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The addition of various nucleophiles (Nu1) to the cationic
complex [CpRu(η6-cot)]+ (1+) has been performed and
yielded the neutral complexes CpRu(η5-C8H8Nu1) (2) [cot =
cyclooctatetraene; Nu1 = Me (2a), CH(CO2Me)2 (2b), CH=
CH2 (2c), C6H5 (2d), H (2e), D (2f), NMe2 (2g), OMe, (2h),
C;CtBu (2i)]. The nucleophiles Nu1 add exclusively to the
cot ring, and stereoselectively in the exo position with re-
spect to the metal center. As evidenced by NMR spectro-
scopy the cyclo-C8 ligand in 2c, 2e−2i is bound in a 1,2-
η:5,6,7-η fashion in solution. The molecular structure analysis
of 2c [space group P1̄, a = 757.9(1), b = 759.1(1), c = 1053.1(3)
pm, α = 81.93(2), β = 80.22(1), γ = 88.73(1)°, V = 591.2(2) Å3,
Z = 2, Rmerge = 0.0265] verifies the 1,2-η:5,6,7-η coordination
mode of the cyclo-C8 ligand in the solid state and shows the
Nu1 substituent to be in an exo position. For 2a and 2b a
1,2,3,4,5-η haptomer is also found, and this interconverts to
the 1,2-η:5,6,7-η derivative in solution; in contrast, the cyclo-
C8 ligand of the phenyl derivative 2d remains in the 1,2,3,4,5-
η fashion. The protonation of the neutral complexes 2a−2d
by the addition of HBF4 generates the new cationic products
[CpRu(η6-C8H9Nu1)]+ (3+) [Nu1 = Me (3a+), CH(CO2Me)2

(3b+), CH=CH2 (3c+), C6H5 (3d+)]. When Nu1 = CH(CO2Me)2

(3b+) two different haptomers were isolated that exhibit 1,2-
η:4,5,6,7-η and 1,2,3,4,5,6-η bonding modes, respectively. In
solution the 1,2-η:4,5,6,7-η haptomer completely rearranges
to the 1,2,3,4,5,6-η derivative. The crystal structure analysis
of 3dBF4 [space group Pbc2(1), a = 1678.8(7), b = 1031.4(2),
c = 981.8(2) pm, V = 1700.0(9) Å3, Z = 4, Rmerge = 0.032] con-
firms the 1,2-η:4,5,6,7-η bonding mode of the cyclo-C8 li-
gand, which has also been indicated in solution. The second
nucleophilic addition to the coordinated cyclo-C8 ligand
yields new neutral complexes that exist as two different hap-
tomers depending on the steric demand of the two nucleo-
philes. The haptomer CpRu(1,2,3,4,5-η-C8H9-6-Nu1-8-Nu2)

Introduction

Nucleophilic addition to unsaturated organic ligands is
very pertinent to synthetic organometallic chemistry.[1]

Since this type of reaction displays pronounced stereo- and
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(4a) is formed with Nu1 = Nu2 = CH(CO2Me)2 whereas with
Nu1 = Me, Nu2 = CH(CO2Me)2 (4b) and Nu1 = Nu2 = Me
(4c) the haptomer CpRu(1,2-η:5,6,7-η-C8H9-4-Nu1-8-Nu2) is
obtained. The protonation of 4a−4c produces the cationic hy-
dride species [CpRu(H)(1,2,3,4,5-η-C8H9Nu1Nu2)]+ (5+)
[Nu1 = Nu2 = CH(CO2Me)2 (5a+), Nu1 = CH3, Nu2 =
CH(CO2Me)2 (5b+), Nu1 = Nu2 = Me (5c+)] as indicated by
the high-field shifted singlet for one proton below δ = −10 in
the 1H-NMR spectra. An X-ray structure analysis of a single
crystal obtained from the protonation reaction of 4b [space
group P21/c, a = 1285.5(12), b = 1015.8(8), c = 1586.3(14) pm,
β = 108.61(7)°, V = 1963(3) Å3, Z = 4, Rmerge = 0.0942] reveals
a special disorder, the interpretation of which results in the
structure determination of two independent complexes in a
ratio of 59:41 differing by two hydrogen atoms in the formula.
Both complexes are cations; one exhibits a disubstituted
1,2,3,4,5-η-bonded cyclooctadienyl ligand and an agostic in-
teraction of the Ru center with a hydrogen atom at C5 of the
cyclo-C8 ligand (5bBF4), whereas the second complex con-
tains a cyclooctatriene ligand in a 1,2,3,4,5,6-η bonding mode
without a metal hydride function (6BF4). The coexistence of
two different molecules in one single crystal that differ by
two hydrogen atoms in addition to the agostic hydrogen atom
in 5b+, points to an elimination of an H2 molecule from 5b+

in the solid state to generate 6+. This suggestion is corrobor-
ated by the formation of a cationic complex 7+ as the main
product in solution, which contains a cyclo-C8 ligand without
the malonate nucleophile [Nu2 = CH(CO2Me)2], whereas a
freshly prepared NMR sample only reveals 5b+ and 6+. In all
of these products the Me nucleophile (Nu1 = Me) is linked
to a metal-coordinated carbon atom indicating an additional
intramolecular hydrogen migration after the initial pro-
tonation.

regioselectivity it is used in the synthesis of natural prod-
ucts.[2] More recent investigations demonstrate that this syn-
thetic concept can be transferred to coordinated car-
bocycles like cyclooctatetraene,[3] which generates an access
to multiple stereo- and regioselectively functionalized cyclo-
C8 ligands, and which may be of some importance in the
synthesis of precursor compounds for cyclo-C8 terpenoids.[4]

In this paper we present results obtained from an iteratively
applied reaction sequence of nucleophilic addition-pro-
tonation using different nucleophiles.
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Results and Discussion

Primary Nucleophilic Addition

The initial nucleophilic addition to [CpRu(η6-cot)]1 (11)
(Cp 5 cyclopentadienyl, cot 5 cyclooctatetraene)
(Scheme 1) occurs exclusively at the cot ligand as predicted
from the Davies2Green2Mingos rules.[5] In order to test
the electrophilicity of the coordinated cot in 11, the charged
heteronucleophiles OMe2 and NMe2

2 were also used; the
nucleophilicity of neutral amines and phosphanes appeared
to be too low to add to the cot ligand in 11.

Scheme 1. Nucleophilic addition to 11

The assignment of the NMR signals can easily be per-
formed by applying 1H-1H and 1H-13C correlation spectro-
scopy when the single proton signal of the nucleophile-bear-
ing sp3-carbon atom C8 is localized. When Nu1 5 Me or
CH(CO2Me)2, two different isomers can be identified: in
the isomer 29 (e.g. 2a9 and 2b9) the proton of the Nu1-sub-
stituted carbon atom C8 couples with the vicinal protons of
a coordinated and noncoordinated carbon2carbon double
bond; in the second isomer 299 (e.g. 2a99 and 2b99) the pro-
ton on C8 couples to protons of metal-bound carbon atoms
only (Table 3). Since the number of metal-bound carbon
atoms of the cyclo-C8 ligands in both isomers are the same,
and they only differ in the position of the coordinated car-
bon atoms in the cyclo-C8 ring, we introduced the notation
‘‘hapticity isomers’’ or ‘‘haptomers’’.[6] Whereas haptomer
2a9 slowly rearranges in solution to 2a99 at ambient temper-
ature, the different haptomers of 2b are sufficiently stable
to be isolated separately.[6,7] 1H-NMR experiments at T 5
60 °C demonstrate a slow interconversion of 2b9 to 2b99.
Apparently, the 1,2,3,4,5-η-haptomer 29 is initially formed
as the kinetically controlled product during the nucleophilic
addition, and this gradually rearranges to the thermally
more stable 1,2-η:5,6,7-η-haptomer 299 (Scheme 2).

Scheme 2. Proposed flip-flop mechanism for the 1,2,3,4,5-η/1,2-
η:5,6,7-η haptomerism
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For Nu1 5 CH5CH2 (2c), H (2e), D (2f), NMe2 (2g),
OMe (2h), and C;CtBu (2i) the only isomer observed is the
1,2-η:5,6,7-η haptomer, a situation in contrast to 2d (Nu1 5
C6H5), which has a 1,2,3,4,5-η structure as determined by
NMR spectroscopy (see Table 3). No indications for a
structural rearrangement in 2d have been found. The reason
for the interconversion of the haptomers 2a9 to 2a99 and
2b9 to 2b99 may be deduced from the steric demand of the
nucleophile Nu1. When sterically more crowded nucleo-
philes are used, such as a phenyl group or a substituted
malonate CR(CO2Me)2 (R ? H),[8] the 1,2,3,4,5-η hap-
tomer is exclusively identified.

The influence of the steric demand of the nucleophile can
also be rationalized by the crystal structure analysis of the
vinyl derivative 2c, which proves the 1,2-η:5,6,7-η coordina-
tion mode for 2c in the solid state (Figure 1). The vinyl
group is located in an exo position with respect to the metal
center and opposite to the noncoordinating double bond.
The carbon2carbon and ruthenium2carbon bonds are qu-
ite normal and are very similar to Ru2C bond lengths of
pentadienyl2Ru moieties in open and semi-open ruthenoc-
enes.[9] One exception is the Ru2C7 bond, which is elong-
ated by more than 5 pm with respect to the other bond
lengths between the Ru center and the metal-bound carbon
atoms of the cyclo-C8 ligand. Such a deviation of a Ru2C
bond length in the vicinity to an sp3-carbon atom from the
mean value of other Ru2C bond lengths is found more
often in (cyclooctatrienyl)ruthenium complexes.[10]

Figure 1. Molecular structure of 2c (left: ORTEP plot, 30% thermal
ellipsoids, the hydrogen atoms are omitted for clarity; right: space-
filling model to illustrate the steric demand of the vinyl nucleophile
and the noncoordinated double bond); selected bond lengths [pm]:
Ru2C1 217.81(19), Ru2C2 219.0(2), Ru2C5 218.08(19), Ru2C6
215.74 (19), Ru2C7 224.3(2), C12C2 142.3(3), C12C8 154.2(3),
C22C3 149.1(4), C32C4 132.2(4), C42C5 149.5(3), C52C6
143.2(3), C62C7 138.9(3), C72C8 153.1(3)

The most interesting structural features of 2c concerning
the formation of the different haptomers are the non-bond
lengths between C8 and C9, and the carbon atom C3 of the
non-coordinated double bond opposite to C8 and C9,
which are 307.6(3) and 308.4(3) pm, respectively. The close
proximity of these atoms to each other can be appreciated
from the space-filling model shown in Figure 1. Larger nu-
cleophiles would not allow the C32C4 double bond to
bend towards the nucleophile, and hence would favor the
situation wherein C3 and C4 were kept in a metal-coordina-
tion mode.
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To gain a deeper insight into the interconversion mechan-

ism, hydride and deuteride addition from the borates
[BEt3H]2 and [BEt3D]2 were performed and revealed the
1,2-η:5,6,7-η haptomers of 2e (Nu 5 H) and 2f (Nu 5 D).
The NMR signals of the endo and exo protons of the sp3-
carbon atom (C8) in the cyclo-C8 ligand of 2e (Nu 5 H)
are isochronic and show a triplet at δ 5 2.87 due to the
coupling with the two vicinal protons on C1 and C7, which
are both quadruplets (Figure 2, A). The corresponding sig-
nal in the spectrum of 2f (Nu 5 D, Figure 2, B) is now a
doublet of doublets with similar coupling constants (J 5
7.5 and 9.0 Hz). Each component is superimposed by a
triplet caused by geminal coupling with the deuterium nuc-
leus (JHD 5 1.7 Hz). Additionally, the integral of the signal
at δ 5 2.87 is only half that for 2e. In agreement with this,
the signals of the vicinal protons on C1 and C7 change their
patterns to a triplet and a doublet of doublets, respectively,
for 2f (Table 3).

