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[#Te™(CO),(NO)-L | (L=DTPA, EDTA, EHIDA) in Aqueous Solution
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Abstract: In order to develop a new method for the preparation of the [* Tc™ (CO), (NO)-L]
(L=DTPA, EDTA, EHIDA) complexes in aqueous solution, two different procedures were
developed: one is formation of the metal-tricarbonyl-ligand complex and subsequent nitrosyla-
tion; another is nitrosylation of the metal-tricarbonyl precursor followed by reaction with the
ligand. The optimal labeling conditions were studied. Results of TLC and HPLC indicate that
the radiochemical yields derived from the two methods list above are all more than 90%. It’s
an easier new way to prepare [ Tc™ (CO), (NO)-L] complexes in aqueous solution with high
efficiency. The newly developed [ Tc™(CO), (NO)-L] complexes are stable at room tempera-
ture during 1 half-life of the isotope. At the same time, the lipophility and net charge of
[“Tc™(CO),(NO)-L] complexes are also changed comparing with that of corresponding

[ Te™(CO); " core complexes. It opens a new field for designing radiopharmaceuticals.
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(CO), (NO)(H, )y 77 —["Te™ (COY, (NO)-L ],

1
1.1
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9 Tem , 3
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s ; Adventur-
erTM , ( )
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1.3.1.1

[ Te™(CO), (NO)-L]

1 mL Na” Tc™O, , 78 C
30 min; , pH=7,
(2) [P Tc™ (CO);-L](L=DTPA, EDTA,
EHIDA™") (b) 500 L L
(5 g/L), 500 pLL(35~350 MBq) a
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Table 1  Preparation conditions of [ Tc™(CO), (NO)-L]
(L= DTPA, EDTA, EHIDA)

(3) ["Tc™ (CO)Y, (NO)-L]J(L=DTPA,

EDTA, EHIDA) (¢) 1mL [*Tc™
(CO),-L] 10 mL R 0.1
mol/L HCl 0.1 mol/L NaOH pH;

3 mg NOBH,, , 60 C 30 min

[99Tem (COY, (NOY-L] pH 1.3.2 [ Tc" (CO), (NO) (H,0); **
(Reaction time) /min
T (CO), (NODTPA] 10 o [ Te™ (COY, (NO)-L](L=DTPA. EDTA)
[9Tem(CO)2 (NO)-EDTA] 4 30 1.3.2.1
[99Tem(CO) 2 (NO)-EHIDA | 7 30
[ Te™ (COYy (H,0), ] [ Tc™ (COY, (NO) (H,0), JP T ———— [ Te" (COY, (NO)-L]
1.3.2.2 . (NO)-L](L=DTPA, EDTA) 1~6 h,
(D [“Te™(COY, (H,0), " () , ,
1.3.1.2 ., [ Tc™(CO), (NO)-L](L=DTPA. EDTA)
(2) [ Te™ (COY, (NO) (H,0), ]*F ,
(e) . 1 mL(35~350 MBq) d 10 1.3.6 lg P
mL , 500 pL 0.1 mol/L HCI (PBS, pH=7.4)
; 3 mg NOBH, , , 70 C 30 ;
min i R 0.1 mL (
(3) [ Te" (CO)Y, (NO)-L] (L = DTPA, 95%0) PBS
EDTA) 500 plL e 10 mL 0.9 mL, 1.0 mL,
, 100 L L (5g/L), ’ o
pH(pH 1 80 C 30 min 0.1mL, .
3 lg P=lg(
1.3.3 / ) °
1.3.7 H=7.4
(TLO) (HPLC) 3 P
. TLC
/ . / ' ’
/ . HPLC '
. A 0. 1% TFA ' ’
0 ’ .
B 0. 1% TFA U.=150 V. I.=18 mA.
0—20 min, 100% A 100% Bj;
20—30 min,100% B, 1.0 mL/min,
3~5 ul.
1.3.4 pH (9 Te™(COY, (NO)-L] 2
A AR 2.1 [”Te"(CO),(NO)-L] (L= DTPA, EDTA)
1.3.1 . [ Tem (COY5-L] (L=
DTPA, EDTA) pH NOBH, , o
pH. ° R . 2,
1.3.5 [ Te™ (CO),
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Table 2 R values of complexes involved in different TLC systems
R;
(Systems)
A B C D E F G
! 0.0~0.1 0.3~0.5 0.0~0.1 - - - -
(Acetontrile/ polyamide strip)
' 0.0~0.1 0.0~0.1 0.0~0.1 0.9~1.0 0.9~1.0 - -
(Saline/ polyamide strip)
' 0.0~0.1 - - 0.5~0.7 0.5~0.7 0.9~1.0 0.9~1.0
(Methanol/ filter paper strip)
(Note): A, P TcmOy » 2H,05 By #TemOp 5 Cy [ Tem (COYs (Ho0)3 175 Dy [ Tem (COY3-DTPAT; E. [# Tem (COY,-

