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9:20 — 9:30 RO EAB & (=—%1)

9:30 — 10:05
I1-01 (B#HFEE 1) Angiotensin I 2RHEREOTOELAHE
g B (BRREELX) () B B (B%k - #I)
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o Az =R A® MHE 2E E8 &F L B KR -
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10:50 —11:35 #—-SLTFLE€E2F— a2 (158&E)
(ER) BEtn At (RBRMLHTITH)

11:35 — 12:25
I-11 (484w 8) Synthetic Studies on the Halichondrin B Analog, E7389
Francis Gerard Fang (Eisai Research Institute)

(Ef) A MHA (BX - #ET)
12:25 — 13:15 REBHE
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P-29

EQY RS VERWVSAZ /=)L, KXITBEBETOERNT I/ LREE
WAEKRERER) ON)IHH, EEFh, KARSE
Improved Routes to 4-Pyridin-4-yl-Benzoic acid using Microencapsulated
Precious Metal Catalysts

(Reaxa/Avecia) David A. Pears, Kevin E. Treacher, Richard Follows,
Nisar Mohammed, ODavidJ. Evans
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(BRARBEEE)  FERISLE. OMHFHE—. KBS, HFHlXEE. LfT
P-04 HFBEHHI/OARUFIAFILT—TIL (CPME) MBS
(BFEF Y (K bEHKFER) OEDE. IEBEA, =AKKT. %IHERH
P-06 MWHESIXTFIORABE/ MKHSBRRE
(Texas Tech University, U.S.A.) OFEILEE
P-08 RFEEE - BKBEERRREZEAS FR189419 O T0E AHE
(TRA7 7 AR () ARRENHE)  RJIFHE, §8%—. BEHES
Ok, LB
P-10 PdBMERUXFRXL—2avIT&d7 V=N 782 LU SOTRBRESEE
(REELLTE () BIEHER) OB, hHRE. eFilE
P-12 MEEIEAFF = RZEERALVE- Corey—Kim Bt RIS
(CEEFRME (B RUEPEH) OMBFR=, KIUE4E, BEHAE. AERS
P-14 AU ATV NUEEFR L ) Cu ZRRIE L L1= N-7Y-ME - EEBOKIZ& SR
(=—¥A (B BEFER OBEMRE. mnttElE, £6E%
P-16 BREIBENOFEZEH, LESRETY—ZREE%MAL'\S onepot RIERDEIR
(BRKRBEERET) OAgE, EEOE, FRigw, KELE, BEAEE, £AFKE
P-18  RFEEH 2-ERY SoUVEFBOR RS X
(RIFRBEEHEF) OBKER. BEFFA. R
P20 A2F—LFEREERET S, - FRMNIXTIVICERT IRAMNLERE®
(ERFE (%) BELCFERWRER) OIHEF. mAEsk
P-22 BREERNSFERE S FFAKRLRBIZLD
FoFRB-EFAXI-a-7 3/ BOAREDRSR
(THEXRBEE) OB —a, LARE, GELy. BIFER., REEE
P24 TFEIbhokh bho~NOHEERRG
(EERBF 7 FAEG) OEBERYE. AP, REBE. AREL
P26 H7UL¥—H (BBRAOR4DY) OEEHR
(BMmAEBETLH¥X (K EEHREZ—BHEF) OBEKR—. KR)IHE
P28 4T IYNTEE—NOEAMEREEThERAVIRERISAEUHEE
(B¥XET) OMKE(Z. REE, SHENx, LB
P-30 CPME @838 LT 5ATOREHRRKE
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The first day (July 28th]

I-1

Process Development of an Angiotensin II

Receptor Antagonist O

Iwao Chujo //(

Sakai Research Laboratories, Kyowa Hakko Me o " N Y)‘
Kogyo Co., Ltd. \Q d

KW-3433

1-02

Development of New Asymmetric Catalyses for the Efficient

Syntheses of a-Amino Acid Containing Natural Products Me —Ar.

T. Ohshima,®* T. Shibuguchi,” H. Mihara,” A. Okada,’ Y. Fukuta,® AL 0 "\_.A,

M. Shibasaki® -..a?_?<° -..,_NﬂAv 2

“Department of Chimistry, Graduate School of Engineering Science, - M A o

Osaka University "Graduate School of Pharmaceutical Sciences, N\)Lo, Bu Ms.. P"Y" 0-£By —= Natural

The University of Tokyo Ph Ph R Products

1-03

Process Development of L-DOPA as Anti-Parkinson Drug

M. Hashimoto

MeQ COOH
Sankyo Chemical Industries, Ltd. m‘“’ Acylase , Ho p oo
MeO o N
L-DOPA
P-01 1 3 . 1 3
Reductive Amination of Aldehydes and Ketones R)=o . NR picBHy* R>_N,R
with a-Picoline-borane in Methanol, in Water, R2 R4 3 h‘leg ::ror R2 R4
. o e ' 2
and in Neat Condition R1-R* = H, alkyl, and aryl 3) Neat “ | Y. ~99%
Yasuo Kikugawa,* Shinya Sato, Takeshi Sakamoto pic-BH3 :
. . e )
Faculty of Pharmaceutical Sciences, Josai University * Addition of a small amount of ACOH. BH3
| P-03

Improved Routes to 4-Pyridin-4-yl-Benzoic

acid using Microencapsulated Precious N HO _@_5 M 0
Metal Catalysts ) * HoF oH N oH
David A. Pears, Kevin E. Treacher, Richard Follows, a

Nisar Mohammed, David J. Evans*, Reaxa Ltd.

{

P-05 . , 0:H  g)phcoci novel MeOH
Process Development of Efficient Synthesis for H, —_— intermodiates ——>H o
Oxazolylethanol, Intermediate of Diabetic CO:H 2)Ac,0lAcoNa =

Medicines CH; NaBH CH,
Ph Nabhs lp
H. Nobeshima, Y. Igarashi CO,CH; OH

Tama Kagaku Kogyo Co., Ltd.




P-07 R cN-

Synthetic Route Using Symmetry for the Spiroketal /\/\/f
TBDP SO

E. Morishita,* K. Ohta, M. Kabeya, H. Gotoh, T. Shioiri, T.

Fragment in Calyculin A X g TBDPSO” N o R

Matsumoto : CONFLEX Co., Ltd., Kowa Co. Ltd, CN~
Toyohashi Univ., Meijo Univ., Tohoku Univ.

X

P-9

Reaction Calorimeter : A Powerful Tool for Kinetic
Studies of Organic Reactions
Hiroshi Iwamura and Donna G. Blackmond

q=A4H"- V- rate

heat flowis directly

Mitsubishi Pharma Corporation and Imperial College proportional to reaction rate
London
P-11

Physical Properties And SeparationAbilities of
Silica Gel for Pre-Cartridge Column

Keiji Ashitaka,* Kazunori Nobuhara

New Product Development Division, Fuji Silysia Chemical
Lid.

P-13
Synthesis of Silica Gel For Metal Scavengers And @-O-Si’\/\:m]—b

abilities Of Adsorption

Kazunori Nobuhara* Keiji Ashitaka
New Product Development Division, Fuji Silysia Chemical @'O'Si'\/\SH oo M

Ltd. (M : Metal)

P-15 0
Facile Synthesis of 2-Pyridyl Derivatives Using OMeOMe . j.L e neHdl M‘_ml‘u\n"“‘
1,3-Dimethylurea MeO OMe H H 2-propanol €1 ‘\/l
Hiromitsu Saitoh, Takayuki Sonoda, Chang-Shan Zhang, and Mc\n’ Ar

Isamu Itoh A

o
I
Synthetic Chemistry Research Laboratory, Sankio Chemical Co., Ltd. NH,0Ac AcOH 2N

P-17
A Novel Synthetic Method of 1,2-Dibromo-4,5-diethoxy-3-fluorobenzene
S. Yoshikawa*; Process Research Laboratories, Eisai Co., Ltd.

F F F F
HO. Duff reaction EtO. Bromination EtO, Br Bromination RO
Dakin reaction
Br - > EtO Br EtO Br RO

R=HorEt




P-19

W C. floricola

Diversity on Stereoselectivity of Carbonyl 1. cutaney -~
Reductases of Yeasts and Its Application . 0
Masaaki Matsuda,* Chihiro Hiraoka, Shigeo Fujieda, Yuuya

Suzuki, Ken-ichi Fuhshuku, Shigeru Nishiyama, Takeshi o
Sugai

Department of Chemistry, Keio University

P-21

New solid supported oxidation system

by electro-regeneration

T. Tanabe,* K. Uno, T. Ogamino, T. Sugai, and S. Nishiyama

Department of Chemistry, Faculty of Science and Technology,

Keio University

P-23 o)

Bromination of Unprotected Aromatic Amine Acids, N

Part 2. , N N
Yuusaku Yokoyama,* Tomotsugu Yamaguchi, HzNY© 07N o HoN | - B
Masanori Sato, Hiroaki Okuno Co.H 60% H SO0, CO.H
Department of Pharmaceutical Sciences, Toho 2 z
University 8%

P-25

Practical process developments of KRP-103 for cF,
treatment of urinary incontinence o fQ

©j — coH —= 'S s
S. Kanazawa, * 1. Araya CHO )Nl\ Sy ,/\N/lu/ o_)
Research Center, Kyorin Pharmaceutical Co., Ltd. MeS™ N 7O \n/"\)
i KRP-103

P27 TiCl, - complex

Efficient  selective  deprotection  method  of RO-TBS RO-H

t-butyldimethylsilyl ethers using TiCl; — Lewis base
complexes ; Application to the synthesis of
1B-Methylcarbapenem.

1CHLCl5, 1t

TICl, - CHyNO,

9 mmplas 74 - 99%

Hiroki Okazaki,* Akira lida, Ryohei Nagase, Yoo Tanabe,
Department of Chemistry, School of Science and Technology,
Kwansei Gakuin University.

TESO
N SR

1CH,Cla, -78°C, 14 h

N/ SR?

[ examplee. 60 91%

P-29

Stereoselective synthesis of Z-olefins via aldol type adducts (EtO),ﬁYcoziEt . RZQH TiCl, - amine

of the HWE reagent utilizing direct Ti-aldol addition
Mayumi Katayama,* Ryohei Nagase, Kumi Mitarai, Yoo Tanabe. PhQ;gﬁ

EtoR l(-\.0)(01502

anti selectivity Il

Et0,C R

Department of Chemistry, School of Science and Technology,
Kwansei Gakuin University.

.09}9" TBS-BEZA cat. PyH' OTf
OE‘)z

Z-clefin
high selectivity Il




P-31

Enantioselective Synthesis of Optically Active
Nitrogen-Containing Compounds Catalyzed by a
Chiral Brgnsted Acid

Junji Itoh,* Yukio Tamura, Kohei Fuchibe, Takahiko
Akiyama

Department of Chemistry, Faculty of Science, Gakushuin
University

Ar
O

oRo-H OH
S'Mes A ;@(NH
°M° Af)(EOMe

up to 92% ee

P-33
Synthesis and Reaction of Phosphonium
Borate Derivatives

(tert-Bu);PH-BPh, or (tert-Bu),MePH:-BPh, + Pd
Air stable precursors of phosphine ligands

1

S. Masaoka,* H. Iwazaki, S. Hobara, Y. Hayakawa Suzuki-Miyaura coupling. Sonogashira coupling.
Fine Chemicals Research Laboratories, [ Grignard coupling. Arylation of carbonyl compounds. ]
Hokko Chemical Industry Co., Ltd. Buchwald-Hartwig amination. etc.

P-35
Facile and efficient isotope labeling method for
: : oM B(m
Pd/C
pheny!alanme derlvative.s catalyze.(al by. - S COM  10% PUIC, D,0 0r T,0 N o
Tomohiro Maegawa',* Akira Akashi®, Hironao Sajiki’, m" o 110°C. 6N | J
Kosaku Hirota®, Kenjiro Tatematsu®, Yukio Mori® e 2 2 ' g 2
"Laboratory of Medicinal Chemistry, "Laboratory of
Radiochemstry, Gifu Pharmaceutical University
o 1) cat. Cp"RACII(R, R)-Tsdpen}
P-37 Bochn._J_ ¢ uco.wa,um:cs:.su; " a“m\)o\u/m
Process Development of a Synthetic Intermediate o 2 Removal of the eryzhre Isomer ;
. by crystallization from PrOH-H,0 Ph
for Atazanavir 81% threa; arytiro
Y. Otake, N. Hirose, T. Onishi,* T. Hamada, K. Izawa e o
tallizat! BocHN
AminoScience Laboratories, Ajinomoto Co., Inc. :;yn:(c”;:: ,P::: :30 fz:’:,‘::;":'; ¢ :
69% recovery . 4°c , Ph
%% threo : erythro
2100:0
P-39
Development of Practical and Scalable Synthesis of /@\/\/N Rh/c /@f} /@
Indole Derivatives BnO NO, THF, nt.
Atsushi Akao,* Hiroo Mizuno, Nobuaki Nonoyama, 2 Additives
Kimihiko Sato, Toshiaki Mase noaddiives  55% 34%
! Ni(NO4)'6H,0  90% 1%
Process Research, Banyu Parmaceutical Co., Ltd. Fe(OAc), 96% 1%
Cofacac), 94% 3%

P-41

Zeolite Membrane Technology for the Process
Intensification

Tomoya Inoue®, Yasuhisa Hasegawa, Takako Nagase,
Yoshimichi Kiyozumi, Satoshi Hamakawa, Fujio Mizukami
Research Center for Compact Chemical Process, AIST

orn
BIPAI-ARF
DRL 23

A%
(RR7A2~A)




P-43

Process Development of BO-653 for large scale 9 AcO
production
M. Nagase,* M. Kurita, T. Tanokura, M. Shimizu, Y. Kato, K. _ o
o}
Tamura, H. Shimizu, M. Kato. Synthetic Technology BO-653 (ofl) 150kg/batch
1 ,
( purity>99%)

Research Dept., Chugai Pharmaceutical Co., Ltd

P-45

Resolution of 3-(methylamino)-1-(2-thienyl)propan-1-ol, a New Key Intermediate for Antidepressant,
Duloxetine -Application of Space Filler Working Hypothesis for Optimization of Resolution Conditions-

R. Sakurai, A. Yuzawa, H. Murakami, Y. Kobayashi, K. Saigo and K. Sakai OH OH

R&D Division, Yamakawa Chemical Industry Co., Lid. Department of 8 - (SrMandelic acd <s)/'\/\N,
Chemistry and Biotechnology, Graduate School of Engineering, The \ / H Resolution  §\ J H
University of Tokyo. (RS)-MMT (S)-MMT
P-47 OH
A Practical Method For Oxidation of Alcohols Using R’go
RuCl;-Trichloroisocyanuric Acid Neutral C °'
+ biphasi RuCl, Eas; rk
Hidenori Yamaoka*', Narimasa Moriya*, and Masaya lkunaka* c::‘r,ldlt::ns Hh ylowark
Nagase ChemteX Corporation "’B“‘NB' <:| R‘YO
Nagase & Co., Ltd. R?
P-49
Oxidation by Suspended Alkaline Metals Hydroxide in
Solvent CHO O0H
Ryoichi Fujibayashi,* Fumio Onuma N\ 1) KOH/ xylene N\ +H2
Research & Development Department, N yHa N
Air Water Chemical Inc. H
F
P-51 F
i i i aruoka’s no need for
A Scalable Synthesis of a Simplified M OO o chromatographic purfcation /_F_/_
Asymmetric Phase-Transfer Catalyst g?
o™ .
K. Yamamoto,* T. Inoue, M. Ikunaka 11 steps O F
Research & Development Center, Nagase & Co., Ltd. overall 11% yield F
P-53 Discovery Chemical Process Phase
Devel D
From Module to Plant in Microreactors Lead Lead Dvipmnt | Trial Pitot Manuf. | Purpose
Finding | Optim.
Thomas SChw albe' SEQUOS | SEQUOS gEQUOS &Yb!'OS CYTO0S CYTOS Configuration
. PTI Pil Piot
MRSP — Microreactor Systems Provider, Inc. cwgle‘sos system s)::om pm:mn
Ladb Syst
84 Browne St., Brookline, Ma 02446, USA. Systzm i
CYTOS - | CYTOS- | CYTOS- | CYTOS CYTOS cyrosa | CYTOS
Takashi Kobayashi, CPC Systems GmbH S " " Tookox | Reactor




P-55
Development of Novel Chiral Columns and Their
Application to Optical Resolution by HPLC

(8} (S)

EtzZn

i lication t
T. Miyata,* M. Yanase, K. Kawabata, T. Kagawa o@*o _ :m )Sparteine : o p?l%gl c2 aso!nugo .
Nanyo Research Laboratories, Tosoh Corporation RL)\"H ene by HPLC

Rs Asymmetnc Anionic
Polymerizatlon
P-57 o Ts (Ms,B2) CI (1.5 ~1.8¢eq)
Efficient method for the sulfonylation and gon p——— ROTs(Ms, Bz)
yst (0.1 eq.
benzoylation of primary alcohols in water solvent KoCOj (pH controtter, ~pH 10) Catalyst
/H,0 20 -25°C, additionfor 1h | Tosylation: BnNMe,

Hidefumi Nakatsuji,* Jun-ichi Morita, Yoo Tanabe

reactionfor 11|  Mesylation : EtyN or BuNMe,

Department of Chemistry, School of Science and Technology, Benzoyiation : TMEDA
Kwansei Gakuin University
P-59
Development of Synthesis Route and Process for the Moo ,@
FK-175 Intermediates + - £10,67 0  wcr
Y. Ootsuka,* K. Matoba, T. Murayama, K. Suzuki WNHR PE7A ‘.

0)\/010 FK-175 Intermediate

Synthesis Research Dept., Chemical Research Laboratories,
Nissan Chemical Industries, Ltd.

1-04
Scale-Up Engineering

*M.Kawakami, Y.Hosono
Chiyoda Corporation.

Scale-up Engineering

Commerciat
Plant

I-05

Process’ Development of Amrubicin Hydrochloride

(Anthracycline Anticancer Drug)
Kazuhiko Takahashi

Sumitomo Chemical Co., Ltd.

Organic Synthesis Research Laboratory

O OH

OOHO
Q

HdPH

I-06

Selective Chemical Synthesis Using Microreactors
Jun-ichi Yoshida

Department of Synthetic Chemistry and Biological
Chemistry, Graduate School
University

of Engineering, Kyoto

?O;Me
Bu'?§

OMe

SO

micro MeO

mixer

OMe obd.-CO2Me
+
OMe Moo OMe
N Bu N.Bu
COMe éOzMO




The second day (July 29th]

1-07

Development of Ti-Crossed-Claisen Condensation

and Application to the Synthesis of

lB—Methy?carbapenem . TBsP Y oac s ] HH

R. Nagase,* T. Misaki, N. Manta, H. Okazaki, M. - " “COSR____ 7 SR

Sunagawa,’ A. Sasaki,' Y. Tanabe NH N\| —, ¢

Department of Chemistry, School of Science and Technology, bos COR'

Kwansei Gakuin University 1p-Methylcarbapenem
Development Research Laboratories I, Sumitomo

Pharmaceutical Co., Ltd.

I-08
Resolution Technology of Racemic Mixtures
Using Distillation Technique in Industrial Scale
Yuuichi Katou,* Tadashi Sano, Tsutomu Sugawara, Toyoji Nakura
Research and Technology Development Center, Nippon Kasei Chemical Co., Ltd.
34-Aza Takayama, Onahama,lwaki-city,Fukushima,971-8101,Japan

Swxeans
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1-09

Development of Practical Carbonyl-Ene Reactions
of Styrenes — Combined System
Trifluoride and Molecular Sieves
Okachi, T.* Fujimoto, K.

Process Development Laboratories, Sankyo Co., Ltd.

of Boron

BF3 * oElz

Ry

MS 4A Ry
Rz CHgCly, -5 - -10°C Ry

up to 72%

I-10

Development of a New Route to e-Caprolactam
Precursor Using N-Hydroxyimide as a Key Catalyst
Satoshi Sakaguchi*

Kansai University

NOH

o]
O + —ono NHPI
CH,COOH, ~80°C

NO

O o

P-02

One-pot Synthesis of Dihydroimidazoles from
Aldehydes.

H. Fujioka, K. Murai,* Y. Ohba, H. Hideki, Y. Kita

Graduate School of Pharmaceutical Science, Osaka
University.

HzN  NHz (1.05eq.) H
then NBS ( 1.05 eq. ) N

R-CHO > R—( j
CH,Clp, 0°C-rt N

P-04

Development of A New Solvent Cyclopentyl Methyl
Ether(CPME)
Kiyoshi Watanabe*
Kuniaki Goto
*Specialty Chemicals Division, ZEON CORPORATION

,Naoto Kogosi, Hideaki Miki,

Main Features: OMe
Low solubility in water

High boiling point

M oderate porality

Low formation of peroxide




P-06

Practical Monohydrolysis of Symmetric Diesters
S. Niwayama

Department of Chemistry and Biochemistry,

Texas Tech University,

Lubbock, TX 79409-1061, U. S. A.

OR g aqueous NaOH OzH
0°C 0.5-1 hou
.5- T +
CO.R H0 CO,R
Highly efficient non-enzymatic selective monohydrolysis
of symmetric diesters will be presented.

P-08

Process Research of a chiral and highly
water-soluble drug candidate FR189419
R.Orii,* E.Oikawa, K.Koga, Y. Fujii, S.Goto

Process Chemistry Laboratories, Astellas Pharma Inc.

e

oz

ml‘g K o mO\’\rO\rp\/‘co,u

RBARNDN

FRIGMINRANE FRIEMI®  (mxgie)

P-10

New Syntheses of Arylnaphthalene lignans via
Pd-catalyzed Benzannulations

Hideya Mizufune,* Minoru Nakamura, Hiroyuki Mitsudera
Chemical Development Laboratories, Takeda Pharmaceutical
Company Limited

X=Br,l, Q=N,0, n=0,1
R'-R?= CH,0CH,, R¥ = H,
R! = H, R?- R = CH,0CHa,
Ré=F,R%aH, R*-R®=CHOCH,

P-12 1) polymer reagent
Corey-Kim Oxidation by Using Immobilized 2 :gﬁ or Cle

Rl U
Methionine Reagents R\( RTR
Yukihito Sumino,* Takao Ooyama, Shinobu Wakabayashi, OH j\/ 0
Hirosato Kondo @A SMe

N
Chemical Development Dept., Shionogi & Co., Ltd. O\/\O/\lr me
polymer reagent

P-14 cat Cu{OAG)z- HO ©:N\
Copper-Catalyzed N-Arylation of Benzimidazole with dry Pyridine N

Arylboronic Acids and its Derivatives: Acceleration with
an Optimal Amount of Water

Katsutoshi Nishiura,* Yoshio Urawa, Shigeru Soda

Kashima Plant, Eisai Co., Ltd.

Process Research Laboratories, Eisai Co., Ltd.

N
SRy QL .
O:ﬂ A~pxn dry DMF, H,0 Gn
30°C, 24h =

Ph
o~ O
em:a} g8 D B(OH)
o 0B
R=CN, H, CH,, OCHy

P-16

One-Pot Reactions Using Heterogeneous Catalysts
Based on Layered Clay Minerals

Ken Motokura,* Noriaki Fujita, Kohsuke Mori, Tomoo
Mizugaki, Kohki Ebitani, and Kiyotomi Kaneda

Department of Materials Engineering Science, Graduate School
of Engineering Science, Osaka University

-Multifunctional Catalyst (Ru-grafted hydrotalcite)-
R'“~OH Ru R'&o] base site [R ,‘ Au R

. | R L

NG CN CN

-Tandem Acid/Base Reacﬂonsa
o~ Tl“-mont
e T




P-18 CO,p-CIPh

<

Efficient Method for Preparation of Optically (j CO2p-CIPh 1.5 equiv. (\)_<co,pcu=h
Active 2-Piperidinylacetic acid NTOMe T e, ) COp-CIPh
Yoshihiro Matsumura, Daishirou Minato*, Osamu o >0

Onomura.  Graduate School of Biomedical Sciences, OMe
Nagasaki University. 85%yleld[95%ee)
P-20
A Practical Synthesis of 3-Indolyl o, B-Unsaturated F
Esters Q
W. Wang,* T.Ikemoto ( Me0™ -CO:Me
Fine Chemicals Research Laboratories, O N cat. 35%HCl aq/AcOH /oM
Sumitomo Chemical Co., Ltd. 94% isolated yield
P-22
Enantioselective Synthesis of Anti B-Hydroxy-o-amino 0O o0 Hy OH ©
Acids by Catalytic Asymmetric Hydrogenation via Dynamic 2 :
Kineti );‘ I :{ y yerog y R1M°R Ru or Ir catalyst R' OR?

inetic Resolution HN<R  “Dynamic Kinetic Resolution®  NH2*HC!

K. Makino,* Y. Hiroki, T. Goto, M. Iwasaki, Y. Hamada anti selective
Graduate School of Pharmaceutical Scienes, Chiba University

P-24

Microwave-assisted  direct transformation of Ry R, d/C R4 R,

amines to ketones using water as an oxygen source. water \n/

A. Miyazawa,* K. Tanaka, T. Sakakura, M. Tashiro NH, microwave o

National Institute of Advanced Industrial Sciemce and R;, Ry=alkyl, phenyl

Technology (AIST) Y=56% - quant.

2

Br
P-26 Oy, T éA g
Process Research of an Antiallergic Agent —_— <Er' —Pac | (?/V

“Olopatadine Hydrochloride”
*Koichiro Nishimura, Masahiko Kinugawa

Sakai Research Laboratories, Kyowa Hakko Kogyo Co., Ltd. d, HGOH i o come e m
1-1-53, Takasu-cho, Sakai-city, Osaka, 590-8554, Japan o -Hat

Olopatadine hydrochioride

P-28

. . o LDA TMSC!
Practical preparetion of Ketene Silyl Acetals and NaOH-catalyzed (o] (1.1 eq), (1.2eq) \iLMS
Crossed Claisen Condensation Utilizing Ketene Silyl Acetals Bu /solvent, 25h,0-5°C R ot
T. Okabayashi,* A. lida, K. Tkakai, Y. Tanabe
Department of Chemistry, School of Science and Technology, TMS '(%t o'gae?)‘ 0,'Bu
Kwansei Gakuin University. R‘)\cone /DMF, 2h, 20 - 25°c R




P-30

Transformations of Some Heterocyclic Intermediate
in the Solvent CPME

Y. Torisawa,* N. Fujita, S. Aki, T. Furuta, J. Minamikawa
Process Research Lab, Otsuka Pharmaceutical Co., Ltd.

COOMo COOMe e
@( Methytation ([ S Clalsen Co0R
o ——» (A ——
CMVE O CPMVE oMe
oMo

Choice Bases: C5,00,, ‘BuONa, NaH, LIHMDS, KHMDS
of Reagents  Other Solvents: THE, DMVE, Ethylal, Totoeme, EXOH

I-11

Synthetic Studies on the Halichondrin B Analog
E7389

F. G Fang

Process Research, Eisai Research Institute

™ R
Cu(I)-Catalyzed Enantioselective Cycloaddition ”)L°°=E‘ #7Ske THRMsma-me e

Reaction of Allenylsilane with Imine s dassamer
Kazunori Daidouji,* Kohei Fuchibe, Takahiko Akiyama Tog Mo 1omam (DOMISERPHOS er00 R e
Department of Chemistry, Faculty of Science, Gakushuin HJLCOzEt"/' SitkPs benzene, reflux 4 o
University 92%, 84% ce
P-34

A Plactical and One-pot Procedure for the Synthesis of 10% Pd/C
3-Amino-2-cyclohexen-1-one from 3-Aminophenol H, (balloon)

Hironao Sajiki*, Takashi Ikawa, Tomoteru Mizusaki, Yuki Fujita, NH, MeOH NH,

Tomohiro Maegawa, K. Hirota

P-36

Development of Buchwald-Hartwig amination with
heterogeneous Pd/C catalyst

Katsunori Kitamoto*, Takashi Ikawa, Akira Akashi,
Tomohiro Maegawa, Hironao Sajiki, Kosaku Hirota

Gifu Pharmaceutical University

Ry

Rz 10% Pd/C, dppf Rz
+HN & — R,—@-N\
Rs  CPME, 'BuONa Rs

P-38

Enzyme-catalyzed Kinetic Resolution
of g-Substituted Esters

Y. Yamamoto,* T. Konegawa, K. Sakata, and H. Miyata
Ube Research Laboratory, Ube Industries, Ltd.

HN”

.Bn
CAL-B H
\r'\,coznae —_— COH +

(R,S)-B-amino ester

LEnzyman‘c Resolution of B-Amino Esrer)

Bn .Bn

HY
Y\/COZMG

(5)-p-amino acid (R)-B-amino ester
>99% e.e. >99%e.e.
Selectivity (E) : > 2000




P-40

Lipase-catalyzed Domino-type Asymmetric 0
Construction of Carbon Frameworks: oK HO._O IC anta;ftlé:a 0
One-step Synthesis of Optically Active b n t/ ipase,
Polysubstituted Isoxazolidines N* COEt ——» CO,Et
Shuji Akai,* Kouichi Tanimoto, Yukiko Kanao, o N-o
Sohei Omura, and Yasuyuki Kita ' o o
Graduate School of Pharmaceutical Sciences, e g::-.b Iilzli:,s?;rﬁoe:l’er
Osaka University 9
P-42
Catalytic Asymmetric Synthesis of B-Amino acid
derivatives H,
K. Matsumura.* K. Hori, T. Kakizawa, T. Saito U\ NH, O Ru-L* M
Fine & Aroma Chemical Laboratory, R OR' R™ X OR R™« OR'
Takasago International Corporation.
P-44
Industrial  Production of Chiral Methyl
Phenylglycidate by a Combination of Enzymatic ~©\7\ - ”’0@7\
pase

Resolution and Crystallization-Inhibition I come <— 5 S Ncoume
S. Nakagawa, T. Furutani, R. Yoshioka * , Process Chemistry () -Me ,,‘L!’u“.fﬂ ol (+)-Bu Cry ()-Me
Research Laboratories, Tanabe Seiyaku Co., Ltd.
e P OCOzMe Pd,(dba)s (2 mol%) OH
Synthesis of 5-Hydroxy-3-piperidenes as 75 2 PN i
Chiral Building Blocks using Deracemization BPA (8 mol ’é'l)

N : i N
H. Takahata* Y. Suto, H. Ouchi p i -
Faculty of Pharmaceutical Sciences, :
Tohoku Pharmaceutical University 1 P=Ts, Cbz, Boc, CO,Me (R-2
P-48

Plant Design Support System and Method
Satoshi Ishiura,* Mikio Fujimori, Nobuo Kimura,
Yuji Fujita,Naoko Nishida

Chiyoda Corporation

P-50
The scale-up studies of the process for the APIs applying various efficient techniques

*Ken Okamoto
API Research Laboratories, API Corporation




P-52 Substrate (0P PUCOrSRPYC
Development of H-D Exchange Reaction Using Metals Hz, D;0, A, 24 h ubstrate-d

of Platinum Family as a Catalyst and Application to

D D NH,
Synthesis of Deuterium Labeled Building Blocks Dﬁ””z Dy OH D€ CDs
D" N°D D OH D D
D D

N. Ito,* T. Watahiki, T. Maesawa, H. Esaki, H. Sajiki, K. Hirota

Deuterium Labeled Building Blocks

P-54

Ruthenium Catalyzed Reduction of Carboxamides with R._NR}
Polymeric Hydrosiloxanes: Facile and Efficient hig RNR;
Separation System of Both Siloxane and Metal Residues TMS\L H)&L ©

from the Desired Amine Product o nOTMS ~.

Y. Motoyama,* K. Mitsui, T. Ishida, H. Nagashima PMHS cat

Institute for Materials Chemistry and Engineering, Graduate

School of Engineering Sciences, Kyushu University

\I@lg

P-56

Manufacturing process developments of 2- W
-~y

Oxindoles g N
. . . . . KH NH, H,0 Base
M.Hangui,* Y.Takahashi, Y.Suzuki, K.Namie, J.Tsuboi 0 ———— 0 —= 0
N N N
H H H

R&D Department No.1, Konica Minolta Chemical Co., Ltd.

P-58

The  Synthesis of  Arylpyridines  Using

Suzuki-Miyaura Coupling R N B(OH),  Pd/C, Ligand ~ R S

K. Uehata‘, T. Tagala, M. Nishida | _ X & M Na2C03/ DME I N/ Ph
Functional Products Development Project, Koei . - 80¢C, overnight

Chemical Co., Ltd.

P-60

Process Development of the B-3 Adrenergic receptor

H

N Cl
Agonist FK175 FI00C -0 \/\Q/
S. leda,* M. Watanabe, K. Ohkawa, N. Miyake, N. Ishibashi,

M. Nishiwaki. HCI, H0
FK175

H

mQ

Process Chemistry Labs, Astellas Pharma Inc.

I-12
Drug Development & Regulations---Recent Trends
1. Shinkai

Beta-Chem, Inc.

This lecture presents recent changes on the regulations for the new drug development.
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Process Development of an Angiotensin II Receptor Antagonist

Iwao Chujo
Sakai Research Laboratories, Kyowa Hakko Kogyo Co., Ltd.
1-1-53, Takasu-cho, Sakai-city, Osaka, 590-8554, Japan

Process development of an angiotensin II receptor antagonist KW-3433 is presented. We have developed a
new method to introduce substituents at the 2-position of dibenzazepine via a substitution reaction of the
quaternary ammonium salt, and achieved the direct introduction of tetrazolylmethyl group at the 5-position. This
method enabled the large scale production of KW-3433.

7 ATy 1 SREETE K-3433° O 7O AMERRICOVTRRS, BRAT—T
THW SN K1-3433 D&RkE (AF 4 > FIVI—) % Scheme 1 IZ7RT A, 5 ALAREEDM T
LASHETIL— FAEL< 725 4, KON, NaN,. mBu,SnCl 7z & Di#tt, RAEZERATEIA. +
Bk 2. 3. 4 BLU6 AUEERYE TR UNEHR A ERBARICIIZ OMEEZE ATV

Scheme 1

c
N*" NH_ " NMe Mo HooH HO
o " o = Qo
TAOH,
EtOAc
Ma
(30% from 1)
Et—( | "
_CICOzEt O O N ° O Q \]’)‘ __NaOMe O O Y’N
cnzcuz T rBuOK, Q MeOH ‘Q
DMF N=
(60% from 3)
(HCHO),. \K\Nd nBuaan| \/)‘
AcOH toluene ‘8_4-?
=
KW-3433
(70%) (40% after purification)

KBERIN— NBEORLS > M. BIECAFARERT I/ IORDN | ORIGEEZFALT,
WMTEIRENT 2 & 5 AR EBATENEND A TH 220 AT 4 T FIVI— R TH DR
EHOMLEZO., ERETIE S MERFETOETFRSECI D7 OOAFINEBFRERLDTH
%, 22T HELORISHEOEWBMEEE LTHH7 >E-ULABICERL. #RE U TKER
BEETRE: 10 ZRBHT B — hERE LAY (Scheme 2).



AT —=NVT v T TRERSTDIZ. BIOYZwERIGTLETH /. ZOITETE. 1 OF
WRISED =D 2 BEIEMEELC2M,. TNEOREIEMERERTICIREED S L. HRHDOIL
ENETTHEND TR EREDEEEE -7, RIEFGORBITMATS 2 UBEI &L T
BRSO AN L, /ST Oy A=)V TOEBIZRIIL =,

Scheme 2

Me
Et—( I

(HCHO) _(COzH: O O O Met O O O N5 M.proH-CH,Cl,
AcOH MeOH EtOAc LiOH raecrystallization 7
o 2(COMz

(63%) (quant)

PEHE T ~D 5 AAGEAIRLE]. > 7 /T bV -V BRIEOEMERETEA—H—~DE
FELEERIHRIC. AT 4 2 FINII— M EBEL TRIERHFOREL
ERE L. UL, 7 7 AFIMETE%EIET S 11 OFRENRH '@.;"V )
HTHO., 1 ITHETIRHMYAREFICREL TREICKESE 'ﬁi
BIHIENASHERD T,

—H. 120ESBTF IV AFINIZy RBRAFETENIX, KCN % NaN, ’a“:ﬁimf;< THHfr
RISHZEATREE Z X Sz, 7O ARFBBRLDITZL TWET RSV —IVOEMA—H—
&0 12 OHENAMEEERD, FRIVUNAFIAZy FNEEHBEBEATGEER- . ok
) FIVREE 13 2R ET DI ETKN-3433 ANEFETHIENTE, i GRAEKEZEST

BRN—bZRHETENTERE? (Scheme 3).

F R IVVIAFIHMERE TR LUBECERE, RINBESZRF LM, 13 DERBIZH 60%
THIIBTh-ol. CORBIIEEFEETTITON, F#HICHAREZEZA, BEO 1. 12 BXVAE
D 13 NEEEFT TREETH B EMNbhoiz, FI T VRO 12 CEEERAIIEMT
BZHEDOERAICL Y RIGKIFIFERNICETL. N10y MAF—IVCTRAD 37O A %ML
7o E, 13 OBMBEETREETD VU FINTNI-NEREENSHHI T THRET HERT
otRXERHL.

Z7OVRIZED., 6ED/S1 Oy b X —)VBEETV., ERED KV-3433 R 55kg G
B EMTER, £ BETTASVUINAFINIZy NOBANAGEE - EMS, BE
MDRAY P a—VIZRKIIHIETE D RERBEHE LD ENTEL,

Scheme 3

N =N

I/k\ N
(o] n-BuOAc O O AcOH EtOH-H,0 O O
t-BuOK, recryswlllzalion recrystallization
DMF acetone N_
KW-3433
(84%) 71%)
References

) RraFOAHR, RAFEE 2526005 .
2) EFME—ER, ARERILFEHSE, 2001, 59, 108.
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Development of New Asymmetric Catalyses
for the Efficient Syntheses of a-Amino Acid Containing Natural Products

Takashi Ohshima,*** Tomoyuki Shibuguchi,” Hisashi Mihara,” Akihiro Okada,” Yuhei Fukuta,”
and Masakatsu Shibasaki’
*Department of Chimistry, Graduate School of Engineering Science, Osaka University
1-3 Machikaneyama-cho, Toyonaka, Osaka, 560-8531, Japan
®Graduate School of Pharmaceutical Sciences, The University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-0033, Japan

In this symposium, we present a design and synthesis of new chiral phase-transfer catalyst named TaDiAS
(Tartrate derived Di-Ammonium Salts) for the catalytic asymmetric alkylation, Michael reaction, and
Mannich-type reaction to provide optically active a-amino acid. Moreover, the efficiency of the present
asymmetric catalyses were demonstrated by the asymmetric syntheses of several bioactive natural products.

ARDOTERBRRS THD o7 I /) BIL, e 2B RAEWBEHELED OB & D VITER
BB LTHERICEETHD, RR a7 I 7 BOW Ohid, ZEIHOKEICKRHL HEHEFTHE
ThHHIN, KERMELZSUERR o7 I/ BITEAZOMBIIKRE RBBEERIL TV, KRB
FUOERARNFEEN o-7 2 /B DRMICAERT L, e RAFSHREVPAFE SN TVDH,
Fxid, BEAFSORLLBHCKEBEER~LBETE 2 FEL LTAXTHAMBEBAMERISCE B
L. SFHAFHBBEHAE TaDIAS DR EAK. T L TAREHREBEH 7 V¥ /LR, Michael
IR . Mannich B S~ B2 OB AADEEILEDOREFER~DRERAZIT o7,
SEIDL VRIS Y ATIE, TROLOREREKIC, RADOBHENERIEOHRREE R L7 K
Rl L, %ﬂ@ﬁ%%““bﬁf%%‘é‘é%ﬁ;’f&)é

O'Donnell E:L.J:O'C7 yov Schlﬁ'iﬁgﬁﬁflk 1 @T%*ﬂfﬁlﬂﬁlﬁﬂﬁﬁﬁfkléﬁ%ﬁﬁa 7
I BOSRIENERREEN TR, B4 REREAEHABHMEIRESATNIN, ZhbHD
IR O REE S, AR O R FOBS LEES, T MEOSKREORE R ED
PEARBIN TV, 2 CO)EMIc® L TRRICHEMESEGE)ZERTE 5%, QSR
WSA4T75 ) —%HETEXIE Q)N FRICEALEZ >OLERRBIM CEEE RFEMAICAL
BEET AE2EAa LS RE L, HEAFEEZAVEZY I 2 Lb—Y a3 VORBRB XU~ 290
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(1) Shibuguchi, T.; Fukuta, Y.; Akachi, Y.; Sekine, A.; Ohshima T.; Shibasaki, M. Tetrahedoron Lett. 2002, 43, 9539.
(2) Ohshima, T.; Gnanadesikan, V.; Shibuguchi, T.; Fukuta, Y.; Nemoto. T.; Shibasaki, M. J. Am. Chem. Soc. 2003,
125, 11206. (3) Fukuta, Y.; Ohshima, T.; Gnanadesikan, V.; Shibuguchi, T.; Nemoto, T.; Kisugi, T.; Okino, T.;
Shibasaki, M. Proc. Natl. Acad. Sci. USA 2004, 101, 5433. (4) Okada, A.; Shibuguchi, T.; Ohshima, T.; Masu, H.;
Yamaguchi, K.; Shibasaki, M. Angew. Chem. Int. Ed. in press.
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Process Development of L-DOPA as Anti-Parkinson Drug

Mitsunori Hashimoto
Sankyo Chemical Industries , Ltd.
4-8 Nishi-yawata 4-Chome, Hiratsuka, Kanagawa, 254-0073, Japan
E-mail:hashimoto@sankyo-chem-ind.co.jp

In this symposium, we pfesent a process development of L-DOPA as anti-Parkinson drug which has been
used in the medical fields about 40 years. The usage of Acylase which is convenient in a production scale
seemed suitable for the asymmetric hydrolysis of N-acetyl-DL-veratrylglycine. L-Veratrylglycine was
obtained as crystal. D-isomer in the filtrate was recycled after racemization reaction. Water was only solvent
used in the synthesis of L-DOPA.

