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Summary

The platinum hydride cation, trans-[PtH(CH;0OH)(P(CsH,,);).]1" reacts with
1,1-dimethylallene at room temperature in dichloromethane to lose methanol
and form an allene complex which has been characterised by 'H NMR spectro-
scopy and X-ray diffraction. Crystals grown from a mixture of hexane and
o-dichlorobenzene are monoclinic, space group P2,/n, with cell dimensions
a 14.807(2), b 29.404(7), ¢ 11.621(2) A and § 90.75(1)°. There are four units
of trans-[PtH(C;Hg)(P(CsH,,);).]PF,, C,H,Cl, in the cell. Three dimensional
X-ray data collected by diffractometer techniques have permitted full matrix
least-squares refinement to a conventional agreement factor R = 0.052. The
platinum atom has a square planar coordination geometry, with the planar allene
ligand bonded at an angle of 89.2(6)° to the coordination plane, and Pt—C
distances of 2.305(10) and 2.233(10) A.

Introduction

Recent studies [1—4] have shown that insertion of an unsaturated species
such as an olefin or diene into a transition metal—hydride bond occurs by a
prior cocrdination of the unsaturated species to the transition metal in a site
trans to the hydride ligand. Although spectroscopic evidence for such hydrido-
olefin complexes with trans geometry is available, structural elucidations of the
isolated species are few in number [5,6]. Our investigations [7] of the reaction
between the solvated cation trans-[PtH(CH;OH)(PCy;).]1* (PCy;s = tricyclohexyl-
phosphine) and a number of methyl-substituted cumulated dienes (allenes) have

* Present address: Office of the Vice President Academie, University of Guelph, Guelph, Ontario
N1G 2W1 (Canada).
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led to the isolation of crystalline samples of some of the trans-[PtH(1,2-diene)-
(PCys).]" cationic species. In this paper we describe the spectroscopic and struc-
tural characterization of the trans-[PtH(1,1-dimethylallene)(PCy3).]" cation,
suitable crystals of which were obtained as the hexafluorophosphate salt, with
the inclusion of a molecule of o-dichlorobenzene solvent. The spectroscopic
evidence for two additional allene products is also presented.

Experimental

Preparation and spectroscopy

The complex trans-[PtH(1,1-dimethylallene){PCy;),]PF; (I) was formed
from the reaction of equimolar amounts of [trans-PtH(CH;OH)(PCy3),JPF,

{81 and 1,1-dimethylallene in dichloromethane at 25°C. Treatment of the solu-
tion with n-pentane precipitated white crystals. Similar reactions with 1,2-penta-
diene or 2,3-pentadiene in place of 1,1-dimethylallene gave the analogous products.

The '"H NMR spectrum of I showed that bonding of the substituted allene
to the platinum atom occurs through the less sterically-hindered end. This was
evident from the resonance of the olefinic protons at § —4.54 ppm, a broad
singlet shifted upfield from the free allene value (A8 0.52 ppm). Platinum satel-
lites of one-fourth intensity flanked this peak, J(Pt—H) 40 Hz. The resonances
of the methyl protons of the allene ligand were overlapped by the cyclohexyl
protons at § —1.0 to —2.0 ppm and were not observed. The high field hydride
resonance at § 3.13 ppm was a 1/2/1 triplet, indicative of the trans arrange-
ment of the phosphine ligands, J(P—H) 12 Hz [9]. This resonance is shifted
downfield from the position in the complex trans-[PtH(CH;OH)(PCy3),]PF,,
where the ligand is trans to a weakly coordinated solvent molecule [8]. The
downfield shift (Ad 14.7 ppm) of the hydride resonance is indicative of the
substantial frans influence of the allene ligand. Platinum complexes with coor-
dinated 1,2-pentadiene and 2,3-pentadiene ligands were also characterized
spectroscopically and the results are presented in Table 1.

The IR spectrum showed evidence of the hydride ligand from the Pt—H
stretching mode v(Pt—H) 2175 + 5 cm™!. However the characteristic v,¢y -
(C=C=C) of the coordinated allene was not observed in the 1680—1760 cm™
region as expected for square-planar complexes [10].

