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Catalyst formed from N,N-bis(2,6-diisopropylphenyl)dihydroimidazolium chloride and palladium(ll) 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 MizorokiHeck reaction using aryl ~ and have been used for palladium-catalyzed Heck couplings
halides and olefins has become a powerful and versatilein good yields under refluxing methanol or ethanol conditions
means of carboncarbon bond formatioh.Yet limitations without added bastAdded base, in this case, can also give
remain; in particular, conditions commonly require elevated products with less alkene migrati®ne now report that
temperatures with added base. Mixed products often sufferdihydroimidazolium-palladium catalyzed Heck couplings
from olefin migration following insertion, and substrate are active from 2 to 0.1 mol % catalyst loading with aryl
generality in asymmetric versions is poor. Recent develop- diazonium fluoroborate and various olefin substrates per-
ments by Fu and Littke usingrt-butylphosphine as aligand formed at room temperature without added base in THF.
with Pdy(dba} and dicyclohexylmethylamine base allow for Also, an efficient one-pot in situ diazonium formatieHeck

the use of aryl bromides and electron-poor aryl chlorides at coupling protocol starting from an aniline is also successful
room temperaturé.Typical conditions employ palladium-  using this active catalyst system.

(I) acetate with triarylphosphine and carbonate base at Nonphosphine imidazolium carbene ligands with pal-
temperatures above 10C. Use of silver and thallium salt  |adium and other transition metals have recently been used
additives can lead to increased activity and often improve

selectivity, most notably in intramolecular exampiestyl (3) (a) Negishi, E.; Coperet, C.: Ma, S.; Liou, S.-Y.; Liu,Ghem. Rev.

diazonium salts are typically more reactive than aryl iodides 1996 96, 365. (b) Grigg, R.; Longanathan, V.; Santhakumar, V.; Sridharan,
V.; Teasdale, ATetrahedron Lett1991,32, 687—690.
(4) (a) Akiyama, F.; Miyazaki, H.; Kaneda, K.; Teranishi, S.; Fujiwara,

(1) (@) Whitcombe, N. J.; Hii, K. K.; Gibson, S. Hetrahedron2001, Y. J. Org. Chem1980,45, 2359-2364. (b) Kikukara, K.; Nagira, K.; Wada,
57, 7449—7476. (b) Beletskaya, I. P.; Cheprakov, ACliem. Rez2000, F.; Matsuda, TTetrahedron1981,37, 31-35. (c) Sengupta, S.; Bhatta-
100, 3009—3066. charyya, SJ. Chem. Soc., Perkin Trans.1B93, 1943—1947.

(2) Littke, A. F.; Fu, G. CJ. Am. Chem. So001,123, 6989—7000. (5) (a) Brunner, H.; Le Cousturier de Courcy, N.; Genet, Td®ahedron
Use oftert-butylphosphine at elevated temperature: Shaughnessy, K. H.; Lett. 1999, 40, 4815—4818. (b) Severino, E. A.; Correia, C. R.Org.
Kim, P.; Hartwig, J. FJ. Am. Chem. S0d.999,121, 2123—2132. Lett. 2000, 2, 3039—3042.
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as catalysts for cross coupling and olefin metathesis reac- Palladium(ll) acetate (2 mol %) used alone without added
tions® We recently reported a highly efficient Suzuki imidazolium ligand, in THF at room temperature for 12 h,
Miyaura boron crossed coupling method with aryl diazonium gave a much reduced 21% vyield of stilbene product. Use of
fluoroborates under imidazoliuapalladium catalysis at low  tetrakis(triphenylphosphine) palladium as catalyst in THF or
temperaturé. The most active bis-2,6-diisopropylphenyl toluene, resulted in no product formation even after an
dihydroimidazolium chloride ligand in that series was extended 36 h time period and gave only a 12% yield of
selected for this Heck coupling investigation. A catalytic product after 12 h in THF at reflux. Acetate appears to
amount of the 4,5-dihydroimidazolium chloride (2 mol % function as base in this case to generate the active palladium
based on the substrate), readily prepared according to thecarbene catalyst under the conditions investigated. As
literature® was treated with palladium(ll) acetate (2 mol %) previously reported,an equimolar CDGlsolution (0.8 M)

in THF. Added base was not needed to form the active of the imidazolium chloride and palladium acetate monitored
palladium carbene complex as found previously for the by 'H NMR showed complete disappearance of the diag-
Suzuki reactiord.Others have shown that added baset- nostic proton located on the iminium carbon found at 8.15
butoxide? carbonaté? or fluoride is required! Alternatively, ppm?3 Use of toluene and the other solvents shown gave
Cavell has shown that palladium carbenes can be formedproduct with lower yields, including methanol, previously
by treating imidazolium salts first with silver(l) oxide the solvent of choice for diazonium couplints.

