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Abstract 

New Ru(n6-arene)(~4-diene) complexes, con- 
taining chiral substituents on the aromatic ring, have 
been prepared and characterized. The ‘H NMR 
inequivalence of the ortho and meta protons of the 
phenyl ring is discussed. 

Introduction 

(g”-Arene)ruthenium(O) complexes are of great 
interest in preparative chemistry and catalysis. New 
simple synthetic ways have been recently reported 
improving studies on their chemistry and structure 
[ I]. (q6-Arene)(v4-diene)ruthenium(O) complexes, 
containing chiral substituents on the arene ring, 
appeared of particular interest for their potential 
use in the catalytic synthesis of chiral compounds. 
The complexes Ru(#-arene)(r74-COD) (arene = 
C6HsCH(Et)CHa, C6H&H(NH2)CH3 and COD = 
cycloocta-1 ,5-diene), previously prepared, pointed 
out an unusually high ‘H NMR anisochronicity of 
the ortho and meta protons of the phenyl ring 

PI- 
In order to obtain a deeper insight into this 

phenomenon, the availability of Ru(#‘-arene)(q4- 
diene) complexes having suitable chiral groups on 
the arene and different q4-dienes was necessary. 
We report here the synthesis of new ruthenium(O) 
complexes of this type and some important features 
of their ‘H NMR spectra. 

Experimental 

All the reactions were carried out under a dry 
oxygen-free nitrogen atmosphere, using conven- 
tional Schlenk-tube techniques. Solvents were puri- 
fied by conventional methods, distilled and stored 
under nitrogen . 

The racemic arene ligands were prepared ac- 
cording to the literature methods: 2,2-dimethyl-3- 
phenylbutane, starting from acetophenone and 
t-butyl magnesium chloride [3]; 2-(4-methyl-phenyl) 
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butane by reaction of 4’-methyl-propiofenone and 
methylene-diiodide in the presence of magnesium 
amalgam and subsequent hydrogenation of the 
resulting olefm [4] ; (I-phenylethyl)ethylether, 
starting from 1-phenylethanol and acetylene and 
hydrogenation of the resulting olefin [5]; 2-phenoxy- 
butane, by reaction of sodium phenoxide and sec- 
butyl bromide [6]. 

The complexes Ru($-COT)(n4-COD) [7 ] and 
[RuClz($-C6HsCH(Et)CHs}]s [2] were prepared 
according to the literature reports. 

‘H NMR spectra were recorded on Varian T-60 
and Bruker 270 MHz spectrometers, using (CH3)4Si 
as internal standard (6 values). Microanalyses were 
performed by the Laboratorio di Microanalisi, Isti- 
tuto di Chimica Organica, Facolta di Farmacia, 
Universita di Pisa. 

Beparation of Complexes Ru($-arene)(q4-COD) 
{la-d) 

The Ru($-arene)(n’-COD) complexes were pre- 
pared as previously reported [2]. Only the prepara- 
tion of complex la will be described in detail, the 
experimental procedure being substantially the 
same for all the other compounds of the same type. 

(qe-2,2-Dimethyl-3-phenylbutane)(~4-eycloocta- 
l,Miene)ruthenium(O) (la) 
2,2-Dimethyl3-phenylbutane (0.31 g, 1.92 mmol) 

was added to a solution of Ru($-COT)(n4-COD) 
(0.31 g, 0.99 mmol) in 5 ml of pentane. The reaction 
mixture was stirred at room temperature for 8 h 
under hydrogen (1 atm). The solvent and the excess 
of ligand were removed under reduced pressure and 
pentane (3 X50 ml) was added to the solid residue. 
The yellow solution so obtained was concentrated 
to 10 ml and chromatographed on alumina (20 
cm) using pentane as eluent. From the solution, 
at -78 “C, 0.28 g (0.75 mmol) of la were recovered 
as a yellow crystalline solid (A4 = 372). 

