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Characteristics of Bio-based Production for Biologics —Therapeutic Antibodies-

Takeshi Omasa,* ** Noriko Yamano, >*Masayoshi Onitsuka **
'Graduate School of Engineering, Osaka University
1U1E-801, 2-1, Yamadaoka, Suita, Osaka, 565-0871, Japan
“Institute of Science and Technology, Tokushima University
SManufacturing Technology Association for Biologics

omasa(@bio.eng.osaka-u.ac.jp

Biologics means biotechnology-based pharmaceuticals which is able to be produced by bio-based production.
Therapeutic antibodies are now workhorse for global pharmaceutical industry. These antibodies are produced
using recombinant mammalian cell culture. Chinese hamster ovary (CHO) cell which was established more

than 50 years ago, is one of the best host cell line for therapeutic antibody production.
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Chemical approach of drug discovery and production for next generation biologics.

Hiroaki Asai
Glytech, Inc.
134 Minami-machi Chudoji,Shimogyou-ku, Kyoto, 600-8813, Japan
E-mail: hiroaki-asai@glytech.jp

We are aiming to provide various biopharmaceuticals through naturally-derived glycosylation
technologies and to enhance human health. In fact, it was difficult to control functions of
biopharmaceuticals by applying biotechnology. However, the time is coming to control them by
applying chemical approach together. We, GlyTech, can provide our leading edge glycosylation
technology in biopharmaceutical industry and as a consequence, we can propose the new de-

facto standard for biopharmaceutical.
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How can we accelerate drug development by early support with medicinal chemistry ?

Medicinal chemists normally (mostly only) focus on the identification of potent/safe drug candidates,
then pass forward final drug candidates to process chemistry team in order to make large quantity of
drug substances for GLP, GMP and manufacturing. However there is a huge gap between synthetic
chemistry in medicinal chemistry and process chemistry from several points of view. For instance,
cost of goods is one of key factor, applicable solvent system, affordable temperature, and hazard of
goods and chemical reaction itself. If medicinal chemists could seriously consider process/process-

like chemistry early on, we might be able to accelerate scale-up chemistry.
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Optimization of a Crystallization Process for Orantinib Active
Pharmaceutical Ingredient by Design of Experiment To Control
Residual Solvent Amount and Particle Size Distribution

Hiroyasu Sato*
Chemical Technology Laboratory, CMC Division, Taiho Pharmaceutical Co., Ltd.
200-22, Motohara, Kamikawa-machi, Kodama-gun, Saitama 367-0241, Japan
hi-sato@taiho.co.jp

Orantinib is obtained as a final active pharmaceutical ingredient (API) through crystallization by neutralizing
the potassium salt of orantinib in a mixed solvent of isopropyl alcohol (IPA) and H,O. However, the amount
of residual IPA in the orantinib API varies, and the neutralizing crystallization makes control of the particle
size distribution of the orantinib API difficult. We performed 36 experiments using the design of experiment
approach to screen and optimize the process parameters for an orantinib API crystallization process and
demonstrated that it was possible to obtain the orantinib API with the desired amount of residual IPA and

particle size distribution.

Introduction
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REEH EORMBEN Do T27e, B e TS T TR OR F DM DR A RLET 5 2 LK
HHNTWe., ZOXK D 72T FM D, Orantinib JFEEDOKRE IPA B&X R FESMOW T 2= b
—/V L CLIE LT B DIFENG O N 2 BAERENT 7 0t R 2T 208N b T,

COOK COOH
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o) 0
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Scheme 1. Scheme for the synthesis of orantinib from the potassium salt of orantinib

