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Summary

Photolysis of the metal-metal bonded dimer [(nS—CSHS)v

Fe (CO) in the presence of a variety of potential hydrogen

212

atom donors leads to rnet hydrogen abstraction only in the
e .

case of benzaldehyde, for which (n'-CSHS)Fe(CO)z(CGHS) is

the only preduct formed. Photolysis in acetonitrile gives

the monosubstitution -product (#>-C sHg) 5Fe, (CO) 5 (CH4CN) -

Introduction

It hasrbeen well establishea that the photochemistry of
metal-eehal bonded carbon&ls usuelly involves homolytic
cleavage of the metal-metal bond, followed by radical-type
feactions of the resulting fragments (1-3), although other
mechanisms have been established in some cases (4-6).
Reoently_the-high,selectivity of the metal-centered radioals
has been noted: only halogen;atom,abStraction from partially

jhalogeﬁéted»hydrocarbontsolvents is observed,. in contrast to
'Vthe,behavioriof aikyl_radicals which give hydrogen abstraction

jaszwell'*(B};. Presumably this is related to the relative

*Pg whom correspondence snould be addressed.

‘-,'**Formatlon of a metal hydrlde ‘has beer repo*ted in the

photolysxs of Re (co)10 thh water (7)._



.str:ength of n—x a.nd ‘\1—-5 bonds. In prxncxple, hydrogen atom DU
abStractton by a photochem;cally—prouuced metal radlcal
could be incorporated into-a scheme fcr ccnversicn of ;1ght

energy,vas follows.
M, BV on.
M- + QH——HM + Q-

2BM ——3p MZ + H,

where Mz represents the dimeric metal-metal bonded complex

and QOH the hydrogen source. Since several metal hydrides

(e-g., EMn(CO), (ns-CSHS)Fe(CO)ZH) thermally decompose to
hy@rogen and the dimeric species under relatively mild
ceonditions, this cycle wculd effect the storage of light

enargy in the form of hydrogen, with the metal complex function-
ing as a catalyst. We have initiated an investigation into

the ¢easibility of such a scheme, and here report preliminary

results on reactions 1nvolv-ng [(n -C Hs)PeCCO)zl (sz).

Results

Irradiation of solutions of sz containihg a wide
variety of potential hydrogen donors, ihcluding toluene,
diphenylmethané, triphenylmethane,rcyclohexene. TEF, benzyl
methyl éther, isopropanol and hydroguinone, either neat or-
in benzene solution, gave no reaction aetectable by IR or NMR.
A reaction was observéd for dcetonitrile but, not suiprisihgly,

this gave a substitution reaction, replacing one CO to form

*Fp = (ns—CSHS)Pe(CO)Z. ‘
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n3iegng) (€0} Fe (4=CO) yFe (GH CN) (n ~CHg). Structural

"_characterlzatlen of th;s product follows from its IR and

. HHR spectra (see Experlmental), which are aulte 51m11ar to

;the analogous monosubstltuted phosphlne ‘and phosphlte complexes
'(8). Uﬁlzke the latter, the CH3CN derlvatlve is thermally
quxte unstable- a photolyzed solutlon in neat CH CN begins
slowly revertlng to Fp, as soon as the light is turned off,

. while a solutlon of the 1solated product in other solvents
decomposes substantlally in mlnutes, leading to sz, free

CH 3CN‘and an 1nsolub1e, iron-containing solid.

Only for benzaldehyde was a product resulting from
hydrogen abstraction found. Irradiation of a benzene solution
of Fp, and PhCHO results in graduai formation of the known
phenyl compound FpPh (9), along with evolution of gas: The

overall stoichicmetry is:

sz + 2PhCHO + 2FpPh + 2CO + Hz

The product was obtained in >70% yield: no other species
could be detected by IR or NMR either during, or after
completlon of the reactlon. The reaction is rather slow
andrlnefflclent: unde: conditions used (see Experimental)
aboutlfour hours itradiation were reqﬁired for complete con-
veisioﬁ;‘the qﬁantuﬁiyield was éetermined to be about 10~2,
conszderably 1ower 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-Nitrobeezaldeﬁyde

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

obtained.
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Discussion

- It is apparent’ that hydrogen atom abstractlon by Pp- is
not at all a favorable process, in- comnar*son with cther o
radlcal-type reactlons.rlbresumablv the abstractlcn reactzon,
even for substrates whlch are generally excellent hyd:ogen,c A
donors, is no: capable efvccmpeting Qith,the'recemﬁinetion
of Fp- to regenerate thn>startieg dimer. The acetbnitrile
photosubst1tut1on reaction most probably proceeds via Fp- in
the following manner:

[(n®~cgHg)Fe(CO) 1, 2% 2(n -c A )Fe(cO),-

(n -C g ):e(CO)z‘ + CEBCN - (n —CS 5)E‘e(CO)(CH CN)~ + CO

(ns-csﬁs)Fe(CO)z- + (n° ~CgHz)Fe (CONCH,CN) - +
5
{n —Csﬂs)zFez(C0)3(CH3CN)

Substitution via labile l7-electron intermediates has been
implicated for both photochemical (1,10) and thermal (1i1)

reactions of metal-metal bonded carbonyls.

