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Summary

The acetylene complex (P(CsHs):).Pt(CsHsC=CCH,) crystallizes in the
monoclinic space group P2; with a = 14.840(4), b = 9. 558(3), c=13.553(4)A
and 8 = 102.74(2)°. The observed density of 1.47(2) g cm™ agrees with the value
of 1.480 g cm™3, calculated for M = 835.8 and Z = 2. Three dimensional X-ray
diffraction intensity data were collected on an automatic four circle diffracto-
meter using Mo radiation. The sitructure was solved by the heavy atom method
and refined by Fourier and full matrix least-squares techniques on F. The final
conventional agreement factor for the converged model is 0.042, using 2843
observations with 7> 30(I). The coordination geometry about the Pt atom is
essentially trigonal, if the coordinated triple bond of the acetylene is assumed
to occupy one coordination site. The acetylene ligand adopts a cis-bent configu-
ration, with a mean departure from linearity of 40(1)°. The coordinated triple -
bond length is 1.277(25) A. The plane of the phenyl substituent of the acetylene
is inclined at an angle of 10.4° with the plane of the acetylene ligand. The mean
Pt—C(acetylene) distance is 2.029(15) A. The structural results indicate that
the acetylene is considerably perturbed on coordmatxon, consxstent with the
observatlon that Ay(C=C)is 478 cm™. = S :

* For pm IV gen :et, 1. . : i :
** Present address: Chemistty Division (3429), A‘E.R E Earwell. Oxfordshi.re oxu ORA (Great

Brltain)
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Introduction

In 1957 Chatt et al. [2] prepared a series of acetylene complexes (PPh;),-
Pt(acetylene), and since that time a number of workers [3-17] have prepared
related complexes. In these compounds the coordinated triple bond was thought
to resemble a double bond, as ¥(C=C) was reduced by some 500 cm™.

A 'H NMR study on (PPh;),Pt(PhC=CMe) [5,6] furnished useful structural
information. The observation of two distinct couplings to the methyl H atoms
of the acetylene, J(P— H.;) 1.2 Hz and J{(P—H,,,,,) 6.2 Hz, suggested that the
coordinated triple bond lay in the plane of the Pt and the two P atoms, and that
rotation about the Pt—acetylene bond was not detectable on the NMR time
scale. That this geometry was preserved in the solid state was demonstrated
for analogous complexes in preliminary reports of the X-ray structural determi-
nations of (PPh;),Pt(PhC=CPh) [19] and (PPh;),Pt{NCC=CCN) [20]. The first
complete account of the X-ray structural determination of such a compound,
(PPh,),Pt(F3CC=CCF;), has recently appeared [1], and structural results have
been presented for (PPh;),Pt(cyclo-CgHg) and (PPh3),Pt(cyclo-C;H;o) [21].

In an attempt to obtain further structural information for these complexes,
we undertook a single crystal X-ray diffraction study of bis(triphenylphosphine)
(1-phenylpropyne)platinum(0), (PPh;),Pt(PhC=CMe). An RC=CR' acetylene
ligand was chosen in order to see whether the difference in electron-withdrawing
power of the substituents resulted in any discernible structural differences, and
whether such a difference (if present) could be accounted for in terms of exist-
ing bonding theories.

Experimental

A crystalline sample was kindly furnished by Dr. J.E.H. Ward. Pale yellow
prismatic crystals were obtained by recrystallisation from methylene chloride
and n-pentane. Crystal data were obtained from a preliminary photographic
examination, and are summarised in Table 1. The systematic absences observed
are consistent with space groups P2, (C3, No. 4) and P2,/m (C%,, No. 11) [22].
With two formula units per cell, a mirror plane is imposed upon the molecule
in P2,/m, whereas no symmetry constraints exist in P2,. Solution and refine-
ment were initially attempted in P2,, a choice which was later justified by a
successful analysis.;

The crystal chosen for data collection was mounted so that the long di-
mension [010] was offset from coincidence with the diffractometer ¢ axis to
minimise the.possibility of multiple reflections [23]. The mosaicity of the crystal
was examined by the method of Furnas {24]. The mean width at half height
was 0.09°. Refined cell parameters and an orientation matrix were obtained
from a least-squares procedure* employing the angular setting values of 29

