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Nickel- and palladium-mediated cross-coupling reactions have
revolutionized the practice of organic synthesis in academic and
industrial laboratories over the past few decades. Kuméada's
use of phosphine ligands to discipline the reactivity of orga-
nonickel intermediates allowed synthetically useful nickel-
catalyzed couplings between Grignard reagents and vinyl/aryl/
heteroaryl halides, thereby significantly extending earlier studies
with simple transition metal salts by Kharash and Fiélds.
Negishi expanded the cross-coupling concept to include alu-
minum, zirconium, and zinc reagents using both nickel- and
palladium-based catalystsBut it was the discovery of pal-
ladium-catalyzed cross-couplings of organic derivatives of tin
(Stille,*> Beletskay& ), boron (Suzuki-Miyaura), and silicon
(Hiyama ) that meant carboncarbon bonds could be formed
underneutral reaction conditionbetween highly-functionalized
substrates, a virtue that has led to the widespread acceptanc
of these powerful processes by the synthetic organic community.

In 1990, the beneficial influence of cocatalytic Cu(l) on
nonproductive or sluggish Stille cross-coupling reactions cata-
lyzed by palladium was first pointed ofitThe practical utility
of the “copper effect” was immediately recognized, and it was
quickly extended to numerous other palladium-catalyzed carbon

carbon bond forming reactions (a few selected examples are

documented in the bibliograph¥3-17 In the original disclosure
of the copper effeétit was suggested that transmetalation of
the R group from RSnByto Cul could be responsible for the
catalysis, a process portending a synthetically useful cross-
coupling protocolmediated by simple copper salts ald§é®
This suggestion has borne fruit. Recent studies support the tin
to copper transmetalatidf,and specific reaction subsets of
organostannane cross-coupling reactions mediated by CuX salt
have been documented by Pférand Falck??

In our laboratory, a cursory survey of the reaction of
(4-chlorophenyl)-trin-butylstannane with 2-methyl-3-bromo-1-
propene revealed a slow but efficient cross-coupling mediated
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by catalyticquantities of various Cu(l)X salts; for example, 5%
Cu(MeCN)BF, in N-methylpyrrolidone (NMP) gave 3-(4-
chlorophenyl)-2-methyl-1-propene in 77% yield after 16 h at
80 °C. Monitoring of this reaction by GLC showed a rapid
initial rate followed by a considerable rate retardation as the
reaction approached 50% completidBignificantly, the addition
of 1 equi of n-BySnCI at the start of the reaction produced
only a trace of product under identical conditions

These observations are consistent witheaersible trans-
metalation from tin to copper that is retarded by the formation
of increasing concentrations nfBusSnX (X = halogen) as the

€ross-coupling reaction proceeds. Since mechanistic studies

support the oxidative addition of certain organic halides to Cu-
(1) salts2324the transmetalation from RSnBoould occur either

to a RCuX intermediate or to the CuX reagent, as depicted in
the top and bottom cycles of Scheme 1, respectively. Regardless
of the exact timing of the transmetalation step, recognition of
its reversible nature suggests that the copper-mediated cross-
coupling of organostannanes and organic halides should proceed
most rapidly and efficiently either (1) by using an excess of
CuX to drive an unfavorable transmetalation, a tactic explaining
the requirement ofyreater than 2 equi of CuCl in Piers'’s
account of thentramolecularcoupling of vinyl iodides with
alkenyl trimethylstannaned;or (2) by the design of reaction
parameters to produce an organostannane byprag8e;SnX,

that does not participate in a back reaction with RCu'@uXG.

S As a first-stage solution to this probletha variety of Cu(l)

carboxylates (CUOCOR: R Me, Ph, E)-CH=CHPh, 2-py-
ridyl, 2-furyl, 2-thienyl) were prepared and surveyed as sto-
ichiometric mediators of the cross-coupling d&){3-(tri-n-
butylstannyl)styrene withE)-S-iodostyrene in NMP. Of these,
copper(l) thiophene-2-carboxylate (CuPEPossessed the best
spectrum of properties (inexpensive, easy large-scale synthesis,
air-stable, rapid reactionsMost significantly, and in contrast
to CuCl, CuBr, Cul, and CuCK, 1.5 equi of CuTC mediated
the rapid andvery efficient intermolecular cross-coupling of
aryl, heteroaryl, andvinylstannanes withvinyl iodides and
certain aryl iodides within minutes in NMP at or below room
temperature!

