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Abstract: Optimisation of Stille coupling between tricarbonyl{1,2,3,4-n-cyclohexadien-1-yl
triflate}iron(0) and tributylvinyltin forms the 1-ethenyl-substituted tricarbonyliron complex in up to
81% yield. Coupling with trimethylsilylethyne in the presence of copper(l) iodide afforded, in 93%
yield, the corresponding alkyne, which was desilylated with TBAF to give the 1-ethynylcyclohexadiene
complex in 99% yield. Copyright © 1996 Elsevier Science Ltd

Palladium-catalysed cross-coupling offers an attractive method for carbon-carbon bond-formation at an
sp2 centre and now is regarded as a routine synthetic step that can be applied with confidence in a wide variety
of situations. Aryl, alkenyl and alkynyl substituents are easily introduced in this way, and the reaction has
found widespread application in organic synthesis. Less common, however, are coupling reactions performed
at sp2 carbon atoms within the n" metal-bound moiety of a stoichiometric z-complex though even in this
situation, examples of cross-coupling reactions are known. Most fully explored are couplings to aryl halides
and triflates bound to the tricarbonylchromium group. A variety of substituents have been introduced!2 in this
way to the metal-bound aromatic ring, and, since the tricarbonylchromium group can be retained within the
product, the procedure can give access to elaborated organochromium complexes which are versatile
intermediates in asymmetric synthesis. The Stille reaction3 between aryl or vinyl triflates and organostannanes
is one of the most popular and widely applied cross-coupling procedures. This process begins by oxidative
addition of the palladium catalyst to the carbon-oxygen bond of the vinyl triflate. Examples with
organochromium-bound aromatic substrates? indicate that oxidative addition proceeds, even when the carbon
atom is covalently attached to chromium. Besides (n6-arene)tricarbonylchromium complexes, the n4-diene
complexes of the tricarbonyliron group are also widely employed as intermediates in organic synthesis. In this
case, however, the only reported examples of palladium-catalysed coupling concemns a case where the
alkenylstannane portion is bound to iron and the coupling partner is an acid chloride.? In this paper, we describe
the use of iron-bound alkenyl triflates in the optimisation of synthetic routes to ethenyl and ethynyl
tricarbonyliron complexes by palladium-catalysed cross-coupling. Attempted Stille coupling of tributylvinyltin
(1.1 equivalents) with the n4-cyclohexadienyl triflate iron complex (1)3 in THF, with a catalyst prepared from
Pd(OAc)y/PPhs, in the presence of lithium chloride gave no product at room temperature. However, after
heating at reflux for 48 hours the expected product (2) was obtained in 19% yield (Table 1, entry 1). The
catalyst tris(dibenzylideneacetone)dipalladium(0)/triphenylphosphine (entry 2) similarly afforded 1 in low

2731



2732

yield. However, when THF was replaced with 1-methyl-2-pyrrolidinone (NMP) (a solvent recommended by
Farina67) the yield of the reaction was doubled to 38% (entry 3). Since Farina reports that NMP is the best
solvent for the Stille reaction (the rate of coupling increases in the order: CHCl3 < THF < CH3CN < DMF <
NMP7), we selected NMP as the solvent of choice for the remainder of our investigation of Stille coupling
with 1. The ligands present during the coupling process are crucial to the success of the reaction since they
must readily dissociate to allow the oxidative addition and transmetallation steps of the catalytic cycle to
proceed. Farina®7 has commented that trifurylphosphine has the correct electronic properties to sufficiently
stabilise the palladium(0) species, while allowing facile ligand dissociation and so promoting efficient
catalysis. We examined the use of both trifuryl- (entry 4) and trithienyl- (entry 5) phosphines in place of
triphenylphosphine, and were rewarded by a further improvement in the efficiency in the coupling with 1, with
the product 2 now formed in 47-50% yield. A range of phosphines with 4-substituted aromatic rings are
commercially available and offer a further means to examine the effect of variation of phosphine-basicity on
reaction efficiency. Methyl-, methoxy-, chloro- and fluoro-substituted triarylphosphines have been studied in
our work (entries 6-9) and all proved more efficient than triphenylphosphine, with the best result being
obtained with the tri-p-tolylphosphine. The palladium(0) complex Pd(dppe); was also examined, to avoid the
need for a redox stage prior to the introduction of the reactants. In this case (entry 10), however, the product 2
was obtained in only 50% yield. Other sources of the palladium catalyst have been studied (entries 11-13)
with the best results being obtained by the use of 5 mol% of bis(triphenylphosphine)palladium(Il) dichloride in
NMP in the absence of an added phosphine ligand (entry 13).
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The experiments (summarised in Table 1) demonstrate not only that palladium coupling is possible at an
iron-bound carbon atom, but that through judicious choice of catalyst, ligand, and solvent systems,
considerable optimisation of the efficiency of the reaction can be achieved, giving access (Scheme 1) to the
vinyl-substituted tricarbonyliron complex 2 in a most acceptable 81% yield.