Orantinib JFEE O FAT HIEIL, BRIEFSSOGIZ X 2 b, ENG ST TH 5. KISeaT Cld—
WA BT VAL DAL U E U WEFREE DS B LT 5720, AT I TR 1
Bofiar bua—n325Z2 LIZREETH 5. BEEELIIMEEWOMEIC L > TEx Th D720 —
e b3 #E L <, F7z, Process Analytical Technology > # H\\\/oA > T A4 =4V 7T IKRHE
IRREDFE S ORI ZET 5 2 S IXNEE 2720, fhdh & LTHRY LU CFHMEEd 5 Lo ks
Mole, ZOXITT e A2 —KARBERICE TIOLENHLS, ATy hEeT U Ny
R CLDEHIE CERWEAE, 7B ANRTA—F2EHTHZETT U Ny bOMEE MRS
LZEnKRDOND. L, BTOT kAT A—%, S5IZFNEROMEMER T 5
T OIWITEE O FIETIEW R FZERE L L E D, 2O L) Gda, EBREFETTE (Design of
Experiment, DoE) [XFEFICA MY —/v L7 5. DoE %, WD X WERGILEEZT VA L, iR
ZWEENRT T 5 Z L A B & T OREMFOICHTE T, RAT 4 v v —2% 1920 FRIZETR
BRaDAEMBLUTHREIE. BF, EELGEICET 51X 21— 3 & LT Quality by Design
OB O DO A INTZ LIC kY, BETREEY 2N E CULEICHESEMEL, "AoME % E
DIAATNS ZEMRRD B, FIRMET 08 AFFEIZBWTH DoE & M 7ok b O 238
JLTng 19 ZolS HEFHE Tk~ T, Fx OFRIS, T, SPrERR R EZic bl b
12 FexlE, DoE & JHWTIERAWEE K ORI B0 = > b v —/L % B 5 L7z Orantinib AT
7'a 2D E L D) .

Results and discussion
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Orantinib JFHEDFEH IPA ST TR & O el LR TIE— &MU B L2 & 2vbhino T
WioTew, EITRERCIRE S T b B bz, £z, FCRETHEL W DICHLBED LT,
ga P OFREE IPA R ORI FEAIEL, 7y MNEATAZYFRROLNTWe., 22T, datriifElc



BWTC, WEICERELZRTTEEZOND SHEOTuv AT A—2 22T L GRBEE, IR
RLEK, WREE, PRERMEE, MERRUREL, SEESTE NIRFR), & pH, BAIMEEREIE), 22U —=r 7 5EER
ZATWVIRR IPA B R ORI BRI BEZ KT T T e B ARTA—=F R RTH & L L. BT,
DT mEANT XA—=HITDONWT, YRFORLESGA: 2 oA HER & Sk A SR BRI DH 2 5%
E L7 (IR : 16.4,21.4,26.4 viw, TEBEFARL : 31, 41, 51 vol % IPA/H,0, IRFE : 40, 50, 60°C, 4%
FRIEFE : 80, 160, 240 rpm, MRFERIEFE : 7,12, 17%, HEMEEHE FHFRT : 1,2,3h, & pH: 1,3,5, BN
PRPPIER 0 0.25,1,1.75). £ LC, #ati#lr Y 7 o =7 JMP @ DoE #§HE (7 2 % LGHHE]) % fii ]
LT, Hulom 2 FEBRZINZ 72 18 EBROFBRGI M 2 {ERk L7z, AT, R TORAFEHAZHE
T HIII K72 EER S (64 EBR) NULETH o172, K7 0t AT A =2 DT EOHEE % I
HE L, AIRERGE DAL AN bHEE TE H5HE (16 F25R) 280 L7z (28— S Ha BRI F 1,
Resolution IV) .

