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Abstract: A series of phosphine—diphenylphosphenium donor—acceptor cationic complexes have been
synthesized and comprehensively characterized (phosphine = diphenylchlorophosphine, triphenylphosphine,
trimethylphosphine, and tricyclohexylphosphine). The complexes involve homoatomic P—P coordinate bonds
that are susceptible to ligand exchange reactions highlighting a versatile new synthetic method for P—P
bond formation. Phosphenium complexes of 1,2-bis(diphenylphosphino)benzene and 1,2-bis(tert-butylphos-
phino)benzene undergo unusual rearrangements to give a “segregated” diphosphine—phosphonium cation
and a cyclic di(phosphino)phosphonium cation, respectively. The rearrangement products reveal the kinetic
stability of the phosphine—phosphenium bonding arrangement.

Introduction

Adducts of phosphorus(lll) Lewis acids have been reported
for a range of Lewis basés,but the homoatomic coordinate
bonding imposed in examples of phosphine ligands on phos-
phorus(lll) Lewis acceptors (e.gla, referred to here as
phosphine-phospheniur® cations) represents an important new
development in coordination chemistry. The recent report of a
stibine-stibenium sdltindicates the potential for diversification
of homoatomic coordination, but phosphorus complexes are
more readily evaluated by virtue étP NMR spectroscopy.
Indeed, cations with the general structuie first alluded to as
the product of reactions between alkyl/aryl halides-¢g and
a diphosphiné, were identified by3!P NMR spectroscopic
studies of reaction mixtures containing chlorophosphines with
AICI3387 or GaCh.38 Although P-E coordinate bonding [i.e.,
Ro(Cl)P—ECI3; E = Al or Ga] is observed in some exampfes,
preferential interaction of the Lewis acid (A3r GaCk) with
the chlorine center of the chlorophosphine often effects hetero-
lytic P—Cl cleavage to give phosphenium s&lSonsequential
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describe the reactivity of the compounds, although the Lewis dratling
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or coincident phosphine to phosphine nucleophilic attack is
expressed as phosphinghosphenium coordinatioba.21°
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We now report the isolation and comprehensive characteriza-
tion of phosphine-diphenylphospheniu@a(@nd2b) salts and
their utility as a source of the diphenylphosphenium cation via
ligand exchange reactions to arrive at triphenylphosphine
diphenylphospheniurib, tricyclohexylphosphinediphenylphos-
phenium2c, and trimethylphosphinediphenylphospheniurd
derivatives. In addition, ligand exchange reactions involving 1,2-
di(phosphino)benzene derivatives result in unusual rearrange-
ments that implicate the kinetic stability of the isolated
phosphine-phospheniuni cations with respect to the thermo-

10.1021/ja036649w CCC: $25.00 © 2003 American Chemical Society
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dynamically preferred “segregated” diphosphine-phosphonium Table 1. 3'P{*H} NMR Data for Derivatives of 2, 3, and 4 and

cation3 and the cyclic di(phosphino)phosphonium catibn

Results and Discussion

Phosphorus centers bearing a lone pair of electrons are on€y,g,c,
of the most recognizable classical ligands. Less obvious is their

potential as Lewis acidsalthough a range of complexes have

been isolated that are composed of a phosphorus(lll) acceptor

site with an arené! carbenéd? amine®13-15 imine13.16.17
phosphiné,818-22 or gallane ligand® Most complexes are
formed at room temperature by simple addition of the ligand
to a preformed cation or by displacement of an anion (Cl or

OSQCHR;) from phosphorus, but they represent unique examples

in each case.
Lewis acidity at phosphorus is enhanced for coordinatively
unsaturated (coordination number 3) centers and by the

presence of a cationic molecular charge. Nevertheless, examples

of aminophospheniurf salt$ have been isolated, as the Lewis
acidity is mediated by effective-interaction between nitrogen
and the coordinatively unsaturated, formally electron-deficient
phosphorus center (illustrated &). The resonance allowable

T P
R R

®
R—N—P—N—-R
R
5 6

by thex electron density of phenyl substituentsais perhaps
insufficient to enable isolation of the free Lewis acid, but the

