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The structure of truns-(~‘-allyl)chlorobis(triphenylphosphine)platinum(II), 
Pt(r$-CSHS)C1(PPh3)2, has been determined from three-dimensional X-ray data. 
The compound was isolated while attempting to grow crystals of [I%(Q~-C~H~)- 
(PPh&]Cl_ The complex crystallizes in the space group C$h-P21/n with four 
molecules in a unit cell of dimensions o = 12.580(3), b = 23.067(7), c 
= 12.316(4) A and p = 112.30(1)“. Least-squares refinement of the 136 variables 
has led to a value of the conventional R index (on B) of 0.048 for the 6289 
independent reflections having F”-, > 3a(Fz). The complex is a typical square- 
planar Pt(I1) complex; structural parameters: Pt-P 2.304(2) and 2.302(2), 
Pt-Cl2.425(2), Pt-C(l) 2.090(4), C(l)-C(2) l-464(7), C(2)-C(3) l-311(9) A, 
f’t-C(l)-C(2) 112.6(3)“, C(l)-C(2)--C(3) 125.7(6)“. The angle between the 
plane of the ally1 group and the mean coordination plane is 66”; the torsion 
angle P+C(l)-C(2)-C(3) is -119”. The structure is compared with other 
Pt(I1) u-complexes, and production of the complex rationalized. The isolation 
of the complex supports suggestions that the fluxionality of fPt($-C,H&PPh&]- 
Cl in solution involves a short-lived o-ally1 intermediate_ 

Introduction 

Our general interest in rj3-CaHS complexes [l] has led us to a more particular 
interest in Pt(II)-($-C,H,) complexes. From our previous observations we 
conclude that M-W* charge transfer is of some importance in metal-(q”-allyl) 
bonding. The observed trends suggest that, when compared with other ds-alIyl 
complexes, a Pt(II)-($-C,H,) complex should have a longer M-C3HS bond 
and shorter C-C bonds. As [Pt($-C3HS)(PPh3)JC1 is known [2], and of interest 
in its own right [2,3], we felt that a structural study of it would be worthwhile. 
Accordingly, the complex was synthesized and was identified spectroscopically. 
Single crystaIs were grown, and the structure determination reported here was 
accomplished. The data crystal, grown from an authentic sample of [Pt(s3-CsHs)- 



(PPh&]Cl, is shown to he trans-Pt(q’-C3H5)Cl(PPh3)2. Although apparently a 
minor product of the reaction, its isolation sheds light on the mechanism of the 
interchange of the ally1 protons in the q’-ally1 complex 121. In view of the 
recent interest in the chemistry of Pt-(a~allyl) complexes [4,5], we report the 
structure of trans-Pt(q’-GH,)Cl(PPh& here. 

Experimental 

The complex [Pt(r13-C3HS)(PPh&]C1 was prepared by the method of Volger 
and Vrieze [2]_ The infrared (Nujol mull) and PMR (CDC13 solution, room tem- 
perature and -20°C) spectra of the bulk material, and the melting point (21O”C), 
agree with those reported by Volger and Vrieze 121. Crystals were grown by 
layering a benzene solution of the complex with per&me. Among the mass of 
white microcrystalhne needles produced there were a few larger colorless need- 
les_ One. of these, of approximate dimensions 0.13 X 0.15 X 0.80 mm, was 
selected for study_ On the basis of optical goniometry and X-ray measurements, 
we established that the crystal belongs to the monoclinic system, and that the 
principal faces belong to the forms Cl20 3, {lli) , and {il2 }. From Weissen- 
berg photography taken with MO-K, radiation, the space group was unambigu- 

5 ously determined to be Cab -P2,/n. The lattice constants at 22”C, determined 
[S] from the setting angles of 12 strong reflections which had been centered 
manually on a Picker FAGS-1 diffractometer using Cu-K, radiation (X 1.540562 
A), are u 12.580(3), b 23.067(7), c 12.316(4) A, and /3 112.30(l)“, With four 
formula weights per unit cell, the calculated density is 1.60 g cmm3, in excellent 
agreement with the measured density, 1.61(l) g cm-‘, obtained by flotation of 
the crystals in a mixture of dibromomethane and hexane- 

For data collection Cu-R, radiation was used. The intensities were measured 
by the 6 - 20 technique at a takeoff angle of 3.0”. At this angle the intensity 
of a reflection was about-90% of its maximum value. A receiving counter aperture 
4 mm high and 4 nun wide was positioned 35 cm from the crystal. Symmetric 
scans in 20,O.S” below the K,i peak to 0.8” above the Koll peak,. were used. 
Stationary-counter, stationary-crystal background counts of 10 set were mea- 
sured at the beginning and end of each scan. For reflections having I < 3u(1), the 
scan was repeated once with background counting times of 20 set, and added 
to the results of the fast scan_ Attenuators were inserted automatically if the 
intensity of the diffracted beam exceeded about 7000 counts set-‘. 

