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were averaged to obtain 1365 unique structure amplitudes; they 
gave R (internal) of 0.138 before, and 0.046 after, absorption 

All calculations were performed on a GOULD SEL 32/27 
minicomputer, using the locally developed GX program system.n 

correction. 
The crystal structure was succeasfully solved in the space group 

C2/m and refined by full-matrix least squares, minimizing the 
function x3w(lFol - lFcl)2. The atomic scatting factors and the 
anomalous dispersion corrections were taken from ref 26. The 
positions of the platinum atoms were obtained from a Patterson 
function and those of the remaining non-hydrogen atoms from 
subsequent difference Fourier syntheses. Hydrogen atoms were 
not located in electron density maps nor included in structure 
factor calculations. An allowance was made for anisotropic thermal 
vibrations of all non-hydrogen atoms. In the final difference 
electron density map the function values were in the range &3 
e A-3; the extreme values, associated with the positions of platinum 
and iodine atoms, are likely to reflect residual absorption effects. 

The 
anisotropic thermal parameters of atoms and the observed and 
calculated structure amplitudes are listed in supplementary 
material. 

The final atomic coordinates are shown in Table 111. 

(26) “International Tables for X-ray Crystallography”; Kynoch Press: 
Birmingham, United Kingdom 1974; Vol. IV, Tables 2.2B and 2.3.1. 
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Pseudotetrahedral (SR&)- l  and (~~~,&)-(q-C~H~)Ru(prophos)C1, 1’ (where prophos is (R)-1,2- 
propanediylbis(diphenylphosphine)), react with CH3MgBr or C2H5MgBr to give the alkylation products 
(sRu&)-2 and (RRuJ1C)-(q-C5H5)R~(pr~pho~)R, 2’ (R = CH3, a; R = C2H5, b), with stereospecific retention 
of configuration at the ruthenium atom. With C2H5MgBr also a competitive formation of the corresponding 
hydrides (SRu,Rc)-3 and (RRU,Rc)-(q-C5H5)Ru(prophos)H, 3’, takes place. Hydride formation is the only 
reaction observed when 1 or 1’ is reacted with sec-C4H9MgBr and, according to NOE experiments, takes 
also place with retention of configuration. Under the conditions of their formation (or even under more 
severe conditions) 2b and 2b’ do not thermally decompose to 3 or 3‘. Hydride formation is therefore not 
a consequence of alkylation followed by @-hydrogen elimination but must arise from a different reaction 
pathway whose possible nature is discussed. Hydrides 3 and 3’ react with CH2NB in the presence of catalytic 
amounts of Pd(CH3C00)2 to give the methyl derivatives 2a and 2a’ with retention of configuration. 
Stereospecific retention of configuration is also observed in the formation of 3 and 3’ when 1 and 1’ are 
treated with CH,ONa. By contrast, the reaction of 1 and 1’ and that of ( S R , , R ~ ) - ~  and (RR,,RC):[(~- 
C5H5)Ru(prophos)(CH3CN)]PF6, 4’, with HCOONa is stereoselective; in the first case 3 and 3’ were obtained 
in a 20:80 and in the second one in a 40:60 molar ratio. 1 and 1’ form from the hydrides 3 and 3’ when 
treated with CDC& or CCl, in a stereoselective reaction. Predominant inversion of configuration is observed 
in the reaction of 4 and 4’ with (C6H5)*AsC1 to give 1 and 1’. 

