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Neutral and asymmetrical hydrazido(3-)rhenium(V) heterocomplexes of the type [Re(r?-L*)(L")(PPhs)] (%-L* =
NNC(SCH3)S; HoLt = S-methyl 5-N-((2-hydroxyphenyl)ethylidene)dithiocarbazate, 1, HL? = S-methyl 5-N-((2-
hydroxyphenyl)methylidene)dithiocarbazate, 2) are prepared via ligand-exchange reactions in ethanolic solutions
starting from [ReY(O)Cly]~ in the presence of PPh; or from [Re¥(O)Cl3(PPhs)]. The distorted octahedral coordination
sphere of these compounds is saturated by a chelated hydrazido group, a facially ligated ONS Schiff base, and
PPh;. Reduction—substitution reactions starting from [NH4][Re""O,] in acidic ethanolic mixtures containing PPh;
and H,L" (or its dithiocarbazic acid precursor HsL*) produce another example of chelated hydrazido(3—) rhenium(V)
derivative, namely [Re(#?-L*)Cly(PPhs),], 3. On the contrary, the N-methyl-substituted dithiocarbazic acid H,L® reacts
with perrhenate to give the known nitrido complex [Re(N)Cly(PPhs),]. Rhenium(V) complexes incorporating the
robust %?-hydrazido moiety represent key intermediates helpful for the comprehension of the reaction pathway
which generates nitridorhenium(V) species starting from oxo precursors. An essential requirement for the stabilization
of such chelated hydrazido—Re(V) units is the triple deprotonation at the hydrazine nitrogens, thereby providing
efficient s-electron circulation in the resulting five-membered ring. The thermal stability of these units is affected
by the nature of the anchoring donor, thione sulfur ensuring stronger chelation than nitrogen and oxygen. The
n?-hydrazido complexes are characterized by conventional physicochemical techniques, including the X-ray crystal
structure determination of 1 and 3.

Introduction on these two elements even more attractive. The advantage
of manipulating “cold” materials (the natural isotopic mixture
of 1¥Re and'®’Re) instead of using a radioactive nuclide
(the softp-emitter®®9Tc; ty, = 2.12x 1Py, Ez = 292 keV)
makes common inorganic chemistry studies on rhenium
much easier to carry out. In fact, Re is often used as a
technetium surrogate to study the macroscopic chemistry of
potentially useful agents in nuclear medicine. However, while
analogies such as synthetic and general chemistry seem to
support this choice, a few important differences, lately
disclosed, concerning the redox behavior and kinetics of
substitution (rhenium species are more difficult to reduce to
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In the past two decades, the coordination chemistry of the
group 7 metals technetium and rhenium has known a period
of increasing investigation due to the widespread use of the
metastable isoméP"Tc (purey-emitter with ideal physical
properties for imaging:ti» = 6 h, E, = 140 keV) in
diagnostic nuclear medicireThe recent advent of diphos-
phonate agents based on fhemitters’®Re ¢, = 3.8 d,
Egmax = 1.07 MeV) and®®Re (1, = 0.7 d, Egmax = 2.11
MeV) as potential radiopharmaceuticals for the palliation of
pain in patients with metastatic bone cafders made studies
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The design of improved radiopharmaceuticals depends onnitrido group have been proposed in the case of technetium,

the availability of both new ligand systems and new metal
containing fragments. Studies concerning the [M{Oyore
have played a prevalent role in the chemistry of Tc(V) and
Re(V) since many of the radiopharmaceutical agents utilized
for clinical purposes show a polydentate ligand coordinated
to an oxe-metal core®*Recent developments based on the
incorporation of the nitrogen donor in the metal coordination

sphere have led to the synthesis of complexes containing

diazenido, imido,? and nitridd cores. Particular emphasis
has been devoted to the latter [Tc(lN)moiety, for which

a standard method of production at “noncarrier added” level
(nca) has been proposedn this field, a new myocardial
imaging agent P"Tc(N)(NOEty] (NOEt = N-ethyl-N-
ethoxydithiocarbamate) has been prepared and is now unde
phase lll clinical trial$. Various hydrazines and substituted
hydrazines have been utilized ag Nource in the prepara-
tion of the nitrido—°°"Tc core at nca level starting from the
pertechnetate ion eluted from the commercially available
9Mo/**"Tc generator. Among substituted hydrazin&s,
methyl 3-N-((2-hydroxyphenyl)ethylidene)dithiocarbazate
(H.L1) and S-methyl 5-N-((2-hydroxyphenyl)methylidene)-
dithiocarbazate (hL?) and the related dithiocarbazate precur-
sors BNN(CHz)C(=S)SCH (H,L3) and HNNHC(=S)SCH
(HsL* have been used as prototype ligands not only as
potential source of nitrogen but also as suitable polydentate
ligands able to stabilize the [Tc(N)] core both at macro-
scopic and nca level8.Despite extensive effort aiming at
the elucidation of the mechanism of formation of the nitrido
group starting from (poly)oxo precursors, no exhaustive
explanation has been produced so far. Some postulate
intermediate species bearing alternatively the oxo or the
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i.e. the five-coordinate [TCO)CI(LH],** [TcY(N)(L?)-
(PPh)],*2and [T¢/(N)(L%)]*2 complexes and the anomalous
six-coordinate [Tt Cly(HL?)(PPh),]'* one. Additional in-
vestigation with the third row congener has produced similar
five-coordinate [RE(O)X(LY)] (X = Cl or I)'3 and the six-
coordinate phosphine-containing compounds’[R8CI(L")-
(PPh)] and [Re&/(O)CI(LY)(OPPR)].14

