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F1E e
B1E 7radx ) —EiEEEIE (GKASs)

BERIRIZA v AV > DB E BAR4372 720104 U D1 MO @ik 2 F54 & 3 5 28 ORI EH T,
T B HIRRODREE N FARIZ B 0 Mot A VA D U AR 2T TRPEIRIFE & . A A Y AR A
VAV WA ED G D WRERIF & 3 5, 95%LL A TEMERFE T, & O F e F R EER 1
IZMZ T, BRTE, HEIRNE, A ML AREDT A MAEL, REWLRAETEEER CH L, B4
B OERERA VCIE, BEREIE S B D A, FIREMEA S E T E RV AT T B Y 1000 7
A (BHETR2000 5AN) EHEFSHTEY, WESL 40 S EOEREOR 4 A2 1 ADSKERE &
WO HREFREL e o TS,

FERFICITe A HA9 & LIciaiiEIda < 6RO BITmiEsZ = > e — L L TR IMEL TS
L, #TAELED Z LITh D, FERFOIGEIT, RFHRIE S EIRIENERTH L3, TRET
TRAFMpE= Y b r— LSBT X W RHIISRIRE A BAA T 5, BEIRIG OIRPIFRIEIZIEA
A2V GLP— I/EEEE L W o 7GR0, RO MR NN H Y . BESADWHEBIZEDE T
TR ARG 5 Z L MR S T D 2,

PR MAERE T3, REL T TA VR Y ARBIESGER, A VAU U UWMERER, LU - B
MFRETRD 3 DI EIND, B, A AU AEPIEORRERCA 2 U V3R Z 5FM L, BER
JREDHEDRDL, v, FFEHE, K774 7 A, OHFRE, (RIBEREO A I-CHEE 7 &
EEE LU CTHRABIR L, LEIZS U TIFHT 2,

FFF e BiEH it B
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Figure 1. $ERPTARIK

ZoaFxF—8iE, BERMAL, ITHIfuI X O ONZUWR - MR OMAICHEE L, 7 /va—
ARu TN a—R 6-V UEENERT D ERER OB RESR & L C /L a— 2RO L Ak Bl A
RIELT0D I, FEBMIIIZENWTIIA VR Y VOFEA L ZWICB T L7 Vva—2zrH—E LT
BERE L., EFMICIEZ v a— 2RO iAK L 7Y a—F v OEREFIL T 5 (Figure2), I
i C OFERIFTUHE & FEIR T DA A U U WEsR &N D 2 DIZBG T 5 7 ad b —RB AR E
B2 EDPERIRIC T D AR & L TE BN, £ OREBER¥E T L axF—BinE
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{b3E (glucokinase activators: GKAs) 23BiF ST &7,

R R AR 57 W REHE R
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RFEH72 GKAs % Figure 3 IZFRH L 72, 2000 FERAJFAIZH D GKAs 23@iE S cliok, KPR
AN ST GKAs DRI Z D TE 729, 2020 FEMRETIE, £ < DILAEWITBHZEE P Tl L
TUW5 23, Dorzagliatin [ZHFE TV = —X 3 FTHEHA TS, HA7 7 —~ THREIED LNILE
#1913 RO0281675 =° PSN-010 & [FMEIC 7 == A7 & M7 I FEEA AT 500D, —HEHELGTE
WES 7 XU B UBRD 34 (LY ARBDO YT v FEARO LD S EN RS A H o TV D, b
BT v REBAT HTDD7 v H R, BEMED 7 SALKFENRBAET D[RR H D720
Wﬁwﬂﬁb< BE Tl RO BE L 225, Lo T, oD 7 v FEOSLARRAYE A
EEEOALA 1 OREARIEEZHET D Z LITBD TF v Lo D0 7 OIEEM TS > 1, HE51374
HAEREL BIE %2, LA 1 ORE T v 2P L2 Eh L, £ ORREZ AR E L DT,
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55 2 Fi 7D?Xﬁ$ﬁ%&m

Ta 2B LR @A E b A O TERNBGEE AR T 2 72O DR Th 5, EFEL O
ZEBAR IRV TR, @%ﬁ TR SRRty (UR3) Z22araB, WA, B
RRBR Y e & A 2 v 7 TR BER A Loo, IWTL CEEFEZSR L (71t AB%).
PAHELEIE AL T 5 2 L2 FEB LT 5, S 2T T A b0 & LT AL FE R B 5,
B LT L 7 a ' 2{LFOE W% Figure 4 1I2F & 72, BIFLFTRWEEEEOLAEY & ROl
L2 LEAMET DO, A — FRER I EEOCEDITR LT WERBIER RO B b,
ZDID, FISIZBT A2ICRLMBEITEE IR, MEL LF o ikb e~ NI 74—
72 ESRRIRFIENRIARE TH D, £, BAT—UT g 27—/ T, FEMEIOHIRS 220, —
HTT e AR, W BN, 2R N etk EEN. REASOBER EEBE L, i%%
RAEMRE THELIED 2 Z L 2 BN E T2, IR E TR Kb Z B L., %%ﬁ&ié%%
FAERORBEICIRE SN D, 7o, 8GR r— it kg~ o A7 —)LV T, JFMEHT = A b &2 /&0E
BEOY T T4 ¥ —nb AFHRER b OERINT 5, éa_\ﬁ%m%iwgﬁﬁ@ﬁﬁﬁﬁgt
N, Tat AMERTRERTFORS A BE L, M S LT, AL LA OT A v
DT, LY BIE, HFAEMFENRD HNEN, 7 1 AR E 2 DL TR <
RS 2 72 DI T LR F O HGR A L EE T D 5 9,
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_.23]%45? BREARMER SO RNE
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IR E aE HETERWN SN
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Figure 4. AIHAL5: & 7' vt {220 g

7ak 2bEsE R OGRULV— S OB%E, OF UL, BRI, BIEORE, Ofcifbifgt, o 3 B
BRZT D Z EMNTE, ZORFHC XL VBN 7T o A2 HE L T, EFLEY 1 O
HI 72 8E 7 1 XA ORER & ZR T < PRSI D fHA TS, — A7 BRI 72 7 e & X OB 2 %
HEDL, UTOLIITRD,

6/46
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3 LA 1 ofls o

7' v 2R T N D RTORIBEIER O LG 1 ORESE (BI#EL— ) % Scheme 1

(R LT, BN VRV BR 2 % LiAIH, TiETt L, U A VR CR#E L7241, 0s04 TV
Fexifbl, A — RS 2 AR LT, BoN7cs Ok Rux A BRIREEE T 2 7 /U254
LT6 & L7-#IZ, TBAF & Deoxo-Fluor®iIc LV, 2207 vHRAEAL, V7 vHK8 2157, 8

DR A NI R#E LT REAR L 72 57 L a—1 9 & L7z (Scheme la), =D, ZD9 %
RAR=T L ~E X 7 Fm A7)V 12 & O Wittig SZ LV 77 U VR X7 V13 ZE Rk
LTz, ORI 13 DALT ¢ ROWAL, AT VONKDREERRT IR VB 15 ~ LB %

2, ThAa—VER#E LTI /BT 16 72 NMeL, BB Clifk#EE21T0. (LEm1

%A L7 (Scheme 1b),

HO, OH
@ LiAIH, ? B2C] ? 0sO4, NMO 7. 1) SOCly, CCl, reflux
CO,H  THF on Pyridine By t-BuOH H,0 l 2) RuCl3*nH30, NalOy4
reflux rt OBz  MeCN, CCly, H,0, rt

2 3 4 72% 5 69%

0.0
_S{ R OH EF
Yo 1) TBAF, MeCN 3 Deoxo-Fluor® K,COs
j— reflux
2) H,SO,, EtOH TH EtOH
OBz re?‘luxm OBz reflux Bz reflux OH
86% 71% 98%
6 7 8 9
Scheme 1a. {LE&# 1 DRIFEEBEDOERL— b EIELE)
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CO,Et F,
R F PPhyl, R ,F PPhy R F ASOA

imidazole, MeCN 12 F
93 °C I LHMDS, THF
CH,Cly, rt + CO,Et
OH 2Ll | PPhs 0°Ctort f 2
36% 10 98% 1" 41% s

COH  2) NN,

1) SOCl,, reflux
N/lo/\/OTHP
6

T

pyridine, THF, rt

17 1
Scheme 1b. L&Y 1 ORFEEEDO SR/ — b (BHXITE)

ZOHEEFEIZBWNTYH, B e BEOHE THIUIAEETN, BE k g A7 — LV OpEHEETIX
LIRS X 9 2268 L2 uiE e B2 Wi EN H - 72, 2 S OFUEE i3~ . 7 atk A
P AN — s XHT,

23 O : BARR CTA—/LT v 7 NREERETHI T S LiAIHs Off A

4—5 O TFE : FEDOEV 0s0s D

7—8 O LHE : @ffize 7 -~ F{LEEE Deoxo-Fluor® D1

11 & 12 O Wittig KOG ARIER EBIVAET D Y T2 = VR AT 4 A F Y ROBREDTZHD
VBTN T T a~ NTT T 0 —DffEH

BTN 20 TREEL, F—Z/VERD 4%LL T &R

® 6 0 6

©

AR A R 5 T2 D DA A 2 Scheme 2 (27 L7z, AL — F DA 9 2k E LT
95 bDD, LiAIHy X 0sO4, Deoxo-Fluor® [ HEFIULEW 9 2Bk T 22L& Lie, 727V
VR 1S DR FE—IR%E _EHEAOERIIE, BRENREE Y 7 2= VR A7 ¢ A%y RBBIAET
% Wittig S ZEET, L0 &ICEENHIFRFCTE 5 Perkin S H L <IE Julia ROGZEEIRTHZ & L
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Too FElo, BRTREOT I FMUlL, BREDO 18 2D 2 LT, TREZER TE L EE AT,

INJ\ ~L_OH +
18
15
Perkm)if"
Julia a}ir ? HEIRTHERNLTERK
— — @
/L CO,H
2
(Perklhﬁﬁ%ﬁ) (Julia G EHE)
ki 72 LiATH, 04
W JERR7s LiAIH, Ry A LA R, KA
@  FMEOE 0s04 DI
o TR T NV a—L 9 OERE RS
@ &EffiZe Deoxo-fluor® D
@ ERMEL B T LR ME R Wittig SO Perkin SUS % 7213 Julia SO
® TEENEZL, F—ZVEERMEV 20steps, ERED 18 OFEHLO~@ DRI

<4% yield) 0. TAREEHIE & N -

Scheme 2. {L&#) 1 DS RRERE CLENL— B)
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W2 Ta—1 9 DEK

BIFEL— NMIBITDHIVR R 2 DIIVERF D VFEOIRTT TIE, 0 FRIGETTH| & O3 5 THE

PEN D D —EREE MRS DT ummuﬂmﬁiﬁ TR RIS DN o, — T
fEli72 LiAlH OFIH A BT 5721213, ROSEEZ 2 DANCER T H0E R b o Tz, Thbbx
AT NVIELIIMIRE D ATRE iﬂﬁwnf%hi 8 RTRE 7238 oAl OFEEE N 2 . IR/ el C

A —NT v T LTV NaBHy ICEETEH EEx T, £ LT, BHEDEW 0s04 R°FE Al 72 Deoxo-
Fluor® Ao, 7 /L4 o 21 \ZkF LAMANZSAREEIRAOIZ 2 DD 7 v BRAE AT 200134 — kD
KOFETH -T2, T2, —HEOILEMIID TEPN/NEINZ LD, Tva—/L 9 ETHERTIEZ
HRE L 720, HERICEBRINTE W ER PRI, Lo T, kO FFRTEE
FET D2 LIZRDDT, TELONEVRIERMBRELRWKICSEEZ AT HERH - T
(Scheme 3),

<Al IL— >

AREERED
B B

HO OH
COH \[ ]\ g t
OR
OBz OBz OH
3:R=H 7
BzCl, [ 5 9
pyridine 4: ReBz 7152 (QEFS)
[Iﬁﬁ&n IR#E<30%
<HWRENA— K>
Stereoselective F F . R F
Introduction of fluorine NaBHj4 reduction
CO5H COsEt
z ? CO,Et o

Scheme 3. 7/V2—/L 9 \ZBIT BAIE L — b L BB/ — P DL

B T2 OV T v FEEDRA

FVT 4 DV TNA LT T E TICARZ REEDBRE ENTOD 0, 7R AL LTT v
RHAR T vibFt /UG NARY . A OIFREEAFEHEIRS, S TH D L Voo KA
MNd o7, 2016 2 Gilmour & Jacobsen |Z K-> CE VT NALN 7 VA b Sy 7 vt a7 ivh
Y OBERAEDISL U TG Sz Dy RRISIE, RHRTER LTIz —RT7 Ly 7rl R (ArlF,) 2
BOSEMRE L 720 0 BUIRT AT DV 7 FITHIRINTH D Z LR EnTe, £O—F T, Kid
FlD7 v FIFNDLIE LD BIEAITIN A, Jacobsen DFRCIC L7 vt T B EG T
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mmole) EWIOFEHNH D K DI, EORUSEABNIELR T L AR BTV, £ 2T, 2
HNVR U T AT NE B LT T 21 (S L, REMEEA Lz, TORE, 60 4 &
BHZ 57 vy RREFERALIIZO D LT, BIIOY 7 v #1122 OPERIL 5% AmM & 720 . T4
WY, BRIRT A ATITEA T E W £ 23072 (Scheme 4)

p-iodotoluene, Selectfluor®
Et3N-3HF (30 equiv HF) R F
Pyr(HF), (30 equiv HF), CH,Cl,, rt

