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Oxorhenium(V) and Oxotechnetium(V) Complexes of Cysteine
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Earlier attempts to obtain technetium complexes with cysteine always resulted in the formation of a product
contaminated with polymeric species. A pure product, which could be chemically characterized and adopted for
radiopharmaceutical preparation, has now been obtained by using cystine as the precursor of cysteine. This
method has been extended to prepare the corresponding rhenium chelate, isolated as the tetraphenylphosphonium
salt [PhP]"[{ReO(Cys)} {HReO(Cys)}]-4H,O. The X-ray crystal structure of this compound revealed the
presence of both neutral and anionic chelated species. In [HReQ[C¥y® cysteine carboxylate moiety is
unidentatedly bound to rhenium, while the carboxylic acid of the second cysteine remains as free COOH. The
coordination environment around rhenium in the anionic species [ ReQ(C¢ys)similar, the only difference

being that the uncoordinated carboxylate moiety is present as a @@iOn. The thiolate, amine coordination

of the ligand with the metal is present in both the chelate units. The compound crystallized in an orthorhombic
system with the space groug2;2,2;, and having four formula units in each cell. The crystal datazare

9.700(2) A,b = 12.836(3) A, anct = 36.228(3) A. The rhenium chelate has been structurally correlated with

the technetium chelates through comparable spectroscopic and chromatographic data. The technetium-99m analogue
of this rhenium chelate exhibited renal tubular transport and renal retention, which makes this radiopharmaceutical
useful for evaluation of the clinical status of renal patients.

Introduction Both technetium and rhenium, especially at their lower
A major impetus for the recent developments in the coordina- valgncy states, shqvv good chelating abilities with a wide variety
of ligands containing O, S, N, or P donor atoms. Several

tion chemistry of technetium and rhenium is due to the %9Te chel derived f h ligands h b I d
importance of the radioisotopes of these elements for diagnosis ¢ chelates derived from these ligands have been evaluate
as dynamic and static agents of various organ systers.

and therapy in nuclear medicife: Technetium-99m"Te) particular interest have been the tetradentat® Ngands. For
is the radioisotope of choice for imaging in diagnostic nuclear . . o
P ging g example, bothN,N'-ethylenet,L-dicystine (,L.-EC)® and its

medicine due to its ideal photon energy of 140 keV, lack of ~: .
particulate radiation dose, half-life of 6 h, and wide availabflity. d!ethyl ester (ECD) coupled with gngC have pr_od_uced_
diagnostic agents useful in renal function and brain-imaging

Coordination compounds of thgemitter rhenium are, on the . . Lo
studies, respectively. It therefore appeared that cysteine itself

other hand, of current interest in cancer therapy, since this > ht f bis-bid hel I bl
cytotoxic radionuclide can be delivered to the affected portion might form a bis-bidentate chelate structurally comparable to
99mTc—,L-EC and should be recognized by renal tubular

of the organ after chelation and coupling with appropriate o
9 Ping bprop transport protein in the same way. However, W& c complex

monoclonal antibody. Correlation of rhenium and technetium . DN o
chelate chemistry is also important since the well-developed made from cysteine Qarlle.r in this I.aboratory,'though exhlblpng
chemistry of rhenium may be of valuable assistance in develop- high renal specificity in animals, failed to exhibit transportation
ing new?°"Tc chelates with potential application in diagnostic b_y the abo_ve transport proteif. Such r_esults are not surprising
nuclear mediciné. since earlier experiments on chelation of cysteine fic
established that appreciable amounts of polymeric products are
* To whom correspondence should be addressed. formed?11-13 presumably due to the presence of excess thiolate
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In view of these findings we reasoned that it would be more
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monohydrochloride monohydrate (60 mg, 0.34 mmol), whereupon the

appropriate to use cystine as the starting material for the color became bright yellow. After adjusting the pH to 7.4 with 1 M
preparation of technetium cysteinate because cystine can readilyNH4OAc, the solution was passed through a CM cellulose column (44

undergo metal-induced disulfide cleav&gand this would

exclude the presence of excess thiolate in the reaction mixture.

99T c—cysteine prepared in this wihas been found to interact

with renal tubular transport protein and proved to be a valuable

radiopharmaceutical for clinical evaluation of renal patiéfts.
However, there is some subtle difference in the clinical
properties of the,,L.-EC and cysteine chelates. For example,
99mTc—cysteine, but not®®Tc—L,.-EC, shows appreciable
kidney retention, which is quite useful for the evaluation of
kidney morphology® Again, though penicillamine closely

x 2.2 cm) eluting with methanol. The eluate was evaporated, dissolved
in water (2 mL), and chromatographed over a Sephadex LH-20 column
(56 x 2.2 cm). The aqueous eluate was concentrated (0.5 mL) and
treated with an aqueous solution (0.5 mL) of Ba@BD mg, 0.24 mmol).
The precipitated barium salt was purified by recrystallization from 50%
MeOH/H:O to furnish the analytical sample (25 mg, 35%). Anal. Calcd
for Ba(GH110sN2S;Tc):6H,0: C, 15.11; H, 3.56; N, 5.87. Found:
C, 14.97; H, 3.29; N, 5.33.

