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The synthesis of perfluoroalkyl-substituted “pincer’-type PCP ligands, 1,3-CeHa(CH,P(Ry)2)2 (Rf = CF3, C5Fs), and
platinum coordination studies (R = CF3) are reported. 1,3-CgH4(CH,P(CF3),); (CFsPCPH) reacts at ambient
temperatures with (cod)Pt(Me)Cl (cod = 1,5-cyclooctadiene) and (cod)PtMe; to afford unmetalated PCPH-bridged
products [(“FsPCPH)Pt(Me)Cl], and cis-[(*FsPCPH)PtMe,],, respectively. cis-[(sPCPH)PtMe,], is soluble and has
been spectroscopically and crystallographically characterized. Thermolysis of these compounds results in the loss
of methane and the formation of metalated complexes (“FsPCP)PtCl and (“FsPCP)PtMe. Treatment of (“"sPCP)PtClI
with MeMgBr provides an alternative route to (“sPCP)PtMe. The carbony! cation (°:PCP)Pt(CO)*ShFs~ (¥(CO) =
2143 cm™1) was readily prepared by chloride abstraction with AgShFs under 1 atm CO. »(CO) data indicates that
RPCP ligands are electronically analogous to trans acceptor phosphine complexes such as trans-((C,Fs),PMe),Pt-
(Me)(CO)* (»(CO) = 2149 cm™1).

Introduction 'Bu). Recently, however, resorcinol-derived phosphinite

In recent years, there has been considerable growth in thed€rivatives, where EPR= OPR; (R = 'Pr,'Bu), have been

coordination chemistry and applications of monoanionic efféctively employed in a number of applicatiohand aryl
terdentate PCP “pincer’ (PCE= 2,6-GHs(EPR);) and ring subst|tut.|qn on the PC_P .backbone. h_as qlso bgen shown
related ligands.Of particular interest has been their use in € tune reactivity characteristiéhosphinite pincer ligands
the alkane dehydrogenation chemistry of iridiémhere PCP introduce an mcreased.degree of phosphlne gcceptor behavior
ligand stabilization of intermediates appears to be a key Put also a counteracting oxygerdonation into the aryl
factor® some of these systems exhibit surprisingly long-term Packbone. In 2005, the syntheses of perfluoroaryl- and
catalytic activity at temperatures up to 2504 pyrrolyl-substituted PCP ligands which can be more accur-
To date, most PCP ligands have incorporated donating &€y catégorized as terdentateacceptor ligands were

phosphine groups such as EPR CH,PR, (R = Ph, iPr reported’® These ligands impart significant electronic and
o steric effects which set them apart from other PCP systems
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Perfluoroalkyl Acceptor Pincer Ligand

reported to daté® Beyond their interest as extensions to
the PCP ligation motif, such ligands are unique in their
ability to impose a rigid mutually trans-acceptor geometry,

(CH3)CI,** and (cod)Pt(CH), were prepared following published
procedures® With the exception of phosgene gas (Linde),
MesSIiCFR; (Synquest), and £sCl (Synquest), all other reagents

an arrangement which is not favorable in conventional Were purchased from Aldrich and were used without further

m-acceptor coordination chemistry.
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Our research program has a longstanding interest in
perfluoroalkylphosphine (“PFAPS”) ligand coordination chem-
istry. Much of our work has focused on the bidentate ligand
(CoFs),PCH,CH,P(GFs), (dfepe). In contrast to the perfluo-
roaryl analogue (6Fs),PCH.CH,P(GsFs),, dfepe systems
exhibit enhanced reductive elimination chemistry and resis-
tance to metatcarbon bond protonolysis, consistent with a
substantially greater electron-withdrawing effect of per-
fluoroalkyl versus perfluoroaryl groug8More recently, we

have extended our studies to monodentate PFA ligands,

(CoFs)2P(R), which are also strong-acceptor phosphines
and provide additional degrees of stereochemical flexibility
and lability*

In this paper, we report the synthesis of the strong
m-acceptor PCPH diphosphine 1,3HG(CH,P(CF),), and
its ligation behavior with platinum(ll) centers. We observe
that under mild conditions unmetalated PCPH-bridged
products are cleanly produced, which react under more
forcing condition to produce the expected metalated PCP
substitution products.

Experimental Section

General Procedures All manipulations were conducted under
N, or vacuum using high-vacuum line and glovebox techniques

unless otherwise noted. All ambient pressure chemistry was carried

out under a pressure of approximately 590 Torr (elevati@i95

m). All solvents were dried using standard procedures and stored

under vacuum. Aprotic deuterated solvents used in NMR experi-
ments were dried over activat® A molecular sieves. Elemental
analyses were performed by Desert Analytics. NMR spectra were
obtained with a Bruker DRX-400 instrumerP spectra were
referenced to an 85% 4RO, external standard®F spectra were
referenced to CIE£O,CH,CH3 (0 —75.32). The compounds 1,2-
bis[(diethoxyphosphoryl)-methyl]benzekcod)PtC},13 (cod)Pt-
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purification.
Safety NotePhosgene is an extremely toxic low-boiling liquid,
and care must be exercised in its use. All manipulatiomsliring

this compound were carried out in a welntilated fume hood.