CO,Et -

2 or CO,Et

p-iodotoluene, mCPBA

21 Pyr(HF), (100 equiv HF), CH,Cl,, rt 22

<5%

Scheme 4. 7 /L7 21 DERERY 7 v BILOKRET

PLEDOKGEHZ LV 77 2 20 IS DB 7 O ATEE L &I L ARSI e
L7z LALARDNS, “EAEAICKHT 2EBENR 7 v FEOE IR & L TR W ROSEMHT 2
<, Rtz e T, %%m%@%ﬁmﬁ%ﬁﬁf%é LA BEEER LI,

B2 H SRR 72 =R AL DR

WIT, SRR AL E 2k TRF Y ROY 7 v H ek v, U7 vFHEK 2 OARK
RRETT 5 2 & & L7z (Scheme 5), =ARF ML L O%e< 7 v RA~DEHIZHONWTIX, T AT D
BN 7 v R & U CHERICE L OWEFINRH D Z Linn, AEETH S 21 12K LT, @ohk
DIONLAEIR 22 SOGSRIENTAET 2 Z L B2 IR LT, TR KD U7 v RUROFELE LT,
F Ik DmREy RO, <AL T NV a— IV ONERERZEY 7 v FbEBEL, =2 TV
BRI L TR U ARE SR D TRF Y R23 OAE B L, Bigtair-7z,

o s [0} R F
MREIRMIAF L Rl TIovEie
CO,Et
2 CO,Et CO,Et
21 23 22

Scheme 5. =RX Y K23 ZRRET BV 7 v R 22 OAREHE
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FT, ZARFAUITONT, CRBEA O E W T, IGGERHED A7 ) —=2 7 %4T -7 (Table
1), tADIT, KEARIC S A ATHERBR LAl & 21 5T D MMPP 24V, 7K L EEiE =T /L0 2 Fd
BROEMTERF AL E TN L7z ¥ MMPP [ ZLOEERIC e CRE R R LAl T, SOSORIA K
e LTHROND ERT NG~ T XD MIKEETH D7D, SORNBLEEHE TR IR E
DABETH Do RUNMFFEFIZA L—KZHEAT L, FEHIIHR Uiz, —05, SEREPWEIC OV T, Bt
LD IR 23 B L TAERT 2 D0, ZOFRMIT 351 ICHE ST (entry 1) , eV TT =E
b RU R TOZRFVERIL 2Tk, 23 ORMERTHD 24 BER L THER L (0.3:1=23:24,
entry 2) . Z Z CERLAIZ 30%iEle b /KEKIZEE L TR 2 2 & Lie, i@lb/kEEKITZAM T
HAoKLUADRIES Z LTl 7 V= eBRERITH Y | AER T — V% B2 -, @bk
FIK TR UALELT ) ONEAEN & E 2 Hii=, Kokotos B "Nz L-oTHiESh7= MY 74
T N7z v EBEKERDDRET DA T AL DI, FEHIHAT D DD,
HHUEIZ MMPP L VK20 ~ 72 (2.6:1=23:24, entry3), Entryd O X 7 A7 VT~ U o AEH W=
B, FENIEGA Lizb oo, SEASERIRMENE E L2 (6.2:1=23:24, entry 4), & 5 ZFAMRE B fikiit
(PTC) & LCAF NNV an-A 27 FAT = ABKHEE, BBE LTT7 == /VARAR U, BEX
ORI & LT NapSO4 Z BN L7245 F 1Dk, B3R &N AYRIE I | L7z (91.8 area%.  11:1
=23:24, entry 5), & Z Tentry 5 DEMFZ I, EHICKEILTHZ L& LT,

Tablel. 7V 472 21 D=RFIACLRIEDA T )V —=27

o O
. SNGI
CO-Et CO,Et CO,Et
21 23 24
GC area% ratio
entry reagents and solvents conditions 21 23 24 23/24
1 MMPP, n-BuyNHSO4, EtOAc, H,O t,25h nd 77.9 22.1 3.5
2 1) NBS, acetone, H>0, 2) DBU CHCl,, Drt,22h nd 224 75.4 0.3
2)rt, 21 h
3 30% Hy0,, 2,2,2-trifluoroacetophenone rt, 19h nd 72.0 28.0 2.6
buffer, MeCN, -BuOH
4 30% H202, Naa WOy * 2H,0, MeOH rt, 19 h; 24.7 63.1 10.2 6.2
60°C,5h
5 30% H202, NaaWOy4 * 2H,0, NaxSOy, t, 19h nd 91.7 8.3 11.0

[Me(n-CsHi7);NJHSO4, PhP(O)(OH),
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Y50 Table 1 @ entry 5 DRIFITHE LT, WfbKFAKE Z o 7 AT eI EE L, hos~Z
A —H DRt E4T o712 (Table 2), Fefiiits 7 = = /LR AR UG U VERICT 2 EIRMEIZE T L
7eD3 (7.7:1=23:24, entry 6), Bl MU U AFIRMLTH LK< T, KUSTITEL EER N
ERbDhoTo (11.1:1=23:24, entry 7)., SUSREEZ 50 °C ITHHE L CTHIBRMIEITIZE A EED BT,
BIRPEICE L CIRREOREIXIZ L A LN EE X b7z (10.0:1=23:24, entry 8), fit\ > T, PTC D
T oA R R LD EROMENME T 5 & L b, BIPELILT L7z (8.5:1=23:24, entry
Ne NFA LG ET VT TFNAT VBT LIEZATZSGAE S, KIBICEOSEMET L, R
17 L7z (15.4:1=23:24, entry 10), L2>L72235 . entry 10 DR TINASEINEN M L L TnD Z LI
HRHL, FEZHEASELZENTEIZTHIE, ROBVLEFICRVEDL LB X, KIGRES
50 °C ICHIRT 2 &, WIfFlm Y ICISIEERMICHEIT L, FRBRELEDEWVEEZ R L
(17.3:1=23:24, entry 11), LLEDOKETL Y| entry 11 O E LT & Lz 12,

Table 2. TR F IALKGEDREL

30% aq. HyO5 (1.3 equiv)
Na,WQO4-2H,0 (2 mol%)

PTC (2 mol%), acid (1 mol%) o ®
Na,S0, (0.3 equiv) @
COEt 1t 17_23hr CO,Et CO,Et
21 23 24
entry PTC acid Na,SOs  {REE GC area% ratio
(equiv) 21 23 24 23/24
5 [Me(n-CsH17);NJHSOs  PhP(O)(OH), 0.3 rt nd 917 83 110
6 [Me(n-CsH,7)sNJHSO4 H3PO,4 0.3 nd 877 114 77
7 [Me(n-CsH7)sNJHSOs  PhP(O)(OH), none rt nd 918 83 111
8 [Me(n-CsH17);NJHSOs  PhP(O)(OH), 0.3 50°C nd 904 90 100
9 [Me(n-CsHi7):N]Cl PhP(O)(OH), 0.3 rt 122 777 9.1 8.5
10 n-BusNHSOy4 PhP(O)(OH), 0.3 rt 69.5 277 18 154
11 n-BusNHSO4 PhP(O)(OH), none  50°C nd 903 52 173
(1 mol %) (0.5 mol %)
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TARF AEDNARBIRMEICONWT, ZOFEMIIAHATH L3, 7 a7 VR EOTF /LT A
TNIEL VABLED 2 DOT Y AAALOKFE E ONARFEEZRET D720, RN G & 7 AT il
PEVEREANTE S 2 LI Ko T, BRI RS EITT 5 LHEE Sz (Figure5)Y, 72, PTCIZ
DUNTIE, Me(n-CsHi7)sN 12 n-BuN O NARHIZIR A TN D O TROSHEDMERN DS (IR T
FOG5ERE L2V, Z D5y FE OSLARBLE OB A i8R < 52100 T SRR IUWEN Eio7o B2 bz,

Figure 5. TAR¥ IAUDIARBIRIEICEE T 588
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BIHE U7 vHRIK2 OHERK

PIEEREC 31 5 7 v BILOBFHE, BRUEEATHL VAKX R 24 2 VAN BT AT a~
N7 4—THRELE NI VAR R EZHWTTo7z, £, fali/e HF 234E L7
HMEH VT LE RV ZF LT Y a—L W KBRS COBBRMKIEZ AT, BWIIE
BEHNT, FEIOBRMER 24 DEINTHOHTH-oT2, 2L, BELL AT /VEEOT X
IbEREH LIzb D eEx bz, 22T, HBENSFHEZHZ OO, I T/ L7 THEDY
o TND N = F AT =7 ALKFERRIE (EGN « 3HF) DTIEL7- & 2 A, KniEEhn
IZHEIT L, B 7 DIERSGOIE 86% T, HIDE ) 7 vHREE DT AT LA~— (25 L 26) DIRA
WM& LTS5 Z &N TE 72 (Scheme 6), ZDF /) 7 v H#EEEZAWT, IROMEEER 7 » FLK
J& (—OH — —F) ORit&iTo72,

o Et;N-3HF (1.1 equiv), 110 °C; HO ~ F R ©OH
then column chromatography +
CO,Et 86% CO,Et CO,Et
23 25 26

(Single diastereoisomer)

Scheme 6. Et;N * 3HF Z =&/ 7 o B 25, 26 DEFL

e b RaXx U RRoBiEREN~ v #F{ETH, EsN - 3HF %27 vFHFE LRI, fiko=
XY RBIBRSUG D one-pot {LANEBLAIEE & & 2 Hiv7=7=%, Et;N « 3HF fif H Z RiffE CRUGSMFD
BT 24T > 72, One-pot St HEERIEAR A < 2 & CHEERERF QIR 2 2 < 3721 Trdie<
HFER 7 — VT OGBRERI OB TS L, fERAICE 2 X N T AZORNR D, SHITKRT v
FACSIRZONWTIL 2 2D A Y > "REIR Sz, H—I27 v FUUOSTEDBFEMED -, 77
By a—7 4 T LIRSS AT oA BORR ERRRIHEPLETH L, LN LARNSFE UK
X I OREERERAE A R T 5 EY A MIRONTWD 7, lHEIL 1| DORIGETY v #Fbx
KSR I D E2M5720, T, 7 v#bx 2 TRIZOT 846, 1| TRE & 2 TRE ORISR
DEE L 700 2580 NEEL < BEUN Y TR A ERRSIC 2 o7 & ZIZ T v B L TR
HWIZ72 0 BPERT V2 — KR E B KE T, £ 2 CZOITHE% one-pot L35 Z & T, ApE
AT 2= A PHRLT e D EEBEZBND, B DAY v ME, 1 TERE (=R FEER) DK
SR DBAERIZ TAREID EgN - 3HF ZBRET 2L 2A%, TOFFHEL T2 TEE (BEENT v
Fb) ITHEDRAT 22 LT, 7y R AL I < R/ N EOEHICIZ 2 2 L3 TE D,

FPE Fed o Azl A# A L, BuN - 3HF O 7 v R COREEHRNISZRAATZ, M) 7
77 ' F R R LB R T 5 FIETIZENIZ L A EfE e o7z (Table 3, entry 1,
2) o THULT v ROREMEDRS IR LT, HBEEONBEEN 3ol B b, —T
THOOZ WA, SUSIEA LA—XITHEIT L, BI 22 ZHUST 25 Z LN TE 7 (entry 3), it
WTC, T a— V&2 RERRINS 7 v R~ L BT 2 BREER 7 RS2 Mt L7z, &AM
Fedai) 7 » F#AREE A Figure 6 (2R L7223, 7 B LA I O I HFAERIZ Fe A~ Tl RS 23 5V DAST
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X Deoxo-Fluor® L 7 78 27— /L CIEENWRT N KRB E /R T2 D KA — /LT ORE L5
L<. F7=. XtalFluor'”, Alkylfluor'®, PyFluor'?([E A3 72D T DAST (ZLE_ZEME X E L 7o
7o, Bl CHAOAFHERRY, Zodc, A)IEREK 20 L PBSFP2IIEA 2l C AT D B e
B, NG EFERE LTT v B bR 2 5 L-, TOE., A)IRETIVEOHNY 22 %
BOHIHEEST-H DD, PBSF TIEEINERT 22 2455 Z L A TE T2 (entries 4, 5), —MXITHiEEFRRY
7o FCTHAET DALV T 0 CORIA (B2 iBE) & OBWTH S0, FEEIZEH PBSF O TIL E2
JRABEDS N TR L 2o 72, PBSFIXTHO LV 2l TH D Z &b, entry 5 D% Fisc
EE LT, %i< onepot {LRETZFMiTHZ & & Liz, BREtL7=H T, &ebZflize” v FIAETH
% PBSF AT G L2 Z L1, AV— NEBHTH 07 L—7 A—Lieolz,

Table 3. iFREH 7 v BLR G OB

HO, F F OH o F F
EtsN-3HF
+ L
CO,Et CO,Et EtsN, &5 CO,Et
25 26 22
entry g EtN - 3HF  EtN /LN R GC area% assay%
(equiv) (equiv) (equiv) 25+26 22 22
1 TFAA (2.4) 3.0 6.6 MeCN rt — 50°C  99.5 0.2 -
2 MsCl (1.2) 3.0 6.6 MeCN rt — 50°C 994 0.1 -
3 TH0 (2.4) 3.0 6.6 MeCN rt 0.4 92.5 77.3
4 Ishikawa reagent 2.0 none  toluene rt — 40°C nd 11.6 -
(3.0)
5 PBSF (1.5) 1.5 3.0 THF rt nd 96.5 94.1
MeQ,
Et‘ ‘—\ Et-\+_ S\
N-SF, N-SF5 /N—-SFZ O +N=SF,
Et’ /_/ Et” _ —/ _
MeO BF4 BF4
DAST Deoxo-fluor® XtalFluor-E® XtalFluor-M®
(¥33,900/25 g) (¥134,000/100 g) (¥41.100/25 g) (¥41,700/25 g)
, | BF,4
pro o/ P SN E_F e F RFQQ
NN XS F FcF %s
Y U EtN F F F
o Tl N ¢ FFFF
Alkylfluor Pyfluor Ishikawa reagent PBSF
(¥63,600/1 g) (¥12,900/5 g) (¥10,200/25 g) (¥8,820/25 g)

Figure 6. fREHI2HELREY 7 » RLFAIE
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BRI, 1 B B O R XY ROBRKISTHEHIND0E2 MK LT, £7 1.9 245D EsN - 3HF
%23 & 115 °C IS CRUS SEIc, BAEES 5 2 & 72<, THF H1, 2.7 ED EGN & 1.4 Y ED
PBSF Z#z. 25°C T, MR 7 v B EAT D FiEZRHEALTT & LTz (Scheme 7).

