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Synthetic Studies on Azacycles Based on Process Chemistry for New Drug Candidates

Hideya Mizufune
Chemical Development Laboratories, CMC Center, Pharmaceutical Production Division,
Takeda Pharmaceutical Company Limited,
2-17-8S, Juso-honmachi, Yodogawa-ku, Osaka, 532-8686, Japan
Mizufune_Hideya@takeda.co.jp

The following synthetic methodologies studied on azacycles during the process researches for new drug
candidates will be presented; (1) the efficient synthesis for potassium channel opener TCV-295 based on the
convenient 1,3-benzoxazine ring formation and selective N-oxidation of its pyridine ring, (2) the novel
Pd-catalyzed benzannulation reaction of bisbenzylidenesuccinic acid derivative for arylnaphthalene lignan
aza-analogue, and (3) the convergent method for the N-(dialkylamino)azacycle type candidate by reductive

alkylation of the corresponding hydrazone compound with sodium triacyloxyborohydride [NaBH(OCOR)s].

TOeALEREDE 1 OBNIT. EXRLEMESHODRNERIEERFE TSI LICKD, £
i + ZEMDEE - RFITEL W - AT —NVT7 v TRMAS 28ETOERAERNWT, K - 6
Kl - BRATHEASNL2RAHADERARGBZHIE TS EIIHD. ZOXIBEaRTOtERE
BETZ-0I2, 7O AEFFIESOABESRICERMERET 50, ZO—AT, 7O0tX
EEAROBETRONDARIIE> T, ARERILFICEM TSI LHEETH D LB SNS.
A&7 5. TR EFMAORREBDEELEMMLEMO I, NEXBONNUETHLH
BERIALFERMATZ I ETEAREINZDOTHY, EXLBERLENFERERILEOREIZE
LTNDINETHB, THIT, HECRIBITLEBEMEL TOFEERILEE, AT+ 2F)
7Ot ZEFBFADONTIIZBNTH, “Ready to Use” DREEICL TR ZELHEETH D, i
HTIE, FEEELREHESYOTOEAEEREOBEICT, REINZW DM DREKENR
JRIZDWT, BEARIIBITZEREMOBRINSBNT S,



AV LF v ZIVA—FF—TCV-295 B 7O ALEHEN S "

AVTLF ¥y RJNA—TF—13ME - ZEX - B EOFEFEMBEIEDIENS, GlLE
E - DI IRE - RER - MM EEEEORLAFEBROBREERE L TH#HEINTNS, TCV-295
DAEEBICBIT2ERETIE, B THD 2H-13-RVFFH D UBOBE, LY.
N-FF I RERENSRIEK2 TRICDWT, 70t ¥ LOBMERRH 7=, QB 2H-13-
RJFAFHDOBOBETE, EE27 0 E278N7 2 N BRY TERARRICTRBEES
BREDAT—=NT v 7T EOHRPZREND D, EHEINE (50%) THolz., £, K< Ay oo
BLEEFBEEMVWAEY D2 N-FF Y RMERIE T, 2HA13ROVFAFISOBANDAI I EE
ML T N-FF 2 RMERISOBIREDRD SN NWEDHB-ERDND > 72 (IR 30%) .

UED7Oov A EORBEICHL, AT DEZVLERY D IR2-DARFITONCD
RISRIZTo-E ROF IRV AIVEY D VBEER 1D S 2H13-N2SFFH D 2 FE K 2a &8
BTELTOLAEZRML,. BHRTORBEGZRERET 2 SRR, EB LUBREEOKXIE:
MEEHESTIENTERE, £z, TOEZULINTARRE 3BT I OHAEHERISA
EFHMICRE L. o-E ROF 72207 =T b2 EEBHINER I LED Sk 4 75 2H-1,3-
N AFY D FHERE 2b-g ZRRTELHIEDRAMLZ, —H, TCV-295 DR ILEBIZBNT
. 7R EFFYONERBRRATRESREDAFNITF I EAND I EIZXD, 2-
CUDPNEEETD2H13-ROVFFH D DHEE K20 EY DO EREBIRMIIN-AF 2 RMET
LB TOCAERB LU, BKIZKD, FERRTEONEZ 2 EEL. BEORERE
ROIZDIZHENTH oM. Floo PAFNFFIITUIZEBEY D2 -N-FF2 ROARIERE
REERRMBERIEOB AN SEREL . HICBY D UREMOEERLEMBTORINETA
DRI NS,

[ NH,! / piperidine ™ N
7 1 2,2-dimethoxy- N LN
Br- propane acetone / OXONE™ \O
0 —m 8 — Br N Br SN
CaS0,, MeCN Me NaHPO, / HyO - CH,Cly
Cl OH ) cl o)vM € a OJVMe
82% e 84% Me
1 2a TCV-285
» [
2Q 1). 2). Q
) =<R3 MeOXR3 7
R NH,X / sec. o or 1
o torttaming " R * meo”Re R SN
R2 OH R o R
CaS0O4,MeCN R
1or 1g 2a-g
1 :R'=Br, R%=Cl, Q=
1g: R1=R'2’=H QC:C?-I N 2af :R'=Br,R?%=C|, Q=N 2a:R3=R‘=Me 2d : R%-R*=N-methylpiperidinylidene

M 1= 2= =
2g :R'=R%H, Q=CH 2b : R3=R%=Et 2e,g : R3-R%=adamantylidene

2c : R3-R%=cyclohexylidene 2f : R3=H, R4=3,4-dimethoxyphenyl



FU=NFTIVV UFTF 2 KR E) —R{EEMET2EESFEHLELEY (ZY7FroY) O
7Ot Z{LEHEN S 2P

TU=NFT7F5VL2UTF25307 N BERRIBLES FET 5. HELORHMEL T, B
BRIEROEEESGENELAHFEEL., £, INSMNEREFDEBREOS L IZRZ 2 EHIEEN
BHENTWS (F, justicidinE DO I ) T AEARRHAZEIER. helioxanthin D B BFK T 1))
ZEHAEER). TITINSZ—RMEEMEL T, BxOFERT O J/LEPNEELE
BEAHMEL TRHAINTVS, INSTU=NVFTIIL D TFOEROEREEL TR INE
TEEFENREZINTNWSD (H : 20 - 5 FW Diels-Alder RIt), 7 —IF 75 L B
LOBHEOMNBEZHIETAHAICBNTI, BEORBMARINTN .

MU RIS TRHEINZEERT O /MEAYONEBRNSRIEEHBETDITHZ0
BESRERBIRELEEEZIOSNZEARDYF AN BFEROPRRGEREL4BRITL
TSR, R PAMBERS X7 XV —a it E RN U, £z, RIS ZEHAY Stobbe #E
BRI EHABOEZZEICED, BEEAXRPUTF AN BFEKEZARL, B4DTY —
NFTHV ) TF 7T F 075 NIKAY helioxanthin DL B RS EER L=, &
RIRE, ZU=NFT7F LU TFEORMBRNERIELE L TERTHSZT7<, EEEHKDHY
Jro7radE L TEBEEBRFBINLIBDOTH S, £z, EEREHEEER BB Z AN
DPBEEREEDNA Ty RBIEL THHEKEN, 51T, FIILEOFREMIEELT
TR, RABZBEBNCOFHERNOGRIEE L THREMHFEINS,

oy o

Ar = —Q-o 4 (usticidin E) 8 (helioxanthin) 6 (elenoside) 7 (justicidone)

3 (taiwanin C)

o}
3
O R 8:R'-R2=CH,OCH,, R*=H,R*=F,R%=H, n=1, Q=N (yield 79%)
Pd (0) Q
R2

9:R'=H,R2-R%=CH,OCH,, R*=F,R*= H,n =1, Q=N (yield 74%)
R‘ Base R! ( O /n
( o) ) O 10 : R'- R? = CH,OCH;,, R3= H, R* - R5 = CH,OCH,, , n = 0, @= N (yield 48%)

X=Br| 5:R'-R%=CH,OCH,, R*=H, R*-R%= CH,OCH,, .n=0, Q= O (yield 60%)



