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Summary: By use of the palladium-catalyzed metal-
carbon bond formation reaction, the molybdenum cyclo-
pentadienyl and iron indenyl iodo derivatives (η5-C5H5)-
Mo(CO)3I and (η5-C9H7)Fe(CO)2I have been linked in a
σ fashion to the ethynyl edges of 2,5-diethynylthiophene
to form the heterobimetallic complex (η5-C5H5)(CO)3-
MoCtC(Thiop)CtCFe(CO)2(η5-C9H7) (Thiop ) 2,5-
substituted thiophene).

Our recent disclosure of Pd-catalyzed metal-carbon
bond formation as a tool to prepare σ-metallaacetylides
has both allowed an alternative and convenient access
to an important class of compounds and revealed
unexpected and fascinating new properties of palladium
catalysts.1 Figure 1 summarizes the variety of mono
and bis transition metal σ-acetylides we were able to
prepare by the use of this simple and efficient novel
methodology.
Innovators in materials science are currently devoting

much attention to highly ethynylated organometallic
compounds for use in the fields of electronics, optics,
and ceramics.2 This interest is due to the unique
chemical and physical properties that may arise from
facile electron transfer between transition metals
throughout the π-unsaturated carbon chain.3 We were
thus interested in further expanding the synthetic
possibility of this novel procedure, since complexes such
as those reported in Figure 1 may serve as models and/
or prototypes for organometallic polyyne polymers. For
this study the preparation of heterobimetallic complexes
was an attractive target, since the interplay of two

different metal groups may allow a fine tuning of
properties of these materials.4
We pursued our study by aiming at the stepwise

introduction of two acetylenic branches and transition-
metal units on the thiophene core, as summarized in
Scheme 1.5
2-[(Trimethylsilyl)ethynyl]thiophene6 (5) was pre-

pared in 74% yield from 2-bromothiophene and (tri-

† E-mail: losterzo@netmgr.ced.rm.cnr.it.
X Abstract published in Advance ACS Abstracts, October 1, 1996.
(1) (a) Lo Sterzo, C. J. Chem. Soc., Dalton Trans. 1992, 1989. (b)

Crescenzi, R.; Lo Sterzo, C. Organometallics 1992, 11, 4301. (c) Viola,
E.; Lo Sterzo, C.; Crescenzi R.; Frachey, G. J. Organomet. Chem.,
1995,493, 55. (d) Viola, E.; Lo Sterzo, C.; Crescenzi, R.; Frachey, G. J.
Organomet. Chem. 1995, 493, C9. (e) Spadoni, L.; Lo Sterzo, C.;
Crescenzi, R.; Frachey, G. Organometallics 1995, 14, 3149.

(2) (a) Bruce, D. W.; O’Hare, D. Inorganic Materials; Wiley: Chich-
ester, England, 1992. (b) Sun, Y.; Taylor, N. J.; Carty, A. J. Organo-
metallics 1992, 11, 4293. (c) Lichtenberger, D. L.; Renshaw, S. K.;
Wong, A.; Tagge, C. Organometallics 1993, 12, 3522. (d) Beck, W.;
Niemer, B.; Wieser, M. Angew. Chem., Int. Ed. Engl. 1993, 32, 923.
(e) Lang, H. Angew. Chem., Int. Ed. Engl. 1994, 33, 547. (f) Bunz, U.
H. F.; Enkelmann, V.; Beer, F. Organometallics 1995, 14, 2490. (g)
Wiegelmann-Kreiter, J. E. C.; Bunz, U. H. F. Organometallics 1995,
14, 4449. (h) Bartik, T.; Bartik, B.; Brady, M.; Dembinsky, R.; Gladysz,
J. A. Angew. Chem., Int. Ed. Engl. 1996, 35, 414. (i) Bunz, U. H. F.
Angew. Chem., Int. Ed. Engl. 1996, 35, 969.

(3) (a) Coat, F.; Lapinte, C.Organometallics 1996, 15, 477. (b) Irwin,
M. J.; Jia, G.; Payne, N. C.; Puddephatt, R. J. Organometallics 1996,
15, 51. (c) Altmann, M.; Bunz, U. H. F. Angew. Chem., Int. Ed. Engl.
1995, 34, 569. (d) Dembeck, A. A.; Fagan, P. J.; Marsi, M. Macromol-
ecules 1993, 26, 2292. (e) Kohler, A.; Wittmann, H. F.; Friend, R. H.;
Khan, M. S.; Lewis, J. Synth. Met. 1996, 77, 147. (f) Ni, Y.; Rulkens,
R.; Manners, I. J. Am. Chem. Soc. 1996, 118, 4102. (g) Zechel, D. L.;
Hultzsch, K. C.; Rulkens, R.; Balaishis, D.; Ni, Y.; Pudelski, J. K.;
Lough, A. J.; Manners, I.; Foucher, D. A. Organometallics 1996, 15,
1972.