Method 2. To a solution of cystine (240 mg, 1 mmol) in agueous
potassium hydroxide (1 M, 3 mL) was added an aqueousTN&,
solution (0.45 mL, 0.17 mmol) followed by a solution (1 mL) of

resembles cysteine in terms of the arrangement of the donorN&S:0: (65 mg, 0.37 mmol); a dark red solution resulted, which on

groups, its%®"Tc chelate shows appreciable kidney retention
but lacks in ultrafast renal excretory kinetics exhibited by the
aforementioned two chelatés.

It was anticipated that differences in biological properties of
the above thre@"Tc chelates are due to the different modes
of attachment of the ligands to technetium. The structure of
99T c—p-penicillamine has been establisiHédvyhile a structure
has been proposed f8P"Tc—L,L-EC in the literaturé. An
acceptable structure of Tc-cysteinate which may explain its
biological activity vis-avis the Tc chelates of penicillamine and
L,L-EC, however, remained to be elucidated.

essentially identical coordination parametérsye decided to

Inasmuch as
technetium and rhenium complexes with identical ligands have

standing at room temperaturerfé h became yellow. The pH of the
solution was adjusted to 7 witl N HCI, and the precipitated cystine
was filtered off. The filtrate after purification on CM cellulose and
Sephadex LH-20 columns, as stated above, furnished a brownish yellow
solid (21 mg, 35%), which was further treated as in method 1 to obtain
the analytical sample. Anal. Calcd: as above. Found: C, 15.45; H,
3.94; N, 5.29.

Preparation of [Ph, P]*[{ ReO(Cys)} {HReO(Cys)}]-4H.0 (2).
The preceding method (method 2) for the preparatiohwés slightly
modified to produce the rhenium chelate. To a solution of cystine (250
mg, 1.04 mmol) in aqueous potassium hydroxide (1 M, 3.2 mL) was
added an aqueous solution of MRe€Q, (100 mg, 0.37 mmol) and
N&aS,0,4 (600 mg, 3.4 mmol), and the reaction mixture was heated at
°C for 15 min, cooled, and acidified to pH 7 WwitL N HCI to
remove most of the starting amino acid. Subsequent purification of

synthesize and determine the structure of the cysteine complexhe rhenium chelate on CM cellulose and Sephadex LH columns

of oxorhenium(V).

Experimental Section

L-Cystine, L-cysteine monohydrochloride monohydrate, and am-
monium perrhenate were purchased from Aldrich Chemical Co.

afforded a colored residue. It was recrystallized from 60% iPrOH/
H,0 to yield a brown powder (35 mg) identified as HReO(Gy¥g)m
spectroscopic studies (UV, IR, 2D NMR). This on treatment with an
aqueous solution (1.5 mL) of tetraphenylphosphonium bromide (35 mg,
0.08 mmol) slowly deposited the crystals. Repeated trituration of the
crystals with iPrOH and final recrystallization from aqueous EtOH

L - _ _ .
AmmoniumTc-pertechnetate was purchased as an aqueous solution(1:1) fyrnished the sample for elemental analysis and X-ray studies.

(0.38 mmol/mL) from Amersham, and its concentration was confirmed
by UV spectroscopy. All other chemicals were of reagent grade and
purchased locally. U¥visible spectra were recorded on a Hitachi

Anal. Calcd for GeHaiN4O10PSRe+4H,0: C, 33.43; H, 3.79, N, 4.33.
Found: C, 32.89; H, 3.58; N, 4.18.
HPLC of the Chelates. The retention times of [HReO(Cy$)

U-2000 spectrophotometer. Infrared spectra were recorded as KBr[HgchO(Cys)], and [H°"TcO(Cys)] were measured using a reverse

pellets by a JASCO 700 spectrophotometer. #D-{*H) NMR spectra

of HReO(Cys) were recorded on a 400 MHz Bruker VM-400
spectrometer, thé’C NMR spectrum was measured with a Bruker
AVANCE DPX-300 spectrometer, and all other spectra were recorded
on a 100 MHz JEOL FX-100 spectrometer. HPLC analyses were
performed isocratically on a:gubondapak column (3.% 300 mm)

phase HPLC system with @bondapak & column (3.9x 300 mm).
After injection of the chelate the column was eluted either with
ammonium formate (0.01 M, pH #acetonitrile (3:7 v/v) buffer or
with tetrabutylammonium chloride (0.005Mjnethanol (3:2 v/v) buffer

at a flow rate of 1 mL/min. The UV detectors were set at 426 and 344
nm respectively foP°Tc and Re chelates where®8Tc chelates were

using a Waters Associates Model 501 solvent delivery system with an yatected radiometrically
appropriate eluting solvent. The technetium and rhenium chelates were Crystallography. The crystal was initially characterized using

analyzed with a Model 481 UV detector of the same company, whereas

the®"Tc chelate was analyzed with a Beckman Model 170 radioisotope
detector. The radioactivities of variod¥c samples were measured
with a Beckman Model LS-5000-TD counter using € counting
channel.

