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Neutral and Cationic Fluorinated N-Heterocyclic Carbene
Complexes of Rhodium and Iridium
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Transmetalation of the structurally characterized silver N-heterocyclic carbene (NHC) salt [Ag(lpFMe)
(1, IpFMe = 1-pentafluorobenzyl-3-methylimidazol-2-ylidene) to [Rh(COD}Ciffords Rh(lpFMe)-
(COD)CI (2). The analogous neutral iridium complex, Ir(IpFMe)(COD)B),(may be formed upon
elimination of MeOH from [Ir(COD)(OMe}Y in the reaction with 1-pentafluorobenzyl-3-methylimida-
zolium bromide. Thermolysis of [Ag(IpFMg)" with either5 or [Ir(COD)CI], yields the cationic bis-
NHC complex [Ir(IpFMe)}(COD)](AgX5,) (6, X = ClI, Br), which exists as a mixture of conformers in
solution. Addition of CO or AgOTf t& gives Rh(IpFMe)(CQOLI (3) and Rh(IpFMe)(COD)(OTf)4),
respectively. The molecular structures of compouhd§ have been determined by X-ray crystallography.

Introduction

It is now over a decade since the first report of fluorous
ponytails on tertiary phosphine liganti the intervening time,
considerable advances have been hatemploying fluorous

NHCs have been the subject of considerable attention, as
M—NHC complexes often show significantly enhanced stability,
reactivity, and selectivity compared to theirNPR; counterparts

in a host of catalytic reactions including alkene metathesis and
Heck coupling’ Given that the attachment of fluorinated groups

biphasic catalysts in a range of reactions including hydroformy- may significantly change ligand properties, we were interested

lation 3 oxidation* and G-C bond formatior?.Given the interest

in investigating fluorinated NHCs to assess (a) whether they

in this area, it is somewhat surprising that there have been very|aaq to the generation of metal complexes with very different

few reports of fluorinated N-heterocyclic carbene (NHC)
ligands® Since their reinvigoration at the start of the 1990s,
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reactivities and catalytic capabilities from their hydrocarbon
analogues and (b) whether they are at all susceptible to
intramolecular G-F bond activation. The related process of
C—H activation has now been seen in a number of N-aryl and
N-alkyl NHC-containing metal complex&and often proves to

be reversible in the presence of, lér alcohol, effectively
providing a hemilabile NHC linkage.

We report herein our results on the reactivity of the well-
known group 9 metal precursors [M(COD)&(M = Rh, Ir;
COD = 5*1,5-cyclooctadiene) with the fluorinated N-hetero-
cyclic carbene 1-pentafluorobenzyl-3-methylimidazol-2-ylidene
(abbreviated IpFMe), which has recently been isolated as the
silver saltl by McGrandle and Saundet3hese authors briefly
described transmetalation reactionsldd give half-sandwich
complexes of Rh and Ir. We have undertaken a study of the
reaction of 1 with [M(COD)CI],, which gives the neutral
complex Rh(IpFMe)(COD)CIZ) and cationic bis-lpFMe species
[Ir(IpFMe)(COD)]* (6).

Results and Discussion

Elucidation of the Molecular Structure of 1. Only partial
characterization of the silver salt of 1-pentafluorobenzyl-3-
methylimidazol-2-ylidenel) was previously reported, so it was
unclear as to the exact formulation of the $alt/e have been
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Figure 1. Molecular structure ofl. Thermal ellipsoids are shown at the 30% probability level. Hydrogen atoms are omitted for clarity.
Primed labeled atoms relate to those in the asymmetric unit by-the-y+2, —z symmetry operation. Selected distances (A) and angles
(deg): Ag(1)-C(1) 2.084(10), Ag(1yC(12) 2.094(10), Ag(yAg(2) 2.9611(12), Ag(2)Br(1) 2.6491(18), Ag(2)Br(2) 2.5217(19), Ag-
(2)—Ag(2) 3.1851(18), C(1yAg(1)—C(12) 171.5(4).

