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Ac acetyl

Boc tert-butoxycarbonyl

DBU 1,8-diazabicyclo[5.4.0]undec-7-ene
DMF N,N-dimethylformamide

equiv equivalent

ESI electrospray ionization

Et ethyl

h hour

HPLC high performance liquid chromatography
IgE immunoglobulin E

i-Pr isopropyl

LC-MS liquid chromatography-mass spectrometry
LCAP liquid chromatography area percent

M mol/L

Me methyl

MIBK methyl isobutyl ketone

Ms methanesulfonyl

ND not detected

pH power of hydrogen

RH relative humidity

rt room temperature

RT retention time

RRT relative retention time

t-Bu tert-butyl

temp temperature

TG-DTA thermogravimetric-differential thermal analysis
THF tetrahydrofuran

TMS trimethylsilyl

uv ultraviolet

XRPD X-ray powder diffraction




B1IE REOTOLRBREDORR

1.1 FEEREREE O REREORMHE ¢

AHEA AL RILER B CEHEREE 2 . EERLARD Oy BNERILE
WMThHDHHOThHD. MIEREOT THEE LT & B & LRI, BrLuvEEKS
DIEM{L A E RO pRIE LT &, ROtz ERLE T 57007tk
MDD 2 DIZKBI SN D, EIRGLOBRE AT — UL, BREME, AR, KR
BRI OVEKRRHGED 4 DIZHBTE D, BB TIE, 2D OZERIEEmORNG Y
— MEAW AR L, HEEEAERIC S\ TS 2 RiE(bd 5. # L Cinvitro T
DOIEMER ONEIRYE, in vivo TOHEZNE, (RNEIRE, 22tk OWMEOR GGG 5 BR
S BET 5. EHRRBR T, BIREMLED DL & Ao 2 5ET
Lo OB E ET 5. b MG L TH IR & L MM Z2 RO 510,
Bt g~ kg DILEWMENPLE L 72 5. BRRBR T, BAREMLEmEZERMICE b
5 L CalMiid 2. BRIREBRLIE T 5151, Good Manufacturing Practice
(GMP) D#f 2wy L CHLE LA BERiES NI b O TRITFT R 6720, £ LT
BEER AL & L CORAMECMEIEE MR L, SR L CORRREEZIT Y. Al
{CERTARTRIIIE D B IR FRBR O — 5 2024 L, 71 2 b3 FEG R R ER ) & /&R
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L7z ECiMlid 2 MR H 5. LA T SELECT DZNLENDKRFITHOWTaBT 5.
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(3) Legal (iEHil)
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(IR AREE) | O TNBEE TH 5 [EEIEM K OE SRS 5 0 BUEE H L OVWE
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L E OFA K CRIEEOHKICEE T 2158 (bR @i el SbF Y
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72 BE U720 55 AE, FEDNED DIESHICIED R TR B . HREIT
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A TS D MNERND D,

(4) Economy (#&#1E)

RIS OBAFITIIE R AR & BN ME L 72 D70, RIKRE TR J OV
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72 EFRARE N EE D AIREME S m WD TH D, BUEFEME M 25 2 5 LTI, MK
BB T DRI DR COBER RLETH Y, (EER R BRI BT %
P L7z 7 o 2RENEEND.
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LOFKE, ThD. HE L CRMERIFEEZGLIZDITIE, VAT LAZHEEL, L
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AR, IRE RO e EOBERBEOBRENGE 0D, OF 0, BUSFEA &R D5k
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E9 5 (Figure 1-1).
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DEBEARES D
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Ml— bk &T5, RNEKSE TR E T2 86— 20O EETT 5 Ik,
FIINRORBYEL T 220D T Ry MEUGRT VA a—E U T OIEMRR EN D 5.
AW EGE TROFE, FESEOMAR, Kk, OSELR, i, B, S,
Hild, kR, AERBORO L, 5. TRy MRS, BEEORISE Y =0T v
TEFINERSIE S E TS HFIETH Y, iR OBELEETE 5. 7L XAa—v
VX, ERHOEEE A TICROSICAWS FIETH Y, A=V T v FRET T
TNDLE, FEE e Hit7e EOBEAEMTE 5. LanL, RFHZZH b OHFETAR
M OFFHR LIS L > CRERIEZ L <3 5720, BEETRO +o R BEASLE & 72
5.
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INETIRATZ LI, EIRMHEMEEY DT 1t 25 IEOBRIZAIRILF L — k
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FICEHIMET LV — PR LB T LV — MR I I N A T L —
PEREIR LT LAV ARk 2 | AGREUE CTH Y, IROFER, FEEFEm, IRREE R O
FEIRIE 2 EOSER SRR L2 BE TR Ao S . | BUEBEUEOERERFIZILITO LB
D TH5.

Q) TVUNT U ERTT D L IgE FUAD EH &, IO L T2 —IEAET 5

Q) A LIELETZ— Lo IgE HUKIZT LAY VS U TEIET 5 & I sE
HeEnsd

(3) TEMEb ST IETAIRL s AL AR E A ST LA —ERA 5 & 2 S
s

b RAY I NI DALHBEERED 1 O THY, TUAF—ORBITITE AX I HL
ZRENEDS. K-8986 (1) 1Lt A4 2 v HI ZRIMEFIER 2 >(LamTh o, 4
A ETDISY & LTeT L — MRS IR IR ISk 9 5 RS BRFE D H T
72 * (Figure 2-1). FHIBREOMZERTE AT O 72Dl F v 7T LR —/1 D K-8986 75 s
EThol-120, YEbAWD T ut Z5RIEDORIICETE L.
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BRI CRLR E 72D, HAMIRILXY 72 NI OEENRAIRE L 725, LAY
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I ThNS. Kk, B, SEREKOZEOR T ) —= 71X, YRR
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AR OFRREICHINZ T, K-8986 D lFAfEHE H oo /K IAMEMEAS pH 6 T 1 mg / mL A THRIFNE
(T CKIBFED I ERMLECTH - T2720, MEAWITEY RO A s ) —=2 7
EiT-o7=. EHENALRST (AP, active pharmaceutical ingredient) (Z5% 17 AL S 405 %A
T EBBEIRT S0, GRAS VRN, AL PT7 v F—2_—2 K OBES % B 55
XAEZRL S, MHRE, Wi, T~ v LA U, U VBROY =B AEEO 1IRA
7Y == 7 THWZ. K-8986 DIHEHIEN BT D UM 2 DD EFE 2 H7
DT, ALEMEFIETHMOENLE 1:1 T 1: 2 ICHEL T2 maEAWE L.
Hrit U7z R OFERMEE TG-DTA KON XRPD DIE IS CHERR U7-. HRFRYE X RIEE (i fig
L CHBAGHEECH o723, 4 DOREEIE (iR, 1 7~V 1~ LA Ui RO 2
~ LA VR IIESICTRARECTH o7 (Table 2-1). 2 B OAKIRMIEL, AHIRIE
DOBGESME (pH 5-6, 25°C) T K-8986 Mtk & bhi L Tk L7= (Figure 2-2).
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iz (equiv) T PR
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WD2WA 7 ) —= 7 THIEOWMESE 25 L7 (Table 2-2) . 4 >DOMEIE (Wilki,
17V, 1~ LA VIR N2 ~ LA R (2B U T M OVIR I % e
L7z & 2 A, BREIZIREEREER S Y 4 1 7 < VBREITREERNH -7, S BIZ,
1 7~ EiEE, TG-DTA MIER RN OREmZIENH D LHERI S (Table 2-2), #AHEE
BEADIRIRIEDIR S 23 b B AN Tdh - 72 (Table2-3). TS DFERE I, AL
BRI REE L C L~ LA VBE RN 2 ~ LA VB AR LT

Table 2-2. 8D 2R AV ) —=7

W A .
. TG-DTA 759 RH, 25°C, EE*.EH%%U‘/?&‘I‘% o
B — (7%%)
lday
Tt ML 197°C 0.8% BEEH D
1 7~ VR 158°C, 292°C 4.9% 7L A i 20 PR 2
1~ LA Ui 149°C -0.1% 7L
2~ LA U 128°C 0.4% 7L
Table 2-3. KO (60°C)
Entry TR 2WEEE |1 7wV |1~ LA VR | 2 v LA VBE
1 MeOH 10 13 500 500
2 EtOH <10 <10 63 33
3 Acetone <10 <10 <10 <10
4 AcOEt <10 <10 NA <10
5 water 500 10 167 100
6 10% water/EtOH 13 50 NA 500
7 10% water/Acetone <10 33 NA 333
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onchaastod sttt b | .
m.,www gyl /\M );W”‘JM“MW B TIRRO {M“ f’ﬂ' m.“#""l“{] l{ﬂ.WMM(? : T”"‘ \MM’MN

m)’7rﬁ;m “\m M‘lﬁa«wwmm‘imlli@w ‘{’1‘?\" “V‘;';Q” ”1::" “%;WM F\{"‘mm §/ 0o

B g

FRUIZ1I~UA VBB L 2 ~ LA VEBR O L ETE 2 AWV, ek, et KR
il Ry ONRILES % b L 7= (Table 2-5). 24 (80°C, 1#R) MK OUSE (120 75 Ix/h) 12X L T,
1~ LA VBT ZE TH -T2, 2~ bA VB TIXb PN IME T L. Wimdk
DORETTIL, 75% RH & TF93% RH @ 2 12T 25°C T 1 ARtttz D2 b & et L7z,
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1~ LA UEBHITIRIEN 2L 2o T2y, 2 < LA U EEMITIEFE O RV S (93% RH)
TR L CTENLT 7 ZME LT, KIBFRETIIREREN DT bO0, HMEIX L~
VA VBBIEN 2~ LA VBRI D bEm <, A= ATy TRIERHZR E RFIE L 72 D 8
MR EN B ST,

b XY, EBIEMLEAREAZED H-OIZHE)e APl OBRJEEREE LT1~ LA U4
IR L7,

Table 2-5. D 3W/A T ) —= 1< A VR L 2~ LA U ERE O i

conditions 1~ VLA VRt 2~ LA R
Bz etk (80°C, 1 week) 100.6% 98.9%
Stz EPE (1.2 million lux hours) 100.6% 94.3%
WRIRE (75% RH, 25°C, 1 day) -0.1% 0.4%
WA (93% RH, 25°C, 1 day) 0.1% 0%
TEIVT 7 AL
KEEFEPE (pH 5.5) 5.10 mg/mL 3.85 mg/mL
HEE (HPLC area%?) 99.4% 97.2%

a: HPLC condition A

13



BIE REOTOLREBREDORRE

3.1 fIEELZEL— FOHRERE

fb&¥ 6 (1 OFBEEER) ORIFELFETOERL— k% Scheme 3-1 12777, Hi%E Ak
N— K& R r— T v TREEICEAT A IIX 3 S OREBRFENH-7=. F 1L, {LE
M2 LT DN-T IV NN ERT D Tt Uz ZEBARORIER Z4#H 4 5729
ERMRISTH o727, § 212, kAW 6 oAaIZIZEIR (1200) kW~ 757
A —HERBMETH T, B3I, LA 4 L 1-T7nE3-7nn 7m0 0 0-7 L)L
(LD TH DILEY b NEHAEYEDO =D WEEHERREETH 7. L LN D,
WAL — MEIa o=z R THY, 3 DOLFEWR TREN BIFRIEETH o7
72, FELOMEICEY ALATZ.

Scheme 3-1. L5641 6 DRAIFE(LFETOE AL —
H3C/\0/\ ch/\o/\

6 (a free base unit of 1)

2, solid 3, oil (iii)
amorphous
0,
HO S ) Clee_~_O s 65% 80 HPLC area%
T, = 7T

N (@) 56% N o)

H H
4, solid 5, solid

Reagents and conditions: (i) piperazine (2 equiv), NEt;, EtOH (30 viw), rt, 2 days; (ii)
1-bromo-3-chloropropane, K,COs, 2-butanone, reflux, 13 h; (iii) K:COs, KI, DMF, 120 °C, 5 h,
HPLC condition B.

B2 & &7 DN-7VF AL A R L7z, Table 3-1 @ Entry 1-3 2R3 X 512,
BTV UEOHENNZ L > T Imp A ORVERRD Uiz, KISEBEORETCIL, Entry8 @
MLz Z WS T Imp A ORIAEZ i b CE 7228, ROSEPABRE L, KIS
YT IR L. LAY 3 & Imp A DERIZUEMBIC H - 7273, sk
M OEHEIIREE Td > 727 DB 2 ORBERE D2 B 451 LTz,

14



me&LMé%2&5&597®w7w#wm@ﬁ1
/\O/\ /\

C
N piperazine /Q
,>— —— 3,o0il +
@EN c| solvent @/ K/ N \/l\

2a Imp A
piperazine temp ) HPLC area%?
Entry . solvent (v/w) time
(equiv) O 3 ImpA

1° 2 EtOH (30) rt 2 days 66 34
2 4 EtOH (30) rt 1 day 86 14
3 8 EtOH (30) rt 1 day 93 7
4 4 MeOH (30) rt 1 day 84 16
5 4 1:1 (v/v) EtOH/H20 (30) rt 1 day 88 12
6 4 MeCN (30) rt 1 day 90 10
7 4 AcOEt (30) rt 1 day 90 10
8 4 toluene (30) rt 1 day 92 8

a: HPLC condition B, b: The isolated yields of 3 and Imp A were 74 and 25%, respectively.

fb&w 2 OBifERAE A L— K~ (kW 2b) &L, BEXT VLD N-T X/ LE KR
ALz & 2 A, MIGKRZ2 KIFICEE C& 7= (Table3-2). {LE® 3 & Imp A DLLHEIZxf
LTI, XTI VU BEORENKE < (Entry 1-3), KGIEE O3 727>~ 7= (Entry 3-5) .
ZDi, BRIV EIOBEHWZEZA, RBBWERER-72 (Entry 6).

