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0.1 at 355 nm) phg;eehemlcal metal-metal bond cleavage to produce reactive
17-valence electron'[Co(C0)3L] fragments. In the presence of 1-pentene no
alkene isomerization is found for L = P(Q;Bu)3;clfw, but significant,
photocatalytic activity is found for L = P(OPh), or when the P(n-Bu 3
complex is irradiated in the presence of P(OMef? The [Co(CO ] precursors
are str1k1ng]y more active when irradiation is carried out in the presence
of HS1Et3, a hydride source. Both alkene isomerization and n-pentane
formation are observed, Ha] ng Vlth small quantities of Si-containing
products The [Fe nS-C H5)(C0)2] radical photogenerated independently from
[Fez(n —CsHs)éICO) ] is not active under any conditions used thus far. The
activ1ty of 17- va]ence electron radicals in this ap 11cat1on is
[Co(CO)3(P(0Ph) )] > [Co(CO) (P(n- Bu)(i] > [Fe(n]-CgHe) (c0)rﬁ These species
are not themselves effectxve catalysts but do seem to react with HS\Et3
to form catalytically activesmononuclear Co-hydride complexesf;:\
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Photoactivation of Cobalt Carbonyl Catalysts: Generation of Reactive

Mononuclear Fragments From Dinuclear, Metal-Metal Bonded Complexes

Si |

Metal-metal bonded complexes are generally photosensitive with respect
to cleavage of the metal-metal bond,] and certain dicobalt complexes are
knownz to be hydroformylation catalyst precursors under thermal conditions.
We report herein our preliminary results concerning the photogenerafion
of catalytically active mononuclear cobalt carbonyl fragments from
dinuclear, metal-metal bonded complexes. The results illustrate the potential
utility of photoinduced metal-metal bond cleavage in probing catalytic
mechanisms and in initiating catalytic chemistry under thermal conditions
where there would be no reaction without 1ight activation. The complexes
studied thus far are [Coz(CO)sLZJ (L = P(ngu)3, P(OPh)3) and
[Fe(ns-CSHs)(C0)2C0(C0)3(P(0Ph)3)]? and the catalytic probe chemistry has been
reaction of l-pentene/HSiEt3 mixtures. The cobalt systems haye been chosen
for study because it is believed that the dinuclear [Coz(CO)s(P(g;Bu)3)2]
actually forms mononuclear [HCb(C0)3(P(g;Bu)3] under hydroformylation conditions?

The ability to photogenerate [Co(C0)3L] under mild thermal conditions offers ;

an opportunity to gain insight into the mechanisms of cobalt carbonyl catalyzed
reactions.

A?) threc tomplexes studied here undergo efficient
photochemical cleavage of the metal-metal bond, as reflected in the photo-

chemistry that we find> equations (1) and (2). [Mn,(C0),1*

B S




~ hv
[M"Z(CO)IOJ + [Coz(CO)GLz] *f?FIE?ﬁiT 2[Mn(co)5Co(C0)3L] (1)
Benzene

v ——

[Fey(n>-CeHg),(C0),1 + [Cop(€0)gly] =" 2[Fe(n®-Cehg) (C0),Co(CO),L]

L=P(0Ph)3
Benzene

(2)

and [Fez(ns-CSHs)z(C0)4]5are 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-valence 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.
Irradiation 6f [Coz(CO)SLZJ in the presence of 1-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, particularly for
L= P(ngu)3. Presumably, the Co-Co bond is cleaved efficiently, but
recoupling of the [Co(C0)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 [c°2(c°)6L2]
species. For L = P(E;Bu)3 there is no detectable reaction in 94 h, but for
L= P(OPh)3 there is considerable alkene isomerization and a small amount of

n-pentane forms. Further, adding P(OMe); to a 1M 1-pentene solution

containing [Coz(CO)G(P(ngu)3)2] results in photocatalytic activity comparable
to that found for the [Coz(CO)s(P(OPh)3)2] complex.




