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GENERATION OF 1,1-DIETHYNYLFERROCENE
FOR PRACTICAL USE: ONE-POT SYNTHESIS
OF 1,1-BIS(DIACETYLENE)-CONNECTED
FERROCENE DERIVATIVE

Rumi Shimizu, Naoto Hayashi, and Hiroyuki Higuchi

Graduate School of Science and Engineering, University of Toyama, Toyama, Japan

1,1'-Diethynylferrocene was readily generated for practical use from the trimethylsilyl-
protected precursor under modified Eglinton conditions. An oxidative coupling reaction of
this reactive species with phenylacetylene successively took place to afford the corresponding
1,I'-bis(diacetylene) connected ferrocene derivative.

Keywords Coupling reaction; diacetylene; 1,1’-diethynylferrocene; Eglinton; one-pot reaction

INTRODUCTION

For the development of new organic functional materials, a variety of m-electronic
conjugated systems connected with the diacetylene linkage have been intensively investi-
gated, particularly with respect to the advantages of the linkage, which is rigid, has a well de-
fined structure, is sterically less demanding, and provides the possibility of 77 -conjugation.’
Thus the characteristics of diacetylene linkages are very closely related to both functional-
ity and processibility of the materials. In the research of functional materials the ferrocene
[Cpa(Fe); Fc], derivatives occupy a unique and characteristic position as a promising can-
didate for new materials by virtue of their molecular prochirality and electron-donating
ability.>* Some diacetylene-connected Fc derivatives have been described, but most of
them are derivatives in which the diacetylene linkage is connected to one Cp ring.* In prac-
tice, no 1,1’-bis(diacetylene)—connected Fc derivatives are known except those which are
sterically protected with bulky tert-butyl groups on each Cp ring.” This can be attributed to
the fact that the parent 1,1’-diethynylferrocene (1), a useful synthon for the corresponding
diacetylene derivatives, is extremely unstable to be handled under normal conditions, spon-
taneously giving rise to an intermolecular oxidative coupling reaction to form diacetylene
connected Fc polymers (2) (Scheme 1).
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Scheme 1 Spontaneous polymerization of 1-1’-diethynylferrocene 1 to insoluble substance 2.

These facts strongly stimulated us to develop a methodology for practical use of
compound 1, since we have also been engaged in the studies of diacetylene-connected -
electronic conjugated systems.® After several trials, we have succeeded in readily generating
1 from the trimethylsilyl (TMS)-protected precursor 3’ and to react it moderately by our
conventional but slightly modified method (Scheme 1). In this article, the new method
for generating 1 is reported together with its application to an oxidative coupling with
phenylacetylene to give compound 4 (Figure 1).

RESULTS AND DISCUSSION

As reported,’ the usual workup after TMS deprotection of the precursor 3 with
potassium carbonate (K,CO3)® only afforded the insoluble substances 2. Such highly labile
behavior of 1 bearing two reaction sites in the molecule reminds a tandem system under high
dilution conditions; thus we tried TMS deprotection of 3 followed by oxidative coupling
reaction in one pot. The experimental results are summarized in Table 1. Pyridine (Py),
MeOH, and/or copper(Il) acetate Cu(OAc), (oxidative coupling media under Eglinton
conditions®) were found to be entirely inert to 3. When a solution of 3 was added to the
Eglinton medium in the presence of K,COs3, the reaction gradually proceeded to form a
linear dimer 5 (runs 4 and 5). CHCl; was also effective for the present reaction (run 6),
probably because it is a good solvent for S, which dissolves from the heterogeneous medium
somehow. In this reaction, the cyclic Fc dimer 7 was not isolated at all (Scheme 2), but the
insoluble substance 2 was predominantly formed in all of runs 4, 5, and 6, similarly to run
1. This fact indicates that the oxidative coupling reaction of 1 proceeds swiftly via a strictly
entropy-controlled pathway, in which the two terminal acetylenic sites in 6 exist oppositely
far from each other.’

