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Achiral meteoritic amino acids, glycine and o-methylalanine,
with hydrogen isotope (D/H) chirality, acted as the source of
chirality in asymmetric autocatalysis with amplification of ee to
afford highly enantioenriched S5-pyrimidyl alkanols.

One of the most fascinating subjects about the prebiotic world is
the origin of homochirality, as in L-amino acids and p-sugars.!
According to the theory of the extraterrestrial origin of biological
homochirality, the amino acids in meteorites have been considered
to play an important role in molecular evolution® because a
variety of prebiotic organic molecules, especially r-enriched
amino acids with only slight enantiomeric excess (ee), have been
identified.®> Their stable-isotope enrichment (*H, '*C and '>N)
supports an extraterrestrial origin for these chiral amino acids.*

On the other hand, meteorites also include achiral amino acids
such as glycine and a-methylalanine that have also been identified
as isotopically enriched relative to terrestrial compounds.* The
op value of Vienna standard mean ocean water of meteoritic
glycine and a-methylalanine appeared to be 399%o0 and 3097%., in
contrast to the terrestrial biogenic compounds, which range from
350%o to 50%o. Although glycine and a-methylalanine composed
of 'H are achiral, this is not the case of meteoritic compounds
because their hydrogen isotope ratio is high and should include
the isotopically chiral components. Deuteration of the methylene
group of glycine and one methyl group of a-methylalanine
produces the hydrogen isotopically chiral compounds glycine-o-d
1 and a-methyl-ds-alanine 2 (Fig. 1).

To the best of our knowledge, there are no reports on the
analysis of isotopic chirality of achiral meteoritic amino acids.
Analysis of the isotopic chirality in meteoritic achiral molecules
is an important subject to help understand the possible role of
these compounds as the origin of chirality. In addition, it may
expand research on the pathway by which chirality and
isotope enrichment are produced in the meteoritic compounds
in the universe.

“ Department of Applied Chemistry, Tokyo University of Science,
Kagurazaka, Shinjuku-ku, Tokyo 162-8601, Japan.
E-mail: soai@rs.kagu.tus.acjp; Fax: +81 3 5261 4631;
Tel: +81 3 5228 8261
b Research Institute of Science and Technology, Tokyo University of
Science, Kagurazaka, Shinjuku-ku, Tokyo 162-8601, Japan
1 This article is part of a ChemComm ‘Catalysis in Organic Synthesis’
web-theme issue showcasing high quality research in organic
chemistry. Please see our website (http://www.rsc.org/chemcomm/
organicwebtheme2009) to access the other papers in this issue.
i Electronic supplementary information (ESI) available: Procedures
for the asymmetric autocatalysis in the presence of 1 and 2, the
preparation of enantiomers of 1 and 2, and the determination of the
enantiomeric purity of 1 and 2. See DOI: 10.1039/b908754k

D D

H H :
X —> Sk : SR
HO,C NH, H ':‘“HcozH Hozl_(:\\,:j H
Glycine 2 ! 2
Y Deuterium Glycine-a-d 1
substitution cD , D.C
HaC CHs 3 : 3
S : W R
HOZCXNHZ > H3C/K 'COH ! Hozc\\)\CH3
NH, ! HoN

o-Methyl-alanine o-Methyl-ds-alanine 2

Fig. 1 Generation of chirality by the deuterium substitution of
enantiotopic hydrogen in glycine and a-methylalanine.

Although there are a few reports on asymmetric
reactions, ¥ and separation® induced by hydrogen isotope
chirality, unlike usual chiral compounds the recognition of the
enantiomers solely as a result of isotope labeling still remains
difficult. Thus, the development of a highly sensitive method
for the detection of isotopic chirality in meteoritic organic
compounds, especially amino acids, which are identified in
carbonaceous chondrites* with an achiral framework and
isotopic enrichment, is a challenging subject.

