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Metal Carbonyl Photochemistry. Part 3.1 Behaviour of [Mn(q-C5H5)- 
(CO),] t and Related Species at 77 K 
By John David Black, Michael J. Boylan, and Paul S. Braterman,' Department of Chemistry, University of 

Photolysis of [Mn(cp)(CO),] (cp = q-CSH5) in  glasses at 77 K gives species [Mn(cp)(CO),], [Mn(cp)(CO)], 
and (in the presence of ethers) [Mn(cp)(CO),(ether)] and [Mn(cp)(CO)(ether),] ; [Mn(mcp)(CO),] behaves 
similarly (mcp = methylcyclopentadienyl). Photolysis is slower than with the d6 hexacarbonyls, and the mono- 
ether complexes show conformational trapping. The broadly similar behaviour of  [Cr(C,H,) (CO),], [Mn(cp)- 
(CO) ,( CS)], [ Fe (cp) (CO) ,I], and [ Mn (C,( CF,),S ( C6F,)) (CO) ,] is briefly described. 

Glasgow, Glasgow G12 8QQ 

PHOTOCHEMICAL replacement of CO in species [M(C,H,)- 
(CO),] has long been used in ~ y n t h e s i s , ~ * ~  since thermal 
displacement of CO is often difficult in these cases, and 
(for n even) replacement of the organic ligand is com- 
monly the preferred thermal proce~s .~  We have ex- 
tended our investigations 1,5 of metal-carbonyl photo- 
chemistry to [Mn(mcp) (CO),] and [Mn(cp) (CO),] (mcp = 
q-methylcyclopentadienyl, cp = q-cyclopentadienyl) , 
and also report brief studies on some related species. A 
preliminary account of part of this work has appeared,6 
and other workers have independently examined the 
formation of [Mn(C,H,) (CO),] and [Cr(C,H,) (CO),] in 
argon and methane matrices.' 

EXPERIMENTAL 

Apparatus and conditions were as previously described. 1* 

Lamp condition was checked regularly by the photolysis 
rate of [Mo(CO),] in methylcyclohexane-isopentane (4 : 1).  
The compound [Mn(cp) (C0)J was vacuum sublimed before 
use, but [Mn(nicp) (CO),] (Strem Chemicals) and [Fe(cp)- 
(CO),I] (Alpha Inorganics) were used as purchased. The 
compound [Cr(C,H,)(CO),] was a gift from Professor D. A. 
Brown, [Mn(cp) (CO),(CS)] from Professor I. S. Butler, and 
[Mn{C,(CF,),S(C,F,)}(CO)3] from Professor D. W. A. Sharp 
and Dr. J. L. Davidson. All substances gave completely 
satisfactory absorption spectra in the v(C0) region. 

Solvents were in general purified as described previously.1* 
Nujol was from freshly opened bottles and was passed down 
a silica gel column before use. Relative intensities of i.r. 
bands were estimated from the product of maximum 
absorbance and full width at half-maximum (f.w.h.m.), as 
determined on the expanded scale of a PE225 spectrometer 
(middle-aged but in good order) with no corrections for finite 
slit width or differences in band shape. Long-wavelength 
bandpass filters (Skan) employed are indicated by colour 
code and cut-out wavelength ; thus filter GG420 is a green 
glass transmitting a.t A > 420 nm. 

RESULTS AND DISCUSSION 

[Mn(cp) (CO),] and [Mn(mcp) (CO),].-(a) In  hydro- 
carbon glasses. Both substrates tended to precipitate on 
cooling. This was suppressed in Nujol-containing 
glasses, but these tended to crack on cooling; otherwise 
they gave similar results to methylcyclohexane-iso- 
pentane (4 : 1) glasses. 

Results are summarised in the Table and illustrated in 

t Tricarbonyl(q-cyclopentadieny1)manganese. 