1 9 HIRBEICSA—F VY VENMBECI VRBEINEFRNRFEOR X 24 5 ERITHE
RBITHREES o NEYy T NIT—IE Y RN—F VY VRRELADTOR, FROR
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AR DBASEHSESE L 72 U (Prof. Kagan HIZ X BB —RFKRT ¢ VAMEDOBRRIERERA X7 b
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A0 (Rh([RRIDIPAMP))COD) "BF,” 5 e MeO
95%ee L-DOPA DIPAMP
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N=F Y RIBEREL LTI, PRI UZAEREEER catecol-0-methyl transferase (COMT)
REDHEOARIIFTONTRY ., Thdrb bR OFELTHICHTL 3L Bbhsn, F—
NRIVARPERETHSHELY L-DOPA RIBROBRFM» LB LidenetExbh3, &
Ebtts e & HICAFRIIEMERIZS » BERERICAT =HFRL OFARSAIh R E
RoTW EBbID, KBETETRREHKS EVWIFIRBSAETELLREEL UTH
AT ONFEHRRDOEBEATHA D,
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Scale-Up Engineering

*Madoka Kawakami, Yasuo Hosono
Chiyoda Corporation
2-12-1,Tsurumichuo, Tsurumi-ku, Yokohama 230-8601, Japan

“Scale-Up Engineering” is the total techniques for the process development from laboratory scale experiment
to the commercial plant. The quality of the methods applied to the process development seriously affects not
only the time and cost of the development but also the quality of the commercial plant. We present “Scale-Up
Engineering” as the efficient way to the commercial plant based on our experience. The feature of the way is
the execution of the process development engineering and of the conceptual commercial plant design at the

early stage of the development.
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Process Development of Amrubicin Hydrochloride (Anthracycline Anticancer Drug)

Kazuhiko Takahashi
Sumitomo Chemical Co., Ltd. Organic Synthesis Research Laboratory
1-98, Kasugadenaka 3-chome, Konohanak-ku, Osaka 554-8558, Japan
takahashik23@sc.sumitomo-chem.co.jp

Abstract; We have established manufacturing method of unique anthracycline anticancer drug, amrubicin
hydrochloride. In this symposium, we focus on the following topics, 1) safety synthetic method of 9-aminoketone,
2) stereoselective 7-hydroxy group introduction, and 3) quality control in drying of amrubicin hydrochloride.
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Selective Chemical Synthesis Using Microreactors

Jun-ichi Yoshida
Department of Synthetic Chemistry and Biological Chemistry,
Graduate School of Engineering, Kyoto University
Nishikyo-ku, Kyoto 615-8510, Japan
yoshida@sbchem.kyoto-u.ac.jp

This presentation provides a brief outline of the state of the art of reactions using microreactors with the
special emphasis on the enhancement of product selectivity. The efficient micromixing by taking advantage
of short diffusion path increases the product selectivity of competitive consecutive reactions such as
Friedel-Crafts reactions. This concept has been expanded to the molecular weight and molecular weight
distribution control in cationic polymerization. The precise residence time control in microreactors is also

effective for reactions involving highly reactive intermediates such as Swern oxidation.
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Development of a New Route to g-Caprolactam Precursor Using N-Hydroxyimide
as a Key Catalyst

Satoshi Sakaguchi*
Department of Applied Chemistry, Faculty of Engineering, Kansai University
Suita, Osaka, 564-8680, Japan. satoshi@ipcku kansai-u.ac.jp

g-Caprolactam is one of the most important monomer for nylon 6 production. The current technologies have
~ serious drawbacks. The consumption of energy and the co-production of a large amount of waste could not
be avoidable. Now, we have developed a new synthetic route to g-caprolactam precursor such as
nitrosocyclohexane by the reaction of cyclohexane with tert-butyl nitrite in the presence of a catalytic
amount of N-hydroxyphthalimide.
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Table 1 Reaction of 1 with 2 to 3 under selected reaction
conditions
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amount of nitromethane as an internal standard. ® Isolated yield. See text. '/

VEREL, BONHERIE T T pBuyl nitrite (0.5 mmol) instead of 2 was used.
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F 1 2RSS EDE. BHIET D3 DOIEN 8B%ICET 5 Z LBALNIESTS

SLED L 31z, NHPI %@ L3527 a~dH L OEENR= ba MERBICEA L. =
ha Yo s a~FFH dBRicy s ankd ) vEx s AL BERTED 2 EM D, FFEIR,
BRI « — B 7B T 7 7 ARTEREOEREL LTERATH D LEDLND,

AL, TR 15 EEEERFFEDRFEOIRE LRI TITOII

[1] K. Weissermel, H.-J. Arpe, “ TEAR/LF F5 /&, B &R, HE{LZERA, pp. 271-285
(2004).

[2] (a) Y. Ishii, S. Sakaguchi, J. Synth. Org. Chem., Jpn., 2004, 6/, 1056-1064. (b) Y. Ishii, S. Sakaguchi,
“Modern Oxidation Method”, J.-E. Bickvall ed., Wiley-VCH, pp. 118-163 (2004).

(3] T. Hirabayashi, S. Sakaguchi, Y. Ishii, Angew. Chem. Int. Ed., 2004, 43, 1120-1123.
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Synthetic Studies on the Halichondrin B Analog, E7389

Francis G. Fang
Eisai Research Institute
Andover MA

E7389, a fully synthetic macrocyclic ketone analog of the marine natural product
halichondrin B, was recently discovered at Eisai Research Institute and is now
undergoing Phase II clinical evaluation as a new anti-cancer drug candidate.
Although the structure of E7389 is substantially simplified relative to the natural
product (E7389 contains 19 vs. 32 stereogenic centers and a 35 vs. 54 carbon
backbone respectively as compared to halichondrin B), the discovery and
development of this halichondrin B analog by total synthesis still represents a
significant challenge. The foundation for starting these R&D efforts was provided by
the first and to date only total synthesis of halichondrin B by Kishi and co-workers at
Harvard University. Amongst the synthetic issues to be addressed in order to provide
the necessary quantities of E7389 for full clinical evaluation are: 1) large-scale
procurement of the three fragments, representing C.1-C.13, C.14-C.26, and C.27-C.35,
2) practical stereo- and chemo-selective coupling of these three fragments, 3) large-
scale C-C bond formation to generate a 27 membered macrocycle and 4) controlled
establishment of the polycyclic ketal and aminoalcohol functionalities. This talk will
present the current status of synthetic studies at Eisai which address these issues and
have enabled the total synthesis of E7389 on a multi-gram scale.

MeQ_

halichondrin B

MsO OTf
MeO, SOzPh
TBSO A ‘n, te,
0 | . OPv

CHO
C.27-C.35 C.14-C.26

_-30_.



"Norhalichondrin A: An Antitumor Polyether Macrolide From a Marine Sponge,"
D. Uemura, K. Takahashi, T. Yamamoto, C. Katayama, J. Tanaka, Y. Okumura,
Y. Hirata, J. Am. Chem. Soc., 107, 4796 (1985)

"Halichondrins: Antitumor Polyether Macrolides From a Marine Sponge,”
Y. Hirata and D. Uemura, Pure Appl. Chem., 58, 701-710 (1986)

"In Vitro and In Vivo Anticancer Activities of Synthetic Macrocyclic Ketone
Analogues of Halichondrin B," M.J. Towle, K.A. Salvato, J. Budrow, B.F. Wels, G.
Kuznetsov, K.K. Aalfs, S. Welsh, W. Zheng, B.M. Seletsky, M.H. Palme, G.J.
Habgood, L.A. Singer, L.V. DiPietro, Y. Wang, J.J. Chen, D.A. Quincy, A. Davis,
K. Yoshimatsu, Y. Kishi, M.J. Yu, and B.A. Littlefield, Cancer Res., February 1,
2001; 61(3): 1013-1021

"Total Synthesis of Halichondrin B and Norhalichondrin B." T.D. Aicher, K.R.

Buszek, F.G. Fang, C.J. Forsyth, S.H. Jung, Y. Kishi, M.C. Matelich, P.M. Scola,
D.M. Spero, and S.K. Yoon, J. Am. Chem. Soc., 114, 3162-3163 (1992)
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Drug Development & Regulations---Recent Trends

Ichiro Shinkai
Beta-Chem, Inc.
2-11-1 Nagata-cho, Chiyoda-ku, Tokyo, 100-6126 Japan
shinkai.ichiro@beta-chem.com

This lecture presents recent changes on the regulations for the new drug developments.

2004 FE DM REES DT ELEEIT 5,500 & F (58 kM) 12 L. BIEIZHN 7.2% D Ux
- BIRLTz, TEOIKIERBNFEE, D2V v 7 E0RM, RLMERE, Ergl WEES

FEV - RBUICHEESNTWEH, EEFERGEE, SHERELE - FHE., ALAF. Pike
REEERELRESRBNMPUERL TWS, BLEES V2 TR, BIEMELEE 30046 K1),
FURBE (250 FL) IZHOWTHA VHNEZSMIC LR > TETWS (240 & FV), 2004
B ESVIIHFEOERBRLEEL. NMTRFELHE 5 L FDA AREHFBIILH 36 12T
ELl, L Lars, HRABAFHUECE,ISOHFRIV L, FEOMEDL 90 FRLERS
E, B TO 7 s ANV ERFEZEVWLDLELBoNB L5105 1=,

—/ T, FDARICH B EIZ L > TRRENTWVWBHA FS L U EZORM D ANIZ L IEEICEE
T, IVERBEOHRFMENIIT—7 v P THATEZSE LD, $ETOHFAIFSAYOEBEL
Bk, HECECHIELFELEISIVBEVEREZM Z B EIZENLTWS, Z D
BT, BfED FDARICH OBRFIRCHA FSA LV OBRE, THICBETARELED(LELED
B DOEEIZ DWTEHRT %,

ICH I2& > TREENFEIIBET 2 cGMP D41 F5 1 (QT7A) %13 T. FDA X 2001
% 8 A2, Guidance for Industry, Q7A Good Manufacturing Practice Guidance for Active
Pharmaceutical Ingredients %7 L7=e TDA A ¥ X3, LFEHERK. ML, Mg Yiz
Lo THEEENSIFEREEZHNLE L. AWEHF THRED cGMP BARGHELZ 2@ < HELTWS,
EATL, @ETRIAV M, BETRBATE, XBk. N\VF—2 sy, FETHE, RBAET
CIZDOWITDFMBEREEIAONTWVWS, IO A YV 22T, B S _BOEEE LT,
2004 4 1 HiZid. Guidance for Industry, Drug Substance, Chemistry, Manufacturing, and Controls



Information (CMC) #*. F 3> 7 b # 1 ¥ Z(nonbinding recommendations) ¥ L CHRIF 7=,
ZOHAT 2T HEEMUORISIELE BT, WERIZHE~ D3 X > b 4 CDER, CBER ©
CVMZHFELENTED., ZOHM 5 20BKHEIZIZ, FDALEBIZEEZED T\ 3D HRER
Thbd, 2hTH, LEARICAV DS OREEOEEBH Db, Starting Material DEE
DRIDIZHHET, cGMP OEAHBEIZEERET S0, ZOTHIZO>WTR., 2D DBRLL
ENTVB, WINd, case by case DHBIALET, —HIZ—2DL— V¥ LTERBHEELA NG
DLHY, MBEZECHELL TS, ik, FEIZOWTOH (¥ 23, 1987 FirBE
NTLE, 4EO ICHQ7A EITEN3E T, FDA L DHfffivy — LTHD HEHNT W=, 2
BELFE SR Z % — L ORI, FiZid, Propinquity Selection Principle 7t ¥ ) SHEARTAT L,
REBOAHICVWIR2Z2 B ETETEFOERIIELATVS, WHIZLT starting material @
SHmEERIEL., BCAREOREL BERITHEAHEZI 0 AR LASA v ERBESIZEBDN 3,
7 2004 £ 9 AIZIE. cGMP 1ZB§3 % Guidance for Industry, Quality Systems Approach to
Pharmaceutical Current Good Manufacturing Practice Regulations @ F 7 7 MhRAY 1987 FIZ AT
SNTLK, D THT &N, ZDHA FS5 4 2T, Six-system Inspection Approach D&
AR, MATEDYZTLH10, XTI A Y NOEEHEL CREN L DETEY X T LOKES
> T3,

HANTEY 2RI B P VA, REORFIBRM I EL I EN T, WAL KD B A AT S
NTW3, 2004 £F 11 AiZid. ICH Steering Committee 0. K57 + ¥ LT. Pharmaceutical
Development (Q8) AR ENTW5, ZDH 1 K5 4 i, ICH M4 Common Technical Document
(CTD) OERICHI - 7, ANCBIT 2R 2HLHRERC SO0 2DFHE L IZMETE LD T,
B0, BRELBREDHIUB SO L 2DHIR, 7O APH L OEEIZL2 Y 2 7 EED
HEIARIX . BEE T, HEKMORRAZ D X117 > TREMABFOBREICZL, HFLVWESEE
DAN, HECFHRBEORADL LT, MAT O XOMNENER L BREMORIFIZL %
ANTWS, Fiz. FDA i3 Hi#ff+ d Q9 (Quality Risk management) < Q10(Company Quality
System)D¥eix A K54 DXL %E BHiC LT, CDER Iz, T TIZ& 25D Study Group % &%
BLTW2, FDAZ 70t 2 OBEMEMEE HMIZ LT, CMC % cGMP O regulatory oversight
%> Process Analytical Technologies (PAT) 2 ¥ DY A7 LEBET BT L2 &> T, ) R 7 Db iz\o,
—H U7z f%(Drug Substance)®##(Drug Product) D 8ERTIZE Y H LT3, FDA it PAT
HAT Y ZDIERIZE > T, FLOWEF 70+ 2EMOMPBAPLHRD BWVEEF Ot X DREY
WD EFEAT WS,

FDA 13 2004 4 9 A iZid. Pharmaceutical cGMPs for the 21% Century—A Risk-Based Approach
DRBBREBEE_ESPVTRE L. Thizdnid, FHREROBHEA. BFOLEEE, Y
Z7EBDT SO—F, BEGRLIZES L, R, BN, BELZCDERIZS\WT FDA ©
Ra%&a~, # L\ Council on Pharmaceutical Quality 7V — 7 DERIZETE > T3,
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Development of Ti-Crossed-Claisen Condensation and Application to the Synthesis of
1B-Methylcarbapenem
Ryohei Nagase,* Tomonori Misaki, Naoki Manta, Hiroki Okazaki, Makoto Sunagawa,’'
Akira Sasaki,' Yoo Tanabe
Department of Chemistry, School of Science and Technology, Kwansei Gakuin University,
2-1 Gakuen Sanda, Hyogo 669-1337, Japan
! Development Research Laboratories II, Sumitomo Pharmaceutical Co. Ltd.,
3-1-98, Kasugade-naka, Konohana-ku, Osaka 554-0022, Japan

The Claisen condensation is recognized as a fundamental and useful C-C bond forming reaction in organic
syntheses. In general, strong basic reagents are used to conduct this reaction. The Ti- (or Zr-) self-Claisen
condensation possesses powerful reactivity compared with those of the conventional methods using strong
bases. Recently, we have developed a Ti-crossed-Claisen condensation between a 1 : 1 mixture of
carboxylic esters and acid chlorides promoted by TiCl,-BusN-N-methylimidazole. In addition, an efficient,
practical, and stereocontrolled synthesis of 1B-methylcarbapenems has been performed utilizing a new
dehydration type of Ti-Dieckmann (intramolecular Ti-Claisen) condensation.

Claisen &Y, HHESRICBWTEAMIHSEER C-C HAFBKETHY, —&RIC MORM
= Na, K), LDA, MHMDS (M = Li, Na, K), MH (M = Na, K) 72 ¥ OMBEEERISH & AV TiTbh
T&7= V. YUHRE T, TiZ)Cl-amine KIGHF % FAV>558 TiZr-Claisen & DRFEZITR-
TW3 2,

Ti(Zr)Cly—amine

(o]
1 2
2 R1 /\COZRZ R \)XCO-‘»R
1

ZNETO Claisen #5EDEKXOREL, EE—BHEOBWRERRISHELENTVWRVWRT
H5. BICEEBEST X F IR ON, BROKZER aldol fHME LB L TY, RERES O
HREEREESNREZ V. ZOFEICEECEFOBEVRISIZBWT, TiCli-amine FIGHIZFIAT
BHERBERLE. &b, Z0 TiCl-amine RISHIZAWAZ & T, B-77 % AREMETDH
B 1B-AFINANARI AOREBRE - ZRBERITERII LT,

1. YURRLOBM/ oY FEFRANRLV BRI T AT AR TORER Ti-Claisen #HE DS ¥

ol K N-AFAALIFY—) lad 2BAL, TUVVTUE=U ABRETHELZRES
#, INEREFFE L, YBOTRATNVERZA & T 5KER Ti-Claisen fAZ RWH L. %
OREE CHINE, BREBRMICKGHETTS. Thbbh, MENICERVWEESCHE« OBRE
BEEL, I FUANARAEFETAERCK L THRET S Z L BEBARETH-7=. Th
IR L XA R A D Ti-Claisen S DRFETH 5.

E3BELLT, REFHFLELTE/e) FIVRAEOBWAILR UV BERWSHELRE
L. Tbb, IVARVEBEEERBABEKY~LEE, T N-AFAVAIF—VER




MTBZETTINT E=Y ABRETEEA~EE, < 2ZER Ti-Claisen §54% one-pot TiT#2
dSFHETHSD. b, ZOREA Ti-Claisen HFEEAWT, KRWEETH B cis-jasmone B &
T (R)-muscone DZIRAJEHEMEESREIT, ERAMERIZ LN TE .

19 examples 48-95%
T
=/ iCle-BusN cross : 8elff=96:4~>99: 1

cr
R,)?\rcozR3 R‘)LN$NMe
R? Acylammonlum
) CCl,COCI, NaH (electrophile)

6 examples 70-92%
cross:self=91:9~>99:1

R'COX
1.0 equiv

+

R¥COR®
1.0 equiv if) 1a-d, TiCl;~BusN

DT INT =Y LAEHLERE, ZATAD afLTD C-TIMEEWZ BN, TilLa—i
D O-TIMETHD (227 -7 I Fb) bARET 9, ZOFEREEERLEh-SOH B.
2B, Fft, RZEM Ti-Claisen #& L IIBIORBEAE LT, ¥ UATEZ— LB DR
BT X 233EA Claisen HEEBRVHLTWS .

2. JAK®R Ti-Dieckmann B{LZAVD 1B-X FAHNNSLRLDEERE - ZRAAR ©
BbELLE B-TF7 X ARHEMETHD 1B-AFNLNANSARIXADERNSREOHESL b
CICABLREELRBETHS. TOARICELT, 2 2ORFEEERIEREENRH D2, UBrs
TPHZE L7z TiCli-amine FUSHIZ ZN ENORISICHEIS T Z N TEX -, #ic, RE 5 AR
FeRK (Ti-Dieckmann BR{b) IZBI L TiX, MEROEEE L IIRRY 2 T O WEHR B
Ti-Dieckmann BRIELTH Y, PEREL VBB TERAMNR 1B-AFAINARIXLADERETHS.

@ F7THE—LE

o §  TBSQ Ay FYLIRR 1o TBSO
H ) o
Ak b S Syl T
O

H NH O
COAllyl
Base(ﬁ*ﬁ) /% H HH
(o]

()

@ SFAYS1E 8BS

TiCly—BusN y / COOH
- /SR 1B-methylcarbapenem
(o)
COAllyl CONMe.
R= _Cr : Meropenem®
N‘Alloc

F72, Bohie IB-AFNAINNSRIXAD TBS {LIZBWT, FEYMHEETCRVWHET-
TiCL-CH;NO, $&#k% AV 2 IBfR2EM T COEM TBS EOBRBEHELZHAVDIZ LItk TH
INRBCHL TBS (L TEBZ LB oot V. ZOFHEMIZHOWVTHRRS.

References: 1) Smith, M. B.; March, J. Advanced Organic Chemistry, 5th ed.; Wiley: New York, 2001; p 569.
2) (a) Tanabe, Y., Bull. Chem. Soc. Jpn. 1988, 62, 1917. (b) Tanabe, Y.; Hamasaki, R.; Funakoshi, S. Chem.
Commun. 2001, 1674. 3) Misaki, T.; Nagase, R.; Matsumoto, K.; Tanabe, Y. J. Am. Chem. Soc. 2008, 127,
2854. 4) Wakasugi, K.; Iida, A; Misaki, T.; Nishii, Y.; Tanabe, Y. 4dv. Synth. Catal. 2003, 345, 1209. 5)
lida, A.; Takai, K.; Okabayashi, T.; Misaki, T.; Tanabe, Y. Chem. Commun. in press. 6) Tanabe, Y.; Manta,
N.; Nagase, R.; Misaki, T.; Nishii, Y.; Sunagawa, M.; Sasaki, A. Adv. Synth. Catal. 2003, 345, 967. 7)lida,
A.; Okazaki, H.; Misaki, T.; Tanabe, Y. in preparation.
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Resolution Technology of Racemic Mixtures Using Distillation Technique in Industrial Scale

Yuuichi Katou,* Tadashi Sano, Tsutomu Sugawara, Toyoji Nakura
Research and Technology Development Center, Nippon Kasei Chemical Co., Ltd.
34-Aza Takayama, Onahama,Iwaki-city,Fukushima,971-8101,Japan

Abstracts; We have established the new industrialized isolation technique of the enantiomers by the
distillation of the racemic mixtures, which were utilized by the faculty of chiral discrimination of clathrate
compound. We succeeded to obtain (S)-Epichlorohydrin and Methyl (R)-2-Chloropropionate of >99%ee
optical purity and of >99% chemical purity from racemic mixtures of Epichlorohydrin and Methyl
2-Chloropropionate. And, using process parameters gotten by our distillation experiments, we developed the
process simulation program of the optical resolution by this distillation technique. Now we can estimate the

cost and properties of the optical resolution by industrial scale distillation plant, easily and rapidly.

1. BRI

FIINFH )OI, HEDEE. NAFE GRE. 707 MEREBNZERND Y.
2 TEAER L TWAREESILAYOIMECERAZINTWS, LML, 2EHEONZEEELE
YNCRREICEBIRTESFIINFY /oo —137a<, BICIERUTHET IR TIIAER, JX
A, BEE. AT =7 v TREBRTREBREEZZIDNATNS, BAWE, SETIIRLF
STy 00— LT, IRRCEBNZREFEOLE) 2 TERRETRIETD I LITRIL .

2. TO0EADOBE
FEMI—ROSHEREZFALTH Y, MRS FRBENOHHLEMZERAND I LI
BENdH5, iHFE2, 6 -CA2FN-3-bUTNFa7EeFI-B-70FFAR) >
(CD)) AW, 7O0CRIEGET. MBARYE CE25E). HEEY (CDASNFEMEED
Big) . BEREEO (REOHESR) . KEXZEQ (SHEOKR) n4TENSRS, MBEET
BT, REEEEICCDERKRE 74— RL. DEITEREGERPGEPRICTI A —RTSEZ
ET. REBEATCD &X%REMGCOMTREERAEZREI Y2, flx OXZREFIBNT. RE
ESHEOAEAEIENDH B LEZ2HERLTED, ABEOEEZEIKEERETIE. ENTLE R
HESHITHEENEC I BRI ENTELLDNEDBINREL BB HIETH S,



3. HHRBEIC K2 HED B DEE

EIERRE GREIERE 250mn. 60B%) TIE/ OOk RYDEZHELEER, MBEYER LK
CDICEEESN/ES-TE OOk RY > % 99. 5%ee THD ZEITRYILE, RiCHBEAZICLD
AEINES-TEIOOL RY S EBEL BERET S 2 & TIRHEME 99. 7%, JEFHIEE 99. Skee
DHAFEWEE/RDEITRDILE, £, 2—70070EF VEBAFITIIHBAESEEL
D REZLFHEE 99%ee LETHBET A LITHBRIILTWSE, Zhb2EFELETOEA 70—
ZF1IZ3RT,

(Sth-ShaesEtes
—P  ERHERE 99%ee
> [Sbk-?é"-%—";‘%mﬂ_ ez oor )

FEEHIRE 99%ee - N\
REk- 2 FHEW

I—h FFHEE 99%ee
’;E & | AESPBIE 9%
#* o £
54 % %
1% —» =

1 —>

) 5

—
—

HWF < ARERQ| | FEERD

H1 HHREICXZHESFTO—

4. YIalb—rarr/ursLr0pH%

ARETRIETOCADOFHRHDZD, HRETIHZREGOEREEBOZGFSENSF
HODBRRANGETESRE 22V —2a 7Ol S5LbRAMICHARLE. HRETHHER
HEOHEREZAEL. BEFHEE Ty FTHIE HRETESEIFENSDHEIDRE,
IR MENSFBETHEICTRAITE S,

5. £&®

BAE. DBERR & L TENRHBES S HOREABMCKORENEITED ZENERTE L.
Wi, SETXRVWABREZAVCH L WAFSEERTH 520, ROSMHFENS,

1) XREOBRMEENLEZRKEPLIX NETOEMYE

2) GRIETHEEE TS BUSHRE &l S Nt #E L&Y~ DEA
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Development of Practical Carbonyl-Ene Reactions of Styrenes —
Combined System of Boron Trifluoride and Molecular Sieves

Takahiro Okachi,* Katsuhiko Fujimoto
Process Development Laboratories, Sankyo Co., Ltd.
1-12-1, Shinomiya Hiratsuka Kanagawa, 254-0014, Japan
E-mail:okachi@sankyo.co.jp

We have developed a practical method to promote efficiently the carbonyl-ene reaction of a-methylstyrene
derivatives with paraform-aldehyde. The key to our success was the combined use of homogeneous Lewis
acid, BF;*OEt;, and solid base, MS 4A which activates paraformaldehyde and traps acidic protdns from labile
intermediates, respectively. In addition, the function of molecular sieves as solid base was evaluated in more

detail based on powder X-ray analysis of the solids.

WA AB (LA) ZAVWBANRN - ORIEREETUINTZ IV I-NVOERFEELTEA
THBEMN., ¢-AFNAFL HFEREZRELTHINNAN -IOREBE—RICEETH S,
DERIZ. BRI THBTUNTN A= EA ABED S RERPTERT SIEER 7D R 225
RISz REETHINS5THS (Fig. 1) .

S
oA H.1a a8
Ene reaction J9 ’ —
+ _— ® o ———_ Slide products
Ar H™ H Ar _—
Ar
Strong protic acld

Figure 1. The Formation of Side Products

OO EHEBTAENTELFaAI5——TX (MS) Z2RIMEERITHS BF; * OF, &
HIZTAWEEZS, a-AFIAFLUFEEENTHFIVATIVTE R[(HCHO),]EDHINVERZIV —
IO REDABICETTA 2R, RETULTNIA-INOBELREREEZHM LKLY,

EREOERABEAZHSMNCTEDIC, LD a-AFINVAFL U FEEEZRHOTANRZIL
—LRIEERSTZ (Table 1). TOHEFR, EFHGHEOBREEXCECRECETHIEEAZA



We i E ., RISEMEE 7250, MM E 72 3B TR [ M E UL 2 T 5 A Tl BT R
JNINHETT L Tz
Table 1. BF;-Promoted Carbonyl-Ene Reactions
in the Presence of Molecular Sieves

BF; - OFt,

H1D)\ (HCHO), Hi:@)LJ\OH
MS 4A

R CH,Cl;, R

2 2

-5--10C
Entry R, R, Conditions” Yield (%)"
1 F F A 72
2 H F A 59
3 Cl Cl A 72
4 H H B 41
5 H Me B trace®

a) A: MS 4A 1 weight equivalent with respect to the starting material
(weight equiv.), BF; * OEt; 1.2 eq, (HCHO), 1.0 eq; B: MS 4A 3 weight
equiv., BF; * OEt; 1.0 eq, (HCHO), 1.0 eq. b) Determined by 'H NMR
using chloroacetone as the internal standard. c) Polymeric products were
formed as by-products.

ARSI R INEEHRTH S BF; * OEt, & MS MW TH D, BF; * OEL, 2B THNWS & i
WSHEMIZ/E D, £z MS B TIIRGIZET L7, MS OREIZHSMNCT S0, HELSE
DHEI2HMS (X-MS,Y-MS) ZHAWVWTARIGZERIFTLIZEZA, KIGIEMS OfESRIZKELSE
HEZUDZEMHBALZ., ZOHRIIMS 2NENET O > OfltA (B &L THBELT
WBHZEZERELTNS (Fig. 2). 51T, HERBEORLZZ MS LBEEOHEERZREK X
BEHTIC K DT 5 2 & T MS OEEEEREZBGE L /2. TO/EIE MS DIEAER & U THAE
LTNWBENS AN T LR ZFHEL=,

€Ms (Solid Base)
n® o e
O" 3 - 8F3 @ H20 OH
AT — | a5 e A
r
Ar Ar
Strong protic acid A stable intermediate

Figure 2. A Proposed Role of Molecular Sieves

EHIT. BEoNEEZRHNWT, 1ERE#ETH S /2ARET UILT IV I =)L OfitlEARF TRF b
FIBZFHZICAFE LI DPha=d s (V) —laET ATV (72 R) 81K ]9, R0k B ZEv: i
BEOBRBMELLTHRHEINTWS Y FF = RO EENREANOGRICHEM L2 RIIDONT
bR TR,

References: 1) Snider, B. B. In Comprehensive Organic Synthesis; Trost, B. M., Fleming L., Eds.;

Pergamon Press: Oxford, 1991; Vol. 2, p 527. 2) Okachi, T. et al. Org. Lett. 2002, 4, 1667. 2)
Okachi, T. et al. Org. Lett. 2003, 5, 85.
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Reductive Amination of Aldehydes and Ketones with a-Picoline-borane in Methanol, in
Water, and in Neat Condition

Yasuo Kikugawa,* Shinya Sato, Takeshi Sakamoto

Faculty of Pharmaceutical Sciences, Josai University, 1-1 Keyakidai, Sakado, Saitama 350-0295,
' Japan

A one pot reductive amination of aldehydes and ketones with amines using readily accessible
a-picoline-borane as a reducing agent is described. The reaction has been carried out in MeOH, in
H,O, and in neat conditions in the presence of small amounts of AcOH. This is a highly efficient and
mild procedure that is applicable for a wide variety of substrates. In particular, this is the first

successful demonstration that this type of reaction can be carried out in water and in neat conditions.

L BUDIE ANR= U EEHOBTENT I /LR BRECCNRBENEBRENDDOT
ZRIEa R FCHRE L FTFhhITEEDEERIIAE<MET S, #LE, RETE
LRBREH. ABOLRVEEFRAV, MELRELBET. RELKBOHERLHILH
FETHD, AFERTO LS REA»OIThhE, V

Lo 2l R (Pic-BH;) BTHT I /{LICAVONEBTEAIZNANSH B3,

+H*
1 3 1 3 1 3
R R -H,0 Ry @R reducing agent RE‘ R
R? 4 + O RE R HOR
carbonyl compd.  amine iminium ion (imine) alkylated amine

NaBH;CN, NaBH(OAc)s, pyridine-borane (pyr-BHz)7%2 ES R < abh T3, 2 Ll Bk
ERTAEES CREN D S, 8 pyr-BH; (2T, MBIC X BBBEMENDHHOT, RE
L BB ARTH D, ERHEEIXERE T, shelflife 126 » B L Ebh T3, ¥ £Z T,
ThOEDREZERLEREOHRIEETH S, BRLIIT IVKRTF VOFFESP. pic-BHs
RITN Y Tl BHORIFCEE R A RER(mp 45-47 °C)T, BIZx LTS pyr-BH; LV ET
RER. RARO-DIELE-RETHHZLERERLL,



I PicBHs V3 A ¥ ) —VEHCORTHT I /LR FEADT I, INVF=NE
ARV pic-BH; AV, PBOBBERM UL A ¥ ) —AEED IR CRIG &8 7, Hexanal
DHARBREMAZVEBRVERERT

Table |. Reductive Amination Using Pic-BH; in MeOH-ACcOH (10 : 1)*

run  carbonyl compd. amine time (h) product yield (%)
NN
1 benzaldehyde H,N""NNN 1 PN 72
2 Ao aniline 1 PRNH NN 82¢
3 cycohexanone indoline 1 N-cyclohexylindoline 98

a) Equimolar equiv of carbonyl compounds, amines, and pic-BH, was used. b) Minute. ¢) Without AcCOH.

IV. PicBHs 2 V3 AERCOBTENT I VLR —BICREEMABICT 5 BIREERICHE
AFEMZ, PEDA I VEREBINCESEDZ ZLBMTOATNS, ¥ LA L, KRIGEKPT

fTo7eZh, KIZEBEDT IV UATIRINR L SBEITT SRk 2R/,
Table 2. Reductive Amination Using Pic-BH, in H,0-AcOH (10: 1)

un carbonyl compd. amine time (h) product yield (%)
1 benzaldehyde indofine 1 N-benzylindoline 88
2 benzaldehyde pyrrofidine 3 N-benzylpyrrolodine 30?
3 cyclohexanone p-methoxyaniline 1 N-cyclohexyl-p-methoxyaniline 97
4 cyclochexanone p-methoxyaniline 4.5 N-cyclohexyl-p-methoxyaniline 74

a) 3 Equiv of amine was used.
V. PicBH: Z iV 2 \ER CORBTMNT I /{LRR:  Green chemistry D RHH & iXERER TR
EHEFE LT, D RO LR LT OBBHE CORIG %3R4, Pic-BH; IHEBA T
DtEH L B BRMTHRERLDOT, KBHOT I VORFETH, X—RICKISHEDENE BD
NEEEERT M OBRETHRFRERES R
Table 3. Solvent-Free Reductive Amination Using Pic-BH,

un carbonyl compd. amine time (h) product yield (%)
1 benzaldehyde pyrrolidine 10 N-benzylpyrrolodine 762
2 /\/\Ao aniline 1 PhNH/\N\ 77°
3 cycohexanone aniline 3.5 N-cyclohexylaniline 94
4 acetophenone benzylamine 72 PhCH(CH3)NHCH,Ph 87

a) 3 Equiv of amine was used. b) Without addition of ACOH.

VI. 3C#R 1) Sato, S.; Sakamoto, T.; Miyazawa, E.: Kikugawa, Y. Tetrahedron, 2004, 60, 7899. 2)
Baxter, E. W.; Reitz, A. B. Org. React. 2002, 59, 1. 3) Amine Borane; Callery Chemical Technical
Bulletin, 2002, p 9. 4). (a) Zhang, J.; Blazecka, P. G.; Davidson, J. G. Org. Lett. 2003, 5, 553. (b)
Rompaey, K. V.; Van den Eynde, I.; Kimpe, N. D.; Tourwé, D. Tetrahedron 2003, 59, 4421. (c)
Beshore, D. C.; Dinsmore, C. J. Org. Lett. 2002, 4, 1201. (d) Dinsmore, C. J.; Zartman, C. B.
Tetrahedron Lett. 2000, 41, 6309.
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Improved Routes to 4-Pyridin-4-yl-Benzoic acid using Microencapsulated Precious Metal
Catalysts

David A. Pears, Kevin E. Treacher, Richard Follows, Nisar Mohammed, David J. Evans*
Reaxa / Avecia Ltd., Pharmaceuticals Division, P.O. Box 42
Hexagon Tower, Blackley, Manchester, M9 8ZS United Kingdom

david.pears@reaxa.com

Cross-coupling reactions are an important aspect in creating diversity within the pharmaceutical,
speciality and agrochemical markets. The formation of unsymmetrical biaryls via Pd-catalysed cross-
coupling of aryl halides with aryl boronic acids facilitates a powerful and popular methodology to these
advanced intermediates. The Suzuki reaction is advantageously mild and versatile demonstrating
compatibility with numerous functional groups present in the starting materials. However, there is a
concerted need for practical and economical translation of these techniques to large scale,
environmentally acceptable manufacturing processes. Herein, we demonstrate the versatility and
practical benefits of utilising microencapsulated homogeneous palladium catalysts (Pd EnCat™) within a
range of manufacturing examples.

AstraZeneca Process Case Study' — Improved route to 4-Pyridin-4-yl-Benzoic acid

Scheme 1.
Br
HO OH [o)
Q) - 30 — 00
N HO o == OH
HCI

80-90%

Original homogeneous catalyst conditions : EtOH/Water, K2CO3, 0.4-1 mole% Pd (PPh3)4

e Issues: 600ppm Pd in crude product , high level Pd in waste stream and product, no reuse of
catalyst

Pd EnCat Conditions: 0.75 mole % Pd EnCatTM 40 with 2.5 mole % TPP (triphenyl phosphine)

75-85 % yield, no reaction without addition of TPP, reuse catalyst >3x without loss of activity
¢ only 20ppm Pd in waste stream

o Issues: high cost of bromo pyridine, therefore switched to much cheaper chloro pyridine:

Scheme 2.
cl

HO o o}
Q- 3OL— OO
N> HO OH = OH
Hc!



No product under previous conditions Pd EnCat™ 40 / TPP
® Therefore, carried out extensive phosphine ligand screen — monitoring yields and impurity

profiles:
HO (o] 0
rO<0X, O
o OH OH
minor major

¢ Biphenyl phosphines found to be best ligands:

W

® Highly active catalyst, optimisation reduced both Pd and ligand charge versus bromopyridine
reaction:

Optimised conditions: 0.3 mole% biphenyl ligand, 0.13 mole% Pd EnCat™ 40

Rate x3 faster than for bromopyridine

85% product yield

Successful scale up

Rate acceleration for Pd EnCat™ x30 that of Pd(OAc),

Catalyst recycle

Remove catalyst and reaction stops, implies reaction occurs within EnCat™ matrix

e Issue: 90 ppm Pd in crude product — can be solved with QuadraPure TU scavenger if necessary

alladium concentration after QuadraPure™ TU addition

5 1400
% 1200 §
£ 100 \ o
& i
Q= 800 b
g § o0 | Au)L‘NH,
B owo

200 ——
§ —

0 50 100 150 200

Time after QuadraPure™ TU addition (min)
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Process Development of Efficient Synthesis for Oxazolylethanol,
Intermediate of Diabetic Medicines

Hirobumi Nobeshima, Yoshio Igarashi
Tama Kagaku Kogyo Co., Ltd.
29-Shin-machi, Yashio-shi, Saitama, 340-0807, Japan

Abstract: Process development of efficient synthesis for 2-(5-methyl-2-phenyl-4-oxazolyl)ethanol,
intermediates of diabetic medicine was examined. Through considering the Dakin-West reaction in detail,
the existence of novel intermediates was confirmed in our system. Furthermore, we found out that the
oxazolylethanol is prepared by treating these intermediates in the presence of sulfuric acid in methanol, and
as a result, the efficient synthesis procedure was developed.

2-(5-AFN2-T == N4-FFH S Y= F J—v (1) ik, FBx OFERFIEFREROPRIGL L
TEAERTVWS, Y 1) OARICHOVTHRECHEERTHWA I LB ? (Scheme 1), 41X
N-RUVSANT ARG EVE-B-F /AT (2) #HREFEE LT, BREBIRoT,
Scheme 1

Q OH A0 OCH, L NaBH, CH,
Ph—C-N h-c- hﬂ/ P
coch:Et,NIDMAP COzCH: CO,CH, A OH

2 3 4 1

LA L7238 &, Dakin-West it POEBINIHEENTVWE Y bANVR/BT ATV (3) T3k
. TRS7 b BOoMBTEFMLENLEY (5) ThHoTz (Scheme2), TEFNT XZ
7 by (5) HRETHBED, MESNTWBEET CIIBRRESET LIS, FiED 3) %
BARZLIIRETH o, £ZT. 5) ZNMKHMETDHILT NRUSANT ARG HEVBRE )
TRFN (6) BB, DWT, (6) DRKRBREZRITLILE ZA, fohiEfmiz 3) TIIZL,
FHRT 7 bR (1) Thotz, &6IT (1) ZHBTLETAZ LT, RARL XYY —
NBAOBRILICEYAXY S Y AER 8) ~LEHBRTEEZZL, RV B) 2= A7MET5Z
LIZX 0 AXY VS YAEBI AT @) BELRAZEEFRBLE, Y

X512, (2) 75 Dakin-West KIiexBZ2-oTELNS (7) X (6) OFiREE. RUKT V=
—NETHY ., 7 FANVEVEEEW 9) X (6) Do MINBRKREL(EEHTHS I LIZHER
Lz, Tabb, NRUSAATANRNGTEVE (10) DX DR a,B-PANE 8% Dakin-West X
JG&RET TR LB E ., oD T INMEDBEIT a LD I VRF 2V EOAERIRE) 22 BLRERAHS
AEETHIE. 9) BERTHILHEFHFTES,



Scheme 2

9 O;H Ac,0  p 0 H,0 Q9 O,H
coch;Et3NIDMAP 2¥73 AcOH
6

2 65% 5c ocHs 43% €02CH,

. CH, 450
—— Ph-g"'ml—a —F NI/COH MzesOI-‘l h{l,co,cu,
(15% from 5) 7 © quant.

\10’ Q OCH
quant. 3
Ph—C N:—{cozn

I T, HBRFEBEAFES R (10) IZZEFE LT Dakin-West Kt %3247 (Scheme 3), (10)
FHREOHFET CEAERE RIGETBILITEY . NRUSA AT ARG R UBEXRY (11)
2/, DWT, (11) ZHEETI L <EEFETICBWTEKEBRCOE L, £RYE
MICRET L2 25, FHRLZ=ZED (7). (12) B (13) BEBRLTWAZ L RHELE, (7)
IBRICRREF 7 P ALEHTHY ., (12) BT EFAT X5 oAb, A3) X7 EFAT
X777 b ALEMTHDZ EMNHPALE, FHE (7). 12) BT (13) i, a-fLOTEF L,
a-ffDILVEZEINED Scheme 3
R B, R UMLK RS A3 BE o

RTLTRY, 8) 0% Q O:H Ac,0 Q Ac,0
ke LTRIATCESDT ""‘C'N"_<'_ >| Ph—c-N —

A _ cozH o AcONa
XRV»rEBExE, £I T, 10 93% 11 87%(7:12:13=

AZ ) =P BREREET 35:52:13)

TUBLEEZA, BOE H,

MRS L, o @) Ph_g_m,_zl . ""“::? . Ph—(:}
BELNBZEERHLE, 0

DWT (4) % NaBH, T 7 12 13

TLTEED (1) 24/ v
7o ¥ BEBRSREZLIIZ, y/
T4 DRREtEELT, (1) H.S0,

NaBH CH,

4

DIFEOZRE 2GR T Ph—(mco o B T P"‘(ﬁ(/\
2L, OH

BEREFRTHILEHNT 18%
&7, 1

References
1) a) P. V. Devesthale et al. J. Med. Chem. 2005, 48, 2248. b) Y. Momose, T. Maekawa, H. Odaka, H. Ikeda
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3) H.D. Daikin, R. West, J. Biol. Chem. 1928, 78, 757.

4) IR ERE, EBTESC K5 2003-246781



P-07

HUZYARBIBAACOY IV TSTA D
SHEEZFIHE LAV — b oRat

aCTLy 2R ) Y, B R RIEBRR ?, BRERKRC, AMARRE ¢, RILRE T
OFFH—', KH—H', BEAFEE’ #WRCE’, BAZZS, hEaEH°

Synthetic Route Using Symmetry for the Spiroketal Fragment in Calyculin A

Eiichi Morishita*, Kazuo Ohta, Mototsugu Kabeya, Hitoshi Gotoh, Takayuki Shioiri, Takatoshi Matsumoto
!CONFLEX Co., Ltd., 2™ Teikei Building 2F, 4-30, Yotsuya, Shinjuku-ku, Tokyo, 160-0004, Japan
*Tokyo Research Laboratories, Kowa Co. Ltd., Noguchi-cho, Higashimurayama, 189-0022, Japan
*Toyohasi University of Technology, Hibarigaoka, Tempaku-cho, Toyohasi, 441-8580, Japan
*Meijo University,1-501 Shiogamaguchi, Tempaku-ku, Nagoya, 468-8502, Japan
’IMRAM, Tohoku University, 2-1-1, Katahira, Aoba, Sendai, 980-8577, Japan
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For the preparation of the spiroketal fragment in Calyculin A, addition of a C1 unit to the highly symmetrical
triol was tried, but this additional reaction failed. = Therefore we did the conformational analysis of the
highly symmetrical triol in order to investigate factors of this failure. As results of this analysis, it became

clear that the cause was the steric hindrance from the symmetrical structure.

