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SUMMARY

The complex of N,N’-bis-1-{carboxy-Z-mercaptoethyllethyvlene-
diamine (EC) labelled with reduced Tc-99m was proposed as a
new agent in renal tubular secretion studies. Here we present
the synthesis and single-crystal X-ray structure determination
of the N,N’-bis-1-(l-carboxy-Z-mercaptoethyl)ethvlene-diamine
oxotechnetium(V) complex, [®9TcO(EC)]. Crystals are orthoro-
bic, space group P=212121. with a=19.570(1), b=10.080 (1),
c=6.300(1)A, Z=4 and R=0.0294. The technetium ie hexacoordi-~
nated being bonded to oxygen (1.657(3)A), the two N atoms and
the two deprotonated S atoms. The sixth site, trans to the
oxo-group 1is occupied by one deprotonated carboxylate group.
The infrared spectra is also presented.
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INTRODUCTION
The coordination chemistry of technetium has been intensively
investigated recently and a variety of complexes have been

synthesized and characterized.
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Considerable work was focused in studying the chemistry of
nxotechnetium(V) complexes with ligands containing nitrogen
and sulfur donor atomse. due to their extensive use nowdays
as radiopharmaceuticals in diagnostic Nuclear Medicine.

An important group of technetium diagnostic agents containing
the TcO3+ core is complexes designed to mimic the tubular
secretion of radiociodinated Hippuran.

The design of a novel class of tetradentate bisamide bisthiol
ligands led to the development of ®8mTc¢-N,.N"-bis-(mercapto-
acetyllethylene diamine 2emPTc-DADS, which in animals is
characterized by active tubular secretion(1-3). Modification
of ligand structure by carboxyl group substitution generated
the technetium complex @&smTc-~-CO2-DADS which exhibited, in
biclogical species, more ftavorable renal charactevistics
{4-7). PFurther research work on new ligand systems resulted in
the development of a triamide NaS technetium complex, #omTc-
MAGz (mercapto~acetyl triglvecine}’, applied in renal function
studies as a potential replacement of Hippuran (8-12).

Recent work on a diamine dithiol technetium complex 9¥8mTc-EC,
where EC 1is N.N"-bis-1~(l-carboxy-Z2-mercaptoethyljiethylene
diamine, (13) demonstrated a similar distribution pattern to
gemTec~-MAGa and was proposed as an alternative agent in renal
gtudies.

This paper addresses the structure determination of oxotechne-
tium(VI-BEC complex, svnthesized at technetium carrier level.
(88TcO(EC) ] complex was prepared by ligand exchange reaction
of ®9Tc(Vi-gluconate precursor with the N.N -bis-L-flil-carbo-
Xy-Z2-mercaptolethylenediamine.

The complex was also synthesized at tracer level (®9wTe)  in
order to relate the species tformed at tracer level with the
complex formed at carrier level. Synthesis of the ®®oTo-

complex was accomplished by using either a ligand exchange or
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a direct method similar to those reported previously (19),
(133,
RXPERIMENTAL

Materials and equipment

All laboratory chemicals were of reagent grade. Solvents for
HPLC were HPLC grade and were degassed before use.
L-thiazolidine-4-carboxvlic acid was commercially available
and was used without further purification. The dimerization
reaction proceeded in liguid ammonia and sodium metal., as pre-
viously described (14).

g8Tc wag purchased as ammonium pertechnetate from Oak Kidge
National Laboratory. The impure black solid was purified prior
to ite wuse by treatment overnight with oxygen peroxide and
ammonium hvdroxide in methanol. Evaporation of the solvent
gave a white powder.

IR spectra were obtained trom KBr pellets using a Perkin-Elmer
1800 FT-IR spectrophotometer. Elemental analysis was pervrformed
on  a Perkin-Elmer 2400 CHNS/0 automatic analyser. High perfo-
mance liguid chromatography (HPLC: was performed on a Waters
chromatograph egquipped with the 800K solvent delivery svstem,
the 991 photodiode array spectophotometric detector (PDA) and
A uBodapack C-18 RP column, fitted with a gradient profile ot
100% phosphate buffer pH 2.5 (0.0125M) reaching 91% phosphate
buffer: 9% ethanol after 10 minutes. UV-Vis spectra of the
erluting complexes were recorded on the photodiode array detec-

tor. A Beckman 171 Radioisotope detector was also used.

