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initiate strand scission. The high yields of 3 obtained in the 
presence of DNA are in agreement with the belief that DNA 
promotes or acts as a template for the reactions of small mole­
cules.12 Thus the two strands of the DNA confine the diynene 
moiety in the minor groove in a manner that facilitates the aro-
matization of this moiety. 

(12) Sundquist, W. I.; Bancroft, D. P.; Chassot, L.; Lippard, S. J. J. Am. 
Chem. Soc. 1988, 110. 8559. 
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Heteronuclear metal clusters represent an important and rapidly 
growing class of compounds.1 The presence of different metal 
centers in the same molecule can provide useful information 
concerning the activation of hydrocarbon substrates in stoichio­
metric and catalytic reactions. So far, however, synthetic 
methodology for this class of compounds is, in general, not well 
developed.2 We now report a new, facile one-step preparation 
of heteronuclear metal complexes containing bridging allenyl 
ligands; these compounds had been essentially unknown for mixed 
metal systems.3 Our method appears to be general and may be 
applicable to compounds with related bridging hydrocarbon groups. 
The heteronuclear /i-allenyl compounds described herein may be 
expected to undergo unusual transformations based on reactivity 
studies of homonuclear ^-allenyl compounds.4 

* To whom inquiries concerning the X-ray crystallographic work should be 
addressed. 
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Figure 1. ORTEP plot of 2e showing atom numbering scheme. Only the 
CH2 hydrogens are shown, drawn at an arbitrary radius. Non-hydrogen 
atoms are drawn at the 50% probability level. 
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Figure 2. ORTEP plot of 3d showing atom numbering scheme (drawn as 
described in Figure 1). 

We recently used the alkyne functionality of transition-
metal-propargyl compounds as a template for the two-step syn­
thesis of the heteronuclear ^-alkyne complexes (CO)3Co(M-
R C = C M e ) M C p ( C O ) 2

5 (eq 1). An extension of the chemistry 
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of step 1 to reactions of 1 with group VIII metal carbonyls has 
afforded allenyl-bridged heteronuclear compounds. Accordingly, 
stirring (24 h) equimolar quantities of Fe2(CO)9 and 1 as a 
room-temperature pentane suspension, followed by chromatog­
raphy of the reaction mixture on Florisil, provides 2 and 3 (eq 
2).6 The reaction occurs with cleavage of the M-CH2 bond in 

Fe2(CO)9 

(CO)3Fe 11MCp(CO)2 

M . Mo; R . Me (2a), Ph (2b) 
M . W; R - Me (2c), Ph (2d) 

P-MeC6H4 (2e) 

(CO)2CpM- \ 

M . Mo; R- Me (3a) Ph (3b) 
M . W; R = Me (3C), Ph (3d), 

P-MeC6H4 (3e) 

1 and concomitant rehybridization of the propargyl carbon (sp3 

—* sp2). Refluxing (18 h) Fe3(CO)12 and 1 in benzene gives the 
reverse product distribution of 2 and 3. 

The structures of 2e and 3d were unambiguously confirmed by 
X-ray crystallography (Figures 1 and 2).7 On the basis of the 
normal bond lengths of the bridging carbons (C6-C7 = 1.390 (9) 
A, C7-C8 = 1.375 (8) A) and the sp2 hybridization at C6(7i3C_iH 

= 164 Hz), 2e is best formulated as a rare example of a heter-
obinuclear jt-^W-allenyl compound.3 The angle about the central 
allenyl carbon (C6-C7-C8 = 128.9 (6)°) is even more acute than 
that observed in the structurally similar (Mo(CO)2CpO2(M-
J )V-HC=C=CH 2 )+ (Cp' = C5H4Me)8 and may reflect the 
contribution of resonance stabilization from other structures. 

Compounds 3 represent the first examples of heterotrinuclear 
MaV.^W-allenyl complexes.9 The allenyl ligand in 3d has similar 
bond distances (C9-C10 = 1.371 (5) A, C10-C11 = 1.385 (6) A) 
to those in 2e; however, the angle about the central allene carbon 
atom is less strained (C9-C10-C11 = 144.3 (3)°) owing to the ^3 

coordination. A dative bond is shown between Fe and W to satisfy 
the 18e" requirement at each metal. 

Complexes 2 afford no detectable 3 when heated or irradiated 
alone in solution. However, conversion of 2 to 3 by reaction with 
Fe2(CO)9 in pentane or by photolysis with Fe(CO)5 does occur 
but only in minor yields (<20%). Moreover, only 2 is isolated 
(up to 95%) when a 1:2 molar ratio of Fe2(CO)9 and 1 is employed. 
We suggest that these reactions may occur via transition-
metal-assisted electrophilic attack on the alkyne moiety of 1 by 
a coordinatively unsaturated Fe(CO)* (x = 3 or 4) fragment in 
a manner similar to that proposed for reactions of 1 with organic 
electrophiles.10 
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When Ru3(CO)12 and 1 are reacted under similar conditions 
to those used in the reaction of Fe3(CO)12, the Ru analogue of 
3d, 4a,11 is formed along with a minor amount of Ru2Cp2(CO)4. 
No heterobinuclear allenyl species was isolated. The crystal 
structure of 4a7 confirms the allenyl coordination (C9-C1 0-Cn 

= 138 (2)°; C9-C10 = 1.40 (2) A, C10-C11 = 1.37 (2) A). In­
terestingly, the configurations of the tungsten atoms in 4a and 
3d differ. In 3d C4 and C8 are nearly eclipsed (C8-W-Fe2-C4 

= -15.3°), whereas in 4a they are trans to each other (C8-W-
Ru2-C4 = -179.1°). 

We are currently investigating the generality of this metho­
dology, including extensions to reactions of mononuclear met-
al-V-allenyl complexes with metal carbonyls. 
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(11) 4a was isolated (21%) as orange needles by recrystallization from 1:1 
CHCl3/pentane: IR (C6H12) i>co 2067 s, 2032 s, 1998 m, 1981 m, 1967 m 
cm"1; 13C NMR (CDCl3) & 225.25, 222.28 (W-CO), 201.79, 198.74, 196.06, 
195.13, 192.67 (Ru-CO), 161.59 ( = C = Jmw_nc = 45 Hz), 114.09 (=CPh), 
26.99 (=CH2); mass spectrum (184W) m/z (rel intensity) 790 (M+, 0.5) 
followed by eight successive peaks due to loss of CO (M+ - 3CO, 100). Anal. 
Calcd for C22H12O8Ru2W: C, 33.43; H, 1.53. Found: C, 33.45; H, 1.46. 
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Two general procedures currently are available for reducing 
acyl ligands on organotransition-metal complexes.1,2 (1) Car-
bocationic activation of acyl LxM-C(O)R and hydride transfer 
from a borohydride affords a-alkoxyalkyl compounds LxM-CH-
(OR')R,3 and (2) borane (BH3) typically reduces acyl complexes 
to saturated alky] compounds LxM-CH2R.4 The established 

(1) Cutler, A. R.; Hanna, P. K.; Vites, J. C. Chem. Rev. 1988, 88, 1363. 
(2) Intermolecular reduction of electron-deficient ?j2-acyl complexes [e.g., 

Cp2Zr(X)(COR)] by metal hydrides,2" /-Bu2AlH, aluminum alkyls AlR3,
2b 
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