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Abstract: (Z2)-bis-Vinylic tellurides undergo direct coupling reac-
tion with terminal alkynesin the presence of palladium (I1) at room
temperature to give (Z)-enyne systemsin good yields.
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Calicheamycins, esperamycins and dynemycins are anew
class of antibiotic molecules recently emerged,? among
the most potent antitumor agents known to date. All of
these molecules exhibit a common moiety, a conjugated
enediyne system able, upon DNA complexation and
chemical initiation, to rearrange with concomitant forma-
tion of biradical species. Sinceit iscomplexed to the DNA
minor groove, this biradical abstracts hydrogen atoms
from the desoxyribose part of DNA. Oxidation then leads
to DNA cleavage, and eventually to cell death.*

The synthesis of enynes has received specia interest dur-
ing the last 20 years and new methodologies using vinyl
halides or vinyl organometallic compounds have been re-
cently developed. The cross coupling of vinyl bromides,
iodides, chlorides and triflates with monosubstituted acet-
ylenes has been achieved in the presence of a Pd° or Pd'/
Cul catalyst using an amine as base.*” The synthesis of
enynes has been also performed using the coupling reac-
tion of bromoalkynes with vinyl metds, like vinyl boron,®
-copper,® -zinc,*° -aluminum®* or -magnesium reagents.*?
The use of vinylic tellurides® to obtain enyne and ene-
diyne systems has been previously described using trans-
metalation with n-BuLi,** cyanocuprates’® and directly
with terminal alkynes.'® In this paper we report the stere-
oespecific formation of (Z)-enyne systems by palladium
catalyzed cross coupling reaction of (2)-bis-vinylic tellu-
rides with 1-alkynes (Scheme 1).%"
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Inthisway, (Z2)-bis-vinylic tellurides were easily obtained
from the reaction of the corresponding alkynes with ele-

mental tellurium in alkaline media® These compounds
are stable to oxygen and can be chromatographed and
stored in the dark at room temperature for several months.

Since our initia research efforts were dedicated to devel-
op agood catalytic system, firstly we investigated the in-
fluence of the ligands in the palladium complex. Thus,
(2)-bis-vinylic telluride 1a (1 equiv.) wastreated in meth-
anol at room temperature with 2-propyn-1-ol (2 equiv.) 2a
in the presence of different catalysts and Et;N (1 equiv.)
as base (Scheme 2). As shown in Table 1, Pd(PPhs), or
Pd(PPh,),/Cul did not exhibit catalytic activity in thisre-
action (entries 1 and 2) and Pd (1) catalysts such as PdCl,,/
PPh,, PdCI,(PPhs),, Pd(OAC),, PdCl,(PhCN), gave unsat-
isfactory yields of the desired enyne 3d (entries 3-6).

The reaction was greatly enhanced by increasing the
amount of PdCl,/Cul from 1% to 10% (entries 7-10) and
the enyne 3d was obtained in 85% isolated yield (entry
10).

—H catalyst N
/=N — + == e N
Ph' Te’ “ph HO MeOH/Et3N OH
la 2a 3d

Scheme 2

Tablel Influence of the Ligandsin the Palladium Complex.

Entry Catalyst (mol%) Time (h)  Yield, 3d (%)
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 PdC1,(PhCN), (20) 20 5
7 PdCl,/Cul (1) 24 23
8 PdCl,/Cul (3) 24 30
9 PdCL,/Cul (5) 24 47
10 PdCly/Cul (10) 6 85
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Table2 Enynes3 Prepared According to Scheme 2

Entry bis-Vinylic Alkyne (2) Enyne (3) Time(h) Yield(%)*
Telluride (1)
H —
Ph N
1 1a \/\/OH AN OH 4 82
3a
H —_—
2 ’ S T3 o .
OH OH
3b
H —
3 la \ Ph N 4 83
HO ;*
C
H rr’ N\
4 la 6 85
\OH N OH
3d
H —
5 1b §<\ H N 5 70
OH OH
3e
6 1b H —
\/\/OH HO N OH 4 75
3f
7 1b H—=—-CH =
—— 61113 HO \\
\\ 7 84
Ce¢Hi3
3g
8 la H==-C¢Hy3 P N\ 7 80
N\
CesHi3
3h
H ——
9 la \< P N 5 85
3i
10 Ia H~=-C/H;s Pl N 8 77
C7Hys
3
1 la H—==-SiMe; Ph/N 5 73
SiMe3
3l
12 1a Hem=—CsHy; Ph N o 8 75
58171
3m

3yield of isolated pure product.

The nature of the amine was critical for the success of the  no reaction was observed. By using Et,NH, n-PrNH, or n-
coupling. When (2)-bis-vinylic telluride 1a (1 equiv.) was  BuNH,, moderated yields were observed (15% to 28%).
treated at room temperature with 2-propyn-1-ol (2 equiv.) However, by using Et;N, the enyne 3d was obtained in
2a and PdCI,, (10%)/Cul (10%) in MeOH (10 mL) using  85% isolated yield and the reaction was completed within
pyrrolidine, piperidine or morphaoline (1 equiv.) as base, 6 h.
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Thus, the optimum condition for the coupling in Scheme
1 was found to be the use of PdCI,(10 mol%)/Cul (10
mol%), MeOH (10 mL), (2)-bis-vinylic telluride 1 (1
mmol), the appropriate alkyne 2 (2 mmol) and Et;N (1
mmol) at 25 °C.%" Extending the coupling reaction to other
alkynes, various Z-enynes 3 were obtained in good yields
(Table 2). Although in all cases an excess of alkyne was
used, the transfer of only one vinylic group was observed.

The formation of the enynes was confirmed by the analy-
sis of the *H NMR spectrum. The stereoisomeric purities
of the enynes 3a-j were similar to that of starting bis-vi-
nylic tellurides 1,'8 due to a complete retention of config-
uration in thistype of reaction. The stereochemistry of the
obtained enynes was easily established. As an example,
the *H NMR spectrum of compound 3d, showed a double
triplet at 5.75 ppm with coupling constants of 12 Hz and
2 Hz, typical of cis positioned hydrogen (hydrogen at car-
bon 4). The hydrogen at carbon 5 resonates at 6.63 ppm as
a doublet with coupling constant of 12 Hz.

In summary, we have explored the Pd(I1)/Cul catalyzed
cross-coupling reaction of the (2)-bis-vinylic tellurides
with alkynes and established a new stereoselective route
to (2)-enynes in good yields. Our approach is improved
compared to described methodologies, avoiding the prep-
aration of vinyl metals, haloalkynes or protection of hy-
droxyl group in propargylic acohol. In comparison to our
previously described methodology the procedure has the
advantage of easy access and great stability of (Z2)-bis-vi-
nylic tellurides. The use of this methodology for the syn-
thesis of polyacetylenic compounds is under study in our
laboratory. 1920
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