* Computing was performed on the DEC PDP-10 and the CDC Cyber 73/1-% at the University of
Western Ontario. Among the programs used were: cell refinement and orientation matrix, PICKTT,
based on the logic of Hamilton’s MODE 1; Fourier syntheses, Zalkin’s FORDAP; least-squarxes
refinement, WOCLS,; a version of Ibers’ NUCLS: absorption correction, AGNOST, by Cahen and

- Ibers; Johnson’s CRTEP for illustrations; and ORFFE, Busing, Martin anil Levy’s function and

_ error progzam.
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‘TABLE 1
CRYSTAL DATA FOR (PPh3),Pt(PhC=CMe)

PtP;CasHag

Crystal description
Systematic absences
Space group

Cell constants

f.w. = 835.8

Pale vellow prisms

0k0.k=2n+1

Monocklinic, P2; (C2) .

a =14.840(4) A, b =9.558(3) A,

c=13.553(4) A, g = 102.74(2)°

1875 A3

1.47(2) g cm ™3, by flotation in CoH4Bry/n-CsH;o
1.480 gem 3 forZ =2

Cell volume
Density (observed)
(calculated)

carefully centred reflection for which 14° < 20 < 31°.

The experimental conditions used for data collection are summarised in
Table 2. The standard reflections showed only random fluctuations during the
collection period. The scan range, 0.8°, was corrected for dispersion, such that
the scan started 0.4° below the K«, peak, and ended 0.4° above the Ka, peak.

A total of 4771 kkl reflections was collected, with 0° < 26 < 55°. A further
3381 hkl reflections were also measured, out to a 20 maximum of 50°. The data
were corrected for background, and values of g(I) calculated, as described else-
where [1]. The initial value of p was chosen as 0.00, though this value was
adjusted as the refinement proceeded in order to achieve an error on an obser-
vation of unit weight approaching unity at convergence. After correction for
Lorentz and polarization effects, 3509 of the hkl reflections, and 2556 of the
hkl data had magnitudes I > 30o(J).

Absorption correction trials indicated transmission factors varying from
0.548 to 0.705, so on absorption correction was applied. The Gaussian method
was used, with 8 X 12 X 6 grid.

TABLE 2
EXPERIMENTAL CONDITIONS FOR DATA COLLECTION

Radiation Mo-Kqy (F\KC,,l = 0.70926 A)
Filter Nb foil (0.07 mm thick) prefilter
Temperature 22°C

Mean ‘w’ scan width at half height 0.09°

Reflections centered, in 28 range
Scan range, speed

Stationary background count time
Standards -

Take-off angle

Intensity obtained for a given reflection
Crystal-counter distance

Aperture size

20 range

p(Mo-Kq)

Crystal faces

Crystal dimensions

29,14 < 20 < 31°

0.8°, 1° min™1

10 sec (20 sec for 20 > 50°)
5; 020, 331, 200, 002, 200
1.4°

90% of rmaximum

32 cm ’

4 X 4 mm

0< 26 < 55°

36.6 cm™} L
{001}, {101} ana {100}
(T11), (121) and (121)
0.18 X 0.18 X 0.26 mm
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7 Structure solution and refinement

The positions of the Pt and two P atoms were readily located from a three-
dimensional Patterson synthesis. Two cycles of full matrix least-squares refine-
ment on F utilizing the hkl reflections with I > 20(1), refining a scale factor,

. positional and isotropic thermal parameters and with the origin defined by the
Pt at y = 1/4, led to residuals R; = 0.199 and R, = 0.235 (3745 observations, 12
variables, p = 0.020). Agreement factors are defined as R; = ZT({|Fol — | F )/
ZiFol, R: = Zw(lFol — |F,.|)?*/ZwF,?, the weight w is 4F,2/0%(F,?) and the function
minimized is Zw(|Fol — {F,|)?. The atomic scattering factors for Pt, P and C
atoms were those of Cromer and Waber [25], while those of H were taken from
Stewart et al. [26]. Anomalous dispersion contributions [27] to the F_ values
were included for the Pt and P atoms and were taken from Cromer and Liber-
man [28].

