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The new pyridyl-substituted phosphaferrocene ligands 3 and
6 are prepared by addition of lithiated pyridine or a-picoline
to 2-formyl-3,4-dimethylphosphaferrocene (1). The ligands 3
and 6 react with [Cp*RuCl], in THF to give the P,N-chelate
complexes [Cp*RuCl-3] (9) and [Cp*RuCl-6] (10) with high
diastereoselectivity. Addition of monodentate ligands like
CO or PPh; to the complexes leads by displacement of the
Ru-bound pyridyl group to the respective carbonyl or

phosphane complexes with monodentate P-coordinated
phospha-ferrocene ligands. Reaction of the ligand 6 with
[(C3H5)PACl], and NH4PFs gives the seven-membered
chelate complex [(C3Hs)Pd-6]PFs (13) which was
characterized by X-ray diffraction. The ligands 3 and 6 were
tested in the palladium-catalyzed asymmetric alkylation of
1,3-diphenylallyl acetate.

Chiral chelate ligands continue to be of interest in coordi-
nation chemistry and asymmetric catalysis. Recently, we re-
ported a new concept for chelate ligands with planar chiral-
ity based on substituted phosphaferrocenes. Meanwhile, we
have prepared a variety of PP and PN compounds com-
prising, inter alia, those with aminoalkyl, phosphanylalkyl
and phosphinite donor substituents attached to the phos-
phaferrocene nucleus.['!?! In this contribution we wish to
report the syntheses of pyridyl-substituted phosphaferro-
cenes as well as the coordination behaviour of the new li-
gands toward transition-metal fragments. Furthermore,
preliminary results obtained with the new ligands in the Pd-
catalyzed asymmetric alkylation of 1,3-diphenylallyl acetate
are reported.

Results
Ligand Synthesis

As depicted in Scheme 1, the synthesis of the pyridyl li-
gands 3 and 6 can be carried out in one-pot procedures
starting from 2-formyl-3,4-dimethylphosphaferrocene (1)
which has already proven to be a versatile building block
for the synthesis of phosphaferrocene ligands before.[11?]
Treatment of the aldehyde 1 with 2-lithiopyridine — pre-
pared in situ from 2-bromopyridine and nBuLi — leads to
the alcohol 2 (de 83%) which can be deoxygenated with
NaBH, and trifluoroacetic acid to yield the pyridylmethyl
ligand 3 as a brown oil which crystallizes on standing. The
homologous pyridylethyl ligand 6 with a backbone ex-
tended by one CH, unit is obtained in an analogous reac-
tion sequence when 2-(lithiomethyl)pyridine — prepared
from 2-methylpyridine by deprotonation with nBuLi — is
employed as the nucleophilic reagent.

If the work-up procedure of the preliminarily formed al-
cohol 4 (de 60%) is carried out under slightly acidic con-
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Scheme 1. Preparation of ligands 3 and 6/
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[a] Reagents: i: 2-Lithiopyridine, Et,O, 55%. — ii: NaBH,,
CF;CO,H, CH,Cl,, 64%. — iii: 2-(lithiomethyl)pyridine, THF,
77%. — iv: Aqueous acidic conditions. — v, vi: NaBH,4, CF;CO,H
CH,Cl,, 80%.

ditions, the formation of the olefin 5 (as a mixture of £ and
Z isomers) is observed by elimination of water. However,
the olefin can successfully be transformed into the desired
saturated ligand 6 by treatment with NaBH, and trifluoro-
acetic acid. The ligands 3 and 6 are obtained in good yield
in analytically pure form after chromatography on deacti-
vated alumina and exhibit resonances in the *!'P-NMR
spectra in the expected range [0 = —77.1 (3) and —80.2 (6)].
Recently, Mathey and coworkers reported the synthesis of
the 2-(2'-pyridyl)phosphaferrocene ligand 8 by combining
the [1,5]-sigmatropic rearrangement of the P-pyridyl-substi-
tuted phosphole 7 with the complexation reaction with
[CpFe(CO),], in a one-pot procedure. 3!
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However, since Mathey's synthesis is carried out under
non-stereoselective conditions the racemate of ligand 8 was
obtained, whereas our approach allows the synthesis of the
enantiomerically pure ligands 3 and 6, starting from the
enantiomerically pure aldehyde 1 which is readily available
on a preparative scale.*

