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The arylation of olefins (Heck reaction) is a key reaction for Table 1. Coupling of Aniline Derivatives with n-Butyl Acrylate
- . . i a
constructing new €C bondst Being a very mild method and ~ YSing Pd(OAc)

showing compatibility with most functional groups, it is very Entry Substrate Tfmp Solvent  Additives YLeld
attractive for the industrial production of fine chemicalStill, a 7 (€) (%)
. ) . i ! "
major drawback accompanying this _proce_dure is the rest_rlctlon of ; 1 80 HOAc none o
possible substrates to mainly organic haliéiégisereby creating a
significant amount of salt waste. Therefore, a need exists for MeO NH,
alternative Heck-type coupling reactions that would reduce this 2 2 80 HOAc none 0
waste formation. €H activation reactions, one of the most (OMe
challenging fields in modern chemisttycould provide such a 3 (j”\n/ 3 80 HOAc none 35
methodology. y ° s 20 HoA o
Murai has shown that the reductive coupling of arenes bearing © , none
. . . X . 5 3 20 HOAc/Toluene®” TsOH 72
an ortho-directing group with olefins proceeds smoothly using Ru- 6 3 20 HOAc/NMP®  TsOH 3
catalysts,. prodycmg aIkyIarenésExa.\mpIes of the oxidative 7 3 20 HOAc/Toluene® HO (5% viv) 49
coupling in which the double bond is preserved are much less 4 3 20 CF.COOH none 61
abundant. Fujiwar&® and later othershave exemplified the Pd- 9 3 20 HOAc/Toluene® NaGF 0
catalyzed oxidative coupling of arenes and olefins. In these cases, 10¢ 3 20 HOAc/Toluene® TsOH® 29

the required presence of peroxides in combination with strong acids

and/or elevated temperatures is still a large drawback. Recently, 2 Substrate (3.0 mmolp-butyl acrylate (3.3 mmol), Pd(OAg)0.06

Milstein and co-workers reported the use of Ru catalysts and O Mmo)). BQ (3.0 mmol). Yields are isolated yields. See the Supporting
. . . . Information for details® 1:2 ratio (v/v). NMP= N-methyl pyrrolidinone.

as oxidant, producing only water as a side prodtdiis procedure ¢1.5 mmol.d Performed with HO, as the oxidant.

shows moderate selectivity in some cases and requires high

temperatures. Here we report a mild method for functionalizing Heck product E)-3-(2-(acetylamino)phenyl)propenoic acid butyl
aniline derivatives with olefins (eq 1) that uses Pd(QAa3 @ ester g, eq 2) exclusively, albeit in moderate yield. No formation
catalyst together with cheap oxidants and solvents at room o 3 or 4-substituted product is observed in any of the reactions

temperature. performed, showing the importance of the ortho-directing effect
of the amide group. Furthermore, we did not detect any trace of
E Pgﬁ:ﬁ? ~ E\R products resulting from NH bond activation.
R./E; R+ ZIw R ™ Remarkably, lowering the reaction temperature t6@Qesults

| in higher yields (Table 1, entries 3 and 4). Acetic acid proves to

PAOAC), R be the solvent of choice, and using mixtures (up to 1:1 v/v) of

N A8 BQ HOAc with CH,Cl, or THF does not affect the yields to a large

©/ Wg/ * o HOAC extent. No C-H activation of aromatic solvents such as toluene is

observed under these conditions. Coordinating solvents such as
NMP hamper the catalytic reaction (entry 6). The presence of a
substoichiometric amount (G-4..0 equiv) ofp-toluenesulfonic acid

We first employed rapid screening experiments using a parallel (TsOH) has a large beneficial effect, resulting in a 72% isolated
synthesis apparatus and tested several potential catalyst precursorgield when acetanilide is employed as the substrate (Table 1, entry
with different substrateFrom these experiments, a single lead 5). Larger amounts of TsOH do not improve the yields, but instead
emerged that prompted us to further research. promote a side reaction of the alkene, probably an acid-catalyzed

The results are summarized in Table 1. Aniline derivatites polymerization. Fujiwara and co-workers showed that the acidity
and?2 are not reactive under the conditions tested (entries 1 and 2). of the solvent can have a large influence on the reaction rate in
In contrast, the reaction of acetanilid8) (with n-butyl acrylate their Pd(Il)-catalyzed hydroarylation of alkenes,:<CPOH being
proceeds smoothly and selectively at 80 using 2 mol % Pd-  much more effective than HOAc. These observations can be
(OAc), and benzoquinone (BQ) as oxidant to yield the common  gypjained in terms of increasing electrophilicity of the Pd(1l) center

t University of Amsterdam. by replacemer?t of AcOby CRCOO, resulting in faster metalation

*DSM Research; Department of Life Sciences-Chemistry & Catalysis. of the aromatic &H bond® In our case, employing GEOOH
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Table 2. Coupling of Substituted Anilide Derivatives with n-Butyl The reaction also exhibits a large electronic dependence.
Acrylate Using Pd(OAc). in Acetic Acid? Competition experiments of a series of 4-substituted acetanilides
Entry Substrate Product Yield show that electron-rich arenes react significantly fadtgi6) >
H . (%) Kobd(8) A Kond3) > kopnd9)), although no linear Hammett plots could
1 /@(”WOK 5 /@[“Co( 13 85 be obtained. The reaction exhibits a kinetic isotope effegkf =
‘COOBU 3), indicating slow C-H bond activation. Ryabov et al. have shown
HY N that the stoichiometric reaction of [(8,;NHC(O)CHs)Pd'(OAc)]»
2 \©/ o 6 w@/\l" 14 91 complexes with styrenes can be acid catalyzed, and that protonation
" Mt is likely to occur at the bridging acetate ligandg his protonation
3 @’N@/ 7 ke 15 38 is followed by alkene coordination and the ritaiting insertion
eoos of alkene into the palladiumcarbon bond. We tested the dimeric
/@5\( N{ ortho-palladated anilide complexes in the reaction withutyl
4 Me0 ° 8 o i© 16 62 acrylate and found that the reaction rate is at least an order of
" nms" magnitude higher using the preformed complexes compared with
5 . Ohe 0 CFJ(:QS( 17 (9) the in situ generated catalysts. These results support a reaction
’ ) | 008 pathway via slow electrophilic attack of cationic [PdOAspecies
& L on thesx-system of the arenés.
6 @ 70’/ 10 CQEO( 18 0 In summary, a very selective and mild oxidative coupling reaction
" |, 008 between aniline derivatives and acrylates is reported that occurs
. @/”\(or” " @C“&r” 9 () through ortho G-H bond activation. The reaction is catalyzed by
Lo, electrophilic Pd complexes and occurs even at room temperature
" " with use of a cheap oxidant in yields up to 91%. Current research
8 @*Nr@ 12 (I'Lo 20 55 is focused on extending the scope and gaining more detailed
| information on the exact mechanism of the reaction.

COOBu
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