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Summary - The new complexes (ttnp)~Yb(curbene) la and lb (Lmp = CdMe# and carbene = Czh4eZ(NiPr)pC and 
C2Me2(NMc2C!)) have been synthesized from [(tmp)2Yb],, and characterized by elemental analysis and hy NMR (‘II, 
3’ID), Complexes lu and lb nrc not stable in ?‘I-IF. Complex la reacts in benacne-& with Rul-l.~(PPh~)~ to give the 
moderately stable heterobitnetullic dihydridc (PPh3)zRuI-Iz-~(.Cmp)l-Yb(carbclle) 2n and with RuIICl(PPh~)~ to give 
(I.I~~~)RuI-I(PP~~~)~ 4. The formation of Llle analogous complex 2b is not observed when lb is allowed to react wit11 
hI~~.l(1’Ph3)3. The IlahlrC Of 2a iS CShbliShed by NMI?.. AhX tW0 ChyS at L’OOJtl teIllp3ra~~lre, 2EL iS ~raIlSfOrllled hit0 

C~h4e~(Nil’r)zCI~I~ 30,4 aud (tnip)ItuT-I(PPli3)(cnrbene) 4’. Complex 4 was obtained analytically pure from hlI~IcI(PPh3)3 

and tmpIC whcrcas a mixture of 4 and 4’ is obtained after addition of’ an excess of C~Mc~(N*Pr)~CI-12 to a solution of 4. 

Innthnnide / heterobimotnllic / early-late complex / cnrbcne odduct / ytterbium / ruthenium 

R&urn6 - Chimio dcs h&krobin&Aliques ccenrly-lntc D : rdoction d’un ndduit corbEne stable de [(CLiMe4P)2Yb],, 
nvec un hydrure do ruth8nium. Formation d’un dihydrure bimdtnllique ytterbium-ruthcjnium et synthese de 
(CeMerP)RuI%(PPh3)2. Les complexes (ttnp)~Yb(carbBne) la et lb (tmp = C4Me#, carbbne = C2Mez(N”Pr)& et 
C2Mez(NMe)zC) ont dtb synth&isbs h partir de [(tmp)zYb],, et caract6ris& par analyse dldmenlaire eL par RMN ‘I-1 cl 
“‘P. Les complexes la et lb ne sont pas stables dans lo TI-IP; la rdagit dans le benzkne-dc avec RuI~h(PPh3)3 pour former 
Ie bimdtallique (PPh~)2RuN2-~~(tmp)2-Yb(carb~ne) 2n et avcc RuI-ICI(PPh~)~ pour donner (tmp)RuH(PPll3)2 4. La for- 
mation du complexc bim6tallique llomologuc 2b, B partir de lb et de RuH4(PP113)3, n’cst pas observhe. Le complexe 2n est 
modrk!ment stable en solution. AprLss 48 11, il disparait du milieu rCactionne1 et on observe la formation de C2Mez(N’Pr)&I-12 
3a, 4 et (tmp)RuI-I(PI%)(carbhne) 4’. Le compost! 4 a 6th obtenu analytiquement pur h parLir de Rut-ICl(PPhs)~ et tmpI<. 
Un mblange de 4 et 4’ est obtenu quand on ajoute un excks de carbkne C2Me2(NiPr)2C k une solution de 4. 

lantbnnide / h&krobimBtollique / complexe onrly-Into / ndduit cnrbbne / ytterbium / ruthenium 

Introduction 

The synthesis and the chemistry of early-late 
transition-metal bimetallic hydrides [l] is currently re- 
ceiving considerable attention. The impetus for this in- 
terest is the synergistic catalytic activity expcctcd for 
an association of two metallic centers, each one alone 
showing catalytic properties [2]. A few examples of such 
cooperative effects have recently been described [3]. 

To achieve this goal, it is necessary to synthesize 
strongly bridged bimetallics that will remain bridged 
throughout the catalytic process. In a large number 
of complexes which are able to meet this require- 
ment, the two metal centers are bridged by phosphino 
groups [4]; recently, we have described the synthesis of 

* Correspondence and reprints 

new early-late heterobimetallic dihydrides in which a 
RuHz(PPhs)z moiety is associatecl to a chelating bis- 
phosphino metalloligsnd: (PMe2ChMeA)2ZrClz [6], or 
to a chelatine: bis-tetramethylnl~ospl~olyl (tmp) moi- _ _ 
ety: (tmp)zM%2 with MX2 = ZrCIz, OCli, U(BH4)2 
or Yb(THF):! [G]. 

