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a(2-6) VT AMMEISRE— FLTFOEHISAS—
21 20

12 BESHI TR EZ—DERR
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FOTAREI SRAE—20 L, a(2-6) 7 OBHEHY SR F 21 ITHNELHEASE~Y
AITHIRIES LT & 2 A, ENENONEHE Y 7 A% —13 8 55842~ L7z (K 13), 7720
b BEHAE AL TV HSA 2~ U ACEHIRES L7256 it (X 13a), #lRO MR
Feo TUL L OIS &L, T ITERBIRIZIEA>TLE S, ZHUx L TP 7 OEH
HSAHE—20 TiE, FEALTWBEEOT > 7 oM, X 14 ZRIC R Lz X S, fiF

CHBLL TV 7 v T uliy Ry E gk (ASGPR) L FIRHICHAIEMT 2720, =
RYA b= 2R Z D209 < NI~ IAEND, £DO%, 30 rFEE T
BB~ BT L, B ICHEt SN D (K 18b), —) T, a(2—6) 7 OEHI S X4 —
21 T FERICHTIRAN T ASGPR & O EARANL Z 5, W@H, V7 a it ASGPR O
IIARBEE S 10~100 mM FREE & 550 skl oD o7 mHEEAH A Lo (2—6) 7 OB
YR8 —21 O%AE. K 14 HAOIRT L5 I8 > 7 v b & iF#ile o ASGPR
DEBREE T T D CTHEERINEZ 5, LarL, Oflx ORFEI1X55V 20, FFHife~
Dxy KPP A b=V AN Z DRI, ASGPR HEERTLE 5, @F D%, HUOOD X 5 i
ASGPR L FHUMHAAEMZIEAT 2 Z & T, MTFIBRANICH £ 5, WP OS2 7 22 —13 #
IKEfE] 277 T ASGPR & OHAAEA DN TERAFRE & 72 5 £ TREF S L. BlEA~BAT L7128

et Ens Z LR RH STz (X 13¢),
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a) EguirL R A A=Y

MBAISRE—

FILTE
(Wild)

o
Mty gﬁ

b) 7L 7O 15

FLTRMHISAS—
20

a(2-6) T OMEISFAE—
21

13 B8 SR Z—DBIRME (L A— 2 JE - 3TEk 25a Figure 3. X Y 3] /)

a(2—6)LFOME ISR E—
'

T TPABHIZRI—

BN
@BUHAER CEE3
[ » &
FLFOY542
Far A5 —)

(ASGPR) L | | | | | L [ |

S ) S S
U

| M IS E AT |

X 14 BHREORBA H =X A
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2.2. 58
2.2.1. Kb TORIEDEFH
2.2.1.1. T7=J IR

DR BRWEH Y T AL —ICeEME AR, A Z 72BN ORI TRATHIC
GRS EIT) ZENTED LB X T2, £ I TARPFIE T, K CHEIT R RE 724 B il i
B DBRFEIZAETF LT,

IITEHET.TI VRO T =UNMUBOSIZER Lz, 77 =V ) a2 H T HL6WiE.
KER P CIFEEM 2R TNDT2D, R RE N EEMEENT L5 ZENTE, Sk
RAEMIEMEEFBLT 2 2 LM BITWDHB, e AWTENSGFICEEND T I 5T
T =V LTIALEIE, TN T L i L CE OEYTEER T LD &0 o WS S FET
Do BIZIX, A 7N FOIEAE LTHLNDAEAX I BV 221%, U A LAYl
WIZRB LTV /AT I=F—BZ2HETLHZ LT, KATOT ANV ADILHAZBINTN D
ZEBMBNTWDED, ZOMEMIIEENLT I ) E2 T =Mk d5E, /4731 =

H—PIHEEMES FFT5 2 ERHESTWE (¥ 15)B1,

o
o
i Q o OEt
4,
OBt AcHN Y
AcHN” ™ HN\n,NHz
NH, NH
Oseltamivir 22 Oseltamivir guanidine analogue 23
(ICs9 = 1.5 nM) (IC50 = 0.46 nM)

X 156 7 7=Unfkicka3EEOME

20



ZOXRITT IV EOTT =V MEBRORIE, KO mWAEMEEZ G T 268 OERICH
ATH D0, AREEAERNORBIGE ECRIMICATY 2 EnTEiu, RBITER 2 K
L7 LWEBIREDO T 70 —F ORI ORN D EWIFFCE 5,

INETOKRPTOT I DT T =P MEBISIZIE. 77 3 FERIAT 2 7 EN#RE
STz (X 168)B2, ZoFikidEx 727 I VU EEICR LT, wflEO HCl L7 K
24 ZKPTMAEESRMET 180 CITMET 5 Z & T T =V /MLEWER L FETH D,
L L2, 7 F X ROTEHAIZE WEUNRE L RI&OAMLETH D120, EIRN
(WL VIRMZRRMETOL T T I FOEHEALETH D, £ 2T, Ex oe gz i

WHYTFIRICEDLT IV EDTT =V RIS T et LTz,

HCI aq (excess) HN
H,N—=N 24 ?—NHz
R—NH, » R—NH

H,0, 24 h, 180 °C

E 16 KHFTOIZT7T =P bR BEkiE)

21



FT. 7=V 25 1% LT, 10 mol%DfEx O LR N 77— Ml L, 1.2
HEDOTTFIN 24 ZKF, 100 COFIETIERSE, 77 =V /ALEMOIERZHIE L
7= (F 1D, TOFEE, Nd(OTDs, Zn(OTHs, Cu(OTH2, AgOTf, La(OTfHs., Tm(OTHsZ-D\>
T 77 =V bEM 26 13T L A BTN oz, — T, Y(OTDs & FV 72 BRI2IE 43%
EHRREOWRTY T =V MbE{TH 2N TEZ, 5612, YbOTHs, In(OTHs, Sc(OTH)s
WG AIT 81%. 82%., 95% &\ ) EINER T/ 7 =V /LA 26 M3 Dl &b IR
DiEh - 72 Sc(OTHs (2B LT & STl % 5 mol%, 2mol% & (K SE7zd 25, ILRD

KFARSNT2729, 10 mol% Sc(OThs 3 il 72 5/ T 5 &Il L 7=,

£ 1 FEENA RBRIZ K D RIS

H
NH, . HN—=N 10 mol% Lewis aci N\n,NHz
(1.2 eq)

H,0, 100 °C NH
25 24 26
Lewis acid yield % Lewis acid yield %
Nd(OTf); 5 Y(OTf), 43
Zn(OTf), 9 Yb(OTf), 81
Cu(OTf), 10 In(OTf), 82
AgOTf 12 Sc(OTf); (10 mol%) 95
InCl; 16 Sc(OTf); (5 mol%) 66
La(OTf); 19 Sc(OTf); (2 mol%) 34
Tm(OTf), 24

22



DT, 7 K24 & Sc(OTH: #FAKPTIEA S, MUSEIK % 3C NMR TR T %
Z L TRISSEDORE 21T o7 (X 17), AX ) —NEEERE L L CHEE T2 & 25,
VT FIRFOTT EOT T F AN 118 ppm 205 162 ppm ~E T T R LTWD Z ED
Mo 7-, Wang B Yb $&{RIC L 5 77 =D ALKSEOE TIL, ZOHREE LT Yb-HL
RUA I FEHADPRIE SN TNV D238 ZOFRERIZ VAR T A I RHEERO A Z R LT

W5 (K17 FTRD, T72bbh AR A 2 F18C NMR > 7 Vi, B KL% 140-160 ppm 2

Sc(OT =
(1( eqt).)a Sc¢(0T); R—NH, HoN
H,N—C=N > HN=C=NH > >=NH
T D,0 T RHN
100 °C,12 h
(118 ppm) (162 ppm)
-0S0,CF,
Sc(OTH) standard (CH;O0H)

I

H
1
Yb[(MesSiloNsl | pi_fic=n—r? | RZVR NR
1_N=C=N-R v
R'-N=C=N-R > : e R1HNJLNR2R3

fYol™
Activated cabodiimide

17 13C NMR IZ & 5 FRMED#HZ & Wang HIZ X Y =B S h - FRME

23



FEICBIHI S AR, AR STz 162 ppm O 7 F/viE, Wang H OHMET 2 SOt A
ERW—EER LT, 200, OGS LT, £9 Sc(OTHs A>T RIC/EAL, &
WARTA I RPMERERT 2, ZOFRBICH LT IVBRKIETHZET, /7=
{ENEIT LT LB X BND,

Ebic, e DT V=T I UNIHT 57T =D MEREEATH 2 & THE bt 2 R
L7z (22, Entry 1, 2 TIEA bFTIEB IO tert -7 F VL Vo o B AU CEH
ST =V 2 27T BLU 28 ZHWIZHE TIE, £RZEH 80%F LY 67% DU T HIY)
Zhx7-, —) T, Entry3. 4 TlZ, = RAT ALY 7)bda A F )L & OB K5 P
TEHEINTZT=V 29 BLO 30 A HVWTHF L7cL ZA, ZRZH 88%I LT 67%D
WRTTT =Nt E 5 27-, £7=. Entry 5-7 Tlx, ~T 0l &2 GA7T ) —1L7 3

NIOWTRFI LTz, ZOFEE., Entry5 D 6-7 2 /% 7 U231 TiX 57%. Entry6 @ 6-7

# 2 TYV—LATIvroEERH (B2 HoO-dioxane=1:1)

10 mol% Sc(OTf);

N=—NH
g - (1:2€0) y_NH2
Ar—NH, > Ar—NH
H,0, 100 °C
1d
Entry Amine Yield Entry Amine Yield

(3]

H, NH,

=
80% (j@/ 57%
P
N
*
67% 6 ({\l\’©\ quant
H NH

88%

H,
H,
31%

~
sz
4
X
N
*

jog
MeO
27
N
L
‘Bu
28
j<8
29

NH,
4 /@ 63%
MeO,C
30

24



A F—1 32 TIEERMIZ, Entry 7 @ 2-7 2 ) XU RXF T V' —)1 88 TIL 31%DILHR
TITT7 =V LA E Nz, BT VXL T 2 ACOWTRBEOSM THREF21T- 72
(3%23), TDOFEFE, Entry 1 D 1#ET7/LF/NLT I 34 TiE 68%., Entry 202U L7 I
35 TlE 56% DR THMM A 157-, Entry 3. 4 TIX 27 I N2HOWTH RUSHE LT,

ZDFEF, Entry 3 ®7 22 86 TlX 46%, Entry 4 ®E/L7ARY > 87 Tk 83%DIE THEY
W#z b 27z, F7=. Entry 5 DA /N =F U FHER 38 TlL, 68%DILE T 7 =V ke
572, &% |2 Entry 6 Tl Ac-Gly-Leu-Orn-Ala-Gly-OH OEFIDE A~ ¥ X7 F K 39 |
* U CTHRET AT o 72, EORER, 56%DINRETHIIMZ G, UL EDO X 51, Gz Huv
L0~ AN REKF T T = D AERIRIC DN THRE N2 728, WIS BImOKIETH
% 40 CRETITEIT LW ERHLNE o727 (Entry 7). ARG & ERN ST

W TE 20 &l LTz,

#F 3 THAXLT I CHT HEERTN (LI HoO-dioxane=1:1)

10 mol% Sc(OTf);
N=—NH; (45 ¢q) HN

24
R=NH, > R—N?i_m-I2
H,0, 100 °C
1d
Entry Amine Yield Entry Amine Yield
o)
1 Ph/\/\/NHZ 68%* 5 HOJH\\‘\\/\NHZ 68%
34 NHCbz
38
S
2 | NH; 56%
N 0 b © b ©
- o ram A, N\HLHJ\WN\)LOH o
(o] '\L o]
3 P N Ph 46%* NH,
H 39

/\ 7 H,N N.R.
4 O NH 83% 2 _©
\—

25
37 (40 °C)

25



2.2.1.2. 7= FiERIG

—J7, HFERFZESETH L HHPIFRETIL, C KT RSV XNV AT LV ERTH 7Y &
V40K LT, ~F AT I AL R EQRMART VFAT I U EEHSEL L TroL
XNTZ AT ET I PR, BEE WV TBMRRG CETT 2 Z ENAH STV

( 18)[3410

Hexylamine BocHN
H
(0 -ﬂ| ~95%
BocHN CO,Me
oot L 2
Boc-Gly-OPropargyl | H2N NHAc O CO,Me
Ac-Lys-OMe
Yy - BocHN\/JLN NHAG
H
~ Trace

18 Fu U NTZATNET I TEDT I AL

LD LARRNS, ZOGIET R JBROY v 48 72 EDERS 70 L 0 e ili& 2 /95
T EEBRISHEITT LW, RMEAE S ST A s 2T v EE LS E
HZENTENE, L VBEMRBEEZ AT HIT IV ERIEEIT) LN TEDEERT, £
TGO L U TR EH L=, Nayan H137 1/ 0LX Lo 27 )V & & e BB 2%t
LT, KFCTEEERASELZLET, pAXF Y TBELVZ AT ANERT D EERE L
(K 1968, Z ORI, FTENTa VX NZ AT OV EMEER L, = AT VORRER T
DHDOBFOF LB LICEY, EEBEWMERT-UAFY T UMK ERRT 5, ZHUTK L

T, KRBfEMUT h-m ) = )VEZERMEICED | B-AF Y T BNV AT AN E D,

26



DL T a NV NI AT B ER S THE LA X Y T o RERIC KT

LT, KORDOYIZT I v z2ffASEE, 7 3 MERSHEITT 5 L& 2T

| [Au]
).i i [Au] Odl""'[A”] /
——
wetto Ny | L == jox
H,0 O A
R = H, Alkyl, Aryl etc. e k
Propargyl ester B ,0\
H H
R O R
LN P | A
~ Me (o) ~— Me” O —» Me” O
(OH OH (@)
B-Oxopropyl ester
19 &fiftic X 3 7 u L ¥ 25 )L DK G
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ZIZT, INETICHAHE SN TWDLE2Z2FA LT, 7=2=AT7 7 =3F8(K45 L 7Y
DT asIVE LT AT IVHER 40 ZETARE L LT, Mt oBGETo7 (F4), T
7205, THF #1, 40 C. 16 RFRIOZMT T, 14fi & 3444 10 mol% & Tefilifiiic ST
D BOSHER A 0 L 72 Entry 1 TIlE—#xA) 72 3ol 2R H L TRISEITo72 8 2 A,
30%DINHETHIMW A 5 2 1-, £7-. Entry 2, 3 TIE 1 fliDBMELI OV TRET L7223, &
H O NMIET Lo T, £l 0BERERE LT, 1 oIz >N T Rt 21T

ST ARG SR o T, ULEOBETNG | 34l % G Tefil AN A BRI I# L Tu

DLWV I RERPRE LT,

F 4 PERRET
N CO,f
5 HN\)OJ\ . H,N_CO,™Bu Catalyst(10mo|%)‘ BocHN/\n/N\{ 2 Bu
oc H - 2
N : THF, 40 °C, 1 d o \©
40 \© 46
(3 eq) 45
Entry Catalyst Yield
1 NaAuCl, 30%
2 AUNTfPPh; N.R.
3 Aul N.R.
4 CuOTf N.R.
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HWT, WO 21T > 72 (3¢ 5), Entry 1 @ THF A TOULERIL 30% TH Y . Entry
2 C7u b oMEgEE L CTHWE MeOH Tlit, 7 r 2N F LT X7 )L L DT AT VAL
TFLIEOHBTHo7- (IR 0%), Entry3 D7 & F= kU I OWT bRE 21T - 72RO
M IR SN o7z, LU S, Entry 4 DAKREE (THF:H20=5:1) Ti%. 25%7D

WRTHMYZ G212 KEISHKPTHETT D Z &R nholz,

K b IBERE

H
t
H,N__CO,Bu _NaAuCl, (10 mol%) - BocHN/\n/N\;_/COZB”
= s o =

o
BocHN\)LO/\\ + :
N

\© Solvent, 40 °C, 1 d \©

40 45 46
(3eq)

Entry Solvent Yield
1 THF 30%
2 MeOH 0%
3 MeCN 8%
4 THF-H,0 25%

(5:1)
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LLEDFER, 304 % & MRS ARRISIZE LT D Z LB LN E ooz, RIC 3
MDA S 7 7 2 2 —ICHEFT 5 72D OB FIC OV TRF 21T o 72 (£ 6), KFTOR
JEBIR S STV DB 2 A 54 OSREIC SOWTRET L72RE R, Entry 1 O% L
VRN &I D 3l OA il 4786 CIE 11% EUERIME T Lz, Entry2 DRV T 0 ) %
AN &35 3 AlOA bl 4887 CIXSUSMHEST Lenr o7z, —J7. Wong HIZ K- THE &
AT filfie 496812 FH L7z Entry 3 TIXilHE 0 3 flioaftit (NaAuCly) & FFRREOIE

(20%) THRIGHHEITT 2 Z RGN ERoT,

K 6 PEOENLFHRE

H
1
HoN._CO,Bu _ Catalyst (10 mol%) BocHN "y~ C02BY
x I

0]
BocHN + H
ocC \)Lo/\\\ H THF'H20 (51), \@
I. l 40°C,1d

40 45 46
(3 eq)
Entry Catalyst Yield
+
=N, N=
47
— —_+
Ph Ph
2 cl  Trace
O Ph
EtO,C 48
(0]
B
3 - N~ 20%
Aﬁ:
c1” (o]




2.2.2. HFERNTHATS=-HDOMEDEMK

PEGH 7 7 A2 —ICHFEF LI afiit l o SV XL 2T VI B~ v A ZEETIE, B
TE Mg (AR L 72 il K o TRENEM SN D72, 728 27 7 A aNTOIERPME
< &b, MY VR IEREDEBICT R UMFIE L TWAERE T T, X v ghRmicAE
ANTHRINTED LV TCRIEDNETT 20D EEX T, £2C, ZO&MBE49 % &I
BESH 2 7 A 5 —ICHRFY 5 7 O S Rk 2 et L7,

Al 49 % in vivo TRIAT 572010, FEHY T A X — DR L 725 T D HSA &<
MAEERT 2V FAT I 7~ ) o Ll 49 26 sE2 2L & Lz (K20), HSAIZ
X 7 RAA U IB & TIA OICBUKMED R AL U BHFELTEY | ZOBKMERAA &

EFNAT R 7= ) UNRREER 3 MR TRA T D 2 EAHE STV, £ 2T,

O
e AN
— o N
5‘91\7§_'J13 “k \Au
HE%HR cl’ ¢l
2 — B2 Iits OD ik 45
ﬁ?k;ﬁb-‘yl\ J _/lol\’
A . O«
q‘__"./Aéﬁfis_UJﬁ_ z )
STFITIIIRIY X 'E‘Au-
( (Kg= 3 uM) cl’ ¢l

»

ErMET LT (HSA)

B 20 WS T RF—LEMEDOHEER
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VIFNANT I 7~ )L el 49 HiES S M A SR TR, YT AT I <)
VRIS LUCaEE 49 LHEHY T A X —HfEE SETHEH Y T A X — &t (Glyco-Au) %
BT AHZENTEDLHEBZRT,

T D 2-X A e ) 2 B0 2%t LT, NaAuCls - 2H20 Z#/EHEES5 Z ik v, ¥
UV OEFRFA FICIEER 2 AT 285K 51 2 S 72kl Fiv T, AgOTS % 2 ¥ &N
Z., Zutd=FrU g NBGEREZITV., C-Au B 2B S, Wong S Ofiftfi: 49 25
R L7zl SRk L7l 77 R ARNLICK LT, i, 7 a2 X -2 8 ) — VIREVRIE
(1:) &MFEFT, B FeXo T I MbaW b2 2SS EL 2 LIk, ERPTHLLRELE

ZBENTWAFFT A B3 ARSI (¥ 21),

o
o)
AN
N NaAuCl,-2H,0 + AgOTf (2 eq) +N|
> Al > - .N -~
N~ EtOH,rt, 16 h, 86% or! , u_ EtCN, reflux, Au
Cl 16 h, 25% Cl Ci
50 51 49
O. _CO,H
N2
H,N-0"">CO,H N
52 N N
MeOH-DCM (1:1) 'No
rt, 16 h, 51% au
cl” ¢l
53

X 21 &f7 572 NOERR



T, RO =F AT I 7<) UFEEK 54 (T LT, mF IV AT )V EK-A S T
—/b (1:1) IBRETARBET SEREIE T, NaOH (2 XV 90%DULER THIAK SR L 7=142, ARk L7-
TIVRUEE BB I LT, VA VY Fa AL RYA I K DIC) 2EA&SE, RUzFL v
7V a—VHEET LT I 66 LA L. 94%DIERTHIY 57 2157, Zhickv, Y
IR 2F L) a— A HEEAL, LVEKEE R LSRG TS 2 L
INTEDLEEZT, VT FEALTWVET Y RE Pd/IC 2V TGEIE L, 90% DR T H )

DT I B8 ~LFFE LT (K22),

DIC
H,N N3
2 \/‘60/\9/
3

o o)
Etom NaOH (1.2 eq) _ Ho)m 56 .
H,0-MeOH (1:1) >
0o NEt, ro DCM, rt, 16 h, 94%

reflux, 2 h, 90% o~ o NEt,

54 55

4 h, 90%

o
/é\/ ;/\ PdIC /é\/ox)/\N Z
NEt, 2
58

22 VT FATI)IIUTITITAL NDER

B LY TFAT I 7~ D7 I UEFER B8 b A D VR VB ER 58 &
DIC & HOAt E(E R, Y7 uuax ¥ o f S|EOSMETHEEEL, BN E T 2 59 2 56%

DUILETHET- (X 23),
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58

o}
DIC N’o\)LN/\/O\/\O/\/ O NN
HOAt | H H Et
+ 53 ——— X 0”0 N’

+| !
CH,Cl,, rt _

1d2, 5%% Au’N 7 B
/\

cl CI
Coumarin-Au
59
X 23 PxFAT I <V et 59 OERK
FWT AR LT c DWW THESH 7 7 A X — LA BEAERARECTH A2 2 Ml L= (X 24,

25), VEFNT I 7~ U AR, BWEARIC LV phEREOMIESZL L, Ot E Mk D B
W& O R DR WERTBR AR D TR LF—BEBRML TV S (X 294, 7o |
VHEREETCIE, Y2 TFAT I 7w U O CNBEEDREREL, ST o0 TF AN s <Y
RO n WUE & EART DRERE L 2D | BHNER TOTRLF—ER LD, —J7,
T v N MR AR L2 A . NS OEEITE 2 & FICERES R S D 729
JEGHRRE COZ RN F—EENEZ 0 BN SN V= F AT ) 7= Y U,
g7 7 A 2 — LHUKMEFEAERIC R VG LI2SE, YT A7 I 7<) U ERD &L
Bild, 7w b ARREE L AR OBREEICE N D LW A D, LD - T, KEERP TR
HEFE LRV OEL A BT 2 2 L TEIUE, B TR 2 — LMHEER L, B

T AL — et fEA S Glyco-Au NMER LT E W2 D,

TOr A ETOR A
- =0 =
o o)
/\N N
) v
B ETFILENE ST BRI BB bR R KA
M|k at @ Hst:ETE

X 24 VFNT I <Y OBBIREBOEE
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AR L 7ol 59 @ 10 WM 72 = kU VTR A . HSA K¥E#E (20 nmol/200 pL) 120
Z. FhEH E 420 nm, HIEKE 466 nm TP F LTI/ 7~ routERE L (K
25), FOFER, VTN T I I~ U OENN 6 FRE LR Lic, ZHUT kb AR
TNT I EMHEAERTIRE TH D Z L R S LT,

N T, PUOPAOREHEI AR —20 (o3 LT, FERICABEZ MR A/ER S 70, ZORER,
HSA & [FAERIC 8 FEREEE DA DR ZBI 5 Z LR TE e, ZHUC kY, U7 OREY
FRE—20 &Sl 59 N =TT I ) I~ UENLUTHRG LIRS 7 X & — &l

60 (Glyco-Au®) ZFi#ld 5 Z LN T&E T,

450 - G |yCO-AUGaI 60

400 -
350 -
300
250
200
150
100

50

m il 59
mARIE 59 + HSA
Glyco-Au®? 60

Relative fluorescence intensity
(AU

“Au” species

X 25 YxFAT I =V rORNEHE (ex/fem=420 nm/466 nm) (n=3, Mean+SD)
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PEV TR L 72 Glyco-Au® 60 OfBEREIZ SV TOMETZAT- 72 (X 26, 27), HE L7
Glyco-Au® 60 |[Zxf L C, Wt EEaH T2 70/ v XNV 2T VA ER S, BiHY 7 A~
—HICIFAEL TV D 49D U 2 BT 2 v ~D 7 2 MG % FEhi L, 36 R o # 6
JEORRFEZIBD Z & TRISZBHT L2 L L, £, whEke L Tr=FAT I/
7=V OENEFEENERSRNT F T AF e —4 I (TAMRA) #HIH LT, 8k~
0 —7DOEKEIT- 72 (X 26), Boc-Gly-OH 61 (2% LT, DMF W1, KEgh U 7 AFEET,
TasFENLTuIR62EMRALHZEICED, ANVKRAFETa LNV 2TV LT 40 %
IR 97% THF7=144, i T, N K% 4N HCldioxane THLEE % = & T Boc H &Rk L.