The accessible data set for which k =G 0, I < 0, and having 20 =G 160” was 
gathered; the intensities of 7628 reflections were recorded. The intensities of 
the standard reflections (six in the bisecting mode, three in the parallel mode) 
remained constant within counting statiitics. 

All data processing was carried out as previously described [6]. The value of 
p was selected as 0.04. The values of I and o(l) were corrected for Lorentz and 
polarization effects. The 6283 unique reflections for which F;: > 3a(F;Z,) were 
used in subsequent calculations_ The linear absorption coefficient, ~1, for this - 
compound using C&R, radiation is 99.0 cm-‘. An absorption correction was 



made *, and transmission coefficients ranged from 0.163 to 0.476. 
The position of the Pt atom was unambiguously revealed by a Patterson 

synthesis. A consistent set of P positions (Pt-P 2.3 A, P-Pt-P 115’) was chosen, 
and a least-squares refinement on F computed. The function Cm( IF,,1 - lF,l)* 
was minimized, in which w = 4Fi/o*(Fz) and IF,] and IF,] are the observed and 
calculated structure amplitudes_ Values of the atomic scattering factors and 
anomalous terms were taken from the usual source [8]. Only the overall scale 
factor and the positional parameters of the Pt and P atoms were varied_ This 
refinement led to the agreement indices R = 0.29 and R, = 0.41, where R 
= CliF,i - iF,l1/ClF,l and R, = (Xw(iF,I - lFcl)2/Z~o)‘n. At this point, one of 
the Pt-P distances had increased to about 2.4 A. On an ensuing difference 
Fourier map we found a peak of 13 e Ae3 bans to the other P position, and 2.3 
A away from the Pt. atom. Five of the six final phenyl rings were also found. 
Clearly, instead of the desired cis geometry, the triphenylphosphine ligands 
are trans to each other and the chlorine atom is coordinated to the platinum 
atom. Hence the compound-that had crystallized is a a-ally1 complex. The D- 
ally1 group and the remaining phenyl ring were found on a subsequent difference 
Fourier map_ The Pt, P, Cl, and ally1 C atoms were refined anisotropically; the 
phenyl rings were treated as rigid groups [9] and restricted to their known geom- 
etry (6/mmm symmetry, d(C-C) 1.392 A). Each ring carbon atom was assigned 
an individual isotropic thermal parameter. Hydrogen atoms were included in 
later structure factor calculations in calculated idealized positions (d(C-H) 0.95 
.4) which were not refined. 

The final refinement of 136 variables using 6289 observations resulted in the 
values R = 0.048 and R, = 0.064. A structure factor calculation for the 660 
reflections omitted from the refinements because p0 < 3u(p0) revealed that in 
no case was IF?, - r;,I > 5a(F2,). There are no significant trends in Cw(iF,I 
- lF,l)* as a function of IF,I, setting angles, or Miller indices. No extinction 
correction was thought necessary. The largest peak in the final difference 
Fourier map is 1.0 e X3 and is near the Pt atom. The error in an observation 
of unit weight is 2.41 electrons. 

The positional, thermal, and group parameters derived from the last cycle 
of least-squares refinement are given in Table 1, along with the standard devia- 
tions as estimated from the inverse matrix. The positional parameters of the 
ring carbon atoms which may be derived from the data in Table 1 are presented 
in Table 2, together with their thermal parameters. The final values of 10 ]F,,I 
and 10 IF,] in electrons are given in the table of structure amplitudes. This table 
and that of the root-mean-square amplitudes of vibration have been deposited **. 

