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6-CI-HOBt 6-chloro-1-hydroxybenzotriazole
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PEG
Pbf

PhSH
Py

1-[bis(dimethylamino)methylene]-1H-1,2,3-
triazolo(4,5-b)pyridinium

3-oxide hexafluorophosphate
1-[bis(dimethylamino)methylene]-1H-
benzotriazolium 3-oxide
hexafluorophosphate
1-[bis(dimethylamino)methylene]-5-chloro-
1H-benzotriazolium 3-oxide
hexafluorophosphate

hydrazine dithiocarbonate
1,1,1,3,3,3-hexafluoro-2-propanol
high-molecular-weight
1-hydroxy-7-azabenzotriazole
1-hydroxybenzotriazole
3,4-dihydro-3-hydroxy-4-oxo-1,2,3-
benzotriazine

high performance liquid chromatography
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hydroxyproline
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2,2,4,6,7-pentamethyldihydrobenzofuran-5-
sulfonyl
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pyridine
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RP
SAL
SEA
SEAlide
SPPS
StBu
Su
TCEP
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pyrogultamic acid

1H-benzotriazol-1-yloxy-tri
(pyrrolidino)phosphonium
Hexafluorophosphate
Quantitative

room temperature

reverse phase

super acid labile
bis(2-sulfanylethyl)amino
sulfanylethylanilide
solid-phase peptide synthesis
t-butylsulfenyl

succinimide
tris(2-carboxyethyl)phosphine

triethylsilane

TFA
TFMSA
TIS
TMSOTf

Thz
Tos

Trt
Trt-OH
TsOH
Xan

p-

pNA
tBu
u-SIHIA

trifluoroacetic acid
trifluoromethanesulfonic acid
triisopropylsilane
trifluoromethanesulfonic acid
trimethylsilyl ester
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tosyl

trityl

trityl alcohol
p-toluenesulfonic acid
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u-conotoxin SIHIA
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MG
Boc Ahkik
o-7 X HORHEHR L LT Boc HEA MV, TFA UHIZ L5 Boc EOMifR#E, %< Boc 7 /L
DG POSZ NARAR Y IR Uk 2 ik, 7 X 7 BROMISUE RE AR I X TR AL CRR 2 A RE e R EE23 T
WHIL, RAEBREITEK HE 2 W00 —KITH D, MG, BEREGHROmS THWHNS,

Fmoc & hkik

o-7 X FEORGER L LT Fmoc AW, LR (—EMICEMEAER TIEERY DUV LR
%) 1L % Fmoc HDOPiLRGE, K< Fmoc 7 X /R & OREE OGS Z NEUHEE 0 K UBET 2 51k, 73/
FEOMISA B BERLIZIT TFA AFE CRREATRER R A2 W 5, Fmoc SO BRERHZAL VRV 7
/I//\/O)Ii’fijﬁb)%ﬁf“%é Z e BIEMAE IR T, —RICEHEER THW SIS,

e £ S s

RTF RERICHWON D HMEAANIS B STV D, FEE K TIX EDC/HOBt W5 Z &
M, BEHERTIEALVRT A I FROMEAIL YD b ISEOE VY HBTU, HCTU <> PyBop 72 E'23
HAnwbius (Figure A), 70, B A2 MEGRHIZIZ= E~—(biflo7=D, #hFlE LT HOOBt #

HWnoihnd Z ERZun,

NI\
\ N
O O N/
HBTU HCTU PyBop HOOBt

Figure A. Examples of condensation reagents and additive reagent.

AT AT INNTG A — =3 (NCL)
C KMz T A AT NEFFOXTTF KL N KilZ Cys 2 FFO_XT7F KR, rEoF4A=27 1
SR L H58 < 3 F SN 7 SRR UGS &> TT 2 FfEA 2R D U (Scheme A), #5ié TR
RERBIUEN B < | BGERT T RCRIGHITZ D, £7o. —RICKISERET HT2DF 47 = 7 —/b
(PhSH) X° 4-A/NH 7 N7 = = )VEfEE (MPAA) 728 D7 UV — /L F A — L& RMAIE LTHWS, BIfE
KOLIHENTWEEZ A2 Mt Tk TH 5,
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H
OS

S—N acyl shift )J\ j\
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Scheme A. Proposed mechanism of NCL.
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NCL- At SO

NCL ZICBREIS 21T H 2 & TUISAED Cys & Ala ~EEH#H4 25 Fik, Zhic kv Ala TO NCL
WNEREE 720 NCL DR Th o 7 HFFHOMBEN TR Sz, 7o, Ala DAMCH AT I/ BEIC
ANT e RUNEZEANLLET I 7 BERE L, Ehd v NCL-B S S SR E ST b,
AR EOEIE, B REHGERINIE DS < AR THITZ DA, ESIH D Cys 7N IR R#ER A EA Lt
2B, BETEICE. TR == R R AW HELRL N TWA D, BIETIZ Y X(Q2-hv
R¥ T N)KRAT 4> (TCEP), F4—/L Y —R [EtSH, tBuSH, 7 /v F 4> (GSH)] &7 Vv
BRAAA] (VA-044) % W= FEN—RITH D,

F AT ATV

RTF RFATZATNET I HE L OBRAFEE RS, S L HOOBt 72 & DIEMELAIFE T, 7 2
NS BRSEIT 9y FAT AT NERA F 22 X 0 IEME(L L, HOOBt (i) & oiFtE— 25 v
NEEW LT, TR EBRIET D, NCL & 1T 7e 0 MR CII T AT, BTG LanT I /&
E AN T B RUNVIITRE L2 TR B0y, i A MCHIBRZZ T 72 0FLERH 5

FAZ AT VAR

NI F RFAT AT VL NCL RF AT R T /ER EIZHO LI, ITFEDORTF REKIZIBW TR
THEREOEB 2=y N TH D, TOARMIZEB VT, Boc IETIXEEGK TE D720 LT 520008,
Fmoc 75Tl Fmoc B DM FALFLICF 4= AT VISR E R0, BEAK TS Z LIIRETH 5,
AR, ZOREE RS 57200 Fmoc IEIZEIT 5 F AT AT VA RIENSEHRE I T\Wb, E72K
EE LTI, 7 FRTF A= AT LRI Z FEAER U, B - TBIIEEIZ N-S 77 S VERALOS
RO TFAZATNANEEHRT HHDTH S (Figure B),
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9 R I\/SH
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Oj/NHZ
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H o) R O
cysteinyl-prolyl ester (CPE) N-alkylcysteine

Figure B. Examples of thioester surrogates.



T2 LFIR (Asi) DIER,

Asi DFERUT, X7 FRERITBITDEBEREIRIED—D>ThD, XTFROEFINZ Asp-Xaa D& END
BE. Xaa DEHRE Asp OIBIA VAR BEET Asi BIEAKSILD (Scheme B), BLANIZHEK AL Xaa 73
Gly DOREZEEEITHEIT T2, PRER G R T S CHEATL (Fmoc 15 CRIBEE D), Difr# 14 1T
PRI CEITET T (HF ALERRFICRIEE2 D),
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~HN S R
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Scheme B. Mechanism of aspartimide formation.

[ FH A ke P A A

KL LTEIRI AT LUEZHWDS ZENE L, REAT T RENKICIT PEG 2 U v 1 —D—BIC
EGe PEG-RY AF LR LIZLIEHVWOND, T VBEEATHODOY »h—|Zi3fEx DO
FRF STV, TRelc—fl% =7 (Figure C),

Boc-SPPS

m ““ﬁi}vﬁN NH,
/T:KD HAI:KD WJ‘iK'DmAK;%)

Merrifield resin phenylacetamidomethyl (PAM) resin methylbenzhydrylamine (MBHA) resin

Fmoc-SPPS
CH;O  NH,

mAtjw
Af:&) CMJ‘ik‘DmAI:RD

Wang resin super acid labile (SAL) resin

Figure C. Examples of SPPS resins.
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H NIRRT T NIiE, R & ORS & i DR EENOERISE - HRROHIE S 50
IS M RCHRIERICBE G T DHRNVE LR E, EERNICBWTEIGICb 2 &EZRT- LTS, Znb
DOAEFEMHERIUIL, BEEEOIRICNZ, TR F b, 2exF 1k, U Uik, 70 2214k,
t kaXxifb, VALT 4 RiEEIEEE EfEx OFIGRZEM S EE e &E 2> T\ 5 (Figure 1), =
O OB, MG, BiE. RfE. ¥ o BROHBBEERRY 7 TR EECRE REEL 5257
O, H X7 HRNT T ROBREMITAIRICIL, BIRREREM STz v X7 BT T ROFRS A
KThD,

protein

SsH SH

l post-translational modification

glycosylation acetylation

disulfide formation
HO

F’\
HO" OH
hydroxylation

phosphorylation

Figure 1. Post-translational modification.

BN TERNTF ROPFREL LT, VarbeFrr Mk b0 L bBEKICE Db D LD 2
FEN BN TS, Y areFr FETiE, HEISHIRZ WS DD, FIRRREAI T EHR KT
T o, BBy X BEEAALEME LTED Z EFREER Z E 3%, Y —J5 LA T
X, RE & FMZLEL T8, (LEONMEZEMT L2 ENAIRTHY, IERROT I VBROEAL
R ThHDH, TDTD, XU N_TEOXTTF ROFAEBITUAINOE FEin S T&E7z, L, #
RILERT T ROBFIERIEFES L2V, FlzIiX, 7V a v b7 F ROGKTIE, 7V avv
IELTRET 2 VBRO I NRF I NVIELBIIE LD T 2 3L O A IS SAREENS#H L2 21T
Mz, 2 MEEKIGHEO =~ —OERBIEEIND, IfMich, BROVALVT 4 RiEGEAET 5T
F ROARKTIE., BRI O E RIS AL T 4 FEEEETERT 57200 Cys Oif#ILN 2555
FINTNDEN, V4 UL EOT AV T ¢ FEGEERT 2 2 L 13# L < IWAEORWITEILARTZ
FEINTWRY, ZO L) BERob LFERIL, FIREBREM~TF FOBRMIEEIT -7,
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BB TIE, 7T AR A " AA L O—FTH 2 adiponectin OFEFEMEIIZIANT, & Raxigqk, 7
U 22 U K0 BIER &R S 7= human adiponectin (19-107) (1) DA Rk%. NCL, FA4 = AT L ik%
O LZIORAI B R TFIRIC TR LTz, £72, 7V a3 b &Nz 5-8 Frdv U2y (Hyl) &, o8
7'F R =» b “(Gle-Gal-)Hyl-Gly” &35 Z & TREAHEGR~DOEE/HEAZ R L Lz, HoEsIT
WX D08, BARLER S 7z adiponectin DA RRITHEAR W DORRE TH 5,

BT, Cys A ELAATF RO/ Y — /& LT, BE#ESTT R0 Cys FRILEINAY /2
PRAEHSE AN IZ DWW TR 21T o 72, AR & LT, 1,1,1,333-~F V7 4 rm-2-7 1,3 —)L (HFIP)
. MU FAT L a—) b (Trt-OH) & DORIGIZ LY | @I T Cys FRIELEINAIC Trt KA HATE5Z
ExRRM Uz, AFiEAHV 72 rat C-type natriuretic peptide-53 (rat CNP-53) (35) DA% T, NCL-Miki
BOS 2 A2 185y D 77 A & MREEITIBW T, B 2IRAIE IS 2 42182 Z L IZiP L7z,

BT, MEERA D AL T ¢ RGBS DUV TR 21TV, TR ERIRA Y 217 ¢
RS ARG ~DISHANNEETH 72 -7 F VAL T = =) (StBu) Mz, 55 = T3 L7z Trt 1k
Btz HW5 2 & T, fLE&EIR Y AV 7 4 REEETERBOGICI T 2 H A7 gk~ b S8 7,
StBu J&& Trt, 72 7 X RAFIL (Acm) EEMAEDLEDL Z LT 3 MOTVANLT ¢ RiEGZRD
u-conotoxin SITIA (u-SHIA) (46) %, S HIZ, THHIZAF AR T (Meb) KAEZMR 52 & T 4 #o
P AT 4 RiEA &R human hepcidin (50) O ARIZHEN LT,



#— Human adiponectin (19-107) D& AT

E—H A

T

Adiponectin {Z2V\T

Adiponectin (%, A > v =2V v OEZMEETLET DT T 4B A A THY, HLBEIRIF, 77 12—
LPEEANH], PIRIEVER ., OMEENER 72 CHEi 2 OiEMEEZ A LT 5, Y Human adiponectin (%, 244 4%
EOT I VBN ORER S, 7 FVENL, RIAEMSEL, 27— RAL L ERIRR AL D 4 DD
RAAL A EIEND, aT7—F 0 RAAL TEEND Lys ik L — D Pro FRIEITFRRZ & %%
FTEY, Lys ik RuFI1RIicX Y Hyl L2o7ct%, 77U ai i bai (Gle-Gal-)Hyl (2) & 72 %,
F72. Pro It Rafifbans Z LT Faxo 7l > (Hyp) () &725 (Figure2), © fEEgin i
BT adiponectin 1%, £/ v —TIIfEHEE T, MU ~— ~FHh~— K 18 5L EnB722 5 high-
molecular-weight (HMW) @ 3 D& CTHEELTEY, FTH, HMW 231 > v = U VoI
WCHEREHZHSTNDEEZ LN TS, ZRIEOEIT, £, IR AL BRI A/EH
WCEVEELTR, 27T RAAL B R TN w7 2T HZ TR v—D0EKRIND,
ZOR)TINAANY v 2L, Hyp Ot Fr X EoFS5IcL v eEbsnsg, 7 wWT, aIZEvE
WUCAFAET D Cys® B TRITY ALV T 4 B ERT 22 Tk~ —L20 | Zo~FH~v—
MEEET D HICE D HMW BRSNS, © ZOFE, Lys ot KaXxiib, 7V a3kl X 28R #%
EfiD HMW JERICHETH D Z LRSS Tn5b, 9 LavL, ¥)—7phiis 2 A9 2% adiponectin
DAFRNERZ LB H Y | FEMREEEIZ OV TR L TH 72w,

Adiponectin (Xt N OFFERIMLAFICEZEICTFEL TWDN, AIRO@EY ZBIKTHEEL TV DHTDE )
~—ZHEET S Z SITEE LV, AT, BEEAMUHIC L0 R RS A T FIRRIRIERE S T
adiponectin Z B9 5 Z LIZNEEAL D 5, /o, Var vy FERTEY—R 7Y a bz o
VBERDLZEIFEH L, ¥ 207, BIREM SN K, Thbbad—Fr RAL VLT
LA RN SE L 12D, = 2 TAEIFEH L, adiponectin O 5 72 HFEREREIA O 7= 012, FIRRZIEMI S h
73T =y RAA Ll ZEpfEhk 2 & e human adiponectin (19-107) (1) OARICH D fieZ & & LT=,
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Signal Variable Collagenous Globular
peptide region domain domain

36
ETTTQGPGVLLPLPKGACTGWMAGIHYypGHHypGHNGAHYpGRDGRDGTPG-

EHyIGEHyIGDPGLIGPHyIGDIGETGVPGAEGHYpRGFPGIQGRHYIGEPGEG

human adiponectin (19-107) (1)
O
HN I,
N o]

HO &
“OH
Ho\é&/o"' HN
(0] \\(
QLOH  HN

OH

HO
Hdio
Hyl = glucosylgalactosyl (2S,5R)-hydroxylysine Hyp = (2S,4R)-4-hydroxyproline
(Glc-Gal-)Hyl (2) Hyp (3)

Figure 2. Structure of human adiponectin (19-107) (1).
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Human adiponectin (19-107) (1) D& N % Schemel (o= L7z, 89 FRAED T F K% (19-35) (1),
(36-63) (I1). (64-87) (111), (88-107) (IV) @D 4 FAFIZHITTHMT HZ & & Lic, 7 A FOMEHE I,
IERECH UG ATEEZ: NCL O 2RI 5 2 ENEAEMTH S, L L, NCL ORIERIZHETH S
Cys (. BlAIHIZ Cys®® LFERET, Ala®-Cys® LIS OfEE A M2id NCL &85 FiEALE
LB, 2T A SN TV ABESOR D 20T A2 & Lz, T72bh, Ala® % Cys® &
LTEZ AV MEAREKL, Gly-Cys® fi] ¢ NCL Z{To7-I2, Bt Z1TH 2 & T Cys® % Ala®®
NEBEWTHHDOTH D, MG CTITER#ED AL T RUNVERETKIGLTLE I =, Glys-

Al® T? NCL 1%, Ala®-Cys®* XV §Eic bRz, %5 GlyR-Glu® offidicid, F
FEATAWE D EHWDEZ L L, FAZAT LR, XTF RFAT AT NVERA 4 THEMEAL
L. 7 EEFREEERNICIESELFIETH D, TOD, KISRUSNDOT I 7 L Boc 5
THRE L TI R b T, BEESTT ROBELAFEEZR NCL LV eI 722 &L L, BLEoH
b 1 L N Z2FF AT /MBI X 0HEE Lz, VL (H+1), | % C Rl SIER NCL (2
LIofEa LTV e L, ATRERICBWT, EZ7 A Il @ C K7 A+ 1l &F4x
AT IAEZAT ) BICIIARTEME T, fit< BZ A b IV & D NCL FRIIXENRE (FATZ AT L) ~EE
BT DMERNDHD, Thbb, 7 A b H O C KuIZF AT AT URIBRMAZEA L7 < Tidre
SV, FAT AT IUEEARIL, CPEY, SEAlide', SEA™ o, N-7 /L)L Cys® 72 PkEx 72 6 DN
B SN TWDN, THHDOHT, AOES I N6 N-7 /XL Cys #HNWDHZ L2 LTz, K& A
Y ROARIE. BT AV L N ETF A RTLOERNESATA D Boc EIHARKEEZ MW, &2
A2 b NIV EECHIHRIC (Gle-Gal-)Hyl % & 7+, Boc 1ED & ESMETH 5 MK HF ALERIZHE £
IAZETH D20, Fmoc EHGHIEEZ WD Z & & Lz,
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ETTTQGPGVLLPLPKGA-CTGWMAGIHYpGHHypGHNGAHYpGRDGRDGTPG-

Segment | Segment Il

0o 09

EHyIGEHyIGDPGLIGPHyIGDIGETGVPG- AEGHprGFPGIQGRHyIGEPGEG
Segment lll Segment IV

( )3
(1935 ]i[ 3663 H I:z:4?87 H I:Isaz-?1o7]

human adiponectin (19-107) (1

Segment |

(3Q)s
88
Cys{ 3763 H_ 6487 FAa—{ 89-107 )

NCL—desulfurization
deprotection

Segment v

I|3G2 (3Q)s
Cys{ 3763 H 6487 }-SR*

thioester method

deprotection
N-S acyl shift
pG2 (30);
|
PG'-Cys{ 37-63 SRS+ 64-87 (N-Et)Cys(StBu)-NH,
Segment Il Segment I
-SR : thioester
(0]
HoN
B i e 2 %OH
R, R“=H OR! B
R1o&/0n.
29 R'=Bd O7oRl  HN
Hyl R2=Cbz R'O R2
OR!

OR!

Scheme 1. Synthetic strategy of human adiponectin (19-107) (1).



E=H YV avaik Hyl 2=y FOERR

F 9. adiponectin DIEPEICIWTHEREE ZFD, FLFAROKEE AL T HH#METHLH D
0-D-Z V3T ) U V(1—=2)-p-D-H T 7 BT J 3 v-(28,5R)-Hyl [(Gle-Gal-)Hyl] #%Ek 10 M oA k%
To 72, 91T Fmoc-Hyl(N:-Cbz)-OAllyl (4)® O 7 v MBI EFT o7z, 7V i b Rb—L L
T 2 fiDKEEEE%E CIAC A TIR#EL-HF 7 F—AD M) Z7aaT7 ¥ b 35— ME 57 %2,
TMSOTF f77E TR R 2RI LT B BRMIAT 7 7 b HERIGIZE > T a1 B=5:95 & @R
PEIZT BIK 6 2137, e\ C, AT 27 h—R=2=v b® 2 fif ClAc RDOMRH#EEZHKAT, FHHINT
WAHFFA T LT T, RIEIZZ LS EDBRP GNP oT27c) SERFTE2ITo 72/ R, B T
CUVFHA D —ARF—hk HDTC)® ZHW\5HZ LT, REIC TN ERE L, @IET 7 2852 L
23T & 72 (Scheme 2),

o BzIO OBzI O

H
H o " N
/N \)J\ /\/ BzIO OJI\CC|3 FmOC/ \‘)ko/\/
Fmoc™ > 7O OCIAc 3

. BzIO
HO!
TMSOTF, MS 3A, —42 °C, CHCl, OClAc

o, R=5 -
HN 61% (o : p=5: 95) HN

Cbz Cbz

HDTC, DMF BzIO
_—  »
o
92% Bz|o\§//$/o"‘

Scheme 2. Synthesis of Fmoc-(Gal-)Hyl derivative 7.