X-Rayv Diffraction Studies

Collection and reduction of intensity data
The complete crvstal and intensity collection data are
reported in Table 1. Space group P214:1%2:1 was recognised from

preliminary oscillation and Weissenberg photographs. Unit cell
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Formula CaHiaNzOeseTe
tw 373.33

a (A} 19.5700 1)

h (A 100801y
(A 530001

V (AS) 1242.76

A 4

ficmlea (Mg m—3) ZL0nT7

Dmeagea (Mg m—3) 2L 00

SpAce group
Cryst. dimens (mm)

P21213s
.16 X 0.24 X .38

Radiation Ma/Np 071073
W otem~i) 3.8%9

Max. Abs. correction facrtor 1.32

Scan speed i(deg/min) 6.0

Scan range t(deg) .5 +aiae separation
26 limit (deg? 50

Data collected 2938

Data unigue EANEY)

Data used 2081

Fol> B0 Fad

Rint 0.0391

Range of h -23 to %3
Range of k 0 teo 1l

Range of 1 -7 to 0

Weighting scheme
FOOOON)

Noo of refined params
EA/O!mgx

(80 imex( @A™ 3

L iw=a2( o) +0. 00050F<€
760

215

0.0H1

51

(AP Imant @A~ -0.973

GUFC3 .47

Rt¢2) /Rw® (nhserved) 0.0294 « 0.0U370
R{2)/Rw® (all datal G.0324 » O,0395

C30 GOF=TZw({Fo| - Fal12/(N-P)]3-2

P=No of parameters. Nz=No ot obhserved retflections.

(2 R=Ll | Fa|~{Fa|| /L] Fol

(8) Rw=[Iw(|Fa]-|Fo| )2/Iw| ¥al2]2 2
parameters were derived from a least-squares refinement of the
setting angles of 28 automaticallv centered intermediate 28
reflections on Svntex PZ3; diffractometer controlled by the
Crvstal Logic software. The intensities ot three standards
monitored atter 100 reflections were stable. with a scatter ot

less than 3% from their respective means. Lorentz polarization

Aand y-scan absorption corrections were applied.

Selution and refinement ofr the structure
The structure was solved bv SHELXS86 (15) refined with SHELX78

(16) wusing the full-matrix least-sguares method. H-atoms were
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located from difference Fourier map and were refined isotropi-
cally. Atomic scattering tfactors were taken from International
Tables for X-Ray Crystallography (17). The alternative model
with all coordinates changed in sign refined to R=0.0318 and

Ruwr=0.0413.

Synthesis

N N ~bis~1~il-carboxy-s-mercaptoethyvl ethyvilienaediamine. EC.
Synthesis ot EC was pertormed in a manner similar to that
previously described (14). L-thiazolidine-4-carboxvlic acid
was reduced in liguid ammonia with sodium metal. Atter reac-
tion. ammonia was evaporated to drvness and the remaining
solid was dissolved in water. The pH was adjusted to 2 with
conc.HC1  to give crude EC compound. The solid was purified by
dissolution at pH ¥ and reprecipitation at pH 2.0-2.5. Yield
44 V. m.p.2H1-25% C dec: Lit.251-253°C, [R. cmi: 3100-2200
viNHz*+Y., 1590 viC0O0-). 1550 &h S(NHa* .

“8Tar i )-gluconate.
Svnthesis of TciVi-gluconate was based on the method reported
previously (183, Thus. to a solution ot 200 wgz of sodium glu-
conate in 4 ml water. 36.2 mg (0.2 mmol) NH4®¥TcOs and 0.1 ml
PEmTc04~ generator eluate (1-2 mUi) were added as a tracer.
After dissolution, 45 mg of SnClz diluted in 1.5 mi of HCI 1IN
were added dropwise. Reduction of pertechnetate was controlled
by ITLC SG. using methylethvlketone or saline as solvent sys-
tems. After the reaction was completed. the pH of the resul-
tant red-brown Tc(V)-gluconate solution was adjusted to L11.56

with NaOH 1N.

