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Summary

The molecular structures of the complexes Pt(As(CgHs)3).(F3CC=CCF3), 1,
and Pd(P(CgHy,)3)2(F3CC=CCF;), 2, have been determined from three-dimen-
sional X-ray data collected by counter methods. Crystals of 1 are monoclinic,
space group P2,/c, with Z =4 in a cell of dimensions a = 11.373(2), b =
15.154(2), ¢ = 21.171(3) A and 8 = 96.74(1)°; those of 2 are also monoclinic,
space group Cec, with Z = 4, and cell dimensions a = 21.168(4), b = 10.603(2),
¢ =18.756(3) A and = 92.58(1)°. Intensity data collected on an automated
four-circle diffractometer was used for full-matrix least-squares refinement on F,
which converged for 1 at R = 0.038, 5687 observations, and for 2 at R = 0.049,
4386 observations. The coordination at the metal atom in the complexes is
essentially planar, and the C=C bond distances are not significantly different
(1, 1.282(9); 2, 1.271(10) A). The mean deviation from linearity of the alkyne
molecule upon coordination is 40.8(5)° in 1 and 44.1(6)° in 2. These values are
in agreement with the proposal that predominantly steric interactions, not elec-
tronic effects, cause variations in this angle.

Introduction

When an alkyne molecule interacts with a transition metal it adopts a cis-bent
geometry, and crystallographic studies on a number of bis(triphenylphosphine)-
(alkyne)platinum(0) complexes have indicated that a bend-back angle of about
40° is normal. For example, a mean value of 39.9(5)° was found in the complex
bis(triphenylphosphine)(hexafluorobut-2-yne)platinum(0) [1}, which increased

* For part VIII, see ref. 3.
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TABLE 1
CRYSTAL DATA

Pt(AsPh3)2(F3CC=CCF3), 1

PA(PCy3)2(F3CC=CCF3), 2

Molecular formula
Molecular weight
Crystal system
Systematic absences
Space group

Cell constants

Cell volume
Density measured by
flotation in
Density (observed)
(calculated)
VA
u

CgoH30As2FgPt

969.61

Monoclinic

hOl for I odd and 0kO for k odd
P21/C

a=11.373(2) &

b=15.154(2) &

c=21.171(3) &

8 =196.74(1)"

3623.6 &3

CCl; and n-pentane
1.79(1) g em™3

1.783 g cm™3

4

55.4 em™! for Mo-Ky

CaoHessFePz Pd

829.31

Monoclinic

hki for h + k odd and hOl for ! odd
Cc

a=21.168(4) X

b=10.603(2) &

c=18.756(3) &

B=92.58(1)°

4205.6 A3

CClz and n-pentane
1.33(1) g em™3
1.316 g cm ™3

4

5.1 ecm~! for Mo-K,

to 45.5(8)° upon replacement of the triphenylphosphine ligands with the steric-
ally bulkier tricyclohexylphosphine species [2]. In a recent study of complexes
of the type PtL,(F3CC=CCF;), where L is either cyclohexyldiphenylphosphine
or dicyclohexylphenylphosphine, we attributed the variation in the bend-back
angle to predominantly steric interactions [3]. We now consider the effect on the
alkyne ligand of changes in the Group V donor atom from P to As, and changes
in the metal atom from Pt to Pd.

Experimental

The complex Pt(As(CgHs)s).(F3CC=CCF3;), 1, was prepared by published
methods [4], and PA(P(C¢H,,)s),(F5sCC=CCF;), 2, was kindly supplied by C.R.C.
Milne. (a) Clear, prismatic crystals of 1 were obtained by recrystallisation from
dichloromethane/methanol mixtures. A photographic examination suggested
the monoclinic space group P2,/c [5], and preliminary cell constants were mea-
sured. Crystal data are presented in Table 1.

