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Abstract: The plnene-annulated cyclopentadiene ( - ) - I  forms Iron carbonyl and dlchloro- 

titanium complexes from i ts  less hindered ~ surface; the camphor-annulated llgand (+)-4 

exhibits analogous facial se lec t iv i ty .  The u t i l i t y  of complexes 3 and 5 as asymmetric 

hydrogenation catalysts is evaluated. 

Opt ical ly  active cyclopentadienes have commanded attention recently as llgands to 

transit ion metals for the purpose of effecting asymmetric synthesis. 3 However, the 

results have been generally disappointing, perhaps because only one chiral substituent 

has been present on the Cp ring. The preceding paper I describes new synthetic metho- 

dology that makes possible the expedient preparation of two opt ica l ly  pure, annulated 

cyclopentadienes. Since both of these systems d i f fe r  from the ear l i e r  prototypes by 

possessing considerably greater conformational r i g id i t y ,  we have investigated their  

,complexation to Iron and/or titanium, as well as the a b i l i t y  of the l a t te r  to effect 

enantloselectlve hydrogenatlon. 4 

Heating I with 3 mol equiv of Fe(CO) 5 in n-octane 5 furnished 2 In a disappointing 

12.5% yield.  The addition of cyclooctene as hydrogen acceptor improved matters to the 
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29.5% level .  Subsequently i t  was found that norbornene serves admirably in this capacity 

and allows isolation of 2 in 70% yield. Thus, the Cp dicarbonyl hydride mechanistic 

hypothesis 6 receives added experimental substantiation. X-ray crystallographic analysis 

of 2 (dark brown crystals, mp 178 °C dec) 7 revealed that coordination to iron occurs from 

the ~-face proximal to the methano bridge and that 2 crystall izes as the cis Isomer 8 

(Figure l ) .  
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Figure I. A computer-generated 

perspective edge view of 2. 
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Figure 2. A computer-generated 

view of 3. 

The cyclopentadienlde anions of I and 4 reacted with TiCl 4 in ether to give major 

proportions of 3 (39%, deep red crystals, mp 240 °C dec) and 5 (23%, purple brown crys- 

tals, mp 175-178 °C), respectively. The three-dimensional features of 3 were determined 

to be as shown by X-ray analysis (Figure 2). 7 That below-plane complexation had occurred 

on both ligands in complex 5 was evident by spectral comparison with 3 and 6. 9'I0 

The ab i l i t y  of reduced forms of 3 and 5 to effect enantioselective hydrogenation of 

2-ethyl-l-hexene (7) and ~-ethylstyrene (8) is summarized in Table I. In our hands, 

activation with A-butyll i thium I I  proved superior though less reproducible than the Red-Al 

method. 3n The data reveal 3 to be an infer ior catalyst to 5, which gives optical yields 

greatly superior to any previously observed. 3'4 Understandably, the systems do not dis- 

tinguish the ethyl/A-butyl substituent pair in 7 as well as they do the ethyl and phenyl 

groups in 8. Of mechanistic importance is the finding that the asymmetry introduced by 3 

is antipodal to that realized with 5. 
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Table I .  Enantioselective Hydrogenation Results. 

enantlomeric excess (abs. config.) a 

Method of ~ 
Complex Temp activation (7) ,C6H5 (8) 

20°C Red-Al 0.I (B) 1.7 (~) 

20°C a-BuLl - - -  2 (~) 

-20°C a-BuLl - - -  6.9 (~) 

20°C Red-Al 2.2 (~) 14.1 (R) 

O°C Red-Al - - -  23.7 (B) 

-20 ° n-BuLl b - - -  34 

aThe absolute configurational assignments for 3-methylheptane [Burwell, R. L., Jr.; 

Gordon, G. S., I I I  J. Am. Chem. Soc. 1948, 70, 3128] and 2-phenylbutane [Lardicc i ,  L.; 

Menicagli, R.; Salvadori, P. Gazz. Chi~ I ta l .  1968, ~ 738] have been culled from the 

l i terature, bsee footnote 4. 
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