l In addition to various load programs for the CDC 6400 computer. programs used in this work include 
local versions of !Zalkin’s POEDAP Fourier ~rocram. tbe AGNOST absomtion propram. and Busing’s 
and Levy’s ORFFE function and error program. Our least~urred program NUCLS. in its non- 
sroup form. closely resembles the Busing-I&w ORFLS program. The diffractom&Z was in 
Illld~ the dfsk-oxtcntcd vllldermt system [-I)_ 

l * The Table of struchuc amplitudes, and the tabb of the root-meanupaxe amplitudes have been 
deposited as NAP3 Document No. 03043 <46 PeCa). Ordu Irom ASIS/NAPS. e/o MIcrofiche 
FubIIutIopq New York. N.Y. 10017. A copy nuy be -dbycItinrzthed Went number. 
rem5tiI.u + 11.25 for ~IIotocoPiCs or $3.00 for mIao5che. Advance Peyment Is required. Make 
checks ~=~abIe to MIcrofiche Publications. OutIsde of the United States and Cane& ~ostsce Se 
3 3.00 for a photocow ox l 1.00 for a fiche. 
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Description of the structure 

The data crystal, taken from an authentic sample of [Pt(??3-C3HS)(PPh&]Ci, 
cousists of discrete, neutral molecules of frans-Pt(tl*-C,H,)CI(PPh,),, occupying 
general positions in the space group P2, /n. The inner coordination geometry is 
shown in Fig. 1, a stereo view tif the molecule is presented in Fig. 2, and a pack- 
ing diagram is presented in Fig. 3. A selection of distances and angles is given in 
Table 3. 

The molecules are generally separated by van der Waals’ contacts. The closest 
nonbonded interactions involve the hydrogen atoms of the ally1 group. The 
triphenylphosphine ligands form a pocket into which the ally1 group fits, mini- 
mizing i&ermolecular repulsions_ 

The complex clearly is a typical square-planar Pt(I1) complex; the least-squares 
plane determined by the five atoms of the coordination sphere is given by the 
equation 11.71x + 4.52~ - 0.84~ - 2.68 = 0. The carbon atom is 0.07(l) A out 
of this plane, while the displacements of the other atoms are 0.01 A or less. Although 
occupying a general position, the complex has approximate C, site symmetry. 
The pseudo mirror plane is given by the equation -4.43x + 4.543, + 12.072 - 
0.02 = 0 and passes through the Pt and Cl atoms and is perpendicular to the 
P-P vector_ The deviations of the angles in the coordination sphere from those 
of the ideal square planar geometry are small and unimportant_ 

The two Pt-P bonds are equal within experimental error (mean Pt-P distance 
2.303(3) A), and are typical of values in complexes of this sort. The P’t-Cl dis- 
tance of 2.425(2) A is among the longest known, and presumably reflects the 
large truns-influence of the o-ally1 ligand. The E%-P and E%-Cl bond distances 
of several trans-PtXClP, complexes are presented in-Table 4. McWeeney et al. 
[lo] have noted a good correlation between the electronegativity of atom X and 
the Pt-Cl distance in such complexes; the Pt-Cl bond is lengthened as the 
electronegativity of atom X decreases. When the data presented in Table 4 are 
added to those compiled earlier [lo], the same general trend is observed, but 

Flp. 1. A perspective view of the cooniiaation sphere of tranr-pr<+C$3~)Cl<~~_ The shapes of the 
atoms In this and the follom dtawixus represent 50% probability contours of thermal motion 
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Fii 2 A stereo view of the complete molecule_ The view is down the y-six with the s-axis horizontal 
and to the right.. Hydrogen atoms are omitted for clarity. 

not as clearly. The rationalization of the truns-influence in Pt(II) complexes 
solely on the basis of electronegativity is probably an oversimplification We 
conclude from these data that the truns-influence of a o-alIy1 group is about 
equal to that of a trimethylsilyhnethyl group or a hydrido ligand- 

The Pt-C(l) distance of 2.090(4) R is typical of Pt(II)-C(sp3) bonds (cf_ the 
values of 2.079(14) A in frorzs-Pt(CH2SiMe3)C1(PMezPh)2 [ll], and 2.07(l) A 
in trans-PtMeCl(PMePh,), [XI]), and approximately the value expected from 
the sum of covalent radii. That the C(l)-C(2) bond length is l-464(7) A and 
that the C(2)-C(3) distance is l-311(9) A suggest to us that there is no need 
to resort to resonance structures to describe the Ptallyl linkage in this corn- 
plex_ The values of 125_7(6)O for the C(l)-C(2)-C(3) angle and of 112.6(3)” 
for Pt-C(l)-C(2) angle reinforce this conclusion. The orientation of the aIIyI 
group may be described by two parameters: the angle between the plane of 

i 
Fig_ 3; A St- drawfng illusbating the packing in tmru-Pt<nt-C3H&l(PPh~~~ The view is down the 
x-dir&io~ with the y-axis vutical. Hydrogen atoms are omitted_ 
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TABLE 3 