N-(CTNENTI)NEEZREFER AT IEESEHLAYMO 7O ZLEHE NS

N-(CTIVFENT I )BEREERT. BWERRT 2 MEWOEEFRFLIICZIFNTI
JEERTLABRE RS VHEATHY. B REBEEMBORH#E L L THARENT
WD (Bl : N-7 2 ERT D UEMLEB T S HUlERTEYE podophyllotoxine B E#£ 7+ 0745). ZDX
DIBN(CTIVFNT I ) VERBEEZRIZ. INE T BB N-OTINFIARDERE BT DL,
SBMERS D VHFEAEATHIN(E/ TINFINT I ) )EBEEEROTINF IR EEEBT S
BREIR T NFIMERIBIZE 2 TEREINTWE, ZTOEDH, N(CTNFINT I )V GEREXRR
ERBE LT ORERFEHEADOERBMAL SR TO A LERNEEEDDITHIZ0. TR
RSB BBERIENRD STV, —H. KBENI 7 2O0F ORVEFTFNITLERANSET I
HULIEA 2 DORKRENT IV FIERIGIE GW.Gribble IZ& > TINE THRBEINTE/2H.
E RSP UHEBEOTINFILEISIZOWTIRABEFH N TW o 7=,

ZORET, WESRAKELHENI 7 OFORIEFNITLERANDZEIZED, NPT
FIVT X VEERELRROFBRAREEZRI L. TOKBR. N-TI /8EREXZRENNR=
MEEYNSBBIZHEEIND L RS VFEEAEZKEZLEL P T O0F ORIEF M) T LTE
TCHNZTIVFMET B ZEIZED, N(CTIVFINT 2 ) VSBREZROH RN DI
BRIEZRIHLZ. EAERZSHELBEREL B, 7o /- EKkEE, @A L T4, 73
R, FAT7INPR) FBEMHEEFETS., 517, ZOBRIEEHNVWDZEIZLD, B0 TEELER
TORRFACAMOARICEMRL /=,

1
) o CHO o « /\Jn 1-NaBHs/R'COOH o N_N/—(—\&n
/o < N-N  Q or NaBH(OAc); { N-N_ (
HoN—-N Q o) ( o 1.CH2
—/ S 2). HCI/ AcOEt R Hol
—_———— e
11a-e EtOH 12a-e
67-91% . 0 OeCH -
72-80% R'= Me, n=0, Q=CH, :13a

R'=Me, n=1, Q=CH, : 13b
R'=Me,n=1,Q=0 :13c
R!=Me, n=1, Q=NMe : 13d
R'=Me, n=2, Q=CH,: 13e
R'=H ,n=2,Q=CH,: 13f
R'!= CH,0OMe, n=2, Q=CH,: 13g

OH
MeO. N O 1). NaBH(OAC)s / AcOH QH  Hel
N-N MeO
2). HCI/ AcOEt \©A$-N
Et 13h
12h

67%

S S
Et
s 2 2 X %S R2 %S
TS I AN O S R AT
$ m
HzN—N)ﬁ R3 m R3 m o AcOH R3

o
© EtOH, r.t. - . 64-72% R2=R%*=OMe, m=0 : 13 j
" RP=R?=OMe, m=0: 12 R2=R%=H, m=1: 13k

92 - 94% R4=R“=H, m=1: 12k



References:

(1) Mizufune H.; Irie H.; Katsube S.; Okada T.; Mizuno Y.; Arita M. Tetrahedron 2001, 57, 7501.

(2) Mizufune, H.; Nakamura, M.; Mitsudera, H., Tetrahedron Lett., 2001, 42, 437.

(3) Mizufune H.; Nakamura M.; Mitsudera H. Tetrahedron 2006, 62, 8359.

(@) Kin FE BIEXBEMRORE (BE RE EE) HE2H To0bAL¥EME 3
B Pd BN XTIV —2aitkd VT REAVMORRERE L —1bP—HK
2008 4.

(5) Mizufune H.; Yamamoto H.; Nakamura M.; Miki S. Tetrahedron 2008, 64, 6275.



(HBFHAE2)

CIDT EA{LIcmi} = otz kit

HO=ZMEHRASE CMCHIREIF— TOEACEHAR
O R - SMUE— - BIRIEE - ANE

Research for Establishing Practical CIDT Process

Yoshihiro Tarao*, Kenichi Toyama, Tadashi Shirasaka, Hiroshi Iwamura
Process Chemistry Research Department, CMC Research Center, Mitsubishi Tanabe Pharma
Corporation
14, Sunayama, Kamisu, Ibaraki 314-0255, Japan
Tarao. Yoshihiro@mm.mt-pharma.co.jp

Optical resolution has been widely used to prepare optically active compound. Furthermore,
recycling the undesired compound by racemization could increase productivity. In this context,
CIDT* has been attracting attention as an effective technology, which features simultaneous
crystallization of desired diastereomer and racemization of the undesired one. In a research at
Mitsubishi Tanabe Pharma Corporation, CIDT route was selected to make an optically active
pharmaceutical intermediate. Reaction and physicochemical data were collected, as well as
kinetic consideration was made to determine an optimal reaction condition. As a result, practical
and reliable method was developed, which was successful in scale-up manufacture.

(*1: Crystallization-Induced Diastereomer Transformation, Ref: Chem. Rev. 2006, 106,
2711-2733,)

PTAFUAI—ERAZDENEBVSNTVAHELRFETH S, LM LEMR
SHEEOHE L, RICHEZORMEAOHERZLTMOHLEZELTHRERIZ 50% TH
%, TLT, ABREASINBAREDORMKZ I LI TH I EMHERNEE. chzd
ERBUARZLEEZEBTS LI DNRIIALT S, 20X RH5ER. SE3
EDTA TN ERVEBET L TEORNBEMEI VTR I EMNHKS, CORERED
E X% CIDT (Crystallization-Induced Diastereomer Transformation) (&Y% R4k & FFEE
DEMEOBRARE ZRBICT I BHORAEEECAYREETH . EERLEE
ZBRUVTETNS, CIDT ORNFHEREZRRLZON Figl THd, Zhicks
EPTATVAR— ADBRER (A, PTATLAY— BOBMEE [B]. THE
B K ELERIZ. [AJK> (B O&RBEEHLZTERHBLTWAES7AFLAT—RE
MIAPT AT VLAY — B ANERRIXEHRINSG, INETIT CIDT 2RALET )



BROPERBOROBEDHE . RLABRENHZENBSHTNS,

Thermodynamic Basis of CIDT

Solubility A : [Al] K : Equilibrium constant
B : [B]
When [A/] K > [BI]
the mixture of As and Bs should eventually be transformed
into pure Bs.

Bl | 'liquid Phase

Bs | Solid Phase

Jochims J.C. et al, J.Chem.Soc., Perkin Trans.1, 1998, 3747
Jochims J.C. et al, Justus Liebigs Ann. Chem. 1961, 641, 143

Fig. 1 CIDT DENIFHIH R

HIZEREICBIT 25 5EXREHLEYEE O AIAHEEPRGEZRE
THIREGATOREN, YIAEERTIDICKBZPTATFLAI—EHEMRIZLS
HENEEEHNE LU THEZBBLE, ZOWERD T, ZOEMISEEMESLETT
OB LB T EILNFRETHD I EMNASNER S, T THMRTIZTAS Y —
BREEBLEEZS, FTEOREAEOWEN 50% Z2BATNSZEAtbhok, &
DRIT CIDT MBRETWVWB I EERBLTWS, FRIFEREZRENMDIIL. &D
BEON DR SEEEL TR CIDT O7OEA{ERFHTWMOBAL, HER
TOvRAEDEDHIZIE, L DF—FRBICMAT, RRIEZ > TWHEHKZERT
BIENBETHD, TLTITATUAT—HOBREOAE. RISSEERSITM
. RIBEEBFOFEDRDANTHRAZERKL /.