Scheme 1. Synthesis of Rh(IpFMe)(COD)CI (2), Rh(IpFMe)(CQKI (3), and Rh(IpFMe)(COD)(OTf) (4)
[Rh(COD)Cl,
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able to unequivocally establish the structure loby X-ray 199812 As expected, reaction dfwith [Rh(COD)Clpin a 1:1
crystallography, as shown in Figure 1, which reveals the ratio in CHCl, generated the expected air-stable, four-coordinate
presence of a tetranuclear complex of molecular formula [Ag- complex Rh(IpFMe)(COD)CI3) (Scheme 1). This was isolated
(IpPFMe)]2[Ag2Brs with the anionic [AgBrs?~ fragment as a yellow microcrystalline solid in 95% yield and fully char-
holding together the two cationic Ag(NHE3pecies via Ag acterized by a combination of multinuclear NMR spectroscopy,
Ag interactions. The Gic—Ag—Cnuc bond angle is close to  elemental analysis, and X-ray crystallography (vide infra). In
linear (171.5(49). Associated AgCnnc bond distances of  line with other reports on N-benzyl-derived NHC complek&s,
2.084(10) and 2.094(10) A are similar to literature precedent a sharp AB pattern was observed for the diastereotopi€MN,
for metrics observed in analogous silver NHC spetidsrecent protons in the room-temperatutld NMR spectrum, symptom-
review of silver NHC complexes by Garrison and YouHgs atic of a lack of rotation about the Ritarbene bond. Th¥F
provides a useful guide to the strength of the Afyg interaction NMR spectrum showed three multiplet signals for thg=LC
seen inl; the silver catior-silver anion distance of 2.9611(12) group integrating in the ratio 2:1:2, indicating that the fluoroaryl
A points to a strong argentophilic interaction. part of the ligand freely rotates. Confirmation of NHC binding
Synthesis and Solution Reactivity of Rh(IpFMe)(COD)- to 199Rh was evident from th&C{H} NMR spectrum, which
Cl (2). Silver NHCs have been used with great success in trans-displayed a low-field doublet(184.4,%3Jcrn = 51.8 Hz) arising
metalation reactions for the synthesis of a wide range of metal from the imidazol-2-ylidene carbon.
carbene complexes since the first report by Wang and Lin in
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Figure 2. Molecular structure oR. Thermal ellipsoids are shown
at the 30% probability level. Hydrogen atoms are omitted for clarity.
Selected distances (A) and angles (deg): Rh(I(1) 2.022(4), Rh-
(1)—CI(1) 2.4338(8), Rh(1yC(11) 2.105(4), Rh(}yC(12) 2.110-
(4), Rh(1)-C(15) 2.194(4), Rh(£yC(16) 2.213(4), C(yRh(1)}
Cl(1) 89.46(15).

The electronic characteristics of the IpFMe ligand were
probed by substitution of the COD ligand fro2nwith CO to
afford Rh(IpFMe)(CO)CI (3). Stirring a CHCI; solution of2
under CO fo 1 h resulted in the appearance of twg, bands
for the dicarbonyl comple® in the IR spectrum at 2003 and

2084 cnTl. As expected, these frequencies are higher than those

reported for a range of complexes with N-hydrocarbyl substit-
uents, Rh(IMe)(CQXI (2076, 2006 cm?; IMe = 1,3-dimeth-
ylimidazol-2-ylidene)}> Rh(tmiy)(CO)CI (2076, 1995 cm:
tmiy = 1,3-bisp-tolylmethyl)imidazol-2-ylidene}* or Rh-
(ImPy)(COXCI (2079, 2000 cm; ImPy = imidazol[1,54]-
pyridine-3-ylidene).® confirming the poorer electron-donating
ability of IpFMe. Characterization & as a dicarbonyl complex
was further provided by3C{*H} NMR spectroscopy through
the appearance of two doublet carbonyl resonances (confirme
by 13CO labeling) at) 186.0 {Jcrn= 54.2 Hz) and 182.6Ycrn

= 73.5 Hz).

The chloride ligand ir2 proved susceptible to abstraction,
as evidenced by the reaction with AgOTf, which gave the Rh-
() triflate complex Rh(lpFMe)(COD)(OTf)4) in 85% yield
(Scheme 1). Thé% chemical shift of the triflate can be used
to differentiate between bound and free anionic &Tdnd in
the case of} the appearance of a singlet in tHE spectrum at
0 —78.8 confirmed the coordination of the ligand to the Rh
center. As a consequencwas also reacted with AgBFrand
NaBArr,; (BArsm = B(3,5-GHs(CRs),)4) with the expectation
that use of a noncoordinating anion would afford [Rh(IpFMe)-
(COD)]*",*8 which might then undergo intramolecular—€
activation of the pentafluorobenzyl ring. However, in all cases
upon reaction with either [Bff~ or [BAr,]~ for short (15 min)
or long (16 h) periods of time at either low-{8 °C) or ambient
temperature, a mixture of inseparable products was formed.

Structural Characterization of 2—4. The molecular struc-
tures of2—4 are shown in Figures 2, 3, and 4. As expected, all

three structures have the anticipated square-planar arrangements

(15) Herrmann, W. A,; Elison, M.; Fischer, J.;"Bleer, C.; Artus, G. R.
J.Chem. Eur. J1996 2, 772.
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tions in [Rh(NHC)(CODT (NHC = 1,3-bis(2,4,6-trimethylphenyl)-3,4,5,6-
tetrahydropyrimidin-2-ylidene). (a) Zhang, Y.; Wang, D.; Wurst, K,;
Buchmeiser, M. RJ. Organomet. Chen2005 690, 5728. (b) Imlinger,
N.; Wurst, K.; Buchmeiser, M. R]. Organomet. Chen2005 690, 4433.
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Scheme 2. Formation of Ir(IpFMe)(COD)Br (5) and
[Ir(IpFMe) ,(COD)]* (6)
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at the metal centers, with the NCN plane of the carbene
approximately perpendicular to the coordination plane at
rhodium in each case. In the COD compleend4, the Rh-
Cnne and Rh-Ccop distances are unremarkaBfewith the
shorter mean MCOD and longer COD €C distances found
transto IpFMe consistent with the largegansinfluence of NHC
compared to either halide or triflaté2° There is a noticeable
lengthening of the RRCyuc distance in the structure &
(2.064(2) A) due to the position of the IpFMe ligatrdns to
CO. Similarly, the two RR-CO distances if3 are significantly
different (1.902(3), 1.842(3) A), with the longer bond found
trans to the NHC ligand. This CQransNHC distance is in
line with other, albeit cationic, NHC-stabilized RICO com-
plexes?!

