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A new series of (ChH)y-linked N-heterocyclic biscarbene (bis-NHC) complexes of rhodium(l) have
been synthesized via in situ generation of the silver carbene complexes from bis(imidazolium) halide
salts and silver(l) oxide followed by transmetalation to [Rh(COD)@QOD = 1,5-cyclooctadiene).

With a larget-Bu N-substituent, short linkers favor

the chelate and long linkers favor the 2:1 complex,

contrary to the previous findings with the smadBu substituent. In addition, the use of a noncoordinating
anion for the AgNHC favors chelate formation. The chelate complex [Rh(C@BR (L. =

[methylenebid{-(tert-butyl)imidazol-2-ylidene)]) an
structurally characterized. They showed distortion
the meta-NHC moiety, a steric effect.

Introduction

The importance of chelating versions of other common ligand
classes means that chelatiNgheterocyclic carbenes (NHGs)
are likely to be increasingly useful in organometallic synthesis
and catalysis. Differing from their bis-phosphine analogues,
however, the general principles governing the use of chelating
NHCs have yet to be established, and it is already clear that
numerous potential complications can afsgnlike the phos-
phine ligand, which has a cone shape, the NHC ligand is fan-
shaped with thé&-substituents inclining toward the metal center.
In addition, the metatNHC bond is in general less labile than
metat-phosphine bonds, but the cleavage of the MC bond to
give the imidazolium salt, when it does occur, is often
irreversible3

In a previous study, we have observed that the precursor bis-

(imidazolium) salts1"~BY can successfully coordinate to a Rh(l)
center in either a chelating or a bridging 2:1 fashion (Scheme
1), depending on the length of the linker between the two
NHCs2P This behavior was rationalized on the basis that the
NHC plane prefers on steric grounds to lie in the direction
(out of thexy square coordination plane). In the chelate, this
can be achieved only with a long linkem & 3 or 4). With a
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d its dicarbonyl analogue [Rh(QQ)PFs were
both of the square plane, an electronic effect, and of

short linker 6 = 1 or 2) the azole rings would be forced to
adopt a chelate conformation in which the azole ring planes
are significantly displaced from the optima{z direction. The
steric clash of theN-substituents of the NHC with the COD
groups that would result in the chelate was proposed to cause
the system to prefer the 2:1 struct@;ewhere both NHCs can
adopt a strictly+z conformation.

In this prior work® on bis-NHC chelates, the sterically small
n-butyl group was always the substituent at nitrogen; it was
plausibly assumed that this small group played little role in the
chemistry. In catalytic applications, however, bulky groups are
much more commonly employed. Results by othémve also
suggested that, apart from linker length, the steric size of the
N-substituents as well as choice of counterion for the AQNHC
intermediate can affect the coordination mode of bis-NHCs. In
this current study we report the synthesis of a series of bis-
NHC compounds of Rh(l). We find significant effects on
product geometry and stoichiometry using bulki€&u groups
asN-substituents instead afBu and also using noncoordinating
anions in the AgNHC. Two of the resulting Rh(l) chelate
complexes were structurally characterized and show two types
of distortions. The first involves bending of the square plane
and is predominantly electronic in origin. The second, an unusual
“yaw” distortion of the M—=NHC system, involves rotation of
the NHC about the axis normal to the azole plane and has a
steric origin.

Results

Synthesis of Ligand Precursors.Bis(imidazolium) dibro-
mide salts witht-Bu (1c-dBY) or i-Pr N-substituents ¢ ")
were synthesized by the reaction of 1-alkylimidazole and the
corresponding dibromoalkanesThe product identities were
confirmed by'H and 13C NMR, electrospray ionization MS
(ESI-MS), and elemental analysis. In particular the C2 protons
of the imidazole rings display a characteristic downfield
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© 2006 American Chemical Society

Publication on Web 11/22/2006



6100 Organometallics, Vol. 25, No. 26, 2006

Leung et al.

Scheme 1. Linker Dependence in the Formation of 2:1 and Chelate Bis-NHC Complexes of Rh(l) from the Precursorg fu.20
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resonance at-10 ppm, characteristic of an imidazolium salt.
Interestingly, we found that the known ethylene big{ert-
butyl)imidazolium bromidéf decomposes in methanol, prob-
ably through Hoffman elimination of th8-hydrogen to form
the 1-tert-butyl)-3-vinyl imidazolium bromide, as evidenced
by the presence of an ESI-MS peak for the cation at 151.
Transmetalation from Silver NHC Complexes with a
Halide Counterion. Following the conditions of Lif§,the silver
carbene complexeswere generated in situ by reaction of Ay
with the bis(imidazolium) bromide salts in GBI, at room
temperature. The mild silver transmetalation method is the
preferred way to generate (Gllinked bis-NHCs because
C—H bonds of the alkyl linkersx (and ) to the imidazole
nitrogen could provide alternative deprotonation pathways if

"Ag,(bis-NHC)Br,"

ii) [Rh(COD)Cl],, CH,Cl,, reflux 90 min

analogue (eluent: acetone/Kgn very low yield. No neutral

2:1 species were observed. TieNMR spectrum of the chelate
complex is characterized by two broad peaks at 4.5 ppm
corresponding to the COD vinyl protons and an AB pattern
centered at 6.5 ppm2ly—n 13.0 Hz) for the bridging
methylene protons, consistent with the uddatonfluxional
puckered structure with a plane of symmetry bisecting the bis-
NHCs and the COD. The carbene carbon signal appears at 180.4
ppm and showed RhC coupling of 51.8 Hz.

For then = 2—4 cases, 2:1 complexes formed and were
isolated by column chromatography in low yields {115%
based on Rh). Oxidation by excess Ag(l) species could be one
source of these low yieldsalthough we were unable to isolate
any Rh(lll) species. At a Rh to bis-NHC precursor ratio of 2:1

harsher conditions were used. Generation of silver carbene isinstead of 1:1, the yields were significantly improved {82%

accompanied by loss of the C2 proton NMR signal of the
imidazole at~10 ppm accompanied by an upfield shift of the
C4 and C5 protons te-7 ppm? After removal of insoluble
solids, the filtrate was combined with 0.5 equiv of [Rh(COD)-
Cl], (Rh:bis-NHC pecursor, 1:1) in refluxing GBI,. Immediate

generation of silver halide as a white precipitate was observed,

and the reaction mixtures were left for another 45 min before
workup (Scheme 2).

based on Rh). ThéH NMR spectra are characterized by four
broad signals (35 ppm), corresponding to the four nonequiva-
lent vinyl protons of the COD groups in the 2:1 species. The
13C NMR spectra showed the Rh-bound carbene carbons in the
expected range of 179-1180.5 ppm Jrn-c: 49.8-51.4 Hz).

