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Summary: Diaryltellurides 2 and diarylditellurides 3 undergo a smooth tellurium-zinc exchange reaction in
the presence of catalytic amounts of Ni(acac)? (5-10 mmol %) leading to arylzinc derivatives 1. The
reaction can be extended to the preparation of alkylzinc compounds and allows a stereoselective cyclization
to a 2,4-disubstituted tetrahydrofuran by a radical ring closure of an unsaturated telluride.
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Organozincs (RZnX or R2Zn) are useful organometallic intermediates, since they are compatible with a
great variety of functional groups and react in the presence of the appropriate transition metal catalyst with
a broad range of organic electrophiles.! Diorganozincs are especially useful reagents due to their higher
reactivity and numerous applications in asymmetric synthesis.2 Whereas several methods are available for
preparing dialkylzincs? and diatkenylzincs,* no general method is available for preparing diarylzincs.
Herein, we report a method allowing the preparation of mixed arylethylzincs 1 from diaryltellurides 2 or
diarylditellurides 3 using a nickel5:6 catalyzed tellurium-zinc exchange’ mediated by Et2Zn (Scheme 1).
Diorganotellurides and diorganoditellurides are readily available and usually more stable than the
corresponding ary] or heteroaryl iodides.
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After transmetalation with CuCN-2LiCl,8 the arylcopper intermediates were allylated with an allylic
bromide 4 furnishing the expected products 5 in good to excellent yields (Table 1). Organotellurium
compounds are readily available from simple organic precursors? and they have recently found increasing
use in organic synthesis.!® Several recent applications rely on tellurium-metal (Li, Cu, Al) exchange
reactions.!! However, the treatment of a diaryltelluride 2 with EtoZn does not lead to any reaction, whereas
a very slow exchange reaction is observed with a diarylditelluride 3. In the presence of catalytic amounts of
Ni(acac)} (5-10 mol %), we have now observed a fast exchange reaction which is complete within 6-8 h at
rt and transfers both aryl groups from tellurium to zinc. The resulting mixed arylethylzinc 1 can be readily
trapped by an electrophile (Table 1). In this reaction, diarylditetlurides (Ar2Te2 (3)) give cleaner reactions
and higher yields than diaryltellurides (ArpTe (2)); see entry 1 of Table 1. This is synthetically interesting
since diarylditellurides are often precursors of diaryltellurides.? Various substituents can be attached to the
aromatics ring (bromide or dimethylamino group entries 6-8) and heteroaryitellurium derivatives give
excellent results (entries 9-10). Remarkably, the cross-coupling reaction between aryltellurides and Et2Zn
leading to ethylated aromatics is not observed in most cases. This coupling reaction is well known between
aryl iodides and organozinc reagents in the presence of nickel or palladium catalysts.!2 In the case of bis(p-
bromophenyl)telluride, we have observed the formation of 4-bromo-1-ethylbenzene as side-product (15 %
yield; see entry 7 of Table 1). By using the corresponding diarylditelluride, this side-reaction was not
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observed at all. This reduced tendency to undergo cross-coupling reaction may be explained by the presence
of the excess of telluride anions which complex the nickel center making it prone to undergo oxidative
addition but hampering the reductive elimination step. If an electron withdrawing group like an ester
coordinates to the nickel center,!3 then the reductive coupling can become the major reaction pathway.
Thus, the reaction of the arylmethyltelluride 6 with Et2Zn produces only the ethylated cross-coupling
product 7a (84 % yield) via intermediate nickel(II) complex 8. With dipentylzinc both tellurium-zinc
exchange (leading to 7¢ in 23 % yield) and cross-coupling (affording 7b in 54 % yield) are observed
(Scheme 2).

a NHPh NHPh
NHPh R2Zn, THF H.0
Ni(acac), 10 mol% Nf R
TeMe 25°C,6h \R
6 8 7a:R=Et84% +7¢c:R=H;0%
Scheme 2 7b:R=Pent; 54 % + 7¢ : R = H; 23%.

