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Ligand Photofragmentation of Metal Complexes

Stephen J. Doktycz Literature Seminar April 1, 1986

Photofragmentation or photoelimination reactions have been a valuable means
of generating reactive intermediates 1n organic chemistry for many years, These
photoreactions are initiated by the cleavage of a sigma bond and result in net
rearrangenent, fragmentation, or elimination of a small molecule (e.g. P co,
Co,, etc.)

The application of this general type of photoreaction to transition metal coor-
dination compounds has been found to give interesting results.

Ultraviolet irradiation of transition metal oxalate complexes leads to ir-
reversible fragmentation of the oxalate ligand into two moleculesa of carbon di-
oxide concomitant with two electron reduction of the metal [1]. In 1969 Nyman
[2] suggested that photolysis of M{PPh ) (C OU} (M=Pt(I1),Pd(II)) might produce
the 14 electron M(PPh3)2 (M=Pt(0),Pd(O§) fragment as the reactive intermediate
in the absence of competing ligands. Indeed, he found that Pt(0),Pd(0) com-
plexes could be isoclated from the photochemical reactions [3]. Later, Trogler
et al. working with Pt(PEt ) (C,0y) found that Pt(PEt,), could be generated in
situ upon UV irradiation [3 %he existence of the P%(PE 2 fragment was sup-~
ported by the following experimental facts: (1) irradiatidon of solutions of
Pt(PEt,),(C,0,) in the presence of donor and acceptor ligands L, lead to forma-
tion o§ gt(PEtB) Ly (2) the compounds Pt(PEt )ZXY can be formed if the plati-
num(II) oxalate spec1es is irradiated in the presence of oxidative addition sub-
strates XY (3) two equivalents of carbon dioxide per equivalent of starting
material are evolved and (4) each product contains the Pt(PEt3)2 moiety.

The coordinated azide ligand has been the subject of many photochemical
investigations. The azide ligand has been observed to decompose via three
routes. The azidopentacyano complexes of Rh(III) and Ir(III) have been found to

+eliminate the N anion upon photoaquatlon. Alternatively, the azido complexes
of Pt(II), Au(I%I), and Co(NH )eN produced azide radicals from photoredox
chemistry. And thirdly, the az?dopentaamlnes of Rh(III) and Ir(III) were found
to form coordinated nitrenes [5]. The differences in photoreactivity of these
azido ligands were attributed to: ligand back-bonding interactions in the CTTM
excited state, metal to ligand charge transfer [6], and efficiencies of internal
conversion processes. Later work with other transition metals showed that
photolysis of Cr(NH )5N 2* also proceeded via the nitrene pathway [7] and that
redox and nitrene mdodes” of reaction occurred in competition. Recently, nitrido-
(porphyrinato)M(V) (M=Cr,Mn) complexes have been synthesized using this tech-
nique [8].
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Paralleling azido photochemistry, the diaryltetraazadiene ligand in cyeclo-
pentadienylecobalt 1,4-diaryltetraazadiene was found to also extrude N2 upon
photolysis [9]. The final product was believed to form through the insertion of
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one coordinated nitrene into the ortho C-H bond of its partner followed by a
subsequent [1,3] (N,Co,N) suprafacial hydrogen shift,

Both the azido and diaryltetraazadiene ligands were found to extrude di-
nitrogen upon photolysis and result in coordinated nitrene products and their
! derivatives whereas the photolysis of the oxalato-bis(phosphine) Pt complexes
: resulted in a reactive coordinatively unsaturated bisphoaphine Pt{Q) intermedi-
ate. All three are examples of the use of photochemistry to produce new mole-
cules through reactive metal-centered intermediates, Further directions of
research could include the adaption of these ligands to other metal centers or
possibly the use of this idea on as yet untried ligands such as coordinated azo
" compounds.
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