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summary 

The diastereoisomeric pair (+)s7s- and (-)51s-($-MCp)Ru(CO)P(C6HS)3C1 (IIa 
and IIb) (MCp = (R)-(-) -menthylcyclopentadienyl) has been synthesized from 
(q’-MCp)Ru(CO),Cl (I) by replacement of one of the two diastereotopic CO 
groups by P(C,H,), in refluxing xylene under nitrogen. Preparative TLC gave 
the two diastereoisomers optically pure. The structure of diastereomer Ha has 
been determined by single-crystal X-ray diffraction methods. The compound is 
orthorhombic, space group P2,2,2, (No. 19) with Q = 16.667(6), b = 22.287(S), 
c = S-391(3) A and 2 = 4. The structure was solved by Patterson and Fourier 
methods, on the basis of 3046 significant counter reflections, and refined by 
block-matrix least-squares to a final conventional R value of 0.049. The con- 
figuration of Ha is S (based on Stanley and Baird sequencing rules). The exactly 
opposite and almost enantiomeric pattern of the CD spectra of Ha and IIb sug- 
gests an R configuration at ruthenium for complex Hb. 

Introduction 

A considerable number of cyclopentadienyl complexes of transition metals 
chiral at the metal center are known. Usually these chiral complexes are pre- 
pared as mixtures of diastereoisomers in which a monodentate ligand is respon- 
sible for inducing chirality [ 1,2] _ 

It is known that when $-cyclopentadienyl carbonyl complexes are used as 
catalysts in hydroformylation or hydrogenation, they do not lose the Cp 
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hgand except under rather severe experimental conditions [S], and the loss of a 
monodentate ligand is usually a key step in the reactions. Thus the presence of 
an appropriate monodentate ligand to induce chirality does not ensure that the 
metal remains in a chiral environment during a catalytic cycle. This can, how- 
ever, be acccmplished by using a cyclopentadienyl ligand bearing a chiral sub- 
stituent. 

The optically active cyclopentadiene (R)-(-)menthylC,H,, subsequently 
denoted by MCpH, prepared from (+)-neomenthol [4], was used for the syn- 
thesis of an optically active organometallic compound of ruthenium. Thus the 
complex ($-MCp)Ru(CO),Cl (I), which contains two diastereotopic CO 
groups, was treated with P(C6H5)3, so that one of these groups is replaced by 
the phosphine to form a pair of diastereoisomers, (+)- and (-)-($-MCp)Ru- 
(CO)P(C&H,),Cl (Ha and Hb). The mixture of the two diastereoisomers can be 
quantitatively separated by preparative TLC, and each diastereoisomer is ob- 
tained optically pure. The two diastereoisomers are configurationally stable in 
the solid state as well as in solution, at least until they stat-t to decompose_ 

In order to elucidate the configuration at the metal center we carried out an 
X-ray analysis of (+)57s-($-MCp)Ru(CO)P(CsH.J~Cl (IIa). 

Experimental 

Synthesis of (+)576- and (-) 5,s-(~5-MC~)Ru(CO)P(C,H,),CI (Ila, IIb) 
100 mg (0.252 mmol) of I are dissolved in 10 ml xylene under nitrogen, and 

66 mg (0.252 mmol) P(C,H,), are added. The.light yellow solution is refluxed 
and stirred for three hours. The reaction is monitored by IR and stopped when 
the two Y(CO) bands of I, centered at 2050 and 2000 cm-‘, disappear and only 
one broad band at 1950 cm-l remains. The solution is evaporated to dryness to 
leave a microcrystalline yellow mixture of the two diastereoisomers IIa and IIb 
in an almost quantitative yield. The two diastereoisomers are quantitatively 
separated by TLC (silica gel; cyclohexane/ethylacetate, 9/l). Analytical data 
for both diastereoisomers are given in Table 1. 

Crystal data 

C,N,,ClOPRu, mol. wt. 630.2, orthorhombic, (I = 16.667(6), b = 22.287(8), 
c = 8.301(3) a, U= 3083.5 R3, D, = 1.34(2) (by flotation), D, = 1.36 g cm-j 
for 2 = 4, F(OO0) = 1304. Space group P2,2,2, (No. 19) from systematic 
absences. MO-K, radiation (A = 0.7107 A); &MO-&) = 6.60 cm-‘. 