H-Gly-OPropargyl 63 #4537z, #:\>C DMF ", N-Bocy-7 X/ 7F /Ll 64 L H-Gly-

K,CO,
BI’/\\\ o 0
o 62 4N HCl/dioxane //\OJ\/N“Z
JI\/NHB — > J]\/NHBOC > 7
Ho ¢ DMF. 0 °C ///\0 rt, 1 h, quant. HCI
61 1.5 h, 97% 40 63
JOJ\/\/
NHBoc
"o e + HATU, NEts R H 4N HCl/di
loxane
> ///\OJ\/N‘H/\/\NHBOC >
DMF, rt, 24 h, 90% o rt, 1 h, quant
65
(o} H O y ®
N TAMRA NHS ester 67 , NEt, J_R 'S
//\OJJ\’ T NH, » 0 N~ “TAMRA
~ o) Hel DMF, rt, 24 h, 70% z L(\/\H
66 68

X| 26 TAMRA-Propargyl 68 DAL
36



OPropargyl 63 ##i a7 HATU & U =F AT I UAFE T TER S E- & 2 A, 90% DR
TILAW 65 %157-, 14 N HCl/dioxane T Boc 24 k3= L. Bl 66 % i &2 5
2o Wiffi#fk 66 2 DMF 1, U TFLT I A(FE T CTHIRD 5, 6:TAMRA 27 2 > A 2
UIIVERTIVIBER 67 EAEH S B TH D TAMRA 7' 231X L= 27 /L (TAMRA-
Propargyl) 68 % 70% DK TER L 7=,

TAMRA-Propargyl 68 & 7L L 7= Glyco-Au®? 60 % {E S, FESICHE OIS %8
BRL7= (X 27), Glyco-Au® 60 @ PBS-DMSO (4:1) ## (10 nmol/500 pL) 1Zxf LT,
TAMRA-Propargyl 68 100 nmol % {EH &&7-, 10, 60, 120, 330, 1440 5 D SHEE T
TAMRA O (BhiE : 555 nm, #% : 585 nm) ZHIE L7z & 2 A, MR B E IR A3
RLTWDZ MBI (M 27b : JKth), —FH T, 2 hr—/b& LTl ZHE L
TWARWEME (PO7OBEHI SRE—20 OF) TiE, SOEORRITABEIHRISM: & ik L
T 30%FEE SR B SN2, HEFS TV DM 7 1 L)L = 27 L & 15D
LTWAZ Enmmesige (K270 B, F7-. 1440 #H ORI % MALDI-TOF Mass C
BERONT L& 25 60O TAMRA MG Lizy 7V E RS 5 Z L3 TE iz (M 270),

TSR . KBRS 1440 73T 60%REFUSPEITT D L0 ) T & 2B T2 2 LN TE
Tco —H T, @2 fHE L CTWRWHEH 7 7 A2 —IZk L TH RO S CRISZAT - T2
M3, HOET 10~330 4 THIINET, 1440 43 THBABATFIE FD 20% &\ 5l T & iz
(B 27b @ JREE), ZDOXHIZT I 75 (V) A 49 [l & ZEITHFAET Dy 7 A%
—IZxtLTIE, 77 AN TOIEE (20%) &g U CRaEDRm ER§RO bz, D7
AR Z, E07 I UPRRENCAFE L TV D AERNTRITTIUL, T2 L v ohs

TRIEAHETT 5 & BX DL,
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a) RinA¥F—L

b) HHIZKDRIGIEH

30
I
e _ 25 .
23 60% R AT @
a2
S= [M]*
2515 3000
>0 102 kDa
= C
(To“ €10 ca. 6 molecules
o 5 2 I of TAMRA labels

e 3
0 1T L L T i
1omn  1h 2h  55h  24n 2000 " ., BT BT RN ‘
m HEHISRAA—DH lGlyCO-AuG"“ 60 40000 60000 80000 100000 120000 m/z

27 MRELREDORREY
b JX : Glyco-Au® 60+TAMRA-Propargyl 68 (10 eq), n=3, Mean+SD, b & : 7> 7 O#H
49 5 A2 —20+TAMRA-Propargyl 68 (10 eq). n=3, Mean=*SD (ex/em=555 nm/580 nm) ; c :
MALDI-TOF Mass (¥ hY v 7 2L LTCa 7 /-4-k Fux Vi WKBEZEH LK)
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FOG DTGB S 7T, feWCHilfaRE Lo & X7 BITFEL TWEH 7 X/ KT
X AR EITo 7 (K28), 22 Tl Mif@icxt L CRIEZIRINT 52720, HEHIC K 54—
TT 4 TR EE 2 FEH A BT LT ey HSA (2% L CAe il A $HFF L 72 HSA-
&xfilfit 69 & TAMRA-Propargyl 68 % HeLa S3 flliC#si+ 5 Z & T, HeLa S3 filuZ)E
DT I NKET D EAEHAL D HEST T D 2% T L 7o HSA-Gx il 69 & TAMRA-Propargyl
68 % HEJEFEE 50 uM, 100 uM & 72 % & 9 (o5t HeLa MR L, 1 KEE, 37 ‘CTA
VX aN—T gLz, D%, Hoechst33342 CTHZYA L, 4%/ XT KRNV AT ILTE RT
AR 2 EE L, sEBAMEE © TAMRA OHt #8142 7=, TAMRA-Propargyl 68 & HSA-4:
fikltt 69 % 377 S WA TITHOE B S =23, 7 a UL LT 2 TV IR iR STz
TAMRA-OH 70 & HSA-&fillil 69 Z¥hn L C & SUSIZHETE T, d0t3Bls snizh o7,
DLEXY, K7 I MUK REE S WO BRE T CHOMRRR D ITEIT T2 Z LR S

nic,
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a) RIGEE
HSA-&fili 69 TAMRA-Propargyl 68

(50 pM) (100 uM)
I I
0% 54 (5093)
b) HALHAMBERE
HSA-&fiE 69 HSA-&filiE 69
+ +
TAMRA-OH 70 TAMRA-Propargyl 68
o - -
Hoechst
33342
ﬁMez ﬁmz
0 y :I \Nmz o g ~~.N"iIOz
Hokf"g/\/‘HLo ///\OJ’\,HEK\/\HLQ

28 MRS T BT 2 MR n DRt
HeLa S3 fifig (2X10%cell) (Zxf L T, HSA-&filifit 69 L{LEW 68, 70 TN ETNKEBE
50 uM, 100 pM & 722 & 5 IZHIM L7z, ; b : Hoechst33342 THfa L., MM %E 4% /37 &V
ATNVTE FCEEL, ®IEHEMEE (ex/em=530 nm/580 nm) THILL LT,
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2.2.3. BALB/¢ X—FYOANTOEMEIZLS7 S FMERE

AT BRFE L 7o il 2 FH W TR TARBUS Z 1TV, BUSOEIT 2 i3 5 72 D I AR E IR
MBI TR DA 2 383 51481 Cyanine7.5 (Cy7.5) 7 /7 LF )L AT )LICHEA &
T a—7 L LCHET S L Lz, ZOBIC Cy7.5 DA% TAMRA & Ry T 3
)T FNEEN LTI B/SVF VATV EREG ST D2 L &5 L2, Cy7.5 OBUKME
D KRBEBC BB L olz, 207D, Vo B —IZBAMEXTF REEAL, &
DHAMEOEWWT e —T 2 EK LT,

FP. OCKRME 7V v 8 LTHEBARICE Y XTF RoEZITo72 (K129, 5000
DIV UPFEE LTS 2-7ar b U FAREE (H-Gly-Trt(2-CD-resin) 71 1Zxf LT,
Fmoc ff# S 3727 V¥ = > Fmoc-Arg(Pbf)-OH 72, #ii &% HCTU, HOBt(6-CD) % =21
448, bk LT YT e F T 2 (DIEA) % 6 Y&z, IRE LT
F ROMEEIT-7, VT, 20% XY 22 /DMF ik % {EH &8, Fmoc &%FR%E L7z,
WIZ Boc R TIR#ESNT=27 U 2 Boe-Gly-OH 61 Z eI & & RO TlhE L, &%l
20%~FY 7 vt r A Y7 asR ) —) (HFIP)/CHCL W iR & EH S5 2 & TRIED B oY)
DL ZITV, 8T%DINERT 3 FHIED T F R 718 #4537,

Fmoc-Arg(Pbf)-OH 72 (4.0 eq)

HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq) o
DIEA (6.0 eq) 20% Piperidine/DMF
H-Gly— > Fmoc—-Arg-Gly— - » H-Arg-Gly—
DMF, 30 min, rt l5bf 6 min, rt F"bf

H-Gly-Trt(2-Cl)-resin
71

Boc-Gly-OH 61 (4.0 eq)

HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq)
DIEA (6.0 eq) 20% HFIP/CHCI,
- » Boc-Gly-Arg-Gly— 3  Boc-Gly—-Arg-Gly—OH
DMF, 30 min, rt Fl’bf 1h,rt I!'bf
73: 87%

X 29 BEMHARICELZXTIFRY U I—DERK

41



BRLIE N URTFRTI3D C Kbz, ZHETERBEOFEZMNNTKCO: B LT 1

JOLE LT a X REERASELZLIC2L0 a2 X L A7 UL E1TV, £ D% TFA T
R AT RTERBRELE (K 30), KGREWE " JEoid (H:O-CHCL) I[ZL > THmL, 5
NiKBEEBLZLOICH LT, NV F LT I UHFEF, DMF 1T Cy7.5- A7 v A

IV AT )L (Cy7.5-NHS ester) 74 #{EH S, HPLC THR AT o CilrRAb L EL

Cy7.5 a9 5KEMED 7 r LX) 27 L (CyT.5-Propargyl) 75 % 3 TF&, 37% C1H7-,

Pbf
\ Br

7

HN NH

Y 1) K2€O;5, 62
NH DMF, rt,1d
2)TFA, rt, 2 h
H 9 TR 3) Cy7.5-NHS ester 74
Boc’N\)LH N\)J\ou NEt;, DMF, rt, 1 d
(o] .
37% in 3 steps Cy7.5-Propargyl 75
73

30 Cy7.5-Propargyl =27 /V 75 DERK
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B LI v —7 &7 I UROGT DR E T o7z (K 31), AiH 2.2.2.54 27b & R4k
2. 7T aPEEAE S LT Glyco-Au® 60 (2% L T, Cy7.5-Propargyl 75 Z{EH &&TT
I MBS EATV, ZOEEE (i : 780 nm, % : 830 nm) DOFRFFE(LORE Z1T -
oo ZORER, BRI HOEIR O ROBIMAHR Shie Z 225, CyT7.5-Propargyl 75
I% Glyco-Au®? 60 (Z L v iEM b s, 7I v ERIGTHEWVIRERMS RSN (K 31 : K
), — 7 TR TEE L2V EEE . 10~120 43 O TR B OBNITHER S hd°, 1200 431

BT HMBEAAE T O 40% T8I S 7 (K31 @ ),

m HEHISRE—DH
i Glyco-Au®? 60

(@] N R (o) BN o) o
T
N

©
o
c
mA
o
=
oL
=
=&
L
@
=3
- O
E—
)
x

10 min 1h 2h 29 I 20h

m Glycoalbumin (Gal) = Glyco-Au (Gal)

X 81 Glyco-Au® 60 & Cy7.5-Propargyl 75 O K itk
JX : Glyco-Au®? 60+Cy7.5-Propargyl 75 (10 eq). n=3. Mean=*SD (ex/em=780 nm/830
nm), & : 7L 7OHE#EY 5 X4 —20+Cy7.5-Propargyl 75 (10 eq). n=3, Mean=SD
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FWT, IBEICBITT 5 Glyco-Au® 60 & JHEICEITT 20 (2—6) 7 AHEEHI S X4 —
(24 filii 2 8 EF L 72 Glyco-AuSia® 76 4 F T I fifin & 72 I3 n o & > 7 B o7
I Zx LT, Cy7.5-Propargyl 756 % 7 X NMUIGIZ £ 0 @GRk b5 2 & 2 B, BFiRT,

R, B S L L BICEE L (M 32), P E L CRIEDRESRM M L (X 33),

1t
Y N
9 or - A X=_o_ cyrs
o 7 T
ff L i .l“‘ (o]

Glyco-Au®d 60 Glyco-Aus?¢ 76 75

¢ 3 .
é:-?f\% P VI 30% > AT

L =
ﬂﬁﬁk HN]

y7.5

il
x}; o(2—6) 7OHEE

(APl BTE)

T 7O
(BEIZRE)

32 AEAOERXT v —TIC LB REERL
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BALB/c X— R~ T RIZXk LT, ZTHE TITFIBE~OBATHRO 54TV 72 4 nmol D
Glyco-AuS® 76125l 2 EifRizs L, BESHZ 7 A X —OBATHEZ VD5 Z L D HER ST
V72 30 4y #1252 1 nmol. 5 nmol, 50 nmol @ Cy7.5-Propargyl 756 Z#5- L 7= (X 33a),
HA A= 7T R 51% 90-150 S5 20T TORNEOMRFE LA RE LIz L T A,
Cy7.5-Propargyl % 50 nmol ] L 725:fF (X 33b-D) Tl #eMRIERF I Bl s T
LEole®, HEORHBFICELTCLEY ZEngholz, —F5 T, Cy7.5-Propargyl
Z 5nmol ZFEH L7246 (X33b-Q) (ZIFHE LA E OREFEPHA TELM & 417223, 1 nmol
DYt (X 33b-@) IZIFHOEMEL A LBHENT, Ny 7 7T T NEDEERLD Z LR
TEX7erolz, ZOREND, Cy7.5-Propargyl 75 5 nmol 23F I L7225 & O f 2@ L C

W5 Z ARSI,
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a) X 55TE

Q\,o\g,cw.s
@ 50 nmol
@ 5 nmol
‘ @ 1 nmol
é-;;l% - ‘ > A A A=Y
BREBE 04 307 (90. 120. 15053\)
EHARE ST EAREST

b) HIgAA—DLYT

x109

20

9073 12057 1505

33 AEANRIGIZHEIT 72 Cy7.5-Propargyl 75 DR ERRR

BALB/c X — K= 2iZxt L T Glyco-Aus?® 76 DAFAH /KK Z 4 nmol/100 pL #ARYE
HLU &Oo®EEE 045L LTHIZEED. Cy7.5-Propargyl 756 DAHEHAKBKE T Zh
1 nmol/100 pL. 5 nmol/100 pL, 50 nmol/100 pL D E T E (30 &), ZDHENA A —
D T &7 72 (90,120, 150 43) (ex/em=780 nm/830 nm), ; b-D : Glyco-Aus?® 76 (0 43)+50
nmol/100 pL Cy7.5-Propargyl 75 (30 43). b-® : Glyco-Aus'2¢ 76 (0 43)+5 nmol/100 pL Cy7.5-
Propargyl 75 (30 43). b-® : Glyco-Au’?® 76 (0 43)+1 nmol/100 pL Cy7.5-Propargyl 75 (30
453)
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ZOREE S EICARKIGE Y U AMENTIT o 72, IBEICBITT 5 Glyco-Au® 60 & iffiEic
1T+ % Glyco-AuS® 76 & X — N~ 7 A |Zxf LT, £4L£ 4 4 nmol FRIES L, 30 7312
Cy7.5-Propargyl 75 % 5 nmol ¥#IRIEH LT 30 5 Z L ICH# A A —V 0 T Z24T o7 (n=4),
Z DGR, 34a-OIZ/R LTz & 9 T 2 FFiRE S L2 o 7o~ 7 2220 Tk, Cy7.5-
Propargyl 75 HiSEDHIEDY 90-150 /) THRAEN LB S iz, £z, K 34a-@D &
IR A HRFF L TR WIFIRIZEATT 20 (2—6) 7 ORI S X2 —21 25 L4
BTH, #HIERRENLBHI SN L6 BB 7 22 —78 CyT7.5-Propargyl 756 @
DDS k& L&, FFIRICRIEZERMIED &V AR E CE /2, £ 2T, X 34a-
OIZR LT IGEICRAT T D il Glyco-Au®® 60 Z FilIRIESH Lo~ A TiE, IBE LB D
NAHNE TEEABHI S, —J7. K 34a-@ITR LTI E4 T 2 il Glyco-AuSia®
76 & M50 Tl #EEHITIRE B2 b HNEICBIR I,

F7-., ¥ AT L2 Region of interest (ROD #JIE L. THENDIEZ TOHEIND RIE
ZER LTz (X 34b), AFIgONLE O a4 Tl I OfrE oot &2 a1 S L, a0t
ek & UCFgl/ MG E ] 23R Uiz, Mz Uieholo~w 7 ADHEOEF{EREZ 1 & L
oA, 1 L s REWVEOHRETIZa Y br—AEfh (% 34b-Q) & ki L CHFIROAL
~OEHORBE, 1 £V b/ASWVEOHE TIIIBE DM E~OEXOBIESHER TE D, £
DR, X 34b HHIR L7z L9 ITGE BT T o 2 % 5 L7~ 7 A Tld, 0.46 £\
ERFEESNZw Iy ba— L i LT 2 BFRERE OMLE~DOE IO RIENHER S h
7o — T, FHIRICEEITT 5 Glyco-AuSa® 76 ZF|H L=~ AL, 2.25 LW EMNFE S

hiclew, BEE 2 5 OAFIRONLE DI O RIEDFERR S L7,
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a) BAAA—DUYT (EHEL)

BRI St BT Y
(1EE) (2[E8)

@ fhg AL Q‘\,om,cw-s

(AAR7EL)
21

T T O

3 e

(BEIHT
60
w(2—6) T O

(FFRRISTST)
76

b) HAEDEERER

—
ol
K
&
—
(o))
o
&

o
o

R 0D 3 5t 8 = [T sk)
BEOENE=[RE

—

@ fRg 5L
2.0

@ Glyco-Au® 60
1.0

FHEL (Aig)/FRE]) AU.)

