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Summary: UV irradiation of solutions of Cp(CO),W=CTol 
(1, To1 = p-CBH,CH3) in the presence of CO induces 
carbonylation of the carbyne ligand and formation of the 
binuclear complex (Cp(CO),W),(p-C{Tol]C(O]CTol) (2). 
The bridging ligand of 2 consists of two carbyne units 
linked by a CO, but the latter is not bonded to the metal. 
Irradiation of 1 in the presence of PPh, leads to rapid 
formation of the known ketenyl complex Cp(CO)(PPh,)W- 
(~~-C{Tol)c0) (3) which reacts further with CO to form the 
Vl-ketenyl species Cp(CO),(PPh,)W(v’-C(Tol]CO) (4). 

The electronic character of ligands attached to metals 
can often be significantly altered by photoexcitation, 
particularly if charge-transfer (CT) excited states involving 
those ligands are populated.’ Metal carbene and carbyne 
complexes generally possess low-lying CT states, and the 
potential exists for photoinducing unique interactions of 
these ligands with added substrate molecules. Metal-to- 
carbene charge-transfer excited states have been shown 
to give facile isomerization of carbene ligands,2 and such 
states may be important in the photoinduced synthesis of 
p-lactams with (CO),CI=C(OR)R’.~ Likewise, metal-to- 
carbyne charge-transfer excitation has been shown to in- 
duce protonation of the carbyne ligand4 and, apparently, 
to induce a novel carbyne ligand re~rangement .~ We have 
discovered a further example which involves the pho- 
t o i n d u c e d  c a r b o n y l a t i o n  of the carbyne ligand in Cp- 
(C0)2W=CTol (1) to give ketenyl and ketenyl-derived 
products as reported herein. 

The electronic absorption spectrum of 1 shows an in- 
tense band at  X 325 nm ( 6  10 730 L mol-’ cm-l) which can 
be attributed to a tungsten-to-carbyne CT transition.6 
Irradiation of hydrocarbon solutions of 1 under a CO purge 
with X > 300 nm gives rapid precipitation of the red bi- 
nuclear complex 2 (eq 1). Complex 2 was isolated in 63% 

hr A > 300 nm 
Z C P ( C O ) ~ W E C T O I  f CO prn,anr, - 

t 

2 (63%) 
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Figure 1. An Ortep drawing of 2. Important  bond lengths (A) 
and angles (deg) are as follows: W(l)-W(2), 2.956 (1); W(l)-C- 

(av); W(1,2)-C(1,4), 2.01 (av); C(5)-C(6), 1.52 (2); C(5)-C(7), 1.53 
(2); C(5)-0(5), 1.22 (2); C(6)-W(1,2)-C(7), 62.2 (5) (av); W(1)- 
C(6,7)-W(2), 83.7 (4) (av); C(6)-C(5)-C(7), 98 (1); CNT(1,2)-W- 
(1,2)-W(2,1), 155.5 (7) (av); CNT-W(1,2)-C(7,6), 116.4 (7) (av); 
CNT-W(1,2)-C(6,7), 109.8 (7) (av); dihedral angle [W(l)-W- 
(2)-C(6)]-[ W( 1)-W( 2)-C( 7)], 87.7 (5) ’; torsion angle C N T (  1)- 
W(l)-W(2)-CNT(2), 29.6 (5)O. CNT(1) = center of C5H, ring 
attached to W(1);; CNT(2) = center of C5H5 ring attached to  W(2). 

NT( l ) ,  2.01 (1); W(2)-CNT(2), 1.99 (1); W(1,2)-C(6,7), 2.22 (1) 

Scheme I 
h V  

Cp(CO)zW3CTol  - C C P ( C O ) ~ W ~ C T O I I *  - 

yield and identified by X-ray crystallography (Figure 1)7 
and by its spectroscopic d a h 8  This species was previously 
isolated by Stone et al.9 as a minor byproduct from the 
thermal reaction of 1 with a binuclear WRh alkylidyne 
complex, its structure being deduced from spectroscopic 
data. The bridging ligand in 2 is derived from the two 
carbyne ligands and a CO, with the structural parameters 
indicating no interaction between the “organic” carbonyl 
and the metals [W(l)-C(5) = 2.64 (2) and W(2)-C(5) = 
2.65 (2) A]. This contrasts with the only other complex 
containing such a bridging ligand, Pt2(CN-t-Bu)4(p- 
(PhC),CO), prepared by the reaction of Pt,(CN-t-Bu)6 with 

