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Abstract

Novel mixed ligand oxotechnetium complexes of the typ&"TcO(SSS)(SR)], in which the SR monodentate ligand is derived from
dipeptides gly-gly, phe-gly and ala-gly, have been synthesized. These complexes, which have a molecular weight above 300, a lipophilic
moiety, [TcO(SSS)], and an ionizable group separated from the lipophilic moiety by a spacer, have been obtained in 70-95% radiochemical
yield. These compounds were prepared usiiTc-tartrate as the precursor and?Snas the reducing agent. The identity of the
[°°™TcO(SSS)(SR)] complexes has been established by HPLC comparison with the analogous oxorhenium complexes. The nature of th
monodentate co-ligand strongly affects the stability offH&T c-complexes and their biodistribution. Complex 3b is the most staiéro
presenting the highest blood clearance, a high liver uptake and a selective hepatobiliary excretion (54.5% ID at 15 min post-injection, and
69.3% ID at 60 min post injection). The results obtained show that 3b have reasonable stabilitwamdoroperties that may be useful
for peptide labeling. © 2004 Elsevier Inc. All rights reserved.
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1. Introduction 99mTc-radiopharmaceuticals containing the F¢Ocore
[16,20]. This approach, which consists of a tridentate ligand
The development of radiopharmaceuticals designed toand a monodentate co-ligand surrounding the *'c€ore,
bind specific receptors, including membrane transport sys- has evolved successfully to generate novel lipophilic poten-
tems, is currently receiving much interest due to their po- tial radiopharmaceuticals with high brain uptake and reten-
tential to achieve improvenh vivo monitoring of biochem- tion [12,17,21]. This strategy also offers an easy access to
ical and physiological functions [15]. Technetium-99m 9*™Tc-pased probes with affinity and selectivity to protein
(°*™c) is the radionuclide of choice for diagnostic imaging receptors, in which the receptor ligand is appended either
with single photon emission computed tomography into the tridentate or the monodentate ligand [8,13,18].
(SPECT) due to its ideal nuclear properties (E 140 keV, To evaluate the possibility of labeling peptides with the
Ty, = 6h, no g-emission) and availability from &Mol/ moiety [TcO(SSS)] we studied some model complexes.
%9MTc generator [15]. These properties have led to the we report herein on the synthesis and characterization of
search of nove!®™Tc-based radiopharmaceuticals incorpo  these new3+1' complexes, [MO(SSS)(SR)] (M Re, 2;
rating ligands specifically designed to probe protein recep- \j = 99™1¢ 3), in which the co-ligands consist of dipeptides
tors and transporters [6,9,10]. coupled,via the corresponding terminal amino group, to a
Recently, a nevi3 + 1" mixed-ligand approach has been mercaptoacetyl spacer. The oxorhenium complekegre
proposed as a new strategy for developing novel neutral gynthesized for structural identification since rhenium and
technetium display similar coordination chemistry. We also
* Corresponding author. Tel.-00351-210946226: fax-+00351- report biodistribution studies in mice, whi_ch clearly show
219941455, how the nature of the monodentate co-ligand affects the
E-mail address: celiaf@itn.mces.pt (C. Fernandes). biological behavior of the complexes.
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Scheme 1.

2. Results and discussion

2.1. Chemistry

As shown in Scheme 1, the synthetic route for the oxo-
rhenium complexes 2 is based on the reaction of chloro(3-
thiapentane-1,5-dithiolato)-oxorhenium(V) (ReO(SSS)(Cl),
1, [3] with the monodentate ligands 6. Coupling of succin-
imido 2-(triphenylmethyl)thioacetate 4 with glyglyOH or
pheglyOH [2] in amolar ratio of 1:1 gave the corresponding
triphenylmethylmercaptoacetyl dipeptides, 5a and 5b, re-
spectively. Deprotection of 5a and 5b with triethylsilane in
trifluoroacetic acid yielded the corresponding mercapto-
acetyl dipeptides 6a and 6b (Scheme 1) [2]. By refluxing
6a-b with [ReO(SSS)(Cl)], 1, and triethylamine (molar ratio
1:1:1), in CH4CN, the new complexes [ReO(SSS)(SR)], 2a
and 2b, were obtained in relative high yield (80%). These
reddish-brown complexes, which have been characterized
by the normal techniquesin inorganic chemistry, are air and
moisture stable, very soluble in DM SO, soluble in basic

R

aqueous solution, slightly soluble in MeOH and insolublein
chlorinated solvents.