This nickel-catalyzed tellurium-zinc exchange reaction can be extended to the preparation of alkylzinc
derivatives. Thus, the treatment of PhTeOct with excess Et2Zn furnishes both an octylzinc and a phenylzinc
derivative in equal amounts as shown by quenching experiments with electrophiles. Oct2Te also undergoes
exchange but the reaction is significantly slower (55 h at rt compared to 6 h for PhoTe or OctTePh). After a
copper catalyzed allylation with ethyl (o-bromomethyl)acrylate, the expected product, ethyl 2-nonylacrylate
is obtained in 55 % yield. In contrast, Oct2Te2 undergoes the tellurium-zinc exchange reaction more
rapidly. A complete conversion is obtained after 18 h at rt. Allylation leads to ethyl 2-nonylacrylate in 64 %
yield. The nickel catalyzed exchange process can be accompanied by cyclization. Thus, the reaction of
tellurium derivative 9 with Et2Zn furnishes the cyclized product 10 in 56 % yield as a 95:5 mixture of cis
and trans diastereomers (rt, 3 h; Scheme 3). Since trapping experiments with D20 did not lead to any
deuterium incorporation (indicating the absence of an organometallic intermediate), the reaction probably
proceeds via radical intermediate. Interestingly, group transfer cyclization of a similar compound was
recently found to afford a configurationally inverted tetrahydrofuran derivative (cis:trans = 1:10).14
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In summary, we have shown that nickel catalysis allows to convert diaryltellurides 2 and diarylditellurides 3
to arylzinc derivatives. This methodology is especially useful, when the corresponding organic iodides, the
usual precursors for the preparation of zinc organometallics are difficult to prepare or not available. Further
extensions of this reaction are currently underway in our laboratories.!5-17
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Table 1. Allylated products of type 5 obtained from AraTe 2 and ArpTe2 3 by a Te-Zn exchange
reaction with Et2Zn followed by a reaction with an allylic bromide 4 in the presence of CuCN-2LiCl.

entry Ar allylic bromide 4 product of type § yield
[R) (%)2
MeO—@WR
1 p-MeO-CeHyg COJEt 5a:R=CO2Et 66 (86)
2 p-MeO-CgHg H Sb:R=H 63
3 p-MeO-CgHg Br 5¢:R=Br 70

4 CgH5 COZEt 5d 92)

5 p-CeHs-CgHg COZEt Se (78)
5f

6 p-MeaN-CgHg H 60
O

7 p-Br-CgH4 H Sg:R=H 72b

8 p-Br-CgHg Br Sh:R=Br (88)

37
9 3-thienyl Br Si (72)
B
S

10 2-thienyl Br 5§ an
2 Isolated yields of analytically pure products. The yields indicated in parenthesis refer to reactions
performed with the diarylditellurides 3, whereas the yields indicated without parenthesis were obtained

from the diaryltellurides 2. b Besides 5f, the cross-coupling product 4-bromo-1-ethylbenzene was isolated in
15 % yield.
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Typical procedure. Preparation of 1-bromo-4-(2-bromo-2-propenyl)benzene (5g). A three-necked
50mL-flask equipped with an argon inlet, a rubber septum and an internal thermometer was charged
with bis(p-bromophenyl)ditelluride! (1.7 g, 3.0 mmol, 1 equiv) and Ni(acac)y (77 mg, 0.3 mmol, 10
mol %). The reaction mixture was cooled to -40 °C and THF (6 mL) was added. It was further cooled
to -78 °C and Et2Zn (1.5 mL, 15 mmol, S equiv) was slowly added via syringe. The reaction was
allowed to warm to rt and was stirred for 6 h. Meanwhile a mixture of copper cyanide (2.68 g, 23
mmol) and lithium chloride (2.54 g, 60 mmol) was dried under vacuum (130 °C, 2 h) and dissolved in
THF (10 mL). This solution was added to this reaction mixture at -60 °C, followed by 2,3-
dibromopropene (6.0 g, 30 mmol, 10 equiv). The reaction mixture was warmed up to 1t and worked up
as usual. The crude oil obtained after evaporation of the solvents was purified by flash chromatography
(hexanes) affording 5g (1.45 g, 5.2 mmol, 88 % yield) as a colorless oil.
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Tentative reaction mechanism.
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