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Synthesis and Characterization of Oxotechnetium(V) Mixed-Ligand Complexes Containing
a Tridentate N-Substituted Bis(2-mercaptoethyl)amine and a Monodentate Thiol
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A series of 22 mixed-ligand complexes of the general formula Tit@Lwhere L1H; are N-substituted bis(2-
mercaptoethyl)amine ligands, [SN(R)S], angHLare monodentate thiols as coligand, is reported. The complexes
were prepared by the ligand exchange method usingglieconate as precursor and equimolar quantities of the
two ligands. In all cases theynstereoisomer was formed in high yield and isolated as a crystalline product. In
four cases HPLC analysis demonstrated the presence ahthstereoisomer in the reaction mixture. Although

the yield was less than 1%, oaatiisomer 4a, was successfully isolated as brown crystals. The isolated complexes
were characterized by spectroscopic methods and elemental analysis. The formation of the two diastereomers,
synandanti, was expected due to the configuration of the nitrogen substituent (R) with respect to the central TcO
core. The X-ray crystallography showed that the coordination geometry adythesomers9, 11, and 18 is
trigonal bipyramidal while for thenti isomer4ait is distorted square pyramidal. This is the first documentation

of syrfanti isomerism in N-substituted TcO[SN(R)S][S] mixed-ligand complexes.

Introduction The 2°"Tc-HMPACQ? and®°"Tc-ECD® complexes which are
) ) ] ) ~structurally based on propylene diamine dioxime (PnAO), an
During the past decade the inorganic chemistry of technetium N, packbone, and the diamino dithiol (DADT),,8b, ligand
has undergone extensive development primarily because of thesystem respectively, cross the intact brain blood barrier and
importance of the isotop€™Tc in the field of diagnostic nuclear  remain in the brain long enough to allow single photon emission
medicine. Technetium-99m is the radioisotope of choice for omography (SPECT) studies. Both of them contain the
imaging, due to its ideagf-photon energy of 140KeV, lack of  monooxotechnetium core, with the technetium center five-
particular rad|at|0n dOSE, half I|fe Of 6 h, and Convenient Coord|nated inasquare pyram|dal geoméﬁ’y‘]’he 0X0 ||gand
availability. Recently, emphasis has been given to the designis at the apical position of the pyramid while the basal plane is
and preparation of neutral, lipophilic technetium complexes for defined by either bor N,S, chelate for the HMPAO and ECD

brain imaging complexes respectively.
An alternative concept for designing neutral oxotechnetium
* Author to whom correspondence should be addressed. complexes is based on the simultaneous action of a tridentate

TInstitute of Radioisotopes-Radiodiagnostic Products, NCSR “Demokri- - dianionic ligand (SOS) or (SSS) and a monodentate thiol as

tos”. . . . .
* Institute of Materials Science, NCSR “Demokritos”. coligand on a swtablel Tc"t? precursor (mlxed Ilgapd approach,
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Figure 1. °°TcO(L1)(L2) mixed-ligand complexes and the numbering used for'thé&lMR studies.

4-methoxythiophenol. On the basis of this concept, we have The complexes are soluble in @EOCH;, CHCl, and CH-

synthesized a series ¥ TcO(L;)(L2) mixed ligand complexes.

Cly, slightly soluble in MeOH and EtOH, and insoluble in ether,

Biodistribution studies in mice have shown that these complexes pentane, and water. They are indefinitely stable in the solid

demonstrated high uptake and significant retention in brain. state and in solution, and their stability is not affected by the
In the present study, we report the synthesis and characterizapresence of air or moisture.

tion of the®°TcOL,L, complexes (Figure 1) to better understand  Attempts to synthesize these complexes using\gicOCl

the chemistry of these potential brain imaging agents. The as precursor did not result in the desired products, giving instead

mixed ligand complexes were prepared by the ligand exchangea black powder. IR spectra of the isolated solids demonstrated

method using Tc(O)gluconate as precursor. All the complexes the absence of the Té® core (896-1020 cnr?).10

were analyzed by IR'H NMR, and UV-vis spectroscopy and Ligands based on the diamino dithiol (DADT) backbone

elemental analysis. The formation of two diastereomeric containing a monoamine side chain have been reported to form

complexessynandanti, was expected since on complexation two diastereoisomeric complexes with T¢@ore%!! The rapid

the N-substituent can assursgn or anti configuration with

nitrogen inversion occurring in the ligand itself is halted on

respect to the Tc® core? The crystal structure of the  complexation with technetium. As a result the side arm attached

complexes9, 11, 18, (synconfiguration), andta (anti config-

uration) were determined by X-ray crystallography.

Results and Discussion

Mixed ligand complexesl—22 (Figure 1) were readily
prepared by reacting the tridentate ligandgi4, and mono-

to the nitrogen atom is locked into eithesgnor anti position
relative to the technetium oxo core. Although the formation
of two isomers during the coordination of the N-substituted
tridentate and monodentate ligand with Pé@ore is expected,
the synandanti isomers were not always observed.

