ISIR), Osaka University
8-1 Mihogaoka, Ibaraki-shi, Osaka 567-0047, Japan

takena@sanken.osaka-u.ac.jp, sasai@sanken.osaka-u.ac.jp

We have successfully developed enantioselective Pd(II)/Pd(IV) catalysis, an efficient route to optically active
molecules, by utilizing a unique chiral ligand i-Pr-SPRIX. A combination of such enantioselective
Pd(II)/Pd(IV) catalysis and one-pot methodology would thus be expected to be a new potent synthetic
approach to complex target materials. Herein, we disclose enantioselective synthesis of bicyclic pyrrolidine
derivatives through a sequential organo and Pd catalysis. This one-pot process afforded desired products in
high yields with up to 90% ee from readily available propargylamines and allyl carbonates via

organocatalyzed N-allylation and subsequent Pd—i-Pr-SPRIX-catalyzed oxidative cyclization.

mmmmmvﬁﬂ%iﬁﬁ;%#]smmw1

TAR L7z PA(ID) R A % AL Pd-i-Pr-SPRIX O
2 2 o K
= & > THREIE i PAV)RE~ & 1iﬁﬁ I AR Rt ee | [ X Lk
WX ZORERARGME % I oo X <
L CHER D PA(O)PA(D Ak R sliii 7[iﬁcwm%% I-Pr-SPRIX
R %
IV REEE AR SR OH | T o T wor PO

a5 25, THVETICYMIEE T, BIESRFTHLERF 7 /VEUL T i-Pr-SPRIX ORFHE A TE
LT T o F AR PA)/PA(IV) BRSSO BIFEIZ RSN LT % (Scheme 1) D, Fex1E, 2h
PO ENT T T AR PA(D/PA(IV) i 2 REREISCRREE, T = R L —55 & /MR L2
ZHNDT Ry MEMIEICHAGAT Z & T, L0 EAMEICEN M RE AR T 2 A 2RI
TEL LML, 22 CHEL EMEEMEICA NS 7 T 7 2[3.1.01~F ¥ g O ffi{#
WEZABE L. AFRL R 70 X7 I U1 R 6 NS T U VR 277 )V 2 2 H5EME
ETHTERAE Y V40T UF AR Y VR Y AR E R,

— 230 —



HIAERY Ch D IREE B e U0 403, BB 1 L 200l TEs 1,6- ==K 3
@m%y%ﬁﬁﬁmPammmw%ﬁ@m%%m_iof%%héo%@tw\if%h%n@&
BEIZ Sk U CRtciiifb 2 Mt Lotk AEPENEN B2 - TS 2 R —FZRNIZTITH) VAR > b
BRRA~ERB L, A7V —=U 7 ORE, 1 & 2 ORISICITEA BABECA Y 7 SRk~ 72
fRIEAHERE L=, 2/ Th, 14- 7 H v 7222147 % (DABCO) 1Ixb#IERLL 3 %
bz, BIZU Ry MERIEICEA L7256 S IREMED PAAD/PAIV) il i i 2 FHFE L7\ 2 &3
BN E72o72, T7bb, 1 & 2% 40 mol % DABCO L3LZy 7 nnm X & i 35°C TGS
T3 OEEMNRAERETHBARB LK, BWELZEELEEICMES LT 10 mol %D
PACLy(i-Pr-SPRIX)$E{A & 5 mol %@ i-Pr-SPRIX Bz 1-72 & TNZ 7.5 mol %D HEEER 2. bl & LT
3 44 PhI(OCOCFs), Nz, Wilig & VA X0 D 4:1 IRAEMET CMEF T 2 & BEEm O
4 PRI, B F BRI 57 (Scheme 2), DABCO (%, — B H OSIZBWTL
A AYEEfIEE L LT X 10 S\2HIN - 7 U bR Lotk ZEeREH OGS CIEERE & 7
=V LEEZM L TRNEM LSS (Scheme 3), —J7. Pd—i-Pr-SPRIX $51KIZ N - 7 U /WAL DI
WAL T T b A < LRV BRILBOS Z Al U, BAEE TBRAE r Y DUFEREL 525, 20
IR D ARy PARF G T v A TIIH AL BB 2 0B < AN REZZE 2 57210 T
ZRRIAEE 2 RO ARG BN D,

Scheme 2.

R R 1 PdCLy(i-Pr-SPRIX) (10 mol %)
i-Pr-SPRIX (5 mol %)

|“ ﬁ,RZ DABCO (40 mol %) |“ R2 AgOAc (7.5 mol %) RH%RZ
+ > >
CH,Cl, ﬁ/ PhI(OCOCF3), (3 equiv)

N

NH  BocO tto 35 °C, 4-12 h N AcOH + dioxane, 50 °C, 12-60 h |
PG 2 PG PG

1 (1.1 equiv) 3 o OMe 4
PG: o— & M up to 92%

. § § i:> OMe up to 90% ee
One-pot Synthesis (0]
Scheme 3.

5

t- BuO

2
ﬁ/ R Pd(ll)
y coordination

CO, Spn2' T
’ g /: AcO (\Pd(IV)
©NR, AcO L )\R \ o
t-BuO © R2 organo- l}l PA(I/PA(V)
A catalysis 2NR3 C g catalysis N ]
1 R? anti-acetoxy dati PG
R C pal/adation oxidation
R? >
I j Pd Pd
| | deprotonation Aco—
Ne B AcO )L R2
ol ' _insertion y
1] PG N
PG t-BuOH s

1) (a) Tsujihara, T.; Takenaka, K.; Onitsuka, K.; Hatanaka, M.; Sasai, H. J. Am. Chem. Soc. 2009, 131, 3452.
(b) Takenaka, K.; Hashimoto, S.; Takizawa, S.; Sasai, H. Adv. Synth Catal. 2011, 353, 1067. (c) Takenaka,
K.; Dhage, Y. D.; Sasai, H. Chem. Commun. 2013, 49, 11224.

— 231 —



2P- 32

MRRABAEBR M I VRMEZRLE 57 I FREFGFERO
BRALEI D v Y 7

DSEARERSE SRS 2SLAaAE R RS P pE e R
HiE e, Ot &g L T, Ee Y, B R, db T

Oxidative Coupling of Amides Toward Aromatic Rings
Utilizing Oxygen-Bridged Hypervalent Iodine as a key Catalyst

Toshifumi Dohi', Mio Dochi'*, Chihiro Yasui!, Hirotaka Sasa', Daichi Koseki', Yasuyuki Kita?
!College of Pharmaceutical Sciences, Ritsumeikan University
Email: ph0047pv@ed.ritsumei.ac.jp

2Research Organization of Science and Technology, Ritsumeikan University

Oxidative coupling is an important transformation to directly introduce carbon-nitrogen bonds into aromatic
rings. We have reported the metal-free oxidative coupling reactions induced by oxidative activations of
nitrogen atom using hypervalent iodine reagent. In this study, various organic amides and aniline derivatives
were examined in the oxidative coupling reactions using a diverse series of hypervalent iodine catalysts. It is
found that the designer m-oxo hypervalent iodine catalyst developed in our laboratory is superior in view of
the catalytic activity and product yields. The additional information about the in situ activated nitrogen species

during the oxidation is also reported.

HEIRAA =S U BLUSHNTAEE, # VUL $hFEOESBRBICA L PO ISEZ R L, FEME
<y BT WIRISHITH D, YRR TIILEINS, 3 MOBE T vESAIE LT
PhI(0Ac), (PIDA) ° PhI(0COCF:), (PIFA) % F\ =, HERLSUGDOBRREIT-> T D, Hlf Tl
PIDA X° PIFA XV mWSHEZ RS w—oxo dimer (Scheme 1) ZFEHE L. KISORNFRMIZEH KE <
R LTS, Y 61T, ZOMBBAUGEHEE D FEO @V EM & HERE L 72 A SOG~ & B35 729
BT U — VB S D B 1~ FRREHTS B AT U, mEERR e & O LA T, il RO 1 &
WD Z & TERIFFOMRMbZgEE LIZA XV T V=R RBROBILI T » 7Y v VRIS E®E L
TW5 (Scheme 2), 2 AKyEiZ4S 0000 seeeeeeeeeeeeeen

THTO CN FEATHSIE T ococr; | 177 esgner | FE i

D FFONDERIITT = ) —v @-i % new catalyst P
OB BRI & > T 0cocF; | i/ 5 —| T\
BhAAE R YT ) s PIFA OCOCFs : 1 (L = Ligand)
THaMmTH D, Scheme 1 w-oxo PIFA
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FRALHNZ T BB C NG ZEAT 2 FEIL, ERMLOREHE catalyst (2 mol%)
758 EDEMIEEME DEABD—D>THL7 V—I7T I 4
OB R DT DIZEETH D, BALAIHIEDSDORE
72 Fy5 & LT Buchwald-Hartwig 7 2 J AL ST 0B 0 &
BABMBALECHD Z &, b UOEEHMERAED Ry
BABLHCI Y I PEOBTIEORDHZ Ll E, WAD gL W ol R
MR H D, UKL, BT > 7Y o Z IR CHAEA ° Wm;%
O EHE CN G 2GS Dm0 T EHOG Th 2, Scheme 2

AEF 2 X, ERROBIGEBREZ D A e LIS .

Lategahn B & Mufiiz O &ENENENWE LI HFHRICAEMEFE A2 OT I FBIOT = U ViFER

(7=VU R, ANVKRYT I RRE) OREEFHRILEZFEDROELR CNEEERD v 7 ) 7P Y
[ZRUWNT, Bk 22 filfiids X OWe Al 2 W 72 UG T 21T o 72, Muiiiz BIE, Scheme 3 LEEIZIT
LHEOS T ED I — R7 L— Z W TRE L, ooV 3 — RRUB ATV TEILZIE TAERK
MEBLNZZEEZRELTWD, ZORISIZOWT, il 1 W= 2 A, 2 mol%d X v K
B CREROIE CERDIE O NTZ, S 512, Scheme 3 FEIZEIT D CNFEAOEEET, LR
CAFAE T, i 1 & Mufiiz HOFETHOOND ooV d— KRBV &% 2 mol %D & T
SRR, 1 22 & DI NEDRTERYEE b,

TsNOMe
+ cat. 1 other catalysts = iodobenzene, o-diiodobenzene
TsNHOMe - . > p-chloroiodobenzene etc.
co-oxidant

NR;Ac

X cat. 1
R4NHAc + —R, EEE—— X other catalyst = o-diiodobenzene
= co-oxidant | /—R2

Scheme 3

LA EOFERITIN A, 785 CTHR%E U 7o MR 28RN R 7l = o SR AE 1 13 AiE e ds L OV
) DILFRIZIBNT, S OFREICH LB THDHZ L2 b0dleoTo, A2 7z KOt
X, FEBEEMET I FEHRMO CNEEGE, EBRGEMEAZMND Z LR BEEHMETE 5
REEFFEOR <, BRERFIETH DL, AROSIZBWT, ERFTOBLTELLI Dy 7Y v
7 BOSTEHEREIZ OV T H T LWERA S LN T, e THET 5,

2% 3Lk

1) T. Dohi, Y. Kita et al. Heterocycles, 2011, 82, 132; Tetrahedron lett, 2011, 52, 2212; Synthesis, 2012, 44,
1183. 2) T. Dohi, Y. Kita et al. Chem. Commun. 2007, 1244; Chem. Commun. 2010, 46, 7697. 3) J. Lategahn
et al. Angew. Chem. Int. Ed. 2011, 50, 8605. 4) K. Muiiiz et al. Adv. Synth. Catal. 2016, 358, 2093.
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Catalytic Desymmetrization of meso-N-Ns Aziridines

Using Chloramine Salts as Nucleophiles

Kenya Yamamoto*, Satoshi Minakata
Graduate School of Engineering, Osaka University, Yamadaoka 2-1, Suita, Osaka 565-0871, Japan

minakata@chem.eng.osaka-u.ac.jp

Optically pure vicinal diamines are important structural motifs found in natural products, biologically active
compounds, chiral ligands and organocatalysts. Enantioselective desymmetrization of meso-aziridines
provides straightforward approach to prepare optically pure vicinal diamines. Although various
enantioselective desymmetrization methods have been developed so far, the reported methods suffer from the
use of toxic reagents and difficulty of transformation into useful compounds.

Based on these backgrounds, we report herein desymmetrization of meso-aziridine with chloramine salts in
the presence of chiral phase-transfer catalyst. Employing quaternary ammonium salts derived from cinchonine
as a phase-transfer catalyst for the ring opening reaction of cyclohexane-fused meso-N-Ns aziridine with 0.9
equivalent of nosyl amide and 0.1 equivalent of chloramine-Ns afforded the vicinal diamino compound in

enantioselectivity.