TV /AVFAZY KA T7 77— 1 KU 2A 2RENICEETSH LW SAORT > T0E—5—
ERZHEDOAD U AR, BLOHEITN—TICLDEERSBRINEZ[1]. FIEAZORES I —
73, H1IRTESRAEOy 7 —)V#53 2 ThH S C20-C25 1=y MBI OB ERFEELLT, Hf
HHEEEE TS ML= 4 A0 Cl 2=y bOBMBRFEEINZ[2). C1 2=y FOEBMAEEL T, CN
A2 EB SN2 RIEDFIA SN, BAORMER, CNTA LB C1 12y FOBATERM O/
B, Wittig RIGICES C1l 1=y hoBmMATObNZ. FFERICBNTIL, CON 1 F 21X D S22 RIEMETT
Lad> 2 BAETTIERL, EFIMEEMICLD2HHREDLFRTFORERERFA L. TIT, M
BERALELIF O FAT—DEOFINTERN > /CBHEMOELEWNDORBE2HZ /=D DEREEZHA
5T B728IT CONFLEX 5 XK DFHMRMITZITo/z. ZOBKRN— FORER, £ L THIrEER
W B RAEDOBIENRAEE DOV THARARNB SO THRETS.

A RIS AR DR ERTOMRN S, 4 BMEITHT S CN 14212k SN2 RIEAET Liah o7
BRHELT, H2ERRTIDICOAFNEORGEROEE, QFREXOBRERETNSOXE, G)TRFY
1 RZRAVWZHSICIIANHRERSHTOTETHD ZEMNHBALE. BEZETIMEEMOILERTOXE
ZRANRKER, AFNECLIREEBOBEEFIZITSN, REZOBRRETHSOEEEZITRVEEMN



FEITHILEZREIDE. CORBREFTERNS, RISHBADOLGENETORE LREREGOEE M
MEASHhERHTE.

Ml T, NHEEEEALLEERN— FORBRICDOWTRIEZIToAKR, BEapinEonik
WERR, NH#BEZET S M)A IMLEYOUEHNERNEHEL TWHIENHASMIRH /. B
KETIMEEDNSIE, RENREDLOORELL TUKOEEEERATERNI LMASHh LR,
SGEIOHERDS, BEMICRKRWERICBIZREER)I— FOERETI LTI, ToOABRICS
IBE R — b ORBIERMETRELICHED B EHEICELIEEFRICODEATESHDEEISNS.

20 H

Cy Unit +| RO™N""on

J € X
TBDPSO/\/\/l R

o
Figure 2 The reason why the CN ion can not react with the reaction precursor

[1]. (a)Evans, D. A.; Gage, J. R.; Leighton, J. L.; J. Am. Chem. Soc., 1992, 114, 9434, (b) Yokokawa, F.; Hamada, Y.;
Shioiri, T.; Chem.Commun., 1996, 871, (c) Smith, A. B., III; Friestad, G. K.; Barbosa, J.; Bertounesque, E.; Hull,
K. G.; Iwashima, M.; Qiu, Y.; Salvatore, B. A.; Spoors, P. G.; Duan, J. J.-W.; J. Am. Chem. Soc., 1999, 121,
10468, (d) Smith, A. B., III; Friestad, G. K.; Barbosa, J.; Bertounesque, E.; Duan, J. J.-W.; Hull, K. G.; Iwashima,
M.; Qiu, Y.; Spoors, P. G.; Salvatore, B. A.; J. Am. Chem. Soc., 1999, 121, 10478, (e) Anderson, O. P.; Barrett, A.
G. M.; Edmunds, J. J.; Hachiya, S.; Hendrix, J. A.; Horita, K.; Malecha, J. W.; Parkinson, C. J.; VanSickle, A.;
Can. J. Chem,. 2001, 79, 1562, (f) Tanimoto, N., Gerritz, S.W., Sawabe, A., Noda, T., Filla, S.A., Masamune, S.
Angew. Chem. Int. Ed., 1994, 33, 673.

[2]. Kabeya, M.; Hamada, Y.; Shioiri, T.; Tetrahedron, 1997, 53, 9777.
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Reaction Calorimeter : A Powerful Tool for Kinetic Studies of Organic Reactions

Hiroshi Iwamura
Pharmaceutical Development Laboratories, Mitsubishi Pharma Corporation
14-Sunayama, Hasaki-machi, Kashima-gun, Ibaraki, 314-0255, Japan
Iwamura.Hiroshi@ma.m-pharma.co.jp
Donna G. Blackmond
Department of Chemistry, Imperial College London
London SW7 2AZ, United Kingdom

The use of reaction calorimeter to obtain a kinetic picture of organic reactions is presented. Reaction
calorimeter provides reaction rate data directly as well as thermodynamic properties of chemical process.
Monitoring the time evolution of the reaction during the course of the reaction can yield significant
information about the issues such as induction period and catalyst deactivation, which can be difficult to
study in conventional kinetics protocol. Simple manipulation to construct a various normalized rate equation
helps to describe the driving force of the catalytic reactions. Kinetic analysis alone or combination with

another analytical method would provide idea to improve a chemical process.

EEFEEOMEOEAZARL T LT, RICKBZEBRTIZLIIEEREEDO—DT
$H 5B, Kinetics IZRIGEHEZRIRL T30, TOHEHZIBETS I ENRBE#EERIETS L
THETHS, _

RGBT, RERORECKEEE LR OIERARE thermodynamic /22EZ R TS EHMT
FIHEAINTEREN, KISRBFHLVIIGTES heat flow I T (1) IRTIZRIVF—NS
CAMSRENBEBORIGEEZ KM THHDTH D7D, Insitu KIGRBFZFATHI &K
& D kinetics IZDNWTEZDT—FZRIGTES,

q= AH* V" rate 1)

q : Heat flow AH : Heat of reaction V : volume rate : reaction rate



FERFIIEIT Omnical #BD reaction microcalorimetr T3 % Super CRC 90 LN Insight %
WTRHNZIT>TER, EVATFARZBWTR, 3BT -V 2RBTE EMNHED D, —
DOERIZBNWTEE DT —FERETE I ENAETH S, 2B, 4mL 15 16 mL DRIER
SREMERATED, FHALECEYORIIEK 10058 100mg BETH-=, ZDLSIZLTHRE
LERISRDT =505, RIGEEEB LY limiting agent (B OHERH LFRHOBEER 2) B
LT 3) KDEHTZZ &AHKRS,

[q-d
Fraction conversion x at time ¢ = +2 2 tf : final time of the reaction
q-dt
0
[A]=[A]e * (1x) ~(3) [Alp: initial concentration of limiting agent A

FFHREICENE, YT DT L ERBEEMIT 2 EBLORGOIUEELEHT 25k E
WO ZZIERAVONTELFETRRATIZENEETH B EEZ SN, SERISIRICE T
% induction period RIS EHAD product inhibition. X & IZ catalyst deactivation B9 2 81 R % i {E
WAFTDENHRKS., 512, BB RIGEE%E reactant DIETEIZ Z &icknB5N3
“normalized rate” ZRRALT B T LICK D, BERISICHIT S KIGKE D resting state 72 E BT 3
HHREED LR D FRRITBW T, FRISTRT L 572, chalcone DHFHEEME M Ni
fBIC X BARFREMAMEIR O, 7o) D AEERAWET I {ERE 2 BEUSFRTILR—))
SR 2 12DV T, ERUARGEERE2H 1/ kinetics BITOEFZRET 2, B, AW
FEIEIEE + University of Hull 33X T8 Imperial College London 2 TERBEI N DTH 3,

()-MIB :
1) Ni (acac), / (-)-MIB ~
0 CH3CN / toluene : 0 o
i N
Ph/\\\)kPh+ EtaZn . Ph/\)l\Ph on—
2) Hy0
NP
? EtO,C.. H OH 0 Hn-COE
H N 20mol % N
N H” Y CO,Et
CO,Et CH,Cl, E
0 NP OH O
H OH :
H + acetone ——-»10m°'%
o DMSO Cl

1) First report : Soai, K.; Yokoyama, S.; Hayasaka, K.; Ebihara, K. J. Org. Chem., 1988, 53, 4149.

2) (a)List, B.J. Am. Chem. Soc. 2002, 124, 5656. (b) Bogevig, A.; Juhl, K.; Kumaragurubaran, N.; Zhuang,
W.; Jorgensen, K. A. Angew. Chem., Int. Ed. 2002, 41, 1790.

3) List, B.; Lerner, R. A.; Barbas, C. F.J. Am. Chem. Soc. 2000, 122, 2395.
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Physical Properties And Separation Abilities of
Silica Gel for Pre-Cartridge Column

Keiji Ashitaka*, Kazunori Nobuhara
New Product Development Division, Fuji Silysia Chemical Ltd.
1846,2-Chome,Kozoji-cho,Kasugai-shi,Aichi-ken,Japan,487-0013

In this symposium, we developed the pre-cartridge column for sample preparation to remove the charge
solvent to eliminate the effect of charge solvent. The most suitable filling silica gel is selected, by checking
various properties of silica and the height of the separation ability of the pre-cartridge column is shown.

OfE7 o< FETERAEIATWBIAI— ) vy OB T AN T, KYVRWHBIREA S RESE
LRAEBRAN— Y v Ph T LAOFTHEAIMME L SEEHERRIC OV TR B,
1. BIABAN—RY v Ph T LBRBOER

—BECH— R Y v Uh T ARERT B LT, BREHT 204
BRIGIE 7T E D BB R R LT <TEET s
Fr—UFBIENBEND, LirL, REHZ Lo TiE {
DR BRI LR LAV, —ANREL b B, 61
IOLSCERALEREF v —UBENSBRBRE LY b 1.2 T
BHEXRB WA, RERF vy —UBG L ICERT S, 3 2ml
Wbpd [FoiEHKiT] BeRE U TRERSEENTD 12 .
NV, EETIHEOL > RMEERE L, BERRE 1m1
Fr—OrAME LTHE LERIREAY— ) v O _iaNL_ﬂ’Jf\¥£m1
S LIZHOWTRMTT 5, '
2. BIEMEEORE mijLﬂL___rJ;\ﬂml
BEOH— P Y v OH T AT v —IF HREE Timateind

BRAES YV SBEOF ¥y —UBRICBRIETRE N1 BEEA BRICLA5HRE
DEHEBORMIEE2ITo7-, FERTII4EORE



(AL RAE 2 TINBEST I FN,3. TEINBRSTFN, 4 TENBESAFN) O—FEER, F
nENA~XY Y 1nl, F-BEEREORB=F10.51.0,2.0,5. 0nl ICBEBEEZFDra< 7
T AZBIT DHBEEICOWTEE - =, BRRBEICIT 106BFBRF L/~ Y A LT, BRL
LTAFH DA TIToRORRFRTEEN R O, £ OMEBEEE T F/VEMEH TIXRF o8
BERLNTER=FARMESEMT I ONTHELELICEL 2o/ (H18]B),

3. BIRBERI—bY 9P H T AOTHBDREE

e AFEA L LT OMALE, BFEOTVY I NLVEREL THERRLZITV. BED
BRRY A SNVFHANEZBIR L F ¥ —Uh T2 2ER LK,

4. Fx—TH5 LDOFERFE K

T, Fr—Th T ACHBBKY
Fr—T3E5, (ZOB., BBED
A ) —NVEBERETH)
ZDORBEGRE TRBIE, BRE
WEHTLENOHTIRWEREET
W3, TLTHONUDHERBET
BRENTWVWBR AL HT LD EHIZ
Fo—TAT L HEEIE%, BHE
BREH2EEDL K LTI a<

~— RRAR

K2 F¥—Ih7L0EREE

FBEETT D,
5. #EMEMEELEY TN (Taxol) 2L B oEEERELLE: Charge
A T F—UhTLEERLTHEE LB (AL TF5L0D Column f#

HTHEE] L= & ZoMiEiz oW THR L=,

E3 AR .
R ERES~* T AR T im 7 r—7 | J&J\jﬁif\~
B: BRI 7 /VICHBREES € 5m | 7 ¥ —) ‘ .

B iZOWTITERERRCHEBHEOR P o B3BEENT 0

10 20
b ODEDHBEHE ST 1L BT SR 8- Trer®
‘X4 EHY 7 Taxol X3 KREEREREOSE

IAB & &4 Taxol # A ¥ ) —/VICHAESE 1ml F v —
XA U H T A TIREEBHET v — DB & o TREM
SNFIZT 2EHK T2, Fr—UH T AERICLY, Taxol
* DE—J ZWERTDHILNTE,
6. FLH
Fr—THTLEERTEIETToIERIT2BETE.,
BRI BB G Z MR- T, Tonton

B4 # Taxol D45yHE
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Synthesis of Silica Gel for Metal Scavengers And Abilities of Adsorption

Kazunori Nobuhara,* Keiji Ashitaka
New Product Development Division, Fuji Silysia Chemical Ltd.
1846,2-Chome,K ozoji-cho,Kasugai-shi,Aichi-ken,Japan,487-0013

Three types (SH, Diamine and EDTA type ) of metal scavengers are prepared by surface modification of
silica gel. Pd and Ni adsorption test showed that SH type showed good adsorption capability for Pd and
diamin and EDTA are suitable for Ni adsorption

EBB S BAEY AV SR ERSBAR—EHIGE EE DIEABRIThR TV D BEHK
HEORNEFRBICESRNODERL-SEROBRELRERBETHD, REFED1 2L LTH
AETEBPERNCESTITREZEAL TAIRV Vy—L LTHIAT S HE®MTOR
T3, bhbhiZEsE L LTHVWREREZE L. BV HEELMEAEOH DY ) Iy y
Sy T) o TREEAL TR DERERETIERAIN Uy —2ER L, &8 (Pd,Ni)
DREFEIC OV TRREIT O THRET .

1. VYBFNEBRIASL D x—DHRM
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Facile Synthesis of 2-Pyridyl Derivatives Using 1,3-Dimethylurea
Hiromitsu Saitoh, Takayuki Sonoda, Chang-Shan Zhang, and Isamu Itoh

Synthetic Chemistry Research Laboratory, Sankio Chemical Co., Ltd.
5-2-3 Higashiyahata, Hiratsuka, Kanagawa 254-0016

2-Pyridyl derivatives have been known as fundamental building blocks of some potent drugs", electronic
highly functional materials, and others. Although several synthetic methods of target compounds, cross
couplings? or Suzuki couplings® for instance, have been reported so far, these methods are rather not suitable
for industrial scale production because of poor yields, low regioselectivity, or high costs. Recently, we have
succeeded in the synthesis of 2-pyridyl derivatives by using C3 unit such as 1,2-dihydro-1,3-dimethyl-
2-oxopyrimidinium chloride 3, which is easily prepared from 1,1,3,3-tetramethoxypropane 1 and
1,3-dimethylurea 2. The advantages of this method are no use of any bases and low cost based on one-pot

process .
0 Me-< ilL .Me Me
QuegMe  pe. L (Me  concra NN
MeO oMe” H a N
2-propanol
. , 3 NH,0Ac AcOH

2-LYULHEKIIEE, BE ETMESICEFIAINTEY, filzide, 4’ -tV U5 EER
D HEEREEH] (Pharmacophore) (L THATHD, ZNHD2-UPLFEEKDEGRIELL TIT
CY LB NT =y I NREER RIS B 7aR a0y TV RGP BAR—ERAy TV T RIE Y RUE T
=k PR3 Y6 ZRWERIEBEMON TV, LOL, ZNODFETIINLE RN, A ERFEREY.
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HED/WEFIV =L BF IR 9 ZRHL, fINGIRERBLL2-CYVNLVEEEEEX -, L LD, 77
ol A2 8 #1827-DILHELBTHHBEE L~ H (V) ERWADZE, £/~ BF, 15 9 137 v FFEREHEH
THRTC32=y hOTEMRFIELL THIENIH-T-.
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Thol-M, ZORSIIEEE VL ELEFITETU, ZHREYIPVNUBRE 3 MBEkD C3 2=yhe
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A Novel Synthetic Method of 1,2-Dibromo-4,5-diethoxy-3-fluorobenzene

Seiji Yoshikawa*
Process Research Laboratories, Eisai Co., Ltd.

Sunayama, Hasaki, Kashima-gun, Ibaraki 314-0255, Japan

During the course of our work on a thrombin receptor antagonist, we sought a scalable method
for 1,2-dibromo-4,5-diethoxy-3-fluorobenzene (1). The synthesis of 1 from commercial
4-bromo-2-fluorophenol (10) can be accomplished with high regioselectivity and high overall
yields. The novel developed routes, which will be presented, need no low reaction temperature
and complicated purification. The key steps are Duff’s formylation and Dakin’s oxidation of

para-brominated phenol 10.

REMAEDPTHS bu vy L7 ¥ —HERIO LELICHIT - TEOKBLHE
IZHBWT, ARFEIETHS 1,2-dibromo-4,5-diethoxy-3-fluorobenzene (1) D &L ERIR
B2 BT R BLETR ORESLIZARED L 7= D TINS5 (Figure 1),

F
el
EtO Br

1

Figure 1. 1,2-dibromo-4,5-diethoxy-3-fluorobenzene (1).

INETUTaEE 1 ik, HEFRETHS 3-fluorophenol (2) 26 5 TR THETS
3 route 2" 3 BV 2-fluorophenol (7) 75 4 TR THYU TS route b? ICX W RLEL
TV 7= (Scheme 1),

routea
i) n-Buli 1
1) n-oull
B _B(OMeY (HO)B, _H0p
DMF ll) HCI DMF
EtO Et EtO
4
route b
HOA t HMT Ho)@ 1M NaOH HO]@ 6
H
= OHC H0, DMF

Scheme 1. The synthetlc routes of 1 from 3-fluorophenol (2) and 2-fluorophenol (7).



PEFRTE (route aand b) Tik, BRTHIMEOT 7oL 1 2B LNBTEXBHD
D. LY KBUER 7 —NTORGEEZE X TZBRITIX. AV MYV F O LME, TAFME, £
LT7aEbtOZFTRICBWTEMNY 1 OfERSIUNREBETORE L RIBIRED
EITABRINTEY ., EIERTOREEOBANL L, XEORKMMAKR I TV,

ZEITHRAN—PCIIEREORPMICEFEFLE, TORFER, RO
4-bromo-2-fluorophenol (10) % HiFEFR¥IE LT Duff Kithd & O® Dakin i % BRKIGIC
Av, FIRTERERGZLELETRABRRELZE TV 70wl 1 OFRELE
EE AT & B TE 2 Y (Scheme 2),

£ F F

2
Hoﬁ hexamethylenetetramine “‘jﬁ\ 1N NaOH, 6% Hz0, "°j$\
B TFA oHe o 20 92%y. o 5

4 80°C, 13- 24 b, 44% y.
10 1 12

F 3
Etl, KzCOs Bo):j\ Brg, AcONa E'°:©:3’
50°C, 16.5n,87%y. o 5N~ g, 50°C.1.5h>99%y. . B
13 1
Scheme 2. Novel synthetic routes of dibromide 1 from 4-bromo-2-fluorophenol (10).
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B L7z X 5iC, Duff RIG# & Ut Dakin RIGERRISE LTHAWS Z & TI¥(kic

BLAEYToed 1 OFRBEEORRBICHRIILE,
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Diversity on Stereoselectivity of Carbonyl Reductases of Yeasts and Its Application

Masaaki Matsuda,* Chihiro Hiraoka, Shigeo Fujieda, Yuuya Suzuki, Ken-ichi Fuhshuku,
Shigeru Nishiyama, Takeshi Sugai
Department of Chemistry, Keio University
3-14-1 Hiyoshi, Yokohama 223-8522, Japan, sugai@chem keio.ac.jp

Towards the synthesis of optically active secondary alcohols, on which sterically hindered isopropyl group
was directly attached to chiral center in enantiomerically enriched forms, yeast strains were screened with
isopropyl phenylsulfonylmethyl ketone as the substrate. The substrate was designed to enhance the
reactivity by the introduction of electron-withdrawing phenylsulfonyl group, and to facilitate the fast
screening by HPLC measurements. Pichia minuta was obtained as the strains with the preferential attack of
hydride from re-face, while Candida floricola and Trichosporon cutaneum showed opposite enantiofacial

selectivity. The substrate specificity, scope and limitations of these newly found strains are shown in detail.
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New solid supported oxidation system by electro-regeneration

Takamasa Tanabe,* Kanako Uno, Takahisa Ogamino, Takeshi Sugai, and Shigeru Nishiyama
Department of Chemistry, Faculty of Science and Technology, Keio University
Hiyoshi 3-14-1, Kohoku-ku, Yokohama 223-8522, Japan

E-mail: nisiyama@chem.keio.ac.jp

Based on successfﬁl results of direct-anodic oxidations of polymer-supported substrates, a new
solid-supported synthetic method by the electro-regeneration system, was investigated. Mediators, instead of
direct-oxidation, would provide efficient and selective oxidation reactions, leading to desired products. We
examined such mediators as, Br, Tl, and Pb under neutral electrolytic conditions to avoid unexpected
side-reactions. After several examinations of anodic oxidation conditions, we devised an electrolytic reaction
apparatus, which enabled an oxidation with the regeneration system of mediators under neutral and mild

conditions.
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&50
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3.TI B LV Pb DFHEHEEEL
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Electro Regeneration

R
OOMe TIOAc or Pb(OAc),
CP.E.2.0Vvs SCE. H |3+ |1»
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CH;CN (wet or dry}), HNO; 2a
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1a: Xy = OMe, X; = H r
1b: X}, Xp = B - . O?/ Oxidation
' B
2b H
Scheme 1 TI'* or Pb?* oxidation Scheme 2 Soild-supported oxidation
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Bromination of Unprotected Aromatic Amino Acids, Part 2

Yuusaku Yokoyama,* Tomotsugu Yamaguchi, Masanori Sato, Hiroaki Okuno
Department of Pharmaceutical Sciences, Toho University
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Bromoisocyanuric acid sodium salt (5)was the best reagent for the bromination of unprotected aromatic
amino acid in 60% H;SO4 among the attempted brominating reagents such as
3,3-dibromo-1,1-dimethylhydantoin, N-bromosaccarine, NBS, and NaBrOs3;. Bromination of phenylglycine
with 5 gave meta brominated product as a main product, unexaectedly. Aromatic amine, benzylamine,
phenethylamine, and aniline were also attempted the direct amination using 5 in 60% H2SO4.

(FFaa

THEHIVITEEEE G T COEREFEFERT I/ BUO)OTa MERIETIE, TI/ERTm
FEoY LA TV ORBEERIT 4 BELTK, BRERZEZ LB IRERIMZEXD L
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T, EFBROTu AMeBEITTHLELEZONSD (Scheme 1), 41X, T TIT 60 % HySO4 F
Phenylalanine (6) % Bromoisocyanurica acid sodiumu salt (§) & RIEE®B Z &icL Y, HES o ,E
FNRIEBDZ LRI L7 (Scheme 2), 4[EZ. Phenylglycine D7 2 AMEEIZLH, 7w
LAMEBROBERB LT 2/ BUNDOEFET IVEOTa MEEZHOWTRHNL., ZOREOEA
R L FRICOVWTORREEZHROTHRE LIz,
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mCOOH 1.1 eq.of § @/\rCOOH COOH COOH
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N-Bromosaccarine (12), NaBrO3 # AW TRE#{To M, KIS ETT 20D, ) Taisfk
DEHPNRIEIFZFETH 34 % THYBENRETH o7/, F/=. N-Acetylphenylalnine Methyl Ester (13)
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B, £, BBMEEETTHOT oA NHAc
EiziX. s b‘%%ﬁb'@\élttﬁﬂ 10 11 12

LbMhThHB,

RUNT, Phenylglycine (14) D7 1 AMEZERE L7z, BKIRIX, RA—XITETL, L1 YEDS %
RAWIEBEITITE ) 7a k15, 16, 17) ZNRNBLIL EX (G 18 %), LV, Bz HL A 4
&Q16) #EAEmME LTH X, Phenylalanine(6) & 132 < B BER L/ o7~ (Scheme 3), & HIT
22eq.D S FHWEBAITIK, V7 a k09, 20) DHEBELNT,

Scheme 3
Br.
1.1 eq of § r\/\/Br
HaN HaoN =
60% H,SO4
CO2H oC 25h 002H CO-H COzH COoH
15 12% 16 44% 17 22% 18 5% B

%éﬁT\/@tHT&<\%éﬁTiyﬁﬁﬁfﬂA Br '
{EBFEEEEELXLOND, TFITTI/BLOREER X HoN B HuoN Br

UM B &R % L4~ % B #9 T, Phenethylamine, Benzylamine
O7a hMbERH LI, ERBIIT EF AL LIk, BEHEE
B %iTo7, 7 I /B LK. Phenethylamine TiX. A/
ME 21), RTEQ2) DHRBE LN, Benzylamine Tid A # & 4) bE LN, LH L., %
DAERLHIT Phenylglycine (14) DIRE L LR T/NEL Rotz, EHIZ, 7=V D7 usMebiEH
Lic, REBEBRI LIZ, 60 % HySO4 P THELE RIGIHETE T, 96 %HiBE T TOHRIGITETT
L7z, &b, R"7EQ6)DHAMNELN, A ZEIFe{EBNEN>T, T=)rD=}buafLT
. AZEREONDZOLITHRETH Y RIS,

NHAc Br Br
AcHN\D AcHN ACHN\/©/

Br
21 31% 22 29% 23 21% 24 15% 25 16% NH,
26 66%
1. BRILtAE, EBIER, WNEHE. HERHL AAToER{LES 2003 y~— YU ROV AHBKRESE
p. 57 -58. HUR. (2003.6).

r
CO,H CO,H
19 31% 20 25%
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Practical process developments of KRP-103 for treatment of urinary incontinence.

Shintaro Kanazawa,* Ichiro Araya
Research Center, Kyorin Pharmaceutical Co., Ltd.
1848, Nogi, Nogi-machi, Shimotsuga-gun, Tochigi-ken, 329-0114, Japan

Abstract: KRP-103 is a centrally acting NK;-receptor antagonist developed for treatment of urinary
incontinence. Although the initial synthetic method has some aspects remain to be improved for scale-up of
the production such as operational performance, production facilities and preduction cost. An alternattive
method was developed to overcome these problems. The key intermediate 4-arlylpyrimidine derivative was
obtained through four steps from o-tolualdehyde. Then, the subsequent condensation with aminopropanol
derivative and cyclization to an eight-membered ring compound succeeded in manufacturing of KRP-103 on
multikilogram scale.

KRP-103 i3 MBSk RS AR TR I N, PRIESY FF+ 20 SBRGEVIERZE Y
BREBBFERTH D, ZORAIEBRBEICBITZERIN— b TIRaX PRUREOE CTHRERD 57
b, FOREZBNELETOEABEZITV. BRECTERITHEBEEOBRRICKRIIL .

. RISKBYREIC BT 2 EERBEE
KRP-103 IZ#IHIEXBE Tid Scheme 1 DB BRI N TV,

Kk ;1]
)@v S Q
J
I o f4x8)
1) mBuli 3
gl z)co, -0°c cop 0500': @0 ,—Q C(ﬂmo,
N, ———me
)l)j )\&I Tazen EtN N7 CF, Pd(PPh,),
MeS 3) K,CO, DMF u.s)‘n o—) Na,COpq
3 4 52% 5 Diomn;goluom
CF,
cF, 5T} cF, [35\&] A 3
o mCPBA HN__NCOMo AN
N N CF, PriNEt I Ao 0.) o
) 3 : NN
MOSAN o) 32‘ MOO,S N O—) Dl;sﬂ;ne \‘(N\)
8 o KRP-103
Total yield : 21%

Scheme 1
ZORRER 6 TRTRRRB A EENZARIETH S, L2, 2 TE (G4 OBEERK IS,
TUASFNAS L O NERE SEfTSREBELT S L THENSDS, £z, 4 TERGE-60IC



BATREEROB WG Y 7)) > VRELERAT B0, ELDIRA MY OEN S RETHE
MHB. T T, IR MEIREEIC, K OBMRRGRE TRIEEICEN: 7O AOHR 2 B
LRI EBAL 7.

2. HiAlisJRSESYE

PR & 73 D BERRSRUSASN v 7)) > VRIS EEREL /=Rl 6 07 7O—F &L T, ¢ kY

WEEETBZEYI VAR EE 13 R5EY I RAFYV I CREBET I — ORI 2T
7z
oo,sz

<
1) Poct,
(ICHO pwﬁ,\ C(\rOO,El H,N NH 2 Naoch 2)2 E'.,N AcOEt
_—
KHCO, OO coEe N R T N %" 5 psu.oms0
DMSO
090k¢

Mes N o MoS N (o] ms N (o]
1. 67&;(85“) Total ylcld of KRP-IOS 20%

1 62&;(03%) 1 uu(so%) uwom
Scheme 2

TORR, HREFRBE UTREICHATIRER o- MV 7 IVTERIZBIRL., 2InoFEHINS
qﬂf’a’iﬁi 10 & SAFIINFFREEORIEKIEDHE. DD BM{ER UKD EL. o NUNEZFETZY

IVANRIBEIIALE W, ZOHHEK 13 2/ ook @RINERSAFYST
ﬁ@%§%7\/7w:—w¢2ammékvﬁmkxbﬁm\¢ﬁ¢6@ﬁtmém&®%ﬁu
FRIh L 7=(Scheme 2). &) — b2RHT3 I L TRERRBRUSHAD Yy 7)) U /RIBZE L, B
D, ASLBUOENREANLH N,
3. REICHITEMEROKE

FCHER LU MEETRERICMITRA =Ty TERAEN BUIPORBERE (10—
ID)OFREE, TOMOTETHRERICBITIIRENEC L, Fi, ﬁ%@?]‘%‘- IR I3ME
RAZETENn, 22T, 2IRCBNWTEBERNZTW, A7—IV7 v 7alfEatk B 8k 2R
L 7= (Scheme 3)?,

2xH)
(o j:’ 1,50, BT e (szeD
CLC"O COEt \HNTNH/, opa NeOHsq 1) SOC!,, DMF, AcOEt
1 12 13
Piporidine Na,CO, Ac,0 2) 2, Et N, AcOEt

.
9 AcOH OMSO/H,0  911kg(n1X) DOMSO  gsgig(73%) 5.32:g(89%)
$.00kg Tolueno

(et ]
(eIEJ g ]] I\
MMPP HN  NCOMo
7 —— KRP-103
MoCN/EtOH Et,N
Mes Sn OIKL 7.28kg(96%)

7.21kg(84%) DMSO 5.92%g(75%)
Total yield : 23%

15 OH
9.121g(82%)

Scheme 3
2 TRO-1DIER7 >Ry hTHEENICREZTWV, 2 A5y TEORBICBWTII S KSR 2468
AT5Z&T BRMERSPHEME 1] Z2B5FITRIIL. 3 TR (11-12) TIRHEEHNRME/2HIET
5 DDQ ZEMICFIAT A REAML IX MIRICRIIL 7z, £, FFEE) 2id, KR
SRELUTHEEFAZIV/INF ZHNWSETRHEZHFR L, BAL, KRP-103 OFABEEDHREICK
D, EIX NTERELBELDOF OV S LRAr—IVOBEITRIHL 2.
References: 1) B S ABRKIFAMR 2003-277384. 2) iy —ER. £F{EKER ¥02005/019225.
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Efficient selective deprotection method of #-butyldimethylsilyl ethers using
TiCl; — Lewis base complexes ; Application to the synthesis of 13-methylcarbapenem

Hiroki Okazaki,* Akira lida, Ryohei Nagase, Yoo Tanabe.
Department of Chemistry, School of Science and Technology, Kwansei Gakuin University.
2-1 Gakuen Sanda, Hyogo 669-1337, Japan

The TBS (tert-butyldimethylsilyl) group is one of the most popular and reliable silyl protective group in organic
syntheses. We have developed an efficient, practical, and chemoselective method for the deprotection of TBS
groups using economical and available TiCl, - Lewis base complexes. The method using AcOEt or CH3NO,
as Lewis base involves smooth deprotections not only of aliphatic TBS ethers but also of relatively less reactive
phenolic TBS ethers, in short periods under mild conditions. As an extension, we demonstrated the present
desilylation method for the synthesis of 1B-methylcarbapenems, that is, TiCly - CH3NO; complex successfully
applied to the final stage of its synthesis.

TBS (tert- butyldimethylsilyl) %, Corey BT R R ¥ 75 PV EDOLERRICHIA L TLSE,
FBEREELRERHRTLa—NDVINVREETHD. YFRERX, THha—iARr by,
FATFE FOBRMCHRARMENS VI LEZRAELTVWSY . TBS =—F IV ORE#IC
TBAF REL—BHUICAVWLATWAR, TN HSEEMTH VAT OEEOBRFHEICIX
RHETH5. SERBHTRENR TiClL - VA ABEEEZAVWEBRMREGET CO TBS ——
FNORGEHEL RH L7 (Schemel). TiCl, BEMTHWAIHEE, BIERDE LT o
ERTIN, VA RBEEOFRIMCL Y ZhE2ZL2ICMBTsZ LR TES. EHIT TiCl, Bl
DBEAICHRRSEERKBICR LT 5 Z L3bho7- (Graph 1, 2). 72, CHNO, ¥ik 18-
AFNVHANNARILADEREE LTERATHS (E).

Scheme 1

RO-TBS n;::;;::::m RO-H
s N ———
el ==
Sulf / : Il /
mﬁ: : M

time/h tme/h
iBD/Ms\/\/ TiCl, - complexes  OH OTBDMS  TiC|, - complexes OH
1 I Chiorobenzene )\/\/\/ )ij/
0°C 1

1 CHChy, 1t

2 2
Graph 1 Comparable experiments of desilylation Graph 2 Comparable experiments of desilylation of 2
of 1 conversion (GC%). ®: TiCl - AcOEt complex. conversion (GC%). ®: TiCL - AcOEt complex.
A:TiCL - CHsNO; complex. ®: TiCL only. A:TiClL - CHsNO; complex. ®:TiCL only.



e DE—BBLUE_& TBS =—T VOB TBS {EEEZITo R EUTIZRY
(Table 1). RALLTORIGITEINECHEIT L. 2B, ZOFERE=®K, 7TIIL, v
ML ERBHA A 2B CRETIEHICIIERTERVBALDHS.

Tablo 1 . A TiCl, - AcOEt complex
ROTBS “c‘::c':‘;“::?c" ROH {B Tict:-CH,NOz co:tphx
Enty  Substrats Product Mothod m‘i“c‘;‘; plox Time /min. Yiatd /%"
oTBS on
T AN A~ s 12 }8 3»
2 S~~~ S~~~ "0H g 1.2 :g ::b)
: ‘Q < s e o
4 - I -4
5 “ OTBS OO oH s 25 % b
S b)
s i €0,8n P cosn A 24 e oa)

a) isofated yleld. b) 0°C c) 48 °C

BT, MHFRETIX, BAE Ti- Dieckmann &2 AV 5 1B-A F N HNNRRRADERBEER
EZHRELTRBY Y, ZOBKEMIZBITAE TBS {bLRG~DGAEREZRLT-.

Scheme 3

il ®S0uy HO Y
COSR  TICl/BuN 1
N ° N/ SR -oormmoeeees 1 )-sr
g I CH,Cl,, -45- -60 °C pr p
COAlyl to,any { o

AcOEt ¥ Tl BRMDRISITEIT Ui o728, CH;NO, (s CEMBZ B/ S = LN TX 7= (Table
2). BT, LD I -AFNAHINARXADE TBS (ERE~DERTH LB TEE. T4
bbb OFEE, REER IP-AFVINALRKAOERNESREE LTERATE 3.

Table 2 TBSO HO
by , TiCl, - CH;NO, gy ;
L SR 1 CH,Cly, -78°C, 14 h s SR
CO,R? CoR’
Entry R! R? Yield/ %" Entry R' rR? Yield/ %"
§ §
1 §—<:> /\Quo, 91 4 Bn /\©\N0, 79"
2 ANy 80 5 = Allyl 82
CONMe,
3 Ph 89 6 —C,g 60
'COAllyl

a) isolated yield. b) Reaction timeis 11 h.

1) (a) Tanabe, Y.; Murakami, M.; Kitaichi, K.; Yoshida, Y. Tetrahedron Lett. 1994, 35, 8409. (b) Tanabe
Y.; Okumura, H.; Maeda, A.; Murakami, M. ibid. 1994, 35, 8413. (c) Tanabe, Y.; Misaki, T.; Kurihara, M.
Chem. Commun. 2001, 2478. (d) Tanabe, Y.; Misaki, T.; Kurihara, M.; lida, A.; Nishii, Y. Chem Commun.
2002, 1628. 2) Tanabe, Y.; Manta, N.; Nagase, R.; Misaki, T.; Nishii, Y.; Sunagawa, M.; Sasaki, A. Adv.
Synth. Catal. 2003, 345, 967.
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Stereoselective synthesis of Z-olefins via aldol type adducts of the HWE reagent utilizing
direct Ti-aldol addition

Mayumi Katayama,* Ryohei Nagase, Kumi Mitarai, Yoo Tanabe.
Department of Chemistry, School of Science and Technology, Kwansei Gakuin University.
2-1 Gakuen Sanda, Hyogo 669-1337, Japan

The Horner-Wadsworth-Emmons (HWE) modification of the Wittig reaction is a widely employed method
in organic synthesis for the preparation of o,B-unsaturated esters. Recently, we succeeded in capturing
the aldol-adduct intermediate of the HWE reaction for the first time, utilizing the direct Ti-aldol addition.
The present reaction proceeded with excellent anti stereoselectivity, in clear contrast to the conventional
method using basic reagent to proceed through syn pathway. The LiBr-mediated-monodealkylation of
phosphate esters moiety of the aldol-type adduct proceeded in good yields and subsequent elimination
using condensing agents afforded Z-olefin with good to excellent selectivity via a cis-oxaphosphetane
pathway.

BYABIRMRRER- RE_EEASFERESORRBIIERERLEBICEETHS. FTH,
Horner-Wadsworth-Emmons (HWE) K~ o p- R8I A7V OERKEL LTEES Ao Tw
3. @% HWE KRETiX, DREED aldol BfHIMEDHREFESSLIEOREBIZHEE L EhTWa T
b, ZOHREEE BT ITRISEBEORARLIT TR, HILW HWE KGOS ERIRERB N
MEIN3. ZOBEEMITH b LT, aldol BTN E&EREHIR I fliZELERV. £Z T,
UHFAZ CHEBAE T O Ti-E# aldol BRE EFIAT T aldol BN EEZHRTE 2V
NeExi-.

AE, PYVZFANKRRK)TEZ— P EeTATE FEDORGIZ Ti-amine KGRIZERA S EL
5, A3 amine DYUBEE2BZ24I2LY 2 BEOARYEBOLNDIZ LERVHLE. §
2bb amine & 14 YBAWERATIZIERN LTS aldol BfMERELERHE LTEDN, 2.8
LRAVEEAICIE aldol HAEREERBE LTELNSZ L ERVWHI L7 (Scheme 1). T
aldol BUfHINKIX, TMS R#§ 5 Z & CHERUATETHS.

ine - 1.4 equi O OH
amine : 1. uiv z
i Et0” 3 R
0 o TiCl, (1.2 equiv) / R =H, Me R P(O)(OEY),
¥ 1Cl4 (1.2 equiv . _
EtOzc\rP(OEt)z + R.)LH —— 10 examples : 40 - 87%
2%12
R \ amine : 2.8 equiv 0
R=H, Me - Eto)l\(’“R
R=H P(O)(OEt),

Scheme 1



HWE RISIERERE RS T TTbh 528, TiCl-amine KRHI% B3 FE T, SEREEE 1T
WCARS T B anii BRENCRKISHEIT L RABAE 2B TH 5.

LIZAHT, BHEDO HWE RIETIE E-4 L7 4 UBBRICEONS 120, Z4 L7 4 V2B
KBS N EHEHERPEETHY, BE, Ando HOFEHEW L > DOFERBERSLTY
%), 4H, Ti-E# aldol BRIEH anti BIREITEST LTz
TEMD, TNICKRE cis-AHRYRRAT7 =
FAURACTHBR G TS E5 2L " Base ﬁf&'ﬁﬁ‘k ~

. —_— £ 2 I
BCENE, ZAVT 4 VR BRIICES B0 TR HORH B
BREL D EE 2T (Scheme 2). : “oetn

Scheme 2

B o aldol BFHINPRIEICE 4 DEEPERASVEFER, =F /L A5 )L Ci retro-aldol X

IEBRPERE LI N o f-. £ 2T, HWE K O OH

JISE DT AT VB DEBEITVS, Ar B AroJ\(:‘R BuoLi /=\_  Ar=(4-OMe)Ph
(4-OMe)Ph DFA Z BRIER 22 Y ITFE  (EOROP AL
L7=d8, i3V retro-aldol RISASMEIT&

72753 > 72 (Scheme 3). Scheme 3

2T, HEXERET, THEETORSREERLE. T4bb, adol BAMAMEDY
VBRI ATNEMERE 7 T XML, PHEREESR (DIC, EDC) ZER S ER, aldol BifF
IR 2 steps T Z-A L7 4 EERIREICHE D Z LIZRII L (Scheme 4).

(?)H LiBr OH condensing agent
EtO” R EtO R DIC or EDC EtOZC\/\R + Et020/=\R
P(O)OEY; P(O)(OH)(OEY E-olefin Z-olefin
Dic: >-N-C-N—C  EDC: MeN"NeC=NEt.-HCI high selectivity I
EiZz=2/8-<1/9
Scheme 4

A BITEKIE, YRR CHRRE LT A — L0 A7s Y MEH TBS-BEZAY % aldol EfHinfk
WERSEDZ LT HELIRMT Z23 V7 4 Y EBMEBRRMICE S Z LITHII L7 (Sheme 5).

oTBS
O OH Ph” “NPh //\
2 TBS-BEZA ¢at PyH‘OTf EtO,C R
E R Zolefin
P(O)(OEt),
high selectivity I!
EiZ=2/8-<1/9
Scheme §

1) Tanabe, Y.; Maumoto, N.; Higashi, T.; Misaki, T.; Itoh, T.; Nishii, Y. Zetrahedron (Symposium) 2002, 58,
8269.

2) a) Ando, K. Tetrahedron Lett. 1995, 36, 4105. b) Ando, K. J. Org. Chem. 1997, 62, 1934. ¢) Ando, K.
ibid. 1998, 63, 8411. d) Ando, K. ibid. 2000, 65, 4745. e) Still, W. C.; Gennari, C. Tetrahedron Lett.
1983, 24, 4405. f) Nagaoka, H.; Kishi, Y. Tetrahedron 1981, 37, 3873. g) Sano, S.; Teranishi, R.;
Nagao, Y. Tetrahedron Lett. 2002, 43, 9183.

