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A series of oxorhenium(V) complexes with 2-aminoethanethiolate (aet), [Re®(8¢b-penN,0,9] (2), [{ ReO-
(aetN,9,} 0] (3), [ReO(Cl)(aetN,9,] (4), and [ReO(aeN,9(Haet9),]Cl, ([5]Cl,) was newly prepared starting
from ReQ~. The reaction of NFReQ, with a 1:1 mixture of HaeHCI and b-Hzpen p-penicillamine) in the
presence of Sngl2H,O in water gave, 3, and the known complex [Re®HpenN,S(p-penN,0,9] (1). These
complexes were fractionally precipitated by controlling the pH of the reaction solution. The cothplex also
prepared in a higher yield by a similar reaction using methanol as a solvent. The crystal stru@ueasf
determined by X-ray crystallograph®; crystallizes in the tetragonal space grde4ys with a = 9.621(1),c =
12.911(1) AV = 1195.0(3) R, andZ = 4. The oxorhenium(V) core i is coordinated by a bidentat¢;Saet
ligand and a tridentatBkO,Sp-pen ligand, having a distorted octahedral geometry witlsdN cisS configuration
in the equatorial plane perpendicular to theRe—0 axis. The 1:2 reaction of NiReQ; with HaetHCI in the
presence of Sngl2H,0 in methanol produced, which is interconvertible witt8, while the corresponding 1:3
reaction resulted in the isolation &]{Cl,. The complexed and5 were also structurally characterizédrystallizes
in the monoclinic space group2:/c with a = 6.839(1),b = 10.0704(6).c = 14.1075(8) A =91.729(8}, V

= 971.2(2) B, andZ = 4, while [B]CI; crystallizes in the triclinic space groupl with a = 11.938(3),b =
12.366(3),c = 5.819(1) A, = 102.71(2) 8 = 101.28(2),y = 75.41(2, V = 802.0(3) &, andZ = 2. In 4, the
oxorhenium(V) core is octahedrally coordinated by two bidenky®aet ligands, which form @&is-N cisS
configurational equatorial plane with a Cion trans to the oxo ligand. On the other hand, the oxorhenium(V)
core in p)%" is coordinated by one bidenal&S aet and two monodentatHaet ligands, having a distorted
trigonal-bipyramidal geometry with S and N donors at the apical positions.

have been employed in the preparation of thiolato oxorhenium-
(V) complexes® It has been shown that these oxorhenium(V)
complexes commonly adopt a five-coordinate square-pyramidal

Introduction

Oxorhenium(V) complexes with thiolato donor groups have
attracted much interest because of the chemical similarity with
Tc congeners that are used in nuclear medicine as imaging

agents and have potential applications in radiothefapyn
many cases, tetradente®eN,N,Shiolate ligands, which contain
two inner amine(or amido) and two terminal thiolate groups,
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geometry having a restrictais-N cisS configuration in a basal
plane. Similar five-coordinate oxorhenium(V) complexes with
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of oxorhenium(V) complexes with thiolate ligands, but also to
the development of Re and Tc nuclear medicine.

a NbS;0 donor set have also been prepared by using bidentate-

N,S thiolate ligands, 1-(4methoxyphenyl)amino-2-methyl-
propane-2-thiolate and pyridine-2-methanethiolate, although they
prefer to form a basal plane withtrns-N transS configuration??

On the other hand, examples of six-coordinate oxorhenium(V)
complexes with thiolate ligands are much less comfémand

Experimental Section

[ReO(aetN,S)(p-pen-N,0,9] (2). Method A. To a solution con-
taining 1.60 g (5.96 mmol) of NiReQ,, 0.90 g (7.92 mmol) of Haet
HCI, and 1.20 g (8.04 mmol) of-Hzpen in 300 cri of water was
added a solution containing 1.50 g (6.65 mmol) of SrZH,0 in 100

thus, their fundamental stereochemical and spectroscopic propcne of water. The mixture was stirred at room temperature for 1 day,

erties have not been well understood.