@ Glyco-AuSiaé 76

=
o

150%
34 HNAA—TUTIZEBEENTOT I MEKIEDBHR

BALB/c X— F= 7 2% L T Glyco-Au® 60, Glyco-Aus?® 76 DAY Z 4 nmol/100 pL &k
HEH L (04). Cy7.5-Propargyl 75 OAFE AW /KAK % 5 nmol/100 pL TEARES (80 ). ZDHENA
A= T E{To 7= (90, 120, 150 43) (ex/em=780 nm/830 nm) , ; a-@ :100 pL AEFAHAK (0 2)+Cy7.5
Propargyl 75 (80 43). a-®@ : a(2—6) 7 AHEHY 5 X 4 —21 (0 43)+Cy7.5-Propargyl 75 (30 43), a-® :

Glyco-Au® 60 (0 43)+Cy7.5-Propargyl 75 (30 43). a-@ : Glyco-Au®s2¢ 76 (0 43)+Cy7.5-Propargyl 75 (30
43) ;b g BEORKE (R, [BE) 28&E L. [(FELI=FRI/IEE]ZHE L (FEkl<t :

JHBC BRI, [FE]>1 « JBE T BEABIE. n=4, Mean=*SD),
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FERICH LTz~ 0 ZTRERARITHER L, SOEER L S W AFIROAMIR S & > 37 O
HUZHOW T OfET 24T > 7= (K 35), Z DOFRICIE, #OLBMBI THE I N D DIZE LTz
TAMRA %3 E LCTHW, MlBRE Eo7 I v EMEICKIEELT O 2 DBE&EO
TAMRA-Propargyl 68 ##54% = & & L7-. Glyco-AuS® 76 & TAMRA-Propargyl 68 %
G U, R G726 210 385 IZHTIEZ B D H U AR 22 [ E 2 2B 2 1Rk U Co e B
BlE2 21T - 7= (X 35a), ZDfEHE. Glyco-AuSa® 76 Z IRIEST L7 o 7=~ 7 ZA DTG T
TAMRA D62 < B S 72> 7228, Glyco-Aus?® 76 % HilkiES L=~ 7 2 DfFliE<
IHESH 7 7 A2 =S EAEHT 5 ASGPR 23381 L TW 5 &0 5 i FIA & 2 L ik
el e Bl & vz (K1 356b), ZDHAKDEREEITo72 L Z A, Glyco-AusSia® 76 % 5. L
e~ U AL, tHRER~ T A L LT 8 fE RO R < Bl Sz, BV LTI
SWTIET A £— & LT SDS-PAGE Z17V>, TAMRA OHOEZBIEE Lo, TORER, il
EEHEL TR T A TH D Lane 1, 2 TIEELITEBHISNZR»oT-DlZx LT, fil
WA b Lic~ 7 2D Lane 3, 4 TIEA X TIRICEOEHBIHI S 7z, ALEDORERN S T
N TR RN Z 0 Bk 2 7 2 v R 7 BTk LT 7~ AU ST L 72 2 & 3B & 7
L0 WY 7 A2 —2RIHT D 2 L THIBRIE & Vo T iRRlESS T, BIJE L7 G flfit

D7 I MERISZER TE 5 Z & 2Rz,

49



a) EERFIRE

l ﬁ'DNNH{A

4 nmol 100 nmol

@ i - o - SDS-PAGE
BE5RM 0 305 (21043)

AR St FHARE S

b) HAAMREHRE

Transmitted DAPI TAMRA Merge

Ot 5
=zl

mm
—

1mm B
" Central vessel | {2777

c) HrTE d) SDS-PAGE
Lane

10 ¢ (kDa) 4T 3 4
82 6 - ezt
Sg4 g
25 ;
-
s %2

|
m i 5L

Glyco-Ausiaé 76
X 35 SDS-PAGE i X 3H#¥0%T
BALB/c X— K= 7 21Zx} LT Glyco-Ausi?® 76 DA A /KIFK % 4 nmol/100 pL #HREE
5 (049). %5\ T TAMRA-Propargyl 68 DB AW /KK % 100 nmol/100 pL TEAREESN
(B0 ). TDH~U AR Lic (210 &), ; b-O : 100 pL AERAHEAK (0 5)+TAMRA-
Propargyl 68 (30 43). b-® : Glyco-Aus?¢ 76 (0 43)+TAMRA-Propargyl 68 (30 %) ; ¢ : #)t
B (ex/em=555 nm/580 nm) DHZE/RLZEHH) S Image J 2FIH L TCERLL
(n=3. Mean=SD) ; d : &tV HH L 7= Fl» 7 1 =— b T SDS-PAGE %17\, ¥¥E 532nm ®
Y. % B5 L7z, ~—%— : Protein Ladder One Triple-color. Lane 1, 2 : Glyco-AuS#® 76 %
BE Lot~ ADfFiE. Lane 3. 4 : Glyco-Ausi?¢ 76 Z#& 5 L iz~ 7 2 D jTfg
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2.3. ¥R

EHIFTBATEE & L FTZEE 0BT B AR RS B BT SRS TRE S TS
F 22 —%FIH L, RN TOREMES CRFTANIC BB 21T 5 2 & &2 Afa L72ifF%E
ZATolz, T, KFTIT O 2 LN TE 2 BMBEIGE OB ZITV. Sc(OTs Z il & L
T, U7 FIRN24 Z0EHAL L, 7TV EKE2T T = bT 58 & 3ioez e LT
RNV ENLVTE AT VEEML L, 70 2SS E D7 I MU Z P L7z, KT, 40 C
WV EREMTHRISHETT 27 I MERISIZOW TR, U T RO EZ{TV, o
FAT 7<) oL SRR ARE ST 59 ZGR L HEHY 7 A2 — LIFIEE S Z
& T Glyco-Au®? 60 35 L O} Glyco-AuS#® 76 % &k L 7=,

Z OffiE A IV T ARSI & AR RN DR E Ol TEMT 5 Z & AR m Lz, £T15
B E IS 1T % Glyco-Au®? 60 & Glyco-Aus?® 76 L A&k L 7= Cy7.5-Propargyl 75
ZFRIRES U7, £ ORR, Al 2§ RS L 72 » 7o~ 7 2Tl Cy7.5-Propargyl 75 O
HOENEREEN SR SN, —J T, Glyco-Au® 60 ZFI|f L7-BRICIE, IBE ONLE Tt
eI S, Glyco-Au@® 76 TIIATIROALE THOCHBUN S iz, FIR CTREESS 2 Rt
L7 D RAZOWTIEAIBEI A 2B L, SOCBAREE TR L2 & 25, FULERIRIEL O
faCHOEREROENEABIHI S -, £/, HFIEO T 1 &— % SDS-PAGE I THM Lz & 2
A A FRIRES LR~ U 2O FIR TR 0B S o T2 ookt LT, il
RIS Lo~ v A OFFIR IS Bl S i, BLEDRERNG | AR ORE Oli#s
TR % FEh 2 IR I T & 72,

RN IIT 2 AR e BSOS 2RI, B8 & T D8 - kN TER 2SR T D

B LK BRIGERIRIG I S/ 5 Z L N T X B,
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F=E E£HRATORTF FOEEIEIZK DDA DERIHINF

3.1. il

ARETIE, B _FECHRARTZAEERNTOSMBIZ LD 7 I FEAGERRISEFIH L, BA
EERBAMEIEIZ IZ SOV T 5, BADIEBIINABEDEFIZRE S DD IESTHY |
BEDOITED S B 90% TN RIA & 7o > TV H U8, 23 A DESEITIZY > 771k & ATk
OTFEENFEL, EHOHLE LA D= AL TEZ 519 (4 36), £79'. QFHE LT
NEBAHBOEBO L & LB BEEMAMKTIE, v~ ) v 224777 —8 (MMP)
PIBFNCRBL L TR Y, Mg~ b v Xg (ECM ) 20T 252 LT, mEEITY
VBN S IR EED | BRNASEIRAT D, @FN T, Bix afuEiinic ko Begs
ZAF DD, BERE T E R0 o e BN AFIIIZ DUV Tl & 2 fidgs- ORI ZIEm L, RA & RO
HAg I K o> TIEO 2R B & DIMU~ERBATT 5, VT, @7 4 7T rR 7 F o8
KR T F Ui EOBEEST LRI HEIERT 5 2 & T, MIKEEEANE Z 0 A M

DERTAHIED T2 D R 2 ok 200, @IERK S 7ot s & Tz 2 AR L, B L

RER

s @Ia%E
feXeeNer R oy (eXeNer

AOMMPIZ &3
ECM®D 5

o
v {’3} 4:}
& w7

QmEF-IFV/IERIZERA

36 ERBEDA =X A
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WS ARR S R B30 Z & TN TE T T 5, ZORIRAD=ALIZEBNT, DA
DS T MIEEE DIER ICEE R E 2 R LTV ab, ZoBELHET LN T
AEL e < MR OHEIEN I Z G DFER, DWADEEBPREI NS LSS,

MR CHZE & 72 D RS OMREILA AUMIRE EICRRENCHBL L CWDZRIEA T 7
VAL s THDNL TS, A7 70 0%, afHEBBH LR I~TE ZBIKT, ZhbHD
MAEDHICR VA RV T EZATDA T 7V P FELTEY . DAMBORERIZ L 5
THRILTWDA T 7Y COBITRR D, ZOA T 7 ) 37 47 eRx 7 F 08 b
axyFr T I=V R EICFEL TS Arg-Gly-Asp OFds] (RGD El%) 78 L, #<
AT 2 2 & THlIBEE Z > T g (K376, ZD72h, 73 A MR O HE B ETEM:
#79 RGD BlS| 2B T 2% & LAk A RPU0 AUTEME LS A 3K L D i b 54 &

L CHESNTE 7, FRCHEENI8E & 72 2808 RGD X7 F Rik, < O AMIBIZ R

HN.__NH,

HN
fil {E LFH Yo
0 .

— < @
- |

BEHRAT . 2470R0F,
ErAROFy, SE=UGE

X 387 ¥ERFEA LTV U OHEEA
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LTWAHA T 70 vos xS DiEMN &<, fMlaalER S &V o), EHIhTn
L, F0OHTHETAFX=r R 7V vy Q. TANRTXUE D). D7 ==AT 7= (),
NRY (V) OB FRIEDNS 72 DB~ F R cilengitide 7713, A>T 27V > L OMHELERIC
&0 i BT PR & SRR I RGO DAL TR Y | EERICEIK D Phase TE TIRERN
T Tz (K386, LinL, 2O X5 RIEMOEBUITEVIRENSLETH Y | R

D5 RET 52 LSRR ND Koy 77 F LT LE-7b4,

= AT (B3, ofs) &

HLj; HEARL, IR E,
mEFHEREZYE
»‘j—NH HN—(\/\ﬁ
c(RGDfV) \
cilengitide 77 I &% 4 %R

ERE

38 RGD XA ZFIH L= A DIEREDHFE

ZDO & DT RGD EAIZA LTV AIEFNE, mAEH AT E 7238 E & Wo o A
EMEZ AL TWD 2, ZOIEMEICIIENTORENIFFICEE L 0D, £ 2T, K 39ITRT
Loz, BAMIBE~DOMEVER PR STV 5 510(2—3) > 7 e fEH 78 MEA Lo (2—
T OBEHI SR —T9 [TAMMEEEE U723 UM 2 385K rT R 72 &l Glyco-AuSa
80 ZFIH LT, DAUHIHEIET S RGD <7 F K& 7 I MEA L W) B CTHEEICHIE T
5, ZDH, RGD X7F FRERREThH-72& LTH, BAMIEERE EIZ RGD X7F K~
PES LT, DA EIC RGD X7 F RBMEET D REA MG TE 5720, 2RI

TV EMAEER LT, DAMROERSZIIHITE 2 & & 27 (K 40),
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OH OH

AcHN OH AcHN H
HO. HO. H
COH GOH
By

,,;o Ho\o
¢ f .

Eﬁ%‘-'ftl =
gf

N3

] iy _
e 34 b4 4 b

QF a(2-3)>FOEE 78 a(2-3) 7 OEPEISA5— 79 Glyco-Ausi=? 80

e

!

X 39 a(2—3)> 7 wEESEAREE LIl Glyco-AuS= 80

a) BEOEFRE

b) ZIF{bIZKkBERIEHE

FYUBMERKICHERER BE 6B
9 T7IMEREG
f

S o of oy
OGOG e {exere;

40 7 I FMEATERBISZFIA LcBBEE Ao

(s
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AREICBWTEAL, H  HTRH LMY I MRS E, EWiEtEs 1z il ke

LS R ED Y RIS E S D A ~LRBEAL, WENRT 7 e —F

LR LD T3,
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3.2. ER
3.2.1. BABEBIFIRTF FOFERL

INETIZA T 7V U EHEERT L8R RGD X7 F NidficfESnTnan, 7
0NV IV T AT VOEANKEG ) VU REEGEATND Z LD RBFFE TR
RGDyK _7F FZFIM$25 2 L & Lz (K466, £FTRGD & 7 u /3L ¥ Lo 25 LR
fEa LR G EITo72, 77U MU FURNE (H-Gly-Trt(2-CD-resin) 71 (Zxf L C,
& Al HCTU, HOBt(6-CD), Fmoc-Arg(Pbf)-OH 72 #ZhZi 4 ¥ &, I 5|2 DIEA % 6

YVEMz, IRERETDHZETXTF REHE L, HWWT Fmoe &2 XU U2 X0 R

Fmoc-Arg(Pbf)-OH 72 (4.0 eq)
HCTU (4.0 eq)
HOBt{6-Cl) (4.0 eq)

DIEA (6.0 eq)
H-Gly —

H-Gly-Trt(2-Cl)-resin
71

Fmoc-Lys(Boc)-OH 81 (4.0 eq)
HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq)

DIEA (6.0 eq)

DMF, 30 min, rt

: Fmoc-Lys-Arg Gly —
Boc F'bf

Fmoc-p-Tyr(!Bu)-OH 82 (4.0 eq)
HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq)

DIEA (6.0 eq)

DMF, 30 min, rt

3 Fmoc—D- Tyr*Lys—Arg Gly —
'Bu Boc Pbf

Fmoc-Asp(‘Bu)-OH 83 (4.0 eq)
HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq)
DIEA (6.0 eq)

DMF, 30 min, rt

p» Fmoc- Asp DTyr—Lys Arg-Gly —
'Bu ‘Bu Boc Pbf

20% HFIP/CHCl, H- Asp DTyr—Lys—Arg Gly-OH
2h,rt rBu ’Bu Boc Pbf

84: 87%

3 Fmoc—Arg-Gly -~
DMF, 30 min, rt Pbf

20% Piperidine/DMF
H-!-'\rg-GIy—

6 min, rt Pbf

20% Piperidine/DMF
> H- Lys Arg Gly -
6 min, rt Boc Pbf

20% Piperidine/DMF
H-— DTyr Lys /-I\rg Gly =

6 min, rt
’Bu Boc Pbf

o e s
20% Piperidine/DMF H-J:«sp-D-Tyr—Lys-ﬁl\rg-Gly—
1

- 1
6 min, rt By  'Bu Boc Pbf

41 RGD X7F FOBEHEAHR
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L L7, 20%, FEROZEMT Fmoc-Lys(Boc)-OH 81 #fif K L. Fmoc %4 FRE L7z, [Akk
(B & BR#EZ MR Y K L, D-Tyr(Bu) 82, Asp(‘Bu) 83 #{ififz L. #5 Lic H-Asp(‘Bu)-D-
Tyr(‘Bu)-Lys(Boc)-Arg(Pbf)-Gly % &k L7z, Ht&IHIHE Lo~<7F K% 20% HFIP/CHCls
WK CHUES 52 LT, ~TF Ra2BiEr680 L, IR 87% THADEGH R Z T
F K 84 #4157z,
AR LICEHR X RTF R84 O NKSE CRMEE Y7 aa A% H (RE 50 mM),
EDC 2L WiEA L. Bk RGDyK <7 F K 85 % 97T%DULRTA LIz, #W TR
IZHEA LW DR Z TFATH0: kU =F 1> T > (TES)=90:5:5 THLEE LB IR~

F ROBREEITV, TT% DR TER RGDyK <7 F |~ 86 #1572 (4 42),

o}
HN /4 TFA:H,0O:TES
EDC-HCI | (90:5:5)
H- Asp DTyr Lys Arg-Gly-OH ——>» Asp DTyr Lys Arg-Gly
I CH,Cl,, rt, Lo I rt,3h, 77%
‘Bu ’Bu Boc Pbf 2h,97% Bu Bu Boc Pbf
84 85
HO NH
o]
0
HN f/ HLN o
Abp-D-Tyr-Lys—Arg—Gly = o-_NH " HN JZH
86 o>\~7_NH|-|N—K/\/\N NH,
H
0
HO o’a

X 42 c¢(RGDyK) 86 DA R
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E 512, Bk RGDYyK <7 F F7r Ur¥ Lo 25 L («(RGDyK)-Propargyl) ~D#FiE A,
{77z (K43), 7V 87 & A FE L L CSTHRICIEN BT MRS D A /LR ik A
7oA L UNT AT UL LT BissNHS = 27 U{LAY) 88 % T5%DINRTIET-, fit\ T,
Z OALEWIZ AR LBk RGDyK <7 F K 86 % DMF 1, DIEA f#7E F C{Ef &¥7=L =
AV UEREOWET I AT VA I PN AT AREASNALE Y 89 &R 45%
Tz, BTV o727 66 2{EHSESZ 21289, (RGDyK)-

Propargyl 90 % 75% DU CT157=,

o EDC-HCI
OH HOSu
HOJI\/\/\H/
o DMF rt,
87 24 h, 75%
Bis-NHS ester
88
HO HO

(0] (0]

(o} (0}

~ o ~ o
T-NH HN—x DIEA(4.0 eq) NH HN—x o
Bis-NHS ester 88 (2.0 eq)
NH , HN NH _ HN
H H O-N
(o} DMF, rt, 5 h, 45%
o 2 o0 o
HN NH HN
2TFA 2 J 2TFA N
H,N™ °N H,N” N
H 86 H 89
HO,

HO DIEA(5.0 eq) 0 \\
Q O Ko onre o 3~
NHHN /‘o He (20 ed) NHHN OH O
2— o o 10 E
NH HN

NH > NH
H O-N;\] DMF, rt, 24 h, 75% o
o)
o 0
° M o HN ° M
TFA

N TFA N HZNJL N

43 c¢(RGDyK)-Propargyl 90 DA FL
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3.2.2. BEHY S REZ—IZ&HMAMIBNDIEEEADREE

BEZHES 7 5 2 2 — DR AR RBINMEIC SOV TIE 2 E THRENRZR STz ksl
I TIIEH Y T A X — OB AKBE~ORE EAERIZOW THERS L7z, DAMBIZIE, o2
—3) 7 v & M A T HE7: RNase A, Galectin-1, Galectin-8, L-selectin &\ >7= 1
JFUPBRENRBLL TWD Z ERRESNTNDH6 58, 22T NAMAETH D A549 #
fa, HeLa S3 fifigizxt L <. @t TAMRA 26 L7-a(—-3) 7 0#EEI S X2 —T9
20 pmol % 24 FEFVER S8, BAMIRA~OMEIERZENA A= ZIC K VIl LT, £
DOfEF, HeLa S3 & A549 fifind & H & OMaFE T b HO Bl SNz, Lizad-> T,
ZDa(2-3) VT OBEEI SAE—T9 1%, Ab49 L HeLa S3 ML L HAENT S Z & %
R T 7z,

%Ik 2 FEER T, #¥ /87 B Venus 0y 7 = 7 — B E BB G- ln g V5 2
EEFHEL TV, 22T, a@-23) Y 7OREI SAE—T9 LHAMEMNL, Zhbox
NI BEEFBIERTL, SHICHRAEEZMET 22 L THIMZMHI T2 213 TED

HeLa229 #lfin (LA F HeLa iR & 7r97) 2 ARKEBRIZHW =,
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b Lo

MARERE o3 7ommssz5—T9

— —

@%5;
Hela A549

44 B SR Z—DOMEEIER

1 20 pmol

B BAMIE

HeLa S3 it & A549 MIfEIZx LT, a(2—3) 7 AEHI 5 X2 —79 Z#KBE 200nM &
2B EIITHIML, 24 B, 87 COFEMHETA FaX— 3 L7z#IZ Hoechst33342 T
B L, A% XT ARV ATLVTE FTHEHE LEBRICELEBE TEHE Lz (ex/fem=530
nm/580 nm),

61



3.23. 7A—HA FA MY—IT&EBEHI SR —DHEEEADKIEE TD:ERE

7. a(2-3) 7 OREEY SR —T79 T4 A2 HEF L7- Glyco-AuS™ 80 @ HeLa #l
fa~DOFAEAEHZ HF, HEF, BHIR S & 3EFRCTHER L7z (X 45-47), Glyco-Aus#380 % HeLa
MBI L CHRINL, SffciE G LY = F A7 2 7 7~ U oMt (470 nm) &% L1
Glyco-Aus®® 80 L tH H{EH 3 % HeLa s & & HiE A bMIn Y —7 « v 7 (Zm—4 1 b
ARU—=) THhUY LT, ZOREFE, 2> Fr—L Lt LT HeLa Milani%a 7 a—4A k
ARV —=THN LIEHAETIE (K45 £R), P=F LT3/ 7~V 2 HEKD 470 nm O

AT DEGTBN SN2 o T-01cx L, Glyco-AuS80 % HeLa i isin L7Z35A T

a(2—-3) L 7OiEHE

20— AAN)—
= " 470 nm)

Glyco-Ausia3 80

+
HeL aifflifie 0 # HeLaffifa
420 618
336+ 496 1
2 2
S 252- S 3721
@] o
(@] (@]
T 168 D 248
@] (@]
84 124
0 2 TreT vreey T 0-
102 10° 104 105 108 102 10° 104 10° 10°
Coumarin-Compensated Coumarin-Compensated

45 Glyco-Au®™ 80 > HeLa #iM & DFEEVEH
filgi 80 (1 nmol) % HeLa i@ (1X 104 cell) 2 15 pMIMAEMEA S, 7ua—% A4 F A b
V=20 Pz FAT I 7<) rOEY} (ex/lem=405/470 nm) #7347 L7z, £K : HeLa
MDA, FHH : Glyco-Aus 80 %l % 7~ HeLa #il
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T (X 45 AX), P2FAT I 7<) ICHETDHIEE 470 nm OENR T T 4 TR

BERBII S NT=, Z OFEEND Glyco-Aus2280 78 HeLa Al S AHAIER T2 L9 Z & 23k

I N7,

—J . U ADOEENIZFEL TCNDHTRXTO~YI 77— %0 LT Glyco-AuSia3

80 ZEH &E7-Dblz, 7ua—HA v A M) —ZHWTCRERBEODHT Z21T-o 7= (K 46), =D

FER, D TFAT I I~ COEER T T 4 T O E A EBIIES N2 o7 (K 46

FX), ZORERNDS, Glyco-AuS*80 73~ 7 1 7 7 — UAF(E F T HEIRMIZ HeLa il &

FEMERT 2 Z LRk s iz,

Cell Counts

*OO77—2DH

334

268 -

201

134 4

67

0

102

108 10¢ 108

Coumarin-Compensated

108

Cell Counts

-7|:|

o777 —2
_|_
Glyco-Ausia3

—HARAR)—
(470 nm)

625 -
] f
5004 M
r '
arsd /|
] '
1! \
250 - .
|
¥
I
1251
0 e e —
102 10° 10 105 108

Coumarin-Compensated

X 46 Glyco-AuS?80 L~/ u” 7y —YDHEEIEH
filfi 80 (1 nmol) 2~V RAEHENICHFEL TWA I r 7 7—IICR LT, 15 HHEMEEE
HAE®, 78—V A FA RNV —RXVP=FAT I 7<) v DEY (ex/em=405/470 nm)
AT LTz, EXl .~/ n77—YDHh, X : Glyco-AuS#80 2z fzc~vrn 77—
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ZZ C.HeLafifn b~ v 7y =V, Z 212G L7z Glyco-Aus#280 7 HeLa
FfE & SEIRWIZHR AR 9 2 2 MGk L7z, HeLa MifIC 8 an 4 2/ B CTéh D Venus
Z I E K69 Glyco-AuSB80 Z IR L7=b D& 7 m—H A kA F U —Tfghr L7 (12 47),
FEHIZ Venus O3, fElC =T LT I /7~ rome7ay kL, wEoiEit-
A ariir—n (K47 EEAK, TAK) &g LT, Glyco-AuSi@80 Z RN L 7=
&k (K 47 TARK) Tl HeLa MDA YT LT I ) 7~ U L EROHENDIHR LT
LHZEnmERINT, U EDKERENS, v~ 777y —URHAFELTVWAERKETH, Glyco-
AuSi#380 7% HeLa ffifid & BINANTH EIEH TE 5 Z LB ER SN2, 2 @ Glyco-AuSia
80 & HeLa Mifi & [FRFICHEENE 5 L2 HE 12T, RPICFAEL TS~ r 7y — U L

B9 % Z &7 < HeLa fid &8RN ANEM T 5 ATREMEAVR STz,
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HeLaiflia D
A o077 —TDH (Venus#x%#15)

HelLaffifa

100 107 102 10° 104 100 100 10! 102 108 10# 105

HBEFE Glyco-Ausa 80:%NET HEEE Glyco-Ausiad 80iFNE

10°

10.’- ~

Coumarin-Compensated

HelLaflifE

100 e o077 —

100 10! 102 10° 104 105 10° 10' 102 10° 104 10°

Venus(iV)-Compensated

47 FEFERFMT TORMEIEMH O#HERR
fitlt 80 (1 nmol) %2~ U AEENIZHFEEL TWAH~7 1 77— ¢ Venus (ex/lem=515/528
nm) % B X7 HeLa MIEOERRICH LT, 156 pEMEEERIE, 7a—% A + X
M) =XV FAT I 7<) 0t (ex/em=405/470 nm) Z4#r L7z,
Wy . S FAT I <Y HEFKOENE (470 nm), B : Venus DILFEFEE (528 nm)
EEX:~yRBEERND~I v 77—, A EX : Venus BNHEH L7T- HeLa i, £4 TFX :
vr/nu77—% HeLa MilR0tiE# R (R : il 80 72 L. AKX : il 80 %)
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3.2.4. EBMFHRTF FOEAIZ & HAEBRK
3.2.4.1. HiREMHD=RE

