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The dinuclear platina-â-diketone [Pt2{(COMe)2H}2(µ-Cl)2] (1a) reacts with 2,3-dimethyl-
substituted 1,4-diazabuta-1,3-dienes RNdCMeCMedNR (R ) n-Pr, Ph), yielding the
acylplatinum(II) complexes [Pt(COMe)2{(n-Pr)NdCMeCMedN(n-Pr)}] (2a) and [Pt(COMe)-
Cl(PhNdCMeCMe)NPh)] (2b), respectively. Constitutions of these complexes were confirmed
by 1H and 13C NMR spectroscopy and by single-crystal X-ray diffraction analyses. In these
reactions the acyl(hydrido)platinum(IV) complexes [Pt(COMe)2Cl(H)(RNdCMeCMedNR)]
(3a, R ) n-Pr; 3b, R ) Ph) were detected (1H NMR spectroscopy) as intermediates, from
which complexes 2a,b were formed by reductive elimination of HCl and MeCHO, respectively.
Reactions of the platina-â-diketone 1a with diazadiene ligands that are unsubstituted at
the 2- and 3-positions, RNdCHCHdNR (R ) n-Pr, i-Pr, c-Hex, t-Bu), afforded platinum(II)
complexes of the type [Pt(COMe)Cl{RN(H)CHdCHN(R)C(O)Me}] (4a, R ) n-Pr; 4b, R )
i-Pr; 4c, R ) c-Hex; 4d, R ) t-Bu). All complexes were characterized by NMR spectroscopy
(1H, 13C), and the structure of complex 4d was determined by single-crystal X-ray diffraction
as well. The organo ligand is formally obtained by 1,4-addition of MeC(O)-H to the diazadiene
ligand RNdCHCHdNR. On the basis of DFT calculations of the model complex [Pt(COMe)-
Cl{MeN(H)CHdCHN(Me)C(O)Me}] (6) and of the (relaxed) free ligand MeN(H)CHdCHN-
(Me)C(O)Me (7) the electronic structure of complex 6 and the bonding mode of ligand 7 is
discussed. DFT calculation of the isomeric acyl(hydrido)platinum(IV) complex [Pt(COMe)2Cl-
(H)(MeNdCHCHdNMe)] (9a) indicated that it is 18.2 kcal/mol higher in energy than complex
6. Thus, 9a may be an intermediate in the formation of complex 6.

Introduction

Reactions of hexachloroplatinic acid in butanol with
the alkynylsilanes R′CtCSiMe3 afforded the dinuclear
platina-â-diketones [Pt2{(COR)2H}2(µ-Cl)2] (1; R ) R′ +
CH2) via Zeise’s acid with a butene ligand, H[PtCl3(η2-
CH2dCHEt)], as intermediate.1 Complexes 1 have only
16 valence electrons and are kinetically labile com-
plexes, in contrast to the electronically saturated (18
ve) and kinetically inert Lukehart metalla-â-diketones
[M{(COR)2H}Lx] (M ) Mn, Re, Fe, ...) with carbonyl
and/or cyclopentadienyl coligands L.2 Platina-â-dike-
tones 1 exhibit unique reactivity. The methyl-substi-
tuted complex 1a (R ) Me) reacts (Scheme 1) (i) with
amines and other bases, yielding platina-â-diketonates
of platina-â-diketones that can be regarded as organo-
metallic analogues of platinum blues,3 (ii) with pyridines
and quinoline, yielding mononuclear platina-â-dike-
tones,4 and (iii) with phosphines and diphosphines,
yielding acylplatinum(II) complexes with cleavage of

acetaldehyde.4 Reactions (iv) with bipyridines and phen-
anthrolines resulted in formation of hydrido(acetyl)-
platinum(IV) complexes that exhibited an astonishing

(1) Steinborn, D.; Gerisch, M.; Merzweiler, K.; Schenzel, K.; Pelz.,
K.; Bögel, H. Organometallics 1996, 15, 2454.

(2) (a) Lukehart, C. M. Acc. Chem. Res. 1981, 14, 109. (b) Lukehart,
C. M. Adv. Organomet. Chem. 1986, 25, 45.

(3) (a) Steinborn, D.; Gerisch, M.; Heinemann, F. W.; Bruhn, C.
Chem. Commun. 1997, 843. (b) Gerisch, M.; Bruhn, C.; Porzel, A.;
Steinborn, D. Eur. J. Inorg. Chem. 1998, 1655.

Scheme 1

4369Organometallics 2002, 21, 4369-4376

10.1021/om020173s CCC: $22.00 © 2002 American Chemical Society
Publication on Web 09/11/2002

D
ow

nl
oa

de
d 

by
 C

A
R

L
I 

C
O

N
SO

R
T

IU
M

 o
n 

Ju
ne

 2
9,

 2
00

9
Pu

bl
is

he
d 

on
 S

ep
te

m
be

r 
11

, 2
00

2 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
02

01
73

s



thermal stability. Only at temperatures above 140 °C
did the solids undergo a reductive elimination of acetal-
dehyde, yielding acetylplatinum(II) complexes.5 Major
aspects of the reactivity of platina-â-diketones can be
understood when they are regarded as hydroxycarbene
complexes that are intramolecularly stabilized by a
hydrogen bridge to an acyl ligand (Scheme 2).

Here we report on reactions of the platina-â-diketone
1a with 1,4-diazabuta-1,3-diene (dab) ligands. These
ligands have attracted interest mainly for two reasons.
(i) Compared with bipyridines and phenanthrolines, the
most widely used ligands with -NdCCdN- skeletons,
they are better π-acceptors. (ii) Because dab ligands may
π-coordinate through nitrogen lone pairs and π-coordi-
nate through CdN bonds, they exhibit versatile coor-
dination modes ranging from 2-electron up to 8-electron
donors. Due to a pronounced dependence of the reactiv-
ity of platina-â-diketone on the electronic properties of
ligands, new reactions could be expected to be found
using dab ligands. This will be shown in reactions of
the platina-â-diketone 1a with 1,4-disubstituted dab
ligands RNdCR′CR′dNR being 2,3-dimethyl-substitut-
ed (R′ ) Me; R ) n-Pr, Ph) on the one side and
unsubstituted at the 2- and 3-positions (R′ ) H; R )
n-Pr, i-Pr, c-Hex, t-Bu) on the other side.

