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ABSTRACT

Catalyst formed from N,N-bis(2,6-diisopropylphenyl)dihydroimidazolium chloride and palladium(II) acetate (2 mol %) was used, without added
base, to efficiently produce Heck coupled products with olefins and aryl diazonium tetrafluoroborate substrates. The reactions were performed
at room temperature, giving product in 2−4 h with 80−90% yields for isolated materials. Diazonium ions, formed in situ directly from anilines,
also couple under these conditions.

The palladium-catalyzed Mizoroki-Heck reaction using aryl
halides and olefins has become a powerful and versatile
means of carbon-carbon bond formation.1 Yet limitations
remain; in particular, conditions commonly require elevated
temperatures with added base. Mixed products often suffer
from olefin migration following insertion, and substrate
generality in asymmetric versions is poor. Recent develop-
ments by Fu and Littke usingtert-butylphosphine as a ligand
with Pd2(dba)3 and dicyclohexylmethylamine base allow for
the use of aryl bromides and electron-poor aryl chlorides at
room temperature.2 Typical conditions employ palladium-
(II) acetate with triarylphosphine and carbonate base at
temperatures above 100°C. Use of silver and thallium salt
additives can lead to increased activity and often improve
selectivity, most notably in intramolecular examples.3 Aryl
diazonium salts are typically more reactive than aryl iodides

and have been used for palladium-catalyzed Heck couplings
in good yields under refluxing methanol or ethanol conditions
without added base.4 Added base, in this case, can also give
products with less alkene migration.5 We now report that
dihydroimidazolium-palladium catalyzed Heck couplings
are active from 2 to 0.1 mol % catalyst loading with aryl
diazonium fluoroborate and various olefin substrates per-
formed at room temperature without added base in THF.
Also, an efficient one-pot in situ diazonium formation-Heck
coupling protocol starting from an aniline is also successful
using this active catalyst system.

Nonphosphine imidazolium carbene ligands with pal-
ladium and other transition metals have recently been used
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as catalysts for cross coupling and olefin metathesis reac-
tions.6 We recently reported a highly efficient Suzuki-
Miyaura boron crossed coupling method with aryl diazonium
fluoroborates under imidazolium-palladium catalysis at low
temperature.7 The most active bis-2,6-diisopropylphenyl
dihydroimidazolium chloride ligand in that series was
selected for this Heck coupling investigation. A catalytic
amount of the 4,5-dihydroimidazolium chloride (2 mol %
based on the substrate), readily prepared according to the
literature,8 was treated with palladium(II) acetate (2 mol %)
in THF. Added base was not needed to form the active
palladium carbene complex as found previously for the
Suzuki reaction.7 Others have shown that added base,tert-
butoxide,9 carbonate,10 or fluoride is required.11 Alternatively,
Cavell has shown that palladium carbenes can be formed
by treating imidazolium salts first with silver(I) oxide
followed by transfer of the carbene ligand to palladium
acetate without additional base being added.12 Couplings
were reported, but added base was needed for successful
outcomes in that case. Stilbene was now formed from phenyl
diazonium fluoroborate and styrene (Table 1) after 4.5 h at

room temperature in the presence of the imidazolium-
palladium catalyst. TLC indicated consumption of the starting
materials, and the product was isolated in 77% yield
following silica gel chromatography. When the analogous
aromatic (4,5-dihydro) bis-2,6-diisopropylphenyl imidazo-
lium ligand was used, the product yield was significantly
lower at 57%. Recently Nolan and co-workers reported the
use of a chelating phosphine-imidazolium-palladium cata-
lyst that required carbonate base inN,N-dimethylacetamide
at 120°C using less reactive aryl bromides.

Palladium(II) acetate (2 mol %) used alone without added
imidazolium ligand, in THF at room temperature for 12 h,
gave a much reduced 21% yield of stilbene product. Use of
tetrakis(triphenylphosphine) palladium as catalyst in THF or
toluene, resulted in no product formation even after an
extended 36 h time period and gave only a 12% yield of
product after 12 h in THF at reflux. Acetate appears to
function as base in this case to generate the active palladium
carbene catalyst under the conditions investigated. As
previously reported,7 an equimolar CDCl3 solution (0.8 M)
of the imidazolium chloride and palladium acetate monitored
by 1H NMR showed complete disappearance of the diag-
nostic proton located on the iminium carbon found at 8.15
ppm.13 Use of toluene and the other solvents shown gave
product with lower yields, including methanol, previously
the solvent of choice for diazonium couplings.4,5

Reaction conditions were explored with various aryl
diazonium fluoroborates and two styrenes (X) H, -OMe)
at 1.2:1 stoichiometry (Table 2). The catalyst load could be
lowered to 0.1% without significant loss in yield in the
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Table 1. Effect of Solvent and Ligand

solvent time, h temp, °C yield, %a

THF 4.5 rt 77 (57)b

toluene 6 rt 46
toluene 5 110 57
dioxane 7 rt 57
ether 6 rt 61
MeOH 5 rt 5Y

a Yields are reported for isolated, chromatographed materials.b The
analogous dehydroimidazolium chloride lignad was used.

