FULL PAPER

Ruthenium Tris(pyrazolyl)borate Complexes, 12!
Cross Coupling of Acetylenes with Olefins — Formation of n>-Butadienyl and
n2-Butadiene Complexes via a Metallacyclobutane Intermediate
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Selective coupling of olefins and terminal acetylenes is
shown to be effected in the coordination sphere of Ru' by
the successive intermediacy of vinylidene and
ruthenacyclobutane complexes. Subsequent deprotonation
of one of the f-hydrogen atoms of the latter by NaOEt yields
n3-butadienyl complexes, while in the presence of CI-
rearrangement takes place to give neutral n2-butadiene
complexes by a P-hydrogen elimination/reductive elimi-

nation sequence. [Ru(tp)(COD)Cl] and [Ru(tp){n3-(P.C,C)-
Ph,PCH=CHC(Ph)=CH,}Cl] were the starting materials
which were treated with HC=CR (R = Ph, C¢Hy, ferrocenyl,
CH,Ph, nBu). The n3-butadienyl complexes are nucleophilic
at the enynyl carbon atom reacting readily with the
electrophiles H* and I, to give the corresponding n2-
butadienyl complexes. X-ray structures of representative
products are given.

Introduction

The transition metal mediated transformation of acety-
lenic substrates is an important process in applied (or-
ganometallic) chemistry.[!] Particularly reactive are terminal
alkynes which form, when exposed to a transition metal
center, vinylidene complexes. This class of compounds exhi-
bits a wide range of reactivity as illustrated in Scheme 1
including migratory insertions of alkyl, aryl, vinyl, alkynyl,
and hydride ligands onto the electrophilic a-carbon atom
of the vinylidene moiety. *!

electrophilic

nucleophilic attack \' attack

deprotonation
8+ &-R
L,M—0 + HC=CR —= LnM=C=C\H ‘/
5+
(=)
[2+2] cycloaddition at
the M=C and C=C bonds

Scheme 1. Formation and common modes of reaction of vinyl-
idene complexes

A rather rare example of C—C bond formation within a
vinylidene complex is the cycloaddition of alkynes and ole-
fins to the M=C bond giving metallacyclobutene and met-
allacyclobutane intermediates, respectively, which then
polymerize through ring opening.[3! Although the underly-
ing process is characteristic of early transition metals, we
report here a facile C—C coupling reaction between olefins
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and terminal acetylenes proceeding via a ruthenacyclobut-
ane™ intermediate which finally converts into either n3-but-
adienyl or n2-butadiene complexes depending on the reac-
tion conditions.’>3 In addition, we demonstrate that n3-
butadienyl complexes are nucleophilic at the enynyl carbon
atom and react with electrophiles to give the corresponding
functionalized n?-butadiene complexes. A preliminary ac-
count of this work has already been published. !

Results and Discussion

In an attempt to prepare the cationic vinylidene complex
[Ru(tp)(COD)(=C=CHPh)]" (tp = hydrido(trispyrazolyl)-
borate, COD = 1,5 cyclooctadiene), [Ru(tp)(COD)CI] (1)
has been treated with HC=CPh in boiling MeOH. A polar
medium has been chosen to allow for better ionization of
the chloride to facilitate the opening of a coordination site.
Wel”l and others™®! have already shown that protic solvents
favor cationic vinylidene complexes. However, no such com-
plex was formed and basically unchanged 1 was obtained,
together with polymeric materials®! and a small amount of
a new complex identified as [Ru(tp){(1,2-1;5,6-n)-1-[(£)-3-
phenyl-1-ethenyl]cyclooctadiene} Cl] (3). In the presence of
excess KCl (6 equiv.) the formation of polymeric com-
pounds is largely suppressed to afford 3, isolated in 74%
yield (Scheme 2). Characterization of 3 was by a combi-
nation of elemental analysis, and 'H- and *C{'H}-NMR
spectroscopy. Characteristic solution 'H-NMR-spectro-
scopic data for 3 include two doublets at & = 6.82 and 6.58
with a coupling constant 3Jyy = 11.7 Hz, consistent with
a (Z) arrangement of the double bond. All other resonances
are unremarkable. The structural identity of 3 was un-
equivocally proven by X-ray crystallography. The result is
depicted in Figure 1 with selected bond lengths and angles
reported in the caption. The overall structure of 3 is similar
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to that of Ru(tp)(COD)Br and related complexes contain-
ing the [Ru(tp)(COD)]" fragment.[!"]

H H
B, B
o . clP
\Au HC=CPh NNy
=20 —Heon ~ofi—cl
%‘\ KCl i —

KCl

Figure 1. Structural view of 3; selected bond lengths [A] and angles
[°l: Ru—N(2) 2.163(1), Ru—N(4) 2.121(1), Ru—N(6) 2.166(1),
Ru—C(1) 2.311(2), Ru—C(2) 2.243(2), Ru—C(5) 2.226(2), Ru—C(6)
2.219(2), Ru—-Cl 2427(1), C(1)—C(2) 1.385(2), C(5)—C(6)
1.384(2), C(9)—C(10) 1.3353); N(6)—Ru—Cl  159.9(1),
N(4)—Ru—N(2) 87.3(1), N(4)—Ru—N(6) 86.2(1), N(2)—Ru—N(6)
79.7(1)

It is interesting to note that only the (Z) isomer is formed
in which the —CH=CHPh substituent points towards the
chloride ligand. Complex 3 did not undergo a further coup-
ling reaction with HC=CPh (to give a COD ligand contain-
ing two —CH=CHPh substituents). It is interesting that
under the same reaction conditions (and even after pro-
longed heating and extended reaction times) internal acety-
lenes such as PhC=CPh and MeOOCC=CCOOMe did not
undergo an oxidative coupling. Instead, unchanged 1 was
largely recovered together with about 15% of the known
hydride complex [Ru(tp)(COD)H].[']

In order to establish whether [Ru(tp)(COD)H] is an inter-
mediate on the pathway to 3, [Ru(tp)(COD)H] (in place of
1) was treated with HC=CPh under otherwise the same
conditions. However, no 3 but small amounts (< 20%) of
the new compound m3-butadienyl complex [Ru(tp){(5,6-
nim’)-2-[(E)-2-phenyl-1-ethenylidene]-5-cyclooctenyl}] (5a)
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(vide infra) were obtained, in addition to polyacetylenes as
the main products. Likewise, internal alkynes, such as
PhC=CPh do not react with 1 and [Ru(tp)(COD)H] is ap-
parently not a precursor to 3. Accordingly, the formation
of 5a can be interpretated that under basic conditions
([Ru(tp)(COD)H] may act as a base) a different course of
reaction is followed. Treatment of Ru(tp)(COD)CI (1)'%]
with terminal acetylenes HC=CR (R = Ph, C4H,, ferro-
cenyl, CH,Ph, nBu) in MeOH in the presence of NaOEt
(1 equiv., 65°C, 24 h) afforded the n3-butadienyl complexes
4a—e and 5a—e in high yields (Table 1). Characterization
of 4 and 5 was again by elemental analysis, and 'H- and
BC{'H}-NMR spectroscopy. The solution 'H-NMR spec-
tra for 4 include a singlet between & = 5.9 and 6.9 assigned
to the terminal (E)-butadienyl proton, while in the corre-
sponding (Z)-butadienyl fragment there is a slight upfield
shift of the terminal proton giving rise to a signal between
8 = 4.7 and 5.9. In the 3C{'H}-NMR spectrum, the enynyl
carbon atoms exhibit a characteristic resonance at § =
171—181. All other resonances are unremarkable.

