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A LSBT DU T O, MBI RO X I L,

anh

Abu 2-aminobutyric acid

aq. aqueous

Boc tert-butoxycarbonyl

BOP-Cl bis(2-0x0-3-oxazolidinyl)phosphinic chloride
ChAla cyclohexylalanine

Chg cyclohexylglycine

CSA camphorsulfonic acid

DIPEA N,N-diisopropylethylamine

DMF N,N-dimethylformamide

Et ethyl

Et,O diethyl ether

EtOAc ethyl acetate

FBS fetal bovine serum

FKBP FK506 binding protein

h hour (s)

HCI hydrochloric acid

HPLC high performance liquid chromatography
HRMS high-resolution mass spectra

HSA human serum albumin

ICso 50% inhibitory concentration

Ile isoleucine

LCMS liquid chromatography—mass spectrometry
Leu leucine

M mol/L

Me methyl

MeBmt (2S,3R,4R,6E)-3-hydroxy-4-methyl-2-(methylamino)-6-octenoic acid
min minute (s)

MeCN acetonitrile

MsOH methanesulfonic acid

NCS N-Chlorosuccimide
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NT
PCR
Peg
Ph
Phg
PK
p.o.
quant.
Sar
SAR
TBS
TEMPO
TFA
THF

p-TsOH
WSCD

non-structure

not tested

polymerase chain reaction
polyethylene glycol

phenyl

phenylglycine
pharmacokinetics

per os

quantitative yield

sarcosine

structure-activity relationship
tert-butyldimethylsilyl
2,2,6,6-tetramethylpiperidine 1-oxyl
trifluoroacetic acid
tetrahydrofuran

p-toluenesulfonic acid

1-ethyl-3-(3-dimethylaminopropyl)carbodiimide



E—# ABMIEOER

FFSR EITRFIBIC RIENR A L TWDIREE L ER I N DD, T ORRIL Y A )V AMERFR DS 7 02— Lk
o, HET N a—VHEREITFRICE D £ THA Th 5, BIfE, A VAMIFRIZOWTIE, A, B,C,D,E,
G O6FEHDIFEK Y A NV ANHEINTND, FTH CH/FRYA LA (HCV) ITERT S C BFR
IE. BARIZEBT DIFEBD 70~80%FEEZ Hb D L nbiv, 4 H b RKRERIESMEICZ2> TS D, £
(ZHEIM 7R &0 K D MIRESIZ K0 HCOV 1T 5 & —EDOBRBIM OB IR A2 RET 5, €
D%, EBHEFRICBAT L. b, RO CHZ 288 TRAEIZIIIF T 2 38IE T 5,

HCVIZ 1 AT T ABRNA 7/ L2 HT 57 78U A VAR S D, LA, JEA. EB
JFHR D A VA L FREIL T A3, 1989 4212 Choo HIZ X W JFRIMIE LD A NV ABIRF R EE S /-2
2LV HCV A Eni=?, L L, SUEFEZHCV O invitro HFEANELS . £/ HCV idt h &<
EF LR DT LY LR\ 20, )7 invive BTV HEELS | AISERAFZE & L CodEBIT 0 Tk
2oty ZOMRYEREDD, HCVIRE S L TEICHWONIZOBHI Y A )V AER & IS e % 0f
HFEOA X —T7xzm (IFN) #ETH o7, Lol IFN BIEOAH X HCV OEE 7RI K X <
{77 L. genotype 2 & 5 \ & gentyope 3 TIE 70%LL EDEZhHL &2 79 DIk L, HANIZH B %\ genotype
1 TOEZFRIT 20%RE & ZOAZECRKRERRELZIRL Te, £0H%, UAE Y EDPFHICEY
AOWEZR BT Z L3 S ), S HITIFN & Peg TIRAHERIT 2 Z LIZ X U FifietEa L7c 71
K —7 xnr ) (PeglFN) PR S NT-, Z OFER, PeglEN-U /N Y U OFFRIEIC K 2 Eoh=R 1, #EAME
ThoHETANABEDIEFIZEBNTS S0%REHE £ TCWET HIZEST-, LrL, ZOFEDEIXEZ 50
EIFNRT, SHICEERH 2 WIEIRE= 7 T4 7 o ADOBLE G IFN Z ] L2 ERIED I <
EENTEY,

1999 4{Z Lohmann % (Z X ¥ | subgenomic HCVRNA %3 A L7- b MFEMALLE (Huh7) (238 C HCV
RNA BERICEHBIND Z L3RI Y, ZOMIKEKETO HCV RNA EHE, HCV B

BiF55242FDO HCVRNA 7 ) AOEMZRZRHM LI b DL WVWR b, S 5HIT, Wakita HIZ L0 Gt



A VA DIEFRFRISHENL S 4L O, & 72H1 HCV Hl & Hifd L~V TR 2 2 & N AIRBIZ 22 o 72, 2 DK
RITHCV IGHEEBIIEIZ T 2 RE st & 7p o7z, RIS D EHEMEN S HCV XU A VAT ) L
IZOWTHRbHEMICFAE SN VA NAD—DTh 5, HEX /78 (El,E2 = _Xu—7) hibiE
Wi & 2737 8 (NS2,NS3, NS4A, NS4B, NS5A, NS5B) 12D ETELL OX 37 BORREHMEEICFE
SNTVD, LT, 2 b OERENIFEZ 8 U C, BIETIZHCV OATEER (&Y, FHaR. ER, ki1
H72 &) IZBD DA AR S M2 > T D D,

AR S FE AV, E2eHiliR AL S5 T, HCV O ELEFE 2158 & 5 5 AIFEATIE2 AT
L7z, BREVRBAFEMIFEDO T, U A L A DHFEIC LA 72 FE T % HCVNS3/4A 7' 7 7 —ERREAIN
BN Elisiiz O, AREANT BRI HCV 20277 Lidd, BTl RN 2 ik o B
RSN LML IFN HDHWNTY AE Y e ORFRE S L TKRINDIZE STz, HIT, NS5B AR
U AT —EHEA B ILONSSA FHERIOMAEIZL Y, FLHCV IR 7 b a—/WT—& LY, T7b
b, 7u7 7 —BHERL. NSSAHER, H50IER) 27 —BHERNE 2 EIX3EmIHET2 L
(&Y IFN Z 9T 80% LA ED@WWERh RS ER S iz 9,

& Z AT HCV RS T HCV OAETRER & ER) & 3 5 EAEIHL T A /L A 3K (direct-acting antivirals, DAAs)
EfE EAEN LI D 0E EREER VA VA3 (host-targeting agents, HTAs) (Z/0 SN D, 7 a7 7 —EHE
Fil. NS5A [HFEAI, AU AT —BHEFEAIIONTNGATEICHE S, BAITIIMIEZ R O I §EE T
boHTD, BHOEREZNAT L ERUETHD, IHIT, BRAMNOMEEREET DU VAD
PEBE TIE DAAs (2 X DIRFN IR IR | R & U Ol R38R A B AR E S, Y
KERBEDO—DOTH D, TDI=H, FHANZTANVADMEEROFELRE L LT, B&ICERST
% DAAs IG5 Z LR S L TWD, —J7, E ERF 21 L 3% HTAs Tld, DAAs &ET
MPEERZE Z LI WZ LM SN D, ZD7D, IFN 2 L 72\ DAAs FIEPRAERIEIZ /2 0
DO HBLRIZEB N TS, MMHERZA UIZ< W HTAs O =— X IKAR E LTHEL,

TEMHIFICH L7 0 AR > A (CsA) 121 in vitro T HCV AEARHE ST d 19, X561
CsA & IFN OfFHTlE, HCV ~DFENRNYET D L W) BRRRE RSN TND D, CsA D%
HEHIX, CsA 73 peptidyl prolyl cis-trans isomerase {§ &> 7 v ~7 4 U (CyP) EfEAEL. AUk

CsA-CyP HAMKN N =a—1 v (CN) ITHETH I EIZHD, & AT, MARmEmitER %A
2



FTHERGLZ 70 ) AR (FK506) OFEM A B =R A%, FK506-FKBP #AAN CN ICfaT5 2 LI
KHEEINTEY, CA LHULTEAN=ALTHLHITHEDLLTH HCV FEHZ RIS N2 &3t
INTWND 12, 51T, CsA E[RIFRIC CyP LFEETH Y 7Y 72U E, CsA L3RR 5 REE L
HLAENLHHCV {EAZ R4 2 LA HES N TWD 1, LLEO#HIZEN D CsA O 9551 HCV /EFA D
FEAIR - 1X, ON T2/ < CyP Th D Z L MR RIR S iz, CsA D3AORA T 2 e ibilfE AL, ¢ &

RIGFIZB W TIEERBIER & 725728, CsA & CyP OFEAAPLHCV 1ERICERET 2 D THIE,
Pt HCV 1HME & a2 IbINENE 22 40 B C & 5 rTReMEMEE S 47z,

LU, Bt HCV {EM: 2 g IfilEED O 4B 512iE, CsA OF T % CyP BlFntk & 5t HCV {&HED
BIRAH LT D ENRMETH T, 2L DEIRIFIORE R, BEEX XV ETHD CyP &
NS5B 23 U A /L AR LB G AR (BRESI) 2B L, ZhIZES& HCV A A A 3RS
LHZEPHLMNERSTY, IHIT, CsA L CyP EfEAT 5 2 & T OEMESIKOERZ LT, iR

& L CHCV AR EST D Z LRI S ' (Figure 1),

HCVEEESH DR J

v

HCVIIL2  [{E HCVOAILA 5%
TG Aty LI WAt
I T
(CyP) I,L 40 /‘:. (CyP)
S
Ly g"“”‘rﬂi}‘)

HCVERES RO CV?E%?E’-‘*%‘@%EEBH%
HCV & @ HCV &

Figure 1. CsA ®OHLHCV {EH A 1 =X &



INHDOFEFELZEE Z T C BIFRIGRKICKIT D CyP ORAIFEERE L TORYEMEELZLET H L, CyP
FERGTTHDH D, ZOMEANL HTAs IS D, WitE Y A L 2 O B I 3RAE & 70 5
ZEBRTHIESNT, LTehRo T, CyP IFAEERN E LTHETHY | S%OFHIL HCV IREBHICE
WCHERMEZ DD B LN, 72720, CsA BANKA T 550 72 0ZmslfERIE, C BUFRIA
FICBWTCITEERBER &L 22BN n"H 5, T 2T, CsA D CRIFFRIRE (CyP BLEFH]) AR
IZBWTIL, CsA OF T 591 HCV {EMEZ M ESoD, ZOREMHENEEZIK T S22 081" H 5,
T ER T E L, @V SRR EL & W D FEEA DR RO 728t HCV Fl ORI T D

EEZ LN,

VLEDHE RS, CyP BEANIHHSL HCV AlORIEIFER & L THER S, BEIZZ < OFFJERZE 23

HBHILTWD 161D Figure 2 ([ZHEENHRE I N TV DHINEN CyP EAIZRTH, TOHFT

Debiopharma £EB%E L 7= Debio-025 23 H /61T L CE Y . HCV ZINE & 95 7 = — XM RER 2 E i

SHTWD 18,

SCY-635

Debio-025
Figure 2. Representative CyP inhibitors



RIRDAIIR L 13, Z D4 D58 Y RIREROLAE Y E A=A % BT 5. B35 BRR O L3RR
Wino ORIz L U, EIRORZRKAREROICEWDTERNGIRED | ~=v U R ZF AR
FZINDWAEYMHROERS, FIZITT 7 ARY R0F 71 AR LW o R mflFlL, %% —
LEOFR AR EFZ < OFAD LTSN TE Tz, £D#%, & M MRITIC X 2 ZAR72AI3IER 57
DOFE, HTS (High Throughput Screening) £4if. &5 WMI=a v F MU T I X U —OEARIT KD
I FRIBEF RIS R o o i R, Z< DRSS FEREGD BTSN DIZE -T2, L, IEFETIHK
5 F ORFEEERIOFE A FERE v, RS CIEEE L WABEEERIC K L THURZEX Y 7 ¢ & 2 AIZERT
JEDEEMENRIE L TN D,

AT, 5318 500 LAk 2000 AR DO Ty LG £\ D BTz e T U — S AERIC RS W THETER
ENTWD, P TALADIL AR T L HUROT T QR 2 Ot 5, & 287 BRI A ER O LS,
K F CIINEER BRI 202 2 2 & S OICHUREEDORBE TH 288 A RINPES = 2 F Oz
Th, AR TEESCHURESR IS LEMMER S D LB BN TS, PTH, RENZRHS LA
MThHDLREWE, 2=— 7 RAEIEEEZFE L TNDZ b, EERLABICB N THO THEHZED
TWb, LinL, RE—20LDIZHOWTRD & Bix RAEBEEEZ AT 2000 %< BRELE L
TER D ESRBRAEYEMEITER T 2REANRSIN D, F R AR KM &3 ENREY)
M TOMREL L. RIWZDO L O EEIET &3 2 DIIRERIGENRZ 0,

Z OffRiEE LT RRY) ORISR L5 EIRGBARENRT b D, — Bl a9 % & (Figure3) .
EHOIE LT IBERIGER T3 (BL7 27 7 Z8UE) (THN ORI W TERR KR T (7 F
V—z2ALTEY, ZOT THRREMEREERREANZ AR LA ) —= 271k & — NMed
¥ & LCTFR901379 Z FLH L7219, LU, FROO1379 IIHEFEIEME AR M k< | E-d@Ewm o
HEESE L TORBIINETH T2, 22T, RERMOBELEI AL T+ 252 LI2X 0, EREIEMHEA
N7 MVOIER, BEOEROERHICKIIL, I 77Xy @4 77 o 7—FK) % EfiT51

EoT,
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Figure 3. Examples of drug launched by structural transformation of natural product
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FH I EGRSUEE LT, LLFO OO HIEAFRE Lz, F—1x. KERYOEERIRHS A LD
L 722%4E72 FRO01459 58K G TVEDOMENL TH D, 5 1%, MPERRE OV HTAs & L COHH C Al
FFoeiRsE (CyP [LEA) ORI TH L, BIELT{LEMOT a7 7 AL E L CLLTFOEA Z%E L

7=

(1) CyP FLEANZ IS HFLHCV IEERE 1 THH = &
(2) EIHETEENMERNZ &
) MR EE IR T 5720, FEYEE (PK) NEEFTHDHZ &

4) B 2 RN &

ARG SIZE O Z £ & DT DT, FH—FE TiX FR901459 O 7 X BRERIL 2 R ZEH
TEXAFHARIEORBRRICONWT, B T EClE - O RIEE W TS S (L2212 X 5 B B s sl
L& ASP5286 DAIHICHOWT, £ LT, F 2 TITAMEES EDE VY ASP5286 (b 55 o

HHBRZE A L S ORI OV TR~ 5,
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B8 v — NMEAY FRO01459 OFfEE

ARG T3 (Bl 27 7 ZA8HK) ([ZBWTHHL CyP BRERIZAIE T 5720, FFEAFTET 5K
KN TAT TV —DAY ) —=2 T &N LTz, ZORER. EMHFlE LTambild CsA IZFEEL LT
1 % A5 5 R FRO01459 73 L X472 2D (Figure 4), CsA [Z%F L C FR901459 (X3 2D 7 X /i@
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Figure 4. Structures of FR901459 and CsA

BEFI D CyP BHEHRITH D CsA L DOLbigE B L L, FR901459 OHt HCV iEPES X OMa g il 4 %
FHMi L7z (Tablel), ZDfEHE, FRI01459 (X CsA KV HT HCV IGHEDLH) 2 {558 < . 2 2RHEATH D0
FEINHNENEITARY 12 ThoTo, LovL, KR E L TRAOZRGEMRENEZ R LTz, EIZT7 v MIBITS
OB TOPKRBREIT 72 L 2 A, FRI01459 OFE AWRILIEIZE L AR\ Z AV L=, £72, &
fREMERRBR ORE R, WAL 6.5 ug/mL L ARE T, WPERIC HIEEN &V FRI01459 HIADEIKM & LT
DOFAFIZNEETH D LR L7z, & LT, FRI01459 OFEINHIIETED S & 72 2K E L O 1k
SOVEMREHEE DA FIZ X 2 K BRE D SEITIT, FRI01459 OREEEMMANETHD L DB ZICE -T2, &

B ClE, Z OEOMRIIZ BT T2WFE D FEIZ OV TR B,



Table 1. Anti-HCV activity, immunosuppressive activity, pharmacokinetic properties, and aqueous solubility

) o ) o Rat PK, p.o. Aqueous
Anti-HCV activity Immunosuppressive activity .
Compound AUCo4p solubility JP2
ECso (ug/mL)?
ICso (ug/mL)° (ng-h/mL) %/F(%)¢ (ng/mL)®
CsA 0.44 0.010 NT NT
FR901459 0.096 0.026 140/4.3 6.5

2 Inhibitory effect of HCV subgenomic replicon replication in the presence of 5% fetal bovine serum (FBS).
b Inhibitory effect of concanavalin A (ConA)-induced proliferation of mouse splenocytes.

¢ Area under the plasma concentration versus time curve from time zero to 24 hours after dosing.

4 Absolute oral bioavailability.

¢Aqueous solubility in the Japanese Pharmacopoeia 2nd fluid for disintegration test (JP2: pH=6.8).



o H IRt

CSA IZDWT, CyP B L UNCN & OB EIRD X B daEE N e Sz 2, T72b b, CsA DD
TR REEIED 5 B I [MeBmt]', 207 [Abu]?, 10/ [MeLeu]', 1147 [MeVal]l''d %7 2/ iEFEFEIT
CyPZH#EG L, & 5IT, 4L [MeLeul*, SN [Val]’, 607 [MeLeuls, 74 [Ala]’®% 7 2 J EEFEFELIX CN 12
FEET D Iz (Figure5), 2D I &b, CyP EfEGT 27 X/ BRIRIEOLER T CyP L D
BAER EIC X0 BT HCV IEMEAH ESE, SBICON AT HT X BRRIEOZLRT CN & OB
PRI K0 B MHNEME AR T S8 2 2 LB ATRE TIEAR W E 2. CsA ORI SIS O FRM e fif
Mre F2hi Uiz, ZDOFERD FHE 1T CyP BLONCN & OFEA OB FREERIC B 530D T I /i ki [Sar]?
ORgERGEAL)S, HTLHCV {EEZ 7] B S B0 RBEMfiliEE AR T & 2 & W O MEEIGR 2 3L T, 3772
bhH, AFRIZENTE, U — FMeA%Th 5 FRIO14S9DINLT X/ FRFkHE [SarPloxt LIIEHHEE D&
AN X oERE Lz RE+o 2 & & L,

BEFD CsA FFEARDOGRIZIBWTIALT X/ B AFHBIR DA RIS STV D5 7180 L]
PEDORENE OB EFNIIEN ST 2, & 2T, FRIOI459D3NLT I/ FeFE i % 243 5 89 & ik o B
FIZAET LTz, CsA OINLT X/ FRFREEIZ D-MeAla ZE AT 5 Z L1 XY CyP ~OFFENR M L35 &
DFEN R Z FLIZ16 1718 0 FRO01459D3NL T X/ [R5 HIZ D-MeAla %3 A L 72 [D-MeAla]’-FR901459 % 5 Afi A2

e L CRE LT,

Cyclophilin-binding domain

Calcineurin-binding domain

CsA

Figure 5. Binding domains of CsA
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F=Hi FR901459 @ N,O— 7 I VRN SO T FE B U728l & ik OB %8 5 &t

FR901459D3L7 X / BRERIL[SarP OEMTFIEBAFEIZ M7z > T, CsA IZBWVTHE SN TWDH LT 2
J FEFEFMeBmt]' \Z81F 5 N,O— 7 VIV RSIZFE H Lz 29, 378b b, CsA 1T 7NICE Ruefx v
EE2FLTHRY, BT 5 Z L1280 [MeBmt]'\ZHB W THFHNN,O—T VAN OGN ET L, 77
UARTF R ERT 5 ZENWE SN TS, —J7, FRI01459TIE, CsA &ITER D [RIMRR LT X/
FRFRIEICINZ , LA L A=V RIEICO W THE R U EZ2H L TWAH Z Eonh, JFREAIZITIN, 207
W50 B-£ R BEHZBWT NO— 7 VIR UGS T3 2 ATRENEA 8 % (Scheme 1), 2. A LA
= USRI N O— T U NVERA G Z L Z 2 E N TENUL, E LT 7T F R ((LEaW) 7

LFEINDMBRAE (IbEW2) 73, 3L Sar &S 5 L CHEHELRGEPHEKIIRD LB AT,

N, O—acyl migration
at position 2
then Boc protection

N, O—acyl migration
at position 1
then Boc protection

FR901459

Scheme 1. Possible N, O —acyl migration of FR901459 at the amino acid residues 1 and 2.
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HUUET  FRO01459 (2812 207 2/ MR s IRA) N,O— 7 3 VBT S B 38

N,O— 7 VIV ST, BV D WEA LA = OIS BALICER X A2 357 3 iR
BWRAEGL_TTF REBUET 5210k, YT I/ BOT I EET I REGERKT 7 Vv
ENRBALIZERaR U EAGRAL L, O-XTTF K (FFVXTFR) 2HILHKIETHY . %< OWFZEHE
Bl e 2D 20, BHHALLUSIZ KV A LT O-XT'F Nk, WRARRISSRMT T 7 b T OMKIED
AIRE & 72 %, H, 7 X R G OBZIZITH LWISRIFER KB TH 572, NO— 7 2 /VERAL R T
BALICE Fuxihaf4 257 I /MR ZHE Y & T 5B0IRNT7F FEEHOMRE~LFET D
FHRFETHD 2,

