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The relationship of structural characters of the tripeptidic amine–bisamido-thiol (N3S type) chelators with the lipophilicity,
configuration, and stability of four [99mTcO]N3S and one [ReO]N3S chelates is studied here. The results show that the
hydroxymethyl group on the two N3S chelators, RP294 and RP435, has inhibited neither the formation nor interconversion
of syn and anti stereoisomers of the chelates, while the tert-butyl group on RP455 and RP535 has prevented the anti isomer
from converting to the syn one both in acidic and neutral solutions. The interconversion rates of a stereoisomer can be
accelerated at higher pH. [99mTcO]RP455 is stable in pH 7.4 aqueous solution, while [99mTcO]RP535 undergoes
decomposition at the same medium, suggesting the influence of a larger side-chain on the stability of the chelate. Unlike
[99mTcO]RP535, [ReO]RP535 is stable even in 0.1 N NaOH for 3 h without change. Combining factors of medium pH values,
nature of substituents on a chelator’s backbone, size of side-chains, and property of central metal ions together determine
the lipophilicity, configuration, and stability of [99mTcO]N3S and [ReO]N3S chelates. This information may be useful for a
further design of [99mTcO]N3S or [186ReO]N3S or [188ReO]N3S chelates with predictable physicochemical properties favorable
for the quality diagnosis of cancers.
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Introduction

Reduction of Na[99mTcO4] by SnCl2 usually yields 99mTcO31 ion,
which can be stabilized and neutralized by tetradentate
chelators such as L,L-ethylenedicysteine (where 99mTc is
coordinated by two nitrogen and two sulfur atoms, N2S2-type
chelator),1,2 mercaptoacetylglycylglycylglycine (N3S type),3 hex-
amethyl propylene amine oxime (N4 type),4,5 and ethyl
cysteinate dimer (N2S2).6,7 Those chelates exhibit a distorted
square pyramidal geometry and theoretically exist syn and anti
stereoisomers, depending on the orientation of the backbone
substitutions with respect to the metal–oxo bond. Commonly,
bio-reactive groups are placed on a chelator backbone or
conjugated to a side-chain of the chelator towards improving
the target selectivity of the radiochelate. For example, by
attaching a 2-nitroimidazole (2NI) group to the chelator
of propyleneamine oxime (N4 type), the 99mTc chelates
(BMS181321 and BRU59-21) have exhibited selective accumula-
tion in hypoxic cells, suggesting the potential for tumor hypoxia
imaging.8–10 Another example is TRODAT, a dopamine trans-
porter-specific imaging agent, which is a 99mTc–N2S2 chelate
with a tropane derivative connected to the backbone.11

Experiences often suggest that conjugating a bio-selective
group to a radiolabel does not guarantee a significant
improvement of molecule in target selectivity. Specific accumu-
lation of a radiolabel to the target tissue depends on many
factors including its physicochemical properties such as
structure, configuration, stability, lipophilicity, etc.12–16 However,
a systematic investigation of structure–activity relationships of
[MO]N2S2 or [MO]N4 (where M represents 99mTc and Re)

radiohelates can be difficult due to the complication in chemical
synthesis of bifunctional chelators. This has promoted the
application of peptidic bifunctional chelating agents because of
the ease in design and preparation by means of solid-phase
synthesis.17–21

In our previous study on peptidic N3S chelators for 99mTc and
Re,22 it has been noticed that the hydroxymethyl and t-Bu
groups on the backbone of the chelators played different roles
in influencing the stereoisomerization and stability of
[99mTcO]N3S chelates. The syn and anti stereoiosmers of the
[99mTcO]N3S chelates with hydroxymethyl group on the
chelators were detected by reversed-phase high-performance
liquid chromatography (HPLC) but not identified. Unlike the
hydroxymethyl group, the t-Bu group on the chelators had
forced the [99mTcO]N3S chelate to take one preferential
configuration. In order to understand the link of the structure
of an N3S chelator and physicochemical properties of the
[MO]N3S chelates, four N3S chelators with hydroxymethyl and
t-Bu groups on their backbone and different sizes of side-chains
(Figure 1), dimethylglycyl-L-seryl-L-cysteinylglycinamide (RP294),
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dimethylglycyl-L-seryl-L-cysteinyl-lycylfNe-[1-(2-nitro-1H-imidazolyl)
acetamido]g-glycine (RP435), dimethylglycyl-tert-butylglycyl-L-
cysteinylglycine (RP455), and dimethylglycyl-tert-butylglycyl-L-
cysteinylglycine-[2-(2-nitro-1H-imidazolyl)ethyl]amide (RP535),
were used in this work. When this become clear, [99mTcO]N3S
or [186ReO]N3S and [188ReO]N3S chelates with predictable and
controllable physicochemical properties in favor of high-quality
imaging and therapy of cancers or other human diseases can be
prepared.

