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Abstract 

Some pentamethylcyclopentadienyl ruthenium( II) diphosphine chloride complexes have been prepared by ligand exchange s?ar?iag ~~ 
the parent triphenylphosphine derivatives and their reactivities compared with those of the corresponding cyclopentadienyl cafe. 
pentamethyl &and causes a greater extent of asymmetric induction when the (R)-prophos and (R)-pbenpbos ligands are used as well as a 
higher lability of the stereochemistry at the stereogenic ruthenium centre. A shift of about 200 mV in the oxidation potential is caused by the 
substiturion at the penta-hapto ligand. The order of basicity of the diphosphine ligands was also evaluated and was found tobe consistent with 
previous determinations. The crystal structure of ( q’-C5Me,) Ru( ( S.S) -chiraphos)Cl shows a coordination around the ruthenium atom similaz 
to that found for the ( $-C5H,) Ru (( S.S) -chiraphos}CI complex. 0 1998 Elsevier Science S.A. All rights reserved. 

Kewords: Cryslti structures; Electrochemistry: Ruthenium complexes; Chill diphosphine complexes; PentameIhylcyclopentiienyl compkxes 

1. Introduction 

In recent years we have prepared a series of cyclopenta- 
dienyl (C,H,) complexes of ruthenium( II) containing chiral 
diphosphines homologues of the 1,2-bis( diphenyl- 
phosphine)ethane with C 1 and C2 symmetry [ 1). The ruthe- 
nium centre is stereogenic for compounds of the former type 
[2]; consequently they gave the opportunity to study the 
stereochemistry of simple metdlorganic reactions which are 
fundamental steps in catalytic processes [ 1 ] + Compounds of 
the latter type were used as templates for asymmetric stoi- 
chiometric [3,4] and catalytic reactions [ 51. 

Modification of the basicity at the metal atom in organo- 
transition metal complexes can be a way to alter their reac- 
tivity. In fact, it is well known that the reactivity at the metal 
centre is influenced by the type of ancillary ligands. Strong 
electron-donating ligands can increase the electron density at 
the metal centre [6,7], thus favouring, for example, oxidative 
addition reactions [ 8 1. 
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The strong donor ligmd ~n~~ylcyc~~n~e~yl 

organotransition metal cbmplexes 

instead of phosphines, when hydride complexes are com- 
pared with halogen0 derivatives. for which the or&of basic- 
ity decreases from chlorine to bromine to iodine, and when 
C,Me, is substituted for C,H,. Moreover, Lindner, Vrieze 
and co-workers showed that the cationic complexes [ ($- 
C,H,)Ru(P”O)(P-O)]SbF, and E($-C,Me5)Ru(P”O)- 
(P-O) ] SbF, exhibit a very different reactivity toward CO. 
The latter complex coordinates CO instantan+Xmsiy, while 
the cyclopentadienyl compounds needs more thaw 12 h [ 1 I]. 

Recently various ruthenium( II) complexes containing the 
C5MeS ligand and phosphines or diphusphines have been 
investigated [9,12-25 1. In the present work we report on the 
synthesis and characterisation of new compkxes of the type 
(q’-C=,Me,)Ru(L”L’)Ci in which L”L’ are chiral diphos- 
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phines having Cl or C2 symmetry and on some acetonitrile 
derivatives thereof. The crystal structure of (q’-C,Me,)- 
Ru((S,S)-Ph?PCH( CH, jCk( CHJ)PPhz}Cl has been deter- 
mined and compared with that of the corresponding cyclo- 
pentadienyl derkative. The electrochemical behaviour of the 
complexes has confirmed the order of basicity of the diphos- 
phin& already observed for the iridium com$exes 
i Ir( L “L) J + containing the same ligands [ 261. 

2. Results and discussion 

2.1. Synthesis and spectroscopic properties 

The complexes of general formula ($-CsMes)- 
Ru( L * L’)Cl (L” L’ =chiral diphosphines) were prepared 

prophcs phenphos 

cypenphos 

by substitution of the triphenylphosphine ligand from ( qs- 
CSMes )Ruf PPh, 1 Kl (Scheme 1) [ 9,27 I. For preparative 

thuaphos 

purposes the exchange reactions were carried out by treating 
the starting ruthenium compound with the appropriate 
diphosphine in a i : 1 molar ratio in boiling toluene for about 
6 h. The expected complexes were obtained as microcrystal- 
line orange compounds. They are soluble in toluene and dich- 
loromethane and insoluble in n-hexane. The complexes were 
purified by recrystallisation from dichlorokethane/n- 
hexane. 