FRO01459D3L 7 X / WA IE[SarPOZEHATFIEFARIC L2V . £7 CsA IZBWTHE SN TS N,O
— T YN RIS D&M ZEMAT 528 L Lz 2, T7bb, MsOH fFEF (54 &) A%/ — /Lt
PCISHENBGETT T2 Z & T, N,O— 7 VRN UGS DEIT 2 MR L7z, LasL. 2 ORALSUGERK
MIIARLETHY . BHEELSNHECH - To/od, A LT —fhT X/ % Boc ZETIR#EL THODHAEL 72
(Scheme2), 725, IMNaOH T71E FIZ BocO & FVWVEIRIZ TI4RERLEE L 72, T OREER, NO—7

SOVEENL SO DI2NE A L A = L TR B T U 7= AR el & I ER20% T 7=,

HO,
MsOH, MeOH, reflux, 15 h ,LJ\ .
H HN

then Boc,O, TMNaOH aq., 14 h

FR901459 (20%)

Scheme 2. N,O —acyl migration reaction of FR901459 in the presence of MsOH in methanol.

iR <, YrB X OULT 2/ B 7 T N,O— 7 S VEN SOL D EI T B Al et s - 72, L
MU, PARICK USSIEAC T R BRis FOBN AT L. AL T S BRFS L) & DU AE I8 5

ipote, ZOBRRMEOREIUL, BX O HFHAKZHEDFMAETHHATEDLEATND B, 720
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by L7 2 /RO Fu XU BB FPRKEMEICES T 5 2 & TILe B o o RIS

L. B D NO— T SV SOR D SOSEME T LTz S HEER SN D 29, ZORER. 20607 X/ WRgk
FEIZBNWTOHNO— 7 T VEN S N IEIRANCHETT LT £ B 2 TV D,

LB, BRIRTF R FRO01459D3NL T X/ BRI BT 2 B FIE A ML T 2 LT BB LY
LA LA = URRFEBRIIZ N,O— 7 Y VRN SUSSEATT 5 & W D IR EG D Z &M TE Iz, — T,
ARBUSDOUEIT20% IR E 0 . EEMLBRARBICH T 20MFEL T5121E. BRDNEOUEN NI
Tholz, £IZ T, WEN LEDOTEDITYERIEDERELIZET Lz, NO—7 VR RIGIEL, b
WIS L O OMICRE B L2 T L ZLAMESN TGS 39, L7edi> T, T3CHRICI VTR
b BRAFRINEPG LTS THF s UCRIR L, MUSK#Z EE L TR OFIE O R A MG L
72 (Table2), T 725, Hi7-IZ p-TsOH 33 LUV CSA, BLU3IMHCI (%54 &) #fL L CHW., THF
VB CISIERINBR T L7z, BOGtE, Eioin< | 1M NaOH 17/E FIZ BocoO & FVVERL L7-—#k T
X /% Boc FECIRE L T D HRBEL . HEENEZ RO, O/, ML/ T p-TsOH 23 ik b B
BF7RIER (63%) Z7s LTz, —J7 T MsOH (59%) <° CSA (56%) TI3F TURMELS, & HIZ3MHCI

TIE21% & BEE IR T Lic, M AR TIEWTILORAIC BN T B FEHIZERICTHA L TR Y |
F 7 AEE N Z FOSR A BRI X D R EO B THIE O S MEE G BTV 5, IR e
FETHDFIAE LT, ARKSFICREIEDBRAE T TNDHDOD, ZORIFEDH EABIED Y T 5729

HHBIEICB W TKBIZEFE Lm0 b b,

/a; \5\0” Acid, THF, reflux, 15 h
ZN Nl

i then Boc,0, 1M NaOH ag, 14 h
[ SV
*f% b
FR901459 1
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Table 2. Acid screening for the N, O —acyl migration reaction of FR901459

Entry  Acid (5eq.) 1:Yield (%)

1 MsOH 59
2 p-TsOH 63
3 CSA 56
4 3 M HCl 21

FRLRER S B LT p-TsOH Z W5 Z & T, WA BAFRIEEN G O 72D, IRITHEEEO i
#{b &7 572 (Table 3), 7205, NO—7 LV UG IZ BT O & 5% & LT dioxane,
MeOH, EtOH, IPA Z R L, OSSN F TZONELZRGF Lz, ZOfES, Eiko THF (63%)
(ZHEX| dioxane TIEL & ¥ RAFRIR (70%) THEMDGF O, —T7, 7/ 32— /LR TIEAOSIE
ML L, MeOH (25%) B L OVEtOH (42%). TPA (44%) TITWTFNHICRIFBTE KT Lz, W
NOFIZHENTHFEOEFIZR ONRNT L0 b @REO S fEEY OFEMABPER DK T2 -
T2EEBEZTND, ZRHDORERNG, ONAERBE & LT THF & %\ X dioxane %, gL LT p-TsOH % H
W5 ZET NO—T VN ROSIZE DS ALBE M OB OIE ZFHEEIZHBETE DL Z LW LN E

ol

FR901459 1
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Table 3. Solvent screening for the N, O —acyl migration reaction of FR901459

Entry Solvent 1:Yield (%)
1 THF 63
2 dioxane 70
3 MeOH 25
4 EtOH 42
5 IPA 44

3NLT X RIRAHEE O L 72D NO— T VIS AR T E 72 Z &2 b, FRI01459D 307 Sar 7% 4
% D-MeAla % B U 72 5FER4D G RICETF LTz, ZDOHHLV— b % Scheme3I1ZR"7, 7205, £
TTIRTF RThHEEWIE A X /7 —/L | IMNaOH TR F2RFRIAEE LT, Z ORGSR, MK
FORISBEGNHEIT L, SR T F R2DMMLERIN% THF H AL, IRWT, M%7 F KO [MeBmt]'D %
IWARFDNVIIZALT I /e LTA VA =0 Z2ifia Lic, $72bb, Y7 nnr A% H-Thr-OMe 1
gt % HOAt 77/E FIZC WSCD (2 X W =iE T, LSRG SEHEA Lz, ISR ZE BOHEE%, S50
FHARTTF RER#RT 2L ZOFEF Y/ an 2 & L TRA CSEFRMLER L. X 5|2 PANCS 12 &
LF AT LT E R IMHCIAERIC L D= R~ U opfifa i L TITS 2 LTk, 37 X /g
IEDIBPRE LT BIRARTTF R32457, ~7F R3X, 30T X /a2 T 5720 o i AT
%, {LEM3IE Fmoc-D-Me-Alanine D&, Ht < Fmoc 238 LA F /L AT )VEDRE ATV,
CH,CLH CTOBALIGHIZ & U [D-MeAla]?-FR901459 (4) % 8V =30% CT157=, N,0 —7 L /VER e —

DT FRT I TT —ay FEEZRFIUIZRE R, FRO01459D 3N 7 /i A B 52 LN Al REL 722
BIRTFIELTENL T HIENTEIZ, LIAT NMR T OR R, (LEWATH —Dar T xr A —va e h
THZENRBENT, BEOa T A= a REWTEH D FRI01459 & DL S, 3T I/ ik

FREA~DEHIELEANIC LD a7 4 A= g VB bR AE L EEZ TV D,
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Scheme 3. Synthesis of 4, [D-MeAla]>-FR901459

Reagents and conditions: (a) 1 M NaOH aq., MeOH, ice cooling, 90%; (b) Thr-OMe HCI, HOAt, WSCD, CHCl,,
then TFA, CH2Cly; (c) PhNCS, EtOAc, 1 M HCI aq. then PhNCS, EtOAc, 1 M HCI aq.; (d) Fmoc-NMe-D-Ala,
BOP-CI, CH2Cly, then 1 M NaOH agq., dioxane, then HOAt, WSCD, CH»Cl», 50 °C , 48% in 3 steps.

16



HIET  HLHCV {5 K O lE M O R RS R 72 5 NS B %2

B LTALE 4D in vitro HTHCV IEPEIL, real-time RT-PCR D% T HCV L 7' U =2 U ##% 50%
FET DA WIREZ ECsofE & LCHH L7z (Table 4), 377 X/ 5k L[ Sar RIS EH#a L 2 F7 7= 72
VN FRO01459 & b L, 3ALT X/ BB L7 D-MeAla ([ZZ8 L S 7oL A H4DH HCV IG1EIX, #9365 E5A
L7ze —J5, SR mmilEMEIC DUV TIEAI/3ITHES LTz, SEITIRR72ERIC, CsA OFFEICIHVW TN 2
J RIS DIRT X VIR~ T 5 Llc kD ar T x A—va UREE L, CyP & OBFIEDR
ERHESATVD 2, CsA &ITHERDMEZ AT 5 FRI01459(ICBWTH, DK I/ BRIRIEA~DE
BT HCV 1S M EIZEN T2 2 &b Rk a7 3 A= a VEEMEE 4B N THAE
C. CyP L OBRIMER M E Lz b D LRSS, S HIZ, FRI01459D3NE T X 7 Frk iLAIEHIC D (K7
L BEREAEANT D Z L TRIEFMBWERNME T2 & W0 O B R AN LN ERITIRE N, 3L
7 X BEFRIEIEL CyP & CON & OBERGEIRICALE T 5720, 3MA~OEHILOE AL CN & ORI % ik
C. ZOfERE U THREMBNEME AR L7 & Bbh b,

fbE4%, invitro HLHCV {EVED ] BTN A, B TH o I fofgmbiliE 2 & L7z, LasL, (kG
MAITEIRE U TR R MiER 267 5, Lo T, SEMilEEORBE AL 6725

WEEMPVETH D EE T,

Table 4. In vitro activity of FR901459 and 4, [D-MeAla]>-FR901459

Compound Anti-HCV activity ECso (ug/mL)? Immunosuppressive activity ICso (ug/mL)®
FR901459 0.096 0.026
4 0.038 0.070

2 Inhibitory effect of HCV subgenomic replicon replication by qRT-PCR.

® Inhibitory effect of concanavalin A (ConA)-induced proliferation of mouse splenocytes.
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FONHT AREOE LW

—ECIX T EHRRNTA T Z7 ) —DOR7 Y —=227 10 FLIH L 72 FRO01459 0 FRE 2 fili i L
CTNEMRRT 272012, FRO01459DHEIEZE I S QIR DA T $H 2 LR LTz, T72 5, FRI01459

BT D CyP MBS T 27 I/ Bk oG i bic X 250 HCV I&MEDm k., 36 L UVCN #%
BN T2 T X/ B EL OfE RO IC X 2 B MBliE R T Th 5, & 2 AT, EMiEE
BT DR ERLRICT HABETIE, 2RNRb AW AP L 72D, & 2 TERIL, RO » 5
EEBICRD L MNEFIEE LT, RSO H 5 FRI01459DF-E M FIEDOMENL 2 B LTz,
T2 H N0 =7 LUV RIZHE H L, FRO01459ICIB W T2 7 X/ BRI 72 7 7 T F K
bz Lz, SOICRISSRIFORBELEZ R L. BRI TT 7 VT F MEZ1F 2 SOSSME DB

(ZHE Uz, FEWNTL 3D T X R A BIEIC AT 2B TFIEEBRE T T 7T F R 1
(L7 X BRIRIL C R TD T 7 b DIIKRGIR, RNT, ECTA"TF K CRE~DULA LA = 5%
KEOFEN, 20O= R~ BRI LD N KN LD 2507 2/ BERORRE, SOICHHNLT 2/
g% 5E L LT Fmoc-NMe-D-Ala-OH D A, Fmoc Biffi#% D WSCD-HOAt JEIZ X 57 X RIEAG
IZ R D HERLEZ# D #HO G TREIZ L D . FRI0145970> 5 D3I T X/ ik I A D-MeAla ~ & &
#2172 [D-MeAla]’-FR901459 (4) D& AU H) U 7o, LG 4D A WTEPERTAM & V) | 307 D-MeAla K& #2113
invitro §it HCV iGPED W BTN 2 | R Th o 7o @ MmbiiE o4 6726 Lz, LasL, ka4l
IR E LTI B i ER 2 /R Lo 2 L b, B IHNETEOIR T & B8 L7 S & 7 D M A #i)3
MEETpoTe, WETIE, REMENEEOIR T2 B L2 7 2/ BRFR A O 8 7 28k LUV D it

IZDOWTIRR A,

.; !N/ N, O- acyl migration

O%[N\ H /L Rlng Opening
NN )KrN\gAN N\gA > Condensation
H ‘ | Edman
—_—

FR901459 3 4: [(D)-MeAla]*-FR901459

Figure 6. Synthesis of compound 4 ([D -MeAla]>-FR901459).
18



o BASSER LA WASPS2863 N ZF D AL A Y O RS TR EAHES

i G

BT\ T, FRIO1459D3AL T X/ FRFFANEHIT(R)- A F VA H A LT b5 4 (Figure7) O3KER
TEPEREAMG 22 & | Se e SNiE 1 2 B Es S B 2 MBEMENIA Sl ole, £ 2T, F—EE _{iTib~
7= CsA O X HRAE d AE ARAT 5 5L & BRI ON AE LA Y 3~ 24007 X IR A A4 5 Z L T,

CN ~Of§ G nEz J3iss S &, s EZ B4 2 LI Lz, AT, SLHCVIEED & 5
72 B0 LA R T S 720101E, CyP MG AICBIET 57 X MREOEHR L BE L E X MDA
OFH—E TR L7237 X BRFR A G RN A L7 3R 8K 2 7 A L. 2406 05 RIER %

WCEF LT,

Figure 7. Structure of compound 4
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%5 Hi FR901459 D 4B L34 (7 2 ) EECTCOEBIKOT VA L ARk
FRO01459D M3 L U344 L TOT I/ WEFR AR D& % Figure 812787, S TS ME DRI

ERFST D720, LT X IR B LT ALE!WT,8,9,102 7 1 > LIz, SbIZ, HLHCV iHFHE
D) b & S IHETEYEOARIR O WL A B L, 3rdks T O 7 X 7 BRFk L A R I AL L 7ok &6, 11,
12,13, 14, 152 7% 1 » L7z, W& T, 3027 X / BRFkAE % Sar FREDEE L, 407 I/ Wik %
FRO01459(Z .55 NMe-Leu 726, B L= T VLB 5\ T EER 42 H T 5 NMe-ChAla (LAY
7). NMe-lle ({bA#8). NMe-Chg (b 549). NMe-Phg ({LA#10) (A H LT=, —J5. #%& CTlix. 307
X BB A D-MeAla R ECHE L, 4627 2/ 5% AL % NMe-Thr (Me)({L&426). NMe-lle ({L-G#11),

NMe-Chg ({t. & #712). NMe-Phg (.- &4#13). NMe-Thr (‘Bu) ({5 #114). NMe-Thr (L AM15) T4 H# L T=,
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Figure 8. FR901459 O 4 it3s LU 3,4 17 X/ MR AR 8RO E—

T OFFEEMAIT Scheme 417 FT AL — MLV KLY, Thbb, F—E@ElEchiE L
Hf#A2 (Scheme 3) (ZxF L. Scheme 3IZFLHid 2 ARk & FERZR UG TR Z IV, <7 F R C K
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i L V3E DT R~ oA L CTIT D 2 & Ty LB K UMLT X Wi ROV 8RR 7 F 5%
IUHRA1% TR, 7T RSIL 3R L O T 2 Wik % R 5 720 OIEE P RATH 5, LIKIL,
LT I EFREE OE I L L NMe-Thr(Me) % A T 2t A6 DGR A BIZHRY fLdliT 2, T7bb,
TF RSO N R TH LA 2 FREOT I 7 HATR LT, 4627 I 7 ERFkH & LT Boc-NMe-
Thr(Me)-OH % WSCD-HOAt {2 THis &% . D N-Boc #k:% TFA |2 CTHiff# 7=, R\ T, 4 U7z NMe-
Thr(Me)?D k7 X 7 JEiZxt LT, 37 2 /& LT Fmoc-D-(Me)Ala-OH Z#i A4, & @ Fmoc 5535 X
OARTF R CRIBOUIA L A =V R ARE L TV D A TF LT AT ILOBREEFT, CH.CLH WSCD-
HOAt JEIZTERILT 5 Z & T(29%, 3-steps) . 3rds L UMALT X/ BRI 41E 4 NMe-DAla 3 L O NMe-
Thr(Me)~ZHa S N 7L A6 % I 11% T 7=, NMR fi#dT OfE R ALAW6ITH —~D a7 3 A— 3
VERTLIENTERINT, BEOar T A= a VIRGWTH D FRI1459E D LI |
FRO01459D 377X /)3 D-MeAla ~EEHLZFILIZ[(R)-DMeAla]’-FR901459 (4) & [FI4£RIZ FRO014591Z%f L T

AT F A= g OBENAELTZEEZ TS,
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FR901459 1

Scheme 4. Synthesis of 6

Reagents and conditions: (a) p-TsOH, THF, then Boc,0O, 63%; (b) 1 M NaOH aq., MeOH, ice cooling, 90%; (c)
Thr-OMe HCI, HOAt, WSCD, CHCl,, then TFA; (d) PhNCS, EtOAc, 1 MHCI aq. then PANCS, EtOAc, 1 M HCl
aq. then PhNCS, EtOAc, 1 M HCl aq., 41% in 2 steps; (¢) Boc-NMe-Thr(Me), HOAt, WSCD, EtOAc, ice cooling,
then TFA, CH,Cly, ice cooling, 53%; (f) Fmoc-NMe-D-Ala, BOP-CI, EtOAc then 1 M NaOH aq, dioxane, ice
cooling, 98%; (g) HOAt, WSCD, EtOAc, 56%.
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BE AR KU 34 (LT X BRI L D U — FMEE ORI & TN B 5

XU DI, 3T X/ RS A FRO01459 & A% Sar FRFEICFEE L. 40 NMe-Leu 7% O IETE M
B fas L7, Table SITRTERIC, KV &@EWEHILTH S NMe-ChAla FE~EHL L 72 LEWT T,
BT HCV 1H 1 2 HEEE L >0 i ME X FRO014590D1/3 & B ARICIRE L7=, KIZ B k%A 5 NMe-
e ZRFE~EHL L 7L EM8TIT, BUKRIR Z &S/ MiiE PRI IRI30M4K T L 72, NMe-Leu 785 & NMe-
e FRILDHEE G | S IMHENEEOAR TIZIZANL T X ) BEFREED B~ A TNV EOFHANEE TH D Z
ENRBEINT, WHERBEBIIRPATH L0, BAL~A TFVIEORIEIZ L 0 LEW6 L CN ORI TR
TRREDME LT, CN KT 2 BUFPENES L7 O TRV EHEZE LT 39, 2 2C, 40 B LT
WG RO 7 I BRI Z B AL, S IMHNEE~DOR R ZMGEE L T2, £ Ofi R, NMe-Chg 7%5LH
Z\WME NMe-Phg FREEDRRIZ B ALIZERIRMEEZ AT 27 IV BRELBEALZSLG b, s MX
ZTNZENRINN6E I ONBIEBFEITIKT Lz, DL DORERMNS, M7 2 BRFEEO B EREZ A
TO7 X BRIRIEOEAN, REMHETEEOFBERRERAE b b T 2 a2 R L, LU, Table5
WRTIEY | AT X BRERIR AR U TSR OPL HOV 1EME X, m T8 NMe-Chg 7% %2 3 51k
A970.063 pg/mL ([T E D, > — FLEW FRI01459 (0.096 pg/mL) & RIFEE ThH 7=, Lizdi-> T,

PLHCV {EMEIZOWTIE, E6RZUBEOLENS D B X T,
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Table 5. Anti-HCV activity and immunosuppressive activity of 7-10

Residue 4 Anti-HCV activity Immunosuppressive activity
Compound ) )
Side chain R ECso (ug/mL)? ICso (ug/mL)°

FR901459 Leu 0.096 0.026

7 ChAla 0.086 0.065

8 Ile 0.15 0.77

9 Chg 0.063 0.41

10 Phg 0.12 0.80

2 Inhibitory effect of HCV subgenomic replicon replication by qRT-PCR.

b Inhibitory effect of concanavalin A (ConA)-induced proliferation of mouse splenocytes.