Results and discussion

Understanding the relationship of the structure of chelator with
the physicochemical properties of 99mTc or radioactive Re
chelates will be helpful in designing quality imaging and
therapeutic agents of cancers. Structurally, an [MO]N3S chelate
exhibits a distorted square pyramidal geometry with the oxo
moiety in the apical position, and the orientation of a group on
the square plane with respect to the M==O bond will lead to the

generation of stereoisomers with syn and anti configurations
(Figure 2). Our previous results indicated that the stability of
[99mTcO]N3S showed a dependency on media pH values. The
chelates were generally stable in acidic solution, but would
undergo decomposition in basic and even in neutral solution.
This pH dependency may suggest the involvement of an OH�

anion, which functioned to change the stability of the [MO]N3S
chelate through a certain mechanism. Considering the tendency
of a TcO31 or a ReO31 ion combining oxygen to return to the
stable form of [MO4]�, it was suspected that the central metal
ion was the most likely element in the chelate to react with an
OH� anion. If this was the case, coordination of an H2O molecule
or an OH� anion to the central metal ion may cause some
changes to the chelates in isomers interconversion and stability.
According to this hypothesis, interconversion rates and even a
specific configuration of an [MO]N3S chelate can be dominated
by properly inhibiting the accessibility of an H2O molecule or an
OH� anion to the central metal ion. This can be realized by
placing groups with appropriate steric hindrance effect at
proper positions of a chelator (Figure 2). On the other hand, this
hypothesis suggests that the effects such as media pH values,
nature of donor atoms, and groups and side-chains on the
chelator of an [MO]N3S compound may be on either facilitating
or inhibiting the association of an H2O or an OH� with the
central metal ion followed by interconversion and/or decom-
position of the chelate.

The four N3S chelators used in this study were RP294, RP435,
RP455, and RP535. RP294 and RP435 had the same chelator with
a hydroxymethyl group on the C-5 position, while RP455 and
RP535 each had a t-Bu group on the same position of the
chelator backbone. In addition, the side-chains of RP435 and
RP535 were conjugated by a hydrophobic 2NI group as a tumor
hypoxia selective group, while the side-chains of RP294 and
RP455 containing no 2NI group were comparatively short.
Similar to the results reported previously,22 the hydroxymethyl
and t-Bu groups on these N3S chelators exhibited influence on
the 99mTc labeling yields. Although 99mTc labeling of both RP294
and RP435 was able to be carried out at room temperature, the
radiolabels each presented two interconvertible stereoisomers
with combined yields of 97% for [99mTcO]RP294 and 69% for
[99mTcO]RP435, indicating the interference of a larger side-chain
on the labeling yield of an N3S chelator. The HPLC retention time
(Rt) difference of two isomers of [99mTcO]RP294 was 2.0 min,
while that of [99mTcO]RP435 was 3.2 min (with a deeper HPLC
gradient, Figure 3, panels (a) and (b)), again suggesting that the
difference of hydrophobicity between these undesignated syn
and anti stereoisomers associated with the size of side-chains.
Unlike the hydroxymethyl group on RP294 and RP435, the t-Bu
group of RP455 and RP535 also interfered with the labeling9
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Figure 1. Structure of 99mTcO31 and ReO31 chelates in anti configuration. The
structure of ReO31 by RP535 had been confirmed by ES-MS and NMR22.

