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Bifuiulional chelatinj; molitulcs linking lhe/flc-['"""Tc(C()),r
curt uith lar}>t:ting biomolvi'ules ari> rt'quired for the di-vt--lupmenl
iif spetific diat;nostic radiophurmuci-ulicaK. Dielh>lenelrian)ini>
(11 and N-lp>ridin-2-ylnii;lh>tlt.'lhant.--1.2-diamine 12) iHith reail
ri-adily with |'*^'"Te(H:())_,l(()l,r in O.̂ '̂r saline at miiromolar
cnncenlraliims lo form Ihe calinnic complexes | "'Tel 1 )((.'()l.i|*
t5l and |'""'Ti(2KC()!.,I* 16) in quantitative yields. The crystal
structure.s <if the corresptindinj* Re or ""̂ Tc complexes were deter-
mined and exhihit in particular the small size of 5. ('hallen(;inu
both ''"'Tc complexes 5 and 6 with a lO'* excess of histidine or
cysteine showed no decomposition or ligand exchange after 24
hours and hoth compounds uere alMi stahle against reoxidation
to I " 'TcOjP. In normal mice., complex 5 revealed a yood and
Fast clearance from the hlotnl. and most organs. ()nl> limited
accumulation in the lar)>e intestine was visible after 4 hours.
Complex 6 \\as also excreted relatively quicklv from the blood
hut retention was ohserved in some tissues after 4h. In order to
illustrate the potential of both li^ands to be further functional i/ed.
two derivatives containinj; potentially DN.A binding functional-
ities. ;\'-(2-.'\mino-ethyl)-iV-pyren-l-yImethyl-ethane-1.2-diamine
(3) and \-1quinolin-2-ylmethyhi'thane-1.2-diamine (4l wvrv syn-
thesi/fd. The respective Kt or """"TC complexes v t̂-re fully charac-
terized. Based on these results, it appears that functionali/ation
of biomolecules with acyclic triamine ligands is biologically
relevant. Complex 5 in particular could he used to mimic a
terminal uminu group in, e.fi... a peptide due to its small si/e and
positive charge.
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INTRODUCTION
Due to its convenient decay characterisUcs and its avail-

ability at low cost. ''•'"'Tc is one of the most widely used radio-
isoiopes in diagnostic nuclear medicine. However, tnosl ol the
routinely u.sed compounds such as '"Tc-Sestamibi are per-
tusion hut not receptor targeiini: agents. More specitic appli-
cations, such as tumor imaiiini!. require hi functional
chelating molecules which link ''''"'Tc complexes with a target-
ing hionuileculc. e.g.. monoclonal antibodies, receptor specilic
hormones or peptides. The bilunctionai systems are crucial and
must obey many rei|uirements: an eflicicnt and last complex
lormation with ihe "'"'Tc moiety at micromolarconcentrations,
retention of receptor allinity of the biomolecule and //; vivo
stability, but still show a convenient bitnlistribution pattern.
A wide variety ol " ' "Tc chelating ligands has been investi-
gated. The e.siablished strategies use telradentate N.S or N,0
ligands or the HYNIC system lor the labeling of M(V)
complexes. M ='"""Tc. '^'"i^^^Re (Alberto and Abram.
2()()3l. A lew derivatives based on such systems, TcO-d.l-
HM-PAO. TcO-L.L-FXD. and TcO-MAC.,. are now routinely
used in diagnostic nuclear medicine (Schwochau. 2()0()). A
more recent strategy is based on the use ol the /ti(-Tc(I)
| '"*'"Tc(H20)i(C0),r moiety, whose convenient synthesis in
water was ftrst established in I99S (Alberto et al.. 1998).
This moiety exhibits very good water solubility and stability
over a broad pH range. The three water molecules in
r^''"'Tc{H2O)3(CO),]^ are labile and can be substituted by a
variety of donors, including carboxylie acids, phosphines.
thiols. thioethers. amines or amides as monodenlate. bidentate
or tridentate ligands. Due to the d'' low spin electronic configur-
ation. Ihe resulting comple.ses are kinetically very stable. A
recently develo[ied CO-lree kit lor its preparation makes its
use now much more attractive (Alberto et al.. 20011.