In this study we report on the synthesis and characteriza-
tion of some hydrazido(3) rhenium(V) species, namely [Re-
(L) (LY (PPR)], 1, [Re@*L*)(L?)(PPR)], 2, and [Reg*
L4 Cly(PPh),], 3, which are relevant for the comprehension
of the mechanism of formation of the nitrido core starting
from the high-valent perrhenate precursor. In this case we
have utilized profitably the differences between the two
elements. In particular, while the isolation of intermediate
hydrazide-Tc species is extremely difficult because the
kinetic of conversion of oxeTc into the corresponding
nitrido—Tc compounds is very fast, the slower kinetic of
substitution at the rhenium center, along with the careful
choice of properly designed substituted hydrazines, has
granted the isolation of stable intermediaté-flydrazido)-
rhenium species. Hence, a possible reaction pathway ongoing
from perrhenate to nitrideRe(V) through intermediate
hydrazide-Re(V) derivatives is here proposed.

Experimental Section

Materials. Ethanol was distilled twice under dinitrogen over
magnesium turnings. Dichloromethane and petroleum ether (30
60 °C) were distilled over calcium chloride. Perrhenate ammonium

alt was purchased from STREM Chemicals (Newberyport). Carbon
disulfide, hydrazine dihydrochloride, methyl iodide, triphenylphos-
phine, salicylaldehyde, and 2-hydroxyacetophenone are com-
mercially available from Aldrich (Saint Quentin Fallavier, France).
[NBu,][Re(O)Cly] and [Re(O)CY(PPh),] starting materiald® S
methyl 8-N-((2-hydroxyphenyl)ethylidene)dithiocarbazate,l(H)
andS-methyl 3-N-((2-hydroxyphenyl)methylidene)dithiocarbazate
(H2L?) Schiff base ligand&? and the dithiocarbazic acid precursors
HNNHC(=S)SCH; (HsL*) and HNN(CH;3)C(=S)SCH; (H,L3)6
were prepared according to literature methods.

Instrumentation. Carbon, hydrogen, and sulfur analysis were
performed by the ICSN (91198 Gif sur Yvette, France) on a model
1106 Carlo Erba elemental analyzer. IR spectra were obtained by
a Nicolet 205 instrument in KBr pellets (406800 cntl). Mass
spectrometry was carried out by the CRMPO (37500 Rennes,
France) on a Zabspect TOF (Micromass) spectrometer (FAB
NBA matrix). All prepared compounds were characterizedHy
13C, and3P NMR recorded with a Bruker ARX 400 at 400.13,
100.62, and 161.98 MHz, respectively. Chemical shift values are
referred to residual CHEI(7.26 ppm,'H NMR; 77.1 ppm,13C
NMR).
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Chelated Hydrazido(3)rhenium(V) Complexes

Syntheses of Complexes. [Rg¢-L4)(LY)(PPhy)], 1. Method A.
To an ethanolic solution (20 mL) of [Re(OMINBu4] (0.100 g,

Table 1. Crystallographic Data fol and3

1 3

0.17 mmol) were added dropwiselH (0.082 g, 0.34 mmol) and . | HNJOPSR HNJOPSR
triphenylphosphine (0.180 g, 0.68 mmol) in ethanol (10 mL), and fglrmu a 8%% o SRe 56’0%9 4OPSRe
the solution was stirred at room temperature for 7 days. The yellow  ¢ryst syst monoclinic monoclinic
brown precipitate was filtered out, washed several times with  space group P2;/n (No. 14) Cc
ethanol, and dried under reduced pressure. The resulting khaki a,é 20.916(3) 17.514(4)
powder was dissolved in a mixture of dichloromethane/petroleum E'A %g'iggg’g %8'?82%
ether (50/50; 10 mL). After 5 days at room temperature, dark 4 geq 92.33(2) 102.29(3)
crystals ofl were collected, washed with petroleum ether, and dried v, A3 6303(3) 3660(1)
under reduced pressure (0.064 g, yield7%). Anal. Calcd (found) Z; Dcaica 9 ij 8;1.701 4,1.635
for CaoH20NsOPReS: C, 44.71 (44.75); H, 3.50 (3.50); S, 15.91 ftr(“o"g Ko, cm 3-020 2-370
(15.88). IR (KBr, cntl): 1596 (m,vc=n), 1566 (m,vn=n), 1527 A&Mo Ko), A 0.710 69 0710 73
(m, VC=N)1 1462 (m,vah), 1433 (S,’Vpp}k), 1312 (m,Vc_o), 1240 Omax deg 27 27
(m), 1191 (s), 1094 (myppp), 1060 (M,vc-s), 992 (S,vc-s), 751 obsd reflensI(> 20(1)) 8713 3879
(M, vppr), 692 (S,vper), 683 (M), 527 (s). FABt) (m/2): 807.0, RI* 0.037 0.045