Soon after the first reports on homogeneous asymmetric 
reactions catalyzed by transition-metal complexes con- 
taining chiral ligands, the possibility was recognized that 
the metal can become a chirality center during ca t a lys i~ .~?~  
The possible role of chiral metals in those enantioselective 
transformations has been discussed4 and sometimes 
probably re~ognized.~ Furthermore, it has been recently 

~~~ ~~~ 

(1) (a) Istituto di Chimica Analitica. (b) Swiss Federal Institute of 
Technology. (c) Centro Meccanismi di Reazioni Organiche. 

(2) Kagan, H. B.; Dang, D. P. J. Am. Chem. SOC. 1972, 94, 6429. 
(3) Pino, P.; Consiglio, G.; Botteghi, C.; Salomon, H. Adu. Chem. Ser. 

1974, No. 132, 295. 
(4) Brunner, H. Acc. Chem. Res. 1979, 12, 250. 

shown that in the stoichiometric cyclopropanation of 
styrene by chiral diastereomeric ethylideneiron complexes 
the chirality a t  the metal plays an overwhelming (if not 
exclusive) role with respect to that of the phosphine ligand 
in determining the stereochemical outcome of the reaction.6 

Therefore the search for the rationalization and im- 
provement of results of homogeneous asymmetric catalysis 
implies not only a better identification of the catalytic 
species7 but also a more detailed knowledge of the stere- 

(5) Consiglio, G.; Morandini, F.; Piccolo, 0. J .  Chem. Soc., Chem. 
Commun. 1983,112. 

(6) Brookhart, M.; Timmers, D.; Tucker, J. R.; Williams, G. D.; Husk, 
G. R.; Brunner, H.; Hammer, B. J. Am. Chem. SOC. 1983, 105, 6721. 
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Scheme 1" 

4 
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2 '  
01 
01 
XI 

I 
1 
I 
I 
I 
I 
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" Full lines for the arrows indicate stereosuecific retention of stereochemistry, dashed lines stereoselective reactions, 
and dotdashed lines prevailing inversion of configuration. 

ochemistry of reactions which occur a t  the level of the 
transition metal and which can be recognized as possible 
steps in catalytic cycles. 

This paper presents the results of our investigation on 
the stereochemical aspects of some substitution and ad- 
dition reaction involving pseudotetrahedral diastereomeric 
ruthenium complexes, containing the  (R)-1,2-  
propanediylbis(dipheny1phosphine) (prophos)8 ligand. In 
fact, stereochemical investigations on complexes containing 
chiral ligands actually used in homogeneous asymmetric 
catalysis are rare;9 (R)-prophos was successfully employed 
in asymmetric hydrogenation8 and with appreciable results 
in asymmetric cross-coupling reactions.1° 

A preliminary account of some of these results has re- 
cently appeared." 

Results 
As starting material for our stereochemical investigation, 

we have used the recently reported" (&,,Rc)-(?pC5H5)- 
RuCl (prophos), 1, and (RRu,Rc)-(~-C5H5)RuC1 (prophos), 
1',13 as well as (SRu,Rc)-[(~-C5H5)Ru(CH3CN)(prophos)]- 
PF6, 4, and ( R R u ~ ~ ) - 1 ( ~ - C 5 H 5 ) R ~ ( C ~ 3 C N ) ( ~ ~ ~ ~ h o s ) l ~ ~ 6 ,  
4'.15 These latter diastereomeric complexes were stereo- 

(7) Halpern, J. Science (Washington, D.C.) 1982,217, 401. 
(8) Fryzuk, M. D.; Bosnich, B. J. Am. Chem. SOC. 1978, 100, 5491. 
(9) Brunner, H. Angew. Chem. 1983, 95, 921. 
(10) Consiglio, G.; Morandini, F.; Piccolo, 0. Tetrahedron 1983, 39, 

2699. 
(11) Consiglio, G.; Morandini, F.; Ciani, G.; Sironi, A. Angecu. Chem. 

1983, 95, 322. 
(12) (a) Morandini, F.; Consiglio, G.; Straub, B.; Ciani, G.; Sironi, A. 

J. Chem. SOC., Dalton Tram. 1983,2293. (b) Consiglio, G.; Morandini, 
F.; Bangerter, F. Znorg. Chem. 1982,21,455. 

(13) The descriptors R and S for the ruthenium atoms are assigned 
according to the Baird/Sloan proposals." 

(14) (a) Stanley, K; Baird, M. C. J. Am. Chem. SOC. 1975,97,6598. (b) 
Sloan, T. E. Top. Stereochem. 1981,12, 1. 

specificdy16 obtained by substitution of the chloro ligand 
in 1 and 1' a t  room temperature with a large excess of 
acetonitrile in methanolic solution in the presence of am- 
monium hexafluorophosphate as the halogen scavenger.15 
The retention of configuration at  the ruthenium atom15J7 
for this substitution reaction has been demonstrated 
through the crystal structure determination of 4. 

Scheme I gives a survey of the reactions we have exam- 
ined. The reactions were monitored through contemporary 
'H and 31P NMR spectroscopy. Reactions carried out on 
preparative scale are described in the Experimental Sec- 
tion. 

(a) Reactions with Grignard Reagents. The reaction 
of 1 and 1' at  room temperature in toluene with an ether 
solution of CH3MgBr causes quantitative stereospecific 
formation of the corresponding methyl derivatives 2a and 
2a', respectively (Table I). 

The retention of configuration a t  the ruthenium atom 
was ascertained through the crystal structure determina- 
tion of 2a.l' In the analogous reaction of 1 and 1' with 
C2H5MgBr, carried out under similar conditions, two 
different products arise. This is not due to loss of ste- 
reospecificity of the alkylation reaction. In fact, together 
with the stereospecific formation of the ethyl derivatives 
2b and 2b' a rather extensive (50-60%) stereospecific 
production of the hydrido complexes 3 and 3' takes place. 
The chemoselectivity of the alkylation reaction can be 

(15) Morandini, F.; Consiglio, G.; Ciani, G.; Sironi, A. Inorg. Chim. 
Acta 1984,82, L27. 

(16) For the definition of the terms stereospecific and stereoselective 
see: Eliel, E. L. "Stereochemistry of Carbon Compounds"; McGraw-Hik 
New York, 1962; p 434 ff. 

(17) For the stereochemistry of this reaction compare also ref 18, 
footnote 16, and Merrifield, J. H.; Lin, G .  Y.; Kiel, W. A,; Gladysz, J. A. 
J.  Am. Chem. SOC. 1983,105, 5811. 

(18) Merrifield, J. H.; Gladysz, J. A. Organometallics 1983, 2, 782. 
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Table I. Some 'H and NMR Data for Complexes 1-4 and 1'-4'' 

6(H, CH3, 
compd ~ ( C P )  or CH3CN) J p ;  Jp: B(PlIb 6(P!db Jp1-p2 

(q-C6Hs)Ru(prophos)C1 (1) 4.30 86.4 61.3 30.2 
(~-CsHs)Ru(prophos)CH3 (2a) 4.66 -0.49 5.7 6.5 100.0 74.1 35.2 
(11-CSH6)Ru(prophos)CzHS (2b) 4.66 0.95 99.1 72.3 36.4 
(o-C&MRu(prophos)H (3) 4.70 -13.04 29.4 37.5 98.1 77.2 30.0 
~~~-CSHs~Ru~prophos~~NCCH3~1PF6 (4) 4.65 1.46 1.1 1.1 87.3 63.1 32.9 
(q-C6HS)Ru(prophos)C1 (1') 4.26 80.9 74.1 36.7 
(&6Hs)Ru(prophos)CH3 (2a') 4.66 -0.21 4.8 6.4 93.6 85.0 32.2 
(&,Hs)Ru(prophos)C2H6 (2b') 4.58 0.95 88.3 81.6 37.1 
(q-CsH6)Ru(prophos)H (3') 4.71 -12.90 32.0 32.0 104.3 85.7 22.9 
[(~.CSHS)R~(P~OP~O~)(NCCH~)IPFB (4') 4.49 1.71 1.1 1.1 88.1 75.7 25.6 

'Solvents C,Da for 1 and 2; C@, for 3; CDZC12 for 4. 'H chemical shifts in ppm with respect to internal Me,Si; 31P chemical shifts in ppm 
We have assigned neither the 31P signals nor the relative coupling constants (through with respect to external H3P01. J values in Hz. 

double-resonance experiments); therefore the same phosphorus atoms were differently labeled (1 and 2 or A and B). 

