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Difluorocarbene complexes of transition metals are rare and are
almost invariably produced from precursors containing g &F
and! Cationic difluorocarbene species have been produced by fluor-
ide abstraction from the trifluoromethyl ligand by various Lewis
acids?~% and neutral difluorocarbene complexes have been obtained
either bya-fluorine (or chlorine) elimination reactiofi or, more ct
recently, by olefin metathesis of 1,1-difluoroethyléne/ith the
exception of a single spectroscopically characterized cationic P1 "
perfluoropropylidene complekno perfluoroalkylidene compounds S{
have been reported. Here we report a simple route to isolable neutral
difluorocarbene and perfluoroalkylidene complexes of iridium. Figure 1. ORTEP for4a (ellipsoids drawn at 30% probability). Selected

The C-F bond is the strongest covalent bond to carioiout bond distances (&) and angles (deg): IHDO(1), 1.854(11); C(EF(1),
the electronegativity of fluorine also ensures thatFCo* anti- 1.295(14); C(1yF(2), 1.352(13); Ir(1)P(1), 2.235(2); Ir(L)}-Cp*(cent),
bonding orbitals are relatively low lying, allowing their activation ~1-911(10); In(1)-C(1)-F(1), 125.1(8); Ir(1)}-C(1)~F(2), 130.6(8); F(Ly
by reduction. Exhaustive reduction of halofluorocarbons to carbon C(1)-F(2), 104.3(9); P(yIr(1)-Cp*(cent), 133.5(4); P(HIr(1)=C(L),

- ) . 89.1(4); C(1y-Ir(1)—Cp*(cent), 137.4(4).

has been studied as a way to dispose of environmentally harmful
fluorocarbons, with the fate of fluorine as an alkali metal fluoride tetrafluorobenzyr@ and tetrafluorobutatriene?)(® [133.9(2) and
providing a powerful thermodynamic driving force for the overall 132 .8(1}, respectively].
reaction!"13 In some cases, fluorocarbon rings can be partially

reduced to the fluorinated aromatic molecules, providing a useful _@_ __@z_
|

method of producing high value organics from saturated precur-

F1

| F
CF,CF

. . . . - 2 3 Irs=ep—pr"
sors!214|n contrast, the selective reductive activation of saturated MesP~/ ~c{ MesP” r\C/C—C\F
fluorocarbons is exceptionally ratel®Tertiary C-F bonds usually I C/,=3 F &
provide the Achilles’ heél for these reductive processes. 1 F"%

We have demonstrated recently that a metal center can serve as
=% S% =%

a stabilizing template for reduction of a perfluoroalkyl ligand to ! {

- R ~
generate an unsaturated fluorinated ligand; the perflseabuty! Mesp‘l'/"\/c\/ R Mesp”” %ﬁ/ Mesp” lr\C\/
ligand in1 was reduced to afford the first example of a transition FF F CFs
metal2 containing a tetrafluorobutatriene ligaid. gg E = '<:3F :: s = EF 4c

To explore whether t(_ertlary €F b_onds were essential to these 3¢R= 06,35 4dR = Csés
metal-templated reductions, the trifluoromethyl complex, Cp*Ir-
(PMes)(CRs)l (3a), was prepared. Reduction in THF with 2 equiv ~ ~—r onp ‘|:F3 F
of sodium naphthalenide or potassium graphite {ka&forded the Me3P-"I"\ _R ,L%/ ¢ >|r_c<
difluorocarbeneda in up to 70% vyield as a yellow crystalline H/ A MesP™ % oc” | F

) . F F H PPh;

compound, along with small amounts of the hydrido comfax 5aR=F 6 7
The stability of4a contrasts with that of its #CH, analogues, 5b R = CF,
which can only be observed spectroscopically in solution at low
temperature$? Compound4a has been crystallographically char- The F NMR spectrum of4a illustrates that the solid-state

acterized (Figure 1). The-HC double bond distance of 1.854(11) structure is maintained in solution, with a high barrier to rotation
A is slightly shorter than that i7 (1.874(7) A), the only other about the iridium-carbon double bond manifested by inequivalent
crystallographically characterized iridium difluorocarbene complex, fluorine resonances at low field (positive) chemical shifte &6.7
and is significantly shorter than the corresponding@F; single ppm () andd 47.3 ppm (). Unambiguous assignment of fluorine
bond distance of 2.10(2) A i#a2° The P-Ir—C angle is an acute  resonances was obtained using§f'H} HOESY experimerit and
89.1(4¥, while that from the carbene carbon to the Cp* centroid is demonstrates that coupling &P to thecis-F, (3Jep = 32 Hz) is

an obtuse 137.4(%) the P-Ir—Cp*(centroid) angle of 133.5(2) much larger than to theans-F, (3Jep = 7 Hz). The3C{*H} NMR

is similar to the corresponding angles in analogous complexes of spectrum exhibits a low field resonancedat80.96 ppm for the
carbene carbon, very similar to the value189.9 ppm) reported

