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Take on Difficult Challenges Faced in the Process Development of API

Yasunori Aoyama*
API R&D Laboratory, CMC R&D Division, Shionogi & Co., Ltd.
1-3, Kuise Terajima 2-chome, Amagasaki, Hyogo 660-0813, Japan

yasunori.aoyama(@shionogi.co.jp

Process development of API (active pharmaceutical ingredients) is conducted based on many viewpoints,
such as speed, quality, cost, environment, safety and so on. Recent drastic environmental changes
surrounding drug development provide process chemists with not only difficulties but also value to challenge
to process development. In this presentation, the best part of process chemistry and importance of process
understanding are shown through three cases of difficult challenges faced in the process development in
Shionogi; i) failure of scale-up manufacturing in heterogeneous Reformatsky reaction, ii) enantiomeric
excess of 0% by appearance of pseudopolymorphism in optical resolution process and iii) acceleration of

route scouting and process development in early development stage.
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2011, 75, 1433-1437.

2) lida, A.; Onodera, N.; Yasukata, T. Chem. Lett. 2012, 41, 1703-1705.
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Methodology-Driven Chemical Modifications of Proteins

Motomu Kanai*
Graduate School of Pharmaceutical Sciences, The University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
kanai@mol.f.u-tokyo.ac.jp

The installation of novel and artificial functions to proteins through modifications of their chemical structure
is an emerging research field covering chemistry, biology, and medicine. Because the reactions must proceed
with high chemo- and regio-selectivity under mild conditions in aqueous solvents, developing chemical
methods for precise protein modifications affording homogenous products is a great challenge in organic
synthesis. Here [ will present our endeavor to develop a transition metal-free tryptophan-selective

bioconjugation of proteins.

BRI & W o T ERE S T HIRS T LR UALAEMTHY . TNOERISEEE L

TN REG S 2 L & ORI X, F 2720 F SRR D AIEIC SRR D L B2 TV 5,
FOEBOTDOITIEL, BEZTOIEME, (b5 - (L8 - AERSRIRE, RERORMEE, T2 RS
R, FlE, & W o el Sei O BB LR A A b P ORRE DO IR LB TH 5, Fexid, ALfil
BERO 2 ARRINIC A A T 2 & T ARROALFRRIF I G B D DFEmAIZ T A L TR ZIRE T 5
BB OFEBUZIAT CTHIEE2 B 272> T\ D, ZOBEND, BEN TEIEH T 57200
TRAF—JRE LT, KPR LE Vo HERRER T A2RAT 22 LR THDH EEXTWD,
o T, iR & BT AL T, B S 2 AT 2 ERMEO S E RS T O%h%
BB RIEDOERI L TREMTE D LD L EZ TS, SEIOHEETIE, MY 7 b7 7 VIR
2R B ORIEEMFUS OB [1] 122V Tilgam L720,

KIRT XV BRIRIEHREN & 5 2 X7 ORI IS SN, AAmBLR O, EAiE
BB OAIRL, BEEREEED ., Bz BRI & Mix 7en ATk 2 B LIS 2 AHA
ST D [2], # v 3 V BREEEREDF E LT, Vo (T2 RVATA Y (FF
— V) 72 EOE USRI 2R & T 5 RGN b T D, L, ¥ o3r K LI
— RN FEFICHE K DV P UBENFIET B0 RS ESCEMBR OREN N TH 5, £,
VAT A AMIHIZZ K OGA . BRIEERFICES T2V ALT 4 RiEEE LTIEET D72, F
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OB D IRMEEOGTHE R T < iR A 10 & LS DS EATSOR T, 2D ORER
PR LGS, L)L, R T R T77o0Fus o8 ailpyl Lz 2 o~ 7 BRSSO LR
LN TWNT, ZL OLAEABRECBMESAERICHEES LERWKICREEZBLEET S, £, &
ICETEERTERNEEATDI M) T b7 7 e Fu v OMORBRMEREIT - RICNETH
D

Fx i3t Y EIRMBR L & X7 BUIW RSO EEER [3,4] ICBWT, NU T v 77 &8
NRTF REHH L LR, 'Y VR TUIR SN2 ATz, 7" F K~ keto-ABNO 3a [5]
A EESRGOND Z &2 A L Tnie, OSSR TH > 72 2 & | keto-ABNO D 7
VAR = VENLITRIEF GO BN E LTHES T AL Z e fnn, RAFIZESS N T R
7 VIR Z X EAREEIE AR ROS DRSS ICE F LT,

ETNVEEE MW TRISEE DR Z T o TR, BeBa o2 &<, NI T hT7 v
FRIEDN DI T I VAR 2 NEEMICHEONDGMEEMEL LT, 77205, 1 mM OREE 1
I3t LT 1 4D keto-ABNO 3a & 0.6 MmO lifsEET U U7 A% §5MEKEKRF . =ik, 22X
FC30 DRSNS EDZ LT, BWILERE B Y 7 b7 7 R T keto-ABNO #AA 2 23R L
7= (Figure 1), ML ST WEREEZA T 537 F K 1la-1f LEMIFELTF F 1g-1k 2 1E L
LT, BN ENRTE LN, TAYAN, ~—IFICEE L7727 S 0 A RX7F RBFHEAK 1k %
HE L LTh. ERO R OEENEN O EERICEZRD D Z ENTERD ST (entry 1),
ESI-MS JHIE 2 HITIFIFEEICHBIMIDR GO Z E PRI TN D,

0]

3a (1 equiv)
NaNO, (0.6 equiv)
+ dehydrated

peptide Al-N peptide B] CHaCN/H,0/ACOH (500/500/1) _H i 2a-2k
o

1a-1k (1 (r)nM) rt, air, 30 min
Entry Substrate Yield [%)]
1 Fmoc-Gly-Ser-Asn-Trp-Gly-OH (1a) 89
2 Fmoc-Gly-Lys-Asn-Trp-Gly-OH (1b) 85
3 Fmoc-Gly-His-Asn-Trp-Gly-OH (1c¢) 90
4 Fmoc-Gly-Tyr-Asn-Trp-Gly-OH (1d) 95
5 Fmoc-Gly-Met-Asn-Trp-Gly-OH (1e) 96
S—S
6 Fmoc-Cys-Gly-Trp-Arg-Ala-Cys-Gly-OH (1) 84
7 Neuromedin B: Ala-Asn-Leu-Trp-Ala-Thr-Gly-His-Phe-Met-NH, (1g) 84
8 LH-RH: Pyr-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH,, (1h) 91
9 DSIP: Trp-Ala-Gly-Gly-Asp-Ala-Ser-Gly-Glu-OH (1i) 84
10 Kisspeptin-10: Tyr-Asn-Trp-Asn-Ser-Phe-Gly-Leu-Arg-Phe-NH, (1j) 83
11 N-Ac-Trp-(26-0-acyl-isoAB4.42)-OH (1k) ND

Figure 1. Trp-Selective Bioconjugation of keto-ABNO with Peptides
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Figure 2. Plausible Reaction Mechanism

N 0]
3b (5 equiv) /\} \)\/ O ‘
NaNO, (3 equiv)
H,O/AcOH o-N O CO,Me

(200/1,1 mM to 1)

