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Three resorcinarene-cavitands bearing a 3-R-1-imidazolyl-
ium substituent (R = alkyl) grafted to the wider rim of the
cavitand (1-3) were assessed in the Kumada-Tamao—-Corriu
cross-coupling of aryl halides with arylmagnesium halides.
Their combination with [Ni(cod),] (cod = 1,5-cyclooctadiene;
1:1 stoichiometry) resulted in highly efficient catalysts, the
activities of which varied in the following order: R = n-propyl
(1) < isopropyl (2) = benzyl (3). A remarkable turnover fre-
quency of 60400 mol(ArX) mol(Ni)-! h~! was obtained in the
coupling of 2-bromo-6-methoxynaphthalene with PhMgBr
(100 °C in dioxane, with precursor 2). The high activities of

the cavitand derivatives were attributed to steric effects that
facilitate the reductive-elimination/product decoordination
step. Comparative experiments carried out with a structur-
ally modified resorcinarene, as well as cavity-free imid-
azolium salts bearing 2-methoxyaryl substituents, suggest
that the efficiency of the catalysts mainly relies on steric in-
teractions between the metal and the flexible substituents
attached to two methine carbon atoms. These steric interac-
tions are probably reinforced each time the metal binds one
of the two oxygen atoms located next to the catalytic centre.

Introduction

Known since 1972,/ the Kumada-Tamao—Corriu
(KTC) reaction, i.e., the cross-coupling of a Grignard rea-
gent (ArMgX) with an aryl halide, belongs to a family of
valuable methods commonly used for carbon—carbon bond
formation.’71 Although such reactions are most often per-
formed with palladium,® they can also be carried out with
more cost-efficient nickel catalysts. Preferred KTC Ni-cata-
lysts are based on diphosphanes capable of forming large
chelate rings, for example, Ph,P(CH,);PPh,, Ph,P-
(CH,)4PPh,, [Fe(CsH4PPh,),]J>' or some calix[4]-
arenyl-diphosphanes,[!"1?! although monodentate ligands
(e.g., PCys,["®  calixarenyl-phosphanes,'¥  iminophos-
phoranes,['>1  diaminophosphane  oxides,'®  alkyl-imid-
azoles!!”l and carbenes!!®-271) have also been employed suc-
cessfully.
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We have recently started a programme aimed at the use
of resorcin[4]arene-derived cavitands as platforms for the
preparation of expanded ligands.”?®3"1 Among these, the
imidazolium salts 1-3, which are precursors of N-heterocy-
clic carbene (NHC) ligands, efficiently promote palladium-
catalysed cross-coupling between arylboronic acids and aryl
halides.® This remarkable efficiency was attributed to a
combination of steric bulk provided by the resorcinarenyl
fragment and to the presence of oxygen atoms within the
macrocyclic backbone that are able to temporarily coordi-
nate the metal centre. With the aim of extending the scope
of applications of these proligands, we have now investi-
gated their performance in nickel-catalysed KTC coupling.

Results and Discussion

Imidazolium salts 1-3 were prepared from the readily
available tetrabrominated cavitand 4.13?) The reaction se-
quence for each synthesis (Scheme 1) began with an
UllmannP3! coupling (imidazole/4 ratio 1:1), leading to a
mixture (M1) of mono-imidazolyl resorcinarenes, which
were chromatographically separated as a whole from an-
other mixture of minor species (M2). As inferred from
NMR spectra, some of the mono-imidazole derivatives of
M1 did not contain the expected number of Br atoms. We
therefore reacted this mixture with nBuLi and quenched the
resulting solution with MeOH, which gave imidazolyl-res-
orcinarene 5 selectively (30% overall yield). Imidazolium
salts 1-3 were then obtained quantitatively by alkylation of
5 with the appropriate alkyl bromide (Scheme 1).

@WILEY i@

ONLINE LIBRARY 4443



FULL PAPER

D. Sémeril, D. Matt et al.

1)
N NH

(1.0 equiv.)

