Synthesis and Characterization of

Inorg. Chem. 2002, 41, 3337—-3339

Inorganic: Chemistry

* Communication

Technetiumtetrakis(acetonitrile)bis(triphenylphosphine) Cationic

Complexes

Evan Freiberg,’* William M. Davis," Alan Davison,*! and Alun G. Jones®

Department of Chemistry, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139,
and Department of Radiology, Heard Medical School, Boston, Massachusetts 02115

Received January 4, 2002

A new route to low-valent technetium complexes containing multiple
acetonitrile ligands has been developed. The reduction of TcCl,-
(PPh3), with zinc metal dust in acetonitrile results in the formation
of [Tc(CH3CN)4(PPh3),][Zn.Clg]i2. The hexafluorophosphate salt
of the analogous Tc(ll) cation can be prepared via chemical
oxidation of the Tc(l) species, and the Tc(l) cation can be
regenerated via chemical reduction. The compounds have been
characterized in the solid state via single-crystal X-ray crystal-
lography, and in solution via a combination of spectroscopic
techniques and cyclic voltammetry. The structural parameters found
in the two complexes are similar to each other; however, the
difference in oxidation state is reflected, as expected, in the
spectroscopic results. The electrochemical data, obtained from
cyclic voltammograms of Tc(CHsCN)4(PPhs)2](PFs)n (n = 1,2),
mirror the synthetic results in that both compounds possess a
reversible redox couple at —0.55 V versus ferrocene, which has
been assigned to the Tc(Il)/Tc(l) couple.

Complexes containing acetonitrile ligands are useful
precursors for investigating the coordination chemistry of

[TCC|2(0H3CN)4](BF4), [TCz(CH3CN)10](BF4)4, and [TC(CH—
CN)s](BF4)..5” However, virtually no reactivity studies
concerning these interesting compounds have appeared in
the literaturé® This may be due in part to their multistep
syntheses via the pertechnetate anion, the ubiquitous starting
material for technetium chemistry. In the search for a new
route to low-valent technetium complexes containing multiple
acetonitrile ligands, the reaction of Ta®Ph), with zinc
was investigated. The neutral Tc(IV) compound is readily
accessible in one step from the pertechnetate &\idhereas
the reaction of TcG(PE%), with zinc in benzene leads to
the formation of a metatmetal multiply bonded T£II,11)
complex, TeCly(PES)4,'° it was rationalized that replacing
PEt and benzene with PRland acetonitrile, respectively,
would impede dimerization reactions.

The synthesis of [Tc(CHCN)4(PPh)2][Zn.Clg]12 and
[Tc(CHSCN)4(PPh),J(PFe)n (n = 1, 2) is summarized in
Scheme 1. Another example of [£Blg]?~ resulting from the
reduction of a transition metal complex with zinc is the
preparation of [W(THF)s(u-Cl)s]™ from V(lIl) chloride.*t
Chemical oxidation of [Tc(CBCN)4(PPh)2][ZNn2Cle]1/2 with
AgPFs results in isolation of the Tc(ll) cation as its

the transition metals.Numerous low-valent technetium hexafluorophosphate salt. The Tc(l) cation can be regenerated
coordination compounds have been prepared from the neutraps its hexafluorophosphate salt via chemical reduction with
Tc(lll) complex TcCh(CHsCN)(PPh)..2~% More recently, cobaltocene. Archer et al. have reported the preparation of

Cotton et al. have prepared three low-valent cationic tech-

netium complexes containing multiple acetonitrile ligands,

TcCl(CH;CN)(PPh), from TcCL(PPh), using zinc and
excess triphenylphosphine in refluxing acetonitfifén the
reactions reported herein, the molar ratios of zinc and
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Scheme 1. Synthesis of [Tc(CHCN)4(PPh)2]2"+ Cationic

Complexed
(NH[TVT0,]

reference (9)

Te!VCl,(PPhy),

CH,CN 1. Sonicate / Ar
Zn 2. Filter/ N

3. Concentrate filtrate in vacio

4. Aqueous extraction / air
5. NH,PFq 4y
13% Yield

4. Column chromatography / N,
(silica gel / CH;CN)
71% Yield

£

ORTEP diagram of [Tc(CECN)4(PPh)2]2". Selected bond
lengths (A) and angles (deg): F&(1) 2.4408(14), TeN(1) 2.049(5), Te-
N(2) 2.048(5), N(1} Tc—N(2) 91.54(17), N(1y Tc—P(1) 89.17(14), N(2y
Tc—P(1) 89.03(13), TeN(1)—C(1) 175.7(6), and TeN(2)—C(4) 175.4(5).

