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Figure 2 Binding modes used for RI-labeling
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Figure 4 Direct and indirect labeling approaches
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HICHL LTz, 2 < O%E, IR FbEWE St RITIERFER BT, £0%, /F
XU T 4 —ICE DT ARSI ORBD TN D, it RN Mot E (Raf) Zhkd
2O T, BN TE DERIEITHIR 22T 5, X7 TF Rp EOFR LAY OB 72 i
PEa o BRI TE 5 2 LR STV AREREIE, 2-3 THRA L 11 oW, 3 fE
DHToHDH, TNETOREICLDE, TO BT 2 s ona 7 AuROE 2, 1@ ik
A R=~a 7 AR ), T 7V v 7 5% FAW = One-Pot 2~ 7 AV 7273 ) 3
7T ROBEBRRSES TR AT A X T UERICEIS ST D, L LR b, Rl
LizE 91, OOFIEE, TAZFUAEBICHEIETERWGENSH Y, (EBR 2
WL 25808 H D, £T2, QDOFIEL, AHEAXFIEMAOBEEOMENH D, FiZ, mF
&t CAT, NCS, H,0, 72 EOALAIZ VDM ERH L Z b, TIHIZL D RIEE
MOEHEE bR D, @OTFEIL, AEMNZTIETIEIH LM, AENTH I vFE LTS
ZEBEREINTWD, T, O, @, @LUANOTIEE LT, MEE#EEHWS 2 L TX
D0, AR ORI TRENZERE L 25720, iz hiks vz,

VLEIZRT L 91E, X7 F RO MED U R ERICHW S 2 &2 HR D RUESRIEIZ 57 &
ITWR R, Z22T, FEFIL, XTFRHATE L0 AAEREDRIEZITS Z LI L
oo ETHIOIC, FHIL, LUTIOR Uit X DA D FE e 7 ABOS ORI E B
L, N6 E2XTF ROEEERE~HES TE D0 E R LT,

1. Aw aiERERE, AR XEIEMA L ik U TAR~OEMEME,

2. CAT, NCS, H0,7¢ & DFAbHI% H D B 720,

3. EATFOTAZFUMERITAIHTE 2 Z LBHE SN TN D,

AR CTIE, e E O R 2 O X 2R v FE e 5 ACBOSIZ BT 250
TIERICOWCRBRT 5, HETIE, XTF F~DISHETT O L4k, BEHEUOBRRY
F REGURRA XA T OXTF NI LTl T 2L E B L, EikRIicygEs b

(a) Copper-mediated radioiododeboronation (CuRIB)
> Low toxicity of the precursor

HO cu(ln i
B = ,-rri’, — ’ ‘ 1250 = 00 C > Stable precursor
HO @ Pertide ['*I1]Na _cu(l)cu — = RIZED » No heating required

; Cu(lln)
( C » Simple catalyst

(b) One-pot two-step radiolabeling method using CuRIB and CuAAC

CuRIB FM —+| CuAAC Purification —» Target compound

o r
{
R &
7}4(; =&y ! ( 125, " r(‘_f lrr > Able to continuously add reagents
(o] \©\/ ['251]Nal |}1:/ Peptide > Only a single purification step required
N3 cu catalyst Na ascorbate, TBTA N (

» No heating required

Figure 7 Characteristics of (a) copper-mediated radioiododeboronation (CuRIB) and (b) one-pot two-step radiolabeling
method using CuRIB and CuAAC.
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25 /8T A — 2 O OISR S O Rl b 21T o 7o, 7, AR TH LR & i,
ARBE O FUSHEHE OHEEIZ DWW T H kA Tz,

BOETE, B oEmCHE LN CuRIB KUSICEIT 28R 2 Kz, X7 F KD One-Pot Two-
Step HERIE DRI A1T > 7. AWFZE T, CuRIB K& % V7= St = v 326314 o 8t o
{2 & UMk % CuRIB OSUGHREN BHEE L, Mtk a vEfb arva F—v g VR
Z G AL HIAE T BE 72 B R BUG ORESE A Gl L 7= (Figure 7). AFHEOERIZ LV, GEALD
FBAEHRIEO R A TH DR TROZEFLICEIN T D /EE TR OEMI L & BhEEd 5 = LA
TE 5, AL, HERBOMBREREOR] S 2T LoD, HEEERIEICS LR WtuE >
22T F ROBES U FLIEOHEN AEE L 725, FURMIZIE, CuRIB K% D2
Va—va Ve LT CuAAC 28R L, e 723 ORI £ 5 T ARk O A
Rk & AL TR DA A R A T,
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N

B—E MBI X DM TR S URERIRE AW S U RIS
B (B TFEEMORSEST U RIEHR

AT F ROE#AEAT AN, CuRIB % AW TAAR S TALAE W O Tt 3 7 Stk 2 Ikt
L7z, AREICIE, Ru UEiBRARGF OB S, BRAORELZIHMET 5 &3z, Rav
W b B OFRH#EL Y U CTHBICHM SN D B o — WRURHE L O R EIC U TR L 7=,

FOS G, BEMAZBICRE L, SRR 2 2B eIl 2 L 3 b
Cu(py)s(OTE), ZERH L7= B, KISIABEIZIE MeOH & V=, £72, ARHITI%, PerkinElmer
Inc. (Waltham, MA, USA) X 0 A L7z ['"®I]Nal (aq. 10 uM NaOH) ZFI|H U7z, G,
BITRREZ R T 7 NNTITW, $hr v v 7 Tl L7REET 10 0RIRIS S® 7, RIS TH#,
7 VA TLC AT &4T\y, E— 7 Hfgkk L W RCC ZHH L= (RCC OHEHFIEIC OV TILE
BRIEZ ), AEEREERIT 3 B S, EROOFEHEREL L,

i R %4 Figure 8 IZF & 70, A EHERRFER 21T > 72L& D RCC IR \VME (84.6-99.7%) %
RL, fREREZEE VAR e VEERIERAE WA v a— WU A T AR e v
AIBE IR Z FAWZI5E T, ARAZIIMR I NN -oT-, £, ARFICHE, BTk
N L HPEERINR O FIIMEER SN o 72, B, HEER EoE#IL (-OH, -COOH, -CHO,
-SMe) 1L % RCC ~DFE BT/ <, ERMEKM CHERZITMHE IR o1,

IEDRERING, ARIAWTESSME, FER LOBEBRLIC L2 ELZ T, an
IR C BRI 2 5 2 T2, WIS, AFEERSFICH VT, B a— VR DA I, 1%
RICHE R BE 27202 LD, Re UEBHRORFHIBWT, 2 OfF BT E
DIRWVEEH THDH EEZXLND,
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EO Nt ['?%I]Nal 125,
HO" R 0 B Cu(py)a(OTH), X
[ Jr| o B - [ g
= = MeOH =
(i) Aryl boronic acids (ii) Aryl boronic esters 25°C, 10 min ['251]1-10
OH

125|

\©\ 125 OH 125
OH \©/

1():| 97.2+0.5% 2(i):[ 985+0.4% 3():| o8.4+02%
1(ii):| 94.7+1.0% 2ii): 3(ii):| 99.4+0.1%

COOH
125| 125| COOH 125|
: COOH U
4(i): 5(i): | 96.3+1.2% 6(i):] 95.7+1.0%
4(ii): 5(ii):| 89.7+1.7% 6(ii):; 99.7%+0.1%

125|

125|
CHO ‘ ‘ \©\ 125 SMe
SMe :/\

7(i):] 97.9+0.1% 8(i):| 98.9+0.1% 9(i):| 98.0+0.1% 10(i):| 98.6+0.2%

7(ii):| 99.4+0.1% 8(ii):| 99.1+0.2% 9(ii):| 99.0£0.1% 10(ii):) 97.2+0.2%

Q

Figure 8 Scope study of CuRIB via aryl boronic acid or pinacol ester

RCCs of radiolabeled compounds were determined by radio-TLC (n = 3). The reaction solution was analyzed using the
radio-HPLC to confirm identity of '*I-radiolabeled compounds.

[J. Labelled Comp. Radiopharm. (2021), Figure 2 & ¥ —#5] H]

WIZ, 5 8 CREaR T A MRk A 2 O 72 [P1]IB-o(RGDyk) DA %I 1T T, Bolton-
Hunter DO —FTH 2D [1]12 K ["1]14 O G Rk % EhE L7- (Figure 9), ['*I]12 &Y
114 1%, ~TFRFRLZ A" TEOT I LIS, 7 PG &R T 5 2 & Tkt
REFEAT Do FEBRIBALDOFRVEITARNDS, <D F T EORSE S o FAEFH I
LNTHY, ZOAMMETEV, L1L, 0 FHO NHS = 27 UG, BOSHED &S
Th DI, HEVET U FIRFOISGMC, EOBIERM X DR WATREERH D, +
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ZC, EHDVPRE LTRSS, 112 XY ['P1)114 OERKIZ 5 2 2 2T OV THEANIC
FHRBZ L L,

WIDIZ, AR L7254 T, A e CERiBk A 11 2 TP OA A T 7, fiRe L
T, RCC 1T 10 &I EVMEZ /R L722%, RCC XSGR OGS & s Lz, & 2T,
TSR DO ZEROWE L HIC, RISEEEOEZ1T 9 Z LT Lc, RISHOEEERE
DRSS %Z[E L, MeOH, EtOH, MeCN, Acetone #i&R L, 74 TLC HHric kv, &
FOGEKE#] (10,30,60min) (2351 5 H LAY KO RI B4R O RCC Z i ~7= (Table2), X
JGVARE & L C BtOH & W72 B, SOSKER 10 29T, RCC 1% 98.8% Th o7z, Tz, #REFY
72 RI BV OHENIE, MeOH % W54 L 0 &/ & hvo 7= (Figure 10), MeOH & TY EtOH
ERWEESICENTYH, FRULEEZITIRZETH Y, B T HIUTE TR TTHE
ThoT-, —F, MeCN N Acetone & W\ 7=356 1%, FRERGEIZEE 5 RI B OHEINX
MR IR o To S, OB D ARKIZ X0, T DITUENMEVME & 72 > 7= (Table 2),
UL B FEBRAE A2 T, 2112 KON [I)14 DA ICIZ EtOH Z Wb Z Lz Lz, fERE
LT, AXKRUOUNTEBAILZ, 95% %% 5E\V RCC THLND Z ERERINTE (A
B © 973 +0.1%, /ST EHAR : 96.3 +1.0%),

AREBRFER S, CuRIB MGEHAWT, 112 KO ['B1)14 O SR EIT O 56, RISTA
& LTEOH A WD Z LN E LW EOH % FUSEBIZ W 5A THHENTTIE S 5208,
IRF AR 1 RIEIERA D3N 5 728D, A RS 1T RS AL 21T 5 B &
o X8

Table 2 Effect of reaction solvents on the synthesis of ['251]12

Reaction time

Entry Solvent
10 min 30 min 60min
1 MeOH 97.7% 93.6% 88.2%
2 EtOH 98.8% 97.6% 95.2%
3 MeCN 87.8% 91.2% 91.5%
4 Acetone 90.2% 90.7% 92.1%

*RCCs were determined by radio-TLC (n=1)
[J. Labelled Comp. Radiopharm. (2021), Figure S1 & ¥ 5| H]

(a) Reaction solvent: MeOH (b) Reaction solvent: EtOH
. . B .
. <« By-product
97.7% 88.2% 98.8% 95.2%
X =B(OH),: 11 X = B(OH),: 13 . . ° 9
X =130 ['#]12 X =13 [']14 10min 60 min 10 min 60 min

Figure 9 RCCs of ['*I]12 and ['?*I]14 when using EtOH Figure 10 Radio-TLC of ['*51]12
as the reaction solvent (n = 3) Analysis condition: SiO2; CHCl3: MeOH (= 18:1)
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B_H NTF MRS FOEZER LB S U RER

By L E AW TR EROERZ I, LVEEKGT A 7 b~ % il A
7oo AAFFETIX, avpBsintegrin inhibitor O—-2>T&H HEIR~TF K ¢(RGDyk) ZRHZIZHET 5
E&Y 1116 (["*I]IB-c(RGDyk)), % (8 PSMA inhibitor % f:EZICH T 5 X7 F R 1
['21]22 (['P1)IB-PA) % &7 WMZFEREZIT 572, P16 OGN TIE, B E & O
BERE T TN W TAR L, b ORIRZ I L7z,

B ['SIIB-c(RGDYK) DB LEA

FTUIDIC, MEAEFEREE AT, 2116 (['*1)IB-¢(RGDyk)) D& AT~ 7=, & —&i TR
L7ofE R 2 350, 1114 % EtOH WU FCARL L, HPLC Z W THEEL 72 (RCY = 76.7 +
2.3%), HEEEIRIL, K THRE, BT Z A (Cis Sep-Pak®) 12 L, K THF L7,
WIZ, MeCN C [BI)14 #VEH L, DFEH ALY EiFE%, PSRRI L LT TEA F/E T,
DMF T, ¢(RGDyk) &Kt &t7- (Figure 11), SIS T, HPLC FEHUZ LV, ["5I)16 %
572 [RCY = 60.4 + 5.6% (Overall RCY: 38.1 + 1.4%)], EAEDIEERFIL, 140-157 %) (n=3)
ThoT,

Wi, EEE#REE ROV CI16 O/ ETT > 7= (Figure 12 (a)), ["*1]16 DA KETT H1Z
BV, ETHOIIH T CBABEDO G AT o7, RERTIL, BEFEGH% O HPLC
ZERE L, ABEARE RUEMSRAOWIEDOE NN KREL 2D LI, R#ERT U —0Ra VR
BRIA 15 28R L7, AR o U ERRTER(K 15 1%, o(RGDyk) & 13 % TEA/DMF H C iUt S8 7214,
HPLC fEHA21T 5 2 & THEOINLE (IF : 43.6%), {LFH1EIL, NMR KONG5 f#GE ESIMS 47

['#1]Nal 125)
CU(PY)A(OTf)z o]
o.
T mon N
25°C, 10 min 0
(125114
RCY: 76.7 + 2.3%
HO,
125‘
o 125
HoN H 0 )H OH o ®ma
o H NH\[o]/ Praleind NH
NH HN»—/OWﬁ 25°C.1h NH HNJT\N/\I(
HNT N HoN N/\/
H
c(RGDyk) ['251]16 (['?°1]IB-c(RGDyk))

RCY: 60.4 + 5.6% (Overall RCY: 38.1 £ 1.4%)

Figure 11 Synthesis of ['?*I]16 using indirect radioiodination (n = 3)
[J. Labelled Comp. Radiopharm. (2021), Scheme 1 & ¥ —¥5|H]
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HO" 1INal -

Oﬁ” No j’\ oH CuEpy)itoamz ©\er H.o j\ OH
S ESE 5 Sl TN

fe) o NH MeOH o O NH
HNT N~ NN
15 ['?%1116

RCY: 78.5 £ 3.3%

b
(®)  my 15001 -
] = UV detector 254 nm
g 15
1000 | l
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500 | @
1 | %
— I =
0 L .
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o~
|18 RI detector
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7.5 S E
] \ |
50-] Freel-125 \‘
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2.5 I
f 3
= Il
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T T T T T
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min

Figure 12 Synthesis of ['2*I]16 using direct radioiodination via boronic precursor 15 (n = 3)
(a) Synthesis scherm, (b) HPLC chromatogram of the reaction mixture.
[J. Labelled Comp. Radiopharm. (2021), Scheme 1 % U Figure 4 &V —#(5] H]

Bradro> 2 & THRE LT, HEWT, [PI16 OFRIEZ BIIZ, BE¥LEWE LT, FEEERIEK 16
AR LTIz, LA 13 ORI 14 2T, 15 DA ERBEOFERICL D Ak Lz (I
R 1 60.8%),

WIZ, ['B116 DA ETT > 72, 15 UV 16 73 MeOH (2RI 25 = L R Shi=izw, (&
DAV FEEZEAT S Z Sl Lz, /R E LT, 116 1%, RCY[78.5+3.3% (n
=3)] TELN, £z, TEEREIE, 28-324F (n=3) Th o7z, T, Figure12(b) TR T
F oI, Au AR L B ORFIRHEITIRE < HE2 > TV, HPLC AWk
LK G Thole, MHEERIETER LIZGE Lk LT, HERGERITN 2 5, EERR-IX
K15 Eirol,

L EDFERGERNS, CuRIB FUGSIE, BIRLTF K ¢(RGDyk) iAERDE )7 1251 15k
ICFIATE D Z R ainic, £, MEERELZ WSS LR LT, 2RI T
LT EBHOEMNERoT,
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WTIE  [1251)IB-PS OBURLFEE R

AMFFETIX 2180 OERRRE FIET RO ZHAWT 28122 (['PI]IB-PS) #&kL, %
B DOFERZ B Uz, JFIET T, VRS Bu 2 THRE STV eV R a U BRATER
& 21 (PB-PS) ZHW\ T, EHAIZ[122 # G Lic, —J7, HIEN TIE,  ["1]22 % 2 B
THBRLTEY, BRF N Bu fECTRE S NTZA 2 CEERTBEA 19 (PB-PS(‘Bu)) % HW
T I fEGH AT - 72, TFA CHifE#EEIT- 7=,

KIDIZ, RNa ERRTERA K ORI DB 21T o 72, ["B1116 DERL & FIERIS, RFkSUG
% HPLC ¥ 2 Z @ L, AR & RUARGRIADORMEDE WS R E < B2 5 R m RRRiiiA 4
Wbz iz Lz, KA F—2A% Figure 13 12753, DMF 1 C, HATU MO DIEA % fw
T, ALBEW 1T R ON18 %7 2 RIEATEREUGIZ X 0SS S8z, RIS T, /2% O HPLC
ZHAWTHROLEW 19 & B L7z (IEE @ 602%), Dk, £O—%, TFA TLFT 5
ZEIC L VAR e CEERTEEAR 21 2157 (IR 73.0%), LA FRIEED HIEIZ XD, 20 (R : 62.5%)
RN 22 (IR : 84.8%) ZAHk L7z,

WIZ, HE T 2RV, 21 6 ["1)22 265 L7 (Figure 14 (a)), HZaRSEIE, SR
Cu(py)4(OTf), Z VT, MeOH R T CTITo7-, A UERRIEEA 21 & ['®I]Nal &, 25°C T

PO SET-t, RONEAEY%Z HPLC THRE L2 L 24, 1122 ® RCY 1% 77.1 £6.0%
(m=3) Thol-, WIT, HENZHNT, Ko EETEA 19 705 2 BRETI5122 28R L
7z (Figure 14 (b)), £, HIET &[F UGS T PHERZITY, ERT A ZWRA T TG
K2 PefE LTe, RIS, TFA 12T, 25°C CHUREWLIRAIT o 7214, BRI A% HW TR
VR & BAE LTz, Bef%12 HPLC R RLZ 1TV, 9122 215972 (RCY:93.8+2.6%), HIZ, HiEI
IZBIT AP HEOAEREMHERT S L2 HIIC [B120 OGKAEIToTo&E A, ZD
RCY (£ 98.0 + 1.6% ThH-o7=, > T, TFA WP I > TULREN S S L7z alREMEIL A E S
i,

2

0
R
NH
00U Oy, O'Bu O OH
HATU DIEA o]
[/ 4
BuO Er—— BUO o'8u T HOL A A -2y -OH
ofH HHg

R = B(OH),: 18
R=1:5 R = B(OH),: 19 (PB-PS('Bu)) R = B(OH),: 21 (PB-PS)
R =120 (IB- Ps(’au)) R =1:22 (IB-PS)

Figure 13  Synthesis of boronic precursors (19 and 21) and standard samples (20 and 22)
[Bioorg. Med. Chem. (2022), Scheme 1 X ¥ —&85| /]
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(a) Method |

OH o 0
125|
NH
Os_OH
['251]Nal
Cu( py )4(OTf), 0
—eon HO NJ\N L__OH
25°C, 10 min oHH HHG
125| 22
(b) Method II =0
0|-| o
O'Bu
['%%1Nal
: t Cu(py)s(OTf), TFA
B Bu — >
uo OBu MeOH 25°C, 20 min
25°C, 10 min
(c)
OH 0 o]
! 125|
NH NH
0._0OBu Ox+_.O'Bu
['%51]Nal
o Cu(py)4(OTf)2 o
‘BuO NJLN \._OBu —“’MQOH ‘Buo N)LN A 0OBu
H H o i H H
o H H o 25°C, 10 min 0 H H o)
19 ['251]20

Figure 14 Radiosynthesis of [12°I]22 via boronic precursors (19 or 21)

(a) Radiosynthesis of [?*I]22 using boronic precursor 21 (Method I; n = 3). (b) Radiosynthesis of ['?*I]22 using boronic
precursor 19 (Method II; n = 3). A deprotection reaction by TFA after the radiolabeling reaction was performed
continuously without a purification process. (c) Radiosynthesis of [?*I]20 using boronic precursor 19 (n = 3).

