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The recently described technetium(I) complex [99mTc(OH2)3-
(CO)3]+ 1 has attracted much interest as a precursor for tech-
netium-99m radiopharmaceuticals.1 A number of biomolecules,
for example, peptides, scFv, and CNS receptor ligands, have
already been labeled with technetium by this approach, demon-
strating the potential of1 for radiopharmaceutical application.2

Complex 1 can be prepared in a single-step procedure from
aqueous [99mTcO4]- in the presence of CO and BH4

- as a reducing
agent.3 Unfortunately, the published preparation of [99mTc(OH2)3-
(CO)3]+, relying on gaseous carbon monoxide, is unsuitable for
use in commercial radiopharmaceutical “kits”. Thus, the challenge
was to find a solid, air-stable source of carbon monoxide, possibly
acting at the same time as the reducing agent.

Compounds which release CO under well-defined conditions
and which obey these physicochemical restrictions are extremely
rare.4 They would not only be interesting for the medical
application of organometallic precursors such as1, but could also
lead to a novel type of reaction for the preparation of carbonyl
complexes due to the high potential availability of CO in water.
We report here the first commercially feasible preparation of an
organometallic transition-metal complex in physiological media,
using a boron-based carbonylating agent which acts as a CO
source and a reducing agent at the same time.

The so-called boranocarbonates, such as the potassium salt
K2[H3BCO2] 2, were described for the first time by Malone and
Parry in 1967. They were reported at the time to release CO at
elevated temperatures in water.5 This remarkable behavior has
scarcely been further studied, probably due to the difficulties in
handling borane carbonyl, H3BCO 3, a pyrophoric gas which is
the immediate precursor to the boranocarbonate anion.

Originally, H3BCO3 was synthesized from B2H6 and CO either
in an autoclave reaction6 or at atmospheric pressure catalyzed by
ethers.7 Ethers such as dimethoxyethane catalyze the rate-

determining step of diborane bridge cleavage in the preparation
of 3. The ether in the adduct H2B(HBH3)(OR2) or H3BOR2 is
then readily substituted by CO. Compound3 is subsequently
reacted with ethanolic KOH to give2.5 Although the reaction
yields are fairly good, working under pressurized conditions with
pyrophoric gases at low temperatures is not convenient, particu-
larly for larger-scale preparation. We have found8 that H3BCO 3
can be prepared continuously from commercially available
H3B‚THF solutions and reacted in situ with an alcoholic solution
of potassium hydroxide to give K2[H3BCO2]. The key to the
preparation is the control of the equilibrium between H3BCO and
H3B‚THF. THF is selectively condensed from the gas stream at
-50°C, while H3BCO (bp-64°C) passes on, carried by a stream
of carbon monoxide. Subsequently, this gas mixture is directly
bubbled through an ethanolic solution of KOH at-78 °C.
Nucleophilic attack of [OH]- at the highly electrophilic carbon
in H3BCO leads to the formation of2 in high yield.8 If required,
H3BCO itself can be isolated in a cold trap at-78 °C. This novel
preparation of2 and3 is more convenient than the high pressure
or ether-catalyzed procedures (Scheme 1) and can be scaled up
to quantities of several grams of H3BCO or K2[H3BCO2],
respectively.

It is remarkable that the characteristics of3 bear strong
resemblance to those of cationic transition-metal carbonyls such
as [Ru(OH2)3(CO)3]2+ which also often reversibly add [OH]- to
coordinated CO with formation of the corresponding metallo-
carboxylic acids.9 The reactivity of3 toward water can thus be
paralleled with highly Lewis acidic transition metals, a rare
behavior for main group carbonyl compounds. Hence, compound
2 would probably better be attributed as a boranocarboxylate;
however, electron count of “BH3” and “O” accounts for the origin
of boranocarbonate.

Crystals10 of [K(cryptand)]H3BCO2H 4 were obtained after
dissolution of2 in a THF solution of the cryptand 4,7,13,16,21,
24-hexaoxa-1,10-diazabicyclo[8.8.8]hexacosane. The structure of
the anion, which forms hydrogen-bonded dimers, is shown in
Figure 1. The hydrogen atoms of the boranocarbonate anion were
located and fully refined, while those of the cryptand ligand were
treated with a riding model. The structure of the anion pair is
remarkably similar to the gas-phase dimeric structure of acetic
acid:12,13 hence, the CdO distance is 1.251(3) Å (cf. 1.25(3) Å
in acetic acid) and the C-O distance is 1.356(3) Å (cf. 1.36(4)
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Å in acetic acid). Similar dimeric structures are formed by the
related compounds H3NH2BCO2H14 and Me3NH2BCO2H.15 The
aforementioned metallocarboxylic acids also very often exist in
the solid state as hydrogen-bridged dimers.16