15



Table 3-2. k&2 L T D N-T7 L F /U bRES 2

[ o/\ | | HsC o/\
b e D

N OMs Solvent N
2b Imp A bO\/CHs
piperazine temp ) HPLC area%?
Entry . solvent (v/w) time
(equiv) O 3 ImpA
1 2 MeOH (2) 0 6h 1 86
2 4 MeOH (2) 0 2h 71 28
3 6 MeOH (3) 0 2h 85 13
4 6 MeOH (3) rt 2h 88 12
5 6 MeOH (3) 60 2h 85 13
6 10 MeOH (3) rt 2h 92 6

a: HPLC condition B

L& 3 DEIARIC X DRI R 2 e L= (Table 3-3). FEHZIHLEH 3 & Imp A
DL 83:16 DIREME W, Wmilg, Wi, ~ LAV BEROT7 v AgE AW SGE
ICHEEE DS DAL, WRERMEIIRAE U T AP E o 72 72 ORI B3 70 <, HEERHE 139
ﬁ#‘@@f:&)ﬂﬁﬁi))%ﬁ“@%ok 2 < LA VR R ON 2 7~ VR IR RS N B D
AR D#E e (Table 3-2) & DFALE DT L o TEME DAY 3 NTHELATRE & 72 - 7=

16



Table 3-3. &%) 3 OFEEIRGT

S

H3C NoglNe!

0/\ H
. T @VO%

3, oil
83 : 16 ratio of 3 : Imp A

ik . " ‘ HPLC area%?
Entry _ it mn LI i) PR
(2 equiv) 3 Imp A
1 T P EtOH Tl i 82 17
;’f\j: =]
2 Sk EtOH S i i i
()
3 U i EtOH - - - -
4 NV EtOH - - - -
5 | <L A EtOH 2~ LA VIR (ST 97 3
6 7 Lk EtOH 2 7 ViRt it B 92 8

a: HPLC condition B

WIALEW 3 LALEW 5 O N-7 VX bz fst L. Al by Lr— hClidfbam 3 %
2 U EAWTWER, BEa X N EBE L ULAEW 3 & 1 M &L Lz, MISIRE I~
PRI RRABICR IS TE A X9 100°C IZRRE L, i, DMF, CH:CN K& TN EtOH % v
7o BOSHEDFHEI 5 DMF Z 38R U7-. MR ) U L2 W& Tibam 6 ©
HPLC FiEE A mn-> 7= (Table 3-4) .

17




Table 3-4. (L&Y 3 LALAEM 5 D N-T /LF 14k 1

P

H,C” 0

W(I 1,
(1 eq

additive

P
H,C (0]
base 3 /\

@;'N ISP

o,

Entry base (equiv) additive (equiv) temp (°C) time HPLC area%?
1 K-COs (2) KI (1) 100 5h 88
2 Cs:C0O3 (2) KI (1) 100 5h 50
3 NaOH (2) KI (1) 100 5h 37
4 t-BuOK (2) KI (1) 100 5h 12
5 DBU (2) KI (1) 100 5h 58

a: HPLC condition B

L&Y 6 D HPLC HLEEDS Q BEIFRLSE L 72 > TV A BRI R B — 7 DL SN 7=,
T ZTCRUGEICEEEES DTG A =2 R ET D720, LoV v AEKRORIGSRE %
fREt L7z (Table3-5). ZDfER, Kok U v La% 1 Y& e LS IZ HPLC M i
HE< (Entry 1-3), BUGSIREEIX HPLC MEEIZRE L e 7- (Entry 1, 4 K UY5).

Table 3-5. {b&# 3 L{LE# 5 O N-T /L 14L 2

Entry base (equiv) additive (equiv) temp (°C) time HPLC area%?
1 K>COs (1.5) Kl (1) 100 5h 88
2 K2COs (1.5) K1 (0.5) 100 5h 84
3 K2COs (1.5) none 100 5h 51
4 K>COs (1.5) Kl (1) 80 8h 88
5 K2COs (1.5) KI (1) 60 15 h 87

a: HPLC condition B

FROBRBFICEIE LA 617 u~ T 7 4 — A VE LS PIC LA VR

AL TE D,
L&) 6

Hric /e & LT

18
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BEAMPIT LC-MS JIE (ESI, RYT 4 7FE—R) Tmlz=529 D& — 27 Z@HIL,
UV AT RANOLRUYFTVUBRERT DBENTRINC oD, EXT VU
{EEW 5 M 2 DRI L= 2 HEE L. & 2 C Scheme 3-1 (/R T HIEIC THE L 2 ARk
L, Y% ImpB L RE L7

Scheme 3-1. Imp B DAk

Piperazine (0.45 eq)

,  KeCOs (15 eq). KI (1 eq) 4l: :I:::j/ \I:::I: :1§

DMF, 100°C, 5 h
Molecular Weight: 529
83% Imp B

Imp BIidALEM 3 ITHERG LT EXT U UDBRRERVEIET L. BT VORI
KHALT DITUE, AR OEAZFIA L CRUGED BT U ZERET L, L I3HEfE &
BRIV UERFEENAND FIERV U VT RHNICRET D RMFIC L > TE TLF
MMEDERT VAT ELZO TR EDTERNERIE 25 7. L, 2O EEY
HABL— FCHALTHERT VU OFFLBLIZ L D Imp B 2R D 52272 il 53 K 4
ThHhHETRLE. £, BT, 1~ A VEEE 2 v LA VR 2RSS
SV G3T D=0, LAY 6 OFE R HMEN ENVETH ST,

ZIO OFEEE RIS D720, LAY 6 OFT- 72 G BIEOBFICEY fHA 72, Table 3-6
(RT RIS, NUVFT VB R OGP RA ORI BT S 1E A AL
F— FORFTH TV, — RIS, (LEWDIREMYEL Y 7' XA EAEOBIRSICHE S
. UM EA M OIREREDN B RE N S T 5720 Th D, LLznn, HEY
{EEMPMRIAfEYE ChIUE, mtEOBEEZ W @miTe A 7 U — PR RIS/ 5 &
Bzl 207w, ZOWEORMIZL > TABRLFEL— N CTOREE R TE 5 LT
L, FIRGHLV— FEERLE.
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Table 3-6. XY F 7T VU EHILEM DU (mg/mL at 25°C)

Solvent 4 5 7 (vide infra) | 8 (vide infra)
water <1 <1 <1 NA?

acetonitrile 15 5.3 4.9 <1
methanol 11.2 4.8 17.2 7.3
ethanol 8.7 3.7 11.1 <1
2-propanol 6.0 2.1 6.3 <1
acetone 7.5 15.0 9.6 <1
tetrahydrofuran 19.6 47.5 60.3 <1
ethyl acetate 1.8 8.3 11.8 <1
toluene <1 1.7 51 <1

a: Not available.

BFHRAEL— MY, HRESNEERXT Y0 L O C-N AR E R 2% k% i

7= (Scheme 3-2). Z D/ — FTIIERT VU a=y hOBEAK| J%%ﬁ“é’r”ﬁl%é—:\ﬁ>taz
R FT D E R RO 2R LT A B E CREKH Sk o Rl <06 alE AR
MERGIIRETED EEZZX . £, BREUSTEMEEm 2 LT 0 C-N i
AR L 72 D728, UGS OREFNC X 2{bE6W 6 O R LR c& iz,

Scheme 3-2. R DARTAfREM: 2RI U 7= 88L& Ba

O/\ v —— C-N bond formation C-N bond formation with
N- Protected piperazine

mwo T
@ TEL T O,

3.2 {t&¥Y 5 DERRE
HHAR T B A BT H720IC_ Y F T P UKD SWEE BN EE CTH - 7=
DT, LAY DA ERG Lz, 1-7u®3-7uaa a2 {baMm 4 O O-T 1%L
TR L 7M/LE®51E, Imp C, Imp D XN Imp E 25 AT\ (Figure 3-1). Z#
SORMIIL, UBEOT ot AEZBLTUIEAERETE N7, Z OERINH]
(ZHD AHTe BN B o T

20



Figure 3-1. Imp C, Imp D & TF Imp E OHiE

ClWO\@:SL
N° "0
e O LT
pC
Bra_~_70O S o N N ©
T
N @)
H

Imp D

F PR AR L7z (Table 3-7). R TIX Imp C, Imp D &Y Imp E DEIA &2
WA DLW HENH -T2, Wi~ A L Rl E AW TERER, RO Y 7 L0
HRINERNTH 7= (Entry 1).

Table3-7. 1- 70 E-3-7uu Xu Xy {5 4 ® O-7 LF 1k 1

1-Bromo-3-chloropropane (1.05 equiv

HO s ) ¢ 0 s
Oy, T ey
N (0] 2-butanone, 80°C, 8 h N (0]
H H
4 5

Entry base HPLC area%?
5 4 ImpC ImpD ImpE

1 K.COs 35 57 ND 1 1

2 Na2COs ND 100 ND ND ND
3 Li2COs ND 100 ND ND ND
4 CaCOs ND 100 ND ND ND
5 NEts 3 96 ND 1 ND
6 i-ProNEt 1 89 ND ND ND
7 Pyridine ND 100 ND ND ND

a: HPLC condition B
W TR Z R L2 & 2 5, Table 3-8 @ Entry 5 1Z/R T X 512 10% &K= ¥ /) —/L %

MWD RETREZREST-. LROBREOHF b G5 L, ka4 O UL
DRI BISMENFEBE LT RN @V E B R 5.
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Table 3-8. 1-7 0 E-3-7 o7 R L {tEMW 4 D O-T ¥ Al 2

gest e,

1-Bromo-3-chloropropane
(1.05 equiv)

K,CO3 (1.3 equiv), solvent

80°C, 8 h
Entry solvent HPLC areadt”
5 4 ImpC Imp D Imp E
1 2-butanone 35 57 ND 1 1
2 DMF 21 46 ND 3 10
3 MeCN 40 48 <1 1 1
4 EtOH 56 30 ND 1 7
5 10% water/EtOH 71 15 1 2 3
6 10% water/2-propanol 65 19 1 2 1
7 10% water/n-propanol 51 33 ND 2 5

a: HPLC condition B

JFEFCH DILEW 41X, T FALHI & RO X > TEHK L7z (Table3-9). =
5 ) — N DA 5-10%N I Th o7 (Entry1-2). L L7as bk & LCRilR
JISTHY, ZA7—nNT v 7 UTZBTHREENPZE NS D & A EN LS D < ATREMEDS
ol S6IUbEM S OFRKHENETH - T-720, KRIGHIEIZLH1LEWM S O
AR LTz

Table3-9. 1- 7w E-3-7 uu Fu X {54 D O-7 VX113

1- Bromo 3- chloropropane

Cl 0 S
(Z — R G §T
K,CO3 (2.1 equiv), solvent N O
80°C, 8 h H
HPLC area%?
Entry solvent
5 4 Imp C Imp D Imp E
1 5% water / EtOH 88 <1 4 2 1
2 10% water / EtOH 86 1 3 3 2
3 30% water / EtOH 55 34 ND 2 3

a: HPLC condition B
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PR DOERZIH TE DX, LAY 4 ORISR EBE L THRIER S 2RI L7z,
FIE SO TFREE R ORI A DOBRENFE & 72 503, X2V F7 2 L Fhs H SR ORI S7
PEEZFIRTIULZ OFFEEZ R TE 5 LB 272, JHERIIIA TR 222 BE L
T DIAD (diisopropyl azodicarboxylate) & L7- 8. (L&) 4 OIRfEEE %[BT 25 & THF 1%
WU T e o7eb Do (Table 3-6), {LE#) 4 OIREIRIC DIAD A2 % imFE THIIK &
RO UTT2 THF 2R L 7=, 3-7 v r-1-7'uasX ) — )L S AbEW 4 OYERERGNT
i L72BRE LIS WARY (Imp C, Imp D XN Imp E) #4587, Kt a7 7 A
VIRERWNTE ST,

FAEROE TlE, RIS T FJ7:#wT274/ﬁ%/F(%£O)kt%7/
VORI A Y T a N Ll OSERERT D, ZOKRERET L7290
BRERAr— NV TCldra~ N7 77 4 —F-EITON, AT—NL7T ‘y7°;@i%“ﬂiiﬁiﬁﬁé/\“
THEWETH D, A — Ty TREEICHEA R TR ERE T S &, EIRoSERE Kk
BT RO AT U —0 2 FED A TERET 5515, RIGHED pH FREIZ L > THERD %
AR U CEl IR & oy Bl 2 71k, XUTAERMW DR % & /727K )8 % AR L CvE
BT D HEREOWEFINH 729 L, WO G EMERBETH - 727
D, L&Y 5 OIRIEREZTE R U= S 7k R E A BA R LT,

FREOSEARFE N NY 7 2= VR AT ¢ A F Y RiIZW b MeOH ICEfiEd 573, 1k
A 5 1% MeOH IZITIA T2 Hyo 7= (Table 3-6) . % Z TRUSHK T 1412 SUSiR % JiHE L <
MeOH AR TA T U —PEi L7= & Z 5, MeOH/water 2:1) TIE b U 7 = =)LIR AT 4

(PPhy) KONNU 7 2=V R AT 4 o FHY ROWTILHIRE L7220, MeOH TITF%ER
IZFRETE 7= (Table 3-10).

Table 3-10. YEHELR D& ALERARES
3-Chloro-1-propanol (1.1 equiv)

Clai~
\©: l DIAD (1.1 equiv), PPh; (1.1 equiv) \©: L

N _ o yield GC area%
Entry | Workup : SUSEIRMEZIC A T U — 3
(%) 5 PPh; | PhsP=0
1 2:1 (v/v) MeOH/water (9 viw), 23°C, 1 h 82 87.7 8.1 1.6
2 MeOH (6 viw), 23°C, 1 h 81 97.1 ND ND

F72, WERISIIAKDEELZZ T ARG TH D, LAY 4 1TRBHENH Y, 22K8h T
TE T 5 LR EDRI 3%E THIM L2720, {bEW 4 DKYEERTHVLENH - 7=,
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Table 3-11 12T X 912, /K43 % 0.57%, 0.86%, 1.41%5Tefbad 4 2 CIE s V-
LA, KSDOENNAENERENMET L. ZORENSILEY 4 DK% 1%L FIZE%
ELT.