X-ray crystallography
Colourless crystals of trans-[PtH(1,1-dimethylallene)(PCy,),|PF; were

TABLE 1
IH NMR DATA @ FOR [trans-PtH(allene)(PCy3)2]PF; COMPLEXES

Allene Hydride resonance Allene protons

& (ppm) J(P—H) (Hz) 5 (ppm) J(Pt—H) (H2)
1,1-Dimethylaliene +3.13 12 —3.59(m) 40
1,2-Pentadiene +5.08 12 —4.26(m) 38
2.3-Pentadiene +5.04 12

—4.01(m) 38

¢ Spectra run in CDCl3 at 25°C with TMS reference.
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TABLE 2
CRYSTAL DATA

C45H76C12F6P3Pt F.w. 1115.05

Analysis ¢ Found (Calc.) C, 50.62 (50.63): H, 7.23 (6.96)
¢ 14.807¢(2) A £90.75(1)°

b 29.404( A V 5059.2 A3

c11.621(2) A Z=4

Density (obsvd) 1.48 g em™3 (caled.) 1.47 g cm™3

2 Chemalytics, Inc., Tempe, Arizona.

cbtained by recrystallization from an o-dichlorobenzene/hexane mixture, and
contained a solvent molecule of o-dichlorobenzene per formula unit. Prelimi-
nary Weissenberg and precession photographs showed monoclinic symmetry and
systematic absences of kK = 2n + 1 for 0k0 and i + ! = 2n + 1 for h0l. This is
only consistent with the monoclinic space group P2,/n, a nonstandard setting
of space group P2,;/c [11].

A suitable crystal (0.302 mm X 0.139 mm X 0.127 mm) was mounted so
that its longest dimension [100] was slightly offset from colinearity with the
diffractometer spindle axis. The 12 faces of the crystal were identified by
optical goniometry as forms {100}, {010}, and {001}, and faces (110), (011),
(110), (110), (01I1), and (111).

Lattice constants were determined at 25°C from a least-squares refinement *
using the setting angles of 30 high-intensity reflections in the range 60° > 26 >
45°. These reflections were carefully centered using prefiltered Cu radiation
{A 1.54056 A) on a Picker FACS-1 diffractometer. The density of the crystals
was determined by flotation in a mixture of CCl, and n-pentane. Crystal data
are given in Table 2.

Intensity data were measured in the 0 — 20 scan mode at a takeoff angle
of 1.8°. The counter was positioned 34 cm from the crystal with an aperture
size of 5 X 5 mm?. The reflections were scanned at 2° min™! from 0.75° below
the K, , peak to 0.75° above the K, , peak. Backgrounds were counted for 10 s
at each end of the scan. Copper foil attenuators were sutomatically inserted
for intense reflections. Intensity data with & < 0, k = 0, 7 were collected in
three shells out to a 20 maximum of 130°. During data collection five standard
reflections were measured after every 250 observations. Their intensities
decreased by less than 6% throughout data collection. No corrections were made
for this decrease.

The intensities of 7123 reflections were recorded in all. After correction for
background, Lorentz and polarization effects, 5103 independent reflections
were found with significant intensities I > 30(l), where a(I) = [Te + 0.25(tc/tb)>-
(B; + By) + (pI)*]¥'?, and Tc = total counts, tc/2tb is the ratio of time spent
counting peak intensities to that time spent counting backgrounds, B, and B,

* Computing was performed on the DEC PDP-10 and the CDC Cyber 73/14 at the University of
Western Ontario. Local versions of the following programs were used: cell refinement and orien-
tation matrix, PICKTT; Fourier syntheses, FORDAP, by A. Zalkin; full-mnatrix least-squares
refinement, WOCLS, a version of J.A. Ibers’ NUCLS: function and errors, ORFFE, by W.R.
Busing, H.A. Levy and K.O. Martin: and ORTEP for molecular illustrations, by C.K. Johnson.
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are the background counts, p is the ignorance factor [12] which was 0.04. An
absorption correction was applied to the intensity data [13]. The transmission
factors ranged from 0.328 to 0.536 (1 70.25 cm™! for Cu-K,, radiation).

