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Acyl(hydroxycarbene)platinum(ll) Complexes
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The cationic acyl(hydroxycarbene)platinum(ll) complexes(Riy){«-(COMe)H} ][PFe¢l2 (4) (bpy = 2,2-
bipyridine) and [P{COMe)(bpy){u-(COMe)H}]PFs (5) have been prepared by reaction of the acyl(hydrido)-
platinum(lV) complex [PtCI(H)(COMe)bpy)] (2a) with TIPFs. The complexeg and5 have been shown to be
stable in the solid state up to 18C. The identities o# and5 were determined by microanalysis, NMRH(

13C), and IR spectroscopies. The crystal structured, & (with two independent molecules in the asymmetric
unit), and of5-Me,CO show that these are dinuclear complexes with square-planar platinum centers. In complex
4 these centers are bridged by tw@cyl(hydroxycarbene) ligands. In complgxhe dinuclear structure is supported

by one bridging acyl(hydroxycarbene) ligand and an additioSald8 interaction between the two Pt centers
[3.340(1)-3.542(1) A]. The G--O distances were found to be 2.455(5) & @nd 2.42(1)-2.44(1) A 6),
corresponding to strong hydrogen bonds.

Introduction Scheme 1

Hydroxycarbene complexes are proposed as important inter- @ - @
mediates in CO reduction reactions, including the Fiseher Rle—<M:‘ +H R|e=<Me
Tropsch proceskCalculations suggest that they are also key oC% o 0OCYy OH
intermediates in hydroformylation and aldehyde decarbonylation oc oc A
reactionsg: The first hydroxycarbene complex, [ReC(OH)-
Me} (7°-CsHs)(CO)] (A), was prepared by protonation of a ©‘\j
rhenium acyl anion by Fischer (Scheme31). | |

Since then, hydroxycarbene complexes of Cr, Mo, W, Re, oc“'?Re OH H’/RS o)
Mn, Fe, and Ru have been synthesized, in most cases by oc oc. co

protonation of acyl anion&.Syntheses of hydroxycarbene
complexes starting from the tautomeric acyl(hydrido) complexes
have not yet been described. Only very recently, Casey et al.
reported an equilibrium between both tautomeric foBnand

C (Scheme 1) as a consequence of ring strain perturbation in a
system very similar to those of FischeOverall, only few
hydroxycarbene complexes have been structurally character-
ized4-°

We have found that the platin&édiketone [P (COMelH} »-
(u-Cl)2] (1), which can be regarded as an acyl(hydroxycarbene)
complex intramolecularly stabilized by hydrogen bonds, reacts
with bipyridines (NN= bpy, 4,4-Me;bpy, 4,4-t-Bubpy) via
oxidative addition to yield acyl(hydrido)platinum(IV) complexes
[PtCI(H)(COMeX(NN)] (2) (Scheme 2§.Complexe2 decom-
pose in the solid state (above 170) nearly quantitatively via
reductive elimination of acetaldehyde to form acylplatinum(ll)
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complexes [PtCI(COMe)(NN)]3) (Scheme 2).

Here we report the reaction of the complex [PtCI(H)(COe)
(bpy)] (2a) with TIPFs to yield acyl(hydroxycarbene)platinum-
(II) complexes stabilized by hydrogen bonds.

Experimental Section

General Considerations.All reactions were performed under Ar
atmospheres using standard Schlenk techniquegC®levas dried prior
to use: over BO; followed by 4 A molecular sievesH and*C NMR
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spectra were recorded on Varian Gemini 200 and Varian VXR 400
NMR spectrometers. Chemical shifts are relative t0CI, (6 5.32)
andCDCl, (6 53.8) as internal references. IR spectra were recorded
on a Galaxy FT-IR spectrometer, Mattson 5000, using CsBr pellets.
The complex [PtCI(H)(COMejbpy)] (2a) was prepared according to
the literature metho€l.