Table 3-11. SEAERIISTATT B LAY 4 DRI OFE

Entry {b&8 4 DIKSy IR
1 0.57% 80%
2 0.86% 7%
3 1.41% 71%

LAY 4 DKG OEBRIZ AT CHRRF O ZEM 28 LT- (Table 3-12). JJEHET
IKEBRET H72OIZITAME 50°C LA EE T A MR H D 7=, FME 60°C T 48 il £ To
R 2R LT-. ZFORE, bEY 4 OO EVEICIIEIL 2R o 72,

Table 3-12. {b&W) 4 OWERFOZZEM (FME 60°C)

HPLC area%?
RRT L& —
initial 6h 24 h 48 h
0.74 NBH 0.31 0.32 0.32 0.31
1.00 4 99.6 99.6 99.7 99.7

a: HPLC condition C

INFETORFHERNOALEW 5 DA — LT v 7RIS IS T X 5 &)
WL, OO RIS ARG L7z, Table 3-13 (2R T & 512, USSR
(Zrenotz (Entry 1-3) £z, HHAHRODES E7205 DIAD O bV i % A TR
L7z, ZORSE, KIG~DOFENR IR -T272%, DIAD O MMV ARKE AT —VT >
THEEEIZHW T (Entry 4).
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Table 3-13. JEAELSUG DORRES 1
3-Chloro-1-propanol (CP)

HO\@SL DIAD, PPh, ClWO\@:SL
H o] THF, 30°C, 1 h H o]
4 5
Entry CP DIAD PPhs THF LT [ yield HPLC
(equiv) (equiv) (equiv) (v/w) (%) (%) area%?
1 1.1 1.1 1.1 4 98.7 78 98
2 1.1 1.1 1.1 3 98.2 78 96
3 1.1 1.1 1.1 2 98.0 78 97
4 1.3 1.2° 1.2 3 98.1 74 97

a: HPLC condition A, b: 40% toluene solution,

Table 3-14 @ Entry 1 |Z/~9 X 912
W4 DHEK Lotz l2, 3
PPhy Z[RE/L & L TR L7-/ER, 15 Yimb LTHILAY 4 NEal

HEAET L.

Z, RO 2 16 Bl & TR L CTHREFCH H1bE
3-7mnu-1-7v,) 7 —,, DIAD KOY
NS Lfcﬁﬁ)of:

(Entry 3). FEEENISIMERICHE L 2o 7-0 7T, RERIZLIYETHL S
ST, BEKETOKG O EHE RE LT 5720, REEE 1.3 Y| J&E

7=, 2T Bk U= b&¥ 4 K5

Table 3-14. YAk

PG DR 2

3-Chloro-1-propanol (X equiv)

SLIAMT Y, A —) L7~ FHRIEEROff %
Zi7 EARSOEEBERNEZEZE LD THDH. £72, {bEW 4 25D - Rimix, St
FERRFE A HEE L CH MeOH & H Wb &W 5 ORI T4l

f-CHRAE,

BRERRETH -T2,

\©: L DIAD/toluene (X equiv), PPh; (X equiv) CIV\/O\@:SL
THF (3 v/w), 30°C, 16 h NSO
Entry reagen-ts HPLC area%?
(X equiv) 4 5
1 13 55 85.3
2 1.4 5.0 84.5
3 15 25 84.9
a: HPLC condition D
KIZ DIAD IR OO R E SEEE LT, MGREDOFELFHA L.
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WiE% 30°C L ON45°C & L, BEMO GO TR LIZE 2 A, £ ToEITRL, K

I BFER I 9 SVEIR T & 722 o> 7= (Table 3-15 & ) Table 3-16) .

Table 3-15. JGIER S DOFRET 2: NI 30°C TO KSR D2 EME

R (min) LA HPLC area%”"
initial 1lh 3h 8h 24 h FEit%
2.5 4 29.4 4.8 4.4 4.4 4.4 1.0
7.6 DIAD? 11 11 12 11 11 0.6
9.0 DIAD? 2.0 1.8 1.8 2.1 2.0 ND
13.8-13.9 5 61.0 85.2 85.5 85.3 85.2 98.4
14.8 PhsP=0 6.4 6.1 6.1 6.2 6.3 ND
19.1 ~HH ND 0.86 0.91 0.94 0.96 ND

a: DIAD i3 t—72, b: HPLC condition D

Table 3-16. JGIER S DOFRET 2: NI 45°C TORSIR D22 et

R (min) LA HPLC area%?"
initial 1h 3h 8h 24h Rtz
2.5 4 36.1 5.0 51 51 5.1 0.9
7.6 DIAD? 11 11 12 11 1.1 ND
9.0 DIAD? 1.8 1.9 1.8 1.9 1.3 ND
13.8-13.9 5 54.6 84.8 84.8 84.6 85.1 99.1
14.8 PhsP=0 6.4 6.2 6.2 6.3 6.4 ND
19.1 ~HH ND 1.0 1.0 1.0 1.0 ND

a: DIAD i3 tv°—72, b: HPLC condition D

{bEW S ZEIRE LTI 720, WRFOZEMNEZME Lz (Table 3-17). MR
60°C T 48 Ff[f] = CTORIGEEALRN 72 <, {bLEMS IILETHHT-.
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Table 3-17. L& 5 DI D22 E M (60°C)

HPLC area%?
RRT &) —
initial 6h 24 h 48 h
0.19 4 0.77 0.78 0.76 0.77
0.46 ~BA 0.30 0.30 0.30 0.30
0.61 ~BH 0.33 0.34 0.33 0.33
1.00 5 98.50 98.5 98.5 98.5

a: HPLC condition E

PLEOWKENZ L - T, HHAR 7T vt 2omehicmT -{be 5 OREE i LT
T2OARr— VT v 7RSI L. L& 4 % 1.5 kg W THEEE ATV, IE 88%,
98 HPLC area% (HPLC conditionE) TI{k&W 5 #1525 Z L3 CT& 7= (Scheme 3-3).

Scheme 3-3. L& 5 DA /r—)L7 v 7k
3-Chloro-1-propanol (1.3 equiv)
cl o) s
\©: L DIAD/toluene (1.3 equiv), PPhs (1.3 equiv) ~ > \©: L
THF (3 viw), 30°C, 3 h N"~o

4,15 kg 5,1.9kg
88%, 98 HPLC area%

3Z3ERZ VA=Y FDEA

BRIV ra=y FOBEANITIIESIZAFARE T2 N-Boc X7 20 % HE.
{b&# 5 & N-Boc EXF 2D N-T V¥ kL, AIEE LT L — F kG 3 L1baW 5
D N-T VX AL RO THET L, {LEM T ZERE LTHEX . 7ok, BitkD
A=)V T TEEEIHEH L7z N-Boc BT PO ERT VU EIL 3-5% ThH -7z .

Scheme 3-3. {LE# 5 & N-Boc X7 2D N-T/Ixﬂwwlg

Clu_~_O s N-Boc-piperazine /\
T, e s
N (o) DMF, 90°C \©: L
H
5

7, solid

A LT — FOETH o7 Imp BIIARLETHEIAET D AMREMER S -7, Imp B
DENVEIZBET DT A= ZE LICRER, KRBV VLX) v LAOED
BB L7 (Table 3-18). [REEHN U U ABEDENIZE > T Imp B O&NRELL 72D
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(Entry 1-3), X 94bH UV 7 5% 05 Y& L D72 < LIZSMHT Imp B 3% < A% L7z (Entry
5. FO=w, RFEE%L, N-Boc BT 05105 Y&, RV 7AFX075 4E, K~
AV 7 A 1.25 HEICERE LT,

Table 3-18. (L& 5 & N-Boc 25 2> D N-T7 /L Ukt

N-Boc-piperazine Boc., /\l

o] 0
~ \@: l K,COs3, KI N\/\/o
DMF (3 viw) \©: L

90°C, 4 h 7. solid
Entry N-Boc-piperazine | K3CO3 Kl yield HPLC area%?
(equiv) (equiv) (equiv) (%) 7 ImpB
1 1 15 1 96 96 0.32
2 1 1 1 96 97 0.16
3 1 0.5 1 98 98 ND
4 1 1 15 98 97 0.15
5 1 1 0.5 97 93 0.41
6 1.05 1 1 98 97 0.13
7 1.1 1 1 98 97 0.12

a: HPLC condition A

BABLOFE L LT, MUK TRIKEIMZ T L7 bE® 7 OFEMER DY, A
PEDSIEF N o 72, JRRIZAEEY 7 OfEda S5l < BEE LT VWHEEICH 72, £ 2

T, fEemOITHZ RN E L TR R <25 L9, MR 70°C UL ETKREINx 5 H#F
ZRRE LTz, AKOWRMEITIER L ORI E L e ho 72708, AEE~OBITE S
L T6MEARESL L (Table 3-19).

Table 3-19. {L&5¥ 5 & N-Boc E°2F 20 D N-T /L3 AL D% LR EF

Entry K (X viw) =R (%) HPLC area%?
1 10 96 96.7
2 8 99 96.0
3 6 99 96.2
4 4 97 96.5

a: HPLC condition A
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HEEL7ALEM T ORI T 2 7 7 A NV EHR LT 2 A, Fi#iAMmE LCTIimp F
% 0.4 HPLC area% 7 A CU 7= (Figure 3-2). Sk A OREENFETICS WETFE SR
Tote®, PO TRA~OR B L 286 L CARATR COREZRF L. LAY 7 DR
it 7 — % )25 (Table 3-6), THF ZHWALEW 7 Oz RAA T, {LEW 7125 1%
KO THF Z 12 THIR 60°C T L, WIRFOREW % A1l ChrE LIk
L7zE 24, ImpBERImp F2E0E s A EORMMZERETET- (Table 3-20). F
L DOILAEY T 05 THE OFREEF) & 72> 7= b OO, GED 97.4%0> 5 PR By ¢
99.9%F Tl kL7,

LL, ZTOHBDO ImpF 2&T{bEW 7 % AW T-Mahc L - T Imp F A VE ISR
BLARWRHMP CTH D L LT720, YE B EIAR TRORMY 7 e 7 7 A4 L)
26 LT BROBOF ILE DALE ST & L.

Figure 3-2. Imp F D&

Boc\N/\

Table 3-20. (L& 7 DFERRFT

RRT (Lo HPLC area%?
s i Rtz
0.45 Imp F 0.37 0.01
0.73 Imp B 0.10 ND
1.00 7 98.0 99.7
a: HPLC condition F
L&MW 7 2R L LCTHY M9 72w, SR o2E 2 /a8 Lz, SME 60°C T 72 K

M TORBFEIEN 72K, \LEWTIXLETH -7 (Table3-21).
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Table 3-21. (L&YW 7 OFIEFFOZEM: (60°C)
HPLC area%?
RRT =] —
initial 6h 24 h 48 h 72 h
0.45 Imp F 0.34 0.34 0.34 0.37 0.34
1.00 7 98.0 98.1 98.0 98.0 98.1
1.21 /~BH 0.82 0.83 0.82 0.87 0.83

a: HPLC condition F

BRE LT ESRE 2 A r— v 7 » TRGEICHEH LT LB 5 DA R % 2kg K1 3.4
kg THLE L7-fER, BBMEO BUVMEAEY 7 OBAHIRP L, L& 7 D Imp B % 0.10%
PUFICHIfC& 7= (Table 3-22).

Table 3-22. {bLEW T D A /r— LT v Sl

N-Boc-piperazine (1.05 equiv) Boc..

Cl o S
o \©: i\l\ KoCO3 (0.75 equiv), Kl (1.25 equiv)
N~ 0 DMF (3 viw)
H
5

v
LN~ 0 S
LA,

90°C, 4 h
&4 5 _ HPLC area%:?
Entry o yield (%)
(ARYS ~x 7 Imp B Imp F
1 2 kg 97 97 0.08 0.39
2 3.4 kg 98 98 0.10 0.38

a: HPLC condition F

3.4 Boc EDRE{RE

FEMESRE T C Boc & FrE U CAM 2 CRUST U, R~ a7 7 A4 vzt
L, MEOR EIZo7end &2 7. ALEW 7 O Boc ZEDOBLIRGEIT 6M HEEE CTH S 1Tt
1TL, R CTHHILEY 8 R L L THISTE 7= (Scheme 3-4). L&Y 8 IR
BEZETIC< < (Table 3-6) SEBITAE S Th o 7-.
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Scheme 3-4. {L.&%) 7 @ Boc D fliff:#

NP S
Boe- \©: i\l\
N
/\j 6M HCI *2HCI N0
%L
N o
H

.,

b

K/N\/\/O\Q:SL 8
H
N (e}
7 H

0

4

9

FAYESRIE T T Boe ROBREIT ILIRFE/L A Y TF LR ET D20, A r—
VT TEEERE D RS OWED _EF KON A DZANA~OHIIER L2 U o
RN B RS A Y T T L AT REDS BN T2 O R~ D fi B A 5 MBS B B A3,
WHRPMES HTA R T v 7 LI WE WS TZiE DR H D, A Y T F L DRI~ &
T2 720121%, T A — VRBEOER DR TH D, ZIUIRIETER LA
TF U UBISEDOEN tert-7 FL A T4 LPERIREEIZH 0, tert-T7 T F A LN
T3 =V IR ERBEIZEIS L, SIS T D —T VX tert-7 % ) — IV ETERT ST
HTHD.

ATLETHT V3 — VEEZ@EIR L, SR T AR AT 5720, 6M HElE4 A
TIIEDOMATICH B L 5.2 537 A— X Zdi#& Lz (Table 3-23). FitA X /—L &
L7eBRIZ A Z 7= 20 BUIGRN R o7 (Entry 1-2) . OSIREEZ 20°C 725 40°C &
% & OGKERETDS 6 BERI S 1 BERICAEHE L7z (Entry 2-3). 6M MEEED B IXSEFE ~D
HEDNS L, R EZEINT 5 LIEREME T L7z (Entry 3-5).

UL EORGENG, RIGOEATICIIRISRE OFENRE L, RELLTNZTHHD
FIRITERE BT L=, Ko T, Ar—nAT v 7RERROEBER, (AW Ticoy ) —
VAT 40°C LA BT 2-3 (548D 6M 4N+ 5 FlEE Lz,
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Table 3-23. Boc J: D i fR#EDKGT 1

6M HCI (X viw)

7 8
solvent (2 v/w) solvent (6 v/w)
temp, time 5°CLLTF,1h
6M HCI temp time yield HPLC
Entry solvent
(viw) O (h) (%) area%?
1 3 MeOH 20 6 82 98
2 3 EtOH 20 6 87 99
3 3 EtOH 40 1 89 98
4 2 EtOH 40 2 92 98
5 5 EtOH 40 1 79 98

a: HPLC condition A

farm b OB ZHE LIz L 25, IR K ORI ~D

Table 3-24. Boc LD WifRE DR 2

6M HCI (2 viw)

B2y
o

X725 7= (Table 3-24) .