1,3-GeH4(CH,PHy), (HPCPH). To LiAIH 4 (16.52 g, 4353 mmol)
in 300 mL of diethyl ether at-78 °C was added 55.2 mL of
MesSiCl (47.25 g, 0.4349 mmol) dropwise over the course of ca
30 min. The gray suspension was stirree-@8 °C for an additional
15 min, allowed to warm to 25C, and then stirred for an additional
hour. The reaction mixture was cooled td©, and a solution of
1,3-bis[(diethoxyphosphoryl)methyllbenzene (33.03 g, 87.1 mmol)
in 50 mL of EtO was added dropwise via cannula over 30 min.
The light gray suspension was allowed to warm to room temperature
and was stirred for an additional hour. After cooling t6@, the
reaction was quenched under nitrogen by the dropwise addition of
deoxygenated water and stirred until hydrogen evolution ceased.
A deoxygenated solution of agueous 30% NaOH was then slowly
added via syringe with vigorous stirring until the formation of a
white precipitate was complete. The slurry was allowed to stand
undisturbed, and the separated organic layer was transferred into a
500 mL round-bottom flask. The white precipitate was extracted
twice with E&O (125 mL) and combined with the first organic layer.
The combined extracts were washed with deoxygenated brine, the
aqueous layer was removed via cannula, and the organic layer was
dried over anhydrous MgSOThe diethyl ether was removed in
vacuo, giving"PCPH as a colorless oil (12.62 g, 85% yield). Anal.
Calcd for GH,P,: C, 56.48; H, 7.11. Found: C, 56.30; H, 7.34.
IH NMR (CgDg, 400.13 MHz, 20°C): 9 7.08 (t,Jun = 8 Hz, 1H,
ArH), 6.93 (s, 1H, ArH), 6.91 (dJun = 6 Hz, 2H, ArH), 2.75 (m,
4H, CH,P), 2.65 (td,Jun = 8 Hz, Jpy = 192 Hz, 4H, PH). 3P
NMR (CgDg, 161.97 MHz, 20°C): 6 —121.9 (t,J = 192 Hz).

1,3-CsH4(CH2PCl,), (PCPH). To HPCPH (12.62 g, 74.2 mmol)
dissolved in 200 mL of CKCl, cooled to—78 °C was added 26.58
mL (36.68 g, 371 mmol) of phosgene cooled+@8 °C via cannula
over the course of 1.5 h. The reaction mixture was allowed to warm
to room temperature and then stirred for an additional 2 h. Upon
the addition of phosgene, the solution turned light yellow and a
thick pale yellow suspension was formed, and as the solution
warmed to room temperature the suspension dissolved and the
solution turned colorless. Volatiles were removed in vacuo, and
the resulting white solid residue was triturated with petroleum ether
and isolated by filtration (20.89 g, 91%). Anal. Calcd for
CgHgP.Cls: C, 31.21; H, 2.62. Found: C, 30.90; H, 2.3A.NMR
(C¢Ds, 400.13 MHz, 20°C): 6 6.91 (t,Jun = 15.6 Hz, 1H, ArH),
6.71 (d,Jun = 7.6 Hz, 2H, ArH), 6.60 (s, 1H, ArH), 3.06 (dpy
= 15.6 Hz, 4H, CHP). 3P NMR (GDg, 161.97 MHz, 20°C): ¢
179.5 (s).

1,3-CGH4(CH 2P(C2F5)2)2 (CF3CF2PCPH). A volume of 56.0 mL
of 2.5 M n-BuLi in hexane (140 mmol) was transferred into a 500
mL three-neck flask fitted with a vacuum adapter and a low-
temperature thermocouple. Hexane was removed under vacuum and
replaced with 250 mL of diethyl ether, and the solution was cooled
to —80°C. A 16 mL aliquot of GFsCl (bp —34 °C, density 1.88
g/mL, 195 mmol) was measured out in a calibrated volume&Q
°C and was slowly added to tmeBulLi solution by vacuum transfer
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S0 as to maintain the reaction temperature bet®0 °C. After 30
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dried in vacuo (0.510 g, 87% yield). Anal. Calcd fogeB22P4F24

min, the addition was complete and the solution was stirred for an PCl,: C, 22.71%; H, 1.61. Found: C, 23.06; H, 1.68.

additional 1 h, during which time the reaction mixture became
slightly cloudy. A solution of'PCPH (8.64 g, 28.1 mmol) dissolved

in 100 mL of diethyl ether and 50 mL of THF was added by syringe
under nitrogen counterflow in 1 mL aliquots over a period of about
1 h to maintain the temperature belevB80 °C. The solution turned
brown upon addition, and after the addition was complete the
mixture was maintained at80 °C an additionh1 h and then
allowed to warm slowly to room temperature. After 12 h at ambient
temperature, the diethyl ether, THF, anebutyl chloride were
separated from the solids via cannula filtration. The resulting brown

(°FsPCP)PtCI (2). Complex1 (1.020 g, 0.742 mmol) suspended
in 10 mL of mxylene was brought to reflux with stirring. After 4
h, the light yellow solution was cooled to room temperature, filtered,
and ca40 mL hexanes were added, then the mixture was cooled
to —78 °C to precipitate the white microcrystalline product.
Filtration and drying in air afforded 0.942 g (94%) &f Crystals
suitable for X-ray diffraction were grown from a saturated benzene
solution. Anal. Calcd for @HgPF,PtCl: C, 21.43; H, 1.20.
Found: C, 21.40; H, 1.19H NMR (acetoneds, 400.13 MHz, 20
°C): 0 7.39 (m, 2H, ArH), 7.31 (m, 1H, ArH), 4.48 (m, 4H, GP).

solution was evaporated to dryness via vacuum to afford the crudesip N\vR (acetoneds, 161.97 MHz, 20°C): 6 64.8 ppm (M Xpe

product (~70%, with no major identifiable side products) and was
not further purified*H NMR (acetoneds, 400.13 MHz, 20°C): o
7.44-6.98 (m, 4H, ArH), 3.59 (m, 4H, CHP).3P NMR (acetone-
ds, 161.97 MHz, 20°C): ¢ 7.08 (m).1F NMR (acetoneds, 376.50
MHz, 20°C): 6 —83.2 (s, 12F, C§), —113.2 (m,Jpr = 297 Hz,
8H, CR).