{ERY U 7o EBRETHENZ D E Orantinib JFEE AT LK IPA & (~y RAX—ZXF A7 a~ 7
T 7 4 —iE) RO (L— R /EELE) Z280E LRSS, JHVWE Y, 15 5472 Orantinib
JFEHEDFEEE IPA & & B RO ITEBRSARIT k- THHE 27503300 B, 7558 IPA &1% 3023-9307
ppm, KI5 A01d Dio: 1.5-6.2 um, Dsp: 2.4-9.5 um, Doo: 3.5-14.0 um T > 7=. 354172 Orantinib
JFEED TR TR0 i b/ S 7SS (Dio: 1.5 um, Dso: 2.4 um, Doo: 3.5 pm) & Bz & K& 725 (Dio: 6.2
um, Dso: 9.5 um, Dog: 14.0 pm) DFEFBAREIBIZE 21T o 7o 2R, Figure 1 1277 K 9 IZH & )MTHG &b
DRKE SNTEWVWRRO vz, $E-> T, Orantinib JFEIIEHIRFESE TH D28, L—VEPT/EGELET
DR B ARNET — X I XREOFRHOKRE SERTIEIRICRD Z B8R Tz, £, Boh
72 Orantinib JFIEOH AR X FHEOFERIE, TR CEH/N\Z — R LTz, 2O E0h, B
FITER L TR 6T, F-8E IPA TR AR TISRMICH LA bl b D LE 2 bk,

Figure 1. Electron microscopy images of orantinib APIs obtained under different conditions:
(a) Dio: 1.5 pm, Dso: 2.4 um, Doo: 3.5 um; (b) Dio: 6.2 um, Dso: 9.5 um, Dop: 14.0 um.

B IPA &7 —Z 2O\ T IMP & VW CREFHIENT L72/5 58, IREDFRRY IPA &Ik L T b 78
VW2 T T L, IRENEL 725 LR IPA BRI T AN S D 2 EAVHA L~ Wiz, fi



THE Dso ZRRFHIENT L 7RG 3, VRBEH A ONEEE DS RIFEEE ISRV 2 KIE L, B TPA LN
<725, MTXRENELS D &, KT Do DREL RDMAN RSN, 72E, K1’ D,
Doo DFREFHEHT & Dso & RIREDFERZ B 2 7272, KRR Tl Dso # W Cilam 5. BLEOFER DB,
FRRE TIPA & XATRLF BRI EE KIFT 7 VT o AT at AT A—4%, IR L EEkRR T
D ENbnote. —J, WERRE, Bk pH, KOSBIEERRERIL, 78 IPA &N Ok 125y
B L 5272002 RN T=720, 7t AT XA —2OE(/LTIERNATDHZ & 8 L.
2. TrANRT A —F DL

A7 V== ZIZBWTKRVIAATE T v AT A —4  (VREE, RBGHAR, IR, HEPERE,
HERATE TR 12 oW CTIRE DR ERBET 5720, IWEHEZIERT L2 L& L. ZDRRIC,
PR TPA B3IV 72 52 &%, KO MMITZ N F CTiciliE & 7= Orantinib 53R & FZED 0

(Dio: 1.7-4.1 pm, Dsp: 2.6-7.1 um, Dog: 3.8-12.2um) ZH6N5 K HICTHZ &2 ENENHIEL
L7z, 758 IPA B2 KL, 2 OFTEOR FESMBELND X 91T, Kb 55 CIIEREIH 4
JERE L72 (IRFE : 40-80°C, WARIEERAAL @ 11-51 vol % IPA/H.O, VAIEE: : 16.4-36.4 viw, LB THFR] :
0.25-3h, FHERHEFE : 40280 rpm). ¥ L C, IMP @ DoE #ERE (JLIERFH) ZFHAL T, A7 U —=
R (18 F2BR) 12 15 ERABIN LT, Rk EER OSEdhmET V) O FERRGHm 2 /ERk L7z,