Preparation of {$-2-Phenylbutane)fg4-bicyclo- 
2,2,1-hepta-2,5-diene)ruthenium(O), Ru{#-C&ls- 
CH(Et)CHs XV~-NBD) (2) 

To a suspension of [RuCls($-C6HsCH(Et)CH3)12 
(0.12 g, 0.2 mmol) and anhydrous NasCOs (0.135 g, 

0 Elsevier Sequoia/Printed in Switzerland 



236 P. Pertici et al. 

in 20 ml of isopropyl alcohol, NBD 
mmol) was added. The mixture was re- 

fluxed for 5 h and then filtered. The pale yellow 

1.3 mmol) 
(1 ml, 9.3 

solution was evaporated to dryness under vacuum, 
extracted with pentane (3 X 50 ml) and chroma- 
tographed on alumina (30 cm), using pentane as 

la 

CH -CH-CH2-CH3 
31 

0 

CH 
3 lb 

Id 2 
Fig. 1. Chiral (#-arene)(q4diene)ruthenium(0) complexes. 

Scheme ‘. Arene = a, C6HSCH@u)CH3; b, PCH3Cd%&H(Et)CH3; C, C&CH(OEt)CH3; d, C6Hs~H(Et)CH3. 
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eluent. From the solution, concentrated to 3 ml, at 
-78 “C, 0.055 g (0.17 mmol) of 2 were obtained 
as a yellow oily compound (M= 328). 

Results and Discussion 

The chiral ($-arene)(v’diene)ruthenium(O) com- 
plexes which have been prepared in the course of 
this study are shown in Fig. 1. They were of partic- 
ular interest for structural investigations because 
they provide different environments around the 
ruthenium atom. Thus, la has an asymmetric alkyl 
group characterized by high conformational homo- 
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geneity, lb contains a para-alkyl substituent in the 
phenyl ring, in lc there is a strong screening group 
in the lateral chain and in Id the chiral carbon 
atom is bonded with a spacing group to the phenyl 
ring. Complex 2 contains v4-bicycle-2,2,1-hepta- 
2,5 diene (NBD), which is a less flexible diene than 
cycloocta-1,5diene. 

Complexes la-d were prepared by the reaction 
of Ru($-COT)(Q~-COD) (COT = cycloocta-1,3,5- 
triene) and the corresponding arene under an atmo- 
sphere of hydrogen, as reported in Scheme 1. Com- 
plex 2 was obtained by reduction of the corre- 
sponding [RuC12($-arene)]2 compound in the 
presence of NBD, according to Scheme 2. 

Id 

B.5 ,.rnld, 3.0 

Fig. 2. ‘H NMR spectra (aromatic protons) of complexes la-d and 2 at 270 MHz in C6D6. 



TABLE I. Analytical and Spectroscopic Data of Ru(#-arene)(q4-diene) Complexes 

Compound Yield Analysis* (%) ‘H NMR datab 
(%) C 

H Aromatic ligand 

Arene proto& Others Diene 

cn3-cn-c(cH3)3 

@-?I a/ 
‘\ 

la 

9 
lb 

cn3-cn-o-c2n5 

Q-8 II”’ 
‘\ 

IC 

Id 

80 64.01 7.85 5.55 (t, lH, Hp, Jpm = Jpme = 5.4) 1.98 (q, lH, CH) 3.65 (m, 2H, CH) 
(64.69) (8.09) 5.40 (t, lH, Hm’, J+, = Jmto = 6.4) 1.52 (d, 3H, CHs-CH, J = 7.0) 3.45 (m, 2H, CH) 

5.35 (d, lH, Ho, Jam= 5.2) 0.90 (s, 9H, (W3)3C) 2.45 (m, 4H, CH$ 
3.88 (d, lH, Ho’) 2.30 (m, 4H, CIfz) 
3.85 (t, lH, Hm) 

