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Importance of Time-Economy in the Organic Synthesis

Yujiro Hayashi
Department of Chemistry, Graduate School of Science, Tohoku University
6-3 Aramaki-Aza Aoba, Aoba-ku, Sendai 980-8578, Japan
yhayashi@m.tohoku.ac.jp

One-pot operations are an effective method for both carrying out several transformations and forming several
bonds in a single-pot, while at the same time cutting out several purifications, minimizing chemical waste
generation, and saving time. Thus, a one-pot reaction can be not only efficient, but also green and
environmentally friendly, and “pot-economy” should be considered in planning a synthesis. We have been
investigating the synthesis of natural products and drugs based on this concept of “pot-economy”. Recently
we have synthesized estradiol methyl ether via five pots. We have also accomplished 60 minutes total
synthesis of (-)-oseltamivir for “time-economy®, and the multistep one continuous-flow synthesis of the

same molecule.
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TARNTIF =N AFNVE—T ILVDOEREIT T2,



BEL 22 A RsIE. Fex OIS LT diphenylprolinol silyl ether filifit 1 YZ W=, = Fufl
G 2 Lo AT VTE R 3 EDRI ) <A TN/ T R—LAKIETH D, FHxFMEER
AL R, LHONIKEHT 59 (Figure 1) &, @WIERTIZIIOFISHMARTE THRT 2 Z
&Kﬁ%bto%%ﬂtmé%%$%¢5:3&< [fl—DEUT KON, €Sy, Mel ZEA &1, &
HIT SOCL Mz, WARKISZEITSED &, —ZBIbAaw 4 15672, BusSntH Z W T= =
%&%#75—F%§ﬁmlﬁfb5&Lﬁy&%V&ZFJW®§ﬁ%%ﬂ%MMMmmMML

ZHEHICERA ST 2 LI2X 0TV 6 21870, KBEDOKREEZITWT L Lz, Z2IMhBLUTFD6
AT T 1 ODONIERE TIToTe, Thbb, 7T e ROBIVR U EE~DOERL, L7 42D
VT AT UABRIIE L, B DL, TV —T e 7T 7T B RIG, v U VOB
L RXUUNMMIOT N DBRICTH D, REHIZ, SOOIt A WS AN T UF— L A F
NT—T ) @) DEMEENT DI ENTE, ARUSTIE, Ny FRISZHWD Z 212X D | #
IWERIZA E L, 2B TRBmEIT) 2N TE T,

10 mol%
ON__~
1 H OTMS ag. KCN "BugSnH
PhCO,H, H,0 CS,, Mel SOCl, AIBN
PrOH, rt MeCN, -20 °C py,0°C MW
x H anisole, 200 °C  MeO
59%
MeO 3 five reactions in one-pot sequence 78%, >99% ee two reactions in one-pot sequence
single diastereomer
TIPSOTf
LiBHEtg DIBAL Imidazole
CH,Cly, -78 °C ~ CHxCl5, 0 °C; DMF, 60 °C
aqg. HCI MeO MeO
two reactions in one-pot sequence 59% from 5
NaClO,
NaH,PO, Pd(OH), Pd(OH),
2-methyl-2-butene Hy (COCly, AICl3 MeOH H,
BUOH/H,0,0°C  BUOH/H,O/AcOH,  CHzClat CHLCl,, 1t AcOH, rt Moo
1t e
, ., i estradiol methyl ether (8)
Six reactions in one-pot sequence 55%

Scheme 1. 5 pot synthesis of estradiol methyl ether

>99% ee

Figure 1.



3. ZITNLD 6055

I TMIA VI NE U PIRFEERE L TR CTHERA SN T A ERLTH D, 12 tETIEARK
JERHZ N & LTEBN DA U T NEEY, K OSEE T AR 2 RIBE N O S s > % 1
MH, XITNEEGHRLTWDR, X0 EENiHE L — FOBRBREEN TS, BIEE T
2L DT N—TIZE 0 ZORERPFEEINTND Y, Fix b ¥ I 7 LVORRICHEE D,
WIEZ{T> T D, 2009 23Ry N TOARRK "%, 2010 FFIZI1X 2 Ry hTOER Y ZHE Lz,
EBHIT20I34EICT Ry b TOEMEEK LY, Scheme 2121% 2013 FED AR Z R T,

10 mol %

Ph o)
N Ph _ EtO. Il

H
Ph,MeSiO EtO W
o) 12
o 30 mol%
o AcHN™SY  HCOoH O';<‘\H Co.00, | E1OR COH
HY NO, t, 30 mi

CICgHs 0°C,3h 30mn

o 10 1.1 h AcHN AcHN

STol STol NH5 bubbling:
TolSH OO“\COZEt TMSCI, -15 °C OD,‘\COZB KoCOj

- 9 . o, 14 h
15°C, 480 |\ LN Zn,70°C,2h | AcHNT N , AcHN
i NO, ] i NH; ] NH2
14 15 (-)-Oseltamivir (16)
Nine reaction steps in one-pot sequence, Total yield: 36% - No evaporation

- No solvent exchange
- Gram-scale synthesis

Scheme 2. One—pot synthesis of (-)-oseltamivir

—Ji, 7 —GRIEEBEERH D Ny TFEKE TR | AT — I XD RIS DEND 7R
VERIEEBZHED TV DERTIETH D, Br DX I T7LVOU KRy MERRITET CIEBo@E#,
BEZIT-TELT, BRGRAZ JISARIIMZ D5 FETHY, Vo7 —Il@EHATE5 L5
A, AITNDUrT7u—EE B L THIIELZRG L7, Lol LTORERSH L Z &3
otz QFREIO=ba 77 U NREREECH D 7 na XU ANCHAETH 5, Ny FRIG TR
JISRBNDEIR TH - ThH, HBAIIET RN OISR ETTIUT WA, 7 a— TR S KOGk
FNZEEAE L T e < TEWIT 720, @Cs:C03 Z UGV D3, Z oA L REICEEThH D, O
= hrEOT I UAOBEITLTHIMKZH WD, T HEEIIIET v, @F 4 — 1D~ A v
FERISIZBN T, RUSKERIAY 36 Wi L FEFICRE LS, 7r—lIllT@EATE v, @F 4 —ro L
fa~A VOGS, OGRS 14 K & R <, 77—l AT 2 ICEMERH 5,



