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Abstract—1-Trialkylsilyl-1-alkynes can be directly coupled with vinyl triflates in the presence of TBAF, 3H,O and a catalytic
amount of Agl and Pd(PPh,),. Functionalized enynes can thus be obtained in good to excellent yields without prior deprotection

of the alkyne. © 2001 Published by Elsevier Science Ltd.

Enynes constitute an important class of compounds.
They can be found in various living organisms, mainly
higher plants, algae and sponges, and microorgan-
isms,'® where they usually play a defensive role. For
example, the so-called enediyne and dienediyne antitu-
mor antibiotics are among the most complex natural
products so far isolated.* The enyne unit can also be
found in man-made compounds designed for various
applications in material science.’

Enynes are readily obtained either by addition of metal
acetylides to aldehydes or ketones followed by elimina-
tion, or by coupling alkynes with vinyl halides or
triflates, the so-called Sonogashira—Linstrumelle (S-L)
reaction.® Due to its stereoselectivity, the latter process
has gained a wide audience. For the synthesis of com-
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plex enyne molecules, the starting alkynes are usually
obtained as 1-trialkylsilyl derivatives. A S—-L coupling
therefore requires a further deprotection step. It obvi-
ously would be interesting and economical to be able to
directly engage 1-trialkylsilyl-1-alkynes in coupling
reactions.

We present here a mild and really convenient method
for the direct coupling of 1-trialkylsilyl-1-alkynes with
vinyl triflates (Scheme 1). It is worth noting that this is
the first method allowing the direct coupling of any
I-trialkylsilyl acetylenes (R;Si=SiMe;, SiMe,?Bu,
SiPh,¢Bu, SiiPr;).

The coupling of vinyl or aryl silyl derivatives has been
described. However, such reactions required an acti-
vated silyl group in order to proceed. Fluoro-, chloro-
or alkoxysilyl groups have thus been used.” This draw-
back has probably hampered the development of those
methods. Moreover, these reactions required a PdU
source as catalyst, they are thus more related to Heck
reaction rather than to S-L reaction and indeed require
rather harsh conditions.

We recently showed that silver iodide and tetra-
kis(triphenylphosphine)palladium are efficient catalysts
for the coupling of sensitive vinyl triflates and acetyle-
nes.® We thought that the fluorosilicates® in situ formed
by addition of fluoride to 1-trialkylsilyl-1-alkynes
would enter the palladium catalytic cycle initiated by
oxidative addition of vinyl triflate to zerovalent palla-
dium. Silver ion would facilitate this process by displac-
ing the fluorosilicate group, leading trialkylsilyl fluoride
and silver acetylide, known to enter the Pd-catalytic
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cycle.!® Moreover, since silver acetylides can be formed
in water,'! the convenient and commercially available
tetrabutyl ammonium fluoride trihydrate (TBAF,
3H,0) should be used without deleterious effect. Such a
mechanism should also operate with any 1-trialkylsilyl-
1-alkynes (Scheme 2).

We therefore investigated the coupling reaction of vari-
ous l-trialkylsilyl-1-alkynes with tertbutylcyclohexenyl
triflate 1,'> used as a model, in the presence of TBAF,
3H,0 and a catalytic amount of Agl and Pd(PPh,),.
The results obtained are collected in Tables 1-3.

1-Hexynes 2a-d bearing a common trialkylsilyl group
of increasing bulkiness were prepared by trapping 1-
lithio-1-hexyne with the corresponding trialkylsilyl
chloride.”*  1-Trimethylsilyl-  (TMS)-,  tertbutyl-
dimethylsilyl (TBS)-, tertbutyldiphenylsilyl (TBDPS)-,
1-triisopropylsilyl (TIPS)-1-hexyne, 2a-d respectively,
were cleanly converted to the expected enyne 3%'% by
treatment with 1.5 equivalent of TBAF, 3H,O, 0.2
equivalent of Agl and 0.1 equivalent of Pd(PPh;), in
DMF. While the TMS derivative 2a was totally con-
sumed within a day (Table 1, entry 1 versus 2, 3, 4), the
bulkier derivatives 2b-d were not completely converted
during the same period of time as reflected by lower
yields and longer reaction times (prolonged reaction
times did not significantly improved yields of coupling
product). The bulkiness around the silyl atom thus
seems to slightly affect the reaction rate.

Encouraged by these results, we prepared!® 1-trialkylsil-
yl-1,3-enynes and 1-trialkylsilyl-3,4-epoxy-1-alkynes
with synthetic application in mind,'’ and submitted
them to the above conditions (Tables 2 and 3).
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Scheme 2. Mechanistic hypothesis for a Pd/Ag-catalyzed cou-
pling of 1-trialkylsilyl-1-alkynes promoted by TBAF, 3H,O.

The coupling of 1-trialkylsilyl-3-methylbut-3-en-1-ynes,
4a—c, proved to be very efficient (Table 2). The expected
dienyne 5 was always isolated in quantitative yield
whatever the silyl substitution.