Unfortunately, this latter ytterbium compound was 
only soluble in THF when synthesized in this sol- 
vent. Isolated and analyzed crystals were obtained 
from a benzene-THF solution, but they could not 
be dissolved again without noticeable decomposi-’ 
tion. This was a serious drawback for further in- 
vestigations and in order to get more conventional 
precursors, we decided to use carbene adducts [7] 
of bis(tetramethylphospholyl)ytterbium; such kinds of 
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adducts were recently described [Sj but their reactivity 
was not investigated. It could be of great interest to de- 
termine if the hydrogenolysis of the metal-csrbone bond 
could provide an original pathway for tl1e formation of 
the Ln-H bond. 

Results and discussion 

S’@hesis of the adducts (tmp)n Yb(carDene) la and lb 

The aromatic carbenes act as nucleophiles and are 
known to form adducts wit11 electrophilic centers [8, 91. 
When emerald-green, insoluble, THF free bis(tetra.- 
n1etl1yll~l1ospholyl)ytterbium: /(tmp)aYbJn [lo], was 
added to a solution of 1,3-diisopropyl-4,5-dimethyl- 
imidazol-2-ylidene [7a] (hereafter called iPrcarbenc) in 
toluenc, it dissolves readily to give a brown solution. 
After concentration and cooling, analytically pure 
brown crystals of (tmp)sYb(iprcarbene) la were ob- 
tained and isolated in GO% yield (fig 1). 

la is stable for weeks in toluene at room tempera- 
ture. When a large excess amount of THF was added 
to a toluene solution of la, the solution immediately 
turned red: THF removes the carbene from the adduct 
to give the known (tmp)zYb(THF)z. Tl1o analogous 
complex lb (tmp)aYb( Mccnrbene) was obtained in a 
similar way from [(tmp)zYb],1 and 1,3,4,5-tetramethyl- 
imidazol-Zylidene [7a]. 

Formation of the bimetallic 
[cp’ carbene) YD(tmp)JfRuE& (PPh)2 J 2a 

A stoichiometric mixture of (tmp)aYb(iP’carbene) and 
RuHq(PPhs)s [5b] was dissolved in CaDa and the 
reaction was monitored by NMR. After 30 minutes, 
both ‘H and 31P spectra unambiguously showed the 
formation of the bimetallic 2a species in ca GO% yield 

(fig 2). The liberation of free PPha was observed and 
the signal of the four planar pliospliorus atoms of 2a 
appeared to be a AA’XX’ system. The reaction was 
not complete after this period. The NMR spectra were 
rather complicated because besides the signals of the 
bimetallic 2a which was the major component, those 
of the remaining starting materials and of tl1e lydro- 
genated carbene CzMez(N$Pr)&Hz, 3a, and numerous 
small signals were also present. The set of signals cor- 
responding to 3a were attributed by con1parison with 
those of a pure sample prepared from the csrbene in the 
following ways (fig 3): 

- reaction with RuI-I~ (PPha)a; 

- successive addition of H+ [from HNEtaBPl14] and 
of H- (from NnHBEta). 

I) H+ (N1:.~~BPhJ) 
2) H’ (N:rHBQ3) 

f IZuH4(PPl~3)3 3 

Fig 3 

The protonation of an ansIogous carbene, 1,3-di- 
mesitylimidazol-2-ylidene, was recently described ISc], 
but in these experiments the subsequent treatment of 



the salt by t11e basic NaH reagent illstead of the nucleo- 
philic NaI-IBEt.3, led to Hz elimination and recovering 
of the starting material. 

3a is extrelnely air sensitive and its 1nass spectrmn 
could not be obtained. The presence of two hydrogen 
atoms on the C(2) carbon of the cycle is established 
from 1H (integration) and 13C NMR experiments. 