Aqueous solutions of2 are strongly alkaline (pH> 11) and
quite stable toward heating, but the addition of a borate buffer
(pH 9.4-10.4 at 25°C) allows the observation of the decomposi-
tion with half-lives in the order of tens of minutes at 75-90 °C
at a nominal pH 10. The only boron-containing product is borate
as observed by11B NMR. The production of formate is observed
at temperatures above 85°C, at a rate roughly one-quarter of
that of the disappearance of boranocarbonate: otherwise, the only
carbon-containing product is carbon monoxide. Although the
precise mechanism of formate formation is still unclear, it is likely
that it results from intramolecular hydride transfer from boron to
carbon. Correspondingly, dihydrogen is produced by protonation
of other boranes in the mixture by formic acid. The important
reaction beside formation of formate is of course the formation
of 3. Borane carbonyl is indeed formed when boranocarbonate
salts are treated with strong acids. We believe that it is also the
important intermediate product during decomposition of borano-
carbonate in alkaline solution (Scheme 2). H3BCO is known to
be kinetically labile, especially in the absence of carbon mon-
oxide: given the low solubility of carbon monoxide in water
(17.74 µmol dm-3 at 25 °C)18 it is highly likely that any
dissociation of H3BCO in aqueous solution would lead to

hydrolysis of the borane portion rather than recombination with
carbon monoxide.

Kinetic measurements in buffered solutions show a second-
order dependence of the rate of boranocarbonate decomposition
on proton concentration. The activation parameters are∆Hq

353 )
+13.4(12) kJ mol-1, ∆Sq

353 ) -121(29) kJ-1 mol-1. The enthalpy
of activation may be compared to that of O-H bond cleavage in
water.17 Further details of the kinetic and mechanistic studies,
and of the coordination chemistry of the boranocarbonate ion,
will be reported separately.

Compound2 is unique in the sense that it combines the
possibility of in situ CO formation and reducing properties. We
transferred these features to an improved one-pot synthesis of
[99mTc(OH2)3(CO)3]+ without the necessity of an additional
reducing agent or of gaseous CO. In fact, a small amount of2
dissolved in a few ml of aqueous [99mTcO4]- gave1 in yields of
>98% after 10 min at 90°C.19 Thus, K2H3BCO2 can clearly
reduce technetium(VII) to technetium(I). The exact mechanism
of this surprisingly convenient synthesis of a carbonyl complex
remains unclear. However, the low concentrations of CO (<10-5

M) and 99mTc (<10-6 M) as good as exclude any stepwise
mechanism of reduction followed by CO coordination to a
hypothetical [99mTc(OH2)6]+ intermediate: the rate constant would
be higher than the diffusion limit. Only the concentration of2
itself is high enough for reaction with99mTc to occur at a
reasonable rate. This implies that2 “transports” the CO to the
metal center, and that CO release and coordination takes place
in the same reaction step at the metal. Therefore, in the preparation
of [Tc(OH2)3(CO)3]+, potassium boranocarbonate2 can replace
the sodium borohydride and gaseous CO used in the previously
described procedure (Scheme 3).

In conclusion, compound2 represents a unique and syntheti-
cally extremely useful combination of moderately powerful
reducing agent and in situ CO source in aqueous solution. In
conjunction with a suitable buffer (Borax) and a complexing agent
for technetium in intermediate oxidation states (tartrate), it can
be used to prepare the water-soluble, and water-stable, technetium
carbonyl complex [99mTc(OH2)3(CO)3]+ 1. Apart from the il-
lustrative preparation of complex1, it is expected that compound
2 can not only be used for the preparation of technetium carbonyls
in water but also for other metal carbonyl complexes.
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Figure 1. ZORTEP11 representation of two anions of4, forming a
hydrogen-bonded dimer. Selected bond lengths [Å] and angles [deg]:
B(1)-C(1) 1.602(4), C(1)-O(1) 1.251(3), C(1)-O(2) 1.356(3), O(1)-
C(1)-O(2) 116.9(2), O(2)-H(4) 0.94(3), O(2)-O(1)′ 2.730(2), O(2)-
H(4)-O(1)′ 173(3).
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