1-Trialkylsilyl-3,4-epoxy-5-hydroxy-3-methyl-1-pentyne
6a—c85¢ cleanly reacted in the above conditions, and the
corresponding epoxyenyne 78'® was isolated in fairly
good yield (Table 3). As expected from our previous
results,® such conjugated epoxyalkynes were slightly less
effective in coupling reaction than less sensitive alkynes

Table 1. TBAF, 3H,O-promoted coupling of 1-trialkylsil-
yl-1-hexynes 2 in the presence of Agl

nBu
OTf BU———SiR;3 S
2a-d
nBu4NF, 3H20
Entry SiR, Time (h) Yield (%)
1 2a Me,Si— 21 87
2 2b Me,tBuSi- 24 84
3 2c Ph,?BuSi— 24 75
4 2d iPr;Si— 24 75

Table 2. TBAF, 3H,O-promoted coupling of 1-trialkylsil-
yl-3-methylbut-3-en-1-ynes 4 in the presence of Agl

OTf> — SRs Z

4a-c
nBuyNF, 3H,0
Pd(PPh3)4 / Agl 5
Entry SiR, Time (h) Yield (%)
1 4a Me,Si— 18 99
2 4b Me,tBuSi- 18 99
3 4c Ph,¢BuSi— 18 99

Table 3. TBAF, 3H,O-promoted coupling of 1-trialkylsil-
yl-3,4-epoxy-1-alkynes 6 in the presence of Agl

OH
%O (0]
SN OTf 6a-c X 7

HO
nBuyNF, 3H,0
Entry SiR 4 Time (h) Yield (%)
1 6a Me,Si— 22 78
2 6b Me,¢BuSi- 22 67
3 6c Ph,tBuSi— 22 66
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(Table 3 versus Tables 1 and 2). Nevertheless, the
fragile epoxyenyne moiety can easily and conveniently
be obtained in high yield owing to the mildness of the
present method. In this case, as in the case of 2a-d, the
bulkiness at the silyl group plays a significant role,
lowering the yield of coupling product (entries 2 and 3
versus 1). It is also worth mentioning that no protecting
group was required for the hydroxyl group in 6a—c. No
side reaction was detected despite the concomitant pres-
ence of a free alcohol and an acetylenic function.'®

Control experiments exhibited unexpected results.
Indeed, experiments run without silver cocatalyst sur-
prisingly yielded the enynes 3, 5 and 7 although less
efficiently (Table 4). Under these conditions, the cou-
pling efficiency is clearly related to the structure of the
alkyne partner. However, the nature of the silyl group
carried by the alkyne, and most probably its size, seems
to be critical, dramatically reducing yields (entries 2, 4
and 6 versus 1, 3 and 5). For the sensitive trialkylsilyl-
epoxyalkynes 6, the presence of silver salt is always
critical, whatever the nature of the silyl group, in order
to achieve a efficient coupling (Table 4, entries 5 and 6
versus Table 3, entries 1 and 3). These preliminary
results raise interesting mechanistic questions, which
are now addressed.

In conclusion, functionalized enynes can be easily
obtained by a new fluoride-mediated coupling reaction
directly from their 1-trialkylsilyl-1-alkynes progenitors.
Further synthetic developments are underway in our

group.
Supplementary material

Typical procedure for the fluoride-induced coupling
reaction of 1-trialkylsilyl-1-alkynes with vinyl triflate:
To a triflate (1 equiv.) solution in anhydrous DMF
(0.17 M) were successively added under an argon atmo-
sphere tetrakis(triphenylphosphine)palladium (0.1
equiv.), silver iodide (0.2 equiv.) and 1-trialkylsilyl-1-
alkyne (1.1 equiv.) diluted in anhydrous DMF (0.27
M). The resulting mixture was then stirred for 5 min

Table 4. TBAF, 3H,O-promoted coupling of 1-trialkylsil-
yl-1-alkynes without Agl

R’
oTf R—=——SiR3 Z
2,4,6
nBuyNF, 3H,0

1 Pd(PPh3)4 3,5 7
Entry Alkyne SiR,4 Time (h) Yield (%)
1 2a Me,Si— 24 85
2 2¢ Ph,¢BuSi— 24 26
3 4a Me,Si— 18 68
4 4c Ph,¢BuSi— 18 31
5 6a Me,Si— 22 30
6 6¢ Ph,¢BuSi— 22 15

and a solution of tetrabutylammonium fluoride trihy-
drate (1.5 equiv.) in anhydrous DMF (0.15 M) was
added. Once one of the starting materials disappeared,
diethyl ether (10 mL) and then water (10 mL) were
added. The mixture was then filtered over Celite and
the phases were separated. The aqueous layer was
extracted three times with diethyl ether and the com-
bined organic layers were washed three times with
water to remove DMF. The organic phases were dried
over MgSO,, filtered and concentrated in vacuo. The
crude product was purified by silica gel column chro-
matography yielding the expected pure enyne.
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