Synthesis of [Pi(bpy)A{ #-(COMe)H},][PF¢l. (4) and [Pt(COMe)-

(bpy)A #-(COMe),H}PFs (5). To a colorless suspension of [PtCl-
(H)(COMe)(bpy)] (2a) (200 mg, 0.42 mmol) in acetone (5 mL) at 10
°C was added TIPH293 mg, 0.84 mmol), producing within 1 min an
orange suspension. After stirring for 30 min at ambient temperature,
the suspension was filtered. On standing ove? Hays, yellow crystals
began to precipitate from solution, which were filtered and dried briefly
in vacuo. After 4-5 days, red crystals were obtained from the filtrate,
which were filtered and dried briefly in vacud. yield, 37 mg (15%).
Mp (dec): 162-164°C. Anal. Calcd for GgHsdF12N-O4P.PL: C, 28.83;
H, 2.60; N, 4.80. Found: C, 29.07; H, 2.84; N, 4.78. IR (CsBw):
(CO) 1606, 1582y(PF) 842 cm*. 'H NMR (200 MHz, CQCly): o
[8.49 (m, 2H), 8.15 (m, 4H), 7.55 (dt, 2H)], 2.48sd, 6H,3Jpy 24.8
Hz, CH3), resonance for BO not observed.

5: yield, 107 mg (50%). Mp (dec): 166168 °C. Anal. Calcd for
CagH20FeN4OsPPE: C, 32.95; H, 2.86; N, 5.49. Found: C, 32.44; H,
2.87; N, 5.42. IR (CsBr)»(CO) 1634, 1601y(PF) 839 cm®. *H NMR
(400 MHz, CBQCly): o [8.45 (m, 2H), 8.02 (m, 4H), 7.47 (dt, 2H)],
2.43 (std, 6H2Jpw 23.5 Hz, GHs), resonance for B0 not observed.
13C NMR (101 MHz, CRCly): 6 240.8 (s+ d, Wpc 1233 Hz,CO),
[154.7, 151.3 (st d, 2Jpc 36 Hz), 140.3, 127.4, 123.4], 44.1 {sd,
2Jpic 301 Hz,CH3). Resonances of the bipyridine ligands are given in
square brackets.

X-ray Crystal Structure Determinations. Intensity data were
collected on a Stoe IPDS diffractometer. A summary of the crystal-

lographic data, the data collection parameters, and the refinement

parameters is given in Table 1. Absorption corrections were carried
out numerically, minimum/maximum transmission factors 0.08/0.15 for
5-Me,CO and 0.49/0.84 fob'. The structures were solved by direct
methods usingHELXS86” and refined with full-matrix least-squares
routines againsf? using SHELXL-93.” All non-H atoms were refined

with anisotropic displacement parameters, except those belonging to
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the solvate molecule irb-Me,CO, which could only be refined
isotropically. The H atoms were added to the model in their calculated
positions and refined isotropically, except for the bridging H atom in
5-Me,CO, which was found in the difference Fourier map.

Results

Treatment of the acyl(hydrido)platinum(lV) complga with
TIPFs in acetone solution results in rapid cleavage of the chloro
ligand. Within -2 days, yellow crystals (15% yield) of [Pt
(bpy){u-(COMe)xH}][PFe]2 (4) and, within 4-5 days, red
crystals (50% yield) of [B{COMex(bpy){ u-(COMe)xH} ]PFs
(5) precipitate from the solution (Scheme 3). The complekes
and5 exhibit an astonishing thermal stability; they melt with
decomposition at 162164 °C (4) and 166-168 °C (5).

The molecular structures dfand5 were determined by X-ray
diffraction. Complex5 crystallizes in two different modifica-
tions: at low temperature<30 °C) as an acetone solvatg- (
Me,CO) and at room temperature without solvent and with two
independent molecules in the asymmetric ul).(ORTEP
diagrams of the cation i#4 and of the cation irb-Me,CO are
shown in Figures 1 and 2. The representatiof’ @ not shown
owing to the similarity to5-Me,CO. Tables 2 and 3 contain
selected atom distances, bond angles, and torsion angles. Bond
lengths and bond angles of compleXesle,CO and5' do not
differ significantly.

The dinuclear compleX exhibits crystallographically im-
posed inversion symmetry. Platinum is square-planar and
coordinated by two nitrogen atoms and two carbon atoms. Both
planes are parallel for symmetry reasons. The ®tbond
lengths [1.967(6)/1.968(6) A] and the-© bond lengths [1.281-
(8)/1.253(8) A] are in each case equivalent within &hd do
not differ significantly from those in the platinadiketonel
[d(Pt-C) = 1.95(1) A; d(C—0) = 1.23(1)/1.26(1) AP The
O---O distance in the “intermolecular”©®H-:-O bond is 2.455-

(5) A and is slightly longer than those in the intramolecularly
bridged complex. [d(O---O) = 2.37(1) A] that belongs to the
strongest @+H---O bridge8 known. The Pt-Pt distance of
4.725(1) A rules out any direct interaction between these metal
centers.