AWFIETIL, BEICE—EICBWT, 37 X /R OFE L L TR)-A FNVEKEEAN LILEW4I
BT, FLHCV IEER EFT 50 HAEZGTND, £ T, 37 I B Z (LA RHE
72 D-MeAla FRFEICIEE L, 4027 X/ BRIRIEDOFELIT -7, ZOFETIEL, 4007 I/ FRFLILIT Table
5T/ L7 HEETEPEAR RS & [RIERIC B ALIZ 0 ikhiE 2 79 5 NMe-1le, NMe-Chg, NMe-Phg F&H: A48 A L |
Z O HCV IGTEICKI T 28 R A2 MEt Uiz, £ OFEH% Table 612777, OSSR, (LEMNRRTERIC
NMe-lle ~D B TIL, FERRBEHUICINTILT X/ BRFEHEDS Sar 75 CTdh 2/LA 8 (Table 5) & s
LC. #LHCV iHMEITKI3.8f% L5 L7z, [FAEKIZ NMe-Chg <° NMe-Phg 7 F~D EHA T H LA W12,

3IZBNTH ., INLZR)-ATFNEEGT HILEWAE L L LI2FE TIEPL HCV IR ENEI1.5

BB LORLAG LA Lz, ZhDDORRNG, B AIZHBRNE 2 AT D4007 X/ BRI IHEIRIZ B
25



TH, L7 I BFREEA~D(R)- A FIVIEDEADGT HCV IEED FH-%2 72 6T MR 2157,
P bDZ &t RFERO P CHIHWRIEMFTEEEZ A L, 2 OFL HCV BN & b i L& %

U— MMEEWITEIR L, BRI A& O 720 OFHli~ED 7,

Table 6. Anti-HCV activity and immunosuppressive activity of 11-13

Residue 4 Anti-HCV activity Immunosuppressive activity
Compound ) )
Side chain R ECso (ug/mL)? ICso (ug/mL)°
4 Leu 0.038 0.070
11 Ile 0.039 1.1
12 Chg 0.042 0.35
13 Phg 0.084 1.35

2 Inhibitory effect of HCV subgenomic replicon replication by qRT-PCR.

® Inhibitory effect of concanavalin A (ConA)-induced proliferation of mouse splenocytes.

FR901459 & T D720, 34, 4 (LB XML DT I/ Wik 42 L -REEW 4. 8. 1 D
PLHCV IEME, W%, PK 7’0 7 7 A V2B LTz, £ ORI A Table7 12”7, & HIZ, HLHCV {EME
IZOWTIEe Mg (HSA) KUETICEHME L7, b MITEICIET AT I v 2804 OX VX7 ENE
EFNTEY, A7V —=2 7L LTHWDH HCV IHHREIRICE MIEZRNT 22 L2k v W

B invivo N ETFHTHZENAREL D ENMBINLTWVAENLTHD ),
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Table 7. Anti-HCV activity (5%FBS/50%HSA), pharmacokinetic properties, and aqueous solubility

Anti-HCV activity Rat PK, p.o. Aqueous
Modified .
Compound - 5%FBS/50%HSA AUCn solubility JP2
position
ECso (ug/mL)? (ng-h/mL)"/F(%)° (ug/mL)¢
FR901459 None 0.096/3.7 140/4.3 6.5
4 3 position 0.038/0.35 4209/40 NT
8 4 position 0.15/2.0 111/2.1 0.2
1 3, 4 position 0.039/0.050 13297/49 <0.1

2 Inhibitory effect of HCV subgenomic replicon replication in the presence of 5% fetal bovine serum (FBS) or 50%
human serum albumin (HSA).

b Area under the plasma concentration versus time curve from time zero to 24 hours after dosing.

¢ Absolute oral bioavailability.

4 Aqueous solubility in the Japanese Pharmacopoeia 2nd fluid for disintegration test (JP2: pH=6.8).

RO K 9T, LT X BRFRFEIT(R)- A FVEEDN EHE S LT AL EW4Es L OME, WAL E FR901459
& el URIE 725t HCVIEED W EAGRO BTz, & 2 AT, CsA O X FEEMEATIC XV CsA Bl & 47
(5 NI ETohD CyP L DFRERRICEBNWTHE AL T A= a3 IR > TWDR, —FH T, 7T
2/ FRERELE D RICER LTz CsA FFERICB VT, {EEWHEIMEB LU CyP LFEEREO(LEmD =2
TAA—vaF—ETHEVIHIBR/MESNR TS 2, 2T, LA OWTH X B
BradTuy, ARG 57z FRO01459DREIEFHEIZ 3515 2 51 HCV iG] LD FHIZ -S> CREERI A A &
WEET 5 2 & & Uiz, 587208 5 FRI01459(C DU TIRHRIE S CHEE T RS R 2 15 TV 220y, (ke
IZOWTIE, (EAEMNEMB L CyP & OBERD X BAEEMITIZA Y L= (Figure 935 X O Figure
10), ZOFEE ALAYNEMD a7 3 A — a3 0E, CyP LFEAEDa Ly 7 3 A— a v Ll —
L7z (Figure 11), J§&#5 1213 FRO01459 AL EMN OFEIEE RO LLE 2 LB & 3508, 36T X/ ikl
DEHUZ L VLAPHEERICBOTHIEEa Y 7+ A=Y a VERINLARIC T v 7+ A —v 3 VinZfL
L7 EHER L T D, THE T/ OLATERRILH < £TXMEMEEORH L THY | Wik o=

VIF A= a ERBL TWANIEGRORIN D S, WK O 7 A— g OGS S WEE
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T 572 NMR % [l U723, FROOI4S9ODMAIE I W THEED a7 A—v a VIREWMTHDHD
WL ALEYNEHE—Da Ly 73 A—va b BHTH I ERB I, TNOOMREEEZD L.
(LAY LA EARICBWTHIEE Yy 7+ A—2 a AR, R L Tar 7+ A— g &4k

DTV —[EEENIE 720 | HLHCV {EMHEN M L L7z TIdmuV i EHEZRZ S LD,

Figure 10. Crystal structure of 11/cyclophilin complex
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Figure 11. Superimposed crystal structure of 11 in free and cyclophilin bound form (Green : Crystal structure of
11, Purple: Crystal structure of 11 / cyclophilin complex

HSA WIS T CTOHL HCV IEMEDFHIOFE R, FR01459, {LEM45 L U8IZHB W TiE, HLHCV IE
PERBEE IR T4 2 OISk L, HSA BN LA TIAEEME T LTV aanZ &b, K0 iEJ)
73 in vivo FEN IR S 7 (Table 7).

—MRIZEm D T RIEEIT, EROWRINETH D Z ERHME SN TWD ¥, SFEB R E <)
DERATTF M B 72D FRIOI459FHENMRZ AW D ARBFSEIC IV T, FHNTRE 0 I 2 R
LIENEETHD, SHIT, VA NVRTHT DEFIRIECIBN T, HuU A v ZAA|O ML PR AR+47
T D&MD A VA D HBUBEEE DS — I EEIC 72 D 72 W FEY PR E ORMER A EE L 72 D 3,
= 2B ToH % FRI0145936 L UMNLY X/ FRFRILZZHAASTIR, 7 v b PK AR D Z 1 & DAY
FIRIHEE (F) X, 2NEN43% B L 0.1%E F LAKMETH -7 (Table 7)., —F4., 307 I/ Weikks
ZEHRATS JOB, 4N X BRI HVAIL TIR, 2 N40%36 K UM% & BAF/e FiEZ R~ 2 L 3oy
Moloe INEEBUIZ KD RARMMENSFE LIZER & LT, a7+ A—va VB K 550 FRKE
T e DK DD TIIARWNLHERL TWD, 7205, 5 FRKER-E OERICE > T, fthom
W7 S MRS ICHDR T DR E 2 e L, R L L TRARIER M E L7 B2 b D,

— A EREE DL ST E N THT T 5720, HEE D DI S EES 720 | 43 723K
MISHREDEFIZE L RWEENH D 3, £ 2T, IBE pH MITiZis T 2 bA W1 OB 258 L
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7o RHEORER, LA OFEMEIE13<0.1 pg/mL & LKA TH 72 (Table7), ZDOZ &b, LA
YN &2 RREMEAET5 2 L 2ka L, LavL, BAFARH HCV iEMAA L, & SIC# 0
IZENTNDZ ED, 2D EREFELOOEWVKESEZHT 5B LEHOTEEZ BEL T, Bkb

REIEZE A 2 S L7,
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HIUE U — MEAMORE L J7etE X OBl R i b &% ASP5286 DA

— Iz, ALEMDONREMEEIR T T 5 Z IZ LV KEEDOYGREIZEN L 2 L Rmb TR 9, £<
DOREEEMET X /B DR SN 2EEPIIZIB T, EOREEMEOIRREN LI & Bbitlc, Lo,
NEAMEARR A B B9 & 3 DR OB AT, — 7 TEER & OBUKRY 28 BAEH OG5 1IR3 5 FEe
TEMEDIK TROPOE R M OIK FICER T 2R OWINEDIKR T 72692 ENM 6TV D 37, FEERIZ CsA
IZBEWTH, D FA~OmMEEOFANIHHCV EHEEZ K& IR TS EZ 39, Led-> T, FEEEMES
K OMEFE M 2 HERE U 722 D IRIEMEZ B9~ 5 72121, FEl72 SAR ORFRMETH D, H _FHH
THICHB VTR LTz FRO01459D 7 X/ sk S 283 5 Fik % FIV T FRO014595% 5K D AREEME 4 7
L, HINEM L BOEMME AR DR B AREME 2 T~ < FERG RO % BE L7,

RIFIICIWT, B ALICEREA AT 57 IV BEArT 2  BRERICE AT 5 2 &I X 0 S mslg
MPMME T 2R L, T2 CTHMEETHLIE R v L BIICHTLH T I/ BEELE LA L
F=UIER LT, T78bb, ALA=rOx—T7 VEBEOIREMELZFEMICIE T 2281k, &
P & PEEME R L DD, KBEMNREETE 20 TIERWNEB X T-bITTH 5,

Table 8(Z, 407 X /J BRIk IL 2 A L A = R~ & 22 HA U T AL B W DTG MR O RTAfh G R 42 7= 97, 4L
Ile # Thr(Bu)lZiE# L 7= LA %141%, 0.030 ug/mL E{EA#11 (0.039 pg/mL) (2 2 8\ HL HCV (5% %
RLUTED, BMREEEIE<0.1 pg/mL EdE LR o7, £ 2T, Bu = —7 /UEE L D & HITEMBIED 2 F
b T—T WG & £ The(Me)lZE#L L 7L B ez ik L7z, £ DOfs R, baelE. 0.040 pg/mL &1k
A1 (0.039 ug/mL) & FIFEE DOFRWHT HCV IGEZE /R L, S HICTPAEE Y & O IZ117 ug/mL & T
FILWES NI, £ T e RaX v A TR VA = VA A EH T 2bAWISERGE LT & 25,
>122 pg/mL & & B BAFRIEIRE 2R LT, {LEWets L TNSIZH W T, BRREESUE L E RO —>
& U THRIEME DRI E 2 L5 0y, ZHUE EDBRIMZREEDFEMII A TH S, & 2 AT, mifinfk
BN O X BFERE TR L2 Y | 407 I 7 BRFRIEIL CyP & OfE A8 & XL 727 T oo+ Dot
K& <RV LTV D, (LEW6R L TUISIZ, NMR T L v ibAHI L EHElO a7 4 A— =
VERD I ENRBINTEY ., LA L [FERICALT X BRFEILDY CyP & OfE & & 13BN 7L

BEIZH DO, PLHCVIEMEZ U o T2 B X TWD, Lhbk, 467 I 7 BRsk STkt L TBUKMED
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AVFA = UFFERAEANT S 2 LT, MePt HCV IEMEEHERF LoD, IWEOUELZXND Z &%
R L7,

7 v MZBIT 5 PK BROFER, {LAW145 L O6DAEWZHFIAE (F) ZNE74%3 L UB36% &
B Ot 2R Uiz, =Tk Fex a4 5EMWI50 FI332%L 6L A% TH 723, ©
DI HFIREEIES681 ngh/mL &, LEW6DIINBETIKTT 52 &niminole, T, B Fexviks
BALTEZ I X 2BEEZEMEDIR TR TIEARW N EHERZE L TV 5,

VA b, 4fr7 X i O IE 2R 3E \CAH LT/ R . RS L O ENRE 7 e 7 7 A LR & <
BGETH 2 ERH LN oo, WNRZ D & B & RS L O NI D NL A2 X% BT, 447
TR BRI B T DR OFE N AN T o 7o, AFEART | ALEW6ILiR ) /bt HCV {EM: & 550
FEIHITEEEZ A L. DRI ZRKEME SR ORINMEEZERTETNDZ 06, REEMELED

ASP5286 & LT W 7 B i KR ERFHIRRER ~ LD D Z & & LT,

32



Table 8. Anti-HCV activity (5%FBS/50%HSA), immunosuppressive activity, pharmacokinetic properties, and

aqueous solubility

o | o
o N—
N 0 /4
IS Y:
wON N
H \
) Anti-HCV activity ~ Immunosuppre Rat PK, p.o. Aqueous
Residue 4 ) o .
Compound ) ) 5%FBS/50%HSA ssive activity AUCop ¢ solubility JP2
Side chain R
ECso (ug/mL)? ICso (ug/mL)®  (ng-h/mL)/F(%)? (ug/mL)®
1 Ile 0.039/0.050 1.1 13297/49 <0.1
14 Thr('Bu) 0.030/0.11 1.6 9451/74 <0.1
6 Thr(Me) 0.040/0.061 0.97 16082/36 117
15 Thr 0.061/0.086 1.9 5681/32 >122

2 Inhibitory effect of HCV subgenomic replicon replication in the presence of 5% fetal bovine serum (FBS) or 50%
human serum albumin (HSA).

® Inhibitory effect of concanavalin A (ConA)-induced proliferation of mouse splenocytes.

¢ Area under the plasma concentration versus time curve from time zero to 24 hours after dosing.

d Absolute oral bioavailability.

¢ Aqueous solubility in the Japanese Pharmacopoeia 2nd fluid for disintegration test (JP2: pH=6.8).
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PAE  BAFSEEMI LAY ASP5286 0D i YR ETAMAS

EHE AL BATE IZ B TR L 72k B & B IRRRBR i, AR BRICE W CEE T T L

DI A NAMEA OB UIATH D, LOXLHCVIXE b &EFUNr D—Z UEGRE L7222,

PERFGIFAMIIL B D N— KA BB -T2, L, HCV ERX 2 T~ 7 AT A0 EIR S ., £<
DHLHCV FNZDWT, YRIRBET VA Wy A VATEERHMEAEBL L Tnd 39, FH S, AE
TV % W TR AL A TH 5 ASP52860 in vivo HiL HCV M FHM L 7=, % OfiH % Figure 12
(297, ASP5286% #% 4% 5-12C3.75,7.5, 15,30 mg/kg D58 T14H B EH G L7, ASP52861%. 30
mg/kg HEFIZIRBNTHLH O HCV &AM RFLL T £ TR T S, BAZE7R in vivo T HCV IEMHEZ R L
oo BT, RTA U F =Tz (PeglFN) & OFFHIZIBW T, 15 mgkg T GHEZIHB T H ASP5286
HANC I 530 mgkg #51F E %L BICiA o HCV B2 ET S8, ZhbORiE» DL, ASP5286

1L, HAIF LU PeglEN & OOFHE G- OWT O FMHFIZB N TS, invivo IZIB W T ) 7251 HCV /EH %

R E DR E T,
A Treatment " B Treatment 4
1- 14
@ = @ =
g2k g2k
588 538
g ® o g 6o
=a @ -]
Ege -
>9 = >0 g
E o E o
28 23
'4 Ll T 1 '4 T T 1
0 7 14 21 0 7 14 21
(Baseline) Day (Baseline) Day
- Control -0~ Control
# ASP5286 3.75 mglkg < PeglFN alone
- ASP5286 7.5 mg/kg @ Peg-IFN + ASP5286 3.75 mg/kg
& ASP5286 15 mg/kg #* Peg-IFN + ASP5286 7.5 mg/kg
¥ ASP5286 30 mg/kg # Peg-IFN + ASP5286 15 mg/kg

2 ASP5286 was administered to chimeric mice by oral gavage twice a day for 14 days (Days 0—13) with or without
peginterferon alfa-2a (PeglFN) at 10 pg/kg subcutaneously twice a week. The last dose was followed by a 7-day
follow-up period with no drug administration. Blood samples were collected on Days 0, 3, 7, 14, and 21. Serum
HCV RNA levels were measured, and changes from baseline (Day 0) were determined. Each data point represents
group mean = standard error. Animal number is 5 for PegIFN + ASP5286 7.5 mg/kg and PeglFN + ASP5286 15
mg/kg groups, respectively and the others are 6.

Figure 12. Antiviral effects of ASP5286 (6) for genotype 1b HCV in chimeric mice with humanized liver, A)
monotherapy, B) Combination with Peg-IFN.
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BAHT KEOE LD

FR901459 @ 3 fif. D-MeAla JEE#HUA 41X, HTHCVIEMER T E L7 b DD KIKE L THR 172 )% i1
FNEPEZ 7R LTz, X Bk IS MR ORGSR 2 2, CN FES IS T2 4 (27 X/ ik s 2 A H T
52 & T, ON ~OfSEBMMEZ 58 S, REIMHIEEZ IR TE 5 &2, £ TEHRIL, H—
BEOPEMTFELTEMN L CIMATANLOT I BRI % R T & 5 5 REDBJE TS LT,
ZL T 3N KR ANLDT I/ Bk CotE ot 782 i L7/ R, PLHCV IEERm EL, &6
(AR ENHITE AN G L7 k&8 11 & R LT, & B AL AW B AF 7288 D W % 7~ L 7= (Figure
13), L)L, (LB 11 IFEOKEMETH > 7272012, RIDKEMEOUEEZ B E LT ka1 OFE 2R
DREEROEIL 2 T o7z, bbb, PAICERELAT L7 IV BEELZA LD bKEMEN IR T
DA VA= URFERICHE A UG Z i Lo, TORIR. 7 HCV {EME & BATF 7228

ZAREF L7220 B KIEME DS K 12 28 S 7= BB Etiif b &% ASP5286 O AIRUZRkTh L7z,

(o]
oW 34
oM /4 \ i> 4uH \ o N- /k . \
[ B, TSR T SR
NN N - gy
Py *r*fx ASAPE G
4 6: ASP5286
$AHCV (5%FBS/50%HSA) ECy, = 0.038/0.35 pg/ml ECq, = 0.039/0.050 pg/mL ECq = 0.040/0.061 pg/mL
GBI FLE M ICyp = 0.070 pg/mL ICs = 1.1 pg/mL ICg0 =0.97 ng/mL
KBt NT <0.1 pg/mL 117 pg/mL
Rat PK, p.o. F 40% 49% 36%

Figure 13. Discovery of devevelopment candidate ASP5286
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%= Bioconversionih & A7) 5 AIH L 72 BRI LA W3210 DN Z O JE 0 LA W) OREETE A BY

¥ ASP5286 DOFfRE L H#t

S

T2 K 91T, D DAAs Z BB DRI AR 7 T VRED C BT R OIERERIE & 72 -
TV, LML, AFETFMAEHE T, ERRF LOREIQRPEL Lo T DH, 20, HiEa R
N OAEIEAN, BBl C AT RIGHIEI RO i 2 BEAR B D—> & 72> TS, ASP5286 DIUEIZITZ
TREZETLHZ NG, filEa X MNIEAIZR DL Z EBNEEI N, SRERLEBLZED 2 L CTifE s
ROLAREMENDH D LB X, I TERIT, BT THRKATREZRH RO LE 9 O BR%E & Gl L
7

L, B RITBW T, X MR RAEERITIC K D CsA OREFHRICIES X | FR01459 OETEM:
BT FE 24T 272, £ L C CN KA EMNL EFEAEMN T2 4607 X /7 B AL DB HUT X 0 So e IniliE 1 2
B TE L2 ez AL, UL, 4607 2/ IRILOZEWIIE, BRIRANTTF ROBBRKIG~T T
NROT 77 —varkhd, ZTREZETLIHEPLETHY | fiEa 2 FORARMSCEIINE & Eb
Nic, £IT, 4007 2 IO 2 R L, SR MbiliErE 259 T & 2872 eif SR OB % 2 51
] U 7=, AR oo 4n < | S ge MliE T ORI 1E CON & O BRI OIS A2 Td 5, L7223 > T ,FR901459
DIEEIZIT D CN FEAEAL 2 FREEPRR L7z,

FR901459 Ol b, BHILFEMA vRe 72L& LT, B Fr % ROFE/EICI L TE# T
ED UMK 20T XV BIRER DD, LinL, ZbiEnTnd CyP AL TH Y | S Il
AR C & B AT IRV & B 2 BT, (Figure 14),

Cyclophilin-binding domain

Calcineurin-binding domain

Figure 14. Binding domains of FR901459
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ZZT AR LA Fa =D a NIER L, " A3 "=V a Tl b Fedog
MEDEREE ST ET 22 ERFRETH D, HEFICER ¥ (BL7 A7 7 283) 1, {LA&HO
Bex ozt Faxifbd 24 Farn_"—2 g O 2{#A L THY ., Lentzeasp. 7887 &9
i & 180g ¢ FRO01459 (2 X B /31 A /8— g U DOFER Figure 15 (LS 2 R THEEOE P

FR (LAWY 16-22) ZHEEL TN 5 40,

R2
Bioconversion
>

Lentzea sp.7887

FR901459 (1)

Compound | 16 17 18 19 20 21 22

Ry OH H H H OH | OH | OH
Rz H OH H H H OH H
R; H H OH H OH H H
R4 H H H OH H H OH

Yield (%) | 6.2 | 28.0 5.6 2.6 2.6 17.0 | 4.6

Figure 15. Structures of bioconversion products (Compounds 16-22)

= RMbEME LT, 9ALT 2 J BEFEE [ MeLeu]® OKGG Me 23t R i1 b XA 17 i
W7z, 171F, — T A a3—AZHLTWDLTH, MO 5D kT /v a— v & OLFERISNED 7D
WFFCE D B AT, £IZFRI01459 706 DAEFEZNFR L0 9 mUCEBWV TS 17 DILERIT 28% L ik b <
g 2 A SN, S5, 17D FaxALEMLCTH D INLT 2/ ik kkix, CyP B &
O'CN & O ESEH OB BEEUNLE T 2720, REIMHEEORIN S T 5 LB 29, FEBRIC
LG 17T ORBMFENENEIX 0.28 pg/mL & 585< . 9NLT X/ IRFEFE A~ ORI OB A DM flE PE D
KTE2b7e6TZ ENREINL7 (Table9),

Table 9. in vitro activity of FR901459 and 17
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Anti-HCV activity Immunosuppressive activity 1Csg

Compound
ECso (ug/mL)? (ng/mL)°
FR901459 0.096 0.026
17 0.85 0.28

2 Inhibitory effect of HCV subgenomic replicon replication by qRT-PCR.

b Inhibitory effect of concanavalin A (ConA)-induced proliferation of mouse splenocytes.