Results and Discussion

Synthesis and Characterization of the Com-
plexes [Pt(COMe)2{(n-Pr)NdCMeCMedN(n-Pr)}]
(2a) and [Pt(COMe)Cl(PhNdCMeCMedNPh)] (2b).
(a) Synthesis. The platina-â-diketone 1a reacted with
dab ligands (n-Pr)NdCMeCMedN(n-Pr) and PhNd
CMeCMedNPh in thf solution at -40 °C, yielding
the acylplatinum(II) complexes [Pt(COMe)2{(n-Pr)Nd
CMeCMedN(n-Pr)}] (2a) and [Pt(COMe)Cl(PhNd
CMeCMedNPh)] (2b), respectively (Scheme 3). The
acylplatinum(II) complexes 2a,b were isolated at room
temperature in moderate yields (40% in both cases) as
yellow microcrystalline substances. Both complexes
were quite soluble in most organic solvents, excluding
diethyl ether and hydrocarbon solvents. In the solid

state they were stable in air for several days; however,
in solution slow decomposition took place within 1 day.

When isolation of complexes was carried out at
temperatures around 0 °C, mixtures of several sub-
stances were isolated, usually containing complexes
2a,b as main components. However, in all experiments
small amounts of acyl(hydrido)platinum(IV) complexes
of the type [Pt(COMe)2Cl(H)(RNdCMeCMedNR)] (3a,
R ) n-Pr; 3b, R ) Ph) were clearly detected in 1H NMR
spectra by strongly high field shifted signals of hydrido
ligands (3a, δ(1H) -18.34 ppm, 1JPt,H ) 1476.9 Hz; 3b,
δ(1H) -19.26 ppm, 1JPt,H ) 1576.7 Hz). In an individual
case, complex 3b was even obtained as the main product
(1H NMR: COCH3, δ 2.25/2.45 ppm, 3JPt,H 37.4/18.3 Hz;
dab (CH3), δ 2.30/2.32 ppm). Most likely, these com-
plexes 3 are intermediates that undergo reductive
elimination of HCl (yielding 2a) or MeCHO (yielding
2b). Analogous reactions of platina-â-diketone 1a with
bipyridines and phenanthrolines (NkN) afforded acyl-
(hydrido)platinum(IV) complexes of type 3, [Pt(COMe)2Cl-
(H)(NkN)], which are thermally stable and undergo
reductive elimination of MeCHO only at elevated tem-
perature (cf. Scheme 1, iv).

In contrast to RNdCMeCMedNR (R ) n-Pr, Ph), the
tetraphenyl-substituted dab ligand PhNdCPhCPhd
NPh did not react with the platina-â-diketone 1a at all.
Most likely, this is due to the Z-gauche-Z conformation
of free PhNdCPhCPhdNPh.6 Thus, coordination as an
N,N-chelating ligand requires not only rotation around
the central C-C bond but also rearrangement of N-
bound phenyl groups.

(b) Spectroscopic Investigations. Complexes 2a,b
were fully characterized by single-crystal X-ray diffrac-
tion analyses and by 1H and 13C NMR spectroscopy. In
complex 2a the two acetyl groups (δ(1HMe) 2.17 ppm,
δ(13CMe) 43.6 ppm, δ(13CCO) 231.6 ppm) are chemically
equivalent. Resonances of the acetyl ligand in complex
2b are similar (δ(1HMe) 2.13 ppm, δ(13CMe) 39.7 ppm,
δ(13CCO) 213.8 ppm) to those of complex 2a. In compari-
son with the free ligand RNdCMeCMedNR ligand the
methyl H atoms in complex 2a (R ) n-Pr) are slightly
low field shifted (0.07 ppm), whereas those in complex
2b (R ) Ph) are strongly high field shifted by 0.54 and
0.28 ppm, respectively.

(c) Molecular Structures. Single crystals of com-
plexes 2a,b suitable for X-ray diffraction analyses were
grown from CDCl3 solution in NMR tubes. Molecular
structures of complexes 2a,b are shown in Figures 1 and
2 and selected bond lengths and angles in Tables 1 and
2, respectively. Both complexes crystallize as discrete
molecules; there are no unusual intermolecular contacts.
Complex 2b crystallizes with one molecule of CDCl3.
The platinum centers are nearly planar, tetracoordi-
nated by a dab ligand and two acetyl ligands in 2a and
by a dab ligand, one chloro ligand, and one acetyl ligand
in 2b. Within the experimental error (3σ criterion), there
are no significant differences in the geometrical param-
eters between the two acetyl ligands either in 2a (mean
values: Pt-C 2.00 Å, C-O 1.22 Å, C-C 1.49 Å; all
angles between 118.0(4) and 121.9(3)°), or in complex(4) Gerisch, M.; Heinemann, F. W.; Bruhn, C.; Scholz, J.; Steinborn,

D. Organometallics 1999, 18, 564.
(5) (a) Gerisch, M.; Bruhn, C.; Vyater, A.; Davies, J. A.; Steinborn,

D. Organometallics 1998, 17, 3101. (b) Steinborn, D.; Vyater, A.; Bruhn,
C.; Gerisch, M.; Schmidt, H. J. Organomet. Chem. 2000, 597, 10.

(6) Wunderle, J.; Scholz. J.; Fröhlich, R. Z. Kristallogr. 1993, 208,
277.

Scheme 2

Scheme 3
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2b (Pt-C 2.014(6) Å, C-O 1.188(8) Å, C-C 1.50(1) Å;
angles between 117.4(5) and 121.8(6)°). In complex 2a
the two oxygen atoms of cis acetyl ligands are on
opposite sites of the coordination plane, obviously, to
minimize the electrostatic repulsion between the oxygen
atoms (O1-C11‚‚‚C13-O2 173.6(4)°). The plane of the
acetyl ligand in 2b includes an angle of 72.8(3)° with
the coordination plane.