t o1 . wR2 0.072 0.114
[M + H]". *H NMR (CDCl;, ppm): ¢ 2.36 (s, SEl3, 3H), 2.69 (s, GORE 0979 1.089

SCHs, 3H), 2.99 (s, CEls, 3H), 6.46 (d3Jun = 7.6 Hz, 1H), 6.94
(t, 3y = 8.1 Hz, 1H), 7.28 (t33un = 7.9 Hz, 1H), 7.40 (m, 9H),
7.55 (m, 6H); 7.59 (d3Jyu = 8.1 Hz, 1H).13C NMR (CDCl,
ppm): 6 18.1, 18.3, and 18.50Hs), 119.1, 120.2, 126.0, and 133.7
(aromaticC), 128.2 (d,J = 10 Hz), 130.6 (dJ = 2 Hz), 132.7 (d,
J =41 Hz) and 134.5 (dJ = 10 Hz) (PPh—aromatic C), 164.1
(C—-0), 166.5 (CHC=N), 191.5 and 192.2(GS,). 3P NMR
(CDCls, ppm): 6 13.8 (s, Re-PPly).

Method B. To an ethanolic solution (20 mL) of [Re(O)£l
(PPh),] (1.0 g, 1.2 mmol) was added dropwiselH (0.540 g, 2.4 #P NMR (CDCL, ppm): 6 —6.2 (s, Re-PPhy).
mmol) in ethanol (10 mL), and the solution was stirred at room ~ Method B. To an ethanolic solution (5 mL) of [Ni{ReC,]
temperature for 7 days. The yellow brown precipitate was filtered (0-100 g, 0.373 mmol) containing 1 mL of 12 M HCI were added
out, washed several times with ethanol, and dried under reduceddropwise HL* (0.091 g, 0.746 mmol) and triphenylphosphine
pressure. The resulting khaki powder was dissolved in a mixture (0-390 g, 1.491 mmol) in ethanol (30 mL), and the solution was
of dichloromethane/petroleum ether (50/50; 10 mL) (0.490 g, yield kept at 60°C for 3 h. The resulting yellow green precipitate was
= 51%). Spectroscopic data are as above. filtered off, washed several times with hot ethanol, and dried under

[Re(r2-L%)(L?)(PPhy)], 2. Compound2 was prepared using the vacuum. (0.285 g, yiele= 85%). Spectroscopic data are as above.
same procedures above detailed fdyield = 48%). Anal. Calcd [Re(N)Cl(PPh)z], 4. To an ethanolic solution (5 mL) of [NA#
(found) for GgHo7N4OPReS: C, 44.00 (43.85); H, 3.30 (3.60); S,  [ReQy] (0.100 g, 0.373 mmol) containing 1 mL of 12 M HCl were
16.20 (16.36). IR (KBr, cmY): 1599 (m,vc=n), 1579 (M,vn=n), added dropwise i3 (0.102 g, 0.746 mmol) and triphenylphosphine
1537 (M,ve—n), 1479 (M,vppr), 1432 (S,vppr), 1309 (M,vc—o), (0.390 g, 1.491 mmol) in ethanol (30 mL), and the solution was
1274 (m), 1182 (s), 1100 (8ppy), 1065 (M,vc—s), 996 (M,vc-sg), kept at 60°C for 3 h. The resulting red-brick precipitate was
750 (S,vppn), 713 (S), 691 (Svepn), 637 (S), 612 (s). FABE) (V collected by filtration, washed with ethanol, and dried under vacuum
2): 794, [M + H]*. 'H NMR (CDCls, ppm): 6 2.39 (s, SCH; (0.202 g, yield= 68%). The spectroscopic data correspond to those
3H), 2.69 (s, SCh} 3H), 6.57 (d2Jy = 7.6 Hz, 1H), 6.98 (33 reported in the literature for complek!’
= 8.1 Hz, 1H), 7.04 (d3Juy = 8.1 Hz, 1H), 7.40 (m, 9H), 7.56 X-ray Crystallographic Study. Single crystals of complexels
(m, 6H); 7.99 (s, HEN; 1H), 8.32 (d,J = 8.1 Hz, 1H).13C NMR and 3 were grown by slow evaporation of a petroleum ether/
(CDCls, ppm): 6 18.6 and 18.7 (SH3), 118.0, 119.6, 119.7,121.3  dichloromethane solutions. Pertinent crystallographic data and
and 121.8 (aromati€), 128.6 (d,JJ= 10.1 Hz), 128.9 (dJ=12.1 structure refinement for both compounds are summarized in Table
Hz), 134.8 (d,J = 10.1 Hz) and 136.4 (d) = 38 Hz) (PPh— 1, and the relevant bond lengths and angles in Table 2. The data
aromatic C), 160.4G—0), 161.4 (HC=N), 193.2 and 198.40S,). sets ofl and3 were collected at room temperature on CAD4 Nonius
31P NMR (CDCE, ppm): 6 15.1 (s, Re-PPhy). and Philips PW 1100 automatic diffractometers, respectively, with