The crystal chosen for data collection was mounted on a Picker FACS-1

diffractometer with [001] offset approximately 40° from coincidence with the
diffractometer ¢ axis. Five standard reflections, regularly monitored during
data collection, showed no significant decomposition had occurred. Details of
the experimental conditions are summarized in Table 2. Eight crystal faces were
identified as the forms {100}, {001} and {011 }. The intensity data were pro-
cessed as described previously [3], using a p value of 0.03. *

* Computing was performed on the DEC PDP-10 and the CDC Cyber 73/14 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-squares refine-~
ment, WOCLS, a version of Ibers’ NUCLS: absorption correction AGNOST, by Cahen and Ibers;
Jokhnson’s ORTEP for illustrations and ORFFE, Busing, Martin and Levy’s function and error program
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A total of 8547 reflections was measured; 5687 unique data with I > 3o (1)
were used in the refinement of the structure. The data were corrected for absorp-
tion effects using the analytical method [6]. Transmission coefficients varied
from 0.266 to 0.367. As a check on the quality of the data, the 8547 reflec-
tions collected included 601 pairs of reflections for the equivalent forms hll and
k1l [7]. These reflections gave a weighted agreement factor of 0.021 based on F2.
(b) The Pd complex was first recrystallized from dichloromethane and methanol
mixtures. A photographic examination revealed space group P2,/n (alternate
setting of P2,/c, No 14 [5]) with cell dimensions ¢ = 10.829(2), b = 21.899(4),
c=17.959(38) A, and § = 96.86(1)°. Several attempts were made to record inten-
sity data from these crystals; however, significant decomposition occurred in
the X-ray beam, and all attempts to refine the structure were unsatisfactory.

Suitable, clear, distorted pyramidal crystals of 2 were obtained by recrystalli-
zation from benzene/methanol mixtures. Preliminary photography showed the
crystals belonged to the monoclinic system, with systematic extinctions consis-
tent with the space groups Cc and C2/c. Crystal data are given in Table 1.

The crystal selected for data collection was mounted with [010] offset approx-
imately 60° from coincidence with the spindle axis. A total of 4748 reflections
was measured. These included Bijvoet pairs 21/ and h1/, which were recorded to
provide a check on crystal quality [7]. No crystal decomposition was observed.
The experimental conditions associated with data collection are given in Table 2.

The crystal was measured following data collection. Nine faces were identi-
fied as (00T), (110), (101), (1I01), (011), (117), (111) and the form {100}. The
recorded intensities were processed and p was chosen as 0.03. The structure was
solved using 3732 unique reflections with 7 > 30(]). All reflections were corrected

TABLE 2

EXPERIMENTAL CONDITIONS ASSOCIATED WITH DATA COLLECTIONS

Pt(AsPh3)2(F3CC=CCF3).1

Pd(PCy3)2(F3CCECCF3 ). 2

Radiation
Wavelength (X)
Temperature (°C)

Approximate crystal
dimensions (cm)

Mean w-scan width at
1/2 height

No. and 26 range of
centered reflections

Scan range and speed

Data collected

Background count time

Standards

Mo-K . graphite monochromatized
0.70926

21

0.025 X 0.030 X 0.023

0.075
30, 21 < 20 < 38°

1.30° corrected for dispersion,
at 1° min™1

hkl and hEI, for 0 < 26 < 60°

10 s stationary crystal, stationary
counter at limits of scan, 20 s for
26 > 50°

100, 020, 111, 100, 002 recorded
every 2350 reflections

Mo-K . graphite monochromatized
0.70926

24

0.012 X 0.031 X 0.016

0.084
28, 19 < 260 < 34°

1.20° corrected for dispersion,
at 2° min~!

hlkl and hkl, for 0 < 20 < 65°

10 s stationary crystal, stationary
counter at limits of scan, 20 s for
26 > 50°

300, 002, 200, 110, 111 recorded
every 250 reflections
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for absorption using the analytical method. The minimum and maximum trans-
mission coefficients were 0.051 and 0.066, respectively.

Normalized structure factors were calculated, and the statistical distribution
which was observed strongly suggested the acentric space group Cc, No. 9 [5].
With four formula units per cell, no symmetry constraints are imposed upon the
molecule. The centric space group C2/¢ is also possible, in which case the mole-
cule must lie on either a centre, which is impossible, or upon a 2 fold axis. The
acentric space group was assumed, and confirmed by a successful analysis.