1) Et3N+3HF (1.9 equiv), 115 °C

S0t 2) PBSF (1.4 equiv), EtsN (2.7 equiv), THF, 25 °C
2 69% (assay yield)
23 22

Scheme 7. =¥/ K 23 D one-pot TDY 7 v FRILIT KB 22 DERK

CO,Et

ZORIRITER, RIS >E MBI S, #Bxbho7cZ L7255, EsN » 3HF (T35
HF O L > TRNER R 2 Z L3> 7, HF O '"H-NMR (DMSO) T 6 11.5ppm i D
B— 7 CHERTE 528, FIUEGN - 3HF & LTROLILTWEORAETHH 7T A v —IZL>THF ®
B> Te (Figure 7)., NMR OFEDHE LD E6N 1 02k LT At b D728 HF 28 2 4
T BHHI 3 o Fafa L AL bivlc, 4, EEIZAHD LD THF LTV, Z0HE, =
ANF T RBIBREUS TR R S 2 DITMBGEUENLETH 72, —J7, B #HHE W&
IXERIRTHBIDERT 2500, FERMICTY 7 v HEK 2 OFENPKIBICIKT Lz, Zihu, #H5O
FOSTE & B DBENEE ToT2d L& 2 billz, £ 2 CB 4o EN - 3HF % EsN TAHMR L T, A
L [AFEED HF BUCIREE L7 & 2 A, AMIZ W L & LRISORRAGL Z LN TE T,

A tE

T T R B e RS R o R |

13 12 11 10 9 8 7 8 5 4 3 2 1 ppm

2.22
6.00
8.93

Btk

9 8 7 6 5 1 0

13 12 1 10 4 3 2
B 5
(o ] w (-]

Figure 7. %77 A4 ¥ —IZ&L 5 EtN « 3HF @D 'H-NMR ZAX7 hJVODELD
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WAt T a—L 9 Gk

B TH ST NSERI R 7w FUICHBRPSL -T2 2 LD, fidb LT SOGSRIE T, 275g DX
VIR R 2 B DR 2 M L7- (Scheme 8), 2 ZHULTF A =/AFETF, =& /) —/L LG
SHT AT 2 ZHERK LTz, 5D 210 13HEEDY 160~170 °C & IgAR < | BRAAERRE Ofh A
i (FileA VY 70 L) OEFEOBRMETINED T 28T, 7+ T, i CE- IRk 2 EEES
WZZEDFEFROTFRF AT ZEICLY, IARVEE 2 D 2 TRIEE 81% T=ARF v N
(94:6=23:24) ZHUS L7z, #%t< . one-pot THOY 7 v F#El (mARFL FORIER, WifeFE~ v F#E1b)
kv, VT vHEK 2 FEER, 22 DT AT ILOT LI — L ~DRITTE R, AN, KFED
FAEZE D BICRIED A — VT v L, BEeH CRICERENNETH D, TAT/NLOT La—)
~ORTTEITIE, TRAT—/VTIE LIAIH: A L VWS ND N, 58I70B T P2 I A r— T v,
KDz hr— LR EE LYY, 2 2°C, ZECLMZRETH E LTmbi, TEMFIAICHEL T
% NaBHs #5—8R & L Ciat L7z, SE#EIC . NaBHs & MeOH OfHAG O P TAL— XK
JEDHEITT 5 Z DD . I HIZMeOH OIRNBEEEIZ LY | HESCKFETADHA A =2 ba—
NTDHZENTEDLZ END, ATF—NT v 7 ARELHI LTz, ZORER, 10N k% HAR
TOREREL, R 68% TT /b a—/L 9 ZEG LIz, 7282 OHARRIIEREROZ 0, SRR
ROBREDFITIFEALELS | FERELTI LZOTPT AT LA~—DRAW L THH7-,

Pk, fabi7e LIAIHG C@mPEO TR OsOs, miffi7e Deoxo-Fluor® O - [ml#E L, Al#L— k (7 T
R, 9 B, IR =30%) X VE TR OEIE (4 TR, 5K, L 45%) 27 va—L9 Of
BIEA RN LTc, F7o. REBIEITETOPREEE HEBFR L T RWZ & n | TIERERH] O HE
(2720 | AEEEOE THIEFF BN TV RIEFEE F X 5,

Step 2
Step 1
EtOH 30% aq. HyO,, Na,WO,*2H,0 O O,
SOCl, PhP(O)(OH),, n-BusNHSO,
oo .
CO,H CO,Et
? " ? 53°C CO,Et CO,Et
81% from 2
2 21 23 24
Step 3 E E Step 4 E F
1) EtzN-3HF, 115 °C 1) NaBH,4, MeOH, THF, 53 °C
2) PBSF, Et3N, THF, 25 °C CO.Et 2) purify by distillation
82% 2 68% OH
22 9

4 steps (5 reaction
45% yield

Scheme 8. L XN 73— 9 ODREESRIE
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HIE LAWMW1 DA

RIFEL— D Wittig BUSITIERDS 40% R LR . FRRIAET D ZIKE N T == ViR AT 4
X REV DTN T LI u<x NI T T 4 —TCRELTWe, AT —LAT v 757Dl
WRA LY RITNAT v~ NI TT7 4 —ZBlET 0N H T, EEIL, T==AT 7
UNBFHEIR 1S ZERT 2 DI, AEt7e BB 2 M3 & W 5 b R 72033 B Perkin SUG 272,

b LR BUREENZE TRV T @IERO RIAD 2 Julia [ TR TE 5 B2 T
(Scheme 9),

<glIZE)L—k (Wittig route)>

F§ ? A Q*coza

PPhs Wittig reaction

9 11 41% yield o 15
(puriied by column
chromatography)

COH
noF AN /©/\

N oS¢
b oo 27
CHO Perkin reaction A\
OH
9

19 (O}ye]

<Perkin route>

<Julia route> o

? ? @ ycozEt

Julia reaction f

S

-n

20

Scheme 9. F1 /LR Vg 15 DA FREEE
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¥ 181 Perkin St Dk
FT. T =T 7 VRS ZERT D OIS B LR T2 B Perkin SUGORGET 21T
Ste, JFEIOT T e R19 & 7 = =)VERE 27 1IZLL N O 51 CTHAS L7- (Scheme 10)%),

TEMPO, NaClIO aq.
F

F KBr, NaHCO3, RN F
? CH,Cly, H,0 b
0°C, 2 hr CHO

OH
0 57% 19
%Br
30% aqg. H202
£-BuOK, DMSO HCO,H COH
/@/\COZH A\ /@/\COZH /\
[o S
HS t,15h—60°C,3h S 50°C,1.5h g0
_,80°C, 16.5 h
28 29 27
38% 2%

Scheme 10. 7/ 7 & K19 & 7 = = LB 27 DEFL

Perkin SO & UC, BOKEERE & HERE ) b U o A% O — 72 5:h P2k dndz, L L72dn,
SRR 27 133 R, AR L BIOD E/Z-A5 L 19 O I i~ —HKD T )V EIZ-30 D
BEW T -7 (Scheme 11), E/Z-30 DEIAIL, T/47 & K19 BHEIEVESRMTREZE R Z & DVFRIA
EEX BT, FERRCT = = VEE 27 # AT, TAT B R 19 2R UGS TR LIz E 2
A, GC ET19 oEMgEEEEoh D e—7 B3 LT, BLEORERIG | Perkin KUSIZE D7 = =
VT 7 ) VEERER 15 OZYERAIZRE UL IREE & Hlr L, e A ik L,

F F COH Ac,0, AcONa %
2
‘v . ASQA P E-15 215

2 THE (26area%) (2area%)
CHO OO0 (43area%)
40 °C, 45 hr
19 27 R
H F
‘ 1

AN co-H AL CO,H

do R
E-30 Z-30
(12area%) (2area%)

Scheme 11. Perkin St DFEET
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HH28 BT-A/LKL 20 DERK

Julia BUSIX, BOSIEE DO A VIR U IS—HRIZEE T, & B Wittig SO EEASBUGSA 23 B0 72 7=
D WEROM ESHIFRFTE A7 — AT v B AREE B X BV, Julia RUSHEED A LAR L & LT,
LA CTAFRG 2 F TV VL (BT) ALK v 28R Uz, AL — h DR AR =7 L 11 13,
ZOWEWVHIMHE E, FRERIC X DN TE R o723, BT-A/LR 2 20 ThiuE, ffbmic &
D A RL— NRTEO RN 2 RS UMER LA RTEEE 225720, BN THL LB B
77

F9, TAa—9 % ML EGN fEE R, MsCl TA /UL L7=#, one-pot TF A1/ F
7=V (SBT) Z#E AL BT-A/L7 ¢ K 31 A% L7z 29 (Scheme 12), One-pot (LT 5 I12H72 0 |
Ms (IR Z AN L TR Z ST D RN A iR S 5 2 & 23, SBT ALEUS &2 586 S/ 5 F—R
A2 Mo, BB LI=%OMIEE, Loy Ji-PrtOH,/ n-~7 % » CHAENTH 2 L12 k0.,
99% LA EDOEMEED BT-A/V7 4 K31 ZBUST 5 2 ENTET, fie< AR ~Om{biL, TRT
R 2 MBI OFFE A PG I 220 e DIl (AR 2 0UE, 2 DA B ORE CIFA ELO
ZAFANRERDA U D), Step 2 DZRFIADOKMAZJEM LTz, FRIRET T, BT-A/L7AR 2 20 DFF
FhEEiALE & LT BtOH,/ KR il T D 2 & 3Dy TV o7 | SRR O BT TE 5 L9
EtOH Z fGAIE S U CEIR L7, EtOH i, XV VAT VT N U A e 7 = =LK AR VERAFAE
T, 50°C THEBL/AKFKEZRM T2 &, ROSIE 1 BERE T Lz, SUSIE THRICKZTINL, RiE
WEBRE A L%, WEIT 52 & T LZEEREZ AEL, 93%D @I T BT-A /L7 20 Z 1L
L7z, 7ok, 2020 DEPET, 23 IV EGEND T ATRF U R 24 HERO AT 0.4%LL T2
2o TNDHZEMNDL, BIFfHRYIZ BT-A/L7 4 K 31 & BT-A/L7AR Y 20 OETRERCYRZ ML
PHRMNPRE SN Z EORIB S LT,

1) MsCl, Et3N, toluene, 15 °C

2) N
/& 30% aq. HzOz E
9 O, RN Nas$ So NS Na,WO,+2H,0
? H,0, 80 °C PhP(O)(OH),, EtOH /Q
+ B —
T - - N
CooEt CooEt 3) recrystallization with /l/@ 50 °C /k
2 2 OH  toluene / i-PrOH / n-heptane S 93%
23 24 9 64% 20

Scheme 12. BT-Z /LR Y 20 DA
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H3ET WIVR RS DAL

20 L 12 ® Julia SOSE, Wittig SOSORE & 6] CHEHECTH D LHMDS W2 & 2 A, BUGIEA A
—RXZHEAT L2 b OO, E/Z OFEFPEIT 1:1 T, S#RMEIT R 5720 57 (Scheme 13), LANL72
WH, BRT L7 a ) ROZEHO TR T E RSB T 2 2 Lidbho7729, Julia KOS TO
BPPEE OB AT TR0 o T2, fi< AT 4 ROEbIE, AlFL— k@ mCPBA (2ftH 1 |
LAl T B oK DRI A Ul il bk FK Z B3I E L ThRF 21T o7, 72, RO
ARSI RIS TS 7 u U Z UBRD 1 MLDSEARELE DS BT D 7260, BRrEStEo0iE
DT o Tz, MK R THR & O one-pot {b. 4 SIHICE & | FRMEMIK /3R & R CERIE (FRRR., s,
K) FICIEER b KFEKRE PSS VI FTHZ LT, AVT ¢ b@ﬁMmaA RITHEAT LT=, &
TRRICHHEEAKET MU U AEZINZ TR 2 (LKEL L, & ZIThilE, KAZBIL one-
pot THUKAMES 2 Z & T, BRIWID I NKR W E/Z-15 Z BT LT, Ké\ﬁk& TR L— DB T
LHER AT 5 721 T <L BT-A/LR Y 20 2B OBHEIED 77%E ., AlFL— R OILER (36%)
BRIBICUGET D 2 &N TE T,

o} 1) 30% aq. H,0, F
F. F CO,Et aq. HySO4, AcOH H
As 53 °C; E o

then agq. NaHSO3

CO,H
COzEt  2) conc. H,S0Oy, H,0 A /CIHJJ i
101°C

/, \\

3, LHMDS, THF
130 S
20 13°C 77% from 20
EIZ-13 EIZ-15
(EZ=ca. 1:1)