[Re(y?-L*)Cly(PPhg),], 3. Method A. To an ethanolic solution graphite-monochromatized ModKradiation. The cell parameters
(5 mL) of [NH4][ReO4] (0.100 g, 0.373 mmol) containing 1 mL of ~ were obtained by fitting a set of 25 high-angle reflections. After
12 M HCI were added dropwise;H? (0.169 g, 0.746 mmol) and  Lorentz, polarization, and absorption correctiopsscan method),
triphenylphosphine (0.390 g, 1.491 mmol) in ethanol (30 mL), and the structures were solved using the SHELXS computer program
the solution was kept at 6 for 3 h. The yellow green precipitate ~ and refined with SHELXL-9% by the full-matrix least-squares
was filtered out, washed several times with hot ethanol, and dried techniques based df. Atomic scattering factors were obtained
under reduced pressure. The resulting olive-green powder wasfrom the International Tables for X-ray Crystallographgnd the
dissolved in a mixture of dichloromethane/petroleum ether (50/50; figures were performed with the ORTEP Il progré.
10 mL). After standing at room temperature for few days, green
crystals of3 were collected, washed with petroleum ether, and dried (17) Sullivan, P.; Brewer, J. C.; Gray, H. Biorg. Synth 1992, 29, 146.

3R1=X(|Fo| O |Fcl|)/2(IFo). ® WR2 = {Z[W(Fo? ~ FA?/Z[W(Fo)A} V2
¢ GOF = {Z[w(Fe? ~ FA?)/(n — p)}¥2 (n = reflections;p = parameters).

(m), 1093 (S,Vpph!), 1070 (s,vc-s), 1028 (w), 997 (myc-s), 967
(m), 749 (s,vppn); 693 (S,vppr), 519 (s), 506 (s). FABL) (m/2):
900.0, [M+ H]*. *H NMR (CDCl;, ppm): ¢ 2.25 (s, SEls, 3H),
7.30-7.60 (30 H; FPhg). 13C NMR (CDCh, ppm): 8 17.3 (Ha),
128.0, 130.3, 131.5 and 134.6 (RParomatic C), 207.2GS,).

under reduced pressure (0.195 g, yiel@6%). Anal. Calcd (found)
for CagHasCLNP;ReS: C, 50.70 (50.62); H, 3.70 (3.72); S, 7.10
(7.14). IR (KBr, cn11): 1587 (W,vc=n), 1571 (W,vN=n), 1481 (s,
vpphy), 1433 (Sypen), 1315 (m), 1286 (s), 1187 (m), 1157 (s), 1136

(18) Sheldrick, G. MActa Crystallogr., Sect. A99Q 46, 467.

(19) Sheldrick, G. MSHELX 97, Program for the Refinement of Crystal
Structures University of Gdtingen: Gitingen, Germany, 1997.

(20) Johnson, C. KORTEP It Report ORNL-5138; Oak Ridge National
Laboratory: Oak Ridge, TN, 1976.
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Table 2. Selected Bond Distances (A) and Angles (deg) ¥and3 Scheme 1
1 R som,
- H,Lt:R=CH,
A B =N N‘\<S HA2 R -H
Re-S(1) 2.353(2) 2.348(2)
Re-S(3) 2.538(2) 2.541(2) OH
Re-N(1) 2.114(5) 2.103(5)
Re-N(3) 1.764(5) 1.769(5) ?}E<SCI-13 H o som,
Re-P(1) 2.414(2) 2.426(2) HN-N -
Re-0O(1) 2.002(4) 1.995(4) s i N*<s
N(1)-N(2) 1.416(7) 1.426(6) . HoLe
N(3)-N(4) 1.311(6) 1.312(6) HL o
S(1-Re-S(3) 168.6(1) 170.1(1)
S(1-Re-N(1) 79.3(1) 79.3(1) B scu, SCH,
S(3)-Re-N(3) 72.9(2) 72.8(2) H.ZN—N~—< == HN-N=(
N(1)-Re-P(1) 159.5(1) 166.1(1) s SH
N(1)-Re-O(1) 80.6(2) 81.1(2) a b
N(3)—Re-0(1) 154.9(2) 155.7(2)
Re—S(1)-C(9) 95.3(2) 94.8(2) Scheme 2
Re-S(3)-C(11) 94.9(2) 94.8(2)
Re—N(1)-N(2) 116.9(4) 117.3(3) INBUJ[R(O)CL] + 2 H,LI +4 PPy o o N
Re—N(1)—C(7) 128.0(5) 128.3(4) \ CHS.__s, ﬂ‘ \peh,
Re—N(3)—N(4) 143.3(4) 143.5(4) \11:/ e I\SCHz
Re-O(1)-C(1) 122.0(4) 123.2(4) \Nll >
3 H,C
Re-P(1) 2.513(6) CI(1yRe—CI(2) 98.4(2) Re(O)CL(PPh,),] +2 H,L! EtOH
Re-P(2) 2.451(6) P(Re—P(2) 170.5(1) 1
Re—CI(1) 2.312(3) P(2)Re—CI(1) 90.7(2) =
Re—CI(2) 2.422(3) P(1}Re-CI(2) 88.2(2)