Figure 1. Both substrates showed a definite shift of 
v(C0) to low frequency on cooling. Photolysis was slow 
even with unfiltered light and complete photolysis was 
never achieved. Photoreversal, which occurred with 
WG335-filtered light,$ could not have been responsible 

N v /cm-' 
100 I I I I 1 I -- 

2150 2100 2000 1900 1800 

2or P ' U  P 

0 L 
FIGURE 1 Spectra of [Mn(cp) (CO),] in methylcyclohexane- 

Nujol (3  : 1) a t  77 K: (-), unphotolysed; (---), after 
irradiation (unfiltered) for 125 min. Peaks: P, parent 
[Mn(cp)(CO),] ; 1, [Mn(cp)(CO)]; 2, [Mn(cp)(CO),] ; an asterisk 
signifies a 13C0 satellite 

for the slow init ial  photolysis, and it may be that the 
ring-metal system is acting as an internal filter or energy 
trap. It may also be inhibiting reorientation, and thus 
favouring immediate recombination. Nonetheless, the 
expected species [MnL(CO),] and, on prolonged photoly- 
sis, [MnL(CO)] were observed (L = cp or mcp). Warm- 
ing led to regeneration of starting material, with no 
evider ce of intermediate water complexes (contrast the 
Group 6 hexacarbonyls ,), nor of dinitrogen complexes 
[MnL(CU),(N,)], although such complexes are well 

$ See Experimental section for explanation of filter codes. 
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Since in the substrate and product molecules all CO 

groups present are of the same type, the angle between 
the oscillating dipoles of these groups can be found very 
simply from relative intensities; the results are in- 
cluded in the Table. Despite the crude method used, the 
angles found are so reasonable that we believe the 

E band shows skewing suggestive of incipient splitting. 
Photolysis at 77 K gives two pairs of new bands, of which 
the higher-frequency pair is less intense and disappears 
on annealing (Figure 2). We find similar behaviour in 
several other systems of type [M(C,H,)(CO),(ROR’)], 
and suggest that  i t  is due to the creation by photolysis of 
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a N m-1. 6 From relative intensities. C Methylcyclohexane-isopentane (4 : 1). Compare crystallographic values of 91, 91, and 
Masked by E band of parent. 

J In idealised three-fold symmetry. k Litera- 
94” (D. J. Parker, J. Chew. Soc.,  Dalton Trans., 1973, 155). 
* This work; see text. 
ture values (ref. 7, CH,, ca. 12 K): v(C0) 1961.4, l 892.8 cm-l; k = l 501.6 N m-l; ki  = 53.4 N m-l. 

Minor rotamer. f Major rotamer. 
i Literature value (ref. 15) is 1 991 cm-l (in CS, solution). 

increase of angle between [Mn(C,H,R) (CO),] and [Mn- 
(C,H,R)(CO),] to be real. Presumably, as in [Cr(CO),- 
(CH,)] ,lo the steric demand of weakly interacting alkane 
is less than that of CO. Extended-Huckel calculations l1 
predict, for [Mp(cp) (CO),], non-planarity of the M--CO 
and M-cp(centre) directions, consistent with the small- 
ness of the increase. 

In EtOH-MeOH (4 : 1) at room 
temperature [Mn(cp) (CO),] shows the expected two 
bands; these shift markedly on cooling (Table), and the 

( b )  In  alcohol glasses. 

two distinct families of rotamers (Figure 3), depending 
presumably on the arrangement of solvent molecules 
around the photolysed molecule. Type (A), which are 
the more sterically congested, are formed to a smaller 
extent, and the congestion also leads to poorer donation 
from ligand oxygen to metal. This suggested behaviour 
is closely related to that found by Butler and Sawai l 2  in 
[Mii(cp)(CO),(SC,H,)], but in our case, since an oxygen 
donor is more sterically hindered than a thioether, the 
difference in properties is greater and only one rotamer 
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P 

P 

can survive in a mobile medium. Trapping by the solid 
matrix no doubt depends on the leverage exerted 
through the bulky R and C,H, groups on the O-M bond. 
The behaviour of [Mn(mcp) (CO),] is similar. 