Cul (0.75 equiv.)
DMEDA (0.75 equiv.)

separation

2) chromatographic

K,CO; (2.5 equiv.)
DMF, 140°C, 7 d

Mixture M1

H14Cs  H,,Cs Csthr CsHig

4

H11Cs

H41C5 C5H11 C5H11
1 (R=nPr)
2 (R=iPr)
3 (R=Bn)

Scheme 1. Synthesis of imidazolium salts 1-3.

The solid-state structures of imidazolium salts 1 and 2
were established by single-crystal X-ray diffraction (Fig-
ure 1). In each case the unit cell contains two molecules (1a/
1b and 2a/2b), which differ only slightly. The core of the
macrocycles adopt the usual bowl-shaped structure found
in hundreds of reported resorcinarene cavitands. The upper
rim diameters (defined as the segments linking the OCCCO
carbon atoms of opposite resorcinolic rings) are 7.97 and
8.00 A (mean) for the two conformers of 1 and 7.98 and
7.98 A (mean) for those of 2. A molecule of diisopropyl
ether is poised above the cavity of compound 1. In both

Figure 1. Structures of the molecules (ion pairs) found within the
lattices of 1 (left) and 2 (right); only one of the two very similar
molecules of each unit cell is shown. For clarity, external solvent
molecules are not shown. Important distances [A] and angles [°]:
For 1: N1-C1 1.343(6), N2-C1 1.320(6), N1-C7 1.430(5), C1-N1-
C2 108.4(4), C1-N2-C3 109.6(4), N1-C1-N2 108.1(4); For 2: N1-
C1 1.361(10), N2-C1 1.340(11), N1-C7 1.437(10), C1-N1-C2
110.0(7), C1-N2-C3 109.0(8), N1-C1-N2 106.5(9).
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(mono-imidazolyl derivatives) T
+

Mixture M2

(minor compounds)

2) nBuLi (5 equiv.)
THF

compounds, the procarbenic carbon atom is turned away
from the cavity. The bromide anion, which lies approxi-
mately on the cavity axis, is located within the domain de-
lineated by the four pentyl chains.

Catalytic Kumada—Tamao—Corriu Cross-Coupling

Cross-coupling tests (Scheme 2) were conducted with a
set of eight aryl halides (six bromides and two chlorides),
and two aryl Grignard reagents, PhMgBr and o-TolMgCl.
The catalytic systems, which were expected to involve NHC
complexes, were all generated in situ by mixing the imid-
azolium salt with an appropriate nickel precursor.

[Ni],
imidazolium
N x s e salt 7N\ _ /N
[¢]
X=BrorCl

Scheme 2. Kumada-Tamao—Corriu cross-coupling reaction.

Optimising the Catalytic Conditions

Runs to determine the best catalytic conditions were car-
ried out using 4-bromoanisole, phenylmagnesium bromide
and imidazolium salt 3, with a nickel loading of 0.01 mol-
%. The conversions were determined after one hour reac-
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tion time at 100 °C. We first investigated the influence of
the nickel precursors. These tests were carried out with an
imidazolium salt/nickel ratio of 1:1. Under these conditions,
use of [Ni(cod),] led to a conversion (61.8%) that was sig-
nificantly higher than that obtained with [Ni(OAc),] or
[NiBr,(dme)] (Table 1, entries 1-3). Applying imidazolium/
Ni ratios higher than 1:1 resulted in a decrease in conver-
sion, which reached a plateau of ca. 44% for a ratio of 2:1
(Table 1, entries 3-6). Reducing the PhMgBr/4-bromoan-
isole ratio from 2 to 1 reduced the catalyst activity, with the
conversion dropping from 61.8 to 43.7% (Table 1, entries 3
and 8). As expected, working at lower temperatures resulted
in a decrease in the reaction rate (Table 1, entries 3 and 9-
11). Detailed GC analysis revealed the presence of some
homocoupling product, however, its proportion never ex-
ceeded 13%.

Table 1. Kumada—-Tamao—Corriu cross-coupling of 4-bromoanisole
with phenylmagnesium bromide; the search for optimal catalytic
conditions.?!

