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Practical Total Synthesis and Developments of Bioactive Compounds
Kunijaki Tatsuta
Faculty of Science and Engineering, Waseda University
3-4-1 Ohkubo, Shinjuku, Tokyo 169-8555, Japan

Our conception, “all is from total synthesis”, will be illustrated for developments of bioactive compounds.
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Process Research of E1010, a novel antibiotic
Masanori Mizuno

Process Research Laboratories, Eisai Co., Ltd., Sunayama, Hasaki, Kashima-gun, Ibaraki 314-0255, Japan

The practical column-chromatography-free production process for E1010, which includes the novel

diastereoselective aldol reaction and the direct ion exchange method using calcium chloride, is described.
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PR 49% L IBEVRTH D, D7D B 4 2O REEES Y O BEET 51013 40 5B
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N~/ 2) (COOH N NH
o NH ) ( )2 o M
CO,PNB * 2HCI CO,PNB - (COOH),
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Toward Truly Efficient and Powerful Organic Synthsis
Shu Kobayashi :
Graduate School of Pharmaceutical Sciences, The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033

Abstract: We have been reinvestigating immobilized catalysts from two aspects; keys to environmentally
benign chemical processes and high-throughput organic synthesis for combinatorial chemistry. While most
of known polymer-supported catalysts are less active than the corresponding original catalysts, a new method
named “the polymer incarcerated (PI) method” for preparing a heterogeneous palladium catalyst has been
developed. The method is operationally simple and the Pd catalyst prepared (PI Pd) is highly active for
hydrogenation, carbon-carbon and carbon-oxygen bond-forming reactions. Remarkable points are that the
activity of PI Pd is higher than that of homogeneous Pd catalysts, and that PI Pd is recovered by simple
filtration and reused several times without loss of activity. The catalyst is expected to replace many
heterogeneous palladium catalysts, especially Pd/C, that is often used in academia and industry but recovery
of which is difficult.
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Figure 1. Preparation of PI Pd (4a—c) from copolymers (1a—c)

Copolymer Pd(PPh3)s _coacervation_ .
(tac) THF,it 100mg hexane  1)fillration Nosolvent 1) filtration  (45.)
1.00 g 2) wash 120°C,2h 2) wash

(hexane) (THF)
3) dry
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1) (a) Kobayashi, S.; Nagayama, S. J. Am. Chem. Soc. 1998, 120, 2985. (b) Nagayama, S.; Endo, M;
Kobayashi, S. J. Org. Chem. 1998, 63, 6094. (c) Kobayashi, S.; Endo, M.; Nagayama, S. J. Am. Chem.
Soc. 1999, 121, 11229. (d) Kobayashi, S.; Ishida, T.; Akiyama, R. Org. Lett. 2001, 3, 2649. (e) Akiyama,
R.; Kobayashi, S. Angew. Chem., Int. Ed. 2001, 40, 3469. (f) Akiyama, R.; Kobayashi, S. Angew. Chem.,
Int. Ed. 2002, 41, 2602. (g) Kobayashi, S.; Akiyama, R. Chem. Commun. 2003, 449.

2) Akiyama, R.; Kobayashi, S. J. Am. Chem. Soc. 2003, 125, 3412.
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Process Research of Enantiomerically Pure (7R,2R)-2-Aminocyclohexanol By Enzymatic
Preparation
Hiromu Kawakubo*, Seiji Takagi, Hironao Takada
Pharmaceutical Producion & Technology Center ,ASAHI KASEI CORPORATION

Asahi-machi, 6-chome, Nobeoka-shi, Miyazaki-ken, 882-0847
The Pseudomonas capacia lipase-catalyzed enatioselective hydrolysis of
trans-2-(t-butoxycarbonyl)-aminocyclohexyl acetate was readily accomplished to provide a practical method for the
industrial preparation of enatiomerically pure (1R, 2R)- and (S, 25)-2-Aminocyclohexanol.

AP521 (1) V) 1%, JBALAX () 23 Phase-11 DEEAHEIT S BTV AFIARRE TH S, = OEROREERE
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AT, APEEEROTREER LI, ZOABEA 2l ¢ TRISET AR 7 o+ R EEREETH

) T.:o

= /L/r tr f /j’) 0

H.HCI (R,ZR)
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k=) VB
HoN mm
4(IR,2R) 7(1S,2S)
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HLT, R‘ﬁﬁ’fﬁ"—"lﬁﬂﬁ WS AlLE T o R R RE LT,

BEt— 1 GEERUBESRODER)

W< 27D lipase® 2 LT Fig. 1 IZE# L TV\D la—e D —0A ¢ EREERIC X 0 BRIRAOI ISR
TONFENERTEER LIz, ZOFT lb—e DILAMITLL TS LN o7, Wa— la DILAHDS
FPseudomonas cepacia lipase & Lipase AMANO A6 IZ & > THENEITE AEERELEDT, D=
OEESRZERA L, la OIESEIZSIERE Lz,

RaR4N 1a : Ry=H, Ry;=Boc 1d : Rj=R,=Phthaloyl
AcO 1b: Rj=H, Ry=Ac 1le:R;=H, R,=H

lc: Ry=H, Ry=Z
(IR/S,2R/S)

Fig.1
BEt— 2 (Pseudomonas cepacia lipase =15 la DAEE B RED
Table 1IVURIHRIC, SUSHEREIRUYCSEMBEDELSH S, Pseudomonas cepacia lipase 2MiLoDESEE L




LT, FEICH L ORERMEEMBEOEESERICBVENHA L, ZOBRZERLT la DX
BN BRRETEIT o 72 (Schemel), 57" 2 % Boc {ERUT B F/ULEBEIZERKL., la 287 (19%). la
PEERNIETAEIZL Y, 3(48%) D-0Ac EEBIREICIVKAAEL, BMXFEME CEIENTEE, —F
6(50%)® bESICHEGTREN TE, ZOMERDIIH T L7 v~ NS 7{—2NELET, Hhtik
VEQ L THEIC T A THEICET A 7 a R Tholz, BRI 4 1EEE BT AEIIB/Lh, Z0Xk
SR A RIET 3512 DNP {L L THPLC THIE L=,

H, ZO7aERERNWT, 2IBRZIIL70< T T7(—-2NEL LW EERFIEZRELL.
50Kg DRGEGIEFHET L, BEERY e LTHETAERTE 2, 207/ tRIIRM Ik
ICET B EARFETHHENFER SN,

Table 1. Lipase-Catalyzed Hydrolyses of 1a

Lipase Lipase (mg)/Substrate(mg) Time Hydrolyzed alcohold 5%es® 8%es
Hr Conv.(%)?
Pseudomonas 0.1 30 48 >99 97
cepacia lipase
Lipase AMANO A6 0.1 173 33 94 67
Lipase AMANO A6 1.0 28 51 90 96
a) Determined by HPLC.
Jﬂ:gm L W 8O
—>~ L X1IR 2R) >99%e.e
1a(IRE2R/S) mmc m}gﬁm
IS,25)

(a3)(-BuOCO), OO, dioxane. (b)NEt3,Ac;0,2steps 79%a. (CWPSeudomonas cepacia lipase, INP= O \C
0.1M phosphate buffer, 3(48%0) and 6(50%0). ()HCL, dioxane,97%. (e)1INNaOHag,MeOHL
(OHQ), dioxane 2steps 92% (2)2,4-dinitrofluorobenzene,NBt;,CHCL,

Scheme 1
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Process Research for Levofloxacin
Koji Sato
Chemical Technology Research Laboratories, Daiichi Pharmaceutical Co., Ltd.,
1-16-13 Kitakasai, Edogawa-ku, Tokyo 134-8630

Levofloxacin (1), a potent anitibacterial agent on the market that exhibits potent activity against
Gram-positive and Gram-negative bacteria,'” possesses a methyl group at C-3 position with an
(S)-configuration of the oxazine ring. In this lecture, the process development for Levofloxacin (1) will be
reviewed. The recent approaches for exploring the second generation process also will be discussed.

LRT B %4 LU IVEX, )iE. 1993 FiC bl S hi tROOKEERRZ > ) 02 RERAEA
THhD, FANL, 1981 FIZ L ENTWB A7 BF% 2 (OFLX, 2)DREEMETHY . K215
DOHEFEEEZA LTV 3,

o) o)
F. COzH F. CO,H
| |
N N N N
Mel\(\/l 0\)\ Me@ O\/l\
Levofloxacin (1) Ofloxacin (2)

Levofloxacin JRERFEMEX I (CTFRAFLAHEX)Y

LVFX DEERBFIL, OFLX THOLNTWAMRRS/ UNU2EA L CHREG s R - L
2 TWe, TNEZI}, BREOKEARIEL LT, OFLX Bl e LTRIAIhTWARY
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Y. DR E XX S IRRERE LSRR L,

F. F.
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BICX > TREDEIRETHE L ERH LI £/ A IS ERATAT T I(LERER L,
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EORZHSENEL., BECPEREREOND L WVoFAZE LT, EIREA3R LV
EREALEITWE, FIT, IRAMBEIURT—LVT v 7OEZSOBR»D, TEMRIEZR
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F oH7 F F
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F NO,  NaH F NO, NOz  2) EMME
F 0 0
j “OTHP “/OH
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Process Development of Viracept®, a potent HIV protease inhibitor
Takashi Inaba,* Shoichi Sagawa, Hidetsura.Cho, Itsuo Uchida, Jun-ichi Haruta
Central Pharmaceutical Research Institute, Japan Tobacco, Inc.

1-1, Murasaki-cho Takatsuki Osaka, 569-1125, Japan

Abstract: Nelfinavir mesylate (Viracept®) was launched as an HIV protease inhibitor in 1997. This
medicine has complex structure possessing five asymmetric centers. In this meeting we present a highly
efficient process for nelfinavir, which includes usage of newly developed chiral C4 2-aminoalkanol unit 5)
derived from asymmetric aminolysis of meso epoxide (2). This process provides nelfinavir in 35-40% yield
from cis-2-butene-1,4-diol (1) via 9 steps.

ARG ATE, BAZIZZEETITOR: HIV 777 —FHEEK - X S ABERILT 4
TEN (Badk : EFET R OF ot AREEZBN TS, ARITAARITIEEL 7 /it
DOEFBRAFBIZ L > T 197 FEIZ EFH SNSRI THY . BETIHRKEPLE LEEHREEDE <
@I%Kﬁ%mmﬁénfwéu

X TN CAT I ) T a—LB)DER

?w74+t»&Am#5LétD T%@ﬁ@ﬁﬁ%&% IS FEMO~SLVE FaA Vx )
U 8o & 5T RDFZ 07 Cdunit Th B, mwtbu%/#/)x%ML7Ifw77 i
NoBRBICARTE 518, CMmmL%bfﬁﬁé@@ﬂbﬁ%nﬁkhﬁ%)?%%f6%%%

)

Bafe, 2 Tﬁ&iCanwﬁﬂ&L{#;ZZ77/14vf—w(1%ﬁ%bt”-%
OB, ) 1 BB RIMCARATTETHS S L. 1) 1 3B 4 FOEIEE(L AT s
R¥2RLTEY REREEETROLEN 2N L, i) 1 bBLNAAYTRFLF (2)
&7 I U CHRBRE TSR LML ISR T S ) T A — L () BELRA D Liv) S bz,
2 X T NVRREFE T T U F ARIRICHBR TE T — 22 2 SO REF L ORR STEELE
EZETERLHEFE LD Thot,

UG 20F FNIRNA ABMEFEET CTOT 2/ VS RE, 7 240 & AR O RIEMALASEE T
bhaneBbhik, LI585, 2 O_UPAT I VR L AERRG 2RO Ti(0--Pr; &
(9)-1,1-bi-2-naphthol DFEE T TiToiz & Z 5, MIBIZHBRISSEITT 5 & RISV FAESR
BB S, T72bb, 2% 0.5 mol% @ Ti(0-i-Pr)s & (9)-1,1-bi-2-naphthol DEFETF. T+
SHEDT=RFAT I @)THRE Lo L 25, 40 91%0D = F o F AR M CIRIE E RN E T4
biviz, 4ITEEMBITIZ L > T 5 ICEFE L 29),
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C4-Unit Nelfinavir Mesylate (Viracept®)
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H
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) BFyERO M 10 i Nelfinavir
2) Ac0 7 “OR KLOy KHCO,

O
8®=H), 9(R=Ac)

2. BORNVT L FEA~DOFE D

50T RIMFETRERI LB FNT A TENOEBRER LB 6 LT T L,
Bl e & IOV EIKBEESY A WL LT TIZ8E W, TOTE b= N TCRIEINE 2 2OKER
E2EHTAI0, 7I FELEEISNEBEKBEL 04XV Y VERRIEBED Th o7,
bbb, T% BFsEt:O CTAETHZLIZLY, BEMDO8HBERFRNETHELNDIZ L ZRHL
7o (8 REEMICIIER -, RISRTICEKEEREMZBZEICL>TTAFL (9) &
LTEROVHLE), ZZETOLIXY VY VEREFECZBREORGIZE>T, XIVT 4 FENVE
W7 I FUGBDOEAL b D= D>OKBEDRKJNET LcZ LiZid, KIZ, 9L 10%X% )
—NVECREA Y VAR EEL LTHNTRIGESER LRI OEEBTH L, ZhE2BRT 57K
1TT 11 %525 60~65%DINETED LN TEE, BEIRT==AFFEOHEATHBHN, =
DIRBICBWTIHEIHEE LAYV Y VERSHEE L LTOBEET L e o, 0ED,
KHCOsHFET., Wi FAT7 /) —NVEeMBATEIET T, 7=V FFEOEALLBIZT I FE
BEEL., 9 BRDNEBTRLT 4 FEARE LN, ZOFFY Y 2BEATHIEMEICL -
T, RVT4FEME 1 25 9 TR, 35-4UDINETCARTAEL 2ofe, BRROMETHo
C4-unit ® 2 DDARFEIE 0.5 mol% D (9)-1,1'-bi-2-naphthol IZ L > THIFES N TRY AT AT u<
b T 74—l & ARERRCIEERISE O TEMICEBRE . TERZVLEL L2WEETH S,
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Regeneration of innovation-oriented economy and Japanese fine chemical industry
Mitsuaki Komoto
Director, Fine Chemicals Office, Ministry of Economy, Trade and Industry
1-3-1, Kasumigaseki, Chiyoda-ku, Tokyo, Japan 100-8901

To vitalize Japanese economy, it is necessary to reform its innovation system. Especially, “The valley of
death” in the process of Japanese innovation system should be overcome through industry-university
co-operation. Also,“Regional innovation cluster” should be developed in view of speeding up of the innovation.

BOEERD, S o—rNWEBSIET 327 TT DT EEOEFAM EIC X 3BV ETLHY . B
LOWEBRBFICE b I TV5, 2 1HROEEVITEERY 20T B LVWEERICHIL> TS
EBEXLD, Thbid TRE) ALV DRRLT, HBPEE LN TOHROLERES > A
TOEWMETDHI LN, [ERHS) KBLRIDOENNBROBELED Z LIS,

xf B %5 X BMEI NI KEORFEF VAT A

KENE, 7 OFRBRIIMN BBESFRFRBIERT I P EXOERFHSFHER LW RECER
LTWe, fEEE R o kEiX. 8 OFRLIEDELZ (National Interest) & L CEEFDA 74
OYEXOEERSALEBRL, EEBRRBRLRESEEL Vo7,

% DEZEBITBUOR DEEREE L ik TAFTA R R UERERIC & 5 B EERE DR
FRE) Thofe, KERAEEZFLCHABEROERHENZFLRN LM E AL OEESR
FILRTIDD] LWIREEEFARL, TOERETN TEEFREKTH D, MOFTEHESRE
SILASELe & FHMICESAAMICL A - BF2EHMTIELY b, MAKE—BF2E AV H
TEOFBERERIC2 D, TMOFTEHE) IKEIC L > TERRSICELES D08 0L (HE)
& LTEDRERIEBED ORI, LY, BATYH MAFTEHE] 2EFREBBICIEX D2 5IE,
BADMAREE B THHE VAT AL UL L OEERNLERTRE 2B,

BWESTEET S ROR) ORR

KETIE, T2 (Invention) | & TEEHFES (Innovation) | & DRICIZ [FEDA (The Valley of
Death) | BHBLEDLNBZZ LNH B,

Ihid, WS CEMRBFSIERRESEFBRA L TERMEORRE (BH) B8ohktLTh, *
hz EBROBEEL (BFEF) WU TO L TN B TEES AM OREEREE TH 57 DIC,
ZL DEWRR ZORBTHELIHHEIN TS ([BOF) LoTWH3B) ZEixRLTWVS,
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2o TEER) X 2HEEEZENTEZ TLSMOERE,
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ETHMLIETHOZ LIIBD THPETH Y | BRLV ANV THEREFIIHB LRI LN TE
3 LixBEbhizy, BATIRA /R—va  ZBLT, &4 DEERNLALTO (SRELK) &2
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ZHLEBA»L, [ [ROATRI O-HOEEEHE) OEBEENRH LD TRMINDI LIS
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FERFAEEE AJ-9677 OEEDREHE
(R)-3-(2-aminopropyl)-7-benzyloxyindole MXFEHE=k 3 EH
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Synthesis of (R)-3-(2-Aminopropyl)-7-benzyloxyindole,

a Key Intermediate of Antidiabetic AJ-9677, via Optical Resolution
Masaya Ikunaka,” Yoshito Fujima,a Toru Inoue,” Keisuke Matsuyama,tl
Shiro Kato,” Hiroshi Harada,” and Akihito Fujii°
a) The 1st Laboratories, Research & Development Center, Nagase & Co., Ltd.,
2-2-3 Murotani, Nishi-ku, Kobe 651-2241
b) Chemistry Research Laboratories, Dainippon Pharmaceutical Co., Ltd.,
Enoki 33-94, Suita, Osaka 564-0053

(%)-3-(2-Aminopropyl)-7-benzyloxyindole, prepared from 7-benzyloxyindole in 59% yield, is resolved with
0,0’-di-p-toluoyl L-(2R,3R)-tartaric acid into its (R)-isomer, a key intermediate of AJ-9677, in 99.5% ee and
36% overall yield. The unwanted (S)-isomer can be reused in another round of resolution after it is
racemized by Raney Co treatment under a hydrogen atmosphere.

(R)-3-(2-aminopropyl)-7-benzyloxyindole (R)-1 . EEFRBAFE
ORERIFIE AT9677 2V OBEFMkCTHS, BAE & O M
LB W% Grignard REXFIAT B, ¥IFALT—NBECLVE Bno H
LTS, 2 UL, INRA EOEDHITIE, Epo & (RH1
TRISEITOLERDH B0, BELOHKNEL S 5 2I,
RISEETHBT I BBEESEETHH 5, g
£ LORMT. TRISEBLFREOMBICEE | T V\©/
Lk, RBBMEREFELACHREERE CH 3 ~ 2
7-benzyloxyindole 3> 3355 € IHDT I (1)1 FER L.
ThEXREFETHZILIZEY, B)-1 2B LERAE,
=T AELSBIORE L LB ()1 ODARITOVTHRET L7 (Scheme 1), 7-benzyloxyindole 3 @
Vilsmeier IGZ LY 3 EDFRN I NALRIToEIZ, = b= D= ra7 L F—AKGIC
LY, =baFvrzsr s 28k, ZORRKE. WTFRBHEFICINERR S #EITLE, 2D 5 I
LT, £F. NaBH4 I X VAL T7 4 VELOBTREITV, 6 218712, Raney Ni 12X 0 AKET
H5ZET, BRETHATEIGDOT IV (2)-1 ZINERBLBA - L HEE,
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BnO H BnO H

Bno H
999 59
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Scheme 1

(£)-1 DIFESENZFE L ORFEFEERINVR BERAWRE LIZE 2 A, 0,0 -dip-toluoyl tartaric
acid (DTTA) 2k Y “H=REL, KEHENRTEAHZENALNERY, £O L FEAWVWZEE
2. FTEDONEEMFEEZBL - LK, TLT, RESEUCL VB TATLVAY—HE T %
—EERRE LRI ESRL. BEINE 36% C.atFHECBMY (R)-1 #1572 (Scheme 2),

1.'2 L-DTTA

BnO BnO
(£)-1 (R)-1
(S)-1 41% overall yield : 36%
Raney C° 94.0% ee 99.5% ee

Scheme 2

T LM MEEOREIZIL, RESEIROAREREREO T Ik -BRAPEETH S,
FIT. (81 OFEI{ERIF LI, TORKER, KFEMET Raney Co ZIEAZED L., $hER
XTEIENETL, ZEIFKOTIVEFENRTESZ LAALNTRST,

PAEIZ X Y | 7-benzyloxyindole 3 % HFEEE & L. (R)-3-(2-aminopropyl)-7-benzyloxyindole (R)-1 %
ZCART 5. TRICESRT o AR LT,
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Synthesis without Protection : Total Synthesis of Optically Active Clavicipitic Acids
Utilyzing a Reaction of Free Amino Acid
Yuusaku Yokoyama, Hidemasa Hikawa, Masaharu Mitsuhashi,
Yasuhiro Hiroki, and Yasuoki Murakami
Faculty of Pharmaceutical Sciences, Toho University
2-2-1, Miyama, Funabashi, Chiba, 274-8510 Japan

The optically active clavicipitic acid , an ergot alkaloid, was synthesized by a three-step sequence
from 4-bromoindole (3). The reaction of 3 with dl-serine (2) in the presence of Ac.0 followed by
enzymatic kinetic resolution gave (§)-4-bromotryptophan [(S)-7]. The Heck reaction of (S)-7 with
1,1-dimethylallylalcohol (8) in aqueous media gave clavicipitic acid in one-pot.

REEZRAVDIZ LR LEREERTDIILIE, TR IR M —DOKERBED
—2Thb. FEFELIT, RRVOLERICBWTRE, BHERBEOTEREELZLTINE
TLUEANEXKIBRITEROEHELERL, BICFOBREBT, KEEBEL LEH LWEGHESRS
BREZRWELEOT, ZTOFEMIZ-OWTEHETS.

