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The pentafluorophenyl-substituted diphosphineFIPhPCHCH,PPh(GFs) has been prepared, as a
1:1.7 mixture ofrac (1a) andmeso(1b) isomers, in four steps from dppe. The reaction between [Cp*RhCI-
(u-CI)], and 1 in the presence of tetrafluoroborate yielded a mixture of racemic diastereoisomers of
[Cp*RhCI(xP xP-18)][BF 4] (4a:BF4) andtrans and cis isomers of [Cp*RhCKP xP-1b)][BF4] (4b-BF,
and4c-BF,, respectively). On addition of Proton Spondaand4c, in which at least one pentafluorophenyl
group is close to the pentamethylcyclopentadienyl ligand, underwent rapid dehydrofluorinative-earbon
carbon coupling givingrans- and cis{{#°«P xP-GMe4,CH,C¢F;-2-PPhCHCH,PPh(GFs)} RhCI]" (5
and6), respectively. The latter underwent further dehydrofluorinative carlsanbon coupling to give
two isomers of {5°%«P xP-GMe;3[CH,CsF4-2-PPhCH],} RhCI]™ (7). Isomerization of4b to 4c was
observed in chloroform and dimethlysulfoxide. Neither isomerizatiofedd 4b or 4c nor isomerization
of 5to 6 was observed at ambient or elevated temperature in dimethyl sulfoxide. The results provide the
first evidence that complexes g¥,«P «L-cyclopentadienyl-phosphine-donor ligands are configurationally

stable at high temperature.

Introduction

The study of the epimerization of three-legged piano stool
complexes containing stereogenic metal centerg-QuRn)-
MX(LL ")]™" (n =5 or 6)1}% is important to the development
of their use as stereoselective cataly$tShese complexes have
been shown to undergo inversion at the metal with widely
different rates, and two types of mechanism have been
proposed:®~13 One type involves hemidissociation, dissociation
of one of the ligating moietes of LL(Scheme 1, mechanism
A),812 or complete dissociation of L'Land in the other type
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both moieties remain bound with inversion occurring via a two-
or four-legged piano stool intermediate (Scheme 1, mechanism
B) and involving dissociation of ligand 13 Either or both

of these may operate depending on the complex and the
conditions.

Complexes of chelating ligands in which one moiety is labile
often undergo inversion at the metal more rapidly than those
of ligands that are nonlabile, and it is inferred that in such cases
mechanism A dominatés-or complexes in which the chelating
ligand is nonlabile, inversion at the metal still occurs by
mechanism B. For example, inversion at the metal has been
observed in complexes of chelating diphosphines, which are
typically considered as nonlabile, such as [Cp*RuC}Ph
PCHMeCHPPh)],14 [Cp*RhCI(PhPCHMeCHPPR)] *,1% and
[Cp*RhCK PhbPCHCH,PPh(GF4N-4)}]%,1% and this is pre-
sumed to occur by mechanism B. Calculations and mechanistic
studies reveal that the barrier to inversion of"fC.Rn)M-
(LL")]™" is less than 15 kcal moh'6 However, to our
knowledge a mechanism involving phosphine dissociation has
not been unequivocally ruled out.

In complexes in which the carbocylic ligand is joined to the
chelating ligand by a short, rigid linkage, giving afxL1,cL2
bound ligand, mechanism B is prevented. Brunner has postulated
that complexes of this type of ligand are configurationally stable
at the metal” Indeed, room-temperature configurational stability
has been confirmed fof §,«P xN-CgH4(CH.CH,PPh)(pyr)-

3} RU(OHL)](OTH)2 (pyr = bis(trifluoromethyl)pyrazole or cam-
phorpyrazole), but decomposition occurred on heatfniyo
other studies to confirm configurational stability have been

(14) Morandini, F.; Consiglio, G.; Straub, B.; Ciani, G.; Sironi, &A.
Chem. Soc., Dalton Tran4983 2293.

(15) Bellabarba, R. M.; Nieuwenhuyzen, M.; Saunders, GO@ano-
metallics2003 22, 1802.

(16) Ward, T. R.; Schafer, O.; Daul, C.; Hofmann,Brganometallics
1997, 16, 3207.

(17) (a) Brunner, H.; Kbnberger, A.; Mehmood, A.; Tsuno, T.; Zabel,
M. Organometallics2004 23, 4006. (b) Brunner, H.; Vat, C.; Zabel,
M. New J. Chem2004 24, 275.