2 2  

* c- -- 

1 8  

& f  

8 

____-__- _--- 
8 1 6 5 4 3 2 1 - 1 2  -13 

Figure 1. 200-MHz spectrum of (s,P,)-(~C,HdRu(prophos!H, 
3 (bottom trace), and NOE difference spectra from saturation 
of the regions indicated by the corresponding labels (solvent C&). 

improved by working a t  lower temperature (-80 "C). 
Under these conditions about 80% of 2b or 2b' and 20% 
of 3 or 3' are formed. The composition of the reaction 
mixture does not change, however, when left for 1 month 
a t  room temperature or when heated at  90 "C for 15 h. 
Anal~gouely'~ to (q-C5HS)Ru(diphos)-n-C4H9 (diphos is 
1,2-ethanediylbis(diphenylphosphine)), 2b and 2b', 
therefore, do not decompose thermally to 3 and 3'. 1 and 
1' do not undergo any alkylation when reacted with sec- 
C4H9MgBr a t  room temperature. In this case, the ste- 
reospecific formation of diastereomeric hydrido complexes 
3 and 3' is quantitative. We have not attempted to carry 
out the reaction a t  lower temperature. In fact, the reaction 
mixture obtained a t  -80 "C from the complex (q-C6HS)- 
RuCl (ch i r aph~s )~~  (chiraphos is (S,S)-2,3-butanediylbis- 
(diphenylphosphine))20 and an excess of sec-C4HgMgBr 
shows after 2 h in the and 'H NMR spectra only the 

(19) Lehmkuhl, H.; Grundke, J.; Myn;, F. Chem. Ber. 1983,116,159. 
(20) Fryzuk, M. D.; Bosnich, B. J. Am. Chem. SOC. 1977, 99, 6262. 

1 3  qrs 2 7  
imL 

I I 

- -- ---- - 

8 7 6 5 4 3 2 1 - 1 2 - 1 3  

Figure 2. 200-MHZ spectrum of (R~,,Rc)-(+&Hs)Ru(prophos)H, 
3' (bottom trace), and NOE difference spectra from saturation 
of the regions indicated by the corresponding labels (solvent CJIs). 

presence of the corresponding hydride complex (-40% 
conversion) ( (q-C5H5)Ru(chiraphos)H) and of the un- 
reacted starting material2' 

We were not able to obtain crystals of 3 and 3' to per- 
form the determination of the structure by X-ray crys- 
tallographic analysis. For this type of compounds, fur- 
thermore, the CD spectra are not useful for stereochemical 
assignmenP (see Supplementary Material). Thus, the 
stereochemical assignment of 3 and 3' was accomplished 
through nuclear Overhauser effect (NOE) experiments 
(reported in Figures 1 and 2) by means of NMR differ- 
ential spectroscopy. The bottom trace gives the reference 
spectrum, while the other traces are perturbed spectra 

(21) Consiglio, G.; Morandini, F., unpublished observations. 
(22) Noggle, J. H.; Schirmer, R. E. "The Nuclear Overhauser Effect"; 

(23) Reference 22, p 57. 
Academic Press: New York, 1971. 
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The reaction mixture was heated up at  room temperature 
and the solvent eliminated under vacuum. NMR analysis 
(,lP) of the reaction products in C6D6 shows the formation 
of the methyl derivatives 2a and 2a’ in seemingly similar 
amounts from either 4 or 4’. However this accounts only 
for 3-5% of the total reaction products, which have not 
been identified yet. Similarly, very complex reaction 
mixtures (which have not been analyzed in detail) were 
obtained from 4 and 4‘ and sec-CdHQMgBr. In this case 

Figure 3. Assignment of the configuration at the ruthenium atom 
for 3 and 3’ based on NOE experiments. 

subtracted from the reference spectrum. The strongly 
negative signals show the saturated region; the numbers 
give the percent enhancements and are obtained from the 
multiplier of the reference spectrum which result in exact 
matchings with the perturbed spectra. Errors are esti- 
mated a t  about 0.5%. 

The irradiation of hydride dd at  6 -13.04 of 3 (Figure 
1) induces a 1.7% enhancement of the multiplet at  6 2.14 
(trace a); the reciprocal perturbation (trace d and e) gives 
a 4.9% NOE on the hydride. This is the bis(phosphine) 
backbone proton resonance which gives the greatest NOE 
(3.6%) from saturation of the methyl dd a t  6 0.88 (trace 
b). This proton is therefore geminal (Hgem) to the methyl 
group, which is consequently in the equatorial orientation. 
The complex 3 is the SR& diastereomer (Figure 3). The 
absolute assignments of the methylenic resonances at  6 1.76 
and 2.26 (the latter is split by coupling with ,lP) cannot 
follow from saturation of the methyl group, which is gauche 
toward the two methylenic protons, nor from perturbation 
of the H,, resonance, which is too close. The assignment 
is still possible through inspection of the NOE effects on 
the ortho aromatics protons. The saturation of the hydride 
(trace a) identifies the Phl and Ph, resonances and that 
of the methyl (trace b) the Phz and Ph, resonances. Phl, 
Phz, Ph,, and Ph4 are therefore a t  6 7.45, 7.78, 8.09, and 
7.50, respectively. The methylenic resonance a t  6 1.76, 
which causes positive and negative enhancements of the 
Ph., and Ph, resonances, respectively (trace c), is in roughly 
linear arrangement with these rings and is to be identified 
with H,. For exclusion, the doublet of multiplets at  6 2.26 
is Hmti; because of the spectral proximity, irradiation in 
this region causes also the saturation of Hgem, with NOE 
enhancements of both Phl and Ph, (traces d and e). The 
assignments are confirmed by irradiations of the ortho 
multiplets (traces g-i). 

