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Abstract 

This article describes three types of photoreactions of the complexes (CO),MM’(CO)a(a-diimine) (M, 
M’ -Mn, Re). First of all, halogen atom transfer reactions are discussed which take place in the 
presence of halocarbons. Reactions with CC& and CBr, appeared to proceed by a radical chain 
mechanism. This catalytic behaviour was ascribed to the CX, radicals, formed out of CX, which can 
initiate secondary halogen atom transfer reactions. Quantum yields for the reactions with halocarbons 
were therefore determined for C&Cl, which did not show a catalytic behaviour because’ of its higher 
C-Cl bond dissociation energy. For all complexes high quantum yields were obtained (0.3-0.7) and 
variations of these values throughout the series of complexes were ascribed to changes in spin-orbit 
coupling and rates of non-radiative decay processes. The photoreactions were also studied in the 
presence of 9,10-phenanthrenequinone in order to confirm that these quantum yields were indeed a 
measure for the photolysis of the parent compounds. Quinones are known to react with the primary 
photoproducts of both the CO loss and M-M’ bond homolysis reactions. From the agreement between 
the quantum yield data for the reactions with CHzClz and 9,10_phenanthrenequinone, it was concluded 
that the CO loss products of the (CO),MM’(CO),( a nmine) compounds, contrary to those of the -d” 
Ph,SnMn(CO),(a-diimine) complexes, also react with halocarbons. Finally, the complexes 
(CO),MRe(C0)3(n-diimine) photodisproportionate in the presence of 2e-donors L (L-THF, PR,) 
into M(C0)5- and Re(CO),(a-diimine)(L)+ ions. Irradiation of the complexes in toluene at 183 K 
gave rise to another electron transfer reaction, viz. the formation of a contact ion-pair (CIP). The 
CIPs [M(CO),----Re(CO),(a-diimine)+] showed a characteristic low frequency v(C0) band of a bridging 
CO ligand that was not present in the spectra of solvent-separated ion-pairs. 

Introduction 

The metal-metal bonded complexes M2(CO)r0 
(M=Mn, Re) are characterized by an intense ab- 
sorption band between 300 and 350 nm belonging 
to the ~,,-+a* transition of the metal-metal bond 
[l-3]. Laser-flash photolysis studies have shown that 
irradiation into this band gives rise to both homolysis 
of the metal-metal bond and release of CO [4-g]_ 
M(CO), radicals were proposed to be formed by a 
homolysis reaction from the ‘ct,u* state of the 
metal-metal bond; Mnz(C0)9 was assumed to be 
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the photoproduct of a CO loss reaction from a LF 
state [lo, 111. 

Similar photoreactions have been observed for the 
substituted complexes (CO)&lM’(C0)3(a-diimine) 
(M, M’ =Mn, Re) [12] which show in addition to 
the ob+ b* transition in the near m, an intense 
d,,.(M) + p*(a-diimine) charge transfer (MLCI’) 
band in the visible region [13]. Upon irradiation into 
this latter electronic transition, again, both homolysis 
and release of CO were observed as primary pho- 
toprocesses although the relative quantum yields of 
these reactions strongly depended on M and M’ 
[14-181. 

Since the MLCT states themselves are normally 
not reactive [19], both reactions were proposed to 
occur from the repulsive 3@,m* state after surface 
crossing from the MLCT state(s) [lo, 111. A CO 
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loss reaction taking place from a low-lying ‘LF state, 
as proposed by Meyer and Caspar for the M2(CO),e 
complexes [lo], was discarded here in view of the 
fact that these reactions even proceed with high 
quantum yield upon excitation with hi,,> 600 nm. A 
low-lying ‘LF state is not expected to be occupied 
at such low energies. 