[BETeOrEC)]
An agueous alkaline solution otf 85mgi0.25mmol) EC, was added

under stirring to the TectVi-gluconate solution prerared as
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described above. The resultant brown-green solution was stir-
red for 2 more hours at room temperature and the pH was then
adjusted to 2.5 with HC1 1N. During the pH adjiustement the
solution colour turned green. After this solution was allowed
o stand at room temperature for several davs. dark green
crvetals where isolated. Single cryvstals of the complex suit-
ahle tovr X—rav crvstallographv were obtained by recrystalliza-
tion from water. The recrvstallization was accomplished by
dissolution of the product in a large volume of water followed
bv acidification at pH 2.5 and slow evaporation of the resul-

tant solution. Yield 70%. Elemental analvsis: anal.Calc.tfor

CaHi2NzS20eTe: .25.26: H.3.43: N,7.37: 5.186.26. Found:
.25.31; H,3.55: N,7.35; 5,18.05. IR. em—3(KBr}): 952 v(Tec=07y,
1568 B{NH*) and v(C=0) coordinated. 1708 viC=0) free acid,.

3171 v(NH+). Samples of the crvstals were analvzed bv HPLC as
previously described (189). using a gradient phosphate pH 2.5,
ethanol solvent evetem and a single peak was detected at 14.2

min.

Labelling of EC with &&mTc

A.Exchange labeiling:

somTo-gluconate precursor was prepared using the method for
the 9®9Tc analog scaled down as follows: 200 mg sodium gluco-
nate was dissolved in 3-5 ml ¢emTecl4~ generator eluate
(6-10miy» and &a stannous chloride solution (0.2 mg SnClz in
HClL 0.05N) was added dropwise to the reaction mixture until
all pertechnetate was reduced ichecked by ITLC). The pH of the
resultant solution was adjiusted to 11.5.

99mTe~-EC complex was formed bv the addition of 0.5 ml alkaline
solution of EC (lmg/ml} to 1ml 99mTe-gluconate solution pre-
pared as described above. The mixture was vortexed for 1 min
and atter a 15 min incubation period at room temperature, the

rH of the solution was adiusted to 7.5 with HaPOs O.O5N.
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b.lirect labelling:

Direct labelling of EC was performed bv a method similar to
that reported previouslvy (13). To a solution of the ligand
{1 mg) were added successively zZ00 ug of £nClz in 0.0BN HCL
(50 ul) and 0.5 ml ®9wmTcQ4~ generator eluate (1-2 mCi). After
a 20 min incubation period the pH was adiusted to 7.5 with
HaPOs O.0BN.

The tormation of 99wmTc-complex was determined bv HFLC using
the same conditions as tor analvsing the analog #9Tec-complex.
A single peak was detected in both exchange and direct label-

ling preparations eiuted at 14.2Z min.

RESULTS AND DISCUSSION

TecO(N.N -bis~1-(1l-carboxy-<2-mercaptoethy)ethylenediamine.
ITcO(ECY], was svnthesized by ligand exchange reaction tfrom
the Tc(Vi-gluconate precurscr in agueous alkaline solution at
room temperature. The complex is isoclated as dark-green crve-
tals in acidic pH (<2.5) by the addition ot agueous HCl to the
reaction solution. The complex was soluble onlv in alkaline
solution or a large volume ot water.

Figure 1 iilustrates the model of the molecule. Selected bond
distances and angles are summarized in Table Z. Technetium 1is
hexacoordinated. The octahedral geometrv is distorted with the
Tc atom displaced from the SSNN coordination plane bv  0.484
t.oward the oxo oxygen atom Ol. TciV) chemistrv is dominated bv
the 0xo group. [n most of its complexes it imposes a sguare-
pvramidal coordination geometry with the oxo ligand occupyving
the axial position. There are several complexes in which a
suitable 1ligand (0.Cl) can occuprv the sixth position trans to
the oxo group. I[n such cases the strong trans-effect of the
0X0o group causes the sixth bond to be longer than usual (2.3A

ve 2.0A for typical single Tc-0 bond in cis position to the
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Fig.1l. ORTEP drawing of [TecQ(EC)] complex showing the atom

numbering.

oxo group (20) and Z.54 vs 2.4A tor a tverical Te-Cl bond
(21)). This is also observed in the present complex. There is
the short Tez01l bond. 1.857(3)A. and a longer than usual Tc-0Z
bond trane to 01 at 2.287(3)A. The coordination in the present
complex is verv similar to that ot the D-penicillaminato com-
plex (22) with two large differences in the N1-Te-NZ and
31-Tc-82 angles.