Scheme 13. WV RVEE (E/Z-15) DA

ARG TREDOBAIRT TR LI EFTN WO T, LLFIZ7r—F ¥ — b & FEEOKE %R
L7z (Figure 8),

O PGS TH DB IRE SR ST L1010, BT D4 ) —L L ElRTTF L& RE
T 5 HI TR O—E (20 DHHAZEIZX LT 2viw) 2 E LT,

© B E/ZAS DNBEVEERRIED 1 VAR A RO T, [R] UERTE O FEECHE % /3 ik B E Tl
< DIFHEELVY, Z Z THEWHEZKOEINC & 28 CHAST 5 2 & T, HHRChiiR I LR
~BRE LT,

@  FUISEMEDFRIEIET 100 C & ERIBE LWRMER 720, ROSIKITELS FR Lz, TDOEE,
AELTH ZOFERHNTTES TLE I 72D, IEHRLEET Z OB G ZRE uio

@ E/ZA5 & Julia BUSORIERY 2-& Ka kX2 F7 ' —/L (BTOH) O4rBflC
NaHCOs & W= 2R Lc, ZAUS K| EIZAS IIKE~BEI L, fifEl Jf%ﬁ“é
BTOH & 7 C& 7o,

® W EOPRIOWRFRICIBNT, KA —5IZ pH=1 £THIT 5 &, allimt
fkpgIC72 0 . BRI AA VT 7 L CLE -7z, £ T pH=2.5~3.0 (i C—H iz
ARy 7L, Hrif L7ofbdb 2 Bk 8721, S OIZHEfEZMA T pH=1 (2752 & THA L
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7D hOFEAEZERE LT,

E/Z-13
+— AcOH, aq. H,50,, ag. H,0,, 50-55 °C
<+<— aqg. NaHSO, D4 L9 SELOH,
. EtOACERR AL . RIS
<+<— aq. H,S0,, H,0, 100-102 C,6 h N ERAESED

— 2Vv/w (20 AAZITHLT) DEKEEE
+<—— AcOH, H,0, 100-102 OC, 3-6h

«—— HEIL Ti-PrOH/H,0% N Z TAEY
\ .®AcOH"<5HESO4§ﬁ:1
E/Z-1548 1K ﬁ‘ﬁ"ﬁ*

— EMERAE

—aq. NaHCOaﬁiﬁ?ﬁﬂiﬁ@BTOHiﬁ&E
~BE

«——i-PrOH, H,0
«—— conc. HCI CpH=2.5~3.0[ZFA%L . 1 hiE#

«—— conc. HCITpH=1IZZfZ&L. ;%Eﬁ\tf@)_ﬁ.l:pHﬂ (e o)
) EXALT R
— AHN. B7IE

E/Z-15

Figure 8. /LR VB8 15 DARRFIE

ZHLTHELNT EZA5 k7 vl K32 ~EEWT D TR %M L7z, THF #.DMF 1#7E F.
BT A=V EH S THRO 32 ~E B LT, TOMIGKE HPLC THfrLiz& 2 A, 320
—HOBMROR D DSBS I, 55172 32 ZIK R, HEERERIT 2 2 LT, Bl 325 8%
KTHD E15 ZH—DOTVT AT LA~—L LTHEZ, ZORNRIE 32 ~OEBITRICTHED E
(RO FMALD AT LTAER TH D &5 2 5472 (Scheme 14),

1) SOCI,, DMF, THF, rt 2) DMSO, H,0O

EIZ15 ElZ-32 EA5

(ca. E/Z=1:1) (E/Z=90:10) (E1Z =99 : <1)

Scheme 14. B2 LR TD E {K~DEMHAL
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FMAC DO FUSHREDOFEMII R TH D2, LLTFDO X 9 ITHER LTV 5 (Scheme 15), £3°. kT
=L & DMF 75 ER% L7= Vilsmeier i3 & E/Z-15 Ot L, KA 72D, Z 2 CTHBENT 7
UNEED BRI CBEI L, EROITH A B, Z B0 HIEPR C 2k L, Pk C i
SARBEE ZBET 2 K O IR D OBRLEAZINS, T B, D226 “HEEGHHAELPHEIKE &
D, PRAF 2B LT v FERDPAENRT LB b, £7o, E-A & Z-A 2B 53R
DBEENZIBNT, E-A THEY 7 XU FNVEDNHROEBELZ T 0Ok L, Z-A TIEE DR
DEERELDLEHLEZ LI, E-A DHOET 1) R~OZEPMER U CEITL-72bis, R
LTCE32 ~DRMALPET LI E b E X BILD,

Scheme 15. E {&~D BHACDOHETE A /1 = X A
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WAt T ETV 18 DAL

AL — N TIE5-7 a7 PV 2- VR B ATF NG 5 TRMNT T Vva—LaRE LT
I/ETVN6 AL, 15 £7 X MELTERICHRE L TEEW 1 288 L TW\We, RL—
N CIE TR E BIE L CTRBY, EBEEDT I /) BTV 18 VR UEELS LT 2 KB
ZREt L7z (Scheme 16), AlFE/L— R EH720 18 1TIX 7 I /b b R Io 2 TS
MBHAHT-D, Ao bao— /L R3# LW ERTREIN,

MeO,C._N
<BlEEL—b> €02 \[ ]\
E LN cl
F H ¢ 5 steps
| CO.H + \[ ]\ SOCl,, DMF  deprotection
2
AL o ™°
S collidine
[o)e]
15 16
<®RBIIL—F>
F
F AH
\ HaN<_ N
o+ Y,
AL ’ N o O
(o)e] 18

Scheme 16. L&Y 1 DB TIEDO S RRERE

TN a—LANERHETH D 18 DR TR TORREL LT, 2.7 /-5-TrELT Y (33) &M
HE LT HONEEEEZ BN, £T, 33 ICK LEFE=FT L7 Y a— LOMINZERATD,
HIW = B+ 2% 2 E N TE o7z (Scheme 17), ZAUE33 OT XV EROFHEICLVET VU8R
DEAFBEPENTZDITEIEEDNME L, T a2 AR EIT LN B X 72, 22C33 O7 I /K&
o T =ATNTE RICEOA INNFERELIEZIL, = F L7 ) a— a2 iasE5 28T H
e DT aFx k34 LR 80% THD Z LN TE T, Ki< 34 DA 2 U ONEERISIL, HlE
ZRW DO BECLMR AN TH D, FIIO conc HCl 2 AW 25 TIaliA X oAb, R
BITEGIZHEITT 5 OO, RRFEHEIET 5 LSRN T 2RIC72 572, ZHUT conc. HCLIZE £ 5
REIOKIZE > THIRE LT LB 2 b, £ CRINRFOKEaYy ha—L3 57
», conc.HCl # HCIUEtOAc IZEW L, K& 1| Y &L TWINT 2RI LTz E 2 A, TAE Y KRFH
FEEL TS 2 2 L7 IREMED R WA T U —%HERF L, IR 98% CHELL#EDT I /BT Y
A8 G THZ LN TE R, LLEORER, AIFEL— N (5 L) (ZH, TREREZER LT
BTV OERRFGIEE RN Z EITEE LT,
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1) o-anisaldehyde, OMe
toluene, 113 °C HCI / EtOAc
HZN\[N\]\ azeotropic H,O, THF HZN\[N\]\ HCI
—
N O/\/OH

|
~ N.__N
N° "Br 2)ethylene glycol, \[ \j\ 25°C
t-BuOK, 98 °C NG O/\/OH 98%
34

33 80% 18

ethylene glycol

+BUOK, 95 °C HQN\[N\]\
N\ N0 ~OH
18

Scheme 17. 73 J EZ7 Y (18) DAAK

FSHI ALEm 1 DA

ICH Q3A 1A R4 v (HAEDMDEAERLD S BIFEOAMPNEET D04 K7 42)® T
13, 0.15%Z B2 D A0 & 2 B X Z ENEDOHER LB L 72> TN D T2 1B 22 R %
BET D 72D IR OFHAMD & A BIELLT (0.15%LLF) ICay ha—L3 508Nl o7,
WOT I ML TARITEREIS TR TH Y | JFHEOWE~DEBERRE WD, G TEL DR Y
IIMBIRE TS Lo EE T2, LMLARRL, TI /8T 18IZF7 ) —D7 I /Mt e kr
XD 2 DFIOKIGHENH D DT, Mz ar ba—n45 2 LI3EFICTF ¥y LY Ik
MTHoT,

A L— b ERERIC, BE7 v ) RO b — A3 Th 2 b TF A =2 W56,
ZNRF Y REZN LT oDEW 1 3G LTz sulfite 14 35 23814 L7 (Figure9), Z 0 35 137
flidn ChrE LIZ < EIZ, inssilico #H5 T DNA SUSMEARHMM & HE 47z, ICH M7 HA R7 A >

(BERIZE N A Y A7 AR 5 72 O DESKEL A DNA SOSHE (ZRRIFME) Al O & OVEHL)
BT, in-silico FHH T DNA SUSHEARM & HIE SN2 BA1%, B PR 2 080127 C 2 BN &
%o GBIl Lo Tdppm A—X —OEBBME L 70578, T OWRUT sulfite R34S 2 LT

F=VOERIGEET D Z Lz Lz,
F
H er
Ny _N R
\ \
\[N/]\O/\/O\ﬁ/o\/\OJ:\N]/ (¢] O//S%A
o

35

Figure 9. Sulfite &R DH&E

ZT
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FI TR vl RICEBRT 8L LT bA YL CREITo2 8 LTz, 2NET IS O
E/Z KRG %Z SOCL/DMF OZAFIZfT3 2 & TR b S T—H E15 & LTHY L. U SOCL,
ERBLL 72057 2 KL L TW e, BEIARICIE E/Z D BME(L E 7 X R{E% one-pot THf L7-\ &
BT, £ ZT, iNINFIE LT DMF & WS T E/Z-15 726 1 ~D UL D one-pot {2 5T L 72
LA, Wy a ) RO L BIITZENEIVA R 99% & 97% CRIEZR<EITL, <7 IR
{ERJSETERID 1 25 10%DIR TS & DD, 19%FEFEND VR Vg 15 Z[RIT D55 &
-7 (Scheme 18),

HCl
F HZN\[N\]\
H -
F 8 (COCI), (1.2 equiv) N o O
| DMF (1.2 equiv) 18
A @ COMH peon 2,6-lutidine
S rt DMA
oo -10 °C
EIZ15

. HPLC area% of reaction mixture
<Conversion>

Acid-Chlorination: 99% E-15 1
Isomerization to E form: 97%

19.34% 70.50%

Scheme 18. EM:A(L & 7 I F{ED one-pot TDFRA

ZOENE LT, DMF ZHW=84A. FD Scheme 19 D path B D X S IZHEAF DA 2 =7 4
W ERERIOT 2 ) T OUNBESTLH LD, IVRUVERISICRD EEZ LN,

Scheme 19. JFEN /LR VR 15 BRIFEDOHERE A T = X A

Z Z CDMF IZROLWIIFIZ R T 52 & L, LN AWT- TR a2 7 ) —=7
L7z,

s ROCHERE < HbA T U v & S L, Vilsmeier REEZE LD Z &,

« 7 X MMERRZEEZ 1 U RB IR UBRIZRGRNT &

« AL ROS DN EITT D 2 &,

s M TAFEDR EmN T &
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FTRELIZEEREZRANT, BB/ vl RGO EMR LT, ISOETIX, ISR Z
TV LUMeOH T/ F LT, /vl R AFNT AT )VIEHT L2 L TE=F—L1T
(Table 4), & Dt . ikhk@%Mﬁfﬁﬂh%f#é¢ 7 h 7 AFVIRFE (TMU) 128UV T
SN BAFIZHEL T L=, TMU DISAAOTINANL, SRR 72 & S X 0 Vilsmeier ;AR ML LIC
WOIZERF L, TMU (X FHEGPERRNZ & D %®4WM@§55 %%b%fVMmmﬁﬁ%
75 DMF & RRREER S 4L, ROSHEIT LI & & X bz,

Table 4. IWIFID A 7 Y —=" FHat

additive

(COCl), (1.2 equiv) MeOH

CO,H MeCN, rt

E-15 L E-32 _ 36
HPLC area%
entry additive (equiv) time (hour) E-15 36
1 DMF (1.2) 2 1.6 98.3
2 DMA (1.2) 8 11.2 88.8
3 NMP (1.0) 4.5 19.2 79.7
4 N,N-diethylformamide (1.0) 2 24.4 75.6
5 I-formylpyperidine (1.0) 2 26.6 73.5
6 TMU (1.0) 35 33 96.7

FWTHEBOEE TH D EZIREMEH L THRIEL7- (Table5), Hiff@Y . TMU ZHW 5412
JREHZR BT I MEAHEIT L72 (entry 3), JREHZIR H22WEER & LT, SRR e & L OVE
FEEDOERSITER LTS EHEE LTV D, Entry 1 & 2 12T —% & LTCDMF OF —# Z o)
L7, FRMEERSED 2 LIC ko T RS RIEIZH LSE5 2 LN TEE, —H T, KGR
MERBE L L2 Z SITER LT, 108 Fr gLl 15 O U /VR UGS Lo AHA 37 H3EEN
L7ze ZOARH) 3T 13T TERE IS W s, ROSTAERR L7z ERE O E EHMAFITERFLTL
Folo, ICHD QA WA RTA v BrAD D EAEREMD O BIFIEOANMMET 2014 K7
AN NZHESE | flilx ORFPZ 0.15%LL T EFXEL TWeD T, ISR T, TE 5721737 D&
REZE M TBMLERDH -T2, T CTRISREEZ-10°C 7D 28°CIZFIFHZ&Ick>TC, 37
DAREZ 0.10%LL FE TRO T Z L3 TE 72 (entry 4),
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Table 5. 7 X NbDKISE#EAL

<Step A> <Step B>
o 0
HCl 7 OH
(COCI), (1.2 equiv) N0
additive 18 (1.5 equiv)
—_— >
COaMH MeCN 2,6-lutidine
MeCN, DMA
Temperature

