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Two Case Studies on Process Development with Resolution via Diastereomeric Salt
Formation: their Chronological and Multifaceted Description to Identify the Real
Competitiveness

Masaya lkunaka
Research & Development Center, Nagase & Co., Ltd.
2-2-3, Murotani, Nishi-ku, Kobe, 651-2272, Japan

masaya.ikunaka@nagase.co.jp

This paper deals with resolution via diasteromeric salt formation that gives a scalable access to
(S)-2-amino-5-methoxytetralin 1 and (R)-3-(2-aminopropyl)-7-benzyloxyindole 3, and comprehensive
discussion is made from a viewpoint of process chemistry, which covers synthetic methods to secure each

racemate from industrially available materials.
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OO R Me,SO0y, KoCO4 OO 2. aq HCI
Me,CO (96%) 3. distil
R MeO (61%)
S5aR=H 5d
bR = SOzH
¢ R=0H
1. Hp, NH3 ©)
O Raney Ni, MeOH NH3 o
2. HCI, MeOH
3. Recrystal from AcOEt
MeO 6 (91%) MeO ()7 12)-1-HCI]
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fEL. 1.01 BEDES)-< T (MA) 2MXT, PT7TRATFvA<—i (IR 43%) ZFH S~
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1. Crystal from
(7 [ SN2 4 T i-PrOH/80% aq MeOH/PhMe (10:10:1.2)
(43%)

) _J 2. Recrystal from 80% aq MeOH (80%)
(S)-MA (1.01 equiv) 3. Reslurrying in 80% aq MeOH (89%)

@O

NH3" "0,C._Ph 1. agNaOH (S-1HCI
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Synthetic Studies on the Medium-Sized Ring Lactones by Means of Rapid
Lactonization Using Substituted Benzoic Anhydrides

Isamu Shiina
Department of Applied Chemistry, Faculty of Science,
Tokyo University of Science, Kagurazaka, Shinjuku-ku, Tokyo 162-8601, Japan
shiina@ch.kagu.tus.ac.jp

Octalactin A, an anti-tumor agent having an eight-membered lactone moiety, is stereoselectively
prepared by means of enantioselective aldol reactions of some silyl enolates with achiral aldehydes
promoted by a chiral Sn(II) complex. The medium-sized lactone part is effectively constructed by
way of a new and rapid mixed-anhydride lactonization using 2-methyl-6-nitrobenzoic anhydride

(MNBA) with a catalytic amount of 4-(dimethylamino)pyridine (DMAP) or
4-(dimethylamino)pyridine 1-oxide (DMAPO).

19EITBEANI TY TXY BSR4 7 85 7 Fo ARBABRIZHL TRVEEY =~
TEBRWESh, \IBAKIL L TOFIABH/ES W BERRERILEYWTHD, F245
JF/ABLOEOEBGURTHAA I FT77F BIid8 BRI 7 U BEEPLE THHRER
BEEZ DL, 8 OBEETEREL 2hs KBTI BRORFREZL A THEHLEERD
Efbahe L THRWEBRZEDHTWS,
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Octalactin A (1) Octalactin B (2) Cephalosporolide D (3)

A7 870 FUEPRERRE VTR, Tho ORELRMEE BESTRILFEE O RBKRO MR
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BEOPFAI 257 FUOHEODABRMREDOETARNO—RL LT, 8 AR 7 V&L F
T35 RKRIEAWTHD 77 u AR FDOHERTE FTOHRT —~<L L TRE, FF7T
MR —VRER2S ICEES DRWHLULEZHFLWHERS 7 VoORBEELZFEAL TC0R®
EERLE, TRbbh, 5L XFRETNF —VREEBAVWTED NS AEEEEa BORL
BIICEY . ThETRILICE 2 ERBEEEL S NTEE7 7 XA Y FDD8 BRIKT
7 b VIBOHEL REL, RATH> LI D{LEYHOMERBE Ut LR EE B T3
TEMTER, AEEZBEL TE77u ARl FDOKRKES fLBX 7 fLOMKEREBI A7
57 FUEDENDER—THBZ L BHEAL DT, FEDFE, TR2bbEFEEERZR
Y AR TERILEDE TORARML . TORRSICEY 8 BRBE B2 FETAI 477 F
BFEARTAILL AETHD L BEXDICEST,

Me Sn /‘ Me* Sn /‘
o TIO OTt TIO OT o OBn

OTMS OTMS HO
EtS EtS

TFBA
HIOT, o] FsC CF3
—_ HO’"C;O O
O O
3 TFBA

LLF. XERHFEOBMEL B35,

ET. AT FUOROARMRLBRBETHICND . 2 nbOERERNIZEEN TV
REEMRTVF—1 ~bFoFs -2 —XAFLa=y b ZFREFTAN —ARISE BT HIE
ICHBETIZE BPUERTARBZFRBBETH 7720, Z ORME BRCBRIEL 72, et
/@I/7—FETWTEFk®T§7Wb—Wﬁffﬁﬁm//®4WEﬁ%ﬁTél—t
Fafxi—2 ~2Fra=y b BERTEH, EELIIXEOHRATHREL UBEHRT) F —}
ERAWBTAR — VRGO MHEERTHZ L ICLY Z OMBEAREBHEL -, T4bb, X
FEERCTI OBML I ZMAXONY 77 —b 2ESEEFELTHY, 2 —TALXFLF
F7aCFVBIRATANLARENBZ STV AT EE —VETATER L DRFET LR —
NMEISZ AT T Lok Y s $ 3 fHiEs REFRIEZFRNEN OBVWARENETEHELNDZZ L %
RWEL Y,