Related Species

3 (ppm) P{*H} It (H2)
complex rt(soln)  CP-MAS 1t (soln) CP-MAS reference
78 b a b this workt®
3
2bOSQ.LCHR 15 13 a 350 this worko
-10 —-22
2bGaCl, 13 15 340 323 this work:30
-12 -17
PhPPPh -15 31
PhsP -5 31
PP ~20 31
2c0SOCHR; 25 31 361 372 this work
—-21 —-21
2dOSGCR; 15 17 289 281 this work
—23 —-29
3GaCl 23 [« 26° [« this work
-7 1908
—-21 1909 26°
40SQCR; 25 c 321 c this work
18
7AICl 4 30 502 20
—-174
8aAICl,4 23 358 26
—28
90SQOLCR3 139 504 2
-6
10AICl 4 317 455 28
20
110SOCRs a 71 a 405 19
-1
12BPh, 334 384 21
25

aNot observed? Not measuredS Not resolvedd1Jpp, €3Jpp. f This
chemical shift can vary depending on the solvent and counterion.

A 2:1 stoichiometric reaction mixture of BCI with GaC}
at room temperature shows a single product irftRg'H} NMR
spectra that has been isolated and comprehensively characterized
as2aGaCl, (Table 1). Reaction mixtures @aGaCl, with PhsP
show a singlet ath = 82 ppm in the3!P{H} NMR spectra
assigned to PIPCl and two doublets (Table 1) assigned to
2bGaCl,, that has also been isolated and comprehensively
characterized. The corresponding trifluoromethanesulfonate salt,
2bOSOCF; has been isolated in high yield from the reaction
of PhPCI, PhP, and MgSiOSQCFs:. Identical3'P{H} NMR
spectra are observed for the analogous mixture gPEh PhP,
and GaC suggesting that salts &b engage in minimal cation/

base-stabilized diphenylphosphenium cation is a potentially anion interaction in solution.

valuable synthetic moiety. A series of phosphitphenylphos-

The triphenylphosphine-diphenylphosphenium trifluorometh-

phenium complexes have been prepared by ligand exchangeganesulfonat2bOSQ,CF; represents a valuable synthetic source

exploiting the homoatomic coordinate nature and lability of the
P—P interaction.

(10) Preliminary communication: Burford, N.; Cameron, T. S.; Ragogna, P. J.;
Ocando-Mavarez, E.; Gee, M.; McDonald, R.; Wasylishen, RI.EAm.
Chem. Soc2001, 123 7947-7948.

(11) Burford, N.; Clyburne, J. A. C.; Bakshi, P. K.; Cameron, T.(8gano-
metallics1995 14, 1578-1585.

(12) Burford, N.; Cameron, T. S.; LeBlanc, D. J.; Phillips, A. D.; Concolino,
T. E.; Lam, K. C.; Rheingold, A. LJ. Am. Chem. So@00Q 122 5413—
5414,

(13) Burford, N.; Losier, P.; Phillips, A. D.; Ragogna, P. J.; Cameron, T. S.
Inorg. Chem.2003 42, 1087-1091.

(14) Kaukorat, T.; Neda, |.; Schmutzler, Roord. Chem. Re 1994 137, 53—
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(16) Bouhadir, G.; Reed, R. W.;'Re, R.; Bertrand, G-eteroat. Chem1995
6, 371—375.

(17) Burford, N.; Cameron, T. S.; Robertson, K. N.; Phillips, A. D.; Jenkins,
H. A. Chem. Commur200Q 2087-2088.

of diphenylphosphenium. Reactions with the more basic phos-
phines CyP and MgP give 2C0SQ,CF; and 2dOSQ.CF;,
respectively (Table 1PP{1H} NMR spectra of these reaction
mixtures show quantitative release ofsPHé = —5 ppm), and
both salts have been isolated and characterized. The facile
interchange between derivatives by means of phosphine

(18) Alder, R. W.; Read, DCoord. Chem. Re 1998 176, 113-133.

(19) Burford, N.; Cameron, T. S.; Clyburne, J. A. C.; Eichele, K.; Robertson,
K. N.; Sereda, S.; Wasylishen, R. E.; Whitla, W. horg. Chem.1996
35, 5460-5467.

(20) Schmidpeter, A.; Lochschmidt, S.; Sheldrick, W.Ahgew. Chem., Int.
Ed. Engl.1985 24, 226-227.