In our study, HPLC analysig((Bondapak, C18 RP column,

dentate thiols, kH, with the Tc(V)—gluconate precursor in a  Methanol/water, 95/5 as mobile phase) of the reaction mixtures

ratio of LjHz:L,H:Tc = 1:1:1. The lipophilic TcOLL,
complexes were extracted into @El; and isolated as crystalline

of 4, 8, 9, and20 demonstrates the formation of two complexes,

products. All complexes gave correct elemental analysis and (10) (a) Davison, A.; Jones, A. G.; Orving, C.; Sohn, Morg. Chem.

were characterized by IR, UWis, andH NMR spectroscopy.

1981, 20, 1629. (b) Badoli, G.; Mazzi, U,; Roncarl E.; Deutch, E.
Coord. Chem. Re 1982 44, 191 (c) Meln|k M.; Van Ller J. E.
Coord. Chem. Re 1987, 77, 275. (d) Rao, T. N,; Adhikesavalu, D,;

(9) (a) Epps, L.; Burns, H. D.; Lever, S. Z.; Goldfarb, H. W.; Wagner, H. Camerman, A.; Fritzberg, A. R. Am. Chem. Sod.99Q 112 5798.

N. Appl. Radiat. 1sot1987 36, 661. (b) Kung, H. G.; Guo, Y. Z;
Yu, C. C,; Billings, J.; Subramanyam, V.; Calabrese). Med. Chem.
1989 32, 433. (c) Lever, S. Z.; Baidoo, K. E.; Mahmood, korg.
Chim. Acta199Q 176, 183. (d) Mastrostamatis S.; Pirmettis, I.;

(e) Ohmoro, Y.; Francesconi, L.; Kung, M.-P.; Kung, H.F.Med.
Chem.1992 35, 157. (f) Stassinopoulou, C. I.; Mastrostamatis, S.;
Papadopoulos, M.; Vavouraki, H.; Terzis, A.; Hountas, A.; Chiotellis,
E. Inorg. Chim. Actal991 189, 219.

Papadopoulos, M.; Paschali, E.; Raptopoulou C.; Terzis, A.; Chiotellis (11) Nowotnic, D. P. InrRadiopharmaceutical Chemistry and Pharmacol-
E. In Technetium and Rhenium in Chemistry and Nuclear Medicine ogy, Nunn, A. D., Ed.; M. Dekker: New York, 1992, p 37.
Nicolini, M., Bandoli, G., Mazzi, U., Eds.; SGE: Padova, Italy, 1995; (12) Spiriounis D.; Pelikacanou, M.; Stassinopoulou, C. I.; Raptopoulou,

p 409.

C. P.; Terzis, A.; Chiotellis, Elnorg. Chem.1995 34, 1077.



Oxotechnetium(V) Mixed-Ligand Complexes

Radioactivity
Tc-99/99m

I second complex (anti isomer) ,Of

at 254 nm - —!?f?%p]ex y
. A
S fomey 10

b -
UV detection , | , ma O_L

Figure 2. HPLC analysis of the reaction mixture (organic phase) and
UV —vis spectum of each peak.

Table 1. Color and Characteristic Spectroscopic Data for
Complexes TcO(b(L>)

intense bands in Tc=O0 str band

complex color UV—vis (nmpy (cmh)b
1 dark red 214, 350, 510 917
2 dark red 215, 275, 355, 520 926
3 dark red 205, 274, 355, 517 919
4 dark red 202, 276, 358, 518 921
4a orange 202, 422 948
5 dark red 205, 280, 360, 525 924
6 dark red 217, 285, 350, 505 916
7 dark red 202, 284, 337, 502 927
8 dark red 210, 349, 502 918
8a orange 210, 315, 417
9 dark red 205, 349, 502 913
9a orange 204, 245, 330, 416
10 dark red 205, 349, 502 919
11 dark red 202, 352,508 910
12 dark red 206, 355, 510 909
13 dark red 208, 352,511 910
14 dark red 205, 349, 514 910
15 dark red 205, 361, 508 923
16 dark red 206, 350, 510 925
17 dark red 220, 295, 502 917
18 brown 234, 309, 486 922
19 brown 202, 225, 482 920
20 brown 206, 310, 482 924
20a orange 206, 285, 402
21 brown 230, 494 920
22 brown 202, 300, 476 916

a Spectra were recorded upon HPLC analysis by a Photodiote Array

Detector. (Solvent Methanol/Water 95/8)Br pellets.

in a ratio of 50:1 (Figure 2). In these cases the major complex,
which is retained longer on the C18 column, was isolated from
the reaction mixture and proved to be thgnisomer. The
isolation of the minor component was accomplished only in
the preparation of. In this case, dark red crystals 4fwere
first isolated as the major product (50% yield). The minor
componentda, was isolated from the filtrate as brown crystals
(1% yield). Complexda, precipitated from a CpClo/CsHi2
solution on standing at-20 °C and turned out to be thenti
isomer. In all other cases, only tlsgynisomer was detected
and successfully isolated from the reaction mixture. The
detection was accomplished by HPLC, using a PDA, that
recorded the UY+vis spectra of the eluting complexes (Figure
2).