© 2006 American Chemical Society

Publication on Web 01/07/2006



A Probe for Configurational Stability Organometallics, Vol. 25, No. 4, 20087

Mechanism A Mechanism B

carried out at elevated temperature. However, ifi& the
bridgehead and both'land L2 can dissociate, then inversion at
the metal is still possible. Thus, despite the three-point attach-
ment of the ligand, a mechanism for inversion at the metal can
be proposed. For ligands in which is a stereogenic center,
inversion at the metal requires inversion dt(Scheme 2).

We are interested ip®,«P xL-cyclopentadienyl-phosphine-
donor (Cp-PL) ligands as a means of providing chiral,
potentially configurationally stable metal complexes as precata- reactivity. For inversion at the metal to occur, the phosphine
lysts for organic transformations. This ligand type includes L must dissociate and inversion at phosphorus occur. Thus, if the
groups that are considered as nonlabile, such as phos-phosphine is insufficiently labile or the barrier to inversion at
phines?1519.20and that are labile, such as thioetRdihe latter the phosphorus atom of the dissociated phosphine is sufficiently
are of particular interest since configurational stability would high, then configurational stability will result.
be combined with ligand hemilabili§, which provides a latent Although phosphine moieties of chelating € ligands are
coordination site at the metal, allowing a greater range of expected to be typically nonlabile, their dissociation is not
without preceder® Furthermore, the synthetic strategy we have
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Scheme 4 Scheme 5
Li, THF, Ar / \
Phy,PCH,CH,PPh, PhP~ PPh”
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Me,SiCl
C,Cls, CH,Cl,
CI(Ph)P PPhCI T MegSiPhP P(Ph)SiMe,
C4FsMgBr,
Et,0
cstf"/'P P‘\“ Ph + Ph-‘;P P'\“ Ph
Ph CoFs CeFs CoFs
1a 1b

which is expected to possess spectroscopic properties different
from those of both theis andtransisomers?'® The coupling
reaction is rapid in the presence of a suitable base or at high
temperature. Observation of a decrease in the concentration of
the complex of the CpL*P ligand and a concomitant increase
in the concentration of the complex of the=€p!P ligand would
establish unequivocally that phosphine dissociation and inversion
at phosphorus have occurred. Ultimately this establishes whether
On the basis of past observatiBhoth of these effects are  complexes of CpPL?ligands are configurationally stable under
expected to increase the lability of the phosphine moiety. the conditions of investigation. It is noteworthy that this method
Although the barrier to inversion at phosphorus in phosphines does not require enantiomeric enrichment. The latter method
is typically high, 25 to 36 kcal moF,2 this is lowered by ~ Wwas chosen for our study.
electron-withdrawing substituents. For exampl&* is 20 kcal We wished to use a rhodium complex of a-GpP? ligand.
mol~* for MeOP(Ph)CHMg® and 18.9 kcal mott for Mes- This is prepared by an intramolecular coupling of t¥CsRs
SiP(Ph)CHMe.26 The presence of a polyfluoroaryl substituent and a polyfluoroaryl substituent ort Bisphosphine. Since?P
is also expected to reduce the barrier to inversion at the is also to bear a polyfluoroaryl substitutent, the diphosphine
phosphorus. selected for this study was {&)PhPCHCH,PPh(GFs), 1. It
We wished to determine experimentally whether rhodium Was expected that thrac isomer of1 would provide a complex
complexes of CpPL ligands can undergo inversion. Two Suitable for the study, and that theesaisomer would produce
methods were considered. One involves enantiomeric enrich-& complex of the double-linked €P ligand and a complex
ment of a complex and measurement of its optical rotation or iN Which the cyclopentadienyl ring and diphosphine are not
CD spectrum over time. The other involves the investigation linked. Here we report the synthesisband its rhodium piano
of phosphine dissociation and inversion by employing a Stool complexes and a determination of the configurational
phosphine with one polyfluoroaryl substituent as tferioiety ~ Stability of a Cp-P'P* rhodium complex.
(Scheme 4). Two pairs of enantiomers exist for complexes of
these ligands. The cyclopentadienyl ring and polyfluoroaryl
substituent are either on the same sicls) (0r on opposite sides
(trang of the RhL!P plane. If phosphine dissociation and
inversion do occur, then an equilibrium of tloés and trans
pair of enantiomers would be established. Althoughdisend
trans isomers are expected to have different spectroscopic
properties and thus be readily observed®#y NMR spectros-
copy, it would not be possible to observe the isomerization if
the equilibrium has been established under the conditions of
the synthesis. However, in the case of ttie stereoisomers
intramolecular dehydrofluorinative carbenarbon coupling can
occur to give a complex of a double-linked €p!P ligand,

