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CHIFR A VA (HCV) 1F, 5 F O KER Sy DEmfL 2 T2 DREF & . 2372 0 OFIE OEAEM:
(F 72 1T AR ) FR DIEBIOJRIR & 722 2 IR AR T H VA VA TH Y | Y
FT R CI~2f@BA. AARENTIZ2005 AL EEHER S LTS,

CHUFFRITHCV DS K 0 51 & 2 SN DB T HOVIEEGLE DFIT0% ARt ded & 72 0
BHEFRICBITL, 20 5 BHI20% DN EG % 304FE Tz » THFEZE ., FFRA &5, TR ADRK
90% DJRRBCHRIFFR & bt TV 5 Y, ARENTIREF2 5 AL, EOBEFEDBHOVIFRIZLE S I
DKV IEELT LTS,

HCVIZ 19894 (2 MLt D FEAFEBRUAT A D THARJFIK 7 A L A L L TRAS L, HOViE= o
H—T%HTDRNATA VAT, 205 ) KE—HREH (+) RNANSRYD 7T BT A /L AFD A~
F 7 A VA (Hepacivirus) JBIZ/HEEIND,

HCV D15 50 A R0 ORI XV EZB B Tlid e < | i O R L7 R AT L
HATYH, BRI T 5 2 ENE, HOVERYE OIERIT, BHETFRPDIAE Y LT
Pl X 0 < o5a . BYEATR. ITEA., ik~ L8R5, Ao £ TR L
T, FIRICR D BEARH L Ch, I ol S & Pt i 2 2720, T s A
FEDfERRIEILE W,

ZO XD 2R HOV IRGLE TR T, HOV DPEACHSR 2 JI| - 2 J7iE. XU HCV Z ik S5
FiEE LTI, 18k, A 0 F—T7=n VRIEPARIE SN TS, BIEOEERIETH 57
kA v a2 =7z UAE Y COMARE CIEZORDEITH 50%I-EE>T\D Y, i,

HCV v 77 —EBHEA & O 3 FIPFHBEIEOEAIZL D . BHFROUENRESINLTHDEHD



D, TANADBIETERIZ L DIHERHBOBRENH D720, BICLETHIMEDOR VIR
HOHFENRSEENLTND

WA HCY R 17 v —=0 X DK T A NAL o3 0 BRERED 4y T AE WO IRNT O 208 72 %
RAER L LT, HOVIEIRIYEL D A )V ZEDBHFENEA TN D, T TH NS3/4a 7' 7 7 —EIH
I, RV AT —BHERORENEALTEY, 7r 7 7 —EBHERITEERE L OPFHIC X
DEWIRDPHER S NOOH Y | TR BRI/ A FE LN TN D, —J7, 5 ERF ZHEH
& LTIU ANV AR Z R HANL, S IRiEE R A fRm L 2 R NS THL b
DD, HAMEIRFIR Z TR TITE - TVZRLY,

BT HCV B OPREMFIEIT. VANV ABH DOFF > TWD NS3 7' 7 7 —E I LU RNA (KA
RNA AR Y AT —8 T % NSBB 72 ED U A /L A DYEFEIT W BLIa R 2 AR IR F & L7z Target-
based A7 YV —=r 7k fEERNTEIEH & LTz Cell-based A7 UV —=2 FIZKBITE DY,
Target-based A7 J —= 71 k> TRH SN D HEANTEOIEMRHE THDH Z L. =IRoC
HEEHEHRA/FATE D Z EBALETHY . AEIC) T LU B AR 24T 5 Z L3 T&
D, LinL, —AERNA 2R FI2 6D HOV IZFER I @V EEE CIRIE AR A Z L, JEAIm
WAEBIRT D, 207D, ZOX 5 RAEAIIRMBOMERICH A bl Engn?, —

J5. Cell-based A7 U —=2 76 RH I 50 ER 22K & LIZREROLE. 15 E R+

A

TNFLALEREE SRWIED, VANV ZZRICHRT 2 £ TORBH OG- AATREIZ 72
HLEZBND, LL, EELE LTHETDHE, TCOEMNSTZRATI06ENDH L,

Flo, A7 V== 7 OHgbEwE LTI RICERILEW 74 77 ) —nb REEN%
U — MEAEWITEHEM A S 2 AT 28035 < | MGl s K 2 TEEO TR om Il o
L IIRmNbOO, RIMHRDZ < DEHMTAFIFE TIEL DN NE ) I =—

7 IoETE &L RS Z R T AL BN 6D L W o TeE N3 D 5,



ZOXHI B REDL LI, PAEKICBWTIE EX 8T BRER L LB HOV F OB
WrgeniiThoiv. KKk A4 77 ) —ZHu /= Cell-based 27V —= 7 m53R N7 7V =

AEMEARAT D NA 255 &9 B B HCY HAIO Y — RE R iE Lz, ¥

HO [
o Ho, )——o o}
W - RGEY J
07 NH [” \["0\""’*‘-‘\» i
e 1L )
I/ Y
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Figure 1. Structure of NA 255

WRIZ, NA 265 D HCV L7 U = G PE ORI 2 A 572, HOV L7 ) = ol
(CHIHEBZ DN TNDE T A NV AR T HMEREBGE LT, TORE, 70T 7 —
B, ANV I—E, KU AT—BIx LAEREEDRITRD bRinoto, WRIC, HUHCV i
PDHHILTNDA v E—T zn L OBEPWEMORFELZHERT 5720, A ¥ —T7 =n i3k
M HPT A N AEET & LTSS PKR (RNA-dependent protein kinase)?, 2° -5 -
oligoadenylate synthase) ”, RNase LY DFBAMAR L7, WINbAERFLEIIBLE SN
minole, LEDORER LD . NA 265 [THTROIEMEF 2 R >PLHCV AL B L B 2 biziz,
S BRI 2 FEh LT, LSRR 21TV NA 255 OfLAREIED U /UL b A VIR
B35 (SPT) FHLEAIE LTHOBN TV VAT QITEBILTWA Z SI2EH Lz, SPT I, 3
VI RA IV CoA &tV v & DREETIEIND AL — N5 A7 ¢ v TREEAEA RIS DRI FEBE R

ToHH ", (Figure 2)



‘ Replication complex ‘ Biosynthesis of Sphingolipid ‘

Palmitoyl CoA + Serine

l —NA2S5

3-keto-dihydrosphingosine

lipid raft
Dihydrosphingosine

Treatment with NA255 | Dihydroceramide

Glucosyl

N . .
ceramide += Ceramide g Sphingosine

Il

Sphingomyelin

+ Lipid raft is essential for assembly of “HCV replication complex”
+ Lipid raft is a sphingolipid-rich microdomain of Goldi membrane
« Inhibition of SPT by NA255 with a potent IC, value ™'

« Inhibition of SPT lowers the level of sphingolipid

Figure 2 NA 255 (DYEF#E

NA 255 @ in vitro TO SPT [HEIEH AT~z L 2 A, TARE D 1C50 fEAS 10nM & RV FHE
EEE R U2, 72, M TO SPT BLEIZFEV, de novo B SNT=ET 2 ReRT7 40
T UEOHED B B, siRNA ZHWT, HOV 7Y = ARERIBA D SPT R 8L A #1ii] L
2EZAH PLHOV VU a RS HERR S Te, S BIT, BERO SPTHEAITH H I U A v
T I REMAERN7E= 2 BL bHHV V7Y a VREFEEZ RT L, AT o0 A
NEE BRI PR AR 7 4 I =270 e BRI RITIN A 5 2 L1280 . NA 255 Ot HCV
LU a RPN T D I E DR SN, ZADLDORIKLY . AT 4 FNFED de novo
BRAN HOV BRUCIRLS B L TR Y . A7 ¢ v AFEAEGRE 28l 5 2 &3, Hicie
HOVIGIRD T 7' e —F27 0 9 5 Z EHPRIB STz,

LM BT, Mk CER SNzt T I MIZ IV RICHSE S L, ZTOHTAT ¢

vAI T Y ANIEBEINAS Y, BN AT oI U, aLATa— Ll



I HOV RO [R5 & e DIRE T 7 b EMEEN DS A TR 5 2, iR icBs VT,
Rk 6 I DIRA~DE T I ROEHREFER & L THmb5 HPA-12'90, 2 L AT 1 — LAk
FAERICTHDE NFZEF b HOV V7Y a VIEFEEZ RS ERRWEshz, 512,
HOV BRI RE T 7 b OBIfRAZ BT & T < NA 255 AWBE U 7= ffiafh it &2 -V CIRE 7 7 K
BB L7ZE 2 A, HOVERUCE G 2T A NAZ I EDO—2>Tdh % HOV RNA R Y A T —
B4 X7 (NSEB) DBHE 72 2R T-, 2oL HIT, NA 255 (FNRE T 7 b DO EFES TH
HAT 4 AI ) COAGRAERE L, HOVEREARORE R B4 kbEL 2 L THY
ANZNRAFET D &V FBUENET Z R OPLHCV DA VA TH D Z LB BN E o

7», 15)
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2 NA 255 O§iERE L & CHA630808 & L D #% i
WIZ, NA 255 #U—R{bEWE L TREL., LY EiEETetom b a2 3% T <<

W R (LRGP T b, = DI ARIEIC B LT T Icd 5,

F9. NA 265 ZJREFE L7oFFE bIRET IR, NA 255 DPERMMEICB W TARLETH Y |
Viridiofungin A"IZEM SIS Z &, (3545 27 S) OfxtElEEZFF>Z &, T (H-F L
T4 MU ANR BN ENEERBUCEE THL Z LA LMNI LT, LhLAaeRb, &6
(ZREM 2SS PEAR B O fRIA & S i b 2 B9~ 212 H 7= 0 . FEEHEIZ KL D NA255 DR

R TRNWZEND, TOREERIEDOHENTICETF LT,

Thabb, YRR HIC X VA STV Viridofungin trimethyl ester O&GK 17 1P
LSBT HI LT Lz, £, ML S IXERAC Viridofungin trimethyl ester @ kU A F /1
T AT IOVENLIZ T VA U 281 5 Viridofungin A ~D MK RIS CREETH D Z & &
HWELTWD, £IC, BREDEAL, TXF NV EH#HLOKBEITH 2 & THRA REE kR

iz AIREIC 92 — MR B RIEZ BAFE LTz,

T2 H . 3-butyn-1-ol (1) ZHFFELE LTHW, 7 TRTHEIND T U AT L a—Z
%f L., %7 Shapless TARFIALIZL > TH T /L7 epoxide (3) Z AL, Z D epoxide (Zxf LA
HB-TNAr=rEOoBEAZHNE LT, K7TEF Lo Favra=y btz
Grignard FRZE~D T 22X Z Ak, Fe\ > THI (D MREEIZ X5 = A o R OO E SRA B ER X
AN L OB ST 2 DD 1 BROKEE R A FIRHCER L, E 7o VR U ERORESE

LT =T FN AT NLERNSL LW BERIETH D,



1) TBDPSCI / imidazole
2) n-Buli / (CH,0),

3) Red-Al then I,

4) DHP / PPTS

HO TPSO

N\

1

5) n-Buli / (CH,0),
6) TBDPSCI / imidazole

7) PPTS
28.6 % for 7 steps

TPSO

—

4 0 §
OTPS
NR HQ' o
~ TPSO
Cp,ZrCIH / MeMgCl / Cul L ON“H
THF, —20 deg, 91% 5
o]
Swern oxidation 7 O""‘O
07 N <R

NM-dimethylformamide
—di—-#Bu acetal CO.B
58% for 3 Steps IBUOZC 215U o
o 1
—+o
9
Corresponding amine (R'NH2)
/ HATU / Hunig base tBuOZCHOPOszu
- =
07 NHR'