In the case of complex 3’ (Figure 2), the saturation of 
the methyl dd in the bis(phosphine) ligand at  6 0.57 (trace 
b) induces a 2.8% NOE enhancement of the hydride t a t  
6 -12.90 and 5.6 and 2.5% NOE of the bis(phosphine) 
proton resonances at  6 2.63 and 2.01. No NOE is observed 
for the backbone proton resonance a t  6 2.30. Because of 
spin-rotational relaxation, the reciprocal perturbations 
(traces c and e) give reduced but still observable NOE’s 
of the methyl group. These results allow us to assign the 
multiplets a t  6 2.63, 2.30, and 2.01 to the protons Hgem, 
Hanti, and HE , respectively (Figure 3). More important, 
they imply t& 3’ is the RRU& diastereomer, with a sig- 
nificant population of the conformer having the methyl 
in close proximity to the hydride (Figure 3). No NOE is 
observed between the hydride and the H,, methylenic 
proton (traces a and c ) .  The assignment of the Phl, Phz, 
Ph,, and Ph4 ortho resonances to the multiplets at  6 8.03, 
7.38, 7.99, and 7.50, respectively, is based on the same 
arguments exposed for the other isomer. 

4 and 4’ were each reacted in tetrahydrofuran with ex- 
cess of an etheral solution of CH3MgBr at  -50 OC for 5 h.% 

(24) Treichel, P. M.; Molzahn, D. C. Synth. React. Inorg. Met.-Org. 
Chem. 1979, 9, 21. 

formation of the hydrido complexes 3 a i d  3’ could not be 
recognized. 

(b) Other Reactions Leading to Hydride Formation. 
The hydrides 3 and 3‘ were also stereospecifically obtained 
by reacting 1 or 1’ with methanolic CH,ONa.= According 
to the aforementioned stereochemical assignment, this 
reaction also takes place with retention of configuration 
at  the ruthenium atom. 

By contrast, either 1 or 1’ gives the same mixture of 3 
and 3‘ in a molar ratio of about 20:80 when reacted with 
an excess of HCOONaZ6 in methanol in the presence of 
ammonium hexafluorophosphate. Thus, this last reaction 
is stereoselective. 

Similarly stereoselective is the reaction of either 4 or 4’ 
in methanol with an excess of HCOONa. As a matter of 
fact, in each case the same product mixture 3/3’ in a molar 
ratio of aboout 40:60 was obtained. 

(c) Reactions with Chlorinating Agents. Pure 3 or 
3’ react with CDC1327,28 in about 20 h to give a mixture of 
1 and 1’ in a molar ratio of 80:20. Similarly 1 and 1’ are 
formed in a molar ratio of 60:40 in the analogously ste- 
reoselective and practically instantaneous reaction with 
CCl,. Byproducts are CHDCl, and CHCl,, respectively. 
No epimerization of the starting materials under the re- 
action conditions used was noticed during the reaction with 

At  room temperature 4 reacts slowly (2 days, -50% 
conversion) with a large excess of (C6H5)4AsC1 in di- 
chloromethane solution, yielding a mixture of 1 and 1’ in 
a molar ratio of 3565. A l / l ’  molar ratio of 6535 was 
instead obtained in the similar reaction of 4’. A prevailing 
inversion of configuration at  the ruthenium atom therefore 
takes place. No epimerization of 4 and 4’ during the re- 
action has been noticed. 

(d) Reaction of the Hydride Complexes with Dia- 
zomethane. 3 and 3’ in toluene did not react with an 
ethereal solution (large excess) of d i a z ~ m e t h a n e . ~ ~  
Starting materials were recovered unchanged. However, 
the presence of a trace amount of palladium acetate30 
causes reaction. The reaction is not very chemoselective; 
however, about 50% of 2a and 2a’ was stereospecifically 
formed from 3 and 3’, respectively. The other reaction 
products were not identified. 

CDC1,. 

Discussion 
The determination of the absolute configuration at  the 

ruthenium atom for the complexes 1,2a, and 4 followed 
from X-ray analysis as previously reported,”J2J5 whereas 
that of the hydride complexes 3 (and 3’) followed from 
nuclear Overhauser effect experiments.22 

(25) Wilczewski, T.; Bokeiiska, M.; Biernat, J. F. J. Organomet. Chem. 

(26) Carmona, D.; Thouvenot, R.; Venanzi, L. M.; Bachechi, F.; Zam- 

(27) Chanon, M. Bull. SOC. Chim. Fr. 1982, 11-197 and references 

(28) Kochi, K. ‘Organometallic Mechanisms and Catalysis”; Academic 

(29) Piper, T. S.; Wilkinson, G. J. Inorg. Nucl. Chem. 1956, 3, 104. 
(30) Suda, M. Synthesis 1981, 714. 

1981, 87, 215. 

bonelli, L. J. Organomet. Chem. 1983,250, 589. 

therein. 