Preparation of [H®*TcO(Cys)] (1). Method 1. To a stirred pale
green solution of [BkN][TcOCI,] (85 mg, 0.17 mmol) in methanol (5
mL) was slowly added an aqueous solution (3 mL) of cysteine

(14) Greenstein, J. P., Winitz, M., Ed3hemistry of the Amino Acig3ohn
Wiley and Sons Inc.: New York, 1961; Vol. 3, p 1879.
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Med. Biol.1988 15, 535.
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1982 21, 1941.
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Rhenium in Chemistry and Nuclear Medicimdcolini, M., Bandoli,
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3, p13.

precession and Weissenberg photographs. The density was measured
by floatation method in a carbon tetrachlorieleromoform mixture.

Final cell parameters were obtained from high-angle reflectiérs (
9—12° on a CAD-4 Enraf-Noniu® four-circle diffractometer using Cu

Ko (1.5418 A) radiation. The intensities of three reflections were
measured periodically to monitor crystal decay. The intensity data,
collected in thew—260 scan mode, were corrected for Lorentz and
polarization factors. An empirical absorption correction was also
applied. The parameters related to crystal data, data collection, and
refinement are listed in Table 4.

The structure was solved by using a combination of Patterson and
Fourier techniques. The two rhenium atoms were initially obtained
by the Patterson method, and a subsequent heavy atom phased Fourier
synthesis yielded the other heavier atoms, namely, phosphorus and
sulfur. The rest of the structure was revealed by successive application
of least-squares refinements followed by difference Fourier syntheses.
Finally, four water oxygen atoms were included in the structure. The
temperature factors were made anisotropic at this stage, and refinement

(20) CAD-4 SoftwareVersion 5.0; Enraf-Nonius: Delft, The Netherlands;
1989.
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Table 1. Visible UV Spectrophotometric Data

compound solvent Amax M (€, M~1cm™Y)
HReO(Cys) H,O 495 (86), 344 (3503), 295 sh (1985)
HPhP[ReO(Cys). MeOH 488 (234), 344 (9789), 298 sh (509),
271 (6141), 222 (36 950)
Ba[TcO(Cys)l. H,O 423 (4146), 305 (1587), 245 sh (3748)
method 1
Ba[TcO(Cys)l. H,O 423 (4652), 305 (1745), 245 sh (4200)
method 2
HTcO(Cys) H,O 426 (4275), 304 (1154), 264 sh (4832)
Table 2. Infrared Spectral Data
compound M=0 stretch, cm?!
HReO(Cys) 969
HPhP[ReO(Cys)]. 977
Ba[TcO(Cys)]. (method 1) 926
Ba[TcO(Cys)]. (method 2) 929
HTcO(Cys) 940
Table 3. 'H NMR Spectroscopic Data
compound solvent J, ppm
HReO(Cys) D,O 4.26 (1H, dJ = 4), 3.59-3.51
(2H, m), 3.3+3.17 (2H, m),
2.77 (1H,dJ = 17.2%
HPhP[ReO(Cys).,> DMSO-ds 4.02 (2H, d,J= 4), 3.80-2.92
(8H, m), 2.68 (2H, dJ = 12)
Ba[TcO(Cys)]:° DO 3.92-3.60 (4H, m),
3.34 (1H, dJ = 14)
HTcO(Cys) D,O 4.42 (1H,dJ=4), 4.16-3.56

(m, 4H), 3.36 (1H, dJ = 14)

aJ values are in hert2. Additional signals at 8.287.60 (20H, m)
for the PhP™ moiety.¢ The signal for one proton appears to have

Chatterjee et al.
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NH2.HCI
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merged under the solvent signal at 4.4. An identical spectrum was Resylts

obtained for chelates prepared by either method 1 or 2.

Table 4. Crystallographic Data fo2

formula [ ReO(GH11N20,S;)}{ ReO-
(CeH10N204S,)} ] ~*[P(CsHs)4] +4H0O

fw 1293.40

space group P2,2:2;

a, 9.700(2)

b, A 12.836(3)

c, A 36.228(3)

v, A3 4511(2)

Z 4

Pcales gM CNT3 1.905

Pobsa gM cm 2 1.94(2)

