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A b s t r a c t  

The title compounds have been prepared either by reacting (codX'r/3-2-MeC3H4)2Ru with the appropriate bisphosphine or 
Ru(Pr~P(CH2),,PPr~)CI 2 with allylmagnesium chloride. In contrast to the analogous iron compounds, the "o3-allyI-Ru compounds react 
with 1,5-hexadiene to give (@-l-hexadienyl)RuH complexes irrespective of the length of the methylene chain joining the two P atoms in 
the bidentate ligand. The @-C3Hs-containing compounds react more selectively than the r/3-2-MeC3H4-containing compounds and the 
product of the reaction of the former with acetic acid has been shown by X-ray crystallography to be the ionic complex 
[Ru(Pr~PC2H4PPr~)eOAc]+OAc -. © 1997 Elsevier Science S.A. 

Keywords: Ruthenium; @-allyl; "r/5-1-hexadienyl; Acetate 

Although organometallic complexes of ruthenium are currently attracting increasing attention as catalyst-precursors 
for a variety of organic syntheses [1] the application of (@-allyl)2RuL 2 species, which might be anticipated to be a 
convenient source of the L2Ru(0) moiety through coupling of the two allyl groups, is limited to hydrogenation [2-7] 
and the addition of carboxylic acids to alkynes [8-10]. The ruthenium species investigated generally inw)lve bidentate 
ligands containing aryl-substituted P atoms, e.g. binap, Ph 2 PC 2 H 4 PPh 2. We were interested in preparing compounds 
containing alkyl-substituted bidentate phosphines since related investigations involving iron had shown that the 

(Pr  2 P(CH 2)nPPrz)Fe(0)  species is dictated by steric effects which are influenced by the length of the chemistry of the i i 
methylene chain joining the two P atoms [11-13]. 

The ruthenium compounds studied previously have almost invariably involved the "r/3-2-MeC3H4 group and we 
decided to attempt to prepare analogous compounds containing the ~3-C 3H 5 group in the anticipation that these might 
be more reactive. As far as we are aware, the only known examples of this class of compound are (r/3- 
C3Hs)2Ru(PPh3) 2 [14] and (~3 -C3Hs)2Ru(CO)  2 [15,16] and no compounds have been reported contairfing bidentate 
ligands. 

The r/3-2-MeC3H4-containing compounds are in general prepared by reacting (cod)(r/3-2-MeC3H4)2Ru with the 
appropriate ligand [2 - 10,15,17,18 ] and we have al so used this route to prepare (r/3_ 2-MeC 3 H 4) 2 Ru(Pr~ P(CH 2 ),, PPr~ ) 
(1, n = 1; 2, n = 2; 3, n = 3) [19]. However, this approach does not give satisfactory results when applied to the 
r/3-C3Hs-stabilized species - mainly because (cod)(r/3-C3Hs)zRu is less easy to prepare and manipulate [20] - and 
examples of these compounds (4, 5) have been prepared by reacting (cod)RuC12 [21] with the bisphosphine in 
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[Ru(Pr 2 P(CH 2)n PPr2)C12 ]2 followed by treatment with allylmagnesium chloride [22] Eq. refluxing ethanol to give ~ i 
(1). 

Pr2 I 

- 2 MgCi z (CH~'~P"o,,,~ / 
Ru(Pr21P(CHz)nPPr2t)CI2 + 2 , ~ , , , , ~ M g C I  ~ p ~ - K u  

Pr2'  ~ (1) 

4, n =2 ;  5 n = 3  

The NMR spectra of both the 373-2-MeC3H4 and 373-C3Hs-containing compounds 1-5 [19,22] indicate that in 
solution they all have the same pseudo-tetrahedral geometry, with the meso-C atoms of the allyl groups pointing away 
from the metal atom (C2-symmetry), which has been observed for the related Fe compounds [1 1] and which has been 
confirmed by X-ray diffraction for (373-C3Hs)2Ru(PPh3) 2 [14]. 

