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Abstract

In the presence of catalytic amount of bis(acetonitrile)dichloropalladium(Il) [(CH,CN),PdCl,] the iodocyclopentadienylmetal
complexes [(7°-CsHs) M(CO), 1] (1, M=Mo,n=3;2,M=W,n=3;3, M=Fe,n=2,4, M = Ru, n = 2) couple in a 2 to 1 ratio with
2,5-bis[(tributyltin)ethynyl]thiophene (5), to form the corresponding dimetal derivatives of general formula [( u-C,H,SC=C-
2,50(CsHOM(CO), 1,1 (6, M=Mo,n=3; 7, M=W,n=3;8 M=Fe,n=2; 9, M=Ruy, n=2).
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o-Acetylide complexes are currently receiving much
attention due to the unique properties arising from
electron delocalization from the metal to the unsaturated
ligand, which could give rise to promising advanced
polymeric materials [1]. Therefore new pathways to
such compounds are highly desirable.

We have previously disclosed [2] that metal iodides
and trialkyltin moieties can smoothly couple in the
presence of palladium, to afford o-acetylides in appre-
ciable yields (Scheme 1). These results have stimulated
interest in extending this procedure to the bridging
between two metal residues of more complicated com-
pounds such as diacetylides. In particular polyethynyl
aromatics are of prime interest in view of their use as
precursors and building blocks for polymeric
organometallic materials [1,3].

We wish to report here the preparation of di-
acetylides bridging two metals by the coupling of 2,5-
bis[(tributyltin)ethynyl]thiophene with cyclopentadienyl
metal iodides of Mo, W, Fe and Ru. 2,5-Di-
ethynylthiophene (CARE! All ethynyl aromatics should
be treated as potentially explosive materials [4]), was
prepared by the palladium/copper-catalyzed reaction
between 2,5-dibromothiophene and (trimethylsilyl)-
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Scheme 1.

acetylene, and subsequent removal of the trimethylsilyl
groups by base hydrolysis [5S]. The intermediate 2,5-
bis((trimethylsilyl)ethynyl)thiophene was easily iso-
lated, with comparable yield, by sublimation (110°C,
1077 bar) of the crude reaction mixture, rather than by
chromatography as described in the literature. Treat-
ment of the 2,5-diethynylthiophene with two equiva-
lents of Et,NSnBu, replaced the acetylenic protons by
tributyltin groups [6] (Scheme 2) quantitatively, forming
the bis(tributyltin) derivative [7] (5). Beside its use in

H H
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Scheme 2.
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Table 1

Spectroscopic data for compounds 6-9. 'H and “C-NMR were recorded at 300 MHz and 75 MHz, respectively.

Cp Cp

—M(CO),

Compound M(CO), IR (CH,Cl,,cm™!)

"H (CDCI, /TMS, ppm)

B¢ (cpcl, /TMS, ppm)

Cp

%;ﬁ\g

Cp a b c d CcO

6 Mo(C0O); 1967.1, 2043.9
7 W(C0),  1951.1, 2038.3
8 Fe(CO),
9 Ru(CO),

552,5,10H 6.67,s,2H 93.00 9449 121.24 125.77 12831 222.11,238.36
5.61,s,10H 6.64,s,2H 91.62 79.66 120.17 125.81 12851 211.18,228.48
1996.9, 2042.6, 2097.5 5.02,s,10H 6.60,s,2H 8528 9371 10835 12539 127.72 212.01
1998.8, 2048.8,2107.4 5.43,s5,10H 6.65,5,2H 8798 9835 10256 125.12 12810 196.47

the present work, this new stannane derivative may be a
valuable intermediate for the widely used Stille cou-
pling to form carbon—carbon bonds [8] and in the
R,Sn-alkynyl exchange route used to prepare transition
metal o-acetylide complexes [9].

Coupling reactions of 5 with the iodo derivatives 1-4
were carried out under standard condition [2a—c] of
palladium catalysis. The metal iodides 1-4 and 2,5-
bis[(tributyltin)ethynyl]jthiophene 5 (in a 2 to 1.1 ratio)
were allowed to react overnight [10] in the presence of
bis(acetonitrile)dichloropalladium(Il), [(CH,CN),-
PdCl, ], in DMF as shown in Scheme 3. Although we
routinely used 5 mol% of catalyst, we found that this
amount can be safely lowered to 2% with unchanged
efficiency.

A slight excess of stannane, over the 2 to 1 stoi-
chiometry is required in order to produce the active
Pd(0) catalyst by the in situ reduction of
[(CH,CN),PdCl,] [2c]. Alternatively the excess of stan-
nane can be avoided by the direct use of zerovalent
palladium catalysts such as [Pd(dba), ] [11]. [Pd(PPh,),]
must be avoided since concomitant replacement of CO
by PPh, occurs. In the formation of complexes 6-9
monitored by 'H-NMR spectroscopy of samples of
reaction mixture, freed from the solvent, and redis-
solved in CDCl,, there is complete consumption of
starting materials and only peaks of the dimetal com-
plex and of the byproduct Bu,;Snl could be detected
(Fig. 1).

Despite the effectiveness of the coupling reaction in
generating complexes 6—9 the low yields of the recov-
ered products are a disappointment. After work up and
chromatographic separation of the crude reaction mix-
ture the yields of isolated product were 28% for Mo (6),
31% for W (7), 41% for Fe (8) and 25% for Ru (9). We
believe that this heavy loss of material is due to the
lability of the products under the work up/isolation
conditions [2c]. Currently we are dedicating great ef-

forts to find conditions to minimize the factors limiting
this otherwise remarkable transformation.
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