WNT, o BB Z Y 2 VLRSI DWW TRRET 21T - 72 (Tablel), £9°, MU Zmua7E hl 7
— MK 8a ZFIH L7=27 Y at bRIGZR A TZN, SHEEEZ AT 7 BIFRRE ORI LGS
neinolo (entries1-3), £72. 7 k) 8b TOBEANGRAIZBEREDOFER T o7 (entries4,5), &
2T, L Bl v S R DMF 2RI L o BIRZ Y a v bROGER ATz, 20 b
H. DMF f#fE FF A7 ==L 7 )L a—2 8¢ % NIS, TMSOTf ([Z X W iFEM(LT D2 & T, AF VL
R=U LA F L DMF OBEERNOROIEWFEZIER LR, 77872 —Chsd 7 ZMAIL%E
To77, UG 48 BRI E L7-b 0D, a:p=88:12 L@\ a BRENE LI, v U B F VLA C
o K 9 57, IWT, 9 @ Allyl 3% Pd(PPhs)s MW TERET 5 Z & T, Fmoc-(Gle-Gal-)Hyl #5&
K 10 2152 Z LITAE) L7z (Scheme 3),
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Table 1. Glycosylation of Fmoc-(Gal-)Hy! derivative 7.

O
H
OBz
0 > Fmoc/N.JJ\O/\/
N A=Y {
Fmoc” o OBzl
Bzlo 5 \ 8a—c o
BZ|O§@/OI ' 2 activetor, solvent, 4 °C O HN
OH BzI0 Cbz
HN NH
Coz $-07cCl;  §-F  §-sPh
7 8a 8b 8c 9
entry donor activator solvent a:p
1 8a TMSOTf CHCl; 59:41
2 8a TMSOTf Et,O 57:43
3 8a TMSOTf tBuOMe 67 :33
4 8b BF;-Et,O CH,Cl» 62 :38
5 8b BF;-Et,0 CPME 49 :51
6 8c NIS, TMSOTf, DMF CHCl; 88:12
y O
Fmoc/N%O/\/

OBzl J

BzIO
o)
leo\%/o"'
o)
s 1408z AN
z Cbz

Pd(PPhs),, morpholine

CH,Cl,, 52% (2 steps)

BzIO OBzl Bz10 OBz
9

Scheme 3. Synthesis of Fmoc-(Glc-Gal-)Hyl derivative 10.
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#5572 Fmoc-(Gle-Gal-)Hyl #FE (K 10 %, MESHICHELD Bzl AR DTN REEN KX <,
FHETOT IV EEDORIEVPRNET, £/, =t~ —{bZHI b FHEINS, —F T human
adiponectin (19-107) DOEFNZEBWT, EAT S 4 SD (Gle-Gal-)Hyl 1T\ 1vd, Gly @ N KUl Ar
ELTWA7=® (65 68, 77,101 fir), ¥~~FF F==v  “Fmoc-(Glc-Gal-)Hyl-Gly” & L TEAT % Z
ENWARETH D, VT F R2=y FTOEANTHIX, Gly DARX—H— 70D T & CIREE D FE
M, o, Gly A FCTOMENIGLE 72D Z b ~— kD a L2 7b, TD=H, o3
TF Ra=y bEHAWTEMEKREZIT)Z L Lz, VX7 F F2=v F 11 I, Fmoc-(Glc-Gal-)Hyl
ER 10 & Gly-ODpm & % EDC/HOAt (2 X W #Eé& L. 20% TFA % FV T Dpm JEDOBLE#EETT
Z & TREICS B (Scheme 4),

O O

H H
N N
Fmoc” %OH Froc” \)J\ N/YOH
OBzl S OBzl g oH ]
BzIO B210
0 1) Gly-ODpm-TsOH g@/
Q- o
BZ'O\%VV EDC, HOAt, CHCl BzIO
O708n  HN 7o h
BzIO, OBz b 2) 20% TFA/CHCI,, TES B0 OBz -
z 91% (2 steps) z
Bzl0 OBZ B1G OBl
10 »

Scheme 4. Synthesis of Fmoc-(Glc-Gal-)Hyl-Gly derivative 11.
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PO Human adiponectin (19-107) &2 2 > F&ER

N RiisD 2 2OEZ7 AN 1, %, X7F FER#E ABI433A ZHW\ T, £iLZ£i Boc-Ala-
SCH>CH,CO-[Arg(Tos)]s-PAM resin (12), Boc-Gly-SCH,CH,CO-[Arg(Tos)]s-PAM resin (14) % JF£HZ Boc
B TEK LT, Boc ZEDFRZEIL 50% TFAICHCl, TITW, #iA K iaiE NMP H Boc 7 X/ i
IHCTU/6-CI-HOBUDIEA (4/41416) D4:AE7% VT 30 ST -7, 2 155N R#EALTF R A Bk
HF ZLEE L. BisthE & IR Acm BEZ2BR< T X TOREROREEITV, (19-35)-SR (13) % 60%,
[Cys(Acm)®](36-63)-SR (15) % 13% DULETHH/= (-SR 1IXTF RF AT AT VERLTND), 55
iz 15 X, FATATIWVEEITH 72D a-7 X/ F% Boc-OSu 12XV Boc {3252 &T 16 ~&
2 #aL7- (Schemes 5, 6),

Boc-Ala-SCH,CH,CO-[Arg(Tos)]3-PAM resin
12

50% TFA/CH,Cl,

O Boc-AA/HCTU/6-Cl-HOBYDIEA
(4/414/6)

HF/p-cresol
60% (from 12)

y

ETTTQGPGVLLPLPKGA-SCH,CH,CO-(Arg); = 1935 SVY(Arg)3
o) o)

13

Scheme 5. Synthesis of (19-35)-SR (13) (segment 1).

Boc-Gly-SCH,CH,CO-[Arg(Tos)]3-PAM resin
14

50% TFA/CH,Cl,

Q Boc-AA/HCTU/6-CI-HOBYDIEA
(414/4/6)

HF/p-cresol/butanedithiol
13% (from 14)

C(Acm)TGWMAGIHYypGHHypGHNGAHYpGRDGRDGTPG-SCH,CH,CO-(Arg);

15
Boc-OSu
DIEA, DMF
87%
S—Acm
Boc-C(Acm)TGWMAGIHypGHHypGHNGAHypGRDGRDGTPG-SCH,CH,CO-(Arg); = Boc\N 37-63 Sv\ﬂ/(Arg)s
16 H oo o) o)

Scheme 6. Synthesis of [Boc-Cys(Acm)*®](36-63)-SR (16) (segment I1).
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AR M O C KX, FATATAREAEE LT N-7/LF%/L Cys ZHATDHINLERD D,
F9°, WA ARIZ T, Cys(StBu) (17) ~Ei7 2 /fbic kv Et FEAEA L, (N-Et)Cys(StBu) (18) &
Lz, 18 ®7 I /7 HIE, 2 7 I v ThLORISHENRZ L, fi EH ETo7 v bRISIE LIE
LIEREECH 5, 19 L0 SOSHED @ORAB G AR HIE, B FIZT VL TE D B2 LD,
Fmoc-Gly & L Liffie ¥V X7 F Fa=y NaflE~EATLHZ L Lz, 77256, (N-
Et)Cys(StBu) (18) & Fmoc-Gly-OSu # HOOBt {#{E FMEE#E T 52 L TORTF 2=y 19 %
A LTz, P &b 19 13, BHE~DEARZ Cys Do~ — (LB EIND 2D, B7 AV Mi
AleBNW T~ —{bZIfI TEX 5 HOOBt Z IRl L LCTHVY NH2-SAL-PEG resinlZ & A L7z, @ 15
SRR BT, ABI433A Z T Fmoc ¥EIC T F REHANERMIE L=, Fmoc JDOBREIL 20%
ERY Y UINMP iR Z AV, #EASOSIE NMP H' Fmoc 7 </ [i#/HCTU/6-CI-HOBUDIEA (4/4/4/18) @
& HWT 30 S To 72, 2 Fmoc-(Gle-Gal-)Hyl-Gly #FE R 11 OE AT, ~ == T VA% H
V) 11/DIC/HOAUDIEA (1.5/21214) DZ4-TiT o7z, Gly % AX—H—{ZFFD 11 OE NIRRT
HIT LT, o, X7 F Fa=v hoOfb V2, Fmoc-(Gle-Gal-)Hyl #FEK 10 # EHHEA SE R
I, TAEIEY HATU 72 EOTEHOREWHEGHIZ AW T HIRICETh o7z, HONTRERT T N
fl§% TFA L9 5 Z & T (Gle-Gal-)Hyl O#fEgH Bzl k. MIgH T 2 7 Hd Cbz %&. (N-Et)Cys @ StBu
FERS RERORE EBBIE 21T o7, 5072 Bzl, Chz {Kix, BKMEDOE &5 HPLC TO4y
Br. BB EEL < | $i FATZ AT NVEERLIT) Z L IEREETH 72, ZD7=, Bzl, Chz EEFRELE
%, FE Hyl OfIHT 2 RIERZEA L CTF A AT VEEITH 2L L, T72bb, N R
W% Fmoc SECIRE L 72T F RZBIENOE VL, TFA H p-Z LY —b UAFNLALT 4 K
(DMS) fF/EF TFMSA % M\ T Bzl, Cbz JEDBREZITWV 21 #1537, P Z0th, [IHT I/ K%
Boc-OSu {2 & W # Boc b, ¥RWT 20% ~=F /L7 2 > (DEA)YNMP (2L Y Fmoc HDEREZITV
22 %435 Z L3 TE 7= (Scheme 7),

7 A b IV X, Fmoc-Gly-Wang-PEG resin (23) ZJFftE L, 27 A b 1 L FEFROFIETHEDL
U7z (Scheme 8),
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§tBu ?tBu ?tBu

s 2-methylpyridine borane S Fmoc-Gly-OSu S
acetaldehyde, MeOH HOOBt H 9
OH OH Fmoc—N OH
HN 78% HN DMF, 50 °C JLN
o 0 53% 0
17 18 19

NH,-SAL-PEG resin

Fmoc-Gly-(N-Et)Cys(StBu)-NH-SAL-PEG resin
DIC, HOOBt, DMF 20

20% piperidine/NMP

Fmoc-AA/HCTU/6-CI-HOBY/DIEA O 11/DIC/HOAYDIEA
(4/414/8) (1.5/2/2/4)

1) TFA/TIS/H,O
2) TFMSA/TFA/DMS/p-cresol
10% (from NH,-SAL-PEG resin)

Fmoc-EHyIGEHy|GDPGLIGPHyIGDIGETGVPG-(N-Et)Cys(StBu)-NH,
21
1) Boc-OSu
DIEA, DMF
2) 20% DEA/DMF
54% (2 steps)
S—StBu
0o o9 oo (Boc, Q)3 O
EHYIGEHyIGDPGLIGPHYIGDIGETGVPG-(N-Et)Cys(StBu)-NH, = y,N— 64-87 ) NH;
boo b ; 2 1
oC
ocC ocC 22 K o)

Scheme 7. Synthesis of [(Glc-Gal-)Hyl(N-Boc)®>¢877](64-87)-(N-Et)Cys(StBu)-NH. (22) (segment I11).

Fmoc-Gly-Wang-PEG resin
23
20% piperidine/NMP
Fmoc-AA/HCTU/6-CI-HOBt/DIEA O 11/DIC/HOAUDIEA
(4/4/4/8) (1.5/2/2/4)

1) TFA/TIS/H,O
2) TFMSA/TFA/DMS/p-cresol
32% (from 23)

CEGHypRGFPGIQGRHYIGEPGEG =

24

Scheme 8. Synthesis of [Cys®](88-107) (24) (segment 1V).
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FAET  Human adiponectin (19-107) DE&RER

% b7z [Boc-Cys(Acm)®](36-63)-SR (16) & [(Glc-Gal-)Hyl(N®*-Boc)®>877](64-87)-(N-Et)Cys(StBu)-
NH: (22) DF A= AT WEIC K DM E % iToT2, T70bb, Wit AL F& DMSO IZfEf# L. AgCl,
HOOBt, DIEA %% % Z & THRUSNITHCONTHEIT L 90% DULERTHMAE b v, D%, TFA
I2& Y Boc BEDOFREZITV 25 Z17=, IRWT, StBu & UF A4 ML A h—b (DTT) IZXVFREL
7ot%.20%aq. ANV 7 R 7 r A g (MPA) RIS EATH Z2& T N-S T NVIEL L fie < FA TR T
NG EFE T MPA = A7)V 26 %4372 (Scheme9), N K Cys OifE#RLICITLwF T Y Y
v (Thz) ZHWTER L Tz, Thz 138, HEIKIZZE T, MeONH, % HWTZREEDSIFIZE VT Cys
NEBEBATRETH D Z LD, 2 ZESD NCL 4T HBRICITH BINE R R#ERLTH D, LavL,
MPA Z W TF AT AT NA~OEMIEORE, —H# Thz 2353 L Cys ~ & ZBH X4 5 @Il RS 258
ENtz, ZORIEERRET DD, 16 O N Kl Cys ORH#EILIZIT Acm REHWDHZ L L LTz,

S—StBu
S—A
cm (Boc, 39 ); O
Boc.. 37-63 N i I S A NH;
H o
(6] (@] (e}

16 22

1) AgCl, HOOBt
DIEA, DMSO
90%

2) TFA, quant.

S—StBu
S—Acm
(39); ¢
37-63 6487 ))kN NHz
H2N k O
© 25
1) DTT
0.2 M Nay,HPO, (pH 7.7)
62%
2) 20% aq. MPA, 37 °C
74%
S—Acm
(3Q)s
7- 4-87 s OH
HoN 37-63 - 64-8 W \/\W
o] o) o}
26

Scheme 9. Synthesis of [Cys(Acm)®¢](36-87)-SR (26).
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BHi72 MPA = A5 )L 26 & [Cys®](88-107) (24) % pH 8.2 Y L FeiEE ik PhSH Z Ashnl &
L7= NCL 2Lk > THia L 27 2187, 27 % 05MTCEP % &% pH6.5 DV kR T, VA-044.,
EtSH. tBuSH %% THREUG 24TV, NCL 1 F D Cys® & Ala® ~LZ# 7=, 0 ZD#% ., Acm
% AgOAc =MW THifRi# T 52 & T 28 #4F7- (Scheme 10),

S—Acm SH

(39) 09
: § 89-107
. 3763 ) 64-87 WSWOH HN (_8o-107 )
0 0 0 0
26 24
PhSH, 6 M Gn-HCI

0.2 M NayHPO, (pH 8.2)
94%

S—Acm
( )3 10
HN 37-63 H_ 6487 }—Cys 89-107
2
o]
27
1) EtSH, tBuSH, VA-044
0.4 M TCEP, 6 M Gn-HCI
0.2 M Na,HPO, (pH 6.5)
40 °C, 95%
2) AgOAc, 50% aq. AcOH
90%
SH
( )3 3G
HN 3763 H 6487 }—Ala 89-107
2
o]

28

Scheme 10. Synthesis of (36-107) (28).
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otz 28 & (19-35)-SR(13) % pH8.2 U »EEEMNE T, PhSH ZiRINAI & L= NCL (& THis &
L. #7889 2% 2 LT human adiponectin (19-107) (1) @& k% Rk L 7= (Scheme 11), Human
adiponectin (19-107) (1) I£. HPLC S#TIC CH—~E—27 TH v, HEMEH R L L < —& L7 (Figure
3),

SH
(0Q9)s B9
S\/Y(Argk LN 3763 ) 64-87 - 88107 )
2
o) 0 o)
13 28

PhSH, 6 M Gn-HCI
0.2 M Na,HPO, (pH 8.2)
76%

(39): 09

(1935 H 3663 H 6487 }H{ 88107 )

human adiponectin (19-107) (1)

Scheme 11. Synthesis of human adiponectin (19-107) (1).

12':1|_1H' 10082.0+1
(calc, 10082.6)
(EL I R L -
14H- B

15H-

|

350 500 750 1000 1250 1500 1750  miz

4

Figure 3. RP-HPLC and ESI MS analyses of purified human adiponectin (19-107) (1).
HPLC conditions: column, YMC-Pak ODS (4.6 x 150 mm); elution, 10-60% CH3CN in 0.1% TFA (25 min)
at 40 °C; detection, 220 nm.
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FARE NG

Adiponectin DG RRICB W TR OEEL 257V as b Hyl 27 ) v DTV _XTF K=y k
“(Gle-Gal-)Hyl-Gly” & 9% Z & T, BIE~DBEAEZRFL L L, RN AL FEHL T LTI L
oo b7 Ay b a2TF AT AT A, NCLiE)S. NCL ZBME 252 & T, a7 =7 FA
A v L A ZEVEREI 2 & e human adiponectin (19-107) (1) DAbZFEE R Z R LT, 4 EHITILdH 508,
70 3 ARIZ K0 BIER%ER S 7z adiponectin DA IT ARG O ETH B, 5. adiponectin @
L BEIRRRIC B DR DR B AR T DL EBIC, ¥ 7 FIL_TF R &< 2R human adiponectin (19-
244) OERICIY fTe TETH D,
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F_E EBRETT FO Cys BREBRMBELEALEOBRR L BFEY NCL ~DiA

E—H A

T

NCL-AR AT 2T

NCL &< Wikt )saFIH L' 7 A MEEEIE, BiFICEIT 2 adiponectin @AESZ“C LA L7
I EHAT T ROAGHKIZB W TS THHZRFIETH 5, Adiponectin A ERFIZIE, Cys & Ala ~

kﬁﬁﬁémmﬁm%ﬂﬁﬁé ETET A MgEEAT2 T2, m_%mmL%\MpQE@ﬁ@
TIJBRICANTE RUNLEAZEAL, NCL BICHMEIS 21T 5 2 & TRV A LB 2 FIERS
MR SN TW5D, D BHKSEZIT 9B, B A7 e R AKO A Z BRI RIS SE D720
o 27 RUASIFRE LRI R 620, T72b b, FrZoRFIHIZ Cys # 3 TR, HFEE;.L
FOSH, 20 Cys IIMRESN TV AMERH D, UL, BE#ESLTT Fho Cys AR
HAEEANT D PFIEFMHEL SN TR0 D, Bt L CTidZe 5720y Cys 1, B A 2 NERKEED b IR
EE2EANLTBLLERD -T2, MIBFEZE Cys iX NCL ICHITE R0, EHSTF RO/
728 NCL-WiRR S &2 FIH U2k oy & fa e ﬁ“é[ﬁ% X, TOMENECHIKIZZ T TLE S, FlxiX
Figure 4 (2R3 X 91T, T F K& 3 lipicsmir, Alal (sitt A) % NCL-JBifif ST Cys? (site B)
Z NCL Z W THEAT 285, Cys? D3BhiE | _/ﬁf%r‘oﬁb\:m:a sittB T NCL XV bz
sitt A TP NCL—HEEE?i}iﬁS%ﬁEb?Z AU B2 (route A), T DTFIETIE, site A TO NCL—HFE%E
INEAT S ToRIT, /BN _TF RO C Kingk FTAT AT NNEBT L5720, Hilt 7 A MZ
ﬁ%u?%@ﬂﬂé?ﬁiXTWWﬁW%%Ab\W@ﬁ?@ﬁ.&ﬁé%ﬁiXTWA®%@ﬁm#
WELE 725, I, ERFETTF R Cys FRE A BIRAICRGE TE AU, siteB TO NCL #IZG
D Cys ZRi#ETHZ LT, %< site A TO NCLMAULFIHE & 72D (route B), ZAuZ LY., C
Kt 7 A2 FInBIAKMEET D, FAT AT ARMBRZ LI L LR, X0 E L — b &k
FFCED LD, LT, AEEFIL. BREAT T RHO Cys 7P RERE A RUL O B3
AT o7,
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Target peptide

site A: NCL—desulfurization  site B: NCL

route A route B
7o’
Peptide }—SR Cys' XR Cys? Peptide }—SR Cys' SR Cys?
1) ligation 1) ligation
2) desulfurization 2) protection

PG’ PG?

l 1) PG' deprotection

conversion to thioester
2) ligation

PG?

ligation 1) desulfurization
2) PG? deprotection

PG : protecting group
-SR : thioester, -XR : thioester surrogate

Figure 4. Convergent synthetic strategy of a model peptide.
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Cys BREZIRPEM GOV T

ILRED X Xy RO TF R~D Cys FRIEBRINA 2L FEMTTE T, SOEMEAR EDT=DHIz k<
MRS TED, v LA I R~D Michael fI15°, = — FEEE~D SN2 [i7e EFEx D5 1E3BRFE X
v (Figure5), 2

0
0 R
s T N — j\(s
~N
NJ;(E 5 "o o
o |
i; ‘ Oxidative R-S-X

X
z

ﬁ / Elimination R
s
S

Cross—Metathesis

H HS R-SH
o R / \ R
R |
[ :
S

Figure 5. Chemical modifications of cysteine.