(21) Romanenko, V. D.; Rudzevich, V. L.; Rusanov, E. B.; Chernega, A. N.;
Senio, A.; Sotiropoulos, J. M.; Pfister-Guillouzo, G.; Sanchez@QWem.
Commun.1995 1383-1385.

(22) Burford, N.; LeBlanc, D. Jinorg. Chem.1999 38, 2248-2249.

(23) Burford, N.; Ragogna, P. J.; Robertson, K. N.; Cameron, T. S.; Hardman,
N. J.; Power, P. PJ. Am. Chem. So2002 124, 382—383.
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Table 2. Crystal Data for Derivatives of 2, 3, and 4

2aGaCl, 2b0S0,CF3 2bGaCl, 2c0SO,CF3 2d0S0,CF3 3GaCly+0.5CH,Cl, 40S0,CF,
empirical CosHooClsGaP,  CaiHasF303PoS)  CagHosClaGaP,  CaiHasFsOsPoS:  CigHioFsO3PoS: CasHzaClaGaPs  CorHaoFs03PsS:
formula
formula weight 617.35 596.51 659.01 614.65 410.31 885.48 586.50
crystal system orthorhombic _triclinic monoclinic orthorhombic monoclinic monoclinic _ triclinic
space group Pbca PL C2/c Pn&2; P2:/n P2i/n P1
a(h) 18.482(6) 10.474(3) 24.656(3) 18.934(3) 11.569(3) 9.881(1) 10.039(2)
b (A) 27.662(8) 11.002(3) 9.818(4) 10.451(2) 8.265(2) 14.605(1) 10.638(2)
c(A) 10.744(5) 14.140(4) 25.714(2) 15.711(2) 19.965(5) 28.467(3) 10.648(2)
o (deg) 90 78.083(5) 90 90 90 90 102.735(3)
p (deg) 90 73.302(5) 103.076(7) 90 97.214(5) 91.502(2) 107.407(3)
y (deg) 90 68.632(5) 90 90 90 90 100.374(3)
V (A3) 5493(3) 1421.5(7) 6063(2) 3108.8(8) 1893.9(8) 4106.7(7) 1404.2(4)
z 8 2 8 4
D¢ (mg nT9) 1.493 1.394 1.444 1.313 1.439 1.432 1.387
radiation, . (A) Cu Ka Mo Ko Cu Ko Mo Ko Mo Ko Mo Ko Mo Ko
(1.54178) (0.71071) (1.54178) (0.71071) (0.71071) (0.71071) (0.71071)
diffractometer Rigaku AFC5R  Bruker Rigaku AFC5R  Bruker Bruker Bruker Bruker
PLATFORM/ PLATFORM/ PLATFORM/ PLATFORM/ PLATFORM/
SMART 1000 SMART 1000 SMART 1000 SMART 1000 SMART 1000
CCD CCD CCD CCD CCD
temp (K) 296(1) 193(2) 296(1) 193(2) 193(2) 193(2) 193(2)
R (I > 20(l)) 0.0512 0.0703 0.049 0.041¢ 0.0956 0.082% 0.0508
wWR(I > 20(1)) 0.1329 0.1723 0.056 0.085¢ 0.2418 0.2272 0.1179%
goodness-of-fitS  0.971 1.024 1.3 1.02¢ 1.038 1.024 1.024

aR(F [I > 20(1)]) = Z||Fo| — |F¢||/Z|Fo|; WR(F? [all data]) = [EW(Fo? — FAXEW(FA)3 Y2 Sall data)= [Sw(Fo? — FA)(n — p)]¥2 (n = no. of data;
p = no. of parameters varied = 1/[0%(Fo?) + (aP)? + bP] whereP = (F,2 + 2F:2)/3 anda andb are constants suggested by the refinement program [see
Supporting Information])® R(F [I > 30(1)]) = Z||Fol — |Fcll/Z|Fol, WRF[l > 30(1)]) = [Ew(|Fo| — [Fe)A/ZWIF?]Y2 I > 30(1)) = [Zw(|Fo| — |Fel)?/(0
— p)]*¥2 (0o = no. of observed datgg = no. of parameters variety = 4F,%/0%(Fo?)).

ligand exchange reactions validates the designation of homo- Ph

atomic P-P coordinate bonding in these compounds. The
quantitative nature of the reactions and the structural simplicity
of the cations highlight PP coordination as a versatile and
efficient new synthetic procedure for-f? bond formation.

