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The commercially available tetrabutylammonium fluoride
trihydrate is able to promote the cross-coupling of vinyl tri-
flates with 1-trimethylsilylalkynes in the presence of a cata-

In connection with our interest in the synthesis of enyne-
containing natural products,[1,2] especially dienediynes
(DEDY)[3−5] and analogs[6] (Scheme 1), we recently showed
that silver iodide and tetrakis(triphenylphosphane)palladium
are efficient catalysts for the coupling of sensitive vinyl tri-
flates with alkynes.[5,6]

Scheme 1

Mechanistic investigations of this process suggested the
formation of silver acetylides in situ.[7] These results and
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lytic amount of tetrakis(triphenylphosphane)palladium and
silver iodide.

the well-known affinity of fluoride towards silicon led us to
imagine a direct way for the coupling of activated alkenes
with 1-trimethylsilylalkynes in the presence of a palladium
catalyst. We reasoned that the fluorosilicate[8] formed in situ
by the addition of fluoride to 1-trimethylsilylalkynes (A in
Scheme 2) would be displaced by the more electropositive
silver ion, the release of volatile trimethylsilylfluoride would
facilitate this process. The silver acetylide thus formed (B)
would then enter the palladium catalytic cycle through
transmetallation with a vinylpalladium species (C) pro-
duced in situ by oxidative addition. The transmetallation
step would thus free the silver ion, allowing a separate cata-
lytic cycle to take place with silver ion (Scheme 2).

Scheme 2. Envisaged mechanism

We also surmised that since silver acetylides are effici-
ently prepared in protic solvents,[7,9] the fluoride source
which should initiate the overall process does not necessar-
ily need to be anhydrous. The most common and thus cheap
fluoride source commercially available, i.e. tetrabutylammo-
nium fluoride trihydrate (TBAF), would thus serve our pur-
pose. It is worth noting that in the only two examples of
coupling reactions involving 1-trimethylsilylalkynes that we
are aware of,[10] an anhydrous source of fluoride (TASF) is
required as well as a very dissociating solvent (HMPA) and/
or harsh conditions.
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In order to check the above-mentioned assumptions, vari-

ous representative trimethylsilylated alkynes 2a2d were pre-
pared by conventional methods[11] and submitted to TBAF
in the presence of tert-butylcyclohexenyl triflate (1),[12] used
as a model, and a catalytic amount of silver iodide and tetra-
kis(triphenylphosphane)palladium (Scheme 3).[13]

Scheme 3

Since the two related examples of coupling reaction pro-
ceeded without the need for a cocatalyst,[10] we compared
the reaction with and without silver iodide. For further
comparison, the corresponding free acetylenes were used in
a related reaction using our described conditions.[6] These
results are collected in Table 1.

Table 1. Comparison of the direct coupling of 1-TMS-alkynes in the presence of TBAF·3H2O, Pd(PPh3)4 and AgI with the coupling of
the corresponding free alkynes in the presence of DIPEA, Pd(PPh3)4 and AgI

[a] 20% was used; 10% of Pd(PPh3)4 was also used as catalyst. [b] In case of nBu4NF, 1.5 equiv. of the trihydrate TBAF·3H2O was used
without any treatment; in the case of DIPEA, 1.25 equiv. was used. [c] Yield referred to isolated pure compounds.
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In the conditions mentioned above [TBAF·3H2O,
Pd(PPh3)4, room temp. in DMF with or without AgI], we
were delighted to observe the formation of the expected
coupling products 3a2d in good to excellent yields.

In the case of 1-trimethylsilyl-1-hexyne (2a), both reac-
tions ran equally well, the reaction with silver iodide being
slightly more rapid and effective than the one without
(entry 1 vs. 2). With the corresponding free 1-hexyne (4), a
comparison with our previously described conditions
showed a slight but significant improvement in the presence
of TBAF (entry 1 vs. 3). The efficiency of these new condi-
tions proved to be even better with an alkyne bearing a free
hydroxyl group. A quantitative coupling was achieved with
5-trimethylsilyl-4-pentynol (2b) in the presence of silver iod-
ide (entry 4); without the latter, the coupling was slightly
less than quantitative (entry 4 vs. 5). As in the preceding
case (entries 122 vs. 3), the coupling of the trimethylsilyl-
ated acetylene was more efficient than the coupling of the
corresponding free acetylene (entries 425 vs. 6) but now
with a significant improvement. With an epoxidic acetylene,
the differences were even more marked. The sensitive cis-
2,3-epoxy-3-methyl-5-trimethylsilylpent-4-ynol (2c) gave the
corresponding epoxyenyne 3c cleanly with a better yield
than the one achieved using the conditions set up for this
kind of acetylenes (entry 7 vs. 9). However, in this case, the
presence of silver iodide is critical since the same reaction
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run without it gave only a 30% yield of coupling product
(entry 8 vs. 7). This latter result clearly demonstrates the
key role of silver iodide as a cocatalyst, supporting our
mechanistic hypothesis.[14]

