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Oxorhenium Phosphinophenolato Complexes with Model Peptide Fragments: Synthesis,
Characterization, and Stability Considerations
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The synthesis and characterization of a series of mixed-ligand oxorhenium(V) complexes containing the
o-diphenylphosphinophenolato ligand (HL) and model peptide fragments acting as the tridentate coligand are
reported. Thus, by reacting equimolar amounts of tiopronin, Gly-Gly, GBhe, or glutathione (GSH) peptides

on the [(-C4Hg)sN][ReOCKk(L)] precursor in refluxing MeCN/MeOH or aqueous MeCN/MeOH mixtures, the
following complexes were obtained: RESC(CH;)CONCHCOOQO][L]} [(n-C4Ho)4N], 1, Red [H,NCH,CONCH,-
COO][L]}, 2, Re[H2NCH,CONCH(CHCsHs)COQ][L]}, 3, and ReQ[SCH,CH(NHCOCHCH,CHNH,-
COOH)CONCHCOOI][L]}Na, 4. The compounds are closed-shell 18-electron oxorhenium species adopting a
distorted octahedral geometry, as demonstrated by classical spectroscopical methods including multinuclear NMR.
X-ray diffraction analyses fofl and 2 are also reported. By comparative stability studies of compléxe3

against excess GSH it was shown that com@@esontaining the bulky gHsCH, substituent adjacent to the
coordinated carboxylate group of Phe is the most stable complex.

Introduction This method has led to the successful paradigm‘éih—

DTPA—octreotide used in the diagnosis of somatostatin (SMS)
positive tumors and their metastases applying single photon
emission computed tomography (SPECT). Recently a lyophi-
lized vial has been commercially available under the trade name
OctreoScan-111 which is used routinely for the facile prepara-

The recent proliferation of research on rhenium chemistry
has a direct impact on the application ¥®Re and!8&Re
radionuclides in oncology.® The worldwide search for novel
sophisticated8618Re radiopharmaceuticals that act at the
molecular level and can thereby efficiently be applied in the - o S es g "
therapy of malignant disease is rapidly advandrfThe fact tion o_f In—DTPA—octreotide®®7In the field of radiotherapy, _
that cancer cells often overexpress peptide hormone receptord€spite the fact that several SM/S analogues labeled with
on their surface provides new opportunities for radiotherapy. therapeutic radionuclides, likéCu, 1#516Re, or®Y, have been
Thus, radiolabeled tumor-seeking peptide analogues are em-€POrted, an approved radiotherapeutic compound is not yet

iveri Ci iati i iqn available368-10
ployed for delivering a sufficient radiation dose with a high
specificity to malignant cells by means of high-affinity peptide ~ The above described route of synthesis of a chetgteptide
receptors located on their membrané.Tagging of a metal ~ conjugate can often be very time-consuming, especially when
radionuclide onto the biologically active peptide is usually the independent multistep synthesis of suitably protected
achieved by covalent coupling of a bifunctional chelator at a bifunctional agents is necessary before coupling to the peptide.
selected position, according to the so-called “pendant approach”. Therefore, alternative strategies of the “pendant approach” have
been proposed, that involve the elongation of the peptide
* Author to whom correspondence should be addressed.ff801 6513 backbone by a short amino acid sequence that serves as the
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T Institute of RadioisotopesRadiodiagnostic Products, National Centre radiometal binding site. In those examples related to rhenium

for Scientific Research “Demokritos”. or technetium at least one cysteine residue is usually included
I Consiglio Nazionale delle Ricerche. in the attached sequence in order to ensure selective binding of
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“Demokritos”.
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the radiometal at the desired position but also a sufficient
stability of the resulting complex in the biological miliéir.13

As a part of our ongoing work of six-coordinate mixed-ligand
oxorhenium(V) complexes containing the bidentatdiphen-
ylphosphinophenolato ligand (HL) and a variety of tridentate
coligands of several N and S donor atom combinations, we were
able to demonstrate the high stability of the studied octahedral

Nock et al.

ling the HPLC system and processing the data. Chromatographic
conditions applied for analyses are given separately for individual
compounds below. For purification of compléxa preparative HPLC
system from Waters was used (Waters Prep LC 4000) coupled to the
PDA UV detector used also for analyses. For the separation a Prep
Nova-Pak HR C18 cartridge (25 mm 100 mm, 6u) from Waters
was used.

