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N-Heterocyclic carbene (NHC) rhodium(l) complexes of general formula Rh(COD)X(NHC) are
synthesized and structurally characterized (spectroscopy, X-ray diffraction). The reldtiverf-acceptor
quality of various NHC ligands was examined and classified by means of IR spectroscopy at the
corresponding Rh(CQYNHC) complexes. The first single-crystal X-ray diffraction studies of rhodium
pyrazolin- and tetrazolinylidene complexes are reported. A wide variety of different azolium salts was
applied to obtain rhodium and iridium complexes with two and four carbene ligands.

Introduction

The discovery of transition metal complexed\sheterocyclic
carbenes (NHC) by Wanzlick and Sctiwrt and by Gel€? in

1968 and the isolation of the first free stable carbenes in 1991

by Arduengo et af. paved the way for NHCs to become

strong bonds to metal centers, with little tendency of dissocia-

tion.812This is particularly beneficial in their use as ligands in

organometallic catalystsThe o-donor strength varies with the
constitution of the respective derivative. In the present paper

(5) (@) Hu, X.; Castro-Rodriguez, |.; Olsen, K.; Meyer, ®&rganome-

universal ligands in organometallic and inorganic coordination tallics 2004 23, 755. (b) Termaten, A. T.; Schakel, M.; Ehlers, A. W,;

chemistry. Many catalyst systems with NHC spectator Ilgands

have been described in the last dechde.
NHC ligands are two-electramdonors with littlezz-accepting
ability.> We pointed out in 1993 thdtl-heterocyclic carbenes

display ligand properties that resemble trialkylphosphines very
much® and shortly later we presented evidence of their specific

use in organometallic catalysi§.An ever-increasing research
activity has been documented in the literattfel! N-Hetero-

cyclic carbenes have the advantageous property of forming

T N-Heterocyclic Carbenes, Part 45. For Part 44, see: Frey, G. D,;

Herdtweck, E.; Herrmann, W. Al. Organomet. Chen2006 691, in press,
doi:10.1016/j.jorganchem.2006.01.033.
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Figure 1. Carbene ligands in rhodium complexesnd?2. The standard carbenes being used most frequently in the literature reports are
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C (1,3-dimethylimidazolidin-2-ylidene) an@ (1,3-dimethylimidazolin-2-ylidene).

we used complexes of type Rh(GQ3l/I)(carbene) to obtain
an estimate of the electronic properties of the carbéhes.

Results and Discussion

By means of theoretical data, IR spectroscopy, and X-ray
diffraction data it is possible to compare the electronic properties
of NHC ligands, e.g., thes-donorfr-acceptor quality. One
possibility to judge ther-donor strength of carbene ligands is
the K, value of the corresponding acid, the azolium salt. High
pKa values suggest strong donors. Sonkg palues of NHCs
were theoretically derivéd{C, [28.5 (H0),14222.3 (DMSO}4q;

D, [27.4 (HO)2and 23.0 (HO)1421.1 (DMSO¥4q; F, 21.6
(H.0)'** (see Figure 1), others are based on experimental
datal>16Besides the influence on th&pvalues of substituents
in a-position to the acidic proton, there was limited investigation
on the effect of the Ig, values for differentN-heterocycled?

In comparison to imidazolin-2-ylidenes, their CC-saturated

analogues and acyclic carbenes revealed that the latter are the

most basic carbenes, whereas imidazolidin-2-ylidines are only
slightly more basic than imidazolin-2-ylidenes.

For the experimental determination of the relativelonor
strength this method is quite extensive. A simple and relatively
precise method is the indirect measurement of dh@onor
strength by IR spectroscopy The basicity of a carbene ligand
is evaluated by the comparison of th€CO) infrared data in
Rh(COYX(carbene) complexés$ad A g-basic carbene ligand
is related to a low stretching frequency (wavenumber) of the
carbon monoxide opposite the carbéné?
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Scheme 1. Synthesis of Rhodium-NHC Complexes 1 and 2
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Scheme 2. Synthesis of Rhodium Complexes 1N and 10

H H OtBu /
\N@N/ koBy SN [Rh(COD)C|]2
cr v=/ KCl v=/ THF "THF, Toluene, 80 °C
Na:Y=N AN: Y =N
Oa: Y =CH 10:Y=CH

To examine the ligand properties of various NHCs, halogeno-
(n*-1,5-COD)(azolinylidene)rhodium(l) complexésvere syn-
thesized and transformed to their corresponding dicarbonyl
complexes2 (Scheme 1).

The synthesis of the iodo complexd$éA—M) followed
established procedures of monocarbene complexes of rhodium-
(1) with in situ deprotonation of the azolium salsSubstitu-
tion of the chloro bridge in the dimeric precursor [Rh(COD)-
Cll2 by an ethoxy bridge allows the coordinated base to
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Scheme 3. Synthesis of Rhodium Complex 1P
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deprotonate the azolium salt in situ, leading to the desired dimethylxanthine-8-yliden&] 7,9-dimethylhypoxanthine-8-

complexesl(A—M). ylidene?>26 and 6-chloro-7,9-dimethylpurine-8-ylidetiere-
To avoid any possible influence on the electronic properties semble NHC ligands based on purine bases. Herein it was not
of the CO ligands by steric factors in the compleZeNHC only possible to elucidate the structure of complekwith a

ligands with methyl substituents im-position to the carbene  caffeine-based ligand but also to obtain the first 6-(dimeth-
center were chose®\(-L). Figure 1 shows a list of all carbene  ylamino)-7,9-dimethylpurine-8-ylidene transition metal complex
ligands in rhodium complexe$(A—M) and 2(A—L). These 1H. All purine-based carbene complexes were obtained in yields
were synthesized in situ from the corresponding azolium salts. higher than 60% as yellow solids that are soluble in polar
The rhodium carbonyl complex@avere obtained by passing ~ solvents such as chloroform, dichloromethane, or DMSO.
carbon monoxide through a solution of the iodo complekes  Suitable pale yellow crystals of compléx for X-ray single-
in dichloromethane at room temperature for 30 min, which was crystal diffraction were obtained from a DMS®pentane
observed by a color change from light to dark yellow. Due to solution at ambient temperature. The X-ray single-crystal
the strong donor capability of the NHC ligands, the cyclooc- diffraction study oflJ reveals a slightly distorted square-planar
tadiene ligand can be completely substituted by the strongerstructure (Figure 2).
acceptor ligand carbon monoxiée.
Furthermore the rhodium complexe@A-2L) that bear
iodide ligands were compared with the purpose of avoiding an
influence on the electronic properties of the CO ligands by e ct7
different halogenide ligands. To the precursors of carbene
ligands H, I, J, and L with weak coordinating anions as
tetrafluoroborate or perchlorate, sodium iodide was added to ;s
the reaction mixture (Scheme 1).

The chloro complexe&N and 10 were prepared following Cl4
a different approach (Scheme 2)The azolium salt is trans- p
ferred into an alkoxy-protected carbene via the addition of .
potassiuntert-butanolate. The alcoholate adduct is removed in (3 tz

situ, and therefore after the addition of hisfhlorog;*-1,5-

COD)rhodium] the formation of the desired complei®sand

10 was observed. The formed potassium salt is almost insoluble Figure 2. ORTEP style plot of compountJ in the solid state.

in ethanol and THF and can be removed by filtration of the Thermal ellipsoids are drawn at the 50% probability level. Hydro-

suspension. gen atoms are omitted for clarity. Selected bond lengths [A] and
Another method for the synthesis of carbene-substituted bond angles [deg]: RhC8 2.011(3), Rkl 2.6738(3), Rh-C10

rhodium (COD) complexes via the free carbene is shown in 2.129(3), RR-C1l 2.126(4), RRCl4 2.241(3), RRCI15

Scheme 3. ComplexP was first mentioned from our groéh 2.219(3); FRh—C8 88.30(8), N#-C8-N9 105.6(2).

and was prepared_ gccording to aprocedure published_reé%tl_y. All carbene ligands of Figure 1 except &f (perimidin-2-
There are transition metal complexes with coordinating purine yjiqene) are restricted to five-membered heterocyclic rings. The

bases reported in the literature. In most of the cases the base§;qric properties of the methyl groups in a six-membered ring

are coordinated via the N(9) nitrogen atéfnOnly a fe‘é‘i differ significantly from those of a five-membered ring. Rich-
examples with a C(8) coordinated purine were obsefdeef eson first synthesized a perimidin-2-ylidene comphn this

In very recent publications, alkylated purines coordinating at ok it was possible to obtain a perimidin-2-ylidene complex
C(8) such as 1,3,7,9-tetramethylxanthine-8-ylidéi?&, 1,3-
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Deubel, D. V.Organometallic2002 21, 4303. (f) Boehme, C.; Frenking, 4, 143.
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Figure 3. ORTEP style plot of compouniB in the solid state.
Thermal ellipsoids are drawn at the 50% probability level. Hydrogen
atoms are omitted for clarity. Selected bond lengths [A] and bond _. . .
angles [deg]. The corresponding values of a second, crystallograph+-/9ure 4. ORTEP style plot of compoundlL in the solid state.
ically independent molecule dfB are given in italics: RhtC1 Thermal ellipsoids are drawn at the 50% probability level. Hydro-
2.034(5) 2.024(5) Rhl-I11 2.6757(6) 2.6956(6) Rh1-C6 gen atoms are omitted for clarity. Selected bond lengths [A] and
2.207(5) 2.204(5) Rh1-C11 2.228(5)2.224(5) [1-Rh1-C1  2:119(3), RR-C5 2.138(3), RRC8 2.209(3), RRC9 2.226(3);

86.9(1)87.6(1) N1-C1-C2 104.7(4)104.9(4) I=Rh—C1 86.76(7), N+ C1-N2 101.3(2).

with methy! groups adjacent to the carbene center. The low yield Scheme 4. Base-Catalyzed Decomposition of Tetrazolium
of 16% is due to the poor solubility of the 1,3-dimethylperi- lons
midinium iodideA in commonly used solvents. P‘@N\ base N=N

ComplexeslB, 1D, 1F, and,1G were synthesized according R’NYN‘R T RN NR T RONSCENTR N,
to the literaturé?® However, for the first time it was possible to H
obtain an X-ray single-crystal structure of a pyrazolin-2-ylidene
rhodium complex (Figure 3).

