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ABSTRACT Over a few decades, copper radioisotopes and their chelation chemistry for radiopharmaceuticals have
played crucial role in the radiopharmaceutical science area. A variety of chelators have been required for
their stable targeting ability in physiological conditions. For radiolabeling with copper-64 into biomolecules,
thermodynamic stability, kinetic inertness, pH stability, and redox stability should be considered. In this regard,
many researchers have attempted to develop the chelators that can bind with copper more tightly, rapidly
and stably for copper radiolabeling. This review discusses the chemistry of copper, its suitable chelators and
characteristics, while elucidating the evaluations of each chelator for radiolabeling.
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Introduction ol 181 ABA Sof &3t thofst dFEo] FAY
o& &ubs] AlLE AL UTH2),

72| (Copper) HAHY s9¥2] HYHA o] g2 shARE e UAHY SHERE ARERl jlo] A
TE7F 7HA = e Tt olakeka £ 7Rk o A 2= 25 ° JAT dEolg e 7ol &
&3t 9] Zg o] ¥ (Chelator) 9] 7HEro] a7 Fo] wt asteh, Fele AgE] o] FHQd 55 o]
2t 7Hsstolth, Fel= the a5 AN S99 ae ) 29| 3 FTHE A& A, O, A4y 181 W F
wshgls of, Aol o] it w2 HstEE Hol ¢ 7] 2Ae] 4tel gkl Wk wlE Ao GAS ¢
A} W& @52 (Positron emission tomography, 8 ZRsieh@). whEbA ol it AW >
PET)¥} 22 894 Z2Bs5 4% ] Qo] & dAstA A= glow, oz Qs AWele
H AN Fea e s Ay & itk E=3h g7y 29 4 e ot AR A=l Al U
64Cu (t1/2 = 12.7 h, EB+ = 0.655 MeV (17.8%), (transporters, chaperones, metallothioneins,
EB— = 0.573 MeV (38.4%), EC (43.8%))(1)2] 749, superoxide dismutase, cytochrome c oxidase,
v A 7] 97| S Ay oFZ o] PETAAL o[ A& A etc.)9} AlEZ 9(serum albumin, ceruloplasmin,
7] fIt T W AFeE AW Z227F o] Fo] A 5= QU= transcuprin, ete.)oll 38}l Uh(4), ol=gt A
ST AIE TS 4 ok, e AN Feea 2AREO OBl ] WAMY F 91429 transchelation
siFo 2 et AL Aol E A, T, et o] e = Qlal o= PET Yol A 2] o= o]n]X]
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7R 29%0] ek A 9] o
I Z HARY E%’—] YA 4 Z(Cu, ®'Cu, 2Cu and *Cu)

= o], 2%(*'Cu and ¥Cu)o| HAMI A&
2 = AeH2). 53] “Cuz W2 oy A9
AP ERERZCORE A 756k, 12,7 het= A4
O 2 N H7E 7HAAL Qlof A T FEO] e HhAL
g3 A450] “Cus WA 9
Ll ek, “Cus A 641\11(1~'>,r1)"4Cu Elasy
= &oto] AAtE 12 MeV /A W& 2AFsHo] 100
MBq (3 mCi)/pAh 74 AF 7hsshet HalE $lek(s).
SCure RS (44%), BT W=(18%), B~ W=(38%) 2
Y S 2ol PETS 5% ﬁ*}ﬁ}‘f‘j} ofd A=
2 0147 38o| 715317] wREoltheranostic &
ofol| M= 1 7hs/dS HolFal ITH6).
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Fele] shere 54

A el 2R3k Tl Cu(DH Cu()e] =
A & = Qlek 7 AP E ol wet Aok fite
SofAlet i 9] 715 27 A= H27] gz Ao
o] olg) ¥st= o] HAMY 59UAE 154 T uj
of o] A< sl Falof gk, Cull)e v o)
WS AT AR sk oA glo] 2lzhese &
E& o]2H7). Cu(D)Lhard soft acid base theory
(HSAB)ol| 9]3}H thiol, thioehters, phosphines,
nitriles, isonitriles, iodide, cyanide, thiolates 1
23l imidazole¥} T2 soft polarizable BT &
o] A9} tetrahedral geometryS XSRS, 7). ok
ZA AWollA Cu)e 8] & SEo] g T/
ATOX13} -2 histidine®] ¥+ tetrahedral binding
sitesol] EAFICH(3). REH Cu(D9] 49 d? vigE 7t
A3l borderline softness& }X©|™ amine, imine,
bipyridine, carboxylate®} -2 borderline hardz]
= Fo3A|e} square pyramidal, distorted square
planar, trigonal pyramidal, square pyramidal,
AzFeHT), &

