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The cyano carbonyl complexes [*Tc(CN)3(CO)sJ?~ and [Re(CN)s- Prominent among cyano carbonyl complexes is the
(CO)s)*~ were synthesized and fully characterized. These com- [M(CN)3(CO)]™ series, where complexes with # Mo, 3
plexes are additional members of the well-known d transition metal Mn,® Fef? and Rd (all in their ¢ electronic configuration)
complex series [M(CN)3(CO):J"~. The analytical data obtained in have been synthesized and structurally characterized. The

corresponding rhenium species has been reported, but only
very limited analytical data is availabté.Here we report
synthesis, structures, and properties of thé cbmplex of
this series together with a more detailed study of thé Re
compound. The data obtained in this investigation allows
Metal complexes containing the two isoelectronic ligands fundamental comparisons between the binding properties of
cyanide and carbon monoxide belong to the most funda- the two isoelectronic ligands CO and Chas well as the
mental compounds of inorganic chemistry. The first complex properties of the different®dnetal centers within this series.
containing a combination of both ligands, [EEN)s(CO)J", As the short-lived complexdac-[M(H0);(CO)]* (M =
was reported more than 100 years adte recent discovery ~ °"Tc, ¥Re) have been proved to be powerful radiophar-
of [Fe(CN)(CO),] units as catalytic centers of NiFe and Fe- maceutical precursors for the labeling of biomolecifes,
only hydrogenas@s® has sparked a revival in studies of properties and substitution behavior of their long-lived
metal cyano carbonyl compounds extending also to com- counterpartsla (M = %Tc) and1lb (M = Re) in aqueous
plexes of metals other than irdni! The synthesis and  solution have been extensively studiéd:?
characterization of these compounds has provided funda- Treatment oflaor 1b with the stronglyz-accepting ligand
mental knowledge about complexes of the type [M(0) NO* (isoelectronic with CO) is known to result in the
(CN),], necessary for a deeper understanding of the hydro- substitution of one CO ligand and the formation faf-
genase enzymes in particular as well as cyano and carbony[M(H,0)3(NO)(CO)]?* (M = %Tc, Re)!® Under high
complexes in generat. pressure of'*CO, the exchange of?CO for *CO was
——  detected by NMR forla in water within days. In this
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Figure 2. IR spectra of8b (—) and the 70% cyanid€C enriched species
[Re(*CN)s(COY]?~ (+).

Figure 1. ORTEP drawing of the anion [(C@):-OH)Re{:-CN)Ref:- ol
OH)(CO)]22~ (2b) showing thermal ellipsoids at 50% probability.

[Re(CO}]*" core intact. A similar result in the reaction of @@

la or 1b with CN~ would demonstrate once again the c2

different reactivity of the ligand CNwhen compared to its

isoelectronic counterparts NCGand CO?° @
Treatment ofLb with 10 equiv of KCN in water at pH:

10 resulted in the formation a white precipitate. A single

crystal analysis revealed the product to be the tetranucleargigyre 3. Molecular structure of the aniofrc(CN)(CO)J2- (38) with

cluster [(CO)(u-OH)Re{-CN)Ref-OH)(CO)]%, 2b (Fig- 50% probability shown.

ure 1). Co'mplex?b Is exceptionally Stable', attempts o Table 1. Selected Structural Data and Force Constants for Complexes

cleave2b with CN™ or strong chelates such as'2#pyridine [M(CN)5(CO)J™

were not successful. Treatment with acid resulted in the

i . Y Vil
decomposition of the tetramer to regain compldx o aMnb — a — VFL'L';‘
To avoid the formation of the unreactive prod@t, the
. . . da(M—CO) [A] c 1.79 1.93 1.93 1.96
same reaction was carried out in methanol. Até atroom dadM—CN) [A] ¢ 201 214 214 207
temperaturelb was quantitatively converted to one single gav(ﬁg:m:gﬁ) [gegl c gg-; gé-é g%-g g%
new species as detected by HPLC. No further change was fcgﬁ([mdyn,/;] ) ldeg] 141 160 162 162 178
observed after heating the reaction mixture for another 48 fend[mdyn/A] 164 170 175 172 181
h. Addition of PhAsCI to an aqueous solution of the reaction  apata calculated from ref 13.Data from ref 9No data shown as
product precipitated the AsPhsalt of [Re(CN}(CO)]?~ CN~ and CO were found to be completely disordered in the crystal.
(3b). The technetium comple)?g[rc(CN)3(CO)3]2* (3a) was d Calculated from the IR stretching modes according to ref 21.
synthesized and isolated correspondingly. A crystallographic analysis dda and 3b confirmed the
Evidence for the facial coordination of three carbonyl and facial coordination of three cyanide and three carbonyl
three cyanide ligands iBa and 3b was provided by IR |igands around the metal center in a nearly perfect octahedron

