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Development of Microreactor System and Successful Cases of Process Innovation

Shigenori Togashi*
Hitachi, Ltd., Hitachi Research Laboratory
832-2, Horiguchi, Hitachinaka, Ibaraki, 312-0034, Japan
shigenori.togashi.gf@hitachi.com

A microreactor is a device that enables chemical reactions to be performed on a microscale. The potential
advantages of using a microreactor, rather than a conventional batch reactor, include high-speed mixing,
better control of reaction conditions, improved safety, and improved yield. In this paper, microreactor
system configuration and process simulation technologies are described. Moreover, the yield improvement of
chemical reaction, the uniform generation of emulsified droplets and nanoparticles are introduced as
successful cases of process innovation. Finally, development of a plant using the numbering-up of

microreactors is described.
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Recent Progress in Organic Synthesis Uisng Flow Reaction Devices

Ilhyong Ryu
Department of Chemistry, Osaka Prefecture University

In preparing organic molecules, glass-made batch reactors have long been ordinary tools for
synthetic organic chemists. However, rapid progress of microreaction technology gives them a
nice opportunity to change their way of doing organic synthesis from batch to flow. A
large surface area-to-volume ratio available for tiny space of microreactors guarantees rapid heat
and mass transfer, which influence the reaction time, yield, and even selectivity. I would like to
discuss our efforts in this area by showing how flow microrectors are useful in cross-cpoupling
reactions, radical reactions, and photo-reactionss.
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—BIRT ADOBEEITRoT, YT MM~ JaIxd—%H, BEIY T
YU IRISERFLIZEZ A, BIRETH 7Y V7ERDNRE LN, PdAREMRE
BlLENToA A RBHBITERY. BIRT 57 I VB & DiRRETOM L= %ICHER A
B TH D, . ERENEEFREERNONREE L 7o —RTHERRART I
ERTEE (K1), 2B, BETHEH~A 72 IXY— 3T CTHMEIZEIZ L7 MiChS
HBDO I —REAVTRIGZERB LTV S,

~

Y
Br S.~-CéFs
AV

iPr,NEt 1000 Tol \/j
pm \\/
. g . 50 cm \C?/S\O,CGFS
Pd-NHC cat. 95 °C, 2 min \
~ NA;—Et
\=/" 1y,

95%
BEORSREEAEAMEE

1. A A viREzRAW-vA 270 70—RTOEEI v 7Y VKIS

bhbhEO>TNWTEBER~Y I REEZETVRIG L L, A A K& OESREFF
RYRT LOWBEZRTROTe, RISKTH#., EBHRCT I /HEOMEE~ A 7 afil
2=y FPEAWTERT e —RTIT RV, BONER/ KA BED 3HER?L
AZFVBEERTICEVBREEGDIVATLARBE L, ZOVAT L% 115 BH
EGERT A L THEBRTFAE 1ISg ARTHILICRIILE (K2) °, &6iz,
FROMERRBERE 70— AT LAEHEEY v 7Y VIRISIKERA L, EROEAHE
Sy REEFIAERFERAED 100 75 AR —AARE%E 5.5 BRI OEGERETER L S,



Ph'l PrsN
ZCO,Bu 1
am 17 mLinner volume o,
B > [08 «— H,0

Pd-NHC cat. &3 130°C 17.8 min

8l <— hexane Ph \/\COZBU
hexane
115gin11.5h
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acetone pyridine

light source glass cover residence time yield (%) Wh yield/Wh

300 WHg lamp soda lime 6 min 56 30 189
15 W black light Pyrex 12 min 7 3 23.7
1.7 WUV-LED Pyrex 12 min 70 034 205
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One-Pot High-Yielding Synthesis of the DPP4-Selective Inhibitor ABT-341 by a
Four-Component Coupling Mediated by a Diphenylprolinol Silyl

Hayato Ishikawa®, Masakazu Honma, Yujiro Hayashi*
Department of Industrial Chemistry, Faculty of Engineering, Tokyo University of Science
Kagurazaka, Shinjuku-ku, Tokyo 162-8601, Japan
hayashi@ci.kagu.tus.ac.jp

ABT-341, a DPP4 selective inhibitor, was synthesized by an uninterrupted sequence of reactions in excellent
yield with excellent diastereoselectivities and enantioselectivities. The reactions carried out in one flask are
diphenylprolinol silyl ether-mediated, consisting of an asymmetric Michael reaction, a domino Michael
reaction/Horner- Wadsworth-Emmons reaction combined with a retro-aldol reaction, base-catalyzed

isomerization, amide bond formation, and reduction of the nitro group to an amine.