Table 1. Conversion and product distribution of the reaction of 1
with terminal acetylenes

oW ... @“@ o W

products®
entry R % conversion® % 2 %E
1 Ph 100 4a 98
2 CeHy 100 4b 24 5b 76
3 ferrocenyl 100 5¢ 97
4 CH,Ph 97 4d 94 5d 6
5 n-Bu 93 4e 66 5e 33

Conversmns and product distributions have been determined by
'H NMR spectroscopy

It may be emphasized that 4a appears to be the first (n3-
butadienyl)ruthenium complex with tp as a co-ligand. The
molecular structure determined by X-ray crystallography is
shown in Figure 2, with selected bond lengths and angles
given in the caption. The most notable feature is the dis-
torted s-trans structure of the butadienyl moiety. Since the
two allyl carbon atoms, C(1), C(2), are noticeably further
from the Ru center [Ru—C(1) = 2.153(3) A, Ru—C(2) =
2.154(3) /:%] than the enynyl carbon atom C(9) [Ru—C(9) =
2.038(3) A], a major resonance contribution from the vinyl
alkene structure is indicated. Furthermore, the relatively
uniform bond lengths for the three allyl carbon atoms point
to a substantial m-electron delocalization [C(1)—C(2) =

Eur. J. Inorg. Chem. 1999, 1141—1149
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Figure 2. Structural view of 4a; selected bond lengths [A] and angles [°]: Ru—N(2) 2.149(2), Ru—N(4) 2.158(2), Ru—N(6) 2.223(2),
Ru—C(1) 2.153(3), Ru—C(2) 2.154(3), Ru—C(9) 2.038(3), Ru—C(5) 2.184(3), Ru—C(6) 2.218(3), C(1)—C(9) 1.418(4), C(1)—C(2) 1.425(4),
C(9)—C(10) 1.328(4), C(5)—C(6) 1.386(5); C(9)—Ru—N(2) 80.4(1), C(9)—Ru—C(1) 39.4(1), N(2)—Ru—C(1) 101.1(1), C(9)—Ru—C(2)
71.6(1), N(2)—Ru—C(2) 90.5(1), C(1)=Ru—C(2) 38.7(1), C(9)—Ru—N(4) 103.0(1), C(9)—Ru—N(6) 160.1(1)

1.425(4) A, C(2)—C(9) = 1.418(4) A].2>5) The Ru—N(tp)
bond lengths are within the usual range. [!01!2]

The reaction mechanism shown in Scheme 3 represents
our final working hypothesis providing the formation of the
n2-butadiene complexes 3, the n3-butadienyl products 4 and
5, and polymeric materials. For the first step, the formation
of the cationic vinylidene complex A by a 1,2-hydrogen shift
is a now well-established process.['*! Prerequisite for this
process is the availiability of a vacant coordination site. In
this context, it has to be noted that the chloride ligand in 1
is easily replacable by Br~ and CN~ on treatment with KBr
and KCN in MeOH at elevated temperatures indicating that
the Cl™ ligand is substitutionally labile under these con-
ditions.['¥ Attempts to prepare A by treating 1 with 1 equiv.

3 X=CI

3' X=CF3;C00"

[©]
Bl pe=cr JRuIZc R

— <
\/\ ¢ “weon” S5/
-cr
MeOH-d,

1 <DCECR > A

H(D)

H
. \
[Ru] = Ru(tp) tp = @’:B\:@'@

Scheme 3. Vinylidene mechanism
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of AgCF5S0; and HC=CPh in CH,Cl, failed.!'”] The met-
allacyclobutane complex B is subsequently formed by a
[2+2] cycloaddition, followed by deprotonation of one of
the B-hydrogen atoms of B, yielding the stable n3-butadienyl
complex. The following observations may be taken to sup-
port this mechanism. (i) The occurrence of a vinylidene in-
termediate could be verified by a labeling experiment. Thus,
the m3-butadienyl product [D;]4a of the reaction of deu-
terium-labeled phenylacetylene DC=CPh and 1 contain
deuterium bound exclusively at the olefinic carbon atom of
the butadienyl moiety (Scheme 3). On the other hand, the
n3-butadienyl complex 4a did not incorporate deuterium to
give [Dq]4a under reflux in [D4]MeOH in the presence of
NaOEt.
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(i) In the absence of base only polyacetylenes™! were ob-
tained with decomposition of the Ru complex to intractable
materials. (iii) When in place of NaOEt an excess of KCl is
added, B rearranges presumably by a B-hydrogen elimin-
ation/reductive elimination sequence (equivalent to a 1,2-
hydrogen shift) to the neutral n-butadiene complex 3. The
vacant coordination site of the resulting 16-electron inter-
mediate is occupied by the incoming chloride.

The stereochemistry of 4 and 5, difficult to determine by
NMR methods, is established on the basis of the products
formed from the reaction with CF;COOH at room tem-
perature included in Scheme 3. In this way the correspond-
ing olefin complexes 3’ [(Z) and (E) isomers] with the vinyl
side chain are formed. Under this experimental condition
no isomerization takes place and the stereochemistry of the
butadienyl fragment is readily apparent from the vicinal
coupling constant 3Jyy of the vinyl moiety (about 11 and
16 Hz in case of a cis and trans arrangement, respectively).
From this it is concluded that the enynyl carbon atom of
n3-butadienyl complexes is nucleophilic, which offers the
possibility of further kinds of functionalization by treating
them with electrophiles. In fact, 4a reacts with I, to yield
complex 6 in essentially quantitative yield (Scheme 4). The
NMR spectra of 6 are similar to those of 3 and are not
discussed here. The solid-state structure of 6 is depicted in
Figure 3 with selected bond lengths and angles given in the
caption. The overall structures of 6 and 3 are very similar.
The three Ru—N(Tp) bond lengths show only minor varia-
tions [on average the Ru—N(tp) distance is 2.141(1) A] and
are within the range of other ruthenium(tp) complexes. The
Ru—I(1) and C(9)—1(2) distances are 2.780(1) and 2.126(2)
A, respectively. Additionally, a weak intermolecular interac-
tion between the two I(2) atoms of pairs of neighboring
molecules is observed, where the I1(2)---1(2) distance is found
to be 3.67 A. Despite this interaction molecular packing is
not very efficient in crystalline 6 and the structure contains

voids of about 40 A3 per unit cell. If an excess of I, is pre-
sent during crystallization of 6, a new kind of crystal,
6-0.5 I,, is readily formed which will be reported elsewhere.