Figure 2. 1H-NMR spectra of 2e and 2f illustrating the difference
in the splitting pattern when the nucleophilic Nu1 has changed
from H2 to D2

The 1H-NMR spectra of 2e and 2f remain unchanged
at temperatures up to 90 °C even after several days, which
indicates that no hydrogen migration takes place. The ther-
mal stability of the cyclooctatrienyl ligand in the Ru com-
plexes 2f is in sharp contrast to the corresponding iron com-
plex, which demonstrates a complete scrambling of the deu-
terium atom under comparable conditions.[11] Therefore, as-
suming the exo addition of the hydride in strict analogy to
the addition of any other nucleophile, the interconversion
from the kinetically controlled 1,2,3,4,5-η product to the
thermodynamically more stable 1,2-η:5,6,7-η haptomer is
believed to be a flipping mechanism, as indicated in
Scheme 2, rather than a hydrogen migration after the nucle-
ophile has been added to the terminal carbon atom of the
metal-coordinated part of the cot ligand.

First Protonation

A second nucleophilic addition to the cyclo-C8 ligand
again requires a cationic complex. Therefore, some of the
complexes of 2 were protonated with HBF4 to yield the new
cationic products 31 (Scheme 3) except for the cases where
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Nu1 5 NMe2 (2g) and Nu15 OMe (2h). The protonation
of 2g leads to a gradual cleavage of the NMe2 group
whereas for 2h the methoxy group is completely split off.
As evidenced by 1D- and 2D-NMR experiments the pro-
tonation of 2 occurs in position 3 of the cyclo-C8 ligand to
afford the cationic complex in a 1,2-η:4,5,6,7-η bonding
mode (391, Scheme 3).

Scheme 3. Protonation of the cyclooctatrienyl complexes 2

In order to ascertain the protonation site of the cyclo-
C8 ring (exo or endo with respect to the metal center) a
protonation experiment was performed with 2b [Nu1 5
CH(CO2Me)2] using a mixture of DBF4/HBF4 ø 4:1. The
comparison of the signal intensities in the 1H-NMR spectra
of the cationic product 3b1 and its deuterated congener
3b1-D1 clearly indicates position 3 as the site of the pro-
tonation (δ 5 3.19) (Table 5). The resonance signal of the
other proton of position 3 is found at δ 5 1.99. Assuming
that the anisotropy cone of diamagnetic sandwich com-
pounds[12] also holds for the present Ru complexes, the sig-
nals of the protons in the endo position with respect to the
metal center should be shifted downfield compared to the
signal of the exo proton.[13] Conclusively, the protonation
of 2 stereoselectively occurs in the endo-position with re-
spect to the metal center, which is also in agreement with
protonation experiments involving other sandwich com-
pounds.[14] This stereoselectivity suggests a protonation of
the metal center as a first step and a subsequent hydrogen
migration to the cyclo-C8 ligand.[14b]

The 1H-NMR spectra of 3b1 contain small signals due
to a second isomer, which increase in intensity in the course
of time. After 6 days at room temperature, the NMR signals
of only one isomer are recorded and these correspond to
the initial minor isomer, which was identified as the
1,2,3,4,5,6,-η haptomer. Apparently, the 1,2-η:4,5,6,7-η
haptomer 391 is converted into the 1,2,3,4,5,6,-η haptomer
3991 (Scheme 4). In addition to this haptotropic rearrange-
ment it is evident from the 1H-NMR spectra of 3b-D1

1 that
the endo proton on C3 of 391 (δ 5 3.19) has migrated to
the endo position on C7 in 3991 (δ 5 1.63) (Scheme 4). The
position of this resonance still shows a distinct low-field
shift compared to the signal of the other proton on C7 (δ 5
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Scheme 4. Proposed 1,5-hydrogen migration mechanism for the
1,2-η: 4,5,6,7-η/1,2,3,4,5,6-η haptomerism

20.95, Table 5),[11,13] indicating the endo position of the
deuterium atom.

It is interesting to note that the nature of the nucleophile
does not consistently influence the hapticity of the eight-
membered ligand. Whereas for Nu1 5 CH(CO2Me)2 the
more stable isomer is the 1,2-η:5,6,7-η haptomer for the
neutral complex 2b and the 1,2,3,4,5,6-η haptomer for the
cationic species 3b1, for Nu1 5 C6H5 the opposite is true:
In 2d the 1,2,3,4,5,-η bonding mode is favored, and upon
protonation the coordination of the cyclo-C8 ligand changes
to the 1,2-η:4,5,6,7-η fashion in 3d1, a situation demon-
strated by solution NMR studies and verified in the solid
state structure (Figure 3).

Figure 3. Molecular structure of 3dBF4 (ORTEP plot, 30% thermal
ellipsoids, the hydrogen atoms and the counter ion are omitted for
clarity); selected bond lengths [pm]: Ru2C1 228.1(4), Ru2C2
229.4(6), Ru2C4 226.5(6), Ru2C5 218.3(5), Ru2C6 220.7(5),
C12C2 135.8(8), C12C8 150.7(7), C22C3 150.7 (8), C32C4
150.4(9), C42C5 135.1(14), C52C6 147.1(11), C62C7 139.7 (10),
C72C8 153.7(8), C82C9 154.9(6)

The crystal structure analysis of the phenyl derivative
3dBF4 reveals a η6-coordination mode for the cyclo-C8 li-
gand, wherein the noncoordinated carbon atoms of the
eight-membered ring, C3 and C8, protrude from the plane
of the metal-bound carbon atoms in an exo position with
respect to the metal center. The non-bond lengths between
C3 and C8, and C3 and C9 are 308.4(8) and 308.2(9) pm,
respectively, which indicates a close proximity of the two
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sp3-carbon atoms of the cyclo-C8 ligand. A sterically more
demanding nucleophile at C8 may push the C3 position to
the metal center, thus inducing a metal2hydrogen interac-
tion that could be a first step in the metal-assisted 1,5-hy-
drogen migration as found in 3b1 (see Scheme 4). The
metal2carbon bond lengths in 3d1 are slightly elongated in
comparison to the corresponding bond lengths of the neut-
ral complex 2c due to the positive charge in 3d1, which
reduces the metal2ligand back donation. Accordingly, the
C12C2 bond length in 3d1 [135.5(8) pm] is distinctly
shorter than the corresponding bond length in 2c [142.3 (3)
pm]. Also in agreement with the reduced metal2ligand
back donation is the bond length alternation in the metal-
bound butadiene part of the cyclo-C8 ligand: C42C5
135.1(14) pm, C52C6 147.1(11) and C62C7 139.7(10)
pm.[15]

Second Nucleophilic Addition

The second nucleophilic addition can in principle give
rise to two isomeric products depending on the type of hap-
tomer used for this reaction. However, earlier attempts have
already demonstrated that for Nu1 5 CH(CO2Me)2 the ad-
dition of the second nucleophile [Nu2 5 CH(CO2Me)2] only
gives rise to the 6,8-bifunctionalized cyclooctadienyl com-
plex 4a[6] regardless of whether the starting haptomer is
3b91 or 3b991. The nucleophilic addition to mixtures of par-
tially deuterated 3b91 and 3b991 yielded 4a only with the
deuterium atom exclusively in endo position at C7. Hence,
3b91 has to rearrange to haptomer 3b991 by a 1,5-hydrogen
migration before the second nucleophilic addition occurs
(Scheme 5).[6]

Scheme 5. Nucleophilic addition to 3b1

This outcome contrasts the result of the second nucleo-
philic addition [Nu2 5 Me, CH(CO2Me)2] to complexes
with Nu1 5 Me, which occurs exclusively in the 4-position
of the cyclooctatriene ligand of 3a1 (Scheme 6).
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Scheme 6. Nucleophilic addition to 3a1

The 1H- and 13C-NMR spectra clearly demonstrate the
low local symmetry (C1) of the cyclooctadienyl ligand in 4b
[Nu1 5 Me, Nu2 5 CH(CO2Me)2] and 4c (Nu1 5 Nu2 5
Me), in which the number of signals corresponds to the
number of hydrogen and carbon atoms in the eight-mem-
bered ring in each case, whereas the NMR spectra of 4a
contain considerably fewer signals due to the Cs symmetry
of the cyclo-C8 ligand (Table 6). By means of 1H-1H and
1H-13C correlation spectra the different signals for 4b and
for 4c can be assigned unequivocally and confirm the prod-
ucts 4b and 4c as 4,8-bifunctional cyclooctadienyl com-
plexes.

Second Protonation

The bifunctionalized cyclooctadienyl complexes 4a, 4b
and 4c are easily protonated by the addition of HBF4 to
their ether solutions at low temperature. The products pre-
cipitate as light yellow solids and can be isolated by filtra-
tion (Scheme 7).