LU, Cys FREGEINIICIRERZEAT D071 LTI, IFEAEHEIN TR, ZTNETIC
WEXNEP G, HEESETICBTI AT AIANT L REDOKISIZE DR DN HA P OBEAND
DM, D ZORETIETAXANTA RBRT 2 ERPMOFREL LG LT LE S 2 OBENTIX
TpnoTz,

AEEEFIL, Trt-OH MHAE U Tt hF 402 AL 78 RUNVEE LRSS E D2 & T @R Trt
FEOEAERL DL Z L L Lz, Bl Z21E, H-Cys(Trt)-OH 1%, EtESE T H-Cys-OH & Trt-OH & & v
TABEND (Scheme12), 0 Z s, 7 /5, HARF UG LR Z EnD, Tt hF4
EDRISTHIUE, BLESTT Rhod Cys BIRINGZR Trt (LA FRETH D LB x 1o, Wi~
F R Cys 7554 TFA H Trt (kL TV D |E S & 503, 3D SHRE BRI ) 2 BRPWEC R ST
WL TIEBE SN TE LT, EANRFEITIIES> TR, AWFFETEE L. X7F R%& HFIP &
IZC Trt-OH LSS EH Z & TR I < Cys FRIELEIRIIIC Trt A2 EATELZ 2 RWE LT,
F 72, RFEEHVZ rat CNP-53 (35) DAL Tldk. NCL-BLFES G 2 V= 2 Al oy DFEA SUSIZ BT
Bl 7o B ARG 2 H208 32 2 L lCkFh LTz,

SH S—Trt
Trt-OH
HoN OH HoN OH
o cat. BF3 or TFA o

etc...

Scheme 12. Selective tritylation of sulfhydryl group.

22



FE_E TrtfbokEt

340 nm (CHFRARWINEZH TS pNA EEE A LIZET L7 F K Gly-Cys-Ala-pNA (29) % AT,
Cys FABINE Trt (LUSORMEEZBRF LTz, Tt hF 4 2T HIMEREEE LT, WIS 5]
DD TFA & HERIFWEETH D HFIP 2 HWTRIGEITI Z & & LT, Bt Tr-OH 200
T 1 W L721% ., HPLC (340 nm #&H) Z MW TR D ERIL 21T~ 7= (Table 2, Figure 6),

Table 2. Efficiency of the S-tritylation reaction.

Trt-OH Tt
solvent |
Gly-Cys-Ala-pNA =, Gly-Cys-Ala-pNA
29 r,1h 30
entry solvent Trt-OH (equiv) yield (%)?
1 TFA 1.1 61
2 TFA 3.0 88
3 HFIP 11 97
4 HFIP 3.0 98

&Yields were determined by RP-HPLC (340 nm).

Figure 6. Tritylation of Gly-Cys-Ala-pNA (29) for 1 hiin A) TFA (entry 1) or B) HFIP (entry 3).
HPLC conditions: column, YMC-Pak ODS (4.6 x 150mm); elutin, 10-80% CH3CN in 0.1% TFA (25 min)
at 40 °C; detection, 340 nm.
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TFA ZREECHWEZSA, 1.1 SEO Tr-OH TIEAJE2Y 6 FIRE Lo T8, BREE 3 48)
AT H5ERE Lsdro 7= (entries 1, 2), ZALiE, TFA OERVERE 3@ 2 DIZ B I N 2 E IIFAE TEJ,
HEI ) & B ~OW RIS EL 72 0712 6B 2 b D, OGO 1 KR TEL TS L H T, X
SRR AR L C bR RICE IR oo T, EO®E W 226, TFA 28 EL TFA REZK
TIED L THRIGEFEMTE D LR INTEN, ZOFETIIRISEIT A L < | BAHBERE D
JEMEZ 72 %, —5, HFIP A TORIGIE, 1.1 ¥ ED Trt-OH Z W72 TIRIEZEM L2 (entry3), =
DOFERI G HFIP 28 Trt-OH 225 Trt B F AU 2K L, 23D, Cys(Trt) O fiEITHE 720 ARG
2 L7 2 AT DRI CH D Z EAVHIA L7z, £/, HFIP IXR#EEOFRICED LT _TF K
IZxt L TEWIREEZ A LT b7, ¥ LIE UIRIEME N E & 72 527 F RERIZEB W CERER
T D,

VT, HFIP 23RBS W2 Trt ALRUSIZOWT, 72 BROBERERE~ DB OV TR Z 1T -
77 BT N_TF KL LT Gly-Xaa-Phe-Cys-Gly-NH; [Xaa = Trp (31a), Tyr (31b), Ser (31c), Met (31d), Glu
(31e), His (31f)] Z vy, Trt-OH (1.1 4#) & HFIP 1, SiEICT 1 BfAUS L HPLC (2 K& 5 BUGHiE
Wr#&17 - 7= (Table 3),

Table 3. Efficiency and selectivity of the S-tritylation reaction in the presence of peptide nucleophilic functionalities.

Trt-OH Trt
HFIP |
Gly-Xaa-Phe-Cys-Gly-NH, — 5 Gly-Xaa-Phe-Cys-Gly-NH,
31a-f rt,1h 32a-f

entry peptide Xaa yield (%) di-Trt (%)°

1 3la Trp 96 0.9
2 31b Tyr 98 -
3 31c Ser 96

4 31d Met 98

5 3le Glu 96

6 31f His 94 2.4

2Yields were determined by RP-HPLC (220 nm).
®Di-Trt represents Gly-Xaa(Trt)-Phe-Cys(Trt)-Gly-NH..
°Not detectable.

WTNDORTF RICBWT S Trt ALROSIE A L— RI2HEIT U His 2 &de 31f LISk CIERBEZE 72 Bl SO
SRR S V2o T, Trp X Met [ I FA U E ST 5 Z EDNHMBILTN D0, Trt EKOSIRFEE O
TG L7233 B0, B LT Trt (RO 303 » 772 OIZBUAI T & 72 o 72 & HESR
b, —Ji. His Z&Te 31f Tl Trt {LEFIZ 2-3% ORI A MR S 7z, Fmoc-His % [A] 5
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TRUG E B fE R, Fmoc-His(N*-Trt) O ERBD=Z L, Z ORIERMYIT Cys IS % T, His
gD A I Z =D v frds Tre LS/ b D EHERI L 7o, His(Trt) (RI%, TFA LB LV F ST Trt
EOBREMTZ DO ARER2ME L 137 B0, IWEOK PN B OB LEZ R E B2
b, DI, His F(E F ThiHTRB 2R R DB Z 1T o7,

His @ Trt {A3EIA L72JRIRIX, HFIP OFRMEEEMK S, ARk L7z His(Trt) 286 DR ZEIT/HIET
TRl B 2T, BEAIHFIZ His 25T [Cys(Acm)®t, Cys(StBu)*!®, Cys®X)u-SINA (33) (AMLAE WD
FENE. BB CEICREET D) AW T, HFIP 12 TFA %00 2 Btk S 2 @ o I At T o
Trt AL S %77 7= (Table 4, entry 2), ARZMHTlx His(Trt) IZEEA L7272 b 0D, BEEEREEY
TE 272012 Cys(Trt) OREFISHICHE L, Cys ~D Trt {LA58 T Lighot=, WMEE 2K 57-
DIZ, 50% ACOH ZMA T=GAHT Tre fbZFEM L7 & 2 A, RISIESER L. 72, His(Trt) K& iR
Iz ote (entry 3), UL EDFERNG . His 23 F 7 WESITIL HFIP %, His Z 5Tl Tl 2%
TFA %5 Tr 50% HFIP/ACOH ZIRELIZHW D Z & T, Cys ZRIEEINNIC Trt KAEATELZ &AW
LN TET,

Table 4. Tritylation of His-containing model peptide, [Cys(Acm)®*®, Cys(StBu)**°, Cys®2%u-SIIIA (33).

g ) fom B
PyrfoCfC‘)foGfG*CfoS*K*W*C*R*D*H*A*R*Q*C*NH2
StBu StBu
33
Trt-OH (4 equiv)
solvent
rt,2h
fom 5 fom iy
Pyr—N—C—(F—N—G—G—C—S—S—K—W—C—R—D—H—A—R—(IJ—C—NH2
StBu R® StBu

34a R',R?=Trt; R®=H
34b R' RZ R3=Trt

34c R",R®=H,R?2="Trt
34c'R'=Trt; R%, R3=H

entry solvent 34a (%)* 34b (%) 34c + 34c’ (%) 33 (%)
1 HFIP 93 5.0 1.7 -
2 1% TFA/HFIP 9.4 - 37 54
3 2% TFA in 50% HFIP/AcOH 98 0.4 1.1 -

2Yields were determined by RP-HPLC (220 nm).
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F=H Cys BERINMW Trt /bISZFIA L7z rat CNP-53 D& RRERIKE

AFEOHFRAMZ MR T X ET AT F FE LT, rat CNP-53 (35) DAMKAEITH Z & & Lz, rat
CNP-53(35) (%, 53 FXIEDT I /W) DGR S 4L, MECIRIR B O IEFEMER?, 18BR2508 TR HIAE 72
CIZEbLHNTF FThH D, W53 HEOLTF Fa (1-21) 1, (22-36) 11, (37-53) 11l @ 3 DD/ A
v MZAEIL, Asn?-Ala? (site A) Z NCL-Bihi i T, Gly**-Cys¥ (siteB) % NCL I[C X VAT 52
L L LT, fEROBRKIETIX, Cys? D Ala? ~ & RIS 21T 5 728, siteB T NCL X
D HIEIT site A TO NCL-BRESIS Z21T 9 BN B DH, —J7. A Trt (LS Z WL, site B TO
NCL #IZPUGHRD Cys & Trt friET 5 Z & T, Hie< sitt A TO NCLWhiSS 31T 2, C Kb b
NEAE G2 2 & AlRE & 72 % (Figure 7),

|53

1 2122 36 I37
DLRVDTKSRAAWARLLHEHPN-ARKYKGGNKKGLSKG-CFGLKLDRIGSMSGLGC

Segment | Segment Il T Segment llI
site A site B

rat CNP-53 (35)

(F)-sR (BT} -sR (TR

1) NCL
2) tritylation

Trt Trt
22 | 37 | 53
1-21 SR Thz— 23-36 Cys—{ 38-52 —Cys

1) conversion of Thz to Cys
2) NCL

Trt Trt
(21 )—cys(2558)—Cys {8 —0ys

1) desulfurization
2) deprotection
3) disulfide bond formation

(20— A (T )y (52} 0y

Figure 7. Synthetic strategy of rat CNP-53 (35).
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#IET  rat CNP-53 OARR

7 A8 1L M I ZZFRZE i, Boc-Asn(Xan)-SCH,CH,CO-Leu-MBHA resin (36), Boc-Gly-
SCH,CH,CO-[Arg(Tos)]s-MBHA resin (38). Boc-Cys(Meb)-PAM resin (40) % J5kEE L C Boc [EAHA %L
IRV RTF FEHEME LT, S ONT-IRHEST T NEHIEZ K HFE QUBRIZ X0 BistiE - BifrsgE L. (1-
21)-SR (37) % 10%. [Thz?](22-36)-SR (39) % 39%. (37-53) (41) % 31% DOULETENZE N7
(Scheme 13),

Segment |
50% TFA/CH,CI,
Boc-AA/HCTU/6-CI-HOBt/DIEA
Boc-Asn(Xan)-SCH,CH,CO-Leu-MBHA resin O (4/4/4/6)
36
HF/p-cresol/butanedithiol/
MeONH,-HCI 3% 1-21 SWLeu—NHZ
10% (from 36) o ©
37
Segment I
50% TFA/CH,Cl,
Boc-AA/HCTU/6-CI-HOBt/DIEA
(4/4/4/6)
Boc-Gly-SCH,CH,CO-[Arg(Tos)];-MBHA resin
38
HF/p-cresol <S
23-36 S Arg)s-NH
e L - N
(o) O o}
39
Segment Il
50% TFA/CH,CI,
Boc-AA/HCTU/6-CI-HOBt/DIEA
Boc-Cys(Meb)-PAM resin O (414/4/6)
40
HF/p-cresol
p-creso cys—{ 3852 )}Cys
31% (from 40) 41

Scheme 13. Synthesis of rat CNP-53 segments.
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5517 [Thz??](22-36)-SR (39) & (37-53) (41) % pH 8.0 ®D VY U EekEM@Z T PhSH Z WAl & Lz
NCL (2 THEa L. [Thz?](22-53) (42) #4537=, RWT, 42 @ Trt {bZ2ikAr-, 42 13EFIHIC His &
EERNVIZD HFIP 2 4 B & Trt-OH ZH W TRIGEIT 5 72, SOSIEA 5— XITHEFT L7223,
FIETIE, Thz?2 2 Cys(Tr)? L 72> =R IK 6% MRSz, SRMREORE., Z ORIMG%Z5E
AT D Z LIXTE RPN ORI FRISZEITH 2 & T 2% E Tl FIRE Th o 7o, IR HE T #.
ISR A Y Ta e re—7 &2z CEfL S5 2 & T, [Thz?, Cys(Trt)¥*%)(22-53) (43) % X%
87% THeH Z LA TE 72 (Scheme 14, Figure 8), ABUGIE, BISIGHADIRNZ &b T LKA W
WL PICEMEO BN AL Z ENRETH -T2,

S

<NSM\[((Ar9)3'NH2 Cys—(_3852 }-Cys
: (6] (0]

(0]
39 M

| PhSH, 6 M Gn-HCI

0.2 M Na,HPO, (pH 8.0)
85%
s

<N 23-36 Cys 38-52 Cys
H
42

o}

Trt-OH, HFIP, 4 °C
87%

S Trt Trt
<N 2336 }Cys—_ 3852 )}—Cys
H

0 43

Scheme 14. Synthesis of [Thz?2, Cys(Trt)®"*%](22-53) (43).

Trt-OH

75 100 125 15.0 175 2000 26 umin

Figure 8. Tritylation of [Thz?2](22-53) (42) in HFIP.
A) [Thz??](22-53) (42). B) [Thz?2, Cys(Trt)*"%%](22-53) (43). C) [Cys(Trt)?2375%](22-53). HPLC conditions: column,
YMC-Pak ODS (4.6 x 150mm); elution, 10-80% CH3CN in 0.1% TFA (25 min) at 40 °C; detection, 220 nm.
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FEVNT, Trt & 43 @ Thz? % MeONHp [Z XV Cys? ~LZ8Ha 7=, 2 D%, (1-21)-SR(37) &
pH 8.0 O U v fE#E®E i 30 mM TCEP, 20 mM MPAA % #RN#Al & L7 NCL %17\ [Cys?,
Cys(Trt)*"*%](1-53) (44) =f37=, #5647z 44 % 04 M @ TCEP %5 e pH 5.8 DV L EEFEMEHK T,
VA-044 & GSH ZH\W\T Ala ~EZHa L, ¥ W% 93% T [Cys(Trt)**®](1-53) (45) #17-, =i
W&, Trt EAWABISKIZE T D Cys OFRi#ELALE LTHIHTE L2 2P oNIITE
(Scheme 15),

o

S Trt Trt
1-21 S Leu-NH I I
V\H/ 2 <N 1 (2336 )—cCys—{ 3852 J-cCys
o} o} H
37

43

1) 0.5 M ag. MeONH,-HCI
94%

2) TCEP, MPAA, 6 M Gn-HCI
0.2 M Na,HPO, (pH 8.0)
91%

Trt Trt
(121 }-cys—{(_ 2336 }-cys—{_ 3852 }—cys

44
0.4 M TCEP, VA-044
GSH, 6 M Gn-HCI
0.2 M Na,HPO, (pH 5.8)
40 °C, 93%

Trt Trt

Ala—{ 2336 }—Cys—{_ 3852 J}—Cys
45

Scheme 15. Synthesis of [Cys(Trt)¥"*%](1-53) (45).

Bf2IZ, TIS 77E T 5% T TFAMHFIP W1, 45 @ Trt JEAFRE L, G %Z AcOH, H,O CHifR L 7= 1%,
[o/IMeOH Z i 95 Z & TYANT 4 RiEHZIZA L., rat CNP-53 (35) D& fkZ Ehk L7 (Scheme 16,
Figure 9),

Trt Trt
Cys—_ 3852 }—Cys
45
1) TIS, 5% TFA/HFIP

2) 0.1 M 1,/MeOH, 50% aq. AcOH
62% (2 steps)

| |
(1-36 )-cys—{_ 3852 J—cys

rat CNP-53 (35)

Scheme 16. Synthesis of rat CNP-53 (35).
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e

IR T R T T T A S S R A T R A B N S S R S R B SR A I S S| [

N
5.0 7.5 10.0 12.5 15.0 17.5 20.0 225 250  t/min

Figure 9. RP-HPLC analysis of synthetic rat CNP-53 (35).
HPLC conditions: column, YMC-Pak ODS (4.6 x 150mm); 1-60% CH3CN in 0.1% TFA (25 min) at 40 °C;

detection, 220 nm.
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BHE /NG

R ~TT R0 Cys FRARIRW R IRGELEZENEIC OV TRET 21TV, Trt-OH fF(E T HFIP H1iZ
T, BWINET Cys FREEEIRAIIC Trt A EATELHZ 2% L, BN E LT His ~o Trt /B2

RENT=D, WA HFIP 205 2% TFA Z & Te 50% HFIP/ACOH ~EEE T 52 LT, ZORIKIE
ERHCTELZE B RWE Lz, AFIEEZFIA L7 NCL & NCL-Wiki/ i % v 7= rat CNP-53 (35)
DETIE, NCL %OIGHD Cys % Trt {b L THREE & AFRREE 975 2 & T, C Aiih B IERK
MaA T 2 72 726 B IE D BRFE I T LTz, RFET, BRI D 2V 7 ¢ REG TR S ~DF] H
(B . LIS LIENR#ENRIEE 7225 Thz = Acm BB L LTo Trt ZEOFIH A &,
e DB~ EIGHFRETH Y . XTF RERICHBIT 2 F ARy — b LR S LD,
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BB MBEBEROVANVT 4 REETRRG OB

E—H A

T

VANT 4 RFEATRE ST DN T

BURTERNRTF ROT AT ¢ RiEG ISR EICEHE R EE 2 - Tl | N o 2w
T4 R RO R TERNTTF R TIE, PALT 4 NS OBEEBRERN Z OIEPEIC IR A b
ZHTENMBNTNG, B 201D, EEOT AN T + NiEGEAT DT F RELEA KT DRI
X, EMERMIECTY ALY ¢ RERERRT D ZENEETH S, BERA SN TVWDE YV ALT 4 ik
AT IEL, BITMOXTF K7V 2 F 4 (GSH) LI 7 V4 F 4 (GSSG) %% Huv iz
BRI TT RIS 2 BRIC T, BUIFEIICR E 72 R OB~ L BUR S 2 HiETh 5, *)
—RIZ, RBFIOZUERRIIB NI FHNCRE LB Z DN DD, BiAESTF RO T AL T ¢ i
BEMETLXTF RICELTUL, T ety v 7% RBBOGUGHRANRZET L ITR L7220, 2D
72, BIGETREHWETETIE, AROBLWW—28 LIZLIEASONR D, O £/, FERBRADLE
B2 HT 7T NIIBIEOICARRERTZDER TE R, 512, BLETREHONTERL
7T F ROLRERRRAMEET 272D, BEFEHEbe & oW ki X 2>, NMR 72 ST L 51
TN REE L 725,

—J7. Cys OISR A EHGAA G DY, BIICHIIRE L i< DAL T ¢ BEEGTERRZ VIR L
PLEFIRANC AT D HEE, G2 5T 528, BNE T 24062 EICHED Z LN TE b,
Fmoc {EICF 1T HALERINK Y AL 7 ¢ REFSTERBOS TIE, fRigdk e LT Trt, Acm, Meb, A &
A~ YL (Mob), StBu, tBu BN EIZHH SN TW5D (Table5), @ 2 6H0H T, 2 O ALVT 4 R
FEAEERT HEICIE Trt & Acm ER LS HAWDOND, 3 MOV ALY 4 RiEGERTLHEG. i
DTN Z K% 7o (B IL N ME DL D 28, Meb 72\ L Mob J542 VD Z &%, ¥4 oo 27 4 R
FEA ORISR FEIEDOMAADENHEL <. Trt., Acm, Meb (2h1z, tBu* 72 L, 44- A F )L AL
74 =X e KUV (Msbh) & % ZFIH Lz 2 flLO@ESIL TR, ZRHDHEDH B,
tBu ££%& V27T, tBu JEOBLE#EIC TFAIDMSO #4449 o U v a4 RALERFY R 4 7
EDRNGRMENLE T, BIKIGNE ARINE L 72D Z L0 % W, Msbh 54 H 7= )58 Tk, Fmoc-
Cys(Msbh) D&M ETH D Z LM%, Msbh JEDBLARERFIC Trp FRENBIMOGEZRR Z LTLE D,
ZDTH, 4 DOV AT 4 REERZALERIRICIER T 2 FEITEAR L LTSN TV R, &2
T, AEIEFEFIL Trp FBELEZLATF FIZHEICATREZR 4 MO T2V T ¢ RiEEOBETIEIZ DN T
MRET 24TV, Trt, Acm, Meb FEIZNA ., 4 #LH OPRGESE L LT StBu KA AW D HIEZfHNLT 22 L1
R L=,
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Table 5. Commonly-used cysteine protecting groups.

protecting group

trityl
(Trt)

acetamidomethyl
(Acm)

4-methylbenzyl
(Meb)