3) Misaki, T.; Kurihara, M.; Tanabe, Y. Chem. Commun. 2001, 2478.
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Enantioselective Synthesis of Optically Active Nitrogen-Containing Compounds
Catalyzed by a Chiral Brgnsted Acid

Junji Itoh,* Yukio Tamura, Kohei Fuchibe, Takahiko Akiyama
Department of Chemistry, Faculty of Science, Gakushuin University
1-5-1 Mejiro, Toshima-ku, Tokyo 171-8858, Japan
E-mail: takahiko.akiyama@gakushuin.ac.jp

The development of highly efficient chiral catalyst continues to be an important goal of synthetic organic
chemistry. Considerable attention has recently been paid on the development of chiral organocatalyst. We
have designed chiral phosphates, which are readily prepared from (R)-BINOL, as novel chiral Brgnsted acid.
We synthesized novel chiral cyclic phosphate derived from (+)-diethyl tartrate. Treatment of imine and
ketene silyl acetal, derived from methyl isobutyrate, with a chiral Brgnsted acid(5S mol%) 2 in toluene at =78
°C gave B-amino ester with high enantioselectivity. It was found that 2 showed higher catalytic activity in
the Mannich-type reaction.

(FRIF L WA OERIIERARCZCBI2EELRREBEO—DOTH D, INETHKLAR
FINEEBINA ABRMENERIN., ThE2AVWEBIF O FARROBZAEARRIGVEHE S
nNTws, FE, BESFREORFEELIEREEYNARETMEL L THBETS I ENRVES
N, TEREEEAVEREFTSERRIN] ELTREREBEZEDTVS, YARETIHINET
2, R)-EF TNV EDHEHELE) CEBIAFTIVINFINT VAT v REffEE U THEE
L. AEIZwERKEED, a-7I /AR BIAT Ar
WORFESRRBINENLF > FAHRIRETHEITTSZZ OO Q
LERWHLE, 90, KOBEEEOBWFIINTL > /(P

Figure 1
A7y REMEOHRREEZENE L, BAERIDFELLH O O OH
BRORRY BT ATN2EEHR LI, 23RET 2y Ar
ERRBICBNTFINT VAT Yy REEAEE L THL Chiral Bronsted Acid 1

FSIEEEZRT CEZRVWH LD THET 5,

BRIAENARSGH DORMREAB S IATINOA4TREZRT. FIERRV VB IAT 2%
& B% L 7=(Scheme 1),

Ho\[cozet

HO" ~CO,Et

(+)-diethyl tartrate

2a: Ar=Ph
Chiral Bronsted Acid 2 2b: Ar=4-CF;CgH,4



22FINTV ATy REREE LU THWTA I 237 7o UNT Y= IADRE T 2y
ERRIGZEITO . 20F B REREORAZTHoRER, 72V EOBILza2 N3 ER
IEET LN o728, 4N TINAOAFIN Tz ZNEZHA L2 E A NS EHERNITT
Zy ERIRGSISET L. MIETBB-7 2 ) TR TIV50373% ee T S 172 (3cheme 2).

H i, Chira(lsBr:l¢()r;%e)dA&id2 @OH
+ >_——'() - NH Scheme 2
p OMe Toluene, 78 °C p ?(XEOMe
3 4 5

2a: No reaction
2b: 97%, 73% ec

ERIGBHLRBRAIVICERATAIENTETH D, ThbBEFRSMEEOBHBRL T ITE
FHEROAM I PEFHREREOBRLETZINTE REKOA I ViICHLENWT T O F 4 BN
THIT 3B-7 2 /) TATFIVRE SN/ (Table 1),

Tablel N _ Chiral Bronsted Acid OH
SiMe, (5 mol%)
+ )= NH
. OMe Toluene, ~78 °C OMe

Ar

e LY Ao s howe e

quant., 89% ee 81%, 85% ee 95%, 92% ee 85%, 89% ee 96%, 92% ee
ISR ICOEBHRLOBRERF 2T o0EER. T MICE ROFIEEZFETEI 72V E
ZAVWERBITEVWAFTZTENRR TSI EMbh oz, ZO#BXD. ANV MIOE ROF>
ERY DEBOBRARIINEOERFTFLKEHFEEZHBR UL, IBROBBIREZEHL., 13>
DReE ZBRICHBT D ETHENWLF O FARBRENREL T3 &E X 55 (Figure 2).
Ax_Ar

<o oH—0
~P< K)/ Figure 2
O\“ O O\H,“”
Ar Ar )\l
A

[(BERIEARI VDGR LERRY DERF SN TV ATy FEEE U TEWBEEEZRT

g’&ﬁblﬂj Lice U CEMBEE"EREDOTL ATy REBELLTERALTVWSDDLEEZXS
2o

(3R]
1) T. Akiyama, J. Itoh, K. Yokota, and K. Fuchibe, Angew.Chem. Int. Ed., 2004, 43, 1566.
2) T. Akiyama, H. Morita, J. Itoh, and K. Fuchibe, Org. Lett, 2005, in press.
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Synthesis and Reaction of Phosphonium Borate Derivatives

Shin Masaoka,* Hideyuki Iwazaki, Satoshi Hobara, Yoshiki Hayakawa
Fine Chemicals Research Laboratories, Hokko Chemical Industry Co., Ltd.
2165, Toda, Atsugi-shi, Kanagawa, 243-0023, Japan

Phosphonium borates are easily synthesized from phosphonium chlorides or phosphonium sulfates and
sodium tetraphenylborate in high yield. Trialkylphosphines are very sensitive to oxygen, but phosphonium
borates are stable. So, we tried to use them for some reactions as phosphine-ligand precursors instead of
alkylphosphines. Then it was appeared that additions of phosphonium borates were effective for many

transition-metal-catalyzed useful reactions.

ZEPTCORVFBVBRES RN TAIARAF=T LR L — MHFEEZARL. FERMICE
WTHRT 4 VB FEDO LD EREOMREFTHZ LA L,

l. HARAKR= bR L— FMBEKDERK

MY TAXAKRRT 4 EENT & TEEBEBBEITRE KRR, RE—ER. RR-BRE
BRSO L L TR THARLEMTHY . 2RO EFA LIEFROZBIGARESNT
TS, LOLAEBS, NI TAFAKRRT 4 ViZED TELEZITHEL . BV RVWHPRETH
HEVWHIBBREBZITHS,

FIT, BAFRRAT A VERRAF=TLARL— FORIZT B EBLEZTH#HWZ LIZEB L,
BRRIE~DISAERAT B0, FAT=Y LRV — FFEEDEHREIT -7,

H2S04 Ph4sBNa

(tert-Bu),P -—H_H’ [ (tert-Bu),PH],* SO,————» (tert-Bu) ;PH-BPh, 93%
2 2
TTBuP-K®
HCl Ph4BNa
(tert-Bu) MeP ——— (tert-Bu) MePH-Cl —————(tert-Bu) MePH-BPh, 89%
Hz0 H:0 DTBMP-K®
ZERPTEE,
ey’ Pash CAS No.  Z¥&E RRRPEE ®mEOABKHRK,
(tert-Bu) ;PH-BPh, TTBuP-K® 131322-08-2 522.6 37.6~39.9% a
(tert-Bu) MePH-BPh,  DTBMP-K® i 480.5 32.4~34.4% BYFRVWBES,




2. FRRAFR=ULRL— b FEELERLZEG

RART 4 Y EENF LT 2BBERBEEVSMEDRERETIRISFIZHEMONTVS, Thb
DEIMZBWT, RAKR=ZT AR —MIKRT7 4 VEREDOHRELRE LT, ERAFIEIIED T
BETHY, RSRPREARAR=Y LRV — e BBEBEZRMT L, RPTRRT7 4 —BB

EREEEHEVBER L. RIEPETT D, UTIARGIZET 5,

<Suzuki-Miyaura coupllng>

o 1) e 0315
Cl + (HO).B - 84% Yield
(HO)2 KF, THF, it, 24H \ 7 ’

DTBMP-K, Pd(OAc),
nHep-Br + (HO)ZB—© .l
tert-BuOK, tert-AmOH, rt, 24H

89% Yield

2
I
éj

<Sonogashira coupling> ™

O TTBuP-K, Pd(OAc),
Br + :—< > > O — O 99% Yield
cyclo-Hex,NH, THF, rt, 17H

<Grignard coupling>
TTBuP-K, Pd(OAc),
MgCl + Br—@ -
THF, rt, 2H

ref4

87% Yield

3

<Arylation of carbonyl compounds>
Q TTBUP-K, Pd(OAc), Q
@-Br + > 98% Yield
tert-BuONa, THF, rt, 17H

refS

<Buchwald-Hartwig amination>

©

H TTBuP-K, Pd(OAC),
@—m + N - N 92% Yield
tert-BUONa, Xylene, reflux, 10H

1) J. Am. Chem. Soc. , 2000, 122, 4020-4028
2) J. Am. Chem. Soc. , 2002, 124, 13662-13663
3) Org. Lett., 2000, 2, 1729-1731

4) J. Am. Chem. Soc. , 1999, 121, 1473-1478
5) $#BH 3-161360 BAR
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Facile and efficient isotope labeling method for phenylalanine derivatives
catalyzed by Pd/C

Tomohiro Maegawa®,* Akira Akashi®, Hironao Sajiki*, Kosaku Hirota®, Kenjiro Tatematsu®, Yukio Mori®
®Laboratory of Medicinal Chemistry, ®Laboratory of Radiochemistry, Gifu Pharmaceutical University, 6-1,
Mitahora-higashi 5-chome, Gifu, 502-8585, Japan
sajiki@gifu-pu.ac.jp

Amino acids labeled with deuterium or tritium are applied to wide range of studies such as metabolism,
structural analysis and dynamics of peptides and proteins. Although a number of methods for the preparation
of labeled amino acids are reported, appropriately labeled amino acids are still extremely expensive and
rarely commercially available. Recently, we found that efficient and regioselective deuterium incorporation
into the benzylic position and/or a-position of L-phenylalanine derivatives was achieved by thermal control
using heterogeneous Pd/C-H,-D,O system. And we also developed simple and facile tritium labeling
methods of phenylalanine derivatives.

ARORMETHLEAEDR N FULAMDTEBLINLT I/ BIZ. BEYHE, 737
BERBROB RGN, BEA D= XLDORAR ERL EREFBFICHA STV, 2, £
B DBk ST F FEIZEDBEDO A2 b RN EHRIC X 5 7F NEE OMAKZED
BIER P2 S LEERSEENRIF~OIARHMEFEINS, L, FNEERLEShT
JBIIBS THETH Y. AFRTELERFEOBRBELBRESNL TV D,

DEHT I /BICELTIRINE CREEL DERESBRESNTEY . AFFHR/INFFED
D EH Y F UMb SEBERRTART 5 EARMFE, T3MEH H-D HaRSIc XY BYY
ez D 2 MAT AEENLFERH D, LrL, EENRMESERW D LRIEOHREFIXD
L. BICESET ) B BALBRIRA: D LRIEDOFIITIZE A LRV,

W Cid PAUC % AV =387 D BARISOBRER LT - Tk Y . PA/C-D20-He DR
ShHIz L ARETTORY UAALERIAR DL N MEAGE T CORERRE E~DD
BARIS 2 OBRICRD L, S5IEORAE LT PUC MEFET., BEX%E DIRE Lz HrD: X
WESIC L AMHE D F AREEEFRHBL TN S,

AE, 7x=UT T = VEEEOMEBERRN D LERX TLEOBRFELZBEL. B &21To-
O TEMZOVTHRET B,



[7 =7 = FEEOMNERIRE D (LEIGORRE]
T7z=nVT77=02EEELTERT, Tabled

Pd/C-D:0-H: DA ELHIZ L Y T2HFHK  Entry Substrate Product Yield (%)

SE{To1=0R, DIF&<EAIRENoTE, COH
2 CRISEESRE L L =5, 110CT T,
RIS2FT5 & 6 Bl CIRIE R 8 AnE

CO,H
Ry D (LRI B LERMLE, ol I M o0a"

2. 7 =2=ANT =V UADOFEEETHE COoH COH
BICRISAERT L. BAGEIRANIC D £8A D ,BUOO)“f
FBHZENTE (Table 1), RBERIESE CO,H COH

4 2 17 2
HBTTIETEIiTET LN L 2ER HomHz HomHz %

LTwW3, Reaction condition: Substrate (0.5 mmol), 10% Pd/C (10 wt%), D,O (2mL}), H,
atmosphere, 110°C, 6h.

ILICBERLRETD L oL TO D {bb REFICHEITS D Table2

C L ERH UL, BHRBRNOKER, A5 PUC ORRFET Crfﬂw1mmww>iffﬁmﬂ
1L > CIEMAREAZY . Merck #80D PUC 2V HE o tabe NH;

IZ Aldrich ##8i L V&V D {EREE5 X, off. BAL3KIZHE Enry Decontent(%) Time  Yield
D {LETRIGAEITT 5 = & 24 h o 7= (Table 2), T TIZ o B ® )

WHFRETIE PA/C DRIETOBEWVTHEEOBMEENRER 1= 97 65 24 85
BrEERALMNE LTVE, o TIDRIGHDERIIF 2 o7 38 24 94
P Aldrich #H81IZ bb B %R T Merck 84D PA/C A3 3¢ 97 87 48 70

IVBENDIREEZI-BDEEINITEENTH S, a) Merck's PA/C was used. b) Aldrich's P4/C was used.

[TE#T ==AT7 T =UFHEEFEDERK]

T ES{EEWiE D BB ESWIcH~, RHBERN 10 HEBVZ &M OBHENEORH R Y
BT AFERLY—LE LTRHEAISRTWS, £ 2 THIE TR OALRIRE) D (ERIEDSE
BT, BERICAZ TR FULAKRERVT TRG~DIEAEZRE L, FHEBY RISIZET L,
THREASNIET 2= AT 5= B3R TEE, DIERBICEASETHRMET LA, A
Wi U F o AKDEE B Y F T AKOR 10 ESD 1 V) EFREGDIZHDTHDEEZLT
W3, RERBONAERDOMERBHL , HRUOLKERRVI L b, BEERMESRICBY
TR & 72 D AR RS OBENFTEETH D,

CO.H 10% Pd/C COH
(94 %)
NH, T,0 (2.22 kBg/mmol) NH,

110°C,6h
c 0.62 kBg/mmol

1) Sajiki, H.; Hattori, K.; Aoki, F.; Yasunaga, K.; Hirota, K. Synlett 2002, 1149.

2) Sajiki, H.; Aoki, F.; Esaki, H.; Maegawa, T.; Hirota, K. Org. Lett. 2004, 6, 1485; Sajiki, H.; Esaki, H.; Aoki, F.; Maegawa, T.;
Hirota, K. Synlett 2005, 1385.

3) Sajiki, H.; Kurita, T.; Esaki, H.; Aoki, F; Maegawa, T.; Hirota, K. Org. Lett. 2004, 6, 3521.

4) Maegawa, T.; Akashi, A.; Esaki, H.; Aoki, F.; Sajiki, H.; Hirota, K. Synlett 2005, 845.

5) Ikawa, T.; Sajiki, H.; Hirota, K. Tetrahedron 2004, 60, 6189.
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Process Development of a Synthetic Intermediate for Atazanavir

Yasuyuki Otake, Naoko Hirose, Tomoyuki Onishi, *
Takayuki Hamada, Kunisuke Izawa
AminoScience Laboratories, Ajinomoto Co., Inc.
1-1, Suzuki-Cho, Kawasaki-Ku, Kawasaki-Shi, Kanagawa, 210-8681, Japan

e-mail: tomoyuki_onishi@ajinomoto.com

Threo N-(tert-butoxycarbonyl)aminoepoxide (3) is a key intermediate for the synthesis of HIV protease
inhibitor Atazanavir. In this symposium, we present a process development of 3 by threo-selective reduction
of a-amino a’-chloroketone followed by epoxidation.

threo N-(tert 7 b X AN R =A)T7 2 7R XL K@)z, HIV Yo7 —FHREH
Atazanavir DEEGHFTRETHD, ST, EFELIEIELIC, NRUP)FUREBT I /B RT
D7 aRFIEERBRIGET D0 T/ o’ -~ 7oay hAFER erpthro N-(tert7 v X%
NR=VT ) ZRFY FOARIKBELTREL TS, "4RIEEDIF, o 7T3I/a’ 20D
TRk threo BIRENBT LT threo 7 I ) 7T ha— LIz L%, TRE T BX kT3
N— FZHBIE LT, threo N-(tert 7 b XL HAR=AV)T I ) 2 RF L RO TEMERKRIEDOER
ZRE L7,

(o) OH
BocHN\‘/“\\/CI threo-selective BocHN\_/'\/CI
H reduction E
Ph” Ph”
1 2
)
= N~
BocHN /<? o OH X !
epoxidation 7 H
p : Meo’u‘l@ﬁ'\'\;}\/"'uu .
Ph o . o N\n,OMe
3 /_/ - °
Atazanavir



I%%%m&%%%?émbtb\ﬁ%ﬁ@ﬁ#%&uvbﬁ§74—%mwfmﬁ@§ﬁ5$
BEREND, threo N-(tert-7 FH T HINR=A)T I ) TH¥s KQ)DREIZ BT, Vs
eSS DBBTOT A7 LA REBOEREML &z o~ 757 4 — B2 Ao
SBE c BT AN RA L MR B,

a-7 3 /a’-7aay brU)D threo BIRWBTIZHWT., Ha X BE Iz .
Co'RNCLL(R, A-Tsdpen] L ¥t/ b ) TFLT I VIREWFET CTO 1 OREARILRRIC LD, &
TAT VA —E90: 10 REDREDBIRMET threoBT7 I ) TLa— L QBBLNZELBE L
TWo, 2T TH D erythroBT I ) 7 N3 —)LiZ BT H~ T BB~ AR 75 (%
< BREVPRFTHD, XBEFIZEY threoBT I ) TAI—AR erythro®BT7 2 ) 7=
—AVDBERT 21T o7& 2 A, INBDTPTRAF LA+ —CTRAOFRIARBEEOEANL EL
DIEBHALNERSTRY, "BRENCERIINZLILRET LD EBbh3, 22 Cr DM
REBERL. THMTHD erythro®T7 I ) TN =Nk 2-7 0 ) —-KED LRSS ET
BRETDHIEERRTZELEZA, 155 8I%DIB TS T AT LA +—t 98.5:1. 5 DBMED threo
BWTI)TNa—NQaBBEZEEHH L, ROTIT AT LA~w—0MikE BEINZ. threoB!
TI/TNa—LORTBEEERIILEL IS, FMWMTH B erythro®T7 I ) T AL a—LDES
BEFLr 7Y a—APTREI VLKL, RBE»DRTINRERATHE Z EBHALME T,
IBIC 2 ZIRFUALHK, -7 0 =L/ RRTRELTZILICLY, BHEORETS
threo N=-(tert-7 ¥ T ANK=N)T I ) R E L R(3)% . 98%DEULE (1 55 D@ LT 55%)
TROZENTERE, ARRTIRINLORBERIZHOWVWTERTS,

(o] 1) cat. Cp*RhCI[(R,R)-Tsdpen] OH
BocN._J__cI  HCOHIELN/ AcOEY, 0°C _ Bochin._JL__cl

: 2) Removal of the erythro isomer :

~ v
Ph by crystallization from 'PrOH-H,0 Ph

1 81% 2
threo : erythro
=985:1.5

o o

Crystallization NaOH Crystallization B°°HN\_/<|

from (CH,OH),  PrOH-H,0  from ‘PrOH-H,0 p /‘

69% recovery 4°C h

' 98% ' 3

threo : erythro
=100:0

References: 1) T. Onishi, T. Nakano, N. Hirose, M. Nakazawa, K. Izawa Tetreahedron Lett.
2001, 42, 5887. 2) T. Hamada, T. Torii, T. Onishi, K. Izawa, T. Ikariya J. Org. Chem 2004,
69, 7391. 3) T. Onishi, N. Hirose, Y. Otake, K. Ishikawa, T. Kashiwagi, K. Izawa Anal. Sci.
X-ray Structure Analysis Online 2004, 20, x95.
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Development of Practical and Scalable Synthesis of Indole Derivatives

Atsushi Akao,* Hiroo Mizuno, Nobuaki Nonoyama, Kimihiko Sato, Toshiaki Mase
Process Research, Banyu Parmaceutical Co., Ltd.
- 9-1, Kamimutsuna 3-chome, Okazaki, Aichi, 444-0858, Japan

atsushi_akao@merck.com

It was described that hydrogenations in the presence of the rhodium catalyst doped by additives, such as
Ni(NO),6H,0 or Fe(OAc), or Co(acac);, were high-yielding and chemoselective methods for the
preparation of subtituted indoles through the reductive cyclization reaction from (E)-2-nitropyrrolidino-
styrene. In these hydrogenation conditions, aromatic nitro componds and olefin can be cleanly reduced
differentiate from aromatic benzylethers, aromatic halides and aromatic aldehydes. The in situ IR studies
revealed that the hydrogenolysis of benzylether was decelerated, simultaneously, the deoxygenation of
N-hydroxyindole was accelerated by doping additives.

MEETREZHEA 2T > R—UE, RAYPERFOTMHEEE L TLELIERHENS, B4
OENAKIBAR T OV SAZENWTH. N FRA Y A T—F [ BEFR OO #EIC Z OBRFKRERE
Hibaniz1 D R=NZ2EATHED., ZOBEZMIIZHERN, BDOEANSGETHEET 500
BEROTVDE, " 4 R=)FEEORD RN EREZ. B-2-—boEBOUS /) AFL >
EZBTHBRL TS HETH S, ? ZOETHRIERINICIESR—2v TV, &E%. &EHEMH
WSNBH., BR&IRREN S KBARICAMN W, FEiBTi3tOBEiER & DR FIN UIELIERE
LB, BRFOER, OO LA—RFEMBICZy IV, & ANV EREOEBEZRML T
BT EITO & HMOEREEIRJL T bOEZETL, EU1 2 RV 1 BMRBRLIBLND
ZEMHBALE (K1),

1 6e-R>yoFs1> F—)bf\o)iﬁy—cﬁ{tfir

g Rh/C @ m

BnO NO, THF, .
2 Additives
no additives 55% 34%
Ni{NO;)p-6H;0 90% 1%
Fe(OAc), 96% 1%
Co(acac), 94% 3%



C OFHEANRTTIS D, FISHER S X OHERICBE L, in sity FRONA RS RLEHNT
BRALEDT, KRR —t v a VI THIICHRT 5.

B2 In situsROVRIARY R)b

Sb=

0.3000-

0.2500—
0.2000
0.1500—

0.1000—

0.05000—

VWavenumber (crm-1)

B3 St BsAE & R

- BnO N _\\* HO N
OH H
4

-
BnO NO,

ks
| :I \>
BnO N

ki kz ks
No additives condition >> 1 0.07 0.05 ki >> ko
Nickel condition >> 1 0.3 < 0.01 ki > ko
Iron condition >> 1 >> 1 < 0.01 ky << ko
Cobalt condition >> 1 >> 1 < 0.01 Ky >> ko

1) A. Akao, S. Hiraga, T. lida, A. Kamatani, M. Kawasaki, T. Mase, T. Nemoto, N. Satake, S. A. Weissman,
D. M. Tschaen, K. Rossen, D. Petrillo, R. A. Reamer and R. P. Volante Tetrahedron 2001, 57, 8917.
2) Batcho, A. D.; Leimgruber, W. Org. Synth. Collective Vol. 7, 34.
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Zeolite Membrane Technology for the Process Intensification

Tomoya Inoue*, Yasuhisa Hasegawa, Takako Nagase, Yoshimichi Kiyozumi,
Satoshi Hamakawa, Fujio Mizukami
Research Center for Compact Chemical Process,
National Institute of Advanced Industrial Science and Technology (AIST)
4-2-1 Nigatake, Miyagino-Ku, Sendai, Miyagi, 983-8551, Japan
e-mail: inoue-tomoya@aist.go.jp

We are developing various kinds of zeolite membranes and looking for the application extensively, including
chemical process intensification via their pervaporation (PV) performances. The hydrophilic/hydrophobic
nature of zeolite is responsible for the membrane permeability of chemicals that alter membrane selectivity
in PV processes. Recently we have succeeded preparing a series of water-selective permeable membrane
composed by various types of hydrophilic zeolites. We are exploring the application of the process
intensification (e. g. the promotion of dehydration reaction) as well as dehydration of organic solvents

including acidic conditions, and we will present some of the results in this symposium.

(bEBORIET 0¥ R EBIET 2RENEL LAHE. AREEROVNET B RTES, E
KR SO EROMET 0t ATHEORBEEZSELTWVS D, BEEIORCERLT
BBASEATON TR Y., & < KBMERINIC OV TOERIIE LV, =ATVERIEE O
REITH B, KOBIEZ S TERSE2ZRMMEDOBRMARKGF CRERMICETIESI I LEVE
FPIBEL 2o TWS D, £, TAFIULIKROTHEPICRET IABRIGT O R 2 HET
B LAY, Fat AR TEMEIC, POBREANOLRVATEDL THAKTE SHETIL, B
BL2HOEHOTaERIZBVWTHEATHA ),

—F. bnbnOIN—Fix, T4 TA FOBFSHFEDVEEE - HEVIEEFF A MERDOR
VM AEN L, SEE  RISEL LTOEAS54 MNEORBEEB I RoT&RY, €474 M
RRWESHET O R TIOEE, SHER ) L0 ARYFSA MECX BT Aa—AhbOB
KO ABREZICERDILTEY., —BY7Y3FY v MAOTALa—LOBRKBARERT T
FRERLTWS 9 Zhit A BEFFA FOBAMEZEN LB THS, (R1) LirL. A
REAS A MIBEICTOZ E0 b, AEMEZFOE EREBEEROLDOTaERICHAVD Z EIZ



R HDTEA D,

CTageer M1 :¥A454 MEZE AW E=BAKDORR

azseenm — PAS5FH

AAR
(.l.l?: (RMTAI-A)

PRONEEFOLONLE S HLWEFRIBEEDOLDET, & LFF¥ATA FOBYKICAETD)
LTHY, TNLDOICHZRITLTWS, B, WS 2 OEAME AT 4 FOBYLIZRIIL, Fhb
PRREF TRV THWVERETHARITIZ L2 RHLE (M2), X BEH»SiE, Zh b gk
AT MIBICH L TCHDRERROZ L 2HEL TV A,

BAE, AEA T A MEC L 2HROUER (KB BT 5K 2L sBditeimE LT3, 7=,
ZOBKEEATA MEZBICL 5, BRT TORBHT AT VLG EBRERMN LTS, YA IZF

NODOREREZHOETHRE L2,

0.06

ZSM-5 SIL MER PHI

ATLEEETHETSA

K2 : HHEIN—TTERINTZEA T A MEIZ X 5 pervaporation (35C)

BE K
1) A. Cybulski, J. A. Moulijn, M. M. Sharma, R. A. Sheldon, in "Fine Chemicals Manufacture - Technology

and Engineering", Chapter 2, Elsevier, Amsterdam (2001).

2) K. Ishihara, M. Nakayama, H. Yamamoto, Tetrahedron, 58, 8179 (2002).

3) F. Mizukami, Studies in Surface Science and Catalysis 125(Porous Materials in Environmentally Friendly
Processes), 1-12, Elsevier, Amsterdam (1999).

4) =HEmRAS A — A ~X— : http://www.mes.co jp/business/plant/plant_04.htm]
http:/fwww.mes.co.jp/press/2004/20040914.html‘ (FZLRYY—2)
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Process Development of BO-653 for Large Scale Production

Masahiro Nagase,* Mitsuhiro Kurita, Takemi Tanokura, Motoki Shimizu, Yoshiaki Kato, Kunio Tamura,
Hirohito Shimizu, and Masahiro Kato
Synthetic Technology Research Dept., Chugai Pharmaceutical Co., Ltd.
5-1, Ukima 5-Chome, Kita-Ku, Tokyo, 115-8543, Japan, shimizumsh@chugai-pharmaceutical.co.jp -

In this study, we have developed a scalable manufacturing process of BO-653, a potent antiatherogenic
antioxidant, which is an oily substance at ambient temperature. To avoid column chromatography for its
purification, we focused on the synthetic intermediates 4 and 5 that could be crystallized. As a result of
investigation, optimization of reaction conditions and the following crystallization gave the pure
intermediates 4 and 5. After this step, impurities generated at cyclization of § and oxidation of BO-653 lower
the purity of the final product. Therefore slurrying with AlO; was inserted for purification and BO-653 was
handled carefully to prevent oxidation. Since the avoidance of LiAlH, was essential, we tried and found out a
new deacetylation condition. Thus, we could obtain pure BO-653 for 150 kg scale at pilot plant.

—BICHETHEEEOBEVEEIFREIIOWT, ASLBHREE2AVWTICREER2I> o—)
TELRBARIEZETT S I SI3E# L\, PTCA B OFREMGR., RURBRE(LEE L TH
HEN5 B0-653 IIHEBTHROMEATHD., TORREED Z-DICIIFBERZERCEARRT
HEATHREEEZRRIC. PORAEATHETEIREDOHIUBBLETH D,
NHOESDRBRAREZ MR TERODOERN— b EUTIIRT. ZOERN— FTRA S LHEEH
EETHIEMNITIEDHD, FEBRIETRAKOBERENEVWAREVFULTIVIZULEZA
WaRE, KBARZTIICIREAEANSEWN, FIT. W TILB0-653 D TEMENEDHEILE

CI\/&N “~oH ) MgBr

Ac " phe
1 Ac. HiSO 1 (G e 1o
c20, HaS04 2S04, AcOH AcOH, HCI THE
WS, CHCl; then HCI. EAOH Nz | 2 5i0; coluan CH 2 Si0; coluan

oH o oH
2 (70% froa 1) 3 4 (59% from 2)
Br,oeu CHCly AcO 1. LiAlHs THF K
0 2. Si0; column 0
5 (40% 6 loil)

B0-653 (i)
(85% from 5. purity: 92-97%)



B&E L TR ZT> 7.

FTBRLBINETHILBEHNDLETH > A (4 5 MEBBICHERLTSZEIcKE
L. BREGORBICE D EFNTNEHERCTHE - BYT A L2RHLE. TOEER, HRE
(9 OWTI. Duff RISIZK BEERI I IMEIC L D RESHARY, S BERELTE I &I
R Uiz, £rBRE (5 2oWTR. ) 7= —)REDEBOZLE Br-Cl) Itk E
ML, 2) PRk (9 OT7x /) —NEEZKFEFFUDLATREL, VY Zv—)VREFEABOY]
BICEB 7Y v —)VRAEBBEORE. RO 3) BAIER DIk 2 I & 2 KEERISRIRY O/ E
RENFEUKR, RISHERYN S OHEIE (5) OEBEERELNTEE Lo/,

RIC, #RICLTEEFREHE (5) 55 B0-653 2B ETOIRICOVWTRM LA, B0-653 okt
LTHS LRENLETHBREN,. MIROEE (6 128 Eh 5 Reimht B0-653 Ic5&EFT S =
&. B0-653 B MERITL HBILE 2T, BIEFRMNERT B Eich o, £ T. BIERE (6
ORI, B tert-butyl LENTEFFIEBDOBEENMEREINBETHEI LI
HEL. INSERRMICKMT EF I L. BETIIFICRBFI VD EICLOFAYER
(ETEETH SO R ERSI LT,

AcO W 1. daacelylatmn A0
2. AI203 {slurrying) o
3. Filtration

main impurities 1-2% 6 (purity >99.5%)

MAT. RIBRAN (Ny RAR—R, B2 E) OEFZZBYICERT S LIk > T B0-653
DERLZMH L. RUBZOFREZBRETH50HTHME (99%2A L) @ B0-653 FHE % WG AIHE
&Ll

BRIBICDOWTIE, AEEEODICHEDOEETIERT EFIMERETET, KRV FY
LY NWIZUARZXBRIEZEEBLTER, LML, BLORBFHERFLAER, [—7ON
=, KEBAEA U D LZAVWTERT DI EIREORT EFIVERET L. FEFEREFE 0. 10%
DTFETRIEDETIBZIEZRAE L, CORBEHICKD, BRAOBREEZET HHEOHHA
ZE@EL. BREBRT7 EFIUETOEREZBET D ENTEL,

o OH 1. Ac,0 OAc OAc
NazSzO‘ 1. (CHa)eNs
>|\¢)< cat.BAELNCI MSA 1.NaH, THF
CHO
- 2.H,0 2. MgCl
o cyclohexane-H,0 OH Oac By

cat.DMAP
cyclohexane
OH

2. cat.H,80,

CsHyy” "CsHyy
7 1st step 8 2nd step 9 3rd step ( 4: (sc;!/s;al) o

1. BF,0Et,

OH heptane
AcO 2.NaOMe AcO KOH HO

3. Suspended with 1-PrOH ol

OH activated alumina (o] (reflux)
5 al (purification) 6 (o
o

ferystal Sth step (i 6th step BO-653 (oll)

(55-65%) (2 steps 85-95%, purity: >99%)

UEDRER FHRICBNTRENDBME D B0-653 [REZ I TE 5 TEMBNEEHEILL 2.
FEHEITEK D, % 150kg D BO-653 [REE % 99X EDHIETHZ ZEMRETH 5.
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Resolution of 3-(methylamino)-1-(2-thienyl)propan-1-ol, a New Key Intermediate for
Antidepressant, Duloxetine
-Application of Space Filler Working Hypothesis for Optimization of Resolution Conditions-

Rumiko Sakurai,* Atsushi Yuzawa, Hisamichi Murakami, Yuka Kobayashi, Kazuhiko Saigo
and Kenichi Sakai
R & D Division, Yamakawa Chemical Industry Co., Ltd, Kitaibaraki 319-1541, Japan
Department of Chemistry and Biotechnology, Graduate School of Engineering, The University of Tokyo,
Tokyo 113-8656, Japan

sakai@yamakawa-chemical.co.jp

Resolution of racemic 3-(methylamino)-1-(2-thienyl)propan-1-ol (MMT: sec-amine), a new key intermediate
for duloxetine, was investigated. MMT could not be resolved with (S)-mandelic acid (MA) and no salt
crystal was obtained from the solvents applied for the resolution of structurally similar molecule (terz-amine)
with (S)}-MA. To realize crystallization of the salt, our working hypothesis called “Space Filler” devised
based on differential compensation of molecular lengths betweem racemic substrate and resolving agent with
a protic additive was applied. (RS)-sec-amine was successfully resolved with (S)-MA from aqueous
alcoholic solvent and obtained monohydrated salt crystals: an X-ray crystal structure analysis of the salt

revealed that a water molecule plays a role of a space filler in the closest packing crystal.

WEEME R BIFEWOP T, PTAT UA—EERE (V7 A7 vA~—i) i3, RIERMHE
BT, EREOT—F 2 TOEEAERETHERTE | RNFEY D THELE TRL B XTHE
THDHI L, ERLBRECL > TRADRSE LBV R EOBERH Y, ZhETEEOFAR
EELPTNOORPMELHHCEI ML TE L, LHLENEL, PTATUVAT—EDAL=X
AZET 2 BEFIIL 2L BEKFIREORFIRIEATHERICL > TITHDA TN S,

1. Space Filler {5

22 ENR DYEFEITIEME L Trial and Emmor LIEABBIC L o THDRB Z L BB, o, B
< DIFRENSEIH & 5B EER O FHERBEPHEER. H23 VIV T AT LA —HEOY



MR LE2EAC, BESEFIOBREGZARITVEN, RERENRBROBLIZIIE > TV
W, HESRBBMETST AT LAY —EORGEERITOAEIRORTHERZLEE2BEL T, &l
FEIRIDOEIRUZ OV T “Space Filler” &EWHIBXFERRERLTWS, T/4bb, Fig 1IRLEX
512, NH,®° COOH 72 L OB REEDfV = a-IRFEH HIFEV 5 OH
HE~ERF LA, BRBCOVEESEZOHFOL T e
FRLT D, BRI L EREREOFTRBELNVE &I % y
BB DORIBREDE, b LATFRIZERHDHS.

4

ZFOEELUTIERFROKEESEEZFTIRESF. ’
FlziEk (BFE=1) RAFZ /=N (HFE=2) 2E%E sCYIYTN
VERRMT 30, SFBELE LTHAWSZ LT, 04 6 °

FREZHE L THEDHEAEEYERILEES, Fig. 1 SpaceFiller ¥ : 7 FE DX F

2. MMT DX¥5E|
FHHL 5 oA Duloxetine D X 7 VP A& T d % 3-(Methylamino)-1-(2-thienyl)propan-1-ol (MMT)
DT AT LA —ERZESEZ R LT, 3-(Dimethylamino)-1-(2-thienyl)propan-1-ol (DMT) ®
(S)-mandelic acid (MA) IZ X 3 5ETM SN TV, MMT IXRIEH T HEITE eh o Tz,
% Z T, “SpaceFiller #5” IZEDS&(S)-MA I X 23 BIFREEZREH L, ZH%7 I MMT DS
SEH MA LOHFREIR I ?*'COOH
(6(MMT)—5(MA)=1) TH Y, -

KIS E LTBRERE, & Sy s C('\A s
0

DX SIZLTMMT OHENE, 5 (Rs)OMT ©OMT N
iy SRS dR : > S -
BIRISHRA~KERMT 5 wa—c on — - @)\Au
(S)-MMT-(S)}-MA-H,0 D7 R @/‘\n — gk/\ 1 step Duloxetine
esolution
TlVvA-—HEFER{LIESDZ (RS)-MMT (S)-MMT
LT L=, Fig.2 Duloxetine Dk

3. THHESAREICELEOBIEGEOR

TERBAECEL-DBEEGL2RTIICHIZY, SFBEEETMTIRKOYEEZRET L,
BaxT7Na— L& 2BANWT, K MMTIZH LT Y815 4 YEMX THOBRMEToLER, 2-
TE)—NERNT2UEOKEMRIZE &, FEULER 2%, KFHME 75% de. HEFIZER 63%D
BRI TAK 1 YBZ2ET(S)-MMT-(S)-MA OEEBMHEENE LN, BEMEEIIE&ERL (95% de).
BEESRLTHERILICE > T>99.5% ee DG/ LN TERE, —FH, REO T FA~
— (R)-MMT %, HBIFE»OEU - T THZLICE>TY A I ANBAREL 2D, TER
BAEICE LREEHS L,

Ref. 1) K. Sakai, R. Sakurai, A. Yuzawa, Y. kobayashi, K. Saigo, Tetrahedron: Asymmetry 14, 1631 (2003). 2) H. Nohira, K. Sakai,

Enantiomer Separation: Fundamentals and Practical Methods, p 165, Toda Fumio Ed., Kluwer Academic Publishers (2005).
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A Practical Method For Alcohol Oxidation Using RuCl;-Trichloroisocyanuric Acid

Hidenori Yamaoka*', Narimasa Moriya', and Masaya Ikunaka®
Product Development Section 2, Bio/Fine Chemicals Division, Nagase ChemteX Corporation
2-2-3 Murotani, Nishi-ku, Kobe, Hyogo 651-2241, Japan.
Research and Development Center, Nagase & Co., Ltd.
2-2-3 Murotani, Nishi-ku, Kobe, Hyogo 651-2241, Japan.
hidenori.yamaoka@ncx.nagase.co.jp

The combined use of catalytic RuCl; (1.0 mol %) and stoichiometric trichloroisocyanuric acid (1.0
equiv) in the presence of n-BusNBr (2.0 mol %) and K,CO; (3.0 equiv) in 1:1 MeCN/H,O at 2545 °C
allows smooth oxidation of primary alcohols to carboxylic acids. Secondary alcohols can be oxidized to
ketones when using the same set of the reagents in 1:1 MeCN/H,0 or 1:1 AcOEt/H,0. Proceeding under
the nonacidic biphasic conditions dispensing with hazardous regents, the oxidation reactions are applicable
to structurally diverse alcohols, easy to work up, environmentally benign, and basically high-yielding.

KRDDEEEOERLEMOTEAETIX, TLa—ILOBLIZEELEEREELHRN 1 ST
HB, ZD-H BEROBEELZ LOT VI NLEYE MOBEEICEEEEZX DT L4L<.,
ANB =ML EPICELBICERT A HEN, BACHRINA TS, ZLICTEMICERTEE
REAL7o X ZERTIHEAITIE, 1) BEVEEHICERTEZSEIT0ORVGCERIENZETD
Zk.2) REAREZERTHZ L, 3) £FETHIERECHEOIVRWEMRFETICEES
EITTBZ L, 4) & MNRRE~DEEMNCEHEZEEBR N S RBEREAER LRI LAERN
ROHNB,

FIT, BAITACEEAZ LOHEILLT =T A (RuCly) L RiliREBAORNY 7 o
24 YT XVEE(TCCA) & R -BRE T EE RS LT U, REORBHUL, BHEIZ MeCN/HO (1:1)
t L<iZ AcOEVH,0 (1N AR —2 @R E#FERATEH L TH B, TL T, BE{LDEITIZHE- TR
AT HEBEDMTHOIC. KCO R EDEMBERAZFERT S, X612, LLEAEME 2 RuCl; @
FRARELERE/NBRE L, REEMLVEST DI, BFILTF VT -7 FALT U E=U L

(TBAB) #fAMB @i s L THMT S (Scheme 1),

BIJ/TAI—LD -7 F ) — (1a) X, MeCN/H,0 (1:1) F. TBAB (2.0 mol%) & K,CO;
(3.0 equiv) PTEE T, 25~45 °CT RuCl; (1.0 mol%) & TCCA (1.0 equiv) BERASER L, 147



& i (2a) #INE 949 % THZX, B22R/RTNI—=NLD2-F 7% 7 — (3a) IX. BEHET
Bit+sdL. 2242457 (4a) 2L 84% THRXT=, 1IN TZ— (1b) HiIITE S
—IARBERANB Z LR AIETHEHINLREE 2b) ZINE 96.0%TEXT, S HIZ, a-EF
axHANR=NALEBTHB/ T 7 by 3b) hob, BIRISE#EI Z L, 7 MRy
rFF 27 b (4b) 2UINE 97.7%TH X 7= (Table 1),

L3, HBeBEAR LB o Xid, REHICHESEGTICBESEITL, BIXET
BLERMEEZBDT, BBRT AN Y ICHBRARBEEEZ2F 77 Va— M LIRS A TEE
Thbd, EHIZ, RIGELEZ DMF X° DMSO Z YOG, GHSBR+#FERALARNI L6,
B LR, ZLICHLVRBOBBERES TH B,

Scheme 1.
OH
R”OH A
| o R™ Y0
- . cuikim 2
iphasic uCly
conditions (1.0moi%) ©O gl o Easy to work up
25-45°C
n-Busngr (1:0equiv)
(2.0 moi%) .
R'__OH R \(o
R2 R?
3 4

Table 1. The RuCl;/TCCA-mediated oxidation of diverse alcohols to carboxylic acids or ketones®

Entry Substrate Product Yield (%) Base (equiv)
1 l-octanol la 1-octanoic acid 2a 94.9° K;CO; (3.0)
2 2-octanol 3a 2-octanone 4a 98.4° K;CO; (3.0)
3 -A\‘ o _STO 96.0° K,CO; (3.0)

ib 2b
OH (o]
4 /|:S=O /Eg:o 97.7¢ AcONa (5.0)
(o] (o]
3b 4b

 Unless otherwise specified. a 1.0 M MeCN solution of TCCA (1.0 equiv) was added dropwise to a stirred 0.5 M mixture of an alcohol
substrate and 1:1 MeCN/H,O in the presence of RuCl; (1.0 mol%). TBAB (2.0 moi%). and K,CO; (3.0 equiv) at 25-45 °C and the mixture was
stirred at the same temperature range for 3 h. ® Determined by GLC using n-tridecane as an internal standard. © Determined by GLC using

n-tridecane as an internal standard after the generated 2b was converted to the corresponding methyl ester with Me:SiCHN,. An isolated yield.