(4) (a) Lavastre, O.; Even, M.; Dixneuf, P. H.; Pacreau, A.; Vairon,
J.-P. Organometallics 1996, 15, 1530. (b) Colbert, M. C. B.; Hodgson,
D.; Lewis, J.; Raithby, P. R.; Long, N. J. Polyhedron 1995, 14, 2759.

(5) Experimental procedures and characterization of new compounds
are as follows. 3: IR (neat) ν/cm-1 2960.3, 2146.0; 1H NMR (300 MHz,
CDCl3) δ 7.06 (1H, d, J ) 3.8 Hz), 6.85 (1H, d, J ) 3.8 Hz), 0.22 (9H,
s); 13C NMR (71 MHz, CDCl3) δ 136.72, 133.72, 129.32, 100.87, 96.15,
74.86, -0.24; EI MSm/z 306 (M+), 291 (M+ - CH3). 4: IR (neat) ν/cm-1

3304.8, 2960.3, 2147.1, 2103.7; 1H NMR (300 MHz, CDCl3) δ 7.07 (1H,
d, J ) 3.8 Hz), 7.04 (1H, d, J ) 3.8 Hz), 3.32 (1H, s), 0.22 (9H, s); 13C
NMR (71 MHz, CDCl3) δ 132.69, 132.15, 124.88, 123.18, 100.07, 96.65,
82.01, 76.41, -0.25; EI MSm/z 204 (M+), 189 (M+ - CH3). 5: IR (CH2-
Cl2) ν/cm-1 2144.7, 2123.0; 1H NMR (300 MHz, CDCl3) δ 7.01 (1H, d,
J ) 3.8 Hz), 6.98 (1H, d, J ) 3.8 Hz), 0.34 (9H, s), 0.22 (9H, s); 13C
NMR (71 MHz, CDCl3) δ 132.26, 131.67, 125.05, 123.66, 100.49, 100.12,
99.46, 97.03, -0.22, -7.68. Anal. Calcd for C14H20SSiSn: C, 45.80; H,
5.49. Found: C, 45.99; H, 5.56. 6: A solution of (CH3CN)2PdCl2 (0.09
g, 0.36 mmol) in DMF (5 mL) was added to a mixture of (η5-C5H5)Mo-
(CO)3I (2.73 g, 7.33 mmol) and 5 (3.24 g, 8.82 mmol) dissolved in dry
degassed DMF (30 mL). After 3 h the reaction mixture was transferred
to a separatory funnel, diluted with dichloromethane, and washed with
water. The organic extract was dried over magnesium sulfate, filtered,
and evaporated to dryness. Chromatographic separation on silica gel
using a mixture of hexane/EtOAc (3/1) provided 3.06 g (93%) of product
as a red solid. IR (CH2Cl2): ν/cm-1 2045.5, 1968.6. 1H NMR (300 MHz,
CDCl3): δ 6.97 (1H, d, J ) 3.8 Hz), 6.72 (1H, d, J ) 3.8 Hz), 5.54 (5H,
s), 0.20 (9H, s). 13C NMR (71 MHz, CDCl3): δ 237.82, 222.08, 132.31,
129.09, 128.40, 120.81, 120.53, 98.23, 98.15, 97.84, 93.00, -0.10. Anal.
Calcd for C19H16MoO3SSi: C, 50.89; H, 3.6. Found: C, 51.02; H, 3.9.
7: Compound 6 (0.79 g, 1.8 mmol) in degassed CH3CN (30 mL) was
cooled to -20 °C, and an equivalent amount of Bu4NF‚3H2O was added.
After 5 min, H2O (100 mL) was added and the mixture extracted with
Et2O (3 × 40 mL). The ethereal extracts were back-extracted with
water, dried over MgSO4, and filtered through a glass frit covered with
a pad of silica gel. Evaporation under high vacuum left the product as
a yellow glassy solid (0.52 g, 78%). IR (CH2Cl2): ν/cm-1 2087.7, 2045.3,
1968.0. 1H NMR (300 MHz, CDCl3): δ 7.01 (1H, d, J ) 3.7 Hz), 6.73
(1H, d, J ) 3.7 Hz), 3.24 (1H, s). 13C NMR (71 MHz, CDCl3): δ 237.71,
222.12, 132.69, 129.37, 128.28, 120.27, 119.46, 98.67, 92.99 80.67,
80.54. 8: Compound 7 (0.44 g, 1.2 mmol) suspended in Et2O (10 mL)
was completely converted into 8 by treatment with Et2NSnMe3 (0.42g,
1.8mmol) in an ultrasound bath for 15 min. Removal of volatiles in
vacuo left the product as a red-brown powder. IR (CH2Cl2): ν/cm-1

