
T&a!~.&on: As-ymm&y Vol. 3, No. 1. pp. 14 1992 09574166192 33.00+.00 

Printed in Grut Britain perymmp=ple 

Preparation, Crystal Structure and Chiroptical Properties of 
Rhz[camphanat& (MeOH) 

B. Kojif-Prodic, R. Mar&c, B. Nigovif, Z. Raza, V. Sunjic* 

“Ruder BoSkovtC” Institute, P. Box 1016,41CQl Zagreb, Croatia, Yugoslavia 

(Received 30 September 1991) 

Key Wordr: Dtrhod~um tetracamphanate, X-my structure detemrinatiou, CD spectm. 

AMmct: Chiral Rh (II) complex of camhanic actd, versatile chtrai agent, is prepared, and its structure dmcussed on the basks 
of X-my, UVlVlS .and CD data. 

Chiral dirhodium tetracarboxylate complexes have recently attracted considerable interest due to their 

specific structurall~l and catalytic *-’ properties. Their preparation was first described by Shchelkov et al.? 

and subsequently various other methods were developed. 1.73 Using chiral Rh(l1) carboxylates, 

Rh2(00CR*)4 L2, where R* represents chiral organic subunit, and L represents a Lewis base, 

enantioselective hydrogenation” and cyclopropanation of prochiral olefms,J as well as various intra-3*5-7 

and intermolecular7 C-H bond insertions were achieved. Whereas the former catalytic transformation 

proceeded with low optical yields (ref. 2.. e.e.‘s 45%) the latter two afforded cyclopropane derivatives with 

moderate optical yields (ref. 4-7., e.e.‘s 45%) 

Camphanic acid, as a strong a-oxy acid (pKa ca. 2.5). was repeatedly used as chiral agent for 

separation of racemic alcohols,lo-1’ amines. and aminoacids. 14 It was also converted into chiral 

monophosphine ligand, and its Rh(1) complex was tested as catalyst in asymmetric hydrogenation.15Here 

we report on preparation, structure, and chiroptical properties of dimeric Rh(II) complex of camphanic acid 

(l), envisaged as chiral catalyst in some enantioselective transformations. 
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Using a method of Callot and Metz,o Rh(lI) complex 1 was prepared in 9096yield.16 Other attempted 

method4 resulted with considerably lower yields of 1. Crude complex, pale-green crystalls, was purified on 

silica gel column usingdichloromethane-ethanol 93:7 as eluant. Good quality single crystals, for X-ray 

structure determination were obtained from methanol. 

The molecule of compound 1 has local Da symmetry at the Rh2(Oeq)g (Oax)2 cbromophore, which is 

reduced to &k if the “isotropy of the axial Iigand (MeOH) is considered, and the entire molecule posses 

Cl symmetry because of the pair-wise matching of the two chiral carboxylates, Fig. 1 t7. The distorted 

octahedml coordination of Rh{II) is of five oxygen atoms from four camphanate ligands and methanol, and 

on more Rh atom. The camphanate Iigands with equatorialiy disposed oxygen atoms act as the bide&ate 

bridging with Rh-0 distances ranging from 2.031(8) to 2.070(10)~. Two methanol molecules are axially 

coordinated in the binuclear unit at truns position to the Rh-Rh bond with Rh-0 bond of 2239(12)1q. 

Figure 1. The centrosymmetric dimer 

molecule of 1 with octahedral coordination of 

Rh(IT). The atomic numbering is given 

including the ~en~symet~c coordinated 

oxygen atoms marked by i (-x, -y+ 1, -YE). 

UVlVIS and CD spectra of compound 1, and its EUr2[camphanatoJq fpyridinel2 (2) congener are 

presented in the Figs. 2. and 3., t-esp, and are notably different from those reported’ for F%2[(Sf- 

mandelatel4 (EtOHh (3) and for its ~methyle~er ~T~~4). 