2 (Cu Ka), A 1.54180

w, mmt 3.544

T,°C 20

Rindices (all data) Ri= 0.0652, wR2= 0.1694

AR1 = [Y[IFol — IFI/YIFol. PWR2 = [Y{W(F? — FA3}/
SAWFA

using full-matrix least squares was terminated when the maximum

The oxotechnetium chelatk of cysteine may be prepared
(Scheme 1) from BiNTcOCL and cysteine under carefully
controlled reaction conditions (method 1). After quick purifica-
tion over CM cellulose and Sephadex LH-20 columns, it is
precipitated as the barium salt, which furnishes the expected
analytical and spectroscopic results. If not quickly processed,
the yellow chelate solution slowly degenerates to a green
solution within a few hours, or rapidly on addition of a few
milligrams of cysteine. This oxotechnetium chelatenay be
prepared (Scheme 1) more conveniently from YD,
N&S;04, and cystine in aqueous alkali (to keep the ligand in
solution) (method 2). After the usual chromatographic purifica-
tion, the solution furnished a brown solid, which produced the
same barium salt as obtained in method 1 (as evidenced by their
analytical and spectroscopic properties). Attempts to grow
crystals suitable for X-ray crystallography were unsuccessful.
The corresponding rhenium chelate was prepared (Scheme 1)
by a modification of method 2 to furnish a brown powder, on
which detailed'H NMR data (Table 3) were obtained. This
compound yielded the tetraphenylphosphonium 2alivhich

average shift/error became less than 0.520 for all parameters. Ther
were indications of additional disordered water sites, but they could
not be adequately modeled and showed irregular behavior during

Svas subjected to X-ray crystallographic analysis. (See Table
6.)
Spectroscopy. The electronic spectral data of Tc chelate

refinement. The residual index wd$ = 0.065 for all data. The

positional parameters for non-hydrogen atoms are listed in Table 5.

The chirality () of cysteines was confirmed. SHELXSB6&vas used
for structure solution and SHELXL93for refinement. The molecular
graphics program ORTEX was used to prepare all the figures.

(21) Sheldrick, G. M., SHELXS86. Program for the Solution of Crystal
Structures University of Gdtingen: Gitingen, Germany, 1985.
(22) Sheldrick, G. MSHELXL93. Program for Crystal Structure Refine-

ment University of Gdtingen: Giatingen, Germany, 1993,
(23) McArdle, P.J. Appl. Crystallogr.1993 26, 752.

its barium salt, the Re chelate HReO(Gysgnd its tetraphen-
ylphosphonium sal2, are given in Table 1. The absorptions
are in the expected regions. The tetraphenylphosphonium salt
2 absorbed in same region as the free complex but with increased
intensity. In the infrared region (Table 2), the Tc and Re
chelates (as also their barium and tetraphenylphosphonium salts)
respectively showed the characteristie®d absorption around
940 and 970 cmt. The!H NMR spectral data of the above
compounds are listed in Table 3. The patterns of the recorded
spectra are quite similar and consistent with the assigned
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Table 5. Atomic Positional Parameters (& 10%) and Equivalent
Isotropic Displacement Parameters?(A 10%) of 22

atom X y z Uyq
Rel 9207(1) 623(1) 8387(1) 36(1)
o1 8893(15) 1852(10) 8380(4) 54(4)
Re2 3126(1) —5842(1) 8626(1) 41(1)
02 3511(14) —4669(10) 8787(3) 51(4)
S1 7407(5) —130(4) —8689(1) 47(1)
C11 6150(18) —355(15) 8318(5) 49(5)
C12 6945(17) 562(13) 7956(4) 39(4)
C13 5989(19) —639(15) 7627(5) 48(5)
N11 7917(15) 271(11) 7911(4) 41(4)
0o11 6045(19) 30(13) 7375(4) 75(6)
012 5095(17)  —1387(15) 7625(5) 82(6)
S2 10662(6) 359(5) 8882(1) 66(2)
c21 12296(22) 273(24) 8630(7) 82(9)
C22 12057(27) —27(25) 8249(8) 84(10)
C23 11243(29) —991(27) 8232(8) 89(10)
N21 1148(16) 783(14) 8087(4) 55(5)
021 9903(16) —935(12) 8209(4) 61(5)
022 11803(27)  —1923(20) 8238(7) 32(10)
S3 4386(5) —6992(4) 8980(1) 51(1)
C31 5837(24)  —7231(19) 8673(5) 64(7)
C32 5469(23)  —6885(18) 8285(5) 61(6)
C33 4267(23)  —7496(18) 8145(5) 58(6)
N31 4995(16) —5779(14) 8288(4) 52(5)
031 3072(15) —7114(12) 8240(3) 57(4)
032 4389(19)  —8325(13) 7981(4) 73(5)
S4 1105(5) —6335(4) 8891(1) 49(1)
C41 —142(19) —5802(15) 8576(5) 52(6)
C42 371(20) —5854(19) 8190(5) 57(6)
C43 —563(32) —5344(28) 7907(7) 92(11)
N41 1760(16) —5301(14) 8190(4) 56(5)
041 —=77(19) —4661(18) 7675(5) 97(8)
042 —1797(25) —5606(24) 7928(9) 150(13)
P1 6954(4) —4794(3) 9821(1) 33(1)
C51 7998(17)  —4424(12) 10207(4) 36(4)
C52 8074(24)  —3387(14) 10307(5) 54(6)
C53 8892(24)  —3084(17) 10596(5) 62(7)
C54 9682(22) 3815(16) 10769(5) 53(6)
C55 9666(23)  —4811(17) 10673(5) 56(6)
C56 8783(18)  —5154(14) 10393(4) 43(5)
C61 7182(16) —6136(12) 9732(4) 35(4)
C62 8065(21)  —6490(14) 9467(4) 47(5)
C63 8268(23) —7562(14) 9411(5) 52(5)
C64 7548(25)  —8278(15) 9623(7) 68(8)
C65 6624(26)  —7920(16) 9892(7) 70(8)
C66 6459(22)  —6874(17) 9949(6) 59(6)
C71 5176(16)  —4531(11) 9910(4) 33(4)
C72 4771(19)  —4055(14) 10238(5) 42(4)
C73 3340(18)  —3901(13) 10299(5) 44(5)
C74 2396(18)  —4165(13) 10036(5) 45(5)
C75 2814(17)  —4641(14) 9709(5) 45(5)
C76 4175(19)  —4824(14) 9652(5) 43(5)
cs1 7589(18)  —4063(13) 9435(5) 41(5)
C82 8967(23)  —3819(17) 9415(6) 55(6)
C83 9527(25)  —3278(17) 9130(6) 64(7)
Cc84 8679(26) —2956(17) 8829(6) 67(7)
C85 7304(23)  —3234(17) 8837(6) 60(6)
C86 6764(21)  —3805(14) 9134(5) 52(5)
o1w 7582(21) 2374(16) 7534(5) 85(6)
o2w 14290(21) —2892(14) 8329(5) 86(7)
o3w —852(42) —2657(30) 7659(8) 197(18)
04w 4002(29) 1530(16) 7278(5) 151(10)

