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Abstract: The preparation of a series of complexes of the type Cp*IrXz(NHC) provides effective catalysts
for the H/D exchange of a wide range of organic molecules in methanol-ds. The reaction proceeds with
higher yields under milder reaction conditions than previous Cp*Ir systems reported thus far. For comparative
purposes, we also studied the catalytic activity of Cp*IrCl,(PMes) under the same reaction conditions. The
molecular structures of two of the new Cp*Ir(NHC) complexes are described.

Introduction

being scarcé®!l Some organometallic species are known to

Deuterium labeled compounds can be used in a wide rangeP€ Stabilized when NHC ligands are uséand therefore the
of applications such as the study of biologically active systems, possibility to obtain stable catalysts for-E activation can be

solvents for NMR spectroscopy, and the study of reaction

mechanism3. Among the catalysts used for H/D exchange
reported in the literature, those containing the “Cj{lPMey)”

envisaged.
With this in mind, we synthesized a series of Cp*h@BIHC)
complexes with the aim of evaluating their capabilities inkC

fragment described by Bergman and co-workers have shownactivation, specifically in H/_D exchange reactions of hydroc_ar-
excellent results in the sense that they can activate a wide rangé’_on. molecules. Yamaguchi and CQ-Workers .recen.tly described
of organic molecules using a variety of deuterium sources (D similar complexes that showed high catalytic activity toward

CD30D, (CDy)2CO, D;O, and others}:3 The use of the basic

the Oppenauer-type oxidation of alcoh&l©ther related chelate

phosphine in the catalyst seems to be essential in the activityPiscarbene complexes of Cp*irwere reported by Heinekey
of the compound, since this type of complex has shown activity and co-workers, who also obtained a cationic dihydrogen species

toward H/D reactions (or other-€H activation processes) only
when alkylphosphines such as PMP(GHi1)s, and P(CH-t-
Bu)s are used. A recent study by Herbert and co-workers

of the type [Cp*Ir(H)(bis-NHC)]".14
In this article, we describe the preparation of a series of
Cp*IrCl(NHC) complexes that show a high efficiency in the

showed that the basicity of the phosphines bound to iridium is deuteration of a wide range of organic molecules. The deutera-

an important factor influencing substrate selectivity and ef-
ficiency of deuteratiod.N-Heterocyclic carbenes (NHCs) are
known to be bettes-donor ligands than even basic alkylphos-
phines®” and some NHC complexes have shown improved
activities toward G-H activation, but most of them refer to
intramolecular processé8jntermolecular or catalytic examples
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Results and Discussion

(a) Preparation and Characterization of the Compounds.
Scheme 1 depicts the preparation of complekeza, and2b.
Compoundl can be obtained by transmetalation of 1-methyl-

Figure 2. Molecular diagram of compoun@b. Selected bond dis-
tances (A) and angles (deg): Ir@E(1) 2.014(7), Ir(1¥I(1) 2.7079(6),
Ir(1)—C(10) 2.068(8), Ir(1)Cpeentroid® 1.85(3), C(1)-Ir(1)—C(10) 85.7-
(3), C(1)-Ir(1)=1(1) 90.4(2), C(10yIr(1)—I(1) 88.4(2), Cpentroid" —~Ir(1)—
C(1) 128.9(11), Cpnmoid —Ir(1)—C(10) 127.9(10), CRnwoid —Ir(1)—1(1)

3-benzylimidazolylidene from the corresponding silver carbene 123-4(11).

derivative to [Cp*IrC}], in CH,Cl,. However, this compound

is unstable and at room temperature undergoes orthometalation

to give compound2a (X Cl) in 5 h. The reaction of
[Cp*IrCl3], and 1-benzyl-3-methylimidazolium iodide in the

presence of NaOAc and Nal affords the preparation of com-

pound2b (X = 1). The addition of Nal to the reaction mixture
favors the formation of the iodine complex and minimizes the
presence of mixtures &b with 2a.