dehyde with dithiocarbazic acid methyl esterl(¥). These
potentially tridentate chelates as well as the related dithio-
carbazic acid precursors undergo a tautomeric equilibrium
in solution as shown in Scheme 1. Equimolar amounts of
H,L" react with [Re(O)CJ]~ giving the five-coordinate [Re-
(O)CI(L")] complexes;® whereas the presence of triphen-
ylphosphine in the coordination sphere of the [Re(@)CI
(PPh),] starting material induces the formation of the six-
coordinate mixed-ligand [Re(O)CI{l{PPh)] complexes:
On the contrary, excess ofbH' react with monooxorhenium
precursors in the presence of triphenylphosphine to afford
the novel mixed hydrazideRe(V) heterocomplexes [Rgt
L4 (L")(PPh)], 1 and 2 (Scheme 2), in which the original
oxo group has been abstracted and replaced by a multiple
metal-nitrogen hydrazido bond.
Figure 1. Two ligating modes of thg>hydrazido moiety in [Ref-L4)- Reaction of perrhenate with excess of Fland triphen-
Cly(PPh),], 3. ylphosphine in acidic ethanolic solutions affords another
chelated hydrazido species, the six-coordinate green complex
A relevant anomaly was encountered in the refinemen8.of [Re@>-L4Cl(PPh),], 3. The same compound is obtained
Refinement of the non-hydrogen atoms converged Rith0.073,  py adopting similar reaction conditions but replacing the
and a Fourier-difference map at this stage revealed maxima in theSChiff base with the dithiocarbazic acid precursat M It
V|C|n|ty.ofthe hydraz@ohggnd, |nd|'c.at|ng aseconq complete image is worth noting that the use of thi-methyl-substituted
of the ligand. The orientation, position, and relative occupancy for - 3 4 . .
. . . hydrazine HL3 instead of HL* does not give hydrazide
it were refined, along with the parameters of the other atoms. The : o s
Re(V) species under the conditions utilized above, the red-

two alternative ligating modesi (and ii) (Figure 1) refined X oF :
satisfactorily with occupancies of ca. 0.5; no significant matrix Prick nitrido complex [Re(N)G(PPh),] being recovered as

correlation was observed, and refinement convergéti=a0.045. the resulting product.

Anisotropy was applied only to Re, Cl, and P atoms, and the phenyl ~ Characterization of Chelated Hydrazido—Re(V) Com-

rings were treated as rigid idealized hexagons. The maximum plexes.Elemental analyses of complex&s4, as given in

residual peak in the final difference map corresponded to 1.12 e the Experimental Section, are in good agreement with the

A~3,1.14 A from rhenium. proposed formulations. Compounds-3 show the [MH]

molecular ion peaks when subjected to FAB mass spectro-

scopy in the positive mode, with no significant fragmentation
Synthesis of Chelated Hydrazide-Re(V) Complexes in the three cases. The IR spectra of all of the complexes do

The Schiff base ligands ! and HL2 have been prepared not show bands characteristic of the @] stretching

from condensation of 2-hydroxyacetophenone or salicylal- vibration, while peaks attributable to coordinated triphen-

Results
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Y7
&
Figure 3. ORTEP representation of [RgL4)Cl(PPh),], 3. Ellipsoids

are drawn at the 40% probability level, and for clarity, only one liganting
mode is shown.