2Ueq = (1333 Uia* a* a4
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Table 6. Selected Bond Lengths (A) and Angles (deg)2of

Re1-0O1 1.607(12) Re202 1.659(13)
Rel-N11 2.179(13) Re2031 2.150(13)
Re1-N21 2.180(20) Re2N41 2.180(20)
Re1l-021 2.208(14) Re2N31 2.190(14)
Re1-S1 2.275(4) Re2S4 2.273(5)
Re1-S2 2.305(5) Re2S3 2.307(5)
01-Rel-N11 94.7(6)  N4%Re2-N31 94.9(6)
0O1-Rel-N21 93.6(7)  O2Re2-S4 107.3(5)
N11-Rel-N21 96.9(5)  0O3%Re2-S4 92.4(4)
01-Rel1-021 160.4(6)  N41-Re2S4 82.5(4)
N11-Rel-021 75.9(6)  N3tRe2-S4 163.9(5)
N21-Rel-021 71.1(6)  O2-Re2-S3 105.4(5)
O1-Rel-S1 106.3(5)  031-Re2-S3 83.7(4)
N11-Rel-S1 81.5(4)  N41-Re2-S3 158.6(5)
N21-Rel-S1 160.2(5)  N31-Re2-S3 84.1(4)
021-Rel-S1 89.5(4)  S4Re2-S3 92.5(2)
0O1-Rel-S2 105.9(5)  CHS1-Rel 103.0(6)
N11-Rel-S2 159.4(4)  CI2N11-Rel  116.2(9)
N21-Rel-S2 82.7(4)  C21S2-Rel 98.7(7)
021-Rel-S2 84.7(4)  C22N21-Rel  104.4(13)
S1-Rel-S2 92.0(2)  C23021-Rel  110.0(20)
02-Re2-031 157.6(6)  C31S3-Re2 100.2(7)
02—Re2-N41 95.9(7)  C32N31-Re2  102.9(11)
031-Re2-N41 75.8(6)  C33031-Re2  115.8(12)
02—Re2-N31 88.7(7)  C4iS4-Re2 101.9(6)
031-Re2-N31 71.6(6)  C42N41-Re2  112.9(11)

HPLC of the Chelates. The cysteine complexes of both
technetium and rhenium were very polar and could not be
retained significantly on a fg column with the usual buffer
modifier eluting system. In a typical experiment with an
ammonium formate (0.1 N, pH 7) and acetonitrile (3:7 v/v)
mixture, both technetium and rhenium chelates eluted at the
void time. Elution with aqueous BN*CI~ in methanol
significantly increased their retention times; with a 3:2 viv
mixture, the retention times for ¥TcO(Cys), HReO(Cys),
and H*"TcO(Cys) were 6.82, 6.33, and 6.60 min, respectively.
All of these chelates eluted as single components without any
appreciable amount of contaminatior§%). The minor
difference observed in the retention times%fc and ¢
chelates is consistent with the entry to response time difference
associated with the two detection systems.

