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Photoactivation of Cobalt Carbon.yl Catalysts: Generation of Reacti ve

Mononuclear Fragments From Dinuclear , Metal-Metal Bonded Complexes

• \~~~~~\

bstract: The m~Xfl~rneta1 b~nded ~ iplexe~~[Co2(C0)6L3 CL — P(n-Bu) 3,
l’(OPh)3~ and ~~~~~~~~~~~~~~~~~~~~~~~~~~ all undergo efficient

(
~
‘
~ 
0.1 at 355 nm) pho,~ee!i~mical metal-metal bond cleavage to produce reactive

17—valence electron [Co(CO)3L] fragments. the presence of 1-pentene no
aIken.eisomerization is found for L = P(n..Bu)3;~

J1
ow
~ 

but significant,
photocatalytic activity is found for L = P(OPh)~, or when the P -Bu’S~
complex is irradiated in the presence of P(0Me~~. The [Co(CO 

~ 
] precursors

c ‘- - 

~ are strikingly more active when irradiation is carried out in the presence
of HSiEt3, a hydride source. Both alkene isomerization and n-pentane

‘~~~.~~~ormation are observed , a~~ng w~44h small quantities of Si-c optaining
products.,~ The [F~~ -C5H5)(CO)2] radical photogenerated independently from(1~~~ .[Fe2(n -C5H5)2 C0)4] is not active under any conditions used thus far. The
activity of 17-valence electron radic~~s in this ap~1 ication is
ECo(CO~~(P(OPhi~)] > [Co(CO)~(P(n-Bu)3)] > [Fe(~ -C5H~)(C0)

’
~]. These species 

-

are not themselves effective catalysts but do se m to react with HSiEt3
to form catalytically active,mononuclear Co-hydr de complexes
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• Photoactivation_of_C~b~J~j  yiCatalysts: Generation of Reactive

Mononuclear Fra~ments From Dinuclear, Metal-Metal Bonde p~pjex~ç~~

Sir:

Metal-metal bonded complexes are generally photosensitive with respect

• to cleavage of the metal-meta l bond ,1 and certain dicobalt complexes are

known
2 to be hydroformylation catalyst precursors under thermal cond iti ons.

We report herein our prel iminary results concerning the photogeneration

of catalytically active mononuclear cobalt carbonyl fragments from

• dinuclear , metal-metal bonded complexes. The results illustrate the potential

utility of photoinduced metal-metal bond cle~avage in probing catalytic

mechanisms and in initiating catalytic chemistry under thermal conditions

where there would be no reaction without light activation. The compl exes

studied thus far are [Co2(C0)6L2J CL = P(n-Bu) 3, P(OPh) 3) and

[Fe(~~-C5H5)(CO)2Co(CO)3(P(OPh)3)]~ and the catalytic probe chemistry has been

reaction of l-pentene/I4SiEt3 mixtures. The cobalt systems have been chosen

for study because it is bel ieved that the dinuclear [Co2(CO)6(P(n-Bu)3)2]

actually forms mononuclear [HCo(C0)3(P(n-Bu)3] under hydroformylation conditions .
2

The abili ty to photogenerate [Co(CO)31] under mild thermal conditions offers

an opportuni ty to gain insight into the mechanisms of cobalt carbonyl catalyzed

reactions.

• All threc tomplexes studied here undergo efficient

photochemical cleavage of the metal-metal bond , as reflected in the photo-

chemistry that we find s equations (1) and (2). [Mn 2CCO)10]
4

~
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hv
[Mn2(CO) 10] + [Co2(C0)6L23 

4
L=P(n-Bu)3 

2[Mn(CO)5Co(CO)3L] (1)
Beniene

IT~[Fe2(~
5-C5H5)2(CO)4] + [Co 2(CO) 6L2J ~

- 
-‘ 

2[Fe(ri5-C5H5)(C0)2Co(C0)3LJ
L=P(OPh)

• Benzene -~ 
-

(2)

and [Fe2(ri~-C5H5)2(CO)4~
5
are known to undergo efficient metal-metal bond

cleavage,and the photoinduced formation of heterodinuclear complexes is

believed to result from coupling of two different 17-va l ence electron

radicals. The forward and reverse photoreactions represented in equations

(1) and (2) are chemically clean,and quantum yields for near—ultraviolet

light induced cleavage of the metal-metal bonds are all >0.1.