The 13C{H} NMR spectra of compoundza and2b reveal
that both coordination of the NHC and orthometalation have
occurred, as shown by the two-@ signals ¢ = 157.4 Garbene
0 = 144.4, Gnhin 2a, 0 = 154.7 Garbene 0 = 141.2, Gy in
2b). The signal of the carbenearbon inl appears at 156.5
ppm, as in previously reported Cpir—(NHC) complexe$:13.14

Crystals of compoundsand2b suitable for X-ray diffraction
were obtained from concentrated @kh/hexane solutions and
allowed confirmation of both structures. Figure 1 shows the
molecular diagram ol and the most representative distances
and angles. The structure btan be regarded as a three-legged
piano stool. The kCeamenedistance is 2.06 A, similar to that
found by Yamaguchi and co-workers in a related Cp*Ir(NHC)
compleX® and other I* —NHC specied:1>16The Ir—Cl (2.415
and 2.425 A) and kCp*(centroid) (1.803 A) distances lie in
the expected range for other known Cp*Ir(NHC) compleXes.

Figure 1. Molecular diagram of compourtl Selected bond distances (A)
and angles (deg): Ir(H)C(1) 2.061(5), Ir(1)-CI(1) 2.415(11), Ir(1)}
Cl(2) 2.425(11), Ir(1}Cpeentroid 1.803(15), C(1)-Ir(1)—CI(1) 93.36(13),
C(1)—-Ir(1)—CI(2) 91.53(13), Cl(1)Ir(1)—ClI(2) 86.32(4), Cpentroid —
Ir(1)—C(1) 127.9(5), Centroid" —Ir(1)—CI(1) 120.4(5), Chentroid —Ir(1)—
Cl(2) 126.0(5).

Scheme 2

X D
<\/N <\/N
Y
X=Cl |
Y=H,D

The molecular diagram of compoug8 is depicted in Figure
2. The structure o2b confirms that the orthometalation of the
phenyl ring of the imidazolylidene ligand has occurred, thus
leading to a chelate coordination of the ligand with a bite angle
of 85.7. The Ir—CcarbeneaNd IF—Cppeny distances are 2.01 and
2.06 A, respectively. The 41 (2.708 A) and Ie-Cp*(centroid)
(1.85 A) distances lie in the expected rargét

The fact thatl orthometalates at room temperature to yield
2a gives us an idea of the potentialities of Cp*Is@MHC)
complexes in &H activation reactions. Furthermore, the
reaction of2a and2b in refluxing CD;0OD affords quantitative
deuteration of the ortho-position of the metalated phenyl group
in 24 h, thus suggesting that a dynamic metalation/demetalation
equilibrium (Scheme 2) process is occurring.

With these results in mind, we decided to test com@¢a
or 2b) and other related complexes in the deuteration of several
organic compounds. In this sense, the new complexes Cp*IrCl
(I"By), 3, and Cp*IrCh(C'I"BY), 4 (I"Bu = 1,3-din-butylimida-
zolylidene;©I"Bu = 1, 3-din-butyl-4,5-dichloroimidazolylidene),
were obtained by transmetallating the carbene from a stlver
NHC complex in a way similar to that used for compouhd
shown in Scheme 1. The idea was to study both the differences
in the activity between the bidentate compZand monodentate
complexes3 and 4 and the effect of the introduction of the
chloro substituents in the 4,5-positions of the azole ring, hence

(15) (a) Viciano, M.; Mas-Marza, E.; Poyatos, M.; Sanau, M.; Crabtree, R. H.;
Peris, EAAngew. Chem., Int. EQ005 44, 444. (b) Miecznikowski, J. R.;
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znikowski, J. R.; Samuel, A.; Faller, J. W.; Crabtree, ROfganometallics
2002 21, 3596.
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J. AM. CHEM. SOC. = VOL. 128, NO. 12, 2006 3975



ARTICLES

Corberan et al.

