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The leading cause of fatal poisoning in the United States can be attributed to exposure to
lethal concentrations (about 1950 ppm) of carbon monoxide (CO).1 CO has been shown to
poison humans by attacking the active sites of hemoglobin, cytochrome oxidase, and
myoglobin.2  The greater affinity for CO by either of these metal hemes over O2 (30 times greater
towards myoglobin)3 leads to formation of a strong metal-CO bond, preventing the protein from
performing its regular functions.  However, recent discoveries have shown that CO has
biological functions in addition to its known toxicity towards humans. In fact, humans produce
CO internally at a rate of 20 µmol h-1.4 Generation of CO in the human body through heme
degradation to biliverdin catalyzed by heme oxygenase was discovered previously.5 CO has
recently been found to act as a signaling agent that has many beneficial effects, including
vasodilation, anti-inflammation, and suppression of organ graft rejection.6

New therapeutic methods are being devised that take advantage of the biological
functions of CO.  Due to the low solubility of CO in water (0.00276 g L-1 at 25 °C),7 molecules
that contain CO must be designed to transport CO in physiological media.  Two promising areas
of therapeutic CO research are carbon monoxide releasing molecules (CO-RMs) and [Tc(CO)3]+

imaging agents.  Both approaches incorporate CO as a part of a larger host molecule, but differ
greatly in how the CO ligands are used.  CO-RMs designed to deliver CO to a specified target
are carbonyl complexes exhibiting labile carbon monoxide ligands. On the other hand,
[Tc(CO)3]+ imaging agents rely on the chemical inertness of the Tc-CO bond to transport the
metal to its destination for radio imaging.

Initial study of CO-RMs began with investigations of the homoleptic carbonyls  iron
pentacarbonyl and dimanganese decacarbonyl.8 The binding of CO to myoglobin (Mb) was used
to measure the total amount of CO liberated by the CO-RM, due to the high affinity of Mb for
CO.  Photodissociation of the metal-CO bond via a UV-light source liberated CO (Figure 1).
This proof-of-concept experiment led to the exploration of CO-RMs that could be used in vivo.

Figure 1.  Experimental set-up for CO-RM photolysis.



Success with the homoleptic metal carbonyls led to the study of CO-RMs that could be
used under physiological conditions.  Important properties of CO-RMs include the rate of CO
dissociation, the molecular structure at physiological pH, and the toxicity of the byproducts
formed after liberation of CO.  CO dissociation has been correlated with the electron deficiency
of the metal and can be monitored by IR spectroscopy.  Mann and coworkers have found that the
structure of [Ru(CO)3Cl(glycinate)] varies significantly with pH, raising questions about the
identity of the active species under physiological conditions (Figure 2a).9 Structural changes
made to the active species results in byproducts that are potentially harmful.  Fairlamb has
sought to avoid creating toxic byproducts by incorporating 2-pyrone as a ligand (Figure 2b).10

The degradation pathway of 2-pyrone in the human body is known to form non-toxic products.11

Ru

CO

Cl
OC N

H2

OC O
O pH = 3

Ru

C

Cl
OC N

H2

OC O
O

O OH

Ru

C

OH
OC N

H2

OC O
O

O O

pH ~ 10

2

Mo(CO)2
O

O X

OCH3

X = H or Br

(a)

(b)

Figure 2. (a) Structural dependence of RuCl(CO)3(glycinate) on pH. (b) η1-2-Pyrone CO-RM.

A second biomodecial application of CO is its use a ligand in radio imaging agents.
About 80% of radiopharmaceuticals contain 99mTc, which has a half-life of 6 h that allows
medical personnel enough time to use this nuclide in a clinical setting.12 An ideal Tc
radiopharmaceutical platform incorporates an inert ligand set and enough open coordination sites
to allow the binding of a biomolecule having recognition properties.  The molecular weight of
the inert ligands is important, because drastic changes in the diffusion kinetics of a biological
signaling process could disturb bodily functions.  The biomolecule can either be directly
coordinated to the Tc center or can be a pendant substituent of a ligand.13

The [Tc(CO)3]+ fragment is shown to be a promising candidate platform for clinical use,
but the use of gaseous CO to form the fragment was viewed as impractical.  Alberto and
coworkers have shown that addition of boranocarbonate (K2[H3BCO2]) to pertechnitate in water
affords [Tc(OH2)3(CO)3]+ in yields greater than 98 %.14 The lability of the water ligands of
[Tc(OH2)3(CO)3]+ allows for facile derivatization of the precursor.  As the mechanism of
signaling by CO, further advancements should lead to the design of effective carbonyl
therapeutics with selective targets.