It was Cfele who obtained the first tetrazolinylidene and

Table 1. 13C NMR Chemical Shifts 8 and Rh—Ccarpene
Coupling ConstantsJ of Rh(COD)(CI,I)(NHC) Complexes 1

pyrazolin-3-ylidene complexé8.These were solely carbonyl ~_complex 0 CeawendPPm] RN~ Ceaend [Hz]  yield [%]
complexes of group 6 metals and of iron. Twenty years later, a 1A 200.4 51.1 16
pyrazolin-3-ylidene complex of copper was reported by Rauben- 1B 181.8 42.6 56
heimer3! To react the pyrazolium salt precursor®fwith the ig iéé'g gg'g ?i
rhodium precursor, a large excess of 1,2-dimethylpyrazolium 1E 181.2 50.1 61
iodide, slightly higher reaction temperatures, and far longer reac- 1F 194.8 48.5 79
tion times (7 days) are necessary. Studies on the acidity of pyra-  1G 183.9 48.8 79
zolium salts compared to tetrazolium and imidazolium salts iIH igg'g gg'g 3?
showed that the azolium salt 8fis less acidic than the corre- 13 1896 522 88
sponding salts ob andL .32 This is consistent with the lower 1K 188.1 52.9 89
reactivity during the in situ deprotonation of pyrazolium salts. 1L 180.6 50.9 90
Complex1C is the first iodo complex with a saturated NHC. m 12;-2 ‘5‘8-2 ?‘15
Chloro(174-1,5-COD)(1,3-di-R-imidazoIidin-2-ylidene)rhodium- 10 179.6 511 60
() was prepared from electron-rich olefins by Lappert etal. 1P 2326 71
The synthesis ofLC followed the procedure of the before
described azolinylidene complexes. preparation of this complex avoids any free base during the

The iron and chromium complexes of tetrazolinylidene, synthesis ofLL.1° Pale yellow crystals of complekL suitable
synthesized by @le, have remained the only examples of this for single X-ray diffraction were obtained from a dichlo-
ligand3° The synthesis of completL could not follow the romethaneil-pentane solution at ambient temperature. The solid-
conventional route for azolium salts due to the strong basic state structure ofL reveals a slightly distorted square-planar
conditions. The intermediate tetrazolinylidene decomposes in coordination (Figure 4).
the presence of a base to the corresponding carbodiimide and The chemical shifts of the carbene carbons and the coupling
nitrogen (Scheme 4. constants(Rh—C) in the'*C NMR of complexed do not show

To avoid a free base, it is imperative to exclude an excess of systematic order for an estimation of thedonor strength of
sodium ethanolate in the reaction mixture. The isolation of bis- the carbene ligands (Table 1). Therefore the syntheses of
[u-ethoxy-¢*-1,5-COD)rhodium] instead of the common in situ  complexes2 and the determination of the CO-stretching
. . frequencies were necessary to evaluate the electronic properties
(30) (a) Gele, K.; Kreiter, C. GChem. Ber1972 105, 529. (b) Gele, of the NHC ligands.

K.; Roos, E.; Herberhold, MZ. Naturforsch. BL976 31B, 1070. (c) Miler, ; ; ; .
3. tele, K. Krebs, G.J. Organomet. Chemi976 82, 383, There was no considerable difference observed in the chemi

(31) Raubenheimer, H. G.; Desmet, M.; Lindeque,JL.Chem. Res.,  Cal shift of the carbene carbon and the rhoditrarbene
Synop.1995 184. coupling constant by varying the halogenide of comfdé&xto
(32) Olofson, R. A.; Thompson, W. R.; Michelman, J.JSAm. Chem.
Soc.1064 86, 1865 1N or complex1D to 10.
(33) Lappert, M. F.; Maskell, R. KJ. Organomet. Chenl984 264 Crystal Structure Discussion.The molecular structures of
17. the complexed B, 1J, and1L in the solid state are depicted in
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Table 2. Selected Bond Distances (A) and Bond and Torsion ¢ = 165 and 220 ppm for both carbonyl carbons and the carbene

Angles (deg) for Complexes 1B, 1J, and 1L carbon. All complexe®(A—L) are air-stable but decompose
complex RA-Ceaene N/C—CearensN  Cearbens=Rh—1  N—CearpensRh—1 in solution under air within 1 to 4 h. They are all soluble in
1B 2.034(5) 104.7(4) 86.9(1) —82.7(4) polar solvents such as chloroform, dichloromethane, DMSO,
2.024(5) 104.9(4) 87.6(1) 78.1(4) and THF and less soluble in less polar solvents such as diethyl
o 2011(3) 105.6(2) 88.30(8) 87.2(2) ether,n-hexane, and-pentane.
= 2.009G) 101.3(2) 86.76(7) 88.4(2) The CO-stretching frequencies of each compxwvere
Table 3. Carbonyl Stretching Frequenciesy in recorded in dichloromethane solution and are listed in Table 3.
Dichloromethane, 1*C NMR Chemical Shifts 4, and Steric, electronic, and solvent influences are excluded by using
Rh—Ccamene Coupling ConstantsJ of the Carbene Carbon of identical sets ofN-substituents (Ck) and counterions (l) as
the Complexes RhI(CO}NHC (2) in de-DMSO well as the same solvent (GEl,). Previous comparisons
»(CO)  v(CO) presented by different authors varied at least one of these
syrpl. asyfr;. 0 Cearbene  J(Rh—Cearbend yioeld parameter3a.c.36
complex _[em™] _ [cm ] ppm] [Hz] %] The relevant IR data differ by 225 wavenumbers. The
2A 2061 1994 185.0 41.0 99 carbene ligands i@A and2B are among the strongestdonors
2B 2066 1993 169.2 35.8 100 : : S .
2C 2072 1999 195.2 100 of this comparison, whereas the tetrazolnjylldene ligand repre-
2D 2073 2000 168.9 40.8 99 sents the weakest donor of this table. This result demonstrates
2E 2069 2006 181.9 100 that the carbene ligands in complex@fsand2B induce a much
2F 2075 2001 180.8 40.5 100 higher electron density at the metal atom by simultaneous
gﬁ %8;3 2882 i;g:g 426 gg’ stronger back-donation from the metal center to the carbonyls
2l 2078 2008 180.7 100 than for example the tetrazolinylidene ligand. This small
2J 2080 2009 178.2 50.7 100 difference in the wavenumbers (2@5 cnt?) can give only a
2K 2084 2015 183.1 100 direction of theo-donor abilities of the different carbenes. The
2L 2086 2015 168.9 42.0 100

data also show that the chemical shift of the carbene carbon in
) ) o the respective rhodium complex2sloes not correlate with the
Figures 2, 3, and 4. A selection of characteristic bond angles gonor strength of the NHC ligand, as mentioned before for
and bond distances are given in Table 2. Crystal data and detai|§:omp|exeS]__13a,20,22,35i,3T|'he rhodium center of the complexes
of the structure determination of the three crystal structures areo couples with the carbene and carbonyl carbon (three doublets
presented in Table 4. in the 13C NMR spectra). However, since not all complexes
All complexes favor a slightly disturbed square-planar are soluble in chlorinated solvents-BMSO was used as the
coordination sphere of the rhodium center. The rhodium  standard NMR solvent. This resulted in some cases in broad
carbene bond length does not differ in the range of the standardsjgnals for these atoms. Therefore coupling constants could not
deviation for all complexes. This bond length is not an indica- be obtained for all complexés In addition, the chemical shifts
tion for the donor strength of the carbene ligand due to the of these three doublets appear close together. To allow a
similar properties of these ligands. In all three complexes the differentiation between them, complex2B, 2D, and2F were
N/C—C~—N angles of the carbene ligands are in accordance with also prepared with 99% enriché8CO. Figure 5 shows that
coordinated azole rings reported in the litera@#&The angles both low-field signals (187.5 pprJrn-c = 52.6 Hz and 182.2
between the coordination plane of the complex and the carbeneppm) correspond to tH8C marked carbonyl ligands of complex
ligand changes in accordance with the symmetry of the carbene.2p, whereas the carbene signal appears at 169.0 B¢
For an asymmetric substituted ligand such as 1,2-dimethylpyra- = 40.8 Hz). The row of carbene ligands ordered by theionor

zolinylidene the angle varies most from the ideaf @@rpen-  strength correlate very well with thekg values calculated for
dicular coordination. The differentransinfluences of the  some of the corresponding carbene ligan@ds, F).14-16

carbene and iodide ligands lead to different distances between Rhodium NHC Complexes with More Than One NHC
the coordinated COD carbon atoms and the rhodium or iridium Ligand. Cationic NHC rhodium complexes with two
(7G) atoms. As a result of the longer distance to the metal, the NHC equivalents per rhodium center can be generated from
C=C double bondransto the NHC ligand is shorter, owing to [Rh(COD)CIL. A few examples of Rh(L(NHC), complexes
reduced back-donation from the metal to it$ orbitals (see  have been know??38In principle it should also be possible to
also Figures 8 and 9). generate a rhodium center with four NHC ligands to obtain an
Carbene Donor Strength.The IR and NMR spectra con-  jonic complex. As a matter of fact, a tetrakis-NHC rhodium
sistently indicate theis-conformation of both carbonyl ligands  complex was recently report€iHowever, NHC-silver precur-

in the complexe2(A—L). The IR spectra exhibit two strong  sors are necessary to transfer the carbene to the rhodium center.
»(CO) bands. Thé&*C NMR spectra have three doublets between |t is possible to follow the known procedure for the preparation

(34) Zimmermann, D. M.; Olofson, R. Aletrahedron Lett197Q 3453. (36) See for example: (a) Lavallo, V.; Mafhouz, J.; Canac, Y.;
(35) (a) Viciu, M. S.; Kelly Ill, R. A.; Stevens, E. D.; Naud, F.; Studer, Donnadieu, B.; Schoeller, W. W.; Bertrand, &.Am. Chem. So2004
M.; Nolan, S. PJ. Org. Lett.2003 5, 1479. (b) Herrmann, W. A.; Ban, 126, 8670. (b) Doyle, M. J.; Lappert, M. F.; Pye, P. L.; TerrerosJP.
V. P. W,; Gstatmayr, C. W. K.; Grosche, M.; Reisinger, C.-P.; Weskamp, Chem. Soc., Dalton Tran4984 11, 2355.
T. J. Organomet. Chen200Q 617—618 616. (c) Loch, J. A.; Albrecht, (37) Coleman, A. W.; Hitchcock, P. B.; Lappert, M. F.; Maskell, R. K,;
M.; Peris, E.; Mata, J.; Faller, J. W.; Crabtree, R Giganometallic2001, Miiller, J. H.J. Organomet. Chenl985 296, 173. B
21, 700. (d) Gstamayr, C. W. K.; Bdxm, V. P. W.; Herdtweck, E.; Grosche, (38) See for example: (a) Herrmann, W. A.; Fischer, Jel® K.; Artus,

M.; Herrmann, W. AAngew. Chem2002 114, 1421;Angew. Chem., Int. G. R. J.J. Organomet. Chen2001, 530, 259. (b) Huang, J.; Stevens, E.
Ed. 2002 41, 1363. (e) Gsttmayr, C. W. K. Ph.D. Thesis, Technische D.; Nolan, S. POrganometallic200Q 19, 1194. (c) Park, K. H.; Kim, S.
Universitd Mlnchen, 2002, ISBN 3-934767-61-3. (f) Buron, C.; Stelzig, Y.; Son, S. U.; Chung, Y. KEur. J. Org. Chem2003 4341. (d) Mata, J.