4

Megn H O
OTMS TIO OT 6 OH 52-87% yield
/S,SMe + J\ EI07 ~ R syn/anti=upto99/1
MeS 90-95% ee (syn aldol)
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A
R=MeS X=1
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< SMe
83% ce
PMP PMP
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H i 0
R=MeS
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OGRS KFx=y b ZEFORY X LEUR BEFRINETHONEZ L Bohotz, =
LV A7 750 FUBOEREEEY SMIEBRRMIZED FIER BN THZ L N TELOT,
8 BRI /b VOMRIBETHAL F X h Ry BE KBICTARTE - L AEfEicko

7-.
“o



(SR ai2)

OBn
Segm WOT% 98n
ent H
- T —_ . TBDPSO —
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OPMB
PMP
OBn 0Bn Q
_.TBDPSO\/'\:/._—_\I/\/\ OH — TBDPSO\W OH
orPmB OrPmB

OH 0Bn O
T T TBDPSO Y OH

RNT, ZORIBRGEE ANWTAY 57 FUROERER THD FERBOBEORFE 1T
oo £F. B BES ~VY PANTZATNCHEE | T2Fy 7 b OBEL - RAICHEVERLY
AHIL ZHERNE 58 BRI 7 F VRIFREQINETHEDL WA Z L IS ols, b Lz
Y IFER T T4 BRORISHESLETHY . 2 OFEEAVBRY 327 55 7 F 8k
DYIEDBHROICEBRTE RV L IEAL 1 ThH oz,

OH OBn O PySSPy, PhgP OH ©Bn O
TBDPSO™ Y OH TBDPSO™ Y SPy
H toluene H
o}
Entry Time/h Yield/% AgBF, BnO.,, o
1 96 63 toluene (2.0 mM) OTBDPS
refiux H
2 48 51 (bath temp. 140 °C)
3 13 5
49 96 0

a) The reaction was carried out at room temperature.

EECIIEROBBEARRRTD 2, ZZKERBENOICRHEToTEET I VAR
BORBEFORLDIZEICLED Y, Thbb, e N3 ARV BICsL OEYRHEE
AT BRELEETBREADE BHEARZ ERE €5 L S FRBABENABICETL . S
T5RRILEUPERRTEL D, BT, T BEORLXDOHEICLY . 2 —AFNL—6
—=b uBEEFBREKY( MNBA) L4 —UAFATI Y P ( DMAP) HB Wiz
DAXYF (DMAPO) 2 MAEADLEAVEE o —E Fu X ALRL BOBRIEAERICH
BCEITTHZE BHAL 2o T,
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0, O
N N
@EMJQ o
“Ph
o Me O O Me o
OH
(o] DMAPO (20 mol%) o
EtsN (2.2 eq)
OH CHoClo, 1t 0
slow addition 16 h monomer; 80% yield

dimer; 2% yield

SHIZ, ZOFREE DT 7 b v ERIEE DML LBREOBEREND | KFHEIXRERD
WThORRBERREEEZL FRIIDREARDOTHBZ LY HhoT, £ T, Dk
BOBRIICAT 7 b Vb2 RBIZEALZEZ A, MNBABI BREACDMAP OFET
TRHEDORILA HBITEITL | 13FMOFEBEZICKIETE8 BRI 7 b U B8I%DINETEL I
BZENAL ML o, ZOFETIHRIERE W) BMAKENBNSLATEY . /-, R
BERBL UCAED EEICHETHD, F7-. 31 HE REBRICLD | ARISICX hifhigt
BENODMAP 35 WIDMAP O% AW A TH AL WINETHERKT 7 b VML ERR
BINCBL D Z ENHHAL =, 2B, S—YY VLT RTAELXZETERL - BE8ICITES
ORLEIT L ERL 2V &b BICHIBAL 72, AER%E BEL TEEDS OBREL -HL WS
EOREENREIEI N, SHRITHMERERS 7 b VEOSKRICBERZ EFBEKDER
MRRENERBETDILDLEILRS,

MNBA (1.3 eq.) o
OH OBn O Catalyst, Base ppQ, o
5 Solvent (2.0 mM) - OTBDPS
room temperature H
13h
Entry Catalyst (eq.) Base (eq.) Solvent Yield / %

1 DMAP (6.0) - CHCl, 85
2 DMAP (6.0) - toluene 84
3 DMAP (0.1) EtsN (6.0) CHoCl, 89
4 DMAPO (0.1) Et3N (6.0) CHxCl> 90

UEDES EAI 8T FURICEEND8 BRT 7 b v % SURATEREL Y 2hEMIZER
THZEICRIIL DT, BlE &, EFIRFBEERZ MG OVTH FETNAVF —VEIS
FEALTCEDOEERBREZH/IZLIILE, T2bb, BB/ AR /) F—b LAY Fur’r
TATER EDRET AR —VRISICE Y FEEREZRT V2 —LE2GRL . T UL
TRESHBERISEEIZ LIk BME 75 UEBMEAFLE, ZOTRIZZ WE TR
EEINTWBIITNANT 4 —RTAHy 7 OMEBEEICHSTEIRTHY . R HFMER
RERIEE L THHATZERETHD D, TNV EBNOBRT 2 F4 < —% fiEI
B BT5Z &b mREIC R o 7=,

-11{-



(RfrakE2)

C}jq‘i
M'g'g}r\\' H O
TG OT

0 O OH O OTBS

OTMS =
+ —.
Ets’& H)H/ Ets)‘\/\(

94% ee

oT1Bs oTBS OTBS
—_— \/:W/ —_— IY\/\r rk/\r

O o]
OTBS
BAO., BnO., O OH oTBS
\r\/\r o 7 H
H

0O O
HO. /Ny o o M on
\\\\‘ = ~ \\'\\ 29, ~
H H 0
2 1
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F7 857 FUOROEBREEY ES FIL WIEEEHEOBIRL TTRETHDL L EXTWS,

B, AEREIBOTIZ, 9BBS /M e LTHLRARN F/YNE, 25 0%7 BE
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Practical process developments of KRP-103 for treatment of urinary incontinence.