111q rt, air, 30 min
Entry Substrate Yield [%]
1 Lysozyme (11) 64 3b: N:N 5 5 5
2 Myoglobin (1 53

yoglobin (1m) N(O/\}N\/\/ O ‘

3 Concanavalin A (1n) 11 (29) 4 =
4 BSA (10) 25 .o-N CO,Me
5 Subtilisin Carlsberg (1p) 0 (35) O
6 Bo-Microglobulin (1f) 15

Figure 3. Trp-Selective Bioconjugation of Proteins

e T keto-ABNO/NaNOy/AcOH R aFlix DX X7 BIZHEMA L= 24, ) 7 b7 7 A8
BINAYIZ keto-ABNO DOFAINSISEEE Z 0 . AIADLER IR D EICRIZ TR OND Z L 2
M U7 (Figure 3)., keto-ABNO D% b U 3kHAw A X v AL EWT 5 Z L TEMOENND & L,
Kz IR RETEIR - (0 1. BT i AR EFEE S8 5 Z &I H Ak L 72, Concanavalin
A (entry 3) X Subtilisin Carlsberg (entry 5) (%, % OISR TIHENETH 723, 0.1 M OAHE



PRI CRIAEE T2 Z & CTH U RIHEEMESE, N 7 N7 7 UgEAE 2 X7 BRIEICER
SHD EIEDET L7z (Figure 3, 77> aNDILER), F£7-. B-Microglobulin |% (entry 6) . A1
DN T2 OS2 WD &~ LBEOIBENSRIBE & 72 > 7223 7K—AcOH A4 o 2 & ¢
ZORIRISEMMA D Z LN TEI,

ABORIE, BRI Z T BO UG B 52 0 Z LR ERMAFIRETh - 7=, #ilx
i\K%T%m@%bk)y?*A@Xﬁﬁm%EMﬁ TRRFI L, & X7 G O =R A
CIREEDLRNZ EEER L TS, Z ORI, FUE~DIRS FEIES S ~D R % HiE
L7c & EITEAIT <,

AW R, BEEERT Y —OIRMR KM T, Bl B om{b @R E T 2 R o ~ Y
7T 7 VEIREMRISTH VD . Z X B BT R OBIFEAFIEIC BV TR e 7 I 1A
Fuao—y— e Z LIS, £, FERICED LD ¥ Ry EE N THALF RS TFE
MRANCHZE L, £ OERBRZE 48 U CURBIERIZORIT A Z ¢ B LI RO—HE LTHER
WU, S OITERIEOBRTIL, ERILFRIREE(LE WD Z & T, FIEERETo & 3T BiEf
IZHEI L TWD [6],
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Roadmap for Practical Use of Continuous Manufacturing System "iFactory" by 2030

Takao Saito
Takasago Chemical Corporation
Nissei Aroma Square 17F, 5-37-1 Kamata, Ota-ku, Tokyo 144-8721, Japan

takao_saito@takasago.com

Japan has some serious problems with the declining birthrate and aging population. Thus the current
manufacturing model based on labor population is collapsed already. By 2030, human power saving
manufacturing more than 40% is needed. NEDO Program has been started aiming at innovation in the

continuous flow manufacturing. Current progress of this business cooperation is introduced in this lecture.
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Ttz 10 1 RIS 51 AT DO N80 fel T\ b, 2050 EITIX 978 A 1123 3,000 J5 A
$140%LL B35 L PRI TS, WNSEBIEL LS &b, (RO AEE T WIEBEIZ
BELTWDEWHLI 52500, 5% 10FEONIC, F5TH Y Y —RA&2#&K U T, EHMRE ML,
BT R RS EE L T iT e b0,

OB A EHE U DL, NROBRE T, MEARRFIC LB BT AFET D o —
A PERRAE O A B FE L. NEDO « BEBSAOE = VX —FAfi i 7 1 77 & - HHEEEME R F— 4
Z 208V LTc, KT 07T AOBMBARET —~ ik, [FERATIERE Y 2 — LR B #
VTEDOF e (2 F SO T E 3R B ] iFactory® D% | TH 5, ek TR Z Fillard,
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Figure 1. Rendering images of iFactory®



BAEONNy FRNZEDY | Wl ak &y Tk lAaGbiz g 7V v Rk ApE s
BALFERRANS Ry r— v 7 E OB LI-BiAEES HIEd, UG - Peif - IWIEas i,
FEHT © Al - BRI B OB 7 AT R E A 2.32m(w) x 2.32m(1) x 2.32m(h) A ADIEH KT L
— AT L 72 ¥ = —/b TiCube™ |, H&ALE 2= ME L7 liConnect™ | ZBH¥E L. Zi
DA AEICHE S TRET 4 VAR a0 = 2008 X0 A RERE OR% & <
DERIZE D BMEEBTFNFT BN LD BRLIRFEOBEHE O KIE 22 BB 2 kT 5,
[iFactory®] |Z¥ AT LF v F DX RPHAEDE N AT LT 77 R —THY | 7o, i
FIOEFEAEEMBOEFIS L Ca=y hOMIECREZ AT L TG T 4 2 HiR L. #
MR T T V& T VA Tt AT L% 5, ZHUTL Y | BB 2 g 7e 87210 A=
PECTE DFMIA T~ REAEELZEBLT 5, FrlC, EEBOFMER EAE OBRIEXNES
IZTE 5 LT, BEUR EIRIEDOIREHOIIE « FERCER ORI & BEIR O BT EDE
feflbz WRE L 975 Z EBMENED— 2 Th 5, il 8 #+ 1 BRI BIZ X & Fillorm T,

W Ya—Sa =
TS5 TLARRH

\Msm

¢ o 4 *l Vi .v:!
e LYoo=l |
IS T =1 bn F 3 'S < 1GUDEREST
IS M R N ST
cSTR | ma | W% | & | m@ %3

CETR —
VMK RRER

T 3 2 : =
y B & i

S=STVR T <A pr—

Ha | s Ha | Ha |
Ew | = | ER ER |

Chart 1. Development role assignment of NEDO program

WA PERIEDO LT — A — NMUiX, EBRECHB INIH- iz \WH R FAE A~ LB,
F. BAROMA [Tat2bF) ZHERKIET IO —DLEZ D5, Flo, REEITERDORE
FEHHEC L 0 BAEOEERN 2 CEOREZ B2 TEN L, SHEAEEZSEE L > BRSBTS
BT FNX—, Bt S OBEICARMEZF > TEIT A 2 L2 AL T5, A TIE, 7
07T AOBEFRHIRIL, A7V 2 —)v g E R R T O ERBSIZ DV TR B,

W, 2 ZCHETDHREO I, ESFERRIIENF = R L X — - FEERATR A PR E
(NEDO) DB FEDFRRBIONTZ D TH D,



R R B BhER SR & P\ B B I s DB R AR A & MR8 1T & B S RAVIRAT

P R S P PN S NS S
OF LS

Mechanism Study by the Global Reaction Route Mapping and Effective Analysis by the
Machine Learning

Miho Hatanaka*
Institute for Research Initiatives, Division for Research Strategy, Graduate School of Science and
Technology, Data Science Center, Nara Institute of Science and Technology
8916-5, Takayama-cho, Ikoma, Nara, 630-0192, Japan
hatanaka@ms.naist.jp

Computational chemistry has contributed to the elucidation of the mechanism of catalytic reactions. One of
the advantages of computational chemistry is the ability to calculate transition states, which could determine
reactivity and selectivity. However, it is still difficult to compute all the important transition states because it
requires the pre-judgement of the reaction coordinates. To overcome this problem, an automated reaction
path search method called the global reaction route mapping (GRRM) strategy has been developed. In this
talk, I will introduce several case studies on the application of the GRRM strategy for catalytic reactions and

discuss how to effectively utilize the GRRM strategy.

