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A series of primary perfluoroalkyl iridium complexes [IrGCF,).CFRs} (PM&),]t X~ [n=1, 2, 3, 5,
7, 9, 11; X= 1, OT{] has been prepared. X-ray crystallographic studies of a representative example,
[IrCp*{(CR,)oCFs} (PMes3),] T -, shows the ground state structure of the cation in the solid to & of
symmetry, with the perfluoroalkyl ligand adopting a conformation in which the fluorines on eagh CF
group reside in different chemical environments. In solution*tReNMR spectra of all these compounds
indicate that thex-CF, fluorines are diastereotopic at low temperatures, consistent with the solid state
structure. On warming, these resonances coalesce, indicating a rotation or windshield-wiper motion of
the perfluoroalkyl ligand that samples a conformatiorCosymmetry; Eyring plots of the rate constant/
temperature data provide values/ifi* of ~33 £ 2 kJ/mol for each system; the values are independent
of the counterion. While there is clearly a difference betw&&hvalues for the perfluoroethyl compounds
compared to longer chain analogues, the precision of the data is insufficient to quantify this effect. The
barrier to perfluoroalkyl ligand rotation is ascribed to steric effects; changing the Cp* ligand to Cp or
changing from PMeg ligands to the O atoms of acetylacetonate in IrCg)(Rcac) results in no
decoalescence of GFesonances at low temperatures, even though the X-ray structure of IrGp*(CF
CFs)(acac) shows an identical unsymmetrical ground state conformation for the perfluoroethyl ligand to
that observed in the bis(trimethylphosphine) analogues.

Introduction

Barriers to rotation about single bonds are significant in  Rea i oF1 —— P Re ——  FiIr F
determining conformational stereochemistry, which in turn may \1'/\R YR \ﬂ
determine ground state structure. Many chemical reactions have F, R

a stereochemical requirement such that reaction cannot proceec

directly from the ground state conformation, and the activation 1a 1o Te
energy to achieve the required bond rotation must be part of Figure 1. Staggered conformations, viewed down thelCo-bond,
the overall barrier for the chemical transformatiofhile of the primary fluoroalkyl ligand in complexes of general tyhe
conformational analysis and measurement of rotational barrierswhICh have a stereocenter at Ir.

have been used mainly for-€C bonds, analogous studies of a
variety of compounds containing transition metahrbon
o-bonds have also proven useful in predicting ground state con-

formations, reactivity patterns, and reaction stereoselectivitfes. .
While early vibrational spectroscopic studies were used to and more crowded systems like CpFe(&l0Hs), CpMo(CO)-

! . 5
estimate the barrier to rotation of3 kcal/mol for the Mr-C (CHs), and CpZr(CH) having barriers of6 kcal/mol:
bond in CH—Mn(CO)s,5 the most common techniques have Analogous barriers to €C o-bond rotation in fluorinated

been those of NMR spectroscop§C relaxation studies were ~ ©rganic compounds have been studied by variable-temperature
19F NMR spectroscopy, the significantly larger chemical shift

used to define barriers for MCHs rotation in a number of
compounds, with sterically uncrowded gHRe(CO}, CH;—
Au(PPh), and (CH),0s(CO) having negligibly small barriers

* Corresponding author. E-mail: rph@dartmouth.edu. range allowing access to data not as easily achievable in
#Dartmouth College. hydrocarbons. For example, Weigert was able to observe the
$ University of California, San Diego. individual fluorine resonances within the trifluoromethyl groups

Ung&)efsﬂi'ygéighgg ggggg?”syé& mfd&n ';8362'06" Organic Chemistry ¢\ arious fluorocarbons and measured barriers felCbond

(2) Blackburn, B. K.; Bromley, L.; Davies, S. G.; Whittaker, M.; Jones, rotation between 5.2 and 8.5 kcal/moBimilarly in some
R. H.J. Chem. Soc., Perkin Trans.1889 1143-1156. organometallic haloalkyl complexes MG&F; (M = Re(CO},

(3) Blackburn, B. K.; Davies, S. G.; Sutton, K. H.; Whittaker, ®hem. Ly — : ;
Soc. Re. 1988 17, 147-179, Mn(CQO), CpMo(CO}; X = Br, ClI, F), restricted rotation about

(4) Davies, S. G.; Dordor-Hedgecock, I. M.; Sutton, K. H.; Whittaker,

M. J. Am. Chem. S0d.987 109 5711-5719. (6) Jordan, R. F.; Norton, J. R. Am. Chem. Sod979 101, 4853~
(5) Dempster, A. B.; Powell, D. B.; Sheppard, N.Chem. Soc. (AL970 4858.
1129-1133. (7) Weigert, F. J.; Mahler, WJ. Am. Chem. So&972 94, 5314-5318.

10.1021/0m060822q CCC: $37.00 © 2007 American Chemical Society
Publication on Web 12/13/2006



Ir—C o-Bond in Primary Perfluoroalkyl Iridium Complexes

Organometallics, Vol. 26, No. 2, 2@8b

Table 1. Crystal, Data Collection, and Refinement Parameters

49 59 7b
formula GsHosFolIrP CoeHz7F2111IrOoP, Ci17H22FsIrO,
fw 1049.49 1161.60 545.55
space group P2(1)h P2(1)lc P2(1)lc
a A 24.772(9) 21.236(3) 14.187(3)
b, A 9.545(3) 8.7661(10) 8.6710(17)
c, A 28.600(10) 20.491(2) 15.227(3)
o, deg
B, deg 111.080(9) 94.160(2) 97.669(3)
y, deg
V, A3 6310(4) 3804.4(8) 1856.4(6)
z 8 4 4
cryst color, habit yellow, block yellow, block brown, block
D(calc), g cnt3 2.209 2.028 1.952
u(Mo Ka), mmt 5.401 4534 7.247
temp, K 213(2) 208(2) 213(2)
diffractometer Bruker Smart Apex CCD
radiation Mo Ko (0.71073 A)
no. of measd reflns 34625 29 884 13597
no. of indep refins 9896 = 0.0409] 8934 Ry = 0.0465] 4337 Rnt= 0.0254]
R(F), %2 7.22 5.55 2.6
R (WP?), %P 19.33 9.7 6.6

the G-C bond was observed at low temperatures, and estimatedactivation barrier AH*) for the conversion of. — 2 (R = H)

barriers to CG-C bond rotation between 5.1 and 12.2 kcal/mol
were determinef. Rotational barriers for MC bonds in

to be between 73 and 86 kJ/mol, depending on the reaction
solvent? We have shown that the ground state conformation

fluoroalkyl complexes have been less easily achieved. Estimatesof the primary fluoroalkyl group in complexds[R = CHjg| is

of rotational barriers (between 5 and 10 kcal/mol) and confor-
mational preferences in compounds of the type CpCo(L)(l)-

(Rr) and CpFe(L)(CO)(R have been publishetl® These

the staggered conformatidm (Figure 1) in the solid state using
X-ray crystallography and in solution usid§F{'H} HOESY
experimentd!l-12However, we have argued that protic activation

estimates were made on the basis of temperature dependencand R-migration may not occur directly from ground state
of chemical shift and coupling constant data and, as with conformationla, but rather from alternative staggered confor-
analogous studies of corresponding alkyl analogues, have beemmation 1b or 1c.1°-2 Clearly the accessibility of alternative

subject to criticism, particularly in their predictions of confor-
mational preferences?

conformations requires rotation about the-KI o-bond, and
we sought a means of estimating reliably the magnitude of the

We have been interested in the structural features of fluoro- barrier for such rotation in order to assess what portion of the

alkyl—transition metal compounds for some tite!® Recently

overall activation barrier for this reaction might possibly be

we have found unusual reactivity patterns for compounds of assigned to a conformational change. As with previously studied

type1l, involving activation ofa-C—F bonds by external protic

compounds CpCo(L)()(B and CpFe(L)(CO)(R (vide su-

sources, coupled with migration of hydride, methyl, phenyl, and pra)>°the presence of a stereocenter in compounds of type 1
other organic groups to give diastereoselective formation of means thex-CF; fluorines are diastereotopin all conforma-

compounds2.19-23 Recently we have measured the overall
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tions Consequently, unless site exchange can be observed
between two or more conformational populations;® bond
rotation cannot unambiguously be defined as having a high or
low energy barrier, and attempts to define it using temperature
dependence off or J value$1° may be subject to other
interpretationg# In most cases only a single conformer is
populated to any observable extent so there is no chemical site
exchange resulting from any rotation about the-®bond, and

no rotation barrier can be estimated using typical NMR
coalescence methods.