Clavicipitic Acid (5)#, L-Tryptophan (1)3 X U'DMAT (2) 2 fithe L TEARENS
EATNVHIaAL RTHBH, FLlL, 4-Bromoindole(3) & dl-Serine (4) H> 5T 3 TR TH
BEREH S DLARICRD L= (Scheme 1).

i Scheme 1
‘ Fig.1 902H
HN_»H i
| |

N N

H H N

‘ PMAT 3 e

cis-5: p-10H

4-Bromoindole (3) & di-Serine (4) % HE/KEFBATFTE TEFBEFMBAT B &, B&E N2%DINRT
B N-Acetyl-4-bromotryptophan(di-6) B bhiz. ZD di-6 275 —Fiz kL 3HERD
HEZENC L > TAGHELIEL T 5, KRE D (S) -4-Bromotryptophan[ (S) -7 & FER REY
? (R) -N-Acetyl-4-bromotryptophan[ (R) -6] S e FRGIZ Sk, LAbENER 47%, 49%D
HMINETHE LN, 5T, 3 & 4050 $ 5 2 TR TEF OILAERMEEE 2RI HiENT,
TNEN I0%LLEDINERTHD Z LIZRIH LI LiZ# B (Scheme 2). Z DA — ML,



Scheme 2
H3COCHN CO.H

Br
4, (CH3C0),0 in CH;COH Acylase
40°C, 6hthen80°C1.5h \ | 37°C, 3 days
H Enzymatic Kinetic
(an-6 Resolution

B4 DIFETEME Tryptophan FEEFOMESREL L TSAREERET T <, Tryptophan
DEARELN—FE LT, EREEE LTHWA Z L BHRI B TENELFETHS.

WUNT, KESIE S (S)-7 % 1,1-Dimethylallylalcohol (8) & /K¥EtER 7 4 L ELF TdH 5 TPPTS
DFEHET, Heck RIEZEITV, TOBRRINKE SOREFERIZ L > TEMEIZ L. ZORER, F
Rk L LTA U 4-Vinyl £ (9) X BRENZHAR L, 60%MDILR T Clavicipitic Acid(5) 5 X
7= (Scheme 3). ¥ RE Z LT, BMOEEMESEMET (K.CO;, 130 °C, 6h) THHIZ b1 DH
3, BohEsiI2<SEIbLTWALofz. TOERBRIE, KEEEAKIZLERTT
I BOTE ILEH AT APRERH BT L EREIRLTVS. . 20 Heck KIS
DMF D & 5 Z2EEBEEZ AV EREICITETE T, KBRPTOHETLE. TORKET
X, RISEDOBENT I JEEINVREFINVELRZFHE LR TH Heck RENRBIRMIZEITL
T2 LIZREMNET-ND. UL, HELLT AcONa Ok 5 2sEEE+AVWS L, 9 k&
{EBHNT N-Allyl F10) DHRBBLNZ. ZO#HKIZ, BEEEE2EXHET T, KSOBRE
EHIMTE 5 RICHEKREFEND.

Scheme 3

OH
=
- H 8 8
NGH ]

Br H 0.1 eq. Pd(OAc);
AcONa TPPTS

K,CO;, TPPTS
—_—

| - (S)-7 S0%aq ACOH. Clavicipitic
in H,0 in Hy0 40°C, 1.5h  Acids(5)
'l:ll 130°C, 6h 130°C, 6h 60% from (597
10,36 % N-Allylation

One-Pot Transformatin

No Rqacemization !!

Pk, Fxit, BEHET I BORGERVWIEEEY Clavicipitic Acids (5) DEITES

BICRRII LS, ZOWEDOBRBRTKEEEL L- Pd fMIC X 2 ERERRNLZEISE R
WEL, ELICABHEPTCOT I VBOTEI{LMHEISHRICOVTHRWELE., ZThbd
BRIT, TIBOXS RABHEEEWORIGIZBWTIEHABFCIWEETHLZ LER
LTW3.

*] Yokoyama, Y.; Hikawa, H.; Mitsuhashi, M.; Uyama, A.; Murakami, Y.; Tetrahedron Lett.,
1999, 40, 7803-7806.
*2  Yokoyama, Y.; Hikawa, H.; Murakami, Y., J. Chem. Soc., Perkin 1, 2001, 1431-1434
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Study on the preparation of a chiral aminofuranone derivative for antirheumatic agents
Youichi Matsumoto, Takeshi Murakami, Yuki Takuma
*) Business Development Department, API Business Division, API Corporation,
5-20, Yaesu 1-Choume, Chuo-ku, Tokyo 103-0028
**)API Laboratory Performance Products Research Center, Mitsubishi Chemical Corporation,
1000, Kamoshida-cho, Aoba-ku, Yokohama 227-8502

Optically active aminofuranone derivatives are intermediates for antirheumatic agents and the reported
preparation of chiral aminofuranone derivatives in which inefficient diasteromer-separation  and
epimerization by heavy metal were used. Our new synthetic route via the selective reduction of a chiral
enamine derivative and the direct cyclization of a dialkoxyaminoester derivative to a chiral
aminofuranone derivative, can provide the efficient production of
5-ethoxy-4-[(1R)-1-phenylethyl]aminodihydrofuran-2-one[(4S,5R) : (45,58)]=99.9 : 0.1]

HEBETAINAZTTI )75 ) VFEEL. A7 —afxr— 1 — BEREBERNENE
DERFERE LTERREADTHY ., DA F—ufFx— 1 — EBREBERELEWEIZ. VY
< FREEAH L LCEDBIE SN TNB Y,

BEIC, R L ICRTREERETARAAR ST I/ 75 ) VBB FENSE ShTns D,

Ph Ph Ph. Ph Ph
/) Oghv = N HN HN, ClCCOH  HNCLCCOH  HNCLCCOH
O‘CHO —_— r\& —_— —
0 EoH EO"N07T0 ooy ; & ; vgx
- EtoV 0 Eto¥ Yo7 O EoY o N0 EtO 0
1:1mix.
Ph Ph Ph Ph Ph
— re - - Y~ Y-
YTAUR-5E HNCLCCOMH  NaHCO, HN 1)SnCl, HN HN me HN, CICH,COH
o R g G- o W o Wi
Y.21% . o ;
E:o\“txo O™ o~ So INSHCOs g 0 ™ o0 V1% o 0”0
Y.65%
9:1mix.

X1 NEBET IV 77 VEHFEERFE
ZOBEFER, HERML LT b2 T7F 228V, (1) <A 7 HER. (2) OF
AT VvEv—5BE (3) TERAVRIEE VW) 3HODOTRICEY ., BFEEETASATZLT S
/77 VEEEERRETASLDOTHEN, HERHN THE b X275 )k, ZATTF—Ad
DR —ERBRBEC L >TEREINZ DY, BliTHY, TEMHCKEBIZHET Z0ORRET
HHZL, BEL—MPZL : 1DBRTHBLNIST AT LAv—0ORBIBRNH B0, {KIX
BRDBIE, VTATvAv—DT7E L, BRABEETHZZ L, =2 V(LI SnCl, 27



AT20TCESBRIOBRENBBEL 252 LY, TENRBEREL LTI, EANRLOT
BRVWEEZbNE, BREDIL. ZOL) RBELZMBRT 2D, ETAMORREOILEEEE
KT BEDIEITENIARES CRBTHEIF TN T =R TFAT IVERFRLET BT IVE
HE@E2ER L., FEFEEZRMLELE (K2),

b: S ¥ IARR-5 R Bik
Ph Ph Ph

TsOH -
HN>< COzEt  NaBHi-AcOH HN HN

‘2___‘ S‘SJ CHy COEt 1oy 0 _2~/COzEt 0%y 1) LB
? (€] ?
&0 Y=100% E‘°—20§§ =814  =© Y=72%

oEt OEt 5‘0@0

S/ R=64/36 S/R=99/1 transtk

(8) ©) (D)gis/ trans=92 /8 HEER/Y. 90%
¢is/ trans=99.9/0.1

(A)

X2 FSATIVT7TUHBARMEL—

e Rt U=ER, A) OBTKRIE NaBH,~AcOH R Tix., 4(DRFE LOSLEHECE L T,
S/R=64/36. BT a—NRT LTIk §/R14/26 LPREDOTT AT VAERIREEZ R L, EbHI
B—TI/BTAFABDIT AT LA—BAWEELREKIZD — MV UV ANVEVBREMA
BREIZLY, BELTAYT AT LAw—%2EBRAME L LT, XK 81%. S//99/1 T, HREETE
Tro  TEMICAFES 2 NaBH-AcOH R TETL., BMEL LT, OT AT VvA—%20BETS
ZlickY, BECEIAT IVECQ EARTEDIHEERNELE S,

5L DT EDOSEFHEIZOVWTIDXINT IVEEC) 2VT AT VABRRMICRET 5 KE
SRR Uiz, HaRELEER. (LA EB) 2L C) ORISR, MY 724 nEEER, 35%
HEE, OSURRERZR PR AVWVEBA TR, BRI O k. AR L2VD, BONBE T, EIREKT
Hofo, UL, T0%RY U VBERWSZ LT, WK 2%, cis/trans=92/8 L&Y T AT VA&
ROICBLESSETTAZ L2 RWE L, Bon4ARlE bz 208 e LTHWEER
S CRETAEICL Y., cis/trans=99.9/0.1 TERIE T 3{LAMD) D cisFEINERELN
BT L HHIB LT3,

EROL S ICHBERE LR, TENCAFFRETEMTHEI U7V ax VERT AT V2 H
REBL LT T IVHEEWEZRIFRLVEBNV— ML, REBEETAXALTX VT I/
75 ) UHEAEERANIOYRMICRIE TE D HEERWET I LR TER,
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Idea on Material Safety and Reaction Safety
Masamitsu TAMURA
Graduate School of Frontier Sciences, The University of Tokyo
7-3-1 Hong, Bunkyo-ku, Tokyo 113-0033

Abstract

Some ideas have been presented for safe handling of chemical substances and chemical
reactions in the chemical processes.  To carry out the safe handling of chemical processes,
it should be important first of all to understand all hazardous factors existing in the chemical
processes, second to evaluate their potential energy hazards against the hazardous factors,
third to evaluate their energy risks against the hazardous factors under their handling
conditions and finally, if necessary, to prepare adequate safety countermeasures.
Evaluation methods have also been shown for the potential emergy hazards of chemical
substances and chemical reactions.
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Micro Chemical Engineering —Key Point for Success —~

Kazuhiro Mae
Department of Chemical Engineering, Kyoto University, Sakyo-ku, Kyoto 606-8501, Japan

Recently, micro reactor is paid an attention as a new device having several advantages such as rapid mixing,
rapid heat exchange, rapid mass transfer and so on. Various distinct effects for producing chemicals has
been reported, but the reason is not made clear. In this paper, a key point for the transport of fluid in micro
space was clarified. And then, the possibility of micro-chemical processing was discussed by referring our
successful trials for micro mixing and micro methanol reformer. _
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Process Development of FK664: A Potent Cardiotonic Agent
Shunsuke Goto, Hiroyuki Tsuboi, Atsuo Yamanaka, Kouji Mukai, Kooji Kagara
Chemical Development Laboratories, Fujisawa Pharmaceutical Co. Ltd.,
1-6 Kashima 2-Chome, Yodogawa-ku, Osaka 532-8514

Process development of a potent cardiotonic agent FK664 is presented. Original process suffered from low
yield, disgusting by-products and tedious procedures. We have developed a new efficient procedure to
synthesize 6-substituted uracil skeleton. The complicated process to obtain iminouracil moiety was
substituted to simple direct condensation avoiding methylmercaptane. O-Et compound, the major impurity,
was transformed into N-Et compound via Hilbert-Johnson reaction.

FK664 i& Milrinone ICIEE S B FLOALHIE U THRENILEWMTH B, W5 VIV BRE K
DEIRKIG » (EIER « THEA, £ I /MERBICBLUTORAFIVA VAT R U FE, BERMT
A (VZFIVE, 0-ZF ) DEREALRE, ABERICIIEL DBEERESATOE,

Original Process for FK664
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B (N-HK) eTiih2E2 B Uiz, T CRICEIFIVERIGZTTS & 20%D 0-Et 4% 18%
F T N-Et {IcE L T L HHHKT,

’ BEIFL

[
|—Et~\ oet / o) / WOH o]
Me 2% Ete A Me 8% Hep Ay Me

N’N

M \

M
e KOH/DMSO (OHDMSO A L o
20% l Hilbert-Johnson Rxn. 10% 10% crystal out

PEOES &E&E@%*% EdETOBE 8. 490 5, 25kg fiAH CHEE 45%F ’cuzz%m:é@
2 L, BEk - REMICENHREEER T 5 T LAk, BRD B E&SEEIIC

L THIENS,
Ref. 1. Goto. Set. al. Chemistry Express, 1988, 3 ,211-214
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Simple and efficient esterification, amidation, thoesterification utilizing TsCl / imidazole reagent:
Its reactivity, mechanism, and application range
Kazunori Wakasugi, Tomonori Misaki, Jyuichchi Morita, Yoshinori Nishii, Yoo Tanabe
Department of Chemistry, School of Science and Technology, Kwansei Gakuin University, 2-1 Gakuen Sanda,
Hyogo 669-1337, Japan

We have developed an efficient method for the esterification, thioesterification between 1 : 1 mixture of
carboxylic acids and alcohols or thiols using a novel agent, p-toluenesulfonyl chloride (TsCl) /
N-methylimidazole. Related amide formation between carboxylic acids and amines also .proceeded. The
present method has several merits of high reactivity, availability and economy of the reagents, and
operational simplicity. Various types of carboxylic acids, alcohols, and thiols could be applied. This
speculation was rationally supported by a careful "H-NMR monitoring study.

HETOOINKABLTAI—N - 7 I - FA—AME PG BRI EET, BINET
TATME T IRl FAZRTNMMET ARG, 7o RMbBcB O CHERSICEELEETH
5. ZORMDIDEL OBEFIBBEINTEER, ZALIEEMTH -7/ 0 BIEEL /NERE
HTHSE ) TIRABFHRETHS. SbIZINbEM%Z DMAP RSHIZ V3 bOREL. &
¥, FA7Hik, Me,NSO,Cl/ Me,NR fESKIZHE LY.

SEHREBAT S TsCL (1) / N-2FNA IFY =)L (2) HAFNE, FIGHE - BVEM « B - 7 b
LT I-—TELIEND. BxOFRESHEL I Z &7%<, N-Boc 7 2/ BOT AT ULIE
WTHTEIEEST<K I L EIT L. £, 1BAFAIAARIABEEREEDT
ATME, FAZZATMEBTRET, PLRus FEEAIZI LAY Vb BINRTARTER. 8
Bo7 I MebRERETLE.

RICHBZRLLL 25, 'THNMR TE=# Y U 7 LTHRRERSEE. +4bb, KiSH
DE “TINT V=g hhEGS 2EBLTNEEEILNS. ILRZAD ofdFa k
YDTIANYT EBINROBFEE L UTIIERICERBICU 7 b (6=3.66) LTRY, 70
BORIGHEEBMHT TS, T2bb, MAFALIFY—L Q) ik, BEEALTIATLE
=Y LHREES OO —H>DRB 2B - TIN5,

5254 5274
TsClI (1 n-Oct)OH 6
/\CCOZH ™ /\CCO:TS _2- /-\(/'CON/\\N.‘;Me ¢ ) _~_-COz(n-Oct)
Ph Ph Ph \—/ -OTs" Ph
3 N7 N-Me 4 § 7

+
2-HClI

2



NA ~Me
i) TsCI (1; 1.2 equiv), \—/ (2; 3.0 equiv)
1 CH;CN 0-5°C, 30 min

R'COH R'CO,R?

ii) R2OH (1.0 equiv) / CH;CN
0-5°C,2h

R!COH R*0H Yield/% R'COH R’0H Yield/%

coH
pi ™~ COH gl O/ Y
OH

3 6 93 87"
NHCbz
< CoH  MeOH gg»
?bz
Eto\(\/\/\ori N.wCOH
s} 82 \/_> MeOH 919
OTRS,,
/}?LCOZH
N
Cl o \l t A
\/\/\/\OH 95 CO,'Bu o oH 95a)
o)
CO,H
i O >=~“% // 4
AN 919 oH 912

a) 1i)20-25°Cfor2h.
b) in CH,Cl, i) -40 - -35 °C for 30 min and ii) 40 - -35 "C for2h. In all examples, >99% ee by HPLC analyses

PN\ -Me
i) TsCl (1; 1.2 equiv), \—/ (2; 3.0 equiv)
1 CHCN 0-5°C, 30 min
i) R¥SH (1.0 equiv) / CH3CN

0-5°C.2h 11 examples; 87-94%

R'COH R'COSR?

4\N-Me
i) TsCI (1; 1.2 equiv), \—/ (2; 3.0 equiv)

1 CHCN 0-5°C,30min s
R'COH R'CONR?R
ii) RZR®NH (1.0 equiv) / CH,CN

0-5°C,2h 10 examples; 91-95%

1) Tetrahedron Lett., 2001, 42, 7427.  Tetrahedron, in press.
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Efficient method for the silylation of alcohols
using silazanes / cat. pyridinium trifrate
Tomonori Misaki, Akira lida, Yoo Tanabe

Depatment of Chemistry, School of Science and Te}:hnologg', II(?\Ea7nsel Gakuin University, 2-1 Gakuen, Sanda, Hyogo,
apan 605~

Silylation of alcohols is one of the most reliable protecting method in organic syntheses. In spite of a well established
method, there still remain some problems in the silylation against sterically hindered alcohols under mild conditions. Now,
we report an efficient and powerful silylation ractions (TMS, TES, TBS, TIPS, TBDPS) using silazanes / cat. pyridinium
triflate under very mild conditions. 'We also researched the structure - reactivity relationship of silazanes during the present
silylations. Thus we found that the benzanilide type silazane (Si-BEZA) is a very excellent silylation for sterically
hindered and functionalized alcohols.

Table 1

acobal + O’?RO, CCEPHIOT e VY NVEITRBEETE BABEDRELED—
ey R asorol carlea) sov.  wmprc tmema  seyea(x) “2& LCTIHAINTWA. AR UREIShiE AL
: T Qoo wom oz o6 on ThHN RECGARASTABE~DER
P O TS TG VNVEDEANEEETHS = LR, @Biediss

s otors SX 0w & o DEINFENDH DR EORENRShTWS. =
Comes YR e W s @ ow SVRBERARRT B0, HROL T L
TS A 01 T 3 w ® flgsER D PyH' - OTE & AV \ B 3hR972 3V ULk
ZRH Ui, B, PyH' - OTF Al % vV v CRiERD
VTV THRE LIEEOTEBIE T RER, FLS U {3 SBEZA (silyl-benzanilide) % B4 L7=. S-BEZA
RENE ST THIEHEAES, PyH' - OTERMIEL 350\ CHID CISHE S B 7o, Mot -CILD
BT UL ERAES CREBIIEIZT S 2 LAHSS.  SHBEZA & PyH' - OTElES FV =7 /1
A=NDV YV MUIFERBENTRY, BREEEFOTAa—AR, 3 TAa—AREOREIZEESNT
VI=ZH LTH, BRMRSEM THAIC TMS, TES, TBS, TIPS (tiisopropylsilyl) & 7%, TBDPS
(tert-butyldiphenylsilyl) (LS Z & &R L Y (Table 1). ZD Y MERIORE O EISHEDORR & LT,
SFBEZA DBAFHNARREIRA 37— MUER-TWEEH, VUNEEZTAI— UGS 5 Lick
WRERT I NENRS S &4 288 TV 3729 T D LEXTWA. 1Y, SEBEZA 1L, Zheagss
T/ YNE—TADERITHISATEDZ L 28ELTVB 2. F7, PyH' - OTHAll & ERIDAME
HDT T=Y L DPAT HHUBTOOHNKRLERL TAa— /M X BTRF ML, RO, [ EHESROT L
TN W R T AR CERN A Ch 5 = & b LT3 Y,
SiBEZA / cat. PyH" « OTfIED Y Y MUBENZFR~B =012, BHE, B0 Y MEBEE LCOREShT




WBY YN RY T T— M 26NF AL BT . HBORDIZ, VFa—ARY o7 VY —ND
TIPS (LBl ARGHEEY, RRGOEEEE 7oy bFAZLIZEYRLE (Figs. 1and2). B, UV
MY 75—}, 26-VFUUEL, Y SFAOIERCERShTWA LB, 26-VFV 25 BT, V7
oo AR UUEERVE. Y e —A0 TIPS {bOSATINEAE B LT DMF B RV . & ) LA
DYUENY, HBOHELLY 1.5 YRIchHix, FONEEbRIRIC L.

Fig. 1 Fig.2
100 100
90 A 80 ?
80 80
w 10 = 10
~ 60 )
g s £ s
§ 0 é 4
30} 30
20 20
10 10
0 ol
[} H 4 [ 8 10 12 14 0 20 40 60 80 100 120
time / h time / min
m- ) “*‘ N mﬂ:fn cat. Py/“fh'F vr.r‘ s; :.:z oquiv ) | ‘"l 175 - CC“ N p,,/ﬁ::sm cat. Py/ﬂm o‘r’r' z; ;z cquiv ) OTEPS
( 1.5 equiv ) (1.5 equiv)
A= *’VT\" . F’“"g"m"’s M w CCH . F;C-ESE-O"PS /Q\ (28 eaiv) oTiPs
- /0F, 50C A - W‘s’m /0ifl; . 25 °C
(L5 equiv) (1.5 oquiv )

Y Fo—A 0 TIPS {CEEDHEORER, S-BEZA/PyH' « OTffliERiL, YUY 75 —b /1260
SRR, HEB R B CIRT HISE REEIC R B DI, PREEEIROCE o703, B TRk’ L
Y, RiHaAS 14 BSRHE, 1R TIPS {LASET L % 97 %O BN CA 5 Z L SR —7,
SYNRYTT— MEL, BROBEBEENR 0% T, KREUSD Y Fe—/1 6 %A EIL &hiz (Fig 1).

0-7 LY =D TIPS (LTI, Si-BEZA 1T, UV Y 75— MECHAAEREMIRBOT—BLTH>T
WeFig.2). BED LS, YFa—AD TIPS ERTY, o7 LY/ —AD TIPS {UIRNT, YINRYTT—
MEZFRRSEE T> TV Z Lot

Si-BEZA/ cat PyH' - OTfiL, &b 5 bARMMBES TRV RN TVRERITH D, BAREHTHHIC

AT T A a—NE Y IIVHHES Z E Aot

Reference

1) Misaki, T.; Kurihara, M_; Tanabe, Y. Chem. Commun. 2001, 2478. 2) Tanabe, Y.; Misaki, T.; Kurihara, M.;
Tida, A. Chem. Commun. 2002, 1628. 3) Wakasugi, K.; Misaki, T.; Yamada, K. Tanabe, Y. Tetrahedron Lett.
2000, 41, 5249.
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Silazanes / catalytic bases : Mild, powerful and chemoselective agents for the preparation of
enol silyl ethers from ketones and aldehydes.
Akira Jida, Tomonori Misaki, and Yoo Tanabe
Department of Chemistry, School of Science and Technology, Kwansei Gakuin University, 2-1 Gakuen Sanda,
Hyogo 669-1337, Japan

Enol silyl ethers are widely employed as reactive precursors for carbonyl compounds in a wide range of
organic syntheses. We have developed a new type of mild, practical, chemoselective method for preparing
various enol silyl ethers from ketones and aldehydes using neutral silazanes and catalytic bases, wherein,
NaH catalyst was used for ketones and DBU catalyst was used for aldehydes. DBU catalyst selectively
converted 1-octanal into the desired enol silyl ethers even in the presence of 2-octanone. This is the first

protocol using catalytic bases, and has some advantages compared with the conventional ones.