INSEBEATRISRGZRELE T g DI RERETOREIA, HEMED
BWHREDS AT VAT —2BNRTHS LMk, 2702 2ANWTE L
kg A= OBERTOREIARERMER SHRBREBEL., BVAEMET
HEFEHFEEZBD &KL,

AREFTIR, ERICRBLAEERT—F 2N LANS DT 7ot %E1L Ea
— L., ERLLORA > FRSBOBEBIIDOVTHREWN, L LBDSBFOH L EDERI
W, RENZERDHET S,

*1. Chem. Rev. 2006, 106, 2711-2733
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A Practical Synthesis of the PDE4 Inhibitor, KW-4490

Arata Yanagisawa, *! Koichiro Nishimura, Tetsuya Nezu, Kyoji Ando,
Ayako Maki, Eiichiro Imai, Shin-ichiro Mohri
Chemical Process Research and Development Laboratories, Kyowa Hakko Kirin Co., Ltd.
1-1-53, Takasu-cho, Sakai-ku, Sakai, Osaka, 590-8554, Japan
arata.yanagisawa@kyowa-kirin.co.jp

A practical and scaleable synthesis of the PDE4 inhibitor, KW-4490, was developed for the multi-kilogram
preparation. This improved synthesis features construction of the l-arylcyclohexene 7 by Diels-Alder
reaction, a newly established acid-mediated hydrocyanation, and crystallization-induced dynamic resolution.
The synthesis was achieved in 7 steps in 38% overall yield.

KW-4490 |3, BFnRETY 28N THEB I B MKE (COPD) DIGEEREMEL
TR EN/-## PDE4 HERITH 2 ", BRARIC THMEZRIT T, BHONDKREF EKAHS
ARD 5N,

BEOARER, ETEREMN, JoIRSsE2UFHELT b2 412475 TERMENENDOH
BEIZZLL, 57NV a—) 3 A IVRIEEMTHS A7 O MEMMRRABZZ ENS,
RESRICITEARNEEE X 517z (Scheme 1), — KT, 7= 3 EZRW=TT ) B 1E,
BNENDEEEDOE VRIS TH o2/, BRABZIRFREREDEEEB-,

Scheme 1. Original route and proposed approach OMe
0 nBuLl, THF ~ OMe
TMSCN ] -78°C; 0
BF; Et,0 HO - ]
CH,Cl, R =C>—co £t )
OMe oMe - omMe ] %% = B
° 0 o COEt y 5
] ] O J 2 . 20-49%
neY © o o 3 s 1) NBS, 89%
-— NC - -~ ; 2) K,CO3, 76%
) OMe : B A~ Br
cN? ., o & r
CO.H CO,Et CO,Et P @ o] OMe
PDE4 inhibitor 1 - 2 - +H eneieneneneinne OH
KW-4490 ‘ oH
CO,Et 6
7



Y7 BB G- 1) BAFF D 2EZBHTHEZZONDN,. HFF IKEBEEDEEEL
HCH_EHEEDTOR AMAETHREL D2, TITRLAEZ, 7oA TF1h5=ZMJbIA
OEBREGFELZ. ZORBERIEFRIZASNTIINSGH Y, BEEETTHEEREOENW 7>
LAkFZBVWBD, EERERBET 74 I ANAOERIZBEEN TRV, —A4 T, $ED
=5y MIBEBROBTFHEEZETED, TO_EHKSREVBRARZETTON ALENT
NFF 225X, K 7 /X THETTS ERAHIFLE.

FTREEELARDTEHRAR-EHKGICEOFAML .GV TEARKISOBRFHIHF L7z (Scheme 2),
STZRBEELTRIAFNUNSTZREREIR, D 7aATF U T2BL2DT LV ATy
REETUEL . TORER, AINEKEBE, EODT NI INADAY AT EZRAWEES
2. BEBMBTEO- NIV IBERTEZZENHS M ER o2,

Scheme 2. Acid-mediated hydrocyanation of 7

OMe OMe
TMSCN
OMe T'O'O'cozst °J TfOH o
9 @
—_—

(o] ] TMSCN TfOH Yield
(o] NC (o]
B(Ol?) Pd/C, PPh, PhCF, 15eq. 05eq. 2%
2 K,CO3;, DME-H,0 -20°C
) 93% 20eq 21eq. 92%
CO,Et CO,Et
7 1 (cis/trans = 62/38)

B, RBEOUBZFHICRIILEZER. LREOBRBREICE . BRI /7O00AY %0
NOF URBFETH O, TV O BHRIEROIRN M) A O ML I 2R8R L -, REOYE
e PUAFIZUNTT7ZRIZHLTHOTRNTRBRO MY 7NAORAY 2 ZNE L BERBLETH
D7 TDT EMS, Scheme 3 [ITRT EDRBRBHEZEZBEL Iz, V7 AMbKFEEZHWZREER
T, AEEO RN ZNVFA LAY ANT B THOROGVEITL, COBERIRINTNS,

Scheme 3. Proposed mechanism of the hydrocyanation
Ar

@«” HCN 47— Me;SICN
+

110 © TfOSiMe;  TfOH
Ar Ar . CN
@ TIOH é"
catalytic amount

EROEDIZ, BEAKREOR Y THBT7NIA—)N 3 EZRBLBRWGHRST ) EOBEA Kk
MM LI ENS, FOREERZ70NFETORBERIZEBREFL.

Scheme 2 THWEHAR-BHEGIE, T/ —=)IVR)T75—FoBLUVRO E S OFBIZEFNTE
NATL707 MERBIMEBRIEHNUBETH =2 ENS, ZNSEEBEL -ERENEEN
77

R4 3%, BEAREOKBLERMITTRATED., EKBILLERIZES>TYFAE 10 12



KB M 4DERTON FIEHRENEEREIRIETHD ZEEREZLDH TV, TI T, &0
BEEDENWF Y ADEBERMRY 2ZREF L7~ (Scheme 4), 7OI RSITTFINIFILBIN
TiCI(OiPr); Z /1A, —20C TR L=DE T b4 ERBEI®BZE, ZINI—)V 3 DEREIZ80%
CETHMLELEZ, PV3—)V3Z2 M) 7)) AOEETUET S EBANETL. 70AFE27
NEBBRN—FZDORSTENTER,

Scheme 4. Application of the original route utilizing Li-Ti exchange

OMe
OMe nBuli Me TFA
@:] THF @] TICI(OIPr)s (;(o] cozat MeCN
0 0 (o] o°c
e ° ¢ Ti(OiPr), 80% T
(]

(Assay yield)
1 O,E (from 2) co,Et

crude 3

HUIZDHET kg AT7—ND7RERINTZHN,. —60°CENSEBNNLERILE, BELE
wE D TICOiPr); DAFHHETH D KISEENARLEE TH oI LM S, LD BWHIEIR
H 5N,

RL2IX KW-4490 OB FHEHEAREUVREVIHEE LORKHE I I THIEM RN EE X,
Diels-Alder RIGZFIA L 72BN — N EMNEL- (Scheme5), BEHIO X b 2ICEZ NV =%
—IWVREZMAMLT NI 13 & L7z, BIEED PPTS FFET. MBEATZ LT 14 HEDMNT
Bfl7ce P12 14 BEBEFTARETH oD, BARIEET VUNBIFINHKETFTITo72&
ZA, K80BDERBTHIMET NESNTz. ZDEE, MEBERMEMAE 15 DERBIIN 14% TH-o
2o TOXDITIRFN/ZSM T Diels-Alder RISDETL. X SICEORBREZEX-ERIZ,. HER
DEFHESHICHZ EEZL SN,

Scheme 5. New route via Deils-Alder reaction

OMe OMe Z
o ZMgCl °] (10 eq.)
] o —_— Temp Assay Yield (%)
THF, ¢ HO PPTS (0.01 eq.) (*C) 715
o 97% I nProAc o ]
12 13 reflux H 02 49 14
CO,Et 102 80 14
OMe OMeo OMe CO,tBu 102 80 13
o @ J @ oJ CO,Ph 102 83 12
J o o CN 70 80 9
o | — -
‘ ‘ cocr 25 87 4
|
14 m m * acrylic chloride was added after generation
of diene 14, and quenched by EtOH to afford
7 15" ethyl ester 7 and 15.