The IR spectra of 2a and 2b exhibit Re=0 stretching
vibrations at 960 cm™*. These values are in the normal
range found for other Re monooxo-complexes (945-1067
cm™ 1), [23] and are only slightly lowered in energy (by 8
cm™ 1) relatively to 1. The IR spectra of these compounds
also exhibit several broad and intense bands in the range
1500-1730 cm™*, which can be attributed to the amide and
to the carboxylate C=0 stretching vibrations of the mono-
dentate co-ligand [14]. The *H-NMR spectra of 2a and 2b
were run in DMSO-dg or in MeOD-d,. In MeOD-d,, the
methylenic protons of the 3-thiapentane-1,5-dithiolato li-
gand appear as four signals of equal intensity integrating for
two protons each. The pattern obtained for these signals
indicates that all the protons are diastereotopic and is in
agreement with the expected symmetry for 2a and 2b. Inthe
"H-NMR spectrum of 2a we also observed three resonances
integrating for two protons each due to the methylenic
protons of the monodentate co-ligand at 4.51, 3.91, and 3.76
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(i) glyglyOH, alaglyOH or pheglyOH, H,0, THF, NEt3, 0°C; (ii) a) ™Tc(V)O-tartrate, 100 °C, b) H-SSS-H, Me,CO, r.t.

Scheme 2.



C. Fernandes et al. / Nuclear Medicine and Biology 31 (2004) 139-145 141

Albumin (UV
detection 220nm)

y detection

3a
4’ i T 1TO ' j ' ' ||5 ' j ' ! ZID !
Time (min.)

Albumin (UV
3b detection 220nm)

y detection
—>

Time (min.)

Fig. 1. HPLC analyses of complexes 3a (left) and 3b (right) after incubation with rat plasma 1 hour at 37°C. The plasmatic proteins were detected at 220
nm (R, between 8 and 13 min.). Complex 3a (R, 0.9 min.) is bounded to plasmatic proteins (specially albumin) but 84% of complex 3b (R; 6.7 min.) remains

intact in the same conditions.

ppm. These signals are al shifted down field relative to the
signals in the free co-ligand 6a. The amide protons of the
ligand 6a can only be detected when the spectra are run
in a mixture of DMSO-dg and CDCl;, appearing at 7.05
and at 7.15 ppm. In the *H-NMR spectrum of 2b in
DMSO-dg all the protons of the monodentate co-ligand
are observed, including the two resonances due to the
N-H protons of the amide groups, appearing at 8.15 and
8.36 ppm. The proton coordinated to the chiral carbon
appears at 4.54 ppm, the two methylenic protons of the
benzyl group are diastereotopic and appear at 2.99 and
2.78 ppm.

The mixed ®°™TcO-(SSS/SR) complexes, 3a—c, were
synthesized by a ligand exchange reaction using
OMT(V)O-tartrate as the precursor and stannous chloride
as the reducing agent (Scheme 2).

The S-benzoylprotected monodentate ligands, 9a—c, pre-
pared from 8, [1] were used directly in the labeling reac-
tions, to prevent thiol oxidation and to alow prolonged
storage in a lyophilized kit [1,5]. The deprotection of the
appropriate monodentate ligand, 9, was accomplished by
heating the alkaline (pH = 9) reaction mixture at 100 °C for
15 min, before adding the tridentate 2-mercaptoethy! sulfide
ligand dissolved in acetonitrile. To minimize the presence
of free pertechnetate and hydrolyzed ®°™Tc species the
amount of sodium tartrate and stannous chloride in the
Iabeling mixture were optimized. However, we observed the
formation of another radiochemical impurity (RT=6.5
min), which was minimized by decreasing the amount of the
tridentate ligand. After extraction of the reaction mixture
with CH,CI,, complexes 3a—c remain in the agueous solu-
tion and were obtained with high radiochemical purity
(>95%). The identity of 3a—c were confirmed by compar-
ison of their HPLC behavior with that of the analogous
nonradioactive rhenium complexes (3a, RT=1.9 min; 3b,
RT=2.0 min;. 3c, RT = 2.0 min).