Here we report the synthesis and structures of some cationic
and neutral iridium-fluoroalkyl compounds in which such
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rotation barriers can be defined unambiguously using variable-
temperature NMR spectroscopy.

Results and Discussion

Oxidative addition of various perfluoroalkyl iodidesgRto
Cp*Ir(CO), (Cp* = CsMes) according to the general method
previously reportetl produces Cp*Ir(CO)I(R) (3a—h), some
of which were converted to the PMsubstituted derivatives
4b,d—h by treatment with 1 equiv of PMen refluxing toluene
(Scheme 1). When selected compouBdgere refluxed with a
slight excess (1:21.5 equiv) of PMe in toluene, the bis-
(phosphine) complexésa—e,g were obtained as iodo salts along
with the monophosphine derivativda—e,g. Neutral compounds
4 were easily separated from the salts by washing with ether.
Selected triflate salt6b,d—h were also prepared by sequential
treatment of the monophosphine precursors with silver triflate
followed by additional PMg Additionally, two neutral acety-
lacetonato compound®,c were prepared by refluxing Tl(acac)
(1.1 equiv) with3b,c in toluene.

Three representative complexe4g, 5g, and 7b, were
characterized by single-crystal X-ray diffraction studies. Details
of the crystallographic determinations are compiled in Table 1.
Compoundsg crystallized with two molecules of water in the
asymmetric unit.

Bourgeois et al.

Figure 2. Truncated ORTEP representations of the structure of
49 (A) and the cation 05g (B) showing only the first three carbons
of the fluoroalkyl ligand, looking down the CdIr bond and
showing the different environments of &nd k. All ellipsoids are
drawn at the 30% probability level. Selected bond lengths (A) and
angles (deg) fobg: Ir(1)—C(1), 2.07(3); I-Ct01, 1.92(8); Ir(1)
P(1), 2.33(6); Ir(1}P(2), 2.303; C(LyF(1), 1.38(3); C(1yF(2),
1.39(4); CtOL-Ir(1)—C(1), 125.4(1); Ct0tIr(1)—P(1), 123.8(5);
Ct01-Ir(1)—P(2), 122.8(3); Ir(1)C(1)—C(2), 121.1(9); Ir(1y
C(1)—F(1), 110.0(7); Ir(1Ly C(1)—F(2), 115.4(4); C(L¥Ir(1)—P(1),
87.0(2); C(1y-Ir(1)—P(2), 94.7(1); P(LyIr(1)—P(2), 93.3(3).
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Figure 3. Staggered conformations for the primary fluoroalkyl
ligand in cationic complexesand6 [X = PMegj] and neutral? [X

= O (acac)].

Figure 2 shows truncated ORTEP representations of the
neutral complextg and the cationic portion of its bis(phosphine)
analoguebg, showing the local environment around iridium from
a perspective analogous to a Newman projection looking down
the G—Ir bond. The structures are remarkably consistent. The
conformation of the fluoroalkyl ligand idg is that shown as
la (Figure 1) and as found in many other analogtiéd.”
However, in the bis(phosphine) analodagethe stereocenter is
absent, and the three possible staggered conformations are shown
in Figure 3: two equal energy and enantiomerically related
conformations A and B o; symmetry and conformation C
of Cssymmetry. The solid state conformation foundsinclearly
corresponds to &; rotamer. As a consequence, the fluorines
F1 and R, are in inequivalent environments in the ground state
structure, but are interchangeable by a simple rotation about
the Ir—C; bond; the same is true of course for other pairs of
geminally related fluorines along the fluoroalkyl chain.

Likewise the perfluoroethyl ligand in the acac complax
adopts an analogous; symmetric conformation in the ground
state, as shown by the ORTEP in Figure 4.

In solution the!®F NMR spectrum of7b showed only a single
environment for If and K down to —80 °C, consistent with

Fi



Ir—C o-Bond in Primary Perfluoroalkyl Iridium Complexes

Figure 4. ORTEP representation of the structure @, with
ellipsoids drawn at the 30% probability level. Selected bond lengths
(A) and angles (deg): Ir(BC1, 2.06(6); Ir(1>Ct01, 1.79(4); Ir-
(1)—0(1), 2.092; Ir(1}-0O(2), 2.092; C(1yF(1), 1.39(1); C(1y
F(2), 1.383; Ct0%Ir(1)—C(1), 133.2(1); Ct0%Ir(1)—0O(1), 133.2-

(1); Ct01-Ir(1)—0(2), 123.6(0); Ir(1}C(1)—C(2), 119.5(0); Ir(1y
C(1)-F(2), 112.8(4); Ir(2)C(1)—F(2), 114.6(0); C(ZyIr(1)—0(1),
86.3(2); C(1)xIr(1)—0(2), 88.2(9); O(1yIr(1)—0O(2), 88.3(1).
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Figure 5. Variable-temperaturé&®F NMR spectra of complesc
(480 MHz; CDClI; solution).

either a different, symmetrical structure C (Figure 3) in solution
from that in the solid state or a rapid interconversion paRd

F, environments by either a full rotation or partial windshield-

wiper motion of the fluoroalkyl ligand between enantiomerically

related conformations A and B (Figure 3), i.e., a fast (on the
NMR time scale) rotation about the+C; bond. The absence

of any decoalescence of fluorine resonances makes these twi

options indistinguishable.

Similarly, cooling solutions of the trifluoromethyl complex
5a to —80 °C resulted in slight broadening of the fluorine
resonance, but no decoalescence. However, cooling solution
of other cationic bis(phosphine) compouridand6 containing

S
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Figure 6. Eyring plots for the variable-temperature rate constants
for the dynamic behavior of compoun8sand6.
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Table 2. Calculated Rotational Barriers by gNMR

AG*208x, AHF, AS,

compound kJ/mol kJ/mol J/motK
6b [Cp*Ir(PMes)(CoFs)] TOTF~ 34+2 38+ 2 12420
5b [Cp*Ir(PMes)2(CaFs)] 1~ 36+2 3442 —-5+3
5¢[Cp*Ir(PMes)o(CsF7)] 11~ 38+2 36+2 —6+5
5d [Cp*Ir(PMes)s(CaFo) 111~ 38+2 38+2 245
5e[Cp*Ir(PMes)2(CsF13) ]+|7 38+2 39+ 2 1+4
6f [Cp*Ir(PMes)x(CgF17)] TOT 4342 2842 —55+20
69 [Cp*Ir(PMes)o(CioF2n)] TOTF~ 4242 3042 —42+20
6h [CP*Ir(PMeg)o(C1oFas)] TOTF 4142  34+2 —22+20

shape analysis using gNMR Eyring plots are shown in Figure
6, and resultant values of the activation parameters are listed in
Table 2.