It may be mentioned that the above reactions are not
restricted to COD complexes. In similar fashion to 1,
[Ru(tp){n3-(P,C,C)-Ph,PCH=CHC(Ph)=CH,}Cl] (2) was
found to react with HC=CR (R = Ph, C¢Hy) to give the n’-
butadienyl complexes 7a,b (Scheme 5). In addition to full
spectroscopic and analytical characterizations of the prod-
ucts, the solid-state structure of 7b was determined by X-
ray crystallography. As shown in Figure 4 the coordination
geometry around the ruthenium center is a distorted octa-
hedron in which three coordination positions are occupied
by the tp ligand, and the remaining three are taken by the
phosphorus atom and the butadienyl fragment of the
Ph,PCH=CHC(Ph)CHCCHC¢H, ligand. The Ru—C(24),
Ru—C(25), and Ru—C(26) bond lengths are 2.255(3),
2.110(3), and 2.077(3) A, respectively. Similar to the other
n3-butadienyl complexes,”) the two allyl carbon atoms,
C(24), C(25), are significantly further from the Ru center
than is the enynyl carbon atom C(26). The bond lengths
between the two allyl and the enynyl carbon atoms are
1.419(4) and 1.445(4) A. The C(26)—C(27) bond length is
1.341(4) A. The Ru—N(tp) and Ru—P bond lengths are
within the usual ranges.!'%'21 The cyclohexene ring con-
sisting of C(34) through C(39) has an envelope confor-
mation with an up/down disorder of C(37a)/C(37b) and
C(38a)/C(38b). Only the b-orientation [C(37b/(C(38b)] is
shown in Figure 4.

Conclusion

It is shown that selective coupling of olefins and terminal
acetylenes is feasible in the coordination sphere of Ru'’. Al-
though in the present case there is particular assistance by

Figure 3. Structural view of 6; selected bond lengths [A]: Ru—N(2) 2.114(2), Ru—N(4) 2.133(2), Ru—N(6) 2.177(2), Ru—C(2) 2.206(2),
Ru—C(6) 2.227(2), Ru—C(5) 2.249(2), Ru—C(1) 2.267(2), Ru—1I(1) 2.780(1), I(2)—C(9) 2.126(2), C(1)—C(9) 1.498(3), C(9)—C(10) 1.329(3)
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Figure 4. Structural view of 7b; selected bond lengths [A] and angles [°]: Ru—C(24) 2.255(3), Ru—C(25) 2.110(3), Ru—C(26) 2.077(3),
Ru—N(2) 2.164(2), Ru—N(4) 2.151(2), Ru—N(6) 2.183(2), Ru—P 2.280(1), C(22)—C(23) 1.312(4), C(23)—C(24) 1.490(4), C(24)—C(25)

1.4194), C(24)-C(28) 1.501(4), C(25)—C(26)

1.445(4), C(26)—C(27) 1.341(4), C(27)—C(34) 1.468(4), C(34)—C(35) 1.344(4);

N(4)—Ru—N(2) 84.6(1), N(4)—Ru—C(24) 171.5(1), C(24)—Ru—P 80.5(1)

o Ph
PhZP/_X HC=CR
\[Ru]/ MeOH
\\ NaOEt

Scheme 5. Reaction of 2 with HC=CR (R = Ph, C4Hy)

the intramolecular mode with favorable stereochemical con-
ditions imposed by an anchoring group, an extension to the
intermolecular mode should be conceivable. The depro-
tonation pathway for the onward reaction of the metallacy-
clobutane complex has not yet been considered. The buta-
dienyl fragment is nucleophilic at the enynyl carbon atom
and is capable of reacting with electrophiles such as H* and
I, to give the 1,3-diene unit. We believe this work may ini-
tiate a systematic search of coupling olefins with acetylenes
into functionalized 1,3-dienes in a synthetically useful fa-
shion

Experimental Section

General Techniques: All compounds were manipulated with stand-
ard Schlenk techniques and/or a glove box under purified argon.
All chemicals were of standard reagent grade and used without
further purification. The solvents were purified according to stand-
ard procedures.['>] The deuterated solvents were purchased from
Aldrich and dried with 4-A molecular sieves. For column chroma-

Eur. J. Inorg. Chem. 1999, 1141—1149

tography silica gel purchased from Merck, grade 60, 70—230 mesh,
60 A, or neutral MN aluminum oxide, purchased from Macherey-
—Nagel, was used. [Ru(tp)(COD)CI] (1) and [Ru(tp){n’-(P,C,C)-
Ph,PCH=CH(Ph)=CH,}Cl] (2) were prepared according to the
literature.[1191 — TH- 13BC{'H}-, and 3'P{'H}-NMR spectra were
recorded with a Bruker AC-250 spectrometer operating at 250.13,
62.86, and 101.26 MHz, respectively, and were referenced to SiMey
and to H;PO, (85%). — Microanalysis were done by Microana-
lytical Laboratories, University of Vienna.

Synthetic Studies

Ru(tp)(n*-1,5-cyclooctadiene)H: A suspension of 1 (100 mg,
0.22 mmol) and NaOEt (14.9 mg, 0.22 mmol) in MeOH (5 mL)
was heated under reflux for 2.5 h. The reaction mixture was cooled
to room temperature and the resulting yellow precipitate was col-
lected on a glass frit, washed with MeOH (5 X 1.5 mL) and Et,O
(2 X 1 mL), and dried under vacuum. Yield: 65 mg (70%). In the
absence of base the conversion is completed after about 20 h with
64% yield of isolated [Ru(tp)(n*-1,5-cyclooctadiene)H]. The NMR
spectra are in agreement with the published values.!'!]

Ru(tp){(1,2-n;5,6-1)-1-[(Z)-2-phenylethenyl]cyclooctadiene}C1  (3):
To a suspension of 1 (200 mg, 0.44 mmol) in MeOH (4 mL), KCI
(200 mg, 2.68 mmol) and HC=CPh (144 pL, 1.32 mmol) were ad-
ded and heated at reflux for 20 h. The reaction mixture was then
cooled to 0 °C and the resulting orange precipitate was collected
on a glass frit and washed twice with methanol (1.5 mL). The crude
product was redissolved in CH,Cl, and insoluble materials were
removed by filtration. After removal of the solvent, analytically
pure product was obtained. Yield 180mg (74%). —
C,5H,sBCINgRu (559.86): caled. C 53.63, H 5.04, N 15.01; found
C 53.64, H 5.12, N 14.88. — '"H NMR (CDCls, 20°C): § = 8.24
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(d,J=22Hz, 1 H, tp), 7.88 (d, J = 2.2 Hz, 1 H, tp), 7.80 (d, J =
2.2Hz, 1 H, tp), 7.67 (d, J = 2.2 Hz, 1 H, tp), 7.59 (d, J = 2.2 Hz,
2 H, tp), 7.29—7.18 (m, 5 H, Ph), 6.82 (d, *Jyn.s = 11.7 Hz, CH=
CH), 6.58 (d, 3Jypes = 11.7 Hz, CH=CH), 6.25 (t, J = 2.2 Hz, 2
H, tp), 6.19 (t, J = 2.2 Hz, 1 H, tp), 491 (m, 1 H, olefinic H of
COD), 3.90 (m, 2 H, olefinic H of COD), 3.31 (m, 1 H, aliphatic
H), 2.74—1.91 (m, 7 H, aliphatic H). — BC{'H}NMR (CDCl;,
20°C): & = 145.8 (tp), 143.2 (tp), 142.2 tp), 138.8 (tp), 138.4 (Ccop-
CH=CHPh), 138.2 (Ph'), 136.0 tp), 135.2 (tp), 130.0 (Ccop-CH=
CHPh), 129.1 (2 C, Ph39), 128.6 (2 C, Ph%), 127.3 (Ph%), 107.4
(Ccop-CH=CHPh), 106.9 (tp), 106.8 (tp), 105.8 (tp), 91.5 (olefinic
C of COD), 88.5 (olefinic C of COD), 85.8 (olefinic C of COD),
38.4 (aliphatic C of COD), 32.5 (aliphatic C of COD), 30.1 (ali-
phatic C of COD), 27.8 (aliphatic C of COD).