The lipophilicity of the ®™Tc-complexes was evaluated
by determining the partition coefficients between 1-octanol

and pH 7.4 buffer (log D, ,). The log D5 , values for com-
pounds 3a—c are -2.3, -2.5 and -2.5, respectively, and con-
trast sharply with those of neutral ®™Tc-'3+1’ complexes,
which usually are higher than 1 [7]. The high hydrophilicity
of complexes 3a-c can be ascribed to the complete ioniza-
tion, at pH 7.4, of the carboxylic acid group in the mono-
dentate ligand.

2.2. Stability studies

Knowing from the literature that the '3+1" mixed-ligand
complexes exchange quite easily the monodentate ligand
with SH group-containing components, we studied the sta-
bility of 3a—c in PBS and in rat plasma [19].

We found that 3a—c complexes are stable for more than
4 hoursin 0.1 M PBS pH 7.4 at 37°C (radiochemical purity
by HPLC > 93%).

In freshly prepared rat plasma at 37°C the complexes
present a quite remarkably different stability. Complex 3ais
the most unstable, 3b is the most stable and 3c presents an
intermediate behavior. In Figure 1 are presented the results
for the most (3b) and less stable (3a) compounds after Lhour
incubation. As can be seen, complex 3a is unstable in the
presence of the plasmatic proteins, labeling especially albu-
min and less significantly the globulins (26% of 3a remains
unchanged, while 65% is bound to albumin). In contrast,
84% of 3b remains unchanged and only 16% is bound to the
proteins after 1 hour of incubation (RT in the range 8—13
min. UV detection at 220 nm) (Figure 1). Complex 3c has
an intermediate behavior, with 50% of the complex still
remaining unchanged after 1 hour of incubation. Labeling
of albumin has also been reported by Seifert et al. for other
3+1 complexes, which found that the nature of both triden-
tate and monodentate ligands influence the stability of com-
plexes in plasma [19].
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Table 1
Biodistribution of 3a-c in mice, at various times post-injection. The results are the average of at least three experiments
Organ % ID/Organ

3a 3b 3c

2 min 15min 30 min 60 min 2 min 15min 30 min 60 min 2 min 15 min 30 min 60 min
Blood 547+59388+6.037.0+ 116 31.6 £ 162348+ 6.6 92+ 22 5011 44+09 344+39199*+32 12442 178+ 42
Liver 159+30 83*x14 64*+17 52+13282*+1090*+x23 19+x05 16*06 23624 5910 55*x13 36=*03
Gall Bladder 04+03 19+08 06+01 08*+03 20+05 17+07 39+03 21+21 07*05 06+02 13*10 03=*00
Intestine 58+ 0.6 186+ 28122+ 12 163+ 21 152 =* 62545+ 50657+59693+14 71*+02371*37 369+82 493=*04
Heart 11+02 07*x01 0400 07*+x04 05*0101*x0103*02 01*+x00 07*x00 04x02 02*01 03=x00
Lungs 31+02 22+02 14+*03 14+03 21*+00 06*+02 08+07 03*+01 17+03 09+00 09+03 03*=00
Kidneys 125+02 84*+18 44+03 33*x01 68*x02 25*+x05 13*04 06*01 15004 63*15 38*x04 20=*06
Stomach 14+05 16*03 06*x02 10*+x02 03*02 13*17 10+x06 03*+x02 08*x00 13*x06 07*x04 03=x00
Brain 04+02 05*+02 0501 04+03 13*+0101+0001+00 01*+00 04+00 01*+01 02+01 03*=00
Urine 0.0 98+39372+40 422+12 00 40+x12 89*x15124+29 00 133+ 09 21.7*+ 23 23.7x27

2.3. Biodistribution studies

Biodistribution studies of *™Tc-complexes 3a—c were
performed in normal female Charles River mice. The results
are expressed as percent of injected dose per organ (%ID/
organ) and as percent of injected dose per gram (%I D/g) at
2, 15, 30 and 60 min post-injection, and are shown in Tables
1and 2.