VERK U 72 SEBRGTHI 2 H5-5 X Orantinib JFEEZ T U oW 21T - 72455, 15 54172 Orantinib JFUEFED
Pl IPA ® LRI BRI AZ V) —= 0 T ERICHA_T IV BEERZENTBD D, FEE IPA &I
413-7659 ppm, R 3R 1L Dig: 0.7-7.1 pm, Dsg: 1.0-11.2 um, Dgo: 1.8-17.1 ym TH-o7=. —77,
#3 B AU7= Orantinib JFSE O FERR E I ERE RN T, WESEARKDS 11 vol % IPA/H0 D & &, X
23 80°CD & E D HFFEDFRFME A Mt L7z (0.00-0.09%). Z OfERZEE 2 T, RSt %
X HIICTHIZ 0, BFEERR O FER% 21 vol % IPA/H,0, 1iE D _EfR% 70°C &+ 2 Hf &% E L.
INZ T, B ISR G ~D A7 — VT » 7 HMBE LT, ER% 200rpm &3 525 E L
7.

EROT ARG A—=2OHKOFT, A7V —=" 78 (18 E8) & ik ToBMER

(15 328%) DFF 33 FHEBROT — X 2 L CTIMP Thigte7 /v (RZdhimET V) Z1Ek L, 7%
IPA & &R 188 Dso D)7 O HIEZ il it 9~ 5 Bl S/t 2 FHRIC L 0 8o (IR 36viw, BRI
Ji%: 22 vol % IPA/H,O, {EFE: 67°C, FEHRHEE: 200 rpm, HEEETE FEFHE: 2 h). Ehrh kil co
TRIE L, 7R84 TPA & 2223+1210 ppm, H7 1% Dip: 3.240.8 um,  Dso: 4.9+1.2 ym, Doo: 7.4+2.0 pm
TohHo7z. Figure 212, 7 VT 4 W7 ARG A= ThHDHIRE L REHRICET 2758 1PA
B R ORLAPE Dso DEEART 27 7 AN (THA L AR—R) ZRT. THA U AR—RDOESHR 1T
THEORRAZBE LT, L0kl <E&E L7z (FEH IPA &: <3000ppm, Dso: 4-6 pm). Eiu7-
REFREIT A AN—=2DB L EFDITAE L TR Y, FRH IPA & L R4 Dso D775 B
OFPHICILE D504 (ZEH]) 3H D Z L3R TE .
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Figure 2. Contour line profile for the amount of residual IPA and particle size Dso in relation to temperature

and solvent ratio. The design space is shown in white (amount of residual IPA: <3000 ppm; Dso: 4—6 pm).

3. BRAEER

SR VBN RS CREEER | Z#E L2 L 25, 5 IPA BT THIEE Y (2138 ppm)
ThHoTeny, RAENTHIEL W /NEVY (Dio: 1.6 um, Dso: 2.7 pm, Dop: 4.2 um) i & 72 o7z, %
T, UHEERT —FEBINL CHEFET AV EZRR L, MERERME (EEEE: 36v/w, IR 25
vol % IPA/H-0, IR JE: 70°C, FRFREEE: 200 rpm, HEEETE FRFH: 2 h) X OV TFHIME (5588 TPA & 23194933
ppm, B T£E Dig: 3.3+0.8 um, Dso: 5.0£1.1 um, Doo: 7.5+1.8 pm) % & &, FRFEFEER 2 %2 5206 L 7-.
ZDORESR, 758 TPA &, R &0 & I THME®RY Th v, HEMELIRO il (B IPA &: 2622
ppm, 2297 ppm, BiT-£E Dig: 3.5 pm, 3.4 um, Dsp: 5.6 pm, 6.0 um, Dop: 8.6 pm, 9.7 um) . 6> T, 78
IPA & LRI FRAMOWSF O BELZME TEDL LI, TR ART A—F Kb T5Z LN T
72 F7o, BEEEBR 1 KOV 2 T S 472 Orantinib JFEIROXEGMVE 1T IER DRI L [F%ETH - 7=,

S DICHR & I3 EaE Lo fiE A BT, pERhE 2 L U OSBRI, SRR 2 & 0BT
DWERZEMZ, A vy b7 7 bakfE 2 LT Orantinib 3K 3 kg D A7 — L7 v 7l %
Fhe L, BHIEL T D5 IPA &KX ORI -804 D Orantinib JFHEA 1G5 Z LN T2, E-T, A
=T M A D) DRER T v A RS H LN TEREERD.