HFAEERE T TN T I JAEEMIIRIRITIES HONDEETH H1I00 The | EHK, B,
SJBEL T3 L OVEBEAE 22 SITIRIASK FIH SN TWAS Z ENbEHERME CTh 5, HFIEMERE
TINTT X ALEMOE A G RIED—2IZ meso-T T U ¥ DARFIERMENFEIT B D,

LU, FEROGE ' ClxaBitiiEz Ao 2 L0, 1BRMEOEWRIGHIN VB T 5 78 & D
B 5, 1> T, L UFECREARMOIRVOLAEER T AT T I 2 {LEMOA A7 G ks

O BR & 13 22 2 72 F ZE R \a 0 Ns NN
BT D, —J7. HH5E W&VW+_ NN Mmggm Rhﬁ ‘_*RHYRZ
ERQENERVES il Rz Cl 2 HEINS
. AV 7 o IR (2.0 equiv)

- - Scheme 1
L.2YEDI7 T I
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Ns ZfEFHEE2 2 & T, 7V VUTRREZRDEHENR ST LT T I AUOSHEITT 5 2
EHEFRHL TV (Scheme 1),

ZOXIRBEFROS & IR L ETEE AR BB T SFR cis—A L7 1 Tk
LT 2YEDZ7 8T I -Ns ZEHSED Z LT omeso-7 VU PR E R D EEN =)
FABIRIE S T A TT I LD ZERTE DD TIXRW )& F 27 (Scheme 2a), £Z T, ZDOK
JEEFERT DO, FTIE, 77T IV-NsIZED meso-7 2V T DARFIENPML 2 MG LTz

(Scheme 2b),
a) enantioselective vicinal diamination

I, (cat.)
R Na_ Phase Transfer Catalyst* R »\‘HNS
] + _N-Ns j\
R cl R R™NNs
(2.0 equiv) )N’NS
R
intermediate
b) desymmetrization of a meso—N-Ns aziridine
H
Na_ Phase Transfer Catalyst* ~NNs
N-Ns + N-Ns
Cl NNs
H

(1.0 equiv)
Scheme 2
EEZ, v a= U HROEFHIEE AR E A TE T, V7 XY U MEER LTS meso—N-
Ns 7PV VUK LTO09YED ) VAT I RE0IHED/ 0TIV Ns ZEHS®E S Z LT
TFTFAERNCE ST AT I RGBS Z L3572 (Scheme 3),
Y
= N X
558
() Na_ I (10 mol%) RiNs
N7Ns + Ns—NH, « C|/N7NS.2H20 toluene, rt, 72 h O\
(0.5 mmol) (0.9 equiv) (0.1 equiv) 45%, 44% ee

Scheme 3

UbtoXriz, vovarFrrrad RROFART =0 MEEHCD Z & T, AFEEITAR
+3 T DN, meso-N-Ns 72U 2 U PESRINICHERT 5 Z 2 R Lz, KRG TiE, oA
THIRARTZEY | R cis—A L 7 4 VEHOBEHEN ) U F AR e T U7 2 b ~D R
ZHELTEBY, ZORIGHERTE UL, BAREET, ARRSRRIE L HWT, MfEICLT
EHRYT I VKRR TE DL Z LD, FEERES T AT I VEROKIS7TrER L LT
M CE 5,

1) Li, Z.; Fernandez, M.; Jacobsen, E. N. Org. Lett. 1999, 1, 1611.
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HPLC method transfer by efficiently using design space

Kazuhide Konishi*, Sergey Galushko
ChromSword Japan Co. Ltd.
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Recently, QbyD approach is recognized to develop more robust HPLC condition in the manufacturing
process in pharmaceutical industry. The HPLC method transfer based on QbyD (Quality by Design) is
important to analyze samples by different HPLCs. However, the QbyD approach in the HPLC method
development is required cumbersome process such as DOE experiments with various HPLC parameters,
statistical analysis and design space development. In this presentation, the HPLC method transfer study will
be reported by efficiently using design space, which is automatically developed by ChromSword®
AutoRobust.

AR, HPLC (Bl 7 v~ 777 4 =) BLOLC/MS (EiK7 v~ N 7T 7 0 — /BRI
X pH AT NS OIS HEITIEL, EELTIISHAADZ & (P, EIHE. MEL
‘b, BEMEEOSBHICEWT, WEERSLZEMEOMRAZ I LD, B - — 253
TH HPLC B L ONLC/MIETEHE L T 5, HPLC 38 L OVLC/MS OEHBEE X ER > Tl b | ZNHFHE
IR 2 D121, 4L HPLC =2 LC/MS 13AaIc bz &1, K0 EdromtElc s> TE T
LDFIN D EFTHZe, £ H HPLC X° LC/MS ZFZNITE T 212&H 720 . HPLC DT A Y v KD
BAg. Tebb, W, 1T A, FE, H T LEE, 7
TV NEWS e NG A= =Nk I

B - BRSO R A A S
nT%, °/A’ Vv
¢

1 Y ChromSword Auto
BT, ESE L OBYE 7 1 AFESTIC E3 T QbyD T | :

O F AT L FEA 0D D T, £ 0 R

HO HPLC DM A Y v REBFET 5 Z 0 EH S

TEXTW5, FES, ERMPHER L ORSEEY .

Wt G ot A DRSS E A — ) — IR 5 — 2 b ‘

— 236 —



WA CTETWED | MBI HLAAD Z LA E OFFER Y N U — T BB/ > TE TV
DT 5L T, BAEHDWVITEHERE CTIEK L7Z HPLC O30T A Y v REMIIBETDH VD) Z &R
BRI > TETWNDHPLC D A Y R TII4 HPLC OREFERM 78 & 2 WIFTEIEME MRV T2 D12
REf & =2 2 R & 0T TBA%E L7= HPLC D A Y K3, lithd 2 W FERE O 3 % HPLC CHRELT
9, HPLC A YV » FBRZCVET Z &b, 22Ty 7 e —FZ2iEH L. L VH
TEPED EVNHPLC O30T A Y > REBAFETHZ LT, AL—X72HPLC D A Y v RBEENEIIND
EEZHNTND,

L72L QbyD 77" —F G L2 o TiE DR CTlX, Z2BOAIERT A —F— (G, 77 L
WEE, WIS, 77 V= hARA v b AR, PR &) 228 b ST EREHEEO R
iE. HPLC & W= Z 40D D43 HT, 3 HTiE R OFGHRIMRNT . 7 A o AX— 2 DR & — B OB
EENRNETH D, Lvh ZIUHIEEIEN R ORFR NN D720 Tl 7 — % OFFHIIREIT
REDHF T = IR ENBORRENERZ L HPLC OFMREE~=a2 TV TITH Z LiIc X
HEa—v T —DRAEZR SRITIUTR LN &l V—F AEEIZHE & LIATIZITA
METUIXRLIEEREZNE L W DORBIRTH D,

ZIHWV oo, X EEMEOEV HPLC O A Y v REEROEEMIIEE Y >oH 1 |
FexZURTED AV v RBRFE A X 0l ofifEICiT9 2 & 2 HAE L, ChromSword Auto %I U
¥, ReportViewer, AutoRobust & Wo7mHEN A Y v REIEDO h—H# LV ) 2—2 a3V 7 hoxT
ZBH%E - fRfit LT & 72, ChromSword Auto [T 7 mE AL Z &7, MAD AT 7 LT Y X
LTHECTHHEIC HPLC O3 A Y v FBAFEZ HENTIT O Z LA AHE T, Wl /LT — FTIEK
1-2 ARITHPLC OB « AT 2§52 E N TE %, F7-, AutoRobust (B Lo -727H
fEMERHIT 7 A R OBXEN D, HPLC TORk % 72/37 A — & —Z 8 b S CORNE, JEHR Omafd Rk
26T L AR—ZADBEE TE —XEE T, POHEITIT) ZENAMETH D, I HIT,
ReportViewer Tl RKEDHIE
T— X2 ORI - TR LD A
E—7 4 MOHIZITZ S Z
EMFRERTE T TR,

AutoRobust & iH##E L THEZL L ‘K?'}; O O— /f’zf;

72T A AR—=ZAEIEH L, R *— W & o '~
£ VAT HPLC D 53T A ﬂ
-~

v RBHSEEHEETE 5,

ARFERCTIE, 70 LY —FROAl 7Y XML ABTHIFE SNz, HPLC DT A Y » KD
TEPERTAN & 7 A » A— 2O A | BBFERIEFGT 2 F Y 7 k7 = 7 AutoRobust TT .,
EOITHEINTET FA LV AR=REERT 52 LICX Y (HPLC D R Y v RBE OB OB 443
5,
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Sequential Cross-coupling Reaction Strategy: (E)-, (£)-Stereocomplementary Synthesis of
Fully Substituted a,f-Unsaturated Esters using (E)-, (£)-a-Chloro Enol Tosylates

Yuichiro Ashida,* Kohei Nakata, Hidefumi Nakatsuji, Yoo Tanabe
Department of Chemistry, School of Science and Technology, Kwansei Gakuin University
2-1 Gakuen Sanda, Hyogo, 669-1337, Japan
tanabe@kwansei.ac.jp

Consistent with our longstanding studies of (£)- and (Z)-stereocomplementary syntheses of a,B-unsaturated
esters, sequential cross-coupling reactions for preparing a variety of (E)- and (Z)-stereodefined fully-substituted
o,pB-unsaturated esters are disclosed. This methodology consists of 1) As the first step, TsO-group regioselective
and highly stereoretentive Suzuki-Miyaura cross-couplings of a-chloro enol tosylates utilizing a intentionally mild
and available Pd(OAc)./PPhs/K,COs catalysis, and ii) As the sequential step, not only highly stereoretentive
Suzuki-Miyaura cross-couplings (20 examples; 68—92%) using reactive Pd(OAc),/SPhos/K,COs catalysis, but

also Sonogashira, Mizoroki-Heck, Buchwald-Hartwig cross-couplings producing various novel compounds.

(1) B8]

BH 5%, Ti-Claisen #ia 3 K OBIHELINIC LD S4k78 B-AF Y = AT VOERERTT L, —
I% Org. Synth. \ZTFERMEEZRLTED. ZO%KFHE o
B- ¥ VT AT L EANLIMISENNC (B)- (2)- ) ("‘ YD - GNE m )

— R UL, S SRS 2 B Ay T ) v I
7 (Suzuki-Miyaura, Negishi) (2% %45 (E)-, (uloome " ) m " Mez”lo m = @
(D'Q,B'Kﬁ@%ni AT )LD ﬁﬁg*ﬁ%ﬁ/‘j AN -’7‘ 1P (E)-Tamoxifen (2)-Tamoxifen :

BREEZRRR L2 Y. —E#8% Org. Synth. |2 T3 ( Ar')O:rCOZMe A coue dm R h-}
AMZxrL7Z Y. ol & LT, Zimelidine, = 5
Tamoxifen 72 EDEILDOYID /T LIVERKEFER LT Y.

(2) B-TsO-F:ERMA Suzuki-Miyaura (SM) 2 OBy FUY 5 /step 1

SHRLEELT, BAFXF Y ZATANLESGIGLND a-7 @ aB-FF Y = AT L&KM
FEHINZ a-2 B B ~(E)-, (Z)-= 7 —/v b T — MO E, < BREBPER) - SR RFF 7 v 20~ 7Y v

co,Me
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T EBME TS, LEB (E)- (2)-o0p- T 2T LV OARIELZRETHZ ENTE .
BB SM 7oAl
VX, BREHERIRMERBLD -0, OTs M (Rm @

X COMe __=— 5 X -CO,Me Xx-CO,Me
TRBOSE T 3 5 M E 22 [PA(OAC), Ar’ 2 Art Me —— » 2

Cl Cl
/PPh3/K,CO:s] ZEKELTHW-. Cross-Coupling (step-1) Cross-Coupling (step-2)
}"* ~ (TsO-selective) (Cl-selective)
7 v n T OB S & 584
mﬂl_ﬁ % N g2l oTs M @ R @
L, ZEERRIERRFFCTEWN AT Cl e AT cl —_— A (R)
DN HEIT LT (4 5] : 86-94%, CO,Me CO,Me CO,Me
4 ayamnlae: RR_0RY. 30 examples: 52-92¢

E/Z=>98:2, E/Z=2:>98).

(3) o-CLERIRNERTBIORDYTY S  /step2

BOBREOKRTE a Ay T 7 ERR L. £, SMZ AL v ) o AIZBWTE, &
BOGTEDffER [PA(OAC)/SPhos/K,COs] & VD Z & T, EIER « 1ZIF 58272 LR R EF CRUE A
HIT L7 (20 f] : 68-92%, E/Z=>97:3, E/Z=13:>97). ¥8H D Pd(OAc)/PCys/K.CO;s & &V FE A
FHHBILN Y. FThbh, AFVVESLCEBROENCHLHANETHD. 512, HATLHTY
—VEED AV MLIKEEIESST X 795 &, TRy hTBRILUGDEITL, TAX U T
YRV T T ) (FERIEAFUA L R—) BDERTRETH .

U OMBEREZH WD Z & TRHlOKFE 7 v 27>~ 7Y 7 (Sonogashira, Mizoroki-Heck,
Buchwald-Hartwig) & @ LAREF CHEIT T2 2 &2 A L7z, ARG LI 7 Vg o -~ fafl—
AT NDIEE A EITERIETIIIEFICERNEE L B2 oD HiHbEwTh 5.

Ar? Ar!
M
Ar! X COZ e Al'z N

Suzuki-Miyaura
20 examples; 68-92% Ar? Ar!

Ar‘J\(COZME A

Suzuki-Miyaura-Cyclization

(X =0, NH) ;
4 examples; 37-94% Buchwald-Hartwig

2 examples; 52-63%

Sonogashira examples; 73-75%

DLk, BETHSTLEE  (E)-, (2)-0,p-RE3FIT AT L OB IR BEFER « SR 7ER S R FTREIC
ol 0 SElGHHOE THEEOREFICT, HAMONIKMTER Y = ARk, SRR ERNE TS, i
K Ti-Claisen Mg EOEFE I v A v 7" VIO bHET 5 7.