In the rresent complex N1-Tec-NZ is small (83.3(1)vs¥93.7(1) in
the penicillaminato complex) because it is part of the SH-wem-
ber ring Tc~N1-C3-C4-N2Z. which allows the angle trans to it to
open up 95.5(1)yvs 90.55(8). The coordination of 0Z is at vari-
ance with previous predictions ot the structure ot the EC com-~
prlex with technetium (13,19.23) and such variance between pre-
diction and structural determination was also observed for the
ND-penicillaminato complex (42.24). The most important teaturs
of the packing is that each molecule is involved in tour
H-bonds and this generates a three-dimensional network. Onlv
two of these H-bonds are independent however. the verv strong
04...03 at Z.590(41A and 04-HO4...03 1681(5) and the N1...03 at

3.060(4748 and N1-HN1..03 188(4).



Synthesis and X-Ray Structure Determination 825

Table 2. Bond distances (A) and angles (degrees)

0(5) -c(8) 1.195

TcC ~8(1} 2.307(1) (5)
T¢ ~5(2) 2.286(1) C(l) -c(2) 1.514(6)
TC -0(1) 1.657(3) Cc(2) -N(1) 1.477(5)
Tc -0(2) 2.287(3) c(2) -C(7) 1.526(5)
Tc -N{(1) 2.131(3) N(l) =~C(3) 1.504(5)
Tc ~N(2) 2.143(3) C(3) -C(4) 1.506(6)
§(l) =~-c(1) 1.838(5) C(4) -N(2) 1.510(5)
s(2) -~C{(6) 1.843(4) N(2) -c(5) 1.489(5)
0(2) -C(7) 1.266(4) C(S) -C(6) 1.512(6)
0(3) -C(7) 1.239(5) c(5) ~-c(8) 1.538(5)
0(4) -C(8) 1.297(5)

§(l1) -Tc ~5(2) 95.5(1) C(1) =-c(2) =-C(7) 108.3(3)
s(l) ~-Tc -0(1) 105.2(1) N{1l) =-C(2) -C(7) 105.7(3)
§(2) -Tc -0(1) 109.2(1) Tc -N(1l) =C(2) 106.9(2)
s(l) -Tc -0(2) 80.4(1) Tc -N(1) -C(3) 108.9(2)
s(2) -Tc -0(2) 83.6(1) C(2) -N(1) ~C(3) 117.3(3)
o(l) ~Tc -0(2) 165.1(1) N(1) =-c(3) -C(4) 114.3(3)
5(1) -Tc -N{1) 84.9(1) C(3) -c(4) -N(2) 110.7(4)
§(2) -Tc -N(1) 154.1(1) Tc -N(2) -C(4) 109.5(2)
o(l) ~Tc -N(1) 95.6(1) Tc -N(2) -~C(5) 114.3(2)
0(2) -Tc ~N{1) 70.8(1) C(4) -N(2) -c(5) 113.3(3)
s(l) ~Tc -N(2) 154.5(1) N(2) -C(5) =~C(6) 110.4(3)
§(2) -Tc ~-N(2) 85.6(1) N(2) -C(5) -C(8) 110.6(3)
o(l) ~Tc ~-N(2) 98.3(1) C(6) -c(5) -C(8) 110.3(3)
0(2) ~Tc ~-N(2) 74.4(1) $(2) -C(6) ~-C(5) 111.4(3)
N(l) ~Tc -N(2) 83.3(1) 0(2) -Cc(7) -0(3) 125.2(3)
Tc -8(1) -c(1) 98.3(1) 0(2) -C(7) =C(2) 114.4(3)
TC -5(2) -C(6) 99.4(1) 0(3) -Cc(7) -C(2) 120.4(3)
Tc -0(2) =C(7) 114.3(2) 0(4) -c(8) -0(5) 125.8(4)
5(1) -C(1) -C(2) 111.5(3) 0(4) -C(8) -C(5) 111.2(3)
c(l) -c(2) -N{1) 108.2(3) o(5) -c(8) -C(5) 123.0(4)