Press: New York, 1978; p 190. 
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On the other hand, an indirect proof for the assignment 
of the configuration a t  ruthenium for 3 and 3’ arises from 
the stereospecific (even though not very chemoselective) 
reaction of 3 and 3‘ with diazomethane to give 2a and 2a’, 
respectively; this would imply retention of configuration 
at  the ruthenium atom. Indeed, the nature of the reaction 
of 3 and 3’ with the carbene arising from the palladium- 
catalyzed decomposition of diazomethane30 appears in 
principle similar to that of the reactions of 1 or 1’ with 
SnC1, to yield the trichlorostannato derivatives. We have, 
in fact, recently demonstrated that this reaction is also 
stereospecific and occurs with retention of configuration 
at  the ruthenium atom.3’ 

Since the chemical yield of 2a a r d  2a’ starting from 4 
and 4a’ and CH3MgBr was very low, we feel discussion on 
these reactions unwarranted. The retention of configu- 
ration a t  the ruthenium atom in the alkylation reactions 
(we assume, in fact, for these reactions the same stereo- 
chemistry as for the methylation) of 1 and 1’ with Grignard 
reagents was not unexpected. I t  is indeed fully consistent 
with the generally acceptedlg four-membered transition 
state (or intermediate) 5,  which would precede the me- 
tathesis of the alkyl groups and chlorine ligand. 

Morandini, Consiglio, and Lucchini 

By contrast, the retention of the configuration a t  the 
ruthenium atom in the formation of the hydrides 3 and 
3’ from 1 and 1’ by reaction with Grignard reagents having 
available @-hydrogens is more puzzling. Two different 
reaction mechanisms appeared in principle possible for 
that  reaction. The first one would imply the formation 
of an alkylruthenium derivative, dissociation of a phos- 
phorus atom from the bis(phosphine), @-elimination of a 
hydrogen atom from the alkyl group, and formation of the 
hydride complex after dissociation of the olefin as found 
for (T&!~H,)RU(PP~,),R comple~es.’~ For such a mecha- 
nism inversion of configuration a t  ruthenium or epimer- 
ization (depending on the stability of tricoordinate inter- 
mediate arising from olefin dissociation prior to chelation) 
should be expected. The second reaction path postulates 
that the cyclopentadienyl ligand assumes a $-allyl-ene 
binding mode,32933 so that the @-hydrogen elimination from 
the coordinated alkyl group can take place without 
phosphorus dissociation of the bis(phosphine). This 
mechanism would produce the hydride with the observed 
retention of configuration a t  the ruthenium atom. How- 
ever, it can be ruled out in view of the stability of the ethyl 
complexes 2b and 2b’ toward heating. 

Also for the reaction of ketones with Grignard reagents 
there is the dichotomy of behavior: alkylation vs. reduc- 
tion. This last reaction is assumed to arise from a six- 
membered transition state.34 A similar intermediate or 
transition state, 6, which would fully explain our obser- 
vations, was indeed recently ~0nsidered. l~ 

The same retention of configuration observed in the 
formation of the hydrides by reaction of 1 and 1’ with 

6, 

CH30Na could imply a similar six-center reaction inter- 
mediate. In this case, however, even if we can exclude 
@-hydrogen elimination via phosphorus dissociation from 
a methoxy intermediate, the possibility of a change in the 
bonding mode of the cyclopentadienyl ligand cannot be 
ruled out. 

The stereoselective formation of the hydrides in the 
reaction of either 1 or 1’ with HCOONa makes a concerted 
hydride migration of the type previously discussed un- 
likely. A different extent of stereoselectivity is observed 
in the similar reaction of 4 and 4’ with HCOONa to give 
also the hydrido complexes. I t  is possible that in both 
reactions intermediate formato complexes are formed. In 
this case, stereoselectivity should originate in the formation 
of those intermediates which are expected to decompose 
stereospecifically rather than stereoselectively.18 However, 
further investigations are necessary in order to rationalize 
the stereochemical outcome of both reactions.ls 

The order of reactivity of CCl, and CDCl, with 3 or 3’ 
is that expected for a reaction in which a charge transfer 
from electron-rich 3 and 3’ to the halo compound accep- 
tor2’ would take place. Radical intermediates28 arising 
from a variety of mechanisms can, in fact, provide a ra- 
tionale both for the stereoselectivity and for the different 
extent of stereoselectivity observed in the above reactions 
with CCl, and CDC1,. 

The prevalent inversion of configuration that takes place 
in the reaction of 4 and 4’ with (C6H5),AsC1 provides, in 
principle, the interesting possibility to interchange 1 and 
1’. This stereochemistry can arise from a SN2-type or even 
from a SN1-type mechanism.% Further kinetic investiga- 
tion could help to distinguish between the two possibilities. 

Conclusions 
Stereochemical investigations similar to those reported 

in this paper (i.e., meth~la t ion ,~  or tin dichloride inser- 
t i ~ n ~ ~ )  had already been carried out on analogous com- 
plexes containing a monodentate phosphine ligand. The 
stereochemistry of the reaction, however, was not defined, 
and considerably lower degrees of stereospecificity than 
those in our case were observed. 

Our particular interest in alkylation reactions with 
Grignard reagents stems from our precedent work on 
catalyzed cross-coupling reactions between organometallic 
reagents and different types of electrophiles.1° A large 
limitation to this reaction of very broad applicabilitP8 
arises from a competitive reduction instead of alkylation 
of the electrophile.28 This reduction is generally ascribed 
to the transalkylation of the transition-metal compound 
which eventually undergoes hydride formation via /3-elim- 
i n a t i ~ n . ~ ~  Our investigations show that another pathway 
for such reduction can be envisaged. A more detailed 
knowledge of the factors causing either mechanism could 
considerably extend the scope of the cross-coupling reac- 
tion. 

(31) Consiglio, G.; Morandini, F.; Ciani, G.; Sironi, A.; Kretschmer, M. 

(32) Rerek, M. E.; Basolo, F. Organometallics 1983, 2, 372. 
(33) Hofmann, P.; Padmanabhan, M. Organometallics 1983,2, 1273. 
(34) March, J. “Advanced Organic Chemistry”; McGraw-Hill: New 

J. Am. Chem. Soc. 1983, 105, 1391. 

York, 1977; pp 836-40, 266-279.- 
(35) Kao, S. C.; Darensbourg, M. Y. OrganometaElics 1984, 3, 646. 