(1) Org. Synth. 2016, 93, 286-305. (2) Synform 2017, A38-A42. (3) a) Org. Synth. 2017, 94, 93-108, b) Org.
Synth. under checker’s review. (4) a) Chem. Eur. J. 2015, 21, 5934-5945. , b) Org. Biomol. Chem. 2015, 13,
8205-8210. ¢) ChemistryOpen 2017, 6, 73-89. (5) Adv. Synth. Catal. 2017, 359, 3865-3879. (6) Preliminary
results: Pacifichem2015, Honolulu, Hawaii, USA, Dec. 15-20, 2015. (7) HAZ 1+ 2{L5F2 2018 h~—
VIRTY T A, 3EFEF 1P-05, 2P-10, 2P-11, 2P-13, 2P-15.
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Development of an isolable epoxidizing reagent based on triazine: Triazox

Tatsuki Betsuyakul*, Yuki Igarashil, Kohei Yamada', Masanori Kitamura!, Koki Hirata', Kazuhito Hioki’,
Munetaka Kunishima'
! Faculty of Pharmaceutical Sciences, Institute of Medical, Pharmaceutical, and Health Sciences,
Kanazawa University, Kakuma-machi, Kanazawa 920-1192, Japan.
2 Faculty of Pharmaceutical Sciences, Kobe Gakuin University, 1-1-3 Minatojima, Chuo-ku, Kobe 655-8586,
Japan

kunisima@p.kanazawa-u.ac.jp

We have developed a novel triazine-based oxidizing reagent, Triazox. The reagent can be synthesized from
inexpensive starting materials and is a bench-stable solid that is isolable in pure form. Epoxidation of alkenes
possessing acid-sensitive functionalities using Triazox proceeded to give the corresponding epoxides in good

yields. These features indicate that Triazox is a practically useful oxidizing reagent.

(TR - B A% 7 e ZB&EE (mCPBA) "oV AF LY A% 7 (DMDO) ik, LA
SNHAHBRBIEA TH L0, ENENICEHE TR EENRH 5, mCPBA [XEHIRAF23 7l HE
THDHMN, PO EFIZAET S 3-7 u n ZEFHEPEAROEE CTH D720, FBEIZE > TTEH»
K72 55 038 5, DMDO (3 HPESMECHEI T3~ D IR B LA CTd D 03, A RN EMEC FRET RS
VETHD, i, Z2< OWRBIEHBHEIILTOE, WIS EEDOFIE T in situ THAE -
AT L2HDOTHY, ZMITARKATHE - BHfR  Dowel

OMe

TE AN FTRE AR U7 Ao B C L IR 22 S CHEAT e [ o
LA 72 TR F ALK OBIFEA R D B D, MQOA\N%;\ J e 8 ;HT. oy
UPFRE TN Y 7OV 2 AL LIZFEAD  pyram LoMO N O £ R0 SN0
RS2 BR L THY . VDTS LAl A ny  Condensing reagent  ac¥owiiazine 5 triazinone
RCREICIRY S = & 8T 2 EMORKIS Ri R‘i R Ri
FlTiH % (Figure 1) ¥, 25O RISHIOHEST o *T’ oy
H. FUTUSAARMEE, FORER N S 0 g 0 Ry NR
YTV MO B R O L g Aliating reagent — triazinone
IZESWTWE, Fexld, MY T7Y=k Rn j\ R‘>:<R' i
R L N RSN S S I el
HTBRAAN D EEX, BREFTSE. | ofigamgregont | © " C P emmone
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R - 28] K PUTZSURBIEBRIOESE»2-7 nn Sehemel (oM (18 equiv) Ph
46T = =35 R U T UL (CDPT) lokt LGl yony  —o2%2@0eav) o L
T N T I N
D% LA6-UT =135 N U T Uy (Triazox) 2w o HeSOe s min o Trazox
78% C1E% = L 8T 7= (Scheme 1), Triazox (1224 i Table1 ®XOMIEMETriazoxDHLB
OB Z LT E B MHETRE AR HRKER Tl Y | M e
RIFFAEETH D, Fo, RnHERMTHL N TV e —— — p——
D pK, (>6.59) ITHEAIEWNZ 2D, mCPBA KV % prom (:;a:gg‘) Tgr;ﬂzﬂ;? o
THEISEWRIECRIGHETT 2 LB 6N 5, BEL o0 sonovesm  7ur NS

(pK,:3.83) (pit) (pK,: >6.59)
Y . Triazox |£ mCPBA <° DMDO & Lk L C. FERHA R ° ?

Table 2 Triazox

fb# &5 %% (Table 1), Bh (1.1 equiv.) Ph&@
KTBEBE> @B T LS 1a 1T L THIEATF LU, em:ya solve:slve:;ret h) Z;ield (%)
Triazox % 1.1 YE/EHIHT-L 2 A, BT MNITEIT L, ; t%lllzeilé ] gg

HHIOTZARF T KN 2a ZILE 95% THHZ N TE7 (entry 1, 3 AcOEt 1 94

Table 1), 1T, %< OUIEETICBOT S BIETIRF Y o

RAEBLND Z BB BNE TR 572 (entries 2-4), R_R“mﬂmmw0§&§
KBRBTFNTODIRXIELD cis-trans-AF L 1b,le @ R 1 R CHCl, . time R 2R
TR F AGIT AR A EIT L 7= (Table 3, entries 1,2), — & entry prOdUCtPh fime, yiecld
Bor e 10 THIGEL < BISEbRES, Ko ETRe | mle P Sme
REERBT AT L le DTREIAVITTREONELETH-- 2 \g/ 2c  8h, 92%

(entries 3,4), PMB TR L2 T INT AV a— L fOTR 3 |~ <] 20 8h92%
FIALIIBRGE LMD 2 LR B E G AT (entty 5), 7, j\(y\ 2¢ 701 6a%
MeO Ph ‘

gtz ) —/b 1g (2K U TIEBRER B 512 LV cis:trans=81:19 o}
BT o S S . o 5 Ph\cl)>\/OPMB 2f 6h,97%
DSLABRME TR AL T L, BT LICIOs/F1E T, 0°CT

2g 1h,97%

OH OH
}iﬁ; é’@fé Zk <, i%?ﬂ‘fi&i 94:6 |Z rl'J—JJ: L7z (entries 6,7)0 7 6 i :E cis:trans=81:19

UZ—/L1h LB CThH HTRF* T R 2h TSRS cii?r:ﬁsgjgﬁza
RS 5728  1h DR % A0IE—f%H9IZ DMDO % iV CT1T BnO N
DDA, Triazox & A TH T4%DILET 2h 2135 2 enc ¥ B,:Q 1h,74%
S (entry 8) ° a LiClO4 (1.0 eqcu)il?/;‘was added.

[&aw] oz ix. b YU 72 U RIER{LA Triazox % BA%E L, ZZ7EME + b Toluene was used as a solvent.
BRAEVE - ROSPEICEN T FZHAMBIEAITH D Z L2 6T LTz Y, AFREK TILDSC JIEIZ L D%

EME DR, Baeyer-Villiger FR{L~DJSH, HEESISHEEDOZLRICONWTHLIRARD TETH 5,

[2%Z3CER] (1) H. Hussain et al., RSC Adv. 2014, 4, 12882. (2) R. W. Murray, Chem. Rev. 1989, 89, 1187.
(3) M. Kunishima et al., Tetrahedron 1999, 55, 13159. (4) K. Yamada et al., Org. Lett. 2012, 14, 5026. (5)
K. Yamada, Y. Igarashi, T. Betsuyaku, M. Kitamura, K. Hirata, K. Hioki, M. Kunishima Org. Lett. 2018, 20,
2015.
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Synthesis of Icatibant Acetate Using Hydrophobic-Tag Strategy

Daisuke Kubo*!, Kazuaki Kanai'!, Rino Araki', Natsumi Iwanaga', Kousuke Suzuki', Hideaki Suzuki,
Ichiro Shima!, Shuji Fujita!, Takashi Yamasaki', Yu Ito!, Masayo Endo!, Yohei Okada?, Kazuhiro Chiba?

IJITSUBO Co., Ltd., Life Science Research Center 4-1
1-1-43, Suehiro-cho, Tsurumi, Yokohama, Kanagawa, 230-0045 Japan
2Tokyo University of Agriculture and Technology
3-8-1, Harumi-cho, Fuchu-shi, Tokyo 183-8538, Japan
kubo@jitsubo.com

We have been developing hydrophobic tag-assisted liquid phase peptide synthesis method (Molecular
Hiving™) that combines the advantages of both conventional solid phase peptide synthesis (SPPS) and
liquid phase peptide synthesis (LPPS). All materials in the reaction mixture can be solved homogeneously
and only tag-peptide can be isolated by precipitation using this Molecular Hiving™. We recently have
applied our technology to pilot scale production of therapeutic peptides, and have successfully established
the procedure. In this presentation, effective synthesis of Icatibant Acetate, a drug for hereditary angioedema,
will be described.

RTF REROFIEE L’C&i@ﬁ\ K& EHFEERE LB GRIEIZ T b D, FEFEGRRIED
Rl & LTI, RISERIZABIESHEIT O HIZT TREBICHECE S, LL2eRns, W—RKIET
ECAAYVE. SN }imﬁz’))ﬂ?ﬁ< CEERY X BEEREORENM BRI LETHLHE, KIS E=H
V2 TR RS RNREECTH D ERMES E LT RN, —HORMERIEOF]SIFE—%
FOSTod HHI205, EHERK & T 25 & HEHRMEDNHE LW a0 H 5,

wert 3 BEAE . AL LTV % Moleculat Hiving™ 7 (LLF MH 1E) IXEFEARUICERITH LY R
DO ITBARMESR VLTV 3 — )VEEE R (Figure )& W55 C, LELORER %ﬁ%ﬂ% L7z_TTF R
HERETHD VY, ZOFEERVDET, B3R UR O FE K OCBEERINC X 255 72 B b
T&E D, FTMERICTH D WTHFEEA L U THAS LToBUKMEZ 7 & ~7"F N{T?D HPLC % H
V72 In-Process Control D3 S & WRETd D72, SURSMED T, K O EHE D AW iET 723 5
METE D,
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HO OC4gH37 OCa2Hys HO OCa2Hys

HO
OCqaHay

0CgHa7 OCyHys5 OCosHys
KaOH KbOH KcOH

Figure 1. Derivatives of Hydrophobic Benzyl Alcohol

AEl, FAEEIL MH £ %2 AW 2B PR E YRR O G RSE T % Icatibant Acetate D 7 1 & A B
Z Ffi L. Icaibant fRi&EMR 100g 27—V DB AIT > 72, KaOH-Tag & HIEME & L THig & K OV
Fmoc IS ZAMEVIRLTT X VBBE#E Lok, 2UR#E 21T\ Crude (K% 1572 (Schemel), #iH
ML 1.3-1.5eq. 07 X/ Bk LA A Z T 15-30min THERE L. &7 X BEOMEREUNIE 97%-99%
DILHTHAT LT,

KaOH Tag
OCygHy; 1) Fmoc-Arg(Pbf)-OH OCgH
HO O BIC.DMAP THF Fmoc-Arg(Pbfi—0O e
OCygHar  2) DBU. Piperizine ] OCygHa7
OCzHa7 OCqzHz7

1) Fmoc-Amino acid
DMT-MM, DIPEA, THF

2) DBU, Piperizine , o OCgHa7
= (D-Arg(Pbf))-Arg(Pbf)-Pro-Hyp-Gly-Thi-Ser-{D-Tic)-Oic-Arg(Pbf)-O

O ; DC'ISH 37

OCqgH37
TFATIS:H20=80:1:9 Purificati
——= H-(D-Arg)-Arg-Pro-Hyp-Gly-Thi-Ser-{D-Tic)-Oic-Arg-OH e Icatibant Acetate API
Global Deprotection lcatibant Crude Purity >99.0%

Scheme 1. Synthesis Method for lcatibant Acetate

SE4C HPLC F721% TLC {2 £ % In-Process Control ZFEfid 5 Z L2k v, 7 I/ BBRKEIR
78 EOARM AR Z I LT D, 57 Crude (R DI LEIO A T AT v~ 7T 7 4 —fkl
THILEE 99.0%LL [ Icatibant Acetate DEUGAN T & 7o, BIfE, DO ~T7F FIZx L MH {EZ W T
FVEMEDRTF FRHGENL T a2 HET TH S,

235 3K

1) Y. Okada et al. J.Org.Chem. 2013, 78, 320-327
2) W0O2007/034812, W0O2007/122847
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Phosphazene Base-Catalyzed Intramolecular Hydroamination Reaction of Aminoalkene

Yasutomo Yamamoto*, Maki Terashita, Mayuu Hirano, Akari Miyawaki, Kiyoshi Tomioka
Faculty of Pharmaceutical Sciences, Doshisha Women’s College of Liberal Arts
Kodo, Kyotanabe 610-0395, Japan
yayamamo(@dwc.doshisha.ac.jp

Efficient construction of biologically active nitrogen-containing heterocycles is one of the most important
research fields in organic synthesis. An addition of a nitrogen nucleophile to an intramolecular
carbon—carbon multiple bond (i.e., hydroamination) is one of the most powerful method to synthesize
N-heterocycles. We previously reported the catalytic asymmetric addition of a lithium amide to an
intramolecular C—C double bond. We report herein an intramolecular hydroamination of aminoalkene by

phosphazene P4 base catalyst.