References

1) Omaye, S. T. Metabolic modulation of carbon monoxide toxicity Toxicology 2002, 180,
139-150.

2) Varon, J.; Marik, P. E.; Fromm Jr, R. E.; Gueler, A. Carbon monoxide poisoning: a
review for clinicians J. Emerg. Med. 1999, 17, 87-93.

3) Lim, M. H.; Jackson, T. A.; Anfinrud, P. A. Modulating carbon monoxide binding
affinity and kinetics in myoglobin: the roles of the distal histidine and the heme pocket
docking site J. Biol. Inorg. Chem. 1997, 2, 531-536.

4) Berk, P. D.; Rodkey, F. L.; Blaschke, T. F.; Collison, H. A.; Waggoner, J. G. Comparison
of Plasma Bilirubin Turnover and Carbon-Monoxide Production in Man J. Lab. Clin.
Med. 1974, 83, 29-37.

5) Tenhunen, R.; Marver, H. S.; Schmid, R. Microsomal heme oxygenase. Characterization
of the enzyme. J. Biol. Chem. 1969, 244, 6388-6394.

6) Johnson Tony, R.; Mann Brian, E.; Clark James, E.; Foresti, R.; Green Colin, J.;
Motterlini, R. Metal carbonyls: a new class of pharmaceuticals? Angew. Chem. Int. Ed.
2003, 42, 3722-3729.

7) Lide, D. R. CRC Handbook of Chemistry and Physics, 88th Edition; CRC, 2007; pp 8-90.  
8) Motterlini, R.; Clark, J. E.; Foresti, R.; Sarathchandra, P.; Mann, B. E.; Green, C. J.

Carbon Monoxide-Releasing Molecules: Characterization of Biochemical and Vascular
Activities Circ. Res. 2002, 90, e17-24.

9) Johnson, T. R.; Mann, B. E.; Teasdale, I. P.; Adams, H.; Foresti, R.; Green, C. J.;
Motterlini, R. Metal carbonyls as pharmaceuticals? [Ru(CO)3Cl(glycinate)], a CO-
releasing molecule with an extensive aqueous solution chemistry Dalton Trans. 2007,
1500-1508.

10) Fairlamb, I. J. S.; Lynam, J. M.; Taylor, I. E.; Whitwood, A. C. η1-Bound 2-pyrone
complexes of molybdenum and iron: A synthetic and structural study Organometallics
2004, 23, 4964-4969.

11) McGlacken, G. P.; Fairlamb, I. J. S. 2-Pyrone natural products and mimetics: isolation,
characterisation and biological activity Nat. Prod. Rep. 2005, 22, 369-385.

12) Liu, S.; Edwards, D. S. 99mTc-Labeled Small Peptides as Diagnostic
Radiopharmaceuticals Chem. Rev. 1999, 99, 2235-2268.

13) Tisato, F.; Porchia, M.; Bolzati, C.; Refosco, F.; Vittadini, A. The preparation of
substitution-inert 99Tc metal-fragments: Promising candidates for the design of new 99mTc
radiopharmaceuticals Coord. Chem. Rev. 2006, 250, 2034-2045.

14) Alberto, R.; Ortner, K.; Wheatley, N.; Schibli, R.; Schubiger, A. P. Synthesis and
properties of boranocarbonate: A convenient in situ CO source for the aqueous
preparation of [99mTc(OH2)3(CO)3]+ J. Am. Chem. Soc.  2001, 123, 3135-3136.


