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Abstract: The 7.0 membered chiral dipbospine ligands 5A-C were prepared under high dilution 

conditions as a mixture of diastereomers. The absolute and relative configurations could be established on the 

basis of NMR and CD spectroscopy of the ligands and their Ni(Il) complexes. The assignment was confirmed 

by a crystal structure analysis of the Ni complex of 5B. 

The majority of chemical conversions, especially the reactions on more complex carbon skeletons, leads to 

the formation of stereoisomers. As the absolute and/or relative configuration of the educts areusually known, 

only the relative configurations of stereogenic centers created during the transformation need to be estimated for 

a complete stereochemical assignment. The laner is frequently done by NMRmethcds or on the basis of 

different reactivities of the isomers in sterically sensitive conversions(e.g. ring forming reactions of 

appropriately oriented functional groups). F’rohlems will arise if the stereogenic centen are not in proximity but 

separated from each other by a non-ehital portion of the molecule. In such cases often only X-ray structure 

analyses could be decisive. 

R=H 1 

OR R = (CH,)JO,C,H, 3 3 
Br(CH~CO&H~. te”.BuOK, 
THF reflw, 71% 

OR 

R = KH&OH 3 3 
LnAlHa, Etzo. 79% 

R = (CH,)&ffs 4 3 
4 cquw. TsCI, F’y, VC, ‘Mix 51% 

58 

~shw)P 

5c - 
W,(R,R)p 

During the course of our work on macrocyclic compounds’ we pmparcd sbiml diphosphinc ligands like 5 

with a binaphthyl unit. 5 was accessible from 1 in four steps as outlined in the scheme*. As the ring closing 
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step introduced two stereogenic P centers in addition tothe inherent chiral binaphthyl moiety. the formation of 

three (chill) diastereomers 5A - C has to be taken into accoant.The cyclisation of the ditosylate 4 with 

~li~~~ onhrrpheaylen~bis(p~nylpb~phnsphirte) was conducted under high dilution conditions and &o&d a 

mixture of the isomers which could be separated by chromatography &SiO,, CH,CI, -petroleum ether, 4x5) IO 

give the pure diastereomers as white foams in a ratio A:B:C = 812 13~7~. From NMR spectroscopy (‘H, W, 

3’P) an unequivocal distinction by NMR analysis between the Cl-symmeticaldi&e~omerA and the two 

diaskreomers B and C, which err intrinsically C2-symmetric, was possible without doubt [e.g_ in 31P NMR an 

AB system (-26.09 and -24.45 ppm, J = 150 Hz) was observed for A but A2 systems for B and C ( singuletts 

at -21.89 and -19.48 ppm, resp.)]. However it was not possible to distinguish between configurations R and 

. . 
D ’ -. 

-... \ I . 
_-H .A-- 

- 10 “,‘.,, 

\/;i- 

. 
‘i 

-20 
‘..* 

*.... ,... 
a . 

AE 11. 
I \ 

1.. 
I 

30 I \ 

: 

\ 
\ 

m 
:., I I 

r \ 

t 
I L-5 

2sl 280 300 320 340 nm 450 500 550 6!xl 

Figure 1. CD spectra (dichloromethane) of ligands (a) and NiiJ) complexes (c, d) with 

configura!ions A (- LB< - - -L c I ..,.......). Optical comparison of isomer B of 

S.NiCh with the Nit32 complex of (S,S)-6 (-.-.-) (h). 
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C by using NMR spectroscopy. The following pmcdun: demonstrates bow relative configurations can be 

determined by independant estimatiws of two absolute co~gnmti~ by CD spectroscopy. 