(36) Brunner, H.; Wallner, G. Chem. Ber. 1976,109,139. 
(37) Brunner, H.; Gastiner, R. G. J.  Organomet. Chem. 1978,145,365. 
(38) Naso, F.; Marchese, G. In “The Chemistry of Halides, Pseudo- 

Halides and Azides”, Part 2, Supplement D; Patai, S., Zappoport, Z., Eds.; 
Wiley: New York, 1983, p 1353 ff. 

(39) Hayashi, T.; Konishi, M.; Kobori, Y.; Kumada, M.; Higuchi, T.; 
Hirotsu, K. J. Am. Chen. SOC. 1984, 106, 158. 
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Pseudotetrahedral Ruthenium(I0 Complexes 

Experimental Section 
All reactions and manipulations were carried out under an 

atmosphere of N2 The solvents were dried and degassed before 
use. 

'H and 31P ('H) NMR spectra were recorded on WP60, W- 
PPOOSY, WH90, and AM300WB Bruker spectrometers. In the 
case of 31P(1H} NMR spectra, 85% H3P04 was used as external 
standard, with the convention that increasing frequency is positive. 
Absorption and CD spectra were obtained by using a Cary 14 
spectrophotometer and a JASCO J-4oAs dichrograph, respectively. 
Complexes 1 and 1' were prepared as previously described.lZ 

NOE Measurements. The usual pulse sequence for differ- 
ential NOE experiments was adopted," as a unique modification, 
a multiplet is saturated with the least decoupling power by a 5-5 
cyclic perturbation of all multiplet lines.41 The percent en- 
hancements are obtained from the coefficients of the reference 
spectrum, which result in exact matching with the perturbed 
spectrum. Errors are estimated about 0.5%. 

Preparation of Acetonitrile Derivatives 4 and 4'. A mixture 
of 0.15 g (0.25 mmol) of 1 or l', 0.2 g (1.2 mmol) of NH4PF6, and 
1 mL of CH3CN was reacted in 10 mL of CH30H for a few hours. 
After removal of the solvent, the crude product was dissolved in 
CHzClz and the solution filtered. Addition of n-hexane causes 
the precipitation of yellow crystals of pure 4 or 4' (yields 90%). 

(m, 3 H), C5H5, 4.65 (8, 5 H), C6H5, 7.46 (m, 20 H); 31P NMR (6 
from 67.1 and 87.3 (d, Jp-p = 32.9 Hz). Anal. Calcd for 
C34H34F6P3NRu.2CH2C12: C, 46.27; H, 4.10; N, 1.50. Found C, 
46.68; H, 4.14; N, 1.48. 

4: 'H NMR (CD2C1,) 6 CH3,1.19 (dd, 3 H, JP-H = 11.9 Hz, JH-H 
= 5.7 Hz), CHSCN, 1.46 (t, 3 H, JP-H = 1.1 Hz), CHZCH, 2.10-2.81 

4': 'H NMR (CDgC12) 6 CH3, 0.77 (dd, 3 H, Jp-H = 14.0 Hz, 
JH-H = 6.6 Hz), CHSCN, 1.71 (t, 3 H, JP-H = 1.1 Hz), CHZCH, 
2.54-3.10 (m, 3 H), C5H5, 4.49 (8, 5 H), C6H5, 7.47 (m, 20 H); 31P 
NMR (6 from &PO,) 75.7 and 88.1 (d, Jp-p = 25.6 Hz). Anal. 
Calcd for CNH3FBP3NRu: C, 53.41; H, 4.48; N, 1.83. Found C, 
53.78; H, 4.46; N, 1.80. 

Preparation of Methyl Derivatives 2a and 2a'. A 50-mL 
Schlenk tube was charged with 200 mg of 1 (or of 1') (diaste- 
reomeric purity >98%) and 5 mL of toluene. Then 1 mL of 
CH3MgBr (2 M in ether) was slowly added, and the reaction 
mixture was stirred for 22 h. The solvent was removed under 
vacuum. The residue was dissolved in 5 mL of toluene, the extract 
filtered on Celite, and the solvent removed under vacuum. This 
operations were repeated twice. The resulting toluene solution 
was concentrated ( - 1 mL). Slow diffusion of pentane causes 
crystallization of 2a (or 2a') which was filtered and dried; yield 
95-100 mg (49%), spectroscopically pure ('H and 3? NMR). The 
mass spectrum showed for both diastereomers the molecular ion 
at m l e  594 and fragments at mle 579 (loo%), 352, and 393, all 
of which contain ruthenium. 

2a: 'H NMR (C&,) 6 CH3, -0.49 (dd, 3 H, JH-P = 5.7 and 6.5 
Hz), CH3,0.96 (ddd, 3 H, J H - H  = 7.3, JH-pA = 5.2, JH-ps = 0.8 Hz), 
CHzCH, 2.08-2.92 (m, 3 H), C5H5, 4.66 (8, 5 H), C6H5 7.8-8.4 (m, 
20 H); 31P NMR (6 from &PO,) 100.0 and 73.1 (d, Jp-p = 35.2 
Hz). 

2a': 'H NMR (C&) 6 CH3, -0.21 (dd, 3 H, JP-H = 4.8 and 6.4 
Hz), CH3 0.86 (dd, 3 H, Jp-H = 6.3 Hz, JH-H = 7.7 Hz), CHZCH, 
2.0-2.6 (m, 3 H), C5H5 4.66 (s, 5 H), CsH5, 7.0-7.8 (m, 20 H); 31P 
NMR (6 from &PO,) 93.6 and 85.0 (d, Jp-p = 32.2 Hz). 