2(octahedral geometries)

distorted octahedral geometrys<=
gFCu(l) o] Su ¢ 2ehaol 4
axial elongation 3} tetragonal compression® =
Jahn—Teller distortions= Ho]&=d] o|& <I3}o] H]
WA wE 2te wgko] yehdtt shARE Cu(ll)=
Cu(Dell Hl3l of= A r=9] A% S+t o J A& 7HA]
7] ol Qo Cul)rrks & AelolE2e
LA AL Ho|n #Cy WA E91QhAa0] AL siCy?t
7h 75 2EE T web Cu(l)7h 846k 2=9
o g7 orAAY £ 27 v|EAdL uESH= Ay
O|E]E ARE-afloF St flef 22 Cu(lD)E M E} Al

7|+= spehA 2 AES 118l sto]of st

A3 Z# o]€ (Acyclic chelator)

T2 WA SHERe] BAE SR AF e olE

+ F2tetragonally distorted octahedron geometry
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Figure 1. Various acyclic chelators for Cu radioisotopes labeling.

=

=

7H= SHl9] A olee} distorted square—
7HA= AR ZeElole®
Uth(Figure 1). %7 AHolg= Suif]
2,2,2,2”—(Ethane—1,2—diyldinitrilo)tetraacetic
acid (EDTA), 2—[Bis[2—[bis(carboxymethyl)amino]
ethyllaminolacetic acid (DTPA)&} TS
polyamine carboxylate 2]7F=9} 1 =4
5t tH8-10). EDTAS} DTPAL F-2]of tigt & &
2 QHg A (IOg Keu-rora = 18.7, log Keu-rora = 21.4)=
Holm w2 2HE-& o FUAITE A&l 21049
Aol ZA "WolXith= ®arrh Qlok(1l), o] Aol
A= 6"Cu—(p—NOy;—(benzyl) —-EDTAL} “Cu—DTPA—
N—butylamide®] @4 /gl sl 3Lt AL 2
W, 27] = E 2 AN Sl ae] Blsl of 18%2t
35%°to] Zt7y FAE FAISTEL HALE ek, ARl
AAE 7= A Q] Ayo|e 2% schiff baseAd
}Bis(thiosemicarbazone) Z7r=2] FE=AE0] AT},
N'.N"—(2E,3E)—2,3—Butanediylidenebis(N—
methylcarbamohydrazonothioic acid) (ATSM)2] 7
7t o]t Z—-_IEHOIH—OJ ZH dl Az, AW St

ol Akl BEFE AE W) BelN HCwvt HCu’

planar geometry=

2 %

acyclic
52 A8

=3

2 3Yxjo] ATSMO ZHE B 11, cytosolo] B]7}
SRl E7%Vﬂﬂﬂlwmma@”ﬁwbﬁ4%%q
(12). A% AgolE= YHFA 2 & macrocyclic Z o]
B ]3H A Hg AT Abek—2hl Aol #A] &
stthe 77 5 oleth “Cu—ATSM % Zo] iﬂlﬂ
54 230004 7 B Ee 542 AUA ¢
-, T2 A ST B0 R Sk B —l‘vj:ZP
of Ateo] = dHY FAE AZsh= Zlo] dukA
o]7] wjZolct,

1188 A o)g(Cyclic chelator)

T2 AR Feidast dYoly 2AEY €Y
£ HZ@AYS Eo|7] fIste] o
3} polyaza macrocycle 7] J«] ZAdlolel=o] 7
wojgth(Figure 2). -2 7WdE deole= +
o] ojgt 2ol £L tetraazamacrocyclic 7
de Ef Zpendant carboxylate arms®] = -
Z25 FIoQ). ol=g deolE= I oR Sl
219 distorted octahedron® geometryE 7}t
I dHA Qlth(4). WHEA<QImacrocyclic A o E
2l cyclen”|¥t9]1,4,7,10—Tetraazacyclododecane—
1,4,7,10—tetraacetic (DOTA)2}cyclam 7| 4F
9]1,4,8,11-Tetraazacyclotetradecane—1,4,8,11—
tetraacetic acid (TETA)®= 2]} 2H2-2 AT o
=& 94 oA (log KCu—DOTA = 22,2, log KCu—

