
964 J .  CHEM. SOC., CHEM. COMMUN.,  1992 

A New Route to Planar-chiral Cyclopentadienyl-lron(ii) and -Rhodium([) Complexes 
Mitsunari Uno, Katsuhiro Ando, Nobuko Komatsuzdci and Shigetoshi Takahashi" 
The Institute of Scientific and Industrial Research, Osaka University, Ibaraki, Osaka 567, Japan 

Diastereoisomerically pure planar-chiral cyclopentadienyl-metal complexes, 3 and 4, are prepared by the reaction of the 
cyclopentadiene 2 having a (-)-menthy1 group with FeCI2 or [Rh(cod)CI]* (cod = cycloocta-I ,5-diene); removal of the 
(-)-menthy1 group from 4 affords the first optically pure enantiomers, (+)-5 and (-)-5. 

Since the discovery of planar-chiral ferrocenes,l many planar- 
chiral cyclopentadienyl-metal (Cp'-M; Cp' = unsymmetric- 
ally substituted cyclopentadienyls) complexes have been 
reported. In pioneering work, Schlogl and others have 
developed synthetic routes to planar-chiral ferrocenes and 
expanded to other Cp'-M complexes, e.g. (Cp')zRu, 
(Cp')Mn(C0)3.2 However, few reports on the optically pure 
Cp'-M complexes of other metals with planar chirality have 
appeared,3 though there are numerous reports on Cp'-M 
complexes of various metals. The reason may be that the 
synthesis and optical resolution of the planar-chiral Cp'-M 
complexes are limited by their chemical instabilities, and in 
addition a convenient method for the preparation of un- 
symmetrically substituted cyclopentadienes has not yet been 
reported.4 In the past few years, planar-chiral metallocenes 
have been of much interest because they play an important 
role as a chiral auxiliary for enantioselective organic 
syntheses3a-g and an allosteric host-guest system.3h 

Recently a novel synthetic method for trisubstituted 
cyclopentadienes was shown by Ueda et al.5 By using this 
method we can easily prepare cyclopentadienes having a 
alkoxycarbonyl group which is used for the introduction of a 
removable chiral auxiliary such as the (-)-menthy1 group on 
the cyclopentadiene ring by a simple alcohol-exchange reac- 
tion. Thus, the method may offer a new route leading to 
diastereoisomeric planar-chiral Cp'-M complexes. Here we 
report new and convenient routes for the syntheses of 
planar-chiral ferrocenes and Cp'-Rh complexes, of which the 
latter provides the first example of enantiomeric planarchiral 
Cp'-Rh complexes.6 

The preparation of a cyclopentadiene derivative having a 
chiral group was performed as follows. In the presence of a 
catalytic amount of toluene-p-sulfonic acid @-TsOH), 1 
prepared by Ueda's method was allowed to react with 
(-)-menthol in xylene under reflux (Scheme 1). The alcohol- 
exchange reaction proceeded smoothly and the resultant 
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Scheme 1 Reagents and conditions: i, p-TsOH, xylene, reflux: ii, 
FeCL: iii. TRh(codKJ17 

(-)-menthy1 ester 2 was purified by chromatography on silica 
and distillation. 

Then we synthesized the planar-chiral ferrocenes and 
Cp'-Rh complexes using the prepared chiral cyclopentadiene 
derivative by the usual methods (Scheme l).' Purification by 
column chromatography on silica gave ferrocenes 3 and 
Cp'-Rh complexes 4, as a mixture of diastereoisomers. 'H 
NMR and HPLC analyses indicated that the products consist 
of three isomers (3a, b and c) for the ferrocenes and two 
isomers (4a and b) for the Cp'-Rh complexes. In the case of 
the ferrocene synthesis, an asymmetric induction by the chiral 
(-)-menthy1 group was observed (Table 1). 

Optical resolution of the mixture of diastereoisomers was 
performed by preparative HPLC on silica with hexane- 
benzene as eluate. Isolated yields are summarized in Table 1 
along with [ a]D values of the diastereoisomers. Converting 
diastereoisomeric complexes into enantiomeric complexes 
was carried out for the Cp'-Rh complexes 4 by the reaction 
with phenyllithium (Scheme 2). Removal of the chiral 
auxiliary, (-)-menthy1 group, from diastereoisomers afforded 

Table 1 Synthesis of planar-chiral CsHs-M complexes 

Yield(% )" ia1D 
Product Totalhsol ated (in CHC13) 

3 67 

3a 4 23% (c 0.286) 
(3a: 3b: 3c = 2 :  3 : 5)b  

3b 28 -271C (~0 .413)  
3c 21 - 13' (~0 .324)  

4 90 

4a 
(4a: 4b = 1 : l )b  
31 6W (c 1.00) 

4b 26 -75" (c  1.00) 

0 Based on metal source. 
20°C. d Temp. 18°C. 

Ratio was determined by HPLC. Temp. 

