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Summary: The treatment of [Rus-H)2(us-«2-ampy)(CO)ql
(Hzampy= 2-amino-6-methylpyridine) with 1-octene, 1-nonene,
and 1-decene affords heptanuclear datives containing trienyl
ligands that arise from the unusual agdition of five C(sg¥)—H
bonds of linear alkenes.

reports do not generally describe the formation of polyenes or

complexes containing polyene or polyenyl ligands as reaction

products. Remarkable exceptions are a couple of reports that
describe the dehydrogenation of linear alkanes to dieaied

the conversion of hexane to a complex mixture that includes

hexatriene and benze®&The latter process, in which benzene

is presumably formed via hexatriene, represents a total loss of

promoted by transition-metal complexes has been a major > ht hvd t Multinle dehvd " f i
research theme in organometallic chemistry and a plethora of €19 ydrogen atoms. Mulliple denydrogenation ot cyclic
alkanes and some alkenes containing fivé- and six-

reports on this field have been publisHe@urrently, the primary memberediS® rings has been reported. In these cases, their

objective of this research activity is the use of these processes - ation lead | dienvl 5 deri
in chemoselective organic synthesis. However, the search foraromatization leads tp>-cyclopentadienyl ang®-arene deriva-

new processes and the understanding of the factors that controf'VeS of considerable stab|||ty.. L
these reactions are also highly active research fields. We now report the synthesis and characterization of some

In this context, C(sh—H bonds are generally quite stable heptaruthenium cluster complexes containing trienyl ligands that

and difficult to cleave. In fact, the known examples of GfsyH arise from the cleavage of five C{p-H bonds of linear

bond activation by oxidative addition processes are fewer than 1'a'ke“_es- ) ) L )
those known for C(sh—H bonds, and even smaller is the Two isomeric octatrienyl derivatives were synthesized by

number of known homogeneous processes by which variousheating to reflux temperature a solution of the basal edge-bridged
C(sp)—H bonds of the same molecule are cleavedthough square-pyramidal hsxaruthenium cluster {fg-H)o(usw?
significant contributions on dehydrogenation of acyclic alkanes @MPY)i-COR(CON4" (1; Hrampy = 2-amino-6-methylpyri-

under homogeneous conditions have been publistiethese dine) in 1-octene. Both compounds were separated by prepara-
tive TLC and were subsequently identified as the heptanuclear

In the last three decades, the activation ofKC bonds
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(1) L=
1-alkene T (°C) t(h) products yield (%)
1-octene 123 8 2a:R'=Me;R2=H 22
2b: R'=H; R2= Me 8
1-nonene 146 4 3a:R'=R%2=Me 38
3b:R'=Et; R2=H 8
3c:R'=H; R? = Et 6
1-decene 168 2 4a:R'=Me;R2=FEt 25
4b: R' = Et; R2= Me 25

and [Ru(us-H)(us-x>-ampy)fe-173:17*-EtC;HMe) (u-CO)(CO) 7
(4b) were obtained from similar reactions using 1-noneSae~
c) or 1-decene4ab) as solvents (Scheme 1). Compourdds
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Figure 1. Molecular structure of compoun8a. Selected bond
distances (A): C(1rC(2) = 1.398(13), C(1)-C(8) = 1.513(13),
C(2)-C(3) = 1.400(12), C(3yC(4) = 1.430(11), C(4yC(5) =
1.429(12), C(5yC(6)= 1.411(12), C(6)-C(7)= 1.414(12), C(7¥
C(9)=1.491(13), C(1yRu(6)= 2.338(8), C(2)-Ru(6)= 2.259(8),

and 4b could not be separated by TLC. In all cases, heating C(3)—Ru(6)= 2.247(7), C(4}Ru(6) = 2.390(7), C(5}-Ru(7) =
was maintained until the consumption of the starting material 2.223(7), C(6}-Ru(7) = 2.222(7), C(7¥-Ru(7) = 2.307(7).

