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Cafalytic Chirally Self-replicating Molecule.
Asymmetric Autocatalytic Reaction of a Zinc Alkoxide of
Chiral 1-Ferrocenyl-2-methylpropan-1-ol

Kenso Soai,* Tadakatsu Hayase and Kazuhisa Takai
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Abstract: Isopropylzinc alkoxide of 1-ferrocenyl-2-methylpropan-1-ol was found to be a
catalytic chirally self-replicating molecule which produces itself with the same configuration from
ferrocenyl aldehyde and diisopropylzinc with 35-39% e.e. in good yields.

One of the most essential characteristic features of life is the ability of self-replication. On the other hand,
another essential characteristic feature of life is that it is composed of a various kinds of chiral molecules.
Meanwhile, von Neumann described the self-replicating machines which are considered to be a model of life.!
Thus, a chiral molecule which has the ability of chiral self-replication might be called as the simple and primitive
life of the molecular level, i.e., molecular life. However, the number of chirally self-replicating molecules? so
far known is very few (chiral pyridylalcohol32 and chiral diol3b).4

We now report that the alkylzinc alkoxide of a chiral ferrocenyl alcohol is a catalytic and chirally self-
replicating molecule. When 0.20 mmol (20 mol%) of chiral (§)-(+)-1-ferrocenyl-2-methylpropan-1-ol 2 (97.3%
e.e.)% was treated with i-PrpZn (3 mmol) and ferrocenyl aldehyde 1 (1.0 mmol) in toluene at room temperature,
0.95 mmol of 2 which contains the newly synthesized 2 and the 2 (0.20 mmol) used as the catalyst was obtained
(Table 1, entry 1). The result showed that the synthetic yield of the newly formed 2 was 75% (0.95 - 0.20 =
0.75 mmol). The HPL.C analysis of the obtained 2 using a chiral column and the subsequent calculation
[deduction of the amount of 2 (0.2 mmol) used as chiral catalyst] showed that the amount of 2 increased to 4.75
times and that the newly formed ($)-2 possessed the enantiomeric purity of 29% e.e. with the same configuration
as the asymmetric catalyst. The e.c. of the newly formed (5)-2 increased to 35% e.c. in 69% yield, when 50
mol% of (§)-2 (0.50 mmol) was employed as the chiral catalyst (entry 2). When the reaction was quenched after
2 hin the presence of the chiral catalyst (5)-2 (20 mol%), (8)-2 with 39% e.e. was newly formed (entry 3). The
solvents didn't affect much on the enantiomeric purities of the newly formed (§)-2 (entries 4-6). Because the
treatment of (S)-2 and i-PraZn afforded chiral (§)-isopropylzinc alkoxide 3 (satisfactory 'H NMR and High
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Table 1. Chiral Self-replicating Reaction of Zinc Alkoxide of Ferrocenyl Aloohol 2

Entry i-Pr2Zn Catalyst (§)-2 Solvent Time (h) Recoveredcat. 2  Newly formed (§)-2

(eq.) (% e.e., mol%b) and product (%) Yield (%) E.e.(%)?
1 3) 973, 20 toluene 53 95 75 29
2 3) 96.3, 50 toluene 46 119 69 35
3 (3) 96.3, 20 toluene 2 27.3 7.3 39
4 3) 97.3, 20 tol.- hexane 40 94 74 28
5 3) 97.3, 20 tol.- benzene 66 89 69 26
6 3) 96.3, 20 tol.- EtpO 67 82 62 27
7 2.2) 963, 20 toluene 41 91 71 28
8 3) 97.7, 10 toluene 53 82 72 24

2 Determined by HPLC analysis using a chiral column.

Resolution mass spectra were obtained),6 the chiral (S)-isopropylzinc alkoxide 3 formed in situ was an
asymmetric autocatalyst which replicates itself by the catalyzed addition of diisopropylzinc to ferrocenyl aldehyde
from the Si face. The subsequent hydrolysis of (§)-3 during the work-up procedure afforded (§)-2.7:8.2
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