Scheme 7. Protonation of the cyclooctadienyl complexes 4a24c

In contrast to the first protonation, the second one gives
rise to ruthenium complexes with a metal2hydride function
as shown by the high-field shift of singlets from δ 5 210.4
to 210.6 in the 1H-NMR spectra.[16] No indication is found
for the scrambling of proton positions that was observed in
electronically related compounds like the protonated (cyclo-
pentadienyl)(3-methylpentadienyl)ruthenium complex.[17,18]

For 5a1 [Nu1 5 Nu2 5 CH(CO2Me)2] and 5c1 (Nu1 5
Nu2 5 Me) the 1H-NMR spectra are similar to those of 4a
and 4c apart from an overall distinct low-field shift of the
signals for the metal-coordinated C2H units, which is due
to the cationic nature of the complexes, and the hydrido
signal at δ , 210 (Table 7). The coordination mode of the
cyclo-C8 ligand is therefore assumed to remain unchanged
upon protonation of 4a and 4c. However, in solution the
1H-NMR spectra provide evidence for a slow decomposi-
tion of the products, which form different Ru complexes
that were not characterized further in the cases of 5a1

and 5c1.
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The 1H-NMR spectrum of a freshly prepared sample of
the protonated product of 4b [Nu1 5 Me, Nu2 5
CH(CO2Me)2] indicates the existence of two different spe-
cies and displays remarkable differences to the spectrum of
the precursor complex. The signal due to the Me substitu-
ent in the neutral complex 4b appears as a doublet at δ 5
0.96 in accordance with the Me signals of 4c (δ 5 1.02
and 1.20). The corresponding Me signals of the protonated
species of the starting complex 4b are observed as singlets,
which are low-field shifted to δ 5 2.32 for the major com-
ponent (5b1) and even to δ 5 2.62 for the minor one (61).
In contrast, the position of the corresponding Me signals
in 5c1 does not differ significantly from that in the starting
complex 4c. The lack of a 1H-1H coupling for the Me sub-
stituent in 5b1 and 61, as well as the distinct low-field shift
of the Me signals, point to a metal coordination of the Me-
substituted carbon atom in 5b1 and 61. Therefore, in 5b1

and 61 a hydrogen migration had to occur on the cyclo-C8

ligand upon protonation.
The most striking difference between the 1H-NMR spec-

tra of 5b1 and 61 is the lack of the hydrido signal at δ ø
210 for the minor product 61. A careful analysis of the
1H,1H-COSY spectrum also proves that 61 contains two
hydrogen atoms less than 5b1. On keeping the solution of
the NMR sample under an inert gas, a further product 71

can be identified as a cationic cyclooctatriene complex with-
out the malonate substituent (Table 7). The former malon-
ate nucleophile can be identified in the 1H-NMR spectrum
as a free methyl malonate (δ 5 3.36 and 3.70). The signals
due to complexes 61 and 71 both grow in the course of
time, whereas the signals due to 5b1 vanish. Hence, the hy-
dride complex 5b1 decomposes in solution under cleavage
of dihydrogen or methyl malonate (Scheme 8). Most inter-
estingly, the formation of 5b1 and 61 has been observed in
a single crystal analysis.

Scheme 8. Elimination of H2 and H2C(CO2Me)2 from the cationic
complex 5b1 in solution

Suitable crystals for an X-ray structure analysis of the
protonation product of 4b [Nu1 5 Me, Nu2 5
CH(CO2Me)2] were obtained from a dichloromethane/di-
ethyl ether solution. The determination of the molecular
structure was successful on the assumption of a disorder of
the two cationic complexes in a ratio of 59:41, which differ
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in the cyclo-C8 ligands. Attempts were made to separate the
carbon atoms C1, C5, C7, and C8 of the cyclo-C8 ligands in
different split positions. However, this procedure was only
successful for C8. The positions of C1, C5, and C7 do not
vary sufficiently in the two species to be calculated in differ-
ent split positions. The best fit could be obtained by taking
into account two cationic species, one bearing a 1,2,3,4,5-
η-cyclooctadienyl ligand (5b1, 59%) and the other a
1,2,3,4,5,6-η-cyclooctatriene ligand (61, 41%) (Figure 4).

Figure 4. Molecular structures of 5bBF4 and 6BF4 as obtained
from the X-ray crystal structure analysis of the protonation prod-
uct of 4b; top: 5bBF4 (ORTEP plot, 30% thermal ellipsoids, the
anion and all H atoms except the H2 are omitted for clarity); bot-
tom: superposition of 5bBF4 and 6BF4 (note the difference in the
notation of C8A, C8B; C8A belongs to 5b1 and C8B to 61); se-
lected bond lengths [pm]: Ru2C1 217.7(7), Ru2C2 219.7(7),
Ru2C3 220.8(7), Ru2C4 213.5(8), Ru2C5 227.3(8), Ru2C8A
246(2), Ru2H0A 173(13), C12C2 140.8(10), C22C3 144.0(10),
C32C4 143.8(10), C42C5 147.6(13), C52C6 151.0(12), C62C7
151.8(11), C72C8A 147.4(13), C72C8B 152.0(10), C12C8A
159.3(16), C12C8B 143.6(9), C52H0A 129(13)

The most prominent structural feature of 5b1 is the agos-
tic hydrogen atom H0A between the Ru center and C5. The
position of this hydrogen atom was found from the differ-
ence electron map. The Ru2H0A distance is 173(12) pm
and the distance between C5 and H0A is calculated to be
129(13) pm. In accordance with the agostic hydrogen atom
at C5, the Ru2C12C4 bond lengths are distinctly shorter
than the bond length between the Ru center and C5
[213.5(8)2220.8(7) pm vs. 227.3(8) pm]. The
carbon2carbon bond length between C4 and C5, which is
linked to the agostic hydrogen atom, seems to be elongated
[147.6(13) pm] compared to the other carbon2carbon dis-
tances [140.8(10)2144.0(10) pm] of the metal-coordinated
entity of the cyclo-C8 ligand. Hence, the structural data of
5b1 much resemble those of the electronically related pro-
tonated (cyclopentadienyl)(3-methylpentadienyl)ruthen-
ium.[18]
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Another important result from the structure determina-
tion of 5b1 is the position of the first nucleophile (Nu1 5
Me) on the cyclo-C8 ligand: the Me group is directly linked
to the metal-bound carbon atom C2, as already indicated
by the 1H-NMR study. The carbon atoms C6, C7, and C8
are not metal-coordinated and are sp3-hybridized with
Nu2 5 CH(CO2Me)2 at C6.

Conclusively, the formation of 5b1 upon protonation of
4b requires more than a simple protonation of the metal
center, as evidenced for 5a1 and 5c1. Compound 4b may
first be protonated at the metal center to give the
metal2hydride function (Scheme 9). Subsequently, the hy-
drogen atom could migrate to position 1 of the cyclo-C8

ligand and, more or less simultaneously, the hydrogen atom
at C3 migrates to the metal center leading to a 1,2,3,4,5-
η coordination mode of the cyclo-C8 ligand with the first
nucleophile Me linked to a metal-coordinated carbon atom;
the hydrogen atom at the metal center forms an agostic
bond to C5. The formation of 61 can be explained by the
elimination of a hydrogen molecule from 5b1. It is worth
mentioning that the dehydrogenated product 61 is the only
by-product when the crystalline material is freshly dissolved
for an NMR sample, whereas the decomposition product
71 is preferentially formed in solution (Scheme 8).

Scheme 9. Proposed mechanism for the formation 5b1

In a final step, the cyclo-C8 ligand should be cleaved to
yield stereo- and regioselectively functionalized cyclo-
octadiene compounds. This operation was successfully per-
formed for 5a1 [Nu1 5 Nu2 5 CH(CO2Me)2][6] by the addi-
tion of a coordinating solvent (MeCN) to a suspension of
5a1 in diethyl ether, whereas for the methylated derivative
5b1 the cleavage of the corresponding cyclooctadiene failed.
Alternatively, the cleavage of the cyclo-C8 ligand was at-
tempted by a protonation of the complexes 4b and 4c in the
presence of a large excess of acetonitrile. As a result the
cationic half-sandwich complex [CpRu(MeCN)3]1 could be
recovered and this is the starting material for the synthesis
of [CpRucot]1 (11). However, the organic products of this
reaction have not yet been characterized. The reaction con-
ditions for a straight cleavage of the stereoselectively func-
tionalized cyclooctadiene ligand are currently being invest-
igated. Successful decomplexations of η4-coordinated cyclo-
octatetraene and cyclooctadienes by photochemical and
thermal methods have been reported previously.[19]

Conclusions

In this study we have shown that iterative nucleophilic
and electrophilic additions to coordinated cyclooctatetraene
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are useful tools for the synthesis of stereo- and regioselec-
tively bifunctionalized cyclo-C8 ligands. As demonstrated,
the regioselectivity at the different stages of the nucleophilic
additions and protonation reactions is controlled by the
steric demand of the nucleophiles. Two different mechan-
isms for the rearrangements are proposed: (i) a flip-flop
mechanism in which the product of the first nucleophilic
addition changes from the kinetically controlled 1,2,3,4,5-η
haptomer to the thermodynamically more stable 1,2-
η:5,6,7-η haptomer (Scheme 2) in cases of small nucleo-
philes and (ii) a 1,5-hydrogen migration caused by the first
protonation, which causes a rearrangement of the 1,2-
η:4,5,6,7-η haptomer to the 1,2,3,4,5,6-η derivative [Nu1 5
CH(CO2Me)2] or vice versa when Nu1 5 Ph (see Scheme 5).
A third rearrangement can be observed after the second
protonation and leads to 5b1 [Nu1 5 Me, Nu2 5
CH(CO2Me)2], since the hydrogen atom of the carbon atom
bearing Nu1 is cleaved and a new sp3-carbon atom is
formed, as illustrated in Scheme 9 for 5b1. The cleavage of
the desired cyclo-C8 ligand was successful for the case where
Nu1 5 Nu2 5 CH(CO2Me)2 but as yet has proved unsuc-
cessful when Nu1 5 Nu2 5 Me and Nu1 5 Me, Nu2 5
CH(CO2Me)2. However, efforts to synthesize stereo- and re-
gioselectively bifunctionalized cyclooctadienes through iter-
ative nucleophilic and electrophilic additions will be con-
tinued due to the fact that it is a simple and hence attractive
procedure to achieve more intricate organic reactions to-
wards cyclo-C8 terpenoids.

