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Introduction

The structure of Pi#PCk (1) both in solution and in the solid
state has been the subject of several investigatich@n the
basis of these studies, it is apparent that the compound can exis
in two forms, either a 5-coordinate covalent compound or a
4-coordinate cation with a chloride or Lewis-acid-complexed
anion. We first became interested in this issue when, in the
course of preparing BRCk as a starting material, we found
that the3’P NMR data reported for the compound ranged from
—32 to+94 ppm! The confusion was further enhanced by the

t
Figure 1. Molecular structure of P#Ck (1; 50% probability el-

lipsoids). Selected bond lengths (A)—EI(1) 2.011 (3); P-CI(2) 2.227
(2); P—C(1) 1.816. Selected bond anglék (Cl(1)—P-Cl(2) 89.30 (6);
Cl(2)—P-CI(2A) 178.60 (13); Cl(xyP-C(1) 118.12 (9); CI(2

P-C(1) 90.34 (19); C()P-C(1A) 123.8 (4).

Table 1. Crystallographic Data for BRCk (1)

fact that it was often unclear which sign convention had been
used for the assignment of th&P data vs 85% kPO,
Furthermore, no single-crystal X-ray diffraction studies.afr

any simple derivatives of it existed in the literature. Therefore
a single crystal of PA#PCk was isolated and herein we present
not only its structure but the correlation of our spectroscopic
data with previous reports.

Results and Discussion

Using the protocol of Gates and co-workénse prepared
what we believed was the neutral compound (eq 1).

toluene

PhPCl+ Cl, —— Ph,PCl 1)
X-ray-quality crystals were grown from slowly evaporating
toluene at room temperature. The resulting colorless plates wer
extremely hygroscopic and dissolved rapidly in epoxy and
Fluorolube such that it was necessary to seal them in glass

capillaries. Due to the delicate nature of these crysttisy
deteriorated in the capillary with timet was difficult to obtain

a satisfactory data set. Despite the somewhat poor data (WR
= 0.069, wR2= 0.190), however, the broad structural features
can easily be distinguished.
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empirical formula  GoH10ClsP Z A3 1253.6(17)
space group C2/c (monoclinic) fw 291.52

a, 14.565(13) T,°C —65(2)

b, A 10.903(6) y) 0.71073
c, A 7.941(7) o(caled), g cnm3 1.545

a, deg 90 u, et 0.0826
B, deg 96.22(7) WR? (1284 datd) 0.1900
y, deg 90 wReC (all data) 0.2105

“WRE = 3 Fo| — |Fell/3|Fal. ° Fo > 40(Fo). “WRe2 = [Sw(Fe? —
FIFY2, w = [0%Fe2 + (0.1Fo)] L.

The structure ofl, as shown in Figure 1, is trigonal
bipyramidal with axial chlorines (Table 1). A crystallographi-
cally imposed 2-fold axis of symmetry coincides with the
P—Cleq bond. The axial PCl bonds at 2.227(2) A are
significantly longer than the equatoriatHe! bond at 2.011(3)

A. Both bond distances lie within the normal range for®l
bonds for similar compound<® To accommodate the phenyl
groups, the structure is slightly deformed from ideal trigonal
bipyramidal geometry. The angle between the phenyl rings, for
example, is slightly larger at 123.8(21)han the phenyt
P—CI(1) angle of 118.1(19) The axial chlorines are also
slightly bent away from the phenyl groups with a—-&—Cl
angle of 178.60(13) The phenyl rings do not lie in the
equatorial plane but are rotated 51aut of the plané.

In a search of the Cambridge Crystallography Datab&se,
only one structure for any neutral compound of the general
formula RPCk was located. The compound ¢C),PCk is also
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trigonal bipyramidal, but in contrast with, the Cl ligands are
equatorial, leaving the axial sites for the electronegative; CCl
groupst! A more informative context for this structure, given
the scarcity of homologues, is the closely relate®® (X =

F, Cl) class of complexes. Within this family, the structure of
1 closely matches those of gr,'2 ArsPR,, 12 and the recently
reported chloride derivatives EPCh,2 PhbArPCl,” and Al-
PCL’ (Ar = CgFs). All of these complexes have been isolated
in the molecular form and have been shown to be trigonal
bipyramidal with axial chlorines. Interestingly, $#Ck can also
be isolated from polar solvents in an ionic form with a unique
Cl---Cl+--Cl bridge’ Godfrey and co-workers have surveyed the
X-ray structures for a variety of other derivatives ofBEXj,
(E= P, As, Sb; % = Cly, Bry, I, IBr) and have found that the

solid-state structures are very sensitive to the identity of E and [PPhCL][BCl4]

the electronic nature of the liganésWiley and Stine proposed
that the tendency to form covalent structures follows the
pattern: F> Cl > Br > |, Ph > alkyl. Furthermore, nonpolar
solvents favor the covalent isoméps.