The bifunctional diphosphosphines 1,2-bis(diphenylphosphi-
no)benzene (dppb) and 1,2-bis(dit-butylphosphino)benzene
(dbpb) react quantitatively (as shown B¥?{1H} NMR spec-
troscopy) with2aGaCl, and 2bOSO,CFs, respectively. How-

ever, salts isolated from these reactions contain cations that are

rearrangement products of the predicted diphosphites-

phenium complexes. The “segregated” diphosphine-phospho-

nium cation3 is formed in the reaction of dppb witaGaCl,,
while the bicyclic di(phosphino)phosphonium catis formed
in the reaction of dbpb witl2bOSGCFs.

Views of the formula units foRaGaCl, 2bGaCly, 2b0SG-
CR;, 200SQ,CFRs, 2dOSO,CHR;, 3GaCl, and40SO,CF; deter-
mined by X-ray crystallography (Table 2) are shown in Figures
1-7. P-P internuclear distances and angles at the Lewis
acceptor center (phosphenium) are given in Table 3, with
comparative data for related compourydsl2, which includes
examples of bis(phosphinephosphenium 7202425 826,27
phosphine-diaminophosphenium 9§,2 phosphine-phospha-
alkenium (@0),28 phosphine-phosphadiazonium1(),!® and
phosphine-diphosphadiazoniuml@)?! cations.

All derivatives of 2 adopt a staggered conformation about
the P-P bond in the solid state, with a distorted tetrahedral

(24) Lochschmidt, S.; Schmidpeter, K. Naturforsch.1985 40b, 765-773.

(25) Schmidpeter, A.; Lochschmidt, S.; Sheldrick, W.Agew. Chem., Int.
Ed. Engl.1982 21, 63—64.

(26) Schmidpeter, A.; Lochschmidt, S.; Karaghiosoff, K.; Sheldrick, WJ.S.
Chem. Soc., Chem. Commur®85 1447-1448.

(27) Schmidpeter, A.; Lochschmidt, 8ngew. Chem., Int. Ed. Endl986 25,
253-254.

(28) David, G.; Niecke, E.; Nieger, M.; Radseck, J.; Schoeller, WJIWAm.
Chem. Socl1994 116 2191-2192.
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Ph Ph Ph
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Ph——P——P——P——FPh h——P——P——P——Ph
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7 8  a:R=Ph
b:R=H
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| / Ph SiMe,
Me—=P—F
’ | \ Ph—P—FP
Me N
| Ph SiMeg
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9 Dipp = 2,6-diisopropylphenyl 10
Ph Ph

® ®
Ph——P——P=—=N——Mes" Ph——P——P=—=P——Mes"

Ph Ph
n 12

Mes* = 2,4,6-tri-t-butyphenyl
geometry for the tetracoordinate phosphorus centers and a
distinctly pyramidal geometry with standard phosphine-like bond
angles (96-105’) for the tricoordinate phosphorus centers. Other
than the anomalously long-HP interaction inL10SG,CFs, the
series of P-P bonded compounds exhibit a striking uniformity
of structural features, despite differences in molecular charge,
connectivity, or coordination number at either phosphorus center.
In this context, any of the electronic features of the homoatomic
coordinate P-P bond that may be distinct from-fP covalent
bonds in compounds such as ,PRPh?° do not express
themselves in the metrical parameters.

(29) Dashti-Mommertz, A.; Neuiiller, B. Z. Anorg. Allg. Chem1999 625
954-960.
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Figure 3. View of the solid-state structure @OSQO,CFs. Ellipsoids are
50% probability; hydrogen atoms have been omitted for clarity.

Figure 1. View of the solid-state structure 8aGaClk. Ellipsoids are 50%
probability; hydrogen atoms have been omitted for clarity.

Figure 4. View of the solid-state structure @OSQ,CFs. Ellipsoids are
50% probability; hydrogen atoms have been omitted for clarity.

Figure 2. View of the solid-state structure @bGaCl. Ellipsoids are 50%
probability; hydrogen atoms have been omitted for clarity.

