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1. Summary 

In this paper the coordination chemistry of (Y- 
diimines R -N=C(R ‘)-(R ‘I)-GNR is discussed in 
relation to the steric and electronic properties of the 
cxdiimine ligands. It is shown that the sten’c proper- 
ties of R strongly determine the type of coordina- 
tion which may range from 2e, 4e, 6e to 8e donor 
bonding. In the cases of 2e and 4e donor bonding 
the lone pairs of the N atoms are involved in coordi- 
nation, while for 6e and 8e donor bonding the 
involvement of IT-C=N bonds was also observed, 
which leads to metal-v2-C=N interaction. The type 
of coordination further also influences the size of the 
cluster formed e.g. in reactions of [Ru~(CO),~] with 
R-DAB. It has been noted that the size of the cluster 
decreases with increasing branching of the c” and Cp 
atoms on the R group. Finally, chemical activation 
of coordinated cu-diimine ligands is discussed. It has 
been found that the q2-bonded imine groups are 
particularly suitable for further reactions with 
double-bonded systems such as imine and alkyne 
groups, which in the case of alkynes leads to catalytic 
formation of benzenes only in a completely regio- 
specific manner. 

2. Introduction 

The 1,4-disubstituted 1,4-diaza-1,3-butadienes 
RN=CR’-CR”=NR* are of increasing interest because 
of their great variety of possible coordination modes 
[ I]. The versatility is largely due to (i) the flexibility 
of the N=C-C=N skeleton, (ii) the strong u-donor 
and n-acceptor properties, and (iii) the possibility of 
using many different R, R’ and R” substituents which 
allow the tuning of steric and electronic factors. The 

*Abbreviated as R-DAB{R’,R”}. If R’=R”=H the ligand 

name will be shortened to R-DAB. 
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a-diimines may bind as 2e, 4e, 6e and 8e donor 
ligands (Fig. 1). In the 2e-bonding mode the diimine 
is bonded as a monodentate, via one N-atom. In the 
4e-bonding situation the ligand may be bonded as a 
chelate or as a ligand bridging two metal atoms. For 
both cases the ligand uses both N-atoms for bonding. 
In addition, it is now well established that the 
n-bonds of the imine groups may also be used for 
bonding to a metal atom [I 1. In this way the 
cll-diimines may behave as 6e- or 8e-donor ligand. We 
may therefore note that the cr-diimine ligand loosely 
resembles the CO or the N2 ligand, which are also 
able to use 2e, 4e, 6e and 8e for coordination. 

In our group we have investigated extensively not 
only the stereochemistry of metal-diimine 
complexes, but also the possibility of chemically 
activating the metal coordinated cY-diimine ligand. 
We thereby hoped to be able to correlate the type 
of chemical activation with the bonding type. 

In this paper we will discuss (i) the a-diimines, 
(ii) the coordination modes of the adiimines, and 
(iii) the chemical activation of metal coordinated 
a-diimines. 

The subject has already been reviewed in short 
in reference [l] , and will be treated extensively in 
a chapter of a future edition of ‘Advances in Organo- 
metallic Chemistry’ (Ed. F. G. A. Stone) [2]. 

3. The 1,4-Diaza-1,3-butadiene Ligand 

Determination of the structure of c-Hex-N= 
CH-CH=N-c-Hex (c-Hex-DAB) in the solid state by 
X-ray crystallographic structure analysis showed a 
flat N=C-C=N skeleton in the E-s-trans-E confor- 
mation [3] with C-C and C=N distances which are 
completely compatible with a single C-C bond and 
double C=N bonds (i.e. 1.4571(23) a and 1.2.576(22) 
a resp.). In solution the R-DAB compound exists 
predominantly in the E-s-trans-E conformation with 
a dihedral N=C-C=N angle lying between 90 and 
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Fig. 1. Various coordination modes of R-DAB ligands. 
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140” [4]. The gas phase study of t-Bu-DAB showed 
the presence of a small amount of the s-tram confor- 
mation, while the most abundant conformation 
appeared to be the gauche conformation with a 
torsion of about 6.5” from the s-cis form [5,6]. 