In contrast to the analogous reaction involving iron, we have observed no significant difference in the behaviour of 
the T/3-C3 H 5-Ru compounds stabilized by bis(diisopropylphosphino)ethane (dippe) or bis (diisopropylphosphino)pro- 
pane (dippp) with 1,5-hexadiene: in both cases (375-1-hexadienyl)RuH-species are formed [23] Eq. (2). 

a i i = Pr f I l[" 
(1"1 -C3Hs)2Ru(Pr2 P(CH2).PPr2) + ~ / ~ R u .  H (2) 

(CH2)~" PPr2i 

The product of the analogous reaction with iron is either (372,2_ 1,5-hexadiene)Fe(dippp) or (37 5 l-hexadienyl)Fe(di- 
ppe)H [12,13]. We attribute this difference in behaviour to the larger size of the Ru atom which reduces the 
significance of steric effects associated from the metal-bonded bidentate ligand. 

Although the 373-C3Hs-Ru complexes (4, 5) are not obviously more reactive than the corresponding 373-2 - 
MeC3H4-Ru complexes (1-3), they do react in a more selective manner. For example, the reaction of 1,5-hexadiene 
with (37 3_2_MeC 3 H 4) 2 Ru(Pr~ PC 3 H 6 PPr~) leads to a complex mixture of products while the same species react with 

C3, 

,7,6 

C14 

Fig. 1. The molecular structure of [Ru(Pr~PC2H4PP~)2OAc] + OAc- (6). Selected interatomic distances (,~) and angles (deg): Ru-P1 2.385(4), 
Ru-P2 2.316(3), Ru-P3 2.331(3), Ru-P4 2.396(4), Ru-O1 2.220(8), Ru-O2 2.234(9), O1-C5 1.18(1), O2-C5 1.32(1), P I -Ru-P4  179.6(1), 
P1-Ru-P2 83.6(1), P3-Ru-P4 83.5(l), P1-Ru-P3 96.7(1), P1-Ru-O2 91.2(2), O1-Ru-PI  89.7(2), O1-Ru-O2 58.5(3), O1-C5-02 120.6(7). 
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acetic acid  and one equivalent  o f  b i sphosph ine  to give a mixture  o f  mono-  and b i s - a c e t a t e - R u  species.  In contrast  
3 i i i i + - ('q - C 3 H s ) z R u ( P r 2 P ( C H 2 ) , P P r  2) reacts to give the ionic c o m p o u n d  = 2) [Ru (P rz P (CH z ) ,PPr2 )z O A c ]  OAc  (6, n 

in high y ie ld  [24] Eq. (3). 

0q3-C3Hs)2Ru(PrziPCzH4PPr2 i) + PrzIPCzH4PPr2 i + 2CH3COzH 

Pr2 i + 
7 

Pr2 P - . ~  "0.., .~.~.._ I 
i ~ K u . . . ~  OAc" 

l - r  2 1 ~ ~ t . J  

Pr2 i 

(3) 

The ionic nature o f  6 has been conf i rmed  by a crysta l  structure de te rmina t ion  [25] and the molecu la r  structure is 
shown in Fig. 1. The Ru a tom lies at the centre of  a dis tor ted oc tahedron  and is bonded  to the P a toms o f  the b identa te  
l igands  and to the O a toms o f  the chela t ing  acetate group. The structure is s imi lar  to that obse rved  for 

[Ru(PPh2Me)4OAc]+PF6  - [26], [ R u ( P M e 2 P h ) 4 O A c ] + P F 6  [27], R u ( P h 2 P C H 2 P P h 2 ) 2 O A c ] + B P h 2  [28] and 
[Ru(PPh3)z(NCMe)2OAc]  + C10 4 [29] with the P - R u  bonds  cis  to the O-a toms  s ignif icant ly  longer  ( R u - P 1 / 1 > 2  2.39 
A)  than those in a t rans  posi t ion ( R u - P 2 / P 3  2.32 A). 
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