Synthesis of ReO(I/L) Complexes. ReQ[SC(CH3)CONCH,COO]-

oxorhenium species against the attack of nucleophile competing[o-0CsH4P(CsHs)2]} [(n-CaHs)aN], ReO(LYL), 1. By reacting the HL

ligands like glutathione (GSH). It is assumed that the higher
stability found in the tested complexes is, to a great extent, a
consequence of the formation of closed-shell 18-electron
octahedral structures. In the present work we study further the
coordination of model peptide fragments to the [Re(L}]nit,

in order to explore the effectiveness and limitations of this
approach in stabilizing as well peptide-related structures in
vivo.1415 For this purpose, the following octahedral monooxo
Re(V) complexes have been synthesized: §8C(CH;)CON-
CH,COQI][L]}[(n-C4Hg)aN], 1, Red [H2NCH,CONCHCOO]-

[L]}, 2, Red [H2,NCH,;CONCH(CHCgHs)COO][L]}, 3, and
Red [SCH,CH(NHCOCHCH,CHNH,COOH)CONCHCOO]-
[L]}Na, 4. Complexesl—4 have been characterized by elemen-

tal analyses and classical spectroscopical methods. X-ray

ligand with an equimolar amount ofr{CsHg)aN][ReOCL] precursor

in MeCN the emerald [-C4Hg)4N][ReOCk(L)] complex was prepared,

as reported previoushk 16 The emerald precursor (200 mg, 0.24 mmol)

was dissolved in MeCN (5 mL), and a solution of tiopronin (39.2 mg,

0.24 mmol) in MeOH (5 mL) was added with stirring. This mixture

was refluxed with stirring for 60 min while its color was slowly turning

from emerald green to orange-red. The solvent was expelled under

vacuum and the residue redissolved in a small portion obCTH

Purification followed by means of a silica gel column (20 eml.5

cm), which was eluted with a 100/5 GEl./MeOH solvent mixture.

The fraction containing the orange product was collected and concen-

trated to a small volume, and a small amount of MeOH was added. By

slow evaporation of this mixture at ambient temperature orange-red

needlelike crystals of compleksuitable for X-ray analysis separated.
Yield: 65%. R¢ (SiO; CH.Cl,/MeOH, 10/1): 0.5.tr (Waters

structure analysis was additionally performed for compounds ~Symmetry Shield RP C18, 5, 3.9 x 150 mm; A, MeOH; B, 20 mM

and2. Comparative stability studies of complexes3 against
GSH are reported as well.

Experimental Section

Materials. All chemicals were reagent grade and used so without
further purification. The peptides tioproninglt, Gly-Gly, HoL?, Gly-
L-Phe, HL3, and glutathione, bL,* were purchased from Aldrich or
from Fluka. Theo-HOCsH4P(GsHs)2 ligand, HL, was synthesized and
purified according to published methotfs” Rhenium was purchased
from Aldrich as KReQand was converted to thenfCsHg)sN][ReOCL]
precursor as reported previoushSolvents for high-performance liquid
chromatography (HPLC) were HPLC grade; they were filtered through
membrane filters (0.22, Millipore, Milford/USA) and degassed by
helium flux before use. Silica gel packing material from Merck was
applied for column chromatography. Thin-layer chromatography (TLC)
was performed on 0.25 mm silica gel coated aluminugffates from
Merck.

Instrumentation. IR spectra were recorded on KBr pellets on a
Perkin-Elmer 1600FT-IR spectrophotometer in the region-58I00
cm~t with polystyrene as a reference. Prot&ig, and®’P NMR spectra
were collected on a Bruker AC-200 instrument, using {G8i as an
internal reference (fotH and 13C) and 85% aqueous3HQ, as an
external reference (fot'P). Complexes were dissolved in deuterated
solvents at a concentration of ca-2%. Chemical shifts are given as
o in ppm. Elemental analyses for C, H, N, and S were conducted on a
Perkin-Elmer 2400/Il automatic elemental analyzer. HPLC analyses

