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Catalytic System for Heck Reactions Involving and2aare efficient catalyst precursors in the Heck reaction with

Insertion into Pd—(Perfluoro-organyl) Bonds CeFsBr (eq 1). They work in the absence of stabilizing ligands
other than halide, the solvent and the reagéhts.
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highest yields. N#0O,, 'BUOK, NaCOs/NEt;, and NaCOy/
o-Bonds between transition metals and perfluorinated groups collidine slowed the reaction rate or led to the reduction product
(M—Rf) are among the strongest-MC bonds. Very few sto- CeFsH. NaOAc or NaOH gave fast reactions, but products of
ichiometric and, as far as we know, patalyticreactions based  nucleophilic substitution of the para fluorine by acetate or OH
on insertion of unsaturated molecules inte-Rf bonds have been  were formed. NMP was the best solvent, wheiBa€N, dioxane,
reported. Alkene insertion into MC bonds plays a key role in  or xylene gave poor results.
important catalytic processes such as alkene oligomerization, Almost complete conversion of ¢€sBr and styrene into
polymerization®2and the Heck reactiohSuch catalysis involv- pentafluorostilbene was observed wih at 130°C (entries 1
ing M—Rf bonds is desirable for the functionalization of perflu- and 2, Table 1). Decreasing the amount of catalyst lowered yields,
orinated compounds, important for the fine chemical and phar- but higher TON were obtained (entry 3). UsingFgl lower
maceutical industries. conversions and higher reaction times were observed (entry 4).
In recent years the Heck reaction has been improved by the CsFsCl failed to react with styrene under the same conditions
discovery of very active catalysts based on palladacycles, or the(entry 5). An activated alkene, such as methyl acrylate, gave a
use of new reaction conditiois® but despite the major effortin  faster reaction with cataly®a at 100°C; in this case, the use of
this field, perfluoro-aryl or -alkyl halides have not been reported KF as base led to higher conversions (entries 6 and 7). [Pe)dPPh
as substratesHere we report the firstatalytic Heck reaction, failed to catalyze the reaction of styrene angrBr under the
involving olefin insertion into an RfM bond. same conditions reported in entry 1. The reaction with styrene
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bond of [Pd(Pf)Br(NCMej (1) and (NBuw)[Pdx(u-Br)(Pf).Br2] galvinoxyl = 1:10). No radical addition products of PfBr to the
(2a) (Pf= C¢Fs) and isolated intermediates relevant in the Heck alkene were obtained.
reaction!®! The stoichiometric reaction &aand styrene in the
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Scheme 1.Cycle for the Heck Reaction of £sX and not be studied separately, and we refer to both processes jointly.
Alkenes Independent reactions out of the catalytic cycle show that the

P X ]2 insertion of styrene into the PdCsFs bond of 3a (synthesized
1/2[ X,PV by dissolving2ain NMP) is retarded by the addition of NBu
912 =/ Br.16 Monitoring of isolated reactions &a (X = Br) and2b (X
1| NMP = 1) in NMP with an excess of styrene showed longer reaction
Pfx\/ gk x times for2b (20% PfCH=CHPh for2a versus 3% fo2b, after
pf_Fid.NMp ) 17 h at room temperature). Thus, the slow reaction observed for
X CeFsl in the catalytic cycle may be due to a lower rate of
J\ substitution of iodide by the alkene in this stgphydrogen

X
1, Ky R ° elimination and reductive elimination of HX follow, giving
x ] A palladium(0) species stabilized by bromide aniéhg/hen the
o

4

[PdLXm]™
L=NMP, alkene _x-

HB*

catalytic reaction was carried out using bromide-free conditions

(adding AgCO; as a base to precipitate the bromide formed),
-NMP only 3% of the coupling product was obtained after 1 day, and

)