1) H. Yamaoka, N. Moriya, M. lkunaka, Org. Process Res. & Dev., 2004, 8, 931-938
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Oxidation by Suspended Alkaline Metals Hydroxide in Solvent

Ryoichi Fujibayashi,* Fumio Onuma
Research & Development Department, Air Water Chemical Inc.
3-Hikari, Kashima-shi, Ibaraki, 314-0014, Japan
E-mail:rfujibayashi@aw-chem.co.jp

Abstract: Oxidations of aldehydes by caustic alkali fusion are known . But, this method is not suitable for
manufacturing, because of the severe condition and using a large quantity of caustic alkali. We present here a
new method for oxidations by suspended alkaline metals hydroxide in solvents under mild condition. This

new method for oxidations is applicable to various aldehydes .

BRRED 7 I)VH ) BAELMEZRNSTIINTE ROBERE. T—FIVORREALR. &<
EnEmsnTns, "2 LhL., TORGBREN180~360CE N> ZBRARFHTHD &, XE
BOT7INAHYSBABIYEERTAIENS, TEMTIFARFEEREAT. ERAIRDE
Moz, -

Baiz, EREN. TIAHY) SEKELHEERBEPIIHOBSEDIEICKD., BRREHGET
TRISHEFTAIE 2R, ZANBRRBELTHILLZOT, ZOBAGAE P LICHET 5.

l. FEEFINTEE (Z)ha—)l) DRk

Indole-3-carboxylic acid 2 I3 Indole-3-carboxaldehyde 1 DEELIC K V1§D T &N TE 2% TOEAL
# & L TIRHER, KMnO,® Ag,0 MHREELINTHY M, REE. BFEE TRENF . TN
L. BT IVH D) SEAKELYETIZ, 1 @ xylene IAHIZ KOH 24 H#(E & 100°C ICin#A#E#
THhiE, THOMCHEZHRELANS 20 KEMNER ERT D, ZORBIENEDIEEED
FHEKRT VT RICEATEE TS D (Tablel). X, RERESEMTHD &S, RREFOR
RIENRDR L BRENEONS., EARIERHET T cannizzaro RIGME I D55 %, cannizzaro K
BICEDERLETNI—=NDTITE RICBILE N TREIC cannizzaro RISZRDIET T LITKD
ANEEBEETRILENZ EEZ5NSH 11 cannizzaro RIEMEEBWMEEMEL THISNT
B, KEFIZHTIA—IVADERIBEREINZVOT, AKXV 7T R SEENIVR
CEEANBILINE T —ABEDHEEZITNS,




HO COOH
\ 1) KOH / xylene \
2) HCI +H2
N N
H

H
1 2

Table 1 Oxidation of Aldehydes and Alcohol

yield(%)"

Entry substrate emp-(C) o rboxylicacid aldehyde  alcohol
1 indole-3-aldehyde 100 93(92) 0.5 0
2 1-methylindole-3-aldehyde 100 90(89) 2 0
3 2-pyridinealdehyde 100 97 2 0
4 2-thiophenealdehyde 100 48 0 45
5 benzaldehyde 100 86 8 4
6 benzylalcohol 100 47 20 28
7 4-hydroxybenzaldehyde 100 98 2 0
8 2-hydroxybenzaldehyde 100 28 72 0
9 4-chlorobenzaldehyde 100 81 11 0
10 2-nitrobenzaldehyde 100 5 0 0
11 o -tolualdehyde 160 94 3 0
12 1-naphthaldehyde 100 48 10 30
13 2-naphthaldehyde 100 95 2 3
14 9-anthrasenecarbaldehyde 50 45(42) 1 42

*LC yields. Isolated yields are given in parentheses
® Reaction conditions : solvent(xylene) , KOH(Seq) , reaction time(3h)

2. INAV/) COBRBICEDET 2 ZNVAIVE S EEA R

9-fluolenone 3 ZAFRIREBD 7 IV 4 V) & B/KELY TUE T 5 & biphenyl-2-carboxylic acid 4 231% 5
N3N, TORKBIRBNTHEET I 2BABICERETETH S, LiBbLEE 3
WHEHATEEENIC4NESNS,

3. HEAEREZE SR

HERRUA A FINVEOBLICIEEAMBEZERRILAETATH S, BE -BuOK FOMERE L
DMSO. HMPA EDMASHEVPMONDA. BBET I I Y LEKBRIEMEDOERANTETSH S,
Bl A&, quinaldine 5 & KOH BiESHT. BAK TERBLANTETH D, TiLOELR, BIRE
T quinaldic acid 6 23& 5N 5.,

1) 1) KOH/ xylene _ Q O l)KOHIAu 2)HCI N
' ") HC 120C 05WPs >
N COOH
4 6

R=H: yicld 99% COOH conv.=14%, select.=80%

3 R=Br:yield 90% 4

FEZPAEOBNWRMAERZEAL. D, BERGLENTHEIEAS, SREMEHR
DILRDHFTE 5.

Reference
1) Irwin A. Pearl, J. Am. Chem. Soc., 68, 2180 (1946) 2) M.F.Ansell,J.Chem.Soc.,C,1840(1971)

3) GL.,Arm.Khim.Zh.,29,1062(1976) 4) %B1%¥ 1-96168 5) Chem.Ber.,39,801(1906)
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A Scalable Synthesis of a Simplified Maruoka’s Asymmetric Phase-Transfer Catalyst

K. Yamamoto,* T. Inoue, M. Ikunaka
Research & Development Center, Nagase & Co., Ltd.
2-2-3, Murotani, Nishi-Ku, Kobe 651-2241, Japan

kenichiro.yamamoto@nagase.co.jp

A simplified Maruoka’s asymmetric phase transfer catalyst 1 is effective in the synthesis of various a-alkyl
and o,a-dialkyl a-amino acids via enantioselective alkylation. Thus, the scalable processes to produce (R)-1
from (R)-binaphthol 2 in 11 steps have been established by addressing the following practical issues that had
kept the original procedures from being industrially viable: chromatographic purification after each reaction;
use of environmentally demanding or hazardous solvents, such as CH,Cl,, benzene, and dioxane; four
reactions conducted under the cryogenic conditions (-78 °C). The processes thus improved have allowed
quality (R)-1 to be secured in quantity.

KHFEFEME4J/T =0 L 113", ZRXEOAESIRAEE L-—E0 R EFHRMBHRED
—OTHHEMN Y, ZOMBLIN-EECLIDDLT, 0.1 mol% LATOED THRVERRT,
7Y VBB EORMERROT VRN LEMET S, i, —BRS ) CUOBEREERELTS
a0 - ZBBRT I/ BOARICEW T, BVARETENY & SIERIRMESRT (Scheme 1), £ Z THE
Frid, UM 1 O Z O/ VEEEMHICEB L. 1 OLEEHELZTo TS,

i F
x O

(R)-Maruoka catalyst 1 OO
Ar1\(NYC02Et (0.05~0.1 mol%) \rN CO,Et HzNTCOZH l’
‘d > _>. %
A R toluene / 50% aq. KOH A"ZR R R R OO \_\_
up to 98% yield g
~99% ee (R
F
Scheme 1

ﬂmﬁ*m 1 ‘j:\ E~+7 ]\_/'/ 2 ) "3}_’:“7-7‘?‘/[/:‘/'17/[/;1{:/@ 1a) ﬁ,%%ﬁi—cg 6 hat aﬁ;\ ,"._.c\;‘:
BESNRTVWS, 2O LTENCAFESRET 7 b—A 2 hoHBETARETIR Y, Y7on
ARy RUPy OHFHr CFA—FT Al Y TENEROREEEERER SN TV,



SHIZZNIRP, OIRTHI7LAHMNELESTSE 4 TET-78 °C ORBEERESLERLZ L,
TECEZEECL TV, 22 CHRAE, ©F 7 b= 2o AMfE 1 ICEZEHBOL— 2L
L2, TEMICERTERBIEZHEILEZDT, ZORBELHET S (Scheme2),
BREAMLRO WL 2EOB A O TEMNERICTMmME REEIC O OWTIE. ROV (B2 TR)
EAXY (BA4IR) 2. LLICTHF KEETEE, ZORKR. #1H0 4 TRIEITRTOR
IEEEEC THF 2R3 2 Z EMBFREICR o1z, b, Y=Frxz—TFT/ (F 6 Ti2) % MTBE
o, Yrupxryy (S, 7.8IT8) hrziic, RUPY (BI0TIR) 2 7a~iyy
I, ENENEETHZENTE,

fhr, BPEE3, 6. 8. 11, 1223, @ - BFBICK VIR BUTEZL#RHL, €1
Broso< PRREES ZLICHIIL, FIEED 1l DR T ) —EHICE > T, BHEDORR
1A BRELISKERTED LIRS, SHIZ-T8°C LW IHBEKIBEFMLEL LIRS (55 2,
5. 7. 8 L) 2o\ Tid, BIRISOREKREELZHEMICRMN L, ZORBR, FOTEL-5 Th
H-10 T WD TEMERNESRIBET, BERKERTELIZ L EHRLE,
IOEHICKBLEREDZ, FIRELEVEREATR L, ZLT, SEOEAHLTTES
N 1iE, CRETHTLARBRUEZEHAL mg A7 — L TLMELRRI2T=V U T ERISD
FhEME AR LT,

) OH OMe
NaH n-BulLi H,0 OO Mel OO
MOMCI OMOM B(OMe); 202 omom K2COs omom conc-HC!
O

————
H TE OMOM THF OMOM ™ r OMOM  THF
step 1 step 2 O step 3 O step d
(R)-5
OMe OMe OMe 0Tf
ThO MeMgl BB szo
OH_ EtN OTf NlClz(dppp) '3 _EtN
OH Tol °Tf T mTEE BECE o
ste 5 tep 7
P step 6 s ep step 8 OTf
(R)-10
ArB(OH)
Pd(OAc),, PPhy O NBS O n-BuNH
K3P04'I’IH20 AIBN Br K2C03
—_—_— ————na
THF cyclohexane Br CH30N
step 9 OO A step 10 step 11
(R-11 (R)- (R) 1
Scheme 2
References

la) Kitamura, M.; Shirakawa, S.; Maruoka, K. Angew. Chem. Int. Ed. 2008, 44, 1549.
b) FLMEZE . PCT/IP2005/00623.

2) R¥EEE, WFEEZ FEESHEFEHRE 20036/, 1195.

3) Ooi, T.; Kameda, M.; Maruoka, K. J. Am. Chem. Soc. 2003, 125, 5139.
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From Module to Plant in Microreactors

Thomas Schwalbe, MRSP — Microreactor Systems Provider, Inc., 84 Browne St., Brookline,

Ma 02446, USA  schwalbe@mrsp.net
Takashi Kobayashi, CPC Systems GmbH

CPC Systems GmbH developed the microreactor CYTOS® for using the advantages of
microreaction thechnology. The CYTOS® family of products cover the drug development
pipeline space, they are well suited to take an optimised continuous process route from 20 mg
to 20 tons with the same technology without trabsfer risk.

1990 SEREEMND, =4 7Y T 7 2L 3EEEROBMEICE SIS BELES
DEE~DEL OBBABfTORTET,
CPC VAT AR GmbH D= A 71 Y7 7 & CYTOS ¥ Y — XZEHNERDOT-DDHRP L
BOEWEREA L TWA(E 1), LB ->Tng D Lab B 10 b OaR4E
EFCxRUHEAEFNTTEE LTWS,

Log: HRLEHOH Log: HELI{LEVBOR]g]
( 9
- 6
L. 3
L 0
S
P -6
o TRE~OEE)
BRRHR BISE{LE Jotex{bie BR%
y—F y—g BA% B | Aqoy &g =[]
#B% | mak FISUR | IS5k
SEQUOS | sEQuos | sEquos |cytos | cytos | cyros CYTOSU7%
OPTIMOS | Lab Pilot Pilot & b 2
CYTOS system | gyctem | Production BESRAF L
Lab System
System
CYTOS- [ CYTOS- |[CYTOS- |CYTOS |CYTOS |cCYyros& | CYTOSU7Z
S M M Toolbox AN

R1: CYTOS Y77 ZIC X HEFRMBAFR & £

) = —VERIGEOEF (K 2) BEREBRBVNCEL o ABRZMHEERL
TWANERIEL., BEESR TS v b~DOEHRELRET S Z L EZRLTWS,
F 4 1 CYTOS Pilot System (ZH\W\T. EFEEMETO Lab G bRIL~A 77
7 ZDLET NSNS LHERE-BRTAZLT 10 0o R T T7 v 7ETOE
Eax=y bE#AARETRE,



TV =% — VRGO FEBRIZEB T, CYT0S U 7 7 ZIZBiT 25 OESR IS DOR K
BIEN 0.7 mol/1l THDHIZ ENGhol-, RIGOEBEINEIT 93%THh v . Thk L
D 18% kB> TW5, £ L TERIOFETOHERERS 10%% LEABWEREE
Too EAVIINER 88% T H e/ ZERIRBEREN O LR - TS,

Byproducts
o o dﬁﬁ; ///J
> Z i N ¢ ocp — 9
c2H50 002H5 H.C.O -~ C_H O\IHJ\/\/
672 276
o}

2: 70 =x =G (FHIRFSE)

REME/ZEMREEE DL L CYTOS V77 4 1 Y-V OEEFRIT 1.2 P /ET
H5, T LTRUALELFHEMED L & T CYTOS Pilot System DS, 1 BY&RRIC
BWTIE 12 P /EREETE S, BICZORAT AD 30 KW/IK b OB
Ny FEBORPHALY 2HLL ELOBWHEZE LTV 5,

WHIELE SN/ CYTOS V7 7 # M2 Bk E FICHR SNV AT A (M3 &) iI334E &
LT, &1 BERETCIIEEOAZ M bE, & 2 BB CRREFRIGEZITI. ZDVA
TAhIL 3 BRETIRETX %, fith, RIGHARBEELTEXAHE8ICIX, £EaX b
PHEICER - ERE AT A L& LT CYTOS Production System(B3 £)23dh 5,

CYTOS Pilot System CYTOS Production System
BAHE - 30 kW/1K BATHAPE - 5 KkW/IK
(AR OEE ¢ 0.05-0.5 kW/1K)

X 3: CYTOS AEFEL AT LD 2 FR,
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Development of Novel Chiral Columns and Their Application to Optical Resolution by HPLC

Takuya Miyata,* Manabu Yanase, Kouji Kawabata, Takumi Kagawa
Nanyo Research Laboratories, Tosoh Corporation
4560, Kaisei-cho, Shunan, Yamaguchi 746-8501, Japan
t_miyata@tosoh.co.jp

Abstract: In this symposium, we present novel chiral columns and their application to optical resolution by
HPLC with optically active polymaleimide derivatives as stationary phases. These polymers were
synthesized via asymmetric anionic polymerization, which induced chirality in polymer main chains. The
polymaleimide-coated silica gels were able to separate various racemates, especially compounds including
carbonyl group, such as ketones, esters and carboxylic acid derivatives. These new chiral columns could be
very useful for construction of optical resolution process.

HPLC I £ 5 £ ¥ REES MR, SHRCAROTHIHATETHY | FIXEHkx 2ILEHO
HEMERE, HORFHELHT 5% 7 MEANORBIED CHARFETHD, M7 4
THE RN HMTER bIE, SMB REFUR LE TRV TOF F LA HOMENTHE L
7%, SMB i3, FEGRBERVUIT AT LAv—ikL B LT o ABHMBETHY . &
KFMEOR 7 MEAMEERPODEMOICES T L BHRKD,

FRAZEEMRY ~—DFRE
FINATLOBEEME LTREEERY) v —BEBIEPHTHEILIEIR<ADATNS,
BAIFREISANSTLOMBEZBHRL, FET=FVERILL>THELND NEBREAEENR
Y=l A I RN, REREESEER L LTOBELETIZ LICFRA LR
D, RO NBBEEFHERY LA I FIBREXTXILT, i,
BINOL % 0#AFLAWIIH L THAWAERIEEZRT, NV ~v—0DF
RT3 ZREEMZ LV EEICHET S LT, EtEE» O ILAEOR N
BT LORFERYMFEEIND, FHRETIE, NI INLBRESEAL
7= FEBMAEEFEERY LA I P2 TREL.ExOXREFERY <L
A4 I ROABRRBEBONERY v —DORFHINEDOKRIEE £ L7,




FHRARY = —DEREFEN D DNFESBERE— R

H
" —_ Ety2n, %ﬁo %(,\(S) ©)
@% . )\ 2 ZnCl,, HMDS O (-)-Sparteine o On
< —_— N
o O R R: Benzene RL/l\v:H Toluene -
Rs Asymmetric Anionic RL Rs
Polymerization

B VA VBRLE L OXRFEET IVENOREEEY LA I FEAR L, RICEABEA
IO FNLVES, FEEMFIZC)-RANT AV 2AWERET =F VERICL > TRFEFESERY
TULALAIR~FELE, BONEXERERY v A I FIZEFIBEVEELXELZRL, CD XX
7 MR P EOEHICARERFTREINZZEBRTRENT, BONERY=—2 2 ) HFNIZ
BR%, VT AICHEEL, HPLC Y Z 2288 L=, FDOXh ";(;Z_QE
7 AERAVWT T ILEWEEOFEERM 21TV, BhizXt

N O’QQ;
EOMEEATERY v LA I FA-DERMLE, Zhbo é’O\/O
3

R”CH
RY =—Z20TiE, LV EFEMICHBEMEREZRIEL 7=, 1; R=Phenyl ’
2; R=Cyclohexyl

HEFMRY = v A I FEEEA-3) D ESREEFE AT

HEFEFEERY A I FEEIT LT, x0T ILEWITH L THWREFRINEZREL.,
By MU TRFAE, AR VBREOE N NE= LA MBIT OV TER RS MEE %
;RL7= (Tablel), @HE. HILREEONEYS Table 1. Optical resolution on polymaleimide-coated silica gel*
BBV T, BIERBORESH DI E—F ey sample  Boymer!  polymer2 _polymer3

k,' o k]' a k)' a

D7 v — FEIZ & > THRFREEDFHENE @’H/@
1 : 058 2.13 026 1.55 039 2.09
H
A~

B2 B O T, B (mHexane/2-Propanol)
I FY 7Aoot (TFA) S0B%2 /b BREM 5
TEOULENRDHD, L LEL2BRSEIRFE LD
S Ak, WMAIELTYH, PRYDY, Tx= 3 C(&Q 513 674 122 606 237 890
NT 7= F0EE-BEFE L LTHFRARY |
WRVBEREH, SETRETSH Y., o j\f\
YeFEoBRE&# R LT- (Table 1, entry 5), X
fo. HHARHET CTHRE2 OXFRMEEE SRER

*Column: 4.6 mmID x 250 mm. Flow rate: 1.0 m/min. Eluent: n-
ETHoT-, hexane/2-propanol = 9/1.

0.83 1.64 034 150 030 1.62

061 1.18 031 L13 0.9 131

sbz
5 U°°2” 0.65 3.57 033 235 034 256

R R.)
SEFAEL-FREISANT LT, a5 IEWIIH L TARAFEIESLBR L, —0H
T MMIBGDONEN R RELEE T o E AOBEIZHEEIZBEVWRT Uy L EBFELTNS,

3CHR
1) Y. Isobe, K. Onimura, H. Tsutsumi, T. Oishi, Polym. J., 34, 18 (2002)
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Efficient methed for the sulfonylation and benzoylation of primary alcohols in
water solvent

Hidefumi Nakatsuji,* Jun-ichi Morita, Yoo Tanabe
Department of Chemistry, School of Science and Technology, Kwansei Gakuin University
2-1 Gakuen Sanda 669-1337, Japan

We developed an efficient water-solvent method for p-toluenesulfonylation (tosylation) and

methanesulfonylation (mesylation) of primary alcohols using p-toluenesulfonyl chloride and

methanesulfoggl chloride, respectively, l_Fromoted by KOH an cata}lf'tic amines. The reaction
P

was performed by maintaining the at around 10 using a pH controller to prevent the

undesirable decomposition of sulfonyl chlorides. Several primary alcohols were smoothly
sulfonylated in excellent yield. The choice of the amine catalyst (0.1 equiv) was important:
N,N-dimethylbenzylamine, a sterically unhindered and l(lipophilic tertiary amine, was effective
for the tosylation, whereas N,N-dimethylbutylamine and triethylamine were effective for the
mesylation. The present Schotten-Baumman-type method is the first exam&le of catalytic
sulfonylation using sulfonyl chlorides, and is a green chemical process due to the use of water
as the solvent. In addition, this protocol was applied to the benzoylation of primary alcohols.

I, Bt L BEEM OABRREOERZET, WbWwB V-V FrIX NI —%
ZRLIAABEDP COEBRIGORESER INTWS. £Z T4HE, KBEDTOE
—ZT N A= N DR AN T =L « RV A MEERETS.

1. KD COE—JZT NI — VDRI AR =Lk

ThAa—ADRANE=LREROICEERRGE CTHD. YHRETIE, AR
OERNSBILO—RLLT, YD 7
U—ZBARBLTE LY. 22T, MW
WEEIO/PMIWEZRT I (MesN-HC,
Me,N(CH))NMe, 72 ¥) AWVWB & ANE=
MEDRIGHEREBBRICm L35 2 & & Al
LTW35.

4|, pH av ba—nV&HETFT, 7%
FhE BT HIB T S KB TOT VAL

—{ pH controlter

@ Schotten-Baumann & X LR =/)V{b & R, - ~ Water bath
Magnetic Stirro!
H L7, b BIZETit PhCHNMe,, inbaniie

A VA BV TIE BuNMe, £ 7213 EtN % A UNVALERBK
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0.1 ¥BAWRZ LT, HF—RTNLI—NDANKNERERRCEITTS.
Ts (Ms) CI (1.5~ 1.8 eq.)

ROH ROTs(Ms
Catalyst (0.1 eq.) S(Ms) —
K,COj (pH controlier, ~pH 10) Catalyst
IH,0 20-25°C, additionfor1h | |ooyiation : BiNMe,
reaction for 1 h | Mesylation : Et;N or BuNMe,
ROH Sulfonyl Group Yield / % ROH Sulfonyl Group Yield /%
OH Ms 98%(g8)" Ms 97%(g4)®
T 96
Cho~~™ ° PN 0H TS %
OH Ms 94%(94)” Ms o7%%97)®
a) Et;N was used. b) BuNMe, was used.
ROH ROTs
>.;~ Bt
KOH
TsN*Me,Bn-Cl" :

i E KCi+ B0
TsCl BaNMe, ~—t

Comm) | ()

2. KEBEERPCOE-RTNLI—NOHEHL YA VL
ROBRLE LT, BEEREBERR VANV LZRM L. FOKSR, TMEDA %
BWaZ LT, FB—R/TNIA—NOR AR BNBCETTEIZLE2RH L.

BzCl (1.5~ 1.8 eq.)
ROH ROBz
TMEDA (0.1 eq.)

K2CO; (pH controller, ~pH 10)
/H,0 20 -25°C, addition for 1 h

reaction for 1 h
ROH BzCl/eq. Yield/ % ROH BzCl/eq. Yield/%
ANNNN0H 15 92 Ch~~"0H 15 89
ANNNN0H 92 PhOH 99

Ph\/\OH 96 /\/ OH 1.8 94

ThoDFE, BEROT7T IV EFEALBEFNTHY, $TEABRORETHD
DEMEN - BRERICBWTEN, TELVLVOERERHIFEND.
1) Morita, J.; Nakatsuji, H.; Tanabe, Y. Green Chem., submitted.
2) [=ZXFMt- AAF=E-T 2 Fib- Y YL RARISOERBHEE) B 8,
HAER, fRE B, AHRA FRERILEHSE, 2004, 62, 1249-1259 .
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Development of Synthesis Route and Process for the FK-175 Intermediates

Yoshikazu Ootsuka,* Kazutaka Matoba, Takuma Murayama, Kenji Suzuki,
Synthesis Research Dept., Chemical Research Laboratories, Nissam Chemical Industries, Ltd.
722-1, Tsuboi-cho, Funabasi-shi, Chiba, 274-8507, Japan
(ootsukay@nissanchem.co.jp)

A novel synthesis route for the important intermediate of the FK-175 was investigated. This route was
containing inter- and intra-molecular Friedel-Crafts reaction aiming to construct the unique seven-member

ring, starting from L-glutamic acid. An improvement during the process development is also described.

FK-175" ik PRTAIE, ROV BICRELE7TARBEEAE T I /E2ATH I L2REL
THIEMTHD. FEEMOFRARIN— MR EHEMFTERICONTHRET S,

l.  #HHERI— b OBR

413 PRTA DL CTHELRFHEERN — b 2O I UBLARF LR, VS I VBEHAER
Bl& LT 2EMED Friedel-Crafts RISZEBRTARTZFINT—IiEEER L (Scheme 1),

(o]

EtOzc/\Om = Mmm - MeO/C@
NH,*CF

“NH Cr “NH tCT
PE7A o
FK-175 Intermediate

o]
COM WNHR
NHR MeO '
MeO )

Scheme 1

GV — MZH > TIV— FERFRZTWY, 11 T8 135K TPRIA 28R THIENTER

(Scheme 2, R=COCF,), L2 L7adtd Z DB TIIE/LEMRRKE (MWIAuEEEE Ky, VWIfly7y
) R, BINE, RGHEAORELSTRZ2ETIREAT—INVT v TORTEZ OBERNH
-7, '
2. BUERE

R& BT kg BEOREZ B L -UEREZBBL., CNSMERZHRRL TERBEODH E
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WNHTfa anisole o]
"°=°\/\r°°z“ (CF4C0),0 ACl COH  EtSH COH
—_— —— —_—
NH, 70% 07 "0 85% MeO NHTfa 85% MeO ,©/V\‘»;ma
L-Glu Step 1 GAN Step 2 PKCA Step 3 ECA
1) SOCI,
2) AlCl, EtySiH K.COy
———" MeO L ——— MeO 5 ———"  MeO 5
78% g4 NuTh 40% NHTfa 95% NH,
Step 4,5 PIK Step 6 P7AF Step 7 P7A
1) Ph,CO
Na.$ ,CC> 2) BrCH,CO,Et /@O
NMP 3) Hy
HO L, ————> | E0,.0 ,
85% NH, 95% NH,*CF
PE7A
Step 9,10,11
Step 8 ap 9,10, FK-175 Intermediate

Scheme 2

HE—-TRTIZYY. M) 7)) A OEEEKkDERWTN-REBS IS I CBEKY GAN 25K T 5
BEAIRIS P2 L T =it RISZFEMICHENT 5 & ZORIBR AT —IVT v TR HIE A R
Iz eEhtbhof, FITHREELTNIINAOBBRIATINVEFERT 5 H5iEEZBFEL .

BoTRERVCBEOA MR EOMBRMEE GIMN 5=1/1) OERSBEER>. &
CTREBHEAELTYZV-ILORbLDIZ 2-7007 =Y — )V EEAL. E=ZTROBITRET
FRIC 7 OV EERETEHETHNBREGAERERZEIIMA D ZLENTEE, FRBEZTERESE
ALRBORTERET. ERKREMCXOTIREEZRHL. '

B, BAETLRIZSTFHN Friedel-Crafts RISICKD T BEREHETHTETHS, I TRE
B PIK A, RIERETICBVTRMNIZSEIEZEZTIENHHAL =, FlRFOBER. K
ISIEE EFE L TWAEILAKBETANEEL TWAZ &M D, BERREDTRICED PTKD
FEIbEERTHIENTER.

EHIZATROBNE, BRICbRAZMA. M=) T3 EOFMBPFER, 3 EOERSRHEY
EHBEDEBZET. YUAFINHSLIOARNT 5T 4 Z2YR LI SE S L2 T 5 2 &N
T&Jz,

WA TIRAREDO LD IZ. BRI — MER~I— RS~ BEWE~Y > TV liE s, BR
DS MEICESD T THRNZERMHBARIEZIT D ZHFR - WEEPRATWMOBEATNS,

1) PCT Int. Appl. 2003035600 (Fujisawa Pharmaceutical Co., Lid., Japan)
2) Chemische Berichte, 88, p.26, 1955.
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One-pot Synthesis of Dihydroimidazoles from Aldehydes
Hiromichi Fujioka, Kenichi Murai,* Yusuke Ohba, Hideki Hirose, Yasuyuki Kita

Graduate School of Pharmaceutical Sciences, Osaka University, 1-6 Yamada-oka, Suita, Osaka
565-0871, Japan
murai@phs.osaka-u.ac.jp

In this symposium, we present one-pot synthesis of dihydroimidazoles from aldehydes. In our
method, the reaction of various aldehydes and 1,2-diamines followed by NBS treatment proceed
at 0°C-rt to give the corresponding dihydroimidazoles in high yields. The reaction is mild and
many functional groups such as halogens, nitriles, and esters can exist.

Figure 1ICRL=& 53 %P Kua I ¥V —VEE N .
. 2 OEDTEEN S RERNMANTH Y ARl R~ T
S b AREMES, YUY FE LTHIAShEE |  dhydroimidazole
ER{LEYETH B, Figure 1

Scheme 1 IZIXZFDERPERESREZRLT,

/\ catalytic sulfur reagent
1) HoN  NHz | (P,Ss5 CS,, Setc)
R-CN
heat
NH,CI /N H
Z)RCN cHC, EtOH JLZ HoN  NH, " N]
=t —_— o

R” “OEt *%

3) H,N  NH, , AlMeg
R-COOR!'

toluene, reflux
Scheme 1

Tihbb, 1) = bPIAMEEZFLUPTIVEREELDWVITIANLT AL L HIC
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M#TBHE, 2) = MY VEZER, EtOHIZX Y —BEMRA I /= X5 /)L (Pinner
salt) ~L B, =F LU VT IVERBES®DFE, 3) = ATAEER, =F L
VT I, AlMe; L L BITEBIRT D2 FESRHOLNA TV S,

L L, ZhbOFECITBE R MALELMB SR, BEERA I ) AT LOH
B, /2= I MELEBOBRRIZEMEDIAV NaCN 2 EZAWVBLARH AL, »
< OPDOHIKIREH -7,

—F., AEIDOV VR YA THRETEVE Fua I ¥V —VEOAREIL, 8fkdk
B TITADHEBMERFETH S, TRLL, L4OTATE FEZFLUIUT IV
LRGEERERPTELBNNTEZ—/ILENBS L RIS EHBZ L TOCHHLERT
MET BV Kagf ¥4 — L2852 LB TE S (Schene 2),

HoN NH, H
(1.05eq. ) N NBS ( 1.05 eq.) N
R-CHO »| R » R—’ ] at 0°C-rt
CH,Cl, —~<N:] then _~<N
H alkaline work up H
Scheme 2

fx DFEFER, BHERETNVT & FIZ§ 3R EORERO— % Table 1 IZR LT, W
THhY BFRINETRIEHEITT 5, FIZ. RIEBEREERIROIZETT 120, ¥k
R LR TV P ARZRATFADOL I RERENEELTCHLEARTRETH S,

Table 1
entry Ar-CHO yield (%) entry Ar-CHO yield (%)
CHO
1 99 5 Ph e CcHo 96
CHO
2 94 6 Ph _ycHo 87
OMe
CHO
3 © 94 7 Ts— D’CHO 85
COOMe
CHO
4 95 8 BzO(CH,)gCHO 98
CN

reference
1) Tetrahedron Lett., 2005, 46, 2197-2199. and references therein
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Development of A New Solvent Cyclopentyl Methyl Ether(CPME)

Kiyoshi Watanabe*, Naoto Kogosi, Hideaki Miki, Kuniaki Goto
*Specialty Chemicals Division, ZEON CORPORATION
1-6-2 Marunouchi, Chiyoda-ku, Tokyo, 100-8246, Japan

kw@zeon.co.jp

Cyclopentyl methyl ether (CPME) developed by ZEON CORPORATION is a new ether which can
replace other ethers such as THF and t-butyl methyl ether (MTBE). Especially, the use with the features of

good solubility and of efficient oil /water separation is now being developed.

HAYA Tk, BHEE%2TE2 L2C 4 - C5{LAMOHMBRRMAZIER» OEDTHY . Z
DE. 7,5t Fu7F5 2 (THF), PTFAT—FN(Z—FNL), t-TFAAFAT—FT (M
TBE)ZEOBGFT—FAVBAICRVVEESZETEV 7 aXvFALAFLZ—FT L (CPME) 25
FLZ, ARETE. ZOPHERHBRIL L TORRIZOWVWTERET D,

/)

T —F L RARFE L, CPMEX., @iba, KFhs, ERBEER, K~ KGAREE
RGBT E WV IWEEF LTV AD T, RIGEREZIKMBICERE CE 5, B V¥F—n4

CPME |THF ——5, IMTBE
OMe b 106 65 34.6 55|°C

[EL =N < -140 -108.5 -116.3| -108.7[C

<i:f::;7 AR (A 69. 2 98. 1 86. 1 81. 7|kcal /kg
KA~DEEHRIE 1.1 oo 6.5 4.8|g/100g
1R R HE0E 1.1-9.9(1.84-11.8(1.85-48.0|1.6-15. 1 |vol%
W (20°C 0. 86 0.89 0.71 0.74
FEE  (25C 4. 76 7.58 4.2 A<1H

2 THLe, ADSOBRIRMES . BICIIBICH L TEETHIENERBETHD, —FH., =—

TAELGBTH D, KIS, BEERBIEL ES>PHEER LT 5,

2. HE:
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o> -7 IR ME O RAZ DV,



2—1. RAPEDTES THD,

1000ppm ZK L7 THF RKI'CPME £REL, £A€hiz, ZRT, ELv¥=27——74A
2 10wt% ML 7=, THF X, 18 BFRILA E&E LT H K531 200ppm LA T ISR L ds > 7= izt
L. CPME T 2 ¥ T 100ppm AT, 18 BFRT 25ppm L T E TG Z WD TE = (I—1VT 4
v —KSBIER), X, KEXKBTHDOT, HHBHEKISRETH D,

2 — 2. 1Bk (P O)MBARL LEE,
ZEEFET. Big, EXEHF T, CPME, THF, /1 Y7etrx—7 1 (1 PE)RUMTB
EiZHOWT, REMICPOARKEB(I—FA MY —) 21l LT, BHEBIEFIDFEDHFEIZ» DD

T—FIJLEEPOZE X R (ppm)
(—):no BHT / (+):250ppm BHT
200.00 e et e e
./'.
600.00 - —e— CPME(-)
500.00 - ‘ - -G - CPME()
. /,/"‘ KRN R [ 2 THF(=)
400.00 = — = i THF(+)
300.00 - - i >— IPE()
AN : o IPE(+)
200.00 o E —a&— MTBE(-)
100.00 f—7———————— e -4 MTBE(H)
o] 10 20 30
days

59, CPMEEMTBE¥IZ, ZOPOMKEEBMLRVWEND»-7, ZRIZX L, THFXR
I PEIX. BHTHAEFEELAVWES., BFICPOMNAEK TS, W, BB LEABHT
(2, 6-di-t-butyl-p-cresol) RIMDFEE . +/ — LKL LE, &if, POARLEWSICBL,
R RfEAs I3,

Z0ffl, CPMEZZ ) =% —REPT AT ADL i Al H4BTORIGHERDIEA, MHEH
RRERLAREOER LT TH S, Bt K& - fhil - BTO=TRIZHEH T FAR—Rk
VU vy Mb, BAEDEEROBBLAETHY . 2—PF—DaRX My lHETE D,

3. ¥&¥

Pl BEFET—FARBAORELAY L EX DN DFERIC PME I OWTHER L7z, AiEH|
DEMICE Y., o XOMECEREIC SRR 2HA8ML TksY, CPMEXTa®X7 3
ANV —FEREEXD, AFERAEO—EIX. () F—RLX— - EEEITPAREENOREE
ZiF e MRIRLE T v 2 EMAR) LD ERSNIZHDTH D,

51 HISCHEK -

1) &, KHE, A, #0, W003002500.

2) D, %k AR ERSEE, 61(8), 806(2003).

3) HE S, BARFOEFFSMER PRESSQ), 1287 (2005).
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Practical Monohydrolysis of Symmetric Diesters

Satomi Niwayama*
Department of Chemistry and Biochemistry,
Texas Tech University, Lubbock, TX 70409-1061, U. S. A.
E-mail: satomi.niwayama@ttu.edu

Half-esters are very versatile building blocks in organic synthesis. They are primarily obtained by
monohydrolysis of symmetric diesters, which is usually accomplished efficiently by enzymatic hydrolysis of
symmetric diesters. However, enzyme reactions do not provide any basis for prediction of reactivity. Here, a
simple, mild, and efficient non-enzymatic reaction for selective monohydrolysis of symmetric diesters will be
presented. Hydrolysis of several symmetric diesters with the use of THF and ten times the volume of water and
diluted aqueous NaOH solution at 0°C afforded the corresponding half-esters in moderate to near-quantitative
yields. The reaction mixtures were quite clean; therefore, isolation and purification was quite straightforward.
This procedure represents a practical approach for ester monohydrolysis.

IXAFIDIMKPBERBESIATIVORBEDIRATIVEDSEBIRVICMKIMET S L
IC&>TBONBAN—TIRATIIERESERICRICIIFERICHELS Vb THD. COBRRNE/
MK RRIEESR ICEAD LA ICRERE » A RBERFIB M o7, U UBEIMKSREIEDASZ
XLIWELEBRASN TGN D, BROFUBLTEY, SUFTAICRIY=TBHRMCHE
MiEW, UL, BLA4BTHF—KRICKD-HREEZANWSZEICKk> T, BRLABMBRC T AT
BINETHIRNQICE/ KBTI EERVELE, !

Scheme 1
O2R  THF/ aquecus NaOH O2H
0°C 0.5-1 hour o’l '
O.R " O.R

CORBITHEROBZTHNBZIRATFIVIKSRRSICIEX, HRBELZKBEMHOZVTIIVO—
WD SIKBEDPPEATHFICEZX T, ZHTO CEVWIERTHTIEVWIERICHELR LD THS
M. FTORICRTLSCELOM[BECIRATFNICENT, BRETHETHIN-TIRATINEBS
CEREILTEY, BHTRANT/OALEZSHTERERLLELOFTAXISBHEINS,

CORBIET A Y H{LF R NDChemical and Engineering News (2001518 2 2 H) D Chemical
Process Development D4§FEICH BB hiz, ?

ERRTRIORISOEME, BRYDR. UKHR1LEL8HTHRET S,
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BEXH

Table 1 Mononydrolysis of Symmetric Diesters

entry diester product yield (%)*
CO,Me o
] M eozc/\/cogMe Hozc/\/ 2 70%
1a 1b
) Meoac’\/cozm Hozc»\,COzMe 79%
2a 2b
/™\ /7 \ L
3 MeO,C COMe HOLC  COMe 95%
3a 3b
COMe Lb—COzH >99%
4 ﬁb?;ozm COZMe
4a 4b
s bz Sebgzen
COMe COzMe >99%
5a 5b
6 /t_o )vo
o) COsMe (o) COzH o
\ 2 l 7 COuMe o0 >99%
6a 6b
7 Ph_<COZCH20H3 COzH 87%°
CO2CH2CH3 CO2CH2CHj3
7a 7b
8 hCOgCHgCHa lb‘ COxH >99%
CO,CH2CHg CO2CHoCH3
8a 8b
9 Q CO2CH2CH3 O\Zb_COZH >99%
CO2CH2CHj CO,CHoCH3
9a gbh

2 Yields are isolated yields from silica gel column chromatography based on the amounts

of the diesters submitted to the reaction.

® The yield was diminished due to the slight volatility of 3b.

¢ Approximately 11 % of 7a was recovered.

1. Niwayama, S. J. Org. Chem. 2000, 65, 5834-5836.
2. Chemical and Engineering News, January 22nd issue, 2001, 92-94
3. Niwayama, S.; Hiraga, Y. Tetrahedron Lett. 2003, 44, 8567-8570.
4. Niwayama, S.; Rimkus, A. Bull. Chem. Soc. Jpn. 2005, 78, 498-500.
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Process Research of a chiral and highly water-soluble drug candidate FR189419

Ryoki Orii,* Eiki Oikawa, Keiichi Koga, Yosuke Fujii, Syunsuke Goto
Process Chemistry Laboratories, Astellas Pharma Inc.
1-6, Kashima 2-chome, Yodogawa-ku, Osaka, 532-8514, Japan

ryoki.orii@jp.astellas.com

We present a process research of new orally-active GpIIb/lla antagonist FR189419 to prepare a drug
substance for clinical trials. Original process involved concentrating a large amount of water and
freeze-drying, which became a bottleneck of the scale-up operation. The present method provides a practical
process of the desalination, crystallization and drying of a highly water-soluble compound in order to prepare

a desired polymorph.

PR E B TH S Gplb/Ma EHAI FR189419 1. TLEMEMIZIZ 2IROAF L L
2IFDRTF FEAEALTWAD, F-PELENMEL L TEIBO THEVWAKEEZALTSEY,
HEOKFTOHESIPHEESNL, ELIERERIALTEBY., OGP TOARELOK
ERMEL ko, AEMLDHERT B ANY) 2REWICHELHORE T T ADHILIZHY)
L. BEBRABRRXRDAr — V7 v 7REXEEL-OTHRET %,

1. Boc-¥~RY T HIVEVEE (FR162466 A HK)

Medicinal route THWHR TV - Wittig RIGZ &0 T 5V — MIERDOBESRETH b IR
bEL . SHBTIRTREML PO, LEL &5, F72ICB%R L7 Perkin RIGEHV 5V —
FCRERBEHEIBEHTHY., FRXRTH D, FLBILIRIIOVTH LRBMEMTRINES %
PAd-Cick 270 A %R LT,

Rittig Rt o 5H3E 38. 2% (Em \ O/\,OO;E‘ — HNO/\/COzEtC”M [MO/\/

(medicinal route) o
medicinal route oo ,m - N O/\/
{j BocN.