Complexation Experiments

Cp*Ru Complexes.: Reaction of the ligands 3 and 6 with
appropriate metal fragments should lead to six- and seven-
membered chelate complexes, respectively. First, experi-
ments were carried out with [Cp*RuCl], as a source of Cp*
RuCl fragments with two vacant coordination sites. 1] If
the reactants are mixed in a metal-to-ligand ratio of 1:1 in
THF the quantitative formation of the anticipated chelate
complexes [Cp*RuCl-3] (9) and [Cp*RuCl-6] (10) is ob-
served within a few moments by NMR spectroscopy. The
complexes 9 and 10 are isolated in analytically pure form
as yellow and orange microcrystalline solids in 95 and 93%
yield, respectively. In the 3'P-NMR spectra a characteristic
downfield shift of ca. 95 ppm is observed for the phospholyl
P atom on going from the free ligands to the complexes.
Whereas the typical reduction of the 2J(HP) coupling con-
stant for the a-phospholyl proton from 36 Hz to 33 Hz is
observed for the complexation of ligand 3, an unpre-
cedented increase of that coupling constant to 40 Hz was
observed for the transformation of the ligand 6 to the com-
plex 10. The N-coordination of the pyridyl group to the Ru
centre in that complex leads to a downfield shift for the
pyridine 6-H from 6 = 8.47 to 9.70. As a result of the che-
late formation reaction with the Cp*Ru fragment the Ru
atom becomes a stereogenic centre in the complexes. Only
one set of signals is observed in the NMR spectra of the six-
membered chelate complex 9 indicating the stereoselective
formation of only one diastereomer (dr > 99:1). The more
flexible seven-membered chelate complex 10 is also formed
with high, but significantly decreased selectivity (dr = 95:5).
The high diastereoselectivity observed in the reaction of the
ligands 3 and 6 with [Cp*RuCl], is in contrast to the find-
ings of Consiglio et al. who observed the formation of al-
most 1:1 mixtures of diastereomers in the reaction of chiral
bidentate P, P-chelate ligands with the tetrameric ru-
thenium complex. [

Addition of monodentate ligands such as CO or PPh; to
THF solutions of the chelate complexes 9 and 10 leads un-
der selective rupture of the Ru—N bond to the formation
of the respective carbonyl or PPh; complexes 11 and 12 in
which the ligands 3 and 6 behave as monodentate P ligands
(Scheme 2). The reactions were monitored by IR and multi-
nuclear NMR spectroscopy. The diastereomeric ratios of
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Scheme 2. Synthesis of complexes
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the reaction products are easily obtained from the inte-
grated 3'P-NMR spectra. Interestingly, the reactions with
CO lead to almost complete epimerization at the Ru centre
(dr < 60:40), whereas the additions of PPh; proceed with
diastereoselectivities of dr = 92:8 and 86:14; thus, the
stereochemical integrity is at least partially preserved in the
latter case. The carbonyl complex [Cp*RuCl(CO)-3] (11a)
now exhibits a coupling constant of 2J(HP) = 31 Hz in the
expected range and the resonance for the pyridyl 6-H at & =
8.50 is characteristic for an uncoordinated pyridyl group.
The carbonyl C signal appears as a doublet with 2J(CP) =
36 Hz, comparable to the value reported by Kirchner et al.
for the complex [Cp*RuCl(CO)(Ph,PCH,CH,>NMe,)].[7 In
the PPh; complexes 11b and 12b the resonances of the P
nuclei appear as doublets with 2J(PP) coupling constants in
the range of 55 to 68 Hz (see Experimental Section).
(Allyl) palladium Complexes: (Allyl)palladium complexes
with P, N-chelate ligands have been intensively studied in
view of their superior performance in catalytic asymmetric
allylic substitutions.®! The reaction of the ligands 3 and 6
with [(C3H5)PdCI], in ethanol proceeds smoothely and is
accompanied by a color change from orange to deep red.
The complexes were precipitated by addition of NH4PFq
and isolated by filtration. The complex formed with ligand
3 turned out to be insoluble in common organic solvents
which precluded further characterization. We anticipate the
formation of a polymeric structure with the ligand 3 acting
in a bridging rather than a chelating manner. In contrast,
the complex [(C3Hs)Pd-6]PF¢ (13) is soluble in polar sol-
vents and can be recrystallized from ethanol to give orange
needles which were suited for X-ray diffraction analysis.
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A PLATON plot of the molecular structure of the cation
of complex 13 is depicted in Figure 1, selected bond lenghts
and angles are compiled in Table 1. The structure features
the typical parameters for a Pd centre in a distorted square-
planar coordination geometry with a bite angle P1-Pd—N
of 93.6(3)°.

Figure 1. Molecular structure (PLATON) of the cation of complex
13; hydrogen atoms have been omitted for clarity

Table 1. Selected bond lengths [A] and angles [°] of complex 13

Pd—PI1 2.274(3) PI-Pd—N 93.6(3)
Pd—N 2.13(1) P1-Pd—C30 99.0(5)
Pd—C30 2.12(1) P1-Pd—C31 134.2(7)
Pd—C31 2.09(1) N-Pd—C31 130.6(7)
Pd—C32 2.18(2) N-Pd—C32 99.1(6)
PI-C2 1.75(1) Pd—P1-C2 126.7(5)
P1-C5 1.71(1) Pd—P1-C5 141.2(5)
C30-C31 1.39(2) C2-P1-C5 91.4(7)
C31-C32 1.342) CI0-N—Cl4 120(1)
N-C10 1.33(2) Pd—C30—C31 69.5(8)
N-Cl4 1.342) Pd—C32—-C31 68(1)
C2-C3 1.41(2) C30-C31-C32 123(2)
C4-C5 1.392)