Solution and refinement of the structures

(a) Pi(As(CcHs)3),(F3CC=CCF;), 1

The structure was solved by the heavy atom method, and refined by full-ma-
trix least-squares techniques on F. Scattering factors for neutral nonhydrogen
atoms were taken from Volume IV [5], while those for H were from Stewart, et
al. [8]. The real correction for anomalous dispersion of Cromer and Liberman [9]
was included for the Pt and As atoms. The 30 H atoms were located in a differ-
ence Fourier synthesis with electron density varying from 0.7(1) to 0.2(1) e A3,
and their contributions included in the calculations of Fe (idealized positions,
sp? hybridization, C—H 0.95 A). In the final cycles positional and anisotropic
thermal parameters were refined for the Pt, the two As and the ten atoms of the
hexafluorobut-2-yne ligand, and positional and isotropic thermal parameters were
varied for the phenyl C atoms. The refinement of 262 variables with 5687 ob-
servations (I > 30([l)), converged at agreement factors R, = Zll Fol —IFcll/ZIFol =
0.0376 and R, = (Zw(IFol — IFcl)*/ZwFo?)'? = 0.0384. The function mini-
mized was Tw(lFol — [Fel)? where the weight w is given by 4Fo0?%/02(Fo?). The
largest shift in the final cycle was 0.05 esd. A statistical analysis of R, over vari-
ous ranges of [Fol, A"! sin 6 and diffractometer setting angles X and ¢ showed no
abnormal trends. Secondary extinction effects could be ignored. The error in an
observation of unit weight is 1.26 electrons. The highest peak in a difference
Fourier synthesis is of electron density 0.87(12) e A3 at fractional coordinates
(—0.393, 0.112, 0.044) and is of no chemical significance. Final positional and
thermal parameters for the non-H atoms are given in Table 3. H atom para-
meters and a list of observed and calculated structure amplitudes (X 10 in elec-

trons) have been deposited. *

(b) Pd(P(C¢H,,)3):(FsCC=CCFs;), 2

Positional parameters for the Pd and P atoms were determined from a three-
dimensional Patterson synthesis. The origin was defined by the Pd atom at x =0
and z = 0. The remaining 46 non-hydrogen atoms were located from a series of
difference Fourier syntheses and least-squares refinements. The model was
refined by varying positional and anisotropic thermal parameters for the Pd, the
P atoms and the atoms of the alkyne ligand, and positional and isotropic thermal
parameters for the cyclohexyl C atoms. To choose the correct enantiomer of

* See NAPS Document No. 03858 for 29 pages of supplementary material. Order from NAPS, c/o

Microfiche Publications, P.O. Box 3513, Grand Central Station, New York, N.Y. 10017. Remit in
advance, in U.S. funds only, $7.75 for photocopies or $3.00 for microfiche. Qutside the U.S. and

Canada add postage of $3 for photocopy and $1 for microfiche.
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the crystal, one cycle of refinement was performed in each hand, giving residuals
R, =0.058 and R, = 0.064, and R, = 0.059 and R, = 0.065. An examination of
the molecular geometries also favoured the first model, which was adopted. All
56 H atoms were located, with electron densities ranging from 0.7(1) to 0.3(1)

e A3, Idealized parameters were computed (tetrahedral, C—H 1.00 A) and the
contribution to Fe was included in subsequent calculations. Three cycles of
refinement using the data with I > 30(J]) converged at agreement factors R; =
0.054 and R, = 0.049. In the final cycles of refinement all data with I > o(l)
were used. The refinement of 260 variables with 4386 observations converged

at R; = 0.054 and R, = 0.049. In the final cycle the largest shift was 0.092 esd.
A statistical examination of the structure factors showed no abnormal trends.
Secondary extinction effects could be ignored. The error in an observation of
unit weight is 1.38 electrons. The highest peak in a difference Fourier synthesis
is of electron density 0.69(9) e A3, at fractional coordinates (—0.321, 0.116,
0.420), and is of no chemical significance. Final positional and thermal para-
meters for the non-H atoms are given in Table 4. H atom parameters and a list of
observed and calculated structure amplitudes (X 10 in electrons) have been
deposited. *

Description of the structures

The principal bond lengths and bond angles for the Pt compound are given in
Table 5. The inner coordination sphere of the Pt atom and the atom labeling
scheme are shown in Fig. 1. A stereoview of 1 is presented in Fig. 2. The struc-
ture consists of discrete molecular units, for the closest intermolecular distance
of approach is 2.38 A between atom HIC(43) and HIC(23) in equivalent-position
(x, 1/2 —y, 1/2 + z). Intramolecular dimensions for the Pd species are given in
Table 6, while the analogous illustrations form Figs. 3 and 4. This crystal is also
built up from discrete molecules, since the closest distance of approach is 2.19 A
between H2C(15) and atom H2C(33) in equivalent, position (x, 1 —y, 1/2 + z).