The infrared spectra of adlynTcOL,L, complexes show the
expected TeO stretch for the monooxo species in the region
907—-927 cnt! (Table 1). These are at the low energy end of
the range thus far observed for TcO-complexes (88@R0
cm1).20 The infrared spectra oft (major componentsyn

Inorganic Chemistry, Vol. 35, No. 6, 1994687

isomer) andda (minor componentanti isomer) exhibit intense
absorptions for the FeO stretch at 921 and 940 crh
respectively which indicates that the TcO bond ingligisomer

is slightly weaker. All IR spectra showed that both tridentate
and monodentate ligands were combined to form the oxotech-
netium complex. The absence of bands associated with SH
stretching modes is a sign of the deprotonation of this group
upon complexation with oxotechnetium.

The electronic absorption spectra of the complexes was
determined from HPLC eluent using a photodiode array detector.
The UV—vis spectra of all complexes are characterized by an
intense band in the 462525 nm region (Table 1) and additional
absorptions at shorter wavelengths. The band in the region
402-525 nm is probably due to a—-STc charge transfer
transition where S is the sulfur donor atom of the monodentate
thiol. This band is found at lower energies (56820 nm) in
syncomplexes with thiophenols or thionapth&H17) than the
syn complexes with the sulfur atom attached to the aliphatic
carbon (476-494 nm, complexe$8—22). In all synthiophe-
nolato complexes a second intense band is also observed at
337-361 nm. The UV~vis spectra of the isolateghti isomer
(4a) is characterized by an intense band at a shorter wavelength
(422 nm). These data allow the assignment of the small peaks
(<1%) observed by HPLC analyses at earlier retention times,
as theanti isomers. The'H NMR signals of the complexes
1-22 are presented in Table 2. In general, the data confirm
the presence of both types of ligands in the complex. The
integration of the peaks (data not shown) demonstrate that in
each case one tridentate and one monodentate ligand were
combined to form the oxotechnetium(V) mixed ligand complex.
The coligands, kH, show the expected signals which can be
unambiguously assigned (Table 2). The signals of the tridentate
ligand fall in the region 0.924.23 ppm. The signals in the
region 2.6+4.23 ppm are assigned to the methylene protons
of the two chelated NCKCH,S moieties. The four protons of
each moiety are diastereotopic each one resulting in a multiplet.
The downfield overlapped multiplets (3.3@.23 ppm) are
assigned to the protons which are close (endo) to the TcO core,
while the other two multiplets (2.613.42 ppm) are assigned
to the protons which are remote (exX8).The protons attached
to the C5 of the N-subtituent (Figure 1) of the isolated major
complexes are found in a deshielded environment at-34306
ppm indicating that all have the same configuratisyr]. The
same protons for the minor compléa (anti isomer) are found
upfield at 2.24 ppm (3.98 ppm for the major analgghe syn
isomer). This is understandable on the basis of diamagnetic
anisotropy caused by the circulating electrons of the TcO bond.
Thus, consistent with crystallographic analysis (see below), the
IH NMR results suggest that when the methylene group of the
N-substitution bonded to the coordinated nitrogen is insyre
configuration with respect to the oxotechnetium core, this group
lies within a deshielding zone. On the contrary, thsti
configuration,4a, puts the methylene group out of this zone.

The X-ray crystallography data establishes slyaconfigu-
ration of the N-substituted side chain in the major component
of 9, 11, and 18 (Figure 3) and thenti configuration of the
minor component4a (Figure 4). Selected bond distances and
angles are given in Table 3. In complex&sll, and18, the
crystallographic data demonstrated that the coordination geom-
etry can be described as distorted trigonal bipyramidal. Analysis
of the shape-determining angles using the approach of Addison

(13) Stassinopoulou, C. I.; Pelecanou, M.; Mastrostamatis, S.; Chiotellis,
E. Magn. Reson. Chenl994 32, 532.

(14) Addison, A. W.; Rao, T. N.; Reedijk, J.; Rijn, J.; Verschoor, G. C. J.
J. Chem. Soc., Dalton Tran$984 1349.
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Figure 3. ORTEP diagrams of complex&gleft), 11 (center), and.8 (right), with 50% thermal ellipsoid probability showing the atomic labeling.