O:

5 QrgA 9
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’

1 ol o

1o mlm filo
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HOOC—, /—\ ,~COOH  HOOC— [ ) ,~COOH
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N N
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Figure 2. Various cyclic chelators for Cu radioisotopes labeling.
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TETA =21.1)& Holth B Eich4), A Cu2+9]
7% o 2 3719 cavitiesg Azt e dxaEE
#/dsl= DOTARTH Sxtae] s JAots TETAY)
737} ring strain SH|A T ¢Hgsto] 2HE9 <F
Aol o Atk Bz} Qlrh(13-16). “Cu—DOTA-
Trastuzumab(16), %Cu—DOTA—Alendronate(17),
64Cu—TETA—Octreotide(18) % DOTASL} TETA 7]
HEo] ZAYo|EE &85 PET F/delA Az =
Aoz HARl AE FAIRITHE HAalzh Qlen,
Cu—TETA—Octreotide®] sprague—dawley ratol
5k Ado) A 7] superoxide dismutase(SOD)]
O3l 20A1715QF ©F 70% =7} transchelation®lth
+ Bi% Slv(19). AelolE Y 24 rigidityd] ¥
Fe Bt AEY A SUHE flste] 719 e
olelo] 7l cross—bridged AoJElF0] o3l Hil
E Qi gi#Fo =2 4,10-bis(carboxymethyl)-1,4,7,10-
tetraazabicyclo[5.5. 2]tetradecane (CB—DO2A)2} 4,11-
bis(carboxymethyl)-1,4,8, 11-tetraazabicyclo[6.6.2]
hexadecane (CB—TE2A)7} ith. ©|&3t cross—bridged
ZA#olE &2 transchelationol] tHsl 7]& 2
ojE T AdtiHor =2 MYAFS Hola 53] A
A 2HNAE HE AeolEof Hsf 71 E2hE3t v
718 Heltk= Bart 9lck 5 M HCL 90°C =4
oA A9 S SAT A, Cu-TETAY &
2zt MlE oF 5w =S Cu—CB-TE2A
O] 7% oF 164 Axte® AA F7HEATH19). R
of o]zfgk Cross—bridged Zgolgle] WA EAE
-‘?43]1 Hpe ow= =
5 gAe e o= olejt RES =9 FUIE
?lfﬁ T2 W3lel EEA4S oI 4 7] "
| Aelo]EE ARESH7|o] Qlol & Fdo] d 4 3l
t}. o= dE3s7] Y35lelcross—bridged cyclam—

appended monopicolinates(21), pyridyl—cross—

2

bridged cyclam pycup derivatives(22), propylene
cross—bridged TE2A(23) 59| thofat A o|gEo]
HE 2EoAE A7} 7hsster ik v Qi gk
H 2] 2] AN E9l9ae] Ao TRt Ao
A= 3,6,10,13,16,19—Hexazabicyclo[6.6.6]icosane

(sarcophagine, Sar)¥},4,7—triazacyclononane—
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N,N',N"—triacetic acid (NOTA) AlFe] Zdo]el7}
A% ZgErt Sardt NOTALE 2o Lo % i
A7F 7hsstal g o s [fAHt= iz Qo
Sarcophagine |92 7Hg tia2dl Aol ==
DiAmSare] Qltt, %Cu 3#%] Aol Asarcophagine
AGe] dFUSarAr Zeo]E7} &9 vt pH
HO M= 4= Euto] 243 complexationg o F

31, human plasma % oA AdoA 7Y o

P

T 98%0] & A ST BAETH2A),
NOTA & G40 2] AFo|A] Ao 4w we
complexation® 0|23 @4 Q44 AF Az} 48 A
7k o] Fol| = 90% ol 4ke] QHg A Kl i} 9l
th25). 1)@ AdolEo] &3k troret AeolEE

ST

o] FAo = W A7) XY=
Arelell ¢FAA], transmetalation ?_PESMS] ==
ofo] W2 o]RA Ao et At x| =4

cheRt g.Qlsof sl aLefwofof g,

Conclusion
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