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Summary 

Photolysis of the metal-metal bonded dimer [(II '-C5H5) 

Pe(CO),], in the presence of B variety of potential hydrogen 

atom donors leads to net hydrogen abstraction only in the 

case of benzaldehyde, for which (a '-C5H5)Fe(CO)z(C6H5) is 

the only product formed. Photolysis in acetonitrile gives 

the monosubstitution-product (ii5 -C5H5)2Pe2(CO)3(CH3CN)~ 
.- 

Inkroduction 

It has been well established that the photochemistry of 

metal-metal bonded carbonyls usually involves homolytic 

cleavtige of the metal-metal bond, followed by radical-type 

reactions of the resulting fragments (l-31, although other 

mechanisms have been established in some cases (4-6). 

Xe&ently.the-high-selectivity of the metal-centered radicals 

has. been noted: only halogen-atom abstraction from partially 

halogeiated hydrocarbon.solvents isobserved,. in contrast to 

the_behavior.of alkyl radicals which give hydrogen abstraction 

aS:well* "(31.. Presumably .tbis .is.related to the relative 

*To whom correspondence should be addressed. 

: *'FOriXBtiOn of a metal hydride-has been reported in the 
.- _ : 

photolys_is-qf Re~(CO)lO_ .With water (7). - 
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strength of M-X and'X-S.bondS; In-principle, hy&c+en -atom. :-. 

aDstraction by a photochemica&ly-produced rue&al radical :.. 

could be incorporated into a s&me for conversion of-light .. -. 

energy, as follows: 

M- + QH---_p RM + Q- 

wh,ere WY! represents the dimeric metal-metal bonded complex 

an3 QH the hydrogen source. Since several metal hydrides 

(e.g., -(co) 5’ (n'-C,H,lPetCO1,H1 thermally decompose to 

hydrogen and the dimeric species under relatively mild 

conditions, this cycle would effect the storage of light 

energy in the form of h$Srogen, wikh the metal complex function- 

ing ae a catalyst_ We have initiated an investigation-into 

thS feasibility of such a scheme, and here report Rreliminaxy 

results OR reactions involving [(n5-C5H5)Fe(CO) 

Results -- 

Irradiation of solutions of Fp2 containing 

variety of potential hydrogen donors, including 

diphenylmethane, triphenylmethane, cyclohexene. 

a wide 

toluene, 

THF, benzyl- 

&ethyl ether* isopropanol and hydrcguinone, either neat or 

in benzene solution, gave no reaction detectable by IR or NWR. 

A reaction was observed for acetonitrile but; not surprisingly, 

this gave a substitution reaction, replacing one CO to form 

'Fp = 5 In -C5H5?FeKO12. 
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.. (?‘k H ) ($O)E’e!v-C-O) 2Fe(~H~CN)(r15-d5Hg). ._ 3:s Structural 

charaoterizatioti of this product follows from its IR and -,_ .: ~‘._ . 
l+Et .spytra (see Experimental) , which are quite similar to 

-tie analogous monosubstituted phosphine and phosphite .complexes 

(81,: Unlike the latter, the CH3CN derivative is thermally 

quite &stable: a photolyzed solution in neat CH$N begins 

slcwly reverting to FpZ as soon as the light is turned off, 

while a solution of the isolated product in other solvents 

decomposes substantially in minutes, leading to Fp2, free 

CH3CN-and an insoluble, iron-containing solid. 

Only-for benzaldehyde was a product resulting from 

hydrogen abstraction found. Irradiation of a benzene solution 

Of Fp2 and PhCBO reSultS in gradual fOrIna+_iOn df the knOWn 

phenyl compound FpPh (9), along with evolution of gas; The 

overall stoichiometry is: 

Fp2 + 2PhCH0 -i 2FpPh e 2C0 + 82 

The product was obtained in >70% yield: no other species 

could be detected by IR or IWR either during, or after 

completion of, the reaction- The reaction is rather slow 

and inefficient: under conditions used (see Experimental) 

about four hours irradiation were required for complete con- 

version; the quantum yield was determined to be about 10y2, 

considerably lower than values measured for halogen atom 

abstraction in related systems (1). Under the same conditions, 

isobutyraldehyde, crotonaldehyde, cinnamaldehyde and p- 

anisaldehyde all failed to react. p-Nitrobenzaldehyde 

reacted.rapidly, but only a black, insoluble solid was 

obtained. 



