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Abstract

Diene-for-diene substitutions occur on reaction of the title complexes [Ru(n>-C,H, Xn*
C,H ,)LIBF, (L ='BuNC (2), CO (3), P(OMe); (4)) with an excess of butadiene 2,3-dimethylbutadiene,
cyclohexa-1,3-diene or cycloocta-1,5-diene giving complexes of the type [Ru(7n>-C,H,;Xdiene)L]BF,
(5-16). Apparent pentadienyl-for-pentadienyl substitutions occur on reaction of 2 with the cyclopenta-
dienes CsHg or CsMesH giving [Ru(5®-CsRsXn*-C,H,XCN'Bu)]BF, (R =H (17), Me (18)), on
reaction of 2 or 3 with cyclohexa-1,4-diene to give [Ru(5>-C4H,X7n*C,H ;)LIBF, (L ='BuNC (19),
CO (20)), and on reaction of 2, 3 or 4 with cycloocta-1,3-diene to give [Ru(n*-CgH;Xn*C,H,)LIBF,
(L ='BuNC (21), CO (22), (OMe); (23)). The (n*-C,H,,) ligand is readily displaced from 19 and 20
by an excess of a cyclohexadiene (1,3- or 1,4-) to give [Ru(n*-C¢H,X7*-C¢Hg)LIBF, (L ='BuNC (24),
CO (25)) and from 21 by an excess of cycloocta-1,5-diene giving [Ru(n3-CgH  X7?: 9%
CgH , XCN'Bu)IBF, (26). All the apparent pentadienyl-for-pentadienyl substitutions are suggested to
occur via initial displacement of the (n*-C,H,,) ligand from 2—4, with subsequent C-H activation and
inter-ligand hydrogen migration from the incoming diene to the (5*-C,H,;) ligand leading to the
observed products.

Introduction

A major reason for the sustained interest in acyclic pentadienyl complexes of
the transition metals in recent years has been the realisation that 1° & 1 o 5!
interconversions are more facile for such complexes than for related cyclopentadi-
enyl complexes [1]. The relevance of this to possible enhanced catalytic activity for
acyclic pentadienyl complexes has been emphasized (2].
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We have previously reported the synthesis of the complex [Ru(>-C,H,,),HIBF,
(1, C,H,,; = 2,4-dimethylpentadienyl) obtained in a one-pot reaction from the
ruthenium(IV) precursor [Ru(n>: 7°-C,,H,,)Cl(x-CD],, AgBF, and 2,4-dimethyl-
pentadiene in ethanol [3]. Complex 1 can also be obtained by direct protonation of
the open-ruthenocene [Ru(n>-C,H,,),] with HBF, [4]. Complex 1, which is highly
reactive towards two-electron ligand addition, has an agostic ground state, and its
dynamic behaviour in solution [5] is substantially different from that of related
agostic pentadiene complexes of Cr or Mn [6,7]. It has been demonstrated that the
reactivity of 1 can be exploited to provide a convenient synthetic entry into
mono(2,4-dimethylpentadienyDruthenium(II) chemistry [8—10). We report here on
the reactions of the mono-ligand adducts of 1, [Ru(n’-C,H, Xn*C,H,,)L]BF,
(L ='BuNC (2), CO (3), P(OMe), (4)), with a range of free dienes. Some of these
reactions involve novel (°-C,H,,) = (*-C,H,,) transformations, and hence pro-
vide a further illustration of the chemical differences between acyclic pentadienyl
complexes and their cyclopentadienyl analogues. '

Results and discussion

Synthesis of [Ru(n’-C,H,;)(n*-C,H,,)L]BF, complexes

Treatment of [Ru(n’-C,H,,),H]BF, (1) with 'BuNC, CO or P(OMe); in
dichloromethane at room temperature results in rapid ligand addition and forma-
tion of the complexes 2, 3 or 4, respectively, as shown in eq. 1.

[Ru(#*-C,H,,),H|BF,+ L — [Ru(n°-C,H,,)(n*C,H,,)L|BF, (1)
(L ="'BuNC (2), CO (3), P(OMe); (4))

The reactions probably proceed via an initial rupture of the Ru-H component of
the three-centre Ru—-H-C interaction in 1 to give the sixteen-electron intermedi-
ate, [Ru(zn°-C,H,, Xn*C,H,)]*, which subsequently coordinates the two-electron
ligand. The sixteen-electron intermediate has previously been shown to be involved
in fluxional processes of 1 that are rapid in solution at room temperature [5). The
reactions of eq. 1 are quantitative, and isolated yields of 2, 3 and 4 exceed 85%.
Dichloromethane is an ideal solvent for these reactions; acetone is unsuitable as its
higher coordinating abilities have been shown to facilitate further reaction of 2-4
to give the complexes [Ru(7°-C,H;)L,]BF, [9,10].

An alternative synthesis of 2 and 4, which does not require 1 as a precursor,
involves the room temperature reaction of the 2,7-dimethyloctadienediyl com-
plexes [Ru(n?: 7°-C,,H¢)CL, L] (L ='BuNC, P(OMe),) [11] directly with AgBF, (2
mol. equiv.) and an excess of 2,4-dimethylpenta-1,3-diene in ethanol. This is our
preferred synthesis for 2 and 4, giving overall yields based on commercial RuCl; -
nH,0 of ca. 50%, and providing a further illustration of a useful synthetic
methodology that we have outlined elsewhere [3]. The structure of complex 3 has
previously been reported. The (n°-C,H,,) ligand takes up its usual U-conforma-
tion, the CO resides under the open-edge of the pentadienyl ligand, and the diene
is in the exo-orientation [9]. Similar structures for 2 and 4 are anticipated. The
ease of reaction of complexes 2—4 with dienes in acetone solution follows the
sequence 3> 2 = 4; hence for the reactions described below, those involving 3
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were carried out at room temperature and those involving 2 and 4 were under
reflux.

Diene-for-diene substitution reactions

Reaction of the complexes 2, 3 or 4 with an excess of the free dienes butadiene,
2,3-dimethylbutadiene, cyclohexa-1,3-diene, or cycloocta-1,5-diene, in acetone so-
lution results in formation of the complexes [Ru(zn®-C,H,,Xdiene)L]BF, (L =
‘BuNC, diene = n*-C,H; (5), n*-CcH,, (6), n*-C¢Hg (7), n%:9%-CzH,, 8); L=
CO, diene = n*-C,H¢ (9), n*-C4H,, (10), n*-C4Hg (11), n2:9%-CgH,, (12); L=
P(OMe),, diene = *-C H4 (13), n*-C4H,, (14), n*-C Hg (15), % : n%-CgH,, (16),
as shown in Scheme 1. In these reactions the bulky n*-bound 2,4-dimethylpenta-
1,3-diene ligand is displaced from complexes 2—-4 by the incoming diene to give
complexes 5-16 in isolated yields of 60-90%. We have previously described the
crystal structure of complex 11 [8]. The cation of 11 has an approximate, non-crys-
tallographic, C, symmetry with the (175-C7H“) ligand in a U-conformation, the
carbonyl resides in the site directly under the open-edge of the pentadienyl ligand,
and the diene is in the exo-orientation. On the basis of their solution 'H and *C
NMR spectra all the cations in 5-16 possess an element of symmetry, and we
propose the C, symmetry structures, similar to that of 11, shown in Scheme 1.