LERISICHBWT, & UE 5 kM e TR 2
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AR OB ME T B O AR % L. BHEAL
2 & B SR OERNRE B LT X, fit

RIS ERRQ

3432 3 28262422 2 1818
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UL Uit i, Zeik7e i 2 FF Ot O SOGR, #8
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Reaction Route Mapping: GRRM)'™ 23 % %,
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GRRM (2%, JRSZ U7z 2 FE D 575 - FEFHFN T 5 B BB (Anharmonic Downward Distortion Following:
ADDF)i%E Y& N T 15 SO (Artificial Force Induced Reaction: AFIR)E Y36 V) | ZNENE7e DFF
MEHT 5, ADDFIEIL, A7 vy —ihim bicBi 2 R eEmElicE L, &2 h
SIEBIRREIZHDN D FlE, RFTZEHEE L0 ORI TFHEEZH O TEBIRL T HFETH D,
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AT 2 MR Firas) (NLBAE) WCEWT 52 LN TED, ZOANLIIBEE Firap) LIZB W
T, FRBERRIR A LR & LToiE R biE A @A T2 2 & T, HEIMICL E RIZE DRI 288 L T
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Development of Practical Manufacturing Process for Baloxavir Marboxil: A Novel Influenza

Antivirus Drug

Nobuaki Fukui*
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1-3, Kuise Terajima 2-chome, Amagasaki, Hyogo 660-0813, Japan
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Baloxavir marboxil (trade name Xofluza®) is an influenza antiviral drug discovered and developed in
Shionogi. Herein we report the development of a practical synthetic route for large-scale manufacturing of
the API. The key is suitable selection of a protecting group on the intermediate to improve the yield and
stereoselectivity at a critical step. The new manufacturing route includes the following highlighted steps; 1)
magnesium alkoxide-mediated substitution reaction to prepare an intermediate without loss of optical purity,
and ii) diastereoselective preparation of an intermediate via the reversible condensation reaction with

crystallization-induced dynamic resolution.
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Preparation of peptide/protein thioesters for chemical synthesis of artificial proteins

Chiaki Komiya, Akira Shigenaga, Akira Otaka*
Institute of Biomedical Sciences and Graduate School of Pharmaceutical Sciences, Tokushima University,
1-78-1 Sho-machi, Tokushima 770-8505, Japan

aotaka@tokushima-u.ac.jp

Proteins possessing various modifications or unnatural amino acids have served as molecular probes in the
investigation of the biological significance of proteins. Access to such proteins is achieved mainly by native
chemical ligation (NCL) via a chemoselective amide forming reaction between a thioester and N-terminal
cysteine units. Therefore, peptide/protein thioesters are an indispensable unit for protein chemical synthesis.
In this lecture, our efforts for developing methodologies for thioester synthesis will be discussed.
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W Pro B Te 7 F NIHEE L0 IT< W, T72b5, CRbi Pro X7F K 22 & Leu ~7F K23
LT 5 & RTTF R 23 23 KD eI CPaseY (2 K ARG 0 5, = 2T, C Kl
AllZ Pro-Leu Be &8 A LHE X7 F K24 & KT VU AFE T T CPaseY MLBLIZAF L7z, TARE Y
Pro bt KT Y RAXTF RS NERMICHEOLNT, SHIZ, BE RTZY RXTF ROFAT AT /L~D
IR FRICHEWR S IIER TE 7=, & T, CPaseY @ C K7 2/ BRICx 9 5@ IR 2 FH 2
ARFETEH, HRAERTFT A AT VT Pro IZIRESND, S HIT, Pro T4 T A7 /LE NCL ~0D
JICHEBROBATIE, ZbEELLRWT I VB THD, T7b5, Pro TA=Z AT /LD NCL Kt
(20T D BOSMHEIZAR < . NCLAZHFIH T DT R OSSR OR ERNEL L 72D, Pro FA T AT
NEN LT, 20T RTOT I )BT AT AT VA~OEBRE BIETICHZ0 | AARLIZL 0 BI%
J—— HS SN TFFT AT

X, lm 2 A e [ % 2 S Jl”? AL BRI
H
N2 0% e

% Cysteinyl Prolyl

CO,H NHNH, ]
26 (- XaaCysProLeu OH) (XaabysRi-NEhE,) 28 (XasCysPro-sr)  Ester (CPE)IEIZA
@ o o HL7= 5, CPE i
CPE
o o] \%J\j)ﬁf /E system sﬁ)J\N = 8 OIUAN
zk«\i1> WTL> ZRTEOIC CR
HN o .
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29 (-Xaa-SR) ©
Diketopiperazine formation ester 75T D Cys ¥
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NWHERS & F AU T 2 7 DA, I BITEMR LT X /2 5D Pro-Oxyester FNL~DREZK
BIZKY, OV MERFUVMF AT ATANERTLHHDOTHDH, ZNEBEIL, Pro AT R
TATHRBEORISNEZ Y | 20 T X COT I VBT AT AT VOGN AREE S 2T, T72
bbH, C K F AT 2T LR O Cys-Pro-Leu-OH % ZElS &8 A LIZEFT V_TFF K 26 %
CPaseY |2k Dk F7 ¥ Kb, Pro AT AT AL Efi 7 RERT VU TF A AT )L
29 ~OEBSSITf T LTz, CPaseY XDt RT Y MUKISIXEREMIZHEIT L, Pro B KTV RIK
27T WEHNTZ, ZNE, Pro FAT ATV ICEWT DL, BEHICUr hEXT I UARICES Y
TFRERTF D UTFFTATIL 29 BEOTFA—ALZHIZED TV — VT F AT MERE T,
VAT A Y RTF R &5 L NCL ENEIT L, FERTF NI 7 EankEs
L7c NCL Ak~ E sz, £Z T, C RIulZ Cys-Pro-Leu-OH % 7 Z3E A L 7= glutathione
S-transferase (GST)Z %EL L. Z41% CPaseY |2 LD F AT AT /LR Efe <ALFEE AT TF R &
D NCL RS LTz & 25 70% D2 = TERT GST # v ™7 B3 vz,
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Intein NITE LT & X7 B HOHE S AT AR HIH N-SZ LTSN T VIVER G 551
F AT AT NVHENEOBRRE 217> CE T2, FATATIVFIBRR E L CTHRET 5 SEAlide X7 F KD
B AR A RSB T A E A ORGEE 21T > T& -, £7-. KRB %2 T 4= X5 )V EH
% RO G ERE R L CE 72, 2O TIEREBICHEN LT CPaseY #F|H T2 HiEim DA
HERRbEWEEZTND,
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Establishment of the Continuous Synthesis of Ceramide (D-erythro-CER[NDS]) via
Oxo-Tethered Ruthenium Complex Catalyzed Asymmetric Transfer Hydrogenation using

Pipe-Flow Reactor

Masahiro Kuwana,*-*: ¥ Taichiro Touge, Yasuhiro Komatsuki," Shigeru Tanaka,’ Hideki Nara,’
Kazuhiko Matsumura,* Noboru Sayo,’ Yoshinobu Kashibuchi,* Takao Saito*
fCorporate Research & Development Division, Takasago International Corporation
1-4-11 Nishi-yawata, Hiratsuka City, Kanagawa 254-0073, Japan
fProcess Development Department, Takasago Chemical Corporation
2746 Kuniyasu, Kakegawa City, Shizuoka 437-1413, Japan

masahiro_kuwana@takasago.com

The optically active Ceramide compound N-((25,3R)-1,3-dihydroxyoctadecan-2-yl) stearamide
(D-erythro-CER [NDS]) plays a critical role for the barrier function of mammalian skin. We achieved the
synthesis of this Ceramide compound using asymmetric transfer hydrogenation in a Pipes-in-Series reactor
with oxo-tethered ruthenium complex-catalyzed dynamic kinetic resolution as a key process. We also tried
the continuous approach on some subsequent reactions. This Ceramide synthesis was accomplished

without the isolation of any intermediates, and the continuous synthesis has been successfully run on a

production scale.