LIk, FR901459 DA F a3 nN—2 g ARE WD Z &K 0, EmbliEEoR T 28Tt 2%
CNFEAEMLIZ, B e ENEASINIALEW 1T ZBUGT 2 2 N TE T2, S HIT, ALFEMD A
RREREL LT FeXx A2 75 17 2 ESIC L CABREBMEZITY 2 & C, A LETEMILEY
DEMMNATREIC 2D Z LIRSz, 2R RO T, H _HROEEMLMEMILEM ORI I ET

L7,
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% FR901459 D 9B L N3,9 (iT 2 IR CTOLEHUKDOT I A o L ER%

FRO01459D9 3 L UB NI CTOT X/ IR AR OHEIE % Figure 1612777, 2 = FH—Hi Tk~
72189 5 =5 A BT TR DM G R AT REZR 5 RO E I MMEMI L A ORI TH D, Z DT,
HITRETHERARIEEMTENT ILE DD, T I/ BEEIZONTIL, — T va—rah
TOHUINOE LR THMARETH D Z & AR, LT I BRI EZ A3 27 I UFER (k
BW23) BLOBNAAREAIVFHEEKR ((LAW24, 25,26) 2TV A > Lz, Mz T, PLHCV &M E
BEERLT B T2 OITIE, ONLD Zx 72 & CyP fEGHNLIC BIE T 5307 X/ BRrkde b [RIRGIC 2 #d™ 2 03208
bbHEB T, FITRTERTRELWVOIBLEDD, 3T IR IEIIAN AT VILICEE L, LT 2/ g
FRIICHMER 2B A U727 R VUBER ((BEW31,32) BRI A NEA VFEER (bE129,30) %27

A LT,

Figure 16. FRO01459D 9N 53 L UB,9 (i 7 2/ BRFRIELFHEAROMEE %
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{bEW231%. LLTFICRT HiEZHWTAERM LT (Schemes), {b&EMTEZY 7 anm A% NCS &
BwNCl1 f#7E FC TEMPO &k N K VLT 2V BRFRIEIZBWTT LT e RE LR, SHltv s

1 A A 2 H NaBH(OAc): & W= U R Y o EDRETHT 2 /402 X 0 23%U0R51% T2,

Scheme 5. Synthesis of 23

Reagents and conditions: (a) TEMPO, NCS, BusNCI, CHCla, rt, 9%; (b) morpholine, NaBH(OAc)3, CH2Cl, 1t,
51%.

{bE¥24-260%, LLTICRTAL— MLV AR L7z (Scheme6), {LEWNT2 T 7 anr XK L Hia-
nitrophenyl chloroformate % FIV N CUL T 7% TIEME VAR F— h & LTtk IGHED VAR — Mk L T7 2
VELTENARY CEERAISED Z LTV 2EIETI% T2, 255K 0261%, 2405 kL [RARITTEME

HIVR T — MU TS T A7 IV FHB R EH S A2 TH LT,
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G
N
HO HNT S ‘ OH
Lo O ~ | 0 A
N

O\ ~
Tow 7148
WYY

17 24: 25: 26:

Scheme 6. Synthesis of 24-26
Reagents and conditions: (a) 24: 4-nitrophenyl chloroformate, CH>Cl, 1t, 77%; (b) morpholine, 1t, 73%; 25 and 26

were synthesized in a similar manner to 24.

RT3 KONNLT X FeFk i & [RIRFIZ 848 L 7oA B O G LB H OG22 Bia Lz, 307IZ
EHIL AT LAV OIAMED S WA FIELBIFET 5128725 T, Seebach 51T &V #HE STV
% CsA @ C-alkyl fLENIZHE B L7z *, Seebach &% CsA 12k} L TH~x Z2sREB7HIZHNHZ LT, 3
MICEHIEAEATE L ZE2WE LTS, CA LIEAWITTIEN-Me 7 X /B0, BLOE Fr
F VOB R > TWDA, 33 Seebach & [RIERD SRS DMEAWNTITEIE AT RED DR 21T -
77

EEELTAEPITE T RrX v A F xR LN EMEREAME 5 2, BRUE 351k
B ESEDIZE LR D -T2 (Datanotshown), = Z T, {LEWNTOWEMET 2 OB E ST 72D, —
IEEWITOE R X Eaf# 452 L L L7z (Scheme 7), 7 un XX SiET TBSCl & A 2
E—=Na NS Z LT, LB LU I BFREO B R U ENEINIC TBS TRz
EEY2T 2 IRIT% TRz, 7 F U FHR T ALEW2TD THF HKIZk L T-60°C (2T 8F&ED
LHMDS Z iz, FHEEIC CQRFEIER S, £O%ATHRVLT VT v Re iz TLHRE2NT To°C %
TIRAZIZHIRT 52 LT, 37 X/ BRI B O TR E Fa o XA F U ERET Lz, 5o

PSR H T 2RI 2T NV F ALRISIZI T DALE, 36 Z OSLAERIEIZ SV TOFEM 7R B 42
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FWNEETIIH D28, ALEYTOE Fr U e i L7 2 & T, CsA IZ3B T Seebach (2 V) MiFT S
TR EFARORERDBE O NI E B X T\ D, 3T X/ BREREMSHICAE Uc e Rk v % CH.CLH!
KT Meerwein i3 C2SIFRIBUS S D 2 & TAF/HALZEITV, WV TIMHCL TIURFHEAEE S 5 Z &
IZ &Y TBS OBR#EZ 1TV, (LEW28% ILH64% THTo, {LE281%, 3, LT X/ Bepk s 2
L720DEFHRTH D, (LEW2BIZH N T, HNEICL DGR INTAbEHmE DAY b LT —

HEEE L., TN F 2 /95 Z & 2R Lz (W02008/139986)

Scheme 7. Synthesis of 28
Reagents and conditions: (a) TBSCI, imidazole, DMF, 1t, 97%; (b) LHMDS, THF, paraformaldehyde, -60°C to 0°C,
44%:; (c) Me3OBFa, 1,8-bis(dimethylamino)naphthalene, CH>Cl,, ice cooling, then 1 M HCl aq., MeOH, rt, 64%.

(EAH29-301X L F ISR T 4 O TAR LT (Scheme8), SLE T CTH 2285 ki T2 mr
A # Hi4-nitropheyl chloroformate (2 2 0 UXEE84% TIH M VAR F— h & L7, #el T DMF HiEME D
JLARF— Rzt LTT 2 > & L T(R)-2-(methoxymethyl)morpholine % {EF &85 Z L 12 K 0 30% I

72% C1572,291%. 30 & [FIRRICTEME D VAR — M L CRIST 27 L U A2EH S D Z & TRk LT,
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T *ﬁf j ?L

Scheme 8. Synthesis of 29-30
(a) 30: 4-nitropheyl chloroformate, CH»Cly, ice cooling, 84% then (R)-2-(methoxymethyl)morpholine, DMF, rt,

72%; 29 was synthesized in a similar manner to 30.

IbEW31-321%. LTI RTHEZHWTCER L7 (Scheme 9), @284y 7 oo A &2 i,
NCS & BuNCI f77E F CTTEMPO BA{EIZ X W ILH50% TT /LT & K& L=t il > C DMF # NaBH(OAc);
EHAWTEETHNT 2 ABIC L0 25 UES9% TH -, 1L, R0AKE RRICT VT b Rk L Txbis

TOHT I VHEREREEHNESED Z L TEK LT,

28 31: 32:

Scheme 9. Synthesis of 31 and 32
Reagents and conditions: 32: (a) TEMPO, NCS, BusNCl, CHCly, rt, 50 %; (b) 2,2-bis(methoxymethyl)morpholine
hydrochloride, NaBH(OAc)3;, CH2Cly, 1t, 59%; 31 was synthesized in a similar manner to 32.
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BE ONAEHB K UN39 ALY X BRFR AR KT K 2 BRI LA 32 DA

FHICTHRAZEY |, FBEEOBML, BTENOZCA K ATRE R R OB LAY ORIRLT
o, TOED, FHEORRIZIBNTT, TRENEW L2 QI LEAREREZTo 72, S6h
TeFHBIRDOGINEZ TN T D 7201, Je T 90T I 7 FRFRIE O 2D Sy S M~ BT T30 5 & feet
L7z (Table 10), A F 3 N\—V g AR VFELNATALEY 17 O—T Va— L&z iERic LT, &
AR ) EEHANLLEZA, ST AW 23 Tix, LA 17 L ik L THHCV M3 4 15 k
FALebOO, {LEW 17 L0 bAREMBETEERIER L T LE o7, IRICHANEANVEEZBEANL 24k
B 24 TIX, BT HCV IEMEITA 9 5 LA L. BBRIRW 2 &R msiErEI TR 13 [R5 2 &0
fifolz, IHIT, EEHO AN NEA NWEELEANLIALAEY 25 TH, FLHCV IHEERKI 9 fF EH- L, &
FEMHITEE A 13 IR T Le, —77, EMEEZ AT 2 6T D aFE 26 T, HTHCV {EEIMES
Y24 X025 S LTI T L7y, SeE s b a4 17 &k LT 1/7 & RIEICHEEE 5
T LTI LT, PLEDFERD G 9 L ~D I L8 A LSO A, FLHCV iM% ) E L oofE
PTHEHEZ R TS EL2DOICHAERETHDL T LB ol

PR AFTHIRARZHEY | HCV in vivo FHIliRIZ HCV X A T v UV AET VDHTHY | <D
EED in vivo 7l & Efi 5 DIZNEETH 7=, £ 2T, HES invivo TOERZ TR D720,
HSA IRINZAE TIZHHCV fEMEZ Rl L7z 9, &b AL bEW243 L U250 HT HCV {EMEIE, HSA @
BIMMGEHET TR BRIVOITIK T Lz, in vivo TOIRT) 70380 % B 7 LT, HSA RO EEZ 21T 73
WM T 0 T 7 AN HEMORIMNLATH D, £ 2T, BifF7eHt HCV {EVE & 59 22 o
TEMEZORFF L2 E £, HSA ININSAE T COH HCV {EMEZ M L& 5720, B DMEOR#ELZ1T 9

N DY el
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Table 10. Anti-HCV activity and immunosuppressive activity of 23-26

Anti-HCV activity Immunosuppressive

Compound R 5%FBS/50%HSA activity
ECso (ug/mL)* ICso (ug/mL)°
17 HO—- 0.85/2.4 0.28
23 O 0.22/N.T. © 0.12

24 O«io” 0.099/0.56 0.92
25 /OV\NJLO/' 0.097/0.55 0.75

26 0.16/0.22 1.9

2 Inhibitory effect of HCV subgenomic replicon (#50-1) replication in the presence of 5% fetal bovine serum (FBS)
or 50% human serum albumin (HSA).
b Inhibitory effect of concanavalin A (ConA)-induced proliferation of mouse splenocytes.

¢N.T. = not tested.

TR IR A | FEMAR BRI R TH L0, LT X BRI A~ D(R)- A FIOVEEOE A TIL,
HSA I FICH HCV iEHEZ I U2V 2 L 2R L TW5D, Z O REAZESE 2 T, SZEmMElErE (KT

WZINZ., HSA BN FTOHLHCV {EEDm E2 B L. 3B L UOINLOT I/ Rk % [FIRFIC 2
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LG ol ity 52 2 L & Ui, 722 L, ABOHIE, IR CH R TRER it &M DAl
BThHZLinh, LT I BRI E U CIE TR CEMARER A ¥ v AT AVRICEET 2 L &
L7co RIS, LT X/ FRFkFEIZ DWW TUE, Table 10T/ L2 fEETEMMBA A HARIC, 7 I, BXOD
WNEANFEEEZGHK L, €O HCV &M K OREIsiiEE~DMRE BT T o2 L & L,

Table 11 (2, 317 X/ ERFRILOEHILE A N F 2 A FOVIICEE L, 9 M2 A LIALE ORI
fR 2R, INLIZESHD ANV ANEA NI E /T 5068 29 13, HSA RIS T I3V T 0.097 pg/mL
EFRITI P HCOV IEMEZ R LT, E72, LA 30 13 HSA RINC X 0 BT HCV IEMEIZIZIFIR T 0.064
pg/mL & E HIZHRABRPLHCV IEHAZ /R LTz, Eo, LA 301X, 0.88 pg/mL & FEF I FI\ o0z JfiTE
MERL, BT a 7 7 A V&N LT,

EZAT, H 1 EBIUH 2 EIZBWT 3 MICEHRELALEAT 5 Z LI X0 SEmbiEEME T3
HZEEMER LTS, 012 pg/mL & 58 22 MGG E L A9 27 X 358K 23 (Table 10) D%
IHNEE DR Z BAZ, 3627 X/ RO ERILE X R A F R L LIcAbEa 31 28R LT,
ZOFER. HSA I TIZB W T, LA 31 OFL HCV IEMEIX 0.25 pg/mL & 855 L7272, &
FINEPE DT ~EED I o 7o, VTS 32 Tix . HSA RIS T2 281 HCV 15T 0.10
pg/mL EFRATHY . S HITHIFFE D ITAFHEEO Tl & 539V miiE 1 (1.7 pg/mL) Z7R L7z,
SR 7251 HCV IEPEIZINA, @V in vivo SERISIF TE 27 0 7 7 A VA FER(LED 30 B L0 32

M L7272, BARBEMbawREOID, 2 b DIEWE S 572 2 FFHIRHEIC AT L7z,
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Table 11. Anti-HCV activity and immunosuppressive activity of 29—32

Anti-HCV activity Immunosuppressive
Compound R 10%FBS/50%HSA activity
ECso (ug/mL)? ICso (ug/mL)®
29 /O\/\Tj\o” 0.060/0.097 0.85
X
30 oW o 0.058/0.064 0.88
o
/N
31 Uﬂ 0.11/0.25 N.T.¢
~
32 ~o o 0.063/0.10 1.7

2 Inhibitory effect of HCV subgenomic replicon (FLR-1) replication using the luciferase reporter gene system in the

presence of 10% fetal bovine serum (FBS) or 50% human serum albumin (HSA).

b Inhibitory effect of concanavalin A (ConA)-induced proliferation of mouse splenocytes.

¢N.T. = not tested.

EEW30H5 L UB2D in vivo (BT S ENENEZEHMET 2 AT, 7> F PK
12), ALEPB0D ALY FRIFITNE (F) 1312.9% & AR EM{EY ASP5286 (36%) &IHE~NTHLAERT
HoTz, ALEWI2D F HI1328% & ASP5286 & [F45 D BAF 2% MRUMEZ 7R LTz, I, B pH fiT
BT DIRMRE 23 M Lo, = OREHR., AbA 321354 pg/mL & BIFREIRE 2R Lz, 50O R%

Wik A, ALEW32135R 77251 HCV {EME & 38V e ifilis iz A L. S HICHRRNERET 07 7 A /1ic>
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WTH ASP5286 L RIS D REF/R T 7 7 A N ER LI Z b S baW a2 B fEmi & LT

R L7,

Table 12. Pharmacokinetic and physiochemical profiles of compounds 30 and 32

Rat PK, p.o. Rat PK, p.o. Aqueous
Modified
Compound . AUCn F solubility JP2
position
(ng'h/mL)* (%0)° (ug/mL)®
ASP5286 3,4 position 16082 36 117
30 3.9 position 12409 12.9 73
32 3.9 position 16898 28 54

2 Area under the plasma concentration versus time curve from time zero to 24 hours after dosing.
® Absolute oral bioavailability.

¢ Aqueous solubility in the Japanese Pharmacopoeia 2nd fluid for disintegration test (JP2: pH=6.8).
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FIET AKEOE LD

=g

EFIL, FEEEICBWT, KVETRE CTEMATREZRE R OB HCV AlOFE D= X #fs intE
TEREAT ORER 2 FE 4 007 X BEFRIEICR D D CN RS EEML 2 5% L7z, % L C, FR901459 D/ A A =
PN=T g AR DRBEH O NG SEIHNEE ORI TE D 9T X iR ICE Fe %
VAT HMEM 1T 2 — XEEWTEIR Lz, (LAY 17 ORISR EZAT > 7246 R, L HCV {5
BEREL A LS, S OITREMENEMEZ RIEIZH U7z 9607 X BRFRIRZS K 24 % FLH L 7= (Figure
17). LAL. invivo 350 % P9 % ECH M3 ©d 5 HSA RIS FICHt HCV EHEORHIE 217 -
7L ZA LG 24 OIEPEIIRIBIIER T 5 Z LR LNE R o7,

BB RO A LA R, 3ALICERIL A E AT S Z L2 LY, HSA RIS FIZET 25T HCV IE
PEDOE _ERXIND & D VEENGL % 3L Tz, Seebach HIZX VW HIE SN TV D CsA @ C-alkyl {LGIZ
#H L. FR901459 O 3 (L7 X/ BRFREIC BT 28I T T /ALBOG 2t L, 3L N9 Lo T 2
J BFR A RN T E DA REDBRRICEK D LTz, RAFREZHWD Z &I2X 0, #J)7eHt HCV &

PE & BAF 22 ANV K OVKIEE 2 A3 2166 32 2 A L, 5 B EmMLEY & L TR

L7z,
HIHCV (5%FBS/50%HSA) ECs, = 0.85/0.24 ug/mL ECso = 0.099/0.56 pg/mL ECs = 0.063/0.10 pg/mL
RENHENE ICso = 0.28 ug/mL ICso = 0.92 ng/mL ICs0=1.7 pg/mL
KA NT NT 54 pg/mL
Rat PK, p.o. F NT NT 28%

Figure 17. Discovery of devevelopment candidate 32
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AR LF SR TIEL LT O OO H I EZRE Lz, IO R ORISR A £ 0 LT 24k
REMFIEDOHENLTH Y | 5 ISR E ORI C BT RIBREDRIR TH 2,

— BT, BRI A 77V —DRA7 ) —=2 7 LR LY 7 v AR UFEEK
FRO01459 D 2 6>, HL HCV {EPED[A] b ds L ORZMfiliEtE DR T 23 & L Chliti L7z, B8
RS DAL G2 BAFT 272012, N,O =T SNV & — DT F K77 T77 =3 9 VFiEL K
At L. FROO1459D WK B liE ML LTz, AGREZ WD Z L1280 FRI01459D36L T X/
73 D-MeAla ~ & B & 4172 [(R)-D-MeAla]3-FR901459 (4) DA K IZ K Lh L 7=, 3{7~D D-MeAla DEA|Z
£V in vitro FLHCV {EPEDO W LI A, & TH o I MGITEEOIER TR TH L5 &9 HiL &
&7,

TETIE, AR LA VA= USRS SBRIRAT T ROBRBRBUG ZFIH L. FR901459 O 3 fif
KO ARNLDT X EFREED 2 JI PRI E 2 S LTz, X St dn s G 2 2T 4 27 2 Beik AL o
MG b gE 4 Fél L7, £ ORHR. B ALICEBILZ AT 27 I/ BRIREA~ DL . KiE 72 504
HHEEDIE T2 bbb T 2 e 2RA LT, SbIC —ECRITHMREZEAL, 3L 40T I/
Pei a2 RIRFAHL T 5 2 LT K0, 57250 HCV TEE, 59\ S miliE e L ONRAF 2Rk 1 R E 2
AT2V— MG 11 27 U7, G 11133 L ERWEMEZ R LT Z LD 38 25T HCV %
P LRI A RFF LN S| WREOSGEZ B E L, k&M 11 OFER D 5EbETo T2, ALA
= UFFEIRICE H LREIZ G2 (T 5 2 212K, 72 HCV 1GM: & BAF72f% 1R M 2 R FF L
PRI O YR EE DN RIEIT St S LT BRI A (L &4 ASP5286 DANRUT B LTz,

F=F Tl ASP5286 DENT-FH T 0T 7 A Va2 Rk L2 5, L0 E TR TEAMATRER S R
DR AL EM ORI Z s Lic, B IALFHEM TR B RERL Z AT % FRI01459 D/ A A =
N=a EThIE, AN ZZERTE D & DIEEMGRZL Tz, £ LT, SREMEHEOER T2
W C& D 9T X IR T Vv a— L2 B 26 17 22— XMLEMITER L., (LEW
17 OHLHCV {EHEOM Ex BEY & UEZE# 21TV, §T HCV JEMEZ K& < ) b U7 As & S g i 14

Z RIEIZIE L7 kB 24 Z R L7, L2 L. invive 3502 T4 %5 _ETHMRFHETH S HSA
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MEAETIZEB N T ALEY 24 OHHCV {ERIIRIBIIE T 25 Z LS bMhE o7, £ 2 TR,
B RETRIR A RIS, 3 EHEAEAT S Z LI LY HSA IS FIZI61T 550 HCV IEPED
M BRI D O TIERWNEE X T2, 3RO T X/ BRI %[RRI 2R TR CAB A RE/e A
LS L, ASP5286 & [ DHT HCV 1ML, % 1 WIEds K OVKERME A A9 2 5 AR IS Btk
B 32 DRIFUT RS LT,

REHETo AR TS 24 O RIRDAISRIT, K5 TAISE & AR CHIBREB OB ) R < | ShRIENTRE & ST
E o, BEHIAMRO P T, KA ORESEIC A b THEMOAEFIEZBY L. RAWAEKICES
WTHZIRIRAEDAAIEETH 5 Z & 2R L, BAICIE, RRHKERIR~TF FOSZFHNNO—T
IV OGS Z A L T BT F KT 7557 =2 2 VIEORBIC LV BRIRSTF REHERT 57
R BB TREOT R BEAASERT D ERIEE N LT, S5, AEMIZ LD A N—
Va Y IROBANIEY | HHREEEAT DR OILFERE RS L, AR FAISE & A0 %)
R KIRAER FBRIC 72 D Z L &R LT, RIS, 5% O RIWABEMFZEICR LT 725 2

&R D,
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EROE

Chemistry

"H NMR spectra were recorded on a Varian VNS-400, JEOL JNM-LA400, Varian 400-MR, or BRUKER AV-III
HD500, and the chemical shifts were expressed in J (ppm) values with tetramethylsilane as an internal reference (s
= singlet, d = doublet, t = triplet, q = quartet, quint = quintet, m = multiplet, dd = double doublet, dt = double triplet,
ddd = double double doublet, and br = broad peak). Mass spectra (MS) were recorded on a Waters UPLC/SQD and
Waters Acquity UPLC/ZQ. Elemental analyses were performed using a Yanaco JM10 or Yanaco MT-6 (C, H, N),
Elementar Vario EL III (C, H, X), and Dionex ICS-3000 (S, halogene) and were within £0.4% of theoretical values.
Electrospray ionization positive high-resolution mass spectra (HRMS) were obtained using a Thermo EXACTIVE-
Plus Waters LCT Premier. Specific rotation was obtained using Horiba SEPA-500 and OHM Electric OCE-
TCR12075WL. Melting points were determined on a BUCHI M-565 melting point apparatus and are uncorrected.
Unless otherwise noted, all reagents and solvents obtained from commercial suppliers were used without further

purification.