1 Dartmouth College. for the hydrocarbon analogu&!®

5 University of Califomnia at San Diego. This reductive methodology appears to be general, and reduction

§ Permanent address: Department of Chemistry, University of Massachusetts . -
Dartmouth, N. Dartmouth, MA 02747. of perfluoroethyl precursoBb with excess Kg in THF affords

15020 = J. AM. CHEM. SOC. 2005, 127, 15020—15021 10.1021/ja055166k CCC: $30.25 © 2005 American Chemical Society



COMMUNICATIONS

explaining the observed product ratio. This requires a dif-
ferent regiochemistry for addition of HF than for HI, suggesting
that the difluorocarbene ligand #a may be amphiphilié’28The
behavior of4ais further contrasted with its congenéb, which
reacts with LutHOTf at low temperatures to git&that is clearly

not protonated at iridium but at carbon, as evidenced by the low
field 'H resonance ad 6.67 with a large doublet coupling to a
single 1°F (44 Hz) and quartet coupling (12 Hz) to the £Bnd

the corresponding high fielF resonance ai —193.9 ppm. The
triflate counterion is shown as coordinated in order to maintain an

Figure 2. ORTEP of4b (ellipsoids at 30% probability). Selected bond 18_—rehlectr0n Stliucturek,‘ bl.n V\iﬁ flatl;]/e l?o (:.Ire(?tt evfldentce f(;r this. t
distances (A) and angles (deg) are averages of four independent molecules ese resulls emphasize that the Kinetic site or protonation canno

in the asymmetric unit: Cp*(centr, 1.907(11); 1P, 2.254(3); Ir-C11, be confirmed for either case, and that there is a fine balance of
1.845(10); C1+C12, 1.465(16); C1%F1, 1.467(13); Cp*(cen)ir—P, thermodynamic stability between metal-protonated and carbon-
132.0(4); Cp*(centyIr—C11, 139.9(4); PIr—C11, 88.1(4); IrC11-F1, protonated forms that depends on the nature of the fluorinated group.
126.9(7); I-C11~C12, 133.9(9); FC11-C12, 99.2(9). These preliminary observations indicate that the reactions of
perfluoroalkylidene ligands may not parallel those of their difluo-
rocarbene analogues, and that potentially rich new chemistry
remains to be unveiled.

Acknowledgment. R.P.H. is grateful to the National Science
Foundation for generous financial support.

the corresponding perfluoroethylidene complex as a 6:1 mixture
of E-isomer4db andZ-isomer4c, along with variable small amounts
of previously reported hydridéb.2® The structure of4b was
unambiguously defined by a crystallographic study (Figure 2). The
Ir—C distance of 1.845(10) A is indistinguishable freta

Likewise, perfluorobenzylidenéd can be synthesized from Supporting Information Available: Experimental details for all
corresponding precurs@c,2* with an excess of Kgin THF. This compounds and CIF files f@a, 44, 4b, and8. This material is available
compound is more thermally sensitive and was characterized free of charge via the Internet at http://pubs.acs.org.
spectroscopically. The fluorine atom on the carbene carbon has a
signature downfield chemical shift @29.38 ppm with a large
coupling to phosphorus’Jsp = 69 Hz) and an interesting long-
range coupling to theara-fluorine of the aromatic ring®grr = 5
Hz), analogous to that reported farfluoropentafluorostyrenes.

References

(1) Brothers, P. J.; Roper, W. Rhem. Re. 1988 88, 1293-1326.

(2) Reger, D. L.; Dukes, M. DJ. Organomet. Chenl978 153 67—72.

(3) Crespi, A. M.; Shriver, D. FOrganometallics1985 4, 1830-1835.

(4) Michelin, R. A.; Ros, R.; Guadalupi, G.; Bombieri, G.; Benetollo, F.;
Chapuis, Glnorg. Chem.1989 28, 840-846.