The plots shown in Figure 6 illustrate that the slopes, and
the values ofAH* obtained from them, are all approximately
the same within experimental error. The enthalpic contribution
to the bond rotation barrier appears to be independent of chain
length and also of the counteranion. However, it is also clear
that the two perfluoroethyl complexéb and 6b are distinct
from those analogues of longer chain length; for plots of
identical slope this must originate from differences Aig".
However the values okS' determined by these means are prone
to significant error; the extrapolation to zero intercept is a long
one, and small errors in the slope of these plots lead to big
uncertainties il S", which propagates to corresponding values
of AG*. Thus, while it seems apparent that there is a greater

(Santropic contribution to the barriers for rotation in perfluoroalkyl

chains of three carbons and higher compared to perfluoroethyl,
and while this is perhaps quite understandable in terms of
reorganizational requirements within the ligands, our data are
insufficiently precise to allow quantification of these differences.

Finally the origin of the enthalpic, and most important, part

primary fluoroalky! ligands does indeed result in decoalescence of the barrier is clearly steric in nature. For the acac complexes

of resonances forj/and F,, along with other pairs of fluorines
along the chain. This is illustrated for the perfluoropropyl
compoundsc in Figure 5 and can only be a result of slowing
of site exchange between conformations A and B (Figure 3) in
which F and F, are inequivalent; the barrier to this process is
most likely a good estimate of the maximum barrier to rotation
about the 1r-C; bond. Rate constants were obtained by line

7, with small O atomgis to the fluoroalkyl ligand, the barrier
is small enough that no decoalescence is observed; as expected,
the larger PMg ligands in compound® and 6 result in a

significantly higher barrier. As an obvious extension to this
argument, replacement of the Cp* ligand with the smaller cone

(24) gNMR Ver. 5.0; Cherwell Scientific Ltd.: Oxford, UK, 2002.
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angle® Cp ligand should result in a smaller barrier. Indeed, Cplr- 2Jgag) = 287 Hz, 1F3-CFg), —124.89 (dm?Jrap) = 290 Hz, 1F,
(PMe3)2(n-CsF7)] "OT~, prepared from Cplr(PMgn-CsF7)1%° y-CFa), —126.12 (dm2Jras) = 290 Hz, 1F,y-CFg).
by the methodology shown in Scheme 1, showed only slight  Cp*Ir(CO)( n-C¢F13)l (3€). To a yellow solution of Cp*Ir(CO)
broadening of thé®F resonances at80 °C, consistent with a (50 mg, 0.130 mmol) in dry CkCl, (10 mL) was addeah-CgFy3l
significantly lower barrier to rotation about thed€ bond than (60 mg, 30uL, 0.135 mmol) dropwise. The resultant mixture was
found in its pentamethylcyclopentadienyl analogues. stirred for 15 min under an atmosphere of nitrogen. The solvent
In Summary’ the barriers to rotation about theq}' bond in was I‘emoved, and the solids were washed with hexane (3 mL) to
a series of sterically crowded perfluoroalkyl complexes of afford an analytically pure product as a yellow crystalline material
iridium are dominated bAH* values of~33 + 2 kd/mol. While in quantitative yield (104 mg, 100% yield). Anal. Calcd for
perfluoroethyl ligand rotation appears to have a smaller value CrsFidllrO: C, 25.48; H, 1.89. Found: C, 25.64; H, 2.08
: . NMR (CgDg, 500 MHz, 21°C): & 1.49 (s, 15H, GMes). 19F NMR
of ASF compared to longer chain perfluoroalkyls, as judged by ity
. L (CeéDs, 470 MHz, 21°C): 6 —59.53 (dm,2Jrap) = 275 Hz, 1F,
the offset of the slopes of Eyring plots, the precision of our ) _
o o - F : a-CFa), —70.55 (dm2Jrap) = 275 Hz, 1F,a-CFg), —81.39 (tm,
data is insufficiently good to allow a quantitative estimate of _ 2 ~
e ; - Jrr = 10 Hz, 3F, CR), —108.23 (dm2Jgag) = 286 Hz, 1FB-CFa),
this difference to be made. For the conversiorief 2 (R = - 2 T B 2
h Il val i K i 112.90 (dmM2Jgne) = 286 Hz, 1F S-CFg), —120.75 (dM2Jg(ag)
H) t21e measured overall value aH"is 73+ 5kJ/molinCD- 596 1z, 1F, CB), —121.67 (dm2Jrpug) = 296 Hz, 1F, CB),
Cly. : G|ven_the_dom|nance of sterlc_effects in determ|_n|ng —122.56 (dM2Jxa) = 300 Hz, 1F, CF), —123.04 (dm2Jrpe =
rotation barriers in these compounds, it seems likely thatin the 300 Hz, 1F, Cp), —126.17 (dm,2Jepue) = 293 Hz, 1F, CB),
hydrido starting materiall (R = H) anyjF contrlbutlon_of —126.66 (dM2Jap) = 293 Hz, 1F, Ch).
fluoroallkyl rotation to the overall value qSH f_or 'ghe reaction Cp*Ir(CO)( n-CgF17)l (3f). N-CgF17l (136.3 mg, 0.25 mmol) was
is considerably less than ?zB 2 kdimol, i.e., significantly less  jqded to a solution of Cp*Ir(C®)95.9 mg, 0.25 mmol) in CH
than half of the overall barrier. Cl, (20 mL) to give a yellow solution. The solution was stirred
vigorously at room temperature (4 h). The solvent was removed in
vacuo to give a yellow solid, which was then recrystallized from
CH.Cl,/hexanes to give a yellow solid (191 mg, 85%). Anal. Calcd
General Data. Air-sensitive reactions were performed in oven- for CioH15F17IrO: C, 25.31; H, 1.68. Found: C, 25.50; H, 1.66.
dried glassware, using standard Schlenk techniques, under antH NMR (CD,Cl,, 300 MHz, 21°C): 6 2.11 (s, 15H, @Mes). 19F
atmosphere of nitrogen, which was deoxygenated over BASF NMR (CD,Cl,, 282 MHz, 21°C): 6 —59.95 (dm,2Jgne) = 277
catalyst and dried over Aquasorb, or in a Braun drybox. Methylene Hz, 1F,a-CFa), —71.31 (dm&Jgg) = 277 Hz, 1F-CFg), —81.54
chloride, hexanes, diethyl ether, tetrahydrofuran, and toluene were(s, 3F, Ck), —108.91 (dm?2Jgnp) = 277 Hz, 1F5-CFa), —113.49

Experimental Section

dried over an alumina column under nitrogd™NMR spectra were
recorded on a Varian Unity Plus 300 or 500 FT spectromékeér.
NMR spectra were referenced to the protio impurity in the
solvent: GDe (7.16 ppm), CRCl;, (5.32 ppm).21%F NMR spectra
were referenced to external CRCQJ0.00 ppm).31P{*H} NMR
spectra were referenced to 85%R®, (0.00 ppm). Coupling

(dm, ZJF(AB) = 289 Hz, 1F,,8-CFB), —121.49 (dm,zJF(AB) = 301
Hz, 1F, Ck), —121.79 (dm?2Jrag) = 301 Hz, 1F, Ch), —122.26
(s, 2F, CR), —122.51 (s, 1F, CJj, —123.32 (s, 1F, CfJ, —126.74
(s, 2F, CR).