Since the in vivo behavior of radiolabeled biomotecules is
strongly inlluenced by the nature of the '"'"'Tc complex.
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sy.siemaiic screening ul" potential ligands is demanded. Schibli
el al. perfonned Ihe first systemaiic in vitro and in vivo studies
of '"Tc(CO)^ mode! complexes wiih bidenlale and iridenlaie
N.O ligands resulting in neutral complexes (Schibli, ct al..
2()(X)). They found thai complexes with hidentate ligands
showed high retenlion in kidneys and liver, presumably
due to the siibslitution of the remaining water molecule in
these compounds hy functional groups of plasma proteins.
On the other hand, tridentaie ligands, yielding neutral or
anionic complexes, revealed good //) vivo stability and rapid
clearance from organs, tissues and blood. Acyclic tridentate
trianiine ligands form monoposilively charged complexes
with the "'Tc(CO)i core. With t)ne exception, they have not
yel been studied in more detail, aliht)Ugh highly stable and
hydrophilic complexes can be expected (Banerjee et al..
2(H)3a. 2003b: Chen et al.. 2001: James et al.. 2003).

We report the syntheses, structures and in vivo biological
properties oi" the cationic complexes 5 and 6. These hydrophilic
monopositive complexes can be used lo mimic, e.g.. terminal
amino groups or in the ct)ntext oi" other funciional molecules
such as DNA intercalating or groove-hinding agents, where a
positive charge is fundamental. To illustrate this strategy, we
report here the synthesis and structure of complexes 7 and 8.
which contain, in addition to the eoordinaling units I and 2.

Ihc potentially DNA binding moieties pyrene and qiiinoHne
(Scheme 1).

EXPERIMENTAL
Chemicals and solvents were purchased from Merck.

Dielikon (CH). Aldrich. or Fluka. Buchs (CH) and used
without further purilkalion. All reactions were perfomied
under N. or Ar. Na'"'"'TcO4 was eluted from a ''^'MO/'"""TC

Generator (Mallinckrodt) in 0.9% saline. The precursors
(NEl4biRe(Br),(CO),| and(NEt4):r^''Tc(Clh(C0),| were syn-
Ihesi/.ed according to previously reported methods (Alberto
et al.. 19%). 'H and '^C-NMR spectra were recorded on
Varian Gemini .3(X) or Bruker DRX5()() spectrometers at 300
and 75 MH/. or 500 and 125 MHz. respectively. Chemical
shifts (in ppm) are relative lo solvent protons as reference.
TLCs were performed on Merek Silica gel 60 Ri54 plates.
The compounds were visualized with 254 nm UV light or
Schlittler reagent (Schlitller and Hohl. 1952).

HPLC was perfonned on a Merck L7000 system equipped
with a EG&G Berthold LB 508 radiometric detector, using a
Macherey-Nagel EC 250/3 Nucleosil 100-5 CI8HD column.
HPLC solvents were 0.1% trilluoroacetic acid (solvent A)
and MeOH HPLC grade (solvent B). Gradient: 0-3 minutes:
100% A; 3.1-9 minules: 75% A. 25% B; 9.1-20 minutes:

H2N' NH2

CO

5

.srH.

M = 99^Tc, 9*Tc, Re

Struclures iif the Iridenlale iriiiniiiiii lijiaiiiis I - 4 and ihe (.•orresponding

CO

s 5-8 (M - '"""Tc, ''"TC. Re).
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linear gradient from 66% A (34% B) lo 0% A (100% B): 20-28
minutes: mV)i B: 2S.l-3{): I(K)% A. Flow rate: 0.5mL/min.
deleclion at 250 nm. Preparative HPLC: Varian Pro Star
system. Macherey-Nagel VP 250/40 Nucleosil 100-7 CIS
column. How rate: 40mL/min. Eleclrospray ioni/ation mass
spectra (ESI-MSl were recorded on a Merck Hitaehi MS(K)O
spectrometer.

Crystal data and experimental details are listed in the sup-
porting intomiation. Suitable crystals were covered with
Paratone N oil and mounted on lop ofa glass (ihre and ininiedi-
alcly transferred to a STOE IPDS dinVactometer. Data was
collected at IS3(2) K using graphite-monochrotnated Mo Ka
radiation (A — 0.71073 A). Data was corrected for Lorent/
and polarization elTects as well us for absorption (numerical).
Structures were solved with direct methods using SHELXS-
97 or SiR97 and were relined by full-matrix least-squares
methods on f^ with SHELXL-y7 (Altomare cl al., 1999;
Sheidrick, 1997a. i997b).