ABT-341 (1) 7Ry Mz kW RIS SN DPP-4 [HERITH VD . HIHBERBIAEREL LT
HENTHBE Y, MEMBEELT, Y 27a~t A7 I UvBREIC 2 2OHiEELEARFAEZE L
TEY, TREODCLTHETIMER2EARICB T 8 ERD, THy bRk, X% EER
ABT-341(1) % HPLCIZ K 2 NFnE 2 B0 11 BETAR L T3, A IFXTTIZF I T7LDLEK
TEHBWY 7 a~F U FEKRD One-Pot SREZABEL TSRS (K1) ?, ZOFEEFHANVD
T LIk D ABT-341(1) ORI L ARIEEHRE Lm0 THRETS Y,

AcHN
NH2

(-)-Oseltamivir
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Scheme 1. Retrosynthetic analysis.
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Scheme 2. One-pot synthesis of ABT-341.
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Figure 1. Intermediates 10 and 12.
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Development of a practical synthesis for HDAC Inhibitor AS1623879-CL

Ryoki Orii*, Takashi Kikuchi
Process Chemistry Laboratories, Astellas Pharma Inc.
160-2, Akahama, Takahagi-shi, Ibaraki, 318-0002, Japan

ryoki.orii@jp.astellas.com

A non-protected and direct synthesis of HDAC Inhibitor AS1623879-CL was developed for scale-up. Heck
reaction of non-protected imidazole and direct hydroxyamination from methylester were considered as key
steps. For robustness and minimizing side reactions, reaction conditions and mechanisms were investigated
in detail. An efficient and simple process was developed for removing Pd from a drug substance. The control
of the carboxylic acid 17 formation in the hydroxyaminafion step became another scale-up issue. The process

was scaled-up in the pilot plant, which occurred in 4 steps with overall yield of 39.4%.

AS1623879-CL 1137 AT 7 A RUERIZ TS MBAETA R IEMRM & L T RH &7~ H# HDAC (histone
deacetylase) FEEAITH Y V| BIEEKR~EXKADOKBERICHIT CRECHRNANE 7 ot AE%
BRD LT,

PARYIBISRIEIERER y— L TI32 9 TR THEINE 164% Th 55, BEORHE - BiRE
TREZEATEY . INF - BEMHOE,L L REARICILE L TV Adhors, Bict Ko x4 A8
WCONTIE NOREBLIZE FrX AT IV L EEL LML RUVENLAR L TEY . STRE
ICRONTVD RIS Y Clid 5 HUILER ERMEICITREN H -7,

Scheme I. Medicinal chemistry synthesis of AS1623879-CL 1
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Scheme 2. Proposed approach for scale-up synthesis
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Scheme 3. Synthesis of nonprotected imidazole
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Scheme 4. Heck reaction of nonprotected imidazole and side reaction
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B {EAREHT Workstation B H Bh A RSB ¥ % AV CEM L, FPRIEERHER 7 )V —=o 7z TR
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Table 1. Design of experiment for Heck reaction

D S ISNEXPERT Plot Haif Normal plot
Factor range studied E ?PE:M . w
DMF (vol.) 8-20 D: Temp. s oo
DIPEA (eq.) 1.5-3.5 E - .
Methyl acrylate (eq.) 1-3 - ey
temperature (C) 90-110 g - e
{ "c
ol
CORBRLY, AFALT ) L— hOEEBIT o

HPIOFRE VNS, RIGBELZHETSZ @ em  wm mm  mm
& TRTED Heck Uk & BIRISIIHIETE 5 & IERect
2 5hi-, Figure 3. Half-Normal Plot of reaction effects

ELICRIGIRE 120CIc BT AT ORISERD 12 RUBIRKEY 15, 16 DERESE S . BIR
JE O Michael f4 1% Ui < Heck RIS D R ISHEEE & BT 0 Heck G D RGEEDZIZ TSI K E < |
FROSHRERIC L ABIARMOHME K& RBBEICZ2 S/ 2 L2337,

~o=target 13

- 10
g 80 ~=-bromide12
§ %0 ~rbyproductts . 8
T 40 R ==by-prochuct 18 [
20 __.‘.-----O--O"“
:
© e ] N
- 2
10 J/ Aol S e L
ogfazte=@="" I Tt dresaeall °

reaction time {hr)

Figure 4. HPLC area % of target 13, bromide 12, and by-products versus reaction time
PAZRWVDE 7 aR A7) 7V TIIREPd BRBEBEL 22 2L RMLRATVWE Y, AFoEXT
b Pd FREBRIEE EHE L 2202 1258 ORMILAY 1 o Pd S8 2400ppm & 72 0 | BRI 2R ET
HEARENLE L L >72, TMT O Pd REZRIITEAOIZH SN TV B, TMT OEIIEZ R 7 —
NT oy TERHIRME R RIEL 725, AE TMT M~ it~ 13 2881 3 7210 CamiEames
BLICEBRPIC TMT-Pd 2R ETE DL AR T o ANERTE = (Scheme 5), TMT o
SH ZASEE DIPEA IZE Y A4 4L LT DMFIBIRRICIERR L TWVWB EE2 b3,

Scheme 5. Work-up of Heck reaction

T™MT ]
Heck 0.1wt water
reacion —> ol ——» stiring — 4 crystallization —— 133?;;891’)
(]
120-130°C 40-50 TC.2br
— filtrate

(By-products, TMT-Pd)