[Bioorg. Med. Chem. (2022), Scheme 2 X ¥ —#R5| ]

ARFGETIE, |IR T T, HRVELEY ['B1]22 % BIF 72008 (RCY: 77.1-93.8%) THH Z &N
T&E, WRE, HENDZHWESEOFNE0EWEE o=, 1EERB OB ST, 5
E T (ca. 1.0h) EHEZ LT, HikI(ca. 0.5h) OFBEMNEDOENTIEENZ DD, P (tp =
13.2h) HER~OEAABE L7-E LTH 1 R OEERREIT 0 IR S 28 lcH 5 &
B25, AL, BAEAMEE~OHEAZE2 2L, TRBXVESNT, M oBaEOE
TFA W e WHIET O BNEN R TFEEEBEZ BN D,

INETIS, VLT BREZAT 2 PSMA HERI OB S U FERITIE, A5 XRIBRAK
WL A X—~a 7 U A s (RCY: 50-70%) 7577 <2 iodogen & FHWN =T 1 o kA
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DOEALE 72 i = 7 FAVEOE (RCY: 69-80%) 7 S W ST & 7=, BEfR & il L ¢, A%
BRCIF O CNERIE, FEXATZENLL EDOEE o> TnD, £/, CuRIB SE AWz Fik
TIE, AEEICH LTV EEZ =T AR XRiBACIR A 2 VWD 2 &<, IRF7ZAREME
T, HILEM A GICETERT DI LN TE D,

1116 &Y ['*1]22 OARREBROFEF D, CuRIB SUGIT X 2 ikt 3 7 FBiEi#kkx, ~
TF R (B ) OSHMED UEIER AT O IO DOE IR TR L R B AREM N R S L, R
FEERIZ 1T % CuRIB SRS OH FHFEFHIIIEF ICIRER TH U, 8 HFLPH OILR 2 M D 720121,
SOLROLRHDPMETH ST,
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A ST K DB Y R S U RIS T 2 K OREROHRE
BROREA T =R LOHEE

CuRIB [inld, FERM oG CHUME S U RIERIEZ AR TE D Z &b, BPm{LANC
TN TOERICHEH THD EEBEZBND, £, XTF ROL I ST OidttEa v
EHICDEA TE B Z ERRIHIOMERER NG BN E /oo, L L7ens, miak L7z &
N, ISHBNIIRERTH Y, FISERIEDK /T A —Z BIGRIZE 2 5 BIZ OV TRB
RN T, BT, RIAWRTF RADOFAEEBRT D &, ~TF FOBEMEOBLEND,
CuRIB SUSIZXRT 2 B KEEO BT oMM REOEmNER L WA D, £, — K
I, HoRtEE v% (121, 5L, Blete) 1%, KE{ET MU U LAZELI VT MY U LKE
e LR - RSN D720, TROICEEND KL, ERKEOR RIS EE 52 50
REVEDS ® D, Waw, WEPERINCHE OBRICHE KT D KIE, HERSUSRTICZE SR A A LLELe N
BULER e DI RV BRETE DA, ZIUSHE D MEERER OIERORHEL Y X 7 O KIL, HfEE
DOHIE VU A7 DEIPIE DR T EORERWFERZSIEE 23, HiT, TRPZER
22U, BEARHEEEORG b EMIC D, Ko T, B U ROMEOBLEND b
CuRIB SUSIZHK T 2K DB ZFES 52 LITEETH 5,

ARETIL, CuRIB RRNIxT KDL~ D &3, BKEEAIZBT D Ea v
TR D S LD E L R DKM E2RE LT, £, BKEEZ HWZERIZRB W
T, KB EHEE T 2 PN ERDBIGNER SN2, S OIZEMNERZITV, X
KA DHETE & R Ar T,

AWFFETIE, T N_XTF KL LTSSTR2 7 I=A FTh 5D octreotate & RAZAEIEIZAHT
% ['1)35/36 (['*Im/p-IBTA) %I L, Zi O OGS OMEZ Bz, My rETLEL
T, ['51)25 KO 126 %334R L7- (Figure 15), $ififiL, —40E T & EEEIC Cu(py)«(OT:,
ZAER L7z 688081 Ra URERTERIA (23 XiT 24) & Cu(py)«(OTh) 1E, xHiET DiREticzinzE

O [2%1]Nal O
HQB—' XN Ot Cu(py)4(OTf), _ 25, 1 N OEt
HO N Solvent N
25°C, 10-60 min
m: 23, p: 24 m: ['251125, p: ['%1]26

Figure 15 Radiosynthesis of ['2°I]25 or ['2*I]26 using copper-mediated iododeboronation.

Reaction conditions: boronic precursor (1 or 3; 100 nmol), Cu(py)4(OTf)2 (0—40 nmol), solvent (0—50% v/v H2O/MeOH,
EtOH, MeCN, DMF, or DMSO; 100 uL).

[ACS Omega (2023), Figure 1 & ¥ 51 H]
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NERIE TR, HERIIZ~A Y
0F 2—7IMz CTRAESE-, ®IZ,

FOSTE B O &K EZEHET 5729
I, IKATA BRI A TN LTz (ROSE
B 100 L), fIZ, ['PTNal IA1K & TR
L, 25°C TS SH7Z, RCCIE, 7
U4 TLC kYT ¥4 HPLC #r&4T
W, B 7 L VEH L =3),
BAREE OB LM T 5T H T
D, AHEIALEA CuRIB SGIZ 52 5 %
BIIONWTHD TREMTHZ LT L
77, EBRGE R A Table3 ICE & 7, 1,
ARWFFETIL,  FITBRAAR M OERRAR D B iRt
PEDBLEN S, HO HIN T ORI
IEEM LTV, TRETORE L
[FFRIZ, MeOH ZiafiE s L THWD &,
['°1)25 & O'*1)26 & RCC L&\ Ml %
7~ L7z (RCC =97%; Table 3, entry 1 and
6), 7=, EtOH % AW =HAIZB W T
t,RCC 1L 95% ZHRDHMR LT
(Table 3, entry 2 and 7)., %12, MeOH &
O EtOH & W 73858 Tl (i SEiA
[l C RCC DiEWIMER S e o 7z,

—77, MeCN, DMF, DMSO % A
W56 TIE, ['1)25 X O**1]26 D

RCC TRV Ml & 72 o 72,

XIZ, MeCN, DMF, DMSO |Z
T H0 2L, 36 B EEakRIC
5.2 BB % P ~7= (Table 4), MeOH

MeOH

I L7256 Tk, RCC OWEN
PR &7 (Table4, entry 1-3), — 5, H,O
I LIZ84TlE, MeOH THI%

iz &9 7eBIRy7e RCC Dol ks
X7z o 7= (Table 4, entry 4-6), Table

Table 3  Solvent effect on CuRIB
Entry Precursor Solvent RCC (%) *

1 MeOH 97.4+0.8
2 EtOH 952+0.6
3 23 MeCN 7.4+0.6
4 DMF

5 DMSO

6 MeOH 97.7+0.3
7 EtOH 95.9+0.1
8 24 MeCN 33+0.6
9 DMF

10 DMSO

*Data are presented as the mean + standard deviation (n = 3).
Reaction conditions: precursor (100 nmol), Cu(py)s(OTf)2 (5
nmol), 25 °C/10 min. Note: The reaction contained water (ca.
0.5 %) derived from an aqueous solution of '>°1.

[ACS Omega (2023), Table 1 L ¥ —h5] ]

Table4  Effect of MeOH and H20 on the labeling efficiency
Entry  Precursor Solvent RCC (%) *

1 MeCN:MeOH (= 1:1) 75.7+5.0
2 DMF:MeOH (= 1:1) 39.6+1.5
3 DMSO:MeOH (= 1:1) 249 +1.1
4 3 MeCN:H:0 (= 1:1)
5 DMF:H20 (= 1:1) 4.0+£0.2
6 DMSO:H:0 (= 1:1) 29+0.5

*Data are presented as the mean + standard deviation (n = 3).
Reaction conditions: precursor (100 nmol), Cu(py)s(OTf)2 (5
nmol), 25 °C/10 min.

[ACS Omega (2023), Table 2 & ¥ —E5 [ ]

Table 5  Effect of H2O content of MeOH solvent on the labeling
efficiency
Entry  Precursor H20/MeOH (%) RCC (%) *

1 0 97.2+0.1

2 23 20 57.1+3.8

3 50 20.1+1.5

4 0 97.6 0.5

5 24 20 45.1+£2.4

6 50 145+0.6

*Data are presented as the mean + standard deviation (n = 3).
Reaction conditions: precursor (100 nmol), Cu(py)4(OTf). (10
nmol), 25 °C/10 min.

[ACS Omega (2023), Table 3 X © —&55| ]
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Figure 16 Effect of the copper catalyst amount (5-40 Figure 17 Effect of the labeling reaction time (0—60

nmol) on RCCs of [121]25 and ['2°1]26. min) on RCCs (%) of ['?I]25 and ['?°1]26.

Reaction conditions: precursor (23 or 24; 100 nmol), Reaction conditions: precursor (23 or 24; 100 nmol),
20% v/v HoO/MeOH (100 pL), 25°C/10 min. Cu(py)a(OTf)2 (10 nmol: dashed lines, 20 nmol: full
[ACS Omega (2023), Figure 2 £ ¥ —H#R51 ] lines), 20% v/v H2O/MeOH (100 pL), 25°C.

[ACS Omega (2023), Figure 3 &V —5[ ]
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[1251]26 [125]30 (1251131 (251132
OH R = p-COOEL; 24 ['25(]Nal R = p-COOE: ['251]26
Ho B R = p-NO,: 27 Cu(py)s(OTf); bl R = p-NO,: [1251]30
= : > - 25
\©\ RZPOM: 28 0-50% H,0/MeOH R = p-OH: []31
R REpONE 25°C, 10 min R R-=p-OMe: ['5132

Figure 18 Substituent effect on CuRIB.

Reaction condition: precursor (24, 27, 28, and 29; 100 nmol), Cu(py)4(OTf)2 (10 nmol), mixture solvent comprising 0—50%
v/v H20/MeOH (100 pL), 25°C/10 min.

[ACS Omega (2023), Figure 4 X 0 —#B5|H]
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£ 912 CEL = W H LIS DO KIS 1T, CEL =—F LAk 828 R IRT I /b 8485 i s &[R4 D
WCHEITT 5 L PIEEND, AL, CEL =—7 /LK CEL 7 2 /{LDOBFATIE, & KaF
VIENIIT RV EEAETLHEE WAL, AKX 88 vy ou ) oy BT
JRAZENLT D DONIIREIC > TE BT, BEHL, BEICL->TET D, LoLan
5, CEL 3 UHELDLEIE, I VRO T D @mWENENS, RIS ORI T3 v
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L L L L L L
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(cu'=cu' \ X-B(OH),
1/2 05 + HX +
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/ N
Ar-*l L,Cu'X  L,Cu',

Figure 19 Proposed mechanism of copper-mediated radioiododeboronation (*I = 12°1).
[ACS Omega (2023), Figure 5 &V —i 51 ]
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BAKAZ ] —NVEETIZBT 2T F RO 151 EH

FERESRBR OFE R 2 21T, CuRIB MUGEAWTZEKA X ) — VR T TORTF RO 2 12
ik #1772 (Figure 20), A& CEERIERAR (33 KON 34) BN LAY (35 LT 36) I3,
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kL RO b O E AW, B L, PiEEBRICE VT, Cu(py)d(OThH, (5nmol) % T, MeOH
G, 1135 K O'1)36 DAk E £ L= & = A, @ RCCITIEVME (['21]135:7.8%, ['2°1]36:
4.0%) &7g~oi, £ T, Flgure 211 T L 91T, #ifiio &% 40 nmol IZHE R L, FFIEHR%
To72& 24, RCC ODWEN RSN, IS, @it &2 &L, 1135 X U['*1]36 ®
RCC Z B L7= & 2 A, Cu(py)«(OTf). % 80nmol } OF 160 nmol % FV 7=Kf, ZiLE 4D RCC
1398.6+£1.3% KTr98.3+1.7% (ZiE LT, 9FIZH X 5@\ RCC THEMIAZ GRT D 7291
X, [1)25 KO[I26 O4 L LT, L0 % SRS Th o7z,

WIZ, GAKRAZ 7 =R TOIBI35 LU 136 DERKETT - 7=, Bk L7zAK0 Ao
FER L ARRIS, BKAZ ) — IV FORIGIZEWT RCC DI TR Sz, £, difldto
HEIZED RCC 0EGEY, Ko TO%ma L IRERICHR Iz, HIT, Figure 22 (2733 X9
12, REEHRAE 72 RCC OUGE bR Sz, 1135 @ RCC 1%, 80 nmol @ Cu(py)4(OT1), %

o o O o
H
/\)I\NWN\)L- ["?*1]Nal /\ANW \)J\
B—l _ Culpy)foTh, g
HO ~F
| l Solvem | l
25°C, 10-60 min S

m-PBTA (33) JI \H/\NJI TH\/\/\ [125)]m-1BTA ([1251135) HO' \"/\N)i \[rl\/\/\

p-PBTA (34) ['2%1]p-IBTA (['251])36)

Figure 20 Radiosynthesis of ['?I]35 and ['?*I]36 using CuRIB.
Reaction conditions: precursor (33 or 34; 100 nmol) and solvent (MeOH or 20% v/v H2.O/MeOH; 100 pL).
[ACS Omega (2023), Figure 6 LV —#5] ]
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Figure 21 Effect of copper catalyst (40—320 nmol) on RCCs of [12°I]35 and ['2°1]36.
Reaction condition: precursor (33 or 34; 100 nmol), 25°C/10 min.
[ACS Omega (2023), Figure 8 X 0 —#R5| ]
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Figure 23 Overview of the chemical reactions investigated in this study.
[Chem. Comm. (2024), Figure 1 X W —&85[H]
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Figure 24 One-pot two-step radiosynthesis of ['?5I]39 using a copper catalyst.
[Chem. Comm. (2024), Figure 2 & W —5| ]
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Table 6  Optimization of copper catalyst on the one-pot two-step radioiodination.

Moles of Cu RCC (%) *
Entry Cu complex
(nmol) ['2°1]38 ['2°1]39
1 Cu(OTf)2 80 - 95.1 1.1
2 Cu(py)4(OTHf)2 80 - 962 +0.4
3 CuSOs4 80 - 93.8+0.2
4 CuCl2 80 - 54+0.6
5 Cu(OMe)2 80 - 253+£33
6 [Cu(MeCN)]PFe 80 - 87.1+2.9
7 Cu(OTf)2 20 75.5+£0.7 22.9+0.7
8 Cu(py)4(OTf)2 20 65.6+0.7 30.6 0.8
9 CuSOs4 20 623+22 32.6+1.8

Reaction conditions: 37 (100 nmol), 4-phenyl-1-butyne (200 nmol), sodium ascorbate (400 nmol), TBTA (80 nmol),
methanol (MeOH; final volume: 100 pL), 25°C/10 min.

*Data are presented as the mean + standard deviation (n = 3).

[Chem. Comm. (2024), Table 1 J VW —#33] ]
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A X B AN BB EROERZRT &SN THD Y, SRELERS, Ol T
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T oI LD, WRIGEDH FIT/8D Figure 25  Effect of CUAAC reaction time on the RCCs of ['?51]39.
EEZOND, ZHLIFEOFEET Reaction conditions: 37 (100 nmol), 4-phenyl-1-butyne (200 nmol),
Cu(py)s(OTf)2 (20 nmol), sodium ascorbate (400 nmol), TBTA (80
nmol), MeOH (final volume: 100 pL), 25°C/10 min. (n = 3)
[Chem. Comm. (2024), Figure S1 X » —&551 /]
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(X, CuRIB I[ZBHEY 5 ZH L TOHTE Table 7  Effect of solvent on the radiosynthesis of [**1]39
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Entry Solvent - -

Cu(py)s(OTf), ZSfiitt & U CHEHT 2 (1138 1139
- iz Lt 1 MeOH - 962+ 0.4
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WIZ, BOSEBENAKSIZE 25 5% 3 MeCN 214420 62+1.1
B~ ST L7, ARFSE I, 2T 4 DMF 76+1.0 104405
5 DMSO 140+15 64+14
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FEVNT, 2 DDORUGDNEF N5 2 5 5B DWW TR 21T > 72 (Figure 26), Cu(py)4(OTf)2
SRt & UCHW T 1 BB B OFERRSOUSIE,  MeOH VAL T 25°C TRRMICHEIT L, AR
FMIRTHD 138 1LEINHE (RCC: 96.3 +1.5%) TR L7z (Figure 26 (a)), FiZ, KIGODIE
Bl L TR E T2 25, ["PIINal (399%) 1338 &9, 251138 L2139 & ¢
IZBIEZ S5 T (Figure 26 (b)), £72, T X TOREZFRFICHINL7ZGHIZHBWT S,
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(a)
’724? (>Nl 125
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(b)
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Figure 26 Mechanistic investigation (a) Confirmation of a synthetic intermediate (['*°I]38). (b) Assessment reversing the

order of reactions.
[Chem. Comm. (2024), Figure S2 % X Figure S3 & ¥ —#5|H]
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Figure 27 Applicability of radiolabeling reaction using copper mediated one-pot two-step radioiodination using CuRIB

and CuAAC. [Chem. Comm. (2024), Figure 3 & VW —#531 ]
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Figure 28 Characteristics of CuRIB reaction.
[ACS Omega (2023), Graphical abstract X ¥ 3| ]
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General

All reagents were purchased from Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan), Nacalai Tesque,
Inc. (Kyoto, Japan), Fujifilm Wako Chemical Corp. (Osaka, Japan), Crysdot (Bel Air, MD, USA), and
Sigma-Aldrich (St. Louis, MO, USA). They were used without purification unless otherwise indicated.
Sodium iodide-125 (['**I]Nal) carrier-free solution was acquired from PerkinElmer, Inc. (Waltham, MA,
USA).