In previous articles we have reported in detail the 
photochemistry 1171 and photocatalysis [20] of the 
complexes (CO)SMnMn(CO)3(a-diimine). In addi- 
tion, the primary photoreaction of the complexes 
(CO)SReMn(C0)3(a-diimine) has been elucidated 
by a combined flash photolysis, and temperature- 
and pressure-dependent photochemical study [18]. 
In contrast to all other (CO)SMM’(CO)3(cr-diimine) 
(M, M’ = Mn, Re) complexes, these compounds only 
showed release of CO. This exceptional behaviour 
was ascribed to the weakness of the Mn-CO bonds 
with respect to the strong Re-Mn bond. 

In this article we report the photochemical re- 
actions of several (CO)SMM’(CO)3(a-diimine) com- 
plexes with chlorocarbons and with 9,10-phenan- 
threnequinone (Phen-Q). Attention will also be paid 
to the exceptional behaviour of the complexes 
(C0)5MRe(C0)3(a-diimine) in toluene at 183 K, 
which provide upon irradiation into their MLCT 
band the contact ion-pair [M(CO),---Re(CO),(a- 
diimine)+]. The a-diimine ligands used throughout 
this article are 4,4’-dimethyl-2,2’-bipyridine (bpy’), 
l,lO-phenanthroline (phen) and 1,4-di-p-tolyl-1,4- 
diaza-1,3-butadiene (pTol-DAB). 

Experimental 

Materials and preparations 
THF, 2-MeTHF, toluene, CH#& CHC13, 2-CI- 

butane and CC& were carefully dried and stored 
under nitrogen. CBr, was recrystallized from hexane. 
Phen-Q (Aldrich), bpy’ (Merck) and phen (Merck) 
were used as received. The pTol-DAB ligand [21] 
and the complexes (CO),MM’(C0)3(a-diimine) (M, 
M’= Mn, Re) (14,221 and Ph3SnMn(C0)3(a-diimine) 
[23, 241 were synthesized according to literature 
procedures. 

Spectroscopic measurements 
IR spectra were recorded on a Nicolet 7199 B 

FTIR spectrometer equipped with a liquid-nitrogen- 
cooIed MCT detector (resolution 1.0 cm-‘). Elec- 
tronic absorption spectra were measured on a Perkin- 
Elmer Lambda 5 W-Vis spectrometer connected 
to a model 3600 data station. Low-temperature 
UV-Vis and IR measurements were performed by 
using an Oxford Instruments DN 1704/54 liquid- 
nitrogen cryostat. 

Photochemistry 
An SP 2025 argon-ion laser was used as the light 

source in the photochemical experiments. Unless 
otherwise stated, the 514.5 nm line was selected for 
excitation. Photon fluxes for the quantum yield de- 
terminations were measured with Coherent model 
210 and 212 power meters. The handling of the light- 
sensitive samples for the IR and UV-Vis experiments 
and the procedure used for the quantum yield de- 
terminations have been described elsewhere [20]. All 
quantum yields were determined in duplicate. 

Results and discussion 

Halogen atom transfer reactions 
Morse and Wrighton have shown that 

(CO)sMnMn(CO),(a-diimine) complexes photoreact 
in the presence of excess Ccl, according to reaction 

(1) [141. 

(CO)SMnMn(CO)3(a-diimine) -$$ 
. 

Mn(CO),CI + Mn(CO)3(a-diimine)C1 (1) 

The reaction was proposed to proceed by a halogen 
atom transfer from the chlorocarbon to the radicals 
formed upon homolysis of the metal-metal bond. 
Just as in the case of Mn2(CO),0 [25] the CO loss 
products were not expected to react thermally with 
Ccl,. This assumption was confirmed by more recent 
experiments on the complexes Ph3SnMn(CO),(a- 
diimine), which undergo release of CO as the only 
primary photoprocess and which were found not to 
react with CC& [25]. On the other hand, the CO 
loss products of complexes (CO)SReMn(CO)3(a-di- 
imine) reacted rather efficiently with CCI, [18]. 