Experimental Section

All reactions were carried out under N2 and all solvents were satur-
ated with N2. THF, Et2O, hexane, and toluene were freshly distilled
from the appropriate alkali metal or metal alloy. Dichloromethane
was dried with CaH2 and distilled under N2. 2 NMR: Bruker AM
360 and Varian Gemini 200. 2 IR (Nujol mull, KBr cells): FT-IR
1720X (Perkin2Elmer). 2 EI-MS (70 eV): Finnigan MAT 311 A,
Heraeus CHN-O-Rapid; Institut für Anorganische und Ange-
wandte Chemie, Universität Hamburg. 2 [CpRu(η6-cot)]PF6

(1PF6),[20] the sodium salts of the malonic ester[21] and lithium di-
methylamide[22] were synthesized as described. Methyllithium as
5% solution in diethyl ether was purchased from Merck, Li[B-
Et3H] as a 1  solution in THF from Aldrich and HBF4 as a 54%
solution in diethyl ether from Fluka.

X-ray Crystal Structure Analysis: Determination of the cell para-
meters and collection of the reflection intensities were performed
with a Hilger & Watts [2c, 3dBF4] or Enraf2Nonius CAD4 [5bBF4]
four-circle diffractometer (see Table 1). SHELXS-86[23] was used
for structure solving with direct methods and SHELXL-97[24] for
structure refinement (refinement on F2) (for crystallographic details
see Table 1).

Crystal Structure Refinement of 2c: Hydrogen atoms on the Cp ring
and on C8 were fixed in idealized positions. Positions of all other
H atoms were refined free with equal C2H bond lengths in the sets
of H1;H2;H5;H6;H7;H3;H4;H9 and H10a;H10b using the SADI
operation. Thermal parameters of all protons were attached to the
corresponding C atoms with a factor of 1.2.

Crystal Structure Refinement of 3d: Protons on the Cp and the
phenyl ring, and on C3 and C8 were fixed in idealized positions.
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Positions of all other H atoms were refined free with equal C2H
bond lengths using the SADI operation. Thermal parameters of all
H atoms were attached to the corresponding C atoms with a factor
of 1.2.

Crystal Structure Refinement of 5d: H atoms on the Cp ring and on
C6, C8A, C9, C10, C13, and C14 were fixed in idealized positions.
Positions of all other H atoms (except the agostic hydrogen atom)
were refined free with C2H bond lengths fixed to 99 pm for H1,
H3, H4, H5, H71, and H72, H71 and H72 were further fixed to
equal distances to the vicinal C atoms C6 and C8A. Thermal para-
meters of all H atoms were attached to the corresponding C atoms
with a factor of 1.5 for methyl and 1.2 for all others. The agostic
hydrogen atom HOA was refined free in position and its thermal
parameter set to 1.5 times the parameter of the Ru center. The
site occupation factors for the disordered atoms were refined as a
free variable.

Crystallographic data (excluding structure factors) for the
structures reported in this paper have been deposited with the
Cambridge Crystallographic Data Centre as supplementary
publication no. CCDC-137491 (2c), -137492 (3dBF4), and -137493
(5bBF4 and 6BF4). Copies of the data can be obtained free of
charge on application to CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK [Fax: (internat.) 1 44-1223/336-033; E-mail:
deposit@ccdc.cam.ac.uk].

General Procedure for the Synthesis of Compounds 2a22i: A solu-
tion of the nucleophile in THF (or diethyl ether for Nu1 5 Me)
was added dropwise to a suspension of 1 in 50 mL of THF or
diethyl ether. The solvent was removed under reduced pressure, the
residue was extracted with hexane or diethyl ether, and the extract
filtered through Celite. After removal of the solvent, the product
was normally obtained as a pale yellow oil. For more preparative
details see Table 2, for 1H- and 13C-NMR data see Table 3.

(η5-Cyclopentadienyl)(1,2,3,4,5-η-8-exo-methylcyclooctatrien-6-
yl)ruthenium(II) (2a9): C14H16Ru (285.37): calcd. C 58.93, H 5.65;
found C 58.94, H 5.38.

(η5-Cyclopentadienyl)(1,2-η:5,6,7-η-8-exo-methylcyclooctatrien-3-
yl)ruthenium(II) (2a99): IR (Nujol): ν̃ 5 1652 (C5C) cm21. 2 EI-
MS (70 eV); m/z (%): 285 (91) [M1], 270 (20) [M1 2 CH3], 259
(100) [CpRuC7H7

1], 245 (58) [CpRuC6H6
1], 231 (1) [CpRuC5H5

1],
218 (2) [CpRuC4H4

1], 205 (2) [CpRuC3H3
1], 192 (2)

[CpRuC2H2
1], 179 (1) [CpRuCH1], 166 (23) [CpRu1]. 2 C14H16Ru

(285.37): calcd. C 58.93, H 5.65; found C 58.62, H 5.69.

[1,2-η:5,6,7-η-8-exo-Bis(methoxycarbonyl)methylcyclooctatrien-3-
yl](η5-cyclopentadienyl)ruthenium(II) (2b99): IR (Nujol): ν̃ 5 1733
(C5O), 1651 (C5C) cm21. 2 EI-MS (70 eV); m/z (%): 401 (91)
[M1], 375 (87) [M 2 C2H2

1], 283 (22) [M 2 CO2CH3
1], 270 (46)

[M 2 CH(CO2CH3)1], 258 (11) [M 2 CH(CO2CH3)2
1], 245 (100)

[CpRuC7H7
1], 232 (5) [CpRuC5H5

1], 167 (34) [CpRu1], 104 (41)
[C8H8

1], 101 (40) [Ru1]. 2 C18H20O4Ru (401.45): calcd. C 53.86,
H 5.02; found C 54.12, H, 5.18.

[1,2,3,4,5-η-8-exo-Bis(methoxycarbonyl)methylcyclooctatrien-6-yl]-
(η5-cyclopentadienyl)ruthenium(II) (2b9): The separation of 2b9 from
the haptomer 2b99 was performed by column chromatography
(Al2O3/5% H2O, toluene/diethyl ether 5 1:1). Only 2b9 could be
isolated.

(η5-Cyclopentadienyl)(1,2-η:5,6,7-η-8-exo-vinylcyclooctatrien-3-yl)-
ruthenium(II) (2c): Yellow crystalline product. 2 IR (Nujol): ν̃ 5

1656 (C5Cfree), 1631 (C5Cvinyl) cm21. 2 EI-MS (70 eV); m/z (%):
297 (100) [M1], 283 (18) [M 2 CH2

1], 271 (98) [M 2 C2H3
1], 245
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Table 1. Crystallographic details for 2c, 3dBF4, and 5bBF4

Compound 2c 3dBF4 5bBF4

Empirical formula C15H16Ru C19H19BF4Ru C19H25BF4O4Ru
Molecular mass 297.35 435.22 505.27
T [K] 173(2) 173(2) 173(2)
Space group P1̄ Pbc2(1) P2(1)/c
a [Å] 7.5790(10) 16.788(7) 12.855(12)
b [Å] 7.5910(10) 10.314(2) 10.158(8)
c [Å] 10.531(3) 9.818(2) 15.863(14)
α [°] 81.93(2)
β [°] 80.220(10) 108.61(7)
γ [°] 88.730(10)
V [Å3] 591.2(2) 1700.0(9) 1963(3)
Z 2 4 4
ρcalcd.[gcm21] 1.670 1.700 1.710
µ [mm21] 1.293 0.961 7.024
Crystal size [mm] 0.3 3 0.2 3 0.1 0.3 3 0.2 3 0.04 0.2 3 0.3 3 0.5
2θ range [°] 60.13 55.13 152.79
No. collected intensities 4181 4189 4319
No. observed intensities[a] 3239 1930 2895
No. of parameters 176 246 294
GooF (F2, all data) 1.075 1.108 1.034
Rmerge (all data) 0.0265 0.0322 0.0942
R1 (obs. data) 0.0234 0.0287 0.0562
wR2 (all data) 0.0588 0.0762 0.1577
max/min transmission 0.793/20.934 1.382/20.479 3.100/23.277
Diffractometer Hilger&Watts[b] Hilger&Watts[b] CAD4[c]

[a] Observation criterion I . 4σ(I). 2 [b] Equipped with graphite-monochromized Mo-Kα radiation. 2 [c] Equipped with graphite-monoch-
romized Cu-Kα radiation.

Table 2. Reacion conditions for the first nucleophilic addition

1 MNu1 MNu1 T[a] Solvent for Solvent for Product Yield
[mg /mmol] [mg/mmol] [°C] reaction extraction [mg (%)]

904.0/2.18 LiMe 53/2.41 r.t. Et2O hexane 2a 495 (80)
748.0/1.8 NaCH(CO2Me)2 286/1.8 278 THF Et2O 2b 410 (57)
582.0/1.4 BrMgCH5CH2 131/1.4 r.t. THF hexane 2c 243 (58)
335.0/0.81 BrMgC6H5 2700/14 r.t. Et2O hexane 2d 182 (65)
248.0/0.6 LiB(C2H5)3H 64/0.6 278 THF hexane 2e 140 (87)
489.0/1.18 LiB(C2H5)3D 125/1.2 278 THF hexane 2f 273 (85)
169.0/0.41 LiN(Me)2 21/0.41 r.t. THF hexane 2g 100 (78)
295.0/0.7 NaOMe 38/0.7 230 Et2O hexane 2h 143 (67)
181.0/0.44 LiC;CtBu 38/0.44 278 THF hexane 2i 90 (61)

[a] Reaction temperature, r.t.: room temperature.

(50) [CpRuC6H6
1], 167 (98) [CpRu1], 102 (12) [Ru1]. 2 C15H16Ru

(297.36): calcd. C 60.59, H 5.42; found C 60.21, H 5.59.

(η5-Cyclopentadienyl)(1,2,3,4,5-η-8-exo-phenylcyclooctatrien-6-
yl)ruthenium(II) (2d): Yellow powder. 2 IR (KBr): ν̃ 5 3078, 3051
(C2Harom.), 3007, 2940 (C2Haliph.), 1669 (C5Cfree), 1595 (C5

Carom.) cm21. 2 EI-MS (70 eV); m/z (%): 347 (6) [M1], 321 (7)
[CpRuC12H11

1], 245 (3) [CpRuC6H6
1], 219 (100) [CpRuC4H4

1],
199 (22) [CpRuC2H2

1], 167 (9) [CpRu1], 105 (7) [C8H8
1], 101 (3)

[Ru1]. 2 C19H18Ru (347.44): calcd. C 65.69, H 5.22; found C 65.39,
H 5.29.