1,3-CH4(CH,P(OPh),), (P"PCPH). To dry phenol (6.11 g,
64.9 mmol) dissolved in 50 mL of THF was added 9.04 mL of
Et;N (6.57 g, 64.9 mmol) via syringe, and the solution was cooled
to 0°C. ®PCPH (5.00 g, 16.2 mmol) dissolved in 50 mL of THF
was added to the phenolf&WTHF solution via cannula, and the
precipitation of E{NHCI occurred. The reaction mixture was
warmed to room temperature and stirred for an additional hour,

and the salt was removed by filtration and extracted several times

with THF. The removal of volatiles from the filtrate in vacuo
resulted in an oily white solid. The crude product was purified by
dissolving in a 1:2 ratio of methylene chloride and hexanes, and
the methylene chloride was removed slowly under vacuum to give
the product as a pure white solid which was collected by filtration
(7.45 g, 85% yield). Anal. Calcd for £H,gP,04: C, 71.37; H,
5.24. Found: C, 71.15; H, 5.284 NMR (C¢Dg, 400.13 MHz, 20
°C): 0 7.24 (s, 1H, ArH), 7.08 (m, 3H, ArH), 7.00 (d,y = 8.0
Hz, 8H, ArH), 6.93 (t,Jus = 15.6 Hz, 8H, ArH), 6.77 (tJun =
14.4 Hz, 4H, ArH), 3.22 (dJpn = 6.4 Hz, 4H, CHP). 3P NMR
(CsDs, 161.97 MHz, 20°C): 6 176.2 ppm (S).
1,3-GsH4(CH,P(CF3)2), (CFsPCPH). To a mixture of"f"PCPH
(6.00 g, 11.1 mmol) and dry CsF (6.73 g, 44.6 mmol) in 30 mL of
diethyl ether was added 7.25 mL of €3Me; (6.97 g, 49.0 mmol)
via syringe. The reaction mixture was allowed to stir at room
temperature for 48 h, during which time the reaction slowly turned
from clear to brown with a white CsF suspension. The diethyl ether
was removed in vacuo, and vacuum distillation of the brown slurry
gave the silyl ether side producildsOSi(CH)s (80—83 °C and
25 Torr) and the crude product at-681 °C under full vacuum
(ca. 102 Torr). A small amount of residual silyl ether was removed
by dissolving the crude product in petroleum ether and cooling to
—78°C, whereupon colorless crystalsfPCPH were precipitated

= 3630 Hz).2%F NMR (acetoneds, 376.50 MHz, 20°C): 6 —54.0
(m). Note: Small amounts of insoluble material are formed using
m-xylene as the solvent, which can be removed by filtration. Using
bromobenzene instead wixylene as a refluxing medium appears
to minimize the formation of the insoluble material.

cis-[(CFsPCPH)PtMe,), (3). A mixture of (cod)PtMe (0.300 g,
0.901 mmol) andFPCPH (303uL, 0.451 g, 1.010 mmol) in 10
mL of benzene was stirred at room temperature for 48 h, during
which time a white precipitate formed. A volume of 30 mL of
hexanes was added to further precipitate the product, which was
filtered in air and rinsed several times with hexanes and finally by
a small portion (ca5 mL) of methylene chloride. The product was
dried in vacuo (0.450 g, 75% yield). Crystals suitable for X-ray
diffraction were grown from a solution of dichloromethane layered
with methanol. Anal. Calcd for £H,gP4F4Pt: C, 25.19; H, 2.12.
Found: C, 25.09; H,2.12H NMR (acetoneds, 400.13 MHz, 20
°C): 0 7.54 (s, 1H, ArH), 7.46 (m, 2H, ArH), 7.30 (m, 1H, ArH),
4.13 (d,2Jpy = 9.2 Hz, 4H, CHP), 1.19 (m2Jpyy = 70.8 Hz, 6H,
Pt(CHy)). 32 NMR (acetoneads, 161.97 MHz, 20°C): 6 46.4 (m,
1Jpp = 1660 Hz).1%F NMR (acetoneds, 376.50 MHz, 20°C): &
53.3 (d,2Jrp = 64 Hz).

(°FsPCP)PtMe (4). Complex 2 (0.920 g, 0.137 mmol) was
dissolved in 50 mL of diethyl ether, and 0.50 mL (0.150 mmol) of
3.0 M CH;MgBr was added via syringe. The solution turned yellow
after 10 min and was stirred overnight. All volatiles were removed
under vacuum, and the light yellow solid was extracted with
petroleum ether in air. The solvent was removed, and the residue
was dissolved in ca. 5 mL of hexanes and cooled 78 °C. Cold
filtration in air afforded 0.705 g (72%) of. Crystals suitable for
X-ray diffraction were grown from a saturated hexane solution.
Anal. Calcd for GsHq1PoF1Pt: C, 23.93; H, 1.70. Found: C, 23.93;
H, 1.49.'H NMR (acetoneds, 400.13 MHz, 20°C): 6 6.84 (m,
2H, ArH), 6.67 (m, 1H, ArH), 3.34 (m, 4H, C§), 1.30 (t2Jpiy =
27.6 Hz,2Jpy = 5.6 Hz, 3H, Pt(CH)). 3P NMR (acetoneds, 161.97
MHz, 20°C): 6 64.0 (M, Jpp= 3790 Hz).2°%F NMR (acetoneds,
376.50 MHz, 20°C): 6 —56.1 (m).