J

Y FmIE M 7 2 KM A& W N-(2S 3R -1, 3-dihydroxyoctadecan—2-y1) stearamide
(D-erythro-CER [NDS1) %, fl 2 IXERASCNY THREDRIE, 7o FA P 77 EOHKT,
AT AT 4vaf =T oA A7 U — LR EORBANEH SN TS, iEkotT I ol
WE7 0 ZIRS LN Z WD, LY E#ENREGR T 2 AOBNEEN TV, Fxld,
fib L) 72 K BBV AR R T2 ESE E T 58 T 2 ROMRN AR T e 2 2% L, &5
TH¥ERr— ) TOdfE 7 v —RIEEZ T LD CTHET 2 Y (Scheme 1),



Scheme 1. Synthesis route for the Ceramide compound 6 (D-erythro—CER[NDS])

1) [EtaNH,][(RuCI((S)-segphos))a(u-Cl)s]  OH O Conventional Route
MeOH/CH,Cl,, H .
/CHCla, H _ CisHar Y “OMe 1) socl,
» = —_— +
2) Recrystallization NHAc 2) Hs0
2 3) Et3N, heat
(R,R)-Ts-DENEB (0.1 mol%) v 1) NaBH,4 (3.0 eq.)
o o HCO,H (2.0 eq.), EtsN (0.3 eq.) M HCO,H (2.0 eq.) )\/\
CosHas ome N2 (0.95MPa)  CisHa” Y OMe THF, MeOH , CisHar 7 OH
NHAc THF, 85 °C, NHAc 2) Solvent swap to n-BuOH NHAc
1 Residence time (t=6h) 3 4
1) NaOH (3.24 eq.) OH Ci7H35CO,Me(1.01 eq.) 1) Recrystallization
n-BuOH, H,0 C15H31/K./\OH NaOMe (0.053 eq.) from MeOH/n-Hepta ne C15H31/k./\
2) Solvent swap to NH n-Heptane 2) Reslurry with EtOH C17H35\n/
n-Heptane 5 (@)

6 D-erythro-CER[NDS]

4y F NI FRFE LB & 2 5 Ru 85K T 5 DENEBRIZEN 7= K EB B S OfIETH vV | 45
TR DB EVEIRME TRIGT A RAFEET NV a— LB AR T D ENTE 5 2V, Z o
7 2 F{b&a¥ D-erythro-CER [NDS]) @ HiE UbE4) 1) @ DKR (dynamic kinetic resolution)
XD AFKRFEBEISICHEHTE, BIIOLEM 3 (2R 3R 1K) kA il o
RuCl (Tsdpen) (p—cymene) £ 0 @, 7> erythro TBIRANZIED Z LN Tx 7= Y (Table 1),

Table 1. Asymmetric transfer hydrogenation of compound 1 catalyzed by Ru complexes

Catalyst (0.2 mol%)

Q9 HCo,H (3.0 eq.), EN (3.0 eq.) M OH O
C15H31MOM9 T 60°Can  Citar Y “OMe + C15H31/'\‘)J\0Me
NHAc NHAc NHAG
1 3 (target) (diastereomer)
entry catalyst conv. (%)° de (%)° ee (%)° o
1 RuCl((R,R)-Tsdpen)(p -cymene) 81.3 77 93 RSOZ?;L/?UO
2 (R,R)-Ts-DENEB 98.1 74 97 Ph/K/N\H
3 (R,R)-Ms-DENEB 73.8 62 88 Ph
4¢ (R,R)-Ts-DENEB >99.9 74 97 SO;R=Ts _(R,R}Ts-DENEB

Ms (R,R)-Ms-DENEB

’Determined by HPLC analysis (ODS-3). PDetermined by NMR analysis.
‘Determined by HPLC analysis (AD-H). “The reaction was 20 h.

EHICAENEOR EE AR E LT, AR % Pipes—in-Series 7 v —[G3EE 2 V728 A
fic~ & BEBA L7z, Pipes—in-Series 7 B —[UGEEEIIHEARD A T L& LOMMNED Y ¥ 8
~%ﬁﬂ:m&Abﬁt%%f%@ IKFEBEE CRAET DABE L 25 CO, W AEZHRREL

WCHEHH T A Z EMTE B EEX T, FEB. Pipes—in—Series 7 v —ndEE L, [F UZEHA
E®Ay?ﬁﬁ~F?V~7%%wkﬁ:%NTﬁm%M$ﬂﬁhbt(hmemo



Table 2. Comparison of vertical Pipes—in—Series reactor and batch autoclave

(R,R)-Ts-DENEB (0.1 mol%)
HCO,H (2.0 eq.), EtsN (0.3 eq.)

Q Q9 N, (0.95 MPa) OH O
C1sH3; OMe ™t g5 oc > CisHai T OMe
NHAc Residence time (t=6h) NHAc
1 or Reactiontime (t= 6 h) 3
Head space
entry Reactor of reactor (%)  conv.(%)* de(%)® ee (%)b
1 Pipes-in-Series reactor®  about 13 96.5 69 97
2 autoclave in batch 30 95.0 69 97
3 autoclave in batch 13 82.0 69 97

®Determined by HPLC analysis (ODS-3). ®Determined by HPLC analysis (AD-H).

“The 400 ml vertical Pipes-in-Series reactor was used.

KIZ, 100 L @ Pipes—in-Series 7 B —[nd&i&E 2 AW T IERr— L CORER%Z Fit L 7=

(Figure 1),

Figure 1. Outline of the 100 L vertical Pipes—in—Series reactor
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Figure 2. Behavior of continuous

Y)—CIRE 2 il U 7= g, IR asymmetric transfer hydrogenation
- s 2 Y N, e Conv.(%) = Product/ (Substrate + Product) X 100
R L IR IR A L DS DIREZREIZ o0 [
A L C 36 REHIREIK LT, SUSERPN S SUG
T 7z S fgid, #ae—HE L CIERIC
LE LT bR LB PUE TS ETT 5 s0%
AR LT (Figure 2),

Conv.(%)

de (%)

970 | —

1
e ) ==
Fm. RIS REY V7 IEDTER  60% :

; - Feeding
SHT L. BRI EIR, I o RPER < 09 / f : . :

1
[~
U T \ 4 T T T

BRTECWA D L AR LT, -4h fon 8h 12h 16h 20h 24h 28h 32h 364

-ofFeeding strate reached. ‘tion ended.