In solution the s-cis form is destabilized about 
20-28 kJ/mol with respect to the s-tram form 
[S-8]. 

4. Metal-l ,4-Diaza-1,3-butadiene Complexes 

From Fig. 1 it is clear that the R-DAB ligand 
exists in the E-s-tram-E conformation when coordi- 
nated to one metal centre via the lone pair of one 
N-atom (o-N monodentate) or for the bridging 
coordination mode in which both N atoms are used 
for bonding (a-N, o-N’ bridging). In the chelate 
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bonding mode the ligand is in the E-s-cis-E confor- 
mation (u,u-N,N’ chelate). The 6e (u-N, ps-N’, 
$-CN’) and 8e (a-N, u-N’, $-CN, n*-CN’) bonding 
modes are characterised by the involvement of one 
rr-C=N and two n-C=N bonds respectively, in addi- 
tion to the lone pairs on the N-atoms. In both cases 
the conformations range from gauche to planar 
E-s-&E. 

a. Monoden tate Bonded R-DAB ( PN; 2e) 
The monodentate bonding fashion of R-DAB has 

only been observed for square planar d*-complexes 
(e.g. Pd”, Pt” and Rh’ [9-121). The crystal struc- 
ture of trans-[(PhsP)PdCla(t-Bu-DAB)] has been 
determined [13] (Fig. 1). Of interest is that HP is 
situated above the coordination plane close to the 
Pd” atom. This conformation is retained in solution 
as shown by the anomalously low field ‘H NMR 
chemical shift of this hydrogen atom. At room 
temperature the metal interchanges its coordination 
position intramolecularly. This process must involve 
E to Z inversion at the non-coordinated N-atom and 
rotation around the central C-C bond. It is assumed 
that the intermediate is a five-coordinate species with 
the R-DAB ligand in the E-s-cis-E conformation [ 121. 
The analogous Pt compounds trans-[PtC12(PPha)- 
(R-DAB)] [9] also contain u-N monodentate R-DAB 
groups. However, when PPha is replaced by an olefin, 
five-coordinate complexes [PtC12(n2-olefin)(R-DAB)] 
are obtained in which the R-DAB is in the chelate 
form and coplanar with the Pt-n2-olefin unit [12, 
14, 15-171. It has been suggested that the better 
n-backbonding ability of the olefin is compensating 
for the larger charge density in going from the mono- 
dentate (2e) to chelate bonding (4e) for the R-DAB 
ligand. In addition to electronic factors steric factors 
are also important when comparing the various 
coordination types, since for example the five-coordi- 
nate complex [RhC1(C0)2(R-DAB)] is stabilized 
relative to four-coordinate ionic [Rh(CO),(R-DAB)] - 
[RhCl,(CO),] (with chelating R-DAB) and the 
dinuclear [{RhCl(CO),},(R-DAB)] (with bridging 
R-DAB) if R contains a triply branched C” atom 
(e.g. t-Bu) [ 181. Similarly the (kinetic) stability of 
five coordinate [PtC12(n2-olefin)(R-DAB)] with 
chelating R-DAB was enhanced when the branching 
of R was increased from double to triple for Ca and 
from single to double for C? [ 141. 

b. Bridging R-DAB Ligands (u-N, u-N; 2e + 2e) 
An X-ray structure determination of [{PtC12- 

(PBua)},(t-Bu-DAB)] has established the bridging 
mode of t-Bu-DAB, which itself is planar with both 
HP imine H atoms situated above a planar coordina- 
tion plane close to a Pt atom (Fig. 1) [lo, 191. This 
structure was also retained in solution, as evidenced 
by the anomalously low field shift of HP in the ‘H 
NMR spectrum and by 15N and lg5Pt NMR spectra 

[ 121. In the previous section we have mentioned that 
the bridging bonding mode also occurs for Rh’ com- 
plexes. 