Pd BREFERIT Table 2 D@ Y TH Y. Heck RISAERY 13 12T Pd & &% 30ppm BEIZHIETH
EEEM 1 0 Pd S &I 20ppm LTI % Z L AHERTE TV A, —F., EMRAE T Pd R
ENRR+5THD EHICEHYDOIELR~DOEENE bz, F-EEL”- Pd ZHWEET



i3 leaching”A% B & 1U5%7F Pd (KBS RITD b o 7=,
Table 2. Removal of residual Pd

Pd(0QAc)2 residual Pd yield

entry input (eq.) treatment (ppm) (%)
1 200g 0.005 none 2400 71.0
2 10.0g 0.005 charcoal 0.1W 1300 65.4
* ' tp etriagt
3 0.7g solid-supported Pd 1200 9.2 TMT: 2,4,6-trimercapto-s-triazine
4 25.0g 0.002 TMTO.1W 97 71.6
. HS ’NYSH
s 6.2 kg 0.002 TMT 0.1V 30 725 !
6 1362 ke 0.002 ’I'MTO l\\ 37 75.2 \{H

LA EDFER % i Heck Ecﬁ?:liifza)z/f—/l/? v 7 & FE L., RIS R OFRAE Pd EEIZ W
THREFLBRENE LN, (Table3)

Table 3. Scale-up results of Heck reaction

entry input ‘;;}‘,';f: Pd(OAc), DMF temp(*C) purity(%) yeld

: (ke) (eq')' PPh;(eq.) (vol) time(h) Pd(ppm) (%)
1 1.0 0.002 120~128 98.8

1% scale.up 6.2 3.8 0.004 10 7.8 30 2.8
2 1.0 0.002 125~129 99.0

2% scale-up 136.2 3.5 0.004 10 6.3 37 752

< FeXxYLaBERL 7ot ARFORL Lo, TRATANLOE FoxH LABE~DOEHE
IR P TR ON TV B, ERER 7 — /L TIIERME, BTN S RE L o7,
FRTHIIANFE BEL1T THH, EOERIREKIZ OV TIX Scheme 6 DL HIZT AT L 13 52
LE FEXYALABE4NLD2@YNEILND,

Scheme 6. Hydroxyamination and side reactions

CO,Me NH,0H -HCI OH
J\/@N NaOMs,MeOH QP Nl
N
H 14
) i 0, or H0
H0 ™ Y o
Qo
N
H 17

NHEEOBRFTIIZT AT 13 O DERBRRICERLTRY . ZFROKSBEHIETS Z &
TANKEE 17T ORBNILFIREL BEX T, Ll BRUIOR T —LT v 7 TIRERETORER
(IR BE 17 £ 1%) 1ZHET 20%L LD BV R B 1T DERR L T-FER & 72 7= (Table 4,
entry3)o A7 —NT v TEELRER LR, RIEHKH D NaOMe O TREOEZBMRLT+45
THDHIENHY ., HTEREFEM (NaOMe E&, H TEH, EREWR) IOV TRETL,
FOEREBRRVHE THEROEBEIRONT, EREBRREMOBEDAR T —NLT v TRHRIC
FIVA CBE 1T D3NN L 7= (Table 4, entry 5),



Table 4. Effects of NaOMe drop condition

entry starting NaOMe NH,OH reaction N, CO,H CONHOH
i material  drop time 2 temp/time Purge area % area %
1 coMme S 1.5¢q. ¢ "’;E Yes 1 97
z  coMe e 1.5eq. 0';:t Yes 2 95
3 come e 1.5eq. °':f;c Jarhly Q;—s_n 75
4 oM e 1.5eq. °‘2fgf Yes 1 96
5§ -COMe ";;"' 1.5eq. O'Z:t No - 77

F 7= RO TOEBIZOVTT RT3 RUE Ko %4 LB 14 ~KDRMER LT, X
TNT y TR ANR U BE 1T 13RS 3 BRI S T 21% 4R L TV B A8, KT ENMESR Tl
@%étwwwwmu7miﬁﬁgmn4mybﬁ%nm&fsﬁutgmotﬂ%mﬁo

Table 5. Effects of water-containing

. starting ‘ added reaction reaction N, CO2H
entry material NaOMe water  temp.('C) time Purge area %
3h ) 4
1 -CO,Me 10eq. +3eq. 0-10 16.5b Yes 23 (slow)
2 -CONHOH  10eq +3eq. 0-10 3h Yes 4
] 16.5h 5 (slow)

TE>THR BT DERITTZT V13 DIASIERD S EV D L9 b, Scheme 7 D & 5 RIS
REEICTE FEX Y LB 14 LRTOBBCLIERNERRLZEL 005, - OBICRET S
NOYA AL EF ¥ U7 ) BREABERICTRHEEh TV 3,

Scheme 7. Proposed pathway of carboxylic acid

pKa 8.77 (.

Qo s Qy e . %»@t‘i«*”"?

BRRIRE RIS DR B 17 MEOBTHS = L B¥ 75, ?Eﬁ&%i@%ﬁ’&%ﬁﬁ L7t F
RXYLBMTERT—LT v 7 TRALEEE 17 12 1% TFIome © & B BREMENG O
(Table 6).