The formation of the chelate complexes was monitored by 
“P{ ‘H } NMR spectroscopy at room temperature in toluek- 
dx as the solvent to possibly identify differences in reactivity 
with respect to the parent cyclopentadienyl compound ( qs- 
C,H,)Ru(PPh,),Cl 1281. 

The “P(‘H) NMR spectrum of the reaction mixture with 
dppe registered after 5 min shows the presence of the chelate 
complex at S 74.64 ppm. of free triphenylphosphine at S 
- 5.85 ppm and of unreacted dppe. Resonances between S 

45.50 and 38.50 ppm as well as a doublet centred at S 
- 13.99 ppm are consistent with the formation of interme- 

diates, in which dppe acts as a monodentate ligand (Scheme 
1). The reactions with the Cz diphosphines (S,S)-chiraphos 

and ( rat) -cypenphos ( L = L’ ) show a pattern similar to that 
of dppe. Also for these Iigands the chelate complexes form 

G-5 
Ph$‘BV 

- pph3 * 
Ph3P c’ 

Scheme 1. 
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complex, about 2 kcal mol - ’ for ( ~5-CSMes) Ru { CR)-pro- 
phos}Cl and about 0.8 kcal mol - ’ for ( $-CSMes ) Ru{ ( R )- 
phenphos}Cl. For these ligands the thermodynamically 
favoured diastereomer is that having the larger difference in 
the chemical shifts for the two phosphorus atoms in the 
“P(‘H} NMR spectrum. This situation most probably cor- 
responds to the ul-diastereomer [ I,3 I 3. Furthermore. at least 
for the last two ligands, the extent of asymmetric induction 
at the metal is higher than for the compounds containing the 
unsubstituted cyclopentadienyl ligand 1291. 

The complexes show a dynamic process in solution in the 
temperature range 178-300 K when analysed by “P[ ‘H) 
NMR in CD,Cl,. At 178 K the process is frozen out giving 
rise to a well-delinedsinglet for ( $-CsMeS)Ru( dppe)Cland 
AX (or AB) spectrum for all the other complexes. When the 
temperature is raised, the “P{ ‘H ) NMR spectra show a 
broadening of the resonances for all the complexes. The (R)- 
prophos and (mc)-renorphos derivatives show a diastereo- 
mer population corresponding to that also observed in 
C,D,CD, at room temperature. In fact, we have checked that 
the prophos-containing diastereomers do not undergo epi- 
merisation under these conditions. However, the use of the 
mixed CDClJCDzC12 caused complete epimerisation in less 
than 24 h. 

The coalescence temperature is close to 300 K and the 
activation energies for the dynamic process are about 12- 
13 kcal mol -‘ ‘. The most probable explanation for the 
observed behaviour is to assume some ion separation involv- 
ing the chlorine ligand (Eq. ( I)) which, however. is not 
large enough to cause epimerisation at the metal. 

($-CsMes )Ru( L”‘L’)Ci-J[($-C,Me5)Ru( L’L’)] ‘( I) 

+ci- 

In fact, slowing down of the 1-8 equilibration of the chelate 
ring or of the rotation of the C5MeS ligand are inconsistent 
with the observed solvent effect and appear less probable 
[32,33]. 

The compounds ($-C,Me,)Ru(L*L)Cl (L”L=dppe. 
( rut ) -cypenphos, (S,S) -chiraphos and ( R ) -prophos f react 
rapidly in methanol with acetonitrile in the presence of 
NH,PF, as the halogen scavenger to afford quantitatively the 
corresponding acetonitrile derivatives [ I]. 

(I-$-C,Me,)Ru(L”L’)Cl+NH,PF,+CH,CN-+ (2) 
[(q5-C5Me5)Ru(L^L’)(CH,CN)lPF, 

The complexes are formed as yellow microcrystallinecom- 
pounds, soluble in dichloromethane. Their 3’P{1H} NMR 
spectra in CD&l2 are temperature independent. This behav- 
iour supports the above interpretation that the 
behaviour operating for the chloro derivatives in dichloro- 
methane solution is due to a rapid dissociation-association 
process of the chlorine anion. 

In contrast to the parent cyclopentadienyl compounds the 
reaction with acetonitrile (Eq. (2)) does not seem to be 
stereospecific [ I]. Starting with the ( R) -prophos complexes 

in a 54146 or in a 95/5 diastereomeric ratio 
derivatives are formed with ratios of &i/ 
respectively. However, on aIlowing the so 
epimerisation at the metal takes place and a 
ratio close to 9515 is obtained. The (rat)- 
taining compounds give rise to the tw 
diastereomers in a 48/52 molar ratio. 
epimerisation probably results from tb 
metal caused by the pentamethyl ligan 
contribute to a stabilisation of the electronically ~~~~d 
intermediate deriving from nitrile dissociation. 