We have observed that reaction (1) also proceeds 
for all other (CO),MM’(CO),(a-diimine) (M, 
M’ = Mn, Re) complexes and that similar halogen 
abstraction products are formed by reaction of these 
complexes with CBr9 and CHC13. The photoreactions 
in CH2C12 depended, however, on the complex used 
(reaction (2)). The Re(CO)s radicals reacted with 

(C0)5MM’(CO)3(a-diimine) 2 

M(CO)sCl (M = Re), M2(CO)io 

(M = Mn) + M’(CO)3(a-diimine)C1 (2) 

CHZC12 to give the chlorine abstraction product 
whereas the Mn(CO)s radicals showed a radical 
coupling reaction. All products were characterized 
by IR and UV-Vis spectroscopy and relevant data 
are collected in Table 1. Figure 1 presents the W-Vis 
spectral changes accompanying the photoreaction of 
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TABLE 1. CO stretching frequencies of the photoproducts of (CO&,MM’(CO),(n-diimine) (M, M’=Mn, Re) 

Complex Sokent, 
temperature 

t&O) (cm-‘) 

Mnz(CO),o CH2C12, r.t.* 2046 2011 1979 
Rez(COhO CH2C12, r.t. 2068 2009 1981 
Mn(CO)Jl THF, r.t. 2139 2086 2050 2003 
Re(C0)5Cl CH2C12, r.t. 2143 2084 2046 1986 
MnG%(bpy’)CI CHICI,, r.t. 2028 1936 1918 
Re(CO),(bpy’)CI CHC12, r.t. 2022 1918 1894 
Mn(CO),(Phen-SQ)(THF) THF, r.t. 2032 1926 
Re(CO),(Phen-SQ)(THF) THF, r.t. 2021 1928 1901 
Re,(CO),(Phen-SQ)l KBr, r.kb 2113 2015 1985 1933 1914 1894 
Mn(CO)3(bpy’)(Phen-SQ) THF, r.t. 2022 1929 1909 
Re(CO),(bpy’)(Phen-SQ) THF, r.t. 2028 1921 1909 
Re(COX(bpy’)(THF) l THF, r.t. 2034 1922 1916 
Re(CO),(bpy’)(2-MeTHF)* 2-MeTHF, 183 K 2032 1924 1917 
Re(CO)a(bpy)+ toluene 230 Kc, d 

2-MetiF, 183 
2033 1930 1919 

Mn(CO)S- K 1897 1864 1855 
Re(CO)S- 2-MeTHF, 183 K 1894 1862 1852 
Mn(CO),- toluene-d*, 193 Kc 1894 1867 1844 
Re(CO)S- toluene-d”, 193 Kc 1892 1865 1841 

‘Room temperature. bRef. 27. ‘In CIP. dRef. 28. 

I 
A 

Fig. 1. UV-Vis spectral changes accompanying the pho- 
toreaction of (CO)SMnMn(CO)3(bpy’) in CW% 
(A,=514.5 nm) (R=(CO),MnMn(CO),(bpy’), P, = 
Mn2(C%, P~=Mn(C0)~(bpy’)W. 

(CO)sMnMn(C0)3(bpy’) in CH2C12. It clearly shows 
the formation of Mnz(CO),o and Mn(CO)s(bpy’)Cl 
by the appearance of the q,-+ dc transition of the 
decacarbonyl at 340 nm and the MLCT band of the 
latter complex at c. 400 nm. 

The results of reaction (2) agree with those ob- 
tained by Brown and coworkers for the reactions of 
M(CO),_,(PR,), (x= 0, 1, 2; M= Mn, Re) radicals 
with halocarbons [29, 301. These authors ascribed 

the more facile chlorine atom transfer in the case 
of Re(CO)5 to electronic effects and the decreasing 
tendency for halogen abstraction upon going from 
CBr, and CCL, to CHC& and CH2C12, to an increase 
of the C-halogen bond dissociation energy. 

Comparing the M(C0)3(a-diimine) and M(C0)5 
radicals, the unpaired electron occupies an ener- 
getically more favourable orbital in the former type 
of radical; M(CO),(a-diimine) radicals are 16e-ligand 
centred radicals with a P*(cY-diimine) singly occupied 
molecular orbital (SOMO) [31] whereas M(CO), 
radicals are 17e-metal centred radicals with a &l(M) 
SOMO [32]. The dimerization of the Mn(CO),(a- 
diimine) species is therefore much slower than that 
of Mn(CO)5 and this results in the simultaneous 
formation of Mn(C0)3(cY-diimine)Cl and Mn2(CO)10. 