TABLE 1 

PHYSICAL AND CHEMICAL PROPERTIES OF THE TWO DIASTEREOISOMERIC COMPLEXES 

<$‘-MCP)RU<CO)P~C~H,)~C~ <Ha. IIb) 

IIa IIb 

IR v<CO) (s. b) <cm-‘) 

fif+ (m/e) 
Anal. found (calcd.) C 

H 

%Y78 

1950 = 1950 = 
630 b 630 b 

65.62<64.81) 65.84<64.81) 
5.84(6.04) 6.87<6.04) 

<+-) (-1 

a Pentane solution. ’ The highest peak in the muItiplet arising from the isotope distribution in Ru and Cl. 
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Intensity measurements 
A crystal of the diastereoisomer IIa of dimensions 0.05 X 0.05 X 0.33 mm 

was mounted along the c axis on the automatic BASIC diffractometer (see 
footnote of ref. 5) and 6093 intensities, corresponding to the ih, +k, +I 
(referred to right-handed axes) quarter of the sphere in the 28 range 6-50”) 
were collected using graphite-monochromatized MO-K, radiation and the 
o-scan technique, with a total scan width of 0.8” and a scan speed of 0.025” / 
sec. The background was measured on both sides of each reflection for half the 
peak-scanning time. One standard reflection was measured at periodic intervals 
and no decay was detected. Integrated intensities were reduced to F, values by 
correction for Lorentz and polarization effects; no correction for absorption 
was applied. 3046 reflections were significantly above background (o(l)/1 < 
O-33), corresponding to two o&ants (with k or I equal to 0 the +h and -h 

reflections were averaged) and were used in the structure determination and 
refinement. 

Determination and refinement of the structure 
The coordinates of Ru, Cl and P atoms were obtained from an analysis of a 

three-dimensional Patterson map and, after a preliminary refinement of these 
parameters a successive difference-Fourier synthesis showed the locations of all 
the non-hydrogen atoms. Five cycles of least-squares method in the block-diag- 
onal approximation resulted in agreement factors of R = 0.067 and R,; = 0.087. 
The atomic parameters at this stage corresponded to an S configuration at the 
ruthenium atom (vide infra). In order to determine the absolute configuration 
of the molecule the effects of the anomalous dispersion were taken into 
account and two refinements of the parameters were carried out, both of four 
cycles, one with +if” for the anomalous scatterer atoms (Ru, Cl, P) and the 
other one with -if”_ The results of these refinements were R’ = 0.059, RG = 
0.066 and R- = 0.061, R& = 0.068. According to the Hamilton R factors sig- 
nificance test [ 61 ,-that means that the probability that the S form is the correct 
configuration is well over 99.5%. After the S configuration was assigned, aniso- 
tropic thermal factors were assigned to all the atoms except for the phenyl car- 
bon atoms. The phenyl groups of the phosphine ligand were treated as rigid 
bodies (Dbh symmetry, C-C 1.392 8) with individual atomic temperature fac- 
tors_ The hydrogen atoms were introduced (C-H 1.00 A), with an isotropic 
temperature factor of 4.5 A*, in the computation of the structure factors but 
not refined. The observation were weighted according to the formula w = 
l/(A + BF, -t CFG), where A, B and C had values 16.10, -0.40 and 0.0035, 
respectively, in the final cycles, and were chosen on the basis of an analysis of 
Z:(F, -k IF,I)‘. Atomic scattering factors were taken from ref. 7 for all the 
non-hydrogen atoms and from ref. 8 for hydrogen. The factors for anomalous 
dispersion for Ru, Cl, P were taken from ref. 9. The final values of the reliabil- 
ity indices were R = 0.049 and R,” = 0.054. The final difference Fourier map 
was flat, showing no residual peaks exceeding 0.4 e/R3. Attempts were also per- 
formed, at this stage, to locate the hydrogen atoms directly; a difference 
Fourier map computed with the non-hydrogen atoms shows some residual 
peaks in positions close to computed ones, but attempts to refine them led to 
oscillation and so we chose to use the ideal hydrogen positions. The results of 
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TABLE3 

BOND DISTANCES ANDANGLESWITHIN(f)s,g(q5-MC~)Ru<CO)(PC~H~)~C1 

Distances<& An&e)= 

RU-Cl 
Ru-P 

RU-C 
Ru-C(l) 
Ru-C(2) 

Ru-C(3) 
Ru-C(4) 
Ru-C(5) 
C-O 

P-cP(ll) 
P-cP(21) 

P-cP(31). 