Related cationic complexes of the type [M(n?-dienylXn*-diene)COIBF, are
known for M =Fe [12] and Ru [13], as are the neutral complexes [Ru(n?-
dienylXn*-diene)X] (X = halide, (n*-dienyl) = cyclopentadienyl {14], pentamethyl-
cyclopentadienyl [15], 2,4-dimethylpentadienyl [10]). Diene-for-diene substitution
reactions, also, have previously been observed for both ruthenium(Il) [14] and
ruthenium(0) [16], although they have generally involved displacement of cy-
cloocta-1,5-diene.
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Apparent pentadienyl-for-pentadienyl substitution reactions

The reactions of 2 with a small excess (1.5 mol. equiv.) of either freshly distilled
cyclopentadiene (CsHg) or 1,2,3,4,5-pentamethylcyclopentadiene (CsMesH) in
acetone solution give the complexes [Ru(n>-CsHXn*C,H,XCN'Bu)]BF, (17)
and [Ru(n>-CsMeXn*-C,H,,XCN'Bu)]BF, (18) in yields of 75 and 80%, respec-
tively. Hence in both reactions an apparent substitution of an acyclic pentadienyl
ligand for a cyclic pentadienyl ligand has occurred. We suggest that these reactions
proceed via an initial diene-for-diene substitution followed by an inter-ligand
hydrogen transfer, as shown in Scheme 2. Although the proposed intermediates
[Ru(n®-C,H ; X7n*CsR;sHXCN'Bu)IBF, in this scheme were not observed, we
have previously reported the isolation of the related complex [Ru(n’-CsHXn*-
C,H XCN'Bu)IBF, containing an n*-cyclopentadiene ligand [3].

Additional examples of apparent pentadienyl-for-pentadienyl substitutions are
observed on reaction of complexes 2 or 3 with cyclohexa-1,4-diene. Hence treat-
ment of 2 or 3 with a small excess of cyclohexa-1,4-diene (1-2 mol. equiv.) in
acetone solution gives the n’-cyclohexadienyl complexes [Ru(n’-C H,Xn*-
C,H,)LIBE, (L ='BuNC (19), CO (20)) in isolated yields of ca. 80% (Scheme 3).
In contrast to the reactions involving 2 and 3, however, 4 reacts with a small excess
of cyclohexa-1,4-diene (2 mol. equiv.) in acetone to give only [Ru(n>-C,H, Xn*
CsHXP(OMe),)IBF, (15), isolated in 53% yield. Furthermore, analysis of the 'H
NMR spectrum of the entire crude product from the reaction of 4 and cyclohexa-
1,4-diene showed no trace of an n°-cyclohexadienyl complex analogous to 19 or 20.
We suggest that the reactions of 2—4 with cyclohexa-1,4-diene probably all follow a
common initial pathway involving displacement of the n*-bound 2,4-dimethylpen-
tadiene ligand from 2-4 and initial n?-coordination of cyclohexa-1,4-diene. Subse-
quent oxidative-addition of an allylic C-H bond [17] of the n?-cyclohexa-1,4-diene
ligand is then suggested to produce intermediates of the form [Ru(n>-C,H, Xn-
CsH,)LH]BF, (A; L ='"BuNC, CO or P(OMe),). From intermediates A to final
products, the least motion pathways consistent with our observations are: For
L ='BuNC or CO, the final products 19 or 20, respectively, are formed by selective
migration of the hydride ligand exclusively to either C(1) or C(5) of the 2,4-dimeth-
ylpentadienyl ligand. For L = P(OMe),, the final product 15 is formed by selective
migration of the hydride ligand exclusively to either C(1) or C(5) of the cyclohexa-
dienyl ligand.

The factors controlling the selectivities of the hydride migrations in the interme-
diates A are not understood, and further speculation is unwarranted given that
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The reactions of complexes 2, 3 and 4 with a small excess of cycloocta-1,3-diene
(1-2 mol. equiv.) in acetone solution all provide further examples of apparent
pentadienyl-for-pentadienyl substitution reactions, giving the complexes [Ru(n°’-
CgH,; Xn*-C,H ,)LIBF, (L ='BuNC (21), CO (22), P(OMe), (23)) in isolated
yields of ca. 70% (Scheme 3). A notable feature common to the solution 'H NMR
spectra of complexes 21-23 is the presence of a high-field resonance (ca. 0.0-0.5
ppm) appearing as a quartet of triplets. This signal, which has been recognised
previously as a characteristic feature of an m°-cyclooctadienyl ligand [18], is
assigned to the endo-hydrogen on C(7) (3J(HH) = 14, 3*J(HH) = 14, 14, 3 and 3
Hz). We suggest that these reactions, which are clearly related to those involving
cyclohexa-1,4-diene, all occur through intermediates of the type [Ru(n’-
C,H,,X7*-C¢H,,)LHIBF, (B; L ='BuNC, CO or P(OMe),), formed from 2-4 by
displacement of the n*-24-dimethylpentadiene ligand, m%-coordination of cy-
cloocta-1,3-diene, and oxidative-addition of an allylic C-H bond. The observed
final products, 21-23, imply that all the intermediates B effectively undergo
selective migration of the hydride ligand exclusively to either C(1) or C(5) of the
2,4-dimethylpentadienyl ligand.

The reactions of complexes 2—4 with dienes have provided selective syntheses of
five pairs of isomeric complexes: [Ru(n®-C,H; Xn*-C¢H,)LIBF, and [Ru(n’-
C4¢H,X7*C,H,)LIBF, (L ='BuNC, 7 and 19; L = CO, 11 and 20, respectively);
[Ru(n®-C,H, X7n?:n*CgH,)LIBF, and [Ru(n’-CgH X#*C,H,)LIBE, (L=
'BuNC, 8 and 21; L = CO, 12 and 22; L = P(OMe),, 16 and 23, respectively). Even
with prolonged reactions in acetone solution, none of these complexes undergoes
any rearrangement into its isomeric partner. There is clearly a substantial kinetic
barrier preventing their interconversion, and the relative thermodynamic stabilities
within the isomeric pairs remain unknown.

For the m°-cyclodienyl complexes 17-23, selected reactions with dienes were
investigated, and the results confirm that the n*-coordinated 2,4-dimethylpentadi-
ene ligand in these complexes is substitutionally labile. Hence reaction of com-
plexes 19 or 20 with excess of either cyclohexa-1,3-diene or cyclohexa-1,4-diene
gives the complexes [Ru(n’-C4H,Xn*-C¢Hg)LIBF, (L ='BuNC (24), CO (25)),
containing an n*-bound cyclohexa-1,3-diene ligand. Similarly, reaction of 21 with
excess cycloocta-1,5-diene gives [Ru(n>-CgH,; Xn?: n*-CgH, XCN'Bu)IBF, (26),
although 21 does not react with excess cycloocta-1,3-diene in acetone solution. Of
these complexes, only 25 has been reported previously [13b]; its synthesis from 20,
however, is the first not requiring a precursor accessible only through metal vapour
techniques.