Low-resolution mass spectra were obtained by Agilent LC/MS 6130B (Agilent Technologies, California,
USA). High-resolution MS was obtained using liquid chromatography coupled to ion trap time-of-flight
MS (ESI; Shimadzu, Kyoto, Japan), GC mate II (EI, JEOL, Tokyo, Japan), or SX-102A (FAB; JEOL,
Tokyo, Japan). Cu concentrations were quantified using ICP-MS (Agilent 7700X/Mass Hunter; Agilent
Technologies, Inc., Santa Clara, CA, USA).

The 'H NMR and *C NMR spectra of samples were evaluated using Ascend™ 500 MHz and Bruker
Avance III 300 MHz NMR spectrometers (Bruker, Billerica, MA, USA); CDCl;, CD;0D, DMSO-ds,
and CD;CN:D»O (98:2 v/v) were used as solvents. Chemical shifts are reported as d in units of parts per
million (ppm) relative to an internal standard (tetramethylsilane); multiplicities are symbolized as
follows: s (singlet), d (doublet), t (triplet), q (quintet), br. s (broad singlet), dd (doublet of doublets), ddd
(doublet of doublet of doublets), or m (multiplet); coupling constants are expressed as a J value in Hertz
(Hz); the number of protons () for a given resonance is indicated as nH, based on spectral integration
values.

An autoradiograph of the reagents was acquired on a TLC sheet (5.0 x 2.0 cm; TLC silica gel 60 Foss
aluminum plate; Merck, Kenilworth, NJ, USA) using an image analyzer (Typhoon 9410; GE Healthcare,
Waukesha, WI, USA). The radioactive signal intensities of each TLC were evaluated by processing the
respective images using ImageQuant TL software (GE Healthcare).

An LD-20AD (Shimadzu, Kyoto, Japan) was employed for HPLC, along with a CBM-20A (Shimadzu)
communication bus module, a DGU-20A3R (Shimadzu) degassing unit, a CTO-20AC (Shimadzu)
column oven, a SPD-20A (Shimadzu) UV detector (k = 254 nm), and a y-survey meter TCS-172
(ALOKA, Mitaka, Japan) or GABI Star (Elysia-raytest GmbH, Straubenhardt, Germany). RP-HPLC
was conducted using COSMOSIL 5C3-AR-II column (4.6IDx150 mm or 10.0ID*150 mm; Nacalai

Tesque, Inc.).
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Definition of Yields

The radiochemical conversion (RCC; %), radiochemical purity (RCP; %), radiochemical yield
(RCY; %), and overall RCY were defined and calculated by using the following formula:

RCC (%) = [(RI peak area of a target compound) / (RI peak area of all compounds)] x 100

RCP (%) = [(RI peak area of an isolated target compound) / (RI peak area of all compounds)] x 100
RCY (%) = [(Radioactivity of an isolated target compound) / (Radioactivity of a reaction mixture before
purification process)] x 100

Overall RCY (%) = [(Radioactivity of an isolated target compound) / (Radioactivity of a RI used for
labeling reaction)] x 100
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General procedure in the radiosynthesis of [*°I]1-10

The corresponding boronic acid or ester precursor (0.5 mg) and Cu(py)4(OTf), in solvent* (2.2 mg/mL,
100 pL) were added into a 1.5 mL microtube. a 10-uM NaOH aqueous solution of '*°I (0.5 uL, 1-4
MBq) was added to the microtube. Then, the tube was gently vortexed for 5 seconds. The reaction was
left at 25°C for 10 min. RCCs were determined through radio-TLC analysis. The target sample was
isolated using radio-HPLC. Both the standard sample and purified sample were analyzed by UV- and
radio-HPLC to identify the isolated radioiodinated compound.

*Solvent = MeOH, EtOH, MeCN, Acetone.

Synthesis of compound 11
o 3-Carboxyphenylboronic acid (401.2 mg, 2.4 mmol) was dissolved in DCM
HO\B/©\N/O\E§ (5.0 mL) and added with NHS (231.9 mg, 2.0 mmol), EDC-HCI (386.3 mg,
OH 0 o 2.0 mmol), and TEA (279.3 pL, 2.0 mmol). The reaction was stirred at 25°C
for 4 h. The solvent was removed under reduced pressure and dissolved in
EtOAc (100 mL). The organic layer was washed with water (50 mL x 2), sat. NH4ClI aq. (50 mL x 2),
sat. NaHCOs aq. (50 mL x 2), and brine (50 mL x 1). The obtained organic solution was dried over
MgSO0O, and removed under reduced pressure. The residual water was removed by freeze-drying to yield
compound 11 (453.8 mg, 1.7 mmol) as a white powder. Yield: 71.4%; '"H NMR (500 MHz, DMSO-ds)
6:2.90 (br. s., 4H), 7.63 (t,J = 7.6 Hz, 1H), 8.11 (d, J = 7.8 Hz, 1H), 8.20 (d, J = 7.3 Hz, 1H), 8.44 (br.
s, 2H), 8.52 (s, 1H); *C NMR (126 MHz, DMSO-ds) &: 25.56, 123.79, 128.66, 131.48, 135.59, 140.99,

162.09, 170.41; HRESIMS: calculated for C;iHi)NOsBNa [M+Na]® 286.049 and detected to be
286.0492.

Synthesis of compound 12
o 3-lodobenzoic acid (5; 1.9 g, 7.8 mmol) was dissolved in THF (20 mL), and then
| /©\”/O\;§ with NHS (1.0 g, 8.6 mmol) and DCC (1.8 g, 8.6 mmol). The reaction was stirred
at 25°C for 22 h. The solution was filtered, and then the mother liquid was
concentrated using a rotary evaporator and purified using medium-pressure LC
(SiO,, hexane:EtOAc = 1:1) to yield compound 12 (2.6 g, 7.6 mmol) as a white solid. Yield: 96.8%; 'H
NMR (500 MHz, DMSO-dp) 3: 2.90 (br. s, 4H), 7.46 (t,J = 7.9 Hz, 1H), 8.11 (d, J = 8.1 Hz, 1H), 8.22
(d, J = 8.1 Hz, 1H), 8.35 (s, 1H); '*C NMR (126 MHz, DMSO-ds) 6: 25.56, 95.53, 126.40, 129.29,
131.61, 137.85, 144.10, 160.58, 170.22; HRFABMS: calculated for CiiHoINO4 [M+H]" 345.9578 and
detected to be 345.9577.
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Synthesis of compound 13
OH 4-Carboxyphenylboronic acid (745.0 mg,4.5 mmol) and NHS (559.2 mg, 4.9 mmol)
HO/BQ(O o were dissolved in THF (22.0 mL), and then DCC (1.0 g, 4.9 mmol) was added into
o ﬁ the solution. The reaction was stirred at 25°C under nitrogen for 3 h. The reaction
° solution was concentrated by the rotary evaporator and dissolved in EtOAc (200
mL). The organic layer was washed with sat. NH4Cl aq. (100 mL x 2), sat. NaHCO3 aq. (100 mL x 2),
and brine (50 mL x 1). The obtained organic solution was dried over MgSO4 and concentrated using a
rotary evaporator. Residual water was removed by freeze-drying to yield compound 13 (682.0 mg, 2.6
mmol). Yield: 57.8%; 'H NMR (500 MHz, DMSO-dj) 8: 2.90 (br. s, 4H), 8.01 (d, J = 8.2 Hz, 2H), 8.05
(d, J = 8.4 Hz, 2H), 8.46 (br. s, 2H); '*C NMR (126 MHz, DMSO-ds) 3: 24.93, 124.91, 128.12, 134.19,
161.33, 169.73; HRESIMS: calculated for C;1H;o0NO¢BNa [M+Na]® 286.0495 and detected to be

286.0497.

Synthesis of compound 14

| 4-lodobenzoic acid (4; 103.5 mg, 0.42 mmol) was dissolved in THF (4.1 mL), and
\©\’(o\;§o NHS (61.5 mg, 0.53 mmol) and DCC (111.9 mg, 0.54 mmol) were then added into
o 5 the solution. The reaction was stirred at 25°C under nitrogen for 4 h. The reaction
solution was concentrated using a rotary evaporator and dissolved in EtOAc (50
mL). The organic layer was washed with sat. NH4Cl aq. (30 mL x 2), sat. NaHCOs3 aq. (30 mL x 2), and
brine (20 mL x 1). The obtained organic solution was dried over MgSO4 and concentrated using a rotary
evaporator. The residual water was removed by freeze-drying to yield compound 14 (142.5 mg, 0.41
mmol). Yield: 98.4%; "H NMR (500 MHz, CDCls) &: 2.92 (br. s, 4H), 7.84 (d, J = 8.5 Hz, 2H), 7.90 (d,
J=8.5Hz,2 H); ®C NMR (126 MHz, CDCls) 8: 25.65, 103.39, 124.55, 131.67, 138.30, 161.58, 169.05;

HREIMS: calculated for C;1HsINO4 [M]" 344.9498 and detected to be 344.9498.
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Synthesis of compound 15 [PB-c(RGDyk)]
c¢(RGDyk) (20.0 mg, 32.3 umol) and 13 (8.0 mg, 32.3 pumol)

%\ were dissolved in DMF (2.0 mL), and then TEA (100 pL) was
Q( added into the solution and reacted at 25°C for 16 h. The
HN\/WN/WNH reaction solvent was removed using a rotary evaporator and

H2N ﬂ/\/ purified by RP-HPLC [column: COSMOSIL 5Ci3-AR-II

(10.0 IDx150mm), phase: 5-50% MeCN/H>0O + 0.1% TFA (0-20 min), 50% MeCN/H,O + 0.1% TFA
(20-30 min), flow rate: 4.0 mL/min, temperature: 40°C] to yield compound 15 (10.8 mg, 14.1 umol) as
white powder. Yield: 43.6%; Purity: 98.5%; '"H NMR (500 MHz, DMSO-dj) 8: 1.07-1.17 (m, 1H), 1.29—
1.53 (m, 6H) 1.54-1.62 (m, 1H) 1.65-1.75 (m, 1H), 2.34-2.42 (m, 1H), 2.62-2.74 (m, 2H), 2.79 (m, J
= 8.9 Hz, 1H), 3.03-3.13 (m, 2H), 3.16-3.28 (m, 3H), 3.92 (t,J/ = 9.4 Hz, 1H), 4.03 (m, J; = 14.9, J, =
7.7 Hz, 1H), 4.16 (q,J = 7.5 Hz, 1H), 4.36 (q, J = 7.3 Hz, 1 H), 4.58-4.66 (m, 1H), 6.63 (d, J = 8.2 Hz,
2H), 6.91 (d, J = 8.2 Hz, 2H), 7.49 (br. s, 1H), 7.60 (d, J = 6.7 Hz, 1H), 7.79 (d, J = 7.9 Hz, 2H), 7.85
(d,J =7.8 Hz, 2H), 7.94 (d,J = 7.0 Hz, 1H), 8.07 (d, J/ = 7.2 Hz, 1H), 8.12 (d, J = 8.4 Hz, 1H), 8.23 (s,
2H), 8.42 (dd, J; = 6.4, J> = 4.6 Hz, 1H) 8.48 (t, J = 5.6 Hz, 1H), 9.19 (s, 1H), 12.29 (br. s, 1H); *C
NMR (126 MHz, DMSO-d5) 6: 23.42, 25.69, 28.99, 29.13, 31.33, 37.16, 43.69, 49.34, 52.30, 55.13,
115.39,126.50, 127.69, 130.48, 134.39, 136.32, 156.27,157.03, 166.77,170.01, 170.41, 171.37, 171.69,
172.19, 172.67, HRESIMS: calculated for C34HssNoO;1BNa [M+Na]* 790.3308 and detected to be
790.33009.

Synthesis of compound 16 [IB-c(RGDyk)]
c¢(RGDyk) (20.0 mg, 32.3 umol) and 14 (10.6 mg, 32.3 umol)

%\ were dissolved in DMF (2.0 mL), and then TEA (100 uL) was
O}( OH added into the solution and reacted at 25°C for 16 h. The
NH HNWN/YNH reaction solvent was removed using a rotary evaporator and

HoN N/\/

purified by RP-HPLC [column: COSMOSIL 5Cs-AR-II (10.0
IDx150mm), phase: 5-50% MeCN/H>0 + 0.1% TFA (0-20 min), 50% MeCN/H>O + 0.1% TFA (20—
30 min), flow rate: 4.0 mL/min, temperature: 40°C] to yield compound 16 (16.7 mg) as white powder;
Yield: 60.8%; Purity: >99%; "H NMR (DMSO-ds, 500 MHz) §: 1.10 (m, 2H), 1.27-1.51 (m, 6H), 1.58
(m, 1H), 1.65-1.74 (m, 1H), 2.34-2.41 (m, 1H), 2.62-2.74 (m, 2H), 2.74-2.81 (m, 1H), 3.02-3.13 (m,
2H), 3.15-3.27 (m, 3H), 3.88-3.95 (m, 1H), 3.99—4.06 (m, 1H), 4.11-4.18 (m, 1H), 4.35 (q,J = 7.2 Hz,
1H), 4.59-4.66 (m, 1H), 6.63 (d, J = 8.4 Hz, 2H), 6.91 (d, J = 8.4 Hz, 2H), 7.49 (t, J = 5.7 Hz, 1H),
7.59 (d, J =7.9 Hz, 1H), 7.62 (d, J = 8.4 Hz, 2H), 7.85 (d, J = 8.4 Hz, 2H), 7.95 (d, J = 7.2 Hz, 1H),
8.06 (d,J =7.0 Hz, 1H), 8.11 (d, J = 8.5 Hz, 1H), 8.43 (dd, J; = 6.8, J> = 4.8 Hz, 1H), 8.55 (t, /= 5.5
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Hz, 1H), 9.19 (br. s, 1H); *C NMR (DMSO-ds, 126 MHz) 6: 1.63, 23.39, 25.69, 29.00, 31.29, 35.45,
37.15,43.69,49.33, 52.31, 55.07, 55.15,99.21, 115.38, 127.68, 129.61, 130.47, 134.42, 137.60, 156.26,
157.00, 158.57, 165.91, 170.03, 170.38, 171.36, 171.67, 172.16, 172.64; HRESIMS: calculated for
C34H4sN9Ool [M+H]" 850.2379 and detected to be 850.2359.

Radiosynthesis of ['*’1]16 via indirect "*I-labeling approach using ['*’I]14

Boronic precursor 13 (0.2 mg) and Cu(py)4(OTf), in EtOH (2.2 mg/mL, 50 uL) were added to a 1.5 mL
microtube. A 10-uM NaOH aqueous solution of %I (1.0 uL, 2.4-2.9 MBq) was added to the mixture in
the microtube. Then, the tube was gently vortexed for 5 seconds. The reaction was left to set at 25°C for
10 min. The obtained solution was dried under a flow of nitrogen for 2 min and dissolved in MeCN (40
uL). ['%51]14 was isolated using RP-HPLC [column: COSMOSIL 5C;s-AR-II (4.6 IDx150mm), phase:
40-100% MeCN/H,0 + 0.1% TFA (0—15 min), flow rate: 1.0 mL/min, temperature: 40°C]. The solution
of ['®I]14 was diluted with water (30 mL), passed through a C;s Sep-Pak column, and washed with
water (4 mL). Finally, ['*5I]14 was eluted with MeCN (0.5 mL) and dried under a flow of nitrogen for
10-20 min. ¢(RGDyk) (10 mg/mL, 20 uL), TEA (2.5 pL), and DMF (20 pL) were added into the
microtube containing ['?*I]14. The reaction was left at 25°C for 1 h. The reaction mixture was purified
using RP-HPLC [column: COSMOSIL 5C;s-AR-II (4.6 IDx150mm), phase: 5-50% MeCN/H20 + 0.1%
TFA (0-20 min), 50% MeCN/H,0 + 0.1% TFA (20-30 min), flow rate: 1.0 mL/min, temperature: 40°C]
to yield ['"®I]16 (RCY: 60.4 £ 5.6%; RCP: >99%; working time: 140.5-157.3 min; n = 3). The mixture
of purified and cold samples was analyzed by UV- and radio-HPLC, showing a single peak (tr: 16.92

min) corresponding to the cold sample (tr: 16.85 min).