(1,2-η:5,6,7-η-Cyclooctatrien-3-yl)(η5-cyclopentadienyl)ruthe-
nium(II) (2e): IR (Nujol): ν̃ 5 1645 (C5C) cm21. 2 EI-MS (70 eV);
m/z (%): 271 (93) [M1]. 2 C13H14Ru (271.21): calcd. C 57.55, H
5.20; found C 57.57, H 5.30.

(η5-Cyclopentadienyl)(1,2-η:5,6,7-η-8-exo-dimethylamino-
cyclooctatrien-3-yl)ruthenium (II) (2g): Yellow powder. 2 IR (Nu-
jol): ν̃ 5 1657 (C5C), 1263 (C2N) cm21. 2 EI-MS (70 eV); m/z
(%): 314 (100) [M1], 300 (13) [M 2 CH3

1], 285 (10) [M 2
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(CH3)2
1], 271 (44) [M 2 N(CH3)2

1]. 2 C15H19NRu (314.42):
calcd. C 57.31, H 6.09, N 4.46; found C 57.53, H 6.06, N 4.24.

(Cyclopentadienyl)(1,2-η:5,6,7-η-8-exo-methoxycyclooctatrien-3-
yl)ruthenium(II) (2h): Yellow powder. 2 IR (Nujol): ν̃ 5 1652 (C5

C), 1225 (C2O) cm21. 2 EI-MS (70 eV); m/z (%): 301 (31) [M1],
271 (16) [CpRuC8H8

1], 258 (8) [CpRuC7H7
1], 245 (18)

[CpRuC6H6
1], 232 (5) [CpRuC5H5

1], 167 (27) [CpRu1], 104 (54)
[C8H8

1]. 2 C14H17ORu (302.38): calcd. C 55.80, H 5.35; found C
55.83, H 5.55.

(Cyclopentadienyl)[1,2-η:5,6,7-η-8-exo-(39,39-dimethylbutyn-19-yl)-
cyclooctatrien-3-yl]ruthenium(II) (2i): IR (Nujol): ν̃ 5 1651 (C5C)
cm21. 2 EI-MS (70 eV); m/z (%): 351 (71) [M1], 336 (9) [M 2

CH3
1], 322 (20) [M 2 (CH3)2

1], 306 (5) [M 2 (CH3)3
1], 292 (14)

[M 2 C(CH3)3
1], 269 (5) [M 2 C;CC(CH3)3

1]. 2 C19H20Ru
(349.46): calcd. C 64.93, H 6.31; found C 64.45, H 6.33.

General Procedure of the First Protonation: Compound 2 was dis-
solved in diethyl ether (50 mL) and allowed to react with HBF4,
which was dissolved in diethyl ether, at 278 °C. After warming to
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Table 3. NMR data of the cyclooctatrienyl complexes 2a22i

2a9: 1H NMR: δ 5 4.50 (s, 5 H, Cp), 1.21 (d, 3J8,Me 5 7.2 Hz, 3 H, Me), 3.96 (dd, 3J1,8 5 5.5 Hz, 3J1,2 5 9.0 Hz, 1 H, 1-H), 4.24 (dd,
1 H, 2-H), 5.56 (dd, 3J2,3 5 3J3,4 5 6.0 Hz, 1 H, 3-H), 4.51 (m, 1 H, 4-H), 3.70 (dd, 3J4,5 5 3J5,6 5 7.8 Hz, 1 H, 5-H), 5.78 (m, 1 H, 6-
H), 5.29 (dd, 3J6,7 5 12.5 Hz, 3J7,8 5 2.7 Hz, 1 H, 7-H), 2.43 (m, 1 H, 8-H).
2a99: 1H NMR (C6D6): δ 5 4.43 (s, 5 H, Cp), 0.89 (d, 3J8,CH3 5 7.5 Hz, 3 H, Me), 2.93 (dd, 3J1,8 5 8.0 Hz, 1 H, 1-H), 3.91 (dd, 3J1,2 5
8.0 Hz, 1 H, 2-H), 5.65 (dd, 3J2,3 5 2.4 Hz, 1 H, 3-H), 5.42 (dd, 3J3,4 5 6.0 Hz, 1 H, 4-H), 4.63 (dd, 3J5,6 5 8.0 Hz, 3J4,5 5 3.4 Hz, 1 H,
5-H), 3.40 (m, 2 H, 6-H, 8-H), 3.78 (dd, 3J7,8 5 9.3 Hz, 3J6,7 5 7.4 Hz, 1 H, 7-H); [CD3C(O)CD3]: δ 5 4.75 (s, 5 H, Cp), 0.64 (d,
3J8,CH3 5 7.6 Hz, 3 H, Me), 2.99 (dd, 3J1,8 5 3J1,2 5 8.3 H, 1 H, 1-H), 3.83 (m, 2 H, 2-H, 7-H), 5.43 (dd, 3J2,3 5 2.5 Hz, 3J3,4 5 5.8 Hz,
1 H, 3-H), 5.22 (dd,3J4,5 5 3.2 Hz, 1 H, 4-H), 4.55 (dd, 3J5,6 5 7.7 Hz, 1 H, 5-H), 3.50 (t, 3J6,7 5 7.7 Hz, 1 H, 6-H), 3.40 (m, 1 H, 8-H).
2 13C{1H} NMR (C6D6): δ 5 79.5 (Cp), 24.1 (Me), 26.4 (C1), 68.2 (C2), 135.6 (C3), 134.2 (C4), 64.1 (C5), 77.3 (C6), 34.3 (C7), 34.0 (C8).
2b9: 1H NMR (C6D6): δ 5 4.43 (s, 5 H, Cp), 3.38 (s, 3 H, Me), 3.27 (s, 3 H, Me), 4.41 (m, 1 H, 1-H), 4.30 (dd, 3J1,2 5 6.7 Hz, 3J2,3 5
9.3 Hz, 1 H, 2-H), 5.51 (m, 2 H, 3-H, 6-H), 4.10 (dd, 3J3,4 5 5.7 Hz, 3J4,5 5 8.2 Hz, 1 H, 4-H), 3.66 (dd, 3J5,6 5 8.2 Hz, 1 H, 5-H), 5.89
(m, 1 H, 7-H), 3.74 (m, 1 H, 8-H), 3.31 (d, 3J8,9 5 11 Hz, 1 H, 9-H). 2 13C{1H} NMR: δ 5 79.6 (s, Cp), 169.3, 168.9 (C5O), 51.7, 51.6
(Me), 39.1 (C1), 75.5 (C2), 99.5 (C3), 76.4 (C4), 40.4 (C5), 129.3 (C6), 126.6 (C7), 43.2 (C8), 40.4 (C9).
2b99: 1H NMR (C6D6): δ 5 4.34 (s, 5 H, Cp), 3.34 (s, 6 H, Me), 2.95 (dd, 3J1,2 5 3J1,8 5 8.0 Hz, 1 H, 1-H, H), 3.86 (dd, 3J2,3 5 2.6 Hz,
1 H, 2-H), 5.73 (dd, 3J3,4 5 6.0 Hz, 1 H, 3-H), 5.44 (dd, 3J4,5 5 3.4 Hz, 1 H, 4-H), 4.57 (dd, 3J5,6 5 8.1 Hz, 1 H, 5-H), 3.38 (dd, 3J6,7 5
7.4 Hz, 1 H, 6-H), 3.90 (dd, 3J7,8 5 9.2 Hz, 1 H, 7-H), 4.48 (m, 1 H, 8-H), 4.00 (d, 3J1,9 5 12.1 Hz, 1 H, 9-H). 2 13C{1H} NMR: δ 5
80.5 (s, Cp), 169.3, 168.9, 167.3 (s, C5O), 58.3 (s, Me), 23.5 (C1), 68.5 (C2), 136.6 (C3), 134.7 (C4), 65.3 (C5), 78.4 (C6), 31.4 (C7), 40.3
(C8), 52.1 (C9).
2c: 1H NMR (C6D6): δ 5 4.45 (s, 5 H, Cp), 5.59 (m, 1 H, 9-H), 4.96 (dd, 2J10,11 5 2.1 Hz, 3J9,10 5 10.3 Hz, 1 H, 10-H), 4.77 (dd, 3J9,11 5
17.4 Hz, 1 H, 11-H), 2.91 (dd, 3J1,2 5 3J1,8 5 7.8 Hz, 1 H, 1-H), 3.93 (dd, 3J2,3 5 2.4 Hz, 1 H, 2-H), 5.54 (dd, 3J3,4 5 5.9 Hz, 1 H, 3-H),
5.29 (dd, 3J4,5 5 3.4 Hz, 1 H, 4-H), 4.63 (dd, 3J5,6 5 7.5 Hz, 1 H, 5-H), 3.45 (dd, 3J6,7 5 7.5 Hz, 1 H, 6-H), 3.75 (dd, 3J7,8 5 7.5 Hz, 1
H, 7-H), 4.03 (m, 1 H, 8-H). 2 13C{1H} NMR: δ 5 79.8 (Cp), 144.6 (C9), 110.2 (C10), 24.2 (C1), 67.9 (C2), 135.3 (C3), 134.3 (C4), 64.7
(C5), 76.7 (C6), 30.1 (C7), 42.3 (C8).
2d: 1H NMR (C6D6): δ 5 7.70 (m, 1 H, p-Ph), 6.91 (m, 2 H, m-Ph), 7.08 (m, 2 H, o-Ph), 4.49 (s, 5 H, Cp), 4.13 (dd, 3J1,8 5 5.6 Hz,
3J1,2 5 8.8 Hz, 1 H, 1-H), 4.00 (dd, 3J2,3 5 5.8 Hz, 1 H, 2-H), 5.57 (dd, 3J3,4 5 5.8 Hz, 1 H, 3-H), 4.56 (dd, 3J4,5 5 7.8 Hz, 1 H, 4-H),
3.69 (dd, 3J5,6 5 7.8 Hz, 1 H, 5-H), 5.87 (dd, 3J6,7 5 10.6 Hz, 1 H, 6-H), 5.43 (dd, 3J7,8 5 2.7 Hz, 1 H, 7-H), 3.81 (m, 1 H, 8-H). 2
13C{1H} NMR: δ 5 79.5 (Cp), 149.0, 129.7, 126.1 (Phenyl-C), 39.8 (C1), 75.5 (C2), 99.5 (C3), 49.5 (C4), 30.2 (C5), 132.9 (C6), 131.6
(C7), 45.8 (C8).
2e: 1H NMR (C6D6): δ 5 4.40 (s, 5 H, Cp), 2.65 (m, 1 H, 1-H), 3.96 (dd, 3J1,2 5 7.5 Hz, 3J2,3 5 2.1 Hz, 1 H, 2-H), 5.46 (dd, 3J3,4 5
6.1 Hz, 1 H, 3-H), 5.54 (dd, 3J4,5 5 3.2 Hz, 1 H, 4-H), 4.57 (dd, 3J5,6 5 7.5 Hz, 1 H, 5-H), 3.18 (dd, 3J6,7 5 7.5 Hz, 1 H, 6-H), 3.33 (m,
1 H, 7-H), 2.87 (m, 2 H, 8endo-H, 8exo-H). 2 13C{1H} NMR: δ 5 79.6 (Cp), 12.4 (C1), 66.8 (C2), 135.0 (C3), 132.3 (C4), 63.4 (C5), 74.2
(C6), 21.7 (C7), 22.6 (C8).
2f: 13C{H} NMR: δ 5 22.6 (t, 1JC,D 5 20.3 Hz, C7).
2g: 1H NMR (C6D6): δ 5 4.47 (s, 5 H, Cp), 1.99 (s, 6 H, Me), 2.86 (dd, 3J1,2 5 3J1,8 5 7.7 Hz, 1 H, 1-H), 3.52 (dd, 3J2,3 5 2.3 Hz, 1 H,
2-H), 5.61 (dd, 3J3,4 5 5.9 Hz, 1 H, 3-H), 5.43 (dd, 3J4,5 5 3.3 Hz, 1 H, 4-H), 4.65 (dd, 3J5,6 5 7.9 Hz, 1 H, 5-H), 3.19 (dd, 3J6,7 5
7.8 Hz, 1 H, 6-H), 3.93 (dd, 3J7,8 5 7.8 Hz, 1 H, 7-H), 3.63 (dd, 1 H, 8-H). 2 13C{1H} NMR: δ 5 79.9 (Cp), 39.8 (Me), 27.5 (C1), 67.4
(C2), 134.1 (C3), 132.9 (C4), 65.8 (C5), 78.5 (C6), 66.5 (C7), 34.1 (C8).
2h: 1H NMR (C6D6): δ 5 4.36 (s, 5 H, Cp), 3.02 (s, 3 H, Me), 2.99 (dd, 3J1,2 5 7.9 Hz, 3J1,8 5 7.3 Hz, 1 H, 1-H), 4.06 (dd, 3J2,3 5
2.4 Hz, 1 H, 2-H), 5.68 (dd, 3J3,4 5 6.0 Hz, 1 H, 3-H), 5.41 (dd, 3J4,5 5 3.6 Hz, 1 H, 4-H), 4.68 (dd, 3J5,6 5 7.8 Hz, 1 H, 5-H), 3.63 (dd,
3J5,6 5 3J6,7 5 7.8 Hz, 1 H, 6-H), 3.77 (dd, 3J7,8 5 8.0 Hz, 1 H, 7-H), 4.56 (dd, 3J1,8 5 7.3 Hz, 1 H, 8-H). 2 13C{1H} NMR: δ 5 79.8
(Cp), 50.8 (Me), 24.8 (C1), 67.8 (C2), 134.7 (C3), 132.6 (C4), 65.9 (C5), 76.0 (C6), 35.6 (C7), 30.1 (C8).
2i: [CD3C(O)CD3]: δ 5 4.78 (s, 5 H, Cp), 1.18 (s, 9 H, Me), 2.97 (dd, 3J1,2 5 3J1,8 5 8.0 Hz, 1 H, 1-H), 3.91 (dd, 3J2,3 5 2.4 Hz, 1 H,
2-H), 5.39 (dd, 3J3,4 5 5.9 Hz, 1 H, 3-H), 5.15 (dd, 3J4,5 5 3.2 Hz, 1 H, 4-H), 4.62 (dd, 3J5,6 5 7.9 Hz, 1 H, 5-H), 3.45 (dd, 3J6,7 5
6.9 Hz, 1 H, 6-H), 3.76 (dd, 3J7,8 5 9.4 Hz, 1 H, 7-H), 4.08 (dd, 3J7,8 5 9.4 Hz, 1 H, 8-H). 2 13C{1H} NMR [CD3C(O)CD3]: δ 5 80.4
(Cp), 30.0 (Me), 21.5 (C1), 69.0 (C2), 135.9 (C3), 133.5 (C4), 65.1 (C5), 75.9 (C6), 31.4 (C7), 66.9 (C8).