UL EDORREHERZ & &I AR5 1EA B %, Bf & EF T nvivo~NRBIRT 52 L & L
FPEFFEREOFEIC OV TOMET 21T o7 (X 50), /L7 =T —EMRRH L7- HeLa #l
Jalz% LT, Glyco-AuS™80 (1 nmol) & c(RGDyK)-Propargyl 90 (5 nmol) Z WM L. #&Hs
HINC RN D A A7 2 T8 L=, Z D%, Glyco-AuS™ 80 & c(RGDyK)-Propargyl 90 % iiiN
L7 HeLa a0 AfE5RIE, &5 5 8E L7z HeLa Ml (22 ho—L) & HigL

TIERTARD NP2 Enb . ZORNETHE MM SR o T,
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te

L P §1

Ctyoo-Arros B E IEER
9 (0, 3,24,48 h)
5
¢(RGDyK)-Propargy!
90
50 < <
(s}
45 < = <
S 40 F
g:; 35
< 30 -
2 25 3 < <
> 20 N N <
— SI I - <
o 15| = Py _ch S
O o o o o =i
10 - < - -
5
0

cetl

ot
:

3
LT %1

|Lo

% Control
_33

B 48 HFERFEOEFMERER (n=3. Mean*SD)
Glyco-Aus22 80 (1 nmol) & c¢(RGDyK)-Propargyl (5 nmol) 90 % HeLa iz 5 L
T CellTiter-Glo® 3D Cell Viability Assay #1177z,
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3.2.4.2. RABBETILI I ADIER

e T, HIEL, B, B L ERITY U ABRABEET L EER L (X49), ~ 0 A%
LT, o7 =7 —BaRE S 7 HeLa fifld (1X106cell) #EHENEE L, 3 BM%ZICL
7 = ) U EIEENE S LT HeLa MilaD PR 2 A A=V 0 712K VBT 5 2 & T,
B ZAHE L7z (X 492), ZOfER, WEBAMERSEI DR IiL, FroERE, IBE. Vo
NEI OISR bIVe, FTEMH ATV O M LIERROENA A= T aiTo7 &
Z A, BR/METIE Hela MIAOAEFITRO o Tom, BEBESKEICEH )T Hela
RS HEFE LTS Z E R SNz, LEDFE RN S, vy 7 =T —F 23 Bl S ¥ 7= HeLa

M DREER I 513 NADEBET MAERE L THZITH 5 Z L3R TE 7,

L2x5—t8

{eerexer

HeLa#fiia (1 x 108 cell)

ﬁ BRI 5 —

(3EfE#)

R
1‘3‘:;%.
2 4

i

[==]
2 O

w

X 49 EBET L~ AERER
NV T =T —BRFEH LT HeLa Ml (1.0X 108cell) ZIEREN#EE LT, 3 B~ Y X &ff
B Lz, MBEEMD 528NV Y 7 =Y v KABRAEKEEEK 15.7 pmol/200 uL % e #
BELTERA AU SITR VBT LT,
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3.2.4.3. c(RGDYK) RFF F##HE 1t L 1= HeLa HRa D HuEnFE/E A O 514

Z ZTIEE T, HeLa filazZg L2 cRGDyK)_7'F FK&=#HALT 5 Z & TS HH <
NHMERE L (M50a), T bbb, Vo7 =T —Ea3BLSE7- Hela Mg (1X10* cell)
Wt LT, HIRRFEMEDSZER O B LW E D Glyco-Au®® 80 (1 nmol) & ¢(RGDyK)-Propargyl
90 (5 nmol) % 15 4rffl. 37 CORMUTIEMESEL Z LITLY ., SO LMilRE LIZ
cRGDyK) 7 F RO G2 AT, #e T, 2@ HeLa Mifiaz ~ v AZMEHEANE S L. 0
~4ERFI LY 7 2 ) U K 2 L TUEER A A=V 0 7 21T 572 (-50b), ZDfER,
ar br— L OEMETHLOEBBE KD, @c(RGDyK)-Propargyl 90 O 7, 3Glyco-
AuS®80 D H% b 6 U IEM &8 72 HeLa Ml Tlx, 1~4 BIZ0 T THRABEBIC L 5%k
NEHTROLNIZ, 2D L25, Glyco-Aus® 80 %721 c(RGDyK)-Propargyl 90 % 7
HOWIE, BEIMEIREN RN ERMER ST, — T, @QlEEEL Lo~ U AT
HREDIR TN ENTZZ LD, BBLEHRELZHE T2 ENTE T,

F£7-. HeLa MilaHRkDONL T 7 =T —BIZ Lo THl L Z S o530k (610 nm) OFE
BEIToEZA (K 50c), 2> br—LDOEHETH DL OEEHEKDA, @c(RGDyK)-
Propargyl 90 O 7%, 3Glyco-Aus® 80 DA /EH &7 HelLa filaz &5 L=~ U ATl
1~4 BHIZT THEFR A HER L TWD L0 Z BB S NT-72D, EBBOEITHED 5
Niz, —7. @Glyco-Aus 80 & c(RGDyK)-Propargyl 90 D ili )5 & {EH & ¥7= HeLa i
(X, 2~4 HE (¥ 50c : fk, MR, JKE) [CBWTHEKBENAFREICIKFLIZZ &5, Hela
M OERRBAMHI SR DALz, RIRHCAEFRICOVWTHIE LZFER =8), 2> hu—/L 3
D~ 7 AT 30~40 HEEE T 20%RE I FLTLE 2 DIZA LT (K 50d : JR, £,
#). Glyco-Au$23 80 & c(RGDyK)-Propargyl 90 Z {£] &H7- HeLa flaTiE. 50 H LT

t BO%FEE D~ 7 ADAEFENHERTE (K 50d : ), LLEOFENSEBIME LTS F
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c(RGDyK)?» HeLa AlE~OEAIZ LY | DAL S D & o Tinlah Rz Hifr

TEHfRBFLNT,

a) 7Ooka—JL

;@ HOHLH R
*‘:‘E* *  o{- 1553 9 i
’ ° 0 il NH O*

NH

Rt =, — 8
Slasle e

HeLafiifa ! 1% 104 cell
z:: } A A=Y
RS > (1~ai8)

b) HAEA AT

158

!!

@ HIREIEK ':I

=/ 90 o | !!’I

11
AL =
@ : @ 3
- A
AL 80 Ell] e
: 4

2
‘‘‘‘ , [ ‘ ' ]
_“ - - >
Z * _/0 ' ‘ '
o = A
L — ST 2T 1 - IPL

80 90

50 c(RGDyK)7F K& AL L7z HeLa MIiROEHES) (20 1)
NT T =27 —ERFEBL LT HeLa MKI/HBSS £5#1 (1X 104 cell/100 pL) 1Zxt LT, Glyco-Aus80 (1
nmol) & c¢(RGDyK)-Propargyl 90 (5 nmol) %M 15 438, 37 COEHETA v FaX— g LTz,
Z D%, M E KSR & 312 BALB/e X — R~ U 212k U THEBENES LTz, ; b) HeLa Mfizxt L
T, b-@ : £EEHAKDH, b-@ : c((RGDyK)-Propargyl 90 D%, b-®@ : Glyco-AuS*80 DA, b-@ :

Glyco-Au®?3 80+c(RGDyK)-Propargyl 90 ZM X TA v FaX— g v &{Tolz, £lc, A A=V
2179 b RN Y 7 = V) v K ABERHE KK 15.7 pmol/200 L DRETHEE- LT,
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c) ROIZKDEE *

g ' n.s '
n 8. .S.
= 3x10 | |
c
@]
el
o)
=
£ 24108+
]
-
=
@]
i 8
= 1x10°-
O
whd
@]
N o
o
2 m@iiﬁﬁﬁk '2)c(RGDYK) l@G[ Ausia3 'c(RGDyK)
y) 3 yco-Au -
'2 - Propargyl 90 80 Propargyl 90
+
B \Week1 mEm Week2 mm Week3 B3 Week4 Glyco-Ausi=3
80
d) YO REREE
1
§i ". + o=
i £ A K e
ﬁ Q ' 80 90
r( e t):(;o 20 >0 9
) pe! |
0 ! %' i 1 -

B
50 c(RGDyK)7F K&# A& L L7z HeLa Ml DOEBES) (Z0 2)
cB:1EB., c#*:2BH. R :3HA., K 4 BHIZBITH{LFERIREDOEER
R (n=8, Mean*8D), *iX 0.01<p=0.05 T3 V. Fisher's exact test iZ&Z W EH L
7o 3 d-fK : A AHK, d-#8 : c((RGDyK)-Propargyl 90, d-# : Glyco-AuS®380, d- :
Glyco-Au®® 80+ c(RGDyK)-Propargyl 90
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3.2.3.4. £FARIEIZ & S /E A O
% % 1 Glyco-Aus®® 80 L c(RGDyK)-Propargyl 90 # ~ 7 2 (245 L CTHKN T

cRGDyK)~<7F K% HelLa #fid LIcEALEE, ZHIC X > TRADOER I S5 0
Zaf L7z (M 51a), T72bb, BIEEFEONLY 7 =T —F A& 3B 872 HeLa #ifln (1%
104 cell) Z~ 7 AZxf L CHEENEEG L, D 15 53712 Glyco-AuS@® 80 (3 nmol) # fEIE
NEL L CUAERNTElE L TV % HeLa M EIZ Glyco-AuS 80 % 7 L 7=, il C HeLa
fla #5715 35 4312 ¢(RGDyK)-Propargyl 90 (15 nmol) #5425 = & T, A&k
NT cRGDyK) 7' F Faflifa/g LicEab Lz, D%, 0~4 BOKE T, HeLa #lifa
DN T 2T —BIC L DLFRIA A= T %4To72 (X 51b), ZDOFREHR, = bnm
— L&t (DEFHREAKD I, @c(RGDyK)- Propargyl 90 ® 7, @Glyco-AuS@380 D7) T
X, 2 HESEBABHS I LY 4 B H TlE~ 7 ADFETE £ 72 13RS R~ Ot 23 B
i, %R 3K Glyco-Au®@ 80 & c(RGDyK)-Propargyl 90 (275 A D#E NI &0 B0 FAE L7
WZ ERER SN, — T, OMEEZEG L~ T A 2O T, WL ODhD~ 7 AIZE
W, 4 HE THEBIESELLHEM S TWihololodh, REIKIC I 1T 58 O I
WRERTZENTE, LIFE LRBKIC, HeLa fildd kbR O EEEZ T2 L2
AOEHENEK, @c(RGDyK)-Propargyl 90, @Glyco-Aus@ 80 DA% &5 L=~ 7 AL,
1~3 3 BT TRIGFREES I L7z 7o D BT LI L W O fERB G vz, — 77 T,

@c(RGDyK)-Propargyl 90 & Glyco-AuS®80 X' H 5 (,#5 Lz~ 7 A Tld, 3B IZH N T
HEHMENAEIE T L (K b5lc: R, £io, AHERIZOVWTHHEEIT-72 (=7 & Z
A, xHHRFEBR~ T A TIXAEMFZRN 30~40 A & 0~30% &K< (K 51d : JK, 1, &), £mi#
BEG LTIm~ 7 A TIHEGFRD 60%FRE L EW 2 L3R a7z (M51d: 38), bk

(RN TOS B I MESUSZFIH L7cfila®fE L ~D «(RGDyK)~7'F FO#E AL
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HEEAWD Z & T, BDADEBINHIZNENED b,

a) 7aka—)L
'VY
” + SRy @
D5 —1 o3
ooy || AL T || S
7N 9
L L X} L.ﬁ :——_./
HeLaiffifa Glyco-Ausia® 80 90
£ _mEARS(IEE) LMEAESQEE)
, A AT
0% 15% 354

b) H A A=

@ HIBEEK

P %

i
80
© e AS L3} []l.] 32 I' 11
=, B3RS RS B R
80 90 J ¥ L

51 in vivo TDOT I FLISEFIF LIz 1GHREK (20 1)
N7 =T —BRFEH LT HeLa Hif/HBSS #£#1 (1X104cel/100 L) % BALB/c X — K= R 2 LT
FERENE G L (R 58:% 0 4L LTHRED). Glyco-AusS? 80 MAFA KK % 3 nmol/100 uL AN #E
5L (154%). ¢(RGDyK)-Propargyl 90 DB /KEEIE % 15 nmol/100 uL. DR E T~ v AN S
L7z (854, ; b) BALB/c X— F=DZZ*% LT, b-O : 100 uL AFEEHE/K (15, 354, b-@ : 100 pL
ABAHE (15 49)+c(RGDyK)-Propargyl 90 (85 43). b-® : Glyco-Au®#380 (15 47)+100 uL A=E &K (35
43)s b-@ : Glyco-Aus= 80 (15 43)+c(RGDyK)-Propargyl 90 (35 43) DO&M:THEEENEE L, 4 A—V v
7 53Ny 7 = ) v K ABRHRKEK%Z 15.7 pmol/200 uL DIRETHRE L7z,
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c) ROIZELBEE

n.s.
n.s.

w
X
-
o
(=]
1

2x108-

1x 108+

Total Photon Count (photons/sec)

0-
@ £EBIEK @) C(RGDYK)- (3)Glyco-Aus® (Z) c(RGDYK)-
Propargyl 90 80 Propargyl 90
+
M \Week1 BB Week2 mE Week3 Glyco-Ausis3
80

d) TOREFE

[
—

£ EBEEK L. 3** .S
.Iﬁ- LRt A 80 = 90
) X

ﬁ *® 09
K = 90
D ““““n
> L i*c l—<

0 10 20 30 40 50 60

=E-

51 in vivo TD7 I FMLRIGEFIH L7 IaHEEs (Z20 2)
c: 1~3 BIZRBITAEBOER (n=7. Mean=SD). *IZ 0.01<p=0.05 TH V. Fisher's
exact test ICEVEH L, £/, ~VRADELTEIZ 4 BRHIZBWTITEEZ{TOAR
Noiz, ; d-JK : £ABEEEK, & : c((RGDyK)-Propargyl 90, ¥ : Glyco-AuS?® 80, 3% :
Glyco-Au®?® 80+ c(RGDyK)-Propargyl 90

74
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3.3. &R

D8 AURIEAT 69 2 i X D AN T X MEBOS 2RI LT Al _EIZBRIR RGD -~
TF REEANT DT, BAEBBIH 2R A7, 2 2Tk, «(RGDyK)-Propargyl 90 %
Ak L. HeLa fiZER I F AAEH 95 Glyco-AuS@380 # 25 Z & T, MNAMIINEE
IZ cCRGDYyK) T F REFEESHED Z LTI LT,

LY cRGDyK) 7' F Faffiflafg EIchiEa S 852 & T @HoREIETITEL
Mmoled VT 7 vk ONRN A EAER 2B TE . BDABBIIHIC SN D LB 272,
N7 =T —EBEREB S HeLa Milaz EENE G- L. BABBET L~ U R E{LFR
AA=V TEEZRANT, DADEBIMHIN R LR LI E Z A, Glyco-Aus™ 80 &
c(RGDyK)-Propargyl 90 ##x5- L7z~ 7 A%, WEEREBILE & SV EFRLE 0D 2 &3
WTET,

LLEDRERMNS . ERNTT I MRS ETT 9 2 & TIEPENER G- L2 X 9 eiRiliE L T\ D
DAAIIEIZ RGD X7 F REfEA S5 2 & THRADIERZIHT 5 & Vo728 LWREED

BT 7o —F Ot m T T ENTE T,
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BHE RTF RFOESEIZ& A DEFENH & e B
4.1. iR

2T AREERNEISIC K o TRIBEES T F REEAT S 2 LIC kW BAEHNSES
ZEERBIELE, NTF FEEME, BN EEBERRE 2 R L OS2 & OF M BT
5 < ORSEGENTER LCTH Y (R FHEI L 2 230 B L O FEAOMO T4+
SEAIDRIR A > TN B0, Lo Lt ki Y OB H I, ERREE~ORIERD
R (RIS ET B 7 F 7 — BRI & B BRSO RIEE S 8 - 1=,

SO LD BRI 5720, —RENCEENT T R LD LIRERORINE, 2 O
NBERATF FICEH LR TR TS, BlziE, A>T 7V 0% T 547
D—2 b LTHHN T BonPs it RGD BFI L ar~V v 7 2D 2 SO E BT 2 L1 )
FER I EE N b TS, 2D XL 972 RGD X7 F KOHF T, avps EMENEHTH 7T
KoL LT Arg-Gly-Asp-Leu-Asp-Ser-Leu-Arg-Thr 91 23845 ST 5610, =<7
F RV T Asp*Leu-Asp>Ser DL T~ v 7 ZHEEEIEM L. 5 EH DT A
XL NRBOT L=V BICHEEM L TBRIRSTF RO L 5 7o SR ST

KFEREE
l \
Arg'-Gly2-Asp3-Leu*-Asp®-Seré-Leu-Arg-Thr 91

( J
o-~N )y O R EE

NK i & Asp® D {8l §8

ALK EETIRIE
AT o Pe o, Pg
105 27.0 nM—1.3 nM 100 nM—174 nM

X 52 BRILICKDFEMEEREOH L
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7eo 2T, Leva HIIANTF RO 5B DT AT F EHRO VR Ak L N Kb
DEHOT I %7 I MRICEVERERTF e L, BEEE(bEZITo7, Z4aUT kv,
HOEMH~NTF K (IC0=27nM) LV bZOIEERM ET5Z L (IC= 1.3 nM) 23#E S
Nz, Mz T, oA 770V BT 247 THDavPs ICs0 = 174 nM) ~DOFFAAEH % #))
HlL. owBe ~DORFMEAFBLIEL Z LTI LTz (K 52),

ZZTEHRT, ETPATERNT I MERISERIMT 5 Z &2k 0 | Mgk TEED 722
WHEHANTF RETEHENMMOBR ST F R~ BT 2 2 L 2R ATz, T7bb, 600
DA FESH 7 T A % —72 &0 DDS #KIZ LD | BAMI B~k L, T m v
FNTZATNET IVERTLHNTF RREEL~ Y AT ETH 2 LT, BAME LTS

NEALBUGHHEIT 5 & B 27 (M 53),

HrAMERLE

AN ZC} i 1p NH,
mi (2R
e RIFE

%ﬁmmm@af \ IS CER)

BRARTFR
otNH

Rt
Blbris T

B 53 7 I FREBMEIRC L 5 RETHREBRRTF FOEHK
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4.2. E8
4.2.1. RITF FOBRIEREDEE
4.2.1.1. NKRImD7 = &ALV ERIERKE

FPEIRSTF RORFTAR G AT 5 O ORISR 21T -2, 2 OB, FHH ISR
HMOEFNIE L LTALA > a B oMY Annona cherimola OFE{-75HEES 7~ c(Phe-
Tyr-Pro-Gly-Leu-Gly) @ B %1 7~ & 7¢ 2 L E FH MR KR ~F X7 F R
cherimolacyclopeptide E (235 H L7z (¥ 54)162, Z O~ F KX KB #Mifiaicxt LT, ICso =
170M EWIHIEWZEA LIZNTF KT, ZOXTF RO NKROT7 == VT7 F= % LR

BHEO@mWT ) o U PNEER S VIZEEASFT YT F R BRCBUSDET VEE & L TERL

OH
H
oo N o)
HN._O A O. —) HN
/I\INJ?\/E:Q /k:( i
H

c(Phe-Tyr-Pro-Gly-Leu-Gly) H-Gly-Tyr-Pro-Gly-Leu-Gly-OPropargyl

776
OH

S

O
00 =z=zx

0

A _NH

Iz

cherimolacyclopeptide E

%d
IC50=17 nM TIER

54 K% cherimolacyclopeptide E & ESET LV XTFF K

R TR ~_7z [E M A HIC T H-Gly-Trt(2-CD#E 71 225 E %47V, Boc-Gly-Tyr(Bw)-
Pro-Gly-Leu-Gly-OH 92 # &k L7z (X 55), i T, CHRIGD 7Y izt LT, ZNET
ERBRICIRIED U U BMFET, 7 a v v7m I K& DMF I cEH &, 7 r¥
T AT WAL EAT o T2, i2IZ TFA % 2 s EH S &, iR Z AT > CTET AV REOXTF R

93 Ak L7z,
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H 0 g o
. OOTN\)LE. N\)LOH
g o]

BocHN/\n’N\_.)LN %

H-Gly—) —— Boc—GIy—T)Irr—Pro—GIy—Leu—GIy—OH - g
H-Gly-Trt(2-Cl)-resin Bu 92
71
O'Bu

/ )
== Br

1) K2C03, ~ 62 ”\)L \)L

DMF, rt,1d qu’ﬁr
2) TFA, 2 min, it Q
HO 93

K 55 ~RXFFROERKE T F)x 2Tk

B LToTF R 93 12kt LT, flix O EHA S, ZORISMEEZfR L (R,
7'F R % PBS H1, 10 mol% D & fili i, NEts /£ N CERALSUS & F2hii L 72, £ Ok, NaAuCls
(Entry 2), Aul (Entry 3) Tid, &< MtMEEZRE ooz, £, HE_ETHEKR LY T
NI = ) UG LTl 59 CH &< S E R & o7z (Entry 4), WA

BWTHFEE Z ORGSR LB A BN S TW 2 & BROET /Rt s
TWeZ Einh, aftiifoZ R H D B X BN, £ 2T, Entry 5 TlIfiifi 4 X
D ZEMCHFAESELZ 2 HE LT, BIEE 0L 59 12 HSA 2 A/EH &8 7-4:fik
B 69 ZiREt L7c, COREER. G 30%REMITT 5 2 L3 Sz, LavL, NEt: %

RPN ORWEGG . BUSHET LW Z L3 0ho Tz,
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# 7 RIERISITRIT DO

OH

\\\ H,N
Hrn NEt; (3.0 eq)

10 mol% [Au]

NN NH

Model peptide 93

(o) L
O“ "N o -
O oA PEswe

HN’\H’§j
OON

AI&

Cychc peptide 94

Entry Au catalyst Yield (HPLC)
1 None N.R.
2 NaAuCl, N.R.
3 Aul N.R.

o)

G R Pesl
4 S H o0%o NEt, N.R.

-N

W

CI'l‘jCI 59

5 30%
6 N.R.