The reaction between (tn~p)~Yb(iPrcarbene) and 
RuH4(PP113)2 was complete after 24 hours at room tem- 
perature as judged by the disappearance of the signals 
of these materials; an important brown precipitate de- 
posited, the bimetallic 2a was still present, whereas the 
alnounts of the hydrogenated carhene and of an ‘im- 
purity’ significantly increased. Tl1is latter product was 
identified as the new compound (tmp)RuH(PPhs)~ 4: 

2 ph3p/qp,H 
+ ” Y b” 

4 

Pig 4 

After 48 11ours, the signals of 2a disappeared coin- 
pletely and only the hydrogenated carbene 3a, 4 and 
another compound: (tml,)RuH(PPlls)(iPrcarbenc) 4’, 
were present in the solution. 

Attempts to synthesize the bimetallic 
f(Ag0 ca&ene) Y~(tmp)z][Ru& (P&&I 2b 

The relatively low stability of tl1e bimetallic 2a was 
tentatively related to the steric hindrance due to tl1e 
bulky isopropyl groups of the iPrcarbene: strong non- 
bonding interactions between the methyl groups of the 
phospholyl and carbene ligands wot1lcl push the former 
towards tl1e ruthenium moiety and induce the ligand 
exchange leading to 4. The synthesis of a less hindered 
complex, the Mc carbene analogue 2b, was undertaken 
from lb and RuH4(l?Ph3):~; prelilninary experiments 
were conducted on the NMR scale n11d unexpected 
results were obtained: gas (presumably Hz) evolution 
was observed and in the ‘H NMR spectrum, no trtice 
of the hydrogenated carbene and no quintet 11ydridic 
signal. In the 31P spectrum, no AA’ BB’ quartet was 
present, but in addition to the signal of the free PPl13, a 
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set of four new signals was observed. These NMR data, 
and especially the 31P spectrum would imply that, if 
a bimetallic is formed (as suggested by the presence of 
free PPl13), it would be a cis dihydride as Drecedently 
observed in uranium che1nistry [6]. Due to- the failure 
in the obtention of tl1e expected complex, this reaction 
was 11ot furtller investigated. 

S@hesis of (tmp)l?uH(PPh& 4 ad proposed formula 
for 4’ 

The 11ew complex 4 was prepared in an unalyti- 
tally pure form lay direct reaction of RuHCl(J?Ph& 
and (tetramethylphospholyl)potassium (tmpI<) [ll] in 
toluene, isolated as’ a yellow solid. The formation 
of 4 was also observed after gentle heati11g (50 “C) 
during a. few hours of tl1e known ytterbium-ruthenium 
complex: (PPh&RuHz-p(tmp)2Yb(THF)2 in benzene 
or toluene solution. It was also formed in an attempt 
to synthesize a +etallic species from RuHCl(PPhs)s 
a11d (tmp)~Yb(‘Prcarbene). On the contrary, no for- 
mation of 4 was detected upon heating of the known 
(PPl13)2RuHz--j~(tmp)2R/IX2, where MX2 = ZrCl2, 
UC12 or U(BH4)2 (61. Tl1ese facts are in goocl agree- 
ment with the major covalent nature of tl1e metnl- 
ligand bonds in tile zirconium or uraniun1 complexes 
and with the more ionic character of this bond in lan- 
thanide complexes. 

The proposed formula for 4’ was deduced from the 
multiplicity of the RuH signal which is a doublet and 
from the obtention of 4’ wl1en 4 is heated in the presence 
of an excess of iPrcarbene (fig 5). However, this reaction 
was slow and not complete (after 6 dais tl1e mixture 
contained 40% of unreacted 4). Therefore it was not 
possible to isolate 4’ in this way. 

Concluding remarks 

Some interesting features emerge from these prelimi- 
nary experiments: 

It is confirmed that the stable nucleophilic carbenes 
can he used as very efficient l1ydrocarbon ligands to get 
soluble lanthanide derivatives. 

The mecl1anism of the formation of 3a is not obvi- 
ous: 3a is formed when la, RuH~(PPhs)s and 2a are 
together during the course of the reaction, or when 2a 
is heated after the disappearance of RuHq(PPhs)3. A 
partial dissociation of the carbene ligand in la or 2a 
in solution cannot he precluded, and then the reac- 
tion of tliis carbene with hI&(PPh3)3 (or with the 
RuH2 1noiety of 2a) would lead to 3a (by mixing 
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togdher the f”rcdxme nnd RuH4(PP113)3, 3a is ob- 
tnined). Wlleu 2a is hated, lignud scrunibling led- 
iug to 4 is Fncilitnted, the uustnble tmpYbH(carbene) 
remnining fragment would then rearrange into the stn- 
blc 3a and an insoluble Yb derivative. The hydrogen 
tmnsfcr onto the dPrcarbene is not general because the 
formation of nn nnnlogous complex C2Me2(NMe)2CI-I2 
3b did not occur during the reaction of the hlCcurbene 
with RuH4 ( PP113)3. In this case gas evolution coulcl 
be observed, with the current liberation of PI%3 and 
formation of a new ruthenium dihydrido complex (see 
Experimentill section). 