ZDE DT ONRIERD BH, —FKRE RREITERM ORGSR Z BT O8N E £ b
L THDH, FA—AD~A TIVRIRE C5 DR E (B KD (S) RICERICRELSES
eI AT T, 22T, ZOAT vy 7 HHIRT 22 LI LT, T2 & HEORMMEZET LT
F—NADL ha<AZVRIGHHIBRTE 2 L1225, TORDVIZ, (B) End (9 Kok
S EMA D Z E'E 2T,

ZORERREZOL L KHE WO BLE T, Ny FHACKINE G L7z (Scheme 3),
i 2 fREt 21T - T f5 5 5D diphenylprolinol silyl ether & V%~ A # Vi iZ. Schreiner
MBAF LI=TF AT LT 27 SE5 2 LT, JGBMEE S, I 5I2= ha T V7 VeI
T HRETH UL HEITT D &2 A Uiz, #EATED Cs,C05 1% ¢-BuOK IZE X #2125 2
ENTET2, (B) 1S (S) ROBRMAVESIE mBulNF 2 W5 Z & T, SR hixEHF T
inoleiy, (R) K (8) K =111 ORMALZERTHZENTE T, b, SHERFEZFIHL
THET AL =2 R -T2 2 A, HERW (D) KR (9 KEIY L EZETHY ., TEEM L
VR Z Lo oTe, = FrEOHRIC L 2ETIT~ A 7 ali M) ZHW5 & 55 Trifld
%o Bl & W) B ClaEL 21T S 7oA R. ~ A 7 vz AV 5 EREISEEM2Y 1 B¢, &2To
FOSIRSERET 22 &2 A Lz, ods, ~A4 7 miEEHWRWEATH, 170 53 TR T OIS % [F]
RN TR TS N TE L,

10 mol % 10 mol % £0. 9 © 20equiv
Ph S °P
AcHNTY [\ pp "~ J\N/ Ar EtO \H)toa
10 NO2 N oOsiPhMe H H 17 o BUOK
Ar = 3,5-(CF3),-CgH3 o M, EtOH o., CO,Et
+ .
40 mol % HCO,H ACHN 0°C, 20 min AcHNQ/
O ClCGH5 N+
O\)]\ 20 °C, 30 min N02 _O/ \O_ K*
H 1 18
9
TMSCI
TMSCI 0., COEt TBAF o. CO,Et Zn o., CO,Et
-40 °C 5 40 °C, 5 min EtOH O/
AcHN MW AcHN 100°C, 5min  AcHN” ™
NO, 19 NO, 20 MW NH,
5S:5R=1:4~1:5 5S:5R =1:1 (—)-Oseltamivir (16)

Five reaction steps in one-pot sequence, Total yield 15%, Total time 60 minutes

Scheme 3. 60 minutes total synthesis of (-)-oseltamivir

4. ZIT7N0DU 7 a—45R Y

FREECO, UVoRy NTOX I TVERIEEHSLT 52 ENTEOT, RICV 7 r—{bx
et L7, 7e— W BLEN L ENENDORKICEBEREILZITV, TXTORT v T 2T T
n—THEIT 5 Z &IZkP) L7z (Scheme 4), HgAIREZ V5 = F e foiEid, Wik Ra k7 4
FNEBRAL, A=Y w PICEED, £ ZICERE T BIZiT 2 &I2k Y, 7 e —TComRHEH



AAVWDETLEZNRISETIELZ LITEIILZ, 2L, 20846, FM5RMEC, I—1 Y
vV M DN D D, MUSKH 310 43 TY 7 v —B MR TE T,

Ph

Hfo :©/C02Et
AcHNT ™
NH,

Zn
celite

70 °C, 120 min

0O O
" 0.016 M Eto\g 0.32M +BuOK 0.12M
N in toluene | |Et0” OEt in toluene|| in THF/EtOH = 1/7.4
AcHN™ X H 0OSiPh,Me 12
0.04M
10 NO, 0.01 mL/min 0.01 mL/min 0.04 mL/min
0o
0
g Ho12M
flow 1 flow 2
S
ar. M A 0004m | 0:04mbmin oL
N N, — T-shaped 0.01 mL/mi
Comet-X-01 arape OTMEMN | tvscl 0.48 M
Ar = 3,5-(CF3)2-CgHs 20 °C, 71 min 0°C, 35 min I — in EtOH
CICH,CO,H  0.016 M [ P=0.96 mm [ &=0.96 mm
in toluene I=42m f=a0m
flow 5 flow 3

flow 4

-40 °C, 7 min
@=0.96 mm
/=1.0m

60 °C, 67 min T
(-)-oseltamivir (16) Soem"
0.04 mL/min 0.01 mL/min
TMSCI 0.6 M TBAF 0.48 M
in EtOH in EtOH

Scheme 4. One flow synthesis of (-)-oseltamivir

ZITNDT L T7a—TORMPFEBTEIN, gD H— Y v VI REGRITITARME TH
D, 7R L LTERELELFLBORMBH L EBZL TS, 122, XI7LVDE 573 20K
HREATHIEMRT v T7r— (5K#H]) TERABETHLIZ LERT I ENTEL, 2, ~
A7 RT3, Ny FRTITRRISK A 1 K TERT 5 Z ERFRETH L, ¥ I TV
D7uYxy MEBRIBLEZYYIE, S0 SITEERZIC L TW Rz Y,
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The synthesis of tofogliflozin as a SGLT?2 inhibitor for the treatment of diabetes

~ study on an efficient process development ~

Masatoshi Murakata
API Process Development Dept., Chemical Technology, Chugai Pharmaceutical Co., Ltd.
5-1, Ukima 5-Chome, Kita-ku, Tokyo, 115-8543 Japan

murakatamst@chugai-pharm.co.jp

Efficient synthesis of tofogliflozin (1) was described. The bromine-lithium exchange reaction of 2,4-dibromo-
1-(1-methoxy-1-methylethoxymethyl)benzene 2 was achieved by use of butyl lithium alone in a highly
regioselective manner. Interestingly, dibromide as a starting material was a mediator that increased the
regioselectivity of lithiation. Considering a cost-effective lithiation process for practical production, the split
addition of butyl lithium was developed. Thus, the selective lithiation of 2, followed by three-component

coupling was accomplished, which ultimately led to the synthesis of tofogliflozin (1).