Addition of HSiEt; to the 1-pentene solutions dramatically affects
the photocatalytic activity, Table II. Under the same conditions,except for
the presence of HSiEt;, the photolysis of [Coz(CO)G(P(ngu)3)2] essentially
completely equilibrates the linear pentenes to the thermodynamic ratio,6
whereas no reaction obtains in the absence of the HSiEt;. A significant
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(gyBu)3 complex. The effect of added HSiEty on the photocatalytic
activity of the [Co(C0)3P(0Ph)3] precursors is equally striking. The
heterodinuclear Fe-Co complex is about as active as the homodinuclear
precursor. Note that the [Fez(nS-CSHs)Z(CO)4] is essentially non-active
and is, of course, the homodinuclear source of the 17-valence electron
radical [Fe(ns-csHs)(co)z]. However, the related radical, [Fe(n3-C3H5)(CO)3], is
active as an isomerization cata]yst.7
While none of the systems exhibit significant thermal activity on the
same time scale as used in the photochemical experiments, long thermal
reaction time at 25° C does result in similar catalytic chemistry, and the
effects of added HSiEty or P(OMe)3 are similar. The most thermally active
species is the [Co,(CO)g(P(OPh)3),]: the [Fe(nS-CsHs)(CO)ZCO(C0)3(P(0Ph)3)]
is qualitatively less active,but the leastactive complex is [COZ(CO)B(P(Q;Bu)3)2].
The data suggest that the 17-valence electron radicals [Co(C0)3L]
(L= P(n-Bu),, P(OPh)3) or [Fe(ns-CSHs)(CO)z] are not themselves active
catalysts for alkene isomerization. However, these species apparently can
react with HSiEt3, a hydride source, to give mononuclear hydride catalysts
for isomerization and alkene reduction. The enhanced catalytic activity,
n-pentane formation, and formation of Si-containing products strongly

implicate such a role for the HSiEt3. Irradiation of metal-metal bonded

compounds in the presence of silicon hydrides is known to result in the




formation of silyl- and hydride complexes.8 Note that [MZ(C0)8H2] (M=Mn, Re) can
be formed via photolysis of [MZ(CO)IO] in the presence of HZ.9 Ir and uv-vis
spectral changes in our system containing HSiEt3 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 [Coz(CO)G(P(OPh)3)2] but the catalytic
activity in the presence of 1 M 1-pentene is not as great as that found with
HSiEt3. A priori H2 should be less active as a hydride source, since the H-H
bond is stronger than the Si-H bond. Whether mononuclear hydrides 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
10

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

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

= M-Co(c0)3L] N [Co(C0)4L] (3)
[Co(C0)sl] 2= [Co(C0),L] + CO ()
[Co(C0),L] + HSiEt; B [Co(CO),(H)(SiEL,)L] (5)

[CO(CO)Z(H)(SiEts)L] + [CO(C0)3L] A, [HCo(CO)3L] + [Co(CO)Z(SiEt3)L] (6)

]_9.11

photochemical formation of [MZ(CO)BHZ That reaction (4) is crucial is

consistent with our finding that 10 psi CO pressure effectively suppresses

photocatalytic activity.

Hydrides like that indicated in equation (€) are known catalysts for

alkene reactions.12 13

Independent preparation'> of [HCo(C0)3P(0Ph)3] by addition
of HBF4'Et20 to Na[Co(C0)3P(0Ph)3] in tetrahydrofuran (THF) solution has been
carried out, and we find thermal catalytic chemistry (isomerization and alkene
reduction at 25°C in HSiEt3/1-pentene, 1.4 M each, in THF), and the
distribution of products is similar to that found from irradiating

[Coz(CO)s(P(OPh)3)2] under the same conditions. We find that the [HCo(C0)3P(0Ph)3]
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has an intense ir absorption at 1992 en” ! (THF), and that at 25°C the complex

13 to form [CoZ(CO)G(P(OPh)3)2] (1978 cm-]) in THF solution. Further,

decomposes
the catalytic activity of our THF solutions of [HCo(C0)3P(0Ph)3] is enhanced
(~factor of three in rate) by near-uv irradiation. This last result would
indicate that our photocatalytic experiments beginning with [Coz(CO)GLz] likely
have a component of light-accelerated catalysis by mononuclear compounds.
Consistent with this conclusion we find that ~15 min of irradiation of
[Coz(CO)G(P(OPh)3)2] followed by dark reaction yields catalytic chemistry at a
rate substantially lower than with continuous irradiation. Comparison of
relative dark and light rates accords well with the dark vs. light rates when
[HCo(CO)3P(0Ph)3] is used.

Preliminary results using 1/1 DSiEt3/]-pentene with [COZ(CO)G(P(OPh)3)2] as
the photocatalyst reveals the rapid formation of HSiEt3 (detected by pmr and gc

mass spec) accompanying formation of pentane and cis- and trans-2-pentene. The

deuterium is found in all of the hydrocarbons. This experiment confirms an

impbffant 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 tri-
alkylsilyl group is implicated in the catalytic cycle. Inasmuch as we do observe
significant amounts of alkane product it is reasonable that a key species is
in fact [HZCo(CO)Z(SiEt3)L] from oxidative addition of HSiEt3 to [HCo(C0)3L]
or from disproportionation of the 17-valence electron species [HCo(CO)Z(SiEt3)L]
indicated in equation (5).