Method 1 or method 2

[T (CH3CN)4(PPh3 )] (PFe); [T (CH3CN)4(PPh3),1[ZnyCle] 12

Figure 1.

Co(C3Hls)s | CHCN /Ny set comprising two phosphorus and four nitrogen donor

atoms, regardless of the nature of the N-donor ligand, is rare

for technetium coordination chemistf.1¢ Of the two Tc-P

distances found in the Tc(l) complex, the-fie(1) distance

(2.434(3) A) is within 3 standard deviations of the-Te

so the larger volume of solvent employed herein may help distance found in the Tc(Il) complex (2.4408(14) A), whereas
the Tc-P(2) distance (2.404(3) A) is slightly shorter. The

to keep this potential intermediate in solution. Also, the . . .

o . o Tc—P and Te-N bond distances are in agreement with other
sonication technique may facilitate the heterogeneous réac . cturally characterized Te(l) and Te(ll) compourtis
tion with zinc and TcCYPPh), or any other technetium y P '

. : X ! The other bond distances and angles are also unremarkable.
species generated in solution during the course of the h e
reaction Whereas the Tc(l) and Tc(ll) cations have similar structural
The néw compounds are readily soluble in acetonitrile and parameters, the difference in their oxidation states is reflected,

i . o . as expected, in their spectroscopic propefiésThe methyl
acetone; however, solutions containing the Tc(l) cation turn . S
\ resonance in théH NMR spectrum of the Tc(ll) cation is
from yellow to black over the course of minutes upon

. . . shifted downfield, 1.92 to 3.76 ppm, and is broadened by
exposure to air, whereas pink solutions of the Tc(Il) complex . .
i X . ca. an order of magnitude relative to the methyl resonance
are stable toward air over a period of days. Solid samples of

. . ! - in theH NMR spectrum of the Tc(l) cation. TH&Tc NMR
the compounds exhibit the same differences in stability upon . . .
S . spectrum of the Tc(l) cation consists of a single resonance
exposure to air, with the Tc(l) complex turning from yellow

to brown over the course of hours and the Tc(Il) complex at+755 ppm. The downfield shift relative to the resonance
; P found in the®Tc NMR spectrum of [Tc(CNBYu(PPh),]-
being stable for weeks.

The X-ray crystal structures have been obtained for (13) crystal data for GHs4F1sNsO:P;Tc: orthorhombic, space group

[T'(CH3CN)4(PPh3), | (PFe)

aMethod 1: AgPE/CHsCN/N2/48% yield. Method 2: water/air/NiPFs/
36% vyield. CAUTION! Tc-99 is a weak3~ emitter € = 0.292 MeV,
tiz = 2.12 x 1P years).

TcCl3(CH3CN)(PPh),, is only partially soluble in acetonitrile

[TC(CHgCN)A,(PPh)z][Zn2C|6] 1/212 and [TC(C"&CN)4(PP|})2]-
(PRs)2:2(CHs),CO 12 An ORTEP of the Tc(Il) cation, which

lies on an inversion center, is shown in Figure 1. The
structural parameters for the two complexes are very similar
to each other. Both cations have a trans arrangement of the

Pbca Z = 4, a = 16.6859(19) Ab = 16.5534(18) Ac = 20.086(2)

A, V=5547.8(11) &, pcaica= 1.428 g/cm, F(000)= 2436. A total

of 18129 reflections were collected in tiferange 2.0%21.50 of
which 3181 were uniqueRy = 0.0934). No absorption correction
was applied. The least squares refinement converged normally with
residuals of R1 (based df) = 0.0463, wR2 (based dff) = 0.1273,

and GOF= 1.024 based oh > 20(l).

phosphine ligands about the metal center, and the four(14) Tisato, F.; Refosco, F.; Bandoli, Goord. Chem. Re 1994 135

acetonitrile ligands occupy the equatorial plane. A ligand (15)
(16) Bandoli, G.; Dolmella, A.; Porchia, M.; Refosco, F.; TisatoCBord.

(12) The data were collected at90 °C using a Siemens platform

136, 325-397.
Baldas, JAdv. Inorg. Chem1994 41, 1-123.