The obtention and stability of HX(Pi?h3)2Ru- 
p(tmp)2YbXi, compounds is strongly dependent on the 
nature of both X nnd X’ lignnds. When X = 1-I and 
X’ = THI?, a stable (in the solid state) bimetallic Ru-Yb 
is obtained; wher. .-’ . . iPrcarbene, a transient bimetal- 
lic is formed in solution. When X’ = h’%arbene, the 
formation of the trails dillydride IGphtllic is not ob- 
served. To maintain the four i~l~ospl~~ro~s atoms in the 
same plan, the presence of bulky ligands on the Yb atom 
seems required. No formation of a stable bimetullic 
occurs when X = Cl, whereas the analogous Zr-Ru com- 
plex, HClRu(tmp)zZrClz, is stable. 

The new complex (tmp)RuH(PPH3)2 is expected to 
be isostructurnl with the known (C~Me~)RuH(PPl~~)~ 
(121. Nevertheless, if both C&eG and tmp cycles are 
sterically equivalent, the latter acts as n much less elec- 
trodonating ligand and a comparative study of*the re- 
activity of these two complexes is expected to evidence 
these electronic effects. 

Experimental section 

All solvents were Ilioroughly drictl ant1 purified by dislilla- 
tion over benxophenone 1teLyl under a nitrogen at;mosphere. 
Dcuterated NMR solvenls (CeDc) were dried and degassed 
over a pol;assinm-sodiutn alloy and distilled directly in the 
NMR tube. 

Previously published methods were used for the synthe- 
sis of 1,3-diisopropyl-4,5-dimethylimidazol-2-ylide~~e (culled 
‘P’cnrbene) and of 1 3 1 , ,~,5-~etramethylimidazol-2-ylidene 
(called “@carbene) [7], bis(tet;ramc~hylphospholyl)ytt.erbium: 
(tmp)zYb [lo] and (letramel;hylp1~ospholyl)po~assiu~~ [ll]. 
All synthetic procedures were performed under an atmo- 
sphere of dry oxygen-free nitrogen in a Jacomex glovebox or 
on a vacuum line. 

NMR spectra were recorded on a Brulter AC 200 spec- 
tromeler. Proton NMR spectra were obtained at a frequency 
of 200.13 MHz. Samples prepared in benzene-do were refer- 
enced to the broad singlet al; 6 7.16 resulting from CeDsI-I. 
The 31P NMR signals reported are referenced relative t;o 
external 85% aqueous &I’(&. All the 31P spectra were 
performed with the broad band pulse (totally decoupled pro- 
ton). 

Analytical data were obtained on an Ehll08 Fisons 
Apparatus in Dijon and from the Cenlrc de Microanalyse 
of the CNRS at GifjYvette, France. 

hip2 Yb(carbene) la and lb 

la: Green and insoluble Yb(tmp)z [lo] (150 mg, 0.33 mmol) 
was added to a tolucne soIution of ‘P’carbene [7] (60 mg, 
0.33 mmol). The colorless solution was stirred at room 
temperature until the color became brown. After filLration 

and concentralion, slow evaporalion of t,oluenc affords red 
brown cryslals isolated in 60% yield (120 mg). 
‘1-I NMR (benzene-do, ambient): 6 (ppm), 1.22 (d, 12~I, 

J = 6.92 Hz, i-I+); 1.52 (s, BII, Me); 2.10 (s, 1211, Me/3); 
2.45 (m, 121-1, Jlus = 10.4 I-la, Mea); 3.80 (hepl, 21-1, i-l+). 

31P NMR (benzene&, ambient.): 6 (ppm) 85 (s). 
Anal talc from CZ~II~~NZPZY~: C, 51.34; I-I, 7.02; N, 4.43. 