4-methoxybenzyl
(Mob)

t-butylsulfenyl
(StBu)

t-butyl
(tBu)

structure

S{—‘fPh

O
QL
OMe
s+s~‘»
s+\—

33

stable to

base

base

TFA, HF

base
TFA

base
TFA

TFA
HF

base
TFA

removal conditions

1% TFA

HF

HF
TFMSA

reducing reagents

thiols

5% TFA/DMSO 25 °C

HF 20 °C

silyl chloride—sulfoxide



FH StBu EEFIAH LIMERIRO T ANVT 4 FESTERKISIZOWT

StBu i, DTT R MU T AT AKRAT 4 72 EBILHNC L o> TREMRRRRELTH DL, ZD2D,
StBu A (IEIBINHIY AT 4 REEATEREEISICHW AT, AL T 4 REES OB ILOM A 2
T2, L BIZYVANT 4 RiEBEZEEKT 5 Cys ORFERIZHW R ITIEZR B0, 70, KK
DHFAITE T StBu JiT Trt FEPHIN TV D720, StBu HOBR#E L VAL T 4 RiEED
TERE, TFA IZ X DEEBRERT. T72bb, B ETiThbhTnd, LirL, @M ETo StBu oD
fRFEIL, RBEE DT DI ENEL | ® i YAV T ¢ FEGORMEEH LT 2720, 155
DB RIS, IRIR E 72D Z ERZ VN, 2D 7=, StBu A FEHPIZ T AN T 4 REEETERIK
GANEFRAT 2283 LVWEB X DN TE R, L, StBu EOPUR#E LH< VALY 4 RiEED
TERkZ [EAE | CldZe <HBARISTIT 9 2 & A TEAUT, BUSTEDRIBED R S 2 72 D EJFRY 2281 1 25 7]
HEL72%, F7z. StBu X, Acm, Trt, Meb R &3 AN Y IFARRERLTHDLZ LD, ZUDR
LA EDE D Z & CMERIR Y AV T ¢ REEGIRBOGIZIHT 5 4 fHH OfRGERER L LTHIA
THZEDAEETH D, StBu FED Wi REE 2 HAH T1T 9 72 DIZid, Cys OHIEHIRFESLIZ Acm, Trt, Meb,
StBu J&ZFFONTF REHEET 50N H D, Fmoc HEICTHW BN D R Rk iR # D TFA &
£ CiX, Acm, Meb, StBu JEIIMRFFCETH, Trt KEREFT D Z LIXTE R, Z072H, TFA AL
%b Trt ARG L ERLEL D, TOELE LT 2 BV EZ NS, T72b6, 1) AiE
TR L Trt fbSZ v, TFA QR Z A Trt (k3 5 J 1k (Figure 10, route A) & 2)
Stathopoulos 512 L 0 #iE X7, TFA AEIZEIT 2MANC TIS Tid/al, YA FFo By
(DMB) Z W25 HETH S (route B), O $5#H O FFIEIX Tt B T4 L 3 ONLKBEE D 7-$HIZ DMB &
B L WZ EE2FALTWD, AREEIE, StBu XE2FIH L 4 oAV T 4 &G 2L EER
WA 2 FIEOMEN 2 B LRETE1T - 72,

'T'eb SBu  StBu 'T'eb

[ Protected Peptide ‘—O

! I |
Trt Trt

Acm Acm
route A route B
1) TFA/TIS/H,O TFA/DMB/H,0
2) Trt-OH
Meb Meb
| © ?tBu ?tBu | ©
Unprotected Peptide
: | |
Trt Trt
Acm Acm

Figure 10. Preparation of Cys(Trt)-containing peptide by Fmoc SPPS.
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EZHi p-SINA DA

StBu JLAFI L7oALEEIRA Y AL 7 4 RSB TERBUSIC O W THET 5720, 3 oY 217 4
Ni& & &2 FF> u-SHIA (46) OERE%E Cys OfRERL L LT Trt, Acm, StBu #% W CTiT-7=, p-SIIA
I%. Conusstriatus 7>6 HEEXL72 20 FRIEDT X VBN G72 5T F KT, 3 MOV ANT ¢ RiEE &
Trp BHAEATD Na FrxL7ayh—Chbo, % Fmoc-NH-SAL resin (47) % JFEHZ Fmoc [EAHA
FREEIS TRTF REAREEE LT, fEABUSIE, Cys D~ —{b &2 <=0, BiEE T M L2 HCTU 12
X B ETIE2 <. Fmoc 7 2/ [2/DIC/Oxyma Pure (4/4/4)5Y D411 o172, % £7=. Fmoc DR
FiE, Asp®His'® [OT ZAULF I RIR (Asi) T ZBIHIT 5720, 20% /LR U 2 INMP ¥ % v
Too B BNT=_TF KR 48 % TFAITIS/H,O & TFA/IDMB/H0O £ ZE D51 TG - iR
ZATV, BTED BT Trt AERZE S [Cys(Acm)®, Cys(StBu)**, Cys®u-SIIA (33) %, #%ED ST
[Cys(Acm)>*3, Cys(StBu)**°, Cys(Trt)®|u-SIIA (34a) % TNZhtFiz, Gbhi- 33 1%, Kil+srZ &7
<, EOBFITHE LN 2% TFA 2& T 50% HFIPIACOH DT Trt fLA1TV 34a ~EZEH# L
7= (Scheme 17), A HIDOARKTIE, route A & route B T 517z Cys fRi#(K 34a (2. HUERLTL OME
(Figure 11), HABENCGRILICERIIA O e o 7o, BIANZ L - TiE TRFA ABROFRIZINAIE L TF A4 —
JVINLEE L2 Trt FERFFCTE 202D, route A D FIEO TR @AW HIETH D Lz b,

Fmoc-NH-SAL resin
47

20% morpholine/NMP

Fmoc-AA/DIC/Oxyma Pure
(4/4/4)

Trt ,i\cm ':'rt Trt 1“Bu fBu ?oc l‘3oc ,i\cm fBu Trt I?bf Trt
Pyr—N—C—Q—N—G—G—C—S—S— —W—C—B—D—H—A—R—(;—C—NH—SAL resin
StBu Pbf StBu
48
route A route B

l TFA/TIS/H,O

TFA/DMB/H,0

[Cys(Acm)® 13, Cys(StBu)*'°, Cys®20-SIIIA (33) 20% (from 47)

Trt-OH
2% TFA in 50% HFIP/AcOH
20% (from 47)

,?\cm Trt ,?\cm Trt
Pyr-N—C—C—N-G-G—C—S—S—K-W-C—R—D—H-A-R—C—C—NH,
StBu StBu
34a

Scheme 17. Synthesis of [Cys(Acm)®*3, Cys(StBu)**°, Cys(Trt)®2°1u-SIIIA (34a).
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Trt-OH

B)

T T T T
76 100 1256 16.0 174 200 225 250 276 tmin

Figure 11. HPLC profiles of the synthetic intermediates of p-SIIA.
A) [Cys(Acm)>13, Cys(StBu)*19, Cys®2%1u-SIIIA (33), B) [Cys(Acm)®*3, Cys(StBu)**®, Cys(Trt)®2°]u-SIIIA (34a)
obtained by route A. C) 34a obtained by route B. HPLC conditions: column, YMC-Pak ODS (4.6 x 150mm);
elution, 10-80% CH3CN in 0.1% TFA (25 min) at 40 °C; detection, 220 nm.

o7 Cys tRi#R 34a @ StBu SEDOMifR# % PBus % MW\ CTiTo 7, MIFHE Y A TD StBu %
DORLRFETHCICHEIT L, BE RIS bR S e o7, BT, 50% ag. ACOH 1, @R L
72 1LIMeOH (1.1 &) 2 F+52LT1MADYANLT 4 REGEIRL 49 2157, I, BLDS%k
fECiE, Trt, Acm RL ST D2 ERMOENTWD, M EAER LI L 2V ER I OB T,
Trt, Acm EE~DEEIT R B 70> 72 (Scheme 18, Figure 12),

/I\cm Trt e\cm 'Irrt
Pyr7N*C*C|37N7GfG*C*SfS*K*W*C*R*D*H*A*R*Q*C*NHZ
StBu StBu
34a
1) PBus
CH3;CN/DMSO/H,0

79%

2) 10 mM I,/MeOH
50% aq. AcOH
82%

ﬁcm Trt e\cm Trt
PyrfoCfclifoGfG*C*SfS*K*W*CfR*D*H*A*R*C‘)foNHZ

49

Scheme 18. Synthesis of [Cys(Acm)®3, Cys*-Cys®®, Cys(Trt)82°|u-SIIA (49).
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A) <)

T T T
10.0 15.0 20.0

Figure 12. Deprotection of StBu groups followed by disulfide bond formation of Cys*-Cys®®.
A) [Cys(Acm)>13, Cys(StBu)**®, Cys(Trt)®2°]u-SIIIA (34a). B) Reaction mixture of deprotection of StBu groups.
C) [Cys(Acm)>13, Cys*1® Cys(Trt)®2]u-SIIA. D) Reaction mixture of disulfide bond formation of Cys*-Cys?™®.

HPLC conditions: column, YMC-Pak ODS (4.6 x 150mm); elution, 10-80% or 30-60% CH3CN in 0.1% TFA (25
min) at 40 °C; detection, 220 nm.

WNT, Cys?? L Cys*BB U AT ¢ RiEEZED ARy BT L p-SIIA (46) ~&&E 7=, 372
bbb, Trt 5% TIS 17T 5% TFAHFIP % W TErE L7tk G %E AcOH & H0 12XV AR
L. /IMeOH (1.1 &) 2 F 22L& T 2/MAOYALT 4 FfEEEIEKLIZ, S HICHFIED

[o/IMeOH (15 &) #Mx 5 Z & T, Acm EOFLAIBRE & RIFFIZ 3 H DT ALV T 1 RiEE Z B
L7z (Scheme 19, Figure 13),

Acm Trt Acm Trt

PyrfNfCI:fcllfoGfoC‘IfoSfoWfCE*R*D*H*A*R*?*éfNH2

49

1) TIS, 5% TFA/HFIP

2) 0.1 M I,/MeOH
50% aq. AcOH

3) 0.1 M 1,/MeOH
50% aq. AcOH
67% (3 steps)

|
[ \ ]
Pyr-N-C-G-N-G-G-C-8-8K-W-C-R-D-H-A-R-C-C-NH,

p-SlIIA (46)

Scheme 19. Synthesis of u-SIHA (46).
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wa [ S S IR | W

T T T T T T T T T
| 75 10.0 125 15.0 175 200 225 250 275  t/min

Figure 13. HPLC profile of the stepwise formation of disulfide bonds in the u-SIHIA molecule.
A) [Cys(Acm)313, Cys*-Cys®®, Cys(Trt)32)u-SIIA (49). B) [Cys(Acm)>™3, Cys*-Cys'®, Cys8-Cys?°|u-SIIIA. C) p-
SIIA (46). HPLC conditions: column, YMC-Pak ODS (4.6 x 150mm); elution, 1-60-98% CH3CN in 0.1% TFA
(0-20-30 min) at 40 °C; detection, 220 nm.

5o p-SIIA(46) (X, GSH, GSSG # W bRt RICTIY AT ¢ REEEZIER L, ERTH
b HWTY A7 ¢ REAOZEREREZ Mesd U7 5 & e U HPLC OB A —E L 7= (Figure
14), ® LI EOFEENS, StBu HEAERI Y 2L 7 ¢ FREQTERESIC BT 2 HME#L L 2 D
AR TE T, 7o, StBu EOMREIL, BIEA HWH TS Meb EEOBLR#E (HF ALEE) I
DLEGIATZ D12, Trt, Acm, StBu K& Wz 3 Ml ALV T ¢ RIEEBTERFEIL, 5#%IA<
WHND Z ENHIfEEINS,

Figure 14. RP-HPLC profiles of the synthetic p-SHIA (46).
A) Site-selectively synthesized p-SIHA (46). B) p-SIHA obtained by the oxidative folding procedure. HPLC
conditions: column, YMC-Pak ODS (4.6 x 150mm); elution, 1-60% CH3CN in 0.1% TFA (25 min) at 40 °C;

detection, 220 nm.
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I Human hepcidin DAL

NESEIRY Y AL 7 ¢ RESBTERRBUSICRBIT D StBu DA A2 MR & 272D, Trt, Acm, Meb
HEMBEDE T 4 O ANV T ¢ RS % F> human hepcidin (50) &% %17 > 7=, Human hepcidin
1%, 25 FRIEDT I B DR S, RO PERERHC PO 2R B 2 5 T F R Th D, % Fmoc-
Thr(tBu)-Wangresin % J5UEHZ . Fmoc EFHERIEIZ TTF REHZREE L=, ME SOaiE, p-SIIA [RER
TEw— (L LT Cys BEAITFICZWZ & 225 Fmoc 7 2/ li/IDIC/Oxyma Pure (4/414) & 4:4t:%
Wiz, Fmoc EEDBRZEL 20% BXU Y UINMP BIRAMEH Lz, /ol <7F FiEIE 51 %
TFA/TIS/HO % TR - Bisstls L. [Cys(Meb)"%, Cys(StBu)*®3, Cysttt® Cys(Acm)*?’Jhepcidin %
572, Cys™® @ Trt {17\ 52 ~LZHa, PBuz 2 H\ T StBu SO BilR#EIT 7=, 1/MeOH (2
LV 1MBOYANLT 4 FiEGEE L 53 %#4537- (Scheme 20),

orlsu t?u T‘rt l\{leb tBu %tBu Tlrt PFf tE’Tu B?c Mﬂeb e]oc tFu
D*T*H*F*P*I*C*I*F*C*Cll*G*C*C‘)*H*R*S*K*?*G*M*?*C*K*T*Wang resin
Trt Acm Trt Acm
51
1) TFA/TIS/H,O

2) Trt-OH, 2% TFA in 50% HFIP/AcOH

I\{Ieb tBu tBu M(Ieb
D—T—H—F—P—I—C—I—F—C—(‘3—G—C—CI:—H—R—S—K—Cll—G—M—Cll—C—K—T
Trt Acm Trt Acm
52

1) PBu3, 80% aq. DMSO

20% (from Fmoc-Thr(tBu)-Wang resin)
2) 10 mM 1,/MeOH, 50% aqg. AcOH

65%

o ] Mo
D—T—H—F—P—I—C—I—F—C—C‘:—G—C—Cf—H—R—S—K—Cf—G—M—?—C—K—T
Trt Acm Trt Acm

53

Scheme 20. Synthesis of [Cys(Meb)”2%, Cys'®-Cys®3, Cys(Trt)**°, Cys(Acm)**2??]hepcidin (53).

WUNT, 5% TFA/HFIP H TIS ZHWT Trt B2 BRZE L7-1%, AcOH, H:0 THARE 1/MeOH % T
LT 2MEBOYANT ¢ FiEGETEAML 54 Z157-, K HF A2 XY Meb EOBIREZITV,
[/IMeOH (2L 0 3 MHDOYANLT ¢ REEGEZIEAL 55 ~LBH L7, %I 50%agq. ACOH 1. i3
FlED 1/MeOH (15 %) 12XV Acm HEOBLIIBRE L FKFIZ 4 #HHEDO Y AV 7 ¢ REEEZETEACL .
human hepcidin (50) D p% % =Rk L 72 (Scheme 21), 4535417 human hepcidin (50) (il &4V TV SRS
i & HPLC DA HRF A2 —F L 72 (Figure 15),
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Meb Meb

| |
D*T*H*F*P*I*C*I*F*C*(")*G*C*CllfH*R*S*K*(‘Z*G*M*(T‘ﬁC*K*T
Trt Acm Trt Acm

1) TIS, 5% TFA/HFIP
2) 0.1 M I,/MeOH, 50% aq. AcOH
69% (2 steps)

Meb o [ ] Meob
D-T-HF-PI-C—I—F~C-C-G-CCHRSKCGMCCKT

Acm Acm

1) HF/p-cresol
2) 0.1 M I,/MeOH, 50% aq. AcOH
68% (2 steps)

D-T-H-F-P—i-C—1-F-C-C-G-C-C-HR-SKC-G-M-C-CK-T
Acm Acm

55

0.1 M 1,/MeOH, 50% aqg. AcOH
91%

D*T*H*F*P*I*C*I*F*C*C‘)*G*C*?*H*R*S*K*C‘I*G*M*C*C*K*T
[
human hepcidin (50)

Scheme 21. Synthesis of human hepcidin (50).

Figure 15. RP-HPLC profiles of the synthetic human hepcidin (50).
A) Site-selectively synthesized human hepcidin (50). B) Commercial human hepcidin (Peptide International,
P14392s). HPLC conditions: column, YMC-Pak ODS (4.6 x 150mm); elution, 1-60% CH3CN in 0.1% TFA (25
min) at 50 °C; detection, 220 nm.
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BHE /NG

TRAENT T NG 2 TRA BT L0 Bifea - BHIE L7-#2(C. BE Trt K2 H A9 252 & T, StBu
KEORBRE L P ANVT ¢ FEERTERBOS B TITH 2 & &2 AlRe L Lz, ZHUIT KLY, StBu K&
AR 2V 7 ¢ REEGTERBONZ 3T 2 FER 2 RGEE~ L bS8 5 2 L IZEh LTz, StBu
HAa Tre, Acm JELHHABDEDL Z LT 3 MO AT 4 FiE&ZH> p-SIIA (46) 2. Zh i
2T Meb JEAEZHAWDZ LT 4 oY ALV T ¢ FiEE ZFF> human hepeidin (50) DA% #ERL L7,

AFET Trp AT F RICHLBEGATRETH D Z LIz, Cys OIEHIFHESLIC Trt, Acm. Meb,
StBu Mz FFOR#ET X /it =y MITRME L TEAFETHL Z b, HEO AL T ¢ Nk
BEFFORTTF R, ZUoRTEOEMICIE RIS S LIS D,
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s i J2 OV e

BB TIE, TTARYA M AA L O—FTH 2 adiponectin OREBREFRIAIZIAT, Lys BN Fo
FAbL 7 ) a v RIZ LY (Gle-Gal-)Hyl (2) 12, Pro F&EE2 e Ra FiA1kiz kv Hyp(3) ~& BlaR#&
{Effi <417 human adiponectin (19-107) (1) O&RKZE1T- 7= (Figure 16), #E& 722 (Glec-Gal-)Hyl dE A
RIGE, Gly 2 A_—H—L L7V X7 F F2=v F “Fmoc-(Glc-Gal-)Hyl-Gly” % % Z & Txh=EH)
WCHEAT LT, BB 7 Ay Nae, FAZ AT E (BZ7 A U+, NCLBREIS (B27 A > b
[H+I]+IV). NCL(EZ 4 > b I+[H+11+1V]) Z W THga L. humanadiponectin (19-107) (1) DA% %
AR LTz, H0BLYTiEd 208, BRRREAT 7= adiponectin D& RIT AW ORI TH B,

NCL thioester method
19 35+ 36 63+
ETTTQGPGVLLPLPKGA-CTGWMAGIHypGHHypGHNGAHYypGRDGRDGTPG-
segment | segment Il

NCL-desulfurization

64 87y 88 107
EHylGEHylGDPGLlGF’HylGDIGETGVPG*AEGHprGFPG|QGRHy|GEPGEG
segment Il segment IV

human adiponectin (19-107) (1)

0
HoN \)J\ oH

Hd O
Hyl = glucosylgalactosyl (2S,5R)-hydroxylysine Hyp = (2S,4R)-4-hydroxyproline
(Glc-Gal-)Hyl (2) Hyp (3)

Figure 16. Structure of human adiponectin (19-107) (1).

HETIE, Cys 20T F ROERY —/vE LT, EBE#ESLTF RIZBITD Cys AR INAR
L AIEIZOWTHFZERITV, HFIP f1, Trt-OH & OFUSIC LV . fEICEINER T Cys FRAEIR
2 Trt 2B ATEXSHZ L& R L (Scheme 22),

SH S—Trt
Trt-OH
Peptide N Peptide —_— Peptide N Peptide
H 3 HFIP H o

Scheme 22. Cys selective tritylation of unprotected peptide.
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F7o. AFEEZMAWT rat CNP-53 (35) DG A T 72, 53 FHIED T F R%E 3 DDOE7 A M
SEIL, EFEZ AR I & L Z NCL(GlyS-Cys®” %1 b)) Ik 0HiEa Lizth. G HD Cys %
AEIBAFE Lz Tt LRSI K O R#ET 2 2 & CTRABSE & FAIiEE L, Hi<BZ A R I &0
NCL-Wifii it (Asn?l-Ala?2 ¥4 k) %475 Z & T rat CNP-53 (35) DA kA Rk L7z (Scheme 23),

NCL—desulfurization NCL

[s7 |53

1 21y 22 36
DLRVDTKSRAAWARLLHEHPN-ARKYKGGNKKGLSKG-CFGLKLDRIGSMSGLGC
Segment | Segment Il Segment Il

(Z-sr i (TH}-sR Oy (T} -0y

1) NCL
2) tritylation

)
22 Trt37 Trt53
1-21 }-SR Thz—{ 23-36 }—Cys—{ 38-52 }—Cys

1) conversion of Thz to Cys
2) NCL

Trt Trt
(20 —cys (238 —Cys (3882 )—Cys”

1) desulfurization
2) deprotection
y 3) disulfide formation

(A Ty () oye

rat CNP-53 (35)

Scheme 23. Synthesis of rat CNP-53 (35).