T/ =N Y vx—F Vit Aldol £H10 - Diels-Alder K72 PICA SN 3R ICEEL SR DE
BTHD. =) —AVYNTZ—FUE—RETIEST b - TATE P LEERISSIGEET, 7
Ra 7 REREEERENS. ZOBE, (a) 73V, 30T (b) LDA R ¥ OBERL Y
BUERWSIFENAVNLNG. ML b T TIREL LIEFETIESH AR, fiEcirzons Sy
RTIVEBRESLEL LER - ERBLET S L0 O MER, %5 TiEMiz LDA OERCE
BREETZLVHIDOT, WTFhHEREOL AL FTENIC bREABShTRY, ZAMNA
T/ NV I NE—TANDEREDHELIIEREND 5.

)Ok, TMSC EtsN QTMS (8)
R, + |+ - a
Rq 2 12eq. 2‘43eq. DMF, reflux, 4 ~ 60 h R,/‘\’R?-
~ excess ~excess
+ TMSCI + LDA - (b)
15eq. 1.5eq. THF or DME , - 78 °C

SE, TRERBBESCARTED VTV U /EEMBETOS FY - PAFE R bT )L
YNVZ=T N OFEICBMTRARDROESREE R LEY. 77 F o OBE. DMF £7-13>7 o
NEY TR, TP CN-AFAPY AFALYATE RT IR (MSA) % 8BS D NaH
(0.05eq) ZIEMSEI L ENETEMNYEBONDZ LB hor.



(0]
o OTBS cat. NaH (0.05 eq.) OTMS (or TBS)
R1)J\/R2 + )L[NTMS or /g > 12 R?
Ve NTBS / DMF or Cyclohexane R
rt~60°C 72-96% 14 examples

LML, TVFe ROBEE, HEL LT NaH 2HVWA L EARETLENHEZEBEZ LN TE
hot. FLCHEBENEEEEORWELOT IVERMNLE-ER DBU 2AWVWS LEINERTH
BORSBEITTAZ LR R LE. 5 ¥ & LTIITMS{LIZIZMSA # TBS{L 21X TBS-BEZA?
A=,

o /l?\ oTBS \ cat. DBU (0.05 eq.) OTMS (or TBS )
WNR * 7 NTMs (o \Nw@ - AR
te / / DMF or Cyclohexane H
rt~60°C 70 - 86% 12 examples

(TBS-BEZA)

ZOFRT ) =NV YN —FVERBREREICESRT T ) = rIaneEXbhS. $72
bbb, BEELIIATOREVEEZMERICHIE TE, Bfor7 oo Iy 2AVWTERR, =
BISEWEE, FHISEVWERETITY ZERFRERTHS. £, RICORLEII~FY HH, K
DA L IFEFICHEICRS.

BISEsHE L LTI, MEBOBEEICLI VALY P HAWWETATE RO ) T— 8, V7
PoNnbLINER NS TIL, FZTELRET I R7T =4 VBRBUOINVA=ALDOE) F—E
RETRLEVWHIMMBY A INTHBLEEZONS.

cat. NaH fo)

t.mbBU H, )L NTMS
. [}
e N S > O L Me ,  oms
R1)k/R \‘ - R1)\JR2 R1)\JR2

(o)

/U\NHMe 0

X5IZHEH B I LT, DBU 2t LIRS, ¥ P REBETTATE Rox ) —Ad Y v
T—FLDHEEBIENTEE. LY, TALFE FOLRERESBROICERTES.

lo] 0 (o] cat. DBU (0.05 eq.) (o] + OTMS
A~~~ T H‘K/\/\/ + /l‘u-ng p—— A~~~ H/\:f\/\/
' 100% ~100%
(1.0eq) (1.0eq) (1.5eq.) (recovered)
(0] (0] 0 (o] OTMS
cat. DBU (0.05 eq.
(1.5 eq.) I DMF . 60 °C 67%
References

1) Tanabe, Y.; Misaki, T.; Kurihara, M.; lida, A.; Nishii, Y.; Chem. Commun, 2002, 1628.
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The Development of a Large-Scale Synthesis of a Novel Elastase Inhibitor, AE-3763
Yasunao Inoue”, Tomoki Omodani ", Ryotaro Shiratake !, Koji Okano"', Fuminori Sato’’,
Tomohiko Ueda™, Yozo Fukuda®™, Daijiro Hayashi™
"Chemistry Research Laboratories, Dainippon Pharmaceutical Co., Ltd., Enoki 33-94, Suita, Osaka,
564-0053, Japan, “Pharmacokinetics & Physico-Chemical Property Research Laboratories, Dainippon
Pharmaceutical Co., Ltd., Enoki 33-94, Suita, Osaka, 564-0053, Japan, “Research & Development
Department, Hamari Chemicals, Ltd., 4-29 1-Chome, Kunijima, Higashiyodogawa-ku, Osaka,
533-0024, Japan

An efficient nine-step synthesis of AE-3763, a highly water-soluble elastase inhibitor, has been
developed with a chromatography-free process for a multikilogram-scale pilot-plant production, which
highlights a novel and efficient installation of the requisite chiral trifluoromethyl amino alcohol.

B MFFRT TR —ERFFCBRICELIBEEFCHEL TV LBMbNATEY, £
DIREAIZIZOBBRECFERBRELRVEDILEZDLND, Bt &0 biITAMEHORE
BEEFRIC, BARRETEREKBELSEEEREFAORREZ BN L L TRERELZIT-
TR, EROETOHRSEIMRERLEME UTAE37632 R LT,

o oj:r(
N__N N
PSS OQFNI,(C'%
(0}
(o} H o

AE-3763
IC50: 24 nM
solubility (H,0): > 1000mg/mL

FEEYMDOTHEETTERARAREORIIL., TTIERF— LV TERTRLEEIN I ARES
KEREVSAVTHEILL, SM By PRAY—ATOEIEERER T, EEE~BITLIY>LT3D
DTHD, TOBRBRTHEDOECLLITRIZONT, thOSRELESHREL BRI 21TV, BE/SA
2y hRAF—LVTCOREEREIT- -, _

ZDYA 7 NVEAEITBAEDEIERTITIEIZL Y, Scheme NIRRT TEMICERKETTEE2E
BIEZ LT DILE o, AREKRTIREZOHEMICONTHRRSB,



Scheme 1

ZCl
H N OH
o NaCH
1 toluene-H,0
98%

TsOH Hzf\xr %\ \/(rcps
o dN
OH

6

>LJ.L,N/—\N\)OL\/<(@\I(
(0] \g/ ﬂ I ” OCF;,

8

(CHO),

1y TMS-CFy
o 0 CsF / THF
TsOH - H,0 \ﬁfo
OJL,‘I(OH o™ N
H o toluene -0 2) Zn(BH,), / tBuOMe
) 80°C 3 3) K,CO3/MeOH-H,0
91%
7%
H Boc-Val-Pro-CH
2
EDC - HC o
Pd-C HOBt >LOJLNj:n/%\ IrCF TSOH - H,0
H . 3
DMF DMF °© o N I, AcOEt
87% (2 steps) 5 80%
O —/~ O
AN N K, DMSO
° o — o ClLACOH
EDC - HCI
XO&NYNJEI(@\NIrCFa EDC -HCI
HOB - H,0 o © O H u At
pyridine 7
90%
TFA o N 9
Ho/"\’N*n’N\/'LN\gj%A j:‘(cr
toluene o H o ¢ ﬁ X 3
59% (2 steps)

AE-3763

21N 28.5%




Z T hA-Wittig- M ARF = R % LRIG—BEZEY Ph,P (0) OFZTER —
GRKE: - 38) OB, ATEX. MEKEE. RSER

Tandem-Wittig-Catalytic Asymmetric Epoxidation Reaction—Reuse Waste Ph;P(O) as Worth—
OShigeki Matsunaga, Tomofumi Kinoshita, Shigemitsu Okada, and Masakatsu Shibasaki* .
Graduate School of Pharmaceutical Sciences, the University of Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo,
113-0033, Japan

Abstract: Tandem-Wittig-catalytic asymmetric epoxidation reaction was performed using Sm-(S)-Hs-
BINOL complex and pyrroloylmethylenetriphenylphosphorane (ylide 2). When Wittig and epoxidation
were perfomed stepwisely, epoxide was obtained only in low ee. On the other hand, epoxide was obtained
in excellent ees (96->99% ee) when Wittig and the epoxidation reactions were performed sequentially in
one vessel. PhP;(0), produced in the first Wittig reaction, had beneficial effects on the reactivity and
selectivity of the second catalytic asymmetric epoxidation reaction.

BREBRILEIBWTHIREZ2IMET 2546, BHHONRBOLBIRME 2 LT TRL. BH
WMEB/BIBEOT bahxa) I -l bERICVN TRANICEMETISLERD B, Flid Wittig
FISIEANR=NBEEA ) FERIGEERFB-RE_EFCLPEATEIENLERISEE LT, B
ETCHLEBERIEZIIBOWTHEICFERENTWS, LALARRL, Wittig KISIEREOEST
ICHEWLREOICBRBEDOERY (BEY) LLTRRT 4 VIF Y FRELDED, T hax
I I-DBRRPOIIBOTRELBERETAELERIETLH D, ek, Vittig RIGDOFH
BAEEZEMLSD, ORI bz )/ I —0RBEAREETHIEEL LT, Vittig s
LB & RF-RE_ERS ~OAMEIEER—BBANICT—EIZITWV., HEBYH (FXT7 4
YAXRYR) EZFEBOMMERIEBNTENRENF L LTHARATAZ L 25E L,

B4 T CREFELBETNVAXVF-F7 b= E2ERLE, BFRARRE-RRX_ERES
DOEHREFRF ANERIEDOBERICEII LTS |, ARSICEBN T, BRI LTHRR7
A VFRVFHINNETA XU REMAD I & CTHEEOREENRA L L., RIS, BiRHE
DORBERBLBNBERSNAL TS 192 ZZ T, Scheme 1 IZRT# 7 h-Wittig- A RF =

ﬂ-\’ 3-\' v ﬂ: ﬁ Fﬁ_‘ ’& 2 Scheme 1. Concept for reusing PhaP(O) in tandem Wittig-Catalytic Asymmetric Epoxidation
Ry bTfIFxE. 1 Catalytic Asymmetric Epoxidation

s - o a cat. Ln-catalyst
FHD Wittig RISIC ACHO + Ph3P§/u\|\® Wittig [R/\)L,\@
1 2\ 3w
US

(e}
(¢]
peroxide /\/u\
LVERLERRT AN,

4
effective additive

AVFXFVNEI2H PhsP(0) =
E D ﬁﬁ t(% E‘J /T‘. % x ﬂf PhaP=01s 1) a stoichiometric amount of waste from Wittig reaction.
__*‘_ % “: ﬁ FE. ‘, 13 WwT 2) an useful additve for epoxidation using Ln-catalyst.

A A

ShREVRIMNANE L THET 20O TId W h e B X,

FRET ) CORGHE, Boh3zR®Fy FEORAE., 41V FORERERZRICAN, T
v r—/EARDAY K (2) ERAWAZEELE, FR&EY YL v 3 ORSHIZT
VZHBEHEL . ERBFOT UM e — VISR EEETRIERITITA AT AT VEM
ETHD. #rT r-Vittig-EHTEFT R O FHORFNLE LT, ErYALT )V 3a %
AWz REMRIEORE(LEIToTe, HEETNVaFL FER ) —=U LR,
Sm(0-i-Pr); b o & b LVVERE S X, Sm(0-i-Pr); 5mol %, BINOL 5 mol %. PhsP(0) 100 mol %
FETT R X LT ERLHITEST L7z (Table 1, entry 1:y.93%, 93% ee), Ph,P(0) ZIRAN LA
WEBAIZIE, BIREOKIBRIETARD B (entry 2 : 63% ee), FKIGEEE%S THF/toluene &
BRIEEXT-BETHRIFRERENEB LN (entry 3 : 96% ee) ZDHEREITF VFARIEEIT
5 LT, Vittig RISICBIABEEBROE2 52500 ThH5, FHEMFICEHL B KRS



é’ Emk’. ,%'-" % Hs" Table 1. Catalytic Asymmetric Epoxidation Reaction of Pyrrolylenone.

1Ay~ (S)igand (5 mol % oxidant
ENOL ERIES i s’ﬁ)w‘”'”)s (5 mol '%)') ol TBHP: tert-BuOOH
glZbo &L HEW x> ,\@ oxidant (1.5 equiv) . N :
BIRM L D w = MseA solvent, tt, time . Q CMHP: Ph}—oon
a a
ER 7= (entry
4:99% ee). Zh entry ':f,‘,fg(,%) ligand  oxidant Tﬁg}‘ﬁg}m time (min) yield(%) ee(%) leand
: o =

it Sm-Hs-BINOL 8% ! 100 BINOL TBHP  THF only 20 03 93 OO oM ‘O oM

2 0 BINOL TBHP  THF only 35 94 63 OH OH
k& SmwBINOL #8 5 100 BINOL TBHP n 20 96 9 GO ‘O
LB s 4 100  Hg-BINOL  TBHP in 10 97 99 .

5 100  HgBINOL CMHP n 10 9 >99 (SFBINOL  (S)-HgBINOL

(bite angle) @
EZZEALTWBRLEEZTWS, BR{EAE LT tert-BuOOH(TBHP) LASMZ & iBF M DIEVY cumene
hydroperoxide (CMHP) H{ERAFHETH V. BV BFREIZ TERW % 5 X 7= (entry 5 : >99% ee),

UEDFHRABRE S LIZF T A-Wittig- AN AREFT L R¥ MbRIE#1To 72, toluene H

Wlttlg ﬁ ;,'E; ig 'fT Table 2. Sequential Wittig-Catalytic Asymmetric Epoxidation Reaction.

P Catalytic A tric Epoxidati
ngf&fé;m?ﬁ% 2 O S BINOL G o7
— N H . (E D (Wittig Reaction) [ R/\i I\O
toluene ==

Sm(O-Pr); (5 mol %) /ig)?\
THF ':F' ‘: T%ﬁﬂ L oxidant (1.5 equiv) N 'S

= RT PPh toluene:THF = 1:1
72 Sm I'jlje BINO[:_ % 2 temp, time (1) 3 1, time (2) 4
ﬂ: % %& nj— 5 & aldehyde (Wittig Reaction) (Epoxidation)
THEHARF TR ety
% UALRIS 217 (R) temp (°C) time (1)(h)  oxidant time (2) (min) yield(%)® ee(%)
7 g - % ?L'?Eﬁg 1 CgHg 100 48 CMHP 30 96 >99
S =) ;':‘5,_ 2*  CgHs - - CMHP 45 87 75
RIS ABICEST 3 p-Me-CeHe 100 48 CMHP 60 82 %9
L7 3, Table 2 4 p-CrCgHys- 100 24 CMHP 30 86 >99
SRR 5  2-naphthyl- 100 48 CMHP 60 82 99
&“'Tiﬁ Dﬁ &1 6  1-naphthyl- 100 48 CMHP 30 85 99
TNVTERDPLER 7 CgHsCH,CHy 100 17 CMHP 20 76 98
ggﬁﬁﬁ _?v = 8  PMBOCH,CH,- 80 24 CMHP 30 91 o7
RIIZTRF 9  CHp=CH(CHp)s 100 25 CMHP 30 82 96
S A4 b e 10 trans-CHy(CHp),CH=CH- 100 48 CMHP 120 55 99
P S Z
HL7, entry 2 11 CHyC(O)CH,CHy- 80 36 CMHP 30 93 96
-0
(: ﬁ'\'"g" J: 5 iz . v° ? isolated yield (2 steps). b3 was used after purification. Yield for epoxidation alone (1 step) is shown.

ny)x) v 3a HEFRL, X488 PhPO)EFETICZRF IR IToEBEITEFTE
INBRKESIETTAZ 06 (entry 1 D99% ee vs entry 2: 75% ee). KZ T LARIGDE.
AL TH S, /-, Scheme 2 ITRTIXHIIC, RFEESETATE FEZEBHE LEZEKZ
bEGIIZIEEERMEa bo— VT THITL, BEFRYT AT UAEIRME (R-cat:>99/1,
S-cat: U%)Lféﬁ%%ﬁxtoIf#/h7b%7v»tn~W%®E%§Zm%ﬁTﬁ
FEERIRNAVRIY S —NADT7 57 A FERBERLTREY HbdTHRET S,

Scheme 2. Tandem Wittig-Catalytic Epoxidation Reaction with Chiral Substrate. (R)-Hg-BINOL (5 mol %) ><
Sm(O0-i-Pr)3 (5 mol %) o~ 0 0

0 CMHP (1.5 equiv) Bno 3 _ <P
X ")Lh@ X toluene:THF = 1:1 R '\S
0 PPhy = o 0 (o] it, 40 min y.80%, dr: >99/1 =

Q & H
B"O\)\:/CHO toluene BnO\)\/\)L,S (S)-H

-BINOL (5 mol %)
5 65°C, 36 h 6 Sm(O-Pr)q (5 mol %) ><o
TBHP (2.2 equiv) 0 o
toluene:THF = 1:1 BnO &N
. N\
t, 40 min 8 \Q
y.79%, dr: 1/36

[3C#R] 1a) Review: Nemoto, T.; Ohshima, T.; Shibasaki, M. J. Synth. Org. Chem. Jpn. 2002, 60, 94. b)
Bougauchi, M.; Watanabe, S.; Arai, T.; Sasai, H.; Shibasaki, M. J. Am. Chem. Soc. 1997, 119, 2329. c)
Nemoto, T.; Ohshima, T.; Shibasaki, M. J. Am. Chem. Soc. 2001, 123, 2725. 2) Daikai, K.; Kamaura, M.;
Inanaga, J. Tetrahedron Lett. 1998, 39, 7321. 3) Kinoshita, T.; Okada, S.; Matsunaga, S.; Shibasaki, M.
submitted for publication.
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A Novel Synthesis of Biotin via Strecker Reaction
Yoshikazu Mori and Masahiko Seki
Process Chemistry Research Laboratories, Tanabe Seiyaku Co., Ltd.
3-16-89, Kashima, Yodogawa-ku, Osaka 532-8505

Thiazolidine-4-carbaldehyde derivative 8 obtained from L-cysteine 3 was converted to the corresponding
imine and was allowed to react with trimethylsilyl cyanide to give syn-o-amino nitrile 9 stereoselectively.
The compound 9 was amidated and subsequently cyclized to give imidazo[1,5-c]thiazolidine derivative 11.
Reductive cleavage of the carbon-sulfur bond of 11, hydrolysis, followed by cyclization provided thiolactone
2, a key intermediate for biotin (1).

4 F U I3BAECRA X I VAR E LTHEEZED  BEERN 80 t TEAEIN
T3, e, BEBCF AT 7 b 2 LHEMAE 4 LOBUI TV VY IRBICE Y 4 Lg%
BALPEEK 5 2B TCEIRCELFY (1) BERTEBRZILERELTWVWS ', LirL, F4
T by 2 OTEMBEL LTHOWLRTWALDRNXESBISHDRNR T o X 28R, £
DHEAHMELRBEB EEN TV, Bxid. AFBSRL-VATFA Y 3 2HEDIZAWSF
A7 b 2 OBBALFHRARELZHRE TELOTHRETS S

X ]
HN NH BN NBn HaoN o)
/\—) & ( OH
s” " N""cosH s~ O SH
1 2 3
o)
BnN~ “NBn
CO,Et 3\
|Zn/\/\/ 2 O__\/\/
CO,Et
S 2!
4 5

EFP 3 ENS-TEI—NBE. BRTTHZLICEY . B-TI /) TAa—E 6 2187 (96%),
6 27 /) RUAINK=NMELTL L Z 5, B LN ORISHET L, SEMICE—RH—/ 2
— MK 7 2887 (86%), RWT, 7 %S0,py TBLTAZLIZXY, FETBa-TI/TALF
BNk 8 RERERELTEDRZILNTERE (92%), 8 ITELHF 25— —T X AABEET



BoNH, & RIS SRS T DA I L LiztE, TMSCN (RUSERB Z &Ic kY., syn/anti=2:1 DB

RETa-TI/ =P IWE 9 ~LEHTHZENTE (quant. ), 9 OBRILKEIGIEY Strecker

FIED =S Ui hro 7z, L L. Katriztky D H,0,, K,C0,, DMSO Z VB FHETT I KL (60%) .
BRIERISEITo1L 2 A, BRMEAEY 11 2BHZ LB TE (60%), 11 D C-S FELEHAR

EFRAVWCETAICHEE. 7I FEMASETAIZLICED 12 2B LB TEE 87912 %

DCC, p-TsOH. py T L/ & 25, B L2V RALEARBEZD, F477 b 2 2852

EMTETZ(15%),

OPh OPh
Ph Pl
h"', /KO Ph’g o
ab NH
3 —» z L . N d /N
s\/\/OH S\/\/OH - S 2
N~"cHo
6 7 8
OPh OPh o)
Ph, 0 Ph, P
e ‘ f A (o] %

_—° . N N g N Nen
S~ NHBn N NHBn %
\/\f CONH,

CN CONH,
9 10 1

> BnN NBn i 2
§ COLH
SH
12

a: PhCHO ,H,0, EtOH, 96%; b: (i) SOClp, EtOH (i) Ca(BHj)2, EtOH, quant.; ¢: CICO2Ph, NaaCO3, THF, Hp0,
86%; d: SO3-py, DMSO, 92%; e: BaNH,, TMSCN, quant.; f: HoOp, K2CO3, DMSO, 60%; g: 100°C, 2 h, 60%;
h: (i) Zn, AcOH, (ii) HCl, AcOH, 100°C, 87%; I DCC, p-TsOH, pyridine, 75%.

Pl L-YRTFAL U NOERBICBOND -7 I/ 7ATE RiE 8 D Strecker RIS 2 EEIHIZ
AW, €3F 08 FBETHEIFAS7 b 2 #9TR, BNKRI18HTEIZLNTEL,

{tEH 1 BIV 12 Z9EEICHAVS 2 DGR Merck FHIZ X W BE I N TV H 283 Kk
T 1M ~LEZTENRERY, BRRRSERETAFESRRELANTERTE D,
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Efficient Synthesis of Quinazoline Derivatives Using Carbon Dioxide

Takumi Mizuno
Osaka Municipal Technical Research Institute, 1-6-50, Morinomiya, Joto-ku, Osaka 536-8553, Japan

The first example of chemical fixation of carbon dioxide in the presence of
catalytic amount of DBU (1,8-diazabicyclo[5.4.0]Jundec-7-ene) or DBN (1,5-diaza-
bicyclo[4.3.0]non-5-ene) was developed. Carbon dioxide easily reacted with 2-
aminobenzonitriles under mild conditions (1 atm, 20 °C), assisted by excess
amount of DBU or DBN to give corresponding 1H-quinazoline-2,4-diones in
excellent yields. ~ Also, catalytic amount of DBU or DBN is effective for the
synthesis of 1H-quinazoline-2,4-diones. Using catalytic amount of DBU (0.05
eq.), 7-chloro-1H-quinazoline-2,4-dione which is a key intermediate of medicines
(FK366, Zenarestat® and KF31327) was synthesized successfully in a 90% yield
under the CO, pressure of 10 atm at 80 °C.