As is usually observed for palladium complexes with PN
ligands the distance Pd—P1 [2.274(3) A] is significantly
longer than the cerresponding bond to the nitrogen donor
[Pd—N: 2.13(1) A], although the differences tend to be
more pronounced for PN ligands with phosphane donor
groups. PIl1% The high n-acceptor character of the phospho-
Iyl P atom leads to the rather short Pd—P distance. This &t
acidity has another consequence involving-the Pd—C bond
lenghts: the distances Pd—C30 [2.12(1) A] and Pd—C32
[2.18(2) A] are not very different if compared to (allyl)Pd
complexes with softer P donors, where the Pd—C bond
trans to the phosphorus atom is often found to be roughly
10 pm longer than the Pd—C bond trans to the sp? nitrogen
donor atom.PI1% The allyl ligand adopts an almost sym-
metrical orientation with respect to the coordination plane
of the palladium centre as is evident from the virtually
identical angles between the plane (P1,Pd,N) and the planes
(Pd,C30,C31) (27.8°) and (Pd,C31,C32) (28.4°), respec-
tively. In contrast, a pronounced rotation of the 1,3-di-
phenylallyl moiety about the (allyl)Pd axis by ca. 15—20°
was observed in complexes with ferrocene-derived PN li-
gands.”! This rotation seems to be the consequence of the
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sterically more demanding 1,3-diphenyl substitution on the
allyl ligand. In complex 13 the Pd—P1 vector is only slightly
tilted out of the phospholyl mean plane away from the
CpFe fragment [tilt angle: 3.7(4)°]. The coordination plane
about the Pd atom forms an angle with the allyl plane of

112.3(9)°.
The 3'P-NMR spectrum of complex 13 shows one broad
signal (6 = —42.6) at room temperature. On cooling to

—20°C four baseline-separated signals are observed in the
range from 6 = —39 to —44 in the ratio of 15:16:39:30. We
assume, that these signals are due to the presence of two
isomers with exo and endo orientation of the allyl ligand,
which both exist in two different chelate ring confor-
mations. Such conformational isomers of seven-membered
(allyl)Pd-P, N-chelate complexes have been observed by
Togni et al.[*?]

Reaction of the pyridine ligand 6 with [(1,3-
Ph,C;H3)PdCl], under the same conditions as above leads
to the analogous chelate complex 14 with a (diphenylal-
lyl)palladium fragment which was recrystallized from
CH,Cl,/hexane. At room temperature 3 broad signals are
found in the 3'P-NMR spectrum in CD,Cl,, which split
into 4 resonances at —20°C. Obviously, the activation en-
thalpy for the dynamic interconversion of the isomers is
higher in the 1,3-diphenylallyl case.

Preliminary experiments were carried out with ligands 3
and 6 to test their applicability in asymmetric allylic substi-
tutions. 1,3-Diphenylallyl acetate was treated with sodium
malonate as C-nucleophile in the presence of [(C3Hs)PdCl],
and the enantiomerically pure ligands 3 or 6 (5 mol-%) in
THF. The substitution reaction is complete after 3 h at
room temperature and the product 15 was isolated in
65—80% yield. However, the enantiomeric purity was only
19 and 11%, respectively.

Ph Ph Na-malonate Ph s Ph
~Y [(CsHo)PAC
OAc 30r6 MeO,C CO,Me
15

We are currently modifying the ligands in order to obtain
higher selectivity in catalysis. Furthermore, we are looking
for other catalytic reactions for which the ligand type de-
scribed here might be better suited.

Support of this work by the Deutsche Forschungsgemeinschaft
(SFB 380) is greatfully acknowledged.

Experimental Section

General: All manipulations were carried out under dry N, in
Schlenk glassware. Solvents were dried and purified by standard
methods and were stored under N,. — NMR: Varian Unity 500
(499.843 MHz, ' % int. TMS; 125.639 MHz, '*C{'H}, APT, int.
TMS; 202.265 MHz, 3'P{'H}, ext. 85% H3PO,). — MS: Finnigan
MAT 95. — Elemental analysis (C, H, N): Carlo-Erba elemental
analyzer, Modell 1106. — IR: Perkin-Elmer 1720 X FTIR. —
2-Formyl-3,4-dimethylphosphaferrocene  (1),['"!  [Cp*RuCl],,!
[(C3Hs)PdCI,M21 and  di-p-chlorobis(1,3-diphenyl-n-allyl)dipalla-
dium!"3! were prepared as described in the literature.
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(3,4-Dimethylphosphaferrocene-2-yl) ( pyridin-2-yl)methanol (2):
2-Bromopyridine (0.83 ml, 8.71 mmol) was dissolved in 5 ml of
Et,0, cooled to —78°C and nBuLi (5.4 ml of a 1.6 m solution in
hexane, 8.71 mmol) was added. After stirring for 30 min at —78°C,
a solution of 2-formyl-3,4-dimethylphosphaferrocene (1) (1.75 g,
6.3 mmol) in 10 ml Et,O was added, the cooling bath was removed
and the mixture was stirred for additional 3 h. The reaction was
quenched by 10 ml of H>O and the phases were seperated. The
aqueous phase was washed twice with Et,O, the combined organic
phases were washed with H>O and brine and dried with Na,SOj,.
Filtration and concentration gave the crude product as a brown oil
which was further purified by chromatography on alumina (eluent:
THF). 2 was isolated as brown crystals (1.25 g, 3.5 mmol, 55%)
after removal of the solvent in vacuo, de 83%. — '"H NMR (CDCl;,
major isomer): & = 2.21 (s, 3 H, CH3), 2.28 (s, 3 H, CH;), 3.77 (d,
2Jpu = 36 Hz, 1 H, a-CH), 4.17 (s, 1 H, OH), 4.29 (s, 5 H, Cp),
5.43 (br. s, 1 H, CHOH), 7.30—8.60 (4 H, pydidine H). — *C
NMR (CDCls, major isomer): 8 = 14.4 (s, 1 C, CH;), 16.6 (s, 1 C,
CH;), 72.1 (s, 5 C, Cp), 73.2 (d, J = 12.5 Hz, 1 C, CHOH), 76.4
(d, J = 59.1 Hz, 1 C, 0-CH), 92.6 (s, 1 C, CCH3), 96.3 (s, 1 C,
CCH3), 1049 (d, J = 57.6 Hz, 1 C, a-CCHOH), 120.7 (s, 1 C,
CH), 122.2 (s, 1 C, CH), 136.4 (s, 1 C, CH), 147.8 (s, 1 C, NCH),
162.3 (s, 1 C, NCCHOH). — 3P NMR (CDCl;): § = —86.1 (major
isomer), —77.9 (minor isomer). — MS (70 eV); m/z (%): 339.0 (100)
[M*], 322.8 (10) [(M — O)*], 274.1 (45) [M — Cp)*], 232.0 (20)
[M — CHOHCsH,N)*]. — C;7Hs**FeNOP (339.3): caled. C
339.047539; found 339.047502 (HRMS).