NaH,PO, pH 7.0; from 1 to 20 min 50% to 70% A): 13.4 min, 14.09
min. tg (Supelco Discovery RP-Amide C16 columnu5150 mmx
4.6 mm; A, MeCN; B, 0.2% BPO, neutralized with NH to pH 7.0;
from 0 to 20 min 20% A to 70% A): 16.36 min, 16.68 min. Anal.
Calcd (found) for GgHssN.OsPReS: C, 53.16 (53.08); H, 6.29 (6.35);
N, 3.18 (3.42); S, 3.64 (3.75). UV/vid/phm): 285, 310, 380. IR (KBr,
vicm™): 3431, 2963, 2873, 1621, 1584, 1455, 1443, 1310, 1270, 1122,
1097, 998, 945 (ReO str), 905, 856H NMR (200 MHz, MeaSi,
CDCly): 2.92 (m, 8H), 1.42 (m, 8H), 1.20 (sextet, 8H), 0.87 (t, 12H)
[(n-C4Hg)aN]; 1.63, 1.60 (two doublets, 3H, SCHH3), 3.97 and 4.29
(two quartets, SHCHs,), 4.07 and 4.69 (two quartets, Mg 2H)),
6.28 (dd, 1H,0-CsH4ORe), 6.50 (t, 1Hp-CsH,ORe), 6.98 (t, 1H,
p-CsHsPRe), 7.27 (dd, 1Hp-CeHsPRe), 7.35-8.25 ((GHs),P, 10H).
13C NMR (200 MHz, MaSi, CDCE): 13.61, 19.60, 23.80 and 58.55
[(n-C4Hg)4N]; 21.46 and 22.86 (SCEH3), 53.40 and 53.57 (SHCHy),
53.97 and 54.95 (NH;), 115.76-137.15 (aromatic carbons), 188.46,
189.30, 189.74, 190.4&(0)O andC(O)N).3P NMR (200 MHz, 85%
H3PQO,, CDCL): 6.32 (s), 6.38 ().
ReO{[H;NCH,CONCH,COO][0-OCsH4P(CeHs)s]}, ReO(LL),
2.To an emerald solution of fi¢C4Hg)aN][ReOCk(L)] (200 mg, 0.24
mmol) in CHCN (10 mL) a solution of Gly-Gly (31.71 mg, 0.24 mmol)
in MeOH (10 mL) and HO (3 mL) was added with stirring. The
mixture was refluxed for 60 min, while the color changed from emerald
to orange-red. The solvent was expelled under vacuum and the dark
red residue redissolved in a small quantity of COH. The aubergine-
red suspension was loaded on a silica gel column (20xcfn5 cm)
eluted with a 10/1 CkCl/MeOH solvent mixture. The fraction

were performed on a Waters chromatograph efficient with a 600 solvent containing the red compound was collected and concentrated to a small
delivery system and coupled to a Waters 996 photodiode array UV Volume under vacuum, and MeOH was added. By slow evaporation

detector. The Millennium software by Waters was applied for control- from this dark red mixture separated aubergine-red needlelike crystals
suitable for X-ray analysis.

Yield: 85%. R (SiO; CH,Cl,/MeOH, 10/1): 0.3.tr (Merck
Lichrospher 100 RP C18 column, 104.6 x 250 mm; A, MeOH; B,

(11) Guhlke, S.; Schaffland, A.; Zamora, P. O.; Sartor, J.; Diekman, D.;
Bender, H.; Knapp, F. F.; Biersack, Bl. Nucl. Med. Bial 1998 25,

621-632. 20 mM NaHPO, pH 7.0; from 1 to 20 min 50% to 80% A): 14.13
(12) Decristoforo, C.; Mather, S. Eur. J. Nucl. Med 1999 26, 869— min. tr (Supelco Discovery RP-Amide C16 columnu5150 mmx
876.

4.6 mm; A, MeCN; B, 0.2% BPO, neutralized with NH to pH 7.0;
from 0 to 20 min 20% A to 70% A): 14.64 min. Anal. Calcd (found)
for Co,H20N0sPRe: C, 43.35 (43.20); H, 3.31 (3.03); N, 4.60 (4.50).
UV/vis (A/nm): 285, 370. IR (KBry/cm™): 3448, 3159, 3055, 1677,
1629, 1584, 1454, 1444, 1382, 1297, 1255, 1240, 1177, 1101, 1024,
1012, 968 (ReO str), 900, 860.'H NMR (200 MHz, MaeSi,
ds-DMSO): 3.41-3.86 (LNCH,C(O), 2H), 4.16 (dd, NE,C(0O)0),
6.49 (dd, 1H,0-CeH,ORe), 6.75 (t, 1H,p-CsH4ORe), 7.20 (t, 1H,
p-CsHsPRe), 7.41 (dd, 1Hop-CsHsPRe), 7.35-8.25 ((GHs).P, 10H).
13C NMR (200 MHz, MaSi, d--DMSO0): 50.12, 50.85 (bNCH,C(O)
and NCH,C(0)0), 115.76-137.15 (aromatic carbons), 188.46, 189.30,

(13) Stalteri, M. A.; Bansal, S.; Hider, R.; Mather, SBibconjugate Chem.
1999 10, 130-136.

(14) Nock, B.; Maina, T.; Tisato, F.; Papadopoulos, M.; Raptopoulou, C.
P.; Terzis, A.; Chiotellis, Elnorg. Chem 1999 38, 4197-4202.

(15) Nock, B.; Maina, T.; Tisato, F.; Papadopoulos, M.; Raptopoulou, C.
P.; Terzis, A.; Chiotellis, Elnorg. Chem 200Q 39, 2178-2184.

(16) Bolzati, C.; Tisato, F.; Refosco, F.; Bandoli, G.; Dolmella,ldorg.
Chem 1996 35, 6221-6229.

(17) Rauchfuss, T. Binorg. Chem 1977, 16, 2966-2968.