Table 6. Scale-up results of hydroxyamination

entiy input NH,OH NaODNle(eq.) temp(C) N, con yield

d (kg) (eq.) MeOH(vol) time(h) Purge (%) (%)
‘,“:IMP 43 1.8 ':'0'" “;5 partial 21.1 742
ey O 15 ! " full 0.6 s
34 w;‘lc-np H.o LS l:'l')0 0;10 ull 02 (l,fsz'Z

* loss of crystallization



LLED X 51z, KREEMFTEE/ AS1623879-CL 1| OFHSMIEL MR ClSIT+23 - LT
(Scheme 8: 4 TI2EARE 39.3%), H{REA I¥ Y —/L 12 D Heck RN BIFICHIBETE . & Fax¥y
LABROEHEER TIIH VR BERIEDOFRRAZH L 44kg Ry — L CEEMEAB LA TS

Scheme 8. Scale-up synthesis and the 1*' scale-up result

CO,Me
Pd(OAc),,PPhs,
NH, Br HCIH,0 DIPEAIDMF Q X-C02Me
©:NH + Hozc\/@( J\/O W
2 93 9% 72 4% H
2 4 13
(Pd: 30ppm)

NH,OH HCI o

NaOMe/MeOH Q OH chaon-Hzo " NOH
— SN N N
29 78.2% -HCI
Ta2% % AS1623879-CL 1

(Pd: 7ppm)

B#%I, SEIOTRTAOE Fux¥ ABE~OEEEROLEAEIC SO TR, tdHm~biEH
TETKY, ZOBL RS —AT7 v AT TRFLBEMENAELR TS,
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Development of a Novel Liquid-Phase Peptide Synthesis (LPPS) on Anchors Bearing a Long
Aliphatic Chain: AJIPHASE®

Daisuke Takahashi,*
Research Institute for Bioscience products and Fine chemicals, AJINOMOTO Co., Inc.
1730 Hinaga Yokkaichi Mie, 510-0885, Japan

daisuke_takahashi@ajinomoto.com

We have developed AJIPHASE?®, a novel form of liquid phase peptide synthesis. This retains the historical
benefits of the technology namely low cost, high quality and ease of scale-up. However the liquid phase
technology has traditionally had the disadvantages of being applicable only to short peptides and involving
long synthetic timescales. AJIPHASE® overcomes these historical disadvantages. Long chain peptides can
be made using this technology. The versatility of the system means that the AJIPHASE® technology can be
used throughout the peptide development process from early research through clinical trials to full market

supply with higher quality and lower cost than solid phase synthesis.

W, X7F FEEFEHILSDOBRRBEEITEMO—REZWY | BRFIRTF FAROLEM HIY
MLTW3B, TRET, XT7F FARIIEREEZPLIZABINTHWEORERTHD, —FH. &
MREBERIKEARFICELTRY, SRR CHEE - BUNFAETHIEOBELNLITF FLELE
THILWVWIEHREALTWS, Ll b, RIBEIERHERTF FOBKE - BRAERTF F
IEASES0RERMERRENOE»LEETH Y, T, BR. RV, NECERFMZELT
LEI>EWVWIRER D -T2, TNHBBECRBEAZRRTAIFELRALNTRBY., ZhETIZ
LWL ONOBERH B [1-2], WThLEREOa 27 F2IERASEZLOTH Y, Tamaki &
REEHIEBERSR L PAROBREREL CRBOT v 1—L LTHWTRZF FEEZBE L TWB([3],
ZF0%., TELORROFEIZL OV LAMARLETT U A—2BELTWA 4], T bEiTEN
XBRREDOEFR2RRT2FALRLOTHEM, BIZBLIIBHELRTF FE~OSHEBTRETH
D, o, VTS ERSGUUVBIAER VEHEHICALNTWVWARTF FEAFOBRELRIREESZ L
o7, IHBERELSERAEIEIRL., REBVKEZE LT UV I—2RVW28RFHEE MR
L,

T, BYIOFIIY 7 PERSOUORIEEZMHIL, X, BREXTF FEERTIBICH AR



BRIF FBREARTEBR T A—97aE-2-(12-Fa vV KTV Irtaed = A7 VA
Ly 1Thd, EREMRETIR-Z7un P FAERY Uh—L LIEEIERMONR TV 528, ik
BICERISERLTI VBTV I—HBOZ AT AVKEARREETHY . XT7F FEDOAHRMBET
L7 h—BRETHIEEThHoTz, LI L, BxRI7NVA LV UBEITZATNVEROREM
REERTEDILEZRHLE, AT H—3T07 bERT U URIAER IR 83%C T 6 BREDRE
RIF FERBBEIFRZZENTER, FiTld 2%TFA OFBBMHEECHREEZLZ R LT IHBRNCT
VA—ERETETHVRESTF FBREBMEICBREB T2 LICRIILE,

F F
-Gl
. OH Br. O Fmoc-Gly Fmos |y\°
Q Q.@ O(V).OszHqs
12

Fmoc—Tyr(tBu)-Phe-Ser(tBu)—AIa-Pro-(/ily £

2% TFA
—» Fmoc-Tyr(tBu)-Phe-Ser(tBu)-Ala-Pro-Gly-OH

czzuﬁoﬁ?z Q.O or HFIP

Total elongation yield 83%(11steps)