As in the previous1-Bu caseé? two diastereomersi{ andmes)

are present, due to the restricted rotation about theedbene
bond. The decreasing diastereoselectivity ofttBe complexes

For then = 1 case, even though green decomposition products (dl:mesoratios: n = 2, 100:0;n = 3, 60:40;n = 4, 50:50)

appeared within 30 min, the unstable chelate prodistB
could still be isolated. Column chromatography yields the PF
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with increasing linker length is also similar to that found for
then-Bu case if = 2, 95:5;n = 3, 60:40;n = 4, 50:50) and is
ascribed to decreasing steric interactions between the metal
centers as the linker length, increases.

On the hypothesis that there is a steric clash between the
t-Bu groups that disfavors the formation of chelate analogues
of 47Bu with a long linker (e.g.n = 3), we moved to am-Pr
substituent because models suggested such a clash could then
be avoided. Under otherwise identical conditions, changing the

(8) Bertrand, G.; Diez-Barra, E.; Fernandez-Baeza, J.; Gornitzka, H.;
Moreno, A.; Otero, A.; Rodriguez-Curiel, R. |.; Tejeda,ELr. J. Inorg.
Chem.1999 1965-1971.

(9) Mas-Marza, E.; Poyatos, M.; Sanau, M.; Peridngrg. Chem2004
43, 2213-2219.



N-Heterocyclic Biscarbene Complexes of Rhodium(l) Organometallics, Vol. 25, No. 26, 8006

Scheme 2. Formation of 2:1 or Chelate Bis-NHC Complexes of Rh(l) from the PrecursorsFu.
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Scheme 3. Formation of Both 2:1 (3cPr) and Chelate (4¢Pr) Complexes (7:4 molar ratio) from Precursor 1¢-Pr
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wingtip group of the trimethylene-linked precursor frarBu and4b™BY are thermodynamic or kinetic products, so thermo-

toi-Prindeed results in a 4:7 ratio of chelate versus dimetallic dynamic arguments may not be appropriate here.

2:1 products (Scheme 3). The two products could be separated Compound4a" B! has a'H NMR spectrum similar to that

by column chromatography. THel NMR of the 2:1 complex of 4a~Bu, Apart from the characteristic AB pattern and the two
3cd-Pr showed the expected four broad signals for the four broad signals of the COD vinyl protons, the wingtifBu signals
inequivalent COD vinyl groups and of two diastereomeric sets appear as a set of diastereotopic pairs, as in the previously
of CHs signals for thé-Pr groups. The C(carbene) signal appears reportedn = 2—4 analogue$? In solution,4a"BY decomposes

at 180 and 181 ppm (as By BY, two diasteromers are present), within minutes, however, going from its original orange color
and both showed RhC coupling of 51 Hz. Consistent with a  to a green NMR-silent species.

chelate structure, complesc—P" showed two broadH NMR Ethylene linkers seem to be unstable in this system. Under

signals for the COD vinyl protons. The C(carbene) signal identical conditions, the ethylene-linked precurébi—BY gave

appears at 180.9 ppmJgn-c: 54.4 Hz). both the neutraBb™B! and a cationic species that we could not
Transmetalation with a Noncoordinating Counterion. As isolate but is likely to betb'"BY, as suggested Y4 NMR and

noncoordinating anions have been found to favor chelation over ESI-MS!! Although Hoffmann elimination in the precursor
production of 2:1 complexesAg(l)—NHC transmetalation ~ 1b""BU has been observed in the ESI-MS, we did not observe
agents with PE counterion, { Agz(bis-NHC)} (PFs).”, 1° were the vinyl species either free or coordinated in samplethbfy.
formed and directly used for transmetalation to [Rh(COD)CI] The PR~ salt of 48 B was also synthesized directly in
In a modification of a previously published meth®dAg »(bis- somewhat higher yield (29%) using this method, avoiding the
NHC)Br,” were generated by reaction of the bis(imidazolium) unstable halide species. Unlikéa" B4, 4a~Bu is stable in
salts and AgO in water. Addition of excess KRFyields the CH,Cl, for days under air. The dicarbonyl analogue [Rh(&G}}
PFRs~ analogues as white precipitates, which, after drying in PFs 588! formed readily when carbon monoxide was passed
vacuo, were immediately used for transmetalation to [Rh(COD)- through a solution o#ia=B! (1 atm, CHCl,, 20 min). In the
Cl]2 in CHxCly. Under the same conditions in which the original 3C NMR spectrum the carbonyl carbon signal appears at 187.5
“Ag 2(bis-NHC)Br" reagent failed to lead to chelate formation, ppm (Jc-rn = 59.3 Hz), and the carbene carbons appear at
the PR salts gave the novel chelate complexss—BY and 171.4 ppm Yc-—rn = 49.4 Hz).

4pt=Bu (Scheme 4). We have been unable to determidaifBu X-ray Crystallography. Crystals of bott4a 8" and5a—Bu
suitable for X-ray diffraction analysis were crystallized from

(10) Stoichiometry is based on analogous silver carbene complexes that
have been structurally characterized. See Refs 4a and 7. (11) For spectral details, see Supporting Information.
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Scheme 4. Generation of Bis-NHC Rh(I) Complexes by
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Transmetalation with Hexafluorophosphate as Anidn
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a Forn = 2, a 1:1 ratio of4b""BY and 3b"BY was formed based oiH NMR.

Figure 1. ORTEP diagram ofa~BY, showing 30% ellipsoids. The
counterion and th&Bu and COD allyl hydrogens are omitted for
clarity.

Figure 2. ORTEP diagram oba—BY, showing 30% ellipsoids. The
counterion and hydrogen atoms on tHBu groups are omitted for
clarity.

Table 1. Selected Bond Distances in 42" and 5&-Bu

4a~Bu 5a~Bu
[Rh(COD)(bis-NHC)I  [(CO),Rh(bis-NHC)}"

Rh—C (carbene)

Rh(1)}-C(1) 2.036(3) 2.077(2)
Rh(1)-C(9) 2.092(3) 2.078(2)
Rh—C (COD or diCO)
Rh(1)-C(16) 2.156(3) 1.895(3)
Rh(1)-C(17) 2.193(3) 1.905(3)
Rh(1)-C(20) 2.206(3)
Rh(1)-C(21) 2.207(3)
Cc-0
O(1)-C(16) 1.130(3)
0(2)-C(17) 1.124(3)
Bite Angle (C-Rh—C)
C(1)-Rh(1)-C(9) 81.53(12) 81.49(9)
C(16)-Rh(1)-C(17) 91.71(11)
(dicarbonyl)
N—C(carbene}Rh
N(1)-C(1)-Rh(1) 138.8(2) 139.79(17)
N(2)—-C(1)-Rh(1) 116.4(2) 115.29(15)
N(4)—C(9)—Rh(1) 142.4(2) 140.18(16)
N(3)—C(9)—Rh(1) 113.2(2) 115.00(15)
N—C(carbene)N
N(1)—C(1)-N(2) 104.7(2) 104.91(19)
N(4)—C(9)—N(3) 104.2(3) 104.77(19)

Generation of Dicarbonyl Derivatives of bis-NHC Com-
plexes.To estimate the ligand donor power, we looked at the
vco data from both the chelate and 2:1 bis-NHC complexes.
As in the related rhodium NHC complex&<the COD moieties
in 37Bu and 4-BY were readily displaced by CO (1 atm, 15
min, CH,Cl,) so that thevco of the dicarbonyl complexes could
be measured (Table 3, see Discussion).