Table 1. H/D Exchange Reactions Using Cp*IrCl,(PMes), 2, and 32

2 mol% catalyst, AQOTf

CD30D, 100°C

entry substrate catalyst % Dinc time (h)
1 2 CHs: 45; CHy: 65 12
2 diethyl ether 3 CHgz, CH, > 99 12
3 Cp*Ir Cl 2 (PMey) CHg: 61; CHy 56 12
4 a-CHy: 4,5-CHy: 4 6
5 THF o-CHy: 25,5-CHy: 20 12
6 Cp*Ir Cl 2 (PMe3) o-CHy, 5-CHz: 0 12
7 o-CHs > 99; a-CH, > 99; 5-CHs: 8 6
8 ethylmethyl ketone a-CHz > 99;a-CH, > 99; 5-CHs: 71 3
9 Cp*Ir Cl 2 (PMej3) o-CHs > 99; a-CH, > 99; 3-CHs: 30 3
10 2 o 30;m: 13;p: 28; CH; > 99 3
11 3 0. 40;m: 49;p: 40; CH; > 99 3
12 acetophenone o: 51;m: 85;p: 58; CH; > 99 12
s cor I P omE Bt R 2
15 Ar >99; CH: 0 13
16 1,3,5-trimethoxybenzene Ar >99; CHs: 0 3
17 Cp*Ir Cl 2 (PMe3) Ar >99; CH:: 0 3
18 CH: 91; CH: 82 6
19 2-propanol CHs: 92; CH: 80 3
20 Cp*Ir Cl 2 (PMey) CHs, CH: 0 3
21 2 vinyl > 99; Ph: 0 12
22 3 vinyl >99;0: 58 m,p: 51 3
23 styrene viny> 99;0 > 99; mp: 65 12
= cpirc e ez e E
26 3 vinyl: 90;t-Bu: 59 12
tert-butylethene (the) -
27 Cp*Ir Cl 2 (PMejy) vinyl: 85;t-Bu: 50 12

a All reactions carried out using J. Young-style NMR tubes loaded with 0.5 mL ofGID 0.0095 mmol of catalyst, and 0.475 mmol of substrate.
Reaction progress measured Y NMR spectroscopy.

reducing the basicity of the NHC ligand. We also tested the methanold, afforded better conversions at lower reaction times

activity of the complex Cp*IrC{(PMe;) to check whether the  (data shown in Table 1). For the activation of the catalysts,

introduction of the NHC ligand is in fact implying any addition of AQOTf was necessary to remove the halide ligands
enhancement in both the catalytic activity and the stability of and form the corresponding triflate species, which we did not

the catalyst. isolate. Table 1 lists all the substrates and their corresponding
extents of deuterium incorporation. Compouamnd3 showed

high levels of deuteration in a wide range of molecules,

including ethers, ketones, alcohols, and terminal olefins (Table

nBu
N Ir\\c| N Ir\\c| 1). In general,2 and 3 showed a much higher activity than
Q\/ cl m—%/ o] Cp*IrCly(PMe;) in the activation of aliphatic €H bonds,
N~ rBu N-rBu although the latter one also showed high activity in the deu-
3 cl 4 teration of terminal olefins. For all the experiments studied, the

monodentate compleXshowed higher activity than the ortho-

The experimental details of the preparation and characteriza-metalated specie®. Probably the chelate coordination of the
tion of complexes3 and 4 are described in the Experimental ligand is reducing the catalytic activity @fdue to the blocking
Section. The most significant features in € NMR spec- of one of the active coordination sites. Although we have shown
trum of 3 and4 are the signals of the carbene carbons at 150.6 that under the reaction conditions the dynamic metalation/
and 152.1 ppmJ and 4, respectively), as for other reported demetalation of the phenyl ring is occurring (Scheme 2), we
Cp*—Ir—(NHC) complexes:1314 believe that this process is competing with the intermolecular

(b) Catalytic Experiments. Deuteration of several organic  catalytic process, hence reducing the efficiency of the latter one.
substrates was carried out at 180 with catalyst loadings of For the ether compounds, we observed that diethyl ether was
2% mol, using methanal, and acetonel as the deuterium  more easily deuterated than THF, with complete deuterium
sources. Both sources were effective, but we observed thatincorporation in both the methyl and methylene positions after