N-(pyridine-2-ylmethyl)ethano-1,2-diamine (2)
A portion of 5(X)mg {4.67 mmol) of pyridine-2-carbalde-

hyde and 524mg (!i.l4mmol) of A'-(2-aminoethyl)acetamide
were stirred in 50 mL HlOH lor 14 hours at rot)m temperature.
The solution was cooled to 0 C and 355mg (9.34mmol) of
NaBHa was added over I hour. The reaction was then
allowed to proceed lor 4 hours. Excess of NaBHa was
quenched by addition of I mL of H^O and subsequent
stirring for 10 minutes at 50 C. After removal of the solvent
under vacuum, the resulting light hrown solid was relluxed in
a 2N HCI solution for 6 hours. The solvent was removed
under vacuum and ihe product was purified by Hash chromalo-
graphy (MeOH/25'^/. NH4OH. 20: I) to yield 473 mg (67'7r) of
a pale yellow oil. ' H N M R (D2O): 8 8.83 (d. IH. H ' ) . 8.58
(m. IH. H^ . 8.14 (d. IH^^). S.()4 (m. lH , H"), 4.74 (s. 2H.

H''), 3.61 (t. 2H, H''). 3.45 (m, 2H. NMR (D.O): 5
145.0. 142.9. 142.0. 126.0. 125.9, 45.8. 42.6. 33.3. MS (ESI):
m/z 151.84 | (M- ( -H) ' | . calc. for C^HuNr 152.12. HPLC
R, = 2.34 min. TLC R, - 0.37 (MeOH/25^^ NH4OH. 10:1).

N-{2-amino-ethyl)-N -pyrene-1-ylmethyl-ethane-1,2-
diamine (3)

A portion of l.08g of pyrene-I-carbaldehyde (4.69 mmol)
and 1.452g (l.528mL) (14.07mmol) was dissolved in 50mL
EtOH. A few mL of dichloromethane were added until the
solution became clear. After addition of 5g of molecular
sieve, the solution was siirred for 36 hours at room tem-
perature. The solution was cooled to OC and 356mg
(9.38 mmol) of NaBHa were added in small portions to the
solution. .After 12 hours, the excess of NaBHj was quenched
with 1 mL of water. The solution was littered and dried over
vacuum. The resulting oil was purified by (lash chromato-
graphy. (CHjCI:/MeOH/25':i- NH4OH. 10:3:0.3). yielding
649 mg (447r) ol a light yellow oil. ' H NMR (CDCl,) 5 8.22
(d, IH). 8.07 (d. 2H). 8.01 (m. 2H). 7.90 (m. 4H). 4.34

(s. 2H). 2.99 (s. 4H). 2.74 (t. 2H). 2.66 (t. 2H). 2.60 (t. 2H).
2.51 (I. 2H). " C NMR (CDCIO B 133.4. 131.1. 130.6. 130.5.
128.9. 127.5. 127.3. 127.0, 125.8. 125.0. 124.9. 124.7. 124.6.
124.5. 123.0. 51.1. 50.6. 48.5. 40.6. MS (ESI) m,/ 318.27
|(M + H)^|. calc. for C^iH.aNl 31S.I9. HPLC R, - 17.8
min. TLC R, = 0.15 (CH2Cl2/MeOH/25% NHjOH.
10:3:0.3).

N-(quinoline-2-ylmcthyl)ethane-1,2-diamine (4)
To a solution containing 5(K) mg l3.1Snimol) of quinoline-