Discussion

Linker Dependence.In then-Bu series, the reason that longer

CH.Clz/pentane, and the results (Figures 1 and 2) confirmed |inkers (1 = 3, 4) favor chelation was proposed to be their ability

the proposed chelate structures. As in other methylene-linked

square planar bis-NHC complex®sthe metallacycle ring

(12) For other representative examples, see: (a) Quezada, C. A.; Garrison,

assumes the expected puckered form. Selected bond lengths andl C.; Tessier, C. A.; Youngs, W. J. Organomet. Chen2003 671, 183~

angles are listed in Table 1. The R@(carbene) bond lengths
(2.036-2.092 A) are comparable to those of analogous Rh bis-
NHC chelate®* and longer than the average R@(carbene)
distance for monodentate NHCs (1.97 &)The C(carbene)
Rh—C(carbene) bite angle is 82.8r both structures, probably
reflecting the constraint of the six-membered metallacycle.

186. (b) Douthwaite, R. E.; Green, M. L. H.; Silcock, P. J.; Gomes, P. T.
Organometallics2001, 20, 2611-2615. (c) Bertrand, G.; Diez-Barra, E.;
Fernandez-Baeza, J.; Gornitzka, H.; Moreno, A.; Otero, A.; Rodriguez-
Curiel, R. I.; Tejeda, JEur. J. Inorg. Chem.1999 1965-1971. (d)
Herrmann, W. A.; Elison, M.; Fischer, J.; Koecher, C.; Artus, G. R. J.
Angew. Chem., Int. Ed. Engl995 34, 2371-2374.

(13) Baba, E.; Cundari, T. R.; Firkin, Inorg. Chim. Acta2005 358
2867-2875.
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Table 2. Variation of Yaw Distortion with Various Linkers and N-Substituents in Square Planar Bis-NHC Complexes

linker trans 0= (a—p)I2 bite angle M—NHC
entry M (n) wingtip ligands (deg) (deg) A) ref
1 Rh(l) 1 t-Bu COD 14 81.5 2.064 this report
2 Rh(l) 1 t-Bu (CO) 13 81.5 2.078 this report
3 Rh(1) 1 Me COD 8 83.2 2.025 4b
4 Rh(l) 1 Me (CO) 7 83.5 2.062 4b
5 Rh(1) 2 n-Bu COD 6 84.0 2.041 2b
6 Rh(1) 3 n-Bu COD 3 87.6 2.034 2b
7 Rh(1) 4 n-Bu (CO) 1 91.1 2.082 2b
8 Rh(1) 1 Mesityl COD 8 85.3 2.056 4a
9 Ni(l1) 1 t-Bu PMe 10 84.9 1.941 5c
Cl 15 1.872
10 Ni(l1) 1 t-Bu bis-NHC 13 83.6 1.932 5¢
11 Pd(I1) 1 t-Bu I-> 14 83.4 2.004 5b
12 Pd(ll) 1 Me Bp 7 83.8 1.968 16
13 Pd(ll) 1 Me Ch 6 83.8 1.957 17
14 Pd(l1) 2 t-Bu Me, 11 88.1 2.079 18
15 Ni(I1) 2 t-Bu Me, 12 88.9 1.909 12b
16 Ni(ll) 2 t-Bu PMe; 5 88.4 1.915 5c
Cl 12 1.857
17 Rh(l) mono NHG@ t-Bu, Et see nota 5 NA 2.031 19
18 Pd(ll) mono NHE t-Bu, py see noté 9 NA 2.070 20
19 Ni(ll) mono NHC t-Bu, CMe, see note 15 NA 1.905 21b

a[Rh(COD)(NHC)CI], NHC= 1-ethyl-3-tert-butyl)-4-ethylimidazolidin-2-ylidene? [Pd(NHC)(C-P)(COOMe)), NHC= 1-(tert-butyl)-3-pyridylimidazol-
2-ylidene, C-P = cyclometalated-(di-o-tolylphosphino)CHCgHa. © [Ni(l ‘Bu)(7°-cyclooctenyl)], IBu = cyclometalated 1,3-dirt-butyl)imidazol-2-ylidene.

Table 3. vco of Bis-NHC Rh(l) Dicarbonyl Complexes?

linker vcoaverage Rh—CCP diCO bite

entry type length wingtip veo(cm™) (cm™) A) angle (deg) ref
1 2:1° 2 t-Bu 1998, 2076 2037 this work
2 2:1 3 t-Bu 1994, 2072 2033 this work
3 2:1 4 t-Bu 1993, 2073 2033 this work
4 2:1 3 n-Bu 1996, 2076 2036 2b
5 2:1 4 n-Bu 1993, 2074 2034 1.90 94 2b
6 chelaté 1 t-Bu 2020, 2079 2050 1.90 92 this work
7 chelate 1 n-Bu 2017, 2076 2047 this work
8 chelate 1 Me 2019, 2077 2048 1.89 92 4b
9 chelate 2 t-Bu 2002, 2080 2041 this work
10 chelate 2 n-Bu 2015, 2077 2047 2b
11 bis-NHC NA Me, Me 2018, 2078 2046 22

a All measurements were made in @&, except for entry 8 (KBr)? Where crystal structures are availatfi@omplex of type3 where COD has been
replaced by two carbonyl group#Complex analogous t6: [(chelate)Rh(COJPFs. € [(NHC),Rh(CO}]OAC.