Tert-butyl [(3S,6S,9S,12S,15R,18S,218S,248S,27S,33S,34R)-3-[(1R,2R ,4E)-1-hydroxy-2-methylhex-4-en-1-yl|-
4,7,13,15,18,22,28,31,34-nonamethyl-9,12,21,24,27-pentakis(2-methylpropyl)-2,5,8,11,14,17,20,23,26,29,32-
undecaoxo-6-(propan-2-yl)-1-oxa-4,7,10,13,16,19,22,25,28,31-decaazacyclotetratriacontan-33-yl]carbamate
ey

To a solution of FR901459 (15.6 g, 12.8 mmol) in THF (156 mL) was added p-TsOH (11.0 g, 64.0 mmol), and the
mixture was stirred at 50 °C for 14 h. To the mixture was added 1 M NaOH aq. and the mixture was neutralized
while cooling in an ice bath. To the solution was added Boc,O (4.2 g, 19.2 mmol), and the pH of the mixture was
adjusted to 8 with 1 M NaOH agq. while cooling in an ice bath. The mixture was stirred at room temperature for 2.5
h. The resulting mixture was then concentrated in vacuo and extracted with AcOEt. The organic phase was washed

with brine, and dried over MgSO4. The solvent was removed in vacuo to afford 1 (10.6 g, 63%). MS (ESI) m/z
52



[M+H]" 1320; HRMS (ESI) m/z calc. for Ce7H 20N 11015 [M+H] * 1318.8960, found 1318.8936.

4-[(2E)-but-2-en-1-yl]-2-{[N-(tert-butoxycarbonyl)-L-threonyl-N-methylglycyl-N-methyl-L-leucyl-L-leucyl-
N-methyl-L-leucyl-L-alanyl-D-alanyl-N-methyl-L-leucyl-L-leucyl-N-methyl-L-valyl|(methyl)amino}-2,4,5-
trideoxy-L-xylonic acid (2)

To a solution of 1 (5.1 g, 3.9 mmol) in MeOH (77 mL) was added 1 M NaOH agq. (39 mL) while cooling in an ice
bath, and the mixture was stirred for 2 h. The resulting mixture was neutralized with 1 M HCI aq. and concentrated
in vacuo. The residual solution was acidified (pH=3) with 1 M HCI aq. and extracted with AcOEt. The organic
phase was washed with 1 M HCI aq. and brine, and dried over MgSOs. The solvent was removed in vacuo to afford
2 (4.7 g,90%). MS (ESI) m/z [M+Na]* 1359; HRMS (ESI) m/z calc. for Cs7Hi22N11016 [M+H] " 1336.9066, found

1336.9056.

Methyl (3S,6S,9S,12S,15R,18S,218,24S,27S,305)-30-[(1R)-1-hydroxyethyl]-27-[(1R,2R,4E)-1-hydroxy-2-
methylhex-4-en-1-yl]-8,12,15,17,23,26-hexamethyl-3,6,9,18,21-pentakis(2-methylpropyl)-
4,7,10,13,16,19,22,25,28-nonaoxo-24-(propan-2-yl)-2,5,8,11,14,17,20,23,26,29-decaazahentriacontan-31-oate
3):

To a solution of 2 (71.0 g, 53.0 mmol) in CH>Cl, (1 1) was added methyl (2S,3R)-2-amino-3-hydroxybutanoate
hydrochloride (10.8 g, 63.9 mmol) and HOAt (10.8 g, 79.2 mmol) at room temperature. To the mixture was added
WSCD (9.9 g, 63.7 mmol) while cooling in an ice bath. The mixture was stirred for 1.5 h at ambient temperature.
The resulting mixture was concentrated in vacuo and extracted with AcOEt. The organic phase was washed with
0.5 N HCI aq., saturated NaHCO3, and brine, and dried over Na;SO4. The solvent was removed in vacuo. To a
solution of the residue in CH>Cl (1 1) was added TFA (205 mL) while cooling in an ice bath. The mixture was
stirred for 5 h while cooling in an ice bath. The pH of the solution was then adjusted with Na,CO3 and NaHCOj3 agq.
while cooling in an ice bath. The resulting solution was extracted with CHCls. The organic phase was washed with
saturated NaHCO3 aq. and brine, and dried over Na;SO4. The solvent was removed in vacuo to give the desired

deprotected intermediate. To a solution of the intermediate in a solvent mixture (AcOEt 750 mL and pyridine 67.5
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mL) was added isothiocyanatobenzene (19.8 mL, 167 mmol), and the mixture was stirred for 13 h. To the mixture
was added pyridine (67.5 mL) and diisopropylethylamine, and the pH of the mixture was adjusted to 8. The mixture
was stirred for 3 h. To the resulting solution was added N, N-dimethylpropanediamine (19.8 g, 194 mmol), and the
mixture was stirred for 5 minutes. The reaction mixture was added to 0.5 N HCl aq. and extracted with AcOEt. The
organic phase was washed with 0.5 N HCl aq., saturated NaHCOj3 aq., and brine, and dried over Na,SOj4. The solvent
was removed in vacuo. To a solution of the residue in MeCN (1 1) was added 1 M HCl aq. (1 1) while cooling in an
ice bath. The mixture was warmed to room temperature and stirred for 4 h. The resulting mixture was neutralized
with Na;COs aq., and concentrated in vacuo. The pH of the residual solution was adjusted to 8 with saturated
NaHCO:s aq., and then extracted with AcOEt. The organic phase was washed with saturated NaHCO3 aq. and brine
and dried over Na;SOs. The solvent was removed in vacuo. Subsequently, to a solution of the residue dissolved in
AcOEt (690 mL) was added isothiocyanatobenzene (11.3 g, 83.6 mmol) at room temperature, and the mixture was
stirred for 1 h. To the solution was added diisopropylethylamine (5 mL), and the mixture was additionally stirred
for 1.5 h. To the resulting solution was added N, N-dimethylpropanediamine (9.1 g, 8 mmol), and the mixture was
stirred for 5 minutes. The reaction mixture was added to 0.5 N HCI aq. and extracted with AcOEt. The organic phase
was washed with 0.5 N HCl aq., saturated NaHCOj3 aq., and brine, and dried over Na>SOj4. The solvent was removed
in vacuo. To a solution of the residue in MeCN (555 mL) was added 1 M HCl aq. (555 mL) while cooling in an ice
bath. The mixture was warmed to room temperature and stirred for 3 h. The resulting mixture was neutralized with
Na,COs aq., and concentrated in vacuo. The pH of the residual solution was adjusted to 8 with saturated NaHCO3
aq., and the solution was extracted with AcOEt. The organic phase was washed with saturated NaHCO; aq. and
brine and dried over Na,SOs. The solvent was removed in vacuo to afford 3 (65.5 g). MS (ESI) m/z [M+H]* 1180;

HRMS (ESI) m/z calc. for CsoH111N10013 [M+H]* 1179.8327, found 1179.8325.

(3R,6S,9S8,128,158S,18S,21R,248S,27S,308,33S)-6-[(1R)-1-hydroxyethyl]-9-[(1R,2R ,4E)-1-hydroxy-2-
methylhex-4-en-1-yl]-1,3,4,10,13,19,21,24,28-nonamethyl-15,18,27,30,33-pentakis(2-methylpropyl)-12-
(propan-2-yD)-1,4,7,10,13,16,19,22,25,28,31-undecaazacyclotritriacontane-2,5,8,11,14,17,20,23,26,29,32-

undecone (4)
54



To a solution of 3 (87 mg, 0.073 mmol) in CHxCl, (4 mL) was added (2R)-2-{[(9H-fluoren-9-
ylmethoxy)carbonyl](methyl)amino } propanoic acid (36 mg, 0.12 mmol), BOP-CI (28 mg, 0.12 mmol), and
diisopropylethylamine (39 pl, 0.22 mmol) while cooling in an ice bath. The mixture was stirred for 13 h at room
temperature and extracted with AcOEt. The organic phase was washed with 10% citric acid aq., saturated NaHCO3
aq., and brine, and dried over Na,SO4. The solvent was removed in vacuo, and the residue was purified by
preparative thin layer chromatography (CHCl3:MeOH = 90:10). To a solution of the residue in dioxane (2.4 mL)
was added 1 M NaOH aq. (0.6 mL) at ambient temperature and the mixture was stirred for 2 h. To the reaction
mixture was added 10% citric acid aq. to adjust the pH to 4, and the solution was extracted with AcOEt. The organic
phase was washed with brine and dried over Na>SOs4. The solvent was removed in vacuo and the residue was
triturated with Et,O. To a solution of the residue in CH»Cl, (63 mL) was added HOAt (10 mg, 0.076 mmol) and
WSCD (12 mg, 0.075 mmol) while cooling in an ice bath, and the mixture was stirred at 50 °C for 13 h. The reaction
mixture was concentrated in vacuo and the residue was extracted with AcOEt. The organic phase was washed with
H»0, 10% citric acid aq., saturated NaHCOj3 aq., and brine, and dried over Na>SO4. The solvent was removed in
vacuo, and the residue was purified by preparative thin layer chromatography (CHCl3;:MeOH = 95:5) to afford 4
(43 mg, 48%). 'H-NMR (CDCl;3) 4 9.15 (1H, brd, J=9.0 Hz), 7.78 (1H, brd, J = 9.0 Hz), 6.95 (1H, d, /= 9.0 Hz),
6.90 (1H, d, /= 8.0 Hz), 6.72 (1H, d, /= 9.0 Hz), 5.67 (1H, d, /= 3.0 Hz), 5.40-5.60 (2H, m), 5.32-5.39 (2H, m),
5.15(1H, dd, J=10.0 and 4.0 Hz), 5.07 (1H, dd, /= 10.0 and 4.0 Hz), 4.90-4.95 (1H, m), 4.75-5.05 (3H, m), 4.71-
4.75 (1H, m), 4.55-4.59 (1H, m), 4.30-4.33 (1H, m), 4.20-4.22 (1H, m), 3.88 (1H, brs), 3.17 (3H, s), 3.06 (3H, s),
3.04 (3H, s), 2.98 (3H, s), 2.90 (3H, s), 2.76 (3H, s), 2.51 (1H, brd, J= 5.0 Hz), 2.30-2.40 (2H, m), 1.80-2.20 (4H,
m), 0.80-1.90 (46H, m), 1.66 (3H, d, /= 6.0 Hz), 1.38 (3H, d,J= 7.5 Hz), 1.33 (3H, d, /= 6.0 Hz), 1.14 (3H, d, J
= 6.5 Hz), 1.09 (3H, d, /= 7.0 Hz), 1.08 (3H, d, /= 6.0 Hz), 0.74 (3H, d, J = 7.0 Hz); 1*C NMR (CDCls) 8 175.6,
174.3,174.0,173.7,172.8,172.3,172.1,171.9, 171.1, 170.4, 170.3, 128.5, 127.4, 76.1, 67.8, 59.6, 59.4, 55.1, 54.9,
54.8, 53.9, 51.1, 48.6, 47.9, 46.5, 45.6, 41.2, 39.5, 36.2, 36.1, 35.8, 35.7, 35.3, 34.2, 31.1, 30.7, 30.6, 30.5, 30.3,
27.6,27.3,25.1, 25.1, 25.0, 24.9, 24.8, 23.6, 23.4, 23.4,22.9, 22.5, 21.2, 21.2, 21.1, 20.9, 20.3, 19.5, 18.3, 18.0,
16.1, 16.0, 14.8, 13.9; MS (ESI) m/z [M+H]* 1233; HRMS (ESI) m/z calc. for C¢3sH1i3N;1NaOj3 [M+Na] *

1254.8417, found 1254.8423; mp 140 °C; [o] p** -140.4 (¢ 0.75, MeOH).
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Methyl (28,5S,8S,11S,14S,17R,208S,23S,26S)-26-amino-2-[(1R)-1-hydroxyethyl]-5-[(1R,2R,4E)-1-hydroxy-2-
methylhex-4-en-1-y1]-6,9,15,17,20,24,28-heptamethyl-11,14,23-tris(2-methylpropyl)-4,7,10,13,16,19,22,25-
octaoxo-8-(propan-2-yl)-3,6,9,12,15,18,21,24-octaazanonacosan-1-oate (5):

To a solution of 2 (71.0 g, 53.0 mmol) in CH>Cl, (1 1) was added methyl (2S,3R)-2-amino-3-hydroxybutanoate
hydrochloride (10.8 g, 63.9 mmol) and HOAt (10.8 g, 79.2mmol) at room temperature. To the mixture was added
WSCD (9.9 g, 63.7 mmol) while cooling in an ice bath. The mixture was stirred for 1.5 h at ambient temperature.
The resulting mixture was concentrated in vacuo and extracted with AcOEt. The organic phase was washed with
0.5 N HCI aq., saturated NaHCO3, and brine, and dried over Na;SO4. The solvent was removed in vacuo. To a
solution of the residue in CH2Cl (1 1) was added TFA (205 mL) while cooling in an ice bath. The mixture was
stirred for 5 h while cooling in an ice bath. The pH of the solution was adjusted with Na,CO3 and NaHCOj; aq. while
cooling in an ice bath. The resulting solution was extracted with CHCIs. The organic phase was washed with
saturated NaHCOs3 aq. and brine and dried over Na;SOs. The solvent was removed in vacuo to give the desired
deprotected intermediate. To a solution of the intermediate in a solvent mixture (AcOEt 750 mL and pyridine 67.5
mL) was added isothiocyanatobenzene (19.8 mL, 167 mmol), and the mixture was stirred for 13 h. To the mixture
was added pyridine (67.5 mL) and diisopropylethylamine, and the pH of the mixture was adjusted to 8. The mixture
was stirred for 3 h. To the resulting solution was added N, N-dimethylpropanediamine (19.8 g, 194 mmol) and the
mixture was stirred for 5 minutes. The reaction mixture was added to 0.5 N HCl aq. and extracted with AcOEt. The
organic phase was washed with 0.5 N HCl, saturated NaHCOs3 aq., and brine, and dried over Na,SO4. The solvent
was removed in vacuo. To a solution of the residue in MeCN (1 1) was added 1 M HCl aq. (1.1 1) while cooling in
an ice bath. The mixture was warmed to 30 °C and stirred at the same temperature for 4 h. The resulting mixture
was neutralized with Na,COs3 aq., and concentrated in vacuo. The pH of the residual solution was adjusted to 8 with
saturated NaHCOj3 aq., and the solution was extracted with AcOEt. The organic phase was washed with saturated
NaHCOs3 aq. and brine and dried over Na;SOa. The solvent was removed in vacuo. Subsequently, to a solution of
the residue dissolved in AcOEt (690 mL) was added isothiocyanatobenzene (11.3 g, 83.6 mmol) at room temperature,

and the mixture was stirred for 1 hr. To the solution was added diisopropylethylamine (5 mLI), and the mixture was
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additionally stirred for 1.5 h. To the resulting solution was added N, N-dimethylpropanediamine (9.1 g, 89 mmol)
and the mixture was stirred for 5 minutes. The reaction mixture was added to 0.5 N HCI aq. and extracted with
AcOEt. The organic phase was washed with 0.5 N HCl aq., saturated NaHCO3 aq., and brine, and dried over Na;SOs.
The solvent was removed in vacuo. To a solution of the residue in MeCN (555 mL) was added 1 M HCI aq. (555
mL) while cooling in an ice bath. The mixture was warmed to 30 °C and stirred at the same temperature for 3 h. The
resulting mixture was neutralized with Na,COs aq., and concentrated in vacuo. The pH value of the residual solution
was adjusted to 8 with saturated NaHCO3 aq., and the solution was extracted with AcOEt. The organic phase was
washed with saturated NaHCO; aq. and brine and dried over Na;SOs. The solvent was removed in vacuo.
Subsequently, to a solution of the residue dissolved in AcOEt (660 mL) was added isothiocyanatobenzene (10 mL,
88.8 mmol) at ambient temperature, and the pH of the mixture was adjusted to 7.5 with diisopropylethylamine. The
reaction mixture was stirred at ambient temperature for 1.5 h. To the resulting solution was added N,N-
dimethylpropanediamine (9.1 g, 89 mmol) and the mixture was stirred for 5 minutes. The reaction mixture was
added to 0.5 N HCl aq. (1 1) and extracted with AcOEt. The organic phase was washed with 0.5 N HCI aq., saturated
NaHCOs aq., and brine, and dried over Na;SO4. The solvent was removed in vacuo and the residue was purified
with silica-gel column chromatography, eluting with hexane:AcOEt (2:1-1:1-1:2) to give the desired intermediate.
To a solution of the residue in MeCN (337 mL) was added 1 M HCl aq. (337 mL) and the mixture was stirred at 30
°C for 2 h. The resulting mixture was neutralized with Na,COj3 (58.8 g in H>O 300 mL) and concentrated in vacuo.
The pH of the residual solution was adjusted to 8 with saturated NaHCO3 aq., and the solution was extracted with
AcOEt. The organic phase was washed with saturated NaHCOj3 and brine and dried over Na>SO4. The solvent was
removed in vacuo and the residue was purified with silica-gel column chromatography, eluting with CHCl3;:MeOH
(100:0-97:3) to afford 5 (29.1 g, 41%). '"H NMR (CDCl3) 6 10.27 (0.5H, d, /= 9.0 Hz), 7.38 (0.5H, d, J = 8.5 Hz),
7.00 (0.5H, d, J = 8.5 Hz), 6.93 (0.5H, d, J = 8.5 Hz), 6.89 (1H, d, J = 8.5 Hz), 6.84 (0.5H, d, J = 8.0 Hz), 6.80
(0.5H, d, /=8.0 Hz), 5.52-5.53 (2H, m), 5.14-5.51 (5§H, m), 4.86-5.04 (1H, m), 4.66-4.81 (2H, m), 4.55-4.56 (2H,
m), 4.30—4.31 (1H, m), 4.00-4.01 (1H, m), 3.75-3.77 (1H, m), 3.76 (1.5H, s), 3.75 (1.5H, s), 3.25 (1.5H, s), 3.14
(1.5H, s), 3.06 (1.5H, s), 3.02 (1.5H, s), 3.01 (1.5H, s), 3.00 (3H, s), 2.71 (1.5H, s), 2.35 (2H, m), 1.24-2.03 (61H,

m); MS (ESI) m/z [M+H]*: 1054; HRMS (ESI) m/z calc. for Cs3HosNoO12 [M+H]* 1052.7329, found 1052.7326.
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(3R,68,9S,128,158,18S,21R,248,27S,30S,33S)-6-[ (1R)-1-hydroxyethyl]-9-[(1R,2R,4E)-1-hydroxy-2-
methylhex-4-en-1-yl]-33-[(1R)-1-methoxyethyl]-1,3,4,10,13,19,21,24,28-nonamethyl-15,18,27,30-tetrakis(2-
methylpropyl)-12-(propan-2-yl)-1,4,7,10,13,16,19,22,25,28,31-undecaazacyclotritriacontane-
2,5,8,11,14,17,20,23,26,29,32-undecone (6)

To a solution of 5 (20.0g, 19.0 mmol) in EtOAc (300 mL) was added N-(tert-butoxycarbonyl)-N,O-dimethyl-L-
threonine (5.9g, 23.8 mmol) and HOAt (3.2 g, 23.8 mmol) at room temperature. To the mixture was added WSCD
(3.7 g, 23.8 mmol) in EtOAc (10 ml) while cooling in an ice bath, and the mixture was stirred for 3 h while cooling
in an ice bath. The resulting mixture was concentrated in vacuo and extracted with AcOEt. The organic phase was
washed with 10% KHSO4 aq., H>0O, 5% NaHCOs3 aq., and brine, and dried over MgSOs. The solvent was removed
in vacuo. To a solution of the residue in CH>Cl, (185 ml) was added TFA (55.6 mL) while cooling in an ice bath.
The mixture was stirred for 4 h while cooling in an ice bath. The pH of the solution was adjusted with a solution of
10% NaxCOs3 aqg. while cooling in an ice bath. The resulting solution was extracted with CH»Cl, and dried over
MgSOs. The residue was purified by HPLC to give the desired deprotected intermediate (12.0g, 53%).