Conclusions

Orantinib JFUHE D FHT 1B TR I KON X2 F T TH L - DR B oM D=2 > ha—/b
WA EE L <, FEERREEIMEEHOMEIC X > T L TH D720 — R BRI TITD



HZENEHELWEEZ BN, Fox X, DoE ZfiH L T4 36 558 C, Orantinib FERSTO 7 v &
ANRTA—=HDAY V—=7, Fiift, KORGEERZITV, K200 M OF% S IPA D =1
fa—LEmNTCE A7t 2ax R L.
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Highly Practical New Methylenation Reagents for Aldehyds and Ketones

Kaori Ando*, Takahisa Kobayashi, Nariaki Uchida
Department of Chemistry and Biomolecular Science, Faculty of Engineering, Gifu University
Yanagido 1-1, Gifu 501-1193, Japan
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Abstract: A new Julia-type methylenation reagent, 1-methyl-2-(methylsulfonyl)benzimidazole 1 reacts with
a variety of aldehydes and ketones in the presence of either NaHMDS (-55 °C to rt) or +-BuOK (rt, 1 h) in
DMF to give the corresponding terminal alkenes in high yields. The byproducts are easily removed, and

the reaction conditions are mild and practical.

TNRZIACE DD T VT v a BT D NI A A RIZ B W TEARBN R KED 1 D Th 5,
KT VT AIRBIZUTLERONDEET, AL T 4 U AZ B ARV T~ bu B =GR E
DOIEELLTH LIXULITHWOND 20, ZOEMIETERICIFE SN TE 2, Z<DATF L U1k
AAFEDY Wittig, Peterson, Johnson 512 X U BAJE S 41, Tebbe slZER° Nysted iRFE/R EDI A XY w7
RIE, SHITITBBSREMEL AW HERELBIN TS, ZRHOH TREBEICHNS
NTWD DN Wittig iREETH 5723, Wittig SUs TIXEIZET S PhyP=0 OFGEMENE <. D OEEE
VT3 NS YRR D T AR & O STBERREEC 72 5356 H 2\, Julia-Kocienski K& (7
AR b Julia Bt & &

I s) 17 v 4 | Wittig reaction o
DAY —/ L L | PhgP=CH, + RJ\R' S J\R' +  PhgP=0

TRLE<HVWBERT ylide aldehydes or ketones terminal alkenes  by-product
B, AF LA
la-ld & % S FLC U Julia-Kocienski type methylenation reactions

Q 0
I
Ho LLy RIEOW Ar—s-Me + ][ base _ g+ AOH + SO
oy R Rl
RRPLRIED G E D 0
FORROGRE L 1 aldehydes or ketones terminal alkenes  by-products
MCHT LHEHANLR
N ) F3C 0] /N_';j (ll) N O
}iﬁ; & Vj: foﬁ D VCI/ \fcﬁ v \o \>_§_Me 1] N, ISI_Me \>—§—Me
S i Me N6 N &
‘ N Y- (@) X )
Frlg_o X4 IFY 1a (BT) S 16 - 102PT Vie
=t-Bu1d (TBT) 1e

— LA LR 1e l2EH



L7z, le [ 32722 K0 AT @:N\>_SH 1) NaH, THF @: \>—S Me oXone @: >—S —“Me
. - i ~/H N 2) Mel, quant 92"/
fbefbic kv ELSIZHGEOND & |
2 H 3 e Ve 1e
Ezbh, EHIZEDOT =4 0%