%o

e}

n

1

OH

L—(+)-DET / Ti(OFPr),,
TBHP / DCM TPSO
97%, >95%ee ~— 0

TPSO—/Q\—O H
3

1) 2,2—-dimethoxypropane /
PPTS /DCM, 85%

89%

NaCIO, / NaH,PO, /

2-methyl-2-butene /
+~BuOH-H,0

1) 80% AcOH / THF, 90%
2) Jones reagent /

ag.acetone 80% ® CHCFO'L"BU o
uQ, AN R
07 OH
10
HOGOH o
TFA / anisole, DCM HO,C_~
R - g n R
O7"NHR'
12

ca. 3% overall yield
over 18 steps

Scheme 1. NA 255 Of5EHRE/LIZH W - L— K



BITRET 18, MEICRIL SWEERNL, ZOAKEEZHWD Z L1280 2L OB
DGR ARE L T o T-, ZOFEZHW TR ERECFZEZRER L, L7 o U HEIENE

A EErE A FEEE & LT HEAR 300 FRERLL EORFER AL AR L. FHET 5 Z LN TE T,
ZORER, 5O EEIE YR B O A LL N IR T

UBHRIZBI L T

ISR T RFEH 7 82 IEPEA TR . 8 B TIX 2 5, WIZ 6 i TIE 10 fEDTEMEIR T2 A2 5

NEZ LR, THEPRLEIEETH D Z ENnhoT,

JIVAR = )VIEIZRI LT

TINVKRZNVIEDNEN T 7 8T DHZEETFRTDHLOD, 2 7 /Va— VBT D &5

TETL, AFLUHEHE LEBEASOIIEHLIEZZ LD, LR LVERER THD &b

L7,

(E)-olefin IZEL T

BT SNBSS OLEWIL 100 EOIEMERES & 720 . Z D3 1E (B)—olefin THD Z &N

‘/!Z‘%/G‘&)O f:o

Tri—carboxylic acid moiety IZBJ L

Tri-methyl ester {LEWNIZIEER R AT, Fio. 7T I B ONAREF X (S) -

COMH DNIEMRBUCEHETH L Z ENDhoT-,

T X BRIy D E AL

4 FLICHEEPEERIE A AT 2 ERR L-7 == T T =V ERNRN L 7Y 3 U HE AR T

ZEEEM LT,



ZDEHITLTNA 255 205 OFFERIER CH LN EEHMEZ LD LUTO X I

5,

Trimethyl double bond >> +ketone > OH > CH; Length optimal
ester single bond « Shift of carbonyl- + CH; (C8):2-fold |
No activity (100-fold ) position tolerated - CH; (C6):10-fold |

| S
HO CO,H 0
Hozc\/ﬂ{/\\\/\/\/\)'l\/\/\/\

(S)-CO,H z
required OZ>NH R == - Activily increases by
“‘ lipophilic substituent
Hozc 4— « Aromatic ring required

Figure 3. NA 255 RO &EIEMEFHES
NA255 % U — Nt & U8k S 217 - 7245 5. CH4630808 X 7n vitro 2HMIZHB VT,
EWEEME LR T A L AERIEELS A2 R L, Pegasys CFIEMIZIRZ /R L=, fHiEL in

vitro O, LeMET —H % LLFITRT,

HO HOQ
0 HO j=¢ o 5 o HO Y=g 5
HOAN A NN —— HOAN VS T ”\/““
7 / EHEiL ;
0 Nt{/@ ‘/\( [ > Hg\;\i/gj w
T .
NA 255:1C5y 2 nM CH4630808 (13) :1C5, 0.0012 nM

Figure 4. NA 255 % U — R & L72 CH 4630808 (13) D% 5,



® /n vitro efficacy
» Hepatitis C virus replication from genome

* Luciferase IC50 ~0.002 uM
* Northern IC5p <0.01 uM
» Human SPT ICs0 0.004 uM

» Combination with Pegasys:
v' synergistic
» Required time to cause inhibition: 3~5 days

B /n vitro safety profile

» Cytotoxicity >20 uM

» Cell-cycle No effect (@20 uM)
» hERG Negative (@1 uM)
» Immunosuppression >5 uM

» CYP3A4 inh. >30 uM

» microAMES Negative

Figure 5. CH4630808(13) Mifith & 22t T — 4

$72. CH4630808 133 2 T~ 7 AT T MZEB N T, B FRIC K S0 RN T A L 24
A ED R A RERFNR LT, F, Fllath o R 7 ¢ o TIREZRERFOICET S
722 DB, f5E SPT BRERD CBIFRICEB W THZIRIBRFR L 0V 5 5 2 ERRENT,

Fio, VYT =T —BEB T EMAAATTHCV B ) a U Hifla ] L. CH4630808 % s
MUNy 7 =27 —CBaitilld2% 2 & TREMMGIIRZMET Lz, £/, IOV Y=/ Z A 7 la,
2a ZEYL S/ F A T~ 7 AT, CH4630808 5mg/kg, 10mg/kg & 14 HH&G L=,

Z DR, CH4630808 [F5R ) 7251 HCV B R % in vitro, in vivo DFEFFHRTRLTZ, S bIT,
ZOFBIITRAN TIEA LN b OO, MIET TIEERO ST, BT 2R/ RN H 5 2
EDHER STz, CH4630808 IZ/EMBEF SEEFOFAI L < B2 DD TH Y . ZAIDFHIERIE

T LWERIE A 525 2 N TEDEBERZ B,

10



T D £ D AR CROERYICTNE & 2RI ENLTZ CH4630808 Z PAXE(LAEH & L CEIRL, 2

DILEWITB T 2 BRRBD AR L o> TIThh 5 2 & LoTe, ZOFIEMHED R0,

kg A — LV BITSRE A T 0w AR ATTO 2L & LT,

11



B3 TN RIS EGE T DAY 25 DA
BEIR BRF A LA DY CHA630808 12 HNT-Z & L0, L KRERGEICHE L - INGHE o4 Ak

ENPAREEIC TG S SN, bbb, BEET 2 2 DO RFROLOMEICT L F—

WIS EERT 5 5ETH D,
oy HOG 2By FILE— LRI 0
H02CMR —_— PGO/\-/‘%[\‘:‘/‘H\/R —_— PGO/\-)H(OI'BUI:‘\“/R
07 “NHR' 07 xc €3, CAMI{k{L%E%E 0 07 xc
XcTavkA—JL
@s,4s) T PG : (RIEE
Xe: FEMBIE

Scheme 2. 3, 4 N.ORFA ATENG

DX a7 P AT E HIWTSIREIR T L R — L SOSBIIT S B S 0 TR o
7lzd, £9 Evans OARFMIE LN TR 21T/ L 24, BERNES, R VT AT
F—BNEEANE SN D Z ENS T, T ORE R E A ATEBREEE T L SN TELE
L7c & Z A, REMBED 5 AL ISHHIZAD > THh S @V EBRLZBLE TIULY 7 A7 LA
BIMEA WS T L 2 E B HREE B DN Z & L0 REMBEEZ OIS HE 2 JEt L 72 5.
Seebach® ' 5 {Z & 0 Bi%E S i7-ck BA Evans AN A V5 2 & CRADONRLFTT
VR IVEOSISEIT T 2 Z E R RWES Tz, o REISIZEWTHLY F 7 L OBINTK
JSEAMER E = ) T — MEERPEOBIR R dGE D A o T,

12



15t trial with Evans auxiliary 1) LDA

2) Toluene / 45 \/
o]
o
b A HO =0 e
~3 © TPSO s
[s} N_( o]
N

th\“&’ (3S, 4RH major)

Successful control of stereochemistry by Seebach’s auxiliary
1}LHI'\.*'IDS:r LiCl

mmo v
d b TPSO HOO =0
. TPSO s
84% isolated yield 07 N 2
) O
P“” Pnen (3S, 4soaa+)

Scheme 3. B ARFMBILIZEBIT ST AT AR

ZOXEIICLTEERVAKHIFHAZERTEZ L L0, IO TR GbE TRESHK AR
IR AR LToMRE 2 AT o 7ok R, W 7 ARIATT S T Lk 26 B TE D 0— b
BHESITHZ LN TE P, F/b b, Azelaic acid monomethyl ester (19) % HiIZEJFEN& L,
FTHNVRUBEHN AR 0T A4 R L, SMFEET 7Y =% — A3 L ORIEEIT O, R
7 DR, AT AET AT E RGBT L, R L2 bk b E AvEEY 21 21

B RFEAMHBEEZ G A L2 BICHR OFELIE ZITWE R ONARZ S, Bl X i X RAMiBh I

FHRELEOLICHS LB AT TIEW 25 AT 22 N TETWS

13



1) cat. DMF, (COCI),
2) cat. Fe(acac);, nHeptylMgBr

3) Ethyleneglycol, PTS, HC(OEt), 1) Malonic acid, TEA
o 1) 4) DIBAL (or LAH then TEMPO, NaOCl) Oﬁo 2) DCHA
~ J\/\/\/\)L s
°© 10 oH 2 ~40% for 6 steps
1) KHSO, o 23
2) WSCIHC|, TEA I Tasc’\)\ro\ﬁ _ _
d b cat. DMAP, toluene ° o LiIHMDS, LiCl
= S
W s
o on N_ﬁ $i§ Key step
N 21 ) Q(Ph 22 Ph Ph
1) LIiOH, H,0, (}L
2) (S)-PEA HO Y=o e
TBSO N
~45% for 5 steps o2 oH NH,

@A 25

Scheme 4. {L&Y) 25 ODKEARKE

14



1 AL—7mEADRA Yy kT AV FEFEEPARMMIET DT RT A~

BRI C BT, TORPELRIZY Y — A0 EA Y —RT v 7% X5 HIT
S Z WD Z e, 0 BAEFEOMERIEII ARG T 5 L WO BANOR B E
BERINDERTH L7720, TN DDRE TR, EIXZNICORN D% TRITNE
TITONDL DR TH D,

Fo—F Bk AW 26 OGRICB WL, BIRERISONEN G 5 TREZEATEYD, &
i CHARLEIAR TR CThH o2 2 & k0 EirrRe Rt ilE 2 LT 2 2L L LT,

—FH. BFATREELED 7T TRITMENTERT 2 2 L2k 2007 o' A
EITHOZ & ko,

ZON— hOFEEE LT, FRHERORERIENENZ LD TR Y TR I L Offd ki
NRETHL Z ERTPHENTZ, 207D, T LVAa—E U 7SS OERRIEE 2T 57
2RI D I EPHEESINT,

—ANC T VR Y MR, T LA —E U SRR EO A —T 0 A TIEBERE O, B
SR QRS AEMEOR BICHFET D RN EmO—T ., S A2 V2 RS D e
EWVD ZEBRFICEKRL TR, ThETREESEDO = Fr— AR LSR5 80 U A
IR D, Fio, UKo TG SN DILEW 2B 1R THL Z L LY, TELETLEY

DB AZMRD T ERRFHRIENOLEENT,
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ZII—7aERADA)yk-TA)yk

A1)k
- BEIEATLOT, KIBLEBHEL. AERICOHNS
v BB, TORSRROBN., B, </ 0—
v BIZEREEMORN DS

T Ak
+ BTEROBRERICET, REIIO—LHHLILGD

Y ORIG, BES BEE TRAMIEIE LY T ) T —MNIATIRENHD
- REHERVSIREZEX TERT SO T, WIRRHAIEMITED

Figure 6. EELHEEICBITAAL—TOBEADAY vk F AU vk

—7, EFEMLFEPIEEEY EORHMPNEAN LTZGE, IBARIDIG U TE 2 _X&E XS
DAA RTAPRENTWD, K2, 1 HOFEE ARG 8D 2g LUT OFEANZIBWT 0. 10%
A DGO IEERENLEL D, I, 0.16% %82 2 NMMNEAN LIZGE. M
AR DR RVEREGRBA NI L 72 | BAR AT ¥ 2 — B % R T ARt m< 72 b, 2
DHA RT A NIKBHFEICBE L TCORHEZ R LD THY  JBRICHWDJREKICEH T 5
ZEEBRLUTERESNIZ SO TERWA, IRRSINE 2T 5 A6 IRBFEHEIC B,

THZORENEDOE EFHEAMPOFE L L TRHRESNTND Z 0%V, 4[E] CH4630808
DOIRFRIERLE T HEBIAH O ERREIX 0. 15%ICERE SN2 L L0, 2Bl EOARHY) % R

FIZHERWINEDOHNLZ BfR T2 L Lo Tz,

16



EXRRAEPOFMYICETEHMS1>

(EE»MHEERSFETERRBE EXFRF12160015LY5IA)

1BEXEEE" | REOLELME? | MEREOLELRES REEEEOLEREES

=28 0.05% 0.10%X (%1 B{EHLE1.0mg 0.15%X (X1 B{EEE1.0mg
(EBLMELA) (EBE5MELVEA)

>2¢/B 0.03% 0.05% 0.05%

T IBHEYOREQERE
2 CALYBLEEEZRVSIES . (LEMEYEERI L,
U ERICEEOBNFEYICONTIE, ChiYLEVRRENZ X TIEEELH 5.