+
Q F
H H m
Y MNYE%
o A
a7 &%
entry Step A Step B KUt GiEREN
WAl (4&)  EE HPLC area% HPLC area% IR
(°C) E-15 1 37 1 37 (%)
1 DMF (1.2) -10 19.34 70.50 0.05 - - -
2 DMF (0.5) -10 431 84.37 0.08 98.95 0.09 78
3 TMU (1.3) -10 0.56 90.00 0.18 97.87 0.21 89
4 TMU (1.3) 28 0.53 88.39 0.08 99.11 0.05 92

A=V T 7 LT, SRR O SR FT ) 22 SOGIREE BRSO P I R SUSRFRIORER T, R
fi) 37 EENT DV A7 RS SN T, £ 2T, 37 Z2RMNIEBRET D s A2 o0 5 B
(C, 1 & 37 OBFEEEI KT VAR 2 JIE L7 (Figure 10), ZOfEFR, 7=V — L&A\
BT & 3T OEREEN R D RE NI LD 0Tz, & HICHiA OIRBEE ORAE DR ERE L.
37 OBRGEEZEDICRO T ENTE T ==/ T b=t U =102 %572 G shiat &
HE L7z,

EtOH =
i-PrOH
MTBE &
n-heptane
EtOAc
MEK
anisole ——————————————————————————————————
toluene i —

MeCN ———————
0 20 40 60 80 100
(mg/mL)
1 m37

Figure 10. 1 & 37 @ 60 °C TOREELEIZ 6 B IBMHE
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VA7

e WAL LIRS, 7ra—L 9 LD 130 g A /7—»@6%&?&%%%{70 72 (Scheme
20), %fﬁkﬁz I, 1 ORURZEUS% ., 37 72 & ORBIER Sy 2 DT 727 =Y — /7 b= 1KY
JVCHERGRE L, fd% (2 BtOH//KBHfS f Tty 2 BrE9 25 2 & T ffgf“ 99.5%LL oD R E 7L
B EZERT D ENTE, o, TARFACTRTEIAE LI AT ARF T R 24 g1k BpER

. ZOBEREOBIAEES 1 T 010%L FIZay hr—L SN TnDH T E bl Lz, YLk,
Tva—/L 9 LREOHZ Y- TR TIE, Witig INEDO T 7 2EREZ R 27217 T2 <, AlFL— K
D13 TAEDD 8 TRUTHIPR L, PR H<13%0D 34%~& KigIm LS5 2 Lk Lz,

Step 5
1) MsCl, Et3N, toluene, 15 °C
2)

N
)l\/@ 30% aqg. H202 E, F COQEt
R F NasS™ 'S NayWO,*2H,0 A\

H,0, 80 °C

: PhPO(OH),, EtOH /@
3) recrystallization with /k/@ /k

50 °C

Step 6 Step 8

OH

toluene / i-PrCH / n-heptane 93% LHMDS, THF
o]
9 64% 20 -13°C
>99‘/o purity
Step 9
1) 30% ag. H,0, Step 12 r T

aq. H,SO4, AcOH
53°C; (COCl),, TMU
then ag NaHSO3 MeCN

COzEt  2) conc. H,S0, 259G

A\ AcOH, H,O
101 °C
Eiz-13 77% from 19
Step 10
i Step 11
1) o-anisaldehyde, OMe
toluene, 113 °C HCI / AcOEt
HoN N azeotropic H20 THF HCI
L L -
N™ "Br 2)ethylene glycol, \[ j\ 25°C
{BuOK, 98 °C o OH  98%
33 80% 18
2,6-lutidine, 1) recrystallization
DMA with MeCN / anisole
—— > crude1 —
.28 °C 2) recrystallization

with EtOH / H,O
73%

Scheme 20. 1 D KEARE
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4=

EHLT V2 F T —RIEIA L ORGET 1 AFFFEEATO, AL — D TOREE T TR L
7ot BEGEEZ LS LT (Table 6) . fGlf7e LiAIH4 1E, BEUD #0090 NaBHL ICEFE L, 3
PEDEI OsOs 1, WERLAKFKE F 0 T AT N K 2R AT ) — 2 e m R AUICERT L
72 F72. Fli72 Deoxo-fluor®lX, FLEZHYZAM7: EtsN + 3HF & PBSF % H V7= one-pot ¥ 7 v 521k
2LV 22507 vHEEFEANL, BT LERNMECIRIGETS > 7 Wittig SOGE, Julia ROGIZAE T
HT LT, AT LEHEREEE L, S OITIERS RIRICHSEE Lz, fiRke LT, TREEEZ 2026 12
IZHR L, =2 VIR 4% A0 5 15%I20 E X5 Z LN T& -, Lk, RBFFRIZE - T,
EXRMENE <. AT — ATy TAREIbAE Y 1 O THERREE OB & ik Lz,

Table 6. A3/ — b OFRBEITHT R

AL — F DFREE

RESE

@
@

fElfi7e LiAIH, Offi
FEMED EV 0sO4 D

=i 72 Deoxo-fluor® DA
WK 7 7 LR Wittig SO

THREENZ <. b—=F VIEEIMEV (20 steps,
<4% yield)

Y B S0970 ) NaBHy 12 D = AT /LVigE ST

IR LKA & & o 7 AT R A VN 2

LAETY ) =Ry AL

LRSI 72 EtsN « 3HF & PBSF (2 X 5 one-

pot ¥ 7 v &1k

IRAN72 BSOS S TR Julia SO

AETRE (T/va—b 9 OARL) OB

X . one-pot SFUSRHERFETDT I Ml Rk

THR) TRV TR & IR Ak
(12 steps, 15% yield)

1) MsCl, Et3N, toluene, 15 °C

30% aqg. H,0, 2
NaWO, 24,0 |
Eon PhPO(OH),, o 1) EtsN-3HF R F 1)NaBH,MeOH F F Nas™ °S
socl, nBusNHSO, 115°C THF, 53 °C H20, 80 °C
COH it COoEt 53°C CO,Et 2) PBSF*, EN, COzEt ) distillation 3) recrystallization with
2 21 81% from 2 2 THF, 29 °C 2 68% OH  toluene / i-PrOH / n-heptane
82% 9 64%
9 R
o
30% aq. H,0, COLE 1) 30% aq H,0,, aq H,S0,
RF R F AL 2 H
Na,WO,+2H,0 s AcOH, 53 °C; F N
N@ PhPO(OH),, EtOH N@ 12 then aq NaHS O, \
H
X X A AT
s7s 50°C S S LHMDS, THF s 2) conc H,S0;, AcOH, H,0 s
- 93% 2 -13°C 101°C fofie)
>99% purity 20 Ez13 77% from 20 E/Z-15
Qnepo 1) (COCl), TMU
1) o-anisaldehyde oM MeCN, 25 °C
. .
toluene, 113 °C HCI/ACOEt 2) 18, 2,6-lutidine
HaN_Ng azeotropic H20, THF HN NG Hel DMA, -28 °C H
T NN T ~_OH NSNS
N” "Br  2)ethylene 9|y000| \[ j\ oH 25 :C N" O 3) recrystallization s o] \[N/]\O/\/OH
33 +BUOK, 98°C N 98% 18 with MeCN/anisole 5o
80% 34 4) recrystallization 1
with EtOH/water 12 steps
73% 15% yield

Scheme 21. L& 1 DEFNA— b (RTHE)
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FEERDOHED

General. Starting materials, reagents, and solvents were obtained from commercial suppliers and used without
further purification. '"H and '3*C NMR spectra were acquired with a Bruker AV400M spectrometer using the
solvents indicated. Data are reported as follows: chemical shift in ppm (d) relative to tetramethylsilane,
multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, quint. = quintet, dd = doublet of doublets, dt = doublet
of triplets, td = triplet of doublets, br = broad signal, m = multiplet), coupling constant (Hz) and integration.
Infrared spectra were acquired using attenuated total reflectance (ATR) measured with a Bruker ALPHA
spectrometer. High-resolution mass spectrometry (HRMS) with electrospray ionization (ESI) was performed
using a Shimadzu LCMS-ITTOF mass spectrometer. Gas chromatography (GC) analysis was performed using
an Agilent 7890A or 7890B system. High-performance chromatography (HPLC) analysis was performed using
a Waters Alliance system or Agilent 1100 series.

GC conditions. (A) Column, Agilent HP-5 30.0 m % 0.25 mm x 0.25 pum; flow rate, 1.0 mL/min; oven
temperature gradient, 40 °C held for 2 min and then ramped at 20 °C/min to 280 °C; retention times, 21 6.5 min,
23 7.8 min, 24 8.1 min. (B) Column, Agilent DB624 30.0 m x 0.32 mm x 1.80 pm; flow rate, 2.0 mL/min; oven
temperature gradient, 80 °C held for 2 min and then ramped at 15 °C/min to 170 °C; retention times, 2 8.6 min,
21 8.1 min, 23 11.5 min, 24 12.7 min, 22 12.1 min, 9 10.6 min.

HPLC conditions. (A) Column, Phenomenex Kinetex F5 150 mm x 3.0 mm, 5 um; elution A, 0.1% acetic acid
aqueous solution; elution B, 0.1% acetic acid in MeOH; gradient, linear ramp from 40% B to 90% B over 15
min, held at 90% B for 3 min, linear ramp from 90% B to 40% B over 0.1 min, then 6.9 min post time at 40%
B; flow rate, 0.6 mL/min; at 35 °C; wavelength, 226 nm; retention times, 31 11.6 min, 20 8.4 min, 12 11.9 min,
E-13 12.9 min, Z-13 14.0 min, £-15 6.2 min, Z-15 6.7 min, 1 7.8 min. (B) Column, Develosil ODS-MG-3 250
mm X 4.6 mm, 3 um; elution A, 0.01mol/L ammonium acetate solution; elution B, MeOH; gradient, linear ramp
from 5% B to 40% B over 10 min, linear ramp from 40% B to 80% B over 65 min, linear ramp from 80% B to
5% B over 0.1 min then 14.9 min post time at 5% B; flow rate, 0.5 mL/min; at 40 °C; wavelength, 230 nm;
retention times, 20 49.2 min, £-15 21.3 min, Z-15 23.1 min, 1 44.5 min. (C) Column, Daicel CHIRALPAK AS-
H 250 mm X 4.6 mm, 5 um; elution A, n-hexane; elution B, 0.2% diethylamine in EtOH; isocratic, 20% B;
flow rate, 1.0 mL/min; at 40 °C; wavelength, 271 nm; retention times, 20 18.5 min, diastereomer of 20 derived
from 24 28.0 min. (D) Column, Daicel CHIRALCEL OJ-3 250 mm x 4.6 mm, 3 pm; elution A, n-hexane;
elution B, 0.2% diethylamine in EtOH; gradient, linear ramp from 30% B to 35% B over 45 min, held at 35% B
for 10 min, linear ramp from 35% B to 40% B over 40 min, linear ramp from 40% B to 30% B over 10 min;
flow rate, 1.0 mL/min; at 40 °C; wavelength, 316 nm; retention times, 1 59.7 min, diastereomer of 1 derived

from 24 87.2 min.

52 FEOHEER
TV 21 DEZERY 7 v RILRS (Scheme 4)
To a Teflon flask was added 21 (0.30 g, 2.14 mmol), CH>Cl,, p-iodotoluene (0.2 equiv), fluorination reagent,

and oxidation reagent (Selectfluor®: 1.5 equiv or mCPBA: 1.1 equiv). The reaction mixture was stirred at room

32/46



temperature. The reaction mixture was analyzed by GC method B.

TN 21 DERF ARG A Y V—="7" (Table 1)

Entry 1

To a 200 mL round-bottom flask was added 21 (5.00 g, 35.7 mmol), EtOAc (25 mL), and nBusNHSO4 (606 mg,
1.79 mmol). Aqueous MMPP slurry (13.24 g (26.8 mmol) in 18 mL of H>O) was added to the mixture dropwise
at room temperature (exothermic). The reaction mixture was stirred at room temperature for 25 h and analyzed
by GC method A.

Entry 2

To a 100 mL round-bottom flask was added 21 (0.911 g, 6.50 mmol), acetone (20 mL), H>O (5 mL), and NBS
(1.27 g, 7.15 mmol) at room temperature. After stirring for 22 h, the resulting mixture was quenched with 5%
sodium thiosulfate solution (40 mL). The aqueous layer was extracted with CH,Cl, three times, and the
combined organic layer was dried over MgSOy, filtered, and concentrated under reduced pressure. To the crude
mixture (1.74 g) was added CH>Cl> (20 mL) and DBU (1.4 mL, 9.27 mmol). The reaction mixture was stirred
at room temperature for 21 h and analyzed by GC method A.

Entry 3

To a 200 mL round-bottom flask was added 21 (1.00 g, 7.13 mmol), +~BuOH (10 mL), 2,2,2-
trifluoroacetophenone (62 mg, 0.36 mmol), MeCN (0.75 mL), and buffer (0.6 M K,COs, 4x10° M EDTA
solution, 10 mL) at room temperature. 30% aqueous H>O, (1.46 mL, 14.27 mmol) was added to the mixture
dropwise at room temperature (exothermic). The reaction mixture was stirred at room temperature for 19 h and
analyzed by GC method A.