Preparation of Ethyl Derivatives 2b and 2b'. The reactions 
were carried out as the previous one with CzH5MgBr instead of 
CH3MgBr at -50 OC. The recovered products (yield 3040%) 
were contaminated by variable amounts of the hydrides 3 and 
3' (detected through 'H and 31P NMR) and were identified 
through mass and NMR spectroscopy. 

For both diastereomers a low intensity parent ion was recog- 
nizable at mle 606; fragments at m l e  579 (100%) (possibly ov- 
erlapped with a fragment at m l e  580 due to 3 and 3') 352,393, 
and 459 (all of which contained ruthenium) were also present. 

2b: 'H NMR (C,D,) 6 CH,, -0.15 (m, 2 H), CH3, 0.82 (ddd, 

J H - H  = 6.8 Hz), CH,C?H, 1.80-2.60 (m, 3 H), CSHS, 4.66 (s, 5 H), 
3 H, J H - H  = 7.2, JH-p = 5.2, JH-pB = 0.9 Hz), C H ,  0.95 (t, 3 H, 
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C&, 7.0-8.0 (m, 20 H); "P NhfR (6 from H3P04) 99.1 and 72.3 

2b': 'H NMR (C,D8) 6 CHz, -0.18 (m, 2 H), CH3, 0.52 (dd, 3 

CHzCH, 1.80-2.60 (m, 3 HI, CsH5, 4.58 (s,5 HI, CsH5, 7.0-8.0 (m, 
20 H); NMR (6 from &Po,) 88.3 and 81.6 (d, Jp-p = 37.1 Hz). 

Preparation of Hydrides 3 and 3'. (a) Reaction of 1 and 
1' with Methanolic CH30Na. A mixture of 0.15 g (0.244 "01) 
of 1 or 1' and 10 mL of a 0.2 M solution of CH30Na in anhydrous 
methanol was stirred for 4 h at room temperature. During this 
time the color turns yellow. The solvent was eliminated under 
vacuum, and the stereochemistry of the reaction was determined 
through 'H and 31P NMR spectroscopy on the crude product. 
Pure 3 and 3' were obtained through recrystallization from 
benzene/methanol (yield 80%). Both diastereomers show in the 
mass spectrum the parent ion at mle 580 (100%) and other 
fragments containing ruthenium at m l e  352,460,393,502, and 
536. 

(d, Jp-p = 36.4 Hz). 

H, J H - H  = 7.9, JH-P = 6.4 Hz), CH3 0.95 (t, 3 H, JH-H = 6.8 Hz), 

3: 'H NMR (C&) 6 Ru-H, -13.04 (dd, 1 H, JP-H = 29.4 Hz, 
Jp-H = 37.5 Hz), CH3,0.88 (ad, 3 H, JP-H = 10.1 Hz, J H - H  = 6.4 
Hz), CHzCH, 1.76, 2.14, 2.26 (m, 3 H), C5H5, 4.70 (s, 5 H), CsHs 
7.15-8.09 (m, 20 H); 31P NMR (6 from H3PO4) 77.2 and 98.1 (d, 
Jp-p = 30.0 Hz). Anal. Calcd for C32H32P2R~: C, 66.31; H, 5.56. 
Found: C, 65.34;, H, 5.34. 

3': 'H NMR (C&) 6 Ru-H, -12.90 (t, 1 H, JP-H = 32.0 Hz), 
CH3,0.57 (dd, 3 H, JP-H = 12.5 Hz, JH-H = 6.5 Hz), CHZCH, 2.01, 
2.30, 2.63 (m, 3 H), CSH5, 4.71 (8, 5 H), C&,,  7.15-8.03 (m, 20 
H); 31P NMR (6 from HaPo,) 85.7 and 104.3 (d, Jp-p = 22.9 Hz). 
Anal. Found: C, 65.19; H, 5.34. 

(b) Reaction of 1 and 1' with HCOONa. A mixture of 0.15 
g (0.244 mmol) of 1 or 1' and 0.05 g (0.31 mmol) of NH4PF6 in 
10 mL of anhydrous methanol was stirred for a few minutes. 
Then, 0.05 g (0.73 mmol) of solid HCOONa was added and the 
mixture stirred until the color turns yellow. The solvent was 
removed under reduced pressure and the stereochemistry tested 
on the crude product through 'H and 31P NMR spectroscopy. 

3 and 3' were obtained pure by recrystallization from benz- 
enelmethanol. 

(c) Reaction of 1 and 1' with sec-C4HgMgBr. 1 and 1' (20 
mg) were each reacted in NMR tubes in 0.5 mL of C7D8 with 0.2 
mL of sec-C4HgMgBr (1.7 N) for 4 h. 'H and 31P NMR spectra 
reveal quantitative and exclusive stereospecific formation of 3 
and 3', respectively. 

Reaction of 3 and 3' with CHzNz. A 20-mL Schlenk tube 
was charged with 50 mg of either 3 and 3', 1 mg of Pd(OAc)z, and 
2 mL of toluene. The solution was cooled at 0 "C and treated 
with a large excess of an ether solution of CH2Nz. After a 4-h 
reaction time, the solvent was eliminated in vacuo. The residue 
was dissolved in CsD6 (-0.08 mL) and analyzed by 'H and 31P 
NMR after filtration. In each case stereospecific formation of 
2a and 2a', respectively, was recognized, in about 50% yield. 

Reaction of 3 and 3' with CDC13 and CC14. About 0.015 g 
(0.03 mmol) of 3 or 3' was dissolved in CDC13 in a NMR tube. 
The reaction was monitored by recording from time to time the 
'H NMR spectra at room temperature. 