Chem. Re. 2001, 214, 43—90.

goniometer with a CCD detector. The structures were solved by direct (17) Spectroscopic data for [Tc(GEN)y(PPh)2][Zn.Clgl122 *H NMR

methods in conjunction with standard difference Fourier techniques
(SHELXTL v5.0, Sheldrick, G. M., and Siemens Industrial Automa-
tion, Inc., 1995). Crystal data for4gH4:,ClsN4P,TcZn: monoclinic,
space grotf P2i/n, Z =4,a=14.593(4) Ab=13.922(3) Ac =
22.152(5) A, = 101.412(5), V = 4411.6(18) &, pcaica = 1.443
g/cm?, F(000)= 1952. A total of 14060 reflections were collected in
the 6 range 2.04-20.99 of which 4728 were uniqueR,; = 0.0962).

An empirical absorption correction was applied. The maximum and
minimum transmissions were 0.8580 and 0.6751, respectively. The
least squares refinement converged normally with residuals of R1
(based orF) = 0.0761, wR2 (based oR?) = 0.1390, and GOR=
1.157 based oh > 20(l).
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(acetoneds) 0 7.58 (m, 12 H, PHH), 7.44 (m, 18 H, PH), 1.92
(s, 12 H, methyH); °*Tc NMR (acetonitrileels) 6 +753 (3300 Hz);
ESI(-)MS nmVz 170.83 [ZnCH~; UV—Vis (CHsCN) Amax M (€ M1
cm™1) 208 (>50.0x 10%; IR (KBr) cm~12248.4 (wy(C=N), 2224.6
(s) v(C=N).

(18) Spectroscopic and analytical data for [Tc@OMN)(PPh).](PFs)2: H

NMR (acetoneds) 0 7.48 (s, 12 H, Pid), 5.79 (s, 18 H, PIi), 3.76
(s, methyl H); ESH-)MS nmVz 932{[Tc(CH3CN)4(PPR)2)%"+(PFs) 7} 5
ESI(—)MS mVz 145 (PR)™; UV —Vis (CHsCN) Amaxnm (€ M~ cm1)
206 (>50.0 x 10%), 254 (>30.0 x 10%, 532 (100); IR (KBr) cn1t
2264.6 (w)»(C=N), 839.0 (s) (PE). Anal. Calcd for G4HaoN4PsF12-
Tc: C, 49.04; H, 3.93; N, 5.20. Found: C, 48.79; H, 3.95; N, 5.14.
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(PRs), —1760 ppm, is consistent with the observation that mass spectrum provides spectroscopic evidence, in addition
resonances if®Tc NMR spectra have been shown to shift to the crystal structure, for a zirchloro anion balancing
downfield with decreasing ligand field strength about the the positive charge of the [Tc(GBN)4(PPh),]™ cation.
metal centet??® Although magnetic data could not be The electrochemical data obtained from the cyclic voltam-
obtained for the Tc(l) and Tc(ll) complexes described herein mograms of [Tc(CHCN)4(PPh),](PFs), (n = 1, 2) are con-
due to regulatory issues when working with radioactive sistent with the synthetic results. Both cyclic voltammograms
material, the!H and®Tc NMR data are consistent with the reveal a reversible redox couple &0.55 V, versus an
expected diamagnetism of a six-coordinate Tc(l) complex internal ferrocene reference, which has been assigned to the
and the expected paramagnetism of a six-coordinate Tc(Il) Tc(11)/Tc(l) couple. The cyclic voltammogram of [Tc(GH
complex. CN)4(PPh);](PFs) has an additional redox couple atl.3
Both compounds have intense bands in the UV region of V, which is the expected potential for the [{Gn]t/Cp.Co
the spectrum containing shoulders which tail into the visible couple. The preparation of [Tc(GBN)4(PPh),](PFs) from
region. In contrast to the Tc(l) species which does not have [Tc(CH3;CN)4(PPh),](PFs). and cobaltocene also results in
any bands in the visible region, the Tc(ll) complex has an [Cp,Co](PF). A comparison of the electrochemical data

absorption at 532 nm (100 M cm™1). The IR spectra of

reveals that [Tck(PPh),](PFs) is more readily oxidized, by

the Tc(l) and Tc(ll) cations display absorptions due to the ca. 1.0 V, when L= CH3CN rather than CNBi°

coordinated acetonitrile ligands. In addition, the Tc(ll)

complex has a strong band due to theP€ounterion.
The most intense peak in the ES)(mass spectrum of
[Tc(CHsCN)4(PPR),](PFe)2, mz932.11, corresponds to the

following positively charged moiety which contains one di-

cation and one monoaniof{Tc(CHsCN)4(PPhR)2?™(PR;)} .

Reactivity studies of these new low-valent cationic tech-
netium complexes are currently underway.
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