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

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

multikilogram scale.

KRP-103 ix MY ¥ F = U ZFEICH LENEHRER. B N, SAKERER2ET 5
EIRALY IV UHEETHD . REBERVER L W o7 RBICH LERARIEREL LT, &K
REBRAXSHTHEPOEDTH D, ZOLEMORIEEMIZBIT BEML— FTiE, FEf=x
FROEZLBBREOE CRIENR -1/, TOXEFEEWN L L7 o AR EZITV., BELT
RERFT RS EDBRRICRII LT,

1. RISEERREICISIT HIRIEDERAL— b

KRP-103 JRERITHIHABRPEIZ IV T Scheme 1 IZRT/L— F TR EITo T D, Blh, EAEH
DEBERWBEICHLERT I ) Fan)—La=y F2EERE. VY I VUBEEEIITEBREET.
ANRENVEEEAL, IVARVEBEAEZER LD, TOINVKRUBEAOBRIZ ) FETI )
Tan)—Nraz=y b2 ZHEIETEHELNDIRILES I BRIy TV VIIRIEEBWT o~ Y
NWEZEAEZ, ANVT 4 FE%LZ nCPBA BRLL, BRI TEFAERF O 2EATHI LT
KRP-103 ~& E\ -, ZDORAIEL— M 6 TR TRINE 219 SR THY ., x DR UBRAEL
TIVERHHPAEDLEDRZ LTIV ZEOFTEEKL AR TE BN FETH S,

LAL., 2 TR GDICBIT I INEXF VLVEEADERDO-T0CTOREBRIER, YV ATV T
Avuw b7 7FRE IETI R VBENTZ ECTRERE -, £ 4 TRG-6) DIy
VU VRIS TERALTWARBIIEMENEL  BERINEKELRIR VN U U220,
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[1xi)
CF, HO™" N, CF,
H
cp/©\/3f (quant) CF/©\’N‘/\’°H
3
3 ) 2
(2133 uTHl
[3L38] CF.
1) n-BuLn THF cl 3
1) soct, 6l 0 B(OH),

ﬁ o &
2) GO »
os™ weo, MesoNor 22 EtN )\)YL) Pd(PPhy), Na,CO,aq

(78%) 3) K,COy DMF o Dioxane/Toluene

4 (52%) a2%)

[5Tf2) [6X#E] CF,

CF; CF, e ?
0 /—@ ~CPBA /—Q AeN_NH 3 N’_@
————e e

N e
N7 cF, THF CF,  PrNEt g —) CFs
MeS)\\N o (82%) MeO,S N 0 Dioxane NN o
(ssx)  AcN
6 KRP-103

Total vield : 21%

Scheme 1

MEDORELRSLEL ok, 22T, 2X MIBE I, LV EMRRKISSEHELSBIERIZER
-7uvX0ORELZBE L TRNZERBLE,

2. FEOHBERN— DB

AL — FOBERICH-Y ., BEROBEWTEFALERS U DEADFZ A I 273, Al
BFEIZRBIT 2 ARIE L FIRICRRIEBTITOIZ L L L, ZTORIRGEL s hiE 6 2 EEFHEL
LT ZDREERIEDORBEIToz, Bxld, BETHHEBERSERUY v 7Y v RIS% RS
BHEELT, FOINLRFINLEERo- NINVERZET ALY IVUEEE 13N 8BRETH
ABAXYV YU UBEBBETAILEL, OV IVUBEHEKI3IX oo VT AT E RS MDLES
WA PRE I LV AT A LRARETH D L E X, BRETET1T o7 (Schere 2),

KRP-103 I D 6 > )\Ii ;COH ——— L cojgt  — /©

MeS” N0 CO,Et CHO
H
13 9
Scheme 2

FDREFER% Scheme IR LTz, 7., XYYV BOHEa=y hTHBT I/ Fary
2=y b 21, FEEaX FEBRL, JVEREBRXUVATATE F11ZFEELTS7I /70
R =N EDBTHT I /LICE VAR L, —F, REICEATRER oo ML T AT E K 8 2 HER
e L, Z20bBFEINITEE & SAFAFARE L OBRILRIGDHE., DDQ B, #H T
AYVMAKRGHET DI EICEVRPRETHEEY IVUIAVRUEE 13 2L, ZOPRE
13%2A4XVEL) VCHERLER . BRIGERDAXV VU UVBOMELT I ) TAa—LEkK2LD
faE. < DBU ZAWVERLIZE V1TV, EEPREK 6 OF /- RAMEORSIICEI Lz, Z0/ic
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LTELN=PREE 6 DRV T 4 FEDEMLIZ, BOABOMHESR MMPP IZEE L TITVW., BRIEY
T KRP-103 ~ X i#iv =, ’

x|
% 1) HN"""0H, IPA s
I: :l [ :] H
CF; cHo  2) NaBH, CF; N~_-OH
n (92%) 2
[3x#] .
[215) NH -
OH{COED, mes” ", |, H5504
/@ Piperidine 2 DDQ
> COEt ——— CO.Et
‘GHo  owere 3y OO KHCO, DMSO X *7 AcOEt AL
(83%) COSEt (75%) MeS 'r:ll o (50%)  MeS ” o
8 9
L 10
(8T8
[T [z [T —
NaOHaq 1) POCI, MMPP AcN\_INH
Ny OO e AcoEr 8 — oveon . KRP-103
(94%) ! - Et;N, AcOEt eCN/E tN.DMSO  Terot vield
yield : 20%
Mes N0 3 DBU,DMSO (94%) 1%
H (63%)
13
Scheme 3