c. Chelate Bonded R-DAB (a,~-N,N’; 4e) 
The chelate bonding mode of the R-DAB ligand 

is very well established, being known since 1953 
when Krumholz reported complexes of the type 
[Fe(Me-DAB)a] I2 [ 191. Since then other groups have 
studied extensively the preparative methods, struc- 
tural, bonding and chemical aspects of complexes 
containing chelated R-DAB ligands. Complexes have 
been isolated for many transition metals of the 
periodic system with electronic configurations 
ranging from do to d”, while also complexes have 
been formed with a number of post-transition and 
metal atoms e.g. Cu’ [21] , Zn” [22], Al”’ [23]. 

The bonding of the chelating R-DAB ligand (4e) 
has been most extensively investigated for complexes 
[M(C0)4(R-DAB)] (M = Cr, MO, W) [24-281. It 
can be concluded that there is extensive u and rr 
overlap in the planar five membered R-DAB ring. 
In particular there is strong rr-backbonding between 
M and the chelated R-DAB ligand which increases 
in importance on going to higher electronic configu- 
ration i.e. d6 < d7 < de’ <dg [29,30]. 

d. Bridging R-DAB Ligands Bonded in a u-N, p*-N’, 
q2-C=N’ (6e) Fashion 

Frtihauf et al. [32] reported the first compounds 
with the R-DAB ligand bonded as a 6e-donor ligand 
(u-N, p*-N’, n*-GN’) (Fig. 1). The structure of 
[Fe,(CO)6(R-DAB)] (R = c-Hex) demonstrates that 
2e are donated by the u-N bonded N=C group (which 
has a normal bond length of 1.260 A) and 4e via the 
other N=C group (1.397 A). This last N=C group 
(formally) donates 2e via Q*-N=C bonding to one Fe 
atom and 2e through the bridging N atom. Character- 
istic is the increase in bond length of the n2 bonded 
N=C group to about 1.40 A, which has also been 
observed for [MnCo(C0)6(t-Bu-DAB)] [32] and 
for [Ru2(CO)a(i-Pr-DAB)2] [33]. The 6e bonding 
mode has also been found for [Ru~(CO)~(R-DAB)] 
[33] and [Os2(CO),(R-DAB)] [34]. For all these 
complexes it has also been observed that the ‘H 
and 13C NMR signals of the n* bonded ‘H 13C=N 
units shift appreciably to higher fields, indicating 
strong rr-backdonation into the rr* N=C levels which 
is compatible with the bond lengthening of the Q*- 
bonded N=C groups [32,34]. 

Of interest is that the u-N, p2-N’, n*-C=N’ bonding 
mode is strongly destabilized when the imino H 
atoms are substituted by CH3 groups. Indeed, for the 
case of [MnCo(C0)6(R-DAB){Me,Me})] only have we 
been able to isolate a compound with a R-DAB{Me, 
Me} in the 6e bonding mode, and this could only be 
effected for R = cyclopropyl. 
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Fig. 2. Reactions of [RUDER] with R-DAB (see text). 

In the following section we will discuss more 
extensively the formation of o-N, y2-N’, v2-C=N’ 
bonded R-DAB groups as influenced by the electronic 
and steric features of the R-group. 

e. Bridging R-DAB Ligands Bonded in a a-N, O-N’, 
q2-C=N, v2-C=N’ (se) Fashion 

In Fig. 1 the compound [Ru2(CO)G(p2-C2H2)(i- 
Pr-DAB)] contains a R-DAB ligand which is o-N, 
o-N’, q2-C=N, q2-C=N’ (se) bonded to a Ru2 pair 
[35-371. The complex is formed by the reaction 
of HC2H with [Ru,(CO),(R-DAB)]. 

The reaction proceeds very likely via an inter- 
mediate complex [Ru,(CO),(R-DAB)(HC,H)] in 
which the acetylene is inserted into the metal-v2- 
C=N linkage of the original [Ru,(CO)~(R-DAB)] 
complex (see later discussion on insertion of alkynes). 