! EtOH (2 v/iw) EtOH (X v/w) ’
50°C, 2 h 5°CLATF, 1h
Entry EtOH (X viw) yield (%) HPLC area%?
1 5 92 98
2 6 92 98
3 7 93 98

a: HPLC condition A

{bEW 8 ZERE LTHLY 372, HERFOZEMZ MR L7z, ZME 60°C T 48 K

M FE CTORBFE 72 <, {bLEW 8 IXLETH-7= (Table 3-25).
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Table 3-25. {t.54) 8 DRI D22 ENE

HPLC area%?
RRT losx?) —
initial 6h 24 h 48 h
1.00 8 99.3 99.3 99.3 99.3
1.42 ~BA 0.19 0.19 0.19 0.19
1.54 /~BH 0.41 0.41 0.41 0.41

a: HPLC condition G

tﬁbk@%%%ﬁ%;ké%?@ﬁpiézsm&w&ﬂ@fﬁﬁbtﬁmm&%%
L&Y 8 TR K Z R B TH V e O R FITENRHT b OO, WTFoRET
b PR FHLR CTULER 99% & ERmINILEW 8 155 Z LN T&EZ. LT, XUV F
T OB ERT D& FREOREREEZRIAT A AR T et AL o T, BRimR L
TH RS TRROFENTH HLEW) 8 & mfliE CH5 Z L ITlEh L.

Table 3-26. (L&) 8 D A /r— LT v Sk

Boc.
N
O\'\/\/O s 6M HCI (6 equiv) kN\/\/O
N~ 0 40°C, 2 h
7 H
ocsx// N ield HPLC
Entry D Y KAy
A= (%) 2 area%?"
1 2.8 kg 99 99.2 7.2%
2 3.7 kg 99 99.9 2.8%

a: /K Fnd#a%E, b: HPLC condition G

3.5 BRI TR

N R IZ = VFHEROEY 2 1%, FEEEOLEY 10 12 Ames 3RBR (RHE %
AW ERFMERER) CHMEOWMERH 712720 12, R7r—)L7 v 7 s CIEEE PN 5%
BEINRNWEICHEET HLENSH -7 (Scheme 3-5). = 2T, {LEW 11 ZFEE L,
IKERFE 2 25 U T AL % B IR OBOSIZ AWV D B E A /T LT,
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Scheme 3-5. Ff& SOt TREDJFURFD 18R

HsC o/\ Aco/\/\ HCl HsC

~
(Lo~ Ty T,

2 10 11

Table 3-27 (2R K 912, AIE(LFL— b TORF 2S5 BB %EZ OMs & L Tt
L7e. AbEM L 2 A b LT, RINRZ KT = F L TEEY 8 & ORI AW
TofG R, IR TOEY 6 OARNFIRE TH -7, LL, Fiice e LT
Imp G DA EMGEE L. Imp GIIbA 6 2~ LA VBRI L TH e BRETET,
MsCI 2985 L CHAER Lz, AERERILZ = FUECTO MsCl O3 iR & & HER L 7=
0, JFIEMWEICHBEHEZHm) A7 ORMEHET LT, A L— MaRlT 2
ARkL— FORGETE R IE LT,

Table 3-27. BiBfEEE O KRG

MsCI (X equiv) H C/\O Ms .
1 NEts 3 /j‘ I\Q\l o s
(1.1 equiv) acetone, rt, 1 h @[ />—\ ~ N \@: l
then H,0 N OMs N0
2b Imp G H
H3C/\O/\
N
8 NEls \lll\l/\D\I o s
. ~ N
(1equiv)  MeoH, 50°C, 6 h \©: l
N~ 0
6 H
MsCI HPLC area%?
Entry .
(X equiv) 11 8 6 ImpG
1 1.21 0.63 0.87 92.8 0.59
2 11 1.15 0.45 94.7 0.20

a: HPLC condition B

EE 2 1 HMLEY 1L DO OFBNEL TH Y, LAY 8 & D N-T X /ALBHIBIC
FOG U723, RO & L CERIR L7, Table 3-28 1279 X 912, LAY 2 ~DZAEH
I b T A= BV, N =FAT I U EAWTEEARESTH L, MISKOB
KIS W EE L7 (Entryl). oA Y Fa b Lo F LT o 2H0mais, wWih
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DYRIE B THPNIED 25°C ~ EFT DI ON THEHIEMR L T — OIS & 72512120,
MR Z A L= (Entry 2-5).

Table 3-28. (L&) 2 DA RMEFT

HaC 0 HG” 0

N SOCI; (1 equiv), base (1 equiv) N
oo "
N OH solvent (5 v/w), 5°C to 25°C, 1 h N Cl

1 2
Entry base solvent FOGSHE D AR T
1 NEts THF AT
2 i-ProNEt THF it
3 i-ProNEt acetone R
4 i-ProNEt toluene it
5 i-PraNEt AcOEt IR

FOGE I K OERE R E A T 72 W E IR TRED N-T VTR ELIT Lo 7. =
AUTEAL T F =V XUTE O3RN OGS Ul S HEEE UTe. ROSHE Ofh A
EERE L CABIIFR =T L2 BN U, RO ERETS & SO % O A T& 3, K
JERHIOBR RO EATRINT 2 & 4T = DEOTRIC L > TRISHTEL 2o
7o, D, ONROEEEZFHIRL, 72 F TREMZTZHICHEEEZBINT 5 TIE
ELTAHT =0 MEFERR ORI KL L7 (Scheme 3-6) .

Scheme 3-6. L&) 2 ORLETFIA

(iy SOCI5 (1.1 equiv), i-ProNEt (0.8 equiv)

N PN
HsC” 07 Y ACOEt (5 viw), 5°C to 25°C, 1 h HsC” 07 Y
N (ii) Hy0 (2 viw), i-ProNEt (1.1 equiv) N
i -
N OH (i) separation of the organic layer N Cl
11, solid (iv) solvent switch to THF 2/ THF

{LEM 8 IX THF °DMF I CYA Y7 ua BNV T LT I &2 M4 THLIRMEET, b
W2 LG Lieinotz, ZHUuHMbAEY 8 O Ot I OWRfRIENRIN CH D LB 2
7o THRE BEBEHCKEZRIML TLEW 8 iR L= L 2 A 2R L 720, (LA 8 Dl
RO b 72 <{bEW 2 LKL, (kAW 6 &5 -z 7= (Scheme 3-7).
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Scheme 3-7. {b&#% 2 L&MW 8 D N-T /L4l 1

i-ProNEt (3.5 equiv)

Kl (1.1 equiv
2/THF 8 (1.1 equiv) 6 / EtOH
(1.1 equiv) (1 equiv) THF (4 viw), H,0 (2 viw)
25°C, 2h

2 MMRDIGTH DA, FISKROY 7 ) I ENREE 725, 22T, o7
U > 7 O E S TRINMRDOZENZ el L7 (Table 3-29). KIS D Lg%
TV T UTTRIEEMER L= & 2 A, 2 B CRUSHE T L7ztk, {baW 2 {b&d 6 2
WA L7z & HERI T & 2RI U=, TRENRER COMERS & 25t 8 13,
BE LML E 2 DRI 2 6%, (LA 6 ERIRE TH o723, & 4D HPLC [ H 4y
FHMEA o 72, HPLC FEE A RS 5 &, (LG 8 23 1HK L7- 1.5 e LARE TR E A3
—iE &M oTz (Table 3-30). AFERIT, (LEM B DL N TREIZHY, RINKD LED
Yo7V T DOBTIICAY 8 DIHEAEZELL M TEX RN L E2ERLTWS. L
L TRENRBRTO TEOLEMR Y 7Y U7 IR TH 5720, EEOFE LAY 8
OHERICMZTHEAEY 2 DEEHER L, SKRERE L.

Table 3-29. (LW 2 LA 8 D N-T7 L4k 2 (HPLC S E 4 22)

RT HPLC area%?
. L&Y ——

(min) initial 05h 1lh 15h 2h 3h 24 h
5.8 8 17.4 2.8 1.0 ND ND ND ND
11.8 2 68.1 12.1 2.7 0.8 ND ND ND
18.7 6 145 85.1 96.3 99.2 100 98.7 94.7
22.1 A<BH ND ND ND ND ND 1.3 53

a: HPLC condition H
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Table 3-30. {k&W 2 LA 8 D N-7 /L% /14t 2 (HPLC [HifEfE)

HPLC area®
L&Y &4 8 &1 2 t&4 6 A ot
initial 58.47548 229.18201 48.79124 ND 336.44873
0.5h 21.81213 95.67303 673.00037 ND 790.48552
1h 10.15214 27.80798 993.51471 ND 1031.77483
15h ND 9.27138 1092.51636 ND 1101.78774
2h ND ND 1128.12830 ND 1128.12830
3h ND ND 1104.55444 15.00663 1119.56108
24 h ND ND 1059.66614 59.44340 1119.10954

a: HPLC condition H

{bE% 11 O &AMt L7z (Table 3-31). (k&4 8 (2% LT 0.90-1.15 4 & O #iH T
FLiE A, 1.05 Y&ELL EAWSMTEY 8 BERITHA LR, ka2 L1k
B 6 DIBSUGH & HERI L 7= R B AER L, (L&Y 11 OENZNE E LA 3
L7z, ERL7ZE 5 ILAY 8 OERAROIIRIINEECTH 5720, REISOILAY 8
DIAFT DV AT DIRWGAEE UTHEEY 1L OffHAELS 1.1 YEERE L.

Table 3-31. {kE&W 2 E{LEW 8 D N-T7 /L% 1L 3
11 SOC|2, i-PerEt

_ 2/ THF
(X equiv) AcOEt
i-ProNEt (3.5 equiv)
KI (1.1 equi
8 , (1.1 equiv) 6 / EtOH
(1equiv)  THF (4 viw), Ho0 (2 viw)
25°C, 2 h
11 (X equiv), HPLC area%?
RRT L&

1.15 1.10 1.05 1.00 0.95 0.90
0.25 8 ND ND ND 0.38 0.91 1.87
0.65 2 0.69 0.43 0.32 ND ND 0.42
1.00 6 98.5 99.0 99.3 99.62 99.1 97.7
1.09 ~HH 0.82 0.60 0.36 ND ND ND
yield (%) 90 91 91 89 84 76

a: HPLC condition |
WITRRD~ LA A O bisilE 2 =2 ) — b Uiz, ka6 2o X ) —
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MR E LT, ZOWIRO R TOMRE 288 L THME 40°C T 48 WF[i] 2 ENE A ffE st
L7z (Table 3-32). ZD#ER, BEFEINT 5 MMM H-T2b DD, (LEW 6 DF LW
MR TIE2 <, (bEM6 DT / — VI TOERILAEE & W L7,

Table 3-32. L&) 6 DX ) —VIESIK DL ENE (40°C)

HPLC area%?
RRT osy?] —
initial 6h 24 h 48 h
1.00 6 95.1 94.5 94.0 93.7
1.67-1.69 B 0.54 0.78 0.86 0.85
1.90-1.91 N 3.2 3.6 41 4.2
2.29-2.30 ~BA 0.39 0.45 0.50 0.52

a: HPLC condition J

iR L7tz ¢, bEW 8 DtiAE % 1.2 kg OV 1.5 kg THF4 RIELE L, HH
MOBWHE R A5 27 (Table 3-33). F7=, BAUIOAEK L L — b R L, BHREK
Jb— R TIZLL T oS3 kEzE LT~

(1) JFEHEF D Imp B D& A 0.1%A (2 1178

(2) L& 6 DOHE)S 88 HPLC area%?7» 5 99 HPLC area%!\Z ) k-

() LB 6 £ TOMILEN 48% (LEW2 L 51 D) 7D 87T% (LEW 1L & 50 5)
(W HE N
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Table 3-33. {L&W) 6 DA /r— LT v Sk

Conditions A

2/ THF
[ ] > Conditions B [G/EtOHl

Reagent and Conditions: (A) (i) 1.1 equiv of compound 11, 1.21 equiv of SOCl,, 0.9 equiv of
i-ProNEt, AcOEt, 5 to 25°C, 1 h; (ii) H20; (iii) 1.2 equiv of i-ProNEt; (iv) solvent switch to THF;
(B) 1 equiv of compound 8, 3.5 equiv of i-ProNEt, 1.1 equiv of KI, THF, H20, 25°C, 2 h.

8

Entry ta¥ 8 6/ EtOH 6 / EtOH =71 yield
AR I =% (g/g)® =) (%)
1 1.2 kg 7.1kg 0.192 1.4 kg 91
2 1.2 kg 7.0 kg 0.192 1.3 kg 91
3 1.5 kg 9.2 kg 0.192 1.8 kg 90
4 1.5kg 9.2 kg 0.193 1.8 kg 91

a: HPLC condition K

36LAM6D 1T LA UEIEDTHAR

~ A VAL TIE, BRFIEREE LA 6 O 1~ LA VIR A IR L2720, )
HALFHIEE DS D 2 ~ LA VB OIRIEY R 7 ZiHli T 2 BN o7, fEdm b
chn s ) —NHhD 2 SOOEOEMEZRELTZE 25, WTHORETHILEY
6 D1~ LA UVBRIEITIST D 2~ b A UIBIBEL DT, Mfktho 2 v LA v
FRYE DREFEAEZRET 72 T U7 B 7e x> 7= (Figure 3-3).
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Figure3-3. {t&M 6 D 1~ LA VIBER N2 ~ LA U IBRIED T 5 ) — VO UEREE

2

.

1.6
+ Monomaleate salt
® Dimaleate salt

log solubility
o

o
e}

0.4

O T T T T T 1
0.003 0.0031 0.0032 0.0033 0.0034 0.0035 0.0036
1Y/T (K

fErm b D 2 ~ LA VB OB AEER T, RN 5~ LA VEEMEEY 6 1Tk}
L CBFIEE 2D 59 0.95 MBI E L7z, M EBRIEIXLLTOTIEE L=, 60°C
TILAY 6 DT F ) —VEEIKRIZ 0.95 HED~ LA U gZ Nz T LT-#%, 50°C T 1
< LA VIO m AT L CEREE2 2 br—L L7z, ROT, 30°C TRYK LT
BRI L DREME OB AP E, 10°C THREHAME LT 1~ LA V2 S L7z,

(1) Add 0.95 equiv of maleic acid at 60°C
(2) Coolto 50°C, add seed, hold 1 h

(3) Coolto30°C,hold 12 h

(4) Coolto10°C, hold3 h

T LB E AR ET D7, BEROREMEZMER LTz, (LB 6 D% ) — VIR
ZHRWT~ LA VERIRINAT% OK AR 2 NIR 78°C T4 BRI L7 & 2 A, LA =
ICET OB H T2 DD, WTNOIEKRY OILEY 6 b2 E Th 7= (Table 3-34
SO Table 3-35) . & HIZ{LEW) 1 OHLKITING 60°C, 48 RFfE]OLRE TE(LN /2 <, izl
BRI S B D& 22> 7= (Table 3-36) .
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Table 3-34. ~ L A VERUTRINAT ORI DZEENE

RT (min) Lo _ HPLC area%?
initial 1h 3h 6 h 24 h
16.3-16.4 6 94.1 92.1 91.4 91.6 92.2
24.4-24.5 A~ 0.71 1.24 1.43 1.39 1.24
25.2-25.3 A~ 3.9 5.2 5.7 5.7 55
27.8 A 0.33 0.33 0.33 0.32 0.38
28.5 A 0.63 0.83 0.86 0.79 0.30
a: HPLC condition A
Table 3-35. ~ L A U FEIINE DEFIK DL ENE
RT (min) Lo _ HPLC area%?
initial 1h 3h 6 h 24 h
16.3-16.4 6 92.7 92.1 91.9 91.9 915
24.0-24.2 A~ 0.93 1.35 1.49 1.46 1.61
24.9-25.2 | 5.0 5.1 5.2 5.2 5.4
27.8 | 0.34 0.34 0.32 0.32 0.31
28.0-28.3 | 0.72 0.75 0.78 0.76 0.61

a: HPLC condition A

Table 3-36. b5 1 OHURDRLEEFDZEEME (60°C)

HPLC area%?