FRZUZrr L, A& —VEKEAT HHBENICREO S 5 SGLT2 FHEIE
FTHY ., BIRA SGLT2 [HFZ Bk L CAIR Sz 2 BB RFREIETH H D, KHNX, A
VAV ENSHROVHLWVEREFEEA L TR, BIRMEEICBIT 27 va— 20 FWIE
PLET 2 2 & TP ol 7L a— 2% R~ ST L IR T S5, RipEC
2BV AT MMEL, EEBBSLOREZOSMBEORIE, EEERIEHLALTND,

OH OH

L tofogliflozin (1) ) bond formation A bond formation B
Figure 1
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AR & @B A OB ERIECINR IS/ L BRI TH D, R REG L
ZBKR LT, REFE—IRFAEEEKZ Figure l (IR T X 212E X7, T78bb, 105 FHRIC
METLHHFERET P RRET VREDRG, RKOPEOHFEFREZZLY T 2= VAR
EOREICB T D “HORFB-REMETMRE LT, (1) GTFHRINMNET IEER LEOKRE
BHIEIZS 5 — DD HEFERZ ORT DM TORA KL (bond formation A)& . (2) 4 1
RN ET DA BBROIMLONBEIZR72D 7T 7 A N &EANT 5T (bond formation B)
Th s,

(1) FEREDODRFREHBREIZSL 5 —DDOFEFREZKET D MET ) 7r P DERE

FHEBR O o VR EERE SN RBIR T ORISR ATgE & B 2T, f
(o) (A,
D[R F-IR TG TR 2 BIRIE LT 5 Fiat 217 - 72 (Scheme 1),
o) (6]
(OH ~OR4
HOjij\\ R O\)Oij\ SRS
" NOH 1 ~ “ORy 4: R;=Bn
OH OR;
OR,
BH3 -THF Rz0
HO
HO e R0 o ORs
i 90 % 8?%&1%6@33) RO oR,
5 7a: R,=Tr OR1
7b: R,=CMe,OMe 8a: R;=Bn, R,=Tr
8b: R1:TMS, R,=CMe,OMe
BF;-OEt,’ OH
Et,SiH
MeCN Dess-Martin MgCgH,4Et i
“““ Et ogenolysis
(for 8a) WOR1 - (gor 92y il 10a L
- ) : 1
p-TsOH R0
MeOH : OR; CICOOMe R,0 (%)ZBCGH4Et R0 hydrolysis
8b OR; (for 9b) : 10b) B (for 11b)
(for o) OR, OR
9a: R;=Bn (45% in 2 steps) o !
9b: R,=H (60% in 3 steps) 10a: Y=CHO, R,=Bn 11a: R3=0OH (from 10a)
10b: Y=CH,COOMe, R;=COOMe 11b: Ry=H (from 10b)

Scheme 1

Thbb, TaET LI XNVERS POLFEINDLIE RrF U AT LT aERCEY 6 DK
ek 2R L7 71X, FERECKIGCMEO R DR (e VR ERFERT) 2H LT
Ho T, T VT L., KEEEREINT-ITVa ) T 7 N ATHINKIEEZITH Z & T,
ThIZERRET VREZBEATLHIE TN GLN, FEWVWT, N B VBR EOKEEERERL
DRELACRRIEREZT> THELONTZTHEE 9 Ot Fr¥x U AF VL FRRELH L,
Grignard I E 72T AR 1 U & DRF-IRBREGPINIIHH T 2L TY T == A Z VA S
L. b7 U782 0)OFKBERS LT 239,



(2) EfE vV ERRBKISICED MRT Y 7Y DE/RE

FR U7z, FERORIBEREZEHND L LTV T 2= VA X VI EHEET 5 FIETIE
FERET I FREI VRERBOGIELRIZ, =2 FAXRCEVHEZEATIRIEDTZD
OFFELZEHTRENTTERT O2LERN D D, /o, TF ARV EBUHZINEREBEAT LI
X, ENETO LREMCAEULRARME L ORERROERFMORE TR LMLETH D,
T T, KON ERELZ B LTC, B2 >0 7 7 7 A e U8B UBRICHEE
Rz, VoRy Mpos & UTEAT S 3 i fiilhis z & 2 72 (Figure 2), $72bb, ¥
NaXRURUFFEERO N S RS L < 1 2-MINROR Y AL E SRR I e LT
2EATR AT, BRUE T (LB 1 DRFBED —FITHETELHLEZX T, £Z T, A
GMEE 1 OBARICBIT DAY 0REENEEINTZ 24-V 7T 0 UL T )L a—)LOgi#
BEMERIRO R N0 5 - BRSO EE L L TCGREATL, ~ur e R RSB
W, flix ZERBRREDR IO TV OB, BELOBEIEZBZE L TT7F LY F ULz Bl
THW»BHZ iz L7,

0 opP (8) h OHC
P°\)oij;0P R \©\Et
)

Figure 2
Br H
(?/ 1) BuLi
.
\fOMe 2)HeO \fOMe \FOMe
12 4H
Scheme 2

N\ BSOS O E BRI 2 BB T 572012, REOBBIR 7R Y F 7 LI
[ AS R Rl el G/ I ifﬁwhﬁﬁﬁ%bfﬁﬁ#é*k%%ﬁbf T nERLULT
— 7V 12 ONLE SRR Y F AU Z /5 L7z (Scheme 2), & T, V7 rERUL
7»2—»%%ﬁimpmsﬁfT_2d%#v7m«/&%ﬁ?5_&fﬁwuhmgﬁ
RBROCEMCEL E  RUUAT LI A~DEBRERS THY  HHOFOBEORI AR
THERAERAZ ) —NANBDOT, TNLORELRS L2D1ITTHD,