1. TICHIZ

24-PEe FaFoxF VY UvBEIR ABEEHORPDETHHRENEFEZAL T
28 THB, HFE. 7-7uu24-C FuxirxFyIrAb)ex—L23
R FE & LT, FK366(Zenarestat®) B HERF OB E LR ET O 7 LV F—- R B
BEEAEANE LT.EAKRBINIBIERLEOHREE L LTHESIEL, £,
6,7-P A FF 24-Pk Fux ¥+ Y v (1c)H Cardenalin®, Detantol®, Mini-
press®R O EMEBRBRE(c EHB)OPHER L LTAASIHL TV D,
tROBEEREERPEAETHB2,4- PV FrFx X+ VY VIKD2WTH,
2-7 2 /)Ry =1+ Y 2% MK EDBU(1,8-diazabicyclo[5.4.0]undec-7-ene)TF 1E
T, MEREBLOFRAYE: LTHEIBRBE L 2o T3 _BERFLRIEER
5Z¢IE2T, EEEBEEDANIFREZHBT,. ARBBTHELNDIILEZRWE
L, ' &biZ4E., IVIENIEVRLTIRENR o X2 BEHL T,
MEEODBURZ AV TR RE . WEIREBERTHIZE2RVELED
<L+ s, ~

2, M BEODBUZAVWE24-P Fu XV XTSIV 1O
2-7 )RV =hrYNVQa), ZBILLREIPLDND24-VE FaXxXF VY v



(1a)B R BV T k. DBURDBN(],5-diazabicyclo[4.3.0]non-5-ene)/s & DMK E 77
ETTCTREPETLENRCTla2 527208, Y VERALCLLELEMAREY Y vV
LR EDEBOEETEIREEISLET LA, 22 T.RIEEHEE X T,
EHATADBUOEZ2E LTI & E/HHLE(KI),

OH
C=N " cat. DBU / DMF NN
+ CO, - ¢k (1M
NH, N~ “OH
2a 1a: 0.05 eq. 91%, 0.01 eq. 46%

ZORR, FREEEOBRMABAERNEFGHE T CTEENICRIGEZEITIEDITITL S
BULODBUBXLETH-o, LA L, 10 atm, 80 COHOFEHE TIX. 0,05 ED
DBUZ AW T H9I%D EWNRBT24-VE FuxrF Y rQa)dniEohi, £,
0014 EDDBUEZFEAL TH46%DINETlaBER L, ThiTMEREODBUE
AVt ZBIERBEIDZINVE=2NVERIEOAD TOH TH 5,

{ )
OH DBU, eq. Yield, %
NN 0.1 89
1b
- 0.05 90
— _
—
OH
H3CO NN 0.1 99
At 0.05 02
HaCO N~ “OH :

0.05% EDPDBUZX A WT, 10 atm, 80 COELH T, 24-PE FaXxrxi V)
VEAbL,)E AR LERERETT EEXEAPHAECTHS7- 7 00-24-YE Fuxv
FFY YU LADb)6,T-TAPFL24-VEFuXTXFYI) AR VTR HI0%
UEo@BIREFTHELNT,

3wk
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FaJlli—
Study on the Impurities in the Raw Starting Material of Aripiprazole

X Torisawa, K. Shinhama, N. Fujita, K. Yamamoto, T. Yabuuchi, K. Fujimoto, Y. Nishioka,
S. Morita, I. Miura, N. Fukuda, T. Furuta, T. Nishi, J. Minamikawa
(2™ Tokushima Factory, Otsuka Pharmaceutical Co., Ltd., Tokushima, 771-0182, Japan)

Abstract. Synthetic study on the dimeric arylpiperazine derivative (D) is presented on the
context of control of the impurity accompanied in the raw starting material of Aripiprazole.

1) HEOEER
o=y ho—VZERGOME FREEERINWIBETHY ., LIZLIET =
EABEDOT—< & LTHRY BT bhd, SEIL, B FDA IZAR I W i-kia RRE
BRETHH7TIETTY - (OPC-14597) ¥ DHFEEHUL > TRAT 2,
TIECTTS—NBENL— MNITROZSEREBESAV N (AIVRRFIYNVA T
Jy—NERFVV:B) £ Cia=y MOEERIZLDERETH B,

e en cl. ¢
et ? n
O"(N@"OWN\_,N—@ ! O‘r}:@‘O\’\'N\_,N_@
H A i B j H
Semesssasssccasss contaminant (C)
Aripiprazole
(OPC-14597)
¢l c1,Ci Ci Ci. CI ci. Cl

— H — o
ey SO s e by

CHs

dimeric contaminant contaminant (E)

(D: ReH; F: R=Aripiprazote chain)

1) SRRt

FEREE LTHAVWTWS 2, 3-P7uai7==A RSPy (B) #BEBICORT
DL 2BOWENEY (D,BE) 2HETIZENTE L, BHRETHII, D XRET
BTHNVERF VARG EEETHIE. ZEBEF (K1) B4R, BAT 3 TiRMENR
BRIl TN O REREERPE TR ENTEREINENEREEICHEATILEDIZD L E
DEMERETR o7, BaRHOFER. TiENV— MIL 5 D OJREREEZHELL,
FofEmERncsi (K1) , ?



c_ciyc Cl

-1 MSCSC}CI Etooc\g Icoos: «MOT;s MeO—@—C—@—OMe

<150° ~98% H
OOEt
Iooa M=Sg, Bi, Hf, Hg NOE
1) ZCly 2) PPh,,
NaBH, CBry
LiOTf
¢ ¢l cl. ¢l NaBH,;-NMP ¢ ¢l ¢

woo—~Gc—L—ome or NaBH;CN-NMP _&j'c'@_"

iH; 2Br

l H-O-Me DME, n-Buli, rt cl c1,.Fl Cl
- Me-| ﬂ '_N Me|
&Hy
l 1) ACE-CI
2) MeOH, reflux
f‘©wvc' gl o
c. o c ‘Cl {|
mw 0 _&j_c.@_.nwf@;)% HN N--C Ky NH
H K2CO3, H20-IPA 2HCI Hs

D
~80% from anisole

— 5. EDARII1-TuEe-23-Yr7uuxProPd iy I bz k v ERTE I,

M) ZBhHBRFL BER
T D & FOBEKEZAVMETIRBTOINODERHZBH L. DA F ORBARE

WCRBZEBER L, MEOEATREDICH LTOLBERMEETAZ LT, BRE
TICFS Y —NORUEERECTII LN TE, —FAHY E IMETE TR
ISICBERT, BRI CREIN, BREEPIIIBALRZNZ LbEAShE,

SEORMPRENC LY, A—I—D LR EZTEFRHCBITZ (FHER) ¥4
v —HAMYDOBRAVERTE, TR —BHRARIIRD T LBTRBREIN, TORFBR
7YV ERGF UV —RICTHEENEETHDIZ LR LI BE B L
EZZ2TW3,

=i EREPOBBETHYEREL, aRET I I NVEEERER DL
L7,

SR
1) Oshiro, Y.; Sato, S.; Kurahashi, N.; Tanaka, T.; Kikuchi, T.; Tottori, K.; Uwahodo, Y.; Nishi, T. J.

Med. Chem.1998, 41, 658.
2) BERBRE. BER @Ifi—, IrERXFIX ) —0FEMR. CMC HiR 2003, 3 &R X,
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Recent Development of Asymmetric Synthesis
Achieved on Carbohydrate-Derived Chiral Templates
Shingo Asano, Tetsuo Tamai, Tohru Yanagisawa, Yuri Seino, Kiichiro Totani, Ken-ichi Takao,
and Kin-ichi Tadano
Department of Applied Chemistry, Keio University, 3-14-1, Hiyoshi, Kohoku-ku, Yokohama 223-8522

Abstract: The 1,4-addition of the enolate generated on 4-O-propionyl derivative (2) of methyl 6-deoxy-2,3-O-di-(tert-
butyldimethylsilyl)-o-D-glucopyranoside (1), to methyl crotonate provided an anti-adduct (3) with high relative- (anti/syn)
and enantio- (re-face/si-face) selectivities. From the adduct (3), an insect sex attracting pheromone (-)-lasiol (4) was
concisely synthesized. The 1,3-dipolar addition of benzonitrile oxide to the 4-O-acryloyl ester (7) proceeded with high
diastereoselectivity to provide an isoxazoline derivative (8) as virtually a single product. ' The Grignard addition or hydride
addition to the 4-O-pyruvoyl ester (10) proceeded also highly stereoselectively, providing 12 or 14.

FABISEEER. NFVYET ) — A S THET 2EBEE W5 7L — ) OREDKEEEIC RIS
EBALIAEMEEEE Ui, H2DY 1 TOERERRISOMEEREITOWTHELTWS, 0
BET, BT AT VARRENHEL DY 1 TORE— RFESISHHETS 5. AREOEVET> 1L
—hZNSONRWELTNS COR1—6). HIZIT methyl 6-deoxy-2,3-di-O-(tert-butyldimethylsilyl)}-o-D-
glucopyranoside (1) A% NAEDOEVEET > 7L — b hDO—DTH B LWL OEBERKGEE L TEE
ENTNWS, FRETIHEEY 1 OF/-mBGREIOWTERET 3,

1) 77— 1040708 )VE (2) KDRESEETL) S—OD, 7O EBAFIAD 14
SIS DIMASERIE S, MIMEZERV ()54 =)V (lasiol) (4) OEEERER

Hi# & U T sodium hexamethyldisilazide ZWTEE 2 2T/ S5—h &L, DWTH/ O M EAFIEML.
RINBEZ O CICETRIR IV 3, BUBREOE. K7 5% (1 5%D 2 2E0 1T TESHnE

(3) & 'HNMR ARY MUTTIT AT LA —H>95:5 DIFFE—ERY TH D 2 EARERI N,
ERISTEF TN 23-PAFIN 1,5-DTATFIVRDKHEES N, B L 4 BROMIMEAFIRETH 52D
55 1 EROSNTIEE—IT/O NI LI, BEIN-—EEF ) DL OMENS X UM ST b3
DREIL, BHOMT 2O ()-F3F ) (4) NEFBELTHRELZ. Tiabb, fHHk3 DAFI
IATNVERZEREICE R RBIE, B5h=7 Ve RE (5) AD Wittig RISICE B8R, BZI08

NaHMDS (1.5 eq.),

] g -
' ] . : i
?gsm \ Xci..._ - \/ﬁ\ :rXc? Moo ~N15ea). Meoj\/Tﬁ‘o{__-.
: : ,:-‘ : TH . o ]
; TBSO : o ¢ F,-78t00°C

3

(75%, recovery 15%) dr=>95:5
1 2 determined by 'H-NMR



FOE FY REAWEETICE ST 7L—b (1) OREEZETAVEREIN. ZORRMME (3)
D EGAF LD LFDIE S . '

. DIBAL-H (1.2 eq.), - PhzP=CMe (3 eq.),
: rxc: _ CHaCla, -78 °C : rxc: THF,-78°Ctort
MeO ol o H (o giingt
(86%) (76%)
3

5

DIBAL-H (5 eq.), H

F== CHyClp, -78 °C : ' HO
Y\/\‘/ﬁ\or&?_: Y\/\r\o"' *+ TBS
TBSO L.\
6

(-)-lasiol (4) (92%) 1 (93%)

anti: syn=>95: 5, determined by 'H-NMR
ee of anti= >95%, determined by 'H and 13C NMR of
the corresponding (R)-and (S)-MTPA esters

2) BT L= 104077V a1)UE (7) ZRAVEEMFSERD 13- TB TR RS
Benzonitrile oxide &7z1 pivalonitrile oxide % 1,3-FUEF &L THWET 77U OMIIVIZATIHE (7) DR
LR, SR TEOMIET LU RNBICTIZIFE—OMME (8 bLI9) 2EX . FIICEA
iz VAT CRIBOFREFFLCEL T, BAHEEYNEFEEL R) EEEERESNZ. LLE,
¥ 7 V— b 1 ZRWEFIINRA VAT BEROERNSAFT CREZRRE L .

o pTTTTTTTTTTTTTTYY b 0
) O Xc E + -
\\)I,TQ._: i RC=N-O e o~ X¢
1 1 TBSO ' \ R
' TBSO !
; J 8: R=Ph,
LA 7- """ OMe. R dr=99:1 9. R=C(CHa)s

3) BT TL—bM1D40-CVRLIHE (1 0) BEU40-T7zNVTVFF010)uE (1 1) 2N
T XMASEIRAY Grignard RIZ 5N E B FiEST

AEEMW1 0HL<IE1 1 D PhMgBr H L <13 MeMgl 12k 23REEERIE. &5 MR IVENED
0. WTNOBRSLEWABRETHINEL 2 5L 3251k HECEBASINZHEOREF
DO IFEEBHRICH D, T LAWMW1 0 D L-Selectride 12k Bk RU RESTH. & MR
SIEITREZD, ZOBERbEVIMEREIRIEIREREIN 1 403 EERME L TRO N,

-
Hﬁ(ﬁ\o/m‘ XCE R'MgX; R'=Ph or Me R>/ﬁ\ _Xc
11— FIBSC ' . (9
o ! TBS ; 7
TBSO i R
o

or OH
L-Selectride

) 12 R=Me, R'=Ph (dr= 97:3)
10 R 13 R=Ph, R'=Me (dr=97:3)
14 R=Me, R'=H (dr=937)

1) Org Lett. 1999, 1, 1447.  2) Synlett 2000,979. 3) Synlett 2001,481.  4)J. Carbohydr. Chem. 2001, 20,519.
5)J. Org. Chem. 2001, 66, 5965. 6) Synlett 2001, 1772.
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Practical Synthesis of (R)-(+)-6-(1,4-Dimethoxy-3-methyl-2-naphthyl)-6-(4-hydroxyphenyl)hexanoic
Acid: A Key Intermediate for a Therapeutic Drug for Neurodegenerative Diseases
Tatsuya Ito, * Tomomi Ikemoto, * Toshiaki Nagata, * Tadashi Kawarasaki, * Syunsuke Shima, * Taihei Yamane,
* Atsuko Nishiguchi, ? Tadashi Urai, * Mitsuhisa Yamano, * Yukio Mizuno, * Kiminori Tomimatsu, * Mitsuhiro
Wakimasu, * and Toru Yamano®
*Chemical Development Laboratories, Takeda Chemical Industries, Ltd., 2-17-85 Jusohonmachi,
Yodogawa-ku, Osaka 532-8686, Japan
®Medicinal Chemistry Resarch Laboratories, Takeda Chemical Industries, Ltd., 2-17-85 Jusohonmachi,

Yodogawa-ku, Osaka 532-8686, Japan

A practical method for  the  preparation of  (R)-(+)-6-(1,4-dimethoxy-3-methyl-2-
naphthyl)-6-(4-hydroxyphenyl)hexanoic acid ((R)-2), a key intermediate for a therapeutic drug for
neurodegenerative  diseases, has been developed. rac-Methyl  6-(1,4-dimethoxy-3-methyl-2-
naphthyl)-6-(4-(propionyloxy)phenyl) hexanoate (rac-4) was synthesized from 2-methylnaphthoquinone in
seven steps.  Optically active ester ((R)-4) was conveniently obtained from the corresponding racemic
ester by lipase-catalyzed resolution, followed by sulfation or phosphorylation. Sulfation by sulfurtrioxide
pyridine complex or phosphorylation by phosphoryl chloride enabled facile isolation of the optically active
ester by only extraction. Optical active acid ((R)-2) was synthesized in high enantiomeric excess by
hydrolysis of (R)-4 followed by recrystallization. The present synthesis of (R)-2 was accomplished in 10
steps without requiring chromatographic purification.

HZETEHE /2 naphthoquinone S5 A(1)"
BETNVINA = —T[, SREB(LER L
DFBEEMERB O - FHHEE LTH
BENTWD, 20124/ TB72HD
BEEPHEL L TOEEBRER(R)-2)4
4T b B (Figure 1).

Figure 1.



(R-2 IRFRFE—o#L, FEOBEFENBLRD, BVAFMEDR)2 /L BLR

MUEER, IV 2AVIREFENREDHTH DT & & RH LI (Scheme 1),

o Ar~__-(CH,)4COH Arn__-(CH2)4CO,Me
Oy = e,
2) EtCOCI
o OH Et3N, THF OCOEt
3 rac2 83% racd
Ar__{(CH2)4CO,Me Method A
SO;3 -pyr
pyridine
Method B
QOCOEt POCl;
LIP Et3N
MTBE, EtOH (R)-4 THF
> > (R)-4
Method A, 44%
Ar. (CH3)sCOMe Method B, 43%
OMe
Me
Ar= C
O Ar: (CHg)sCO-Me
MeO OH
)5 aq. layer
— oX
:asobﬁOH 6a; X = SO,(OH)
THF 6b; X = PO(OH),
—>» (R)-2
90%

Scheme 1.

2-methylnaphthoquinone (3)ZHFEME & LTHV . 7 T T rac-4 7=, rac-4 % MTBE ¥ EtOH
FETYIN -t LIPCEESRGRASHE) TLET I LI L O RIS HAELFINETL, R)-4 L
(5)-5 DIEAMEBE, ZDOBAM%E Y Y P sulfurtrioxide pyridine complex 2 CRE T 5 1 E i
THF 9 Et;N 7278 F POCl; CRERT 3 Z LT & 0 (S)-5 DA BKBHEDO B 6a /1L 6b KB S,
SRBIEDH TR)-4 DHEENERENEZ, ZOBLNER)4 ZIKDETDILITLY 98% ee
DR)-2 BBLNT, ULOKRIV AT A7 uw ST 7 4 —RETHZ L2210 TR THE
M DEV(R)-2 BB B 2 BUEEOBRICRII L,
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Indium-mediated nucleophilic substitution reaction of N,O-acetals in water
Yoshihiro Matsumura, OHideaki Suzuki, Osamu Onon'lura, Toshihide Maki
Department of Pharmaceutical Sciences, Graduate School of Biomedical Sciences,
Nagasaki University, 1-14 Bunkyo-machi, Nagasaki 852-8521, Japan

Abstract: Water as a solvent was found to accelerate the indium-mediated Barbier type allylation and
benzylation of PB,y-unsaturated iminium ion which was generated from B,y-unsaturated o-methoxy-N-
methoxycarbonylpiperidine. Other solvents than water resulted in low yield of the allylated and benzylated
products, suggesting that. water is essential to generate the piperidinium ion intermediate from p,y-
unsaturated o--methoxy-N-methoxycarbonylpiperidine.

KHFT C-C HEEBRT BRIGGE TV -7 I X MY —DOBEHBREKEN, ALKV
B I /EEMITHT B, KRTDA VY LAV Babier 7 VIWLIE T TS S
TWd, THUCHLT, EYIreTziruuaRVA—bENL, $3E EEDQ M"oRE
SRIEN=TIVEY D=y LEDOT V) LA EKBREH T TEITT AT LRI TICRETh
T, AVEZIEERYRA I /LAMEEMEBEIONBIN-TINVAIZTLAF VD
7 ) MERBKFEHIC BN THRATETTL T WD o 2, SEBLE. AV ITLERAVES,
y-PER- 0 - A bF SN A FFZHVRZVERY T Q)DT V) INERTRY D JULH KB TE
RENTET L, o IBBMERY D VEEK 2K 1) MESNOTHET 3, ¥

y nno ()
'\f Me + R-Br In, Hzo I}‘ : (1)

rt
CO,Me COMe

1 2

HMADBBREZETSTVIVTO<A R 3ps ZHAVE 1 OF7 ) IULRGZ#EL ZIBEB TTW
(K 2). ZOFER% Table 11CE Lz, KABBICIBOTIRT VIWEERY 2p-s HBHERE DU XK
T 5N iz(entries 1,6-8)0 —7. IKUUNDTEE TIHENE TH - f=(entry 2-4), 7KHIC THF ZHNZ
TR ETBEIC BOTIIKEZT ZEEIC UTEE X b BINROETHR S N iz (entry 5)o



o A X
1 In (2 equiv)
1 + R~ Br » N @

y

t, 10h | R
(1.1 M) s0os (2 o LoMe
! equiv 2
P-s(2equv) o iy R2%H
1 2 2p-s
q: R'=Me, R°=H
r: R'=Ph, R%=H

s: R'=H, RZ=CO,Et

Table 1. Indium mediated allylation of 1 and its solvent effect

allyl bromides

ent 3p-s solvent product yield (%) of 2p-s
1 3p H20 2p 80
1 3p THF 2p 28
1 3p MeOH 2p 16
1 3p DMF 2p 25
1 3p HoO-THF (4:11) 2p 65
1 3r HO 2r 67
1 3q Hx0 2q 67
1 3s H>0O 2s 65

AR 1 IR LT Y YVIVERSEITY. BEMREERE Lz A, THF FTRBERIGE
EIF Lo fehh, KBTI a iR IMEE hiz 2ty DHREEDOIETRLNA T LD
o7 R 3. ARSI, 1V IYLERWIKRTORY I IULDOFD TDORIIFITH 5.

//( In (2 GQUiV) (j\/o/l( (3)
+ I - ™
x Br [}j

rt, 10h
(1.1 M) !
4t-y (2 equiv) COMe
t X=H in H,0 in THF
u: X=o-Me 2t 63% 15%
v: X=m-Me 2u: 55% -
w: X=p-Me 2v: 52% -
x: X=p-Cl 2w: 64% trace
y: X=m-OMe 2x: 50%

2y 65%  26%
PERRTEZESIC, BERAYIILDNERTS B,y - F8EM-a- A FFTERY T VIERN
FTBKETOT VI TIERY VIVERGEZFE L, EEAEY BB T3KBEOHRZRE
Ul RIREDHM L ZOMOEBENDERICDOWTERET %,

1) Y. Matsumura et al., Tetrahedron Lett. in press (2003)
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Selective synthesis df monoamido compounds from polyvalent acid anhydrides by disproportionate
reaction
Shinji Kirihara, Satoru Uemori, Mitsuyoshi Yasumoto, Tsuguo Ikebe
Pharmaceﬁtical Development Laboratories, Mitsubishi Pharma Corporation
955 Koiwai, Yoshitomi-cho, Chikujyo-gun, Fukuoka 871-8550

We faced challenges to prepare multi kilograms of GN-1140 (1), which was a candidate of MRI contrast
medium. In the discovery synthesis of 1, the partial hydrolysis of 2, followed by amidation with
4-decylaniline, gave a 3:1 mixture of the desired monoamide (6), which is the key intermediate of 1, and the
undesired diamide (5). Additionally, 6 was purified by the column chromatografy on ODS.