(5) Koola, J. D.; Roddick, D. MOrganometallics1991, 10, 591-597.

i H 4a . (6) Brothers, P. J.; Burrell, A. K.; Clark, G. R.; Rickard, C. E. F.; Roper, W.
MesP 7/ N~ N /fj\ AAr=xc-F R. J. Organomet. Chen199Q 394, 615-642.
| F/ \F /E,\Fk ! N MesP” \ (7) Campen, A. K.; Mahmoud, K. A.; Rest, A. J.; Willis, P. A. Chem.
g ' HoTF F Soc., Dalton Trans199Q 2817-2823.
8 ; 9 (8) Huang, D.; Koren, P. R.; Folting, K.; Davidson, E. R.; Caulton, KJG.
. Am. Chem. So00Q 122, 8916-8931.
P N lHZO (9) Trnka, T. M.; Day, M. W.; Grubbs, R. HAngew. Chem., Int. EQ001,
‘ . 40, 34413444,
N (10) Smart, B. E. Fluorocarbons. @hemistry of Functional Groups, Supple-
‘Q’ \ \Q—- ment D Patai, S., Rappoport, Z., Eds.; Wiley: New York, 1983; Chapter
_I F ' L, “Tio 14, pp 603-655.
MesP-77 e~ 2HF /|f\c (11) McAlexander, L. H.; Beck, C. M.; Burdeniuc, J. J.; Crabtree, RJH.
H N Me,P A 0 Fluor. Chem.1999 99, 67—72.

(12) Burdeniuc, J.; Jedlicka, B.; Crabtree, R.Ghem. Ber./Rectl997, 130,
5a 10 145-154.

i (13) Burdeniuc, J.; Crabtree, R. Bciencel996 271, 340-341.
T (14) Kiplinger, J. L.; Richmond, T. GJ. Am. Chem. Sod.996 118 1805~
-l CF3 1806.
MezP ~Na” . .
fo/ /C\ (15) Burdeniuc, J.; Crabtree, R. @rganometallics1998 17, 1582-1586.
T H F (16) Stoyanov, N. S.; Ramchandani, N.; Lemal, D.T@trahedron Lett1999
1 40, 6549-6552.

Reaction of4a with 1 equiv of 2,6-lutidinium iodide (LutHI) in
ether afforded8 in a reaction characteristic of a nucleophilic

carbené. Complex8 has been crystallographically characterized,

and in solution, the H bound to C appears at low fiedd8(65
ppm), with large?Jey (57, 55 Hz) and smafJpy (5 Hz), while the
CF,; fluorines appear at high field) —75.99 and—80.19 ppm.
However, reaction ofta with 1 equiv of LutHOTf in CDQCI, at

low temperatures illustrates that the protonated species present under(2 4)

these conditions i9. At —85 °C, the Ir-H appears ad —15.15

ppm with small (7 Hz) coupling to F, and the fluorines appear at
very low field até 99.6 and 109.2 ppm, as expected for protonation

at Ir. On warming above-50 °C, 9 reacts, presumably with

adventitious moisture, to give the previously reported hydrido

carbonyl compound(?® and complexsa, in a 1:2 ratio. Hydrolysis
of CR, ligands to give CO in cationic complexes is well-knoiws,
and the resultant two molecules of HF can addi&dto give 5a,

(17) Homer,The lliad, Translated by Alexander Pope, W. Bowyer for Bernard
Lintott: London, 1715.

(18) Hughes, R. P.; Laritchev, R. B.; Zakharov, L. N.; Rheingold, AJL.
Am. Chem. So2004 126, 2308-2309.

(19) Klein, D. P.; Bergman, R. Gl. Am. Chem. S0d.989 111, 3079-3080.

(20) Full details of the structures @& and4a (Supporting Information).

(21) Hughes, R. P.; Williamson, A.; Incarvito, C. D.; Rheingold, A. L.
Organometallics2001, 20, 4741-4744.

(22) Hughes, R. P.; Zhang, D.; Ward, A. J.; Zakharov, L. N.; Rheingold, A.
L. J. Am. Chem. So@004 126, 6169-6178.

(23) Hughes, R. P.; Willemsen, S.; Williamson, A.; ZhangPganometallics

2002 21, 3085-3087.

Hughes, R. P.; Smith, J. M.; Liable-Sands, L. M.; Concolino, T. E.; Lam,

K.-C.; Incarvito, C.; Rheingold, A. LJ. Chem. Soc., Dalton Tran800Q

873-879.

(25) Callander, D. D.; Coe, P. L.; Matough, M. F. S.; Mooney, E. F.; Uff, A.
J.; Winson, P. HChem. Commuril966 22, 820-821.

(26) Wang, D.; Angelici, R. Jinorg. Chem.1996 35, 1321-1331.

(27) Casey, C. P.; Czerwinski, C. J.; Powell, D. R.; Hayashi, RJKAm.
Chem. Soc1997 119 5750-5751.

(28) Casey, C. P.; Vosejpka, P. C.; Askham, FJRAmM. Chem. Sod.99Q
112 3713-3715.

JA055166K

J. AM. CHEM. SOC. = VOL. 127, NO. 43, 2005 15021



