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A B S T R A C T

Picosecond time-resolved infrared spectroscopy was used to probe the photo-induced early state dynamics
preceding CO loss in the Fischer carbene complex, [(CO)5WC(NC4H8)CH3]. Time-dependent density functional
theory calculations were employed to help in understanding the photochemical and photophysical processes
leading to CO-loss. Electrochemical initiated CO release was quantified using gas chromatography. The potential
of [(CO)5WC(NC4H8)CH3], as an antimicrobial agent under irradiation conditions was studied using a
Staphylococcus aureus strain.

1. Introduction

Fischer carbene complexes have been used widely as reagents in
various organic transformations, and in organometallic synthesis, using
both thermal and photochemical approaches [1–5]. Fischer carbene
complexes of group 6 metals have been shown to react under photo-
chemical conditions with imines, alkenes, aldehydes or alcohols pro-
ducing a wide variety of useful compounds including β-lactams, β-
lactones, cyclobutanones, or amino esters [6–9]. Recently low tem-
perature matrix isolation and time resolved spectroscopy has been used
in identifying the various intermediates generated in these processes. In
1988, Hegedus and co-workers, proposed that visible light irradiation
results in photocarbonylation of alkoxy Fischer carbenes, via either a
short lived metallocyclopropanone or a metallaketene intermediate
[10–12]. We and others have used picosecond time-resolved infrared
spectroscopy to confirm the formation of a metallaketene intermediate
species [13,14]. Fischer carbene complexes containing alkoxy groups
on the carbene carbon, such as [(CO)5MC(OMe)Me] (M = Cr or W),
undergo anti-syn isomerisation of the alkoxy substituent following low
energy photolysis. Increasing the excitation energy, however, can result
in the formation of a reactive metallaketene intermediate (100 ps) in

the case of the chromium analogue. This excited state was detected
using picosecond time-resolved infrared spectroscopy (psTRIR) [13],
and supported by quantum chemical calculations. For M = Cr, time-
dependent density functional theory (TDDFT) calculations indicate that
the metallaketene-chromium intermediate has singlet character, while
in the case of the tungsten analogue, the metallaketene intermediate is
produced from a triplet state [13,15]. In addition, to these two process,
the alkoxy based Fischer carbene compounds also undergo photo-
induced CO-loss following higher energy photolysis [16,17]. Previously
we have shown that replacement of the alkoxy group by an amino
substituent (pyrrolidine), greatly enhances the quantum efficiency for
CO loss, and the photon energy required to achieve CO-loss is greatly
reduced [18]. For example, when [(CO)5CrC(NC4H8)(Me)] was irra-
diated at λ = 400 nm, rapid (< 50 ps) CO loss occurs, with a quantum
yield of approximately 70%. No evidence was obtained for the forma-
tion of metallaketene intermediates or metallacyclopropanone excited
states with this system, which is not surprising as amino Fischer car-
bene complexes are known to be poor reagents in the synthesis of β-
lactams. Among the very few reports on the photochemistry of tungsten
based amino Fischer carbene complexes Rooney et al. used Raman
spectroscopy, to identify [(CH3CN)(CO)4WC(NC4H8)(SiPh3)] following
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