2144.7, 2123.0. 1H NMR (300 MHz, CDCl3): δ 6.93 (1H, d, J ) 3.8
Hz), 6.71 (1H, d, J ) 3.8 Hz), 5.54 (5H, s), 0.31 (9H, s). 13C NMR (71
MHz, CDCl3): δ 237.93, 222.10, 132.69, 131.71, 128.35, 121.41, 120.63,
101.45, 98.08, 97.42, 92.99, -7.60. 9: A solution of (CH3CN)2PdCl2
(0.013 g, 0.05 mmol) in DMF (2 mL) was added to a mixture of (η5-
C9H7)Fe(CO)2I (0.35 g, 0.98 mmol) and 8 (0.63 g, 1.18 mmol) dissolved
in dry degassed DMF (50 mL). After 2 h the solvent was removed by
vacuum transfer and the residue chromatographed on silica gel using
a mixture of hexane/EtOAc (3/1). Complex 9 was recovered as a red-
brown solid (0.25 g, 42%). IR (CH2Cl2): ν/cm-1 2091.6, 2043.1, 1993.8,
1967.4. 1H NMR (300 MHz, CDCl3): δ 7.49 (2H, m), 7.27 (2H, m), 6.63
(1H, d, J ) 3.7 Hz), 6.55 (1H, d, J ) 3.7 Hz), 5.54 (2H, d, J ) 2.8 Hz),
5.53 (5H, s), 5.28 (1H, t, J ) 2.8 Hz); 13C NMR (71 MHz, CDCl3): δ
238.73, 222.11, 212.21, 128.99, 128.25, 127.55, 125.29, 125.07, 124.81,
108.67, 103.66, 93.71, 93.02, 72.77. Anal. Calcd for C27H14FeMoO5S:
C, 53.85; H, 2.34. Found: C, 54.02; H, 2.42.

(6) Gal, Y.-S.; Choi, S.-K.; Kim, C.-Y. J. Polym. Sci., Part A: Polym.
Chem. 1989, 27, 31.

4352 Organometallics 1996, 15, 4352-4354

S0276-7333(96)00516-X CCC: $12.00 © 1996 American Chemical Society

D
ow

nl
oa

de
d 

by
 C

A
R

L
I 

C
O

N
SO

R
T

IU
M

 o
n 

Ju
ne

 3
0,

 2
00

9
Pu

bl
is

he
d 

on
 O

ct
ob

er
 1

5,
 1

99
6 

on
 h

ttp
://

pu
bs

.a
cs

.o
rg

 | 
do

i: 
10

.1
02

1/
om

96
05

16
k



methylsilyl)acetylene under the same Pd/Cu catalytic
conditions described to prepare 2,5-bis[(trimethylsilyl)-
ethynyl]thiophene.7

By applying the procedure described by Tour on
similar thiophene derivatives,8 treatment of 2with LDA
and I2 afforded 2-iodo-5-[(trimethylsilyl)ethynyl]thio-
phene (3) in 92% yield. The Stille coupling9 performed
between compound 3 and tributyltin acetylide in the
presence of a catalytic amount (5%) of bis(acetonitrile)-
palladium dichloride ((CH3CN)2PdCl2) led to the forma-

tion of 2-[(trimethylsilyl)ethynyl]-5-ethynylthiophene
(4).10 The progress of the reaction was monitored by
GC-MS, and formation of the product was complete in
4 h. However, the standard KF treatment9 usually
performed to convert the Bu3SnI byproduct into the
insoluble Bu3SnF was not suitable in the presence of
the labile TMS protecting group. Isolation of pure

(7) Neenan, T. X.; Whitesides, G. M. J. Org. Chem. 1988, 53, 2489.
(8) Pearson, D. L.; Schumm, J. S.; Tour, J. M.Macromolecules 1994,

27, 2348.
(9) Stille, J. K.; Simpson, J. H. J. Am. Chem. Soc. 1987, 109, 2138.