followed by transfer of the carbene ligand to palladium  Reaction conditions were explored with various aryl
acetate without additional base being ad#fe@ouplings diazonium fluoroborates and two styrenes£H, —OMe)
were reported, but added base was needed for successfuit 1.2:1 stoichiometry (Table 2). The catalyst load could be
outcomes in that case. Stiloene was now formed from phenyllowered to 0.1% without significant loss in yield in the

diazonium fluoroborate and styrene (Table 1) after 4.5 h at
I . oo coupiing with Styrene

Table 1. Effect of Solvent and Ligand Pd(OAC),*imid.
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solvent time, h temp, °C yield, %2 CHs H 5 &MePhV/\@ 75

THF 45 rt 77 (57)° £ OMe 4 x 7

toluene 6 rt 46

toluene 5 110 57 HC H 5 mMePh = 80

dioxane 7 rt 57 :  -OMe 35 \/\Q X 77

ether 6 rt 61

MeOH 5 rt 5Y H 45 PMePh . ~ 86
_ _ HSC@E OMe 45 V\Q 81

aYields are reported for isolated, chromatographed matefdlke

analogous dehydroimidazolium chloride lignad was used.
OMe 5 0-MeOPh

-H
g -OMe 4

81
76

room temperature in the presence of the imidazotum

d ¢

palladium catalyst. TLC indicated consumption of the starting oo ¢ 45 FMeOPn 88 (87)°
materials, and the product was isolated in 77% yield " < > -OMe 35 x 8
following silica gel chromatography. When the analogous pBIPh
aromatic (4,5-dihydro) bis-2,6-diisopropylphenyl imidazo- Br@g -H 4 V\Q %
lium ligand was used, the product yield was significantly “OMe 8 X
lower at 57%. Recently Nolan and co-workers reported the 3 " . 2-nap. -~ 80
use of a chelating phosphin@nidazolium—palladium cata- -OMe 3 V\QX 78
lyst that required carbonate baseNrN-dimethylacetamide o tnap -
at 120°C using less reactive aryl bromides. -H 4 87
-OMe 3 X 75

(6) (a) Scholl, M.; Ding, S.; Lee, C. W.; Grubbs, R. @rg. Lett.1999,
1, 953. (b) Lee, H. M.; Nolan, S. Rrg. Lett.2000,2, 2053. (c) Yang, C.; m-Ph-(__=
Lee, H. M.; Nolan, S. POrg. Lett.2001,3, 1511. (d) Furstner, A.; Leitner, Qg H 4 V\©\ o 57
A. Synlett2001, 290—292. w/ -OMe 4 %

(7) Andrus, M. B.; Song, COrg. Lett.2001,3, 3761—3764.

(8) (a) Arduengo, A. J., lll; Krafczyk, R.; Schmutzler, R.; Craig, H. A.;
Goerlich, J. R.; Marshall, W. J. Unverzagt, Wetrahedrorl 999 55, 14523. a Reactions were performed on 0.1 mmol scale at 0.2 M concentration.
(b) Saba, S.; Brescia, A. M.; Kaloustian, M. Ketrahedron Lett1991, bIsolated yields using 0.1 mol % palladium acetate—imidazolium catalyst.

32, 5031.
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phenyl and the-methoxyphenyl diazonium ion cases. All  with thep-bromophenyl diazonium ion was a reasonable 61%
substitution patterns gave product in useful yields, including yield obtained. As seen before, the more electron-rich
o-methyl, methoxy, and 1-naphthyl substrates. Tie methoxyphenyl ions gave higher yields, in this case 51%
bromophenyl diazonium ion example showed complete and 58%. Methacrylate gave moderate to good yields across
chemoselectivity with exclusive reaction via the diazonium the range of substrates, including aitho-substituted ions.
group in excellent 91% yield. Only with the 1,3-bis-phenyl Again, only the bis-m-phenyl diazonium was poor at 32%.
diazonium ion in a double reactivity mode using 2.2 equiv All of these examples were again performed at 1.2:1
of styrene were the yields lowered to 57% and 32%. The stoichiometry. Presumably the reaction rates and yields could
more reactive-bis-phenyl diazonium ion in this case turned be further improved using a higher relative amount of either
dark instantly and gave no yield of Heck coupling products coupling partner.