Experimental

General comments

All reactions were carried out under nitrogen in dried and deoxygenated
solvents by standard Schlenk techniques. IR spectra (cm™') were recorded on a
Perkin-Elmer 883 spectrophotometer, in CHCl, solution uniess otherwise stated.
Microanalyses were carried out by Ilse Beetz, Kronach, Germany. NMR spectra
were recorded at room temperature in CDCl; solution, unless otherwise stated, on
Bruker WH-360 (H, 360; *C, 90.55 MHz) or AC-200 (‘H, 200; *C, 50.32 MHz)
FT spectrometers. Chemical shifts are reported in § ppm downfield from SiMe,.
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Spin-spin coupling constants, J, are given in Hz. The hydrogen atom labelling
scheme used in the 'H NMR assignments features a prime (') to indicate a proton
of the n*-bound diene ligand. The absence of a prime indicates a proton of the
n°-bound dienyl ligand. The specific carbon atom to which the proton is attached
is indicated using the [IUPAC approved numbering scheme for the carbon skeleton
of each ligand.

Synthesis of complexes

Syntheses and characterisation data for 1, 3 and 11 have been described
previously [3,8,10].

(t-Butylisocyanide)(n*-2,4-dimethylpenta- 1,3-diene) (n°-2,4-dimethylpentadienyl)
ruthenium tetrafluoroborate (2). To a solution of 1 (0.27 g, 0.71 mmol) in CH,Cl,
(30 ml) was added "BuNC (0.10 ml, 0.88 mmol) and the mixture was stirred for 2 h
at room temperature. Filtration, partial evaporation of the solution, addition of
Et,O and cooling (250 K) gave pale yellow crystals of 2, which were washed with
Et,O and dried in vacuo (0.29 g, 88%). M.p. 155°C (dec.). IR: 2172 cm ! (CN). 'H
NMR: 5.80 (s, 1H, H3); 4.94 (s, 1H, H3’); 3.48, 2.86 (each d, 2J = 3.0, 3.8 Hz, 2H,
H1E, HSE); 2.23 (d, 2J = 3.4 Hz, 1H, HI'E); 2.21, 2.15 (each s, 6H, 2Me); 1.89 (s,
4H, Me' and H1'Z); 1.69 (s, 9H, 'Bu); 1.51, 1.18 (each s, 6H, 2Me"); 1.35, 1.21
(each d, 2H, H1Z, H5Z). *C NMR: 150.1 (s, RuCN); 113.3, 113.1, 106.8 (3s); 99.5
(d, J =162 Hz); 91.0 (d, J = 164 Hz); 89.2 (s); 59.7 (s, RuCNC); 582 (t, J = 160
Hz); 53.4 (1, J = 162 Hz); 48.1 (t, J = 159 Hz); 30.8 (q, J = 127 Hz, 'Bu); 28.7, 25.4,
24.6, 23.0, 22.1 (5q, J =123-128 Hz). Anal. Found: C, 49.64; H, 6.98; N, 3.27.
C,oH 3, BE,NRu calc.: C, 49.36; H, 6.98; N, 3.03%.

(n*-2,4-Dimethylpenta-1,3-diene)(n°-2,4-dimethylpentadienyl)(trimethylphos-
phite)ruthenium tetrafluoroborate (4). This was made as described for 2 but with
P(OMe); in place of ‘BuNC. 1 (0.25 g, 0.66 mmol) and P(OMe), (0.47 ml, 4.0
mmol) gave yellow crystals of 4 (0.33 g, 99%). M.p. 113°C {dec.). 'H NMR: 5.95 (s,
1H, H3); 4.86 (s, 1H, H3’); 4.02 (d, J(PH) = 11.2 Hz, 9H, OMe); 3.59, 2.89 (each d,
2J=39,34Hz 2H, H1E, H5E); 233 (d, 7 =29 Hz, 1H, HI'E); 2.20, 2.17 (each
s, 6H, 2Me); 1.85 (s, 3H, Me’); 1.70 (dd, J(PH) = 14.1 Hz, 1H, H1'Z); 1.37 (s, 3H,
Me’); 0.97 (d, J(PH) = 3.0 Hz, 3H, Me’); 0.83, 0.69 (each dd, J(PH) = 7.7, 6.7 Hz,
2H, H1Z,H5Z). *C NMR: 112.0, 111.1, 107.5 (3s); 100.9 (dd, 7 =158, J(PC) = 10.3
Hz); 89.6 (d, J = 164 Hz); 86.3 (s); 57.4 (t, J = 158 Hz); 55.3 (q, J = 147 Hz, OMe);
54.5(t, J = 147 Hz); 47.7 (t, J = 165 Hz); 27.8, 25.5, 24.4, 21.9, 21.6 (5q, J = 126-129
Hz). Anal. Found: C, 40.45; H, 6.39; P, 5.87. C,;H,BF,0,PRu calc.: C, 40.57; H,
6.41; P, 6.15%.

Alternative syntheses of 2 and 4. The complex [Ru(n>: 73-C,,H ,,)Cl,(CN'Bu)]
(0.34 g, 0.87 mmol) [11] was added to a solution of AgBF, (0.38 g, 1.95 mmol) and
2,4-dimethylpenta-1,3-diene (3.0 ml, 23 mmol) in ethanol (30 ml) and the mixture
was stirred at room temperature for 3 h. AgCl was then removed by filtration
through a bed of Celite (1 cm). Partial evaporation of the solution and cooling (250
K) gave yellow crystals of 2 (0.30 g, 75%), Similarly, [Ru(n3: n3
CoH ¢)C1,(P(OMe),)] (0.42 g, 0.97 mmol)] [11], AgBF, (0.40 g, 2.05 mmol) and
2,4-dimethylpenta-1,3-diene (3.0 ml, 23 mmol) in ethanol (30 ml) gave yellow
crystals of 4 (0.42 g, 86%).