We and others have extensively studied asymmetric auto-
catalysis with amplification of ee.”!' We have also reported
that the external chiral initiator,'? such as chiral natural amino
acids,'® in the reaction of pyrimidine-5-carbaldehyde and
diisopropylzinc (i-Pr,Zn) controls the absolute configuration
of the produced 5-pyrimidyl alkanols and that the ee of the
produced pyrimidyl alkanols is high, in conjunction with
asymmetric autocatalysis. Chiral deuterated primary alcohols
and carbon isotopically chiral compounds can work as chiral
triggers of this autocatalytic amplification of ee.'*

We report here that the isotopically chiral glycine-o-d (1)'*
and o-methyl-ds-alanine (2)'° induce the enantioselective
addition of i-Pr,Zn to pyrimidine-5-carbaldehyde 3 to afford,
in combination with asymmetric autocatalysis, pyrimidyl
alkanol 4 with significantly high ee. The absolute configuration
of the corresponding alkanol 4 was controlled efficiently by the
chirality resulting from hydrogen isotope substitution of 1 and 2
(Scheme 1). Hydrogen isotope enantiomers of compounds 1 and
2 were synthesized by a previously reported method'*'> and the
ee was determined from the "H NMR spectrum of the camphanyl
amide of 1 and the o-methoxy-o-(trifluoromethyl)phenyl-
acetamide (MTPA amide) of 2 by the diastereomer method.

The results of asymmetric autocatalysis triggered by
isotopically chiral amino acids are summarized in Table 1.
When the i-Pr,Zn addition was performed in the presence of
the (S)-glycine-a-d (1) with an ee of 93%, the (S)-5-pyrimidyl
alkanol 4 was obtained in a 94% yield with an ee of 96%
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Scheme 1 Isotopically chiral amino acid induced asymmetric autocatalysis of 5-pyrimidyl alkanol 4 in the addition of i-Pr,Zn to aldehyde 3.

Table 1 The enantioselectivity and stereochemical correlation between the hydrogen isotope chirality of achiral amino acids, i.e., glycine 1 and
a-methylalanine 2, and absolute configuration of the subsequent pyrimidyl alkanol 4

Pyrimidyl alkanol 4

Entry Amino acid? (% ee) Yield” (%) ee’ (%) Config
Series I (glycine-o-d 1)

1 (S)-1 (93) 94 96 S
2 (S)-1 (93) 98 95 S
3 (S)-1 (94) 94 94 S
4 (S)-1 (94) 95 93 N
5 (R)-1 (96) 94 93 R
6 (R)-1 (96) 94 91 R
7 (R)-1(92) 90 91 R
8 (R)-1 (92) 93 92 R
Series 11 (o-methyl-ds-alanine 2)°

9 (R)-2 (81) 95 99 S
10/ (R)-2 (81) 97 98 N
11 (R)-2 (81) 94 96 S
12 (R)-2 (81) 92 97 N
13/ (S)-2 (69) 99 98 R
14 (S)-2 (69) 93 99 R
15 (5)-2 (69) 84 97 R
16 (S)-2 (69) 93 96 R

“ The ee of 1 and 2 were determined from the "H NMR spectrum of the camphanyl amide of 1 and the MTPA amide of 2. * Isolated yield. ¢ The ee was
determined using HPLC employing a chiral stationary phase. ¢ The molar ratio was 1/3/i-Pr,Zn = 0.05/1.05/2.2. The aldehyde 3 and i-Pr,Zn were
added in three separate portions. Experimental details are as follows (entry 1): i-Pr,Zn (0.15 mL of 1 M methylcyclohexane (MCH) solution, 0.15 mmol)
was added to (S)-1 (3.8 mg, 0.05 mmol) and the mixture was stirred for 12 h at room temperature. After the addition of i-Pr,Zn (0.5 mL of 1 M MCH
solution, 0.5 mmol,) at 0 °C, a MCH (2.0 mL) solution of 3 (9.4 mg, 0.05 mmol) was added over a period of 1 h and the mixture was stirred for 6 h
at 0 °C. After toluene (3.2 mL) and i-Pr,Zn (0.4 mL of 1 M toluene solution, 0.4 mmol) were added, the reaction mixture was stirred for 10 min. Then, a
toluene (1.5 mL) solution of 3 (37.6 mg, 0.2 mmol) was added over a period of 1 h at 0 °C, and the mixture was stirred for 2 h. Moreover, after toluene
(14.4 mL) and i-Pr,Zn (1.6 mL of 1 M toluene solution) were added and the mixture was stirred for 10 min, a toluene (4.0 mL) solution of 3 (150.6 mg,
0.8 mmol) was added over a period of 1 h. After stirring for 1 h, the reaction was quenched with 1 M aqueous hydrochloric acid (5 mL) at 0 °C. After
neutralization with saturated aqueous sodium hydrogen carbonate (15 mL), the mixture was filtered through Celite, and the filtrate was extracted with
ethyl acetate. The combined organic fractions were dried over anhydrous sodium sulfate and evaporated in vacuo. Purification of the residue using silica
gel thin layer chromatography (hexane—ethyl acetate = 2/1, v/v) gave (S)-4 (229 mg, 0.9849 mmol, 96% ee) in 94% yield. ¢ The molar ratio was
2/3/i-PraZn = 0.075/0.625/1.35. The aldehyde 3 and i-Pr,Zn were added in four separate portions.” Each pair of reactions (9/13 and 10/14) was
performed using the same apparatus to exclude any effect other than that of isotopically chiral amino acid 2.