Halogen abstraction did not occur in 2-Cl-butane 
since the C-Cl bond dissociation energy of this 
molecule is even higher than that of CH2C12. Table 
2 summarizes the above results for the complex 
(CO),MnMn(CO)Abpy’). 

TABLE 2. The photoproducts of (CO),MnMn(CO),(bpy’) 
in some chlorocarbons 

Chlorocarbon Products 

cc14 
CHC& 

(XC12 
2-Cl-butane 

Mn(CO)&l+ Mn(CO),(bpy’)Cl 
Mn(CO)&l f Mn(CO)3(bpy’)Cl 

(+ traces of Mn,(CO),,) 
Mnt(CO),,+ Mn(CO)~(bpy’)CI 
Mn,(CO),o + Mn,(CO),(bpy’), 
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Preliminary quantum yield determinations of the 
halogen atom transfer were performed by irradiating 
the complexes in Ccl4 and by measuring the decay 
of the MLm band. However, values of 4 higher 
than unity were then obtained. For instance, for the 
reaction of (CO)5MnMn(CO)S(bpy’) in neat Ccl, 
@= 1.18, and for that of a (CO)5MnMn(C0)3(bpy’)/ 
CBr, mixture (molar ratio 1:200) in THF += 1.41. 
A quantum yield higher than unity has been reported 
before for the reaction of (CO)5MnMn(CO),(phen) 
in a degassed CCl,/CH,C12 (1:l) solution and has 
then been ascribed to a catalytic reaction initiated 
by traces of oxygen [14]. We could, however, not 
obtain any evidence of an irregular influence of 
oxygen impurities during the reactions in toluene, 
THF or CHzClz and therefore present the following 
alternative explanation. Halogen atom transfer from 
CX4 (X=CI, Br) will give rise to the formation of 
CX3 radicals which may either dimerize or react 
with yet another (CO)5MM’(CO),(cr-diimine) com- 
plex. The rates of such secondary reactions are 
expected to increase for halocarbons with low C-X 
bond dissociation energies; the higher value of 4 
for X = Br than for X = Cl agrees with this expectation. 

The mechanism of these processes has not been 
further studied and their occurrence has been avoided 
by using instead CHzClz as the radical scavenging 
agent in the quantum yield determinations. In ad- 
dition, the M(CO)=, and M’(C0)3(cr-diimine) radicals, 
intermediates in reaction (l), have also been trapped 
by using Phen-Q as a radical scavenger (vide infru). 
Quantum yield data for the reactions with CHZCIZ 
are collected in Table 3. The values, which vary 

TABLE 3. Quantum yields of the photoreactions of several 
complexes L,,MM’(CO),(cr-diimine) with CH,Cl, (4,) and 
Phen-Q (&), respectively 

LIXM M’ a-diimine &a. b &2 . . c 

(CO)sMn Mn phen 0.67 
(CO),Mn Mn bpy’ 0.52 

0.46 
(CO)SMn Mn pTol-DAB 0.37 
(CO)SRe Mn bpy’ 0.46 

0.34 
(CO),Re Mn pTol-DAB 0.42 

0.51 
(CO),Mn Re hpy’ 0.30 

0.23 
(CO),Re Re hpy’ 0.38 

0.42 
Ph,Sn Mn bpy’ 3.610-3 c. 0.3d 

‘A,,=514.5 nm; P,=ll mW; T-293 K. bin C&Cl,; 
values *5%. ‘In THF, molar ratio L,,MM’(CO),- 
(a-diimine): Phen-Q = 1.50, values f 10%. dEstimated 
from decrease of CO bands in IR. 

between 0.3 and 0.7, will strongly be influenced by 
the competition between the surface crossing from 
the MLCT state(s) to the reactive ‘ubu* state and 
the radiationless transfer to the ground state. The 
rate of the latter process will increase going from 
M’ = Mn to M’ = Re because of an increase in the 
spin-orbit coupling, and by reptacing phen or bpy’ 
by pTol-DAB (energy-gap law). The influences are 
indeed clearly perceptible in the values of 4. 