Iridium Complexes Bearing the IpFMe Ligand. The
iridium analogue of2, Ir(IpFMe)(COD)Br ), was readily
prepared by stirring a dichloromethane solution of [Ir(COD)-
(OMe)L, with 1-pentafluorobenzyl-3-methylimidazolium bro-
mide at room temperature (Scheme 2). The clearest indication

gfor formation of5 was provided by thé*C{*H} NMR spectrum,

which displayed a characteristic-MCnnc low-field singlet at
182.1 ppm. The X-ray crystal structure ®fs shown in Figure
5 and reveals an +Cypc distance of 2.035(4) A, consistent
with similar structures in the literatufé.

Upon heating5 with additional silver saltl (0.5 equiv), a
mixture of5 and unreacted was formed, along with the cationic
bis-carbene complex [Ir(IpFMg)COD)][AgBr;] (6).22 Complex
6 could be formed as the sole product, albeit with both [A§Br
and [AgBrCIJ- present as anions (X-ray crystallography and
FAB-MS show a 60% chloride:40% bromide ratio), upon

(19) (a) Yu, X.-Y.; Patrick, B. O.; James, B. Rrganometallic2006
25, 2359. (b) Mayr, M.; Wurst, K.; Ongania, K.-H.; Buchmeiser, M. R.
Chem. Eur. J2004 10, 1256. (c) Bazinet, P.; Yap, G. P. A.; Richeson, D.
S.J. Am. Chem. So2004 126, 13314. (d) Alcarazo, M.; Roseblade, S. J.;
Alonso, E.; Ferhadez, R.; Alvarez, E.; Lahoz, F. J.; Lassaletta, J.JM.
Am. Chem. So004 126, 13242. (e) Seo, H.; Kim, B. Y.; Lee, J. H.;
Park, H.-J.; Son, S. U.; Chung, Y. Qrganometallic2003 22, 4783. (f)
Denk, K.; Sirsch, P.; Herrmann, W. A. Organomet. Chen2002 649,
219. (g) Kaher, C.; Herrmann, W. AJ. Organomet. Chenl997, 532
261. (h) Doyle, M. J.; Lappert, M. F.; Pye, P. L.; Terreros,JPChem.
Soc., Dalton Tran51984 2355.

(20) (a) Hahn, F. E.; Holtgrewe, C.; Pape, T.; Martin, M.; Sola, E.; Oro,
A. OrganometalhcsZOOS 24, 2203 (b) H|II|er A. C; Lee H. M
Stevens, E. D.; Nolan, S. Rrganometallics2001, 20, 4246.

(21) (a) Baker, M. V.; Brayshaw, S. K.; Skelton, B. W.; White, A. H.;
Williams, C. C.J. Organomet. ChenR005 690, 2312. (b) Mata, J. A.;
Chianese, A. R.; Miecznikowski, J. R.; Poyatos, M.; Peris, E.; Faller, J.
W.; Crabtree, R. HOrganometallic2004 23, 1253. (c) Burling, S.; Field,
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Figure 3. Molecular structure 08. Thermal ellipsoids are shown
at the 30% probability level. Hydrogen atoms are omitted for clarity.
Selected distances (A) and angles (deg): RhQ(1) 1.902(3), Rh-
(1)—C(2) 1.842(3), Rh(:yC(3) 2.064(2), Rh(:)CI(1) 2.3859(6),
C(1)-Rh(1)-C(2) 91.37(11), C(3yRh(1)-C(3) 176.74(10), C(&
Rh(1)-C(3) 91.89(10).

Figure 4. Molecular structure ofl. Thermal ellipsoids are shown
at the 30% probability level. Hydrogen atoms are omitted for clarity.
Selected distances (A) and angles (deg): Rh(I(1) 2.034(2), Rh-
(1)—0O(1) 2.1804(12), Rh(1H)C(13) 2.1991(17), Rh(1)C(14)
2.1835(18), Rh(1)C(17) 2.1021(17), Rh(})C(18) 2.1004(18),
C(1)-Rh(1)-0O(1) 92.876(6).

reactingl with [Ir(COD)CI], (3:1 molar ratio NHC:Ir) at 70
°C (Scheme 2). Red-orange crystals of [Ir(IpFMEOD)]-
[AgBr;] were subsequently isolated, which proved suitable for
X-ray crystallography (Figure 6). The metal cente6iis located
on a crystallographic 2-fold axis, which accounts for (e
symmetric arrangement of the IpFMe ligands in the cation.
The Ir—Cync distance (2.053(3) A) andjpc—Ir—Cyuc angle
(94.23(18)) compare favorably with other reported cationic bis-
NHC iridium specieg?

In solution, bothtH and1°F NMR spectroscopy indicate that
[Ir(IpFMe)(COD)][AgBTr;] exists as a mixture of conformers,
6A and 6B.2> Although extensive overlap of NHC and COD
signals occurred in the proton spectrum in LD recorded at

(23) Disorder bedeviled the structure, in particular, the perfluorinated
phenyl ring, which was modeled over two positions in a 60:40 ratio.