EDTA]J; F. [ Tem(CO) 5 (NO)-DTPAT; G, [P Tem(COY» (NOY-EDTA]

HPLC ) [ Te™(COY, (NO)-EHIDA ]
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[ Tc™(COY, (NO) J-
HPLC results of [ Te™(CO); J- and [* Tc™ (CO), (NO) J- complexes
[9Tem(CO)3(Hy O3] T (zr=15.0 min, 88.90%; tg=15.9 min, 10.97%);
[9Te™(COY 2 (NO)(H20)3 127 (1g =13. 8 min, 99.85%) ;
[ Tem(CO)5-DTPA] (g =10.5 min, 99.20%);

[P Te™(COY2 (NO)-DTPA] (

HPLC

(Derived from (¢)), tg=14.1 min, 99.58%);

(Derived from (b)), tg=13. 8 min, 97.32%);

(Derived from (), tg=14. 4 min, 99.20%);

(Derived from (b)), rg=13.9 min, 91.17%)
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Table 3 HPLC retention time of [ Tc™ (CO);-1L]
and [* Te™ (CO), (NO)-L]
(from [P Tc™(CO);-L]) in aqueous media

tr/min

[%Tem(COY5-L] [P Te™(COY2 (NO)-L]

DTPA 10. 5 14.1
EDTA 9.4 14. 4
EHIDA 18.0 15. 6

4 [PTe™(CO);-DTPA]
[ Te™(CO), (NO)-DTPA] HPLC
Table 4 HPLC retention time of [*’ Tc™(CO);-DTPA]
and [ Tc™ (CO), (NO)-DTPA]

z‘R/min

(Complexes) (Experimental

(Reference values)

values)
[P Te™(CO)Y3-DTPA] 11. 3 L] 10.5
[9Tem(COY, 14, 3( ,Organ)[10]
14.1
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[ Tc™ (CO), (NO)-L] )
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2.3.2 .
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3, 3 .
60~70 C 90 %
. 60~70 C .
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Table 5 HPLC retention time of [ Tc™ (CO), (NO)-L] complexes prepared from two different methods
tr/ min
Complexce) [99Tem (COYs (NO) (Hs 05 ] [99Tem (COY5-1.]

(From [P Te™(CO) 3 (NO) (H,0) 3] intermediate) (From [ Te™(CO)3-L] precursor)

[99Tem(CO) 2 (NO)-DTPA] 13.8 14.1
[99Te™(CO)2 (NO)-EDTA] 13.9 14. 4
100 100
(@) (b)
80 80
§ 60 c\\o 60
= 40t = 40t
20F 20F
N o5 6 7 8 o9
pH pH
2 pH [YTc™(CO),(NO)-L]
Fig. 2 pH effect on the yield of [* Tc™ (CO), (NO)-L] complexes
(a) [ Tem(CO)» (NO)-DTPA], (b) [99Te™(CO)2 (NO)-EDTA]
100 100
(@) (b)
sl /\'\/ wl
X X
S £
60 60
40 50 60 70 80 90 40 50 60 70 80 90
9/°C 0/°C
3 [ Te™(COY, (NO)-L]
Fig. 3 Temperature effect on the yield of [* Tc™ (CO), (NO)-L] complexes
(a) [9Tem(CO)2 (NO)-DTPAT, (b) [ Tem™(CO) 5 (NO)-EDTA]
100 100
(@) (b)
< sof § sof
69 100 200 300 400 60y 100 200 300 400
t/ min t/ min
4 [PTe™(CO), (NO)-L]
Fig. 4 In vitro stability of [ Te™(CO), (NO)-L] complexes
(a) [ Tem™(CO)5 (NO)-DTPA], (b) [99Te™(CO) 2 (NO)-EDTA]
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2.5 [®Te"(CO);-L] [*Te™(CO),(NO)-L]

pH=7.4
6. 6 .

(lg P)

. [NOJ*

2.6 [®Te"(CO);-L] [*Te™(CO),(NO)-L]

5, 6, 5
[ Te™ (COD,-
[ Te™ (COD,

. [ Te™ (CO)H,-DTPA ]
EDTA] . 6

6 [Tc™(COY;-L]
[P Te™(CO), (NO)-L] lg P
Table 6 lg P value of [ Te™(CO);-L] and
[*Tc™(CO), (NO)-L] complexes

lg P
L
[9Tem(COY3-L] [P Tem™(CO)2 (NO)-L]
DTPA —1.430240.009 8 —0.547 0+0.012 0
EDTA —2.370 640.044 7 —0.694 9+0.028 6
EHIDAL —0.105 040.004 7 —1.405 640.013 5
(Note) : n=3