2-[(3,4-Dimethylphosphaferrocene-2-yl) methyl [pyridine (3): 5 ml
of CF;COOH was cooled to 0°C and 1/2 of an NaBH, tablet was
added. A solution of 2 (0.52 g, 1.48 mmol) in 10 ml of CH,Cl, was
slowly added and the reaction mixture was stirred over night at
room temp. Solvents were evaporated in vacuo and 10 ml of H,O
and 10 ml of CH,Cl, were added. Phases were separated, the aque-
ous phase was washed twice with CH,Cl,, the combined organic
layers were washed with water and brine and dried with Na,SO,.
Filtation and evaporation of the solvent gave the crude product.
Chromatography on alumina with hexane/Et,O (4:1) as eluent gave
3(0.32 g, 0.95 mmol, 64%) as brown oil, which crystallized within
24 h. — 'H NMR (CDCls): § = 2.11 (s, 3 H, CH3), 2.18 (s, 3 H,
CHs3), 3.70 (m, 2 H, CH,), 3.73 (d, J = 36.0 Hz, 1 H, 0-CH), 4.14
(s, 5 H, Cp), 7.05 (m, 2 H, CH), 7.51(m, 1 H, CH), 8.47 (br. s, 1
H, NCH). — 3C NMR (CDCl;): 8 = 13.7 (s, 1 C, CH3), 16.9 (s,
1 C, CH;), 399 (d, J = 6.0 Hz, | C, CH,), 72.1 (s, 5 C, Cp), 76.0
(d, J = 57.0 Hz, 1 C, a-CH), 93.7 (d, J = 3.9 Hz, 1 C, CCH,),
958 (d, J = 6.8 Hz, 1 C, CCH3;), 96.3 (d, J = 574 Hz, | C, o-
CCH,), 121.2 (s, 1 C, CH), 122.6 (s, 1 C, CH), 136.1 (s, 1 C, CH),
148.7 (s, 1 C, NCH), 161.6 (s, 1 C, NCCH,). — 3'P NMR (CDCl5):
8= —=T77.1. = MS (70 eV); m/z (%): 322.9 (100) [M™*], 258.0 (60)
[M — Cp)*]. — C;H gFeNP (323.2): caled. C 63.18, H 5.61, N
4.33; found C 62.93, H 5.71, N 4.28.

1-(3,4-Dimethylphosphaferrocene-2-yl)-2-( pyridin-2-yl)ethanol
(4): To a solution of a-picoline (0.72 ml, 7.27 mmol) in 10 ml of
THF at —40°C was added a solution of nBuLi in hexane (4.5 ml,
1.6 M solution of nBuLi, 1.51 mmol). After warming up to room
temp. and stirring for 15 min, the orange solution was again cooled
to —40°C and 2-formyl-3,4-dimethylphosphaferrocene (1) (1.27 g,
4.85 mmol), dissolved in 10 ml of THF, was added. The reaction
mixture was stirred at room temp. for 3 h, then 10 ml of H,O
was added and the organic solvent was evaporated in vacuo. After
addition of 10 ml of CH,Cl,, the phases were separated, the aque-
ous phase was extracted twice with CH,Cl,, the combined organic
phases were washed with water and brine and dried with Na,SO,.
Filtration and evaporation of the solvent yielded the crude product
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which was further purified by chomatography on alumina. Elution
with Et,O/THF (1:1) and evaporation of solvents gave 3 (1.32 g,
3.73 mmol, 77%) as orange powder, de 60%. — '"H NMR (CDCl;,
major isomer): & = 2.12 (s, 3 H, CH;), 2.19 (s, 3 H, CH3),
2.80—3.00 (m, 2 H, CH,), 3.70 (d, J = 36.6 Hz, 1 H, 0-CH), 4.19
(s, 5 H, Cp), 4.57 (s, 1 H, OH), 4.68 (m, 1 H, CHOH), 7.10—7.60
(m, 3 H, CH), 8.50 (d, J = 49 Hz, 1 H, NCH). — '3C NMR
(CDCl3, major isomer): 6 =.13.9 (s, 1 C, CH3), 16.6 (s, 1 C, CHj),
47.1 (s, 1 C, CH,), 71.6 (d, J = 12,0 Hz, | C, CHOH), 72.0 (s, 5
C, Cp), 75.5(d, J = 60.0 Hz, 1 C, a-CH), 91.7 (s, 1 C, CCH3), 96.2
(s, 1 C, CCHs;), 105.5 (d, J = 60.6 Hz,1 C, a-CCHOH), 121.7 (s, 1
C, CH), 124.2 (s, 1 C, CH), 136.4 (s, 1 C, CH), 148.4 (s, | C, NCH),
159.5 (s, 1 C, NCCH,). — 3'P NMR (CDCl;): § = —86.5 (major
isomer), —85.0 (minor isomer). — MS (70 eV); m/z (%): 353.1 (50)
[M*], 3352 (55 [(M — H,0)'], 232 (700 [M -
CHOHCH,CsHyN)*]. — C;3sH,FeNOP (353.2): caled. C 61.21, H
5.71, N 3.96; found C 61.53, H 6.12, N 4.14.