Cp*Ir(CO)( n-C10F21)1 (3g). Cp*Ir(CO), (47.9 mg, 0.125 mmol)
and n-CyoF21l (80.8 mg, 0.125 mmol) were dissolved in g,

analyses were performed by Schwartzkopf (Woodside, NY).
IrCl33H,0 (Pressure Chemical Company), Cp*H (Strenal,Fol,
N-CgF1al, N-CgFi7l, n-CioF2il, and n-CyF2sl (PCR), and PMg
(Aldrich) were obtained commercially and used as received.
The complexes Cp*Ir(CQ)® Cp*Ir(CO)(CR)l (3a),2° Cp*Ir-
(CO)(-C2Fs)l (3b),1” Cp*Ir(CO)(n-C4Fg)l (36),Y7 Cp*Ir(PMes)(n-
CoFs)l (4b),Y" Cp*Ir(PMes)(n-C3F7)l (4¢),Y” and Cplr(PMeg)(n-
C3F;)(1)26 were prepared according to literature procedures.
Cp*Ir(CO)( n-C4Fg)l (3d). To a yellow solution of Cp*Ir(CO)
(200 mg, 0.260 mmol) in dry C¥Cl, (10 mL) was added-C,Fl
(90 mg, 45ulL, 0.260 mmol) dropwise at room temperature. The
mixture was stirred for 30 min, and then the solvent was removed

on a rotary evaporator. The product was obtained as a yellow solid,

which could be recrystallized from hexane/methylene chloride (181
mg, 99%). Anal. Calcd for GHisFollrO: C, 25.69; H, 2.16.
Found: C, 25.77; H, 2.34H NMR (CDCl;, 500 MHz, 21°C): 6
2.11 (s, 15H, @Mes). 1%F NMR (CDCh, 470 MHz, 21°C): ¢
—59.36 (dm2Jrnp) = 274 Hz, 1F0-CFa), —71.29 (dmM2Jrap) =

274 Hz, 1F,a-CFg), —81.35 (tt,*Jre = 10 Hz, %) = 4 Hz, 3F,
CFs), —109.96 (dm 2Jrae) = 287 Hz, 1F 3-CFa), —113.94 (dm,

(25) Kitajima, N.; Tolman, W. BProg. Inorg. Chem1995 43, 419—
531.

(26) Bourgeois, C. J.; Hughes, R. P.; Husebo, T. L.; Smith, J. M.; Guzei,
I. M.; Liable-Sands, L. M.; Zakharov, L. N.; Rheingold, A. Drganome-
tallics 2005 24, 6431-6439.

(27) Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.;
Timmers, F. JOrganometallics1996 15, 1518-1520.

(28) Kang, J. W.; Moseley, K.; Maitlis, P. M. Am. Chem. S0d.969
91, 5970-5977.

(29) Hughes, R. P.; Laritchev, R. B.; Yuan, J.; Golen, J. A.; Rucker, A.
N.; Rheingold, A. L.J. Am. Chem. So005 127, 15026-15021.

(4 h). The solvent was removed in vacuo to give a brown solid,
which was recrystallized from CGi€l,/hexane to give a yellow solid
(102 mg, 82%). Anal. Calcd for gH1sF24lIrO: C, 25.18; H, 1.51.
Found: C, 25.43; H, 1.43H NMR (CD,Cl,, 300 MHz, 21°C):
0 2.11 (15H, s, @Mes). 1%F NMR (CD.Cl,, 282 MHz, 21°C): ¢
—59.99 (dm2Jgae) = 277 Hz, 1F,0-CFa), —71.38 (dm2Jep) =
241 Hz, 1F,a-CFg), —81.50 (s, 3F, C§j —108.89 (dmJgnp) =
289 Hz, 1F 5-CF), —113.46 (dM2Jrap) = 289 Hz, 1F 5-CFg),
—121.45 (dm2Jgae) = 301 Hz, 1F, Ch), —121.83 (dM2Jkne) =
301 Hz, 2F, CE), —122.30 (s, 8F, 4Cf, —123.28 (s, 2F, Cf,
—126.74 (s, 2F, CB.

Cp*Ir(CO) ( n-CyaF29)l (3h). Cp*Ir(CO), (47.9 mg, 0.125 mmol)
and n-CyoF»5l (93.3 mg, 0.125 mmol) were dissolved in g,

(20 mL). The solution was stirred vigorously at room temperature
(4 h). The solvent was removed in vacuo to give a brown solid,
which was recrystallized from CGi€l,/hexane to give a yellow solid
(117 mg, 85%). Anal. Calcd for £H1sF25lIrO: C, 25.08; H, 1.37.
Found: C, 25.90; H, 1.43H NMR (CD,Cl,, 300 MHz, 21°C):

0 2.08 (15H, s, EMes). %F NMR (CD.Cl,, 282 MHz, 21°C): ¢
—59.93 (d,2Jrne) = 289 Hz, 1F,0-CFa), —71.35 (d,%Jr(ag)
277 Hz, 1F,0-CFg), —81.54 (s, 3F, C§), —109.95 (d,?Jr(ap)
289 Hz, 1F,5-CFa), —113.52 (d,2Jrne) = 277 Hz, 1F,5-CRg),
—120.91 (d2Jrne) = 301 Hz, 1F,y-CFa), —113.52 (d,2Jr(ag) =

273 Hz, 1Fy-CFg), —122.30 (s, 12F, 6Gly, —123.32 (s, 2F, CJ,
—126.79 (s, 2F, C§.

Cp*Ir(PMe 3)(n-C4Fg)! (4d). To a yellow solution of Cp*Ir(CO)-
(n-C4Fg)l (180 mg, 0.258 mmol) in dry toluene (20 mL) was added
PMe; (22 mg, 30uL, 0.289 mmol). A white suspension formed in
the yellow solution. The mixture was refluxed under an atmosphere
of N, for 12 h, then allowed to stand at room temperature for 10
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h. A small quantity of colorless crystals of [Cp*Ir(PN)gn-CsFo)]l
(5d) formed at the bottom of the flask. The yellow solution was
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Cp*Ir(PMe 3)(n-Cy2F25)l (4h). Cp*Ir(CO)I(n-CyoF25) (88.1 mg,
0.08 mmol) was dissolved in toluene (10 mL), and BN&6.6

filtered and the solvent was removed, affording the product as an uL, 0.16 mmol) was added by syringe. The mixture was refluxed

orange oil (176 mg, 92%). Crystals of X-ray quality were prepared
by slow evaporation of toluene at30 °C. Anal. Calcd for GH,4Fg-
lIrP: C, 27.24; H, 3.23. Found: C, 27.62; H 3.28.NMR (CDCls,
500 MHz, 21°C): 6 1.73 (d,?Jpn = 10.5 Hz, 9H, PMg), 1.89 (d,
4Jpn = 2.0 Hz, 15H, GMes). 1% NMR (CDCk, 470 MHz, 21°C):
0 —65.53 (dm,ZJF(AB) = 288 Hz, 1F,Q-CFA), —66.00 (dm,ZJF(AB)
= 288 Hz, 1Fa-CFRg), —81.21 (tt,"Jer = 9 Hz, %) = 5 Hz, 3F,
CF3), —110.93 (dm,zJF(AB) = 284 Hz, 1F,ﬂ-CFA), —112.58 (dm,
2Jrne) = 284 Hz, 1F -CFRg), —124.77 (dddt2Jgas) = 289 Hz,
“Jer = 18 Hz,“Jer = 13 Hz,3Jr = 4 Hz, 1F,y-CFa), —125.46
(dddt,ZJF(AB) =289 HZ,4J|:|: =18 HZ,4J|:|: =14 HZ,3J|:|: = 4 Hz,
1F, y-CRg). 3P{*H} NMR (CDCl;, 202 MHz, 21°C): 6 —39.9
(dd,g\]pp: 14 HZ,3JP;: = 8 Hz, 1P)