and the supernatant was removed via cannula. Repeating this {(¢FsPCP)Pt(CO)}SbFs (5). A mixture of 2 (0.150 g, 0.222

procedure four times gave the pure product as a clear oil (3.35 g,

68% yield, density= 1.58 g/mL). Anal. Calcd for GHgP,F1,: C,
32.60; H, 1.82. Found: C, 32.54; H, 2.2H NMR (CgDg, 400.13
MHz, 20°C): 6 6.81 (t,Jpyn = 7.6 Hz, 1H, ArH), 6.64 (dJuy =
7.6 Hz, 2H, Ar), 6.58 (s, 1H, Ar), 2.82 (s, 4H, GP)). 3P NMR
(CéDg, 161.97 MHz, 20°C): 6 1.0 (heptet2Jep = 64 Hz). 19F
NMR (C¢Dg, 376.50 MHz, 20°C): 6 53.8 (d,2Jpr = 64 Hz).
{(CFsPCPH)Pt(Me)Cl}x (1). (cod)Pt(Me)Cl (0.300 g, 0.849
mmol) and“PCPH (262:L, 0.412 g, 0.933 mmol) were dissolved
in 20 mL of CH,CI, and stirred at room temperature for 48 h, during
which time a white precipitate formed. The insoluble precipitate
was filtered in air, rinsed twice with dichloromethane, and then

11330 Inorganic Chemistry, Vol. 46, No. 26, 2007

mmol) and AgSbk(0.076 g, 0.22 mmol) was dissolved in 30 mL
of methylene chloride at 78 °C, and 1 atm of CO was introduced.
The reaction mixture was allowed to warm to room temperature
and then stirred for an additional 20 h. AgCl was filtered off, the
volume of the filtrate was reduced to ca. 10 mL, and4&amL of
diethyl ether was added. Cooling to78 °C and collection by
cold filtration afforded 0.085 g (42%) o0b. Anal. Calcd for
Ci3HgPF1g0OShPt: C, 17.34; H, 0.90. Found: C, 17.44; H, 0.83.
IH NMR (CD,Cl,, 400.13 MHz, 20°C): ¢ 7.58 (m, 3H, ArH),
4.55 (m, 4H, CHP). 3P NMR (CD.Cl,, 161.97 MHz, 20°C): ¢
67.4 (M, Jppp= 3290 Hz)1%F NMR: 6 —52.7 (m, 12F). IR (Nujol,
cm™1): »(CO)= 2143 cnrl. Crystals suitable for X-ray diffraction



Perfluoroalkyl Acceptor Pincer Ligand

Table 1. Crystallographic Data fog, 5, 4, and3

(CFPCP)PLCHF1.5GHs (CF:PCP)Pt(CO)SbR; (CF:PCP)PtMe cis—[(CHPCPH)PtMg]»
&) ®) ) S

chemical formula @H 16C|F12P2Pt 013H7F130P2Pt8b GsHigF12PoPt CogHogFo4PsPl
fw 788.82 899.97 651.24 1334.56
T,°C —173 23 23 23
A 0.71073 0.71073 0.71073 ~0.71073
space group P2i/c P1 P2i/n P1
a, 10.1108 (2) 11.7702(3) 14.7315(2) 10.625(2)
b, A 19.2699 (3) 13.9500(4) 16.1886(2) 14.209(2)
¢ A 13.0819 (2) 14.5294(4) 17.7374(2) 14.545(2)
Q,° 90 91.3090(10) 90 83.040(10)

° 102.8610 (10) 100.8130(10) 113.42 74.710(10)
v,° 90 91.9000(10) 90 70.420(10)
v, A3 2484.86 (7) 2340.97(11) 3881.57(8) 1994.4(5)
z 4 4 8 2
Dcalc Mg m=3 2.109 2.554 2.229 2.222
w, mmt 5.98 7.408 7.501 7.302
R1[l > 20(1)]2 0.016 0.0369 0.0321 0.0592
WR2[l > 20(1)]P 0.037 0.0899 0.0669 0.1211

ARL=3||Fo — |FdI/YIFol. PWR2 = {F[W(Fo? — FA? yW(F?)F } V2

were grown by the slow evaporation of a methylene chloride Scheme 1
solution. i

X-ray Crystallography. X-ray diffraction data were collected P(OEt), LAHTISC Pre oci, PCl
for the unmetalated dim&on a Bruker P4 diffractometer equipped _— _— (G'PCPH)
with a molybdenum tube and a graphite monochromator. A colorless 2 P(OED, ether 2 o, CHCl 2 pol,
crystal glued to a glass fiber was used for data collection. A total (I)I (HPCPH)
of 6974 R,y = 0.0495) reflections was gathered in therange of Phy CaFsli
4.14-50.00 with the data collected having12< h < 1, -16 < NEts J sther:80 °C
k < 16,—17 < | < 16 using theXSCANS$rogram?é Three standard P(CFa), POPh)s PCaFo
reflections measured after every 97 reflections exhibited no C{ TMSCF4/CsF C{
significant loss of intensity. The structure was solved by Patterson T e
methods and refined by least-squares techniques adapting the full- P(CFa); P(OPh), P(CoFs)
matrix weighted least-squares scheme! = ¢2F;2 + (0.0619)?
whereP = (F2 + 2F2)/3, on F2 using theSHELXTLprogram!’