Results of this study are depicted in Table 1. The cross-
coupling possesses useful chemoselectivity; carbonyl groups
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Table 1. Copper(l) 2-Thiophenecarboxylate (CuTC) Mediated Cross-Coupling Reactions

1.5 equiv of (2-thienyl)COOCu

RSHB[& TR NMP, 0°C to room temperature, minutes
Entry RSnBu, Product Temp | Entry RSnBu, Product Temp
Time Time
R’l Yield R'l Yield
1 (E)-B-(n-Bu,Sn)styrene O 0°C 9 1-(n-Bu,Sn)dibenzothiophene s N coskt 23 °C
SN i i
(E)-B-iodostyrene O 5min ethyl (2)-B-iodoacrylate Q O Smin
89% 71%
2 {E)-B-(n-Bu,ySn)styrene O oec ll 10 4-chlorophenyl-n-Bu,Sn e O 23 °C
(E)-3-bromo-pB-iodostyrene O SN Br{ Smin {E)-4-iodo-3-pentene-2-one e 15 min
93% ci 89%
3 2-(n-Bu,Sn)thiophene F oec | 11 4-chlorophenyl-n-Bu,Sn 23 °C
g F S._-Br . ;
(E)-2-(2-iodovinyl)-5- \_/ Smin 5,5-dimethyl-3-iodocyclohex-2- | © ) 80 min
bromothiophene 89% enone o 81%
4 2-(n-BuySn)pyridine 5 oec | 12 4-iodoophenyl-n-Bu,Sn 23 °C
Mo S8 5min # 5 min
(E)-2-(2-iodovinyl)-4- | (E)-B-iodostyrene O
bromothiophene Z 83% 97%
5 2-(n-Bu,Sn)benzofuran ey | 23°C 13 4-iodoophenyl-n-Bu,Sn = 23 °C
o . .
4-t-butyl-1- A 30 min (2)-B-iodostyrene O O 5min
iodomethylenecyclohexane 77% | 95%
6 2-Me-1-(n-Bu;Sn)-1-propene )\/\/@ 23ocl 14 (E)-B-{n-Bu,Sn)styrene O NO, 23 °C
) P )
(E)-B-iodostyrene N 15 min c-iodonitrobenzene O 30 min
80% 74%
7 2-(n-Bu,Sn)-4,5- 7 o3 oc|l 15 {(2)-B-(SnBug)styrene Q 0°C
dimethoxybenzaidehyde ~ [Me©. SONTE — 5 min
(E)-2-(2-iodovinyl)-4- min (2)-B-iodostyrene =
bromothiophene MeO CHO 78% O 94%
8  [b-(n-Bu,Sn)-1,3-dimethyluraci OC:H(S‘ o o3 o |l 16 Z-Mﬁ;?)-h(tﬁ-o%ﬂ?r?o?:’“- Q Mo Me 23 °C
. I .
(E)-2-(2-iodovinyl)-5- N\ \S ™[ Smin (E)-1-i0do-3-(2,6,6-tri-Me-2- O‘ vobe ‘ 15 min
bromothiophene CHy 75% cyclohexenyl)-1-propene ° 93%

(entries 711, 16) and most aryl and heteroaryl bromides and 2,2-disubstituted alkenyl iodides reacted well, as did 5,5-
iodides (entries 24, 7, 8, 12, 13) remain untouched. Since dimethyl-3-iodocyclohexenone, but 1-iodocyclohexene did not.
the latter react with organostannanes under typical Stille reactionAlkyl iodides and benzyl bromides were unreactive, while allyl
conditions, this chemoselectivity should allow further function- bromides reacted rapidly, but suffered from competing esteri-
alization of the products using various palladium-based proto- fication by the copper carboxylate.

cols. The CuTC cross-coupling occurs with excellent retention  |n conclusion, the simplicity of this CuTC-mediated cross-
of stereochemistry of both the organostannane and alkenyl iodidecoupling protocol, which features a rapid reaction rate at low
(entries 1, 15 and 12, 13), precluding a radical chain mechanismtemperature, should allow its use in many situations where
and supporting a cross-coupling mechanism composed of transthermally sensitive substrates are studied, or where copper-
metalation, oxidative addition, and reductive elimination steps. mediated coupling provides a functional group selectivity not

In some cases, the cross-coupling could also be effected withachievable with palladium. Workup is straightforward. Prod-
catalytic quantities of Cu(l) salts in the presence of stoichio- ucts generally crystallized upon removal of solvent in vacuo
metric carboxylate salts or alkali metal fluorides, although, to after the reaction mixture was diluted with ether, filtered, washed
date, a general process has not been found. For instance, theiith water, and dried. Though stoichiometric in copper, the
addition of 1.2 equiv of CsF as an situ tri-n-butylstannane  new process is economical in terms of money and time, and it
scavenger to a mixture of 1.0 equiv of (4-chlorophenyl)- could prove competitive in many situations with traditional
tributyltin, 1.2 equiv ofg-iodostyrene, and 20% CuBr in NMP  palladium-catalyzed protocols.
produced 4-chlorostilbene in 91% yield af& h at 60°C.
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