(Without NEts)
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IHIZ, CRWICT BNV XNVERT NV EFT HFE~4 O OPropargyl BHE~NTF RE& A
L. JKEEmE L (£ 8), TOfRR, ETAXTF RO 2BEAEZT R b ALA=
VNEEFLIEAATF K95 (Entry 2) Tt 21%. N. CRUGED 7 ) 2 LIS OB 22T L
727 F K 96 (Entry 3) TIL30%EWIFERNEOLNTZ, Tz, NRRNRT 7= 727z
AT FROT (Entry 4) (X, 7V i3 5% L EOIR TR, £z, %O
AR~ BT 2B L. Entry 5 CTIXIX 54 TR 7=Hias ATEH KRR AL APl
63cherimolacyclopeptide E 7 1/ UL Lo 27 Lk 98 TG A AL 773, BBk
B ERD Z LT TERD o (£ 8 THE-IRIRFHIT /3 TERAL),

ZZ T, Entry 6 TIXZ7 U o7 v OESNZ RO 8 FREED T F NI HOWTEILKIG
BEM LT, T7bb, 75 v aktd Pseudostellaria heteropylla 75 HEE S, Fu
—BLER & L THE ST\ 5 KA pseudostellarin Bl64 (£ 8- F#) # AT I MEE
IZEVHBEIR I B ERERATZE T A B5%E WV I ERWILERTIXH 578, pseudostellarin B
DERZEMER LI, o, BUKMEOEWT 2 VBEAT 57 F Nk L THRSHRET &7
72, Entry 7. 8 THIRNAIEMENHIFFCEZ 5 RGD OELYIAZ AT 57 F K 100 3 LU 101
WX L CTRa 21T o 722y, BUS TR #IT Loz, Ziud, HSA-&ftf 69 78 HSA @
BKPEEAZAE A L CW D T2 BUKMERTF N & SRS A/EH TE TSRS HEIT L

RinoTebDEEZ BN,
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& 8 MESUSOEEBRE

\\ NEt; (3.0 eq)
<> 4D o)
NH, Oj'O CJ D (0.1eq) HN y,
L Peptide PBS, 40°C,1d all I— Peptide J
Entry Peptide Yield (HPLC)
1 GYPGLG 93 30%
2 GTPGLG 95 21%
3 GSYPFG 96 30%
4 AYPALG 97 5%
5 FYPGLG 98 N.D.
6 GPPFGIGG 99 5%
7 GRGDyG 100 N.R.
8 GRGDG 101 N.R.
OH (o)
(o)
o Y\HJH

A NHH 4
o) HHN
W38 AN
/kIHJ’\,NH

cherimolacyclopeptide E pseudostellarin B
(Entry 5) (Entry 6)
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4.2.1.2. VOUBRERASEOT7 = U ERAVERIERG

J

FOREMENE LS, S5 VU REMIET 2 U 2FIA L TR S S AR TR
FRBRHE SN TNDED, U VEEMEO T I 2 WIS 21T-o7 (& 9), %
T T WMESNTOT ) e U OMBHOT I URT X REEEICK VS LI AE
PERRASTF FOWED I B, 2507 I JBEESICER Lic, 1 2AN, pwA B4 A FZE
Rt LCREAT 2 2 & Tl B AL E M % A9 % B-casomorphine-5 D#E/EH T 5
c(D-Lys-Phe-D-Pro-Gly)e3l, 2 DHNBY A 7 U v A A 7 U Uk(ExFF—EBEEHROT 7~

VU U b E BLET HESTH D c(Lys-Leu-Phe-Gly)66 ¢ 5 (1% 56),

H oL\ o)
AcHN’“jr N/\Tr NH
o)

Ni> mNﬂN H NH
T])’”, H N N
o H

B-casomophine-5 analogue anticancer peptide
u-opioid inhibitor cyclin A-cdk complex inhibitor

X 56 VI UBEREME TCORRKRSTSF
Fh : BHEICHRLSFE L TWAEE, e 7 MERISICE WV ERTIHEE
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ZZ T, INHLORBSIEAR LIHEREZA Gl L., JOSHE 21T > 7. Entry 1-5 TIL,
B-casomorphine-5 O (X 56 HEED) 26T 57 F K 102a-e THRFTE1T -7,
LU s, ZHUHORETIIE KIEZ RS oTc, ZhuE, CRumND 2 7L H
WCIFEL TS 7 ) UEEZFHIBLTCLE>TWDE LD EEZ, Entry 6 25134 7
Vo A=A 7 ) AMFEX T —BEGERZET 52 & T, MlnEO GL #6 S Hl~o
BATZBLE L, B R0 i S5 c(Lys-LeuPhe-Gly) OB (X 56 47X (A H5y)
HHLITF R 103ae DEEEZHNWTHEKTHZ &L Lc, ZO/E. N Kimh Ac
Phe-Tyr 103a O#4 11% (Entry 6), Ac-Gly-Tyr 103b O34 15% (Entry 7). Ac-Gly-Ser
103c DA 20% (Entry 8) DR TERIRAATF F&2 527, LovL, HZ =720 Ac

Gly-Gly 103d OB TG IIHEIT L7272 (Entry 9),

® 9 AEWEELSTOEREEN Ut AERE

Do UBRE NEt; (3.0 eq)
\\ ? 0
T -
AcHN— Peptide

PBS, rt, 40 °C, 1 d AcHN— Peptide

Entry Peptide Yield

1 Ac-FYkFpG 102a 0%

2 Ac-AYkFpG 102b 0%

3 Ac-AGkFpG 102c 0%

4 Ac-GFkFpG 102d ~Trace

5 Ac-LGkFpG 102e 5%

6 Ac-FYKLFG 103a 11%

7 Ac-GYKLFG 103b 15%

8 Ac-GSKLFG 103c 20%

9 Ac-GGKLFG 103d 0%
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PLE®D KO WA S DM 2 AT > 7223, SElE L ERRRIC MY =F 7 I U OIRFE T
Tl BUSHEAT L2227, MA T, MOBESLARN TOHE LR TR 2 &
ETEF BIEDIERBIRN & W o T2 SN O AT 1A% in vivo TR 2 Z LIZREETH

% LfEEmfT o= (X 57),

57 BMLBUSIC X 2 RETH R FEFEBL OB LR HE D E O LEME
£ 79 ORFT, BILIZIE NE BHRETHY . FRNERBLE 10~20% & K\ 72
D, BHEEFRBASEIARTEORRRTF FRERS TR LIIRETH B, Tk
D, WRFHOERIMEL N5,
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4.2.2. RTF FOFEAIIZKL SEERE
4.2.2.1. &fEOER

AT O 2311 T, <7 F FOBRLEIS TiE7e MRFE~TF ROl E~0# &k
IS ZzRGErd o2 L e L, 22T, BESTF FofiflaRg Lol v o ki~ Lifig S

DI LR RAMIICHT 2@ a Bl 2 L2 AL Lz (X 58),

Oﬁ«o
y L ey Al ol el H N y Ph

BEEEER-HDHF R

—CHO QA HZNP:;’_Z—»J&
\ \ Ph—s, ) 0
_ o N _(NH
I@*ﬁﬁfﬁm gé% ' HN% *ﬂﬂ*g#{';

X 58 HiKARIE L~DXTFF FOHEEIKIZ L D HREBERBR OV
(OHSA-&ftfi 69 I LT, PAMEEHEFERT IO FZERML, ﬁ)A/#HHEJ: (22
HFET 5, QB =L FARICHRLEICFEL TS T IV EDORGEITY [EE{kl 2FAL
T, 2RI,

2T, MREREASDORXTF ROEAAUISE1T ) Iod D2 58T 2 2 L & L,
INETIE, oY =77 0 T T AX —EFIR L TE N, KETERTF R
BECOWIMEZRREES D722, =7 T 1 v 7 DHEEA T 27 ) =Bk RGD <7
F REOMEERZRMT 52 &L Lz, £7, cRGDYK)-A 27 v A I VNV AT )L 89 %
DIEA f##£ T, PBS 1 C HSA LEM S, BHK RGDyK ~7'F % 5 4y Tl & S 72 RGD

7T AHK—104 L L, Afilit 59 LEEET AR LT (X 59), v2TFAT I <
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UINRES LA 59 & RGD 7 9 A X2 —104 Z{ERASH, P TF AT I

ZHELTE Z A, ikl 59 & RGD 7 7 2% —104 #HHBEAEH S ¥ 7256

~ U Ok

(2, filid 59 HK

KOG TRHEEBERNCZFAT I 7= OBl sniz, YEoRERNS RGD 7

T AL — |l AR U7 RGD 7 9 A % —4ft (RGD-Au) 105 Z3fHl ¢

HO
0]

2 2,0 DIEA (2.0 eq)
\Z“"“””‘L . @

NH §j »

H -N
H,0, 40 °C, 24 h
0
HN

7

RGDIZA%—
@ 104
__-'\n,o—N;j
O o
89
D 1000 |
[0}
TR T
C N 85 750 T
C HE gf: 500 105
8= 250 |
v
RGD-Au -
0

105 “Au’” spiecies

X 59 RGD 7 7 2 % —fiifft (RGD-Au) 105 DE L
(ex/em=420 nm/466 nm, n=3, Mean=*SD)
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%72, RGD-Au 105 OfEREIZ DWW T HRFT 21T > 72 (X 60), A% L 7= RGD-Au 105 (10

nmol) (2% L CHEE TAMRA # /45 7oL ¥ )L A5 /L 68 2 100 nmol 1EF &+,

0. 60, 120, 240, 1200 %3 TOENEDOKREFELZRE LT & Z A, TAMRA OEYED EH L

722 &5, RGD-Au 105 [3fifiREZ A9 5 2 & HRtET,

TAMRA . 180 -
B 160 -
o) 5 L
£ 140 |
{ (o) 2 120 |
NH J | 85 100
» VAN =
5= 80 |
D@ : -
% a0 -
D
4 2 | |
RGD-Au 0 i " 1
105 0 min 1h 2h 4h 8h 20 h

60 RGD-Au 105 DfilifitRe
(ex/em=555 nm/585 nm. n=3. Mean=+SD)
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4.2.2. NAMRBIZHT 2R TF FOEEIEIZ &k S IEFEMFIHER

RGD X7 F L MENERTDHA LT 7V vanfs BERELTNDZ ENRMBNTND
b M AEIERR S AL SW620 1%t LC, % 9 (Entry 6-9) THiFf L 7= Lys-Leu-Phe-Gly DL
FaHT H_TF R7a0F L 27 04K 108a~d (V& AUIEEA~D FOGHEIZ DWW T DB %2
IXfHEICFLH) & RGD-Au 105 Z ik L T F REMlalcEa ks 5 2 & T, mika sl
TEMEEITo 72 (K 61), 7ok, MKEIEIZAEMIC LD ATP OEAREZERTHZ &
(2 X VR L7z,

F9°. FH1I RGD-Au 105 HIKIZ DWW T, #IRIE 100 uM, 50 pM, 20 uM O 3 s
THFZITV, 20 uM O E CTHIREMES BB LW 2 & 2R L7 (X 61a), &IT~F'F
K 103a-d HAKIZ DWW TH, 600 uM THifla@EEN eV 2 L 2R L7z (K 61be: &), €2
T, MIfRIZR LT RGD-AuU 105 20 pM, 7 /Lo 27 U7 F K 600 uM Z HRil
L CHIRRZE M DFEM 21T - 72 (K 61b-e : 7)., ~X7'F [ 103a-c & RGD-Au 105 % L(ZiRN
L7235 TF LA EBERRD BN o7 (X 61b-d : #R), — 5. Ac-Gly-Gly-Lys-Leu-
Phe-Gly D23 249 5~27F F 103d %z RGD-Au 105 & & & IR L7-BRICIE, TEED I
BAD =X LIZOWTIEREFA SN E RS> TWRWA, BHERMEBEE RS (X
6le: R, F£7o, AXTF K 103d Oz [FIFRIC HeLa Mifd & A549 Ml xt L C M

Lzt ZA, WTFROMIIZOWT HBERIEEITRO b o7 (K 61f, g: 7R,
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SW620

RGD-Au 105

S

T
HaN- Peptide

g T';% | 20 uM | 600 uMm =1 ST
B 0% 543 ABHFH
a) it iR E DR b) Ac-FYKLFG 103a c) Ac-GYKLFG 103b d) Ac-GSKLFG 103¢c
156 12 - 1.2 1.2 -
g 1_2 -
@~ 09 | e9 | 09
83
2< 09
Ez 06 | 06 | a6
;g 0.6
§E ., 03 | 03 | 03 |
; }
0 0 0 ]
none 100 uM 50 uM 20 uM none  103a 103a 105 none 403b 103b 105 hone 103¢ 103c 105
+ +
105 1;5 105
e) Ac-GGKLFG 103d f) HeLa#iha g) A549#lka
12 12 - 1.2
09 | 09 09
06 | » 06 06 |
03 | 03 | 03 |
¢ ] ]

none 103d 103d
+

105

105

none 103d 103d | 105
+

105

none 103d 103d 105
+

105

61 X7 F FOBEIbIC X 2FEMERT (0=3. Mean+SD)
#FME1X Perkin Elmer £t ATPlite ZF|H L. A£MlaD ATP OEABRFHIETHZ L TEEL
77, B :SW620 Hifan i, &F : 7u AN RATF AR TFF ROK, #F: a0 NLT R
F LR FF F+RGD-Au 105, #% : RGD-Au 105 DH ; a : D EEERET FEHEE 100 uM,
50 uM. 20 uM) ;b-e: 7R /L XNV R T UL F K 103a-d & RGD-Au % V=B SW620
IR ~DFMERTT ; g FHEORKI L7 103d 2 AV 7choMiafE (HeLa A, A549 Mif) ~

DOEMERET
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4.2.3. In vivo TORTF FOEEEIZ & HHA EFEINF

RTF R LF L 270 108d & RGD-Au 105 %5 L7=84 . in vitro DR T
WA IEIDZEPHALNE R ST, 22T, ARG ZELFHEFT Ahmadi, HF S
& & HIT nvivo \IZH1T 2 D AUHITEIIHIZN IR 2~ 7= (X 62), SW620 #ifd (10X 105 cell) %
X— R~ 7 ZADFIZK FHEE L, BET A AEEE lem ML EICHE SE, ZnHD~vT X
(XL T, %7 RGD-Au 105 % 10 nmol ##lRIES L. 30 43%~7F K 103d % 120 nmol #f
RER L7c, E5A 7Y a—Wd 1 B 1EE L, 8 BEERKRE 21TV, A X4 RE
LT, TR, OEHEAR KD, @~<7F K 103d D4, @RGD-Au 105 D% # 5. L 7=
KSR~ 7 AT, 5 1~8 HIH T 300%REEH KT 5 Z LR Sz, — T, @
103d ¥ £ OV RGD-Au 105 OfiE Z 8- L7z~ 7 A2\ Tl #5310 i o # K 03
PR S, HHETRIHEENSHICH R L., B EOREN S, RGD-Au 105 % W\ T,
~NTF R 108d ZAEKANTOT I RMERISIZE > TEAET 52 Z LIk [EEOH KA

fldF2ZE&NnTELIEERELE,
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85%'

RGD-Au 105 Ac-GGKLFG-OPropargyl

SWE20 10 nmol 103d (120 nmol)
: 7 o BEFIESL
182 5 F5 ] 0% 304 fE& A E
R E S FRREST
OEERIEK Ofik @RIFF @+ R TFR
00 o0 00 | e Kn
. 600 | 600 | 600 | 600 |
L 50 | 500 | 500 | 500 |-
# 400 / 400 | 400 | 400 -
K Vi
$o 300 - 300 - 300 | 300 +
0§ 200 | 200 | 200 | T, 200
= 100 | 100 | /_/ 100 /_/ 100 - _/f
o L N AV A= 5  SA
1 3 5 78 1 3 5 78 1 3 & 78 1 3 56 7 9 11 13

X 62 FHHSA~TTREHMH LIEBRNTORTF FOBEL
SW620 Miluz R T#HE5 L. EEYV A X1 cm A EERo7=#H0A BALB/c X— K< 17 X|Z
% L T RGD-Au 105 DA A KEHK % 10 nmol/100 pL DR TEAREH L 040 & LT
K70). 30 3ZICARTF R 103d AFAHE AWK % 120 nmol/100 pL TEARES Lz,
#5A BALB/c X — K< 2 (SW620 M) 2xt LT : 100 pL A£FEAEK (0. 30 4).
@ : RGD-Au 105 (0 43)+A#EAIE/AK 100 pL (30 43). @ : £FAK 100 pL (0 /3)+7F
F 103d (30 43). @ : RGD-Au 105 (0 43)+27F F 103d (30 43) D&M TEARGEN L1z (R
B BREFTHEVETHS 8 HE),
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4.3. HER

ARETIE, @I LD 7 m SRz 27V eT I 00T I MuRISE AW T, Mgk
IZRTF REfEGESED AL 2L o T, B3 AOHETERH R & 3572,

fifi & LT RGD-Au 105, AE & LT CRIMIZT SV XNV AT NEHTHTF R
A LTl #EERBR 21T > 72 & Z A, Ac-Gly-Gly-Lys-Leu-Phe-Gly-OPropargyl 103d % i
L UTHWGA IR R 23580 i,

Z® RGD-Au 105 &<7'F 1 103d %, NABHE~ U A& ET % Z & T, invivo TOR
A DHFEIHII R O 21T 572, £ OfER. RGD-Au 105 & ~<7'F K 103d ## 5 L7z~
U AZOWTIE, BHEFRRAORENRE S, FHEKTHRIE, BEOREN MR I NI,

ZOFRERMND . I LD T I NMEE 2 A OHEIEIHI~ LIS T E T,
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FERE KiE

INE TOMMPAFNS KX DALFHRIEIT. EERM LS OB~ bR L I L, R
ELTCRIERZSIEREILTLE) E VoSN H o7, 2T, BAMIEE R % BRI
7 OGS & U CTAEBLZROGZITV, BRIOTEEZ 5| & 3 2 L& iud, BIER 2K
WL 22 72 08 A DIRFRIBC DI M D A REE S B D L B 2 1o, TV E TIAEKRATOAKIL
FRISOBNIZ D, ZOF T HERAEEZ AW SRIE, Z ORISR HHT L
WA DIREEIGICRICE 2 LB 2 T,

I ETICE L IIGERT AR A KREERE & AL AT JEE TIIRESH 7 7 A X — LIS
DDS #EZBHFE L T\ o, ZORH 7 7 A2 —& Fviud, Puik L i L THN L 7 2 kg
RMFEA~OBATH 30 ARE L B2 & HHOREH L LY F U OMAEMERIC X 5 @V s
WRHRE IR D RT v 7T U N =R wie L 0D, £2°C, ZOWEHY 7 24 —1Ca@fitiftz
HFEFL. 520U BOEE IS LRI, A RET 55PN BTrc
FEMNEMAL S IV TS ET T 2 & & 272,

PACSEAFTERT P AR RE A UL AR & 3R CRBR ATV, B s T e ULy
JVERTIUNEMEIZ L O EH SN Z EICER L, TIVERINSHEDHZET, 7K
IERHEITT D Z L2 R LT, WRIT, PoFAT I 7<= U BFEE L2 AR L.
g7 7 22— EE S5 2 & T RN TR ATRE e il Glyco-Au ZFREL L 7=, =
OfitgEz R LT, invivol&WERHli 21T o 7o, #OEA AT 27 n v F o 270 & Tl
2179 % Glyco-AuSi® X 7= [35E 12177 5 Glyco-Au®a 2 < & 2 |ZErfRiEST L. A
KIFE 7 IIHEMIRERE DT I AR L THRFEIT o7, @A A=V 72 7ok
ZA, O & U ldEs CIROWEOEBABI S o, ZO/RRENG, B T A X -2 X

V. Mo Tfisds TAERNEUS 21T X D eJd BSOS & L L7z,
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MAREOT I AALEWERE ST HEk] 2172 Bz RH LT, i H=
B CIIATTIEERA U2 AV g 2 8 7=, +72b 5, Bi% L7z Glyco-Au %
T, Bk RGD <7 F FaRAMlaRmO7 I CEAL L, BBBOEERA D =X LD —
D Th DAL A ET 2 2 LT, BAEBOMG &R T,

Ta SN F N AT NERT HEK RGD X7 F R & HeLa fild & M AAEAT 2 a(2—38) >
7 o BESE S L7z Glyco-AuS® 2~ 7 AT EHENFE L, HeLa MmO T I I
c(RGDyKIf & S AN EIT o 70, £ DOfER. DA O &~ 7 A AEAFR om 1
WERD B, BRI T 7 a —F ~DAREM ANV ST,

FWETIEIAT I MUBISZ 0 RIS L RN TR ERILEUS & FEiT 5
FEOBRRBIZET Lz, ZOFEBRTIE, HSA IZ cRGDyK)~X7'F R85 fEfES L7- RGD 7
T AL =Tl 2 fEF L7 RGD 7 7 A ¥ —&fitfl (RGD-Au) ZFIH352 L& Lz, X
JeRRETE AR (SW620) ~D MR AT -7 & 2 A, Ac-Gly-Gly-Lys-Leu-Phe-Gly-
OPropargyl DS % 4 % ~<7F k& RGD-Au % W L 7= Hiarc SW620 I~ B
FENRDBBO bTz, FDTeD, KXTF NINAMEEEEbID 2 L2 X0 R s
BLEND Z W in vitro DFMERBROFERDHRER ST, HiVT, KT F R Eflno#
BAIZ LD FIBAAEE DS BT 2 2 L R CX DT, EBRICA L% invivo ~E BB L
7o SW620 Miffnz ~ o A &G L, ENAE LIz~ U 2% L TAR~NTF R & RGD-
Au ZFIRIESR U, S AMIE RIS F R Ak Lic, ZORER = hr— & g LT
ARARTF R & o $e 53 MEG ORI S iz, LEORERN G AR TS
ATV, KT F RERAMI~EEEIT 52 8T, BEOERAMKT L Lol

VIRIET e —F OFEBOFREMEEZ T 2 N TE T,
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PLED X 9ICEF T, ARV T Glyco-Au % 7213 RGD-Au & Vo 7= & & fil gt iz
L DERNEZRE L, TNETEATD 2L TH LB ATEEE~ R CE 5 alfEtt %

L7z,
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EXPERIMENTAL SECTION

General reagents were purchased from Sigma-Aldrich (Missouri, USA), TCI Chemicals
(Tokyo, Japan), or Wako Pure Chemicals (Osaka, Japan) without further purification. Human
serum albumin was purchased from Aldrich. Cyanine7.5 NHS ester was purchased from
Lumiprobe Life Science Solutions. 5-(and-6)-Carboxytetramethylrhodamine NHS ester was
purchased from Molecular Probes™. Microcon® centrifugal filters (10 kDa) were purchased
from Merck Millipore Ltd. Amicon® Ultra Centrifugal Filters (30 kDa) and Durapore PVDF
0.45 pm® filters were purchased from MilliporeSigma (Massachusetts, United States).

For peptide synthesis, Fmoc-amino acids, Boc-amino acids, HCTU, HOBt(6-Cl), and
the H-Gly-Trt(2-Cl) resin were all purchased from Watanabe Chemical Industries (Hiroshima,
Japan). Dulbecco’s Modified Eagle Medium (DMEM), Phosphate-buffered saline (PBS),
Hank's Balanced Salt Solution (HBSS), Leibovitz's L-15 Medium (L-15) were all purchased
from Nacalai Tesque (Kyoto, Japan). TLC analyses (F-254) were performed with 60 A silica
gel from Merck Millipore (Massachusetts, United States).

Preparative reverse-phase HPLC employed a Shimadzu Prominence system equipped
with a Nacalai tesque column (5C13-AR300, 10x300 mm). Two solvent systems, A: H,O
containing 0.1% TFA and B: MeCN containing 0.1% TFA, were applied.