Table 2. *H NMR Signals §, ppm) for TcO(L)(L2) Complexes

H1 H1 H2 H2
(H4)  (H4)  (H3) (H3)

compd exo endo exo endo H5 H6 H-1 H-11 H2 H3 H4' H5' H6' H7' H8'

1 2.89  3.43 261 348 394 133 7.47  6.82 6.82 7.47 3.76

2 2.86 3.55 2.72 3.50 4.06 3.77 3.33 7.47 6.85 6.85 7.47 3.77

3 290 350 272 353 395 280 225 7.47 6.81 6.81 7.47 3.76

4 2.88 3.51 2.73 3.53 3.97 2.82 2.52 1.00 7.48 6.83 6.83 7.48 3.76

4a 3.40 3.40 4.23 3.92 2.24 2.49 2.36 0.92 7.43 6.87 6.87 7.43 3.77

54 2.89 3.36 2.61 3.50 3.87 1.89 2.47 0.96 7.51 6.82 6.82 7.51 3.76

6 2.92 3.53 277 356 394 282 251 1.00 7.19 719 675 719 3.76

7 2.89 3.54 2.73 3.57 3.94 2.81 2.50 0.99 6.89 7.22 6.89 7.45 3.82

8 290 353 276 356 394 282 254 100 760 729 718 729 7.60

9 2.93 3.54 2.75 3.58 3.93 2.82 2.55 1.00 7.42 7.40 7.40 7.42

10 2.93 3.51 2.78 3.54 3.92 2.82 251 1.00 7.59 7.32 7.32 7.59

11 291 352 275 356 395 282 251 100 745 7.12 712 745 232

12 291 3.52 2.74 3.55 3.94 2.82 2.50 1.00 7.47 7.14 7.14 7.47 2.60 1.19
13 291 352 274 356 394 282 251 100 747 717 717 747 158  1.19
14 291 3.52 2.74 3.56 3.94 2.82 2.53 1.00 7.46 7.12 7.12 7.46 2.53 1.55
15 291 3.53 2.75 3.56 3.94 2.82 251 1.00 7.48 7.32 7.32 7.48 1.27

16 2.90 3.51 2.73 3.55 3.94 2.82 251 1.00 7.35 7.07 7.07 7.27 2.22 2.20
17 291 348 273 353 392 281 251 100 832 745 776 776 745 745 7.6
18 3.05 3.57 2.65 3.60 3.89 2.80 2.50 1.00 7.34 7.28 7.15 7.28 7.34 4.87

19 3.05 3.57 2.63 3.61 3.89 2.82 251 1.00 7.26 6.87 6.87 7.26 4.83 3.71
20 3.05 3.58 2.64 3.62 3.90 2.82 251 1.00 7.29 7.27 7.27 7.29 4.84 1.23
21 300 360 264 356 400 378 333 734 722 715 722 734 488

22 3.00 3.55 2.70 3.60 3.90 2.81 2.52 1.00 2.46 1.54 1.37 1.54 2.46 2.71 3.86
22.47 (H-11). ®1.31 (H-9) and 0.86 (H-10).

et al.}* yields a trigonaly index,r, of 0.62 for all three An ORTEP diagram of complefa is shown in Figure 4,

complexes € = 0 for square pyramidal geometry amd= 1

and selected bond distances and angles are given in Table 3. In

for trigonal bipyramidal geometry). We have until now solved this complex, the metal atom is also coordinated to five atoms
10 structures of mixed-ligand complexes of the type MO[SN- (S1, S2, S3, N1, and oxo group) but in square pyramidal

(R)S][S] (M = Re, Tc). Two of these have thanti configu-

geometry £ = 0.05). The atoms, N1, S1, S2, and S3 form the

ration and are square pyramidal=€ 0.05) while the eight have  basal plane with the oxo ligand occupying the apex of the
the syn configuration and are distored trigonal bipyramidal (  pyramid. The distance of Tc from the basal plane is 0.74 A.
= 0.63+ 3). All thiol groups undergo deprotonation during The bond angles between the diametrically opposite coordinated
complexation so that the complexes are neutral. The technetiumatoms in the basal plane STc—S2 and S3-Tc—N1 are 143.1-

lies 0.062-0.077 A above the basal plane of the trigonal (1) and 140.2(1) A, respectively.

bipyramid formed by S1, S2, and the oxo group with the N1~ The metat-oxygen bond distances 1.653(3).669(2) A are

and S3 atoms occupying the two apical positions. The-N1 well within the range of several well-characterized monooxo

Tc—S3 angles are 157.3(1), 157.7(1), and 1584{a) com-
plexes9, 11, and18 respectively.

Tc complexed? The metal-sulfur bond distances are in the
range 2.265(2)-2.315(1) A, also consistent with those for other



Oxotechnetium(V) Mixed-Ligand Complexes Inorganic Chemistry, Vol. 35, No. 6, 1994689

isomerism is due to the orientation of N-substitution with respect
to the Te=0O core. Crystallographic analysis showed that the
synisomers 9, 11, 18) have a trigonal bipyramidal geometry
whereas the square pyramidal geometry is found forathis
isomer @a). IR and!H NMR spectral data show characteristic
differences which allow the assignment of the two isomers as
synandanti. The neutral mixed-ligand oxotechnetium com-
plexes which were studied in this work are of special interest
as potential new brain Tc-99m radiopharmaceuticals. Biodis-
tribution studies in rodents have shown a significant brain uptake
and retentiors.