Structure solution and refinement

The positional parameters for the platinum atom and the two phosphine
phosphorus atoms were located from a three dimensional Patterson synthesis.
A series of least-squares refinements and difference Fourier synthesis calcula-
tions located the remaining 56 non-H atoms. Refinement was carried out by
full matrix least-squares techniques. The function minimized is Tw(|Fol — |F.l)?,
where [Fyl and [F{ are the observed and calculated structure amplitudes, and
w = 4F*[0%(F4?). Scattering factors for neutral Pt, P, F, Cl and C atoms were
those of Cromer and Waber [14]. The scattering factors for H were those of
Stewart et al. [15]. Anomalous dispersion contributions were included in the
calculations of F.; the values for Af and Af’ for Pt, P, and Cl were those of

-Cromer and Liberman [16].

At first the cyclohexyl rings (C—C 1.54 &), the C atoms of the o-dichloro-
benzene solvate (C—C 1.392 A) and the F atoms of the liexaflorophosphate
anion (P—F 1.58 &) were refined as rigid groups with overall isotropic thermal
parameters [17]. With all of the non-H atoms included with isotropic thermal
parameters the structure refined to R; = Z|Fol — |Fl/Z1Fpl = 0.12 and R, =
(Zw(iFol — IFD)?/ZwF¢?)"? = 0.15.

Some disorder was noted in the region of the PF; anion. Attempts to refine
a disorder model employing two rigid groups were not successful. The best
agreement was obtained refining the seven atoms of the anion as individual
atoms, with anisotropic thermal parameters.

In a subsequent difference Fourier synthesis, all the cyclohexyl, benzene
and methyl H atoms were located at peak heights varying from 0.96(17) to
0.47(17) eA3. Idealized positions for these atoms were determined assuming
sp® and sp? hybridisation for cyclohexy! and benzene C atoms respectively,
and a C—H distance of 0.95 A. Of the two olefinic H atoms attached to C(1),
one was readily located, 0.8(1) eA™ at (0.231, 0.050, —0.057), while the other
was less evident at 0.4(1) eA™ at (0.112, 0.038, —0.057). Since the calculation
of ideal geometries for these two atoms required arbitrary assumptions, they
were not included in the model. In order to define the coordination plane of
the Pt atom, a careful search was made for the hydride atom. Two peaks were
present in the expected region, each of 0.7(1) eA™, one 1.87 A and the other
1.53 A distant from the Pt atom. The closest non-bonding approach to the
former was 5 CIHl, at 2.30 A, whereas the latter was 2.29 A from P(1), a
distance less than the sum of the Van der Waals radii, 3.1 A. We therefore
tentatively assigned the peak at fractional coordinates (0.150, 0.182, 0.090)
to the hydride ligand, though we do not place much confidence in these coor-
dinates. This atom was not included in the model, nor were any attempts made
to refine H atom parameters.

The final cycles employed 4871 unique observations and 238 variables, and
resulted in values of R, = 0.052 and R, = 0.057. In a total difference Fourier
synthesis the highest peak of 0.9(1) eA™ at (0.1655, 0.3333, —0.1988) was
associated with the o-dichlorobenzene solvent molecule. Other peaks greater



121

[GaEgg + Eldg + ayl g + B8 + (380 4 Lyt i)~ dxo Aq uaars s) prosdilo [putaay) dyL EAY Ai.\cﬁaukm:ban f1n g b1 A4 pPodRINI UAdY dARY
sx092tuvaRd [PUIIAY) PUB [RuOSOd YL, ‘SHIP Juroltudis 358a] 04} 0) PUOSDII00 PUE SASAUIUMITA Ul UDAID DIR SI[QEY JOYI0 PUR SJHf} U SUOYBIAGD PAEPUR)S PMBWNSH ,