In each complex the coordination about the metal atom is essentially planar.
The dihedral angle between the plane containing the Pt and the two acetylenic
C atoms, and that containing the Pt and the two As atoms, is 3.0(4)°. The ana-
logous value for 2 is 2.8(4)°. Pt—As bond distances of 2.3900(7) and 2.3884(8) A
are statistically equivalent, and longer than the Pt—P bond lengths, 2.277(1) and
2.285(1) A observed in the complex Pt(PPh;),(F3;CC=CCF3) [1]. The two As
atoms subtend an angle of 99.01(2)° at the Pt atom. The Pt—C(2) and Pt—C(3)
bond distances, 2.036(6) and 2.003(6) A&, are significantly different (3.9 o).

This probably reflects an underestimation of the errors on the distancés. Both
values are comparable to 2.031(5) and 2.024(5) &, observed in the PPh; com-
plex. The C(2)—Pt—C(3) angle is 37.03(3)°.
In the Pd species, the two Pd—P distances, 2.358(2) and 2.363(2) A, are
statistically equivalent, and significantly longer than the values 2.321(2) and
2.330(2) A observed in the structure of (PPh;),Pd(MeO,CC=CCO,Me) [10].

(Continued on p. 247)

* See foo.tnote on p. 243,
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TABLE 5
Pt(AsPh3)2(F3CC=CCF3): SELECTED BOND DISTANCES AND ANGLES

Bond Distance (R) Bond Distance (R)

Pt—As(1) 2.3900(7) As(1)—C(11) 1.932(6)

Pt—As(2) 2.3884(8) As(1)—C(21) 1.947(6)

Pt—C(2) 2.036(6) As(1)—C(31) 1.937(6)

Pt—C(3) 2.003(6) As(2)—C(41) 1.937(6)

C(1)—C(2) 1.451(¢10) As(2)—C(51) 1.947(6)

C(2)—C3D 1.282(9) As(2)—C(61) 1.935(6)

C(3)—C4) 1.457¢10)

mean C—F - 1.298(4)

Atoms Angle (deg) Atoms Angle (deg)

As(1)—Pt—As(2) 99.01(2) C(1)—C(2)—C(3) 139.9(7)

As(1)Y—Pt—C(2) 114.7(2) C(3)—C(2)—Pt 70.1(4)

As(2)—Pt—C(3) 109.3(2) C(1)—C(2)—Pt 150.0(6)

C(2)—Pt—C(3) 37.0(3) C(2)—C(3)—C) 138.4(4)

- C(2)—C(3)—Pt 72.9(4)

] C(4)—C(3)—Pt 148.6(6)

Pt—As(1)—C(11) 116.4(2) Pt—As(2)—C(41) 112.6(2)

Pt—As(1)—C(21) 115.9¢(2) Pt—As(2)—C(51) 114.5(2)

Pt—As(1)—C(31) 117.5(2) Pt—As{(2)—C(61) 120.4(2)

C(11)—As(1)—C(21) 100.1(2) C(41)—As(2)—C(51) 104.0(2)

C(11)—As(1)—C(31) 105.2(2) C(41)—As(2)—C(61) 100.3(2)

C(21)—As(1)—C(31) 99.9(2) C(51)—As(2)—C(61) 102.9¢3)

mean C—C—F 113.8(3) mean F—C—F 104.8¢(3)

Phenyl rings (weighted mean dimensions)

C(1)—C(2), C(1)—C(6) 1.382(2) C(2)—C((1)—C(6) 119.3(2)

C(2)—C(3). C(5)—C(6) 1.397(3) C(1)—C(2)—C(3), C(1)—C(6)—C(5) 119.7(2)

C(3)—C(4), C(2)—C(5) 1.353(3) C(2)—C(3)—C(4), C(4)—C(5)—C(6) 119.8(2)

C(3)—C(4)—C(5)

Fig. 1. Inner coordination sphere of the Pt complex, 1, showing distances (A) and angles (deg). Atoms
are shown as 50% probability thermal ellipsoids.
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Fig. 2. Stereoview of Pt(As(CgHg)3),F3CC=CCF3.