Discussion 

It is apparent that hydrogen atom abstraction by.pp* is 
._, 

not at all a favorable process, in comparison with &her -. 

radical-type reactions. Presumably the abstraction reaction, 
. . 

even for substrates which are generally excellent hydrogen 

. donors, is not capable of competing with the recombination 

of Fp- to regenerate the starting dimer. The acetonitrile 

photosubstitution reaction most probably proceeds via Pi* in 

the following manner: 

I(n 5- hu -C5H5)Fe(CO) 212 --+ 5 2(n -C5H51Fe(C012= 

(n=C5H5lPe(C0)2- +ch$N -t (n5-C5H5)Fe'CO)!CHJCN)- + co 

(n'-C,H5)Fe (CO) 2* + tsf-C5~5t~e(CO)(CH3M) - + 

(ri5-,5H~)ZFe2(CO)3(CH3CN) 

Substitution via labile f7-electron intermediates has been 

implicated for both photochemical (1,101 and thermal (11) 

reactions of metal-metal bonded carbonyls. 

The observation of prod&s resulting from hydrogen 

abstra&ion only for benzaldehyde is not readily explainable. 

In the absence of detectable'intermediates it is not pdssible 
.~ 

to reach any definite conclusions about the mechanism of 

this reaotion, !&IO basic mechanistic types appear reasonable; 

one involves-the hoped-for hydrogen atom abstraction: 

Fp- + PhCHO + FpH +' PhCO. 



Fp- + PhCO* + FpCOPh 

FpCOPh -% FpPh i- CO 
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2FpH -t Fp 2 + H2 

Variations on this scheme might also be envisioned. The 

failure to observe the benzoyl compound PpCOPh, suggested in 

this scheme, does not rule it out as an intermediate: 

photodecarbonylation of this species is very fast compared 

to the photoreaction of Fp3 and PhCHO under the same conditions. 

Another possible mechanism is reminiscent of decarbonylation 

of aldehydes by coordinatively unsaturated complexes (12): 

FP' + PhCHO * (C5H5)Fe(CO) (PhCHO). + CO 

(C5H51Fe(CO) (PhCHO). + (C5H5)Fe(CO) (HI (COPhI. 

(C5H5)Fe(CO) (HI (COPh). + (CgRg)~e (co) (coph) + i/2H2 

(C5H51Fe(CO) (COPhI * (C5H5)Pe(C0)2Ph 

This scheme appears more consistent with the extreme select- 

ivity of the reaction, since i) the substrate must first 

displace CO from Fp;, restricting reaction to potential 

ligands (such as aldehydes); and ii) the oxidative addition 

step is mbre likely to be highly sensftive to substituents 

on the. kbstrate than a radical hydrogen atom abstraction 

would be (c-g., the rate of H-abstraction from RCHO by 
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Phenyl radicals is virtually independent of R for--both - 

aliphatic and aromatic aldehydes (13)). Loss of H2 might 

occur either directly or via H-abstraction-by Fp- followed 

by decomposition of FpH as in the Previous scheme. 
+ 

We are currently extending our studies to other metal 

systems in order to define the scope of these reactions 

_ and answer some of.the open mechanistic questions. 

Experimental 

Photolyses were carried out in serum-capped Pyrex or 

sealed NHR tubes, using a 100 watt medium pressure mercury 

l;Unp. Several of the unreactive mixtures were photolyzed in 

quartz tubes as well; no difference was found. Infrared 

spectra were obtained using a Perkin-Elmer 457 instrument; 

NMR on a Varian A-60; mass spectra on an AEI MS9. 5 
[(n -C5H5) 

Fe(C0)3]3 was purchased from Strem Chemicals and used without 

further purification; recrystallization did not appear to 

affect results noticeably. .(n5-C5H5)Fe(C0)3(COC6H5) arid 

[n5-C5H5)Fe(COt,(C6R5) were prepared by literature methods (9). 