'H and *C NMR spectra were recorded on a JEOL ECA500 NMR spectrometer and
JEOL AL400 NMR spectrometer. Chemical shifts of "H and '3C NMR spectra were referenced
to the solvent peaks: oy 7.26 and oc 77.2 for CDCls, ou 3.30 and dc 49.0 for CD;0OD and du
2.50 and Jc 39.5 for DMSO-ds. ESI-mass spectra including high resolution mass spectra
(HRMS) were recorded on a micrOTOF-QIII. Fluorescence data was recorded on a JASCO FP-
6500 spectrofluorometer with a JASCO FMP-963 microplate reader. /n vivo kinetics and
biodistribution analysis data was recorded on an IVIS kinetics fluorescence imager® (Caliper
Life Science, Inc.).
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Compound Information

Chapter 2

Guanylation of amino group by Sc¢(OTf)3

H
HZN_:N 10 mol% SC(()T'I:):;> R—N NH2
(1.2 eq) H,0, 100 °C NH

24 16 h

R-NH, +

To the solution of cyanamide (27.5 mg, 0.6 mmol) and Sc(OTf)3 (24.6 mg, 0.05 mmol) in H,O
2.5 mL were added various amines (0.5 mmol) and the resulting mixture was stirred at 100 “C
for 1 day. After reaction, the solution was washed with CHCI3 (10 mLx2) and aqueous layer
was concentrated in vacuo. The crude was purified with silica gel column chromatography
applying by CHCl3:MeOH = 10:1.

N-(p-Methoxyphenyl)guanidine 276!
A purple solid (80%): 'H NMR (400 MHz, CD30D) §7.10 (d,J= 9.1 Hz,
H NH 2H),6.91(d,J=9.1 Hz, 2H), 3.72 (s, 3H); *C NMR (100 MHz, CD;0D):
/©/ NH, O164.8,160.9,128.9,128.1,116.2, 56.0; ESI-MS m/z caled for CsHiN3O
Meo™ =, ([M+H]"): 166.1; found: 166.1.

N-(p-tert-Butylphenyl)guanidine 28!%8!
H A white solid (67%): "H NMR (400 MHz, CDs0D) §7.48 (d, J= 6.7 Hz,
/@/N\(NH 2H), 7.16 (d, J= 6.7 Hz, 2H), 1.29 (s, 9H); '*C NMR (100 MHz, CD;0D)
By NH  5158.1, 152.2, 133.1, 128.0, 126.3, 35.5, 31.6; ESI-MS m/z calcd for
28 C1H17Ns ((M+H]) 192.1, found 192.1.

N-(p-Trifluoromethylphenyl)guanidine 296!
H A brown solid (88%): 'H NMR (400 MHz, CD;0D) §7.67 (d, J=8.5 Hz,
N NH 2H), 7.37 (d, J = 8.5 Hz, 2H); *C NMR (100 MHz, CDs;OD) 6 157.8,
; C/©/ NH, 1402, 129.8 (q,J=32.7 Hz), 128.1 (q, /= 3.3 Hz), 126.0, 1253 (q, J =
s 29 270.9 Hz); ESI-MS m/z calcd for CsHgN3 ([M+H]") 204.1, found 204.1.
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N-(p-Methoxycarbonylphenyl)guanidine 301
H A yellow solid (47%): 'H NMR (400 MHz, CD;0D) &8.00 (d, J =
/@/N\f”“ 8.7 Hz, 2H), 7.28 (d, J = 8.7 Hz, 2H), 3.82 (s, 3H): *C NMR (100
MeO,C NH;  MHz CD;0D) §167.6,157.7,142.1,132.3,129.6, 120.1, 52.8; ESI-
30 MS m/z caled for CoH N3Oz ([M+H]") 194.1, found 194.1.

6-Guanidino quinoline 31711

H Reaction was performed in a mixed solvent of water and 1,4-dioxane
N _NH; (1:1): Abrown solid (57%): '"H NMR (400 MHz, CD;0D) 68.87 (dd, J
I P NH =4.4, 1.6 Hz, 1H), 8.40 (dd, J= 8.3, 1.6 Hz, 1H), 8.12 (d, J = 8.7 Hz,
1H), 7.89 (d, J = 2.4 Hz, 1H), 7.67 (dd, J = 8.7, 2.4 Hz, 1H), 7.59 (dd,
J =28.3, 4.4 Hz, 1H); 3°C NMR (100 MHz, CD;0D) 6 151.9, 147 .4,
138.3, 134.7, 131.3, 130.3, 128.5, 124.6, 123.5, 123.4; ESI-MS m/z calcd for CioHioN4
([M+H]") 187.1, found 187.1.

31

6-Guanidino indole 32
A brown solid (quantitative yield): '"H NMR (400 MHz, CD3;0D) §7.59
(/t@ JNI:I (d, J=9.1 Hz, 1H), 7.28 (d, J= 3.2 Hz, 1H), 7.26 (m, 1H), 6.86 (dd, J
H u NH, =83,2.0Hz 1H), 6.46 (dd, J=2.8, 1.2 Hz, 1H); 3*C NMR (100 MHz,
32 CD3OD) o161.4, 138.5, 126.1, 125.1, 121.6, 119.9, 117.9, 107.2,
102.1; ESI-MS m/z caled for CoH1oN4 [M+H]" 175.1, found 175.1; ESI-
HRMS m/z caled for CoH1oN4 ([M+H]") 175.0984, found 175.0986.

2-Guanidino benzo[o]thiazole 33121
HN Reaction was performed in a mixed solvent of water and 1,4-dioxane
N y—NH2 (1:1). The product was purified by the reverse phase HPLC (10-70 %
V—NH of B over 60 min): A white solid (31%): '"H NMR (300 MHz, CD;0D)
07.77 (d, J="7.8 Hz, 1H), 7.64 (d, J= 7.8 Hz, 1H), 7.38 (dd, J = 7.8,
7.8 Hz, 1H), 7.24 (dd, J=17.8, 7.8 Hz, 1H); '3*C NMR (75 MHz, CD;0D)
0162.3, 157.1, 149.9, 132.8, 127.2, 124.5, 122.2, 120.8; HRESI-MS m/z calcd for CsHoN4S
([M+H]") 193.1, found 193.1.

S
33

N-(4-Phenylbutyl)guanidine 34167
H Reaction was performed in a mixed solvent of water and 1,4-dioxane
P N SNANGANH2  (1:1): A white solid (68%): "H NMR (400 MHz, CD;0D) 67.27-7.15
NH (m, 5H), 3.17 (t, J= 6.7 Hz, 2H), 2.65 (t, J = 7.5 Hz, 2H), 1.71-1.59
(m, 4H); C NMR (100 MHz, CD30D) 6 164.9, 143.2, 129.4 (2C),
126.9, 42.3, 36.3, 29.7, 29.4; ESI-MS m/z calcd for C11Hi6N3 ((M+H]") 192.1, found 192.1.

34
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N-(2-Pycolyl)guanidine 3573
NH The product was purified by the reverse phase HPLC (0-100 % of B over
X NJLNHZ 60 min): A white solid (56%): '"H NMR (400 MHz, CDs0OD) §8.53 (d, J
N H =6.3 Hz, 1H), 8.42 (dd, /= 8.1, 8.1 Hz, 1H), 7.82 (m, 2H), 4.57 (s, 2H);
35 13C NMR (100 MHz, CD;0D) §164.9, 158.3, 145.1 (2C), 125.7, 125.5,
43.8; ESI-MS m/z calcd for C7HoN4 ([M+H]") 151.1, found 151.1.

N,N’-Dibenzyl guanidine 3674

NN Reaction was performed in a mixed solvent of water and 1,4-dioxane (1:1): A

white solid (46%): 'H NMR (400 MHz, CDs0D) §7.35 (m, 4H), 7.32 (m, 2H),

7.20 (m, 4H), 4.55 (s, 4H); *C NMR (100 MHz, CDs;OD) & 159.0, 135.9,
36 130.1, 129.2, 128.2, 52.3; ESI-MS m/z caled for CisHi7N3 ([M+H]") 240.1,

found 240.1.

HNZ NH,

Morpholine-4-carboximidamide 37174
NH A white solid (83%): 'H NMR (400 MHz, CD;0D) §3.63 (dd, J=4.7, 4.7 Hz,
o N4 4H),3.36(dd,J = 4.7 Hz, 4H); *C NMR (100 MHz, CD;0D) §161.4, 67.6,

\—/ H, .
45.2; ESI-MS m/z caled for CsH11N3O ([M+H]™) 130.1, found 130.0.
37

Cbz-Arg-OH 3874
o NH The product was purified by the reverse phase HPLC (20-100%
“‘\\/\NJLNHZ of B over 30 min): A white solid (68%): 'H NMR (400 MHz, D,0)
NHCbz H 07.35-7.26 (m, 5H), 5.01 (d, /= 4.0 Hz, 2H), 3.95 (m, 1H), 3.17
(brs, 2H), 1.97 (m, 1H), 1.78-1.67 (m, 3H); 1*C NMR (100 MHz,
CD;0OD) ¢6172.3, 162.0, 158.7, 138.3, 129.4 (2C), 129.0, 128.9
(2C), 67.6, 52.4, 42.8, 29.1, 22.4; ESI-MS m/z calcd for C14H20N4O4 ([M+H]") 309.2, found

309.2.

HO

38
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Ac-Gly-Leu-Arg-Ala-Gly-OH 39
The product was purified by the reverse phase
HPLC (0-60 % B over 60 min): A white solid
(o) o (o)

H H (56%): '"H NMR (400 MHz, CD;0D) 6 4.35-

AcHN N N
\)Ln \_)LHJ\[( \)LOH 4.22 (m, 3H), 4.00-3.74 (m, 4H), 3.16-3.08 (m,
° \L ° 2H), 2.02 (s, 3H), 1.86 (m, 1H), 1.75-1.54 (m,
NH 6H), 1.38 (d, J = 7.1 Hz, 3H), 0.94 (dd, J =
16.6, 6.3 Hz, 6H); ESI-MS m/z calcd for

C21H3sNsO7 ([M+Na]") 537.3, found 537.3;
ESI-HRMS wm/z caled for Cy1H3sNgOy

H,N“ S NH
39

([M+Na]") 537.2756, found 537.2756

Reaction optimization of gold-catalyzed amide bond formation

H
t
HgN\/COZ‘Bu [Au] (10 mol%) . BOCHN/\H/N\::/COZ Bu

0
BocHN + >
\)LO/\ g THF, 40 °C, 1 d o \©
46

T

45

To a stirred solution of 40 (200 mg, 0.94 mmol) in THF 2.8 mL was added [ Au] catalyst (0.031
mmol). After stirring for 10 min, 45 (70.0 mg, 0.31 mmol) was added and stirred at 40 “C for
overnight. The solution was extracted with CHCl; and concentrated in vacuo. The residue was

purified by silica gel column chromatography (hexane:ethyl acetate = 10:1).

Boc-Gly-Phe-O'Bu 46!

H Colorless oil: '"H NMR (300 MHz, CDCl3) ¢ 7.31-7.20 (m, 3H),

N COZtBu _
BocHN/\n’ Y 7.17-7.13 (m, 2H), 6.47 (d, J= 7.8 Hz, 1H), 5.05 (brs, 1H), 4.76
o _\© (dd, J=13.5, 6.0 Hz, 1H), 3.87 (dd, J= 16.8, 6.0 Hz, 1H), 3.74
46 (dd, J=16.8, 6.0 Hz, 1H), 3.09 (d, J= 6.0 Hz, 2H), 1.45 (s, 9H),
1.40 (s, 9H); *C NMR (75 MHz, CDCls) 6 169.1, 156.0, 137.2,
130.1, 129.0, 127.4, 83.1, 81.1, 54.3, 44.3, 38.2, 28.5, 28.1; ESI-MS m/z calcd for C2H3N,Os Na

(IM+Na]") 401.21, found 401.21.
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Preparation of 53

o]
N NaAuCl,+2H,0 N AgOTf N
EtOH, rt *N EtCN, reflux +
N ’ - = - N_—
2 16 h, 86% AU 16 h, 25% AL<
/| \
cl c|:| cl cl cl
50 51 49
lo) (0]
/0 /0
H,N \)I\OH 1/2 HCI NI \)J\OH
52 . N
DCM-MeOH (1:1) N
rt, 16 h, 51% Au
/\
Cl ClI
53

Preparation of 511°: To a stirred solution of NaAuCls-2H>O (398 mg, 1.0 mmol) in EtOH 10
mL was added 2-benzoylpyridine 50 (366 mg, 2.0 mmol) in EtOH 10 mL. After the solution
was stirred at room temperature for 16 hours, yellow precipitate was filtered off and washed
with diethyl ether to give 51 as yellow solid (419 mg, 86%): '"H NMR (400 MHz, DMSO-ds) &
8.73 (dd, J=4.8, 0.7 Hz, 1H), 8.09 (td, /= 7.7, 1.7 Hz, 1H), 8.01-7.95 (m, 3H), 7.70-7.66 (m,
2H), 7.55 (t, J = 7.7 Hz, 2H); 13C NMR (100 MHz, DMSO-ds) 6 193.4, 154.4, 148.5, 137.9,
136.0, 133.1, 130.6, 128.3, 126.8, 124.3. ESI-HRMS m/z calcd for C12HsAuCIsNO ([M-CI]")
484.9415, found 484.9425.

Preparation of 4914%1: To the stirred solution of 51 (370 mg, 0.76 mmol) in EtCN 14 mL was
added AgOTf (512 mg, 1.52 mmol). After being refluxed for 16 hours, the resulting mixture
was filtered while hot. The pale white filtrate was washed with diethyl ether 20 mL to give 49
as white solid (54.9 mg, 25%): "H NMR (400 MHz, DMSO-ds) §9.47 (d, J= 5.2 Hz, 1H), 8.56
(t,J=7.7 Hz, 1H), 8.37 (d, /= 7.6 Hz, 1H), 8.09 (td, /= 6.8, 1.5 Hz, 1H), 7.76 (d, J = 8.6 Hz,
1H), 7.69 (dd, J= 6.5, 2.8 Hz, 1H), 7.50-7.44 (m, 2H); 1*C NMR (100 MHz, DMSO-ds) 5188.7,
152.8, 145.1, 144.4, 134.0, 133.2, 129.9, 129.6, 128.6, 127.8, 127.1; ESI-HRMS m/z calcd for
C12HgAuCINO ([M-CI]%) 413.9954, found 413.9973.

Preparation of 53: To the solution of 49 (162 mg, 0.36 mmol) in CH>Cl>-MeOH (1:1) 6 mL
was added carboxymethoxylamine hemihydrochloride 52 (42.2 mg, 0.38 mmol). After the
solution was stirred at room temperature for 16 hours, white precipitate was filtered and washed
with CH2Cl, to give 53 as white solid (97.0 mg, 51%): 'H NMR (400 MHz, DMSO-ds) §9.34
(d, J=6.0 Hz, 1H), 8.50 (d, /= 3.9 Hz, 2H), 7.96 (td, J=5.7, 3.7 Hz, 1H), 7.55 (d, /= 7.8 Hz,
1H), 7.36 (d, J= 4.4 Hz, 2H), 7.31 (dd, J = 8.0, 4.5 Hz, 1H), 4.92 (s, 2H); '*C NMR (100 MHz,
DMSO-ds) 6171.2,153.7,153.3, 143.9, 138.1, 134.1, 130.6, 130.4, 129.4, 129.3, 128.9, 128 .4,
72.4, ESI-HRMS m/z calcd for Ci14H11AuCIN2O3 ([M-C1]") 487.0118, found 487.0136.
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Preparation of Coumarin 58

DIC

H,N N

2 \/‘60/\9/ 3
3

o o
H,0-MeOH (1:1) —
0o NEt, 0”0 NEt, DCM.rt 16h,94%

reflux, 2 h, 90%

54 55

Ay irj@ LIS S i@@

4 h, 90%

Preparation of 55[42I: A solution of ethyl 7-diethylaminocoumarin-3-carboxylate 54 (1.0 g, 3.5
mmol) and NaOH (180 mg, 4.5 mmol) in MeOH-H>O (1:1) 20 mL was refluxed for 2 h. The
resulting mixture was then cooled to room temperature and acidified to pH 2 by 3 M HCIL. The
resulting crude was then filtrated and washed by H>O and small amount of cold MeOH to give
55 as orange solid (891 mg, 90%): '"H NMR (400 MHz, CDCls) & 12.34 (s, 1H), 8.66 (s, 1H),
7.46 (d, J=9.0 Hz, 1H), 6.71 (dd, J=9.1, 2.4 Hz, 1H), 6.53 (d, J=2.4 Hz, 1H), 3.50 (q, J =
7.2 Hz, 4H), 1.27 (t,J=7.1 Hz, 6H); *C NMR (100 MHz, CDCl3) 5165.7, 164.6, 158.2, 153.9,
150.4, 132.1, 111.0 (2C), 108.7, 97.0, 45.5 (2C), 12.5 (2C); ESI-HRMS m/z caled for
C14H1sNNaO4 ([M+Na]") 284.0893, found 284.0893.

Preparation of 57: To a solution of 7-(diethylamino)coumarin-3-carboxylic acid 55 (117 mg,
0.45 mmol), DIC (85.1 pL, 0.54 mmol), DIEA (228 pL, 1.34 mmol) in CH2Cl» 4.5 mL was
added 11-azido-3,6,9-trioxaundecan-1-amine 56 (89.0 uL, 0.45 mmol). The solution was stirred
under N> atmosphere. After the solution was stirred for overnight at room temperature, DMF
was removed in vacuo. The residue was extracted with CHCI3 and washed with saturated
aqueous NaHCOs. The organic layer was dried over Na;SOy, filtered and concentrated in vacuo
to give 57 as yellow oil (192 mg, 94%): '"H NMR (400 MHz, CDCl3) 69.01 (s, 1H), 8.69 (s,
1H), 7.42 (d,J=8.9 Hz, 1H), 6.64 (dd, J=8.9, 2.5 Hz, 1H), 6.49 (d, /= 2.4 Hz, 1H), 3.71-3.66
(m, 14H), 3.45 (q, J = 7.1 Hz, 4H), 3.39 (t, J= 5.1 Hz, 2H), 1.24 (t, J= 7.1 Hz, 6H); °C NMR
(100 MHz, CDCls3) 6163.4, 162.7, 157.8, 152.6, 148.2, 131.2, 110.6, 110.0, 108.5, 96.8, 70.9,
70.9, 70.8, 70.8, 70.2, 70.0, 50.9, 45.2 (2C), 39.6, 12.6 (2C); ESI-HRMS m/z calcd for
C22H3:N506 ([M+H]") 462.2347, found 462.2347.
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Preparation of 58: A solution of 57 (184 mg, 0.40 mmol) and Pd/C (94 mg) in MeOH 4 mL
was stirred for 4 hours under H> atmosphere (balloon) at room temperature. The catalyst was
removed through Celite and washed with MeOH. The filtrate was concentrated in vacuo and
taken up with CHCl3 10 mL and extracted with H>O 10 mL. The aqueous layer was concentrated
in vacuo to give 58 as yellow oil (162 mg, 90%): 'H NMR (400 MHz, CDCl3) §9.10 (s, 1H),
8.69 (s, 1H), 7.48 (d, /= 8.9 Hz, 1H), 6.65 (dd, J=9.0, 2.4 Hz, 1H), 6.56 (d, J=2.2 Hz, 1H),
3.94 (t,J=4.8 Hz, 2H), 3.76 (dd, J= 5.4, 3.2 Hz, 2H), 3.71-3.64 (m, 10H), 3.46 (q, /= 7.1 Hz,
4H), 3.25 (t, J = 4.9 Hz, 2H), 1.24 (t, J= 7.1 Hz, 6H); '*C NMR (100 MHz, CDCl3) §163.6,
162.8, 157.6, 152.7, 148.4, 131.3, 110.1, 109.5, 108.3, 96.6, 70.4, 70.3, 70.3, 70. 2, 70.0, 66.9,
45.1 (2C), 40.0, 39.5, 12.5 (2C); ESI-HRMS m/z caled for C22H34N306 ([M+H]") 436.2442,
found 436.2445.

Preparation of Coumarin 59

o i i
Nl/ OH 58 N,O\)LN/\/O\/\O/\/O\/\N =
DIC, HOAt I H H E
i _ > 7 0”0 N’ t
oiNF CH,Cl,, rt SN Et
/\ 1d, 56% ?u
cl ci ci \C,

Coumarin-Au 59

Preparation of Coumarin-Au 59: To a solution of 53 (80.3 mg, 0.15 mmol), HOAt (23.0 mg,
0.17 mmol) and 58 (67.0 mg, 0.15 mmol) in CH>Cl, 3 mL was added DIC (27.0 uL, 0.17 mmol).
After the solution was stirred overnight under N> atmosphere at room temperature, the solution
was washed with H>O and concentrated in vacuo. The crude was purified by silica gel column
chromatography, using CHCl3-MeOH (25:1) to give 59 as yellow oil (89.3 mg, 56%): 'H NMR
(400 MHz, CDCl3) 69.47 (dd, J=5.8, 0.7 Hz, 1H), 8.98 (s, 1H), 8.66 (d, J = 5.2 Hz, 2H), 8.25
(td, J=7.9, 1.1 Hz, 1H), 7.68 (td, J=7.2, 1.8 Hz, 2H), 7.42 (dd, /= 7.2, 1.7 Hz, 1H), 7.38 (d,
J=9.0 Hz, 1H), 7.24-7.22 (m, 1H), 7.00 (d, J = 2.7 Hz, 1H), 6.63 (dd, J = 9.0, 2.2 Hz, 1H),
6.46 (d, J = 2.0 Hz, 1H), 4.97 (d, /= 15.2 Hz, 1H), 4.81 (d, J = 15.1 Hz, 1H), 3.64-3.62 (m,
16H), 3.43 (q, J=7.1 Hz, 4H), 1.21 (t,J = 7.1 Hz, 6H); 3C NMR (100 MHz, CDCl3) & 168.4,
163.4,162.9, 157.8,153.8, 152.8, 152.0, 148.3, 145.3, 142.2, 138.5, 133.6, 131.3, 130.4, 129.6,
128.84, 128.75,127.5, 127.1, 110.3, 110.0, 108.4, 96.6, 74.3, 70.8, 70.7, 70.6, 70.5, 70.0, 69.7,
452 (2C), 39.6, 39.3, 12.6 (2C); ESI-HRMS m/z caled for C3sHaAuCINsOg ([M-CI]")
904.2382, found 904.2386.
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Preparation of Glyco-Au complexes: Conjugation of coumarin-Au with corresponding
glycocluster to form the Glyco-Au, RGD-Au, HSA-Au complexes

+ Coumarin —@ —_— Coumarin @

To a solution of Glycocluster (20 nmol) in H2O 200 uL was added coumarin-Au 59 (20 nmol)
in acetonitrile 2.0 puL. The solution was mildly mixed and incubated for 24 hours. The solution
was then concentrated and washed with H2O using Microcon® centrifugal filters (10 kDa).
Generation of the Glyco-Au complex was detected by fluorescence analysis (ex/em=420
nm/460 nm).

0

HN .
Coumarin @

NH.

Coumarin @ + |||\0 °|| .