Radiosynthesis of ['*’1]16 via direct "*’I-labeling approach using boronic precursor 15

Boronic precursor 15 (0.1 mg) and Cu(py)4+(OTf): in MeOH (2.2 mg/mL, 50.0 pL) were added to a
microtube. A 10-uM NaOH aqueous solution of I (1.0 pL, 2.6-2.8 MBq) was added to the mixture.
Then, the tube was gently vortexed for 5 seconds. The reaction was left at 25°C for 10 min. The reaction
mixture was purified using RP-HPLC [column: COSMOSIL 5Cs-AR-II (4.6 IDx150mm), phase: 5—
50% MeCN/H20 + 0.1% TFA (0-20 min), 50% MeCN/H;O + 0.1% TFA (20-30 min), flow rate: 1.0
mL/min, temperature: 40°C] to yield //*’IJ16 (RCY: 78.5 + 3.3%; RCP: >99%; working time: 27.7-32.1
min; n = 3). The mixture of purified and cold samples was analyzed using UV- and radio-HPLC, which

showed a single peak (tr: 16.91 min) corresponding to the cold sample (tr: 16.83 min).
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Synthesis of compound 19 [PB-PS('Bu)]
on o (S)-Di-tert-butyl 2-(3-((S)-6-amino-1-(tert-butoxy)-1-oxohexan-2-
ylureido) pentanedioate (17; 100 mg, 205.1 pmol), 3-

.B

" ﬁNH Oy 0Bu  carboxyphenylboronic acid (18; 40.8 mg, 246.1 umol), and HATU
:b\ o) /i (93.6 mg, 246.1 pmol) were dissolved in DMF (1 mL).
Buo It HXH 3 OBY Subsequently, DIEA (41.9 uL, 246.1 umol) was added to the
mixture. The reaction was stirred at 25°C for 12 h. DMF was
removed in vacuo. The crude solid was dissolved in CHCIl3, and then the solution was poured into a
separatory funnel. The organic layer was washed with water, sat. NH4Cl aq., sat. NaHCO; aq., and brine.
The obtained solution was dried over magnesium sulfate and concentrated using a rotary evaporator to
provide oily compounds. Finally, the crude compound was purified using RP-HPLC [column:
COSMOSIL 5Ci3-AR-II (10.0ID x 150 mm), phase: 50% CH3CN [isocratic elution], flow rate: 4.5
mL/min, temperature: 40°C] to yield the boronic precursor 19 (78.4 mg, 123.4 umol); yield: 60.2%; 'H
NMR (500 MHz, CDCl;) ¢: 1.35 (s, 9H), 1.42-1.45 (m, 20H), 1.55-1.65 (m, 3H), 1.77-1.90 (m, 2H),
1.99-2.09 (m, 1H), 2.24-2.39 (m, 2H), 3.36-3.45 (m, 2H), 4.19—4.26 (m, 1H), 4.26-4.33 (m, 1H), 5.58—
5.69 (m, 2H), 6.49 (br. s, 2H), 7.03 (br. s, 1H), 7.43 (dd, J = 7.6, 7.6 Hz, 1H), 7.93-8.01 (m, 2H), 8.32
(s, 1H); C NMR (126 MHz, CDCls) d: 22.69, 27.64, 27.91, 28.00, 28.08, 28.55, 31.82, 32.34, 39.58,
53.46, 53.61, 80.99, 81.97, 82.48, 128.15, 130.07, 132.14, 133.77, 137.36, 157.74, 168.32, 172.46,
172.73, 172.85; HRESIMS: calculated for C31HsoBN3O1oNa (M+Na)* 658.3514 m/z and detected to be

658.3525 m/z.

Synthesis of compound 20 [IB-PS('Bu)]
Compound 17 (50.0 mg, 102.5 pmol), 3-iodobenzoic acid (5; 30.5

|\©)OLNH mg, 123.0 pmol), and HATU (46.8 mg, 123.0 pmol) were dissolved
Ox0Bu in DMF (2 mL). Subsequently, DIEA (20.9 uL, 123.0 pmol) was

o added to the mixture. The reaction was stirred at 25°C for 16 h. DMF

Buo ! H)LH : OBU  \yas removed in vacuo. The crude solid was dissolved in CHCl;, and

then the solution was poured into a separatory funnel. The organic
layer was washed with water, sat. NH4Cl aq., sat. NaHCO3 aq., and brine. The obtained solution was
dried over magnesium sulfate and concentrated using a rotary evaporator to provide oily compounds.
Finally, the crude compound was purified using RP-HPLC [column: COSMOSIL 5Cs-AR-II (10.0ID
x 150 mm), phase: 65% CH3CN [isocratic elution], flow rate: 4.5 mL/min, temperature: 40°C] to yield
the title compound 20 (46.0 mg, 64.1 pmol); yield: 62.5%; "H NMR (500 MHz, CDCls) d: 1.41 (s, 9H),
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1.42-1.46 (m, 20H), 1.59-1.73 (m, 3H), 1.77-1.90 (m, 2H), 2.02-2.11 (m, 1H), 2.23-2.38 (m, 2 H),
3.34-3.43 (m, 1H), 3.44-3.53 (m, 1H), 4.22-4.28 (m, 1H), 4.30-4.37 (m, 1H), 5.15-5.21 (m, 2H) 6.86
(br. s, 1H), 7.16 (dd, J= 7.9, 7.9 Hz, 1H), 7.78-7.85 (m, 2H) 8.19 (s, 1H); *C NMR (126 MHz, CDCl5)
0: 22.70, 27.97, 28.02, 28.10, 28.53, 31.62, 32.88, 39.88, 53.20, 80.67, 81.89, 82.25, 94.11, 126.47,
130.08, 136.21, 136.75, 140.09, 157.04, 166.15, 172.34, 172.40, 172.48; HRESIMS: calculated for
C31HasIN3;OsNa (M+Na)* 740.2378 m/z and detected to be 740.2367 m/z.

Synthesis of compound 21 [PB-PS]
Compound 19 (40.7 mg, 64.0 pmol) was dissolved in TFA. The

OH o]
reaction was stirred at 25°C for 2 h. TFA was then removed in

_B

" ﬁNH OxOH vacuo, and the residue was dissolved in 10% MeCN (containing
o 0.1% TFA). The mixture was purified using RP-HPLC [column:
HO ) ”)k” 2 OH  COSMOSIL 5Cs-AR-II [10.0ID x 150 mm)], phase: 50% CH;CN
© © +0.1% TFA [isocratic elution], flow rate: 4.5 mL/min, temperature:
40°C] to yield the boronic precursor 21 (21.8 mg, 46.7 umol); yield: 73.0 %; 'H NMR (500 MHz,
CD;CN:D0O [=98:2 vA]) d: 1.39-1.47 (m, 2H), 1.53—1.64 (m, 2H), 1.64—1.72 (m, 1H), 1.78-1.87 (m,
2H), 2.02-2.10 (m, 1H), 2.32-2.40 (m, 2H), 3.30-3.40 (m, 2H), 4.17-4.23 (m, 2H), 7.46 (dd, J = 7.6,
7.6 Hz, 1H), 7.84 (ddd, J=7.9, 1.4, 1.4 Hz, 1H), 7.92 (d, J = 7.3 Hz, 1H), 8.20 (s, 1H); *C NMR [126
MHz, CDsCN:D>O (= 98:2 vAv)] o: 23.57, 28.09, 29.72, 30.76, 32.18, 40.06, 53.33, 53.88, 128.86,
130.18, 133.53, 135.02, 137.93, 159.27, 169.02, 174.78, 175.04, 175.23; HRESIMS: calculated for

Ci9H21BN30g (M-2H,O-H)™ 430.1431 m/z and detected to be 430.1421 m/z.

Synthesis of compound 22 [IB-PS]

o Compound 22 (38.7 mg, 53.9 pmol) was dissolved in TFA. The
|\©)kNH reaction was stirred at 25°C for 2 h. TFA was then removed in vacuo,
Ox-OH and the residue was dissolved in 25% MeCN (containing 0.1% TFA).
:b\ o) /i The mixture was purified using RP-HPLC [column: COSMOSIL 5Cs-
HO g H)L” g I O" " AR-II [10.0ID x 150 mm], phase: 25% CH;CN + 0.1% TFA [isocratic
elution], flow rate: 4.5 mL/min, temperature: 40°C] to yield the title
compound 22 (25.1 mg, 45.7 umol); yield: 84.8 %; 'H NMR (500 MHz, CDsCN:D,0 [= 98:2 v/v]) d:
1.37-1.46 (m, 2H), 1.51-1.62 (m, 2H), 1.62—1.71 (m, 1H), 1.76-1.87 (m, 2H), 2.02-2.11 (m, 1H), 2.34—
2.39 (m, 2H), 3.28-3.36 (m, 2H), 4.16-4.23 (m, 2H), 7.24 (dd, J=7.9, 7.9 Hz, 1H), 7.79 (ddd, /= 7.8,
0.9, 0.9 Hz, 1H), 7.88 (ddd, J=7.9, 1.1, 1.1 Hz, 1H), 8.15 (dd, J = 1.6, 1.6 Hz, 1H); '*C NMR (126
MHz, CD3CN:D,O [=98:2 v/v]) d: 23.60, 28.13,29.61,30.79, 32.29, 40.25, 53.30, 53.83, 94.55, 127.57,
131.47, 137.09, 137.82, 141.14, 159.22, 167.04, 174.85, 175.17, 175.37; HRESIMS: calculated for

Ci19H25IN;3;O05 (M+H)" 550.0681 m/z and detected to be 550.0685 mi/z.
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Radiosynthesis of ['*’1]22 (["*I]IB-PS)

Method I (One-step radiosynthesis)

A boronic precursor 21 in methanol (0.2 mg, 20 pL) and Cu(py)4+(OTf), in methanol (2.5 mg/mL, 80
uL) were added to a microtube. A 10-uM NaOH aqueous solution of ' (1.0 pL, 2.2-2.5 MBq) was
added to the mixture. The tube was then gently vortexed for 10 seconds. After the reaction was
conducted at 25°C for 10 min, the solvent was removed by a flow of nitrogen gas. The residue was
dissolved in 25% MeCN/H,0O. The mixture was purified by RP-HPLC [column: COSMOSIL 5C;s-AR-
IT (4.6 IDx150 mm), phase: 25% MeCN/H>O + 0.1% TFA (0—15 min), 25-100% MeCN/H,O + 0.1%
TFA (15-16 min), 100% MeCN/H20 + 0.1% TFA (16-25 min), flow rate: 1.0 mL/min, temperature:
40°C] to yield ['>51]22 (RCY: 77.1 + 6.0%; RCP: >99%). The labeled compound was identified by UV-

and radio-HPLC analysis of a standard sample and the synthesized radiolabeled compound.

Method II (Two-step radiosynthesis)

A boronic precursor 19 in methanol (0.2 mg, 20 pL) and Cu(py)4+(OTf), in methanol (2.5 mg/mL, 80
uL) were added to a microtube. A 10-uM NaOH aqueous solution of '*°I (1.0 pL, 1.6-2.0 MBq) was
added to the mixture. The tube was then gently vortexed for 10 seconds. The reaction proceeded at 25°C
for 10 min. A flow of nitrogen gas removed the solvent. Next, TFA (100 pL) was added to the mixture
and gently vortexed for 10 s. After the reaction proceeded at 25°C for 20 min, TFA was removed using
a nitrogen gas flow. The residue was dissolved in 25% MeCN/H,O. The mixture was purified by RP-
HPLC [column: COSMOSIL 5Ci5-AR-II (4.6 IDx150 mm), phase: 25% MeCN/H2O + 0.1% TFA (0-
15 min), 25-100% MeCN/H,O + 0.1% TFA (15-16 min), 100% MeCN/H,O + 0.1% TFA (1625 min),
flow rate: 1.0 mL/min, temperature: 40°C] to yield [>I]22 (RCY: 93.8 + 2.6%; RCP: >99%). The
labeled compound was identified by UV- and radio-HPLC analysis of a standard sample and the

synthesized radiolabeled compound.

Radiosynthesis of ['*’1]20 to confirm intermediate in method I1.

A boronic precursor 19 (0.2 mg, 20 puL) and Cu(py)4+(OTf), in methanol (2.5 mg/mL, 80 puL) were added
to a microtube. A 10-uM NaOH aqueous solution of '*I (1.0 pL, 1.3—1.8 MBq) was added to the mixture.
The tube was then gently vortexed for 10 seconds. The reaction proceeded at 25°C for 10 min. The
solvent was removed using a flow of nitrogen gas. The residue was dissolved in 65% MeCN/H;O. The
mixture was purified by RP-HPLC [column: COSMOSIL 5Cis-AR-II (4.6 IDx150 mm), phase: 65%
MeCN/H20 + 0.1% TFA (0-15 min), 65-100% MeCN/H,O + 0.1% TFA (15-16 min), 100%
MeCN/H,0 + 0.1% TFA (16-25 min), flow rate: 1.0 mL/min, temperature: 40°C] to yield ['251]20 (RCY:
98.0 + 1.6%; RCP: >99%). The labeled compound was identified by UV- and radio-HPLC analysis of a

standard sample and the synthesized radiolabeled compound.
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General procedure in the radiosynthesis of %1725, 26, 30, 31, and 32

Boronic precursor (23, 24, 27, 28, or 29; 100 nmol) in the solvent and Cu(py)4(OTf), (0—40 nmol) in
the solvent were added to a microtube; H,O or MeOH was further added to adjust the H>O content (the
final solution volume = 100 pL). A 10-uM NaOH aqueous solution of %1 (0.5 uL, 1-1.3 MBq) was
added to the mixture. The tube was then gently vortexed for 10 seconds. The reaction proceeded at 25°C
for 10-60 min. The mixture was analyzed using radio-TLC and HPLC. RCCs were determined using
radio-TLC analysis.

Synthesis of compound 33 (m-PBTA)
oH The linear peptide was manually assembled from 2-chlorotrityl

oH o chloride resin using a standard Fmoc-protocol with Fmoc-

Wﬁjﬁ“%%ﬁﬁuo . . o N
04/ HNI\E’Q amino 'a01d derivatives and 3.—carb(.)xyphenylb0romc acid.
Hof%(n Tﬁ u% MNHQ Coupling of first Fn.wc-ammo. aczds:. |

Ho o~ O hoo~ © In total, 2-chlorotrityl chloride resin (188.7 mg, loading
capacity 1.06 mmol/g), was swelled in dichloromethane for 16 h. The resin was thoroughly washed with
fresh DMF (1 x 3 mL). Fmoc-Thr(‘Bu)-OH (238.5 mg, 0.6 mmol, 3.0 eq.), DIEA (102.0 uL, 0.6 mmol,
3.0 eq.), and DMF (1.5 mL) were mixed and added to the reaction vessel. The reaction mixture was
agitated at 25°C for 16 h. After the solution was removed, the resin was thoroughly washed with DMF
(5 x 3mL).
Capping 2-chlorotrityl chloride resin:
DMF (1.5 mL), MeOH, and DIEA (102.0 uL, 0.6 mmol, 3.0 eq.) were added to the resin. The reaction
mixture was then agitated for 1 h at 25°C. After the reaction solution was removed, the resin was
thoroughly washed with DMF (5 % 3 mL). Piperidine (20%) in DMF (1.5 mL) was added to the reaction
vessel and agitated for 30 min to deprotect the Fmoc groups of the amino acids. Once the reaction was
completed, the resin was thoroughly washed with DMF (5 x 3 mL). Kaiser test showed that the resin
was deprotected.
Coupling of the second and subsequent amino acids:
Fmoc-Cys(Trt)-OH (351.4 mg, 0.6 mmol, 3.0 eq.), HATU (228.1 mg, 0.6 mmol, 3.0 eq.), DIEA (102.0
pL, 0.6 mmol, 3.0 eq.), and DMF (1.5 mL) were mixed and added to the reaction vessel. The reaction
mixture was agitated for 3 h at 25°C. After the reaction solution was removed, the resin was thoroughly
washed with DMF (5 x 3 mL). A Kaiser test was performed to confirm the completion of coupling by
showing the absence of free amines on the resin. Piperidine (20%) in DMF (1.5 mL) was added to the

reaction vessel and agitated for 30 min to deprotect the Fmoc groups of the amino acids. Once completed,
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the resin was thoroughly washed with DMF (5 x 3 mL). Kaiser test showed that the resin was
deprotected. Cycles of coupling, washing, deprotection, and washing were repeated until the desired
peptide sequence was obtained. Finally, the resin was washed with MeOH (5 x 3 mL) and dried under
reduced pressure.

Deprotection and removal of the peptide from the resin:

The linear peptide was cleaved from the solid support by the addition of TFA/TIS/EDT/H,O
(94.0:1.0:2.5:2.5) for 3 h at 25°C. The resin was removed by filtration and washed with TFA. The
obtained solution was concentrated using a rotary evaporator. The residual oily compound was treated
with cold diethyl ether to obtain a precipitate. The precipitate was washed thrice with diethyl ether.
Finally, the mixture was purified using RP-HPLC [column: COSMOSIL 5C;s-AR-II (10.0 ID%150 mm),
phase: 27% MeCN/H>O + 0.1% TFA, flow rate: 4.5 mL/min, temperature: 25°C] to yield the crude
linear m-PBTA (mCpb-bAla-D-Phe-Cys-Tyr-D-Trp-Lys-Thr-Cys-Thr-OH) (47.0 mg).

Cyclization by air oxidation:

Crude linear peptide (47.0 mg) was dissolved in 4.7 mL (10 mg/mL) of saturated NHsHCO3/ DMF:H,O
(1:1). The reaction solution was air-oxidized for 16 h at 25°C. Finally, the mixture was purified using
RP-HPLC [column: COSMOSIL 5Cis-AR-II (10.0 IDx150 mm), phase: 27% MeCN/H>O + 0.1% TFA,
flow rate: 4.5 mL/min, temperature: 25°C] to yield compound 33 (16.2 mg). HRESIMS: calculated for
CsoH72BN11014S2 (M-2H,0+2H)** 616.7397 m/z and detected to be 616.7395 m/z.

Synthesis of compound 34 (p-PBTA)
OH The linear peptide was manually assembled from 2-

chlorotrityl chloride resin (188.7 mg, loading capacity 1.06
/©)L A)LNW QL
04’ mmol/g) according to the standard Fmoc-protocol using
L

Fmoc-amino acid derivatives and 4-carboxyphenylboronic

acid. After deprotection and removal of peptide from the resin
using TFA/TIS/EDT/Hzo (94.0:1.0:2.5:2.5), the obtained mixture was purified using RP-HPLC
[column: COSMOSIL 5C;3-AR-II (10.0 IDx150 mm), phase: 28% MeCN/H,O + 0.1% TFA, flow rate:
4.5 mL/min, temperature: 25°C] to evaluate the yield of the crude linear p-PBTA (pCpb-bAla-D-Phe-
Cys-Tyr-D-Trp-Lys-Thr-Cys-Thr-OH) (35.0 mg).
The crude linear peptide (35.0 mg) was dissolved in 3.5 mL (10 mg/mL) solvent comprising saturated
NH4HCO3;/DMF:H>O (1:1). The reaction solution was air-oxidized for 16 h at 25°C. Finally, the mixture
was purified using RP-HPLC [column: COSMOSIL 5C;s-AR-II (10.0 IDx150 mm), phase: 28%
MeCN/H,0 + 0.1% TFA, flow rate: 4.5 mL/min, temperature: 25°C] to yield compound 34 (15.4 mg).
HRESIMS: calculated for CsoH74BN11015S; (M-H,O+2H)*" 625.7450 m/z and detected to be 625.7441

m/z.
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Synthesis of compound 35 (m-IBTA)

OH The linear peptide was manually assembled from 2-chlorotrityl

A)LNWNQL chloride resin (188.7 mg, loading capacity 1.06 mmol/g)

@ s‘ L\EQ according to the standard Fmoc-protocol using Fmoc-amino
S

acid derivatives and 3-iodobenzoic acid. After deprotection and
removal of peptide from the resin using TFA/TIS/EDT/H,O

(94.0:1.0:2.5:2.5), the obtained mixture was purified using RP-HPLC [column: COSMOSIL 5C;s-AR-
II (10.0 IDx150 mm), phase: 37% MeCN/H,0 + 0.1% TFA, flow rate: 4.5 mL/min, temperature: 25°C]
to yield the crude linear m-IBTA (mlbz-bAla-D-Phe-Cys-Tyr-D-Trp-Lys-Thr-Cys-Thr-OH) (14.6 mg).
The crude linear peptide (14.6 mg) was dissolved in 1.5 mL (10 mg/mL) of solvent comprising saturated
NH4HCO;/ DMF:H,O (1:1). The reaction solution was air-oxidized for 16 h at 25°C. Finally, the mixture
was purified using RP-HPLC [column: COSMOSIL 5C;s-AR-II (10.0 IDx150 mm), phase: 37%
MeCN/H,0 + 0.1% TFA, flow rate: 4.5 mL/min, temperature: 25°C] to yield compound 35 (8.4 mg).
HRESIMS: calculated for CsoH74IN11014S> (M+2H)?* 675.6946 m/z and detected to be 675.6956 m/z.