FT, VT RERVUALZ—T N1 ET TN F LT L%, /KT quench LT, %
DALEFRIRVEZ FH 72, fER % Tablel [C/8 L7z, THF M E L CRIGE T2 2 A, H
FRCR LT, EeAd v ME Q-H) OBRMEIL, DT MNRBETHY ., RICDOTEMHICHED
@#oto@ﬁﬁﬁﬁ< RBEIRNRTIERN L KT D & IWNEROIRT 21T Tl < RS G [K

Z75, EICHEEE G X 50T, BN B, THEMEGEE LTI TEERBET



» 5,

Table 1
0 compound (%) ratio
, temperature (C)  dropping time P (%)
entry solvent® of BuLidropping  of BuLi (min) mixing time (min) 12 2-H 4-H 2-H/4-H
1 THF -78 3 1 3.3 63.8 22.4 3/1
2 THF -80 2 60 41 62.7 18.3 3/1

a Volume of THF was 8 v/w. b The compound ratio was calculated by NMR with internal standard (durene).

ZIZT, TEOA N MEZEWRIRETHE LR, LFO XL HI2E 27, EFLO THF I
TORRIL., THE N7 FNAN Y F UL EEEREZIZKRT 52 & TROSHENT EL, —80~—78 C
THENIFMNT AR TFEDODRNWKE SN 57720, BIRERFREThHo7- & HEE L
oo LTz o T, BAMED R WEEETIT 21X, 7T v U F U AL aggregation D &V VIREEIZ &
LDT, WEOBRBIRFOENNH > I LD THEEIE I T, fEOA L ML 7 v AJFT &
BRI T B D TIER W E B 2T, Toluene RIFME CHiFt 24T > 72 (Table 2),

Table 2
o . . . product ratio
temperature (_C) dropping time mixing
entry solvent of BuLi dropping of BuLi (min) time (min) 2-H / 4-H
1 Toluene-MTBE -80 3 30 9/1
2 Toluene-MTBE -80 2 60 9/1
3 Toluene-MTBE -30 3 30 9/1
4 Toluene-MTBE 0 3 1 16/1
5 Toluene-MTBE 0 3 30 16/1
6 Toluene-MTBE 0 30 0 40/1

a Volume of Toluene-MTBE was 8 v/w (7.3 : 0.7).

R LT U FAHEDOERRED 510 tert-7 F LA F LT —F L% 10%RERMLT, 7 aE
U F U AR SE ONLEERREZ T, MIFE L0 A0 MU FAERORRMIL, THF
Wik L2 X bmbEL, 91 OEEE X, ROSRE—80~—30CE TiL, BHRMENED
Hlemolen, Z7FNIYFULOMHTIREZ 0CIZTITY &, 16:1 ETEIERM ELE, 7
FNAIFULOHTFETH, 0 CICTHRIARMAZIEIXL CTHRIREITED S0 o7onn, Bk
WNZLlZ, 7TV F UL FZD - DITH & BIRMIIKRIEICH EL, 40:1 OHREE



B EiHoT, ZOBRGR, TFAYF Y AOWF LYo VITok I LY, KSR
Mic, WEY T mERU V=TV 12 OFET 5N E ot AR LY FA4
KIZ.0 CHE TR LEXBICTaE-YFIARHEEZEZ LT, UFHRITFERA~ERINS
Lo, NI Y FAERNREVELET DAL ME~EEBRENTREER M L LB 0L

#HeE L 7z (Figure 3) .
Br
Br R[! ;i Br
R(g ;r Rg ;r

Figure 3

FIT, FRERAEINDABIC, VT RERCUALET—FT L NRIICT TN T AENMZT
AP L721%, 61212 %2 03 ¥ EBML7ZRIZ/AKT quench LT, S DOE&ERMEE MR L 72,
—80~—30CTlE. BIRMIZIZEAELE DL o720, OCTRINZLT D &, 220:1 OEIRIE

hHz7,

on
one pot S

Br Y
o )L B Buli 1) oTMS \Fo
oM — Mengg OTMS
4 Br PPTS(cat) . -split addition Li 2) TMSCI SO
Toluene-THF *OMe -tmpesrature \FOMe OTMS
12 Toluene-MTBE 13

OH
o
Et
1) BuLi, =70 °C Mj Tiﬂjgij\‘oms
EE-R .
2 ™
: S0 ~NOTMS

OHCOB OTMS

OTMS
\jﬁ
Br
TMSO OTMS [ j

OTMS

14

15
H
aq HCI 2, Pd-C
THF DME-H,0 HO

97% conversion

Scheme 3




AFEEZEA L MARZ7 Y 7000 1) OAFBEL Scheme3 IZ/R Lic, Y7 BERUULT
Na— A nLFEEINEZY T aER VL —F)L 12 12, 08 ZEOTF LY F U LE—
10 CHHOEDIRE T 12 1ITMx % 2 & T, EEEREORBAHMR L TT rE-UF U LZHE
ZITHoTC12 DA N MLEERWIZY FAI LT, ZLTED%R, 7F VI F T AEZEBMLT
FRZ 2RI ST, T, NUATFASYAETCHRELE- Va5 hob 1,244
MEOGEZ2AT IR 5 Te RIS, SHICTFAY FULT, NIMOTrE-UTFULALERELTS T,
BN T, ZFARUCXT AT REGSE T, MERRISEG A IR 15 24572, Y7 nm
TRV T =T 12 005 13 ~DO BT 99%LL b (rEERMET 53:1 TH Y, BRI
B2+ o2 &<, T b7 aE-Y F U ARBINZ @O RIRMETERT 5 Z & ITK
L.