Entry  Nickel Imidazolium/ PhMgBr T Conversion
precursor nickel ratio [mmol] [°C] [%0]
1 [Ni(OAc),] 1:1 1.00 100 55.6
2 [NiBr,(dme)] 1:1 1.00 100 36.4
3 [Ni(cod)] 1:1 1.00 100 61.8
4 [Ni(cod)] 1.5:1 1.00 100 54.3
5 [Ni(cod)] 2:1 1.00 100 434
6 [Ni(cod)] 5:1 1.00 100 44.6
7 [Ni(cod)] 1:1 0.75 100 46.8
8 [Ni(cod)] 1:1 0.50 100 43.7
9 [Ni(cod)] 1:1 1.00 80 38.1
10 [Ni(cod),] 1:1 1.00 50 23.0
11 [Ni(cod),] 1:1 1.00 25 14.1

[a] Rection conditions: [Ni] (5% 10> mmol, 1 X 10-2 mol-%), imid-
azolium salt 3, 4-bromoanisole (0.5 mmol), PhMgBr, dioxane
(1.5 mL), decane (0.05 mL), 1 h. The conversions were determined
by GC analysis, the calibrations being based on decane.

Catalytic Kumada—-Tamao—Corriu Cross-Coupling of
Arylbromides

As a general trend, under the optimal conditions deter-
mined above {imidazolium salt/[Ni(cod),] = 1:1 and
ArMgX/ArBr = 2:1}, the reactivity increased with increas-
ing bulk of the R substituent [#-propyl (1) < isopropyl (2)
< benzyl (3)]. For example, 4-bromoanisole was converted
into 4-methoxybiphenyl in 49.4, 55.9 and 61.8% yield, by
using imidazolium salts 1, 2 and 3, respectively (Table 2,
entry 1). Starting from 2-bromo-6-methoxynaphthalene or
I-bromonaphthalene, conversions of more than 85% were
observed, irrespective of which imidazolium salt was em-
ployed (Table 2, entries 3 and 5). For the former substrate,
and in the presence of 2, reducing the catalyst loading to
0.001 mol-% led to a turnover frequency (TOF) of
60400 mol (ArBr) mol(Ni) ' h! (Table 2, entry 4).

As expected, near-complete conversions were achieved
upon increasing the reaction time. For example, the steri-
cally hindered 2-bromoanisole and 2-bromotoluene were
converted in 87.8 and 87.4% yields, respectively, in 5h
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Table 2. Kumada-Tamao—Corriu cross-coupling of aryl bromides
catalysed by [Ni(cod),]/imidazolium salts.

Entry ArBr Imidazolium salt
1 2 3

conv.
" 494 559 618

PR S
4940 5590 6180

TOF

conv.
OMe 35.4 32.4 32.1

ot (%)
Be 3540 3240 3210

TOF

conv.
855 893 875

3l (%)
8550 8930 8750

Br TOF

’ 2 ': 'l conv.
Mes 517 604 559

40 (%)
51700 60400 55900

TOF

conv.
91.8 920 881

5l (%)
Br 9180 9200 8810

TOF

.............................. LL
243 283 278

o (%)
24300 28300 27800

TOF

conv.
358 526 553

78l (%)

Br

3580 5260 5530

TOF

conv.
5 553 539  66.3

g Om (%)
5530 5390 6630

TOF

[a] Reaction conditions: [Ni(cod),] (5% 1073 mmol, 1X 102 mol-
%), imidazolium salt (5X 107 mmol, 1X102mol-%), ArBr
(0.5 mmol), PhMgBr (1 mmol), decane (0.05mL), dioxane
(1.5mL), 100 °C, 1h. The conversions were determined by GC
analysis, the calibrations being based on decane. The TOFs are
expressed in mol(ArBr) mol(Ni) ' h!. [b] Reaction conditions:
[Ni(cod),] (5X10°mmol, 1X1073 mol-%), imidazolium salt
(5% 10°mmol, 1 X 103 mol-%).