Purity 97%

Fig.1 Synthesis of Protected peptide acid using Fluoren anchor

RIZ2SBOHIEBAT D, ERENTWARTF FERROKEILCKHKT I FRIRTF KT
HBZEBMONTEY, Hx b7 I FRIRTF FIZEAFETERTE D L) ICTIIRFE2ED
Tro FORR, CRA@A(FavaFxNT = VAFAT IV 2 OBEDT U H—2BBTHZ L
IZRREIL T3,

»m
0&"&50 OCzHss =
care O“ > O = (B)
Fmoc-Ala-NHz\ /=moc -Ala-OH 1%
catMsOH 1
Fmoc-Ala | & I
A
(A) D)\O 0o s te s o s sia
C2HesO OCxHss w
deprotection 2
t-— Fmoc-AA )
coupliing 0
I
l—TFNH20IT 1S L
final deprotection R
10 s 5.0 s me s i

AAQVLISELAIANH,  Total yield 83%

Fig.2 (a) Synthetic scheme for anchors and 12mer peptide by AJI-PHASE, (b) HPLC chart of deprotected
12mer peptide synthesized by SPPS, (c) synthesized by AJI-PHASE method



AT H—BFT7 IVERTHABERTLENTh, BRBCRNOT I/ BOu—F 4 > 7 B[HE
TH Y. TFA FEORKEBREIZ T CRKMET I NRU~ERAETH D, EBICZOT U I—%H
WT, BEEERIETIIRD THESRZBKNESIORTF FERABLEEZ A, BRREHT I/
BoERES, BILE, BREIZTENDT I FEIRZF FREohi,

AFiE AJIPHASE®IRG & EBRL & W 5 B2 E 2 RV R T 751 TRIF F#EEMET S
IENTRETHY ., 7o ARRBICET HRHCRERBZ XIBICEETE 5, Fixfirmx T,
BERELHEERLT, 22X b, &E, RBICKERBMEZE L TRTF F2RET 5 Z L NARET
55, LB 0 BERZBAARTF PO IRy — L TRETE2E, ZhETIT 50 EEY
B2 BXTF FIZEAFEEZAVAAE L TFAICGEATETWA Z EbMTMETHL,
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Asymmetric Synthesis of Allyl Esters
via Vanadium-Lipase Combo Catalyzed Dynamic Kinetic Resolution

Masahiro Egi,' Koji Sugiyama,*' Moriaki Saneto,' Ryosuke Hanada,' Katsuya Kato,? Shuji Akai'

1) University of Shizuoka, School of Pharmaceutical Sciences, Yada, Suruga-ku, Shizuoka 422-8526, Japan
2) National Institute of Advanced Industrial Science and Technology (AIST), Anagahora, Shimo-shidami,
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A novel oxovanadium catalyst immobilized in pores of mesoporous silica (MPS-V) was developed. A
combined use of MPS-V and lipases produced the dynamic kinetic resolution of racemic allyl alcohols (1 or
2). In this system, the oxovanadium-catalyzed 1,3-transposition of the hydroxyl group of 1 or 2 generated a
dynamic equilibrium between them with continuous racemization, while the lipase effected the chemo- and
enantioselective esterification to give optically active allyl esters (R)-3 in high chemical and optical yields. In
addition, the MPS-V/lipase combo catalyst was reused for at least five times while maintaining its catalytic

activity.

HE

BEROMEEZRAWT, BRORIG% one-pot TRIFETES®2 ZEMNTENRE. RISTEZEMH
UBRECREMZBR T 5T TR, TR ENEMOME TIIRL A 0o ZEROERZ Wk
KT SHENHD. SRILENITERL BRENH S, YHRETIE. TOLdSREAEHERIEIC
LR ETOTER, P

BIAE, MK RBEREZRAVDIAZSEERBREOBEEICENWL I FARBRER LD N Z
FL. BE<HALWLSNTWS, LML, EILF > FFT—DRBIEBRKA S0%EWVNSBENHD, —
F. BEUYHERETIE,. UNR—TEFFIUNFZTOLMMEEYOHRASOREEIZEZT7UINTIVO
— VOB E] (DKR) EEBFE L 7= (Scheme 1), " FETIE, UN—ERNELEIZEITI &
FEFIZ. FFYNTFOTLEED (A £/213 B) HKEE 1,302 0NN 5 RRIEOHFEENE
ZUINTZNA=NESELITBEIEIIED, —DOIF > FFI—(R)-3 E&HNENDEIEFEM
BETEZ%, £/ NFOOLMEEMZE->T1 &2 OFEHRENELC B0, IS5 2DDHE
RUEFISEMBZERELTHERATRZIENTES, ThbE. FHOBRENEIZEWIFIRD
HB., LivL., i A BOITELI(ERMLT LR TRD DI, SEIOBNWEET



IFERMONRIIES ., Xz,

Rz BREITTS &, BRINT DU LMENRIGL TENTNO
EMNET T EMNB o Z0%. BIEHRNF 20 L% & L DKR RISERE L2,
BEEMEIEL TLE-. Z0EDIC, GEEHFEEROBEEVWIHR T HHEITER L/,

