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Abstract 

Ru,(CO)~(R-DAB)(R-DAB = 1,4disubstituted-1, 
4-diaza- 1,3-butadiene = RN=CH-CH=NR) (R-DAB 
stands for RN=CH-CH=NR: DAB = 1,4_diaza-1,3- 
butadiene, see ref. 1) reacts with hetero-allenes L (L = 
carbodiimide = R’N=C=NR’, R’ = p-Tol, i-Pr, c-Hex, 
R = t-Bu; L = thiofluorenoneS-oxide = CraHsC=S=O, 
R = i-Pr, t-Bu, c-Hex) to yield C(R-DAB)-C(L) 
coupled products. From the reaction of Ru,(C0)6(t- 
BuDAB) with R’N=C=NR’, Ruz(CO)s(t-BuN= 
CHC(H)(Nt-Bu)C(NR’)=NR’)(Ru,(CO)s(AIP{t-By 
R’}), AIP = 1,2-diamino-2,3di-iminopropane) is 
obtained. The AIP-moiety is bonded to the two Ru- 
atoms via three of the four N-atoms, while the R’N- 
imine atom is not coordinated. This was proven by an 
X-ray crystal structure determination for R’ = p-Tol. 

Crystals of Ru,(CO)s(AIP{t-Bu, p-Tol}) are tri- 
clinic, space group PI and cell constants: a = 16.69- 
(2), b = 19.65(2) and c = 12.46(2) A, (Y = 102.83(6), 
/3 = 108.24 and y = 64.53(10)“; 2 = 4.6546. Reflec- 
tions were used in the refinement, resulting in a final 
R = 0.056. 

There are two independent molecules in the unit 
cell, having only slightly different geometries. The 
single Ru(l)-Ru(2) bond of 2.779(l) A (mean) 
(throughout this paper, standard deviations of mean 
values are calculated by u = {Xr(xi - x)‘/N(N - 
1)}1’2) is spanned by a slightly asymmetrically 
bridging carbonyl group (C(3)0(3)). Each Ru-atom 
is coordinated by two terminal CO-groups. The 
organic t-Bu-N(l)=C(6)-C(7)(t-BuN(2))-C(8)@-Tol- 
N(4))=p-Tol-N(3) fragment is o-N bonded via N(1) 
to Ru(2) while the amino N(2)- and N(4)-atoms are 
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both symmetrically bridging the Ru(l)-Ru(2) bond. 
N(3) is in a non-bonding position with respect to 
both Ru-atoms. The intra-ligand bond distances are in 
accord with a reduction of one imine bond of the 
former t-Bu-DAB ligand: C(7)-N(2) = 1.50(l) A 
(mean). The new C(7)-C(8) bond has a bond length 
of 1.53( 1) A (mean). 

During the reaction of Ru~(CO)~(R-DAB) with the 
sulphine Cr2H,C=S=0, CO2 gas evolved and the 
product, ie. Ru2(CO)s(RN=CHC(H)(NR)C(S)Ci2Hs) 
no longer contains the sulphine’s oxygen, as was 
proven by an X-ray crystal structure determination 
for R = i-Pr. 

Crystals of Ru,(CO),(i-PrN=CHC(H)(N-i-Pr)C(S)- 
Cr2Hs) are orthorhombic, space group P2i2i2r and 
cell constants: a = 14.822(5), b = 16.951(28) and c = 
25.413(16) A; Z = 8.1304. Reflections were used in 
the refinement, resulting in a final R = 0.047. 

There are two independent molecules in the unit 
cell having non-significant differences in geometry. 
The single Ru(l)-Ru(2) bond of 2.81 l(1) A (mean) 
is bridged by one carbonyl group (C(22)0(1)). 
Furthermore, each Ru-atom is coordinated by two 
terminal CO groups. The organic i-Pr(N(2)=C(2)- 
C(l)(i-PrN(l))-C(3)-(S)Cr2Hs moiety is a-N(2) 
bonded to Ru(2). The N( 1) symmetrically bridges the 
Ru(l)-Ru(2) bond, while S does so asymmetrically: 
Ru( 1)-S = 2.43(l), Ru(2)-S = 2.54(l) 8, (mean). 

All complexes were characterized by IR-, FD-mass- 
and ‘H NMR-spectroscopy. 

Introduction 

1 ,CDisubstituted- 1 ,Cdiaza- 1,3-butadienes (R- 
DAB = RN=CH-CH=NR) react with Rus(CO)r2 
in a reaction sequence that is now known in great 
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detail [ 1, 21. After the synthesis and characteriza- 
tion of all new reaction-intermediates, attention is 
now especially focused on the study of their reactivi- 
ty. It has been observed that some polynuclear inter- 
mediates, e.g. Ru2(CO),(R-DAB)(n = 5, 6) and RUG- 
(CO),(R-DAB), are very reactive towards small 
ligands L, such as Hz, CH2N2, CO, acetylenes, ole- 
fines, allenes and R-DAB itself [2-51. In some 
instances, R-DAB and L are found to be C-C-coupled 
in the reaction product. For this latter type of reac- 
tivity there seems to be two prerequisites. Firstly, the 
incoming ligand L must be able to add to a metal. 
Secondly q2-C=N coordination of the R-DAB ligand 
facilitates reaction between R-DAB and L. Thus 
according to the first prerequisite it has been argued 
that the reactivity of Ru3(CO),(R-DAB) towards CO 
and CH2N2 is due to the presence of one Ru-atom 
that has a gap in its coordination sphere [2]. The 
compound Ru2(CO),(R-DAB), which only differs 
from Ru,(CO),(R-DAB) in having a p-CO group 
instead of an isolobal p-Ru(C0)4-moiety, reacts 
analogously (like an unsaturated complex) with 
various Lewis bases [3]. Earlier we described the reac- 
tion of Ru,(CO)s(R-DAB) with R-DAB, yielding 
Ru,(CO)s(R-IAE) (R-IAE = bis {R-imino-R-amino- 
ethane}, see Fig. l), and we suggested that the C-C 
coupling reaction only occurred after prior coor- 
dination of the incoming R-DAB ligand [3,4]. 