3976 J. AM. CHEM. SOC. = VOL. 128, NO. 12, 2006
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12 h of reaction wher8 was used (entry 2). For the same
substrate? yielded a more rapid deuteration in the internal
methylene position, as expected for the weaker secondaky C
bonds compared to the primary-El bonds in the methyl group
(entry 1). This result contrasts with the previously reported
results by Bergman and co-workers when using the catalyst
Cp*IrCly(PMe;) with the same substraté,as we have also
observed (entry 3). When usiBg THF shows faster deuteration
at thea-position, although with very low level of D-incorpora-
tion after 12 h of reaction (entry 5). If the reaction is carried
out at 135°C, the conversion rose to 69%-) and 65% (-
position). Both2 and Cp*IrCh(PMe;) are ineffective toward
the deuteration of this substrate.

catalyst [Cp*Ir(Hy(PMes)](OTf) was used. For the reactions
performed in acetonds, the signals due to the protons of the
methyl groups grew. A keteenolic equilibrium may be
justifying the behavior of acetone as deuterium source, thus
implying O—D rather than €D activation in the functioning

of the D-source in the catalytic cycle.

Most of the H/D exchange catalysts reported to date are
extremely air- and moisture-sensitive compounds that have to
be prepared in situ and need to be handled under extreme inert
atmosphere, although some examples can be found in the
literature of air-stable H/D exchange catalysts that ugs@D
3H, as deuterium/tritium sourdé€.In our case, all manipulations
were carried out in the presence of air. Also, we did not find

Ketones such as ethylmethyl ketone and acetophenoneany decomposition a® and3 due to the disproportionation, as

showed quantitative deuteration of thepositions at reaction
times of 3 @) and 6 h @), but this may also be due to an

seen for complex Cp*IrG(PMe;) (generating [Cp*IrCI(PMg_]-
Cl and [Cp*IrCk],),1” probably due to the higher strength of

exchange via the enol, since we observed that the exchangehe Ir-NHC compared to the #tPMe; bond. Furthermore, for
process also occurs in the absence of catalyst (although at lowelur Ir—NHC catalyst® and3, we observed that increasing the

rates). Thgs-methyl group in ethylmethyl ketone was deuterated
in moderate-high yield (71%) whe®was used (entry 8). The

temperature to 13%C generally provided better catalytic results
in terms of both conversions and rates, and no decomposition

deuteration of the aromatic ring in acetophenone showed a clearof the catalysts was observed according to'tieMR spectra.

preference at the meta-position, with a maximum deuterium
incorporation of 85% (entry 12). Cp*IrglPMe;) only deuter-
ated theo-C—H bonds of ketones, not showing any activity

In this sense, we also thought that the activation of the €b)
bond of the imidazolylidene ring may also occur, since this has
been observed for othertNHC complexe$82°thus providing

toward the deuteration of the aromatic positions of acetophenoneits deuteration or even any-C bond coupling with the olefinic

(entries 13 and 14), and only low activation of tv&—H bonds
was achieved (entry 9), which in fact makes us believe that for
this complex the H/D exchange may be mainly due to aketo
enolic equilibrium rather than to a Ir-mediated process.

substrates, as has been previously repoftédt thelH NMR
signals due to both C5H and C4-H remained unperturbed

all along the reaction experiments. This latter observation
suggests that for the catalytic processes that we are describing,

Highly activated arenes as 1,3,5-trimethoxybenzene showedthe NHC behaves as an spectator ligand.

selective and quantitative deuteration at the aromatic positions,
the methyl group being untouched (entries-15).

For the deuteration of 2-propanol (entries—18)), both2
and 3 showed a high activity, while Cp*IrGIPMe;) was
completely inefficient.