Crystallographic data fa?, 4, and5 were collected on a Bruker
AXS APEX2 diffractometer employing the graphite-monochro-
mated Mo ko radiation. Crystals were mounted on MiTeGen Synthesis of 1,3-GH4(CH:P(Ry)2)2 (YPCPH, R = CFs,
micromounts using Paratone-N oil. Several sets of narrow frames C,F.). The preparative scope of PCP ligands is limited
of data were collected (5 S exposure time per frame) at different compared with that of other organophosphine systems. Most
values Ofg W.'IE e;]scgn ‘Ii‘ggi‘lﬁl;o'sm @ or ¢. The frames ¥vere benzylic PCP ligands have been prepared by the addition of
Integrated with the Bru program using a narrow-irame secondary phosphines to 1,3-bis(halomethyl)benzéh.

integration algorithm. The unit cell parameters were obtained from . . . .
g g P For cases in which the corresponding secondary phosphine

a least-squares fit to the angular coordinates of all reflections. The, . ; - . i,
data were corrected for Lorentz polarization effects and absorp- IS Unavailable or insufficiently nucleophilic, the addition of

tion using theSADABSprogram. The structures were solved by XPRe (X = halide) to the di-Grignard 1,3+E1,(CH,MgBr).

direct methods and refined by full-matrix least squares orFall IS & complementary synthetic route which has been success-
using the BrukelSHELXTprogram. All software programs em-  fully employed?® Since the alkylation of halophosphine
ployed are from the Bruker AXSAPEX2 software packag® precursors is one of the most common synthetic strategies
Crystallographic data collection parameters and refinement data arein  organophosphine chemistry, we have prepared 1,3-

collected in Table 1. CsH4(CH,PChL), (C’PCPH) and examined its potential as a
All nonhydrogen atoms were located in successive Fourier maps yrecursor to other PCPH ligands.

and were refined anisotropically. The hydrogen atoms were located . | .
and refined isotropically in the structures ®fand 3, and were The synthes,ls of'PCPH from ;’3'@_'4(CH2PH2)2 IS
presented in Scheme 1. Reduction of the phosphonate

placed in calculated positions in the structures4adind 5. The . ’ :
asymmetric unit of2 contains 1Y, benzene molecules. The €ster by LiAlH,; to form the primary phosphine 1,3:8.-

molecules are well separated and well ordered. The asymmeric units(CH2PHz)2 (FPCPH) in 50% yield has been recently re-
of 4 and 5 contain two of the respective molecules, while the ported?! With the use of a modified procedure using LiAH
asymmetric unit of3 consists of the dinuclear complex.

(CFapcpH) (PhOPCPH) (CF:CFZPC PH)

Results and Discussion

(19) Mohammad, H. A.Y.; Grimm, J. C.; Eichele, K.; Mack, H. G.; Speiser,
B.; Novak, F.; Quintanilla, M. G.; Kaska, W. C.; Mayer, H. A.
Organometallic2002 21, 5775-5784.

(20) Eberhard, M. R.; Matsukawa, S.; Yamamoto, Y.; Jensen, CJ.M.

(16) XSCANSversion 2.31; Bruker AXS, Inc.: Madison, WI, 1993.

(17) (a) SHELXTL,version 5.10; Bruker AXS, Inc.: Madison, WI, 1997.
(b) Sheldrick, G. M.SHELXS97and SHELXL97 University of
Gottingen: Gitingen, Germany, 1997. Organomet. ChenR003 687, 185-189.

(18) APEX2 Software Suiteversion 2.1-0; Bruker AXS: Madison, WI, (21) Tuba, R.; Tesevic, V.; Dinh, L. V.; Hampel, G.; Gladysz, J.JG.
2005. Chem. Soc., Dalton Tran2005 2275-2283.
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TMSCI as the reductant,it was possible to prepafPCP Scheme 2

cleanly in 85% vyield. Treatment ¢fPCPH with phosgene P(CF3);
(Safety Note:Phosgene is extremely toxic, and care must (CFPCPH)PLMe)CI) reflux, -CHy Bt—c|
be exercised in its uyafforded the diphosphoryl tetrachlo- 1 m-xylene

ride 1,3-GH4(CH2PCL), (PCPH) in high yielcf2ab The P(CF3);
conversion of'PCPH to phosphinite derivatives was briefly (cod)Pt(Me)CI 2

surveyed: Treatment dFPCPH with methanol, biphenal,

or trifluoroethanol resulted in clean conversion to products P(CFa)2
which were identified by3P NMR as 1,3-GHs(CH,P- H MeMgBr | ether
(OMe)), (182.5 ppm), 1,3-6H4(CH,P(O,C12Hg))2 (205.5 p(CFy

32

ppm), and 1,3-¢H4(CH,P(OCHCF;),). (193.2 ppm), re-

spectively. l (cod)PtMe),

The ligand®~C=PCPH was prepared frofiPCPH in a (CFy) (CFa)
fashion analogous to that of other perfluoroethyl-substi- . apz/ﬁ\p “Me P(CF3),
tuted phosphines in our laboratd®.The addition of ol \p,“~ 157C. CHy P|t_Me
CPCPH to CRCR.Li at —80 °C gave 1,3-@Hs(CHP- e Ny v©\/P/ “Me  toluene
(CoFs)2)2 (CRCRPCPH) as a viscous 0ikRC=PCPH was (CFa) (CF3) P(CF3)
characterized by a broad phosphorus resonance at 7.08 ppm 3 4

with unresolved?Jer coupling. In addition to overlapping

aromatic resonances, a characteristic benzylic resonance defficient PCPH metalation under mild conditions has been