In 1984, Johnson et al. reported that the Srr€tuction of
ReQy~ in the presence of a potentially tridentdie©,Sligand
p-penicillamine 6-Hypen) forms a six-coordinate oxorhenium-
(V) complex [ReOp-Hpen)p-pen)] @).” Recently, this complex
was structurally characterized and found to have a distorted
octahedral geometry with @s-N cisS transO configuration,
in which oneb-pen ligand chelates to oxorhenium(V) core
through S, N, and O atoms and the other through S and N
atoms? Furthermore, an analogous oxorhenium(V) complex,
[PhyP][{ReO(-cysN,9(L-cysN,0,9}{ ReO(-HcysN,9(L-cys-
N,O,S}], has been prepared by usingysteine (-H,cys) as a
potentially tridentateN,O,Sligand, and X-ray analysis demon-
strated that each of the [ReG¢ysN,9(L-cysN,O,9]~ and
[ReO(-HcysN,9(L-cysN,O,S] units adopts a distorted octa-
hedral coordination geometry with ais-N cisS transO
configuration? which is consistent with the structure fhrSince
in thesep-pen orL-cys oxorhenium(V) complexes one ligand
acts as a bidentate chelator through anfihend thiolatoS
groups, we expected that similar six-coordinate oxorhenium-
(V) complexes are created by using a simple bidengt-
aminothiolate ligand in place ob-pen orcL-cys. The most
representative ligand of this class is 2-aminoethanethiolate (aet)
which has been used for preparing a wide range of metal
complexes? In this paper, we report on the first syntheses and
chemical and structural characterizations of a series of oxorhe-
nium(V) complexes with one, two, or three aet ligands, [ReO-
(aetN,9(p-penN,0,9] (2), [ReO(Cl)(aetN,9:] (4), and [ReO-
(aetN,9(Haet5),]Cl, ([5]Cly), along with those of an oxo-
bridged dimer, {ReO(aetN,92},0] (3). Since the properties
of oxorhenium(V) complexes containing bident&ieSligands
have been studied littR® systematic investigations of aet
oxorhenium(V) complexes will contribute significantly not only
to our understanding of the fundamental coordination chemistry
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and then it gave a cloudy dark regurple solution. After filtration
through Celite, the reaction solution was adjusted to ca. pH 9 with 1
mol dn2 aqueous ammonia; this was followed by allowing it to stand
at room temperature for 1 day. The resulting-+&down powder of
[{ReO(aetN,92}20] (3) (0.46 g) was removed by filtration. The filtrate
was then adjusted to ca. pH 7 with 1 mol dhaqueous HCI then
concentrated to ca. 100 éwith a rotary evaporator. The concentrated
solution was allowed to stand at room temperature for 4 days, which
produced a brown powder of [ReO(d&{9(p-penN,0,9] (2). This
product was collected by filtration and washed with ethanol. Yield:
0.66 g (26%). Anal. Calcd for [ReO(aat}pen)], GH1sN,OsReS: C,
19.76; H, 3.55; N, 6.58%. Found: C, 19.78; H, 3.49; N, 6.57%. Brown
rod crystals of2 suitable for X-ray analysis were obtained by
recrystallization of the brown powder from water at room temperature.

When the remaining solution, after removal Zfwas adjusted to
ca. pH 1 with 1 mol dm® aqueous HCI followed by allowing it to
stand at room temperature for 10 days, a purple powder of [ReO(
HpenN,9(p-penN,0,9] (1) (0.89 g) appeared, which was collected
by filtration. This complex was also prepared by the reaction of-NH
ReQ, with b-Hzpen and SnGi2H,0 in aqueous HCI, according to a
method similar to that described in a literattte.

Method B. To a solution containing 0.32 g (1.19 mmol) of hH
ReQ, 0.14 g (1.23 mmol) of HagtCl, and 0.18 g (1.21 mmol) of
p-Hzpen in 30 cm of methanol was added a solution containing 0.30
g (1.33 mmol) of SnGI2H,0 in 10 cn? of methanol. The mixture
was stirred at room temperature overnight, and the resulting brown
powder of [ReO(aeN,(p-penN,0,9] (2) was collected by filtration
and washed with ethanol. Yield: 0.22 g (43%).

[{ReO(aetN,9);}20] (3). To a solution containing 1.60 g (5.96
mmol) of NHsReQ and 2.00 g (17.60 mmol) of Ha¢tCl in 250 cn#
of water was added a solution containing 1.50 g (6.65 mmol) of SnCl
2H,0 in 50 cn? of water. The mixture was stirred at room temperature
for 1 day, which gave a cloudy dark purple solution. After filtration
through Celite, the reaction solution was adjusted to ca. pH 9 with 1
mol dm2 aqueous ammonia; this was followed by allowing it to stand
at room temperature for 10 min. The resulting-rdémlown powder was
collected by filtration and washed with water. Yield: 1.78 g (82%).
Anal. Calcd for [ ReO(aet)} 0], CsH24N4OsReS,: C, 13.25; H, 3.34;

N, 7.73%. Found: C, 13.08; H, 3.47; N, 7.59%.

[ReO(Cl)(aetN,9);] (4). To a solution containing 0.16 g (0.60 mmol)
of NH4,ReQ, and 0.14 g (1.23 mmol) of Ha¢tCl in 50 cn? of methanol
was added a solution containing 0.15 g (0.66 mmol) of $2ELO in
10 cn?® of methanol. The mixture was stirred at room temperature for
2 h; this was followed by allowing it to stand at room temperature for
4 days. The resulting dark purple crystals were collected by filtration.
Yield: 0.08 g (34%). Anal. Calcd for [ReO(Cl)(agt) C4H12CIN,-
OReS: C, 12.32; H, 3.10; N, 7.18%. Found: C, 12.40; H, 3.10; N,
7.08%. One of the crystals thus obtained was used for X-ray analysis.