Figure. 2. UVNIS spectra of I(----) 

and 2 (- - - ) in MeOH; cone. of 1 

1.3x10-3 M, cont. of pyridine 1.2x10-2 M. 

Figure. 3. CD Specra of 1 {---_) and 2 

(- -^ -) in MeOH. 
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WNIS Spectrum of 1 exhibits a long-wavelength maximum at 584 nm (E = 240). and a second one as 

a shouIder at 445 nm (E = 180). A distinct shop-wavelength band at 445 nm, observed in the Rh(l1) 

mandelate complexes 3 and 4, is missing. Compound 2, prepared in situ, exhibited only one band at 515 MI 

(E = 225). This change in the spectrum on going from 1 to 2 is in accordance with the known 

hypsochromic shift of the “band I” at 580600 nm to cu. > 50 nm shorter wavelength when more basic 

amine is apically bound.19 

It is interesting to note that the CD of 1 exhibited strong negative band at SOS run, and another negative 

band appears at 458 nm as the shoulder OR the first band at the shorter-wavelength side. There is no distinct 

band at 580-600 nm. Again, this is notably different feature as compared to the spectra of 3 and 4.’ Both 

mentioned compounds exhibited two “outer” CD bands, at cu. 450 nm and at 590 nm, corresponding to the 

observed electronic transitions in the visible region, along with the “inner” one, of the opposite sign, at cu. 

500 nm. Besides, the strongest band at cu. 500 nm is of the opposite sign for 1 and 3. The third band was 

assigned to an overlap of two magueticahy allowed transitions at cu. 590 nm and 450 am, which are active 

in the CD by the reverse-mixing process. Since the 500 run band does not appear in the electronic spectrum 

of 1, it is magnetically allowed transition. 

As announced by Cotton et at.,t magnetically allowed b (Rh-Rh) -a* (Rh-0) transition is also active 

in dirhodium tetracarboxylates, and therefore could effect relative intensities of the three CD peaks. This 

seems to be the case with the CD of 1; the first and third band are much less intensive than the “mixed” one 

at 500 NIX This also coufirmes the CD spectrum of the complex 2, Fig. 3. Axially bound pyridine enhances 

the intensity of the two “outer” bands, to AE +O.l 1 at 602 nm, and to AE +0.36 at 423 nm, as compared to 

the “inner” one at 495 nm (BE -0.14). Besides, the sign of the “outer” bands are now opposite to that of the 

“inner” one, as observed for the CD of two chiml complexes studied previoudyt. 

Different chiropticai properties of dimeric complexes 1 and 3. which posses similar crystal structure 

and the same (S) absolute configuration at the chirai centre next to the carhoxy group in the ligand. can be 

explained by diverse structure and polarity (anisotropy) of the two groups, beside carboxy group and O- 

atom, connected to the chit-al centre in the two homochiral ligands. 

Camphanic acid subunit in 1 is characterized by the fixed conformation and large difference in the steric 

requirements of the three groups on the chiral centre. In view of this property, and the above discussed 

difference in chiroptiral properties between 1 and 3, it seems a worthwile goal to compare their catalytic 

efficacy and direction of enantioseiectivity in some enantoselective transformations. This is object of our 

ongoing investigation. 

Acknowledgements. The authors are indebted to Prof. G. Snatzke, Ruhmnive~itat Bochum, for providing 

CD spectra. This work was supported by the Joint Board for Scientific and Technological Cooperation 

between SFRJ and BR Deutschland (Julich Rogramme). 

References and Notes 

1. P, A. Agaskar, F. A. Cotton, L. R. Falvelio, S. Hahn, J. Am. C&m. SW.. 1986.108, 1214-1223 

2. F. Pruchnik, B. R. James, P. Kvintovics, Can. J. Chem., 1!286. M, 936-939. 

3. M. Kennedy, M. A. McKetvey. J. C. S., Chem. Copnun.. 1988, IM81030. 



4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

H. Brunner, H. Kluschanzoff, K. Wutz, Bull. Sot. Chim. Belg., 1989,98,63-72. 

S. Hashimoto, N. Watanabe, S. Ikegami, Tetrahedron L&t., 1990,31,5137-5174. 

M. Kennedy, M. A. McKervey, A.R. Maguire, G. H. P. Roos, J. C. S., Chem. Commun., 1990, 

361-362. 