Complex 3a, which is derived from gly-gly, shows a
reasonably high liver uptake (16% ID at 2 min post-injec-
tion), but is preferentially eliminated by the urinary tract, as
revealed by the 42% ID in urine at 60 min post-injection.
Moreover, this complex presents a low blood clearance,
probably because the complex is bound to the blood pro-
teins as found in the in vitro stability studies in rat plasma.
In contrast, complex 3b, which is derived from phe-gly,
shows the highest blood clearance (from 35% ID at 2 min
post-injection to 4% ID at 60 min post-injection) and initial
liver uptake (28% ID at 2 min post-injection), and is rapidly
eliminated by the hepatobiliary system. Quite remarkably,
15 min after injection of 3b, 54.5% of the injected dose was
found in the intestine, while 60 min after injection the value
was 69.3% ID. The elimination of 3b by the kidney is not
significant, and 60 min post-injection only 12.4% ID was

Table 2

detected in the urine. Complex 3b compares well with
9MTc-HIDA, [11] which is an hepatobiliary agent currently
used in diagnostic Nuclear Medicine. For this commercially
available radiopharmaceutical, 68.3% ID is found in the
intestine 60 min post-injection [11]. Complex 3c has no
preferential elimination being excreted by the hepatobiliary
system (49.3%ID, 60 min post-injection) and by the kidney
(23.7%ID in the urine, 60 min post-injection).

It has been suggested that a structural requirement that a
9mTc-labeled radiopharmaceutical must fulfill in order to
be excreted through the hepatobiliary system includes a
molecular weight above 300, which contributes to reduced
urinary excretion [4]. Indeed, al *°™Tc-complexes 3a—c
have a molecular weight well above 300 (471.5, 561.6 and
485.5, respectively), but only complex 3b presents high
specificity for biliary excretion as well as a high rate of
biliary excretion [22]. Thelarges differences observed in the
biological properties of compounds 3a-c might be related
with different reactivities towards plasma proteins. A planar
imaging study in mice with the ®™Tc-complex was also
carried out. The ®*™Tc-complex 3b shows biological char-
acteristics suitable for imaging of the hepatobiliary system
(Figure 2). As can be seen, 60 min post-injection the scin-
tigraphic image of the mice shows clearly the gall bladder

Biodistribution of 3a-c in mice, at various times post-injection. The results are the average of at least three experiments

Organ % ID/gOrgan

3a 3b

3c

2 min 15 min

30 min 60 min 2 min 15 min

30 min 60 min 2 min 15 min 30 min 60 min

Blood 274+23 187+23 193+48 159+84 185+44 41+10 37+x11 27+x07183*30 107+14 70+x21 96*78
Liver 95+22 45+x08 37*x02 30*x05 170x27 54*+16 14+x02 11+04150*x11 3705 34*+08 19%x02
Intestine 1.8+02 53*x08 39*x06 58*x11 48*x19 153*+11262+14272+22 24*01 122+20 131*+16157*0.3

Heart 78+04 41+x06 36*x04 47x27 31x131
Lungs 108*05 66*08 54*18 41*x05 56=*=07
Kidneys 268+ 04 175+*28 102*+08 74=*05 151*+17
Stomach 16*+05 21*05 11*x04 23*x05 03x02
Brain 2002 13*+x06 12*x05 09*x07 34=x05

08+01 25+14 10£05 42*x10 31*x15 18*08 17*06
18+07 3528 1.0*+x03 54*x04 29*+02 33*x13 09=x02
53*+14 33+x08 14x01326*+22 154+x24 86=*14 44*+16
19+28 20+x09 08+x06 07x00 18*x12 09*x04 03*01
02+00 04*+02 02*x01 0901 03x02 06=*x02 07=01
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Fig. 2. Scintigraphic images in mice at 2, 15, 30 and 60 min. pos-injection of 3b.

and the intestine. No specific uptake in different organs and
tissue was found.