BEFBEFRRITEDEELAEDIHZ S A ONOEETH Y | T ORRIBEIEDORRBITAKS
Bt FRERIED—D>Th 5, 57N Y I ELE L7 BRI 1 & REFR DR THAE
WCREATER RV, FEx OB EREREPHE AR L 0D, RFE—RFELEMHGOMENE R
27 X ACEONE Z OFR S e THAF OIS TH U | ZDJRFRROE S b E - TIFEEKAI
N TN 5,

xRN —TTIEVFUVLT I ML X572 7 AT O +NARKFE Rer )
{EERALBOS A BEICiE L TnWd D, Al AmEERTH LR A7 7€ -Bu P4 base 28, 7 X/
TN D3 FNE a7 I LIS a4 2 2 L2 A Lo THET 2,

P(NM82)3
cat. P4 base O N—Me : ’\‘l
—_— . (MezN)3P:N7ﬁ7N:P(NM62)3

THF ' N—t-Bu
reflux '
2a : t-Bu-P4 base

T )TN 1a Dk Fa 7 2 A bBRERSOfE e UC, SEARELAZ R L, MU
FNT I, DBU EWolmlEES HWLNAHEETII R JORFHEIT Lo T2, "ATZ 78
VP2 HE T AN, 5 7223, PAMEETIRIZIEERBMICERILK 2 2 525 2 L B35 o7,
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base yield (%)

cat. base N—-M
_ O © EtsN

0
THF DBU 0
reflux O P, base 0
24 h 2a P4 base 9

~

WIZ, 7T N7 1 DEFE EOBEBRIEIZOWTAKIGOE S Z B Lz, 28 E0OE#]
%ﬂ%%w@1ui'nm$fja4ﬁﬁf DMF F1ClX 10 43 CTRUGDN 524G L. BRAbAAR 2a 23R
BLEBESNTE N7 I 1b 13, -

ase
THF GRS Lo 7m0 (0.1 equiv) O N-R
@ .DMF H1CTlE 68 IR CTERAILIKNTE & O THF or DMF O
2
NN NH,
H

.R

Ntz N-7 VAT 2 1e DEALIZE
7 AT LTz, EHFR EOEMBEN &R
KBRBIZONTRIGHIEL 72 HHF5HR T
Hotz, 1T I 1d TIHUGNMTIZ &
o EEIT LR o T2, 2T 1#kT 1c 1d
LYORBIEORS ER LTS b T OMF.20m 68%  DMF.20h 07%  DMF, 20 h, vace
DEBEZBND,

S LB EHESHOBKTE LTI N-AF LT I 2 Le-1g & T2 5-exo 35 XN 6-exo BV
HAToTe TIVETNAT U OMICRCBUEREZAT D 1le D 6-exo BRILISTIL, THF 1 TIT 1

A2 24%IVRC, DMF 1 ClX 1 B#IC
30%IER T BB OBLIE 2e N5 B, 1a op?i’iﬁ?v ‘ N_Mo
D S-exo BT H~C B SRR L2 THF or DMF
BRAET- 72U D 5-exo B L) Tl . THF "
1, 13 H 41T 8TOULRCIRLIR 2f 73755 )l g i hy

| Ve | ©
H#% CH RN ESERE T, DERIE 14%I2 & 1eu> 1 1g
ki ) 7":0 THF, 24 h, 97% THF, 4 d, 24% THF, 13d,87% THF, 7d, 14%
a2 T I )TN AKX LTHRATZ 7By P4 HEEMBI XA Fa7 I J{LBRILR)EDNE@H T
XA ENGoT,

.Me

fl
Mote, TIVETAT L ORICRL L .
iz, 1g D 6-exo BRALSUL TIX, THF H1 7
‘ DMF, 10 min, 75%  DMF, 1d, 30%
6-exo BRAL CIXIEF TSN ENS DD

(2% k]
1) (a) Tomioka, K. et al. Tetrahedron Lett. 2007, 48, 6648. (b) Tomioka, K. et al. Org. Lett. 2008, 10, 3635.
(c) Tomioka, K. et al. Heterocycles 2012, 86, 469. (d) Yamamoto, Y.; Tomioka, K. et al. Synlett, 2017, 28,
2913. (e) Yamamoto, Y.; Tomioka, K. et al. Tetrahedron, in press.
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Second Generation Bioreduction Process for (R)-3-Quinuclidinol

lain Miskelly 1, Stefan Mix 1, Thomas S. Moody 1,2, Andrew S. Rowan 1, Masayuki Hattori *1
1 Almac Sciences, Almac Group

20 Seagoe Industrial Estate, Craigavon BT63 5QD, United Kingdom
2 Arran Chemical Company
Monksland Industrial Estate, Athlone, Co. Roscommon

Stefan.Mix(@almacgroup.com, masayuki.hattori@almacgroup.com

Biocatalysis has become the technology choice for many large scale manufacturing applications in the
pharmaceutical as well as other industries. (R)-3-Quinuclidinol is a key building block in several commercial
APIs. Solifenacin is now becoming generic, triggering increased demand for lower cost, high quality (R)-3-
quinuclidinol from improved manufacturing processes. Using improved CRED enzyme and co-expressed
GDH, a highly efficient, stereoselective manufacturing method for (R)-3-quinuclidinol has been developed.
This has enabled competitive large scale supply of this key API building block.

AERBRE I E IR PE RS E DM O FERE TN T, < O REBRIEO S H TIEBIRT X HEIFICTR > T
Wb, ETrEAOL OFEOHIT, Har T B SN AERMEEE 7 ) DMEREA X T ) A
fiEtT, BB/ X X7 TEOFEICL D HEITK a2 A N T RWET I ENTELZE0nbITH
N5, TLT, ZOZ ENERMBEOEEFNHZ @ LED TV 5,

(£)-3-Quinuclidinol 1X, MRFEHOEELENLT 4 7Ty ThHDH, ZOHD
Solifenacin IZREIC Y =3 U v Z[EIE L 720 2272 (B -3—quinuclidinol OfEFE~DH LS,

o0 o7
I o

N Key building block
Solifenacin Talsacladine

N
H
O :

o _ (R)-3-Quinuclidinol HooT
0 o
N OH N o O
Revatropate Pumosetrag
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Z 2T, Bxld, BHEOBEREIN 2 VTR DR

IET,

W72 B EORIKIN B - T2,

(R -3-quinuclidinol XTI T/ a— LD ) X—F(Z
Quinuclidinone 7> 5 O EHEARGEEIZ XA ARFEITCNIER STV,
— L EHAWTHILRN 50%2 B2 5 2 EIEARARETH D |

=i
s =0

T%ﬁﬁ%ﬁ%®ﬁi%ﬁ%bto:
\$| J%) R
m%imﬁﬁ7?i7w:

BB VTR = C s 3B T SRR S

'\h‘
@*" Apprnach A OH Approach B 0
——
Llpa$E= Noyori
resolution reduction
J
XTI 2/T I a— T, ST B R !
‘/@iﬁiﬁﬁﬁ;@;:ﬁﬁ“(@% Kﬁ'%"%’.) TEMNTXA Recycle , Cofactor Reduction
» CRED Z W58 7Ti%, J#H. V&R & Scorate |
L, RFZR SR Gl E O SOG T T I A] |
HETHY, AFr—N7T v 7 HHEIZTE b, (pH stat) GDH | y 0
LT RIS Lavb KES< Gicose — 00 RR,
DOEEZNTIR SN T\ 5, CRED B o |
alcohol dehydrogenase & L THHAI LN TE rcat ;
Y . nicotinamide cofactor IZHRIET 513, eetone NAD(P)® j\H
RO B W7 m' A TliL, Cofactor Z A CRED | R "R,
L. @Héﬂl?’%jj\iﬁ/‘]fiﬂ%ﬁf%ﬁ*”iﬁﬁﬁﬂKﬁ‘ iso-Propyl alcohol
STIT Z ENAREE 72 5, i
WHNE, BEEMEENETESLL, IShELGE I, BROABITEME T, SEITEL< TH,

+ i T a e R L RS o T,

UL, BERAZWR T 5 Z & T, BERIEMEZ KIE
& & BT, GDH-Glucose W5 Z & THRULZIER 2135 7l
AR 2 R D R W EEERST ., LM LS®5 2 & TX
® (R)-3-quinuclidinol Z HEE L 92 $1000/kg LA F CHLETE 57 mkE R

T2 < L0272 NAD Z{EH L,

7':—0 %O)F% I_JEFDE
DS L LN TE T,

Wi k&, 2oz L CHEELEREEY FIF D
Zh EEEAZ LN TE -, F7-. NADP

First generation CRED process

-

10% w/w CRED-A201

1% wiw NADP
20% IPA
WD 30 g/L titre
N extractive workup
HCI salt with n-BuOH,

recryst. from toluene

75% vyield

.

(R)=(3)-Quinuclidinol

Second generation CRED process \

1% wiw
CRED-A791-GDH-102
0.2% wiw NAD
1.2 eq glucose
250 g/L titre

N N
HCI salt

J

direct crystallisation
of crude Q-OH,
recryst. from xylene

>09% ee
90% yield
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Analysis of propylphosphonic acid anhydrous (T3P ®, Allessan® CAP)

Hiroshi Ohe V*, Shuichi Hirose ¥, Minoru Kakita ?

Kashima Quality Assurance, Japan Regional Quality, Global Quality V,
Analytical Development Research, API Research Japan, PST .2, Eisai Co., Ltd.
22 Sunayama, Kamisu-shi, Ibaraki, 314-0255, Japan
h-oe@hhc.eisai.co.jp

Propylphosphonic acid anhydrous (PPA) as a mild coupling reagent sometimes seems to be
used in amidation reaction. We regard this reagent as a mutagenic compound according to the
equivocal result report of the Ames tests. PPA is used in the synthesis of our active
pharmaceutical ingredients (APIs) and we control the residual PPA under the appropriate
limit. However, there is no direct quantitation method of PPA because of its instability under
the normal analytical conditions. So two indirect quantitation methods for PPA were
developed. One test method based on LC/MS is set for quantitation of residual PPA in API and

the other by ICP-MS is used for confirmation of manufacturing equipment cleaning.

HAKZ v EVRARCEE (LUF PPA) IIERIREE o v 7Y 73 TH Y | Fox ITERMS
EHEALEY (F3E) OERIZE T 27 X RMERISTHEM LTV 5, PPA 13 H ARBRBEA RFHRE 43
AR KRS (2014 4F) THEEBGME L A S /2%, DNA BRFEMA(LEY & L TR v, JFEEH
DI B X OBIERE OB - Yeip it O &2 IR © X 23 BRIE A B/ l2BH% L=, PPA
XU CRREEKMIRS A AT Do, T OB T O AL ICEREE L, HEERTE 50
WriE &R ke hotz, £ 2T, FARICEDETLOMS 721X ICP-MS £ THIBEER LT,

|
]
@] i '
| ~_cH: PPA 0
P i
O/ \O i R,——CQOH 5
HBC\/\FL Fl)/\/t,,HB i R—NH, ———> 1
o? o7 o : PPA R N
- - - ]
Chenueal Formulas CoHL O, 125 i
Moleeular Weight' 318 I8 '
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1) JEHEh 7L BakBrik

JFEEF DI PPA % ppm LUV TCEET 5700, JREMETICE ENT, PPAL /3740 3 S
PR %2 % —5 > MZICP-MS ZHW Tt 2340 Lz, ot OfESR. HK TR 53ppm D P i1
T 72 B 182ppm FH24 D PPA 73 12353 5 L HEHI <4, DNA B RIFMELAW & L TORREE
e 150ppm UL N & EElS72, L2rL, PR FIFARTHEAT 2@ OV s oKz Etl;l%a“é
AIREME, L OFIEAKIEK » BUERHEICMEIRA L TV D AR H D720, PR FORE &
PPA ODFERBEED LD ERE L TS E1EB 22\, & 2T PAA Okl _ia‘a“é%;@%@@b\ﬁa\
Wrikza et Uiz, TORES, PPA Z K0 fE L CRIER S B2 EEHO “ BN EE ORBREETHL R
ETHDEHBI L, LOMSIZTHRHSE D H1EZHRE L7, LCMS 4128 L T Larry Wigmon"
LOTFEESRLE,
¥, PEX N VR ENIEEEWE & T 5L E Lz,
ZORER, K &0 JFEEPIZ PPA BER LW & EEGR LT,

. 5 Tl aprapudbomi, =l ii
= tormad cardar) "_
4
A
T LC/MS target compound E —
Q Q —
-
W N |/\/ ENY e
~A~_~
0 - " : ~
N N — ;
\/O>P\0/P\o /P\O/P\O > i L wr
Chemical Formula: CaH--0-P5 T .
Malecular Weight: 336 20 Iw
r=0.991 (30 ppm - 201 ppm)
QL/DL 30 ppm/9 pm e -
RCCD\"C]'}' 91% ( 50 pp'l'”] Tvpeal mass chromategram of PRA and 15

2) GMP BGE R O Peif s sl iRk
GMP BUERfiE T, MR ICUEA - ®o LT, o) 2 fE 9 2 Al s iR i LI
ANy o aE S I AV Lf: LC/MS TERIEDIEH] Mﬁﬁﬂ‘ L7273, PPA ¥ATR A RX M i L TRz
iﬁéﬁ“é EEHEHDO =EKND S DI RN E, —BEL—BELEDRAEWERD T NG
ENEEL T L., 2 T/f'a{%ﬁﬁ; NQREEE i i1£%u\75> PR {8 f L L C ICP-MS AT CHHM
‘fé &L Uiz, PPA Wikh axfiizeim BTz U T bR EUK TRl & Bt o TR IR CHlttt 9
100%(Z3EVy PREFREIERPS HIME R RS, EERORGER ISR L7 R, ERRATIE O
TONTARVME & 72 0 ) 22 P SN 1 & 0 BOERFE~D PPA SR ME L A ETN T L 2R LT,
r=1.00 (0.005 - 2.000 ug/ml.) as P-atom
QL 0.001 pg/ml. as P-atom (0.004 png/ml. as PPA)
Recovery 88% (PPA 0.03pg/ml)
1) Byproducts of Commonly Used Coupling Reagents: Origin, Toxicological Evaluation and Methods for
Determination

Larry Wigmon, Ph.D., et al (Americanpharmaceuticalreview.com).
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Double reduction of cyclic enone bearing glucose-type oxygen functional groups using sodium

borohydride with dialkyl malonate as proton sources

Masatoshi Murakata,* Masahiro Kimura

API Process Development Dept., Chemical Technology, Chugai Pharmaceutical Co., Ltd.
5-1, Ukima 5-Chome, Kita-ku, Tokyo, 115-8543 Japan
murakatamst@chugai-pharm.co.jp

The reduction of 3-benzyloxymethyl-4,5,6-tribenzyloxy-2-cyclohexenone 2 in the presence of diethyl malonate in
NaBHjy-pyridine system afforded tetra-O-benzyl-5a-carba-o-D-glucopyranose 1. The effects of diethyl malonate

were found to be remarkable. The reaction without diethylmalonate gave phenol 4 as a side product predominantly.