Prior to our work, the solid-state structure for neutrap-Ph
PCk had been determined using Raman &f@ NQR spec-

Inorganic Chemistry, Vol. 38, No. 10, 1992525
Table 2. 3P Chemical Shifts for P#Ck
compound or
synthetic 3P NMR/
method ppm# solvent reference
Neutral
PhPCI+ Cl, —25 nitrobenzene 4
PhPCk, —-32.7 benzene 1
method unknown
compoundl -31 benzene this work
-32 toluene this work
-30 CCl, this work
lonic
PhPCI+ 2Cl, +67 nitrobenzene 4
PhPCkL + HCI +67 CHC} 5
PhPCI+ PCk +73 1,1,2,2-tetrachloroethane 6
+93.6 solid state 3a
[PPhCIZ][SbClg] +92 solid state 3a
[PPhCIZ][PClg] +89.7 solid state 3a
PhPCk, +42.8 solid state 1
method unknown
compoundl +70 CHCN this work
compoundl -11 CDCl, this work
compoundL +25-37° CDCls this work

troscopies. Gates and co-workers assigned the solid-state Raman 2 The signs of'P chemical shifts have been changed as necessary

spectra for both neutral and ionic isomers of,P@k.2 The
accuracy of their assignments for the neutral complex is

confirmed by our study since Raman data obtained for complex

1 matched their reported spectrum. Svergtial 16 and Dillon

et al*alikewise concluded accurately, based on solid sta@é

NQR spectra, that the structure df should be trigonal
bipyramidal with equatorial phenyl groups.

to conform to the sign convention that assigns £RId —6 relative to
85% HPOy. P The shift was sensitive to the source/purity of the CDCI
Small amounts HCI, a common impurity in CHGIpparently stabilize
the ionic form.

Timokhin et al. reported that the solid std® NMR spectrum
of 1 was¢d +42.8, but that the same material in solution gave
a single®’P NMR resonance o —32.71 It is probable, that

Given the assurance from the X-ray structure and Raman gthough they isolated the ionic compound, it reverted to the

spectrum that the solid compouridwas in fact the neutral

neutral form upon dissolution in benzene. Unfortunately, we

species, dissolution in nonpolar solvents should also give neutralpave not been able to isolate X-ray quality crystals of a material

complexes. The?lP NMR spectra, in dry toluene solvent,
showed forl a single resonance &t—3217 Solutions in other
hydrocarbon solvents showed shifts of only-2 ppm. In
contrast, the resonance occurdat11 to+70 in more polar
solvents (Table 2). Addition of C}l, to a solution ofl in
CsDs causes a shift in th€'P NMR resonance from —32 to
—11. Examination of the previously reported NMR data showed
that, after normalizing all data to the same shift convention,
there was a consensus. ,PRL prepared in the absence of
chloride-abstracting Lewis acids and dissolved in nonpolar
solvents has &P shift of~0 —30. The shift of PEPCk in the
presence of Lewis acids, such as AIGt PCE ranged from)
467 to 94. Intermediate shifts such as those observed in €DCI
and CDQCl, solvents are likely to correspond to an intermediate

that we believe to be the ionic isomer to test this hypothesis. In
this context, it is important to note that we screened several
crystals ofl from two different preparations. In all cases, the
same unit cell was found suggesting that the complex did not
crystallize in two different forms from toluene solution.

In conclusion the covalent isomer of JACk adopts a trigonal
bipyramidal structure with axial chlorines in the solid state. This
structure is in accord with previously reported Raman and NMR
spectroscopic data.

Experimental Section

Solvents, Reagents, and General DataSolvents were freshly
distilled under nitrogen prior to use. Toluene and benzene were distilled
from benzophenone/sodium. Chloroform, methylene chloride, and

stage of ionization attained when the neutral compound is acetonitrile were dried over Catdnd vacuum transferred. All deuter-

dissolved in these ion-supporting solvett$>18
Only one reported shift does not fit these parameters.