(18) Alberto, R.; Schibli, R.; Egli, A.; Schubiger, P. A.; Herrmann, W. A.;
Artus, G.; Abram, U.; Kaden, T. Al. Organomet. Cheni995 492,
217-224.
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189.74, 190.48@(0O)0O andC(O)N), 115.04-134.42 (aromatic carbons),
183.85, 188.16{(0)O andC(O)N). 3P NMR (200 MHz, 85% H-
POy, ds-DMSO): 4.65 (s).

ReO{ [H 2NCH2CONCH(CH 2C6H5)COO][O-OC5H4P(C5H 5)2]} , Re-
O(L3/L), 3. The emerald fif-C4Ho)sN]J[ReOCk(L)] precursor (200 mg,
0.24 mmol) was diluted in C#N (10 mL), and a solution of Gly-
Phe dipeptide (53.34 mg, 0.24 mL) in MeOH (10 mL) angdOH(5
mL) was added with stirring. The pH of the mixture was set to 8 by
addition d 1 N NaOH (0.5 mL), whereupon the color turned from
emerald to orange. The mixture was refluxed with stirring for 60 min
with the color changing to orange-red. The solvent was expelled under
vacuum and the oily residue redissolved in a small amount oiOGH
and loaded on a silica gel column (20 cm1.5 cm). The column was
eluted with a 10/1 CkCl,/MeOH solvent mixture, the fraction

containing the aubergine-red complex was collected and concentrated

to a small volume under vacuum, and MeOH was added. By slow
evaporation at ambient temperature the,CbiIMeOH mixture afforded
aubergine-red needlelike crystals ®f

Yield: 80%. R (SiO;; CH,Cl,/MeOH, 10/1): 0.5.tr (Waters
Symmetry Shield RP C18, b, 3.9 x 150 mm; A, MeOH; B, 0.2%
HsPQ, adjusted to pH 7.0 with concentrated jHrom 1 to 20 min
50% to 80% A): 15.72 min, 11.7 mirtg (Supelco Discovery RP-
Amide C16 column, 5, 150 mmx 4.6 mm; A, MeCN; B, 0.2%
HsPO, neutralized with NH to pH 7.0; from 0 to 20 min 20% A to
70% A): 18.36 min. Anal. Calcd (found) for-gH26N-OsPRe: C, 49.78
(49.69); H, 3.75 (3.91); N, 4.00 (4.12). UV/vig/am): 277, 360. IR
(KBr, vlcm™): 3449, 3058, 2926, 1624, 1585, 1456, 1444, 1302, 1268,
1241, 1101, 1028, 979 (ReO str), 858.2H NMR (200 MHz, MeSi,
CDs0OD): 3.53 (m, Gi,—Ph, 2H), 3.73 (dd, tNCH,C(O), 2H), 4.71
(m, CHCH,Ph, 1H) 6.49 (dd, 1Hp-CsH4ORe), 6.72 (t, THp-CeHy-
ORe), 7.18 (t, 1Hp-CsH4PRe), 7.25 (dd, 1Hy-CsH4PRe), 7.26-7.85
((CeHs)oP, 10H+ CH,CeHs, 5H). *C NMR (200 MHz, MaSi, CDs-
OD): 38.95 CH,—Ph), 52.75 (NHCH.C(O)), 62.70 CHCH,Ph),
110.66-137.86 (aromatic carbons), 185.04, 186 68X)O andC(O)N).
3P NMR (200 MHz, 85% HPO,, CD;OD): 3.0 (s).

Re{[SCH,CH(NHCOCH ,CH,CHNH ;COOH)CONCH ,COO]-
[0-CeHsP(CsHs)2]}Na, ReO(L4L), 4. The emerald [f-CsHg)aN]-
[ReOCK(L)] precursor (200 mg, 0.24 mmol) was dissolved in Ml
(10 mL), and a solution of GSH (73.8 mg, 0.24 mmol) in MeOH (6.5
mL) and HO (3.5 mL) was added with stirring. The reaction mixture
was refluxed with stirring for 60 min while the color turned orange-
red. The solvent was expelled by rotary evaporation and the brown
residue redissolved in a small quantity of &Hb and purified further
on a silica gel column (17 cnx 3 cm) by using a 150/300/3 GBI,/
MeOH/50% CHCOOH solvent mixture as the eluent. The fraction
containing the orange-red product was collected and concentrated to
small volume. The product was further purified by preparative HPLC.
The column was eluted isocratically with 45/55%#tH;PO, buffer pH
7.0/MeOH at a flow rate of 10 mL/min. The fraction eluting at 12 min

was collected and concentrated to a small volume under vacuum. The

solution was loaded on an activated OASIS solid-phase extraction
cartridge (Waters) and rinsed with physiological saline an® tdnd

the product eventually collected in MeOH. Slow evaporation at ambient
temperature afforded compleikas an orange-red solid.