Synthesis of compound 36 (p-IBTA)

The linear peptide was manually assembled from 2-chlorotrityl
/@)L /\)LNWN\)L g

acid derivatives and 4-iodobenzoic acid. After deprotection and
ﬁf”ﬁw i in usi
removal of peptide from the resin using TFA/TIS/EDT/H,O

(94.0:1.0:2.5:2.5), the obtained mixture was purified using RP-HPLC [column: COSMOSIL 5C;5-AR-
II (10.0 IDx150 mm), phase: 37% MeCN/H,O + 0.1% TFA, flow rate: 4.5 mL/min, temperature: 25°C]
to yield the crude linear p-IBTA (plbz-bAla-D-Phe-Cys-Tyr-D-Trp-Lys-Thr-Cys-Thr-OH) (13.2 mg).

The crude linear peptide (13.2 mg) was dissolved in 1.3 mL (10 mg/mL) solvent comprising saturated
NH4HCO3;/DMF:H>O (1:1). The reaction solution was air-oxidized for 16 h at 25°C. Finally, the mixture
was purified using RP-HPLC [column: COSMOSIL 5C;s-AR-II (10.0 IDx150 mm), phase: 37%
MeCN/H,0 + 0.1% TFA, flow rate: 4.5 mL/min, temperature: 25°C] to yield compound 36 (7.1 mg).
HRESIMS: calculated for CsoH72IN11014S:Na; (M+2Na)*" 697.6765 m/z and detected to be 697.6789

m/z.

chloride resin (188.7 mg, loading capacity 1.06 mmol/g)
\EQ according to the standard Fmoc-protocol using Fmoc-amino

Radiosynthesis of ['*’1]35 and ['*°1]36

Boronic precursor 33 or 34 (100 nmol) in MeOH (40 pL) and Cu(py)4+(OTf), (0-320 nmol) in MeOH
(40 uL) were added to a microtube; H>O (20 uL) or MeOH (20 uL) and a 10 uM NaOH aqueous solution
of 11 (0.5 uL, 1-1.3 MBq) were added to the mixture. The tube was gently vortexed for 10 seconds.
The reaction proceeded at 25°C for 10—60 min. The mixture was analyzed using radio-HPLC. RCCs

were determined using radio-HPLC analysis.
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ICP-MS analysis

Boronic precursor 33 (100 nmol) in MeOH (40 uL) and Cu(py)4(OTf), (80 nmol) in MeOH (40 pL)
were added to a microtube; MeOH (20 uL) and 10-uM NaOH aqueous solutions of Nal (5 nmol, 0.5
uL) were further added. The reaction was performed at 25°C for 10 min. After the reaction, the solution
was concentrated in vacuo and dissolved in 35% MeCN + 0.1% TFA (50 pL). The target compound 35
was isolated by RP-HPLC [column: COSMOSIL 5C,3-AR-II (4.6 IDx150 mm), phase: 35% MeCN/H>O
+ 0.1% TFA (0—15 min), 35-100% MeCN/H>O + 0.1% TFA (15-16 min), 100% MeCN/H>O + 0.1%
TFA (1625 min), flow rate: 1.0 mL/min, temperature: 40°C]. The isolated sample solution was heated
at 160°C, and 60% HNOs, 60% HClO4, and 30% H,O, were added. This procedure was repeated until
all organic materials were removed. After the samples were cooled to 25°C, the residues were
resuspended in 5 mL of 5% HNO3 (5 mL). The solutions were then used to quantify the copper
concentrations using ICP-MS. Standard curves were plotted using a 5% HNOj3 solution with final metal
concentrations of 0, 0.1, 0.2, 0.5, 1, 2, 5, 10, 20, 50, 100, and 200 ng/mL (ppb), prepared using 1000
pg/mL (ppm) standard solutions of Cu (FUJIFILM Wako Pure Chemical Corporation). For quality
control, 1 ng/mL (ppb) of a reference internal standard (In) was measured in parallel with the samples.
All the tall beakers and sample cups used in this experiment were pretreated with 1% HNO3 to avoid

metal contamination.
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Synthesis of compound 37

The  compounds  4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl
724 ! bromide (118.8 mg, 400.0 pmol) and sodium azide (31.2 mg, 480.0 umol) were
© dissolved and stirred in DMF (1 mL) at 25°C for 16 h. The reaction solution

was concentrated under reduced pressure, the residue was dissolved in EtOAc

N3

and H,O, and the resultant solution was poured into a separatory funnel. The EtOAc layer was washed
with H>O and dried over MgSOs. This organic layer was concentrated under reduced pressure to yield
compound 37 (78.7 mg, 303.7 umol); yield: 75.9%; "H NMR [500 MHz, CDCls] é: 1.35 (s, 12H), 4.35
(s, 2H), 7.32 (d, J= 7.9 Hz, 2H), 7.83 (d, J= 7.9 Hz, 2H); *C NMR [126 MHz, CDCl3] ¢: 24.89, 54.80,
83.93, 127.44, 135.30, 138.31; HRFABMS: calculated for C;3H19O:N3B (M+H)" 260.1573 m/z and
detected to be 260.1582 m/z.

Synthesis of compound 38
| The compounds 4-iodobenzyl bromide (148.5 mg, 500.0 pmol) and sodium azide
\©\/N3 (39.0 mg, 600.0 umol) were dissolved and stirred in DMF (1 mL) at 25°C for 16 h.
The reaction solution was concentrated under reduced pressure, the residue was
dissolved in EtOAc and H,O, and the solution was poured into a separatory funnel. The EtOAc layer
was washed with H,O and dried over MgSOs. This organic layer was concentrated under reduced
pressure to yield compound 38 (91.9 mg, 354.8 umol); yield: 71.0%; '"H NMR [500 MHz, CDCls] 6:
4.29 (s, 2H), 7.07 (d, J= 8.2 Hz, 2H), 7.72 (d, J = 8.2 Hz, 2H); *C NMR [126 MHz, CDCl;] : 54.21,
93.92, 129.98, 135.05, 137.98; HREIMS: calculated for C;HsN3I (M)* 258.9607 m/z and detected to be
258.9599 m/z.

Synthesis of compound 39
| Wy Compound 38 (25.9 mg, 100 umol), copper (II) sulfate pentahydrate
\©\/l\ll p (12.5 mg, 50 pmol), sodium ascorbate (29.7 mg, 150 umol), TBTA
(26.5 mg, 50 umol), and 4-phenyl-1-butyne (13.0 mg, 100 pmol)
were mixed in a round-bottom flask, and methanol (1 mL) was supplemented to the resultant mixture.
The reaction proceeded for 16 h at 25°C. Subsequently, the reaction solution was concentrated under
reduced pressure, and the mixture was purified using flash chromatography (SiO2 column,
hexane:EtOAc = 90:10 — 30:70) to yield compound 39 (35.3 mg, 90.7 pmol); yield: 90.7 %; 'H NMR
[500 MHz, CDCI3] 0: 2.94-3.05 (m, 4H), 5.40 (s, 2H), 6.93 (d, J= 8.2 Hz, 2H), 7.00 (s, 1H), 7.11-7.15
(m, 2H), 7.16-7.21 (m, 1H), 7.21-7.25 (m, 2H), 7.68 (d, J = 8.1 Hz, 2H); *C NMR [126 MHz, CDCl;]
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0:27.50, 35.47, 53.32, 94.30, 120.93, 126.08, 128.35, 128.47, 129.62, 134.62, 138.15, 141.03, 147.85;
HREIMS: calculated for C17H6N3I (M)™ 389.0389 m/z and detected to be 389.0393 m/z.

Synthesis of compound 40
| N Compound 38 (25.9 mg, 100 umol), copper (II) sulfate pentahydrate
\©\/lzl;/)\>\OH (12.5 mg, 50 pmol), sodium ascorbate (29.7 mg, 150 umol), and 4-
pentyn-2-ol (9.25 mg, 110 pmol) were mixed in a round-bottom flask,
and aqueous methanol (MeOH:H,O = 4:1; 1.25 mL) was supplemented into the mixture. The reaction
proceeded for 5 h at 25°C. Subsequently, the reaction solution was concentrated under reduced pressure,
and the mixture was purified using flash chromatography (SiO, column, CHCl;:MeOH = 100:0 —
20:80) to yield compound 40 (29.7 mg, 86.5 pumol); yield: 86.5%; '"H NMR [300 MHz, CDCls] d:
1.24-1.28 (m, 3H), 2.68-2.91 (m, 3H), 4.07—4.22 (m, 1H), 5.45 (s, 2H), 7.01 (d, J = 8.4 Hz, 2H), 7.29
(s, 1H), 7.71 (d, J = 8.4 Hz, 2H); *C NMR [75 MHz, CDCl;] J: 22.91, 34.82, 53.51, 67.09, 94.52,

121.59, 129.81, 134.38, 138.27, 145.93; HRESIMS: calculated for C1oH;sN;OI (M+H)" 344.0254 m/z
and detected to be 344.0257 m/z.

Synthesis of compound 41
| oH Compound 38 (25.9 mg, 100 pmol), copper (II) sulfate pentahydrate
\©\/'le§ Y (12.5 mg, 50 umol), sodium ascorbate (29.7 mg, 150 pmol), TBTA
(26.5 mg, 50 umol), and 4-pentynoic acid (10.8 mg, 110 pmol) were
mixed in a round-bottom flask, and aqueous methanol (MeOH:H,O = 4:1; 1.25 mL) was supplemented
to the mixture. The reaction proceeded for 5 h at 25°C. Subsequently, the reaction solution was
concentrated under reduced pressure, and the mixture was purified using RP-HPLC [column:
COSMOSIL 5Ci3-AR-IT (10.0 IDx150 mm), phase: 30% MeCN/H>O + 0.1% TFA, flow rate: 4.5
mL/min, temperature: 40°C] to yield compound 41 (13.1 mg, 36.7 pmol); yield: 36.7%; '"H NMR [500
MHz, DMSO-ds] 0: 2.57 (t,J = 7.4 Hz, 2H), 2.83 (t, J = 7.5 Hz, 2H), 5.51 (s, 2H), 7.09 (d, J = 7.6 Hz,
2H), 7.73 (d, J = 7.6 Hz, 2H), 7.89 (s, 1H), 12.17 (br. s, 1H); 3*C NMR [126 MHz, DMSO-ds] J: 20.53,
32.94, 51.92, 94.23, 122.09, 130.04, 135.88, 137.38, 145.97, 173.48; HRESIMS: calculated for
Ci2Hi3N30.1 (M+H)* 358.0047 m/z and detected to be 358.0060 m/z.

Synthesis of compound 42
Fmoc Compound 38 (25.9 mg, 100 umol), copper (1) sulfate pentahydrate

| N HN OH (12.5 mg, 50 umol), sodium ascorbate (29.7 mg, 150 pmol), TBTA
\©\/'Zl;/)\)\\<o (26.5 mg, 50 pmol), and Fmoc-L-propargylglycine (36.9 mg, 110
pmol) were mixed in a round-bottom flask, and aqueous methanol

(MeOH:H>0 =4:1; 1.25 mL) was supplemented to the mixture. The reaction proceeded for 5 h at 25°C.
Subsequently, the reaction solution was concentrated under reduced pressure, and the mixture was

purified using flash chromatography (SiO column, CHCI3:MeOH = 100:0 — 30:70) to yield crude oily
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compounds (31.6 mg). The resultant mixture was dissolved in 50% MeCN/H-0, and 50% MeCN/H,O
(containing 0.1% TFA) was added to form a white precipitate. Next, the precipitate was washed with
50% MeCN/HO (containing 0.1% TFA) to yield compound 42 (14.4 mg, 24.2 umol); yield: 24.2%; 'H
NMR [500 MHz, DMSO-ds] 0: 2.93-3.02 (m, 1H), 3.09-3.15 (m, 1H), 4.13—4.28 (m, 4H), 5.51 (s, 2H),
6.99-7.04 (m, 2H), 7.28=7.34 (m, 2H), 7.39-7.45 (m, 2H), 7.63—7.70 (m, 4H), 7.70-7.76 (m, 1H),
7.87-7.92 (m, 3H), 12.80 (br. s, 1H); *C NMR [126 MHz, DMSO-ds] 6: 27.18, 46.44, 51.90, 53.72,
65.57,94.14, 120.02, 123.09, 125.14, 126.97, 127.54, 129.86, 135.84, 137.31, 140.59, 143.31, 143.62,
143.65, 155.81, 172.80; HRESIMS: calculated for C27H24N4O4I (M+H)™ 595.0837 m/z and detected to
be 595.0836 m/z.

Synthesis of compound 43
Compound 38 (25.9 mg, 100 pmol), copper (1) sulfate pentahydrate
| yoN HN OH (12.5 mg, 50 umol), sodium ascorbate (29.7 mg, 150 umol), and
\©\/ '\Il - P Y Boc-L-propargylglycine (23.5 mg, 110 pmol) were mixed in a
round-bottom flask, and aqueous methanol (MeOH:H,O =4:1; 1.25
mL) was supplemented to the mixture. The reaction proceeded for 5 h at 25°C. Subsequently, the
reaction solution was concentrated under reduced pressure, and the mixture was purified using flash
chromatography (SiO; column, CHCl3;:MeOH = 100:0 — 30:70) to yield crude oily compounds (38.5
mg). The resultant mixture was purified using RP-HPLC [column: COSMOSIL 5C3-AR-II (10.0
IDx150 mm), phase: 45% MeCN/H>O + 0.1% TFA, flow rate: 4.5 mL/min, temperature: 40°C] to yield
compound 43 (11.2 mg, 23.7 umol); yield: 23.7%; '"H NMR [500 MHz, DMSO-ds] J: 1.31 (s, 9H),
2.86-2.96 (m, 1H), 3.00-3.09 (m, 1H), 4.11-4.19 (m, 1H), 5.53 (s, 2H), 7.03-7.12 (m, 3H), 7.69-7.75
(m, 2H), 7.84 (s, 1H), 12.64 (br. s, 1H); *C NMR [126 MHz, DMSO-d;] d: 27.12, 28.00, 51.90, 53.24,
78.01, 94.21, 122.99, 130.00, 135.86, 137.36, 143.38, 155.20, 173.04; HREIMS: calculated for
Ci7H21N4O4l (M)* 472.0608 m/z and detected to be 472.00598 m/z.

Synthesis of compound 44 (CCPS-2)
o Compound 17 (CCPS-1; 48.8 mg, 100.0 umol), 4-pentynoic acid (11.8
N NH mg, 120.0 pmol), and HATU (45.6 mg, 120 pmol) were dissolved in
i dichloromethane (DCM; 1 mL). Then, DIEA (20.4 uL, 120.0 umol) was
BUO N)OLN /goﬂgu added into the mixture. The reaction proceeded for 16 h at 25°C. After
oH HHg the reaction solution was concentrated under reduced pressure, the
crude solid was dissolved in EtOAc, and the solution was poured into a separatory funnel. The organic
layer was washed with H,O, saturated aqueous NaHCOs3, and brine. The obtained solution was dried
over MgSO; and concentrated under reduced pressure to yield an oily compound. Finally, the crude
compound was purified using RP-HPLC [column: COSMOSIL 5C;3-AR-II (10.0 ID%150 mm), phase:
55% MeCN/H,0 + 0.1% TFA, flow rate: 4.5 mL/min, temperature: 40°C] to yield compound 44 (42.5
mg, 74.9 umol); yield: 74.9%; '"H NMR [500 MHz, CDCl;] d: 1.30—1.41 (m, 2H), 1.44 (s, 9H), 1.45 (s,
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9H), 1.47 (s, 9H), 1.51-1.63 (m, 3H), 1.73—1.81 (m, 1H), 1.82—1.91 (m, 1H), 2.01 (t, /= 2.4 Hz, 1H),
2.04-2.13 (m, 1H), 2.26—2.39 (m, 2H), 2.42 (t,J= 7.2 Hz, 2H), 2.54 (td, /= 7.0, 2.6 Hz, 2H), 3.17-3.25
(m, 1H), 3.26—3.35 (m, 1H), 4.24—4.37 (m, 2H), 5.21-5.28 (m, 1H), 5.30-5.37 (m, 1H), 6.34 (br. s, 1H);
3C NMR [126 MHz, CDCls] d: 14.99, 22.45, 28.02, 28.08, 28.20, 28.69, 31.63, 32.57, 35.28, 39.02,
53.12,53.27, 69.21, 80.62, 81.77, 82.27, 83.23, 157.02, 171.25, 172.39, 172.65; HRESIMS: calculated
for C2oH49N305Na (M+Na)™ 590.3412 m/z and detected to be 590.3400 m/z.