L.; Guerret, O.; Gornitzka, H.; Romanenko, V.; Bertrand,J3rganomet. A.; Peris, E.; Incarvito, C.; Crabtree, R. B..Chem. Soc., Chem. Commun.
Chem2002 664, 70. (g) Enders, D.; Gielen, H. Organomet. Chen2001, 2003 184. (e) Alcarazo, M.; Roseblade, S. J.; Cowley, A. R.; Fernandez,
617—618 70. (h) Enders, D.; Gielen, H.; Raabe, G.; Runsink, J.; Teles, J. R.; Brown, J. M.; Lassaletta, J. M. Am. Chem. So2005 127, 3290.

H. Chem. Ber.1996 129 1483. (i) Enders, D.; Gielen, H.; Runsink, J.; (39) Quezada, C. A.; Garrison, J. C.; Panzner, M. J.; Tessier, C. A;;

Breuer, K.; Brode, S.; Boehn, Keur. J. Inorg. Chem1998 913. Youngs, W. JOrganometallic2004 23, 4846.
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Table 4. Crystallographic Data for Compounds 1B(CHCl,), 1J, 1L, 6G, and 7G

1B-(CH:Cly) 1J 1L 6G 7G
formula Q_4H22C|2|N2Rh C17H24|N402Rh C11H18|N4Rh CigHo6lIrN g CioH19lIrN 3
fw 519.05 546.21 436.10 621.55 524.42
color/habit yellow/needle pale yellow/plate pale yellow/fragment orange/fragment yellow/plate
cryst dimens (mr) 0.05x 0.05x 0.46 0.18x 0.48x 0.51 0.23x 0.29x 0.44 0.36x 0.38x 0.51 0.05x 0.25x 0.81
cryst syst monoclinic monoclinic monoclinic monoclinic monoclinic
space group P2;/c (no. 14) P2,/c (no. 14) P2;/n (no. 14) C2/c (no. 15) P2:/n (no. 14)
a, A 24.9166(2) 11.5467(1) 7.4133(1) 29.0510(2) 7.3634(2)
b, A 7.1008(1) 12.0211(1) 16.1728(1) 10.0355(1) 16.0249(4)
c A 22.5135(2) 13.7354(1) 11.6507(1) 28.0782(2) 11.7962(3)
f, deg 116.8930(4) 95.6384(3) 95.7301(4) 92.2956(2) 93.2966(10)
V, A3 3552.49(7) 1897.30(3) 1389.87(2) 8179.39(11) 1389.62(6)
Zz 8 4 4 16 4
T, K 123 123 123 173 123
Decalca g CNT 3 1.941 1.912 2.084 2.019 2.507
u, mmt 2.993 2.545 3.435 8.049 11.813
F(000) 2016 1072 840 4704 968
6 range, deg 1.8125.37 1.7725.38 2.16-25.32 1.46-25.37 2.1525.32
index rangest, k, I) 429,48, £27 +13,4+14,4+16 +8,+19,+14 434,412,433 +8,+19,+14
no. of reflns collected 65917 44 339 30 447 73769 28 259
no. of indep refindRnt 6529/0.070 3490/0.051 2525/0.044 7486/0.053 2521/0.067
no. of obsd reflnsi(> 20(1)) 5968 3280 2502 7167 2353
no. of data/restraints/params 6529/0/365 3490/0/230 2525/0/157 7486/0/441 2521/0/157

R1/WR2 ( > 20(1))?
R1/wR2 (all dat&)

0.0422/0.0605
0.0495/0.0621

0.0225/0.0559
0.0245/0.0569

0.0190/0.0478
0.0192/0.0479

0.0235/0.0570
0.0249/0.0576

0.0231/0.0620
0.0253/0.0633

GOF (onF?)2 1.273 1.054 1.218 1.144 1.056
largest diff peak and +0.67+0.84 +0.54/0.55 +0.53+0.58 +0.84+1.40 +1.13+0.91
hole (e A3)

AR1= 3 (IIFol = [Fell)/XIFel; WR2 = {3 [W(Fo* — F&)A/T[W(FA)} % GOF = {3 [W(Fo* — F?)/(n — p)} 2

187.780
187.254
169.203
168.797

37.643

——— 123.669

s
T 182.238
-

2‘00 ' 1‘50 1b0 5;0 0 PPM

Figure 5. 13C NMR spectra of Rh{(CO),NHC (2D) in ds-DMSO.

of the complexe4(A—M), but instead of using just 1 equiv of
azolium salt, at least 4 equiv are essential. Also the reaction
conditions need to be more rigorous: The reaction time and
temperature are increased up to several days andCGiO
depending on the reactivity of the azolium salt. Triazolium salts
are easily available and more acidic, hence more reactive thangigure 6. Ball-and-stick model of compourt(G in the solid state.
ordinary imidazolium salts. They were used in order to show For details see the Experimental Section.

the principle way for this preparation method (Scheme 5). Both
bridged and unbridged azolium salts form air- and moisture-
stable tetrakis-NHC rhodium complexes.

Suitable crystals of comple4G for single X-ray diffraction
were obtained from a dichloromethanglentane solution at
ambient temperature. The solid-state structuré®freveals a To date, only cyclic bridged carbene ligands were successfully
slightly distorted square-planar coordination (Figure 6). applied in the synthesis of transition metal complexes. For

However, for some azolium salts even rigorous reaction acyclic bridged carbene ligands not even a corresponding salt
conditions do not result in a quadruple coordination of the was known. However, forming an acyclic bridged carbene
ligand.»*-1,5-Cyclooctadiene binds too strongly to the rhodium complex4U from an acyclic bridged salta (Scheme 7) was
center to be replaced for instance by 1,3,7,9-tetramethylxanthine-not successful. A reason for this could be the bulkiness and
8-ylidene. Thereforep?-cyclooctene was used as a weaker high basicity of the acyclic carbene.
coordinating ligand thanp*-1,5-cyclooctadiene for the rhodium Iridium NHC Complexes. The organometallic chemistry of
precursor (Scheme 6). rhodium and iridium is relatively simila® With three examples

The 1,3,7,9-tetramethylxanthinium tetrafluoroborate can be
applied in a great excess because the azoliumlaast soluble
in water in contrast to the comple¥J and can be removed by
washing the crude product.
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ter -
N /< N. I

Figure 9. ORTEP style plot of compoundG in the solid state.
Thermal ellipsoids are drawn at the 50% probability level. Hydrogen
atoms are omitted for clarity. Selected bond lengths [A] and bond
angles [deg]: C1 2.021(5), I+I 2.6524(4), I--C5 2.116(5),
Ir—=C6 2.122(5), I+C9 2.186(5), IrC10 2.216(5); +Ir—C1
88.1(1), N:-C1—N2 102.6(4).

Scheme 5. Preparation of Tetrakistriazolin-5-ylidene
Rhodium Complexes

2 Br
NN NEON NAN/_\N& o
o N@(H )—N R/N‘KRh)_ N
R
Z\; Z\/ Qa: R =Me N‘( ¥N
\/ sa: R = iPr NON NN
; /Rr\1 3Q: R=Me
Figure 8. ORTEP style plot of compoun@G in the solid state. 5 EtO OEt 38:R=F-Pr
Thermal ellipsoids are drawn at the 50% probability level. Hydrogen Rh ~ < A1
atoms are omitted for clarity. Selected bond lengths [A] and bond // \ N i _ N7 N7 N \N
angles [deg]. The corresponding values of a second, crystallographic m 4 N@,N r /N’\ /\ "{
independent molecule olG are given in italics: Ir+C11 N Rh
2.038(5)2.031(4) Ir1—C21 2.038(4)2.036(4) Ir1—C1 2.211(4) Ga \N ,\{
2.195(4) Ir1—C2 2.192(5)2.185(5) Ir1—C5 2.193(4)2.197(4) NN NN
Irl—C6 2.183(5) 2.188(4) C11-Ir1—C21 92.2(2) 91.9(2)
N11-C11-N12 103.2(4) 103.1(4) N21—-C21—-N22 102.7(3) 46
102.8(3) Scheme 6. Preparation of a Tetrakisxanthine-8-ylidene
- N L Complex
for iridium complexes we showed the principle application of _ —.
a variety of azolium salts in this work for both rhodium and o oo | r
iridium NHC complexes. Again, bridged and unbridged azolium BF, J\N/ N\fo
salts were applied to obtain the compleX&g, 6G, and 7G SNANT )\%\N_ CNONAN
(Scheme 8, Figure 7). The syntheses followed the same ~ \ / = N—\ N
procedures as for the above-mentioned rhodium NHC com- EtO/RQOEt 8 N»_N ° ) | !
plexes. Compared to the analogous rhodium complexes, no “rh o rlu\/ \/h'l
unexpected results were obtained. /\ Ja W e _N\g\(o
Suitable crystals for single X-ray diffraction were obtained Nal 0=< N ¢
for both complexe$6G and 7G from a concentrated dichlo- N o) N\\<

romethane solution at ambient temperature (Figure 8 and Figure —
9). Crystal data and details of the structure determination of
both crystal structures are presented in Table 4.