Other examples of 8e-bonding have been found for 
[Ru4(CO)s(i-Pr-DAB)2] [36, 381 and for [Mn2- 
(C0)6(Me-DAB{Me,Me})] (391. For all cases the 
C=N bond distances have lengthened to about 1.40 
to 1.45 a, while the central C-C bond has shortened 
to around 1.40 to 1.42 8. These effects can be 
explained by assuming population of the first LUMO 
of the N=C-C=N skeleton, which is antibonding in 
C=N and bonding in C-C [l]. In addition to the 
changes in the bond distances it has been observed 

that the ‘H and 13C NMR signals of the ‘H13C=N 
imine units shift to high field, although not as much 
as has been noted for the [M2(C0)6(R-DAB)] com- 
plexes which contain one v2-C=N bonded group. 
Comparison of the chemical shift trends show that 
they are a good diagnostic tool for determining the 
type of bonding. For example the ‘H NMR shifts 
lie in the range of 3.3 to 5.5 ppm for a-N, p2-N’, 
TJ~-C=N’ (6e) bonding and in the range of 5.9 to 
6.6 ppm for o-N, o-N’, v2-C=N, v2-C=N’ (8e) bonding 
[29, 37, 401. The ‘H NMR chemical shifts for the 
imine H atoms of the free ligands and of nitrogen 
bonded imine groups of the R-DAB ligands are 
found at considerably lower fields i.e. between 8 
and 10 ppm. 

5. The Influence of Steric and Electronic Factors on 
the Formation of Ruthenium Clusters 

We have already seen how strongly the branching 
of the R-substituent may influence the relative stabi- 
lity of four- versus five-coordinate structures (see 
4a). 

We will now discuss the influence of the branching 
of the R group on the type of products formed in the 
reaction of [RUDER] with R-DAB [38]. 
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Fig. 3. Structure of (Ru~(CO)~(R-DAB)~]. 

A tentative reaction scheme is shown in Fig. 2. 
The product formed is largely dependent on the 

branching at C? and at Cp [l, 381. We may rationa- 
lize these findings by considering the influence of 
these branchings on the blocking of the approach of 
metal atoms to the n-bonds of the imine groups. For 
example, when we bring the RN=C-C=NR group in 
the planar E-s-cis-E conformation by chelation to a 
metal atom then the n-bonds at both sides of M-N= 
C-C=& skeleton may become blocked towards attack 
on the n-bonds, when we use R-groups which are 
doubly branched at Ca’ and Cp (i.e. R = 2,4,6-Mes; 
2,6-Xyl; i-Pr,CH). In this way it is virtually impos- 
sible to coordinate further metal atoms and as a result 
[Ru(CO)~(R-DAB)] is the final product (route (a) 
of Fig. 2). However, by the use of R = n-Pent or i- 
Bu (i.e. singly branched at c” and doubly branched 

I 
at CO) we may see that the M-N=C-C=fi plane is 
open at one side for metal attachment. In this case 
[Ru,(CO)s(R-DAB)] is preferentially formed (route 
c of Fig. 2), while the R-DAB ligand behaves as a 
u-N, o-N’, q*-C=N, Q*-C=N’ (8e) donor ligand, since 
the imino H atoms absorb at 5.86 and 5.89 ppm for 
R = i-Bu and n-Pent respectively [38] 

In the cases of R = i-Pr, c-Hex or Ar, the R 
group is doubly branched at c” and singly branched at 
Cp. For these R groups we see first the formation of 
[Ru,(CO)~(R-DAB)] (route c of Fig. 2) with R-DAB 
in the u-N, p2-N’, v*-GN (6e) donor mode, but 
there is clearly still sufficient room for 8e donor 
bonding, since [Ru4(CO)s(R-DAB),] (Fig. 3, route 
d of Fig. 2) [38] is formed almost quantitatively 
from [Ru,(CO),(R-DAB)] by further heating [38]. 
If R = t-Bu (i.e. triply branched at C”) then only 
[Ru,(CO),(R-DAB)] is formed [38], clearly indi- 
cating the delicate roles which the steric bulk and the 
branching of R play in stabilizing 6e versus 8e-donor 
bonding of R-DAB. We may therefore conclude that 
increased branching of R at both Ca and Cp decreases 
the tendency towards metal--q2-C=N bonding, while 
at the same time the cluster formation is increasingly 
hindered. 