EN— b ERBTAIZETERREERVCSHAI y 7Y VI RIGEEREL, Ao, A5s7u<e b
T IRBOBNREA~LEW, F - AEREORRBICL Y KiER 2 X PO TEIREE o T,

3. EEICmT -8B BB

A% L ERECEELICATR S —NVT v 7 %iTol, FORER. Hi-iz 3 TR9-12)D
vy IVCVROBCRE TORIGERME, 6 TR (13—6) DA X ¥V L VBOB(LR S TORASH D
REE. RUBREETOBRBENBEL, -, EPOAFUEILY LRIEE & L TiiE M7 DDQ
DERDOEEED D VITEIRAEENT-, £Z T, 2TRIEBVWTREILRFN 2T,

(3x#1
( Jiy ) ‘H,S0, (41
MeS™ NH, J, DDQ, Ac,0
12 -
Na,CO, DMSO AcOEt
(96%) (80%)
6T CF,
1) SOCI, DMF
AcOEt DBU
13 6
2) 2, EtN, AcOEt ) Fy Acetone
Me: S N Cl (85%) Purity : 99.9%
(88%)
Punty 99 9%
Scheme 4

BREHER % Scheme 4 IR L7, 3 T (9—12) DBLRSTIXEEL LD v FTRISEIED b
FZINDBELEDN, RISRIZKEZREMNT 3 Z L CRIGBHRERS O, Eio, 2 TERDBRHE9 # ¥

_’7_



(JSPCHEF )

Bt 5 Z L RS RIBRISEITV. TROESK (8—12) IR L, 4 T (12—10) ® DDQ EA{L T
i3, HEKEEEE/DMSO 2 AVWVTRUGE1T D Z & T, DDQ MRREERIC Y A 7 V9 2% 2 A L, &ffide
DDQ DHPNRIZREI LTz, FT-. 6 TIRU3—6) DA XYY VUV BOBRIRETIX, X V#EkY v
REREL LTREILT A =V/DF OFZRE L. EiZ, FREE 14 2 HEEEERT 3 Z L CRME
FRIIBREFTRERFE~NE KR LE,

4. RBREETDAIr—NLT v
UEBRAHERELRICBUELRRESIL, R —NAT v P58 {To7, DR % Scheme 5 127 L=,

nxE
CF, CF.
: 1) HN""0H. IPA :
|::| [t] H
CF; CHO 2) NaBH, CF; N._~_0OH
1 2
6.50 kg 7.21 kg(89%)
(2T
CH,(CO,Et), ( JiH ) “H,S0, 3z [4xTH#]
Q Pn:;\ecrg‘lre MeS™ "NH, 2 DDA, Ac,0 NaOHaq
CO,Et CO,Et
CHO Toluene Na,CO,, DMSO/H,0 )N\, 2 DMSO N N N DN
MeS” NSO MeS N o] MeS N [¢]
8 H
5.00 kg 12
9.11 keg(T1%) 6.58 kg(m) 5.32 kg(asx)
(5TH#] CF: ez cF, (118 CF,
1) SOCI, DMF. AcOEt r@ DBU o ,_@ MMPP o /_Q
CF. > N —_— N
2) 2, Et N, AcOEt 3 Acetone N~ ) CF, MeCN/EtOH N~ ) CF,
rms N CI Mes™ s
eS” N g MeO,S” "N "o
6 7
9.12 kg(SZ%) 7.21 kg(84%) 7.28 kg(96%)
mffl CF,
AcN  NH o
v
N® N
EX;N, DMSO b _) OF,
NN
AcN.
KRP-103
5.92 ke(75%)
Total yield : 23%
Schene 5

HEEEID o- VT VT & K 5kg 2> HRBIRER 23% T KRP-103 % 5. 9kg 57-,

YAk, KRP-103 DFRBEEDORRIZL Y, (K2 X FCEBELHER>X 2 /I ARy —/LTOD
BIEIZRRII Lz, F, Fii-em B & LT, SREEAY DDQ B ERIG R BB L F A = /L/DNF iZ & BBk
7 RoERLERETI LRI L,

References

D#FZE# D ARSFAM 2003-277384.
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U S—EiiE B ) BARE S REEE

'RRRARAKE, *PRABEE
OFFAR], BAR—,? ERAAKRTF,? RTEF,? b T

Lipase-catalyzed domino synthesis: Kinetic resolution of racemic alcohols followed by
intramolecular cyclization

Shuji Akai,"* Kouichi Tanimoto,? Yukiko Kanao,? Sohei Omura,’ Yasuyuki Kita?
'School of Pharmaceutical Sciences, University of Shizuoka
52-1, Yada, Suruga-ku, Shizuoka 422-8526, Japan
’Graduate School of Pharmaceutical Sciences, Osaka University
1-6, Yamadaoka, Suita, Osaka 565-0871, Japan

The lipase-catalyzed kinetic resolution of racemic alcohols having reactive functional groups with
ethoxyvinyl esters having reactive counterparts gave optically active esters, which successively caused
intramolecular cycloaddition reactions to afford polycyclic compounds with multi stereogenic carbon
centers.

