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Abstract 

The title compound has been prepared from bis[dichloro(-q6-arene)ruthenium] (-q6-arene = 1,2,3,4-C6Me4H 2 (la), p-cymene 
(lb) and tris(2,6-dimethoxyphenyl)phospine (TDMPP). The crystal structure features a type of ~/3-phosphino-two phenoxides 
coordination. Reactions with its related phosphines, bis(2,6-dimethoxyphenyl)phenylphosphine (BDMPP) and (2,6-dimetho- 
xyphenyl)diphenylphosphine (MDMPP) gave complexes with -q2-phosphino-phenoxide and -qJ-phosphino coordinations, and 
trans-RuClz(MDMPP)2, depending on phosphines and arene groups. 
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It is known that phosphine ligands with ortho- 
methoxy phenyl substituents undergo dealkylation re- 
actions to give phosphino-phenoxide ligands [1]. The 
phosphine ligand with ortho-methoxy groups in the 2- 
and 6-positions, such as tris(2,4,6-trimethoxyphenyl) 
phosphine (TMPP) and tris(2,6-dimethoxyphenyl) 
phosphine (TDMPP), show interesting chemical behav- 
ior; high nucleophilicity and large cone angle (184 °) [2]. 
The TMPP ligand displays a wide variety of geometries 
and hapticities. The arrangements are influenced by 
steric and electronic requirements of the metal center 
and three coordination modes are known: (a) the usual 
monohapto-ligand by phosphino coordination [3a-f]; 
(b) dihapto-ligand by phosphino-phenoxide or phos- 
phine-O donor (O coordination of MeO group) 
[3c,d,g-i]; and (c) trihapto-ligand by phosphino-two O 
donor or phosphino-phenoxide-O donor [3k-n]. For- 
mation of the trihapto-mode by a phosphino-two phe- 
noxide coordination is unknown in the literature. Coor- 
dination chemistry of the TDMPP ligand is not as high 

* Corresponding author. 

0022-328X/95/$09.50 © 1995 Elsevier Science S.A. All rights reserved 
SSDI 0 0 2 2 - 3 2 8 X ( 9 4 ) 0 5 3 3 4 - 0  

as that of TMPP. Here we report the preparation of 
ruthenium(II) complexes with a variety of coordination 
modes by the reactions of bis[dichloro(~6-arene) - 
ruthenium(II)] with TDMPP and its related phos- 
phines. 

When a solution of [(r/6-1,2,3,4-C6Me4H2)RuC1212 
la in CHzCI 2 was treated with TDMPP at room tem- 
perature, a yellow compound, [(r/6-1,2,3,4-C6Me4 - 
Hz)Ru[P{2,6-(MeO)zC6H3}{2-O-6-MeO6H3}2] 2a, was 
obtained [4,5]. X-ray analysis showed that the complex 
consists of two independent molecules (2a-A and 2a-B) 
and the TDMPP ligand acts as a trihapto-ligand; phos- 
phino-two phenoxide coordination (Fig. 1) [6]. 

This coordination type is the first example of coordi- 
nation of aromatic phosphine ligands containing the 
methoxy groups in the 2,6-positions. The average dis- 
tances of Ru-O bonds for two molecules are 2.062(5) 
,& for 2a-A and 2.050(6),~ for 2a-B; these values are in 
good agreement with usual metal-tr-oxygen bond dis- 
tance. This difference of bond distances is traced back 
to that of the Ru-P bond distances, where the bond 
length (2.272(3) ,&) in 2a-A is shorter than that in 
2a-B (2.282(3) /k). The 1H NMR spectrum showed 
four kinds of methyl protons at 6 1.72 (s), 2.26 (d, 



Y. Yamamoto et al. /Journal of Organometallic Chemistry 489 (1995) C68-C70 C69 

JvH = 1.6 Hz), 3.46(s) and 3.49(s) consisting of a 
6 : 6 : 6 : 6 intensity ratio; the first two peaks correspond 
to the methyl protons on the benzene ring and others 
to the O-methyl protons. An analogous complex, [(r/6- 
p-cymene)Ru[P{2,6-(MeO)2-C6 H 3}{2-O-6-MEOC6 H 3}2 ] 
2b, was isolated from the reaction of [ ( r / 6 - p  - 

cymene)RuC12] 2 lb with TDMPP [4,5]. The fate of Me 
and C1 groups was detected as a phosphonium salt of 
chloride in the ~H NMR spectroscopic studies in situ. 