Found: C, 51.41’; I-I, 6.8G; N, 4.27. 
lb: Ii1 the same way, from Yb(tmp)a (135 mg, 0.29 Inmol) 
and ‘lecarbcnc [7] (40 mg, 0.32 mmol) 125 mg of brown 
cryst;als of lb were obl;aincd (70% yield). 
‘I-1 NMR (benzene-do, ambient.): 6 (ppm) 3.00 (s, (X.1, Me); 

2.42 (d, 121-I, JIIP = 9.7G Hz, Mea); 2.04 (s, 121-1, Mcfl); 
1.33 (s, GI-I, Me); 1.33. 

31P NMR (benzene-do, ambient,): 6 (ppm) 86 (s). 
Anal talc from C~3113tiNzP~Yb: C, 48.0; I-1, 6.30; N, 4.87, 

Found: C, 47.44; I-1, 6.14; N, 4.03. 

2a 

In an NMR tube, tmpzYb(carbene) (10 mg, O.OlG mmol) 
and I’LuI-IzI(PPh3)3 [13] (14 mg, O.OlG mmol) were dissolved 
in 0.4 mL of &Do. The NMR spectra of the brown solul;lon, 
recorded immediately, shows the presence of the bimetallic 
complex: 
‘I-1 NMR: 6 (ppm) - 5.54 (ql, 21-1, JlII> = 20.5 Ha, RuH); 

0.87 (d, 12F1, J = 5.9 Hz, i-l+); 1.40 (s, 61.1, MC); 1.78 (s, 
121-1, Mefl); 2.12 (m, 121-I, Jnp = 14 Hz, Mear). 

31P NMR: 6 (ppm) 66 (d, Jpp = 220 Hz, PPh3); 96.4 (d, 
&p = 220 Hz, PC4Me.l). 
The solution contains also C&Mc2(N’Pr)&I-I2 (set below) 

and an miiden~j(ied rut;henium compoutld [31P NMR: b 
(ppm) 61 (s, 21’); GO (d, lP); 53 (d, 1P)l. After 24 h al 
l;oon. Ieml&atu~e, Ihe- starling mdlerials ‘wcrc consumed; 
then, Ihe sianals of the bimetallic comnlex 2a and those 
of t&e abovckentioncd unknown comp!& decreased slowly 
whcrcas two new sets of signals, attribulcd (see below) 
to LmpRuII(PPh~)~ 4 (major component) and t;mpRuH 
(PPh3) (carbenc) 4’ (@nor), increased. Afler two days, only 
These two compounds and C~Mc~(NiI+)&!I-l~ were prcsenl 
in the tube. 

Reaction of lb with RuH~(PPIQ)~ 

In an NMR tube, lb (9.5 mg, 0.016 mmol) and 
RuI-14(PPh3)3 [13] (15 mg, 0.018 mmol) were dissolved in 
0.4 mL of benzene-da at room temperature. After the dis- 
solution of the solids, a gas evolution occurred, t;hc NMR 
spectra showed the progressive disappearance of I;he &art- 
ing materials and the growth of n8w signals. After 16 h at 
room temperature, the reaction was complete. 
‘1-I NMR: 6 (ppm), hydride signals: -6.53 (1;, 20 Hz); -10.5 

(m); -12.6 (m); -12.98 (tn). 
311’ NMR: 6 (ppm) 84 (d, &p = 15 Hz, 1P); 71.1 (s, 1P); 

65.8 (cl, Jpp = 15 I-Ix, 1P); 46.8 (s, 1P); -7.1 (s, free 
PPh3). 
When similar expcrimenls were conduct.ed with an excess 

of RuI-I,l(PPh3)3 (3 or 4 eqtiiv), the 3’P NMR spectrum was 
different: two (small) doublets were depicted: 6 (ppm) 61.6 
(d, 152 Hz), 31.3 (d, 152 Hz) near other signals: 65.0, 47.5 
and -7.1 (free PPl13). 