FEEUEEY Dot T I RULEY 6) ~O— B Lol AFE 2 ZR T 5720121, 2fE T
BROBEFLAMLETH D, RO, {LEW 1 OKRFEBEIRIS TR ONTEISK Z Z D E EHWT
TATNVEZIRITLT D FEICOWTHRR L7z (BB 3—4) . SUGHRIZ HCOH & CH0H ZHSN L .
PTS (Powder Transfer System) C NaBH, ¥y K%/ & OEFHAIC AT A Z & T, AEICKLE
TS Z N TER (Figure 3), ZHNICEV ST vt A, HEEHENE $IC CSTR
(Continuous Stirred Tank Reactor)BERESS O BRZ DL Z LN TET,

Figure 3. Outline of PTS for continuous NaBH, powder addition and Ester-reduction

chamber=2.21
(Dietrich Engineering Consultants sa)

Powder

Chamber

Air N ) Vacuum
(for valve) Nitrogen

Vacuum Pump

NaBH,4 powder
C15H31 e OMe 24 kg/3 h
NHAc by PTS-80
3 l (Powder Transfer System)
Solution of Asymmetric
Transfer Hydrogenation {H
S
C°“"?' 465 kg 300c | CisHai” > OH
Pane (contained 77 kg) NHAc
Additive :Methanol, 4
K Formicacid / conversion >99%




S blZ, TATIVETTHE LN ONEIE, T AALRISIC K D0 V-7 v F TR (ke 4—
5) L AT TV METRULEW 5—6) 2t THRILT5E T I K6 DIWEPHFONDD, 4P
R CTOREEZ T DO FICSZ B O RS e IZWRITEER O e G AT 2720, E7IR6D
fiti i I X DGR ORI N MBE & 7 o7z,

MR ORER, YD R D 2 SOWAIDOREMM & @H OARILEM OB & LTE
EWIRER TORRLZ A YD 2 & T, AP DIRELIRETE LI L2 AL,

FEROE D HLUICOWT S, i AidEE CTd 5 MITSUBISHI BBF (Blowback Filter) 201+ 2T
T2 2 & T, BB ONEENFTREL o=, SO MMITAGTHE b E L,
FEFIZ B2 WE T o 7= (Figure 4),

Figure 4. Outline of BBF for continuous Ceramide crystal filtration

Nitrogen

Blower

:

Gas-liquid
Separator

Wet Cakes
29kg/h

Mother Liquid

¥

/y\/\ Crystal (wetcake) - Purity99.9%
CisHai™ Y "OH 58 kg (106 kg)

- * White ramentum-formed crystals
Ci7HasNH

\[C])/ + Loss of dryingca 45%

UEDXoic, 7 ROAK T B AIZDENEBYZ2 W5 Z & CTREMAEMET 2 LN TE, &
5|2 Pipes—in-Series 7 0 —SEE AT 5 Z LI X O RISHERM L35 2 L2 R L7, BEF
& EOEE S DY KSR % B £ 7 LM e B D B TIROSUSIZHND Z LI H B L TE Y,
BHEUROHBEZ1T S 2 & e BRI FER FRE/2 7 m B A & fENr LT- (Figure 5), LR —/L
TORGERE RN S, BUEOHM CTHAEM 10 t LLEDO® T I NosEkr/ AENFHE & RIAAL TN D,



Figure 5. Consecutive production of the Ceramide compound 6 (D-erythro-CER[NDS])

Continuous Asymmetric 17
Transfer Hydrogenation Reaction (] ] D
C Consecutive Ester Powder
To /R‘U‘CI Reaction Transfer
S\N'
ph/k/N/‘H System
O O o OH O g OH
Cat. (R,R)-Ts-DENEB
C15H31)J\)J\OMe _— L5 (315"'31/'\;)]\0'\/'e ~ C15H31/k;/\OH
NHAc 5 NHAc NHAc
—
1 80kg 77 kg, 96% yield >99% conv.

(by quantitativeanalysis)

>69% de

Continuous Separation

[ Crystallization and ] /

OH
— C15H31)\i/\OH
NH

Cy7H3s

(@]
and isomers

Mitsubishi BBF K
(continuous filter)

6 D-erythro-CER[NDS]

OH \

CisHai™ Y OH

C47H3s5 NH

i

o

58 kg
47% overall yield from 1

>99% de, >99% ee /

References)

1) Touge, T.; Kuwana, M.; Komatsuki, Y.; Tanaka, S.; Nara, H.; Matsumura, K; Sayo, N.; Kashibuchi, Y.;

Saito. T. Development of Asymmetric Transfer Hydrogenation with a Bifunctional Oxo-Tethered

Ruthenium Catalyst in Flow for the Synthesis of a Ceramide (D-erythro-CER[NDS]). Org. Process Res.

Dev. 2019, 23,452461.

2) Touge, T.; Hakamata, T.; Nara, H.; Kobayashi, T.; Sayo, N.; Saito, T.; Kayaki, Y.; Ikariya, T.

Oxo-Tethered Ruthenium(II) Complex as a Bifunctional Catalyst for Asymmetric Transfer Hydrogenation

and H; Hydrogenation. J. Am. Chem. Soc. 2011, 133, 14960—-14963.

3) Touge, T.; Nara, H.; Fujiwhara, M.; Kayaki, Y.; Ikariya, T. Efficient Access to Chiral Benzhydrols via

Asymmetric Transfer Hydrogenation of Unsymmetrical Benzophenones with Bifunctional Oxo-Tethered

Ruthenium Catalysts. J. Am. Chem. Soc. 2016, 138, 10084—-10087.

4) Yuki, Y.; Touge, T.; Nara, H.; Matsumura, K.; Fujiwhara, M.; Kayaki, Y.; Ikariya, T. Selective Asymmetric

Transfer Hydrogenation of a-Substituted Acetophenones with Bifunctional Oxo-Tethered Ruthenium (II)

Catalysts. Adv. Synth. Catal. 2018, 360, 568—574.

5) Touge, T.; Sakaguchi, K.; Tamaki, N.; Nara, H.; Yokozawa, T.; Matsumura, K.; Kayaki, Y. Multiple

Absolute Stereocontrol in Cascade Lactone Formation via Dynamic Kinetic Resolution Driven by the

Asymmetric Transfer Hydrogenation of Keto Acids with Oxo-Tethered Ruthenium Catalyst. J. Am. Chem.

Soc. 2019, 141, 16354-16361.



(JSPCB#FE 2)

R 7 e R A A 1T 72 E2212 JRER D Zh =R py Sk o B %%

T —H 1 (BR) PST JFERmF5EH
OBEFTIGEZE - kKA - B Bt

Development of an Efficient Manufacturing Process for E2212 toward Rapid Clinical
Introduction
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Process studies of E2212 drug substance (1) toward rapid clinical introduction are presented. Through
comprehensive route finding studies and optimization of key condensation and cyclization steps, a
racemate-based manufacturing route could be established and successfully scaled-up to hundred kilogram
scale. For a rapid delivery of drug substance containing Z-isomer for preclinical safety studies, successful

scale-up of photo-isomerization of an olefin under flow system is also presented.