3 O TR IA 15 2 e TREE L T, BifReE & FIRFIC, AV RBREMRE —ZI121T9 2
ET, MWEERERTAE K 16 IZFHFEE L, i\ T, MKFESMBEISIZH LT, REZ7 U7
B EAR LT, ZhE, Mt — AR — MEERICE L TR L, &giom
KRBT LT B D hR 270 7a P (1) & 47% O@EIN R TER LT Y,

ARETIH, MERRPZR T 2 E-UF U LZMBOSZ @@ RICER L2 &Itk » T, 2
THE, 5 OD % one pot B TITH Z EMNAGE L o7, £z, HEFEENS VAT U 7
2y (1) DAERKE T% telescoping TITVY, DB HBEIERIT 25 L9 W72 5L E 725
TW5,

bbb, (LEWEDRES @ BEICEMRT 5 2 LB MRS AE b7 2 HIZIER L T,
ANz OfERE L ROEFRICEE L, SRR ERL Z ORI L THE LN ESF XL TND,

i
ARIER TR LR gEIE . AR RR XS4 0 B 28 50 & BB EF IR D 2% < DOHF I
ko TlkLETFONTEZLDOTH D, T ZICEIEH - LET,

e P U
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Strained ring molecules sometimes exhibit high reactivity and also offer unique conformation compared with usual
five to seven membered ring molecules. Therefore, these compounds can be utilized as synthetic intermediates
and/or drug scaffolds. Despite of their high utility, only a limited number of practical and efficient methods exist
for their synthesis. In this symposium, the development of some reactions to give strained cyclic molecules, such as

highly substituted cyclobutanes and cyclobutenes, and medium-sized trans-cycloalkenes.
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Scheme 1. Catalytic [2+2] cycloaddition and multicomponent reaction
a) Catalytic Enol Silylation using Allylsilane as a Silylating Agent
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Scheme 3. Synthesis of medium-sized trans-cycloaklenes
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Contract Manufacturing by Using Flow Synthesis

Katsuyoshi Yamakawa*
Fine Chemical Business Div., FUJIFILM Corporation
7-3, Akasaka 9-chome, Minato-ku, Tokyo, 107-0052, Japan

katsuyoshi.yamakawa@fujifilm.com

Flow synthesis is promising methodology at the point of environmental friendly process chemical view.
Moreover, because it does not require any large-size equipment, suppression of capital investment is
expected.

In this method, various functionalized chemicals such as aromatic boric acid derivatives, imidazolium

salts, pyridinium salts, benzaldehyde derivatives are commercially prepared.
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Chemical Understanding of Metalloenzymes:
Metal Cluster Catalysts for Chemical Transformations of Esters and Amides
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The catalytic transformation of ester moiety provides both key intermediate and protecting group in organic
chemistry. pn-Oxo-tetranuclear zinc cluster Zny(OCOCF;)sO served as an unique and efficient catalyst for
chemoselective acylation of hydroxy group in the presence of amino group. Such the chemoselective
acylation was achieved using not only zinc carboxylates but also various carboxylates of first-row late
transition metals such as Mn, Fe, Co, and Cu. In this contribution, dinuclear complexes of cobalt and
manganese worked as well-established catalysts for not only transesterification but also esterification of
amides, providing a chemical insight into the reason why various esterase, peptidase and so on favourably

contain Mn, Co, and Zn as their dinuclear active sites.
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Scheme 1. Transesterification of Methylesters with Various Functional
Groups
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Scheme 2. Catalytic Activity and Chemoselectivity of Various Acetates
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Scheme 4. One-pot Esterification of Secondary Amides
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Construction of Column Purification Process of Middle Molecular Peptide API,
Depending on the Purpose of Use.

Shunsuke Ochi*, Yoshinori Murata
API R&D Center, CMC R&D Division, Shionogi & Co., Ltd.
1-3, Kuise Terajima 2-chome, Amagasaki, Hyogo, 660-0813, Japan

shunsuke.ochi@shionogi.co.jp

The quality control of API (Active Pharmaceutical Ingredients) is one of the most important points in
pharmaceutical manufacturing. In general, the quality of API for clinical use is higher than that for
non-clinical use. In the peptide API manufacturing, the key step of quality control is the column purification.
Therefore, in order to supply a stable and high-quality peptide API, it is important to establish a
manufacturing method of peptide API that not only constructs a robust column purification process with high
productivity, but also designs the quality suited to each development stage. This time, we will introduce the

detailed construction method of column purification process as a case-study.
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Development of an isolable epoxidizing reagent based on triazine: Triazox

Tatsuki Betsuyaku'*, Yuki Igarashi', Kohei Yamada', Masanori Kitamura', Koki Hirata', Kazuhito Hioki’,
Munetaka Kunishima'
' Faculty of Pharmaceutical Sciences, Institute of Medical, Pharmaceutical, and Health Sciences,
Kanazawa University, Kakuma-machi, Kanazawa 920-1192, Japan.
* Faculty of Pharmaceutical Sciences, Kobe Gakuin University, 1-1-3 Minatojima, Chuo-ku, Kobe 655-8586,
Japan

kunisima@p.kanazawa-u.ac.jp

We have developed a novel triazine-based oxidizing reagent, Triazox. The reagent can be synthesized from
inexpensive starting materials and is a bench-stable solid that is isolable in pure form. Epoxidation of alkenes
possessing acid-sensitive functionalities using Triazox proceeded to give the corresponding epoxides in good

yields. These features indicate that Triazox is a practically useful oxidizing reagent.
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Y (entry 8), a LiClO,4 (1.0 eqii?/;]was added.

[#am) Fexix. B Y 72 AR LAl Triazox ZBA% L., Z2EM: + b Toluene was used as a solvent.
BRVENE « ROSHEICEN T EAMBILRITH D 2 L2 LM LTz Y, ABETILDSC JIEIZ L D%

EMED . Baeyer-Villiger FR{L~DIEH, HEEMICHEEDOZRZIZONWTHIRRD TETH 5,
[Z2Z3C#R] (1) H. Hussain et al., RSC Adv. 2014, 4, 12882. (2) R. W. Murray, Chem. Rev. 1989, 89, 1187.
(3) M. Kunishima et al., Tetrahedron 1999, 55, 13159. (4) K. Yamada et al., Org. Lett. 2012, 14, 5026. (5)

K. Yamada, Y. Igarashi, T. Betsuyaku, M. Kitamura, K. Hirata, K. Hioki, M. Kunishima Org. Lett. 2018, 20,
2015.
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Double reduction of cyclic enone bearing glucose-type oxygen functional groups

using sodium borohydride with dialkyl malonate as proton sources

Masatoshi Murakata, Masahiro Kimura*
API Process Development Dept., Chemical Technology, Chugai Pharmaceutical Co., Ltd.
5-1, Ukima 5-Chome, Kita-ku, Tokyo, 115-8543 Japan

kimuramsh@chugai-pharm.co.jp

Carbasugars have been well known as stable sugar mimics. Considering practical production, we developed
the stereoselective double reduction of 3-benzyloxymethyl-4,5,6-tribenzyloxy-2-cyclohexenone 2 to afford
tetra-O-benzyl-5a-carba-a-D-glucopyranose 1. We found that the reduction of 2 in the presence of diethyl
malonate in NaBHy-pyridine system afforded 1 effectively. The effects of diethyl malonate were found to be
remarkable. The reaction without diethyl malonate gave tri-substituted phenol 4 as a side product
predominantly. The method presented here is a simple, and does not require toxic reagents, expensive reagents

and drastic conditions.

