
Zournai of Organometallic Chemistry. 112 (197’7) C69-Ci’Z 
0 Elsevier Sequoia S.A.. Lausanne - Printed in The Netherlands 

C69 

Preliminary communication 

IN-VESTIGATIONS OF OLEFIN HYDROGENATION CATALYSTS_ THE 
MAJOR SPECIES PRESE,‘c’T IN SOLUTIONS COSTAINING RHODIUM(I) 
COMPLEXES OF CHELATISG DIPHOSPHINES 

D.A. SLACK and XC. BAIRD* 

Department of Chemistry. Queen’s Ljziwrsity. Kingston hii, 3S6 (Canadaj 

(Receivea August 15th. 1977) 

‘H and “P x:hIR spectroscopy are used to determine the nature of the species 
present in catalytically active solutions prepared by treating [RhC1(C,H;)I]2 with 
diphosphines and [ Rh(norbornaciiene)diphosphine] BF, with hydrogen (di- 
phosphine = 1,3-bis(diphenylphosphino)propane (dppp) and isopropylidene-2,3- 
dihydrosy-l,l-bis(diphenylphosphino)butzane (diop)). 

Although there has recently been considerable interest in asymmetric catalysis 
by rhodium complexes containing chiral chelating diphosphines such as iso- 
propylidene_2,3iiihydrosy-~,~-bis(diphenylphosphino)Lutane (diop) [l, 21, 
little has been done to elucidate the mechanism(s) of the catalytic reactions. 
Most commonly, the catalyst is generated in situ, either by substitution of the 
olefin in [RhCl(olefin)2]2 (olefin = C2H3, cyclooctene) by diphosphine [3], or 
by hydrogenation of the olefin of compleses of the type [ Rh(diene#diphos- 
phine)]X (diene = norbornadiene (h’BD), cyclooctadiene; X = ClO-, BF,) [4,5]_ 
in the case of catalytic hydrogenation of prochiral olefins, it has generally been 
assumed that both the nature of the active species in solution and the mechanism 
of hydrogen transfer are the same as for the well-studied monodentate phosphine 
systems 16, T]_ 

We [S, 91 and others [ lO--131 have recently drawn attention to the great 
utility of “P{‘H) NMR spectroscopy in the elucidation of the structures of 
rhodium-phosphine compleses in solution. Both 3*P chemical shifts and 
rhodium-phosphorus coupling constants can provide information concerning 
stereochemistry, coordination number and the trans influences of other ligands. 
We report here preliminary results of an investigation into the nature of the 
major species present in catalytically active solutions, of the types described 
above, with both 1,3-bis(diphenyIphosphino)propane (dppp) and diop. The 
former was chosen as a model diphosphlne because previous work [ 14,153 has 
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shown that “ring strain” contributions to the 31P NMR parameters of its com- 
pleses are relatively small, allowing correlations with data for monodentate 
phosphine systems to be made. 

The various chemicaI species generated by treating [RhCI(C2HJ)& (I) with 
dppp and tRh(NBD)Wppp)lBF4 VU with hydrogen in (GD3)C0 are shown in 
Scheme l-The corresponding “P{‘H) NMR data are listed in Table 1. 
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SCHEME 1 

Addition of I to a deficiency of dppp (0 -5 mol dppp/mol of I) resulted in the 
evolution of some ethylene and the formation of an orange solution exhibiting a 
doublet in the ‘*P NMR spectrum at very low field (32.0 ppm) and with a rela- 
tively large rhodium-phosphorus coupling constant (187 Hz). On the addition of 
0.75 mol dppp/mol I, there also appeared a second doublet, at slightly higher 
field, but with a very similar coupling constant. By analogy with data for com- 
pounds of the type ‘LRhC1(PRS)2], (n = 2 [lo], 1 [22]), the “P NMR parameters 
are consistent with structures III and IV, in which the phosphprus atoms are tmns 
to chloride ions. Lowering the temperature of IV to 223 K indicated no non- 
equivalence of the phosphorus atoms, suggesting a dimeric strticture, but there is 
precedence for a monomeric structure [123. Although hydrogen addition to IV 
(1 atm) did not occur, acetyl chloride does add to form RhClz(COMe)(dppp) [IS]. 
Hydrogenation of a solution of III, on the other hand, led to darkening and 
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TABLE 1 

“P CHEMICAL SHIFTS AND COUPLING COSSTANTS 
-._-.-__..__-_.._ _.__. _.._. . 