Ru(tp){(5,6-n;n%)-1-[(Z)-2-phenylethenylidene]-5-cyclooctenyl} (4a):
To a suspension of 1 (370 mg, 0.81 mmol) in MeOH (5 mL),
NaOEt (55 mg, 0.81 mmol) and HC=CPh (266 pL, 2.42 mmol)
were added and heated under reflux for 20 h. The reaction mixture
was cooled to 0 °C and the resulting yellow precipitate was col-
lected on a glass frit, washed twice with 1.5 mL of MeOH, and
dried under vacuum. Yield: 340 mg (80%). — C,sH,;BNgRu
(523.41): caled. C 57.37, H 5.20, N 16.06; found C 57.40, H 5.21,
N 15.97. — 'H NMR (CDCl;, 20°C): 8 = 8.33(d, J = 1.9 Hz, 1
H, tp), 8.08 (d, 1 H, J = 1.9 Hz, tp), 7.78 (d, J = 2.3 Hz, 1 H, tp),
7.76 (d, J = 2.3Hz, 1 H, tp), 748 (d, J = 2.6 Hz, 1 H, tp),
7.34—7.27 (m, 4 H, Ph), 7.09 (m, 1 H, Ph), 647 (d, 1 H, J =
2.3 Hz, tp), 6.40 (vt, J = 2.3 Hz, 1 H, tp), 6.36 (dd, J = 2.3 Hz,
J=19Hz 1 H, tp), 5.90 (s, | H, C=CHPh), 5.86 (dd, J = 2.3 Hz,
J=19Hz 1 H, tp), 3.81 (m, 1 H, olefinic H of COD), 3.45 (m,
1 H, olefinic H of COD), 3.03 (d, / = 5.0 Hz, 1 H, olefinic H of
COD), 2.91-2.11 (m, 7 H), 1.70 (m, 1 H). — BC{!H} NMR
(CDClj3, 20°C): 6 = 181.2 (Ccop=C=CHPh), 143.9 (tp), 143.0
(tp), 141.3 tp), 137.6 (Ph'), 135.8 (tp), 135.4 (tp), 134.1 (tp), 129.0
(2 C, Ph%), 126.3 (2 C, Ph>%), 124.9 (Ph*), 114.4 (Ccop=C=
CHPh), 106.3 (tp), 106.2 (tp), 104.8 (tp), 90.8 (Ccop=C=CHPh),
82.8 (olefinic C of COD), 80.7 (olefinic C of COD), 63.2 (olefinic
C of COD), 33.3 (aliphatic C of COD), 33.0 (aliphatic C of COD),
30.4 (aliphatic C of COD), 26.8 (aliphatic C of COD).

Ru(tp){(5,6-n;1%)-2-[(Z)-2-deuterio-2-phenylethenylidene]-5-cyclo-
octenyl} (I[D,]4a): This complex was prepared analogously to 4a
(77 mg, 0.168 mmol) in [D4]MeOH (1 mL) as the solvent, with 1,
NaOEt (11.4 mg, 0.168 mmol), and DC=CPh (55 pL, 0.504 mmol)
as the starting materials. Yield: 61 mg (69%). — C,sH,sBDNgRu
(524.42): caled. C 57.37, H 5.20, N 16.06; found C 57.43, H 5.26,
N 15.92. — '"H NMR (CDCl;, 20°C): § = 8.35(d, / = 1.9Hz, 1
H, tp), 8.11 (d, 1 H, J = 1.9 Hz, tp), 7.78 (d, J = 2.3 Hz, 1 H, tp),
7.76 (d, J = 2.3Hz, 1 H, tp), 7.51 (d, J = 2.6 Hz, 1 H, tp),
7.34—7.27 (m, 4 H, Ph), 7.09 (m, 1 H, Ph), 647 (d, 1 H, J =
2.3 Hz, tp), 6.40 (vt, J = 2.3Hz, | H, tp), 6.36 (dd, J = 2.3 Hz,
J=19Hz 1 H, tp), 5.86 (dd, J = 2.3 Hz, J = 1.9 Hz, | H, tp),
3.81 (m, 1 H, olefinic H of COD), 3.45 (m, 1 H, olefinic H of
COD), 3.03 (d, J = 5.0Hz, 1 H, olefinic H of COD), 2.91-2.11
(m, 7 H), 1.70 (m, 1 H). — 3C{'H} NMR (CDCl;, 20°C): & =
181.1 (Ccop=C=CDPh), 144.0 (tp), 143.0 (tp), 141.3 (tp), 137.6
(Ph'), 135.8 (tp), 135.4 (tp), 134.1 (tp), 129.0 (2 C, Ph*?), 126.3 (2
C, Ph29), 124.9 (Ph*), 114.1 (t, "Jpc = 22.7 Hz, Ccop=C=CDPh),
106.3 (tp), 106.2 (tp), 104.8 (tp), 90.1 (Ccop=C=CDPh), 82.9 (ole-
finic C of COD), 80.8 (olefinic C of COD), 63.2 (olefinic C of
COD), 33.3 (aliphatic C of COD), 33.1 (aliphatic C of COD), 30.5
(aliphatic C of COD), 26.8 (aliphatic C of COD).

Ru(tp){(5,6-n;n’)-1-[(E)-2-phenylethenylidene]-5-cyclooctenyl} (5a):
To a suspension of Ru(tp)(n*-1,5-cyclooctadiene)H (62 mg,
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0.146 mg) in methanol (4 mL), NaOEt (9.5 mg, 0.146 mmol) and
HC=CPh (48 pL, 0.439 mmol) were added and heated at reflux for
20 h. The solvent was evaporated and the crude reaction mixture
was purified by column chromatography (neutral Al,Os). The first
yellow band was eluted with CH,Cl,. Yield: 27 mg (35%). —
C,sH,7BNgRu (523.41): caled. C 57.37, H 5.20, N 16.06; found C
57.48, H 5.29, N 16.22. — '"H NMR (CDCls, 20°C): 6 = 8.29 (d,
J=19Hz, 1 H, tp), 7.89 (d, | H, J = 1.9 Hz, tp), 7.84 (d, J =
2.8Hz, 1 H, tp), 7.56 (d, J = 2.4 Hz, 1 H, tp), 7.48 (d, J = 2.3 Hz,
1 H, tp), 6.91 (s, | H, C=CHPh), 6.86 (d, | H, J = 2.4 Hz, tp),
6.87—6.71 (m, 3 H, Ph¥*3), 6.55 (d, 2 H, Ph*9), 6.39 (dd, J =
24Hz,J=19Hz, 1 H, tp), 6.22 (dd, J = 24 Hz, J = 1.9 Hz, |
H, tp), 5.86 (vt, J = 2.4 Hz, 1 H, tp), 3.73 (m, 1 H, olefinic H of
COD), 3.48 (m, 1 H, olefinic H of COD), 3.01—-2.02 (m, 7 H), 1.20
(m, 2 H), 0.94 (m, 1 H). — *C{'H} NMR (CDCl;, 20°C): § =
176.8 (Ccop=C=CHPh), 1454 (tp), 142.6 (tp), 141.5 (tp), 139.7
(Ph'), 135.78 (tp), 135.5 (tp), 134.5 (tp), 128.0 (2 C, Ph3), 126.7
(2 C, Ph%9), 125.0 (Ph*), 117.3 (Ccop=C= CHPh), 106.3 (tp), 106.2
(tp), 105.5 (tp), 91.1 (Ccop=C=CHPh), 83.3 (olefinic C of COD),
82.8 (olefinic C of COD), 63.2 (olefinic C of COD), 33.5 (aliphatic
C of COD), 32.4 (aliphatic C of COD), 31.5 (aliphatic C of COD),
30.1 (aliphatic C of COD).