For the terminal olefins, the three catalysts show a high
activity in the deuteration of the vinylic positions of styrene
(entries 21-25). Interestingly2 and Cp*IrChL(PMe) selectively
deuterated the three olefinic positions, wilalso deuterated
in high yield the phenyl positions (entry 28; 99% andm,p:
65%). The deuteration dért-butylethene (tbe) is produced in
higher yields in the olefinic positions (90%) than in the methyl
groups (59%), wher8 is used. Selective deuteration of the
olefinic positions of styrene was previously reported by Milstein
and co-workers using a Rh(lll) catalyst, but a much lower
efficiency was achieved for tb'é.

The introduction of chloro substituents in positions 4 and 5
of the azole ring in compoundistrongly decreased the activity
of the catalyst (for example, deuteration of the vinylic protons
of styrene is only 5% after 12 h). As we expected, diminishing
the electron richness of the metal center results in a poor
cleavage of the €H bonds of the substrate.

The progress of all the reactions described above can be easily

In some of the experiments described above and summarized
in Table 1, we tried to improve the catalytic performances of
Cp*IrCly(PMe;) by raising the temperature to 13%, but
surprisingly this had the opposite effect. For example, under
these new reaction conditions the deuteration of diethyl ether
only reached 17 and 21% (related to the Giid CH groups,
respectively) after 12 h, lower than the conversions achieved at
100 °C with the same catalyst (entry 3). Blank experiments
carried out with Cp*IrC}(PMe;) in CDsOD at 135°C in the
absence of substrates showed that this complex completely
decomposed after 12 h, providing the disproportionation prod-
ucts mentioned above.

Conclusions

We have obtained new Cp*IrggNHC) catalysts that have
been tested in the deuteration of a wide range of organic
molecules, using CEDD as deuterium source, providing high
activities under relative mild conditions. Their catalytic activity
has been compared to that shown by the phosphine analogue
Cp*IrCly(PMe;), showing that the FNHC complexes displayed
better results in terms of conversions, range of applicability,
and catalyst stability. We believe that these results may provide

followed by'H NMR spectroscopy. When monitoring the H/D

exchange reactions in GDD, we observed that the resonance
for the CH;OH proton grew, rather than that corresponding to
the CH3OH protons observed when the previously reported

(17) Klei, S. R.; Golden, J. T.; Tilley, T. D.; Bergman, R. & Am. Chem. Soc.
2002 124, 2092.
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Lett. 200Q 41, 9015.
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Miecznikowski, J. R.; Macchioni, A.; Clot, E.; Eisenstein, O.; Crabtree,
R. H.J. Am. Chem. So2005 127, 16299. (b) Grundemann, S.; Kovacevic,
A.; Albrecht, M.; Faller, J. W.; Crabtree, R. Lhem. Commun2001,
2274. (c) Grundemann, S.; Kovacevic, A.; Albrecht, M.; Faller, J. W.;
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new perspectives in the design of a novel generation of NHC-
based C-H activation catalysts.

Experimental Section

General Procedures[Cp*IrCl;]2,%* Cp*IrCl(PMes),?? 1-benzyl-3-
methylimidazolium iodidé® and 1,3-din-butylimidazolium iodidé*
were prepared according to literature procedures. NMR spectra were
recorded on a Varian Innova 300 and 500 MHz, using GD«Zld
CDs0D as solvents. Elemental analyses were carried out in an EA 1108
CHNS-O Carlo Erba analyzer. Electrospray mass spectra (ESI-MS)
were recorded on a Micromass Quatro LC instrument, and nitrogen
was employed as drying and nebulizing gas. All other reagents were
used as received from commercial suppliers.

Synthesis of 1n-Butyl-4,5-dichloroimidazole. To an RB flask was
added 4,5-dichloroimidazole (2.74 g, 20 mmol), KOH (1.40 g, 25
mmol), TBABr (193 mg, 0.6 mmol), and droplets of®l. The mixture
was stirred at room temperature for 1 h, and theBul (5.52 g, 30
mmol) was added. After being stirred for 48 h at room temperature,
the reaction mixture was extracted with &@H,/H,O and the organic
extracts were collected and dried over,8@&. Evaporation of the
solvent under vacuum gave an oil, which was the desired product.
Yield: 3.5 g (70%).*H NMR (500 MHz, CDC}): ¢ 7.82 (s, 1H,
NCHN), 3.96 (t, 2H, N-CH; n-Bu), 1.67 (m, 2H, @i, n-Bu), 1.26
(m, 2H, CH; n-Bu), 0.88 (t, 3H, G5 n-Bu).