4-pyriinoaldohydo <cc§;c FR162465

Perkin Rt 2 B3 53. 4% \"“" [ O/\,wz“] /
N
(new route) e FRI165304
736%
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2. =RaAFVELFNONESE (FR166209 45

Medicinal route THWHNTW3 EtOHBECIIBR{EIFONT, FAANBEHOERICL )k
FHEBRTIARON . BFRCBERENEBIRI > TwEEEX HILIIEKIPARICL LA
MHEERE Lo ZORRERHMOBITTORFAMERTHVERONT, | DOHFHERITL YAE
FE 100%D L-BABIEEHS TUL AZARTE L,

3. FR189419 Bi3E ~ GATIRES

FR189419 "BV KAME A L T 55, IEFIE0KIEE L L ClRAESE (HP20: 100 155 &) *H
WwWTWwb, 20Ok, i@&’é"ﬁﬁ‘ 200 fEE & R B BREDKIRE~FELBRVLETDH Y, XiwaoH
HEBOTKEIV, TG PEL R AT VT v 7RG LBRIERELRET L., FHEE
B, iﬁ&f"%ﬁﬁﬁf‘% DIPEA THHIE, VAT NVA T L BT HZ ETHRIETS L) B
LHEERRE LIz, €DK, FR189419 OEHEEAILOTREL 20, WHRMTAy— VT v 7
BLBE O A FERTEL,

-Medicinal K-H - BEIHIZEE 8D TA & 2%

[rrisososmmes | O [ | O [ mr ) [ess | O [omnm | O [t |
HP20(100V) BHA R 200V

“Xr-v797" K-H- AERETTER IO ﬂ

[ Frisoarotmmesm | O) [ | O) [ous wEn | O) [ | O) misss

DIPEA 947" n(24V)/ AcOEt-MeOH WEHIZERE 40V EtOH

4. BEBHEIBEIEEIC L % FRI89419 D& SEHIH (A6 HORTEMRE)

FR189419 (3R L LTEKYD A6 L 3KRMPO AT V) 2BEHOERETAFFEL B

HoKERITAITE GAMY) THs, HELRERICREOEEZBRTIZIAORLLLD, &

BEORBRESLEL 25 (7. Tkg BiERF 43h), AT BOREN P ORAE -7 1 ZRETT L

ELTHREIREIREERIC X AT HERET EER L2, ZOER. REKEHBEZRBEHNT

BZegr % & 25°C-40%-750L/min DBBEZERIC & ) B AL7T R L ERE (5.5h) »OoREMICHE
570 AEBHARTEL,

Mg | BEER (A7)  FEER | VIHER EtOH ; 0. 04%
L > —_—)
AT 25°C-40%-750L/min | A17 ¥ K5 11.6%
B= R Y
EtOH : 15.5% , .
(A16 72) i

COEIILTHELL-EE /o A HVTFRISNMIO D P BERAKEK 4. kg #8E L7

LA SHO NHZ NHZ

m(l O\coza N Apoue = <= HNOCAco

DLEthvlnpme FR166209 FR211588 pryons, sog, — TRISTOSS

0, b0l omou a0
———>—> —— —_— \/\OO,H \/\cozu
wsc LIOH 0 WSC Hy LioHHCI AR L) G
*Pvndmwwde gﬁ’c HOBI pdC  AcOEt BAHBAN
FRi66127 FRI73120 FRigo419
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New Syntheses of Arylnaphthalene lignans via Pd-catalyzed Benzannulations

Hideya Mizufune,* Minoru Nakamura, Hiroyuki Mitsudera
Chemical Development Laboratories, Takeda Pharmaceutical Company Limited,
2-17-85, Juso-honmachi, Yodogawa-ku, Osaka, 532-8686, Japan
Mizufune_Hideya@takeda.co.jp

New syntheses of arylnaphthalenes via Pd-catalyzed benzannulations of «, 8 -bisbenzylidenesuccinic acid
derivatives have been developed during process research on a new drug candidate based on natural

arylnaphthalene lignans.

TFuk ALEOE—BHR [HRGSREOCRBICL > THRALEMEZLRITRET S Z&T
HBZLERERFELVR, [FoeREEREOBRBICTHELNIMAIC X > TABSRILFIC
BT 3] L LEETHILEILND, AERTIE, TV—AVFT7F VI TFURRRDE
Y— LA LT IERRMERLED Y (RELED (la—c)) O rERMLEHEOPT T, RHE
hti@@ﬁ%ﬁwﬁrkowfﬁmé

7Y —ll/')“?é’ LYY U BBOAREL LTRINE CEREFEYBRESLTVBH, b
A9 (1a) DEHREE (1b) ZARTHICHIY . RLIIUTIIFRTERRY VY FUAEHDOHRK
53 (B—A) BT 5 AREIEE LR LT,

(o]

0
S — @
Oy mpmae ° O
@ ® (8 °

K] R1-R2 = CH,0CH,, n=0: (1c)
R,

HELRACARV DY FUALEWITTRD scheme IZTHFIZARKR LI, T2bb, BERF
AET @) ERVITATE FEE D Vittig RISV REE (da-b) 2 S IRV AT AT FEE
@ Knoevenagel KISIZfT4 = &Iz X v (5a-b) #F7-, 9. (5a) D DMF B E =X P 140°CTHRIG
XEBL 3 4-CAMFL T VEDGNRRIGE LT Y =T 7 & L AR (6) HUNER 49% TH D
Ni, WIT, 3,4-PA M7= VEOMLITRBEL L TEREHETHEH (50) 0 NWP BFiR%
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190CTCHRIEXEA L, BARILENREF 7 VRN 28 08E 2 ERME 5 27-, —7F7. (5b)
% WY 7 Heck RO D (PA (0Ac) ,/EtN/DMR) 43 & B HBr ik L= 7 # L6 @®) 2 5% 5
ZEMNHEBRLE,
[o]
[ pPh,  PhsR 7 Ar—CHO AP\ { el N NH
Q‘" “pcon” M o w/\ﬁ"" M At

')
0o 94% 0  g82.88% o 80 - 83% 0, o

@ @ e Art = _@o A= _Oo )
< j Al = Oﬁ Ar2= —@—F (5h)
.—ﬁ '>—O

(4b)
Br Br 0
0w
Q
Oe Q.
180°C O + various products
L0 Q < J -
Q 7% o I
140°C (o]
Pd(OAc)2 %
© Et;N / DMF O @

74%

2. FREHER~DISH ®

U EomREREIC, 2-3—FERaF— L Q) »LHFEHINDEAR VY T U4 (5¢) D Pd Al
BABREUSIZ & 0 Bk @ rp i (1b) A EIOALEBRIREICE R TE 72, ERHEFITV-TI bR
B X ABRNRES Tholr, Ei-. HHAGZ Stobbe FEAZFIA L TH LB EARV DY TV
N—T T RT AR (5d) FTEA LT, RAWD Helioxanthin(10), 57 Z L7 Fu k() P, ¥7
/7 &V ALE Y (11) O ERIREE K Z &R LTz,

). £
—NLi N— o i 0  Pd(OAc) Oe
I/\@ 2). I,/ n-BuLi r o
CHO “k'2 0 Et;N
CHO oyeridine 1 IDMF O
DMEITHF AcOH J EtOH
© . 8% (1b)
46% 79%
COOMe
o e OO
g Af™\,-COOH —
choost . o
EtoO! Ar,—CHO  ,. 4/ ~COOMe
—— 2
Q=0:(10) (11)

(5d) =N:(1e) ¢
References: (1) Marui, S.; Hazama, M.; Notoya, K.; Ogino, M. W098-807705, (2) Nishi, Y.; Yoshida, T.; Asano, H.; Wakasugi, K;
Morita, J; Aso, Y; Yoshida, E.; Motoyoshiya, J.; Aoyama, H.; Tanabe, Y. J. Org. Chem, 2004, 2157 and references cited therein, (3)
(ERAR DY FranyBEKHOEH - ARKR) Anjaneyulu, A.S.R.; Umasundri, P.; Sastry, C.V.M.; Satyanarayana, P,
Indian J. Chem., 1986, 25B, 214, (4) Hedaya, E.; Theodoropulos, S.,Tetrahedron Lett., 1966, 22, 2561, (5): (@)K, BFr. FebH
2000-72696. (b) (Helioxanthin ®£AFR) Mizufune, H.; Nakamura, M.; Mitsudera, H., Tetrahedron Lett., 2001, 42, 437.
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Corey-Kim Oxidation by Using Immobilized Methionine Reagents

Yukihito Sumino,* Takao Ooyama, Shinobu Wakabayashi, Hirosato Kondo
Manufacturing Technology Research Laboratories, Chemical Development Dept., Shionogi & Co., Ltd.
12-4, Sagisu 5-chome, Fukushima-ku, Osaka, 553-0002, Japan
yukihito.sumino@shionogi.co.jp

Corey-Kim oxidation by using immobilized methionine reagents is promising methodology at the point of
process chemical view. Because it does not require any metal reagents, harsh conditions and complicated
procedure of separation. Moreover, it is odorless and could be easily prepared from inexpensive materials.
In this method, various alcohols such as primary, secondary, benzyl and allyl alcohols can be oxidized to
corresponding carbonyl compounds exclusively and any by-products such as chlorinated compounds or
carboxylic acids are not observed.

T a=)in 5 AN RZIUEEBNDBERIGIRS <HWEINTVWSR, FEPH. 2RZ
ERALERECEEY DL VWRESE, 7O A{EENRE AN 5 3EATTHERS 2 HENE N,
NS EHERTAHAELT, BEFMIVEREYRANT L DI RANVI 051 RIBEDR
LR ZBEELERBRERBEINTVS, ZHhIZHLBRLEEICATF - AUAR S REEL
BLRAKE LT, RRATIBTHRIAFFT=2FA L7 Corey-Kim BLRIGEBEFEL. R4
7N I—VETBILRIENHRES EITTE I L2 RHL O TREY 5.

Corey-Kim BALRIIZAFIV AN T 4 K (MeS)yh R E 13 NCS THEM(L L TRALEIEZR
YL, PIVIA—INZEILIEEIRETDHS.

1) RSMe
Clp or NCS

R Tﬁl 2) EtsN - R R
: T

MeS 2 EHTA-DESHENBETH D DOD, HIL = Swern B{LIZ(COC]), ® TFAA #
AN ENSHEEEN®RL, —BILREORASRLENSABERIIEHTHD Z & KT
BERL =T v TAOBREIGE D TEEEND B, 8> T MeS hZ2BEEILL TRIADEE IR
HisehiE, REEOQMERMLARRICARD IO AR AEERDZ LN FENS,

CNETIRFFT7 VI EBEELLLEANREINTNSHN Y, HEFRUNIEHTH DEIRIED
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AR RIBENH D, TITRAIIMHEICEECECAELZANITZ L E2EHNELT. 2F
NIZMeS EZFTHIAFAZVREBL. R I—ICHELIETRBRICRIEZ BB,

RN TNA=NOEALENHIRF E L TIT o R, RUT—IETHBEHEEEL MeS &
DREIDY > h—#ENRIGECEEE 55, BAORYT—RE, Vo h—2AWTE
RS EZEDEEZA, RODPITI/EEZETHIRUAFL > (JANDAJEL™)iZ, PUIFL
STVA—NARDTHNKRIBEEN LU TAFA =D 2/ I BEHARIBEEEMNICRIEINE
T ENASHhERTZY,

polymer reagent yietd (by HPLC)

1) polymer reagent(5eq.)

H
NCS(5eq.) j\/o\/\ N.__COOMe
Q\OH AN O/\o Q/\ﬁ 0/\3/ H 100%
toluene/CH,Cl,
Me

ORISR EHMABRFEHRTH D7 2 LRGIER S-3578 OHfEMET I a—)e, T2 R
ST H TR M S-0139 REGOF VLT /—IVEOBIEANBRALEEZA, £485%. 712%D
R THHOBILRBAHET L, RIMEIHBREOH THENBWMETINRZIVEEDE
B3I ENTARETH D, TlMO—KNZT I I—)Vor 0 bR ERIRKISEOMHEIAHEE X
SR RO=), POFINTNA-NETBNTHEERNIEENE TETL, BxOEENEH
T35 ENHEE, BN, BFA LB TORILRGIZETT 52, MeS E2—# CICH,S #
WERINS ZENERTHNENMET 542D, SREBNTIRBNH S,

substrate yield(isolated) substrate yield(isolated)
Me
‘rlq/\/\ori 85% O O 82%
Boc
S$-3578 intermediate OH

©/\‘/\OH
COH 72% 80%

S-0139 intermediate

LAk, SERARLEEEEATFAZCEEZBANWRIERE, BEEHEOTHNEETHD T
L. FERENR AN T —THOREAHEERETEDZ L, RURAFLY, ZFLITY
d—). AFFAZL EVD EAFER TRMERHRENS T 2 RERGZA WS Z & THEICHRH
RBZEMAY Y PELTHETON, BLOTNI—IVITRE<BERT 3 Z &MMHE, 7otk
ZERCOARARKIERERVESEEZ SN,

1) H. Tohma, S. Takizawa, T. Maegawa, Y. Kita, Angew. Chem., Int. Ed., 2000, 39, 1306

2) J. Matsuo, A. Kawana, K. Pudhom, T. Mukaiyama, Chem. Lett., 2002, 31, 250

3) G. Crosy, N. Weinshenker, H-S. Uh, J. Am. Chem. Soc., 1975, 97, 2232

4) BBEFELC., DRREFA®R  RF 2002— 105329

HO
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Copper-Catalyzed N-Arylation of Benzimidazole with Arylboronic Acids and its
Derivatives: Acceleration with an Optimal Amount of Water

Katsutoshi Nishiura,* Yoshio Urawa, Shigeru Soda
Kashima Plant, Eisai Co., Ltd.
22-Sunayama, Hasaki-machi, Kashima-gun, Ibaraki, 314-0255, Japan
k-nishiura@hbhc.eisai.co.jp
Process Research Laboratories, Eisai Co., Ltd.
22-Sunayama, Hasaki-machi, Kashima-gun, Ibaraki, 314-0255, Japan

The coupling of benzimidazole 1 with arylboronate, boroxine, and boronic acids is accelerated
efficiently by the addition of an optimal amount of water. This coupling reaction proceeds in
nearly quantitative yield at 30°C under an atmosphere of air within 24 hours. Under these
conditions, the reaction tolerates both electron-donating and electron-withdrawing substituents at

the ortho, meta, or para positions of the phenylboronic acid.

—RREIZ Cu i Z R WA V3 (Y -V ETY- W VBB E D T -MERINIEEEASRH T TR
bhah, CZORBICEBROKEFEI RS EICLD, RIBSHEAFRLEL, BHEYZ 24h LA
KERETHESNZHARERNWE L, e, AVSHEL LM/ BEERE - BERETH 5
HIAX b, REEDSDLEMISAHRD REEHZHRELZOTRET 5.

Sheme 1
cat.Cu(OAc),- H,O (:[N\>
N X dry Pyridine
o - O, e L
N BXn dl'y DMF, Hzo, V4 -/R
H \
30°C, 24h —
Ph
o o-8
Bxn= 6 ) B D BOM:
O ’ O-g\ ’

Ph

R=CN, H, CHz, OCH3
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Cu REZHW-EFRBREAEMET)-W IVEEEE D NT)-UMERIRIE. 7Y-IE 0B O 03/ D i
RIEDBRITE U B KITERT 271/ - MENOBLR P BA 0R-730 KGR EDOBIRIEA., NRETIZR
MBEEZONTNE=D., BARETTITRDNATWVNS, £EIZ T, oCNPhEZEBA L N7Y-IiFE
&k 3a BB, N ANAW Y WEFERIBIC K BKEERLZWE VBTN 2 2RV, EH4159-7 2
HEOEAKEHE T TRIGEITRD THIEM 48h B TORBEBRRIIEN o7z, —H. THaiv-7 2EL
TR R, BIFERNICRIENET Lz, ZOBENS., ZRBICBITBKSOEZEIEL T
FARER, Hd7y-7 A2ERET, flieE U THWEEEESE (1) HEKWXD/KNYER VLN
RISGHEENELS, WBEBDBLI NI &b o7,

Scheme 2 cat.Cu(OAc), r\{
N ) dry Pyridine )
CL- Q) 2= o
N dry DMF, 30°C
H cN
1 2 3a

Z T KIZEXBRIGBEDRIZDOWTHEL DBROKEFIML TR 2T R, RIEZ{E
ETZEBENRDZENOMNo/2. ZORBOFBE. N I3 1Y -MIH LT 0.5-2. 0eq DFMN
NEFEE T, 24h DRITIZIZEENICEAPRE SN, —FH. BNENDZWEHEIT. RISMREE
BRETHESNT, BICEWHEIE, EROBIREEZ 0 ISR ZE T I &M, Bl4ER
WD 0-97)71) - WDERBRICBIL Tid, BKRENI SITKORITEFEL TWiah o7z,

ROT, KIZEDRERESROIBIEICDWTIoW 0V, N7 03,2 W TRV, [
ROBEMNEONZ. INSDOHREZEZD LICKEEFRET T, o~ o~ pHICEFRIERUVET
fER 2RO 1VBERAWTRIEZITY o-ICETFERSIZEIZHED 5b 20T, ERMICEHK
MRELND I & Z2MER L (Table 1),
Tablel. & D710 1/ & DRI

PAE. CufihitZ WA Y - ek

EE— o Y@ gy v e NT)-MERSSE. Th
Oyom, v ETHEAEENRERSNTNREO K
‘ A L. BEEROKERNTSZETR

1 5b:R=CN 3a 48 ISEHROTTRASBEAH L.
2o R o "2 Fhe. KEHZ. Ba DT 1D
) @ FOFEEITOMETE, R FARA.

B2 Ay, 30CTF T 24h LAINICH

R
C sro = ., B % BNE TR S NS0, TR
4 5e:R=CH; 3e 98 HILHATEZARETH S,
R Reference
w0 N |
H‘@‘B(OH)a @ Katsutoshi Nishiura, Yoshio Urawa, Shigeru
Soda, Adv. Synth. Catal 2004, 346, 1679-1684

5 5f:R=CN 3f 96
6 5g:R=CH; 3 96
7 5h:R=0OMe 3h 97
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One-Pot Reactions Using Heterogeneous Catalysts Based on Layered Clay Minerals

Ken Motokura,* Noriaki Fujita, Kohsuke Mori, Tomoo Mizugaki, Kohki Ebitani, and Kiyotomi Kaneda

Department of Materials Engineering Science. Graduate School of Engineering Science, Osaka University,
1-3 Machikaneyama, Toyonaka, Osaka 560-8531, Japan.

E-mail: kanedai@:cheng.es.osaka-u.ac jp

One-pot synthesis serves as a desirable protocol for chemical processes because of being operationally
simple. Here, we present a novel Ru-grafted hydrotalcite catalyst for the one-pot synthesis of a-alkylated
nitriles with primary alcohols and quinoline derivatives through the cooperative catalysis between the Ru
species and the surface base sites. Coexisting catalytically active acid and base sites in a Ti**-exchanged

montmorillonite and a hydrotalcite are also reported for tandem acid and base reactions in a single reactor.

one-pot &R ILTE R DMLERMS % R B B RIE & e~ T hRE O B EL H &  SICE T DR,
THRLE—, REIREERMETE B EVoHAR b, TE, REBRAEOAMIEL LT
B #ED TV B, one-pot BFITEBOKIE % R—RISB/HN TIT 5 7=, —IRENC B OMBETE
FBAVETHIN, BRIGICHITAEE - BER ERERMEOEVY, BHEERILTORIGIZE DX
EDD, BITOE7o v A TOERMITIVRL . ZAbOMBEL2RIT 2EKED LUSHEEL
BT 5REDOHRRERNLEETN TN,

KRICHGFET IR TEN THBELEY 0F A Fmont)onA Ka 4 MH)IZ, FE
Pl MM, A AU FEREICLDIEBOEELEICESE, e d A TOFRY—FA
AR TEXD, ¥FERIZBWTH, ZNETREBTHBRTUEY o4 MM -mont)maE
{LHT 2 A\, fix OBREFMUERERRCEBE L T&, Y

AFETIE. 2N OBRETEHORHRE A L TR—EBRERICEROEE A28 T 52K
fii 4 AN B one-pot i, 3 & U~ OBEIENEIAMEEOHRK T 2 IEMEE L BE(L L - Alis A
WAERRIS R A% L=, BRE9IZIZ. () HT KM@ Ru fiZ[EE L7~ HT K@EEL Ru Al
(RWHT)ZS, B OMBIEN S % b o2 et & L THRix @ one-pot ARICEIGTE D2 &, 7B
LU (i) Ti*-mont & HT BEWZHFT 5 Z & < RA—RIGHN TENENEFEES X CEFEE
fhlE Ll L CHBET A Z 2 RMLT, P
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RwHT 1% RuCl; - xH,O KIEK I HT M2 8T 5 2 L THOA S, Kill Ru flilild XAFS 12X 5
SRR A DB 4 MOKEE LS E L TIFELTWA Z EMNBAGHIZA o 7= (Figure 1), A& Ru/HT
LI HT A OREEEME L HDOE L > TH D  RufBIC L 2B LIER LIERIC L DIRFE—RFE
HEAERRIEEMAEhEDE 2T, a-7AFNAEL=F Y L{LA¥(Scheme |, A)B L TVF ) Y o5
#E({K(Scheme 1, B)&# Z L F 1 one-pot THAKTHZ LN TEE, €K, a-7AF A=Y LILEW
DOEBIZIFINa ST AT A XN ETREDOBBEREEZVBEL T 205, KOBEBIERYM LT 2 REMK
BT ICE-FDENE <. Green Chemistry DBENOFHTH B,

CN
4
: H Ru base <
—_— | :| o ___nase . (B)
Figure 1. Surface structure of the Ru/HT H, 0, NH, ,?l\, Y : ; :R°
R? R

[E (FBEAREE T & D Tit-mont & EFEE HT 3[R —RIGEEP THEE L AN BRIRERIS— 7
F—A RIS HETEE. BAYERM % one-pot TH %X B(Table 1, entry 1), Z#LiZ, Ti"*-mont DJEH
\ZfF1E7 5 Bronsted B (H) & . = A 7 0 A— hL A& — /LD HT HLFKE D Bronsted ¥ & 2 (OH)
BEFLARWEDHTHS, —F., BEMEORDYIC, ZRENY—FROBE - SEEARME AV =35
& . BUSIEIZ & A FHETT L2\ \(Table 1, entries 4 and 5), — 2> DREEIIABIZ L » TESIZEINTE,
EE - BIREDE T 22 < 5 BIOFHERAD
A[EETH D, EHIZ. Ti¥-mont & HT '
LRV BRSRIEL, A OB EEER  po o PO e
FISICEISTE  FIXIET &5 — LR ! 2 3

Table 1. Tandem deprotection-aldol reaction with acids and bases®

entry acid base convn.of 1 (%) yield of 3 (%)°
by ¥ WS, TRAT IV . T )
J‘—l.:\ /( &- ,irl:-\ T {KE { AN 1 Ti:::-mon( HT >99 93
RxUERIG/E Y one-pot THETEH 2 Ti™"-mont - 30 trace
3 - HT trace trace
BRI EMNTEB, 4° Ti**-mont piperidine 10 trace
54 p-TsOH-H-O HT trace trace

b BRSETEHORFEERBEL T -
N “1 (1 mmol). 2 (1 mmol). Ti"*-mont (0.02 g: Ti: 0.013 mmol). HT (0.15 g).
e ODRY)—ZiE 2 BI% L 5hEAY72  toluene (3 mL). 1 h. 80 °C. *Determined by GC. ‘Piperidine (0.15 mmol).
g “p-Toluenesulfonic acid (0.1 mmol).
one-pot RIS FZDWE L WHRESL LTz,

References
1) Kaneda, K. e al. J. Org. Chem. 2000, 65, 6897 J. Am. Chem. Soc. 2003, 125, 10487.
2) Kaneda, K. er al. J. Am. Chem. Soc. 2004. 126, 5662; Tetrahedron Lett. 2004, 45_ 6029.
3) Kaneda. K. er al. submitted.
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Efficient Method for Preparation of Optically Active 2-Piperidinylacetic acid

Yoshihiro Matsumura, Daishirou Minato,* Osamu Onomura
Graduate School of Biomedical Sciences, Nagasaki University,

1-14 Bunkyo-machi, Nagasaki 852-8521, Japan. matumura@net.nagasaki-u.ac.jp

A chiral copper ion-catalyzed asymmetric carbon-carbon bond forming reaction between
N-p-methoxybenzoyl-B,y-unsaturated iminium ions generated from [,y-unsaturated a-methoxypiperidine
derivatives and di-p-chlorophenyl malonate afforded 2-substituted piperidine derivatives with high

enantioselectivities (up to 95%ee).

EERSFEEE LTHEAR 2— XY Do VB 1 OGREE LT, R1ET LI, NR#E
ERY DU DEBBRILICE Y BESREERY =g hl F U3 EFIRATEILN— PR T BRI
HEOISBENLBABTHS, ¥ L L, 20— MIXBREEE 1 08RITITEI LTV ido
Tro TD@RERDDIIBCERY 4 HHEL D 3~DORBREARERIETH S,

(COR
() ) o | ) 2 ()
CO.R' +
N ", /002HC:' N "/< 02 < N/ | N oM — N
H A COR A A TmeoH L
0" R 0” R 0” R 0 R
1 2 3 4

BE4 L PO 3, 4-Fafn-2-2 FF T ERY DU 62 ~Der VEEY A F )L Tp DEARIEN,
S L XS ALY H U FLEZAVIRIEARETEZY, 6a D 2 BT AF I LEN - EEEEY
RY D Bap BHFFREE (41%ee) DT F A B RME(ee) THONBZ L RHLER?2) , 2

CO,Me 7p

= < 1.5 equiv. =
O\ CO,Me 15eq N -
N~ OMe Cu(OTf), 0.05 equiv. N CO,Me o] ' | J )
Ligand: L 0.06 equiv. N N : (2)
0 o -
in THF under N, Ph Ph
OMe RT overnight OMe Ligand : L
6a 8ap

78% 41%ee
LB, ZOFATORIEIZBITSD ee D LEEZBMIC, RBEL I UKRERIOWMEE, BEDHESL
TN LT, £9°, 62 D NIREBED ee ICRIFTHRERI L=, TORERDONL 20 ETRT,
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EHE 6 O X% p-MeOPh 225 PhIZE %72 6b IZxHT B3KREAE Tp ORIETid, ee DEFOHFIIAD
hi-b DD y BHE 9 BAER L7z (entry 1), £ 7= X=0Me DEE 6¢ TIHELV ee T o 7= (entry 2),
—7%. REEEZ Tp 5 Tar iCEX B & ee DKIBLREENB O/ (entries 3-5),

LOR  7pr RO,C._CO,R

S COsR 1.5 equiv. X
Cu(OTf),  0.05 equiv. . CO,R . |
N° OMe |igand:L 0.06 equiv. N COR N (3)
0~ X in THF  under N, - OJ\X oa‘x
6b-d RT overnight 8 9
2-isomer 4-isomer
entry Substrate malonic acid  2-isomer 4-isomer
X ester yield(%) [%ee] yield(%) [%ee]
1 Ph 6b Me 7 8bp  36[46] 9bp 10[17]
2 OMe 6c Me 7p 8cp 64[21] 9cp 36[13]
3 OMe 6¢c Ph 7q 8cq 48[59] 9¢cq O[-]
4 OMe g¢ pClPh 7, 8cr  g6[68) 9cr O[-]
5 OPh 6d pCIPh  7r 8dr 73[77] 9dr o[-]

WUNT, 6a & Tqr OFRIEEITo7-, B, Tq ZHWS EREMENPKEL<ALEL, &6 Tr
ZHWS L BELBVVICFEHEE 93%ce DIERZEBT-, TORIGEE 0°CTITH & FMPBEIX 95%ee I2F
<TrRELE K3,

= CO,R 7q,r N
O\ <COzR 1.5 equiv. N‘ COzR

N" OMe Cu(OTf),  0.05 equiv. CO,R @
04\@ Ligand :L 0.06 equiv. 04\@\
OMe in THF under N, OMe
6a overnight 8aq,ar

7q R=Ph RT 8aq 50%yield[89%ee]
7r R=p-CIPh RT 8ar 61%yield[93%ee]
7r R=p-CIPh 0C 8ar 65%yield[95%ee]

RIGBBIIUTOLIZEZADND, KT, REH T, Lewis B, VTV FO=ZFNbHx 7L
SEEADTEREN., ZO8EIZL-T 2-2 FXVERY DUFEE 6 b4 I=0 LA F U BER
L. ROT, ZOA =0 5 A VICKH LTH I AGHEEOREABS PR FICKET 50 ThHS
Do Tr B Tp LV EV ee DFEREEZXT-DIX, Tr B3 Tp KV RELRBEEFRTH-DEEXLN
Do

TRHEHMRP 2-ERY PV~ DOFEIOWTHHET D,

1) Shono, T.; Matsumura, Y; Tsubata, K. J Am.Chem. Soc. 1981, 103. 1172-1176.
2) Shono, T.; Matsumura, Y.; Onomura, O.; Yamada, Y. Tetrahedron Lett. 1987, 28, 4073-4074.
3) Kanda, Y.: Onomura, O.: Maki, T.: Matsumura, Y. Chirality . 2003, 15. 89-94.
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A Practical Synthesis of 3-Indolyl o, 3-Unsaturated Esters
Weiqi Wang,* Tetsuya Ikemoto

Fine Chemicals Research Laboratory, Sumitomo Chemical Co., Ltd.
' 3-1-21, Utajima, Nishiyodogawa-ku, Osaka 555-0021, Japan

ikemotot2@sc.sumitomo-chem.co.jp

An acid-catalyzed practical synthesis of 3-indolyl o, B-unsaturated carbonyl compounds using methyl
3-methoxyacrylate, methyl 3,3-dimethoxypropionate or 1,1-dimethoxy-3-butanone is reported. 35%HCI
aqueous solution catalyzes this reaction efficiently in acetic acid. One of the most favorable substrates is
3-(4-fluorophenyl)-1-isopropyl-1H-indole, which reacts nearly quantitatively to give the corresponding «,
B-unsaturated ester, and the scope of the reaction can be extended to some electron-rich benzene derivatives.

AYF=V727) VERFEEEIZ, EE, BEFRKL LTERAREAW TS, I, L&y
7 3 RAE MAEVAHREE Fluvastatin OFEEE LTHEATH 3,

Law 1T oBEke LT, 1) nas Uik, #i< Mizoroki-Heck KiS. 5 \Wi&, 2) Vilsmeier
RNV IV, B HFRFEERL OBARIE LY 2BBEET I HEA—BHELDOTH - 1= F
FREEEME L LT7 27V VBRI A7 VERBRILHICAML TART 2ALBE SN TV B,
FRIAZSEL EAVWDRY, TENRRA»SBEORMHDH - T,

F F

(O (D

cat.

C ¢ e OO
I~

X= COzMe 7
COMe 8
1 N9
OMe OMeO SCN OMeCN
Meo/\/COZMe M eo)\/COZMe MCO/J\/lK MeO” > MeO
2 3 4 5 6
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Baid, SOMEICHRBRIIEAY T 2B HELBRRLER. TENCLRMICAFEES
BI-AMFUTIZIVNBAFNL, Fi23,3-UA MUt VBAF) 3 REBBE S, &
RizCOEMiL7O b VBREFETTLEAY L ERIGIED/HEERE Lz, 49, ARISERHT
BIZHlo T 2%BBE LT EBAEET. 72 b PV SEBE Y LTRISERHZ TN,
RIGREEAEEIT Lo, BARF LR, BFEBHEL L, 5 kE2SBUEMX 3
T, HIHTRBEIKRIEDETT DIl -720DTH 3,

Flo, AEHET. TENCRMIAFUELR LI-DAMNFRI-3-T¥ /4, 3-AbF272)
OZbYASEAVDZEIZLD MEBRSLTLLHREVWS LD TREVWA . TNThRIET 5 a,
B-F@FT b, a, B-FTEM_bPINVEEXDZ DI -1,

Table 1  Acid catalyzed preparation in AcOH.”

Entry  Reagent Catalyst Water Time Yield
1 2 2eq. POCl; 40mol% 1 eq. %h 95%
2 2 2eq. HCl  65mol% 2.5eq.” 15h 94%
3 4 2eq. HCl  65mol% 2.5eq.” 18h 39%
4 5 2eq. POCl; 50mol% 1 eq. 15h 36%
5 6 2eq. HCl  65mol% 2.5eq” 18h 25%

a) Compound 1 (2.45mmol), AcOH (6ml), 25°C.  b) 35% HCI aqueous solution was used.

Table 2 The role of water, ¥

Entry Reagent Catalyst Water Time Yield
1 2 2eq. HBr®  65mol% none 5h 13%
2 2 2eq. HBr*®  65mol% none 5h 5%
3 2 2eq. HBr  65mol% 33eq 9 5h 90%
4 3 2eq HBr®  65mol% none 5h 90%
5 3 2eq HBr™®  65mol% none 5h 95%

a) Compound 1 (2.45mmol), AcOH (6ml), 25C. b) Anhydrous 30% HBr/AcOH was used.
¢) Ac;0 (0.2eq.) was added to the reaction mixture in order to strictly suppress the influence of water.

d) 48% HBr aqueous solution was used.

KOLBEEZDWTHMIZEANAER, 2 2HEHL LB, BATKLBEATHEH, 3 %
HEHE LBER, 2T LUABLETR VW b olk, INBDI X &V, KRISITEM
ARV ANRZ T LA A ~D Friedel-Crafts RIS Michael MORBIZL 2L D Tid i<,
SNRHORIEZFEEHLTWSOTREVHLHERLTVWS, RIGEEIZ W, YEBRT S,

BH, RISk, OEBIZIEHAUER, 1Y F— VB8 &M, MXI1Z1.3.5-FU A FF
NVEYDEI BBFHEEFERIIHF LT, WRBLHIET S a, B-FHAILEZNLE
MEEXBZEBDOP-1=DT, bbby THBMNT 3,
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Enantioselective Synthesis of Anti f-Hydroxy-o-amino Acids
by Catalytic Asymmeric Hydrogenation via Dynamic Kinetic Resolution

Kazuishi Makino,* Yasuhiro Hiroki, Takayuki Goto, Masamichi. Iwasaki,
Yasumasa Hamada
Graduate School of Pharmaceutical Sciences, Chiba University.
Yayoi-cho, Inage-ku, Chiba 263-8522, Japan
hamada@p.chiba-u.ac.jp

We have developed an efficient enantioselective synthesis of anti B-hydroxy-o-amino acid derivatives by
catalytic asymmetric hydrogenation using Ru-BINAP or Ir-MeOBIPHEP-I complex. This is the first
example of direct anti selective hydrogenation through dynamic kinetic resolution catalyzed by Ir axially

chiral phosphine complex.

Bx OMEECREHROBERET I/ BEEFTIHINTTIFRRIAIZIRTF 0o
TBRF I R_RTF FEOLSERIZBRVBATNER, LVbiTT I /JEBO 3MBEMLE > iF=T
VFRIg—b Fa¥v—a—7 I /BEONICHENICHRRE CRET 0LV Z Enas
BEITRS ETCRERBEL ZRo7-, SEIFE AL Ru B LW Ir §8E%2 AV -8R0 E R LB 2 £
57 U FIRIRA A R T AB LRI L D ERIEDRRICHI L0 TRET 5,

-7 3 )-B-4 NT AT LEEEDE) Scremet . r 0["M"'io 7 Noyor model /?i)oj\
CRERINBEN S TRARILEIE, e [V L
1989 EBFHK 52 X V1T 7= Ru-BINAP f ]! oR? | 6-Membered TS | syn
Ba VRIS LR TS e o | T, o 9
0, SRILAMICH LCTH L BRIET . )(,IORZ L s
XS B-E Ruxi-a-7I ) BEHE | 5-Membered TS | Our model anti

EEEZRZ EBRREINTUVS (Scheme 1), LALABRLEDE, RERRIGE T » FBIREYIC
ITI EVVIHIRARIIITONT I edvol-, BFIEOIIV B2 EBEELTEXSZEAL LT, RN RT
N b D2ODANK=NVEICERM LT 6 BREBRELZBR TRICHEITTH7-HTHD L
BELTWS, FITHRLII, &BAEMN2MT I/ EL MLV R=VERCEA L5 BRE
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BREZETRISHETT 5201, 7o FERORTEARRISHARETIZ RV EE L, 2

L7 ) BEEHETDZ &L K%Z}(ﬁﬂsﬁméﬁ HFT & &L,
Ru-BINAP 8K % R\ - BH A EERRIO DB 24 5 7 o FBIRMA T A E R IG

BRx REHRETORER, 7o FBIR R TEF K

Table 1. Asymmetric Anti-selective Hydrogenation Using Ru-BINAP Complex?
1. H2 (100 atm)

o o [RuClx(S)-binap}(dmf),

FREETODIEIRCER L LT 2T/ o JY%R’ s 0°C.8n oH 0 .
ENEBREOLDEZAWVWAIENEETHS Z NHHG 2 BCHLEWN.THF NHBz
Mz - e entry R! R?  solvent yield (%) anti:syn ee (%)

EBHBA L7, AR Ru-BINAP 77T, B 1 ipr Bn  CHCl, g7 >99:1 96
& LT CHCL, 7213 PrOH Z VY, 50°C, KFTH 2 ocopenyt Bn  "Pron g5 98:2 95

< = - "y - N 3 cyclohexyl Me CHCl2 85 98:2 96
ETCRISET) L THRUORSMETT v | To v e w2
BMOB-t FuXxi-o-7 I/ BHFEELEES 8 Pt Bn CHCL 7 97:3 91
B LRI LI, ARSI CA AT A F e o oo Mo CHO, o 82 95

& The reaction was carried out by using Ru-(S)-BINAP (3.8-4.6 moi%) under
100 atm of hydrogent at 50 °C for 48 h. ° The reaction was carried out at 23
*C using (R)-MeOBIPHEP. © The reaction was carried out by using 0.4
moi% of the catalyst under 30 atm of hydrogen for 6 h.

DHLDIZH LTHERITHY, &obiF 4R 2
BRThHDY7a~FINEEr b oe-TI /-
B-7 F AT MR LTIX, &3 30 KET, Ru-BINAP filtfit% 0. 4mol%IZEH LT, 6B TR
OBIEIEERET A EERHLTWS,
Ir-MeOBIPEP-I $E{& % AV BRI DB 2 £ 5 7V FBIRAAF K FE LRI

K SR E R fﬁ?‘f 17 5 i@fi T Table 2. Asymmetric Anti-selective Hydrogenation Using Ir-(S)}-MeOBIPHEP-I Complex?

1. Hz (100 atm)

VT, Ru-BINAP (& % A\ - REFAFELIZ o o Ir-(S)-MeOBIOHEP- complex gH Q

. o Ar AcONa, AcOH. 27-30°C, 96 h_ OMe
CAALBFEFREZ L OLEBHIZH LT, & NHpHEl 2 BZCLEtGN, TH .
Ty TERIEIRT OO0, 3L A LHF entry Ar yield (%) anti : syn ee (%)
MEREONIWE WD Z L ASHBAL /-, 1 ©/ 02 269 1 %
ZZTHLERICETAIREEITo2 E

b c >89 : 959
2 Bn0/©/ % 1

5, Ir SEE D BIREERODE 245 R
FARRLRGERBZ T L2 RELE, B 3

<°:©/ 80 98:2 93
o

WFBOUCIG, SRR, SR, o1 o
OREEMA AR, ARMET, EE e .
ik, ML LT 1 4&O NaOAc AV, ;‘ " '

[IrCl(cod)], (S)-MeOBIOHEP, Nal (Ir: 6 d 74 >99:1 %

@ The reaction was carried out by using Ir-(S)-MeOBIPHEP-I (prepared from [IrCl(cod)},

(0.015 eq), (S)-MeOBIPHEP (0.04 eq) and Nal (0.06 eq) prior to the hydrogenation) and

(S)-MeOBIPHEP : Nal =3 : 4 : 6) i b2
DEEEZBA VB Z L TRODTEVT /F  NaOGAc(1eq)in ACOH. ® (R)-MeOBIPHEP was used instead of (S)-MeOBIPHEP. © As
the N-Boc protected derivative. ¢ {2R,3R)-1somer was obtained.

B S U FARIRELZEETDZ

LITHTI LT, AEEEIIR4 2 A FFRE L ORIGERICEDTHY, F7F L UBRRLSR0
ZRUERREEMICLEATRETHD Z LN RHSh TS,

References

1) Makino, K.; Goto, T.; Hiroki, Y.; Hamada, Y. Angew. Chem. Int. Ed. 2004, 43, 882-884.

2) Makino, K.; Hiroki, Y.; Hamada, Y. J. Am. Chem. Soc. 2005, 127, 5784-5785.
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Microwave-assisted Direct Transformation of Amines
to Keotnes Using Water as an Oxygen Source

Akira Miyazawa,* Kan Tanaka, Toshiyasu Sakakura, Masashi Tashiro
National Institute of Advanced Industrial Science and Technology (AIST)
Molecular Catalysis Group
_AIST Central5, Higashi, Tsukuba, Ibaraki 305-8565, Japan

a.miyazawa(@aist.go.jp

Utilization of water as a chemical resources and an alternative to organic solvents is essential aspect of Green
Chemistry. We have found that some amines can be directly and rapidly converted to the corresponding
ketones in good yields. This process is the first example of an efficient retro-reductive amination reaction.

1. 7 2 2t bEEI AR =ML ~0BILIL. £FEPNICRBOWTREROERICLYVE
RS TEITT 5 2 L RA bR TV AR, AREFHICIZEIRABBE SN TVHEDHTHD,
Ha L. 2BOTAFNVERETEHT I/ CADNRERBEFET, Kb, =4 7 nBRHICLY
HBTRYT I LS (retroreductive amination) BT LIET B A R=ALEP~L £
EhaZ LALLM LEDOTHRET S,

o EEBIT. HEHF AT v IAERNTT 2 /LA (100ng) , /37 VU LR (50mg) | 7k (2m1)
DESM~D~vA 7 a B (50W, CEM Discover, 2.45GHz CEM corporation) & #E DA A LN
AN L D iFote, ERBORER L CERIIRIGK THREAHD 6C,6MS AT L VT

3. BNC ABBEOTIFNT I Vv ORERETT,

R R
R1 R R R1 1 1
Pd/C 1 1 R2 >|\ )<Rz
Rz—-l—m-g2 ._me> )=o + \FN +Rz + Rs lf Rs
Ry R2 R2 R, H
1 2 3 4
b
entry R, R, R3 method time (h) convasion® (%) 2relallve y;eld (%) ;
1 n-Pr H H MW ¢ 1 16 0 53 47
2 I-Pr H H MW ¢ 1 20 20 80 0
3 I-Pr H H MW * 5 32 trace 50 50
4 Me Et H MW 1 100 quant. 0 0
5 Me Et H 170 °c 1 29 quant. 0 0
6 Me Et H 170 °c? 9 76 59 trace 41
7 Me Et H Reflux® 25 13 quant. 0 0
8 Me Me Me MW ¢ 1 0 0 0 0
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sec=7FNT I VORISERIZ 1 Bflo~<A 7 o BB T-o7¢ 25, (BEIX1 70CIZER)
IEERMIC A FVIFNY b ~LEBREND Z EBbh ole, AA NSRRI X DINE (1 BR)
TIRAFNZFAY P UORBROIZBOND b DODIERERITZ 2% TH Y . ELITMBEEHEIT-L -
BUTFNT I UBBE LR, MEEBRT CORISTIIAFANZTFNYGT FATERT S b OOR
IHBBWLDTHolk, OTFNAT I T, iso-TFAT I v OPAITIIREMICIERIET 5
AITFNTNVTE FOEBRBROND bDDRIGDOETL L HiZA IVBEERBD LY, -7
FNT IV DBEITIXTFAT AT FOERISERTE Rdole, Fh, tert-7FAT IV D
FRCIIREIETE TR EERTZ0H Th o7k,

Ric, BeD2BTNINELZEHTET I VEORSERN LE, BEL TRITTT,

entry compounds time (min) conveslon® (%) products® (relative yield ,%)

1 >— 60 100 >=o (quant.)
2 >_ 60 100 >=o (quant.)