3. Electrochemistry 
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TahIe I 
Electrochemical and “P NMR ‘parameters for some cyclopentsdienyl ruthenium complexes 

Complex Cp’ = $-CSH5 Cp’ = qS-CFMe, 

El,2 tmV) 6 (ppm) A6 (ppm) El,, (mVJ S(ppm) AS @pm) 

(~S-Cp’)RutPPh&CI 105 19.04 44.69 -90 4G.4L 16.! ’ 
(r,S-Cp’)Ru(dppefCl - 15 80.43 93.68 - 190 i4.53 87.88 
(~C-Cp’)Ru(( R)-prophos}CI h -40 84.35 83.6 I - 220 79.85 79.11 
(q’-Cp’)Ru(($S)-chiraphos)CI ’ -60 85.38 96.14 - 245 80.39 91.15 
($-Cp’)Ru( dppfK1 60 46.04 63.44 -125 41.60 59.00 
I (q’-Cp’)Ru(dppf) (CH,CN) ]PF, 345 45.83 63.23 275 44 43 51.83 

-.- 
.’ AS IS tht: downfield shift of the “P( ‘H} NMR resonance of the phosuhorus Iigand upon coordination at the metal centre (cf. Ref. [ 391). 
‘Only the values of S and AS that correspond to the P atom showing the larger difference are reported. 

- 

Fig. 1. Cyclic voItammogmm for oxidation of 2.1 mmol dm- ’ (q’- 
C5Hs)Ru(dppf)C1 in DCE. 0.2 moldm ’ TBAP, at 25°C (scan rate 
200 mV s- ’ ). Potentials are referred to ferrocenium/ferrocene couple: Et,: 
0.420 v vs. aq. SCE. 
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Fig. 2. Cyclic voltammogram for oxidation of I.5 mmol dm ’ ( qr- 
C,Me,jRu((S.S)-chiraphos)Cl in DCE. 0.2 mol dm-’ TBAP. at 25°C 
(scan rate 200 mV s- ‘). Potentials are referred to ferrocenium/ferrocene 
couple: E, ,? = 0.420 V vs. aq. SCE. 

The crystal structure of ( $-CsMes)Ru{ (S.S)-chira- 
phos)Cl ( 1) consists of a packing of discrete molecules sep- 
arated by normal contacts. Fig. 4 reports an ORTEP drawing 
of the molecule in its absolute ($S) configuration. Relevant 
bond parameters are reported in Table 2. The coordination 
around the Ru atom may be regarded as octahedral, with one 
face of the octahedron occupied by the chlorine and the 
diphosphine ligands and the opposite one by the permethy- 
lated cyclopentadienyl ligand. similar to that found in the 
( $-C5HS )Ru { ( S.S) -chiraphos)Cl ( 2) species which has a 
similar geometry [ 401. 

(S,S)-chiraphos diphosphiries, and Table 1 summarizes half- The Ru-Cl bond distance (2.447( 2) A> in 1 is interme- 
wave potentials, E,,?, as the mean value of the potentials for diate (but substantially equal to) between those in 2 and its 
anodic and cathodic peak currents. indenyl analogue ($-&H,)Ru{(S,S)-chiraphos}Cl (3), 

From the figures of Table 1 it appears that substitution of 
C,Me, for CSHs shifts E, ,I cathodically by about 200 mV. It 
is noteworthy that substitution of Me for H in ferrocene shifts 
E,,? by ca. 50 mV 1381, Moreover, the sequence of E,,, 
values upon changing the phosphorus ligand (the residual 
part and environment being kept constant) is m accordance 
with the expected donating abilities of the ligands. For 
instance, the difficulty of oxidation should in*-eese (and 
does) in the order dppe > prophos > chiraphos, which is con- 
sistent with the trend of increasing ease to reduce already 
observed for [Ir( diphosphine)J -c system [ 261. 

Although we are aware that “P chemical shifts are noto- 
riously difficult to rationalize [ 391, as electrochemical data 
do provide a useful insight into the relative basicity of phos- 
phine ligands, we speculated on a relationship between E, ,I 
and “P( ‘H} NMR data for the two series of isostructural and 
isoelectronic ruthenium complexes. In Fig. 3 E, I:! values are 
plotted versus A6 (Table I ). A satisfactory linearity with 
approximately identical slope for C&H, and C,MeS deriva- 
tives is obtained. It appears that the ease of oxidation of the 
ruthenium centre, which is influenced by the basicity of the 
phosphine, runs parallel to the downfield shift of the “P{ ‘H} 
NMR signal of the ligand over a wide range of values. 

