
1992 Organometallics 1990, 9, 1992-1994 

Synthesis and Characterization of Bimetallic Complexes with the Bridging 
q2(o,o)-l,3-ButadSyne-l ,4-diyl Ligand' 

Andrew Wong," Peter C. W. Kang, Christopher D. Tagge, and David R. Leon 
Department of Chemistry, Occidental College, Los Angeles, California 9004 1 

Received April 23, 1990 

Summary: The complex ($-C,H,)(CO),FeCsCsH 
was prepared by sequential treatment of L i C E C C s -  
Si(CH3)3 with (~5-C5H5)(CO)~eCI and tetrabutylammonium 
fluoride. The monometallic complexes ($'-C5H5)(CO)- 
L F e C S E C H  (L = CO, PPh,) were deprotonated with 
sec-BuLi, and the resulting anions were trapped with 
($C,H,)M(CO), CI to form ($-C,H,)(CO)LF=(M- 
(CO),($-C5H5) (n = 2, M = Fe, L = CO, PPh,; n = 3, M 
= Mo, L = CO, PPh,; n = 3, M = W, L = CO, PPh,) in 
55-86% isolated yield. IR data suggest that the buta- 
diynediyl ligand is effective in conveying electronic infor- 
mation between the two metal centers of the bimetallic 
molecules. 

Organometallic polymers whose metal centers are joined 
by organic ligands with delocalized *-systems have been 
investigated extensively over the last several years.2 Such 
species are of interest due to their potential usefulness in 
the areas of electronics and material ~c i ence .~  One par- 
ticular type of organometallic polymer, with transition 
metals linked by a 1,3-butadiyne-l,4-diyl ligand, is known 
to have a rigid, rodlike structure and exhibits unusual 
properties both in solution and in the solid state.4 Fur- 
thermore, the magnetic anisotropy of these polymers may 
be systematically controlled by incorporating different 
transition-metal atoms in the polymer ~ t ruc tu re .~  Our 
research is focused on the development of the synthetic 
methodology required to produce bimetallic complexes 
with a bridging 1,3-butadiyne-1,4-diyl linkage, since they 
may serve as model subunits of the polymer -[-M'Cr 
CC=CMCd!C=C-],-. By systematically varying the 
metals involved, we hope to gain a fundamental under- 
standing of the nature and extent of the electronic inter- 
action between adjacent metal centers. Here we report the 
synthesis and characterization of several complexes con- 
taining the v2(~,a)-1,3-butadiyne ligand, including the first 
examples of heterobimetallic  analogue^.^ It appears that, 
in these species, the butadiynediyl ligand is effective in 
conveying electronic information between the two metal 
centers. 
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The dilithiated butadiynediyl anion 1 may be prepared 
by treatment of (Z)-l-methoxy-but-l-en-3-yne with 3 equiv 
of n-BuLi at -25 "C in THF? Trapping of 1 with 2 equiv 
of ( T ~ - C ~ H ~ ) ( C O ) ~ F ~ C I  resulted in the isolation of [ (q5- 
C,H5)(Co),Fe],(p-C=CC=C) (4a) in 40% yield. Complex 
4a had been reported previously but was characterized 
solely by IR ~pectroscopy.~ Our initial attempts to un- 
symmetrically substitute 1 were disappointing. Dropwise 
addition of 1.0 equiv of (q5-C5H5)(C0),FeC1 in 10 mL of 
THF to a solution of 1 at  -78 "C was followed by 
quenching with (CH3)3SiCl or H20. This resulted in the 
isolation of only low yields of the corresponding products 
(q5-C,H,)(C0)2FeC=CC=CSi(CH3)3 (2a, 5%) and (v5- 
C5H5)(C0),FeC=CC=CH (3a, 4%). Fortunately, we were 
able to obtain a higher yield of 2a by first converting 1 to 
1,4-bis(trimethylsilyl)-1,3-butadiyne, followed by reaction 
with CH3Li-LiBr (1 equiv) to form LiC=CC=CSi(CHJ3 
(5) ,8  and the reaction between 5 and (q5-C5H5)(C0),FeC1 
(1 equiv) resulted in the formation of 2a,9 which may be 
isolated in 85% yield (Scheme I). 