[ReO(aetN,S)(Haet-S),]Cl, ([5]Cl,). To a solution containing 0.16
g (0.60 mmol) of NHReQ, and 0.20 g (1.76 mmol) of Ha¢{Cl in 40
cm?® of methanol was added a solution containing 0.15 g (0.66 mmol)
of SnCb-2H,0 in 10 cn? of 1 mol dn 2 methanolic HCI. The mixture
was stirred at room temperature for 1 day, which gave a-penlple
solution. The reaction solution was adjusted to ca. pH 4 with 1 mol
dm= agueous ammonia. After a white powder that precipitated was
removed by filtration through Celite, the regurple filtrate was
concentrated to dryness. The purple residue was then dissolved in 5
cm?® of water; this was followed by allowing the solution to stand at
room temperature for 4 days. The resulting black crystals were collected
by filtration. Yield: 0.13 g (43%). Anal. Calcd for [ReO(aet)(Hagt)
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Table 1. Crystallographic Data fo2, 4, and B|Cl.
2 4 [5ICI,

empirical C7H15N203Re$ C4H12CIN20ReS CeHggClzNgORG&
formula

fw 425.54 389.94 503.55
space P43 (no. 78) P2,/c (no. 14) P1(no. 2)
group
a A 9.621(1) 6.839(1) 11.938(3)
b, A 10.0704(6) 12.366(3)
c A 12.911(1) 14.1075(8) 5.819(1)
a, deg 102.71(2)
B, deg 91.729(8) 101.28(2)
y, deg 75.41(2)
Vv, A3 1195.0(3) 971.2(2) 802.0(3) Figure 1. A perspective view of [ReO(aét;9(p-penN,0,9] (2) with
z 4 4 2 the atomic labeling scheme. Ellipsoids represent 50% probability.
T, K 296 291 291
radiation  0.7107 0.7107 0.7107 Table 2. Selected Bond Distances (A) and Angles (deg)Zor
A -
’ Distances
502';3,3 2.365 2.667 2.085 Re-S1 2.305(3) Re 02 2.177(5)
Re-S2 2.291(2) ReN1 2.189(6)
‘lér(nl\ﬂ? Ko) 105.12 131.71 82.89 Re—O1 1.680(6) Re N2 2171(7)
Ra 0.019 0.026 0.021 Angles
R.? 0.021 0.025 0.027 S1-Re-S2 92.3(1) S2Re—N2 82.2(2)
S1-Re-01 106.0(2 O+Re-02 159.0(3
*R= 3 |(Fol — [FE(Fol. *Ro = [SW(IF — [Fe)7Sw(Fa)?* S Re O 8580 Oormen: o100
w = 1/o*(Fo). S1-Re-N1 83.2(2) Ot -Re-N2 95.6(3)
S1-Re—N2 158.4(2) O2Re-N1 70.6(2)
Clp, CsH20ClLN;OReS: C, 14.31; H, 4.00; N, 8.34%. Found: C, 14.28; S2—-Re-01 107.8(2) O2Re—N2 76.6(2)
H, 4.13; N, 8.35%. One of the crystals thus obtained was used for X-ray =~ S2—Re—02 90.7(2) NIRe-N2 95.3(3)
analysis. S2-Re—N1 161.2(2)
Interconversion of 3 and 4.To a stirred suspension &f(0.10 g)
in 50 cn?® of ethanol was added dropwise 1 mol dhaqueous HCI parameters. All calculations were performed using the teXsan crystal-
until the suspension became a clear yeldwown solution. When this ~ lographic software packadé.
solution was stirred at room temperature for several minutes, a dark- . .
brown crystalline solid of precipitated. Yield: 0.06 g (56%). Results and Discussion
To a suspension af (0.05 g) in 10 crd of water was added 1 mol Crystal Structures. [ReO(aetN,S)(p-penN,0,9] (2). X-ray

dm~3 aqueous ammonia until the pH of the solution became ca. 9. This analysis indicated that is a neutral oxorhenium(V) complex
suspension was stirred at room temperature for several minutes, WhichWith mixed chelating ligandsp-pen and aet. The molecular

gave a reetbrown powder of3. Yield: 0.04 g (86%). . - - .
Measurements.The electronic absorption spectra were recorded with structure of2 is shown in Figure 1, and its selected bond