Yield: 60%. R (SiO;; CH.Cl,/MeOH/CHCOOH, 5/10/0.1): 0.3.
R (SiO,; CHCI/MeOH, 1/1): 0.3tr (Merck Lichrospher 100, RP C18,
10u, 4.6 x 250 mm; A, MeOH; B, 2% EN/HsPO: pH 7.1; 1 to 20
min 0% A to 10% A): 21.5 mintg (Supelco Discovery RP-Amide
C16 column, 54, 150 mm x 4.6 mm; A, MeCN; B, 0.2% kPO,
neutralized with NH to pH 7.0; from O to 20 min 20% A to 70% A):
12.54 min. Anal. Calcd (found) for &H2sNsNaOsPReS: C, 40.00
(39.81); H, 3.36 (3.42); N, 5.00 (5.21); S, 3.81 (3.99). UVNisn):
291, 370, 410. IR (KBry/cm™1): 3392, 1613, 1584, 1442, 1384, 1304,
1268, 1098, 952 (ReO str), 854, 746, 692H NMR (200 MHz, Me-

Si, ds-DMSO0): 1.91 (m,—CH,CH,CHC(O)OH, 2H), 2.34 (q;CH»-
CH,CHC(O)OH, 2H), 2.81 (t, HNCHB,S-exqg 1H), 3.34 (t,—CH.-
CH,CHC(O)OH, 1H), 3.57 (m, HNCH@&,S-endq 1H), 3.61 (d,
C(O)OCH,N-exg 1H), 4.80 (m, HNGICH,S, 1H), 4.96 (d, C(O)-
OCH,N-endq 1H), 6.26 (dd, 1H0-CsH4ORe), 6.63 (t, 1Hp-CeHa-
ORe), 7.11 (t, 1Hp-CsH4PRe), 7.34 (dd, 1Hp-CeH4PRe), 7.35-8.15
((CeHs)2P, 10H), 8.18 (tHNCHCH,S, 1H).*3C NMR (200 MHz, Me-
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Table 1. Summary of Crystal Data for Compoundlsand 2

a

1 2
formula Q9H55N205PRGS GZH20N205PR8
881.08 609.57
a A 8.910(3) 10.135(6)
b, A 23.466(8) 13.266(7)
c, A 19.114(8) 15.679(8)
B, deg 89.99(1) 99.33(2)
v, A3 3996(1) 2080(2)
Z 4 4
Dcalcs Mg/m?3 1.464 1.947
space group P2:/n P2i/c
temp, K 298 298
radiation;1, A Mo Ka; 0.71073 Mo Ky; 0.71073
abs coeff ¢), cmt 3.176 5.957
octants collected hk=+ 1 +h,—k,—I
GOF onF? 1.186 1.098
R1 0.0416 0.0296
wR2 0.0918 0.0763

aFor 5045 reflections with > 24(1). ® For 3073 reflections with
> 20(1).

Si, d-DMSO): 27.17, 32.05, 42.92, 53.48, 54.2, 56.78 (aliphatic
carbons), 114.78135.54 (aromatic carbons), 170.75, 171.10, 176.87,
183.59 (C(O)-like carbons)3P NMR (200 MHz, 85% HPO;,
ds-DMSO): 10.9 (s, 5%), 12.2 (s, 95%).

X-ray Crystal Structure Determination for Compounds 1 and
2. Diffraction measurements fdrand2 were performed on a Crystal
Logic dual goniometer diffractometer using graphite-monochromated
Mo Ka radiation. Unit cell dimensions were determined and refined
by using the angular settings of 25 automatically centered reflections,
and they appear in Table 1. Intensity data were recorded ugirg?a
scan. Three standard reflections monitored every 97 reflections showing
less than 3% variation and no decay. Lorentz, polarizationyasdan
absorption corrections were applied using Crystal Logic software. The
structures were solved by direct methods using SHELXS-86d
refined by full-matrix least-squares techniquesFénwith SHELXL-
9320 Further crystallographic details dh 20max = 48°, scan speed
2.7 deg/min, scan range 23 a0, separation, reflections collected/
unique/used= 6710/6268 R, = 0.0186]/6268, 504 parameters refined,
R1/wR2 (for all data)= 0.0579/0.1002, Ap]min/[Ap]max = 0.706/
0.575 elR, [Alo] = 0.105. All hydrogen atoms (except those of C2
and those of the tetrabutyl ammonium counterion which were introduced
at calculated positions as riding on bonded atoms) were located by
difference maps and were refined isotropically. All non-H atoms were
refined anisotropically except C46, which was refined isotropically.
The positions of the methyl group (C5) and the hydrogen (on C4) are
disordered, so both syn and anti isomers are present. The methyl group
was refined anisotropically in two positions with occupancy factor 0.5.
Further crystallographic details @ 260max= 49°, scan speed 4.2 deg/
min, scan range 2.4 o,0, separation, reflections collected/unique/
used= 3584/3446 Ri,: = 0.0341]/3446, 360 parameters refined, R1/
WR2 (for all data)= 0.0352/0.0802,Ap]mi/[Ap]max = 0.782/-1.932
elA3, [Alo] = 0.026. All hydrogen atoms were located by difference
maps and were refined isotropically while all non-H atoms were refined
anisotropically.