(7) Crystal data: C 1Hu01W2, triclinic, P1, Q = 8.773 (2) A, b = 12.042 
(3) A, c = 14.866 (5) d, LY = 91.81 (2)O, 6 = 94.12 (2)O, y = 110.32 (2)O, 
V = 1466.4 (7) A3, 2 = 2, j~(MoKn) = 83.1 cm-’. Of 5016 reflections 
collected (Nicolet R3,4O 6 20 d 50°), 4802 were unique, of which 3075 
had (F, 2 347,) and were used in the solution (Patterson) and refine- 
ment. All non-hydrogen atoms anisotropic and hydrogen atoms idealized 
as isotropic contributions. For 344 parameters, R F  = 4.63%, RwF = 5.62%, 
GOF = 1.47, and highest peak (final map) = 1.0 e A-3 (1.16 %,from W(2); 
SHELXTL programs (Nicolet Corp., Madison, WI). 

(8) 2 IR (CH,Cl,) u(C0) 2020 (s), 1977 (m), 1935 (m), 1586 (w) cm-’; 
‘H NMR (CDC13) 6 2.30 (6 H, s, Me), 5.04 (10 H, s, Cp), 7.02 (4 H, d, J 
= 8 Hz, tolyl), 7.57 (4 H, d, J = 8 Hz, tolyl); 13C NMR (C6D6) 6 21.0 (Me), 

(Tol), 177.3 (C(Tol)C(O)C(TolJ), 215.5 (CO, J(13C1”W) = 149 Hz); m/z 844 

(9) Green, M.; Howard, J. A. K.; Porter, S. J.; Stone, F. G. A.; Tyler, 
D. C. J. Chen. SOC., Dalton Trans. 1984, 2553. 

78.0 (C-Tol, J(’3C’83W) = 40 Hz), 9.12 (Cp), 128.3, 128.8, 128.9, 133.5 

(M’), 816 (M’ - CO), 788 (M+ - 2CO), 760 (M’ - 3CO). 
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diphenylcyclopropenone and for which a weak metal 
carbonyl interaction was suggested.1° Of particular in- 
terest in 2 is the acute C(6)-C(5)-C(7) angle of 9 8 O ,  con- 
sidering the assumed sp2 hybridization of C(5). Complex 
2 also forms in trace quantities along with unidentified 
brown decomposition products when solutions of 1 are 
irradiated in the absence of added CO. 

A similar rapid photoinduced carbonylation of the 
carbyne ligand occurs when 1 is irradiated in the presence 
of PPh3 to give the q2-ketenyl complex 3 (eq 2). When 

4.. I h 
Cp(C0)2W='cT0l + PPh3 

1 

4 
3 (60%) 

the reaction is performed under a CO atmosphere, 3 is 
observed as an intermediate, but the final product of this 
reaction is the 7'-ketenyl complex 4." Complex 4 was 
independently shown to derive from 3 by a thermal reac- 
tion with CO. The 1 to 3 conversion has been previously 
reported to proceed thermally over 2 days at 25 OC,12 but 
we find that if these solutions are rigorously maintained 
in the dark, 3 forms after 7-8 days and then only as one 
component in a mixture of decomposition products. In 
contrast, the similar reaction involving PMe3 proceeds 
rapidly in the dark as well as upon irradiation.12 

We suggest that these carbonylation reactions proceed 
via initial migration of a coordinated CO to the carbyne 
ligand in a tungsten-to-carbyne CT excited state. This 
would yield a coordinatively unsaturated q2-ketenyl com- 
plex which could subsequently be scavenged by PPh3 to 
yield 3 or alternatively by CO or the carbyne complex 1 
to form binuclear 2 (Scheme I). Support for this sug- 
gestion comes from IR monitoring of the photolysis of 1 
in the presence of PPh3 under a 13C0 atmosphere. No 
incorporation of 13C0 into the V2-ketenyl ligand of 3 was 
observed nor into the 7'-ketenyl ligand of 4 which even- 
tually forms. Metal carbonyl enrichment of 4 did occur 
since exogenous CO is taken up by 3 to form 4.14 

The results described here may be of relevance to an 
earlier study by Fischer and co-workers in which photolysis 
of trans-CI(CO),W=CPh with Hacac gave the hydroxy- 
alkyne complex tr~ns-C1(CO)~(acac)W(q~-HOC~Ph).~~ 
Although the mechanism for this reaction was not defined, 
our studies suggest that it proceeds via photoinduced 
carbonylation of the carbyne ligand followed by protona- 
tion of the resulting ketenyl species by Hacac. A similar 
protonation of a ketenyl ligand has been described by 
Stone et a1.16 

(10) Carroll, W. E.; Green, M.; Howard, J. A. K.; Pfeffer, M.; Stone, 
F. G. A. J. Chem. SOC., Dalton Trans. 1978, 1472. 