1 was observed (IR monitoring). As shown in Scheme 1, the

reaction time is strongly influenced by the reaction temperature carbon atoms (as ag-allyl fragment). All the trienyl ligands
(the solvent boiling point). A black insoluble residue, arising have the same stereochemistry, with tHg-RH) and the diene

from the thermal decomposition of part of the starting matéfial,

substituents of the allyl group being in syn and anti positions,

was also formed in all occasions. This decomposition provides respectively, and the allyl ancPR=H) substituents of the diene
the Ru(CO) fragments necessary to obtain heptanuclear prod- group in trans arrangements (Scheme 1, Figure 1).

ucts from a hexanuclear precursor.
The structures of compounés,b and3a—c were determined
by X-ray diffraction1® All structures are very similar, differing

As stated above, compounds,b could not be separated.
However, their structures could be ascertained (Scheme 1) by
analyzing the'H NMR spectrum of the mixture (see the

only in the nature of the Rand R groups attached to the ends  Supporting Information), which contains six resonances assign-
of the trienyl fragment of each compound. As a representative able to methyl groups: two singlets (methyls of ampy ligands),

example, the molecular structure 8 is shown in Figure 1.
These structures are comparable to that ofﬂRyH)(,us K-
ampy)-r%%-ind)(u-CO)(COX4] (ind = indenyl)? which has
an analogous Ri{us-H)(us-«?>-ampy) fragment and an indenyl

two doublets (methyls attached to CH groups), and two triplets
(methyls attached to CHyroups). Hypothetical isomers having
one terminal propyl group on the trienyl ligand would not show
methyls as doublets. In addition, most features of the IR and

ligand coordinated to the same ruthenium atoms as the trienyl*H NMR spectra of the mixture ofa,b are very similar to those
ligands of2—4. These ligands span the Ru(6) and Ru(7) atoms of complexes2 and 3,'! as expected for compounds having
in such a way that they are attached to Ru(6) through four carbonclosely related structures.

atoms (as an*-butadiene fragment) and to Ru(7) through three

(8) Cabeza, J. A.; del R I.; Garéa-Alvarez, P.; Miguel, D.Organo-
metallics2006 25, 5672. )

(9) Cabeza, J. A.; del'R) |.; Fernadez-Colinas, J. M.; Gam@1Alvarez,
P.; Miguel, D.Organometallic2007, 26, 1414.

(10) Selected crystallographic data are as follov@s)£0.25CHCl,-
CHClz: Csg 24H37.5Cl3 sN4O30R W4, M = 2824.49, triclinic, space grougi,
Z=2,a=11.949(2) Ab=17.876(4) Ac = 18.820(4) Ao =88. 188(49,
B = 80.155(3), y = 85.921(3}, U = 3950(1) B, T = 296(2) K, u(Mo
Ka) = 2.790 mntt, wR1({F?) = 0.0458 ( > Za(l)) CCDC 6352382b-
0.5GH.Cly: C30H20CIN2015RW7, My = 1391.42, monoclinic, space group
C2lc, Z=8,a= 33. 809&3) Ab=11.917(2) A c=18.550(4) Ap =
93.714(4),U = 7458(3) . T = 296(2) K, u(Mo Ko) = 2.901 mn?,
WR1(F?) = 0.0749 ( > 20(l)), CCDC 6352393a-0.5GHCly: CaiHoxr
CIN2015Ru7, M = 1405.45, triclinic, space groupil, Z = 2,a = 10.094(3)
A, b=10.685(3) A,c = 19.963(6) A,a = 96.418(63, f = 102.817(6),
y = 109.754(5), U = 1935 (1) &, T = 296(2) K, u(Mo Ka) = 2.797
mm-1, wR1(F?) = 0.0347 ( > 20(l)), CCDC 635240.3b-0.5GH.Cly:
CngZZCINzolst, M, = 1405.45, triclinic, space groupl, Z = 2,a =
10.015(5) Ab = 10.370(5) A,c = 20.547(11) Ao = 93.227(109, 8 =
102.798(10), y = 109.058(9), U = 1948(2) B, T = 296(2) K, u(Mo
Ka) = 2.778 mnTt, wR1(F?) = 0.0649 ( > Za(l)) CCDC 6352413c
CsH12: CssHzaN2015RWz, My = 1428.12, monoclinic, space gro@2i/n, Z
=4,a=10.678(12) Ab=29.84(3) A,c = 14.767(16) Ap = 109.14(2j,
U = 4445(8) B, T = 296(2) K, u(Mo Ko) = 2.379 mmL, wR1F?) =
0.0745 ( > 20(l)), CCDC 635242.