(11) Antipin, M. Y.; Chernega, A. N.; Struchkov, Y. Kristallografiya
1987, 32, 631.

(12) Doxsee, K. M.; Hanwalt, E. M.; Weakley, T. J. Rcta Crystallogr.
1992 C48 1288-1290.

(13) Sheldrick, G. M. IrCrystallographic Computing;3Sheldrick, G. M.,
Kriger, C., Goddard, R., Eds.; Oxford University Press: Oxford, 1985;
pp 175-179.

(14) Bricklebank, N.; Godfrey, S. M.; Lane, H. P.; McAuliffe, C. A;;
Prichard, R. G.; Moreno, J.-Ml. Chem. Soc., Dalton Tran$995
3873-3879.

(15) Wiley: G. A.; Stine, W. RTetrahedron Lett1967 2321-2324.

(16) Svergun, V. |; Rozinov, V. G.; Grechkin, E. F.; Timokhin, B. G;
Maksyutin, Y. K.; Semin, G. Klzvest. Akad. Nauk SSSR, Ser. Khim.
197Q 1918.

(17) The modern sign convention is used for*3t NMR data. According
to this convention thé!P NMR resonance of PRloccurs at-6 ppm
referenced to external 85%3PICOs.

(18) Arzoumanidis, G. GJ. Chem. Soc., Chem. Commun69 217.

ated solvents used were purified in the same manner as the nondeu-
terated equivalent after being received from Cambridge Isotope
Laboratories. Chlorine gas was purified by passing it through concen-
trated sulfuric acid and then over a 4:1 mixture of activated carbon/
silica. The PBPCl was used as received from Aldrich (reagent grade).

Spectroscopy and Magnetic MeasurementstH and 3P NMR
spectra were recorded on a Bruker AF300 NMR spectrometer. Raman
spectra were recorded as powders on a Nicolet 950 Spectrometer
(Nd:YVOQO, source, . = 1064 nm) at 1 cm'* resolution. The Raman
signal was detected with an Applied Detector Corp. high-purity
germanium-diode detector (model 203NR). Frequencies were calibrated
using acetonitrile as an external reference.

Synthesis of PRPCls. Chlorine gas (130 mL at 1 atm, 5.34 mmol)
was injected via syringe into a Schlenk flask containing toluene (15
mL) under a nitrogen atmosphere..,PEI (1.00 mL, 5.34 mmol) was
added over a period of 5 min to the stirred solution. A white precipitate
formed within a few minutes. After 4 h, the mixture was filtered, and
the precipitate was collected and recrystallized from a slowly evaporat-
ing toluene solution. Yield 55.4%. Raman (powder, frequency range
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700-0 cmrt) v/emt 620 (w), 575 (w), 338 (s), 302 (w), 277 (s), 267  syntheses and refined anisotropically. Hydrogen-atom positions were
(m), 241 (m), 137 (s). computed by fixing the €H distance to 0.96 A.

X-ray Diffraction Study of Ph ,PCls. Single-crystal X-ray diffraction
experiments were performed on a Siemens P3 diffractometer with  Acknowledgment. This work was supported in part by the

graphite-monochrqmated _MooK(/l = 0.710 73 A) radiation. Diffrac-_ NSF (CHE-9624138). We thank Prof. Mike D. Hopkins, Prof.
tion data were refined using the Siemens SHELXTL PLUS (version Sanford A. Asher, and their co-workers for help with the
5.02) software package on a Silicon Graphics Indigo system. Lattice T ’

parameters were determined from a least-squares fit of the angular@cduisition of Raman data.

settings of 24 reflections in the range®2026 < 25°. The intensities

of 3 representative reflections were measured every 197 reflections to
check for decay of the crystals; none was observed. An empirical

absorption correction, based on azimuthal scans of 6 reflections, was
performed. All data were corrected for Lorentz and polarization effects.

The heavy atoms of the complex were located using direct methods;
remaining atoms were located from subsequent difference Fourier IC980994I

Supporting Information Available: Raman spectrum for com-
poundl and one X-ray crystallographic file, in CIF format, are available
free of charge via the Internet at http://pubs.acs.org.