NMP-F,
R extensive catalyst decomposition was observed. Since the olefin
/ Pf insertion in cationic palladium complexes is feasible and*fast,

the absence of bromide must be affecting negatively the oxidative
addition step. Besides stabilizing the Pd(0) intermediate, halide
1 anions have been shown to increase the rate of oxidative addition
HR when coordinated to Pd(0) speciéslthough the reaction rate
increases with increasing concentration of styrene, because it
favors the coordinationinsertion process, a large excesgR&
Br:styrene= 1:20) stops the reaction; on the other hand, addition
of NBu,Br to this reaction mixture reactivates the process. This
suggests that these conditions are affecting the ligands coordinat-
ing the Pd(0) species. When the bromide ions on Pd(0) are
displaced by the alkene at high concentrations of the latter, the
oxidative addition is severely slowed, becoming rate-determining,
and the cycle is halte.Thus, the success of this catalysis requires
finding in each case a compromise between the optimal conditions
for the oxidative addition and the coordinatieimsertion.

is added to this solution, a new signal appears in‘tReNMR
spectrum, which we assign to [PdPiBMMP)]~ (3a), that
increases when the concentration of NMP increasegalfs
dissolved directly in NMP3a is the major species observed at
low concentrations and room temperature. Upon addition of Br
to 3a, 4ais also detectedt: The equilibrium constants between
2, 3, and4 in NMP at room temperature were measured, out of
the catalytic cycle by°F NMR, affording the following values:
K; = [3])/[2]*2 = 0.6034 0.018,K, =[4]/[3][X 7] = 3.204+ 0.13

for X = Br; Ky = 0.180+ 0.005,K, = 3.09+ 0.12 for X= 1.

At higher temperatures (126C) the equilibria in Scheme 1 Preliminary nonoptimized results show that the system is also
become fast, and the signals of the three complexes collapse &fficient for other fluorinated aryls of the tygeCeFaXBr (X =
preventing measurement of the equilibrium constants. CN, CF;, OMe). Nonactivated terminal alkenes (1-hexene, Table

When the reaction of &sBr and styrene was monitored by 1, entry 9) or 1,1-disubstituted olef_ins s_uchmsnethylstyrene_
19F NMR at 120°C under catalytic conditions, only one set of (Table 1, entry 8) can also be functionalized, while electron-rich
Pf—Pd signals, corresponding to the time-averaged fast equilib- alkenes (bqtylvmyl ether, 2,3-dihydrofuran) result in low yields
rium just described, was observed throughout the catalysis. Similarand formation of GFsH, presumably as a result of a slow
fast equilibria may affect any other Pd(ll) complex represented coordination-insertion process. .
in Scheme 1 during the catalytic reaction, but only the solvent-  In conclusion, a new efficient catalytic system for the Heck
ligated species are represented for short. The first process in theeaction of fluoroaryls has been developed. The easily stored
catalytic cycle is the coordination and insertion of the alkene. complexesl and2 provide reaction conditions exempt of ligands
This is likely to be rate-determining, as supported by the other than halide, solvent, and substrates, which seem to be needed
observation of the signal of the complexes preceding this step for a fast coordinatiortinsertion process. This step can be favored
and by the fact that the rate of reaction betweefsBr and by using excess olefin, but such addition slows down severely
styrene catalyzed by2a is practically independent of the the oxidative addition step. Hence a tradeoff between these
concentration of aryl bromide but increases when the styrene 0pposing effects is needed for an efficient catalysis. The reaction
concentration is increasé®.We could not detect compleR works for different fluoroaryls on most olefins, but looks less
(Scheme 1) either in the catalytic cycle or in stoichiometric Ppromising for electron-rich olefins.
experiments; therefore, the coordination and insertion steps could
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(14) **F NMR (6, NMP (acetoneds capillary), Fmeta Fpara Fortho, 282 MHZ). (16) In catalytic conditions bromide is formed at each turnover. Provided
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trang). 3b: —168.61,—166.71,—112.594b: —168.75 Fparat Fmety, —111.67. (17) (a) Amatore, C.; Jutand, Al. Organomet. Chenl999 576, 254—

(15) % yield of PfCH=CHPh obtained in NMP2a 52% mol Pd), CaCg@ 278. (b) Amatore, C.; Jutand, Acc. Chem. Re00Q 33, 314-321.

2.5 h; (a) GFsBr:styrene= 1:1.1: 36%, (b) GFsBr:styrene= 4:1.1: 43%, (18) A similar conclusion is drawn in a theoretical study: Sundermann,

(c) GFsBr:styrene= 1:4.4: 98%. A.; Uzan, O.; Martin, J. M. LChem. Eur. J2001, 7, 1703-1711.