In the solid-state structures &G and 7G the carbenelr
bond distances6[G, 2.038(5)2.031(4)and 2.038(4)2.036(4)
A; 7G, 2.021(5) A] as well as the NC—N angles of the
carbenes§G, 103.2(4} 103.1(4}, 102.7(3) 102.8(3); 7G,
102.6(4)] are equal within esd’s.

4
acceptor properties fox-heterocyclic carbenes. Perimidin-2-
ylidene is so far one of the mostbasic NHC ligands known,
and tetrazolinylidene is the weakest one. In light of the data
analysis, the most frequently used imidazolin-2-ylidene and
imidazolidin-2-ylidene hardly differ in their electronic ligand
properties. These two NHC derivatives belong to the more
electron-rich C-donors among the congeners hitherto known.

Conclusion Experimental Section

CO-stretching frequencies of CO-substituted Rh-NHC com-  General Considerations. The azolium salts, the precursors
plexes allow a good estimation of the relativedonorfz- 1-methyl-H-1,2,4-triazole, and 1-isopropyHet1,2,4-triazole were
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Scheme 7. Attempted Preparation of Acyclic-Bridged
Bis-carbene Complex 4U

AVt R P S
Eto< COEt y COD—Rh>/ j
/R Nal >/N>\N
A Q/ IN N

Scheme 8. Preparation of Iridium Carbene Complexes 5T,

6G, and 7G
VAR~
RT, 3d
NaH, EtOH / \
[I(COD)Cl], m- EtO\ /OEt
/ \ RT 48h 6G, 7G

o

prepared according to reported procedéPe8:A041.42The rho-
dium dimer precursor [(Rh(COD)G])was synthesized as reported
in the literature®43 lodo(;*-1,5-COD)(1,2-dimethylpyrazolin-
3-ylidene)rhodium(l) 1B),°44 iodo(p*-1,5-COD)(1,3-dimethyl-
imidazolin-2-ylidene)rhodium(l) {D),**#4iodo(*-1,5-COD)(1,3-
dimethylbenzimidazolin-2-ylidene)rhodium(l) 1F),*° iodo(y*-
1,5-COD)(1,4-dimethyl-4,5-dihydroH-1,2,4-triazolin-5-yli-
dene)rhodium(l) 1G),*? iodo(*-1,5-COD)(1,3,7,9-tetramethylxan-
thine-8-ylidene)rhodium(1)1(J), iodo@*-1,5-COD)(7,9-dimethylhy-
poxanthine-8-ylidene)rhodium(I1K),?® chloro@;*-1,5-COD)(1,3-
dimethylimidazolin-2-ylidene)rhodium(1)10),%° iododicarbonyl-
(1,2-dimethylpyrazolin-3-ylidene)rhodium(I2B), iododicarbonyl-
(1,3-dimethylimidazolin-2-ylidene)rhodium(1)2D),** iododicar-
bonyl(1,3,7,9-tetramethylxanthine-8-ylidene)rhodium@y)( and
iododicarbonyl(7,9-dimethylhypoxanthine-8-ylidene)rhodiunfRK
were prepared as reported in the literattire.

IH and13C NMR spectra were recorded on a JEOL-JMX-GX

Herrmann et al.

NMR (100.5 MHz, CDC}): 6 131.9 (MeNCCiPr), 129.0 (G=C),
123.3 (C=C), 37.0 (NCH3), 34.6 (NCH3), 26.0 (GCH3), 22.9
(CHMey), 18.5 (CHCH3),).

(4-Methyl)piperidine-1-ylmethylidene-(4-methyl)piperidini-
um Hexafluorophosphate (Pa)4-Methylpiperidine (2.00 g, 20.2
mmol) andN,N,N,N'-tetramethylformamidinium chloride (1.22 g,
10.0 mmol) were dissolved in 2 mL of ethanol and stirred for 4 h
under reflux at 100C. The emerging gas was led through diluted
acid, to neutralize the formed dimethylamine. Afterward the solution
was cooled to ambient temperature; the reaction mixture was mixed
with approximately 25 mL of ice-cold water and an ice-cold solution
of approximately 2 equiv of NiPFs. The emerging precipitate was
filtered, washed twice with 10 mL of ice-cold water and diethyl
ether, and dried in vacuo. Yield: 93%. Mp: 170.H NMR (400
MHz, CDCL): ¢ 7.45 (1H, s, N@IN), 3.95 (1H, br s, @), 3.70
(1H, br s, GH), 3.33 (4H, m, NG1,), 1.78 (4H, d,2Jy—p = 11.2
Hz, CH), 1.66 (4H, m, &), 1.35 (4H, m, E&,), 0.95 (6H, d,
8Jy-n = 6.4 Hz, (Hy). 13C{*H} NMR (100.5 MHz, CDC}): ¢
154.4 (s, NCHN), 46.0 CHCHs), 39.7 CHCH), 33.6, 33.3 (\CHy),
29.7, 29.4 CH), 21.1 (CHs). 3P{'H} NMR (161.8 MHz,
CDCly): 6 —143.8 (heptd = 712 Hz). MS (FAB)m/zz 209.2
(M™). Anal. Calc for GaHasNoFeP (354.32 g molt): C, 44.07; H,
7.11; N, 7.91. Found: C, 44.31; H, 6.89; N, 8.25.

Di(4-methyl)-N-piperidylmethylidene (P). A suspension of
ligand Pa (425 mg, 1.20 mmol) in 10 mL of THF was mixed at
—78 °C with a solution of LDA (135 mg, 1.26 mmol) in 5 mL of
THF. After removing the cooling bath the solution was stirred for
45 min at room temperature. A clear light yellow solution was
observed. All volatile compounds were removed in vacuo. After-
ward the residual solid was extracted three times with 15 mL of
n-hexane. After removing the solvent in vacuo and sublimation of
the free carbene bis(dialkylamino)carbene was obtained as a
colorless crystalline solid. Yield: 69%H NMR (400 MHz,
CsDg): 0 3.17 (8H, s, NC1y), 1.53 (8H, s, Eiy), 1.19 (2H, br s,
CH), 0.73 (6H, s, El3). 3C{'H} NMR (100.5 MHz, GDg): 6 237.4
(s, NCN), 50.8 (s, NCHy), 46.0 (s,CH), 31.39, 26.04CH,), 22.7
(CHa).

1,2-Bis[1-methyl-4,5-dihydro-H-1,2,4-triazolium]ethylene Di-
bromide (Qa). In a high-pressure tube 1-methyl-4,5-dihydid-1
1,2,4-triazole (1100 mg, 13.2 mmol) and 1,2-dibromoethane (1200

270 or 400 MHz spectrometer at room temperature and referencedMd, 6.39 mmol) in 5 mL of THF were heated at 13D for 72 h.

to the residuatH and®3C signals of the solvents. NMR multiplici-
ties are abbreviated as follows:=ssinglet, d= doublet, t= triplet,
hept= heptet, m= multiplet, br= broad signal. Coupling constants
J are given in Hz. IR spectra were recorded on a FTS 575C BIO-

The suspension was filtered and washed three times with 20 mL
of diethyl ether. Yield: 53%'H NMR (400 MHz, (CD),SO): ¢
10.22 (2H, s, CENCHNCH,), 9.23 (2H, s, NEGINCH,), 4.87 (4H,
s, CHy), 4.09 (6H, s, E3). B3C{*H} NMR (100.5 MHz, (CDB),-

RAD spectrometer. Elemental analyses were carried out by the SO): 0 144.5 (CHNCHNCH;), 143.3 (NCHNCH,), 46.5 CHy),

Microanalytical Laboratory at the TU Michen. Mass spectra were
performed at the TU Mochen Mass Spectrometry Laboratory on
a Finnigan MAT 90 spectrometer using the CI or FAB technique.

1,2,3-Trimethyl-4-isopropylpyrazolium lodide (Ma). lo-
domethane (0.42 mL, 29.9 mmol) was added to 3-methyl-4-
isopropylpyrazole (660 mg, 5.32 mmol) in methanol (0.76 mL, 4.23
mmol). The solution was stirred for 13 h in an autoclave at 130
°C. The volatiles were removed in vacuo and the remaining solid
recrystallized in 2-propanol and diethyl ether. Yield: 13#4NMR
(400 MHz, CDC}): 6 8.20 (1H, s, CEIN), 4.40 (3H, s, NEi3),
4.21 (3H, s, NEl3), 2.84 (1H, hept3Jy_ = 6.8 Hz, (HMey), 2.44
(3H, s, CQHy), 1.18 (6H, d 24—y = 6.8 Hz, CH(CH3),). 13C{H}

(40) (a) Taylor, E. C.; Maki, YJ. Org. Chem1969 34, 1170. (b) El'tsov,
A. V.; Muravich-Aleksandr, Kh. L.; EI'-Sakka, 1Z. Org. Khim.1973 9
(6), 1280.

(41) Tschehita, V. G.; Anikeeva, N. M.; Voschula, V. N.; Seraya, V. I.
SU 1567576.

(42) Mirzaei, Y. R.; Twamley, B.; Shreeve, J. Nl. Org. Chem2002
67, 9340.

(43) Chatt, J.; Venanzi, L. MJ. Chem. Socl957, 4735.

(44) Schiz, J.; Herdtweck, E.; Herrmann, W. Arganometallic2004
23, 6084.