Synthesis and Characterization of Complexes
[Pt(COMe)Cl{RN(H)CHdCHN(R)C(O)Me}] (4a-d).
(a) Synthesis. The platina-â-diketone 1a reacted with
dab ligands RNdCHCHdNR (R ) n-Pr, i-Pr, c-Hex,
t-Bu) at -40 °C in thf solution, yielding the platinum-

(II) complexes [Pt(COMe)Cl{RN(H)CHdCHN(R)C(O)-
Me}] (4a, R ) n-Pr; 4b, R ) i-Pr; 4c, R ) c-Hex; 4d, R
) t-Bu) (Scheme 4). Complexes 4a-d were isolated as
white microcrystalline substances with moderate to good
yields (4a, 45%; 4b, 88%; 4c, 84%; 4d, 61%) that are
very soluble in chlorinated solvents, less soluble in thf,
and insoluble in diethyl ether and hydrocarbons. They
are moderately stable toward air and moisture in the
solid state. However, in chloroform and thf solutions a
substantial decomposition over 24 h was observed. All
complexes 4a-d were fully characterized by means of
1H and 13C NMR spectroscopy and in the case of 4d (R
) t-Bu) also by X-ray structural analysis.

(b) Molecular Structure. Molecular structure of
complex [Pt(COMe)Cl{(t-Bu)N(H)CHdCHN(t-Bu)C(O)-
Me}] (4d) is shown in Figure 3 along with the number-
ing scheme. Selected bond lengths and angles are given
in Table 3. The complex crystallizes as discrete mol-
ecules; there are no unusual intermolecular contacts.

Figure 1. Molecular structure of [Pt(COMe)2{(n-Pr)Nd
CMeCMedN(n-Pr)}] (2a) showing atom numbering (dis-
placement ellipsoids at 50% probability).

Figure 2. Molecular structure of [Pt(COMe)Cl(PhNd
CMeCMedNPh)]‚CDCl3 (2b‚CDCl3) showing atom num-
bering (displacement ellipsoids at 50% probability). The
CDCl3 molecule is not shown for clarity.

Table 1. Selected Interatomic Distances (in Å),
Angles (in deg), and Torsion Angles (in deg) for 2a

Pt-N1 2.123(3) N2-C2 1.288(4)
Pt-N2 2.113(3) C1-C2 1.484(6)
Pt-C11 2.003(4) C11-O1 1.215(5)
Pt-C13 1.995(3) C13-O2 1.227(5)
N1-C1 1.282(5)

N1-Pt-N2 76.0(1) Pt-C11-O1 121.7(3)
N1-Pt-C11 98.2(1) Pt-C13-O2 121.9(3)
N2-Pt-C13 96.9(1) Pt-N1-C1 115.7(3)
C11-Pt-C13 88.8(2) Pt-N2-C2 116.2(3)
N1-Pt-C13 172.9(1) N1-C1-C2 116.4(3)
N2-Pt-C11 174.2(1) N2-C2-C1 115.4(3)

N1-C1-C2-N2 6.4(4)

Figure 3. Molecular structure of [Pt(COMe)Cl{(t-Bu)N-
(H)CHdCHN(t-Bu)C(O)Me}] (4d) showing atom number-
ing (displacement ellipsoids at 50% probability).

Scheme 4

Table 2. Selected Interatomic Distances (in Å),
Angles (in deg), and Torsion Angles (in deg) for

2b‚CDCl3

Pt-N1 2.137(5) N1-C3 1.282(8)
Pt-N2 2.017(5) N2-C11 1.295(8)
Pt-Cl 2.301(1) C3-C11 1.507(7)
Pt-C1 2.014(6) C1-O 1.188(8)

N1-Pt-N2 76.6(2) Pt-C1-O 120.7(5)
N1-Pt-Cl 97.6(1) Pt-C1-C2 117.4(5)
N2-Pt-C1 98.4(2) Pt-N1-C3 115.1(3)
C1-Pt-Cl 87.5(2) Pt-N2-C11 119.2(4)
N1-Pt-C1 173.6(2) N1-C3-C11 114.8(5)
N2-Pt-Cl 174.1(1) N2-C11-C3 114.3(5)

N1-C3-C11-N2 1.1(7)
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As can be seen in Figure 3, besides a chloro and an
acetyl ligand, an enamine-amide type ligand, (t-Bu)N-
(H)CHdCHN(t-Bu)C(O)Me, is coordinated to platinum.
Platinum is essentially square planar coordinated by a
chloro (Cl) and an acetyl ligand (C13) as well as by O1
and C2 of the organo ligand (angles between neighbor-
ing ligands 76.7(3)-96.1(4)°; sum of angles 359.8°).
There is an additional weakly bound carbon atom (Pt-
C1 2.326(8) Å). This distance is much longer than the
Pt-C2 bond (2.057(9) Å). The Pt-C2 bond is rather
short and Pt-C1 is rather long, as a comparison with
Pt-C bond lengths in olefin platinum complexes (me-
dian 2.183 Å; lower/upper quartile 2.140/2.235 Å; 1484
observations7) reveals. Comparison of the Pt-O bond
length in 4d (2.147(6) Å) with those in other platinum
complexes containing Pt-OdC moieties (median 2.029
Å; lower/upper quartile 2.009/2.049 Å; 221 observa-
tions7) reveals that the Pt-O1 bond is only a weak one.
The five-membered Pt-O1-C3-N1-C2 cycle is best
described as a half-chair twisted on Pt-O1.

The backbone of the dab ligand N1-C2-C1-N2 is
twisted on the C1-C2 bond by 6(1)°. Both nitrogen
atoms are essentially planar (sum of angles 359.5° (N1),
355.5° (N2)), indicating that they remained sp2 hybrid-
ized. The σ-skeletons of N2 and those of the central
carbon atoms C1 and C2 define a plane in a rough
approximation (C9,N2,C1,C2,N1: maximum deviation
from the plane 0.151(7) Å; back-bending of substituents
on carbon atoms C1 and C2 when they are coordinated
to Pt and strain due to the five-membered C2,N1,C3,-
O1,Pt ring may be the reason for relatively high
deviations). Thus, π-electrons in the C2-C1-N2 unit
may be delocalized. Furthermore, the σ-skeleton of N1
is part of a larger planar unit built up of the atoms C2-
N1(C5)-C3(O1)-C4 (maximum deviation from the mean
plane 0.047(8) Å). This arrangement allows a delocal-
ization of π-electrons between O1-C3-N1. However,
the two planes include an angle of 75.1(5)°, excluding
any interactions of the two π systems.

