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Abstract: The palladium-catalyzed coupling reaction of vinyl triflates with 1-alkynes in the presence of carbon
monoxide takes place under mild conditions to produce 1-alken-4-yn-3-ones in moderate to good yields.

o,pB-Acetylenic ketones are not only useful synthetic intermediates, particularly for further elaboration to
heterocyclic systems,! but also exhibit interesting biological properties.2 Of the various methods that have been
developed for their preparation,3 the acylation of terminal acetylenes or of metal acetylides has been by far the
most common. As concerns in particular procedures involving acylpalladium(II) species as acylating agents, the
conversions of aryl and vinyl halides# and of acyl chloridesl¢ into 2-alkyn-1-ones by palladium-catalyzed
reactions with 1-alkynes and carbon monoxide and with alkynylstannanes, respectively, have been described.
Isolated examples of carbonylative couplings of vinyl halidesS2 and triflatesSt and of aryl halides¢ and triflates5d
with alkynylstannanes have been also reported.

We have now found that viny! triflates react under mild conditions with carbon monoxide and 1-alkynes in
the presence of a palladium catalyst to atford 1-alken-4-yn-3-ones in synthetically useful yields.
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The results obtained are summarized in the Table. In a typical procedure (entry 1), a mixture of cholest-2-
en-3-yl triflate (518 mg, 1 mmol), phenylacetylene (0.132 mL, 1.2 mmol), triethylamine (0.28 mL, 2 mmol),

palladium acetate (7 mg, 0.03 mmel), and 1,3-bis{diphenylphosphino)propane (dppp) {14 mg, 0.034 mmel) in

DMF (3 mL) was purged with carbon monoxide for 5 min and stirred under a CO balloon at 60°C for 2.5 h. The
reaction mixture was then diluted with brine, extracted with ether, washed twice with brine, dried (NazSQy),
and evaporated. Chromatography of the residue (554 mg) on silica gel (17 g) using hexane/CH2Cly = 6/4 as
eluent gave 412 mg (83%) of 1-(cholest-2-en-3-y1)-3-phenylpropyn-1-one: mp 132-134°C (acetone); IR
(CHCI3) 2200 (C=C), 1619 (C=0) cm-l; TH NMR (300 MHz, CDCl3) § (.67 (3H, s, 13-Me), 0.74 (3H, s,
10-Me), 7.36-7.60 (6H, m, C-2 H and aromatics).

For most vinyl triflates, satisfactory results were obtained by using Pd(OAc); (dppp) as the catalytic
system. Dppp was found to be a slightly better ligand than [,I'-bis(diphenylphosphino)ferrocene (dppf)
regarding the yield of the alkynyl ketone (compare entries 1 and 2). In any case, the presence of bidentate phos-
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Table. Palladium-Catalyzed Carbonylative Coupling of Vinyl Triflates with 1-Alkynes?2
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3 All reactions were carried out for 2-3 h in the same manner as described in the text, unless otherwise noted. Disappearance of
starting material was monilored by TLC. P Enol triflates were prepared according to ref. 6. ¢ All the products were adequately
characterized spectroscopically. ¢ Yields of isolated products. © Dppf (3.3 mol%) was used as the ligand. f Reaction performed at
50°C. & Reaction carried out at room temperature in the presence of Cul (1 mol%) as the cocatalyst.
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phine ligands was required for achieving a good selectivity for carbonyk—containing pmduc‘ts format;on.t'f}ms,
for istance, the use of PA(OAc)(PPh3)y in the carbonylation of cholest-2-en-3-yl Fnﬂate with pheny aCZ y 'en(el
resulted in exiensive formation of the noncarbonylated coupled ;‘xoduct (63%) whxle. onlya 2?% of (tihe fftSl::,l
alkynyl ketone was obtained. Similar observations in‘regard with the use of the b1dentate;1gzr;i 4pp in the
carbonylation of organic halides in the presence of terminal acetylenes }}ave been reported by an‘ : o
The reaction of 3B-acetoxy-5c-androst-16-en-17-yl triflate with phenylacetylene required somew la
different conditions {entry 12). In fact, under standard conditions, the triﬂatf: 'was completely consume;i but 0;1 y
a 16% of the expected alkynyl ketone was produced. However, upon addition of 1% mol of Cul an bca:;rz'd ni
out the reaction at room temperature in order to minimize direct coupling, the alkynyl ketone could be obtained )
Synm?&?ﬁaﬁiﬁiﬁéﬁck which we were not able to overcome was the failure to obtain satisfactory results

i 7 and 3,3-diethoxy-1-propyne.
with electron-poor acetylenes such as ethyl propynoate’ and 3, ' ;
Attemptietz extend our procedure to aryl triflates met with substantial failure as well. Thus, although 2-

naphtyl triflate reacted with phenylacetylene under standard conditions to give the carbonylative coupling
product in acceptable yield (59%), 4-carbomethoxyphenyl triflate, 4-methoxyphenyl triflate, and 3-
triflyloxyestra-1,3,5(10)-trien-17-one were all recovered practically unchanged when reacted as above. Higher
reaction temperature and/or the use of Cul as cocatatyst did not lead to substantial improvements,

In conclusion, we have developed an efficient method for the transformation of ketones, via their enol
triflates, into 1-alken-4-yn-3-ones. The method merits attention, despite its limitations, due to the use of readily
available starting materials and the simplicity and mildness of the experimental procedure.

The reaction pathway is clearly related to that of the carbonylative coupling between organic halides and
terminal acetylenes, for which a nucleophilic attack of an acetylide anion on an acylpalladium halide has been
proposed by different authors.8 The mechanistic details of this attack, e. g. Pd attack vs CO attack, remain
however obscure.
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