>

- EREARESICHEVTEIBELCTMYDOEENEREND
* RELTRMYPHIHE TS HBEEMINDBE

Figure 7. EHGFEHKPORMMICEHTHHA KT714

ZIT, VURy bUG, TVAA—E U TRISIRED AN —T 0 AD S 525 Kb %
D, T a ZAOAFEER LA B LoD, FRHCDROEY HLEEO P T, FENE L%
EHNCRER TE DB T v 2L BT L WO KT 52 20
WS WD TR D D Z L L LT,

Z OfEH, BEEDFEEA AR OfAT . AERIFROZEH & & BT LIz A il pE

FTOHME ATV, APEEEZRE T 50— b2 DT LR 21TV, IRBEERIE 2175 2

Lo,
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BoH PHIL—RERT—LT v EOWEN

£, I ofE L — b (initial route) Z LA FITRd 202,

on O/J< 1-Bromo-2-butyne ,|<
. {w Boc,O / MeOH e OH K,CO; / DMF i
— (o]
b 1L Oybﬁj . o7
0O .4 1 T . #2T 2 >],o| I
L-Tyrosine-tBu ester 28
HERIEIkDEEE
4N HCI / AcOEt .
AcOEt W;fﬁi::To
o]
#IT i T% W'
29-HC
fERbIc kb
XL 1) aq. KHSO, o\L
0 2) 29-HCI/ HATU/ HO V=0 ) Citric acid
HO =0 o b Pr,NEt/ DMF 3 050 MeCN / H,0
1850 PN ! '; T8S0 N e 2
A 4T oA o
0o NH; >|’0 \H m B5T 72
|
O % 2
HOcPf o 1) 4-Acetamido-TEMPO/ PhlI(OAc), Vo
)° 2) DCHA/ MTBE-Heptane W O HON—O o
HO il - E
0P NH ° BETE O HO S
>TQTLVL:T m 07
|
© 3 :T‘ 5 ﬂl 32.DCHA
{ERIZH 1T 50l EF{L TOH EEE
1) ag. KHSO,/ AcOEt/ hexane HO
2) TFA/CH,Cl, / H,0 0 HO)=0 e
3) Solidification from HO RSN
AcOEt/ hexane O NH o
HOW)\/@
B7TIR s m
CH4630808 (13)

Scheme 5. FJHlO#LE L — k (initial route)
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L-Frr t-Bum A7)V 26 AWM E L THEM L. £9 MeOH 1 T Boce,0 & S ST

Boc fRiET X /B 27 ZfEdh & L CHBEL 72 (B85 1 1TH2),

RIZ, DMF HC 1-bromo—2-butyne 38 KX OYREEN U 7 AT O-7 LF AL ZITWV (BE 2 T .
ORI TIR — R X B A R T D O A CHEERERIT 5 Z & 72 < AcOEt
1 HC1 % VT N-Boc ZEDEIRFIMLLRTE 2 EhE, MREMEO DO BLHE HCl IZ X A8t &2179 &

k&M 29 Bl & LoD (6 3 L),

WNT, SNRRE LR CRE Lo VR VR 26 O 7 = X F VT I VAR - WOTBEL 7
U —fk& L, %UTDMF H HATU / DIEPA Z AW CHEA 29 DIERRIE L T I R v 7 ) v 7 &
T4 TE), JBoNTEMRYEELBRT 270, 7 h= MU KT 60COERMETY
TUBEEMEES 2 LI28Y TBS BB LUV # — L &[RRI IR#E A 1T 5 2 & Tk o 31

R (55 5 T,

ZOMRYERER TS LR T — RRUB YT T — b &2 MEEAl L LTHW S TEMPO
fRfl 0 B T oo Db, Vv 7 uand T I L OEBRBENTE(T ) Z LI L v {bEY 32
EARLE LTHELZENTEZ (F6 TR,

BRI, W - OB L Al %, Y7 ma XA X U TRA 2T t-Bum AT VEBIR L, fieft
(CHEER = T L=~ N LD B 2TV, B LG CH4630808 27 U —{K & LTI (5

TIR) SO bDTHD?,

Z® initial /b— FTlX, KRESRICEHNREE2BIEL G ATV, T78bb, 6 T
WCBITAIEM32 DY 7 a~t LT I UVEOEITEMETH D, ZOMITEMETIX., 4 L

BN B 6 TREROMMM LIRS LN TE L2 L L0 HERRER A F &5, @R
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RIS E WD KRR —TldAThien, KR 5CIZBIT 24 A VT U R 6 DREE(E & W
IETHY , AT —AT v 7 BIXOBEMETOBRERH -7,

ZOZLRY, ZOTRERTOSTEELBTL2 2L, ZOTRLEDH 4 TRNALET
TRETOAL4TEEZANL—TBEATITH)>Z L LT,

RRIRA M=o b7 2 & THIFRD A L, FrC BRI EEZ 22 v 752 Z &1

RIETLNERNROYECSRB L b OO, BHFHFEOMERT AR THEN D,

Z T, FEWE AR D700, MM 2 B E T 7 n R AWRICI VAT Z LI

L7,

T T b B TIRT LD FETH D, T HRIAK29 38 L OAPL FIZE FiL b Al
WA BEEL . NMR, MS & CREEIRE 21T 9, WRIZE OREED AR IR 2 HEH], O TR TE DR
K& 72 DALEMDBAER L TV DR T 5, T LTEBEO T ot R Z DR EMAIATrZ &

TAMIDIHNTE D Z L2l T 5, LWVWOHETH S,

RERBEOHERICH TR A
BB PRA . BEURED TR OHEE RN

v

| RO L FROREE

U

| RERBRICEHERBIE. F<FIFIRIT

Ve

| RBUEOREE

Figure 8. JFUMWE ORELRIZIAS 7o MR T8
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FzEFFC, TEMAIChT CiE v 208, ZRmICETA%E b RFHZED T

<z Lz,

Tabb, RET v A0%RIB U CIIRN, ARSI, il ISR OYE,
LB © O BATRERE A TE RV IMA 5 2 & TR L R Z R/NRICIA D LV 95
ZIWZESHOTHY | BEIMICBWTL, BE, BLURE~OAM O, (EEH ORE

EVIOIBRTH D,

EHDITZDO LI REIZ2 oD FHEITHEV, TEMMIEEZED D Z LT LT,
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F3E LG 29 TIUTE D AT & AR

£ RO HLARA > FThHDILED 29 DM 21T > 72,

MRS TR

NiALEY) 29 ORI % 43 B HPLC THEE, =N ZN ORI OV T NMR, MS A7 kL

OIEEEZRE LT E 2 A, 4 FEOARHY (Inpurity-1~4) 2XEIE I iz,

INbaEx DEREHEZ, 5 AT v T OIS b S OETHEET 5 &, Scheme 5 (2R

AR R ST,

OH
NHz Step 1
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f;v@_
(a]
>
[s]

°y

L-Tyrosine-tBu ester

K

27

oK
Step 2
> Il
o 28
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Boc,0 j\k
at step 1 OP~NH o_ 0
>|/Oj/]\/©/ g N
|
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Xyﬂij
XYﬂﬁj

__ Step3 NH, 1
Il

Impurity-1

HCI OH
NH,
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HCI o
NH, S
o Br
T
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1-bromo-2-butyne

Impurity-4

+
NH.-m o
XO YJVO ﬂl
o]

Impurity-3

at step2
——

Scheme 6. {L&W) 29 IZ& ENDAHMY & A Rlokrs

728, impurity-1,

L LT,

B TRENDE 3 TROBIC

2, 4B 29 L RO T E R Z T,

impurity-1,

2 1XtE& 35

impurity—4 13bEW 36 & L TIREFEIZIRAL Y D2 ERbhoTnd, Ko T,

BWT, 2O RMMEHIET 2 Z ERRDHND,
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HO

o HHO? . o (o] HQ =0 o
3 HO =
HO S A o}
HO i
Y 35 o 36
Impuryty-1, 263 Impuryty-4 (53

Figure 9. Impurity-1, 2, 4 FSRCHFIKICEEN S D2

F7-. Impurity-3 135 4 TRIZBW LAY 29 LRIBEOELITIZTE A EZITRNE DD,
PAERLERFIZZWGAITIE8 % LLERIE L= AMmTH Y . (LAWY 29 DK IR Fiz>

Rinot, FoTZObLODHIEL GbE TR L,
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3®F WEICAITCRYENRE GBI TR~ TR

Rt

LHT 5 1 TIREOBE

#

1. 1 #ETavE205%k

ARLRTIE, MEDEOBATITET, ¥V — b TITh T BT K 2 H I o B
ROHLEATy TFTH2 L& LT,

ZOHME LT, ZOSFRO TRRICETTLERMOAZ 5252 L, $TEBEOKR
BERIEICB W TR TOMY L2179 2 &3, IR LRZ 02 L2 2 & TRIERFH S 7237
V. ET-BRERE OV, R R EZ< O NEETHZ L0 STERY L TRZH
BT 2237 AR LRESMESEDLEZXONTENLTH S,

Fro, WEROBENG S HIT, FUSEEEZ A2 7 — /G DIF IZZEE L, H1LR L 52
TREPEEHSEE T2 0Ky bEakE Lic, 2O 2T, FITRICBOD CUIMGHETTRE T =
V7T HDHTRIESOBATHRARE L 720 . RigZ2E SNz, SLE B o REHE & 23 L
7=

1. 2 iyl

—J7. AT OB HIE, BREMOREBEERY L 21Th7n 2 LIZER L TR o
BB R DTz, 72D HIECRA TR TIE/MET (1. 05 % &) D Boc,0 & AW TRISZ1T-> T
0, L EZ SN | TREM T 0-Boc LITETLARAWVWL DD, 2 TRICELES
AT 5y D Boco0 1d, 2 2 TAROHEEMZMFIZFH VT Impurity-1 AW ORK & 72 5 0-Boc 1k

ZETSETLEY Z LML,
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ZORIFIS ZIHl 5 FE L U THEA OFFIEEZRE L. BfEAIIZIE Boc0 Y B & B 12

1.00eq 22> b —/ L9 % 2 & TIREID Boc0 Z IR TERIZFFHIAE K 212 L, T vz dnl

TA Sk AL LT,

ZOFER. 6 Kg A7 — L OARBEEIZB N TR, ALEW 29 H D Impurity-1 % 0. 05% (HPLC)

TITHIHA D Z ENTE T,

LTS, 81 TR

BIFOUEMREE LD,

F1IRE DL rTOEE

. Boc0105e J<
>T MeOH o
]

L-Tyrosine- tBu ester 27

F1IE . HBROEH

>ro NH, OH  Boc,0 (1.00 eq.) oA
' DMF ©
° 26 T3

L-Tyrosine-tBu ester 27

OH

WER DRI+

« BITICEKAMYHLERF YT
. BAIEADMFIZZER

* Boc,0F E%1.00eq|ZHillfE
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2H 02 TROBE