room temperature, the mixture was filtered and the residue washed
several times with diethyl ether. The yellow residue was dissolved
in dichloromethane, the product was precipitated with diethyl ether
and dried under vacuum. For more preparative details see Table 4,
for 1H- and 13C-NMR data see Table 5.

Table 4. Reaction conditions of the protonation reaction of 2a22d,
2g, and 2h

Starting Nu1 mg HBF4 Product Yield
material [mmol] [ml] BF4 salts [mg (%)]

2a Me 361.0 (1.27) 0.2 3a1 433 (91)
2b CH(CO2Me)2 652.0 (1.6) 0.23 3b1 724 (91)
2c CH5CH2 162.0 (0.54) 0.07 3c1 173 (72)
2d C6H5 78.0 (0.23) 0.03 3d1 76 (76)
2g NMe2 98.0 (0.31) 0.04 11 1 3e1 n.d.[a]

2h OMe 63.0 (0.21) 0.03 11 75 (93)

[a] n.d. 5 not determined.

(η5-Cyclopentadienyl)(1,2-η:4,5,6,7-η-8-exo-2-methylcycloocta-
1,4,6-triene)ruthenium(II) Tetrafluoroborate (3aBF4): IR (Nujol):
ν̃ 5 1035 (BF4) cm21. 2 EI-MS (70 eV); m/z (%): 286 (73) [M 2

BF4
1], 271 (31) [M 2 BF4 2 CH3

1], 259 (89) [CpRuC7H8
1], 245

(26) [CpRuC6H6
1], 232 (43) [CpRuC5H5

1], 217 (12) [CpRuC4H4
1],

Eur. J. Inorg. Chem. 2000, 194121952 1949

205 (6) [CpRuC3H3
1], 191 (14) [CpRuC2H2

1], 179 (9)
[CpRuC1H1

1], 167 (84) [CpRu1], 143 (15) [C3H3Ru1], 114 (11)
[C1H1Ru1], 105 (25) [C8H9

1], 104 (11) [C8H8
1], 102 (10) [Ru1].

2 C14H17BF4Ru (373.16): calcd. C 45.06, H 4.59; found C 44.35,
H 5.40.

[1,2-η:4,5,6,7-η-8-exo-Bis(methoxycarbonyl)methylcycloocta-1,4,6-
triene](η5-cyclopentadienyl)ruthenium(II) Tetrafluoroborate
(3b9BF4): IR (Nujol): ν̃ 5 1733 (C5O), 125221156 (C2O), 1048
(BF4) cm21. 2 EI-MS (70 eV); m/z (%): 401 (18) [M 2 BF4

1], 343
(30) [M 2 BF4 2 (CO2CH3)1], 282 (36) [M 2 BF4-(CO2CH3)2

1],
272 (12) [CpRuC8H8

1], 258 (16) [CpRuC7H7
1], 245 (18)

[CpRuC6H6
1], 167 (76) [CpRu1]. 2 C18H21BF4O4Ru (489.27):

calcd. C 44.19, H 4.33; found C 43.49, H 4.38.

(η5-Cyclopentadienyl)(1,2-η:4,5,6,7-η-8-exo-vinylcycloocta-1,4,6-
triene)ruthenium(II) Tetrafluoroborate (3cBF4): IR (Nujol): ν̃ 5

1633 (C5Cvinyl), 1050 (BF4) cm21. 2 EI-MS (70 eV); m/z (%): 297
(6) [M 2 BF4

1], 271 (10) [CpRuC8H8
1], 196 (8) [CpRuC2H2

1],
178 (6) [CpRuC1H1

1], 167 (18) [CpRu1]. 2 C15H17BF4Ru (385.20):
calcd. C 46.78, H 4.45; found C 46.31, H 4.44.

(η5-Cyclopentadienyl)(1,2-η:4,5,6,7-η-8-exo-phenylcycloocta-1,4,6-
triene)ruthenium(II) Tetrafluoroborate (3dBF4): IR (Nujol): ν̃ 5

1597, 1569 (C5Cphenyl), 1075 (BF4) cm21. 2 EI-MS (70 eV); m/z
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Table 5. NMR data of the protonated complexes 3a123i1, obtained from [D6]acetone solutions