Interaction of ReO(L"/L) Complexes with GSH ( = 1-3). In
an Eppendorf tuba 1 mMsolution (50uL) of the respective complex
in EtOH was placed and EtOH (200.) and 0.1 M phosphate buffer
(pH 7.4) were added. An 0.1 M solution of GSH (&D) was added to
this mixture and incubated under a nitrogen atmosphere aC3All
above solutions were purged with nitrogen. Incubation of the respective
mixtures containing kD instead of 0.1 M GSH (5@.L) was also
performed and used for reference. Incubates of 24 h were analyzed by
HPLC. Additional challenge experiments of complexersus excess

(19) Sheldrick, G. MSHELXS-86: Structure Sehg Program University
of Gattingen: Gdtingen, Germany, 1986.

(20) Sheldrick, G. MSHELXL-93: Crystal Structure Refinement Program
University of Gdtingen: Gitingen, Germany, 1993.



5200 Inorganic Chemistry, Vol. 39, No. 23, 2000

Scheme 1.Two-Step Synthesis of ReOfIL) Complexes

o - Q @ 0
Ch, Il P Gl R
, Re MeC| v
a¥ vy *tHO i LY élc@

emerald complex

\l-lo
9

o P
peptide Re
—> RNy

),v—x

[¢]
complexes 1to 4

Complex Peptide R X Y
1 tiopronin H CHCH, S
2 Gly-Gly H CH, NH,
3 Gly-L-Phe C,H,CH, CH, NH,
4 GSH H * S

*CH[NHCO(CH,),CHNH,COOH]CH,

Gly-Gly and complex2 versus tiopronin dipeptide were conducted
according to the above described protocol.

Results and Discussion

Synthesis.The ReO(Il?/L) complexesl—4 were prepared by
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Figure 1. Representative HPLC chromatogram of comfdervealing
the presence of two isomers in~al/l ratio in solution;tr (Waters
Symmetry Shield RP C18, &, 3.9 x 150 mm; A, MeOH; B, 20 mM

NaHPO, pH 7.0; from 1 to 20 min 50% to 70% A): 13.4 min, 14.09
min.

complexes*15 Additional bands in the region 75@90 cn?!
correspond to the coordinating phosphinophenolato ligand. The
UV/vis spectra show maxima in the region 36880 nm, that
fall within the range of values reported for similar com-
plexest415

The NMR data reported in the Experimental Section are in
agreement with octahedral diamagnetic compounds having a
low-spin & configuration. The®lP spectra are diagnostic of
phosphinophenolate coordination, the pertinent signal moving
downfield from—31.2 ppm in the uncoordinated ligand to the
4.5-12.2 ppm region. Neutral complexexhibits as expected
a pure singlet signal. Surprisingly, compléx despite the
presence of a chiral center in the GlyPhe ligand, also gives
a unique signal. According to the behavior previously observed
for related “3+ 2" oxorhenium compounds',the benzyl group
of theL-Phe fragment is assumed to be exclusively syn oriented

a two-step synthesis, as shown in Scheme 1. In the first step,with respect to the oxo oxygen. However, less encumbered

[(n-C4Hg)4N][ReOCL] was reacted with the phosphinophenol
ligand HL in a 1/1 molar ratio in refluxing MeCN, affording
almost quantitatively the emerald precursor@Hg)4N][ReOCl-

substituents at the tridentate framework, such as the methyl
group incorporated in tiopronin, allows the isolation of both
syn and anti isomers of compléx The 3P spectrum displays

(L)].**%%1n the second step, the emerald precursor was reactedtwo close singlets of equal intensity, and the aliphatic portion

in equimolar quantities with the respective peptide in refluxing
MeCN/MeOH (for complexl) or agueous MeCN/MeOH (for
complexe®—4) mixtures, leading to the formation of complexes
1—-4in good yields. The reaction products were purified over
a silica gel column eluted with Gi&l,/MeOH mixtures of the
appropriate composition. Compleéxwas additionally purified

of the proton and carbon spectra exhibit two sets of signals for
coordinated tiopronin. Analogously, HPLC chromatography of
complex1 shows two well-separated equal peaks according to
the presence of both isomers (Figure Ih) the GS-containing
complex4, also they-Glu residue assumes the two orientations.
However, one isomer is strongly preferred (likely the syn one),

by preparative HPLC. Analysis by TLC and reverse phase as indicated by the integration of the peaks in the proton not
HPLC in connection to a PDA detector revealed the purity of decoupled3'P spectrum. The two-dimensional contour map
the compounds. Crystals for X-ray analyses were raised for (Figure 2) shows the diastereotopic nature of the methylene

complexesl and 2 by slow evaporation from C§Cl,/MeOH
mixtures.