MS (ESI) m/z [M+H]*: 1182

To a solution of the intermediate (1.0 g, 0.85 mmol) was added (2R)-2-{[(9H-fluoren-9-
ylmethoxy)carbonyl](methyl)amino } propanoic acid (303 mg, 0.93 mmol), BOP-CIl (430.9 mg, 1.7 mmol), and
diisopropylethylamine (590 pl, 3.4 mmol) while cooling in an ice bath. The mixture was stirred overnight at room
temperature and extracted with AcOEt. The organic phase was washed with 0.3 N HCl aq., saturated NaHCOs aq.,
and brine, and dried over MgSQOs. The solvent was removed in vacuo. To a solution of the residue in dioxane (12.5
mL) was added 1 M NaOH aq. (5.9 mL, 5.9 mmol) while cooling in an ice bath, and the mixture was stirred for 2
h. To the reaction mixture was added 1 M HCI aq. to adjust the pH to 5, and the solution was extracted with AcOEt.
The organic phase was washed with brine and dried over Na>SOs. The solvent was removed in vacuo and the residue
was triturated with IPE to afford the desired undecapeptide (0.96g, 98%).

MS (ESI) m/z [M+H]*: 1253

To a solution of HOAt (26.1 mg, 0.19 mmol) and WSCD (36.7 mg, 0.19 mmol ) in EtOAc (80 mL) was added the
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intermediate undecapeptide (0.2 g, 0.16 mmol) in portion, and the mixture was stirred at room temperature overnight.
To the reaction mixture was added 0.3 N HCI aq., and the residue was extracted with AcOEt. The organic phase was
washed with H,O, 20% NaCl aq., brine, and dried over MgSOs. The solvent was removed in vacuo, and the residue
was purified with silica-gel column chromatography (hexane : acetone =2 : 1) to afford 13 (111 mg, 56%). 'H NMR
(CDCl3) 6 9.20 (1H, brd, J=9.0 Hz), 7.60 (1H, brd, J= 9.0 Hz), 6.95 (1H, d, J=9.0 Hz), 6.86 (1H, d, J = 8.0 Hz),
6.62 (1H, d, /=9.0 Hz), 5.65 (1H, d, J= 3.0 Hz), 5.40-5.54 (2H, m), 5.29-5.33 (2H, m), 5.08 (1H, dd, /= 10.0 and
4.0 Hz), 4.88-5.01 (4H, m), 4.78-4.85 (2H, m), 4.67-4.73 (1H, m), 4.50-4.55 (1H, m), 4.13—4.28 (3H, m), 3.32
(3H, s), 3.23 (3H, s), 3.20 (3H, s), 3.06 (6H, s), 3.04 (3H, s), 2.90 (3H, s), 2.27-2.41 (4H, m), 1.91-2.12 (3H, m),
1.17-1.86 (10H, m), 1.66 (3H, d, J= 6.0 Hz), 1.41 (3H, d, J= 7.5 Hz), 1.32 (3H, d,J=6.0 Hz), 1.13 3H, d, J =
6.5 Hz), 1.09 (6H, d, J = 7 Hz), 0.74-1.04 (30H, m) 0.72 (3H, d, J = 7.0 Hz); *C NMR (CDCl;) 6 176.6, 174.5,
174.0,173.7, 172.8, 172.3, 172.0, 172.0, 171.1, 170.4, 168.4, 128.5, 127.4, 76.1, 74.2, 67.9, 60.6, 59.6, 59.4, 57.1,
55.2,54.9, 53.9, 50.8, 48.6, 47.9, 46.5, 45.5, 41.1, 39.6, 36.4, 36.1, 35.8, 35.3, 34.2, 33.7, 31.1, 30.6, 30.5, 30.4,
27.3,25.2,25.1, 25.1, 24.9, 23.6, 23.4, 23.4, 23.0, 22.5, 21.2, 21.2, 21.2, 20.4, 19.5, 18.3, 18.0, 16.1, 16.0, 15.8,
14.8, 14.1; MS (ESI) m/z [M+H]": 1236; HRMS (ESI) m/z calc. for Ce;H112N11014 [M+H] * 1234.8385, found

1234.8371; mp 172 °C; [a] p?2 -198.3 (c 0.75, McOH).

(3S,6S,9S,12R,158,18S,218,24S,30S,33S)-24-(cyclohexylmethyl)-30-[ (1R)-1-hydroxyethyl]-33-[ (E,1R,2R)-1-
hydroxy-2-methylhex-4-enyl]-1,4,10,12,15,19,25,28-octamethyl-6,9,18,21-tetrakis(2-methylpropyl)-3-
propan-2-yl-1,4,7,10,13,16,19,22,25,28,31-undecazacyclotritriacontane-2,5,8,11,14,17,20,23,26,29,32-
undecone (7)

Compound 7 was prepared from 5 using a similar approach to that described for 6. "H NMR (CDCl3) § 9.03 (1H, d,
J=16.0Hz), 7.67 (1H, d, J=9.0 Hz), 6.98 (1H, d, J = 6.0 Hz), 6.90 (1H, d, J = 9.0 Hz), 6.84 (1H, d, J = 8.0 Hz),
5.83 (1H, d,J=11.0 Hz), 5.26-5.55 (§H, m), 5.14-5.23 (1H, m), 4.49-5.08 (5H, m), 4.15-4.30 (2H, m), 3.94-4.05
(1H, m), 3.45 (3H, s), 3.03-3.30 (2H, m), 3.16 (3H, s), 3.15 (3H, s), 3.05 (3H, s), 2.96 (3H, s), 2.90 (3H, s), 2.24—
2.45 (2H, m), 0.75-2.10 (61H, m), 1.19 (3H, d, J="7.0 Hz), 1.05 (3H, d, /= 7.0 Hz), 0.80 (3H, d, /= 7.0 Hz), 0.72

(3H, d,J= 7.0 Hz); MS (ESI) m/z [M+H]": 1259 ; HRMS (ESI) m/z calc. for CesH11sN 1 NaO,3 [M+Na] * 1280.8573,
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found 1280.8568.

(3S,6S,9S,12R,158S,18S,218,24S,30S,335)-24-[(2S)-butan-2-yl]-30-[ (1R)-1-hydroxyethyl]-33-[ (E,1R,2R)-1-
hydroxy-2-methylhex-4-enyl]-1,4,10,12,15,19,25,28-octamethyl-6,9,18,21-tetrakis(2-methylpropyl)-3-
propan-2-yl-1,4,7,10,13,16,19,22,25,28,31-undecazacyclotritriacontane-2,5,8,11,14,17,20,23,26,29,32-
undecone (8)

Compound 8 was prepared from 5 using a similar approach to that described for 6. "H NMR (CDCl3) § 8.13 (1H, d,
J=9.0 Hz), 8.05 (1H, d, /=9.0 Hz), 7.11 (1H, d, J= 7.0 Hz), 7.00 (1H, d, J = 9.0 Hz), 6.91 (1H, d, J = 8.0 Hz),
5.90 (1H, d, J=11.0 Hz), 5.28-5.53 (5§H, m), 4.79-5.07 (4H, m), 4.66-4.77 (2H, m), 4.50-4.64 (2H, m), 4.21 (2H,
d,J=11.0 Hz), 3.47 (3H, s), 3.45 (3H, s), 3.17 (3H, s), 3.07 (3H, s), 3.04 (3H, s), 2.75-2.82 (1H, m), 2.74 (3H, s),
2.26-2.39 (2H, m), 0.78-2.15 (54H, m), 1.63 3H, d, /= 6.0 Hz), 1.18 (3H, d, /= 7.0 Hz), 1.14 (3H, d, /= 7.0 Hz),
0.78 (3H, d, J = 7.0 Hz), 0.76 (3H, d, J = 7.0 Hz); MS (ESI) m/z [M+H]": 1219 ; HRMS (ESI) m/z calc. for

Ce2Hi112N 11013 [M+H] * 1218.8441, found 1218.8411.

(3S,6S,9S,12R,158,188S,218,24S,308,33S)-24-cyclohexyl-30-[ (1R)-1-hydroxyethyl]-33-[ (E,1R,2R)-1-hydroxy-
2-methylhex-4-enyl]-1,4,10,12,15,19,25,28-octamethyl-6,9,18,21-tetrakis(2-methylpropyl)-3-propan-2-yl-
1,4,7,10,13,16,19,22,25,28,31-undecazacyclotritriacontane-2,5,8,11,14,17,20,23,26,29,32-undecone (9)
Compound 9 was prepared from 5 using a similar approach to that described for 6. 'H NMR (CDCls) & 8.16 (1H,
brd, /=9.0 Hz), 8.01 (1H, d,/=9.0 Hz), 7.18 (1H, d, /= 7.0 Hz), 7.12(1H, d, /= 9.0 Hz), 7.02 (1H, d, /= 8.0 Hz),
5.87(1H, d,J=11.0 Hz), 5.27-5.54 (5H, m), 4.87-5.06 (4H, m), 4.68-4.77 (2H, m), 4.54-4.61 (1H, m), 4.14-4.32
(2H, m), 3.92-3.98 (1H, m), 3.70-3.77 (1H, m),3.47 (3H, s), 3.45 (3H, s), 3.17 (3H, s), 3.07-3.16 (2H, m), 3.09
(3H, s), 3.05 (3H, s), 2.75 (3H, s), 2.20-2.45 (3H, m), 0.75-2.10 (53H, m), 1.64 (3H, d, /= 6.0 Hz), 1.35 (3H, d, J
=7.0Hz), 1.18 (3H, d,J=7.0 Hz), 1.00 (3H, d, /= 7.0 Hz), 0.95 (3H, d, /= 7.0 Hz); MS (ESI) m/z [M+H]": 1245 ;

HRMS (ESI) m/z calc. for CssH11aN 11013 [M+H] * 1244.8598, found 1244.8579.

(3S,6S,9S,12R,158,18S,218,248S,30S,33S)-30-[(1R)-1-hydroxyethyl]-33-[(E,1R,2R)-1-hydroxy-2-methylhex-
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4-enyl]-1,4,10,12,15,19,25,28-octamethyl-6,9,18,21-tetrakis(2-methylpropyl)-24-phenyl-3-propan-2-yl-

1,4,7,10,13,16,19,22,25,28,31-undecazacyclotritriacontane-2,5,8,11,14,17,20,23,26,29,32-undecone (10)

Compound 10 was prepared from 5 using a similar approach to that described for 6. "'H NMR (CDCl3) 6 9.33 (1H,
brd, /= 9.0 Hz), 8.14 (1H, brd, J = 9.0 Hz), 7.98 (1H, d, J= 9.0 Hz), 7.15-7.52 (5H, m), 7.12 (1H, d, J= 7.0 Hz),
7.00 (1H, d, J=9.0 Hz), 6.86 (1H, d, J= 8.0 Hz), 6.42 (1H, brs), 5.17-5.57 (5§H, m), 4.82-5.07 (4H, m), 4.50-4.78
(3H, m), 4.15-4.34 (2H, m), 3.97-4.08 (1H, m), 3.75 (1H, brs), 3.42 (3H, s), 3.24 (3H, s), 2.93-3.22 (2H, m), 3.16
(3H, s), 3.12 (3H, s), 3.06 (3H, s), 2.92 (3H, s), 2.22-2.55 (3H, m), 0.80-2.17 (44H, m), 1.67 (3H, d, /= 6.0 Hz),
1.34 (3H, d, J= 7.0 Hz), 0.82 (3H, d, /= 7.0 Hz), 0.72 (3H, d, /= 7.0 Hz); MS (ESI) m/z [M+H]": 1239 ; HRMS

(ESI) m/z calc. for CeaH10sN11013 [M+H] * 1238.8128, found 1238.8011.

(3R,68,9S,128,158,18S,21R,248,27S,308,335)-33-[ (2S)-butan-2-yl]-6-[ (1R)-1-hydroxyethyl]-9-[ (1R,2R,4E)-
1-hydroxy-2-methylhex-4-en-1-yl]-1,3,4,10,13,19,21,24,28-nonamethyl-15,18,27,30-tetrakis(2-
methylpropyl)-12-(propan-2-yl)-1,4,7,10,13,16,19,22,25,28,31-undecaazacyclotritriacontane-
2,5,8,11,14,17,20,23,26,29,32-undecone (11) Compound 11 was prepared from 5 using a similar approach to that
described for 6. 'H NMR (CDCl3) & 8.45 (1H, brd, J=9.0 Hz), 7.78 (1H, brd, J=9.0 Hz), 6.95 (1H, d, /= 9.0 Hz),
6.86 (1H, d, /= 8.0 Hz), 6.62 (1H, d, J = 9.0 Hz), 5.67 (1H, d, /= 3.0 Hz), 5.4-5.6 (3H, m), 5.31 (1H, dd, J= 12
and 4.0 Hz), 5.12 (1H, dd, J = 10 and 4.0 Hz), 4.8-5.0 (4H, m), 4.65-4.75 (2H, m), 4.53 (1H, m), 4.27 (1H, m),
4.21 (1H, m), 3.88 (1H, brs), 3.13 (3H, s), 3.11 (3H, s), 3.05 (3H, s), 3.01 (3H, s), 2.98 (3H, s), 2.92 (3H, s), 2.51
(1H, brd, J = 5.0 Hz), 2.3-2.4 (2H, m), 1.9-2.2 (5H, m), 1.1-1.9 (11H, m), 1.66 (3H, d, /= 6.0 Hz), 1.38 (3H, d, J
=7.5Hz), 133 (3H,d,J=6.0 Hz), 1.13 (3H, d, J=6.5 Hz), 1.09 (3H, d, /= 7.0 Hz), 1.09 (3H, d, /= 6.0 Hz), 0.8—
1.0 (34H, m), 0.74 (3H, d, J= 7.0 Hz); '*C NMR (CDCl;) § 175.3, 174.4, 173.7, 173.5, 172.9, 172.1, 172.0, 171.6,
171.0, 170.3, 169.1, 128.3, 127.6, 75.9, 67.9, 60.5, 59.4, 55.3, 54.5, 53.7, 51.1, 48.0, 47.8, 46.5, 45.6, 45.5, 41.6,
41.3, 36.1, 35.8, 35.3, 35.2, 34.2, 34.1, 31.7, 31.2, 31.0, 30.6, 30.4, 30.3, 27.3, 25.1, 25.1, 24.9, 24.8, 24.7, 23.6,
23.4,23.4,229,22.4,21.3,21.2,20.2,19.2, 18.3, 18.0, 16.5, 16.1, 16.0, 14.8, 14.0, 10.3; MS (ESI) m/z [M+H]":
1233; HRMS (ESI) m/z calc. for Ce3H114N11O013 [M+H] ™ 1232.8592, found 1232.8572; mp 182 °C; [a] p** -160.2

(c 0.75, MeOH).
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(3R,68,98,128,158,18S,21R,248,27S,30S,33S)-33-cyclohexyl-6-[ (1R)-1-hydroxyethyl]-9-[ (1R,2R,4E)-1-
hydroxy-2-methylhex-4-en-1-yl]-1,3,4,10,13,19,21,24,28-nonamethyl-15,18,27,30-tetrakis(2-methylpropyl)-
12-(propan-2-yl)-1,4,7,10,13,16,19,22,25,28,31-undecaazacyclotritriacontane-2,5,8,11,14,17,20,23,26,29,32-
undecone (12) Compound 12 was prepared from 5 using a similar approach to that described for 6. '"H NMR
(CDCl3) 6 8.54 (1H, brd, J=9.0 Hz), 7.76 (1H, d, J= 9.0 Hz), 6.95 (1H, d, /= 9.0 Hz), 6.88 (1H, d, J = 8.0 Hz),
6.61 (1H, d, J=9.0 Hz), 5.66 (1H, d, J=3.0 Hz), 5.18-5.56 (4H, m), 5.05-5.15 (1H, m), 4.80-5.03 (4H, m), 4.64—
4.76 (2H, m), 4.45-4.58 (1H, m), 4.15-4.30 (2H, m), 3.86 (1H, brs), 3.12 (3H, s), 3.09 (3H, s), 3.04 (3H, s), 3.02
(3H, s), 2.97 (3H, s), 2.92 (3H, s), 2.51 (1H, brd, J = 5.0 Hz), 2.25-2.42 (2H, m), 0.85-2.20 (52H, m), 1.62 (3H, d,
J=6.0Hz), 1.38 (3H, d, J= 8.0 Hz), 1.32 (3H, d, J= 7.0 Hz), 1.13 (3H, d, /= 7.0 Hz), 1.09 (3H, d, /= 7.0 Hz),
0.80 (3H, d, J = 7.0 Hz), 0.73 (3H, d, J = 7.0 Hz); MS (ESI) m/z [M+H]*: 1259 ; HRMS (ESI) m/z calc. for

CesH116N11013 [M+H] ™ 1258.8749, found 1258.8743.

(3R,68,98,128,158,18S,21R,248,27S,30S,335)-6-[ (1R)-1-hydroxyethyl]-9-[(1R,2R,4E)-1-hydroxy-2-
methylhex-4-en-1-yl]-1,3,4,10,13,19,21,24,28-nonamethyl-15,18,27,30-tetrakis(2-methylpropyl)-33-phenyl-
12-(propan-2-yl)-1,4,7,10,13,16,19,22,25,28,31-undecaazacyclotritriacontane-2,5,8,11,14,17,20,23,26,29,32-
undecone (13) Compound 13 was prepared from 5 using a similar approach to that described for 6. '"H NMR
(CDCl3) 6 9.28 (1H, d, J = 8.5 Hz), 7.52 (1H, d, J = 8.0.0 Hz), 7.15-7.43 (5H, m), 7.12 (1H, d, J = 9.0 Hz), 6.97
(1H, d, J=8.5 Hz), 6.86 (1H, d, J= 8.0 Hz), 6.42 (1H, s), 5.69 (1H, d, J = 2.5 Hz), 5.21-5.57 (4H, m), 5.08-5.10
(1H, m), 4.82-4.90(4H, m), 4.72-4.73 (1H, m), 4.54-4.56 (1H, m), 4.25-4.27 (2H, m), 3.69-3.70 (1H, m), 3.24
(3H, s), 3.13 (3H, s), 3.09 (3H, s), 3.07 (3H, s), 2.92 (3H, s), 2.73 (3H, s), 2.52 (1H, d, J = 5.0 Hz), 2.36-2.38 (2H,
m), 0.68-2.04 (62H, m); MS (ESI) m/z [M+H]": 1253 ; HRMS (ESI) m/z calc. for CssH110N11O13 [M+H] *

1252.8279, found 1252.8273.

(3R,68,9S,128,15S,18S,21R,245,27S,308,33S)-33-[ (1R)-1-tert-butoxyethyl]-6-[(1R)-1-hydroxyethyl]-9-

[(1IR,2R,4E)-1-hydroxy-2-methylhex-4-en-1-yl]-1,3,4,10,13,19,21,24,28-nonamethyl-15,18,27,30-tetrakis(2-
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methylpropyl)-12-(propan-2-yl)-1,4,7,10,13,16,19,22,25,28,31-undecaazacyclotritriacontane-

2,5,8,11,14,17,20,23,26,29,32-undecone (14) Compound 14 was prepared from 5 using a similar approach to that
described for 6. 'H NMR (CDCl3) § 9.38 (1H, brd, J=9.0 Hz), 7.52 (1H, brd, J=9.0 Hz), 6.97 (1H, d, /= 9.0 Hz),
6.87 (1H, d, /= 8.0 Hz), 6.68 (1H, d, /= 9.0 Hz), 5.66 (1H, d, J= 3.0 Hz), 5.2-5.6 (4H, m), 5.04 (1H, m), 4.8-5.0
(5H, m), 4.71 (1H, m), 4.4-4.6 (2H, m), 4.2-4.3 (2H, m), 3.74 (1H, brs), 3.30 (3H, s), 3.21 (3H, s), 3.06 (3H, s),
3.05 (3H, s), 3.03 (3H, s), 2.89 (3H, s), 2.51 (1H, brd, J = 5.0 Hz), 2.25-2.45 (2H, m), 1.9-2.2 (4H, m), 1.1-1.9
(10H, m), 1.66 (3H, d, J=6.0 Hz), 1.41 (3H, d, J=7.0 Hz), 1.33 (3H, d,J=7.0 Hz), 1.19 (9H, s), 1.12 3H, d, J =
7.0 Hz), 1.09 (3H, d, J= 6.0 Hz), 1.09 (3H, d, /= 7.0 Hz), 0.85-1.04 (27H, m), 0.82 (3H, d, /= 6.0 Hz), 0.72 (3H,
d, J=17.0 Hz); MS (ESI) m/z [M+H]": 1277; HRMS (ESI) m/z calc. for CssH11sN11014 [M+H]* 1276.8854, found

1276.8846.