Experimental Section

Cautiorl Technetium-99 is a weag-emitter (0.292 MeV) with a
half life of 2.12 x 1P years. All manipulations of solutions and solids
were carried out in a laboratory approved for the handling of low level
radioisotopes. Normal safety procedures were followed at all times to
prevent contamination.

IR spectra were recorded as KBr pellets in the range 4800 cn1?!
on a Perkin-Elmer 1600FT-IR spectrophotometer. Fh&IMR spectra
were recorded in deuterochloroform with a 250AF FT-NMR (Bruker)
da spectrometer operated at 250 MHz. The chemical shifts are given in
ppm, downfield from internal tetramethyl silane. Elemental analyses
were performed on a Perkin-Elmer 2400/Il automated analyzer. High-
performance liquid chromatography (HPLC) analyses were performed

Figure 4. ORTEP diagram of completa (anti isomer), with 50%
thermal ellipsoid probability showing the atomic labeling.

Table 3. Selected Bond Distances (&) and Angles (deg) on a Waters chromatograph equipped with the 600E solvent delivery
system, and a-Bondapak C-18 RP or a Porasil column using either
4a 9 11 18 methanol/water, (95/5), or dichloromethane/methanol (85/15) as the
Tc-01 1.656(4) 1.658(5) 1.669(2) 1.653(3) mobile phase at a flow rate of 1.0 mL/min. Detectio¥Gic complexes
Tc—S1 2.295(1) 2.265(2) 2.269(1) 2.289(1) was accomplished with a photodiode array detector, Waters 991 PDA,
Tc—-S2 2.308(2) 2.279(2) 2.280(1) 2.273(1) that recorded the U¥Mvis spectrum of the eluting complexes and a
Tc—-S3 2.292(2)  2311(2)  2315(1)  2.285(1)  Beckman 171 radioisotope detector.
Tc—N1 2.165(5)  2.205(5)  2.212(2)  2.223(3) All laboratory chemicals were reagent grade. Solvents used in high

01-Tc—S1 108.0(2) 120.6(1) 120.9(1) 121.2(1) performance liquid chromatography were specified as being of HPLC
01-Tc—S2 108.4(2) 118.5(2) 118.3(1) 117.9(1) purity. °°Tc was purchased as ammonium pertechnetate from the Oak
01-Tc—S3 108.0(2) 105.1(2) 105.4(1) 104.9(1) Ridge National Laboratory. The impure black solid was purified prior
O1-Tc—N1 111.7(2) 97.6(2) 96.9(1) 96.3(1) to its use by treatment overnight with hydrogen peroxide and am-
S1-Tc—S2 143.1(1) 120.6(1) 120.0(4) 120.5(1) monium hydroxide in methanol. Evaporation of the solvent gave
S1-Tc—S3 91.0(1) 86.3(1) 86.0(4) 82.0(1) ammonium pertechnetate as a white powder. The precursors Tc(V)-
S2-Tc—-S3 83.5(1) 84.0(1) 84.0(4) 90.0(1) gluconate and (BUNTcOCL, were synthesized by literature methdéls.
S1-Tc—-N1 80.4(1) 83.6(1) 83.5(1) 83.2(1) Ethylene sulfide, thiophenol, 2-methoxythiophenol, 3-methoxythiophe-
S2-Tc—N1 80.9(1) 83.8(2) 83.9(1) 84.1(1) nol, 4-methoxythiophenol, 4-toluenethiol, benzyl mercaptan, dietha-
S3-Te—N1 140.2(1) 157.3(1) 157.7(1) 158.4(1) nolamine, (2-methoxyethyl)amini,N-dimethylethylenediaminéy,N-
Tc—thiolate complexe®® The Te-N1 bond distances are in  diethylethylenediamindy,N-diethylpropylenediamine (Fluka Chemika),
the range 2.165(5)2.223(3) A. All of these parameters are in bromobenzene, iodobenzene, ethylbenzene, isopropylpenzene, butyl-
general agreement with the structural parameters for a largePenzenetertbutylbenzene, 1-naphthalenesulfonyl chloride, 4-meth-
number of complexes containing the same donor afSmEne oxybenzyl chloride, 4ert-butylbenzyl chloride, and 3,4-dimethylth-