3.59 ppm is observed in the proton NMR spectrum. reported using [(2-methylally)RitCl)]. as a precursof
Caffyn has reported a general and efficient synthesis of Most metalated platinum 'PCP complexes have typi.cally bgen

(R)"PRs_» compounds by treatment of the corresponding prepared under more stringent ther_moly5|s (_:ondmon_s using

arylphosphites (ArQPRs_, with Ruppert's reagent (cod)Pt(Me)Cl or (cod)PtGP° Interestingly, no intermediates

(CFsSiMes) as well as with higher perfluoroalkyl analogues Nave been reported for the these latter syntheses.

(R))SiMes.24 1,3-GHa(CH,P(OPh)), (P"PCPH) was readily We have found thatsPCPH initially produces unmeta-
prepared in good yield fron¥PCPH following literature  1atéd PCPH-bridged products: The addition GfPCPH

procedured® The addition of CESiMe; to an ether suspen- 0 (C0d)Pt(Me)Cl in benzene at room temperature gave
sion of P"PCPH and excess CsF at ambient temperature [(CPCPH)Pt(Me)Cl] (1) in excellent yield (Scheme 2).
produced a dark brown solution. Distillation under reduced CoMPlex1 is highly insoluble and not amenable to spec-
pressure followed by recrystallization from petroleum ether roscopic characterization; however, we tentatively assign its
at—78 °C afforded 1,3-@H4(CH:P(CR).)> (CRPCPH) as a formulation asl based on the isolation and characterization
colorless oil. ThéBPCPH ligand precursor is characterized ofa more st_)luble analoguis-{(“*PCPH)PtMg] (see later).
by a distinctive phosphorus heptet multiplet pattern at 1.0 Refluxingl n m-xylene fa 4 h gave the expected metalated
pPpPM @Jep = 66 HZ) and a correspondinéF doublet at 53.8 ~ Monomer HPCP)PICI 2). A separate sealed tube NMR
ppm. Exposure ofPCPH to air resulted in slow oxidation ~€XPerimentin tgluenelg confirmed the reIea;e of methane
to produce what we believe are phosphine oxide derivatives PN thermolysis’H NMR shows 2:1 aromatic resonances,
of RPCPH, based on the appearance of new downfield—Wh'Ch are consistent with the loss of the aromatic hydrogen
shifted heptef!P resonances at 24.2 and 24.1 ppm. in the 1-position. A ca. 63 ppm.downfleld shift of tﬁtP
Platinum RPCPH Metalation Studies.We have initially NMR resonance from thg free ligand t0.64'8 ppm IS seen,
surveyed the applicability JWPCPH ligand precursors in and the observetdpr coupling of 3630 Hz is consistent with

L - g . trans phosphine coordination.
metal coordination chemistry for platinum. Early studies L CE
employing (BUCN)PtCh or PtX; afforded modest yields of The unmetalated dimetis{(*:PCPH)PtMe], (3) was

PCP)PtX t ol ianificant ts of | similarly formed by stirring a mixture of (cod)PtMend
f:hgra)cterizg(zloiuncd, [F()PugPliI?%zgczpodSqu\?vﬁid? V\F/’groery CRPCPH in benzene for 48 h at ambient temperature. Unlike

presumed to be oligomeric due to their poor solubA§ the chloride derivativel, complex 3 is soluble in most
organic solventstH NMR shows three aryl resonances in a

(22) (a) Kyba, E. P.: Liu, S. T.: Harris, R. [Organometallics1983 2, 1:2:1 ratio, gmethyl mult_iplet at1.12 ppm, anq a distinctive
1877-1879. (b) Kyba, E. P.; Kerby, M. C.; Rines, S.®rganome- CH, benzylic doublet shifted 1.3 ppm downfield from the

tal_lics 1986 5, 1189-1194. (c) Koh, J. H.; Larsen, A. O.; White, P.  frag Iigand.31P and'°F NMR data are similarly consistent
S.; Gagne, M. ROrganometallic2002 21, 7—-9. . . . .
(23) (a) Emnst, M. F.; Roddick, D. Mnorg. Chem1989 28, 1624-1627. with the coordination of the unmetalated PCPH ligand. The

I(b) Petgrr]s, Rig%a'?; geenggeétéi.g%% Schnabel, R. C.; Roddick, D. M. low Jpp value found for3 (1660 Hz) indicates that the
norg. Chem. 36, . .
(24) Murphy-Jolly, M. B.; Lewis, L. C.; Caffyn, A. J. MChem. Commun. phOSphOI’US groups are trans to methyl groups; X-ray

2005 1-3.

(25) (a) King, R. B.; Rhee, W. Minorg. Chem.1978 17, 2961-2963. (28) (a) Longmire, J. M.; Zhang, X.; Shang, Mrganometallics1998
(b) Chatt, J.; Hussain, W.; Leigh, G. J.; Ali, H. M.; Pickett, C. J.; 17, 4374-4379. (b) Gorla, F.; Venanzi, L. M.; Albinati, AOrgano-
Rankin, D. A.J. Chem. Soc., Dalton Tran$985 1131-1136. metallics1994 13, 43—54.