4. Crystal structure of (q’-C,Me,)Ru((S,S)- 
chiraphos}Q (1) 



F. Morandini cr ul. /Innrganicu Chimicu Acra 282 I I?W8) 163-172 

Fig. 3. Dependence of E,,? from AS. Upper: (q’-C,HslRu(L”t)CI com- 
plexes. Lower: (q’-C,Me,)Ru( L’LKl complexes. 

Fig. 4. OR’EP view of the partial iabelling scheme along the bisector of the 
P-Ru-P angle. Tbermru ellipsoids are drawn at the 30% probability level. 
Hydrogen atoms are omitted for sake of clarity. 

2.453( 2) and 2.441(2) A, respectively [ 401. The two Ru- 
P bond lengths (2.286( 2) and 2.308( I) A), one slightly 
shorter than the other, show the same behaviour as found 
in 2 (2.270(2) and 2.297( I) A> and 3 (2.239( 2) and 
2.312( 1) A,. 

The permethylated cycfopentadienyl ligand ( C,MeS) is qs 
coordinated to the Ru atom, and the Ru-C interactions range 
from 2.198( 2) to 2.258( 2) A (av. 2.231). Such an average 
Ru-C bond distance is larger than that in the related C5H5 
derivative 2 (2.208 A) but smaller than that found in the 
C,H, derivative 3 (2.254 A). According to the number of 
ring substituents, the (expected) relative order of steric hin- 
drance should be CSHS < Cd, < C,MeS, and the ‘anomalous’ 
behaviour of 3 is due to the presence of two ‘long’ Ru-C 
interactions, i.e. to the common $ -$ distortion of indenyl 
derivatives which, even if sterically assisted, is normally 
attributed to electronic factors. 

Inspection of the Cp-Ru-P bond angles, which are much 
larger in 1 (average, 133.3”) than in 2 and 3 (averages, 129.1 
and 128.8*, respectively), substantially confirms the above 
analysis. However, the CpRu-Cl bond angle displays the 
opposite behaviour ( 116.5(5) versus 120.6 and 119.9 in 1, 
2 and 3, respectively), while the P-Ru-P andP-Ru-CI angles 
are substantially similar in the three derivatives. 

crowded axial positions binds the ($5) I(R,R) c 
absohtte confguration to the S/A metaRacyckcon 
While the a/A choice is determined by the eq 
preference of the methyl groups, the observed flap co&r- 
mation can be accounted for ;Jy the pseudo oc 1 COOF- 
dn;ati,)? abour k, IL. %m. tndeed, an ideally Pkewed S 
conformation of the metallacycle would require a C2 sym- 
metric chiraphos conformation with a pseudo axial 
pseudo equ;toriai phenyi ring (with compkmentary face/ 
edge exposure) on each phosphorus atom. However, thepres- 
ence of the chloride Iigand almost orthogonal to the P( I)- 
Ru-P(2) plane makes the whole Ph&H( Me)P( 2) 
rotate around the P( 2)-Ru bond in order to alleviate the sterie 
strain. On the other hand, the chloride ligand bends tow 
Pl ( Cl-Ru-PI 8 1.74( 5)“) and away from P2 (CLRu-P2 
93.09( 5)“) in order to avoid some short non-bondmg inter- 
action with one of the phenyl rings bound to P2 [CL. 
2.540( 6) A). The very same behaviour is present in 2 
but, more importantly, is also common to the (I$- 
&H,)Ru( dppe)C] species 1411 (4) which, lacking the 
methyl substituents on the metallacycle carbon atoms but 
sharing with 1(2 and 3) the pseudo octahedral coo&i 
at the Ru atom, confirms the above interpretalion fm tk 
observed flap conformation of the pentaatomic men&cycle. 

Further insight into the stereo:hernistry of 1,2- 
bis( diphenylphosphino)ethane derivatives can be obtained 
by comparing their structures with tkse of refatedderivatives 
with unbridged diphosphines such as ($-C,H,)Ru- 
(PPh&Ct [42] (5) and (rtS-C~Me,)Ru{P(p-C&~- 
CF,),},CI (6) [ 431. In pLarticular, the simkrity of the Cl- 
Ru-PI and Cl-Ru-P2 angles in these species clearly shows 
that the asymmetric bondicg mode of ch.-rrine in 1,2,3 and 
4 is related to the presence of the met&cycle, In contrast, 
the presence of the bridging diphosphine has little influence 
on the stereochemical response upon the C&-C&e5 sub- 
stitution since in both cases (2 versus 1 and 5 versus 6) the 
CpRu-P bond angles widen at the expense of the Cp-Ru- 
Cl angle, i.e. the chlorine atom can fit lween 
two methyls of the CsMeS ligand whil scan- 
not. However, while the P( 1 )-Ru-P( 2) angle is similar in 1 
and 2 (since it cannot be shrurdc any more) it shrinks by 
about 10” on moving from 5 to 6. 