spectroscopy. Two strong CO and two weak Cbands  (Figure 3). For3a, onetrans pair of CO and CN ligands
could be observed, characteristic fG, symmetry. For  was disordered. For the other ligand pairs, CO and CN
products obtained from reactions with isotope enriched jigands can be crystallographically distinguished. The average
K®CN (90% *C), only the set of bands at higher wave- metal-carbon bond distance MC(O).yis 1.93(1) A for both
numbers shifted significantly. Thus, they belong unambigu- 33 and3b which is much shorter than the 2.14(1) A found
ously to the coordinated CNigands (Figure 2). Since this  for M—C(N).,. No significant difference was found for the
observation indicates decoupling of Cldnd CO vibrations bond length within the ligands, whereas both complexes

to a great extent, it seemed justified to perform a Cotton  show smaller bond angles for N —CN compared to
Kraihanzel force field analysis for each set of ligands oc—M-coO (Table 1).

separately. The calculated vibrational force constants indicate  As expected for a complex witBs, symmetry, the®Tc

a much stronger bond within the CNigand (17.5and 17.2  NMR spectrum of3a consists of a sharp singlet signal at
mdyn/A for 3aand3b, respectively) compared to the values —219g ppm Q1 = 6.3 Hz), shifted more than 1000 ppm
for the coordinated CO (16.2 mdyn/A for boBia and 3b). upfield compared tdlal? and therefore indicating a more
electron-rich Tt complex?? Due to the coupling of three

(20) Dunbar, K. R.; Heintz, R. AProg. Inorg. Chem1997,45, 283-391. . . . _ 9 9
(21) Cotton, F. A.; Kraihanzel, C. S. Am. Chem. So962 84 (4), 4432 equivalent cyanide ligands Tc (I = %), the®Tc NMR
4438 spectrum of2b prepared with*C enriched K3CN showed
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The analytical data 03a and3b allow comparisons with
the data obtained for other compounds in the series
[M(CN)3(CO)]"". The direct neighbors of Tc in the periodic
table are of course of special interest. Important data are
given in Table 1. Clear trends in the bonding properties are
obvious when comparing the two ligands and the various
metals: (i) due to stronget-back-bonding in the case of
CO, metat-carbonyl bonds are significantly shorter than
metal-cyanide bonds; (ii) stronger repulsions between the
. ‘ . ‘ R more tightly bound carbonyl ligands result in larger cone-
2198 2202 ~2206 2210 ppm angles for the tricarbonyl moieties when compared to the
Figure 4. *Tc NMR spectrum of ca. 70% cyanidéC enriched3a. tricyano parts; (i) comparing metaligand distances, the
first-row transition metal Mn is significantly smaller than
second-row Tc, Ru, and the lanthanide-contracted Re (the
latter three having very similar sizes); (iv) as the negative
charge of the complexes decreases from group Vlato Vllla,
m-back-bonding gets weaker, thereby increasing the ligand
stretching force constants and decreasing the differences
betweenfcy andfco.

In conclusion, reactions dfa or 1b with cyanide resulted
in the formation of the complexes [M(CMLO)]?~ (M =
99Tc, Re). No substitution of CO ligands by CNwas
observed, unlike in the cases of the isoelectronic but stronger
m-accepting ligands NOand CO for which substitution or

165 160 155 150 145 ppIT at least self-exchange of coordinated carbonyls occurred.

Figure 5. 13C NMR spectrum of ca. 70% cyanidéC enriched3a. Instead, the findings of (i) large force constants for the
stretching mode of coordinated CN(ii) a rather electron-
rich Td metal center as indicated 8yTc NMR, and (iii)
the very stable trans arrangement of Cid thesr-accepting
CO all demonstrate that-back-bonding plays only a minor
role in the metat-cyanide bond. Instead;donation strongly
dominates cyanide binding.

a strong quadruplet as well as a weaker triplet and a very
weak doublet for the doubly and singjC labeled com-
plexes (Figure 4). In thé’C NMR spectrum, a decet was
observed (Figure 5). Due to different relaxation times for
the various spin states 8fTc, the outer lines of théC
spectrum are sharper than the inner. Ther.15c coupling

constf’:mt is 186 Hz, much smaller th'an the only ottiere < Acknowledgment. We thank Tyco-Mallinckrodt Med.
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CO bound to Tc. Addition of 10 equiv of NaCN to the

sample at room temperature did not result in any exchgnge Supporting Information Available: X-ray crystallographic files

of BCN- for *CN~ as evident from the unchanged coupling (CIF), crystallographic tables, and experimental procedures. This
pattern of the’®Tc NMR spectrum even after several days. material is available free of charge via the Internet at http:/
pubs.acs.org.
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