‘We explored alternative synthetic methods and purification coo- -

] ) ) coo- coo-
methods of 6 to improve its overall yield from 2, and |\N (V;::\/;NJ .
succeeded in the application of the disproportionate reaction -ooc’l ‘\éd:.’ HrN Na*
to the selective synthesis of 6 and its column-free purification © Cyotas
. . GN-1140 (1)
by using of the pH adjustment.

GN-1140 ()i MRI &AL LCERLRF L — MLAY T, BVWIEREEE T3 0T T ==
NEE, PxFLrr b T IVAEBBROEVWEAMELZHEESY H R (6)IC. GIFAEML
Lica=—0BE&EEH LTS,

BIZEMFFUBEME Tid, Scheme 1 2R HIET 6 BNAREN TV, BREM, BEMOBEAMHLE
& LTUTIRET 2BEABESN TV,

<Scheme 1> (cooH
OE/\N/\,N\/\N/\rO
(e]
Y 2 )
, o coon OH (OOOH COOH  5: Ri=R2= -u.@.ct Ha
(CO0H COOH ey
OY\N/\/N\/\N,YO H0 '\Nf\,N\/\N/zO 4-Decylaniline R4 6 : RI=CH, R2=_H'O'°w”m
o] 0 = J f
g kg OMF |HOOE™ 3 o 4: RI=R2=0H
° 2 Mixture of
COOH
OH COOH
tON/\,N(\/\NJ 4,5and 6
HOOC’| 4 l\cc)oH
COOH
Separation OH l\': COCH Yield
NN from2 : 30%

————
ODS, H,0-EtOH Hooc” '\,( \@ from 4-decylaniline : 62%
6 ° g,



2 OISR & BRIGFEE 3 ~DEREITo =546, 3 OERPTITEL ., BFLL2
1< 7 I ML) C 4-decylaniline % 5% U CRBIAERS 5 L 725, ZDOKES5 & 6 DE/VEIZHI1:3
BETHY. 2 BEU 4-decylaniline PEMTHAZ L E2ERTH L., BAMKSBEFRALTGE
PRET B BTSRRI Tholc, EHIC 6 ZRERTA7-DIC, BETEEHERLELHED
ODS H T b7 m<w b EMEL LTV,

BELIIZNOOBRBREZMRYT <L, TTRIETHE 3 0ERIC, RBICAFAERZ4ZH
WERBLRIGEERAEEB 2 L 25 1k, ML, UTRTREERIEHRILT S L RE LT
BE. AL EETHIE, FEXSAIBEE 212075 3 0FERAMLET S,

COOH COOH
o] AN (o] OOH rOOOH COOH ?\OOH N(\/\ (¢]
gy« GO = ey
i Hooc” Ncoon HOOC kg

2 4 3

FEMASRRRIGE TR Y EABEYE -DICHE SN 413, BBET5 3~LEH#Sh
Brimb, HBREIEALO2LY EET2ELD IRBFLNAZZEIICRY, RE2Z2HHC
FIRTHZ LRAMEEL 25,
FrCRAREE{To#ER. DMSOBHEST. 2L 4% 1:5 DENLTRELERD L. 2, 3,
4DFVENRKL:9:20 TEERIEL 20, Bl&HEE T I MeEITH 2 & T BRAOBESZHER
eMnBohdZtERHLE,

WIZ 6 DEERIEIC SO\ CR A R EfTo T, FDRE. 4,5, 6 DRAME, — BT NIV KE
e L, HEBEECTEE pH IS 5L, BHET S 6 BRI TSI L ZRHL, ODS A
Shruow Mol ABREERREL-,

AEEE bIE. Scheme 2 IR . BEKBORILEGEFIMA LICRRAGZE /T I FE
. pHEEEIC L 3HEMEITH 2L T, PDEMIC6 2B IMEFELHEL. REME. RIFEOKX
fE7R1A B &R L 7,

<Scheme 2> — _
COOH
l,<:c>o:-| o r“’ o
) N ) NN Mixture of
NN
1{) H’;f I? , '\F 4,5and6
2 o coOH COOH r°°°" COOH
COOH oMS o’ COOH ¢ 4-Decylaniline '\N’\'N “~n
cooH [ COOH ANy ~g® R R2
LN’\/N\/\N ’\r
J) L . HOOC 3
HOOC 4 COOH
coon  CO0H pHEREE
r j:oon 6
N Yield
HOOC 4 Lcoon from2:117%
— — from 4-decylaniline : 78%
Reference

1) ARBE, EHFE, TAkAH, mHMKS, %6 2003-73365.
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Reaction optimization in a continuous process

Shahriyar Taghavi-Moghadam *, Ansgar Kursawe

CPC-Cellular Process Chemistry Systems GmbH, www.cpc-net.com
Hechtsheimer Strasse 2/Geb. 51, 55131 Mainz, GERMANY

The importance of process R&D in industrial scale chemistries is widely acknowledged. Detailed and fast
investigation of a chemical process is a valuable part for the understanding of the reaction behavior, with
respect to reaction rates, reagent consumption and byproduct formation. In addition, accelerating the

development time by considering “time to market” is the most important value driver in drug development.

OPTIMOS™ is an integrated system for continuous process R&D using a liquid/liquid reaction system. It
offers real time monitoring and analysis of chemical reactions by measuring the chemical and spectroscopic
properties of different reaction components. By combining the advantages of microreaction technology with
continuous processing, reaction parameters such as temperature, relative reactant concentration and reaction
time can be screened in a short time. The especially designed flow cell supports the optimized residence time
behavior in OPTIMOS™ and shows a reproducible response to parameter variations. Unlike running many
batch reactions which can take weeks, OPTIMOS™ can determine optimal reaction conditions in a matter of
hours.
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FTIR-Plot of a Grignard reaction.
15% to 90% product yield in 300 Minutes
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Designer Chiral Quaternary Ammonium Bifluorides as an Efficient Catalyst for Asymmetric
Nitroaldol (Henry) Reaction of Silyl Nitronates with Aromatic Aldehydes
Kanae Doda, Takashi Ooi, and Keiji Maruoka
Department of Chemistry, Graduate School of Science, Kyoto University, Sakyo, Kyoto 606-8502, Japan

Designer chiral quaternary ammonium bifluoride 1 has beep prepared, and both its catalytic and
its chiral efficiency have been clearly demonstrated by achieving the first catalytic asymmetric nitroaldol
reaction of silyl nitronate with aldehydes. For instance, the reaction of trimethylsilyl nitronate 2 with
benzaldehyde in THF in the presence of (S,5)-1 (2 mol%) proceeded smoothly at —78 °C, giving the
corresponding nitroaldol adduct 3 in 92% isolated yield (anti/syn = 92:8) with 95% ee (anti isomer) (Scheme
1). The present method was found to be successfully applicable to other aromatic aldehydes and silyl
nitronates, and high level of anti selectivity and enantiomeric excess were constantly observed. This finding
should lead to the further development of fluoride ion-catalyzed asymmetric carbon-carbon bond-forming

reactions.

WkRT =T LT7NAE) Fit, 7R — VA RROBVEMELZER L TIERKR. 7T
TV LTIAZFY FEEOBEEMEZFIALERE-REEEHRECOMEL LTAVWDh, H
BERLBOTEERBE#H->T&/k, LiL, (ECHVRENLEEPCESICHETS
RRERPEDT D, BENTIZOARIIFRENZLOTHY . RELORDIBIL L bF
NTHoT-,

—F, = hBTABIETATE Fhb 1222 baPAb ) — A EERTE= b7 F—1
RisiE, < DO RFE—KBRBAFVERIED—DE LTHOATWS, BbhB=baT7irl /)
=V, BT, Bk, MASRIZED, ThEN 1227 7va—n, a=bu¥ by, a-=h
BANVKR VB~ LHBECHECE2AARERTEGTHY . MEBEHRERISOBERERTOIT
&7 (Figl)e UL LEDORBIBFUIL L. ThETREERSBRISKI LA L LSRR L
T POV UBRMRSICBR bR TV e,



Fig.1 Nitroaldol adducts in organic synthesis NO,
L# ﬂ H

+
NH» NO» NO,

Reduction 3| Oxidation
3 R -«—— R R & 1 R3
R R2 R2 R R2

OH OH 0
1,2-amino alcohol Hydrolysis a-nitro ketone

O
Ri JLR3

COOH3

Rb2 R
a-hydroxy ca?blgxylic acid

SEF LT, BREBRISHICHbY, YHREZETHREINE G e AT 5 AFEEENR

Ty AEN TN L FEENRT v E=ULE 7Y FES)-1 2 LTHAWS

TET, VUM buF— b EFEFETATE FO=ba T F—ARIEREWT » FBRER

LV F U FARRETEITT AL ZRVHLEY

CUls I
@
N
99 vin o ¢ [P S
w (
(551 CF3

BEAICIT, REEENRT E=TLE T4 Y F(S,S)-1 (0.006 mmol, 2 mol%) &~ X7 v
7t F(0.36 mmol)?> THF &3 mL)%-98 °C IZHAIL., Y =FraF—1F 2 (0.3 mmo)® THF
B A MA T 1 BERIEER%E,. 78 °CIZRBLEHIZ 3 MR LE, T0% IN BB TLAETSHZ

LT, Y TAR= ba T R—AfHiE 3 BIER 92% (TrF /Ty = 92:8), T U FEDHFI
R 95%ee THRLNT,

Scheme 1.  OSiMes o NO;
oy + g ASS1@mor) INHO /:\rPh 92%, antilsyn =92:8
THF 0°C ' i
2\| H™ "Ph 9878 °C OH 4 95% ee (antiisomer)

UEDX Sz, MM2nFESHBESL G NFFEEFE T A uoBNEEENRT v E=Y
LEEERISICELETCTF A - AR L. BRETRVWR TS BVMEREEZRERTLITVE=
TAETAZY FALBEMBLTEZL T, BT VFRROBLUOE TV FABRRMAE =
7L F—VRENERLE,

1) Ooi, T.; Doda, K.; Maruoka, K. J. Am. Chem. Soc. 2003, 125, 2054.
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Resolving Agent PBA: Development of Scalable Production Process for Chiral Profens
Toru Inoue, Syunji Kamiyama, Kazutoshi Toyoda, Jun Matsumoto, Yasuo Chikusa
Koichi Maruo, Taizo Fujimoto, Keisuke Matsuyama, Fumiki Nomoto, Kazuto Yoshida, Masafumi Moriwaki
The 1st Laboratories, Research & Development Center, Nagase & Co., Ltd.,
2-2-3 Murotani, Nishi-ku, Kobe 651-2241

Profens, such as ibuprofen, ketoprofen, and naproxen, could be efficiently resolved by (S)-PBA to give
(S)-profen and (S)-PBA diastereomeric salts. Together with the resolution step, effective racemization
process of unwanted (R)-enantiomer and recovery of (S)-PBA was achieved. Combination of the steps

resulted in economical scalable process for (S)-profens.

3-phenyl-2-methylbutylamine (PBA) 1 X,

BYHE (CHRERE-I) XSk NH,
[EFTH Y e DHNRBOKEHENC ' ©)\ LT S
HATHBZERELMIR>TNE D, 53k ) , ,
Ph, FEHELTESAVWLBERTWVS
1-phenylethylamine (PEA) 2 & PBA # LT 5 &, PBAIXRFREFEL 7T IV EOBIC A F L 8448
HY. PEA LIXBRADERENHFCTE S, £/, PBA HBANEL . LEMICbEERI LM
5. BRIKER - BRIATHZ LN TE, BENDHLB T ut AOBRENRTEETH S,
CLIBT 2TV -ATOEFUBE 3 1. Su T VL BHRANEERT oL FEOBE
GRAL LT, ZLOLAYPHERENTVDS, ERBERIZOVTY, S OEBNHIEES
THD, REFDTu 7z ik, TRTEIKE LTAVLRATWER, 1990 ERTHM1EDT
TIRA yFORNDOP T, LV EREOFENS EOLTOREENRRA LI, BEEEEOREIZS
WTh, BLOBRMBREATNS D, bhbhb, PBA X AVEL DR 7 = VEDLESEE
THOZLIREY, REARTEN T AERBITEEILDLELT, IRICEFLE,

EF. AT T0T 2y )4 OREDEIERN LI, ZORB. 417707 = IR, (5)-PBA
L KOH ZHX0S5LUBEFMLIELZ A, ELDTHRIL SEDA T FaT7 = L(S)PBADTT
AT VAT 5§ BBONBZLBALNMIRok, HIC, BELLTAEZANELER, &b
EBEL ., INE47% THREMEE 85%de D 5 # Bz, BONESTRAFLA~w—tHES %, SkA
P/ —NVTHERGRLERIC, BOMRT52 L T, BEINEK 0%, KEFEE 98.7%ee D(S)-A 771
72V ()4 BRDHIEBTEL, ZOLIICLTAERLE, §)-1 7707 = id, (LEME S,



EERELTHIORETHoz, —F., FHLEES)-PBA IZOWTik, AR T AT LAt ~—
EHALDEREZRETL. 95%LLED(S)-PBA 2EIRTE 5 Z LA LN o7z, £z, KEHE
BOREREBRE R4 b, ABEN6ENL, br=og EETALL) ZMBATIERERSZ L
WLV FEITE, PFREL )4 ELTEINTESZFEERELLE, TLTINLOENSE
ANT, BV ELERZTT>TH, FIROLOERVEHELASZORKED (5)-4 25, BERMELL
/BONDLEZALMIT LI, SHIZ. FEEABEORIR R LRI L. EDLDTHEENDH S,
S)-A77arzzy 54 OBET - REHEEMLTHI LN TER (Scheme 1),

NH, I

COOH =>/J\v/[::]/”\coo*[::]/&\/NHg-————alj\\/l::j/”\COOH
Q (2)-4 5 (S)-4

(R)-4

Scheme 1

¥, b7 72 (3)-6 OXZEHENZOVWTHRELE, ZOBAICH. S&ED PBA #45E
e LTHWAZLT, BERNETHASEOT b Xu7orBEbhi, HEOBEEE LTI, &
/K MTBE &b B, 05 ¥ENDES)-PBA 2HMT5Z Licky. BREGTHZ &2, AFME
99%de L LD T AT VA —iE T ZINEK37.7% THED Z L BNHF (Scheme2), ZL T, & b
TRz AzonTh, T BERAZAEOIREREF L, RERAME C R EHEILTEE,

e
A NH2
0 SN o 3 ~

(£)-6 7

Scheme 2
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Reaction of Unprotected Amino Acids. — Bromination of Aromatic Amino Acids —
OYuusaku Yokoyama, Masanori Sato, Tomotsugu Yamaguchi, Yasuoki Murakami
Department of Pharmaceutical Sciences, Toho University,

2-2-1, Miyama, Funabashi, Chiba, 274-8510, Japan

Various unprotected amino acids was directly brominated with NaBrO; or bromoisocyanuric acid sodium
salt under strong acidic conditions. Although a complex mixture was obtained by using NaBrOs,
bromoisocyanuric acid sodium salt smoothly reacted with phenylalanine or tyrosine in 60% aqueous H,SO,
at 0 °C to give a mixture of ortho- and para-bromophenylalanine in 31% and 58%, or 3,5-dibromotyrosine
in 71% yield.

§==))

72/ BIIEEBECRETHY . PORKSEOEVWEREZBELTWVA I b, AHAK
KBWTIE, ¥TEREZRELTOHLRISZITV., TOUMHRELTION—RETHB, L
PLEREZRETIZ LRI > TITRENHE X, BLREIRESRBIBZZEHE, T TR
BEZAVDIZERSENLTAREBTREE RRIEKIBICITREZHEO TN TEB L EX
bhd, SEE4 L, BRELSEKRT I/ B2EBEP CEE o METE ik, FER
B7aMEENTRBEEZNELILBDZ EITHRH LI (Scheme 1), 7 2 MERKIGITER. B
LOFEBFHRAETERIISICE > TH#ITT S, LU, Bra7 IV ELHE L, ZOREMNF| X
& L2oT, PURBEDOGMRIEHEZ 5, LU, TIVERTUVE-ULE 2) L LTHRE
THILIKY ZOMBEIMERENS, 2EVAVBERGETTAVWSZ LDOTE S 7 ALH
RO, REEXYEATE LR EEFR~OT 0 bURENTIEL B EEX,

Scheme 1
COZH Protection as Ammonium Salt OoH Bert
!‘{Hz Acidic Condition +NH3
1 2
| e Rew <o
O
Iilgl — s Decomposed Products
B
b
(252 - 3R]

1) Z7z=ATFT5=vD7u ik



BEBERKFET TAVWAZ LDOTES 72 LMELFITHS NaBrO, " BL BT aE4 VU7 XNVET
kY %42 % BV T DL-phenylalanine (5) ®7 8 MERIEZ1T o7z, RISOEITE HPLC THEM®
ODS W T A7 m< b7 4 TERDOEREEZITo72 & 2 A, NaBro; # V=54 10k, Bt
Bl EteBEMRBEDEE 2T, L L, LI YBOTaEAS YT XNUET MY T LAV,
60%H,S0,F 0 °C TRIL&EIT-7c & T A, LV ED di-Br F(8) % V>, o0-Br {£(6). p-Br {&(7)25 X
X<Boh7 (Scheme2), &bz, KERMEFEZAVWTREEZIT>TH, £< FEI{LL T
o,

Scheme 2 ﬁN
11 eq.NaN Br r
WOOH o H% OOH r/@/\(COOH OOH
NH, 60K HyS04 aq. NH, g NH, o 2 NH
5 0°C.thr 6 7 8

31% 58% 6%

2) Fuvr (9 O7uisik '

WIZ, L-Forr@n7 v bRt Lz 2 A, L1 HEBEOT o MR EZRWELEEZE /T
o A(10) - 7 v AMEA)DREVREFELNZ, ZOBSEERRETH-OT, TEFME, =
RATME U BEBELU, —F, 20 ¥EOT a MEBlZAWEEEIZI. U7 0 A E12)DHH
BIRIIZ 71%DINRTH SN/ (Scheme 3 ), DB EICHAERBID 7= I{LIFBH bR o7,

(o]
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OOH e H Br OOMe Br- / OOMe
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H I H H
H NH 2) Acp0/30% NaOH H NHAc NHAc
2 3) HyS04/MeOH r
9 10 44% 11 28%

(o]
NaN’u‘NBr OOH
e e
0°C.1.5 hr in 60% HpSO4 HO - NH

EROFISFGOBRMOFERE . FEET I/ BTHI NV h 7708722 AT YD
7asMEORE. Ele. T2Y VR 2-TaRFAT IVRET IVEBETIERRILENNOT
L2MEZOVWTHRREFETH B,
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Process Development of Gastrointestinal Ulcer Therapeutic Agent S-0509
MIKIO KABAKI, HARUO KOIKE
Bulk Chemicals R & D Dept., Manufacturing Technology R & D Laboratories, SHIONOGI & CO.,LTD.
1-3, Kuise Terajima 2-chome, Amagasaki, Hyogo 660-813

Process development of gastrointestinal ulcer therapeutic agent S-0509 is described. In the medicinal
chemistry route, it had some problems, ie.; the use of highly toxic reagents, expensive reagents and
commercially unavailable reagents in large quantities. After process development studies, highly efficient
process was conceived. Notable features are mono-alkylation of aminobenzophenone, selective preparation
of the amide without any protection, and one pot procedure of the urea part, which generated through
phenylcarbamate from aminobenzoic acid. Finally over 50 Kg of S-0509 was prepared in 4 steps resulting in
a 44% overall yield.

5-0509 (3 BEHFBEFEKRXS LA TILEESK X Nz Gastrin/CCK-BRAGKEHIERZET %
HEHREREETH 5, AIREROSRERICBO TR, REEOSZH. &ifid 5 0 EHEN H
CREBAFREELHEOEM, BREDENREDEEL EABARETS L THRTRERED
ﬁ% < E 2 fCo

Medicinal Chemistry Route
NH, N*H;CT NCO
soct, NaH @\ (C13C0),CO [ @\ ]
MeOH =
Ei o8 Non coz/\/ CO;/\/
75% From 1 ; 4
ZGlyOH
O 0o POCly HBr O ° EA
" ™| LA
HMPA NHZ AcOH
® L Y e | gy
97%
3 I
O 0 BrCH,CO;Bu' g‘,m';);g O o COBu
i J?\ @\ K,CO,/KI PPh; !L/ ,?L
O \([)K\E H Coxv DMF DCM O :lr\ﬁ E COH
67% 66%



ZI T BRGNS DOMBRBRTE R TEMNAREERE Uiz, £ IIrifo 0 DERE
ZRRET U\ 722Mi-N MR ZREE T 3 5 EEFRE Uiz, TORIGIZBWTIE, 7 VO /E0R
BRTRETCHACLERH U, EHICCORIGITEGIICTIF INCLERTE 7,

Preparation of the urea part

N*HyCl HN,COIPh

CICO;Ph
NaHCO; /\ /©\ . HO;CA /\ /@\
F— uo,c"n N €0, NF N H COo:H
CO, NF MceCN/HO

0 N7 Mecnm,0
3 15 83%

CDRIGBIKFRTRIGZITS Iedd, —ERIUKIRASEEC D TIMEDN NI Il JEE(I8)DVRIE AL
M LTEDEND, TD 18 BERETIIAV TR TVEEERQMSRARICERTE (TR
B o TTT, 189D 2 O JBEDRISHEITENZFIA LT, 18 DFRITIMN LRI LT
ET B, TOR-MNIRY &5 I HRDOTIFRIO A TREIRAIC ISHETTT 5 T AR L7z, B E
DIRFNT X DTIMREE, IV 77 INC K BBRER L TRRNIC BN ZB5 R MR TE T,

Pilot Production Route

1-Pot Reaction

" CICO,Ph
N*H,CI NaHCOs HN,CO,PI: ﬁ;yn o
2] 0
NaOH K
- T " HOKC NN Co.H
co;a  MeCN 60°C H H
H,0 CO,H 1Hr
r 5%, 30min 17 90% From 1 18
SOCH,
@ 0 BrCH,CO;Bu' cozBu' O Co’m /@\
NH, cho,na O NY\g
@ " pMr DMF/AcOEt
80°C, 5.5Hr
-10°C—5CiHr S-0509

4% 60%

Over All Yied :44%

HERUEBICARBROEER SO RELMEROEEZB ko lER. (738 - BREBRIC
ZESRKEET, EHORVAECEMEFAERERH U ITENGEEZHERIEHTENT
Elro Elo. TORBICE O RGEN 8 H D 4 ICHR Uiz, BEICHBWLTIE, etz HVe.
ERLDHTRBOHIEEITS T L HAIgEL i o Tz, T DFRELETEIC X > T 50 Kg L 0D S-0509
R TERICERT AT LNTE,
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Mg-Promoted High Selective Synthesis of New Cyclic Compounds with Multi-Elements
Tkuzo Nishiguchi, Tetsuro Uchida, Nobuyasu Sakai, and Hirofumi Maekawa '
Department of Chemistry Nagaoka University of Technology,
1603-1 Kamitomioka, Nagaoka, Niigata 940-2188.