. . . . - iophenol, (Aldrich Chemical Co), where necessary were purified by
tridentate ligand (k) displays conformational flexibility. The distillation or by recrystallization. 4-Bromobenzenesulfonyl choride,

torsion angles S¥C1-C2-N1 and S2-C4-C3—-Nlare equal 4 iodobenzenesulfonyl choride, 4-ethylbenzenesulfonyl choride, 4-iso-
to 38.8(1)/41.4(1), 47(1)/52.2(1), 48.4(3)/53.3(3), and 44.7(6)/ propylbenzenesulfonyl choride, 4-butylbenzenesulfonyl choride, and
54.9(6F for complexesta, 9, 11, and18respectively. Thetwo  4-tert-butylbenzenesulfonyl choride were synthesized by a modification
five membered rings formed by the atoms Tc, S1, C1, C2, and of a published procedufé.
N1 and Tc, S2, C4, C3, and N1 exist in the envelope form in 4-Bromothiophenol, 4-iodothiophenol, 4-ethylthiophenol, 4-isopro-
all four complexes. But while ida, N1 is the “flap” atom and ~ pylthiophenol, 4-butylthiophenol, tert-butylthiophenol, 3,4-dimeth-
is 0.89 A above the mean plane of the “pocket” atoms Tc, S1, ylthiophenol andx-thionaphthol were prepared by a method similar to
C1, and C2 and Tc, S2, C4, and C3, in compleSe$1, and that employed byDrganic Synthesésfor making thiophenol from the
18the “flap” atoms are C2 and C3 and their distances from the corresponding sulfonyl chlorides, zinc dust, and sulfuric acid. The
. o " boiling points (or melting points for 4-bromothiophenol and 4-iodo-
mean planes of their respective pocket” atoms vary be’gween thiophenol) agreed with the published valdés.
0.55 and 0.64 A. For thanti isomer @a), C5 and O1 lie
—2.369(1) and+1.516(1) A, respectively, below and above the (15) (a) Johannsen, B.; Spies, H.Ginemie und Radiopharmakologien
mean plane of the atoms S1, S2, and N1. The same distances tggmgtr']l;fnlfgg?'?é)e@g\?i‘igﬁ'ife{rgg"sﬁj'S'_D;DDRéPg;%Sh?ﬁsn” BE.a\it;
for thesynisomers9, 11, and18 are 2.619(1)/0.918(1), 2.625- Jones, A. Glnorg. Synth.1982 21, 160.
(1)/0.914(1), and 2.608(1)/0.937(1) A, respectively. (16) (&) Huntress, E. H.; Carten, F. BL. Am. Chem. S0d.94Q 62, 511.
In conclusion, upon simultaneous action of a tridentate (b) Huntress, E. H.; Autenrieth, J. 3. Am. Chem. Sod 941 63,
N-substituted bis(2-mercaptoethyl)amine and a monodentate(17) adams, R.; Marvel, C. Drg. Syn., Collect. Vol. 1932 504.
thiol on the Tc(O)-gluconate precursor, treynisomer of the (18) Fl?eti)(lj" hl—;. E.;I\IinO:(garlliclg:émSenQ/istlryl of 1Béia|erét Sfulfur Chetrgﬂca_l
i i i ublishing: New York, ;Vol. |, and references therein.
Ipne?r:zcoordmat_ed oxotechnetium complex is prefergbly formed. (19) Lewis, TIQR.: Archer. &3, Am. Chem.p80a951 73 2100,
preparation of some _compounds, the formation of small (20) Kuliev, A. M.; Aliev, A. B.; Mamedov, R. MSer. Khim. Nauk1972
amounts £€1%) of theanti isomer was also observed. The 4, 39.
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Table 4. Summary of Crystal, Intensity Collection, and Refinement Data

Pirmettis et al.

4a 9 11 18
formula GHogN-O,S:Te Ci1H26NOSBIrTc C17H20N-OSTC C17H29N.OSTC
fw 487.63 537.48 472.61 471.63
a(d) 8.3553(7) 13.203(2) 13.1286(9) 10.465(1)

b (A) 27.943(2) 7.475(1) 7.5227(5) 17.719(2)
c(A) 9.3806(8) 21.312(3) 21.222(2) 11.516(1)

B (deg) 99.962(2) 102.969(4) 103.026(2) 102.427(2)
V (A3) 2157.12 2049.60 2042.03 2085.24

VA 4 4 4 4

Dealcd DmeasdMg m™3) 1.501/1.49 1.739/1.72 1.534/1.52 1.502/1.48
space group P2:/n P2i/c P2i/c P2i/n

temp, K 296 296 296 296
radiation,A Mo Ka 0.7107 Mo ko 0.7107 Mo ko 0.7107 Mo ko 0.7107
abs coeff ¢), cm? 3.40 22.80 3.50 3.50

max. abs. cor factor 1.26 1.14

no. of data collcd/unique 4160/3787 4015/3597 4036/3542 444714085

no. of data used 267Ff = 4.00(F,)]

2545 [Fo = 4.00(Fo)]

2985 [Fo = 6.00(F))] 2920 [Fo = 5.00(Fo)]

R=5||Fol — |Fd||/3|Fol 0.0355 0.0378 0.0187 0.0322
Ry = (YW(Fo| — |Fd)2/3WIFo)¥2  0.0419 0.0420 0.0212 0.035%

a Unit weights were used.