A series of difference Founer syntheses and least-squares refinements
resulted in the location of the other 45 non-hydrogen atoms in the molecule.
The phenyl rings were refined as rigid groups with D¢, symmetry and C—C =
1.392 A [29]. The molecular geometry obtained showed that m symmetry
could not be imposed on the molecule and so refinement was not attempted in
P2,/m. Two cycles with all non-group atoms refined anisotropically, and with
individual temperature factors refined for the group C atoms led to residuals
R,; =0.049 and R, = 0.064 (3472 observations, 138 variables).

. P2, is a polar space group and thus there are two possible orientations of
the molecule with respect to the 2, axis. One model, A, had been arbitrarily
chosen up to this point. The second model, B, is the mirror image of model A.
Several refinements were now attempted on B in order to determine which
model better fitted the observed intensity data. It was not possible to differenti-
ate between A and B on the basis of R, values obtained in the refinements, and
the molecular geometries observed in each case were virtually indistinguishable.
Structure factors were calculated for both A and B, and Bijvoet pairs examined.
Again, no conclusive evidence was obtained in support of either model, and it
became evident that rejection of one model would have to be accomplished
by deciding which had the more chemically credible geometry. It has been
shown [30,31] that the choice of the wrong model for the value of Af"” applied
to the scattering factor will lead to errors in the coordinates of the atoms for
which there are anomalous scattering effects. Although the Af” contributions
are considerable (8.388e for Pt, 0.095¢e for P) the plane of the PtP, moiety is
virtually perpendicular to the y axis, and so the relative positions of these atoms

! only slightly be affected by such polar dispersion effects. On the basis of
known structural evidence for (PPh;),Pt(acetylene) complexes (Table 9) model
A was retained.

The conditions for the final cycles of refinement were:

(i) only those reflections with I > 3¢(I) out to a 260 value of 50° were em-
ployed.

(i) the p value was 0.027.

(iii) the origin was defined by the Pt atom at y = 0.10.

(iv) phenyl H atom contributions were included in the calculated structure
factor Ideahzed posﬂnons (C—-H 1. 00 A) were assumed. Isotropic thermal

(continued on p. 321)
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) TABLE 4. GROUP PARAMETERS AND DERIVED PHENYL C AND H ATOM POSITIONAL AND
THE_RMAL PARAMETERS

a

Group Xg yg zg & € n
Ring1 —0.0773(5) —0.0140(9) 0.2230(6) 0.419(6)'5 —2.931(8) —3.022(8)

‘Ring 2 0.1053(6) 0.4221(9) 0.3648(7) —3.026(28) —1.871(6) 1.583(28)