The synthesis started with optically active (S),-U=dihydroxy- 1 .I’-binaphthyl.Therefoelbre the absnlute 
co~Ggurilti~~~ of A had IO be (S)$S,R)p. The CD spectra of SA, SB and JC showed a significantly different 

shape, thus showing the influence by the stereochemistry at the phosphorus centerson the binaphthyt torsional 

angle 4. The spectrum is obviously do~na~ by Cotton cffccts o~gina~ hy the binap~thyl c~~p~~. 

while absorptions due to the W-P-( 1.2~Ph)-P-Ph unit are weak and hidden under the more intensive biaryl 

bands. The situation iscbangedin the case of the corresponding Ni(II)complexes. SA-CNiCI, arc cb- 

diphosphine complexes with squat-c planar geometry and the nrrfro-phenylene unit in the same plane. So the 

symmetry is not changed (tig.2). The UV spectra of the orange to orange-brown Ni complexes showed broad 

tong wave length absorptions around 455 nm (E IOH3 ” 1570) due to the central band of the crystal field. in the 

CD spectrum of A the corresponding Cotton effect iscaused by a chill perturbation oftbe non-chiral Ni 

complex unit with a “tocal” C, symmetry (the meso form of the diphosphine) by the biaryuyl and is therefore 

wm~ly small Ih(Ae) 494 f+O. 11) 432 f-0.30)1. In coatrat to 5A the two Cz symrn~c~ ~aste~rne~, 

5B.C. show intensive bands but virtually mirror like shape in the spectral range between 4co and 600nm 

(fig. lc,d). This is in accordance with the local C, symmetry and an enantiometic relationship of this subunit in 

the diastcrcomcrsB and C (the m-form of the diphosphine). 

The ~~~rnent of CD effects to absolute cm&wations was made by optical comparison with the NiCI, 
complex of6.6 waseasily accessible by treatment ofdilithimn orrho-phenylenebis(phenylphosphide) with an 

excess of methyl iodides. A separation of diastereomcrs and enantiomers in one step was conveniently 

pcsformed by m~titivechm~togmphy an microcryst&inecetinlose triacetz&. Afterthret? cycIesthe 

enantiomericall y enriched fractions were eluted. The first one was optically inactive (meso), the second one 
showed negati ve and the third one positive optical rotation at 559nm. The enantiameric relationship of the latter 

and their chemical identity have beenconiinned by CDand lH-NMR, wsp. Wild et at. assigned the absolute 

chiiahty (S,S,, to (- )m- 6 on the basis of an X-ray structure analysis of the correponding P&II) complex?. 

The preparation of the Nifll) comptex of 6 was accomplished by addition of a few drops of a concentrated 

NiClz solution in ethanol to the CD sample of (-_)-6 in C&Cl2 A CD spectrum of the resulting orange 

solution was run instantly to avoid precipitation or decomposition. Comparison of the long wavelength range 

with that of the Ni complexes of 515) and 5[C) revealed ~ambigeously a (S,S), configuration for 5(B) 

(iig.lb). With ~si~~ati~ in hands it was now possible to assign all absolute and z&tive chiralities B 

given on bottom Or&e scheme. The correpnnding CD spectra of tigands and complexes are drawn in 

fig. 1 a,c,d. 
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An X-ray analysisof the racemic NiClz complex of 58 confirmed the previous assignment of (relative) 

configurations and the square planar geometry of the complex*. A stereo projection of the structure is shown 

below (H are omitted for&&y). 

Figure 2: X-ray structure of NiCI,m5E 

This procedure represents a convenient method for the assignment of diastereomcrs if hctematoms with 
appropriale geometry and ligating properties are present which upon complexation give rise to long wavelength 

Cotton effects. The latter are predominantly caused by the chiral environment of the complexation sites. If their 
identification and assignment to certain (chiral) chrcmophores succeds, an estimation of their absolute 

configuration will be possible. This method is fast and only a few milligramms of the sample and of an 

appropriate model compound as a reference are needed. No isolation and usually no purification of complexes 

will be required. So tbc sample can be prcparcd even in situ in the CD cuvettc (if no quantitative mwtsuremcnts 
are intended). To show scope and limitations of this procedure a more extensive study, including related 

structures, is presently under progress. 
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