(n*-Butadiene) (t-butylisocyanide) (n’-2,4-dimethylpentadienyi)ruthenium tetraflu-
oroborate (5). Butadiene was bubbled through a solution of 2 (0.19 g, 0.41 mmol)
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in acetone (40 ml) at reflux for 1 h. Filiration, partial solvent evaporation, addition
of Et,0 and cooling (250 K) gave colourless crystals of 5. Washed with Et,O and
dried in vacuo (0.12 g, 71%). M.p. 186°C (dec.). IR: 2181 cm~! (CN). 'H NMR:
6.28 (s, 1H, H3); 5.45 (m, 3/ = 13.0, 5.0, */ = 4.0, 2.0 Hz, 2H, H2’, H3’); 3.46 (d,
2] =2.6 Hz, 2H, H1E, HSE); 2.49 (dd, 2H, HI'E, H4'E); 1.90 (s, 6H, 2Me); 1.68 (s,
9H, 'Bu); 1.26 (d, 2H, H1Z, H5Z); 1.07 (dd, 2H, H1'Z, H4'Z). >*C NMR: 144.7 (s,
RuCN); 110.8 (s); 99.1 (d, J =167 Hz); 91.4 (d, J= 171 Hz); 59.7 (s, RuCNC);
56.6, 46.9 (2t, J = 161 Hz); 30.5 (q, 7 =129 Hz, 'Bu); 23.5 (q, J = 128 Hz). Anal.
Found: C, 45.71; H, 6.39; N, 3.40. C,,H, BF,NRu calc.: C, 45.73; H, 6.24; N,
3.33%.

(t-Butylisocyanide)(n?*-2, 3-dimethylbutadiene)(°-2,4-dimethylpentadienyl) ruth-
enium tetrafluoroborate (6). 2,3-Dimethylbutadiene (5.0 ml, 44 mmol) was added
to a solution of 2 (0.23 g, 0.50 mmol) in acetone (30 ml) and the mixture was
refluxed for 4 h. Work-up as for 5 gave colourless crystals of 6 (0.16 g, 71%). M.p.
205°C (dec.). IR: 2186 cm ! (CN). 'H NMR: 5.77 (s, 1H, H3); 3.52 (d, 2J = 2.5 Hz,
2H, H1E, H5E); 2.60 (d, 2J = 1.8 Hz, 2H, HI'E, H4'E); 2.09, 1.92 (each s, 12H,
2Me and 2Me’); 1.67 (s, 9H, 'Bu); 1.29 (d, 2H, H1Z, H5Z); 0.93 (d, 2H, H1'Z,
H4'Z). >C NMR: 145.7 (s, RuCN); 111.7, 103.0 (2s); 101.2 (d, J = 164 Hz); 59.7 (s,
RuCNC); 55.2, 48.7 (2t, J =161 Hz); 30.4 (q, J =129 Hz, ‘Bu); 22.8, 20.0 (2q,
J =127 Hz). Anal. Found: C, 48.04; H, 7.02; N, 3.28. C;3H,,BF,NRu calc.: C,
48.22; H, 6.74; N, 3.12%.

(t-Butylisocyanide) (n*-cyclohexa-1,3-diene) (n°-2,4-dimethylpentadienyl) ruthenium
tetrafluoroborate (7). This was made by the method described as for 6, from
cyclohexa-1,3-diene (0.62 ml, 6.5 mmol) and 2 (0.15 g, 0.32 mmol). Reaction in
refluxing acetone (30 ml) for 6 h gave pale yeliow crystals of 7 (0.090 g, 62%). M.p.
159°C (dec.). IR: 2176 cm™! (CN). 'H NMR: 6.13 (s, 1H, H3); 5.33 (dd, 3/ =5.2,
4] =2.6 Hz, 2H, H2’, H3'); 3.55 (m, 2H, H1’, H4'); 3.52 (d, 2/ = 2.4 Hz, 2H, H1E,
HSE); 1.96 (s, 6H, 2Me); 1.76 (d, 2J = 9.8 Hz, 2H, HS'a, H6'a); 1.69 (s, 9H, ‘Bu);
1.54 (d, 2H, H5's, H6's); 1.13 (d, 2H, H1Z, H5Z). ¥C NMR: 147.4 (s, RuCN);
111.0 (s); 98.6 (d, J = 161 Hz); 89.5 (d, J =174 Hz); 66.9 (d, J = 161 Hz); 59.7 (s,
RuCNC); 57.7 (t, J = 159 Hz); 30.5 (q, J = 135 Hz, 'Bu); 24.4 (q, J = 128 Hz); 22.9
(t, J =130 Hz). Anal. Found: C, 48.32; H, 6.39; N, 3.14. C,;H,;BF,NRu calc.: C,
48.44; H, 6.32; N, 3.14%.

(t-Butylisocyanide)(n? : n°-cycloocta-1,5-diene) (n°-2,4-dimethylpentadienyl)ruth-
enium tetrafluoroborate (8). This was made as described for 6, but from cycloocta-
1,5-diene (0.67 ml, 5.5 mmol) and 2 (0.13 g, 0.27 mmol). Reaction in refluxing
acetone (30 ml) for 8 h gave pale yellow crystals of 8 (0.12 g, 88%). M.p. 174°C
(dec.). IR: 2169 cm~! (CN). 'H NMR: 6.47 (s, 1H, H3); 3.71, 3.69 (2m, 4H, 4CH");
2.56, 2.35 (2m, 4H, CHY); 2.45 (d, 2J=2.4 Hz, 2H, H1E, HSE); 217 (d, 2J =93
Hz, 2H, CH}); 2.04 (s, 8H, 2Me and CH}%); 1.72 (s, 9H, 'Bu); 1.03 (d, 2H, H1Z,
H5Z). 13C NMR: 150.2 (s, RuCN); 119.8 (s); 94.3 (d, J = 167 Hz); 92.9 (d, J = 159
Hz); 84.3 (d, J =160 Hz); 59.8 (s, RuCNC); 54.1 (t, J = 160 Hz); 31.7 (t, J =127
Hz); 30.7 (g, J =135 Hz, ‘Bu); 29.7 (t, J =130 Hz); 24.6 (q, J = 133 Hz). Anal.
Found: C, 50.89; H, 6.77; N, 3.12. C,,H;,BE,NRu calc.: C, 50.64; H, 6.80; N,
2.95%.

(n*-Butadiene)(carbonyl)(n’-2,4-dimethylpentadienyl)ruthenium tetrafluoroborate
(9). Butadiene was bubbled through a solution of 3 (0.17 g, 0.42 mmol) in acetone
(30 ml) at room temperature for 1 h. Work-up as for 5 gave colourless crystals of 9
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(0.13 g, 85%). M.p. 164°C (dec.). IR (CH ,Cl, solution): 2064 cm~! (CO). '"H NMR
(acetone-dy): 6.77 (t, *J = 1.0 Hz, 1H, H3); 5.81 (m, *J = 13.0, 6.0, *7 = 5.0, 2.0 Hz,
2H, H2’, H3'); 3.87 (dd, 2J = 2.7 Hz, 2H, H1E, H5E); 2.99 (m, %J = 2.0 Hz, 2H,
HI'E, H4'E); 2.05 (s, 6H, 2Me); 2.01 (m, 2H, H1'Z, H4’Z); 1.92 (d, 2H, H1Z,
H5Z). 3C NMR (acetone-dy): 205.7 (s, CO); 114.6 (s); 101.8 (d, J = 170 Hz); 93.5
(d, J =176 Hz); 57.2, 49.5 (2t, J = 164 Hz); 23.4 (q, J = 130 Hz). Anal. Found: C,
39.50; H, 4.74. C,,H,,BF,ORu calc.: C, 39.47; H, 4.69%.