Figure 2. [MO]N3S chelates displayed a distorted square pyramidal geometry with
the oxo moiety in the apical position. Theoretically, the up- or under-plane
position of the substitutions on C-1, C-2, C-5, C-8, and C-9 can result in the
production of syn and anti isomers of a chelate.
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because improved labeling yields (with 99% for [99mTcO]RP455
and 78% for [99mTcO]RP535) were achieved only at elevated
temperature.22 Contrary to [99mTcO]RP294 and [99mTcO]RP435
which exhibited two interconvertible stereoisomers,
[99mTcO]RP455 presented only one single peak on HPLC (panel
(c) of Figure 3), while [99mTcO]RP535 showed one major fraction
(peak F, yield 78%, panel (d) of Figure 3) and a minor one (peak
E, yield �8%) nearby. This result clearly indicated that the
existence of one or both stereoisomers of an [MO]N3S chelate
was determined by the position, orientation, and size of groups
on the chelator backbone. Here, a question arises: in the case of
[99mTcO]RP455, what is the role of the t-Bu group in successfully
preventing the other isomer from existing in the labeling
solution? A simple answer might be that the t-Bu group
inhibited the coordination of an H2O molecule or an OH� anion
to the central metal ion at the site opposite to the M==O bond.
As indicated by the literature,23 once a water molecule is
associated with the central metal ion, the M==O bond could be
switched to the reversed direction through several procedures
that caused the conversion of a stereoisomer. Since TcO31 and
ReO31 are oxygen attractive ions that have a tendency of
combining either oxygen or H2O or OH� to return to the stable
form of [MO4]�, it is hypothesized that this tendency may be

kept by the central metal ion of an [MO]N3S chelate and is the
cause of a stereoisomer converting into the other configuration.
If this is true, it is reasonable to designate the observed isomer
of [99mTcO]RP455 as the isomer in anti configuration in which
the t-Bu group takes a position opposite to the M==O bond.
Although both syn and anti stereoisomers might commonly
exist in the labeling solution at the very beginning, the syn
isomer might have completely converted into the anti one,
whereas the conversion of an anti isomer into the syn one was
inhibited by the t-Bu group, which successfully hindered the
association of either an H2O molecule or an OH� anion with the
central metal ion resulting in the existence of the preferential
anti isomer. Similarly, the major fraction (peak F) of
[99mTcO]RP535 could be designated as the isomer in anti
configuration due to the hindrance effect of the t-Bu group. The
HPLC profiles (Figure 3, panel (a)) demonstrated a 2.0 min
retention time difference between peaks A and B of
[99mTcO]RP294. The difference in retention times, although
small, suggested that peak A (with an earlier Rt) was more
hydrophilic compared with peak B (with greater Rt). It was
suspected that the hydration possibility of the 99mTc in a chelate
was greater for an isomer with syn configuration than that of the
anti one because the former encountered little hindrance to the
hydration of the metal ion. If this is true, peak A could be the syn
isomer while peak B the anti one. Similar to [99mTcO]RP294,
[99mTcO]RP435 also presented two stereoisomers that were able
to undergo interconversion even in a pH 1.87 aqueous solution,
as detected by HPLC (Figure 3, panel (b)). Likewise, peak C with
an earlier retention time might be the isomer in syn configura-
tion, and peak D the anti one. The peaks C and D displayed a
3.2 min difference between the HPLC retention times, indicating
a greater differentiation in hydrophobicity of the syn and anti
isomers compared with peaks A and B of [99mTcO]RP294. As a
consequence, the hydrophobicity of an [MO]N3S chelate
counted the contribution of the hydrophobicity of its side-chain.