Flucrescence reagent
(TAMRA or Cy7.5)
Catalyst (Glyco-Au or RGD-Au)

To a solution of Glyco-Au® 60, RGD-Au 105 (10 nmol) in PBS-DMSO (4:1) 0.5 mL was
added TAMRA-Propargyl 68 (1:10 ratio uses 61.1 pg, 100 nmol), or Cy7.5-Propargyl 75 (107
ug, 100 nmol). The solution was slowly shaken at 37 “C. Following specific time points (10,
60, 120, 330, 1440 min), 10 pL of resulting solution was washed with PBS-DMSO (4:1) for six
times using Microcon® centrifugal filters. The fluorescence intensity of residue was measured

with spectrofluorometer (ex/em=560 nm/585 nm or 780 nm/830 nm).
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Preparation of TAMRA-Propargyl

K,CO3
(0]
Br/\ o J\/NH
62 4 N HCl/dioxane //\0 2
J\/NH Boc =z

HOJ\/NHBoc DMF, 0°c & O rt, 1 h, quant HC
1.5 h, 97% 40 63

Preparation of 40*4: To a solution of Boc-Gly-OH 61 (500 mg, 2.9 mmol) and K»COs (394
mg, 2.9 mmol) in dry DMF 5.7 mL was added propargyl bromide 62 (216 pL, 2.9 mmol). The
solution was stirred for 1.5 hours under N> atmosphere at 0 °C. The resulting mixture was
concentrated in vacuo. The residue was extracted with CHCI3 and washed with brine. The
organic layer was concentrated in vacuo, and the residue was purified by silica gel column
chromatography using hexane:EtOAc (10:1) to give 40 as white solid (589 mg, 97%): 'H NMR
(400 MHz, CDCl3) 65.19 (s, 1H), 4.75 (d, J = 2.4 Hz, 2H), 3.96 (d, J = 6.4 Hz, 2H), 2.31 (t, J
=2.4 Hz, 1H), 1.45 (s, 9H); 3*C NMR (100 MHz, CDCl3) §169.7, 155.6, 80.0 (2C) 75.4, 52.5,
42.2,28.2; ESI-MS m/z caled for C1oHisNO4 ([M+H]") 214.11, found 214.11.

Preparation of 631351: A solution 0of 40 (213 mg, 1.0 mmol) in 4N HCl/dioxane 5 mL was stirred
for 1 hour at room temperature. The white precipitate was filtered and washed with EtOAc to
give 63 as white solid (148 mg, quant): 'H NMR (400 MHz, DMSO-ds) 68.62 (s, 3H), 4.83 (d,
J = 2.4 Hz, 2H), 3.82 (s, 2H), 3.68 (t, J = 2.4 Hz, 1H), 1.45 (s, 9H); *C NMR (100 MHz,
DMSO-ds) 6 167.1, 78.67, 77.65, 53.1; ESI-MS m/z calcd for CsH/NO> ([M+H]") 114.06,
found 114.06.

NEt,

HATU
o H' Me,N NMe,
ZN\)L
HCI 63 H o9 1) 4N HCl/di rt,1h N
OH N ioxane, -
BocHN BocHN O
/\/\rof DMF vt N\(',r ™ 2) NEts, TAMRA-NHS 67 | ] W 0
64 24 h, 90% 65 DMF, rt, 18 h \rN\/\)LN/\n/O
70 % in 2 steps o H o
TAMRA-Propargyl TAMRA-OH
68 70 (13%)

Preparation of 65: To a solution of 63 (50.0 mg, 0.33 mmol), HATU (125 mg, 0.33 mmol) and
N-(tert-butoxycarbonyl)-4-aminobutyric acid 64 (64.4 mg, 0.32 mmol) in DMF 1.6 mL was
added triethylamine (87.9 pL, 0.64 mmol). The solution was stirred for 24 hours at room
temperature. The resulting mixture was extracted with EtOAc and washed with brine. The
organic layer was concentrated in vacuo, and the reside was purified by silica gel column

chromatography using hexane:EtOAc (1:1) to give compound 65 (88.5 mg, 90%) as a white
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solid: 'H NMR (400 MHz, DMSO-ds) &8.84 (s, 1H), 5.02 (s, 1H), 4.75 (d, J = 2.4 Hz, 2H),
4.07 (d, J = 6.0 Hz, 2H), 3.96 (d, J = 6.4 Hz, 2H), 3.20 (m, 2H), 2.54 (1, J = 2.4 Hz, 1H), 2.31
(t, J = 6.8 Hz, 2H), 1.82 (quin, J = 6.8 Hz, 2H), 1.4 (s, 9H); 3C NMR (100 MHz, CDCls) &
173.4, 169.3, 156.5, 79.2, 75.4, 52.6, 41.1, 39.4, 38.5, 33.0, 28.3, 26.3; ESI-HRMS m/z calcd
for C14H22N205s ([M+H]") 299.1601, found 299.1605.

Preparation of TAMRA-Propargyl 68: A solution of 65 (3.0 mg, 10.0 umol) in 4N
HCl/dioxane 1 mL was stirred for 1 hour at room temperature. The white precipitate was filtered
and washed with EtOAc to give the amine, which was used without further purification.

To a solution of amine and TAMRA-NHS 67 (5.0 mg, 9.3 umol) in dry DMF 200 uL was added
triethylamine (5.3 pL, 38 umol). The solution was stirred for 18 hours under N> atmosphere at
room temperature. The resulting mixture was concentrated in vacuo. The residue was purified
by reverse phase HPLC (10-90% of B over 40 min) to give TAMRA-Propargyl 68 (4.1 mg,
70%, in 2 steps) as red solid: '"H NMR (500 MHz, DMSO-ds) §8.82 (t, J = 5.5 Hz, 1H), 8.45
(d,J =1.0 Hz, 1H), 8.36 (t,J=5.5 Hz, 1H), 8.23 (dd, /=8.0 Hz, J= 1.5 Hz, 1H), 7.31 (d, J =
8.0 Hz, 1H), 6.61 (s, 1H), 6.53-6.47 (m, 5H), 4.73 (d, J = 3.0 Hz, 2H), 3.88 (d, J = 6.0 Hz, 2H),
3.57 (t,J = 3.0 Hz, 1H), 3.34 (m, 2H), 2.94 (s, 12H), 2.24 (t, J = 8.0 Hz, 2H), 1.80 (quin, J =
7.5 Hz, 2H); *C NMR (125 MHz, DMSO-d, observed) & 172.4, 169.4, 168.4, 164.7, 154.8,
152.1,152.0,136.2, 134.5, 128.4, 126.8, 124.1, 123.1, 109.0, 105.6, 98.0, 86.7, 78.2, 77.9, 52.1,
40.4, 32.6, 25.1; ESI-HRMS m/z caled for C34H3sN4O7 ([M+H]") 611.2500, found 611.2547.

TAMRA-OH 70: Red solid (13%): 'H NMR (500 MHz, DMSO-ds) §8.79 (t,J = 5.5 Hz, 1H),
8.43 (d, J = 1.0 Hz, 1H), 8.38 (t, /= 5.5 Hz, 1H), 8.23 (dd, /= 8.0 Hz, J = 1.5 Hz, 1H), 7.30
(d, J = 8.0 Hz, 1H), 6.60 (s, 1H), 6.51-6.47 (m, 5H), 3.87 (d, J = 6.0 Hz, 2H), 3.28 (m, 2H),
2.94 (s, 12H), 2.24 (t, J = 8.0 Hz, 2H), 1.80 (quin, J = 7.5 Hz, 2H); ESI-HRMS m/z calcd for
C31H33N407 ([M+H]") 573.2344, found 573.2366.
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Preparation of Cy7.5-Propargyl

Fmoc-Arg(Pbf)-OH 72 (4.0 eq)
HCTU (4.0 eq)
HOB{t(6-Cl) (4.0 eq)
DIEA (6.0 eq) 20% Piperidine/DMF
H-Gly— - ’ Fmoc—e«rg-GIy— . ot H-II\rg—GIy—
DMF, 30 min, rt Pbf 6 min, rt Pbf
H-Gly-Trt(2-Cl)-resin
71

Boc-Gly-OH 61 (4.0 eq)
HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq)
DIEA (6.0 eq) 20% HFIP/CHCI,4
- P Boc-Gly-Arg-Gly— 3  Boc-Gly—-Arg-Gly—OH
DMF, 30 min, rt Pof 1h,rt e

73: 87%

H-Gly-Trt(2-Cl) resin 71 (218 mg, 0.2 mmol) was swollen with DMF for 30 min.To the resin
71 was added Fmoc-Arg(Pbf)-OH * 0.1 acetone 72 (532 mg, 0.8 mmol), HCTU (331 mg, 0.8
mmol) HOBt(6-Cl) (136 mg, 0.8 mmol) in DMF 2 mL and DIEA (204 pL, 1.2 mmol) and the
suspension was shaken for 30 min. The coupling reaction was monitored by KISER test reagent
(purchased from Watanabe Chemical Co., Ltd.) for detection of amino group. The resin was
washed with DMF (1 minx3). Fmoc deprotection was performed by the use of 20% piperidine
in DMF (2 minx3) and washed with DMF (1 minx3). Peptide elongation was carried out
manually with 61 (140 mg, 0.8 mmol) by using Fmoc-amino acid/HCTU/HOBt(6-CI)/DIEA
(4/4/4/6 eq) in DMF for 30 min. The protected peptide was treated with 20% 1,1,1,3,3,3-
hexafluoroisopropanol (HFIP) for 1 hour. The crude peptide was precipitated with cold diethyl
ether, and the precipitate was dried in vacuo to obtain Boc-Gly-Arg(Pbf)-Gly-OH 73 as white
solid (111 mg, 87%): '"H NMR (400 MHz, CDsOD) & 4.43 (m, 1H), 3.90 (s, 2H), 3.73 (s, 2H),
3.25-3.10 (m, 2H), 2.98 (s, 2H), 2.56 (s, 3H), 2.50 (s, 3H), 2.07 (s, 3H), 1.95-1.80 (m, 1H),
1.71-1.49 (m, 3H), 1.44 (s, 6H), 1.42 (s, 9H); *C NMR (100 MHz, CD;0D) & 174.2, 173.1,
172.5, 159.8, 158.6, 158.1, 139.4, 134.3, 133.5, 126.0, 118.4, 87.7 (2C), 80.8, 53.9, 44.7, 43.9,
42.0, 30.3, 28.7 (6C), 19.6, 18.4, 12.5; ESI-HRMS m/z caled for CasHasNeOoS ([M+H]")
641.2963, found 641.2977.
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Pbf HN._NH,
Br

X
1)K, COp 62

HN__NH
Y NH 2TFA
NH DMF, rt, 1d )/
2)TFA, rt,2h (o] =z H o
0 0 N
H H 3) Cy7.5-NHS ester 74, NEt; \)LN o
BOC/N\)LH/dN\)J\OH OV 1t 1 4 H/\([)r N
0 37% in 3 steps

Boc-Gly-Arg(Pbf)-Gly-OH Cy7.5-0;’5ropargy|

73

Preparation of Cy7.5-Propargyl 75: To a solution of Boc-Gly-Arg(Pbf)-Gly-OH 73 (3.0 mg,
4.7 pmol) and K>COs3 (0.64 mg, 4.7 umol) in dry DMF 10 pL was added propargyl bromide 62
(0.37 uL, 4.7 umol) in dry DMF 10 pL. The solution was stirred for overnight under N>
atmosphere at room temperature. The resulting mixture was concentrated in vacuo and
extracted with EtOAc and washed with brine. The organic layer was dried over Na>SO4 and
concentrated in vacuo to give propargyl ester, which was used without further purification.

A solution of propargyl ester in TFA 0.5 mL was stirred for 2 hours at room temperature. TFA
was removed in vacuo and washed with EtOAc to give the amine which was used without
further purification.

To the solution of amine and Cy7.5-NHS ester 74 (3.5 mg, 4.7 umol) in DMF 50 uL was added
triethylamine (3.1 pL, 32 pumol). After the solution was stirred for overnight under N>
atmosphere at room temperature, DMF was removed in vacuo. The residue was purified by the
reverse-phase HPLC (40-90% of B over 40 min) to give Cy7.5-Propargyl 75 as a dark blue
solid (2.1 mg, 37%, in 3 steps): 'H NMR (500 MHz, DMSO-ds, observed) 68.47 (t,J = 5.5 Hz,
1H), 8.26-8.23 (m, 2H), 8.09-8.03 (m, 6H), 7.81 (t,J = 14.5 Hz, 1H), 7.72 (d, J = 12.5 Hz, 1H),
7.70-7.67 (m, 2H), 7.66 (td, J = 7.0 Hz, J = 1.0 Hz, 2H), 7.53-7.46 (m, 3H), 6.23-6.15 (m, 2H),
4.71 (d,J = 1.5 Hz, 2H), 4.33 (q,J = 7.0 Hz, 1H), 4.24 (t, J = 5.5 Hz, 2H), 3.90-3.86 (m, 2H),
3.74 (s, 3H), 3.72 (J = 6.0 Hz, 2H), 3.56 (t, J = 2.5 Hz, 1H), 3.11-3.01 (m, 2H), 2.63 (d, J =
1.5 Hz, 2H), 2.36 (d, J = 2.0 Hz, 2H), 2.14 (t, J = 7.5 Hz, 2H), 1.94 (s, 12H), 1.89-1.81 (m,
1H), 1.79-1.72 (m, 3H), 1.74-1.66 (m, 1H), 1.58 (t, J = 7.0 Hz, 2H), 1.52-1.38 (m, 5H); ESI-
HRMS m/z calcd for CssH7oNsOs ([M+H]*") 479.2729, found 479.2748.
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Chapter 3

Preparation of RGD-Propargyl

Fmoc-Arg(Pbf)-OH 72 (4.0 eq)
HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq)

DIEA (6.0 eq) 20% Piperidine/DMF
H-Gly— - Fmoc—Arg-Gly— ——————————— H-Arg-Gly—
DMF, 30 min, rt Il=bf 6 min, rt I;‘bf

H-Gly-Trt(2-Cl)-resin
7

Fmoc-Lys(Boc)-OH 81 (4.0 eq)
HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq)

DIEA (6.0 eq) 20% Piperidine/DMF
- P Fmoc-Lys—Arg-Gly — P H-Lys—-Arg-Gly—
DMF, 30 min, rt Boc Pbf 6 min, rt Boc Pbf
Fmoc-p-Tyr(‘Bu)-OH 82 (4.0 eq)
HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq)
DIEA (6.0 eq) 20% Piperidine/DMF
Fmoc— DTyr—Lys Arg-Gly — —_——— H-— DTyr Lys Arg-Gly —
DMF, 30 min, rt | 6 min, rt
‘Bu Boc Pbf ‘Bu Boc Pbf

Fmoc-Asp('Bu)-OH 83 (4.0 eq)
HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq)
DIEA (6.0 eq)

DMF, 30 min, rt

o i
3 Fmoc- Asp DTyr Lys Arg-Gly — 20&P|pend|nefDM;

'Bu ‘Bu Boc Pbf

H-I:«sp-n-Tyr—Lys—;i\rg-Gly—
R 1 1
6.min, it By  'Bu Boc Pbf

20% HF|P’CHC|3 - H- Asp D- Tyr—Lys ‘i\rg Gly -0H
2h,rt ’Bu ‘Bu Boc Pbf

84: 87%
H-Gly-Trt(2-Cl) resin 71 (218 mg, 0.2 mmol) was swollen with DMF for 30 min. To the resin
71 was added Fmoc-Arg(Pbf)-OH -+ 0.1 acetone 72 (532 mg, 0.8 mmol), HCTU (331 mg, 0.8
mmol) HOBt(6-ClI) (136 mg, 0.8 mmol) in DMF 2 mL and DIEA (204 pL, 1.2 mmol), then the
suspension was shaken for 30 min. The coupling reaction was monitored by KISER test reagent
for detection of amino group. The resin was washed with DMF (1 minx3). Fmoc deprotection
was performed by the use of 20% piperidine in DMF (2 minx3) and washed with DMF (1 min
x3). Peptide elongation and Fmoc deprotection was carried out manually by using Fmoc-amino
acid/HCTU/HOBt(6-C1)/DIEA (4/4/4/6 eq) in DMF for 30 min and by the use of 20%
piperidine in DMF (2 minx3). After peptide elongation of 3 amino acids, the protected peptide
was treated with 20% HFIP/CHCI; for 1 hour. The crude peptide was precipitated with cold
diethyl ether, and the precipitate was dried in vacuo to obtain H-Asp(‘Bu)-D-Tyr(‘Bu)-Lys(Boc)-
Arg(Pbf)-Gly-OH 84 as white solid (111 mg, 87%): 'H NMR (400 MHz, CDs0D) §7.12 (d, J
=8.8 Hz, 2H), 6.91 (d, J= 8.4 Hz, 2H), 4.51 (t, J= 7.6 Hz, 1H), 4.46-4.38 (m, 1H), 4.21 (dd, J
= 8.4, 5.2 Hz, 1H), 4.06-3.96 (m, 1H), 3.94 (d, J = 17.2 Hz, 1H), 3.82 (d, J = 17.6 Hz, 1H),
3.22-3.11 (m, 1H), 3.01-2.92 (m, 6H), 2.82-2.69 (m, 2H), 2.54 (s, 3H), 2.48 (s, 3H), 1.95-1.82
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(m, 1H), 1.81-1.66 (m, 2H), 1.66-1.52 (m, 2H), 1.45 (s, 9H), 1.43 (s, 6H), 1.40 (s, 9H), 1.37-
131 (m, 2H), 1.30 (s, 9H), 1.29-1.25 (m, 2H), 1.02-0.91 (m, 2H); ESI-HRMS m/= caled for
Cs3HgaNoO14S ([M+H]") 1102.5853, found 1102.5880.

/O
HN /4 TFA:H,0:TES
EDC-HCI | (90:5:5)
H-Asp-D-Tyr—Lys—Arg-Gly=OH ———  » Asp DTyr Lys Arg-Gly
1 1 1 | CH2C|2, rt, t t | rt, 3 h, 77%
‘Bu 'Bu Boc Pbf 2 h, 97% Bu Bu Boc Pbf
84 85
HN f/o
|
Asp-D-Tyr—Lys—Arg—Gly
86 ° NHHN H NH,
(o)
HO O

Preparation of 85: To the stirred solution of H-Asp(‘Bu)-D-Tyr(‘Bu)-Lys(Boc)-Arg(Pbf)-Gly-
OH 84 (500 mg, 0.45 mmol) in CH2Cl> 10 mL was added EDC-HCIl (95.0 mg, 0.50 mmol) and
HOBt (67.5 mg, 0.50 mmol). The solution was stirred for 20 min at room temperature and
extracted with CH2Cl, 20 mL. The organic layer was concentrated in vacuo to obtain
c(Asp(‘Bu)-D-Tyr(‘Bu)-Lys(Boc)-Arg(Pbf)-Gly) 85 (477 mg, 97%) as white solid. 'H NMR
(400 MHz, CD30OD) 67.11 (d, J = 8.8 Hz, 2H), 6.91 (d, J = 8.4 Hz, 2H), 4.72 (t, J = 7.6 Hz,
1H), 4.48 (t, J= 8.4 Hz, 1H), 4.22-4.10 (m, 2H), 4.92-3.82 (m, 1H), 3.39 (d, /= 5.2 Hz, 1H),
3.20-3.08 (m, 2H), 3.02-2.88 (m, 6H), 2.78-2.66 (m, 1H), 2.54 (d, /=4.8 Hz, 3H), 2.48 (d, /=
5.2 Hz, 3H),2.05 (d,J=4.8 Hz, 3H), 1.85-1.72 (m, 1H), 1.69-1.52 (m, 2H), 1.49-1.31 (m, 6H),
1.44 (s, 9H), 1.42 (s, 6H), 1.29 (s, 9H), 0.99 (m, 2H); ESI-HRMS m/z calcd for Cs3Hg2NoO13S
([M+H]") 1084.5747, found 1084.5788.

Preparation of ¢(RGDyK) 86: c(Asp(‘Bu)-D-Tyr(‘Bu)-Lys(Boc)-Arg(Pbf)-Gly) 85 (50.0 mg,
0.042 mmol) was added TFA-TES-H>O (90:5:5) 2 mL and stirred for 2 hours at room
temperature. The solution was concentrated in vacuo and purified with RP-HPLC using a
preparative column at a flow rate of 8 mL/min with a linear gradient of MeCN/0.1%TFA (1-
80% for 40 min) to obtain ¢((RGDyK) 86 (27.4 mg, 77%) as white solid: "H NMR (400 MHz,
CD;OD) 67.01 (d, J = 8.4 Hz, 2H), 6.68 (d, J = 8.4 Hz, 2H), 4.74 (t, J = 6.8 Hz, 1H), 4.41 (q,
J=17.2Hz, 1H), 4.28 (t, /= 6.8 Hz, 1H), 4.22 (d, /= 14.8 Hz, 1H), 3.91 (dd, J=11.6, 3.6 Hz,
1H), 3.31 (d, J = 14.4 Hz, 1H), 3.25-3.05 (m, 2H), 2.94-2.72 (m, 5H), 2.56 (dd, J = 16.0, 6.8
Hz, 1H), 1.90-1,78 (m, 1H), 1.74-1.35 (m, 7H), 0.95 (t, J = 6.8 Hz, 2H); *C NMR (100 MHz,
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CDsOD) §5173.4, 172.8, 172.4, 172.1, 171.4, 170.9, 157.3, 156.0, 130.2, 127.3, 116.9, 115.1,
56.0, 54.6, 52.4, 49.6, 43.6, 40.6, 39.1, 36.2, 34.9, 30.4, 28.1, 26.6, 25.0, 22.8; ESI-HRMS m/z
caled for C27HuNoOs ([M+H]Y) 620.3151, found 620.3146.

EDC-HCI (4.0 eq)

(0]
N-OH (4.0 eq)
(0]
OH o)
HOJI\/\/\H/ - Jl\/\/\n/
o DMF, rt,
87 24 h, 75%

Bis-NHS ester
88

Preparation of 881571 To a stirred solution of adipic acid 87 (1.0 g, 6.84 mmol) in DMF 20 mL
was added N-hydroxysuccinimide (3.0 g, 27.4 mmol) and EDC-HCI (5.14 g, 27.4 mmol). After
the solution was stirred at room temperature for 24 hours, the reaction mixture was evaporated
in vacuo, and the crude was dissolved into acetone 200 mL and poured into 1 M HCI aq 250
mL. After 2 h, white precipitate was filtered and washed with water and acetone to give Bis-
NHS compound 88 as white solid (1.75 g, 75%): '"H NMR (500 MHz, CDCl3) §2.84 (s, 4H),
2.83 (s, 4H), 2.67 (t, J = 3.5 Hz, 4H), 1.89 (t, J= 3.5 Hz, 4H); *C NMR (125 MHz, CDCl3) §
169.4,168.4,30.7,25.9,23.9; ESI-HRMS m/z caled for C14H17N>Og ((M+H]") 341.0979, found
341.0973.