RRT sy —
initial 6h 24 h 48 h
0.20 ~NBH 0.05 0.05 0.07 0.05
0.47-0.48 ~BH 0.06 0.06 0.06 0.06
1.00 6 99.6 99.6 99.6 99.6
1.61 NBH 0.09 0.09 0.09 0.09
1.84-1.85 ~NBH 0.11 0.11 0.11 0.11

a: HPLC condition J
PLEOKFHZ X » CTRUEHIENHEE L2720, Sul 7 A2 75— L TEWw 1 (bh

W6 D1~ LA ) OfbEE 44T o7, Table 3-37 [T L 9 I, IR, ME, #@h
REO~ b A VIEEETOMBMENR L, BE LR ERIEO BB SR TE .
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Table 3-37. (L&Y 1 ODHUKD A lr— )7 v 7l

B ~ LA VEEE R
yield HPLC area% Fl @ X "
1.1kg 67% 99.6%°¢ 149.0°C 18.4%
1.1kg 69% 99.1%°¢ 148.6°C 18.4%
1.6 kg 73% 99.5%¢ 149.8°C 18.3%
1.6 kg 2% 99.4%¢ 149.8°C 18.3%

al~ LA UEEHE ORI SIL 149°C, 2 ~ LA VIR O@EIT 128°C
b:1l~ LA LUiEED~ LA O T BSEIE 18.55%
¢: HPLC condition A, d: HPLC condition J

3.71te 1 OB

{b& LITEERREEAIC GMP 82 T2 LERH Y, {LEY 1 OREKRO TGS Z1T
Stz BEX L~ LA UEBRORB LR E L2, EHT 27 U —2— ANO T
RIFORE I EBE L COREEZENT 20 ERH -7, LEW 1 OREICK LT 8%
KEOTH ) — L RWTEITIE 5% TH Y, 16 fFA R T 92%, 20 F&AE T 89%,
24 (525 5T 86% & AR NG 2 D ITHEWICRITEA LIz b DD, ZOREIT/NS ol

(Table 3-38). MNx T, WHEMIC K DMELLL RN oToTo, BIKADOEE 24
T, A= N7y TREETII= S ) — V2 LA 1 ORI LT 205 A RICERE L.

L& 1 OHUEDO A RS 3.1 kg THIEZ i L7 (Table 3-39). UE(X 80% &, ML
BRSO Er AL > TEREAZT— AV LD BT LIEb 00, R A r—
VT TREENTE T

Table 3-38. L& 1 OHLKRD Ffs ah Ot

HPLC area%?
RRT N L o eyl =} =]}
Bk 16 [ &= 20 [ER & 24 f575 &
1.00 99.4 99.8 99.8 99.8
1.47-1.49 0.15 ND ND ND
1.74-1.77 0.10 0.02 0.02 0.02
2.29-2.33 0.09 0.07 0.07 0.07
=L 92% 89% 86%

a: HPLC condition L
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Table 3-39. (L& 1 DA r— LT v Sl

_ VLA U
yield HPLC area%? Eig .
iy
2.5kg 80% 99.9% 149.8°C 18.3%

a: HPLC condition J

3.8 {L &Y D fE R4 T4

BHLG AV — b CRROE LT OB OV AR D e (2 B3 2 Bz e Ml 22 L 72,
DSC JliE & L7-fE 5, FEED 500 Jig L EO(LAWIL 5 K18 Th-7- (Table 3-40).
L2, I EEABRIAIRE ~ A J A 100°C) 1% 189.9°C K TN 228.1°C & FEH IZE D
ST LN, AT—NAT v TREETOMEBRMEITAR & L.

Table 3-40. L&) O fERRIERHM

losx?) FEEABAARIRIE (°C) | FENBAMAIRE ~ A A 100 (°C) | F&E&E (J/g)
4 365.1 - 424.410
5 289.9 189.9 878.559
7 328.3 - 225.230
8 328.1 228.1 537.274
11 187.8 - 76.646
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FTAE RVASMZIFY—=)Lazy rOTOREFZEORSE

FIE TR L DI, JRIEDO T v ZAEMIETIHMEEY 11 2 JFBHIFRE L, /KEEE
% Cl AR LT AW 2 # BT IS W, B (LY Tolba 2 D& L — b &
Scheme 4-1 12777, Yi%/b— MIZM72EED BB OZ MU FER THRERK L TEB Y,
RERFEI I O TH o7 F LIALEY 12 1 HALEY 13 ~DZHA)S 130°C L IR T
ot 52 \ZHENMARDOMERIC L ALK ORISR OEORE, WONIFEIE
WELOIEMES N o T2, 3 3 ILAW 14 D BALEW 2 ~D LM CHEfe % i\ CnEv 5
7w, SEEENEET IR H 7. ERE 3 OOFEITWTN G RS0 F A
ETHRTE D L& X, YL — b TORGEHEZRF L.

Scheme 4-1. {b.&%) 2 DAIFALFETOEBIL— K
cl ch/\o/\ ch/\o/\ H3C/\0/\
©: _ W @ENH _ (i) @ENH _ (i) N
94% 98% 55% —
NO, NO, NH, C[N cl
12 13 14 2

Reagents and conditions: (i) 2-Ethoxyethylamine, 130°C, 7 h; (ii) Zn, 2.5 M NaOH, EtOH, reflux,
0.5 h; (iii) chloroacetic acid, 4M HCI, reflux, 4 h.

4.1 &MY 13 O & iRE

BB 12 2> HALEY) 13 ~DZEHIZ DWW TIRET L 7o G R % Table 4-1 127 L7z, AlIFE L
b— b OSAMETIEE 5 R CTINER 93% Th ~ 7= (Entry 1). L& 12 1@k 32°C
T FNIL o lzedd, BEMUGEZZBE L T ML U ERINLIZE 2 A, RN
KT L7 (Entry 2 X2 O83). BOGREEZ 100°C & 975 EURD 76%IZMK T L7=7-% (Entry
4), [FIRETT I 15 & LI & ZAPEE 91%IeE L7z (Entry 5). Mz 8L
ety KoCOs TIFUGERN M L L3 iEE 2 < 720, KO-t-Bu TIEIS7Tr 7 7 A
IVRNIEL 720, NEt TIEIR N KGR F L7= (Entry 6-8).

LEXY, Entry 5 OFHTRIGREZEB TE D BERH T b 0D, (LAY 12
DN SJOT 2015 ORI K 5 a2 S oA %& L TR Z (LAY 16 ~Z
B L7 (Table4-2). 723, L& 16 1AW 12 L RIZEOAMME Th - 7.
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Table 4-1. {L&% 13 DA R 1

N

©:C' 2-Ethoxyethylamine 15 e O NH
NO, base, solvent ©:
12 oh 13, oil No2
Entry amine 15 base solvent temp yield (%)
(equiv) (equiv) (Viw) (°O) (*H-NMR)
1 2.2 none none 1309 93
2 2.2 none touene (1) 130 83
3 2.2 none touene (2) 130 63
4 2.2 none none 100 76
5 5.0 none none 100 91
6 2.2 K>COs (1) none 100 83
7 2.2 KO-t-Bu (1) none 100 messy
8 2.2 NEt; (1) none 100 56

a: SUSEFONIR 122°C, b: MISEFOWNIR 92°C

Table 4-2 |[Z" T L 512, {bAEW 16 kL L TRt L7z & 25, 60°C, 2 W[ CTRIG
D5ERE LTz (BEntry1). L2aL, REIGOK THIZEIR~GH LR, RIEMTHL 7 v
fbkFEE T I 15 DR T IVIRIZZR Y, BOSIKDOTREMEDZE L < HEL e 7o, FEikEo
BGEIZ AT THREF L7ERER, Mo v ROMEROWRIMTIEhRn 72 < (Entry 2-4), A%
S = IVORINTER N D > Te T DR EM A M Lz (Entry 8). £72, Entry 7 (ZR"7 &
INCER CTHRISPRTERE LT b DD, (LG 16 ~D7 I 15 OIFMRHIF BN L <
BEaY ba— A nKWEETH 7728, LLFORINGEE BT LT-.

Q) KB LTUEE 16 DA KX ) —NIRE~T I 16 2> < DML, MK T#HIC
MR 60°C THIET D

(2 =B TLEW 16 DA X 7 — VIRIE~T 2> 156 23 5. IR OREZFIH L
THIRL, WA THZIZHNE 60°C &35

(3) AME 40°C TT 2 15 DA F 7 —VIEIER~MEEW 16 Z i L7=1%, #ME 60°C TH-
A

BMEL CIZ7 I 15 OfENEEOREE 2 ha— A RNRNEETH - 7-D T, #/E 2 THIR
T7 2156 N L CRNREOFR AR T 5 51k E Lizns, SME 60°C & L72BRICH
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ROBERD ST, Z ORI TTORBIRISIRED = b v — /L R OBRIGEE LTZERD
KA REEIC 95 & B 2 7728, BE 3 CREDOUIMIER 22 L7-. MR 40°C T7 2
> 15 ~DALEY) 16 DI X > TULEW) 16 DIEHE % 5.0, FIRFFORENEM & 725
oGt LT,

Table 4-2. {bEW) 13 DERARFT 2

Cr
NO,

H3C/\o/\

2-Ethoxyethylamine 15

base, solvent

Cr
NO,

16 13, oil
Entry amine 15 base solvent temp time yield (%)
(equiv) (equiv) (Viw) °0O) (h (*H-NMR)
1 2.2 none none 60 2 100
2 2.2 none toluene (2) 60 2 100
3 1.1 K>COs3(1.1) | toluene (2) 60 5 100
4 1.1 NEtz (1.1) toluene (2) 60 5 100
5 11 NEts (1.1) toluene (2) rt 3 64
6 1.1 NEt; (1.1) none rt 3 75
7 2.2 NEts (1.1) none rt 3 100
8 2.2 none MeOH (0.5) 60 15 100

42 = FOEDET

Table 4-3 |27k 3 X 512, Raney-Ni XU Pd-C & W=\ oiEfedichb=ru

BaBm Tz (Entry 2 K UN3). BRI TH HLEW 14 1TMIRMTH Y

. R FCH

BIZEOT HMIRTH 72720, KIS TH O Al M OEME TR TREICLIETE % Pd-C
WA L. 708, MRS TIC - TR0 E L, NIR%E 25°C
PUFICHAET D & BOSHEIE LT 72, BOSIREE %2 Pil 35-50°C O E LT-.
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Table 4-3. = b2 EDiEIT

HSC/\O NH Conditions - HSC/\O/\NH
©:N02 ©:NH2
13 14, oil
Entry Conditions yield (%) (*H-NMR)

1 Zn, 2.5 M NaOH, EtOH, reflux, 0.5 h 98
2 Raney-Ni (0.5 w/w), Hz (1 atm), EtOH, rt, 4 h 100
3 5%Pd-C (50% wet, 0.1 w/w), H» (1 atm) 100

MeOH (5 viw), rt, 3 h

ABRVAALEHFIT—ILDERK
L&Y 11 DA MR % Table 4-4 |2 L7z,

W, BRI O BRI R 2 TV TR L 72

THLZENTE (Entry 3).

<H v (Entry 4-7, JEl14

-7- (Entry 4, 8-9).
(Entry 5, 10-11) .

W2 LT 1.6 M EITFEY),

47

7V a— VA AW TRIEE LS L — O
GBI LIE A, IEEBNTHMET2{bEM 1L 2527 (Entry 1). fi
Entry 2 DIRFREED S DS T
BN R LT=T-8, IR ZE L COKTHIRLIZE 2 A, (bEW 11 21K 82%
Fli2e St 2t Ui R, e &

21X 0.5 viw HivE 45y
SOSIRE X 80°C LA B3 £ L
T a— R EOEEIT/ NS oD, 11 K& FIZERELE



Table 4-4. L& 11 DAL

P
M€ O/\NH Glycolic acid H3C/\O N
©:NH2 acid, H,0 (1 v/w) CEN)_\OH
14 11, solid
glycolic acid . . .
Entry . acid (v/w) temp (°C) time (h) yield (%)

(equiv)
1 15 conc. HCI (2) 120 4 63
29 1.5 conc. H2S04 (2) 120 4 decomposition
3 15 conc. HySO4 (1) 120 4 82
4 15 conc. H2S04 (1) 100 4 80
5 15 conc. H2SO4 (0.5) 100 4 78
6 15 conc. H2S04 (0.3) 100 4 65
7 15 conc. H2SO4 (0.1) 100 4 43
8 15 conc. H2SO4 (0.5) 80 4 78
9 15 conc. H2SO4 (0.5) 60 4 71
10 1.3 conc. H2SO4 (0.5) 100 4 74
11 1.1 conc. H2SO4 (0.5) 100 4 74

a: H0 2 L Ty

FOS DASARFZAL AW 14 DOIKEESRIZIRIIE 2 I 2 T2 BROREDHM L <, (LA 14 &
WREE O AR & ILE L2720, SRIEOBANEFCABREIZ OWTRET LTZ. Rk
B, IR 40°C LLETILAW 14 L RBR O DSIRIRATRE TH » 7272, WilkZ2 Nz 550
AMBOBE 2 2T, MBEEZ N TZEORAEZFMA L CHET 2 FiEE Lz, Kk
RN OIKEZ R LT 75%MMRKIEIR Z Nz, BEEFEM L CNEZ 2 he—L L,
MEBE OHTH A BN, 7ok, BREEOTMAEN L3I ST, RIS DY 7Y
VI TCHMER o T T, KRERSHERA L.