DISTANCES ANDANGLES IN Pt(ll'G~H5,Cl[P(C,H,,312 

Intmmolccu&r disfonces(& 
Pt-P(l) 
Pt-P(2) 

Pt-Cl 

lJt-c(l) 

Pt-C(2) 

An&s (deg) 
P<I)_PL-P(2) 

P(l)_Pt-CI 

P(2)-Pt-CI 
P(l)-Pt-C(l) 

P(Z)-Pt--G(l) 

Cl-Pt-C(l) 

pr--c(1)--c(2) 

c(l)-fx2)--c(3) 
Pt--P(I)-C(111) 

Pt-P(l)-C(211) 

2_304(2) Pt-a3> 4.004(S) P~1kC<131) l-839(3) 
2.302(2) C(l~(2) l-464(7) P<2)--c(211) l-827(5) 
2.425(2) CW-C(3) 1.311(S) P(2)-C(221) 1.846(4) 
2.090(4) P(l)-C(lll)= l-822(4) P(2)-C(231) l-814(4) 

2978(5) P(l)--c1.121) l-834(4) P--ax&!.) 1.830(12) 

175.70(5) 
87.07<5) 

88.68(5) 
92.1<2) 

32.1(2) 
177.7(l) 
112.6(3) 

125.7<6) 

111.2(l) 

llS.l<l) 

Pt-P<l)--c(131) 
Pt-P(2)-C(211) 

Pt-P(2j-c(221) 
Pt-P(2)-C(231) 

c(lll)-P(I)-_c(12I) 

C(lll)_P<1)%(131) 
C<l2l)-P<1>~~131) 

C<211)-P(2)--c(221~ 

C<211)_P<2)--c(231) 

C<221)-P<2)--c(231) 

114.1(l) 
113.0(l) 

119.4(2) 

111.5(2) 
103.2(2) 

106.6(2) 
101_3(2) 
103.3<2) 

107.3(2) 
100.9(2) 

Intmmolecubr nonbonded contacts I.-%) b 
Pt-H(l)C(l) 2.64 Pt-H(136) 2.97 

Pt-H(2)C<l) 2.64 Cl-H<:36) 2.78 

F't-H(122) 2.93 CCH(212) 2.79 

Intermokcuhr nonbonded contacts (A, a 
Cl-H(114) 2.78 C(233)-H(13.t) 2.86 

Cl-H(135) 2-79 C(235)--H<l15) 2.75 
Cl-H(213) 2.89 H(112)-H(125) 2.17 

CC%-H<126) 2.77 H(115)_H(235) 2-21 

C(115)-H(233) 2.76 H(116)_H<133) 2.37 

C<124)_H(126) 2.89 H(123)-H(222) 2.24 .- 
C<214)_H(133) 2.87 H(215)_H(2)C(3) 1.91 

C(2321-H(134) 2.81 H(226)_H(2)C(l) 2.39 
- - 

uThekbelsC(1).C(2).andC(3)denotethecarhonatomsofthe all~lgroup.In thcIabelsC(xyr) ofthe 
pheny1wrbonatoms.x denotes~ephosphorusatomto whichtberinghattached.y specifiesthenumber 
ofthe phenyltig.andz indicatestbepositionoftbe ~articularcarbonatomintherin~.~ Inthe calculi- 

ti~nofthe~distanc~.the hydrogeneto~werepkcedincalculatedidcalized~ositionswith d(C-HI 
1.08A. 

TABLE4 

STRUCTURALPARAMRTERSOFSOME tmns-PtXClP2 COMPLEXES 

X P Pt-Cl (A) pt-pa,, <A) Ref. 