Synthesis of compound 45 (CCPS-3)
Compound 44 (34.7 mg, 61.1 umol) was dissolved in TFA (2 mL). The

reaction proceeded at 25°C for 2 h. Then, the reaction solution was

AN
é:o

Oy OH
concentrated under reduced pressure and the residue was dissolved in

HO N )kN | oH 7% MeCN (containing 0.1% TFA). The mixture was purified using RP-

oHH HHg HPLC [column: COSMOSIL 5Cis-AR-II (10.0 ID%150 mm), phase:

7% MeCN/H,0 + 0.1% TFA, flow rate: 4.5 mL/min, temperature: 40°C] to yield compound 45 (22.6

mg, 56.6 pmol); yield: 92.6 %; '"H NMR [500 MHz, CD;OD] §: 1.38—1.48 (m, 2H) 1.48—1.60 (m, 2H)

1.61-1.71 (m, 1H), 1.78-1.95 (m, 2H), 2.09-2.19 (m, 1H), 2.24-2.29 (m, 1H), 2.34-2.48 (m, 6H)

3.15-3.22 (m, 2H), 4.22-4.32 (m, 2H); *C NMR [126 MHz, CDs0D] ¢: 15.83, 23.99, 29.06, 29.98,

31.22, 33.31, 36.13, 40.23, 53.69, 54.13, 70.39, 83.53, 160.17, 174.06, 176.07, 176.61; HRESIMS:
calculated for C;7H26N30s (M+H)" 400.1714 m/z and detected to be 400.1725 m/z.

Synthesis of compound 46 (CCPS)
o Compound 45 (16.3 mg, 40.8 umol), 38 (12.7 mg, 49.0 umol),
NW NH copper (II) sulfate pentahydrate (8.2 mg, 32.6 umol), sodium
Q N oy ascorbate (32.3 mg, 163.2 umol), and TBTA (17.3 mg, 32.6
| HO NiNgOH umol) were added into a round-bottom flask, and MeOH/H,O
ofMH HHG (= 4:1, 1 mL) was added to the mixture. The reaction
proceeded for 3 h at 25°C. Then, the reaction solution was concentrated under reduced pressure, and the
residual mixture was dissolved with 25% MeCN (containing 0.1% TFA). After removing the precipitate
with a filter, the mixture solution was purified using RP-HPLC [column: COSMOSIL 5Cs-AR-II (10.0
IDx150 mm), phase: 25% MeCN/H>O + 0.1% TFA, flow rate: 4.5 mL/min, temperature: 40°C] to yield
Compound 46 (15.2 mg, 23.1 umol); yield: 56.6%; "H NMR [500 MHz, CD;OD] §: 1.28—1.38 (m, 2H),
1.39-1.48 (m, 2H), 1.56-1.68 (m, 1H), 1.75-1.84 (m, 1H), 1.84-1.94 (m, 1H), 2.09-2.19 (m, 1H),
2.34-2.47 (m, 2H), 2.51 (t, J=7.3 Hz, 2H), 2.97 (t, /= 7.3 Hz, 2H), 3.03—3.16 (m, 2H), 4.21-4.34 (m,
2H), 5.51 (s, 2H), 7.04—7.12 (m, 2H), 7.68—7.75 (m, 3H); *C NMR [126 MHz, CD;0D] §: 22.59, 23.86,
28.96, 29.89, 31.20, 33.16, 36.41, 40.06, 53.65, 54.02, 54.24, 94.82, 123.68, 123.73, 131.13, 136.80,
139.29, 160.21, 174.52, 176.50, 176.53; HRESIMS: calculated for C24H3:NsOsl (M+H)" 659.1321 m/z

and detected to be 659.1332 m/z.
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Synthesis of compound 47 (CCRGD-1)

The linear peptide immobilized was manually assembled from 2-chlorotrityl chloride resin following a
standard Fmoc-protocol using Fmoc-amino acid derivatives with certain modifications to previous
reports.

Coupling of Fmoc-amino acids

2-Chlorotrityl chloride resin (188.7 mg, loading capacity 1.06 mmol/g) was swelled in DCM for 6 h.
The resin was washed thoroughly with DMF (1 x 2 mL). Fmoc-Gly-OH (178.4 mg, 0.6 mmol, 3.0 eq.),
DMF (1.5 mL), and DIEA (102.0 pL, 0.6 mmol, 3.0 eq.) were mixed and added to a reaction vessel. The
reaction mixture was agitated for 16 h at 25°C. After the reaction solution was removed, the resin was
washed thoroughly with DMF (5 % 2 mL). Then, DMF (1.5 mL), methanol (0.2 mL), and DIEA (102.0
pL, 0.6 mmol, 3.0 eq.) were added to the reaction vessel. The reaction mixture was agitated for 1 h at
25°C. After the reaction solution was removed, the resin was washed thoroughly with DMF (5 x 2 mL),
and 20% piperidine in DMF (1.5 mL) was added to the reaction vessel and agitated for 30 min to remove
Fmoc groups. Once completed, the resin was washed thoroughly with DMF (5 x 2 mL). A Kaiser test
showed that the resin had deprotected. Fmoc-Arg(Pbf)-OH (389.3 mg, 0.6 mmol, 3.0 eq.), HATU (228.1
mg, 0.6 mmol, 3.0 eq.), DMF (1.5 mL), and DIEA (102.0 pL, 0.6 mmol, 3.0 eq.) were added to the
reaction vessel. The reaction mixture was agitated for 6 h at 25°C. After the reaction solution was
removed, the resin was washed thoroughly with DMF (5 x 2 mL). A Kaiser test was performed to
confirm the completion of coupling by showing an absence of free amine on the resin. 20% piperidine
in DMF (1.5 mL) was added to the reaction vessel and agitated for 30 min to eliminate Fmoc groups.
Once completed, the resin was washed thoroughly with DMF (5 x 2 mL). A Kaiser test showed that the
resin was deprotected. Cycles of coupling, washing, deprotection, and washing were repeated until the
desired peptide sequence was synthesized. Finally, the resin was washed with methanol (5 x 2 mL), and
the resin was dried under reduced pressure.

Removal of peptides protected from the resin

The resin was treated with 20% hexafluoro-2-propanol / DCM (2 mL) for 3 h at 25°C to cleave the liner
peptide from the solid support. The resin was removed via filtration and was washed with DCM. The
obtained solution was concentrated under reduced pressure. The crude compound (258.7 mg) was
analyzed via a mass spectrometric technique to confirm that compound 47 is contained in the crude
products. HRESIMS: calculated for CssH79NoO13SNay (M+2Na)*" 569.7651 m/z and detected to be
569.7625 m/z.

Synthesis of compound 51 (CCRGD-5)

The crude compound 47 (258.7 mg) was dissolved in DCM
H H o o and HATU (89.9 mg, 236.4 umol), and DIEA (40.2 pL,
o :( N COOH  236.4 umol) were added into the reaction solution. After the

NH
NH HN\/ﬂ\N

OH § reaction proceeded for 16 h at 25°C, the reaction solution

X

g

g _
H was concentrated under reduced pressure. Then, the residue
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was purified using flash chromatography (SiO. column, CHCI;:MeOH = 100:0 — 70:30) to yield
compound 48 (CCRGD-2; 169.8 mg) as crude products. HRESIMS: calculated for CssH77N9O12SNa;
(M+2Na)** 560.7598 m/z and detected to be 560.7588 m/z.

Subsequently, compound 48 (169.8 mg) was dissolved in 2% hydrazine/DMF (2.0 mL), and the reaction
was stirred at 25°C for 2 h. After the reaction mixture was concentrated using a rotary evaporator, the
residue was purified using flash chromatography (SiO,-NH; column, CHCl3:MeOH = 95:5 — 70:30) to
yield compound 49 (CCRGD-3; 113.0 mg) as crude products. HRESIMS: -calculated for
C1sHesNoO10SNay (M+2Na)** 478.7180 m/z and detected to be 478.7167 m/z.

Compound 49 (46.0 mg) was dissolved in DCM (2.0 mL) followed by the addition of 4-pentynoic acid
(5.9 mg, 60.5 umol), HATU (23.0 mg, 60.5 umol), and DIEA (10.3 pL, 60.5 umol). The reaction
proceeded for 2 h at 25°C. Then, the reaction solution was concentrated using under reduced pressure,
and the residue was purified using flash chromatography (SiO, column, CHCl3:MeOH = 98:2 — 70:30)
to yield compound 50 (CCRGD-4; 15.1 mg) as crude products. HRESIMS: calculated for
Ca9HgoN9O11SNa (M+Na)" 1014.4729 m/z and detected to be 1014.4729 m/z.

Finally, compound 50 (11.2 mg) was dissolved in TFA (2.0 mL), and the reaction was stirred for 2 h at
25°C to eliminate protected groups. The reaction solution was concentrated by a rotary evaporator, and
the residue was purified using RP-HPLC [column: COSMOSIL 5Cis-AR-II (10.0 IDx150 mm), phase:
20% MeCN/H20 + 0.1% TFA, flow rate: 4.5 mL/min, temperature: 40°C] to yield compound 51
(CCRGD-5; 7.1 mg, 10.4 pmol). HRESIMS: calculated for C3,HssNoOs (M+H)" 684.3464 m/z and
detected to be 684.3461 m/z.

Synthesis of compound 52 (CCRGD)

Compound 51 (CCRGD-5; 2.7 mg, 4.0 pmol), 38 (1.2
N R . Ko 9 ‘ mg, 4.8 pmol), copper (II) sulfate pentahydrate (0.8 mg,
0 O;( H% " coon 3.2 pmol), sodium ascorbate (3.2 mg, 16.0 umol), and
| Py : o) TBTA (1.7 mg, 3.2 umol) were added into a round-
H bottom flask, and MeOH/H,O (=4:1, 1 mL) was added
to the mixture. The reaction proceeded for 3 h at 25°C. Then, the reaction solution was concentrated
under reduced pressure, and the residual mixture was dissolved with 30% MeCN/H:O (containing 0.1%
TFA). After removing the precipitate with a filter, the mixture solution was purified using RP-HPLC
[column: COSMOSIL 5C;3-AR-II (10.0 IDx150 mm), phase: 30% MeCN/H,O + 0.1% TFA, flow rate:
4.5 mL/min, temperature: 40°C] to yield compound 52 (1.4 mg, 1.5 pumol). Yield: 37.1%; HRESIMS:

calculated for C30Hs3N120sl (M+2H)?" 472.1572 m/z and detected to be 472.1558 m/z.

Synthesis of compound 53 (CCKA-1)

Compound 53 (CCKA-1) was synthesized using the same method as that for 47 (CCRGD-1). The linear

peptide immobilized was manually assembled from 2-chlorotrityl chloride resin (94.3 mg, loading
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capacity 1.06 mmol/g) following a standard Fmoc-protocol using Fmoc-amino acid derivatives and 4-
pentynoic acid.

Removal of peptides protected from the resin

The linear peptide was cleaved from the solid support by the addition of TFA/TIS/Thioanisole/H,O
(94.0:1.0:2.5:2.5, 2.0 mL) for 3 h at 50°C. The resin was removed via filtration and was washed with
TFA. The obtained solution was concentrated under reduced pressure. The residual oily compound was
treated with cold diethyl ether to form a precipitate. The solid was washed with cold diethyl ether thrice.
Finally, the mixture was purified using RP-HPLC [column: COSMOSIL 5C;s-AR-II (10.0 ID%150 mm),
phase: 19% MeCN/H,O + 0.1% TFA, flow rate: 4.5 mL/min, temperature: 40°C] to yield compound 53
(4Pta-Lys-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg-OH; 10.2 mg, 8.0 umol). HRESIMS: calculated for
Co1HooN 7015 (M+3H)** 423.5681 m/z and detected to be 423.5700 m/z.

Synthesis of compound 54 (CCKA)

e Compound 53 (2.5 mg, 2.0 pumol), 38 (0.6 mg, 2.4 umol),
dN%hﬂuJ{gQN ™ copper (II) sulfate pentahydrate (0.4 mg, 1.6 pmol), sodium
, { ° ﬁ 3 EKOH ascorbate (1.6 mg, 8.0 umol), and TBTA (0.8 mg, 1.6 pmol)

CE,?L:(; JOLONZ O °  were added into a round—b(?ttom flask, and MeOH/HzO (=4:1,

no 1 mL) were added to the mixture. The reaction proceeded for 3
h at 25°C. Then, the reaction solution was concentrated under reduced pressure, and the residual mixture
was dissolved with 26% MeCN (containing 0.1% TFA). After removing the precipitate with a filter, the
mixture solution was purified using RP-HPLC [column: COSMOSIL 5C;3-AR-II (10.0 ID%150 mm),
phase: 26% MeCN/H,O + 0.1% TFA, flow rate: 4.5 mL/min, temperature: 40°C] to yield compound 54
(CCKA; 1.3 mg, 0.9 umol). Yield: 37.5%; HRESIMS: calculated for CesHosN2O13I (M+3H)** 509.8884

m/z and detected to be 509.8892 m/z.

Synthesis of compound 55 (CCTA-1)

Compound 55 (CCTA-1) was synthesized using the same method as that for 47 (CCRGD-1). The linear
peptide immobilized was manually assembled from 2-chlorotrityl chloride resin (188.7 mg, loading
capacity 1.06 mmol/g) following a standard Fmoc-protocol using Fmoc-amino acid derivatives and 4-
pentynoic acid.

Removal of peptides protected from the resin

The linear peptide was cleaved from the solid support by the addition of TFA/TIS/EDT/H.O
(94.0:1.0:2.5:2.5, 3 mL) for 3 h at 25°C. The resin was removed by filtration and was washed with TFA.
The obtained solution was concentrated using a rotary evaporator. The residual oily compound was
treated with cold diethyl ether to form a precipitate. The solid was washed with cold diethyl ether thrice.
Finally, the mixture was purified using RP-HPLC [column: COSMOSIL 5C;5-AR-II (10.0 IDx150 mm),
phase: 29% MeCN/H,O + 0.1% TFA, flow rate: 4.5 mL/min, temperature: 40°C] to yield compound 55
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(4Pta-fBAla-DPhe-Cys-Tyr-DTrp-Lys-Thr-Cys-Thr-OH; 25.0 mg, 20.8 pmol). HRESIMS: calculated for
Cs7H77N11014S, (NH‘ZH)z+ 601.7541 m/z and detected to be 601.7531 m/z.

Synthesis of compound 56 (CCT14-2)
The purified compound 55 (25.0 mg, 20.8 umol) was dissolved in
N /\)LN/W Qk g 2.5 mL of a saturated NH4HCO3;/ DMF: H,O (= 1:1). The reaction
solution was air-oxidized for 12 h at 25°C. Finally, the mixture

)iThN)im)W was purified using RP-HPLC [column: COSMOSIL 5C;s-AR-II

(10.0 IDx150 mm), phase: 28% MeCN/H,O + 0.1% TFA, flow

rate: 4.5 mL/min, temperature: 25°C] to yield compound 56 (14.8 mg, 12.3 pumol). Yield: 59.3%.
HRESIMS: calculated for Cs7H7sN11014S> (M+2H)** 600.7463 m/z and detected to be 600.7462 m/z.

Synthesis of compound 57 (CCTA)
oH Compound 56 (2.4 mg, 2.0 umol), 38 (0.6 mg, 2.4 umol),

N «A WN & copper (II) sulfate pentahydrate (0.4 mg, 1.6 pmol), sodium
ﬁ ©s” L\EQ ascorbate (1.6 mg, 8.0 umol), and TBTA (0.8 mg, 1.6 umol)
! )i TpN)i” w, were added into a round-bottom flask, and MeOH/H,O (=

4:1, 1 mL) was added to the mixture. The reaction
proceeded for 3 h at 25°C. Then, the reaction solution was concentrated under reduced pressure, and the
residual mixture was dissolved with 35% MeCN (containing 0.1% TFA). After removing the precipitate
with a filter, the mixture solution was purified using RP-HPLC [column: COSMOSIL 5C;3-AR-II (10.0
IDx150 mm), phase: 35% MeCN/H>O + 0.1% TFA, flow rate: 4.5 mL/min, temperature: 40°C] to yield
compound 57 (1.4 mg, 1.0 umol). Yield: 48.0%; HRESIMS: calculated for C¢sHsiN14014S:1 (M+2H)**
730.2266 m/z and detected to be 730.2276 m/z.

Radiosynthesis of ['*1]39
Compound 37 (100 nmol) in 20 pL of solvent* and the copper catalyst** (80 nmol or 20 nmol) in 20
uL of solvent* were poured into a microtube along with a 10-uM NaOH aqueous solution of '*°I (0.3
pL, 1.0—1.4 MBq). The reaction solution was gently vortexed for 10 seconds. The reaction proceeded at
25°C for 3 min. Subsequently, 4-phenyl-1-butyne (200 nmol) in solvent* (20 uL), and sodium ascorbate
(400 nmol) and TBTA (80 nmol) in an aqueous solution (solvent*:H,O = 1:1; 40 uL) were incorporated
into the reaction solution, following which the resultant mixture was gently vortexed for 10 seconds.
The reaction proceeded at 25°C for 10-60 min. The mixture was analyzed via radio-TLC
(hexane:EtOAc = 1:1) and radio-HPLC [column: COSMOSIL 5Cis-AR-II (4.6 IDx150 mm), phase:
55% MeCN/H»O + 0.1% TFA, flow rate: 1.0 mL/min, temperature: 40°C]. RCC (%) was determined by
radio-TLC analysis.
*Solvent = MeOH, EtOH, MeCN, DMF, or DMSO.
**Copper catalyst = Cu(py)4(OTf),, CuSO4- 5H,0, Cu(OTf),, CuCls, Cu(OMe),, or [Cu(CH3CN)]PFe.
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Radiosynthetic method I: Confirmation of synthetic intermediates

Compound 37 (100 nmol) in 20 pL of MeOH and Cu(py)4+(OTf), (80 nmol) in 20 pL. of MeOH were
added to a microtube along with a 10-uM NaOH aqueous solution of '>°I (0.3 pL, 1.3—-1.6 MBq).
Subsequently, the reaction solution was gently vortexed for 10 seconds. The reaction proceeded at 25°C
for 3 min. The resultant mixture was analyzed via radio-TLC (hexane:EtOAc = 1:1) and radio-HPLC
[column: COSMOSIL 5Ci5-AR-II (4.6 IDx150 mm), phase: 55% MeCN/H>O + 0.1% TFA, flow rate:
1.0 mL/min, temperature: 40°C]. RCC (%) was determined by radio-TLC analysis.

Radiosynthetic method I1: Assessment reversing the order of reactions

Compound 37 (100 nmol) in 20 pL of MeOH, Cu(py)s+(OTf), (80 nmol) in 20 pL of MeOH, 4-phenyl-
1-butyne (200 nmol) in 20 pL of MeOH, and sodium ascorbate (400 nmol) and TBTA (80 nmol) in
aqueous methanol (MeOH:H,O = 1:1; 40 pL) were collected in a microtube. The reaction solution was
gently vortexed for 10 seconds. The reaction was performed at 25°C for 10 min. Subsequently, a 10-uM
NaOH aqueous solution of I (0.3 uL, 1.2—1.4 MBq) was added to the reaction solution. The reaction
solution was gently vortexed for 10 seconds. The reaction was performed at 25°C for 3 min. The mixture
was analyzed using radio-TLC (hexane:EtOAc = 1:1) and radio-HPLC [column: COSMOSIL 5C;s-
AR-II (4.6 IDx150 mm), phase: 55% MeCN/H>O + 0.1% TFA, flow rate: 1.0 mL/min, temperature:
40°C]. RCC (%) was determined via radio-TLC analysis.