C2 Me2 (I@ Pr)2 CH2 3a 

l Method a 
In an NMR tube, carbene [7] (3 mg, 0.016 mmol) and 
RuH4(PPh3)3 [13] (15 mg, 0.016 mmol) or RuHCl(PPh3)3 



[14] under HZ (15.4 mg, O.CJlG im~ol) were dissolved in 
0.4 mL of benacnc-do. After one day al room temperature, 
the NMR spectra showed Ll1e presence of 3. The solvent was 
renioved and pontane was added. Tlie solution was ihtcred 
a11d evaporated to dryness. The white powder was analyscd 
as 3a by NMR in benzene-&. 

b Mei%od 0 
111 a11 NMR tube, HNEt3BPh~ (9 mg, 0.02 mmol) was added 
Lo a CoDa solution of carbene (4 mrr. 0.02 mmoli. After 2 11. 
the solution contahling NEte w’& el~ninated, the precipitate 
dried and NaHBEts (20 mL of a 1 M toluene solution, 
0.02 mmol) was added with 0.4 mL of benzene-do. The 
spectra of tl1e remaining solution revealed tl1e presence of 

?NMR: 6 (l p ) 1 m 0.97 (d, 121-1, J = G.G Hz, iPr); l.GO (5, 
GH, Me); 3.32 (hcpt, 21-1, J = G.G I-Is, iPr); 4.20 (5, 2I1, 
C(2)Hz). 

‘eC NMR: 6 (ppm) 128.1 [C(4,6)], 61 C(2)], 4G.9 [N(l,3)- 
CI-I(CI-l3)2], 18.2 [N(i,3)-CII(C&)s I , 10.3 [C(4,6)-CHa]. 
Tllo 13C NMR spectrum was recorded by the spinecho 

method: the C(2) carbon signal appears with reversed phase. 

Reaction of c;2Me2 (NM’e)z with RuH,i (PI%& 

In uti NMR tube, ‘Ia carbene, C&Mes(NMe)s [7] (cn 2.9 mg, 
O.OlG mmol) and RuI-Ie(PPh3)3 1131 (16 mg, O.OlG tnmol) 
were dissolved in 0.4 mL of benzene-de. A strong gas evolu- 
tion is observed. 
‘I-I NMR, llydridcs: 6 (ppm) -G.56 (t, 11-1, J = 20 Ha); -10.1 

(L, IH, J = 29.6 Hz). 
‘1P NMR: 6 (ppm) GG.l and G3.5 [Ru]PPhe; -7.1, free PPh3. 

tmpRuH(PPh~)z 4 

0 Prcliminar~ experiments 
In an NMR tube, 7 mg of (tetran1etl~yiphospl~olyl)potassium 
[ll] and 20 mg of RuHCl(PPhs)e 1141 were mixed in 0.4 mL 
of deuteriated benzene and stirred by ultrasound. After 1 11, 
tl1c purple crystals were consumed and 4 was formed :n a 
nearly quantitative yield. 

b Synthesis 
A solution of (tcLrametl1ylphospholyl)potassium [ll] (33 mg, 
0.1 mmol) and RuHCl(PPl1s)e [14] (100 mg, 0.1 mmol) ix1 
toluene (15 mL) was stirred for 5 11 at room temperature. 
The reddish-brown mixture wss filtered and concentrated to 
5 n1L. Addition of pentane (5 mL) gave a trouble solution. 
After filtration, concentrathlg and cooling, yellow crystals of 
4 analytically pure were isolated in 15% yield (15 mg). 
‘I-1 NMR: 6 (ppm) -10.9 (t, lH, J = 32 Hz, RuI-I); 1.37 (m, 

121-1, J11p = 10.7 Hz, Mea); 1.58 (5, 121-1, Me/?). 
“I’ NMR: 6 (ppm) -34.9 (5, PC&Mer), 65 (5, PPhs). 
Anal talc for C~~I-I~~P~RU: C, G9.01; II, 5.66. ~ollntl: C, 

68.96; I:, 6.74. 

tm.pRuH(PPh~)(carbene) 4’ 

In an NMR Lube, (tmp)RuH(PPhs)z 4 (10 mg, 0.013 mmol) 
and carbene in excess (2 equiv) were dissolved in THF/&Da 
(3:2). The solution was warmed at 70 “C during 4 days. 
The NMR spectra revealed the formation of 4’ (ratio of 
4/4’ = 2:3). 
‘I-1 NMR: 6 (ppm) -10 (d, lH, J = 50 HZ, RuH). 
31P NMR: 6 (ppm) -49.8 (s, PC4Med); 06.6 (s, PPl13). 
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