We wish to present high selective facile Mg-promoted cyclization of 1,2-diol derivatives with
dichlorodialkylsilane derivatives to give the corresponding 7-membered cyclic siloxane compounds and
anthracene derivatives with acid chlorides to give the corresponding cyclic dicarbonyl compounds. Both
reactions may be initiated by Electron transfer from Mg metal. These reactions are characterized by simple
procedure, unique reaction pattern, high selectivity, good yield and much usefulness of the products, which
may possess high potentiality in process chemistry.

EFBHERSIETFORZILLVEBSFEERTHFETHY . BFLWHI 7V —UREEK
ERAWTRIGZIT) ZEeNTE D, YHFIRZEIIBWT, £BMg 2AV2EFBHEREICL Y,
FYAFALINT 0y FIFET DMF BEP T, EERTAVa— AV EORBROBZBR—7 AR
REAWRES Y BETT 5 2 Lo, BEAYCBELDBEET C. AFARVEREOEEL LT
4V OEBRERRFE—T VLRI 203, NSRRI THECET T2 L2 RELTWS, &5
KT, P7uulTAXAy I VERETCOLE Mg b 0BEFBBIRKRSICL S 1,2-U4—
NEORRY XY A WOERTEIZ L EMHO TR L, ¥, FVELVEBEIaY FOX
5 BRERBHFET COLB M »bOEFBBRRINICL 5TV kT2 VEORILAMEGEH)
HTRHLE,

1) &M g b OBFBBRRINICEZ VA —AERES 7 aulTAXAT TV ROSHr 4R
BRSO ~OTHRK G

ARSI ERBR L7 T 23z, £B Mg (60mmol) & DMF (50 ml) ICBfRE W7 1,2- 34—
A (6.7mmol) £MIX. ZZ~DMF (25ml) KHBEBIELY7nuv T HEk (R'R®SICL) (10
mmol) ZERTIML., 20 PRI L, RISHKEZ, SEEKPIC 30 o200 TEML, P=Fr
T—FNCHHL, BOoNERGRADEFERERTI T A7 u< MEZRWTER L,

FBISODFRER, PE—NVE1SFIH LTS 27 auaPTAIAY S VER 2 HFRELERRKR Y u
¥R onk, BEZBAWELORUI—NVE1JFERHLTSZaaPTARA LS
YRR A SFRIELERERY a3 ALEPNRE OIS Z LITRITHESRTVS, 202 21D
HbER Mg ZRAVAIRIGIIBRZRIGTH D Z L ¥bhol, ERYILY A REFHEICELETCH
W KBEROBBRIFBEAINERR Y a3 b8 WRE O,



R1m Vg, Diol Derivatives
DMVF

Products

Enty R' R DiolDerivatives Products Yield(%)" Enty ' g Diol Derivatives Products Yield (%)°

1 me v MO, ds n 4n.an0\/\mph.g:°;°4o¢

2 M M L _oH o s§. 6 (Iosl.
Ph_0 5 M Me | I
o o$i
. p 84

2GC Yield, °isolated Yield

2) £BMg 2AWVW3 —HRB— 7 VMR &L 3 FRBRIESHOER
ARGIZERBR LET7FRamic, £BMg (50 mmol) 25t DMF 40ml) Fic7 > 7 &Y
(5 mmol) iz, kBT (0—5C) I TEHE(LY (50 mmol) % 10 AT THEML, TOHRERIT
T 15 BERAEHR L, BB TRIGSRAWE AR L, TO%, 47,7 v< MERUEKRK
TR L,
Bx OBELOTETTCOT Vv F IV OT VMERIGORER., 9 fiLL 10 fI~O_HERR -7 Vv
{EASET L, ERENRET B U7 YNERBRIFRIETHR LN,

OLR
M
m + RCOO) — %
DMF :

R = Alkyl L
Yield = 83-59%

¥, anyggrn) FREGIAZAEEZ ) FERWEFRRIRILEYOESRBENETo2 L
A BrOT INMEBRSFRTET LA TIRRIEEDRELNT,

m*cliﬁ’ﬁ\cl——x‘:—’%

- n = 2; Yield = §9%
n=23 n = 3 Yield = 54%

iz, AT oRFEE LICETHBEMDERVD Z L TAT RERILAVPR/OND I LER

H L7,
(o]
OO0 +oloty —2— 2O

Yield = 34%
1) |. Nishiguchi, et al. Synlett. 2000, 7, 1025-1027.
2) . Nishiguchi, et al. Synlett. 2002, 5, 759-762.
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Determination of the critical factor in the reflux cleaning process of a reactor for drug
substance manufacture
Takemi Tanokura®, Kaichiro Koyama®, Kunio Tamura®, Yasuyuki Sakai®, and Kaoru Morikawa®
a) Pharmaceutical Technology Div., Chugai Pharmaceutical CO., Ltd.
5-1, Ukima 5-Chome, Kita-ku, Tokyo 115-8543
b) National Institute of Health Sciences
18-1, Kamiyoga 1-Chome, Setagaya-ku, Tokyo 158-8501

The critical factor in the reflux cleaning process of a reactor for drug substance manufacture was
studied. In order to observe the solvent refluxing behavior, a 0.5-litter glass reactor with surface
temperature sensors was utilized in this study. In the reflux cleaning process, it was found that
some parts in the reactor were difficult to wash due to the temperature distribution. However, it
was observed that the same parts were washed under gradual cooling process after the reflux
cleaning process. These results were confirmed in a 50-litter stainless steel reactor in the pilot
plant.

1. FEER
REOREZEEHCHRFTI DI, FEMERBOREFELBICRET S
EBBBETHD, BEFEOREFCHL TR, RERSCED L RERICHOVTHEE
LadhiEdoRuns, @x 0ERCS W TIIRETIRRIEKEEKETSED,. —h
ETHMRBEIRZIA TR, XFETIR. REEB2BHEKETIEOERS T,
b, RENBESHLESHROBBIEEIL, TORIEICLVESDRICEELE L3
EERTFORELD RN BRERFELZHOMCT I L2AME L,
2. FRF -

05L H# 7 ABARICEBORICHBER. KB, BIV Vapor BFICBEEE VY —2 IV
T, BREBRCBI ARGEBOESBUOBESMERABUME L, £/, “OREE
BOEEICEERRE LTTAI—LEZREBE2H—CBRAHL, TP LV BHREST
DIET, BESHMLEEM T CHREDREEE L, ¥, RBROBRHNEESLT L+
GEDRENR~DODEEBLAE LT,

EHiT, FEMERHEL LTS AT L ASUS)BRSERZ AL, EXS &5k
BRBLLETE P BRERICEIY., ERCRT2HREDREORIEL ERE L,
3. FERFE .

05L W7 ABARGEB TCORENHREDKER. KSR OB EITMELIZEVIE
EHhRE LDOBIER % R L (Figure 1). PEGEORECERELTRB LR =, T, Z0F
BETIZHR VT 30 HHITBV T HREHFENTEE L (Figure 2). BESHICHEKE L ThES
WOREM L, —F, REBEAORERHERIANPIHESIL, ABLESBS LY LA
4 U755 BEFIZ 86 & hu 7= (Figure 3),



S HIZ, S0L SUS M ISEE ORMEFICE L THREOREEHEZHER L, 26%
EHRBBEOBERMERYEBLEER. RBICL3%EESEDR L% MR L 7z (Table 1),
4. BE - FEWw

AMETHREEEBOETT L E L TH T AEBZ AV, BREESFOEEERERFIC
SOWTHBERNT S FEZ R L, ERESHEOBRESARER CEEEFMOBE.
WREERGR I, MBUBEEO ERICH#EVWRFIEORmBE S REEHROWHm AL ELERY
FLTCORBEHEENEBO T, RESEHERIERINTEZ, —F., GHFICEK, Rk
HOBERENEEBEALUTERY, BEREHBTIEORESEREEFSIRILEZSEL
o EHIZHRHBLEFBRZOEBDRIEL, EEREZHERBALUTIZHEEAIL, oHE
FHEEARKOMEFMERE<EODIENEETHD LmfT i,

AKFETRLERSIZ, AF— ATy 7 LERBRECBVWTLERIL.,. EERUERE
DBIMEHFICBITEIRNTA—FZBRERLL LTEETH D,

(AT, AIREL a— <V P A TV AMEEELL LTITo2EbDTHB,)

5. Figures and Tables

IR IR - e g

= gat@aa(a:

@ £

VaporEE(F\i-ﬁgl@ e - g |

Y

;ﬂmﬁj @\

_0ilBath- .|

Figure2 % 7 A RJizdz TO Figure 3 # 7 A [ 8% C O ¥y H58 B B F
BIMEHRROEREHFREY (EX : HhiGBRHFHR AR SWRFEER)

Table 1 SUS SIS %R 2 mHI#£
DEEFEENE

(6H : EERB L CRERA > 1)
BARE | B

ey [mg/cm’] | [mg/cm’]
X N.D. N.D.

BEmm EAR | 0.10 N.D.

B TAR| 0.38 N.D. Sty b
[Em 0.10 0.11
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Synthetic Study of Spirotryprostatin Derivatives
Koichi Nakazawa, Takeshi Yamasaki, Masakazu Tanaka and Hiroshi Suemune -
Graduate School of Pharmaceutical Sciences, Kyushu University

Maidashi 3-1-1, Fukuoka 812-8582, Japan

Novel synthetic route to spirotryprostatin derivatives has been studied via 1,4-addition of carbon-nucleophile
to vinyl epoxide using palladium catalyst to construct a quaternary carbon at ‘C3-position of oxindole
skeleton. Subsequent diastereoselective cyclization to form a pyrrolidine ring and further construction of

diketopiperazine part afforded the target molecule.

[ELWHIZ AR MY FBRFF A BELO B i 1996 £, Osada b " 10k 0 BHEEHEERESh
TCHIRARGEEEREE T 2HEDRBMEDTHY, ZhETI, BEIAL—FILvED
AEEERBERENTVS, 2 HADIN—FIZBNTH, MEADFEREAHRL— Mo 7
DERBIERED TE |
7z. ¥ 4[E. Pd Az
E34%T A2 =B
B 3L TD 4 BIR TS
&L TRITHIERAY
RREREEITRLETS
BREUCEMHFEEOAR
IR LIzDCHET 3,
RER-@\R AVFU2HBRPL LT, 10 MOM RHEIZ3 &< Witig RISk LY o=
& (By2 #B5%ER (B/Z = 8/1) 1287z, (E)-2 ® mCPBA EAMLII(IEBIRMICETLE =L zR %
YK 3 (85% yield) 572, RWT, LA 3 T 5 FHEGETCO Pd fiEx A5 allylic
alkylation Z#RE L7z, TOFER, PdSERDOREE, &b, additive OFE, REFOBELEIC LY,
IS DAEERED K & < BERIT D Z EPHB Ui, BHENT, Pd(PPhs); (30 mol%), PPhs (1.0
equiv.) , REZFIL LT 4 VB ZETEE LV LAMIE 5 (89%) DAZE ST RF LA ~—iR
B (12:1) ELTHBZZENTER, —%. PdOAc), (50 mol%), dppb (1 equiv.) TORIE T
L2 A MED L 2RI E X 72 = LIZRRIEWE 2 A5 Th B,

MeO

spirotryprostatin A spirotryprostatin B



N

o}
MeO
0 1) MOMCI, t-BuOK i % 20V.HQTBDMS
(98%) mCPBA 4
0 o ) —_— / _—
N /\/k Pd(PPhs)
2 0o 3)4
BrPhg*P” \F N ©

isatin 1 — \ FVI oM
E-2 (71%) MOoM 3 (85%)
OTBOMS OTBDMS
o
A CH5CO,Na N
BF;-OFt,
o o >
\ N
MOM
6 (92%)
1) MnO, (N:L

2) NaClO,, NaH,POy,
H,0, 1) LioH
——— —_——
S

3 -

) (N_)\COQCHS 2) BOP-Cl, NEt3

R-HCi
8 (90 EDC, HOBt, Et;N
(0%) g 9 (3 steps 60 %) 10 (2 steps 52 %)

e 5 24X b 6 (92%) (CEBRE, VA RBTREYTSZLITLY, 5-Exo-Trig B FARIL
REFFL. AR T (90%) EZDVT AT LAY—(8%) kB, T OMEANEEIL X HiEmEE
FATIC L VBRE L, ROT, Sml, (L X 34 ¥ AT —F A OBTHBREICLY 8 90%)ICHN
Fro. EbIT, 2BEOBILICE Y 1RABEEZINVEVBIZERE, )70 ) VY AFVZATV
AL, 9 2B, KWT, AFALTRATFADIKSRE ZNICEIEHEL S FIERICLIVT
FERS DUBKREPBELEL, ZITBRLNEY 9, 10 VT AT LAT—RENTHD, B
1. {LEW 5 1B 5 3MA~DRFHEAZ OV THRAL TR Y, HETHRET D,
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Real-time Monitoring of Hydrogenation Reactions using Mid-Infrared
Spectroscopy and In-Situ Probes

Wes Walker, Jeffrey Sherman, OPaul Scholl
Mettler-Toledo AutoChem, Millersville, Maryland, 21108, USA

In-situ FTIR was used to monitor the catalytic doubk hydrogenation of
phenylproprionate. Chemometric analysis of the data using ConcIRT™ software
indicates clearly the presence of the alkene intermediate species. The capability to
measure the concentration of the alkene intermediate indicates that it is present in

solution and therefore the reaction of the alkene to form the alkane species does not occur
on the catalyst surface.

Nearly all organic compounds containing double or triple bonds can be reduced with hydrogen in
the presence of a metal catalyst. Therefore, hydrogenations are widely used in the production of a
number of industrial and consumer products.

Most of the reaction parameters (catalyst, temperature, pressure, flow rate, concentration of Hy,
etc...) can be controlled independently. This allows conditions to be optimized to give high
selectivity for a particular product in reactions where several products can be generated. Selection
and process modeling then rely on a detailed understanding of the fundamental processes
involved.

Hydrogentations are challenging to monitor using traditional off-line sampling techniques. Only
in-situ analysis using a technique such as mid-infrared FTIR spectroscopy that gives detailed
information at the molecular level can provide both reaction mechanism and kinetics information
in reat-time. In-situ analysis using mid-infrared FTIR will measure reaction trends, percent
conversion and reaction end-point directly in the reaction vessel with no solvent or catalyst
interference, and without the need for calibration.

A Mettler-Toledo ReactIR™ 4000 Reaction Analysis System was coupled to a FiberConduit™

and a DiComp™ Sentine™ probe. The probe was interfaced through the bottom of a reaction
vessel designed for hydrogenations.



In this application the standard double hydrogenation of ethyl phenylpropiolate is described. The
reaction is carried out at atmospheric pressure in methanol using a platinum/carbon catalyst. The
reaction proceeds through an alkene intermediate producing alkane as the final product. The
consumption of the alkyne, the formation and consumption of the intermediate alkene, as well as
the production of the alkane was observed in the [1800; 1600 cm™] and [1400; 1100 cm™] regions.

ConcIRT software indicated the presence of three components. Mathematically generated
isolated pure component spectra of these three different components were compared to off-line
measured reference spectra and were confirmed to be the alkyne, alkene and alkane species. The
ConcIRT generated concentration profiles clearly show that the alkyne is steadily consumed to
first produce the alkene. Since the alkene can be measured with (in the liquid phase), the
compound is present in the reaction medium and is therefore not directly hydrogenated on the
surface as soon as it is formed. The alkene intermediate subsequently reacts with Hz to form the
alkane.

The concentration profiles of the reaction components and the hydrogen uptake were compared.
There is a close correlation of the data showing that the product formation and hydrogen uptake
concur with respect to end-point of reaction. Additionally, it is noticeable that consumption of the
alkyne follows zero order kinetics. This is probably because the supply of new hydrogen to the
surface of the catalyst is the rate-limiting step in the hydrogenation process.

Also, the formation of alkane is almost zero order, but it can be noticed that the rate is increasing
at the end of a hydrogenation. Similar trends have been observed before and this may be
explained with the theory of HoriutiPolanyi kinetics where the intermediate binds strongly to the
catalyst (Hawkins and Makowski, Org. Process Res. Dev. 2001, 5, 328). As the intermediate is
consumed catalyst sites where intermediate and hydrogen can combine adjacently free up and the
rate increases, even though the amount of intermediate is decreasing (thus inverse order). There
is a slight curvature in the hydrogen uptake which could be explained by uptake of hydrogen in
the solution and on the catalyst surface.

We would like to acknowledge C. Bazaral, T. Houck and J. Sager, Merck and Co. Rahway NJ, for
their collaboration on this work.
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Novel Alkylation Method Using Nitrile:
Environmental Friendly Mono-Alkylation of Aromatic Amine Derivatives
Takashi Ikawa, Hironao Sajiki, Kosaku, Hirota
Gifu Pharmaceutical University, 5-6-1 Mitahora-higashi, Gifu, 502-8585

Abstract: We have found an environmental friendly mono-alkylation method of aromatic amines under

Pd/C-catalyzed hydrogenation conditions using nitriles as alkylation agents.

TRT IVMEETERMGSCERLSEOGHRPREEE LTERENTEY . HiE CRIRAZ2FTH
BREOBRITIZ OEBLEEICHEERE AN TV, T&T7 IV OEREL LTI, 73N
NIA FICEBEBENTARFMMEBRERL VLN TWER, 7 I VEOEWREEDT-DIZ=K
TIVRWRT = MENERTHIOICMA T, SROERENBIE TS LV ok RAEZEL
TV, £, REBEZFIALTTRT IV EBRPICERTHIFEDRONTWER, R# - B
REOLEFPHEZ D70, EAM - M - BEATHEREL Vo B8 ORERH 5,

—H. TNATE FEERWE—&T I VEOBRM T VRV %7 I VEEART3ENR
FHED—DTH 5, Emerson HIiTEEFHET I > LIEWIET V7 & K% Raney Ni % V- Hafg T4
HTCRIGZITR) L =T I VEOBIEN 10%RBECHZ b, ZR7 IVHRREREL AR TE
DIEEBELTWA Y RERTAZANT A FIZE BT AXNMUEICE L TRE~OAR B
BWENWZB, ,

Lol TV7E FEIZT—RBICEVWELEZELTRY ? ERTR BRI ITHRELERENT
Wi, BIZZEDEWERSEDTDIZT AT E FEAWBTH T AFNMMETIE., &7 I UHREI4E
LU, INRETHBET SNRVBENREZN, D - T, FE CRIRNM SRR ZT I DR
EORBIIFHERICBVWTROTEETH S,

AE, JWEDLIZ PUC 2RV EBIRNEMETZRNT 3B CHEET IVRTE =N
FCHRIKE/ZFMEENDZ L EZRH L, ZORGEEERELTSE & & bz 0@EAM
ZHERT D ETHEERT IV O—RMEHBE ) TARAEE UTRNTEZ LICRIILTE,

NS 20308 371 [ 4

TV 2®ERLLTTE b= FYH, 10%Pd/C 2t L L8 2iToc s b, 7= v
DFE ) TFNMEPHREL (98%) #EIT LI, TE P=F Y LOSBRERUCBEORNETo s 2 5,
REROTEF= P UV (Sequiv) Th, A¥ ./ — (89%). bz (98%). Bift=F /L (100%).
THF (100%) 72 ERRE L7cd T OBRMES CEHRIIZE ) TF U EBETFTEZ EBHOENE 2ot
ALY ) —NHRTREREHEREL ., 25BOTE b= Y A EAVRIE, T/ =FUEITERR (100%)
WWHEITLIC, 2T, FIS$E, BE~OKE, BREVCRAMYZRL, A ¥/ —A2BEIEL LTE



AL, REBDO= NYLVTE/) TFAFMLEITI RIGEHEEZER L,

B REDILK
T2, e OEBRET I = b INVEZRANT, /) TAXNMEOBERZRET L7 (Table 1),
Tablel =hULAZRAWEREFIRT I VEHOBTHE  TLrx4b

10% Pd/C, H,, (balloon)
ArNH, ArNHCH,R
RCN (5 eq), MeOH

Entry ArNH, RCN Product Yield (%)*
1 PhNH, MeCN® PhNHEt 100
2 PhNH, EtCN® - PhNHPr 91
3 PhNH, PrCN PhNHBu 95
4 PhNH, BuCN PhNHC:H;, 100
5 PhNH, BnCN PhNHCH,Bn 100
6 PhNH, ‘BuCN PhNHCH,'Bu 11
7 PhNH, ‘BuCN PhNHCH,'Bu 50
8 PhNH, HO(CH,),CN PhNH(CH,);0H 100
9 PhNH, (MeO),CH(CH,),CN  PhNH(CH,);CH(OMe), 100

10 4-MeOCOCH,NH, MeCN 4-MeOCOCH,NHEt 100
11 4-FC¢H,NH, : MeCN 4-FC¢H,NHEt 95
12 2-aminobiphenyl MeCN°® 2-ethylaminobiphenyl' 98
13 4-MeOC¢H,NH, MeCN® 4-MeOCHLNHEt 92
14 3,4,5-(Me0);CsH,NH, MeCN® 3,4,5-(MeO);C¢H,NHEt 100
15 2-"PrC¢H,NH, MeCN 2-'PrC¢HLNHEt 92
16 2,6-Me,C¢H,NH, MeCN 2,6-Me,C¢H,NHEt 28

*Determined by 'H NMR. ®2 equiv of the nitrile was used. °3 equiv of the nitrile was used. “Under 5 atm pressure of H,.
°Acetonitrile was used as a solvent.