Data in Tables I and II reveal that the ordering of the activity of the
| three {7-va1ence electron radicals is [Co(CO)3 P(OPh)3 ]> [Co(CO)3 P(g_-Bu)3 1>
[Fe(ns-CSHS)(CO)z]. The lower thermal activity of the Fe-Co system compared
to [Coz(CO)G(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(g,-Bu)3
complex is in accord with the notion that the photogenerated [Co(C0)3L] radicals

10 and the various substituted radicals will have a

different reactivity towards HSiEt3.]4 The activity of the systems studied do

are substitution labile,




Bs

not seem to be great under the conditions employed, but we note that the
observed quantum yields (molecules of product/photon incident) are essentially
unity for the alkene isomerization in the presence of HSiEt3 using
[Coz(CO)s(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 higher at higher intensities. If

a 1/1 HSiEt3/1-pentene is exposed to 10 psi H2 and illuminated at high intensities
the turnover number for pentane formation exceeds 102/h. Finally, at the

high intensities, large yields of hydrosilation products are

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

data concerning these optical effects on turnover rate will be included in

the full paper.

Acknowledgements.

We thank the Office of Naval Research for partial support of this

research. MSW acknowledges support as a Dreyfus Teacher-Scholar grant

recipient, 1975-1980.

Carol L. Reichel and Mark S. wriohton*

Department of Chemistry
Massachusetts Institute of Technology
Cambridge, Massachusetts 02139




References

10.

1.

12.

Abrahamson, H. B.; Wrighton, M. S. Inorg. Chem., 1978, 17, 1003 and
references cited therein.

(a) Parshall, G. W. J. Molecular Catalysis, 1978, 4, 243; (b) Paulik,
F. E. Catal. Rev., 1972, 6, 48,

[Coz(C0)6L2] complexes were synthesized and identified according to
the literature procedure: Manning, A. R. J. Chem. Soc. (A), 1968, 1135.
The Fe-Co spec1es was prepared by near uv irradiation of a mixture of
[Coy(CO)g(P(OPh)3)2] and [Fep(n®-CsHg)2(C0)4] in benzene solution
fo]%owed by chromatography on neutra? alumina. Elemental analysis by
Alfred Bernhardt, West Germany, was satisfactory; calcd. for
C2gH100gPFeCo: C, 53.36; H, 3.20; P, 4.91; found: C, 53.12; H, 3.30;

P, 4.66. The compound me]ts with decompos1t1on 140-142°C. The full
character1zat1on will appear in the full paper but ir evidence

reveals no bridging CO's.

Wrighton, M. S.; Ginley, D. S. J. Am. Chem. Soc., 1975, 97, 2065.

(a) Giannotti, C.; Merle, G. J. Organometal. Chem., 1976 105, 97;
(b) Abrahamson, H. B.; Palazzotto, M. C.; Reichel, C. L.; Wrighton,
M. S. submitted for publication.

Bond, G. C.; Hellier, M. J. Catal., 1965, 4, 1.

Putnik, C. F.; Welter, J. J.; Stucky, G. D.; D'Aniello, Jr., M. J.;
Sosinsky, B. A 5 Kirner, J. F 3 Muetterties, E. L. J. Am. Chem. Soc.,
1978, 100, 4107.

(a) Wrighton, M. Chem. Rev., 1974, 74, 401; (b) Hoyano, J. K.; Graham,
W. A. G. Inorg. Chem., 1972, 11, 1265.

Byers, B. H.; Brown, T. L. J. Am. Chem. Soc., 1975, 97, 947 and 3260;
1977, 99, 2527.

Absi-Halabi, M.; Brown, T. L. J. Am. Chem. Soc., 1977, 99, 2982 provides
evidence for 15e7-Co species from 17e~ fragments.

The oxidative addition of H, to Co(0) in the equilibrium H, +
NZCO(PPh3)3 TNy + HZCo(PPh)3, Speier, G.; Marko, L. Inorg. Chim. Acta,
1969, 3, 126, may be via 15e~ species. However, direct abstraction of
H- from HSiEt3 by the 17e” radical may be possible if there is ligand
redistribution to produce [Co(CO)n 4- n] species; see-also Kidd, D. R.
and Brown, T. L. J. Am. Chem. Soc., 1978, 100, 4103.

‘See: Taqui Khan, M. M.; Martell, A. E. "Homogencous Catalysis by

Metal Complexes", Vol. II, Academic Press, New York, 1974, for
discussion of various catalytic reactions of alkenes using cobalt
carbonyl precursors.




14.