The interconversion of syn and anti stereoisomers of an
[MO]N3S chelate involves the association of a water molecule to
the central metal ion,23 and is facilitated in a aqueous solution
with higher pH.22 In a pH 1.87 aqueous solution, a conversion
equilibrium of the syn isomer of [99mTcO]RP294 into the anti one
and an anti isomer to the syn one both took more than 24 h
(Figure 4, panel (a)), whereas in Phosphate-buffered saline (PBS)
the time required for an equilibrium shortened to 5–30 min
(Figure 4, panel (b)). This pH effect became obvious when
plotting the panels (a) and (b) together (panels (c) and (d),
Figure 4). When incubated in a pH 11.3 aqueous solution for
1 min, both of the isomers of [99mTcO]RP294 underwent a
complete decomposition into pertechnetate. It was noticed that
the conversion of the syn isomer of [99mTcO]RP294 in either
acidic or neutral aqueous solution was always quicker compared
with the anti one (panels (a) and (b), Figure 4), suggesting the
presentation and detectable steric hindrance of the hydroxy-
methyl group to the hydration of the central metal ion. The pH
effects could also be applied to [99mTcO]RP435, where the
interconversion of its both stereoisomers was quicker in PBS
than in pH 1.87 aqueous solution, and it was even quicker in pH
10.8 aqueous solution. Unlike [99mTcO]RP294 or [99mTcO]RP435,
the HPLC-purified [99mTcO]RP455 exhibited neither conversion
nor change in either acidic or neutral aqueous solutions,
signifying the stability of this chelate with anti configuration.
Similarly, the peak F of [99mTcO]RP535 was stable in acidic
aqueous solution for over 24 h without change, but underwent a 9
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Figure 3. HPLC of 99mTc labeling of RP294 (peak A, Rt = 36.8 min; peak B,
Rt = 38.8 min) shows a combined yield of 97% (a). Panel (b) shows the evidence of
conversion of the purified peak D of [99mTcO]RP435 into peak C after 6.5 h
incubation in pH 1.87 aqueous solution. Panel (c) shows the HPLC of 99mTc labeling
of RP455 (Rt 37.9 min, yield 99%). The labeling of RP535 produced major isomer
(peak F, Rt 35.4 min, yield �78%) and a minor component (peak E, Rt 32.8, yield
�8%) as is shown on HPLC with a mobile-phase gradient of 100–30% H2O over
45 min (d).
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steady decomposition when incubated in 0.25 M PBS and
formed three substances showing on HPLC retention times
ranging from 22.3 to 23.9 min.22 As it had previously been
indicated that these substances were not the counter isomers of
the peak F, because they displayed no conversion into the peak
F when incubated in PBS. The stability difference between
[99mTcO]RP455 and [99mTcO]RP535 suggested that side-chain is
also an important factor in determining the stability of chelates.
Put together, it is hypothesized that the side-chain and media pH
together challenge the hindrance of the t-Bu group to enable the
hydration of the central metal ion on one hand, and weaken and
break down one or several metal–donor atom bonds on the other
hand. Although the exact mechanism remains unknown and
needs to be proven, the results demonstrate a possibility of
controlling the configuration and stability of an [MO]N3S chelate
by the combined effects of groups on the backbone of a chelator,
side-chains, and medium pH.

For labeling a peptide or a protein with 99mTc or radioactive
Re, an N3S chelator is often conjugated through its side-chain to
the macromolecules.24–27 In these cases, the macromolecules
can be considered as large side-chains that may consequently
influence the labeling yields of the conjugates and also the
stability of [MO]N3S-peptide or [MO]N3S-protein labels.28,29 The
side-chains of the four chelators used in this work are located on
the C-8 carbon which become a chiral carbon atom. Unlike the
hydroxymethyl or t-Bu groups on the chiral C-5 carbon of the
chelators, the orientation of the proton or the side-chain on C-8
with respect to the M==O bond did not present detectable

stereoisomers on HPLC chromatograms because the labeling
yields of [99mTcO]RP294 and [99mTcO]RP455 were as great as 97
and 99%, respectively. Why the proton and the flexible side-
chain on the C-8 atom did not exhibit detectible stereoisomers
of [MO]N3S chelates remains unknown and need to be studied.
Even though having the same hydroxymethyl group on C-5
position, both syn and anti stereoisomers of [99mTcO]RP294
always exhibited a faster interconversion rate in either acidic or
neutral aqueous solutions than those of [99mTcO]RP435,
suggesting that a larger side-chain could potentially slow down
the interconversion rate of a stereoisomer of [MO]N3S chelates.
It was noted that the interconversion equilibrium of the syn and
anti stereoisomers of [99mTcO]RP294 and [99mTcO]RP435 de-
pended on both media pH and the size of the side-chains. In
PBS, the conversion of a syn isomer of [99mTcO]RP294 to the anti
one took approximately 5 min to reach an equilibrium, which
consisted of 44.6% syn isomer and 50.1% anti one, whereas the
syn isomer of [99mTcO]RP435 converting into the anti config-
uration required 173 min to reach an equilibrium (containing
42.0% syn isomer and 42.8% anti one. Figure 5, panel (a)).
Similarly, the equilibrium (consisting of 51.5% anti isomer and
45.6% syn isomer) of the anti isomer of [99mTcO]RP294
converting to the syn one took approximately 30 min to reach,
while the conversion of the anti isomer of [99mTcO]RP435
required 300 min to reach the equilibrium (containing 51.0%
anti isomer and 47.5 syn one, Figure 5, panel (b)). Accordingly, it
was suspected that a side-chain might play a role in delaying the
conversion of an anti isomer through interfering with the9
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Figure 4. Interconversion rate measurement of the two stereoisomers of [99mTcO]RP294 (peaks A and B of Figure 3(a) in pH 1.87 aqueous solution (a) and in pH 7.4 PBS
(b). The conversion of the purified peaks A into B (dotted lines) and the purified B into A (solid lines) were measured by HPLC, while the percentage of the two isomers
against the incubation time was plotted in panels (a) and (b). Panel (c) shows the conversion of peak A (incubated in pH 1.87 aqueous solution and pH 7.4 PBS,
respectively) into peak B, while panel (d) shows the conversion of peak B (incubated in the same media, respectively) into peak A.
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association of an H2O molecule or an OH� anion with the 99mTc
when it happened to be in the position. In 0.25 M PBS,
[99mTcO]RP455 did not show significant change for 6 h (Figure
5, panel (c)), while [99mTcO]RP535 underwent a steady decom-
position forming three substances with greater hydrophilicity