BT, 3 ML EDO TR T 4 RIEG BRI T 5 FIEIC O W TR Z 1T o T2, Ri#
RTF RHIEE TRA LB 10 PLORFE - RIS L7-1212, 28 IS CTRIR L7z Trt {LAUS & AV CFF
FE Cys (& Trt J&ZE AL, StBu, Trt, Acm, Meb J&% Cys OfREILICRF ST T REHEES 5 &
T, StBu FEDOBiPRE LK< AN T 4 FREETASIRZ I TIT S Z & 2RI L7z, ZHUC kD,
StBu % BePERY N OALENRIRAY 22 ¥ AV T o RRSETERBOSIZ R 1T 2 A 22 R~ L b S
Trt, Acm S EHLAGDOET 3 MOTPANLT ¢ FEFEZFFD p-SIIA(46) 2. ZH 52 Meb HEainx
HZET 4 MDY ANLT 4 &A% FF> human hepcidin (50) O ¥5% ARk 2 2% L 7= (Scheme 24,
Figure 17), AFEIT Trp AT F RIZH#ESAIRETH H Z LIz, Cys OISHIRFESRLIZ Trt, Acm,
Meb, StBu EA4FFOMRET I /=y MITME LTHATTRETH L Z &b ROV AL T 4
Rt @z Fp o7 F R, "7 EOERIZISSFIHEN S LHiffsh D,
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Meb Meb Meb

Meb
| StBu  StBu | StBu  StBu |
1 [ Trt-OH, HFIP [ !
Unprotected Peptide _ > Unprotected Peptide
: | Yol I | rrt |
H Acm H Acm T Acm T Acm

Scheme 24. Cys selective tritylation.

| | | | T
XNCCllNGGCSSKWCRDHARCC DTHFPICIFCCGCCHRSKCGMCCKT
|

X = pyrogultamic acid

p-conotoxin SIIA (46) human hepcidin (50)
Figure 17. Structure of u-SIIA (46) and human hepcidin (50).
BB CHESE LIBEBUEST Hyl A7 F ROBR, 8 _FITTHESZ L7z Cys FRILEINN Trt b

B, 5 =B THESL LIAZEEIR O AL 7 o RREETERTIEE, T ENA&RER% 2T F FX
PRI EOACFEERRICTEN SN D LI S LD,
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Experimental Section

General information
Materials

All reagents and solvents were obtained from Peptide Institute, Inc. (Osaka, Japan), Wako Chemical (Osaka, Japan),
Tokyo Chemical Industry (Tokyo, Japan) and Watanabe Chemical Industries (Hiroshima, Japan).

HPLC

Analytical HPLC was performed on a Shimadzu liquid chromatograph Model LC-10AT (Kyoto, Japan) with a
YMC-0ODS AA12S05-1546WT (4.6 x 150 mm) using a flow rate of 1 mL/min at 40 °C and the following solvent
systems: 0.1% TFA in H2O (A), 0.1% TFA in CH3CN (B). Preparative HPLC was performed on a Shimadzu liquid
chromatograph Model LC-8A (Kyoto, Japan) with a YMC-ODS AA12305-2530WT (250 x 30 mm) using a flow
rate of 20 mL/min and the following solvent systems: 0.1% TFA in H20 (A), 0.1% TFA in CH3CN (B).

Mass spectrometry and NMR
Mass spectra were measured on an Agilent G1956B LC/MSD detector using an Agilent 1100 series HPLC system.
Nuclear magnetic resonance [*H NMR (400 MHz), *C NMR (100 MHz)] spectra were recorded at JEOL-ECX400
spectrometer. All chemical shifts are reported in parts per million (ppm) from tetramethyl-silane (6 0.00 ppm) and
were measured relative to the solvent in which the sample was analyzed (CDCla: § 7.26 ppm for *H NMR, & 77.0
ppm for *C NMR; dimethyl sulfoxide-ds (DMSO-ds): & 2.49 ppm for *H NMR, & 39.9 ppm for *C NMR; D;0: §
4.70 ppm for *H NMR; CD30D: 49.0 ppm for *C NMR).

Automated solid-phase peptide synthesis (Fmoc-SPPS)

Automated peptide synthesis was performed on an ABI433A (Forester, CA, USA) peptide synthesizer. The peptide
chain was elongated using the FastMoc protocol of coupling with Fmoc-amino acid/HCTU/6-CI-HOBt/DIEA
(4/4/4/8 equiv with respect to the peptide resin) in NMP (30 minutes) for adiponectin or Fmoc-amino
acid/DIC/Oxyma Pure (4/4/4 equiv with respect to the peptide resin) in NMP (30 minutes) for u-SIHIA and human
hepcidin. The acetyl capping was performed using acetic anhydride/NMP in the presence of HOBt/DIEA after each
coupling step. The following side-chain-protected amino acids were employed: Arg(Pbf), Asn(Trt), Asp(tBu),
Cys(Acm), Cys(Meb), Cys(StBu), Cys(Trt), GIn(Trt), Glu(tBu), His(Trt), Lys(Boc), Ser(tBu), Thr(tBu), Trp(Boc),
Tyr(tBu). Fmoc deprotection was carried out with 20% piperidine/NMP (2.5 minutes x 4) for adiponectin and human
hepcidin or 20% morpholine/NMP (5 minutes x 4) for p-SIHIA.
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Automated solid-phase peptide synthesis (Boc-SPPS)

Automated peptide synthesis was performed on an ABI433A (Forester, CA, USA) peptide synthesizer. The peptide
chain was elongated using in situ neutralization protocols of coupling with Boc-amino acid/HCTU/6-CI-
HOBt/DIEA (4/4/4/6 equiv with respect to the peptide resin) in NMP (30 minutes). The acetyl capping was
performed using acetic anhydride/NMP in the presence of HOBt/DIEA after each coupling step. The following side-
chain-protected amino acids were employed: Arg(Tos), Asn(Xan), Asp(OcHex), Cys(Meb), GIn(Xan), Glu(OcHex),
His(Bom), Hyp(Bzl), Lys(ClZ), Ser(Bzl), Thr(Bzl), Trp(For), Tyr(BrZ). Boc deprotection was carried out with 50%
TFA in CH2Cl; (5 minutes x 3), followed by washing with NMP.
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allyl (2S,5R)-6-benzyloxycarbonyl-amino-2-(9-fluorenylmethyloxycarbonyl)-amino-5-(3,4,6-tri-O-benzyl-2-
O-chloroacetyl-g-p-galactopyranosyloxy)hexanoate (6)

OBzl 0
0 BzIO NH H
H o) N
/N\)k A Bz|ogg;oj\cc|3 Fmoc” %O/\/
Fmoc™ > O OClAc OBzl N
R BzIO
5
HO! TMSOTf, MS 3A, —42 °C, CHCI BzI0 ©
61% (. p= 5 : 95) ’ OClAc
HN b(QL:p= N
\Cbz Cbz
4 6

A mixture of Fmoc-Hyl(Cbz)-OAllyl (4) (1.00 g, 1.80 mmol), O-(3,4,6-tri-O-benzyl-2-O-chloroacetyl-p-
galactopyranosyl)trichloroacetimidate (5) (1.80 g, 2.71 mmol) and molecular sieves 3A (1.00 g) in anhydrous
CHCl3 (10 mL) was stirred for 10 minutes at —42 °C. Then, trifluoromethanesulfonic acid trimethylsilyl ester (96.8
ul, 532 umol) was added and stirring for 1 hour under an argon atmosphere. After addition of CHCls, the organic
layer was successively washed with saturated aqueous NaHCO; and brine, dried over MgSOs, filtered and
concentrated. The crude residue was precipitated with Et,O. The resulting powders were collected by filtration and
washed with Et,O to obtain the title compound (1.81 g, 61%).

IH NMR (400 MHz, DMSO-ds): § 7.86 (d, J = 7.7 Hz, 2H), 7.77 (d, J = 7.8 Hz, 1H), 7.67 (d, J = 7.3 Hz, 2H), 7.42—
7.21 (m, 24H), 6.96 (t, J = 5.5 Hz, 1H), 5.91-5.82 (m, 1H), 5.27 (dd, J = 10.5, 1.4 Hz, 2H), 5.15 (dd, J = 9.1, 1.4
Hz, 1H), 4.99-4.90 (m, 3H), 4.73 (d, J = 11.0 Hz, 1H), 4.66 (d, J = 12.3 Hz, 1H), 4.35-4.17 (m, 11H), 4.03-3.99
(m, 2H), 3.78 (t, J = 6.0 Hz, 1H), 3.70 (dd, J = 7.8, 2.8 Hz, 1H), 3.56-3.44 (m, 3H), 3.10-3.02 (m, 2H), 1.77-1.36
(m, 4H).

B3C NMR (100 MHz, DMSO-dg): § 171.9, 166.2, 156.1, 156.0, 143.7, 140.7, 138.5, 138.2, 138.0, 137.0, 132.2,
128.3, 128.2, 128.1, 127.8, 127.6, 127.5, 127.0, 125.2, 120.1, 117.8, 100.0, 79.1, 79.0, 74.1, 73.1, 72.9, 72.5, 72.3,

71.0,68.1, 65.7, 65.3, 64.9, 54.1, 46.6, 44.6, 40.9, 29.0, 26.5.

ESI-MS: calcd for Ce1HesCIN2O13 [M+H]* m/z = 1067.4, found: 1067.4.
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allyl (2S,5R)-6-benzyloxycarbonyl-amino-2-(9-fluorenylmethyloxycarbonyl)-amino-5-(3,4,6-tri-O-benzyl-f-
D-galactopyranosyloxy)hexanoate (7)

0 e
Fmoc/H%O/\/ Fmoc’N?)kO/\/
Bzl0 PBZ N HDTC, DMF Bzlo 5 \
leo\%&o'% 92% leo\é//owo"'%
ociAe OH HN
Cbz Cbz
6 7

To a solution of 6 (4.50 g, 4.27 mmol) in DMF (45 mL) was added 0.375 M hydrazinedithiocarbonate/EtOH (13.6
mL, 5.10 mmol). The reaction mixture was stirred for 2.5 hours and then diluted with EtOAc. The resulting mixture
was successively washed with H,0, 1 M aqueous HCI and brine. The organic layer was dried over MgSOy, filtered,
and concentrated. The crude residue was precipitated with hexane. The resulting powders were collected by

filtration and washed with hexane to obtain the title compound (3.91 g, 92%).

IH NMR (400 MHz, DMSO-ds):  7.85 (d, J = 7.8 Hz, 2H), 7.73 (d, J = 7.8 Hz, 1H), 7.68 (d, J = 7.3 Hz, 2H), 7.39—
7.22 (m, 24H), 6.95 (t, J = 5.5 Hz, 1H), 5.93-5.83 (m, 1H), 5.28 (dd, J = 15.5, 1.4 Hz, 2H), 5.21 (s, 1H), 5.16 (dd,
J=9.2, 1.4 Hz, 1H), 4.95 (5, 2H), 4.73 (d, J = 11.0 Hz, 1H), 4.68 (d, J = 3.2 Hz, 2H), 4.54 (d, J = 5.0 Hz, 2H), 4.44—
4.19 (m, 6H), 4.05-3.99 (m, 1H), 3.87 (d, J = 2.2 Hz, 1H), 3.64 (t, J = 6.4 Hz, 1H), 3.58 (t, J = 5.0 Hz, 1H), 3.49—
3.41 (m, 4H), 3.12-3.07 (m, 2H), 1.77-1.36 (m, 4H).

13C NMR (100 MHz, DMSO-dg): § 172.1, 156.2, 156.1, 143.8, 140.7, 139.0, 138.8, 138.1, 137.1, 132.4, 128.3,
128.2,128.1,127.8,127.7,127.6,127.5,127.4,127.3, 127.1, 125.3, 120.1, 117.7, 102.9, 81.9, 78.4,74.1,74.0, 72.5,

72.4,71.7,70.4,68.5, 65.7, 65.3, 64.8, 54.3, 46.7, 44.5, 28.8, 26.3.

ESI-MS: calcd for CsgHesN2012 [M+H]™ m/z = 991.4, found: 991.4.
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allyl (2S,5R)-6-benzyloxycarbonyl-amino-2-(9-fluorenylmethyloxycarbonyl)-amino-5-[(2,3,4,6-tetra-O-
benzyl-a-p-glucopyranosyl)-(1—2)-(3,4,6-tri-O-benzyl-p-p-galactopyranosyloxy)]hexanoate (9)

O

OBzl H
N
H\)?\ BzIO O spn Fmoc” ﬁ)J\o/\/
N BzIO 3
Fmoc™ " Y0 N7 i B2 Bzlo 57
OBZ| N 8c o)
BzI0 leo%o“'
Q O O
BzIO NIS, TMSOTF, DMF O/ 0Bz HN
OH N MS 3A, 4 °C, CH,Cl, BzIO Cbz
b (a:p=88:12)
BzIO OBzl
7 9

A mixture of phenyl 2,3,4,6-tetra-O-benzyl-1-thio-a-D-glucopyranoside (8c) (4.78 g, 7.56 mmol), N-
iodosuccinimide (1.75 g, 7.81 mmol) and molecular sieves 3A (3.00 g) in anhydrous CH-Cl, (85.0 mL) and DMF
(2.30 mL, 30.2 mmol) was stirred for 10 minutes at room temperature. Trifluoromethanesulfonic acid trimethylsilyl
ester (1.36 mL, 7.56 mmol) was added at —10 °C, and the mixture was stirred for 1 hour at —10 °C. Then a solution
of 7 (2.41 g, 2.42 mmol) in anhydrous CH>Cl, (10 mL) was added dropwise. The reaction mixture was stirred for
48 hours at 4 °C. After the addition of CHCls, the organic layer was successively washed with aqueous Na,S;0s,
saturated aqueous NaHCO3 and brine, dried over MgSOs, filtered and concentrated. The crude residue was purified
by column chromatography on silica gel (15% EtOAc in toluene) to give a crude product (3.52 g). The crude product

was used in the next step without further purification.

(2S,5R)-6-benzyloxycarbonyl-amino-2-(9-fluorenylmethyloxycarbonyl)-amino-5-[(2,3,4,6-tetra-O-benzyl-a-
D-glucopyranosyl)-(1—2)-(3,4,6-tri-O-benzyl-p-b-galactopyranosyloxy)hexanoic acid (10)

O O

H H
FmOC/NT)J\O/\/ Fmoc” NF)kOH

B0 0% \ _ 8210 087 R
o) Pd(PPhs),, morpholine
(0]
B0 o B2I0 o
o) CHCl3, 52% (2 steps) »
8210 07 0Bzl HN 0750
i Cbz BzIO bz
OOBZ|

Bzl BzIO OBzl

To a solution of the crude product 9 (3.50 g) in CH2Cl; (35 mL) were added morpholine (400 pL, 4.60 mmol) and
Pd(PPhs)s (133 mg, 115 pmol) at room temperature. The reaction mixture was stirred for 1 hour and then diluted
with CHCls. The resulting mixture was washed with 0.2 M aqueous HCI, H2O and brine. The organic layer was
dried over MgSO., filtered, and concentrated. The crude residue was purified by column chromatography on silica
gel (20% EtOAc in toluene) to obtain the title compound (1.85 g, 52% in 2 steps).
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IH NMR (400 MHz, DMSO-d): & 7.83 (d, J = 7.4 Hz, 2H), 7.66-6.99 (m, 48H), 5.54 (d, J = 3.7 Hz, 1H), 4.95 (s,
2H), 4.77 (d, J = 11.5 Hz, 1H), 4.71-4.64 (m, 5H), 4.58-4.53 (m, 4H), 4.45-4.30 (m, 8H), 4.17-4.02 (m, 4H), 3.94—
3.88 (m, 1H), 3.85-3.79 (m, 2H), 3.73-3.65 (m, 3H), 3.51-3.10 (m, 6H), 1.70-1.60 (m, 4H).

13C NMR (100 MHz, DMSO-de): & 173.8, 156.1, 143.8, 143.7, 140.7, 138.7, 138.6, 138.4, 138.2, 137.8, 137.4,
137.1,132.0, 131.6, 131.5, 128.9, 128.8, 128.3, 128.2, 127.9, 127.8, 127.5, 127.4, 127.3,127.1, 125.3, 120.2, 101.1,
945, 81.2,80.3,79.2, 77.8, 76.8, 74.5, 74.2, 73.6, 72.5, 72.3, 72.2, 72.0, 71.4, 68.7, 68.5, 68.2, 65.7, 65.4, 53.8,
46.6, 43.6, 27.7, 26.4.

ESI-MS: calcd for CooHgsN2017 [M+H]* m/z = 1473.6, found: 1473.6.

benzhydryl (2S,5R)-[benzyloxycarbonyl-amino-2-(9-fluorenylmethyloxycarbonyl)-amino-5-[(2,3,4,6-tetra-
O-benzyl-a-p-glucopyranosyl)-(1—2)-(3,4,6-tri-O-benzyl-g-p-galactopyranosyloxy) |hexanamide]acetate
(S-1)

O
H
Fmoc” & Fmoc” N %H/\g/Ome

OBzI

OBzl N
Gly-ODpm-TsOH BzIO
EDC, HOAt o
BzIO DMF, CHCl, BzIO O
OBzl N 07 opr  HN
Z| y4
leo% Bz|o\%d bz

BzI0 OBzl Bz10 ©OBZ!

S$-1

To a solution of 10 (1.85 g, 1.26 mmol), Gly-ODpm-TsOH (622 mg, 1.50 mmol) and HOAt (204 mg, 1.50 mmol)
in DMF/CHCI3 (v/v, 2/8, 25 mL) was added EDC (274 uL, 1.50 mmol). The reaction mixture was stirred at room
temperature for 3 hours. After the addition of EtOAc, the organic layer was successively washed with saturated
aqueous NaHCOs, 1 M aqueous HCl and brine, dried over Na;SQg, filtered and concentrated to give a crude product

(2.11 g). The resulting residue was used for the next step without further purification.
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(2S,5R)-[benzyloxycarbonyl-amino-2-(9-fluorenylmethyloxycarbonyl)-amino-5-[(2,3,4,6-tetra-O-benzyl-a-p-
glucopyranosyl)-(1—2)-(3,4,6-tri-O-benzyl-p-p-galactopyranosyloxy)]hexanamide]acetic acid (11)

o) o)
H H
N oD N OH
Fmoc” QJ\N/\[( pm Fmoc” \)kN/}(
OBz N H OBz N H
BzIO o BzIO o
o) o)
leo%o“' 20% TFA/CHCI5, TES leo\%/o"'
0 o)
i | (-OBzZl  HN 91% (2 steps) i ] (0Bl HN
z Cbz z Cbz
B OB 816 OB
S-1 1

To a solution of S-1 (2.10 g) and triethylsilane (300 uL, 1.89 mmol) in CHCI; (16 mL) was added TFA (4 mL).
The reaction mixture was stirred at room temperature for 1 hour. After the addition of EtOAc, the organic layer was
successively washed with saturated aqueous NaHCO3, 1 M aqueous HCI and brine, dried over Na.SOs, filtered and
concentrated. The residue was precipitated with hexane. The resulting powders were collected by filtration and
washed with hexane to obtain the title compound (1.75 g, 91% in 2 steps).

IH NMR (400 MHz, CDCl3): § 7.72-7.45 (m, 7H), 7.35-6.99 (m, 41H), 6.36 (t, J = 5.5 Hz, 1H), 6.16 (t, J = 5.0 Hz,
1H), 5.58 (d, J = 7.3 Hz, 1H), 5.53 (d, J = 3.2 Hz, 1H), 5.02 (s, 2H), 4.89-4.72 (m, 6H), 4.61-4.48 (m, 4H), 4.53 (d,
J=7.7Hz, 1H), 4.41-4.30 (m, 4H), 4.30-4.23 (m, 3H), 4.16-4.05 (m, 3H), 4.00-3.95 (m, 2H), 3.79 (d, J = 2.3 Hz,
1H), 3.74-3.71 (m, 2H), 3.65 (dd, J = 9.6, 9.6 Hz, 1H), 3.60-3.55 (m, 4H), 3.40-3.10 (m, 5H), 1.83-1.55 (m, 4H).

B3C NMR (100 MHz, CDCly): § 172.0, 171.0, 157.4, 156.3, 143.8, 141.2, 138.7, 138.6, 138.4, 138.3, 137.8, 137.4,
137.3,136.5, 132.5, 132.1, 132.0, 128.8, 128.7, 128.3, 128.2, 127.9, 127.8, 127.7, 127.5, 127 .4, 127.3, 127.1, 127.0,
125.2,119.9, 102.7, 95.6, 82.1, 81.3, 79.7, 79.5, 77.8, 75.4, 74.8, 74.5,73.4, 73.3, 73.2, 73.1, 73.0, 72.4, 69.7, 69.1,

67.9,67.0, 66.8, 54.3, 47.1, 44.3,41.3, 28.3.