R FEIRTLI—ALOY R—EMBOEESEIL, SXFHECLEYMERNTIBN L
LCHEE, ELSABARICHAIRTWAD, ARG TTAI—VIZBEASNRE T UAERTBERLE
BRISORPTREIND. BAl3FE, P/ 74NV EFTH bFIE= VATV 1a 27
UMERIE LTRWT, S IETLa—L 20 SR—FRENESSE 21T &, £ UNEEET X
FN (R)-3 DT NS T <ITHF Diels—Alder RIGZE I L, AODARFRELHTIHI=8BME
Lt 4 B—HZBLND LD FI /RS FHERSS D THELEZG DY 220, FHan
ANKUBEET b X ITEFLAMEE TEOEEBRESHE T 57 VLA Of{E CEEMN
BREEZRAR LIZZE, 0, TORMKEZOEEBERSIFERATESRZEERH LI EBHE
DRERWRES & 100122 R VB Y AT, ZOFERDERENERLRERTS.

9 EtO—=
HOJV\Cone {RuCly(p-cycmene)l,
\‘(0.5 mol%) 0o o CO.Me
o) H 272
o TN ow\coznne T o
Et EtO” O CO,Me 1a o) o) , + B
P. aeruginosa lipase
Me acetone, 20 °C Me (R)-3 Et Me Me
(2)-2 4 (>99% ee, (S)-2 (>99% ee,
kinetic resolution Diels-Alder reaction 45% yield) 50% yield)

RS/ BMIUEFBIEMAMKRE & (—)rosmarinecine DETEAKY AFI/BEOBEYe-E FeX
Y= brVESISAL, @A V74 L ERTS b E Y N—EERAVWTHRESEIEZITIL, £
DRFEFEMT ATV (R)-6 ITT IHFRAMIBTFRILAMRIGEZEZ L, ZRILEW T (93—96% ee)
BE—DITATLAw—L LTELE (R2) IOBRICESE, HIRD )-8 753 ITRTHELN
7= )9 EZAVWTRERED K/ BIRIEZITV, 10 (91% ee, 60% yield) # —ZIZARK Lz, AMiXERES
T 99% ee LAEERY, FWT 2 BREOBIERISTRIRD (—)-rosmarinecine 11 DLEREERK L7
(Scheme 1). ZHE THE XN TV A(—)11 ORFLEEMIE, IS HFEFBERED O DLEERET
fTohiz. Be2DFETITEIGEFREL T 50D TOMBHEREZELERT, RLETILERTHS.

~19-



(JSPCEFHK)

3
Me JL ﬁ\)c > Me 9P 0-£°
e Me * H
* :
R Koy B0 , ;( ( ek
! ¥ o R < M ;R N COR [ N0 4 (95a—e (2)
.-R27TN0O" = [\ _.R2°+ O *---R (99% ee)
(x)-5a—c C. antarctica lipase (R)-6 7a—c¢
aR!=H,R2=Bn %{g‘e or acetone (93-96% ee, 43-52% yield)
bR'=H, R?=Me . .
¢R'OR?= (CHo)3  kinetic resolution dipolar cycloaddition
CO,Et — O CO,Et
Et0O—= 2
HOC S ——— —
RuCly(p-cymene)], EtO" O 1) Ha, HO OH
(0.5 moi%) 1b IC rUQOfsaB Pd(OH), H
ipase, fr. 2) Red-Al Tz
OH E *>-1n10OH
OH 1) TBOMSCI COEl — N
imidazole . DR 91% ee, 60% (—)-rosmeringcine (1)
NH  2) Na;W0,, aq.Ho0; N‘o*“ recryst. [, 0%, ee (50% yield)
3)CsF _
(1)-8 )-9 (47% yield
()8 (7% YD) seheme 1

BMNELEEES K3/ BDiels-Alder RIEY LROXFHEIE CIIEERMICERD ORI 50%
BT, RISLRWERET Va—ARREEIR SIS, B2 i3EFEEET LV a— L2 RIBERBT
TEILL, P OBRRISEHELRWVRIAMEISZHEFZE L. 22T, 13001 ¥8)EETIZ, (-12,
1, UR—8, EtN, TELFaTF——TDREME 25~35 CTHERIETH L, U —PRl%EHg,
(9-12 DT Ik, =AF /14 D Diels—Alder KIED 3 >DOFISHERICET L, SEBBRTHY 15
B/ onle (K3). 151, 4 OEYEMERRMOASRPEILEHE LTHERT, #ERIINF
DERAREERERBUOR IR TAREIN TV, AEiZTE I4ED 12 75 1 TR CEINEE LM
ED 15 %5i5§ﬁ$%f£%ﬁ£$b1f£ot

Q\/ I1I;l;as‘:e ‘ COZR3
1bor1c
OH aarctica Me \ R' R' (R-12  pi R‘ (R-14
13, EtgN [RuC,z< ]f‘j )12 b 15 (93-95% ee,
Z MS3A VeTTaMY oH 69-81%) 3)
AW St 13(R*=H, Me) _~
®)-12 Q\;
R'=H, Me, S(CH,)3S . R! R (9-12 —

racemization kinetic resolution Diels-Alder

Gea  REEMEESROBANDL Y A—PRERIS~OBMNIELEHE>TWVS. A NI/ BERI,
HESEITEASNIET VVERS 2 X OEEFH L TROFSFEBHREG 21T 52 L, KU
HESENC Lo TR TORBBERDICESR R MHRAENDZENDLT AT a ) I—CBNEE

LWAHFEROBEET, e RRIE~NSHTRETSH 3. 2&7250)7’1:1-127(4!:!\.!:}:& SEREEN LA, W
FROEBREZBE L THEEHEETTHS.