Ph PhLi P h W M : h 2 0 H  

4a, b (*I-5 

Scheme 2 

Table 2 Physical data of enantiomeric complexes 5 

M.p.PC [a]26D (in CHC13) 

(+) -5 173.7-174.5 125 (c 1.02) 
( - ) -5  173.8-174.3 -126 (~0.951) 
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enantiomers, (+)- and (-)-5,T which showed the same 
melting points and absolute values of [aID (Table 2). In the 
presence of a chiral shift reagent such as (R)-( - ) -2 ,2 ,2-  
trifluoro-l-(9-anthryI)ethanol8 (fivefold excess), the 1H NMR 
analysis indicated that the optical purity of (-)-5 was up to at 
least 95% enantiomeric excess, and the circular dichroism 
spectra indicated the products to be a pair of enantiomers. 

?- The new compounds were characterized by elemental analyses and 
IR and lH NMR (in CDC13, 360 MHz) spectra. 

Selected data: 2, yellow oil, vmax/cm-l (neat) 1700 (CO); 1H NMR, 
7.28-7.57 (m, SH), 6.76 (s,  lH),  4.82 (dt, ZH, J4.6,  10.9 Hz), 3.71 

(bq, 2H, J 2.5 Hz), 2.40 (t, 3H, J 2.5Hz), 0.92 (d, 6H, 1 7 . 4  Hz), 
0 .90-2.00(m,8H),0.80(d,3H,J7.0H~);[~]~~~-61,c ,1 .15,CHC1~.  
3a, orange crystals, vm,x/cm-l (Nujol) 1725 (CO); lH NMR. 6 4.78 
(dt, 2H, J4 .3 ,  10.8 Hz), 4.33 (s, 2H), 3.97 (s, 2H), 2.08 (s, 6H), 1.93 
(s, 6H), 0.96 (d, 6H, 57.0 Hz), 0.93 (d, 6H, J 6 . 5  Hz), 0.84 (d, 6H, J 
6.9 Hz), 0.82-2.17 (m, 16H). 3b, orange crystals, vmax/cm-l (Nujol) 
1725(CO);1HNMR,64.79(dt,2H,J4.3,7.7Hz),4.31(s,2H),3.96 
(s, 2H), 2.08 (s, 6H), 1.95 (s, 6H), 0.96 (d,  6H, 56.8 Hz), 0.93 (d, 6H, 
J 7.1 Hz), 0.81-2.20 (m, 16H), 0.79 (d, 6H, J 7.1 Hz). 3c, orange 
crystals, vmaX/cm-l (Nujol) 1725 (CO); * H  NMR, 6 4.79 (dt, l H ,  54.0, 
7.9 Hz), 4.77 (dt, IH, J4 .3 ,8 .0  Hz), 4.35 (s, 2H), 3.97 (s, 2H), 2.15 (s, 
3H), 2.14 (s, 3H), 1.90 (s, 3H), 1.89 (s, 3H), 0.95 (d, 3H, J6 .8Hz) ,  
0.95(d,3H,J7.1Hz),0.93(d,3H,J7.1Hz),0.91(d,3H,J7.4Hz), 
0.82 (d, 3H, J 6.8 Hz), 0.81-2.18 (m, 16H), 0.77 (d, 3H, J 7.1 Hz). 
(+ ) -5 ,  yellow crystals, IH NMR (in C6D6), 6 6.92-7.87 (m, 15H), 5.47 
(d, l H ,  J 2.1 Hz), 4.66 (d, l H ,  J 2.1 Hz), 3.93-4.00 (m, 2H), 3.86 (s, 
lH) ,  3.11-3.18 (m, 2H), 2.20-2.34 (m, 2H), 2.05-2.18 (m, 2H), 
1.78-1.95 (m, 4H), 1.45 (s, 3H). (-)-5, yellow crystals, 1H NMR (in 
ChD6), 6 6.92-7.87 (m, 15H), 5.46 (d, l H ,  J 2.1 Hz), 4.65 (d, lH, J2 .1  
Hz), 3.93-4.00 (m,  2H), 3.88 (s, lH) ,  3.11-3.18 (m, 2H), 2.20-2.34 
(m, 4H), 1.78-1.95 (m, 4H), 1.45 (s, 3H). 

The convenient synthetic route described here leads to a 
fairly wide range of new planar-chiral cyclopentadienyl- 
organometallic compounds which build up new chiral environ- 
ments around the central metals. 
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