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The synthetic hectorite containing intercalated chiral D-
and K-tris(1,10-phenanthroline)ruthenium(II) ions acts as a
heterogeneous chiral catalyst in the enantioselective addition
of diisopropylzinc to pyrimidine-5-carbaldehyde to afford,
in combination with asymmetric autocatalytic amplification
of enantiomeric excess, 5-pyrimidyl alkanol with high enan-
tiomeric excess.

In the field of asymmetric catalysis, the development of efficient
heterogeneous chiral catalysts to control enantioselective organic
reactions is a major focus of research interest.1 One of the main
advantages of a heterogeneous catalyst over a homogeneous
catalyst is easy separation of the catalyst from the reaction
mixture, which can be recovered and reused in the next reaction.
Although heterogeneous chiral catalysts have been developed for
enantioselective reactions, most of them are polystyrene-bound
and organic polymer-based chiral catalysts.2 However, inorganic
materials such as silicas, zeolites and clay minerals have significant
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Scheme 1 Asymmetric autocatalysis initiated by synthetic hectorite, which was modified using the chiral intercalator D- and K-[Ru(phen)3]2+ cations.

advantages over organic polymers, because of the large surface
area and remarkable stability against chemical and physical
destruction.3–6

Among these inorganic materials, synthetic sodium hectorite
(Laponite XLG, Rockwood Additives, Ltd.) has been used in a
wide range of scientific research7 because of its unique properties,
such as an expanded interlayer space, cation exchange ability and
great stability. However, immobilization of chiral organic cations
and metal complexes onto the surface of synthetic hectorite has
been reported,8 to the best of our knowledge, for only a limited
number of applications of this type of material to enantioselective
synthesis. Thus, highly enantioselective synthesis using a chiral
metal complex immobilized on synthetic hectoride is an emerging
challenge.

On the other hand, during our continuing study on asymmetric
autocatalysis9,10 we found that the asymmetric autocatalysis of
5-pyrimidyl alkanol in the enantioselective addition of diisopropy-
lzinc (i-Pr2Zn) to pyrimidine-5-carbaldehyde proceeds with an
amplification of enantiomeric excess (ee).11,12

We report here that the synthetic sodium hectorite
((Na0.70)[(Si8.00)(Mg3.50Li0.30)]O20(OH)4), in which the chiral D- and
K-tris(1,10-phenanthroline)ruthenium(II) cation, [Ru(phen)3]2+ is
intercalated,13 acts as a heterogeneous chiral inducer in the enan-
tioselective addition of i-Pr2Zn to pyrimidine-5-carbaldehyde 1 to
afford, in combination with asymmetric autocatalysis, 5-pyrimidyl
alkanol 2 with high ee. Octahedral [Ru(phen)3]2+ shows chirality
because of the topological coordination of its achiral bidentate
phenanthroline ligands, therefore the absolute configuration of the
corresponding alkanol 2 was controlled efficiently by the chirality
of the ligand configuration around the metal center (Scheme 1).14
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Table 1 Heterogeneous enantioselective synthesis of chiral pyrimidyl
alkanol 2 by the reaction of i-Pr2Zn with aldehyde 1 in the presence of
the chiral ruthenium complex modified synthetic hectorite

Pyrimidyl alkanol 2

Entrya Intercalatorb Yieldc (%) Eed (%) Configuration

1 D-[Ru(phen)3]2+ 80 69 S
2 K-[Ru(phen)3]2+ 91 90 R
3 D-[Ru(phen)3]2+ 82 63 S
4 K-[Ru(phen)3]2+ 80 69 R
5 D-[Ru(phen)3]2+ 90 44 S
6 K-[Ru(phen)3]2+ 85 72 R