Results and Discussion

The four-step synthesis of diphosphideis outlined in
Scheme 5. Treatment of FCHCH,PPh (dppe) with a 10-
fold excess of lithium in THF at @C produced a yellow solution
of (LiM)[PhPCHCH,PPh{~,2” which on subsequent treatment
with chlorotrimethylsilane, then hexachloroethane, gave PhCI-
PCHCH,PPhCI?® Addition of an excess of &sMgBr in
diethyl ether gavd, as a 1:1.7 mixture ofac (1a) andmeso
(1b) isomers, which was isolated as a white solid in 54.5% vyield.
(The identity of the major isomer was determined from the
spectroscopic data of [Cp*Rh@R,«xP-1)][BF4] (vide infra).)

It is presumed thala is formed as a racemic mixture of the
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Figure 1. (a) Experimental and (b) simulatedP{'H} NMR
spectrum ofl.

phenylphosphino]ethane, which is synthesized by a similar
route28 The identity of1 was confirmed by elemental analysis,

high-resolution mass spectrometry, and NMR spectrosocopy.

The 31P{1H} NMR spectrum of1 contains a complicated
asymmetric pattern, consistent with two overlapping patterns
arising from A parts of AAX X' spin systems (Figure 1). The
spectrum was simulated using relative values ofethe, 3Jpr,

Organometallics, Vol. 25, No. 4, 20089

6Jpr, and®Jpr coupling constants of 43.0, 33.0, 2.0, and 0 Hz,
respectively, for resonances centered at26.56 forlaand at

0 —26.43 forlb. These coupling constants are similar to those
of (CeH3F2-2,6),PCH.CHP(CsH3F2-2,6), ((Jpp47.2,33p 30.1,
6Jpe 1.2, and?Jpr —0.4 Hz)2% and the chemical shifts are similar
to that of PPK(CsFs) (0 —24.7)2° The®F NMR spectrum shows
only four resonances. Those of thetho fluorine atoms ofla
and1b are coincident ab —129.68, as are those of timeeta
fluorine atoms atd —160.70. Two resonances for thpara
fluorine atoms ¢ —150.46 and—150.70) are consistent with
the two isomers of. Unfortunately to date attempts to separate
la and1b have been unsuccessful.

A small amount of a 1:1 mixture of isomers of the phosphine
monoxide 2, characterized by mass spectrometry and NMR
spectroscopy, was also obtained from the preparatidn ©he
31P{1H} NMR spectrum exhibits two sets of doublets of triplets
at ca.o 30 and doublet of doublets at ca.—25, consistent
with two pairs of enantiomers. The former resonances are
assigned to the phosphine by comparison with thosé arfid
the latter to the phosphine oxide by comparison to those of the
phosphine dioxide3, formed by oxidation of an NMR sample
of 1 with hydrogen peroxide. The identity 8fwas confirmed
by mass spectrometry. Two resonances are observed $##the
{1H} NMR spectrum consistent witthesoandrac isomers.

Scheme 6
% [Cp*RhCI(u-Ch)], + 1

NaBF,
MeOH, CH,C,
~ . T+ .. 4 T+ .. 4 T+
Phe_ /RQ--m + Ph__R--ci ~—— CFr /RQ"CI
P —CF R Y%p—Ph P ——CgFs
A A AN
CoFs Ph e CoFs Ph Ph
4a 4b 4c
proton sponge proton sponge
-HF -HF
CF
6 5\,P/ \
ph”’
5 6
-HF -HF
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Table 1. Selected NMR and Mass Spectral

Nieuwenhuyzen et al.