2-[(3,4-Dimethylphosphaferrocene-2-yl)ethyl [pyridine (6): 4 (1.32
g, 3.72 mmol) was treated as described above for the preparation
of 3. The product 6 (0.98 g, 2.91 mmol, 80%) was isolated as a
brown oil. — '"H NMR (CDCl5): = 2.10 (s, 3 H, CH3), 2.18 (s, 3
H, CH3), 2.58 (m, 2 H, CH>), 2.87 (m, 2 H, CH,). 3.67 (d, J =
35.7 Hz, 1 H, 0-CH), 4.07 (s, 5 H, Cp), 7.10 (m, 2 H, CH), 7.55
(m 1 H, CH), 8.55 (s, | H, NCH). — 3C NMR (CDCl;): = 134
(s, 1 C, CH;), 16.8 (s, 1 C, CH3), 31.0 (s, 1 C, CH»), 41.2 (s, 1 C,
CH,), 71.8 (s, 5 C, Cp), 75.3 (d, J = 58.7 Hz, 1 C, ua-CH), 93.0 (s,
1 C, CCH3), 954 (s, 1 C, CCH3), 99.1 (d, J = 58.6 Hz, 1 C, o-
CCH,), 121.0 (s, 1 C, CH), 123.0 (s, 1 C, CH), 136 (s, 1 C, CH),
149.1 (s, 1 C, NCH), 161.5 (s, 1 C, NCCH,). — 3'P NMR (CDCl,):
8§ = —80.2. — MS (70 eV); m/z (%): 337.2 (100) [M*], 272.3 (60)
[M — Cp)*], 245.1 (20) (M — CH,CsH ;N)*]. — C gsHyFeNP
(337.2): caled. C 64.12, H 5.98, N 4.15; found C 63.46, H 5.87,
N 4.01.

[Cp*RuCl-3] (9): 3 (38,0 mg, 0.12 mmol) was dissolved in 3 ml
of THF and added to a suspension of [Cp*RuCl], (31.9 mg, 0.029
mmol) in 2 ml of THE. The resulting clear red solution was stirred
for 30 min, filtered and the solvent was evaporated. The yellow
powder was washed with a small portion of hexane and dried in
vacuo to give spectroscopically pure 9 (67.8 mg, 0.11 mmol, 95%)),
dr >99:1. — '"H NMR ([Dg]THF): § = 1.53 (d, J = 2.9 Hz, 15 H,
Cp*), 2.20 (s, 3 H, CH;), 2.22 (s, 3 H, CH3), 3.38 (m, 2 H, CH,),
3.58 (d, J = 40 Hz, 1 H, 0-CH), 3.79 (s, 5 H, Cp), 7.10 (m, 1 H,
CH), 7.18 (m, 1 H, CH), 7.59 (m, 1 H, CH), 9.70 (d, J = 4.9 Hz,
1 H, NCH). — 3C NMR ([Dg]THF): 8 = 8.5 (s, 5 C, CH3-Cp*),
11.5(s, 1 C, CH3), 149 (s, 1 C, CH3), 36.3 (d, J = 13.8 Hz, 1 C,
CH,), 65.1 (d, J = 30 Hz, 1 C, 0a-CH), 71.0 (s, 5 C, Cp), 79.6 (s, 1
C, CCH;), 81.2 (d, J = 3.1 Hz, 5 C, CCH;-Cp*), 87.5(d, J = 35
Hz, 1 C, a-CCH,), 120.1 (s, 1 C, CH), 123.9 (s, 1 C, CH), 134.5 (s,
1 C, CH), 158.2 (s, 1 C, NCH), 162.1 (d, J = 4.9 Hz, 1 C, NCCH,).
— 3P NMR ([Ds]THF): § = 14.9 . — SIMS (70 eV); m/z (%): 560.3
(100) (M — CD"]. — Cy;H33CIFeNPRu (594.9): caled. C 54.51, H
5.59, N 2.35; found C 54.57, H 5.74, N 2.36.