3
(NO)-L]

. [ Te" (COY, (NO)-DTPA] [ Te™ [ Tem (CODs-L ]
(CO), (NO)-EDTA ] R [P Tc™ (CO), (L=DTPA, EDTA) [ Te™(CO)Y, (NO)
(NO)-EHIDA ] . (H.O0 ), I .

y [“Tc™(CO),(NO)- DTPA ] [* Te™ (CO),
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1 , ,
7 16
6F @ Lar (®)
sl 12}
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© © 87
] 3r ] 6r
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1t 2r
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0 5 10 15 20 2 0 5 10 15 20
+ 0 - + 0 -
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Fig.5 Electrophoresis pattern of [* Tc™(CO);-L]~ complexes
(a) [99Te™(COY3-DTPA], (b) [P Te™(CO)3-EDTA]™
4 h(Electrolyzed 4 h)
5 14
(@ 12t (b)
10-
S 3t }_, St
=Py =]
1t N
2 .
0F ok
0 5 10 15 20 0 5 10 15 20
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6 [T (CO),(NO)-L]
Fig. 6 Electrophoresis pattern of [*’ Tc¢™(CO), (NO)-L] complexes

(a)

[%Tem(COY, (NO)-DTPA], (b)—— [ Tc™(CO),(NO)-EDTA]

2 h(Electrolyzed 2 h)



[ Te™(COY, (NOY T [PTce™(CO),(NO)-L]
2 (L=DTPA, EDTA, EHIDA) 97

[ Te™ (CO),
(NO)Y J* .
[7-8] .
( 4h 0.5 h),

( 90%) . [ Tem
(COY, (NO)YJ** .
[ Te™(CO), (NO)JPH .
9 TTem s

[1] Roger A, Roger S, Andre E, et al. A Novel Orga-
nometallic Aqua Complex of Technetium for the La-
beling of Biomolecules: Synthesis of [ Te™ (OH; ),
(CO); ]* From [* Te™O, ] in Aqueous Solution
and Its Reaction With a Bifunctional Ligand[]J]. ]
Am Chem Soci, 1998, 120: 7 987-7 988.

[2] Alberto R, Schibli R, Waibel R, et al. Basic Aque-
ous Chemistry of [ M(OH,); (CO); | (M= Re,
Tc) Directed Towards Radiopharmaceutical Appli-
cation [ J ]. Coord Chem Rev, 1999, 190-192:
901-919.

[3] , , s L [PTem(COYs (H, 005 ]

(Il
,2004, 26(1). 11-17.

[4] ChuT W, Zhang Y, Liu X Q, et al. Synthesis and

Biodistribution of % Tc™-Carbonyltechnetium-La-

beled Fatty Acids[J]. Appl Radia Isot, 2004, 60

(5]

[6]

7]

(8]

(9]

(10]

(6): 845-850.

Alves S, Paulo A, Correia J] D G, et al. Pyrazolyl
Derivatives as Bifunctional Chelators for Labeling
Tumor-Secking Peptides With the fac-[ M(CO); ]
Moiety (M="Tc™, Re): Synthesis, Characteriza-
tion, and Biological Behavior [ J ]. Bioconjugate
Chem, 2005, 16. 438-449.

Lazarova N, Babich J, Valliant J, et al. Thiol- and
Thioether-Based Bifunctional Chelates for the
{M(CO);}" Core (M =Tec, Re)[J]. Inorg Chem,
2005, 44. 6 763-6 770.

Rattat D, Verbruggen A, Schmalle H, et al.
[M(CO),(NO)*", a New Core in Bioorganometal-
lic Chemistry: Model Complexes of [ Re (CO),
(NOYJ*" and [ Te™ (CO), (NO)T*T [J]. Tetrahed-
ron Lett, 2004, 45: 4 089-4 092.

Rattat D, Terwinghe C, Verbruggen A. Compari-
son of “Classic” ¥ Te™ - DTPA, “Tc™ (CO),; -
DTPA and * Tc" (CO), (NO) - DTPA[J]. Tetra-
hedron, 2005, 61. 9 563-9 568.

Yang Y, Zhang ] X, Wang ] J, et al. Two Novel
Procedures of Preparation for [* Te™ (CO),
(NO) J*" Labeled by EHIDA and Its Biodistribution
[J]. J Radioanal Nucl Chem, 2007, 273 31-36.
Rattat D, Verbruggen A, Berke H, et al. Explo-
ring the Nitrosyl-Approach: “Re(CO), (NO)”- and
“Tc(CO), (NO)”-Complexes Provide New Path-
ways for Bioorganometallic Chemistry[ J]. J Organ-
omet Chem, 2004, 689. 4 833-4 836.