The cation in comple®-Me,CO exhibits crystallographically
imposedC, symmetry whereas both independent molecules of
5 haveC; symmetry only. As in comple4, the platinum centers
in 5 are square-planar and coordinated by two nitrogen and two
carbon atoms. As expected, the mean(@ distance in the
u-acyl(hydroxycarbene) unit is longer than those in the terminal
acyl ligands (1.262 A vs 1.204 A, mean values of all three
crystalline forms). In the case of the-RE bond lengths, the
opposite trend is found (1.956 A vs 2.010 A, mean values of
all three crystalline forms). The ftPt distances [ranging from
3.340(1) to 3.542(1) A] indicate closed-shefi—di interac-
tions10 Similar Pt--Pt distances (3.093.60 A) were found in
platinum(ll) complexes with columnar structurésThe coor-
dination planes around platinum are tilted relative to each other
by 27.7/18.4 (5') and 29.8 (5-Me,CO) (mean values of the
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Table 1. Crystallographic Data for Complexds 5Me,CO, and5'2

Steinborn et al.

4 5-Me,CO 5
empirical formula C1:4H15F6N202PPt Q1H35F5N405PP§ C56H53F12N303P2Pr4
fw 583.34 1078.78 2041.40
space group P1 (No. 2) 12/a (No. 15) P2,/a (No. 14)
TIK 220(2) 220(2) 220(2)

MA 0.71073 0.71073 0.71073
alA 8.119(2) 13.813(3) 21.147(6)
b/A 9.243(3) 16.641(4) 14.355(2)
c/A 12.822(4) 15.722(4) 23.036(4)
o/deg 76.15(3) 920 90

pldeg 89.39(3) 96.73(2) 116.78(2)
yldeg 69.63(3) 90 90

VIA3 873.0(4) 3589(2) 6243(2)

Z 2 4 4

Pealedg CNT3 2.219 1.997 2.172
w(Mo Ka)/em™ 82.00 79.06 90.82

R 0.0339 0.0394 0.0363
Ry 0.0829 0.0984 0.0845

AR = S (||Fo| — IFel|)/TIFol, Ry = [SW(Fo? — FAUSW(FA3Y2, R based on reflectiond > 20(1)], Ry based on all data.

‘<

>

Table 2. Selected Interatomic Distances (A) and Angles (deg) for
[Pto(bpy)f 1-(COMeLH} o[PFe]2 (4)

Pt-N(1) 2.109(5) C(1r0() 1.281(8)

0(2).@/)\ \3\0 Pt-N(2) 2.111(5) C(3Y0(2) 1.253(8)

\ Pt \3 Pt-C(1) 1.967(6) O(1)-0(2) 2.455(5)

o Pt—C(3) 1.968(6) Pt-Pt 4.725(1)

c6) o) o N(1)—Pt-N(2) 783(2) PC(3-0(2) 124.4(4)

o) D& OH Pt-C(1)-O(1) 125.2(4)  P+C(3)-C(4) 120.6(5)

edd N(Y) ‘ Pt—C(1)-C(2) 122.4(5) C@#C(B)-0() 114.9(6)

\O\O/ Pt C2)-C1)-0(1)  112.4(5)

c(®) C@) 02

a Symmetry transformations used to generate equivalent atoins: (
X 1-vyz

c(10) Io——aN2)
c) O/ C(14)
cuM(w)

Figure 1. ORTEP-III plo* of the cation in [Pi{bpy){«-(COMe}H} -
[PFs]2 (4), showing atom numbering (displacement ellipsoids at 30%

c4) Table 3. Selected Interatomic Distances (A), Bond Angles
(deg), and Torsion Angles (deg) for