(24) Mas-Marzak.; Peris, E.; Castro-Rodjuez, |.; Meyer, K.Orga-
nometallics2005 24, 3158.

(25) Conformers have not been observed for the isoelectrdsipaties
cis-Pd(1-benzyl-3- methylimidazol-2-yliden€)l,. Magill, A. M.; McGuin-
ness, D. S.; Cavell, K. J.; Britovsek, G. J. P.; Gibson, V. C.; White, A. J.
P.; Williams, D. J.; White, A. H.; Skelton, B. Wl. Organomet. Chem.
2001, 617-618 546.
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Figure 5. Molecular structure 05. Thermal ellipsoids are shown
at the 30% probability level. Hydrogen atoms are omitted for clarity.
Selected distances (A) and angles (deg): H(@j1) 2.035(4), Ir-
(1)—Br(1) 2.5096(4), Ir(1)C(12) 2.117(4), Ir(1)}C(13) 2.106(4),
Ir(1)—C(16) 2.196(4), Ir(1yC(17) 2.176(4), C(XyIr(1)—Br(1)
90.29(10).

ambient temperature, two closely interpenetrating AB methylene
resonances were apparent centered 548 and 5.57 (Figure

7). In thel®F NMR spectrum, two sets of partially overlapping
multiplets are seen for th@eta andpara-fluorine resonances
(Figure 7). Only in the case of thertho-signals are the
resonances for the two conformers resolved, allowing a relative
ratio of 1:0.42 to be determinéf.This ratio remained un-
changed upon cooling the system to 223 K. When the solvent
was changed from CLZI, to the more coordinating pyridine-
ds, the ratio of conformers at room temperature was only slightly
different (1:0.47) and also remained constant between 248 and
208 K.

Efforts to shed more light on the structures of the two
conformers6A and 6B have proved to be unsuccessful. Thus
both H NOESY and'H—1%F 1D-HOE experiments reveal
significant N\Me/CH,CgFs and NVie/o-CgFs interactions, sug-
gesting that the twe-CH,CsFs groups have aanti arrangement
in both conformers.

Conclusions

Transfer of the fluorinated N-heterocyclic carbene ligand
1-pentafluorobenzyl-3-methylimidazol-2-ylidene (IpFMe) from
silver has been used to form four-coordinate, square-planar
complexes of rhodium and iridium. While rhodium shows little
tendency to incorporate a second NHC ligand, the opposite is
true with iridium, and formation of the cationic bis-IpFMe
complex [Ir(IpFMe}(COD)]* (6) is very facile. As expected,
the presence of the N-pentafluorobenzyl substituent reduces the
electron-donating power of the NHC ligand judging by the
values ofvco for the rhodium dicarbonyl compleX.2”

Given the catalytic activity associated with the group 9 metal
complexes M(NHC)(COD)X and [M(NHGJCOD)]*,19b.e20.28
it now remains to be established whether the incorporation of
fluorinated substituents will induce significantly different
catalytic reactivity. Similarly, while we have so far been unable
to find any willingness for the IpFMe ligand to undergo
intramolecular activation of the ¢Es ring, this may be due to

(26) This same ratio of conformers was observed upon dissolution of
crystalline samples @ containing either a mixture of [AgBrCIJ[AgBr] -
anions or just [AgB#] .

(27) Herrmann, W. A.; Scha, J.; Frey, G. D.; Herdtweck, BDrgano-
metallics2006 25, 2437.
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Br1’

Figure 6. Molecular structure 06. Thermal ellipsoids are shown at the 30% probability level. Primed labeled atoms relate to those in the
asymmetric unit by the-x, y, —z+1/2 symmetry operation. Hydrogen and disordered atoms are omitted for clarity. Selected distances (A)
and angles (deg): Ir(H)C(5) 2.053(3), Ir(1}C(1) 2.200(4), Ir(13-C(2) 2.179(4), C(5)Ir(1)—C(5) 94.23(18).

6B
|
6A
| | RN
T T T T T T T
5.9 5.8 5.7 5.6 5.5 5.4 53  ppm
6A
o-CF p-CF m-CF

6B

__

T T T T T T T T T T T T T
1414  -1416  -141.8  ppm -151.0  -151.2  -1514 ppm -160.2  -160.4  -160.6 ppm
Figure 7. H (top) and'®F (bottom) NMR spectra in CELl, (298 K) showing the existence of the two conformé&,and6B, in solution
(solvent resonance indicated by *).
inappropriate metal:ancillary ligand combinations or, simply, Experimental Section
the inability of the pentafluorobenzyl group to orient itself ) . ' '
correctly for activation. To this end, further studies are ongoing. ~ General Comments.All manipulations were carried out using
standard Schlenk techniques under argon. Solvents were purified
(28) (a) Lee, S. I; Park, S. Y.; Park, J. H.; Jung, I. G.; Choi, S. Y.; using an MBraun SPS solvent system (CH), distilled from
Chung, Y. K.; Lee, B. YJ. Org. Chem2006 71, 91. (b) Bortenschlager, ~ sodium under nitrogen (hexane) or distilled under a nitrogen

M.; Schiiz, J.; von Preysing, D.; Nuyken, O.; Herrmann, W. A.; Weber- :
skirch, R.J. Organomet. ChenB005 690 6233, (c) Andavan, G. T. S.: atmosphere from Mgjl(ethanol). Literature routes were used to

Bauer, E. B.; Letko, C. S.; Hollis, T. K.; Tham, F. $.0Organomet. Chem. preparel,® [Rh(COD)CIL,? and [Ir(COD)XE (X = CI,** OMe™).