2. 1 #ETovX08hFEl

ZOTRIZBWTIE T HRIEROBLA T, RISHE OIHIAEE T H 2Bk~ F /L8 OFR T
ez, WL — N TIT OV T TR 2 0 2 Fl I O v de L OV TR 4 FEfig — F L
IR BRI LD KICETE TE L0 E I MTRTOEREZITo Tz, HBibT 528, 53 T
CRBWTAKRTEENZ N4 w/w WL E)HE B 6 Bu =27 /HMERESETLTLE D 2 &

WHin->TEY  RITERTOAEBES OKIIHIBIILHATH D,

LR A2 T o 7o fE B, 3 2 TR ALERME AcOBt ¥k & MgS0, HZM: L7358 DK & 1. 1%
(2R L. AcOEt (2 K 243k (20 Torr, AME 10 “CEAF) Tid 0.05% &720 @bliAKD
e LARVENTMAREZRDTZ & LD MgS0, Hzlfa [mlE UL K AT 52 & &
Lo 2OZET, WHMOEB TREZERS 2 &N TE, MENROER, REeo Tz

B ZENTXT,

2. 2 AAiMHIE

WA K EIE OB COMEHE 2 UL TIicik %,

. KIS E AW TN Z2RBRELNE BT, ATR CORISERBENREZOEE., K
JEITRNIEE D W) N T TV HEDIT,

ZDOTRRIZBT D IUNEHR N A+ TH 256, {bEW 29 FIZ impurity-2 2NEAT 53
KE7DZ ENEES., BEICTRAr— )L TORMNEITo 2%, L& 29 iz
impurity-2 2MREA L7z, £ o TLE L IR R IGIRRR A2 FZH T 5 HEEMNLT5H 2 &

X, (LG 29 OREREMRICKUHATH D EEZ BN,
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ZIT, MUSKREDOKKEE LTERET D&, UTORRNAEZ b,

ZDORINMTBERETORLETH Y | KCOIFTINEETH L DIF IZEfE L EnTE LT, 7

725 heterogenous 725 )i & 72 > TV 5,

—Ji. HEORISHEITIZES TART 5 KBr & £72 DIF IZIXEM LR E B2 i, Zan
KCOs DERMHE A WA D 2 LI K 0 EARREICIIT DRI I BOSHEE DRI IR T35
bDEEZ DI, TR TOPMBE TIIHET DTV D5 LR T K00, 23 EARFR I Hifge 1T
HZETRIGEBIEST 5 Z &3 olc b DD, % AW BRELE CIIRPE CoORTH 5

ZEEVFVOSLMRE[/L ZENTET, RUSBENEEL-EEZOND,

Z ORIEDARARIIFR DT K0 BER BIHEBEAEE L7562 TH ISRz

< TE D USRI DOIRE 21T o T2,

FP. ROSEIEERK OFEH - B, (1) DMF e, (2) BOUSIREE, (3) K.CO5 RIJE

D 3 RUCHER L TRET 2 £ L7, BEtRE R 2 LR IORT,

Table 1. 32 TR : SOSEMARE LI 72 it

DMF

Entry ) BE K,CO; ™! 1 hr 2 hr 3 hr 4 hr 5hr 6 hr E=

1 4 18-34 ME 4 eq. 12.9 - 32.1 424 528 60.6 ﬁﬁ%i
(RIGIRIE)

2 4 18-25 HEmdeq. 79 16.4 228 292 359 - BIEOER

3 85 18-25 EE&deq 73 129 17.5 216 28.1

4 4 25 HEEmdeq. 16.5 276 334 384 427 46.9

5 4 40 % 5 4 eq. 65.0 74.7 77.4 80.3 820 834

6 4 25 WE&E 4 eq. 99.4 99.7

TERS BLUERSFNA BRS BEFFG-R20

(1) DMF ¥Afi&:
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PGS IEIE & A4 U 7o iR IE 12 B W T, BEOH A | DMF EBEREZ R D8.5 v/w b 4
v/w AZHIE L Cuve, EEEEHIRD SOGHRHSK FIRRIC 22 2 &2 MEET 572, DVF 8.5 v/w
IZ X BRISE AT (Entry 3), ZORE, ©LAETORICEBIEZZE O Z & LD, B E
ISOGHRE IS B E 52 B2 bR,

(2) BOSRE

FOGEIE 2 A U 7o B LS IZ W T, RONIC K2 BBEBE L, RISHHIREZ18 CL
BRCHRELEZZE (TABRFITIEH2C) NRBREE TOBRLEHER N RRFET 2 72D, FIHEE
25 CTRIGHEFEM L7z, (Entry 4), ZORER, ZFXRFEORISEE & 72 o7z,

—J7. 40 CTRILERB =583 T O SUSEE R LIEE80 DAV AN 18 AR R EE T RS
MSERET 2 DITHKE L, UG6HEH]T83. 4% conversion &72V | MRAMZRSFEITIZ R ol
(Entry 4),

(3) KqCOs RLJE

K,CO; DR EAE A AR S5 Z & & HINIZ, KOs ity EAS T, FG-R20 : fEECTFHIRILR 20
pm, HEEREE L 9m®g) ZHWTRIN A FENE L7z (Entry 3 KOV5 OLlR) , #E5, BAE K
JSHRE DM Z TR 2D Z & h b KCOs e R ISUGHEIT S D720 D critical factor O

—oThBLEZ BN,

Z 2T, KCOs Wit FIC XD A — 7 » TRGEEBR AT o 72,

<SR >

A=) L-Fu - t=-TFNT ATV 100 g fTHABR R 7 — )L CHEITRREZITV, L OKEG
WEFEE L TRV,

. 77 R —#

SR 25 °C
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TRISE  DMF 4 v/w
KoCO3 1 4 eq. (Bytedh, JBAYT-, FG-R20)
1-bromo—2-butyne : 1.2 eq.

FOGHRHR OHERS 2 LU IR

| Fo2T 2. RIGIBRIELconversion DT |
FATRI®
100 E e
90 Y Tuaaas oA
80 e RT 497
& e |mecos
- 1Y ety
= 60
i 7 | 2 IR RGERE
e 40 {
30 !
20 !
10 [
0
0 2 4 6 8 1012141618 2022 24
BFFEi(hr)

Figure 10 100g scale (Z351F B FSEHER DOHR
ARFBRTIE TR L THPERERIZEB D THRUSRITIZ h TR TI0 %L 720 | RISEIE
Llpole, ZOW%, AN—=T T L5 BOSREIR T OB RO, BHREREROEE (77 K7
=W T RT 4 v I AE—T =) BATV, MR AT o o R, KIS ZBWIAT Z &
MTET (BS399.7 %),
ZOFEBRED | KCO A IR ET 2 720 TIESUGERHSRIZ B L Ty 7 B R 3 LR &
Nl &IV 9, FREEICEIG S D 7DITIE S bR H5WBENRD b LFEIRFHZ, 1LY

KoCOs 2 AR LiftiT 5 Z ENEETH D Z LN nhol,

T, SUSENIZAKZTRNT 2 Z S0 80 KLCOEHEWEL TND EEZLBND KBr 21
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ST TR Z RO Z &L CRICEE DR LICRITLZ N TEDL0EMRAELT,

7 F = IALBIEHETD Boe ALBUSERIE T ~KZ I L ., Karl Fischer RIZ X DK558 (%) &
T F = IALBISRITHBE DR 720 v INA - — L (600 mg A7 —/b SR TR ) (2 THETL
TSR, FRCHBEERDES R O, BARROSHER & R TR R (1~2%) 2MEET 52
EDVHIBA L7z (Figure 11) o Z O/KGFEBICIBWTIZSUG 30 43 DEUGZEDY 99. 4~99.8 %L B

B C SO E 703 [0k S 7z,

—Ji. KRGEIMENR L 203728 (CROSHE DR T B S, Koy B2 fi

SIS 2 Z LN EETH D Z L LRFICH SN E 2257,

Fio, WM L72KDEE Karl Fischer {EIC X 2K 8 %) IIXEMRMEZLZFR D (Figure
12) | KM X DK E= Yy b — U0 rRE R B ETH 2 LIl Lz,
ZZT, 77 RI—BEHAV, 10 g A7 — LV TRIGEIT - TER, SUG 30 5 O UGN

99.7 %720 . BRUSHHHVVE D EIET 5 Z L7 < #ITT 52 L 2R TE 7,

AhrE (%) L RISFEOME

100 * *

90 ae

80 =
% 170
X 60

50 ES ik nizhi

10 1.0~2. 0%

30 . H 1 1 1 L L

0 1 2 3 1 5 6 7 8
Kok (%)

Figure 11 K70&E (%) &KIGSEO B

30



HENK 82 —KPAZEIERE

8.00

7.00

6.00 ~* v = 17.395x% + 0.1048
~ 500 ’fff
* 3.00 —> * HI0FmME

2.00 — T (H2OEINER)

my?#f'

0.00 . . . .

0 0.1 0.2 0.3 0.4 0.5
HZOFEME v w)

Figure 12 ¥RINZKS & —KF HlEEAHES
FRGE B W CIERAT 22 BICET T 5 & L HIT, RKDE 1-2% &V 9 B E %

RIE LT,

RO AR R ELERE R L HbE C FEd Table2 IZ R L7-, 6 kg A7 — /L TOEBIEIZEHB

TIX 1 R 99. 9% L FO R SEs#azR L 72 V) (Entry—6) . Impurity—2 OFIEIZ ZER T 5 Z &N

T&T,
Table 2. 2 2 TRRIZISIT /K58 & RUSEEHEE O BER
Entry  Amount of additional water (v/w) KF (%) Conversion (%) at 30min.
1 0 0.07 31.7
2 0.05 0.9 99.8
3 0.1 1.9 99.4
4 0.2 3.7 90.5
5 04 7.0 76.6
*6 0.055 1.0 >999

RIGEE: ZERITT3004REA. 600 mg scale. *25°C, 1 hr, at 6.00 kg scale manufacturing.
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WIZ, Impurity-3 OFFEHFTIERFHIOW TR RS,

WRERNZ WA REBEFRIKD 1-bromo—2-butyne NUSZITEET H & § 3 TRICBWT
Impurity-3 OAERER & 720 LAY 29 ODILRIKTFO—KERDZ Engnolz, ZWVGE
I EE Y 29 T Impurity-3 OAERKIZ 8 WA L7220 | KIERNRIKETASIEEIT&E

(2. BB 29 DR E MR T OIRIKIZ 22 - T,

ZREHIHIT 272010, PIIRGEIC W TR B CHUS L 7o A E ORG24 0 k42 &
T l-bromo—2-butyne H ¥ %, FR¥ B2 B EREIELL TICHIE$ 2 2 & T2 ORI &2 il L7z,
Lo, ZOHETRIAERDOMHITER TE b oD, BIESEME, 3212528 X0
IR E BB LUEETolz, Thbb, ZOTNAFMACEIZM OO FIEIZL D R

ELL. TODBHITRIMNIRET DLW HiETH D,

FOFRER, ISR THRORISKIZYZFAT IV ERMLZOT VXL Z 7 = F .
2 B X oo TR ET 2 RIEEHENL LT, ZOFEZHAWTHEIMEIC, homEEIC 1-

bromo—2-butyne Z[JSHRNNHERS Z LN TE, UMM ERZIHT 5 LN TS,

X512, Impurity4 I L TCH ZOTENFIKTHSD Z B hosT-,

FRETHIHZE N L CTUuhiz 1-bromo—2-butyne O VE kA L7/ H., AREEH IV ED 1, 3-
dibromo—2-butene 2NVEA L TWAH Z £ 0 TN Impurity—4 QAKX & 72> T 5