3a1: 1H NMR: δ 5 5.54 (s, 5 H, Cp), 0.70 (d, 3J8,CH3 5 7.6 Hz, 3 H, Me), 3.79 (dd, 3J1,2 5 3J1,8 5 8.5 Hz, 1 H, 1-H), 3.67 (m, 1 H, 2-
H), 3.13 (m, 1 H, 3endo-H), 2.11 (m, 1 H, 3exo-H), 4.49 (m, 1 H, 4-H), 5.66 (dd, 3J4,5 5 3J5,6 5 8.1 Hz, 1 H, 5-H), 5.57 (m, 1 H, 6-H),
4.84 (dd, 3J7,8 5 3J6,7 5 9.8 Hz, 1 H, 7-H), 3.56 (m, 1 H, 8-H). 2 13C{1H} NMR: δ 5 84.2 (Cp), 19.1 (Me), 32.7 (C-1), 39.6 (C-2), 21.5
(C-3), 33.2 (C-4), 91.6 (C-5), 90.6 (C-6), 45.1 (C-7), 27.8 (C-8).
3b91: 1H NMR: δ 5 5.59 (s, 5 H, Cp), 3.72 (s, 3 H, Me), 3.67 (s, 3 H, Me), 3.92 (dd, 3J1,8 5 3J7,8 5 8.1 Hz, 1 H, 1-H), 3.63 (m, 1 H, 2-
H), 3.22 (m, 1 H, 3endo-H), 1.81 (m, 1 H, 3exo-H), 4.56 (m, 1 H, 4-H), 5.81 (dd, 3J5,6 5 3J4,5 5 8 Hz, 1 H, 5-H), 5.60 (m, 1 H, 6-H), 4.79
(dd, 3J7,8 5 3J6,7 5 9.8 Hz, 1 H, 7-H), 4.17 (m, 1 H, 8-H), 3.09 (d, 3J8,9 5 12.4 Hz, 1 H, 9-H); (CD3CN): δ 5 5.35 (s, 5 H, Cp), 3.79 (s,
3 H, Me), 3.74 (s, 3 H, Me), 3.76 (dd, 1 H, 1-H), 3.27 (m, 1 H, 2-H), 3.17 (m, 3 H, 3endo-H), 1.70 (m, 1 H, 3exo-H), 4.35 (m, 1 H, 4-H),
5.51 (dd, 1 H, 5-H), 5.28 (m, 1 H, 6-H), 3.60 (dd, 1 H, 7-H), 4.10 (m, 1 H, 8-H), 2.95 (d, 1 H, 9-H). 2 13C{1H} NMR: δ 5 83.8 (Cp),
52.1 (Me), 167.7 (C5O), 35.6 (C1), 52.3 (C2), 18.0 (C3), 32.3 (C4), 90.6 (C5), 90.9 (C6), 41.4 (C7), 33.2 (C8), 55.2 (C9).
3b91-D1: 13C{1H} NMR: δ 5 17.6 (t, 1JC,D 5 24.6 Hz, C3).
3b991: 1H NMR: δ 5 5.67 (s, 5 H, Cp), 3.73 (s, 3 H, Me), 3.65 (s, 3 H, Me), 6.11 (dd, 3J1,8 5 9.7 Hz, 3J1,2 5 3.6 Hz, 1 H, 1-H), 5.43 (m,
2 H, 2-H, 6-H), 6.96 (dd, 3J2,3 5 3J3,4 5 8.4 Hz, 1 H, 3-H), 6.84 (dd, 3J4,5 5 6.3 Hz, 1 H, 4-H), 6.26 (dd, 3J5,6 5 6.3 Hz, 1 H, 5-H), 1.63
(m, 1 H, 7endo-H), 20.95 (m, 1 H, 7exo-H), 3.92 (m, 1 H, 8-H), 3.40 (d, 3J8,9 5 8.3 Hz, 1 H, 9-H). 2 13C{1H} NMR: δ 5 87.2 (Cp), 52.3
(Me), 86.7 (C1), 85.7 (C2), 105.6 (C3), 95.5 (C4), 83.3 (C5), 78.01 (C6), 28.3 (C7), 32.3 (C8), 58.0 (C9).
3b99-D1: 13C{1H} NMR: δ 5 27.1 (t, 1JC,D 5 20.3 Hz, C7).
3c1: 1H NMR: δ 5 5.57 (s, 5 H, Cp), 5.45 (m, 1 H, CHvinyl), 4.91 (m, 1 H, CH2,vinyl), 4.81 (m, 1 H, CH2,vinyl), 3.95 (dd, 3J1,2 5 3J1,8 5
7.4 Hz, 1 H, 1-H), 3.62 (m, 1 H, 2-H), 2.95 (m, 1 H, 3endo-H), 2.01 (m, 1 H, 3exo-H), 4.41 (m, 1 H, 4-H), 5.50 (m, 1 H, 5-H), 5.75 (m, 1
H, 6-H), 4.67 (m, 1 H, 7-H), 4.20 (m, 1 H, 8-H). 2 13C{1H} NMR: δ 5 84.0 (Cp), 140.0 (CHvinyl), 118.5 (CH2,vinyl), 32.9 (C1), 33.1
(C2), 17.8 (C3), 36.8 (C4), 90.6 (C5), 92.6 (C6), 41.4 (C7), 37.2 (C8).
3d1: 1H NMR: δ 5 5.62 (s, 5 H, Cp), 7.25 (m, 2 H, m-Ph), 7.14 (m, 1 H, p-Ph), 7.04 (m, 2 H, o-Ph), 4.37 (dd, 3J1,2 5 3J1,8 5 8.8 Hz, 1
H, 1-H), 3.64 (m, 1 H, 2-H), 2.63 (m, 1 H, 3endo-H), 0.70 (m, 1 H, 3exo-H), 4.32 (m, 1 H, 4-H), 5.77 (dd, 3J4,5 5 3J5,6 5 8.1 Hz, 1 H, 5-
H), 5.91 (dd, 3J6,7 5 9.3 Hz, 1 H, 6-H), 4.94 (dd, 3J7,8 5 9.3 Hz, 1 H, 7-H), 4.84 (m, 1 H, 8-H). 2 13C{1H} NMR: δ 5 84.2 (Cp), 141.0,
129.1, 127.0, 124.8 (Phenyl-C), 31.9 (C1), 32.5 (C2), 38.5 (C2), 17.9 (C3), 37.6 (C4), 90.5 (C5), 93.0 (C6), 41.9 (C7), 38.5 (C8).
3e1: 1H NMR: δ 5 5.76 (s, 5 H, Cp), 2.96 (s, 6 H, Me), 6.08 (m, 1 H, 1-H), 5.86 (dd, 3J1,2 5 3J2,3 5 8.9 Hz, 1 H, 2-H), 7.10 (dd, 3J3,4 5
8.9 Hz, 1 H, 3-H), 6.94 (m, 1 H, 4-H), 6.42 (dd, 3J4,5 5 3J5,6 5 5.5 Hz, 1 H, 5-H), 5.13 (m, 1 H, 6-H), 2.17 (m, 1 H, 7endo-H), 20.61 (m.
1 H, 7exo-H), 4.90 (m, 1 H, 8-H).

(%): 347 (8) [M 2 BF4
1], 321 (8) [M 2 (C2H2)-BF4

1], 167 (10)
[CpRu1]. 2 C19H19BF4Ru (435.26): calcd. C 52.43, H 4.40; found
C 51.82, H 4.58.

Second Nucleophilic Addition

[1,2,3,4,5-η-6,8-exo,exo-Bis{bis(methoxycarbonyl)methyl}-
cyclooctadienyl](η5-cyclopentadienyl)ruthenium(II) (4a): To a sus-
pension of 3bBF4 (645 mg, 1.3 mmol) in THF (50 mL) was added
a solution of NaCH(CO2CH3)2 (223 mg, 1.45 mmol) in THF
(20 mL) at room temperature. The solvent was removed under re-
duced pressure, the residue was extracted with toluene and the ex-
tract was filtered through Celite. After removal of the solvent, the
product 4a was obtained as a yellow powder. Yield: 558 mg (79%).
For 1H- and 13C-NMR data see Table 6. 2 IR (KBr): ν̃ 5 2988
(C2Harom.), 2947, 2923 (C2Haliph.), 1729 (C5O), 1228 (C2O)
6cm21. 2 EI-MS (70 eV); m/z (%): 532 (11) [M1], 402 (35) [M 2

CH(CO2CH3)2
1], 343 (47) [M 2 CH(CO2CH3)2 2 (CO2CH3)], 283

(33) [CpRuC9H11
1], 272 (19) [CpRuC8H8

1], 258 (8) [CpRuC7H7
1],

245 (20) [CpRuC6H6
1], 167 (44) [CpRu1], 101 (78) [Ru1], 59 (100)

Table 6. 1H- and 13C-NMR data of the products of the second nucleophilic addition (4a24c)

4a: 1H NMR (C6D6): δ 5 4.45 (s, 5 H, Cp), 3.37, 3.35 (s, 12 H, Me), 3.84 (dm, 3J1,2 5 3J4,5 5 8.0 Hz, 2 H, 1-H, 5-H), 4.01 (dd, 3J1,2 5
3J4,5 5 8.0 Hz, 3J2,3 5 3J3,4 5 6.1 Hz, 2 H, 2-H, 4-H), 5.63 (t, 3J2,3 5 3J3,4 5 6.1 Hz, 1 H, 3-H), 2.83 (m, 2 H, 6-H, 8-H), 1.30 (m, 1 H,
7endo-H), 0.19 (m, 1 H, 7exo-H), 3.41 (d, 3J6,9 5 3J8,99 5 7 Hz, 2 H, 9-H, 99-H); [CD3C(O)CD3]: δ 5 4.85 (s, 5 H, Cp), 3.68, 3.62 (s, 12
H, Me), 3.64 (m, 2 H, 1-H, 5-H), 4.15 (dd, 2 H, 2-H, 4-H), 6.01 (t, 1 H, 3-H), 2.36 (m, 2 H, 6-H, 8-H), 0.83 (d, 1 H, 7endo-H), 20.18
(m, 1 H, 7exo-H), 3.19 [d, 2 H, CH(CO2Me)2]. 13C{1H} NMR (C6D6): δ 5 80.2 (Cp), 61.6 (Me), 169.1, 168.8 (C5O), 44.1 (C1, C5), 72.3
(C2, C4), 103.1 (C3), 42.9 (C6, C8), 27.8 (C7), 51.6 (C9).
4a-D1: 13C{1H} NMR (C6D6): δ 5 27.4 (t, 1JC,D 5 17.4 Hz, C-7).
4b: 1H NMR (C6D6): δ 5 4.38 (s, 5 H, Cp), 0.96 (d, 3J8,CH3 5 7.6 Hz, 3 H, Me), 3.43 (s, 3 H, OMe), 3.32 (s, 3 H, OMe), 2.95 (dd,
3J1,8 5 3J1,2 5 8.1 Hz, 1 H, 1-H), 3.51 (m, 1 H, 2-H), 1.38 (m, 1 H, 3exo-H), 2.11 (m, 1 H, 3endo-H), 4.14 (m, 1 H, 4-H), 4.78 (dd, 3J4,5 5
5.3 Hz, 1 H, 5-H), 2.70 (dd, 3J5,6 5 9.0 Hz, 1 H, 6-H), 3.70 (dd, 3J7,8 5 3J6,7 5 9.0 Hz, 1 H, 7-H), 3.38 (m, 1 H, 8-H), 3.55 (d, 3J4,9 5
5.8 Hz, 1 H, 9-H). 2 13C{1H} NMR (C6D6): δ 5 79.4 (Cp), 168.8, 168.7 (C5O), 51.8 (OMe), 24.6 (Me), 26.6 (C1), 61.3 (C2), 29.1 (C3),
55.4 (C4), 66.6 (C5), 73.7 (C6), 42.8 (C7), 35.3 (C8), 60.0 (C9).
4c: 1H NMR: δ 5 4.44 (s, 5 H, Cp), 1.20 (d, 3J8,CH3 5 6.8 Hz, Me), 1.02 (d, 3J4,CH3 5 7.6 Hz, 3 H, Me), 2.99 (dd, 3J1,8 5 8.0 Hz, 1 H,
1-H), 3.60 (dd, 3J2,3 5 16 Hz, 3J1,2 5 8.0 Hz, 1 H, 2-H), 1.23 (m, 1 H, 3exo-H), 1.92 (m, 1 H, 3endo-H), 3.43 (m, 1 H, 4-H), 4.56 (m, 1 H,
5-H), 2.66 (dd, 3J5,6 5 9.5 Hz, 1 H, 6-H), 3.78 (dd, 3J7,8 5 3J6,7 5 9.0 Hz, 1 H, 7-H), 3.34 (m, 1 H, 8-H). 2 13C{1H} NMR: δ 5 79.0
(Cp), 33.3, 23.9 (Me), 24.4 (C1), 62.9 (C2), 26.0 (C3), 52.9 (C4), 72.9 (C5), 74.1 (C6), 41.3 (C7), 35.3 (C8).