Cp*Ir(PMe 3)(n-CgF13)l (4€). To a yellow solution of Cp*Ir-
(CO)(n-CgF13)! (105 mg, 0.130 mmol) in dry toluene (20 mL) was
added PMeg (11 mg, 15uL, 0.145 mmol). The resultant mixture
was stirred under reflux for 12 h under an atmosphere of nitrogen.
After cooling the reaction mixture, the yellow solution of Cp*Ir-
(PMe3)(n-CeF13)! in toluene was filtered off. Removal of the solvent
afforded an analytically pure product as an orange crystalline
material in quantitative yield. Anal. Calcd for,H,4F3llrP: C,
26.86; H, 2.85. Found: C, 27.23; H, 3.081 NMR (C¢Ds, 500
MHz, 21°C): 6 1.34 (d,2Jpy = 10.5 Hz, 9H, PMg), 1.50 (d,*Jpn
= 2.0 Hz, 15H, GMes). 1%F NMR (C¢Dg, 470 MHz, 21°C): ¢
—65.22 (dm2Jrnp) = 290 Hz, 1F0-CFa), —65.54 (dmM2Jrap) =
290 Hz, 1Fo-CRg), —81.37 (tm,J= = 10 Hz, 3F, Ch), —109.56
(dm, 2Jag) = 284 Hz, 1F,5-CFa), —111.50 (dm2Jgne) = 284
Hz, 1F,5-CFg), —120.61 (dM2Jrae) = 301 Hz, 1F, Ch), —121.24
(dm,ZJF(AB) = 301 Hz, 2F, CE‘), —122.46 (dm,ZJF(AB) = 298 Hz,
1F, CR), —122.89 (dm2Jrap) = 298 Hz, 1F, CE), —126.19 (dm,
ZJF(AB) = 292 Hz, 1F, CE‘), —126.47 (dm,ZJF(AB) = 292 Hz, 1F,
CRy). 31P{H} NMR (C¢Dg, 121 MHz, 21°C): 6 —40.75 (ddd,
3J|:!|: =13 HZ,3JP|: =17, 4\Jp|: = 4 Hz, P)

Cp*Ir(PMe 3)(n-CgF17)! (4f). Cp*Ir(CO)I(n-CgF17) (380 mg, 0.42
mmol) was dissolved in toluene (20 mL), and P48 uL, 0.46
mmol) was added into the solution by syringe. The mixture was

refluxed overnight and cooled, and the solvent was removed by

rotary evaporator to give a brown-yellow solid, which was
recrystallized in hexane at70 °C to give a yellow solid (339.0
mg, 85%). Anal. Calcd for gHFAIrP: C, 26.56; H, 2.41.
Found: C, 26.84; H, 2.46H NMR (CD,Cl,, 300 MHz, 21°C):
0 1.87 (d,*Jyp = 1.8 Hz, 15H, GMes), 1.71 (d,2Jp = 10.8 Hz,
9H, PMe). 1% NMR (CD.Cl,, 282 MHz, 21°C): 6 —65.74 (s,
2F, a-CF,), —81.54 (s, 3F, C§j, —109.85 (d,2Jrag) = 289 Hz,
1F, 5-CFa), —111.85 (d,2Jr(as) = 289, 1F,5-CFg), —121.36 (m,
2F, CR), —122.21 (s, 2F, Cfj, —122.51 (s, 2F, Cfj, —123.32 (s,
2F, CR), —126.74 (s, 2F, CF. 3'P{1H} NMR (CD,Cl,, 121 MHz,
21 OC): 0 —40.09 (ddd,3JFp =14 HZ,3J|:p =5, 4J;:p =3, P).
Cp*lr(PMe 3)(n-C10F21)I (4g) Cp*lr(CO)I(n-CloF21) (90 mg,
0.09 mmol) was dissolved in toluene (20 mL), and BM@.35
uL, 0.09 mmol) was added by syringe. The mixture was refluxed

overnight to give a light yellow solution and cooled, and the solvent
was removed to give a brown-yellow solid, which was extracted
with ether to give a yellow solution with a pale yellow residue.
This was filtered and the solvent was removed to a give a brown-
yellow solid, which was recrystallized from hexane-at0 °C to
give a yellow solid (74 mg, 80%). Anal. Calcd for4E,4F,slIrP:
C, 26.12; H, 2.19. Found: C, 26.36; H, 2.261 NMR (CDCl,,
300 MHz, 21°C): 6 1.86 (d,“Jup = 2.1 Hz, 15H, GMes), 1.70
(d, 24p = 10.5 Hz, 9H, PMg). 1%F NMR (CD,Cly, 282 MHz, 21
°C): 0 —65.74 (2F, sp-CF,), 6 —81.50 (3F, s, C§), —109.80 (d,
2Jrap) = 277 Hz, 1F 5-CFa), —111.85 (d,2Jrap) = 277 Hz, 1F,
p-CRg), —121.40 (s, 2F, Cf, —122.30 (s, 12F, 6Gff —123.28
(s, 2F, CR), —126.74 (s, 2F, Cf. 3'P{*H} NMR (CD.Cl,, 121
MHz, 21°C): 0 —40.14 (ddd?’\][zp: 15 HZ,3J|:p: 5, 4J|:p: 3, P)

[Cp*Ir(CF 3)(PMes);]*1~ (5a). To a solution of Cp*Ir(CE)(CO)!
(862 mg, 1.56 mmol) in toluene (40 mL) was added BN®&19
mL, 1.84 mmol) and the mixture heated under reflux for 3 h. The
resultant suspension was cooled to room temperature and filtered,
and the pale yellow solid washed with toluene. The solid was
suspended in fresh toluene (20 mL), heated under reflux for 1 h,
cooled to room temperature, and filtered. The solid was suspended
in fresh toluene (15 mL), and PM€0.10 mL, 0.966 mmol) was
added. The mixture was heated under refluxifén and the resulting
suspension cooled to room temperature and filtered. The yellow
solid was suspended in fresh toluene (15 mL) and heated under
reflux for 1 h. The resultant suspension was cooled to room
temperature, filtered, and washed with toluene and hexanes. The
yellow solid was recrystallized from Gil,/toluene. Anal. Calcd
for Ci7H3sRslIrPo: C, 30.23; H, 4.92. Found: C, 29.97; H, 4.96.
1H NMR (CD4Cly, 300 MHz, 23°C): ¢ 1.78 (d,>“J4p = 10.8 Hz,
18H, PMe), 1.92 (t,*J4p = 2.1 Hz, 15H, GMes). 1°F NMR (CD»-
Clp, 282 MHz, 23°C): 6 —5.1 (t, 3Jp = 6 Hz, CR). 31P{1H}
NMR (CD,Cl,, 121 MHz, 23°C): 6 —38.9 (q,%Jpr = 6 Hz, 2P,
PMe;).