After this discussion on the role which R plays 
in the type of products formed in the reactions of 
[Ru~(CO)I~] with R-DAB, we think it worthwhile 

Fig. 4. Schematic structure of [Ru3(CO)g(c-HexDAB)]. 

considering the mechanisms of the various reactions. 
Such a discussion is of course tentative, since little 
experimental evidence has been compiled as yet. 

Naturally, the first step involves the reaction of 
[RUBLE] with R-DAB. Information about this 
step may be gleaned from the kinetic data obtained 
by HPLC measurements [41]. It was found that the 
reaction with i-Pr-DAB is first order in [RUDER] 
and first order in the R-DAB ligand, the overall 
reaction having the order two. An unstable inter- 
mediate of the composition [Ru3(CO),,(R-DAB)] 
or more probably [Ru3(CO),,(R-DAB)] is formed 
in the rate determining step. 

The reactions after this first step could not be 
studied so that we have to use more circumstantial 
evidence. 

Therefore it is of interest to mention the 
formation of [Ru,(CO)g(c-Hex-DAB)] during the 
preparation of [Ru2(C0)6(c-Hex-DAB)] [42]. The 
X-ray structural determination of the trinuclear com- 
plex shows an asymmetrically bonded c-Hex-DAB 
ligand which appears to be bonded more or less as 
an o-N, u-N’, q*-C=N, q*-C=N’ (8e) donor ligand 
with C=N bond lengths of 1.33 and 1.45 a (Fig. 4). 
The bond length of 1.45 8, is compatible with exten- 
sive n-backbonding. The other C=N bond is close to 
the v*-bonded C=N bond length of 1.36 A of [MnCo- 
(CO),(t-Bu-DAB)] [32], but is also close to the 
longest bond lengths observed for a,u-N,N’ (4e) 
bonded R-DAB ligands (e.g. [Ni(R-DAB)2] [43, 351 
and [Mn(R-DAB)]* [44], i.e. for electron rich metal 
compounds). We may therefore conclude that this 
c-Hex-DAB in [Ru,(CO)g(c-Hex-DAB)] donates 
between six to eight electrons to the RUG cluster. 
This is compatible with the Ru-Ru distances of 3.02, 
2.96 and 2.79 A, which should be compared with the 
bond length of 2.854 A in [Ru3(C0)12] [46]. 
According to the rules of Wade [47] we would have 
expected approximately normal bond lengths for a 
48e cluster i.e. if the R-DAB in [Ru3(CO)g(c-Hex- 
DAB)] would behave strictly as a u-N, p2-N’, q*- 
C=N’ (6e) donor ligand. From the crystal structures, 
however, it is clear that the R-DAB ligand is donating 
more than 6e and so it is not surprising that the 
LUMO on the Ru3 cluster is populated, thereby 
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causing bond lengthening of two of the three Ruz 
pairs. An interesting conclusion emerging from these 
findings is that rearrangement of an R-DAB ligand 
from a 6e to an 8e bonding mode, or for that matter 
also from a 2e to a 4e or from a 4e to a 6e bonding 
mode, may cause cluster breakdown. 