80 63.54 7.61 5.21 (dd, lH, Ho, Jam= 5.5;Joc/= 1.3) 2.18 (s, 3H, CeH4-CH3) 3.68 (m, 2H, CW 
(63.87) (7.84) 5.17 (dd, lH, Hm’, Jm~o~ = 5.5;Jmm~= 1.2) 2.04 (m, lH, CHI 3.45 (m, 2H, CH) 

4.53 (dd, lH, Hm) 1.84 (m, lH, CHH) 2.58 (m, 8H, CJfz) 
4.51 (dd, lH, Ho’) 1.65 (m, lH, CHH) 

1.51 (d, 3H, CH-CH3, J= 7.0) 
1.11 (t, 3H, CH2-CH3, J = 7.4) 

50 59.92 7.33 5.00 (t, lH, Hp, Jpm= Jp,,g = 5.5) 3.57 (m, lH, CH) 3.17 (m, 4H, CH) 
(60.18) (7.24) 4.90 (d, lH, Ho, Jam= 5.2) 3.51 (m, lH, CHH) 2.06 (m, 8H, CH3) 

4.47 (t, lH, Hm’, Jm,, = Jm~o~ = 5.5) 3.49 (m, lH, CHH) 
4.12 (d, 1 H, Ho’) 1.12 (d, 3H, CH-CH3, J= 6.5) 
4.10 (t, lH, Hm) 0.89 (t, 3H, CH+Xf3, J= 7.0) 

70 60.01 7.42 5.30 (t, lH, Hp, Jm = Jmtp = 5.5) 3.82 (m, lH, CH) 3.36 (m, 4H, CH) 
(60.18) (7.24) 4.9-4.7 (m, 4H, Hoo’mm’) 1.40 (m, 2H, CH2) 2.26 (m, 8H, CH2) 

1.05 (d, 3H, CH-W3, J = 6.2) 
0.73 (t, 3H, CH2-CH3, J = 7.3) 

43 62.54 6.61 5.38 (t, lH, Hp, Jpm =Jpmf = 5.5) 2.25 (m, lH, CHI 3.67 (m, 2H, HA JAB = Jm = 3.2; JAC = 1.6) 
(62.39) (6.72) 5.17 (d, lH, Ho, Jam= 5.5) 1.78 (m, IH, CHH) 3.16 (m, 4H, HB + Hd) 

5.16 (t, lH, Hm’,Jom-= 5.5) 1.62 (m, lH, CHH) 1.47 (m, 2H, HD) 
5 .Ol (t, lH, Hm) 1.44 (d, 3H, CH-CH3, J = 6.9) 
4.96 (d, lH, Ho’) 1.10 (t, 3H, CH2-CJf3, J= 7.4) 

?e 
b 

*Calculated values are given in parentheses. bSpectra were measured at 270 MHz in [2H6] benzene solution; 6 scale; coupling constants, J, are in Hz; s = singlet, d = doublet, 
9 
0. 

dd = doublet of doublets, t = triplet, m = multiplet. ‘o = orrho, m = mefu, p = paru. z 
R 
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Fig. 3. Possible rotamers of the chiral complexes Ru(#- 
arene)(v4diene) present in solution. 

These preparative routes provide access to a wide 
range of Ru($-arene)(v4-diene) complexes con- 
taining different arenes and/or dienes which are in 
most cases not easily obtained by other methods. 