ESI-MS: calcd for CgaHgsN3015 [M+H]™ m/z = 1530.6, found: 1530.6.
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ETTTQGPGVLLPLPKGA-SCH,CH,CO-(Arg); [(19-35)-SR] (13)

Boc-Ala-SCH,CH,CO-[Arg(Tos)]3-PAM resin
12

50% TFA/CH,Cl,

Boc-AA/HCTU/6-CI-HOBYDIEA
(4/4/4/6)

HF/p-cresol
60% (from 12)

SW(Arg)s

o o
13

The peptide was assembled using an ABI 433A peptide synthesizer on a Boc-Ala-SCH,CH2CO-[Arg(Tos)]s-PAM
resin (12) (820 mg, 300 umol) according to the general automated Boc-SPPS procedure. The peptide resin was
treated with HF/p-cresol (v/v, 80/20, 15 mL) at -5 °C to -2 °C for 1 hour to give a crude product, which was purified
by preparative HPLC to obtain the title compound (403 mg, 60% from 12).

Analytical HPLC: Ry, 14.2 min [1-60% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for CogH169N31028S [M+H]* m/z = 2237.6, [M+2H]?*" m/z = 1118.8, [M+3H]** m/z = 746.2, found:
1118.5, 746.1.

C(Acm) TGWMAGIHypGHHypGHNGAHypGRDGRDGTPG-SCH,CH,CO-(Arg)s
{[Cys(Acm)*](36-63)-SR} (15)

Boc-Gly-SCH,CH,CO-[Arg(Tos)]3-PAM resin
14
50% TFA/CH,CI,

Boc-AA/HCTU/6-Cl-HOBYDIEA
(414/4/6)

HF/p-cresol/butanedithiol
13% (from 14)

S—Acm
7-
N S A
(0] (e} (0]

15

The peptide was assembled using an ABI 433A peptide synthesizer on a Boc-Gly-SCH2CHCO-[Arg(Tos)]s-PAM
resin (14) (824 mg, 300 umol) according to the general automated Boc-SPPS procedure. The peptide resin was
treated with HF/p-cresol/butanedithiol (v/v/v, 80/5/15, 15 mL) at -5 °C to -2 °C for 1 hour to give a crude product,
which was purified by preparative HPLC to obtain the title compound (160 mg, 13% from 14).

Analytical HPLC: Ry, 8.7 min [10-60% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for C137H216N53044S3 [l\/H'H]+ m/z = 3405.7, [|\/|+3H]3Jr m/z = 1135.4, [|\/|+4H]4+ m/z = 851.8, found:
1135.6, 852.0.
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Boc-C(Acm) TGWMAGIHypGHHypGHNGAHYpGRDGRDGTPG-SCH.CH.CO—(Arg)s
{[Boc-Cys(Acm)*](36-63)-SR} (16)

S—Acm

HoN

S S
(0] O

15

Boc-OSu
DIEA, DMF
87%

S—Acm

Boc. Sv\n/(Arg)s
(0] (@] (e}

16

To a solution of 15 (160 mg, 38.0 umol) in DMF (3 mL) was added Boc-OSu (101 mg, 470 pumol) at room
temperature. The pH was adjusted to 7 by the addition of DIEA. After 17 hours stirring, the pH was adjusted to < 3
by the addition of 0.1% aqueous TFA. The reaction mixture was directly subjected to preparative HPLC to obtain
the title compound (139 mg, 87%).

Analytical HPLC: Ry, 12.1 min [10-60% CH3CN in 0.1% TFA (25 min); detection, 220 nm].

ESI-MS: calcd for C1a2H224N53046S3 [M+H]* m/z = 3505.8, [M+3H]*" m/z = 1169.1, [M+4H]*" m/z = 877.2, found:
1169.0, 877.1.
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N-ethyl-S-t-butylsulfenyl-L-cysteine (18)

StBu StBu
é 2-methylpyridine borane é
acetaldehyde, MeOH
OH OH
H,oN 78% HN
o) J 0
17 18

To a solution of 17 (2.02 g, 9.16 mmol) and acetaldehyde (661 uL, 11.9 mmol) in MeOH (220 mL) was added 2-
methylpyridine borane (881 mg, 8.24 mmol). The reaction mixture was stirred at room temperature for 3 hours.
Then, the reaction mixture was concentrated, and the residue was precipitated with Et;O. The resulting powders

were collected by filtration and washed with Et,0 to obtain the title compound (1.70 g, 78%).

'H NMR (400 MHz, D;0): § 4.19 (t, J = 5.4 Hz, 1H), 3.27 (q, J = 5.5 Hz, 2H), 3.11 (dd, J = 7.3, 7.3 Hz, 2H), 1.25
(s, 9H), 1.23 (t, J = 7.3 Hz, 3H).

13C NMR (100 MHz, CDs0D): § 170.7, 61.1, 42.9, 41.0, 29.6, 10.9.

ESI-MS: calcd for CgH20NO2S, [M+H]* m/z = 238.1, found: 238.1.

N-(9-fluorenylmethyloxycarbonyl)-glycyl-N-ethyl-S-t-butylsulfenyl-L-cysteine (19)

StBu StBu
S Fmoc-Gly-OSu S
HOOBt H \)OL
OH Fmoc—N OH
HN DMF, 50 °C N
J o 53% J o
18 19

To a solution of 18 (410 mg, 1.72 mmol) and Fmoc-Gly-OSu (814 mg, 2.06 mmol) in DMF (8 mL) was added
HOOBL (280 mg, 1.72 mmol). The reaction mixture was stirred at 50 °C for 15 hours. After the addition of EtOAc,
the organic layer was successively washed with 0.5 M aqueous HCI and brine, dried over MgSOsa, filtered and
concentrated. The crude residue was purified by column chromatography on silica gel (2% AcOH in CHCIs) to
obtain the title compound (560 mg, 53%).

'H NMR (400 MHz, CDCls): § 7.75 (d, J = 7.3 Hz, 2H), 7.60 (d, J = 7.3 Hz, 2H), 7.39 (t, J = 7.3 Hz, 2H), 7.30 (t,
J=7.3Hz,2H),5.93 (t, J =4.1 Hz, 1H), 4.36 (d, J = 7.3 Hz, 2H), 4.23-4.03 (m, 4H), 3.60-3.55 (m, 1H), 3.44-3.26
(m, 3H), 1.39-1.24 (m, 12H).

13C NMR (100 MHz, CDCl3): § 173.3, 169.0, 156.3, 143.9, 141.3, 127.7,127.1, 125.2, 119.9, 67.3, 60.6, 48.6, 47.1,
44.9,42.8, 38.5, 31.6, 29.9.

ESI-MS: calcd for CH33N205S, [M+H]* m/z = 517.2, found: 517.2.
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Fmoc-E(Glc-Gal-)HylIGE(Glc-Gal-)HylGDPGLIGP(Glc-Gal-)HylIGDIGETGVPG-(N-Et)Cys(StBu)-NH;
[Fmoc-(64-87)-(N-Et)Cys(StBu)-NH,] (21)

NH,-SAL-PEG resin

Fmoc-Gly-(N-Et)Cys(StBu) DIC, HOOBt, DMF
19

Fmoc-Gly-(N-Et)Cys(StBu)-NH-SAL-PEG resin
20
20% piperidine/NMP

Fmoc-AA/HCTU/6-CI-HOBUDIEA O 11/DIC/HOAUDIEA
(414/4/8) (1.5/2/2/4)

1) TFA/TIS/H,O
2) TFMSA/TFA/DMS/p-cresol
10% (from NH,-SAL-PEG resin)

S—StBu

H (E9);
Fmoc—N N NH,
Lo
21

Compound 19 (124 mg, 240 umol) was loaded on NH2-SAL-PEG resin (480 mg, 120 umol) by DIC (37.2 uL, 240
umol) and HOOBt (32.4 mg, 240 pumol) in DMF (5 mL) at room temperature for 2 hours to afford Fmoc-Gly-(N-
Et)Cys(StBu)-NH-SAL-PEG resin (20). Then, the protected peptide was constructed on the resin using an ABI
433A peptide synthesizer according to the general automated Fmoc-SPPS procedure except for the coupling of
Fmoc-(Glc-Gal-)Hyl-Gly derivative 11. Compound 11 (276 mg, 180 umol) was manually assembled with DIC
(37.2uL, 240 pwmol), HOAL (32.6 mg, 240 umol) and DIEA (81.0 pL, 480 umol) in CHCIs/NMP (v/v, 3/1, 5 mL)
for 17 hours. Finally, the resulting resin was treated with TFA/TIS/H20 (v/viv, 95/5/5, 10 mL) at room temperature
for 1 hour. Then, the resin was filtered and washed with TFA. The combined filtrates were concentrated under
reduced pressure, and the residue was precipitated with Et,O. The crude product was treated with
trifluoromethanesulfonic acid/TFA/ p-cresol/dimethylsulfide (v/viviv, 1/5/1/3, 6 mL) at —10°C. After 1 hour stirring,
the reaction mixture was cooled at —78 °C, and the peptide was precipitated with pyridine/Et,O (v/v, 20/80). The
resulting powders were purified by preparative HPLC to obtain the title compound (95.2 mg, 10% from NH>-SAL-
PEG resin).

Analytical HPLC: Ry, 16.6 min [10-60% CH3CN in 0.1% TFA (25 min); detection, 220 nm].

ESI-MS: calcd for Cis0H252N20071S2 [M+H]* m/z = 3769.9, [M+3H]*" m/z = 1257.3, [M+4H]* m/z = 943.2, found:
1257.2, 943.2.
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E(Glc-Gal-)Hyl(N*Boc)GE(Glc-Gal-)Hyl(N*-Boc)GDPGLIGP(Glc-Gal-)Hyl(N*-Boc)GDIGETGVPG-
(N-Et)Cys(StBu)-NH,  {[(Glc-Gal-)Hyl(N*-Boc)®®%77](64-87)-(N-Et)Cys(StBu)-NH,} (22)

S—SitBu

Fmoc— N 64 87 %(

1) Boc-OSu
DIEA, DMF

2) 20% DEA/DMF
54% (2 steps)

S—StBu
(Boc, HQ )3

487y A N
g

22

To a solution of 21 (101 mg, 24.8 umol) in DMF (4 mL) was added Boc-OSu (115 mg, 536 pmol). The pH was
adjusted to 7 by the addition of DIEA. The reaction mixture was stirred at room temperature for 4 hours. The
reaction was terminated by addition of propylamine (66.0 puL, 803 umol). Then, diethylamine (200 pL, 1.92 mmol)
was added, and the mixture was stirred for 1 hour. The reaction mixture was acidified to pH < 3 by AcOH, and

directly subjected to preparative HPLC to obtain the title compound (55.1 mg, 54% in 2 steps).

Analytical HPLC: Ry, 17.3 min [10-60% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for CisoHas6N20075S2 [M+H]* m/z = 3848.1, [M+2H]?" m/z = 1924.5, [M-Boc+3H]** m/z = 1250.0,
[M-2Boc+3H]* m/z = 1216.6, found: 1924.0, 1249.7, 1216.5.

CEGHypRGFPGIQGR(Glc-Gal-)HyIGEPGEG  {[Cys®](88-107)} (24)

Fmoc-Gly-Wang-PEG resin
23
20% piperidine/NMP
Fmoc-AA/HCTU/6-CI-HOBt/DIEA O 11/DIC/HOAUDIEA
(4/4/4/8) (1.5/2/2/4)

1) TFA/TIS/H,O
2) TFMSA/TFA/DMS/p-cresol
32% (from 23)

SH
0-Q

HoN

24
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The peptide was assembled using an ABI 433A peptide synthesizer on an Fmoc-Gly-Wang-PEG resin (23) (390
mg, 100 umol) according to the general automated Fmoc-SPPS procedure except for the coupling of Fmoc-(Glc-
Gal-)Hyl-Gly derivative 11. Compound 11 (229 mg, 150 umol) was manually coupled by DIC (31.0 uL, 200 umol),
HOAt (27.2 mg, 200 pmol) and DIEA (64.0 uL, 400 pmol) in CHCI3/NMP (v/v, 3/1, 5 mL) for 15 hours at room
temperature. Finally, the protected peptide-resin was treated with TFA/TIS/H.O (v/v/v, 95/5/5, 8 mL) at room
temperature for 1 hour. Then, the resin was filtered and washed with TFA. The combined filtrates were concentrated
under reduced pressure. The residue was precipitated with Et;O. The crude product was treated with
trifluoromethanesulfonic acid/TFA/ p-cresol/dimethyl sulfide (v/v/viv, 1/5/1/3, 6 mL) at —10 °C for 1 hour. The
reaction mixture was cooled at —78 °C, and the peptide was precipitated with pyridine/Et,O (v/v, 20/80). The
resulting powders were purified by preparative HPLC to obtain the title compound (72.9 mg, 32% from 23).

Analytical HPLC: Ry, 11.4 min [1-60% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for Co7H155N25040S [M+H]* m/z = 2385.5, [M+3H]*" m/z = 795.8, [M+4H]*" m/z = 597.1, found:
795.7, 597.0.

Boc-C(Acm)TGWMAGIHYypGHHypGHNGAHYpGRDGRDGTPGE(Glc-Gal-)Hyl(N*-Boc)GE(Glc-Gal-)
Hyl(N*-Boc)GDPGLIGP(Glc-Gal-)Hyl(N*-Boc)GDIGETGVPG-(N-Et)Cys(StBu)-NH;
{[Boc-Cys(Acm)*, (Glc-Gal-)Hyl(N*-Boc)®**¢"1(36-87)-(N-Et)Cys(StBu)-NH,} (S-2)

S—Acm S—SitBu
(Boc, HQ )3
Boc\N 37-63 S\/Y(Arg)3 H,N 64-87 N NH,
H
o o) o o
16 22
AgCl, HOOBt
DIEA, DMSO
90%
S—Acm S—StBu
(Boc, II:I-O)3
Boc. 37-63 J{ 64-87 ]\N NH,
H
(0] O
S-2 K

To a solution of 16 (73.8 mg, 21.0 umol), 22 (54.0 mg, 14.0 umol) and HOOBL (68.5 mg, 0.42 mmol) in DMSO
(3 mL) was added AgCl (8.02 mg, 56.0 umol). The pH was adjusted to 6 by the addition of DIEA. After 15 hours
stirring at room temperature, the pH was adjusted to <3 by the addition of AcOH. The reaction mixture was directly
subjected to preparative HPLC to obtain the title compound (83.8 mg, 90%).

Analytical HPLC: Ry, 16.8 min [10-60% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for CagoH447N700116S4 [|\/|+H]+ m/z = 6778.2, [|\/|+4-H]4Jr m/z = 1695.3, [|\/|-BOC+5H]5+ m/z = 1336.4,
found 1695.5, 1336.5.
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C(Acm) TGWMAGIHypGHHypGHNGAHYypGRDGRDGTPGE(Glc-Gal-)HylGE(Glc-Gal-)HylGDPGLIG
P(Glc-Gal-)HyIGDIGETGVPG-(N-Et)Cys(StBu)-NH,  {[Cys(Acm)*®](36-87)-(N-Et)Cys(StBu)-NH2} (25)

S—Acm S—StBu
(Boc,lEI-O)g

Boc., 37-63 H_  64-87 ]\N NH,

H
(e} S-2 K (0]

TFA
quant.

S—Acm S—StBu

(0Q)s
HoN 37-63 H  64-87 ]\N NH,
o 25 K O

S-2 (83.8 mg, 12.6 umol) was treated with 95% aqueous TFA at 3 °C for 1 hour. The reaction mixture was

concentrated. The residue was diluted with H>O and lyophilized to obtain the title compound (80.5 mg, quant.).

Analytical HPLC: Ry, 9.8 min [20-50% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for CogoHa1sN700108Sa [M+H]* m/z = 6377.7, [M+4H]* m/z = 1595.1, [M+5H]** m/z = 1276.3,
found: 1595.0, 1276.3.

C(Acm)TGWMAG IHypGHHypGHNGAHypGRDGRDGTPGE(Glc-Gal-)HylGE(Glc-Gal-)HylGDPGLIG
P(Glc-Gal-)HyIGDIGETGVPG-(N-Et)Cys-NH,  {[Cys(Acm)*®](36-87)-(N-Et)Cys-NH.} (S-3)

S—Acm S—StBu
( )3
7- 4-87
e 37-63 H 64-8 )\N NH,
o) »s o
DTT, 0.2 M Na,HPO, (pH 7.7)
62%
S—Acm SH
(3Q)s
7- 4-87
e 37-63 H 64-8 )\N NH,
o) - o

To a solution of 25 (78.1 mg, 12.2 umol) in freshly degassed 0.2 M sodium phosphate buffer (pH 7.7, 5 mL) was
added dithiothreitol (36.1 mg, 234 umol) at room temperature under an argon atmosphere. After 17 hours stirring,

the reaction mixture was directly subjected to preparative HPLC to obtain the title compound (51.8 mg, 62%).

Analytical HPLC: Ry, 13.8 min [1-60% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for Cas6H407N700108S3 [|\/|+H]+ m/z = 6289.5, [|\/|+4-H]4Jr m/z = 1573.1, [|\/|+5H]5+ m/z = 1258.7,
found: 1572.9, 1258.6.
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C(Acm) TGWMAGIHypGHHypGHNGAHYpGRDGRDGTPGE(Glc-Gal-)HylGE(Glc-Gal-)HylGDPGL
IGP (Glc-Gal-)HylIGDIGETGVPG-SCH,CH,COOH  {[Cys(Acm)®*](36-87)-SCH,CH,COOH} (26)

S—Acm

(3Q)s
HoN 3763 - 6487 )\
o)

S-3

20% aq. MPA, 37 °C
74%

S—Acm

(39)
37-63 64-87 S OH
o A N~y
O (@)

26

To a solution of S-3 (51.1 mg, 8.10 umol) in H2O (1.6 mL) was added 3-mercaptopropionic acid (400 pL, 4.60
mmol) under an argon atmosphere. The reaction mixture was stirred at 37 °C for 8 hours. The reaction mixture was

directly subjected to preparative HPLC to obtain the title compound (37.4 mg, 74%).

Analytical HPLC: Ry, 20.5 min [5-30% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for CpsaHaoiNesO109Ss [M+H]* m/z = 6247.4, [M+4H]* m/z = 1562.6, [M+5H]** m/z = 1250.3,
found: 1562.4, 1250.2.

C(Acm) TGWMAG IHypGHHypGHNGAHypGRDGRDGTPGE(Glc-Gal-)HylIGE(Glc-Gal-)HyIGDPGLIG
P(Glc-Gal-)HyIGDIGETGVPGCEGHypRGFPGIQGR(Glc-Gal-)HylGEPGEG
{[Cys(Acm)*, Cys®®](36-107)} (27)

S—Acm SH

(3Q) 39
- 5 89-107
HN 3763 H_ 6487 )\WSWOH HN (_89-107 )
0 o) 0

o)

26 24
| |

PhSH, 6 M Gn-HCI
0.2 M Na,HPO, (pH 8.2)
94%

S—Acm
(39)s =3e)
HN 3763 H 64-87 }—Cys—{ 89-107 )
2
o}

27
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26 (31.4 mg, 5.00 pmol) and 24 (16.2 mg, 6.50 pmol) were dissolved in freshly degassed 0.2 M sodium phosphate
buffer (pH 8.2, 5 mL) containing 6 M guanidine hydrochloride. 2% Thiophenol (v/v) was added to the solution
which was stirred for 20 hours at room temperature under an argon atmosphere, and then treated with dithiothreitol
(30.8 mg, 200 pumol). After 20 minutes, the pH was adjusted to < 3 by adding AcOH. The mixture was washed with
Et,O, and the aqueous layer was directly subjected to preparative HPLC to obtain the title compound (40.1 mg,
94%).

Analytical HPLC: Ry, 13.7 min [1-60% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for CasgHsa9Nos0147Ss [M+H]* m/z = 8525.8, [M+5H]** m/z = 1705.9, [M+6H]®* m/z = 1421.8,
found: 1705.8, 1421.7.

C(Acm)TGWMAGIHypGHHypGHNGAHYpGRDGRDGTPGE(Glc-Gal-)HyIGE(Glc-Gal-)HylGDPGLIG
P(Glc-Gal-)HylGDIGETGVPGAEGHYpRGFPGIQGR(Glc-Gal-)HylGEPGEG {[Cys(Acm)*®](36-107)}
(S-4)

S—Acm

(3Q)s 30
HN 37-63 6487 }—Cys 89-107
2
o]
27
EtSH, tBuSH, VA-044
0.4 M TCEP, 6 M Gn-HClI
0.2 M Na,HPO, (pH 6.5)
40 °C, 95%
S—Acm
(3Q)s uje
HN 3763 H_ 6487 }—Ala 89-107
2
o]
s-4

To a solution of 27 (40.1 mg, 4.70 umol) in freshly degassed 0.2 M sodium phosphate buffer (pH 6.5, 3 mL)
containing 6 M guanidine hydrochloride and 0.4 M tris(2-carboxyethyl)phosphine were added 0.5 M aqueous VA-
044 (100 pL, 50.0 umol), ethanethiol (40.0 uL, 542 umol) and t-butylmercaptane (200 pL, 1.77 mmol). The mixture
was stirred at 40 °C for 2 hours under an argon atmosphere, and directly subjected to preparative HPLC to obtain
the title compound (38.1 mg, 95%).