More complex vinyl triflates can also be used in this
coupling. Conjugated keto vinyl triflates proved to be good
partners[6b] and, as an example, 5,5-dimethyl-3-triflyloxycy-
clopent-2-enone (8) was reacted with 1-trimethylsilyl hex-1-
yne (2a) and 1-trimethylsilyl-3-methylbut-1-yne (2d) provid-
ing the corresponding ketoenynes 9a and 9d in good to ex-
cellent yields (Scheme 4).

Scheme 4

The present investigation has demonstrated that 1-trime-
thylsilylalkynes can be directly coupled to vinyl triflates
with commercial tetrabutylammonium fluoride in the pres-
ence of tetrakis(triphenylphosphane)palladium and silver
iodide as catalysts. The use of TBAF instead of base nicely
improved our original reaction.[6]

Acknowledgments
P. B. thanks the ‘‘Ministère de la Recherche et de la Technologie’’
for a doctoral fellowship and U. H. the Daimler-Benz Foundation.
P. P. thanks the ‘‘Institut Universitaire de France’’ for financial sup-
port. The authors also thank Dr T. Netscher, Hoffmann-La-Roche,
for a generous gift of 3-methylpent-2-en-4-ynol

[1] [1a] D. Grandjean, P. Pale, J. Chuche, Tetrahedron 1993, 49,
522525236; D. Grandjean, P. Pale, J. Chuche, Tetrahedron Lett.
1992, 33, 535525328. 2 [1b] J. Chuche, D. Grandjean, P. Pale,
Bull. Soc. Chim. Belg. 1992, 101, 4152415.

[2] [2a] P. Bertus, P. Pale, Tetrahedron Lett. 1996, 37, 201922022.
2 [2b] P. Bertus, P. Pale, Tetrahedron Lett. 1997, 38, 819328196.
2 [2c] P. Bertus, P. Pale, J. Organomet. Chem. 1998, 567,
1732180. 2 [2d] K. Edo, M. Mizugaki, Y. Koide, H. Seto, K.
Furihata, N. Otake, N. Ishida, Tetrahedron Lett. 1985, 26,
3312334.

[3] NCS: N. Ishida, K. Miyazaki, K. M. Kumagai, M. Rikimura,
J. Antibiot. 1965, 18, 68276;

[4] N199A2: [4a] M. Ishii, T. Ando, T. Kajiura, T. Kameyama, Y.
Nihey, Jpn. Kokai Tokkyo Koho JP 07291955; Chem. Abstr.

Eur. J. Org. Chem. 2001, 439124393 4393

1996, 124, 115564 h. 2 [4b] T. Ando, M. Ishii, T. Kajiura, T.
Kameyama, K. Miwa, Y. Sugiura, Tetrahedron Lett. 1998, 39,
649526498.

[5] Kedarcidine: [5a] S. J. Hofstead, J. A. Matson, A. R. Malacko,
H. Marquard, J. Antibiot. 1992, 45, 125021254. 2 [5b] J. E.
Leet, D. R. Schroeder, S. J. Hofstead, J. Golik, K. L. Colson,
S. Huang, S. E. Klohr, T. W. Doyle, J. A. Matson, J. Am. Chem.
Soc. 1992, 114, 794627948. C-1027. 2 [5c] Y.-S. Zhen, X.-Y.
Ming, B. Yu, T. Otani, H. Saito, Y. Yamada, J. Antibiot. 1989,
42, 129421298. 2 [5d] K-I. Yoshida, Y. Minami, R. Azuma,
M. Saeki, T. Otani, Tetrahedron Lett. 1993, 34, 263722640.
Maduropeptine: [5e] M. Hanada, H. Ohkuma, T. Yonemoto, K.
Tomita, M. Ohbayashi, H. Kamei, T. Miyaki, M. M. Konishi,
H. Kawaguchi, S. Forenza, J. Antibiot. 1991, 44, 4032414. [5f]

D. R. Schroeder, K. L. Colson, S. E. Klohr, N. Zein, D. R.
Langley, M. Lee, J. A. Matson, T. W. Doyle, J. Am. Chem. Soc.
1994, 116, 935129352.