Data for “BF,4, 5BF4, 6:BF,, and 7-BF 2

(3p (lJth/HZ) (3|: 6H LSIMS
4aBF 64.6 (138  —125.10 (2F, d3Jr = 21.7 Hz,Fortho), 1.61 (1,%Jp = 3.9 Hz, CH) 851 (M™), 816 ([M — Cl]*)
54.4 (1469 —126.40 (ZF, d?JFF =253 HZ,Fonho), calcd for Q6H290|F10P2Rh,
—145.80 (2F, t3Jrr = 20.7 Hz, Far), —143.24 851.032841; found M
(2F, 1,33 = 20.2 Hz, Fparg, —157.15 (4F, m, 851.032267
Frmetd, —159.12 (4F, M, Fety
4b-BF,, 60.1(142)  —126.5 (4F, br sFonng), —144.85 (2F, t3Jr =  1.46 (t,°Jpn = 3.8 Hz, CH)
21.8 Hz, Far), —158.55 (4F, br s, ket
4cBF 51.1 (141 Hz) —127.46 (2F, d3Jr = 18.1 Hz,Fortno), 1.51 (1,%Jp = 4.2 Hz, CH)

—143.60 (2F, t3Jpr = 20.5 Hz, Farg, —157.59
(4F, m, Fetd

4.35 (dd 2un = 17.8 Hz,*Jpn = 17.8 Hz,
QCHHC6F4), 3.29 (d,ZJHH =17.8 Hz,
GCHHCsF4), 1.80 (d;4Jop = 4.8 Hz, CH),
1.63 (d,4Joy = 8.8 Hz, CH), 0.76 (d,Jpp =

831 (M), 895 (M — Cl — H] ")
calcd for ggH2sCIFgP,Rh,
831.026613; found M,
831.022610

1.7 Hz, CH)

5BF; 74.5(1405  —123.80 (m)—134.93 (m),—144.13 (td) =
53.8 (140f'  22.4,9.0 Hz)~145.17 (tJ = 22.4 Hz),
—151.16 (tJ = 22.5 Hz)
6-BFs  85.1(142)
63.5 (142)
7BF;  72.0(134)  —121.77 (m)—134.02 (mY, —134.75 (m),
67.4(137)  —144.71 (tdJ = 22.3, 9.0 Hzp —145.55 (td,

J=22.4,9.0 HZ), —151.97 (tJ = 22.4 Hz},
—153.21 (tJ = 22.4 Hz)

4.60 (M), 3.59 (M),2.13 (dJp1 = 6.5 Hz,
CH), 0.71 (s, CH)

811 (M), 875 (M — Cl — H]™)
calcd for GeH27CIFgPRh,
811.020385; found M,
811.018631

aNMR spectra recorded in CDgexcept where stated. Many of tAel and 1%F resonances d+BF, 6:BF4, and7-BF, are obscured, and only those
resonances that can be positively assigned to the complexes are {daa. common teta-BFa, 4b-BF4, and4c-BF4. H: 6 7.4-8.0 (m, GHs), 2.5-3.5
(m, CHp). 1%F: 6 —153.88 (0.8F10BF,7), —153.93 (3.2FBF47). ¢ P(Cis-CsFs), 2Jpp = 22 Hz.9 Ptrans-CsFs). € P(GsF4). F NMR spectrum recorded in

(CD3)2S0.9 Major isomer." Minor isomer.

Treatment of [Cp*RhCl¢-Cl)], with 2 equiv of 1 in the
presence of ammonium tetrafluoroborate yielded, after recrys-
tallization, the salt [Cp*RhCKP «P-1)][BF4], 4-BF4, as an
orange solid in moderate yield (Scheme 6). The analytical and
spectral data of-BF, (Table 1) are entirely consistent with
the formulation. ThelH and °F NMR spectra, although
consistent with the formulation, are far from simple. In contrast
the3P{*H} NMR spectrum is simple and indicates the presence
of the three expected isomers. A pair of mutually coupled
resonances ai 64.6 and 54.4 are consistent with [Cp*RhCI-
(kP xP-18)][BF 4], 4a:BF4, and are assigned on the basis of the
reaction with Proton Sponge (vide infra) to the phosphorus
atoms with the pentafluorophenyl substituents respectieisly
andtransto the pentamethylcyclopentadienyl ring. Two doublets
of multiplet resonances at60.1 and 51.1 are assigneditans-
[Cp*RhCl (kP xP-1b)][BF 4], 4b-BF4, andcis{Cp*RhCI(xP «P-
1b)][BF 4], 4c-BF4, respectively, on the basis of the reaction with
Proton Sponge (vide infra). The ratio 4&4b:4cis ca. 12:17:

1. An in situ NMR study revealed that the reaction between
[Cp*RhCI(u-Cl)], and 1 in the presence of tetrafluoroborate
forms 4-BF4 in virtually quantitative yield with a ratio ofla:
4b:4cof 10:16:1, confirming the assignmentslaandlb and
consistent with the steric congestion 4o due to the greater
bulk of pentafluorophenyl compared to phenyl substituents.
Attempts to separate the isomers by fractional crystallization
were unsuccessful, but a crystal4zBF, suitable for a single-
crystal X-ray diffraction study was obtained (Figure 2). The
geometry, RR-P and RR-CI distances, and PRh—P angles

of 4a-BF, are consistent with those of [Cp*RhCHBF4, in
which the diphosphine bears at least one fluoroaryl substitu-
ent_15,19,20

The dehydrofluorinative coupling reactions 4BF, were
studied by in situ NMR experiments in CDCand (C}),SO
at room temperature. Although tAel and 1% NMR spectra
were complicated, th&'P{*H} NMR spectra were simple and

Figure 2. Structure of theSS enantiomer of the cation of
[CP*RhCH kP xP+ac-(CsFs)PhPCHCH,PPh(GFs)} ][BF 4, 4a-BF,.
Thermal ellipsoids are at the 30% level. Hydrogen atoms are omitted
for clarity. CP—Rh 1.867(10) A, Rr-Cl 2.395(2) A; RR-P(1)
2.339(3) A; RR-P(2) 2.322(3) A; Cp—Rh—Cl 120.7(3}; Cp'—
Rh—P(1) 134.2(3); Cp'—Rh—P(2) 131.4(3); CI-Rh—P(1) 84.99-
(9)°; CI=Rh—P(2) 84.63(9); P(1)-Rh—P(2) 84.08(9).

possible and high-resolution mass spectrometry (Table 1). In
both solventsta-BF, and4c-BF,4, but not4b-BF,4, underwent
rapid reactions on addition of Proton Sponge. The rapid reactions
of 4a and 4c and lack of reaction oftb are consistent with
observations of the treatment @f- andtrans{Cp*RhCK Php-
PCHCH,PPh(GF4N-4)}][BF 4] with Proton Spongé® The data
indicated that, as expected, the single-linked produetas
formed from4a. Over time isomerization oftb to 4c, and
subsequent reaction, was observed (Figures 3 and 4). Ultimately
two products with similar spectroscopic properties were formed
in a ratio of ca. 3:2. The spectroscopic data strongly suggest
that one of these is the expected 1,3-double-linked prodact
which is similar to that formed exclusively on coupling dfppe
and Cp*!® On the basis of the similarity of the data, it is
proposed that the other is the 1,2-linked produtt, which is
similar to that formed exclusively on coupling dfppe amd

gave data from which assignments and the course of the reactiorCsMe;H.2° In CDCl; the reaction occurred with less than the

could be determined. The identity of the products of the reaction
in CDCl; were supported byH and °F NMR data where

(29) Nichols, D. I.J. Chem. Soc., A969 1471.

stoichiometric quantity of Proton Sponge. In (§E50 the

(30) Nieuwenhuyzen, M.; Saunders: G.X Organomet. Chen2000
595 292.
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Figure 3. (a) 3P{!H} NMR spectrum of4-BF, in CDCl; at
25°C: (b) 3 h, (c) 66 h, and (d) 238 h after addition of Proton

Sponge.
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Figure 4. (a) 3P{IH} NMR spectrum of4-BF, in (CDs),SO at
25 °C: after addition of (b) less than stoichiometric amount and

(c) excess of Proton Sponge.

reaction required more Proton Sponge, which allowed the
observation of the intermediafeas a pair of doublet resonances
of equal integration in thé'P{H} NMR spectrum (Figure 4).
The increase in intensity of these doubletglbsvas consumed
and their decrease in intensity & and 7b were formed
confirms the intermediacy dd and supports the identities of

60

50
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PCHMeCHPPR)]* in dimethyl sulfoxide at 85C (k = 6.18
x 1075 s71).10

The difference in the rates of isomerizatiorddifis consistent
with the difference in solvation properties. Chloride dissociation
and ion separation is favored in dimethyl sulfoxide, which is
polar with a large relative permittivity and is both a strong donor
and moderate acceptqr € 3.96 D,e, = 46.6 at 20°C 31 donor
number = 29.8, acceptor number= 19.3?), but not in
chloroform, which is much less polar, is only a moderate
acceptor, and is not a dongr & 1.01 D,e;, = 4.8 at 20°C 3!
acceptor number= 23.1%9). Since it might be expected that if
mechanism A predominates in both solvents, the rates would
be comparable, we suggest that mechanism B, which involves
chloride dissociation, predominates in dimethyl sulfoxide. The
slower rate of isomerization in chloroform is consistent with
either mechanism operating in that solvent.