[Cp*Ir(PMe 3)5(n-C2Fs)] I~ (5b). [Cp*Ir(PMes)(CO)(GFs)l
(130 mg, 0.192 mmol) was suspended in dry toluene, the mixture
was degassed, and PM@5 mg, 20uL, 0.195 mmol) was added.
The resultant mixture was refluxed for 12 h and cooled, the yellow
toluene solution was filtered, and a white residue was obtained,
containing a mixture of [Cp*Ir(PMg(CO)(GFs)]l and [Cp*Ir-
(PMe&3)2(CoFs)]l. Fresh toluene was added along with more BMe
(15 mg, 20uL, 0.195 mmol), and the refluxing overnight was
repeated. After the workup the white residue still contained some
starting material. Again toluene was added and the suspension was
refluxed overnight. Filtration of the solvent afforded the white solid,
which was now analytically pure [Cp*Ir(PMe(C2Fs)]l (70 mg
(50%). Anal. Calcd for GHa3FslIrP,: C, 29.80; H, 4.58. Found:
C, 29.72; H, 4.431H NMR (CD,Cl,, 500 MHz, 21°C): 6 1.77
(m, 2Jpyy = 10.4 Hz, 18H, PMg, 1.88 (t,*Jpy = 2.15 Hz, 15H,
CsMes). 1%F NMR (CDCl,, 470 MHz, 21°C): 6 —71.21 (br t,
3Jrp= 15 Hz, 2F,0-CF,), —82.06 (s, 3F, C§; (CD,Cl,, 470 MHz,
—88°C) 6 —71.36 (br d,2Jgnp) = 266 Hz, 1F,a-CFn), —73.75

overnight and cooled, and the solvent was removed in vacuo to (br d,?Jsas) = 266 Hz, 1Fa-CFg), —82.49 (s, 3F, C§. 31P{1H}

give a brown-yellow, oily solid, which was recrystallized from
hexane at-70°C to give a yellow solid (77 mg, 82%). Anal. Calcd
for CosHosFo4lIrP: C, 26.32; H, 2.31. Found: C, 26.59; H, 2.34.
IH NMR (CD.Cl,, 300 MHz, 21°C): 6 1.87 (d,*Jup = 2.10 Hz,
15H, GMes), 1.71 (d,2J4p = 10.5 Hz, 9H, PMg). 1% NMR (CD,-
Cl,, 282 MHz, 21°C): 6 —65.78 (s, 2Fp-CF,), —81.50 (s, 3F,
CFs), —109.80 (d2Jrap) = 277 Hz, 1F 5-CFa), —111.85 (d 2Jr(ap)

= 277 Hz, 1F,p-C Rg), —121.40 (s, 2F, Cfj, —122.34 (s, 8F,
4CR) —123.32 (s, 2F, Cfj, —126.74 (s, 2F, CJ. 3'P{*H} NMR
(CDCly, 121 MHz, 21°C): 6 —40.08 (ddd3Jrp = 15 Hz,3Jrp =

5, 4J|:p - 3, P)

NMR (CD.Cl,, 202 MHz, 21°C): 6 —42.23 (tq,%Jpr = 15 Hz,
4Jp|:: 2 Hz, 2P, PM@)

[Cp*Ir(PMe 3)5(n-C3F7)] "1~ (5¢). The product was obtained as
a side product of the reaction of Cp*Ir(C@)CsF7)l with PMe; in
dry toluene under reflux for 12 h. PM&as added in slight excess
(1.2 equiv) to give the major product Cp*Ir(PN)&-C3F)I, soluble
in toluene, and 510% of [Cp*Ir(PMe),(n-CsF)]l as a white solid,
insoluble in toluene. The orange solution of Cp*Ir(PMa-CsF)I
was filtered off to afford the desired product as an off-white solid.
Anal. Calcd for GoH3z3FIIrP,. C, 29.43; H, 4.29. Found: C, 29.67;
H, 4.23.'"H NMR (CD,Cl, 500 MHz, 21°C): 6 1.78 (m,2Jpy =
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10.3 Hz, 18H, PMg), 1.88 (t,“Jpy = 2.1 Hz, 15H, GMes). 1%
NMR (CD,Cl,, 470.3 MHz, 21°C): 6 —67.95 (br s, 2Fp-CF,),
—79.44 (t,“J+ = 13 Hz, 3F, CR), —115.17 (br s, 2F$-CFy);
(CD,Cl,, 470.3 MHz,—80°C) 6 —65.84 (br d2Jrng) = 284 Hz,
1F, 0-CFa), —72.22 (br d 2Jgas) = 284 Hz, 1F,a-CFg), —79.25
(t, 4J|:|: =11 Hz, 3F, CEI), —112.86 (br d,ZJ[:(AB) = 281 Hz, 1F,
p-CFa), —118.78 (br d,2Jre) = 281 Hz, 1F,3-CFg). S1P{'H}
NMR (CD.Cly, 202 MHz, 21°C): 6 —42.49 (tt,3Jpr = 15 Hz,
4Jp;: =5 Hz, P).

[Cp*Ir(PMe 3)2(n-C4Fg)] 11~ (5d). To a yellow solution of Cp*Ir-
(CO)(n-C4Fg)l (180 mg, 0.258 mmol) in dry toluene (20 mL) was
added PMg(22 mg, 30uL, 0.289 mmol) at room temperature. A
white suspension formed in the yellow solution. The mixture was
refluxed under Nfor 12 h, cooled, and allowed to stand at room
temperature for 10 h. Colorless crystals of [Cp*Ir(P)4er-C4Fo)]l
formed at the bottom of the flask. The yellow solution containing
Cp*Ir(PMes)(n-C4Fg)l was filtered off to givedbd (17 mg; 8%). Anal.
Calcd for GoHssFollrP,: C, 29.10; H, 4.03. Found: C, 29.35; H,
4.27.*H NMR (CD.Cl, 500 MHz, 21°C): 6 1.78 (m,2Jpy =
10.4 Hz, 18H, PMg), 1.88 (t,“Jpy = 2.1 Hz, 15H, GMes). 1%F
NMR (CD.Cl, 470 MHz, 21°C): 6 —67.53 (br m, 2Fp-CF,),
—81.59 (tt,Jer = 10 Hz,%Jrr = 4 Hz, 3F, Ck), —111.96 (br s,
2F, B-CR,), —125.29 (br t,"Jsr = 17 Hz, 2F,y-CF,); (CD.Cl,,
470 MHz,—80°C) 6 —64.57 (br dm2Jgne) = 284 Hz, 1Fo-CF),
—72.53 (br dm2Jrng) = 284 Hz, 1F,a-CFg), —81.43 (br m, 3F,
CF;), —108.56 (br dm?2Jgag) = 286 Hz, 1F5-CFa), —116.61 (br
dm, ZJF(AB) = 286 Hz, 1Fﬂ-CFB), —123.55 (bl’ dm,ZJF(AB) = 289
Hz, 1F,y-CFa), —128.37 (br dm?2Jr@ag) = 289 Hz, 1F,y-CFg).
S1P{IH} NMR (CD.Cly, 202 MHz, 21°C): 6 —42.49 (it,3Jpr =
16 Hz,%Jpr = 5 Hz, 2P).