[6] For recent reviews, see: [6a] K. C. Nicolaou, A. L. Smith, in
Modern Acetylene Chemistry (Eds.: P. J. Stang, F. Diederich),
VCH, Weinheim, 1995, pp 2032283. 2 [6b] H. Lhermitte, D. S.
Grierson, Part 1 & 2, Contemporary Organic Synthesis 1996,
41263 and 932124.

[7] P. Bertus, S. Dillinger, P. Pale, Org. Lett. 2001, 2, 166121664.
[8] Pentacoordinated silanes bearing a vinyl or aryl group have

been postulated as intermediates in a few coupling reactions,
see: [8a] M. Kumada J. Yoshida, K. Tamao, M. Takahashi, Tet-
rahedron Lett. 1978, 25, 216122164. 2 [8b] T. Hiyama, Y. Hat-
anaka, Pure Appl. Chem. 1994, 66, 147121478. 2 [8c] K. A.
Horn, Chem. Rev. 1995, 95, 131721350.

[9] R. B. Davis, D. H. Scheiber, J. Am. Chem. Soc. 1956, 78,
167521678.

[10] [10a] Y. Hatanaka, T. Hiyama, J. Org. Chem. 1988, 53, 9182920.
2 [10b] Y. Hatanaka, K. Matsui, T. Hiyama, Tetrahedron Lett.
1989, 30, 240322406.

[11] [11a] L. Brandsma, Preparative Acetylenic Chemistry, 2nd ed El-
sevier: Amsterdam, 1988. 2 [11b] E. Winterfeldt, in Modern
Synthetic Methods (Ed.: R. Scheffold), VCH, Weinheim, 1992,
vol.6, pp 1032226.

[12] W. J. Scott, G. T. Crisp, J. K. Stille, Org. Synthesis 1993, coll.
vol. VIII, 972103.

[13] Typical experimental procedure for 1-(4-tert-Butylcyclohex-1-
enyl)-hex-1-yne 3a: Tetrakis(triphenylphosphane)palladium
(57 mg, 0.1 equiv.), silver iodide (24 mg, 0.2 equiv.), 1-trime-
thylsilylhex-1-yne (2a; 92 mg, 1.2 equiv.) and then a solution of
TBAF·3H2O (236 mg, 1.5 equiv.) in DMF were successively
added to a 4-tert-butylcyclohex-1-enyl triflate solution (1a;
143 mg, 0.5 mmol, 1 equiv.) in DMF kept under argon at room
temperature. The resulting solution was stirred at room temper-
ature until the starting materials disappeared (see Table 1).
Ether and water were then added and the aqueous phase was
extracted three times with ether. The organic phases were com-
bined, washed three times with water, dried with magnesium
sulfate, filtered and concentrated. Silica gel chromatography
then yielded the pure enyne 3a (87%). 1H NMR (CDCl3): δ 5
0.86 (s, 9 H), 0.92 (t, J 5 7.1 Hz, 3 H), 1.0521.32 (m, 2 H),
1.3421.58 (m, 4 H), 1.7621.91 (m, 2 H), 2.0422.21 (m, 3 H),
2.30 (t, J 5 6.8 Hz, 2 H), 6.04 (m, 1 H). 13C NMR (CDCl3):
δ 5 13.7, 18.9, 22.0, 23.9, 27.2, 27.3, 31.0, 31.2, 32.2, 43.4,
82.0, 87.7, 120.9, 133.4. IR (neat): ν̃ 5 2216, 1674, 1468, 1366,
1208, 808 cm21. MS (EI): m/z (%) 5 218 (100) [M1], 203 (16),
175 (35), 161 (26), 147 (47). HRMS (C16H26): calcd. 218.2035;
found 218.2039.

[14] Other mechanisms cannot be ruled out with the experiments in
hand. Preliminary experiments have demonstrated that with the
simplest compounds, i.e. 1 and 2a or 4, TBAF alone can pro-
mote the required coupling reaction, although at a lower rate.
Further work is now in progress in order to delineate further the
mechanisms which may compete in the present reaction.

Received April 24, 2001
[O01201]