Radiosynthesis of '*I-labeled small molecules and peptides

Compound 37 (100 nmol) in 20 pL of MeOH and Cu(py)4(OTf), (80—150 nmol) in 20 uL of MeOH
were added into a microtube along with a 10-uM NaOH aqueous solution of %1 (0.3 pL, 1.0-1.3 MBq).
The reaction solution was gently vortexed for 10 seconds. The reaction was performed at 25°C for 3
min. Subsequently, corresponding peptides (200 nmol) in MeOH (20 pL), and sodium ascorbate
(400—750 nmol) and TBTA (80—150 nmol) in aqueous methanol (MeOH:H,O = 1:1; 40 pL) were
incorporated into the reaction solution, following which the resultant mixture was gently vortexed for
10 seconds. The reaction proceeded at 25°C for 10—20 min. The mixture was analyzed via radio-HPLC,
and the RCC (%) was determined via radio-HPLC analysis.
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High-performance liquid chromatography analysis condition
Column: COSMOSIL® 5C;s-ARII (4.6 IDx150 mm)
Temperature: 40 °C

Flow: 1.0 mL/min

Phase A: H,O (containing 0.1% TFA)

Phase B: MeCN (containing 0.1% TFA)

Condition A: 20% to 100% phase B (0—15 min)
Condition B: 40% to 100% phase B (0—15 min)
Condition C: 50% to 100% phase B (0—15 min)
Condition D: 60% to 100% phase B (0—15 min)
Condition E: 70% to 100% phase B (0—15 min)
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UV-HPLC and radio-HPLC chromatograms, and radio-TLC traces

Radio-TLC of ['*I]1(i) without purification [CHCI; : EtOAc (= 9:1)]
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UV- and radio-HPLC of 1(i) and ['*I]1(i) [Analysis condition B]
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Radio-TLC of ['*I]1(ii) without purification [CHCI; : EtOAc (= 9:1)]

¢ (o O

UV- and radio-HPLC of 1(ii) and ['*I]1(ii) [Analysis condition B]
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Radio-TLC of ['*I]2(i) without purification [CHCI; : EtOAc (= 9:1)]

UV- and radio-HPLC of 2(i) and ['**I]2(i) [Analysis condition B]
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Radio-TLC of ['#I]2(ii) without purification [CHCI; : EtOAc (= 9:1)]

.
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*

UV- and radio-HPLC of 2(ii) and ['*5I]2(ii) [Analysis condition B]
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Radio-TLC of ['*I]3(i) without purification [CHCI;]

L

UV- and radio-HPLC of 3(i) and ['**I]3(i) [Analysis condition B]
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Radio-TLC of ['*I]3(ii) without purification [CHCI;]

L

UV- and radio-HPLC of 3(ii) and ['**I]3(ii) [Analysis condition B]
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Radio-TLC of ['*I]4(i) without purification [CHCI; : MeOH (= 1:1)]

IR BN

UV- and radio-HPLC of 4(i) and ['2*I]4(i) [Analysis condition A]
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Radio-TLC of ['#I]4(ii) without purification [CHCI; : MeOH (= 1:1)]

’

IR

UV- and radio-HPLC of 4(ii) and ['*5I]4(ii) [Analysis condition A]
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Radio-TLC of ['*I]5(i) without purification [CHCI; : MeOH (= 1:1)]
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UV- and radio-HPLC of 5(i) and ['2*I]5(i) [Analysis condition A]

UV detector
mVY
= B H25A Ch2 254nm|
] ng
500 ‘
250~ H
] I
0 EEESNPN o UR S I
‘ — — — . ‘ .
0.0 25 5.0 75 10.0 125 15.0
min
RI detector
mV
15 ] | RI detecto
10
5] | |
] I
i P WP NS NSRS Y | r\AW.J,Ju«,,,,/\q.mnmwui_‘—\,/\,\.&ﬁ. et e SN et ]
o+ — — — — — :
0.0 25 50 75 10.0 125 15.0
min

72



Radio-TLC of ['#I]5(ii) without purification [CHCI; : MeOH (= 1:1)]

MR MR

UV- and radio-HPLC of 5(ii) and ['*5I]5(ii) [Analysis condition A]
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Radio-TLC of ['*I]6(i) without purification [CHCI; : MeOH (= 3:7)]

UV- and radio-HPLC of 6(i) and ['2°I]6(i) [Analysis condition A]
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Radio-TLC of ['#1I]6(ii) without purification [CHCI; : MeOH (= 3:7)]

® & o

UV- and radio-HPLC of 6(ii) and ['**I]6(ii) [Analysis condition A]
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Radio-TLC of ['*I]7(i) without purification [CHCI; : EtOAc (= 1:1)]

L e @

UV- and radio-HPLC of 7(i) and ['?*I]7(i) [Analysis condition C]
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Radio-TLC of ['#I]7(ii) without purification [CHCI; : EtOAc (= 1:1)]

UV- and radio-HPLC of 7(ii) and ['*I]7(ii) [Analysis condition C]
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Radio-TLC of ['*I]8(i) without purification [hexane : CHCI; (= 8:2)]

UV- and radio-HPLC of 8(i) and ['2°I|8(i) [Analysis condition E]
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Radio-TLC of ['*I]8(ii) without purification [hexane : CHCI; (= 8:2)]

UV- and radio-HPLC of 8(ii) and ['**I]8(ii) [Analysis condition E]
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Radio-TLC of ['*I]9(i) without purification [hexane: EtOAc (= 2:1)]

UV- and radio-HPLC of 9(i) and ['**I]9(i) [Analysis condition D]
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Radio-TLC of ['#I]9(ii) without purification [hexane: EtOAc (= 2:1)]

UV- and radio-HPLC of 9(ii) and ['**I]9(ii) [Analysis condition D]
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Radio-TLC of ['*I]10(i) without purification [hexane: EtOAc (= 2:1)]

UV- and radio-HPLC of 10(i) and ['2I]10(i) [Analysis condition D]
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Radio-TLC of ['%I]10(ii) without purification [hexane: EtOAc (= 2:1)]

UV- and radio-HPLC of 10(ii) and ['?*I]10(ii) [Analysis condition D]
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Comparison of reaction solvents in the radiosynthesis of [1231]12

Radio-TLC of ['*I]12 after 10 min [CHCl; : MeOH (= 18:1)]

1. MeOH 2. EtOH 3. MeCN 4. Acetone
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Radio-TLC of ['*I]12 (MeOH) without purification [CHCI; : MeOH (= 9:1)]

UV- and radio-HPLC of 12 and ['*I]12 [Analysis condition B]
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Radio-TLC of ['*I]14 (MeOH) without purification [CHCI; : MeOH (= 9:1)]

UV- and radio-HPLC of 14 and ['*I]14 [Analysis condition B]
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Radio-TLC of ['*I]12 (EtOH) without purification [CHCI; : MeOH (= 18:1)]

UV- and radio-HPLC of 12 and ['*I]12 [Analysis condition B]
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Radio-TLC of ['*I]14 (EtOH) without purification [CHCIl; : MeOH (= 18:1)]

®

UV- and radio-HPLC of 14 and ['*I]14 [Analysis condition B]
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FE—IE  ["S1]IB-c(RGDYk) DL &
LLF, J. Labelled Comp. Radiopharm. 2021, 64, 336-345, Supporting information J ¥ 5.

Indirect >I-labeling of ¢c((RGDyK) using ['2°1]14
UV- and radio-HPLC of 16 and ['*I]16 [Analysis condition B]
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Direct '*5I-labeling of ¢(RGDyK) using boronic precursor 15

Table S1: Study for appropriate reaction conditions of radiolabeling thorough PB-c(RGDyKk).

Entry PB-c(RGDyk) Solvent Time (min) Temp. (°C) Microwave RCC (%)
1 25°C 0
2 10 min ' 5.3
0.2 mg DMF
3 40 °C 11.0
O
4 30 min 15.3
5 25°C 0
6 0.2 mg DMSO 10 min 3.5
40 °C
7 ) 13.4
8 0.2 mg >99
9 0.1 mg MeOH 10 min 25°C - >99
10 0.05 mg >99

*k The radiochemical conversion (RCC) was determined by radio-HPLC

UV- and radio-HPLC of 16 and ['**I]16 [Analysis condition B]
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BIH  ["B1IB-PS DHBEHLFES
LLF, Bioorg. Med. Chem. 2022, 69, 116915, Supporting information & ¥ 5] /.

High-performance liquid chromatography analysis condition
Column: COSMOSIL® 5C;5-ARII (4.6 IDx150 mm)
Temperature: 40 °C
Flow: 1.0 mL/min
Phase A: H,O (containing 0.1% TFA)
Phase B: MeCN (containing 0.1% TFA)
Condition F: 25% phase B (0—15 min)
25% to 100% phase B (15—16 min)
100% phase B (16—25 min)
B Condition G: 65% phase B (0—15 min)
65% to 100% phase B (15—16 min)
100% phase B (16—25 min)

UV-HPLC analysis of 20 and 22
UV-HPLC analysis of 20 [Analysis condition G]
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Method I (Radiosynthesis of [1251]22)

Radio-HPLC analysis of a reaction mixture [Analysis condition F]
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Method II (Radiosynthesis of [12°1]22)
Radio-HPLC analysis of a reaction mixture [Analysis condition F]
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Method III (Radiosynthesis of [1251]20)
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BORIGEA 71 =X LOHEE
LUF, ACS Omega 2023, 8, 24418—24425, Supporting information & ¥ 5| .

High-performance liquid chromatography analysis condition
Column: COSMOSIL® 5C;5-ARII (4.6 IDx150 mm)
Temperature: 40 °C
Flow: 1.0 mL/min
Phase A: H,O (containing 0.1% TFA)
Phase B: MeCN (containing 0.1% TFA)
Condition H: 60% phase B (0—15 min)
60% to 100% phase B (15—16 min)
100% phase B (16—25 min)
B Condition I: 35% phase B (0—15 min)
35% to 100% phase B (15—16 min)
100% phase B (16—25 min)
B Condition J: 40% to 90% phase B (0—20 min)
90 % phase B (20—30 min)
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UV- and radio-HPLC chromatograms of standard samples and *’I-labeled samples
UV- and radio-HPLC of 25 and ['*I]25 [Analysis condition H]
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UV- and radio-HPLC of 26 and ['?*1]26 [Analysis condition H]
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UV- and radio-HPLC of 30 and ['2I]30 [Analysis condition J]
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UV- and radio-HPLC of 31 and ['**I]31 [Analysis condition J]
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UV- and radio-HPLC of 32 and ['2*I]32 [Analysis condition J]
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UV- and radio-HPLC of 35 and ['?*I]35 [Analysis condition I]
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UV- and radio-HPLC of 36 and ['2I]36 [Analysis condition I]
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Solvent effect on copper-mediated radioiododeboronation

Reaction condition:

Boronic precursor: 23 (100 nmol), copper catalyst: Cu(py)4(OTf), (5 nmol), temp.: 25°C, time: 10 min.

Solvent: MeOH

Solvent: EtOH
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Developing solvent: hexane : CHCl; = 6:4
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Solvent: DMF
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.

Developing solvent: hexane : CHCl; = 6:4
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Reaction condition:

Boronic precursor: 24 (100 nmol), copper catalyst: Cu(py)4(OTf). (5 nmol), temp.: 25°C, time: 10 min.

Solvent: MeOH
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Solvent: DMF

mV

Solvent: DMSO

mV

3 =
1 B R
|
qd |
|
A
& 0— ‘ - e -
T T T T T T T T T T T
/ 0 5 10 15 20 2
4 < min
5

Developing solvent: hexane : CHCl; = 1:1
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Effect of MeOH and H:20 on the labeling efficiency

Reaction condition:
Boronic precursor: 23 (100 nmol), copper catalyst: Cu(py)4(OTf), (5 nmol), temp.: 25°C, time: 10 min.

Solvent: 50% v/v MeCN/MeOH
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Developing solvent: hexane : CHCI; = 6:4
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Solvent: 50% v/v MeCN/H,O
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Solvent: 50% v/v DMF/ H,O

Solvent: 50% v/v DMSO/ H,O
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Effect of H20 content of MeOH solvent on the labeling efficiency

Reaction condition:

Boronic precursor: 23 (100 nmol), copper catalyst: Cu(py)4(OTf) (10 nmol), temp.: 25°C, time: 10 min.

Solvent: 0% v/v H,O/MeOH
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Reaction condition:

Boronic precursor: 24 (100 nmol), copper catalyst: Cu(py)s+(OTf), (10 nmol), temp.: 25°C, time: 10 min.

Solvent: 0% v/v H,O/MeOH
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Reaction condition:

Boronic precursor: 27 (100 nmol), copper catalyst: Cu(py)4(OTf) (10 nmol), temp.: 25°C, time: 10 min.

Solvent: 0% v/v H,O/MeOH
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Developing solvent: hexane: CHCI; = 6:4
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Reaction condition:

Boronic precursor: 28 (100 nmol), copper catalyst: Cu(py)4+(OTf): (10 nmol), temp.:

Solvent: 0% v/v H,O/MeOH

Solvent: 20% v/v H,O/MeOH
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Reaction condition:

Boronic precursor: 29 (100 nmol), copper catalyst: Cu(py)4(OTf), (10 nmol), temp.: 25°C, time: 10 min.

Solvent: 0% v/v H,O/MeOH
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Effect of copper catalyst amount on RCCs of ['251]25 and ['*°1]26

Table S2: Effect of copper catalyst (0—40 nmol) on RCCs of ['*5I]25 and ['*°1]26

Entry Precursor Cu(py)4(OTf); (nmol) RCC (%)*
1 0 -

2 5 20.1+1.5
3 23 10 57.1+3.8
4 20 83.1+2.1
5 40 87.7+2.8
6 0 -

7 5 145+0.6
8 24 10 45.1+24
9 20 72.7+3.6
10 40 84.6 +4.5

*Data are presented as the mean + standard deviation (N = 3).

Reaction condition: precursor (23 or 24; 100 nmol), 20% v/v H,O/MeOH (100 pL), 25°C/10min.
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Reaction condition:

Boronic precursor: 23 (100 nmol), reaction solvent: 20% v/v H,O/MeOH, temp.: 25°C, time: 10 min.

Copper catalyst: Cu(py)+(OTf); (0 nmol) Copper catalyst: Cu(py)s+(OTf): (5 nmol)
£ % - L3 *
$ ; L . .
Copper catalyst: Cu(py)4(OTf); (20 nmol) Copper catalyst: Cu(py)4(OTf): (40 nmol)
® | o L] ® ° *
L . » s - . - »

Copper catalyst: Cu(py)4(OTf); (10 nmol) [> Page 104]
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Reaction condition:

Boronic precursor: 24 (100 nmol), reaction solvent: 20% v/v H,O/MeOH, temp.: 25°C, time: 10 min.

Copper catalyst: Cu(py)+(OTf); (0 nmol) Copper catalyst: Cu(py)4(OTf): (5 nmol)
% % & & ) ‘ *
» & - ‘ & i » * ® ‘ *
Copper catalyst: Cu(py)4(OTf); (20 nmol) Copper catalyst: Cu(py)4(OTf): (40 nmol)
* * b *® - ®
L * L * B ®

Copper catalyst: Cu(py)4(OTf); (10 nmol) [> Page 105]
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Effect of labeling reaction time on RCCs of [123]23 and ['*°1]24

Table S3: Effect of labeling reaction time (0—60 min) on RCCs of ['°I]25 and ['*1]26
Entry Precursor Cu(py)4(OTf); (nmol) Time (min) RCC (%)*

1 10 57.1+£3.8
2 10 30 89.7£1.0
3 60 93.6+0.8
23
4 10 83.1+£2.1
5 20 30 94.9+0.3
6 60 96.4 +0.1
7 10 45.1+24
8 10 30 782+ 1.6
9 60 93.8+0.3
24
10 10 72.7+£3.6
11 20 30 91.6+14
12 60 94.0+0.4

*Data are presented as the mean + standard deviation (N = 3).

Reaction condition: precursor (23 or 24; 100 nmol), 20% v/v HO/MeOH (100 pL), 25°C.
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Reaction condition:

Boronic precursor: 23 (100 nmol), reaction solvent: 20% v/v H O/MeOH, temp.: 25°C

Copper catalyst: Cu(py)s+(OTf): (10 nmol) Copper catalyst: Cu(py)s«(OTf), (10 nmol)

Reaction time: 30 min Reaction time: 60 min

. . s * . -
Copper catalyst: Cu(py)4(OTf); (20 nmol) Copper catalyst: Cu(py)4(OTf): (20 nmol)
Reaction time: 30 min Reaction time: 60 min

*

Copper catalyst: Cu(py)s+(OTf): (10 nmol), Reaction time: 10 min [ Page104]

Copper catalyst: Cu(py)s(OTf): (20 nmol), Reaction time: 10 min [ Page 110]
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Reaction condition:

Boronic precursor: 24 (100 nmol), reaction solvent: 20% v/v H O/MeOH, temp.: 25°C

Copper catalyst: Cu(py)+(OTf): (10 nmol)

Reaction time: 30 min

Copper catalyst: Cu(py)4(OTf): (20 nmol)

Reaction time: 30 min

Copper catalyst: Cu(py)4(OTf); (10 nmol)

Reaction time: 60 min

Copper catalyst: Cu(py)4(OTf): (20 nmol)

Reaction time: 60 min

Copper catalyst: Cu(py)s+(OTf): (10 nmol), Reaction time: 10 min [ Page 105]

Copper catalyst: Cu(py)s+(OTf): (20 nmol), Reaction time: 10 min [ Page 111]
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Effect of copper catalyst on RCCs of ['231]35 (['25I]m-IBTA) and 36 (['*I|p-IBTA)

Table S4: Radiosynthesis of ['?*I]35 and 36 using a copper-mediated radioiodination in MeOH or 20%
v/v MeOH/H>O.

Entry Precursor Solvent Cu(py)4(OTf); (nmol) RCC (%)*
1 0 0

2 40 30.7+1.0
3 20%v/v MeOH/H,O 80 57.1+£1.9
4 160 80.1+1.8
5 33 320 89.8+3.9
6 0 0

7 MeOH 40 87.6+2.7
8 80 98.6+1.3
9 0 0

10 40 11.3+£3.0
11 20%v/v MeOH/H,O 80 22.6+0.9
12 160 304+23
13 34 320 453+1.0
14 0 0

15 40 573+11.7
16 MeOH 80 86.7+4.2
17 160 98.3+1.7

*Data are presented as the mean + standard deviation (N = 3).