Synthesis of 1,3-din-butyl-4,5-dichloroimidazolium lodide. n-Bul
(4.3 g, 23.4 mmol) was added tontbutyl-4,5-dichloroimidazole (3.5
g, 18 mmol), and the mixture was heated at P2Dovernight. The
resultant oil was extracted with GEI»/H>O to remove excess ofBul.
Yield: 5.43 g (80%).*H NMR (500 MHz, CDC}): 6 10.65 (s, 1H,
NCHN), 4.41 (t, 4H, N-CH, n-Bu), 1.98 (m, 4H, €, n-Bu), 1.47
(m, 4H, CH, n-Bu), 1.01 (t, 6H, Gz n-Bu). 13C NMR (CDCk, 300
MHz): ¢ 136.19 (NCHN), 119.42 C-CI dichloroimidazole), 49.45
(N-CH n-Bu), 31.21 CH; n-Bu), 19.54 CH, n-Bu), 13.46 CH3 n-Bu).
Anal. Calcd for GiH19N2Clol: C, 35.04; H, 5.08; N, 7.43. Found: C,
35.15; H, 5.07; N, 7.45.

Synthesis of 1.Silver oxide (44 mg, 0.19 mmol) was added to a
solution of 1-benzyl-3-methylimidazolium iodide (75 mg, 0.25 mmol)
in 10 mL of dichloromethane. The mixture was stirred at room temper-
ature for 1 h, and then [Cp*Irglk (100 mg, 0.13 mmol) was added.
The mixture was stirred at room temperature for anofhe and filtered
through Celite. The solvent was removed under vacuum, and the
resultant product was immediately characterizetdNMR (CDClz, 500
MHz): 6 7.34 (m, 5H, benzene), 6.93 (s, 1HHOmidazole), 6.66 (s,
1H, CH, imidazole), 6.02 (d?J(H,H) = 14.5 Hz, 1H,—CH,—Ph), 5.18
(d,2J(H,H) = 14.5 Hz, 1H,—CH,—Ph), 3.99 (s, 3H, €3—imidazole),
1.62 (s, 15H, €Iz, Cp*). °C NMR (CDCk, 500 MHz): ¢ 156.52
(Cearvens=Ir), 136.75 (Ph), 128.74 (Ph), 128.63 (Ph), 128.36 (Ph), 128.27
(Ph), 128.04 (Ph), 123.4TH imidazole), 121.66@H imidazole), 88.72
(Cs(CHga)s), 54.23 CH,—Ph), 38.65 (N-CH3), 9.20 (G(CHj3)s).

Synthesis of 2aA quantity of 50 mg oflL (0.08 mmaol) was dissolved
in CH.Cl,. The solution was stirred at room temperature for 5 h, and
then the solvent was evaporated. The crude solid was purified by column
chromatography. Yield: 21 mg (47%H NMR (CDsOD, 500 MHz):

0 7.50 (d,2J(H,H) = 7.98 Hz, 1H, Ph), 7.23 (s, 1H,H imidazole),
7.18 (s, 1H, ®, imidazole), 6.99 (d3J(H,H) = 7.50 Hz, 1H, Ph),
6.88 (t, 1H, Ph), 6.76 (t, 1H, Ph), 4.86 (&(H,H) = 14.0 Hz, 1H,
—CH,—Ph), 4.79 (d2J(H,H) = 14.0 Hz, 1H,—CH,—Ph), 3.89 (s, 3H,
CHs—imidazole), 1.66 (s, 15H, s, Cp*). *C NMR (CDCk, 500
MHZz): 6 157.37 (Garens"Ir), 144.37 (Gy—Ir), 141.75 (Ph), 138.69

(21) Ball, R. G.; Graham, W. A. G.; Heinekey, D. M.; Hoyano, J. K.; McMaster,
A. D.; Mattson, B. M.; Michel, S. TInorg. Chem.199Q 29, 2023.