[Cp*RuCl-6] (10): 6 (56.2 mg, 0.16 mmol) was dissolved in 3 ml
of THF and added to a suspension of [Cp*RuCl], (45.2 mg, 0.041
mmol) in 2 ml of THE. The resulting clear red solution was stirred
for 30 min, filtered and the solvent was evaporated. The orange
powder was washed with a small portion of hexane and dried in
vacuo to give spectroscopically pure 10 (94.4 mg, 0.15 mmol, 93%).
dr = 95:5. — 'H NMR ([Dg]THF, major isomer): § = 1.56 (d, J =
2.64 Hz, 15 H, Cp*), 2.09 (s, 3 H, CH>), 2.15 (s, 3 H, CH>), 2.90
(m, 2 H, CH,), 3.10 (m, 2 H, CH,), 3.43 (d, J = 33 Hz, | H, a-
CH), 3.62 (s, 5C, Cp), 7.09 (m, 1 H, CH), 7.32 (m, 1 H, CH), 7.64
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(m, 1 H, CH), 9.80 (d, J = 5.18 Hz, 1 H, NCH). — 3C NMR
([Dg]THEF, major isomer): 6 = 10.3 (s, 5 C, CH;3-Cp*), 13.3 (d, J =
3.0 Hz, 1 C, CH3), 168 (d, J = 3.2 Hz, 1 C, CH3), 333 (d, J =
124 Hz, 1 C, CH,), 39.3(d, J = 13.2 Hz, 1 C, CH,), 67.6 (d, J =
22.0 Hz, 1C, 0-CH), 739 (s, 5 C, Cp), 83.1 (d, J = 3.0 Hz, 5 C,
CCH;-Cp*), 87.0 (d, J = 11.2 Hz, 1 C, aC), 88.5 (s, 1 C, CCH,),
91.1 (s, 1 C, CCH3;), 1219 (s, 1 C, CH), 124.2 (s, 1 C, CH), 136.3
(s, 1 C, CH), 158.2 (s, 1 C, NCH), 168.8 (s, 1 C, NCCH,). — 3'P
NMR ([Dg]THF): 6 = 17.5 (major isomer), 21.8 (minor isomer).
— MS (70 eV); miz (%): 609.6 (1) [M*], 544.3 (2) [(M — Cp)'],
337.3 (100) [5%]. — CysH35ClIFeNPRu (608.9): caled. C 55.23, H
5.79, N 2.30; found C 55.21, H 5.98, N 2.18.

NMR Experiments.: For the substitution reaction of the pyridine
moiety with CO about 30 mg of the complex [Cp*RuCl-3/6] was
prepared in situ by dissolving ligand 3 or 6 and [Cp*RuCl], in
[Dg]THE. Purity was proven by NMR and 10 ml of CO was
bubbled through the solution by syringe. Then the NMR spectra
were recorded. For the substitution with triphenylphosphane, the
complexes 9 and 10 were prepared as described and the stoichio-
metric amount of PPh; was added. The resulting clear red solution
was analyzed by NMR spectroscopy.

[Cp*RuCl(CO)-3] (11a): dr = 50:50. — 'H NMR ([Dg]THF):
8 = 1.64 (br. s, 15 H, Cp*), 2.20 (br. s, 6 H, CH3), 3.46 (d, J =
30.5 Hz, 1 H, a-CH, isomer I), 3.70 (d, J/ = 30.8 Hz, 1 H, a-CH,
isomer II), 3.84 (br. s, 2 H, CH,), 4.31 (s, 5 H, Cp), 7.07 (br. s, 2
H, CH), 7.49 (br. s, 1 H, CH), 8.49 (s, 1 H, NCH). — '3C NMR
([Dg]THF): 8 = 9.7 (d, J = 5.8 Hz, 5 C, CCH;-Cp*), 13.8 (s, 1 C,
CH3), 164 (s, 1 C, CH3), 37.5 (s, 1 C, CH,), 74.0 + 74.1 (s, 1 C,
Cp), 852 (s, 1 C, CCH3), 88.1 (s, 1 C, CCH3), 91.5 (d, J = 47.8
Hz, 1 C, a-CCH,), 96.1 (s, 5 C, CCH;5-Cp*), 122.0 (br. s, 2 C, CH),
135.7 (br. s, 1 C, CH), 148.5 (br. s, 1 C, NCH), 162.0 (br. s, 1 C,
NCCH,), 203.7 (d, J = 36 Hz, 1 C, CO). — 3'P NMR ([Dg]THF):
d = 10.3 (isomer I), 22.0 (isomer II). — IR ([Dg]THF): v = 1940
cm™ .
[Cp*RuCl(CO)-6] (12a): dr = 60:40. — 'H NMR ([Dg]THF):
8 = 1.81(d, J = 2.8 Hz, 15 H, Cp*), 2.00—2.20 (br. s, 6 H, CH,),
2.60—3.00 (br. m, 4 H, CH,), 3.43 and 3.52 (d, / = 32 Hz, 1 C, 0-
CH), 4.18 and 4.25 (s, 5 H, Cp), 7.00—7.60 (br. m, 3 H, CH), 8.46
(br. s, 1 H, NCH). — 3C NMR ([Dg]THF): § = 10.0 (d, J = 4.1
Hz, 5 C, CCH5-Cp*), 134 (s, 1 C, CH3), 16.5 (s, 1 C, CH3), 30.0
(d, J = 148 Hz, 1 C, CH,), 41.5 (br. s, 1 C, CH»), 739 (s, 5 C,
Cp), 91.2 (d, J = 55 8 Hz, 1 C, CCH;) 96.2 (s, 5 C, CCH3-Cp¥),
121.0 (s, 1 C, CH), 123.5 (s, 1 C, CH), 136.4 (s, 1 C, CH), 148.5 (s,
1 C, NCH), 163.0 (s, 1 C, NCCH,), 204.0 (d, J = 26 Hz, 1 C,
CO). — 3P NMR ([Dg]THF): & = 9.7 (major isomer), 18.8 (minor
isomer). — IR ([Dg]THF): v = 1940 cm ™.