ZEMMBEMNERDT,

Z ORI DT OFRIERA — B — L OFFEE 21TV, REEFHERFD 1, 3-dibromo—2-butene &
FEOBRKBZBMBICRTT A2 L THRMEOREKLZETEZ S L)1, EEORETIX

Impurity—4 O E% 0. 07 %HPLO) IZHIHIT 2 Z &N TE T2,
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PUTIZE 2 TRIZB T 28 BRAIR 2R,

F2IR ML —tTOEYE

oK 1-Bromo-2-butyne ok

K,CO, / DMF
C‘J’LNH 3 o ST O’J\NH o
>]/O' - ﬁ,0?2\‘/©/ \"I

o o]

27 28
BT RBHROEH &ECD‘I"(./F
L RIGZRFP DK EZ1~ 2% 1
o< o<+ ERATAKCOEMRAI X
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53 H W3 TROBE

ARTHET, Bocffi7 I b, Bu = AT ANHET L5 TT I D Boe 152 D Ir % i 45
HChAEET DL E NI T — MR TR TH D, WEEHET DI DICEFEIN/ T A — 2 —

DIRF 21T > 72,

ZOFEFR, BROSIREE 25 COREMERIFIZIHBN T, IWHOKZEN 1.4 %LV Z0GEE, AN
HC1/AcOEt M4 &3 6.6 S5 & L W 2 WA, Bl - Bu = AT MAERHETT 52 LIC X D EKT
DRSS NTZZ L K0, 3 TREEGBMRICSUSRNOKSGZ 1 WA FIZay be—L352 L,
Flo, KISICHWAERO%EED 6 FEBEICa br— AT 5 2 ENHEHRICEETHD

ZLErWbEMIL, ThEiERRORISSEMEE LTRE LT,

BI3TRE: - PHIL—+TOEH

(_,/L( ., 4N HCI (8.1 eq.) NH. 2~
oAn 1 AcOEt -
SSVe ' - Y L) !

o]
28 29Hcl

HITR . URBOEH

oK 4N HCI (6 eq.) &Ejs—f,)-—?rg;a}; K4y B % 1%L T 1= %14
()4J\NH .0 / AcOEt I NtHa ‘ i IR : % 1%k =il
N ;vaJ |+ Mo REGealzBE

28 29-HCI
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ZOEDIC L TR, @il TOPEIR 29 - MR DR B2 E ML Z % LT,

RARIEITFEEE OGBS RIS 1258 ] X 4U, HPLC #EE 99. 8%, 3 TAEMD MBI 86%, 7. 08

ke DILAW) 29 « R A BUS+25 Z L N TE -,
BIRTED, ZOBDOEHANTHSH 4 TRENLE S TEAIT-o THE LN RER T, 1k
B 29 IZEFNDAMPE KA S T X THBELL TS D 2 EnTET,
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4% BLEICA O RIEG R (0 4 TR~ 8 TR

Rl

54 TREO B

=
=

1. 1 SOSEPEMEOUE

ARTRETIZ, FETAEMR EOBUR THRSIZHW 2R 2 MG Lz, @iliZz HATU 705 X

DZT, Z DRI B TIXIEIEED SO E % 7~k L7z WSC-HOBt SRICFRIRAE 217 - 7,

[FIRFIC SOSR I 2 AcOBt & L, ROE 5 TR EIREE A —T 5 2 & TR ZEp R %2 22
L7,

1. 2 il

T, WEIE TR, KR LEDNERKFEES O AR ENT TR S 72 impuri ty-5 D4kt
FRICBEE L CWAZ ERALNE o2, T4 b, impurity-5 OAKBREEZEEL-L 2 A,
Z O impurity-5 EKEE . (LA 38, I HITILHFE 4 TR TOERBILEY 29 OBEDOMIZHEH &)

RN S L LR Rt N TE L,
ZDOZEMNS, ZORMAERERE S L TLLT Scheme3 IR TR E LT,

Thbb, AEM 3L BT LT FICE b SN & X0, HATRTEZL-Z1IKT IV &
Fis L.y Phl(0Ac), LT 52212k 38240, TOHOE T TRATKIMISEZT. T

S MMETH D impurity-5 24ETLH5E NI D TH B, Scheme LA FITRT,
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Remained at Step 4
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o 13 a’c’. fl = Om ]
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Impurity-5 38

Scheme 7 #ABE &5 Impurity-5 D4R

LR 2 MRRES D720, LG 29 & 5% LT-bEW 26 ZJikh & L TR E THW

LA, HEIZFEIKPO Inpurity-5 OEMNA SV, AREGRITHE 2D EEZ BT,

WIZ, ZORGUIIEN T BB AW B Z1To 72, 4 TROBLEIZBWTEAEY 29 DFRE
ZHMET L7 o R COWE TR AZBINLIZE A, (bEW29 DGR EZBL ¥ 5 Z

EMNTE, FOME., BEFIF O Impurity-5 2 0. 07% (HPLO) IZH1 2 H Z L N TX -,

FATRTOT o ANBMEEZLUTFICELED D,
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2H W5 TROBE

ATFETIX, initial route G (citric acid, MeCN / water, 60deg., 2WF) Timefihiit
LD RSN T 7 N U HEIT L, 9 5 %D Impurity-6 B IND &9 2
ER DO TV,

Impurity—6 (R LR TORALDOBRICRHRANCERS 2 &N TE D Z Lidbho TV,
AR L7 & B0 IR TR CTOMSEIIIITORVWSF#HTH S Z LD, Impurity—6 234 L 72K
ISR R RRT D Z &IT LT,

,L N/

o L Y
HQ =0 0": o ] Citric acid ||(_? =0 0 L} \,L
NN NN MeCN / H,0 N PPN 0 L
o N +  HOYW= o -
07 NH & 0P NH  F~On /° I, ]
o @ Zy A A R e
:_ 0. A | — (s] A 4 || L H
r 20 _/T T 31 07 =0 Impurity-6
NS
o il o
HO Y -0 0; n ~ HO \— — ol
? o ] "} it o o
A v_,j\_\/ﬂ_.ﬂw,\v.mv/.\_‘_:.«\_v,,.\_v.,. T fieont I VAR ey el GO0 Py s D)
H ——( H i
07 NH "’H'T['Q 07N A0
SYICHANIENG) Il Lol ,LQ J |
be iy i > |
o o 39

Scheme 8 TImpurity—6 A:pkEIEE/L— hDFRE

BV TOR U METIEZ DT 7 b U BALRIS 2 Hlid 5 Z L3N E B2 bz 2 &
K0, REL 2 2RIEE A R LT,

ZOREF, TBAF / AcOH DEMETIZZ DT 7 My BbITBI S e oToZ L kD, 2H5
DEMERHTHZLE L, 12720, 72— RIS h TR 2 & Ly, R¥Ke
R R ADOE TEET L2 LT L,

ZOEFIZHE, FERICEL 70Tl 4 — AL O BN R S 223, BT RO

X5 de-t-Bu 7t RATCREEHIITY Z &N T,
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F5 TROWRRRZ LU TITRT,

FOIER - DHIIL—FTOENE
Y- VA

o . . o
HOy=0 oﬁo Citric acid HO Y=o o

- MeCN / H,0
i —— = HO S
0P NH ? 0 N o
0\(!\/@ || o
1Y 30 T I 31
F5IR . UBREROEH

Y- N

© o
_ ~ _ ~
Hq y 58 TBAF / AcOH W
TBSO N JBAFTACR e A
0, o
T3 WI 30 1% ﬂ' 39
WEDRA -

© RICAEDEE
© ENICHSPRGEE

TBSO
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53 H H6 LRROMET

ATRETIE, BSLEROFMAEEICLY, HSEEREBEEICR>TWD, Fio, ik
X BERIFITOT, B L TRIRBIHWAST L Aa— vy 7 & W5 ik~ ERE R
SNTWD,

7212 L, RUOSSMIZEI LTI PhI (0Ac) (3R D T — R B o D JF SR 7 B 2 Fe 10 L 7=
AZADO™ " S~ DEALRIEE FROE BHIHERFHI T b b OO, FALRITIFES T, AR

ST — FORERZEDOEEMV 6T,

HoILi2 - WHIL—FTOEH
V.

0 L Q N
M 1) 4-Acetamido-TEMPO / Phl(OAc)2 o
HO S 2) DCHA / MTBE-Heptane NH j\*f‘(/ﬂ\/\/ N
o%j“‘NH 0 HO - “\/\)’I\
>r0\(!\/©/ w 04:\‘NH = | o,
: : $odsg
© 32-DCHA
IR - HBEROEH
(o)
HO y=0 d o (}L
HO s 0 HO =0 d b
07 N o 1) 4-Acetamido-TEMPO / Phl(OAc)2 AN ¢
e | 5 Jes
1l
o] 39 >[,0 Y = wl “
HRDRA
- RIGEEZ®E

BITICEBMYHLERF YT
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48 BT TREORE

Rl

4. 1 BUSEKHER

FTLRETIX, BREAMN KT 5 B TRE L TFA / CHCL» & HCOH IZZ R L CTiThi Tz,
D, ZOFRMHIZEWTIL HCOH Dt sII8 CTH Y | IRMERFIZHAIE OPAZEDREN B - T,
JFEMIC L HEEOAHGIEE 00 26 2, KT 572012, HS0s / MeCN [ZFR3E
EEIMTbh,

4. 2 FEErFHEEE (DOE @ Design of experiments) Z WS SRERE

Z DEMTORISGMREIZIE, DOE DF{EE Wz,

DOE &%, FrERZRK#EILLIEWEEIC, EOX D RFERETLOREK LR TH 5 )
ZEMEI L, FLFEBRICL > TRONET =22 EO L I ITHIT L THRERZ THRIL T el
SHTFIETH D,

WEAR L2 TERLR2VRENH 256, TOMEZ 5 & 2 FEHRIT W TWEED

V. 95 LIEBEBOEROMAGDEE — D> DREEL TW Z &1, 2RV OFhEET D,

Bl zIX, 57 ATHE L5 2 TWHERNISH 55 FOERNE - EH T B RIT
LB 2 TWADONETRD - OICIT@ 278 Y (3X3X3) OFERETHZ LICRDHN, E

BRETEE CIX, &K@ Y OEBRTTRINAEEL 725,

KoT, AFEEMAWD Z L TOROWRIGE CRIRIIC UGG EN TE 2 D TIERN)
LB, FEBRICRHEITo T,

F. PR LV ATRICENTE O HSo&E, @ RE. @ Kok D320 /37 A
— Z =PRSS L ORI 2 52 % Z LV L T,

E o TARBRFTCIX, BOGSFER CLUGEED >095% 12785 & 9 7afli F H.S0. &, 1R, KyED

SONRTA—H—FRERITH>Z LT,
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INT A= H—=REINNE, T A—Z—ROH AN S B L7z Design Space ZARRL L 72,

LU FIZ DOE FEBROFEM A2k R 5,

\H

4. 2. 1 TEHIPH 2 J DI & » =18 H D FER

(7]

FBR O SRR E T EBREHE A E FV D, Design Space DFRXED 28, i ol i 71 %
W, EREGORE T OESEE AR T 5,

FTIEHOFERTIL, KT A —F —OFRERMAIL ZAVE TORED BHB LT, i
NS IRNE DI LIRDITERE LT,

{Device & Conditions>

C VA NE JMP ver.7.0.1
FEBRIE S ChemiStation PPS-5510

Test Tube (24mm x 200 mm)

Cooling Jacket: 0C
(AL - 800 RPM
Starting Material 780 mg, (Karl Fischer ¥ : 613 ppm)
H,S04: FRSEHE%

{Calculation method>

Response Surface Design & hifi#tH (by Central Composite Design HV.OMEAFHHE)
RIERPH (3 factors ([KF) & 3 levels (Uk#E) )
HD R 2
H:S04(v/w) = 0.1 775 0.5

H0 (wt%) = 0.2 7»5 2.8
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Temp. (°C) = 10 7»% 30
Table 3. ®RE L7=3[KF &3k
Factor