[Ptz(COMe)(bpy){ u-(COMeRH} IPFs (5)

probability). 5-MeCO 5
Pt—C(1) 2.00(1) 2.00(1), 2.02(1)/2.02(1), 2.01(1)
c4) Pt-C(3) 1.95(1) 1.96(1), 1.98(1)/1.94(1), 1.95(1)
A Pt—N(1) 2.121(6) 2.111(6), 2.115(7)/2.142(7), 2.118(6)
Ot - c@) Pt-N(2) 2.142(7) 2.142(6), 2.117(7)/2.127(7), 2.125(7)
e Y nn) o C(1)-0(1) 1.20(1)  1.21(1), 1.16(1)/1.22(1), 1.23(1)
- CW NG C(3)-0(2) 1.26(1)  1.28(1), 1.24(1)/1.27(1), 1.26(1)
(5’/\, 0 on 0(2)+0(2)P 2.44(1) 2.42(1)/2.43(1)
NG . Pt--Pt 3.340(1) 3.428(1)/3.542(1)
d\Q/ : N(L)-Pt-N@2)  77.0Q2) 77.4(2), 76.6(3)/76.0(3), 76.5(3)
@ & W 169 0(1)0\ P—C(1)-O(1)  122.8(6) 123.5(7), 122.8(8)/118.2(8), 118.8(7)
~ ; Pt-C(1)-C(2) 119.6(7) 118.3(7), 117.7(7)/120.3(8), 121.5(7)
O/J*O LA oar C(2-C(1)-O(1) 117.5(8) 118.3(8), 119.3(9)/122(1), 119.7(8)
b__o/é\( M Pt-C(3)-0(2) 125.0(6) 125.6(6), 125.9(7)/127.4(7), 125.3(6)
Pt : Pt—C(3)-C(4) 121.5(6) 120.2(7), 118.2(8)/121.0(7), 120.6(7)
C(4-C(3)-0(2) 113.4(8) 114.2(7), 115.9(8)/111.6(8), 114.1(7)

C(1)-Pt-Pt—C(3) 31.0(4) 27.3(3),30.2(4)/18.6(3), 19.2(4)
N(1)-Pt-Pt—N(2) 28.2(3) 26.2(2), 27.0(3)/18.4(3), 17.3(3)

2 The values of the two crystallographically independent molecules
are separated by a slash (/). Due to the lack of crystallographic
symmetry, the number of values is doubled in most cas8gmmetry
transformations used to generate equivalent atoMs/,(— x, y, —z

Figure 2. ORTEP-III plot of the cation in [B{COMe)(bpy)A{u-
(COMe)H}1PFs (5-Me,CO), showing atom numbering (displacement
ellipsoids at 30% probability).

C(1)—Pt—=Pt—C(3) and N(1)-Pt=Pt—N(2) torsion angles)
where the smaller angles are associated with the longePPt  in the 'TH NMR spectrum. ThéH and3C NMR spectra ob
distances. These geometric parameters are likely associated witlalso exhibit chemical equivalence of all organic ligands,
optimization of the strength of the hydrogen bond. This is indicating a rapid exchange of the proton in the l®--O bridge
supported by examination of the ®O distances, which do not in solution. Even at-50 °C, no splitting of the methyl resonance
differ significantly in the three forms d [ranging from 2.42- is observed. In both complexes the proton resonances of the
(1) to 2.44(1) A] or from those it [2.455(5) A] and only hydrogen-bonded hydrogen atoms could not be detected due to
slightly from those inl [2.37(1) A]. line broadening. The €0 stretching vibrations appear at higher

In accordance with the results of the X-ray structure deter- wavenumbers4, 1606, 1582 cmt; 5, 1634, 1601 cm!) than
mination, the four methyl groups #hare chemically equivalent  those in the plating-diketonel (1548 cni?).8
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Discussion Furthermore, it was shown that the decomposition of acyl-

Both complexegt and5 are cationic acyl(hydroxycarbene)-  (hydrido) complexes can give hydroxycarbene complexes
platinum(ll) complexes, where the hydroxycarbene ligands are (stabilized by intermolecular hydrogen bonds) in reductive
stabilized by hydrogen bonds to acyl ligands. Initial formation €limination reactions. Thus, acyl(hydrido) compleesan be
of a cationic diacyl(hydrido)platinum(1V) compleX is likely, formed from (see Scheme 2) and decomposed to hydroxycarbene
in which the sixth coordination site is probably occupied by a complexes (see Scheme 3) which are stabilized by hydrogen
solvent molecule (Scheme 3). This intermediate can react furtherbridges in both cases.
to give complexed and5 by a 1,3-hydrogen shift in the sense ) ]
of an intramolecular reductive elimination reaction or by an _ Acknowledgment. This work is supported by the Deutsche
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