- Ring 3 - 0.2112(6) -—0.0785(11) 0.4879(7) —1.650(10) 2.627(7) 1.018(11)
Ring 4 0.4148(6). © 0.2578(11) .10.4595(7) —2.344(10) 2.953(7) 1.844(10)
Ring 5 0.5072(5) 0.1126(20) 0.1355(7) 2.729(16) —2.932(16) —2.547(10)
Ring 6 0.3068(6) 0.5524(9) 0.1459%(7) —1.182¢(9) —2.508(8) —2.800(10)
Ring 7 0.2650(7) 0.0462(12) —0.1681(7) 2.228(12) 2.868(7) —1.773(11)
Derived phenyl group C atoms Derived phenyl group H atoms
Atom x v z B(A2) Atom x y z
Ring 1
1C1 0.0108(5) 0.0416(11) 0.2563(9) 3.6(3)
1C2 —0.0664(6) 0.1265(9) 0.2503(8) 4.1(3) H1C2 —0.058 0.227 0.270
1C3 —0.1546(5) 0.0709(12) 0.2170(10) 5.5(4) H1C3 —0.210 0.132 0.213
1C4a —0.1655(6) —0.0696(13) 0.1898(12) 6.5(5) H1C4 —0.229 —0.109 0.165
1C5 —0.0883(8) —0.1545(9) 0.1958(12) 6.4(5) H1C5 —0.096 —0.255 0.176
1C6 —0.0001(7) —0.0989(10) 0.2290(10) 4.8(3) H1C6 —0.0565 —0.160 0.233
Ring 2
2C1 0.1147(8) 0.2837(9) 0.3367(8) 3.3(3)
2C2 0.1128(9) 0.3158(12) 0.4364(7) 5.3(4) H2C2 0.118 0.240 0.488
2C3 0.1034(11) 0.4542(14) 0.4645(8) 6.1(4) H2C3 0.101 0.477 0.536
2C4 0.0958(13) 0.5605(10) 0.3929(11) 9.4(8) H2C4 0.088 0.660 0.413
2C5 0.0977(11) 0.5284(10) 0.2931(10) 5.8(4) H2C5 0.092 0.605 0.241
2C6 0.1071(9) 0.3900(12) 0.2650(7) 4.7(3) H2C6 0,109 0.367 0,193
Ring 3
3C1 0.1751(7) 0.0025(13) 0.4031(8) 3.8(3)
3C2 0.2654(7) —0.0467(15) 0.4191(9) 4.8(4) H3C2 0.304 —0.024 0.370
3C3 0.3016(7) —0.1278(18) 0.5039(11) 7.5(6) H3C3 0.366 —0.163 0.515
3C4 0.2474(10) —0.1596(18) 0.5727(10) 7.7¢6) H3C4 0.273 —0.217 0.634
3C5 0.1570(10) —0.1104(18) 0.5567(9) 6.3(5) H3C5H 0.118 --0.133 0.606
3C6 0.1209(%) —0.0293(15) 0.4719(10) 5.2(4) H3C6 0.056 0.006 0.461
Ring 4
4C1 0.3843(8) 0.2479(14) 0.3550(7) 4,0(3)
4C2 0.4582(8) 0.1663(13) 0.4048(9) 4.9(4) H4C2 0.489 0.099 0.366
4C3 0.4887(9) 0.1762(16) 0.5093(9) 7.4(5) H4C3 0.541 0.116 0.545
4C4 0.4454(11) 0.2677(19) 0.5640(7) 6.8(5) H4C4 0.467 0.275 0.639
4C5 0.3715(11) 0.3493(17) 0.5143(9) 7.3(5) H4C5 0.341 0.416 0.553
4C6 0.3410(8) - 0.3394(14) - 0.4098(9) 5.5(3) H4C6 0.289 0.399 0.374
Ring &5
5C1 0.4387(9) 0.1764(30) 0.1752(12) 5.2(8)
5C2 0.4403(11) 0.0314(29) 0.1659(14) 5.0(8) H5C2 0.394 —0.027 0.191
5C3 0.5088(17) —0.0325(20) 0.1262(21) 7.6(8) H5C3 0.5613 —0.138 0.125
5Ca 0.5757(10) 0.0487(23) 0.0957(13) 5.8(5) Hb5C4 0.626 0.001 0.070
5C5 0.5741(11) 0.1937(22) 0.1050(15) 9.3(10) H5C5 0.621 0.251 0.080
5C6 0.5056(16) 0.2576(20) 0.1447(20) 5.9(5) H5C6 0.502 0.361 0.145
Ring 6 -
6C1 " 0.32356(8) 0.4145(10) 0.1777(9) 3.5(3)

.6C2 0.3773(8) 0.5221(1%) 0.2295(9) 7.5(6) HeC2 - 0,429 0.500 0.289
6C3 0.3606(10) 0.6600(12) 0.1977(12) - 6.4(5) H6C3 0,400 0.737 0.234
6C4 0.2901(11) 0.69047(10) 0.1141(12) 7.0(5) HeC4 0.279 0.789 - 0.091
6CS5 . 0.2363(8) 0.5828(13) © 0.0624(8) 5.0(3)° HeCHS 0.186 0.605 0.002
6C6 -0.2530(7) - 0.4448(11) - . 0.0941(8) 4.5(3) H6CS 0.215 0.368 0.057

(conﬁnued)r
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Derived phenyl group C atoms
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Derived phenyl group H atoms

Atom x ¥ z B(A?%) Atom x Cy z
Ring 7

7C1 0.2330(8) 0.0458(14) —0.0790(8) 3.9(3) .