2005 690, 5938. (d) Qdemir, |.; Demir, S.; @tinkaya, B.; @tinkaya, E. NMR spectra were recorded in dry @Cl, or CsDsN on Bruker

JS. O[ga'\r}lomst. _CheErTIQOOS 68% SBg%Of)i\élaz-zl\gr'z%i;ZPokyatol\i, l\_ll_l Avance 300 and 400 MHz NMR spectrometers and referenced to
andy M.; Peris, E.Inorg. em. , . arka, M. T; . _

Bortenschlager, M.; Wurst, K.; Nuyken, O.; Weberskirch,Gtganome- S?lLvehtcreDS?\ln%nge?ZasHmllf‘\{vgssogr% (1§H5.32AI(1IHI\)II’VI5R&JS’[ tc

tallics 2004 23, 4817. (g) Poyatos, M.; Uriz, P.; Mata, J. A.; Claver, C.; {*H}); CsDsN, 72 (H), "~ C{iH)). data are

Fernandez, E.; Peris, Brganometallic2003 22, 440. (h) Poyatos, M.; quoted at 298 K, unless otherwise stafé8.NMR chemical shifts

Mas-MarZaE.; Mata, J. A.; SariaM.; Peris, EEur. J. Inorg. Chem2003 were referenced to CF¢atd 0.0.'H COSY,*H—13C{H} HMQC,

1215. (i) Enders, D.; Gielen, H. Organomet. Chen2001, 617—-618 70.
() Enders, D.; Gielen, H.; Runsink, J.; Breuer, K.; Brode, S.; Boehn, K.
Eur. J. Inorg. Chem1998 913. (k) Getinkaya, B.; Gdemir, I.; Dixneuf,

and HMBC experiments were performed using standard Bruker

P. H.J. Organomet. Chenil997 534, 153. (I) Enders, D.; Gielen, H.; (29) Giordano, G.; Crabtree, R. thorg. Synth.199Q 28, 88.
Breuer, K.Tetrahedron: Asymmetrd997, 8, 3571. (m) Herrmann, W. A,; (30) Herde, J. K.; Lambert, J. C.; Senoff, C. Morg. Synth.1974 15,
Goossen, L. J.; Keher, C.; Artus, G. R. JAngew. Chem., Int. Ed. Engl. 18

1996 35, 2805. '(31) Usm, R.; Oro, L. A,; Cabeza, J. Anorg. Synth.1985 23, 126.
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pulse sequences. The IR spectrum3ofvas recorded in CkCl,

solution on a Nicolet Proge 460 FTIR spectrometer. Elemental

Burling et al.

Hz, 1F,p-CF),—162.1 (m, 2Fm-CF). Anal. Found: C, 38.66; H,
3.07; N, 4.45. GoH;9FgN,03SRh (622.26) Calc: C, 38.60; H, 3.08;

analyses were performed by Elemental Microanalysis Ltd, Oke- N, 4.50.

hampton, Devon, UK.

Rh(IpFMe)(COD)CI (2). A suspension of [Rh(COD)Gl[0.054
g, 0.11 mmol) and. (0.1 g, 0.12 mmol) was stirred in GBI, (10

Ir(IpFMe)(COD)Br (5). 1-Pentafluorobenzyl-3-methylimida-
zolium bromide (0.67 g, 1.95 mmol) and [Ir(COD)(OMg}p.43
g, 0.89 mmol) were dissolved in GBI, (15 mL), and the mixture

mL) at room temperature fd h (as usual for syntheses involving was stirred at room temperature for 1 h, resulting in a slight
silver salts_, the reaction was performed with the exclusion Of_llght)- darkening of the yellow solution. The reaction mixture was filtered
The reaction mixture was filtered by cannula and the filtrate via cannula through a plug of silica (which was subsequently

concentrated in vacuo to yield Rh(lpFMe)(COD)@) (0.053 g,

washed with 2x 10 mL of CHCI,) and the resulting filtrate

95%) as a yellow solid. Crystals suitable for X-ray crystallography concentrated under vacuum to yidcs a yellow solid (0.473 g,

were obtained by layering a GAI, solution with hexane'H NMR
(CD,Clp, 400 MHz): 6 6.90 (s, 1H, NCH=CHN), 6.88 (s, 1H,
NCH=CHN), 5.68 (AB,Av = 36.9 Hz,2Jyy = 14.8 Hz, 2H, CH),
4.92 (brs, 2H, CHop), 4.08 (s, 3H, Ch)), 3.37 (m, 1H, Ckiop),
3.28 (m, 1H, CHiop), 2.54-2.26 (M, 4H, (CH)cop), 2.00 (m, 2H,

47%). X-ray quality crystals were obtained by layering a,CH
solution with hexane'H NMR (CD,Cl,, 400 MHz): ¢ 6.90 (br m,
1H, NCH=CHN), 6.88 (br s, 1H, NCH-CHN) 5.54 (AB,Av =
22.9 Hz2Jyy = 14.8 Hz, 2H, CH), 4.62 (m, 1H, CHop), 4.54
(m, 1H, CHop) 3.91 (s, 3H, CH), 3.05 (m, 1H, CHop), 2.87 (m,