Carbonyl(n*-2, 3-dimethylbutadiene ) (n’-2,4-dimethylpentadienyl) ruthenium
tetrafluoroborate (10). 23-Dimethylbutadiene (3.0 ml, 26 mmol) was added to a
solution of 3 (0.11 g, 0.27 mmol) in acetone (20 ml) and the mixture was stirred at
room temperature for 3 h. Work-up as for 5 gave colourless crystals of 10 (0.080 g,
75%). M.p. 187°C. IR (CH,Cl, solution): 2064 cm~! (CO). 'H NMR (CD,Cl,):
6.18 (t, “7=1.0 Hz, 1H, H3); 3.73 (dd, 2J=3.1 Hz, 2H, H1E, HSE); 2.81 (d,
2] =23 Hz, 2H, HI'E, H4'E); 2.21, 2.01 (2s, 12H, 2Me and 2Me’); 1.54 (d, 2H,
H1Z, H5Z); 1.43 (d, 2H, H1'Z, H4'Z). '>*C NMR (CD,Cl,): 204.0 (s, CO); 115.3,.
106.2 (2s); 103.5 (d, J = 171 Hz); 55.6, 49.2 (2t, J = 160 Hz); 22.3, 19.6 (2q, J = 128
Hz). Anal. Found: C, 42.85; H, 5.85. C,,H,,BF,ORu calc.: C, 42.77; H, 5.38%.

Carbonyl(n? : n?-cycloocta-1,5-diene)(n>-2,4-dimethylpentadienyl) ruthenium
tetrafluoroborate (12). This was made as described for 10, but from cycloocta-
1,5-diene (1.1 ml, 8.9 mmol) and 3 (0.18 g, 0.44 mmol). Reaction in acetone (20 ml)
for 8 h at room temperature gave pale yellow crystals of 12 (0.13 g, 70%). M.p.
164°C (dec.). IR: 2031 cm ™! (CO). '"H NMR (acetone-d,): 7.13 (t, 47=1.5Hz, 1H,
H3); 4.43, 4.17 (2m, 4H, 4CH’); 2.90 (dd, 2J = 3.9 Hz, 2H, H1E, HSE); 2.80, 2.55
(2m, 4H, CH}); 2.42, 2.29 (2d, 2] =8.3 Hz, 4H, CH)); 2.25 (s, 6H, 2Me); 1.67 (d,
2H, H1Z, H5Z). *C NMR (acetone-d,): 209.7 (s, CO); 123.8 (s); 98.1 (d, J = 161
Hz, 3C); 89.8 (d, J =160 Hz, 20); 53.5 (t, J = 162 Hz); 31.5, 30.0 (2t, J = 127 Hz);
244 (q, J=129 Hz). Anal. Found: C, 45.99; H, 5.53. C,(H,;BF,ORu calc.: C,
45.84; H, 5.53%.

(n*-Butadiene)(n’-2,4-dimethylpentadienyl)(trimethylphosphite)ruthenium
tetrafluoroborate (13). Butadiene was bubbled through a solution of 4 (0.18 g,
0.36 mmol) in acetone (30 ml) at reflux for 1 h. Work-up as for 5 gave colourless
crystals of 13 (0.13 g, 79%). M.p. 182°C (dec.). 'H NMR: 6.39 (d, J(PH) = 2.4 Hz,
1H, H3); 5.39 (m, %/ =9.0, 6.0, *J = 2.0 Hz, 2H, H2’, H3"); 3.95 (d, J(PH)=11.5
Hz, 9H, OMe); 3.47 (d, 2J = 3.1 Hz, 2H, H1E, H5E); 2.40 (m, %J = 2.0 Hz, HI'E,
H4'E); 1.93 (s, 6H, 2Me); 0.90 (dd, J(PH) = 6.8 Hz, 2H, H1Z, H5Z); 0.85 (ddd,
2H, H1'Z, H4'Z). >*C NMR: 110.1 (s); 100.7, 91.1 (2d, J = 168 Hz); 57.4, 45.7 (2t,
J =161 Hz); 54.5 (q, J = 148 Hz, OMe); 23.5 (g, J = 130 Hz). Anal. Found: C,
36.12; H, 5.97; P, 6.62. C,,H,,BF,0,PRu calc.: C, 36.46; H, 5.68; P, 6.72%.

(n*-2,3-Dimethylbutadiene)(n’-2,4-dimethylpentadienyl)(trimethylphosphite) ruth-
enium tetrafluoroborate (14). 2,3-Dimethylbutadiene (5.0 ml. 44 mmol) was added
to a solution of 4 (0.33 g, 0.66 mmol) in acetone (30 ml) and the mixture was
refluxed for 3 h. Work-up as for 5 gave colourless crystals of 14 (0.25 g, 78%). M.p.
193°C (dec.). 'H NMR: 5.83 (d, J(PH) = 2.0 Hz, 1H, H3); 3.94 (d, J(PH)=11.3
Hz, 9H, OMe); 3.53 (d, 2J = 3.3 Hz, 2H, H1E, H5E); 2.46 (d, 2J = 2.2 Hz, HI'E,
H4'E); 2.05 (d, J(PH) = 0.8 Hz, 6H, 2Me); 1.91 (s, 6H, 2Me’); 0.84 (dd, J(PH) = 8.5
Hz, 2H, H1Z, H5Z); 0.66 (dd, J(PH) = 18.1 Hz, 2H, H1'Z, H4'Z). *C NMR:
110.8, 102.8 (2s); 102.4 (d, J = 162 Hz); 56.1, 47.6 (2t, J = 160 Hz); 54.9 (q, J = 150
Hz, OMe); 22.6, 20.0 (2q, J = 128 Hz). Anal. Found: C, 39.89; H, 6.44; P, 6.24.
C,H3,BF,0,PRu calc.: C, 39.28; H, 6.18; P, 6.33%.
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(n*-Cyclohexa-1,3-diene) (n>-2,4-dimethylpentadienyl) (trimethylphosphite) ruth-
enium tetrafluoroborate (15). This was made as described for 14, but from
cyclohexa-1,3-diene (0.80 ml, 8.4 mmol) and 4 (0.21 g, 0.42 mmol). Reaction in
refluxing acetone (30 ml) for 3 h gave pale yellow crystals of 15 (0.14 g, 67%).
Alternatively, cyclohexa-1,4-diene (0.06 ml, 0.64 mmol) and 4 (0.16 g, 0.32 mmol) in
refluxing acetone (30 ml) for 6 h gave 15 (0.080 g, 53%). M.p. 151°C (dec.). 'H
NMR: 6.33 (d, J(PH) = 2.9 Hz, 1H, H3); 5.30 (dd, *J = 5.0, J = 2.0 Hz, 2H, H2’,
H3'); 3.96 (d, J(PH) = 11.4 Hz, 9H, OMe); 3.65 (d, 2/ = 2.7 Hz, 2H, H1E, HSE);
3.48 (m, 2H, H1’, H4"); 2.02 (s, 6H, 2Me); 1.67 (dd, 2J =11.3, J = 2.0 Hz, 2H,
H5's, H6's); 1.35 (dd, J(PH) = 7.3 Hz, 2H, H5'a, H6'a); 0.60 (dd, J(PH) = 6.5 Hz,
2H, H1Z, H5Z). *C NMR: 109.5 (s); 100.6 (dd, J = 163, J(PC) =7 Hz); 89.1 (d,
J =173 Hz); 66.2 (d, J = 160 Hz); 58.6 (td, J = 152, J(PC) =7 Hz); 54.0 (q, J = 155
Hz, OMe); 24.3 (q, J = 131 Hz); 22.5 (td, J = 134, J(PC) = 11 Hz). Anal. Found: C,
39.66; H, 5.63; P, 6.29. C,;H,BF,0,PRu calc.: C, 39.44; H, 5.79; P, 6.36%.