(26) Moulton, C. J.; Shaw, B. L1. Chem. Soc., Dalton Trank976 1020~ (29) (a) Poverenov, E.; Leitus, G.; Shimon, L. J. W.; Milstein, D.
1024. Organometallic2005 24, 5937-5944. (b) Bennett, M. A.; Jin, H.;

(27) Rimml, H.; Venanzi, L. MJ. Organomet. Chen1983 259, C6—C7. Willis, A. C. J. Organomet. Chen1993 451, 249-256.
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characterization for comple8 confirmed the bimetallic
structure and the metal cis coordination geometry (see later).
Warming 3 to 115 °C for 24 h in toluene resulted in
metalation to give primarily £50—70%) methyl complex
(°RPCP)PtMe 4), with no other major identifiable products.

The release of methane was confirmed by thermolysis in

tolueneds by 'H NMR. Complex 4 was alternatively
prepared by the reaction @fwith a methyl Grignard reagent.
Synthesis of £7sPCP)Pt(CO)"SbFs~ (5). The electronic
influence of *"PCP ligands may be probed by comparing
analogous carbonyl complexes. The carbonyl cafiamas
readily prepared by chloride abstraction with AgghRder
1 atm of CO (eq 1). The observed CO stretching frequency
is 2143 cm?, 40 cnt! higher than the value reported for
the donor phosphine compléans-(PrbPMe}Pt(Ph)(COJ,%°
and 63 cm? higher thanv(CO) for the only other PCP-
substituted platinum carbonyl complex that we are aware
of, the napthyl-backboned (§Hs(CH,PtBw),)Pt(CO) .3 The
A(v(CO)) value for these trans systems is slightly less than
the difference betweerrans((C,Fs),PMe)Pt(Me)(COY
(2149 cm?) and trans(PhsP),Pt(Me)(CO) (2100 cnt?).
The greater observed difference for cis chelate systems
((Cst)zPCHzCHzp-(CzF5)2)Pt(Me)(CO)'L (2174 le) and
(PhPCH,CH,PPh)-Pt(Me)(CO) (2117 cn1?) (Av(CO) =
57 cn?) reflects the larger electronic influence of trans
phosphines on CO backbonding.

P(CFs3) P(CF3),
| AgSbFg, 1 atm CO |
Pt—CI —————————— Pt—CO
| CH,Cly |
P(CF3), P(CF3)

2 5

®

SbFs (1)

Crystallographic Studies.Previous structural studies for
PFAP complexes have demonstrated significant structural
difference relative to that of donor phosphine analogues. In
particular, while PFAP systems for earlier transition metals
exhibit significant shortening of MP bonds, PtP bond
lengths appear to be more sensitive to steric factors and
relatively insensitive to phosphorus substituent electronic
effects3? We have carried out diffraction studies on metalated
complexe2, 4, and5 as well as the unmetalated precursor
complex3 to establish benchmark metrics for future acceptor
PCP studies. Molecular views and selected metrical param-
eters are shown in Figures-4, respectively.

All reported donor PCP Pt(Il) complexes possess distorted-
square-planar ligation geometries, with essentially linear
C(PCP)-Pt—X angles averaging 177.%range 174.7180C)
and a smaller PPt—P angle averaging 184range 161.6-
167.5) reflecting the PCP chelate constraifft$?333‘Com-

Figure 1. Molecular structure o2 with atom labeling scheme (25%
probability ellipsoids). Selected metrical data (bond lengths in A and angles
in deg): Pt(1)-P(1), 2.2383(3); Pt(1)P(2), 2.2278(3); Pt(1)Cl(1), 2.3699-

(3); Pt(1)-C(1), 2.0371(12); P(H)Pt(1)-P(2), 161.06(1); C(yPt(1)—
Cl(1), 176.89(3).

7, F13C

Figure 2. Molecular structure o4 with atom labeling scheme (25%
probability ellipsoids). Selected metrical data (bond lengths in A and angles
in deg): Pt(1yP(1), 2.2049(13); Pt(HP(2), 2.2013(14); Pt(H)C(1),
2.140(5); Pt(1)-C(2), 2.089(5); P(XyPt(1)-P(2), 160.99(5); C(tyPt(1)>

C(2), 177.3(2).

pound4 in particular has significantly shortened-#® bonds
(2.201 and 2.205 A) relative to the average Ptbond length

of 2.276 A, while having the longest PE(PCP) bond yet
reported of 2.089 A. The only other complex with a
comparable distortion of the PCP coordination sphere has a
sterically encumbering*-C—CgH3(CH,NMe;), aryl ligand

plexes2 and4 are on the lower limit of the observed-Pt—P
range. This can be ascribed to a combination of shortePPt
and longer PtC(PCP) bonds to theé=PCP ligand. Com-

(30) Anderson, G. K.; Clark, H. C.; Davies, J. Brganometallics1982
1, 64—70.

(31) Schwartsburd, L.; Poverenov, E.; Shimon, L. J. W.; Milstein, D.
Organometallics2007, 26, 2931-2936.

(32) Keady, M. S.; Koola, J. D.; Ontko, A. C.; Merwin, R. K.; Roddick,
D. M. Organometallics1992 11, 3417-3421.