2-carhaldehyde in 3()mL of methanol was added 325 mg
(3.18mmo!) of jV-(2-aminoethyl)acetamide. The solution was
stirred for 3 hours al r(Kim temperature and subsequently
cooled to 0 C. A portion of 241 mg (6.36mmol) of NaBHa
was tben slowly added within 30 minutes. The reaction was
allowed to priKeed for 4 hours. Excess of NaBHa was
quenched by addition itf ImL of water and subsequent
stirring for one hour. After removal of the solvent under
vacuum, the resulting light brown .solid was relluxed in a 2N
HCI solution for 6 hours. Water was tben removed under
vacuum and ihe product was purilied by Hash chromatography
(CH:CI:/MeOH/25'}^ NH4OH. 10:2:0.2) to yield 390 mg
(6l7r) of 4. 'H NMR (D.O): 8 S.60 (d. IH). 8.10 (t. 2H).
7.92 (m. IHl . 7.75 (m. IH). 7.67 id. IH). 4.71 (s. IH). 3.60
(t. 2H). 3.48 (t. 2H). " C NMR (D:()): S 145.4. 144.8. 137.8.
133.3. 128.2. 127.0. 126.6. 1 19.8. 119.5. 46.6. 42.8. 33.4. MS
(ESI) m/z 2O2.(K) (KM)) [ { M - F H ) " - ! , calc. for Cj^H.^N.^
202.13. HPLC: R, = l2.IOmin.

Re Complexes: General Procedure
A solution containing 0.2 mmol of the appropriate ligand.

O.Smmol of triethylamine. and 0.2mmol of (NEt4h|ReBr,
(CO)^I in lOmL of MeOH was relluxed for 8 hours. After
removal of the solvent under vacuum, the crude product was
purilied by preparative HPLC.

lRe(l)(CO)3]{CF,COO-)(5)
Yield: ' H NMR iD^O) rt 3.08 (m. 2H). 2.98 (m. 4H).

2.85 (m. 2H). '*C NMR (D^O): 194.2. 192.9. 50.1. 40.7. MS
(ESI) m / / {%) 373. 87 [ (M) ' | . calc. 374.05. HPLC
R, = 6.3 min.

IRe(2)(CO),l(CF3COO-) (6)

Yield: 73^7^ ' H NMR (MeOD) fi 8.83 (d. IH). 8.07(t. IH).
7.f>9(d. IH). 7.51 (t. IH). 7.22(br. S. IH). 5.29 (br.s. IH). 4.63
(d. 2H). 4.53 (br. s. IH). 3.05 (m. IH). 2.78 (m. 2H). 2.16
(m. IHt.

" C NMR (MeOD): H 197.4. 196.7. 195.6. 163.3. 154.6.
141.8. 126.8. 124.8. 124.1. 62.0, 56.1. 43.6. MS (ESI) m//.
(%) 422.24 |(M)^], calc. 422.05. HPLC: R, - 14.4 min.

[Re(3)(CO)j](CF,COO-) (7)

Yield: 62';'^. ' H NMR (most lipophilic dia.stcreomer)
(CD.,CN): (5 8.40 (d. IH). 8.26 (m. 5H). 8.2-8.05 (m. 3H).
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5.84 (hr. S. IH). 5.67 (hr. s. !H). 5.25 (br. s. IH). 5.14 RESULTS AND DISCUSSION
(q. 'j - 24 H/., -J - 8H/., IH). 4.90 (q. 'j = 24 H/.,
- J = i 5 H z . IH), 4.26 (br. s. IH), 3.23 (m. IH). 2.94 Ligand Synthesis
(m. 3H). 2.79 {m. IH). 2.63 (m. IH). 2.4 (br. S. 2H). '̂ C A''-pyridine-2-ylmethyl-eihane-l,2-cliamine (2) and ^-(2-
NMR (second diaslereomer) (CDiCN): 3 196.9. 196.5. 195, quinolinylmethyl)-ethane-1.2-diamine (4) were prepared by
132.5, 132.3. 131.7. 131.6. 130.6, 129.7. 129.3. I2K.9. 128.4, reacting pyridine-2-carbaldehyde and 2-quinolinecarboxalde-
127.5. 126.7. 126.5. 126. 125.6. 125.4. 123.8, 59.6, 54.5, hyde, lespeclively. wilh /V-(2-uminoethyl)acelamide. Sub-
53.7. 49.9. 40.6. MS (ESI): m//, 587,81 [(M)M. calc. tor sequent reduction ol' the imine formed with sodium
C24H23N3O3Re 588.13. HPLC R| = 22.2 and 23.2 min. borohydnde and deprotection of the acelamide protecting

group with 2N HCI afforded 2 and 4 with an overall yield of
[Re(4)(CO):,](CF3COO") (8) 67% and 61%, respectively (Scheme 2). A'-(2-amino-elhyl)-