using a catalyst loading of only 0.01 mol-% (Table 3, entries
3 and 7). Higher conversions were observed when 2-tolyl-
magnesium chloride was employed. With this Grignard rea-
gent, the two ortho-substituted aryl bromides were fully
converted within only 2 h (Table 3, entries 4 and 8).
Imidazolium salt 3 was further assessed in the cross-cou-
pling of 2- and 4-chlorotoluene. Both chlorotoluenes were
efficiently converted into biaryls in 1 h when the reactions
4445
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Table 3. Kumada-Tamao—Corriu cross-coupling of aryl bromides
catalysed by [Ni(cod),])/imidazolium salt 3.1

Table 4. Kumada-Tamao—Corriu cross-coupling of 2- and 4-chlo-
rotoluenes catalysed by [Ni(cod),]/imidazolium salt 3.1

Entry ArBr ArMgX Time (h)  Conversion (%)
1 PhMgBr 3 85.6
MeOOBr
2 o-TolMgCl 1 95.7
3 OMe PhMgBr 5 87.8
Br
4 @ o-TolMgCl 2 97.8
5 Br PhMgBr 3 100
6 o-TolMgCl 1 100

7 PhMgBr 5 87.4
Br
8 o-TolMgCl 2 100

3 82.2

PhMgBr

@
Y

10 o-TolMgCl 96.3

[a] Reaction conditions: [Ni(cod),] (5% 1073 mmol, 1X 102 mol-
%), imidazolium salt 3 (5X 10~ mmol, 1X 1072 mol-%), ArBr
(0.5 mmol), RMgX (1 mmol), decane (0.05 mL), dioxane (1.5 mL),
100 °C, 1 h. The conversions were determined by GC analysis, the
calibrations being based on decane.

were performed in the presence of 1 mol-% nickel at 100 °C
(Table 4, entries 2 and 10). In comparison, at a temperature
of 25 °C, for example, the reaction with 2-chlorotoluene re-
quired 24 h to reach a conversion of 98% (Table 4, entry
4). Use of 2-tolylmagnesium chloride did not change the
performance of the catalytic system (Table 4, entries 8 and
16).

To clarify the role of the resorcinarenyl fragment of proli-
gands 1-3 during catalysis, we first investigated the proper-
ties of imidazolium salts devoid of a cavity, namely 6-8, two
of which have OMe substituents (Figure 2).3?l Under the
optimised conditions described above, the conversions var-
ied in the order 6 <7 < 8, increasing with number of meth-
oxy (MeO) substituents (Table 5). MeO substituents may
enhance the bulk of the NHC ligand formed and conse-
quently facilitate reductive elimination and/or product de-
coordination. Furthermore, the MeO groups of 7 and 8,
like those of 1-3, may bind the metal in a hemilabile fashion
so as to make the metal not only sterically more crowded
but also electron richer. The latter electronic contribution
is however not relevant, as in nickel-catalysed KTC cross
coupling, the first irreversible step is not oxidative addition,
but m-coordination of the incoming ArX substrate.’ The
results presented in Table 5 clearly reveal that the perform-
ance of resorcinarene 3 surpasses that of its simple analogue
8 (Table 5), and thus cannot be dictated solely by the pres-
ence of potentially binding oxygen atoms. As already indi-
cated, in KTC cross-coupling with nickel, the key step in
4446
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[Ni(cod),] Temp. Time Conv.
Entry ArCl rMg.

(mol %) 0 (h) (%)
1 0.1 PhMgBr 100 5 45.6
2 1 PhMgBr 100 1 77.9
3 1 PhMgBr 50 24 98.2
4 1 PhMgBr 25 24 98.4

Cl
5 0.1 o-TolMgCl 100 5 64.7
6 1 o-TolMgCl 100 1 87.5
7 1 o-TolMgCl 50 24 100
8 1 o-TolMgCl 25 24 98.9
9 0.1 PhMgBr 100 24 88.5
10 1 PhMgBr 100 1 100
11 1 PhMgBr 50 24 100
12 1 PhMgBr 24 24 96.9
O

13 0.1 o-TolMgCl 100 24 74.8
14 1 o-TolMgCl 100 1 99.6
15 1 o-TolMgCl 50 24 98.5
16 1 o-TolMgCl 25 24 99.3