to avoid a steric clash between thesubstituents (R) and the  coordinate Rh(lll), the presence of a coordinating anion like
other ligands (L) when the azole rings are nearly aligned along the Br- might well favor this process by ligation. A noncoor-
the £z axis. However, in the current-Bu series, steric dinating anion thus stabilizes the complex.
interaction between thd-substituents (R-R) could become a Structure of bis-NHC Chelates with t-Bu Wingtips. The
significant counteracting factor disfavoring chelation, as the structure of4a 8! is highly distorted, with the COD moiety
longer linkers would be expected to bring the two bulky R lying well out of the metal coordination plane as defined by
groups too close to each other. A steric clash betweetrBhe C(carbene)metal-C(carbene). The COD and theBu sub-
groups (Figures 3 and 4) could help explain the present stituents are distorted so as to put them on opposite sides of
observations that only the= 1 and 2 cases can form chelates, the metal coordination plane, as best seen in Figure 5.
while then = 3 and 4 cases form 2:1 complexes. If so, Distortion of the Square Plane. At first glance, steric
examination of models suggested that for the trimethylene-linked interactions between the COD and thBu substituents appear
case, at least, changing tNesubstituent ta-Pr should relieve to be the origin of the out-of-plane distortions observed in the
this proposed strain: the observed formation of the chelate structure of4a~8Y. However, a more detailed study of the
product in thei-Pr case is consistent with this argument. structure showed no exceptionally closBu—COD contacts
Effect of a Noncoordinating Anion. The anion also affects  (closest G--C: 3.51 A). To test this point further, we expected
the choice between the two pathways. In order to form the the proposed R:L strain to be relieved if we replace the bulky
cationic chelate complexes (e.g¢a"BY or 4bt~BY) instead of COD with two COs. However, as shown in Figure 5, the
the 2:1 chloro complexes, the chloride has to leave the metalstructure of the dicarbonyba 8" shows a distortion from
coordination sphere. This is expected to be favored if thee Ag planarity at the metal very similar to that seen 4@ B! with
NHC reagent does not already contain halide and thereforethe carbonyl carbon departing from the C(carberiRh—
retains the ability to abstract the halide. An additional advantage C(carbene) plane by 0.35 A. The observed distortion therefore
of precipitating all the halide is the avoidance of the oxidative cannot be attributed mainly to steric interactions between the
decomposition that tends to occur #a B! in the presence of  COD andt-Bu. Agostic interactions between the Rh(l) center
a halide ion, as discussed above. Since oxidative decompositiorand thet-Bu C—H bonds in the out-of-plane direction would
of the four-coordinate Rh(l) would be expected to go via a six- be weak, and the closest RtH distance, involving the
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Table 4. Crystallographic Data for 488 and 5d-Bu

4a~Bu 5a~Bu
empirical formula G7H24FsN4O2PRA GsHseFeN4sPRD
fw 564.28 616.44
A (A) 0.71073 0.71073
T (K) 123(2) 123(2)
cryst syst monoclinic monoclinic
space group P2(1)lc P2(1)lc
a(A) 12.398(3) 24.919(5)
b (A) 12.884(3) 13.643(3)
c(A) 14.925(3) 15.498(3)
o (deg) 90 90
p (deg) 113.66(3) 92.83(3)
y (deg) 90 90
V (A3 2183.5(8) 5262.5(18)
z 4 8
Dcalcd(g cn3) 1.717 1.556
u(Mo Ka) (cm™?) 9.27 7.71
cryst size (mr) 0.15x 0.15x 0.15 0.15x 0.10x 0.10
total, unique no. of refins 8354, 5382 22 457,12 908
Rint 0.0281 0.0345
no. of params, restrictions 280,0 631,0
final Rindices | > 20(1)]? R: 0.0335,R,: 0.0804 R: 0.0452R,: 0.1218
Rindices (all dated R: 0.0456,R,: 0.0849 R: 0.0666,R,: 0.1320
goodness-of-fit o2 1.040 1.012
largest diff peak and hole (& 3) 0.512,—-0.892 1.121-0.925
AR = 3 ||Fo| - [Fell/ZIFol. Ry = {3 [W(Fe? — Fc2)A/ 3 [W(F?)?]} 112
R

/FT /\U # ) 5
b) R-R: i\( \/‘7:> [NthY]
\/

n

Figure 3. (a) Wingtip—ligand (R--L) interaction is relieved as
increases. (b) Wingtipwingtip (R-+*R) interaction showing greater
steric clash a® increases.

Y \< >/ \< Figure 5. Out-of-plane distortion o#a B! (top) and of5&Bu
(bottom).

accepting CO ligand obtains some overlap ofztswith the

high-energy ¢ orbital (Figure 6), enhancing back-donation from
Figure 4. For a long linker § = 3), changing front-Bu toi-Pr is the electron-rich metal center. The COD system is expected to
expected to relieve the‘RR clash. behave similarly.
] ) In-Plane Distortion of the NHC. Another distortion (see
methylene linker (irba~®: Rh—C: 3.06 A; Rh-H: 2.86 A),  Figure 7), which we term a yaw distortion, is probably the
is not particularly short? conformational strain imposed by the six-membered metalla-

Similar distortions have previously been attributed to the cycle, exacerbated by the additional steric interactions between

electronic preference for a non-square-planar structure in verythe bulkyt-Bu group and the metal center. We propose a simple
electron-rich @ complexes withz-accepting ligands, as previ- descriptor of this in-plane distortior, = ,(o. — f3), which
ously observed for a Ru(0) speci¢sBy bending, thes- measures the difference in the two-M—N angles.

(14) Crossley, I. R.; Hill, A. F.; Humphrey, E. R.; Smith, M. K. (15) Ogasawara, M.; Macgregor, S. A.; Streib, W. E.; Folting, K
Organometallic2006 25, 2242-2247. Eisenstein, O.; Caulton, K. @. Am. Chem. So4996 118 10189-10199.
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very smallN-methyl andN-n-butyl species. In the case bBu,

‘ o (entry 8), which shows no significant increase tbbver the
- C/ 6 rises by at least 6over the values found for the small Me

gD cC——0 0 and n-Bu groups. The mesityl group is probably capable of
O rotating about the €N bond to minimize steric effects,
something the-Bu group cannot do. Monocarbene structures
2(Rh) 7* (CO) 2 [®h) * (CO) (entries 17, 18) suggest that the presence BBa group can
a) b) alone be responsible for a yaw distortion witl® ap to &, but
Figure 6. (a) In the undistorted case, no back-bonding fromid €W examples of such complexes are yet known. _
possible. (b) In the distorted case, back-donation frgrbetomes Effect of Non-NHC Ligand. A comparison of4a®" with
possiblel® its dicarbonyl analogubal~BY (Table 2, entries 1 and 2) shows

that the influence of the two other ligands, COD or (g@n
the yaw distortion of M-NHC is small. Entries 9 and 16 show
an exceptional case, where the distortion seems to be predomi-
nantly the result of an electronic dissymmetry caused by having
one PMg and one Cl opposite the chelating NHC.
. Estimation of Donor Power by vco Measurements As
linker presented in Table 3, theo data for the 2:1 complexes are all
near 2030 cm! and show no significant trend with wingtip
substituent or linker. The chelate complexes shew values
similar to those of the corresponding bis-NHC complex with
Figure 7. Extent of yaw distortion as defined by the angle= tvyo monocz?gjate NHC.S' _Somewhat surprisingly, the highly
12 @ — f). distorted5a show§ similarvco values to the other chelate
compounds. There is thus no clear evidence that the yaw