(r9)ve (€¥)001 (rQ)g03 (LOMBTT (56)8961 (Lnves (Lyiree (£)128% (9)069 (9)a
BI1ovLI— (GB)pLZ~ (vL)9tT (081)08EE (LOT)108T PVSTT (g1)9%v07 €AFART (L}0091 (@)
(8L)099 (29)g01 (GL)so1 (LL)STZY (5112112 (28)¥631 (8)0%361 (39718 {L)699T (¥)a
(v6)9v01— (6L)507—~ (L8)29 (001T)0091T (gz1) 103 (GOT)LGLT (on)818¢ (1eo0ze (9L0LT ()
(eeT)L8BT (28)¥32 (r8)ovI (8¥1)59932 (Lat)gese (8L)6001 (Z1)2207 ($)28%2 (L)Se91 ()1
(89)8 (S¥)og— (99) Ly— (oL)LezT (eo1)¥L0T (8P)E9S (8)39672 (¥)99L% (9)L693 (14
(z28)g6— (SLISTL (62081 (£8)389 (€e1)OV3T (2110301 (1D00LE~— (9)26L (00991 (g0
(9.)961 (LS (G L)g6— (68)018 (B0TILES (L8)8LY (11)016%— (€)1091 (89691 (§2]e]
(89)0p— (99)¢z (69) 68— (6L)829 (08)18L (LGP (116893~ ($)1601 (L2ed1 ()0
9111~ (zalse 211~ (1L)809 (1L)839 (9g)Lev (Q1)0e91— (1806 (%91 (2)0
(1g)g9— (69)92 (09)¥3 (09)509 (29)809 (59)009 (8)008— (g)8L8 (L)2991 (No
(99)Z L8~ (1LgI1~ - (8L)vg (39)6591 (¥L)670% (6ENLYSY (9)L99— (£)809% (L)2991 @
(8£)899 (L8)807 (98681 (02)99LT (89)86YT (9p)gLst ) igee— (3)vesy (orLt (§9}ie}
(12)28~ (LoLT (81¢g1~ (¥2)698 (92)L16 (02)o18 (£)8L62 (1) 16L% (2)0¥91 (g)d
(eDL (on)I12 (eDo1 (eDEvy (v DY (eD80Y (2)£92 (1)9ge1 (7YoL (2)a
anue— (guart ©Ug— (eD)ved (e1)e1d Gnvy (2)662 (1Leer (2)881¢ (d
()L~ (1)22 (g)L (2)8ed (@)Ley (7)ese (g)g'oe (1)6°6821 (£)L'8391 1d
€2 €ln in EEny (7%%] Q:D z £ X woy

p SUALYWVUVL TVINULHL ANV TVNOLLISOd DINOLY
’ € 479V



122

TABLE 4
GROUP PARAMETERS

Group xg @ Vg zg ) € n

Cy1 0.3375(3) 0.0843(2) 0.2763(4) 0.088(5) —2.645(3) 1.234(5)
Cy 2 0.3998(3) 0.2387(2) 0.0298(4) —1.949(4) —2.524(4) 2.818(5)
Cy 3 0.4571(3) 0.0950(2) —0.1642(4) 0.859(6)  2.370(3) —1.796(6)
Cy 4 —0.1311(3) 0.0930(2) —0.1736(4)  2.394(6) —2.392(8) —1.717(6)
Cy 5 —0.0791(3) 0.2350(2) 0.0406(4) —1.131(4) 2.506(4) 2.723(5)
Cy 6 —0.0097(3) 0.0764(2) 0.2667(4) —3.210(d) 2.595(3) 1.230(5)
Ph 0.1606(5) 0.3723(2) _0.2054¢7T) —3.207(8) —2.674(9)  1.532(8)

a Xg, ¥y and zg are the fractional coordinates of the group origin; 5, € and n (radians) are the group
orientation angles. See ref. 17.

“than 0.5 e A 3 corresponded to the hydride ligand, and the two olefinic H atoms,
or were of no chemical significance. A listing of atomic positional and thermal
parametersis given in Table 3. Group parameters are listed in Table 4, and
derived group atom parameters are presented in Table 5. H atom parameters
are given in Table 6, and observed and calculated structure amplitudes, as
10F, vs. 10F, in electrons can be obtained *. The error in an observation of
unit weight was 1.81 electrons.