References: 1) Chem. Eur. J. 2002, 8, 4255. 2) Chem. Rec. 2004, 4, 363. 3) Chem. Commun. 2005, 2369.
4) Angew. Chem. Int. Ed. 2004, 43, 1407.
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BO-653 O TERRIEERZ

FARE (BR) BRREIFHTEER
OXMEIL. REXE, BFARC. HKTE, MEFE, BNRE, HREC, NEER

Process Development of BO-653 for Large Scale Production

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

BO-653 is a potent antiatherogenic antioxidant, which is an oily substance at ambient temperature. We
achieved development for a manufacturing process of BO-653 without column chromatography for
purification. Considering oily character of BO-653, we focused on an efficient synthesis of crystalline
intermediates and optimization of reaction conditions together with unique purification methods. Namely, (1)
minor changes in the discovery routes were carried out so that crystalline intermediates 4 and 5 could be
obtained in high purity. (2) Cyclization was carried out under temperature control conditions, followed by
selective deacetylation of impurities to be separated easily from the desired oily intermediate by the simple
treatment with AL,Os. (3) Final cleavage of steric hindered acetyl group was accomplished by a new method:
the deprotonation . to the carbonyl group using KOH as a safe regent afforded BO-653 with the high purity.
Thus, we obtained pure BO-653 for 150 kg scale at pilot plant.

1. FUDIC

JFELZRET 2 ECIREE., FICAHDIBRICEEIN DA, (LSRR MROES IR
EDHENELS . MEHESERETH S L TFHRIND, 2T IEOLEME LT L7 u<w b
74— ERAVWTRELZHIEHCTE 2HMEORNIL, ABLERROTTYH, Yo R{LEFEFOHE
BEROF ¥ VPV TRT—THDHEEIDND,

EEMRA 7 v+ BEHTR OB PEME B L OB IREE(LERRE L U THR Sz BO-653V%,
FRETITHR THE-OFBERRUSRERLEHTH D, S5HIZ BO-653 FIEIiL, BEREOE
BD, BT AERSRENFETRY, 2T, B0-653 BEICBET 5T OEE. B,
BLOERFBRIZOWTHREL., FRGFEERNLV— MEE, REFEORKBELE L U RMEORRE %
1T5Z LT, ETHM%E 0.10% LA TIZHIE L7, 7=, BO-653 FREDORKEICERZTIREIRIZ
Wi, DR RRAOFEEREE CHEA L TO R AEOBVWRE (LIAIH,) ZERETRL.,
KOH # AWVWTTEFNEDINR= N o OB T e F ML ET a2 =— s hFEEZRHEL. &4
HOBRWRESRES L,
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BEAICHES L TRERIRIZ L D, 1 Ny F YD 150kg DIRIEM 99.0%LA L O#tiEE CTERG A
REEirol,

2. REMEREPEIB T 2REORBEA L TEREORSIZmIT T 7a—F
2—1. BEFEEREIZBIT A REORBBESR
Scheme 1 12, BO-653 O TE(LBIEDR—R & 2o 1= ERFREEOSRNL— b E2FT,

Scheme 1
0
1.
H
HO 1. A(‘qo, H2504 AcO sto4, AcOH AcO NH
oMe 2- TMSL CH,Cly OH 2 2q.HCL, EiOH OH
1 2 (70% from 1) 3
MgBr
L e OH
1. (CHy)eN, AcO cgo - GHim CHuo
AcOH, HCI THF BF;0Et,
e ——— ————
2. hydrolysis OH 2. SiO, column OH CH,Cl,
3. $i0; column 4 (59% from 2) : 5 (40%)
AcO 1. LiAlH,, THF HO
o 2. Si0, column o
6 (oil) BO-653 (oil)

(85% from S, purity: 92-97%)

Scheme 1 {IZR L7ZBIETIX, KEARICBITAMERNELFEELE, ZORBBESRLIE. (1)
HEREI1 DX b, (2) EEAFLoOER. (3) BRE2 OFLINVERG (SEFE - KX
E), (4) BER7) =Y —LREOBRIER. (5) BAMRE (LIAIH,) OFEM, &5i12 (6)
BETAIPRGERBIVEEZ2THTILBERL TR I LNETONSE, £Z T, B0O-653 DKE
BREEHEL TR, ZThHE2TOMREE B L TRMNZRB LK,

2—2. THEWBROBESTIIMTET o —F

THALIZE L7 BO-653 FE2 B2 A0H~ OBBEIX, 7. (A) BRLIZX v BHEDFRE
4,52/ DEMN— MEHMNTHZ L, £WVWT (B) ZOFEHED D BO-653 ~Z#id 5@F2ITI8\0
TRIERHFORBILB X OBERMEORREE2ITI I L CRAMEHIE L, FEEOABLRIETI L
ThHd, :

(A) DRFHNTBWTIX, ERMETH-72 (1) 5 (4) 2EEBLEH L, (B) DRFHC
BOWT, BERIRBICOWTE, YIEBEEICL ) RSB T EF LV EDORBRE L T2 ER T
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3 LiAIH, 2B U2 WRESGORF LS TER L=,