Characterization. Elemental analyses and spectroscopic data

protons of the Gly residue, the cysteine network including the
uncoordinated amidic proton, and theGlu system.
Description of the Structures. ORTEP diagrams of com-

are given for individual compounds in the Experimental Section poundsl and?2 are given in Figures 3 and 4, respectively, while

and confirm the formulas assigned to ReO[l) complexes
1-4. Given that the atoms of the deprotonated SN@onor

selected bond distances and angles are listed in Table 2. In
complex1 tiopronin is triply deprotonated and coordinated to

atom set of tiopronin or GSH peptide are bound to the [ReO- rhenium through the carboxylate oxygen, the peptide nitrogen,

(L)]?" moiety, a net charge of 1 results for complexe$ and
4. On the other hand, complex2sand3 are neutral oxorhenium

and the sulfur atoms, which along with the PO donor atoms of
the HL and the oxo group fulfill the coordination requirements

species as a result of coordination of the doubly deprotonatedof the metal. In this case, the rhenium complex is anionic and

ONNZ?- set of Gly-Gly or Gly+-Phe peptide, respectively, to
the [ReO(L)}" fragment. The ReO stretching vibration of

the charge is neutralized by one tetrabutyl ammonium cation.
In the case 0B, the coordination environment about the rhenium

ReO(L/L) complexes is evident by the characteristic bands at atom is fulfilled by the tridentate Gly-Gly ligand through the

945, 968, 979, and 952 crhin the IR spectra of complexds
2, 3, and4, respectively, as reported for similar oxorhenium

deprotonated carboxylate oxygen, the deprotonated peptide
nitrogen, and the amine nitrogen and it is completed by the PO
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Figure 2. 2D contour map over the 0:3.0 ppm region of complex

4. Solid lines indicate the three proton networks of coordinated GS in
the syn isomer (Cys-HN—C(R)H—CH,—, Gly —CH,—, andy-Glu Figure 4. ORTEP diagram of compleXwith 50% thermal probability
—CH,—CH,—CH,— in order of increasing shielding). Dotted lines ellipsoids.

evidence the Cys- and Gly networks in the anti isomer. )
Table 2. Selected Bond Distances (A) and Angles (deg)fand

2
1 2
Re-0(1) 1.692(5) 1.681(4)
Re—Namide 2007(5) 1991(5)
Re—Opnhenolate 2.076(4) 2.028(3)
Re—ocarboxylate 2126(5) 2046(4)
Re—X 2.294(2% 2.148(5%
Re—P 2.435(2) 2.456(2)
O(1)—Re—Namige 109.2(2) 108.2(2)
O(1)~Re—Ophenolate 161.4(2) 165.6(2)
Namide— R€—Ophenolate 85.6(2) 85.3(2)
O(l)_Re_Ocarboxylate 93.2(2) 101.3(2)
Namide— R€—Ocarboxylate 78.9(2) 80.6(2)
Ophenolate_ Re—ocarboxylate 78-3(2) 85.6(2)
O(1)-Re—X 103.3(3) 95.5(2)
Namige—Re—X 84.3(2) 80.4(2)
ophenolate_Re_X 890(2) 815(2)
Ocarboxylate~Re—X 159.6(2) 157.7(2)
O(1)-Re-P 89.0(2) 89.4(1)
Namige—Re—P 161.7(2) 162.4(1)
Ophenolale_Re_P 761(1) 771(1)
Ocarboxylats~Re—P 98.5(1) 97.2(1)
X—Re—-P 93.7(1) 97.4(1)
axX =S5(1).PX = N(2).
Figure 3. ORTEP diagram of the anion of compl&with 50% thermal The three five-membered rings in the coordination sphere adopt
probability ellipsoids. the stable envelope configuration. In particuladjrs1 and N1