5. ExperimenM 

5 1. Structure detemzination and refinements 

A transparent orange crystal of dimensions 
0.25 X0.20X0.17 mm was mounted on an Enraf-Nonius 
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( TRC)- 1,2-Bis( diphenylphosphino jcyclopentane (cypen- 
phos) [ 471. ( 2S,3S)-2,3-bis( diphenylphosphino) butane 
(chiraphos) [48], (R)-1,2-bis( diphenyl-phosphino)propane 
(prophos) 1491, (R)- 1 -phenyl-1.2-bis(diphenylphos- 
phino)ethane ( phenphos) [ 501, (R.R) -2-exe-3-endo-bis- 
( diphenylphosphino) bicyclo[ 2.2.11 hep-iane ( renorphos) 
[ 5 11. [ ( $-CSMeS)RuClz] ,, [ 271 and ( qs-CsHS)Ru- 
(L *L)Cl [ 281 were prepared according to published 
procedures. 

5.4. ($-C,-Mqs)Ru(PPh &Cl 

A suspension of 1.0 g (3.25 mmol) of [(q’- 
C3Me,)RuCk],, was tieated with 2.20 g ‘5.38 mmol) of 
triphenylphosphine under stirring at reflux temperature for 
5 h in 40 ml of anhydrous ethanol. The suspension was left 
at room temperature for 12 h and the microcrystalline orange 
compounds was filtered off, washed with n-hexane and dried 
under vacuum. Recrystallisation was from dichloromethane/ 
n-hexane. The yield is 90%. ‘H NMR(CDQ): 7.46-7.12 
(m.30H.C,Hs); 1.01 (t. lSH,&,= 1.46,C.~Me.~).“PNMR 
(CD,(X): 40.46(s). ‘H NMR( C,DSCDJ) : 7.45-6.45 (m, 
30H. C,H,) ; 0.85 ( t, 15H, JHH = 1.46 Hz, CsMes) . Anal. 
Found: C, 69.41: H. 5.82. Calc. for CJ,H,,P2ClRu: C, 69.38: 
H. 5.70%. 

5.5. Generulprocedurefor the preparation of 
($-C,Me,)Ru (diphos)CI complexes 

( q”-C,MeS ) Ru ( PPhJ ) ?Cl ( 0.2 g, 0.25 nun01 ) was reacted 
at reflux temperature with an equimolecular amount of the 
appropriate diphosphine in 30 ml of toiuene for 5 h. The 
solvent was then removed under reduced pressure and 20 ml 
of n-hexane was added to the residue. The orange microcrys- 
talline compounds were filtered off, washed with n-hexane 
and dried in vacua. Recrystallisation was from dichlorome- 
thane/n-hexane. Yields are in the range 70-80%. 

Elemental analyses and NMR parameters for the com- 
plexes are as follows. 

55.1. ($-C.#e,,IRu(dppe)CI 
‘H NMR (CD&.&): 7.66-7.20 (m, 20 H, C,H,); 2.58- 

2.13 (m, 411, CH,); 1.42 (s, 15H, CTMe,). “P{‘H} NMR 
(CD$X): 7’=300 K: 75.52ppm (s). ?-=I78 K: 75.12 (s). 
“C{‘H) NMR (CD$X): 134.33-127.66 (m, C,H,); 89.42 
(s,C~Mes);28.58(t,CH.J~=21.99Hz;9.87(s.CsMe,). 
‘H NMR(C,D&D>): 7.40-6.67 (m. 20H, &HI,): 2.35-2.20 
(m,4H,CH,);l.10(t,15H.CSMeS,JpH=1.46Hz).~’P{’H) 
NMR: 74.64(s). Anal. Found: C, 64.17; H. 5.73. Calc, for 
C,,H,,,P2ClRu: C. 64.52; H, 5.86%. 