under these conditions. Only homocoupling was evident The utility of this system is further illustrated by the
using LC-MS analysis. The ligand-to-metal ratio was ex- flexibility of being able to directly start with an aniline
plored at 2:1 and 3:1 ratio using 4 and 6 mol % amounts of substrate employing an in situ generated diazonium fluoro-
dihydroimidazolium ligand. With the first entry substrates porate!4 This approach was previously found to be applicable
(Table 2), phenyl diazonium fluoroborate and styrene under to low-temperature Suzuki couplings with this catafShe
identical conditions and time, the isolated yields remained anilines indicated were treated witrt-butyl nitrite followed

the same at 78% and 77%, respectively. Ligand and py addition of boron trifluoride etherate at @ in THF
palladium acetate at 1:1 ratio increased in amount to 15 molaccording to the procedure of Doyle (Table 1#)The

% 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 arylatio
conditions (Table 3). In general, longer reaction times were
needed and lower yields were found using acrylonitrile. Only

Table 4. In Situ Aniline Coupling
Ar=NHy 1 equiv

+BUONO -
I BFyOFty PRz mi
THF, 0°C 2 mol%

Ar_ =
Table 3. Heck Coupling with Acrylates I =z _ V\Q
Pd(OAC),*imid. [ Ar—Ny" BF4 } /\©\ 1 equiv, rt X

ZNLF - N
Ar-Ny Bl.:4 + 7' 2 mol% Ar\/\x : X -
1.2 equiv 1 equiv — Ar- X time, h product yield, %
Ar- X time, h product yield, % H 7 Ph o~ 58
@—é -OMe 6 51
-COsMe 3 Ph 68
@-5 oN 45 Ay 47 X
H 6 piePh 61
H C—< >—§ -
CH;, 3 -OMe 8 \/\Q 58
-CO,Me 3 MePh 66
g _CN2 = O-Mel \/\X a X
MeO C § H 6 p-MeOPh = 21
HsC -OMe 6 17
-COsMe 3 m-MePh 2~ 64 X
R X 2-na
;N 45 af . H 6 P 62
-OMe 5 X 53
-COsMe 3 p-MePh = 65
H3C@§ o 45 ~Fx 48
OMe com 25 oMeOPh. = o imidazolium chloride and palladium(ll) acetate, both at 2
= e . oy . .
: oN 4 X 51 mol %, were added followed by addition of the indicated
styrene coupling partner. The reaction was warmed to room
-COMe 2 p-MeOPh = 71
Meo@g -CN 4 ~Tx 58 (9) Herrmann, W. A.; Goossen, L. J.; Spiegler, ®ganometallicsL998
17, 2162.
(10) Huang, J.; Nolan, S. B. Am. Chem. S0d.999,121, 9889.
Br@g CoMe 25  PBPh N 81 (11) Grasa, G. A.; Nolan, S. ®rg. Lett. 2001,3, 119.
-CN 35 61 (12) McGuinness, D. S.; Cavell, K. @rganometallics2000, 19, 741.
W (13) The imidazolium ligand and palladium acetate were mixed at room
. 2-nap._ = temperature for 2 h tgenerate a homogeneous, pale yellow solution. A
_832Me ‘21'5 I ;; portion was analyzed byH NMR (300 MHz). When sodiuntert-butoxide
N and ligand were mixed under similar conditions, a black precipitate resulted.
Further studies to establish the structure of the actual catalyst in this case
-COyMe gg 1'”39\/\X g; will be reported elsewhere.
-CN : (14) Doyle, M. P.; Siegfreid, B.; Elliot, R. C.; Dellaria, J. B. Org.
Chem.1977,42, 2431.
: -CO,Me 3 m-Ph-( N ) 32 (15) The aniline compound was reacted withsBPE® in THF andtert-
X2 butylnitrite for 30 min at 0°C. Styrene, Pd(OAeg) and N,N-bis(2,6-
ol diisopropyl)dihydroimidazolium chloride were added, and the reaction was

allowed to warm. The product was isolated and characterized as before.
See the Supporting Information for details.
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temperature, and TLC was again used to monitor consump-was developed and found to be efficient with aniline

tion of the starting material. Somewhat longer reaction times substrates. This imidazoliuapalladium catalystdiazonium

were needed. Yet, in all cases the products were isolated inion system should find applications with more complex

moderate yield, in the 5060% range. Surprisingly, the more targets that contain base-sensitive functionality. It can also

electron-richp-methoxy ion now was the lowest yielding be applied to the development of asymmetric versivas

substrate at 21% and 17%. a result of high reaction rates now operative at lower
With ease and flexibility this new active palladium temperatures.

acetate—imidazolium catalyst system with aryl diazonium )
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