Diels-Alder KGDALBERIREZ M LR, S SITRFEMA 1z, V1 ABEZHMT S &2RHE
BmELZM, LERERKEETLE. TITIIT ) 74V ERFHL7 (Scheme 5), #R.
BREVWC STV INBIATNOERSIIIRREIFZEALEEL WD, BETFRSIMENET
FEEEBREDR ETHZ &Moo, FiZ. 77 UNEE D) RERWS & RIGIIEER TE
L. BRI 0614 T ELZ, BEHOBEANS, BEOEIAKEBARICE TV VIIELF
NWERWSDEBZERL TV,

HEEHINTWATOAEHR)N— DR % Scheme 6 127 L7, BFEEERIUER 6 M5
HFE L., MLEREIRM Friedel-Crafts 7 EFIEICEKD b 12 & L7z, 7Ia—)) BIKRERDOF
7 2Ry MK —Diels-Alder RINIZEEEI N, BENE 2% T2 OnFt2 75X 7, BiEK
15 3R TESICBREIN . Hi<aiitob RO L7 /eGSR IR TEIT LN, £ERT S
ZRINTRIA- PSS DAREHTHD, B X1 NOREENBETHO, VA1 ET
AN PBEFYTESITHERR TS ZERTSIIEMND SNZnt, TOFESE RIS 7525 LR
TEBAHOTHEAaMN o, BN EIZ, PARANM T A NI LUERENRRWI &M S, BB
BREEFE2ERTER, bbb, BELLTET I AU I LORET. X5)—RETH
B LN SRAICEBEOANTY > 2HBMTSZET, VA1 DHERHEE, BRI A
INS AL E 99/1 ETROHVBIENTERE, TLTREIL, TAFINEMKSHETSHIET
KW-4490 ZH1% L /=,

Scheme 6. Process route via Deils-Alder and crystallization-induced dynamic resolution

OMe
OMe 1) K,CO3, 85% om OMeo 2 CO,Et (5 eq.) o)
OH Br~-Br ] ZmgcCl ] PPTS (0.01 eq.) @ oj
_——— s ———
OH ) Accl, AICH THF sc HO nProAc ‘
6 81% o 97%* [ reﬂt:x
12 13 %% CO,Et
(*Assay yleld) 7
OMe OMe
o tBUOK (0.1 e o
TMSCN (2.0 eq.) ) o ey 6 mol/L KOH ]
TfOH (2.1 eq.) ney © + Hexane (poor solvent) EtOH 30°C oY ©
PhCF,
_20°C 93%
92%* CO,Et clsltrans 99/1 CO,Et CO,H
crude 1 {equilibrium point = 75/25)
cisfrans=62/38 80% cis-1 Kw-4490

BRIz, FEFLICABLZE RO 7 JMERIEO—BIEIZDWTHEITL7ZVY (Table 1), K
IEEBNSHRZNSEHD, BEFHEEOBREEZRDOEE THREILN, BEBR TN TH
RIGEHHEIT Uz, £EERFI L T4 20AT704 REKRAE, —EOEAHEHNRD D ZEAREIN
2o ARSI, 7 AMEKFEDHBR 26C) LLTOEKB TEMAIAETH D, BRAEOHBEAI R
ELREMTDRDEMAZLIEDAT, RBREL NN TIREFEICFHATEETHIEEHESIERAT
W,



Table 1. Scope and limitation of the hydrocyanation

run? alkene nitrile yield (%)
CN
1 OO 30
3 OMe OC—NO-OMe 95
CN

Me
4 j—@—OMe (Erz=614) Mej—@-OMe 75
M e

5b AcO .'0 @ OMe aco Q'. 2 OMe 48

a. Conditions; alkene (0.5 mmol), TFOH (5.2 equiv), Me5SiCN (5.0 equiv), PhCF3, -20 to 0°C;
b. CH,Cl, was used as solvent.

®

§

ALBRRIZE D12, BAIEKRA T —IVIZHEAPIEET: KW-4490 OFTHESRiLEHEML L (7 T8 -
IR 38%), HFRMEKI 7 OAFE TOARICIBEODIN— M ERH L2, HIEIOEEICIEF
FOREERWEBFEERBIN — b ERAVWED, KOBMMDRMRE CEMOIEERAFEELT
Diels-Alder RISZEFIF L 2FHIN— MIEELRE, ficb ROs 7 /{Eld. 7 AMKFOFREID
M TELRMERRERS LEAEIINRBHELZ, 2OTORIZAIY., &K 30kg A5 —IT
KW-4490 O8LEDTh. BERARICEBIN TN S,
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An Efficient Synthesis of the PKCp Inhibitor JTT*010 Using a Novel Cyclopropane
Ring-Opening Reaction with Indole

Takashi Inaba,* Masahiro Tanaka, Minoru Ubukata, Takafumi Matsuo, Katsutaka Yasue, Katsuya
Matsumoto, Yasuyuki Kajimoto, Takashi Ogo
Central Pharmaceutical Research Institute, Japan Tobacco Inc.
1-1, Murasaki-cho, Takatsuki Osaka, 569-1125, Japan
takashi.inaba@ims.jti.co.jp

An efficient and scalable synthesis of the PKCp inhibitor JTT-010 is described. The key intermediate 1,
indole-fused, chirally substituted pyrrolidine, was found to be obtained in a good yield by a novel
cyclopropane ring-opening reaction followed by a unique triple decarboxylation reaction. 1 was converted to
18 via one-pot Gabriel synthesis, which was then successfully coupled with dichloromaleimide and aniline in
one-pot fashion to give JTT-010. The cyclopropane ring-opening reaction was also found to be applicable to
the synthesis of imidazole-fused pyrrolidines.

1. JTT-010 & ZDEEREREE

JTT-010 I3¥ERF A OHEIRREME 2 B L RSN/ PKC B BIRAEE TH D, "’ PKCH
1&£82%FNEFN4.00M & 2.3nM @ ICso THE L. #k4 2ERBESIHEBHET VBN TYH
BOMEL TR LT SR L LT JITTO010 i34 > F— IR LE-REDLEZEYa Y OUg
BeT7T=V /2l A I FERER O, EROME S Z OBRBIEEL VW DICHRL CBAITS A
WEHIND, 2V, BORFEMEOCRPHEE 1 ZVNIIHERBET I R, 1¢<L
AIR2ET=V U EVNIEIRTHY TV A T7EEEPD2RATHD,

Scheme 1
0
N"@ \ o] H
H |:> + T=Z’ + Aniline
“%—OH x X
Key Intermediate 1 2
2. DE

VD@D EEEMES OERITHH S F— L 3D Y R—FBIZLBREFTEF MLl T35
LD T o7-(Scheme 2), VAR L= 4 DHZEHEIL I5%ee THYFBETED LD TH oA,



4IIRETHY, 5ICEHLLDITIZATRBLETHo7, 2F9D, 4 DKBEEZRBLAREICY
R—BIZ L > TT B FMEENT-KBEZHBEECH LERH o=, iz, FEMEILRS 3 DO
BARICHL LA E -, —J. Ellman & Bergman @7 W — 73~ OFFN 5 JTT-010 FHik
E— b a@BIR L., CHIEMLIZE2E8RERE L T 3B, » 90%ee DFEPRUEEME 7 25,
RERMFEET.6DA Y F—A 2 CHZ RhICLK-TEMHILTIZ LIZI VARSI TVWS,
LH L, ZOEREDL 6 DRMICZEREZE L. FHFEMFD 20 mol%AV 6TV D,

Scheme 2 i 1) TBDPSCI, imidazole
Lipase PS, \
vinyl acetate 2) K,CO,, MeOH )
e o - N
3) Ms,0, pyridine
OH OAc 4)NaH, Nal %