TN a— AR EREHALE S 7 vt — ik, AEELE LA M7 pseudo-sugar D —
DOCTH D, KMeAEMII NV a—RALERROF X ERTIENMLNTEY Y, AERNTIZ La—2R
MR E L THDED ZERWIREINTND Y, £7o, NV a—R X TEMPLVAESTHD
ZEMB | AERNT V3 — ZAFFERORERENTIEC . FEMEIE 2 A 9 DI LB O IR FAAZ A G AL

WCHEIRS R ENTWD, 7ok i, HESEEL2 AT 527 ¢ v TREE OERNEHEOM P, ME
JRYGL Sk DB FEMEMEIC BT HILEMHEO G RICTEH ST Y (Figure 1),

Fo, LHE, FRY LA - Zva— 2R 2 (SGLT2) FHEAIN, BIRMEIZKIT 5 7 1=
— A @ﬁ%wgﬁﬂi LT, Mg O 7N a— R &R ~HEH S &, ﬁu*ﬁﬁ‘%ﬁ?éﬁé z
D, BIRW e SGLT2 ILEERAZ AT 2 S I ERLAMOMEN R ENTND, Za—2A

e ﬁE%@E rma~Fkt /=1L, 20X 9 7% SGLT2 HEEH ZfEm L7 Sa-carba-B-D-
glucopyranose #%5K, 3 L8, C-aryl 5a-carba-B-D-glucopyranoside #5384 &k D BROEE /R
MRIC B Y 2% 9 (Figure 1),
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1%, 3-benzyloxymethyl-4,5,6-tribenzyloxy-2-cyclohexenone (2) —Hf5 & & VAR =
WD TNVIZEITLIZ L VG OBREETHRTHS LB 2T, TOMmF %217 -7 (Scheme 2)
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ZUDIC, @Bt RY NIZXkbx= />y 2 ORITICEZREF Lo, fHR% Tablel IR L7, A ¥
=N KFEAARTFEF U UL (NaBHs) & W BOSTIEL VAR =V ZEDIE IR 3/epi-3 (1,2-
BN E G2 OHRT, BIE LT 7 VETTAERDIIE /e -T2 (entry 1), F£72. 1,2-185C

DIRIEPE BARNFER & 72 o 72,
OH OH
A OB \/@:OBn
o BnO. /[ : lOBn BnC -~ Noen
\/@OBr reduction OBn OBn OH
- - 1 i-1 OBn
B0 ~"NoBn o BrO
OBn
2 ?H OH OBn
BnC E OBn BnC : OB
OBn OBn
3 epi-3
Table 1
entry reagent solvent products
1 NaBH, MeOH 3/epi-3 (2:1)
2 NaBH,4 EtOH-DME 1/3/epi-3 (1:10:10)
3 1/epi-1/3/epi-3/4
NaBH4 DME
(2:2:4:6:1)
4 NaBH,4 pyridine 1/4 (1:2), trace epi-1
5 BH; THF 3/ epi-3 (4:3)
6 Ph;CuH THF 4
7 ) 3/4
LiB(s-Bu);H THF
(5:1), trace epi-3
8 3/4
KB(s-Bu);H THF
(5:1), trace epi-3

The reactions were carried out by use of 2 equivalent of NaBH, at 0 °C.

WA DMEICEE L7 2 A, ERX 7 ARITEK1LIFELNTZEOD, 1238501k 3 DA S,
HE L7 =) — 4 BAERKRLE (entry3), BV VUV EREEE LTHWESEAICH, ¥ 7 ViE T
K1 &7 = /=4 NERK LT (entry 4), BH; iIBICL CTld, 7 = / — /b 4 [F4ERK L 72 0> > 72 D3 (entry 5),
Ph;CuH # H\\ % & 4 OAERRDIAE & 72> 7= (entry 6), Selectride ZH\ 5 & 4 WAEKLTZHLDOD,
1,2-3= 501K 3 3MEEL L 72 > 7= (entries 7 and 8),

Selectride Z W= 3A121% 4 DEREN D72 - T-0 T, B 5z 3 ZEMME T LT, BWY



W1 &%55Z %5 %7 (Scheme3), & 2T, 30 _HEHiEA & KSR KBIRINT L R
PfEFE 2 T -T2 & T A, Crabtree filllif [Ir(cod)PyPCysPFs] Z# MW 7z & & 0)?% =R ERVA LN (A il
HIBICED G LT, Lar L, NS Th D 2 LITA T, RUSSEREIZIE 20 mol% O fillii % ff
ML niEebiaholz,

o)
\/@\OBn KB(sec-Bu)sH \/@\ \/@\ \/@ OBn
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OBn
4
2 conversion: 100% 3 epi-3
selectivity:

target 3: phenol 4=5: 1 OH
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conversion: >90%
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Scheme 3
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BEIC EIR L7k 9lz, =/ 208 DU EEH T NaBHs D (entry 4 in Table 1)IX, Ell4
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TEERBLTNDEEZXT, B VUREEF TO NaBHs OSICHEEB Lz, 22 TET, 7
x ) —UIK 4 ODAERKEREZ LT O X 9 ICHEE LT (Figure2), 7 = / —/UiK 4 OAERIL, 1,438 57TD
BIZELTEZ ) L= B RSO ) 2D afiifi 7w F 2B LT e b ZiiaiZ Lo
%Iz, BBEZ > THEBL LT b D EE X, £Z T, =/ L—FERKED 2 E DT 1 b A3 H
T 5 A2, BaAl I3RS ET, Bo, =/ v 2 LOBEENRRKEL T e bR E 22
ZDIEMEA TV ACEMERMT 5 2 L 2B 27, fER% Table2 IR LT,