FORBERE. HEO= P MZONWTETAI—ARLT X —AREFELTHLEEKRT I VEOT
J TIENMEBNEBROICET T LALLM o7 (Entries 1,2,3,4,5,8and9), —H. &
BRO= NI NVDBEEHBWVIEFET I VoAV MIPBBREZAWESSIZIIVTNR LK
BEDOPHEBDOV S INLRITE SNigd -7 (Entries 6, 7 and 16), X, EFHK 5|14 (Entries 10-12)
BROETFH5M (Entries 13-15) OBBEOBBR UEFEKRT Iy OVTHIZEWTHIRHIZE
) TFNEEER TR LN TE, TORBIETATE F7 U —0OBTHE ) TAXRMERIE L
LT, BRARILFIEBNWTERRFELRDLEZDNDS,

51 A CHR
DEmerson, W. S.; Waters, P. M. J. 4m. Chem. Soc. 1938, 60, 2023. ?Skog, E. Acta Pharmacol. Toxicol. 1950,
6, 229. ¥Emerson, W. S.; Robb, W. D. J. Am. Chem. Soc. 1939, 61, 3145.
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Process Development of « -hydoroxycarboxylic acid derivatives.
Yasushi Isogami, Hiroyuki Irie, Hirohiko Nishiyama, Taihei Yamane, Seiji Tajima,
Toru Ishida, Takatsugu Shundoh, and Hiroyuki Mitsudera
Chemical Development Laboratories, Takeda Chemical Industries, Ltd.,
2-17-85, Jusohonmachi, Yodogawa-ku, Osaka 532-8686, Japan

a -Hydroxycarboxylic acid derivatives are one of the useful intermediates for oxazolizine-2,4-diones. We
describe that the manufacturing process of these compounds from chiral gricidic acid derivatives and
Grignard reagents in the presence of Cu-salts with retention of enantiomeric configuration.

0 —BROTRSNIMELET 5 LAWRL. BREREALRK
J::r\““24%+%kLTOQ%ﬁ%ﬁénTBD\%@%E%ﬁﬁ@\###fv
R © O TYuUAVBRBCRERRLETEILTHD, Figl)

Fig1 O B, ZOBEPBEZITHETE S a-t FuXx T VRV B
HELREDPEEL UTREEITRoZER. o AICHKD S
@FREoEEEE R Lk,

Y=y beRBa-E FRXUh R BHFEMAI, Scheme 1| KWRT LI IZ, BaeDT7 Fu—
FRIVERTRILENTES, Bib, 7T/t FU VBB T 5 Hik(path a). o-7 FNEREER IR
Y 5 F5Epath b), -7 I /BOT I/ EEb Fax o E~EHT55Epath c), 7Y & Mg
AT AT % UBRBR AN s (ring-opening reaction) X ¥ 5 J5#(path )2 ¥ A3 5, 2

(0]

2
/@/\/\“ + ON /@/\/\n/lo.R
1 1
R 0 o) xpath a R 0 o

(0]

R2 path b
o MO
o K¢ path d o
R / \ M 2
) v "0 pathc > /@/\/ + [>)LO,R
R\O NH2 \0 O

Schemel

B2ILZDOF T, pathd DY & FEET R 7 )LD ring-opening reaction (2% B L=, #A ¥ b,
HEFEERZ ) V FBIRATAVERNAEZ LT, | B CRPEENEGRTEZ L Th 2,

LDL2B6, 7Y ¥ FBB= AT MZ 3 DDRIGRBIFET 57, IMISBIRIC A A TR
SVBELMBEEL 2 o7, (Scheme 2)



5 s \\ /\/COOR2
COORZ H

Oiisuer

Scheme 2
BRMEZ M LI 5ITIE—KIC, fi-ate 85D X 9 72 metalated species Z AV 5 Z L BF LTV

3 3, #lxiE R,Culi D—BR TR EN B 8-ate SEEITERE L A CEIFIRNES TH B2,
EWRELRDEBBRWVWE, R7—AT7 v THREELEZOND,

% Z T, FAR THi-ate $EE % AR &¥ 5 BT Cu)FE TIC TEANZFABL AT 8E 72 Grignard 3R &
ZYVV FBIRATFNVERESEZLEZIAANLE TS a-t FOXF U AR BBEERRE 2T
NOSEERBELTHELNBE I ERGD o7,

A
Ci COOnBu O/\/\/COOBU
—_— =
L~O/©r\/ CuCl, Mg Lo OH
ca 75% L=leaving group
Scheme 3

TORGEREEL UTHMN TR BLA RN EIToHEZA, LTOLOIRMREZELIZLENT
&7,

1. EE LGIEFETIC Grignard REZFH T T2 HEM. RISIERIFIZETT 5,

2. SRR, Cu(1)EAV3 I L B—REITH B2, CuCl,, Cu(acac), 72 & D Cu(I)% A

WTHRIEDRIREIZH 2,

3. ST E(5~10m0l%) T b+ RIS M EITT 3,

IRGOMEND., BRI Scheme 4 KRT LD IC, TEMICAETRAERETHS
4-tert-Butoxy-phenetyl chloride 38 X U7 ) & FEEn -7 F L2 AW D REHEZ L LT,

Step 1 Step 2
P10 H 97.6%ec P
COOnBu /©/\/\/COOBU
)\ ,©/\/ CuCl, Mg )\
: 2% 82%
Step 3
X o —— (%
° 91% HO 98.6%cc
Scheme 4
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Development of Odorless Thiols and Sulfides and Their Applications to Organic Reactions
Kiyoharu Nishide, Shin-ichi Ohsugi, Tetsuo Miyamoto, Pranab K. Patra and Manabu Node
Kyoto Pharmaceutical University, Misasagi, Yamashina, Kyoto, 607-8414

Abstract: Development of odorless substitutes for commonly used foul-smelling thiols and sulfides, and their
applications to organic reactions are described. It would greatly improve environmental pollution as well as to
the physical stress of the researchers.

ERETER(LAmIE. BRI TR, EXE BE EFTELREORELVWDFICBWTAND
NBLEWTHEH, BHAEREEDIDIC, EROICHEEERR & - IHHREEL EHINETH
%, FHI. BULKERRAZ Y FA—IV, VRAFIVANT 4 B, IRAFIVIRIVT 4 FIZERBAiEE
CROBHIENTED, BEER AELCOMERES, ftoT. EREMSILANDRES
MADRFRIZ TV — 7 I A M) — B AEELFEDO—DOTH D . Ta X LECBWTIERIC
HEETH S,

4 DWRZICH O TEIRE M- tandem Michael addition — Meerwein-Ponndorf-Verley reaction” &
RERIGEIE UTRIVF UV BRERED 13- VAT R T Va—VERBROS TN, ThbDF
F—IVEERZRIZROE WS RS -T2, T T BEEFA—INVEDRER L BV OBEEEH
NJz& T A, KB 12 D dodecanethiol (1) HERTHB T ehoholz. Fie. 1 ZAFIULLE
dodecyl methyl sulfide (2) LR THBZ LMD o/z, TNHDEEFA—)V 1 KU, EEZ)VT
4 F 2 %2, BEOEBRINCERYT e TENUL, BEECEBLWEEREREL LTiges
%o ZTT. 7VFIVI—FVE (Me,Bno, MOM) R 7 LFIVIAFIVERDBET VEUERRS D %
AV Z FOBRTc FEEORREHEE 1 RU 2 ZEALEC A, KISIRINEL {ETL. EEEET
TITRBTEN DD 5Tz, Thbb, TEVFA—NRIAFIVAINT 4+ ROEERBZL LT 1
RO, 2 2RI BN TER,

OMe H

' Me
AICI; Me AICl, O3
OKIE;:S — ASAcogn T Acs\/LcozH BhO™NF ———>Bn0"CHO
Me H 100 % 88 %

95 %

RICANVINVANAT B bR FA—VDOEEREROERE RS Tz, EEFF—)L 1 D
MRZEIANE VRO AR R RER ORISR EA UT#ER,  4-heptylphenylmethanethiol (3)
¥ 4-heptylbenzenethiol (4) HEETH BT Lhhroiz "y THEDEEFA—IVEICONTE &<
MR TW3EBRIS\DEAZRE LIz T3, FA—IVEDBAR, 7Y 2V IULDRISICHE
HTEBCLHHEREN. ChEoDRIGREZERBIETTTS LB TE,

. OH
) ° NaOH © 1) LIAH ~sH
+ CH3(CH2)6—< >—CHZSH — “gR
% -51;11:/ 2) Na, liq. NH; 59 % (2 steps)
(] +

3
R =+CH,{)-(CH,)(CH, «-OH 10%



HO

OAcO
OMe

AcO .
Ac 0. OAc AcOr o SR OAc AcO 0.0 o

NIS .

OAc + CH;(CH,_)G—@—SH 31;39;"5‘ K.OAc > __BF;E; OAc Ohc
A0 L, ®  AO 4AM AcO AcO OMe
¢ OAc 81% OAc OAc
Bia=10:1 Bonly -

Fiz, 18SAUC TMS BEEEDRVEVFA—IV 5 R0, RVINANVATEY 6 TEROHFRE UK
WTEADA ot Dy RUEVEEDY VB, R protodesilylation 1C & o TZDRREEAA]
BETHH. REBEEIAVINFAER T 2 NVFAEZBERECHAT ARINICERATES LEXD
N3, FTT. 5% 6 % Michael S, 7ILFIUUITERTS &, TRALEERIET TV IIVF
AERT 2 ZNVFABRBATRZCTLNTE, Thbb, 5% 6 ZBEREEFTAINVIIWAIVATAR
YRANVEVF I -NVOBWERER L UTHERTES T LA gh o T,

T™MSC-SH Tms TFA
Y e \©\/S o 22, O\’SY\T’O e, B
TBAF (cat) .
OEt 98 % ml 100 % Me OFt RS '@'TMS g 97%
2 N
™ :6 S (oneess) R = (CHy);Ph P>‘ RS—@—Br
RBr — nscu,—@—ms —>RSCH2-© o0%

R=(CHyyph CuN(129

—F RVEVREDOVVYNEIE T 0 b T BRI TR ZNa S VRETFLLMTES
HMSNTWS, CTOELLVUNVEREALLFA—IVEEZANTELNS Z)VT ¢ FEON
Oy VRBRIGERHTZE A, WTNLEINRTCENEEX 3 T LA MR I N, LRSI
XOEA XN P EFIRL THOBEEENEBRT AT LHRETH ., YV IVEREA LR
FA—IVERIZERBG LN ARPRE L LTOERAEL HRELZEETHE LA B,

13- 70y IFF— U ANV R NVEDRERE X EICAVW3ERGRIGHITHHH, FEFICHE
HRFFELTVS, ZTTT 13-7a/80IFF—IVD 2NICIRER 12 DT IVFIVEHZEA LTY
FA—IV 7 BERKTHET D olz, EERDOVFA—IV 7 ZHIVRVERST Y FOBTK
IBICERALIEE TS, INRRS ., BERRE T TEITT 2T LAgh ol

Cqus_C: H\l o

Oct;NM a
(Mlu mclbn)

HRE LT, 1 ~ 7 OEEEFSRERER. MR THACLEPELMC L, ThbD
HERIZ, ERPMETH T ZFA—I, IAFIVAIVT 4 B, RVEVFA—)b, XTIV
ANVAT RV, 13-TR VF4—VOBEMRBR L UTHIRL, FREEO/rLERss KiEickE
TR LHTER, ThHDRRE. o XMEEOLSFICHNTE TEOERMBEICAKE ERY
BLEZION. REICBLWERRESREOMEL LTERTHSLEAONS,
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Development and application of odorless sulfur compound: Odorless Corey-Kim

) and Swemn oxidations b .
Keiji Oono," Kazunori Okuyama,’ Kiyoharu Nishide,” Shin-ichi Ohsugi,” and Manabu Node
* Reagent Research Laboratories, Wako Pure Chemical Industries, Ltd.,
1633 Matoba, Kawagoe, Saitama 350-1101
® Kyoto Pharmaceutical University, Misasagi, Yamashina, Kyoto 607-8414

Development of the odorless dodecyl methy! sulfide (1) as an alternative for dimethyl sulfide (DMS) and
new odorless methods for the Corey-Kim and Swern oxidations are described. These reactions have been

developed with a view toward green sustainable chemistry, utilizing 1 and common solvents instead of
dichloromethane,

(1] F&

CAFNRANT 4 RIEIBRTAX ML R4 Y = ROBT Y 78 COFEBEICIA ST 38,
BRPBIEEIZL > TR ST TBY, TOERIMEEREOBLCAE~DERE, BIEICARA
BWrBREOHMBEEZHED, Ko, EERREDAEE v RAIBITAERIIRETHS, Lo T,
PAFNANT 4 ROEREMEDRREIZZTV — IR M) =Rt XMEECBITAEER
RED—2TH B, BAIITAFNANVT 4 FOERRBEOBBELZRIL, ZOIRAE LT
Corey-Kim Bl * <o Swern Bt ¥ \CERTHUE. SAFAANT 4 ROBEEEES 2 L2 K
EITABEEL,

(2] BRANVT7 4 FOBRR

PAFNANT 4 FOBRREBEGEZRRETIEIHIZY., TAXARFAINLT £ ROTRRE. £
T ERBERMBDEZEERNVE D ICEER VU HPLC THRLAVOFFEH L, hbnEK%
AT, ROVORBRIL 3AICEDIRET R FETV, BROBNBOESE L, BOBLEVED
Z0LTHLIIC, TORTBELEFCTREL, ANVT 4 MEEBIDTLENENREL BRBIT
L7eDB>TRVOBEZRAD L, REEN 12 D RFINARAFALILT 4 K 1) BERTCHBI L

By hroit,

Enty  Sulids  Cabonlengh QPTS%° g A ——s
1 CHSCH, 1 5 5 5 B o~-==0
2 CHacHzSCH: 2 5§ § 5 ‘ir A ‘.'- .......... a
3 CHsCHASCHs 3 44 4 o -

4 CHy(CH,)3SCH; 4 4 4 4 @3l
5 CH,(CH,),SCH3 5 4 3 4 %

6  CHy(CH,)eSCH 7 2 23 o |
7 CHy(CHy);SCH, 8 2 2 2 82

8  CHi(CH2eSCH: 10 112 ©

9 CH3(CHy)(SCH; 11 1 1 0 1~

10 CH3(CHp)SCH; (1) 12 0 00
11 CHiCH)uSCH 14 0 00 0 g
12 CHyCH»)sSCH, 16 0 00 12345 78 101112 14 186

Odor scale : stench 5 <———— 0 odorless chain length

(3] #K Corey-Kim gk & #ESL Swern BRLDOBAR

Corey-Kim Bk ? 1 1 #&. BLIU2E/TNLIA—AETAFE RRF b cBbT 25 BARFE
THd, LPL, RIERITHEVAFNANT 4 FIZKDBREZHEI RERH D, £ZT. 1 &/
WT Corey-Kim B Z Rt L-L 25, OCIIRGEBEX TITALERIL, EEBIET C
Corey-Kim B{b. B HEITT B Z & Bohoiz,



1)1 Beq 40°C
NCS (%) 2h Aldehydas

Aleotols or
2) E4N(Seq) 40°C 14h oo
oo e H H
ol
%%ﬂ :[§t§ S LN
Aoohos " r o ™ oion
Yiekd InCH,Cl, 99 91 99 95 9
Yield in touiene 95 97 —a 98 90

a) Noresdtion

Corey-Kim B{LDIERD G L LTI, Y7 a2 oo br #fA0WaEN, Y7un X
& v DERIIERICATT R ENN 5, £ 2 T.RE~OATS BRI 12V A (AcOEt, THF, CH;CN,
acetone) Z FWVTRET L7 & Z A, IR TER CoreyKim BRMESEITT D Z &3 9d o7, T2
LDOLERGHE, TENRRAF—AVIZBVWTHLERTRETHDLELLND,

o iy 5 e
eq 2h
nI: 2) Et3N (5eq) 40°C 25h
Sovent | toluene CHxCl, AcOEt THF CH;CN acetone
Yield (%) | 83 % 97 99 93 ~ 100

F, BRRER TNV a—NVOBLICLAREZEAT 5 &, THF 2L LTRAWE L
EICINR L ER Corey-Kim LB EITT I LB oh ol

1) 1(3q)  -40°C
NCS (®g) THF 2h Aldehydes

or
2) EtsN (Seq) -40°C 2.5h Ketones

Acotels @*cu,ou@ﬁ szou -

Yiek®
a) Yield was delemmined by GC.

Swern @t ¥ 3. KIS & LTHAVHILE DMSO L EEILAMTHB A FIZLT 4 KN
Bl&ET 3, 22T, DMSO OEDLYVIZ FFINAFAINEXRY R Q) ZRAVTRETS L, KT
SUNAFNANT 4 F W) BERTHOT, BERERETRICHET T LBahotc, BIETD
1 ZHEEENNESVOTEIRLEL ., 2 KBLTAZ L THAAAXTERTH S,

1)(COQ); (15 eq), CyHx5S(O}Me(2) (1.5 eq)
CHCk__-60°C(30 min)

2) EtN (Seq) 60°C~-40°C (2~5h) o Ketones
~40°C - r.t. (40 min~2h)

Alcohols PhaoPh §H
o Ph PMN /'%AJ%/\OH @\,ou E
o} OH

vietd %) (1] 95 798) 91(95)  93(98) 93 {95) 93 {99) 91 (98)
Recovery of 1 100 -] 93 99 99 91
a) Swem etal. Synrhesis 1980, 165.

Alcohol

86 92

Alkcohals + CizHzsSMe

(4155

RFSNAFNANT 4 K ) BEROBNTAFAILT 4 FOBRERER L LTRETE,
Corey-Kim BR{LIZ BT ABREZKIBIER T Z N TEE, Tk, RSBV TS, BRI
BHOHENPLRENTY = I AR —2BH LR LT &, SwemnBL T, K7
INAFNANVEZRY R Q) ZAVD L ERBRET CRIGHITA D Z L HBahoTc, ThHDH%R
RERIL, ARREADIC L ZER R LOAERMER, REXLTLSH 2 EDERREDUE L LT
KESERTDI bDEEZXLBNS,
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Development of Manufacturing Process for Key Intermediate of S-5751
Takemasa Hida®, Makoto Kakinuma?®, Kyozo Kawata®, Toshiaki Masui®
Tetsuo Okada®, Hiroshi Hashizume®
a)Manufacturing Technology R & D Laboratories, SHIONOGI & Co., Ltd.
Kuise Terajima, Amagasaki, Hyogo, 660-0813
b)Discovery Research Laboratories, SHIONOGI & Co., Ltd.

Sagisu, Fukushima-ku, Osaka, 553-0002

A practical synthesis of 2-((1R,2R,3R,5S)-2-amino-6,6-dimethyl-bicyclo[3.1.1]hept-3-yl)-ethanol (2), a key
intermediate of S-5751 (1), was achieved by the reduction of {(1R,3R,5S)-2-[(Z)-methoxyimino}-6,6-
dimethyl-bicyclo[3.1.1]hept-3-yl}-acetic acid ethyl ester (4) with NaBH,-Lewis acid. We ensured safety of
the reaction by the dropwise addition of NaBH,/diglyme to the reaction mixture and two-step reaction by
changing the reaction temperature.

S-5751(D) I B RMRARREF CRH T iz
PGD, REGHFWFAERT 57 L ¥—tgmien oI
HTHB % AT4 W= TR, T/ G —
FIOCTAFVLIATIV4A%RF P T LTEITL, /@VMCOOH o
BPRBMETHBT7I VT IVa—IV 2 BERK LTV, ss781 ,
LU, TOHEGBERSENEY T4 BIREH
ZLEFVIFYRAF LY 3 HEDFENEL 30%
Witk Lo 2, $7. 3 04V VT rnn B con % Ao,
AR RGERT B CRERNEOSE TR, 7 A NeON

OERDEEUDRETH -2, T THRAE . Th : *
1) Reducti
5 DOMBERZHE Ul TEMNEEEOMRE BIC., 2; Phcoo:n 2 Benzoic acid Salt

4h5 2D O AEEREEMICRET LT,
Red-ALBILTIE, 4 DT AFIVIET IV A—VC BB TE =N, A3V LIET7 I VicETEh e,
2Z[/BIDITET P I LICE B BIOHSBER -7, BB LCRBEIRVThE L Ui, 8
BEL LTIRMTH oz BRIBICDVTE SIS MRET UMKER, NaBH, V1 A YN
EOIATNVBECAF Y LERTTE 3T BB Ui, V1 ABRELRE LR, AlC),
DRONBHE L. 60~T0CTRIGIHEIT Uiz, Fic. RETIEF FU YL BT CREIELTWE 2
DIFERMER 5,6, 7 MZ LA LEUEVID, MNTEIREL 572, Ub L. Qi NaBH,



ERWBIDBNETABOKENRET S, QFEK L DEMTRAOBNLEODFEEVERT Y
HADRET D, @NaBH, &IV AEHFROEMIC L 2 BREF 'DH 25, B LOBEENDH >
72D T, Sl XADRELERE Lz,

Table 1 HEBTHEICKB T I V7 a—)b 2 DINRIE X UHiE

Crude H Purified
Entry  Method 5 6 7 2 Yield* | Yield (Purity)*
1 Na/PrOH 62%  3.0% 0.3%  90.0%  38.4% |  28.7% (98.7%)
2 gﬁ:‘jﬁén 1.3%  0.4% 0.3%  98.0%  63.4% |  40.3% (99.8%)
3 NaBH,-AlCl, 0.3% 0.3% ND 99.4% 75.0%
*3 5 2 BEBHEDEEINE ‘
/@,NHZ /@_‘“\NP& NH,
‘w/\oH "l//\OH H
5 6 7

A Hh5 2 DRIGHRFEREIT 695.9kJ/mol & KE L. B2MZHERT S/l NaBH, &IV R
Bk OBAE ERT 5 & L L ICRGRBOFIENRAIR TH D, VIF LTV A—IVIXF)V
I—7U(diglyme)id NaBH, & AICL, #7AfRT % %7zt NaBH, LV AEERROEfLZ 58 T &
%, 30°CTRIGEITS ETATNDHHBTLEN, METB7IVa—)VEIELNT, TATIVE
TEDORSKHEIL 4D 5 2 DRISEHRIAB DK 60% TH B M, NaBH,-diglyme B DM T & [
ICRISIEITT 5 T e O FEIC K b RISABRKIHATEEL %55 /. E7z. NaBH, diglyme &
BOTE TR TH%. RISBE% 65CICIEAT 5T L TAF YV LOBTRIGHET L., 2 ZB5 N
T, FORMEIT 278kI/mol(HiEAFE 43.9°C)TH D, diglyme YAHEDWEM(bp 162°C)ZKE
CTFEI- 7z,

" NaBH,B2BE(LUIRER. 2.5 BIVHTRISTEEL o e THUCK VBB BT BKER
EBEHHITEZOT, ERCLIBRETRALUTETRRDARLZY ., ATy FPAT—IVT
BhEMREE I o 72,

DLk, 4h5 2 DOBTRESLTET S L TINEER LIS L L LI, REMRER LD

Y AEWEEL, S-5751 A 2 O THEMENEEZBFREL .
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One-pot Aromatic Bromination-Rearrangement Catalyzed by GaCl
Atsushi Suwa, Mieko Arisawa, and Masahiko Yamaguchi
Department of Organic Chemistry, Graduate School of Pharmaceutical Sciences,
Tohoku University
Aoba, Sendai 980-8578, Japan

Reaction of monoalkylbenzenes with bromine in the presence of a catalytic amount of GaCl; initially
gives o/p-bromination products, which isomerize to mixtures containing considerable amounts of the m-
brominated products. Notably, the bromination of dimethyl-, trimethyl-, and tetramethylbenzenes gives
dibromo- and/or tribromoarenes, which isomerize to monobromoarenes.