BAFCIE, RISK TRICHBAI L7 BT KICKISIRE N %, BT L ChiH
L, 7 FROGEBMER IR EZ B T 27207 BT KAL) =)L Z i
L7z, R O EMAIER IR  FEIE~ORE LR E LD, fmlbiitorks, B
TF )L COFFERIC L > TaSORELAREE L, fril L7ob& 11135 T e & T
HoT-.

{b&# 11 OFERF O ENEZFME 60°C THER L7 & Z A, RRT0.29 TN 1.29 O & —
T MO T DRI L= (Table 4-5). (L&Y 11 135G TRDOFEITH H7-0,
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FCIRIFIH] DIE KA TR T D L1 D D Ll L7e.
Table 4-5. (L& 11 DELEERF O EME (60°C)

HPLC area%?
RRT &) —
initial 6 h 24 h 48 h
0.22 A~BH 0.02 0.02 0.02 0.02
0.29 /~BH ND ND 0.01 0.02
1.00 11 99.98 99.98 99.90 99.87
1.29 /~BH ND ND 0.07 0.10

a: HPLC condition G

Bl L7=dhc L » T, AEOFIHEICEH L-AIE LS — N TOREE 2 TR L
72728, ¥a /T LA r— I CHlEL L7z (Table4-6). ZOfEE, JFHKELE D&
I TRROFEICH 266 11 2 @M TG T, BB H 5 7' v & 25 5k % B

T&T-.

Table 4-6. (b & 11 DA — 7T » 7HlE

ntry 7§ I (%) HPLC
L& 13 | {bEaw 14 | bEWw 11 3 steps area%:?

1 2.4 kg ] 1.6 kg 67 99.6

2 2.9 kg - 2.1kg 73 99.9

a: HPLC condition G

4.4 {E &V D fEBRIE T

JER N OV = s b E R 5720, (bLEMOGERMIEICERENH - 72. B
LEMERHT 29 5 726 DSC lE 2 LR, (bEW 16 O 13 (358 &7 500 J/g UL |
DIGREIED & DB TH - 72703, FEABAEIRE ~ A F A 100°C 2% 294.9°C K (X 161.9°C

LIERICE ST, A —)L 7 v FHREEICRI-E/ R &I 7.

Table 4-6. {L.&%) D fGRRMEFEADL

a=x? FEEBHARIREE (°C) | FEEBHARIEEE ~ 1 - A 100 (°C) | FE\E (J/g)
16 394.9 294.9 3365.835
13 261.9 161.9 2002.895
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EL5E RAVYFFOUIAZY FOTOLRAEREDORSRE

(LAY 4 DAL FTOAR/V— k% Scheme 5-1 12779, %i%L— b, = hoafl,
v K7 & AWK R, LA X 2R WZETE, RO T b Ar—nLT v
T HIII AR P A TRROER TH Y, 6 TRROKRIEERED 6% & IEF 12K,
INEZERARNS RETLERH T

Scheme 5-1. {b&% 4 OAISEALFETOERL— K

(I O OoN \C:S> @i 9N SH (i)
35% N/ NH, 52%, 2 steps
@ 1, o @ 1, - @ 1,

66% o 48%

4, solld

Reagents and conditions: (i) HNOs, H2SO4, 10°C, 1 h; (ii) H2NNH.-H2O, EtOH, reflux, 2 h; (iii)
chloroacetic acid, 2.5 M NaOH, reflux, 1 h; (iv) SnCl., conc. HCI, 90°C, 0.5 h; (v) NaNO,, 20%
H,S0.4, AcOH, reflux, 0.5 h.

5.1 {t&% 4 DA REHE 1

BRGHLV— N E LT, FRHLEY 22 # W CT{LAW 23 8 A L, {LEW 24 D=
Foe iz T L CRILT 50— haER LT, AL— FThE, LFEHTREN 3 LT
FERD, WIFNLIROBWERNTE D EE X,

Scheme 1.
COZMe

coe HO S._CO,Me
@ —=="0 —
NH,

25

F9, b 24 OERZ R LT- (Table 5-1). Entry 1-5 0)%#*@%‘?5&%7&&%@
KEEZH ST b DD, WT IS ROSHRD EL U THRERREE & 72 o 7o, SOSK O RENTE
WHRTREET B U o A% D D5 g L7z (Entry 6) . OSSR E ik Lz & = %
50°C, 5 HFfCRUOSMNTERE L, UK 94%I2 T{LEW) 24 2 5.2 7= (Entry 7).
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Table 5-1. L&Y% 24 DG RS

HO\©:F
NO,

Thioglycolic acid methyl ester 23

base, solvent

HO\©:S\/C02M6
NO,

22 24
Entry 23 (equiv) | base (equiv) | solvent (v/iw) | temp (°C) time yield (%)
1 1.1 NEt; (2.2) MeOH (5) rt 1 day 46
2 1.1 K2CO3 (2) MeOH (5) rt 1 day 76
3 1.3 K2COs (2) MeOH (5) rt 1 day 92
4 1.3 K2COs (2) acetone (5) rt 1 day 92
5 1.3 K2COs (2) MeCN (5) rt 1 day trace
6 1.3 Na:COs (2) MeOH (5) rt 1 day 92
7 1.3 Na;COs (1.5) | MeOH (5) 50 5h 94

W, fbEa¥ 24 = b u koA MET L7c (Table 5-2). Entry 1 @ Pd-C Z v 7z
AT LAY 25 ~DLEHNBEN T2, Entry 2 XT3 @ Raney-Ni i3 NazS;04 % U
TeSMETIHEAEY 4 /IR THE X T2b 00, HERITAIEL B L 2T UuT7ze 57
ol THIXEEHROBRELZEME L, (EEROREMmMERICHEENE T 5729,
FEFIF LW EE 2T, EHIC, {LEM 23 DN THEL CW LI EICERTHY, T
HELERH RO T LE S AL — NEFEE L.

Table 5-2. {b&5% 24 D=1 D&

HO\@:S\/CO2M9 Conditions Ho\@:S\/COZMe MeOH HO\@:SL
NO, NH; 60°C, 1h ” o
24 25 4
Entry Conditions yield (%)
. poor
1 | Pd-C (1 wiw), H, (balloon), MeOH, 40°C, 8 h _
conversion

) H: (balloon), Raney-Ni (0.5 w/w), EtOH, rt, 8 h 9
then Raney-Ni (0.5 w/w), rt, 0.5 h

3 Na>S»0s (2 equiv), H20, 60°C, 20 min, then Na,S,04 (2 equiv) 99
60°C, 20 min, then Na»S;04 (2 equiv), 60°C, 20 min

51



52 {t&¥ 4 D& FEE 2

Al L — R R IICHERE L- L 24, LAY 26 NEMICAF/ETH 7. LA
W) 26 &R T, ERORERIEAERE L bA 4 ~EWATRE L & 2, BEHCE
FL~.

MeO S HO sl
—
O =
N O

N
H
26 4

53RVIFT7IJ—ILORER

{bEW 26 DX Y F T —/L OB ® 2t L7z (Table 5-3). AIFE(LFL— | &[H
ROt K7 V0BT CIEsG Loy~ 7= (Entry 1). Entry 3 OKEE{EA U 7 A
ZHOWTESE TSNS LTcle®, Wiz T L7 ) a—nKke Lz 25, b
B 2T ZINR BUTHDH Z LN TET- (Entry4). =F Lo 7 U a— UK S
HlzbrTae L) a— IR LZEZ A, REDOREL->7- (Entry 5). F7-,
AR DM CERIRERR O SUG & 72 5 T2 OIALEW) 2T D53 iR iE L1223, 48
i CROBZIER L CHLEW 27T 1L E TH - 1. JISHICHF L CERE LTHT-
{bEW 27 13255 CEGT 5 7o ORGSR Z &3, TOEERTEBITHWE.

Table 5-3. {t&¥) 26 D2V F7 ) —/LDFHER

MeO S base MeO SH
Ly X
N solvent NH,

26 27, solid
Entry base (equiv) solvent (v/iw) temp (CC) | time (h) yield (%)
H>NNH2-H,0 .
1 @ EtOH (5) 90 5 No Reaction
NaOMe (5) EtOH (5) 90 5 No Reaction
KOH (5) EtOH (5) 90 5 Slow Reaction
ethylene glycol (0.24
4 KOH (3) ylene glycol (0:24) 115 15 93
H.0 (2)
ropylene glycol (0.24
5 KOH (3 | Propvienedlycol 024) 1 15 01
H.0 (2)

54RVIFFTOUDER
Table 5-4 |23 & 912, Entry 1 OZETIIEAEY 28 & 7 v e fig @S LT Imp H
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WER LIz, 22T, TAXUEAIZ 7 o aliiig A F L Li-E 25, RISEMOER
PAHEL 72D, Imp H OAERKZIHITE 72 (Entry 2 X0 3). HIWHTH DA 28 13
FUSHITHTH Lizizd, AHLIZHITK TR T U —Phid L MM 2B L.

Table 5-4. {54 28 DERK

Meo\©:SH
NH,

27 28, solid

Mee > MeO\©:S
Conditions i\l\
NLO N (0]
H N

impH COzH

yield (%)
28 ImpH

Entry Conditions

1 Chloroacetic acid (1.5 equiv), KOH (3 equiv) £ 28
H.O (5 v/w), 100°C, 2 h

Methyl chloroacetate (1.5 equiv), K.COs (1 equiv)
H20 (5 v/w), EtOH (2 v/w), 80°C, 1 h

Methyl chloroacetate (1.1 equiv), K.COsz (1 equiv)

H.O (3 v/iw), EtOH (2 v/w), 40°C, 2 h

HBIRT 5 L 91, WIRRAZEKKIGE L2, (LAY 28 2 S5\l 2 BN b
o772, ME 60°C T 72 il F CORBFEA L2 Meid L7755, (L&Y 28 ORzEEF D22 e
WZREI L 2o 7~ (Table 5-5) .

Table 5-5. {L-5W) 28 D fakiE D22 Tk

HPLC area%?
RRT feer initial 6h 24 h 48 h 72h
0.30 A 0.20 0.20 0.20 0.20 0.20
0.93 A 0.36 0.36 0.40 0.38 0.36
1.00 28 99.4 99.4 99.4 99.4 99.4

a: HPLC condition C

S55BAFIEIZEZIELEM 4 DER

L& 28 DA FIALIC X DA 4 DERLE G L= (Table5-6). Entry 1 ¢ BBr3
B WTZSARISCREI D & - 7= 51 TH o726 DD, BBrs BBERALELDBLS D A r—
NT » TREETHA LIZ Wiz, TOMOSEMEERAT-. ZORE, B TMSI 2 H
W SRHEREY Th o722 (Entry 2-5), LT VI =0 A% O T Tl it
AF AN TE T (Entry 6). ZERHP CLRERELT VI =7 A 6 KA TIHLEY 4 ~
T X2 o 72728 (Entry7), A7 —17 v 7H5ETIL Entry 6 DSEZ2ET L=,
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RAERERIEIL, BOSHRICKZINA D FIETIREE L TR TS < ko 7aiz®),

7KIZ

PSR ZEMA D TIETr = F Ui, £z, 72 FRICHTH LIALEW 4 13006
THY, HSEENFEFITEN-To, R 2 To72h, AiltErdeEcs§, /ET

XRIEZR A=V T T2kl Tz

B, Ar—nT v TREHROKRETNIT, ATFNLNAIR Dy —E L TAF A =%

TN UT=5:4F “ TILEAW) 28 DA F LN AIRETH D Z L 2VHIIA L= (Entry 8).
TNI=ULED BBUBEDO T RN TE 57280, ARABKIGKRETHD EEXD.

Table 5-6 L& 4 DAL

MeO S HO S
e \©: l condore \©: j\l\
N 0] N~ ~O
H

Hifk

H
28 4, solid

Entry Conditions yield (%)
1 BBr; (2.4 equiv), CH2Cly, 0°C, overnight 97
2 conc. HxSO4 (4 viw), 22°C,2 h decomposition
3 47% HBr (4 v/iw), 75°C,9h No Reaction
4 47% HBr (4 v/w), TBAB (0.5 equiv), 75°C, 9 h Slow Reaction
5 TMSCI (5 equiv), Nal (5 equiv), CHCls, 22°C, 24 h No Reaction
6 AICl;3 (3 equiv), toluene, 90°C, 1 h 84
7 AICl3-6H0 (3 equiv), toluene, 85°C, 4 h No Reaction
8 MsOH (10 v/w), methionine (3 eq), 60°C, 18 h 90

R UG 22T T, A=A Ty TiE R T o7 (Table5-7). AEDOBIHIZFLH
L7ZAIEZE L — R OMBETH - 7o 22T L, (LA TN 6 TR 3 T

&2, KINERDY 6% 5 71%~ & Rigizm F L7z,

Table 5-7. {bL&W 4 DA /r— L7~ 7l

LGRS L& I =R (%) HPLC area%?
1 28 3.3kg 86 (2 steps) -
4> 352 ¢ 83 99.1
5 28 4.3 kg 88 (2 steps) -
4¢ 346 g 81 98.4

a: HPLC condition N, b: 6 @ MZ4E|, ¢:9 1 v MIHE|

5.6 {E & VD FEIRIEET M

HRLE ALV — b TROE L7 JFUR R OV R MR O fE BRI B9 2% BvA e MERTAl 2 L 7.
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DSC &% LizfER, JEEEN 500 Jg LA EDOILAEWIIRL, Ar—1T v 7HETo
faRRPE AR & T L 7= (Table 5-8) .

Table 5-8. L&MW D fERMEFAT

fb&w FEBRAAIRE (°C) | FEBRAAIRE ~ 1 2 100 (°C) | FEE (Jg)
26 363.0 - 395.294
28 394.0 - 330.64
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EOE R

K-8986 (1) Idt A% I v H1 ZBEKIETER ZRioIbEWTH Y, 7 L — b
RIGHN T D EHLBIRE A HE D ST/ (Figure 6-1). FHABRMEOBFZEEISR /LA
W3 5729, K-8986 (1) O ut 2 &IEDOBRICET L.