The observation of products resultlng from hydrogen
abstract;on 23_1 for benzaldehyde is not reaally explainable.
In the absence of detectable intermediates it is not pdssibie'
+o reachrany definite conclusions about the mechanism of
this reaction. Two basic mechanistic types appear reasonable;
one involvee>£he hoped—forrhydrogen'atom abstraction:

hy

Fp, =% 2Fp-

Fp- + PhCHO + FpH + PhCOe
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Fp+ + PhCO* -+ FpCOPh -

Fpcoph -BY% Fprh + co

2FpH ~ Fp, + H,
Variatibns on thié scheme might also be envisioned. The
failﬁre to observe the benéoyl compound FpCOPh, suggested in
this scheme, does not rule it out as an intermediate:
photodecarbonylation of this species is very fast compared

to the photoréaction of sz and PhCHO under the same conditions.
Another possible mechanism is reminiscent of decarbonylaticn

of aldehydes by coordinatively unsaturated complexes (12):

Fp, By, opp.

Fp‘>+ PhCHO + (CgH.)Fe(CO) (PhCHO)+ + €O
{C5Hg)Fe (CO) (PhCHO)- + (C H)Fe (CO) (H) (COPh) +

- (CgHg)Fe (CO) (H) (COPh) « + (CSHg)Fe(CO) (COPh) + 1/2H,
(CSHS)Fe(CO) (COPh) -+ (CSHS)Fe(CO)ZPh

This scheme appears more consistent with the extreme select-
ivity of the reaction, since i) the subs;rate must first
displace CO from Fp¢, restricting reaction to potential
ligands‘(such as aldehyées); and ii) the oxidative addition
step is more likely to be highly sensitive to substituents

. on the‘Sﬁbstréte-than a2 radical hydrogen atom abstraction

would ben(é.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)). ILoss of H, might

occur either directly or via H-abstraction[byi?pf followedr"

by decomposition of FpH as in the érevious schenme.
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
szaled NMR tubes, using a 100 watt medium pressure'mercur§
lamp. Several of the unreactive mixtures were photolyzed in
guartz 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. [(ns-CSHS)
Fe(co)2]2 was purchased from Strem Chemicals and used without
farther purification; recrystallization did not appear to
affect results noticeably. '(ns—CSHS)Fe(CO)z(COCGHS) and

(ns—CSHS)Fe(CO)Z(CGHS) were prepared by literature metheds (9).

With most of the substrates investigated (seeiabove),
prolonged irradiation caused no change 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.

*Sti1l another possibility is that the benzaldehyde, not Fp,,

is the light-absorbing species leading to reaction; this appears
#0 be ruled out by the fact that no benzoin (the product: of
photolysis of benzaldehyde {(14)) is formed, even though  the
reaction mixtures contain large-excesses of benzaldehyde.
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 (n°~C4H) jFe; (CO) 5 (CH CN)

_ Ir%adiaéigh of a éblution of Fp, in neatVCH3CN (ca.
10-2§) céused'A gradual color'chaﬁge frbm“red thréugﬁ brown to
dark gfeéﬁ. ‘After 4-5 houfs, IRVand ﬁMR showed ccmplete
disappearan¢e qf E§2.>vaaporation of solvent gave a greenish-
black solid. IR(Nujol mull): 2170 (vw, CN stretch); 1950

(s, ter@inal Cd stretch); and 1725 cm-l (bridéing CO stretch).
NMR (benéene):‘ 5.53 (5 H),75.65 (5 H) and 9.65 1(3 H).

Within ﬁinutes the benzené solution began showing NMR

peaks characteristic of Fp, and free CH3CN, accompanied by
formation o£ a brown precipitate. Decomposition is slower

in ¢H3CN solution. RBecause of this instability in solution,

a rédrystallized sample giving satisfactory elemental analysis
could ﬁot be obtaiﬁéd. The solid appears to be indefinitely
stable under N2. The mass spectrum showed no parent ion,

but thebpeaks observed were verf similar to the fragmentation
products re?orted fbr sz (15), in addition to a peak at m/e
= 41 (free ca3c1§).

5

{n —CSHS)Fe(CO)ZPh from sz and PhCHO

Solutions of Fp, (10'2§) 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
broﬁn'solid, evaporation of solyentvand recrystallizatioﬂ
from fent;né afforded Fp?h in >7d% yield; with spectral
pa;ameférs (IR and NMR) ideﬁtical to those previously re-
ported (9).' Abqut four hours ifradiation was required for
complete feaction;‘monitoring by IR or.NMR during-reactiqn
showé& only signals due to starting materials and FpPh. Gas

jgvolution was folloWéd by carrying out the photolysis in a

tube cpnnécted'to an oil manometer by Tygon tubing; about
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2-2% moles of gas per mole of :pz were.evolved.; Hass—
spectral analys;s snowed thls to be a m;xture of CG and

E,; because of 1nstrumental 1nstah111ty at very 1cw m/e

valhes, meanlngful quantltatlve data could not be obtalned.

A similar solution containing, in éddition, Ppéoéh (é %
1073 M) was photolyzed in a sealed NMR tube. The NMR Sighal'_
for.FpCOPh was compiéﬁely gone, :e?laced by that‘fbr Fbéh,
within 30 minutes; only about 2b%rof the Fp, héd reacfedi

during this time.

The quantum yield for this reaction was determined by
carrying out the irradiation of a similar solution in a quartz
cuvette, using a filter (Corning glass £5840) passing only
light of wavelength in é narrow band around 350 nm. The
reaction was monitored by following the decrease in the
absorption peak at 510 nm (due to fpz) up to ca. 10%

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

the light transmitted by the filter was absorbed by both

the actinometer and reaction solutions.
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