(22) Isobe, K.; Bailey, P. M.; Maitlis, P. Ml. Chem. Soc., Dalton Tran$981,
2003.

(23) Day, G.; Glaser, R.; Shimomura, N.; Takamuku, A.; IchikawaCKem-—
Eur. J.200Q 6, 1078.

(24) sala, A.; Ferrario, F.; Rizzi, E.; Catinella, S.; Traldi,Fapid Commun.
Mass Spectroml992 6, 388.
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Table 2. Crystallographic Data

1 2b
empirical formula GoH29ClalrN 2 Co1H26lIrN 2
mol wt 655.47 625.54
radiation Mo Ka (monochr); 0.71073 (A)
T(K) 273 273
cryst syst monoclinic orthorombic
space group P2;/c (No. 14) P2,2:2; (No. 19)
a(A) 17.5521(9) 8.9105(5)
b (A) 12.6090(6) 14.2032(7)
c(A) 11.3366(5) 16.0373(8)
p (deg) 93.0040(10) 90.00
V (A3) 2505.5(2) 2029.64(18)
z 4 4
Dcalcd (g €nT3) 1.738 2.047
u (Mo Ka) (cm?) 5.767 8.105
total, unique no. of rflns 5718, 4486 6107, 4136
Rint 0.0394 0.0736
no. of params, restrictions 268,0 232,0
R, Ry 0.0447, 0.0836 0.0446, 0.0923
GOF 1.065 0.972
min, max resid dens (e &) —1.705, 1.003 —0.885, 1.265

(Ph), 127.86 (Ph), 124.39 (Ph), 122.09 (Ph), 12138 {midazole),
120.58 CH imidazole), 90.39 €s(CHs)s), 57.50 CH,—Ph), 37.10
(N—CHpg), 9.64 (G(CHj3)s). Anal. Calcd for GiH26ClIrN,: C, 47.22;

H, 4.91; N, 5.24. Found: C, 47.48; H, 4.97; N, 5.57. Electrospray Ms.
Cone 35 V.m/z (fragment): 499 [Cp*IrL}.

Synthesis of 2b.A mixture of [Cp*IrCl;], (300 mg, 0.37 mmol),
1-benzyl-3-methylimidazolium iodide (339 mg, 1.13 mmol), and
NaOAc (139 mg, 1.70 mmol) in C4&N was refluxed overnight in the
presence of an excess of Nal. The mixture was filtered through Celite,
the solvent was evaporated, and the crude solid was purified by column
chromatography. The pure compou8 was eluted with CECly/
acetone (9:1) and precipitated in ether to give a yellow solid. Yield:
246 mg (53%).*H NMR (CDCls, 500 MHz): 6 7.86 (d,3J(H,H) =
7.49 Hz, 1H, Ph), 6.94 ()(H,H) = 7.99 Hz, 1H, Ph), 6.92 (s, 2H,
CH, imidazole), 6.88 (t, 1H, Ph), 6.76 (t, 1H, Ph), 5.013&{H,H) =
14.0 Hz, 1H, —CH,—Ph), 4.67 (d,2J(H,H) = 14.0 Hz, 1H,
—CH,—Ph), 3.86 (s, 3H, B3—imidazole), 1.78 (s, 15H, i@, Cp*).
3C NMR (CDCk, 300 MHz): 6 154.72 (Garene-Ir), 147.43 (Ph),
141.19 (Gi—Ir), 138.19 (Ph), 127.49 (Ph), 124.13 (Ph), 121.96 (Ph),
121.18 CH imidazole), 120.59¢H imidazole), 90.94Cs(CHz)s), 57.19
(CH>—Ph), 40.14 (N-CHs), 10.21 (G(CHs)s). Anal. Calcd for
CaHaelIrN2: C, 40.32; H, 4.19; N, 4.48. Found: C, 40.56; H, 4.37; N,
4.59. Electrospray Ms. Cone 35 Wz (fragment): 499 [Cp*IrL].