C(l)--c(2) 
C<l)-a5) 
c(2)--c(3) 
C<3)--c<4) 

C(4ex5) 
C(5b--C<6) 
C<6t--c<7) 
C(6)--c(l2) 
C(7)--c(8) 

f-X8)+X9) 

C(S)--c(lO) 

C(1O)--c(1U 
C(ll)--c(l2) 
(X12)+X13) 
C(l3)--al4) 
C(l3Fal5) 

2.425(2) 
2.310(2) 
1.838(g) 
2.245<9) 
2_250(9) 

2.207<10) 
2.236(g) 

2.249(9) 
1.149(11) 

l-826(6) 
1.845(6) 
l-827(6) 
1.382(13) 
1.442<13) 
i-413(14) 
l-422(13) 

1.410(12) 

l-519(12) 
1.542<14) 
l-582(13) 
l-523(15) 
X558(16) 

1.542(16) 
l.540(16) 
1.538(12) 
1.561<12) 
1.513(16) 
l-522(16) 

Cl-Ru-Cp* 
P-Ru-Cp* 
C-Ru-Cp* 
Cl-Ru-P 
Cl-Ru-C 
P-Ru-C 
Ru-C-0 

Ru-P-CP(ll) 
Ru-P-cP(21) 

Ru-P-CP(31) 
CP(ll)-PIP 
CP(ll)-P--cP(31) 
CP<21)-P-CP(31) 

C(lFC(2FC(3) 
C(2FC(3)--C(4) 
C<3)--c(4)-a5) 

C(4)-w5)--wl) 
C(5)-al)--c(2) 
CUkC<5)--c(6) 
C(4)-C(5F'.X6) 
C(5)--c(6F'Z7) 
C(5F-C(6FC(l2) 
C(6kC(7J--C(B) 
C(7FC(S+Ct9) 
C(7FW3I-4XlO) 
C(9I-C(SFC<iO) 
C(SYC<lOFC(ll) 
c(1oFc(1l)--c(l2) 

C(ll)--c(l2)--c(l3) 
C(llb-C(l2bC(6) 
C(l2FC(l3)--c(l4) 
C(l2)--c(l3)--c<l5) 
C<14)--c<13)~<15) 

119.2<3) 
126.7(3) 
125.7<3) 
92.3(l) 
95.8(3) 
87.9<3) 

177.0(S) 
110.8(2) 

119-S(2) 
115.6(2) 
102.9(3) 
105.1(3) 
100.9(2) 
108.4(S) 
107.8(S) 
108.3(S) 

106.5(7) 
108.9(S) 
126.2(S) 
127.2(S) 
111.3<7) 
112-l(7) 

114.5(S) 

110.2(9) 

109.6(g) 
110.0(10) 
110.8(9) 
111.4(S) 

112.4(S) 
107.2(7) 
115.5(9) 
108.0(8) 

109.9<9) 

0 Cp* indicates the C(l)-C(5)ringcentroid. 

The cyclopentadienyl ring is essentially planar (the maximum out-of-plane 
displacement is of O-016 w for C(3)) but C(3) (the carbon atom nearly tram to 
Cl, C(3)-Ru--c1151.3(3)“) is slightly closer to the Ru atom than the others. 

The menthyl moiety is bound to C(5) (which is staggered with respect to the 
CO and Cl ligands, see Fig. 2) and shows usual C-C bond distances (mean value 
1.540 A). The three chiral centers C(6), C(8) and C(12) have R, R and S con- 
figurations, respectively, as previously reported [ 133 _ 

CD and UV spectra of (+) 57s-(175-MCP)Ru(CC)P(C,H&Cl @Ia) and (-)W 
($-MC~)RU(CO)P(C~H,)~C~ (IIb) are given in Fig. 3. There is evidently good 
agreement between CD and UV maxima. Moreover the two CD spectra of IIa 
and IIb are dmost enantiomeric, in spite of the diastereoisomeric relationship 
between the two complexes_ 

Taking the q5-cyclopentadieny1 ring as one ligand, the configuration at the 
metal atom in the complex IIa can be assigned according to the R, S system 
[ 141 as extended to organometallic complexes [ 151. The priority sequence of 
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Fig. 2. The coordination around the ruthenium atom. 
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the ligands is $-MCp > Cl > P(C,H,), > CO, and the configuration at the 
ruthenium atom is thus S_ The opposite and almost enantiomeric pattern of the 

CD spectra of complex IIb indicates that the configuration at the ruthenium 
atom is R. 
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