(c) In ether-containixy glasses. The CO stretching 
modes of both species are lower in 2-methyltetrahydro- 
furan (mthf) than in hydrocarbons even at  room tem- 
perature and are further depressed on cooling. Photoly- 
sis a t  77 K gives a four-band spectrum assignable to 

A 

to species [Mn(cp) (CO) (thf),] (Table). Behaviour in 
mthf-doped methylcyclohexane-isopentane (4 : 1) was 
similar but secondary substitution was not observed. 
The compound [Mn(mcp)(CO),] behaved, as usual, in the 
same way as [Mn(cp)(CO),]. The effects of thf or mthf 
on the spectra of the unphotolysed species were con- 
siderable, indicating significant association, and will be 
reported e1~ewhere.l~ 

[Cr(y-C,H,) (CO),] in mthj.*-This was very similar 
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FIGURE 2 Spectra of [Mn(cp)(CO),] in EtOH-MeOH (4 : 1) a t  77 K :  (a)  unphotolysed; (b)  after irradiation (unfiltered) for 16 min; 
( c )  as (b ) ,  but annealed a t  90 K and re-cooled to 77 K;  ( d )  as ( c ) ,  after irradiation (unfiltered) for another 20 min. Peaks: P, parent 
[Mn(cp)(CO),] ; A and B, rotamer families of [Mn(cp)(CO),(HOR)] (see text) 

rotamer types (A) and (B) (Figure 3). On warming this 
is replaced by the two-band spectrum of the preferred 
rotamer (Table), which disappears on standing in a 
sealed cell and is replaced by that of the starting material. 

Photolysis a t  77 K of [Mn(cp) (CO),] in methylcyclo- 
hexane-isopentane (4 : 1) containing 5% vlv (ca. 0.5 mol 

0 R C O  

( A )  ( B) 

[M(CnH,) (CO) @OR')] 
FIGURE 3 Rotamer families of alcohol or ether complexes 

drn-,) thf gave closely similar products of types (A) and 
(B). Photolysis was faster than in pure mthf, which 
may indicate the greater ease of reorganisation around the 
metal in a less rigid matrix. Prolonged irradiation led 

to that of [Mn(cp)(CO),], with a marked temperature 
shift of v(C0) on cooling, the formation of a four-band 
spectrum assignable to two rotamers, the higher-fre- 
quency spectrum being weaker and disappearing first on 
warming, and extensive regeneration of starting material 
(Table, Figure 4). We could find no evidence for dis- 
placement of benzene by mthf. 

[Fe(cp) (CO),I] in mthf.-Like other workers,l4 we 
find evidence (Table) for formation of [Fe(cp)(CO)- 
(mthf)I]. The band assigned to this species was slightly 
broader than the A" band of the parent, suggesting the 
presence of rotamers. Even extensively filtered light 
(GG420) caused photolysis, but the rate of photolysis 
increased markedly on going from WG350- through 
WG305-filtered to unfiltered light. We found no 
evidence for photoreversal, but there was some secondary 
photolysis to a carbonyl-free species, and incomplete 
regeneration of parent on warming. 

[Mn(cp) (CO),(CS)] in Methylcyclohexane-Isopentarte 
(4 : l).-This substance showed the usual shift of the 
two v(C0) bands to lower frequency on cooling. The 