1) 10 mol%[RhCl(coe}),

\) 20 mol% of "Chiral Ligand" CHO
2) AcOH
\ \
H N
k( %—0OMe
6

OMe 7

RKEARITE LGB E LT, BARTARA I eI aFar o3+ 2 B{LfHm
Bit% 1 DARRICATAZ L 2HE L, ~TuRICHER Lo ) DUA/RIZ S + 2 B{kfHm
RIEBRAVWOREBEMITZ AT TRY, LML, BEROBREANMRSCBOTTA RS TV

(N=C) AV F (N—C*) ELTHELTWVWSLEXD L, 2MICHBEELROI F—1L A
HhaA U FEMEE AL LTHEIEL, 7 a7 a0t ORRBOBRILAMRIENER LES LHE L

(Scheme 3), EFIXZDOFBERIET <L, 8a L 9 DRIE%: NaH #HEE L LTAWVWTIT- 7,
2B, 8a DIMUDFNINEZT I uluRUBEREOY ) PU~DOBRRIGERBRES RS-
DICFOEA L, ISIITEEYIZHETL, T2 n ) Y4k 10a & —HELKEE L7- 10b A3
BHTERDOPRETHE LN, ZTRREIATrRIBER LYY PUE 7 nlu XU BRRISIC
SO TERLEBREAOFITHD, H ek oo it FaFx o AFLECEE T ABEHRE
ZEALTBITIERPRERBONI O LEFL. RROREE 11 ZAWVWTITo7=, AL,
TR K E RIEREEO DN, EFEOBNHLELN N7,

Scheme 3 Ew Q_\)\
Qo= ||+ e M S
H X N * ’R K—(EWG EWG
A - da B c 7 Ewe D R
CHO CHO
EtO,C. _CO,Et NaH, NMP
m(ﬂ + K N\ CO,Et 10a: R=CQ,Et (48%)

u 8a 120°C R 10b: R=H (7%)

9

Et0.C chozst various conditions
8a + 4,-0BN Recovery of 11

CIORREZT. RITEAIZII 70N 128 L, 12 0BEICEATFBENRIGHE S
FMLEIERLOEHFELIOTH D, £, RFAICHIER 12 BNEMABRWE) - = rare RY v
L=a VB FANL 1 IBRTEOLNDIATHLHFRE THo7-, ¥ HEY. 12 D 8a & DR



TABICET LR, TERDIZERND 18a T vy7uaa XU RER L 16a Tho7-

(Table 1. entry 1), 15a iX 14a L R4RIC 13a # A L TER L TWAH ¢ E X (). X viEF
REGTRIEEZRAN, 16a OLERD 8a DHK L VE#EL, 18a #INERBHZLIIRETH-
7= (entry 2, 3), & T AN E BRI LT, FKROREEZA » F—/V LA FALZ AT L Z2KD8b
TiT-7-& 2 A, 16bDARDBBIICIMZ S, BRID 18b 23 TT%DIRBTH LN D TH 5 (entry
1), -, BEEL LT p MV AVK=ATFVEERZFEO8c 2AVD L, FiZ 16b DARE
MEd L7- (entry 5,6), HIZ entry 6 DEHF T, RIEHEIZ 18b 2 RIGRNPOEFTT D Z L7
HTHY., BT A717T13b % 68%DINRTHMT 5 Z LITHZHI L, ¢

EWG EWG

Table 1 EWG o] CO,Et EWe
m + BoC N0 — = YJ o+ Y04 W\ cogkt
X 2 K j) N ns N m{ N 2
N - 1 © O e
8a: EWG=CHO, X=Cl 12 13a: EWG=CHO 14a: EWG=CHO 15a: EWG=CHO
8b: EWG=CO,Me, X=Cl 13b: EWG=COMe  14b: EWG=COMe  15b: EWGSCOMe
8c: EWG=CQ,Me, X=0Ts
. (% ducts (%
entry -——8— base  solvent temp (°C) time (h) recy. (%) products (%)
EWG X 8 13 14 15
1 CHO Cl NaH  NMP 120 5 0 0 13 52
2 CHO Cl NaH  NMP 80 5 34 47 7 12
3 CHO Cl  K,CO; DMSO 85 15 6 0 2 67
4 COMe ClI K,CO; DMSO 85 12 0 77 5 10
5 COMe TsO K,CO; DMSO 85 12 4 76 7
6 CO,Me TsO K,CO; DMF 85 15 2 76 9 3

16 DOHEEEREHEME % Scheme 4 IZR T, ARORGEIEIC LV ELL18DT 7 b AF LU
FPCRAE L REENHELTI6AEL5,1613 18 & FEIZH 2. FHIT 13 IR > THY .,
EWG BT AFLOBRGIZRFRANBTHEETE S, LML, EWG BL YV EFRSIEDH KL
IANEDERES. 1600 L VERENENSET =42 17T ~OBREEIESHTH Y, 5l& K< ARK
BICEY 16 BELIHDEEILND, DFEY, TATAEFRNVINVOEFRIIENEIZIVE
BRI HbDEEXLND,

Scheme 4 EWG o m E“::GO
Q. + moc g X AN

N X .u\ \\-/‘ "'(
8 12
\ cozst \ CO,Et
N Y~co,

:./X 17 X 16
FRCEBOLNEISBBOTRTA220LT 7 b 1D, BH3OOIARFUNLEI, BT, &
EMEHICLAMAKNMRE FO%OERBLELY 3EHYVIETI LICLY ., RRIRETD BT
%7- (Scheme 5), EEERMTRREELEFES 7 FALBESRSE L RZ7-20, BV R LUBESLE
Thol-B AFEICLY 13b 2T Ry MRS TERMICEFAITHRER 1ICEI Z LITRIIL
oo TOFHRI 7 UBERRIE, 2V HRE 3 + 2 BILAMEIS &, 51 &6t < BLRBRIS



FBRKEBR1OAKREE LTEALE, 1LiZ= ik R UMhLIIENIIRTEMREN,
FOREEE LTHAWE8e bAF oAy F—AnbUrRy NCHREMTAZ ENTE,

Scheme § COo,Me (NaOH then HCI) X 3
{ goe in refluxing EtOH \
4 - \
N {111
O -3¢0, K

13b “%-OH 1

3. @A 1@ IJTT-010 ~DEEHM

MPMOREPEED JTT-010 ~OFHEEIIRPMES > F—L3METe LA I NEEEEES
ABFETHVELLOIREESEL L, VZ2ZITC. AV F—118, P/un<LfIFK2a, 7
SYVDIEHEN YTV U I/FTBILICEY, —RICTREEMT L2 B L (Scheme
6o ET 12T Ry FHTYZAVEREBIEHMLS 7T I/ ER#EICL Y 18 ~FB]LZ, TLT,
NaH:POLFAET. 2a D—F DEFRFN 18 ICL VEHBREN 192525 L% R L=, ARG
3. 1=TAEAAL L PN L EREBEOYLL I FOREE LTRADOFTH S, £/-. 19 25
ENELI)—FOERRFIIT=V U EMBTE LIk TEBESN, 20 25232 LHHL
MmEpolz, EHIT, TNH 2OORINIERINZT KRy FTITH Z ENTRETH -7, BN
7o 20 I3RBEEZBRET D2 LICLY JTT010ICHEL Z 8 TE -, FREBRN 3 + 2BILANK
RERT YRy P3RAH v 7V Y IRIGDRERIZL Y, KiE2 TREOBIBICRS L=, ¥

Scheme 6 n _ _
o o
1) MsCl 4 H
2) Phthalimide K 1 X—I o o) o g o
TN . ¢ ¢ 2 = Aniline Pd(C), H,
1 \ 1 — 1 A — JTT010
4) CbzCl ,,,’ Na'.'zpo4 N .
"1)-3): One Pot" / HOCHCHOH, / ]
CozHN  yteOCH,CH,OH %-NHChz e NHChz

4. IR 70T a/RVBEBRRISOA I /N ERE e Y L AR~0ERHA

AV R=MIBROTATaRIBER L0 ) PUBRIIE< OAEBEMYEICEKRINS,
T, EROFR 7 a o XUERREOISAE LT, HIRO 2AICHBEE 2 ES( I ¥ —0
L9 DRIGERR T, TORER. 21 R 28 X, HIETHA IFY —ABRERY P 22 ¢ 24
%5 %27 (Scheme 7), ZDRERIZIERIENA > F—LOZRZLTHO~NT aBIZHER L Y
VUDERICHICATRETH I LETRTELDOTH B,