Figure 2. ORTEP view of molecules A and B of [REALYH(LYH(PPh),], O(1)-Re=N(3) and S(1}Re—S(3) angles deviate signifi-
1. Ellipsoids are drawn at the 40% probability level. Hydrogen atoms are h . .
omitted for clarity, and the atom numbering scheme only for A is reported. Camly from lmeamy (155'3(2) and 169'361)‘eSpeCtlvely)’
and they?-hydrazido N(3)-Re—S(3) bite angle is constrained
ylphosphine appear around 1100 and 700 triVloreover, 4t 72.9(2). The Re atom is displaced by 0.11 A from the
the absence of significant bands over 3000 tim com- mean plane defined by N(1), S(1), S(3), and P(1), pointing
plexesl and2 indicates coordination of the Schiff base in  tgward the imine N(3) atom. According to the different
the classical tridentate fashion as dianionic SNO chélefe,  coordination mode (facial vs meridional) and the increased
via charged phenolate oxygen, neutral imine nitrogen, and coordination number (6 vs 5), the metalonor distances of
charged thiolate sulfur. the tridentate Schiff base are slightly lengthened (by 6.05
Quite narrow profiles, characteristic of diamagnetic spe- g 10 AR) in complexl compared to those exhibited by less
cies, are shown ifH, 3C, and3'P spectra of complexes crowded [Re(0)I(1)].4 The Re-N(1) distance of 2.109(5)
1-3. Upon coordination thé*P phosphine signal moves A attests a single bond in contrast with the-Ré(3) bond
downfield from—5.0 ppm in the free ligand to 13.8 and 15.1 gjistance of 1.766(5) A, which indicates strong multiple bond
ppm in complexed and?2, respectively. A singlet at 6.2 character (vide infra). The five-membered chelate ring of
ppm is observed in compleXas well, indicating magnetic  the2-hydrazido moiety is essentially planar (perfectly planar
equivalence of the two phosphine phosphorus. Proton andin A deviation within 0.03 A in B). Despite the scattered
carbon spectra of complexésand2 show peaks character- pgng angles (between 72.8 and 143the ring reaches the
istic of coordinated Schiff bases and triphenylphosphfne. planarity and the sum of the internal angles approaches 540
However, an extra proton signal attributable to a methyl The hydrazido ring is perpendicular to the mean plane of
group and two dithiocarbazate carbon signals appear in theyne other five-membered ring Re(1)N(1)N(2)C(9)S(1) and
spectra. These features are consistent with the coordinationg the six-membered one Re(1)N(1)C(7)C(6)C(1)O(1), di-
of an additional ligand, which may be generated in situ by pedral angles being 90.8 and 95.8espectively.
the cleavage of the Schiff base carboimine function. For 3, the solution of the structure was relatively difficult
To confirm this hypothesis we have grown crystals of qye to the two ligating modes of the hydrazido ligand (see
complex1 to perform the X-ray diffraction analysis. The  £yperimental Section and Figure 1) and, consequently, only
unique portion of the unit cell comprises two molecules (A the metrical data for the remaining portion of the complex
and B), and as illustrated in Figure 2, each neutral #Re(  are quoted in Table 2. In any case, in both the orientations
L)(LY)(PPR)] molecule displays a distorted octahedral j andii, the five-membered ring is substantially planar with
environment around the rhenium atom. Since A and B are ine N—Re—S bite angle of 73(%) As outlined in Figure 3,
practically superimposable (rms of 0.08 A when the fitting the coordination octahedron is somewhat distorted, as
is performed on the 13 atoms nearest to Re) in the discussiongyigenced by the dihedral angle between the triangular faces

the mean values for bond lengths and angles are reportedcy(1)p(1)N(1) and S(1)P(2)CI(2) (16.3 and 18i0 i andii,
An intact Schiff base ligand acts as classical tridentate donor egpectively).

in a facial manner having the triphenylphosphine phosphorus

trans to its central imine nitrogen. The coordination is Discussion
completed by a chelated hydrazitibsS fragment placing the
N(3) atom trans to the phenolate oxygen and the S(2) atom
trans to the thiolate sulfur. Major distortions from the ideal
octahedron arise from the chemical unequivalence of the
three chelate rings and from significant steric interactions (21) Nicholson, T.. Davison, A.; Jones, Aorg. Chim. Actal99Q 168
with the bulky triphenylphosphine molecule. Hence, the 227.

The determination of the metal oxidation state in hy-
drazido-type technetium and rhenium compounds is not
always straightforwarét formal oxidation states from-i
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to 5+ being reported”c This uncertainty is mainly related
with the degree of protonation at tleand/orf nitrogens,
which, in turn, determines various MNN— arrangements
and, eventually, the rich geometrical versatility of these
ligands. For example, as shown in Chart 1, (thiobenzoyl)-
hydrazine-type ligands may adopt thédiazene I, the;*
hydrazido Il, and they*-diazenido coordination mode R,
with the pertinent metainitrogen distances moving from
1.76 A (form I1) to 2.16 A (form I).