are displaced by 0.45 and 0.06 A, respectively, out of the mean
donor atoms of the HL ligand and the oxo group. Thus, plane defined by the four remaining atoms. In compo2n@1
compound? is neutral. The equatorial plane of the distorted is 0.30 A out of the mean plane defined by Re, N1, C1, and
octahedron irl and2 is defined by the phosphorus atom of the C2, while N2 is 0.20 A out of the Re, C3, C4, and O5 best
HL and the donor atoms of the peptide ligand (SNO/NNQ in  mean plane. In both compounds, the metal is displaced by 0.35
and?2, respectively), while the doubly bonded oxygen and the and 0.30 A (forl and 2, respectively) out of the mean plane
phenolate oxygen of HL occupy the apical positions. Rhenium defined by the & C—C—P chelating atoms of the HL. The
lies ~0.30 A out of the equatorial plane toward the oxo group dihedral angle between the equatorial plane of the octahedron
in both structures. The R&Dyxo axis is inclined at 79.2and (SNOP and NNOP il and 2, respectively) and the OCCP
81.#4, in 1 and 2, respectively, with respect to the equatorial chelating plane of the HL is 757and 84.8 for 1 and 2,

plane. respectively.

The dihedral angles of the tridentate chelating backbone, S1 The Re=Ogyxo, Re—Ophenolate aNd Re-S bond distances are
C3—C4—N1 and N}:C2—-C1-03, in 1 are 20.8 and 2.2, in the ranges observed in analogous compodfésyhile the
respectively, while the corresponding angles2itN1—-C1— Re—P distances (2.435(2) and 2.456(2) Alirand 2, respec-

C2—N2 and N2-C3—C4—-05) are 23.1and 8.8, respectively. tively) are slightly longer than those found in the precursor
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compound [-(C4Hg)sN][ReOCk(L)] (2.422(2) AY6 and in the GHsCH, group may lead to a higher stability of complex

[ReQ{ (CH3CH2)N(CH,CHS)} (L)] and [Req (CH3CH,SCH,- 3 against GSH in comparison to complexeand?2, which lack
CH2)N(CH2CHZS)2}(L)].(~2.40 /—\).14 This lengthening qf the  a bulky substituent at this position.
Re—P bond distances it and2 with respect to the previously Additional stability experiments were conducted whereby

mentioned complexes is reasonable due to the shortening Ofcomplexz was challenged with excess tiopronin and complex
the bond trans to the phosphorus atom{Rié= ~2.37 Aand 1 with excess Gly-Gly dipeptide. In the first case HPLC analysis
Re—Ngp3= ~2.18 A vs Re-Ngpp = ~2.0 Ain our case). The ¢ 54 1y incubates revealed that compléxwas partially
angles around the peptide nitrogens are close to the ide&l 120 ., erted to complex, evident by the characteristic double
as expected for the $fhybridization of these atoms, and the  yiatereoisomer peak in the chromatographic profile, as well

Re, the I?!e”“deland trllfahcal:r\lkg)n atomsbadj(jac(;grj[t to thezru;rzcgg]en as several unidentified rhenium species, and partially decom-
are nearly coplanar. The R®carmoxyiatsbond distances (2.126- <04 1 perrhenate. In contrast, complexemained intact

(5) and 2.046(4) A forl and2, respectively) are in the ranges within the 24 h time scale of this stud
observed for analogous complexes. The-Riél, distance in2 ) o a y: )
is 2.148(5) A as in the case of the analogous [ReIEH,- In cgnclusmn, the prgllmmary findings of this work suggg;t
CHoNCH,CH,NH,)(L)]. 15 that thiolate challenge ligands provoke complex decomposition
The coordinated amine group 2is hydrogen bonded to the (with or without parallel ligand substitution) that is initiated at
carbonyl [O(3)] and carboxylate [O(4)] oxygen atoms of the coordinated carboxylate in the series of complexes tested.
neighboring molecules [HN(1A)»O(3) (—x, —y, —2) = 2.144 This attack can be hampered to some degree by steric effects,

A, N1---0(3) = 2.976 A, NI-HN(1A)---O(3) = 156.5; HN- when a bulky substituent is present in the immediate vicinity
(1B)-+-O(4) (=%, 0.5—y, 0.5 — 2) = 2.029 A, N2--O(4) = of the carboxylate group. On the other hand, the fact that
2.801 A, NI-HN(1B)---O(4) = 179.6)]. complexl survived a 24 h exposure to excess Gly-Gly hints at

Interaction of ReO(L"/L) Complexes with GSH (1 = 1-3). the role that thiolate groups in the peptide chain may play in

The three ReO(I/L) complexesl, 2, and3 were incubated for ~ the thermodynamic stability of the resulting complexes. Further
a period of 24 h with a 100 molar excess of GSH in a 4/1 EtOH/ Studies are presently under way with sulfur-containing peptides
H,O medium due to solubility limitations. Analysis of the having bulky substituents at the carboxylic function with the
incubates by HPLC revealed their decomposition mainly to aim of developing in vivo robust oxorhenium phosphinophe-
perrhenate and, to a lesser extent, to several short-lived metanolato complexes with peptides.

species of unknown structure. Thus, in this case GSH attack )
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