NH,
NH
3 27"“ g0 100 §=o (quant.)
4 >_NH2
H
h

Pl
P

5 100 >=° (69%), Ph—Et (31%)
Ph

Ph
5 NH, 10 100 )=o (56%), pr pn (44%)
Ph Ph

HZRLEWTROT7 2 ViIZBWTHERITET LHET S 7 b ERB ok, EEREET
BBBIIREISIIEBOTREL ST I HbOOEHNY & I KBLIRICIVERLELBbh 3
IFNRPBy, V7z2= VA ZBIELT,

UEORREN b AEORHEEUTOLS arc Py
KHE LI EPRAFVVAREDT IVND R R
DBRARBICED A IVBERLZIDOA I N ;:)(: NH
bOMANBICED Y b OERRT /v ) M "o e
[PA/CI[H,1iT & BRI G5EREZAFTD R(Hh . :)(:
BA) LARRAEIZ L A [PA/CIDBAEIZL DD side reaction L NH,

(R‘I = phenyi) R1 Rz

DEEZBND,
ARSREREOT VRN EOREIEKETEILODOT I VN b ~DEREIGE LTH

PThHHEBZLND,
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Process Research of an Antiallergic Agent “Olopatadine Hydrochloride”

*K oichiro Nishimura, Masahiko Kinugawa
Sakai Research Laboratories, Kyowa Hakko Kogyo Co., Ltd.
1-1-53, Takasu-cho, Sakai-city, Osaka, 590-8554, Japan

We studied on a new synthesis route of an antiallergic agent “Olopatadine hydrochloride 1”.  As a result,
the new synthesis route via the cyclization of the alkyne compound 14 using a palladium catalyst was found.
This new synthesis method provided a higher total yield than the conventional synthesis.

WH TR L., B IRELTVARTVAX—H (EEEAu 7Py 1) OFRERIEDOTLR
BRIZOWVWTIRRB,

L. =WDAS

HAE, R4 /3% P21 i Scheme 1SR TARRE 2T, 4R 1,000~2,000 kg FEAEEL T
W3,

Scheme 1 2
CO2H
OH o
| 3 (+] (CF3C0)0 o
NaOMe BF3-OEt2 O COzH K2CO3
DMF toluene O iProH
COoH d
2 4 CO2H 5
7 NMe2 MeN
0 BrPhP* 7 NMe, A TCoH | ~coH
2
bg ettt o RN s g v
+
THF o -HCI o’ 7 el
]
1 (Z
. (ZtF) 8 (E)
45%

AERBIEIZTRENV R B THINB, F b6 LFRRAF=YLIET LD Wittig RISD E/Z
BIESEV (BZ=60/40) LW O EEEZIZITWD, A O 2P0 1 ORMBMEETHD E
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Iz HOVWTIE, BRTRICLVBRETE, MRED ZHF 1 2HEEL T 525,

RIBEWVWZS,

2. FREEkIE

2 X MNETAAIZE

X0 ERIR R ARIEDOHSYZ B L. FRAREEZRFT Z Lic L, FIRERIEOREKIG
L LClE. Scheme 2 {2553 Finch HD/85 Uy At AVA EEBARENCER L,

Scheme 2
Br )
= (o]
(3 -
OH

CO;Me

Pd(OAc)2

tri{o-tolyl)phosphine

HCO2H
‘piperidine

MeCN
60%

0zMe

c
'/'\l OH
—
o

BFIEDOFER, Scheme 3 DAMEE R L, AERIETIE, /7 VU LM X 3 BERIGIZT
TR ZDOFEE 2D PRE 14 DERBRE 2BEThH 1o ds TiiRILEW 9 ZHRERE & L,

O-RUIME LTt

RyUDNFXFVEOFN ML+ 5E 7 3 URIL,
BROBEEY v 7Y U FRIGCE D, FRE 14 2ENETEMRTHI LB TE L,
2 BBLRISIZ DWW TN E DR EMRFRE TH - 7225,

IURBERME TO

—7. gt

Rtk - DR 7 Y —= 7R, EREHE

% B U= ShBi 2 BB IFRRIC L 0 . AR 79% &Rk LTz, U 20F#E v . ARG
TIXE RMEEIZSER Loz, #H. BIBLE1S 25 1IZoWTiE, EEICEVEE L,

Scheme 3

COzMe 100%

Pd{OAc);
tri(o-tolyl)phosphine

HCOZzH
piperidine
DMF
71%

cone (79%)

Br
Br
OH Br
(o]
10 K,co,
DMF

(RIZRE 14 HODEREERT

2% 3k

) EBRE, 777, 2002, 38, 224,
2) H. Finch, N. A. Pegg, B. Evans, Tetrahedron Lett. 1993, 34, 8353.
3) W. Sy, Tetrahedron Lett. 1993, 34, 6223.
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Practical Preparetion of Ketene Silyl Acetals and NaOH-catalyzed Crossed Claisen
Condensation Utilizing Ketene Silyl Acetals

Tomohito Okabayashi,* Akira lida, Kenta Takai, Yoo Tanabe
Department of Chemistry, School of Science and Technology, Kwansei Gakuin University.
' 2-1 Gakuen Sanda, Hyogo 669-1337, Japan

Ketene silyl acetals (KSAs) are well recognized as an important activated ester derivative.
KSAs have been utilized for wide field of organic synthesis, however, there remains its
practical preparation for process chemistry. We have developed an efficient practical
synthesis of KSAs of rert-butyl esters utilizing cyclopentyl methyl ether (CPME) solvent,
which was launched by Zeon corporation.

The Claisen condensation is well recognized as a fundamental and useful C-C bond forming
reaction to obtain B-keto esters. We have developed a practical crossed Claisen condensation
between ketene silyl acetals and methyl esters using catalytic NaOH to obtain

a-monoalkylated B-keto esters and inaccessible o,a-dialkylated B-keto esters.

FFo Y YNTEZ =L (KSA) BT AT AOERLETHY, BEREGRPREE L
LTHRES AVShTna. 20 KSA ZHANV3 R HLREBEORRIGIE, VA ABEET,
TATE Ry b e ORIUT IV F—VRIGEPHRH Y, ETRFI IR Na=T A
B ERAVAIRET NV F—AVERIE 2HBEINTVWS. 2O X5 KSA X, ARE
BRE, EFECHEELZREZEZLTWVWS. LML, KSA ODE&RIE, —RICEBBRDOK
SRR LERIED, EREBOLE LTI AMEEMICOWEFRIBERBE S TS,
ZO-DBEFMTERML KSA OARIIREBRERNDS. 56, TOERANERKRIEIZ
DVWTERETZITo 7.

1. 7 UATELZ—/ (KSA) DERASHREDRSE
PERD KSA DERRIEIX, TATLARDI S4B U HBEOHREBES =D, BIKE
(78 °C) T ATNx ) F5— b eREIEAIXLERDY, ZRAMEBE (-20~+20
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°C) CORBERIIFEFEICHETHS. £ C, ZORBELHTEDIC tert-TFL=
ATNEERE LEER, WIS THF R tert-7F A A F LT —F VEE L IZR

0 LDA (1.1 eq.), TMSCI (1.2 €q.) OTMS ° 0
R\)Lo'su I solvent, 2.5 h, 0°C R oy ¥ o'8u
™S
A 8
entry R solvent yield of A 7 % A:B E:Z
1 CHs THF 49 69: 31 9%:4
2 ‘BuOMe 43" 89: 11 98:2
3 ( cPME 69 97:3 >09:1 )
4 CHy(CHy)s THF 63 81:19 85:5
5 'BuOMe 63" 90: 10 99:1
6 (_cpme 80 98:2 >99:1 )
7 CHy(CH,)- THF 64 83:17 95:5
8 ‘BuOMe 76" 89: 11 99:1
9 (__cpMmE 76 97:3 >99:1 )

a) Isolated yield. b) Determined by 'H NMR.

D, BEEAT
B X hi- ki
AR =—F IV FR
W CPME (27
BRUF I RAFL
T—FN) RO
T Z A OTMS
& (KSA) % @&{L
B - SLEARIRAIZ
BOIENTEE.
ZDHER, EH
BIRE (0-5 °C)
TOREEREE
LTHIfFTE 3.

2. APV INTEE—NERVDHMBETERN Y S4B HEEY
ZDHETHONIZKSA ZHWTI A BV BE~DRBREZE-T-. 754 ¥ %
SRARERLE, EXNPOEER CC BEERRIETHHN, 2BEORRBTX
TNEITH, H48EED -7 b= AT ABFERMICERT 2 7-OBROLESRITHERE
IZHREETHD. £ZCTERM KSA GRREL YV V7 SH388T, REML LTS oY
AV tert-T FNPLBEHE LT KSA ZRAWT, HEMBARER Y S AP BE5H
RBLix b, TOFEEL o, e PVTVFNABBRIATADLEEE L KSA I2b8
BTx, 6k, #BCBH#E TCH om0, oo PTAIABRIATADI F4 P LUHEED

"TREIZ e o /.
z\;“"s cat NaOH (0.05 eq.) . )?\(co R
R'COMe + R 4 g — R 2
2 B OF /DMF, 1h, 20-25°C RYR®
enty  R'COMe R® R R' yeld/%® enty R'COMe RR R R yield/%?
H Me ‘Bu 64 /M H Me By 57
1 ™1CoMe Me Me Me 99 4 00 Me Me Me 88"
Me Et Me 98 COMe Mg Et Mo 91®
H Me Bu 58 5 COMe Me Me Me 83
2 \/l\/conﬂ Me Me Me 88 O Me Et Me 82
Me Et Me 87 Me Me T Me 85
e T 6 BrOCOMe e Bt Me 80
3 PhCO,Me Me Me Me 85 7 \rCOzMe Me Me Me 859
Me Et Me 94 NBn,

a) Isolated yield. b) Reaction time is 3 h. ¢) 97% ee by HPLC analysis.

1) K. Saigo, M. Osaki, T. Mukaiyama, Chem. Lett., 1975, 989.
2) Y. Yamashita, H. Ishitani, H. Shimizu, S. Kobayashi, J. Am. Chem. Soc., 2002, 124, 3292.
3) A. Iida, K. Takai, T. Okabayashi, T. Misaki, Y. Tanabe, Chem. Commun., in press.
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Transformations of Some Heterocyclic Intermediate in the Solvent CPME

Yasuhiro Torisawa,* Nobuhisa Fujita, Shinji Aki, Takuya Furuta, Junichi Minamikawa
Process Research Laboratories, Otsuka Pharmaceutical Co., Ltd.
224-18 Ebisuno, Hiraishi, Kawauchi-cho, Tokushima, 771-0182, Japan

Presented herein are our recent synthetic efforts on the conversion of important heterocyclic intermediates
such as pyridine derivatives utilizing CPME as a key solvent. Scalable protocols for Claisen-Shumidt
condensation, Grignard addition, O-methylation of pyridinols and other basic transformations are
developed during the research directed to the PDE4 inhibitor and related compounds.

BERRNTORLLEYZRIER /O L AMBICR W TIIED R BEEFHEORRNR LIS
TENBN, RAELEND (B AEORKEELTE : LM TREBREBEZRRAT B EHIT
RIRERVBHELDORETTSADHREFODOONYLEINS ',

BHESETREFOE) DO REEMOELBRET, FLWADRBERZRAHTI LZ2ENL
LT, CPME (7 aRZFIAFINI—FTI ; BEEF B Z2HBRAAVERBEZRFNLLZOT,
ETOHMREZUTICELD S,

1. HEM Claisen #A DR

EaY CBIATFIVEMETEZ M IMEL D RIEEREWO T, IBEME Claisen figiTBEL
HEETHS, @% Claisen EAITHHRBER L LTI, 7IaFT R Nall, 258>, LDAEMRA
S5NTNZH, BHICKERANOEAMNAIEEZR, 'BuONa & LiHMDS DR ERHEEL 7=,

R (BEFIVH) ZLATITR L7=A8 CPME R TOMANERITET L. MA THRLABIZRWT,
SEEE) O = (FR) ZHHICXOBRETEZ A y MHDZENah oz, OB
&ELUTIEDME, THF, MIVIUEHMFIATEETH 2, M OfifEME T CPME BN TN,

1. Claisen Condensation

o @COOMB o
~,
CCOR Claisen OMe _COOR Claisen
-+ —_—
tBuONa,CPME  * (@UHMDS,CPME
85% OMe 80% OMe
(extracts) OMe (extracts)

Other Bases: NaH, KHMDS
Other Solvents: THF, DME, Toluene, EtOH
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2. Grignard BH3ED RGO

77 EUDVEIILERED Claisen BIOMERIGICIIIEI T 5. T I TREMEDOE W Grignard
AREEORBICED T VN E) P UANDOEBRRIGERF L2, ATREFINRTORYBIZRLE
A CORESOMBRECLIBHENES T, FEE—-0ERYER/L. DEORFNS, CPME
ZRAVDEEEZHET TOSBEELORETIIRBEOBRUE TOMBIZAY v RRR SN,
2. Grignard Addition

o]
MeMgCl CN BuMgCl N
l; —_— !
OMe CPME OMe
85% quant
(extracts) Other Solvents: THF, DME, Toluene (extracts)

3. BUZ)—IVED 0-AFIVERBE DB

ANTFORRTO X3 N~ AFIAERINIEFHERRIETH S ICbhb 5T, fEoreH L
RIEDBRFEICRNWTHRITREREND 5., GRIRAFIERIOER 28T, M DOBRIRKIZAF
INEZEERTHDICRLIIMsMe (XY D ANVEKEVBAFIV) 2ZRVBRBICTDWTRI L,
(MeOMs ¥ MeOH & MsOH D 5B BICER I N, RIGH D Z ORI ETRE) TsOMe EREBEDR
IMEEET 5 MsOMe ZEMHELTARHBEL T BRLAEI—FINBHEARTOEI VLB EDRIGE
7o 7=, CPME XIZ DME HTORISTIIED P NAL (1 40) DRBIRIE (4 &fb) Bz 5h. i
72 O-AFIALRIGMNEERTE /=, MsOMe 13 TsOMe XD 7 FATI /) I —TH 55, REPIZEEHR
BEEBTESHTAYY M5,
3. O-Methylation

X i additive (solvent) Yield

X MsOMe or TsOMe N X

N .

2 N Cl : DMF 80
Q/f( > & :
Cs,CO;3, :

OH OMe Br . DMF 70
CPME, additives

Other Solvents: THF, DME, Toluene COOMe : DMF or DMI 60

4. Pd bk i i B OB R DB i

EREDE ST CPME FTIREREEMFGET TORBREYD TH -0 T, FEOEEZEREK
AW BB SBREDORISICDOWTRNEMA L, T4RELUZEETIZRWA, RERER
W37 J{bKits. Pd iz k5T —5 )k, 7 3 /1t (Buchwald-Hartwig KI&) ZS0ORARMG
MAJETH oD TINSDHERIZIDOVTHHET 3.

i ANTORRMEEVDOERICHESNS CPME Z NS EMRREZ RHTHMNTEL,

RITE : CPME LB E S THW=AEEA > ) ICBHRL X7,

XE: D) —REBEHELT: ERLHKOTOLRALE (BFETOEREFERMER ; 2005) ; BH ERXRMETOEX
KBTBRAr—IN7 v TEGR (BRffRine : 2004) 2
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Cu(I)-Catalyzed Enantioselective Cycloaddition Reaction of Allenylsilane with Imine

Kazunori Daidouji,* Kohei Fuchibe, Takahiko Akiyama
Department of Chemistry, Faculty of Science, Gakushuin University,
Mejiro, Toshima-ku, Tokyo 171-8588, Japan
E-mail:takahiko.akiyama@gakushuin.ac.jp

We wish to report enantioselective [3+2] and [2+2] cycloaddition reaction of allenylsilane with imine. In the
presence of 10 mol% of a chiral Lewis acid which is prepared from (R)-Tol-BINAP and copper(l)
tetrafluoroborate, enantioselective [2+2] cycloaddition reaction of a-methoxyallenylsilane and a-imino ester
proceeded to give chiral azetidine derivatives in high yields and with high enantioselectivities. In contrast, in
the presence of 10 mol% of a chiral Lewis acid which is prepared from (R)-DM-SEGPHOS and copper(I)
tetrafluoroborate, enantioselective [3+2] cycloaddition reaction of o-alkyl-substituted allenylsilane and
a-imino ester proceeded to give chiral 4-silyl-4,5-dehydroproline derivatives in high yields and with high
enantioselectivities.

REMBEE AV A 2 ST B REMMEIS, MBI ERISIIAFBEESERLEVOR AL
BRED—DThHD, YHEETIE, a- A I/ A7 A 1 KR LTHAEFRBAOB IV
(R)-Tol-BINAP 2> LB L 7= % IV RSAMBEFAET . T V=V MY T FAR X2 R EREED L,
TF U F AR T 0 VX VALRIEDHEIT U, REFEERRE T2 VLT I HEEI NS
BETHELNDZ I LERELTVD Y,

1 moi% [Cu(MeCN),|CIO,

N P 1 mol% (A)-Tol-BINAP TS \H

Ts.
JL + ¢./\sn(n-Bu)3 /y\/
H™ “CO.Et Et,0,-30°C EtO.C

1 2 3, 96%, 86% ee

Fxix, TaR’AFEMERIEOFEBBICBWT, o ffilBREZBEALLET LAY T2
Wit Z A, 4 IVEDHMBIERIGHETTHLERWELE, Thbb, o /I /X7
NI LT 10 mol DB FEIE T 1-A X T L=y T A 2ERSE 2 L R RR12+2]
HMNBALRISHEIT L, TEFOUBHE S BE—DUTRTLA—L LTHELN, LI,
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10 mol% D ¥ 7 N2 EAMEFET, -78 CUBVWTELFaTF—Y—T7 R 4A ZHRMLTRISEAT
e, BT FAERRMICRISHBEITL, 5§ REWVWRELRLPIREWVWARFNBTCELNE Y, K
BILRSIE, BECEREELCLENOTAROHD 488%E, —BIIBETHIILNTELZENDIHE
BIHARATHHEEZOND, £, 53EB(0 mo/L)TAETAZ LiITLY, TEILEHESIC
ERS ERMICHARIYE, TNV I UFHEEK6 ~"ERTIILNBTE S,

To. OMe i molo (R} Tok BINAP TSLNL(O%?M%

+ .
H JLCOgEt é. SIMe3

THF, MS 4A,-78 °C EtO,C
1 4 5, 90%, 97% ee
single diastereomer

Ts.
1 mol/L HCI NH O

THF, 0°C EtO,C SiMes
6,quant., 97% ee

EHIARIGIE, SFEEERT LAV I VRO T VAT A  IZH#HATH Z ENTE,
BIFRRENMDOBFRABTNRTENTNRNET S o, 8- RBMT IV 7 VFEHEROTT N
TN=  BEEER/DIIENTER,

DBSNT, TAXFAEOBBLET LAV T U E2AVTA IVEREI®ES ERIEHBANRKE
KERL, =FrFARROBLIGMBUCRESETTAZE2RWELE, $42bb, a1 3
JTRAFN 1R LTT T 744 a i yEBANG X U(R)-DM-SEGPHOS »HAM LAXF 17
B EET. 1. AFATL= A ML Y Fu Ay 50T 2ERSE, MARKIER L, 7a
RO 12- B2, BRITNBILRERT T FARRMICETL, T kool CHHEES
BEVIERL L RICHWAFNETE LN, RBRTMBLRIGIE. EETER 1-TAEFLT
VoAV SVICHEATETHY . SELERTE Fen Y UFEEES NRIFRINE, BREFRRHK
RETHLI,

o)
M 10 mol% [Cu(MeCN),]BF, Ts P« @
Ts<y )f 10 mol% (F)-DMISEGPHOS  gi0,cu N~ -Me : g PAY;
+ 0 i(F / H 2
HJLCOZEt 7~ SilEPns benzene, reflux Si(EPr) : (O O
3
} (R)-DM-SEGPHOS;
1 7 8, 92%, 84% ee H Af=3,5-M3205H3

(BEXW)

1) H. Kagoshima, T. Uzawa, and T. Akiyama, Chem. Lett., 2002, 298.
2) T. Akiyama, K. Daidouji, and K. Fuchibe, Org. Lett., §, 3691 (2003).
3) K. Daidouji, K. Fuchibe, and T. Akiyama, Org. Lett., 7, 1051 (2005).
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A Practical and One-pot Procedure for the Synthesis of

3-Amino-2-cyclohexen-1-one from 3-Aminophenol

Hironao Sajiki*, Takashi Ikawa, Tomoteru Mizusaki

Yuki Fujita, Tomohiro Maegawa, Kosaku Hirota

Laboratory of Medicinal Chemistry, Gifu Pharmaceutical University,
6-1, Mitahora-higashi 5-chome, Gifu, 502-8585, Japan

sajiki@gifu-pu.ac.jp

A simple and totally catalytic process for the synthesis of 3-amino-2-cyclohexen-1-one (1) has

been demonstrated. The mild and neutral conditions, quantitative yield of 1, operational

simplicity, easy availability, and low cost of the reagents make this process a more useful and

practical alternative to the existing methods for the preparation of 1. The waste disposal of the

process was greatly diminished compared with conventional methods.

WEDEZ

3-Amino-2-cyclohexen-1-one ()IFTRKTF I WEEZHF L, B4 OBREEEBRNEETH D
TEDLEMEEMEDER YV P L LTRIEKERSATVS, 1 ORERERIEL L
Tl 1,3-Cyclohexanedione & 7 € =7 & D#FE < 1,3-Phnylenediamine D AFRILIZ LV ES
A7z 3-Amino-2-cyclohexen-1-imine DMK 53 A#K U 5-Oxohexanenitrile DER{LBZFE T Hh 5,

LA LBRIEORE, #LVK Of NH, o NH,OR¢
(o]
2

IS D VI ZEBTES D
LEETBL L bICEBAE o o
MTHDdZ LR EOMBERE KOH
HLTWS (Schema 1), o %%
T, 1 ZE @I OBEIZERT Pdic NH

M5 (140-420 psi)
scesvsnmmmaen (4 e | )
LorTagoTHsn T 0° N
BEGHRT D R R EI Scheme .

ZORBBbDEEZLND,
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BOEYMEZETIE= FYALERAWET I VEOBTNT AR UERIS 2 2BR L TW3,
- AR % 3-Aminophenol Q)D TNV FNMALIZERA L= A, BB - EETFT7 I/ E07
WEAMEBETT S LERFICEEFRIBITINZ 1 RUS BRI LT,

OH OH o o
@ 10% Pd/C, Hj (balloon) i f f
+ +
NH,  MeCN(5equiv) NHEt NHEt NH,
MeOH, t, 23 h
6 7 8 1

7:8:1=30:60:10

Scheme 2,

ZIT1 OBHPROEMEORELZEHEL T, FIRORIEEGET= M) AV 2FMEFICR
JEEATSTE ZARE 2 BRETIVERDIZ1 DA THoT-, RICKISIEE% 60 °C
WER L2 ZARERMEISN 1 ZIZITTEEMCBD Z LN TE L, Kig IRy
2R L T ORMREGTICRIT 2HHBERPEE 1 OFRBEARETHVIBED T
FHRERE,

OH O
@\ 10% Pd/C, H, (balloon) d
NH, MeOH NH,
6 1
Temp. Time (h) 6:1
rt 32 44 : 56
60 °C 14 0: 100 (94)?
3solated Yield
Scheme 3.

AIEDO M TN 6 DBIRFI N— T A FAALIEIC DWW TEDLETHET S,

5| A 3Tk
1.  For example, see: (a) Caprathe, B. W. et al. J. Med. Chem. 1991, 34, 2736. (b) Bell, I. M. et al. J.
Med. Chem. 1998, 41, 2146. (c) Carrol, W. A. et al. J. Med. Chem. 2004, 47, 3167 and 3180.
2. Sajiki, H.; Ikawa, T.; Hirota, K. Org. Lett. 2004, 6, 4977.
3. Sajiki, H.; Ikawa, T.; Hirota, K. Org. Process & Res. Develop. 2005, 9,219.
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R#—% Pd/C filtfit % FV 7o Buchwald-Hartwig SO 0BRSS
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Development of Buchwald-Hartwig amination with heterogeneous Pd/C catalyst

Katsunori Kitamoto*, Takashi Ikawa, Akira Akashi, Tomohiro Maegawa,
Hironao Sajiki, Kosaku Hirota
Laboratory of Medicinal Chemistry, Gifu Pharmaceutical University,
6-1, Mitahora-higashi 5-chome, Gifu, 502-8585, Japan
sajiki@gifu-pu.ac.jp

A catalytic and environmentally efficient method for the preparation of a variety of aryl amines
have been demonstrated using heterogeneous Pd/C as a catalyst in the presence of dppf. Both
electron rich and poor aryl bromides could be applied to the present reaction. Additionally, Pd/C

is recyclable in several times without significant leaching.

MEER

EHEKRT I VEREES, BE A%, THOFBCRRVOERK. B Ti3EmEm
L LTHEREShAEBEL OARBEFREL LTERIWAFARZLEMTHY . EDEK
ETHOIEER~OT I ) HEAER, RE-ZEREGEFERTIREOPTRHOEER
RIED—oTdh 5D, ., Pdikiz & % Buchwald-Hartwig RIS B EFHILREKRIEL LTHE
BREDTWEH, BH—FPdELANVTWVAD (1) ZEPTREE (2) MIELEM
) EFRH~DEBEZR Y, TEL~DIEABRETH L ODOBRT R EMEAREK-> TV
5, Bxl3, ThoDBEEARRRT LD, FH—FRMEKETHD PIC AWV
Buchwald-Hartwig 27 I /LIS OBRBIZEF LI,

RIS DEE k)

RHY—F Pd AR W=D v 7Y Y IRISEBIRL T, 7 e B EBRITK
TIVTHBEALRY VEEEL L TR EITo7, -BuONa #3EE L L THEARIL
7= # B . Cyclopentylmethylether (CPME) . ZEERE M F I H > FTH D
1,1"-Bis(diphenylphosphino)ferrocene (dppf) DMLY 7 B AT v 7Y 7 FUSH
HTHERMICETTHZEERBLI
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[EREDTEK)
ARIGOBBRAEEZRITRCBLARILT Y — ALV ROT I VEEAVWTRIGZITo 7,

Rz 10% Pd/C (4 mol%), dppf (6 mol%) R2
R1_©—BI' + HN, > R1_®_N\
Rs CPME (1 mL), ‘BuONa (2 equiv) R3

Entry Product Yield (%)? | Entry Product Yield (%)”

[y

/\ A /\

N o 79% 6 NC N 0 9%
2 N O 82% 7 N 92%
3 MeO N O  70% 8 N N-Ph  71%
4 N O 84% 9 m—@—n‘ N-Ph  92%
5 NC—{C:j}—N o 21% 10 <::>\N/f»d;\ 93%

? Isolated yield. b Cs,CO; was used as a base.

TIVELTETEARY VERWL LA BFHEMENBBR LT oEXE
v CREFRINECRIEHSEST Lic, —F, BFRIEELETHRLT Y — TR
EAMET L7as, HE# -BuONa 75 Cs,CO3 IR X TRISEAT 5 FTRIST 5 FHFIk
TIVEBNETHED LN TER (Entries 1-6), T/, HMOZRZBRT I THHYE
Y OURERG Ty ELIEIE—RT I THBTIAT I ERAVESEICLE
INBCTRIGIZEITL, RETHIFEERT I 2155 Z &N TE - (Entries 7-10),

[Pd/C DFEFIA]
Br
0 10% Pd/C (2 moi%), dppf (3 mol%) : /\
-0 - OO
ﬁ CPME (2 mL), ‘BuONa (2 equiv) /
Recycle Ist 2nd 3rd 4th
Yield (%) 82% 89% 86% 95%

INFETELDRE—F Pd il W= v 7Y VIRIERBESNTWAN, B
FIRICRS L=Flixd 2z, L L, ARG THW: P/C OBFIA#HRET L-/ER.
MER ¥ CRIGEMHIIEETET., BFIAFETHE Z EMNBALMMNE o7,
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Enzyme-catalyzed Kinetic Resolution of g-Substituted Esters

Yasuhito Yamamoto,* Tadayoshi Konegawa, Kazuma Sakata, and Hiroyuki Miyata
Ube Research Laboratories, Ube Industries, Ltd.
1978-5, Kogushi, Ube, Yamaguchi 755-8633, Japan
E-mail : 30183@ube-ind.co.jp

The optically active S-substituted ester, in particular f-amino acid, has recently attracted increasing attention
due to their significant pharmacological properties. We found out a suitable enzyme produce g-amino acid
with very high e.e. when a specific substitute was introduced at nitrogen. The racemic methyl 3-
benzylamino-4-methylpentanoate (1) was efficiently resolved by hydrolysis with Candida antarctica lipase
B to give the corresponding B-amino acid (S)-2 in enantiomerically pure form (> 99% e.e.). Furthermore
the o-symmetric B-substituted glutaric acid diesters were efficiently desymmetrized by hydrolysis with
Candida antarctica lipase B to give the corresponding mono-esters in enantiomerically pure form (> 99%

ee.).

HEEE B —BRIXATINVIZEERSOEEEEYEDOFIINI O F o ELTHERBLEMT
H5B. BIEE, HEEEL -7 I /BIIEESKOARPEARE L TEE SN, DRARERIEN
ROSNTND, FO—DEL T, MKSRERICLZ I EIEL -7 /BEOEERVALES
BREIN TN Y, BERARESEP T 7 O F I RBRESICREEZEREL TV, B4E, Zh
SOMBEZEMRTIEDIC. B—T3I/BOBREEZ —HERT IBICKIBRMBEESTT >
FARBIREOE EIZDW TR ZT- 7.

ZOMR. TI )RR ONVEEZEALETEIEN- RN -B-TI/BRIATIN1ID
BERAMEIC X 2 HERINESBNZBNWT, Candida antarctica HED ) X—E B 2R, > 7 OA
FY AR ZHRBEPTINKAMRGETIFCID, KREEL -7 I /BANERELS
CFABIRANCHEONDEERHLE?,

Candida antarctica

Bn -Bn .Bn
HN lipase B/ 0.1 wt% HN HN
COzme > COzH + ~ COgMe
cyclohexane - H,0 \|/\/
(£)1 30°C,10h (5)-2 R)-1

E => 2000 45%, > 99% e.e. 48%, > 99% e.e.
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N, 89

Klz, 0 ~WAHEEMB —T I /) TIWVINBESITATINIDT I IR D) EEZBAL.
Candida antarctica D) N— BIZL D IEMFMER G ER AT, TORR, > raaFH —K
“HARBEPTNAKSERISZITOBICXD . RFENHRLE ) TATIN 4 BNBERETE ST,

Candida antarctica Bn

HNE" lipase B / 0.1 wt% HN
ipase 1 wit%
MeO,C CO,Me » MeO,C CO,H
2 \/;\/ 2 cyclohexane - H,O 2 \(g':/ 2

o-symmetry 30°C,3h 94%, > 99% e.e.

HIZ, —BHREROFIININBEDIATINS ZEEELT, AR NN—Yick 2 IEHH
kRIS ERBIEE A, HFHNTHEIZE ) T ATV 6 MINE 95%TH SN,

Bn Candida antarctica Bn
o~ (o

lipase B /0.1 wt%
MeO,C CO,Me —» MeO,C COzH
2 \/5/ 2 cyclohexane - H,O 2 \(S)/':/ 2

O-symmetry 30°C,3h 95%, > 99% e.e.

PEBNTEZLIIC, B&iF, BRCES ULAEHOTY T > LBYABERISROBEICL
0. BRABAEENE B — BRIV VB OEERIEES B2 B & T 3RO ERIZDOHILICHK
LT3, UTICE0—H%ERT,

r )
NH,

NH,
NH
W*/COZH v)\/COQH 2 COzH
NH,
NH, NH N CO,H
N _copn COH RT

OH Me
CO.H
R{

< COM NH, OH
Me0,C._J_coH Meo,c._X_coH
#

N
R
L

—

BE. INSFINENT4 770y 7 OERANEE O AORREEZED TS,
AHETI, B—T7 I /EIAFTIONEHRE, B-BHRE ROFI /NI NEBESIATID O
BHRECDODVTORFER . RUFRKOFERICLDMO B — BRI X 7)) OFEEREIIEFESE
EITolER O THET S,

References:
1) Gotor, V. et al., Tetrahedron: Asymmetry 1997, 8, 37-40. Kanerva, L. T. et al., Tetrahedron: Asymmetry

2001, 12, 105-110.  2) Miyata, H. et al.,, WO03/085120. 3) Yamamoto, Y. et al., WO03/089401.
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Lipase-catalyzed Domino-type Asymmetric Construction of Carbon Frameworks:
One-step Synthesis of Optically Active Polysubstituted Isoxazolidines

Shuji Akai,* Kouichi Tanimoto, Yukiko Kanao, Sohei Omura, and Yasuyuki Kita
Graduate School of Pharmaceutical Sciences, Osaka University
1-6, Yamadaoka, Suita, Osaka 565-0871, Japan

The lipase-catalyzed reactions of racemic a-hydroxynitrones Sa—c with ethoxyvinyl maleates 6 caused the
kinetic resolution followed by the intramolecular 1,3-dipolar cycloaddition to directly afford the optically
active isoxazolidine derivatives 8a—c with 93-96% ee. An application of this methodology to (*)-5d
achieved a concise asymmetric total synthesis of (-)-rosmarinecine 9.

ZEIET NI NX—EREEZESENT, BAFMEOT NI AT IENEHE
ELTESARARICFAINTVEA, ERETTINI—IVIREAINS T VINVEEZADFAL
ZBN3Fe EEYD, RLAEEE, DL/ 74 IIVEBNZHAZZIZ MR EZNIATFNV1 ZAVWTI
SET VA=) 2 DY IN—EEEE N EIZTY, £RT B ITX5IV 3 D4 F W Diels— Alder Kt
HEGETL T, 5 DDAKRBEAETHIRRILAW 4 2—BITH5EX 5 R ) BAFERRIGZEH
R L7 (Scheme1).”? GEIFELIE, CORI /VHEREEZSEIADe-E ROF MO ESI
BAL, AFEESERSYFHTVU DU ES O—BRAFOREEZBRLE. £k, FEz2HA
L, RATNAOA R DEIERFLAREER L DOTHEKTS.?

Scheme 1 o
- o - o . R
H H* OH
, R¢ EtO{LOJv\R‘ O)\/\RI A SR T o »
R \ / > 2 O _R¢| ™ Q g + R® \ /,
P. aeruginosa lipase R \ /
R3 -2 acetone, RZ R R3
* 10-30 °C, 1-6 days R (A3 4 (8)-2
R!=CO,Me, COLEl, COMe; R =Me, B, L +(92 | Ji99%ee e
- CR4 o At g
R® = Me, Br; R = H, Me, CH,0Me single diastereomer

INET, EROFZ O EOUN—EAEEESENIMEANEN o 2H, (2)-5a LS
EHfINEZL NI EZNTI AT 6alDRIGEBLBRIT LR, MVI > H Candida antarctica
UN—EZRAND &, KEDENECHICET TSI LMok, FRIETEUBZHEERETA
T 7B <EAFRREBTRILAMRIGEZEIL, 2RELEY 8a (96% ce, 43% yield) HIBE—
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DIZTATVFAI—ELTEL, ARIZ (5)-7)Ia—)) 5a NENI N, FEEC, moSER=
B 2(x)-5b PRIR= FO2(2)5c TH K3 ) BRIENETL, 6T 5 8b, c NE—DTTAFL
A — & UTENAFERMETHE SN/ (Scheme 2).

Scheme 2

Jl O CO,R?
Me M

EtO O I ‘( o
(O 2/
,"-- R1\n/kOH 6a Rz = Et E/
' 6b R® =Me . . 002R3 e Rl

. LN N~ - " s + (S)-5a—c
- R? C. antarctica lipase, fr.B o 'CO.R

(99% ee)
(+)-5a R' = H, R? = Bn? + (S5
(2)-5b R! = H, R2 = Me?
(¥)-5¢ R'- R? = (CH,)3

a) Et3N (0.5 equiv) was added.

- (AT .- R?
8aR' = H, R? = Bn, R® = Et (36% ee, 43% yield)

8b R' = H, R2 = Me, R® = Et (93% ee, 52% yield)
8c R~ R2 = (CH,);, R® = Me (93% ee, 46% yield)

FHRIZ(z)5d ZAWTRI VBRIRIERITS &, SRALEY 8d (94% ce, 49% yield) D38 5Nz
2%, ZOELERRE NI (S)-5d (77% ee, 33% yield) I IBERRIGRETITHBANICTEZILL T .
TCT, CORKEBENUEBRONAZHEZELARMULEER, BEEE 251082 LRISHE %
FERT B &ET,8d (91% ee) DILEE 60%ICM L TE /. ZERYIIEERTI% ee L EETD,
CNEANT2EREOETRBTRRD (—)-rosmarinecine 9 2L AR L. 2B, FkH+)-5d ik
D (2)-11 25 3 TRTHSN, £k, 6aldTOCEE/ ITF) 10 Z2EHEDIN T =19 Afiliit
FETICI M TEFLTAMERTIZEERNICERTE, D, TOEF one-pot TR
RIEZ{TI ENTE. Tabb, FHLERII(2)11 2526 TRTERINE. ZhET
()9 DAELERILIFH ZH, MNbAEFEEZFERNC L TILEERTERINTNS. R4
DHER, SEIFZERBET D TOMENAFLEART, ROETR, 7D, K& (10,11)
DRRTTRIHREIERYTHEHAENSDT PALI ) I —DFNWEREEZ 57 (Scheme 3).

Scheme 3

CO,Et O CO,Et
HO,C._~ a J -
EtO” O o
10 6a (ca. 80%) C. antarctica HO H
lipase, fr. B CO.EL ¢ - o
b 8d '
e 91% ee, 60% (—)-rosmarmgcine 9)
éNH Qi- - recryst. |: >989% ee, 60% (50% yield)
‘o..

(#)-11 (2)-5d (47% vyield)

(a) ethoxyacethylene, [RuCl;(p-cymene)], (0.5 mol% equiv); (b) i) TBDMSCI, imidazole; ii) Na,WO,, aq.H,0,,
Et,NCl; iii) CsF; (c) i) Hy, Pd(OH),; ii) Red-Al.

References: 1) Chem. Eur. J. 2002, 8, 4255; Angew. Chem. Int. Ed. 2004, 43, 1407.
2) Chem. Commun. 2005, 2369.
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Catalytic Asymmetric Synthesis of B-Amino acid derivatives

Kazuhiko Matsumura,* Kiyoto Hori, Tsutomu Kakizawa, Takao Saito
Fine & Aroma Chemical Laboratory, Takasago International Corporation.
4-11, 1-Chome, Nishi-Yawata, Hiratsuka City, Kanagawa, 254-0073, Japan

e-mail: takao_saito@takasago.com

B-Amino acids are attracting increasing attentions in pharmaceutical industry. In this symposium, we
present a new effective method to produce B-amino acid derivatives via asymmetric hydrogenation of

corresponding unprotected enamines.

WHFEMR-7 I B, EREREBEMZET I 7T PR EOBRERL L GEFERS
NTHY . ZOMEHRESRIEDCRENBAIITLATVS, AERK CIIAEMNTREKEILRIS
ZERfE L7=B-7 2 ) BB OB RHARIC OV TIRARD,

. REREOMEALHAE= b

B TIOEEFEEMR-£ Fo XTI ATFNANEAVTERAREERILTWAN, IBMBEL, TYF

L&D ERL RSO ED b b TEICIXMBEN & - 7-(Scheme 1),

Scheme 1

OTs O NH, O

3G SRS S S W § W IS W

BT RuRRhSEEZ BWB(T VAT 2 /)T 7V VEEFEEOTEKRFLIZRE T, EE(D E/Z
HACBME R S BOREINEMGER SN TWA Y, ZOFERERLOT ULVEORE —HiRETE
ML T- DB FIZIITHFT & 5 (Scheme 2),

Scheme 2

NH

Q@ Q NH, O PO o B POwh o
RJJ\)LOR'QRJ\/U\OR'_—» R&N”\OR._’ R/'\)I\OR._> R/I\)LOR'
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LEEMBER AR T A DICIIRE - RRETRAER T3 7ot ANBENTHD L E L,
BREB-=T I ) T AT NORFARFLRIGEDOBFEIZER Y #HA 72 (Scheme 3),

Scheme 3

NH, O

O O NH, O H, ,
RJ\/U\OR' RJ\\/ILOR' R/'\)LOR'

2. HRHB-TF I ) ZRTFINDRFEKFELLRS

3-7/70 bUBEATFNEZERE LT Ru SR ZAVWTRELIZE 25, BOBMIZL Y RiE
BEITTHIERZRE L, &5612222-N)V7AFnxy ) — A 3BEREFIZFENME LTAN
DI ETARFWNENRMEL, RE-BRETREZEM LARISOBRRICLY, B-7 h=2XTF 0
Mo 2 TR TOERMFAEE & 72 o 7= (Scheme 4),

Scheme 4
H, (3 MPa)
NH, Ru(OAc),((R)-tol-binap) (1 mol%) NH,
X COMe > CO_Me

CF,CH,0H, 80 °C, 16 h
conv. >99%, 94% ee

RICSORDZTHREHBEZBEL TRFZ2To7. BT IV RAFANBB-T hZRATFANLE
SIZERTIHEL, ZOHLWFEKRFERE L #EAEDENIRTHRET 2/ (LRENT
IR ¢ER T, EBRIIT & MEEBEA F/L, BfBET > E=9 A, Ru k% RAE L%, £RT
DB-=F IV RTNEHETH I LK KFILEIToE 2 A, BLFEBIRMDEVRFILE
T3-TI /)T BATFLVEBENE LN, BREVW LIZ, BEELB-=F I /) ZXFLOFR
FARFILDOBE LY bEOVAEESERE LN, ARISICAVBHHZI3 Ru S54AABEBLTEY |
B-t FuXL AT NLVDEIESR 1%UTETMIOND, RIERPICEEEZ RN 5 & AEIEMEH

ShiZMmEL. 0.1 mol% DR TY 8 B TRISAS 2R L 7=(Scheme 5),

Scheme 5 H, (3 MPa)
2 a °
Ru(OAc),((R)-dm-segphos) <0 e »(’@\)
2

(0.1 mol%) 1o
0 AcONH,, AcOH NH,-AcOH OH
CO.Me > coMe * CO.Me < O
)J\/ 2 MeOH, 90 OC, 8h /l\/ 2 )\/ 2 [e] 2

y.93%, 93% ee y- <1% (R)-DM-SEGPHOS

ARIGIIETE—MRELE . BET5B-7 P AT ANBAFEFTENTIEE | TRTRHE 99% ee
DB-7 I/ BEFEERFONLZOT, BEMSELS, BREIZLELVLWHETH S,

DIRILDKEH: Drexler, H.-J.: You, J.; Zhang, S.; Fischer, C.; Baumann, W.; Spannenberg, A.; Heller, D. Org.
Process Res. Dev. 2003. 7,355-361.
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Industrial Production of Chiral Methyl Phenylglycidate by a Combination of
Enzymatic Resolution and Crystallization-Inhibition

S. Nakagawa, T. Furutani, R. Yoshioka *
Process Chemistry Research Laboratories, Tanabe Seiyaku Co., Ltd.
16-89, Kashima 3-Chome, Yodogawa-ku, Osaka, 532-:8505, Japan

A practical method for the production of methyl (2R,35)«(-)-3-(4-methoxyphenyl)glycidate, a key
intermediate in the synthesis of diltiazem, has been achieved through a combination of the enzymatic
transesterification and enantiomeric resolution accompanied by crystallization-inhibition in the mother
liquor.