[a] Reaction conditions: [Ni(cod),], imidazolium salt 3 (1 equiv./
Ni), ArCl (0.25 mmol), ArMgX (0.5 mmol), dioxane (0.75 mL),
decane (0.025 mL). The conversions were determined by GC analy-
sis, the calibrations being based on decane.

the catalytic cycle is the substitution of the coordinated
ArAr’ product by the incoming ArX substrate, a step that
may be promoted by sterically demanding substituents. Mo-
lecular models show that [Ni(ArAr')L] intermediates ob-
tained from 3 have the catalytic centre either embedded in
the cavity, thus creating a strong steric pressure of the cavity
wall on the ArAr’ moiety, or be placed outside the cavity.
In this latter case, steric interactions may arise between the
metal centre and the pentyl groups, these being slightly rein-
forced if the metal binds an oxygen atom of the cavity (Fig-
ure 3). Note that formation of a Ce,pene, O-chelate complex
is only possible with the metal located outside the cavity.
To confirm or exclude a possible influence of the pentyl
groups on the catalytic outcome, we prepared the imid-
azolium salt 9, having remote, downwards-oriented phenyl
groups instead of pentyl chains (rccc stereoisomer). The ac-
tivity of the corresponding catalytic system turned out to
be significantly weaker than that obtained from 3, and close

Eur. J Org. Chem. 2013, 4443-4449
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Figure 2. Imidazolium salts 6-9 used for ranking the resorcinarene
derivatives 1-3 in KTC.

Table 5. Comparison of imidazolium salts in Kumada-Tamao-—
Corriu cross-coupling of aryl bromides.[!

Imidazolium salt
3 6 7 8 9

Entry ArBr

Con

V.
(%)
Br
2 Conv. 875 11.7 41.2 49.4 526
(%)
MeO

Br

3 Conv. gg 1 429 456 58.3 61.8
(%)

[a] Reaction conditions: [Ni(cod),] (5% 107> mmol, 1X 102 mol-
%), imidazolium salt (5X 10> mmol, 1X102mol-%), ArBr
(0.5mmol), PhMgBr (I mmol), decane (0.05mL), dioxane
(1.5mL), 100 °C, 1h. The conversions were determined by GC
analysis, the calibrations being based on decane.

66.3 31.4 40.5 42.6 48.7

N/R

European Journal
of Organic Chemistry

to that of the methoxy-substituted salt 8. This observation
demonstrates the beneficial role of the pentyl groups of 3
and also indicates that, during catalysis, intermediates with
exo-oriented metal centres predominate.

Conclusions

We have demonstrated that the resorcinarenyl-imid-
azolium salts 1-3 constitute efficient ligand precursors for
nickel-catalysed Kumada-Tamao—Corriu cross-coupling of
aryl halides with arylmagnesium halides [Highest TOF ob-
served in this study: 60400 mol(ArX) mol(Ni)! h']. Com-
parative studies with the phenyl-substituted resorcinarene
9, as well as cavity-free imidazolium salts bearing 2-meth-
oxyaryl substituents, imply that the efficiency of the cata-
lysts mainly depend on steric interactions between the flexi-
ble pentyl groups and the metal centre; these result from an
exo positioning of the nickel atom, and probably increase
each time the metal binds one of the two neighbouring oxy-
gen atoms. Further investigations are aimed at modifying
the methine carbon atoms of the resorcinarene with appro-
priate substituents, so as to increase their steric interactions
with the metal.

Experimental Section

General Methods: All syntheses were performed in Schlenk-type
flasks under dry nitrogen. Solvents were dried by conventional
methods and were distilled immediately prior to use. Routine 'H
and BC{'H} NMR spectra were recorded with a Bruker AVANCE
300 or AVANCE 400 spectrometer. '"H NMR spectra were refer-
enced to residual protonated solvents (0 = 7.26 ppm for CDCl3)
and 3C chemical shifts are reported relative to deuterated solvents
(0 = 77.16 ppm for CDCl;). Elemental analyses were performed
by the Service de Microanalyse, Institut de Chimie, Université de
Strasbourg.