Complex [(r/6-p-cymene)RuC12]2 lb  reacted with 
bis(2,6-dimethoxyphenyl)phenylphosphine (BDMPP) to 
give an orange compound, (r/6-p-cymene)RuCl[PPh 
{2,6-(MeO)2C6H3}{2-O-6-MeOC6H3}] 3b [4,7]. The 
structure was confirmed by an X-ray analysis [8]. The 
phosphine ligand acts as a bidentate ligand by a phos- 
phino-phenoxide coordination (Fig. 2). 

The R u - O  bond length is 2.069(6) -A, the same as 
that of 2a. The R u - P  bond length is 2.342(3) A, longer 
than that of 2a, probably minimizing the repulsive 
interaction between CI and P ligand. The molecule has 
two chiral centers (Ru and P atoms). A priority order 
of the ligands is p-cymene > CI > P > O for a metal 
configuration and Ru > 2-O-(6-MeO)C6H 3 > 2,6- 
(MeO)2C6H3 > Ph for a P configuration. The PLUTO 
diagram shows that the molecule is a pair of 
RRuRr,/SR,S P. The 31p{H} NMR spectrum of the 
crystallized material in CDCI 3 showed two peaks at 
31.56 and 39.00 consisting of ca. 1 : 1.2 intensity ratio, 
suggesting the existence of two kinds of complexes 
(RRuRp/SR,  S e and RRuSt,/SRuR e) in solution [9]. 
The 1H NMR spectrum also supported the existence of 
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Fig. 1. Molecular structure of [(r/6-1,2,3,4-Me4C6H2)Ru[P{2,6 - 
(MeO)2C6H 3}{2-O-6-MeOC6H 3}2] 2a. 
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Fig. 2. Molecular structure of (~6-p-cymene)RuCl[PPh{2,6- 
(MeO)2C6H 3}{2-O-6-MeO6H 3}] 3b. 

a diastereometer. It results in the chiral centers in the 
molecule that the methyl protons of iso-propyl group 
showed the existence of two kinds of isomers (A* and 
A* *) and each of them is in a different environment, 
appearing at 6 1.05 (JHH = 7.0 Hz)* and 1.06 (JHH = 
7.0 HZ)*, and at 3 1.12 (JHH = 7.2 HZ)** and 1.15 
(JHH = 7.2 Hz)* *. The 1,2,3,4-Me4C6H 2 complex 3a 
was also obtained from the reaction of la  with BDMPP 
[4,7]. Reaction of complex la  with (2,6-dimetho- 
xyphenyl)diphenylphosphine (MDMPP) underwent a 
formation of two compounds, yellow crystals (-O 6- 
1,2,3,4-Me4C6 H 2)RuCI 2[PPh 2{2,6-(MeO)aC6H 3}] and 
4a and (-06-1,2,3,4-Me4C6H2)RuCl[PPh2{2-O-6 - 
MeOC6H3}] 5a [4,10], and the transformation of 4a to 
5a occurred easily, whereas the reaction with lb led to 
elimination of an arene ring to give RuCIa[PPh2{2,6- 
(MeO)zC6H3}] 2 6 [4,11]. The 31p{H} NMR spectrum 
showed a single band at ~ 61.1. The 1H NMR spec- 
trum showed an existence of two methyl groups at 
3.17 and 4.53 consisting of a 1 : 1 ratio, probably being 
assignable to a free OMe and a coordinated OMe 
group, respectively. Complex 5 is tentatively assumed 
to be an octahedral structure with a trans-configura- 
tion as depicted in Scheme 1. 

Studies of the reactivity difference of various phos- 
phines with ruthenium(II) arene complexes, and inves- 
tigations on the mechanisms of these reactions are now 
in progress. 

A listing of additional bond distances, angles ther- 
mal parameters, and tables of observed and calculated 
structure factors are available from the authors. 
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Scheme 1. Reactions of [(~6-arene)RuCl2]2 I with aromatic phos- 
phines containing methoxy groups in 2,6-positions. 

We thank Professor M. Wada in Tottori  University 
for some information on TDMPP.  
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