3. Conclusions

The '3+1" mixed-ligand approach has been useful for
preparing *™Tc-dipeptide radiopharmaceuticals containing
the TcO®" core, with high radiochemical purity. These
'3+1’" mixed ligand complexes present the general structure
[*®°*™Tc O(SSS)(SR)], in which the co-ligands are the dipep-
tides coupled, via the corresponding terminal amino group,
to a mercaptoacetyl spacer. In vitro studies in rat plasma
have shown that the stability of this type of complexes
depends very much on the nature of the monodentate ligand,
which also affects the in vivo behavior, as shown by the
biodistribution studies. The blood clearance changes in the
order 3a<<3c<<3b, which seems to be in agreement with the
protein binding found in vitro. All the complexes are
quickly eliminated by the hepatobiliary or urinary tract.
Complex 3ais preferentially eliminated by the urinary tract
and complex 3b is extracted by liver (28% ID at 2 min
post-injection) and excreted into bile at 30 min post-injec-
tion (66% ID). Compound 3b might be considered useful
for peptide labeling.

4. Experimental section

Chemicals and solvents were of reagent grade and were
used without further purification, unless otherwise indi-
cated. *°™TcO, was eluated from a **Mo/**™Tc generator
(Amersham). [ReO(SSS)CI], succinimido 2-((Triphenylm-
ethyl)thio)acetate and Succinimidyl S-benzoylthioglycolate
were prepared according to literature methods [3,2,1].

Elemental analyses were performed on a Perkin-Elmer
240 or on an automatic EA110 CE Instruments automatic
analyser. Méelting points were obtained with a Gallenkamp
apparatus and are uncorrected. IR spectra were recorded as
KBr pellets on a Nicolet 5DXC spectrometer. *H-NMR
spectra were recorded on a Varian Unity 300 MHz spec-
trometer. Proton chemical shifts, 8, were referenced with
theresidual solvent resonances relative to tetramethylsilane.