According to the above finding, the reaction of 3 with an excessive molar amount
(ca. 5 eq.) of phenylacetylene (8) was carried out in a mixture of Py, MeOH, and CHCl;
at 50 °C to afford the hetero-coupling product 4 in 38% yield (Scheme 3). To the best of
our knowledge, compound 4 is the first example of a 1,1’-bis(diacetylene)—connected Fc
derivative with no substituents on both Cp rings. In this reaction, the derivative 9 bearing one
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Figure 1 1,1’-Bis(phenyldiacetylene)-connected Fc derivative 4.
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Table I Experimental results of 3 reacted for 10 h under various conditions™®

Run Reagents and media Temperature Products

1 K,CO3 in CHCl3-MeOH (1:1) 8 RT 2

2 Py-MeOH (1:1) RT 3

3 Cu(OAc), in Py-MeOH (1:1) ° RT 3

4 K2CO3-Cu(OAc), in Py-MeOH (1:1) RT 24+3+57%)
5 K>CO3-Cu(OAc); in Py-MeOH (1:1) 50°C 2+3+5(18%)
6 K2CO3-Cu(OAc); inPy-MeOH-CHCl3 (1:1:1) 50°C 2+ 5(34%)

* 3 (0.53 mmol) in a solution (210 mL) containing K;CO3 (2.68 mmol) and/or Cu(OAc); (5.50 mmol).

TMS—:@ @%ms
Fe Fe

5 Fe Fe /@ @
@_@ O

Scheme 2 Intermolecular diacetylene-linkage polymerization preferable to intramolecular diacetylene-linkage
cycle dimerization; an entrophy-controlled pathway.

K,CO;-Cu(OAc), =

3 = Py-MeOH-CHCl \
8 50 °C 38% ==
9
15%

Scheme 3 A hetro-coupling of 3 with phenylacetylene 8 proceeds stepwise.

diacetylene linkage could also be obtained as a byproduct. The isolation of 5§ and 9 under
the present oxidative coupling conditions apparently indicates that the TMS-deprotection
of 3 undergoes stepwise.

In conclusion, a synthetic methodology for 1,1’-bis(diacetylene)—connected Fc
derivatives has been successfully developed by employing the tandem system: TMS de-
protection of 3 and oxidative coupling reaction of the generated useful synthon 1 with
another ethynyl compound in one pot. The present result will extend the research area
of 1,1’-bis(diacetylene)—connected Fc derivative system as a precursor of new materials,
since each Cp ring carries no substituents and is thus less perturbed both sterically and
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electronically.’ Further investigations of 1 in coupling reactions are underway in terms of
optimization and limitation.”

EXPERIMENTAL
General Procedure, Exemplifying Run 6 in Table |

A solution of 37 (200 mg, 0.53 mmol) in a mixture of Py, MeOH, and CHCl; (90
mL, 1:1:1) was added to the solution of Py, MeOH, and CHCl; (120 mL, 1:1:1) containing
Cu(OAc), (1.0 g, 5.50 mmol) and K,CO3 (370 mg, 2.68 mmol) at 50°C with vigorous
stirring over 10 h. The reaction mixture was concentrated to ca. one-third of its volume
under reduced pressure, poured into water, filtered once to remove insoluble substances
(2), and extracted with CHCI;. The extracts were shaken with 1M HCI, washed with brine
thoroughly, and then dried over MgSOy. The residue obtained after removal of the solvent
under reduced pressure was chromatographed on SiO; (¢3 x 15 cm) with hexane/CHCl;
(1:1) to afford 5 (57 mg, 34%) with recovery of 3 (26 mg). 5: EI-MS: m/z = 634 and 635
M+ and M* + 1) for C36H34Si,°°Fe,. '"H NMR (600 MHz, CDCl3): § = 4.50-4.48 (m,
8H, Fc-H), 4.29 (m, 4H, Fc-H), 4.27 (m, 4H, Fc-H), 0.25 (s, 18H, CH3).

Similarly, reaction of 3 with phenylacetylene 8 afforded compounds 4 and 9 in
38% and 15% yield, respectively. 4: EI-MS: m/z = 434 and 435 (M™ and M™ + 1) for
C30H,5°°Fe. 'H NMR (600 MHz, CDCly): § = 7.45 (m, 4H, arom-H), 7.32 (m, 2H, arom-
H), 7.25 (m, 4H, arom-H), 4.59 (m, 4H, Fc-H), 4.37 (m, 4H, Fc-H). 9: EI-MS: m/z 406
and 407 (M* and M+ + 1) for CpsH,,Si*°Fe. '"H NMR (600 MHz, CDCl;): § = 7.51 (m,
2H, arom-H), 7.37-7.28 (m, 3H, arom-H), 4.52 (m, 2H, Fc-H), 4.50 (m, 2H, Fc-H), 4.29
(broad s, 4H, Fc-H), 0.24 ppm (s, 9H, CH3).
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