The same procedure was used for the reaction of 3 and 3' with 
CclI. In this case the complexes were dissolved in C6Ds and an 
excess of CCl, was added. 

Reaction of 4 and 4' with HCOONa. 4 and 4' 0.1 mg (0.13 
mmol) were treated for 24 h with an excess (50 mg, 0.73 mmol) 
of HCOONa in 10 mL of methanol. Then, the solvent was re- 
moved, the crude product dissolved in C6Ds, and the solution 
filtered directly in a NMR tube. The stereochemistry of the 
reactions was determined by recording the 'H NMR spectra. 

Reaction of 4 and 4' with Ph4AsC1. A mixture of 0.15 g (0.2 
mmol) of 4 or 4' and 0.23 mg (0.55 mmol) of Ph4AsC1 was stirred 
for 2 days at room temperature in 10 mL of CHZCl2 During this 
time the color turns from yellow to orange. After the solvent was 
removed under vacuum, the mixture was dissolved in CDzClz and 
filtered off. The 'H NMR spectra showed that at this time the 
conversion was about 50% and determined the stereochemistry 
of the reaction. 
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Vinylidenebis(dipheny1phosphine) (vdpp) was found to give an insoluble 1:2 complex, (vdpp)-(AuCl)z 
(l) ,  but a soluble 1:l complex, (vdppAuCl)2 (2), when treated with (C0)AuCl in the appropriate molar 
ratio. The crystal structure determination of (~dppAuCl)~.CHCl, revealed a dimer with a centrosymmetric 
eight-membered ring skeleton composed of two P,P-bridging vdpp ligands, and trigonally coordinated Au(1) 
centers, with the two AuPzCl planes parallel to each other. The vinylidene groups are not engaged in metal 
bonding but have become strongly activated through the vdpp-metal coordination. Methanol is added 
at 20 "C to give the AuCl complex of l,l-bis(diphenylphosphino)-2-methoxyethane (6). This addition is 
reversible, and the CH30H is lost quantitatively at 150 "C, with recovery of 2. 1:l complexes were also 
prepared from CuC1, AgC1, AgOCOCH3, and AgBF4 (3,4a-c), but the vdpp ligands in none of these products 
is sufficiently activated to give similar addition reactions. Elemental analyses, osmometric molecular mass 
data, and 'H, 13C, and 31P NMR, IR, and mass spectra were used for a preliminary characterization of the 
compounds. The X-ray data for 2 are as follows: (C,Hz2AuC1P2)zCHC13, a = 9.920 (2) A, b = 11,545 (2) 
A, c = 12.272 (2) A, a = 90.40 (l)', 0 = 88.25 (2)", y = 109.17 (l)", dcdcd = 1.723 g cm-3 for 2 = 1, space 
group Pi; 4339 observed reflections, R = 0.033, R, = 0.042. 

Introduction 
A plethora of mono- or polydentate tertiary phosphines 

have been designed, synthesized, and introduced as ligands 
to metals and metal clusters in order to meet steric and 
electronic specifications suitable for application to stoi- 
chiometric or catalytic These ligand mole- 
cules may either be prepared independently and then be 
integrated into a coordination sphere or constructed in a 
template synthesis a t  the metal center(s). For the latter 
purpose, organophosphorus compounds with versatile 
functional groups are of prime importance. I t  is therefore 
surprising that in this context the potentially reactive 
phcsphino olefins have received little attention. Geminally 
phosphine-substituted olefins in particular are still rare 
species and have appeared in the literature only very re- 
~ e n t l y . ~ +  

In initial studies carried out in this laboratory it was 
found that the prototype molecule vinylidenebis(di- 
phenylphosphine), for which convenient syntheses are 
a ~ a i l a b l e , ~ , ~  can be strongly activated by monoquaterni- 
zation with an alkyl halide. In the absence of a suitable 
nucleophile, dimerization occurs to give cyclic semiylide 
salts in quantitative yield at  room temperature.6 Double 
alkylation leads to bis(phosphonium) salts whose C=C 
bond is sufficiently electrophilic to add even weak com- 
ponents like alcohols, thiols, phosphines, or amines.610 A 
similar activation is induced by oxidation of the phosphines 
with oxygen or sulfur (Scheme I). 

These results made investigations highly desirable in 
which the effects of (ph0sphine)met.d complexation on the 
olefinic double bond is probed. A large variety of mono- 

' X-ray structure analysis. 

Scheme I 

H H 
'C' 

II 
Ph2P' 'PPh* 

I I  I I  

C 

z z  

2x- 

2 x- 
2 10, S. Se 

or binuclear complexes are possible candidates as acceptor 
centers, and therefore almost any degree of activation could 

(1) Chatt, J.; Williams, A. A. J. Chem. SOC. 1951, 3061. 
(2) McAuliffe, C. A.; Levason, W. "Phosphine, Arsine and Stibine 

Complexes of the Transition Metals"; Elsevier: Amsterdam, 1979. Le- 
vason, W.; McAuliffe, C. A. Coord. Chem. Reo. 1976,19, 173. McAuliffe, 
C. A. Adu. Inorg. Chem. Radiochem. 1975,17, 165. 

(3) Tolman, C. A. Chem. Reu. 1977, 77, 313. 
(4) Colquhoun, I. J.; McFarlane, W. J. Chem. SOC., Dalton Trans. 

1982, 1915. 
(5) Schmidbaur, H.; Herr, R.; Riede, J. Chem. Ber. 1984, 117, 2322. 
(6) Schmidbaur, H.; Herr, R.; Riede, J. Angew. Chem. 1984,96, 237; 

Angew. Chem., Znt. Ed. Engl. 1984,23, 247. 
(7)  Schmidbaur, H.; Herr, R.; Pollok, T.; Schier, A.; Muller, G.; Riede, 

J. Chem. Ber., in press. 
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