Figure 6-1. K-8986 (1) Db 24y

N
@jlr\l/\m\/\/o S [COzH
T,
1. BAREREORE (5F2%F)

K-8986 (1) DBHFIEEIZEI L CTHiFT L7z, K-8986 (1) DFHEHERNT €L 7 7 AT
&Y, "HULIZINT CTKEfRIED R ENMETh o7z, WEOA 7 ) —=2 7 IZH
DHATE. LIRA Y UV —= 72T, BHITHEATRE: 4 >OfibE (WifglkE, 1 7~/
e, 1~ LA VBERON 2~ LA VI 2RO, 2IRAZ U —=712C, ¥
A ODENS, BEODIeholo 1~ b A VERIER N2 ~ LA VR AR LT, 3R A
Y —= T2, 1~ bA VBB 2 ~ LA BRI O T A B o B R % T
L (Table 6-2), FEIRLBAFE A MWD D72 D257 APl OBIRIFREL LTl ~ LA VR
AR LT,

Table 6-1. JeD 3 WAV V—=2 71~ LA Ve 2~ LA U ERED Hlk

conditions 1~ LA R 2~ LA VR
Bz etk (80°C, 1 week) 100.6% 98.9%
S22 EPE (1.2 million lux hours) 100.6% 94.3%
WM (75% RH, 25°C, 1 day) -0.1% 0.4%
e (93% RH, 25°C, 1 day) 0.1% L%
TENT 7 AL
KEEFEM: (pH 5.5) 5.10 mg/mL 3.85 mg/mL
Wi (HPLC area%?) 99.4% 97.2%

a: HPLC condition A
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2. [RIEOT mv A ERIEORK (5 3 &)

K-8986 (1) D#liEi/— KNEFHET D720, AFE(LFL— b OUGEIZEY A TRER,
Bl BBIEORBNRNE L 72 ofe. £ T, XUV FT UALAEW ORI E B
L7 EpoLy— FOBRFSIZH Y #HATE.

B GV — N ORESLICHEE Th o 7AbEW 5 OERTIE, MERISDFERIZ L > T
A OREZFRE L U, B 5 OIRERIE 215 H U7 i 2 R SRR E O BHZE I k)
L7= (Scheme 6-1).

Scheme 6-1. LAY 5 DR AL — B

HO S 3-Ch|oro-1-propa.nol (1.3 equiv) . Cle_~_O S
\©: L DIAD/toluene (1.3 equiv), PPhs (1.3 equiv) \©: L
” o) THF (3 viw), 30°C, 3 h H o)
4,15kg 5,1.9kg
88%, 98 HPLC area%

FHAR/L— hTIEN-Boc BT Vv & AW AmkiEai%E L7 (Scheme 6-2). L&
¥5 & N-Boc EXT 0D N-7 /LFALTIE, AIFE(EFL— R THEY A7 ORHTH
-7- Imp B (Figure 6-2) OAERKEMHI T D545 RAH L. 2L T, XUy FTov
B ER T D8 R HEOIREMRIEZFIHT 267 1t AL - T, BfiER L Thi
KOG TADIFENCH /L5 8 ZEMETH L Z LIk L-. £, &AOAIZE(L
Fb— R R UCHELA L — T, LR oRDBSEE L.

(1) JRFEF D Imp B D&% 0.1%A5m 1 AR

(2) LAY 6 DOHFEN 88 HPLC area%7> & 99 HPLC area%!Z [f] |-

() LAY 6 £ TOMINEN 48% ((LEW2 L 51 D) b 8% (kAW 11 & 500 5)
[ZHE AN
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Scheme 6-2. K-8986 (1) M AR/ — b

P

. N
SOCIy, i-PryNEt
@ L | o

OH AcOEt, 25°C, 1 h N Cl
2/ THF

N-Boc-piperazine, KZCO3
Boc.. Kl, DMF, 90°C, 4 h, 98%
ocC N/\l

\©: 6M HCI i-PryNEt, KI
L EtOH, 40°C *2HCI \©: l THF, H,0

0,
7,98 HPLC area% 2h, 99% 8, 99.9 HPLC area% Mo 2c 2n 91%
~o
N
| N/\l Maleic acid
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Figure 6-2. JREESVEIZRET 2 K Imp B Db F4EE

OL;KT““ T,

Imp B

L& 1 Oa ULEWe O 1~ LA VikiE(k) T, WEfbZatEos 5 2 <1
A VBB OIRIEY 27 3%V, fEsafbH D 2 ~ LA VEEE ORI A T2 D OEES;
EaBE Llc, KEGEZ A r— 7 » 7RGEITE M U, B2 8 L 72 (Table 6-1).

58



Table 6-1. {L&W 1 DA r— L7 v Sk

B ~ LA B

TR yield HPLC area% R @ X -

1.1kg 67% 99.6%° 149.0°C 18.4%

) 1.1kg 69% 99.1%° 148.6°C 18.4%
fidi b ;

1.6 kg 73% 99.5%4 1498 C 18.3%

1.6 kg 2% 99.4%¢4 149.8°C 18.3%

A A 2.5 kg 80% 99.9%4 149.8°C 18.3%

al~l A UEREOR NI 149°C, 2~ LA VR ORSE T 128°C
b: 1~ LA UBtED~ LA RO ERHIL 18.55%
¢: HPLC condition A, d: HPLC condition J

3. RUAA IHY — =y bOT R RAGHIEOMIE (4 4 )

FIRD 7 1 ABSHRIEDFHRTh DA 11 DA RIEERH Lz, AL L— R o
YA Y %, SRR L A 16 & LT, RAMROMHMEE B L7 1 2 Ak
22 L7 (Scheme 6-3). ASRRIET Ay —/L T v FHIYE L, JFHREIYE 0 B i 5 T AR
DFEECH DB 1 2 @l THST % 2 L 23 TE 7z (Table 6-2).

Scheme 6-3. L&) 11 OFH SR — b
P

F 2-Ethox'y- HsC/\O H,e” Y0 | |
©: ethylamine NH _ Pd-C Hy NH Glycolic acid »
N02 MeOH @E MeOH H2804, Hzo
60°C, 2 h NO2 45°C, 14 h NHz  g0°c, 5h
16 13 14
Table 6-2. {t&4 11 OHLE
Ent IV & IR (%) HPLC
ntr
Y ILEm 13 | ke 14 | L& 11 3 steps area%:?
1 2.4 kg - 1.6 kg 67 99.6
2 2.9 kg - 2.1kg 73 99.9

a: HPLC condition G

3. RV F TV va=y hOTav AEREDORE (5 =)

JFHD T v AEHIED S 5 — T OIETH (LB 4 DERIEZBREI LT
F— N RADN S RETURERH > 72 2 LN BEHHLE UL — R OBIZEICEY A, b
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B 26 ZERLE Lim 7 v AERIEEZRE LT (Scheme 6-4). ARERMIED A r—L7T
o FRYEIC CHBMZ MR L, LEEOEY 4 ZEUGTE 7~ (Table6-2).

Scheme 6-4. {bE% 4 OFHE L —

MeO SH
MeO s KOH, H,0 ©

) NH; lene glycol

N propylene glyco NH,

26 110°C, 22 h

27
Methyl chloroacetate MeO s
K,COs \©: AICI4
" -~ 4
H,0, EtOH N O toluene
45°C, 2 h 28 H 85°C, 1h

Table 6-3. {L&W) 4 D A /r— LT~ 7l

SR L& I =R (%) HPLC area%?
L 28 3.3kg 86 (2 steps) -
4> 3529 83 99.1
) 28 4.3 kg 88 (2 steps) -
4°¢ 346 ¢ 81 98.4

a: HPLC condition N, b:6 =~ MZE], ¢:9 7 v MMIoE
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Experimental Section

General: All reactions were performed under a nitrogen atmosphere. Reagents and solvents were
obtained from commercial suppliers and used without further purification. *H and **C nuclear
magnetic resonance (NMR) spectra were collected using a JEOL JNM-ECS400 spectrometer.
HRMS data were obtained using a JEOL JMS-T100GCV spectrometer. Reaction monitoring and
product purity were analyzed by reverse phase high-performance liquid chromatography (HPLC)
on an Agilent 1100 series instrument.

HPLC Condition A; XBridge™ phenyl (3.5 um, 4.6 mmg x 50 mm); solvent A, 0.005 mol/L
phosphate buffer (pH 6.0); solvent B, methanol; gradient program, solvent A/solvent B 80/20 to
40/60 (0—10 min), 40/60 (10—20 min), 40/60 to 15/85 (20—30 min), 15/85 (3040 min); flow rate
of 1.0 mL/min; 40°C; UV detection at 246 nm.

HPLC Condition B; Inertsil ODS-3V (5 pum, 4.6 mme x 150 mm); solvent A, 0.01 mol/L
SDS/0.005 mol/L phosphoric acid; solvent B, acetonitrile; gradient program, solvent A/solvent B
48/52 (0—10 min), 48/52 to 10/90 (10—30 min), 10/90 (30—35 min); flow rate of 1.0 mL/min;
40°C; UV detection at 246 nm.

HPLC Condition C; XBridge™ phenyl (3.5 um, 4.6 mmeg x 50 mm); solvent A, 0.005 mol/L
phosphate buffer (pH 6.0); solvent B, methanol; gradient program, solvent A/solvent B 90/10
(0—10 min), 90/10 to 15/85 (10—30 min); flow rate of 1.0 mL/min; 40°C; UV detection at 246
nm.

HPLC Condition D; XBridge™ phenyl (3.5 um, 4.6 mmg x 50 mm); solvent A, 0.005 mol/L
phosphate buffer (pH 6.0); solvent B, methanol; gradient program, solvent A/solvent B 80/20 to
25/75 (0—20 min); flow rate of 1.0 mL/min; 40°C; UV detection at 246 nm.

HPLC Condition E; XBridge™ phenyl (3.5 pm, 4.6 mmg x 50 mm); solvent A, 0.01 mol/L
phosphate buffer (pH 6.0); solvent B, methanol; gradient program, solvent A/solvent B 80/20 to 55/45
(05 min), 55/45 (5-15 min), 55/45 to 15/85 (15—30 min); flow rate of 1.0 mL/min; 40 °C; UV
detection at 246 nm.

HPLC Condition F; XBridge™ phenyl (3.5 pum, 4.6 mmg x 50 mm); solvent A, 0.01 mol/L
phosphate buffer (pH 6.0); solvent B, methanol; gradient program, solvent A/solvent B 80/20 to 50/50
(0-5 min), 50/50 (5—25 min), 50/50 to 15/85 (25—35 min), 15/85 (35—40 min); flow rate of 1.0
mL/min; 40 °C; UV detection at 246 nm.

HPLC Condition G; XBridge™ phenyl (3.5 um, 4.6 mmg x 50 mm); solvent A, 0.01 mol/L

61



phosphate buffer (pH 6.0); solvent B, methanol; gradient program, solvent A/solvent B 90/10 to 40/60
(0—20 min); flow rate of 1.0 mL/min; 40 °C; UV detection at 246 nm.

HPLC Condition H; XBridge™ phenyl (3.5 um, 4.6 mmg x 50 mm); solvent A, 0.005 mol/L
phosphate buffer (pH 6.0); solvent B, methanol; gradient program, solvent A/solvent B 80/20 to
25/75 (0—20 min), 25/75 (20—30 min); flow rate of 1.0 mL/min; 40°C; UV detection at 246 nm.

HPLC Condition I; XBridge™ phenyl (3.5 pm, 4.6 mme x 50 mm); solvent A, 0.01 mol/L
phosphate buffer (pH 6.0); solvent B, methanol; gradient program, solvent A/solvent B 80/20 to
25/75 (0—20 min), 25/75 (20—30 min); flow rate of 1.0 mL/min; 40°C; UV detection at 246 nm.

HPLC Condition J; XBridge™ phenyl (5 um, 4.6 mme x 150 mm); solvent A, 0.01 mol/L
phosphate buffer (pH 5.0); solvent B, methanol; gradient program, solvent A/solvent B 50/50 to 15/85
(0—70 min); flow rate of 1.0 mL/min; 40 °C; UV detection at 246 nm.

HPLC Condition K; XBridge™ phenyl (3.5 pm, 4.6 mmg x 50 mm); solvent A, 0.01 mol/L
phosphate buffer (pH 6.0); solvent B, methanol; isocratic program, solvent A/solvent B 40/60; flow
rate of 1.0 mL/min; 40 °C; UV detection at 246 nm.

HPLC Condition L; L-column2 ODS (5 pm, 4.6 mme x 150 mm); solvent A, 0.01 mol/L
phosphate buffer (pH 6.0); solvent B, methanol; gradient program, solvent A/solvent B 60/40 to
15/85 (0—60 min); flow rate of 1.2 mL/min; 40 °C; UV detection at 246 nm.

HPLC Condition M; XBridge™ phenyl (3.5 um, 4.6 mmg x 50 mm); solvent A, 0.01 mol/L
phosphate buffer (pH 6.0); solvent B, methanol; isocratic program, solvent A/solvent B 70/30;
flow rate of 1.0 mL/min; 40 °C; UV detection at 246 nm.

HPLC Condition N; XBridge™ phenyl (3.5 um, 4.6 mmg x 50 mm); solvent A, 0.01 mol/L
phosphate buffer (pH 6.0); solvent B, methanol; gradient program, solvent A/solvent B 90/10 (0—10
min), 90/10 to 15/85 (10—30 min); flow rate of 1.0 mL/min; 40 °C; UV detection at 246 nm.

B3E

Preparation of 5. To a solution of 7-Hydroxy-2H-benzo[b][1,4]thiazin-3(4H)-one (4, 1.5 kg,
8.5 mol) and triphenyl phosphine (2.9 kg, 11.1 mol, 1.3 equiv) in THF (4.2 kg) was added
3-chloro-1-propanol (1.0 kg, 11.1 mol, 1.3 equiv), and the resulting mixture was cooled to 10 °C.
A solution of diisopropyl azodicarboxylate (5.6 kg, 40 wt %, 11.1 mol, 1.3 equiv) in toluene was

then added to the reactor while the internal temperature was kept below 30°C. The batch was
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aged at 20—-30 °C for a minimum of 3 h, and water (47 g, 2.6 mol, 0.3 equiv) was then added. The
mixture was concentrated to a residue under reduced pressure with a jacket temperature of 50 °C.
Methanol (MeOH, 2.5 kg) was charged, and the batch was again concentrated to a residue before
being diluted with MeOH (7.3 kg). The batch was aged at 20—-30 °C for 1 h. The resulting slurry
was filtered, and the cake was washed with MeOH (1.1 kg). The crude product was dried under
vacuum at 50 °C to yield 5 as a white solid (1.9 kg, 88%, yield from 4, 98 LCAP with condition
E): 'H NMR (396 MHz, DMSO-ds) & 2.09-2.16 (m, 2H), 3.32 (s, 2H), 3.77 (t, J = 6.4 Hz, 2H),
4.04 (t, J =5.9 Hz, 2H), 6.79 (dd, J = 8.6, 2.7 Hz, 1H), 6.89 (d, J = 8.6 Hz, 1H), 6.93 (d, J = 2.7
Hz, 1H), 10.39 (s, 1H); **C NMR (100 MHz, DMSO-ds) & 29.0, 31.7, 41.9, 64.7, 112.8, 113.8,
118.1, 120.3, 131.2, 153.9, 164.8; HRMS (FD) calcd for C1,H1.CINO,S (M*) 257.0277, found
257.0248.