a Typical experiment (entry 1): i-Pr2Zn in toluene (0.075 mL, 0.075 mmol)
was added dropwise to a toluene (0.1 mL) solution of K-form synthetic
hectorite (87 mg) and aldehyde 1 (4.7 mg, 0.025 mmol) over a period of
2 h at 0 ◦C. After stirring overnight, toluene (1.1 mL) and i-Pr2Zn in
toluene (0.2 mL, 0.2 mmol) were added, then a toluene (1.0 mL) solution
of 1 (18.8 mg, 0.1 mmol) was added. After stirring for 2 h, toluene (3.6 mL)
and i-Pr2Zn in toluene (0.8 mL, 0.8 mmol) were added successively, and
then a toluene (2.5 mL) solution of 2 (75.3 mg, 0.4 mmol) was added
and the reaction mixture was stirred for 2 h at 0 ◦C. Once again, toluene
(7.2 mL) and i-Pr2Zn in toluene (1.6 mL, 1.6 mmol) were added, and a
toluene (5.0 mL) solution of 1 (150.6 mg, 0.8 mmol) was added. After
the mixture was stirred for 2 h at 0 ◦C, the reaction was quenched with
1 M hydrochloric acid (5 mL), and neutralized with a saturated sodium
hydrogen carbonate solution (15 mL). The mixture was then filtered
using Celite, and the filtrate extracted using ethyl acetate three times. The
combined organic layers were dried over anhydrous sodium sulfate and
evaporated in vacuo. Purification of the residue using silica gel column
chromatography (hexane:ethyl acetate = 3:1 to 2:1, v/v) gave the (S)-5-
pyrimidyl alkanol 2 with 69% ee in 81% yield. b See ref. 13. c Isolated yield.
d The ee value was determined by HPLC using a chiral stationary phase
(Daicel Chiralpak IB column (250 ¥ 4.6 mm ID), eluent = 5% 2-propanol
in hexane, flow rate 1.0 mL min-1, 254 nm UV detector, retention time
10.5 min for (S)-2, 15.2 min for (R)-2).

The results of the enantioselective addition of i-Pr2Zn
to pyrimidine-5-carbaldehyde 1 in the presence of chiral
[Ru(phen)3]2+ intercalated synthetic hectorite are shown in Table 1.
When the i-Pr2Zn addition was performed in the presence of
D-[Ru(phen)3]2+ intercalated synthetic hectorite, (S)-5-pyrimidyl
alkanol 2 was obtained in 80% yield with an ee of 69% (Table 1,
Entry 1). On the other hand, in the presence of K-[Ru(phen)3]2+

intercalated synthetic hectorite, the opposite enantiomer, (R)-
2 with 90% ee was formed in 91% yield (Entry 2). Asym-
metric autocatalyses using D- and K-[Ru(phen)3]2+ immobilized
synthetic hectorite support this reproducibility, that is, the D-
form induced the formation of (S)-2 and K-1, (R)-2 respectively
(Entries 3–6). Thus, the absolute configurations of the resulting
alkanols 2 depend on those of the chiral intercalating ruthenium
complexes.

Next, we examined the asymmetric autocatalytic reaction
utilizing [Ru(phen)3](ClO4)2 complex as a source of chirality to
investigate the adsorption effect of the ruthenium complex toward
the ability to achieve asymmetric induction. The results of the
enantioselective asymmetric autocatalysis in the presence of only
the ruthenium complex without intercalation are shown in Table 2.
When the i-Pr2Zn addition was performed in the presence of D-
[Ru(phen)3](ClO4)2, (S)-5-pyrimidyl alkanol 2 was obtained in
89% yield with an ee of 91% (Table 2, Entry 1). Conversely,
when the K-complex was subjected to the autocatalytic i-Pr2Zn
addition, the formation of the opposite enantiomer, (R)-2 with
88% ee was induced in 85% yield (Entry 2). The correlation

Table 2 Enantioselective synthesis of chiral pyrimidyl alkanol 2 by the
reaction of i-Pr2Zn with aldehyde 1 in the presence of the chiral ruthenium
complex

Pyrimidyl alkanol 2

Entrya
Configuration of
Ru-complex Yieldb (%) Eec (%) Configuration

1 D 89 91 S
2 K 85 88 R
3 D 85 91 S
4 K 90 84 R
5 D 91 87 S
6 K 87 85 R

a See footnote a in Table 1. b See footnote c in Table 1. c See footnote d in
Table 1.

between the topology of the ruthenium complex and the absolute
configuration of the corresponding 2 was reproducible, that is,
the D- and K-[Ru(phen)3](ClO4)2 act as the chiral initiators of
asymmetric autocatalysis to afford the enantiomerically enriched
S- and R-pyrimidyl alkanol 2, respectively (Entries 3–6).

In conclusion, autocatalytic enantioselective addition of i-Pr2Zn
to pyrimidine-5-carbaldehyde 2 in the presence of chiral D- and
K-[Ru(phen)3]2+ complex-ion-exchanged synthetic hectorite as the
heterogeneous inducer gave (S)- and (R)-5-pyrimidyl alkanol 2
with high ee, respectively, in conjunction with amplification of
ee.15 In addition, using the ruthenium complex alone without
the intercalation, the same relationship between the absolute
configuration of ruthenium cation and obtained chiral product
pyrimidyl alkanol 2 was observed. We believe that the results
reported here enhance the possibility of the synthetic hectorite
modified by chiral complex being used as a solid-state asymmetric
catalyst for many organic reactions.
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