Ca BRFAZNFT7THXYLOEEPRE A TH S methyl (2R,35)«()-3(4-methoxyphenyl)glycidate

[()-Me] DERANRZMEE LT, BENAFLATNEZRREEZDORA TR THER L 2&ERLHE
BERALEZMAE TR ARARARICDOVTHRET 5.

. EERMAEIATINAHRIZE D (+) -Me DAFESE

OMe

Lipase SM

—

~n-BuoH
COzMe

Xylene
(x)Me /

BR:REEN
@ Q@
(*): £ AR b r-Me® (-Me®
s
[ yasw I__ﬁé(-)-Me . Y%
y 44%

H1 BEHNTATAVRBRRISEOETRR

) -Me DTEMBHEEL LT, (£)-Me DIHED ) -hDHZBEZENAENMAKD RS 5 HIEMNBEIC
BxiEhTwns, LAL., ZOMKSEETIE () -Me IZKBEPTHREDARLERILENTHS
2., MVIY—KZHETRIEIEEE NI EMLRIENDBETH >k, BLARIDADHER
ELT. (£)-Me BXUBEE (UN—YMN Y BNERABAEFTRETHBILICEBLT. BB
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BRTOIATFIWZBRIGIZE S (£) -Me OBERSE RN L. T4abb, B1LITRTEIIZ,
(£)-Me DF L 2 BEHEPIZ, -BuOH BLX XU NX—F SMZ2mZ. 30°C T 24 BT 3 &, () Me
DAFIWIATINEDHZN n-TFIVTZATIIVEIKBRENT ) -Bu BERT 2. ZOPEIIMHK
MTHSELRBVWOT, RIBEBBICBREREZEERTZZITENETS () Me DEREDIHEEZICHE
5T ENTES, LTAN, ZOIATINERRINIIEEEENEET S0, RIBERFEICRES
BEEDSBBITET U NBBESIC 5B U LA ELBNEWS RERENH - 7. EREL T,
Z OB EICRRTERN > 120, TORFHERTERICH, BHRISKEIC MeO 2N X5
IHRHARHTEZEITE>TH) -Me DIENMETZZEEZRRELE.
2. #RLEEER |

VISR BRGNS () -Me (35%) ZHUG L =BORBKICIZ. (+)-Bu (35%) & (£)-Me

(30%) ENEET S, (£)-Me BRIIFEILEMTHZZEBASN. (+)-Me BED@LaF
BIRIZ ) Me #HEZEELUTHBERIT ) Me OBEEBFINRISABNI ENERINTNS?),
L7edi> T, LEDIATIVIIRIEDHE S BUNEN S (<) -Me (35%) 2@ D L. (£) -Me

(30%) ((F)-&(+)-Me & 15%) BHEETIBREMPSEISITHAL T (-) -Me OEESTIZE
DT, (£)-Me BB LTLS BT THS. LML, ERICIZSISIIHHATEZEICED ) -Me D
ERGHHED I%BENT (<) -Me ZEETE B2 EMMRINEY., ZORBRNIZIZIEERIED
(+)-Bu BBRICHEETZIENS. ZD (+)-Bu A% (+) -Me OEERILITHEL TND I LAHURE
SNz INERERTZED. () -BuEETTOD ) Me DIEBEBLVCEREIIDOWVWTRFL &,
Fh, COBRREEFBENSEDEZD. () -Me & (£) -Me DX B REERITZITL, WEZH
BRRE Ui,
3. REIATFN MG EFERILAZEERADHESGEIZE S (-) -Me DRIEBSRE

FRED TEERFTIZ. O (+) -Bu & (+) -Me OHRRILPLBILZNREDN (+) -Me DITHETOR
SERICRIEFTREZIBREL. 27—V T7 v 7L THEBCEBEADOREERTE 28INEHF
ERELE. QIAFINBRIGTIE. RISTERT 5 MeOH BEUEBED 1-BuOH IXBERICER
HIDENGMND ., KIEZE (+) -Bu ERANRE S B 5 2DICBIEMRT S Meodl ZRIETEEL DD
#-BulH 23R 59 2HRZ2ITo 7z, QBRICEAL T, AEBAEPTEDITERT B ITRHED
KBBETHY, BEZKESUOEBRBEROMEZYEEHARL &,

ZDEIBREREPCHERURICK > T BA/NEFHTH 3000L L2 6EH L=FHEMEITBNT,
99%ee LAL®D (-) -Me #EZENR 4% THEL., FHEENTEAERETRETRETHDILEE
FEL 7=,

4. &

PNWFT7ELOEEPRYED (-) -Me IZDNWT, BERNT AT IVAINITE D () Me DHX¥ES
B ELFORNIBETRALUHEBILHAEEREZHAMTHEED I LITK > TIE 44%, 99%ee
LE®D () -Me ERRNEE O ADORARBICHRIAIL 2.

0419

1) Matsumae H. ; Furui M. ; Shibatani T.; Tosa T., Ferment. Bioeng, 78, 59 (1994)

2) YamadaS. ; MorimatsuK. ; Yoshioka R. ; Ozaki Y. : Seko H., 7efrahedron: Asymmetry, 47, 146 (1999)
3) HEBAFE 11-228557, & HAfT Mt (LET¥R2E 67 FIHREESL 1 309 (2002)
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Synthesis of S-Hydroxy-3-piperidenes as Chiral Building Blocks using Deracemization

. Hiroki Takahata,* Yumiko Suto, Hidekazu Ouchi
Faculty of Pharmaceutical Sciences, Tohoku Pharmaceutical University
4-4-1, Komatsushima, Aoba-ku, Sendai 981-8558, Japan
e-mail: takahata@tohoku-pharm.ac.jp

Abstract: We present a novel palladiun-catalyzed deracemization of racemic N-protected 3-piperidene-5-yl
methyl carbonate used as useful chiral building blocks of biological active compounds such as alkaloids and

azasugars.

XL

Rxix, 5-t Fox -3-tRYFUBIFIAEGRBFEAVT, -7V av¥—EiTxHLT
BMWHEEEEAF TS I-TYHEOA Y 77 IV BR BT OFHEEODEHLEREELARELT
W3, "5-t FrF -3-t'RYFUAXFILERFFIZ. BER. BEEXT. BXUOTA IR
A4 FEOARFAEL LTHBCFRARLEH THI D, 5-t Frixi-3-tRYFUAXI L
BRFBTEDBHOC AR T IFESEL RPN INTEL, Y¥HRZBILBNT, ZhETRESHL
TWAFEOR TR OLHRARFE, TRLL, ARA Y BEVARGEFIALTEITETOI &
1D 5k FaFi-3-tXYFUrEARL. VA—E2AVIEERHRET AT VERIGICEL -
T 5t FF-3-tRYFUOmMEELZERLTWS, LoLRBL, VY A—ELAVIEE
RORETATFNMMERE TR, —FDxFrFA=—EF2FALEVWEES. FOF U FF=
—DRRITHETH 0% L EEDLWVIRRBEH B,

BT, Gais BHIIBRKERT YAV AT ADNRT VU ARENT 7 & JERISEFR W REEE
REBERTZINTNANI—LVDEREBELTWVDS, ? BRrid, TORTFTVYLMEHT 7 LK
JE% 5-E FaF-3-tRYUFUIZEAL, 5-k FaFx i -3-tRYFLBFSARFN—FHD=x
FrFAT—EPEOICERT D L ERIT L,

6-t Fuaxi-3-tRYFUrAXIFARFOER

JIRERAFNZRATNE 1 ORT V0 LAMBERNT 72 I{ERIEERN LIz, TP T nafliftd L
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T Pdydba); ZAV, WL ODOREFEEMFE AV TRISZRE L 72 R, Trost BEEALF D BPA

EAVWERACRLDRRLIT I IRSHEIT L, T2 T, ERORFBEMN TN (Ts) O
{tEE AW CHIES 2 mol% @ Pdydba); 8L 8 mol%w @ BPA IZEEL. ¥ 7 I{LERE
BITIEEOHEBIIOVWTRELE . RY—REEREAVERES. WThbBVWEEMED
Tna—nERRE L (Entres 1-3), CHCL DBEITHKR RS LA o7 (Entry 10 85%, 99%ee).

B—RBHRIIBWT, CH,CN ZHWVWERE. 1ZL A ERISHET Lid o7z (Entry 4), —5,

DMF BL U DMSO #E# e L THAWAS LENRTTVa— A ERG LA, XEMEXET
L7-(Entries 5,6 89%-99%, 95%ee), KIZ, FERD BRI o e AR —BHERD CHClL, 8B LU —ER
FRODMSO ZAWTT 7 J{LRIGICBIT 2 BROFRBEDKEBIZ OV THRE L7 REEH Boc

BILU Cbz DFE.Ts LV RFHEMRET B 00, IZEHRDIT KR % 5 X /=(Entries 7-10),

REGESSLEBIZ/P IV COMe DILAYIDORIE%E CHClL, PTITHI LMW EEMEDOT VI —
{& (Entry 11: 90%, 99%ee) 31§ 5Hh 7z,

EHIz, BREEICOVWTHLRHFL. CNOOBENLEFIZONVWTERLE,

-

2(dba)3 (2 mol%)

Pd
(\/rocozm BPA (8 mol%) fTOH o Q 0
—— -

N Solvent:H,0=9:1 N NH HN
P rt, 24 h b
(Rr2 PPhy PhyP

1

P=Ts, Cbz, Boc, CO,Me BPA

Table Palladium-Catalyzed Deracemization of 1.

Alcohol (R)-2 Alcohol (R)-2
Entry P Solvent Ee Entry P Solvent Ee
Yield (%) Yield (%)

(%) (%)

1 Ts CH,Cl, 85 99 7 Boc CH,Cl, 72 94

2 Ts Toluene 78 97 8 Boc DMSO 84 72

3 Ts (CHCl), 88 97 9 Cbz CH,Cl, 88 87

4 Ts CH,CN 11 77 10 Cbz DMSO 9”2 66
5 Ts DMF 99 95 11 COMe CH,Cl, 90 >99

6 Ts DMSO 89 95 12 COMe DMSO 55 58

References
1) a) Ouchi, H.; Mihara, Y.; Watanabe, H. Takahata, H. Tetrahedron Letr. 2004, 45, 7053-7056. b) Ouchi.

H.; Mihara, Y.; Takahata, H. J.Org. Chem. in press.
2) Lussem, B. J.; Gais, H.-J. J. Am. Chem. Soc. 2003, 125, 6066-6067.
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Plant Design Support System and Method

Satoshi Ishiura,* Mikio Fujimori, Nobuo Kimura, Yuji Fujita,
Naoko Nishida
Chiyoda Corporation
3-13,Moriya-cho,Kanagawa-Ku, Yokohama 221-0022, Japan

We developed a new plant design support system for API plant. This system can make a layout
plan, applying a combination of modules on 3D design tool. These modules are designed for
every unit operation, and furnish common connection points for any combination.

ERBEOMAENFTI-0EATREMDIZTHFRTHA EERRREFFIARM IV
£HIBENICEHTVET ., TO—BT. RETROBANSKIVIZORIVIZAWVERTSU M
BREMTHYETH. RPEORALYEEEOHNGER—RETHETIINF/IR—RRTS5UA
DOFEHIIRAZTETVET, £ BRI/ MOBRBEEHBL. VAR ETT ML ERR
BRLGH>TETWET,

LROBEKRT T, cGMPEERELESRELTSUMEEIR, EMTHE- BRI 5
H. FRAEIZSETTERL/9N\9ERHE-BREL. REIALFR—IRRTSVMIRBLGRE
HiE%B%E. ThdE 30 EFNEICBERECLICEDSA—VELETVYOZPYL T I RE—E
Sa—)L (eMM)EBIRLEL = ZVRAT LR FOHES1—ILEIOEE AEHBLLTHEOILIZX
DT BEHOERICEETIE 12—V ERELERTICLICKYRSICRBLRETEER
TEARERINTVET, EV2—VRREESHERILHEL-FEBHEREFHTHY. £
hoEMHAEHhEBATEEISUIEEORMERHLR T I HLEBYET LEMN-TRE
LHMMELTIEEY 6 v ABREMIM DTV E=E0ERKT 4 yAEMR. 2 yABETRETHL
MAgEEGYELT,

F-ARES21—I/L0 GMP {IEEL T, VRT(Validation Routing Table)&L 5w —ILERFELTLVE
4, FHREIZEEHO GMP BEHEO7IT1ET DS ERED 10/0Q IZDULT, FHOREER
HLTWEY, chdDREER—IZ, FDAH1RIET B Risk Based Approach [ZiR2T=FEERETL
t=£0M VRT TF, FREOEZEFELBEREMOTELXRSY, BERHICRDLIERREY
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AOELTEYI 7Y FORFNGLOERALAZETD 12—V OHZIRICERLEYS . £
hoDYRIDHFLEBEEED1—VOLRICKIR, SHIZCOMLEEE TS5 RBRFOERS
IH&EZEL PR(Product Requirement) . FR(Function Requirement), DR(design Requirement @) 3 D
24 %L 1= URS (User’ s Requirement Specification) EL TERELTLVET , E5IZ PR, FR. DR [ZHL
T PQ.0Q.1Q #FhFThXESETEZ, 0Q.1Q OFEBICHT ZHEHRORRESEE DQ LL
TWET, chbD—EOABE | DORICEEHT=HLDZE VRT LFATHET, $55A 0QJQ D
HBICEETHIETHTOFa—LEERBLTVET,

COHRIZ GMP MARIEL S HREE. FHEDTLVFIR—IRTSUMNIERShINEEREHLE
ED2—-NLEHOHLOHRABLTEE, TORR/MAEHHIZEYTOC IR E—MEHIZELRE
ORALET L RETEERICCRENTEIREAFEN, TOOZF7YV T -RRI—-FDa—
VU (eMM)TY

Bt
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The scale-up studies of the process for the APIs applying various efficient techniques

*Ken Okamoto
API Research Laboratories, API Corporation
1-1, Shiroishi, Kurosaki, Yahatanishi-Ku, Kitakyusyu, 806-0004, Japan

To shorten time for the process development of new drug candidates is the key issue in the pharmaceutical
industry. In API Corporation, various techniques and technologies, such as computational simulation, the
advanced analyses, and the safety assessment system are readily available for the process study. The examples of
development achieved in an extremely short time by using them are introduced in the presentation.

BREDEEEUTELEE L LT, HFERRVTEODREE (APl) BEDOT Y F Y —I v Fiddk 4 &
RILLTETBY, LB EFNICHEVWRELENLZHEA— I —~DOEFOHNF L —ERE Voo
HHZLIXTHEKMDOBY ThDH, ZOEOTHEA—I—IT L > Tk, M, FE. T20MmER
DHRLT, FEHHIERNORENRERICEREL R->TNS,

ZEMZEIIN—TD—BTHRHEMIX, IN—TDbofEx DBREER—R L LI-BER vk
ABRENEBRBELTVS, #iZ, YIalb—varzfibe Lo REREN,. BERMITE
. BEILERINEREUFMRER LIX. RTFr—A7 v PREEZDHENICITI OOEERER
V= LT, Bt at AEROBRENL 2oTWVWAE,

o, BB/ FEBERERCKESTEB ZDRMICEATIZLICLY, ESHITHR
RICEBE 22T T2REZEB LTV,

Beid, INLOHRHNFHELZFBOICEATIRN VAT LAZEBE, EBTHIILIZL-TR
r—nT v TREMBORBOREHELZZRLTBY ., F0EFL LTHEHBREEPMEORSN
FHHIZOWTRBMNT 5,

1. BCRRERMEEMEBET 5 i DRLMERE

BAULEDERRMITEL T2, (EEERICBVWTEREOBIIIFECEETH S, HITEIS
HEOBMWERER, RIGEDOEWMLEMRLORIGITIIFER AT THY | BERROE W BERET
Z0—HFITH B,

—F ., KISEDBEMEEMIIEL I L TREETH D2, b HBBEELH T RERME& Bi. DSC
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HRER» O DM REEER T Z L RbhoTs,

ZDE D REEE bLEWIL. EHCRBERWT-DDMERSBEATHY, Zhes Y7 LE
RRERNTERVRY EREIITI RV, £ T, REHORALZITY LT, ZOHBRE
EIETHEROMH. BRENRIREEML,

ZDRR, S HBERIEIED L RLHE kg DEBBE LRI SV,

2. RISHEBERRAT L B R AR E

e EiXLEa DOMBRRZLVEREN. ZORKICEVRE DESEVOKRELFES
w5, 0D, B2k, BBBRRISICEIDIENEAZBIETHZERLETH B,

% Z T, RAS(Reaction Analysis Studio) # AV TRISHE BRI & BB EGERGED Y I 2 1L—
avxEiToi,

Bt ORGBEE, FEHE LV, BERGE 2 LI TR ZRIZ L 2RO ELE EEMIZHIE,
OFHMPDEREIEZELEREANEZRE. ORS ICKBRIGEE/NTF A—FH##E, OFERATFTER
EDHERLHET RS D RBE R ERRGFEHRE. LWV IR TITV., REREERRGEE2EE,

DY =ik, BEREISETHIEKE O XS L RIFLRFTROL TREEGRRFERHTZ &
NTE, BERFTIVIal—va ryohbBWFETHS,

3. Bl AERMECBIIRENRES I aL—v 3 VOIGHA

BB FGRA) IXBMBERERENTWA 2D, B/ BECL3BULTHIMSERH B, £
T, RBESHEY I 2—Ya VREYVBREEERGE2RETHI L L L,

EPRMPE SRR EABREEEREZTo TES LEROBHERESIT L. RIZBELHh
T —F 2 RICRBERBEETNVEBE L, Bbh-EF NV EERTERBOASEEN— X 2 EER
HEE, HZEE, BROMELZY I2L— b LR, MEE 99. 9% EORLG E 25 T0%6DUXE T
By EERFZRHTZ LR TEE,

4. FHEIT
IOBBRFERHEILS TR CTRESh AN, TRERERRZEH. BRIEE CEMIREELEK
Zx, SHIKEREE CORMNBMD 2.5 ¥ B Lk, #EEIELVWRRICH T,
LLRRE, ReDLOENRWFEL INMIERTAZ LT, 7uRBROLZRLT, &
EMERE, HERR, TEARSTEMER IOV TSH, Roh RN EECERTSZ &
BT&E, o, ThLDORMERERN—XIZEE LT ke A 7r—NVTOEMEH S BER
<ET L, 2—F—0bEWFHEZEL,

M., ZEETIIRNFEZROLICRRTRENRT —F ORHELEH LN, BRTIIERER
RVIalb—varvERREYOEF—FZHV., XOITHEMICHERALREZY,
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Development of H-D Exchange Reaction Using Metals of the Platinum Family as a Catalyst
and Application to Synthesis of Deuterium Labeled Building Blocks

Nobuhiro Ito,*! Tsutomu Watahiki,' Tsuneaki Maesawa,' Hiroyoshi Esaki,” Hironao Sajiki,” Kosaku Hirota®
! Wako Pure Chemical Industries, Ltd., 1633 Matoba, Kawagoe, Saitama 350-1101
2 Gifu Pharmaceutical University, 5-6-1 Mitahora-higashi, Gifu 502-8585

An effective and applicable Pt or Pd-catalyzed deuteration method of aromatic and heterocyclic rings using
D,0 as a deuterium source under hydrogen atmosphere was developed. Since the reaction was general for a
variety of aromatic and heterocyclic compounds, it was applied to the synthesis of various deuterium labeled
building blocks.

HAFERCAMIEERITOERRSEBORRAICHIATE 57D, RABHARSBTEDR
AUERBDSNTN S, HFIZ GC-MS &AW FRMAFRREBRTEZEDRHOMFE. RAFO
BREEONMMBEYE @ERIVEY) SORBICED TEN-FETHD. TORNIIZELEY
BELUTOMHRICAYDOEKFREREZ B NDONBELE TN TS, TIROEARLADI
B TRREZBBRSNTNS, H-D TRESICEAL TR ZNETIRL BFEVNBHE SN TNHSM,
BERZGECEMABEKEZENA, BRLAEEZLELTZEEDHIT, DIEFRSMMENEW S -HBE
HEAELTWE, 222 TRLIE, EIX M THERFR S NIULEORREE. BEARTSNIVE
SNEEIT 42 o770y 7 DRKRERMLE,

1. Pd/C ZAWHARDOEKFEL

R4 IZEKD0)H. PEOKEGFET Pd/C 2l E LTRIEZITI & BEFEET TR HD X
BBR DM OHZITERNOITEZ D, MBERGETRIGET EREETH I EEZISNZR D
WAL D 7 IV F IV ik L THHRMITHETT S Z & & AH L TWS(Scheme 1). *

Scheme 1 97% 95% 94%
10% Pd/C, H, DD 10% Pd/C, Hy D bD D
PR NN —/—/—/ Ph)K/\/\ Ph/\\/\/COOH Ph COOH
L
D20, 1t, 3 days D,0,160°C, 24 h 67% O DD D
94% 94%

4E. AGHE2ERTCAMTBALEZE ZANERL DLAEITL, 135/
EOFBHEEZIZTRLIT DILT D Z LTI L 7= (Figure 1).
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1 94 N 98,98 99 N NH2 98 N
ss N | )— 95 I | >—OH
N 94=N N? 99 N7 99 98 N
H H 98 98 98 H
110°C 160°C 180°C 180°C 180°C

Figure 1. H-D exchange results with 10% Pd/C-Hy in D,0.

2.PYC ZHWEB/RRODEKFEL

FEKBEDS SRBPBRATLRERNLALEIS, il UTPd ERIKED PYC ZBNS &F
BRETHRRS DILSEIT TS ENGh o k. FIRBEBTHESEE2A THREIEBMARLET
DitEn, HIAE7 =/ —VIZZRTIZIFRELIZD ﬂ:é:hfc(Figure 2.

H NHa Hp
o7 97
98\~ 98 NHz
97
0°c 0°c 80 °c 180 °C 180 °C

Figure 2. H-D exchange results with 5% Pt/C-H, in D0.

3. Pd/C-Pt/C DIEEAMEIZ X S HELE

FERETIVFIVEZE TS 5-Phenylvaleric acid(1)Z Pd/C E7zid PyC Zfihfit & LT H-D TR
IRETHEH/EIT, AINOHFERTIV MLO DIEBRBEN EMRaholz. ZOERELTRET I
FISHONBEEFIZERTSEEZ 505, LHL., PdC & PYC HET TRIGZTHRETZ S,
Z IV MLD D EERASREBEICHR EL . ZIFELBEKRLE2ED T EATE 2 (Scheme 2).
Pd/C-PY/CIEAfE Z AW/IREIZ, ZORICBABHRDENREA T 5EHIEIRHATH 55 PdE

FEPIFETFOMHEERIZEDIDBDEEZ  scheme2
a3, COOH 10% Pd/C (10%),H, 96 AR ZE_coon

ZDEIDIT—REEDH B EAKEERL ©/\T\/ D;0,180°C,24h 96214 % 98
BEWNTERE, ZEZHANWS I ET, 1928 8

) . , 97
A EARERILEN T 4 > 70y et L Yo
. ) )
7 2R MM DOMEICIRME T B Z ENARE 97
o 10% Pd/C (10%) 97 97 97

o, 8% PUC 20%), Ho - 94COOH
References D20,180°C,24h 97 < 7

1) Junk, T.; Catallo, W. J. Chem. Soc. Rev. 1997, 26, 401-406.

2) (a) Werstiuk, N. H.; Kadai, T. Can. J. Chem. 1974, 52, 2169-2171. (b) Brown, W. G.; Garnett, J. L. J. Am.
Chem. Soc. 1958, 80, 5272-5274. (c) Klei, S. R.; Golden, J. T,; Tilley, T. D.; Bergman, R. G.J. Am. Chem. Soc.
2002, 124, 2092-2093. (d) Elander, N.; Jones, J. R.; Lu, S.-Y.; Stone-Elander, S. Chem. Soc. Rev. 2000, 29,
239-249. (e) Junk, T.; Cattallo, W. J. Tetrahedron Lett. 1996, 37, 3445-3448. (f) Matsubara, S.; Yokota, Y.;
Oshima, K.; Chem. Lett. 2004, 33, 294-295.

3) (a) Sajiki, H.; Hattori, K.; Aoki, F.; Yasunaga, K.; Hirota, K. Synlett 2002, 1149-1151. (b) Sajiki, H.; Aoki, F.;
Esaki, H.; Maegawa, T.; Hirota, K. Org. Lett. 2004, 6, 1485-1487. (c) Maegawa, T.; Akashi, A.; Esaki, H.;
Aoki, F; Sajiki, H.; Hirota, K. Synlett 2005, 845-847.
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Ruthenium Catalyzed Reduction of Carboxamides with Polymeric Hydrosiloxanes:
Facile and Efficient Separation System of Both Siloxane and Metal Residues
from the Desired Amine Product

" Yukihiro Motoyama,* Kaoru Mitsui, Toshiki Ishida, Hideo Nagashima
Institute for Materials Chemistry and Engineering, Graduate School of Engineering Sciences, Kyushu
- University, Kasuga, Fukuoka 816-8580, Japan

Abstract: A facile and efficient separation process of the product was developed in the ruthenium-catalyzed
reduction of carboxamides using a commercially available hydrosiloxane polymer, polymethylhydrosiloxane
(PMHS), as a reducing reagent. In this reaction system, the hydride reduction of amide takes place and the
oxygen atom originated from the amide contributes to bridge the polymer chains resulting in the formation of
apolymer gel. After reaction is complete, removal of the solvent affords an insoluble silicon resin in which
the metal residue is encapsulated. Therefore, the desired amine can be simply isolated by washing the
silicon resin without contamination of the ruthenium (< 15ppm).

TIFEEYEBITLTELNST I VEIL, SRPRIGRBE 2 Etk4 RREBRH D Z &b,
ERZLANOARLTTEMCHLEERRIETH D, —BRIZT X NMEEHDOT I U ~DBITHIG
BRI TV =Y ARISFIRAV LR TV MR, " ZOBKMERLNCRAME, S 5IZIREI4E
THTNI=ULEELARDOSHCRIT2REI 1D, FICKBER 7 — LV TOERITBNTH
ENRRDLN TS, TE. BHEBHBEEMEL L. KERE Fu 7 U 2BRALTHIAILR
ZMEEHOE Fu v Y VEREBBEINTWERE, IVRVERLT I Megdor Fad i
{LEEIEL . WL ODROREFINRHBITTE RN, 2

BB A L. T T 7 F LU R BBERNMNF ETALT U LIEINR=NI TRAE —EE (1)
i)Y L, EETCBHRVAESL MY TAFAE Foo S U2 B8RiCBAWA Z & T, ArR=
CAMOBTRSAERTHEONETTH L, ¥ BT I ML (CO)
MOBEEETH, 10g 25— A ORSETLENETs7 v L QR
DS, Y b R BIRECINR R BOhA T L HE LTV S, "/'“““’0)2
) OB ARBTIEENDALT =Y AERIE oo UFETRETE ‘(ngéo
3H00, VI UBLUGEBREOCHBITRICBWT, ZEOMEER L
CICREERMLETH o1,

SEF 4L, RRRTEFRBTHIBOFRVIVORY AF Ve Faoxd (PMIS) %8

(ACE)Ru3(CO)7 1
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TAIE LTT 2 MEEWOBIERIGE1T/2W, MERURIGICEVEKRT RV VBiES . £
ThdT IV bERBMECHMT e AZBE LI-OTHRET A,

rieoms oy
R._NR' 4 eq. R NR /
TE’ == ~R2 — Sig nTMS

30~40;C PMHS

RIiiZ, #8881 (0 mol%) T kS & Fa 'S v (THP) &
# (2.5 nl) (2. 4.4 % & (Si-H #E) > PMHS (Mw =
1,500-1,900, n = 25.6; 22 mmol) #MNx. FiET 30 &
A LI, 30~40 CTTT X FG mol) EMXTITR > miSol] (AK) RISETH (F44%)
oo ZOER. RISBRE 1 B CRUSTERITEEESHE L, £
DEF I5BEIRIGERIT 5 & BRI A LV RO VERY e X o REsh- (ER),
ZOFNINOEEEBERETSH I LT, BRI RERERSVNER L, ERPOT I T, =
DEWBETNVFPOBICHET AT T, vaxY v RECHRLLT AT =0 LAl 2 4 458
(<15ppm) ™D Z &N TE Tz, FEANT PRI L, BIEMIGIZ LV E£KT 5 BRI % 2EEH
E LT AT =0 LEEEPHERIZRY o XY o ORFEMBEEZHBEL. KRTRIIZZORE 0F
12 99. 8% LA EDOFRIEA B T b I NI Z EBRA LN E o,

ARIGRIL. BERT I MEEPICLBEIGFRETH Y (TH), 562108 ATF—LORETDH
FIROBETERDRELOND, UED XS, BAFRIZUV2HAVDZ & T, KIGK TR
TVROR) axHUoBERL, VTV RIEORELTEBREY LfERBETHRETIZ L
WK LTz, 2B, RIGOFM, 25 CICER LI ax3 oA LofEic 20Ty, HETHRE
5

Me
Ph NMe» Ph I\O Ph\/\/l\@ Ph NMe s thN H
Y Sl ] T T

O
(79%) (74%) (80%) (77%) (81%)

[J References: (1) Seyden-Penne, J. Reductions by the Alumino- and Borohydrides in Organic Synthesis,
2nd Ed.; Wiley: New York, 1997. (2) a) Kuwano, R.; Takahashi, M.; Ito, Y. Tetrahedron Lett. 1998, 39,
1017. b) Igarashi, M.; Fuchikami, T. Tetrahedron Lett. 2001, 42, 1945. (3) a) Nagashima, H.; Suzuki, A_;
lura, T.; Ryu, K.; Matsubara, K. Organometallics 2000, 19, 3579. b) Matsubara, K.; Iura, T.; Maki, T.;
Nagashima, H. J. Org. Chem. 2002, 67, 4985. (4) Motoyama, Y.; Itonaga, C.; Ishida, T.; Takasaki, M.;
Nagashima, H. Org. Synth. submitted.
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Manufacturing process developments of 2-Oxindoles

Masahiko Hangui,* Yasuhiro Takahashi, Yoshinobu Suzuki, Kenichi Namie, Junichi Tsuboi
R&D Department No.1 Research & Development Division, Konica Minolta Chemical Co., Ltd.
26-Aza-Kasaya, Ebisawa, Odaka-machi, Soma-gun, Fukushima 979-2143, Japan

2-Oxindoles (3) are valuable intermediates for pharmaceuticals.We present the production method for

highly pure 2-Oxindoles on an industrial scale from corresponding Isatins (1) .

1 . :lliﬁ .

9-FX A v F—HE (3) 3. EESBRGL LTHEATHY, A FENHD Wolff-
Kishner @itic L 248 (Schemel) HR—BMTHD ',
b B3V AL TRIZERMICRISHEIT L, FRBOERIZTEN» TH D, KOBEEIC &L HET
TRz BOT. REREATHSIER L, EXFREL L CEATER2EICT 51T, B
IERERERLE L 20 | INRETORR & 2o Tz, RL i, REOFHRIZLY . &ITHRO
DH%ZVFH—WTélkfyﬁﬁﬁﬁﬁﬁﬁéﬁﬁkﬁﬁiEW%?@%E@Z—%#V%
v R—NVEERRIET A u R ERR LIS

Scheme 1
NH,

0 NI
b:‘g( NHAH, HO b:gt Base m
g — Qg — 0
N N . N
H H H
1 2 3

(R RITAE, ~aby, ERTLILVE, BRTVaXEEEZERT)

2. FHlipEfrs L CERERRT

E RS YUtk (2) hb2—FF A2 F—E (3) ~OBRERBICBVTERT 2 EER
R ORE LT L BB 2 —AF oA ¥ F— A ZHFR 3 — AL THE L Z&E(4)
kﬁikaﬂﬁ*Ké&Téﬁ%%2—##94VF—wﬁ@@kﬁy7vVﬁﬁ:iwwé
RER TIRE D E L ST CORSEER LA, ZREOERZMHTIHRITED
niedote, b K5 Y v EORERBLRIGO—ROAREETHD ., MEEFET CTOBMNT,
E%?&é%%%%ﬁﬁﬁ@@ﬁﬁktfs&mMznﬁTi5u79y¢(5)%&mbf:
B AERTARIEHRBESNTEY 2, ZORSR-RELEROEERTHH LERT,
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3. BBRlSa v A0OER

TEREOEBEREA~OBREMIX, 2 —AF 1AV F-ABRICEBLULTWA -, BililBES
MBI L ARBIIREECh o, — . FT L Y AKERD., INBE&RET. ZEESHOHEIC
EFHIND - EBEREIN, ZOBEIX, 2-FF VA F—VEO=ZBETHY, TOER
B Avijit Banerji HICK WV BEShTWS Y, =&, 2 —FF T4 v F—ABITH~
HHEE A~ DEFMEDSEFICEN D  FERLBFCREY L LTRGBS 2N TE
b, SNHDHMREEMN ot A RMT B2, BERIGKR TEROBRIZ L 2&ITTRICEWT,
BRMIEENB DL I B LTV ENIOWVWTHEREITo /-, @itk pH & &k, =&&

EROBKRE TEIZRY (Fig. 1),

3.5 r

3

2.5

2

1.5

1

A#litha & (HPLC area%)

0.5

0 L s \‘_4

0 5 10 15
dh 7 Wi pH

Fig.1 S#ripHe FHiH S ROBK

S pH 281 10 LT, —EASESEBD TORVWI ENERENE, ZORRLY. &
EREEOBIZE 28 TRICBVWT, @ipH #1 10 ECROZ LT, ZREFENE
BDTHRNG —FF A v F—VEERYHTZ EBTEEL o T, B BRERLET, BT
WEENA=BEPTEYELE LTRVBR ZLIZXY MiEE9 9. 5%RLUED2—FF A F
—NVEE BB o X E5ER LT,

Reference
1) D.S.Soriano, J. Chem. Edu., 1993, 70, 332

2) A.H. Jackson, Chem. Ind. (London), 1965, 1652
3) Avijit Banerji & Sukla Maiti, Indian.J.Chem.Soc. Sect.B, 1994, 33(6), 532
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“The Synthesis of Arylpyridines Using Suzuki-Miyaura Coupling

Koji Uehata*, Tsuyoshi Tagata, Mayumi Nishida,
Functional Products Development Project, Koei Chemical Co., Ltd.
25 Kitasode Sodegaura-shi, Chiba, 299-0266, Japan

m-nishida@koeichem.co.jp

In Suzuki-Miyaura coupling catalyzed by Pd/C, we reported that non-prereduced Pd(II)/C was more active
than prereduced Pd(0)/C and a phosphine ligand was essential for the reaction of halopyridines with
arylboronic acids. We also synthesized pyridylboranes by the heteroaromatic C-H bolyration catalyzed by the
Ir complex. In this reaction, 2,6-diisopropyl-N-(2-pyridylmethylene)aniline was an effective ligand. Bulkier
alkyl groups at the 2,6 position of the aniline ring were indispensable for obtaining the products in a higher
yield. Compound 3a which were easily produced by this reaction were converted into multisubstituted
pyridines by stepwise coupling.

TU—IEY P RIIERERT, KE. A EL MR EOBEENEEL T, FEE2AEL
HIELTHD, ZOERAELL TR, BR-BHA Y T O VREBERBHEDO—DIZETS
s, B TldrdCc L LARBERBBL TE 2N, INETIZ P/CAMEET. NOF >
KBUS S ET)=NROVBEEDH Y TY ST ETI. DRY TSR R T4 DY H
ROBEMPBHBEATH DT &, )BLREBOF W 2 fid Pd 2 ERSD & T3 Pd(II)/C ZAWEEN, 0
i Pd % £ & TS PA0)/C Z ANEBREX D bRBEDEAINOFY ALEY S > Dhy T >
JENBRETIHRIEEH/E LK. Y

Table 1 Yields of Pd(ll)/C-Catalyzed Suzuki-Miyaura Coupling

Run Cat Substrat Yield (%
R B(OH), Pd/C, Ligand R
x _— x 1 Pd(i/C X = 2-Cl, R = 6-OMe 90
| X 2M Na,CO, / DME ' N Ph 2 Pd(O)/C X = 2-C|, R = 6-OMe 25
N : 3 Pd()/C X =2-Cl, A = 3-NH, 97
80°C, overnight
g 4 PdOVC  X=2Cl,R=3NH, 19

FU=IWEUZHEOAREE L TR EEONOF ALY D ET7 V= RO BEDOAY T
B(OR),

X -
n-Buli, (PrO),

N Low Temp., Solv N
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D70z, EVDIRasBENOT AT U=NDhy TY > IRETFENS, BU )R
OBIE—RENC. NOFAEE) DU FHE, B RURLICE>TEREN, BREDBZOD
HEEBANT, 3FRB4-BUINROCEBEOARERZTW. Ay U VEBICHIELE,

ZDXIRX -2 EY DR O CBEREDRF 21T —F . B T C-H IEHEL RS % %A
LBV IS OEEF Y RGO BTV, Ir il EET, BAF12ANT26-%
OOEYP 2 &EFI—VRS (PinBH)EAIZEFIL— b PR S D (PinB)D A1 v TV > FH8
NRESETTBIEZRABLE. I ZOAREEZANDZ &I, RRETRARORET

’BH
1/2 [IrCI(COD)L m
- P
\ Solv. R ¢
2a: X=Cl, Y=N ' 3a: X=Cl, Y=N

2b: X=H, Y=CH 3b: X=H, Y=CH

Table 2 Reactions with Pinacolborane

PinBH .
Run  _oupstrate or Lgand 1 5 vield (%)
X Y Pin,B, R
1 cl N Pin,B, iPr 73
2 cl N PinBH iPr 93
3 H CH Pin,B, H 17
4 H CH PinB, Et 32
5 H CH PinB, Pr 74

HoIENTA REATBIECYIZNRI D EBBIAFTESZ I Lok, EREERYFLRS
IZBITHENT 1 D R DIUAEKZEBITKEL,. RAHGBD:17%)% Et(3b:32%) L 0 HEE W Pr D
AN WREL(3b:74%) B EE A=, ZOHEBICLVBSNEZTU—IRS > 3RTY—IN
SAREBBTHY TV T LTILEY 4 257 =.

Cl BPin Cl Ar .
N R stepwise Ar Ar
| Ar-X, Pd cat., Base I copling_ 7
cl Solvent Cl Ar
3a 4
References

1) a) T. Tagata, M. Nishida, J. Org. Chem., 2003, 68, 9412, b) M. Nishida, T. Tagata, Yuki Gosei Kagaku
Kyokaishi., 2004, 62, 7, 737-742
2) Tagata, M. Nishida, Adv. Synth. Catal., 2004, 346, 1655-1660
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Process Development of the 8-3 Adrenergic Receptor Agonist FK175

Shigeru Ieda,* Masaru Watanabe, Kazuo Ohkawa, Naoki Miyake,
Ishibashi Nobuyasu, Masanori Nishiwaki
Process Chemistry Labs, Astellas Pharma Inc.
160-2, Akahama, Tkahagi, Ibaraki 318-0001, Japan
shigeru.ieda@jp.astellas.com

We describe the novel processes of -3 agonist FK175. The practical construction of the benzocycloheptane
skeleton using Stobbe condensation and Curtius rearrangement was developed.

-3 7I=A I FKI7T5 ® 70t ABFFICB VT, Stobbe i, Curtius BALIZL BNV VYT
O~A7y U EREREZBEE L2008 R 70 AR L
1. FAF—JIzBIIAEESOLA

Scheme 1
NHBn NH, Ph
" OH o | HN—
MesS*I" {MeO. BaNH, MeO _ NaNO, Me
—— —
t-BuOK “hac AcOH Hy
7-methoxy-1-tetralone

Raney-Ni
ER146357

W Ph Ph Ph

N ( H H
MeO. Me D-TTA Me ( e 381'3 ( BrCH2CO2€Et Etooovo ¢ (Me
—_—
HCl D-TT.

HBr KzCOa-Walef
?/\O/ HO™ Ph H,, PA/C Etwcvoxc(j
Cla quoc om Me chlorobenzene  ag, EXOH HOI, H,0

CBIEZMILBE XN/ 9Ny EHEIC, LEOKEEE TR 70 A LML L7, (Scheme
1) Zo8EEE, Bt kg A7 — VOSFHAREMEICTIIETEER DD THo 245, FROBHE
EAxZEL-EEEE LTI, HEWED T-methoxy-1-tetralone P&l TH ), TEDL KR, BEH
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MOEDSHRTRELDTRehole ZOTOLABRIZBITAREE I, TELZEHL Y. WL
BN HFEENR VY 70T VEREBEET I ThH ol ZOBEICEHL T FK175 OF
R7ot ABBICEF L
2. FRIT5 FR8E IO+ R 4 1 fiHfg

V. BPABLLTINY VY IunNT S ) Y EWERT S FR146357 ICEH L, Bifik BREEET
& % T-methoxy-l-tetralone * AV 2 VWHEEOHRRBIIMYHAAL, B4 RFOE R,
3-mthoxybenzaldehyde % HiF/F %} & L, Stobbe &\ Curtius MU FRRIcL THrR VY 7uAS
¥ BB EEZBILL. PEE FR146357 DEAMBE 7O LA ZHART LI LN TE,

Scheme 2
1) MeONa o}
MeO. CHO MeOH Me MsOH MSOH; tBuMe;SH _ MeO. O‘ DPPA. [DPPA,EIN Meow
2) aq. NaOH m té:;u?gg °C
ER146357
3. FK175 HiRflE 7o A 2

BL5HRORYRETO L ANORAFEBEL, FFRNLRRETO L AORELZE/ Lo RV
7aNTy Y EEOTMREIRS | HROFELRA L TOEFERI VARV B%ZE, Curtius BBHLICL Y
FEHEET I BV - FERA LR ERBL

Scheme 3
: 1) MeONa
HO. CHO MeOH HO = HZSO4 separanon
—— O‘
2) aq. NaOH Tioweac chlral column
FR271919 chromatography
1) CICH,CO,Et
K2COs,
cooH 1) MeOH CONHNH, NaNO2 NHBoc BREt,NCI
”0\@ cHCI HO\C(:S ACOH, H,0; “O\CO EtOAC
—_— —_—— —_ -
2) 80% aq.NHoNH, t-BuOH, MsOH 2) TMSCI, EtOH
50-60 °C

C

n O
N A Cl
Emcvom Eloocvm \/\@/
BSU, DMSO HCI, H,0
EK175

AR TR, T IHNKE B FR271919 DRFIEHRH T AL 558 %A L., FK175
DEHRRE SO LA LREL L.
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