Crystal Structure. The structure consists of two distorted
octahedral oxorheniumcysteine chelate complexes [Re1(O1)-
(Cys)]~ (Rel)and [HRe2(0O2)(Cys) (Re2) one tetra phenyl
phosphonium ion [PfP]", and four water molecules in the
asymmetric unit (Figure 1). The structure®éLlis shown in
Figure 1 and selected geometric parameters are given in Table
4. The rhenium-oxo bond distances are 1.61(1) ARef.and
1.66(1) A forRe2 The two cysteine moieties are ligated to
ReC* through N and S in a cis arrangement in the equatorial
plane, and the sixth coordination site is occupied by one of the
carboxylate oxygens (see Figure 1). In the caseReP
significant deviation from planarity is noticed for the four
equatorial atoms, whereas this does not occiRed. In both
cases, rhenium atoms are displaced out of the plane toward the
oxo group, the distance being 0.39 and 0.36 A R&l and
Re2 respectively. The metalsulfur distances range from

structure. However, the signals appear highly superimposed2.273(5) to 2.307(5) A in both units. All of the oxdRe-S
and a better resolution of the spectral pattern was achieved byangles are about 106deviating from the normal octahedral

recording the spectrum of HReO(Cys) 400 MHz, where four

sets of signals could be clearly observed. THE NMR
spectrum of showed the following peaks:d @2.4, 50.9 (CH),
66.5, 67.8 (CH), 119.9 (dlcp = 89.1 Hz), 132.1 (dJcccp=
12.8 HZ), 136.4 (CUCCP= 10.5 HZ), 137.2 (dJCCCCPZ 3 HZ),

177.0, 179.6 (€-0).

value. The ReN distances range from 2.18(2) to 2.19(2) A
and the metal to carboxylate oxygen bond distances are
2.15(1) and 2.21(2) A. The values of the torsion angles-©11
C13-C12-N11 and 04+ C43—C42—N41 are —5(2)° and
10(3Y, putting both in the eclipsed conformation. There are
no significant differences in the structures and conformations
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EOIW Table 7. Hydrogen-Bonding Parameters fBel and Re2
L04w bond length, A i
ond length, torsion angle
D—H:--A2 H---A D-+-A deg D-H---A
N11—H---041 2.14(2) 2.98(2) 157(2)
N21—H:--041 2.14(2) 3.01(2) 162(2)
N41—H---O11 2.21(2) 2.99(2) 144(2)
N31—H---O11 1.93(2) 2.81(2) 165(2)

aSymmetry codes: (i) & x, Yo+ vy, % — z (i) 1— x, Y2+ y, 3
-z

are provided in Table 7. On either side of the spiral is a column
of tetraphenylphosphonium ions which provides the hydrophobic
interactions to sustain the structure. The interactions within the
column are primarily between the benzene rings of tetraphenyl
phosphonium ions, while those betweRel, Re2 and the
tetraphenylphosphonium ions are predominantly of the van der
Waals type.
] Four water molecules have been found in the structure (their
ces coordination with other atoms and among themselves is given
Figure 1. Molecular structure of with the atom-numbering scheme, iy the Supporting Information). All of them are sandwiched
showing 40% probability displacement ellipsoids. betweenRel and Re2 about the 2 screw axis. These highly
localized water molecules form a water channel along the same

LR axis. They have strong interactions with the carboxylate
f S / oxygens. Other than these, O1W and O2W also have strong
P N interactions with N11 and O2, respectively. All of the car-

(
r\ c 2 boxylate oxygens oRelandRe2are oriented toward the screw
I/! ¢ 0? ) axis. A network of hydrogen bonds is formed predominantly
O=h t).:)a ‘NaHk between these oxygens and the water molecules along this axis.
LXp C;Q oYL DY . -
(ﬁ o Water—water contacts also contribute to this network. Two of
;2 v }D O S the water molecules (O3W, O4W) show high temperature
1 o J OC C?'" ° factors. There are strong indications of other disordered water
N v r\i/ sites, but they could not be adequately modeled.
%'{ a1 154 ﬁ;\J
S f—q)) %\) Discussion
'-j' "\;_‘j}) b {fg —{_(Qf’ Despite the good affinity of the thiolate group for technetium,
ry{ { v P formation of undesired products while chelating technetium with

polyfunctional ligands having thiolate function is well-knowh.
The literature contains reports of numerous examples of the
b_o formation of multiple complexes during chelating of technetium-
D 99m with penicillamine §-pen)!” dimercaptosuccinic acid
e (DMSA),2* and Sbenzoyl mercaptoacetyl triglycine (BZ-
MAG3).2> Similar results were obtained in technetium-99
Q'Q chemistry during attempts to chelate technetium-99 with amido
thiolate derivatived213 It was postulated that the presence of

JL_o:

350\ : 0]
%ﬂ‘f A SN c}*
KD OO Ooﬂbc

=
[

%o .
’;}y A

excess ligand has a degrading effect on the chelate initially
formed. This can be avoided by using suitable S-protecting

h}’ {P.g f groups that can undergo metal-induced deprotection, thus
R % avoiding the presence of excess thiolate in the chelate miiure.
Cb"(_}} %‘v" Useful S-protecting groups used for this purpose are benzyl,

acetyl aminomethyl, benzoyl amino methyl, éé3 Thus

Figure 2. Packing diagram of the title compl&dooking down thea

S-protection of cysteine could be a possible solution to avoid

axis. the formation of polymeric products in the attempted chelation
of 99Tc with cysteine reported earliét. It was felt that the use

of the corresponding disulfide as cysteine precursor could be a
useful and convenient alternative. Utilizing this idea, cystine
was successfully used to prepare the cysteine chelate of
technetium by reducing Ny¥TcO, with sodium dithionite in

the presence of cystine. The same chelate could be prepared
by condensing cysteine with BNTcOCL. The identity of these

two preparations was established by the usual spectroscopic and
analytical data. However, when cysteine is used as a ligand,

of Rel and Re2 Geometrical parameters of the tetraphen-
ylphosphonium ions are well within the range of standard values.

The values of the important torsion angles-$111-C12—
N11, S2-C21-C22-N21, S3-C31-C32-N31, and S4
C41-C42—-N41 are —52(2f, 59(2F, 54(2f, and —55(2f,
respectively.

The crystal is packed (Figure 2) in alternating layers of
hydrophobic and hydrophilic interactions. The primary feature
of the packing is the disposition &elandRe2in the form of
a spiral about a 2screw axis located at (§, /). A pair of i i
hydrogen bonds relate bokel andRe2 with their respective ggg g(;dn%eh’, I\?Vou g’uﬁ,’é’d‘: ugit aéisﬂhmtcyli\,,'\_/;@a@?o?S_Sh(ééﬁzéadiat_
symmetry-related partners. The hydrogen-bonding parameters  Isot. 1988 39, 121.
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its amount in the reaction mixture must be carefully controlled spectroscopic results, the structural data of the latter established
since the formation of the polymeric product cannot be from crystallographic results may be used to explain the

prevented otherwise. Therefore, it is not possible to extend this biological property of®™Tc chelate.

method to prepar®™Tc cysteine where the presence of a large

The crystal structure of the rhenium chelate (Figure 1) shows

amount of cysteine with respect to this isotope of technetium the presence of two oxorhenium bis-cysteinate uRitd and

is unavoidable because of the low concentration of the tracer Re2which are closely similar in their chemical structure. The
(108 M) used for such preparation. However, under the above metat-oxygen bond distances are 1.607(12) and 1.659(13) A
condition the disulfide (cystine) can be used to produce the in these two units, within the range established for several well-

desired cysteine complex &"Tc in nearly quantitative yield®
The clinical utility of this chelat¥ has been described.

characterized mono-oxo complexes of technetium and rhe-
nium2%30 The metat-sulfur bond distances are in the range

Rhenium chelates have good structural relevance to the2.275(4)-2.305(5) A, also consistent with other technetium and

corresponding®™Tc chelates and are often used as structural
models for understanding the biological properties’%iTc-
based radiopharmaceuticafs Therefore HReO(Cyshas also

rhenium thiolate complexe’§-31
The Re-N bond lengths [2.18(2)2.19(2)A] are similar to
Tc—N bond lengths recorded for HTc®Pen).1® The latter

been prepared, and the preparative method extends the utilityhave been considered to be unusually long due to the steric
of disulfides as thiolate replacement in rhenium chelate prepara-effect caused by the sixth coordinated oxygen at&mklow-

tions.

The UV—uvisible spectra of HTcO(Cysjand its barium salts
prepared by different procedures were quite similar to that of
HTcO(-penp1® The weak bands observed in the visible region
for HReO(Cys) and HPRhP[ReO(Cys)], are characteristic of
several low-spin 8irhenium chelates as observed in oxorhenium
amido thiolate2® The infrared spectra of technetium chelates
show the Te=O stretching in the region 92640 cm?,

ever, similar Te-N bond lengths without sixth coordination site
donation have been reported recently for some molecules. An
interesting example is oxotechnetiumN'-ethylene-bis-,L-
cysteine diethyl este¥ which shows two different TeN bond
lengths arising out of the coordination of technetium with
nondeprotonated amine (2.168 A) and deprotonated amine
(1.924 A). Therefore, it may be concluded that there is nothing
unusual in the ReN bond lengths in HReO(Cys)and the

consistent with the results reported for compounds containing observed length is characteristic of technetium or rhenium

the TcG* core2627 The Re=0 stretching frequency of HReO-

(Cys) and its tetraphenyl phosphonium salt are observed at

somewhat higher wavenumbers (969 and 977 %nin agree-

coordination with nondeprotonated amines.
Except for one carboxylic acid group of one particular
cysteine, those of the other three are deprotonated, and this

ment with reported values for some well-characterized rhenium explains the overall charge difference between the two chelate

complexes having the RO core?8
The 'H NMR spectra (Table 3) of technetium and rhenium

units. The protonated carboxyl group shows carboxygen
bond distances to be 1.31(3) and 1.22(3) A for €881 and

chelates are similar except that the signals for the protons in C33-032, and this clearly indicates the single- and double-
the rhenium chelate appeared in general somewhat upfield inbond characters of carbemxygen bonds of that carboxylic
comparison to its technetium analogue. The high-resolution acid. Such a difference in bond length (0.09 A) is not observed

