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ABSTRACT

The synthesis of various Z-enynols via reaction of vinyllithium intermediate with aldehydes and ketones is described. The subsequent
cyclization of a wide variety of Z-enynols afforded substituted furans and dihydrofurans with high regioselectivity under mild reaction
conditions.

The stereospecific synthesis of conjugated enynes is of
great interest to organic chemists. They are considered to
be some of the most potent antitumoral agents known to
date and have other interesting biological activities as
well.1 In this context, Z-enynols are extremely versatile
structural units for drug lead discovery due to their wide
range of activity against different families of targets.2

Although considerable efforts have been devoted to the
development of efficient methods for the synthesis of
Z-enynols, the majority are focused on (1) zirconium-
mediated cross-coupling,3 (2) titanium complexes,4 and
(3) catalytic synthesis via Pd/Cu cross-coupling of the
terminal alkynes with vinylic halides.5 To the best of our
knowledge, the preparation of Z-enynols using vinylic
tellurides as substrate still remains an unexplored area.6

The chemistry of organotellurium compounds has devel-
oped in the past years, being the subject of many review
articles7 as well as books.8 From the many classes of
tellurium compounds, vinylic tellurides constitute one of
the most useful. Several methods have been developed
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for their preparation;7,8 among them, one of the most
important is the hydrotelluration reaction of alkynes,9 which
furnishes exclusively the (Z)-vinylic telluride. These species
can be transmetalated with many organometallic reagents to
generate the corresponding (Z)-vinyl organometallics with
retention of the double-bond geometry, which can react with
several electrophiles like carbonyl compounds,10 enones,11

and epoxides.12 These and especially the knowledge that
Z-enynols are promising candidates for palladium-catalyzed
cyclization to form substituted furans prompted us to develop
a complete investigation on the synthesis of Z-enynols from
vinylic tellurides as the sequence showed in Scheme 1.

The generation of the (Z)-vinyllithium reagent from vinylic
tellurides was attempted under a variety of reaction condi-
tions by changing the medium, temperature, and amount of
n-BuLi used for the transmetalation. On the basis of these
experiments, we concluded that the best condition for the
transmetalation was as follows: addition of n-BuLi (1.1
equiv) to a solution of Z-vinylic tellurides 1a (0.5 mmol) in
THF (3 mL) at -78 °C. After 15 min, the reaction was
quenched by H2O producing the corresponding Z-enyne 3′
in 84% yields (Scheme 2). Since we obtained 3′ as a single

isomer and its stereochemistry is clearly indicated by
coupling constant (J ) 16 Hz) of the doublets attributed to
the vinylic hydrogens, which is characteristic of trans vinyl

coupling, we conclude that the Te/Li exchange proceeded
with highly stereospecific retention of configuration.

After standardizing the conditions of the transmetalation,
the reaction of the (Z)-vinyllithium intermediate with
ketones and aldehydes was extensively screened in order
to determine the scope and limitations of our method.
Table 1 summarizes the reaction of various aryl and alkyl
ketones used as electrophile. Interestingly, all entries
provided the corresponding Z-enynols in acceptable yields.
Aromatic ketones having a neutral (Table 1, entry 6), an
electron-donating (Table 1, entry 3), or an electron-
withdrawing group (Table 1, entries 1, 2 and 4, 5) formed
the desired products in similar yields. These results
revealed that the reaction does not significantly depend
on the electronic effects of substituents in the aromatic
ring of ketones. In addition to aromatic ketones, the
reaction with alkyl ketones also led to the formation
of the desired products; however, a decrease in the
yields was observed (Table 1, entries 7-9). A significant
decrease in yields of enynols was also observed when the
reaction was performed with bulky ketones (Table 1,
entries 10 and 11). It is also worth noting that this reaction
can be performed using aldehydes as the electrophile
source. Most importantly, this method turned out to be
general with respect to a diverse array of functionality in
the aromatic ring at aryl aldehydes (Table 1, entries
20-23). In addition, alkyl aldehydes were effective in the
preparation of the corresponding enynols (Table 1, entry
24).13

Since functionalized heterocycles containing oxygen
exhibit a broad range of biological activities such as
anticancer, antiviral, antioxidative, insecticidal, anti-
inflammatory, and antifungal,14 their preparation becomes
a major challenge to organic chemists. During the past
years, numerous protocols have been reported in the
literature describing the synthesis of this class of com-
pounds based on gold- or iodo-catalyzed cyclization of
enynols.15 Nevertheless, only a few methods involving
palladium cyclization of enynols to furans have been
reported to the present.16 Here, we wish to report a new
approach to the synthesis of furan and 2,5-dihydrofuran
from enynols. Consequently, we investigated several
synthetic strategies to facilitate the synthesis.17 Thus, the
reaction of (Z)-enynols 3 (Table 2, entries 1-6) with
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PdCl2(CH3CN)2 (5 mol %) in THF at reflux for 30 min
produced the corresponding 2,5-dihydrofurans 4a-c,e-f
in good isolated yields. Concerning the group directly
bonded at the double or triple bond of enynols, we found

some limitations in this methodology. For example no
reaction was observed with enynol bearing an alkyl group
at double and triple bonds (Table 2, entry 4). Finally, when
this reaction condition was repeated with Z-enynols with

Table 1. Synthesis of (Z)-Enynolsb

a Yields are given for isolated products. b Reaction performed in the presence of 1 (0.5 mmol), n-BuLi (1.1 equiv) in THF at -78 °C followed by
aldehydes or ketones addition (2.5 equiv). c These products were easily purified by column chromatography; however, they were unstable to obtain reliable
elemental analysis or HRMS.
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an hydrogen in the allylic position, furans 5a-c were
obtained, instead of 2,5-dihydrofuran (Table 2, entries
7-9). These results strongly suggest that the cyclization
was significantly influenced by nature of Z-enynols,
becoming our methodology highly regioselective.18 Re-
garding the five- versus six-membered ring, it is important
to point out that the unique product obtained during the
curse of this cyclization was the five-membered furan
derivatives, which were determined by X-ray diffraction
analysis (see the Supporting Information).

In summary, we showed the synthesis of various
Z-enynols via reaction of the tellurium-lithium exchange
and the reaction of these vinyllithium intermediates with
aldehydes and ketones. Various aryl and alkyl groups
directly bonded to the carbonyl group were successfully
used as electrophiles. These enynols, bearing a hydroxyl
group, underwent highly selective intramolecular cycliza-
tions when treated with palladium salt affording 2,5-
dihydrofuran or furan. The results demonstrated that the
selectivity in the cyclization was significantly influenced
by the presence of a substituent in the allylic position.
Z-Enynols having a hydrogen at the allylic position gave
2,5-dihydronfurans, while Z-enynols without hydrogen in
this position gave furan derivatives. In this way, there are
some advantages to use vinylic tellurides instead of other
methods, such as easy access by stereoselective reactions
to (Z)-vinyllithium intermediate, low cost, and ease of
availability, which are crucial for commercial applications.
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Table 2. Synthesis of Furans or Dihydrofuransb

a Isolated yields. b Reaction performed in the presence of 3 (0.5 mmol)
and PdCl2(CH3CN)2 (5 mol %) in THF. c These products were easily purified
by column chromatography; however, they were unstable to obtain reliable
elemental analysis or HRMS.
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