H. Brunner, K. Wutz, M. P. Doyle, Monatsh. Chem., 1990,121,755-7&I. 

R. N. Shchelkov, A. G. Maiorova, S. S. Abdullaev, 0. N. Evstaf’eva, I. F. Golovaneva, G. N. 

Emel’yanova, Russ. J. Inorg. Chem. (Engl. Transl), l!H0,26, 17741779. 

H. J. Callot, F. Metz, Tetrczhedron. 1985,41,44954501. 

V. sunjid, F. KajfeZ, D. Kolbah, N. BlaZevif, Croat. Chem. Acta, 1971,43,205-213. 

M. Eberle, M. Egli, D. Seebach, Helv. Chem. Acta, 1988, 71. l-23. 

R. Chincilla, C. Najera, M. Yus, A. Ileumann, Tetrahedron: Asymmetry 1990, I, 851-854. 

J. Jurczak, 2. Krawczyk, Pol. J. Chem., 1981,X, 26252627. 

L. Duhamel, J.-C. Piaquent, Eur. Pat. Appl. 7834 (1980). Chem. A&r., 1981, 93, 168 605. 

G. Comisso, A. Sega, V. sunjie, A. Lisini, Croar. Chem. Actcz, 1981,54,375395. 

Mp. >3oooC. IR (KBr): 3590.3480.2970, 1785, 1605,144.O. 1330, 1290,1185,1170,1115,1065, 

1015,930,815 cm-l. IH-NMR (CDCl3), 8: 0.72 (s, 3H), 0.88 (s, 3H), 1.04 (s, 3H), 1.6 (m, lH), 

1.6-1.8 (m. 2H), 2.25 (m, 1H). 13C-NMR (CDC13). 8,9,67. 16.75. 16.85. 18.27,28.77,30.81, 

53.66,54.54,58.90, (2x CH30H), 91.35,178.14, 186.45. 

A least-square tit on 25 reflections @c&17) ended with a triclinic unit cell (Z=2), a=10.815(14), 

b=10.892(16), c=13.088(18)& a=1 1 l-43(7), @=104.85(7). y=106.32(7)O. Data collection was 

performed using Enraf-Nonius CAD4F diffractometer with MoK a radiation (m.71073W) at 

103K in o-scan mode (Aw=1+035 tg@). 17375 reflections in the range 342” were collected_ 

Data reduction was performed by Enraf-Nonius SDP/VAX package. A considerable decay of 

12.5% was detected. The intensities were corrected for crystal deterioration, Lorentz, and 

polarization effects. The experimental absorption correction based on a yr-scan of 9 reflections was 

used. Structure determination based on direct methods integrated in the SHEZLX86 package of 

computer programs confirmed the space group Pi. The structure was refined on the base of 8208 

reflections (Fe5 UFO) by full-matrix least-squares procedure to the residual factor R=O. 137 and 

wR=O.140. The hydrogen atoms were introduced on the base of stereochemical grounds and 

refined under the constrain of the pivot carbon atoms. The refinement was carried out by the 

SHELX77 package of computer programs. The atomic coordinates for 1 have been deposited with 

the Cambridge Crystallographic Data Centre, University Chemical Laboratory, Lensfield Road, 

Cambridge CB2 IEW, UK. Please give complete literature citation when ordering. 

Absolute configuration of camphanic moiety is known.18 

S. Rusman, B. Prod&KojiC, 2. RuziC-ToroS, V. SunjiC, A. T. H. Lenstra, Crocu. Chem. AL.IU, 

1990,63,701-718. 

M. Gerards, G. Snatzke, Tetrahedron; Aqmmetp, 1991, 2, 221-250. 