(Rt’s raging from 22.3 to 23.9 min) compared with the parent
molecule (Rt 40.2 min). The three substances were associated
with 99mTc and were stable in the aqueous solution because
they did not undergo a further decomposition into pertechne-
tate in the time course (Figure 6, panel (a)). Although stable in
neutral aqueous solution, [99mTcO]RP455 revealed changes and
produced two minor substance showing on HPLC with retention
times of 11.90 and 35.03 when incubated in pH 11.3 aqueous
solution for 2 min (panel (b) of Figure 6). Since the peak at
35.03 min (peak G) was close to the parent chelate (peak H, Rt

37.28 min) and increased with incubation time of up to 126 min,
it was suspected that peak G might be the other stereoisomer of
[99mTcO]RP455. If the peak H was the isomer in anti configura-
tion because hydration possibility of the central metal ion was
diminished by steric hindrance effect of the t-Bu on the chelator
backbone, the peak G must be the isomer in syn configuration.
The syn isomer of [99mTcO]RP455 was not detected in the
labeling solution possibly because that, if ever existed, it had
been completely converted into the anti configuration. It needs
to be pointed out that in pH 11.3 aqueous solution a severe
decomposition of [99mTcO]RP455 yielding multiple substances
including pertechnetate occurred. By comparison, the peak E
(yield approximately 8%) of [99mTcO]RP535 (Figure 3, panel (d))
could be the stereoisomer in syn configuration. This suspicion
was supported when the purified peak E, which was incubated
in 0.25 M PBS and pH 10.8 aqueous solutions, respectively,
showed a continuous conversion into the peak F (Figure 6, panel
(c)). The results demonstrated that at this labeling condition the
syn isomer of [99mTcO]RP455 had been completely converted
into the anti configuration, while approximately 8% of the syn
isomer of [99mTcO]RP535 remained, implying a delayed conver-
sion of the stereoisomer possibly due to the interference of the
side-chain with the hydration of the central metal ion. When
incubating in a pH 11.3 aqueous solution, both syn and anti
isomers of [99mTcO]RP535 underwent a complete decomposi-
tion into pertechnetate suggesting the breakage of all the
coordination bonds under this harsh condition. Taken together,
the t-Bu group had successfully forced the [99mTcO]RP455 and
[99mTcO]RP535 preferentially taking an anti configuration, while
the decomposition of [99mTcO]RP535 in 0.25 M PBS might link to
a breakage of one or several coordination bonds caused by the
combined effects of OH�, [H2PO4]�, [HPO4]2�, and [PO4]3� ions
that squeezed by the t-Bu group to coordinate to the 99mTc ion,
while the side-chain stretched in the direction away from the
metal–oxo core. Although this assumption remains uncon-
firmed, the result revealed a possibility of designing an [MO]N3S
chelate with predictable and controllable stability, configuration
and hydrophobicity by properly managing the substituents
and side-chains on a chelator to respond the interaction of
medium pH.

