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Pd/Ag-Catalyzed Direct Coupling of 1-Trimethylsilyl Alkynes with Vinyl
Triflates
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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-

lytic amount of tetrakis(triphenylphosphane)palladium and
silver iodide.

In connection with our interest in the synthesis of enyne-
containing natural products,!'?l especially dienediynes
(DEDY)B5! and analogs!®! (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.!>]
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Mechanistic investigations of this process suggested the
formation of silver acetylides in situ.l”l These results and
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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 fluorosilicatel®! 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).
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Scheme 2. Envisaged mechanism

We also surmised that since silver acetylides are effici-
ently prepared in protic solvents,”?! 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,['% an anhydrous source of fluoride (TASF) is
required as well as a very dissociating solvent (HMPA) and/
or harsh conditions.

1434—193X/01/1223—-4391 $ 17.50+.50/0 4391



SHORT COMMUN'CA‘”ON P. Bertus, U. Halbes, P. Pale

In order to check the above-mentioned assumptions, vari- In the conditions mentioned above [TBAF-3H,O0,
ous representative trimethylsilylated alkynes 2a—d were pre- Pd(PPhs),, room temp. in DMF with or without Agl], we
pared by conventional methods!''! and submitted to TBAF  were delighted to observe the formation of the expected
in the presence of fert-butylcyclohexenyl triflate (1),[' used coupling products 3a—d in good to excellent yields.

as a model, and a catalytic amount of silver iodide and tetra- In the case of 1-trimethylsilyl-1-hexyne (2a), both reac-
kis(triphenylphosphane)palladium (Scheme 3).113! tions ran equally well, the reaction with silver iodide being
slightly more rapid and effective than the one without

tBuQOTf +  MegSi————R (entry 1 vs. 2). With the corresponding free 1-hexyne (4), a
comparison with our previously described conditions

1 2 showed a slight but significant improvement in the presence

Agl of TBAF (entry 1 vs. 3). The efficiency of these new condi-

PA(PPhals | 1Bu,NF*3H,0 tions proved to be even better with an alkyne bearing a free

hydroxyl group. A quantitative coupling was achieved with

L S-trimethylsilyl-4-pentynol (2b) in the presence of silver iod-

tB“OTR ide (entry 4); without the latter, the coupling was slightly

less than quantitative (entry 4 vs. 5). As in the preceding
case (entries 1—2 vs. 3), the coupling of the trimethylsilyl-
ated acetylene was more efficient than the coupling of the
corresponding free acetylene (entries 4—5 vs. 6) but now
with a significant improvement. With an epoxidic acetylene,

Since the two related examples of coupling reaction pro- the differences were even more marked. The sensitive cis-
ceeded without the need for a cocatalyst,['7 we compared  2,3-epoxy-3-methyl-5-trimethylsilylpent-4-ynol (2¢) gave the
the reaction with and without silver iodide. For further corresponding epoxyenyne 3¢ cleanly with a better yield
comparison, the corresponding free acetylenes were used in  than the one achieved using the conditions set up for this
a related reaction using our described conditions.[®! These kind of acetylenes (entry 7 vs. 9). However, in this case, the
results are collected in Table 1. presence of silver iodide is critical since the same reaction

3

Scheme 3

Table 1. Comparison of the direct coupling of 1-TMS-alkynes in the presence of TBAF-3H,0, Pd(PPhs), and Agl with the coupling of
the corresponding free alkynes in the presence of DIPEA, Pd(PPhs), and Agl

Alkyne Cocat.™ Time Activator® Yield Product
1 Me,Si —=—nC,Hj, 2a  Agl 2lh  #BwNF 87%  3a,R=nCiHy
2 ” - 24h  nBuNF 85% ”
3 H—=——nC,H, 4 Agl 20h  iPrNEt 82 % ”
Me,Si 3b
4 \/\/ o Agl  24h  nBuNF  99%  R=(CH)
2b
5 - 24h  nBwNF 97 %
6 — (CHz)}OH 5 Agl 24h P, NEt 73 % ”
3c
Me,Si 2¢ Agl 22h  nBwNF 78 % Me
7 R= %?o
OH
8 - 22h  nBwNF 30% ”
9 __g 6 Agl 24h PuNEt 5% »
3d

o,
10 pesi g 2d  Agl 18h nBuNF 9% R—é Me

11 - 18h  #BwNF  68% ”

Me
12 H%< 7  Agl  24h  PpNEt  90% "

[21 20% was used; 10% of Pd(PPhs), was also used as catalyst. P! In case of nBuyNF, 1.5 equiv. of the trihydrate TBAF-3H,O was used
without any treatment; in the case of DIPEA, 1.25 equiv. was used. [l Yield referred to isolated pure compounds.
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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.l'4]

More complex vinyl triflates can also be used in this
coupling. Conjugated keto vinyl triflates proved to be good
partners®® 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).
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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. ]
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