The P(1)—Pd—P(2) bond angle is 111.07(7)°. This is larger (9.1 ¢) than the value
110.23(6)° found in the Pt analogue Pt(PCy3),(F3;CC=CCF;) [2]. No significant
difference was observed in the Pd—C or Pt—C distances. The Pd—C(2) and Pd—

TABLE 6
Pd(PCy3)2(F3CC=CCF3): SELECTED BOND DISTANCES AND ANGLES

Bond Distance (&) Bond Distance (&)

Pd—P(1) 2.358(2) P(1)—C(11) 1.854(9)

Pd—P(2) 2.363(2) P(1)—C(21) 1.859(7)

Pd—C(2) 2.040(8) P(1)—C(31) 1.852(7)

PA—C(3) 2.053(8) P(2)—C(4l) 1.855(8)

C(1)—C(2) 1.49(1) P(2)—C(51) 1.846(9)

C(2)—C(3) 1.271(10) P(2)—C(61) 1.857(8)

mean C—F 1.290(5)

Atoms Angle (deg) Atoms Angle (deg)

P(1)—Pd—P(2) 111.01(7) C(1)—C(2)—C(3) 137.1(9)

P(1)—Pd—C(2) : 106.6(2) C(3)—C(2)—Pd 72.5(5)

P(2)—Pd—C(3) 106.1(2) C(1)—C(2)—Pd 150.3(7)

C(2)—Pd—C(3) 36.2(3) C(2)—C(3)—C4) 135.0(8)
C(2)—C(3)—Pd 71.3(5)
C(4)—C(3)—pPd 153.4(6)

Pd—P(1)—C(11) 121.0(2) Pd—P(2)—C(41) 111.0(2)

Pd—P(1)—C(21) 111.5(2) Pd—P(2)—C(51) 106.1(3)

Pd—P(1)—C(31) 108.5(2) Pd—P(2)—C(61) 122.4(2)

C(11)—P(1)—C(21) 102.7¢3) C(41)—P(2)—C(51) 105.1(3)

C(11)—P(1)—C(31) 108.9(4) C(41)—P(2)—C(61) 102.4(4)

C(21)—P(1)—C(31) 102.6(3) C(51)—P(2)—C(61) 108.5(4)

mean C—C—F 113.7(4) mean F—C—F 104.7(4)

Cyclohexyl rings (weighted mean dimensions)

Bond 7 Distance (&) Atoms Angle (deg)
C(1)—C(2). C(1)—C(6) 1:533(3) C(2)—C(1)—C(6) 109.9(¢3)
C(2)—C(3). C(5)—C(6) 1.533(3) C(1)—C(2)—C(3), C(1)—C(6)—C(5) 110.7¢2)
C(3)—C(4). C(4)—C(5) 1.508(3) C(2)—C(3)—C(4), C(4)—C(5)—C(6) 111.8(2)

C(3)—C(4)—C(5) 111.4(4)




Fig. 3. Inner coordination sphere of the Pd complex, 2. Atoms are shown as 50% probability thermal
ellipsoids.

C(3) bond lengths are 2.040(8) and 2.053(8) &, respectively. Acetylenic C atoms
C(2) and C(3) subtend an angle of 36.2(3)° at the Pd atom. The As—C distances
in the AsPh; ligands range from 1.932(6) to 1.947(6) A, with a mean value of
1.939(2) A. The mean angle subtended by the «-C atoms at the As atoms is
102.0(1)°. These values are comparable to means of 1.922(7) A and 105(4)° ob-
served for the AsPhj; ligands in Pt(C,(CN),0)(AsPh;), [11]. The geometries of the
arsine ligands are normal {11,12]. The mean P—C bond distance in the PCy,
ligands, 1.856(83) A, is identical to that observed in the Pt analogue {2]. The geo-
metries of the PCy5 ligands are normal {2].