Rv.p~m-DAB) R~,tco,~(R-l~E~ 

Fig. 1. The fokation reaction of Ru~(CO)~(R-IAE). 

From the reaction of Ru,(CO)~(R-DAB) with 
monosubstituted acetylenes, analogous C-C coupled 
products have been obtained. These have been found 
to be good precursors for catalytic species that 
promote the regiospecific trimerization of acetylenes, 
leading to 1,3,5_trisubstituted benzenes [5]. C-C 
coupling reactions on Ru2-centres, linking alkynes 
with CO, olefines or carbenes, have also been investi- 
gated [6]. 

C-C bond formation between an unsaturated 
ligand and a substrate is of particular interest because 
of its possible relation to the carbon chain growth on 
a metal surface in heterogeneous catalysis [7]. 
Frequently, multisite coordination of such a ligand is 
one of the reasons for its activation and novel 
reactivity [8]. Accordingly, it has been argued that 
the C-C bond formation between R-DAB and 
another ligand in our R-DAB chemistry may occur 
because the cr-diimine ligand is strongly activated by 
q2-C=N coordination (compare the second prere- 

quisite, vide supra). As a continuation of our study 
into the scope of this type of C-C bond formation 
reaction, we now report the reactivity of Ru,(CO),- 
R-DAB towards some hetero-allenes L (L = R’N=C= 
NR’, C12H8C=S=0), yielding C(R-DAB)-C(L) 
coupled products. 

Experimental 

Materials and Apparatus 
‘H NMR spectra were obtained on a Variv T60 

and a Bruker WM 2.50 spectrometer. IR spectra were 
recorded with a Perkin-Elmer 283 spectrophoto- 
meter using a liquid cell (NaCl, 0.1 mm) or a gas cell 
(NaCl, 10 cm). Field Desorption (FD) mass spectra 
were obtained with a Varian MAT 711 double 
focusing mass spectrometer with a combined EI/FI/ 
FD ion source, coupled to a spectra-system MAT-100 
data acquisition unit. Tungsten wire (10 pm) FD- 
emitters containing carbon microneedles with an 
average length of 30 pm were used. The samples were 
dissolved in diethyl ether or toluene and then loaded 
onto the emitters using a dipping technique. An 
emitter current of O-10 mA was used to desorb the 
samples. The ion source temperature generally was 
70 “c [9]. 

Elemental analyses were obtained from the 
Elemental Analysis section of the Institute for 
Applied Chemistry, TNO, The Netherlands. All 
preparations were done in an atmosphere of purified 
nitrogen, using carefully dried solvents. The Ru2- 
(CO),(R-DAB) (R = i-Pr, c-Hex, t-Bu) [4] and the 
sulphine thiofluorenone-S-oxide (C12H&=S=O) 
starting materials were prepared according to 
published methods [lo]. The carbodiimides R’N=C= 
NR’ (R’ = p-Tol, i-Pr, c-Hex) were purchased from 
Aldrich and were used without purification. Silicagel 
(60 Mesh) for column chromatography was dried and 
activated before use. 

Synthesis of Ru,(CO),( t-BuN=CHC(H)(N-t-Bu)C- 
(MR’)=NR’) 

(Ru~(CO)~(AIP {t-Bu, R’}), AIP = 1,2-diamino-2, 
3diimino-propane; R’ = p-Tol, i-Pr, c-Hex). 

Ru,(CO),(t-Bu-DAB) (0.5 mmol, prepared in situ) 
[3, 41 and 0.8 mmol of R’N=C=NR’ (R’ = p-Tol, i- 
pr, c-Hex) were refluxed in 40 ml of heptane or 
toluene until all IR-V(C0) peaks due to the starting 
complex had disappeared, which took about 4-6 h. 
The solvent was evaporated in vacua at 60 “C and the 
reaction mixture was purified by column chromato- 
graphy (silica). Elution with hexane/ether (4/l) 
yielded unreacted starting materials. Subsequent 
elution with dichloromethane/ether (l/l) yielded a 
yellowish fraction which was collected. The solvent 
was evaporated in vacua and the residue was dissolved 
in ether/hexane (l/2). Crystallization at -80 “c 
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with loss of an oxygen atom as COz, and carbodi- 
imides may react analogously. Furthermore, for the 
first time C-C bond formation has occurred between 
an imine C(H)=N fragment and a C=X fragment that 
does not bear a H-atom on the coupled C-atom. 
Further investigations on possible C-C bond forma- 
tion reactions and of the precise mechanisms involved 
are required. 
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