The reaction between [Cp*Rh@HCI) , and 2 equiv ofl in
refluxing benzene was carried out as an attempt to prepare pure
5or 7. It was hoped that either product would be precipitated.
Unfortunately, although after®h a precipitate was apparent,
this was not of a single compound. The mass spectrum of the
solid showed the presence of the cations of the single- and
double-linked products5 and 7, and NMR spectroscopy
confirmed the mixture and the presence of minor amounts of
other rhodium phosphine complexes.

To assess the configurational stabilitysthe NMR sample
resulting from the reaction betwedaBF, and an excess of
Proton Sponge was heated at 1 and the®'P{*H} NMR
spectrum recorded periodically. No change in the ratié ti
7 was observed, even after 2 months. The result indicates that
neither both nor one of phosphine dissociation and inversion at
phosphorus occurs under these conditions.

Conclusion

In summary, the pentafluorophenyl-substituted diphosphine
(CeFs)PhPCHCH,PPh(GFs) (1) was prepared as a 1:1.7
mixture of therac andmesoisomers from dppe. In situ NMR
studies of intramolecular dehydrofluorinative coupling reac-
tions of the salt [Cp*RhCKP «P-1)][BF 4] reveal that inver-
sion at the metal occurs slowly in chloroform and more rapidly
in dimethyl sulfoxide. Subsequent NMR studies establish
that phosphine dissociation and inversion at phosphorus do not
occur in [ 75«P,xP-CsMe4CHyCgF4-2-PhPCHCH,PPh(GFs)} -
RhCI][BF4] in dimethyl sulfoxide at 100C. This observation
provides evidence that complexes of €L ligands are
configurationally stable at elevated temperature.

Experimental Section

General Considerations.The compounds dppe, lithium (Ald-
rich), bromopentafluorobenzene (Apollo), and hexachloroethane
(Lancaster) were used as supplied. Chlorotrimethylsilane (Aldrich)
was purified by vaccum distillation and stored under dinitrogen.
[Cp*RhCl(u-Cl)], was prepared as describ&dlhe preparation of
1 was performed under argon and dintrogen using diethyl ether,
THF, and dichloromethane dried by distillation under dinitrogen
from sodium/benzophenone, potassium/benzophenone, and calcium
hydride, respectively, and stored over molecular sieves (4 A). No
precautions to exclude air or moisture were taken for the other

7aand7b. In the presence of an excess of Proton Sponge the preparations.

reaction reached completion within 24 h, indicating rapid

isomerization o#b to 4c. In contrast the isomerization in CDLI
was slow, allowing analysis of the kinetics. As expected, a first- Bl
order rate law was obeyed with~ 2.5 x 1076 s7. This is v,
comparable to the rate of epimerization of [Cp*RhCKPh

(31) Sobent Receoery Handbook,2nd ed.; Smallwood, I. M., Ed.;
ackwell Science: Oxford, 2002.

(32) The DonorAcceptorApproach to Molecular Interaction&utmann,
, Ed.; Plenum Press: New York, 1978.

(33) White, C.; Yates, A.; Maitlis, P. Minorg. Synth.1992 29, 228.
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1H, 19F, and 3P NMR spectra were recorded using Bruker

Nieuwenhuyzen et al.

Table 2. Crystal Data and Structure Refinement for 4aBF,

DPX300 or DRX500 spectrometerdd NMR spectra (300.01 or
500.13 MHz) were referenced internally using the residual protio
solvent resonance relative to SiMé& 0), %F (282.26 MHz)
externally to CFQ (0 0), and 3P (121.45 or 202.46 MHz)
externally to 85% HPO, (6 0). All chemical shifts are quoted in

o (ppm), using the high-frequency positive convention, and coupling
constants in Hz. Simulations were carried out using the gNMR
simulation packagé! El and LSIMS mass spectra were recorded

on a VG Autospec X series mass spectrometer. Elemental analyses

were carried out by ASEP, The School of Chemistry, Queen’s
University Belfast.