(e} OH OH
J ~_OBn ~OBn
Jou S e X
BnO BnO
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OBn OBn OBn
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O@
l OBn T
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Figure 2

Table 2. Reduction of enone 2 with NaBH,

entry solvent additive products
1 pyridine none 1/4(1:2), trace epi-1
2 DME pyridine (3 eq) 1/ epi-1/4(5:1:10)
pyridine CH,(COOEY), (5 eq) 1/ epi-1(9:1)
4 CH,(COOEt 1/ epi-1 (6:1
DME el )2 pi-1 (6:1)
pyridine (each 3 eq) 1: 86% isolate yield
5 DME CH»(COOEt): (3 eq) 1/ epi-1/3/epi-3 (1:2:2:2)
O
ammib
* . -
6 DME 3 eq) 1/ epi-1/4(7:1:5)
Pyridine (7.5 eq)
CH2(CN): (3 e 1/ epi-1 (2:1
. DME zY)A Q) p.()
Pyridine (3 eq) low yield
8 CH»(COOtBu); (3 eq)
DME o 1/epi-1/4(4:1:1)
pyridine (3 eq)

The reaction was carried out by use of 2 equivalent of NaBHj4 at 0 °C unless otherwise noted.
*5eq. of NaBH4 was used



Y VR, SYEOY e VY =T VA TIC NaBHy SRS L& 2 A, #ifF L@
0. 7=/ =)V TAERET, 1/ epi-1 (:1)DHFETHS Z LTI LIz (entry 3), A7 —ILT >
TEBRMBEOMEIEZZBE LT, WA DME & L, 3 YEOE I Dy b~vua Ry =F L FT
\Z NaBHy TR L72 & 2 A, LAt 1 DS HEEEIE 86% T HALe (entry 4), B'U 2 2N
B FIZ DME B CRIG ST & 2 A, 4 OERIFMZ DTN, 12-8 e bER L7 (entry 5), LA
LRI LAEB TR Bl Y DUnEE L, PRE T = SR KRS S A i)
v B BT AT ANEFEELTWD EEZXTND,

BHT7a b5k E LT, 7 b= AT ARERWER, v a VRV TV 4 D4
% & AT S Z E N TERD ST (entry 6), ZOFE, BUGETERESE DI S5 YED
NaBHs WL ECThH o722 b, ML hm AT ANELTINTZLOLHEL TS, F
7o, vu /= MU vE WG aIZiE, BHEERBIAERD ZEo 72 (entry7), ~ v U EEFHEARZ HIU
THEAIZBWTEH, MERMICERWVREZH WD L, T = VBERNREIAET D Z ERbho
7o (entry 8), ZAUd. VARREFIZL Y o FAMEERSRIZB Z b T, 200600 1 ko
EHALTLEIEHEZEZL TN,

ARKPETHEML WD ~a U IEBY =T I)VITINKGIEST 5 Z & T, BHIZEREFEE TH 5 (Figure
3), 2FEDEILILE —TRTY ARy N TITW, B, BUHOME I HEE I N TWDHARE
X, B n e 2{bFOFEEEZTWD,

Organic layer
OH OH o o
—_——
BnO ~Nopn EtO OEt BnO " N0Bn Na®
OBn OBn
Aqueous layer
Figure 3
References

(1) T. Suami, S. Ogawa, T. Toyokuni, Chem. Lett., 1983, 611.

(2) J. Okuda, T. Taguchi, T. Suami, S. Ogawa, Anal. Biochem., 1987, 162, 378.

(3) H. Tsunoda, S. Ogawa, Liebigs Ann, 1995, 267.

(4) L. Toma, L. Legnani, A. Rencurosi, L. Poletti, L. Lay, G. Russo, Org. Biomol. Chem., 2009, 7, 3734.

(5) Y. Ohtake et al., Bioorg. Med. Chem. 2011, 19, 5334; Y. Ohtake et al., Bioorg. Med. Chem. 2012, 20, 4117.
(6) A.V.R. L. Sudha, M. Nagarajan, Chem. Commun. 1998, 925.

(7) H. Ohtake, X.-L. Li, M. Shiro, S. Ikegami, Tetrahedron, 2000, 56, 7109.



REIDHHSHE

The 4t International Symposium
on Process Chemistry [ISPC 2019]

Kyoto International Conference Center
July 24th (Wed) - 26th (Fri), 2019
Chairperson of ISPC 2019,

Takahiko Akiyama (Gakushuin University)




n LEREER

EbE R T A S
TR AT 4 B AR SAE
A NTF— - b REERSHE
A att 9B 7 AR5
HRRR T2k 4E

# 2 IR
#* 3R
FAIRE
BATIRE 1
BATIRE 2



3k % ok ok ok K ok ok K ok K ok sk K ok ok ok ok K ok ok K ok K Kk K K ok K ok Kk ok
BE7OtREER20180414 22— VRIVL (FHER)
3 %k ok ok k ok K ok ok ok ok ok ok ok ok ok ok ok ok ok ok K ok o ok ok ok ok ok ok ok K ok ok

EEEA

7RI A
RBR R B SRR

T565-0871
RBRFR T (L 1-6
TEL : 06-6879-8210
FAX : 06-6879-8210

E-mail : akai@phs.osaka-u.ac.jp

e —
i S,

PN
B LT A v DR R A A

T 103-0023
HORHEP P R X B AR AT 2-4-1
TEL : 03-3270-9130
FAX : 03-5201-7544

E-mail : keiji.a.ono@fujifilm.com



Ko7O0—YFPH8—F— A—EDER ! .
MiChSIZSFED IR ET /NI M Pyrex T SR &L

20— TR —MoHPEM AT LT-1%
BZELET ., 365nm/465nmLEDILRFETE (AT av) .