FRU UL T a— 23R 2 (SGLT2) BREANIL, BIRME ICB T 5 72— 20N 4 fE
EL T UMK FO@EMFIZR 7 a— A& RP~PEH S MEZ KT S5, % 2 T @R 7% SGLT2
PHEERZ B R Lo S SERLEWOFRER e STV D,

TV a— ARIFRIERE AL E o 7 1~k / — )L tetra-O-benzyl-5a-carba-a-D-glucopyranose (1)iZ,
SGLT2 BHLE/EH Z 481 L 7= ba-carba-p-D-glucopyranose #% & &, 3 L ', C-aryl 5a-carba-p-D-
glucopyranoside #HE R %2 ST DO EE2H A TH S (Figure D1,

R
X :
~OH = P
V@\ oH| 70 © oBn Bno < 0Bn X
MO~ Son OBn o8n
OH 1
5a-carba-f5 -D-glucopyranose deriv. C-aryl 5a-carba-g-D-glucopyranoside deriv.

Figure 1

THETIC, 1 BLUOZ OKBERERDO B KIENEORE SN TVDR 2, T bDE<IE, T2
< WESRIEPBETH -T2 AN SREOLREMIIRIT D FETH T, T2 THEL 113
gluconolactone 7> 5 &5 &) % 3, 3-benzyloxymethyl-4,5,6-tribenzyloxy-2-cyclohexenone (2) 7 37,
R X TR ITIC L VBN D LB 2T, ZOMRE%1T>7- (Scheme 1),

Enone 2 Z £ H5AFIZ CEICSOSIIAT LI R DO—H% Table 1 1ZR L7z, A Z /) — /L NaBHa4
TS5 & 1,298 701K 8 L ZDEMIK (epi-8)73 2 ¢ 1 DEETARK L7z (entry 1), ot RV KiE
JCANZRABT, O VITFEEE LT, 1,2-80K B/ epi-3) /i 4 WEMK L, —FH, U Y
Uit NaBHg CAEET 2 & LEie 113G ONT205, (L L7 phenol4 DARKDEHE TH -7 (1
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/ 4=1:2) (entry 5), Phenol 4 4RI, 1,4-387CD I U7z enolate 23, KX enone 2 O a A fit
Ta hrERBLTT R FoRA R Z LRIC, BBEE o THEE LI b D LB 272 (Figure 2),
% Z T, enolate L REULD 2 L DT v b RHEINEIT D242, EICH & ITRUGE T H-D enone 2 X
DEBMEEE N R E L 7 FUERIR L R 2 D~ VY T AT LVERINT D 2 2 E 2, U VUK
BT, Y ED~r VY =T VAT FIZ NaBHy SOSIZA L7 & 2 A, MiIFF L7218 Y . phenol 4 i
ARET, 1/ epi-1 (9:1)DHETHELS Z LITH) Liz(entry 10), BAFOHE I 2EE L T, RWiE%
DME & L., 34EQOE Y b~ @Y F LFETIZ NaBHs TR L2 L 2 A LB 1 1
HEEI R 86% T D iviz(entry 11), ~ 2 VRV =T /VIIMAK GRS 5 2 & T EGICREARETH D,
RiEZ, ZOo0ETTKIGE — TR TITW, HOBRAEOMEI LB EINTBY, etk LA
BRFHEEEZTND,

fDIEVEA F L AR ORE, B L OKFBRMOFERIZONTHHET D,

o OH OH OH

ﬁoan reduction t .OBn VQOBH Vij;\oan 0Bn
BnO Y OBn m BnO Y OBn BnO Y OBn BnO Y OBn BnO
OBn Table 1 OBn OBn OBn OBn
2 epi-1 3 epi-3 4
Scheme 1
Table 1
entry reagent solvent additive products
1 NaBH4 MeOH none 3/epi-3 (2:1)
2 LiB(s-Bu)sH THF none 3/4(5:1), trace epi-3
3 BH; THF none 3/ epi-3 (4:3)
4 PhsCuH THF none 4
5 NaBH4 pyridine none 1/4(1:2), trace epi-1
6 NaBH4 DME none 1/epi-1/3/epi-3/ 4 (2:2:4:6:1)
7 NaBH4 EtOH-DME none 1/38/epi-3 (1:10:10)
8 NaBH, DME pyridine (3 eq) 1/epi-1/4 (5:1:10)
9 NaBH4 DME CH2(COOEY): (3 eq) 1/epi-1/3/epi-3 (1:2:2:2)
10 NaBH4 pyridine CH2(COOE): (5 eq) 1/ epi-1(9:1)
11 NaBH. DME CH:(COOEL)s / pyridine (each 3 eq) 1/epi-1(6:1)
O QH
BnO <" NoBn Pyridine BnO ~NoBn
OBn OBn
2 0® 1
l OBn T
0® 2 BnO o
V@OBn / OBn OBn
BnO NoBn \ BnO. NoBn
OBn OBn
o o0 o 09
ROMOR ROMOR
Figure 2

References (1) Y. Ohtake et al. Bioorg. Med. Chem. 2011, 19, 5334; Y. Ohtake et al. Bioorg. Med. Chem. 2012, 20, 4117. (2) Cf. H.
Tsunoda et al. Liebigs Ann. 1995, 267; A. V. R. L. Sudha et al. Chem. Commun. 1998, 925. (3) Cf. H. Ohtake et al. Tetrahedron 2000,

56, 7109.
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Development of Composite Materials Consisting of Monocationic Porphyrin Dyes and
Carbon Nanotubes : Preparation Method and Modification Efficiency

Yuko Takao*, Kazuyuki Moriwaki, Takumi Mizuno, Toshinobu Ohno
Research Division of Organic Materials, Osaka Research Institute of Industrial Science and Technology
1-6-50, Morinomiya, Joto-ku, Osaka, 536-8553, Japan
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Modification of surface of carbon nanotubes with functional dyes, such as porphyrin analogues, is an
important way to develop materials, and expected to be applied in the fields of sensing materials, catalysts,
photonics materials for organic solar cells, and so on. The dyes also play a role in dispersion or orientation of
carbon nanotubes. Herein, carbon nanotubes are modified with N,N'-etheno bridged monocationic porphyrin
derivatives in three ways based on m-m interaction, ion pairing, and covalent bond. Then effects of those
preparation methods on the surface condition, dye contents, and stability of the obtained nanocarbon

composite materials are studied.

T BT IERN T EBR L& 2 ff o —R ) ) Fa—7 (ONT) [ XBHEE AR
EBEZ B, RPREEOBENCE VEENSZHET, BMRELHY, =17 hu=s 28R L
TOMENEIND T ) I—R MO 1 THD, Ll Ak v RufdEicky, 2o
FETIEF ) A= EE LCOIGHRMERZ L2, IT4E, 2O RV ERE | REE~D4y
Bz ) B SH 57200 ONT OREEAENRD 50T\ D, 2T ONT O AV bl ) o il 40
ZAEBE L, T/ LUV TORBERLROWRIK 7 1 8 2N T~ M % Al REIC 5, B C & i 4
AT HEFRIAWITONT R EFHAEA LS, 612, AFTERT S 2 &1L 0 LIRS
FENAFNE, B BIFEIER & 2150 LIoBERE O RBLZIEN D | RELWAM B v o v TR &
Tx b= A AT LT bu=g ARHA~LIEHOFRENERT D Y, ., ZhE T
FHOIEFRNT 4V o BFROBHRERICEELR LD, MR B TIREE AT 5T T4 L AGHE
K% O, SRR I 2 HHEAIOA B S A R e E~OISHAM AR LY, 77— D
BIE RO G EBIT- TE 72, ABFZETIE, ZOFEREZ T CNT OFmZEM L= EaME
AL, 2O FENES RO CFEHEFRECREIRIE, ZEMNR SIZH X 2B W THET 5,
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ion pairing

— Ph—==—rh ‘ CNT-1
o P ———————# Ph .
Faity HCIO, ) Compaosite with

Ph #-% interaction
HOHC—=—CH,0H
B CNTCA CNTCA-3a
aXy HCIOy o . .
(= Clor CiDy ) SOCI2 TEA Composite with
covalent bond
OH

CNTCA CNTCA-3b

- Compaosite with
ooy DIC DMAP covalent bond

o LY

CO0H
CNT LT
S\:INT {single walled carbon nanotube) CNTCA ooc e@@@ .

MAWRNT (miuslti walled carbon nanoluba) Carboxylated CNT ~ HOOC

SEEED

Scheme 1. Preparation of composite materials consisting of porphyrin dyes and carbon nanotubes

T HF AR LT 4 ) (1) THF #IZ CNT Z FN
LCHEEERATZLICKY, n-n EFHAEERICESHE
EIR(CNT-1)Z L U 7=(Scheme 1), F7=. ()& E LS
FTELND 7 U —_"—=ZAQ)DIFIRIZ I VAR F Ll CNT

(CNTCA) ZUINL., R L T, A AU HERIC L 58
AR(CNTCA-2) Z %L L 7= (Figure 1), & 51T, ZERIEEERIC
OH % FF2(3)L CNTCA & DA IS EITV, ARSI _ .

Figure 1. Optimized structure of a model
X B AR(CNTCA3) 2B L7=, CNT EOEFEMFFEIZE for SWNTCA-2 by DFT calculation
EEON LV EH L2, B R TORRSEMTIX, SWNT-1
£V SWNTCA-3b DF5H3, F72, MWNTCA-2 £ Y MWNTCA-3b D503 @M% 7~ LT,

SWNTCA & Z DOEFEEAIRIZ DN T XPS A7 MLEHIE L7z & Z A, SWNTCA-2 @ Ols &1 DO
ATANLF—=DRELEHTRALT M~ 7 F LTV, 65T, SWNTCA DAVR RO KEDE
EMEOBENT Y —_R—=2QIIBE LT Z LIk D, IAVRUVBET =4 OERPRBEINTEY, 7'
N ACLTEARLV T 4 D BB EDNVR BT =4 EOMIZA T UREEVBIER LT Z E B HERI S5,

1) S. K. Das, A. S. D. Sandanayaka, N. K. Subbaiyan, M. E. Zandler, O. Ito, F. D'Souza, Chem. Eur. J., 2012, 18, 11388.
2) B. Mao, D. G. Calatayud, V. Mirabello, H. Ge, S. W. Botchway, S. 1. Pascu, Chem. Eur. J., 2017, 23,9772. 3)Y.
Takao, F. Matsumoto, K. Moriwaki, T. Mizuno, T. Ohno, J. Setsune, J. Porphyrins Phthalocyanines, 2015, 19, 786.
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An analysis of Pharmaceutical tablet by measuring with microscope Raman and particle

morphological analysis

Aiko Hayauchil *, Toshiro Fukami2, Akira Okayama2, Yu Onishi2
1. Malvern Panalytical division of Spectris Co., Ltd., 2 MEIJI Pharmaceutical University.
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Dissolution test is important for performance evaluation of pharmaceutical tablet. Particle size is also
important factor to decide to dissolution speed of tablet as same as tablet size and surface coating etc. It is
interested in particle size by each component in tablet from this point.

Statistical Raman spectroscopy which is combined statistical automated image analysis and microscope
Raman spectroscopy is useful to analyze this. Because this method can provide us to particle size, particle
shape and what this particle is.

We will report that analysis result of samples which are dispersed from tablets by statistical Raman

spectroscopy.