a JASCO Ubest-55 spectrophotometer, and the CD spectra werediStances and angles are listed in Table 2. Bhgen ligand
recorded with a JASCO J-700 spectropolarimeter at room temperature.coordinates to the oxorhenium core through N, O, and S atoms
The IR spectra were measured with a JASCO FT/IR-5000 infrared and the aet ligand though N and S atoms, forming a six-
spectrophotometer using KBr disks at room temperature fIl¢MR coordinate structure in [ReO(altS(p-penN,O,3]. The two
spectra were recorded with a JEOL JNM-A500 NMR spectrometer at thiolato S and two amine N donor atoms are situated in an
probe temperature in . Sodium 4,4-dimethyl-4-silapentane-1-  equatorial plane with ais-N cisSarrangement. The remaining
sulfonate (DSS) was used as the internal reference. The elementalgordination site trans to the oxo ligand is occupied by a
analyses (C, H, N) were performed by the Analysis Center of the carpoxylato O atom from the tridental&O,Sp-pen ligand.
Ung’erst't}'g TS‘tUK”tg"t ation. Singl ol Xoray diffracti Therefore, the arrangement of donor atomg is cis-N, cis-S

rystal structure Determination. single-crystal 2-ray citiraction and trans-Q, which is consistent with that found in each of

experiments foR, 4, and B]Cl, were performed on a Rigaku AFC-7S
diffractometer with graphite-monochromatized MaKadiation ¢ = [ReOP-HpenN,§(p-penN,O,3] (1) and (PhP)[{ReO(-cys-

0.71073 A). Crystallographic data are summarized in Table 1. Unit Nisl('—'C_VSN:O’.S}{Reo(—'HCVSN,S('—'CVS‘N’O:S}]-SPTh? Co-
cell parameters were determined by a least-squares refinement, usingrdination environment around the Re atom2nis highly
the setting angles of 25 (28< 20 < 30°), 25 (29 < 20 < 30°), and distorted from a regular octahedron, as reflected in the three
24 (29 < 20 < 30°) reflections for2, 4, and B|Cl,, respectively. The  trans angles (StRe—N2 = 158.4(2), S2Re—N1 = 161.2-

intensity data were collected by the-20 scan technique < 55°). (2), and O+Re—02 = 159.0(3}). Furthermore, the Re atom
The intensities were corrected for Lorentz and polarization effects. |jes 0.40 A out of the NS, equatorial plane toward the oxo
Empirical absorption corrections based on a serieg aicans were  jigand, A similar distortion from regular octahedron has been

also applied. The 1340, 1879, and 3447 independent reflections with observed in1 (S—~Re-N = 155.9(2) and 163.0(2) and

> 20(l) of the measured 1593, 2548, and 3871 reflections were _ .

considered as “observed” and used for structure determinatioBs of O—Re—.O = 157.3(3; 0.30 A out qf the I\’-I.SQ plane)? The

4, and FICl,, respectively. b_ond dlstances_and a_mgles assocugted with the oxo and_the
The positions of Re, S, and some other atomsZ@nd 4 were tridentatep-pen ligand in2 are essentially the same as those in

determined by direct methods, and those BC], were determined 1. Furthermore, the bond distances and angles for the aet ligand

by the Patterson method. The remaining non-H atom positions were in 2 (Re-S2= 2.291(2), Re-N2 = 2.171(7) A, and S2Re—

found by successive difference Fourier techniques. The structures wereN2 = 82.2(2¥) are quite similar to those found for the bidentate-

refined by full-matrix least-squares technigues using anisotropic thermal N,Sp-Hpen ligand inl (Re—S = 2.286(2), Re-N2 = 2.186(6)
parameters for non-H atoms. All H atoms fbwere located and added
to calculations but not refined. Fdrand B]Cl2, H atoms were found  (11) Crystal Structure Analysis Package, Molecular Structure Corporation,
from difference Fourier maps and refined using isotropic thermal 1985 and 1992.
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Figure 2. A perspective view of [ReO(CI)(aM"OSzl (4) with the Figure 3. A perspective view of [ReO(adt:9(HaetS),]Cl, ([5]Cl2)
atomic labeling scheme. Ellipsoids represent 50% probability. with the atomic labeling scheme. Ellipsoids represent 50% probability.

Table 3. Selected Bond Distances (A) and Angles (deg)4or Table 4. Selected Bond Distances (A) and Angles (deg) &€l
Distances i
Distances

Re—Cl 2:595(2) Re-O 1.686(4) Re-S1 2.279(1) ReO 1.697(3)

Re-S1 2.294(2) ReN1 2.193(6) Re-S2 2.289(1) ReNL 2.153(4)

Re-S2 2.298(2) ReN2 2.176(6) Re—S3 2.200(1)

Angles Angles

S1-Re-S2 91.84(6)  SZRe-N2 83.4(2) S1-Re-S2 90.40(4)  S2Re-0 104.9(1)
SI-Re-0 106.8(2) G-Re—Cl 161.4(2) S1-Re-S3 127.07(4) S2Re-N1 158.4(1)
S1-Re-Cl 86.20(6) ~ O-Re-N1 9L.3(2) S1-Re-O 116.9(1) S3Re-0 114.1(1)
S1-Re-N1 83.2(2) G Re-N2 91.5(2) S1-Re-N1 80.7(1) S3-Re-N1 80.2(1)
S2-Re-0 105.5(2) CHRe—N2 75.9(2)
S2-Re~Cl 86.82(6 NERe-N2 96.3(2
S2—Re—N1 163.2(5)) (@) Crystal Structure of [ReO(aet-N,S)(Haet-S),]Cl ([5]Cly).