4-Methoxybenzyl mercaptafi 4-tert-butylbenzyl mercaptaff, 1-(2-
mercaptoethyl)piperiding,2,2-dimercaptotriethylaminé, N,N-bis-(2-
mercaptoethylN',N'-dimethylethylenediamin&, and N,N-bis(2-mer-
captoethyl)N',N'-diethylethylenediamirfé were prepared according to
the literature.

N,N-Bis(2-mercaptoethyl)(2-methoxyethyl)amine. A solution of
(2-methoxyethyl)amine (7.5 g, 0.1 mol) in 40 mL of dry toluene was
mixed with a solution of ethylene sulfide (12 g, 0.2 mol) in 40 mL of
dry toluene at 4650 °C. The resultant solution was immediately

of the solution by HPLC (C18, RP column using methanol/water, 95:
5, as mobile phase) demonstrated the formation of one complex. The
volume of the solution was reduced to 5 mL, and then 5 mL of ethanol
was added. Slow evaporation of the solvents at room temperature
afforded the product as dark red crystals.

In the preparation d, 10, and11a small amount of dichloromethane
was added prior to the addition of Tc(©jluconate in order to dissolve
the monothiol. In the preparations 4f8, 9, and20, HPLC analyses
demonstrated the presence of a second complex (yieldo) at an

placed in an autoclave, which was flushed with nitrogen, sealed, and earlier retention time.

then heated at 110C in an oil bath. After 20-h reaction time the
solution was cooled and filtered to remove a small amount of
polyethylene sulfide. The solvent was removed and the residual liquid
fractionally distilled under reduced presure to ghigN-bis(2-mercap-
toethyl)(2-methoxyethyl)amine, 6.3 g (32%) as a colorless liquid boiling
at 85-88°C (0.15 mm). IR: nov(N—H) band, 2545 cm! »(S—H),
1112 cm?! y»(C—0-C). Monosubstituted N-(2-mercaptoethyl)(2-
methoxyethyl)amine was also recovered from this reaction in 38% yield
as a colorless liquid boiling at 6355 °C (1.5 mm) (lit?* 84 °C (17
mm)). A v»(N—H) band at 3317 crit, av(S—H) band at 2548 crt,
and av(C—0—C) band at 1116 cnt are seen in the infrared spectrum.
N,N-Bis(2-mercaptoethyl)N',N'-diethylpropylenediamine. The

reaction was run in the same manner as used for the above compound. X-ray Crystal Structural Determination

Workup as above and distillation gaMeN-bis-(2-mercaptoethylN' ,N'-
diethylpropylenediamine in 11% yield as a colorless liquid boiling at
115-118°C (0.1 mm). IR: nov(N—H) band, 2546 cm! »(S-H).
Monosubstituted N-(2-mercaptoethWlj;N'-diethylpropylenediamine
was also recovered from this reaction in 30% yield as a colorless liquid
boiling at 80-85 °C (0.1 mm) (lit?* 80 °C (0.02 mm)). Av(N—H)
band at 3278 crmt and av(S—H) band at 2523 crit are seen in the
infrared spectrum.

Preparation of the TcOL,L, Complexes. A typical procedure is
given for complexl. °°Tc—gluconate was prepared as previously
described, by the addition of stannous chloride (45 mg, 0.24 mmol)
in HCI (1 N, 1.0 mL) to a solution of NiT'cO, (36.2 mg, 0.2 mmol)
and sodium gluconate (200 mg) in water, contain¥fgrcO,~ (0.1
mL, 0.5 mCi). The pH of the solution was adjusted to 7.5 with NaOH
(1 N). This solution was added, with stirring, to a mixture yN-
bis(2-mercaptoethyl)ethylamine (33 mg, 0.2 mmol) and 4-methox-
ythiophenol (28 mg, 0.2 mmol). The solution was stirred for 20 min
and then extracted two times with dichloromethane (20 mL). The
organic phase was separated, dried over Mg&ax filtered. Analysis

(21) Snyder, H. R.; Steward, J. M.; Ziegler, J.BAm. Chem. S0d.947,
69, 2672.

(22) (a) Harley-Mason, J. Chem. Socl947, 320. (b) Mann, F.J. Chem.
Soc.1934 461.

(23) Corbin, J. L.; Miller, K. F.; Pariyadath, N.; Wherland, S.; Bruce, L.
A.; Stiefel, E. I.Inorg. Chim. Actal984 90, 41.

(24) Wineman, R. J.; Gollis, M. H.; James, J. C.; Pomponi, AJMOrg.
Chem.1962 27, 4222.

In all but one case theynisomer was the isolated complex. The
yields were 35-70%, depending on the ligands. During the preparation
of complex4 (where LH, = N,N-bis(mercaptoethyIN',N'-diethyl-
ethylenediamine and,H = 4-methoxythiophenol) two complexes were
successfully isolated. Complekwas first precipitated as the major
product éynisomer, 50% yield) of the reaction while the minor complex
4a (anti isomer) was isolated from the filtrate in a very low yield (1%).
Complex4a precipitated from a CkCl,/n-CsHio solution on standing
at—20°C for several days. All isolated complexes were characterized
by IR, UV—vis, and'H NMR (Tables 1 and 2). The complexes gave
also correct elemental analysis for C, H, N, and S. The crystal structures
of complexesta, 9, 11, and18 were solved by X-ray crystallography.