T RISV ANR Y DT = AR TRERL LR S DTh D, FEEE 2 OV AF b
BOSIXEERNCHEIT L, AR ~OBLKIE S A X Y v E W TEIETITA 2 Z E BN nhol,
BoNnz1ellL D p- A FFT TN 72/ 2aDAF L AURIGEIT> 72 (Table 1), le & 2a
® THF ¥§#&1Z—78°C T NaHMDS (1.3 eq) Z A 7%, | FE Thp-> < U FIE L7721, 42%DIE
THRERT V7 3ah 4 &L b b 7z (entry 1), LIHMDS <° KHMDS TITULEIME T L, &t L
L C DMF &% EIERIE 79%I21m) F L 7= (entries 2-5), & BT, DO EE 1.3 eq 0B 1.7 eq ~
WL LT 88% DI NG S Tz
(entry 6), &IZ, £V EHIYRFHFIED

W#iA475 2 & & L. DMF . iR \>_S_Me J@J\ base Q)k @[ o
||
T +-BuOK % V2% k& it Lz, '802

Me 1e 4 Ve
1.7 eq DI TIL 58% DI TH > 7=
M. 3eq DHHAHW 12eq D 1e & H

Table 1 Methylenation of 2a with 1a?

entry base (eq) solvent conditions yield%

N o 1 NaHMDS (1.3) THF -78°Ctort 42
VWD E N2BDILFET 3a BFOHTZ 2 LiHMDS (1.3) THF  -78°Ctort 21
(entry 9), = D&% Smmol A% — 3 NaHMDS (1.3) DME -55°Ctort 54
TIT O EINERIT 93% & 72 > 72 (entry 4 KHMDS (1.3) DME  -55°Ctort 25
e g, g 5 NaHMDS(13)  DMF - 55°Ctort 79
HExVER VB CRISHAETTS 7 tBuOK(1.7)  DMF  rt,5h 58
7. L0 ERBSRAFLALEIET 8b t-BuOK (2.5) DMF rt,1.5h 79
. 9® tBuOK(3.0) DMF rt1h 92

- Sy T,
BB T LB 10bc £-BUOK (3.0)  DMF  rt, 1h 93

le ZHVCHEADY F T AT a) 0.3 mmol of 1e and 0.3 mmol of 2a were used.
E RO X F VA 24T - 7 5 R b) 1.2 eq of 1e was used. c¢) 5 mmol scale.
% Table 2 |2/ "9, p-7RETE N7 /2 2b DAF L ALIX 4eq D t-BuOK & W TIT 9 & 95%
DR G BT (entry 1), JEVIES N TdH 5 2¢, 2d, 2f TlE 3 eq DIEEEZ FHWENE I 96%,
99%. 91%DILTKT A F L AMUIENGE LT (entry 2-3,5), op-REAFI7 b 2e DJSETH AF L
AU Z 0 | 91%DULR TR T 2 KT V7 VA il (entry 4), o-7 b T 12 2g 1%
PhsP=CH, & DS T2e DT ) T — FeAERT H72DICT NV w529, Mt 720 F95 &
JFBEMEIN S5 &S STV D 28, Fox OFRIRIL 77%DIER TG T 5 3g & 5 2 72 (entry 6) ,
SEARHITIAI A ST A 2 b 2 2h TIE 59% DU T 3h 2345 H AL, 39%D 2h & Z< DT 02D 1e H3E
&7z (entry 7)., Z AU 1e A3 DMF H -BuOK 777 FIZp->< W L9 5725, 2h DL 5 7
SLRENCIAIR B T2 B TIRZORWSISHEIC L D A F L UALDIERMNMET L2 Z & 2 &R
o EZT1le DT =4 OREMETNDTDIZ, 1e 2 DMF H1 0°C T -BuOK (2.5 eq) & 30 43X
JE ST, NHCLAKIBIK T = F L& Z2AH, 49%DIEET 1e BRI S 7z, kD729
la-1d OHF T L ERICAAI N TS 1e IOV THRE UEREI T2 & 2 A 1 138 THfiE

95



LTLEo le BATF L ALRAEK L LTERL T Table 2 Methylenation by t-BuOK?®
DRIZZDANK T =F L OZEWDTZDTH