BACEKE IR0 LT ENA ABEBFET COTAFARC B ORKRLIE, op BEREETL,
m-7aEETIZEAEBLRRY, #oT, TAFARVEUNS m-TuEEi SRt 50z
B—RICEEBIERERD, LZAT Olh iT. FEEERRYICAEROETALI=T AL
KEERSED LT EERNGMNTAIZLEZREL TS, P RZZ0REL L LICTAFAN
YEVDORFLL T T EDENME onepot TITV, FRL LT m-EEEEHICELRSIZON
THREIL. BTV U ABREHTHEZLERHLE, P

HACH Y 7 AR (5mol%) FET. TAFARVEUIZEEABOBRESME. AFALI I
ANFYUFRET 12 BEHEASED L, m-7 a2 T4BMWE LTELS (eq. 1), DI o-
AH U< pALRRIEBESCHIICEIT L, BNV T m-EIC BN T 3, KRRICIKELT Y &7 A58
BATINEMRIRNE RUPNVERFEBETT 5, MEICEeGERAVD L, o-7 0Tk p-
TuEEEEERHL LTELD, LTI =y AECREBERERDE D X2, TAx
NARCEBVEHRRISEBALEZEZS, TAXABRESESNEY., m-T oo ERN LS
THZENbhot,

R R
GaClj cat. Br GaCl3 cat.
5 min 12 h Br

Br R = CH(CH2)4CH3 38%
R = CHCH(CHa)2 49%
R=CHyC(CHas  61%
m-¥FYVCERIEEED E. | BV T ok EERME LTEX, 12 BEERSES
LE/TuEREBRELR o (Table 1), BEORIETIR., D7 uehRkREOF L LU BEE
LT, B/ 7REFEEEXTNHILICRD, BTV I=VATRYENNOE ) TuslhrE
LLTEXL,



Table 1. Bromination of m-Xylene.

6 2 catalyst (5 mol%) N N
*+ Brp I + |
5 - methylcyclohexane /2 2
Br Bl’2
1 2

4 1.0eq. rt.

. a)
catalyst time yield (%)

1
positon® 2. 4- 5.  24- 25 46-

1 min 5 15 trace 24 trace 40
GaCl3

12h 11 30 19 2 11 18
AICl3 1 min 9 83 trace nd® nd® trace

a) Based on bromine. b) Bromide positions. Numbering based on the starting m-xylene.
c) Not detected by GC-MS.

FYRFAERIZT bTAFARVE UV ORFETHR CEHANED b (Table 2) &S
Ik oT, HRIIZBEAENRENTVE 5-71F-123- MY AFARVECD 123-F) 7T
WENAREBUhb—BECELNE,

Table 2. Bromination of tri- and tetramethylbenzene.

yield (%)
monobromide dibromide tribromide

substrate catalyst time

Gacl, 1Min 18(4),15(5) 25 (4,6) 42

A 3 12h  22(4),50(5) 10 (4.,6) )
ACl; 1min 42 (4),trace (5) 20 (4,6) 2

GaCl3 1 min 52 41 -

12h 71 26 -

AICl3 1 min 76 22 -

a) Based on bromine. In parentheses is the brominated position. Numbering based on starting
trialkylbenzene.

HWAEA Y U AMEEEFAVERY AFARCEORFEIT, HERIE T CIRE/ 7o E{L
I T uebOFRENT ERbhot, TREERANT L, BEELLTERALTND
mrichn, —F. BARXELTIE., £/ 7uEhoFBAY T aekb LiE ) TueehX
DHEETH D,

1) Olah G. A.; Tolgyesi, W. S.; Dear, R. E. A.J. Org. Chem. 1962, 27, 3464-3469.
2) Arisawa M.; Suwa A.; Ashikawa, M.; Yamaguchi M. ARKIVOC, in press.
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Cinchona Alkaloid-Catalyzed Kinetic Resolution of Urethane-Protected o.-Amino Acid
N-Carboxyanhydrides (UNCA)
Yutaka Ishii,” Satoshi Murakami,® Yoshiro Furukawa,® Li Deng®
a) Research Laboratories, Daiso Co., Ltd., 9 Otakasu-cho, Amagasaki, Hyougo 660-0842
b) Department of Chemistry, Brandeis University, Waltham, Massachusetts 02454-9110, USA

A new cinchona alkaloid catalyst O-propargylquinidine (OPQD) was found to be efficient for kinetic
resolution of UNCA @) via asymmetric alcoholysis. It was easy to prepare from quinidine by Williamson
synthesis.

T, Brandeis K¥0 Deng Hid, BEEMT AV O L FEMEE LTYLZ ARHBT7 3 ) BRE
KPUNCAYDT vz ) YR L BEEROEESEEZITV, WEIEME N-RH#T I BE2HREL
FOFEEZRE Li(Scheme 1). V) ARIE, BEYHOHBEREB AR — EAMHEBIEDLTESIC
TA%5 %, MEOEIR - BRABNTETHZRY, 7ot ANEENERIETHS. EARE
&, ST SBREKIICHEETHZ L T FaX o R U BEOSENT 8B T % (Scheme 2), 2
S BIZ—HEDEH Tl Dynamic kinetic resolution 2775 Z & M TE B Lz, ¥ 2 VEREKY
DIHFMPMERISIC BISATE 572 £ (Scheme 3), ¥ HFMICIEEELBEL AR THS. F4 Y —it
Brandeis KE0 5 ZO—EDRED T A £ A (M 5 EHHE) 2 21F, TEL~DORNEZF-T
BY, KERRCRZTORTERBEZHETS.

. O o) 0O
o 1. (CC150),CO RLW//( cat. (DHQDRAGN R
2. Protection MeOH i,
R y o - Me + o)
P=2Z orAlloc PN Et,O0 NHP PN
NH,
0 . )
1 2 aq HCI
| (DHQD),AQN - HCI |
y
aq NaHCO4 [] :aquous layer
y \
MeO Me o o)
R/III, R
" OMe OH
DHQD);AQN
(PHAD)A  NHP NHP
Scheme 1 D-3 L4



o] (o) o] 0

R cat. (DHQDLAGN cat. (DHQD),AQN
\(0 MeOH ., Me o MeOH N OH

OH OMe
o] (o]
Scheme 2 Scheme 3

UNCA O¥ESHE BV TEAERBREEZFALEMETCHIXNERFET TV IR AF
(DHQD),AQN i3, Sharpless 2 & % Os iR F VA4 — ALRIGIC I 2 HEMENIF & LTH
ZTHY, TTRYERELMANEF LTV, E512, (DHQDLAQN iIEMMEEL <, MK bLiE
HDTEMTH D% Y, BEAFECHERS Y, KRGO TEMICIIME OF 2@ aFRRIERM
EOBRBUETH-T-. 22T, BEROXI=VVER—R L LTHEOHREITILER, *
=V DTNANA—NEBETAINECRE L LA URNARISICBWTRGFREFERES
R4z EBbhol. BTHL TR VENRHE O-propargylquinidine(OPQD) A3 &V B EIRE 2
SRLE. ZOfEiIF =00 Willamson BRI E Y —BRETERSICERMICERTE 5. &7,
X=OVDETFUF AV —ETH DX = DT a0 VR H#E O-propargylquinine(OPQ) % il
& LT UNCA DHENE T B bBERERREZR L, FERRE (D B) OXFEFEME V&
T I BEBDILNTE.

P ED L 31z, UNCA DEEBRHEEZNBNCK T AMEOU B EZHBERI LIoHER, TEERE
BRFHEREEET VI oA FEEEOPQD)DBRRIZHRII L 7.
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Convenient Preparation of Oxindoles Having a Chiral, Non-Racemic Quaternary Carbon Center
at the C-3 Position through a Lipase-Catalyzed Enantioselective Desymmetrization Protocol
Shuji Akai, Toshiaki Tsujino, Emi Akiyama, Kouichi Tanimoto and Yasuyuki Kita
Graduate School of Pharmaceutical Sciences, Osaka University
1-6, Yamadaoka, Suita, Osaka 565-0871, Japan

Abstract: Oxindoles 2a-g having a chiral, non-racemic quaternary carbon center at the C-3 position were
prepared with up to 98% ee through the enantioselective desymmetrization of prochiral 1,3-diols 4a—g using
a Candida rugosa lipase (Meito OF) and 1-ethoxyvinyl 2-furoate 1.

TOF I 1,3-TaNDF—) 1 OREEMIET X 7 IWLRSIE, SR RIET, BLEsE,
BNEOREEOFRBEEBETEIRBCEL VWIS LB XN 5, ZBICIIRk ERD
PIAEN - 2. Zhid, RERDAHAINTOLAERE I 2T VIWMERICAVNS &, RisickH
DEZEL, B9 0 OSFAT VIEGEMICEZ S EIEBRRBIDDTVEDEEZI SIS
(Scheme 1). BZIIFA, ZOMREELTHT VMR I-ThFEo) 2-707— R 1 28
Rl 1 BEZIIAFIVELD bREENEL, TFoFHBRECEN, D, £RY I
RILILRHLEETHZDOT, BERSH CEASMEORE SR RELBETE2
(Scheme 1). " &I RIIATIE, FIENFMEEZEAL, FEBEERREETE4FI1
YRV 2 DETE, BIE, BIEAEOHESRECOVNTRETS. ?

Scheme 1 racemization
0 o) during work-up,
HJLO’U\Me »— Me SiO; chromato,
» - {' >/-0 etc. ,' >/—0H
. . e _OH \
: lipase MeCHO }/_Me
;’ >/—0H o ent-I1
.. “—OH 0
JL o0 o
Et0” O
I 1 \ / Rl ~R1 o \ I
Y > >*(_ no racemization
lipase *-.--R?” “—OH

AcOEt
I upto99% ee

AEOR) ORI FUER T4 AF T IR EDEERENERERTA O R—=I TN
O RRIZIE, 3MICABFERRREZHEOAF I AU R—IDI O RY VBEE#ELLTET
2HONEL, INSORELARICIE, TORHFREOHENGEERS. Bk, 3N TORSE-
REREHRR AT EERKEEBETEIHEOLT, MBI EENEEZSDTHEL
BINEN o7z, ¥ BR41T, BERAEIENFMEET. o > R=IU 704 RORBSRO-
DOFRBFIIN R 2 DMAESREZ B L 7= (Schene 2).

TRD 3a PAFES 2 3b,c 05 L IRT, BAOBBEEET S da-g #&RLE. BIIC,



Scheme 2
OH

OH
52 1) N-protection = 0
RPG | 00— R | 0 R2 /
6 NH 2) aq. HCHO, N Candlda rugosa

Na,COs, R! lipase

3aR?=H dioxane _ |Pr20— THF,30°C _
3b R? = 5-0Me 4a-g 2a-g
3¢ R?= 6-OMe
. MeNHCOrO Me
E : * N ‘Me
: N H
‘R \ R =H, OMe : Mei (-)-physostigmine
L Ho.. spirotryprostatins = "T"TTUTooToUUC

Table 1. Enzymatic desymmerization of 4a—g using 1.

Entry 4 Ratio of Time, h* 2
R! R’ iProO-THF Ee, % Yield, %°
1 4a Ac H 5:1 48 (+)-2a 97 90
2 4 Cbz H 5:1 58 (+)-2b 98 - n
3 4c Boc H '5:1 22 (+)-2¢ 97 99
4 4d Boc 5-OMe iPryO only 3 (+)-2d 98 . 77
5 de Boc 6-OMe 5:1 19 (+)-2e 91 79
6 a Me H 10:1 7 (+)-2f 87 53
7 4¢ MOM H 5:1 64 (+)-2 86 34

“The reaction was quenched when the starting material was consumed. “Isolated yield by flash column
chromatography on SiO,. The corresponding difuroate was obtained as a single side-product.

BRERGTHAZNS iPr0 2BEICANS &, REOEBDERE, BRUENEBD TESREYET
Hol. —7, THF, dioxane, MeCN 7% & DEBMAEBEP TIIREIHET LR o7, iPr0iZd
B0 THF 22 RESAIGY Candida rugosa lipase (Meito OF) 25 &, 30 CTHRKSHE
SEMEAETL, B/ 707—br 22582522 RAH U (Tablé ). FiZ, N EIT Ac, Cbz, Boc
D7 VIVREEEE TS da-¢ DIEFFRMLIL, 97-98% ee D 2a-¢ £/INE TE L= (entries 1-3).
A R=NVBOS ERII6MICBIRBREEZE TS 2 R-NTIAOA RERZWE, £OXS
REE 4d, e EINE, EHEHETHRTS 2d,e 25 %7 (entries 4,5). Eiz, 91% ee D 2e
13, 1EOEERTIN ee lo/xok. B2, NERTFINFINEBHREEZETS 4f, g DHE, H#FEM
ERINRIZRME T T 2 MEREICIENFMEASHETT L7z (entries 6, 7). TS DORIETIE, 2 DKER
EMFICIATFIVEEZT RS IATFINAE—DOBERME L TELZM, TNSIRERNICIH
—)V 4 ICRES DT, EENRHERITEN.

i, ARKSRER IS ITEBT2NERTE, ik, 214 OERELSHENTERO
T, Y A R=AVTINAOA ROFLWAREFERT TO—F2RETEHOTHS.
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Application of carbonyl reductases for manufacturing development of optically active C3 alcohols
Hiroshi Kawabata, Takeshi Sakamoto, Miki Ikuta, Makoto Ueda
Mitsubishi Chemical Corporation
MCC-Group Science & Technology Research Center, Life Science Laboratory
1000, Kamoshida-cho, Aoba-ku, Yokohama, 227-8502

Optically active C3 alcohols are valuable compounds as intermediates for pharmaceuticals and
agrichemicals, and show high demand in various forms such as propanediol derivatives. While there are
many reports on the synthesis of optically active C3 alcohols by chemical or biochemical method, few
technology are applicable for industrial process.

Mitsubishi Chemical Corporation has been developing manufacturing method for optically active
alcohols with use of carbonyl reductases from microorganisms, and a few projects succeeded in being
adopted for actual production processes. Then we tried to establish an efficient manufacturing process of
(R)- or (S)-3-acetoxy-1-chloropropanediol (ACPD) from 3-acetoxy-1-chloroacetone (ACA), using rich store
of knowledge about enzymatic asymmetric reduction we have accumulated so far.

During initial phases of the investigation, optical purity of ACPD obtained by whole cell reaction
was less than 95% e.e. However, we exploited the possibility of attaining higher stereoselectivity of the
reaction by focusing our perspectives much more on each enzyme than on each strain while we are carrying
out the screening.

In conventional screening method, we have screened microorganisms to find the strains that can
catalyze the target reaction by assaying each microorganism as whole cell. However all we need is just an
enzyme which catalyze the target reaction among the enzymes which each microorganism possesses.
Therefore we may miss the desired enzyme by assaying each microorganism as whole cell, because if a
microorganism possesses enzymes or substances which interfere with the reaction as well as an enzyme we
need, they may mask the desired enzyme. In especial, ACA seems to be catalyzed by more than one
enzyme because of its simple structure, and that may be why we could not find the enzymes that can reduce
ACA with high stereoselectivity. So we tried to find out the ideal enzyme by screening each enzymes
individually instead of microorganisms as whole cells, and we call this " precise enzyme screening".

As a result, we found that Issatchankia scutulata var. scutulata JCM1828 and Candida azyma
JCM1691 possess the enzymes which can produce (R)- or (S)-ACPD respectively with higher
stereoselectivity of more than 99% e.e. These strains could not exhibit such high stereoselectivity in

conventional screening, and this result shows effectiveness of precise enzyme screening,.



WEFEME C3 Tra—E, ERHPCEREOSRIEEL LTRARLEHTHY, e
F—NVHEEE He R CELSEEOHIPANRIINEAT 4 7T uy 7 THD, Th
¥ TR ENE L CEY LR FETONREREME C3 TLHa—LOERBIIZERESH T
B2, LEMICSATRRRERII RN, ,

WHTIRLETL V. MAEWBERO I NVR=VBEREE2FIA LA FRE LA OREZRET L
THY., BE, EROMEF o XAIEAENTWEEIFALHD, T2 T, B4BILETICE
BMUABRCIARAERIRSICET28RE2GAL, 3-TE ¥ v-1-7ua 7t b (ACA)DD
(R)-E71L(S)-3-7 & FF-1-7 u o 7Ry D3 —/V(ACPD)~D RS T OB & R iz,

RETY ). BRAEME A (Whole cells)iZ & B R Tht, £/ 95 ACPD DHEMEIL 95% e.e. BET
BHolehd, A7 Y —=v FHREPEEEAL GBERBEMICEELT I Z LIV FMEOR ED
AlEEtEER R L7z,

PERDAZ ) —=V 7 TREN LTI MET DA/ OWEDZ . BEDBERMOF
iz & VR L TR, FRbhbhBBHEL T3 DEEMREDS bOSEBRREROP D
18 (ENCERE) by, BEEMOFME TIIttORGICERE L RIETERLEMOTHF
LY BEROBREMEEZELLRHTERWATREERD D, HITESED ACA O X 5 2Bl
BEOCADITEROBERBIERAT A AEERE L TN E TICHELEERIEDOBER 2 RHERmo
DHLIDESRBHEIZLZbDEBbNS, TZ TR ) —=v OB EZHEYEE?:OE4
DER~LBELL, BNOBRERRTDIZEE2RAT

ZDFER. Issatchankia scutulata var. scutulata JCM1828 33 X ! Candida azyma JCM1691 X &€
N(R)-3 L UYS)-ACPD % 99% e.e. LA EDOBEWHEME CAET IBRELETHII L AT Z LT
Lt TNOLOEKITERDR Y J—=r FTETIRINMEEE W LEBIREZRET S Z LI
K. A7 V==V OBBELOBRMBEILEI N,
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ACA
G Cl \/'\/OAC

@)
§ —antl]] O
I

O

>

Q

andida azyma
JCM1691

(S)-ACPD



BERREI OT MERICLDIAEFEHEROEE

A bZETE ()
CPL AvR=— FATHA TV ARV Z—)
@) N:i5=TIN

Preparative Chiral Chromatography Using Supercritical Fluid
Akihiro Matabe
Daicel Chemical Industries, LTD.
CPI Company Life Science Development Center
1-1 Shinko-cho, Arai, Niigata 944-8550

Chiral Chromatography is the fastest and most effective means to obtain desired pure enantiomers
compared to the conventional techniques such as asymmetric synthesis and diastereomeric crystallization.
The most widely used chromatographic method is a high-performance liquid chromatography (HPLC), but
now supercritical fluid chromatography (SFC) is getting a lot of attention as a powerful tool for drug
discovery and production especially in the U.S.. SFC provides significant advantages over the HPLC method
due to the characters that supercriticél fluid holds. Higher mass transfer and lower viscosity than regular
organic solvents that are used in HPLC enable us to process materials much faster.

FEREOTOLATEEREINZ 77 7 2—0—Dic, Bll. $hbLHEREAY—FHH 5,
FEERMESBATES (FIVAES) 2ZRAVEEE OR NFS5T7 0 — (HPLC) &id. K%
BREPIT AT LA LB LT, ., RAM L WS S TERIBNIEEE A
DEEFERTH D, TD HPLC ik, hILBBAREL UBERAS LEIC KB VBEEDR
2R T, WETE, L0EEDIRIFVEGROBLBEKRKAZ O 5572 — (SMB)
BZERVEFREE Ot AHERDEG, BROESICBOTERLENTWBRAICH D, Y
#HTE, HARD MY FTRERTERASTSIVFESIZ O 7ER L Uic SMB REEZEELTED.
TR LANVETOEEPRK, FEik% cGMP EE T CHETE 2 &EEE X T3,

SMB %2887 HPLC i X 3 EERFELENE R T B, HE, BICHKTEEEEDTVS
DHEEFFREIO< M5 71— (SFC) #TH%, K 1ic SFC EBOHMERY, HPLC %
BERECREBIRE. #5LOBOKRAEZBELCHEDDOEEAND B HE . SEEHNTHE
ARRICE > TWBETH B, AT LAICIE HPLC THEAENZFILVFEEFILE UL OHFIHEE
NTWBH, H5 LA 60MPa X TOMEM~E L IT>TWVB,

HEERTAEOILEEREIE, HPLC TRV SN2 EEABAERTIC LR T, 85h & BHEid®
WTEBHILGNTWVWS, CORMEIcKD., 7O b ST —ETERTR NS LONR (FHRER
B Dakdd, Fie, #EMENC EH D, BEEEOREE HF TEELENAEEL T, BR
LUT, AEEDELT S, '



SFC ET—RANICAVWO TR, —BLRETH S, EFRN (31°C. 73MPa) MMENDT
BROFNGL | EERNICTEETCAGICLBETHZ N ZFOERTH B, ERIZTOZEBLR
ERIEEL LEHD, BHKOBREREEE HIT57-0, BYEREE (T4 7747) %
BT 3T eHEV, ZBHERRIG EALERBERL EABOEHETREAT SN TE S, —1i%
IS, AR/ —IVRLE ) —)VixEOT7IVaA—IVENETF 4 7747 LTHRVENS, .

“BRIERRIFBREETRETH S, Lo THERIIEEDH TOBYERINT 2B TES
U ET4 77 A7 2ERATHEREBOTLEBNICPDEBTH 5720, BERECHEBEIIIIVF
—RRED HPLC I & R TAIBICHIBTE S L WS KELFIREET 5,

HPLC & THBENAIRERBEIE. ZEALDFE SFC BBV TEIENAIEETH S, Fic,
“EBH{LREOFEE TRALNFEMEIC k> TWVWB T 5, HPLC B TR AERKICERMNAREL X
NEBELAMONHLBERINTAREL L3y — X85 %, Fl. AURESIZBRVIES
HPLC ETRTENRSLNIWVABICDOWT, SFC ETREENICBFRNBNIESNZ LD
H3,

TD &SI, SFC il HPLC HicER, X hiu#ic, X0 LSRG TE BATRENE
ERMDTOBELEZX S, ThH, BKOBEMPEN SFC BICHEBETBFLITH Y, . KED
AFURPZIHBAC SFC BONEEEBEE O ANDSHBEREZED T3, BEER
SFCREL LTRAROEDIZ, H5 LE 20ecm DEDOBHSNT B,

LTI, 1997 FIKEFRIC TARIC X B EZEEEDERTOMBICEEL,. 85 < D
E@EERT, ThER—ZXE UTAE 10 AICERNTO SFCHEFEEBOEA - BE#IEFELT
W3, ARICBV TR TS DEFRER—RIC, SFC I & BB A DEIC DV T, HifiD
R#, FlRLE2BNT 5,
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