Preparation of 7. A mixture of 5 (3.3 kg, 13.0 mol), potassium carbonate (1.3 kg, 9.8 mol,
0.75 equiv), potassium iodide (2.7 kg, 16.3 mol, 1.25 equiv), and N-Boc piperazine (2.5 kg, 13.7
mol, 1.05 equiv) in DMF (9.2 kg) was heated to 85 °C and aged for 4 h. Upon completion of the
reaction, the batch was quenched with water (19.8 kg) at >70 °C. The resulting slurry was cooled
to 10 °C and aged for 1 h. The solid was collected by filtration and washed with water (6.6 kg).
The crude product was dried under vacuum at 50 °C to yield 7 as a white solid (5.2 kg, 98%,
yield from 5, 98 LCAP with condition F): *H NMR (396 MHz, DMSO-ds) & 1.45 (s, 9H), 1.92—
1.99 (m, 2H), 2.44 (t, J = 5.0 Hz, 4H), 2.54 (t, J = 7.5 Hz, 2H), 3.31 (t, J = 1.6 Hz, 2H), 3.39 (s,
2H), 3.44 (brs, 4H), 3.99 (t, J = 6.1 Hz, 2H), 6.75 (dd, J = 8.6, 2.7 Hz, 1H), 6.86-6.88 (m, 2H);
13C NMR (100 MHz, DMSO-ds) & 27.5, 28.7 (x 3), 30.6, 54.1 (X 2), 56.2 (x 2), 67.6, 81.3, 114.1,
119.5, 122.7, 131.9, 156.4, 156.6, 167.8; HRMS (FD) calcd for CzoH29N304S (M*) 407.1879,
found 407.1914.

Preparation of 8. To a mixture of 7 (2.8 kg, 7.0 mol) in ethanol (EtOH, 4.5 kg) was added 6
M hydrochloric acid (4.2 kg, 36% hydrochloric acid and 3.5 kg of water, 42.0 mol, 6 equiv) while
the internal temperature was kept between 40 and 50 °C. The mixture was aged at 40-50 °C for 2
h until HPLC analysis showed complete conversion (<0.5 LCAP of 7). EtOH (13.2 kg) was
charged to the batch followed by cooling to 10 °C. The resulting slurry was aged for 1 h before it
was filtered, and the cake was washed with additional EtOH (4.5 kg). The crude product was
dried under vacuum at 50 °C to yield 8 as a white solid (2.6 kg, 99%, yield from 7, 99.9 LCAP
with condition G): *H NMR (396 MHz, D;0) & 2.24-2.31 (m, 2H), 3.44 (s, 2H), 3.51 (t, J=7.9
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Hz), 3.68 (br, 8H), 4.13 (t, J = 5.9 Hz), 6.85 (dd, J = 9.1, 2.7 Hz, 1H), 6.94 (d, J = 8.6 Hz, 1H),
6.99 (d, J = 2.7 Hz, 1H); *C NMR (100 MHz, D;0) & 23.4, 29.0, 40.8 (x 2), 48.6 (x 2), 54.9,
65.3, 113.2, 114.0, 118.9, 121.4, 130.0, 154.3, 168.1; HRMS (FD) calcd for CisH21N302S (M —
2HCI) 307.1354, found 307.1369.

Preparation of 1. Preparation of 2 from 11. To a solution of 11 (0.93 kg, 4.2 mol, 1.1
equiv) and N,N-diisopropylethylamine (i-ProNEt, 0.45 kg, 3.4 mol, 0.9 equiv) in ethyl acetate
(AcOEt, 4.2 kg) cooled to 0 °C was added thionyl chloride (0.55 kg, 4.6 mol, 1.21 equiv) over 20
min, while the internal temperature was kept below 20 °C. The mixture was aged at 20—25 °C for
1 h until HPLC analysis showed complete conversion (<1 LCAP of 11). To the reaction mixture
were sequentially added water (1.9 kg) and i-ProNEt (0.59 kg, 4.6 mol, 1.2 equiv). The layers
were separated, and the organic layer was concentrated under reduced pressure with a jacket
temperature of 40 °C. The residue 2 was diluted with THF (5.3 kg) and used directly in the next
step.

Preparation of 6 from 2. Compound 8 (1.46 kg, 3.8 mol) and water (2.9 kg) were added to a
THF solution of 2 prepared in the previous step, and the resulting mixture was cooled to 0 °C. To
the mixture at <30 °C was added i-ProNEt (1.73 kg, 13.4 mol, 3.0 equiv) followed by KI (0.70 kg,
4.2 mol, 1.1 equiv). The batch was aged at 20-30°C for 3 h until HPLC analysis showed
complete conversion (<1 LCAP of 2). AcOEt (5.3 kg) was charged, followed by water (2.9 kg).
The aqueous layer was separated, and the organic layer was washed with 20% NaCl (0.67 kg of
NaCl and 2.6 kg of water) before being concentrated under reduced pressure with a jacket
temperature of 30—40 °C and then diluted with EtOH (4.7 kg). Activated carbon (109 g) was
added, and the mixture stirred for 1 h. The mixture was filtered and washed with EtOH (2.3 Kkg).
The filtrate weighed 9.2 kg and contained 1.8 kg of 6 as determined by the HPLC assay (91%,
yield from 8, HPLC condition K).

Preparation of 1 from 6. To a 19 wt % solution of 6 in EtOH (9.2 kg, 1.8 kg assay for 6, 3.4
mol) was added maleic acid (381 g, 3.3 mol, 0.95 equiv) at 60 °C. The solution was cooled to 45—
50 °C; the seed crystal (compound 1, 9 g) was added, and the batch was aged for 1 h and then
cooled to 30 °C. After agitation for an additional 12 h, the resulting slurry was cooled to 10 °C
and aged for 3 h. The solid was collected by filtration, washed with additional EtOH (5.6 kg), and
dried under vacuum at 50 °C to yield 1 as a white solid (1.6 kg, 73%, yield from 6, 99.5 LCAP
with condition J): *H NMR (396 MHz, DMSO-ds) & 1.03 (t, J = 7.0 Hz, 3H), 2.04-2.08 (m, 2H),
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3.10 (br, 8H), 3.18 (br, 2H), 3.38 (t, J = 7.0 Hz, 2H), 3.42 (s, 2H), 3.71 (t, J = 7.9 Hz, 2H), 3.95 (s,
2H), 4.01 (t, J=5.9 Hz, 2H), 4.51 (t, J = 5.2 Hz, 2H), 6.06 (s, 2H), 6.79 (dd, J = 9.1, 2.7 Hz,
1H), 6.90-6.92 (m, 2H), 7.17-7.26 (m, 2H), 7.58-7.61 (m, 2H), 10.43 (s, 1H); 3C NMR (100
MHz, DMSO-ds) 6 15.0, 23.8, 29.0, 43.5, 49.7 (x 2), 51.3 (x 2), 53.2, 53.4, 65.3, 65.7, 68.7, 110.7,
112.8, 113.9, 118.2, 118.8, 120.3, 121.6, 122.2, 131.3, 135.6, 135.8 (x 2), 141.8, 150.6, 153.7,
164.7, 167.3 (x 2); HRMS (FD) calcd for C27H3sNsO3S [(M — maleic acid)*] 510.2539, found:
510.2558.

EA4E
For the known compound 13 and 14, see: J. Med. Chem. 1986, 29, 1178-1183.

Preparation of 11. Preparation of 13. To a solution of 2-ethoxyethylamine (2.5 kg, 22.1 mol,
2.5 equiv) in methanol (0.7 kg) was added 16 (1.8 kg, 12.8 mol) while the internal temperature
was kept between 40 and 50 °C. The solution was heated to 50-60 °C and aged for 2 h. Upon
completion of the reaction, the batch was cooled to 30 °C. To the reaction mixture was added
toluene (6.3 kg) and water (3.6 kg). The layer was separated, and the organic layer was washed
with 10% NaCl (0.2 kg of NaCl and 1.7 kg of water). The organic layer was concentrated under
reduced pressure with a jacket temperature of 30-50 °C to yield 13 as an orange oil (2.9 kg):
IH-NMR (396 MHz, CDCls): & 1.25 (t, J = 7.0 Hz, 3H), 3.49 (g, J = 5.2 Hz, 2H), 3.58 (q, J = 6.9
Hz, 2H), 3.73 (t, J = 5.6 Hz, 2H), 6.65 (ddd, J = 1.3, 7.2, 8.5 Hz, 1H), 6.86 (dd, J = 0.8, 8.8 Hz,
1H), 7.43 (ddd, J = 1.7, 7.0, 8.7 Hz, 1H) , 8.18 (dd, J = 1.2, 8.8 Hz, 1H) , 8.24 (brs, 1H).

Preparation of 14. A mixture of 13 (2.9 kg) and 5%Pd-C (50% wet, 268 g) in MeOH (10.6
kg) was heated to 35-50 °C under H, atmosphere and aged for 7 h. The reaction mixture was
filtered and washed with MeOH (6.4 kg) and water (2.2 kg). The filtrate was concentrated under
reduced pressure with a jacket temperature of 30—40 °C. The residue 14 was used directly in the
next step.

Preparation of 11. To a mixture of 14 in water was added 75% sulfuric acid aqueous solution
(2.7 kg, 20.4 mol) and glicolic acid (1.2 kg, 15.2 mol, 1.2 equiv). The mixture was heated to 85—
100 °C and aged for 5 h. Upon completion of the reaction, the batch was cooled to 30 °C. A
solution of 28% ammonia aqueous solution (4.1 kg) in MeOH (0.9 kg) was cooled to 0°C. To the

solution was then added the reaction mixture while the internal temperature was kept below 30°C.
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To the mixture was added AcOEt (10.3 kg) and water (1.1 kg). The layer was separated at 35°C,
and the organic layer was concentrated to a residue under reduced pressure with a jacket
temperature of 30—40 °C. AcOEt (10.3 kg) was charged, and the batch was heated to 60 °C. The
solution was cooled to 10 °C and aged for 1 h. The solid was collected by filtration, washed with
additional AcOEt (2.1 kg), and dried under vacuum at 40 °C to yield 11 as a light orange solid
(2.1 kg, 73%, yield from 16, 99.9 LCAP with condition G): *H NMR (396 MHz, CDCl3) 6 1.11 (t,
J=7.0Hz, 3H), 3.42 (q, J = 6.8 Hz, 2H), 3.77 (t, J = 5.2 Hz, 2H), 4.42 (t, J = 5.0 Hz, 2H), 4.91 (s,
2H), 7.26-7.34 (m, 3H), 7.73-7.77 (m, 1H).

B5E
For the known compound 27, 28 and 4, see: Chem. Pharm. Bull. 2010, 58, 326-331.

Preparation of 28. Preparation of 27. A mixture of 2-amino-6-methoxybenzothiazole 26 (4.5
kg, 25.0 mol) and KOH (4.2 kg, 74.9 mol, 3 equiv) in propylene glycol (1.1 kg) and water (4.5
kg) was heated to 100 °C and aged for 22 h. Upon completion of the reaction, the batch was
cooled to 30 °C. The reaction mixture was neutralized with 6 mol/L HCI (7.9 kg of HCI and 6.8
kg of water) while the internal temperature was kept below 35°C. The resulting slurry was cooled
to 10 °C and aged for 1 h. The solid was collected by filtration, washed with additional water (4.5
kg). The solid 27 was used directly in the next step: *H NMR (396 MHz, CDCls3) 6 3.73 (s, 3H),
6.68-6.73 (m, 2H), 6.93-6.94 (m, 1H).

Preparation of 28. To a mixture of 27 in ethanol (7.2 kg) and water (13.5 kg) was added K,CO3
(3.5 kg, 25.0 mol, 1 equiv) and methyl chloroacetate (3.0 kg, 27.5 mol, 1.1 equiv) while the
internal temperature was kept below 15°C. The mixture was heated to 35-50 °C and aged for 3 h.
Upon completion of the reaction, the batch was cooled to 10 °C and aged for 1 h. The solid was
collected by filtration, washed with additional water (13.5 kg). A mixture of the solid in water
(22.5 kg) was heated to 35 °C and aged for 0.5 h. The solid was collected by filtration, washed
with additional water (13.5 kg). A mixture of the solid in water (22.5 kg) was heated to 35 °C and
aged for 0.5 h. The solid was collected by filtration, washed with additional water (13.5 kg), and
dried under vacuum at 50 °C to yield 28 as a white solid (4.3 kg, 88%, yield from 26): *H NMR
(396 MHz, DMSO-ds) & 3.42 (s, 2H), 3.71 (s, 3H), 6.77 (dd, J = 2.8, 8.8 Hz, 1H), 6.89 (d, J = 8.4
Hz, 1H), 6.90 (d, J = 2.4 Hz, 1H), 10.38 (brs, 1H).
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Preparation of 4. To a mixture of 26 (455 g, 2.3 mol) in toluene (2 kg) was added AICl; (932 g,
7.0 mol, 3 equiv). The mixture was heated to 85 °C and aged for 1 h. Upon completion of the
reaction, the batch was cooled to 50 °C. A solution of MeOH (360 g) in water (3.2 kg) was cooled
to 0°C. To the solution was then added the reaction mixture while the internal temperature was
kept below 40°C. The original reactor was rinsed with water (0.5 kg). The resulting slurry was
cooled to 10 °C and aged for 1 h. The solid was collected by filtration and washed with 1mol/L
HCI (91 g of HCI and 83 g of water), water (2.3 kg), and MeOH (360 g). The crude product was
dried under vacuum at 50 °C to yield 4 as a white solid (346 g, 81%, yield from 28, 98 LCAP
with condition N): *H NMR (396 MHz, DMSO-ds) 6 3.38 (s, 2H), 6.58 (dd, J = 3.0, 8.6 Hz, 1H),
6.68 (d, J = 2.8 Hz, 1H), 6.69 (d, J = 8.8 Hz, 1H), 9.33 (s, 1H), 10.27 (s, 1H).
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