(n? : n°-Cycloocta-1,5-diene)(n>-2,4-dimethylpentadienyl) (trimethylphosphite)
ruthenium tetrafluoroborate (16). This was made as described for 14, but from
cycloocta-1,5-diene (1.3 ml, 11 mmol) and 4 (0.26 g, 0.52 mmol). Reaction in
refluxing acetone (40 ml) for 6 h gave pale yellow crystals of 16 (0.20 g, 76%). M.p.
174°C (dec.). '"H NMR: 6.51 (d, J(PH) = 3.0 Hz, 1H, H3); 4.01 (d, J(PH) =10.7
Hz, 9H, OMe); 3.63, 3.58 (2m, 4H, 4CH'); 2.47 (d, 2J = 3.3 Hz, 2H, H1E, H5E);
2.40, 2.29 (2m, 4H, CH}); 2.04 (s, 6H, 2Me); 2.09-1.97 (m, 4H, CH}); 0.54 (dd,
J(PH) = 4.4 Hz, 2H, H1Z, H5Z). 13C NMR: 119.6 (s); 95.2 (dd, J = 168, J(PC) = 12
Hz); 929 (d, J = 159 Hz); 83.7 (d, J =161 Hz); 55.6 (qd, J =158, J(PC) = 10 Hz,
OMe); 53.8 (t, J= 159 Hz); 31.6, 30.3 (2t, J = 127 Hz); 24.8 (q, J = 128 Hz). Anal.
Found: C, 42.40; H, 6.40; P, 5.88. C sH,,BF,0,PRu calc.: C, 42.12; H, 6.26; P,
6.01%.

- (t-Butylisocyanide)(n’-cyclopentadienyl) (n*-2,4-dimethylpenta- 1, 3-diene) rutheni-
um tetrafluoroborate (17). This was made as described for 6, from freshly distilled
cyclopentadiene (0.080 ml, 0.87 mmol) and 2 (0.27 g, 0.58 mmol). Reaction in
refluxing acetone (30 ml) for 5 h, gave pale yellow crystals of 17 (0.19 g, 75%). M.p.
218°C (dec.). IR: 2162 cm~! (CN). 'H NMR: 5.68 (s, 1H, H3'); 5.26 (s, 5H, Cp);
3.36 (d, 2J =28 Hz, 1H, HI'E); 2.27, 1.81 (2s, 6H, 2Me’); 1.60 (s, 10H, ‘Bu and
H1'Z); 1.02 (s, 3H, Me’). 3C NMR: 147.8 (s, RuCN); 103.1 (s); 87.7 (d, J =182
Hz, Cp); 86.4 (d, J = 165 Hz); 83.3 (s); 60.1 (s, RuCNC); 45.9 (t, J = 162 Hz); 34.2
(q, J =127 Hz); 31.2 (g, J =129 Hz, 'Bu); 26.9 (q, J = 125 Hz); 22.8 (q, J =128
Hz). Anal. Found: C, 47.23; H, 6.09; N, 3.24. C,;H,,BF,NRu calc.: C, 47.24; H,
6.06; N, 3.24%.

(t-Butylisocyanide)(n*-2,4-dimethylpenta- 1,3-diene) (n’-pentamethylcyclopenta-
dienyl)ruthenium tetrafluoroborate (18). This was made as described for 6, from
1,2,3,4,5-pentamethylcyclopentadiene (0.13 ml, 0.78 mmol) and 2 (0.24 g, 0.52
mmol). Reaction in refluxing acetone (30 ml) for 4 h, gave pale yellow crystals of 18
(0.21 g, 80%). M.p. 154°C (dec.). IR: 2151 cm~! (CN). 'H NMR: 4.69 (s, 1H, H3');
2.54 (d, 2J = 3.4 Hz, 1H, HI'E); 2.05 (s, 3H, Me’); 1.77 (s, 15H, CsMes); 1.59 (s,
9H, 'Bu); 1.55 (s, 4H, Me’ and H1'Z); 0.96 (s, 3H, Me’). *C NMR: 155.0 (s,
RuCN); 102.5 (s); 98.5 (s, CsMe,); 89.4 (d, J = 159 Hz); 80.9 (s); 59.5 (s, RuCNC );
45.1 (t, J=161 Hz); 31.3 (g, J= 129 Hz, 'Bu); 30.9, 23.3, 23.0 (3q, J = 128 Hz);
10.2 (g, J=128 Hz, CsMes). Anal. Found: C, 52.86; H, 7.24; N, 2.69.
C,,HBF,NRu calc.: C, 52.60; H, 7.22; N, 2.79%.
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(t-Butylisocyanide) (n’-cyclohexadienyl) (n*-2,4-dimethylpenta-1, 3-diene) ruthenium
tetrafluoroborate (19). This was made as described for 6, from cyclohexa-1,4-di-
ene (0.05 ml, 0.53 mmol) and 2 (0.17 g, 0.37 mmol). Reaction in refluxing acetone
(40 ml) for 8 h gave yellow crystals of 19 (0.14 g, 85%). M.p. 142°C (dec.). IR: 2163
cm~! (CN). 'H NMR: 6.04 (m, 3J = 5.4, 5.2 Hz, 1H, H3); 5.36 (s, 1H, H3'); 5.36 (m,
3] = 6.6, 5.2 Hz, 1H, H2 or H4); 4.66 (m, *J = 7.2, 5.4 Hz, 1H, H4 or H2); 4.06 (m,
3] =6.6, 5.7 Hz, 1H, H1 or H5); 3.75 (m, 3J = 7.2, 5.7 Hz, 1H, HS or H1); 2.73 (m,
2] =142, 37 =5.7, 5.7 Hz, 1H, Hé6s); 2.54 (d, 2J = 2.4 Hz, 1H, HI'E); 2.38 (d,
2] = 14.2 Hz, 1H, Hé6a); 2.11 (s, 3H, Me’); 1.76 (s, SH, 'Bu); 1.68 (d. 1H, H1'Z);
1.34, 1.13 (2s, 6H, 2Me’). 3C NMR: 152.9 (s, RuCN); 103.3 (s); 99.3, 96.4 (2d,
J =171 Hz); 92.6 (d, J = 175 Hz); 89.3 (d, J = 164 Hz); 81.1 (s); 59.7 (s, RuCNC);
55.8 (d, J =167 Hz); 54.9 (d, J = 170 Hz); 45.8 (t, J = 161 Hz); 30.9 (q, J = 127 Hz,
'Bu); 30.3 (q, J = 129 Hz); 28.4 (t, J = 136 Hz); 24.0, 22.2 (2q, J = 128 Hz). Anal.
Found: C, 48.51; H, 6.66; N, 3.30. C,;H,,BF,NRu calc.: C, 48.44; H, 6.32; N,
3.14%.