38.9 CHy).
1,2-Bis[1-isopropyl-4,5-dihydro-H-1,2,4-triazolium]ethyl-
ene Dibromide (Sa).In a high-pressure tube 1-isopropyl-4,5-
dihydro-1H-1,2,4-triazole (1500 mg, 13.5 mmol) and 1,2-dibro-
moethane (1210 mg, 6.43 mmol) were heated at°3for 40 h.
The reaction mixture was suspended in diethyl ether, filtered, and
washed three times with 10 mL of diethyl ether. Yield: 78%4.
NMR (400 MHz, (CD3),S0O): 6 10.97 (2H, s, CHNEINCH,), 9.61
(2H, s, NGHNCHy), 5.59 (4H, s, El,), 4.83 (2H, hept3dy_n =
6.5 Hz, CH(CH3)2), 1.51 (12H, d,3JH7H = 6.5 Hz, CH3) 13C{1H}
NMR (100.5 MHz, (CD3),SO): similar toQa.
o,a'-Bis[1-isopropyl-4,5-dihydro-1H-1,2,4-triazolium]m-
xylene Dichloride (Ta). In a high-pressure tube 1-isopropyl-4,5-
dihydro-1H-1,2,4-triazole (946 mg, 8.5 mmol) arda’'-dichloro-
m-xylene (720 mg, 6.52 mmol) were dissolved in 5 mL of THF
and heated at 10TC for 80 h. The reaction mixture was suspended
in diethyl ether, filtered, and washed three times with 15 mL of
diethyl ether. Yield: 53%tH NMR (400 MHz, (CD),S0): 6 10.87
(2H, s, CHNGHNCH,), 9.54 (2H, s, NEINCH,), 7.94 (1H, s, Ar
H), 7.60-7.50 (3H, m, Ar-H), 5.57 (4H, s, Eli,), 4.82 (2H, hept,
8Ju—n = 6.4 Hz, GH(CHy)y), 1.51 (12H, d3Jy—n = 6.4 Hz, (H3).
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13C{*H} NMR (100.5 MHz, (CR),S0): 6 144.5 (CHNCHNCH,),
141.7 (NCHNCH,), 134.5, 129.8, 129.7, 129.6 (AC), 55.3 CH-
(CHg)z), 50.1 CHy), 21.2 CHy).
o,a’'-Bis[1-isopropyl-4,5-dihydro-1H-1,2,4-triazolium]m-
xylene ditetrafluoroborate (Tb). Ammonium tetrafluroroborate
(500 mg, 4.77 mmol) was dissolved in 5 mL of water and added
to a solution of 600 mg (1.5 mmol) ef,a'-bis[1-isopropyl-1,2,4-
triazolium]m-xylene dichloride Ta) in 5 mL of water. The solution
was stirred for 15 min at room temperature. The precipitate was
filtered and washed twice with 4 mL of water and once with 20
mL of diethyl ether. Yield: 69%'H NMR (400 MHz, (CD,),SO):
0 10.18 (2H, s, CHNEINCH,), 9.22 (2H, s, NEINCH,), 7.59 (1H,
s, Ar—H), 7.53 (3H, s, Ar-H), 5.49 (4H, s, E1,), 4.77 (2H, hept,
3Ju-n = 6.4 Hz, GH(CHg)y), 1.51 (12H, d3Juy = 6.8 Hz, H3).13C-
{*H} NMR (100.5 MHz, (CDR),SO): ¢ 143.8 (CHNCHNCHY,),
140.7 (NCHNCHy), 133.5, 129.3, 128.8, 128.5 (AC), 54.8 CH-
(CHgs)2), 49.6 CHy), 20.5 CH3). MS (FAB) vz (%): 413.0 (87,
[M - BF47]), 325.0 (100) Anal. Calcd for {eHo6NgBoFg (50005
g molY): C, 43.23; H, 5.24; N, 16.81. Found: C, 43.00; H, 5.10;
N, 17.15.
N,N'-Bis{ [di(1-methylethyl)amino]methylene} -N,N'-di(1-me-
thylethyl)-1,2-ethylendiamine Ditetrafluoroborate (Ua). A solu-
tion of POC} (3.2 mL, 34.5 mmol) in 20 mL of diethyl ether was
added to a solution of diisopropylformamide (5 mL, 34.5 mmol)
in 50 mL of diethyl ether. After stirring the combined solution for
1.5 h at room temperature, the solvent was removed by filtration.
The residue was washed twice with 20 mL of diethyl ether.
Afterward the residue was dissolved in 30 mL of dichloromethane
and cooled to-30 °C. To this solutiorN,N-diisopropylethylene-
diamin (3.0 mL, 16.5 mmol) was added, and the mixture was stirred
for 45 min at 25°C. To this solution 100 mL of diethyl ether was
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lodo(n*-1,5-COD)(1,3-dimethylimidazolidin-2-ylidene)rhod-
ium(l) (1C). The solvent was removed in vacuo and the remaining
solid washed three times with 5 mL ofhexane. Yield: 51%!H
NMR (400 MHz, (C»),;SO): ¢ 4.68 (2H, br, CORny), 4.47 (2H,
br, CODyiny), 3.47 (6H, s, El3), 3.37 (4H, s, El,) 2.23 (4H,
br, CODa||y|), 1.81 (4H, m, COQM). 130{1H} NMR (1005
MHz, (CD3),S0): ¢ 211.0 (d,"Jrn-c = 50.8 Hz, NCN), 87.7 (d,
rn-c = 10.1 Hz, CODjy), 78.5 (br, COQny), 50.8 CH,),
36.7 (CODuy), 36.5 CH3), 30.9 (CORuy). Anal. Calcd for
CisH2oNoIRh (436.14 g motl): C, 35.80; H, 5.08; N, 6.42.
Found: C, 35.83; H, 5.21; N, 6.55.

lodo(n*-1,5-COD)(7,9-dimethylpurine-8-ylidene)rhodium(l)
(1E). Half of the solvent was removed in vacuo and the remaining
suspension filtered at60 °C. The yellow solid was washed once
with 8 mL of ethanol at—60 °C and three times with 10 mL of
diethyl ether at room temperature. Yield: 61%.NMR (400 MHz,
(CD3),S0): 6 8.07 (1H, s, NE&IN), 7.20 (1H, s, C(&)), 5.22 (2H,
br, CODyiny1), 4.24 (3H, s, El3), 4.08 (3H, s, El3), 3.83 (2H, br,
CODyiny1), 2.46 (4H, br, COR\y1), 1.86 (4H, m, CORQyy). ¥3C{*H}
NMR (100.5 MHz, (CR),S0): ¢ 181.2 (d,"Jrp-c = 50.1 Hz,
carbene), 166.63(2)H), 154.5 C(6)H), 150.3 C(4)—=C(5)), 134.6
(C(4y=C(5)), 98.2 (br, CORQxy), 74.0 (br, COLYny1), 35.2 CH3),
31.2 (CH3), 30.5 (br, CORuy), 29.0 (br, CORQyy ). Anal. Calcd for
CisH20N4IRh (486.16 g moil): C, 37.06; H, 4.15; N, 11.52.
Found: C, 36.84; H, 4.46; N, 11.27.

lodo(n*-1,5-COD)(6-(dimethylamino)-7,9-dimethylpurin-8-
ylidene)rhodium(l) (1H). The employed azolium salt is 6-(di-
methylamino)-7,9-dimethylpurinium perchlorate. The suspension
was filtered at ®C and washed once with 10 mL of ethanol and
once with 10 mL of diethyl ether at €C. Yield: 95%.'H NMR
(270 MHz, CDQCl,): ¢ 8.30 (NCHN), 4.35 (3H, s, NEly), 4.12

added to precipitate a white crystalline product. The precipitate was (3H, s, NGHs3), 3.48 (4H, br, CORy), 3.06 (6H, s, N(Eli3)), 2.04
extracted with acetone and to the acetone solution diethyl ether (4H, m, CODyy), 1.85 (4H, m, CORyy). 13C{*H} NMR (100.5
was added to precipitate the product. The precipitate was dissolvedMHz, CD,Cl,): ¢ 200.0 (d,'Jrn-c = 46.7 Hz, carbene), 152.9,

in 25 mL of water, and a solution of ammonium tetrafluoroborate
(3.45 g, 38 mmol) in 30 mL of water was added. After stirring for
2 h the product was obtained as a white product. Yield: 1496.
NMR (270 MHz, (CDy),SO): 6 7.87 (2H, s, ®l), 4.05 (6H, sept,
3Ju—n = 5.5 Hz, GH(CHg)y), 3.76 (4H, br s, NCH(CECH,), 1.33
(36H, d,3Jy—n = 6.2 Hz, (H3). BC{*H} NMR (67.9 MHz, (CDQ),-
SO): 6 155.0 (NCHN), 55.5 CH), 52.6 CH), 49.4 CH,), 22.9
(CHs), 19.9 CHs). MS (FAB) mz (%): 454.7 (67, [M— BF47]),
324.8 (34), 255.8 (100). Anal. Calcd for£4gN4B,Fg (542.25 g
mol~1): C, 48.73; H, 8.92; N, 10.33. Found: C, 48.26; H, 8.40;
N, 10.26.

Preparation of Complexes 1A, 1C, 1E, 1H, 1l, and 1LBis-
[u-chloro-(*-1,5-COD)rhodium] (148 mg, 0.30 mmol) was sus-
pended in 10 mL of ethanol. NaH (30 mg, 1.25 mmol) in 5 mL of
ethanol was slowly added. The reaction mixture was stirred for 30
min at room temperature. After the addition of the azolium salt

152.7 C(4=C(5) andCNMey), 150.9 (NCHN), 116.1 (C(4)=C-
(5)), 98.5 (d,"3Jrn-c = 6.4 Hz, CORjny—Rh), 73.6 (d*Jrh-c =
14.6 Hz, CORQyny—Rh), 41.6, 39.3, 33.3 (@H3), 32.4, 32.1, 29.6,
29.4 (CONQuy). MS (FAB) m/izz 529 [MT], 402 [M* — 1], 211
[M* — (17 + carbene)], 192 [carbene]. Anal. Calcd for/8,5Ns-
IRh (529.23 g moil): C, 38.58; H, 4.76; N, 13.23. Found: C,
38.71; H, 4.68; N, 12.90.
lodo(n*-1,5-COD)(6-chloro-7,9-dimethylpurin-8-ylidene)r-
hodium(l) (11). The employed azolium salt is 6-chloro-7,9-
dimethylpurinium perchlorate. The suspension was filtered°a 0
and washed once with 10 mL of ethanol and twice with 10 mL of
diethyl ether at @C. Yield: 77%.'H NMR (270 MHz, (CD),-
SO): 0 8.49 (1H, s, NEIN), 4.33 (3H, s, El3), 4.15 (3H, s, El3),
3.49 (4H, br, CORny), 2.60 (4H, m, COR), 1.93 (4H, m,
CODayy). ¥C{'H} NMR (100.5 MHz, (CDR),SO): ¢ 198.2 (d,
Jrn-c = 68.0 Hz, carbene), 154.4 MHN), 152.8 CCI), 152.1