Scheme7 Cl cl N
IN\)_Br 9, NaH, NMP IN\ c:fa @:N\)-m 9, NaH, NMP O: \ C(:;Et
a” 120c  a” N 2 N 120°C N
3 24a: R=CO,Et (56%)
24b: R=H (7%)

21 22

5. BETM

1) Tanaka, M.; Sagawa, S.; Hoshi, J.; Shimoma, F.; Yasue, K.; Ubukata, M.; Ikemoto, T.; Hase, Y.; Takahashi, M.; Sasase, T.; Ueda, N.; Matsushita,
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Development of Protecting Group Free Catalytic O-Selective Acylation of Aminoalcohols

Takashi Ohshima,* Takanori Iwasaki, Yusuke Maegawa, Yukiko Hayashi, Kazushi Mashima
Department of Chemistry, Graduate School of Engineering Science, Osaka University
1-3 Machikaneyama, Toyonaka, Osaka 560-8531, Japan

ohshima@chem.es.osaka-u.ac.jp

A new catalytic transesterification promoted by a tetranuclear zinc cluster Zny(OCOCF;)sO was developed.
The mild reaction conditions enabled the reactions of various functionalized substrates to proceed in good to
high yield. A large-scale reaction under solvent-free conditions proceeded with a low E-factor value (0.66),
indicating the high environmental and economical advantage of the present catalysis. Moreover, the
tetranuclear zinc cluster efficiently catalyzes highly chemoselective O-acylation in the presence of primary
and secondary alkyl amino groups. Our results suggest the high potential of the zinc cluster as the core

structure of an artificial enzyme to realize further enzyme-like chemoselective reactions.

TRAF IR D —RP S EEALERETH DD, TOHERNRERFTEDRREZS 0BEN
Bz iThh T, KBEDOT VA LRIGIET ATV E AR T 2R b —REP >EELRIGTH Y |
WEANLEVEE LGSR DBRBELER, AINRUVEEX Y b RIGEICE DERRE MR E KD &
AWTiibns, LaLadsbinboRiE, EaRGICBWTEELRU EOHEAICEEE
DEL L, TORER, STALEULOERLORENNELSH I LD, RERAIMS LOREE
2K 72 P8 A 7 LT\ B(Scheme 1, path a)y ED1=H, BEAFRORKENINODBWERILE .
BEEMOLE CRVWKIER~ BB D I LREELHERETH D, £ THRAIL, 7 UALA
L LTIEEMICRENOBBEVWES TAFLASRT AT MCER L, —RIZ, ZATVEDD
D EFEE R DIEIZ  scheme 1. Acylation of Alcohol

HWAZ LizFDRKRE path a: conventional method
0 condensation O 0

N = bas base
:Hio)ﬂ &6 T Ao nz’u\ou+ 16 60) , R2JLCI Te10 Zq’. RZJLOJLR2+ ST J?\
H 5, @Y R Ak & A 0 3 R2” “OR!
WBZLILkoT AF vaste)

path b: catalytic transesterification

VL AT LIg E DR i

_ A R2” “OMe, cat. 2
T RXRFNLEHERELD R'OH 3 Rzlkopﬂ
ERICEERVWSZ L MeOH



RTENE, HERME LTERT 1 a—LOHEELIRERFONIW i

BRRRIC 2 DB LB (RIEHT AT VRIS, path b). xR Fac\(og_}éj,.o\rcpa
MEfT iR, Bl b)Y A oBBEBERIEY 7 25 — Fo 000,
Zny(OCOCF;)e0! I3 £ 2 7 VM BUE DEN LMK TH D T L ERVIEL, o-% &0
B RERRETEE T T X 7 VRIS & USRS T S5 2 LI L T

B3 7 ABMBERISAREEOE VT I RFEET IRV THKBERR Zn(OCOCF3)¢0
BT U MERS R RET 3 &V ) BRRMLFBRELE L TVWAHZ L bRVELEY, £ZTK
RETIE., TNOMEBREOBROEELZEEORTBREZATRET 2,

[FESADNEE 7 T A & —filiEIZ & B = R T VAT US DB SE]

BB A L. TAFALT I ) TAa—AhbAxH Y ) VBRA~OBEEERKEORINZ1T )@
2. MUY T A ¥ — Zn(OCOCE;) MR I BV AEM 2 RT Z L 2 RVWELEY, o
I Y 5 R F —I3T I FEADMAKIMERTH DT I T FF—8 L Ak AR
MEBLTEY ., ZHDBRA A VLo TZHOEBR R MIBEE) L ITEHEL) ¢
AL CEHVREEEZRRLTVWALEZITWS, ZOFXY V) VE~OEEEBRRIGIZ, ©
AFARBRIGEHDVETZATNLT I FRBRIGEETEITT2LE2 05D, £, =RA7
N R DEUERFN 2T T FORBEER. 1.25 mol%DEHRNEZES 7 AF—TFET, AFNTA
FALI2UBOTAa—LEDA Y TR ELT—F L(bp =68 C)FMBEGRRTHI LT, LD
| BBLO 2 BT AI—ADOTRAFATREIERBIFICETT B L2 RWELEY, Y1 Y7o
EAT—F L, HEFRBTHDI A ) —N LR 58 CORBREMETERT DD, EIRTA
5 )L ERMIPEHT A LN TE I, BEBFETH LARICEBRBEMEERLTLEI L
. REMSTABHEA T CREXITILERH S, TR L, RREBEEIETFESRDLIBOD,
MLV HBWNEIL 7 aRUFARFAT—TFTARERE LTAVRE, ZRTTLERIIREE
ERTAILNTE, WRLAETBZLERVWELTWS, AMBERISITIEIEPESRY TEITY
B, TEHZ—N, THP =—F /L, 'Y= —F /N, Boc, Cbz, Fmoc THRFEIN=T I /BT R
FARY, e REEERERD LR REBEITTE 2 838007, THIRAMERIEOE
RELAEHOBIERTHLOTHD, XbIT, ARERISITEBERHTHLETL, VU IOEK
FEETHDEEBA YL FAOBERMBERREIGISH L, ZOMERISD E-factor X0 ¥
120.66 ThH V. 7SN BROFHHZE 1~5 ITL_NTHBEAMINEV, 0 X 2EVRER
FtE B DX ERMEE L IBREDT VMERIETILERR#ETH 5,

Scheme 2. Transesterification of Various Methyl Esters
(o]

O Znoc O
- Zn,(OCOCFy)s (1.25 Mol %) k@ .
O)LOMS " Ho FG' FPro0, refiux o FG

up to 99% yield

or
solvent-free, 100 °C
FG = acetal, silyl ether, enone, triene, amide, Boc, Cbz, and Fmoc carbamates, etc.

(example) o Zn4(OCOCF;)g
(0 8 mol %) /\/l\
\/\/u\OM e + Ho/\)\ nea’ \/\/u\
116g,1.0mol  106g, 12mol  100°C.43h 138 g, 80% E-factor

(purified by distillation) (5.0.68



B = F A2 T EFNMRET BT A a—LOT EFVLRIE]

W, Bxl3KBEDRELL LTHLEHINDTEFAREIZERH L, BEKEEDT EFNV
{bix. EAEE S U< IHBLTEFADL D REBHRT M LFIE RV TITo 555, BRI
524 —flitE HV D - L CREREBIFAE T EFLHIE LTHATETH DY, T42bb,
HAxO7Na—VEERNUES T AY—REFET., BB FLVPMERK TSI TTRT AR
BMEIEPET L, TLI—ADTEFMMEEITI Z EICHII Lz, ARGOEERDITT Y/ — N
NHTHY, BEFANEORETHD V25, ARMERIGOERELFHELEL, Fio, BiER
Y REER TES T—F N7 EHRHFETE S A, OBz £ OPiv ENRFELTHT INVEOBEN
2LETLRVEIIBET REFUTH D,

Scheme 3. Acetylation of Various Alcohols

FG0,0H Zn4(OCOCF3)g (1.25 mol %) FGOOAC
EtOAc, reflux

(up to >99% yield)

= acetal, OTES, OBz, phenol etc.