Entry 4

To a 25 mL round-bottom flask was added 21 (1.00 g, 7.13 mmol), MeOH (2 mL), and Na,WOj * 2H,O (47
mg, 0.14 mmol) at room temperature. 30% aqueous H>O> (0.95 mL, 9.27 mmol) was added to the mixture over
a period of 30 min at room temperature (exothermic). The reaction mixture was stirred at room temperature for
19 h and heated to 60 °C. After stirring at 60 °C for 5 h, the reaction mixture was analyzed by GC method A.
Entry 5

To a30 mL round-bottom flask was added 21 (1.00 g, 7.13 mmol), Na;WO4 « 2H,0 (47 mg, 0.14 mmol), [Me(n-
CsH17)sNJHSO4 (66 mg, 0.14 mmol), PhP(O)(OH), (11 mg, 0.07 mmol), and Na,SO4 (304 mg, 2.14 mmol) at
room temperature. 30% aqueous H>O» (0.95 mL, 9.27 mmol) was added to the mixture over a period of 2 h at
room temperature (exothermic). The reaction mixture was stirred overnight at room temperature and analyzed

by GC method A.

TR F LRSS D EIEL (Table 2)

Entry 6

To a 100 mL round-bottom flask was added 21 (10.00 g, 71.3 mmol), Na; WO,  2H,0 (471 mg, 1.43 mmol),
[Me(n-CgH17)sNJHSO4 (665 mg, 1.43 mmol), H3PO4(82.2 mg, 0.71 mmol), and Na;SO4 (3.04 g, 21.4 mmol) at

room temperature. 30% aqueous H>O; (9.47 mL, 92.7 mmol) was added to the mixture over a period of 2 h at
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room temperature (exothermic). The reaction mixture was stirred overnight at room temperature and analyzed
by GC method A.

Entry 7

To a 100 mL round-bottom flask was added 21 (10.00 g, 71.3 mmol), Na; WO, « 2H,0 (471 mg, 1.43 mmol),
[Me(n-CgH17)sNJHSO4 (665 mg, 1.43 mmol), and PhP(O)(OH), (113 mg, 0.71 mmol) at room temperature.
30% aqueous H>O> (9.48 mL, 92.8 mmol) was added to the mixture over a period of 2 h at room temperature
(exothermic). The reaction mixture was stirred overnight at room temperature and analyzed by GC method A.
Entry 8

To a 100 mL round-bottom flask was added 21 (10.00 g, 71.3 mmol), Na; WO * 2H,0 (471 mg, 1.43 mmol),
[Me(n-CgH17)sNJHSO4 (685 mg, 1.47 mmol), PhP(O)(OH), (113 mg, 0.71 mmol), and Na>SO4 (3.04 g, 21.4
mmol). The mixture was heated to 50 °C. 30% aqueous H>O> (9.47 mL, 92.7 mmol) was added to the mixture
below 55 °C over a period of 4 h. The reaction mixture was stirred for 1 h at 50 °C and analyzed by GC method
A.

Entry 9

To a20 mL round-bottom flask was added 21 (1.00 g, 7.13 mmol), Na;WO4 * 2H,0 (47 mg, 0.14 mmol), [Me(n-
CsHi7):N]Cl (58 mg, 0.14 mmol), PhP(O)(OH), (11 mg, 0.07 mmol), and Na>SO4 (304 mg, 2.14 mmol) at room
temperature. 30% aqueous H>O; (0.95 mL, 9.27 mmol) was added to the mixture over a period of 1.5 h at room
temperature (exothermic). The reaction mixture was stirred overnight at room temperature and analyzed by GC
method A.

Entry 10

To a 20 mL round-bottom flask was added 21 (1.00 g, 7.13 mmol), NaaWO4 * 2H,0 (47 mg, 0.14 mmol), n-
BusNHSOj4 (48 mg, 0.14 mmol), PhP(O)(OH), (11 mg, 0.07 mmol), and Na,SO4 (304 mg, 2.14 mmol) at room
temperature. 30% aqueous H>O» (0.95 mL, 9.27 mmol) was added to the mixture over a period of 1.5 h at room
temperature (exothermic). The reaction mixture was stirred overnight at room temperature and analyzed by GC
method A.

Entry 11

To a 100 mL round-bottom flask was added 21 (10.00 g, 71.3 mmol), Na; WO, * 2H,0 (235 mg, 0.71 mmol),
PhP(O)(OH); (56 mg, 0.36 mmol), n-BusNHSO4 (242 mg, 0.71 mmol) at room temperature. The mixture was
heated to 50 °C. 30% aqueous H>O» (9.47 mL, 92.7 mmol) was added to the mixture below 55 °C over a period
of 4 h. The reaction mixture was stirred at 50 °C for 2 h and analyzed by GC method A.

Mixture of ethyl (1s5,35,45)-3-fluoro-4-hydroxycyclopentane-1-carboxylate (25) and ethyl (1r,3R,4R)-3-
fluoro-4-hydroxycyclopentane-1-carboxylate (26) (Scheme 6).

A reactor was charged with EtsN+3HF (20.1 mL, 123 mmol) and 23 (17.53 g, 112 mmol). The mixture was
heated to 110 °C and stirred for 10 h. After cooling to below 10 °C, 20% KHCO; solution (130 mL) was added
dropwise at 0—20 °C. The reaction mixture was extracted twice with i-PrOAc (175 mL, 88 mL). The combined
organic layer was washed with H,O (88 mL) and concentrated under reduced pressure to give a crude product.

The crude product was purified by flash column chromatography (elution A, n-heptane; elution B, EtOAc;
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gradient, linear ramp from 6% B to 50% B) to afford a mixture of 25 and 26 (17.00 g, 86% yield). "H-NMR (400
MHz, CDCl3) 6 4.77—4.93 (m, 1H), 4.37—4.41 (m, 1H), 4.16 (q, J= 7.2 Hz, 2H), 3.04—3.13 (m, 1H), 2.36—
2.51 (m, 1H), 2.11—2.33 (m, 2H), 1.94—2.00 (m, 1H), 1.72 (brs, 1H), 1.27 (t,J = 7.2 Hz, 3H); *C-NMR (100
MHz, CDCl3) 8 175.4,98.4 (d, Jcr = 177 Hz), 75.8 (d, Jcr =27 Hz), 60.9, 39.9, 35.0, 33.6 (d, Jcr = 22 Hz), 14.1;
FTIR (ATR, cm™) 3435, 2982, 1711, 1181, 1070 965; HRMS (ESI) m/z [M+H]" calcd for CsHi3FO;3 177.0921,
found 177.0921.

ERsRHY 7 v RALRIE DRREY (Table 3)

Entry 1

To a plastic tube was added a mixture of 25 and 26 (101 mg, 0.57 mmol), MeCN (0.5 mL), EtsN (522 pL, 3.75
mmol), and EtzN * 3HF (278 pL, 1.70 mmol). TFAA (94 pL, 0.68 mmol) was added dropwise to the mixture
while cooling in an ice bath. The reaction mixture was stirred at room temperature overnight. TFAA (94 pL,
0.68 mmol) was added dropwise to the mixture while cooling in an ice bath. The reaction mixture was stirred at
room temperature for 4 h and at 50 °C for 3 h, and analyzed by GC method A.

Entry 2

To a plastic tube was added a mixture of 25 and 26 (104 mg, 0.59 mmol), MeCN (0.5 mL), EtsN (545 puL, 3.91
mmol), and EtzN « 3HF (289 uL, 1.77 mmol). MsCl (55 uL, 0.71 mmol) was added dropwise to the mixture
while cooling in an ice bath. The reaction mixture was stirred at room temperature for 4 h and at 50 °C for 2 h,
and analyzed by GC method A.

Entry 3

To a plastic tube was added a mixture of 25 and 26 (102 mg, 0.58 mmol), MeCN (0.5 mL), EtsN (531 pL, 3.81
mmol), and EtzN « 3HF (282 pL, 1.73 mmol). TH0 (114 pL, 0.69 mmol) was added dropwise to the mixture
while cooling in an ice bath. The reaction mixture was stirred at room temperature for 3 h. THO (114 pL, 0.69
mmol) was added dropwise to the mixture while cooling in an ice bath. The reaction mixture was stirred at room
temperature for 2 h, and analyzed by GC method A.

Entry 4

To a plastic tube was added a mixture of 25 and 26 (46 mg, 0.26 mmol), toluene (0.3 mL), EtsN « 3HF (42 uL,
0.26 mmol), and Ishikawa reagent (70 pL, 0.39 mmol). The reaction mixture was stirred at room temperature
overnight and at 40 °C for 4 h. EtzN + 3HF (42 uL, 0.26 mmol) and Ishikawa reagent (70 puL, 0.39 mmol) were
added. The reaction mixture was stirred at 40 °C overnight, and analyzed by GC method A.

Entry 5

To a 100 mL Teflon flask was added a mixture of 25 and 26 (3.00 g, 17.0 mmol), THF (21 mL), and EtN -
3HF (4.2 mL, 25.5 mmol). EtzN (7.1 mL, 51.1 mmol) was added dropwise to the mixture while cooling in an
ice bath followed by PBSF (4.6 mL, 51.1 mmol). The reaction mixture was stirred at room temperature for 5 h,

and analyzed by GC method A.

B EnE=7ra—n 9 DRESRKE (Scheme 8)
Ethyl (1R,3s5,55)-6-0xabicyclo[3.1.0]hexane-3-carboxylate (23).

35/46



A reactor was charged with EtOH (550 mL) and 2 (275.0 g, 2.45 mol), and cooled to 0—5 °C. SOCl, (291.8 g,
2.45 mol) was added to the mixture dropwise below 10 °C. After addition, the mixture was warmed to 25—35 °C
and stirred for 5 h. The resulting mixture was quenched with H,O (1375 mL), and then extracted twice with i-
PrOAc (550 mL, 275 mL). The combined organic layer was washed with NaHCO3 solution (220.0 g in 2750
mL of H,0) followed by NaCl solution (137.5 g in 1375 mL of H>O) to give a solution of 21. Na;WO4*2H,O
(8.09 g, 0.0245 mol), PhP(O)(OH) (1.94 g, 0.0122 mol) and n-BusNHSO4 (8.31 g, 0.0245 mol) were added to
the above solution of 21 and the mixture was heated to 50—55 °C. 30% aqueous H>O; (361.4 g, 3.19 mol) was
added below 55 °C over a period of 5—6 h, and then the mixture was stirred at 50—55 °C for 20 h. After cooling
to 25-35 °C, i-PrOAc (275 mL) was added to the mixture, and the organic layer was separated. The organic
layer was cooled to 0—10 °C, and sodium thiosulfate pentahydrate solution (174.4 g in 1100 mL of H,O) was
added slowly to the organic layer at 0—10 °C. The mixture was warmed to 25—35 °C and washed with NaCl
solution (68.8 g in 688 mL of H,O). The organic layer was concentrated under reduced pressure below 40 °C to
give 23 (308.5 g, 81% yield based on 2) as a pale yellow oil. GC purity 23 90.2 area%, 24 6.0 area% (GC
condition B); 23: 'TH-NMR (400 MHz, CDCl3) § 4.13 (q, J = 7.2 Hz, 2H), 3.52 (s, 2H), 2.59-2.68 (m, 1H),
2.32-2.38 (dd, J = 14.0, 8.0 Hz, 2H), 1.86-1.92 (m, 2H), 1.25 (t, J = 7.2 Hz, 3H). 24: "H-NMR (400 MHz,
CDCls) 6 4.13 (q,J=17.2 Hz, 2H), 3.47 (s, 2H), 2.68-2.73 (m, 3H), 1.82—-1.88 (m, 2H), 1.26 (t, /= 7.2 Hz, 3H);
BC-NMR (100 MHz, CDCl3) § 174.8, 60.7, 56.2, 38.1, 30.4, 14.2; FTIR (ATR, cm™") 2981, 2932, 1723, 1213,
1178, 1061, 836.

Ethyl (1r,3R,4S5)-3,4-difluorocyclopentane-1-carboxylate (22).

Caution! PBSF and Et;N-3HF generate volatile and corrosive HF. All contact with skin must be avoided. The
experiment must be handled in a well-ventilated hood.

A reactor was charged with EtsN+-3HF (600.0 g, 3.72 mol) and 23 (300.0 g, 1.92 mol) and the mixture was
heated to 110—120 °C and stirred for 10 h. After cooling to below 30°C, THF (2100 mL) was charged to the
mixture. The mixture was cooled to 0—5 °C, and Et:N (525.0 g, 5.19 mol) was added dropwise at 0—10 °C. PBSF
(90% assay, 786.6 g, 2.34 mol) was added to the mixture at 0—10 °C and the reaction mixture was stirred for 5
h at 25-30 °C. The reaction mixture was cooled to 0—10 °C, and KHCOj solution (288.5 g, in 1442 mL of H,O)
was added dropwise at 0—30 °C to give a pH of 7. Toluene (3000 mL) and H,O (600 mL) were charged to the
mixture at 20—30 °C, and the resulting organic layer (organic layer I), aqueous layer and fluorous layer were
separated. The aqueous layer was extracted with toluene (1500 mL) to give organic layer II. The fluorous layer
was extracted with organic layer II to give organic layer III. The resulting fluorous layer was further extracted
with toluene (1500 mL) to give organic layer IV. Organic layers I, Il and IV were combined and washed twice
with HO (1500 mL x 2). The resulting organic layer was concentrated under reduced pressure below 50 °C to
give compound 22 (280.5 g, 82% yield). 'H-NMR (400 MHz, CDCl3) & 4.90-5.02 (m, 1H), 4.78—4.86 (m, 1H),
4.18 (q,J = 7.2 Hz, 2H), 2.76-2.84 (m, 1H), 2.20-2.45 (m, 4H), 1.27 (t,J = 7.2 Hz, 3H); *C-NMR (100 MHz,
CDCl3) 6 173.7,91.7 (dd, Jor = 189, 17 Hz), 61.1, 36.8 (t, Jcr = 4 Hz), 30.8 (m), 14.1; FTIR (ATR, cm™) 2984,
1728, 1188, 1082; HRMS (ESI) m/z [M+H]" caled for CsHi2F20, 179.0878, found 179.0883.
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[(1r,3R,4S)-3,4-Difluorocyclopentyl|methanol (9).