=
I

EHMEBEAOMRERR E LTI SO TN D FEDO—DICEHRRD H 5, B HRERITZE O
RNHFEDONE T IHEN BT D 2 L b ERMEEA 2RI 212 h 72 HERRBRTH 5, §E
HIOWHEEZ R D HRF & L TEAIOY A ARRED 2 —T 4 T Vol bORB T b
N BERNZTER L TR A DOV A X EWHEELRD HLHERKFTH L, ZOBENE,
FEA 2R L TV DRIFEE, FRICAUM B ORI B2 RHET 5 2 L ITE IR,

PEE S ORLFRFEM X, /RN DERESC L —F —RITERH VLN TV DR, KEERS
(UPS776) IZ48\\ T, “..,For irregularly shaped particles, characterization of particle size
must include information on particle shape. (.. AELRIZ2 TR ORI 712 DOWT, R OEFEIE,
TR DG HZ 5 < D7 TR B RW)” LRl TBY ., £ (HEKRUSIDOFE) KEe L >T
D 2 EMBNEFEMFEHI DWW TR, B2 & RRFICIR A M T o Z LAk bNn b, £2
THNZ R D00 TIFHHIRLF B A A=V 7] Th D,

— . KLFDRZIWICBNTHENRFIEDO—2L LTI v U altEN ST b D, Ry
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HrO—2E LTHMBLNTWDHEMT ~ U iEIE, K121 DDA T MUtz RlEEE L, kL
T ORI HT 2 FREIC T D,

::fifﬁﬁ%M¥ﬁ@4%—9y7%J&Fﬁ&77/ PR A G DT [HEH T

IIEE] ZRWT, BEAIZRERR T DB Oy & EDRE X - RO 25l T2, BARRY

_iiﬁmﬁﬂ%@ﬁ®77m—%f%$hg_A%L\ﬁﬁ%%&?é%ﬁ%@ﬁ%&%@k%
S - R OFRMT 2 T D THIET 5,

2. M Z ~ ik

ARFVET, FFHAPRL A A — 2 0 ZIEIC L0 JIE SN T U EORIF-oFn s | fEES
NI E ~ BT ORI FIZX L T~ U HRIC D A7 MLVEEFG L, DAY hVIE#REHRL
FOREHEREFHA LT T 5 FETH D, IRERT O OEE . TERORLF B AFHT O Tl
B OIREDMEE > TWAGA DS DT DBREECH 7o, ZOFEEZHND Z LT, K ERE
BELIE > TV DA IZBW T ORI e L 72 D,

3. FE KO

EFETFNAHEY L L TH I —)L 200mg (HAEIERA ) 2w, MECHZY, hrt—
NEFEA DT 7a—FITTHRIRES~O S fiE 2R AT, FlzIX, et — 1 gEic=% 7 —/b bl
ZNZ 1 R R ALER ATV, T AR T, £ 0% 7 IR SR ER 2T W ETE R & 5
”UMM%V?»l) S BIZAIRDEIRE EZ CTHEIMR S 2 B LY o v 457 (7 v

o EOBRY T AT OWN T EHRECR T EEE Morphologi G3ID (Malvern Instruments) %

%wﬁﬁ%77/ P EAT o T,

4. REREBELR

EBRETH = VR T A O T BT ORI RERRAT 21T - 7212128 2,000 8 ORI 7D T =
VARG NIVIEEFT -T2, by k% Table.l (2, sample 1 O£y OEE % Fig.2
R LTz, It —VOBFERKRD THHTE T I 7T sample 1 26 iXIEE A ERE S0
o7, — ) Tsample 2 IZIFEAENTERNT I ) 720 Tholze ZHUET B RT I ) 720D X
J = NSDOEEIRENR T D E ERXM SN ERTHD EE 2D, sample 1 OEEYOILIRIZERTH L
T AT M (EEE SRR OFBREIET 2 T2 2 7 = (0.63), FHEIKFIH(0.71), s a
—2(0.63) ThH o7z, ZIUFHBEAFIDIHART® T I ) 72 et —ARMEWBRE L
TWDZEERBETDHRERTH D, K THROZDOMOFTLERY TV OFERIZONTUEYE AT 5.

Table. 1 =% 7 —/VALBRE O (%)

Sample Name T hrTI/ TV 2 3EKIY EwaEtLo—2x Z Dfts
sample 1 3.2 50.7 33.2 12.9
sample 2 99.8 0.0 0.1 0.0

eI\ NOoP wmay

58,10 5748 ( )

(a)

e

Fig.1 sample 1 DKL DR H[14
(@7 rT7I 7=y (b)IHEAKFY (o)fEskE/LE—X)
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Practical Access to Homochiral Ci- and C2-Symmetric Biaryl Diols
by Cooperative Lipase/Metal Catalysis

Gamal A. 1. Moustafa'*, Yasuhiro Oki', Shuji Akai!
!Graduate School of Pharmaceutical Sciences, Osaka University,
1-6, Yamadaoka, Suita, Osaka 565-0871, Japan
*Department of Medicinal Chemistry, Faculty of Pharmacy, Minia University, Minia 61519, Egypt
akai@phs.osaka-u.ac.jp

The first chemoenzymatic dynamic kinetic resolution (DKR) of racemates of the atropisomeric Ci- and
C>-symmetric 2,2’-dihydroxy-1,1’-biaryls has been achieved to provide their optically active forms in up to
98% yield and 98% ee. This success stems from our finding that the racemization of the
configurationally-stable axially-chiral biaryl diols proceeds with a catalytic amount of a cyclopentadienyl-
ruthenium(Il) complex at 35-50 °C. The racemization was combined with a lipase-catalyzed kinetic

resolution in a one-pot procedure to accomplish the above-mentioned practical DKR.

Homochiral 1,1'-bi-2-naphthols (BINOLs) are among the most privileged scaffolds used intensively as
chiral auxiliaries as well as building blocks for versatile optically active natural products and chiral ligands.'
Hence, efficient enantioselective methods for their syntheses have attracted considerable attention.” Typically,
they are synthesized by resolution of racemic precursors or by the asymmetric oxidative coupling of
2-naphthols using chiral metal complexes. Although the latter approach represents a straightforward way to
prepare BINOL analogues from achiral precursors, it can suffer from product racemization through the
formation of radical intermediates, particularly for 3- and 7-unsubstitued BINOLs.? In addition, the coupling
strategy cannot be practically employed to access homochiral C;-symmetric, i.e., unsymmetrically
substituted BINOLs. On the other hand, chemoenzymatic dynamic kinetic resolution (DKR), which
combines enzymatic kinetic resolution (KR) of racemates with transition-metal-mediated rapid
interconversion of both enantiomers, has gained increasing attention as a convenient method to obtain
enantiopure compounds in yields of up to 100%. To date, the majority of such DKRs have been applied to

centrochiral substrates, such as secondary A. Previous work: Chemoenzymatic DKR of centrally-chiral racemates

: : 4 : racemization
alcohols and amines (Figure 1A)." We herein xH  catalyst X racemization  yo jnoco XCOR?
)\ lipase ,'\ catalyst = acyl donor =
acyl donor 1 ) 1 p2 1/\R2
> R R racemization R R kinetic R o
[X =0, NH] resolution up to >99% yield
up to >99% ee

report the first chemoenzymatic DKR of Ci- r"™ R

and  C,-symmetric  atropisomeric ~ 2,2’- ) ] ) ] o
B. This work: Development of the first chemoenzymatic DKR of axially-chiral biaryls

dihydroxy-1,1’-biaryls that tend to racemize L, N7 racemization . e
T~ lqatalyst lipase SN 3
. . . . . =y ipase 1 d e OGOR
during oxidative biaryl coupling. Notably, - O Soaonor _ [(gp1 <= (1 2 e oc
. . ... . 2 {7 izati kinetic | p24Z O
racemization, which is a critical problem in the & . O ()1 racemEaton  resolution| ' \ny..
. . . . Cy- & C- symmetric up to 98% yield
biaryl coupling, is a favorable and even crucial = 2z-viaryi-1,1diois up to 98% ee

Figure1. Lipase catalyzed DKR of centrochiral and axially-chiral racemates

process in our present DKR (Figure 1B).
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The central challenge in the present study was the discovery of a suitable racemization process that is

compatible with lipases in a single flask. We examined various transition metal complexes for the

racemization of optically pure BINOL ((R)-1a) as a OO R‘:-Bcgt};(zs “ 'I';‘)"%) OO Ph_Ph
u mol7 Ph%Ph

OH
model substrate. To our delight, Ru" complex 2, on

OH Ph “Ru
. . . OO racemization oc’d O\CI
activated in situ by #BuOK, promoted the (Rita (099% oe) 8% ee after4 h|  Rucat 2
racemization half-life
with Ru cat. 2: 72 min (at 35 °C in toluene)

0 without catalyst: 60 min (at 220 °C in Ph,0)
8% after only 4 h (Scheme 1). Scheme 1. Racemization of (R)-BINOL 1a using Ru catalyst 2.

toluene OH

racemization of 1a at 35 °C, resulting in an ee of

In parallel, we optimized the enzymatic KR of

racemic 1 by screening a variety of lipases, acyl donors, and OO LIP301 (4 wiw)
. OH isopropenyl acetate (20 eq) OO O A
solvents until we eventually found that Pseudomonas sp. OO o c

toluene (0.1 M), 35 °C, 24 h

lipoprotein lipase (Toyobo LIP301) was the best enzyme in [Evaiues 100 |

. .. +)-1a, R=H R3 24%, 99%
terms of enantioselectivity (E value >100) (Scheme 2). (b, R - e - 33 42%, 99% 22

. . Scheme 2. Lipase-catalyzed KR of 1a-b
We next combined the two processes in one pot. In fact, the

compatibility between the lipase and the racemization catalyst

] _ ) Ru cat. 2 (10 mol%) OO
in one pot proved to be quite challenging. After tremendous OO o LIoso Gwieg oA
. . OH  isopropenyl acetate (20 eq) OH
efforts, we finally discovered that the addition of S5A OO MSSA (3 wiw) . OO
toluene (6.1 M)
molecular sieves (MS 5A) was crucial for accelerating the {#)-1a 35°C, 480 (R)-3a, 83%, 93% ee

. L L. o Scheme 3. The first lipase-catalyzed DKR of axially chiral biaryl
racemization process and realizing the requisite compatibility,

thus establishing the first chemoenzymatic DKR 7,46 1 Lipase/ru cat. 2-integrated DKR of biaryl diols ()-1a-]

ofan aXIally_Chlral blaryl (SCheme 3)' 1) Ru cat. 2 (2.5-10 mol%), +-BuOK (2.5-10 mol%)
LIP301 (2.5-5 wiw), isopropenyl acetate (10-20 eq)

Under these optimal conditions, various MS 54 (3 wiw), toluene (0.1 M), 35-50 °C, 24-48 h

2) K;CO3, MeOH, rt, 10 min.

racemic Ci- and C>-symmetric biaryl diols 1a-1 > S
(1)-1a- (R)-1a-l

were efficiently converted to the corresponding H OO MeO O ® Br OO Me O ®
optically active counterparts in up to 98% yield o on o on
T LT K0 98

Me'
(R)-1a (R)-1b (R)-1c (R)-1d
83%, 93% ee 98%, 96% ee 89%, 95% ee 85%, 96% ee

and up to 98% ee after simple methanolysis of H

the produced acetates (Table 1).° Notably, eo
e Br MeO
products obtained by our method are g OO OH  MeO O o OO o OO o

Br OH MeO OH OH OH
sufficiently stable against racemization under
y g o X0 99 99
.. R)-1 R)-1f R)-1 R)-1h
the DKR conditions. Therefore, our method 62 So% oo 740 3% ce 020t 30 ce 80%%. 4% 00

reliably produces 3- and 7-unsubstituted Br O O Br OO N Ve CO MeO @

BINOLS that are difficult to obtain in optically o 99 oH 0 on 98 oH
OH
pure form by asymmetric oxidative coupling. n-Bu OO MeO ® OO

(R)-1i (R)-1j (R)-1k (R)-11
87%, 92% ee 81%, 93% ee 77%, 94% ee 97%, 97% ee

References:

1. J. M. Brunel, Chem. Rev. 2005, 105, 857. 2. J. Wencel-Delord, A. Panossian, F. R. Leroux, F. Colobert, Chem. Soc. Rev. 2015, 44,
3418. 3. S. Narute, R. Parnes, F. D. Toste, D. Pappo, J. Am. Chem. Soc. 2016, 138, 16553. 4. a) S. Akai, in Future Directions in
Biocatalysis (Ed.: Tomoko Matsuda), 2" Ed., Elsevier, Amsterdam, 2017, pp. 337; b) O. Verho, J.-E. Bickvall, J. Am. Chem. Soc.
2015, 737, 3996. 5. B. Martin-Matute, K. Edin, K. Bogar, J.-E. Biackvall, Angew. Chem. Int. Ed. 2004, 43, 6535. 6. G. A. 1. Moustafa,

Y. Oki, S. Akai, Angew. Chem. Int. Ed. 2018, DOI: 10.1002/anie.201804161.
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Chiral total syntheses of (—)-alternaric acid and (-)-azaspirene:
Asymmetric Ti-crossed Claisen condensation and Ti-direct aldol addition

Y. Oguni, M. Sugi, H. Mura, R. Nagase, H. Nakatsuji, T. Misaki, Y. Tanabe*
Department of Chemistry, School of Science and Technology, Kwansei Gakuin University
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Asymmetric Ti-crossed Claisen condensation utilizing dioxane-2,5-diones chiral template is performed.
Successful applications to a couple of asymmetric total syntheses of (—)-alternaric acid (9 steps, overall 16%)

and (—)-azaspirene (23 steps, overall 1.7%) are accomplished.