At first sight we might therefore conclude that 
the cluster breakdown from Rua to Rua and Ru 
might proceed in such a way, while the branching 
of the R groups determines which type of compound 
is the end product. On the other hand we have now 
obtained evidence that in many cases reactions of 
[Rus(CO)iZ] with R-DAB leads first in a very fast 
reaction to the formation of [Ru(CO)a(R-DAB)], 
which, when unstable for small R groups, further 
reacts with [Rua(CO)ia] to give Rua and RuZ 
species [42], Since we know too little at present it 
is not profitable to discuss in more detail the break- 
down and formation of clusters, but it is clear that 
in these reactions we are dealing with a whole range 
of equilibria in which probably all compounds are 
present. The product isolated depends then on the 
relative concentration of the species as influenced 
by the branching of R and on the solubility proper- 
ties of the complexes. 

A rather mysterious reaction is the virtually 
quantitative formation of [Ru,(CO)a(R-DAB)*] 
from [Ru,(CO)~(R-DAB)] when the last compound 
is heated in solution without R-DAB being present 
[38] (see route (d) of Fig. 2). We have now obtained 
firm evidence for the existence of [Ru,(CO),(R- 
DAB)] which is formed e.g. from [Ru,(CO)~(R- 
DAB)] [42]. This reactive compound is supposed 
to lose another CO group after which dimerization 
leads to [Ru,(CO)a(R-DAB)*] [42]. The high yields 
of this reaction indicate a very efficient low energy 
pathway for the dimerization reaction. 

6. Factors Influencing the Chemical Activation of 
Coordinated R-DAB Groups; Formation of Binuclear 
Clusters 

Because of the very flexible bonding properties 
of R-DAB ligands, and in particular because of the 
ability of suitable R-DAB groups to form metal- 
n2-C=N bonding, one would expect chemical activa- 
tion of metal coordinated odiimines. In this section 
we will restrict ourselves to chemical activation of 
n2-C=N metal linkages. A survey of these reactions 
will be published in ref. [2]. 

a. Stoichiometric C-C Coupling Reactions 
Activation of the n2-C=N bonded group is to be 

expected considering the CN bond lengthening 
and the strong upfield ‘H and 13C NMR chemical 
shifts of the relevant atoms of the imine ‘H i3C=N 
group. 

R-DAB 

Fig. 5. Reaction of [Rua(C0)6(R-DAB)] with R-DAB (R = 
i-PI, c-Hex) leading to [Rua(CO),(R-DAB),] via [Ruz- 
(CO)5(IAE)] (n = 4,5). 

A novel reaction involves the coupling of the $- 
C=N bonded group of [Ru2(CO),(R-DAB)] with 
R-DAB (Fig. 5) with R = t-Bu, i-Pr or c-Hex [33]. 

In the first instance [Ru,(CO),(IAE)] is formed 
(IAE = bis [(alkylimino)(alkylamino)ethane] ) which 
contains a 10e donor IAE ligand [33]. The IAE 
ligand consists of two C-C coupled R-DAB ligands. 
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The C-C coupling is completely regiospecific since 
the use of R-DAB{Me,H} only leads to the forma- 
tion of an IAE ligand in which the two R-DAB 
ligands are coupled through the C atoms carrying the 
H substituents. Subsequent heating (for R = i-Pr and 
c-Hex) results in CO loss and formation of [Rut- 
(CO)a(IAE)] , which contains a metal-metal bond in 
contrast to the [Ru,(CO),(IAE)] . Finally, further 
heating afforded [Ru,(CO)~(R-DAB)2] for which 
it was shown by an X-ray structural determination 
for R = i-Pr that rupture had again occurred in the 
C-C bond which was originally formed [33]. The 
reaction depends strongly on the R group, since for 
R = t-Bu the reaction stops at [Ru2(CO),(IAE)]. 
Also the reaction depends on the metal since it could 
not be observed for Fe, but may occur for OS, 
although much more slowly. 

The reaction sequence of Fig. 5 is of interest since 
it clearly shows the ability of a binuclear cluster to 
accept or donate electrons, thereby facilitating the 
C-C coupling and decoupling reactions. 