5.5.2. I $-C.&fe,JRu{(rac)-cypenphos)Ci 
‘H NMR (CDJ&): 7.90-7.31 (m, 20H. C,H,): 3.48- 

1.71 (m. 8H, CH+CH,); 1.31 (s, 15H. C&fes). “P{‘H) 
NMR (CD$Jl,): (T=300 K) 51.50(bs). T=176 K: 58.90 
(d, &=21.97Hz); 44.84 (d, Jpp= 21.97 Hz). “C(‘H) 

NMR (CD+&): 141.97-127.33 (m, C,H,); 88.13 (s, 
GMe,); 40.56-22.56 (m. CH+CH?): 9.55 (s, C,Me,). ‘H 
NMR (C,D,CD,): 7.87-6.97 (m, 20H, C,H,); 3.40-2.20 
(m, 8H, CH+CH,); 1.16 (t. 15H. C,Me,). “P{‘H) NMR 
(C,DsCDJ): 58.59 (d, &,=39.06Hz); 43.05 (d, 

Jpp=39.06 HZ). “C{‘H)NMR(C,DsCDq): 133.27-124.16 
(m,C6H5): 88.36 (s, CsMes);9.55 (s.C&Ve,).Anal.Found: 
C, 66.57: H, 5.95. Calc. for Cj9H,,PZClRu: C, 66.15; H, 
6.10%. 

5.5.3. ($-C,Me,)Ru((S,S}-chimphos))CI 
‘H NMR (CD+&): 7.89-7.36 (m, 20H, C,H,); 2.92- 

1.92 (m, 2H. CH); 1.32 (s, 15 H, C,Me,): 1.12 (bs. 6H. 
CH,). “P{ ‘H) NMR (CD,Cl,): T=3OOK, 72.76 (bs); 
T=178K, 80.90(m); 69.39(m). ‘H NMR (C,D,CD2): 
7.91-6.68 (m, 20H, C,H,); 3.03-1.60 (m, 2H. CH): 1.11 
(L 15H. C@es. JPH= 1.46Hz); 0.74 (dd, 6H, CHJ, 

&=3.41 Hz: JpH=7.32 Hz). “P(‘H) NMR (C,D,CD,): 
80.39 (d, &=26.85 Hz); 70.84 (d, 26.85 Hz). “C{‘H} 
NMR (C,D,CD,): 130.02-124.17 (m, C,H,): 89.50 (s, 
C,Me,): 43.82-38.96 (m, CH); 9.80 (s.CH,).Anal. Found: 
C, 65.60; H, 6.20. Calc. for CJxH,,PzCIRu: C. 65.37; H. 
6.21%. 

5.5.4. (rlS-C,Me,)Rlr((R)-pmphos)CI 
‘H NMR (CD2Cl,): 7.30-6.87 (m. ZOH. C,H,); 3.15- 

2.52 (m, 3H, CH+CHz): 1.26 (t, 15H. C,Mes); 0.94 (bs. 
3H CH,). “P{ ‘H) NMR (CD>C&): T-300 K, 84.6 (bs); 
58.22 (bs). T=l78 K: majordiastereomer (95%): 83.46 (d, 
Jp~~29.21 Hz); 57.68 (d, &=29.21 Hz); minor diaster- 
eomer (5%): 73.34 (m); 63.88 (m). ‘H NMR (C,D,CD,): 
7.31-6.79 (m, 20H,C,H,): 2.85-1.84 (m, 3H, CH+CH>); 
1.16 ft. 15H, &Me,, JpH= 1.46Hz); 0.62 (dd, 3H, CH1, 

&==6.83 Hz, JpH=9.76 Hz). -“P(‘H) NMR (ChDSCDj): 
major diastereomer (95%) : 83.96 (d. Jpp = 29.29 Hz); 57.62 
(4 JPP =29.29 Hz); minor diastereomer (5%): 75.92 (d, 
Jpp= 19.53 Hz); 67.04 (d, Jpp= 19.53 Hz). “C{‘H} NMR 
(C,D,CD,): 133.75-124.16 (m. C,H,); 89.18 (s, CsMes); 
34.35 (m. CH+CH?); 9.80 (s. GMe,). Anal. Found: C. 
65.82: H. 6.20. Calc. for CJ,HJIPICIRu: C, 65.37: H. 6.21%. 

5.5.5. ($-C,Me,)Ru{(R,R)-renorphos}Cl 
‘H NMR (CD,C&): 7.85-7.40 (m. 2OH, C,H,); 2.W 

1.68 (m, IOH, CH+CHiz): 1.36 (s, 15H, C&!e,). “P(‘H) 
NMR (CDJX): T=3OOK, 61.59 (bs); 38.84 (bs); T= 
175 K. major diastereomer (85%): 61.54 (d, 

