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ABSTRACT

A catalytic system comprised of Pd(OAc)2 and bidentate ligand dppe enabled first direct arylations with moisture-stable aryl sulfamates as electrophiles,
and proved applicable to unprecedented C-H bond functionalizations with easily accessible alkenyl phosphates as well as benzyl phosphates.

Transition metal-catalyzed direct C(sp2)-C(sp2) bond forma-
tions through C-H bond cleavages are environmentally and
economically sound alternatives to traditional cross-coupling
reactions between organic electrophiles and stoichiometric
amounts of organometallic nucleophiles.1 Particularly, methods
that enable the use of simple (hetero)arenes as surrogates for
preactivated organometallic reagents enable a reduction of
byproduct formation as well as an overall streamlining of
organic synthesis. Until recently, rather expensive and/or

moisture-sensitive aryl iodides, bromides, and triflates or
iodonium salts were largely employed as arylating reagents for
these C-H bond functionalizations. However, significant recent
progress was achieved through the development of catalytic
systems that proved generally applicable to more convenient
electrophiles, such as aryl chlorides,2 tosylates,3,4 or mesylates,4

as well as to phenols5 as proelectrophiles. Unfortunately,
transformations with these (pseudo)halides continue to be
challenging because of the inherent high strength of their
C-Cl or C-OR bonds.
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Recently, Albaneze-Walker and co-workers reported aryl
sulfamates to be viable coupling partners for conventional
Suzuki-Miyaura or Negishi cross-coupling reactions with
stoichiometric amounts of preactivated boron- or zinc-based
nucleophiles, respectively.6 Considering the moisture-stable
nature of the imidazolylsulfonates, along with the self-destruc-
tive, thus nongenotoxic, properties of the cross-coupling byprod-
uct imidazolesulfonic acid, we probed C-H bond functional-
izations with these user-friendly electrophiles. As a result of
these efforts, we wish to report herein on first direct arylations
of heteroarenes1j,7,8 with convenient imidazolylsulfonates as
arylating reagents. Additionally, we found that the optimized
palladium(0) catalyst also allowed for direct C-H bond
functionalizations with easily accessible benzyl and alkenyl
phosphates9 as electrophilic coupling partners.

At the outset of our studies, we tested representative
ligands for the palladium-catalyzed direct arylation of
benzoxazole (1a) with imidazolylsulfonate 2a (Table 1).

Unfortunately, electron-rich σ-donor ligands, such as N-
heterocyclic carbenes (entries 2-4) or tertiary alkyl-
substituted phosphines (entries 5 and 6), provided only
unsatisfactory results. Contrarily, a palladium catalyst derived

from an aryl-substituted phosphine displayed a superior
catalytic efficacy (entry 7), which could be further improved
when employing bidentate ligands (entries 8-12). Among
a variety of bidentate phosphine ligands, dppe gave rise to
optimal results, particularly when using Cs2CO3 as base and
NMP as solvent (entry 16).10 It is noteworthy that satisfactory
isolated yields were also obtained with PdCl2 as a less
expensive metal precursor (entry 17).

Subsequently, we explored the scope of the optimized
catalytic system in direct arylations of benzoxazoles 1 with
differently substituted imidazolylsulfonates 2 (Scheme 1).

Remarkably, the catalyst turned out to be broadly applicable,
and hence enabled the efficient conversion of electron-
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Table 1. Optimization of Direct Arylation with Sulfamate 2aa

entry L base solvent yield, %

1 - K3PO4 NMP <5c

2 HIMesClb K3PO4 NMP <5c

3 HIPrClb K3PO4 NMP <5c

4 SHIPrClb K3PO4 NMP <5c

5 PCy3
b K3PO4 NMP <5c

6 X-Phosb K3PO4 NMP <5c

7 PPh3
b K3PO4 NMP 35

8 dppf K3PO4 NMP 41
9 Xantphos K3PO4 NMP 54

10 rac-BINAP K3PO4 NMP 59
11 dppp K3PO4 NMP 61
12 dppe K3PO4 NMP 74
13 dppe K2CO3 NMP 13c

14 dppe Cs2CO3 PhMe 20c

15 dppe Cs2CO3 DMSO 84
16 dppe Cs2CO3 NMP 98
17 dppe Cs2CO3 NMP 86d

a Reaction conditions: 1a (0.50 mmol), 2a (0.60 mmol), Pd(OAc)2 (5.0
mol %), L (7.5 mol %), base (1.00 mmol), solvent (2.0 mL), 100 °C, 14 h.
b L (15 mol %). c GC-conversion; HIMes ) N,N′-bis(2,4,6-trimethylphe-
nyl)imidazolium, (S)HIPr ) N,N′-bis(2,6-diisopropylphenyl)imidazol(in)-
ium. d With PdCl2 (5.0 mol %).

Scheme 1. Direct Arylation with Imidazolylsulfonates 2
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deficient as well as electron-rich sulfamates 2, even when
bearing ortho-substituents. Moreover, substituted benzox-
azoles 1 could be employed, thus allowing for the synthesis
of products 3i-q, displaying valuable functional groups for
further synthetic elaboration.

Importantly, the protocol was found not to be restricted
to benzoxazoles 1, but could be applied to C-H bond
functionalizations on oxazole 4 as well (Scheme 2).

It is worth noting that a competition experiment between
differently substituted benzoxazoles 1 revealed that more
electron-deficient heteroarene 1b reacted preferentially (Scheme
3a). As to the organic electrophiles, intra- (Scheme 1) and

intermolecular (Scheme 3b) competition experiments indi-
cated the following series in order of decreasing reactivity:
ArOSO2Im > ArBr > ArCl.

For direct C-H bond alkenylation reactions11 we became
interested in exploring the use of moisture-stable phosphates9

6 as convenient coupling reagents (Scheme 4). As observed
for direct arylations with sulfamates 2 (vide supra), dppe
was found to be the ligand of choice among different mono-
or bidentate additives. Thereby, various alkenylated products
7a-e could be obtained with good yields and excellent
chemoselectivities.

Finally, the optimized protocol also set the stage for
efficient regioselective benzylation reactions12 under nona-
cidic reaction conditions (Scheme 5).

In conclusion, we have developed a palladium catalyst for
general direct arylations through C-H bond cleavages with
moisture-stable sulfamates as electrophiles. Notably, this
catalytic system derived from ligand dppe also allowed for
direct benzylations and alkenylations with easily accessible
phosphates as convenient coupling partners.
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Scheme 2. Direct Arylation of Heteroarene 4

Scheme 3. Intermolecular Competition Experiments

Scheme 4. Direct Alkenylation with Phosphates 6

Scheme 5. Direct Benzylation with Phosphate 8
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