(33) (PCP)PtX crystallographic data: (a) Bachechi$truct. Chem2003
14, 263-269. (b) Albinati, A.; Lianza, F.; Pregosin, P. S.; Muller, B.
Inorg. Chem1994 33, 2522-2526. (c) Fischer, S.; Wendt, O. Acta
Crystallogr., Sect. E2004 60, m69-m70. (d) Hughes, R. P,
Williamson, A.; Incarvito, C. D.; Rheingold, A. LOrganometallics
2001, 20, 4741-4744. (e) Williams, B. S.; Dani, P.; Lutz, M.; Spek,
A. L.; Koten, G.Hely. Chim. Acta2001 84, 3519-3530. (f) Gorla,
F.; Togni, A.; Venanzi, L. M.; Albinati, A.; Lianza, FOrganometallics
1994 13, 1607 1616.

(34) Albrecht, M.; Dani, P.; Lutz, M.; Spek, A. L.; van Koten, G.Am.
Chem. Soc2000 122 11822-11833.
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Figure 3. Molecular structure o5 with atom labeling scheme (25%
probability ellipsoids). Selected metrical data (bond lengths in A and angles
in deg): Pt(1}P(1), 2.2562(10); Pt(H)P(2), 2.2557(10); Pt(H)C(1),
1.9650(5); Pt(1)C(2), 2.053(4); C(1)O(1), 1.114(6); P(2yPt(1)}-P(2),
163.36(4); C(1yPt(1-C(2), 179.0(2); Pt(tyC(1)—0O(1), 178.7(5).

Figure 4. Molecular structure of3 with atom labeling scheme (25%
probability ellipsoids). Hydrogen atoms are omitted, and not all atoms are
labeled for clarity. Selected metrical data (bond lengths in A and angles in
deg): Pt(1)}C(2), 2.095(15); Pt(}yC(1), 2.113(14); Pt(¥yP(2), 2.266-

(4); Pt(1)-P(1), 2.270(4); Pt(2YC(3), 2.100(15); Pt(2)C(4), 2.092(17);
Pt(2-P(3), 2.270(4); Pt(2yP(4), 2.252(4); C(2yPt(1}-C(1), 82.1(8);
P(2)-Pt(1)-P(1), 103.43(13); C(4)Pt(2-C(3), 82.7(9); P(4YPt(2)-P(3),
109.15(17).

(O(P—Pt=P)= 161.3 and Pt C(PCP)= 2.084 A)3*While
the PtCI bond length in complexX2 (2.3699(3) A) is
comparable to that seen iRfMPCP)PtCI structures (2.367
2.386 A), the P£C(PCP) bond length of 2.037 A f&t is
significantly longer than that reported for other chloride
complexes (2.0082.015 A) and the PtP bond lengths are
~0.03-0.04 A shorte?®33|n contrast, comple® possesses

a less distorted PCP coordination geometry due to a

lengthening of the PtP bonds to 2.256 A, which we attribute

to reduced backbonding in this cationic carbonyl complex.
The bimetallic complexXd adopts a “butterfly”-type con-

figuration where the platinum coordination planes are slightly

twisted with respect to each other and are spread out
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(interplanar angle= 79°). As expected, comple3 has a cis
methyl geometry due to antisymbiosis effe€t$he P-Pt—P
angles (103.43(12)or Pt(1) and 109.15(17)or Pt(2)) are
slightly larger than those reported for the analogaciss
[(DPPMH)PtMe], (DPPMH= 1,3-bis((diphenylphosphino)-
methylene)mesitlylene) dimeric complex (101.8¢(8p.2-
(3)°).%¢ The“BPCPH complex exhibits slightly shorter-A?
bonds (2.252(4)2.270(4) A) relative to the DPPMH com-
plex (2.286(9)-2.324(7) A). The most distinctive structural
difference between3 and cis-[(DPPMH)PtMe], is the
folding of the PCP aryl backbone units: While in the latter
structure the aryl backbones are directed away from the
Pt—Me bonds, in3 the aryl backbones are tucked down
toward the PtMe bonds and are actually canted toward each
other with an interplanar angle of 52.3This solid-state
conformation leaves all the phosphine Gffoups directed
roughly opposite to the PiMe bonds.

Summary

Dimeric PCPH-bridged species have been proposed as
intermediates in the synthesis of metalated PCP com-
plexes?62” The actual mechanism of rearrangement and
PCPH metalation may be quite complicated, as has been
observed for transcyclometalation reactions between PtCl-
(NCN) and PCPH ligand¥' To our knowledge, the only
other well-defined example of an unmetalated PCP-bridged
dimeric metal complex involves 1,3-(diphenylphosphino)-
methylene)mesitylene ligand (DPPMH), where the 1-position
is blocked by a methyl grouf.

We expect that closer examination of PCPH metalation
reactions with (cod)PtX precursors prior to thermolysis
would reveal similar dimeric or oligomeric unmetalated
species. Despite the poorly donating nature R¢fCPH
ligands, metalation proceeds under thermolysis conditions
similar to those of previously reported donor phosphine
analogues to givedCP)PtX products. This observation does
not imply that the penultimate metalation steps are energeti-
cally comparable, since oligomer rearrangements and/er cis
trans isomerizations prior to metalation may be rate-deter-
mining. In any event, spectroscopic data confirms that these
products are unique examples of stereochemically rigid
complexes with an imposed mutually tramsacceptor
coordination geometry. Subsequent reports will detail the
chemistry of these platinum compounds, as well as extensions
to group 8 and 9 systems.

Supporting Information Available: Complete tables of atomic
coordinates, thermal parameters, and bond distances and angles for

complexes2—5 in PDF format; four CIF files. This material is
available free of charge via the Internet at http://pubs.acs.org.
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