Contrary to [99mTcO]RP535, the anti isomer of [ReO]RP535 was
stable not only in a pH 11.3 aqueous solution, but also in 0.1 N
NaOH solution for over 3 h without any change (Figure 6, panel
(d)). This might reflect the significant difference in bond strength
and hydration tendency between [99mTcO]N3S and [ReO]N3S
chelates, even though the two metal ions have similar chemical
properties such as atomic radius. Since no data about the
lengths of the Tc–Namine and Tc–S bonds are available in the
literature to make a comparison with that of the Re–Namine and
Re–S bonds,23 it remains unknown whether or not the greater
stability of [ReO]RP535 in the alkaline solution over that of
[99mTcO]RP535 is due to that the former may have stronger 9

7

Figure 5. The interconversion of peak A (dotted line) of [99mTcO]RP294 with a
shorter side-chain and peak C (solid line) of [99mTcO]RP435 with a larger side-chain
against time is plotted in panel (a), while the conversion of peak B (dotted line) of
[99mTcO]RP294 and peak D (solid line) of [99mTcO]RP435 against time is plotted in
panel (b). When incubating in 0.25 M PBS, the purified [99mTcO]RP455 shows a
greater stability compared with that of [99mTcO]RP535 because the former shows
no change for 6 h, while the latter exhibits decomposition along with time and
forms substances at Rt’s ranging from 22 to 24 min (c).
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Re–Namine and Re–S bonds compared with those of Tc–Namine

and Tc–S. Nevertheless, the results suggested that the
coordination bonds of Re–H2O and Re–OH might be weaker
than those of 99mTc–H2O and 99mTc–OH and because of this,
contrary to [99mTcO]RP455 and [99mTcO]RP535, in the alkaline
aqueous solution neither syn isomer coming out from the
conversion of the anti isomer of [ReO]RP535 nor was decom-
position of the chelate seen. Therefore, it can be expected that
an [ReO]N3S presents greater stability than the [99mTcO]N3S in
aqueous solution and, the stereoisomer interconversion rate of
the former should be slower than the latter. The difference
between [99mTcO]N3S and [186ReO]N3S and [188ReO]N3S in
stability added up the variety of physicochemical and pharma-
cological properties for [MO]N3S chelates.

In addition to the interference with the 99mTc labeling and the
stability of a chelate as discussed above, the side-chain could
contribute its hydrophobicity to the chelate. For example,
chromatogram profiles of the syn and anti isomers of
[99mTcO]RP435 exhibited greater hydrophobicity (Figures 3,
panels (a) and (b)) than those of [99mTcO]RP294 for the former
had a hydrophobic 2NI group on the side-chain. This signified
that the hydrophobicity of a chelate was determined by the
hydrophobicity of groups on the chelator backbone and by side-
chains. The PC value of the anti isomer (peak F) of
[99mTcO]RP535 was 2.870.1,22 127-fold higher than that of
[99mTcO]RP455 (PC 0.02270.001) and over 2000-fold greater
than that of [99mTcO]RP435 (PC 0.001070.000122). This result
implied that inhibiting the hydration of the central metal ion
might be a more effective approach of increasing the
hydrophobicity of a chelate compared with the strategy of
conjugating a hydrophobic side-chain to the chelator.

As summarized in Table 1, an [MO]N3S chelate’s physico-
chemical characteristics such as stereoisomerization of the
chelate, the stability, conversion rate, and hydrophobicity of
the isomers were determined by four factors: the groups on the
chelator backbone, the side-chains linked to the chelator, the
type of central metal ions, and the medium pH values. Although
the hydration of the central metal ion in [MO]N3S can be
interfered by the side-chain, the steric hindrance effect of a
substituent on the chelator backbone seemed more significant.
As shown in Figure 2, an [MO]N3S chelate displayed three five-
membered-coordination rings of different sizes, and hetero
substitutions on the N-1, C-2, C-8, and C-9 can theoretically
produce stereoisomers. Consequently, a group may show
different hindrance effect on the hydration of the central metal
ion depending on its position on the chelator backbone.
According to the data of bond length of the [ReO]RP294
reported in the literature,23 the perimeters of the three chelation
rings (Figure 2) containing N1(amine)–N4(amide)–Re, N4(ami-
de)–N7(amide)–Re, and N7(amide)–S–Re were 8.524, 8.261, and
9.082 Å, respectively. If these bond lengths can be generally
applied to other [MO]N3S chelates, it is an assumption that a