2 - .
R OH R2 OH lipase RZ OCORS
RITX V cat. (A or B) Zz M ] e S
(£)-1 lipase V cat ’\7" R kinetic R
OH : i (R-1  resolution (R)-3
or acyl donor 2_}[\/\-.———“ 0" -0
— =R =
23tz g ;
OH organic solvent R REpelar, R2 OH A O=V(OSiPhs)3
R2—_~ & R ® o, 0
1 racemization R? X B: o=V B’
. Ry " o=V P
(£)-2 . via 1,3-transposition (S)-1 — o \/o

Scheme 1. DKR using a combination of lipase and vanadium catalysts

=T E T IEOEEZETETICHATLFEELL T, TNTNOMERIEZ R % O
BT, REZERIELHENLFARESNTVEY, BRIRSEBNLETH- 2,
BaZ, AFINFOILEUN—YEHHT HE DKR #E2 L DEEICEBT 22012, AVR
—F AV F1(MPS)DHIFLINIC
NFT LMbEmZEBEERL 72
HifiiE MPS-V Z2ERE L=, I
2L 2T 2 DO IGDOIEE
ZEfi 2w eIl BT, Bfl
BIXEWIIEETLHI &<
REZ 100%FHEL . £/=. D
B FFERA B ATREIC /2 5 (Fig 1.

MPS: mesoporous silica

Fig 1. Separation of lipase and vanadium using MPS

MPS-V D &R

DFHAZHKEVNY N—FZ2HRL. D, 7FEL 1000 LLTOEHEIZBEEICHA D AJEER
FMELTH 3 nm OMFLZED MPS 25X/, HOHE ¥ IV MPS &KL, Iht
O=V(0SiPhy); 2>+ > 8 BrffimEuEHHid 25 2 & T, MPS fIFLNOERED > 5 / —IVIZHFY
INF D MMEE W E RS S PR MEEMPS-V)Z A% L 7= (Scheme 2). 15547z MPS-V @
BET #lIE 27\, fIFLRICAFTIUNFT T ANBEEL SN E 2R Lz, £ NFPULE
13 0.3-05mmol/g TH o7z, LIE. NFPTLADENICEDWTERZTo 2,

wash with
0O=V(OSiPh unreacted !
@ (OSiPhs); 0=V(OSiPhy)s evaporation dry CH,Cl, SV
Ss)i benzene * _ 0
MPS iR h PhsSiOH benzene  O=V(OSiPhs)s N?IIDS v
in benzene PhsSiOH =
Scheme 2. Preparation of a novel vanadium catalyst supported in pores of MPS



MPS-V Ofiiti;EM & DKR ~D#E A%

BRE LT MPS-V OFIENZFRD -0, 7 b= Ui RZEEHER 12 (399% ee)D T £ I
ERSSC DWW TREEE(L 2 BITE L7=(Fig. 2), TE3RD/3F2 0 A O=V(OSiPh;); A (10 mol %) %
35 °C TIAEMEMELS . SEILORETETIZSEMEEL-, —F., RYRAF L ICEELE
AL B (10 mol %) Tid 1 BRI T £ I(ABET L. 512, A LT MPS-V Tl 2 mol % TR
ROBRPEBEONTZ, ZOX ST, MPS-V IIHERDOFEEB D 1/5 YR THLHEFICE T I{LES

ALTWAZENHALMNERST,
‘ A(1OM

OH OH 4
N V cat. NS -
——— =}
©/\/\ MeCN, 35 °C S 60
1a (>99% ee) ® 40

Vcat. A:MPS-V (2 mol %)

B O=V(OSiPhj,); A (10 mol %) B (10 mol %)

®: 0 v’O‘P”O B (10 mol %) 0
CUSV 0 0 1 2 3 4
) \/\Q time (h)

Fig 2. Racemization of optically active allyl alcohol 1a using three vanadium catalysts

KIZ, MPS-V & V) /3—¥ CAL-B DHABDOHIZL BT U AT a—/()2a— D DKR Kih%
T, FmfEORFERRVOCEDORIEHEIZOWTHEN, TORR, WTFROBAEICH 99% ee DT
JIVE AT I(R)-3a—¢ ZIZITEERMIZE X /= (Table 1), FETRNX(I, FERLICEFRS I L4
DT YNTa—/2b, ¢ DDKRRIETHD, WERDNFT U LERE A, B TIET & LBV
B, EFROINE L EMERE 7=, —F, MPS-V iZEW T I{kEELZH L, 7o, U/—F
EDEFHEBRRW D, RFERE L T ILBEHDRMICET LI,

Table 1. Comparison of vanadium catalysts for DKR of (+)-2a—¢

OH V cat. OAc
W\ aﬁ;-l-ch(e:stéot;v (/;V)O eq.) /@/\/-\

X (#)-2a—c MeCN, 35 °C, 24 h X (R)-3a—c
V cat. 3a (X=H) 3b(X=F) 3c (X=ClI)

MPS-V ( 2 mol %) 99%, 99% ee 98%, 99% ee  95%, 99% ee
A? (10 mol %) 71%, 94% ee 64%,93% ee  52%, 98% ee
B (10 mol %) 79%, 98% ee ' 64%, 80% ee  74%, 94% ee

a) Conducted in acetone at 50 °C for 72 h.