(a) Hieber, W.; Lindner, E. Chem. Ber., 1961, 94, 1417; (b) Wender,
I.; Pino, P. "Organic Syntheses via Metal Carbonyls", Interscience,
New York, 1968, pp. 188-189; (b) Piacenti, F.; Bianchi, M.; Benedetti,
E. La Chimica e 1'Industria, 1967, 49, 245.

A reviewer suggested that [CoL4(oleﬁ'n)]+ may represent an actual catalyst
involved here. Small quantities of very active species are of course
difficult to rule out, but [C0L4]+, though a reactive species, has a

short lifetime and gives decomposition to [C0L5]+ and Co(0) under catalytic
conditions: Muetterties, E. L.; Watson, P. L. J. Am. Chem. Soc., 1978,
100, 6978. Note too that we find photocatalytic formation of
3,3-dimethylpentane when [Coz(CO)G(P(OPh)3)2] is irradiated in the
presence of HSiEt3/3,3-dimethy]-1-pentene evidencing catalytic

activity for alkenes incapable of easy m-allyl-hydride formation believed

to be important in the [CoL4'J+ catalyzed isomerization. Use of DSiEt,
results in the formation of HSiEt3 and deuterated hydrocarbon alkane
and alkene product.




*pPJRpUR}S |PUJDIUL Ue Se duexay-u jsutebe dda AQ dunIxiw mu 30 m*mxﬂmc<a

o(dwes sy3 uo Juapioul utw/uid _ 0f X 9°| butpraoud

9
WU G| + WU GGE 1@ 3nd3no [edioulud y3iM 23L[YOPLg 39 © YILM SeM uoljelpead] -sajndwe xauk4 uL pajesas A||edLjauusy

pue $3]242 4noj 3sea| 3e uL passebop meyi-dund-azeduy saldwes [w 0°| Butsn ) ,GZ e una sjuswisadxs LLY,

O¢-0 Oy-0 €766 sew - [1043u0d |ewJ3yl]
S9-2 50°s 0°26 8 0 9. susZUsq Ul [W, 0L X £6°8)
%0 e a €766 0 susquad-1 o't [%(¥(4d0)4)?(02)%03]
aue32%0-u ul
80 29 9°66 -—-* [loa3uod (ewssy3] [€(aW0)d W, 0L X 9°1
S S92 556 €0 2L +
A0 10 L"66 s 0 suajuad-{ Wo"L
%0 _N.o L°66 S [Lo43u0d ewsays] s
%-0 €2:0 L°66 == 6 aup320-U Ul :_m-o_ X $9°2)
€00 02°0 L°66 --- 0 susquad-| Wo'e  [4(E(ng-U)d)?(02)%02]
Jujuad-z-sSLo audjuad-g-suedy audjuad-| m:mu:mauﬂt; § *suiLy (*2u09)
Bl o ¢ sLsh{euy UPUAT pSUOLILpUOy €10S4n234d 3sA|e30)

©S40S4N23u4 3sA[e3R) Sse saxa|dwo)y 0) «eajonutq bulsn uoL3oedy audjudd-| pazAlejedojoyd I I|qel




"1 3lqeL 404 S3I0U 335, :
$7+0 lyo 766 Y50 [1043u02 [ew4dy3] ~ (3e8u0) 42
S¢-0 0g-9 €86 LL°0 96 audjuad-| .__(_.w.m ?_mug X 69°2) ;
"0 60 9°66 oo 0 €3315H Ho'e [7(0)%248(5H52-,1)] ._
2340 Sg-0 L°66 2070 [1043U02 |ew4ay3] auazuaq ul (He 0L X 6£°1)
9°€l 2°9L 9p° L AL L auajuad-| Wo' L [(%(ud0)d)€(02)02 |
0z+0 %20 9°66 --- 0 Gt o L - -4(00)31(5H50- 1)) M
L :
8.0 621 8°16 R [loa3uo> ewsayy] [ suszuag up
6°€1 0 L8 0°9% £0°€ § < ausjuad-1 Wo'L (Wy-OL X £6°8)
02°0 82°0 9°66 --- Tk | €3315H Ho" L [%(€(ud0)d)%(~120]
| , aue320-u ul
: £ (au0)d Wg_oLxe"S
61 L85 691 bp°S 25 At l DL
€331sH Wo'L
aue320-u ul
161 19°¢ 0°t6 €6°0 25 auajuad-| Wo"L
€3315H Wo" L
%-0 Lo 6°L6 ¥9-0 [1043U09 (euuay3] (3e3u) 5
0°8l Y 0c's e . p6  J sudjuad-| HI'€ WL % 30°0)
P10 £2°0 9°66 lovo 0 /FaaisH wote  [4(E(na-u)d)?(09)%02]