(examples)
O— (97%)

(89%)

\/©/\ /\>_7 )< AcO (>99%)

(83%) F'h (>99%)

[7 2 ) T Aa— L OKBERRWLT ¥ LRIS]

BEDT IMELRIE T, TUMEENIERREORBMSRIGHEZXE TS Z LAmbh T
B, FTDH, KEERELT I ) ENEEFETIES. BOTEWT I/ EORBEDHT I/ &EH
SBIREIIZ 7 AL SN B (Scheme 4, path a)e F DT, T I ) AT NBRLERGFE, *Ri# - Bk
HrEUEBREORISICE ) KEOBRENEHEVRERLERTILERH ST (pathb), BLID
7 I ) E L KBEOTHEERRME L AEMISHES§ 5 2 & A TENE(path ¢), RERMOBRD
SR LIEBMARSL R DB LEXDNDN, flfffay ho— L TIO L) REREEREZY
EXHAFEL. 2RNETY S—FPEAVWEFAR 1 FEMONIORTHY, ARERTFEL LTH
WO NTBITEETH-T-, Thics Lk id, BHRIUEY 724 —MEBICEVERERMEZ R

L. 1 EBIR2EDOTAFAT I ) BHFET. KBEEZBROICT I NMETEDZLERWEL
=0 FF ra~FY)—NEVIa~FUAT I VOEELVEAYEERICAVCTRIGENE
DRI T o, IRV VA NBEOREEBREKYE T VLB RAWESEE, 7 FBER
BB, -~ ORERIT. BEOELHRREILEX TRYLBERTH D, KIZT VLAl L
TRASFBAFALAV., BRI A —2 AW AT ATBRIEOFREEZER LIZE 25,
EE DT UMERIEDREIRE & ITFIZ T R T A 96%INETHE LN, 7 I FIURFERERTELOD
B Chhol, T, BarOTNa—LET I EDRAEDLETIOKBERRALT VLR
OBRNEFolE A, WTROBALBEVBRETHIET 2T ATANBROLND Z LA 2
feo Eo. REFHTHIATFANZATADOELE—BELEL ., FFR=AT NV, ap-FafxR
F. BHETRTFANTROBEES L BIFRERE S, BT, SFRICKBRELT I/ &%
ETAT7I)TANI—AERBCHNTRIEToEZS, BHNETET I/ AT VERR




99%INETERT D Z LIS L, “hid, BReDmBRY ., KEBERRKNLRT I/ Tra—iu
DT U MERRSE A TR & » TER LD TORTH Y | EERMEREBETVIEERE
BIRME A BRI RSB LN TEBR L ERTEELRRE TH D EEZEL TV D, SbITKE
DHRNOFERN L. JBROT L NLRINTFEET DR T £ F LRSI TS (Bfik=F L
&%ﬁkbfﬁ%\%nem\%#K%m*@%ﬁﬁﬁ?ﬁ%ﬁﬁﬁ?é$%&wﬁwaéﬂ
7 T A ¥ —RhiIC X B RETH & KEFOEMAICETIREOMRLHETRETITE
THh b,

Scheme 4. Acylation of Aminolcohol

path a: acylation (RZCO,H, R2COCI, (R2C0),0, etc.) ch)\ Q
Y R2 N OH
path b: indirect route o o
HZNQOH ; ®NQ0H ; @NQO/ILRZ ; HQNQO/U\Rz
- |
path c: transesterification (R2CO;Me) ) MeOH

(examples) OH Zn4(OCOCF,)s0

OCOPh OH
0o O’ (1.25 mol %) O’ (:r
+ ——pe R "
Ph)LOMe HoN™ FPrOrreflux N~ PhOCHN'

(1.2eq) " 99% not detected
O/\OH Zn4(OCOCF,)g0 (1.25 mol%) O/\OAC
HN EtOAc, reflux HN
97% yield
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The complete transformation of a racemic mixture into a single enantiomer is one of challenging
problems in chiral synthesis. Recently, a novel strategy has attracted great attention as a solution to this
problem: dynamic kinetic resolution (DKR) by the coupling of an enzymatic resolution with a
metal—catalyzed racemization (Scheme 1).! Several groups including ours have developed enzyme—metal
combinations as useful catalysts for such DKR and demonstrated that racemic substrates can be efficiently
transformed by them into enantiomerically enriched products with high yields and excellent enantiomeric

excesses, both approaching 100%.

X Enz® Y
/LR /'\R
R

(R)

X Enz® Y
R ~ R
(S) (S)

Scheme 1. Dynamic kinetic resolution by enzyme-metal combination

Now a pair of complementary enzyme—metal combinations, lipase—Ru and subtilisin—Ru, is
available for the DKR of a wide range of racemic secondary alcohols.’ The (R)-selective DKR can be
performed with the former while the (S)-selective DKR can be done with the latter (Scheme 2). DKR of
amines, however, is more challenging, and few practical procedures have been developed for such a DKR.

OH Lipase OAcyl
R Acyl-OR R
(R) (R)
l ’ Ru
OH Subtilisin OAcyl
R Acyl-OR SR
(S) (S)

Scheme 2. DKR of secondary alcohols by enzyme-metal combinations



We have developed a practical procedure for the dynamic kinetic resolution (DKR) of primary
benzylic and aliphatic amines with lipase-palladium cocatalysis (Scheme 3).* Our Pd nanocatalyst,
Pd/AIO(OH), was prepared as palladium nanoparticles entrapped in aluminum hydroxide. Its activity was
examined in the racemization of optically active 1-phenylethylamine. With the Pd nanocatalyst, the ee
decreased to 29% at 12 h and reached near zero (2%) at 24 h. It was also observed that the formation of some
hydrolyzed and condensation products such as acetophenone and di(1-phenylethyl)amine took place in the
prolonged racemization. These byproducts amounted to 18% in the 24 h racemization. However, the amounts
of byproducts become significantly small or negligible in DKR itself because the enzymatic acylation of
amine proceeds more rapidly than the side reactions. The DKR with the Pd nanocatalyst was explored with a
commercial lipase (Novozym-435). The DKR benzylic amines were performed in the presence of molecular
sieves with ethyl acetate as the acyl donor, 1 mol % of Pd/ AIO(OH), and Novozym-435 (120 mg/mmol of
substrate) in toluene at 70 °C for 3 days. Later, it was found that the addition of molecular sieves was
unnecessary with the use of an activated acyl donor, ethyl methoxyacetates, and a significantly reduced
amount of enzyme (15 mg/mmol of substrate). All the DKRs proceeded successfully with good isolated
yields and high optical purities. Next, we explored the DKR of aliphatic amines which are more difficult to
racemize than benzyl amines. The reaction conditions were modified to facilitate racemization. Molecular
hydrogen (1 atm) was employed with an increased amount of Pd/AIO(OH) (12 mol %) at higher temperature
(100 °C). Surprisingly, the DKR of aliphatic amines in the presence of ethyl acetate as the acyl donor
reached completion at a short time (4 h) and afforded the products of high optical purity in an almost
quantitative yield. Finally, we examined the stability of the catalyst through the recycling experiments. The
recycling experiment was done for the DKR of aliphatic amine. The DKR reaction was carried out 11 times
with the recycling of both the Pd nanocatalyst and lipase. The complete conversion was achieved until the
8th recycling, and then a gradual decrease in conversion yield was observed. The conversion yield, however,
was still good (89%) even for the 10th recycling and fully recovered to the completion level by the addition
of some fresh enzymes (half of the initial amount) in the 11th run. On the other hand, the ee value decreased
by less than 1% every recycling until the 10th recycling (from 99% to 92%) and then increased to a good
level (95%) in the 11th run. These results clearly indicate that the Pd nanocatalyst and lipase are robust and
sustainable even at 100 °C.