Description of the structure

The crystals contain discrete ions and molecules of solvent. Atom F(5) of
the PFg anion is in the vicinity of the probable location of the hydride H atom,
as is shown in the stereoview (Fig. 1). The shortest cation—anion distance is
2.53 A, between F(1) and 5C4H] **,

For the solvent molecule, the closest approach to the cation is 2.44 &
between TC5HI and 5C3HI. The inner coordination sphere of the cation is
shown in Fig. 2, and selected intraionic bond distances and angles are given in
Table 7.

The cation has a distorted square planar geometry, with trans-phosphine
ligands. The dimethyialiene ligand is coordinated to the metal primarily
through the H,C=C double bond, with the bulky C(CH,), substituent bent
back away from the metal atom. The solution 'H NMR spectrum is consistent
with this geometry. The Pt—C(1) and Pt—C(2) distances are 2.305(10) and
2.233(10) A, significantly different by 5.1 0. These values are longer than those
observed in another Pt complex in which the allene ligand is perpendicular to
the coordination plane, for in the dimer [Cl,Pt((CH;),C=C=C(CHs;),)], dis-
tances of 2.25(2) and 2.07(2) A were found [18,19]. Shorter distances of
2.107(8) and 2.049(7) A were observed in (P(CzHs);),Pt(CH,=C=C(CH;),),

* The table of observed and calculated structure factors has been deposited as NAPS document.
Please contact ASIS/NAPS, ¢/o Microfiche Publications, P.O. Box 3513, Grand Central Station,
New ¥York, N.Y_10017.

** All non bonding distances have been calculated assuming C—H 1.05 A for sp3 hybridization, and
1.00 A for sp2 hybridization at C.
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Fig. 1. Stereoview showing the cation and the anion.

in which the allene ligand lies in the plane of the Pt and P atoms [20]. Inter-
nuclear distances for allene complexes of Rh and Pd have been tabulated by
other authors [10,21].

Two least-squares planes have been calculated, and the results are given in Table
8. The five C atoms of the allene ligand are coplanar within experimental error.
The plane of the allene ligand is at an angle of 89.2(6)° to the Pt, P, P plane.

The distances C(1)—C(2) and C(2)—C(3) within the allene ligand are 1.367(14)
and 1.290(15) A, respectively, consistent with values found for other allene
ligands [10,21]. The deviation from linearity upon coordination is 20(1)°, and
is slightly less than the values ranging from 25 to 40° observed elsewhere
{10,21]. The C(4) methyl group in the 1,2-diene ligand is bent away from the
bulky phosphine ligands. The bond angles C(2)—C(3)—C(4) and C(4)—C(3)—C(5)
are 127(1) and 114(1)°, respectively, and are significantly different from the
value expected for sp? hybridization at C(3). The C(2)—C(3)—C(5) angle how-
ever is 120(1)°. The shortest non-bonding distances between H atoms on C(4)
and C(5) with the cyclohexyl H atoms are 2.17 & with 4C2H2 and 2.33 A with
3C6H2, respectively. The angles observed and the environments of the methyl
groups are very similar to those found in the platinum(0) complex of the same
ligand by Yasuoka et al. [20]. In that case the shortest approach was phenyl H
atom H(36) to a methyl H atom at 2.50 &, and steric repulsions were thought
tc be responsible for the distortions observed.

Fig. 2. Inner coordination sphere of the cation. Atoms are drawn with 50% probability thermal ellipsoids.

(continued on p. 127)
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TABLE 7
SELECTED INTERATOMIC DIMENSIONS