X-ray analysis for p]Cl, revealed the presence of a complex
A, and S-Re-N = 83.0(2f). Accordingly, 2 is almost cation and two Ct anions in the asymmetric unit. The number
isostructural withl, except that the aet ligand occupies two ©f CI™ anions implies that the complex cation is divalent. The

coordination sites in the equatorial plane in place oftti¢pen structure of the complex cation is depicted in Figure 3, and its
ligand in 1. selected bond distances and angles are summarized in Table 4.

i ot | .
[ReO(Cl)(aetN,S),] (4). X-ray structural analysis indicated ;I'hr:e comtplliex ﬁgt'ogﬁ]th Ct%TS'StS ct)f”an no dxorh(nanuijmbco;ed e;no:h
that4 is a neutral complex consisting of an oxorhenium core, ee aet ligands. e three aet ligands, one 1S bound to the

two aet ligands, and a Cl atom. The molecular structuréief oxorhenium core through S and N atoms and the others through
shown in Figure 2, and its selected bond distances and :;1ng|e§c\’|n|3y(r:lI aSeta-l St.)?gl %::r? r?og\é?,;,i?j?r:ggztgritiLuecgjrrcf}u:c? g?g](g(git)-
are listed in Table 3. I, each aet ligand chelates to the ’ C . S ) -
oxorhenium core through N and S atoms to form an equatorial mhor}odentlatte] aet I'_gEandeh'S proto?ated, Wh'c_rllr']s compda}tlblg with
NS, plane. The coordination site trans to the oxo ligand is teeon?g:aa%oirtgtﬁe R?e ;tgrﬁocnazﬁ g()e( ggggrri]l;)ed Zscggrinltr;?g%%iate
occupied by Cl atom, which completes a six-coordinate structure tg>etweenythe trigonal bipyramid and square pyramid SIA",

n [ReO(CI)(aeFN,_Sg]. The arrangement of the_ donor atoms In the two largest bond angles around the Re atom defined by four
the NoS; plane iscis-SandcisN, which is consistent with that - = "0~ 0 o1 Re-S3= 127 07(4y and

of the NvS, equatorial planes il and 2. The coordination :

) . : = S2—Re—N1 = 158.4(1}, from which the angular structural
environment around the Re atom4ns also distorted from a . - .

_ index parametet = (8 — a)/60 is calculated to be 0.53 (>
regular octahedron, but the three trans angles-(&+-N2 = o 7 = 0 for an ideal square pyramid and= 1 for an ideal
161.7(2), S2Re-N1 = 163.2(2), and CtRe~0 = 161.4(2)) trigonal bi ramid)4 Frgm thisiyvalue it is evaluated that the
are closer to 180compared with those ifhand2. Furthermore, 9 Py '

. ) structure of §]2* is just between the trigonal bipyramid and
B D e s Sauate pyramic We have recenty proposed the improved
around the Re atom ihis sli -htI reieased by the replacement structural index parametgr= (5 0 + y = 2a)/180 for the
of t‘;e tridentateN.O SL;-peIr? Iig);md by the )t/)identa?d-s a6t five-coordinate geometry based on the four largest angles,
ligand. The Re-S (average 2.296(2) A), ReN (average 2.185- modifying thet parameter so as to take into account all five

(6) A), and Re-Ooy, (1.686(4) A) distances are quite similar g(r)lgoritolrr}(s){{ z:nqd>ea(?| (t)rﬁy(;))rg; g'forgg!g;ﬂﬁguarglpﬁr?gld
to those inl (average ReS = 2.298(3), average ReN = x= ! 9 pyramic x Vel

2+ — _ — —
220007, RO L6076 o verago oS o SeoneS QSO S Of Hesang e
2.291(2), average ReN = 2.180(7), and ReOgy, = 1.680(6) e D . . T
A), while the Re-Cl bond in4 (2.595(2) A) is much longer geometry o_f5] is a distorted trigonal bl_pyramld Wlth the basal
thén the Re Ocarmonyatobonds inl (2.184(6) A) and? (2.177- 8183(_)1 trlg(_)nal plane, rather than a trlgonally dlsto_rted square
) A), as expecté, d from the difference in covalent radius pyramid. Quite recently, closely related five-coordinated ox-

between Cl and O atoms. It is noteworthy that the distance of .

: ) _ 12) Bryan, J. C.; Stenkamp, R. E.; Tulip, T. H.; Mayer, J.INbrg. Chem.
2.595(2) A is considerably longer than the -Rel distances (12) 19@”25, 228;2”25‘5‘,“’ e aver 9. ~hem
found in [ReOC}(CNCMey);] (trans to oxo: 2.436(1); equato-  (13) Fortin, S.; Beauchamp, A. llnorg. Chem.200Q 39, 4886-4893.

ial- it + (14) Addison, A. W.; Rao, T. N.; Reedijk, J.; Rijn, J.; Verschoor, GJC.
rial: 2.363(1) and 2.348(1) A) and [ReQQEDPPh)(biimH,)] Chem. Soc., Dalton Trand984 1349-1356.