Ru(tp){(5,6-n;n3)-1-[(Z)-2-(1-cyclohexenyl)ethenylidene]-5-cyclo-
octenyl} (4b): The (Z) isomer 4b was obtained by adding n-hexane
to the methanolic filtrate of 5b. The resulting solid was collected
on a glass frit, and dried under vacuum. Yield: 32 mg (14%). —
C,5H3 BNgRu (527.44): caled. C 56.93, H 5.92, N 15.93; found C
57.12, H 6.12, N 15.73. — 'H NMR (CDCl;, 20°C): & = 8.30 (d,
J=20Hz 1 H, tp), 8.02(d, | H, J = 2.0Hz, tp), 7.74 (d, J =
2.0Hz 1 H, tp), 7.70 (d, J = 2.3 Hz, 1 H, tp), 7.47 (d, J = 2.0 Hz,
1 H, tp), 6.42 (d, 1 H, J = 2.0 Hz, tp), 6.36 (dd, J = 2.3 Hz, J =
2.0Hz, 1 H, tp), 6.31 (vt, J = 2.0Hz, 1 H, tp), 594 (dd, J =
2.3Hz, J = 2.0Hz, 1 H, tp), 548 (s, 1 H, C=CHC¢H,), 5.26 (m,
1 H, olefinic H of C¢Hy), 3.79—3.56 (m, 2 H, olefinic H of COD),
2.81—0.84 (m, 17 H). — BC{'H} NMR (CDCls, 20°C): & = 176.
(Ccop=C=CHC¢Hy), 143.8 (tp), 143.0 (tp), 141.8 (tp), 135.8
(CsHy), 135.6 (tp), 135.1 (tp), 134.0 (tp), 121.9 (C4Hy), 118.2
(Ccop=C=CHC4Hy), 106.2 (tp), 106.1 (tp), 104.6 (tp), 90.4 7
(Ccop=C=CHC4Hy), 82.0 (olefinic C of COD), 80.3 (olefinic C
of COD), 62.1 (olefinic C of COD), 33.3 (aliphatic C of COD),
33.1 (aliphatic C of COD), 30.5, 29.4 (aliphatic C of COD and
aliphatic C of C¢Hy), 27.0, 26.2, 23.7, 23.5 (aliphatic C of COD
and aliphatic C of C¢Hy).

Ru(tp){(5,6-n;13)-1-[(E)-2-(1-cyclohexenyl)ethenylidene]-5-cyclo-
octenyl} (5b): This compound was prepared analogously to 4a with
1 (203 mg, 0.443 mmol), NaOEt (30.2mg, 0.443 mmol), and
HC=CC¢Hy (156 pL, 1.33 mmol) as the starting materials. Yield:
145 mg (62%). — C,sH3BNgRu (527.44): caled. C 56.93, H 5.92,
N 15.93. found: C 56.99, H 6.05, N 15.88. — 'H NMR (CDCl;,
20°C): 8 = 8.26 (d, J = 2.0 Hz, 1 H, tp), 7.97 (d, 1 H, J = 2.0 Hz,
(tp), 7.73 (d, J = 2.0 Hz, 1 H, (tp), 7.70 (d, J = 2.3 Hz, 1 H, tp),
7.55(d, J = 2.0Hz 1 H, tp), 6.80 (d, 1 H, J = 2.0 Hz, (tp), 6.47
(s, 1 H, C=CHC4Hy), 6.35(dd, J = 2.3Hz, J = 2.0 Hz, 1 H, (tp),
6.25 (vt, J = 2.0Hz, 1 H, (tp), 5.99 (dd, J = 2.3 Hz, J = 2.0 Hz,
1 H, (tp), 5.27 (m, 1 H, olefinic H of C¢Hy), 3.78—3.58 (m, 2 H,
olefinic H of COD), 2.83—0.86 (m, 16 H), 0.53—0.41 (m, 1 H). —
BC{'H} NMR (CDCl;, 20°C): § = 172.0 (Ccop=C=CHC¢H,),
144.8 (tp), 142.6 (tp), 142.3 (tp), 138.4 (C4Hy), 135.6 (tp), 135.3
(tp), 134.4 (tp), 123.7 (CsHy), 120.6 (Ccop=C=CHC4Hy), 106.2
(tp), 105.7 (tp), 104.9 (tp), 91.7 (Ccop=C=CHC4Hy), 82.6 (olefinic
C of COD), 81.9 (olefinic C of COD), 63.0 (olefinic C of COD),
33.7 (aliphatic C of COD), 32.3 (aliphatic C of COD), 31.4, 30.2
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(aliphatic C of COD and aliphatic C of C4Hy), 26.4, 25.6, 23.5,
23.2 (aliphatic C of COD and aliphatic C of C4Hy).

Ru(tp){(5,6-n;1%)-1-|(E)-2-ferrocenylethenylidene]-5-cyclooctenyl}
(5¢): This compound was prepared analogously to 4a with 1
(123 mg, 0.269 mmol), NaOEt (18.3 mg, 0.269 mmol) and ferrocen-
ylacetylene (67.7 mg, 0.322 mmol) as the starting materials. Yield:
122 mg (72%). — Cy9H3BFeNgRu (631.33): caled. C 55.17, H 4.95,
N 13.31; found C 55.06, H 5.04, N 13.19. — '"H NMR (CDCls,
20°C): 6 = 8.27(d, J = 1.6 Hz, 1 H, tp), 7.78—7.70 (m, 4 H, tp),
691 (d, 1 H, J = 2.1 Hz, tp), 6.62 (s, | H, C=CH-Fc), 6.38 (vt,
J =21Hz | H, tp), 6.15-6.13 (m, 2 H, tp), 3.98—3.91 (m, 2 H,
Fc), 3.90 (s, 5 H, Fc) 3.71 (m, 1 H, olefinic H of COD), 3.60—3.48
(m, 4 H, Fc, olefinic H of COD), 2.92 (m, 1 H, aliphatic H of
COD), 2.80—2.62 (m, 2 H, aliphatic H of COD), 2.48—2.35 (m, 3
H, aliphatic H of COD), 2.19—2.11 (m, 1 H, aliphatic H of COD),
1.80—1.67 (m, 1 H, aliphatic H of COD). — BBC{'H} NMR
(CDCl3, 20°C): 6 = 173.6 (Ccop=C=CHFc), 145.3 (tp), 142.6
(tp), 141.7 (tp), 135.5 (tp), 135.3 (tp), 134.5 (tp), 112.8 (Ccop=C=
CHFec), 106.2 (tp), 106.1 (tp), 105.2 (tp), 90.1 (Ccop=C=CHFc),
87.1 (Fc'), 82.2 (olefinic C of COD), 81.9 (olefinic C of COD), 69.1
(5 C, Fe), 67.9 (Fc), 67.7 (Fc), 67.1 (Fc), 66.7 (Fc), 64.1 (olefinic C
of COD), 33.1, 32.6, 31.3, 30.3 (aliphatic C of COD).