NMR spectroscopic data for derivatives Bfare listed in
Table 1 and are compared with established data fgP PRh-
PPPh, and PiP*. Resolvated pure salts @& and2b give broad
8IP{1H} NMR signals at room temperature in contrast to the
reaction mixture fo2bGaCl, which shows a poorly resolved
AB pattern. An AB pattern is observed fabOSQ,CF; at 193
K with a typicaltJppvalue. Solid staté'P{*H} CP-MAS NMR
data for2bOSOCFR;, 2c0SOCFR;, and 2dOSO,CF; are con-
sistent with the data obtained for solutions.

An ABX pattern is observed foBGacCl, in the 3P{1H}
solution NMR spectrum with normalpp and3Jpp values. The
$1P{1H} A2B spin system foAOSQ,CFsis second order atthree  Figure 5. View of the solid-state structure GHOSO,CFs. Ellipsoids are
fields (250, 400, 500 MHz) and has been favorably simulated, 50% probability; hydrogen atoms have been omitted for clarity.
as illustrated in Figure 8. Consistent with the spectroscopic and
structural data above, & {1H coupled NMR spectrum of  Jrpand3Jep coupling is not resolved in the solid state spectra
40SO:CF; shows no evidence d8py, indicating that botfBu- due to the inherently broad signals.
phosphino centers of the starting diphosphine have been Cation3is composed of a tetraarylphosphonium center and
dehydrogenated as a result of reaction VABOSO,CFs. The a tetraryldiphosphine “segregated” by a bridging benzo unit.
We envision the production & to first involve displacement
(30) Gee, M.; Wasylishen, R. E.; Ragogna, P. J.; Burford, N.; McDonald, R. of PhbPCI from 2a by one phosphine site of dppb to git8,

Can. J. Chem2002 80, 1488_1500. followed by intramolecular phenyl transfer from the resulting

(31) Kosolapoff, G. M.; Maier, LOrganic Phosphorus Compounad#/iley- - . X X
Interscience: Toronto, 1972. tetracoordinate phosphonium to the second phosphine via a

J. AM. CHEM. SOC. = VOL. 125, NO. 47, 2003 14407
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Figure 6. View of the solid-state structure 8GaCl. Ellipsoids are 50%

probability, hydrogen atoms have been omitted for clarity.

Figure 7. View of the solid-state structure @OSG,CFs. Ellipsoids are

50% probability; hydrogen atoms have been omitted for clarity.

Table 3. P—P Distances (A) and Sum of the Bond Angles (deg)

at the Lewis Acceptor Phosphorus Center

O's at Lewis
P-P (A) acceptor reference
2aGaCly 2.205(4) 311.7 this woiR
2bOSOCHR; 2.230(1) 305.3 this woiR
2bGaCly 2.220(6) 311.7 this wofk
2c0SOCR 2.220(1) 305.5 this work
2dOSGLCR 2.187(2) 310.1 this work
3GaCl 2.243(2) this work
40SOCR 2.199(1) this work
2.193(1)

TAICl 4 2.137(6) 20
8bAICI,4 2.133(6) 291.2 26
90SOLCR; 2.3065(9) 301.2 2
10AICI4 2.267(2) 28
110SOCRs 2.625(2) 19
12BPhy 2.206(1) 21
PhPPPh 2.217(1) 29

bridging Wheland intermediaté4 (Scheme 1). Such facile
isomerism of the phosphirgohospheniuni3 (a derivative of
2) to the “segregated” diphosphin@hosphonium3 demon-
strates the relative thermodynamic instability of theFPbonded
phosphine-phospheniurphosphinel3 given a route to a more

14408 J. AM. CHEM. SOC. = VOL. 125, NO. 47, 2003

favorable bonding alternative. Although the isolatee-HP
bonded phosphinephosphenium derivative) are perhaps
only kinetically stable, thermodynamically favored alternative
structures are not apparent.