Yield:68%. 'H NMR (CD,CN) (5 8.58 (d. IH), 8.56(d, IH). ^'-pyrene-!-ylmeihyl-ethane-1.2-diamine (3) was synthesized
8.09 (d. IH). 7.99 (t, IH), 7.76 (t. IH). 7.70 (d. IH). 6.99 by reacting pyrene-l-carbaldehyde wilh an excess of diethyle-
(br.. IH). 4.91 (br. 2H). 4.66 (br. IHl. 3.45 (br.. IH). 3.31 ne(riamine. Subsequent reduction of the iminc lormed afforded
(m. IH). 2.75 {m. 2H). 2.19 (m. IH). '^C NMR (CD_,CN): 8 3 with an overall yield of 44% {Scheme 2).
197.4, 196.0, 195.1, 165.9. 148.3, 142.4. 133.7. 130.6, 130.5.
129.3. 121.5. 63.6, 52.7. 47.3. MS (ESI) m/z {%} 472.07
|(M)^].caic. 47207. HPLC: R, - 18.5 min.

Synthesis of ̂ ^Tc Complexes 6 and 8
Complexes 6 and 8 were synthesized Irom (NEU)^

[ ' ' ' 'TC(CI)3(C0), | according lo the same procedure as the Re
complexes. Crystals were obtained by slow diffusion of El̂ O
into a methanol solution of the complex.

Complexes: General Procedure
A lOmL vial containing lOOfil of a 10 ^ or 10 ^ M

aqueous solution of the ligand of interest was sealed and
Hushed with nitrogen. After addition of 900 p.L of a solution
containing/ac-['^'''"Tc(OH:),(CO),i^ the vial was heated to
90 C for 30 minutes. The reaction solution was then cooled
in an ice bath, and analyzed by HPLC with radiodelectioii.

Cysteine and Histidine Challenge
To500jjLLof a2-10 ^ M cysteine solution and of a 2 10 ̂

M histidine solution in PBS (pH 7) were added 500 [o-L of the
''''•"Tc complex .solution (linal iriamine ligand concentration
10 " M). The resulting solutions were incubaied at 37 C
under atmospheric conditions and analyzed by HPLC after 4
and 24 hours.

Biodistribution
Planar scintigraphic imaging measurements were performed

on female Wislar rats (I animal per compound) with a SPECT
camera for a total of 24 minutes after injection via the tail vein
of 25OMBq/O.3mL of the '''""Tc complexes. Regions of
interest (ROIs) analysis was performed to obtain cps over the
main organs. Standard bioassay examinations were performed
as follows: Male NMRI (Swiss) mice weighing 20-26 grams
(3 animals per groupt were injected 18MBq/3O|j.l of '"'"'Tc
labeled compounds \ ia the tail vein. After 30 minutes and 4
hours, respectively, the animals were sacrihced, the organ.s
removed, weighted and assayed for radioactivity. Results are
given as injected dose/gram org;in.

Re and '*̂ Tc Complexes: Properties and Structures
All four ligands 1-4 react with slochiometric amounts of

(NEt4):|ReBr,(C0),l or (NEt4t2r'"TcCI,(CO),| in water or
methanol at 75 C to form the cationic complexes 5-8 in quan-
titative yields in solution (Scheme I).

Complex 5 is achiral. It has a HPLC retention time of about
7 minutes consi.slent with u hydrophilic character. Crystals
suitable lor x-ray analysis could be obtained by slow difftision
of Et̂ O in a methano! solution of the complex. For a better
understanding, an ORTEP representation is given in Eigure 1
(Mundwiler et al,, 2004). The small size of the complex is
reinarkable since the structure lits in a sphere of 7 A
diameter. Therefore, I could be the ligand of choice for appli-
cations with small biologically active molecules in which small
size and hydrophiiicity of ihe labeled compound plays a crucial
role.

b)

SCH. 2- SynthesisolZ. 3. ;inil4.;i) I, N-f^-aininoeihyhjLeiumide, EtOH. r.i,
: . NuBHi. ElOH. r.l. 3. : N HCI. r.l. bl I. 3 eq. of lijeihylencirianiine. ElOH
CH.CI. . r.l. : . NaBHi, ElOH. r.l.
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riG. 1. ORTI^P drawing nf one of ihe two L-iuiiplexes S In ihe usynimelrii.'
unil. ellipsoids shown wilh 5(Kr pnibability. Counter ion and selected hydrn-
gens ure omitted lor clurity. Re(:i-C<12): L924A: Re(2)-C(l3): 1.934A;
Re(2)-C(14): L956A: Rea)-N(4): 2.241 A; Re(2)-N(5); 2.215 A; Re(2)-
N(6H 2,226 A.