Carbonyl(n’-cyclohexadienyl) (*-2,4-dimethylpenta-1,3-diene )ruthenium tetraflu-
oroborate (20). This was made as described for 10, from cyclohexa-i,4-diene
(0.060 ml, 0.64 mmol) and 3 (0.14 g, 0.34 mmol). Reaction in acetone (20 ml) at
room temperature for 60 h gave colourless crystals of 20 (0.10 g, 78%). M.p. 133°C
(dec.). IR: 2037 cm~! (CO). 'H NMR (acetone-dy): 6.57 (m, 3J = 5.4, 5.2 Hz, 1H,
H3); 5.81 (s, 1H, H3’); 5.70 (m, 3J = 6.8, 5.4 Hz, 1H, H2 or H4); 5.26 (m, 3/ =6.8,
5.2 Hz, 1H, H4 or H2); 4.61 (m, 3] = 6.8, 5.9 Hz, 1H, H5 or H1); 4.47 (m, 3J = 6.8,
5.9 Hz, 1H, H1 or H5); 3.05 (m, 2/ =14.6, 3/ =5.9, 5.9 Hz, 1H, Hé6s);, 3.00 (d,
2J=2.8 Hz, 1H, HI'E); 2.51 (d, %7 = 14.6 Hz, 1H, Hé6a); 2.32 (s, 4H, Me' and
H1'Z); 1.57, 1.44 (2s, 6H, 2Me’). 13C NMR (acetone-d): 209.9 (s, CO); 107.5 (s);
102.0, 99.4 (2d, J =173 Hz); 96.9 (d, J =178 Hz); 92.0 (s); 91.0 (d, J = 168 Hz);
59.7 (d, J=155 Hz); 58.0 (d, J =170 Hz); 479 (t, J =159 Hz); 30.6 (g, J=128
Hz); 28.8 (t, J =140 Hz); 24.3, 23.0 (2q, J = 128 Hz). Anal. Found: C, 42.61; H,
491. C,,H,,BE,ORu calc.: C, 42.99; H, 4.90%.

(t-Butylisocyanide)(n°-cycloocta-2,4-dien-1-yl) (n*-2,4-dimethylpenta-1,3-diene)
ruthenium tetrafluoroborate (21). This was made as described for 6, from cy-
cloocta-1,3-diene (0.80 ml, 6.5 mmol) and 2 (0.14 g, 0.30 mmol). Reaction in
refluxing acetone (30 ml) for 10 h gave pale yellow crystals of 21 {0.10 g, 68%).
M.p. 168°C (dec.). IR: 2165 cm~! (CN). 'H NMR: 6.33 (dd, 3/ = 7.1, 7.1 Hz, 1H,
H3); 5.20 (s, 1H, H3'); 4.88 (dd, 37 = 9.3, 7.1 Hz, 1H, H2); 4.35 (m, 1H, HS); 4.04
(dd, 37 =93, 7.1 Hz, 1H, H4); 3.72 (m, 1H, H1); 2.39 (d, 2/ = 2.5 Hz, 1H, HI'E)
2.31 (m, 2H, H6E, H8E); 2.06 (s, 4H, Me’ and H1'Z); 1.87 (m, 2H, H6Z, H8Z);
1.74 (s, 9H, 'Bu); 1.32 (s, 3H, Me’); 1.26 (m, 1H, H7a); 1.16 (s, 3H, Me’); 0.21 (qt,
2] =14.6, °J = 14.0, 14.0, 3.0, 3.0 Hz, 1H, H7s). *C NMR: 153.7 (s, RuCN); 111.1
(d, J =166 Hz); 107.7 (s); 93.2, 91.8, 90.4 (3d, J = 166 Hz); 84.4 (s); 68.1, 64.7 (2d,
J =154 Hz); 59.2 (s, RuCNC); 50.7 (t, J = 155 Hz); 31.2 (q, J = 128 Hz, '‘Buj; 31.0,
28.2 (2q, J=128 Hz); 28.8 (t, J =123 Hz); 28.3 (t, J =127 Hz); 224 (q, J =128
Hz); 18.6 (t, J = 130 Hz). Anal. Found: C, 50.45; H, 6.68; N, 3.05. C,,H,, BF,NRu
calc.: C, 50.64; H, 6.80; N, 2.95%.

Carbonyl(n’-cycloocta-2,4-dien-1-yl) (n*-2,4-dimethylpenta- 1, 3-diene) ruthenium
tetrafluoroborate (22). A solution of cycloocta-1,3-diene (0.070 ml, 0.56 mmol)
and 3 (0.18 g, 0.44 mmol) in acetone (30 ml) was stirred at room temperature for 4
d. Solvent evaporation and recrystallisation of the residue from EtOH /Et,O gave
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yellow crystals of 22 (0.13 g, 70%). M.p. 143°C (dec.). IR: 2035 cm~! {CO). 'H
NMR (acetone-d,): 6.77 (dd, 31=17.3, 7.1 Hz, 1H, H3); 5.57 (s, 1H, H3’); 5.20 (dd,
37=9.5, 7.1 Hz, 1H, H2); 4.81 (m, 1H, H5); 4.62 (dd, 37 = 9.5, 7.3 Hz, 1H, H4); 4.26
(m, 1H, H1); 297 (d, 27 =2.5 Hz, 1H, HI'E); 2.70 (d, 1H, H1'Z); 2.42 (m, 2H,
H6E, H8E); 2.23 (s, 3H, Me'); 2.12 (m, 2H, H6Z, H8 Z); 1.56 (s, 3H, Me’); 1.47 (s,
3H, Me’); 1.39 (m, 1H, H7a); 0.33 (qt, 27 = 14.0, 3] = 14.0, 14.0, 2.9, 2.9 Hz, 1H,
H7s). *C NMR (CD,Cl,): 207.7 (s, CO); 112.3 (d, J = 166 Hz); 110.3, 96.3 (2s);
933 (d, J=168 Hz); 93.2 (d, J=160 Hz); 91.5 (d, J=172 Hz); 71.7, 67.7 (2d,
J =154 Hz); 50.8 (t, J = 164 Hz); 28.2 {(q, J = 128 Hz); 28.1 (t, J = 135 Hz); 27.8 (i,
J =128 Hz); 22.7 22.1 (2q, J = 128 Hz); 17.8 (t, J = 129 Hz). Anal. Found: C, 45.67;
H, 5.61. C,(H,,BF,ORu calc.: C, 45.84; H, 5.53%.