nc2 0.1855(10) --0.0282(16) —0.1629(11) 6.8(5) H7C2 0.128 —0.080 —0.160
7C3 0.2175(13) —0.0279(20) —0.2521(10) 9.5(8) H7C3 0.183 —0.080 —0.313
7C4 0.2970(12) 0.0466(21) —0.2573(8) 7.9(7 H7C4 0.320 0.047 —0.321
7CH 0.3445(8) 0.1206(19) —0.1733(9) 6.4(4) H7CS 0.402 0.173 —0.177
7C6 0.3125(7) 0.1203(16) —0.0842(8) 4.9(3) H7C6 0.347 0.173 —0.024

G xg yg and zg are the fractional coordinates of the group center; §, € and 1 (in radians) are the group
orientation angles [29].

parameters were assigned such that the H atom temperature factor was 1.0 A?
greater than that of the C atom to which it was bonded, rounded up to the next
higher integral value.

(v) no contribution was included for the methyl H atoms. A difference
Fourier plane calculated for the methyl group (C—H 1.00 &, angle H—C—H 109°
27') showed only a smearing of electron density and, in view of the pronounced
motion of C(1), no satisfactory description of the methyl H atoms was possible.

(vi) 4 reflections, 1 20,1 20,1 2 3 and O 3 1 were seriously in error with
the model and therefore were assigned zero weight.

(viii) anomalous dispersion contributions for the Pt and the two P atoms
were included in the calculated structure factor.

(ix) the seven phenyl rings were refined as rigid groups, with individual
isotropic temperature factors assigned to each group atom.

Under these conditions (2843 observations, 138 variables) refinement con-
verged at R, = 0.042 and R, = 0.055. In the final cycle no parameter shift ex-
ceeded 0.18 of its estimated standard deviation. A final difference Fourier
synthesis showed no peaks in excess of 1.0 eA~3. The largest peak, 0.84(19)
eA™3, at (—0.16, 0.19, 0.19) is in the vicinity of phenyl ring 1, in a position of no
chemical significance. A statistical examination of | Fy| and | F,| values in terms
of indices, magnitudes, X! sin @, and diffractometer angles (X and ¢) showed no
abnormal trends. The error on an observation of unit weight is 1.05 electrons.

The final atomic positional and thermal parameters of the six non-group
atoms are given in Table 3. Table 4 gives the group parameters and the derived
phenyl C and H atom positional and thermal parameters. Table 5 lists the root-

TABLE 5
ROOT-MEAN-SQUARE AMPLITUDES OF VIBRATION (in A X 103)

Atom Minimum Median '~ Maximum
Pt 171(2) 181(2) 191(2)
PQ1) 152(14) 187¢4) 233(12)
P(2) . 178(5) - 195(5) 226(5)
C(1) 175(29) ) 270(28) 530(46)
C(2) 156(22) 260(23) 302(23)

c(3) . 179(20) 219(20)  248018)
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: mean—square amphtudes of vibrations of the non—group atoms. A listing of ob-
served and calculated structure factors (X 10 in electrons) has been deposited*.

- Descnpmon of the structure

o ‘The structure consists of discrete molecules, the closest intermolecular
. distance of approach being 2.23 A between H atoms bonded to 7C5 and 5C3.

- This distance is shorter than the sum of the Van der Waals H radii, 2.4 A [33].
The shortest intermolecular contact not involving H atoms is 3.62 A between
2C3 and 3C6. The principal intramolecular bond lengths and bond angles are
given in Table 6. A view of the molezule, together with the atom labelling
scheme, is given in Fig. 1. The inner coordination sphere about the Pt atom, to-
gether with some selected bond distances and angles is given in Fig. 2. Fig. 3
shows a stereoview of the molecule. Selected weighted least-squares planes ap-
pear in Table 7. '

. Fig. 1._'An ORTEP illustration of the molecule, showing the atom numbering scheme. Thermal ellipsoids
are drawn at the 50% probability level

* The table of structure factors has been depostted as NAPS Document No. 02638 (2 pages) Order
from ASIS/NAPS, c/o Microfiche Publications, 440 Park Avenue South, New York, N.¥Y. 10016.
A copy may be secured by citing the document number, remitting 85. 00 for photocopxes or
$3.00 for microfiche. Advance payment is required. Make checks payable to Microfiche Publi-
o cations. Outside of the United Stata and Cana.da postage is $2 00 Ioz a photocopy or 81 00 for
- a fiche. - . E
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2.298(4)

P(2)

Fig. 2. The inner coordination sphere.