9
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Figure 6. Panel (a) shows the decomposition of the purified peak F of
[99mTcO]RP535 instead of any interconversion when incubated in a pH 10.8
aqueous solution at room temperature. Panel (b) shows the changes of the
preferential [99mTcO]RP455 and when incubated in a pH 11.3 aqueous solution for
2 min. Peak G grew and peak H decreased along with the incubation time,
suggesting that peaks G and H were syn and anti stereoisomers. Panel (c) exhibits
the conversion of the purified peak E (Rt 38.9) of [99mTcO]RP535 into peak
F (Rt 40.2 min) when incubated in pH 10.8 aqueous solution for 3 min. The HPLC
mobile-phase gradient was 100–50% H2O over 45 min. Panel (d) shows the stability
of [ReO]RP535 after being incubated in 0.1 NaOH aqueous solution for
approximately 3.5 h.
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group on a smaller ring may exert greater hindrance effect to
the hydration of central metal ion, while the one on a larger ring
may have a weaker effect. If this is true, the t-Bu group on the C-
2 position may present a smaller steric hindrance effect
compared with C-5, whereas the one on the C-9 position will
have the weakest effect. This information will be helpful for
evaluating and predicting the configuration, stability, and
lipophilicity of an [MO]N3S chelate with bio-reactive or bio-
selective groups either substituted on the chelator backbone or
conjugated at the side-chain. If the groups are conjugated on
side-chains, it may affect the stability of a [99mTcO]N3S chelate
but possibly not an [186ReO]N3S or an [188ReO]N3S chelate. If the
group is on the chelator backbone, it may affect the
stereoisomerization of the [MO]N3S chelate and the stability of
the stereoisomers in aqueous solution. Moreover, the results
may lead to designing novel [MO]N3S chelates with an
expectation of showing greater accumulation level in tumor
than in normal tissue and in the circulation because the pH
value in a tumor is generally lower than that in normal tissue
and in the circulation.30,31 In this situation, an [MO]N3S chelate
may retain longer in tumor than in the circulation where it may
undergo more decomposition forming substances with greater
hydrophilicity and consequently is cleared from the circulation
more quickly.

Experimental

The preparation, purification, and characterization of the four
chelating agents, dimethylglycyl-L-seryl-L-cysteinylglycinamide
(RP294), dimethylglycyl-L-seryl-L-cysteinyl-lycylfNe-[1-(2-nitro-
1H-imidazolyl)acetamido]g-glycine (RP435), dimethylglycyl-tert-
butylglycyl-L-cysteinylglycine (RP455), dimethylglycyl-tert-butyl-
glycyl-L-cysteinylglycine-[2-(2-nitro-1H-imidazolyl)ethyl]amide
(RP535), and [ReO]RP535 were carried out in the established
manner reported previously.22 Radiochemical purity, stability,
and the rates of interconversion of the syn and anti isomers of
the 99mTc-labeled peptides and [ReO]RP535 (Figure 1) were
measured on a Beckman 125 model Gold System (HPLC) with a
Zorbax 4.6� 250 mm 5 mm C18 column or Beckman ODS C18

5 mm 4.6� 250 mm column and UV and radiometric detectors
connected in series. The mobile phase consisted of H2O/ACN
containing 0.1% trifluoroacetic acid at a flow rate of 1.0 mL/min.
The gradients varied from 100% H2O to 90% H2O over 45 min for
[99mTcO]RP294, 100–70% H2O over 45 min for [99mTcO]RP435,
100–50% H2O over 45 min for [99mTcO]RP455, and 100–30% H2O
over 45 min and 100–50% H2O over 45 min for [99mTcO]RP535.

Techenetium-99m labeling of RP294, RP435, RP455, and RP535:
A peptide with a quantity of 100–200 mg (0.15–0.48 mmol) was
mixed with 2–10 mCi Na99mTcO4 in 200mL of saline. To the

mixture was added dropwise 100 mL of an aqueous solution of
SnCl2 (40 mL) and sodium gluconate (0.25–1.0 mg). After incuba-
tion at room temperature (for RP294 and RP435) or in a boiling
water bath (for RP455 and RP535) for 15 min, the labeling
mixture was injected into the HPLC for analysis.