Table 3 also presents the quantum yield data for 
the complexes (C0)5ReMn(CO)S(a-diimine) (a-di- 
imine = bpy’, pTol-DAB) and Ph3SnMn(CO)S(bpy’), 
which complexes are exceptional in losing CO as 
the only primary photoprocess [18, 261. The two 
types of complexes have remarkably differing pho- 
toreactivities. For Ph,SnMn(CO),(bpy’) the quantum 
yield of the halogen abstraction is about two orders 
lower than that of the CO substitution whereas these 
two reactions have almost the same quantum yield 
in the case of (CO)5ReMn(CO)S(a-diimine). The 
low yields of the Sn-Mn homolysis reactions were 
ascribed to the high Sn-Mn bond strength [26]. For 
instance, compounds such as Ph$SnMn(CO), are 
known to be chemically inert even upon attack by 
chlorine [33]. 

Electron transfer reactions 

Reactions with Phen-Q 
Quinones (Q) are efficient radical scavengers since 

they can easily be reduced in a one electron process, 
forming a semi-quinone (SQ) ligand of which the 
unpaired electron resides in the r*(Q) orbital. These 
molecules can be used to determine the overall 
photoreactivity of metal-metal bonded complexes 
since they can react with both the homolysis and 
CO loss products. This has recently been demon- 
strated for the photoreactions of Mn2(CO)10 with 
ottho- andpara-quinones [34]. The homolysis product 
Mn(CO), reacted with ortho-quinones to give 
Mn(CO),(SQ) and the same complexes were obtained 
in the reaction between the ortho-quinones and the 
CO loss photoproduct Mn2(C0)9 via formation of 
the intermediate Mn2(C0)9(Q). 

For all experiments qhen-Q has been used as a 
reactant because it is one of the few ortho-quinones 
for which the lowest-energy (n -+ p*(Q)) absorption 
band does not overlap with the MLCT bands of the 
(CO)5MM’(C0)3(a-diimine) complexes under study. 
This facilitated the determination of the 
(CO)5MM’(CO)s(cr-diimine) photoreactivity by fol- 
lowing the decay of their MLCT bands. For solubility 
reasons the photoreactions of (CO)5MM’(C0)3((r- 
diimine)/F’hen-Q mixtures (molar ratio 150) were 
performed in THF. 
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Equation (3) shows that the photoproducts formed 
depend on M and M’. First of all the M(C0)5 
radicals react differently with Phen-Q. The Mn(CO)5 
radicals produce Mn(CO),(THF)(Phen-SQ) which 

(CO)5MM’(COh(a-diimine) + Phen-Q 2 

M(CO),(THF)(Phen-SQ) (M = Mn) 

+Mz(CO),(Phen-SQ)r (M = Re) 

+ M’(CO)S(~-diimine)(Phen-SQ) 

+ M’(a-diimine)(Phen-SQ), (M’ = Mn) (3) 

was characterized by analogy with the photoproducts 
Mn(C0)3(THF)(DBSQ)(DBQ =3,5-tBu*-1,2-benzo- 
quinone) formed in the reaction of Mnr(CO),,, with 
DBQ [34]. This assignment was supported by the 
crystal structure of the related complex 
Re(CO)S(PPh3)(DBSQ) [35]. The Re(CO)5 radicals 
gave rise to the formation of the binuclear complex 
Rel(CO),(Phen-SQ)r for which the structure had 
already been determined by X-ray diffraction [27]. 