Ru(tp){(5,6-n;1n3)-1-[(Z)-3-phenylpropenylidene]-5-cyclooctenyl}
(4d): This compound was prepared analogously to 4a with 1
(308 mg, 0.672 mmol), NaOEt (46mg, 0.672mmol), and
HC=CCH,Ph (250 pL, 2.02 mmol) as the starting materials. Yield:
300 mg (83%). — CysHa9BNgRu (537.44): caled. C 58.11, H 5.48,
N 15.64; found C 58.22, H 5.58, N 15.61. — 'H NMR (CDCl;,
20°C): 6 =8.29(d, J = 2.1 Hz, 1 H, tp), 8.04 (d, 1 H, J = 2.1 Hz,
(tp), 7.76 (d, J = 2.5Hz, 1 H, tp), 7.74 (d, J = 2.5Hz, 1 H, tp),
7.55(d, J =2.5Hz,1H, tp), 7.31-7.11 (m, 3 H, Ph), 6.98 (m, 2
H, Ph), 6.81 (d, 1 H, J = 2.1 Hz, tp), 6.37 (vt, J = 2.1 Hz, 1 H,
tp), 6.21 (dd, J = 2.5Hz, J = 2.1 Hz, 1 H, tp), 5.96 (t, J = 7.1 Hz,
1 H, C=CH-CH,Ph), 596 (dd, J = 2.5Hz, J = 2.1 Hz, 1 H, tp),
3.73 (m, 1 H, olefinic H of COD), 3.49 (m, 2 H, olefinic H of
COD), 3.06—2.96 (m, 1 H, diastereotopic CH,), 2.83—2.13 (m, 8
H), 1.71 (m, 1 H). — BC{'H} NMR (CDCls, 20°C): § = 175.2
(Ccop=C=CH-CH,Ph), 144.8 (tp), 144.0 (Ph'), 142.8 (tp), 141.6
(tp), 135.6 (tp), 135.8 (tp), 135.4 (tp), 134.2 (tp), 129.0 (2 C, Ph33),
128.6 (2 C, Ph>%), 125.7 (Ph%), 112.6 (Ccop=C=CH-CH,Ph),
106.2 (tp), 105.6 (tp), 104.8 (tp), 89.2 (Ccop=C=CH-CH,Ph), 81.4
(olefinic C of COD), 81.2 (olefinic C of COD), 63.0 (olefinic C of
COD), 37.7 (CH,-Ph), 33.7 (aliphatic C of COD), 32.8 (aliphatic
C of COD), 30.7 (aliphatic C of COD), 30.4 (aliphatic C of COD).

Ru(tp){(5,6-1n;1n3)-1-[(E)-3-phenylpropenylidene]-5-cyclooctenyl}
(5d): This isomer could not be obtained in pure form. The ratio of
(Z)I(E) diastereomers of 94:6 was determined by '"H-NMR spec-
troscopy.

Ru(tp){(5,6-n;n%)-1-[(E/ Z)-1-hexenylidene]-5-cyclooctenyl} (de, Se):
To a suspension of 1 (200 mg, 0.437 mmol) in MeOH (5

L), NaOEt (29.7mg, 0.437 mmol) and HC=CnBu (150 pL,
1.311 mmol) were added and the solution was kept at reflux for
20 h. The reaction mixture was allowed to cool to room tempera-
ture and the solvent was removed under reduced pressure. The
crude product (orange oil) was purified by column chromatography
(neutral Al,O3). The first yellow band was eluted with CH,Cl,.
Yield: 300 mg (83%) of a mixture of (Z) and (E) diastereomeres in
a 2:1 ratio. The diastereomers could not be seperated. —
C,3H3BNgRu (503.42): caled. C 54.88, H 6.21, N 16.69; found C
54.62, H 6.28, N 16.61. — 'H NMR for the (Z) diastereomer 4e
(CDCls, 20°C): 6 = 8.32 (d, J = 1.7Hz, 1 H, tp), 8.08 (d, 1 H,
J =2.1Hz, tp), 7.77 (d, J = 2.5Hz, 1 H, tp), 7.76 (d, J = 2.1 Hz,
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1 H, tp), 7.56 (d, J = 2.1 Hz, 1 H, tp), 6.84 (d, 1 H, J = 2.5 Hz,
tp), 6.39 (vt, J = 2.1 Hz, 1 H, tp), 6.29 (vt, J = 2.8 Hz, 1 H, tp),
599 (vt, J = 2.1 Hz, 1 H, tp), 5.96 (t, J = 7.2 Hz, 1 H, C=CH-
nBu), 3.73 (m, 1 H, olefinic H of COD), 3.49 (m, olefinic H of
COD), 2.86—2.01 (m, 5 H), 1.75—-0.99 (m, 10 H), 0.96 (t, J =
7.2 Hz, 3 H). — BC{'H} NMR (CDCl;, 20°C): § = 174.0 (Ccop=
C=CH-nBu), 144.6 (tp), 142.7 (tp), 141.6 (tp), 135.5 (tp), 135.1
(tp), 134.0 (tp), 113.5 (Ccop=C=CH-nBu), 106.1 (tp), 105.4 (tp),
104.4 (tp), 88.7 (Ccop=C=CH-nBu), 80.9 (olefinic C of COD),
80.7 (olefinic C of COD), 62.7 (olefinic C of COD), 33.7, 33.5,
32.9, 31.0, 30.4, 28.8, 28.5, 23.2 (aliphatic C of COD and nBu). —
'H NMR for the (E) diastereomer 5e (CDCls, 20°C): & = 8.34 (d,
J=21Hz 1| H, tp), 8.06 (d, | H, J = 1.7Hz, tp), 7.74 (d, J =
2.1Hz, 1 H, tp), 7.61 (d, J = 2.5Hz, 1 H, tp), 7.52 (d, J = 2.5 Hz,
1 H, tp), 6.67 (d, 1 H, J = 2.1 Hz, tp), 6.39 (vt, J = 2.1 Hz, 1 H,
tp), 6.29 (dd, J = 2.5 Hz, J = 2.1 Hz, 1 H, tp), 6.22 (vt, J = 2.1 Hz,
1 H, tp), 4.79 (t, / = 6.8 Hz, 1 H, C=CH-nBu), 3.73 (m, 1 H,
olefinic H of COD), 3.46 (m, 1 H, olefinic H of COD), 2.86—2.01
(m, 5 H), 1.75-0.99 (m, 10 H), 0.78 (t, J = 7.2Hz, 3 H). —
BC{'H} NMR (CDCl;, 20°C): § = 173.8 (Ccop=C=CH-nBu),
143.8 (tp), 143.0 (tp), 141.2 (tp), 135.5 (tp), 135.1 (tp), 133.7 (tp),
113.4 (Ccop=C=CH-nBu), 105.9 (tp), 105.6 (tp), 104.3 (tp), 87.9
(Ccop=C=CH-nBu), 81.5 (olefinic C of COD), 79.5 (olefinic C of
COD), 63.1 (olefinic C of COD), 33.8, 33.5, 33.0, 31.0, 30.4, 28.6,
28.5, 23.2 (aliphatic C of COD and nBu).