The acetylenic triple bond length, 1.282(9) A, found in the complex 1 isnot
significantly different from the value 1.255(9) A observed in the PPh, analogue.
The alkyne ligand bend-back angles, 40.1(7) and 41.6(4)°, are statistically equi-
valent, and indistinguishable from the values 39.3(6) and 40.4(6)° found in the
phosphine complex. The C(2)—C(3) bond length in 2, 1.27 1(10) A, is statistic-
ally equivalent to the value 1.260(10) A found in the Pt species [2]. The bend-
back angles, 42.9(9) and 45.0(8)°, are significantly larger than those in 1, and
are comparable to the mean value 45.5(8)° observed in the PCy; complex of Pt.

Fig. 4. Stereoview of PA(P(CgH11)3)2F3CC=CCFj.



Discussion

Within the series of complexes, no significant trends in C=C and M—C bond
lengths can be detected by the X-ray method. However, the alkyne ligand bend-
back angle does vary significantly. We previously assigned this effect to steric
requirements of the bulky phosphine ligands [3]. A value of about 40° appears
to be normal for PPh; complexes, while larger back-bend angles are found in
complexes with bulkier phosphine ligands. Angles 40.1(7) and 41.6(4)° ob-
served in 1 suggest that the electronic properties of the other donor atoms have
little effect on the alkyne ligand geometry. The nature of the metal may be
more important, because noticeably smaller angles, 33.6(7) and 35.1(7 )°, are
observed in the complex Pd(PPh;),(MeO,CC=CCO,Me) [10]. This effect is not
reflected in the mean bend-back angles of the complexes M(PCy3),(F;CC=CCF3),
which are 45.6(6) and 44.1(6)°, where M is Pt and Pd, respectively. The increased
steric bulk of the PCy; ligands may be counteracting the effects of the metal in
these complexes.

The opposite effect to that observed in the hexafluoro-but-2-yne complexes
is present in the cycloalkyne complexes [13—15]. In the complex Pt(PPh;),-
(eyclo-C,H,,), the mean bend-back angle, 41.1(3)°, and the P—Pt—P angle,
102.58(8)°, are normal. Changing the alkyne to cyclo-CgHyg is reflected by a grea-
ter mean bend-back angle of 52.9(4)° and a corresponding increase in the
P—Pt—P angle to 109.54(5)°.

The geometries of the AsPh; ligands are essentially as expecied [13,14]. The
deviation of the AsPh; ligands from C; symmetry can be illustrated by the angles
between the planes of the phenyl rings and the plane defined by the «-C atoms,
as was described for triphenylphosphine [16]. In the solid state, these angles
are 68.0, 36.1 and 65.3°. In this structure the angles 82.0, 44.8 and 54.7°, and
85.7, 22.7 and 75.7°, were calculated for the As(1) and As(2) ligands, respec-
tively.

All geometrical features of complex 2 are similar to those found in the Pt
analogue [2]. Inspection of the PCy; ligands shows that even the cyciohexyl
rings have adopted similar orientations. The Pd—P—CIl angles are 121.0(2),
111.5(2) and 108.5(2)°, and 111.0(2), 106.1(3) and 122.4(2)° for P(1) and
P(2), respectively. The two largest values, 121.0(2) and 122.4(2)°, are associ-
ated with the juxtaposed rings, and presumably are increased by steric repul-
sion. The corresponding angles in the Pt complex are 120.2(2), 109.5(2) and
109.6(2)°, and 110.5(2) and 105.2(2) and 124.6(2)°. The similarities between
the complexes are also reflected by the angles that the planes of the cyclohexyl
rings, calculated from ring atoms C(2), C(3), C(5) and C(6), make to the plane
defined by the Pd and P atoms. These angles are 40.6, 66.8 and 47 .3°, and 68.7,
51.8 and 46.4° for the Pd complex (calculated from rings 1 through 6, in
order). The values for the Pt complex are 45.8, 66.6 and 53.7°, and 69.9, 45.7
and 49.8°. Thus changing the metal has not significantly perturbed the geome-
try of the complexes in the solid state.

In the following paper we report the results of spectroscopic studies on the
alkyne complexes, and the first structure determination of an acetylene com-
plex containing a chelating diphosphine of small steric bulk.
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