Complexes la-d and 2 are yellow low-melting 
crystalline compounds, soluble in common organic 
solvents. They have been identified by elemental 
analysis and spectroscopic measurements (Table I). 
The aromatic region of the ‘H NMR spectra of these 
complexes, recorded at room temperature, is shown 
in Fig. 2; no important difference has been observed 
in a temperature range of t60 to -100 “C. One 
outstanding feature of these spectra is the large 
upfield shift of the ring hydrogen atoms [8] and 
the significant anisochronicity of both the ortho 
and meta protons of the arene ring. In complex la 
the upfield coordination shifts aS (A& = 6 (free 
ligand) - 6 (complex)) are 1.89 and 2.59 6 for the 
ortho and ortho’ protons Ho and Ho’;and 2.57 and 
1.93 6 for the meta protons Hm and Hm’. The 
presence of a methyl group in the para position of 
the substituted phenyl ring (complex lb) does not 
appreciably affect such an anisochronicity, the 
Aa values being quite similar to those found for 
the corresponding complex Ru{$-C6HsCH(Et)CHs)- 
(q4-COD) [2]. When the chiral carbon atom is not 
directly bonded to the phenyl ring (complex Id) 
such chemical shift differences are very small, thus 
preventing assignment of the signals. In complex lc, 
containing an oxygen atom in the chiral group, 
aS(Ho) is significantly less than ti(Ho’), AS(Hm) 
and AS(Hm’), which suggests that Ho is close to 
the heteroatom of the chiral group. Inequivalence 
of the ortho and meta protons has been observed 
also in complex 2, containing NBD as v4-diene. 
This diene, in contrast to COD, cannot assume a 
flexible conformation, indicating that the conforma- 

tion of the q4-diene does not affect the phenom- 
enon. 

It can be seen that the inequivalence of the ortho 
and metu protons is present in all the reported 
examples and it is less evident when the chiral carbon 
atom is not directly bonded to the phenyl ring (Id). 
A surprising feature which appears from the ‘H NMR 
spectra is the particular value of the chemical shifts 
of the ortho-meta’ and ortho’-meta protons, 
resulting in the following relationships: AS(Ho) s 
ti(Hm’) tind hs(Ho’)“= AS(Hm). AS(Ho) is dif- 
ferent from A&(Hm’) only for complex lc (Fig. 2), 
probably because of the proximity of Ho to the 
heteroatom, as mentioned above. It seems reasonable 
to assume that the observed A& values can be related to 
the presence of rotamers arising from different orienta- 
tions of the arene with respect to the coordinated 
diene. The X-ray structure of RU(7f-C6H6)(Q4-COD) 

shows that the planes of the q6-arene and the co- 
ordinated double bonds of the diene are almost 
parallel [9]. Therefore, taking into account the, 
similarity of the ‘H NMR spectra of complexes 
with flexible and rigid diene (la-d, 2), the presence 
of rotameric conformations which generate similar 
environments for the protons Ho, IIm’ and, separa- 
tely, Ho’, Hm can be accounted, as pictured in 
Fig. 3. 

‘H NMR studies on the corresponding isoelec- 
tronic COmpkXeS [Rh($-arene)(7,?4diene)]PF6 are 
in progress. Preliminary results show that the general 
features of the spectra are quite similar to those 
observed for the ruthenium complexes, indicating 
that the phenomenon is independent of the nature 
of the metal. 

References 

M. A. Bennett, M. I. Bruce and T. W. Matheson, in G. 
Wilkinson, F. G. A. Stone and G. Abel (eds.), ‘Com- 
prehensive Organometallic Chemistry’, Vol. 4, Pergamon, 
Oxford, 1982, p. 691, and refs therein. 
P. Pertici, G. Vitulli, R. Lazzaroni, P. Salvadori and P. L. 
Bar&J. Chem. Sot., Dalton Trans., 1019 (1982). 
R. C. Huston and I. A. Kaye, J. Am. Chem. Sot., 64, 
1578 (1942). 
F. Bertini, P. Grasselli, G. Zubiani and G. Cainelli, Tefru- 
he&on. 26, 1281 (1970). 
W. Reppe, Annalen, 97, 601 (1950). 
M. M. Spring and E. S. Wallis, J. Am. Chem. Sot., 56, 
1716 (1934). 
P. Pertici and G. Vitulli, Znorg. Synth., 22, 176 (1983). 
A. C. Sievert and E. L. Muetterties, Znorg. Chem., 20, 
489 (1981). 
H. Schmid and M. L. Ziegler, Chem. Ber., 109, 132 
(1976). 