This distortion of the M-NHC bond has not been discussed distortion has a significant effect on the donor power of the
in detail before, so we have compared our data with some chelate compounds.
representative examples from the Cambridge Structural Data- )
base. The observeflvalues, ranging up to 25are presented Conclusion
in Table 2. Also included are the bite angles{&—C) of the
bis-NHCs and the sum of the angles at the carbene caxoon (
+ B + v). The latter remains within the range of 35860°
(ideal = 360 for a planar system) for all surveyed structures,
indicating that the metal remains in the azole plane and that

the distortion of the metalNHC bond occurs mainly in the  ogects For the largeBu N-substituent, short linkers favor the
NHC_ plane. ) ] ) ] chelate and long linkers favor the 2:1 complex, contrary to the
Origin of Yaw Distortion of M —NHC System. Ring Strain prior findings with the smalh-Bu substituent. In addition, the
and 0. As can be seen in the series of Rh(l) complexes (Table yse of a noncoordinating anion favors chelate formation.
2), increasing metallacycle ring size causes a decreage in - gyryctural characterizations of two of the chelate complexes
(entries 4-6), suggesting that ring strain is a contributing factor ¢now a highly distorted structure with both an out-of-plane
for the yaw distortion of the MNHC. Going from a seven- jstortion and a “yaw” distortion of the metaNHC group. A
membered ring (entry 5) to a nine-membered ring (éntY7),  comparison of the data for related square planar bis-NHC
decreases from°6to 1°. The most distorted MNHC bonds structures suggests that the size of the yaw distortion is related
are observed with f|ve1-membered metallacycles witBu to the size of the metallacycle ring as well as the size of the
wingtips (e.g., entry 193 wingtip groups. On the basis of availableo data, we find no

N-t-Bu-Induced Distortion. As demonstrated in the struc-  eyidence for any effect of the yaw distortion on the donor power
tures of 4a7B and 5a " (Table 2, entries 1 and 2) versus of the NHC ligand.

entries 3, 4, and 8, the yaw distortion is significantly increased
by the presence of theBu group. Similar effects can be seen
for the Pd complexes in entries 11 versus 12. ¥B&l group
has a bigger effect than the normally very bulymesityl group General Procedures1-(tert-Butyl)imidazole and 1-(isopropyl)-
imidazole were synthesized according to literature proceéfimes

(16) Herdtweck, E.; Muehlhofer, M.; Strassner Atta Crystallogr., Sect. purified by column chromatography (hexane/ethyl acetate/triethyl-
E: Struct. Rep. Onlin@003 E59 m970-m971. amine). Disubstituted imdazolium saltg—8Y, 184 and [Rh(COD)-

(17) Strassner, T.; Muehlhofer, M.; Zeller, A.; Herdtweck, E.; Herrmann, Cl],% were prepared using standard literature methods. All other

W. A. J. Organomet. Chen2004 689 1418-1424. . .
(18) Douthwaite, R. E.; Green, M. L. H.; Silcock, P. J.; Gomes, P. T. féagents and solvents were commercially available and used as

We have synthesized a new series of bis-NHC rhodium(l)
complexes, in which the bis-NHC coordinates either as a chelate
or in a bridging 2:1 (metal:bis-NHC) fashion. Comparison with
related studies suggests that the coordination mode is a result
of the interplay between linkel-substituent, and counterion

Experimental Section

Dalton Trans.2002 1386-1390. received. Unless specified, all reactions were performed without
d(19) Hahn, F. E.; Paas, M.; Le Van, D.; Lugger,Ahgew. Chem., Int. precautions to exclude air or moisture. NMR spectroscopy was

Ed. 2003 42, 5243-5246. performed on Bruker spectrometers (500 or 400 MHzNMR;

me%ﬂ?czfgése éz? 'ﬁlcgjﬁzjé_‘ Herdtweek, E.; Herrmann, WORgano- 125 or 100 MHz,*C NMR). Spectral assignments are based on

(21) For some examples of single NHC as part of a metallacycle ring,
see: (a) Scott, N. M.; Dorta, R.; Stevens, E. D.; Correa, A.; Cavallo, L.; (22) Voutchkova, A. M.; Appelhans, L. N.; Chianese, A. R.; Crabtree,

Nolan, S. PJ. Am. Chem. So®005 127, 3516-3526. (b) Caddick, S.; R. H.J. Am. Chem. So@005 127, 17624-17625.

Cloke, F. G. N.; Hitchcock, P. B.; Lewis, A. K. d. Kkngew. Chem., Int. (23) (a) Liu, J. P.; Chen, J. B.; Zhao, J. F.; Zhao, Y. H.; Li, L.; Zhang,
Ed. 2004 43, 5824-5827. (c) Arnold, P. L.; Rodden, M.; Davis, K. M.; H. B. Synthesis (Stuttgar003 2661-2666. (b) Gridnev, A. A.; Mihalt-
Scarisbrick, A. C.; Blake, A. J.; Wilson, @hem. Commur2004 1612~ seva, |. M.Synth. Commuril994 24, 1547-1555.

1613. (24) Giordano, G.; Crabtree, R. thorg. Synth.1979 19, 218-220.
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HMQC and COSY. Elemental analyses were performed by Atlantic 18H, CH); 1.97—1.85 (m, 8H, CH(COD)). 13C{H} NMR (126

Microlab, Inc. Water of crystallization was identified Byl NMR.

MHz, CD.Cly): 6 179.9 (d,"Jc—rh = 50.2 Hz, C(carbene)), 123.4

Electrospray ionization mass spectra (ESI-MS) were recorded on (s, 2C, C(imid)), 118.9 (s, C(imid)), 97.1 (&Jc—rn = 7.4 Hz,
a Micromass ZQ instrument using nitrogen as drying and nebulizing CH(COD)), 94.5 (d,Jc—rn = 7.3 Hz, 2C, CH(COD)), 71.0 (d,

gas.

General Procedure for Synthesis of Bis(imidazolium) Salts.
The 1-alkylimidazole (4.2 mmol) and the corresponding di-

bromoalkane (2 mmol) were heated neat overnight in a sealed vial

at 120°C. The resulting solid was triturated with GEl, and

Ue—rn = 15.4 Hz, CH(COD)), 69.2 (dlJc-rn = 14.5 Hz,
CH(COD)); 58.8 (s, CMg); 52.3 (s, C(linker)); 33.4, 32.8, 29.7,
29.2 (s, CH(COD)); 32.5 (s, CH).