The coordination about the Pt atom is essentially planar, with the acetyle-
ne triple bond approximately in the plane of the PtP, moiety. The dihedral
angle (the angle between the normals {o the planes through P(1), Pt, P(2), and
C(2), Pt, C(8) is 6.4(7)°. The Pt—P distances are 2.277(3) and 2.298(4) A, just
significantly different values (A = 40). The P(1)—Pt—P(2) angle is 103.2(2)°
and the C(2)—Pt—C(3) angle is 36.7(7)°. The Pt—acetylene C atom interactions
are 2.014(16) and 2.044(17) A, not significantly different values. The P(1)—Pt—

) Fig. 3. A stereoview of the molecule.
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- TABLE 6

" SELECTED INTRAMOLECULAR BOND DISTANCES AND ANGLES

SELECTED LEAST-SQUARES PLANES

Bond Distance (&) Atoms Angle () -
(a) Coordination about the Pt atom
Pt—P(1) 2.277(3) P(1)y—Pt—P(2) 103.3(2)

T Pt—P(2) 2.298(4) P(1)y—Pt—C(2) , 109.6(6)
Pt—C(2) 2.014(16) P(2)—Pt—C(3) 110.0(4)
Pt—C(3) 2.044(17) C(2)—Pt—C(3) 36.7(7)
(b) The triphenylphosphine ligands
P(1)>-1C1 1.833(11) Pt—P(1)—1C1 113.4(4)
P(1)y—2C1 1.839(12) Pt—P(1y—2C1 114.2¢4)
P(1)>-3C1 -1.822(13) Pt—P(1)—3C1 119.4(5)

1C1—P(1)—2C1 102.1(5)
1C1—P(1)—3C1 100.3(5)
2C1—P(1)—3C1 105.5(5)
P(2)—4C1 1.839(12) Pt—P(2)—4C1 121.3(4)
PL2)—8C1 1.825¢20) P—R{2—-5CT 116.8(5)>
P(2)—6C1 1.860(12) Pt—P(2)—6C1 112.9(4)
4C1—P(2)—5C1 100.4(7)
4C1—P(2)—6C1 101.2(5)
5C1—P(2)—6C1 101.3(9)
{¢) The I-phenyIpropyne ligand
C(1)Y—C(2) 1.487(28) Pi—C(2)—CQ1) 145,2(1.5)
C(2)>—C(3) 1.277(25) Pt—C(2)—C(3) 73.0(1.0)
C(3)y—7C1 1.463(20) Pt—C(3)—7C1 150.5(1.2)
: : Pt—C(3)—C(2) 70.4(1.0)
C(1)—C(2)—C(3) 141.8(1.8)
C(2)—C(3)—7C1 139.0(1.6)
C(3)—7C1—17C2 117.8(1.2)
C(3)>—7C1—7C6 122.1(1.2)
TABLE 7

'Atoms in plape

Plane Departure (A) from plane
A PQ1) 0.058(10)
P(2) 0.009(4)
C(2) 0.19(2)
C(3)- 0.12(2)
Pt - —0.0001(2)
B. €{1}, €(2), €3>
(o]

7C1, 7C3,7C5

Dihedral angle between planes B/C = 10.4°

EQUATION OF PLANES

A —§191x + 8000y — 3,435z = —0.101
B —5.025x + 8.591y —2.428z = —8.85%7
'€ ~11.79x + 0.943y + 10.29z = —1.594
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C(2) and P(2)—Pt—C(8) angles are 51m11ar, 109.6(6) and 110.0(4)° respectlvely,
in contrast to the situation in (PPh;),Pt(F;CC=CCF;) [1] where the corresponding .
values were 114.05(19) and 109.78(18)°. The non-bonded gistances P(1)—C(2)
and P(2)—C(3) are 3.51 and 3.56 A respectively.