Atoms Distance (A) Atoms Angle (deg)
Pt—P(1) 2.332(2) P(1)—Pt—P(2) 163.79(8)
Pt—P(2) 2.329(2) P(1)—Pt—C(1) 96.1(3) .
Pt—C(1) 2.305(10) P(1)—Pt—C(2) 98.3(3)
Pt—C(2) 2.233(10) P(2)—Pt-—C(1) 96.7(3)
P(2Y-Pt—C(2) 97.9(3)
C(1)—C(2) 1.867(14)
C(2)—C(3) 1.290(15) C(1)—Pt—C(2) 35.0(4)
C(3)—C) 1.533(@(17) C(1)—C(2)—Pt 75.3(6)
C(3)—C(5) 1.516(17) C(1)—C(2)—C(3) 160(1)
C(2)—C(1)—Pt 69.6(6)
C(2)—C(3)—C(4) 127(1)
P(1)—1C(1) 1.838(6) C(2)—C(3)—C(5) 120(1)
PQYy—2CQ) 1.831(7) C(3)—C(2)—Pt 125.1(9)
P(1)>-3C(1) 1.852(7) C(4)>—C(3)—C(5) 114(1)
P(2)—4C(1) 1.845(6)
P(2)—-5C(1) 1.835(7) Pt—P(1)—1C(1) 108.9(2)
P(2)—6C(1) 1.845(6) Pt—P(1)—2C(1) 111.9(2)
Pt—P(1)—3C(1) 115.3¢2)
1C()—P(1)—2CQ) 104.0(3)
1C(1)—P{1)»—-3C(1) 103.9(3)
2C(1)-PQ1)—3C(1) 111.8(3)
Pt—P(2)—4C(1) 115.9¢(2)
Pt—P(2)—5C(1) 111.9(2)
Pt—P(2)—6C(1) 109.2¢2)
4C(1)—P(2)—5C(1) 111.4(¢3)
4C(1)—-P(2)—6C(1) 103.8(¢3)
5C(1)—-P(2)-6C(1) 103.6(3)

TABLE 8
SELECTED LEAST-SQUARES PLANES

Coefficients of the plane equation, Ax + By +Cz— D=0

Plane A B C D
1 14.80 0.802 —0.051 2.514
2 0.105 —21.73 7.829 —2.756

Deviations of atoms from the planes (A).

Atom Plane 1 ~ Plane 2
Pt 0.0000(4) —0.0056(4)
PQ1) o 0.075(2)
P(2) 0.081(3)
Cc(1) —0.004(10) 0.89(1)
c(2) —0.014(10) —0.48(1)

. C@) 0.002(11)
Cc) —0.010(12)

C(5) 0.025(14)
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The phosphine ligands are bent towards the probable location of the hydride
ligand with a P—Pt—P angle of 163.79(8)°. All cyclohexyl rings are in the chair
conformation, with a mean P—C(1) distance of 1.841(7) A. Dimensions within
the PF4 anion show small deviations from 0, symmetry, with P—F distances
ranging from 1.52(1) to 1.566(8) A, mean 1.55(2) A, and angle means of 90(3)

and 177(2)°. The solvent molecule is planar within experimental error, with a
mean C—Cl distance of 1.676(6) A

2ilcall L RALSbGaiL 2 AS 5 I 9 1)

It has been noted previously [21] that, in other square planar complexes
in which the allene ligand is perpendicular to the coordination plane, the mid-
point of the coordinated C=C bond does not lie on the plane. A similar
geometry is adopted in this study, Table 8. However, the uncertainty in the
position of the hydride ligand precludes detailed comparisons of the present
geometry with other studies.

Discussion

The cation is believed to be representative of the intermediate in the insertion
of an allene into a metal—H bond. However, unlike the reaction with allene
itself [22], formation of the n-allyl product was not observed in this case. This
failure of insertion to occur is believed to be due to steric constraints resulting
from the methyl substituents on the allene and the bulky phosphine ligands.

It has been shown that the cis coordination of two PCy; ligands involves consid-
erable “‘intermeshing” of the cyclohexyl rings. For example, the P- Pt- ‘P angle
of 100.17(4)° in Pt(PPh;),(F3;CC=CCF;) [23] increases to 110.28(6)° in
Pt(PCy;).(F3;CC=CCF3), and a different conformation is observed for the phos-
phine substituents [24]. In Pt(PCy3),(1n3-CsH;) [25] preliminary indications are
that the P—P{—P angle is 111°. Thus the n*-allyl product from the insertion of
3-methyl-1,2-butadiene may be too large to be coordinated along with the PCy;
ligands.

The metal-—allene bonding is thought to be similar to metal—olefin bonding,
and may be discussed in terms of the Dewar—Chatt—Duncanson [ 26—28] bond-
ing model with the incorporation of an additional w-back-bonding overlap
between the filled metal d.., orbital and the empty 7~ orbital of the uncoor-
dinated double bond [10,21].
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