Interestingly, attempts to desilylate 2a with CH,Li-LiBr 
were unsuccessful. However, the use of tetrabutyl- 
ammonium fluoride in THF at room temperature resulted 
in the rapid transformation of 2a into 3a. Similarly, 
(q5-C5H5)PPh3(CO)FeC=CCSH (3b)'O may be prepared 
from (q5-C5H5)PPh3(CO)FeCrCC=CSi(CH3)3 (2b) by 
treatment with tetrabutylammonium fluoride. I t  should 
be noted that these reactions were not stoichiometric, and 
the highest yields of 3a (70%) and 3b (84%) were obtained 
when ca. 0.2 equiv of tetrabutylammonium fluoride was 
used. 

Complexes 2 and 3 were fully characterized by spec- 
troscopy and by elemental analysis. The IR spectra of 
complexes 3 exhibited sharp medium uC-H bands (3306 
cm-l for 3a, 3300 cm-l for 3b). Only one u c e  band was 
observed in each case; the terminal ucgc band may be 
obscured by uco. Proton resonances of the alkynyl proton 
of 3a and 3b appeared unusually upfield at  1.44 and 1.27 
ppm, respectively. In the case of 3b, it appeared as a 
doublet with 6J~H-3p = 0.8 Hz. The butadiynediyl carbons 
C(l)-C(4) in complexes 3a and 3b were unequivocally 
assigned on the basis of C-H coupling constants obtained 
from proton-coupled 13C NMR experiments." In accord 
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(7) Kim, P. J.; Masai, H.; Sonogashira, K.; Hagihara, N. Inorg. Nucl. 

Chem. Lett. 1970,6, 181. This paper also described the preparation and 
characterization of several other homobimetallic complexes containing 
the q2(~.,~)-1,3-butadiyne-l,4-diyl ligand. 
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Cl,Hl4FeO2Si: C, 56.37; H, 4.70. Found: C, 56.29; H, 4.64. 
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(s); 'H NMR (200 MHz, CDC13, 23 "C) 6 7.32-7.64 (m, 15 H PPhJ, 4.50 
(d, J = 1.2 Hz, 5 H, Cp), 1.27 (d, J = 0.8 Hz, 1 H, BCH); lSC NMR (50 
MHz, CDC13, 23 "C) 6 218.3 (d, J = 30.4, MCO), 135.5 (d, J = 45.0 Hz, 
i) ,  133.3 (d, J = 9.8 Hz, o), 130.1 (d, J = 2.5 Hz, p), 128.2 (d, J = 9.8 Hz, 
m) (all PPh,), 109.4 (d, J = 39.4 Hz, C(l)) ,  99.1 (8 ,  C(2)), 72.1 (9, C(3)), 
54.3 (s, C(4))," (all =C), 84.5 (d, J = 6.6 Hz, Cp). Anal. Calcd for 
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(s), 2006 (s); 'H NMR (200 MHz, CDCI3, 23 "C) 6 5.04 (9, 5 H, Cp), 0.15 
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with the proton data, C(4) resonances for 3a and 3b also 
appeared upfield at 54.3 and 52.0 ppm, respectively. These 
unusual upfield shifts may possibly be due to resonance 
charge transfer or an increase in the diamagnetic anisot- 
ropy effect resulting from a coupling between the metal 
fragment and triple-bond ring currents. A similar argu- 
ment was used to explain the upfield shift observed in the 
NMR spectra of fluoroacetylene.12 

Complex 3a may be deprotonated by n-BuLi at -78 "C 
and the resulting anion (7a) trapped by (CH3),SiC1 to form 
2a in 38% yield. The reaction was sluggish and appeared 
to be complicated by side reactions. A much cleaner re- 
action was observed between n-BuLi and 3b. Reactions 
between 3a or 3b and sec-BuLi also appeared clean. 
Anions 7a and 7b generated in these latter cases may be 
trapped by (CH,),SiCl to regenerate 2a and 2b in 80-90% 
yield. Although the acidity of alkynyl protons is well es- 
tablished, no data are available on the acidity of the alk- 
ynyl protons of transition-metal alkynyl complexes. We 
believe the reactions described above represent the first 
examples in which the terminal proton of a transition- 
metal alkynyl complex is deprotonated with a base. 