Trimethylenebis{ (N-(tert-butyl)imidazol-2-ylidene)chloro(cyclo-
octadiene)rhodiuny (3¢—BY). Trimethylenebis{-(tert-butyl)imid-

washed with diethyl ether. The bis(imidazolium) salts were collected azolium bromide) used: 0.32 mmol. Yield: 0.15 mmol (47% based

as white solids.

Trimethylenebis(N-(tert-butyl)imidazolium bromide) (1ct8Y).
From N-(t-butyl)imdazole and 1,3-dibromopropane. Yield: 1.92
mmol, 99%. Anal. Calcd for GH30Br2N4-H,O (mol wt 468.27):

C, 43.60; H, 6.89; N, 11.96. Found: C, 43.33; H, 7.11; N, 11.78.
1H NMR (500 MHz, CDC}): ¢ 10.25 (s, 2H, NCHN); 8.20, 7.34
(s, 4H, CH(imid)); 4.71 (t3J4—n= 7.4 Hz, 4H, NCH(linker)), 2.97
(m, 2H, CH linker), 1.69 (s, 18H, Ch). 13C{'H} NMR (126 MHz,
CDCl): ¢ 135.3, 124.0, 119.0 (C(imid)); 60.5 (Ce46.9, 31.3
(C(linker)); 30.1 (CH).

Tetramethylenebis{N-(tert-butyl)imidazolium bromide) (1dtBv).
From N-(tert-butyl)imdazole and 1,4-dibromobutane. Yield: 1.97
mmol, 95%. Anal. Calcd for GH3,BroN4-2H,O (mol wt 500.31):

C, 43.21; H, 7.25; N, 11.20. Found: C, 42.92; H, 7.14; N, 11.08.
1H NMR (500 MHz, CDC}): 6 10.42 (s, 2H, NCHN); 8.08, 7.31
(s, 4H, CH(imid)); 4.54 (tJ4—n = 6.5 Hz, 4H, NCH), 2.24 (m,
4H, CH,), 1.66 (s, 18H, Ch). 13C{*H} NMR (126 MHz, CDC}):

0 135.5,123.5, 118.8 (C(imid)); 60.4 (CN)e48.8, 26.7 (C(linker);
30.2 (CH).

Trimethylene Bis(N-(isopropyl)imdazolium bromide) (1¢-°").
FromN-(isopropyl)imdazole and 1,3-dibromopropane. Yield: 1.72
mmol, 90%. Anal. Calcd for gHoeBroNg-H,O (mol wt 440.22):

C, 40.93; H, 6.41; N, 12.73. Found: C, 41.21; H, 6.47; N, 12.69.
IH NMR (500 MHz, CDC}): 6 10.28 (s, 2H, NCHN); 8.21, 7.35
(s, 4H, CH(imid)); 4.69-4.75 (4+2H, NCH,) and C(Me}H(i-Pr),
2.92 (qWy—n: 15 Hz, 2H, CH), 1.61 (d1Jy—n: 7.0 Hz, 12H, CH).
13C{H} NMR (126 MHz, CDC}): 06 135.5, 124.0, 119.6 (C(imid));
53.4 (CHMe); 46.9, 31.0 (C(linker)); 23.1 (C#).

General Procedure for Synthesis of bis-NHC Rhodium
Complexes by Transmetalation from Bromide Salts of Silver
Carbenes. Bis(imidazolium) dibromide salts were dissolved in
CH,Cl; (25 mL) and vigorously stirred for 45 min with AQ (4
equiv) at room temperature. The excess,@gvas removed by
filtration and the solution heated to reflux temperature. Addition
of [Rh(COD)CIL (1 equiv) results in precipitation of the silver

on Rh). Anal. Calcd for gHs,Cl,NsRh, (mol wt 781.51): C, 50.72;
H, 6.71; N, 7.17. Found: C, 50.90; H, 6.83; N, 7.26. ESI-MS
(MeOH, 20 V,m/2: 745.7 (M" — Cl). 'H NMR (400 MHz, CDC},

a mixture of diastereomerd|:meso(60:40), was present)) 7.33
(d, 34— = 1.9 Hz, 2H, CH(imid)), 7.21 (34— = 1.9 Hz, 1.3
H, CH(imid)), 7.02 (d,2Jy—n = 1.9 Hz, 2H, CH(imid)), 6.79 (d,
8Ju—n = 1.9 Hz, 1.3 H, CH(imid)), 5.54 (m, 2H, CH(COD)), 5.53
(m, 1.3H, CH(COD)), 4.964.83 (m, 4+1.3H, NCH(linker),
CH(COD)), 4.77 (m, 2H, CH(COD)), 4.51 (m, 1.3H, CH(COD)),
4.29 (m, 2H, CH(COD)), 3.253.10 (m, 2.6-2+2H, NCH(linker),
CH(COD), CHy(linker)), 2.96 (m, 2H, CHKlinker)), 2.82 (m, 1.3H,
CH(COD)), 2.49-2.01, 1.85-1.57 (m, 16-10.7H, CH(COD)),
1.92 (s, 18H, CH), 1.88 (s, 12H, Ch). 13C{H} NMR (100 Hz,
CDCly): 6 179.7 (dXJc—rnh = 50.8 Hz, C(carbene)); 179.1 (fc—rn

= 50.2 Hz, C(carbene)); 121.2, 120.9, 120.7, 120.4, 120.1, 119.9
(C(imid)); 96.4 (d,XJc—rn = 7.3 Hz, CH(COD)), 95.8 (dLc_rn =
7.3 Hz, CH(COD)), 94.6 (dtJc—rn = 8.9 Hz, CH(COD)), 94.2 (d,
1JC7Rh = 8.1 Hz, CH(COD))y 71.0 (d,lchRh = 15.5 Hz,
CH(COD)), 70.2 (d}Jc—rn = 15.5 Hz, CH(COD)); 57.6 (&Jc—rn

= 14.8 Hz, CH(COD)), 55.7 (dXJc_gn = 14.8 Hz, CH(COD)):
58.4, 58.3 (s, Ch{linker); 51.0, 50.4 (CMg); 34.0, 33.5, 33.0, 32.2,
31.5,31.4,30.1, 29.3, 29.0, 28.2 (s, LEIOD), CHy(linker)); 32.6,
32.5 (s, CH).