(400 MHz) spectra of HReO(Cys3howed clearly the presence
of four sets of signals. In théH—'H COSY spectrum, the
downfield doublet at) 4.26 was found to be coupled to the
proton signal aty 3.57, which in turn was correlated with the
most upfield proton peakd(2.77), representing the signals for
a CH-CH, unit. The signals corresponding to the other-€H
CH, unit are therefore at 3.54 (1H) and 3.173.31 (2H). The

0 4.26 doublet with a small coupling constant can be safely
assigned to the bridged ring methine proton; theHCbond of
the other methine shows a dihedral angle approximating 180
with one of the C-H’s of the vicinal methylene group, and the
corresponding coupling constant must be large.

in the deprotonated carboxylates where it ranged between 0.01
and 0.05 A.

The °°"Tc analogue of oxorhenium bis-cysteinate exhibits
ultrafast renal excretidh and inhibition of such excretion in
the presence of hippurate analogiiethereby indicating the
presence of a pharmacophore consistent with Despopoulos
model3® One of the requirements of such a model is that the
reactive groups (oxo and carboxylates) should be on the same
side of the moleculé. Considering the case of HReO(Cys)
the torsion angle O1Re1l-C13-011 and O2-Re2-C43-041
in theRelandRe2units aret+42(1y and+57(2), comparable
to the O C7—C9—-03 torsion angle (49 present inp-amino

The 13C NMR spectral assignments are based on DEPT hippurate}* which is the standard Despopoulos motel.

experimental results and comparison of the obsedgeglvalues

The other requirement for a substrate to behave physiologi-

for the carbons belonging to the tetraphenylphosphonium unit cally as in the Despopoulos model is that the above reactive

with values reported for similar compounds in the literatifre.
The shifts are in the expected regions.

groups (oxo and carboxylates) should be separated-y 3
or its simple multiples to interact with the renal anion transport

The HPLC result shows that the desired chelate is obtainableSyStem WhiChsg‘as periodically recurrent recognition sites placed
in high yield by reduction of pertechnetate in the presence of 3—4 A apart®® The oxo-carboxylate distances in thRel

cystine over a concentration range 3 (for °°Tc) to less
than 108 M (for 9°"Tc) of technetium. The elution patterns
and retention times of these two technetium chelates gn C
columns were quite similar. Since®HcO(Cys) had been

correlated to the corresponding rhenium compound through their

(26) Davison, A.; Orvig, C.; Trop, H. S.; Sohn, M.; Depamphilis, B. V.;
Jones, A. Glnorg. Chem.198Q 19, 1988.

(27) Davison, A.; Jones, A. G.; Orvig, C.; Sohn, Morg. Chem.1981,
20, 1629.

(28) Stothers, J. BCarbon-13 NMR Spectroscopfcademic Press: New
York, 1972; p 376.

(29) Bandoli, G.; Mazzi, U.; Roncari, E.; Deutsch, oord. Chem. Re
1982 44, 191.

(30) Melnick, M.; Van Lier, J. ECoord. Chem. Re 1987, 77, 275.

(31) (a) Smith, J. E.; Byrne, E. F.; Cotton, F. E.; Sekutowski, J.G&m.
Chem. Soc1978 100, 5571. (b) DePamphilis, B. V.; Jones, A. G.;
Davis, M. A.; Davison, AJ. Am. Chem. Sod.978 100, 5570.

(32) Edwards, D. S.; Cheesman, E. H.; Watson, M. W.; Maheu, L. J.;
Nguyen, S. A.; Dimitre, L.; Nason, T.; Watson, A. D.; Walovitch, R.
In Technetium and Rhenium in Chemistry and Nuclear Medicine
Nicolini, M., Bandoli, G., Mazzi, U., Eds.; Cortina International:
Verona, Italy, 1990; p 433.

(33) Despopoulos, AJ. Theor. Biol.1965 8, 163.

(34) Chakravarty, C.; Duttagupta, J. K. Kristallogr. 1993 207, 53.
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[5.13(2)-6.19(2) A] andRe2 [5.32(2)-6.14(3) A] units are arrangement of atoms resulted in an elongatee-@cbond
approximately 2 times the carbomytarboxylate distance length [2.214(4) A] in HTcOg-Pen),8 the 9"T¢ analogue of
present in the hippurate side chain in the completely folded form which also shows kidney retention like®HTcO(Cys). On
(3 A).33 Therefore, the two rhenium units qualify as Despopou- the other hand, the closely related renal ag®ffc—N,N'-
los substrates from the above two considerations; a similar ethylenebiscysteinate, in which none of the carboxyl groups are
argument has recently been advanced to explain the renalcoordinated to the trans TcO core, shows ultrafast renal excretion
properties of sever&"Tc chelates from structural data of their  only but no renal retentiof.
99Tc and Re analogué§3¢
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