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Development of Macrocyclic Ligands for Stable Radiometal Complexes

Jeongsoo Yoo, Ph.D., Jaetae lee, MD, PhD.’

Department of Molecular Medicine, Department of Nuclear Medicine', Kyungpook National University School of
Medicine, Korea

Current interest in the regioselective N-functionalization of tetraazacycloalkanes (cyclen and cyclam) stems mainly
from their complexes with radioactive metals for applications in diagnostic *Cu, ", “Ga) and therapeutic (V)
medicine, and with paramagnetic ions for magnetic resonance imaging (Cd™). Selective methods for the
N-substitution of cyclen and cyclam is a crucial step in most syntheses of cyclen and cyclam-based radiometal
complexes and bifunctional chelating agents. In addition, mixing different pendent groups to give hetero-substituted
cyclen derivatives would be advantageous in many applications for fine-tuning the compound's physical properties.
So far, numerous approaches for the regioselective N-substitution of tetraazacycloalkanes and more specifically
cyclen and cyclam are reported. Unfortunately, none of them are general and every strategy has its own strong
points and drawbacks. Herein, we categorize numerous regioselective N-alkylation methods into three strategies,
such as 1} direct substitution of the macrocycle, 2} introduction of the functional groups prior to cyclization, and
3} protection/functionalization/deprotection. Our discussion is also split into the methods of mono- and
tri-functionalization and di-functionalizataion based on number of substituents. At the end, we describe new trials
for the new macrocycles which form more stable metal complexes with various radiometals, and briefly mention
the commercially available tetraazacycloalkanes which are used for the biconjugation of biomolecules.Korean )
Nucl Med 39(4)1:215-223, 2005)

B2 Ad 22 FHoEZ Aol HAY I F 98 g
E 7 %ol d7H4
Aiale] 2]7+=7} tetraazacycloalkane = Solth, 714
EHEXMJ tetraazacycloalkane 3%EZ = cyclen® cyclam
o] A3 AA MRI =3A 2 AME-E T 90+ Na[Gd(DOTA)
(H:0) Joll A5 DOTAE cyclend V) 79 22 ¢a}o]

+ Received: 2005. 7. 20. « Accepted: 2005. 8. 12.

+ Address for reprints: Jeongsoo Yoo, Ph.D., Depariment of
Molecular Medicine, Kyungpook National University School
of Medicine, #101 Dongin-dong 2-ga, Joong-gu, Daegu
700-422, Korea
Tel: 82-53-420-4947, Fax: 82-53-422-0864
E-mail: yooj@knu.ac.kr
%0} =22 MRS CHIM KHet A~guto] 2 CH0|LHeiA

SHAAATHE Ay AEUL|C

Key Words : Regioselective N-Functionalization, Tetraazacycloalkanes, Cyclen, Cyclam
M 2 m

7N HOOC—_ /™ ,—COOH

NH HN NH HN N N

e (0 () [ ]
—’F NH HN NH HN N
— L_J  HOOC—" —/ “-~COOH
3L A AA YAk AleE T 9= cyclen cyclam DOTA

Fig. 1. Most common tetraazacycloalkanes.
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[NH N] [NH N]
NH HN NH HN
_/

R = CH,COOH R = CH,COOH
(CH,),COOH (CH,),COOH
CH,-mPy CH,-mPy

CHz-OPy
(CH,)-oPy

Fig. 2. Mono-N-substituted cyclen and cyclam.
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Fig. 3. Cyclization of mono-substituted precursors.
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Fig. 4. Synthesis of bismacrocycles by using fri-protected
macrocycles.
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As717 A& 2Ho] At WHH Boee tosyl 7190 Hls) A
2o Al HClolu TFA 722 4tol] 93] 4A AAE ¢ A=
AHE 7HAS oAtk A A9 ofvlol WElHE cyclendt
cyclam &2 thkE bismacrocyleS $ASEH T AL
=1 cHFig. 4).
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Fig. 5. N-monoalkylation of 1.4,7,10-cyclen via formamido
protection.
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NH HN , N N NH N
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\——y OHC —/ CHO AN

Fig. 6. : Synthesis of mono-N-Cbz-cyclen: {) chloral hydrate, EtOH,
60°C: i) benzyl chloro for mate, HyO; i) M HCI, 50°C.
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R /7™

[N HN

]”R R

NH N 2) detosylate N HN
R =tosyl ™ R R
R./™\ R./—\
N N °N N
of o\ o) —
Cl I 0
N N. N N
/R /R
R=Me

Fig. 9. Synthesis of bicyclic tetraamine with a trimethylene and a
tetramethylene bridge.

NH HN NaxCO;
[ ] MeCN
NH HN
O ' X=CH,N
=X
L~
X
BH;

)

Fig. 10. Synthesis of cyclam-based macrobicycle.
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(Fig. 1)
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NH HN N N N
[ ] NaOH [N\/ ] 2 RX [ ~~ ]
CH,CI

NH HN 22NN INTTN
L () R

R=Me

m ‘/NaOH
R

Fig. 11. Preparation of 1,8-disubstituted cyclam compounds
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