Tetramethylenebiq (N-(tert-butyl)imidazol-2-ylidene)chloro-
(cyclooctadiene)rhodiun} (3dBY). Tetramethylenebid{-(tert-
butyl)imidazolium bromide) used: 0.36 mmol. Yield: 0.18 mmol
(50% based on Rh). Anal. Calcd forsfEls,CI,N4Rh, (Mol wt
795.54): C,51.33; H, 6.84; N, 7.04. Found: C,51.11; H, 6.72; N,
6.84. ESI-MS (MeOH, 20 Vin/2): 759.79 (M" — Cl), 362.91 (M*

— 2Cl). 'H NMR (400 MHz, CDBCly; dl:mesq 50:50): 6 7.05 (d,
3Ju—n = 2.1 Hz, 2H, CH(imid)) 7.00 (m, 4H, CH(imid); 6.96 (d,
334y = 2.1 Hz, 2H, CH(imid); 5.29, 4.79, 4.74, 4.49 (mK8)H,
CH (COD), NCHy(linker)); 3.24-3.11 (m, 8H, CH (COD)); 2.48
1.92, 1.83-1.65 (m, (32-8)H, CH,(COD), CHy(linker)); 1.86 (s,
18H, CH(t-Bu)); 1.85 (s, 18H, Ch{t-Bu). 13C{*H} NMR (100 Hz,

halide as a fine white powder, and the reaction was left to proceed CD:Cl2): 6 180.5 (d,"Jc-rn = 50.3 Hz, C(carbene)); 180.4 (d,

to completion for another 30 min. The crude product mixture was “Jc-rn = 49.8 Hz, C(carbene)); 120.6, 120.5, 120.3, 120.2 (s,
filtered, and the filtrate was reduced in volume under reduced (CH(imid)); 96.3, 94.0 (m, CH(COD)); 70.3, 67.9 (s, CH(COD));
pressure and purified by column chromatography. Initial removal 58.7, 52.8 (s, Chllinker)); 33.6, 32.8, 32.6, 32.5, 32.2, 29.4, 29.2,
of unreacted [Rh(COD)Cl]by elution with CHCl, was followed 28.4 (m, CHy(linker), CMe;, CHx(COD), CH).
by elution with CHCl,/acetone (50:50 v/v) to obtain the neutral  Trimethylenebis{ (N-(isopropyl)imidazol-2-ylidene)chloro(cyclo-
2:1 products. Cationic chelate products were eluted with an acetoneoctadiene)rhodiun} (3¢=P"). The procedures were the same, except
solution of KPR (10 mM). Excess KP§in the resulting cationic 0.5 equiv of [Rh(COD)CH was used. Trimethylenebi{(isopro-
products was removed by redissolving in £Hy and filtering pyl)imidazolium bromide) used: 0.32 mmol. Yield: 0.14 mmol
through Celite. Removal of solvents yields the Rh complexes as (44% based on Rh). Anal. Calcd fog{El4sCloN4RMp:1.5H,0 (mol
yellow solids. The compounds can additionally be recrystallized wt 780.48): C, 47.71; H, 6.59; N, 7.18. Found: C, 47.72; H, 6.50;
from CH,Cl,/ether or CHCl/pentane. N, 7.18. ESI-MS (MeOH, 20 Vin/3: 745.7 (M* — Cl). *H NMR
Ethylenebig{ (N-(tert-butyl)imidazol-2-ylidene)chloro(cycloocta- (500 MHz, CQ,Cly; dl:mesq 60:40): 6 7.36 (d,3Jy—n = 2.0 Hz,
diene)rhodium} (3bt~BY). Ethylenebisi-(tert-butyl)imidazolium 2H, CH(imid)), 7.29 (d,*Jy—n = 2.0 Hz, 1.3H, CH(imid)), 6.95
bromide) used: 0.68 mmol. Yield: 0.46 mmol (68% based on Rh). (d,3Jy—4 = 2.0 Hz, 2H, CH(imid)), 6,65 (BJy—n = 2.0 Hz, 1.3H,
Anal. Calcd for GaHs¢CI,N4Rh,2H,O (mol wt 803.5): C, 47.83; CH(imid)), 5.80-5.70 (m, 2+1.3H, NCHy(linker)), 5.01-4.85 (m,
H, 6.77; N, 6.97. Found: C, 47.88; H, 6.33; N, 6.80. ESI-MS 2+1.3+4+2.6H, NCHylinker), CH(COD)); 4.32 (m, 1.3H, CM#l);
(MeOH, 20 V, m/2: 731.8 (M- — Cl). H NMR (500 MHz, 4.16 (M, 2H, CMeH); 3.31-3.20 (m, 4+2.6H, CH(COD)); 2.49%
CD.Clp): 6 6.93 (d,3Jy—n = 1.8 Hz, 2H, CH(imid)); 6.68 (BJy—n 2.27 (m, 8-5.2H, CH(COD)); 2.09-1.87 (m, 8+5.2H, CH(COD)),
= 1.8 Hz, 2H, CH(imid)); 5.48 (m, 4H, Ciflinker)); 4.98 (m, 2H, 1.51 (d,3y_n = 6.7 Hz, 6H, CH); 1.49-1.46 (m, 6+3.9H, CHy);
CH(COD)); 4.86 (m, 2H, CH(COD)); 3.28 (m, 2H, CH(COD));  1.41 (d,2Jy_p = 6.7 Hz, 3.9H, CH). 13C{1H} NMR (126 MHz):
3.22 (m, 2H, CH(COD)); 2.482.31 (m, 8H, CH(COD)); 1.91 (s, 6 181.3 (d,"Jgn-c = 51.4 Hz, C(carbene)); 180.0 (Hirh-c = 51.0
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Hz, C(carbene)); 122.5 (s, C(imid)); 122.3 (s, C(imid)); 117.0 (s,
C(imid)); 116.6 (s, C(imid)); 98.5 (Jrn-c = 6.7 Hz, CH(COD));
97.9, 97.8 (m, CH(COD)); 69.1, 68.8, 68.4, 69.1 (m, CH(COD));
53.2, 53.1 (s, Ch{linker)), 49.7, 48.8 (s, CHM#; 33.9, 33.4, 33.0,
32.0, 31.1 (s, CK{COD), CHy(linker)); 30.0, 29.5, 29.3, 28.9 (s,
CH,(COD)); 24.4, 24.2, 23.5, 23.3 (s, GH

Trimethylenebis(N-(isopropyl)imidazol-2-ylidene)(cycloocta-
diene)rhodium Hexafluorophosphate (4tFr). After elution of
3c¢~Pr by CH,Cly/acetone (50:50) from the column in the above
procedureAc—P" was obtained by further elution with acetone/
KPFs (150 mg). Yield: 0.08 mmol (13% based on Rh). Anal. Calcd
for CasHseFeN4sPRIO.5H,0O (mol wt 625.44): C, 44.17; H, 5.96;
N, 8.96. Found: C, 44.15; H, 5.84; N, 8.87. ESI-MS (MeOH, 20
V, m/2: 471.7 (M"). *H NMR (400 MHz, CQCly): ¢ 6.89, 6.79
(d, 3Jy-n = 2.0 Hz, 4H, CH(imid)); 5.00 (hep’Ju—n = 6.9 Hz,
2H, NCHMey); 4.90, 4.23 (m, 4H, Ch{linker)); 2.37, 2.15 (m,
4+1+4H, CHy(linker), CH(COD)); 1.34 (d*Jy-n = 6.9 Hz) 12H,
CHa). B3C{*H}NMR (100 MHz): 6 180.9 (d,*Jrn-c = 54.4 Hz,
C(carbene)); 124.1, 117.3 (s, C(imid)); 90.4 ¥dkp-c = 8.3 Hz,
C(COD)); 88.6 (dJrn-c = 7.3 Hz, C(COD)); 53.6 (s, CHM#
53.2 (s, NCH(linker)); 33.4 (s, CH(linker)); 31.3, 31.0 (s,
CH,(COD)); 25.8, 24.1 (s, Ch).