Diffraction measure-
ments were made on a PRicolet diffractometer upgraded by Crystal
Logic using Zr-filtered Mo radiation. Unit cell dimensions were
determined and refined by using the angular settings of 25 automatically
centered reflections in the range°1% 20 < 23° and they appear in
Table 4. Intensity data were recorded using-&26 scan: fordaand
9, 20(max) = 50°, scan speed 3.0 deg/min, scan range 2.5u0,
separation; fol 1, 20(max)= 52°, scan speed 4.5 deg/min, scan range
2.5 + oy0, separation; forl8, 26(max) = 52°, scan speed 4.5 deg/
min, scan range 2.%4 a& separation. Three standard reflections
monitored every 97 reflections showed less than 3% variation and no
decay. Lorentz, polarization, angtscan absorption correctiof &nd
18) were applied using Crystal Logic software. The structures were
solved by direct methods using SHELXS286and refined by full-
matrix least-squares techniques with SHELX?276.

For complex4a: 4160 collected reflections were averaged wih
= 0.0422 to give 3787 independent reflections of which only the 2677
reflections withF, >40(F,) were used for the refinement of 318
parameters. All hydrogen atoms (except those of the methyl groups
which were introduced at calculated positions as riding on bonded
atoms) were located by difference maps and their positions were refined

(25) (a) Sheldrick, GM. SHELXS-86, Structure s@hg Program Uni-
versity of Gdtingen, Gidtingen, Germany, 1986. (b) Sheldrick, G. M.
SHELX76, Program for Crystal Stucture Determinatidsniversity
of Cambridge: Cambridge, England, 1976. (jgdernational Tables
for X-ray Crystallography Kynoch Press: Birmingham, England,
1974; Vol. IV.
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isotropically. All non-hydrogen atoms were refined anisotropically. 0.0277 and 0.0313, respectively. The maximum and minimum residual
The final values foR andR, for observed data are in Table 4; for all  peaks in final difference map were0.300 and—0.248 e/R. The
data, they are 0.0762, 0.1174 respectively. The maximum and largest shift/esd in the final cycle was 0.028.

minimum residual peaks in the final difference map we®@520 and For complex18: from a total of 4447 reflections collected, only
—0.352 e/R. The largest shift/esd in the final cycle was 0.001. 4085 were independenR(= 0.0310) while for the refinement of 333
For complex9: Symmetry equivalent data were averaged Rtk parameters, 2920 reflections wity > 50(F,) were used. All hydrogen
0.0324 to give 3597 independent reflections from a total 4015 collected. atoms were located by difference maps and their positions refined
For the refinement of 310 parameters 2545 reflections With 4o- isotropically. The final values foR and R, for observed data are in

(Fo) were used. All hydrogen atoms (except those of methyl group Table 4; for all data, they are 0.0594 and 0.0599, respectively. The
(C10) which were introduced at calculated positions as riding on bonded maximum and minimum residual peaks in the final difference map were
atom) were located by difference maps and their positions were refined +0.748 and—0.340 e/&. The largest shift/esd in the final cycle was
isotropically. All non-hydrogen atoms were refined anisotropically. 0.003. Atomic scattering factors and anomaluous dispresion corrections
The final values foR andR,, for observed data are in Table 4; for all ~ were from ref 25.

data they are 0.0712 and 0.0717, respectively. The maximum and . .
minimum residual peaks in the final difference map we@624 and Acknowledgment. We acknowledge Mallinckrodt Medical

—0.433 e/R. The largest shift/esd in the final cycle was 0.088. B.V, Petten, Holland,_ for their financial support.. C.P.R.is
For complex 11: 4036 reflections were collected which were ~grateful to John Butaris & Son Co., S.A., for financial support.
averaged to give 3542 unique on&s= 0.0237); 2985 reflections with

A Supporting Information Available: Tables of fractional atomic
Fo > 60(F,) were used for the refinement of 322 parameters. All bp g

: coordinates and anisotropic thermal parameters for all non-hydrogen
hydrogen atoms (expect those of the methyl group (C17), which were atoms, fractional atomic coordinates of H-atoms, and full bond lengths

:ntrodlécgddgftf calculated positcijor;]s as rid_i_ng on the bc;'ndzd_ atom)_ Wﬁre and angles fora, 9, 11, and18 (16 pages). Ordering information is
ocated by difference maps an t.elr posmons were refine |_sotrop|ca y. given on any current masthead page.

All non-hydrogen atoms were refined anisotropically. The final values

for R, andR, for observed data are in Table 4; for all data, they are 1C950971T