(11) 4: El (CHZClz) v(CC0) 2035 (8)  cm-', u(C0) 1946 (a), 1856 (8)  
an-'; NMR (acetone-d6, - 10 "C) 6 33.8 (Jp-w = 188 Hz); 'T('HI NMR 
(acetone-d,, -10 OC) 6 20.7 (CHJ, 93.0 (Cp), 128-134 (aryl), 158.2 (CCO), 
224.8, 224.9, 225.2 (CO); 'H NMR (acetone-& -10 "C) d 2.23 (a, CHI), 

(12) Kreissl, F. R.; Eberl, K.; Uedelhoven, W. Chem. Ber. 1977, 110, 

(13) Uedelhoven, W.; Eberl, K.; Kreissl, F. R. Chem. Ber. 1979,112, 

(14) IR: v(CC0) 2035 (8 )  cm-'; v(C0) 1946, 1856 (m) cm-'; v(lSCO) 

(15) Fischer, E. 0.; Friedrich, P. Angew. Chem., Znt. Ed. Engl. 1979, 

(16) Jeffery, J. C.; Laurie, 3. C. V.; Moore, I.; Stone, F. G. A. J. Or- 

5.20 (d, JH-P = 2 Hz, Cp). 

3782. 

3376. 

1902, 1836 (m) cm-'. 

18, 327. 

ganomet. Chem. 1983,258, C37. 

It is assumed that carbon monoxide migrates from 
tungsten to the carbyne ligand in a MLCT excited state 
because of the increased electron density on the carbyne 
carbon atom. With carbyne complexes that do not possess 
CO ligands, i t  may prove possible to capture the 
"activated" carbyne with other substrates. Such systems 
are currently under investigation. 
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Summary: The nitridoalkylruthenium(V1) anions [Ru- 
(N)F14]-, [Ru(N)Me,(CH,SIMe,),]-, and [Ru(N)(CH,SiMe,),- 
(OSiMe,),]- (where R = CH3 or CH,SiMe,) have been 
prepared from either [Ru(N)CI,]- or [Ru(N)(OSiMe,),]- and 
Mg(CH,SiMe,), and/or AIMe,. The alkyl complexes are 
thermally stable, yellow crystalline complexes. They re- 
act rapidly with O2 in solution but are stable to H20 and 
MeOH in the absence of light. 

Ruthenium tetraoxide is a powerful oxidizing agent, 
capable of oxidizing olefins to the cis diols or cleaving the 
C-C double bond to form aldehydes or carboxylic acids.' 
It has been proposed that metal oxides, like RuO,, react 
with olefins to form high oxidation state organometallic 
complexes.2 Ruthenium(V1) alkyls have also been pro- 
posed, recently, as intermediates in C-H activation of 
hydrocarbons with a ruthenium hydrido ~omplex .~  While 
there have been recent reports of osmium(V1) alkyl com- 
plexes, organometallic complexes ruthenium(V1) are un- 
known.@ The most recent advances in Ru(VI) chemistry 
have been the preparation of nitrido complexes such as 
[Ru(N)X,]- and trans dioxo complexes such as [Ru- 
(0)2X,l 2-.7 

(1) Djerassi, C.; Engle, R. J. Am. Chern. SOC. 1963, 75, 3838. Ber- 
kowitz, L. M.; Rylander, P. N. J. Am. Chem. SOC. 1958,80,6682. Lee, 
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noveky, W. S., Ed.; Academic Press: New York, 1973; Part B, Chapter 
4. Gore, E. S. Platinum Metab Review 1983,27, 111-125. 
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1977,99, 3120-3128. Ftappe, A. K.; Goddard, W. A,, I11 J. Am. Chem. 
Soc. 1982, 104, 3288-3294. 
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