Anions 7a and 7b generated in situ also react with 
transition-metal chlorides readily. Thus, reaction between 

(11) C(1) is bound to Fe. 
(12) Rosenberg, D.; Drenth, W. Tetrahedron 1971,27, 3893. 
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($-C5H5)(CO),MC1 (n  = 3, M = Mo, W; n = 2, M = Fe) 
and 7a or 7b resulted in the formation of (q5-C5H5)(CO)- 
LFeC=CC=CM(CO),,(q5-C5H5) in 5 5 4 6 %  yield (n = 2, 
M = Fe, L = CO, 4a; n = 2, M = Fe, L = PPh3, 4b; n = 
3, M = Mo, L = CO, 5a; n = 3, M = Mo, L = PPh3, 5b; 
n = 3, M = W, L = CO, 6a; n = 3, M = W, L = P P h ,  6b)13 
(Scheme 11). Complexes 5 and 6, to the best of our 
knowledge, are the first examples of heterobimetallic 
complexes containing the q2( a,a)-1,3-butadiyne-l,4-diyl 
ligand. These bridging butadiynediyl complexes may be 
isolated as yellow to orange solids that are moderately 
stable to air and heat in the solid state. Complexes with 
L, = PPh, are generally more stable and may be isolated 
in higher yields. They have been characterized by spec- 
troscopy and by elemental analysis. Of particular interest 
are the IR spectra of 4a and 4b. Upon substitution of one 
CO by PPh,, vco of the CO on the other iron fragment was 
reduced significantly (VCO of 4a at  2048 and 2000 cm-'; vco 
of 4b at 2037, 1988, and 1949 cm-l). This suggests that 

(13) Compound 6b IR (CH2C12, cm-') u~ 2127 (w), urn 2030 (e), 1947 
(VS, b), 1930 (sh); IH NMR (200 MHz, CDC13, 23 "C) d 7.37-7.69 (m, 15 
H. PPh,), 5.54 (8.  5 H, C d W ) ) ,  4.45 (d, J = 1.2 Hz, 5 H, Cp(Fe)); 
NMR (go MHz, CDCl,, 23 OC) 6 232.6 (8 ,  WCO), 218.9 (d; J = 30.5, 
FeCO), 210.8 (a, WCO), 136.0 (d, J = 44.1 Hz, i), 133.5 (d, J = 9.7 Hz, 
o), 129.8 (d, J = 2.1 Hz, p), 128.0 (d, J = 9.7 Hz, m) (all PPh3), 117.6 (e), 
105.1 (s), 98.1 (d, J = 41.3 Hz), 52.0 (e) (all e), 91.6 (s), 84.5 (d, J 41.3 
Hz) (a l l  Cp). Anal. Calcd for CWHuFeO4PW: C, 54.58; H, 3.16. Found 
C, 54.27; H, 3.10. 
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the butadiynediyl ligand is effective in conveying electronic 
information between the two metal centers in the same 
molecule. Work is underway to determine the extent of 
this interaction by studying other heterobimetallic com- 
plexes containing carbon-carbon triple bonds. 
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Summary: The silica-anchored hydrido cluster HOs,- 
(CO),,(OSi+) is easily prepared from physisorbed Os3(C- 
O)12. Chemical displacement from the surface with HF 
leads to the isolation of pure HOS~(CO)~,(OH). This ap- 
proach is far simpler and gives much higher yields than 
the conventional syntheses in solution. 

The surface organometallic chemistry originating from 
the interaction of OS,(CO)~~ with the surface of silica has 
been investigated over the last few years.' In particular, 
the oxidative addition of a silanol group of the surface into 
an osmium-osmium bond of the cluster takes place easily 
on thermal treatment in argon or under vacuum at 373 K: 

O S ~ ( C O ) ~ ~  + HO-Si< - HOS,(CO)~,,(OS~<) + 2CO 

The surface reaction is stoichiometric;' the surface hydride 
is selectively formed and is stable up to 423 K. 