HO HO
o)
" o
T-NHHN—B: DIEA(4.0 eq) NHHN —©— 0
Bis-NHS ester 88 (2.0 eq)
NH |, HN NH H
o N DMF, rt, 5 h, 45%
0
HN
2TFA NH, 2TFA
H,N” N
H 86

Preparation of 89: To the stirred solution of ¢(RGDyK) 86 (28.8 mg, 0.034 mmol) and Bis-
NHS compound 88 (23.2 mg, 0.068 mmol) in DMF 680 uL was added DIEA (16.8 uL, 0.10
mmol). After the solution was stirred at room temperature for 24 hours, the resulting residue
was purified by RP-HPLC using a preparative column at a flow rate of 8 mL/min with a linear
gradient of MeCN/0.1%TFA (1-80% for 40 min) to obtain c(RGDyK) NHS ester 89 (14.0 mg,
45%): "TH NMR (500 MHz, CD3;0D) 67.00 (d, J = 6.5 Hz, 2H), 6.68 (d, J = 6.5 Hz, 2H), 4.74
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(t, J=7.0 Hz, 1H), 4.41 (q, J = 7.0 Hz, 1H), 4.26-4.30 (m, 2H), 3.91-3.86 (m, 1H), 3.22-3.18
(m, 1H), 3.14-3.10 (m, 1H), 3.09 (t, J = 6.5 Hz, 2H), 2.91-2.85 (m, 2H), 2.84-2.78 (m, 5H),
2.59 (t,J=9.5 Hz, 2H), 2.64-2.60 (m, 1H), 2.58 (dd, J = 16.5, 9.0 Hz, 1H), 2.19 (t, J= 7.0 Hz,
2H), 2.22 (t, J = 7.0 Hz, 2H), 1.92-1.82 (m, 1H), 1.74-1.60 (m, 6H), 1.57-1.44 (m, 3H), 1.44-
1.32 (m, 2H), 1.09-0.90 (m, 2H); ESI-HRMS m/z calcd for C37Hs3N19O13 ([M+H]") 845.3788,
found 845.3769.

HO DIEA(5.0 eq) HO

0o \\
%@ R s L 2.%3:@% °2=o
NHH

Preparation of 90: To the stirred solution of ¢(RGDyK)-OSu 89 (4.2 mg, 3.9 umol) and H-
Gly-OProp-HCI (1.1 mg, 7.8 pmol) in DMF 200 pL was added DIEA (3.3 pL, 19.6 pumol).
After the solution was stirred at room temperature for 24 hours, the resulting residue was
purified by RP-HPLC using a preparative column at a flow rate of 8 mL/min with a linear
gradient of MeCN/0.1%TFA (1-80% for 40 min) to obtain c(RGDyK)-Propargyl 90 (3.2 mg,
75%): '"H NMR (500 MHz, CD;0D) §7.02 (d, J = 7.0 Hz, 2H), 6.71 (d, J = 7.0 Hz, 2H), 4.76
(t,J=7.5Hz, 1H), 4.75 (s, 2H), 4.44 (t, J = 7.5 Hz, 1H), 4.29-4.20 (m, 2H), 3.98 (s, 2H), 3.91
(dd, J=9.5, 3.0 Hz, 1H), 3.25-3.20 (m, 1H), 3.18-3.11 (m, 1H), 3.11 (t, /= 7.0 Hz, 2H), 2.96
(s, 1H), 2.88 (d, J = 8.0 Hz, 2H), 2.85 (dd, J = 16.5, 8.0 Hz, 1H), 2.58 (dd, J = 16.5, 8.0 Hz,
1H), 2.29 (t, J = 7.0 Hz, 2H), 2.22 (t, J = 7.0 Hz, 2H), 1.92-1.84 (m, 1H), 1.74-1.60 (m, 6H),
1.59-1.42 (m, 3H), 1.41 (t, J = 8.0 Hz, 2H), 1.09-0.80 (m, 2H); ESI-HRMS m/z calcd for
C3sHssN 10012 ([M+H]") 843.3995, found 843.4006.
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Chapter 4
General procedure for synthesis of 95-103.

Fmoc-Leu-OH (4.0 eq)
HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq)
DIEA (6.0 eq) 20% Piperidine/DMF
H=-Gly~ P Fmoc=-Leu-Gly— - » H-Leu-Gly—
DMF, 30 min, rt 6 min, rt

H-Gly-Trt(2-Cl)-resin
™

Fmoc-Gly-OH (4.0 eq)
HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq)
DIEA (6.0 eq) 20% Piperidine/DMF
- >  Fmoc—Gly-Leu-Gly— - > H-—Gly-Leu-Gly—
DMF, 30 min, rt 6 min, rt

Fmoc-Pro-OH (4.0 eq)
HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq)
DIEA (6.0 eq) 20% Piperidine/DMF
Fmoc—Pro-Gly-Leu-Gly — : » H-Pro-Gly-Leu-Gly—
DMF, 30 min, rt 6 min, rt

Y

Fmoc-Tyr(‘Bu)-OH (4.0 eq)
HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq)

DIEA (6.0 eq) 20% Piperidine/DMF
= I Fmoc—Tyr—Pro-Gly-Leu-Gly— 3 H-Tyr—Pro-Gly-Leu-Gly—
DMF, 30 min, rt 1 1

6 min, rt
Bu Bu

Boc-Gly-OH (4.0 eq)
HCTU (4.0 eq)
HOB{t(6-Cl) (4.0 eq)
20% HFIP/CHCI
DIEA (6.0 eq) s Bou=Giy=Tyr-Pro—Gly=Lou=Gly— e 3 g Boc-Gly—Tyr-Pro-Gly-Leu-Gly-OH
DMF, 30 min, rt ! 1hrt .

'Bu Bu

92

o K5COs, ///\ Br

DMF, rt,1d /T —
- H-Gly—Tyr—Pro-Gly-Leu-Gly-0

2) TFA, 2 min, rt 93

H-Gly-Trt(2-Cl) resin 71 was swollen with DMF for 30 min. To the resin 71 was added Fmoc-
Leu-OH, HCTU, HOBt(6-Cl) in DMF and DIEA, and the suspension was shaken for 30 min.
The coupling reaction was monitored by KISER test reagent for detection of amino group. The
resin was washed with DMF (1 minx3). Fmoc deprotection was performed by the use of 20%
piperidine in DMF (2 minx3) and washed with DMF (1 minx3). Peptide elongation and Fmoc
deprotection was carried out manually by using Fmoc amino acid/HCTU/HOBt(6-Cl)/DIEA
(4/4/4/6 eq) in DMF for 30 min and by the use of 20% piperidine in DMF (2 minx3). After

peptide elongation of 3 amino acids, Boc-Gly-OH was elongated as N-terminus residue. The
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protected peptide was treated with 20% HFIP/CHCI3 for 1 hour. The crude peptide was
precipitated with cold diethyl ether, and the precipitate was dried in vacuo to obtain Boc-Gly-
Tyr(‘Bu)-Pro-Gly-Leu-Gly-OH 92 as a crude.

To a stirred solution of 92 in DMF was added K»CO; and propargyl bromide at room
temperature. After stirring for 1 d, DMF was removed in vacuo and the crude was extracted
with CHCI3 and washed with brine. The organic layer was dried over Na>SO4 and concentrated
in vacuo to give propargyl ester, which was used without further purification.

A solution of propargyl ester in TFA 0.2 mL was stirred for 2 min at room temperature. TFA
was removed in vacuo and by RP-HPLC using a preparative column at a flow rate of § mL/min
with a linear gradient of MeCN/0.1%TFA (1-80% for 40 min) to obtain H-Gly-Tyr-Pro-Gly-
Leu-Gly-OPropargyl 93.

H-GYPGLG-OPropargyl 93

o

§ 5§ 8 &8 § 4§ § 4
|

4 8 4
1

N Y A
ﬂﬂl Iﬂﬂl Iﬂﬂl

T T T T
mu mu ET] EA]

ESI-HRMS m/z caled for CasHaiNgOs ([M+H]") 601.2980, found 601.2985.

H-GTPGLG-OPropargyl 95

-

5 4 84 8 8 8 8 8 8 38 84

ESI-HRMS m/z caled for CasH3oNsOg ([M+H]") 539.2824, found 539.2835.
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H-GSYPFG-OPropargyl 96
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ESI-HRMS m/z calcd for C33H41N6Oo ([M+H]") 665.2930, found 665.2943.

H-AYPALG-OPropargyl 97
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ESI- HRMS m/z Calcd for C3OH43N608 ([M+H ) 615.3137, found 615.3147.
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ESI-HRMS m/z caled for C3sHasNeOg ([M+H]") 677.3293, found 677.3300.
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H-GPPFGIGG-OPropargyl 99
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ESI-HRMS m/z calcd for C36HsiNsOo ([M+H]") 739.3774, found 739.3788.

H-GRGDG-OPropargyl 100
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ESI-HRMS m/z caled for C1oH31NsOs ((M+H]") 499.2259, found 499.2273.

H-GRGDyG-OPropargyl 101
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ESI-HRMS m/z caled for C2sHaoNoO10 ((M+H]") 662.2893, found 662.2899.
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General procedure for synthesis of 102-103

Fmoc-Phe-OH (4.0 eq)

HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq)
DIEA (6.0 eq) 20% Piperidine/DMF
H-Gly— 3 Fmoc—Phe-Gly— ————— > H-Phe-Gly—
DMF, 30 min, rt 6 min, rt

H-Gly-Trt(2-Cl)-resin
71

Fmoc-Leu-OH (4.0 eq)

HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq)
DIEA (6.0 eq) 20% Piperidine/DMF
»  Fmoc—Leu-Phe-Gly— —————» H-Leu-Phe-Gly—|
DMF, 30 min, rt 6 min, rt
Fmoc-Lys(Boc)-OH (4.0 eq)
HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq)
DIEA (6.0 e 20% Piperidine/DMF
( il = Fmoc—Lys—Gly-Leu—-Gly— - H-Lys-Gly-Leu-Gly—
DMF, 30 min, rt 1 6 min, rt 1
Boce Boc

Fmoc-Gly-OH (4.0 eq)
HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq)
DIEA (6.0 eq) 20% Piperidine/DMF
3 Fmoc-Gly-Lys=Gly-Leu-Gly—
DMF, 30 min, rt 1 6 min, rt

H-Gly-Lys-Gly-Leu-Gly—
1

Boc Boc

Ac-Gly-OH (4.0 eq)
HCTU (4.0 eq)
HOBt(6-Cl) (4.0 eq)

; 20% HFIP / CHCI
DERESIY Ac=Gly~Gly-Lys-Gly -Leu-Gly— L 3

Ac-Gly-Gly-Lys-Gly-Leu-Gly-OH
1

DMF, 30 min, rt BoE 1h,rt B
KOy, & B
) DMF, rt, 1 d I —
_ - Ac-Gly-Gly-Lys-Gly-Leu-Gly-0
2) TFA, 2 min, rt 106d

H-Gly-Trt(2-Cl) resin 71 was swollen with DMF for 30 min. To the resin 71 was added Fmoc-
Phe-OH, HCTU, HOBt(6-Cl) in DMF and DIEA, and the suspension was shaken for 30 min.
The coupling reaction was monitored by KISER test reagent for detection of amino group. The
resin was washed with DMF (1 minx3). Fmoc deprotection was performed by the use of 20%
piperidine in DMF (2 min x 3) and washed with DMF (1 min x 3). Peptide elongation and Fmoc
deprotection was carried out manually by using Fmoc amino acid/HCTU/HOBt(6-Cl)/DIEA
(4/4/4/6 eq) in DMF for 30 min and by the use of 20% piperidine in DMF (2 minx3). After
peptide elongation of 3 amino acids, N-Acetyl amino acid was elongated as N-terminus residue
of peptide. The protected peptide was treated with 20% HFIP/CHCI3 for 1 hour. The crude
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peptide was precipitated with cold diethyl ether, and the precipitate was dried in vacuo to obtain
Ac-Gly-Gly-Lys(Boc)-Leu-Phe-Gly-OH as a crude.

To a stirred solution of the crude in DMF was added K>2COs3 and propargyl bromide at room
temperature. After stirring for 1 d, DMF was removed in vacuo and the crude was extracted
with CHCI3 and washed with brine. The organic layer was dried over Na>SO4 and concentrated
in vacuo to give propargyl ester, which was used without further purification.

A solution of propargyl ester in TFA 0.2 mL was stirred for 2 min at room temperature. TFA
was removed in vacuo and by RP-HPLC using a preparative column at a flow rate of § mL/min
with a linear gradient of MeCN/0.1%TFA (1-80% for 40 min) to obtain H-Gly-Gly-Lys-Leu-
Phe-Gly-OPropargyl 103d.

Ac-FYkFpG-OPropargyl 102a

ey -’ Ty ETY Ty =’ Ty - -

ESI-HRMS m/z caled for CasHssN7O9 ([M+H]") 838.4134, found 838.4149.

H

Ac-AYkFpG-OPropargyl 102b
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ESI-HRMS m/z caled for C390Hs:N709 ([M+H]") 762.3821, found 762.3844.
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Ac-AGkFpG-OPropargyl 102¢
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ESI-HRMS m/z calcd for C3,HasN7Os ([M+H]") 656.3402, found 656.3422.
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ESI-HRMS m/z caled for C3sHsoN7Og ([M+H]") 732.3715, found 732.3726.

Ac-LGkFpG-OPropargyl 102e
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ESI-HRMS m/z caled for C3sHs:N7Og ([M+H]") 698.3872, found 698.3890.
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Ac-FYKLFG-OPropargyl 103a

.-

bl b bl bl bl bbb gL &
]
p

A

[y Ty T} Ty [Ty =t [Ty

ESI-HRMS m/z calcd for CasHeoN709 ([M+H]") 854.4447, found 854.4451.

Ac-GYKLFG-OPropargyl 103b
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ESI-HRMS m/z caled for C3oHsaN709 ([M+H]") 764.3978, found 764.4001.

Ac-GSKLFG-OPropargyl 103¢
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ESI-HRMS m/z caled for C33HsoN7O9 ([M+H]") 688.3665, found 688.3670.
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Ac-GGKLFG-OPropargyl 103d
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ESI-HRMS m/z calcd for C3,HasN7Os ([M+H]") 658.3559, found 658.3570.
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Peptide cyclization

To a solution of HSA-Au catalyst 5.4 mg (80 nmol) in PBS 70 puL was added peptide-
OPropargyl substrate 95-103 (0.8 pumol) and NEt; 0.32 pL (2.4 pumol). The reaction was
monitored by RP-HPLC and the yield was calculated from HPLC peak.

c¢(GYPGLG) 95!¢%]
EETTE

W -

HSA

1250 —E
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ESI-HRMS m/z calcd for C26H37N6O7 ([M+H]") 545.2718, found 545.2740.
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ESI-HRMS m/z caled for C21H3sN¢O7 ([M+H]") 483.2562, found 483.2576.
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ESI-HRMS m/z calcd for C27H39N6O7 ([M+H]") 559.2875, found 559.2888.
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ESI-HRMS m/z calcd for C26H37N6Os ([M+H]") 561.2667, found 561.2677.
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ESI-HRMS m/z calcd for C33H47NsOs ([M+H]") 683.3511, found 683.3511.
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ESI-HRMS m/z caled for C3HagN7O7 ([M+H]") 642.3610, found 642.3623.
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ESI-HRMS m/z calced for C36HsoN7Os ([M+H]") 708.3715, found 708.3743.
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ESI-HRMS m/z calcd for C43HssN7Os ([M+H]") 798.4185, found 798.4197.
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ESI-HRMS m/z caled for C30HasN7Os ([M+H]") 632.3402, found 632.3411.
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Synthesis of RGD Cluster

HO
o

(0] DIEA (2.0 eq)
0 : ( ..e‘©-0|-|
NH |, HN 9 —_— =

O-N

H,0, 40 °C, 24 h

I
=
\‘\_}
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?
=z
i
o
(@)

H
H,N” °N
2" H I RGDJISARA—
TFA (\ o Ak
RGD
RGD o-N;j
0O o
89

To the solution of HSA (66.5 mg, 1 umol) in H>O 1 mL was added compound 89 (9.6 mg, 10
umol) in H2O 500 pL and mildly shaked for 24 hours. The solution was washed with H>O 3
times using Microcon® centrifugal filters. MALDI-TOF-MS (positive mode) detected the
molecular weight of RGD-cluster at 70.0 kDa, which contains an average number of 5

¢(RGDyK) molecules per albumin.
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Biological experiment
General cell culture protocol
The three cell lines used in this study were obtained from either RIKEN Cell Bank or JCRB

Cell Bank. Specific growth media used for each individual cell lines are indicated as follows.

AS549 cell (human adenocarcinomic alveolar basal epithelial cells)
Medium: DMEM, FBS: 10%, PenicillinStreptomycin: 1%.

HelLa cell (human cervical cancer cells)
Medium: DMEM, FBS: 10%, PenicillinStreptomycin: 1%.

SW620 (human colon cancer cells)
Medium: L-15, FBS: 10%, PenicillinStreptomycin: 1%.

Gold-catalyzed amide bond formation (in vitro)

HeLa cell under study were plated onto 96-well Falcon® microplates at a density of 7.5x103
cells per 100 pL of media. Cells were then grown for approximately a day at 37°C. The solution
of HSA-Au 69 in H>O (1.0 mM) 5 uLL and TAMRA-Propargyl 68 (2.0 mM) 5 uL was added to
the 96 well plate. After 45 min incubation, media in each well was removed by suction and 100
uL of hoechst33342 solution in PBS (1 pg/mL) was added. After 10 min incubation, the
solution was removed by suction and added 100 uL of 4% PFA solution to fix the cell.
Fluorescence analysis was performed with Keyence BZ-X710 All-in-one Fluorescence

Microscope® and observed at appropriate wavelength.

In vivo Kinetics analysis

All procedures involving experiment animals were approved by the Ethics Committee of
RIKEN (MAH21-19-17). The experiments were performed in accordance with institutional and
national guidelines. Glyco-Au 60, 76 (4.0 nmol) in H>O 30 uL was diluted in saline 70 pL and
injected into 8 to 10-week-old BALB/cAJcl-nu/nu mice (CLEA Japan, Inc.) via the tail vein
(n=4). After 30 min, Cy7.5-Propargyl 75 (5.0 nmol) in H2O:DMSO (200:1) 30 uL was diluted
in saline 70 pl and injected into the mouse via the tail vain. The mice were then anesthetized
with Nembutal® or isoflurane and placed into an IVIS kinetics fluorescence imager® (Caliper
Life Sciences, Inc.). Abdominal side and back images were taken at 30-minute intervals. To
evaluate the rate of fluorescent signal increased in the urinary bladder, the fluorescence around
the urinary bladder was calculated within an arbitrarily defined region of interest (ROI). After
3 hours of observation, the mice were sacrificed and perfused with 4% paraformaldehyde
solution, and fluorescence intensities in the liver and intestine were measured within an
arbitrarily defined ROI.
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Microscopy observation of TAMRA fluorescence in the liver

Glyco-AuSi#6 76 (4 nmol) in H>O 30 pL was diluted in saline 70 pL and injected into 8 to 10-
week-old BALB/cAJcl-nu/nu mice (CLEA Japan, Inc.) via the tail vein (n=3). After 30 min,
TAMRA-Propargyl 68 (100 nmol) in H2O 30 puL were diluted in saline 70 pL and injected into
the mouse via the tail vain. After 3 hours, the mice were sacrificed and perfused with 4%
paraformaldehyde solution. Livers were further postfixed with 4% PFA at 4 °C for 24 hours,
transferred to 15% sucrose in PBS, and kept at 4 °C for 24 hours, then to 30% sucrose in PBS
likewise. The tissues were frozen in OCT compound® at -78 °C. The tissue blocks were cut
into 6-8 mm sections. After the slices were labelled with DAPI, the sample were mounted in

CC/Mount and imaged using an FV1000-D laser scanning confocal microscope (Olympus).

Detection of intracellular fluorescent signal by SDS-PAGE

For sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), mouse livers
were homogenized in 2 volumes of 25 mM Tris-HCI1 (pH7.4), 2.5 mM EDTA and 1% Triton X-
100 with protease inhibitor cocktail (Roche) by polytron homogenizer. The homogenates were
centrifuged at 10,000 x g at 4 °C for 10 min. The supernatants were used in SDS-PAGE. Protein
concentrations were determined by Protein Assay Rapid Kit (Wako) using bovine serum
albumin as the standard. The samples (500 pg each) were loaded onto 10% polyacrylamide gels
with size marker (Protein Ladder One, Triple-color, Nacalai tesque). After electrophoresis, the
fluorescent images were acquired with 532 nm exciting Laser by Typhoon FLA7000 (GE
healthcare).

Interaction of glycocluster to the cancer cells

HeLa, A549 cell were plated onto 96-well Falcon® microplates at a density of 7.5x10°, 1.0x10*
cells per 100 pL of media. Cells were then grown for approximately a day at 37 °C. 20 pmol of
glycocluster 79 in 2 pL of H2O was added to the well and incubated for overnight. After
incubation, media in each well were removed by suction and the cells were washed with PBS
2 times. After washing, 100 pL of hoechst solution in PBS (1 pg/mL) was added. After 10 min
incubation, the solution was removed by suction and added 100 pL of 4% PFA solution to fix
the cell. Fluorescence analysis was performed with Keyence BZ-X710 All-in-one Fluorescence

Microscope® and observed at appropriate wavelength.

Cell viability assay of RGD-Propargyl 90

Cell viability was determined using a WST-8 Cell Proliferation Assay, which is a colorimetric
method to monitor the reduction of the water-soluble tetrazolium salt, WST-8 to its formazan
derivative via mitochondrial dehydrogenase of metabolically active cells. The commercial kit
used in this study was the Cell Count Reagent SF Kit (Nacalai Tesque, Kyoto, Japan).
Approximately 1< 10* cells/well of HeLa-Luc cells in 10 pL HBSS media were first incubated
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with Glyco-AuSi@3 80 (1 nmol in 1 uL of saline) for 15 min, followed by the addition of cRGD-
propargyl ester 90 (5 nmol of 1 puL saline), and then subsequently incubated for 15 min. Under
control conditions, reagents were replaced with a 0.9% saline solution (Otsuka Pharmaceuticals,
Japan) when necessary. Cells were then plated onto 96-well Falcon® microplates along with
the addition of DMEM media 90 pl, and grown for various time points (0, 3, 24, and 48 hours).
To initialize quantification of cell viability, Cell Count reagent 10 pL was added. Following

incubation at 37 °C for 1 hour, end-point absorbance was acquired at 450 nm.

Fluorescence-Activated Cell Sorting (FACS) assay

Flow cytometry and cell sorting were performed using standard procedures with a Sony SH800
Cell Sorter (Sony Corporation, Japan). The flow cytometer was equipped with 405, 488, 561
and 638 nm lasers, where cells were gated at the excitation/emission wavelegnths of ex/em=405
nm/470 nm for Glyco-AuSi@3 80 detection, and ex/em=515 nm/528 nm for Venus (iV)

detection. Results were analyzed using Sony SH800 software.

Peptide bioconjugation assay

SW620 cell under study were plated onto 96-well Falcon® microplates at a density of 1.5x10*
cells per 100 puL of media. 5 uL. of RGD-Au 105 (0.4 mM in PBS) and 10 pL peptides 103a-d
(6.0 mM in PBS) 10 pL was added to the medium and incubated for 2 days. Cytotoxity assay
was performed with ATPlite assey kit (Perkin Elmer Co., Ltd.).

Peptide bioconjugation assay in vivo

SW620 tissue were implanted to the 10-week-old BALB/cAJcl-nu/nu mice. RGD-Au 105 in
PBS 10 pL was diluted in saline 90 pL and injected into SW620 inplanted mice via tail vein.
After 30 min, 10 pL of Ac-GGKLFG-OPropargyl 103d (12 mM) was diluted in saline 90 pL
and injected into the mice via tail vein. These protocols were repeated in each 8 days and the

size of tumor tissues were measured in each day.
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