!rradtatIon of [Co2(C0)6L2] in the presence of l —pentene in benzene

or n-octane solution results in little net reaction of any kind . The

disappearance of the Co-Co bonded species is very slow , particularl y for

I = P(n-Bu)3. Presumably, the Co-Co bond is cleaved efficiently, but

recoupling of the LCo(CO)3L) fragments obtains to result in little net

chemical change. Irradiation of the Fe-Co bonded species under the

same conditions results in the redistribution reaction shown in equation

(2). Table I shows the effect on 1-pentene by Irradiating the [Co2(CO)5L2]

spec1es~ For L = P(r’.-Bu)3 there is no detectable reaction in 94 h, but for

I P(QPh)3 there is considerable alkene isomerlzatloñ and a small amount of

n—pentane forms. Further, adding P(OMe)3 to a lM 1-pentene solution

containing [Co2(CO)6(P(n-Bu)3)2) results in photocatalytic activity comparable

to that found for the [Co2(CO)6(P(OPh)3)2] complex.
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Addition of HSi Et3 to the 1-pentene solutions dramatically affects

the photocatalytic activity , Table II. Under the same conditions,except for

the presence of HS1Et3, the photolysis of LCo2(C0)5(P(!!-Bu)3)2] essential ly

completely equil ibrates the linear pentenes to the thermodynamic ratio ,6

whereas no reaction obtains in the absence of the HS1Et3. A sign i ficant

amount of n-pentane is formed and small quantities of Si-containing products

are also detectable but have not been analyzed quantitatively. The addition

of P(OMe)3 further accelerates the photocatalytic activity of the

P(n-Bu)3 complex . The effect of added HS1Et3 on the photocatalytic

activ ity of the [Co(C0)3P(OPh)3] precursors is equally striking . The

heterodinuclear Fe-Co complex is about as active as the homodinuclear

precursor. Note that the [Fe2(n 5-C5H5)2(C0)4] is essentially non-active
and is , of course, the homod i nuclea r source of the 17- valence electron

radica l [FeCr~
5-C5H5)(C0)2J. However , the rela ted rad ical , [Fe(r~

3-C3H5)(CO)3], is

active as an isomer izati on catalyst.’

While none of the systems exhibit significant thermal activity on the

same time scale as used in the photochemica l experiments , long therma l

reaction time at 25° C does result in similar catalytic chemistry , and the

effects of added HSIEt3 or P(OMe)3 are similar. The most thermally active

species is the [C02CCO)6(P(OPh)3)2); the [Fe(n
5-C5H5)(CO)2Co(C0)3(P(OPh)3)]

Is quali tatively less active, but the least active complex is [Co2(C0)6(P(n-Bu)3)2].

The data suggest that the 17-valence electron radicals [Co(CO)31]

(I = P(n-Bu)3, P(OPh)3) or [FeC ri5-C5H5)(C0)2] are not themselves active

catalysts for alkene i somerization. However, these species apparently can

react wi th HS1Et3, a hydride source, to give mononuclear hydride catalysts

for lsomerfza tlon and alkene reduction. The enhanced catalytic activity ,

n-pentane formation , and formation of Si-containing products strongly

Implicate such a role for the IISIE t3. Irrad iation of metal-metal bonded

compounds in the presence of silicon hydrides is known to result In the 
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formation of silyl- and hydride complexes.8 Note that (M2(C0)8H2] (M=Mn, Re) can

be formed via photolysis of EM2(C0)10] in the presence of H2.
9 Ir and uv-vis

spectral changes in our system containing HS1Et3 reveal conversion to

mononuclear Co complexes , and catalytic activity persists when all

metal-metal bonded compounds are exhausted. Molecular H2 at 2 atm does appear

to serve as a source of hydride for [Co2(CO)6(P(OPh)3)2] but the catalytic

activity in the presence of 1 M l-pentene -is not as great as that found wi th

HS1Et3. A priori H2 should be less active as a hydri de source, since the H-H

bond Is stronger than the Si-H bond. Whether mononuclear hydri des are

responsible for reaction in the absence of H2 or Si-H sources, Table I , is not

clear. Our studies of this low activity situation have not been definitive

to date.