In comparison with the noncomplexed tert-butyl-
substituted diazadiene tBuNdCHCHdNtBu (X-ray

diffraction analysis of the s-trans conformer,8 C-C
1.467(2)-1.477(2) Å, CdN 1.267(1)-1.269(2) Å; electron
diffraction of the gauche conformer,9 C-C 1.50(2) Å,
CdN 1.283(6) Å), the C1-C2 bond in complex 4d
(1.43(1) Å) is slightly shorter. The C1dN2 bond
(1.33(1) Å) which is not involved in the five-membered
platinacycle is slightly longer, but it retains substantial
double-bond character. On the other hand, the C2-N1
bond (1.45(1) Å) which is incorporated in the five-
membered platinacycle is clearly a single bond.10 The
structural features of the C4,C3,O1,N1 unit correspond
to those in carboxylic acid amides (4d, C3-N1 1.33(1)
Å, C3dO1 1.26(1) Å; acyclic amides, C-N 1.342 Å,
CdO 1.232 Å10).

(c) Spectroscopic Investigations. All complexes
4a-d have similar 1H and 13C NMR spectroscopic signal
patterns, showing that they belong to the same class of
compounds. Selected data are summarized in Table 4.
Assignments of signals in 1H and 13C NMR spectra were
revealed by 1H-1H COSY and 1H-13C HETCOR NMR
experiments. 1H and 13C chemical shifts of acetyl ligands
in complexes 4 (δ(1HCH3) 2.25-2.30 ppm; δ(13CCH3) 41.5-
42.8 ppm; δ(13CCO) 201.1-204.1 ppm) are in the ex-
pected range as compared with other Pt(II) complexes
of the type [Pt(COMe)(Cl)L2] (L2 ) Ph2P(CH2)nPPh2, n
) 2, 3 (5a);4 L2 ) 4,4′-R2bpy, R ) H, Me, t-Bu (5b);5 L2
) PhNdCMeCMedNPh (2b)) reveals. In complexes 4
the 2JPt,C coupling constants (138.4-152.2 Hz) are
significantly larger than those in complexes 5 and 2b
(101.7-124.0 Hz). Analogously, the 1JPt,C coupling con-
stants in complexes 4 are larger than that in complex
5b (R ) H) (1072.4-1121.1 Hz vs 989 Hz). On the basis
of the well-known dependence of the magnitudes of
1JPt,C and 2JPt,C coupling constants on trans influence,11

this reflects a smaller trans influence of the oxygen
donor in complexes 4 compared with the N- and P-
donors in complexes 5 and 2b.

In complexes 4 the two dCH- groups of the dab
ligands are highly nonequivalent, exhibiting chemical
shift differences ∆δ(1H) 2.00-2.73 ppm and ∆δ(13C)
68.6-103.6 ppm. The high-field-shifted N-CHd groups
show a strong coupling to platinum (2JPt,H ) 113.1 Hz
(4d), 138.9 Hz (4a); 1JPt,C ) 393.7-480.5 Hz), whereas
for the low-field-shifted NH-CHd groups platinum
couplings were not observed. This can be understood on
the basis that the molecular structure of 4d shows a
normal Pt-C2 bond length (2.057(9) Å), whereas the
Pt-C1 distance is much longer (2.326(8) Å). Resonances
of hydrogen atoms H bound to nitrogen are broad and
were found between 4.3 ppm (4d) and 8.7 ppm (4a),
exhibiting a strong dependence on the substituent R.

(d) DFT Calculations. To get an insight into the
electronic structure of complex 4d, DFT calculations
were performed using the hybrid functional B3LYP and
an effective core potential on platinum. Relativistic
effects were considered. To save computational re-
sources, tert-butyl substituents on nitrogen atoms in 4d

(7) Cambridge Structural Database (CSD); Cambridge Crystal-
lographic Data Centre, University Chemical Laboratory, Cambridge,
U.K.

(8) (a) Huige, C. J. M.; Spek, A. L.; De Boer, J. L. Acta Crystallogr.,
Sect. C 1985, 41, 113. (b) Haaf, M.; Schmiedl, A.; Schmedake, T. A.;
Powell, D. R.; Millevolte, A. J.; Denk, M.; West, R. J. Am. Chem. Soc.
1998, 120, 12714.

(9) Hargittai, I.; Seip, R. Acta Chem. Scand., Ser. A 1976, 30, 540.
(10) Allen, F. H.; Kennard, O.; Watson, D. G.; Brammer, L.; Orpen,

A. G.; Taylor, R. J. Chem. Soc., Perkin Trans. 2 1987, S1.
(11) Appleton, T. G.; Clark, H. C.; Manzer, L. E. Coord. Chem. Rev.

1973, 10, 335.

Table 3. Selected Interatomic Distances (in Å),
Angles (in deg), and Torsion Angles (in deg) for 4d

Pt-C1 2.326(8) C3-N1 1.33(1)
Pt-C2 2.057(9) C3-O1 1.26(1)
Pt-C13 1.968(9) C13-O2 1.22(1)
Pt-Cl 2.332(2) C9-N2 1.48(1)
Pt-O1 2.147(6) C5-N1 1.52(1)
C1-C2 1.43(1) C3-C4 1.48(1)
C1-N2 1.33(1) C13-C14 1.51(2)
C2-N1 1.45(1)

C2-Pt-O1 76.7(3) Pt-C2-N1 111.7(6)
C2-Pt-C13 96.1(4) Pt-O1-C3 113.8(6)
C2-Pt-Cl 168.3(2) Pt-C2-C1 81.6(5)
C13-Pt-Cl 95.4(3) Pt-C1-N2 117.2(5)
C13-Pt-O1 169.2(3) Pt-C13-O2 123.2(7)
O1-Pt-Cl 91.6(2) Pt-C13-C14 118.7(7)
C1-Pt-C2 37.4(3) C2-N1-C5 116.5(7)
C2-C1-N2 126.5(7) C2-N1-C3 116.1(7)
C1-C2-N1 118.2(7) N1-C3-O1 119.9(8)
C1-N2-C9 123.5(7)

N1-C2-C1-N2 6(1)
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were replaced by methyl substituents in the calculated
complex 6. Its structure is shown in Figure 4, and
selected structural parameters are given in Table 5. The
structure of complex 6 is close to that of complex 4d
(Table 5). The most important difference is the longer
Pt-O1 bond in 6 compared with that in 4d (∆ 0.211 Å).
Furthermore, the calculated values for the stronger Pt-
C2 bond and the weaker Pt-C1 bond are longer by
0.054 Å and shorter by 0.022 Å, respectively, than those
in complex 4d. Thus, the “asymmetry” of the olefin
bonding C1-C2 in complex 4d is greater than that in
the calculated complex 6. Inspection of NBO charges
revealed that coordination of the ligand MeN(H)CHd
CHN(Me)C(O)Me to the PtCl(COMe) moiety results in
transfer of 0.186 electron.