Reaction of 4 and 5 with CF;COOH. — Formation of Ru(tp){(1,2-
1;5,6-n)-1-[(El Z)-2-R-ethenyl|cyclooctadiene}(OCOCF;) (R = Ph,
C¢Ho, ferrocenyl, CH,Ph, nBu) (3'): Typically, a 5-mm NMR tube
was charged with either 4 or 5 (30 mg) and was capped with a
septum. A solution of CF;COOH (ca. 2 equiv.) in CDCl; (0.5 mL)
was added by syringe and the sample was transferred into a NMR
probe. 'H-NMR spectra were immediately recorded. The following
coupling constants were observed for the reactions with 4a: & =
6.82 (d, *Junes = 11.7 Hz, CH=CH), 6.58 (d, 3Jypes = 11.7 Hz,
CH=CH); with 5a: § = 6.92 (d, *Japuams = 16.3 Hz, CH=CH),
5.95 (d, *Juumans = 16.3 Hz, CH=CH); with 4b: § = 6.48 (d,
3Juneis = 11.6 Hz, CH=CH), 6.01 (d, 3Jyyes = 11.6 Hz, CH=
CH); with 5b: § = 6.51 (d, *Juusans = 16.3 Hz, CH=CH), 5.45 (d,
3Jutmans = 16.3 Hz, CH=CH); with 5¢: § = 6.50 (d, *Juumans =
15.9 Hz, CH=CH), 5.58 (d, *Junpus = 15.9 Hz, CH=CH); with
4d: 3 = 6.18 (d, 3Jypes = 11.1 Hz, CH=CH), 5.90 (ddd, *Jyy.; =
11.1 Hz, CH=CH); with 5d: could not be observed; with 4e: 5 =
6.03 (d, *Jupnes = 11.8 Hz, CH=CH), 5.68 (ddd, 3Jypes = 11.7 Hz,
CH=CH); with 5e: § = 6.80 (d, *Jyusyans = 15.7 Hz, CH=CH),
5.40 (ddd, *Juusans = 15.7 Hz, CH=CH).

Ru(tp){(1,2-1;5,6-1)-1-[(Z)-1-iodo-2-phenylethenyl]cyclooctadiene} 1
(6): To a solution of 4a (70 mg, 0.134 mmol) in CH,Cl, (2 mL), I,
(37 mg, 0.150 mmol) was added and stirred for 2 h at room tem-
perature. The volume of the solution was reduced to about 0.5 mL
and the product was precipitated upon addition of Et,O. The resi-
due was collected on a glass frit, washed twice with 1.5 mL of Et,O,
and dried under vacuum. Yield: 85 mg (82%). — C,sH,7;BI,NgRu
(777.21): caled. C 38.63, H 3.05, N 10.81; found C 38.55, H 3.02,
N 10.62. — 'H NMR (CDCls, 20°C): § = 8.28 (d, J = 2.2 Hz, 1
H, tp), 7.87 (d, 1 H, J = 2.6 Hz, tp), 7.86 (d, J = 2.2 Hz, 1 H, tp),
7.75(d, J = 22Hz, 1 H, tp), 7.71 (d, J = 2.2 Hz, 1 H, tp), 7.67
(d, 1 H, J = 2.2 Hz, tp), 7.23—7.20 (m, 4 H, Ph), 6.96 (m, 1 H,
Ph), 6.42 (dd, J/ = 22 Hz, J = 2.6 Hz, 1 H, tp), 6.26 (dd, J =
22Hz J = 18Hz 1 H, (tp), 6.20 (dd, J = 2.2 Hz, J = 1.8 Hz, 1
H, tp), 5.74—5.69 (m, 2 H, CI=CH-Ph and olefinic H of COD),
5.14 (m, 1 H, olefinic H of COD), 4.03 (m, 1 H, olefinic H of
COD), 3.80—3.59 (m, 1 H, COD), 3.31—-2.85 (m, 4 H), 2.78—2.46
(m, 1 H), 2.30—2.02 (m, 2 H). — *C{'H} NMR (CDCls;, 20°C):
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Table 2. Crystallographic data for 3, 4a, 6, and 7b

3 4a 6 7b
Empirical formula CstngCINGRu C25H27BN6RH C25H27B12N6Ru C39H38BN6PRU
Molecular mass 559.86 523.41 777.21 733.60

Crystal size [mm]

0.45 X 0.25 X 0.15

030 X 0.10 X 0.03

057 X 0.20 X 0.10

0.20 X 0.05 X 0.03

Space group P1 (No. 2) P2,/n (No. 14) P1 (No. 2) P2,/n (No. 14)

a[A] 8.191(1) 8.180(2) 8.287(2) 9.647(2)

b [A] 9.852(1) 11.252(3) 12.157(3) 15.155(3)

c[A] 16.335(2) 25.335(6) 13.987(3) 24.373(6)

a [deg] 103.53(1) 90 76.350(1) 90

B [deg] 93.55(1) 98.85(1) 86.260(1) 95.19(1)

Y [d§g] 109.04(1) 90 77.690(1) 90

V[A°] 1197.7(2) 2304(1) 1337.7(5) 3549(1)

z 2 4 2 4

Pealed, [g cm 3] 1.552 1.509 1.930 1.373

T[K 295(2) 303(2) 299(2) 295(2)

p [mm~1] (Mo-K,,) 0.793 0.706 2.920 0.524

Absorption correction multi scan multi scan multi scan multi scan

F(000) 572 1072 748 1512

Transmission factor, min/max 0.86/0.73 0.93/0.74 0.69/0.45 0.96/0.84

Omax [°] 30 27 30 25

Index ranges —ll=h=11 —11=h=l11 —ll=h=11 —ll=h=11
—-13=k=13 —-15=k=15 -17T=k=17 -18=k=18
-23=1=22 -35=1=35 -19=1=19 -29=1=29

Number of relections measured 13687 29227 21311 58041

Number of unique reflections 6815 5029 7765 6265

Number of reflections with 6136 3760 6550 5112

1> 2c(])

Number of parameters 317 307 317 453

Ry [I > 206(])] 0.024 0.032 0.023 0.031

R, (all data) 0.029 0.057 0.031 0.046

WR, (all data) 0.056 0.066 0.056 0.070

Difference Fourier peaks, —0.46/0.36 —0.31/0.30 —1.01/1.17 —0.31/0.75

min/max. [eA ™3]

R, = ZUF,| — |FZIF,Il; wR, = [E{w(F,2 — F2)2/Z{w(F2)*}]V.

& = 147.9 (tp), 145.9 (tp), 145.4 (tp), 139.8 (Ccop-CI1=CHPhH),
138.7 (PhY), 137.9 (tp), 136.5 (tp), 135.4 (tp), 129.1 (2 C, Ph*?),
128.3 (2 C, Ph2©), 128.0 (Ph*), 113.0 (Ccop=C=CHPh), 107.5 (tp),
106.8 (tp), 106.6 (tp), 97.1 (olefinic C of COD), 94.1 (olefinic C
of COD), 87.2 (olefinic C of COD), 82.3 (Ccop-CI=CHPh), 37.9
(aliphatic C of COD), 37.3 (aliphatic C of COD), 32.8 (aliphatic C
of COD), 27.6 (aliphatic C of COD).

