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E-Vinylic tellurides undergo a direct cross-coupling reac-
tion with terminal alkynes in the presence of palladium(ir)/
Cul in Et;N at room temperature to give E-enynes in good
yields. The methodology represents a general and efficient
protocol for carrying out the synthesis of E-enynes under
mild conditions with complete retention of configuration.

Vinylic tellurides are useful intermediates in organic synthesis."
Of the two isomers, the Z-vinylic tellurides have been employed
more frequently as intermediates because of easy availability of
these species.” One of the most important reactions of vinylic
tellurides is their transmetallation.> The vinyl organometallic
obtained in this way can react with carbonyl compounds,*
a,B-unsaturated systems® or epoxides.® Lately, we have
employed vinylic tellurides in the synthesis of polyacetylenic
acids isolated from Heisteria acuminata by using a vinylic
telluride cross-coupling reaction, Scheme 1.7
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Recently, new applications of vinylic tellurides utilizing
palladium catalyzed cross-coupling have been described.® In
this case, they act as an equivalent of an aryl or vinyl carbo-
cation. They react in a similar way to vinylic halides or triflates
in the Sonogashira,” Heck,' Suzuki'' and Stille' reactions.
Our continuous efforts in the synthesis of enynes by cross-
coupling reaction®® led us to find out that the E-vinylic tellur-
ides 1a—c can be effectively applied to the synthesis of E-enynes
via a cross-coupling reaction with terminal alkynes, using
palladium as catalyst, Scheme 2.
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The starting materials required for the coupling, E-vinylic
tellurides la—c, were synthesized by stereospecific cis hydro-
alumination of the acetylene,® followed by transmetallation of
the E-vinyl aluminate complexes formed with organotellurenyl
bromide/LiC1' (Scheme 3).

1 Electronic supplementary information (ESI) available: spectroscopic
data for all new compounds as well as detailed experimental procedures.
See http://www.rsc.org/suppdata/ob/b4/b401059k/
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Table 1 Influence of the catalyst in the cross-coupling reaction
Entry Catalyst (mol%) Time (h) Yield, 2a“ (%)
1 Pd(PPh,),/Cul (20) 48 0
2 Pd(PPh,), (20) 48 0
3 PdCl,/PPh; (20) 20 8
4 PdCl,(PPh,), (20) 20 5
5 Pd(OAc), (20) 24 2
6 PdCL,(PhCN), (20) 20 5
7 PdCl,/Cul (1) 24 23
8 PdCl,/Cul (3) 24 30
9 PdCl,/Cul (5) 24 47
10 PdCl,/Cul (10) 12 62
11 PdCl,/Cul (20) 3 76
12 PdCl, (20) 24 28

“ All reactions were carried out with 1 mmol of E-vinylic tellurides 1a,
2 mmol of 2-propyn-1-ol in methanol (5 mL) at room temperature in
the presence of palladium catalyst and Et;N (0.8 mL). Entries 1 and
7-11 used Cul.
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Our initial efforts were focused on the reactivity of E-vinylic
telluride 1c in the cross coupling reaction with 1-alkynes. Thus,
1c (1 equiv.) was treated in methanol at room temperature with
2-propyn-1-ol (2 equiv.) in the presence of PACl, (20 mol%)/Cul
(20 mol%), and Et;N (0.8 mL) as the base. Under these
conditions, the corresponding enyne 2a was obtained as a
minor product, (Scheme 4). This may be explained by the
possible transmetallation of Te with Pd at both the vinylic and
aryl carbon giving undesirable homocoupling products.
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We tried reacting E-vinylic telluride 1c in methanol at room
temperature with 2-propyn-1-ol in the presence of PdCl, as
catalyst, and Et;N as base, in the absence of Cul. Under these
conditions, the cross-coupling reaction still proceeded
unsatisfactorily.