F2212 JEE (1) 13, OG5 agElry I/ L X —F « T2 L —H—ThHV . TV A~
DIRFERAINZ Big L CRHENTALAEH TH 5, BHIBEARE AT, BERBRE L O FEIER
IRERBRIC LB IR A & A D) — I THHET =<, P rv AFRICER Y AT, KEXETIE, 20
FZOWTREKT D,

1. B — RER L E
WREMTHWONIZERMV— P2 FREICRT, AV — b & W TR O FERR AR ER H D 537
s SN2, 1) I IR ()5 DHENZF T /L HPLC ZHWTWAE, 20 U B AV h T L%%
AL TWD R, 3)lH Ol TIETWNEE 7 i sOs (140C) A L TV D RN A7 —vT v 7T
IARME EB 2 DT, RO O T T, SBOBIFRICRA b7l — s &<,
ST, MR BV — MEREIT S T2,
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Route A /N = + B N CF3
N/ 2) NH silica gel chromatography
Me 41% vyield
6 (S)-7
CF3
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OH CF3 1) SOCl,, DMF, rt; MeO. N NH
_N Et;N, 70 °C e N
Meowo HoN 2 | ° — ()5
Route B _ NH 2) NH silica gel /=N
N//\N HCI chromatography N// (8)-9
o Racemizable Intermediate
23% yield
Me 3 (S)-8 o yie ¥Me N
toluene-AcOH (5:1) 64% yield
70 °C
CF
N N2 1) p-TsOH hydrate NH s
OHC CF3 NaBH(OAc);, THF HN”
MeO N\ N O O°Ctort I
Route C | * NC MeO‘N\ NN N
7N 2) silica gel chromatography _
N /N
10 -11 99% yield N _ (S)-12
Me
Me

Optical Purity (% ee)

Route Precursors
Precursors
A (S)-7 >97
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C (S)-12 >98

FIIERRITNZ.,. 7® I PEA(£)-5 DN

(8)-5
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27 * ee was measured at an upstream intermediate
39 (see reference 1))
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B, C IZBWTIIHMIA(S)-9 O T I3 E 7258, A—bh AZBW I v 7V 7 HRE(S)-T
DOFBZEWTRZEL Y, YU BSND T LE2LEHT LBV THRERD -T2, — 5, T IL—
KD,E) TiX, WIFNhoh vy TV U THREL Y BTNV AT KEHAWD 2 L e < SHERE R ATHE

%V, @ T 2 R () -5 O EI TR IR E 0 245 B 00, JikolEy - ﬁﬂﬁﬁ%

FAIATe Z & CIRE TH I AN—FAEE B b, LELY | DO vt ABFEITILT & I GV

—MERATLZ L Lc Ee = FD EEZMI LG L— FETIXE RT Y Uk (£)-16

DLEEVERENZ ENIVE LA E o7, TMSOT D2 A R RAHEMEmWNZ &b H Y, b— kD &L



FeDBRFENL— F & L TIE LT,

2. #ifs - BRAL TR O Fom b et

P& 72 DA - AL LROIUEZ M B3~ Ral{bRit 217 o 72, Mty « BIE LROKIS A B
= AL E TSR T, JNEMEAE 7 = — X EBIL T = — XD NS0 . ZNO pl (T 72b b
HWIDOBR) CIREIS U T, ATV — I (£)-22 LB LEMR (£)-21 NEEFEIESE L
THART D Z B30T,

Condensation Phase

cl Condensation Rate Tnazole precursor Cl

Neutral

CF, Neutral >> Acidic > Basic Basic %

HCI NH cl N/\N
—
(17 o 1 CF, _EtOH 7) ()19
H Me
+ Base-1 MeO- N~ N’N -
—_—
‘ _ HEto' NH, ~
MeOH /7N NH,

Oxadiazole precursor
o) Temp-1 N%
+)-18
MeO ‘ N\ X NHNH, Me (1) MeO IJ/\)L
P L _
7N [j
icli /N
N% Acidic N//
Me 10 Me (£)-20

Cyclization Phase

-N
N CFs MeO N '7 )
HNTS [ N CF,
HN -
MeO N\ N o /~N =
® N
Undesired N )24
. = Me
Alkylation ot 26
Base-2 0o CF, |\/1-N
Temp-2 MeO. N S N MeO N\ AN N/ CF3
B N~ . ‘
1)-19 H
() pu ‘ _ NH N//\N & @
Desired N~ ~ ()5
Alkylation | Me )9 i Me (Desired Product)
cl
N—N
\
MeO. N~ A o CF,
(£)-20 - - \ P @
Base-2 N//\N
Temp-2 =
(4)-22
Me

WEOBEIR & SOSREN RN 7 v 7 7 A M2 8% TRIORT, fid 7 = —XIZB W T
WX, RPRERIEICMHELS LA T ()22 BEEFIES L, P~ R TR s el il
SIND, ZIUIRFOEERMENRRLS 2 51F L, MIME ()18 FD T I/ RO BBERENE T - &5



Z N5, WZHEEENRERLS 20 T X5 LHiE 7 = — AOERBE P BIRICELS 705, BIL7 =—X
IZHRWTIE, }im{mfﬁ>m< A LYEL TR WERFAIDDLDOSFNT VIR EIT L., BR{bLR
PEIR (£) 21 DNREVAET D, M7 = — X EE N, HEMEREWVIZ ERISMEE SN S,

Ent Base Temp. Time Impurity Profile (254 nm)
ntry (eq) (°C) (hrs) 10 (+)-19 (+)-20 (+)-22 (+)-9 (+)-5 (+)-21
1 pyridine (6) rt 27 17 67 8 3 5 1 0
2 imidazole (6) rt 27 3 61 0 0 24 12 0
3 Et;N (6) rt 27 91 6 0 0 2 1 0
4 none 60 37 20 13 8 42 12 2 2
5 imidazole (3) 60 37 45 9 0 2 0 29 16
6 Et3N (3) 60 36 82 2 0 1 0 11 4

FRROMRE S LI, ME 7 2 —X - BLT7 = — XZNEIUTH L TRIER S Z R L, &l
NRANRFMEMENLT D En kK (FFR), A MIL DHOREOA IX Y — LR N
ULATRPOMEELZEEICHROZ L, DAY = — XHER - Bb7 = —XHiREZ EF5 2 L, 3)
BALZ ==X b N ZF AT IV ERMULRISERES 52 L 4) A I7— M (E£)-17 Z/MEE
WHZ &, RETHD,

Condensation Phase Cyclization Phase
Entry Imidate HPLC (area%)
(¥)-17 (eq) Base-1 Temp-1 Base-2 Temp-2 254 nm /271 nm
(eq) (°C) (eq) (°C)
1 1.0 imidazole (6) 30 none 30 73/ -
2 1.0 imidazole (12) 30 none 30 85 / -
3 1.0 imidazole (12) 50 none 35 80 / --
4 1.0 imidazole (12) 0 none 35 86 /90
5 1.2 NaOAc (12) rt EtsN (4) 35 - 194
6 12 NaOAc (6) rt Et;N (4) 35 - /94
FROFECOBRE T EONM vy N 7T MbEZ{T o7 (Entry 4 1IZ8%25 T 25T 20 kg A

A— L Entry 6 ([ZEEM4 T AT 130 kg A7 —L), WTEND A7 — LT v~ FIZBWT H T RS
RAEBRSHIE L, VHOBKRERICVNE 2+ oEDFEEE 2 A4 L) — |65 25 Z Lk,

3. 7 —RSE AWM XD Z KO FHHR]