(CH2)con), 1.87 (m, 2H, (CH)cop). *C{'H} NMR: ¢ 184.4 (d, 1H, CHeop), 2.28 (M, 2H, (CH)cop), 2.12 (M, 2H, (CH)cop), 1.85
ern = 51.8 Hz, RR-C), 147.7 (M, Gso), 144.4 (m, CF), 139.7 (M, 2H, (CHy)cop) 1.61 (M, 2H, (CH)cop). 3C{H}: 6 182.1 (s,
(m, CF), 136.4 (m, CF), 122.4 (s, NCH), 121.5 (s, NCH), 99.3 (d, Ir—C), 147.4 (M, Gso), 144.9 (m, CF), 143.3 (m, CF), 140.7 (m,
iJCRhZ 6.8 Hz, Cttop), 99.0 (d-lJlCRhZ 6.8 Hz, Chtop), 693 (d,  CF) 139.4 (m, CF), 136.9 (m, CF), 122.2 (s, NCH), 121.3 (s, NCH),
‘]CRh: 14.7 HZ, CH;QD), 671 (d, \]CRh: 14.7 HZ, CH?OD)! 42.4 85.5 (S, CHJOD); 84.5 (S, Cl'éOD)y 53.6 (S, Cl—éOD): 51.4 (S, C%OD):
(s, CH), 38.2(s, CH), 33.9 (5, (CH)con), 32.4 (5, (CH)con), 293 42 4 (s, CH), 38.0 (s, CH), 34.5 (s, (CH)con). 32.6 (s, (CH)con),
(s, (CHcon), 283 (s, (CHcon). F NMR: 0 —140.5 (m, 2F, 306 (s, (CH)con), 29.0 (S, (CH)con). 19F NMR: & —140.4 (m,
Anal. Found: C,44.44; H, 3.60; N, 5.44:&:6FsN2CIRN (508.70) . cFy. Anal. Found: C, 35.44; H, 3.00; N, 4.3210815FsNBrir
Ca";(C' 44-)5263 F)' 3|-7??)N' 5h?1 — (642.47) Calc: C, 35.52; H, 2.98; N, 4.36.

Rh(lpFMe)(CO).Cl (3). Rh(IpFMe)(COD)CI (0.19 g, 0.37 [Ir(l .

A . pFMe) »(COD)](AgBr>) (6). A suspension ofl (0.561 g,
mmol) was added to an ampule and dissolved in@K(10 mL). 0.68 mmol) ands (0.147 g 0.23 mmol) in CkCl, (25 mL) was
The solution was fr_eezepump—thaw degassed(3), placed under heated in an ampule fitted with a J. Youngs PTFE tap &G @or
1 atm CO, and stirred for 5 min. A second freegimp-thaw 5 h (with light excluded). After being cooled to room temperature

degassing cyclex(3) was perf.ormec.i before addition .Of a fresh the mixture was filtered by cannula and the filtrate concentrated in
atmosphere of CO. The reaction mixture was then stirred for 1 h . . . o
vacuo to yield an orange-red solid. Dissolution in £ and

at room temperature before removal of the solvent. The resultantIayering with hexane afforded a mixture of colorless crystals of

yellow residue was washed with hexanex2 mL) and dried in . .
vacuo to yield a yellow solid (0.123 g, 72%). Crystals3afuitable and orange crystals @ The mixture was washed W'th QEIZ (3.
x 5 mL) to remove the colorless crystalsbfThe remaining solid

giﬁﬁﬁ?ﬁ:ﬂ;ﬁﬂ Evaée{(e:gztgzlnfgoﬁﬂg '%grg‘)ﬁ? ;;%'i‘ was dried to yield a crystalline orange solid (0.136 g, 55%). Crystals
' _ 21 — 4Rt of 6 suitable for X-ray crystallography were obtained by layering
(m, 2H, NCH=CHN), 5.53 (AB,Av = 217.3 Hz,Ju = 14.6 Hz, -/ oy oy * 1 ion with E5O. Conformer8A: TH NMR (CD,Cly,

2H, CHy), 3.86 (s, 3H, Ch). 13C{'H} NMR: ¢ 186.0 (d,}Jcrn =
54.2 H%)’Rh—C(()SS‘ 18'2.6|3(l)br dlECRh}z 73.5 Hz Rh—((Zd) T763  400MH2)d 7.14 (m, 2H, NCH-CHN) 5.48 (AB, Av = 163.4 Hz
! ' ’ ’ ' 234 = 14.5 Hz, 4H, CH), 4.30 (M, Chtop, 2H), 4.14 (s, 6H, Ch),