General Procedure for Synthesis of Bis-NHC Rhodium
Complexes by Transmetalation from Hexafluorophosphate Salts
of Silver Carbenes.Bis(imidazolium) dibromide/diiodide salts (0.5
mmol) and AgO (4 equiv) were stirred vigorously in water at 0
°C for 30 min. The solution was filtered through Celite to remove
excess AgO, and a saturated aqueous KRES equiv) was added.

Organometallics, Vol. 25, No. 26, 800%

on Rh). Elemental analysis was not possible in this case because
of the instability of the compound. ESI-MS (MeOH, 20 W/2:
363.6 (M" — COD). H NMR: ¢ 7.32 (d,%3Jy-n = 2.0 Hz, 2H,
CH(imid)); 5.82 (d,%Jy_y = 2.0 Hz, 2H, CH(imid)); 6.43, 6.00
(AB system,2Jy_y = 13.0 Hz, 2H, CH(linker)); 4.80-4.72 (m,
4H, CH(COD)); 3.91 (m, 4H, NChk{nBu)); 2.50-2.09 (m, 8H,
CH(COD)); 1.86-1.57 (m, 4H, CH(nBu)); 1.31-1.23 (m., 4H,
CHy(nBu)); 0.94 (t3J4_n = 7.9 Hz, 6H, CH). 13C{*H} NMR (125
Hz, CD,Cly): 6 180.9 (d,%Jc-rnh = 53.3 Hz, C(carbene)); 121.8,
121.3 (s, C(imid)); 92.3 (dtJc—rn = 8.6 Hz, CH(COD)), 87.0 (d,
Jc_rn = 7.5 Hz, CH(COD)); 53.6 (s, CHflinker)); 50.7 (s, NCH
(nBuy)); 34.3 (s, CH(nBu)); 31.2, 31.0 (s, CKCOD)); 20.3 (s,
CHg(nBu)); 14.0 (s, CH).

[Methylenebis(N-(tert-butyl)imidazol-2-ylidene)](dicarbonyl)-
rhodium Hexafluorophosphate (5a78Y). CO (1 atm) was passed
through a concentrated solution4# 84 for 20 min. The resulting
solution was reduced in volume under reduced pressureqart
was recrystallized from C}l./pentane as yellow crystals. Anal.
Calcd for G7H24FsN4O-PRh (mol wt 564.27): C, 36.19; H, 4.29;
N, 9.93. Found: C, 36.19; H, 4.30; N, 9.90. ESI-MS (MeOH, 20
V, m/2: 419.6 (M. IR (cmY): 2020, 2079H NMR: 6 7.47,
7.11 (d,3Jy—y = 2 Hz, 4H, CH(imid)); 6.25, 6.09 (AB system,
23—y = 13.1 Hz, 2H, NCH(linker)); 1.63 (s, 18H, Ch). 13C{1H}
NMR (125 MHz, CDC}): ¢ 187.5 (d,%Jc_rn = 59.3 Hz, CO);
171.4 (dc—rn= 49.4 Hz, C(carbene)); 122.7, 120.1 (s, CH(imid));
65.1 (s, NCH(linker)); 59.4 (s, CMg); 31.8 (s, CH).

X-ray Crystallography. Crystals suitable for X-ray diffraction
studies were obtained by slow diffusion of pentane into concentrated

The resultant white precipitate was dried under vacuum and CH,Cl, solutions of the complexe4aBY and 5aBY. Data were

dissolved in refluxing ChHCl,. Addition of [Rh(COD)CI} (0.5
equiv) resulted in precipitation of silver halide as a fine white
powder, and the reaction was left to proceed in,CkHfor another

collected on a Nonius KappaCCD diffractometer with graphite-
monochromated Mo K radiation and processed and scaled using
the DENZO software packag@The structure was solved by direct

30 min. The crude product mixture was filtered, reduced in volume methods and expanded using Fourier technigéieBhe non-
under reduced pressure, and purified by column chromatographyhydrogen atoms were refined anisotropically, and hydrogen atoms

as above. Elution by acetone/KPWields the cationic chelate

compounds as yellow solids. The compounds can be further

recrystallized from dichloromethane/pentane.
[Methylenebis(N-(tert-butyl)imidazol-2-ylidene)](cyclooctadi-
ene)rhodium Hexafluorophosphate (4&8Y). Yield: 0.07 mmol
(29% based on Rh). Anal. Calcd foragElzsFsN4sPRh (Mol wit
616.43): C, 44.81; H, 5.89; N, 9.09. Found: C, 44.61; H, 5.99; N,
9.02. ESI-MS (MeOH, 20 Vm/2: 471.7 (M), 363.7 (M" —
COD).*H NMR (400 MHz, CQyCly): 67.32, 6.92 (d3Jy—n = 2.2
Hz, 4H, CH(imid)); 6.86, 6.07 (AB systemJy_y = 12.7 Hz, 2H,
CHoy(linker)); 4.50, 4.43 (m, 4H, CH(COD)); 2.421.96 (m, 8H,
CH,(COD)); 1.57 (s, 18H, CH. 3C{'H} NMR (125 Hz,
CD,Cl,): 9 180.4 (dXJrn_c = 51.8 Hz, C(carbene)); 121.9, 119.2
(s, CH(imid)); 90.5 (d1Jrn_c = 9.5 Hz, CH(COD)); 85.2 (dtJrn-—c
= 7.4 Hz, CH(COD)); 65.5 (s, CHlinker)); 58.4 (s, CMg); 32.2
(s, CHy); 30.9 (s, CH(COD)).
[Methylenebis(N-n-butylimidazol-2-ylidene)](cyclooctadiene)-
rhodium Hexafluorophosphate (4&-8Y). The procedure is analo-

were treated as idealized contributions.

Survey of Crystal Structures. Structural search in the Cam-
bridge Structural Database (CSD) was performed using the Con-
Quest softwaré’ Bond length and bond angle measurements were
made by the built-in functions.
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