TLC and HPLC analyses were used to determine the
radiochemical purity and stability of the preparations. TLC
analyses were performed using silica gel plates (Merck 60
F254) developed with methylethylketone (method 1), saline
(method 2) or Butanol/methanol/water/ammonium (60/20/
20/1) (method 3). HPLC analysis was carried out on a
Shimadzu C-R4A chromatography system coupled to a
Berthold-LB 505 y- detector and to a UV Shimadzu SPD-
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10AV detector. Separations were achieved on a Perkin-
Elmer C-18, RP-HPLC, 10 um, 3.9 x 300 mm column, and
the eluent was an isocratic mixture of acetonitrile/TFA (in
H,0) 0.1%, 60/40, at a flow rate of 1.0 mL/min.
(Triphenylmethyl)mercaptoacetylglycylglycine (5a). To
a solution of active ester 4, 2-succinimido 2-(triphenylm-
ethyl)thioacetate (431 mg,1 mmol), in THF (15 ml) was
added a solution of glycylglycine (glyglyOH) (132.2 mg, 1
mmol) and NaHCO; (168 mg, 2 mmol) in water (3 ml).
After dtirring at room temperature for 2h, the THF was
removed and 3 mL of 50% agueous citric acid were added.
The oil obtained was extracted with ethyl acetate yielding,
after drying, a white solid (78%, 420 mg). Ana. Calcd
(found) for C,sH,,N,0,S: C, 66.95 (66.30); H, 5.39 (6.45);
N, 6.25 (5.95), S, 7.15 (6.45). IR v, 3360; 3310, 1720,
1650, 1540, 1440 cm™*. *H NMR- (300 MHz, DM SO-dy-
CDCly): &dy 2,89 (2H, d, COCH,S), 362 (2H, d,
NCH,CO), 3,75 (2H, d, NCH,COOH), 7,11-7,34 (m, 15H,
aryl), 7,67 (1H, t, -N-H), 7,88 (1H, -N-H).
(Triphenylmethyl)mercaptoacetyl phenylalanylglycine
(5b). This compound has been synthesized as above de-
scribed for 5a, using 862 mg (2 mmol) of 4, 444.4 mg
(2mmol) of phegly and 336 mg (4 mmol) of NaHCOs.
Yield, 89%, 956 mg. Anal. Calcd (found) for C5,H5oN,O,S:
C, 71.37 (70.61); H, 5.58 (6.13); N, 5.20 (4.22). *H NMR-
(300 MHz, CDCly): &dy 2,88 (2H, d, CH,), 3,03 (2H, d,
CH,), 3,79-3.94 (2H, m, CH,), 4,46-4.49 (m, 1H, -CH),
6.39 (1H, t, -N-H(Gly)), 6.68 (1H, -N-H(Phe)).
Mercaptoacetyl-glycylglycine (6a) and Mercaptoacetyl-
phenylglycine (6b). These two compounds were obtained
by deprotection of 5a and 5b using trifluoracetic acid and
triethyl silane. The reactionswererun at 0°C, yielding white
precipitates. These precipitates were dissolved in a mixture
of hexane/water (1:1). The agueous phase was separated,
washed severa times with hexane, filtered through celite
and vacuum dried, leading to a colorless oil, which was
recrystallized from 2-propanol.
Mercaptoacetyl-glycylglycine (6a) Yield 91% (126mg).
Mp: 131-133 °C. Anal. Calcd (found) for CgH,oN,O,S: C,
34.95 (34.35); H, 4.89 (5.45); N, 13.58 (13.22);. IR vy a0
3330, 3280, 1725, 1630, 1210 cm™*. *H NMR- (300 MHz,
DMSO-dg): 8d, 2,77(1H, t, SH), 3,33(2H, d, CH,-COOH)
3.49(2H, s, CH,-SH), 3.73 (2H, d,NH-C)H,) 51911, . nH)
8.28(1H, t, NH), 12.57(1H, sl, COOH).
Mercaptoacetyl-phenylglycine (6b). Mp: 149-150 °C.
Anal. Calcd (found) for C,3H,6N,0,S: C, 52.70 (52.35); H,
5.44 (6.41); N, 9.45 (9.22); S, 10.82 (10.91). *H NMR- (300
MHz, DMSO-dg): 8dy 2,74 (1H, dd, J = 10,0; 14,0 Hz,
-CH,-Ph), 3,05 (1H, dd, J = 4,5; 14,0 Hz, -CH,-Ph), 3,42
(2H,d, J = 59 Hz, -NH-CH,), 3.76 (2H, s, HS-CH, -), 4.35
(t, 1H, SH) 4,54 (m, 1H, -CH), 7,20-7,25 (m, 5H, ArH-Phe),
8,26 (1H, d, J = 6,0 Hz, - N-H(Gly)), 8,43 (1H,t, J = 84
Hz, -N-H(Phe)), 12,59 (s, 1H, -COOH).
Synthesis of (mercaptocetylglycylglycine) (3-thiapen-
tane-1,5-dithiolato)oxorhenium [ReO(SS9)(SGlyGly)]
(2a). To asolution of [ReO(SSS)CI] (52.8 mg, 0.135 mmol)

in acetonitrile (7mL) a solution of 6a (40 mg, 0.135 mmol)
and triethylamine (0.135 mmol) in a mixture acetonitrile/
water (1:1) was added and stirred while refluxing. After one
hour, the reddish-brown solution was vacuum dried, the
solid obtained washed several times with water and vacuum
dried, yielding a reddish-brown solid formulated as 2a.