S HIZ. MPS-V/ U N—EHEEAEIIEUR - BRIALTTETH S, S EIOHEY IR LERICBWT
98-99% ee D(R)-3a ZUNFE 298% THHD Z LA T&E /-(Scheme 3), F7=, ICP FIE L ¥ KIGIEIR~D



INF DT LR ORISR EES, MPS-V OB WREE bR N,

MPS-V (2.0 mol %) 15t run: 99%, 99% ee

OH CAL-B (3.0 wiw) 9AC ondpun: 99%. 98% ee
. vinyl acetate (2.0 eq.) A 3 run: 99%, 99% ee
(#)-2a heptane (0.08 M) (R)-3a 4% run : 99%, 99% ee

35°C,24h 5% run: 99%, 98% ee

Scheme 3. Reuse of the MPS-V/lipase combo catalyst

BHARY

R L7 MPS-V/ ) N—EEERR 2R 427 VI T a—=)NA, 2)IEHAL. 7UIIAFI3
ZEINE, BAEMETH(Table 2). B, NFOU LKA ZHNBRERD DKR TiHENE
THHOERERBETHNEDOMLENE SN - (entries 4 and 5), I HIITFEAIREZ &IC, ChETHEA
TERNSIERIDNT VA=)V THMPS-VZF N3 & DKR BHETT 5 Z A5 5 7= (entry 10).

Table 2. DKR of various alcohols (1, 2) by the MPS-V/lipase combo catalysis.
MPS-V (2.0 mol %)

R2 OH OH lipase (3.0 wiw) R2 OAc
or = vinyl acetate (2.0 eq.) H
N 2'}\/\ 3 N\
R1J\/LR3 Rt #)-2 R solvent (0.08 M) R’J\/\Ra
()1 - 35°C, 24 h 3
entry  substrate (1,2) *  Jipase, solvent product 3 yield (%) ee (%)
HO_ R R
1 CAL-B, heptane R =n-C4Hg 97 96
2 CAL-B, heptane R=nCyqHys 97 99
3 CAL-B, heptane “0Ac R=Ph 98 96

OH QAc

= N
4 CAL-B, MeCN 84 99
OH OAc (68  95)@
5 O/\)\ CAL-B, MeCN Of‘\\/\

. Amamo PS-D, heptane ?Ac R'=R2=H 85 99
7 R A Cl' Amamo PS-D, heptane R A ClR1=H R2=OMe 95 97
8 Amamo PS-D, heptane R'=R2=0Me 92 98
g® R? R?

Amamo PS-D, heptane R'=0OMe, R2=0Ts 87 99
OH QAc

10 /©)\ CAL-B, heptane O/\ % %
a
MeO MeO (54  97)

a) Using 10 mol % of O=V(OSiPhz); A instead of MPS-V. b) Conducted at 50 °C for 48 h.

91 98
(78  92)2
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Mitsuru Shindo*
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Ynolates are the precursors of metalated ketenes acting as ketene precursors, their chemistry showing
interesting facets that are impossible to attain with enolates. Cycloaddition of ynolates with ketones provides
B-lactone enolates, which were led to multisubstituted carbocycles and heterocycles in one-pot. Furthermore,
the lactone enolates were ring-opened to give the tetrasubstituted olefins in good yields. We have developed
highly stereoselective olefination of acylsilanes, a—alkoxyketones, alkynylketones and esters to afford
functionalized tetrasubstituted olefins. The E/Z-selectivity is determined by torquoselectivity in the
electrocyclic ring-opening of the B-lactone enolates. The torquoselectivity is mainly controlled by the
secondary orbital interactions in the transition states of the ring opening reactions. By using flow

microreactors, these reactions were carried out at ambient temperature.

ODEZEA. BREEMEH BELR CHERLEMOREOBE THIRREBRERLFIIBRVBEEL
BEMENERIND, RERISEEHELARERILETROTOAFELE LTERORE2LS 2 L
22V, BICHEREEMCAMEEA ST 2 Z & CREBOBZIKREEIZLELTAHETHD, 29
WoleBlanb, BaldAd /) 7— MIEB LR E2BETCE . A/ 57— NI/ F— FOZER
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REFHRERCEHRE THE 200, RILITTTEIIEA ) T— MIDFOBEE XA v F L
RIVBHERA ERIGEMBICERIE LI LN TED, ZOL) RBERERIOBVRICESEETHY
BHBG, TOEROEEES D IHFEITLHEN TN, BxldxA /) T— FOHELRERIELZRRE
L. ZhE8Icks RFRRIEEZ REHL ZOeFELZRIESE REBETIIA /77— b0 ERE
EREIER LV 77— T 7 2 —~DFRIZONWTH~ O ERREEZRBINT 5,

Ynolate ketene enolate ketone
- et R Nu- R O  E+ R O
R-CZC-0'| —= 260 — Y=( ——= E5>—+4 =, Target
Figure 1
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Moffatt-Swern Oxidation at Room Temperatures using Continuous Microflow Systems :
A Practical Approach to Manufacturing of Pharmaceutical Intermediate
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The Moffatt-Swern oxidation of alcohols was accomplished by microflow systems, which consist of
micromixers and microtube reactors, at higher temperatures (—20 to 20 °C) than those for conventional
macroscale batch systems. To increase the productivity of the microflow systems, new large throughput
microdevices composed of a one lane microchannel and a heat exchanger were developed, and used for pilot-scale
production. Application of the microflow Moffatt-Swern oxidation system for manufacturing pharmaceutical

intermediates is also introduced.
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Table | A4 27O070—%TOEL2 7N I—)LD Moffatt-Swern 1L