The M’(CO)s(a-diimine) moieties of the starting 
complexes were converted into the M’(C0)3(a-di- 
imine)(Phen-SQ) and, for M’ = Mn, M’(a-di- 
imine)(Phen-SQ)r photoproducts. The former com- 
plexes could easily be identified by comparing their 
CO-stretching frequencies with those of M’(CO)J((Y- 
diimine)X (X=Cl, Br) (Table 1). The Mn(a-di- 
imine)(Phen-SQ)r complexes were identified by their 
characteristic absorption bands at 500 and 710 nm, 
which closely correspond to those of 
WwMDBSQ)2 1361. 

The mechanisms of the reactions between the 
Mn(CO)s(a-diimine) groups and Phen-Q were es- 
tablished by comparing the reactions of the 
(CO),MMn(C0)3(a-diimine) and Ph3SnMn(C0)3- 
(bpy’) complexes. Irradiation of the latter complex 
. the presence of Phen-Q only afforded 
ftfm(bpy’)(Phen-SQ)2 and no Mn(C0)3(bpy’)(Phen- 
SQ). Apparently, the attack of Phen-Q on the CO 
loss photoproduct PhSSnMn(CO)2(bpy’) is followed 
by chelate formation, electron transfer and Sn-Mn 
bond splitting. Further substitution of CO by Phen- 
Q is then facilitated by the weakening of the Mn-CO 
bonds as result of the electron transfer to the quinone 
ligand. A similar reaction sequence has been observed 
for the photoreaction of Cr(CO),with DBQ in CH&l2 
[37]. During irradiation of this solution at 223 K, 
Cr(CO)5(DBQ) was formed in which the quinone 
is coordinated to the metal as a monodentate ligand. 
Raising the temperature gave rise to chelation of 
the quinone with a concomitant electron transfer. 
The Cr(CO),(DBSQ) thus formed appeared to be 
unstable with respect to attack by a second quinone 
and it transformed into the stable complex 

Cr(DBSQ)3. In a recent article we have shown that 
Mn(CO),(adiimine) radicals do not react with ortho- 
quinones by such a quinone-chelation/CO-substi- 
tution reaction sequence [34]. Instead [Mn(C0)3(a- 
diimine)][o-SQ] ion-pairs were formed by an electron 
transfer from the a-diimine radical anion to the 
orrho-quinone. 

Since MLCT excitation of metal-metal bonded 
L,,M-Re(C0)3(a-diimine) (L,,M = (CO)&o [28], 
Cp(CO)zFe [38], Ph$Sn [26]) compounds only af- 
forded M-Re bond splitting, due to the strength of 
the Re-CO bond, the above mentioned processes 
also explain why Re(CO)s(a-diimine)(Phen-SQ) is 
formed and no decarbonylized rhenium ion. Both 
Mn(a-diimine)(Phen-SQ)2 and Mn(CO)s(a-di- 
imine)(Phen-SQ) compounds were obtained upon 
photolysis of (CO)5ReMn(C0)3(a-diimine)/Phen-Q 
mixtures. The formation of such Mn(C0)3(a-diimine) 
radical products was also noted in the photoreactions 
of (CO)5ReMn(C0)3(a-diimine)/CH2C12 (videsupra) 
and (CO)5ReMn(C0)3(a-diimine)/F’Ph3/CC14 [18] 
mixtures, in spite of the fact that loss of CO is the 
only primary photoprocess for (CO)SReMn(C0)3(a- 
diimine). Once more, this finding confirms that the 
CO loss product of (CO),ReMn(C0)3(a-diimine) 
contains a much weaker metal-metal bond than that 
of Ph,SnMn(C0)3(a-diimine). This behaviour is ev- 
ident from Table 3 which presents the quantum 
yields of the (CO)5MM’(C0)3(a-diimine)/Phen-Q 
photoreactions. The rather good agreement with the 
values determined for the reactions with CH2C12 is 
not surprising for the (CO)5MRe(CO)S(a-diimine) 
complexes since these compounds only give rise to 
the formation of radicals which are scavenged by 
CHZC12 as well as Phen-Q. It is, however, noteworthy 
that the quantum yields of both reactions are also 
similar for (C0)5MnMn(CO)3(bpy’), which is known 
to afford both homolysis and CO loss products [15, 
173. Since Phen-Q reacts with both these primary 
photoproducts, the same will hold for CH2C12. The 
quantum yields obtained for Ph,SnMn(CO),(bpy’) 
show that this complex has a completely different 
reactivity towards halocarbons. It hardly reacts with 
CH2C12 although the quantum yield of its reaction 
with Phen-Q is comparable to that of its CO sub 
stitution [26] and that of the corresponding reactions 
of the (CO)&IM’(C0)3(a-diimine) complexes. 