H,SO, H,O Temp
(viw)  (wiw) (C)

5 01 0.2 10
2 03 1.5 20
4 05 2.8 30

(5 5R]

PUFIZART Table ADSMIZHEV, 16RO FEREIT -T2,

FNENOERIT SHEBBOSKEY TV 7 L, KG%EE HPLC TO area I THHH
L7z,

Table 4. EEr#E R & Response

Entry H,SO, (v/w) H,0 (w/w) Temp.('C) Conversion (%)
1 0.3 1.5 10 71.7
2 0.1 2.8 10 0.5
3 0.5 0.2 10 98.9
4 0.5 2.8 10 97.9
5 0.1 0.2 10 9.2
6 0.5 1.5 20 98.9
7 0.3 1.5 20 97.3
8 0.3 1.5 20 97.3
9 0.3 0.2 20 99.4
10 0.3 2.8 20 82.5
11 0.1 1.5 20 6.5
12 0.1 2.8 30 8.7
13 0.1 0.2 30 53.6
14 0.5 2.8 30 99.6
15 0.5 0.2 30 99.5
16 0.3 1.5 30 99.6
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{Analysis>

JMP T OMEMNTHE R 2R T,

(FHlE & FFED 7 7y b ITTORLIEE 912, ARIOERD G LN FHEITITITH

BEAEmL, £7-. ZOMEIIFETH- T2,

<BNT RA—H — DR OHETE >

[N A= —HETEMH] LV, MBRELIEEIZEDORE., KOBEIZAOENHEITH

WEBELTWDLZLRENT, XD BE

I3 BiERE > IRE =KD BEDIETH 5,

100

80+

Conversion SZEHE
S o
o o

20+

20 40

60 80 100 120

Conversion FBIfE P=0.0002
R2EE=003 RM3E=88212

106.23

05

934697

Hz504

02 Fliva

101.14

96.3497

487197 124897 20
Temp
= (108097 -18703|10

28

Figure 13. THIE & EHEO 72 > K
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TFTHE DR BUZEI LT, IREFRE RPD3D>I5%DIGE I S 7o ATAE R & Bk L T D & f)
WrT&E2, AEIOR = 98%TH Y, TR EN7ZRITTTHEREKMR L TVDH EWNR D,

FEROAEMEICEI LT, PIEC 0. 06056, FEBRRERITHEIICHAE LT 5, SEO
PAE = 0.0002TH V| #RITHEINHAETH D,

<THI7Twe 77 AL>

Figure 14. TR FHZ R 7 7 AL TIE, 30037 A —%— (D HS0, 8, @ #HE, @
Ky E) ZTNENELSEMC, BbOSERR ROMAEDE L, WLV IR
TRTZENTE, ZOROENT A —F —fEZE T Z LN TES, Best condition D%
LLFIZRT,

HoS04: 0.30 v/w, H,0: 0.86 wt%, Temp.: 22.5 C

1004

i}

B0

9758601

Conversion
q
+ 102296

G0~ /

1

WEE
0995276
0 025 05 075

025
054
075

H2S04 H2O Temp EERE

Figure 14. Best Condition >—44]
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B (Effect) OHEEHERALLT Figure 15 12 d, EOIHIZEEDO KX \WWITF A —H —

DS E DI >TEY ., TOMEZHRT 2 LEUTO L ITHBITE 5,

HzSO4 > Temp. = Hzo

AARBRICINSA-SZHEE

18 fehE RAERE . dé plE(Prob>|t)
H2S04(0.1,05) 41.63 2788508 1492 <.0001#
H2504+H2504 347360 5432815 -6.40 | 0.0007+
Temp.{10,30) 828  2.780508 297 00250+
He0(0.2,2.8) -714 2788508 -256 ] 00425+
H2S5044H20 63875 3118764 2n ] 00791
H2S50 44 Temp. -6.2875 8118764 -202 I]E 00904
H2O*Temp. -43875 3118764 -1.41 0209
H20+H20 34831034 5432813 0.64 ] 03440
Temp*Temp -1.806887 5432813 -033 07308

Figure 15. %&/3X7 A — X —DOHEEE

PhED £ ICA ST A— S —OREM, B, 552 OMROMRESHREZS, 0O%ER
TIBRFIEE 5 < B 7272 DI PRI OBGEGIN K X < Aot (108 . 2070, Bt
R 2 A/ L TR AT o 72,

4. 2. 2 NRIRA—H—IRIEFHHRT

[FFiE]
BNRTGA—F—DOFTEIT4. 2. 1 TOMEEZKBL, TRROX D IZHHEEZK > TITo T,

{Calculation method>

Response Surface Design & HhEEFH (by Central Composite Design H.0aE-& i)

e (3 factors ([KF) & 3 levels (Jk#E) )
HzSO4(V/W) =0.2 75)% 0.3

H0 (wt%) = 0.5 7»5 1.5
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Temp. (°C) = 20 7% 30

Table 4. FEL7=3[KHF & 3 KkHE
Factor
H2804 H20 Temp
(viw)  (wiw) (C)
5 0.2 0.5 20
2 025 1.0 25
- 0.30 1.5 30

Table 5. EFuHEE

Entry H,S0, (v/iw) H,0 (w/w) Temp.(C) Conversion (%)
1 0.25 1.0 20 944
2 0.2 1.5 20 61.4
3 0.3 1.5 20 97.7
4 0.2 0.5 20 86.0
5 0.3 0.5 20 99.4
6 0.25 1.0 25 98.6
7 0.25 1.0 25 98.6
8 0.25 0.5 25 994
9 0.25 1.5 25 96.2
10 0.3 1.0 25 99.6
11 0.2 1.0 25 87.9
12 0.2 0.5 30 98.2
13 0.25 1.0 30 99.5
14 0.3 0.5 30 99.6
15 0.3 1.5 30 99.7
16 0.2 1.5 30 90.8
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{Analysis>

SED EBR L [FIERIC NP I THE R DT 21T - 7=,
SBon=FPRRISHERE XML TBY, RICAEMER DD Z L 2R LI,

R OHETE (Figure 16) ] KV, FilgsE, RBE, KoOKEHERLE L HIZ, iR LR

i

Wil & &K ITHAERNARICH D Z EDVRSNT, FrT, Bilg i & OMHAEAERITKSS
DEDRELY BREVWZ ERDND,

e ARBFAINAFA—SEEE

| =l SFFE tHE pfE(Prob>|t])
H2504(0.203) 717 0987681 726 00003+
Temp(20.30) 480 0987681 495 | 00026+
H2S04*Temp -4926 1104261  -446 I 00043+
H20(05.15) -368 0987681 -373 | 000oe*
H2504%H20 38 1104261 344 | 0 3e*
H2S04%H2504  -4725862 1923597 -246 00493+
Temp*H20 2375 1104261 215 - 0nys0

Temp*Temp -1525862 1923597 -079 I_'[ 04579

H20%H20 -0675862 1923897 -035 07373

Figure 16. #%/37 A —X —OHEEfHE

Flo, NI A—=F—OHEHZK Y IALTZZ LT, TR S5 5405 95%(F FHHELFHIL £ 5%
NiZ7e -7,

FHUEORMUZEI LT, IREFRE RPA3D9I5% DG A Il S L7 TR R &2 SA LT 5 &)
Wic& s, SEIOR = 96%Th V., TSN RTITTHERE L TWD ENWZ D,

Fa R OABMEICE LT, PEC 005056, FEBRFERITHFIHNCAR LB TE 2, AFEO

PfE = 0.0016 TH V|, FERITHENICHEETHS (Figure 17)
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80 4

v EENE

704

60 4

F I T, &/3F A—H—® Design Space

80

&0 TO EIIO a0 100
¥ FHHE P=00016
R2FE=006 RMSE=3.1233

Figure 17. FHME & FRMEDO T 1 » b

71 985172413783103

[H2504-025)
AT
+4 89*[Temga—25]
[H2G-1]
+[368* 0'5] [ ]
H2504-025) [Temn-25]
L
+[H2804—025]+[H20—1]+3_8
[ 0.05 » 0?
Temp—25] [H2O-1
e #23TS
[Hes04-025]
0,05
w*—&maaemes@aaa
.05
[Temp—25]
5
.
*@*—1 5058620680655
(Heg-1]
05
.
*[H2005'1]*—0.6758620689655

(72) &R OR)

REEAT- T,

[FHIZ7 a7 7 A0) X0 BOGRNIBWL EE D X HICHENRTA—H—[HEHRT L.

W7a 7 7 AV (Figure 21) | [ZF DOFFAPH (Design Space) &7k L7z,

ZOFRER, BFNRTA—F —OFFEITLLTO LI ITRET H 2 &3 HkT,

H.S04(v/w) = 0.23 to 0.27
H0 (wt%) = 0.5 to 1.0

Temp. ("C) = 25 to 30
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7923
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1
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oA Z
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w o (oY} =t [(w] w O ™ =t o (s} [w] uw uy uy —
- o S & & NS N e S SV I
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02502 25
H2s04 Temp THEE

H.SO,: 0.25 v/w, H.0: 1.5 wt%, Temp.: 25 C

Figure 18. WaStgid 5} (Current Conditions)

e
2
"
oy = @ |
# 3
iz o
e
o
o
o
T T T T T T T T T T
o o R — o
(=] (=]
07
H20 BEE

HoS04: 0.25 v/w, H0: 0.75 wt%, Temp.: 21.9 ° C

Figure 19. Best Condition ®— (¥ 1)
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HBEE
0994539

T
Ly
[=

024
0221
S 2024
028
0.3
0251
0754

S T 0261

iR

HsS04: 0.23 v/w, H0: 0.75 wt%, Temp.: 25 C

Figure 20. Best Condition ®—4] (F®2)

WA=V LIRRIZZEEm# 7 2 7 7 A (Design Space) E RAEH 707 7 A VERT,

EERT O T 7 A NIZEBWTL, TN EAWES DS 3 BRI BT D KOG EEHER 95 % LA
PO Y TERLTEY, SEEHNREODTHLZ L (TRLLIWTIIERBE TRV L) 2,

TR & AREN DT A =2 —ITHAMEMR DD V) T EE2RLTVND,
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H,SO, (0.23 v/w) H,SO, (0.27 viw)

Temp.