(2.348(1) anc_j 2.352(1) A3 suggesting the relatively weak (15) Konno, T.; Tokuda, K.; Sakurai, J.; Okamoto Bull. Chem. Soc.
Re—ClI bond in4. Jpn 200Q 73, 2767-2773.
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Scheme 1
NH,4ReO, + Haet-HCI + D-H,pen in H,0

l<—SnCI2

lpH==1 lpH:=7 lszg

So o8
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HoC he ol He 0., S, | S
< S L

H, O H,

1 2 3

orhenium(V) complexes having a;®;Ss donor set, [ReO-
{[(CH3)2,CH]2NCH,CH,NHCH,CH,SN,F (XS),] (X = phenyl,
p-methyphenyl), have been reportédThe y values for these
complexes become 0.69 and 0.71. Thus, the distortion from the
trigonal bipyramid to square pyramid for these complexes is
slightly greater than that for5[2". The three ReS bond
distances in§]2", which are within the range normally observed
for the thiolato oxorhenium(V) complexés? resemble each
other. However, it is noticed that the R81 distance (2.279-
(1) A) is somewhat shorter than the R82 and Re-S3
distances (2.289(1), 2.290 (1) A). This can be attributed to the
chelate effect, which allows the bidentadeSaet ligand to bind
with the R& center more tightly than do the monodent&te-
Haet ligands. The ReS1 (2.279(1) A) and ReN1 (2.153(4)

A) distances in §]2* are shorter than the corresponding-Re
Saetand Re-Nget distances i and4 (Re—S = 2.291(2) and
Re—N = 2.171(7) A for2; average ReS = 2.296(2) and
Re—N = 2.185(6) A for 4), which reflects the difference
between the five-coordinate structure i6]4" and the six-
coordinate structures ia and4.

Synthesis and Characterization.Treatment of NHReQ,
with a 1:1 mixture of HaeHCI andp-Hzpen in the presence of
reductant of SnGt2H,0 in water gave a dark purple reaction
solution, from which a redbrown powder 8) was first
precipitated on adjusting the pH to ca. 9 (Scheme 1). After
removal of 3 by filtration, an oxorhenium(V) complex with
mixed bidentateN,S aet and tridentaté},O,Sp-pen ligands,
[ReO(aetN,9(p-penN,0,9] (2), was isolated by the neutraliza-
tion of the filtrate, followed by concentration. The remaining
solution was found to contain the known oxorhenium(V)
complex, [ReOg-penN,9(p-penN,0,9]~,” which was pre-
cipitated as [Re@{-HpenN,9(p-penN,O,3] (1) by the addition
of HCI. Although2 is a neutral complex molecule, as evidenced
by the molar conductivity of 7.€~1 cn? mol~ in water,2 is
considerably soluble in water. On the other hand, its solubility
in methanol is quite low, which enabled the isolatior2ah a
higher yield from the corresponding reaction in methanol.

Figure 4 illustrates the electronic absorption and CD spectra
of 1 and2; their data are summarized in Table 5. The absorption
spectrum oP is characterized by a visible band at 2016.0°
cm, with a shoulder at the lower energy side, and an intense
near-UV band at 29.04 10° cm~1, with a shoulder at the higher
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Figure 4. Electronic absorption and CD spectralof- - -) and2 (—)
in water, and an absorption spectrun8df--) in 0.1 mol dnT® aqueous
HCIO,.

Table 5. Absorption and CD Spectral Data in® (1, 2) or in 0.1
mol dm 3 Aqueous HCIQ (4, [5]Cl,)

CD extrema:o/10° cm™!
(Ae/mol~t dm? cm?)

abs max:o/10° cm™?
(log e/mol~t dm? cm™?)

[ReO(D'HpenN13(D'peanOxs] (1)
(1.53) 20.28

16.47 . &7.57)
19.81 (2.05) 29.24 +13.67)
29.27 (3.73) 35.29 2.25)
31.75 (3.56) 46.64 8.44)
[ReO(aetN,9(p-penN,0,9] (2)
16.49 (1.66) 20.41 (5.45)
20.16 (2.02) 28.77 +11.11)
29.04 (3.69) 36.87 ~5.60)
32.24 (3.46) 46.25 ¢9.70)
[ReO(Cl)(aetN,9;] (4)
16.09 (1.5%
19.39 (2.07)
28.16 (3.55)
31.33 (3.38)
40.00 (3.34)
[ReO(aetN,9(Haet5),]Cl; ([5]Cly)
18.35 (1.88)
28.38 (3.40)
39.52 (3.77)
4591 (3.89)

aDenotes a shoulder.