Finally, it should be noted that a similar C-C 
coupling reaction has been observed for MO, result- 
ing in the formation of [Mo,(CO)~(IAE)] [48]. 
Also for this case a strong dependence on R and on 
the metal could be observed. Of interest is that 
R-DAB ligands may also be activated by Zn”, Al”’ 
and Mg” alkyls leading to novel organic compounds 
[22,23]. 

b. Catalytic C-C Coupling Reactions Involving 6e- 
R-DAB Bonded Ligands 

The reactions discussed in Section 6a led us to 
investigate insertion reactions of [M2(CO),(R-DAB)] 
with unsaturated systems such as alkynes. The multi- 
step reactions of [Ru,(CO),(R-DAB)] (R = iPr, t-Bu, 
c-Hex) with alkynes is shown in Fig. 6 for M = Ru 

1371. 
The first step involves the insertion of e.g. PhCzH 

in the metal-$-C=N bond. The crystal structure of 
the insertion product [Ruz(CO)s(t-Bu-DAB-Ph&H)] 
demonstrates that the R-DAB ligand is coupled to the 
PhCzH via a C-C bond in a regiospecific way, i.e. 
with the CPh group of the alkyne to the C-H group 
of $-C=N bonded unit of the R-DAB ligand [37]. 
The C-C bond so formed has a bond length of 
1.546 8. There are four terminal CO groups and 
one bridging one, while the Ru-Ru bond is 2.711 
A. The acetylenic carbon-carbon bond is reduced 
to 1.346 A, compatible with an olefinic C=C 
bond. 

Further reaction of [Ru,(CO),(R-DAB-R’C,H)] 
with another alkyne afforded [Ru,(CO),(AIB)- 
(alkyne)] (AIB = 3-(amino)4-(imino)-1 -butene-1 -yl) 
in which the bridging CO group has become terminal, 
while the added alkyne is bonded to one of the Ru 
atoms as a 2e-donor ligand. Subsequent heating 
resulted in loss of one CO group, while the 2e-donor 

‘NI\ 
I - -R”-co r y1”“1,/ \ 
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Fig. 6. Reaction of [Ru2(CO),(R-DAB)] with alkynes (see 
text). 

alkyne changed its coordination to a 4e-bridging 
type of ligand. 

Finally, a catalytic reaction leading to substituted 
benzenes occurred upon further addition of alky- 
nes at 110 “C [37] (Fig. 6). Interestingly, it was 
found that in the case of monosubstituted alkynes 
only 1,3,5substituted benzenes could be obtain- 
ed. This unusual stereospecificity is virtually 
unknown in catalytic reactions involving alkynes. 

It has already been remarked that reaction of 
[Ru,(CO)~(R-DAB)] with H&H produced only 
[Ru,(CO)&~-HC~H)(R-DAB)] (Section 4e), which 
is not catalytically active. 

The fact that benzenes are formed (and again 
only 1,3,5_substituted ones) for RC2H made us 
conclude that probably binuclear species are 
catalytically active. Furthermore, it was noted that 
the first two alkynes which are coordinated to the 
Ru2 pair are not included in the benzenes formed 
[37]. Finally, it is clear that again the steric factors 
dominate also this type of reactions, since bulky 
R groups (e.g. t-Bu) on the N atoms of the diimine 
considerably slow down the reaction. Furthermore, 
also the substituent on the alkyne influence the 
reaction rates which increase on going from elec- 
tron donating to electron accepting alkyne substi- 
tuents. 
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Concluding Remarks 19 H. van der Poel, G. van Koten, K. Vrieze, M. W. Kokkes 
and C. H. Stam, J. Organometal. Chem., 175, C21 

It has become clear from our work on the coordi- 
nation chemistry of cu-diimine ligands that the elec- 
tronic and in particular the steric properties of the 
substituents on the diimine ligands play a prominent 
role in the formation of ruthenium clusters. Further- 
more we have seen the importance of the substituent 
effects on stoichiometric and catalytic reactions 
being carried out on e.g. binuclear Ru, clusters. We 
see therefore in this research as interesting prospects 
the stabilization of reactive cluster intermediates 
which then further react with suitable substrates to 
give novel compounds and reactions. 
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