In order to enhance Mpophilicity. complex 6 was prepared
in ibe same way. hi contrast to 5. 6 possesses now two
chiral centers ihat are dependent on each otber. Thus, two
enantiomeric forms must exist. Compared wilh 5. 6 is sis:-
nificanlly more lipophilic and has a HPLC retenlion time of
ahoui 17 minutes. An ORTKF representation of oneenanticmier
of tbe "̂ '̂ Tc complex i.s shown in Figure 2. Obviously, complex
6 is substantially larger Ihan 5 and il Ills in an ellipsoid ol ahoui
7 (minimum) and lOA (maximum) diameter.

Complex 7 posses.ses Ihe same set of donors as 5. However,
due to the presence of the pyrenyi. group 7 exhibits now three
chiral centers, iwo of them being independent. Thus, ihis
complex exists as two diastereomeric pairs of enantiomers.
Indeed. HPLC with achiral column showed two peaks with
relenlion limes of 22.2 and 23.2 minutes in a rallo of about

1 :2. All ORTEP plol of one isomer is shown in Figure 3
(Haiiiger et al.. in pre.ss). HPLC analysis showed ihat the
obtained crystal corresponds to the peak with the longer reten-
tion lime. The structure shows thai the iwo funciions, the
potential intercalating polyaromalic unil and the trJamhie
complex with /(i£-|Re(C0)3]^ poinl away from each other so
that the Luier should not sterically alTecl the DNA binding of
the aromatic system.

In a similar way ihan 6. complex 8 also exists in two enan-
tiomeric forms. Its HPLC retention time is aboul 19 minutes
and therefore the lipophilicity is enhanced again. A crystal of
one isomer of'̂ '̂ Tc complex 8 could be oblained. An ORTEP
represeniation is given in Figure 4.

'*'*'"Tc Complexes—Syntheses
''''"'Tc complexes 5-8 were prepared from ['̂ '''"TcO4] in

aqueous solution as previously de.scribed (Alberto et al.,
1998). They were characterized by comparing their HPLC
radioactive traces with the HPLC UV traces (absorption at
250 nm) of their Re analogues. IT the '''*"'Tc complexes
exhibit ihe satne retention times than ihe cold Re complex,
ihe two compounds are considered as identical. All four
ligands 1-4 fomied the desired complexes 5-8 with no side
products (purity > 98%) al micromolar concentrations.
Ligands I and 3. which contain Ihree aliphatic amines.
reacted quantitatively in water within 30 min al 90 C at
10 M concentration. Under the .same condilions. the
reactit)n t)f ligands 2 and 4. containing two aliphatic and one
aromatic amine. was complete at a concentration of H) ''M.
We assume that Ihe faster rate of complex formation wilh ihe
ligands 2/4 compared to 1/3 is due to availability oi' higher
amounts of unprotonaled nitrogen donors. For the aliphatic
ligands, at leasl two amines are protonated, whereas for the
aromatic amines the pyridine nitrogen is available and not
protonalL'd at pH — 7.4.

Stability Against Ligand Exchange and Reoxidation
In order to determine the stability of cotnplexes 5 and 6

against Hgand exchange and reoxidalion. complexes were

FIG. 2. ORTEP Jrawinj! of nne tnanliumer nt complex 6. eilipsnid.s slinw n
wilh 5()̂ /f pruViatiiiily. Counter ion and seleLied hydrogens ure oniilleil for
clariiy. Tc-Oy): 1.913 A; Tc-C( 10): 1.926 A; TL-C(I I): 1.927 A: TL-NI I);
2.205 A; Tc-N{2): 2.2()nA: Tc-N(.'̂ ): 2.202 A.