(3R,68,9S,128,158,18S,21R,248,27S,308,335)-6,33-bis[(1R)-1-hydroxyethyl]-9-[(1R,2R,4E)-1-hydroxy-2-
methylhex-4-en-1-yl]-1,3,4,10,13,19,21,24,28-nonamethyl-15,18,27,30-tetrakis(2-methylpropyl)-12-(propan-
2-y)-1,4,7,10,13,16,19,22,25,28,31-undecaazacyclotritriacontane-2,5,8,11,14,17,20,23,26,29,32-undecone (15)
Compound 15 was prepared from 5 using a similar approach to that described for 6. "'H NMR (CDCl3) & 8.71 (1H,
d,J=9.0Hz), 7.67(1H, d, J=9.0 Hz), 6.97 (1H, d, J=9.0 Hz), 6.92 (1H, d, /= 8.0 Hz), 6.86 (1H, d, /= 7.0 Hz),
5.66 (1H, d, J=3.0 Hz), 4.78-5.56 (11H, m), 4.47-4.75 (2H, m), 4.15-4.32 (3H, m), 3.69 (1H, brs), 3.28 (3H, s),
3.19 (3H, s), 3.08 (3H, s), 3.06 (6H, s), 2.99 (1H, d, /= 5.0 Hz), 2.91 (3H, s), 2.51 (1H, brd, J= 6.0 Hz), 2.25-2.45
(2H, m), 1.50-2.20 (11H, m), 1.66 (3H, d, /= 6.0 Hz), 1.16-1.48 (9H, m), 1.45 (3H, d, J= 6.0 Hz), 1.14 (3H, d, J
= 6.0 Hz), 1.10 (3H, d, J = 6.0 Hz), 0.80-1.05 (26H, m), 0.82 (3H, d, J = 6.0 Hz), 0.72 (3H, d, J = 7.0 Hz); MS

(EST) m/z [M+H]*: 1221; HRMS (EST) m/z calc. for C¢1H110N11014 [M+H] * 1220.8228, found 1220.8215.

(3S,6S,9S,12R,158,18S,218,24S,30S,33S5)-30-[(1R)-1-hydroxyethyl]-33-[(1R,2R,4E)-1-hydroxy-2-methylhex-
4-en-1-yl]-1,4,10,12,15,19,25,28-octamethyl-9-[(2S)-2-methyl-3-(morpholin-4-yl)propyl]-6,18,21,24-
tetrakis(2-methylpropyl)-3-(propan-2-yl)-1,4,7,10,13,16,19,22,25,28,31-undecaazacyclotritriacontane-

2,5,8,11,14,17,20,23,26,29,32-undecone (23):
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To a solution of 17 (1.0 g, 0.8 mmol), N,N,N,N-tetrabutylammonium chloride (45 mg, 0.16 mmol) and TEMPO (25
mg, 0.16 mmol) in CH2Cl, (10 mL) and an aqueous solution of NaHCOj3 (0.5 M) and K>COs3 (0.05 M) (10 mL) was
added N-chlorosuccinimide (162 mg, 1.2 mmol) portion-wise. After stirring at room temperature overnight,
N,N,N,N-tetrabutylarnmonium chloride (18 mg, 0.065 mmol), TEMPO (25 mg, 0.16 mmol) and N-
chlorosuccinimide (160 mg, 1.2 mmol) were added portion-wise. After the starting compound had been consumed,
the mixture was extracted twice with CH>Cl,. The combined extracts were dried over MgSO4 and concentrated. The
residue was subjected to chromatography on silica gel (CH2Cl:acetone = 4:1 to 2:3) to give the desired aldehyde
(86 mg, 9%).

MS (ESI) m/z [M+H]*: 1232

To a solution of the intermediate (38 mg, 0.03 mmol) and morpholine (10 pl, 0.12 mmol) in CH>Cl, (1 mL) was
added sodium triacetoxyborohydride (30 mg, 0.14 mmol), and the mixture was stirred at room temperature for 3 h.
The reaction was quenched with NaHCOs3 aq. and extracted three times with CH>Cl,. The combined extracts were
dried over MgSOj4 and concentrated. The residue was subjected to ODS purification to afford 23 (20 mg, 51%).

"H NMR (pyridine-ds, 80 °C) 4 8.37-8.38 (1H, m), 8.29-8.31 (1H, m), 8.21-8.23 (1H, m), 7.43-7.52 (2H, m), 6.85—
6.87 (1H, m), 6.28-6.29 (1H, m), 5.27-5.77 (9H, m), 4.87-4.98 (4H, m), 4.464.65 (2H, m), 3.93-4.07 (5H, m),
3.65-3.66 (5H, m), 3.21-3.43 (14H, m), 2.91 (3H, brs), 2.84-2.87 (1H, m), 2.70-2.76 (1H, m) 2.57-2.64 (1H, m),
2.31-2.49 (5H, m), 1.65-2.18 (9H, m), 1.61 (3H, d, J=6.0 Hz ), 1.47-1.56 (3H, m), 1.40(3H, d, /= 6.5 Hz), 1.30—
1.36 (10H, m), 1.19 (3H, d, J= 7.0 Hz), 1.15 (3H, d, /= 5.5 Hz), 0.99-1.08 (15H, m), 0.87-0.94 (9H, m), 0.75 (3H,
d, J = 6.5 Hz) for a major conformer; MS (ESI) m/z [M+Na]": 1326, HRMS (ESI) m/z calc. for C¢sH119N 12014

[M+H] * 1303.8963, found 1303.8958.

(2S)-3-[(2S,58,8S,118,148,208,238S,26S,29S,32R)-14-[(1R)-1-hydroxyethyl]-11-[(1R,2R,4E)-1-hydroxy-2-
methylhex-4-en-1-yl]-1,7,10,16,19,25,29,32-octamethyl-5,20,23,26-tetrakis(2-methylpropyl)-
3,6,9,12,15,18,21,24,27,30,33-undecaoxo-8-(propan-2-yl)-1,4,7,10,13,16,19,22,25,28,31-
undecaazacyclotritriacontan-2-yl]-2-methylpropyl morpholine-4-carboxylate (24):

To a solution of 17 (500 mg, 0.41 mmol) in CH,Cl, (25 mL) were added 4-nitrophenyl chloroformate (98 mg, 0.49
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mmol) and N-methylmorpholine (89 pl, 0.81 mmol). After stirring overnight, three further portions of 4-nitrophenyl
chloroformate (294 mg, 1.5 mmol) and N-methylmorpholine (267 pl, 2.4 mmol) were added at intervals of 1 h.
After the starting compound had been consumed, the mixture was diluted with ethyl acetate, washed with 1 M
aqueous hydrochloric acid and aqueous sodium hydrogen carbonate, dried over magnesium sulfate and concentrated.
The residue was subjected to chromatography on silica gel (hexane/ethyl acetate = 1/4 and then
dichloromethane/methanol = 9/1) to give the desired intermediate (438 mg, 77%).

MS (ESI) m/z [M+H]": 1399

To a solution of the intermediate (50 mg, 0.036 mmol) in N,N-dimethylformamide (1 mL) was added morpholine
(16 pl, 0.19 mmol), and the mixture was stirred at room temperature overnight. The mixture was subjected by ODS
purification to afford 24 (35 mg, 73%). '"H NMR (pyridine-ds, 80 °C) & 8.41 (1H, d, J= 5.0 Hz), 8.30 (1H, d, J =
8.0 Hz ), 8.22 (1H, d, J=9.5 Hz ), 7.50-7.53 (1H, m), 7.44-7.45 (1H, m), 6.85-6.86 (1H, m), 6.28-6.30 (1H, m),
5.27-5.88 (9H, m), 4.86—4.98 (4H, m), 4.45-4.63 (2H, m), 3.96-4.13 (6H, m), 3.54-3.56 (4H, m), 3.42-3.43 (6H,
m), 3.23-3.36 (10H, m), 2.91 (3H, brs), 2.86-2.89 (1H, m), 2.67-2.76 (1H, m) 2.57-2.64 (1H, m), 2.28-2.49 (3H,
m), 1.66-2.15 (9H, m), 1.61 (3H, d, J=5.5 Hz), 1.47-1.56 (3H, m), 1.40 (3H, d, J= 6.0 Hz), 1.34-1.37 (10H, m),
1.18 3H, d, J=7.5 Hz), 1.13-1.14 (3H, m), 0.98-1.06 (15H, m), 0.91-0.94 (9H, m), 0.75 (3H, d, /= 6.0 Hz) for a
major conformer; MS (ESI) m/z [M+Na]*: 1370; HRMS (ESI) m/z calc. for Ce7H119N12016 [M+H] * 1347.8862,

found 1347.8871.

(25)-3-[(2S,58S,88S,118,148,208,238S,26S,29S,32R)-14-[ (1R)-1-hydroxyethyl]-11-[(1R,2R ,4E)-1-hydroxy-2-
methylhex-4-en-1-yl]-1,7,10,16,19,25,29,32-octamethyl-5,20,23,26-tetrakis(2-methylpropyl)-
3,6,9,12,15,18,21,24,27,30,33-undecaoxo-8-(propan-2-yl)-1,4,7,10,13,16,19,22,25,28,31-
undecaazacyclotritriacontan-2-yl]-2-methylpropyl (2-methoxyethyl)methylcarbamate (25):

Compound 25 was prepared from 17 and 2-methoxy-N-methyl-1-ethanamine using a similar approach to that
described for 24. '"H NMR (pyridine-ds, 80 °C) & 8.37-8.38 (1H, m), 8.29-8.30 (1H, m), 8.21 (1H, d, /= 9.8 Hz),
7.49-7.52 (1H, m), 7.44-7.45 (1H, m), 6.83-6.84 (1H, m), 6.27-6.29 (1H, m), 5.29-5.76 (9H, m), 4.86—4.98 (4H,

m), 4.45-4.63 (2H, m), 3.96-4.09(6H, m), 3.42-3.47 (6H, m), 3.31-3.36 (3H, m), 3.20-3.28 (10H, m), 2.91-2.92
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(6H, m), 2.85-2.88 (1H, m), 2.70-2.75 (1H, m) 2.57-2.63 (1H, m), 2.26-2.48 (3H, m), 1.67-2.13 (9H, m), 1.60
(3H, d, J=5.5Hz), 1.46-1.55 (3H, m), 1.39 (3H, d, J = 6.0 Hz), 1.33-1.37 (10H, m), 1.19 (3H, d, J = 7.0 Hz),
1.13-1.14 (3H, m), 0.98-1.05 (15H, m), 0.91-0.94 (9H, m), 0.75 (3H, d, J = 7.0 Hz) for a major conformer; MS

(ESI) m/z [M+Na]*: 1372; HRMS (ESI) m/z calc. for Cs7Hi121N 12016 [M+H] " 1349.9018, found 1349.9026.

(25)-3-[(2S,58S,8S,118,148,208,238S,26S,29S,32R)-14-[ (1R)-1-hydroxyethyl]-11-[(1R,2R,4E)-1-hydroxy-2-
methylhex-4-en-1-yl]-1,7,10,16,19,25,29,32-octamethyl-5,20,23,26-tetrakis(2-methylpropyl)-
3,6,9,12,15,18,21,24,27,30,33-undecaoxo-8-(propan-2-yl)-1,4,7,10,13,16,19,22,25,28,31-
undecaazacyclotritriacontan-2-yl]-2-methylpropyl 4-methylpiperazine-1-carboxylate (26):

Compound 26 was prepared from 17 and using 1-methyl-piperazine using a similar approach to that described for
24,

"H NMR (pyridine-ds, 80 °C) 4 8.40-8.41 (1H, m), 8.29-8.31 (1H, m), 8.21-8.23 (1H, m), 7.49-7.53 (1H, m), 7.44—
7.45 (1H, m), 6.85-6.86 (1H, m), 6.28-6.30 (1H, m), 5.27-5.78 (9H, m), 4.86-—4.98 (4H, m), 4.45-4.64 (2H, m),
3.96-4.12 (8H, m), 3.43-3.49 (7H, m), 3.23-3.36 (10H, m), 2.91 (3H, brs), 2.84-2.88 (1H, m), 2.70-2.75 (1H, m)
2.57-2.63 (1H, m), 2.29-2.48 (3H, m), 2.20-2.22 (4H, m), 1.67-2.13 (9H, m), 1.61 (3H, d, J=5.5Hz), 1.47-1.57
(3H,m), 1.40 3H, d, J= 6.0 Hz), 1.34-1.37 (10H, m), 1.19 (3H, d, /J="7.0 Hz), 1.13-1.14 (3H, m), 0.98-1.06 (15H,
m), 0.88-0.94 (9H, m), 0.75 (3H, d, J= 6.6 Hz) for a major conformer; MS (ESI) m/z [M+H]": 1362; HRMS (ESI)

m/z calc. for CegH122N13015 [M+H]* 1360.9178, found 1360.9166.

(3S,6S,9S,12R,158,18S,218,24S,30S,335)-30-[ (1R)-1-{[ tert-butyl(dimethyl)silyl]oxy} ethyl]-9-[(2S)-3-{[ tert-
butyl(dimethyl)silyl|oxy}-2-methylpropyl]-33-[(1R,2R,4E)-1-hydroxy-2-methylhex-4-en-1-yl|-
1,4,10,12,15,19,25,28-octamethyl-6,18,21,24-tetrakis(2-methylpropyl)-3-(propan-2-yl)-
1,4,7,10,13,16,19,22,25,28,31-undecaazacyclotritriacontane-2,5,8,11,14,17,20,23,26,29,32-undecone (27):

To a solution of 17 (10.0 g, 8.1 mmol) and 1H-imidazole (5.5 g, 80.8 mmol) in N,N-dimethylformamide (100 mL)
was added tert-butylchlorodimethylsilane (9.8 g, 65.0 mmol) at room temperature. After stirring for 21 h at room

temperature, the reaction mixture was added to a mixture of ethyl acetate and water. The organic layer was
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successively washed with brine and dried over magnesium sulfate. The solvent was evaporated in vacuo, and the
residue was purified by column chromatography on silica gel, eluting with a mixture of hexane and acetone (100:0
—50:50). The eluted fractions containing the desired product were collected and evaporated in vacuo to afford 27
(11.5g, 97%). '"H NMR (Pyridine-ds, 80 °C) & 8.36-8.39 (1H, m), 8.23-8.26 (1H, m), 8.19 (1H, d, J = 5.5 Hz ),
7.48-7.50 (1H, m), 7.36-7.38 (1H, m), 6.91 (1H, d, /= 6.0 Hz ), 6.26-6.30 (1H, m), 5.25-5.79 (8H, m), 4.87-4.95
(4H, m), 4.51-4.60 (2H, m), 4.07 (3H, s), 3.47-3.58 (5H, m) 3.38 (3H, s), 3.32-3.35 (1H, m), 3.24-3.28 (6H, m),
2.83-2.89 (3H, m), 2.65-2.74 (1H, m) 2.54-2.61 (1H, m), 2.42-2.49 (1H, m), 2.17-2.36 (3H, m), 1.61-2.14 (9H,
m), 1.59 3H, d,J=5.5Hz), 1.44-1.51 (3H, m), 1.24-1.39 (13H, m), 1.18 (3H, d, J=7.0 Hz), 1.13 3H, d, /= 7.0
Hz), 1.07 (3H, d, J = 7.0 Hz), 0.89-1.15 (39H, m), 0.83 (3H, d, J = 5.5 Hz), 0.06-0.21 (12H, m) for a major
conformer; MS (ESI) m/z [M+H]": 1464; HRMS (ESI) m/z calc. for C74H140N11014Si> [M+H] * 1463.0114, found

1463.0109.

(3R,68,98,128,15S,18S,21R,2485,27S,308,335)-6-[ (1R)-1-hydroxyethyl]-9-[(1R,2R,4E)-1-hydroxy-2-
methylhex-4-en-1-yl]-18-[(2S)-3-hydroxy-2-methylpropyl]-3-(methoxymethyl)-1,4,10,13,19,21,24,28-
octamethyl-15,27,30,33-tetrakis(2-methylpropyl)-12-(propan-2-yl)-1,4,7,10,13,16,19,22,25,28,31-
undecaazacyclotritriacontane-2,5,8,11,14,17,20,23,26,29,32-undecone (28):

A mixture of cesium chloride (31.1 g, 185.0 mmol) in THF (390 mL) was stirred for 30 minutes at room temperature
under argon atmosphere. To the above mixture was added 27 (30.0 g, 20.5 mmol), and THF (60 mL) at room
temperature. To the mixture was added Lithium bis(trimethylsilyl)amide in THF (158 mL, 164.0 mmol) dropwise
over 30 minutes under -60 °C and stirred for 2 h at the same temperature. To the resulting yellow solution was added
paraformaldehyde (3.7g, 123.0 mmol) at the same temperature, and the mixture was gradually warmed up under
ice-bath cooling over 20 minutes. After stirring at 0 °C forl h, to the mixture was added AcOH (30 mL) over 15
minutes at 0.4 °C and stirred for 30 minutes To the mixture was added 5%NaHCOs aq., EtOAc, and stirred for 10
minutes, then extracted with EtOAc. The organic phase was washed with 5% citric acid aq. 25% NaCl aq.,10%
NH4CI aq., 25% NaCl aq., and dried over Na,SOs, and concentrated. The residue was dissolved in THF (150 mL)

and MeOH (30 mL) was added ethylene diamine (13.7 mL, 204.0 mmol) dropwise in an ice bath, and stirred at
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room temperature for 22 h. To the mixture of EtOAc (300 mL) and 10% citric acid (300 mL) was added the above
reaction mixture and stirred for 30 minutes. The organic phase was washed with 10%NH4Claq., 25% NaCl aq., and
dried over Na;SO4, and concentrated. The residue was purified by silica gel column chromatography (hexane /
acetone = 70/30) to afford the desired hydroxymethylated intermediate (13.5 g, 44%).

MS (ESI) m/z [M+H]*: 1493

To a solution of the intermediate (5.1 g, 3.4 mmol) in dichloromethane (100 mL) were added 1,8-
bis(dimethylamino)naphthalene (4.6 g, 21.5 mmol) and molecular sieves 3A (3.3 g). To this mixture was added
trimethyloxonium tetrafluoroborate (2.6 g, 17.6 mmol) portion-wise while cooling on ice. The mixture was stirred
while cooling in an ice bath for 2.5 h. After filtering off insoluble materials, to the filtrate was added sat. sodium
hydrogen carbonate aq., and dichloromethane was evaporated off. The residue was extracted with ethyl acetate. The
organic phase was washed twice with 5% citric acid aq., then sat. sodium hydrogen carbonate aq. and brine, dried
over magnesium sulfate, filtered, and evaporated off. The residue was purified by silica gel column chromatography
(chloroform/methanol = chloroform only to 90/10) to give the intermediate. To a solution of the intermediate in
methanol (40 mL) was added 1 M hydrochloric acid (20 mL, 20.7 mmol) and the mixture was stirred at room
temperature for 1 h. After removing methanol in vacuo, the residue was extracted with EtOAc. The extract was
washed with sat. sodium hydrogen carbonate aq., and brine, dried over magnesium sulfate and concentrated in vacuo.
The residue was purified by silica gel column chromatography (chloroform/methanol = chloroform only to 80/20)
to afford 28 (2.8g, 64%). The configuration at the 3 position of this compound was determined to be (R) by
comparing with the NMR, [a] p and HPLC spectra of the authentic known compound whose configuration was
confirmed to be (R), synthesized using an alternative fragment condensation synthetic method, as described in
WO02008/139986.

'"H NMR (CDCl3) 8 9.12 (1H, d, /= 9.4 Hz), 7.64 (1H, d, J= 7.5 Hz), 7.01 (1H, d, J=9.2 Hz), 6.90 (1H, d, J =
8.0 Hz), 6.75 (1H, d, /= 8.0 Hz), 5.64 (1H, d, /= 3.2 Hz), 5.29-5.51 (4H, m), 5.14 (1H, dd, /=4.0, 11.5 Hz), 5.08
(1H, dd, J = 5.0, 10.0 Hz), 4.91-5.01 (3H, m), 4.75-4.86 (2H, m), 4.69(1H, t, , J = 9.0 Hz), 4.49-4.53 (1H, m),
4.25-4.28 (1H, m), 4.19-4.21 (1H, m) 3.72-3.78 (1H, m), 3.52-3.56 (1H, m), 3.46-3.49 (1H, m), 3.37-3.41 (2H,

m), 3.37 (3H, s), 3.16 (3H, s), 3.07 (3H, s), 3.05 ( 3H, s), 3.01-3.04 (7H, m), 2.95 (1H, d, /= 9.0 Hz), 2.89 (3H, s),
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2.26-2.38 (2H, m), 1.71-2.12 (12H, m), 1.65 (3H, d, /= 5.5 Hz), 1.31-1.60 (9H, m), 1.13-1.21 (1H, m), 1.11 ( 3H,
d,/=17.0 Hz), 1.09 (3H, d, /= 5.2 Hz), 0.96-1.04 (9H, m), 0.90-0.94 (6H, m), 0.85-0.88 (9H, m), 0.80 (6H, d, J =
7.0 Hz), 0.70 (3H, d, J = 6.0 Hz); MS (ESI) m/z [M+Na]*: 1301; HRMS (ESI) m/z calc. for CesH116N11015 [M+H]
*1278.8647, found 1278.8641; [a] p*? -151.5 (c 0.750, MeOH) ; Retention time: 5.9 minutes (HPLC, ZORBAX
Eclipse Plus C18, 2.1x50mm, 1.8-Micron), eluent: 0.1% HCO,H-H,0/0.1% HCO,H-MeCN = 98/2 to 0/100 (10

min, gradient), flow rate: 1.0 mL/minute, column temperature: 40 °C.