Analytical HPLC: Ry, 14.5 min [12-32% CH3CN in 0.1% TFA (25 min); detection, 220 nm].

ESI-MS: calcd for CasgHs49Ngs0147S2 [|\/|+H]+ m/z = 8493.7, [|\/|+5H]5Jr m/z = 1699.5, [|\/|+6H]6+ m/z = 1416.4,
found: 1699.3, 1416.4.
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CTGWMAGIHypGHHypGHNGAHYpGRDGRDGTPGE(Glc-Gal-)HylGE(Glc-Gal-)HyIGDPGLIGP
(Glc-Gal-)HylIGDIGETGVPGAEGHYpRGFPGIQGR(Glc-Gal-)HyIGEPGEG  [(36-107)] (28)

S—Acm
( )3 30
HN 3763 H 64-87 }—Ala 89-107
2
o]
S-4
AgOAc, 50% ag. AcOH
90%
SH
( )3 30
HN 3763 H_  64-87 }—Ala 89-107
2
o]

28

Toasolution of S-4 (37.5 mg, 4.41 umol) in 50% aqueous AcOH (4.8 mL) was added AgOAc (39.5 mg, 276 pmol).
The reaction mixture was stirred at room temperature for 2 hours under an argon atmosphere. Then, 1 M aqueous
dithiothreitol (4 mL) was added. After 15 minutes, precipitate was filtered off, and filtrate was directly subjected to
preparative HPLC to obtain the title compound (33.5 mg, 90%).

Analytical HPLC: Ry, 14.7 min [12-32% CH3CN in 0.1% TFA (25 min); detection, 220 nm].

ESI-MS: calcd for CassHs44NosO146S2 [M+H]* m/z = 8422.7, [M+5H]*" m/z = 1685.5, [M+6H]%" m/z = 1404.6,
found: 1685.3, 1404.6.
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Human adiponectin (19-107) (1)

SH
(3Q9)s 00
SW(Argh N 3763 F{ 6487 }{_ 88-107 )
2
o) o) o)
13 28

PhSH, 6 M Gn-HCI
0.2 M Na,HPO, (pH 8.2)
76%

(3Q9)s B9

(1935 H 3663 JH 6487 H_ 88107 )

1

28 (33.0 mg, 3.92 umol) and 13 (17.5 mg, 7.84 umol) were dissolved in freshly degassed 0.2 M sodium phosphate
buffer (pH 8.2, 2 mL) containing 6 M guanidine hydrochloride. 2% Thiophenol (v/v) was added to the solution
which was stirred for 20 hours at room temperature under an argon atmosphere, and then treated with dithiothreitol
(10.2 mg, 64.9 pmol). After 20 minutes, the pH was adjusted to < 3 by adding AcOH. The mixture was directly
subjected to preparative HPLC to obtain the title compound (28.8 mg, 76%).

Analytical HPLC: Ry, 16.1 min [1-60% CH3CN in 0.1% TFA (25 min); detection, 220 nm].

ESI-MS: calcd for CazoHesoN1140169S2 [M+H]" m/z = 10083.6, [M+6H]®* m/z = 1681.4, [M+7H]"* m/z = 1441.3,
found: 1681.3, 1441.3.
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BB ER

N-(9-fluorenylmethyloxycarbonyl)-S-dimethoxydiphenylmethyl-L-cysteinyl-L-alanine p-nitroanilide (S-5)

S
e} Fmoc-Cys(Ddm) H (0]
EDC, HOBt, DMF
HoN , ) N
Ay O ey O

96% (@] =

S-5

To a solution of Ala-pNA-TsOH (1.00 g, 2.62 mmol), Fmoc-Cys(Ddm) (1.42 g, 2.49 mmol) and HOBt (354 mg,
2.62 mmol) in DMF (8 mL) was added EDC (479 pL, 2.62 mmol). The reaction mixture was stirred at room
temperature for 2 hours. After addition of EtOAc, the organic layer was successively washed with saturated aqueous
NaHCOs, 1 M aqueous HCI and brine, dried over NaSOs, filtered and concentrated. The crude residue was
precipitated with diisopropyl ether. The resulting powders were collected by filtration and washed with diisopropyl
ether to obtain the title compound (1.81 g, 96%).

IH NMR (400 MHz, DMSO-ds): 5 10.45 (s, 1H), 8.40 (d, J = 6.9 Hz, 1H), 8.17-8.14 (m, 2H), 7.85 (d, J = 7.3 Hz,
2H), 7.75 (d, J = 9.1 Hz, 2H), 7.71-7.65 (m, 3H), 7.38-7.34 (m, 2H), 7.28-7.22 (m, 6H), 6.78 (t, J = 7.3 Hz, 4H),
5.27 (s, 1H), 4.44-4.37 (m, 1H), 4.32-4.16 (m, 4H), 3.65 (s, 3H), 3.64 (s, 3H), 2.65-2.69 (m, 1H), 2.50-2.44 (m,
1H), 1.30 (d, J = 6.8 Hz, 3H).

13C NMR (100 MHz, DMSO-dg): § 171.7, 170.3, 158.1, 155.9, 144.9, 143.7, 142.2, 140.7, 133.6, 129.1, 129.0,
127.6, 127.0, 125.3, 124.9, 120.1, 118.9, 113.7, 65.8, 55.0, 54.2, 51.5, 49.4, 46.6, 17.8.

ESI-MS: calcd for C42Ha1N4OgS [M+H]" m/z = 761.3, found: 761.3.
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N-(t-butoxycarbonyl)glycyl-S-dimethoxydiphenylmthyl-L-cysteinyl-L-alanine p-nitroanilide (S-6)

_O g _0O 0N
1) dimethylethylamine
DMF
S

2) Boc-Gly
EDC, HOBt, DMF

1L BB
N Boc—N N
Fmoc—H H ”ONOZ 95%, (2 steps) H H ”ONOZ
= 0 =
S-6

O
S-5

To a solution of S-5 (1.70 g, 2.23 mmol) in DMF (10 mL) was added dimethylethylamine (2.40 mL, 22.3 mmol).
The mixture was stirred at room temperature for 1.5 hours and concentrated in vacuo. The resulting residue was
used for the next step without further purification. To a solution of the product, Boc-Gly (410 mg, 2.34 mmol) and
HOBt (316 mg, 2.34 mmol) in DMF (10 mL) was added EDC (428 pL, 2.34 mmol). The reaction mixture was
stirred at room temperature for 5 hours. After addition of EtOAc, the organic layer was successively washed with
saturated aqueous NaHCQ3, 1 M aqueous HCI and brine, dried over Na;SQg, filtered and concentrated. The residue
was precipitated with diisopropyl ether, and the resulting powders were collected by filtration and washed with
diisopropyl ether to obtain the title compound (1.47 g, 95% in 2 steps).

'H NMR (400 MHz, DMSO-ds): 8 10.37 (s, 1H), 8.45 (d, J = 6.9 Hz, 1H), 8.18 (d, J = 9.1 Hz, 2H), 8.10 (d, J = 7.3
Hz, 1H), 7.81 (d, J = 9.1 Hz, 2H), 7.29-7.26 (m, 4H), 7.05 (t, J = 5.9 Hz, 1H), 6.85-6.80 (M, 4H), 5.27 (s, 1H),
4.57-4.52 (m, 1H), 4.46-4.42 (m, 1H), 3.69 (s, 3H), 3.68 (s, 3H), 3.60-3.57 (m, 2H), 2.64-2.59 (m, 1H), 2.53-2.48

(m, 1H), 1.36-1.30 (m, 12H).

B3C NMR (100 MHz, DMSO-dg): § 171.7, 169.9, 169.5, 158.1, 155.9, 144.9, 142.3, 133.5, 129.1, 124.9, 118.9,
113.7,78.1, 59.8, 55.0, 52.1, 51.5, 43.2, 33.7, 28.2, 22.8, 20.8, 17.6, 14.1.

ESI-MS: calcd for C34H42Ns06S [M+H]™ m/z = 696.3, found: 696.3.
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glycyl-L-cysteinyl-L-alanine p-nitroanilide (29)

S
H 9 H 9 TFA/TIS/Hzo
Boc—N\)J\N N\)J\NONO 80% 2N\)I\ \)J\ @
H I H
O =
S-6

S-6 (1.40 g, 2.00 mmol) was treated with TFA/TIS/H,0 (95/5/5, 12 mL) at room temperature. After 1 hour, TFA
was evaporated, and the residue was precipitated with Et,O. The resulting powders were collected by filtration and
washed with Et;O. The product was purified by preparative HPLC to give the title compound (751 mg, 80%).

IH NMR (400 MHz, DMSO-ds): 5 10.62 (s, 1H), 8.61 (d, J = 8.2 Hz, 1H), 8.58 (d, J = 6.4 Hz, 1H), 8.22-8.18 (m,
2H), 7.82-7.78 (m, 2H), 4.57-4.52 (m, 1H), 4.40-4.36 (m, 1H), 3.62-3.58 (m, 2H), 2.84-2.68 (m, 2H), 2.30 (t,J =
8.2 Hz, 1H), 1.33 (d, J = 7.3 Hz, 3H).

13C NMR (100 MHz, DMSO-dg): § 172.0, 169.2, 166.0, 145.0, 142.3, 125.0, 118.9, 54.7, 49.6, 26.6, 17.6.

ESI-MS: calcd for C14H20Ns05S [M+H]" m/z = 370.1, found: 370.1.

Tritylation of Gly-Cys-Ala-pNA (29)

'Irrt
S
(6] (0]
Trt-OH H
"y jY \)L W S I HZN¢LN)\WN¢LNON%
R0 2 H
30

To a solution of 10 mM Gly-Cys-Ala-pNA (29) in HFIP or TFA was added trityl alcohol (1.1 or 3.0 equiv). The

reaction mixture was stirred at room temperature for 1 hour and analyzed by HPLC.
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Manual SPPS of Gly-Xaa-Phe-Cys-Gly-NH, (31a—f)

Starting with Fmoc-NH-SAL resin (47), manual peptide chain assembly was carried out using the protocol of 30
minutes coupling with Fmoc-amino acid/HCTU/6-CI-HOBt/DIEA (4/4/4/8 equiv with respect to the peptide resin,
1 minute preactivation) in DMF. The following side-chain-protected amino acids were employed: Cys(Ddm),
Glu(tBu), His(MBom), Ser(tBu), Trp(Boc), Tyr(tBu). Fmoc deprotection was carried out with 20% piperidine in
DMF (5 minutes x 2), followed by washing with DMF.

Gly-Trp-Phe-Cys-Gly-NH; (31a)

This peptide was prepared from Fmoc-NH-SAL resin (47) (510 mg, 230 umol) according to the manual SPPS
procedure described above. The peptide resin thus obtained was treated with TFA/TIS/H,0 (v/v/v, 95/5/5, 5 mL) at
room temperature for 1 hour to give a crude product, which was purified by preparative HPLC to obtain the title

compound (69.7 mg, 45%).

Analytical HPLC: Ry, 10.8 min [10-80% CH3sCN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for C27H33N70sS [M+H]" m/z = 568.2, found: 568.2.

Gly-Tyr-Phe-Cys-Gly-NH; (31b)

This peptide was prepared from Fmoc-NH-SAL resin (47) (510 mg, 230 umol) as described above for 31a to obtain
the title compound (73.2 mg, 50%).

Analytical HPLC: Ry, 8.7 min [10-80% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for C2sH32N6O6S [M+H]™ m/z = 545.2, found: 545.2.

Gly-Ser-Phe-Cys-Gly-NH; (31c¢)

This peptide was prepared from Fmoc-NH-SAL resin (47) (510 mg, 230 umol) as described above for 31a to obtain
the title compound (65.0 mg, 50%).

Analytical HPLC: Ry, 6.7 min [10-80% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for C19H28N606S [M+H]" m/z = 469.2, found: 469.2.
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Gly-Met-Phe-Cys-Gly-NH; (31d)

This peptide was prepared from Fmoc-NH-SAL resin (47) (310 mg, 140 umol) as described above for 31a to obtain
the title compound (34.1 mg, 40%).

Analytical HPLC: Ry, 9.1 min [10-80% CH3CN in 0.1% TFA (25 min); detection, 220 nm].

ESI-MS: calcd for C21H32NsOsS2 [M+H]" m/z = 513.2, found: 513.2.

Gly-Glu-Phe-Cys-Gly-NH; (31e)

This peptide was prepared from Fmoc-NH-SAL resin (47) (310 mg, 140 umol) as described above for 31a to obtain
the title compound (31.5 mg, 37%).

Analytical HPLC: Ry, 7.0 min [10-80% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for C21H30NsO7S [M+H]* m/z = 511.2, found: 511.2.

Gly-His-Phe-Cys-Gly-NH; (31f)

This peptide was prepared from Fmoc-NH-SAL resin (47) (510 mg, 230 pmol) according to the general manual
SPPS procedure. The peptide resin thus obtained was treated with TFA/TIS/H2O (v/v/v, 95/5/5, 5 mL) in the
presence of methoxyamine hydrochloride (96.0 mg, 1.15 mmol) at room temperature for 1 hour to give a crude
product, which was purified by preparative HPLC to obtain the title compound (60.8 mg, 37%).

Analytical HPLC: Ry, 5.8 min [10-80% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for C22H30NsOsS [M+H]" m/z = 519.2, found: 519.2.

Tritylation of Gly-Xaa-Phe-Cys-Gly-NH; (31a-f)

Trt-OH Trt
HFIP |
Gly-Xaa-Phe-Cys-Gly-NH, — »  Gly-Xaa-Phe-Cys-Gly-NH,
31a—f 32a-f

To a solution of 10 mM Gly-Xaa-Phe-Cys-Gly-NH; 31a—f in HFIP was added trityl alcohol (1.1 equiv). The
reaction mixture was stirred at room temperature for 1 hour and analyzed by HPLC.
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[Cys(Acm)®*3, Cys(StBu)**°, Cys®*#u-SIIIA (33)

Fmoc-NH-SAL-resin
47
20% morpholine/NMP

Fmoc-AA/DIC/Oxyma Pure
Q (4/4/4)

TFA/TIS/H,O
22% (from 47)
Ao ] Ao ]
Pyr—N—C—CIZ—N—G—G—C—S—S—K—W—C—R—D—H—A—R—Q—C—NH2
StBu 33 StBu

The peptide was assembled using an ABI 433A peptide synthesizer on an Fmoc-NH-SAL resin (47) (561 mg, 250
umol) according to the general automated SPPS procedure. The resulting resin (100 mg, 15.1 umol) was treated
with TFA/TIS/H2O (v/viv, 95/5/5, 2 mL) at room temperature. After 1 hour stirring, the resin was filtered and
washed with TFA. The combined filtrates were concentrated under reduced pressure. The residue was precipitated
with Et,0, and the resulting powders were purified by preparative HPLC to obtain the title compound (9.73 mg,
22% from 47).

Analytical HPLC: Ry, 13.1 min [10-80% CH3CN in 0.1% TFA (25 min); detection, 220 nm].

ESI-MS: calcd for Co7H156N3s020Ss [M+H]* m/z = 2533.0, [M+2H]?* m/z = 1267.0, [M+3H]*" m/z = 845.0, found:
1266.7, 844.8.

Tritylation of [Cys(Acm)®™3, Cys(StBu)**°, Cys®*°]u-SIIIA (33)

fom ’ fom )
Pyr—-N—C—C—N—-G—G—C—S—S—K-W-C—R—D-H-A-R—C—C-NH,
StBu StBu
33
Trt-OH
solvent
/]\Cf’ﬂ Tl’t /I\cm Trt
Pyr—N—C—C—N-G-G—~C—S—S—K-W-C—R—D-H-A-R—C—C-NH,
StBu StBu
34a

To a solution of 5 mM 33 in HFIP, 1% TFA in HFIP, 2% TFA in 50% HFIP/AcOH was added trityl alcohol (4.0

equiv). The reaction mixture was stirred at room temperature for 2 hours and analyzed by HPLC.

68



Synthesis of rat C-type natriuretic peptide-53 (35)

DLRVDTKSRAAWARLLHEHPN-SCH,CH,CO-Leu-NHz [(1-21)-SR] (37)

Boc-Asn(Xan)-SCH,CH,CO-Leu-MBHA resin

36
50% TFA/CH,Cl,

Boc-AA/HCTU/6-CI-HOBY/DIEA
(4/4/416)

HF/p-cresol/butanedithiol
MeONH,-HCI
10% (from 36)

1-21 S\/\[(Leu—NHz
(0] (0]
37

The peptide was assembled using an ABI 433A peptide synthesizer on a Boc-Asn(Xan)-SCH,CH,CO-Leu-MBHA
resin (36) (1.00 g, 470 pmol) according to the general automated Boc-SPPS procedure. The peptide resin was treated
with HF/p-cresol/butanedithiol (v/v/v, 80/5/15, 17 mL) in the presence of methoxyamine hydrochloride (200 mg,
2.35 mmol) at -5 °C to —2 °C for 1 hour to give a crude product, which was purified by preparative HPLC to obtain
the title compound (174 mg, 10% from 36).

Analytical HPLC: Ry, 16.5 min [1-60% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for C117H190N390322S [M+H]* m/z = 2687.0, [M+2H]?* m/z = 1344.0, [M+3H]*" m/z = 896.3, found:
1344.1, 896.1.

ThzRKYKGGNKKGLSKG-SCH,CH2CO-RRR-NH;  {[Thz??](22-36)-SR} (39)
Boc-Gly-SCH,CH,CO-[Arg(Tos)]l3-MBHA resin
38
50% TFA/CH,CI,

Boc-AA/HCTU/6-Cl-HOBYDIEA
(414/4/6)

HF/p-cresol
39% (from 38)

39
The peptide was assembled using an ABI 433A peptide synthesizer on a Boc-Gly-SCH,CH>CO-Leu-MBHA resin
(38) (863 mg, 500 pumol) according to the general automated Boc-SPPS procedure. The peptide resin was treated
with HF/p-cresol (v/v, 80/20, 15 mL) at -5 °C to —2 °C for 1 hour to give a crude product, which was purified by
preparative HPLC to obtain the title compound (622 mg, 39% from 38).

Analytical HPLC: Ry, 9.6 min [1-60% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for Co1H163N36023S, [l\/H'H]+ m/z = 2193.6, [|\/|+2H]2Jr m/z = 1097.3, [|\/|'i'3H]3+ m/z = 731.8, found:
1097.1, 731.7.
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CFGLKLDRIGSMSGLGC [(37-53)] (41)

Boc-Cys(Meb)-PAM resin
40

50% TFA/CH,Cl,

Boc-AA/HCTU/6-CI-HOBYDIEA
(4/4/4/6)

HF/p-cresol
31% (from 40)

Cys—(__38-52_}—Cys
41
The peptide was assembled using an ABI 433A peptide synthesizer on a Boc-Cys(Meb)-PAM resin (40) (803 mg,
500 umol) according to the general automated SPPS procedure. The peptide resin was treated with HF/p-cresol (v/v,
80/20, 15mL) at -5 °C to —2 °C for 1 hour to give a crude product, which was purified by preparative HPLC to
obtain the title compound (320 mg, 31% from 40).

Analytical HPLC: Ry, 17.4 min [1-60% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for C74H126N21023S3 [M+H]" m/z = 1756.8, found: 1756.8.

ThzRKYKGGNKKGLSKGCFGLKLDRIGSMSGLGC  {[Thz?](22-53)} (42)

S

<Ns (Arg)eNH, Cys—(_ 3852 }—Cys

39 LY

PhSH, 6 M Gn-HCI
0.2 M Na,HPO, (pH 8.0)
85%

< cys—{ 3852 )y

42

Iz

39 (283 mg, 89.4 umol) and 41 (187 mg, 91.2 umol) were dissolved in 0.2 M sodium phosphate buffer (pH 8.0, 5
mL) containing 6 M guanidine hydrochloride. 2% Thiophenol (v/v) was added to the solution which was stirred for
4 hours at room temperature, and then treated with dithiothreitol (30.8 mg, 200 umol). After 20 minutes, the pH
was adjusted to < 3 by adding AcOH. The mixture was washed with Et;O and the aqueous layer was directly
subjected to preparative HPLC to obtain the title compound (330 mg, 85%).

Analytical HPLC: Ry, 15.6 min [1-60% CH3CN in 0.1% TFA (25 min); detection, 220 nm].

ESI-MS: calcd for C144H246N45040S4 [M+H]" m/z = 3376.0, [M+2H]?* m/z = 1688.5, [M+3H]*" m/z = 1126.0, found:
1688.3, 1125.8.
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ThzRKYKGGNKKGLSKGC(Trt)FGLKLDRIGSMSGLGC(Trt) {[Thz?, Cys(Trt)*"**](22-53)} (43)

S
(T o o
Ho 8 42

Trt-OH, HFIP, 4 °C
87%

Trt Trt
< cys—( 3852 )l

O 43

Iz

To a solution of 42 (87.6 mg, 20.2 mmol) in HFIP (1 mL) was added trityl alcohol (21.0 mg, 80.8 mmol). The
reaction mixture was stirred at 4 °C for 2 hours. The product was precipitated with diisopropyl ether, and collected
by filtration and washed with diisopropyl ether to give the title compound (82.8 mg, 87%).