5-N-(3-Propyl-1-imidazolylium)-4(24),6(10),12(16),18(22)-tetra-
methylenedioxy-2,8,14,20-tetrapentyl-resorcin[4]arene bromide
(1),321 5-N-(3-isopropyl-1-imidazolylium)-4(24),6(10),12(16),
18(22)-tetramethylenedioxy-2,8,14,20-tetrapentyl-resorcin[4]arene
bromide (2),3?! 5-N-(3-benzyl-1-imidazolylium)-4(24),6(10),12(16),
18(22)-tetramethylenedioxy-2,8,14,20-tetrapentyl-resorcin[4]arene
bromide (3),3% 5,11,17,23-tetrabromo-4(24),6(10),12(16),18(22)-
tetramethylenedioxy-2,8,14,20-tetrapentyl-resorcin[4]arene (4),1>%]
1-benzyl-3-phenyl-imidazolium bromide (6), 1-benzyl-3-(2-meth-

Figure 3. Steric interactions involving two pentyl substituents in possible exo-intermediates formed from resorcinarenes 1-3 during cataly-
sis; the formation of the zerovalent complex B follows that of the Ni' complex A.
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oxyphenyl)imidazolium bromide (7),1*? 1-benzyl-3-(2,6-dimeth-
oxyphenyl)imidazolium bromide (8),3?! 5-N-(3-benzyl-1-imid-
azolylium)-4(24),6(10),12(16),18(22)-tetramethylenedioxy-
2,8,14,20-tetra-phenyl-resorcin[4]arene bromide (9)1*?! and [Ni-
(cod),]*! were prepared according to literature procedures.

N-Imidazolyl-4(24),6(10),12(16),18(22)-tetramethylenedioxy-
2,8,14,20-tetrapentyl-resorcin[4]arene (5): A mixture of tetra-
bromocavitand 4 (1.268 g, 1.12 mmol), imidazole (0.091 g,
1.34 mmol), K,CO; (0.385 g, 2.79 mmol), DMEDA (0.074 g,
0.84 mmol) and Cul (0.160 g, 0.84 mmol) was dissolved in DMF
(20 mL) and the reaction mixture was stirred at 140 °C for one
week. After cooling to room temperature, water (50 mL) and
CHCIl; (50 mL) were added to the mixture. The organic layer was
separated and the aqueous phase was extracted with CHCl;
(2X 50 mL). The combined organic layers were washed with aque-
ous 0.2 M NayEDTA (3 X 50 mL), the organic layer was dried with
Na,SO,, and the solvent was removed under reduced pressure. The
crude product was purified by flash chromatography (MeOH/
CH,Cl,, 1:99, v/v) to afford a mixture (0.309 g; M1) of di- and
tribrominated mono-imidazolyl-cavitands (R; in the range 0.64—
0.55 MeOH/CH,Cl,, 4:96, v/v), and a minor mixture (M2) of resor-
cinarenes substituted by two or more imidazolyl groups. n-Butyl-
lithium (1.6 M in hexane, 1.37 mmol) was slowly added to a solution
of M1 (0.309 g) in THF (10 mL) at —78 °C. After 0.5 h, the reaction
was quenched with methanol (0.5 mL) and water (10 mL). The or-
ganic phase was recovered and the aqueous phase was washed with
CH,Cl, (2X 10 mL) and the combined organic phases were dried
with Na,SO,. After filtration, the solution was evaporated to dry-
ness to afford 5 (0.290 g, overall yield 30%). The NMR spectra of
the product were identical to those reported previously for 5.7

General Procedure for Nickel-Catalysed Kumada—Tamao—Corriu
Cross-Coupling Reactions: A 10 mL-Schlenk tube was filled with a
solution of [Ni(cod),] in dioxane, a solution of the ligand in diox-
ane, aryl halide (0.5 mmol), PhMgBr (1 m in THF, 1 mL,
1.0 mmol), and decane (0.05 mL, internal reference). Dioxane was
then added so that the total reaction volume was either 1.5 or
0.75 mL, and the reaction mixture was heated for 1 h at 100 °C.
After cooling to room temperature, a small amount (0.5 mL) of the
resulting solution was passed through a Millipore filter and ana-
lyzed by GC. All products were unambiguously identified by NMR
spectroscopic analysis after their isolation. The NMR spectra were
compared to those reported in the literature. Some homocoupling
product (Ph-Ph) was detected in each run, but the Ph-Ph/Ar-Ph
ratio never exceeded 15% (see the Supporting Information).