In conclusion it can be said that the quantum 
yields for the reaction with CH2C12 reflect the extent 
to which the (CO)SMM’(CO)S(a-diimine) complexes 
photodecompose since the chlorocarbon reacts with 
both types of primary photoproducts. The results 
obtained for Ph,SnMn(C0)3(bpy’) demonstrate, 
however, that one has to be very careful with ex- 
tending this conclusion to other metal-metal bonded 
complexes. 
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Photodkproportionation and ion-pair formation 
In a previous article we have discussed in detail 

the photochemical reactions of the complexes 
(CO)SMnMn(C0)3(a-diimine) with various oxygen-, 
nitrogen- and phosphorus-donor ligands [20]. Irra- 
diation of a complex in neat THF only gave rise to 
the formation of radical coupling reactions according 
to eqn. (4). Apparently, THF has no direct 

(CO)SMnMn(CO),(a-diimine) 2 

Mn2(CO)i,, + Mnz(CO),(cr-diimineb (4) 

influence on this photoreaction since the same prod- 
ucts were obtained upon irradiation in a non-co- 
ordinating solvent such as toluene. In the presence 
of phosphine ligands, however, reaction (4) was 
Suppressed by the photodisproportionation reaction 
(5). 

(CO),MnMn(C0)3(a-diimine) + L $+ 

Mn(CO)s- + Mn(C0)3(a-diimine)(L)+ (5) 

L = pyridine, PR3 

In fact, reaction (5) was a photocatalytic process 
that was triggered by a short light-pulse and pro- 
ceeded in the dark. The catalysis is initiated by the 
highly reducing 18e-Mn(C0)3(cr-diimine)(L) radicals 
that are formed by the addition of L to the 16e- 
Mn(CO),(a-diimine) radicals. These species reduce 
the starting compound and thereby start a radical 
chain reaction. The yield of the 18e-radicals, hence 
of the photodisproportionation (5), mainly depends 
on the electronic properties of L. Hard bases like 
THF or nitrogen-donor ligands like pyridine can only 
weakly coordinate to the 16e-radical whereas the 
catalytic reaction persists in the presence of only a 
moderate excess of phosphine ligands. It is evident 
that in the absence of 2e-donor ligands, in non- 
coordinating solvents like toluene, reaction (5) will 
not take place. The complexes (CO)SMnRe(C0)3(a- 
diimine) have a somewhat different photochemical 
behaviour and this will be illustrated for the reactions 
of (CO),MnRe(CO),(bpy’). Irradiation of this com- 
plex in THF gave rise to a photodisproportionation 
(6) of which the ionic products are similar to those 
formed in reaction (5). 

h”.lHF 

Mn(CO)S- + Re(CO),(bpy’)(THF)+ (6) 

Reaction (6) was, however, reversible and the ionic 
species formed reacted back to give the parent 
complex. In addition a small amount of homolysis 
products was formed. No such backreaction was 
observed when the complex was irradiated in the 

presence of a phosphine ligand (reaction (7)). The 
quantum yield of this reaction was determined for 
a (CO),MnRe(C0)3(bpy’)/PPh3 (molar ratio 1:2OO) 
mixture in THF. Its value (0.28) almost equalled 

(CO)sMnRe(CO)S(bpy’) hv. 

Mn(C0)5- + Re(CO),(bpy’)(PPh,)+ (7) 

that of the corresponding halogen atom abstraction 
(2). This proves that, unlike the corresponding di- 
manganese compounds, (CO)SMnRe(C0)3(bpy’) 
complexes photodisproportionate by a stoichiometric 
process. 