Analytical HPLC: Ry, 17.6 min [10-80% CH3sCN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for CigoH274N45040S4 [M+H]* m/z = 3860.6, [M+3H]*" m/z = 1287.5, [M+4H]*" m/z = 965.9, found:
1287.3, 965.7.

CRKYKGGNKKGLSKGC(Trt)FGLKLDRIGSMSGLGC(Trt) {[Cys(Trt)*"**|(22-53)} (S-7)

S

Trt Trt
<N 2336 }Cys—{_ 3852 )} Cys
H

0 43

0.5 M ag. MeONH,-HCI
94%

HS

Trt Trt
| I
HoN 23-36 Cys 38-52 Cys

O S-7

43 (80.3 mg, 16.9 umol) was dissolved in degassed 0.5 M aqueous methoxyamine hydrochloride. The mixture was
stirred at room temperature for 4 hours. The reaction mixture was directly subjected to preparative HPLC to obtain
the title compound (75.3 mg, 94%).

Analytical HPLC: Ry, 17.6 min [10-80% CH3CN in 0.1% TFA (25 min); detection, 220 nm].

ESI-MS: calcd for C1g1H274N45040S4 [M+H]* m/z = 3848.6, [M+3H]** m/z = 1283.5, [M+4H]* m/z = 962.9, found:
1283.2, 962.7.
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DLRVDTKSRAAWARLLHEHPNCRKYKGGNKKGLSKGC(Trt)FGLKLDRIGSMSGLGC(Trt)
{[Cys™, Cys(Trt)"*|(1-53)} (44)

HS Trt

Trt
— | |
1-21 S\/Y Leu-NH, HN 2336 Cys 38-52 Cys
(©) O

o S-7
37

0.2 M Na,HPO, (pH 8.0)

TCEP, MPAA, 6 M Gn-HCI
91%

Trt Trt
| |
Cys—(_23-36 }—Cys—{__3852 J}—Cys

44

S-7 (24.0 mg, 5.08 umol) and 37 (20.6 mg, 6.10 umol) were dissolved in 0.2 M sodium phosphate buffer (pH 8.0,
2 mL) containing 20 mM tris(2-carboxyethyl)phosphine, 30 mM 4-mercaptophenylacetic acid and 6 M guanidine
hydrochloride. The mixture was allowed to react under stirring for 20 hours at room temperature, and then treated
with dithiothreitol (10.0 mg, 64.9 umol). After 20 minutes, the pH was adjusted to < 3 by the addition of AcOH.
The reaction mixture was directly subjected to preparative HPLC to obtain the title compound (35.4 mg, 91%).

Analytical HPLC: Ry, 16.1 min [10-80% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for CogoHa45Ns2070S4 [M+H]* m/z = 6316.3, [M+4H]* m/z = 1579.8, [M+5H]>* m/z = 1264.0, found:
1579.6, 1263.9.

DLRVDTKSRAAWARLLHEHPNARKYKGGNKKGLSKGC(Trt)FGLKLDRIGSMSGLGC(Trt)
{[Cys(Trt)*"**](1-53)} (45)

Trt Trt

| |
Cys 23-36 Cys 38-52 Cys

44
0.4 M TCEP, VA-044
GSH, 6 M Gn-HCI
0.2 M Na,HPO, (pH 5.8)
40 °C, 93%

Trt Trt

Ala 23-36 Cys 38-52 Cys

45
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To a solution of 44 (25.0 mg, 3.21 umol) in degassed 0.2 M sodium phosphate buffer (pH 5.8, 2 mL) containing 6
M guanidine hydrochloride and 0.4 M tris(2-carboxyethyl)phosphine were added 1 M aqueous VA-044 (64.2 uL,
64.2 umol) and GSH (39.4 mg, 128 umol). The mixture was stirred at 40 °C for 4 hours and then directly subjected
to preparative HPLC to obtain the title compound (23.1 mg, 93%).

Analytical HPLC: Ry, 16.1 min [10-80% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for CoggHa4sNs2070S3 [M+H]" m/z = 6284.3, [M+4H]* m/z = 1571.8, [M+5H]*" m/z = 1257.6, found:
1571.6, 1257.6.

rat C-type natriuretic peptide-53 (35)

Trt Trt
| |
Ala 23-36 Cys 38-52 Cys

45

1) TIS, 5% TFA/HFIP
2) 0.1 M I,/MeOH, 50% aqg. AcOH
62% (2 steps)

| |
(136 J—cys—{_ 3852 J—Cys

35

To a solution of 45 (12.8 mg, 1.65 pmol) in 5% TFA/HFIP was added TIS (3.40 pL, 16.5 pmol). The mixture was
stirred at room temperature for 20 minutes and then diluted with H,O and AcOH. After 0.1 M I,/MeOH (18.0 uL,
1.80 pumol) was added dropwise. After 2 minutes, the reaction was quenched by adding 1 M aqueous ascorbic acid
(16.5 uL). The mixture was directly subjected to preparative HPLC to obtain the title compound (7.31 mg, 62% in
2 steps).

Analytical HPLC: Ry, 16.5 min [1-60% CH3CN in 0.1% TFA (25 min); detection, 220 nm].

ESI-MS: calcd for Cos1Ha15Ns2070S3 [M+H]* m/z = 5797.7, [M+4H]* m/z = 1450.1, [M+5H]** m/z = 1160.3, found:
1450.0, 1160.2.
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Synthesis of p-conotoxin SIHA (46)

Protected peptide resin of u-SIHA 48

Fmoc-NH-SAL resin

47

20% morpholine/NMP
Fmoc-AA/DIC/Oxyma Pure

(4/4/4)
Trt Acm Trt Trt fB“ tBu Boc Boc Acm tBu Trt be Trt
Pyr*N*C*C*N*G*G*C*S*S*K*W*C*R*D*H*A*R*C*C*NH -SAL resin
StBu be StBu

48

The peptide resin was constructed using an ABI 433A peptide synthesizer on an Fmoc-NH-SAL resin (47) (563

mg, 250 umol) according to the general automated Fmoc-SPPS procedure.

[Cys(Acm)®™, Cys(StBu)**®, Cys(Trt)®?°|u-SIIA (34a)
(Deprotection and reintroduction of the Trt groups: route A)

Tn Acm Tn Trt tBu tBu Boc Boc Acm tBu Trt be Trt
PyrfoCf(‘:foGfoCfSfoKfoCfRfoHfAfRfoCfNH -SAL resin
StBu Pbf StBu
48
TFA/TIS/H,O
Acm H Acm H
Pyr—N—C—C—N—G—G—C—S—S—K—W—C—R—D—H—A—R—C—C—NH2
StBu 33 StBu
Trt-OH

2% TFA in 50% HFIP/AcOH
20% (from 47)

ﬁ\cm Trt /lxcm Trt
Pyr—N—C—Cl)—N—G—G—C—S—S—K—W—C—R—D—H—A—R—Q—C—NH2
StBu 342 StBu

The peptide resin 48 (300 mg, 45.3 umol) was treated with TFA/TIS/H2O (v/v/v, 95/2.5/2.5, 10 mL) at room
temperature. After 1 hour, the resin was filtered and washed with TFA. The combined filtrates were concentrated
under the reduced pressure. The residue was precipitated with Et,0. The resulting powders were used for the next
step without further purification. To a solution of the product in 2% TFA in 50% HFIP/AcOH (4 mL) was added
trityl alcohol (58.9 mg, 226 umol). The mixture was stirred at room temperature for 2 hours. The reaction mixture

was directly subjected to preparative HPLC to obtain the title compound (27.8 mg, 20% from 47).
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Analytical HPLC: Ry, 19.4 min [10-80% CH3CN in 0.1% TFA (25 min); detection, 220 nm].
ESI-MS: calcd for C13sH184N35020Ss [M+H]" m/z = 3017.6, [M+2H]?* m/z = 1509.3, [M+3H]*" m/z = 1006.5, found:
1508.9, 1006.3.

[Cys(Acm)®, Cys(StBu)**°, Cys(Trt)*?°|u-SIIIA (34a)
(Deprotection and retrapping of the Trt groups: route B)

Trt ,?\cm Trt Trt {Bu 1“Bu l?oc l?oc e\cm {Bu 'I'rt Fl’bf Trt
PyrfNfC*C‘)foGfoCfS*S*K*W*C*B*D*H*A*R*Q*CfNH-SAL resin
StBu Pbf StBu
48
TFA/DMB/H,O
20% (from 47)
e\cm Trt ﬁkcm Trt
Pyr-N—C—C—N-G—G—C—S—S—K-W-C—R—D-H-A-R—C—C—NH,

StBu 34a StBu

The peptide resin 48 (300 mg, 45.3 umol) was treated by TFA/1,3-dimethoxybenzene /HO (v/viv, 95/2.5/2.5, 10
mL) at room temperature. After 1 hour stirring, the resin was filtered and washed with TFA. The combined filtrates
were concentrated under the reduced pressure. The residue was precipitated with Et2O. The resulting powders were
subjected to preparative HPLC to obtain the title compound (28.6 mg, 20%).

Analytical HPLC: Ry, 19.4 min [10-80% CH3CN in 0.1% TFA (25 min); detection, 220 nm].

ESI-MS: calcd for C13sH184N35020Ss [M+H]* m/z = 3017.6, [M+2H]?* m/z = 1509.3, [M+3H]** m/z = 1006.5, found:
1508.9, 1006.3.

[Cys(Acm)®, Cys*'®, Cys(Trt)>®]u-SINIA (S-8)

Qcm Trt ,‘i\cm Trt
Pyr-N—C—C—N-G-G—C—S—S—K-W-C—R-D—H-A-R—C—C-NH,
StBu StBu
34a
PBU3
CH3;CN/DMSO/H,0
79%
,?\cm Trt ,‘i\cm Trt
Pyr-N—C—C—N-G-G—C—S—S—K-W-C—R—D-H-A-R—C—C—NH,
H s H
-8
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To a solution of 34a (44.8 mg, 13.5 umol) in CH3CN/DMSO/H,O (v/viv, 12/5/3, 4 mL) was added
tributylphosphine (100 uL, 401 pmol). The mixture was stirred at room temperature for 2 hours and then directly
subjected to preparative HPLC to obtain the title compound (33.5 mg, 79%).

Analytical HPLC: Ry, 17.2 min [10-80% CH3CN in 0.1% TFA (25 min); detection, 220 nm].

ESI-MS: calcd for C127H168N35020S6 [M+H]* m/z = 2841.2, [M+2H]?" m/z = 1421.1, [M+3H]** m/z = 947.7, found:
1421.1, 947.5.

[Cys(Acm)®*3, Cys*-Cys™, Cys(Trt)®*°Iu-SIIIA (49)

/?\cm Trt écm Trt
Pyr—N—C—Q—N—G—G—C—S—S—K—W—C—R—D—H—A—R—Q—C—NH2
SH SH
S-8

10 mM I,/MeOH
50% aq. AcOH
82%

;?\cm Trt /?\cm Trt
Pyr*N*C*C‘)*NfG*GfC*S*S*K*W*C*R*D*H*A*R*C\)*C*NH2

49

To a solution of S-8 (39.0 mg, 12.5 umol) in 50% aqueous AcOH (4 mL) was added 10 mM I>/MeOH (1.38 mL,
13.8 umol) dropwise. After 2 minutes, the reaction was quenched by adding 1 M aqueous ascorbic acid (130 pL).
The mixture was directly subjected to preparative HPLC to obtain the title compound (32.0 mg, 82%).

Analytical HPLC: Ry, 14.3 min [30-60% CH3CN in 0.1% TFA (25 min); detection, 220 nm].

ESI-MS: calcd for Ci127H166N35029S6 [M+H]* m/z = 2839.2, [M+2H]?" m/z = 1420.1, [M+3H]*" m/z = 947.0, found:
1419.7, 946.9.
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p-conotoxin SIA (46)

,‘i\cm Trt ,?\cm Trt
Pyr—N—C—(|)—N—G—G—C—S—S—K—W—C—R—D—H—A—R—C|)—C—NH2

49

1) TIS, 5% TFA/HFIP

2) 0.1 M I,/MeOH
50% aqg. AcOH

3) 0.1 M I,/MeOH
50% aq. AcOH
67% (3 steps)

\ |
Pyr-N—C—C-N-G~G~C~8-8—K-W-C-R-D-H-A-R-C-C-NH,

46

Toasolution of 49 (26.5 mg, 8.47 umol) in 5% TFA/HFIP (3 mL) was added TIS (5.20 uL, 25.4 umol). The mixture
was stirred at room temperature for 10 minutes and then diluted with 50% aqueous AcOH (14 mL). After 0.1 M
I,/MeOH (93.2 uL, 9.32 umol) was added dropwise, the reaction mixture was stirred for 5 minutes. And then 0.1
M 12/MeOH (1.27 mL, 127 umol) was added and stirred for 1 hour. The reaction was quenched by adding 1 M
aqueous ascorbic acid (260 pL). The reaction mixture was washed with hexane and the aqueous layers were directly

subjected to preparative HPLC to obtain the title compound (14.1 mg, 67% in 3 steps).
Analytical HPLC: Ry, 9.5 min [1-60% CH3CN in 0.1% TFA (20 min); detection, 220 nm].

ESI-MS: calcd for CgzH124N33027Ss [M+H]* m/z = 2208.4, [M+2H]?* m/z = 1104.7, [M+3H]*" m/z = 736.8, found:
1104.5, 736.5.
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Synthesis of human hepcidin (50)

[Cys(Meb)"?, Cys'®%3 Cys(Trt)***°, Cys(Acm)**?#]hepcidin (S-9)

Fmoc-Thr(tBu)-Wang resin

20% piperidine/NMP
Fmoc-AA/DIC/Oxyma Pure

@) (414/4)

1) TFA/TIS/H,O
2) Trt-OH
2% TFA in 50% HFIP/AcOH
3) PBu3, 80% aq. DMSO
20% (from Fmoc-Thr(tBu)-Wang resin)

oo B Y Meb
D—T—H—F—P—I—C—I—F—C—‘C—G—C—(II—H—R—S—K—(‘I—G—M—?—C—K—T
Trt Acm Trt Acm
S-9

The peptide was assembled using an ABI 433A peptide synthesizer on an Fmoc-Thr(tBu)-Wang resin (400 mg, 221
umol) according to the general automated Fmoc-SPPS procedure. The peptide resin (800 mg, 152 pmol) was treated
with TFA/TIS/H0 (viviv, 95/2.5/2.5, 10 mL) at room temperature. After 1.5 hours stirring, the resin was filtered
and washed with TFA. The combined filtrates were concentrated under the reduced pressure. The residue was
precipitated with Et,O. To a solution of the crude product in 2% TFA in 50% HFIP/AcOH (4 mL) was added trityl
alcohol (190 mg, 730 umol). The reaction mixture was stirred at room temperature for 2 hours. The product was
precipitated with diisopropyl ether, and collected by filtration and washed with diisopropyl ether. The resulting
powders were used for the next step without further purification. To a solution of the crude product in 80% aqueous
DMSO (4 mL) was added tributylphosphine (500 pL, 2.00 mmol). The reaction mixture was stirred at room
temperature for 4 hours and then directly subjected to preparative HPLC to obtain the title compound (131 mg, 20%
from Fmoc-Thr(tBu)-Wang resin).

Analytical HPLC: Ry, 17.4 min [10-95% CH3CN in 0.1% TFA (25 min) at 50 °C; detection, 220 nm].

ESI-MS: calcd for Ci173H233N36033Se [M+H]* m/z = 3633.5, [M+3H]*" m/z = 1211.8, [M+4H]*" m/z = 909.1, found:
1211.5, 908.9.
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[Cys(Meb)"?, Cys'®-Cys™, Cys(Trt)*"*°, Cys(Acm)**??Jhepcidin (53)

e B b
D-T-H-F-P—~C—-F-C-C-G-C-C-H-R-SK-C-G-M-C-CK-T
Trt Acm Trt Acm
S-9

10 mM I,/MeOH
50% aq. AcOH
65%

Moo T ] e
D-T-H-F-P—-C——F-C-C-G-C-C-HR-S-KC-GMC-CKT
Trt Acm Trt Acm
53

To a solution of S-9 (130 mg, 30.8 pwmol) in 50% aqueous AcOH (30 mL) was added 10 mM I,/MeOH (3.10 mL,
31.0 umol) dropwise. After 2 minutes, the reaction was quenched by adding 1 M aqueous ascorbic acid (310 pL).
The reaction mixture was directly subjected to preparative HPLC to obtain the title compound (84.4 mg, 65%).

Analytical HPLC: Ry, 17.2 min [10-95% CHsCN in 0.1% TFA (25 min) at 50 °C; detection, 220 nm].

ESI-MS: calcd for C173H231N36033S9 [|\/|+H]Jr m/z = 3631.5, |:|\/|+3H]3+ m/z =1211.1, [|\/|+4H]4+ m/z = 908.6, found:
1211.0, 908.5.

[Cys(Meb)"?, Cys'%-Cys™, Cys™-Cys, Cys(Acm)**#]hepcidin (54)

Moo ] e
D*T*H*F*P*I*C*I*F*C*C‘)*G*C*(E*H*R*S*K*C‘)*G*M*Cl)*C*K*T
Trt Acm Trt Acm
53

1) TIS, 5% TFA/HFIP
2) 0.1 M I,/MeOH, 50% aq. AcOH
69% (2 steps)

N Mso
D-T-H-F-P—I-CI-F~C-C-G-C-CHRSKCGMCCKT

Acm Acm
54

To a solution of 53 (84.0 mg, 20.0 umol) in 5% TFA/HFIP (4 mL) was added TIS (20.0 uL, 101 umol). The mixture
was stirred at room temperature for 10 minutes and then diluted with 50% aqueous AcOH (16 mL). After 0.1 M
I,/MeOH (210 pL, 21.0 pmol) was added dropwise, the reaction mixture was stirred for 2 minutes. The reaction
was quenched by adding 1 M aqueous ascorbic acid (210 pL). The reaction mixture was directly subjected to
preparative HPLC to obtain the title compound (51.2 mg, 69% in 2 steps).

Analytical HPLC: Ry, 13.6 min [10-95% CH3CN in 0.1% TFA (25 min) at 50 °C; detection, 220 nm].
ESI-MS: calcd for C13sH201N35033S9 [l\/H'H]+ m/z = 3144.8, [|\/|+3H]3Jr m/z = 1048.9, [|\/|+4H]4+ m/z = 786.9, found:
1048.6, 786.7.
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[Cys’-Cys?, Cys®-Cys'®, Cys''-Cys, Cys(Acm)**#*]hepcidin (55)

I\{Ieb [—| M(leb
D-T-H-F-P4-C—I-F~C-C-G-C-C-HRSKCGMCCKT

Acm Acm
54

1) HF/p-cresol
2)0.1 M I,/MeOH, 50% aq. AcOH
68% (2 steps)

— |
D-T-H-F-P-I-C~I-F-C-C-G-C-C-HR-SKC-GMCCKT
Acm Acm
55

54 (10.0 mg, 2.67 umol) was treated with HF/p-cresol (v/v, 80/20, 4 mL) at -3 °C. After 1 hour stirring, the reaction
mixture was concentrated under the reduced pressure. The residue was diluted with 40% aqueous AcOH and washed
with hexane. The resulting aqueous layer was used for the next step without further purification. 0.1 M 1,/MeOH
(30.0 pL, 3.00 umol) was added to the solution dropwise for 5 minutes. The reaction was quenched by adding 1 M
aqueous ascorbic acid (30.0 uL). The reaction mixture was directly subjected to preparative HPLC to obtain the title
compound (6.41 mg, 68% in 2 steps).

Analytical HPLC: Ry, 18.0 min [1-60% CH3CN in 0.1% TFA (25 min) at 50 °C; detection, 220 nm].
ESI-MS: calcd for C119H183N36033Se [M+H]* m/z = 2934.5, [M+2H]?" m/z = 1467.7, [M+3H]*" m/z = 978.8, found:

1467.3, 978.5.

Human hepcidin (50)

D-T-H-F-P—-C——F~C-C-G-C-C-HR-SKC-GMC-CKT

Acm Acm
55

0.1 M I,/MeOH
50% aqg. AcOH
91%

) |
D-T-H-F-P—I-C—I—F~C~C-G-C-C-H-R-S-K-C-G-M-C-C—K-T

\ } | ‘
50
To a solution of 55 (5.00 mg, 1.42 umol) in 50% aqueous AcOH (6 mL) was added 0.1 M 12/MeOH (210 pL, 21.0

umol) dropwise. After 20 minutes stirring, the reaction was quenched by adding 1 M aqueous ascorbic acid (210

uL). The reaction mixture was directly subjected to preparative HPLC to obtain the title compound (4.40 mg, 91%).

Analytical HPLC: Ry, 14.2 min [10-60% CH3CN in 0.1% TFA (25 min) at 50 °C; detection, 220 nm].
ESI-MS: calcd for C113H171N34031S9 [l\/H'H]+ m/z = 2790.3, [|\/|+2H]2Jr m/z = 1395.6, [|\/|'i'3H]3+ m/z = 930.7, found:
1395.2, 930.5.
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