9juad-2-S19  auajuad-z-sueaz auajuad-| duejusd-u

k¥ y ‘awi) (*ou02)
UPJUA] SuoL3Lpuo) €204SN234d 3sA|e3e)

9% ‘spsAeuy

m.mum_mz J0 90U3SaU4 BY3 UL UOLIJEAY Buduad-| PazA|e3es03oyd “II @lqel




TECHNICAL REPORT DISTRIBUTION Li3T, CEWN

_N_O_o
Copies
Office of Naval Research Defense Documentation Center
800 North Quincy Street Building 5, Cameron Station
Arlington, Virginia 22217 Alexandria, Virginia 22314
Attn: Code 472 : 2
U.S. Army Research Office
ONR Branch Office P.0. Box 1211
536 S. Clark Street Research Triangle Park, N.C. 27709
Chicago, Illinois 60605 Attn: CRD-AA-IP
Attn: Dr. George Sandoz 1
Naval Ocean Systems Center
ONR Branch Office San Diego, California 92152
715 Broadway _ Attn: Mr. Joe McCartney
New Ycrk, New York 10003
Attn: Scientific Dept. 1 Naval Weapons Center
China Lake, California 93555
ONR Branch Office Attn: Dr. A. B. Amster
1030 East Green Street Chemistry Division
Pasadena, California 91106
Attn: Dr. R. J. Marcus 1 Naval Civil Engineering Laboratory
. Port Hueneme, California 93401
ONR Area Office Attn: Dr. R. W. Drisko
One Hallidie Plaza, Suite 60]
San Francisco, California 94102 Professor K. E. Woehler
Attn: Dr. P. A. Miller 1 Department of Physics & Chemistry
3 Naval Postgraduate School
ONR Branch Office Monterey, California 93940
Building 114, Section D
666 Summer Streect Dr. A. L. Slafkosky
Boston, Massachusetts 02210 Scientific Advisor
Attn: Dr. L. H. Peebles : R | Commandant of the Marine Corps
(Code RD-1)
Director, Naval Research Laboratory Washington, D.C. 20380
Washiagton, D.C. 20390
Attn: Code 6100 1 Office of Naval Research °
800 N. Quincy Street
The Assistant Secretary Arlington, Virginia 22217
of the Navy (R,E&S) Attn: Dr. Richard S. Miller
Department of the Navy
Room %4E736, Pentagon Naval Ship Research and Development
Washiagton, D.C. 20350 1 Center ’
Annapolis, Maryland 21401
} Commander, Naval Air Systems Command Attn: Dr. G. Bosmajian
[ Department of the Navy Applied Chemistry Division
| Washington, D.C. 20360
Attn: Code 310C (H. Rosenwasser) 1 Naval Ocean Systems Center

el |

San Diego, California 91232
Attn: Dr. S. Yanamoto, Marine
Sciences Division

No.

472:CGAN:715: tam

, e N QS |-579 ‘ 78uk2-605

CoETes

12



472:CAN:716:tem

78u472-608
TECHNICAL REPORT DISTRIBUTION LIST, O51A
No. No.
Copies A Copies
: Dr. M. Rauhut
Dt‘- M. Ao hl-sayed A ”
University of California, American Cyanamid Company
Los Angeles Chemical Research Division
Department of Chemistry Bound Brook, New Jersey 08805 1
Los Argeles, California 90024 1 e s e
Dr. M. W. Windsor University of California, Los Angeles
Washirgton State University Department of Chemistry
Department of Chemistry Los Angeles, California 90024 1
'ashi 6 1
Pullmen, Washington 99163 Ty 0 Tew
: IBM
Dr. E. R. Bernstein
Colorzdo State University 2230Jgse ?es;argh Center
Department of Chemistry & gEcie l?a 3 "
Fort Collins, Colorado 80521 1 an Jose, California 95143 1
br. C. A. Heller Dr. John Cooper
Naval Weapons Center Code 6130
Code 6059 3 Nava} Research Laboratory
China Lake, California 93555 1 Washington, D.C. 20375 1
Dr. J. R. MacDonald
Naval Research Laboratory
Chemistry Division
Code 6110
Washington, D.C. 20375 )|
Dr. G. B. Schuster
University of Illinois
Chemistry Department -
Urbane, Illinois 61801 1
Dr. E. M. Eyring 4
University of Utah .
Department of Chemistry
Salf Lake City, Utah 1

Dr. A. Adamson

University of Southern California
Department of Chemistry

Los Angeles, California 90007 1

02139 1