a positive CD band from lower energy. This CD pattern is the
same as that observed far although a slight difference in
intensity of each band is noticed betwekand?2. This clearly
indicates that the chirality due to the asymmetric carbon atom
of the bidentateN,Sp-Hpen ligand inl affects the overall CD
spectral pattern littte. ThéH NMR spectrum of2 in D,O

exhibits three singlet signals &t1.64, 1.81, and 4.01 for the

energy side. The former visible band can be assigned as arisind?-Pen ligand and four multiplet signals centered &t03, 3.09,

from a d—d transition and the latter intense band from a sutfur
to—metal CT transition, considering their extinction coefficients.
The absorption spectral behavioraifs in good agreement with
that of 1 over the whole region. This is compatible with the
X-ray analytical results, which demonstrated that thé &em

in 2 is situated in a coordination environment quite similar to
that in 1. In the CD spectrum? exhibits a major negative and

3.21, and 3.29 for the aet ligand, while six singlet signals are
observed forl at 6 1.32, 1.64, 1.81, 2.08, 3.30, and 4.06.
Comparing theitH NMR spectra, it is obvious that fdr the
three signals ab 1.64, 1.81, and 4.06 are due to the tridentate
p-pen ligand and those at1.32, 2.08, and 3.30 are due to the
bidentatep-Hpen ligand, which is consistent with the assignment
made by Hansen et &l.
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Scheme 2
NH,ReQ,4 + (Haet-HCI),, in MeOH

SnCl,
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Complex3 is sparingly soluble in water, but soluble in an
acidic solution. As shown in Figure 4, the absorption spectrum
of 3 dissolved in 0.1 mol dm? aqueous HCIQis quite similar
to those ofl and2 over the whole region, although each band

for 3is located at somewhat lower energy than the correspond-

ing bands forl and 2. This suggests that in acidic soluti@n
adopts a coordination environment quite similar to thosé of
and 2. In the IR spectrun8 exhibits a sharp intense band at
915 cnl, which is assignable to the R®© stretching vibration.
This value is much lower in energy than those of the=Re
stretching bands fdt (973 cnt!) and2 (965 cnt?), suggesting
the weaker Re=O bond in3 owing to the stronger donor group
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Figure 5. Electronic absorption spectra df(--) and B|Cl, (—) in
0.1 mol dnt2 aqueous HCIQ

5, the electronic absorption spectrum 6f¢l, in 0.1 mol dn13
aqueous HCl@resembles that of, especially in the energy
region of 24x 10°—36 x 10° cm™1, giving an intense CT band
at nearly the same position (28.38 10° cm™1) as that of4.
From this spectral behavior, one may assume tB&t"[is
converted to the six-coordinate structure in solution. However,
the d-d band for pJCl, (18.35 x 10° cm™1) has no distinct
shoulder and is located at lower energy with a lower intensity,

on the coordination site trans to the oxo ligand. Besides this compared with that of. Furthermore, the solid-state spectrum

Re=O0 stretching band3 shows a broad intense band at 675
cm~1. This band corresponds well with the R®—Re asym-

of [5]ClI, (Nujol mull) is essentially the same as its spectrum in
0.1 mol dn13 aqueous HCIQ Accordingly, it is reasonable to

metric stretching band commonly found in the oxo-bridgetl Re - 55sume that the five-coordinate structure 5i#{ observed in
dimers!316Considering these spectral features and the elementalcrysta| is retained in solution.

analysis, it is assigned th& has an oxo-bridged dimeric
structure in {ReO(aetN,92} 0], which is readily converted
to the monomeric structure in [ReO(ad¢t92(H,0O)]* having a

cis-N cisS transO configuration in aqueous acidic solution.

Concluding Remarks

In the present study, it was found that the reaction of;NH

This assignment is supported by its electrospray-ionization (ESI) ReQ with a 1:1 mixture of HaetHHCl and p-Hzpen in the

mass spectrum in 0.1% aqueous {CIDOH, which gives two
major peaks atn/z 353.1 and 355.1 corresponding #8°ReO-
(aetp]™ and [8'ReO(aet)] ™. As is expected from this assign-
ment,3 was obtained in a high yield on treating MREQ, only
with HaetHCI in the presence of SngRH,0O, followed by
adjusting the pH of the reaction solution to ca. 9.

presence of Sngl2H,O in water produces a dark regurple
solution containing the mono-aet oxorhenium(V) complex [ReO-
(aetN,9(p-penN,0,9] (2), besides [Re@(-penN,S(p-pen-
N,0,9]" and [ReO(aeN,9,(H.0)]*. This result clearly indi-
cates that the simple bidentafeS ligand aet possesses a
sufficient coordinating ability toward the oxorhenium(V) center.