(0.66 mmol) and in case of tetrafluoroborate and perchlorate salts (C(4)=C(5)), 113.6 (C(4yC(5)), 99.7 (br, CORny—Rh), 71.4 (d,

of sodium iodide (0.75 mmol), the suspension was stirred for
24—60 h at room temperature. The isolation of the complex was
conducted for each complex according to its properties.
lodo(n*-1,5-COD)(1,3-dimethylperimidin-2-ylidene)rhodium-
() (1A). The solvent was removed in vacuo and the remaining
solid washed three times with 5 mL ofhexane. Yield: 16%tH
NMR (400 MHz, (C¥),SO): 6 7.26 (2H, dd,3Jy-p = 7.6 Hz,
3J4-y = 8.0 Hz, CHGHCH), 7.10 (2H, d,3J4-4 = 8.0 Hz,
CHCHC), 6.28 (2H, d2J4—4 = 7.6 Hz, CGICH), 4.66 (2H, br,
CODyiny1), 4.13 (2H, br, CORny), 2.90 (6H, s, Ei3), 2.36 (4H, br,
CODyjy), 1.92 (4H, m, CORyy). 3C{*H} NMR (100.5 MHz,
(CD3),S0): 0 200.4 (d,XJgn-c = 51.1 Hz, NCN), 145.1 (Ar), 134.8
(Ar), 129.0 CH), 117.0 CH), 114.7 (Ar), 103.3 CH), 89.1 (br,
CODyiny), 69.8 (CORQ¥ny), 40.8 (CH), 36.8 (CORQuy), 30.9
(CODauy). Anal. Caled for GiHo4NoIRh (534.24 g mot?): C,
47.21; H, 4.53; N, 5.24. Found: C, 42.09; H, 4.60; N, 5.11.

LJrn-c = 13.0 Hz, CORQn—Rh), 38.1, 33.0, 32.9, 29.0, 28.9, 19.1
(NCH3, CODyyy). Anal. Calcd for GsHigN4CIIORh (520.61 g
mol™Y): C, 34.61; H, 3.68; N, 10.76. Found: C, 33.89; H, 3.91;
N, 10.11.
lodo(n*-1,5-COD)(1,3-dimethyltetrazolin-2-ylidene)rhodium-
() (AL). 1,3-Dimethyltetrazolium tetrafluoroborated) (105 mg,
0.57 mmol) was added to a vigorously stirred suspension of bis-
[u-ethoxy-¢*-1,5-COD)rhodium] (140 mg, 0.26 mmol) in 10 mL
of ethanol. The solution was stirred for 20 h at room temperature.
Afterward 8 mL of the ethanol was removed in vacuo, and the
precipitate was filtered at40 °C and washed three times with 5
mL of diethyl ether. Yield: 90%!H NMR (400 MHz, (CD;),SO):
0 5.00 (2H, br, CORyy), 4.27 (6H, s, El3), 3.57 (2H, br, CORyy),
2.35 (4H, br, CORQyy), 1.89 (4H, br, COR\y). 3C{H} NMR
(100.5 MHz, (CD3),SO): ¢ 180.6 (d,'Jrn-c = 50.9 Hz, NCN),
97.9 (br, CODRiny), 71.5 (br, CORQny1), 37.8 CH3), 32.6 (br,



2446 Organometallics, Vol. 25, No. 10, 2006

CODa||y|), 29.4 (bl’, COQ||y|). Anal. Calcd for Q1H13N4|Rh (43610
g mol1): C, 30.30; H, 4.16; N, 12.85. Found: C, 30.15; H, 4.00;
N, 12.77.
lodo(n*-1,5-COD)(1,2,3-trimethyl-4-isopropylpyrazolin-5-
ylidene)rhodium(l) (1M). NaH (30 mg, 3.24 mmol) was suspended
in 5 mL of ethanol and added dropwise to a solution of /pis[
chloro-¢7*-1,5-COD)rhodium] (150 mg, 0.30 mmol) in 10 mL of
ethanol. After stirring 20 min at room temperature 1,2,3-trimethyl-
4-isopropylpyrazolium iodideMa) (90 mg, 0.68 mmol) dissolved
in 15 mL of ethanol was added, and the mixture was heated for 7
days at 40C. The suspension was filtered and the remaining solid
washed with 10 mL of methanol and diethyl ether. The product
was dissolved in 5 mL of dichloromethane and filtered through
Celite. After removing the solvent a yellow solid was obtained.
Yield: 56%.'H NMR (400 MHz, (CD3,),SO): 0 4.42 (3H, s, El3),
4.12 (3H, s, El3), 4.03 (2H, br, CORy), 4.01 (3H, s, NEi3),
3.99 (2H, br, COR\y), 3.94 (3H, s, NEig), 2.90 (1H, heptiuy
= 6.7 Hz, H(CHs),), 2.68 (3H, s, CEl3), 2.55 (4H, br, CORQy),
2.11 (4H, m, COQM), 1.05 (6H, d,BJHH = 6.7 Hz, CH(O‘|3)2)
13C{1H} NMR (100.5 MHz, (CDB),SO): 6 187.0 (d,"Jrn-c = 49.8
Hz, carbene), 129.7 (€C), 126.1 (G=C), 84.3 (d,*Jrp-c = 10.4
Hz, COD,iny|), 77.8 (d,lJRhfc =14.7 Hz, COme), 37.1 (|\CH3),
32.9 (NCH3), 30.6 (CORyy1), 28.5 (CORuy), 26.5 (QCH3), 22.7
(CH(CHg)), 18.6 (CHCH3)2).
Chloro(n*-1,5-COD)(1,4-dimethyl-4,5-dihydro-H-1,2,4-tri-
azolin-5-ylidene)rhodium(l) (1N). KOt-Bu (168 mg, 1.50 mmol)
was dissolved in 10 mL of THF, and the solution was added
dropwise to a suspension of 1,4-dimethyltriazolium iodi@Ga)
(299 mg, 1.33 mmol) in 20 mL of THF. The suspension was stirred
for 30 min at room temperature. After addition of bisthloro-
(7*-1,5-COD)rhodium] (330 mg, 0.67 mmol) and 20 mL of toluene
the solution was heatedrfd h at 80°C. The solvent was removed
in vacuo, and the product was extracted three times with a 1:1
mixture of toluene/THF (10 mL). Yield: 71%H NMR (400 MHz,
(CD3);S0): 6 8.56 (1H, s, NE1), 4.86 (2H, br, CORy), 4.05
(3H, s, H3), 3.91 (3H, s, El3), 3.39 (2H, br, CORny), 2.30 (4H,
br, CODuy), 1.87 (4H, br, CORyy). *3C{H} NMR (100.5 MHz,
(CD3),S0): ¢ 183.8 (d,3Jrn-c = 50.6 Hz, NCN), 144.2 (NCHN),
96.9 (br, CODQiny), 68.8 (br, COQiy), 38.4 CH3), 33.9 CHy),
31.6 (CORuy1), 28.0 (CORuy).
Chloro(n*-1,5-COD)[di(4-methyl)-N-piperidylmethylidene]-
rhodium(l) (1P). The free carben® (173 mg, 0.82 mmol) was
added to a stirred solution of bisichloro-¢;*-1,5-COD)rhodium]
(202 mg, 0.41 mmol) in 15 mL of anhydrous THF-a78 °C. A
color change was observed from light to dark yellow. After the
reaction mixture was stirredf@ h atroom temperature, the solvent
was removed in vacuo. The precipitate was washed twice with

n-hexane and diethyl ether (10 mL). After the solvent was decanted,

the resulting solid was dried in vacuo. Yield: 264 mg, 71%4.
NMR (400 MHz, CDC}): 6 5.39 (2H, COL¥ny), 4.16 (2H,
CODyinyi), 3.61 (8H, br s, NEl,), 3.07 (2H, &), 2.20 (4H, br,
CODa||y|), 1.71 (4H, br, COQM), 1.58 (8H, br s, Hz), 1.29 (8H,
br, CH3). 13C{*H} NMR (100.5 MHz, CDC}): ¢ 232.6 (NCN),
89.0 (CODRYny1), 86.2 (CODyny), 63.2, 51.5 CH,N), 49.5 CH),
33.6, 31.4 (CORJy), 29.8, 26.0 CH,), 23.1 CHs). Anal. Calcd
for C21H3eN,CIRh (454.89 g molY): C, 55.45; H, 7.98; N, 6.16.
Found: C, 55.84; H, 8.12; N, 6.37.

Preparation of Complexes 2A, 2C, 2E-2l, and 2L. lodo(;*-
1,5-COD)(azolinylidene)rhodium(l) (0.36 mmol) was dissolved in
10 mL of dichloromethane, and carbon monoxide was bubbled 30
min through the solution. The isolation of the complex was
conducted for each complex according to its properties.