Table 2. Heck Coupling with Styrene

a Reactions were performed on 0.1 mmol scale at 0.2 M concentration.
b Isolated yields using 0.1 mol % palladium acetate-imidazolium catalyst.
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phenyl and thep-methoxyphenyl diazonium ion cases. All
substitution patterns gave product in useful yields, including
o-methyl, methoxy, and 1-naphthyl substrates. Thep-
bromophenyl diazonium ion example showed complete
chemoselectivity with exclusive reaction via the diazonium
group in excellent 91% yield. Only with the 1,3-bis-phenyl
diazonium ion in a double reactivity mode using 2.2 equiv
of styrene were the yields lowered to 57% and 32%. The
more reactivep-bis-phenyl diazonium ion in this case turned
dark instantly and gave no yield of Heck coupling products
under these conditions. Only homocoupling was evident
using LC-MS analysis. The ligand-to-metal ratio was ex-
plored at 2:1 and 3:1 ratio using 4 and 6 mol % amounts of
dihydroimidazolium ligand. With the first entry substrates
(Table 2), phenyl diazonium fluoroborate and styrene under
identical conditions and time, the isolated yields remained
the same at 78% and 77%, respectively. Ligand and
palladium acetate at 1:1 ratio increased in amount to 15 mol
% improved the yield only slightly to 81% in this case.

Methyl methacrylate and acrylonitrile in THF at room
temperature were also used under the new Heck arylation
conditions (Table 3). In general, longer reaction times were
needed and lower yields were found using acrylonitrile. Only

with thep-bromophenyl diazonium ion was a reasonable 61%
yield obtained. As seen before, the more electron-rich
methoxyphenyl ions gave higher yields, in this case 51%
and 58%. Methacrylate gave moderate to good yields across
the range of substrates, including allortho-substituted ions.
Again, only the bis-m-phenyl diazonium was poor at 32%.
All of these examples were again performed at 1.2:1
stoichiometry. Presumably the reaction rates and yields could
be further improved using a higher relative amount of either
coupling partner.

The utility of this system is further illustrated by the
flexibility of being able to directly start with an aniline
substrate employing an in situ generated diazonium fluoro-
borate.14 This approach was previously found to be applicable
to low-temperature Suzuki couplings with this catalyst.7 The
anilines indicated were treated withtert-butyl nitrite followed
by addition of boron trifluoride etherate at 0°C in THF
according to the procedure of Doyle (Table 4).15 The

imidazolium chloride and palladium(II) acetate, both at 2
mol %, were added followed by addition of the indicated
styrene coupling partner. The reaction was warmed to room
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Table 3. Heck Coupling with Acrylates

Table 4. In Situ Aniline Coupling
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temperature, and TLC was again used to monitor consump-
tion of the starting material. Somewhat longer reaction times
were needed. Yet, in all cases the products were isolated in
moderate yield, in the 50-60% range. Surprisingly, the more
electron-richp-methoxy ion now was the lowest yielding
substrate at 21% and 17%.

With ease and flexibility this new active palladium
acetate-imidazolium catalyst system with aryl diazonium
ions at 1:1.2 stoichiometry readily arylates olefin substrates
in high yield at room temperature. Added base is not needed
either to form the carbene catalyst or for alkene product
formation. Acetate appears to function as base in this case,
producing the active palladium catalyst. Following oxidative
insertion and loss of nitrogen, apparently the intermediate
cationic palladium species readily inserts olefin and turns
over without the need of added base. When the ligand is
omitted, the reaction occurs at a very slow rate at this
temperature and with very low yield. When using as little
as 0.1 mol % catalyst, high turnover numbers were demon-
strated in some cases. Also, a direct, single-flask operation

was developed and found to be efficient with aniline
substrates. This imidazolium-palladium catalyst-diazonium
ion system should find applications with more complex
targets that contain base-sensitive functionality. It can also
be applied to the development of asymmetric versions16 as
a result of high reaction rates now operative at lower
temperatures.
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