(2a):Yield, 80%, (60 mg). IR v (Re=0): 960 cm™ . *H
NMR- (300 MHz, CD;0D): &dy 2.19 (m, 2H, SCH,), 3.10
(m, 2H, SCH,), 3.77 (s, 2H, NHCH,COOH), 3.9 (s, 2H,
NHCH,CO), 4.04 (dd, 2H, SCH,), 4.30 (dd, 2H, SCH,),
451 (s, 2H, SCH,CO).

Synthesis of (mercaptocetyl phenylalanylglycine) (3-thia-
pentane-1,5-dithiolato)oxorhenium [ReO(SSS)(S-PheGly)]
(2b). This compound has been synthesized as above de-
scribed for 2a. Using 52.8 mg (0.135 mmol) of [Re-
O(SSS)Cl], and 40 mg (0.135 mmol) of 6b and 0.135 mmol
of triethylamine, 70 mg of compound 2b were obtained.

(2b): Yield 80% (70 mg), Anal. Cacd (found)
C,7H»N,0OS,Re: C, 31.42 (31.49); H, 3.57 (5.40); N, 4.31
(3.78); S, 19.73 (20.0). IR v (Re=0): 960 cm™ . *H NMR-
(300 MHz, DMSO0): é&dy, 2.24 (m,2H,SCH,), 2.78 (m,
1H,CH,-Ph), 299 (m, 1H,CH,-Ph), 3.07 (m,2H,SCH,),
3.75 (d,2H,NHCH,COOH, J= 5.7Hz), 4.07 (m,2H,SCH.,),
4.18 (d,2H, SCH,CO, J= 9.9Hz), 4.28 (m,2H,SCH.,), 4.54
(m, 1H, CHCO), 7.24 (m, 5H, Ar-H), 8.15 (d,1H,NHCH,,
J= 8.4Hz), 8.36 (t,1H,NHCH, J= 6Hz).

Synthesis  of  N-[(S-Benzoylmercapto)acetyl] glycylg-
lycine (9a), N-[(SBenzoylmercapto)acetyl]alanylglycine
(9¢) and N-[ (S Benzoyl mer capto)acetyl] pheny-
lalanylglycine (9b). A solution of the dipeptide in water
(glycylglycine, alanylglycine or phenylaanylglycine: 1
mmol in 1 mL of water) and 2 mmol of triethylamine were
added to a cooled solution (0 °C) of succinimidyl S-benzo-
ylthioglycolate (1 mmol in 5 mL of THF) [8]. After 30 min,
under dtirring, the THF was evaporated and HCl (1N)
added. The precipitate formed was filtered, washed with
water and dried, leading to white solids, which were for-
mulated as 9a, 9b and 9c.

N[ (S-Benzoylmer capto)acetyl] glycylglycine (9a): Yield,
78,1%, 242 mg. Mp:191-192 °C. Ana. Calcd (found) for
C,5H14NL,O:S: C, 50.32 (50,54); H, 4.52 (4,74); N, 9.03
(8,89). IR vy, 3380; 1740; 1671; 1621 cm™*. *H NMR -
(300 MHz, DMSO-dg): &d, 3,76 (2H, d, J = 59 Hz,
-NH-CH,), 3,78 (2H, d, J = 5,9 Hz, -NH-CH,), 3,89 (2H,
s, -S-CH,-CO-), 7,55-7,95 (5H, m, ArH), 8,23 (1H, t, J =
5,9 Hz, -N-H), 8,53 (1H, t, J = 5,9 Hz, -N-H).

N-[ (S-Benzoyl mer capto)acetyl ] alanylglycine (9¢). Yield,
87.0%, 282 mg. Mp: 134-135 °C. Anal. Calcd (found) for
C,4H6NL,OsS: C, 51.85 (51.63); H, 4.94 (5.14); N, 8.64
(8.41). IR vy, 3380; 1740; 1671; 1621 cm *. *H NMR-
(300 MHz, DM SO-dg): édy, (ppm) 1,25 (3H, d, J = 7,2 Hz,
-CH-CHy), 3,77 (2H, d, J = 6,0 Hz, -NH-CH,), 3,88 (2H, s,
-S-CH,-CO-), 4,34 (1H, m, -CH), 7,55-7,96 (m, 5H, ArH),
8,27 (1H, t, J = 6,0 Hz, -N-H(Gly)), 851 (1H, d, J = 7,7
Hz, -N-H(Ala)), 12,49 (1H, s, -COOH).