Mononuclear Co-hydride complexes possibly arise from reaction of 15-valence

electron Co-containing species~° with HSiEt3 followed by hydrogen abstraction

according to reactions (3)-(6), not unl ike the processes proposed for the

~~~~ 
M-Co(CO)~L] 

hV 
~ ~?M. + (Co(CO)3L] (3)

(Co(CO ) 3L] ~ ECo(CO)2L] 
+ CO (4)

[Co( CO ) 2L] + HS1Et3 ~ [Co(CO)2(H)(SiEt3)L) (5)

[Co(CO)2(H)(SiEt3
)L] + [Co(CO)3L] 

—4—-I . [HCo(C0)3L] + [Co(CO)2(SiEt3)L) (6)

• photochemical formation of [M2(CO)8H2] .9’~
1 That reaction (4) is crucial is

consistent wi th our finding that 10 psi CO pressure effectively suppresses

photocatalytic activity.

Hydrides like that indicated in equat ion (6) are known catalysts for

alkene reactions.12 Independent preparation13 of [HC0(C0)3P(OPh)3] by addi tion

of HBF4~Et2O to Na[Co(CO)3P(OPh)3) in tetrahydrofuran (THF) soluti on has been

carrfed out, and we find thermal catalytic chemistry (isomerizati on and alkene

reduction at 25°C In HSiEt3/l-pentene, 1.4 14 each , in THF), and the

distribution of products is similar to that found from irradiating

(Co2(CO )6(P(OPh)3)2] under the same conditions . We find that the [HC0(CO)3P(OPh)3] 

ii -
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has an intense ir absorpti on at 1992 cm~ (THF), and that at 25°C the complex

decomposes13 to form [Co2(C0)5(P(OPh)3)2] (1978 cni~) in THF solution . Further ,

the catalytic activity of our THF solutions of [HCo(.C0)3P(OPh)3] is enhance d

(—factor of three in rate) by near-uv irradiati on. This last result would

indicate that our photocatalyti c experiments beginning wi th [Co 2(C0) 6L2] likely

have a component of light-acce lerated catalysis by mononuclear compounds .

Consistent wi th this conclusion we find that — 15 mm of i rradiati on of

[Co2(CO)6(P(OPh)3)2] followed by dark reaction yields catalytic chemistry at a

rate substantially lower than wi th conti nuous i rradiation. Comparison of

relati ve dark and light rates accords well wi th the dark vs. light rates when

[HC0(CO) 3P(OPh) 3] is used.

Prelim i nary results usin g 1/1 DSiEt3/ l-pentene wi th [Co2(C0)6 (P(O Ph) 3) 2] as

the photocatalyst reveals the rapid formation of HSiEt3 (detected by pmr and gc

mass spec) accompanyi ng formati on of pentane and cis- and trans-2-pentene . The

deuteri um is found in all of the hydrocarbons. This experiment confi rms an

important role for the Si-H(D) system and adds further to the understanding of

the mechanism. Thus a Co species containing alkene , hydride , and the tn-

alkylsilyl group is implicated in the catalyt{c cycle. Inasmuch as we do observe

significan t amounts of alkane product it is reasonable that a key species is

in fact [H2Co(C0)2(SiEt3)L] from oxidative addition of HSiEt3 to [HCo(C0)3L3

or from disproportionation of the 17-valence electron species [HCo(CO)2(SiEt3)L]

indicated in equation (5).

Data in Tables I and II reveal that the ordering of the activity of the

three 17—valence electron radi cals is [Co(CO)3 P(OPh)3 3 > [Co(CO)3 P(n-Bu)3 3 >

(Fe( n 5-C5H5)(CO)2]. The lower thermal activi ty of the Fe-Co system compared

to [Co2(CO)6(P(OPh)3)2) is logically a consequence of the more inert

metal-metal bond. The effect of added P(OMe)3 on the activity of the P(n-Bu)3

complex Is in accord with the notion that the photogenerated [Co(CO)3L] rcidicals

are substitution labile ,10 and the various substi tuted radicals will have a

different reactivity towards HSIEt3.
14 The activity of the systems studied do 

• - 
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not seem to be great under the conditions employed , but we note that the

observed quan tum yields (molecules of product/photon inci dent) are essentially

uni ty for the alkene isomerization in the presence of HS1Et3 usi ng

(Co2(CO)6(P(OPh)3)2]. Increased light intensity increases the observed rates,

and we find that the linear pentenes can be equilibrated to the thermodynamic

ratio in <3 h for a neat 1/1 HSiEt3/1-pentene solution . The turnover rate

thus exceeds 3 x 102/h, and may be much hi gher at higher intensities. If

a 1/1 HSiEt3/l-pentene is exposed to 10 psi H2 and i llumi nated at hig h intensiti es

the turnover number for pentane formation exceeds l02/h. Finally, at the

high intensi ties, large yiel ds of hydrosilati on products are

observable on the timescale of experiments detailed in Table II. Further

• data concerning these optical effects on turnover rate will be include d in

the full paper.
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