Crystallography: Single crystals of 1:2i{Pr,O suitable for diffraction
study were obtained by slow diffusion of diisopropyl ether into a
dichloromethane solution of the imidazolium salt. M, = 2420.88,
triclinic, space group P1, a = 16.0120(5), b = 19.6770(5), ¢ =
24.2760(8) A, a = 110.758(3), § = 98.915(3), y = 105.457(2)°, V =
6624.1(3) A3, Z =12, D, = 1.214 mgm 3, A(Mo-K,) = 0.71073 A, u
=0.678 mm !, F(000) = 2600, T = 120(2) K. Data were collected
with an Oxford Diffraction Xcalibur Saphir 3 diffractometer
(graphite Mo-K,, radiation, 2 = 0.71073 A). The structure was
solved with SIR-97,3% which revealed the non-hydrogen atoms of
the molecule. After anisotropic refinement, many hydrogen atoms
were located through Fourier difference analysis. The whole struc-
ture was refined with SHELX-97B7 and full-matrix least-square
techniques (use of F?; x, y, z, bij for C, Br, N and O atoms, x, y, z
in riding mode for H atoms); 1495 variables and 15133 observa-
tions with I > 2.06(l); caled. w = 1/[cX(F,?) + (0.1462P)> +
13.4589P] where P = (F,> + 2F2)/3. R1 = 0.0752, wR2 = 0.2657,
Sy = 0.862, Ap < 1.188 ¢ A3,

4448
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Crystallographic data for this structure have been deposited with
the Cambridge Crystallographic Data Centre under deposition
number CCDC-814000. These data can be obtained free of charge
from The Cambridge Crystallographic Data Centre via
www.ccde.cam. ac.uk/data_request/cif.

Single crystals of 2:/Pr,0-1.25CH,Cl, suitable for diffraction study
were obtained by slow diffusion of diisopropyl ether into a dichlo-
romethane solution of the imidazolium salt. M, = 2428.85, triclinic,
space group P1, a = 16.0333(7), b = 19.3429(8), ¢ = 24.567(1) A, a
= 73.138(4), f = 73.940(4), y = 74.245(4)°, V = 6853.6(5) A3, Z =
2, D, = 1.177mgm3, A(Mo-K,) = 0.71073 A, x = 0.749 mm™!,
F(000) = 2578, T = 120(2) K. Data were collected on an Oxford
Diffraction Xcalibur Saphir 3 diffractometer (graphite Mo-K, radi-
ation, 2 = 0.71073 A). The structure was solved with SIR-97,36]
which revealed the non-hydrogen atoms of the molecule. After an-
isotropic refinement, many hydrogen atoms were located through
a Fourier difference analysis. The whole structure was refined with
SHELX-97837) and full-matrix least-square techniques (use of FZ; x,
¥ z, b for C, Br, Cl, N and O atoms, x, , z in riding mode for H
atoms); 1400 variables and 8973 observations with I > 2.06(/);
caled. w = 1/[6*(F,?) + (0.11P)*] where P = (F,> + 2F.*)/3. Rl =
0.1067, wR2 = 0.3061, S, = 0.888, Ap < 1.898 e A3, The alerts
level A in the cif file are mainly due to the large thermal motions
of the C39---C43 chain, of one of the iPr,O molecules and of the
partial CH,Cl, molecule. Crystallographic data for this structure
have been deposited with the Cambridge Crystallographic Data
Centre under deposition number CCDC-814023. This data can be
obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam. ac.uk/data_request/cif.

Supporting Information (see footnote on the first page of this arti-
cle): Synthesis and full characterisation of the imidazolium salts
used in this study together with the corresponding 'H and '3C
NMR spectra; general procedure and catalytic results for nickel-
catalysed KTC cross-coupling experiments.
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