Compound 6 (PPrn) = J<Rh-P) (Hz) 
~--~--~--------.-----.---- --.- ---_ --. ___ _ ..__ _._ _______ __ _ ._____ ____ __ _ 
CRhWBD)dppplBF, (11) 14.2 148 
dpppRhffi-Cl)ZRh(C,H,)I (III) ’ 32.0 181 

CRhCIdpppl: ,,r = (Iv) 30.3 18-I 

tRh(dppp&lCI (V) 6.4 132 

tRhO:(dppp),lCl (VI) c 15.0 122 

-13.8 85 

ci.s-[RhH,(dppp)2]C1 (VII) ’ 17.0 99 

6.3 BO 

cis-lRhHCl(dppp),]CI (VIII)E 1.9 90 

[Rhdppp(acerone)ZIBF. (IS) 37.1 18: 

diopRh(~-C1)2Rh(CtH,), CX) 34.1 194 

[RhCldiopl, ,-,= t (XI) 31.8 191 

IRhWBD)diopIBF, <XI> 15.3 153 

[Rhdiopfacrtonr),lBF, (XIII) 38.4 195 
_ __._ . -._ __-___--_. _ .--__-__ 
n In (CD,),CO unless otherwise noted: aII shifts relative to external 854 H,PO,. with positive & meaning a 

downfield shift. b Proton SMR spectrum in (CD,),CO exhibits ethylene resonance at 6 2.8 pp,m =In 

CH,ODithe spectrum is fist order. consisting of a quartet of triplets at room temperature. with J(PP) 

30 Hz. In CDCI,: the spectrum shows a second order A2B2X pattern. indicating a cis-dihydride with 

J(PP) 30 Hz. The proton KMR spectrum shows a complicated pattern at 6 -8.6 ppm. with J(PH) 141 Hz 

(trcns coupling). e On cookne to 203 K. an X1X1,X pattern. consistent with the cis-HCI adduct is obtained: 

6~ 12.3 PP~. 65 -9.0 ppm. JfRh--P_%) 90 Hr. J(Rh-PB) 93 Hz. J(PP) 35 Hr. The proton NhlR spectrum 

at room temperature is a sextet at 6 -15.0 ppm. with JfRh-H) - JfRh-P) 13.5 Hz. consistent with the 

averaging of ~U’CJ sets of equivalent phosphorus atoms at ambient temperatures (cf. ref. 20). 

precipitation of an ill-defined solid. As no new 3 ‘P resonances were observed, the 
nature of the products of hydrogenation is not known. 

Although addition of 1 mol dpppjmol I gives predominantly IV, excess dppp 
in (CD&CO gives [Rh(dppp),]Cl (V), which was also prepared by treating 
RhClCO(PPh,), with excess dppp in benzene or by treating I with a deficiency of 
dppp in methanol [17]_ The more polar, protic solvent seems to assist the dis- 
placement by chloride ion and the formation of the bis-dppp complex_ 
Compound V adds osygen, hydrogen and hydrogen chloride in solution to form 
the cationic species [R.h(O,)(dppp),]+ (VI), cis-[RhH,(dppp),lC (VII) and the 
fluxional cti-[RhHCl(dppp),]+ (VIII), none of which was successfully isolated 
pure, but all of which could be identified by their ‘H and “P NMR spectra (see 
Table l)_ 

Hydrogenation of II in (CT 3~ CO resulted in the appearance of a new doublet 
at very low field, attributable to L- 1.2 species IX, which presumably contains co- 
ordinated acetone_ The low temperature spectrum indicated nonequivalence of 
the phosphorus atoms, perhaps because of BF,- coordination, or because of 
dimer formation via h”-arene coordination of an aryl ring of one molecule to the 
rhodium atom of another [18]_ Compound IX does not add a detectable 
amouxit of hydrogen, in contrast to the behaviour of similar rhodium complexes 
of monodentate phosphines 1193, but in accord with the behaviour of IV. 
Addition of tetraphenylarsonium chloride to a solution of IX resuked in forma- 
tion of IV, confirming the relationship between these compounds. 

Results with diop appear to closely resemble those with dppp. For instance, 
complexes corresponding to III and IV, i.e. [(diop)Rh@-Cl),Rh(CH&l (Xl and 
RhCl(diop) (XI) are formed in acetone and benzene, while [Rh(diop)(solvent), I BF, 



(XIII) is formed on hydrogenation of [(NBD)Rh(diop)]BF, (XII) in acetone. 
The fact that XI and XIII exist as different species in solution is consistent with 
observed variation of degree of asymmetric induction with anion [ 5]_ In contrast 
to dppp, reaction of 2 mol of diop/mol of I in methanol does not yield detectable 
amounts of [ Rh(diop),]Cl. 

The nature of the species present when cr-acetamidocinnamic acid is added to a 
hydrogenated solution of [Rh(NBD)(dppp)]BF* in methanol are rather am- 
biguous at present. Broadening of the 3xP resonance at 37.1 ppm occurs, con- 
sistent with formation of a species of the type [ Rh(olefin)(solvent)dpppl). 
Clearly complexation occurs, but an understanding of the behaviour of the 
complex in solution must await further studies. 
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