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Ferrocene and its derivatives are widely used as structural 
units for devising unusual compounds or as components in material 
science.1 Moreover, ferrocenes with planar chirality are of 
increasing importance in the synthesis of chiral ligands used in 
asymmetric catalysis2'3 and asymmetric synthesis,4 and the 
stereochemical aspects of chiral ferrocenes have been widely 
investigated.5 Enantiopure ferrocenes are mainly obtained by 
resolution methods. The most common way is the resolution of 
/V,/V-dimethyl-(a-methylferrocenyl)ethylamine and its diaste-
reoselective ortho-lithiation followed by electrophilic attack.6-9 

There are no convenient methods for the asymmetric synthesis 
of ferrocenes with planar chirality. We present here a general 
method for preparation of a number of enantiomerically pure 
ferrocenes (Scheme I). 

The ferrocenyl acetal 2 was easily prepared from triol 1 
(commercially available or synthesized from malic acid) by 
transacetalization of the known ferrocenyl dimethylacetal in 
chloroform using /Moluenesulfonic acid as catalyst.10 The cis-
1,3-dioxane structure 2 was established by 1H NMR spectroscopy 
compared to a compound obtained by a similar reaction with 
benzaldehyde.1 • Only one epimer was observed by 1H NMR and 
thin-layer chromatography after recrystallization in toluene (85% 
overall yield starting from commercially available formylfer-

(1) (a) Lehn, J.-M. Angew. Chem., Int. Ed. Engl. 1990, 29, 1304. (b) 
Doisneau, G.; Balavoine, G.; Fillebeen-Khan, T.; Clinet, J.-C; Delaire, J.; 
Ledoux, I.; Loucif, R.; Puccetti, G. / . Organomet. Chem. 1991,421,299. (c) 
Chi, K.-M; Calabrese, J.-C; Reiff, W. M.; Miller, J. S. Organometallics 
1991,10,688. (d) Zou, C; Wrighton, M. S. J. Am. Chem. Soc. 1990,112, 
7578. (e) Ryabov, A. D. Angew. Chem., Int. Ed. Engl. 1991, 30, 931. (f) 
Allcock, H. R.; Dodge, J. A.; Manners, I.; Parvez, M.; Riding, G. H.; Vissher, 
K. B. Organometallics 1991, 10, 3098. (g) Marder, S. R.; Perry, J. W.; 
Tiemann, B. G.; Schaefer, W. P. Organometallics 1991,10,1896. (h) Isnin, 
R.; Kaifer, A. E. / . Am. Chem. Soc. 1991,113, 8188. (i) Medina, J. C ; Li, 
C; Bott, S. G.; Atwood, J. L.; Gokel, G. W. J. Am. Chem. Soc. 1991, U3, 
366. (j) Grossel, M. C; Goldspink, M. R.; Hrijac, J. A.; Weston, S. C. 
Organometallics 1991,10,851. (k) CarlstrSm, A.-S.; Fredj, T. / . Org. Chem. 
1990,55,4175. (1) Motohashi, N.; Meyer, R.; Gollapudi, S. R.; Bhattiprolu, 
K. R. / . Organomet. Chem. 1990, 398, 205. 

(2) (a) Hayashi, T.; Kumada, M. Ace. Chem. Res. 1982, 15, 395. (b) 
Hayashi, T.; Isaki, K.; Kiyoi, T.; Ito, Y. J. Am. Chem. Soc. 1988,110,8153. 
(c) Hayashi, T.; Kanehira, K.; Hagihara, T.; Kumada, M. J. Org. Chem. 
1988, 53, 113. (d) Togni, A.; Pastor, S. D. J. Org. Chem. 1990, 55, 1649. 
(e) Hayashi, T.; Sawamura, M.; Ito, Y. Tetrahedron 1992, 48, 1999. (f) 
Sawamura, M.; Hamashima, H.; Ito, Y. Tetrahedron: Asymmetry 1991, 2, 
593. (g) Sawamura, M.; Yamauchi, A.; Takegawa, T.; Ito, Y. / . Chem. Soc., 
Chem. Commun. 1991, 874. 

(3) (a) Watanabe, M.; Araki, S.; Butsugan, Y.; Uemura, M. J. Org. Chem. 
1991, 56, 2218. (b) Sawamura, M.; Hamashima, H.; Ito, Y. / . Am. Chem. 
Soc. 1992, 114, 8295. 

(4) Lio, H.; Fujii, A.; Ishii, M.; Tokoroyama, T. J. Chem. Soc., Chem. 
Commun. 1991, 1390. 

(5) Schl6gl, K. / . Organomet. Chem. 1986,300,219 and references cited 
therein. 

(6) Marquarding, D.; Klusacek, H.; Gokel, G.; Hoffmann, P.; Ugi, I. / . 
Am. Chem. Soc. 1970, 92, 5389. 

(7) l-(Ferrocenyl)ethyl acetate has been recently prepared with high ee by 
asymmetric synthesis.1 

(8) David, D. M.; Kane-Maguire, L. A. P.; Pyne, S. G. J. Chem. Soc, 
Chem. Commun. 1990, 888. 