(CeFs)PhPCH,CH,PPh(CsFs) (1). A solution of dppe (2.9 g,

7.3 mmol) in THF (50 crf) at 0 °C was added to an excess of
lithium shot (2.9 g, 0.42 mmol) under argon. The mixture was
stirred vigorously at O°C for 1 h, allowed to warm to ambient
temperature, and stirred for a further 72 h. The resulting yellow-
brown solution was decanted from the lithium, and chlorotrimeth-
ylsilane was added dropwise by syringe until the color disappeared.
The volatiles were removed under reduced pressure, affording an
off-white solid, which was extracted with dichloromethane (150
cm?). Hexachloroethane (3.5 g, 15.0 mmol) in dichloromethane (50
cnP) was added slowly to the extract and the solution left at ambient
temperature for 72 h. The volatiles were removed under reduced
pressure, affording CIPhPGEH,PPhCI as a colorless oil, which
solidified on standing in vacuo. The identity of the chlorophosphine
was confirmed by mass spectrometry &He{'H} NMR spectros-
copy. 3P{'H} NMR (CDCkL): ¢ 93.1. HRLSIMS: calcd for
C14H14°ClP;, 313.99431; found for M, 313.99478.

Pentafluorophenylmagnesium bromide in diethyl ether (10%),cm
freshly prepared from g5sBr (3.5 cn® g, 0.03 mol) and magnesium
(2.0 g, 0.04 mol), was added to a slurry of the CIPhRCH-
PPhCI in diethyl ether (50 c#h with vigorous stirring. A color
change from black to dark brown was observed. The mixture was
stirred for 16 h at ambient temperature. The solution was opened
to the atmosphere, water (30 gnand dichloromethane (30 é&n
were added, and the organic layer was separated. The aqueous lay
was extracted with dichloromethane 230 cn¥). The combined
extracts and organic layer were washed with watex (30 cn?)
and dried over magnesium sulfate. The solution was filtered and
the solvent removed by rotary evaporation to afford a brown solid.
Productl, as a 1:1.7 mixture afaand1b, was obtained as a white
crystalline solid following chromatography on neutral alumina (6%
H,0) with hexane/dichloromethane (9:1) as eluant. Yield: 2.3 g
(54.5%)."H NMR (CDClg): ¢ 7.46 (4H, m), 7.34 (6H, m), 2.41
(4H, m).1%F NMR (CDChk): 6 —129.68 (4F, m, Fino), —150.46
(1.2F, t,3Jer = 19.8 Hz, Fars), —150.70 (0.8F, t3Jer = 19.8 Hz,
Fpara), —160.70 (4F, m, Fetg. 3P{*H} NMR (CDCls): 6 —26.56
(0.63, 2nd order pattern from AX,X', spin system:3Jpp = 43.0
Hz,3Jpr= 33.0 Hz,8Jpr= 2.0 Hz),—26.43 (0.37, 2nd order pattern
from AAX X' spin system:3Jpp= 43.0 HZ,SJPF: 33.0 HZ,GJPF
= 2.0 Hz). LSIMS,m/z. 578 (100%, M), 411 (58%, [M —
CsFs] ™). HRLSIMS: calcd for GgH14F10P2, 578.041110; found M,
578.041806. Anal. Calcd for &HisF10P: C, 54.03; H, 2.44.
Found: C, 53.69; H, 2.61.

A small amount €0.05 g) of monoxide?, as a 1:1 mixture of
meso and rac isomers, was obtained by elution with dichlo-
romethanelH NMR (CDCly): ¢ 7.4—7.8 (10H, m), 2.54 (3H, m),
2.35 (1H, m).*F NMR (CDCk): 6 —129.40 (4F, m, Fno),
—130.47 (2F, m, Fino), —130.73 (2F, m, Fino), —145.84 (2F, m,
Fpara), —150.13 (2F, m, Fura), —158.78 (4F, m, Fer), —160.51
(4F, m, Fety. 3P{*H} NMR (CDCl3): 6 30.1 (dm,2Jpp= 59 Hz,
PO), 29.6 (dm?\]pp: 59 Hz, PO),_25.3 (dt,a\]pp: 59 HZ,3JPF
= 33 Hz, P),—25.8 (dt,3JPP= 59 Hz,3Jpr = 33 Hz, P). LSIMS,

m/z. 595 (100%, [M+ H]*), 427 (25%, [M— CgFs] ™), 303 (72%,

(34)gNMR version 4.0; Cherwell Scientific Publishing Ltd.: Oxford,
1995.

formula Q;eHngClFMPth’l/ZCHzclz
fw 981.17
cryst dimens, mm 0.4% 0.18x 0.08
T,K 293(2)
cryst syst monoclinic
space group P2(1)h
unit cell dimens

a A 17.220(4)

b, A 12.682(3)

c A 19.14655

f, deg 110.082(5)

U, A3 3927.0(17)

z 4
calc density, g cm?® 1.660
F(000) 1956
0, deg 2.54-23.23
abs coeff, mm? 0.747
total no. of data 33406
no. of unique dataRint 6913, 0.1497
final Rindices | > 20(1)] R1=0.0832

wR2=0.2035
Rindices (all data) R* 0.1430
wR2=0.2338

GoF onF2 0.956
largest diff peak and hole, e & 1.375,—0.826

[M - C6H5(C6F5)PO]+) HRLSIMS: calcd for GeH15F100P;,
595.043850; found [Mt- H]*, 595.044586.