[Cp*Ir(PMe 3)2(n-CeF13)] "1~ (5€). To a yellow solution of
Cp*Ir(PMes)(n-CeF13)l (180 mg, 0.258 mmol) in dry toluene (20
mL) was added PMg(6 mg, 8uL, 0.075 mmol). The mixture was
refluxed under N for 12 h, cooled, and allowed to stand at room
temperature for 10 h. The yellow solution of Cp*Ir(PY@-C4Fo)l
in toluene was filtered off to give colorless crystals of [Cp*Ir-
(PMe&3)2(n-C4F9)]l, which were washed with toluene. The product
was analytically pure (15 mg; 8%). Anal. Calcd fopB3sFi3
lIrP2: C, 28.55; H, 3.59. Found: C, 28.40; H, 3.78.NMR (CD--
Cly, 500 MHz, 21°C): 6 1.78 (m,2Jpy = 10.5 Hz, 18H, PMg),
1.88 (t,*Jp = 2.0 Hz, 15H, GMes). 1%F NMR (CD.Cl,, 470 MHz,
21 °C): 6 —67.32 (br s, 2Fo-CF,), —81.54 (br s, 3F, C§,
—111.02 (br s, 2F$-CF,), —121.44 (br s, 2Fy-CF,), —123.15
(br s, 2F,0-CF,), —126.66 (br s, 2F¢-CFy); (CD,Cl,, 470 MHz,
—80°C) 6 —63.84 (br dm2Jgne) = 282 Hz, 1F,a-CF), —72.83
(br dm, 2Jgag) = 282 Hz, 1F,a-CFg), —81.27 (br m, 3F, C§),
—106.49 (br dm2Jre) = 287 Hz, 1F,4-CFa), —117.11 (br dm,
2Jrag) = 287 Hz, 1F 5-CFg), —121.04 (dm2Jgag) = 300 Hz, 1F,
CF), —123.21 (dm,2Jrue) = 300 Hz, 1F, Ch), —122.67 (dm,
2Jrag) = 295 Hz, 1F, Ck), —124.77 (dm2Jr@ap) = 295 Hz, 1F,
CF,), —125.45 (dm,2Jrpe) = 295 Hz, 1F, CR), —129.09 (dm,
2Jrae) = 295 Hz, 1F, CB). 3P{*H} NMR (CD,Cl, 202.3 MHz,
21°C): 0 —42.49 (tt,3)pr = 15 Hz,%Jpr = 5 Hz, P).

[Cp*Ir(PMe 35)5(n-C1oF21)] 1~ (59). Cp*Ir(CO)(1)(n-CaoF21) (31
mg, 0.03 mmol) was dissolved in toluene (15 mL), RN uL,
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[Cp*Ir(PMe 3)2(C,Fs)]|TOTE~ (6b). Cp*Ir(PMes)(C,Fs)l (50 mg,
0.077 mmol) was dissolved in dry GEI,, and the resultant solution
was added to the suspension of AgOTf (21 mg, 0.082 mmol) in
CH.CI, dropwise over 5 min. Then neat PM&.5 mg, 10uL,
0.097 mmol) was added to the suspension followed by stirring for
5 min. The solution was filtered, the solvent was removed, and the
residue was washed with toluene to afford an off-white solid (45
mg, 85%). Anal. Calcd for @Hs3FglrO3P,S: C, 30.52; H, 4.45.
Found: C, 30.44; H, 4.35H NMR (CD.Cl,, 500 MHz, 21°C):

0 1.74 (m,2Jpy = 10.4 Hz, 18H, PMg), 1.87 (t,“Jpy = 2.2 Hz,
15H, GMes). 1°%F NMR (CD,Cl,, 470 MHz, 21°C): 6 —71.19 (br
t, 3Jep = 15 Hz, 2F,0-CF,), —79.30 (s, 3F, OTf)-82.07 (s, 3F,
CFs); (CD,Clp, 470 MHz,—88°C) ¢ —71.36 (br d 2Jr(ag) = 266
Hz, 1F, a-CFa), —73.75 (br d,2Jgag) = 266 Hz, 1F,a-CFg),

—79.69 (s, 3F, OTf);~82.49 (s, 3F, C§. 3*P{*H} NMR (CD.Cly,

121 MHz, 21°C): 6 —42.36 (t9,3pr = 15 Hz,%Jpr = 2 Hz, 2P).

[Cp*Ir(PMe 3)5(n-CgF17)]*OTf~ (6f). A solution of Cp*Ir-
(PMey)l(n-CgF17) (47 mg, 0.05 mmol) in CkCl, (5 mL) was added
slowly to a suspension of AgOTf (14.7 mg, 0.06 mmol) in £
(2 mL) over 10 min. After a further 15 min the mixture was filtered,
and PMg (5.2uL, 0.05 mol) was added to the yellow filtrate, which
quickly became almost colorless. It was allowed to react overnight.
The solvent was removed to give a yellow solid, which was
recrystallized from CHECl,/ether to give a pale yellow solid (47
mg, 90%). Anal. Calcd for gH33F,0lrOsP,S: C, 28.66; H, 3.17.
Found: C, 28.88; H, 3.09H NMR (CDCl,, 300 MHz, 21°C):

0 1.87 (d,"Jpy = 2 Hz, 15H, GMes), 1.75 (d,?Jpy = 6 Hz, 18H,
PMey). *°F NMR (CDCl,, 282 MHz, 21°C): 6 —67.27 (s, 2F,
CRy), —79.32 (s, 3F, OTf),—81.50 (t,“Jr = 8 Hz, 3F, Chk),
—111.02 (s, 2F, Cp, —121.23 (s, 2F, Cf, —122.17 (s, 2F, CB,
—122.47 (s, 2F, Cf}, —123.32 (s, 2F, Cjj, —126.74 (s, 2F, CJj;
(CD,Cly, 470 MHz,—75°C) 6 —63.78 (br dm 2Jrae) = 284 Hz,
1F,0-CFa), —72.26 (br dm2Jgas) = 284 Hz, 1Fo-CFg), —79.68
(S, 3F, OTf),—81.19 (t,“Jr = 8 Hz, 3F, CR), —106.62 (br d,
2Jrap) = 290 Hz, 1F,3-CFa), —116.87 (br d2Jgas) = 290 Hz,
1F, p-CFg), the remaining fluorine resonances consisted of a
complex series of peaks betweed20 and—130 ppm, which were
not assigned®'P{*H} NMR (CD,Cl,, 121 MHz, 21°C): 6 —42.54
(tt, 3Jpr = 15 Hz,4Jpr = 5 Hz, P).

[Cp*Ir(PMe 3)5(n-C1oF21)] TOTf~ (6g). A solution of Cp*Ir-
(PMe&y)l(n-CyoF21) (36 mg, 0.034 mmol) in CkCl, (5 mL) was
transferred slowly to a suspension of AGOTf (10.6 mg, 0.041 mmol)
in CH.CI, (10 mL) over 10 min. It was allowed to react (15 min)
and then filtered to give a pale yellow solution. PM&0.0 uL,
0.10 mol) was added, and the color of the solution changed to
almost colorless quickly. It was allowed to react for 1 h. The solvent
was removed to give a yellow solid, which was recrystallized from
CH,Cl,/ether to give a pale yellow solid (35 mg, 78%). Anal. Calcd
for CoHasF4rO5P.S: C, 28.25; H, 2.90. Found: C, 28.64; H, 2.63.
H NMR (CD.Cl,, 300 MHz, 21°C): 6 1.87 (15H, d*Jyp = 1.8
Hz, GsMes), 1.75 (d, 18H4Jpy = 10.2 Hz, PMg). 1% NMR (CD,-

Cly, 282 MHz, 21°C): 6 —67.19 (s, 2F, Clj, —79.32 (s, 3F, OTf),
—81.45 (t,*J-r = 10 Hz, 3F, Ck), —110.98 (s, 2F, Cfj, —121.19
(s, 2F, CR), —122.26 (s, 8F, 4Cff, —123.28 (s, 2F, Cjj, —126.70
(s, 2F, CR). (CDLCl,, 470 MHz,—75°C) 6 —63.92 (br dm2Jg(as)