In view of these disappointing results, we decided to explore
the reaction with the E-vinylic tellurides 1a and 1b under the
same experimental conditions described above. In the course of
the study, we found that the cross-coupling reaction of E-vinylic
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Table 2 E-Enynes 2 Prepared According to Scheme 27

Entry Telluride 1 E-Enyne 2 Time (h) Yield (%)
1 Ph Ph 3 76
o TetrBu) N
OH
2 la Ph 5 67
2b \\
HO
3 la Ph 6 68
2¢ \\
HO
4 la Ph 5 70
24 \\
HO
5 la Ph 6 75
2e \\
Ph
6 n-Bu n-Bu 3 78
1b TC(H-BU) \\
OH
7 1b n-Bu 6 75
N
HO
8 1b n-Bu 5 64
N
HO
9 1b n-Bu 4 73
2i \\
HO
10 1b n-Bu 3 70
2\
Ph

tellurides 1a and 1b with 1-alkynes are best catalyzed by PdCl,
(20 mol%)/Cul (20 mol% each) (entry 11; Table 1). Thus, the
reaction of 1a (1 equiv.) with 2-propyn-1-ol (2 equiv.) over 3 h
in methanol at room temperature using PdCl,/Cul (20 mol%)
gave the E-enyne, in 76% yield. Other palladium complexes
such as Pd(PPh,),/Cul, Pd(PPh;),, PACL,/PPh,, PdCL,(PPh;),,
Pd(OAc),, PACL(PhCN), were less effective (Table 1). The reac-
tion was greatly enhanced by increasing the amount of catalyst
from 1% to 20% (entries 7-11). A rather different trend was
noted when the reaction was performed in the absence of
copper salts, such as Cul, (entry 12; Table 1). This reaction is
also highly affected by the solvent. The performance (yield of
enyne) of various solvents in the same reaction under identical
conditions decreased as follow [PdCl, (20 mol%)/Cul (20
mol%), rt, 3 h]: THF, acetonitrile, DMF (40-55%); pyridine,
DME (22-35%); toluene, CH,Cl,, 1,2-dichloroethane, hexane
(no cross-coupling product was observed).

The nature of the amine was critical for the success of the
coupling. When different amines (piperidine, pyrrolidine,
n-BuNH,, Et,NH, i-Pr,NH) were used in lieu of Et;N, unsatis-
factory yields of the desired enynes were obtained. Careful
analysis of the optimized reactions revealed that the optimum
conditions for the coupling in Scheme 2 were found to be the
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use of PdCl, (20 mol%)/Cul (20 mol%), MeOH (5 mL), (E)-
vinylic telluride 1a or 1b (1 mmol), the appropriate alkyne (2
mmol) and Et;N (0.8 mL) at 25 °C. Extending the coupling
reaction to other alkynes, various E-enynes 2a—j were obtained
in good yields (Table 2).""

The formation of enynes was confirmed by the analysis of
the '"H NMR spectra. The stereoisomeric purities of the
E-enynes 2a—j were similar to starting E-vinylic tellurides
1a-b," due to a complete retention of configuration in this type
of reaction. The stereochemistry of the obtained enynes was
easily established. As an example, the '"H NMR spectrum of
compound 2a, showed a doublet at 6.8 ppm with a coupling
constant of 16.3 Hz and a double triplet at 6.0 ppm with coup-
ling constants of 16.3 Hz and 1.9 Hz. These coupling constants
confirm the trans relationship of the hydrogen of the double
bond.

In summary, we have explored the Pd(m) catalyzed cross-
coupling reaction of E-vinylic tellurides with alkynes and estab-
lished a new stereoselective route to E-enynes in good yields.
The reaction proceeds cleanly under mild conditions. The
cross coupling reaction was sensitive to the nature of the amine,
catalyst and solvent. This novel approach to functionalized
enynes could open a new route to the biologically important



enyne systems. The pharmacological activity of these com-
pounds is under study in our laboratory.
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