(25)-3-[(2S,5S,8S,118,14S,17R,208,23S,26S,29S,32R)-14-[ (1R)-1-hydroxyethyl]-11-[(1R,2R,4E)-1-hydroxy-
2-methylhex-4-en-1-yl]-17-(methoxymethyl)-1,7,10,16,19,25,29,32-octamethyl-5,20,23,26-tetrakis(2-
methylpropyl)-3,6,9,12,15,18,21,24,27,30,33-undecaoxo-8-(propan-2-yl)-1,4,7,10,13,16,19,22,25,28,31-
undecaazacyclotritriacontan-2-yl]-2-methylpropyl (2R)-2-(methoxymethyl)morpholine-4-carboxylate (30):
To a solution of 28 (2.83 g, 2.2 mmol) and N-methylmorpholine (730 pl, 6.6 mmol) in dichloromethane (60 mL)
was added 4-nitrophenyl chloroformate (585 mg, 2.9 mmol) in dichloromethane (9 mL) while cooling in an ice bath.
After stirring for 30 min, N-methylmorpholine (730 pl, 6.6 mmol) and 4-nitrophenyl chloroformate (916 mg, 4.5
mmol) in dichloromethane (9 mL) were added slowly and the mixture was stirred for 30 min. N-methylmorpholine
(730 pl, 6.6 mmol) and 4-nitrophenyl chloroformate (580 mg, 2.9 mmol) in dichloromethane (9 mL) were again
added slowly, and the mixture was stirred for 15 min. The mixture was diluted with 1 M hydrochloric acid, extracted
with CH,Cl,, dried over magnesium sulfate, and concentrated. The solvent was removed in vacuo, and the residue
was purified by silica gel column chromatography (chloroform/methanol = chloroform only to 90/10) to give the
desired intermediate (2.68 g, 84%). To a solution of the intermediate (2.68 g, 1.9 mmol) in N,N-dimethylformamide
(28 mL) was added (R)-2-(methoxymethyl)morpholine hydrochloride (380 mg, 2.3 mmol) and N,N-
diisopropylethylamine (770 pL, 4.5 mmol), and the mixture was stirred at room temperature for 2 h. (R)-2-
(methoxymethyl)morpholine hydrochloride (143 mg, 0.85 mmol) and N,N-diisopropylethylamine (200 pL, 1.2
mmol) were again added and the mixture was stirred at room temperature for 15 min. The reaction was diluted with
EtOAc, washed with sat. sodium hydrogen carbonate aq. and brine, dried over magnesium sulfate and concentrated.

The residue was purified by silica gel column chromatography (hexane/EtOAc = 3/1 to 0/1) to afford 30 (1.9g,
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72%).

'HNMR (CDCL3) § 9.21 (1H, d, J= 9.5 Hz), 7.64 (1H, d, J= 9.5 Hz), 7.01 (1H, d, J= 8.5 Hz), 6.94 (1H, d, J=7.5
Hz), 6.76 (1H, d, J= 8.0 Hz), 5.65 (1H, d, J= 3.0 Hz), 5.33-5.53 (4H, m), 5.15 (1H, dd, J= 4.0, 11.5 Hz), 5.08 (1H,
dd, J = 5.0, 10.0 Hz), 4.93-5.01 (3H, m), 4.76-4.87 (2H, m), 4.69 (1H, t, J = 5.0 Hz), 4.49-4.55 (1H, m) , 4.19—
4.23 (2H, m), 3.80-4.00 (SH, m), 3.74-3.81 (1H, m), 3.51-3.61 (3H, m), 3.38-3.46 (2H, m), 3.38 3H, s), 3.37 (3H,
s),3.17 (3H, s), 3.05 (9H, s), 3.01-3.04 (4H, m), 2.90 (3H, s), 2.28-2.46 (2H, m), 1.72-2.14 (15H, m), 1.66 (3H, d,
J=5.5Hz), 1.31-1.61 (9H, m), 1.18-1.22 (1H, m), 1.12 (3H, d, /= 7.5 Hz), 1.10 (3H, d, J = 6.5 Hz), 0.97-1.05
(9H, m), 0.91-0.95 (9H, m), 0.86-0.89 (6H, m), 0.81 (6H, d, J= 6.0 Hz), 0.71 (3H, d,J= 6.5 Hz); ’C NMR (CDCl)
5174.6, 174.1,173.7, 173.1, 172.8, 172.5, 172.0, 171.8, 171.0, 170.3, 169.9, 155.4, 128.4, 127.5, 77.2, 76.8, 76.1,
73.3, 70.6, 69.3, 67.8, 66.5, 66.5, 59.6, 59.4, 59.4, 59.1, 55.5, 55.2, 54.7, 54.6, 53.7, 48.7, 47.9, 46.5, 45.5, 41.0,
39.4, 363, 36.1, 35.8, 35.2, 34.1, 31.6, 31.1, 30.5, 30.5, 30.4, 30.3, 29.8, 27.3, 25.2, 25.0, 24.8, 24.6, 23.6, 23.5,
23.4,23.0,22.5,21.2,21.0,20.9, 20.4, 19.5, 18.3, 18.0, 16.1, 16.0, 15.6, 14.7; MS (ESI) m/z [M+H]": 1436; HRMS

(ESI) m/z calc. for C71H127N12015 [M+H] " 1435.9386, found 1435.9351; mp 131 °C; [a] p?*-169.1 (¢ 0.75, MeOH).

(25)-3-[(2S,58S,8S,118,14S,17R,208S,23S,26S,29S,32R)-14-[(1R)-1-hydroxyethyl]-11-[(1R,2R ,4E)-1-hydroxy-
2-methylhex-4-en-1-yl]-17-(methoxymethyl)-1,7,10,16,19,25,29,32-octamethyl-5,20,23,26-tetrakis(2-
methylpropyl)-3,6,9,12,15,18,21,24,27,30,33-undecaoxo-8-(propan-2-yl)-1,4,7,10,13,16,19,22,25,28,31-
undecaazacyclotritriacontan-2-yl]-2-methylpropyl (2-methoxyethyl)methylcarbamate (29):

Compound 29 was prepared from 28 and 2-methoxy-N-methyl-1-ethanamine using a similar approach to that
described for 30. 'H NMR (CDCls) 6 9.19 (1H, d, J=9.2 Hz), 7.65 (1H, d, J = 8.9 Hz), 7.00 (1H, d, J = 8.9 Hz),
6.92 (1H, d, J=7.4 Hz), 6.76 (1H, d, J= 8.1 Hz), 5.65 (1H, d, J = 3.1 Hz), 5.20-5.60 (3H, m), 5.16 (1H, dd, J =
10.0, 5.3 Hz), 4.90-5.05 (4H, m), 4.70-4.90 (2H, m), 4.69 (1H, t, J= 7.0 Hz), 4.52 (1H, t, J = 7.0 Hz), 4.10-4.30
(2H, m), 3.91 (2H, d, J=6.0 Hz), 3.76 (1H, t,J=9.2 Hz), 3.20-3.60 (10H, m), 3.17 (3H, s), 3.06 (6H, s), 3.02 (3H,
) 2.95 (3H, s), , 2.90 (3H, s), 1.20-2.70 (26H, m), 1.11 (6H, t, J = 7.7 Hz), 0.89-1.05 (26H, m), 0.88 3H, d, J =
6.4 Hz), 0.87 (3H, d, J= 6.5 Hz), 0.81 (6H, d, J= 6.5 Hz), 0.71 (3H, d, J = 6.8 Hz) for the major conformer; MS

(ESI) m/z [M+H]": 1393; HRMS (ESI) m/z calc. for CsoH125N 12017 [M+H] * 1393.9280, found 1393.9264.
70



(3S,6S,9S,128,158,18S,21R,248,278,308,33S)-18-{(2S)-3-[2,2-bis(methoxymethyl)morpholin-4-yl]-2-
methylpropyl}-6-[(1R)-1-hydroxyethyl]-9-[(1R,2R,4E)-1-hydroxy-2-methylhex-4-en-1-yl]-3-
(methoxymethyl)-1,4,10,13,19,21,24,28-octamethyl-15,27,30,33-tetrakis(2-methylpropyl)-12-(propan-2-yl)-
1,4,7,10,13,16,19,22,25,28,31-undecaazacyclotritriacontane-2,5,8,11,14,17,20,23,26,29,32-undecone (32):

To a solution of 28 (2.5 g, 2.0 mmol), N,N,N,N-tetrabutylammonium chloride (109 mg, 0.39 mmol) and TEMPO
(61 mg, 0.39 mmol) in CH»Cl, (25 mL) and an aqueous solution of NaHCO3 (0.5 M) and K>COs (0.05 M) (25 mL)
was added N-chlorosuccinimide (522 mg, 3.9 mmol) portion-wise in an ice bath. After stirring at room temperature
for 3 h, N,N,N,N-tetrabutylammonium chloride (108 mg, 0.39 mmol), TEMPO (61 mg, 0.39 mmol) and N-
chlorosuccinimide (522 mg, 3.9 mmol) were added. After the starting compound had been consumed, the mixture
was extracted twice with CH>Cl,. The combined extracts were dried over MgSO4 and concentrated. The residue
was subjected to chromatography on silica gel (CH2Clz:acetone = 1:1) to give the desired aldehyde (1.3 g, 50%).
MS (ESI) m/z [M+Na]*: 1298

To a solution of the aldehyde (0.15 g, 0.12 mmol) and 2,2-bis(methoxymethyl)morpholine hydrochloride (99.5 mg,
0.47 mmol) in CH>Cl, (3 mL) was added sodium triacetoxyborohydride (161.9 mg, 0.76 mmol), DIPEA (0.14 mL,
0.8 mmol), and AcOH (0.067 mL, 1.1 mmol) and the mixture was stirred at room temperature for 3 h. The reaction
was quenched with NaHCO; aq. and extracted three times with CH»Cl,. The combined extracts were dried over
MgSOs and concentrated. The residue was subjected to ODS purification to give 32 (0.1 g, 59 %).

"HNMR (CDCl3) 8 8.96 (1H, d, J=9.4 Hz), 7.67 (1H, d, /= 9.0 Hz), 6.97 (1H, d, /= 8.9 Hz), 6.87 (1H, d, J=7.6
Hz), 6.76 (1H, d, J=8.2 Hz), 5.65 (1H, d, J=3.2 Hz), 5.23-5.57 (3H, m), 5.15 (1H, dd, J=11.4, 4.0 Hz), 5.09 (1H,
dd,J=10.2, 5.1 Hz), 4.91-5.03 (3H, m), 4.86 (1H, dd, /J=9.4, 2.4 Hz), 4.75-4.84 (1H, m), 4.70 (1H, t, /= 7.2 Hz),
4.53 (1H, dd, J= 8.8, 7.1 Hz), 4.25-4.31 (1H, m), 4.17-4.25 (1H, m), 3.70-3.83 (3H, m) 3.45-3.64 (6H, m), 3.37
(3H, s), 3.36 (3H, s), 3.34 (3H, s), 3.17 (3H, s), 3.07 (3H, s), 3.07 (3H, s), 3.06 (3H, s), 3.02 (3H, s), 2.91 (3H, s),
245 (1H, d, J=4.9 Hz), 2.25-2.43 (12H, m), 2.19 (1H, d, J = 11.4 Hz), 1.68-2.15 (12H, m), 1.66 (3H, d, J= 5.6
Hz), 1.49-1.63 (3H, m), 1.17-1.49 (10H, m), 1.12 (3H, d, /= 7.1 Hz), 1.10 (3H, d, J= 6.5 Hz), 0.92-0.97 (8H, m),

0.90 3H, d, /= 7.0 Hz), 0.87 (3H, d, J = 6.6 Hz), 0.85 (3H, d, J = 6.7 Hz), 0.81 (3H, d, J = 6.6 Hz), 0.80 (3H, d, J
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= 6.5 Hz), 0.71 (3H, d, J = 6.7 Hz); 3C NMR (CDCls) & 174.4, 174.1, 173.7, 173.1, 172.9, 172.5, 172.1, 171.8,
171.1, 1704, 170.3, 128.4, 127.5, 76.1, 74.8, 72.8, 72.0, 69.3, 67.8, 65.9, 61.9, 59.6, 59.5, 59.4, 59.4, 59.0, 55.8,
55.5,55.2, 54.7, 54.6, 54.1, 53.7, 48.6, 47.9, 46.5, 45.5, 41.0, 39.4, 36.2, 36.1, 35.8, 35.2, 34.1, 31.8, 31.6, 31.1,
30.5, 30.5, 30.3, 27.3, 26.9, 25.2, 25.0, 24.8, 24.6, 23.6, 23.5, 23.4, 23.0, 22.5, 21.2, 21.0, 20.9, 20.5, 19.5, 18.3,
18.0, 172, 16.1, 16.0, 14.7; MS (ESI) m/z [M+H]": 1436; HRMS (ESI) m/z calc. for C7H 31N 12017 [M+H] *

1435.9750, found 1435.9692; mp 135 °C; [o] p** -157.0 (¢ 0.75, MeOH).

(3R,68,98,128,158,18S,21R,248,27S,30S,335)-6-[ (1R)-1-hydroxyethyl]-9-[(1R,2R,4E)-1-hydroxy-2-
methylhex-4-en-1-yl]-3-(methoxymethyl)-1,4,10,13,19,21,24,28-octamethyl-18-[(2S)-2-methyl-3-(morpholin-
4-yl)propyl]-15,27,30,33-tetrakis(2-methylpropyl)-12-(propan-2-yl)-1,4,7,10,13,16,19,22,25,28,31-
undecaazacyclotritriacontane-2,5,8,11,14,17,20,23,26,29,32-undecone (31):

Compound 31 was prepared from 28 and morpholine using a similar approach to that described for 32.

"HNMR (CDCl3) 8 9.26 (1H, d, J=9.3 Hz), 7.67 (1H, d, /= 9.0 Hz), 6.99 (1H, d, J=9.0 Hz), 6.96 (1H, d, J=7.5
Hz), 6.76 (1H, d, J=8.1 Hz), 5.65 (1H, d, /= 3.3 Hz), 5.30-5.56 (3H, m), 5.15 (1H, dd, J=11.4, 3.9 Hz), 5.09 (1H,
dd, /=10.0, 5.2 Hz), 4.91-5.03 3H, m), 4.86 (1H, dd, J=9.3, 2.1 Hz) 4.74-4.83 (1H, m), 4.70 (1H, t,J=7.2
Hz), 4.53 (1H, dd, J= 8.9, 7.0 Hz), 4.18-4.31 (2H, m), 3.52-3.80 (7H, m), 3.37 (3H, s), 3.17 (3H, s), 3.05 (9H, s),
3.03 (3H, s), 2.90 (3H, s), 2.50 (1H, d, J = 4.8 Hz), 1.68-2.46 (25H, m), 1.66 (3H, d, J = 5.4 Hz), 1.49-1.63 (3H,
m), 1.16-1.49 (10H, m), 1.12 (3H, d, J= 6.9 Hz), 1.10 3H, d, J= 6.5 Hz), 0.84-1.07 (17H, m), 0.81 (6H, d, J=6.5
Hz), 0.71 (3H, d, J = 6.8 Hz) for the major conformer; MS (ESI) m/z [M+H]* 1348; HRMS (ESI) m/z calc. for

CesH123N12015 [M+H] * 1347.9225, found 1347.9202.
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In vitro

Assay for anti-HCV activity (QRT-PCR)

Inhibitory activity against replication of the HCV subgenomic replicon was evaluated by determining the amount
of replicon RNA using real-time quantitative reverse transcriptase polymerase chain reaction (QRT-PCR). HCV
replicon cells (#50-1) were cultured in Dulbecco's Modified Eagle medium (DMEM) containing 5% fetal bovine
serum (FBS) or 50% human serum (HS) and 300 pg/mL G418 at 37 °C in 5% CO; with test compound. After this
incubation, total RNA was extracted using the RNeasy 96 kit (Qiagen, Tokyo, Japan). The levels of HCV replicon
RNA and cellular total RNA were determined by real-time qRT-PCR using ABI PRISM® 7900HT Sequence
Detection System (Applied Biosystems, Foster City, CA, USA) 23, HCV replicon RNA was normalized against the
amount of cellular total RNA. The degree of HCV replicon RNA reduction for each treatment was calculated as the
percentage of inhibition relative to the DMSO-treated control. 50% effective concentration (ECso), defined as the
respective concentrations at which the amount of HCV replicon RNA was reduced by 50%, were determined by

sigmoid-Emax non-linear regression analysis using SAS software (SAS Institute Inc., Cary, NC, USA).

Assay for anti-HCYV activity (luciferase assay)

HCYV activity of compounds was evaluated in FLR-1 HCV subgenomic replicon cells carrying the luciferase reporter
gene. FLR-1 cells were cultured in Dulbecco's Modified Eagle medium (DMEM) containing 10% FBS or 50% HS
and 300 pg/mL G418 at 37 °C in 5% CO; with test compound. After this incubation, the cell culture medium was
removed, and the luciferase activity was determined using the Steady-Glo luciferase assay system (Promega, Tokyo,
Japan). Luminescence was measured in triplicate using the EnVision multilabel Plate Reader (PerkinElmer,
Waltham, MA, USA). The degree of HCV replicon RNA reduction for each treatment was calculated as the
percentage of inhibition relative to the DMSO-treated control. EC50, defined as the concentration of compounds at
which the luciferase signal diminished by 50%, were determined by sigmoid-Emax non-linear regression analysis

using SAS software (SAS Institute Inc., Cary, NC, USA).
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Assay for Concanavalin A induced proliferation of mouse splenocytes

Balb/c spleen cells (1.5 x 10° cells) suspended in 100 uL. RPMI1640 supplemented with 10% FBS, 50 uM 2-
mercaptoethanol, 100 units/mL penicillin and 100 /pg/mL streptomycin, containing 5 pug/mL concanavalin A
(ConA) were cultured in 96-well microplates at 37 °C for 72 hours in a CO; incubator with or without the test
compound. After this incubation, a 1/10 volume of Alamar Blue (BioSource; Camarillo, CA, USA) was added. After
incubating for 3 h at 37 °C, fluorescence was measured using the EnVision multilabel Plate Reader. 50% inhibitory
concentration (ICsg) value was defined as the concentration at which the growing of splenocytes was inhibited by

50%, as determined by sigmoid-Emax non-linear regression analysis using SAS software.

Aqueous Solubility

The test compounds in 10 mmol/L DMSO solution (13 pL) were diluted to 130 umol/L by adding the fluid for
disintegration test (JP2: pH=6.8). After incubation at 25°C for 20 h, precipitates were separated by filtration. The
filtrate and a standard solution comprising a 100 umol/L DMSO solution of the test compound were examined using
liquid chromatography. The ratio of the peak area of the sample solution to the peak area of the standard solution

was calculated to determine the aqueous solubility.

in vivo FHA

All animal experimental procedures were approved by the Institutional Animal Care and Use Committee of Astellas
Pharma Inc. Further, Astellas Pharma Inc. Tsukuba Research Center was awarded Accreditation Status by the
AAALAC International. All efforts were made to minimize the number of animals used and to avoid suffering and

distress.

* Assay for chimeric mouse model

uPA+/+/SCID mice engrafted with human hepatocytes and infected with HCV genotype 1b were purchased from

and kept at PhoenixBio (Hiroshima, Japan). ASP5286 solution or study vehicle was orally administered twice a day
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for 14 days, from Day 0 to Day 13. The dosing volume of ASP5286 was 5 mL/kg. Peginterferon alfa-2a (PegIFN)
at a dose of 10 pg/kg or saline was subcutaneously administered on the treatment initiation day (Day 0) and Days
3,7, and 10. The dosing volume of PeglFN was 10 mL/kg. The last dose was followed by a 7-day follow-up period
with no drug administration. Viral RNA was extracted from 5 pL of mouse serum using a SepaGene RV-R kit (Sanko
Junyaku, Tokyo, Japan). Isolated RNA was dissolved in 10 pL nuclease-free water containing 1 mM dithiothreitol
(Promega, Tokyo, Japan) and 0.4 U/uL ribonuclease inhibitor (Takarabio, Shiga, Japan) and stored at 80 + 10 °C
until use. The copy number of HCV RNA was quantified using real-time qRT-PCR, as described above. Changes in

serum HCV RNA level from baseline (Day 0) were calculated.
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