TABLE 1. Optimisation of cross-coupling between 1 and HyC=CH-SnBu3 to form 2.

Entry Catalyst (5 mol%) Phosphine Solvent Yield (%)
1 Pd(OAc); PPh32 THFC 19
2 Pdy(dba)3 PPhsb THF® 16
3 Pdy(dba)3 PPh3b Nmpd 38
4 Pdy(dba); P(C4H30)3P Nmpd 50
5 Pdy(dba)3 P(C4H3S)3b NMpd 47
6 Pdy(dba); P(CgH4OMe)3b Nmpd 51
7 Pd,(dba)3 P(CgH4F)3b Nmpd 63
8 Pdy(dba)3 P(CgH4CD3P NMpd 65
9 Pdy(dba)3 P(CgH4Me)3P NMPd 68
10 Pd(dppe),8 - NMmpd.e 50
11 Pd(MeCN),Cly - NMpd 70
12 Pd(dppf)Cloh - Nmpd 78
13 Pd(PPh3)7Clp - Nmpd 81

4 15 mole%; b 10 mole%; € 48 h at reflux; 9 16 h at ambient temp.; € then 4 h at 1000C; f Although entries
10-13 show that catalysis can proceed without added phosphines, with Pd,(dba)3, the presence of a phosphine
is essential. When the reaction was attempted wnhout addition of a phosphine, none of the product 2 was
obtained; & dppe = 1,2-bis(diphenylphosphino)ethane; i dppf = 1.1'-bis(diphenylphoshino)ferrocene.

Cross-coupling of alkynes with alkenyl triflates was reported by Stille8 in 1985. Typical conditions
employed bis(triphenylphosphine)palladium(IT) dichloride in DMF and triethylamine at 75°C. A year later,
the procedure was modified by Cacchi? by including a copper(I) species which allowed the reaction to be
carried out at room temperature. In his work, Cacchi used DMF/diethylamine as solvent, but subsequently
Briickner and Suffert reported that coupling could be effected at room temperature using a 3:1 mixture of THF
and diisopropylamine,1© obviating the need to use DMF. We have employed the Briickner and Suffert version
of the reaction to examine the cross-coupling of our n4-cyclohexadienyl triflate iron complex 1 with
trimethylsilylethyne in the presence of Cul. In our case heating was necessary and the coupling product 3 was
obtained in 93% yield. Desilylation with tetrabutylammonium fluoride (TBAF) in THF at 0°C proved
relatively inefficient (33%), but by the simple expedient of adding TBAF to a stirred solution of the complex 3
at -70°C, and then allowing the reaction mixture to warm slowly to room temperature, efficient conversion of
3into 4 was achieved in 99% yield.

Conclusions. The reaction sequences presented in Scheme 1 allow efficient conversion of the n?-
cyclohexadienyl triflate iron complex 1 into either the ethenyl- (2)!1 or ethynyl- (4)12 substituted products in
greater than 80% yield. In both cases, bis(triphenylphosphine)palladium(II) dichloride proved to be a suitable
catalyst for the coupling step.
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