R ERACE N2, BRI OIRIED A7 57, FEHIR L RIERBRIC LR A X A 5 ) —|Z
a9 2 Z &L bIFFICHE L 0D, E2212 FEDGE, WALOWRTA L7+ ORMARETL 7
K@) NV ERIET D Z ENgho Tz, TDibt b TORKRBREZ RGBT SEIC, 71K @23) 24
B AT IRERO 2 v & FEER 2 BVERBR CHER L TR RER D~ 7o, T2 T, R L 2R
Fhad D DI+ 70D 271K 23) ZFH S~ Mt EIT o7,

N—N
72

) hy MeO. N~

MeO ‘N\ X N CF3 (UV lamp / pyrex) ‘/ O OH

_— —_— /N N” SN H OH

N N, \ 15 HO

% o oH MeCN-H,0 (1/1) éH O

2 0°C Me
N e o
O CF3
23

OH O

1



TlERRETORE R, E2212 JFEE (1) 2 50%7 & h= KN U LKFCHBHFETLHZ L THL T ¢ OB
ERBIICHEIT L, ERQD) & 2R @3) O L LIREMNEOND Z L2 A LT, £z, Bif/pR
MAL D T2 DITIEE ARG T (1000vol) | FERFR] (<10min) TS ZIT O LERHDHZ & b ol

— 7, BAAMRBRICKNERFEREL LOFSEP O Y — 7y N ZIRE & 1% 25T 5 L, 185g
O 2212 JFHE (1) & 185L(1000vol) D7 & b= k U LK THEMALZIT O MERH DB RET D
BEKIRT > 72RO TAy FRCRIEEFT 91T, RS E D, MBS 255
RFE CORSHIARFRETH - 7=,

PTFE tube Pump Photo Lamp Tube Length: 1m 10m
N

Cooling Media

A

E2212 (1) in

Cooling Circulator Isomerized Product
MeCN-H,0 (1000 vol)

PLEOEIZ L, 70 —5F T TCORBFEITH 2L THRTE LB 27, ERITTRT LD
727 a— A E I BE & IR O b & T v — B AR 72 (T2 Entry 1-3), % Ofs 5.
15y LA F O] C b BAFC BMAL S HEI T35 2 & a8 L7z (Bntry 1), UELEZ BIF 572912,
PTFE F 2 —7 ORI Z X LEZZ T 72 & 2 A, KOCXFRERICET L7 (Entry 4), AKF5&EE2D
LT, 185L @ 1 DR O 7 v — R b (MU 17 Ref)) 2170, MBI N E R+ 5570 &
DK@ EZA LY —ICHET S Z LN TET,

E Tube Length  Diameter Flow Rate Residence Time E: Z: Others
ntry .
(m) (mm) (mL/min) (sec) (254 nm)
1 1 25 9 33 54 : 43 . 3
2 1 2.5 5 60 48 . 47 . 5
3 1 2.5 0.5 600 42 . 45 . 13
4 10 3.0 184 22 5 @ 39 : 5

LUE| E2212 J5E (1) OERREANIZENT 12 Z A R 2 A LT A D77, D) MR 72 & L — MR
REFBIF TORR - T LHIE, 2) FEl e OSSR RS PEARIZ BS MG BML TR OB L, 3) H
I - BRI 2 & o mE i, 46k 27 e —Rifeaih s LT, RARRERE L OERK L 2
ERIC LB L IR D T BDFEE Z A L) =TG5 2 L kT,

RN
Org. Process Res. Dev. 2019, 23, 4, 603-613.
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Deacetylative Amination of Acetyl Arenes and Alkanes

under Transition-Metal-Free Conditions

Kengo Hyodo'*, Genna Hasegawa?, Kingo Uchida?
'Department of Chemistry, School of Science and Engineering, Kindai University,
3-4-1 Kowakae, Higashi-Osaka, Osaka, 577-8502, Japan
“Department of Materials Chemistry, Faculty of Science and Technology, Ryukoku University
1-5 Yokotani, Oe-cho, Seta, Otsu, Shiga, 520-2194, Japan
hyodo@chem.kindai.ac.jp

The Bronsted acid-catalyzed synthesis of primary amines from acetyl arenes and alkanes with C-C bond cleavage
is described. Although the conversion from acetyl group to amine has traditionally required multiple steps, this
method described, which uses oxime reagent as an amino-group source, achieves the transformation via domino
transoximation/Beckmann rearrangement/Pinner reaction directly. The method was also applied to the synthesis of

y—aminobutyric acids, such as baclophen and rolipram.

BB I %, EBNEMEWE YR, AR R BICRZ T b, £ OFEITIEE
IZEW. TR, ERARABECHS BRI W T2 R kT I VA RIEN ZLE T
B EN TV D (Figure 1). HlziE, = b7 L—run B384 A 2 v AfiEic L 5% 5!,
a7 AT U —/u s 513 Pd L2 K % Hartwig-Buchwald 77 7"V > 7 i 2, A8 & g0 © (X8R
2NN TF X - T LAy TV TIOR3, FEBET AT NS =y 7 VR X 2 M7 v R =
AL A B ERREE (7)) =Y — LV akEE, #SAEEE) 2D EAREL S U < ISRk X o THER
72X AEBOS D EIT T 5. SRS, IEFERRACHFER TOILTWS C-H THMHEIRIZ X 2 Tk, okt
ThDHFEBROFEMEMZLEL LW, BRI HELNZD. LNLRRL, ZhbDkik
XN O OERH Y, EHT 2EBGROEN T3 E M7 2 &0, BB O% BRI
B 2EBEREME DL L ITAMERRIRICL D7 2V MEASTIE, BEERSMEE2S.
— 5T, FEBERNLT T a—F DL EERT 2 JALRISN I E TICHLER S, HHEERD
VA SRR LT23E 11, PIFAINBS fF/E R 7 RORBERE L LId~A/7ny-—7



MG ™ HOSA (hydroxylamine-O-sulfonic acid), % il #if /7 7£ & DPH 7 3£ (2,4-dinitrophenyl
hydroxylamine) # i\ %. 72 LC, C-H &1 5HI1E, HHOIXERILFNRT 7o —F b1,
D. A. Nicewicz 5137 4 b b By 7 2FEAMEO G &, DANIVBT r2=0 L2 [, C-HIE

PAVIZ X > TR LTV 5., 8
o™

Bechamp| Fe, Pt,
reduction| Au, etc.

Hartwig-Buchward Organometallic
©/ X coup/ing reagent ©/ M
NH, No catalyst
X =Cl, Br, | [:j/ shotoredox cat,, M = MX. Znl, Li
B PIFA/NBS, electrochemical H

Cu etc. __oxidation, Fe ©/

C-H activation

Chan-Lam type
coupling

B = B(OH),, BF3K, This work !
B(pin), B(cat)

' Brgnsted acid
catalyst

!