Jppc43.94 Hz); 39.17 (d, &-43.94 Hz). Minor diaster- 
eomer (15%): 51.39 (d, &=46.38 Hz); 48.18 (d, 
&=46.38). “C{‘H} NMR: 138.50-127.50 (m, ChHs); 
87.47 Is, C,Me,); 42.47-23.86 (m, CH + CH,); 9.87 (s, 
GMe,). ‘H NMR (ChDICD3): 7.40-6.90 (m, 20H, C,H,); 
3.14-2.06 (m, 8H, CH-kCH,); 1.20 (t. 15H, Ceykfes, 
JPH = 1.46 Hz). “P( ‘H) NMR ( CSDsCDJ) : major diaster- 
comer (85%): 61.58 (d, 3,,=43.94Hz); 36.88 (d, 
&=43.94 Hz). Minor diastereomer (15%): 53.17 (d, 
J r,=46.38 Hz); 44.40 (d, J,sp=46.38 Hz). ‘JC{‘H} NMR 



(C,D,CD,): 129.88-124.03 m, 65; 87.75 (s. C,Me,); 
40.87-20.86 (m, CH+CH,); 10.15 (s, C&e,). Anal. 
Found: C. 66.35; H, 5.29. Calc. for C,,H&CIRu: C, 66.78: 
H, 5.16% 

5.5.4. (rCS-C,iMes)Rrc{(R)-phetlp~los~C1 
‘H NMR (CD,CLJ): 7.42-6.73 (m, 25 H, C,H,); 2.67- 

2,50 (M, 3H, CH+CH,): 1.38, 1.30 (s. 15H, CiMe,). 
“‘P{‘H} NMR (CD+Zl,): T=300 K: 90.32(bs);54.99( bs); 
T= 175 K major diastereomer (75%): 89.58 (d. 
Jpp=34.18 Hz); 54.31 (d. Jpp=34.18 Hz). Minor diaster- 
eomer (25%): 79.82 (d. &,=29.29Hz): 64.47 (d. 
J,,=29.29 Hz). “C(‘H) NMR (CD,C12): 138.07-126.19 
(m, C,H,); 88.94 (s. &Me,): 45.17 (m, CHiCH,): 9.06 
(s. CsMeT). ‘H NMR (C,D,CDI): 7.57-6.51 (m. 25H. 
C,H,); 2.42-2.22 (m, 3H. CH+CH,); 1.14. 1.19 (:. 15H. 
C.&e.+ JpH = 1.50 Hz). “P(‘H) NMR (&D&D,): major 
diastereomer (75%): 89.82 ( d. Jpp.= 3 1.73 Hz): 54.75 (d. 
Jr,,=31.73 Hz). Minor diasterromer (25%): 79.79 (d, 
&= 26.85 Hz): 70.06 (d. Jpp= 26.85). Anal. Found: C. 
67.15; H. 5.33. Calc. for C,,H,,P2CIRu: C. 67.61; H. 5.60%. 

55.7. (~-~-C,IZIfe,-)Ril(dpp~Cl 
‘H NMR (CD,(X): 7.85-7.36 (m. 20H. C,H,): 5.07, 

4.08, 4.05. 3.89 (s. SH. C,H,); I.01 (s. 15H. GM+). 
“P(‘H) NMR (CD,C&): 41.60(s). Anal. Found: C. 64.47; 
H. 5.30. Calc. for C,H,JPICIFeRu: C. 63.97; H. 5.24%. 

5.5.8. (vi-C,H,}Ru(dppjKl 
‘HNMR ( CD,Clz): 7.40-7.36 (m, 20H,C,H,);5.10,d.31 

(~.SH,C,H,);~.~~(S,~H.C,H,):“P{‘H}NMR(CD~CI~): 
46.04 (s). ANal. Found: C. 62.05; H. 4‘5 1. Calc. for 
C,X,,H.qJP,CIRuFe: C, 6 I .96; H, 4.-lO%. 

5.6, General procedure for the preparation of 
f(775-ClsMes)Rz((diphos)(CHICN)lPF~ compkres 

0.1 g (ca. 0.15 mmol) of ($-C,Me,)Ru(L^L)Cl com- 
plex was reacted with 1 ml of CHCN in the presence of an 
excess of NHJPFh as halogen scavenger in 20 ml of anhy- 
drous methanol. The yelloworange suspension was stirred 
under nitrogen for 5 h until the colour of the suspension 
changed to pale yellow. The solvent was removed under 
reduced pressure and the residue treated with 10 mlof CH,C& 
and filtered off. After adding 20 ml of n-hexane to the crude 
compounds and stirring for several hours, the complexes were 
filtered off. washed with n-hexane, dried in vacua and recrys- 
tallised by CHICl,/n-hexane. The yields are in the range 70- 
80%, 

Elemental analysis and NMR parameters for the complexes 
are as follows. 

5.61. [(syi-C~Mes)Ru(dppe)(CH,,CNj]PF~ 
‘H NMR (CD,rX): 7.51-7.26 (m, 20H, C,H,); 2.43 (d. 