* Single run only. 
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only species formed directly by photolysis with unfiltered 
light was assignable as [Mn(cp)(CO)(CS)], but, when the 
photolysed glass was rapidly warmed (in about 10 min) 
to  room temperature, regeneration of starting material 
was incomplete and a weak but real new band was 
observed at the known l5 frequency of [Mn(cp)(CO)- 

reflected the low symmetry of the non-carbonyl ligand. 
Thus the lower-frequency v ( C 0 )  peak of the parent was 
broad even at room temperature, and split into two com- 
ponents on cooling (Table, Figure 6). Irradiation with 
Pyrex-filtered or (more rapidly) with unfiltered light gave 
rise to a poorly resolved spectrum clearly containing 
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FIGURE 4 Photolysis of [Cr(C,H,)(CO),] in mthf : (a)  a t  77 K (reference a t  room temperature, hence baseline peaks) ; (b)  as ( a ) ,  after 
Peaks: P, parent; A and B, rotamers irradiation (unfiltered) for 40 min; (c) as ( b ) ,  during warm-up [CO still present as in (6)]. 

Of [Cr(C6H6) (C0)2(mthf)1 

(CS),] (Table, Figure 5 ) .  A little [Mn(cp)(CO),] was 
formed, most probably from [Mn(cp) (CO),] impurity, 
since on other evidence l6 direct CS loss seems unlikely. 
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FIGURE 5 Photolysis of [Mn(cp) (CO),(CS)] in methylcyclo- 

hexane-isopentane (4 : 1) : ( a )  after irradiation (unfiltered) for 
75 min; (b )  on warm-up (curve displaced for clarity). Peaks: 
P, [Mn(cp) (CO),(CS)] ; I”, [Mn(cp)(CO),] impurity; Y ,  [Mn- 
(cp)(CO)(CS)]; 2, [Mn(cp)(CO),] (presumably from P‘) ; X, 
unidentified; W, [Mn(cp) (CO) (CS),] 

[ Mn(C, (CF,),S (C6F,)} (CO) ,] l7 in mthf.-The spect ro- 
scopic and photochemical properties of this substance 

several new bands, and to an overall loss of intensity 
suggesting extensive destruction. The new bands 
disppeared on warming, and some starting material was 
regenerated. The complexity of the spectrum is con- 
sistent with the expected existence of isomers (as well as, 
we must presume, rotamers) of [Mn(C,( CF,),S ( C6F5) >- 
(CO),(mthf)]. Attempted studies of the parent, and of 
the related species [Mn(C,(CF,),S(CF,)>(CO),], in hydro- 
carbon media failed because of poor solubility. 

Conclusions.--Like the d6 metal hexacarbonyls, the dG 
metal tricarbonyl half-sandwich complexes studied here 
showed photolytic CO loss, photoreversal, uptake of 
ethers or alcohols by the photolytic fragments, and (in 
our sealed systems) eventual displacement of these 
oxygen donors by CO. Photolysis was slower than for 
the hexacarbonyls, and there are many possible reasons 
for this. There was no evidence for aquation of frag- 
ments in hydrocarbon glasses, even though such aquation 
is important in hexacarbonyl chemistry.ly5 Ether 
complexes may be formed and trapped in a metastable 
conformation that disappears rapidly on warming. The 
spectra of [Mn(cp) (CO),] and [Mn(mcp) (CO),] have been 
analysed in some detail assuming effective two-fold 
symmetry of the Mn(CO), fragment. This assumption 
could be tested by 13C0 labelling which would require a 
degree of resolution obtainable in vapour-deposited 

http://dx.doi.org/10.1039/DT9810000673


1981 677 

2200 2100 2000 1900 
100 

C 
0 

ul 
ul 

.- 

'- 80 f 
2 
c. 

& 60 
4 
C 
Q, 
u 
9) 
L 

40 

I 
I ;I I 

P 

N v /cm" 
2200 2100 2000 1900 

, 

I b )  

2200 2100 2000 1900 

r- 

I P  

FIGURE 6 Spectra of [Mn{C,(CF3),S(C,F,))(C0),1 in mthf: (a)  at  room temperature; (b)  as ( a ) ,  but a t  77 K ;  (c) as (b ) ,  after irradi- 
ation (unfiltered) for 30 min. Peaks: P, parent; D, daughter 

matrices (see, for example, refs. 7 and 10) but not in our 
solvent glasses. 
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