NH, Lipase NHAcy!
R Acy-OR R
(R) (R

H Pd nanocatalyst
NH,

/\R
(S)

Scheme 3. DKR of primary amines by enzyme-metal combination



We have applied the method in the asymmetric reductive acylation of ketoximes (Scheme 4).° First,
we explored the reactions of acetophenone oxime as a standard substrate to optimize the reaction conditions.
In addition to the Pd nanocatalyst, thermostable Novozym-435 was chosen as the catalyst for the
enantioselective acylation of amine intermediate with ethyl methoxyacetate. The reactions were carried out
with 1 mol% of Pd/AIO(OH), 30 mg/mmol of Novozym-435, 1.7 equiv of ethyl methoxyacetate in toluene at
70 °C with a variation in hydrogen pressure from 0.05 to 1 bar for 48 h. The reaction under 1 atm of
hydrogen afforded unsatisfactory results (71% yield and 87% ee) with the formation of a significant amount
of deaminated product as a byproduct. This byproduct has been known to come from a nonproductive
pathway including the condensation, hydrogenation, and deamination of amines. On the other hand, the yield
was markedly enhanced by decreasing the hydrogen pressure. The best results (90% yield and 98% ee) thus
were obtained in the presence of molecular sieves with 0.1 bar of molecular hydrogen. The reactions of
additional ketoximes were carried out under the optimized conditions. All the substrates were successfully

transformed into the corresponding amides with good yields (83-92%) and high enantiopurities (93-98%).

0
.OH (0]
Nl Lipase HNJ\/ ~
Ar Acyl-OR /'\Ar (R
Ha(g) Lipase
Pd nanocatalyst MeOCH,CO,Et
r;le Pd nanocatalyst NH,
A Ar

Scheme 4. Asymmetric reductive acylation of ketoximes by enzyme-metal cocatalysis
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Park, J.; Ahn, Y. In Biocatalysis in the Pharmaceutical and Biotechnology Industries; Patel, R. N., Ed.;
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A particular attention will be given to the syntheses of cyclictriolborates and pinacol organoboronates, and their
metal-catalyzed bond-forming reactions. We recently reported that cyclic triolborates have exceptionally high
levels of stability in air and water and higher solubility in organic solvents. High performance of lithium or
potassium triolborates for transmetalation was demonstrated in palladium- and copper-catalyzed C-C and C-N
bond-forming reactions. The direct C-H borylation of arenes or cyclic vinyl ethers with bis(pinacolato)diboron or
pinacolborane in the presence of a Ir(I)/2,2’-bipyridine catalyst provided a simple access to pinacol
organoboronates in high yields. Recent advances in biaryl coupling via C-H activation of arenes will be also

discussed.

1. FCHIC

Ao UBRIIBRECKICEE TERREVST L, EREREOHKNNRL RV L LAERERICRBIT
SEERIRR ~RFEEATRRISIKEZFIAEND LI IThotz, BIZT IV —A R BOH v
TV TR, BERBRASNTWAREDO—2THS 19, 7urhy 7Y vy IRiEE AV
HERE, BE EFHHOBREFRRICIIZ OR e UV BEFEENSLEL S, FEERa VEE T
DIZH4 0 OFEBU LR END L5 o7, HEBTHEL LTOKRBICIVERR e VED
C—BHBIIIZEREREAFTRBETHADA T UVRIER T PHILVRISGIEBD TREETH S, L
PUREEZMAT7 — MUSEEHR TS LABEORZENE L, BBEE - u /U EE~D
R UVARAZNALHREITT DL DIC2D, DX 527 — MIBKIIRATERRYFLAMLE
EPOEHERBTIONMETHY ., NTVVLEERWS I 0 R b v 7Y v S RISITEEFE
TTIToh5, > T, FUVRLEHOT — MUSEKIEBMERISIIBITS P55 VA X Z ALK
JIERMDOREBRISCICELBE LRV ERRETHS 19,

FRRVREEHOR TR VBIIRE LS ERASNTVWA LD TH M, BAZEL LERE
Kt (2, AaxT ) 24T S (Scheme 1), ZD-DBERNEHETH Y HBARLOEBZD
BELWI X, RGICBTI2ERENEE ST EHICH L THERYEBAV OGNS Z LBEW, =,
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Although separation technology can be a key issue in developing and manufacturing fine chemicals,
selection of adequate separation technologies and determination of conditions are still not easy to carry
out. The Society of Separation Process Engineers, Japan was established 38 years ago to contribute to
solve these difficulties. In this article, heuristics in dealing with separation tasks are briefly reviewed
to solve complicated problems of separation processes, and some experiences of mine in the field of
industrial crystallization in connection with pharmaceutical processes are described; they are optical
resolution of racemic compounds by preferential crystallization accompanied with simultaneous
racemisation and diastereomer formation reactions, and kinetics and control of polymorphic transition.

Finally separation technologies expected for coming sustainable societies are briefly mentioned.

SEEREISLEEEDOA TR EL DEEE, REBRRZEICELBEDboTWAEHTH
5o ZNHIIHBRLREN R EDMEBOBRIE, T2 b EAHME (unit operations) & L TRE
LT&#, TRNENOBRENBR IPDECHBFTOPICIMEOREEZE T TVAEL0NRH 3,

SEEERNIISE T I2HEHBEICEDOE L O TRITINIERL 2V, ABWEIILTIES
BMTH-T, ZLOHBEFEEINTVIRSMBHBAL TIXWARY, LA, THimL LTHE
HRTWT, OB ITORTVWRNWI L bELH D, TOL 5 RoBREL—KILT S
TLIIBOTRERIEEVWR XD,

SRR, EOMBRECEREZBX AL LLIREZDEREZB L T, ERICHBEICR
STWNARREVWERBEIND LS RMEEZMRETIELLTERL, BBLTE -,

FRTIE, 7, BRICOBEFSE2BN LT, S 2R W Er S 0REYD
STEECBT 2RBRAIZBN L. MEBEICEZENTo TV IR SERIETH BZRFENE
LHERBBIZHOVWTHEIIRRIETWEEL Z RT3,



1. SRS
LETH#EDOREBRIECELDOD HHEE L EFEOHESH 1971 FITRIE I TEKE
BifBiES) PRRTHD, T0%., BITRIELBRERELEDI b [HHERNTIEEE
£1(1980) LAHEE X & b, [DBEEMS) (1997) LA&FEERE L, FWSEIITEE (2003)
LTEBRE-TWS, DEEEHNEDELLIRL, The Society of Separation Process Engineers,
Japan (SSPE)) ThH Y, DEET ot ABNENEEV THIZ L &AL TS, BIETIL.
RFRERDODEERCESBELZ 8D THMRIEORIR L HBET nE A ZHBRITLTWS,
SOERITEL L TiIX. OF 6 BDRFEOREIT. OFS (FRRRLY) OBRE. QOnHR
WEORE, OEEMEMNBESIOFREOBHES - BES. REERESORE. OOBEENY
V—X%&hHETHHR. @3 EREOFEENERSBORME, 22 TFT5Z LB TEXS,
REOCSEHIT, HBFLB (EA) N, FRIKA (GEA) 60, ERXBM S04, £4£4
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2. SEES O AOBREBEOT-DOFRRIZEAIERA (Heuristics)

BHERIMET 0 AOBBEERRT 572 OO heuristic B3biE, ZEBRICHEME 2 BED RIS
ICEE LERICRIID LB ) OTHBITT 5, Rudd, Powers 8 LU Siirola DEE [Tot X4
FX (Process Synthesis) | Vi% 1973 FEIZFIIT S iz, EHFIZKRFEDLZETEDOBIZ 24 L LED
MEETHD, ZDOEFEDOHIT heuristic BV 2HFELNTWS,

F 94X, TOf the many differences that may exist between the source and destination of a stream,
differences involving composition dominates. Select the separation tasks first. : [EEI» LB G FE TD
RN DORICTFETIEZ DERDOP T, HEDBEVWVBELERTHS, DEFEZITES
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