Synthesis of 3.Silver oxide (58 mg, 0.25 mmol) was added to a
solution of 1,3-din-butylimidazolium iodide (154 mg, 0.50 mmol) in
CH_Cl,. The solution was stirred at room temperature for 1 h, and then
[Cp*IrCl )2 (200 mg, 0.25 mmol) was added. The mixture was stirred
at room temperature overnight and then filtered through Celite. The
pure compound was eluted with CkCl,/acetone (9:1) and precip-
itated in ether to give an orange solid. Yield: 160 mg (55%y).
NMR (500 MHz, CQOD): & 7.31 (s, 2H, @, imidazole), 4.59
(m, 2H, —CH; n-Bu), 3.83 (m, 2H,—CH; n-Bu), 1.92 (m, 2Hn-Bu),

1.81 (m, 2H,n-Bu), 1.57 (s, 15H, €3 Cp*), 1.22 (m, 4H,n-Bu) 0.99
(t, 6H, n-Bu). 13C NMR (300 MHz, CDC}): ¢ 150.61 (Garene=r),
121.50 CH imidazole), 89.90Cs(CHz)s), 53.78 (-Bu), 33.59 (-Bu),
20.01 @-Bu), 14.09 (-Bu), 10.54 (G(CHs)s). Anal. Calcd for
CoiH36ClaIrN2: C, 45.29; H, 5.61; N, 5.03. Found: C, 45.20; H, 5.75;
N, 4.86. Electrospray Ms. Cone 25Wz (fragment): 543 [Cp*IrLCIT.

Synthesis of 4.Silver oxide (58 mg, 0.25 mmol) was added to a
solution of 1,3-din-butyl-4,5-dichloroimidazolium iodide (154 mg, 0.50
mmol) in CH,Cl,. The solution was stirred at room temperature for 1
h, and then [Cp*IrG]], (200 mg, 0.25 mmol) was added. The mixture
was stirred at room temperature overnight and then filtered though
Celite. The solvent was evaporated, and the pure compbwas eluted
with CH.Cl./acetone (9:1) and precipitated in ether to give an orange
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solid. Yield: 163 mg (50%)'H NMR (300 MHz, CDC}): 6 4.84 (m, dimensions, and structure refinement are given in Table 2. The
2H, —CHa, n-Bu), 3.61 (m, 2H,—CH,, n-Bu), 2.12 (m, 2H,n-Bu), diffraction frames were integrated using the SAINT pack#ge.

1.76 (s, 15H, €1;Cp*), 1.67 (m, 2H,n-Bu), 1.45 (m, 2HNn-Bu), 1.22 Catalytic H/D Exchange.In a Young-style NMR tube, the catalyst
(m, 2H, n-Bu), 0.95 (t, 3H,n-Bu). *C NMR (300 MHz, CDC}): 6 (0.0095 mmol) was dissolved in 0.5 mL of @DD. The organic
152.08 (Garens-I1), 117.89 C—Cl imidazole), 91.02Cs(CHs)s), 53.88 substrate (0.475 mmol) and an excess of AgOTf were added to the
(n-Bu), 33.39 (-Bu), 19.96 (-Bu), 14.23 (-Bu), 10.90 (G(CHa)s). solution. The resulting mixture was heated at 160Deuteration levels
Anal. Calcd for GiHsCldrNy: C, 38.77: H, 5.58: N, 4.31. Found: C, Were monitored by'H NMR using an external standard capillary
38.43; H, 5.75; N, 4.09. Electrospray Ms. Cone 45z (fragment): consisting of a solution of ferrocene in CRED.16 mgkL).
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refined anisotropically. Hydrogen atoms were assigned to ideal positions (2°) %’ggdmk’ G. M.SHELXTL, version 6.1; Bruker AXS: Madison, WI,
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at http://pubs.acs.org.
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