(Table 1, series I, entry 1). The results were reproducible. correlation between the chirality of the glycine-a-d (1) and the
Thus, (S)-4 with an ee of 95% was obtained in the presence of absolute configuration of the resulting alkanol 4.
(S)-1 (entry 2). The asymmetric autocatalysis using (S)-1 with Next, we examined the highly enantioselective addition

94% ee prepared in a different batch supported the reprodu- of i-PryZn to pyrimidine-5-carbaldehyde 3 using the (R)- and
cibility; that is, (S)-1 induces the formation of (S)-4 with high (S)-a-methyl-ds-alanine (2). In the presence of (R)-a-methyl-
ee (entries 3, 4). On the other hand, in the presence of the (R)-1 ds-alanine (2), (S)-5-pyrimidyl alkanol 4 was induced, and was
instead of the (S)-1 enantiomer, the reaction between aldehyde obtained with an ee of 96-99% (series II, entries 9—12). On the
3 and i-Pr,Zn always gave (R)-4 with an ee of 91-93% in a other hand, in the presence of (S)-2, the reaction between
yield of 90-94% (entries 5-8). These results clearly exhibit the aldehyde 3 and i-Pr,Zn always gave (R)-alkanol 4 with an ee of
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96-99% in a yield of 84-99% (entries 13-16). To exclude any
effect other than that of the a-methyl-ds-alanine (2), both
reactions (entries 9, 13 and 10, 14) induced by (R)- and (S5)-2
were performed using the same apparatus to give the (.S)- and
(R)-alkanols 4, respectively.

The chirality of these enantiomers is mainly due to the very
small difference between the lengths of the C-D and C-H
bonds.'® The high ee observed in the above asymmetric reactions
may be explained as follows. In the initial step of the reaction,
the isotopically chiral amino acid (or its zinc salt) induces a slight
enantiomeric imbalance in the addition of i-Pr,Zn to 3. The
resulting isopropylzinc alkoxide of 4 has a small ee, which
possesses the absolute configuration corresponding to that of
the isotopically chiral amino acid. Then, the ee is enhanced
during the subsequent asymmetric autocatalysis followed by
hydrolysis, which affords alkanol 4 with high ee.'

In conclusion, the enantioselective addition of i-Pr,Zn to
pyrimidine-5-carbaldehyde 3 was achieved by utilizing the
hydrogen isotopic chirality of achiral amino acids, that is,
glycine-a-d (1) and a-methyl-ds-alanine (2). The observed ee of
the produced pyrimidyl alkanol 4 was amplified up to 99% ee
in conjunction with asymmetric autocatalysis. This is the
first example of a highly enantioselective reaction induced by
the chirality resulting from deuterium substitution of amino
acids, which are detected in meteorites as achiral isotopically
enriched molecules. We believe that the asymmetric autocatalysis
significantly increases the value of the implications of isotope
substitution in achiral meteoritic amino acids in the study of the
origin and prebiotic evolution of biological homochirality.
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