Formal cleavage of the organo ligand of complex 6 and
an optimization procedure resulted in a relaxed struc-
ture of the organo ligand MeN(H)CHdCHN(Me)C(O)-
Me (7a) (Figure 5). This free (relaxed) ligand 7a is
stabilized by hydrogen bonding N2-H27‚‚‚O1 (N2-H27
1.022 Å, O1‚‚‚H27 1.884, N2‚‚‚O1 2.760 Å, N2-H27-
O1 141.8°); this is not the case in platinum complex 6.
Rotation of the -N(R)Me groups (R ) H, C(O)Me)
around the C-N bonds results in another equilibrium
structure 7b that is no longer stabilized by a hydrogen
bond (Figure 5). The ZPE-corrected energy of this
conformer (7b) is 6.9 kcal/mol higher than that of 7a.
For comparison the calculated structure of the parent
diazadiene (MeNdCHCHdNMe, 8) is also shown in
Figure 5. Selected structural parameters of all calcu-
lated molecules are given in Table 5.

The conformation of the free ligand 7b is close to that
of the coordinated one in complex 6. In complex 6 the
halves of the ligand (C2,N1,C3,O1 and C2,C1,N2)
include an angle of 73.5° (cf. with the corresponding
angle of 80(1)° in the experimental complex 4b). In the
free ligand 7b this interplanar angle amounts to 69.8°,
but it is strongly reduced (40.2°) in 7a as a consequence
of the formation of the hydrogen bridge N2-H27‚‚‚O1.
The C1-C2 distance in 7a/7b (1.350/1.347 Å) and bond
order (1.741/1.765) show that this bond is a double bond.
On the other hand, the C-N bonds have only small

(C1-N2 1.378/1.375 Å; BO 1.156/1.160) and no double-
bond character (C2-N1 1.427/1.432; BO 0.984/0.957),
respectively, as compared with the parent diazadiene 8
(C-C 1.484 Å, BO 1.056; CdN 1.272 Å, BO 1.871) and
with the N-CH3 distances in 7a/7b and 8 (1.448-1.462
Å, BO 0.956-1.031) reveals. Coordination of ligand 7b
to platinum, yielding complex 6, results in strong
elongation of the C1-C2 bond (1.347 vs 1.428 Å, BO
1.765 vs 1.291) that is accompanied by strengthening
of the C-N bonds (C1-N2 1.375 vs 1.361 Å, BO 1.160
vs 1.234; C2-N1 1.432 vs 1.457 Å, BO 0.957 vs 0.938).
Furthermore, coordination of Pt to O1 results in weak-
ening of the C3dO1 bond (7b vs 6: 1.224 vs 1.249 Å,
BO 1.682 vs 1.527).

The path of formation of complexes 4 has not been
investigated yet. Intermediates might be acyl(hydrido)-
platinum(IV) complexes [Pt(COMe)2Cl(H)(RNdCHCHd
NR)] (9), analogous to complexes 3 when 2,3-dimethyl-
substituted diazadiene ligands were used (vide supra).
Thus, the molecular structure of [Pt(COMe)2Cl(H)-
(MeNdCHCHdNMe)] (9a) was calculated (Figure 6) on
the same level of theory as complex 6. The calculated
structure of complex 9a is in good agreement with that
of analogous complexes with bipyridine coligands [Pt-
(COMe)2Cl(H)L2] (L2 ) 4,4′-tert-Bu2bpy (10a), 4,4′-tert-
Bu2-6-n-Bubpy (10b)),5 as shown by the comparison of
9a with 10a/10b: Pt-Cl 2.512 vs 2.476(2)/2.479(3) Å,
Pt-C3 2.059 vs 2.00(1)/2.00(1) Å, Pt-C13 2.033 vs
1.99(1)/2.00(1) Å, CdO 1.212 vs 1.20(1)-1.21(1) Å. The
calculated Pt-H bond in 9a (1.565 Å) is substantially
shorter than that in 10a/10b (1.72(5)/1.79(2) Å). Evalu-
ation of ZPE-corrected energies makes it clear that
complex 9a is less stable by 18.2 kcal/mol than complex
6 and that the isomerization 9a f 6 is a thermody-
namically allowed reaction. Thus, these results indicate
that reactions of platina-â-diketone 1a with diazadienes
unsubstituted at the 2- and 3-positions may proceed via
a platinum(IV) complex of type 9 as an intermediate,
yielding complexes 4, although a direct protonation of
the imine cannot be strictly ruled out.

Formation of complex 6 (model for complexes 4) with
its enamine-amide type ligand 7 from acyl(hydrido)-
platinum(IV) complex 9 remains speculative. A reduc-
tive elimination of acetyl and dab ligands with C-N
bond formation and hydride transfer from platinum to
ligand might be involved. Formally, formation of enam-
ine-amide type ligands in complexes 4 is a 1,4-addition
of MeC(O)-H (a tautomer of hydroxycarbene Me-C-
OH that is a building block of platina-â-diketones) to
the dab ligand. Thus, a new metal-assisted addition
reaction to diazadienes may be involved. Other ex-
amples for reactions of this type are 1,3-dipolar cycload-
ditions to M-NdC fragments of diazadiene complexes,12

(12) Feiken, N.; Schreuder, P.; Siebenlist, R.; Frühauf, H.-W.; Vrieze,
K.; Kooijman, H.; Veldman, N.; Spek, A. L.; Fraanje, J.; Goubitz, K.
Organometallics 1996, 15, 2148 and literature cited therein.