A reactor was charged with THF (676 mL) and NaBH4 (110.5 g, 2.92 mol). A solution of 22 in THF, prepared
in another reactor with 22 (260.0 g, 1.46 mol) in THF (780 mL), was added to the mixture at 25—35 °C. Another
reactor was washed with THF (260 mL). The mixture was heated to 50—55 °C, then MeOH (296 mL) was added
slowly dropwise over a period of 5—6 h at 50—55 °C. After addition, the reaction mixture was stirred at 50—55 °C
for 2 h. The resulting mixture was cooled to 2535 °C, followed by the addition of i-PrOAc (780 mL) and NH4Cl
solution (130.0 g in 1300 mL of H>O). The mixture was filtered through a Celite® bed and the bed was washed
with i-PrOAc (520 mL). The filtrate was separated into an organic layer and an aqueous layer. The aqueous layer
was extracted with i-PrOAc (780 mL). The combined organic layer was washed with NaCl solution (156.0 g, in
780 mL of H>O) and concentrated under reduced pressure below 40 °C to give crude 9. Crude 9 was purified by
simple distillation at 120—140 °C under 2—3 torr to afford 9 (134.3 g, 68% yield) as a pale yellow oil. "H-NMR
(400 MHz, CDCls). 6 4.82—4.99 (m, 2H), 3.63 (d, J = 6.8 Hz, 2H), 2.07-2.24 (m, 3H), 1.76—1.86 (m, 2H).

553 EOERR

TNATE K19 &7 == LEE 27 DA AL (Scheme 10)
(1r,3R,45)-3.,4-difluorocyclopentane-1-carbaldehyde (19).

A reactor was charged with 9 (50.0 g, 367 mmol) and CH>Cl» (500 mL). To the resulting solution, cooled to -
10-0 °C, was added TEMPO (1.15 g, 7.35 mmol) and a solution of potassium bromide (4.38 g in 10 mL of
H,0). Aqueous NaClO solution (285 mL of 12% NaClO solution was adjusted to pH 9.5 by addition of sodium
bicarbonate) was next added dropwise over a period of 1 h at below 20 °C. After addition, the reaction mixture
was stirred at 0—10 °C for 2 h. The layers were separated, and the CH,Cl, phase was washed sequentially with
a solution of KI(2.44 g in 183 mL of 1 M HCI), 1 M sodium thiosulfate solution (183 mL), 5% NaHCOs solution
(184 mL), and saturated NaCl solution (184 mL). The resulting CH>Cl, solution was concentrated under reduced
pressure at 30 °C to give crude 19 (32.51 g). Crude 19 was purified by flash column chromatography (elution A,
n-heptane; elution B, EtOAc; gradient, linear ramp from 8% B to 55% B (1% purification), followed by from
50% B to 90%B (2™ purification)) to afford 19 (28.13 g, 57% yield). "TH-NMR (400 MHz, CDCl;). § 9.66 (s,
1H), 4.88-5.05 (m, 2H), 2.76-2.79 (m, 1H), 2.18-2.36 (m, 4 H).

2-(4-(cyclopropylthio)phenyl)acetic acid (29).

A reactor was charged with 28 (4.21 g, 25.0 mmol) and DMSO (21 mL). To the resulting solution was added -
BuOK (7.02 g, 62.6 mmol) followed by bromocyclopropane (2.4 mL, 30.0 mmol) at room temperature. The
mixture was stirred for 1.5 h at room temperature and 3 h at 60 °C. Bromocyclopropane (2.4 mL, 30.0 mmol)
was added, and then the reaction mixture was stirred for 18.5 h at 80 °C. After cooling to room temperature, the
resulting mixture was quenched with H,O (30 mL), and then i-PrOAc (13 mL) was added. The layers were
separated, and the aqueous layer was acidified to a pH of 2 with 1M HCI. The aqueous layer was extracted twice
with i-PrOAc (42 mL, 21 mL). The combined organic layer was washed with H,O (21 mL) and saturated NaCl
solution (21 mL), respectively. The resulting organic layer was concentrated under reduced pressure to give

crude 29. Crude 29 was purified by flash column chromatography (elution A, n-heptane; elution B, EtOAc;

37/46



gradient, linear ramp from 20% B to 1100% B (1* purification), followed by from 20% B to 94% B (2™
purification)) to afford 29 (1.97 g, 38% yield). '"H-NMR (400 MHz, CDCl3). § 7.34—7.37 (m, 2H), 7.21-7.24
(m, 2H), 3.58 (s, 2H), 2.17-2.22 (m, 1H), 1.06—1.11 (m, 2H), 0.68—0.73 (m, 2 H).

2-(4-(cyclopropylsulfonyl)phenyl)acetic acid (27)

A reactor was charged with 29 (2.04 g, 9.78 mmol) and formic acid (10 mL). To the resulting solution, heated
to 50 °C, was added 30% aqueous H>O, (2.10 mL, 20.5 mmol) below 55 °C over a period of 2 h. The mixture
was stirred at 50 °C for 2 h. After cooling to 30 °C, the reaction mixture was quenched with 20% NaHSO;
solution (1.54 g) and concentrated under reduced pressure at 50 °C. H,O (10 mL) was added to the residue. The
mixture was stirred for 1.5 h at room temperature and cooled to 0 °C. After stirring for 1.5 h at 0 °C, the solid
was collected by filtration. The wet cake was washed with a pre—cooled H,O (10 mL) and dried in vacuum
below 50 °C for 3.5 h to give crude 27 (2.18 g). Crude 27 was purified by flash column chromatography (elution
A, n-heptane; elution B, EtOAc; gradient, linear ramp from 22% B to 100% B) to afford 27 (1.70 g, 72% yield)
as a white solid. "H-NMR (400 MHz, CDCls). § 7.81-7.89 (m, 2H), 7.43—7.52 (m, 2H), 3.76 (s, 2H), 2.42-2.49
(m, 1H), 1.33—1.36 (m, 2H), 0.98—1.06 (m, 2 H).

Perkin G551 (Scheme 11)

A reactor was charged with 27 (100 mg, 0.42 mmol) and acetic anhydride (0.20 mL, 2.08 mmol). The mixture
was stirred at 40 °C for 2 h. To the mixture was added 19 (57.7 mg, 0.43 mmol), THF (0.2 mL), and sodium
acetate (68.6 mg, 0.84 mmol) at 40 °C. The reaction mixture was stirred at 40 °C for 45 h, and analyzed by
HPLC method B.

2-TREST I ET VY (33) pDEE 18 BRORA (Scheme 17 TEY)
A reactor was charged with 33 (1.00 g, 5.75 mmol), toluene (9 mL), ethylene glycol (20 mL), and -BuOK (0.77
g, 6.90 mmol). The mixture was heated to 95 °C and stirred for 25 h. The amount of 18 was about 1% by HPLC

analysis.

WhIEID R 7 V) —=> 73} (Table 4)
To a round-bottom flask was added MeCN (2—4 v/w), E-15, additive, and oxalylchloride (1.2 equiv). The

reaction mixture was stirred at room temperature and analyzed by HPLC.

1 DREEHIE (Scheme 20)

2-({I(1r,3R,45)-3,4-Difluorocyclopentyl]methyl}thio)-1,3-benzothiazole (31).

A reactor was charged with toluene (650 mL), 9 (130.0 g, 0.96 mol) and Et;N (144.9 g, 1.43 mol), and cooled
to 0—10 °C. MsCl (131.3 g, 1.15 mol) was added to the mixture dropwise at 0—20 °C. The mixture was then
stirred at 10—20 °C for 1 h. Next, 47% aqueous sodium-2-mercapto benzothiazole solution (456.3 g, 1.14 mol)
was added to the mixture and the resulting biphasic solution was stirred vigorously at 75—85 °C for 12 h. After

adding H>O (260 mL), the reaction mixture was cooled to 40—45 °C. The organic layer was separated and diluted

38/46



with toluene (650 mL) at 40—45 °C. The organic layer was washed with NaOH solution (52.0 g in 650 mL of
H»0) at 30—40 °C followed by washing twice with HO (650 mL x 2). The organic layer was concentrated under
reduced pressure below 50 °C until no further distillate could be collected. Toluene (221 mL), -PrOH (871 mL)
and n-heptane (650 mL) were added to the residue. The mixture was stirred at 65—75 °C until the solid was
dissolved and then cooled to 45—50 °C. Seed crystals (65 mg) were added, and the resulting mixture was stirred
at 45—50 °C for 30 min and then cooled to 0—7 °C. After 1 h at 0—7 °C, the solid was collected by filtration. The
filter cake was washed with pre-cooled i-PrOH (650 mL) and dried in vacuum below 50 °C for 12 h to give 31
(174.0 g, 64% yield) as a light brown powder. HPLC purity 99.3 area% (HPLC condition A); "H-NMR (400
MHz, CDCls) ¢ 7.85—7.87 (m, 1H), 7.73-7.75 (m, 1H), 7.39-7.43 (m, 1H), 7.27-7.31 (m, 1H), 4.78—4.98 (m,
2H), 3.46 (d,J = 7.6 Hz, 2H), 2.45-2.56 (m, 1H), 2.19-2.35 (m, 2H), 1.83-1.98 (m, 2H); *C-NMR (100 MHz,
CDCls) 6 166.1, 153.2, 135.3, 126.1, 124.4, 121.5, 121.0, 92.3 (dd, Jcr = 188, 16 Hz), 39.9, 33.8 (m), 32.4 (t,
Jcr = 4 Hz); FTIR (ATR, cm™) 1076, 1007, 763; HRMS (ESI) m/z [M+H]" calcd for Ci3H 3F2NS; 286.0530,
found 286.0528.

2-({I(1r,3R.,4S)-3,4-Difluorocyclopentyl|methyl}sulfonyl)-1,3-benzothiazole (20).

A reactor was charged with EtOH (1500 mL), 31 (150.0 g, 526 mmol), NaxWO4+2H,O (17.33 g, 52.5 mmol)
and PhP(O)(OH); (4.14 g, 26.2 mmol), and then heated to 45—55 °C. 30% aqueous H>O, (131.0 g, 1155 mmol)
was added at 45—55 °C over a period of 2—4 h, and the mixture was stirred at 45—55 °C for 1 h. After cooling to
0—10 °C, NaHSO; solution (32.78 g in 263 mL of H,O) was added dropwise below 20 °C and the mixture was
stirred, then heated to 65—75 °C and filtered. The filter cake was washed with EtOH (300 mL). H,O (150 mL)
was added to the filtrate at 60—75 °C. The mixture was cooled to 40—45 °C and stirred until a precipitate formed,
followed by cooling to 20—30 °C. H,O (375 mL) was added to the mixture at 20—30 °C, and the mixture was
cooled to 0—5 °C. After 1 h at 0—5 °C, the solid was collected by filtration. The wet cake was washed with a
pre—cooled mixture of EtOH (300 mL) and H>O (150 mL) and dried in vacuum below 50 °C for 12 h to give 20
(155.0 g, 93% yield) as a pale yellow powder. HPLC purity 99.8 area% (HPLC condition B), diastereomer ratio
20/diastereomer derived from 24 = 99.6/0.4 (HPLC condition C); '"H-NMR (400 MHz, CDCl3) & 8.22—8.24 (m,
1H), 8.02—8.05 (m, 1H), 7.60—7.69 (m, 2H), 4.79-4.99 (m, 2H), 3.70 (d, J = 7.2 Hz, 2H), 2.66—2.77 (m, 1H),
2.28-2.44 (m, 2H), 1.91-2.06 (m, 2H); *C-NMR (100 MHz, CDCl3) § 165.8, 152.7, 136.8, 128.3, 127.8, 125.5,
122.4,91.8 (dd, Jer= 188, 16 Hz), 60.7, 34.0 (m), 26.8 (t, Jcr = 4 Hz); FTIR (ATR, cm™") 1322, 1144, 760, 639;
HRMS (ESI) m/z [M+H]" caled for C13H;3F2NO,S; 318.0429, found 318.0418.

Ethyl-2-[4-(cyclopropylthio)phenyl]-2-oxoacetate (12).

A reactor was charged with CH>Cl, (1500 mL) and AICI; (186.4 g, 1.40 mol) at 25—35 °C, and cooled to 0—5 °C.
Ethyl chloroglyoxylate (150.0 g, 1.10 mol) was added to the mixture at 0—5 °C. Cyclopropyl phenyl sulfide
(150.0 g, 1.00 mol) was added slowly to the mixture at 0—10 °C. The mixture was warmed to 20—25 °C and
stirred for 3 h. The reaction mixture was added to H,O (1500 mL, pre-cooled at 0—5 °C) and stirred at 25—35 °C
for 30 min. The organic layer was separated, and the aqueous layer was extracted with EtOAc (1500 mL). The
combined organic layer was washed twice with HCI solution ((95.0 g of conc. HCI in 712 mL of H,O) x 2)
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followed by NaHCOs solution (60.0 g in 750 mL of H,O) and NaCl solution (225 g in 750 mL of H>O). The
organic layer was concentrated under reduced pressure below 50 °C to give 12 (232.0 g, 93% yield) as a yellow
oil. '"H-NMR (400 MHz, CDCl3) § 7.92 (dt, J = 8.8, 2.0 Hz, 2H), 7.45 (dt, J= 8.8, 2.0 Hz, 2H), 4.44 (q, J=7.2
Hz, 2H), 2.18-2.23 (m, 1H), 1.42 (t,J=7.2 Hz, 3H), 1.15-1.20 (m, 2H), 0.71-0.75 (m, 2H).