Eur. J. Inorg. Chem. 2000, 1941219521950

[C2H3O2
1]. 2 C23H28O8Ru (533.58): calcd. C 51.78, H 5.29; found

C 51.63, H 5.60.

[1,2-η:5,6,7-η-4-exo-Bis(methoxycarbonyl)methyl-8-exo-methyl-
cyclooctadienyl](η5-cyclopentadienyl)ruthenium(II) (4b): To a suspen-
sion of 3aBF4 (298 mg, 0.8 mmol) in THF (30 mL) was added a
solution of NaCH(CO2CH3)2 (123 mg, 0.8 mmol) in THF (20 mL).
The solvent was removed under reduced pressure, the residue was
extracted with toluene and the extract filtered through Celite. After
removal of the solvent, the product 4b was obtained as a green oil.
Yield: 200 mg (60%). For 1H- and 13C-NMR data see Table 6. 2 IR
(Nujol): ν̃ 5 1754, 1732 (C5O), 1253, 1139 (C2O) cm21. 2 EI-MS
(70 eV); m/z (%): 416 (19) [M1], 357 (9) [M 2 CO2CH3

1], 297 (8)
[M 2 (CO2CH3)2

1], 285 (68) [M 2 CH(CO2CH3)2
1], 270 (11)

[CpRuC8H8
1], 259 (55) [CpRuC7H7

1], 245 (16) [CpRuC6H6
1], 232

(11) [CpRuC5H5
1], 217 (10) [CpRuC4H4

1], 204 (4) [CpRuC3H3
1],

191 (8) [CpRuC2H2
1], 178 (6) [CpRuCH1], 167 (58) [CpRu1], 105

(29) [C8H8
1], 101 (97) [Ru1]. 2 C19H24O4Ru (417.50): calcd. C

54.67, H 5.79; found C 55.24, H 6.03.
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Table 7. 1H-NMR data of the protonated complexes 5a125c1, 61, and 71

5a1: 1H NMR (CD2Cl2): δ 5 5.52 (s, 5 H, Cp), 3.76 (s, 6 H, Me), 3.72 (s, 6 H, Me), 210.6 (s, 1 H, Ru-H), 3.85 (dd, 3J1,8 5 3J1,2 5
3J4,5 5 3J5,6 5 4.0 Hz, 2 H, 1-H, 5-H), 5.58 (m, 2 H, 2-H, 4-H), 7.05 (t, 3J2,3 5 3J3,4 5 6.9 Hz, 3-H), 2.66 (m, 2 H, 6-H, 8-H), 1.24 (m,
7endo-H), 0.27 (m, 1 H, 7exo-H), 3.36 (d, 3J6,9 5 3J8,99 5 6.7 Hz, 2 H, 9-H, 99-H).
5b1: 1H NMR (CD2Cl2): δ 5 5.41 (s, 5 H, Cp), 3.76, 3.66 (s, 6 H, OMe), 3.34 [d, 3J6,CH 5 6.7 Hz, 1 H, CH(CO2Me)2], 2.27 (s, 3 H,
Me), 4.01 (m 1 H, 1-H), 6.92 (d, 3J3,4 5 6.7 Hz, 1 H, 3-H), 5.41 (m, 1 H, 4-H), 5.42 (m, 1 H, 5-H), 3.84 (m, 1 H, 6-H), 1.32 (m, 1 H,
7endo-H), 0.34 (m, 1 H, 7exo-H), 2.49 (m, 1 H, 8endo-H), 1.84 (m, 1 H, 8exo-H), 210.41 (s, 1 H, Ru-H).
5c1: 1H NMR (CD2Cl2): δ 5 5.36 (s, 5 H, Cp), 0.69 (d, 3J8,CH3 5 7.6 Hz, 3 H, Me), 1.07 (d, 3J4,CH3 5 6.8 Hz, 3 H, Me), 4.34 (m, 1 H,
1-H), 3.59 (m, 1 H, 2-H), 3.06 (m, 1 H, 3endo-H), 2.08 (m, 1 H, 3exo-H), 2.23 (m 1 H, 4-H), 5.32 (m, 1 H, 5-H), 5.30 (m, 1 H, 6-H), 4.67
(m, 1 H, 7-H), 3.48 (m, 1 H, 8-H), 210.47 (s, 1 H, Ru-H).
61: 1H NMR (CD2Cl2): δ 5 5.43 (s, 5 H, Cp), 5.18 (m, 1 H, 1-H), 6.06 (d, 3J1,2 5 7.9 Hz, 1 H, 2-H), 6.70 (d, 3J4,5 5 8.8 Hz, 1 H, 4-H),
5.26 (dd, 3J5,6 5 9.7 Hz, 1 H, 5-H), 5.85 (dm, 3J5,6 5 9.7 Hz, 1 H, 6-H), 3.74 (m, 1 H, 7-H), 1.58 (m, 1 H, 8endo-H), 20.85 (m, 1 H, 8exo-
H), 2.62 (s, 3 H, Me), 3.21 [d, 3J7,CH(CO2Me)2 5 7.4 Hz, 1 H, CH(CO2Me)2], 3.75 [s, 6 H, CH(CO2Me)2].
71: 1H NMR (CD2Cl2): δ 5 5.30 (s, 5 H, Cp), 5.94 (m, 1 H, 1-H), 5.40 (m, 1 H, 3-H), 6.65 (m, 1 H, 4-H), 6.58 (m, 1 H, 5-H), 5.48 (m,
1 H, 6-H), 1.58 (m, 1 H, 7endo-H), 20.45 (tdd, 3J7exo,8endo 5 4.6 Hz, 3J6,7exo 5 9.1 Hz, 2J7exo,7endo 5 13.4 Hz, 7exo-H), 2.70 (m, 1 H, 8endo-
H), 2.14 (m, 1 H, 8exo-H), 2.63 (s, 3 H, Me)

(η5-Cyclopentadienyl)(1,2-η:5,6,7-η-4,8-exo,exo-dimethylcyclo-
octadienyl)ruthenium(II) (4c): Methyllithium (1.29 mL, 2.1 mmol of
a 5% solution in diethyl ether) was added to a suspension of 3aBF4

(770 mg, 2.06 mmol) in diethyl ether (40 mL). The solvent was re-
moved under reduced pressure, the residue extracted with hexane
and the extract filtered through Celite. After removal of the solvent,
the product 4c was obtained as a green oil. Yield: 593 mg (96%).
For 1H- and 13C-NMR data see Table 6. 2 IR (Nujol): ν̃ 5 1620
(C5Carom.) cm21. 2 EI-MS (70 eV); m/z (%): 300 (100) [M1], 285
(64) [M 2 CH3

1], 273 (43) [CpRuC8H9
1], 259 (57) [CpRuC7H7

1],
245 (13) [CpRuC6H6

1], 230 (9) [CpRuC5H5
1], 167 (57) [CpRu1]. 2

C15H20Ru (301.42): calcd. C 59.78, H 6.69; found C 59.68, H 6.52.

Protonation of the Cyclooctadienyl Complexes 4a24c: The proced-
ure for the protonation was performed as described for the pro-
tonation of 2 (vide supra). For 1H-NMR data see Table 7.

{1,2,3,4,5-η-6,8-exo,exo-Bis[bis(methoxycarbonyl)methyl]-
cyclooctadienyl}(η5-cyclopentadienyl)hydridoruthenium(II) Tetra-
fluoroborate (5aBF4): 613 mg of 4a, 0.22 mL of HBF4 solution
(54% solution in diethyl ether), 40 mL of diethyl ether, T 5 265
°C. Yield: 581 mg (81%) of a yellow powder. 2 IR (KBr): ν̃ 5 3117
(C2Harom.), 2956 (C2Haliph.), 1732 (C5O), 1244 (C2O), 1058
(BF4) cm21. 2 C23H29BF4O4Ru (557.40): calcd. C 44.10, H 4.52;
found C 44.13, H 4.69.

{1,2,3,4,5-η-6-exo-[Bis(methoxycarbonyl)methyl]-2-methylcyclo-
octadienyl}(η5-cyclopentadienyl)hydridoruthenium(II) Tetrafluoro-
borate (5bBF4): 137 mg (0.49 mmol) of 4b, 0.06 mL of HBF4 solu-
tion (54% in diethyl ether), 60 mL diethyl ether, T 5 270 °C. Yield:
168 mg (64%) of a yellow crystalline material. 2 IR (Nujol): ν̃ 5

1756 (C5O), 1232 (C2O), 1057 (BF4) cm21. 2 EI-MS (70 eV); m/
z (%): 418 (8) [M 2 BF4

1], 357 (8) [M 2 BF4-(CO2CH3)2
1], 285

(18) [M 2 BF4-CH(CO2CH3)2
1], 259 (18) [CpRuC7H7

1], 232 (20)
[CpRuC5H5

1], 167 (40) [CpRu1]. 2 C19H25BF4O4Ru (505.32):
calcd. C 45.17, H 4.99; found C 44.72, H 4.96.

(η5-Cyclopentadienyl)(1,2-η:5,6,7-η-4,8-exo,exo-dimethylcyclo-
octadienyl)hydridoruthenium(II) Tetrafluoroborate (5cBF4): 214 mg
(0.71 mmol) of 4c, 0.1 mL of HBF4 solution (54% in diethyl ether),
45 mL of diethyl ether, T 5 278 °C. Yield: 190 mg (69%) of a
yellow powder. 2 IR (Nujol): ν̃ 51048 (BF4) cm21. 2

C15H21BF4Ru (389.21): calcd. C 46.29, H 5.44; found C 45.14, H
5.30.
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