P-HNNC5IQF 
II-HzNNHC,jHqF 

PEtj 
PEtg 

2.291(2) 2.320(3) 15 
2.303(2) 2.328(2) 16 

,Ph2PC,#&CHC5~PPh~O 
CH=CH2 

f%CPh 

P-NNC-F 
CH2SiMe3 
H 

d3H5 
siMePh2 

S~c(l~laH7)ph 

CE3 

PEt2Ph 

PEtZPh 

=t3 

PMe2Ph 

PEtPh2 

-3 
PMe2Pb 

Pbre2W 
Pble2Ph 

2.371(3) 
2398(4) 
2.407(6) 

2_413<6) 
2.416<5) 

2.422(S) 
2.425(2) 

245~ 
2.454<4) 
- 

2.268(4) 17 
2295<4) 18 
2.304(7) 18 

2302(4) 19 
2.293(7) 11 

2.268(g) 9 
2.303(3) Thiswork 
- 10 

2.296(6) 20 
- 12 
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the al&l group and the mean coordination plane (66”), and the torsion angle 
P+C(l)-C(2)-C(3) (-119”)_ The closest nonbonded contacts involving the Pt 
atom are those with the methylene hydrogen atoms of the ally1 group, 2.64 A 
away. This suggests that there is little Pt-H interaction. Similarly, there is no 
tendency toward coordination of the C=C double bond to the platinum atom. 

The present structure may.be compared with three other reported structures 
containing an ally1 group o-bonded to a Pt(I1) ion_ The uncertainties in the param- 
eters of [Pt@-CSHs)(acac)lz and [Pt(@Z,H,)(p-Cl)14 1131 are too large to enable 
useful comparisons; in addition, these complexes contain bridging ally1 groups, 
o-bonded to one Pt atom and x-bonded to another_ The recent communication 
of the crystal structure of Pt($-C3H,)CI(CHSNC)(PPh,) 1141 is of more interest. 
The bonding parameters are in general similar to those observed here (Pt-C(l) 
2_14(2), C(l)-C(2) l-32(5), C(2)-C(3) l-24(6) A, Pt--C(l)-C(2) 110(2)“, 
C(l)-C(2)-C(3) 144(3)“, Pt-C(l)-C(2)--C(3) 131”, angle between ally1 and 
coordination planes 67”), though the errors are too large to permit detailed 
comparisons to be made. The orientations of the ally1 groups in these two com- 
plexes seem to differ_ In the isocyanide complex the ally1 group seems to ex- 
tend farther from the metal atom than in the present complex. The isocyanide 
complex is certainly a less crowded structure than the bis(triphenylphosphine) 
complex, and it is likely that any differences in the orientation of the ally1 group 
are a result of differences in nonbonded interactions_ 

It is clearly important to rationalize the production of the present a-ally1 com- 
plex_ The bulk material prepared by the method of Volger and Vrieze 123 has 
infrared (Nujol mull) and PMR (CDC13 solution, -20°C) spectra, and a melting 
point (21O”C, with decomposition) that agree with those given for [Pt($-C,H,)- 
(PPh,),]Cl 121. The “room temperature” (-40°C) PMR spectrum of the bulk 
material in CDCIS solutions exhibits, in addition to the phenyl proton reso- 
nances, a quartet centered at 6 3.47 ppm (with respect to a TMS internal stan- 
dard) attributed to four equivalent terminal ally1 protons coupled with both the 
Pt atom and the single central ally1 proton The resonance of this central proton 
is very faint and occurs at about 6 5.7 ppm. Several crystals which resembled the 
data crystal morphologically were separated by hand from the bulk material_ 
The PMR spectrum at 10°C in C6Db solution displays a pattern typical of a 
u-bonded ally1 group, in agreement with the X-ray results. 

Formation of the a-complex can be rationalized in the following way. The 
cationic x-ally1 complex is prepared in benzene, and it is easy to imagine that 
in such a nonpolar solvent a chloride ion could displace one end of the 7r-ally1 
group to form a neutral o-ally1 complex_ This is consistent with the known 
chemistry of the r-ally1 complex [4,53. Once formed, the neutral o-complex 
should be more soluble in benzene than the cationic a-complex. The crystals 
were grown by layering a solution of the bulk material with pentane. Most of 
the crystals formed were very small - too small to be used for data collection. 
These are crystals of the rapidly precipitated n-ally1 complex. The few larger 
crystals are those of the u-ally1 complex. These crystals formed more slowly 
because of their increased solubillty over the or-ally1 crystals. 

The PMR spectrum of [Pt(~3-C&)(PPh~)Z1Cl in CDCI, solution shows that the 
molecule is fluxional even at -50°C. Volger and Vrieze [2] proposed, and other 
authors [4] have concurred, that this dynamic behavior ~811 be explained by the. 
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presence of a short-lived a-ally1 intermediate. This proposal seems eminently 
reasonable, as this work conclusively demonstrates that the proposed a-ally1 
complex is present under the same conditions as the n-complex. 
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