The monomeric bis-aet species was successfully isolated ag=rom the reaction mixture{ ReO(aetN,S2} 0] (3), [ReO(aet-

the neutral [ReO(Cl)(adt}, 2] (4) by treatment of3 with
aqueous HCI in ethanol. SinBand4 exhibit absorption spectra
identical with each other in 0.1 mol drhaqueous HCIQ) it is
assumed that the CHonor in4 is replaced by a water molecule
to form [ReO(aeiN,92(H.0)]" in aqueous solution. This is
consistent with the X-ray analytical result4fwhich revealed
the elongated ReCl bond. Complex is almost quantitatively
reverted back t@ in a few minutes by treatment with aqueous
ammonia in water, indicating the rapid dimerization of [ReO-
(aetN,9,(H.0)]* to [{ ReO(aetN,2} -0O] with retention of the
cis-N cisS transO configuration. ComplexX was also prepared
directly by the 1:2 reaction of NHReQ, with HaetHCI in the
presence of SngRH,O in methanol (Scheme 2). However, the
corresponding 1:3 reaction resulted in the isolationH€[,
which was determined to have a five-coordinate oxorhenium-
(V) structure in [ReO(ael,9(Haet-9,]Cl,. As shown in Figure

(16) (a) Backes-Dahmann G.; Enemark, Jirérg. Chem1987 26, 3960
3962. (b) West, B. OPolyhedron1989 8, 219-274. (c) Hahn, F. E;
Imhof, L.; Lugger, T.Inorg. Chim. Actal998 269, 347—349. (d)
Alessio, E.; Zangrando, E.; lengo, E.; Macchi, M.; Marzilli, P. A;;
Marzilli, L. G. Inorg. Chem.200Q 39, 294—303.

N,9(p-penN,0,9] (2), and [ReOp-HpenN,9(p-penN,0,9]
(1) were fractionally precipitated by adjusting the pH of the
solution so as to form the neutral species (Scheme 1). Complex
3, having an oxo-bridged dimeric structure, was also prepared
from the 1:2 reaction of NgReQ, with HaetHCI in the presence
of SnCh-2H,O in water, followed by the addition of base.
Isolation of the monomeric bis-aet complex, [ReO(Cl)(seH,]
(4), which is interconvertible with3, was achieved by the
corresponding 1:2 reaction in methanol (Scheme 2). On the other
hand, the 1:3 reaction of NfReQy with HaetHCI in methanol
was found to lead to the isolation of the tris-aet complex, [ReO-
(aetN,9(Haet5),]Cl; ([5]Cl,). Thus, the oxorhenium(V) com-
plexes with one, two, or three aet ligands are systematically
prepared by the control of pH, reaction stoichiometry,and the
choice of solvent.

X-ray analysis established that the*Ren in 2 is situated in
a distorted octahedral structure, having ZNequatorial plane
perpendicular to an ©Re—0 axis, like the Réion in 1.8 Since
a quite similar octahedral structure with ar-Re—Cl axis was
found in4, it is seen that bis(amine)-bis(thiolato)-type oxorhe-
nium complexes favor a six-coordination with a3 plane,
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accommodating the sixth donor group trans to the oxo ligand. coordination trans to the oxo ligand to form an octahedral
Here it should be noted thaf 2, and4 with two thiolato groups geometry (or adopts a regular square-pyramidal geometry), one
commonly provide &is-N cis-Sonfigurational equatorial plane.  of two thiolato groups from the monodentate Haet ligands is
This may be ascribed to a mutual trans influence due to thiolato forced to occupy the trans position to the thiolato group of the
donors exerted in lans-Sarrangement! which could weaken  pidentate aet ligand. Accordingly, it is concluded that aliphatic
the Re-S bonds. Contrary to the casesIoR2, and4, the Re¢/ aminothiolate ligands tend to bind with an oxorhenium(V) core
ion in [5]** with three thiolato groups was found to be in a gg as to avoid formation of therans-Sarrangement, taking

five-coordinate structure having a distorted trigonal-bipyramidal 5ccount of the distorted trigonal-bipyramidal geometrySJ#{
geometry with a basal,8 trigonal plane perpendicular to an iy aqdition to the regulatedis-N cis-Sconfiguration found in
angular S-Re—-N axis. Given that ]2 accepts the sixth the octahedral. 2. and4.

(17) (a) Stein, C.; Bouma, S.; Carlson, J.; Cornelius, C.; Maeda, J.;

Weschler, C.: Deutsch, E.: Hodgson, K. lBorg. Chem.1976 15, Supporting Information Available: X-ray crystallographic files,
1183-1186. (b) Konno’, T Gotoh, YY.; Okamoto, Knorg. Chem. in CIF format, for the structure determinationf4, and B|Cl,. This

1997 36, 4992-4997. (c) Yonemura, T.; Bai, Z.-P.; Okamoto, K.;  material is available free of charge via the Internet at http:/pubs.acs.org.
Ama, T.; Kawaguchi, H.; Yasui, T.; Hidaka, J. Chem. Soc., Dalton
Trans.1999 2151-2157. 1C0103260