Taking into account that the reagents used are terminal
alkenes and that the major products of the reactions with
1-nonene and 1-decene have internal trienyl ligands RR=
H in Scheme 1), their synthesis (and probably the synthesis of
the minor products as well) should involve not only the removal
of five hydrogen atoms from the original alkene but also the
exchange of at least one hydrogen atom between carbon atoms
of the hydrocarbon chain. The high temperatures required by
these processes and the relative abundance of the products of
each reaction indicate that the compounds having internal trienyl
ligands (such a8a) are thermodynamically more stable than
those having terminal trienyl ligands (such Zsc).

(11) Selected IR data (GEl, cmL; vco): 2068 (m), 2033 (s), 2015
(vs), 2005 (s, sh), 1974 (m, br), 1934 (w, br), 1825 (w, Bg)( 2069 (m),
2033 (s), 2014 (vs), 2004 (s, sh), 1974 (m, br), 1933 (w, br), 1825 (w, br)
(2b); 2068 (m), 2033 (s), 2015 (vs), 2005 (s, sh), 1974 (m, br), 1934 (w,
br), 1825 (w, br) 8a); 2068 (m), 2033 (s), 2015 (vs), 2005 (s, sh), 1974
(m, br), 1934 (w, br), 1825 (w, br)3p); 2068 (m), 2033 (s), 2013 (vs),
2002 (s, sh), 1974 (m, br), 1934 (w, br), 1825 (w, [83)( 2068 (m), 2032
(s), 2013 (vs), 2002 (s, sh), 1973 (m, br), 1932 (w, br), 1825 (w,4a)}
4b). SelectedH NMR data (300 MHz, 293 K, CDGJ 6(us-H)): —18.54
(s) (2a); —17.82 (s) Rb); —17.93 (s) Ba); —18.53 (s) Bb); —17.86 (s)
(30); —17.92 (s) and-17.96 (s) 4a + 4b).
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Unfortunately, the reactions are not catalytic. GC analyses The results described in this communication, coupled with
of the solvents of the reaction mixtures did not show polyde- the previously known data on metal complex promoted dehy-
hydrogenated hydrocarbons. Most probably, simple alkenes aredrogenation of linear alkenes, allow us to conclude that to
unable to replace polyalkenes and polyalkenyl ligands from the achieve extensive dehydrogenation reactions (a) it is important
metal clusters that contain them. to carry out the reactions at high temperature4Z0 °C), (b)

A few examples of metal cluster promoted dehydrogenation it is important to use metal cluster complexes as precursors, so
of linear alkenes have been previously published. The reactionsthat they allow the coordination of many unsaturated CC bonds,
of trans-2-heptene and 2,4-heptadiene with the hexanuclear and (c) the clusters, precursors, and products should be thermally
cluster [Ru(us-S)u-COX(CO)s] give the dienyl derivative  ropust to prevent extensive decomposition at the working
[Rue(us-H)(ua-S)(u-n%1>-MeCsHsMe)(CO)s]. 12 cis-2-Butene  emperatures. This can only be achieved with clusters containing

reacts with [Rg(CO);7] to give the dimetalated allyl derivative bridging ligands, such as the ampy ligand used in this #8#.
[Rus(u-H)(usz-73-MeCaH,)(CO)].13 The mononuclear allyl com-

plexes [RuHf{3-RC3H4)(CO)] (R = H, Et) have been prepared .

from [Rus(CO)5] and 1-propene or 1-pentef&The reaction Acknowledgment. This work was supported by the Euro-
of [Rus(COX2] with 1-pentene also gives the penta-1,3-diene P€an Union FEDER program and the Spanish MEC-MCyT
derivative [Ruf*MeCyHs)(COJ. It should be noted that these ~ €S€arch projects BQU2002-2326 (to J.A.C.) and BQU2002-
metal cluster promoted dehydrogenations of linear alkenes 3414 (to D-M.). P.G.-A.is also grateful to the MEC-MCyT for

involve the activation of no more than three CifsgH bonds ~ @n FP!I fellowship.
and that, in some cases, they are accompanied by metal cluster

fragmentation. Supporting Information Available: Text giving synthetic,
The tetranuclear cluster [R{us-7*-CsHg)(ua-17"-CioH12)- spectroscopic, and analytical details for all isolated compounds and

(CO)g] is the only previously known metal cluster containing a CIF files giving crystallographic data for the compounds studied

trienyl ligand related to those of compoun@s4. However, by X-ray diffraction. This material is available free of charge via

the trienyl ligand of this cluster arises from the coupling of two the Internet at http://pubs.acs.org.
pent-1-en-3-yne moleculés.
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