An interesting reaction was observed upon irra- 
diation of these complexes in toluene at 183 K. IR 
bands showed up which were close in frequency to 
those of the ionic species formed in reaction (6). 
This result was rather surprising since toluene is 
known to have no coordinating ability for such a 
photodisproportionation [39]. The reaction was dS0 

observed for the corresponding (CO)SRe- 
Re(CO),(bpy’) complex but not for any of the 
(CO),MnMn(CO),(cY-diimine) compounds discussed 
before. A similar reaction had been observed by us 
for the related complex (CO),CoRe(CO),(bpy) in 
toluene at 230 K [28]. This reaction was then ex- 
plained by the formation of a contact ion-pair (CIP) 
[Co(CO),----Re(CO),(bpy)+]. This interpretation 
was Supported by the observation of a splitting of 
the normally degenerate CO stretching modes of 
the Co(CO)4- ion at 188.5 cm-i. It is assumed that 
a similar reaction has taken place for the corre- 
sponding (C0)5M complexes according to reaction 
(8). 

(CO)5MRe(C%(bpy’) (0,uc”~y,83 k l 

[M(CO),----Re(CO),(bpy)+l (8) 

The CIPs [Mn(CO)S----M’] (M= Na, Li) have 
already been identified at r.t. in THF and ether [40, 
411. It was shown that they are kept together by a 
weak bond between M+ and an equatorial CO ligand 
of Mn(CO),-. This interaction gave rise to small 
shifts of the CO stretching frequencies. The CO 
bands of Mn(CO)S- had shifted from 1897.0 to 
1901.7 cm-’ and from 1862.3 to 1875.1 cm-‘, re- 
spectively, upon formation of [Mn(CO),----Na+]. A 
third band at 1828.6 cm-’ was assigned to the 
stretching vibration of the carbonyl ligand that in- 
teracts with NaC. In order to search for this CO 
band of the CIPs [M(CO),----Re(CO),(bpy’)+], the 
photoreaction was instead performed in toluene-ds 
at 193 K (reactions could not take place at 183 IS 
since toluene-d8 freezes aiready at 189 K) since this 
part of the IR spectrum is obscured by strong ab- 
sorptions in the case of non-deuterated toluene. New 



bands were then observed at 1844 (M =Mn) and 
1841 (M = Re) cm-‘. They are assigned to the bridg- 
ing equatorial carbonyl of the CIP, since such a band 
is not present in the spectrum of the solvent separated 
ion-pair Mn(CO)5--Re(CO)S(bpy’)(2-MeTHF)+ 
(Fig. 2). 

The question remains whether metal-metal bond 
heterolysis or homolysis is the primary photoreaction 
of reaction (8). For the complex (CO),CoRe- 
(CO),(bpy), CIP formation was quenched by addition 
of a 200-fold excess of the CBr, radical scavenger. 
This proved that the CIP results from a photochemical 
metal-metal bond homolysis followed by an electron 
transfer reaction since it was established that 
Re(CO),(bpy)+ did not react under the reaction 
conditions with CBr.,. A similar experiment was done 
for the (CO)sMnRe(CO)s(bpy’) complex. Irradiation 
of a (C0)5MnRe(CO),(bpy’)/CBr, (molar ratio 
1:200) mixture in toluene at 183 K afforded exclusively 
Mn(CO)5Br and Re(CO),(bpy’)Br. Apparently, re- 
action (8) starts by the homolysis of the metal-metal 
bond followed by an electron transfer from the 
Re(C0)3(bpy’) to the Mn(CO)5 radical. 

I 
A 

0 

Fig. 2. IR spectra between 17.50 and 1950 cm-’ of the 
(CO)sMnRe(CO)a(bpy’) photoproduct in 2-MeTHF at 183 
K (-) and in toluene-d* at 193 K (- - -) (0 = Mn(CO)r-). 
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