N 9 R!
S ve | t-BuOK
BBt TATE K E ORI S R GEN g = >:C”2

R? DMF , 1h R
2

. Me 1
RNHATT D, TIATE R 20, 2k OISIEA B L
B entry 2 t-BuOK(eq) 1e(eq) yleld%
VERI U TEIT L, ZNEI 93%. 91%DULR 1 o5 0 3 o
R 4, } 5
TAFLUAR3 %5 %272 (entry 8 and 10), 7 /V7 b 9¢ 3.0 12 96
t R 2j, 21 OUSTIE 3 eq DIEIEE WD LI 3b  2d 3.0 1.2 99
TR T L, 2.6 eq DIEFEDHFNEIE L 7272 4 2e 3.5 1.2 91
C
(ZHZH 92%. 97%, entry 9 and 1), Frh >~ 2 zf 38 12 3;
e NS g - o

LI T VT v R T D n-octanal DL TiE—H— . 2h 30 19 59
J = IEIREE Z 2> TV D T2 D IR DR T 237 6 8P 2j 3.0 1.1 03
7z (entry 12), 9 2j 2.6 1.2 92
SRBORISHRRD £ 5 i s e g 10 2k 30 1.1 91
D Ne LB LNDET =D 2 D VR= )V 1 2l 2.6 11 o7
ety - = yoed om 26 15 74

(CRmMLTT vaxy KA BTk Osry a) 0.3 mmol of 2 was used. b) by basic aqueous

N s . work-up. ¢) NMR yield was determined by using
ALY =ML TB 2525, B 7> Smiles methyl benzoate as an internal standard. d) 30 min.

BTN = > TT 44> 3, C. SO, 78

R B, SO, BRFEAT B O TR )@*ﬁ fﬁ é@*w@éd
Boc 29

BREINDITITTHLIN, FxDRT

iﬁzilii;;if’i“”i?’iii JO S S e SR .
AiC> Zo 2 o 6
FHOBFE O -BuOK & o " * i o
Utﬁmx@K%%mbfmé%@k%z%héoﬁm%T% NH,Cl T/ F$5L 3 L 4
NELND, BIARY 4 (FW 148)1% PhsP=0 (FW 2782~/ NS 720y F T, Ailad DWW Eh 7 Al
LIORBICRETE D, IDIC, KNEEWZ 1 M NaOH THED Z LIk > THERS Z &N TE,
Table 2 DFLTH entry 2,3, 8, 11 TIE NH,Cl TZ = F 325 FIEIZH~, 1 MNaOH T2 = F L
TRRICHFNT D HEO T BB VIR L oo Tz, WETO I 20 F21TH & MROBITAERD 3 2
VM THOILD Z &R ol

0o +BUOK II/O II/O H N
1e + J\ - ‘4 \>_OK +S0,
R OR? % jf N R2 N
A Me

2 BMe c Me

Lhb, BxiZmsEA T L ALOBIRICHEE) LT,
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Root Cause Analysis of Uncontrollable Polymorph
—Inhibition of a Trace Amount of Impurity in Selective ALK Inhibitor ASP3026—

Yuji Takahama,* Kazuhiro Takeguchi, Kazuyoshi Obitsu, Norihiro Ueda,
Ryoki Orii, Atsushi Ohigashi, Shigeru leda, Minoru Okada
Process Chemistry Laboratories, Astellas Pharma Inc.