N-[ (S-Benzoyl mer capto)acetyl | phenylalanylglycine (9b).
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Yield, 67.5%, 135 mg. Mp: 141-143 °C. Ana. Cacd
(found) for C,oH,oN,OsS: C, 60.00 (60.38); H, 5.00 (5.20);
N, 7.00 (6.61). IR v, 3380; 1740; 1671; 1621 cm ™ *. *H
NMR- (300 MHz, DMSO-d,): 8d,, 2,82 (1H, dd, J = 10,0;
14,0 Hz, -CH,-Ph), 3,09 (1H, dd, J = 4,5; 14,0 Hz, -CH,-
Ph), 3,79 (2H, d, J = 59 Hz, -NH-CH,), 3,90 (2H, s,
-S-CH,-CO-), 4,34 (m, 1H, -CH), 7,20-7,25 (m, 5H, ArH-
Phe), 7,55-7,95 (m, 5H, ArH), 845 (1H, t, J = 6,0 Hz,
-N-H(Gly)), 8,50 (1H, d, J = 8,4 Hz, -N-H(Phe)), 12,49 (s,
1H, -COOH).

4.1. ynthesis of *°™Tc complexes 3a-c

150 puL of sodium tartrate in nitrogen purged buffer,
(pH= 9.0; 0,5 M sodium bicarbonate, 0,25 M ammonium
acetate, 0,18 M ammonium hydroxide) (50 mg/mL), 50 uL
stannous chloride solution (Img/mL 0,1 N HCI) and 500 L
of ®¥™TcO, (37-200 MBq) were reacted. The *MTcO(V)
tartrate solution was added to the functionalized dipeptide
(1.0 mg —1.3 mg; 3.2 X 10 2 mmole) and the mixture
heated at 100 °C for 15 minutes. The tridentate ligand
(HSSSH) diluted in acetone was added (50uL, 4,0 X 10~*
mmoles). The mixture reacted at room temperature for 15
minutes. The complexes were purified by extraction with
CH,CI, (1.5 mL) to remove by-products and the excess of
tridentate ligand. The characterization of ®°™Tc complexes
was based on HPLC by comparison with the corresponding
Re complexes.

4.2. Sability in rat plasma

To 500 ul of fresh rat plasma, 50 ulL of the ®™Tc
complex solution was added and the mixture incubated at
37°C in athermoshaker. At appropriate periods of time (5,
30 min, 1 and 2 h) the mixture was analyzed by HPLC in a
Supelguard column (20 x 4.6 mm, 10 um, flow rate 1.0
mL/min) with a linear gradient 95-40% A in 15 min., hold
5 min., then to 95% A in 2 min. [A: isopropanol/0.1% TFA
(10/90), B: isopropanol/0.1% TFA (90/10)]. The proteins
were detected by UV at 220 nm (R, vaues between 8 and 13
min.) and the complexes were y detected (3a, Rt=0.9 min;
3b, Rt=6.7 min; 3c, Rt=1.5 min).

4.3. Biodistribution studies

The animal studies were carried out in compliance with
the Portuguese laws. Biodistribution studies were made in
normal female Charles River mice. Groups of 4 animals
with 30-35 days were intravenously injected with 50 uL of
a saline solution containing the *°™Tc complexes (3-5
MBQ), via the tail vein. The radioactive dose injected into
each mouse was measured in a dose calibrator. The animals
were sacrificed by cervical didocation at 2, 15, 30 and 60
min post-injection. The relevant organs were dissected,
weighed and counted. The results were expressed as per-
centage of injected dose per organ (%l D/organ). For blood,

the activity was calculated assuming 7% of the total weight
body. Whole body gamma cameraimages at the same times
post-injection were also acquired.
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