3. TR
Scheme 2 IZ TE(LBIEEZ T,

Scheme 2
o OH 1. A0 OAc
N2;,S,0, cat DMAP
cat.BaEt;NCI cyclohcxane
] h H 0 2. cat.H2$O4
cyclohexane-H, on Sac
7 8 9
0A 1. NaH, THF
1. (CHp)eN, ¢ 2. MgCl OH
MSA C5H| 1 C5H| 1 AcO
2. hydrolysis CHO
then then =~ OH
L. OH crystallization
crystallization 5 (crystal)
(40-55% from 7) 4 (crystal) (60-65%)
1. BF;0Et,
heptane
2. NaOMe AcO KOH HO
——rtmte
3. Suspended with o 1-PrOH 0
activated alumina (reflux)
(purification) 6 (oil) (85-95% froms) BO-653 (oil)

( purity: >99.0%)

(1) HEREREOEER L ORI INALEEOMHIEL

HEERE L ZiltEdHm 7 ~EE L, BERIGE P72 FMERISERTHEIE 9 #B87=,
ARV L IALRISIZ DWW T, FRIE 9125135 Duff IKis 2 L MK SRR D 2 BpsCEM A/ =
EERE L, ZORN INEEREOERILIT. RISREWIC BT 2 PEE4OFREEZR ESE,
2-PrOH &R EAWCRITIC L V. BFED PREEK 4 OEG (IR 40-55%) ZFEEL Li,

(2) 7V =Y —VERISEREOEE

Y == VRISICOWTIE, Bl (RUPATLa—N) 252 BBIRE Y5, Y4250
BTholz, £, ZOETHED BO-653 BRERIZE X IHEBLRM LI-HER. KBILERWIIZ D%
DEIGIZ & ) BT RBIERD~FESNREOMELZET SR I2RR L RoTWDH T EBHHAL
oo B2 iX, RISEG2ERIT AL CRIGEBLVINE (60-65%) M EIE, BIRGE RS
WIMHICERWL OO0, FRES 2ARICHEMMEEE D Z Lt Uiz, Zofattom X, &
FIC X AREREICER Y, RHINZEBITEG (T =RV Kk, ~TF V) X, BaEE 02%
UTIHET 52 L 2HTREIZ Lz, & HIBRTEICHEET D2 RMPpOEE 2B Lo FR, KESD
DRI 0.10% A TITHRITE D Z L 2R L,

(3) BRIBZBOTAN Y LEBIOT VI HEERFR

BF;0Et, # AWV HBRRIS T, BMET2FME 6 2E4EMPE LTEXEN, FKFCOLEDOT
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MM HERT D, ARG TERTA2THYERE L-ER, RISBEEEL CRIET 3R/

(BIERBRE) &. tert-butyl EDBHEE L - 8EE2H T 27 (Scheme3) D2 BENRFETS
EBHA L, WL, ERERZIEEL. THEIBER LI WEISRE (25-30C) 2Hi
RETHZI LT 0LINUATIEHETESZ 2 RHELE, —F., RIEREORKELLTIZ, BED
tert-butyl ZEASEEE L7 & ORI & MBI T X 2Dy o 7o, T ORBEIAS tert-butyl ZD iR L 7- HxE
TYREEPBMINTND I LIZEFR L. R OBIRBIASRBIZE Y BB E DR
T2 ) —NVEEEKETHI LB, TRbL, KISBERET P UAA MY FCREL TR
MIOHZEZRT EFAEL, FEWTESETAVITEZAVWEZERBAELZITO Z LItk v ERwEETH
B LERH L (Scheme3),

Scheme 3

OH AcO

AcO BF;0Et, |AcO AcO
o] 0
(0]
OH heptane
5 " impurities " (1- 2%)
alumma

heptane heptane ©

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

(4) BEREBRIGHM

R TROBREFFERICITOVTIE, IEEEC LY MASBEET CORSHERZ LW T BF L
EOBiR#EEZ, RETRNARECREHERLE T FICHT LT RIER LRV L 2ERT 3,
Table 1 IZ LiAlH, DM & [ERgEY 2 7o OIZERE LI BURERICRERFOBRETR L,

Table 1 fRIRERIGRETER

entry reagent eq solvent  viw conversion
1 MeNH, 30 MeOH 7 0%
2 Hydrazine*H,0 10 1-PrOH 7 0%
3 LiOH 10 1-PrOH 5 0%
4 n-BuLi 2 THF - 100%
5 t-BuOK 1.5 heptane 5 100%
6 t-BuOK 7 t-BuOH 5 100%
7 KOH 7.5 heptane 5 1.4%
8 KOH(powder) 7.5 heptane 5 100%
9 KOH 7 1-PrOH 5 100%
E2TEREHTICTRALE

Table 1 IR L7 X 512, BREISIE, 7 IV REDBEHEETIIEL KB LR (entry 1,2), — 5.
SMEEL LTCTFALVFULERAVDS L, BRERELESICEITL. BVWINERCEHE TS
BO-653 5 X5 L H#RH L (entry 4), ZOBRRHERED A H = XAZHONWTIE, T TIo#E
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XN T3 2,6-bis(tert-butyl)-4-methylphenyl (BHT) TR 7 /LR 2,6-bis(tert-butyl)-4-methoxylphenyl