(9) Hayashi, T.; Mise, T.; Fukyshima, M.; Kagotani, M.; Nagashima, N.; 
Hamada, S.; Matsumoto, A.; Kawakami, S.; Kumishi, M.; Yamamoto, K.; 
Kumada, M. Bull. Chem. Soc. Jpn. 1980, 53, 1138. 

(10) Kenny, T. P. E.; Knipe, A. C; Watts, W. E. J. Organomet. Chem. 
1991, 413, 257. 

(11) (a) Hungerbuhler, E.; Seebach, D.; Wasmuth, D. HeIv. CMm. Acta 
1981,64,1467. (b) Pawlak, J.; Nakanishi, K.; Iwashira, T.; Borowski, E. J. 
Org. Chem. 1987, 52, 2896. 

Scheme I 

Fe 

- • ( ^ 5
0 M e 

H3O*] 

Fe 

<§> 
RO 

: H-H 
3 R-Me 

^ 

^ 

11/PhI1Pi 
j 2/H3O' 

a R . TMS 
b R - SnSu3 

c R-PPh2 

O d R-CO2Me 
• R . I 
( R-CSC-TMS 
g R-CHC-Ph 

rocene). Dioxane 2 was obtained free of the isomeric dioxolanes 
present in minor quantities in the crude product. O-Methylation 
(NaH, MeI in THF at room temperature) gave 3 quantitatively. 
Deprotonation of 3 (0.2 M in diethyl ether) by 1.1 equiv of f-BuLi 
(1.7 M in hexane) at -78 0C for 15 min and then stirring of the 
solution for 2 h at room temperature and quenching the reaction 
with an electrophile (at -30 0C followed by warming to room 
temperature) led to ortho-substituted ferrocenes 5 with isolated 
yields between 80% and 90%.12 In all the cases 5 is formed as 
a single diastereomer (>98% de), as shown by 1H NMR on the 
crude product. Acidic hydrolysis of 5 cleanly releases chiral 
ferrocene carboxaldehydes 6 with a wide range of vicinal groups 
(90-95% isolated yields). The silane 6a ([a]D = -202, EtOH) 
and the ester 6d ([<*]D = +765, EtOH) were isolated in 80% yield 
(calculated from 3), and they are enantiomerically pure with an 
(S) configuration, as established by comparison with the known 
specific optical rotation and absolute configuration of these 
compounds.13'14 Racemic a-(trimethylsilyl)ferrocene carboxal-
dehyde (6a) was synthesized. The 1H NMR of 6a in benzene-^ 
containing 5 equiv of Pirkle's alcohol ((trifluoromethyl)an-
thracenemethanol) showed two peaks for the unsubstituted 
cyclopentadienyl proton (5-6-Hz separation) with racemic 6a, 
while (-)-6a prepared by asymmetric synthesis showed only one 
peak, a confirmation of ee > 95%. 

The key ferrocenylithium 4 was transmetalated with ZnCl2 
and then was phenylated with iodobenzene in the presence of 
PdCl2(PPh3)2/DIB AH catalyst.15 In this way (R)-I was obtained. 
a-Iodoferrocene carboxaldehyde ((+)-6e) was converted in good 
yield into a-ethynylferrocene carboxaldehydes (R)-6f and (R)-
6g by a coupling reaction with (trimethylsilyl)acetylene or 
phenylacetylene, respectively, in the presence of a palladium(II) 
catalyst.16 The presence of an aldehydic group in compounds 
6a-6g allows one to prepare a wide range of chiral ferrocenes.17 

All the enantiopure ferrocenes with planar chirality (6a-6g, 7) 
have a known absolute configuration, as established by chemical 
correlation in two cases and by the fact that the ortho-lithiated 
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ferrocene 4 is their common precursor. The diastereoselectivity 
of the ortho-lithiation can be explained by the model 8, assuming 
chelation by the methoxymethyl group, a process often encoun
tered in asymmetric synthesis.18,19 The alternative ortho-lithiation 
gives a less favorable chelation ring. It is possible that the steric 
effects are not the only reasons for the very high stereoselectivity 
(for example, electronic effects due to the oxygen atoms could 
also play a role). The ortho-lithiation is very likely under kinetic 
control; in order to reach the perfect diastereoselectivity, it is 
necessary todeprotonate 3 by/-BuLi at-78 0C. After the reaction 
mixture is warmed to room temperature, the initial stereoselec
tivity is retained. If the deprotonation step is performed at 0 0C, 
one gets only 90-95% de after quenching by various electrophiles. 

In conclusion, the new method described above for the synthesis 
of chiral ferrocene derivatives is very efficient, uses a cheap and 
easily removable chiral auxiliary, and gives products with 
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predictable absolute configuration. Moreover, both enantiomers 
of 1,2,4-butanetriol are commercially available, enlarging the 
scope of the reaction.20 The present approach to such chiral 
ferrocenes with planar chirality now opens up a range of 
possibilities for the design of chiral ligands or chiral auxiliaries 
for asymmetric synthesis.17 
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