2-[4-(Cyclopropylsulfonyl)phenyl]-3-[(1r,3R,4S)-3,4-difluorocyclopentyl]acrylic acid (E/Z-15).

A reactor was charged with THF (550 mL), 20 (110.0 g, 347 mmol) and 12 (91.1 g, 364 mmol), and then cooled
to -15 °C. LHMDS (1 M solution in THF) (589 mL, 589 mmol) was added dropwise below -10 °C, and the
mixture was stirred at -15 to -10 °C for 2 h. HySOy4 solution (24.8 mL of conc. H2SO4 in 415 mL of H,O) was
added below 0 °C and the mixture was stirred at 25—35 °C for 20 min. The mixture was concentrated under
reduced pressure below 40 °C until no more THF distilled out, and then extracted with i-PrOAc (550 mL) at
25-35 °C. The organic layer was washed with H,O (330 mL) and concentrated under reduced pressure below
50 °C to give E/Z-13 (ratio by HPLC area% was E:Z=57:43). The E/Z-13 residue was used directly in the next
step without further purification.

To a solution of £/Z-13 in acetic acid (440 mL) was added H,SOj4 solution (37.0 mL of conc. H,SO4 in 73.0 mL
of H,0) at 25-30 °C. The mixture was heated to 50—55 °C. 30% H»0, (95.2 g, 839 mmol) was added below
55 °C over a period of 2 h, and the mixture was stirred at 50—55 °C for 1 h. After cooling to 20—30 °C, NaHSO3
solution (3.61 g, in 18.7 mL of H>O) was added dropwise at 20—30 °C and then the mixture stirred. H,O (110
mL) and conc. H>SO4 (193 mL) were added, and the reaction mixture was heated to 100—102 °C and stirred for
6 h. The mixture was cooled to 80 °C and the solvent (220 mL) was distilled from the reaction mixture under
reduced pressure. Acetic acid (110 mL) and H,O (110 mL) were added at 80 °C, and the mixture was heated to
100—102 °C and stirred for 6 h. After cooling to 55-60 °C, seed crystals of E/Z-15 (55 mg) were added, the
mixture was stirred at 55—60 °C for 30 min, and then cooled to 20—30 °C. i-PrOH (110 mL) and H>O (990 mL)
were added at 20—30 °C and the mixture was cooled to 0—5 °C. After 1 h at 0—5 °C, the solid was collected by
filtration. The filter cake was washed with a pre-cooled mixture of i-PrOH (24 mL) and H>O (196 mL), followed
by H20O (660 mL). The wet cake was dissolved in i-PrOAc (880 mL) at 20—35 °C. Activated carbon (5.5 g) was
added and the mixture was stirred at 20—35 °C for 30 min. The mixture was filtered through a Celite® bed, and
the bed was washed with i-PrOAc (220 mL). The filtrate was extracted three times with NaHCOj3 solution (46.2
g in 572 mL of H,0, 18.7 g in 231 mL of H>O, 18.7 g in 231 mL of H,O) at 20—35 °C. The combined aqueous
layer was washed with i-PrOAc (440 mL) followed by the addition of H,O (220 mL) and i-PrOH (572 mL) at
20-30 °C. The pH of the mixture was adjusted to 2.5—3.0 with conc. HCI (83.6 mL) at 20—30 °C. Seed crystals
of E/Z-15 (55 mg) were added, and the mixture was stirred at 20—30 °C for 1 h. The pH of the mixture was
adjusted to below 1.0 with conc. HCI (20.9 mL) and the mixture was cooled to 0—5 °C. After 1 h at 0—5 °C, the
solid was collected by filtration. The filter cake was washed with a pre-cooled mixture of -PrOH (55 mL) and
H>O (165 mL), followed by H>O (660 mL). The wet cake was dried in a hot air oven at 50—55 °C for 15 h to
give E/Z-15 (95.0 g, 77% yield) as a pale yellow powder. HPLC purity 99.8 area% (HPLC condition B); £-15:
'H-NMR (400 MHz, CDCl3). § 7.92 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H), 7.24 (d, J = 10.8 Hz, 1H),
4.77-4.93 (m, 2H), 2.47-2.58 (m, 2H), 2.08-2.15 (m, 2H), 1.96-2.03 (m, 2H), 1.36—1.41 (m, 2H), 1.04-1.10
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(m, 2H)
7-15: "H-NMR (400 MHz, CDCls) § 7.88 (d, J= 8.8 Hz, 2H), 7.53 (d, J= 8.8 Hz, 2H), 6.45 (d, J= 9.6 Hz, 1H),
4.86-5.04 (m, 2H), 3.57-3.68 (m, 1H), 2.33-2.50 (m, 3H), 1.89-2.02 (m, 2H), 1.34—1.39 (m, 2H), 1.02-1.07
(m, 2H); 3C-NMR (100 MHz, CDCl3) § 170.4, 151.5, 142.5, 140.1, 131.3, 129.0, 127.6, 92.2 (dd, Jcr = 188,
16 Hz), 34.9 (m), 33.0, 32.8 (t, Jer = 4 Hz), 6.0; FTIR (ATR, em™') 1672, 1276, 1143, 1077, 884; HRMS (ESI)
m/z [M-H]" calcd for C17H,sF204S 355.0821, found 355.0818.

2-[(5-{[(1E)-(2-Methoxyphenyl)methylidene]amino} pyrazin-2-yl)oxy]ethanol (34)

A reactor was charged with toluene (800 mL), 2-amino-5-bromopyrazine (33) (100.0 g, 0.58 mol) and o-
anisaldehyde (156.5 g, 1.15 mol). The mixture was heated to 110—115 °C and stirred for 4 h under azeotropic
conditions to remove H>O from the reaction. The mixture was cooled to 25-30 °C followed by the addition of
ethylene glycol (1200 mL) at 25-30 °C. +-BuOK (77.4 g, 0.69 mol) was added in three portions below 40 °C
and reagent adhering to the vessel wall was released using additional ethylene glycol (400 mL). The mixture
was heated at 95-100 °C for 2025 h and then cooled to 80—90 °C. Toluene (600 mL) was added, and the
mixture was cooled to 45—50 °C and stirred for 30 min. After cooling to 25-30 °C, H>O (1000 mL) was added,
and the mixture was stirred at 25—30 °C for 30 min and cooled to 0—7 °C. After 1 h at 0—7 °C, the solid was
collected by filtration. The filter cake was washed with H>O (50 mL). A reactor was charged with the wet cake
and H>O (900 mL). After stirring the mixture at 25—30 °C for 15 min, the solid was collected by filtration. The
filter cake was washed with H>O (50 mL) followed by n-heptane (500 mL). The wet cake was dried in vacuum
at 45-50 °C for 15 h to give 34 (126.0 g, 80% yield) as a pale yellow powder. 'H-NMR (400 MHz, CDCls) &
9.64 (s, 1H), 8.22 (dd, /= 7.6, 2.0 Hz, 1H), 8.18 (d, J= 1.6 Hz, 1H), 8.15 (d, J = 1.6 Hz, 1H), 7.44-7.48 (m,
1H), 7.05 (t, J = 7.6 Hz, 1H), 6.96 (d, J = 8.4 Hz, 1H), 4.49-4.51 (m, 2H), 3.99-4.00 (m, 2H), 3.92 (s, 3H),
2.77-2.79 (m, 1H); *C-NMR (100 MHz, CDCl3) § 160.2, 158.8, 157.8, 151.2,137.3,133.5, 133.4, 124.4,120.8,
111.2,68.7,61.6,55.6; FTIR (ATR, cm™) 3352, 1449, 756, 445; HRMS (ESI) m/z [M+H]" calcd for C14H;5sN3053
274.1186, found 274.1173.

2-((5-Aminopyrazin-2-yl)oxy)ethanol (18)

A reactor was charged with THF (600 mL), EtOAc (360 mL), 34 (120 g, 0.44 mol) and H>O (9.5 mL, 0.53 mol)
at 20—25 °C. 10.6%w/w HCI/EtOAc (263 mL, 0.53 mol) was added dropwise over a period of 2 h at 2025 °C.
After stirring at 20—30 °C for 2 h, the solid was collected by filtration. The filter cake was washed with EtOAc
(240 mL). The wet cake was dried under vacuum at 35—40 °C for 17 h to give 18 (82.1 g, 98%) as a pale yellow
powder. "TH-NMR (400 MHz, DMSO-d) & 8.17 (d, J=1.2 Hz, 1H), 7.95 (d, J=1.2 Hz, 1H), 7.87 (brs, 3H), 4.25
(t, J=52 Hz, 2H), 3.71 (t,J = 5.2 Hz, 2H); *C-NMR (100 MHz, CDCl3) § 155.5, 142.8, 133.6, 126.0, 68.7,
59.1; FTIR (ATR, cm™) 3178, 3041, 1675, 1617, 1319, 1249, 1209, 1084, 1039, 1011, 901, 849, 643; HRMS
(ESI) m/z [M+H]" caled for CsHoN3O2 156.0768, found 156.0765.

(E)-2-(4-(Cyclopropylsulfonyl)phenyl)-3-((17,35,4 R)-3,4-difluorocyclopentyl)-/V-(5-(2-hydroxyethoxy)
pyrazin-2-yl)acrylamide (1)
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A reactor was charged with MeCN (525 mL), TMU (29.6 g, 255 mmol) and £/Z-15 (70.0 g, 196 mmol), and the
mixture was cooled to 10—20 °C. Oxalyl chloride (30.1 g, 237 mmol) was added at 15—40 °C, and the mixture
was stirred at 20—30 °C for 1 h and then cooled to -2—5 °C. DMA (140 mL) was added at -2 to 5 °C, and the
mixture was stirred at 0—5 °C for 1 h and then cooled to below -20 °C. 18 (56.5 g, 295 mmol) was added below
-20 °C, and mixture was cooled to -30 to -25 °C. A solution of 2,6-lutidine in DMA, prepared in another reactor
with 2,6-lutidine (73.5 g, 686 mmol) in DMA (105 mL), was added dropwise to the mixture at -30 to -25 °C.
After addition, the mixture was stirred at -30 to -25 °C for 2 h. The reaction mixture was quenched with DMSO
(35 mL) and warmed to 0 °C. H>O (1050 mL) was added at 0—25 °C and the mixture was stirred at 20—30 °C
for 1 h and then cooled to 0—7 °C. After 1 h at 0—7 °C, the solid was collected by filtration. The filter cake was
washed with H,O (700 mL). The wet cake was dried in a hot air oven at 50—55 °C for 8 h to give crude 1 (86.0
g, referred to as A). A reactor was charged with MeCN (172 mL), anisole (860 mL) and crude 1 (86.0 g, A). The
slurry was stirred at 70—80 °C until the solid was dissolved. The solution was slowly cooled to 45—50 °C and
stirred for 1 h. The mixture was cooled to 0—7 °C, followed by stirring for 1 h, and then the solid was collected
by filtration. The filter cake was washed with a mixture of MeCN (28 mL) and anisole (144 mL), followed by a
mixture of EtOH (86 mL) and H,O (86 mL). The wet cake was dried in a hot air oven at 50—55 °C for 8 h to
give crude 1 (74.0 g, referred to as B). A reactor was charged with EtOH (1480 mL), H>O (296 mL) and crude
1 (74.0g, B). The mixture was stirred at 70—75 °C until the solid was dissolved. Activated carbon (7.4 g) was
added and the mixture was stirred at 70—75 °C for 1 h. The mixture was filtered through a Celite® bed and the
filter cake was washed with a mixture of EtOH (370 mL) and H>O (74 mL). The filtrate was stirred at 70—75 °C
until a clear solution was obtained. The solution was slowly cooled to 45—50 °C and stirred for 1 h. The resulting
slurry was cooled to 0—7 °C, followed by stirring for 1 h, and then the solid was collected by filtration. The filter
cake was washed with H,O (1480 mL). The wet cake was dried under vacuum at 50—55 °C for 12 h to give 1
(71.0 g, 73% yield based on E/Z-15) as an off-white powder. HPLC purity 99.8 area% (HPLC condition B),
diastereomer ratio 1/diastereomer derived from 24 = 99.94/0.06 (HPLC condition D); 'H-NMR (600 MHz,
DMSO-de) 6 10.65 (s, 1H), 8.78 (d, /= 1.2 Hz, 1H), 8.13 (d, /= 1.8 Hz, 1H), 7.92 (d, J= 8.4 Hz, 2H), 7.50 (d,
J=17.8 Hz, 2H), 6.71 (d, J=10.2 Hz, 1H), 4.91-5.03 (m, 2H), 4.85 (t, /= 6.0 Hz, 1H), 4.30 (t, /= 4.8 Hz, 2H),
3.72 (q, J = 4.8 Hz, 2H), 2.89-2.92 (m, 1H), 2.54-2.58 (m, 1H), 2.15-2.21 (m, 2H), 1.89-1.96 (m, 2H),
1.14-1.17 (m, 2H), 1.06—1.09 (m, 2H); *C-NMR (150 MHz, DMSO-ds) § 166.1, 156.4, 143.3, 142.4, 140.5,
139.7,134.1,132.2,131.9, 130.5, 127.0, 92.1 (dd, Jcr = 186, 16 Hz), 68.0, 59.1, 34.0 (dd, Jcr= 16, 5 Hz), 31.8,
31.5 (d, Jor = 5 Hz), 5.4; FTIR (ATR, cm™). 3486, 3037, 1649, 1345, 1142; MS (ESI) m/z [M+H]" 494.1548,
[M+Na]" 516.1345, [M-H] 492.1408; Anal. Calcd for C23H»sF2N30sS: C, 55.97; H, 5.11; F, 7.70; N, 8.51; S,
6.50 found C, 55.50; H, 5.16; F, 7.55; N, 8.46; S, 6.58.
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