With most of the substrates investigated (see above), 

prolonged irradiation caused no chang& in either the NMR.or 

IR; only peaks from the starting materials could be observed. 

A small amount of insoluble brown solid was formed: the 

amount varied inversely with the degree of care taken in 

deoxygenating the solution: 

f 
Still mother possibility is that the benzaldehyde, not E'p3, 
is the light-absorbing species leading to reaction; this appears 
to be ruled out by the fact that no benzoin (the product of 
photolysis of benzaldehyde (14)j is formed, even though the 
reaction mixtures contain large-'excesses of benzaldehyde. 



(rt5-C5Hi! *Fei ($Oje3 (CH3CN) 

Iriadiatign of a solution of Fp2 in neat CH3CN (ca. 

10B2g) caused a gradual color 'change from red through brown to 

dark green. After 4-5 hours, IR and NMR showed complete 

disappearance of Fp2.. Evaporation ofsolvent gave a greenish- 
: 

black solid. IR(Nujo1 mull): 2170 (v-w, CN stretch); 1950 

(s, terminal CO stretch); and 1725 cm-l (bridging CO stretch). 

NMR (benzene): 5.53 (5 H), 5.65 (5 H) and 9.65 ~(3 H). 

Within minutes the benzene solution began showing NMR 

peaks chaacteristic of Fp2 and free Cn3CN, accompanied by 

formation of a brown precipitate. Decomposition is slower 

in CH CN .3 solution. Eecause of this instability in solution, 

a recrystallized sample giving satisfactory elemental analysis 

could not be obtained. The solid appears to be indefinitely 

stable under N2. The mass spectrum showed no parent ion, 

but the peaks observed were very similar to the fragmentation 

products reported for Fp2 (151, in addition to a peak at m/e 

= 41 (free CH3CN). 

(n5-C5H5)Fe(CO) 2Ph from Fp2 and PhCHO 

Solutions of Fp2 (10B2g) and PhCHO(0.5 M_) in benzene 

were irradiated until the red color was converted to a pale 

yellow-brown. After.filtration to remove small amounts of 

brown solid, evaporation of solvent and recrystallization 

from pen+ne afforded FpPh in >70% yield, with spectral 

-parameters (IR and NMR) identical to those previously re- 

ported (91. About four hours irradiation was required for 

complete reaction: monitoring by IR or NMR during reaction 

showed only signals due to starting materials and FpPh. Gas 

evolution was followed by carrying out the photolysis in a 

tube connected to an oil manometer by Tygon tubing; about 
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5-Z% moles of gas per mole of Fp2 were evolved. Mass : .- ’ 

,spectral analysis showed this to be A mixture of CC Ad ‘- 

Ei2; because of~instrumental instability at‘very Gw m/e, 

values, meaningful quantitative data c&d not be obt&ed. 

A similar solution containing, in addition, Fp&Ph (2 x 

lO-3 MI was photolyzed in a sealed NMR tube. The NKR signal 

for FpCOPh was con&&fly gone, &faced by that for r"pPh, 

within 30 minutes; only about 20% of the Fp2 had reacted 

during this tine. 

The quantum yield for this reaction was determined by 

carrying out the irradiation of a similar solution in a &arts 

cuvette, using a filter (Corning glass s5840) passing only 

light of wavelength in a narrow band around 350 nm. The 

reaction was monitored 

absorption peak at 510 

by following the decrease in the 

nm (due to Fp21 up to ca. 10% 

conversion to products. Ferrioxalate actinometry was used; 
under the conditions of the expertient essentially all of 

the light transmitted by the filter was absorbed by bath 

the actinometer and reaction solutions. 
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