160-2, Akahama, Takahagi-shi, Ibaraki, 318-0001, Japan

yuji.takahama@astellas.com

ASP3026 is the compound chosen as a candidate for selective EML4—ALK inhibitor in Astellas Pharma Inc.
The key for scale-up has been the development of a crystallization process since ASP3026 exhibited 6
anhydrous polymorphs and hydrates. As a result of the development, the specific impurity that inhibits the
polymorphic control has been identified. In addition, the precursor of this impurity was inhibited by some
modifications of reaction condition. This improvement has enabled robust polymorphic control of ASP3026

in 2nd generation synthetic route.
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Fig. 1 ASP3026 (1)

BEEE

ASP3026 (1) 18423 ALK FHEA & L CAIRL L 72 bEamTH Y, MiN Az G EFEIS A % L
it & LTV 5, ASP3026 121E A0 ~A06 TED 6 D DFETLETE & KR DNELET 5 Z L 3o TH
D (Fig. 2,3), 12 #EELZIEHIEN 7 vt A O R ETH 5, TEOME RS IIRZER D
A04 TETH D0, EMEENPIRD CIHE L TWAHERERD A3 ERMRA LT <, —H A04/A03
TEOIREFER DG DD & EEBEN R T A TEA~UR ST 5 Z XLV &3> T d,
ASP3026 1355 1 AR, 2 RO oD ERL— FARFE I TV D, B3 RFEFR TIEH 2 R
BV — MBI DR SEHIEIC W TG L, MEERDE R R L 5 2 - —
B %~



Transformation
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Fig. 2 Solubility of ASP3026 in MEK Fig. 3 DSC chart of ASP3026

5 2 ARG AUV — NI T DS AL S I & A03 FEIRA

51 ARG RV — T A02 JE THUS 415 HL ASP3026 (2% L CT7 & b v /K TR M5/
A7) 2 & TREMIC A4 TE~EBL Z ENARETH o 72, W —J5, 2 GV — F TiTH
ASP3026 IXHELEDRVY A02, A04, A06 FEDIEAEME L TR LI, WIS 1306 H C & 72
Mol Z LD, Fig 4 ODFEIZHEVAF V=TV R THASRZIT ) 2 & TAMEEZTFS L
Tz, Loy UEBICHE S U7k ASP3026 2 V2 BS, EBRE COFEME L e 0 o A4 B
\Z A03 JE23 15%IB A L 7= (Fig. 5)

MEK (24V) MEK (2V)
Crude 1 Dissolution Filtration l
ASP3026 70 °C ;
Seeding
(A04)

/ Concentration l Ripening Cooling
to 8V 70 °C, 3h to 5 °C e

10°C/h

L Filtration Drying ASP3026

Fig. 4 Procedure for recrystallization
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Fig. 5 SEM images of ASP3026 (Form A04 and concomitant polymorph of Form A04/A03, x500)
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Table 1. Effect of activated carbon on polymorphic ratio 0
Operation Polymorphic Ratio N\)N/
A4 (%) AO3 (%) r::j/
Recryst in MEK x2 90.0 10.0 N-SN N
Recryst in MEK )\ A /@/
with activated carbon (0.1wt x1) 99.2 0.8 Y 02 Me
0.1wtx2)  99.7 0.3
©.1wtx3) 100 ND Fig.6
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Table 2. Condition screening of SxAr reaction toward inhibition of §

Entry 2 Temp. Time 4 5
(equiv.) (°O) (h) (area%) (area%)
1 Mfg.) 1.05 25 3 97.4 0.211al
2 0.95 25 3 97.7 0.04
3 0.95 0 3 97.5 0.01
4 0.95 -10 3 97.5 ND

[a] In manufacturing, 5 was further increased to 0.40% during overnight storage after reaction.

[1]1 PCT Int. Appl. WO 2011145548 A1, Astellas Pharma Inc. (2011). [2] PCT Int. Appl. WO 2012102393 Al, Astellas
Pharma Inc. (2012). [3] Obitsu, K. et al. Abstracts of ISPC 15 The Third International Symposium on Process
Chemistry, 20185. [4] (a) Takeguchi, K. Bunri Gijutsu, 2011, 41, 354. (b) Hirasawa, S. et al. Abstracts of 2012 Summer
Symposium of the Japanese Society of Process Chemistry, 2012. (c¢) Takeguchi, K. Bunri Gijutsu, 2014, 44, 8.
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