The P—C distances in the phosphine ligands range from 1.822¢13) to
1.860(12) A, with a mean value of 1.837(7) A. The mean value in triphenyl-
phosphine is 1.828(5) A [34]. The mean angle subtended by the bonded C
atoms at the P atoms is 102(1)°, while the mean Pt—P—C1 angle is 116(2)°,
indicating the usual compression of the phenyl substxtuents away from the Pt
atom.

The geometry of the coordinated 1-phenylpropyne ligand differs considera-
bly from that of the free acetylene. The coordinated triple bond length is
1.277(25) A, whereas a mean value observed for a triple bond is 1.202(5) A [35].
The acetylenic substituents are bent back away from the Pt by approximately
40°, the methyl substituent hy 38(2)°, and the phenyl substituent by 41(2)°.
These values are not significantly different. The C(1)—C(2) distance is 1.487(28)
A and the C(8)—17C1 distance is 1.463(20) A. The phenyl ring is inclined at an
angle of 10.4° with the plane of the acetylene C atoms, C(1), C(2) and C(3).

Discussion

The essentially planar coordination geometry about the Pt atom is consis-
tent with the 'H NMR study [5,6]. The structural results obtained agree well
with those results available for X-ray crystallographic studies on (PPh,),Pt-
(acetylene) complexes (Table 8), and are consistent with the observation that
Ap(C=C) is 478 cm™! |6, 36]. It is evident from Table 8 that a wide range of
Pt—P, Pt—C(acetylene) distances and P—Pt—P angles exists in these complexes.

It does not seem possible to correlate any trends in the Pt—P and Pt—C distances
and the P—Pt—P angles with the electron-withdrawing or -releasing behaviour

of the acetylene substituents. The value of interpreting small changes in Pt—P

or Pt—C distances in terms of bonding trends can only be justified if the values
differ markedly from the ‘“mean’ values (approximately 2.08 + 0.02 A and

2.28 + 0.02 A for Pt—C and Pt—P distances respectively).

) The perturbations of the coordinated acetylene in the complexes listed in
Table 8 are remarkably constant. With the exception of the cyclohexyne com-
plex, all the compounds studied have their acetylenic substituents cis-bent. away
from the Pt atom to a mean extent of 40 = 1°, and the coordinated triple bond
lengths lie in the range 1.26-1.32 A. The magnitude of the mean bend-back '
angle in the cyclohexyne complex, 52.7(9)°, [21] is probably affected by the
cyclic nature of the ligand. Also noteworthy is the fact that three of the acety-
lene complexes contain unsymmetrical acetylene ligands, PhC=CMe, PhC=CCO,Et
and p-NO,Cs;H,C=CCO.Et. When the ligand is PhC=CCO, Et the bend-back angles
are equivalent, but the Pt—C(acetylene) distances are not [37]; with p-NO,CsHs-
C=CCO,Et the bend-back angles are significantly different, but the- Pt—C(acety-
lene) distances are equivalent [37]; and with PhC=CMe both the bend-back -
angies and Pt—C{acetylene) distances are equivalent. Rationatization of these
abservations is difficult, for a bend-back angle of ~40° is ohserved regardless of
whether the acetylene substltuent is consxdered electron-donatmg (Me), electron- :
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withdrawing (CO,Et), or intermediate (Ph). This apparently ‘limiting’> bend-
back angle of approximately 40° suggeéts that either the mode of bonding in
these complexes is relatively insensitive to the nature of the acetylene substi-
tuent, or such differences in the bonding in these complexes are too small to.be
detected by X-ray diffraction studies. A similar “‘limiting bend-back angle’’ close
to 40° has also been observed for acetylene complexeés of other transition metals
[38].
: The excited state theory described by Orgel [39] and later expanded by
Mason [40-42], and the Maitlis molecular orbital continuum of bond types
model [6] can both accommodate the bonding in these complexes. In the Maitlis
scheme the bonding in these complexes can be presented as being intermediate
between A and B, with the Pt—acetylene 7* back donation dominating the
acetylene-m—Pt interaction. The cis-bent excited state of acetylene was predlcted

to be cis-bent to the extent of 38° in one set of calculations [43], whereas more
recent calculations [44] indicate that the state was cis-bent to 45.6° with a C=C
bond length of 1.33 A. This would indicate that the geometry of the coordinat-
ed acetylene resembles that of the cis-bent excited state.
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