“{30
> 95% > 95%
o .
E 25 1
(«}] A
-
(I | Rl los o
HZO H20
Temp. (25°C) Temp. (30°C)
10 Q o
I
. > 95% > 95%
:;.0'5'- 9'23.'.—7.—.-—'..—‘9'2? -~ :;0'5-. 023 027
H,SO, H,SO,
H,0 (1.0 wt%) H,0 (0.5 wt%)
I:30
8 ',_25
& 8 !
- 0.23 i : Q.23E AN §0.|2?| |
H,SO H,SO,

Figure 21. Z&&E# 727 v A4/ (Design Space)
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Figure 22. ZXAAEH 7 mn 7 7 AV

UbDX oz, 2BBENT A =2 —DHIHZKLVIAAL TN 2L T, BEDEV Design
Space ZRET D T LMK, o, TOMHrOH T, HNT XA —F—D TR LUHHA
TEMORBEDOESWAHREE L7z, 723, 20 Design Space DFXE TIL 3 Kefili& DLUSHED
HEINEELTED, M7 a7 7 A VITBEL THRN,

4. 2. 3 HEIEFER

BRI, PR MEOMEZ BRI E L, 5%7E L7z Design Space % &2 FEBRIHEM 268 & MR8+
HEBRAEITO TEDOMEN S ZMGE LT,

FH A LU Table 7, 8 TR,
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Table 7. H,S0: 0.25 v/w, H.0 1.0 w/w St : 4 B CO ) lnHLER

Temperature (°C)

Time (h)

15 20 25 30
0 0 0 0 0
1 49.4 70.9 87.7 95.7
3 83.6 94.2 98.7 99.6
5 92.3 98.2 99.5 100
7 96.4 99.1 100 100

$71% (H,S0,0.25v/w)

%)

conversion (

time (h)

- =15 e I == 1 —i— ()

Table 8. H,S0; 0.20 v/w, H.0 1.0 w/w : 4IEE CTO Kl

Temperature (°C)

Time (h) 15 20 25 30
0 0 0 0 0
1 22.7 40.6 62.4 79 1
3 536 727 8738 950
5 67.8 836 94.2 98 1
7 76.1 895 96.7 98.0

H,S0, 0.20v/w B MR EC &EDconversiontE#

ersion (%)

conv
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Table 7D X 912, MifEE, /KMMEDS Design Space DHIFAN T H5A121%, 3K LINIC
IREEAN25 CTHIGEMN Y95 % L7257, Table 8D X H Wi ELX R EDHF N L T5 &
FHBEY . JREN TIRD25 COBAIT 3 FEf% ORISR <95% & 7o 7=,

4. 2. 4 PRIfEE RPED L

WIZ, Table 7,8 TN LNDORMFTOERMR (bR 3 Rl TOFEMIE) 2. FH21S
B U HEE A & b LT,

fEFIFZLLT Table 9 IR0 Th o7z, MUSHEMNTO S EDSHE O FHKEEIZIEFITE < .
TRNTIZIFEMRRFREZESH L T D LT,

Table 9. SEBRFER © G3FFE L O SO HA LR

i H,SO, H,0 Conversion (%) Error ratio
Entry Temp.(C)

(v/w) (wiw) Predicted Actual (%)
1 15 0.25 1.0 82.6 83.6 1.2
2 20 0.25 1.0 92.1 942 23
3 25 0.25 1.0 98.5 98.7 0.2
4 30 0.25 1.0 100 99.6 -0.4
5 15 0.20 1.0 60.9 53.6 -12.0
6 20 0.20 1.0 753 72.7 -3.5
7 25 0.20 1.0 86.6 87.8 1.4
8 30 0.20 1.0 949 95.0 0.1

LEDOFERMN S, USRI EIS Sl L LEBADENRT A—F —DFRMITLLT &7 o
77
HoS04 (v/w) = 0.23 to 0.27
H:0 (wt%) = 0.5 to 1.0
Temp. (°C) = 25 to 30

LL2ii b, EREICIEIAN T 0 7 7 A L~OREIIRM S TR, T E TORGE
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T, B0 3D 7 nGE . LA 5 impuri ty-5~DIIKIFRRE N H S | 7 I RIRARY
A7 e E D R AR B AL T 2 2 &6 B0 (wth) =0.5 to 1.5 wt%h
(target 1.0 wt%) ZEH L7,

—J7. BRI REN S5 2 &onh | BWE T Z 15°CTIRML, £O®RART 5T
ETH D, BUSITHREEARM & RRFICH#EITT 5 2 £2v5 . Temp. (*C) =15 to 30 C (target 25°C)
EEA LT,

BRI DWW I, RROFFAME 2 S L, HS04(v/w) = 0.2520.02 v/w (target 0.25v/w) %
BHL,

70 target fifl% Table 9ZH51F D Entry3DE&MF:TH Y . 4RI FEER CTFRE L 7= Design

Space DEIPANTH 5 Z &b, REME L TRELRWEE R bR,

ZDOEIITLT, RTFIZBWTIZIDOE OFEEZHWD Z & THRMICNRT A —F —HTEE

FBTIRTOBRFHEREZUTICE LD D,

FTIR . DHIL—FTOEHE

'S M- 1) aq. KHSO,/ ACOE!/ hexane
o]
2) TFA ! CH,Cl, / H,0 HO
NH O HOY A 4 0 HD -0 o
— [/ iy P l\ - 3) Solidification from
()" AN hlrdhd j AcOEt/ hexane HoAnr e “‘“/"‘“/““Jl“/\)

()/ NH & 0
L J’ 0P NH # ]
1 \)““ e 32-DCHA ”Og)\/kj WI 13

FITR . URROEH

W=
o ur?\—o d ) H H;50, 0 HOY o ¢ H
Ho AL A A I MeCN wo A LA ﬂ/\,ﬁ\/lv o
o/ NH J/‘ S O NH &
| _j Wl 40 HO«{I\/Q + "

EEDRA
¢ RIGEREZBRICHEIHAELR
o ERIEZEERAVV-EHEERTE
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5 H 08 TR

5. 1  FabrkEt

3ODAINVHRFIIVIEEF T D CHA630808 1X, I/ — FCTlx7 U — (K CTORFEEHEE L T
B EN TV, BERBAFIZ BRI THENRTEEREF LV CH4630808 DG I%. 1.5Na

Y. 2.5H,0 ®» BAFESL 45 Z L E S NI,

ZI T, B ITRERTIIH T LRETHLNL Y U —IKOBRIZKER(LT F U U LOKEK 2N A

TpH A Lz trt S E5, WO L RISEITTORY L& A A STHETT 5 2 L LT,

§=1

S OIS EHEROBUR T H A RET ATV, RAEAITITAIT A EL 2 B0 K LAT 5 &

Wr 5k & et Lz,

b, ~EHEORNTIIIEZEE LIHERTHD, oI TITiEtle ph & iR

DBICRIZFES D Z LW ENI L, fRE2LLTIORT,

NaCl IEENE L A I FENENMm EL (7T 7) | pH 5. 1 fHECIREITHR KR E o7

E7Z77) .,
IR pH
70. 0% 56. 0% 3
65. 0% 54. 0%
o 5 52. 0% d
60. 0% [ 4 52. 0%
o o ‘ o o .
55. 0% - . 0%
50. 0% s = 48. 0%
*

45.0% [ 46. 0% :
40. 0% : : . 4 4.5 5 5.5 6

10% 15% 20% 25% 30% pH

Figure 25. @bATIRPFOMEREEE, pH & L E D BIFR
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—JF, 2IRHOETIMEEZ SO LB LEREE Lz, TRbbL—FEpi>13 DA >
Fa_X— hERD LT, KOS DS & HEE S D EMIE AR RE 2 REEENCBR < &

W AT THRAGA AL TN D,

Z D 2 Bl AT ORI B o TERRME O & U m #lEE IRREIUAS 7 v & e LTz,

5. 2 F#&FEKORERIE Ol fE

W ORIERLE BV T HEY & 3 2/ TRV ARG R ARG S T,

ZHUE PR RE CITHBL L T o e Th o 72, ZAUTE L THZRERIC B RS A

ARG T D720, WP ORGSR EEITEEICER LAT Y —a "=V a Ui e T o7,

WRZUF T — 7 WIRT,

Table 9. #EgaEHIHIA 7 ) —=2 7

Entry Solvent (5v /w) Conditions Form A : Form B
1 MeCN only 25 deg., 1h 76 : 24
2 MeCN : H,0=8:2 25 deg., 1h 49 :51
3 MeCN : H,O=8:2 35 deg., 1h 14 : 86
4 MeCN : H,0=8:2 35 deg., 2h 0:100
5 MeCN : H,O=8:2 35 deg., 2h then 25deg, lh 0:100

35 deg., 2h then 25deg, 1h
6 MeCN : H,0=8:2 17 : 83
then 10deg., 1h then 0 deg., 1h

7 MeCN : H,0=9:1 35 deg., 1h 44:56

8 MeCN : H,0=9:1 35 deg., 2h 31:69

Form A : Form B=79: 21 ®R$%HL =,
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Date: 12 Dec 2017 DVS Isotherm Plot Temp: 25.0°C
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PLERARTE B 22U, RBHREREE L LT L— M2 Lz, Av—T o
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Improved /L— k ZHENT L7-,

FY. BICEENUEOBS TOREMRE L FIORT,

Table 10. Improvement Summary

Initial Route Improved route

Total steps 7 8
Intermediate Isolation 4 2
Total organic solvent (v/w) 457 74
Kind of organic solvent 8 4
Filtration 12 3
concentration 9 5

Vessel washing 24 7

Total yield of 29-HCI (from 26, %) 82 86
Purity of 29-HCI (HPLC %) 99.0 99.8
Total yield of 13 (from 25, %) 56 554

Purity of 13 (HPLC %) 98.52 99.62°

aTotal yield of API (13-1.5Na-2.5 H,0), purity of AP

W TARBUI A D Na AL TR X THRAES TRRIC /R > TV DI b b b3, fRIRIE
Initial route LIFFEDOLHTH5 %L Rrolz, £, AFEMOBLATIE, 1 LI AEELE,
TEBOERL, WHEOEHE. RISEDOWERERAE KIRIZDRT5Z &N TE, fEEZEDITT.
EERH. BEAWEZE LS KESEDL LN TEL,

Flok bW L RO TH D, PRIABEEE S OB & FEE G E R EOmSZIZE LT
1, HBEREDAE B 2N 2R 5 722 b 20D B IR AESRIEO 1398, 52 %725 99. 62 %

M ELTEY, ZOMEGERT LI ENTEL,
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BRI, ZOREIEE 11 HIEREICH WS FERETH Y | GMP(Good manufucturing
practice) EH T TiThoN7z, T7bb, POREINTEEFIHICENER L, TORE SN
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Table 11. JRUEBGEHER (R, IR, T2 - SERERR)

HH & it 5
I & R 20~40ke 3.28 ke
g1 35~70% 55%
FREE . gERE =T L = 4500 ppm ND
BREH . T h=FVU L =369 ppm ND
T aaTE B! B
RRT 0.53 : 1.2% LLF RRT 0.53 : 0.04%
RRT0.92 :0.2% LLF RRT 0.53 : 0.07%
RRT0.99 : 0.3% LLF RRT 0.53 : ND
RRT 1.14 : 0.2% UL F RRT 0.53 : ND
RRT 1.57:1.5% LLF RRT 0.53 : ND
il S RRT 1.76 : 0.2% LLF RRT 0.53 : ND
RRT 2.03 : 0.3% LA F RRT 0.53 : 0.07%
RRT2.08 :04% LLF RRT 0.53 : 0.03%
RRT2.13:02% LL'F RRT 0.53 : ND
FOMOEL OERHEE : 0.15% LT FohoEs OEGHEE : £70.08%
REBYEE 45% LT REEYEE : 03%
Naf A && 5.0~7.0% 6.0%
S 75~90% 86.6%
P Af~HENEREOHER AEDOHE

LB A TRENGE 8 TRFE TomEIER 2R BRARLLT

*HPLC (23T D FH R ERRRE R
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EXPERIMENTAL SECTION

General

All reagents and solvents were purchased from commercial suppliers and used
without further purification. Optical rotations were measured on a Horiba SEPA-500
automatic polarimeter at the sodium D line (589 nm). 'H NMR spectra at 400 MHz and '°C
NMR spectra at 100 MHz were recorded on Bruker Ascend 400. Proton chemical shifts are
reported in parts per million (§) downfield from tetramethylsilane as an internal
standard and are referenced to residual protium in the NMR solvent (CDsOD; § 3.30
ppm). For C NMR, chemical shifts are reported relative to the NMR solvent (CDsOD; §
49.0 ppm) as an internal reference. NMR data are presented as follows: chemical shift
(6, ppm), integration, multiplicity (s = singlet, d = doublet, dd = double-doublet,
t = triplet, q = quartet, and m = multiplet), and coupling constant. IR spectra were

recorded on a JASCO FT/IR-350. High resolution mass spectra (HRMS) were recorded

using Waters Xevo G2S TOF (ESI) instrument.
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tert-Butyl (tert-Butoxycarbonyl)-L-tyrosinate (27)

To a solution of tert-butyl-L-tyrosinate (26, 6.00 kg, 25.3 mol) in DMF (19.81 kg)
was added Boc,0 (5.52 kg, 25.3 mol) in DMF (2.81 kg). The mixture was stirred at

25 ° C for 1 h (©99% conversion). The resulting mixture was used for the next step.

tert-Butyl (S) -3- (4- (But—2-yn-1-yloxy) phenyl) —2— (( tert-butoxycarbonyl) amino)

propanoate (28)

To the solution of crude 27, H,0 (0.33 kg) was added to adjust the water content
(KF analysis, 1.0% weight). K,COs (14.00 kg, 101 mol) and 1-bromo—2-butyne (4.02 kg,
30.2 mol) were successively added while maintaining the temperature below 40 ° C. The
slurry was stirred at 25 ° C for 1 h (>99% conversion) and stored below 40 ° C
overnight. Diethylamine (0.92 kg, 12.58 mol) was added, and the mixture was stirred
at 256 ° C for 1 h. Water (72.0 kg) and AcOEt (37.8 kg) were added, followed by
liquid-liquid separation. The organic phase was washed with water (60.0 kg), 2% aq

KHSO, (60.0 kg), and 5% ag. NaCl (60.0 kg), successively.