(d, WUcrn= 43.2 Hz, RR-C), 147.2 (M, Gso), 144.6 (M, CF), 143.4
(m, CF), 140.9 (m, CF) 139.4 (m, CF), 136.8 (m, CF), 123.5 (s, 378 (M, Chton, 2H), 2.45-2.29 (m, (CH)cop, 4H), 2.16-1.94
NCH), 122.0 (s, NCH), 42.8 (s, G} 38.9 (s, CH). 19F NMR: & (M (CHo)con, 4H. C{*H} NMR: ¢ 178.2 0 (s, Ir-C), 147.2 (m,
1404 (m, 2F 0-OF), —153.1 (t.%)e — 20.7 Hz, 1F,p-CF), Cips), 144.7 (m, CF), 143.7 (m, CF), 141.1 (m, CF), 139.5 (m,
—161.7 (m, 2Fm-CF). IR (CHCl,, Cm—l): 2003vco, 2084vco. CF), 137.0 (m, CF), 124.3 (s, NCH), 120.6 (br s, NCH), 79.9 (m,
Anal. Found: C, 33.60; H, 1.35; N, 5.86,4,FsNO,CIRh (456.55)  CHcon), 78.9 (m, Cktop), 77.4 (M, Chtop), 77.3 (M, Chtop), 42.5
Calc: C, 34.20; H, 1.55; N, 6.14. Despite repeated attempts, (m, CHy), 39.1 (s, CH), 32.9 (s, (CH)cop), 31.7 (s, (CH)cop),
elemental analysis gave a low %C value. 31.6 (s, (CH)cop), 30.2 (s, (CH)cop). **F NMR: 6 —141.7 (m,

Rh(IpFMe)(COD)(OTf) (4). A CH,Cl, suspension o2 (0.125 ‘é’;*nf% r(r:nFe); 68,1511H3N(,\;|“F’2 ?chpcch)AoolsAOHi) g“'? sz '(%*C;)ﬁ'
g, 0.247 mmol) and AgOTf (0.063 g, 0.245 mmol) was stirred at NCH=CHN) 5.57 (AB. Ay — 2120 é’H 2} . — 14.5Hz. 4H. CH).
room temperature for 30 min (with light excluded) and then filtered ) 5.57 (AB,Av -0 A2 5 Hz, 4H, CH),
by cannula. Removal of the solvent affordéas a yellow-cream 4.30 (m, Chtop, 2H), 4.05 (s, 6H, Ch), 3.78 (m, Chop, 2H),

. ) 13C-
solid (0.130 g, 85%). Crystals suitable for X-ray crystallography 2i45_2'29 .(m, (CH)cop, 4H), 2.16-1.94 (m, (CH)cop, 4H).
were obtained by layering a G, solution with hexanetH NMR {*H} NMR: 6 178.50 (s, IF-C), 147.2 (m, Gpsd), 144.7 (m, CF),
(CD,Cly, 400 MHZ): 6 6.97 (br 5, 1H, NCH-CHN), 6.94 (br s, 1437 (m, CF), 141.1 (m, CF), 139.5 (m, CF), 137.0 (m, CF), 124.3
1H, NCH=CHN), 5.66 (AB,Av = 47.7 Hz,2Jyy = 15.0 Hz, 2H, (S NCH), 120.6 (br s, NCH), 79.9 (m, Gp), 78.9 (m, Chtop),
CH,), 4.88 (m, 2H, CHop), 4.09 (s, 3H, CH), 3.46 (m, 1H, /-4 (M, Ckop), 77.3 (M, Chtop), 42.9 (m, CH), 39.2 (s, CH),
CHcop), 3.37 (M, 1H, CHop), 2.59-2.32 (m, 4H, (CH)cop), 2.03 329 (S, (CH)con), 31.7 (s, (CH)co), 31.6 (8, (CH)con), 30.2 (s,
(M, 2H, (CH)cop), 1.87 (M, 2H, (CH)cop). 3C{H} NMR: o (CH2)cop). 1F NMR: 6 —141.3 (m, 4F0-CF), —151.3 (m, 2F,
179.8 (dvl-]Cha 50.9 Hz, Rh‘C), 147.7 (m' (i?pso)‘ 144.4 (m’ CF), p-CF),—160.4 (m, 4FI'T]-CF) Anal. Found: C, 33.52; H, 2.40; N,
143.8 (m, CF), 140.3 (m, CF), 139.7 (m, CF), 136.6 (m, CF), 123.1 5.11. GoHaeF10N4BroAglr (1092.71) Calc: C, 32.98; H, 2.40; N,
(s, NCH), 122.4 (s, NCH), 120.1 (&)cr = 319.4 Hz, CF), 101.1  5-13. HRMS (El) found (calcd fol*3r): 825.1588 (825.1622).

(d, lJCRh = 6.8 Hz, CH:OD); 100.4 (d,lJCRh = 6.8 Hz, CH’;OD),
78.9 (d,lJCRh = 14.4 Hz, CHZOD): 67.1 (d,lJCRh = 14.4 Hz,
CHcop), 42.2 (s, CH), 38.2 (s, CH), 33.8 (s, (CH)con), 32.4 (s,
(CHz)con), 28.8 (s, (CH)con), 27.9 (s, (CH)cop)- *F NMR: 6
—78.8 (s, 3F, OTH~140.9 (M, 2F0-CF), —153.7 (t,3)r = 23.0

X-ray Crystallography. Single crystals of compounds-6 were
analyzed at 150(2) K using graphite-monochromated MQ(K

radiation and a Nonius Kappa CCD diffractometer. Details of the
data collections, solutions, and refinements are given in Table 1.