(BHA) ZAFADYFU AT ) 5—beBELERT DALY LEEER, T OBBHz L 3
AN=ALEEZ TS (Scheme 4), Fxid, L VRS TEMLEREOBEREZITo 7= E. +-BuOK
T (entry5,6) RIGHTRET DI 2R L, SOICHEBREVWE LI, ABAE S O KOH i3,
INBTFNY F U A -BuOK IZIER L SEEE R RUGERTR L 99%LL EDHIE T HE) & 35 BO-653
#5 %7, KOH ZAW23FEEIR, BEORSMHEBIVEROSKE (FHHER) 0BAMLED
HELWEETHD, TEHMICHEH LUEREEZRELLEEHDEE X TS,

Scheme 4
) o= .=
base H_>//0 yo HO
o R N 0 R then o
H;0"
6 BO-653
4. £¢®
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Development on New Drug and Crystal Polymorph

Mitsuhisa Yamano
Chemical Development Laboratories, Takeda Pharmaceutical Company Limited,
2-17-85, Juso-honmachi, Yodogawa-ku, Osaka, 532-8686, Japan
Yamano_Mitsuhisa@takeda.co.jp

This presentation provides a brief outlook on crystal polymorph from the viewpoint of process
development of new drug candidates. A new polymorph is accompanied by the displacement of a
metastable polymorph and sometimes causes “Disappearing polymorph” which is the inability to obtain a

previously prepared crystal form. I would like to introduce several cases about this phenomenon.
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FLOVERBPRERE LTHERL TE BRI, I LHFEELEEREOB VR ELME AL
Disappearing Polymorph L HIli LA HTH B, L L., BFRMECREREENEONDIBEETH.,
BMCETHEREREHIHTHL TS, TAREITBEFERERBR~EEB L TWIHEEHEL

(Ostwald DEEFERI ®), Z DX 5 RBEICIE. BRE AV AEOHIEIC LY BTS2 B HIET
D&, BROICEREMGEREB/DZ L LA TH S, Ritonavir DFEITOVTH, FEREMA VW
EER=TFN-~TF  DREBEDN GRS 5 DIXHEREF D Form 1 TH Y TARELE
FETH%H Form N~Lwpo< D EEBTHEINTEY, Form 1 #RRMCBZHiEbRHEATWY
%,

LLRd b, AANCFE LEEREREBIOICRVEAR»-26lb $H 5, Disappearing
Polymorph ¢ ZEZ b TWEKBEFEEZBHUCBIZLERDLEEREMICELRBIE LT
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(B sRiR4)

12,35 tetra- O-acetyl 8 -D-ribofuranose (M9) %%, ZOAHOR , o 0. OAc

POFER TH S Form AL 1947 FIZERINTZNB, TO 7TEED 1954 4

REEHHERTHS Form B DHAEIZL > T Form A % Disappearing AcO OAc

Polymorph & 7257z, £D#%, Form A #18 X 5 L+ 38 hi3RHRIC

bl oTHRENKN, Fom ARBEOBLNLO 1981 iz T B9 12,35 tetra Cacetyl

T, ZORTL 2T FERBEL TS 9, B “Drribofuranose
SCE-2787 @ Zwitter ion f&@ICOWVWTH, a@EHEIZENIFLRLONBR L7, F

ZE, vy BOBEREBHBO LERET Co@EER LY, c@PHTHT2Z22<2Ty RBICEB

LTWols, 2FY, o@EBEART S Z LITHRE LK L TE ST Disappearing Polymorph @ %

¥THB O,

5. $HYIiZ -Nucleation IO\ T- Tadeaion ] ‘
T EERIc, L9 4R (Nucleation) DBz , ! / , !

iﬁhé ([z] 1 O) 10)0 Secondary ional I | Unintentional |
B, TRM L LT TR DA R L7<£<Ti”*

(Secondary Nucleation) 233X E2f & Vb TV Homogcncous Heterogeneous
BB D EROSNRE TR L TN 554 p |
BBV, TOL SIS ABKICHSE RN S BI10 bricisi BEER
(Intentional Seeding) AN iz d ., BE FTIKHMBRICFET 2 & P& & 72 5358 (Unintentional
Seeding) 2% Y . Disappearing Polymorph & 72 235813 L E#5 M D Unintentional Seeding 73X &2
BTHHZLBRETHDEHEL TS,

—J. FRULAMEZ DD THBILSEIHEC, F-RERSEHHRT BB, —REDERK

(Primary Nucleation) B#2Z > T3, 7R X{LEORMMNLT S L. SRPEELEDFRIL
AHDOBIT T o ADFBESLREBESHOEBIEETHY, #F/D L Z A Primary Nucleation %\ H»
HRIATINTHN>TWND,

LA Lad s, BETHEAICIZ Primary Nucleation” W o 5 #ER{L D ERE HEMITITHIZ L
HE#ETH Y, KOk REETH D, FlE, B—E» 5 O{t(Homogeneous Nucleation)
XY, RY—EH S DKL (Heterogeneous Nucleation) D F B Z DTN AR LV AHN T
BY 10 ZLOFIIT7IFTAIOBERDE T HoBRREBRELTHA I, 7L, BETI, #H&k
DEBRIZHDONTHNA AV—Ty MEERBBBEDLND L S0/ W BHE OBRENRT 7
o—FHLRLDND L HiCleoTE K, HlxiX, Heterogeneous Nucleation DFE L LTRY =—7F
A7) —E2RVBRZ 192, L—YP—[ZLHZERDRLE 1, =& X—0FA MY, vyt 7)Y
—1RLILEMEL 9% AWM ERORBAR EBH D, SHROERIIHIF LIV,
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