Table 4. Selected NMR Data (δ in ppm, J in Hz) for Complexes 4a-d
NCHd NHCHd C(O)CH3

R δH (2JPt,H) δC (1JPt,C) δH δC

NH
δH δH δC (2JPt,C)

C(O)
δC (1JPt,C)

n-Pr (4a) 4.92 (138.9) 53.7 7.5 157.3 8.7 2.25 42.8 (141.6) 204.1 (1121.1)
i-Pr (4b) 4.71 50.2 (480.5) 7.4a 143.6 7.3a 2.30 42.1 (147.5) 202.1 (1072.4)
c-Hex (4c) 4.76 51.7 (475.8) 7.1a 143.1 7.4a 2.30 42.1 (152.2) 202.0
t-Bu (4d) 5.04 (113.1) 59.2 (393.7) 7.0 127.8 4.3 2.29 41.5 (138.4) 201.1 (1075.1)
a The assignment may be reversed.

Figure 4. Calculated structure and numbering scheme of
[Pt(COMe)Cl{MeN(H)CHdCHN(Me)C(O)Me}] (6).
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addition of D2 to coordinated dad ligands, yielding
C-hydrogenated products,13 andseven catalytics1,4-
hydrosilylations of diazadienes.14

Experimental Section

General Comments. All reactions were performed under
an argon atmosphere using standard Schlenk techniques. The
solvents were dried and distilled prior to use. NMR spectra
were obtained on Varian Gemini 200, VXR 400, and Unity 500
NMR spectrometers using 5 mm tuneable probes. If not
indicated otherwise, samples were measured in CDCl3 at 300
K. Chemical shifts are relative to CHCl3 (δ 7.24) and CDCl3

(δ 77.0) as internal references. Assignments of NMR signals
were partly revealed by 1H-1H COSY and 1H-13C HETCOR-
NMR experiments. The purity of type 2 and 4 complexes was
proved by NMR spectroscopic investigations, because satisfac-
tory elemental analysis results could not be obtained with

standard procedures. The platina-â-diketone [Pt2{(COMe)2H}2-
(µ-Cl)2] (1a) was synthesized according to a published method.1
Diazadiene ligands were kindly supplied by Prof. J. Scholz
(University of Koblenz, Koblenz, Germany) or synthesized
according to standard procedures from glyoxal/diacetyl with
the requisite amine. Other chemicals were commercial materi-
als used without further purification or after distillation.

[Pt(COMe)2{(n-Pr)NdCMeCMedN(n-Pr)}] (2a) and [Pt-
(COMe)Cl(PhNdCMeCMedNPh)] (2b). At -40 °C, to [Pt2-
{(COMe)2H}2(µ-Cl)2] (1a; 100 mg, 0.16 mmol) in thf (5 mL) was
added a solution of RNdCMeCMedNR (R ) n-Pr, Ph) (0.32
mmol) in thf (5 mL). The reaction mixture was warmed to room
temperature over 20 min and then stirred for another 10 min,
yielding a clear pale yellow solution. About half (2a) and two-
thirds (2b), respectively, of the solvent were evaporated in
vacuo. Addition of diethyl ether (ca. 15 mL) resulted in pale
yellow precipitation of the product, which was filtered off,
washed with diethyl ether, and dried briefly in vacuo.

Data for complex 2a are as follows. Yield: 57.5 mg (40%).
1H NMR (CDCl3, 400 MHz): δ 0.85 (t, 6H, 2 × CH3, n-Pr),

(13) Zoet, R.; Elsevier, C. J.; van Koten, G.; Versloot, P.; Vrieze, K.;
van Wijnkoop, M.; Duineveld, C. A.; Goubitz, K.; Heijdenrijk, D.; Stam,
C. H. Organometallics 1989, 8, 23.

(14) Brockmann, M.; tom Dieck, H. J. Organomet. Chem. 1986, 314,
75.

Table 5. Calculated Structural Parameters (Bond Lengths in Å and Angles in deg) for
[Pt(COMe)Cl{MeN(H)CHdCHN(Me)C(O)Me}] (6), for the Ligand MeN(H)CHdCHN(Me)C(O)Me with (7a) and

without (7b) N-H‚‚‚O Hydrogen Bonding, and for the Diazadiene MeNdCHCHdNMe (8)a

4d 6/BOb 7a/BOb 7b/BOb 8/BOb

Pt-C1 2.326(8) 2.304/0.334
Pt-C2 2.057(9) 2.111/0.410
Pt-C13 1.968(9) 1.994/0.782
Pt-Cl 2.332(2) 2.360/0.465
Pt-O1 2.147(6) 2.358/0.116
C1-C2 1.43(1) 1.428/1.291 1.350/1.741 1.347/1.765 1.484/1.056
C1-N2 1.33(1) 1.361/1.234 1.378/1.156 1.375/1.160 1.272/1.871
C2-N1 1.45(1) 1.457/0.938 1.427/0.984 1.432/0.957 1.272/1.871
C9-N2 1.48(1) 1.462/0.971 1.456/0.993 1.452/0.983 1.448/1.031
C5-N1 1.52(1) 1.461/0.948 1.462/0.956 1.460/0.960 1.448/1.031
C3-N1 1.33(1) 1.359/1.231 1.371/1.180 1.385/1.135
C3-O1 1.26(1) 1.249/1.527 1.235/1.597 1.224/1.682
C13-O2 1.22(1) 1.217/1.777
C2-Pt-O1 76.7(3) 74.4
C2-Pt-Cl 168.3(2) 169.2
O1-Pt-C13 169.2(3) 167.1
C2-C1-N2 126.5(7) 125.6 129.2 132.3
C1-C2-N1 118.2(7) 119.5 129.1 128.0 123.5
N1-C3-O1 119.9(8) 120.6 122.2 122.0 123.5
Pt-O1-C3 113.8(6) 110.6
N1-C2-C1-N2 6(1) 3.8 0.3 2.7 0.1
H2-C2-C1-H1 -21.5 -1.6 0.5 0.1

a Experimental values for complex 4d are given for comparison. b Bond order (given in electron pairs).

Figure 5. Calculated structures and numbering schemes
of the ligand MeN(H)CHdCHN(Me)C(O)Me with (7a) and
without (7b) NH‚‚‚O hydrogen bonding and for the diaza-
diene MeNdCHCHdNMe (8).