lododicarbonyl(1,3-dimethylperimidinin-2-ylidene)rhodium-

(I) (2A). Carbon monoxide was passed through the reaction mixture
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7.12 (2H, d,2Jy—y = 8.0 Hz, CHGHC), 6.29 (2H, d3Jy-n = 7.6
Hz, CCHCH), 2.89 (6H, s, El3). *C{H} NMR (100.5 MHz,
(CD3),S0): 6 194.4 (d,"Jrp—c = 59.2 Hz,CO), 187.1 (d,"rn-c
= 41.0 Hz, NCN), 185.0 (br,CO), 145.1 (Ar), 134.7 (Ar), 129.0
(CH), 117.0 CH), 114.7 (Ar), 103.3 CH), 36.8 CH3). IR (CH,-
Cly): v [cm™1] 2075.3 (s), 2004.1 (s).
lododicarbonyl(1,3-dimethylimidazolidin-2-ylidene)rhodium-
() (2C). Carbon monoxide was passed through the reaction mixture
until the solvent evaporated. The residue was washed three times
with 5 mL of n-pentane. Yield: 100%H NMR (400 MHz, (CDy)»-
SO): 6 3.41 (6H, s, El3), 3.39 (4H, s, Ely). 3C{H} NMR (100.5
MHz, (CD;),S0): 6 214.9 (br,CO), 204.7 (br,CO), 200.5 (br,
NCN), 52.0 CHy), 36.7CHa). IR (CH,Cl): v [cm™1] 2073.0 (s),
1999.8 (s).
lododicarbonyl(7,9-dimethylpurine-2-ylidene)rhodium(l) (2E).
The solvent was removed in vacuo and the residue washed three
times with 5 mL of n-hexane. Yield: 100%!H NMR (400
MHz, (CD;),S0): 6 8.10 (1H, s, NEIN), 7.36 (1H, s, C(&)),
4.04 (3H, s, E3), 3.36 (3H, s, Ei3). 13C{*H} NMR (100.5
MHz, (CD;),S0): 6 192.3 (br,CO), 181.9 (br,CO), 179.7 (br,
carbene), 160.1Q(2)H), 154.4 C(6)H), 147.4 C(4—=C(5)), 136.3
(C(4y=C(5)), 29.3 CH3), 27.4 CH3). IR (CHCl,): v [cm~1] 2069.2
(s), 2006.3 (S).
lododicarbonyl(1,3-dimethylbenzimidazolin-2-ylidene)rhod-
ium(l) (2F). The solvent was removed in vacuo and the residue
washed three times with 5 mL afpentane. Yield: 100%H NMR
(400 MHz, (CQ)st) 0771 (2H, dd,BJHfH =59 HZ,SJHfH =
3.0 Hz, CHGHCH), 7.41 (2H, dd3J4—y = 5.9 Hz,53—y = 2.9
Hz, CHCHCN), 3.97 (6H, s, €El3). 13C{'*H} NMR (100.5 MHz,
(CD3),S0): ¢ 188.0 (d,"Jrn-c = 52.9 Hz,CO), 182.3 (d,"Jrn-c
= 40.5 Hz, NCN), 180.9 (br, CO), 134.6 (NC—CN), 123.3
(CHCHCH), 110.9 (CHCHCN), 35.0 CHa). IR (CHCly): v [cm™]
2061.4 (s), 1994.0 (s).
lododicarbonyl(1,4-dimethyl-4,5-dihydro-1H-1,2,4-triazolin-
5-ylidene)rhodium(l) (2G). The reaction was conducted atlO
°C. Carbon monoxide was passed through the reaction mixture
until the solvent evaporated. The residue was washed three
times with 6 mL ofn-pentane at-78 °C under CO atmosphere.
Yield: 83%. IH NMR (400 MHz, (C¥),SO): ¢ 8.81 (1H, s,
NCH), 3.91 (3H, s, €l3), 3.75 (3H, s, El3). 13C{H} NMR (100.5
MHz, (CDs),S0): 6 187.7 (d,"Jrp-c = 54.0 Hz,CO), 181.1 (d,
Jrh-c = 79.9 Hz,CO), 174.1 (dJrn-c = 42.6 Hz, NCN), 145.2
(NCHN), 39.9 (CHs3), 35.2 CHa). IR (CHyCl,): v [cm™1] 2077.8
(s), 2006.4 (s).
lododicarbonyl(6-(dimethylamino)-7,9-dimethylpurin-8-yli-
dene)rhodium(l) (2H). The solvent was removed in vacuo and
the residue washed twice with 15 mL nfhexane. Yield: 99%.
IH NMR (270 MHz, (CDB),SO): 6 8.41 (NCHN), 4.48 (3H, s,
NCH3), 4.35 (3H, s, NEl3), 3.14 (6H, s, N(El3),). 13C{H}
NMR (100.5 MHz, (CR),SO): 6 195.2 (br,CO), 191.1 (br,
CO), 189.3 (br, carbene), 153.2, 1530(4—=C(5) andCNMe,),
151.5 (NCHN), 116.8 (C(4¥C(5)), 41.7, 39.6, 33.5 (BH3). IR
(CHxCl,): v [cm~1] 2077.3 (s), 2008.1 (s).
lododicarbonyl(6-chloro-7,9-dimethylpurin-8-ylidene)rhod-
ium(l) (21). The solvent was removed in vacuo and the residue
washed twice with 10 mL ofi-hexane at OC. Yield: 100%.H
NMR (270 MHz, (CD;),SO): 6 8.56 (1H, s, NEIN), 4.40 (3H, s,
CHs), 4.22 (3H, s, ®l3). 13C{H} NMR (100.5 MHz, (CD),SO):
0 196.2 (br,CO), 190.6 (br,CO), 189.7 (br, carbene), 154.4
(NCHN), 153.0 CCl), 152.8 C(4=C(5)), 114.9 (C(4rC(5)), 38.4,
33.2, (NCH3). IR (CH,Cly): v [cm~1] 2078.4 (s), 2007.8 (S).
lododicarbonyl(1,3-dimethyltetrazolin-2-ylidene)rhodium-
(I) (2L). The solvent was removed in vacuo and the residue washed

until the solvent evaporated. The residue was washed three timeghree times with 5 mL oh-hexane at OC. Yield: 100%.1H NMR

with 5 mL of n-pentane. Yield: 99%H NMR (400 MHz, (CD),-
SO): 0 7.25 (2H, dd3Jy—y = 8.0 Hz,3Jy_py = 7.6 Hz, CHCGHCH),

(400 MHz, (CD),SO): 6 4.33 (6H, s, Ch). 3C{'H} NMR (100.5
MHz, (CD),SO): 6 187.7 (br,CO), 183.3 (d .1z c = 40.8 Hz,
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CO), 178.8 (d,lJRrﬁ(; =42.0 Hz, N:N), 37.6 CHg) IR (CH2C|2)Z
v [cm~1] 2086.1 (s), 2014.7 (s).
Bis[1,2-bis(1-methyl-4,5-dihydro-H-1,2,4-triazolin-5-yli-
dene)ethylene]rhodium(l) Bromide (3Q).NaH (100 mg, 4.17
mmol) was dissolved in 8 mL of ethanol and slowly added to a
suspension of bigfchloro-¢;*-1,5-COD)rhodium] (250 mg, 0.51
mmol) in 10 mL of ethanol. After stirring for 30 min at room
temperature 1,2-bis[1-methyltriazolium]ethylene dibromi@a)

Organometallics, Vol. 25, No. 10, 20D647

(C(4=C(5)), 38.0, 31.5, 31.4, 28.0 GH3). MS (FAB) m/zz 935
[MT], 727 [MT — carbene], 519 [M — 2*carbene], 208 [carbene].
o,a'-Bis(1-isopropyl-4,5-dihydro-1H-1,2,4-triazolin-5-yli-
denen-xylene@*-1,5-COD)iridium(l) Chloride (5T). NaH (29
mg, 1.21 mmol) was dissolved in 10 mL of ethanol and slowly
added to a suspension of hisfhloro-*-1,5-COD)iridium] (236
mg, 0.60 mmol) in 10 mL of ethanol. The reaction mixture was
stirred for 30 min at room temperature, and 1,2-bis[1-isopropyl-

(900 mg, 2.54 mmol) was added. The mixture was heated for 48 h 4,5-dihydro-H-1,2,4-triazoliumin-xylene dichloride Ta) (160 mg,
at 40 °C. The solvent was reduced to 6 mL, and the suspen- 0.24 mmol) was added. After stirring for 3 days at room temperature
sion was filtered. The remaining precipitate was washed three timesthe solvent was reduced to one-third in vacuo. The suspension was

with 5 mL of diethyl ether. Yield: 76%H NMR (400 MHz,
(CD3),SO): 6 8.75 (4H, s, ®l), 4.87 (8H, s, Ely), 1.76 (12H, s,
CHs). 13C{H} NMR (100.5 MHz, (CR),S0): 6 190.0 (d,"Jrn-c
= 43.6 Hz, carbene), 143.3 @MN), 45.6 CH,), 27.5 CH3). MS
(FAB) m/z. 487 [M*], 295 [M+ — biscarbene], 176 [biscarbere
CHg].
Bis[1,2-bis(1-isopropyl-4,5-dihydro-H-1,2,4-triazolin-5-ylide-
ne)ethylene]rhodium(l) Bromide (3S).NaH (78 mg, 3.25 mmol)

was dissolved in 10 mL of ethanol and slowly added to a suspension

of bis[u-chloro-(;*-1,5-COD)rhodium] (175 mg, 0.35 mmol) in 10
mL of ethanol. After stirring for 30 min at room temperature 1,2-
bis[1-isopropyltriazolium]ethylene dibromid&g (594 mg, 1.44

filtered and the solvent was removed in vacuo. Yield: 698b.
NMR (400 MHz, (CD,),SO): 6 8.84 (2H, s, &), 7.52-7.05 (4H,
m, Ar—H), 5.47 (4H, s, El,), 4.84 (4H, hept3Jy_y = 5.9 Hz,
CHCHg), 4.06 (4H, br, CORy1), 2.29 (4H, br, CORQ,y), 1.73 (4H,
br, CODuy1), 1.41 (12H, d3Jy—n = 5.9 Hz, (Hz). BC{'H} NMR
(100.5 MHz, (CR),S0): 6 176.6 (NCN), 144.0 (NCHN), 135.8,
129.8, 128.3, 126.4 (ArC), 83.1 (CORQYnyi), 79.3 (CODjny1), 55.9
(CHy), 50.1 CH(CHja),), 27.5 CHa), 25.0, 22.7 (COR)y). Anal.
Calcd for GgHzeNgClIr (660.28 g mot?): C, 47.30; H, 5.50; N,
12.73. Found: C, 46.81; H, 5.17; N, 13.07.
Bis(1,4-dimethyl-4,5-dihydro-1H-1,2,4-triazolin-5-ylidene) ¢ *-
1,5-COD)iridium(l) lodide (6G). NaH (110 mg, 4.58 mmol) was

mmol) was added. The solvent was reduced in vacuo to 8 mL and dissolved in 10 mL of ethanol and slowly added to a suspension of

the remaining reaction mixture stirred for 5 days at room temper-
ature. The suspension was filtered and the precipitate was washed