[Cp*RuCl(PPhs3)-3] (11b): dr = 92:8. — '"H NMR ([Dg]THF,
major isomer): & = 1.22 (d/d, 15 H, Cp*), 2.16 (s, 3 H, CH;), 2.27
(s, 3 H, CH;), 2.53 (br. s, 2H, CH,), 3.03 (d, J = 29.6 Hz, 1 H, a-
CH), 3.46 (s, 5 H, Cp), 7.00—7.80 (m, 18 H, aromatic H), 8.40 (br.
s, 1 H, NCH). — 3'P NMR ([Dg]THF): major isomer: § = 21.6 (d,
3J = 65.9 Hz, cycl. P), 51.7 (d, J = 65.9 Hz, PPh;); minor isomer:
8 = 28.0 (d, J = 51.3 Hz, cycl. P), 48.6 (d, J = 51.3 Hz, PPhj).

[Cp*RuCl(PPhs)-6] (12b): dr = 86:14. — '"H NMR ([Ds]THF,
major isomer): & = 1.29 (d/d, 15 H, Cp*), 2.22 (s, 3 H, CH;), 2.25
(s, 3 H, CH3), 2.50—3.20 (m, 4 H, CH>), 3.51 (s, 5 H, Cp),
7.00—8.00 (m, 18 H, aromatic H), 8.40 (d, 1 H, NCH). — 3'P NMR
([Dg]THF): major isomer: & = 18.5 (d, J = 67.8 Hz, cycl. P), 51.8
(d, J = 67.8 Hz, PPh;3); minor isomer: 6 = 29.3 (d, J = 55.0 Hz,
cycl. P), 50.5 (d, J = 55.0 Hz, PPhs).

[(C3Hs)Pd-6][PFs] (13): [(C3Hs)PdCI], (28.2 mg, 0,077 mmol)
was suspended in 10 ml of EtOH and 6, (52.0 mg, 0.154 mmol)
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dissolved in 10 ml of EtOH, was added and the mixture was stirred
for 30 min. The clear orange-red solution was treated with NH4PF
(25.1 mg, 0.154 mmol) and cooled to 0°C until an orange precipi-
tate formed. The orange powder was filtered off, washed with
EtOH and dried in vacuo. Recrystallization from hot EtOH gave
pure 13 (85.3 mg, 88%) as orange needles. — 'H NMR (CD,Cl,,
room temp.): 6 = 2.14 (s, 3 H, CH3), 2.20 (s, 3 H, CH3), 2.75 (m,
2 H, CH,), 3.15—-3.25 (m, 2 H, CH,), 3.40 (br. m, 1 H, allyl-H),
3.86 (s, 5 H, Cp), 3.9—4.2 (br. m, 2 H, allyl-H), 5.08 (br. m, 1 H,
allyl-H), 6.05 (2 br. m, 1 H, 2-allyl-H), 7.45 (s, 1 H, CH), 7.61 (s,
1 H, CH), 797 (s, 1 H, CH), 8.71 (s, 1 H, NCH). — 3C NMR
(CD,Cl,, room temp.): 6 = 13.5 (s, 1 C, CHy), 16.5 (s, 1 C, CH3),
32.0 (s, 1 C, CHy), 39.5 (s, 1 C, CHy), 56.7 (d, J = 57.0 Hz, 1 C,
a-CH), 74.3 (s, 5 C, Cp), 83.0 (d, J = 30.1 Hz, 1 C, allyl-C), 83.6
(d, J = 32.7 Hz, 1 C, allyl-C), 120.8 (d, J = 19.7 Hz, 1 C, 2-allyl-
C), 124.5(s, 1 C, CH), 126.8 (s, 1 C, CH), 140.0 (s, | C, CH), 152.7
(s, 1 C, NCH), 165.0 (s, 1 C, NCCH,). — 3'P NMR (CD,Cl,),
room temp.: & = —42.6 (br. s, cycl. P), —144.7 (sept, J = 708 Hz,
PFg), —20°C: 6 = —43.6, —42.9, —40.6, —39.5 (30:39:16:15) (cycl.
P). — SIMS (70 eV); m/z (%): 483.3 (5) [M — PF¢)*], 338.3 (100)
[(5B + H)*]. — CyH,ysFgFeNP,Pd (629.6): caled. C 40.03, H 3.97,
N 2.22; found C 39.67, H 3.87, N 2.24.