Figure 6. Calculated structure of the acyl(hydrido)-
platinum(IV) complex [Pt(COMe)2Cl(H)(MeNdCHCHd
NMe)] (9a). Selected bond lengths (in Å) and angles (in
deg); bond orders are given in parentheses: Pt-H 1.565
(0.641), Pt-Cl 2.512 (0.255), Pt-C3 2.059 (0.590), Pt-C13
2.033 (0.654), Pt-N1 2.268 (0.169), Pt-N2 2.238 (0.167),
C1-C2 1.471 (1.077), C1-N2 1.279 (1.783), C2-N1 1.277
(1.789), C3-O1 1.212 (1.814), C13-O2 1.212 (1.809);
H-Pt-N1 99.8, H-Pt-C3 88.5, H-Pt-C13 86.7, H-Pt-
Cl 91.2, N1-Pt-N2 74.2, C3-Pt-C13 92.5.
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1.51 (m, 4H, 2 × CH2, n-Pr), 2.05 (s, 6H, 2 × NCCH3), 2.17 (s
+ d, 6H, 3JPt,H ) 19.5 Hz, 2 × COCH3), 3.76 (t, 4H, 2 × CH2,
n-Pr). 13C NMR (CDCl3, 101 MHz): δ 11.2 (s, 2 × CH3, n-Pr),
17.8 (s, 2 × NCCH3), 22.6 (s, 2 × CH2, n-Pr), 43.6 (s, 2 ×
COCH3), 56.0 (s, 2 × CH2, n-Pr), 172.1 (s, 2 × NCCH3), 231.6
(s, 2 × COCH3).

Data for complex 2b are as follows. Yield: 65.2 mg (40%).
1H NMR (CDCl3, 400 MHz): δ 1.62 (s, 3H, NCCH3), 1.88 (s,
3H, NCCH3), 2.13 (s, 3H, COCH3), 7.06 (m, 4H, HPh), 7.29 (m,
2H, HPh), 7.43 (m, 4H, HPh). 13C NMR (CDCl3, 101 MHz): δ
19.7 (s, NCCH3), 21.1 (s, NCCH3), 39.7 (s + d, 3JPt,C ) 101.7
Hz, COCH3), [121.7, 122.2, 127.5, 128.2, 128.8, 129.6 (s, CPh)],
145.0 (s, i-CPh), 148.2 (s, i-CPh), 172.8 (s, NCCH3), 173.5 (s,
NCCH3), 213.8 (s, COCH3).

[Pt(COMe)Cl{RN(H)CHdCHN(R)C(O)Me}] (4). At -40
°C, to [Pt2{(COMe)2H}2(µ-Cl)2] (1a; 100 mg, 0.16 mmol) in thf
(5 mL) was added RNdCHCHdNR (0.32 mmol) as a solid (R
) c-Hex, t-Bu) or as a solution (R ) n-Pr, i-Pr) in thf (0.5-1
mL). The reaction mixture was warmed to room temperature
over 20 min and then stirred for another 10 min, yielding a
clear, nearly colorless solution. About half of the solvent was
evaporated in vacuo. Addition of diethyl ether (15-20 mL)
resulted in a white precipitate of the product that was filtered
off, washed with diethyl ether, and dried briefly in vacuo.

Data for complex 4a (R ) n-Pr) are as follows. Yield: 65.9
mg (45%). 1H NMR (CDCl3, 400 MHz): δ 0.91 (t, 3H, CH3,
n-Pr), 0.93 (t, 3H, CH3, n-Pr), 1.54 (m, 1H, CHH, n-Pr), 1.72
(m, 3H, 3 × CHH, n-Pr), 2.25 (s, 3H, PtC(O)CH3), 2.28 (s, 3H,
NC(O)CH3), 3.00 (m, 1H, CHH, n-Pr), 3.24 (m, 1H, CHH, n-Pr),
3.55 (m, 1H, CHH, n-Pr), 3.69 (m, 1H, CHH, n-Pr), 4.92 (s+d,
1H, 2JPt,H ) 138.9 Hz, N-CHd), 7.5 (m, 1H, N(H)CHd), 8.7
(br, 1H, NH). 13C NMR (CDCl3, 125 MHz): δ 11.1 (s, CH3,
n-Pr), 11.2 (s, CH3, n-Pr), 21.3 (s, 2 × CH2, n-Pr), 22.2 (s, NC-
(O)CH3), 42.8 (s+d, 2JPt,C ) 141.6 Hz, PtC(O)CH3), 52.1 (s, CH2,
n-Pr), 52.2 (s, CH2, n-Pr), 53.7 (s, N-CHd), 157.3 (s, N(H)-
CHd), 181.2 (s, NC(O)CH3), 204.1 (s + d, 1JPt,C ) 1121.1 Hz,
PtC(O)CH3).

Data for complex 4b (R ) i-Pr) are as follows. Yield: 128.8
mg (88%). 1H NMR (CDCl3, 400 MHz): δ 1.15 (d, 3H, CH3,
i-Pr), 1.21 (d, 3H, CH3, i-Pr), 1.33 (d, 3H, CH3, i-Pr), 1.36 (d,
3H, CH3, i-Pr), 2.26 (s, 3H, NC(O)CH3), 2.30 (s, 3H, PtC(O)-
CH3), 3.84 (br, 1H, N-CH, i-Pr), 4.12 (br, 1H, N(H)-CH, i-Pr),
4.71 (br, 1H, N-CHd), 7.3/7.4 (br/br, 1H/1H, NH/N(H)-
CHd). 13C NMR (CDCl3, 101 MHz): δ 20.1 (s, CH3, i-Pr), 20.5
(s, CH3, i-Pr), 20.7 (s, CH3, i-Pr), 22.2 (s, CH3, i-Pr), 22.6 (s,
NC(O)CH3), 42.1 (s + d, 2JPt,C ) 147.5 Hz, PtC(O)CH3), 50.2
(s + d, 1JPt,C ) 480.5 Hz, N-CHd), 50.4 (s, CH, i-Pr), 51.4 (s,

CH, i-Pr), 143.6 (s, N(H)-CHd), 180.4 (s, NC(O)CH3), 202.1
(s + d, 1JPt,C ) 1072.4 Hz, PtC(O)CH3).