The structures were uniformly solved using SHELXS2a@nd
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Table 1. Crystal Data and Structure Refinement for Compounds +6

Organometallics, Vol. 25, No. 15, 2068

1 2 3 4 5 6
empiriCa' formula Q4H23AQ4BI'4F20N8 C19H17C|F5N2Rh 013H7C|F5N202Rh 020H19F3N203Rhs QnggBrFserz C30,3d‘|27_59AgBr2C|1_60F10||'N4
fw 1799.86 506.71 456.57 622.34 642.47 1160.38
TIK 150(2) 150(2) 150(2) 150(2) 150(2) 150(2)
wavelength/A 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073
cryst syst monoclinic triclinic orthorhombic monoclinic triclinic monoclinic
space group P2,/n P1 Pbca F21/n P1 C2/c
a/A 11.2700(1) 7.8590(1) 7.7990(1) 9.9760(1) 8.0270(1) 23.3480(3)

b/A 8.5420(1) 9.2050(2) 12.4040(1) 8.6440(1) 9.0590(1) 11.2850(1)

c/A 26.6020(3) 13.8360(3) 31.3860(3) 25.4620(3) 13.9810(2) 13.3300(2)

pldeg 90.671 76.938 90 97.060(1) 77.091(1) 96.708(1)

U/A3 2560.75(5) 948.01(3) 3036.24(5) 2179.01(4) 963.01(2) 3488.17(8)

Z 2 2 8 4 2 4

DJg cnr3 2.334 1.775 1.998 1.897 2.216 2.210

wlmm~1 4.745 1.096 1.366 0.975 9.061 6.870

F(000) 1712 504 1776 1240 608 2206

cryst size/mm 0.2 0.20x 0.05 0.25x 0.20x 0.10 0.40x 0.40x 0.30 0.50x 0.40x 0.40 0.20x 0.20x 0.15 0.13x 0.13x 0.05

6 range for data collection 3.54 t0 30.06 3.80t027.98 3.53t029.97 4.11t027.48 3.70to0 27.50 3.59t0 30.23

index ranges —15<h=<15 —10=<h=<10 —10=h=<10 —12<h=<12 —10=<h=<10 —32<h=32
—12<k=<12 —12<k=<12 -17<k=<17 —-11<k=<11 -11<k=<11 —-15<k=<15
—37=<1=37 —18=<1=<18 —44<| <44 —33=<1=33 —18=<1=<18 —18=<1=<18

no. of reflns collected 46 391 19132 40 492 28 553 13822 28963

no. of ind reflns R(int) 7459, 0.0707 4520, 0.0489 4387, 0.0553 4951, 0.0347 4368, 0.0374 5115, 0.0538

no. of reflns obsd¥ 20) 6588 3661 3412 4429 4339 4692

data completeness 0.995 0.988 0.993 0.994 0.986 0.986

abs corr multiscan multiscan multiscan multiscan multiscan multiscan

max., min. transmn factors 0.76, 0.59 0.90, 0.82 0.67, 0.56 0.77,0.77 0.28,0.16 0.52,0.41

no. of data/restraints/params 7459/0/365 4520/4/271 4387/0/218 4951/4/334 4368/4/265 5115/3/303

goodness-of-fit orf2 1.029 1.037 1.057 1.034 1.124 1.092

0.0421, 0.1076
0.0583, 0.1150
1.519-0.939

0.0320, 0.0851
0.0482, 0.0917
1.207-1.110

0.0217, 0.0517
0.0270, 0.0538
0.431;-0.464 2.746;-2.853

0.0316, 0.0810 0.0339, 0.0844
0.0317,0.0811 0.0398, 0.0875
1.913;-2.575

R1, wR2 | > 20(1)] 0.0926, 0.2775
R1, wR2 (all data) 0.1055, 0.2968
largest diff peak and hole/e & 3.921,—-5.103

refined using full-matrix least squares in SHELXL-&7Conver- Crystallographic data have been deposited with the Cambridge
gence was uneventful, with the exception of the following Crystallographic Data Centre as supplementary publications CCDC
noteworthy points. The asymmetric unit inconsisted of half a 603275 (compoundl), 273558 2), 603276 B), 273559 4), 603278
dimer molecule proximate to a crystallographic inversion center. (5), and 603277 ). Copies of the data can be obtained free of
In 6 the asymmetric unit also consisted of half of a cation and half charge on application to CCDC, 12 Union Road, Cambridge CB2
an anion, with the central metal in each located on a crystallographic 1EZ, UK [fax(+44) 1223 336033, e-mail: deposit@ccdc.cam.ac.uk].
2-fold rotation axis. A 60:40 disorder of carbons- 85 and the

fluorine atoms was also successfully modele8.iklydrogen atoms Acknowledgment. EPSRC is acknowledged for financial

in the 1,5-COD moieties in structur@ 4, 5, and6 were located  support (S.B.) and Johnson Matthey pic for the loan of rhodium
and refined at a fixed distance from the relevant parent carbon. and iridium salts. We would like to thank Dr. Graham Saunders
Analysis of the gross structure ésuggests the possible existence (Queens University Belfast) for a copy of his manuscript
of C—H---O interactions involving the triflate oxygen atoms. reporting the synthesis df prior to publication and Dr. John
Lowe for help with NMR experiments.
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