Substrate Method Residence Temper- Conver- Yield of Yield of Yield of

time ature sion carbonyl MTM ether TFA ester
R1 (%) compound (%) (%)
(sec.) (%)

Micro flow 24 -20 95 7 8 18

Micro flow 0.01 0 94 66 6 21
CoMis™ OH Microflow 001 20 %6 68 6 .. 2
Macro batch -20 73 8 1 66

Micro flow 24 -20 92 87 5 2

Micro flow 0.01 0 91 78 4 3
CeHis” “OH,_Microflow = 0.01 20 1 88 ... 8 . 3.2
Macro batch -20 51 10 1 38

Micro flow 24 -20 88 77 5 4

Micro flow 24 0 50 32 3 7

O\ Micro flow  0.01 0 80 80 6 1
OH .. Microflow 001 20 81 71 4.2
Macro batch -20 86 16 2 60

Macro batch -70 88 73 9 4

Micro flow 2.4 -20 97 88 Ry 8

P Micro flow  0.01 0 100 78 1 14
Ph™ "OH " Micro flow  0.01 20 100 75 £ 16
Macro batch -20 80 39 - 40

DMSO: 4.0 M (2.0 eq.), TFAA: 2.4 M (1.2 eq.), substrate: 1.0 M, Et;N: 1.4 M (2.9 eq.)

micro flow

DMSO: 1 mL/min., TFAA: 1 mL/min., substrate: 2 mL/min., Et3N: 4 mL/min.
residence time: R2=1.2s,R3=12s
macro baltch
R1: The stirring time until the addition of substrate after the addition of TFAA.
DMSO: 1 mL, TFAA: 1 mL, substrate: 2 mL, Et;N: 4 mL
DMSO: 0.1 mL/min., TFAA: 0.1 mL/min., substrate: 0.2 mL/min., EtsN: 0.4 mL/min.
Yields were determined by GC with an internal standard.
[*] Not determined.
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Table 2 4iZLL A7 OF N1 AEMW=270AFH /=)L Molfatt-Swern E{LLE

OH

S

DMSO: 2.0 eq.
TFAA 12e
E’t3N 29eq.

O\/s\
+

CH,Cl,
Product TFA ester MTM ether
Entry #@iig Temp. GC Yield (%) Sel.
[mm] [°C] Substrate Product TFAester MTM ether (%)
1 2 0 10 72 10 5 83
2 0.5 0 8 76 5 5 88

Flow Rate

DMSO, TFAA: 10 mL/min., Sub.: 20 mL/min., EtsN: 8.1 mL/min.
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5. XA 7070 AT A& DEESPRIARD Gk
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Oy h7I2 Mk, | ZAITE /Yy DAPEMZERTED I EEEH L, X SIZRANRE
EAPREOARICAFEMZERAL. Ny F7OtLRAEDERLEEZWHEICTIENTE, A
pyo7o—8E70t2E, ERONYyFTOLRICEDRAr—IVT v 7 EOBRERRED —DIZ
BODDEZEZOND, 5. M 70{bF 7O AEHN, BE - 7715 IANEGOEE
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Table 3 TVZXOTA T2 AFEHEAKRD Mol fatt-Swern BE{LIIE

DMSO (2.0 eq)
TFAA (1.2 eq)
Et,N (2.9 eq) MTMO,, A\ O A
—_— 9 + HO + MTMO
CH2C|2 ‘\\‘\ / \\\‘\ f
10 1
Entry Method Temp. Yield(%)
[°C] 9 10 1
1 Microflow -20 87 1 5
2 Microflow 0 86 1 3
Comm. scale  Batch (8m3) -20 80 3 10

Microflow: R1=0.5s,R2=1.2s

7. BEXH

DT Tidwell, Org React., 1990, 39 297-572; K. Omura, A. K. Sharma, D. Swern, /. Org Chenm. .
1976, 4/ 957-962; K. Omura, D. Swern 7Tefrahedronm 1978, 34 1651-1660; A. K. Sharma,
D. Swern, Telrahedron Lett., 1974, 1503-1506; A. K. Sharma, T. Ku, A. D. Dawson, D. Swern,
J. Org Chem, 1975, 40. 2758-2764.

2)W. Ehrfeld, K Golbig. V. Hessel, H Loewe, T. Richter., /nd £ng Chem Res., 1999, 38
1075-1082.

3 T. Kawaguchi, H. Miyata, K Ataka, K Mae. J. Yoshida, Angew. Chem [nt. Ed 2005 44
2413.

4) fif -BE, ERIMG, SHEZ, NaEh, RIEE,  HiFd 4298671 8.

o) VAL, EiRML, SR, HEATES 3068367. ; =W, KAFsA, JIMRE, FRAFHS 3978006. ;
WKAT, EREFEE, SEADCHE, FRIFE 3944077, ;0 /NMUE B, #WEERE -, KT, B, 39,
393 (2009).
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