Figure 1. Typical starting substances and methods for amination of aromatic compounds

Fo, FRBMELIZLDE -RTELET I VAROEEE LTTEFAT L= b, 7k
F LT L — 1 Friedel-Crafts 7% F/UALKISIZ L > TRBICAKRTE 5720, EHNRMEAEHTH
L., ZDFr—ATIE, ERRXF VAT IUEHWTY bAFv At L, Ry 7~ Rpick ) 72
Ne L, KRG EOD T I o~ BT 5515, 7 b7 2fbF R Y 7 A55 Schmidt ST
EoTTIRELTIKRGELTTY I eT5, LT brZBE L TONRUERE LT-1RIC
T ALF R U U A KD Schmidt BUGIZ L BT 2 L EW S HIEICKBITE B0, WFhok
BEHRIGAT v 7 % Hte (Figure 2). °

— 5T, Rebide ReXi 7 I 0%l s LTAHF A% ML, MSH SR & L
TKEEHE FICE TR IEBERILAZ T 245 2% AWt 7e b7 o A 4% o 2 LRUG % B
FLTE, VEHZ, 7 PO OEBENRT I REREITHIIBET, Ny 7~ G ZIZETD
=RV VT AL AN UTZAKRBMMLUTT R RBRAELD Z EEHLMNC L. "4, foh
kﬁ%®ﬁ,:FUU?A%mfﬁ%?5®fiﬁ< Tha— ko> CT=h IV ALF %
DETHZET, b R RS T I~ EBSHEERAR, SBIZ, BUIBE—&
7:/%ik,M%Iiﬁﬁwﬁﬁw%ﬁ@EﬁMﬁ,m%ﬁﬁﬁk@%@ﬁkéﬁﬁ%&%%f
& v , Gabriel amine & %< Delépine S 2 L > THBRINTNWAHZ ENFLILTWD . Fix b Tz,
TR AF NG N B FEHCRRIIESE — &7 2 AR bl ATe. 12



(a) Previous methods .OH

)NI\ Beckmann

rearrangement

i i Ar Me
Oxime synthesis \ H
/ r -

Me
. . A
o W \[C])/ hydrolysis
Ar)J\ Me

e Ar-NH,
W\ 0 Schmidt reaction
_ Ar)]\OH
(b) This work 0 o ROH .
(0] EO. N & cat. Brgnsted acid
)J\ + \r/ \O/ \Ph AF_NHZ
Ar Me
Me
.O._.Ph ® + ROH
N /ﬁb Ar—N=C-Me
transoximation| Ar Me regrigﬁggggnt Pinner type

Figure 2. Transition metal free transformation from acetyl group to amino group.

Fi 2 SOGRIEEBRRT LTS R, A2 ) —Ah 72T AT L— IS LT b S VR E T,
I XV AGA 2a ZEHS®E S Z LICX - T, BIETHHERT 22 3 0355172 (Table 1).
FTHELURT 2 ML DX D IRNRIIC R & e T E BRIk L TR B < RSN EST LT
(3a-3d). EFReIMEESIL T, fEMEEREICHS, BISHERS D, 40~60°COMEE VB L L
72 (3g, 3§, 3K). FFETRXIE, MOFETIET I MboR ER D= bak e AU ETH, K
EERHOIUTERIICT EFVEOLZT I /L TE LS. AT RERIZOWTS KISFET L 31,
3m). £/, TEFAEEETHRAOET TH D Celestolide THXRET DT I ALIE~ZEHL S AT
HETHDHZ & bR Iz (3n).

IHIC, XTI 2a WY I AERISIE, TETFATL—VREICEELT, TETL
T VA HEICHER L7 (Table 2). Z OB T, HEETREZXSIT D720, KIGNEIZ Boc i
LTHBEELZE, XUUATE MVEPDIXRGRIGETIISET 27 =X F AT IR E LR
(5a-5¢). BN b DS b RIEO 7 & F L IO UIW % £E - Txbiad 2 B8N T 2 > %
7= (5d). Z LT, T nA~—JRIEEIE TH 5 Memantine (Se)lZ DOV TIE, *HST 2 EEND
7 I EICARTED Z L 2R LTz,



Table 1. Scope of acetyl arenes in present reaction

o) EtO. _N. TsOH-H,0 (10 mol%)
)J\ + \(/ 0S0O,Ph >~  Ar—NH,
Ar~ Me Me MeOH, rt
1 2a 3
NH»>
NH2 NH2 NH2
" A AT
™ 4D wo
3a 3b 3c 3d 3e
9 h, 95% 24 h, 81% 24 h, 98% 24 h, 93% 24 h, 72%
Me
NH NH NH
el sl o uii otk
M M O2N Cl NC
¢ 3 V€ 3g 3h 3i 3
24 h, 96% 24 h, 74%2 9 h, 75%2 24 h, 78%° 24 h, 77%°
Me
NH
NH 2 NH,
e .
C )
) B
© H S Me” | “Me
Me
3k 3l 3m 3n
24 h, 82%" 24 h, 84% 24 h, 92%° 24 h, 95%
a) Reflux. b) 40°C.
Table 2. Scope of aliphatic methyl ketones used in the present reaction
(0] EtO N. 1) TsOH-H,0 (10 mol%) 2) (Boc),O, NaOH
L+ 7 0s05Ph Alkyl—NHBoc
Alkyl Me Me MeOH, reflux, 12 h H,O-Dioxane, rt, 3 h
4 2a 5
NHBoc NHBoc NH,CI-
@/\/ /@/\/ /@/\/NHBOC n-CgH7—NHBoc 3
MeO cl
Me Me
5a 5b 5¢c 5d Memantine (5e)
88% 80% 92% 79% 41%3

a) 4N HCI-CPME was treated instead of Boc-protection after deacetylated amination.



ZOMT B FART I ALKIEOIERABIE LT, y-T 2 EEERHEE A b o T RUEH O E IR
Baclofen (9) & Rolipram (10)D &k & #kx 7= (Scheme 1). WiEH & LIV U F o 7| b il
6 # HHIFEEHZ, ~ v VY AF KD~ A AN Ko TRIME 7 245, IRICHREEROG
DB ARUS DT R & 72 DA 8 AR LTz, 912HOWTIE, W7 B F AT I LI,
WERALEEG 2 Z & THAMW~EFHE L. —J5, 10 T T 2 ALRUSHICHE A4 5 Z & TRk

FISZEEZ L, B zise.

Scheme 1. Applications of deacetylated amination; (a) memantine; (b) baclofen and rolipram.

MeOOC._COPMe 4y 5 25N NaOH
0 K2CO3 ) THF/H,0, rt
RU\)HV'G CHy(COOMe), R Me 2> .
2) H,0, DMSO
ultrasound 1 2=
R 6 R 7 160°C
R'=Cl, R?> = H (6a) rt: 77% (7a)
R'= OMe, R? = ¢-C5Hg (6b) 60°C : 94% (7b)
HOOC
MeOOC
R 1)2a, TsOH'H,O0  2)6N HCI NH_-HCl
Me
MeOH, reflux reflux Cl
R1 8 Baclofen (9) O
81%
82% (8b) 2)NaOH — c.H.0
dioxane, rt
MeO
Rolipram (10)
59%

UEXY, BR7eBIE7 v a— At B T 7T T AT L= T F AT AT ATk L
TAFVLARELEHSED 2 LICE T, XV MBIy 7~ VN RIS /%D,
R 7 AWT B F VT IV EREIT T2, BOSHEEIZ3E U CIEE A @ P 2R3 2 & 23R
SNz AFEICLE>TEBEE 7 —CT B FAERNT I ) AL TRy hTEBTEHZ L
DR S, EIELGRSCEM IS BB W THi - AL — O RREEE 5 2 5 Z L B3 HIRF S
D AT, 2O OGS OBREHE RIS A D= A LIOWTHEmT 2 TETHD.
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