Data for complex 4c (R ) c-Hex) are as follows. Yield: 144.5
mg (84%). 1H NMR (CDCl3, 500 MHz): δ 1.04-2.12 (m, 20H,
CH2, c-Hex), 2.25 (s, 3H, NC(O)CH3), 2.30 (s, 3H, PtC(O)CH3),
3.43 (br, 1H, CH, c-Hex), 3.71 (br, 1H, CH, c-Hex), 4.76 (br,
1H, N-CHd), 7.1/7.4 (br/br, 1H/1H, N(H)-CHd/NH). 13C
NMR (CDCl3, 101 MHz): δ 22.1 (s, NC(O)CH3), [24.5, 24.6,
24.9, 25.2, 25.4, 25.5, 30.7, 31.2, 32.9 (s, CH2, c-Hex)], 42.1 (s
+ d, 1JPt,C ) 152.2 Hz, PtC(O)CH3), 51.7 (s + d, 3JPt,C ) 475.8
Hz, N-CHd), 57.5 (s, NCH, c-Hex), 59.8 (s, NCH, c-Hex), 143.1
(s, N(H)CHd), 180.5 (s, NC(O)CH3), 202.0 (s, PtC(O)CH3).

Data for complex 4d (R ) t-Bu) are as follows. Yield: 94.9
mg (61%). 1H NMR (CDCl3, 400 MHz): δ 1.43 (s, 9H, CH3,
t-Bu), 1.51 (s, 9H, CH3, t-Bu), 2.29 (s, 3H, PtC(O)CH3), 2.39
(s, 3H, NC(O)CH3), 4.3 (d, 1H, NH), 5.04 (s + d, 1H, 2JPt,H )
113.1 Hz, N-CHd), 7.0 (m, 1H, N(H)-CHd). 13C NMR (CDCl3,
101 MHz): δ 25.1 (s, NC(O)CH3), 29.1 (s, CH3, t-Bu), 30.4 (s,
CH3, t-Bu), 41.5 (s + d, 2JPt,C ) 138.4 Hz, PtC(O)CH3), 54.8 (s,
C, t-Bu), 59.0 (s, C, t-Bu), 59.2 (s + d, 1JPt,C ) 393.7 Hz,
N-CHd), 127.8 (s, N(H)-CHd), 181.7 (s, NC(O)CH3), 201.1
(s + d, 1JPt,C ) 1075.1 Hz, PtC(O)CH3).

X-ray Crystallography. Crystals suitable for X-ray dif-
fraction analyses were grown from CDCl3 solution (2a, 2b‚
CDCl3) or by slow addition of diethyl ether to a dilute thf
solution (4d). Intensity data were collected on a Stoe IPDS
diffractometer with Mo KR radiation (λ ) 0.71073 Å, graphite
monochromator) at 220(2) K. A summary of the crystal-
lographic data, the data collection parameters, and the refine-
ment parameters is given in Table 6. Absorption correction
was applied numerically (Tmin/Tmax 0.14/0.36 (2a), 0.34/0.71
(2b‚CDCl3), 0.35/0.45 (4d)). The structures were solved by
direct methods with SHELXS-8615 and refined using full-
matrix least-squares routines against F2 with SHELXL-93.15

Non-hydrogen atoms were refined with anisotropic displace-
ment parameters. All H atoms except for H1 in complex 4d
were found in the difference Fourier map and refined isotro-
pically. Hydrogen atom H27 of 4d was refined with the
isotropic displacement parameter Ueq ) 0.08. The hydrogen
atom H1 in 4d was included in a calculated position and
refined with an isotropic displacement parameter according
to the riding model.

(15) Sheldrick, G. M. SHELXS-86 and SHELXS-93: Programs for
Crystal Structure Determination; University of Göttingen, Göttingen,
Germany, 1986 and 1993.

Table 6. Crystal Data and Structure Refinement Details for 2a, 2b‚CDCl3, and 4d
2a 2b‚CDCl3 4d

empirical formula C14H26N2O2Pt C19H19Cl4DN2OPt C14H27ClN2O2Pt
fw 449.46 630.27 485.92
cryst syst monoclinic monoclinic orthorhombic
space group P21/n P21/n Pbca
a, Å 9.0874(19) 13.903(3) 11.044(2)
b, Å 16.994(7) 8.889(1) 11.875(3)
c, Å 10.755(2) 18.174(5) 26.348(5)
â, deg 99.72(2) 98.38(3)
V, Å3 1637.0(8) 2222.1(8) 3455(1)
Z 4 4 8
F(calcd), g cm-3 1.824 1.884 1.868
µ(Mo KR), mm-1 8.572 6.807 8.279
F(000) 872 1208 1888
scan range, deg 2.57 < θ < 26.04 2.56 < θ < 26.06 2.41 < θ < 26.08
recip lattice segments h,k,l -10 to +10, -20 to +20,

-13 to +13
-17 to +16, -9 to +10,

-22 to +22
-13 to +13, -14 to +14,

-31 to +32
no. of rflns collected 12 458 12 135 24 187
no. of indep rflns 3035 (R(int) ) 0.0623) 4276 (R(int) ) 0.0623) 3363 (R(int) ) 0.1020)
no. of params refined 276 324 284
goodness of fit on F2 1.113 1.087 1.109
final R (I > 2σ(I)) R1 ) 0.0184, wR2 ) 0.0430 R1 ) 0.0315, wR2 ) 0.0750 R1 ) 0.0430, wR2 ) 0.0906
R, all data R1 ) 0.0223, wR2 ) 0.0475 R1 ) 0.0409, wR2 ) 0.0827 R1 ) 0.0667, wR2 ) 0.1001
largest diff peak and hole, e Å-3 1.154 and -0.541 1.385 and -1.260 1.521 and -0.914
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Computational Details. All DFT calculations were carried
out by the Gaussian9816 program package using the hybrid
functional B3LYP.17 For the main-group atoms the basis set
6-31G*18 was employed. The valence shell of platinum has been
approximated by the split-valence basis set (8s7p6d)/[6s5p3d];
for its core orbitals an effective core potential in combination
with consideration of relativistic effects has been used.19 All
systems have been fully optimized without any symmetry
restrictions. The resulting geometries were characterized as
equilibrium structures by the analysis of the force constants
of the normal vibrations. Atomic charges and bond orders were
obtained by the natural bond orbital (NBO) analysis of Reed
et al.20 as implemented in Gaussian98.
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