The resulting organic phase was concentrated under reduced pressure. To the

residue, AcOEt (37.8 kg) was added and this solution was used for the next step.

tert-Butyl (S) -2-Amino-3- (4- (but—2-yn—1-yloxy) phenyl) propanoate  Hydrochloride

(29- HC1)

To the solution of crude 28, 4 N HCl in AcOEt (34.9 kg, 136.9 mol) was added, and
the mixture was stirred at 25 ° C for 2 h (>97% conversion). To the reaction mixture,

10% ag. NaOH (90 L) was added below 25 ° C, and the solution was stirred. The

70



separated organic phase was washed with 10% aq. NaCl (30.0 kg) and cooled to below
0 ° C. Water (10.2 kg) and 4 N HC1 in AcOEt (5.8 kg) were added successively, and the
mixture was stirred at 0 ° C for 30 min. The solid was collected by filtration, and
the cake was washed with AcOEt (54.0 kg) and dried to afford 29-HCl1 (7.08 kg, 86%
from compound 26, 99.8% purity by HPLC analysis, Impurity—-1, 0.05%; Imputity—4,
0.04%). Colorless solid; [aly® +17.4° (c 0.51, MeOH); 'H NMR (400 MHz, CD:0D) 6 :
1.43 (s, 9H), 1.80 (t, 38H, /= 2.1 Hz), 3.12 (d, 2H, J = 7.0 Hz), 4.12 (t, 1H, J=
7.0 Hz), 4.66 (q, 2H, /= 2.1 Hz), 6.96 (d, 2H, /= 8.6 Hz), 7.21 (d, 2H, /= 8.6
Hz); "™C NMR (100 MHz, CD;0D) & : 3.1, 28.1 (3 carbons), 36.9, 55.7, 57.1, 75.1, 84.1,
85.1, 116.4 (2 carbons), 127.8, 131.6 (2 carbons), 158.9 169.2; HRMS m/z calcd for

Ci7HesNO; [M + H]™ 290. 1756, found 290. 1751.

tert-Butyl (25, 38, £)—-3—-(((S)-3- (4- (But—2-yn-1-yloxy) phenyl) -1- ( tert-butoxy)-1-
oxopropan—2-yl) carbamoyl) —2— (2— ((tert-butyldimethylsilyl) oxy) ethyl) -11- (2-heptyl-

1, 3-dioxolan—2-y1) -2-hydroxyundec—4-enoate (30)

To a reactor charged with (S)—1-phenylethan—1-amine (S, £)-2-((S)—-1-(tert-butoxy)-
4-((tert-butyldimethylsilyl) oxy) —2-hydroxy—-1-oxobutan-2-y1)-10- (2-heptyl-1, 3—
dioxolan—2-yl) dec—3—enoate (25, 6.00 kg, 96.1% purity, 99.39% ee, 93.4 wt %, 7.47
mol), AcOEt (27.0 kg) and 5% aq. KHSO, (30.0 kg) were added, and the reaction was
stirred at 20 ° C for 30 min. The separated organic phase was washed with 5% aq. NaCl
(60.0 kg). To the organic phase, DIPEA (4.70 kg, 36.4 mol), tert-butyl (S)—2-amino—3-
(4- (but—-2-yn—1-yloxy)phenyl) propanoate hydrochloride (29-HC1, 2.71 kg, 98.9 w%, 8.23

mol), HOBt hydrate (1.50 kg, 9.79 mol), and WSC hydrochloride (1.80 kg, 9.39 mol)
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were added, and the reaction was stirred at 20 ° C for 4 h (>95% conversion). The
reaction mixture was washed with 10% aq. citric acid (60.0 kg), 10% aq. citric
acid/2% aq. NaCl (60.0 kg), and 5% agq. NaCl (60.0 kg) successively, and this solution

was used for the next step.

tert-Butyl (28,38, B-3-(((S)-3-(4—- (But—2-yn—1-yloxy) phenyl) —1- ( tert-butoxy)—1-
oxopropan—2-y1) carbamoyl) -11- (2-heptyl-1, 3—dioxolan-2-y1) -2-hydroxy—2—(2—

hydroxyethyl)undec-4-enoate (39)

To the solution of crude 30, AcOH (0.58 kg, 9.66 mol) and TBAF (1 M in THF, d =
0.903, 8.70 kg, 9.64 mol) were added, and the mixture was stirred at 20 ° C for 3 h
(>95% conversion). 5% aq. NaHCO; (60.0 kg) was added to the mixture, followed by
liquid-liquid separation. The organic phase was concentrated under reduced pressure.
To the residue, MeCN (23.5 kg) was added, and this solution was used for the next

step.

(35, 45, B) —4- (((S)—3- (4- (But—-2-yn—-1-yloxy) phenyl) —1- (tert-butoxy) —1-oxopropan—2-
y1) carbamoyl) —-3- (tert-butoxycarbonyl) —12- (2-heptyl-1, 3—-dioxolan—2—-y1) —3—

hydroxydodec—5-enoic Acid (40)

To the solution of crude 39, iodobenzene diacetate (7.16 kg, 22.2 mol) was added
in four portions below 15 ° C; then, water (3.00 kg) and 4-acetamido—-TEMPO (0. 34 kg,
1.59 mol) were added, and the mixture was stirred at 15 ° C for 1 h (>95% conversion).
5% aq. NasS,05 (30.0 kg) and AcOEt (27.0 kg) were added, followed by liquid-liquid

separation. The separated organic phase was washed with 20% ag. NaCl (30.0 kg) and
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evaporated under reduced pressure. To the residue, MeCN (23.5 kg) was added and
evaporated under reduced pressure; then, MeCN (23.5 kg) was added again, and this

solution was used for the next step.

(8)-2-((S, B)-1-(((S) —2- (4- (But-2-yn—1-yloxy) phenyl) —-1-carboxyethyl) amino) -1, 11-

dioxooctadec—3-en—2-yl) —2-hydroxysuccinic Acid (13, CH4630808)

To a solution of crude 40, water (0.23 kg) and sulfuric acid (2.80 kg, 28.6 mol)
were added below 15 ° C, and the solution was stirred at 25 ° C for 1 h (>95%
conversion). Water (30.0 kg) and AcOEt (27.0 kg) were added, followed by liquid-
liquid separation. The separated organic phase was washed with 10% aq. NaCl twice
(30.0 kg each time) and then concentrated under reduced pressure. To the residue,
MeCN (14.1 kg) was added, and the solution was transferred to a SUS container using

MeCN (4.70 kg) and stored at 5 ° C; this solution was used for the final steps.

(8)-2-((S, £)-1-(((S) —2—- (4 (But—2-yn—1-yloxy) phenyl) -1-carboxyethyl) amino) -1, 11—

dioxooctadec—3—-en—2-y1) -2-hydroxysuccinic Acid (13- 1.5Na- 2. 5H;0)

Step 1

A stored solution of crude 13 was used to charge the reactor, which was passed
through a line filter through which water (12.0 kg) was added. After warming to
35 ° C, the solution was adjusted to pH 4.8 by adding 10% aq. NaOH (3.16 kg), and
then 20% aq. NaCl (8.80 kg) was added. The solution was readjusted to pH 4.8 by

adding 10% aq. NaOH (2.10 kg). MeCN (0.45 kg) was added to adjust the MeCN/water =
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1:1 (v/v). After the solution had been stirred at 5 ° C for 2 h, the solid was

filtered and washed with chilled MeCN/water = 4:1 (14.9 kg) to obtain the wet solid.

Step 2

The wet solid and water (15.0 kg) were placed in the reactor, and 10% aq. NaOH
(3.30 kg) and MeCN (13.7 kg) were added (pH > 13). After the mixture had been stirred
at 35 ° C for 30 min, 2 N aq. HCl (3.98 kg) was added to adjust the pH to 4.8; then,
MeCN (2.96 kg) was added. The resulting slurry was stirred at 35 ° C for 1 h and
filtered, and the cake was washed with MeCN/water = 4:1 (14.9 kg) and dried under 50%
RH at 30 ° C to afford 13-1.5Na-2.5H,0 as a colorless solid (3.28 kg, 55% from
compound 25, 99.62% purity by HPLC analysis, Impurity-5, 0.07%); [«]y® —18.2°
(¢ 0.63, MeOH); 'H NMR (400 MHz, CDsOD) & : 0.89 (t, 3H, /= 7.0 Hz) 1.23-1.37 (m,
14H), 1.47-1.57 (m, 4H), 1.81 (t, 3H, J= 2.7 Hz), 1.94-2.00 (m, 2H), 2.40-2.45 (m,
4H), 2.53 (d, 1H, /= 16.1 Hz) 2.80, (d, 1H, /= 16.1 Hz), 2.96 (dd, 1H, J = 7.5,
14.0 Hz), 3.12 (dd, 1H /= 4.8, 14.0 Hz), 3.17-3.20 (m, 1H), 4.53 (dd, 1H, J = 5.4,
7.5 Hz), 4.59 (q, 1H, /= 2.7 Hz), 5.50-5.60 (m, 2H), 6.82 (d, 2H, J = 8.6 Hz), 7.15
(d, 2H, /= 8.6 Hz); “C NMR (100 MHz, CDsOD) & : 3.2, 14.4, 23.7, 24.9, 24.9, 30.0,
30.0, 30.1, 30.2, 30.3, 32.9, 33.6, 38.0, 43.5, 43.5, 43.7, b56.3, b57.1, 58.0, 75.4,
77.9, 83.9, 115.7 (2 carbons), 125.4, 131.3, 131.5 (2 carbons), 136.7, 158.1, 174.0,
175.2, 176.4, 177.9, 214.5; IR (KBr), 3392, 2926, 2850, 1705, 1644, 1594, 1511, 1239,

1215 em'; HRMS m/z caled for CasHyNOy [M + H]' 644. 3434, found: 644.3414.
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BC_NME spectra of Impurity-1 (free form)
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'H-COSY spectra of Impurity-1 (free form)
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IH-NMR spectra of Impurity-2 (free form)
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BC_NME spectra of Impurity-2 (free form)
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MS spectra of Impurity-2 (free form)
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IH-NME spectra of Impurity-3 (free form)
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LBC_NME. spectra of Impurity-3 (free form)
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MS spectra of Impurity-3 {free form)
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IH-COSY spectra of Impurity-3 (free form)
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IH-NME. spectra of Impurity-4 (free form)
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BC_NME spectra of Impurity—4 (free form)
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TH-COSY spectra of Impurity-4 (free form)
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'H-NMR spectra of Compound 13, Compound 13-1.5 Na-2 5 H,0, and Impurity-5
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13C-NMR spectra of Compound 13 and Impurity-5
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MS spectra (ESI+) of Compound 13 and Impurity-5
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IH-NMR spectra of Impurity-6
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BCNMR spectra of Impurity-6
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1H-COSY spectra of Impurity-6 DFILE  J0000501-021-02-COSY.
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HMBC spectra of Impurity-6
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- : DEPTspectra, T : COSY spectra
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HMBC spectra
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