The structure of4 is reminiscent of the proposed cyclic
intermediatel4 in the formation of3 but is the result of an
elaborate rearrangement from the combination ofPPhand
dbpb that is the equivalent of a dehydrogenation. Quantitative
[shown in the3P{*H} NMR spectrum of the reaction mixture]
coincidental formation of P (0 = —5 ppm), PBPH (0 =
—40 ppm), and [P§PH]T (6 = 2 ppm) is rationalized in the
proposed mechanism presented in Scheme 2. Hydride abstrac-
tion from dbpb is envisaged to effect release ogfPko give
PhPH and a phosphenium catidlb that is stabilized by
conjugation onto the phosphinobenzene moiety. Subsequent
formation of a phosphinephosphenium complek6 involving
PhPH as a ligand gives access to @mho-diphosphinophos-
phinobenzend7, through deprotonation by BP. Reaction of
17 with a second equivalent of phosphinghospheniun2b
removes the second hydride to enable cyclization of the
diphosphine-phosphenium to give, through intramolecular
P—P coordination.

Conclusions

A series of phosphinephosphenium cations have been
synthesized by a versatile ligand displacement reaction®Ph
which behaves as a Lewis acceptor despite the presence of a
lone pair of electrons at the phosphorus center. Homoatomic
P—P coordination is demonstrated as an efficient new synthetic
method for P-P bond formation. Complexes of ortho-substituted
di(phosphino)benzenes on 1 undergo rapid rearrangement
to give the “segregated” diphosphinphosphonium catiord
and the cyclic di(phosphino)phosphonium catién

Experimental Section

General. All manipulations were carried out in an ;Nilled
Innovative Technologies drybox. All solvents were distilled prior to
use and dispensed in the drybox. £ was dried at reflux over Cail
P,0Os, and again over CatHHexane was dried at reflux over K, and
Et,O was dried at reflux over Na/benzophenonesRiPhPCl, GaCl,
MesSiIOSQCFR;, and MeP (1.0 M in hexane) were purchased from
Aldrich Chemical Co., 1,2-biért-butylphosphino)benzene was pur-
chased from Quantum Design, andsBywas purchased from Strem.
All reagents were used as received without further purification. IR
spectra were collected on a Bruker VECTOR 22 FT-IR using Nujol
mulls and are reported with ranked intensities in parentheses. Solution
NMR data were collected on a Bruker AC-250 NMR spectrometer at
room temperature unless otherwise indicated. Chemical shifts are
reported in ppm relative to a reference standard [858Cd (3'P)].
Simulation of the®!P NMR spectrum of the second-ordesBAspin
system was done using g-NMR Version 4.0 by Cherwell Scientific.
Crystals were mounted inside glass capillarie$.0 mm od) and flame
sealed or mounted under oil (Paratone) and placed in a cold stream of
N2. X-ray diffraction data (Table 2) were collected on a Rigaku AFC5R
diffractometer equipped with a rotating anode source using graphite-
monochromated Cu & (1 = 1.5478 A) radiationZaGaCl,, 2bGaCly)
or on a Bruker PLATFORM diffractometer with a sealed tube generator
and a SMART 1000 CCD detector”2fOSQ,CF;, 2bOSO.CF;,
3GaCl-0.5CHCI,, 40SO,CF;) using graphite-monochromated MaxK
(A = 0.710 73 A) radiation.

2aGaCl,. GaCk (0.9 g, 5.2 mmol) in CKLCI, (10 mL) was added to
PhPCI (2.3 g, 10 mmol) and stirred fd h at rt. Removal of solvent
in vacuo gave a white solid, which was washed wighl€ Anal. Calcd
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Figure 8. Experimental and simulatedP NMR spectra o80SQ,CFs; in solution.

Scheme 1. Proposed Mechanism for the Formation of the “Segregated” Diphosphine—Phosphonium Cation 3
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(Found): C, 46.7 (46.8); H, 3.3 (3.3). Crystals were grown using liquid/
liquid diffusion from CHCl,/hexane; 2.5 g, 77%; mp 16305 °C;
IR (cm™1) 367(4), 381(1), 496(7), 532(9), 681(5), 691(8), 745(3), 752-
(6), 1105(10), 1436(2).
2bOSO,CF3. PhPCI (1.0 g, 4.5 mmol) was added to B&BOSQ-
CF; (1.2 g, 5.4 mmol 20% excess) in GEl, (20 mL). The mixture
was stirred for 45 min at rt, added to (1.5 g, 5.4 mmol), and
stirred for 45 min. Removal of solvent in vacuo gave a white solid,
which was redissolved in Gi€l,, and slow solvent evaporation gave
clear, cubelike crystals; 2.14 g, 80%; mp 1654 °C. Anal. Calcd
(Found): C, 62.4 (62.2); H, 4.2 (4.0). IR (cA) 488(9), 636(2), 693-
(5), 741(6), 1029(4), 1124(8), 1150(7), 1222(10), 1260(1), 1439(3).
2bGacCl,. PhsP (0.25 g, 0.97 mmol) in C¥Tl, (15 mL) was added
to a solution of [PEPCI-PPh][GaCl,] (0.60 g, 0.97 mmol) in CkLCl,
(20 mL) and stirred fol h at rt. Removal of solvent in vacuo gave a