FIG. .1. ORTEP druwinj; of one i.somer nl' complex 7. ellipsoids sliown with
.W/t probubiliiy. Counter ion ;ind .selected hydrogens arc omitted for clarity.
Rdl)-C(22); 1,974 A: Re( I)-C(23); I.S62 A; Re( I)-C(:4); I.SS7 A; Re( D-NU 1;
2.228A: Re(l)-N(2): 2.221 A: Re(l)-N(3); 2.264A.
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FIG. 4. ORTLP drawing (il line oi ihe IWD L-omplexes 8 in llie asvmmeirk-
unii. ellipsnids shewn wiih .̂ O"̂ ;- probahilily. Cnunier ion and ^elel;leli hydrit-
gen.s are omilied I'nr L-lariiy. Tcth-Ol.l): I.93.1A: Tc(lt-Cll4): l.y33A:
Tc(l)-C(l5): Ly24A;Tt.'(l)-N(I): 2.219 A: Tc(l )-Na): 2.21(1 A: Tc< I )-Nt.'?):
2.244 A.

challentied with 1 mM (10"̂  excess) oi'cysteine and hisiidine in
PBS buffer (pH 7) for 24 hours under atmospheric conditions at
37 C. The samples were analyzed by HPLC after 4 and 24
hours. Both complexes were found to be very stable against
ligand exchange since no signi(icant formation of cysteine or
histidine Tc tricarbonyl complexes was observed. Only little
reoxidation to '̂ '""TcO4 (<5%) occured within 24 h.
Although complexes with tridentate aniine ligands are not
expected to have a sufficiently high thermodynaniic stability
to resist biological conditions at high dilution, the d*" nature
of the M(l) center renders the complexes ver\' robust and
mechanistically prevents substitution and decomposition.

Biodistribution of ^'""Tc Complexes 5 and 6
The biodistribution of cationic complexes comprising the

/«(-|Tc(CO)0^ moiety has not yet been studied. We investi-
gated the biodistribution of complexes 5 and 6 in mice.
It was of particular interest to verify if these cationic species
would show heart accumulation, conlirming the old (and
wrong) hypothesis that cations follow the K* pathway in
Na^/K'*' ATP pumps. For this purpose, body images of rats
were taken every minute by planar scintigraphic imaging
using regions of interest (ROIs) analysis to obtain cps over
the main organs during 24 minutes post injection. Additionally,
the radiolabelled compounds were injected into mice to
perform standard bioassays. The mice were sacrificed after
30 minutes and 4 hours post injection, and the organs were
removed, weighted and assayed for radioactivity.

Figure 5 and Table 1 show the results of the planar scinti-
graphic imaging experiment and standard bioassay performed
lor compound 5. The planar scintigraphic imaging data show
that this complex exhibits a fast uptake into the liver, from
where the activity is slowly released. Kidney uptake is
slightly delayed with a maximum level obtained after about

6000 n

5000-

4000-

" 3000^

2000-

1000-

Bladder
Liver
Kidneys

I

10 15

Time [min]

20 25

FIG. ?. Planar sciniigraphic imaging ii.'sing regions of inieresi (ROIs)
analyses in a rat U)r complex 5.

10 minutes., which could be a hint that metabolism takes
place in the liver. Complex 5 or Its metabolites are then
quickly excreted via the urinary bladder, where most of
the radioactivity can be found alter 25 minutes. Standard
bioassay experiments show that after 30 minutes unexcreted
5 is mostly tti be found in the liver, the kidneys and the gastro-
intestinal tract. 80.6% ± 4.5% of the total activity is however
removed after 4 hours. Signilicant accumulation can only be
observed in the gastrointestinal tract (3.7% + l.2%ID/g
tissue). Interestingly, despite its positive charge. 5 does not
display a noticeable aflinity to the heart.

The results of the biodistribution experiments performed for
complex 6 are shown in Figure 6 and Table 2. The planar scin-
tigraphic imaging experiment shows that complex 6 is quickly
removed from the blood and taken up by the liver and the
kidneys. Excretion in the urinary bladder starts already after

TABLE 1
Biodistribution of complex 5 in NMRI mice. % injected dose
per gram tissue (average of 3 + SD), as a function of time after

intravenous administration

Organ

Blood
Muscle
Bone
Heart
Li\er
Spleen
Kidneys
Gastrointestinal tract
Total activity

(in % ID)