twice with 5 mL of diethyl ether. Yield: 68%8H NMR (400 MHz,
(CD3),S0O): 6 8.33 (4H, s, ®), 4.99 (8H, s, Ely), 4.99 (4H, hept.,
3Ju—n = 6.1 Hz, (HCHy), 1.76 (24H, d.2Jy—n = 6.1 Hz, CH).
13C{1H} NMR (100.5 MHz, (CDB),S0): 6 189.8 (d,\Jrn-c = 43.2
Hz, NCN), 144.0 (NCHN), 48.5 CH,), 47.2 CH(CHy),), 22.8
(CH3). Anal. Calcd for G4HgN12IRh (734.53 g motl): C, 39.24;
H, 6.59; N, 22.88. Found: C, 38.98; H, 6.39; N, 23.11.
Tetrakis(1,4-dimethyl-4,5-dihydro-1H-1,2,4-triazolin-5-yliden-
e)rhodium(l) lodide (4G). NaH (105 mg, 4.38 mmol) was

bis[u-chloro-;*-1,5-COD)iridium] (300 mg, 0.45 mmol) in 15 mL

f ethanol. The reaction mixture was stirred for 30 min at room
temperature, and 1,4-dimethyl-4,5-dihydrd-1,2,4-triazolium io-
dide Ga) (800 mg, 3.56 mmol) was added. After stirring for 48 h
at room temperature the solvent was reduced to one-third in vacuo.
The suspension was filtered at’G, and the remaining solid was
washed three times with 5 mL of diethyl ether. Yield: 88U.
NMR (400 MHz, (CD),S0): ¢ 8.69 (2H, s, N®), 4.02 (6H, s,
CHs), 3.90 (4H, br, CORny), 3.85 (6H, s, E3), 2.29 (4H, br,
CODiny), 1.96 (4H, br, CORyy). 3C{*H} NMR (100.5 MHz,
(CD3),S0): 6 179.3 (NCN), 145.7 (NCHN), 78.2 (CORQny1), 77.7
(CODyinyi), 35.5 CH3), 31.7 (CORuyi1), 31.3 CH3), 31.0 (COQuy)-

dissolved in 10 mL of ethanol and slowly added to a suspension of anal. Calcd for GgHogNglIr (621.55 g motl): C, 30.92; H, 4.22;

bis[u-chloro-¢;*-1,5-COD)rhodium] (280 mg, 0.57 mmol) in 10 mL
of ethanol. After stirring for 30 min at room temperature 1,4-
dimethyltriazolium iodide Ga) (1022 mg, 4.54 mmol) was added.

N, 13.52. Found: C, 30.31; H, 4.00; N, 13.62.
lodo(n*-1,5-COD)(1,4-dimethyl-4,5-dihydro-H-1,2,4-triazo-
lin-5-ylidene)iridium(l) (7G). NaH (45 mg, 1.89 mmol) was

The solve_nt was reduced to 8 mL and the remaining rc_aaction dissolved in 10 mL of ethanol and slowly added to a suspension of
mixture stirred for 48 h at room temperature. The suspension was bis[-chloro-(7*-1,5-COD)iridium] (300 mg, 0.45 mmol) in 20 mL

filtered at 0°C, and the solid was washed three times with 10 mL
of diethyl ether. Yield: 75%!H NMR (400 MHz, (C»),SO): 6
8.75 (4H, s, @), 3.60 (3H, s, El3), 3.41 (3H, s, El3). 8C{H}
NMR (100.5 MHz, (CDR),SO): 6 191.4 (d,"Jrp-c = 43.6 Hz,
carbene), 143.0 (QON), 38.5 CHs), 27.4 CH3). MS (FAB) m/z:
491 [M*], 394 [M* — carbene], 297 [M — 2*carbene], 200 [M
— 3*carbene]. Anal. Calcd for fgH2gN1,IRh (618.31 g moiY):
C, 31.08; H, 4.56; N, 27.19. Found: C, 30.83; H, 4.98; N, 27.07.
Tetrakis(1,3,7,9-tetramethylxanthin-8-ylidene)rhodium(l) Bro-
mide (4J). NaH (170 mg, 7.08 mmol) was dissolved in 10 mL of
ethanol and slowly added to a suspension of:bigjlorobisf?-
cyclooctene)rhodium] (250 mg, 0.35 mmol) in 10 mL of ethanol.

of ethanol. After stirring for 30 min at room temperature 1,4-
dimethyl-4,5-dihydro-H-1,2,4-triazolium iodide Ga) (221 mg,
0.98 mmol) was added. The solvent was reduced to 10 mL, and
the suspension was stirred for 48 h at room temperature. The
suspension was filtered at40 °C, and the precipitate was washed
at —40 °C with 10 mL of ethanol and 20 mL of diethyl ether.
Yield: 90%.'H NMR (400 MHz, (CD3,),S0O): 6 8.60 (1H, s, NEl),

4.60 (2H, br, CORy), 3.91 (3H, s, El3), 3.77 (3H, s, El3), 3.05

(2H, br, COD,iny|), 2.11 (4H, br, CODny|), 1.73 (ZH, br, COQM),

1.36 (2H, br, CORyy). 3C{*H} NMR (100.5 MHz, (CR),SO):

0 181.3 (NCN), 144.4 (NCHN), 82.1 (CODjny1), 81.9 (CORjny1),

39.7 CHs3), 34.2 CH3), 32.3 (CORuy), 29.8 (CORQuy)- Anal. Calcd

After stirring for 30 min at room temperature 1,3,7,9-tetrameth- for CioHigNsllr (524.42 g mot?): C, 27.48; H, 3.65; N, 8.01.
ylxanthinium tetrafluoroboratelg) (1651 mg, 5.58 mmol) and Nal ~ Found: C, 27.83; H, 3.91; N, 7.59.

(860 mg, 5.74 mmol) were added. The suspension was stirred for  Single-Crystal X-ray Structure Determination of Compounds

60 h at room temperature. The solvent was removed in vacuo and1B, 1J, 1L, 4G, 6G, and 7G. GeneralCrystal data and details of
the remaining solid dissolved in dichloromethane. The solution was the structure determination are presented in Table 4. Suitable single
filtered over Celite and the solvent was removed in vacuo. 1,3,7,9- crystals for the X-ray diffraction study were grown with standard
Tetramethylxanthinium tetrafluoroborate was removed by extraction cooling techniques. Crystals were stored under perfluorinated ether,
with 3 x 3.5 mL of water. The residue was washed-80 °C transferred in a Lindemann capillary, fixed, and sealed. Preliminary
with 4 mL of ethanol and at room temperature with 5 mL of di- examination and data collection were carried out on an area
ethyl ether. Yield: 31%'H NMR (400 MHz, (CD;),SO): 6 4.60 detecting system (NONIUS, MACHZ;CCD) at the window of a
(3H, s), 4.32 (3H, s), 3.74 (3H, s), 3.20 (3H, sH4F. 18C{H} rotating anode (NONIUS, FR591) and graphite-monochromated Mo
NMR (67.9 MHz, (CDB),SO): 6 192.8 (d, Jgrn-c = 46.7 Hz, Ko radiation ¢ = 0.71073 A). The unit cell parameters were
carbene), 152.44(6)0), 150.3 C(2)O), 140.7 C(4=C(5)), 109.1 obtained by full-matrix least-squares refinements during the scaling
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procedure. Data collection was performed at low temperatures highly disordered alcohol molecule could not be modeled satisfac-
(Oxford Cryosystems); each crystal was measured with a coupletorily. The problem was solved with the PLATON Calc Squeeze
of data sets in rotation scan modus wilp/Aw = 1.0. Intensities procedure. The unit cell contains two crystallographically inde-
were integrated and the raw data were corrected for Lorentz, pendent molecules. The assignment of the C versus N atoms in the
polarization, and, arising from the scaling procedure for latent decay, NHC ligand is proved by difference Fourier synthesé&: A
absorption effects. The structures were solved by a combination of disorder (0.58(5):0.42(5)) of the C versus N atoms in the NHC
direct methods and difference Fourier syntheses. All non-hydrogenligand backbone is observed and could be modeled clearly.
atoms were refined with anisotropic displacement parameters. TheCrystallographic data (excluding structure factors) for the structures
methyl hydrogen atoms were refined as part of rigid groups, with reported in this paper have been deposited with the Cambridge
de—p = 0.98 A andUise) = 1.9Ueq(cy All other hydrogen atoms Crystallographic Data Centre as supplementary publication no.
were placed in calculated positions and refined using a riding model, CCDC-602421 1B), CCDC-6024251J), CCDC-602424 CCDC-

with de_y distances of 0.95 and 0.99 A, atbsomy = 1.2Ueq(c) 602422 6G), and CCDC-6024237G). Copies of the data can be
Full-matrix least-squares refinements were carried out by minimiz- obtained free of charge on application to CCDC, 12 Union Road,
ing SW(Fo2 — FA? with the SHELXL-97 weighting scheme and  Cambridge CB2 1EZ, UK (fax: 44)1223-336-033; e-mail:
stopped at shift/er< 0.001. The final residual electron density deposit@ccdc.cam.ac.uk).

maps showed no remarkable features. Neutral atom scattering . ) )
factors for all atoms and anomalous dispersion corrections for the ~Acknowledgment. We thank Dr. Karl Gele for his contin-
non-hydrogen atoms were taken from International Tables for Ued interest, regular discussions, supply of various precursors,
Crystallography. All calculations were performed on an Intel and experimental assistance.

Pentium Il PC, with the STRUX-V system, including the programs
PLATON, SIR92, and SHELXL-97° Special obserations 1B:
Compoundl1B cocrystallizes with one molecule of the solvent
CH.Cl,. The unit cell contains two crystallographically independent
molecules1J: Large anisotropic displacement parameters for the
COD-ring atoms C12 and C17 are indicative for disorder; attempts
to refine such a model failedtG: Ci¢HoglN12Rh, M, = 618.31, OM0600801
yellow fragment, monoclinicP2/c (No. 13),a = 8.7860(1) A,b

Supporting Information Available: Tables of crystallographic
data, atomic coordinates, atomic displacement parameters, bond
distances, and bond angles for complexBs1J, 1L, 6G, and7G.
Crystallographic data in CIF format. This material is available free
of charge via the Internet at http://pubs.acs.org.
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very weak peaks are observed that could be indexed based on 2.4.2. () Spek, A. LPLATON A Multipurpose Crystallographic Topl

supercell with a doubled- and b-axis. 6G: Compound6G Utrecht University: Utrecht, The Netherlands, 2001. (f) Sheldrick, G. M.
cocrystallizes with half a molecule of the solvergHgOH. The SHELXL-97 Universita Gottingen: Gitingen, Germany, 1998.