The disorder at the hydrazido moiety of compekvide

Mévellec et al.

rhenium complex3 always failed, even under drastic
conditions. In fact, after prolonged reflux in ethanol at pH
=1 complex3 was recovered intact (see route B of Scheme
3). Analogously, reaction with diethyldithiocarbamate sodium
salt (Na(dedc)), under the conditions utilized to convert the
chelated hydrazido complex [REEN,0-hydrazido)C}-
(PPh),] into the linear hydrazido [Ref-N-hydrazido)-
(dedc)(PPhy)] species? gives complexd unmodified. It has
to be noted that chelated hydrazido [Rel,O-hydrazido)-
Cly(PPh),]-type complexes represent ideal starting materials
to produce linear diazenido derivativ®sconfirming the
hemilability of N,O-chelated moieties. Similar hemilability,
followed by rapid N-N cleavage to yield the terminal [Tc-
(N)]?* group under relatively mild conditions (refluxing
dichloromethane), was observed in the related §3-&(,N-
hydralazino)CGJ(PPh),] complex?3

The substitution inert compleXd crumbles only by
removing them-electron delocalization at thg?-S,Nhy-

supra) does not allow one to use the structural parametersdrazido(3-) moiety, i.e by insertion of a methyl group at

for a comparison with those exhibited by similar compounds
of formula [M(;7>-hydrazido)C}(PPh),] (M = Tc, Re)?3%
cumulated in Table 3. However, the related complex
contains an identical not disordered-hydrazido group,
whose parameters can in turn be utilized for a detailed
correlation. Its multiple ReN bond distance of 1.763(5) A
falls in the narrow range exhibited by isostericat-
hydrazido(3-) compounds (Table 3). Although their chelated
moieties hold different anchoring donors (S or N or O), the
bite angles are homogeneous in the restricted 78 region

the -hydrazine nitrogen, as in JH3. As depicted in route
A of Scheme 3, the chelated hydrazido adduct jRéifyd-
L3)Cl,(PPh),] ™ may form, but it is rapidly converted through
N—N cleavage into [Re(N)GIPPh),]. A similar behavior
was previously reported in related [R&(N,Sthiosemicar-
bazido)Cl(PPh),] compounds} in which a flipping proton
delocalized over the hydrazido ring partially removes
s-electron circulation, thereby promoting cleavage of the
N—N bond to give eventually the [Re(N)SIPPh)] species.

On the basis of the above arguments, we can say that

as well. In these compounds extended delocalization of theperrhenate can be converted into nitrieRe(V) species
electronic density is warranted by the planar five-membered through intermediatg?-hydrazido(3-) rhenium(V) deriva-

ring through ther-network system. Alsg-hydrazido(3-)
groups, frequently referred to as metdiazenido units, show
multiple Tc—N bond distances in the identical 1:76.78 A
narrow rang®2° (Table 3). The strict analogy in the N
bond distances along with the diamagnetism shown in
solution for both linear and chelated hydrazidej3com-
plexes are in agreement with the metal exhibiting a low-
spin & configuration typical of Tc(V) and Re(V) speciés.
As previously mentioned, the chelated hydrazide)3
moiety in [M(i?>-hydrazido)C}(PPh),] complexes can hold
different anchoring donors. The stability of the complexes
depends on the chelate donor set according to the 9¢/$es
> N,N = N,O. In fact, attempts to open and/or cleave the
N—N group of then?-S,Nhydrazido(3-) moiety of the

(22) (a) Fitz Roy, M. D.; Frederiksen, J. M.; Murray, K. S.; Snow, M. R.;
Inorg. Chem1985 24, 3265. (b) Liu, S.; Zubieta, Polyhedron1989
8, 677. (c) Abrams, M. J.; Shaikh, S. N.; Zubieta,ldorg. Chim.
Acta199Q 171, 133.

(23) Abrams, M. J.; Larsen, S. K.; Shaikh, S. N.; Zubietdndrg. Chim.
Acta 1991, 185, 7.

(24) Nicholson, T.; Zubieta, Polyhedron1988 7, 171.

(25) Refosco, F.; Tisato, F.; Moresco, A.; Bandoli,JcGChem. Soc., Dalton
Trans.1995 3475.

(26) Rose, D. J.; Maresca, K. P.; Nicholson, T.; Davison, A.; Jones, A.
G.; Babich, J.; Fischman, A.; Graham, W.; DeBord, J.; Zubieta, J.
Inorg. Chem.1998 37, 2701.

(27) Dilworth, J. R.; Jobanputra, P.; Thompson, R. M.; Povey, D. C;
Archer, C. M.; Kelly, J. DJ. Chem. Soc., Dalton Tran$994 1251.

(28) Dilworth, J. R.; Jobanputra, P.; Thompson, R. M.; Archer, C. M.; Kelly,
J. D.; Hiller, W. Z. Naturforsch.1991, 46h, 449.

(29) Rochon, F. D.; Melanson, R.; Kong, IRorg. Chem1995 34, 2273.
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tives, according to the simplified reaction pathway depicted
in Scheme 4. Since the reduction of perrhenate operated by
tertiary phosphines in acid media is a consolidated route of
synthesis of monooxeRe(V) compound® and these species
can be also converted intg?-hydrazido(3-)—Re(V) ones

by oxo abstraction operated by RRdr by condensation-
type reactions in absence of BPhmonooxe-Re(V) deriva-
tives may also represent other intermediate species in the
process.