30 min

0.57 + 0.12
0.16 ±0.03
0.26 ± 0.06
0.59 + 0.21

11.36 ± 3.34
1.57 ±0.70
6.35 ± 1.76
6.98 ± 1.56

44.15 ± 1.65

4 hours

0.20 ± 0.02
0.10 ±0.01
0.13 ±0.01
0.29 ± 0.05
3.84 ± 0.46
0.78 ± 0.09
0.99 ±0.12
3.75 ±1.18

19.42 ± 4.48
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a lew minules. Standard bioassuy examinations showed
thai at'ler 30min (he complex can be found in ihe liver and
the kidneys, bul also in the gaslrointeslinal iract. Alter
4 hours. Ihe values for the spleen and Ihe liver decreased, but
accumulation in the gastrointesiinal iract (7.62% + 0.91%) is
obvious. 69.5% + 6.5% of Ihe injected dose has been
excreted by then. Despite ils overall positive charge, complex
6 also does nol display any noteworthy aliinity ibr the heart.

When comparing the biodislribuiion ol complexes 5 and 6. il
is obvious ihat 5 shows a relatively fasi excretion wiih only little
undesired accumulation in the gastrointestinal tract, while 6
exhibits a somewhat slower excretion with more accumulation
in these tissues. Thus, amonu these two complexes 5 displays
ihe more favorable biodistribution for future application.

Due to the dilTerent experimental conditions used in both
studies, a direct comparison with the results obtained by
Schibli and coworkers is limited. In general and as expected,

TABLE 2
Biodistribution of complex 6 in NMRI mice. % injected dose
per gram tissue (average of 3 ± SD). as a function of time after

intravenous administration

Organ

Blood
Muscle
Bone
Heart
Liver
Spleen
Kidneys
Gastrointestinal tract
Total activity

(in % ID)

30 min

0.20 ±0.15
0.12 ± 0.03
0.57 ± 0.69
0.92 ± 0.87
7.63 + 0.41
4.88 ± 4.76
2.55 ± 0.80
4.91 + 3.73

45.87 ± 4.82

4 hours

0.03 ± 0.01
0.06 ± 0.03
0.99 ±1.19
0.07 ± 0.03
1.02 ± 0.44
0.15 ± 0.26
0.56 ± 0.21
7.62 ± 0 . 9 !

30.05 ± 6.51

5 and 6 show much hetter pharmacokinelic behavior with
less accumulation in the kidneys and the liver than complexes
with the bidentate ligands histamine, 2-picolinic acid, and
2.4-dipicolinic acid. Complex 5 displays, 30 minutes post
injection, a smaller accumulation in the blood than the
neutral tridentate hisiidine complex studied by Schibli and
coworkers. On the olher hand, 5 has an increased tendency lo
accumulate in Ihe liver and the kidneys, hut complex 6
displays less uptake in the kidneys, bul more retention in the
liver and the spleen than the histidine complex.

CONCLUSION
The lirst /)( vitro and in vivo experiments of [''''"'Tc(CO)i]"^

model complexes with tridentate triamine ligands, yielding
positively charged complexes, are presented. The two ligands
reacted quickly at niicromobr concentrations with far-
['*'^"'Tc(H20)i(C0)i]^ lo form the desired complexes 5 and 6
in quantitative yields. Both complexes are stable against reox-
idation and ligand exchange. According to hiodistribution
studies. 5 revealed a good and fast clearance from the blood
and organs with only limited accumulation in the large inles-
line. On the other hand. 6 is removed relatively quickly from
the hlood but later shows some accumulation in certain
organs. Although both complexes are monopositively
charged, none of them displays a noticeable accumulation
in the heart. Both ligands were further derivatized with
DNA binding functionalities and successfully labeled with
|'''*'"Tc(0Hi)i(C0)3]"''. The in vitro and in vivo results pre-
sented indicate that acyclic tridenlate amine chelators and in
particular 1, are a biologically relevant alternative lo olher
ligands such as histidine or iminodiacetic acid.

Supplementary Material Available
Cr\stallographic data for ihe slructural analysis of complexes

6 and 8 have been deposited in the Cambridge Crystallographic
Data Centre. CCDC 234733 and CCDC 234732. Copies of
this information may be obtained from the Director, CCDC.
12 Union Road. Cambridge. CB2 lEZ, UK (fax: -h44-l223-
336-033: email: deposit@ccdc.cam.ac.uk or www:hup://www.
ccdc.cam.ac.uk).
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