Ru(tp){(x'(P);2,3,4-n)-1,4-diphenyl-6-diphenylphosphanyl-1,3,5-
hexatrien-2-yl} (7a): A suspension of 2 (155 mg, 0.229 mmol) in
MeOH (4 mL) was treated with HC=CPh (75.6 pL, 0.688 mmol)
and NaOEt (15.6 mg, 0.229 mmol) and heated at reflux for 20 h.
The reaction mixture was then cooled to room temperature and the
solvent was removed under reduced pressure. The crude product
was purified by column chromatography (neutral Al,O3). The first
yellow band was eluted with CH,Cl,. Yield: 98 mg (59%). —
C39H34BNgPRu (729.59): caled. C 64.20, H 4.70, N 11.52; found C
64.26, H 4.79, N 11.48. — '"H NMR (CDCls, 20°C): § = 8.14 (d,
J=19Hz, 1H, tp), 7.85 (m, 1 H, tp), 7.81 (m, 2 H, tp), 7.70 (d,
J = 23Hz, 1 H, tp), 7.65-7.00 (m, 19 H), 6.86—6.79 (m, 2 H),
6.77—6.66 (m, 1 H), 6.28 (d, / = 2.3 Hz, 1 H, tp), 6.24 (m, 1 H),
6.10 (vt, J = 2.3 Hz, 1 H, tp), 598 (d, J/ = 1.9 Hz, 1 H, tp), 5.38
(vt, J = 2.3Hz, 1 H, tp), 464 (m, 1 H, tp). — “C{'H} NMR
(CDCls, 20°C): § = 164.8 [d, 2Jpc = 13.8 Hz, P-CH=CH-C(Ph)=
CH=C=CH-Ph], 155.4 [d, 2Jpc = 23.6 Hz, P-CH=CH-C(Ph)=
CH=C=CH-Ph], 147.2 [d, 3Jpc = 1.9 Hz, (tp), 146.4 (quaternary
C of a Ph], 144.1 (tp), 142.4 (quaternary C of a Ph), 141.9 (tp),
140.0 (d, 3Jpc = 2.4 Hz, tp), 136.7 (d, 'Jpc = 48.1 Hz, PPh!), 136.2
(d, >Jpc = 2.4 Hz, tp), 135.6 (tp), 133.9, 133.8, 133.2 (quaternary
C), 133.1 (quaternary C), 132.7, 132.1, 129.6—128.0 (m, 11C),
126.4 (d, Jpc = 1.4 Hz), 126.0, 125.6, 125.5, 125.2, 105.8 (d, *Jpc =

1148

24 Hz 1 C, tp), 104.7 (tp), 104.6 (tp), 86.0 [d, Jpc = 4.8 Hz, P-
CH=CH-C(Ph)=CH=C=CH-Ph], 749 [P-CH=CH-C(Ph)=
CH=C=CH-Ph]. — 3'P{!H} NMR (CDCls, 20°C): = 70.1.
Ru(tp){(x'(P);2,3,4-n)-1-(1-cyclohexenyl)-4-phenyl-6-(diphenyl-
phosphanyl)-1,3,5-hexatriene-2-yl} (7b): This compound was pre-
pared analogously to 7a with 2 (68 mg, 0.101 mmol), NaOEt
(6.8 mg, 0.229 mmol) and HC=CC¢H, (35.5 pL, 0.303 mmol) as
the starting materials. Upon cooling the reaction mixture to room
temperature a precipitate was formed, which was collected on a
glass frit, washed with methanol and n-hexane, and dried under
vacuum. Yield: 32 mg (43%). — C39H33BNgPRu (733.60): caled. C
63.85, H 5.22, N 11.46; found C 63.99, H 5.35, N 11.32. — 'H
NMR (CDCls, 20°C): 6 = 8.00 (d, J = 2.1 Hz, 1 H, tp), 7.67 (d,
J=21Hz, 1H,tp), 7.59 (d, J = 2.1 Hz, 1 H, tp), 7.52—6.61 (m,
19 H), 6.20 (m, 2 H), 6.02 (vt, J = 2.1 Hz, 1 H, tp), 5.87 (d, J =
2.1 Hz 1 H, tp), 5.62 (m, 1 H), 5.29 (vt, J = 2.1 Hz, 1 H, tp), 4.39
(m, 1 H, tp), 2.01—1.85 (m, 4 H), 1.45—1.23 (m, 4 H). — 3C{'H}
NMR (CDCls, 20°C): § = 159.2 [d, 2Jpc = 14.3 Hz, P-CH=CH-
C(Ph)=CH=C=CHC¢H,}, 155.7 [d, 2Jpc = 23.4 Hz, P-CH=CH-
C(Ph)=CH=C=CHC¢H,], 146.7 (d, 3Jpc = 2.3 Hz, tp), 1444
(1 C, quaternary C of Ph), 140.2 (tp), 139.2 (tp), 138.4 (d, Jpc =
48.2 Hz, PPh!), 135.8 [d, 'Jpc = 38.6 Hz, P-CH=CH-C(Ph)=CH=
C=CHC4Hy], 134.2 (tp), 134.1 (tp), 131.2 (d, '"Jpc = 45.3 Hz,
PPh!"), 131.6, 129.6—128.3 (m, 13 C), 126.3, 126.1, 125.6 (d, J =
3.8 Hz), 125.0, 123.0, 105.8 (d, *Jpc = 1.9 Hz, 1 C, tp), 104.7 (tp),
104.5 (tp), 85.0 [d, Jpc = 4.7 Hz, P-CH=CH-C(Ph)=CH=C=
CHCgHy), 75.8 [P-CH=CH-C(Ph)=CH=C=CHC¢Hy], 28.5, 26.4,
23.34, 23.27. — 3'P{'H} NMR (CDCls, 20°C): § = 69.9.
Crystallographic Structure Determinations: Crystal, data collection,
and refinement parameters for complexes 3, 4a, 6, and 7b are given
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in Table 2. Crystals were obtained by diffusion of diethyl ether
into CH,Cl, solutions, except for 7b, where crystals were grown by
layering of n-hexane over a CH,Cl, solution. All X-ray data were
collected with a Siemens Smart CCD area detector diffractometer
(graphite-monochromated Mo-K,, radiation, L = 0.71073 A, 0.3°
o-scan frames). Corrections for Lorentz and polarization effects,
for crystal decay, and for absorption were applied. The structures
were solved by direct or Patterson methods.['®) All non-hydrogen
atoms were refined anisotropically. Hydrogen atoms were inserted
in idealized positions and were refined riding with the atoms to
which they were bonded. The structures were refined against £2.0'7)
Crystallographic data (excluding structure factors) for the struc-
tures reported in this paper have been deposited with the Cam-
bridge Crystallographic Data Centre as supplementary publication
no. CCDC-105597/105598/105599/105600. Copies of data can be
obtained free of charge on application to CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK [Fax: + 44-1223/336-033; E-mail:
deposit@ccdc.cam.ac.uk].
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