(CeFs)PhP(O)CH,CH,P(O)Ph(CsFs) (3). Dioxide 3 was formed
on addition of hydrogen peroxide to an NMR sampld @i CDCls.
IH NMR (CDCl): 6 7.74 (4H, m), 7.55 (6H, m), 2.82 (2H, m),
2.58 (2H, m).*F NMR (CDCk): 6 —130.25 (4F, m, Fino),
—145.31 (2F, M, Faa), —158.64 (4F, M, Fey. 3P{*H} NMR
(CDCly): ¢ 30.1 (2s). LSIMSz: 611 (100%, M), 443 (17%,
[M - C6F5 - H]Jr) HRLSIMS: calcd for GeH14F100,P5,
611.038764; found M, 611.036133.

[Cp*RhCI {kP,kP-rac-(CeFs)PhPCH,CH,PPh(CsFs)} |[BF 4]
(4a-BF,), trans{Cp*RhCI { k P,k P-mese(CgFs)PhPCH,CH,PPh-

sFs)} [BF 4] (4b-BF,), and cis{Cp*RhClI { kP,kP-mese(CgFs)-

hPCH,CH,PPh(CsFs)} [BF 4] (4c-BF4). A slurry of [Cp*RhCl(u-
CD]. (0.075 g, 0.12 mmol)1 (0.14 g, 0.24 mmol), and NiBF,
(0.5 g, 4.8 mmol) was treated as for the synthesis of [Cp*RhCI-
(dfppe)][BF4].*° A mixture of 4a-BF,, 4b-BF,, and 4c:BF, (ca.
12:17:1) was obtained as an orange solid. Yield: 0.07 g (31%).
Anal. Calcd for QeHngC'FMszh'CHzC'z: C, 43.41; H, 3.05.
Found: C, 43.58; H, 3.54. NMR and mass spectral data are given
in Table 1.

X-ray Crystallography. A crystal of 4a-BF4-0.5CHCl, (0.42
x 0.18 x 0.08 mm) was obtained by slow evaporation of solvent
from a solution o#a-BF, in dichloromethane. Crystal data are listed
in Table 2. Diffraction data were collected on a Bruker SMART
diffractometer using the SAINT-NP software with graphite-
monochromated Mo K radiation. Lorentz and polarization cor-
rections were applied. Empirical absorption corrections were applied
using SADABS36 The structure was solved by direct methods and
refined with the program package SHELXTL versioff The non-
hydrogen atoms, except those of the anion (B(1),"BE(11),
F(12), F(12), F(12), F(13), F(13), F(14), and F(13) and solvent
(C(19), CI(1S), and CI(2S)), were refined with anisotropic thermal
parameters. Hydrogen atom positions were added and idealized,
and a riding model with fixed thermal parametetj (= 1.2Ueq
for the atom to which they are bonded (1.5 for §Hvas used for
subsequent refinements. The function minimized Was(|Fo|2 —
|Fcl9)] with reflection weightsw™1 = [0?|F,|? + (g1P)? + (g2P)]
where P = [max|F,|?2 + 2|F?/3. CCDC 286537 contains the
supplementary crystallographic data for this paper. These data can

(35) SAINT-NT Bruker AXS Inc.: Madison, WI, 1998.

(36) Sheldrick, G. MSADABSUniversity of Gdtingen: Germany 1996.

(37) Sheldrick, G. MSHELXTLversion 5; Bruker AXS Inc.: Madison,
WI, 1998.
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be obtained free of charge from The Cambridge Crystallographic and bond angles fota-BF4-0.5CHCl,. This material is available
Data Centre via www.ccdc.cam.ac.uk/data_request/cif. free of charge via the Internet at http://pubs.acs.org.

Supporting Information Available: A listing of atomic
coordinates, anisotropic displacement parameters, bond distancesDM050893+