= 285 Hz, 1F,0-CFa), —72.83 (br dm,2Jgas) = 286 Hz, 1F,

0.04 mmol) was added, and the solution was refluxed overnight. a-CFg), —79.82 (br m, 3F, OTf)—81.63 (s, 3F, C§j, —106.80
The solvent was removed to give a yellow solid, which was washed (br dm, 2Jgag) = 283 Hz, 1F,3-CFa), —116.94 (br dmZJgas) =

with ether to give a pale yellow powder. Recrystallization from
CH.Cl,/ether gave a pale yellow solid (7 mg; 20%). Anal. Calcd
for CogHasFo1lIrPo: C, 27.74; H, 2.96. Found: C, 27.76; H, 3.24.
IH NMR (CD.Cl, 300 MHz, 21°C): ¢ 1.86 (d,*Jpy = 2.1 Hz,
15H, GMes), 1.75 (d,2Jpy = 10.5 Hz, 18H, PMg). *°F NMR (CD»-
Cly, 470 MHz, 21°C): 6 —65.74 (s, 2F, Cp, —81.50 (s, 3F, C§j,
—110.79 (s, 2F, Cfj, —121.36 (s, 2F, Clj, —122.30 (s, 8F, 4C#,
—123.28 (s, 2F, Cf, —126.74 (s, 2F, CB. 31P{1H} NMR (CD,-
Cly, 121 MHz, 21°C): ¢ —40.02 (tt,3Jpr = 16 Hz,*Jpr = 5 Hz, P).

283 Hz, 1F3-CFg), the remaining fluorine resonances consisted
of a complex series of peaks betweeh20 and—130 ppm, which
were not assigned!P{*H} NMR (CD,Cl,, 121 MHz, 21°C): o
—42.63 (tt,3Jpr = 17 Hz,*Jpr = 5 Hz, P).

[Cp*Ir(PMe 3)2(n-Cy2F25)]tOTF~ (6h). A solution of Cp*lr-
(PMe&;)I(n-Cy2F25) (106 mg, 0.11 mmol) in CkCl, (5 mL) was
transferred slowly to a suspension of AgOTf (31.5 mg, 0.12 mmol)
in CH,Cl, (10 mL) over 10 min. It was allowed to react (15 min)
and filtered to give a pale yellow solution. PMEL2.5uL, 0.12
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mol) was added to the solution, which became colorless quickly. for CigHoF7IrO,: C, 36.30; H, 3.72. Found: C, 36.67; H, 3.98.
It was allowed to react overnight. The solvent was removed to give 'H NMR (CDCl;, 500 MHz, 21°C): 6 1.53 (s, 15H, GMes), 1.87

a yellow solid, which was recrystallized from GEl,/ether to give (s, 6H, CH-acac), 5.23 (s, H, H-acac)®F NMR (CDCk, 470.3

a pale yellow solid (123 mg, 90%). Anal. Calcd forgH3sF2g MHz, 21°C): 6 —79.98 (t,3J= = 12 Hz, 3F, Ck), —97.95 (s, 2F,
IrO3P,S: C, 27.91; H, 2.67. Found: C, 28.19; H, 2.88. NMR CF,), —120.52 (s, 2F, Cj.

(CD4Cly, 300 MHz, 21°C): 6 1.87 (s, 15H, @Mes), 1.74 (d, 18H, [Cplr(PMe 3)2(n-C3F7)] TOTF~ (8). Cplr(PMe)(n-CsF)(1) (0.060

Jpn = 8.7 Hz, PMg). *F NMR (CD,Cl,, 282 MHz, 21°C): 6 g, 0.095 mmol) was dissolved in methylene chloride (8 mL), and
—67.32 (s, 2F, Cp), —79.32 (s, 3F, OTh);-81.59 (t,"Jer = 9 Hz, this yellow solution was added dropwise to a suspension of silver
3F, Ck), —111.02 (2, 2F, Ch, —121.27 (s, 2F, Cfj, —122.34  yifjate (0.032 g, 0.125 mmol) in methylene chloride (5 mL). This
(s, 12F, 6Ch), —123.37 (s, 2F, Ch, —126.83 (s, 2F, Ch; (CD- was allowed to stir at room temperature away from direct light (20

Clp, 470 MHz, —75 OC);S _63;86 (br dmXeag) = 282 Hz, 1F, h). The cloudy off-white suspension was then filtered to give a
a-CFa), —=72.77 (br dm?Jg(ag) = 303 Hz, 1F a-CFg), _39-86 (br clear pale yellow solution. To this solution was added RKI&
m, 3F, Ck), —81.26 (br m, 3F, OTf)~106.73 (br dm?Jrag) = ul, 0.106 mmol) and the solution allowed to stir at room

289 Hz, 1F3-CFa), —116.98 (br dm?Jrap) = 282 Hz, 1F3-CFg), temperature (1 h 45 min). The clear, colorless solution was

the remaining fluorine resonances conS|§ted ofa Complex_senes 0fconcentrated under vacuum and ether added to precipitate a white
peaks between-120 and—130 ppm, which were not assigned.

solid. This was filtered and washed with ether and hexanes and
31pf1 o . _ 3 _
1E{Hg}4yMB 5(CHDZZCI|32)’ 121 MHz, 21°C): 0 —24.58 (tt,Jpr = dried under vacuum to yield the product as a white solid (43 mg,
 pE= » F). 62%). Anal. Calcd for G@HosF10lrOsP.S: C, 24.76; H, 3.19.
Cp*Ir(acac)(n-C4Fs) (7b). Cp*Ir(CO)I(n-C;Fs) (60 mg, 0.1 Fourzd: C. 24.64: H, 2.85H NMR ((3:5202 300 MHz, 21°C):
mmol) was dissolved in toluene (5 mL) and added to a toluene (10 65.79 (s ’5H eH ’) 1 86 (d,2Jpy = 11 Hz 1éH PMe) 1:3F NMR
mL) suspension of Tl(acac) (37 mg, 0.12mmol). The mixture was (Cb cl ’282’2 MSH,z .21°C),' SH—Gl 76 (ZF s’ ch .—78 74 (s
refluxed overnight, cooled, and filtered, and the solvent was 3F E?EZ) _78' 84 (t 4jFF:12' Hz 3F.OTf) _‘11’3 881(2F S Cﬁi

removed in vacuo to give a brown solid. Recrystallization from 5, o~y S 31—
hexane at-70°C gave yellow crystals (38 mg, 70%). Anal. Calcd Al H}4NMB (CD:Cl, 202.3 MHz, 21°C): 0 —38.35 (1t Jpr
14 Hz,*Jpr = 4 Hz, PMe).

for Ci7Ho0FsIrO,: C, 37.42; H, 4.06. Found: C, 37.32; H, 4.14.

IH NMR (CDCl, 300 MHz, 21°C): 6 1.57 (s, 15H, GMes), 1.90

(s, 6H, CH-acac), 5.3 (s, 1H, H-acac)®F NMR (CDCk, 282.2 Acknowledgment. R.P.H. is grateful to the National Science

MHz, 21°C): § —82.74 (s, 3F, CB, —97.39 (s, 2F, Cj. Foundation for generous financial support.
Cp*Ir(acac)(n-CsF7) (7c¢). Cp*Ir(CO)I(n-CsF;) (65 mg, 0.1

mmol) was dissolved in toluene (5 mL) and added to a toluene (10 Supporting Information Available: CIF files for compounds

mL) suspensior_l of Tl(acac) (33 mg, 0.11 mmol). The mixture was 4g, 59, and 7b. This material is available free of charge via the
refluxed overnight, cooled, and filtered, and the solvent was Internet at http://pubs.acs.org

removed in vacuo to give a brown solid. Recrystallization from
hexane at-70 °C gave yellow crystals (42 mg, 75%). Anal. Calcd OMO060822Q