Reaction condition: precursor (33 or 34; 100 nmol), 25°C/10min.
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Reaction condition:

Boronic precursor: 33 (100 nmol), reaction solvent: MeOH, temp.: 25°C, time: 10 min.

Copper catalyst: Cu(py)+(OTf); (0 nmol)
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Copper catalyst: Cu(py)s(OTf); (5 nmol)
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Copper catalyst: Cu(py)s(OTf); (80 nmol)
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Reaction condition:

Boronic precursor: 34 (100 nmol), reaction solvent: MeOH, temp.: 25°C, time: 10 min.

Copper catalyst: Cu(py)+(OTf); (0 nmol)
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Copper catalyst: Cu(py)+(OTf): (40 nmol)
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Copper catalyst: Cu(py)4(OTf); (80 nmol)
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Copper catalyst: Cu(py)s(OTf); (160 nmol)
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Reaction condition:

Boronic precursor: 33 (100 nmol), reaction solvent: 20% v/v H,O/MeOH, temp.: 25°C, time: 10 min.

Copper catalyst: Cu(py)+(OTf); (0 nmol)
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Copper catalyst: Cu(py)+(OTf): (80 nmol)
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Copper catalyst: Cu(py)4(OTf), (160 nmol)
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Copper catalyst: Cu(py)s(OTf); (320 nmol)
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Reaction condition:

Boronic precursor: 34 (100 nmol), reaction solvent: 20% v/v H,O/MeOH, temp.: 25°C, time: 10 min.

Copper catalyst: Cu(py)+(OTf); (0 nmol)
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Copper catalyst:
UV detector

mV

Cu(py)4«(OTf)2 (80 nmol)
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Copper catalyst: Cu(py)4(OTf), (160 nmol)

UV detector
mV
] |% T2 H55A Ch2 254nm
2000+ “
1000 “ ]
ks
0 L |
T 1 \ T
0 5 10 15 20 25
min
RI detector
mV
=] RI
4 o
5.0
2.5+ ‘| g
| .
1 \ It
00— -
T T T I T T T T
0 5 10 15 20 25
min

126



Copper catalyst: Cu(py)s(OTf); (320 nmol)
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Effect of labeling time on RCCs of ['2°1]35 and ['*’I]36

Table S5: Effect of radiolabeling time (0—60 min) on RCCs of ['*I]35 and ['**I]36

Entry Precursor Cu(py)4(OTf); (nmol) Time (min) RCC (%)*

1 10 57.1+£19
33 80

2 30 98.6+1.3

3 10 453+1.0

4 34 320 30 81.7+0.9

5 60 94.8+0.5

*Data are presented as the mean + standard deviation (N = 3).

Reaction condition: precursor (33 or 34; 100 nmol), 20% v/v H O/MeOH (100 pL), 25°C.
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Reaction condition:
Boronic precursor: 33 (100 nmol), copper catalyst: Cu(py)4(OTf), (80 nmol), reaction solvent: 20% v/v
H,O/MeOH, temp.: 25°C

Reaction time: 30 min.

UV detector
mV
4 2 EHEEA Ch2 254nm|
1500 ’|3
o0 ||
so0] || B
i ‘ .
IR
G |- e 2284  m—
T T T T T T
0 5 10 15 20 25
min
RI detector
mV
. “:‘E Rl
5.0+ “'"
2.5 | |
1 \
] || Iﬂ
0.0 — !
[ I I [
0 5 10 15 20 25
min

129



Reaction condition:

Boronic precursor: 34 (100 nmol), copper catalyst: Cu(py)s(OTf), (320 nmol), reaction solvent: 20%
v/v H,O/MeOH, temp.: 25°C

Reaction time: 30 min.
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B_E GBI OIRATYRI VRIERERTT ¥ R =7V CRIEAIRIG

IZE SV 72 One-Pot Two-Step HEFRiE DS
LLF, Chem. Comm. 2024, 60, 714—717, Supporting information & ¥ 5| .

High-performance liquid chromatography analysis condition

Column: COSMOSIL® 5C;5-ARII (4.6 IDx150 mm)

Temperature: 40°C

Flow: 1.0 mL/min

Phase A: H,O (containing 0.1% TFA)

Phase B: MeCN (containing 0.1% TFA)

Condition K: 55% phase B (0—15 min)

55% to 100 % phase B (15—16 min)
100% phase B (16—25 min)

B Condition L: 35% phase B (0—15 min)
35% to 100 % phase B (15—-16 min)
100% phase B (16—25 min)

B Condition M: 30% phase B (0—15 min)
30% to 100 % phase B (15—16 min)
100% phase B (16—25 min)

B Condition N: 25% phase B (0—15 min)
25% to 100 % phase B (15-16 min)
100% phase B (16—25 min)

B Condition O: 25 to 40% phase B (0—15 min)
40% to 100 % phase B (15—16 min)
100% phase B (16—25 min)

B Condition P: 30 to 100% phase B (0—15 min)
100% phase B (15—25 min)

B Condition Q: 40 to 100% phase B (0—15 min)
100% phase B (15—25 min)

131



UV- and radio-HPLC chromatograms and radio-TLC traces
Radio-TLC of ['*I]38 and ['2°I]39 [Hexane : EtOAc (= 1:1)]

[1251]38

[1251]39

UV- and radio-HPLC of 38 and ['?*I]38 [Analysis condition K]

UV detector
mV
4007 2 EHA Ch2 254nm
] &
300 ||
20 f
100 |‘ ||
] i I
e — — —
0 5 10 15 20 25
min
RI detector
mV ~
] l.g R
> |_
N I
] [
i ‘I l
0_ - —— —
0 ‘5 Ib 1l5 ZID 25
min

132



UV- and radio-HPLC of 39 and ['2°I]39 [Analysis condition K]
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UV- and radio-HPLC of 40 and ['**1]40 [Analysis condition P]
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UV- and radio-HPLC of 41 and ['*I]41 [Analysis condition P]
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UV- and radio-HPLC of 42 and ['?*1]42 [Analysis condition Q]
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UV- and radio-HPLC of 43 and ['2°1]43 [Analysis condition Q]
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UV- and radio-HPLC of 46 and ['2°1]46 [Analysis condition N]
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UV- and radio-HPLC of 52 and ['**I]52 [Analysis condition M]
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UV- and radio-HPLC of 54 and ['2°I]54 [Analysis condition O]
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UV- and radio-HPLC of 57 and ['?I]57 [Analysis condition L]
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Optimization of reaction condition

Optimization of copper catalyst on the one-pot two-step radioiodination

o ['#1Nal 4-Phenyl-1-butyne

B Cu cat. Na ascorbate, TBTA 125)

o~ > > N=N

MeOH MeOH:H,0 (= 4:1) 'y
Ns 25°C, 3 min 25°C, 10 min

37 1251139

\

Reaction condition: 37 (100 nmol), 4-phenyl-1-butyne (200 nmol), sodium ascorbate (400 nmol), TBTA
(80 nmol), Cu cat. = Cu(py)s+(OTf), [py = pyridine, OTf = trifluoromethanesulfonate], CuSOs4-5H-0,
Cu(OTH),, CuCly, Cu(OMe),, or [Cu(CH3CN)]PFe.

Effect of CuAAC reaction time on RCCs of [12°]39

125
) [*lINal 4-Phenyl-1-butyne
B Cu(py)4(OTHy) Na ascorbate, TBTA 125)
(o) \O\/ on > > [,\|:N
e MeOH:H,0 (= 4:1)
Ns  25°C,3min 25°C, Time N7
37 1251139

Reaction condition: 37 (100 nmol), 4-phenyl-1-butyne (200 nmol), Cu(py)s+(OTf), (20 nmol), sodium
ascorbate (400 nmol), TBTA (80 nmol), time = 10, 20, 30, or 60 min.

Effect of solvent on the radiosynthesis of ['251]39

125
o ['“>INal 4-Phenyl-1-butyne
o B Cu(py)4(OTfy) Na ascorbate, TBTA 125) N
- » ? N=
Solvent Solvent:H,0 (= 4:1) \©\/ \J
\©\/N3 25°C, 3 min 25°C, 10 min "
37 [125|]39

Reaction condition: 37 (100 nmol), Cu(py)s+(OTf), (80 nmol), 4-phenyl-1-butyne (200 nmol), sodium
ascorbate (400 nmol), TBTA (80 nmol), solvent = MeOH, EtOH, MeCN, DMF, or DMSO.
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Optimization of copper catalyst on the one-pot two-step radioiodination
Cu catalyst: Cu(py)4(OTf): (0.8 eq.)
Radio-TLC of reaction mixture [hexane : EtOAc (= 1:1)]

e * 0
. i, ]

UV- and radio-HPLC of reaction mixture [ Analysis condition K]
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Cu catalyst: Cu(py)+(OTf): (0.2 eq.)
Radio-TLC of reaction mixture [hexane : EtOAc (= 1:1)]

UV- and radio-HPLC of reaction mixture [ Analysis condition K]
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Cu catalyst: CuSOs (0.8 eq.)
Radio-TLC of reaction mixture [hexane : EtOAc (= 1:1)]

UV- and radio-HPLC of reaction mixture [ Analysis condition K]
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Cu catalyst: CuSOs (0.2 eq.)
Radio-TLC of reaction mixture [hexane : EtOAc (= 1:1)]

- -

w -

-

UV- and radio-HPLC of reaction mixture [ Analysis condition K]
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Cu catalyst: Cu(OTf):(0.8 eq.)

Radio-TLC of reaction mixture [hexane : EtOAc (= 1:1)]

@

& .

UV- and radio-HPLC of reaction mixture [ Analysis condition K]
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Cu catalyst: Cu(OTf):(0.2 eq.)

Radio-TLC of reaction mixture [hexane : EtOAc (= 1:1)]
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UV- and radio-HPLC of reaction mixture [ Analysis condition K]
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Cu catalyst: CuCl,

Radio-TLC of reaction mixture [hexane : EtOAc (= 1:1)]

&
%
g

s S .

UV- and radio-HPLC of reaction mixture [ Analysis condition K]
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Cu catalyst: Cu(OMe),

Radio-TLC of reaction mixture [hexane : EtOAc (= 1:1)]

o

UV- and radio-HPLC of reaction mixture [ Analysis condition K]
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Cu catalyst: [Cu(CH3CN)4]PFs
Radio-TLC of reaction mixture [hexane : EtOAc (= 1:1)]

.

UV- and radio-HPLC of reaction mixture [ Analysis condition K]
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Effect of CuAAC reaction time on RCCs of [1>°1]39
Radio-TLC of reaction mixture [hexane : EtOAc (= 1:1)]

Time: 20 Time: 30 Time: 60
- - - . - -
* * . i & | ' ¥

UV- and radio-HPLC of the reaction mixture after 60 min [ Analysis condition K]

UV detector
mV
f S R HEFA Ch2 254nm)|
1000+ "—'
500+ ‘
| g8 9 3 o
] | 2 I8 S 8 i
. & 2 = & o
: : : : ; : :
0 10 15 20 25
min
RI detector
mV
q = RI|
5.0 r|2
2.5 “
[
0+—"" [N .
T — T T T T T T
0 10 15 20 25
min

148




Effect of solvent on the radiosynthesis of ['251]39

Solvent: EtOH

Radio-TLC of reaction mixture [hexane : EtOAc (= 1:1)]
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UV- and radio-HPLC of reaction mixture [ Analysis condition K]
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Solvent: CH;CN

Radio-TLC of reaction mixture [hexane : EtOAc (= 1:1)]

e *5“*

UV- and radio-HPLC of reaction mixture [ Analysis condition K]
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Solvent: DMF

Radio-TLC of reaction mixture [hexane : EtOAc (= 1:1)]

5 o
*

!

¥

UV- and radio-HPLC of reaction mixture [ Analysis condition K]
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Solvent: DMSO

4

3

Radio-TLC of reaction mixture [hexane : EtOAc (= 1:1)]

UV- and radio-HPLC of reaction mixture [ Analysis condition K]
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Mechanistic investigation
Confirmation of synthetic intermediates (['>1]38).

Reaction condition:
37 (100 nmol), Cu(py)4(OTf): (80 nmol), MeOH (40 nL)

Radio-TLC of reaction mixture [hexane : EtOAc (= 1:1)]

UV- and radio-HPLC of reaction mixture [ Analysis condition K]
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Assessment reversing the order of reactions.

Reaction condition:

37 (100 nmol), Cu(py)s(OTf), (80 nmol), 4-phenyl-1-butyne (200 nmol), sodium ascorbate (400 nmol),
TBTA (80 nmol), MeOH:H,O (= 4:1, 100 pL).

Radio-TLC of reaction mixture [hexane : EtOAc (= 1:1)]
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UV- and radio-HPLC of reaction mixture [ Analysis condition K]
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Radiosynthesis of ['251]40, 41, 42, 43, 46, 52, 54, 57
Table 6S: Synthesis of ['2°1]40

Cu(py)«(OTH); Time RCC (%)
Entry

(nmol) (min) [1]38
1 80 10 19.2
2 80 20 0.6 +1.0*

11140
79.0
96.4 + 1.5%

*Data are presented as the mean + standard deviation (N = 3).

UV- and radio-HPLC of the reaction mixture (Entry 2) [Analysis condition P]
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Table 7S: Synthesis of ['251]41

Cu(py)«((OTf), Time RCC (%)
Entry
(nmol) (min) [1]38 (12141
1 80 10 12.8 87.2
2 150 10 3.5+0.6* 96.5 + 0.6*

*Data are presented as the mean + standard deviation (N = 3).

UV- and radio-HPLC of the reaction mixture (Entry 2) [ Analysis condition P]
UV detector

mV
2 BH A Ch2 254nm
1000 ”
500-] h
1 |8 g
- | S o
0
T T [ I T T [ [
0 5 10 15 20 25
min
RI detector
mV
S R
5.0 ‘h
2.5+ ‘||
] & ‘ll =
0.0 ‘
[ T T T [
0 5 10 15 20 25

min
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Table 8S: Synthesis of ['2°1]42

Cu(py)4(OTf), Time
Entry

(nmol) (min)
1 80 10
2 80 15
3 80 20

RCC (%)

(1138 ['251142
32.6 67.4

4.9 95.1

2.4+ 1.0 97.6 + 1.0%

*Data are presented as the mean + standard deviation (N = 3).

UV- and radio-HPLC of the reaction mixture (Entry 3) [ Analysis condition Q]

UV detector
mV )
3000+ |‘§ FHIFFA Ch2 254nm
2000 h
10004 | - |
1l I g
L e I s
0 ‘l e A — il
T T T T T T T T
0 5 10 15 20 25
min
RI detector
mV
5 R
5.0+ ”
2.5 ‘
||| g
] |
0.0
: : -
0 5 10 15 20 25
min
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Table 9S: Synthesis of ['251]43

Cu(py)«(OTH); Time RCC (%)
Entry

(nmol) (min) [1]38
1 150 20 1.7+ 0.8*

[1143
97.6 + 0.6*

*Data are presented as the mean + standard deviation (N = 3).

UV- and radio-HPLC of the reaction mixture (Entry 1) [Analysis condition Q]

UV detector

mV

3001 1
2000—: ”
|

1000—: “

1 2.294
3706
| | 6242

B H A Ch2 254nm

RI detector

mV

25

min

2.5+ h

1 {1883
| F‘12.-1-16

0.0 LR

158

25

min



Table 10S: Synthesis of ['2°1]46

Cu(py)«(OTH); Time  RCC (%)
Entry
(nmol) (min) [251138
1 80 10 34.7
2 80 20 7.6
3 150 20 1.0+ 0.6*

[1251]46
60.2

82.2

87.8 +2.0%*

*Data are presented as the mean + standard deviation (N = 3).

UV- and radio-HPLC of the reaction mixture (Entry 3) [Analysis condition N]

UV detector
mV
|; B HEEA Ch2 254nm
2000 ‘
1000-|
1 03 s
ol .
T [ T T T T [ T
0 5 10 15 20 25
min
RI detector
mV
2 "
2.5+ “
| ‘ | 8 o
] =) I o=
o~ | | - =
0.0 b !
T T T T
0 5 10 15 20 25

min
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Table 11S: Synthesis of [121]52

Cu(py)4(OTH), Time RCC (%)
Entry
(nmol) (min) ['*1)38 ['1]52
1 80 10 28.6 71.4
2 80 20 279 72.1
3 150 20 5.1£2.7% 93.3+2.1*

*Data are presented as the mean + standard deviation (N = 3).

UV- and radio-HPLC of the reaction mixture (Entry 3) [ Analysis condition M]

UV detector
mV
‘5 B H35A Ch2 254nm
1500 h
1000 H
500 -
] - @
: H E 3
o] iV} . .!_(1._ —
— - - 1 - - - 1 T T T I T T T T 1
0 5 10 15 20 25
min
RI detector
mVy
f; Rl
25| M
. | :
- 3 Il =
0.0 - I\ )
T [ T T I I [
0 5 10 15 20 25
min
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Table 12S: Synthesis of ['°1]54

Cu(py)4(OTH), Time
Entry

(nmol) (min)
1 80 10
2 80 20
3 150 20

RCC (%)
[151]38
27.9

15.5
6.6+ 1.6%

['1154
69.5

81.4

90.9 + 1.2%

*Data are presented as the mean + standard deviation (N = 3).

UV- and radio-HPLC of the reaction mixture (Entry 3) [ Analysis condition O]

UV detector
mYy
Ig FEHIZRA Ch2 254nm)|
2000 H
1000+ 53
R 2 &
T T T T T T
0 5 10 15 20 25
min
RI detector
mV
] [;: RI
3 ‘
2 ”
i = ‘| 7
=4 | =
it A 1| I\. — o~ |‘I
T T T T
0 5 10 15 20 25
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min



Table 13S: Synthesis of ['2°I]57

Cu(py)s+(OTf),  Time RCC (%)
Entry
(nmol) (min) ['*51]38 1157
1 80 10 16.1 80.6
2 80 15 7.9 89.6
3 80 20 4.6 +£0.3* 92.7+0.3*
4 100 10 23.1 75.0
5 150 10 11.9 85.4

*Data are presented as the mean + standard deviation (N = 3).

UV- and radio-HPLC of the reaction mixture (Entry 3) [ Analysis condition L]
UV detector

2000 ‘:: TEH 54 ChZ 254nm
1500 ‘
1000 2
] o8
1 S
sy /g
G: |I |‘| I ; 2 _ o
T T T T
0 5 10 15 20 25
min
RI detector
mV
5.0 "§ Rl
2.5+ H
| :
= [ f
i % a i~
0.0 A, N i
: — : : : :
0 5 10 15 20 25

min
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