TiCly—amine SRl %2 A5, Ti-Claisen ffi &8 X O Ti-E#27 /L K—/L « Mannich S lE, & -
BT FFRAEREREERELZA L TCWD., ZALKGDINH & LT, civetone, muscone,

cis-jasmone ( 72 © TN IZ lactone

R

(o} o
analogues), mintlactone, menthofuran, Hom)(% RZE)LX Rﬁj’ oo, T e e :: o~ I
1B-methylcarbapenems @ fx % Bt arlatc ai 0 " Ciaisen condensation C o
alternaric acid
Bt - e LU o VB RIER O G LA o | AR | e B o ‘o&
ERHTE . 728, Corey HIx © Of:h , "5 sy Taar
Omuralide analogue M5 3% 1, Merck a-hydroxy-fketoester (-)-azaspirene

process group (& anti-MRSA 1B-methylcarbapenem @ kg A 77—/ /L& % 2 ([ZRFEZFIH L TS
ARFEETIL, FBlF 707 7 L— MEIZ L DR Ti-Claisen M-S OBAFE 72 & N 2 D ORI 72
WEE AT, B2 D7 I Wy T AOEBEERIRY) (-)-alternaric acid 35 X TY (—)-azaspirene O~
FEBRIZHOWTIRAR S,
(1) FFE Ti-Claisen &

XINLT T L—F 103, (Sz:?’ = v oY O%L o sz%(ﬁo
BB L 21BN T A N EOREE TESICHE  mow-amine ' dsfavor "0 -
T&E 5. 1 O anti-EIRIIAF Ti-Claisen i, He< 1N-M Eﬂop '
AE )Y ABFORE 7B F TLBKET 3 & T

favor
NE)
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7o, ERGIL 15 51 (58-84%, 86-97%ee) (236 KUY, FE —MMEA MR TE 7.

(2) (D)-alternaric acid DARFLEERK (9 T, BEE 16%) >

Ichihara, Tabuchi 5|2 L > THEEIRE, KHFAEMEEROREIIOEEMN eI TS Y. Trost 51T
LDHE DGR H D 2. Trost 1T Z OHEETHMA S 2 2RAYITHFD Z &£ 73, alternaric acid LD
BA LV R THALERHLTND Y. Z DLW OB PE - f il IR O R K AR A=/ LT,

(a) NaOMe, MeOH, 0 °C (94%, >95% de). (b)

o 0 o 0
[e]
Wo a ﬁ)‘ o Wo CH,=CHCH,OAc, cat. (Ph;sP),;Pd, THF, 20 °C (94%,
- KA Y L (e WP L [e) at
E m/{Ph
4

A° >95% de).
o

5 4 6

(a) NaBH,, ZnCl,, THE, 0 °C (82%, >95% de). (b) — 0
(TMS)C=C(CH::.CO;Bu, cat. Ru(CH:CN)yPFe,  (5)—> W W T W

acetone, 30 °C (78%). (c) CI;CCOCI, pyridine, Ho °°2M: ™S
CH,Cl,, 20 °C (99%). (d) TFA, CH,Cl,, 0 °C. (e) fl

10, EDCI*HCI, DMAP, CH,Cl, 20 °C (72% in 3 ococ, o >0 0/& o on

steps). (f) 2.0 M LiOH aq., THF, MeOH, 20 °C — S oH 10 e BAN y f Alternaric
(55%). HO CO;Me CO,Me o " acid

(3) (-)-azaspirene DAFLEERK (23 TE, BEINE 1.7%) ©
Osada, Kakeya 512 & - T, HEEERE I, Hayashi 7/L—7"%  Tadano 7 /L —7 NZ X -
T, FEERERNT TICER SN TS, Bl EFEROFIEICT, RERAREEKR L. T
R—/LAHNBERE T, TiCl-BwN E4 W5 2 krbﬂ%f%ﬁf LDA Z MWD BEEL Y /A —
N - VTHTR D (MEER & DFME) .
T {p@ | SR g e 8, e
KOH aq./MeOH. (d) I, EGN'BnCl, sat. NaHCOs

‘%/;%fw aq./CH,CL. (e) DBU, H;,O/DMF. (f) Ac,O (64% in
4 steps, Z : E =>98 : 2). (g) SeO,/dioxane. (h)

Ph NH,/PrOH. (i) cat. PPTS/benzene. (j) NaBH(OAc);
/THF/AcOH (62% in 4 steps, dr : >98 : 2).

) N o
f 2 g, h,i A j
17 —=| 9 OAC| 313 — » ¢ NH
7Lo o 7Lo Ph
¢
Ph 18

Silylation ? ;
3 H
.#»*/Lm ‘fﬁ&t ’ C\CHZCO NH e CicH,60
. Ph N\_ph wd 2 NH
HO HO Ph

OCCHZCI
O 20 OTBS

(a) (CICH,CO),0, cat. DMAP, Et;N/CH,CL. (b) TFA, H,O/CH,CL. (c) TBSOTT, 2,6-lutidine/CH,Cl, (80% in 3 steps). (d) 2-aminophenol,
NaHMDS/THF. (e) Dess-Martin Periodinane, H,O/CH,Cl, (58% in 2 steps).

sQ O (a) BSA, PyH'"OTf/THF. (b) (2E.4E)-heptadienal,
LY M& e de %\&& Mﬁ'\&b TiCL~Bu;N/CH,Cl, (46% in 2 steps with 37%
X-Ph Ph recovery of 3; conv. yield: 63%). (c) HF—Pyridine.
ores 856 6m OGHOoH  (d) DMP/CH,Cl. (e) TSOH-H,0 (48% in 3 steps).
® (Jazaspirene () plCO,H, TBAF/CH,Cl, (70%).

PLE, TiClamine SSAIZ FAWAEELLO TERIC T, BRI DNVT T 2D 2 ORBYDOAR
HEARETER T 7.

1) Corey, E. J. et al. Org. Lett. 2001, 3, 1395. 2) Humphrey, G. R.; Reider, P. J. et al. J. Am. Chem. Soc. 1999, 121,
11261. 3) Oguni, Y.; Tanabe, Y. et al. Chem. Commun. 2013, 49, 7001. 4) a) Ichihara, A.; Tabuchi, H. J. Chem. Soc.,
Perkin Trans. 1 1994, 125. b) Tabuchi, H.; Ichihara, A. et al. J. Org. Chem. 1994, 59, 4749.  5) Trost, B. M. et al. J.
Am. Chem. Soc. 1998, 120, 9228. 6) Sugi, M.; Tanabe, Y. et al. Eur. J. Org. Chem. 2016, 4834. 7) Kakeya, H.;
Osada, H. et al. Org. Lett. 2002, 4, 2845. 8) Hayashi, Y.; Shoji, M.; Kakeya, H.; Osada, H. et al. J. Am. Chem. Soc.
2002, /24, 12078. 9) a) Tadano, K. et al. Bull. Chem. Soc. Jpn. 2004, 77, 1703. b) Review: Tadano, K. et al. J. Synth.
Org. Chem., Jpn. 2007, 65, 460.
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Thermal hazard analysis of dimethyl sulfoxide and amine mixture

Yuto Koizumi*, Yu-ichiro Izato, Atsumi Miyake
Yokohama National University
79-5 Tokiwadai, Hodogaya-ku, Yokohama, Kanagawa 240-8501, Japan
koizumi-yuto-ty@ynu.jp

The purpose of this study is to obtain better understanding about thermal hazard of dimethyl sulfoxide(DMSO)
and weakly basic amine mixtures. We obtained thermal behavior and pressure profile of DMSO and weakly basic
amine mixtures using differential scanning calorimetry (DSC) and accelerating rate calorimetry (ARC). DSC
results showed that heat value became higher as amine concentration. The result of kinetic analysis based on

ARC results showed that the Activation Energy (£a) became lower as amine concetration.

1. ¥&8

DAFIV AR F L R(DMSONT G ERFICH AT 2 =L =R K& < BRI ST 5,
DMSO D53 fiRidlg, WRB IO 7 A7 EORGICEVREI NS Z &ML TR (1],
3R UT- 3 BT B0 e B, JE DA Z 5, DMSO 13 SUGIR IO VAT & L C ik &
BALTHWGI, FICEARZRTHAR SN, WEICE, BIZEEFICHER R RO
EDO T TMIEVERRERST2GEIC, I K D ER CRRIENE S N FHRICE S - F
Bl 5, AWFIEO BHE, DMSO/T X U R IIR A R OBRIERMEDOHE TH Y . DMSO/T
IURPEEREARB AR, FRR NI I EE LB EIT o2, T S R R
DMSO D3R ZAREET 5 & 4R 3 5 72 O I W2V O ZR B 2V H(ARC) & W T TEME (b= %L
¥—Ea R, i L7z, RRC, BRI AEEREREDSOIC LV IG L, EbiT, E
71 EFORR & 722 50570 K D T ARAEREEZRET 572012, TAEEROE N AT T2,
2. BB L OEBREH

FEH T A TR T 245 DMSOHIE 99.0 %), 7=V (M 99.0 %). MEAGHE 99.0 %)
ZH -, SRR DR A MR T A0, BAIZ10:1, 7:3, 5:5 TIRA LT

FEEEE) O HfHT TA Instruments £E8 DSC Q - 200 % A 7=, s UEH A28 1% SUS303 B E FanZ A
T, NEETAFEFLRDO T o 2 Z2MMEL, TAA(ANEHAK T TREZH 1 -2 mg R L T
B U7z, FEHEIT 10 K min'', JEE#FEZ 40 - 400 CTHIEZTT > 72, JENZEBOEEIT TIAX
FEEL ARC & W, BUBKARZRIZ AR T 1 A BN PR %8 2 O T Ar B 1T 3UEHTHR 2 g,
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FHRAT » 7L S K, RERFHRIZ 15 min, B OREHEAERL Z 0.02K min' & L THIEZT 72,
3. HALREHR
AR SRS THIAE LTEREOEIG LER L, B AEROFHIZ(HAZ T,
oo Mg _arvyRr ]00:{(Pf—Pi) X (V-2
Motal  Ws/Mw Vet

G 2B, ng T AMEIVE R, nu B 2R OYE B APFBRATR OFETE, VU AR K, R
TAREE, woikBtE &, M By 7 &, PR OET), PkBRETO S, Vil A S a i, palBis

x100 (1)

4. ERFERB L OER oo | .

ARC BRI DB DML = F A — B T w0 | 8 0 ° =
£ DSC MITEN B 43 B 8k Onsc L0 .DMSO § 0 | .. D E
2100 % & L CHGE L7358 O FBEE Qowso % Fig. 1 S S [reEvre— |, S
(R, Ba (THERE ORI PENME T L7z, £oT , [SLa0A0 Y — o
A Tl DMSO HfK & Hl L TS Do _ow | o, ’ a0 _
<72%. E£721% DMSO DOHRLSOFIGEHE = - 7= 5::22 | . 150 2
LEZONS, £lo, DMSO HEDFEBEIT 5241 ¢! 2 w0 ,A; s N
L7277, Oowmso ITHEFLEE OB LN R L, 200 g l;;M(SI())MSO/MEA) . 1%
DEEYT S0 DMSO OAMAGEL, Eolgl | g s wnw
THARAENEZ D | HORMIREN &0 &R E T L Fig IDMSOX7 3 - REALEARO
ATHEBE2HND, Table 1 % W > 7' LD 5 243K

ARC OJEFERNSFH LTz, 7 A{LFE% Table 1 ;%angg ?5[;%0] G'[%] 4G
R, (DREFWTE LA 2MERE G &L, A o

RAICEDIGE RS, RO EENMLIZEED  pMso/Aniline 101 1525 1411 1.14
HAHEE G L, G GDEE AG LT5H, 7= DMSO/Aniline 73 1526 10.93 4.33
UUREHRD G UE, FORAKICEVWTE Ly k  DMSO/Anilne 55 15.60  7.87  7.73
SNl oT, SAUEDMSO £ DMS0 A DMSOMEAIOL ISS1 1533047
R LT =D BBOELTED Z L ORGFF A% DMSO/MEA 55 N/A 1461 N/A
ERRLT-EBZ BN, 7=V VRERTIEFEENBER L L L TR L, DMSO ZFHIZHER
REZEZTENN S H, MEA RARIZEBWTIE, fsOAERKIZE Y ARC OFEENRFEE Y . IEM
IREN B OBUGN TE 220y > 72, DMSO % 7213 DMSO ik & MEA 236 L, fdaibd %
TLETHELEEEZLND, U EXD DMSO/T R URFELESRIZBODUIER AR D LL
IXPAZEIC K | ZRRENORMORE L ENN B L, F~ELLEZ2 LD,
5. %S

DMSO & 7 2 U RFIEEIR G R OBRERME 2823 5 7212, DSC & ARC & W TEV T %
fTo7z, DMSO (359 L IRAGT 5 2 & THOMMRIRTHREL, BAET ALV HRARZR
ZETIRELENNEEY . BIEEE~EL YR H D, 2O X REHE DI, A-”
AT ATAE 2 @ EAT V), HEREOEH AT ZENEETH D,

BE R
[1]Y. Babasaki et al., Journal of Thermal Analysis and Calorimetry, 121, 1, pp.295-301(2015)
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Structure-activity Relationship of BML:
A Small Molecule Dramatically Changing Circadian Period of Plants

Tomoaki T. Takahara'*, Kei Muto', Norihito Nakamichi', Junichiro Yamaguchi1
'Department of Applied Chemistry, Waseda University
3-4-1 Ohkubo, Shinjuku, Tokyo 169-8555, Japan
*Institute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University
Furo-cho, Chikusa, Nagoya, 464-8601, Japan
03423kkk@moegi.waseda.jp

A 2-aminothiazole derivative BML-259 (BML) was newly identified as circadian clock modulator in
Arabidopsis. This molecule lengthening the circadian rhythm of Arabidopsis for 24h at 100uM. The regulation
method of circadian clock by small molecules can utilize wild-type organism, and can overcome a limitation
of genetic approach. Therefore, BML have a potentiation of becoming drugs for dysfunction of circadian clock,
such as a growth promoter for plants. Structure-activity relationship study was conducted to identify the target
identification of BML and it was found that some BML derivatives, which have higher period-lengthening
effect than BML.