Measurement of the partition coefficient (PC) of [99mTcO]RP455
between octanol/PBS: 10 mL of the HPLC-purified [99mTcO]RP455
was added to 1.0 mL of 0.1 M pH 7.4 PBS which was previously
saturated with n-octanol. The aqueous solution was mixed with
1.0 mL of PBS-saturated n-octanol and vortexed for 1 min. After
separation of phases, 0.7 mL of each phase was transferred to a
microcentrifuge tube and centrifuged at 10 000 g for 5 min. The
radioactivity in triplicate 0.1 mL aliquots of each phase was
counted in a Picker Pace-1 gamma counter (counting time
0.3 min, window 130–150 keV). The partition coefficient (radio-
activity in n-octanol over that in PBS) was the mean of two
parallel tests.

Measurement of the interconversion rates of stereoisomers of
[99mTcO]RP294 and [99mTcO]RP435: HPLC-purified peaks A and B
of [99mTcO]RP294 (Figure 3, panel (a)) and peaks C and D of
[99mTcO]RP435 (Figure 3, panel (b)) were incubated, respectively,
in aqueous solution with given pH values for a certain period,
and then reinjected into the HPLC for analysis with the same
mobile phase and gradients.

Identification of the syn and anti isomers of [99mTcO]RP455 and
[99mTcO]RP535: The single peak of [99mTcO]RP455 (Figure 3,
panel (c)) and the two peaks (peaks E and F) of [99mTcO]RP535
(Figure 3, panel (d)) were collected. The purified fractions were
incubated, respectively, in the pH 1.87 aqueous solution, PBS,
pH 10.8, and pH 11.3 aqueous solution for a given time interval,
and then reinjected into HPLC with the same mobile phases and
gradients.

Conclusion

Like [MO]N2S2 and [MO]N4 chelates (where M represents 99mTc,
99Tc, Re, 186Re, and 188Re), an [MO]N3S chelate exhibit a distorted
square pyramid geometry with the M==O bond in apical
position, while the orientation of hetero substitutions on the
chelator backbone with respect to the M==O bond will
theoretically result in the production of syn and anti stereo-
isomers. The interconversion of the stereoisomers involves the
association of an H2O molecule with the central metal ion and is
facilitated by elevated pH. Therefore, the interconversion rates
of the stereoisomers of a [MO]N3S chelate may possibly be
dominated through controlling the hydration possibility/feasi-
bility of the central metal ions. The substitutions on the
chelator’s backbone may exhibit more or less steric hindrance
effects to the association of an H2O or an OH� anion to the 9
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Table 1. Evaluation of the correlation of some factors with the physicochemical characteristics of a [MO]N3S chelate

Physicochemical characteristics

Factors Labeling yield Stability
Hindrance of isomers

forming in labeling
Conversion rate

of isomers

Property of backbone substituent 111a 111 111 111

Length of side chains 11 1 1 11

Metal ions 1 111 1 111

Media pH 11 11 1 111

aThree plus sign represents a most significant influence.
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metal ion. The hydroxymethyl of [99mTcO]RP294 and
[99mTcO]RP435 is a minor steric hindrant and hence displays a
weak interference with the interconversion of the syn and anti
isomers of the chelates, while t-Bu of [99mTcO]RP455 and
[99mTcO]RP535 presents significant interference with the inter-
conversion of the stereoisomers and also make the chelates
taking preferential anti configurations. Side-chains will not only
contribute their hydrophobicity to the chelates, but also control
the interconversion rates of stereoisomers of a chelate as
shown by [99mTcO]RP435 and [99mTcO]RP294. In the case of
[99mTcO]RP455 and [99mTcO]RP535, the former was stable in
neutral aqueous solution while the latter underwent a steady
decomposition possibly due to its larger side-chain interfering
with the stability. Contrarily, [ReO]RP535 exhibited stability in
both neutral aqueous solution and 0.1 N NaOH, suggesting
stronger coordination bonds of the chelate compared with
those of [99mTcO]RP535 and implying a difference of hydration
tendency between 99mTc and Re. Therefore, it can be expected
that [99mTcO]N3S, [186ReO]N3S, and [188ReO]N3S display signifi-
cant differences in interconversion rate and stability in aqueous
solutions. Taken together, a [MO]N3S chelate with controllable
and predictable configuration, stability, and lipophilicity can be
designed and prepared through strategies of managing (1) one
or more proper substituents on appropriate position of the
chelator backbone, (2) a proper side-chain, and (3) a proper
radioactive central metal ion to respond the influence of
medium pH.
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