The IR spectrum of the complex is given at FfFig.2. The 'Te=0
stretching vibration gives riee to an intense single band at
952 cm~1. The absorption at 3171 cm—3* is assigned to the N-H
stretching vibration while a broad band observed at 1568 cm—32
results trom the N-H deformation. Although two types ot =0
stretches are expected tor the complex. onlv one band at 1708
cm—1 is observed which is assigned to the free acid carbonvi
group. Crvstallogravhyv data have shown that the carbonvl bond
Ct71-0(3) of the coordinated carboxvlate group is longer than
the carponvl bond C(8)-0i5) of the free acid group (1.239 vs
1.195A). Thereiore the C(7)-Q(3} carbonvl stretching vibra-
tion is expected to occur at a lower treguencv. This vibration

is Likelv to overlap with N-H deformation giving rise to the
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Fig. 2. FT-IR spectra of (TcU(EC)] obtain in KBr pellet.

verv broad band observed at 1568 cm—1. BElemental analveis was
periormed for C.H.N.S and was in agreement with the calculated
values.

Although svnthesis is performed in alkaline pH, [TcO(EC)] com-
plex precipitates from acid solutions with ©vH values lower
than 2.5. Crvstallograrhic analveie demonstrated that in this
pH range. the complex is neutral with amine nitrogens. sulfurs
and one deprotonated carboxvlate coordinated arcund the TcO®+
core. The second carboxvliate group does not particirvate in the
chelation and remains as a tree acid.

The water solubility of the complex increases significantiv at
higher vH values. due to deprotonation ot the free acid group.
Anion-exchange and cation-exchange HPLC studies pertformed for
the verv eimilar {TcO(penizl complex (ven:D-pennicillaminato)
have shown that this complex is uncharged at pH 1.5 and below.
and anionic at pH 3.0 and above (25).

The UV-Vis svectrum of the complex in vrhosphate butfer pH 2.5
exhibits absorotion maxima at 216, zBlish). 320 and 407 am.
The spectrum is rH dependent. due to deprotonation of the com-
plex occuring at certain oH values. A two-step deprotonation
process was provrosed for the complex (233, The first ster of
deprotonation is assigned to the free acid group {(occuring at
pH 4-5) and the second one to one of the coordinated nitrogens

toccuring at pH B-8). [t is possible that the amine nitrogsn
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devrotonation is accompanied by breaking of the carboxvlate-
metal bond trans to the oxo group.

Reverse phase HPLC was emploved in order to relate the
f®8TcO(EC)1 complex with the $¥mTc-gpecies cbtained bv either
exchange or direct labelling oY EC. When a pure sample
nI{®9TcO(ECY] and a 98mTc-preparation coiniected into the HPLC
both spectrophotometric detector (that monitors ¥9Tc-complex)
and radiometric detector (that wmonitors 9¥mTc-complex) produce
the same chromatograrhic profile. This suggests that the
technetium complexes tormed in all cases have the same chemi-
cal structure.

[n conclusion [TcO(EC)] complex has been recently provosed as
Aan alternative derivative in renal tubular secretion studies.
The structure of this newlv developed complex was not identi-
Tied and it was vroposed that TclU3+ is coordinated to the NNSS
aonor set. [n our study (TcO(EC)] complex has been svnthesized
at carrier level by exchange labelling reaction with
TciV)-gluconate. Crystals were grown after acidification of an
agqueous soilution of the complex at pH 2.5. Crystallography
demongtrated that technetium in EC complex is hexacoordinated.
being bonded to oxyvgen (Tc=0). two nitrogens. two deprotonated
sulfur atoms. and one deprotonated carboxylate group at the

8ixXth position trans to the oxo &roup.

Acknowledgement: C.P.R thanke Jonh Boutari & Son Co.S5A. for

financial support.

Supporting Data Available for [©8TcO(EC)]: Tables of posi-
tional and eguivalent thermal parameters and anisotropic ther-
mal parameters of the non-hydrogen atoms. table oif positional
and isotropic thermal parameters for the hydrogen atoms (3

pages). and UV-Vis spectrum in phosphate buffer pH 2.5.
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