(n°-Cycloocta-2,4-dien- 1-yl)(n*-2,4-dimethylpenta- 1,3-diene) (trimethylphosphite)
ruthenium tetrafluoroborate (23). This was made as described for 14, from cy-
cloocta-1,3-diene (0.070 ml, 0.56 mmol) and 4 (0.15 g, 0.30 mmol). Reaction in
refluxing acetone (30 ml) for 7 h gave colourless crystals of 23 (0.11 g, 74%). M.p.
116°C (dec.). '"H NMR: 6.28 (m, 3J = 6.9, 6.9, J(PH) = 2.8 Hz, 1H, H3); 5.06 (s, 1H,
H3"); 4.81 (dd, 3J = 9.3, 6.9 Hz, 1H, H2); 4.24 (m, 1H, H5); 4.03 (d, J(PH) = 10.9
Hz, 9H, OMe); 3.85 (dd, %/ =9.3, 6.9 Hz, 1H, H4); 3.75 (m, 1H, H1); 2.51 (d,
2] =25 Hz, HI'E); 2.06 (s, 3H, Me'); 2.02 (m, 2H, H6E, H8E); 1.87 (d, 1H,
H1'Z); 1.85 (m, 2H, H6Z, H8Z); 1.21 (s, 3H, Me’); 1.18 (m, 1H, H7a); 0.92 (d,
J(PH) = 2.5 Hz, 3H, Me’); 0.19 (qt, 2J = 14.5, 37 = 14.0, 14.0, 3.0, 3.0 Hz, 1H, H7s).
3C NMR: 1109 (dd, J =175, J(PC)=12 Hz); 108.0 (s); 91.4 90.7, 89.5 (3d,
J =165 Hz); 84.1 (s); 68.8 (dd, J =152, J(PC) =5 Hz); 63.7 (d, J = 146 Hz); 55.0
(q, J =137 Hz, OMe); 51.0 (td, J =154, J(PC) = 5 Hz); 27.5 (q, J =133 Hz); 26.7
(t, J=133 Hz); 25.8 (t, /=130 Hz); 224, 21.4 (2q, J= 127 Hz); 184 (t, J =128
Hz). Anal. Found: C, 41.98; H, 6.15; P, 6.18. C,;H;,BF,0,PRu calc.: C, 41.96, H,
6.26; P, 6.01%. '

(t-Butylisocyanide)(n*-cyclohexa-1,3-diene) (n°-cyclohexadienyl) ruthenium tetra-
fluoroborate (24). This was made as described for 6, from cyclohexa-1,4-diene
(0.73 ml, 7.8 mmol) and 2 (0.18 g, 0.39 mmol). Reaction in refluxing acetone (40
ml) for 12 h gave pale yellow crystals of 24 (0.12 g, 72%). Alternatively, cyclohexa-
1,3-diene (0.30 ml, 3.2 mmol) and 19 (0.070 g, 0.16 mmol) in refluxing acetone (30
ml) for 6 h, gave 24 (0.050 g, 74%). M.p. 176°C (dec.). IR: 2170 cm™! (CN). 'H
NMR: 6.34 (t, 3] = 5.4 Hz, 1H, H3); 5.43 (dd, *J = 5.3, *J = 2.6 Hz, 2H, H2’, H3');
5.24 (dd, 3J = 7.0, 5.4 Hz, 2H, H2, H4); 4.19 (dd, 3/ = 7.0, 5.9 Hz, 2H, H1, H5); 3.74
(m, 2H, H1’, H4'); 2.81 (dt, 2J = 14.2, 3] = 5.9 Hz, 1H, H6s); 2.60 (d, 1H, H6a); 1.80
(s, 9H, 'Bu); 1.78 (m, 2J = 11.8 Hz, 2H, H5'a, H6'a); 1.50 (m, 2H, H5's, H6's). 13C
NMR: 151.4 (s, RuCN); 94.6, 88.5, 81.1 (3d, J = 174 Hz); 66.5 (d, J = 162 Hz); 59.8
(d, J =168 Hz); 59.7 (s, RuCNC); 30.6 (q, J =127 Hz, 'Bu); 28.7 (t, J = 135 Hz);
22.9 (t, J = 130 Hz). Anal. Found: C, 47.78; H, 5.60; N, 3.15. C,,H,,BF,NRu calc.:
C, 47.46; H, 5.62; N, 3.25%.

Carbonyl(n*-cyclohexa-1,3-diene)(n’-cyclohexadienyl)ruthenium tetrafluoroborate
(25). A solution of cyclohexa-1,3-diene (1.2 ml, 12.6 mmol) and 20 (0.060 g, 0.15
mmol) in acetone (10 ml) was stirred at room temperature for 6 h. Solvent
evaporation and recrystallisation of the residue from EtOH/Et,O gave pale
orange crystals of 25 (0.050 g, 87%). A similar procedure but with cyclohexa-1,4-di-
ene and reaction for 12 h at room temperature also gave 25 (73%). Characterisa-
tion details for 25 are in accord with those we have reported previously [13b].
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(t+-Butylisocyanide ) (n? : n*-cycloocta-1,5-diene) (n’-cycloocta-2,4-dien-1-yl)rutheni-
um tetrafluoroborate (26). A solution of cycloocta-1,5-diene (0.70 mi, 5.7 mmol)
and 21 (0.26 g, 0.55 mmol) was refluxed in acetone (40 ml) for 7 h. Work-up as for
5 gave pale yellow crystals of 26 (0.20 g, 75%). M.p. 174°C (dec.). IR: 2161 cm ™!
(CN). 'H NMR: 7.20 (t, 3/ = 7.1 Hz, 1H, H3); 4.83 (dd, 37 =9.0, 7.1 Hz, 2H, H2,
H4); 4.21 (m, 2H, 2CH'); 3.61 (m, 2H, 2CH"’), 3.23 (m, 2H, H1, H5); 2.53, 2.44 (2m,
4H, CH}); 2.17, 2.11 (2d, 2] =9.2 Hz, 4H, CH)); 2.14 (m, 2H, H6E, H8E); 1.77 (s,
9H, 'Bu); 1.61 (m, 2H, H6Z, H8Z); 1.22 (m, 1H, H7a); 0.21 (qt, 2J = 14.1,
3] = 14.1, 3.0 Hz, 1H, H7s). 3C NMR: 155.1 (s, RuCN); 105.2 (d, J = 168 Hz); 98.7
(d, J = 164 Hz); 96.2, 87.8 (2d, J = 159 Hz); 64.5 (d, J = 149 Hz); 59.9 (s, RuCNC);
33.0 (t, J=127 Hz); 31.4 (q, J=129 Hz); 30.1, 27.7 (2&t, J= 130 Hz); 19.1 (¢,
J =127 Hz). Anal. Found: C, 52.03; H, 6.71; N, 3.08. C,;H;,BF,NRu calc.: C,
51.86; H, 6.63; N, 2.88%.
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