Solvent extraction of the surface species with CH2C12 
or THF was unsuccessful. However, we have found that 
dissolution of the silica support with HF leads to de- 
struction of the Os-&Si bonds, and by protonation, pure 
HOS~(CO)~~(OH)  is recovered: 

H0s3(C0),,(0Sit) - HOs3(CO),&OH) + H2SiF6 

The proposed chemical displacement with HF thus may 
provide a general method for the characterization of sili- 
ca-supported metal clusters. In addition, a novel 
"surface-mediated" route to the high-yield synthesis of 
HOS~(CO)~~(OH) now is available. 

In a typical experiment, the anchored osmium cluster 
HOs3(CO)lo(OSit) (2.0 wt % Os) was prepared from 
Os3(CO),2 (160 mg) and SiOz (Aerosil200 Degussa, 5.0 g) 
by following two different procedures: (A) OS~(CO),~ was 
first physisorbed on silica, and then the mixture was heated 
under argon between 373 and 413 K.2 (B) The support 
was suspended in a degassed n-octane solution of O S ~ ( C O ) ~ ~  
and refluxed under argon until the solvent was decolor- 

Once dried, H O S ~ ( C O ) ~ , ( O S ~ ~ )  is stable in air and 

HF/H20 

Dipartimento di Chimica Inorganica e Metallorganica. * Centro CNR. 
(1) h i ,  C.: Fusi. A.: Grilli. E.: Ueo. R.: Zanoni. R. Catal. Todav 1988. 

1 .  . 
2, 585 and references cited therein. 

Organornet. Chern. 1981, 213, 215. 
(2) P w o ,  R.; Ugo, R.; Zanderighi, G. M.; Besson, B.; Basset, J. M. J .  

Table I. Chemical Extraction Data from Different Samples 
of HOss(CO),,(OSit) 

technique of 
impregna- treatment 'H NMR, 

support' tion* T, K t ,  h ppmc 
Aerosil 200 A 420 12 -12.60 

B 398 20 -12.60 
Cab-0-Si1 M5 A 373 40 -12.65 
Akzo F6 B 398 6 -12.58 
Carlo Erba GC B 398 6 -12.60 
Porasil 80-100 B 398 14 -12.57 
HOS~(CO),JOH)~ -12.58 

"All supports used as received. bSee text. 'In CD2C12 at 300 K. 
Reference 4. 

can be handled without special precautions. It then was 
protonated a t  195 K with 200 mL of degassed 20% hy- 
drofluoric acid. In the process the solid dissolved com- 
pletely. After it was warmed to room temperature, the 
aqueous solution was extracted three times with 100-mL 
portions of CH2C12. The yellow organic solution thus ob- 
tained was found by thin-layer chromatography to contain 
HOS~(CO)~,(OH) as the only product. 

The 'H NMR spectrum of the solution showed a strong 
high-field signal a t  -12.60 ppm from TMS, in good 
agreement with the reported value for HOs,(CO)lo(OH).4 
In the mass spectrum, the parent ion was observed at  m/z 
= 868, with several other fragments corresponding to the 
successive loss of the 10 carbonyl groups. The FT-IR 
spectrum in n-pentane showed six bands in the v(C0) 
region, at  2110 vw, 2069 vs, 2062 s, 2023 vs, 2000 s and 1984 
m cm-'. The yellow CH2Clz solution then was evaporated 
i n  vacuo. HOS~(CO)~~(OH) was recovered as air-stable 
orange crystals after recrystallization from n-pentane a t  
273 K (85.6 mg, 56% yield based on O S ~ ( C O ) ~ ~ ) .  

Different types of silica were used to prepare the grafted 
hydride. In all cases, pure HOs,(CO)lo(OH) was obtained 
after the chemical displacement with HF (see Table I). 
The insensitivity of the "surface-mediated" synthesis to 
the nature of the silica surface and/or to the preparation 
method is thus demonstrated. 

(3) Barth, R.; Gates, B. C.; Knozinger, H.; Hulse, J. J.  Catal. 1983,82, 

(4) Eady, C. R.; Johnson, B. F. G.; Lewis, J. J.  Chern. Soc., Dalton 
147. 

Trans. 1976. 838. 
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