AT AEMC T KD > TOWBHIFV AT ATH Y, THITESOCTEMITITET 5, Y

DA, ARk, Wl R, SEEER e EOABEENIMN 2, AR, EHamtEIcRE SN LHRE
A NV RINEDEMREEHZ L o THREI STV 5, 7E> THEY) O ARG O N T2 §il 2R A&
FEERETE 5720 \m4%ﬁﬂ4ﬁ72§ﬁ®&ﬁ%ﬁﬁéﬁ®mi IZEBRL 9 D,

ZOEFENG, AW A EIHIE T 5 R AN R TR MICIT b T\ D, ek, AYRET
ﬁ@%kbf%w%ﬂfmé®# AR EH A R T DR TICAREZEAT L TRIETH D
EBEATE). L LATIRTEGFREEZED 20, BIER~OISAREE L, £ 2 CIEEH
ZEOTWDON, Ny F(EMREHRIE S ) 2R LI AMREEHREE CH 5, MMy FE2RAL
T REITBRE TR EE LT LE Lipnied, [RIE] & L USHRZ2RERNHIELE TS D,
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FITHRAIIIAICHE LIZAZ U —= 7250 30000 1804 EDO(LE D & A i S 18
DTORWREITo T2, TOFER, v A XFXFTOMA V X L% EFEB{ET 5 BML-259(BML) D%
RICAZI L=, BML 123 A XF X FDOHH Y X% 100uM (12T 24 B £ %, &gtk
nERMEHRERET HILEW TH D, T D, BML MMEHOAEREA & L TEWATEEMEZ
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CCAI:LUC
0
\>—NH § Period-lengthening
3 24h — 48 h
(100 pM)
BML-259 (BML)
e (9

HEWT, BML O FAEESER U XA RIT T2 % P15 72 BML O/ ETE MBI (SAR)AF
2 EITHoT-, BoNTMAIZESX BML Y0 —745 1745 1Efk L. ZAX T T vt A E2iTHo7,
FOFER BML OFER & N7 BB A 7 ) MNEKEXFT—ECDK 77 2V —D—>TH 5, CDK2
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Target Protein: CDK2
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MG —>
BML Probe L - G )

F£7-. BML 282 2 RAWLIENEZ BT 20 FOaMEREZ{To7c, T78bH, BML%Z7 X/
FTY ==y e T ==Vl L=y RO OBl rx D=y FEARKR LD BICH
HIELHNHRM AR EIT o2, B ONTEFEEROIEMFHIOR R, DOV 22T BML £V b
EiEtE R BRAMbREZ b o 2 R LT,
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J — | >
| H—nN JI\ NH + HO
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BML derivatives Aminothiazoles Phenylacetic acids
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One-Pot Preparation of Phenanthridines from o-Cyanobiaryls via Imino-radical Intermediates.

Kishi Atushi*, Moriyama Katsuhiko, Hideo Togo
Graduate School of Science, Chiba University
Yayoi-cho 1-33, Inage-ku, Chiba 263-8522, Japan
ahfa5018@chiba-u.jp

Nitrogen-containing heteroaromatics, such as phenanthridine, are important units in
pharmaceuticals, natural products, and functional materials due to a broad range of biological
activities and functional abilities. However, most of those synthetic methods require transition
metals or high-temperature conditions. Here, we have succeeded in one-pot preparation of
phenanthridine dirivatives from o-cyanobiaryls via imino-radicals followed by cyclization with

iodine in the presence of potassium carbonate. So, we report its details.

[#&=]

TS NI DU EOEEREFFRAEDIL, WIRWAEBTEOCBREMEM B L CoR A A
T22EM6 L OEHRES, RERY, LOBERMEHIE EN TV OEERER CTH D5, TDTH,
INETIZEZL DT = F v NI DU OEBIFENTONTEY . A V= b U IVEHEEERZ W G
DEEZLMESNTWS, LML, 4 V= U VEEERERZFSZL2Mb5NTRY | Z42m
BREMBBEENPRD N TN D, —HTA Y= M) ATiEe<, = M AGFEERE AW Z@®ET
KZA< | mik, BRFMEREDBLWRIFZLEL L2 | SlRERSRREL LE LT 5K
JRIZRONTEY | AMEREE~OAR 2 EVESND, 2T, ZOOMEREZUET L7
W, XKOLMTLeRa vFELAWC, BEBEEL AW WIRMREETOT7 =T M P Uak
EDOBRIE 2 Et LTz,

BxlX ov7 /77 V=B REHEYEE L, TAXNVY T U LHL 0L Grignard 3L %
FAWTHEE LI=EERA I A ) TV DVHRIEZ AL &8, $i< 7 VB VBRLRIGRIC
TRy RTHERAIZT = F 2 N D UFEEREZGRT 2 2 LI LI2D T, ZOiEM &2 s+
% (Scheme 1.),

[ R]

SRRt ORER, HEWED 0-> 7 / BT U —1(1.0 mmo)\Z T VF )L U F 7 K& Z THEFLEA
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Kinetic Resolution of a-Hydroxy-Caraboxylic-Acid Derivateives Using a Chiral NHC Catalyst

Ken-ichi Yamada*, Yinli Wang, Tsubasa Inokuma
Graduate School of Pharmaceutical Sciences, Tokushima University
Shomachi, Tokushima 770-8505, Japan
Yousuke Yamaoka, Kiyosei Takasu
Graduate School of Pharmaceutical Sciences, Kyoto University
Yoshida, Sakyo-ku, Kyoto 606-8501, Japan
Yamak@tokushima-u.ac.jp

We herein report a new method for kinetic resolution of a-hydroxy thioamides, versatile building blocks,
via acylation using an N-heterocyclic carbene (NHC) catalyst in the presence of carboxylate anion as an
enhancer of enantioselectivity. A mixture of a chiral NHC precursor (0.5 mol %), racemic a-hydroxy
thioamide, and proton sponge in chloroform was stirred for 10 min at room temperature. Then, the mixture
was cooled in an ice—water bath, and a-bromo aldehyde was added to the mixture. The esterification
proceeded with high enantioselectivity between the enantiomers of the thioamide. The selectivity
significantly increased when the reaction was conducted in the presence of 4-dimethylaminobenzoic acid (10

mol %).

BEF O ORE S A 1h) B X 2 Odl HEPE A2 LK 2 IRINAI O 5 X, Bt oBiR & &b
AR R F A RIED R RICE T 2 HBERFERETH 5, Fexldmilt, F 7 /L N-heterocyclic
carbene (NHC) fil#it 2 N2 % Z VEE k7 L a2 — VO RE T VA X 2 im0l
BWT, 77X I NRADIVERERINT D & SO F o F A RPFENREIC T BT 5 2 &2 A
HL7z Y AEL a-b R F VR VBEFERORE T VM E T D VR BRRINA O %) F
et LTz,

¥ 7 /L NHC BiBffA 1 (0.5mol%) &7 nu hr ARy (1.0 %E) hH 7ok A TRAES
F7FT/UNHC OFHET, 7EIKD o-8E FEF U FFT I RE)2 & a-72ET LT E R3 (0.6
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H O¥N
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Br H BF,
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oH o » 1(0.5mol%) J\A
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S Br

(#)-2 3 (R) -2
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- RAFNT R ) BEFBONRDVICE G EE 2 VWREFBEIRNT 5 &ML
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JEZHWD & BIRMEIE T Le, L EOEBERIILLTOET VTP TE 5,
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BAEKREZERT D, COBAREN1L LI NBAELDLTIIULAIS ERGTAEE, IARFT T —
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ToHLELBIT, 5 OBEBFREFFRE OBKE m\< ;z; Aﬁ%é”mﬁigz
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IR L > TREERHAL A 2, ¥ LT ¥ > NO, 5 NO,
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possible TS for S-2 possible TS for R-2
SNDZERDOTIE WM EHERIL TS, the faster enantiomer the slower enantiomer
SE R

1) Kuwano, S.; Harada, S.; Kang, B.; Oriez, R.; Yamaoka, Y.; Takasu, K.; Yamada, K.
J.Am. Chem. Soc. 2013, 135, 11485.
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Practical Selective Monohydrolysis of Bulky Symmetric Diesters

Satomi Niwayama*, Jianjun Shi
Graduate School of Engineering, Muroran Institute of Technology.
27-1, Mizumoto-cho, Muroran, Hokkaido, 050-8585, Japan
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Half-esters, which are primarily obtained by monohydrolysis of symmetric diesters, are very versatile
building blocks in organic synthesis. The selective monohydrolysis reactions we previously reported afford
a series of half-esters in high yields, although the reactions were slow for bulkyl symmetric diesters. Here,
the conditions have been modified based on our mechanistic hypothesis and applied to selective
monohydrolysis of several bulky symmetric diesters, including diethyl esters, dipropyl esters, and dibutyl
esters. Sonochemistry was not effective. Instead, use of a larger proportion of a polar aprotic co-solvent,
DMSO, and aqueous KOH appear to significantly help improve the reactivities of bulky diesters compared to
the corresponding dimethyl esters. The procedures are simple and practical, yielding the corresponding

half-esters in high yields without special devices.

MY AT VDR IO AT NIED I RIS ET 5 2 il k> THoNDE N—7
T AT L, AEABRALFICIIIEFICEE R b TH D, FEROMHY = AT VcBIF5 o
DEM7R T AT NIEERXBTLONRKNETH D=0, ZOTIRITE / MAKDIRIT, AT =X LR
MTHDH, MEEZRHNCT U HE LAY ) —=2 T UM R - IR HREFNL o Te, 2D X
DY RO T, LHiFR AL THE 2 ED K5 Ip@tEIE 7 o b A2 v s Z &2k - T,
R TR RN TR 2 2560 = 2T L3 @ISR TRIRICE 2 AR 52 & %
wE Lz, !

Scheme 1
CO,R @dueous base H
<C 2% co-solvent/H,0 HsO* (: O
O,R 0°C O.R
symmetric diester half-ester

LU ZDORINEETIE, PATFAZ AT ARV T )L AT VD X ) IR/ NS e ktf iy =
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Scheme 2
1) aq.NaOH/THF (7%) 1) aq.KOH/DMSO (73%)
~0°C 0°C
7 CO,'Pr _19hours CO.H CO,Pr 3 hours ; CO,H
. _— .
1 CO,'Pr 2) H30+ CO,Pr CO,Pr 2) HsO* 1a CO,'Pr
previous conditions 96 /o modified conditions 93%
1) aq.KOH/CHCN (7%) 1) aq. KOH/DMSO (66%)
PrO,C__Copr 0% 0°C
° h ° 33 hours Pf020\|/002H PrO2C\(C02Pr 6 hours Pr020\|/002H
2 2) HyO* g TN 2 Ph 2) HyO* 2a Ph
previous conditions 77% modified conditions 88%
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Scheme 3
1) co-solvent, H,O
Ai,COQR aqueous KOH, OjC 7 CO.H
COzR 2) H3O+ COZR
R=Me, Et, iPr, "Pr, "Bu 84 ~>99%
1) DMSO, H,0
@ECOQR aqueous KOH, 0 °C : CO,H
COQR 2) H30+ COZR
R=Me, Et, iPr, "Pr, iBu, "Bu 77 ~94%
235 SCHR
1. Niwayama, S. J. Org. Chem. 2000, 65, 5834-5836.
2. Niwayama, S.; Cho, H.; Lin, C. Tetrahedron Lett. 2008, 49, 4434-4436.
3. Shi, J.; Niwayama, S. Tetrahedron Lett. 2018, 59, 799-802.
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=47 )—®5KiE
SHC5 (NaOCI-5H,0)

[CAS 10022-70-5, METI (1)-237]

R NTEERAE/ER #if-tEieH

BiRE (AMEER 42%)
> BULNEHAE | HEKEIE

g BT EEEAE !
b EHETRELRE S
e

BATOtR{LEE 2014 JSPCEFE ZE

2017 E ARSRILFIRSE (RifTR) ZE

T ILT—)L DEETE R I~ Dt H
SHC5 (1.1-1.6 eq.)

OH TEMPO I:CE[ ] O Synlett 2014, 25, 596.
- : J-l\ Tetrahedron 2016, 72, 2818.
R™ R CH.Cl> R™ R HEF5E61761775

%@/ﬂ@//ﬁﬁ/ﬂ Org. Process Res. Dev. 2017, 21, 1925.
1. ARz on3(k-Tov(F &R 3. J)a—ILBRRIE

SHCs Q‘E‘P OH SHCS
o o7 Ao . l:j:j BusNHSO, (cat )
R™7Ts” Cham. Lett. 2015, 44 185. {E:}H CH2Cla/H0 \
ar transid 0
R-SH __ SHCS, NaBr QA CD
> -9Ng, SHC5
AcOH OH BusNHSO; (cat.) O
E:D Phi (cat.)
2. RV 74 FEDBRMBRIL R IG T~  CHCWHO
cist# AARILES F6EFES (2016)
SHC5 (1.1 eq.) 0
:
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