The mechanism underlying the conversion of hydrazido-
(3—) into nitridorhenium and technetium compounds has
been proposed by other authét$2 Imido—technetium ad-
ducts have been postulat&dand imido-hydrazido(t)—
rhenium derivatives have been isolafeal intermediates in
the process. Thus, it is reasonable to apply the same reaction
pathway of Scheme 4 to the second-row congener techne-
tium. However, the faster kinetic of substitution at the
technetium centérdoes not allow easy isolation of*
hydrazido(3-)—Tc(V) intermediate species, which quickly
rearrange to the more stable nitrido species. This drawback
at macroscopic level becomes an advantage at the nca level,

(30) Chatt, J.; Dilworth, J. R.; Leigh, G. J.; Gupta, V.DD.Chem. Soc. A
1971, 2631.

(31) Dilworth, J. R.; Lewis, J. S.; Miller, J. R.; Zheng, ¥. Chem. Soc.,
Dalton Trans 1995 1357.

(32) Rouschias, GChem. Re. 1974 74, 531.

(33) Nicholson, T.; Davison, A.; Jones, Morg. Chim. Actal991 187,
51.
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Table 3. Relevant Structural Parameters for SeleojédHydrazido(3-)- and »*-Hydrazido(3-)-Containing Technetium and Rhenium Complexes

compd MI72—N—N--, A MOy2—X—C—, A (X, anchordonor) ~ NIy%-N,N-R, A X—M—N, deg ref
[Tc(72N_N)Cl(PPh)z]? 1.77(1) 2.15(1) (N) 69.8(4) 23
[Re@*-N O)Clz(PPh)z]b 1.77(2) 2.12(1) (O) 71.0(5) 24
[Re@?-N S)(Ll)(PPrB)] 1 1.763(5) 2.538(2) (S) 72.9(2) this work
[Re@?>-N P)Clz(ﬁz P NH)]¢ 1.780(7) 2.492(2) (P) 75.2(2) 25
[Re@*N S)Cb(F’Pl’g)z] 3¢ 73(1) this work
[Tc(n%-HN N)(iy1 NNR)(S N)(SR)F 1.985(9) 2.150(7) (N) 1.767(9) 74.5(4) 26
[Re@?-HN N)(ﬂ1 NNR)(S N)(SR)F 1.956(6) 2.127(5) (N) 1.766(6) 73.3(3) 26
[Tc(n*-NNPh-ClYsalen)(PPh3] 1.764(8) 27
[Tc(n*-NNPh-C)(dmdcy(PPHh)]9 1.763(3) 28
[Tc(n*-NNPh)Br(PMePh)]" 1.77(2) 29

a(y2-N"N) = y2-hydralazine (GHsNJ). °(2-N"O) = n2-acetylhydrazideS(y2N " S) = L% 92N P) = 2-(2- d|phenylphosph|no)benzeneamléI@;2

HN N) = 52-hydrazinonicotinamide;7.-NNR) = n*-hydrazinonicotinamide;

(N) = n2pyridine-2-thiolate; (SR)= #? pyrldlne -2-thiolate f(5*-NNPh-

Cl) = n*-p-Cl-phenyldiazenido; sales N,N'-ethylenebis(salicylideneiminejdmdc= dimethyldithiocarbamaté(;7*-NNPh) = 5*-phenyldiazenido.

Scheme 3
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promoting the clean formation of th&[Tc(N)] group. In
this connection, the substitution of tNeSdithiocarbazic acid
(utilized in early preparations as the nitrogen source for the
formation of the §°"Tc(N)] core at nca level) with the bis-

P
cl,

'/TewN

(N,O-hydrazine) succinic acid in the kit formulation, initially
justified by experimental evidence only, has now a chemical
explanation. This study demonstrates that the usBl,&f
dithiocarbazic ligands favors the obtainment of substitution-
inert intermediates such as chelated hydrazide(V) spe-
cies. In the case of technetium, similar adducts likely make
more difficult the clean formation of théqTc(N)] group.

On the contrary, the hemilability of thé,O-succinic chelate,
followed by rapid N-N cleavage, appears to be the key
factor for the easy formation of th€[Tc(N)] moiety starting
from pertechnetate.

Supporting Information Available: X-ray cystallographic data
in CIF format. This material is available free of charge via the
Internet at http://pubs.acs.org. Supplementary data for complexes
1 and 3 have been deposited at the Cambridge Crystallographic
Data Centre. Copies of this information are available free of charge
on request from The Director, CCDC, 12 Union Road, Cambridge
CB2 1EZ, U.K. (fax +44-1223-336033; e-mail deposit@ccdc.
cam.ac.uk or www.ccdc.cam.ac.uk), quoting the deposition numbers
CCDC 140023 and 172547 for compléxand 3, respectively.
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