[(Ci3H;3)Pd-6][PFs] (14): The complex was prepared from
[(Ci3H3)PdCl], as described above for 13. Recrystallisation from
CH,Cl,/hexane (1:1) afforded orange-red crystals in 54% yield. —
'H NMR (CD,Cl,, —20°C): 8 = 1.93 (s, 3 H, CH3), 2.03 (s, 3 H,
CH3), 2.35-244 (m, 2 H, CH,), 2.78—291 (m, 2 H, CH,),
3.34—-3.53 (m, 1 H, a-CH), 3.50—4.25 (4 s, 5 H, Cp), 540 (2 d, 1
H, 2-allyl-H), 5.84—5.95 (m, 1 H, allylic H), 6.79—7.07 (m, 1 H,
allylic H), 7.30—7.80 (m, 14 H, aromatic H). — '*C NMR (CD,Cl,,
+23°C): 8 = 134 (s, 1 C, CHy), 16.6 (s, 1 C, CH3), 32.2 (s, 1 C,
CH,), 38.7 (s, 1 C, CH,), 63.4 (br. m, 1 C, a-CH), 73.5—76.7 (4 s,
5 C, Cp), 93.8 (m, 3 C, quat. phospholyl-C), 97.0 (d, J = 26.3 Hz,
1 C, allylic C), 109.5 (d, J = 7.2 Hz, 1 C, allylic C), 110.4 (br. s, 1
C, allylic C), 124.3—130.2 (m, 13 C, aromatic C), 138.2—139.4 (m,
3 C, aromatic ipso-C), 150.4 (s, 1 C, NCH), 164.5 (s, 1 C, NCCH,).
— 3P NMR (CD,Cl,, +24°C): § = —19.7, —29.4, —37.1 (8:42:50),
(3 br.s, 1 P, cycl. P), —144.6 (sept, J = 708 Hz, 1 P, PF¢), (CD,Cl,,
—20°C): & = —18.8, —28.8, —36.4, —38.0 (7:46:38:8), (4 s, 1 P,
cycl. P), 144.6 (sept, J = 708 Hz, PFs). — SIMS (70 eV); m/z (%):
636.5 (4[M — PFe*], 3383 (100) [ + H)]. -
C33H;33FsFeNP,Pd - 0.5 CH,Cl, (824.3): caled. C 48.85, H 4.13, N
1.70; found C 48.80, H 4.24, N 1.77.

General — Procedure for the Catalytic Allylic  Alkylation:
[(C3Hs5)PACI], (0.012 mmol, 4.6 mg), the ligand (3 or 6, 0.025
mmol) and 1,3-diphenyl-2-propenyl acetate (126.1 mg, 0.5 mmol)
were dissolved in 5 ml of THF to give a clear orange solution. NaH
(24 mg, 1.0 mmol) and dimethyl malonate (132.1 mg, | mmol) were
dissolved in 5 ml of THF and added to the orange solution by
syringe. The solution was stirred for 13—19 h, then 1 ml of acetic
acid was added and the solvent was removed in vacuo. 10 ml of
water was added to the mixture, followed by extraction with Et,O.
Then the organic layers were washed with water and brine, dried
with Na,SO, and the solvent was removed in vacuo. The resulting
yellow oil was further purified by chromatography on silica gel with
hexane/ethyl acetate (5:1) to yield pure product 15. The enantio-
meric excess of 15 was determined by polarimetry, the NMR data
are consistent with those reported in the literature. !4l

X-ray Structural Analysis of 13: C, H,sF¢FeNP,Pd, M = 629.63
g mol~!, orthorhombic space.group Pna2; (no. 33), a = 8.978(1),
b = 29.010(4), ¢ = 9.102(2) A, V = 2370(1) A3, Z = 4, depeq. =
1.76 g cm 3, W(Mo-K,) = 15.49 cm™!, F(000) = 1256. ENRAF-

1167



FULL PAPER

C. Ganter, C. Glinsbockel, B. Ganter

Nonius CAD4, ®»-26 scan, Mo-K, radiation (0.71073 A), graphite
monochromator, 7865 reflections at 298 K with 2° = 6 = 30°, crys-
tal size 0.04 X 0.30 X 0.60 mm. Structure solution with Patterson
methods. Refinement!>) with anisotropic thermal parameters for
all non-hydrogen atoms converged at R = 0.067, R, = 0.049 for
288 parameters and 2609 independent observations with 7 > 1.5
o(/). Hydrogen atoms were treated as riding atoms. A final differ-
ence Fourier synthesis showed a residual density of 2.31 (0.51 A
from Pd)/—0.62 eA3. Crystallographic data (excluding structure
factors) for the structure reported in this paper have been deposited
with the Cambridge Crystallographic Data Centre as supplemen-
tary publication no. CCDC-101282. Copies of the data can be ob-
tained free of charge on application to CCDC, 12 Union Road,
Cambridge CB2 1EZ (Fax: int. code + 1223/336-033; E-mail:
deposit@ccdc.cam.ac.uk).
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