@ FRIZIECTEE (3mL, 6mL, 12mL) AAEARFET )
AHY -V TREEENMTIZAET,

@ SIEDKBRLEERNFBELTLET,

@ LED(365nm/465nm) I ERENE IR (AT 3v),

® [E=HFR 70— X T LLX-1(600w)F5THALE !

VAT KOO —YT7o8—, EmFvlk, 650D HK
kN 5o, BR BEmh—

FFay YO RYT AR XH— BESFH
BEASAYFTHAR—,LED(365nm/465nm)

i Ll ¥228,000 (3mlL, 6mL)  ¥258,000 (12 mL)

%ﬁlag ritek

wm'.'."u'.!:;r:tt‘k.cﬁm

On-line NMR reaction monitoring & R o i i A
= [/ IR "

(3 Spinsolve & 73 fi# E £ £ ZUNMR Spinsolve [&
FSIEFroN—RAICERETEAVTM2 Tl
BRIGEVTILEALE=R)OTHTEET,
RIGIEPTFE-ASRF21—TZELT
BRHEBRITERMITESNTET,

OB EMER,
DB#ESMmASRECAELET . )

OREZLRESE - ZE L5 '
O#%3& H, F, C, P Li, Si, Bith, |
(50%+F1E1& : <0.5Hz, i |

Waterfall plot showing

NMR spectra acquired
as a function of time
during the reaction

HeER R AR E, AC%EJEGDHE

MAFRT ) . - T650-0046 A 7 1 ke X Pk B T 4-1-1
v XS BESAHKIES TEL 078-335-8613
ALCOM FAX 078-335-86 14

URL: http://www.asahilab.co.jp

e—mail: info@asahilab.co.jp
Page 12



HEELR T2 ) m
ZEREY—ER

HEREROIAE - BFE - £ED ] B |
EDEBEICEVNTH, X2AT—IZBLT, . | -
LLYR—FLTWVET »

.

&

X I >

E&¥YM>31I5U— AERAESEE KERIS
BRI AILEY 27 W7y g ke =13

HEX—H—EULUTDADNDIEFH sl r=yalis-4: 101wk Ry AUr- 3}

fEn IS FRENC E4ALS FERD
V=20 =15%530i RS mEEE

SREREHERE GMP aBRRE - PR - REHRTE

- & SENRIGRE - @ WETUT X 2531

o BERRIE + RS
=y o RIhE
* REER | 200~800LX4
o BBtk o Eia

o EEEE

o =it

® FZIRHE

o FERRKE

500 ~ 1,000L X 2
| @ J=HILKSAT—Xx2

|, ® BEKKE
%ERES 8OOL / h

(EEMTHED DREE, CHHRSEETN

= [OF--10]
SEERNED = /2\ cowp Tel: 03-5651-5171 Fax: 03-5640-8021 fe
CHBIE intﬁI¥ﬁ]—:‘ U*i {ERtARE E-mail: finechemicals@TCIchemicals.com &
£ facebook.com/tci.jp TCIchemicals.com/ja/jp/ v |




71011 E#HDE%ODGMP"—“'H%% —EX

v cAL Contract Manufacturing Service of APIs

BEFIBOEICRSIEELTRE

B HROBEERRICEIEHGMPIRFI DIEE

B HARVSICEAEEFET. FEBTOREIIHIE (JT7L~FY)
B JT7UERE. BALET, AF S ROER R

H= W I W = L
CAEE B —Exn
B SRTFT—2MENOTEILET
EELEE
B EEYDORERAT—ICKEL
WY R 4 E IR A e
B EHOMEREERYEIZ
@A L VAL B R (25T G
EELERELAERED
hr By )
EE Iﬁ’éiﬁé B
(20184E7R£T) IEGMF g | Y-V -LEARR | RRFAML

4

(ZEME] SRR T EAREE 230m

SO8( <= 100,000) BT ES CfEREE R
5 HE FAX
R 3 HEEMGL 3,000L
HEER S i SiTE BEMGL 3,000L
(D=2 Ib—L11S0 8) | smiIS Bk BEEMETFE 36inch
I=—HILETIEH BEMGL 2,000L
s SUS 100 ~ 8,000L
Rt B e &E GL 100 ~ 9,000L
tERIGE SUs 100 ~ 8,000L
SuS 30 ~ 55inch
—fpTy7 B RS ETFE 24 ~ 55inch
RL 36 ~ 55inch
EALIEE SUs 100 ~ 3,000L
B _ i SuS 870 ~ 3,000L
A=AV R GL 870 ~ 3,000L
s o GL 500 ~ 3,000L
R AT SUS 500 ~ 3,000L
5B =TE 8
D)= )b—L =
(S0 & = HILEIRE GL 300 ~ 1,500L
. . :. ETFE 65L
BTIRM IRENRENGIIGMH SUS 240L
7B IR Sus 2,100L
B CTubS)L EUSIL M SuS 5 ~ 150kg/h
[#%&iE] B ENE. ROEREE . BERRIGE etc.
BAATHIL GRS EEFER
s E KI s U I T103-0027 HREHH X HAKE2-1-3
TEL : 03-3272-0691

SEKISUI MEDICAL CO.,LTD. Email : toiawaseiyaku@sekisui.com




in situ B&S Rk - &FE=2U27Y—IU

XFS—FLF

in sifu Raman ReactRaman

W STV TRE )T IVEA LRISBET
W ERIS. SRS OEMERETOMEL
B AEEFEFEEZR) T

B RETEEADRE

L e SN i

W 70— AN =D

M iE 255 p www.mt.com/ReactRaman

N
- e
O
-
O
o
| —
an
O
O
D
@
|_
| —
D
- —
D
=

in situ SR E=2U5Y—Ib
WOV T)VIRERNFEZ R YT
W U7 IVEA LRESRIE (FBRM)
M in situ <170 AXA3—7 (PVM)

W EREB YT IV T DEEL
B ABMSIUMEDNE

W FT—RICE D\ @rREL

3 55 p www.mt.com/JP-accp

AFS—<FL MR EHE F—FrLEESS
TEL:03-5815-6515 FAX:03-5815-5525
HEWLE 4 www.mt.com/contacts