white solid; 0.56 g, 87.6%; mp 153L55°C. Anal. Calcd (Found): C,
54. 7 (54.5); H, 3.8 (3.8). IR (cm}) 374(3), 489(7), 503(6), 550(9),
690(5), 720(4), 746(2), 1101(8), 1439(1); crystals were obtained using
liquid/liquid diffusion from CHCl,/hexane.

2cOSQOCF3. A solution of CyP (0.06 g, 0.20 mmol) in C¥Tl, (1
mL) was added dropwise (5 min) to a solution of {PRPPh][OSO,-
CF] (0.12 g, 0.20 mmol) in CkCl, (3 mL). The reaction mixture was
stirred fa 1 h at rt. Thevolume was reduced to 2 mL in vacuo, and
Et,O was added (5 mL) to give a white precipitate. Crystals were
obtained using liquid/liquid diffusion from Ci&l,/hexane; 0.10 g, 77%;
mp 117118°C. Anal. Calcd (Found): C, 60.6 (58.0); H, 7.1 (6.5);
IR (cm™): 635(6), 722(9), 748(7), 1029(5), 1175(4), 1219(8), 1262-
(3), 1301(10), 1377(2), 1458(1).

2dOSO,CF3. MesP (1.0 M in hexanes, 0.10 mL, 0.10 mmol) was
added to a stirred solution of [EP—PPh][OSO,CF;] (0.06 g, 0.10
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Scheme 2. Proposed Mechanism for the Formation of 4
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(cmY) 637(8), 751(9), 1032(7), 1149(4), 1222(10), 1250(2), 1280(3),

vacuo, and the addition of pentane gave a white powder; 0.03 g, 76%; 177(6), 1466(1).
mp 57-58 °C. Anal. Calcd (Found): C, 46.8 (50.6); H, 4.6 (4.7).

Crystals were obtained using vapor diffusion ({CH/Et,O) at —
°C; IR (cnml) 741(8), 961(10), 1030(5), 1151(7), 1167(9), 1256(3),

1280(4), 1300(6), 1378(2), 1467(1).

3GaCl,. A solution of bis(1,2-diphenylphosphino)benzene (dpbz)
(0.05 g, 0.11 mmol) in CkCl, (2 mL) was added to a solution of [Rh
PCI-PPR][GaCly] (0.11 mmol) in CHCI, (3 mL), giving a yellow
reaction mixture, which was stirred for 12 h at rt. Reduction of solvent
volume (0.5 mL) in vacuo and addition ofpentane (5 mL) gave a
mp12828 °C. Anal.
(Found): C,59.1(58.0); H, 4.1 (3.9). Yellow, rectangular prism crystals
were obtained using vapor diffusion (@E,/Et,O); IR (cnm?) 374(7),
534(8), 686(6), 719(3), 732(4), 1107(4), 1177(2), 1506(1), 2341(10),

yellow precipitate; 0.049 g, 55%;

2360(9).

Calcd
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40SO,CF3. 1,2-Bistert-butylphosphino)benzene (0.025 g, 0.10

mmol) was added to a stirred solution of fPR-PPh][OSO,CF;] (0.12

g, 0.20 mmol) in CHCI, (3 mL) for 12 h at rt. The volume was reduced
in vacuo, and the addition of pentane gave a white powder; 0.07 g,
63%; mp 164-166 °C. Anal. Calcd (Found): C, 55.3 (55.5); H, 5.5
(4.7). Crystals were obtained using vapor diffusion {CHEtO); IR
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