4H, CH2, Jp;= 16.1 Hz); 1.53 (t, 3H. CH$X 
J r,=1.46Hz); 1.44 (t. 15H. Csi%fe.~, JPH=1.46Hz). 

“P{‘H) NMR (CD2C:$ 75.52 (s); - 144.48 (st, 
J,,=712.9Hz). Anal. Found: C. 55.71; H, 5.93; M, 
Calc. for C,,H,,P,NF$Ru: C. 55.61; H, 5.16; N, 1.70%. 

5.62. I($-C,Me,}Ru{frac)-cypenphos j(CH&N)]PF, 
‘H NMR (CD$X): 7.70-7.21 (m, 2OH, C&); 2.81- 

1.75 (m, IOH, CH-WH,): 2.02 (t, 3H, CH,&N, 
J,,=1.46Hz): 1.38 (t. 15H, C$fe+ Jpu=1.46Hz). 
“P(‘H} NMR (CD+X): 45.56 (s) (d, Jpp= 36.62 Hz); 
32.56 (d. Jpp=36.62 Hz); - 158.0 ( St, PF,, 
JpF=712.9 Hz). Anal. Found: 56.71; H. 5.33; N, 1.60. Cak. 
for C,,H,,P,NF,Ru: C, 57.01: H, 5.38; N, 1.63%. 

5.63. I( i-C.~ei)Rul(S,S)-c~zirap~os)~CH.ICN)~PF, 
‘H NMR (CD,Cll): 7.56-7.36 (m, 20H. C&i,): 2.62- 

2.11 (m. 2H, CH); 1.59 (t. SM. CH.,CN,J,,=1.46Mz); 
1.37 (t. 15H, C,Me,, JpH= 3.46 Hz); !.I7 (dd, 3H, CH?, 

JpH = 10.25 Hz, JHH =3.41 Hz); 1.00 (dd. 3H, CH,, 
J p’,= 11.71 Hz. JHH=6.43 Hz). “P(‘H) NMR (CDzCII,: 
82.51 (d, J,,==34.18Hz); 75.31 (d, J,,=34.18Hz); 
- 143.45 (st, PF,. JpF=708.0Hz). Anal. Found: C, 56.81; 

H. 5.28: N. 1.61. Cak. for C,,&,P~NF&r: C, 56.60; H, 
5.46; N. 1.65%. 

5.6.4. I($-CFMeSRu{(RJ-prophos}(CHKN}]PFfi 
‘I-r NMR (CDIC12) : 7.53-7.27 ( m. 20H. C&); 1 S-182 

(m. 3H,CH+CH,); I.68 (t,3H.CH,CN,J,=1.46Hz); 
1.38 (t. 15H. C5Mes. JPH= 1.46 Hz); 1.10 (dd, 3H, CHJ. 

J ‘Z.H= 11.23 Hz. JHH=6.34 HZ). “P(‘H) NMR (CD&k): 
major diastereomer ( 95%): 83.80 (d. Jw = 29.29 Hz); 58.28 
(d. Jpp = 29.29 Hz). Minor diastereotner ( 5%): 88.40 (d, 

Jpp= 19.53 Hz); 74.68 (d, Jw= 19.53 Hz). - 144.45 (st. 
PF,. J,,=712.9Hz). Anal. Found: C, 56.35; H. 5.12, N, 
1.76.Calc.forC~~H,P.W&u;C.56.11;H,5.3l;N, I.688. 

5.65. [fCsMe,,RlcCdpp~CCH,CN)lPF, 
‘H NMR (CD&): 7.46 (m. 20H, C&);4.26,4.14 (s. 

8H, C,H,); 2.81 (t. JPH= I A6 Hz. 3H, CH,CN); 1.05 (t, 
JPH= l&Hz. 15H, C,Me,). “P{‘H) NMR (CD&): 
44.43 (s). Anal. Found: C, 56.42; H. 4.63. Cak. for 
CJhHlhP3FCINFeRu: C. 56.56; H. 4.75%. 

5.6.6. [CC,H,,Ruidppf I(CH.sCN) JPF,, 
‘H NMR( CD,Cl,): 7.46-7.25 (m, 20H. C,,H,): 4.43, 

4.41, 4.31 (s. 8H. Q-I,): 4.37 (s. SH, GH,); 2.24 (t, 
JpH=l.&iHz. 3H. CHjCN). “P{‘H) NMR (CD&&): 
45.83 (s). Anal. Found: C, 54.03; H. 4.08. Calc. for 
C,,H,,PTF$IFeRu: C. 54.32; H, 4.00%. 

6. Supplemeatary material 

Supporting information includes a list of final atomic coor- 
dinates, anisotropic displacement parameters and bond dis- 
tances and angles (5 pages). 
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