(10) We initially dedicated much effort to the direct formation of 4
by removing a single TMS protecting group from the easily available
2,5-bis[(trimethylsilyl)ethynyl]thiophene.7 However, despite careful
choice of the reaction conditions to limit exposure of this compound to
the cleaving effect of the alkaline solution,7 formation of 4 resulted
difficult and unreliable. Our best result was the formation of 43% of
2-[(trimethylsilyl)ethynyl]-5-ethynylthiophene (4) that required a care-
ful fractional distillation for separation from fully deprotected 2,5-
diethynylthiophene (17%) and unreacted starting material (30%).

Figure 1.

Scheme 1
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product was then performed by column chromatogra-
phy; however, this had a detrimental effect on the
isolated yield (43%).11 Reaction of 4with the tin amide12
Et2NSnMe3 produced compound 5, bearing a single
trimethyltin-functionalized acetylenic termination. This
reaction was carried out in the absence of solvent and
was particularly neat and clean. After addition of
compound 4 to a slight excess of the aminostannane,
the mixture solidified in 1 h, indicating complete
transformation. The excess reactant and the diethy-
lamine byproduct were removed in vacuo, and com-
pound 5 was quantitatively recovered. Compound 5,
bearing a TMS-protected acetylene and a trimethyltin-
activated acetylenic moiety, smoothly underwent pal-
ladium-catalyzed coupling with (η5-C5H5)Mo(CO)3I in
DMF to form complex 6. Due to the presence of the
trimethylsilyl protecting group, complex 6 showed over-
whelming stability, and after workup and chromato-
graphic separation, the product was recovered in 93%
yield. In the subsequent step, removal of the trimeth-
ylsilyl group to form the free alkyne 7 was a matter of
long trial and error. 6 was surprisingly inert toward
treatment with alkali,7 and the use of Bu4N+F- gave a
synthetically useful yield (78%) only in CH3CN at -20
°C. Product 7 is a very sensitive and unstable material,
which must be immediately used after its formation.
Fortunately, the workup of the reaction mixture af-
forded a sufficiently pure material to be directly used
in the subsequent step. The crude yellow complex 7

remained insoluble upon treatment with an excess of
Et2NSnMe3, but addition of Et2O and immersion in an
ultrasound bath lead to the formation of a deep red
slurry mixture, from which complex 8 was quantita-
tively isolated after removal of solvent and exposure to
high vacuum. Under the same reaction conditions
previously used to attach the first metal unit to the
trimethyltin acetylide moiety, 8 was coupled with the
iron iodide complex (η5-C9H7)Fe(CO)2I in the presence
of a catalytic amount of (CH3CN)2PdCl2. After 3 h, a
sample of the reaction mixture stripped of solvent and
redissolved in CDCl3 showed, by 1H NMR, that the
reagents were completely converted into the product.
However, complex 9 proved to be quite unstable and
sensitive. Workup and chromatographic separation
caused a severe loss of material, the product being
isolated in 42% yield.
In conclusion, Scheme 1 summarizes the synthetic

cycle forming heterobimetallic complexes and shows
three different uses of palladium catalysis: the ethy-
nylation13 reaction to form 2, the Stille14 reaction to form
4, and the formation of 6 and 9 by the most recently
developed procedure, palladium-catalyzed metal-car-
bon bond formation, which in our opinion represents a
new and useful tool to access organometallic structures.
We are currently devoting much effort to the optimiza-
tion of reaction procedures and conditions to form and
isolate complexes such as 9.
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(12) Jones, K.; Lappert, M. F. J. Organomet. Chem. 1965, 3, 295.

(13) Alami, M.; Ferri, F.; Linstrumelle, G. Tetrahedron Lett. 1993,
6403 and references therein.

(14) Stille, J. K. Angew. Chem., Int. Ed. Engl. 1986, 25, 508.

4354 Organometallics, Vol. 15, No. 21, 1996 Communications

D
ow

nl
oa

de
d 

by
 C

A
R

L
I 

C
O

N
SO

R
T

IU
M

 o
n 

Ju
ne

 3
0,

 2
00

9
Pu

bl
is

he
d 

on
 O

ct
ob

er
 1

5,
 1

99
6 

on
 h

ttp
://

pu
bs

.a
cs

.o
rg

 | 
do

i: 
10

.1
02

1/
om

96
05

16
k


