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Enantioselective synthesis has been achieved using chiral
compounds arising from mono- and dideuterated methyl groups
as chiral inducers in conjunction with asymmetric autocatalysis.
The absolute configuration of the product was controlled by the
small degree of chirality generated by the difference between the
partially deuterated methyl groups (CDH2 and CD2H) and the
non-deuterated methyl group (CH3) in N-benzoyl-¡-methylal-
anine.

It is known that substitution of atoms for their isotopes often
generates chiral compounds.1,2 However, enantioselective syn-
thesis using chiral compounds arising from isotope substitution
is a challenging problem.3­5 There have been a few reports on
enantioselective synthesis using chiral compounds arising from
deuterium substitution.3 However, the enantiomeric excess (ee)
of the products induced by the deuterated chiral compounds was
very low because the isotopes had almost the same electronic
and steric structures.6

We studied asymmetric autocatalysis of pyrimidyl alka-
nols,7­9 in which a chiral product acts as the chiral catalyst for its
own production with a significant enhancement of the ee.10

Asymmetric autocatalysis enables an amplification of the ee
from extremely low ee values (ca. 0.00005% ee) to >99.5% ee
during three consecutive reactions.11,12 Chiral compounds act
as chiral initiators of asymmetric autocatalysis to afford highly
enantioenriched pyrimidyl alkanols with an absolute configu-
ration corresponding to the chirality of the initiator.13

We have previously reported on asymmetric autocatalysis
using chiral compounds arising from a deuterium substitution of
the enantiotopic hydrogen atoms, i.e., for benzyl alcohol-¡-d
and glycine-¡-d.14 However, in these cases, the ratio of the exact
mass difference between deuterium (D) and hydrogen (H) is
relatively large, i.e., 99.8% of the mass of an H atom. On the
other hand, the difference in mass ratio between the (partially)
deuterated methyl groups (CDH2, CD2H, and CD3) and CH3 is
much smaller, as shown in Figure 1. It is noteworthy that the
exact difference in mass is only 6.7% between monodeuterated
CDH2 and CH3 groups. Thus, asymmetric induction mediated
using chiral compounds arising from partially deuterated
enantiotopic methyl groups is a challenge. To the best of our
knowledge, there have been no reports on enantioselective
synthesis induced by chiral compounds arising from partially
deuterated enantiotopic methyl groups.

Here, we report on a highly enantioselective synthesis
induced by N-benzoyl-¡-methyl-d1-alanine and N-benzoyl-¡-
methyl-d2-alanine in conjunction with asymmetric autocatalysis
(Chart 1 and Scheme 1). We chose N-benzoyl-¡-methylalanine
(1) as our model compound, and chiral (S) and (R)-d1­3-1 having
deuterated methyl groups were then synthesized.15

When pyrimidine-5-carbaldehyde 2 and diisopropylzinc
(i-Pr2Zn) were reacted in the presence of (R)-N-benzoyl-¡-
methyl-d1-alanine 1, (R)-pyrimidyl alkanol 3 with an 87% ee
was obtained (Table 1, Entry 1). On the other hand, the reaction
using (S)-d1-1 afforded (S)-3 with an 85% ee (Entry 2). The
correlation between the absolute configurations of the chiral
initiator and alkanol 3 produced exhibited a nice reproducibility,
i.e., (R)- and (S)-d1-1 afforded (R)- and (S)-3 (84%­90% ee),
respectively (Entries 3 and 4). When a smaller amount
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Figure 1. Generation of asymmetric carbon atom by deuterium
substitution of enantiotopic hydrogen atoms and methyl groups.
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Scheme 1. Asymmetric autocatalysis triggered by isotopically
(D/H) chiral N-benzoyl-¡-methylalanine (1).
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(10mol%) of (R)- or (S)-d1-1 was used as the chiral initiator, the
same stereochemical correlation was observed, although the ee
of the product was moderate (Entries 5 and 6). It should be noted
that further asymmetric autocatalysis amplified the ee to
>99.5% ee (Entries 7 and 8).

In the same manner, (R)- and (S)-N-benzoyl-¡-methyl-d2-
alanine 1 afforded the (R)- and (S)-pyrimidyl alkanols 3 with a

high ee (80%­88% ee), respectively (Entries 9­12). Again, the
ee reached >99.5% after an additional asymmetric autocatalysis
(Entries 13 and 14). In addition, N-benzoyl-¡-methyl-d3-
alanines, (R)- and (S)-d3-1, were employed as the chiral
initiators. The same correlation was observed as with the d
and d2 analogs (Entries 15­22).

In summary, we have demonstrated the first example of
asymmetric induction, in conjunction with asymmetric autoca-
talysis, using chiral compounds arising from the partial
deuteration of enantiotopic methyl groups.
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Table 1. Asymmetric autocatalysis induced by chiral N-benzoyl-
¡-methylalanine arising from deuterium substitution

Entrya Initiatorb
5-Pyrimidyl alkanol 3

Yieldc/% eed/% Config.

1 (R)-d1-1 85 87 R
2 (S)-d1-1 80 85 S
3 (R)-d1-1 87 84 R
4 (S)-d1-1 92 90 S
5 (R)-d1-1e 83 69 R
6 (S)-d1-1e 85 55 S
7f (R)-d1-1 95 >99.5 R
8f (S)-d1-1 97 >99.5 S

9 (S)-d2-1 90 80 S
10 (R)-d2-1 94 88 R
11 (S)-d2-1 92 84 S
12 (S)-d2-1 87 86 S
13f (R)-d2-1 94 >99.5 R
14f (S)-d2-1 99 >99.5 S

15 (R)-d3-1 92 91 R
16 (S)-d3-1 96 89 S
17 (R)-d3-1 76 77 R
18 (S)-d3-1 85 86 S
19 (R)-d3-1 90 87 R
20 (S)-d3-1 90 82 S
21f (R)-d3-1 97 >99.5 R
22f (S)-d3-1 98 >99.5 S

aUnless otherwise noted, asymmetric autocatalysis was per-
formed as follows. A 1M toluene solution of i-Pr2Zn (0.075
mL) was added to 0.5mL of (R)-d1-1 (0.025mmol) in toluene at
0 °C. After the mixture was stirred for a period of 30min at 0 °C,
a toluene solution (0.2mL) of pyrimidine-5-carbaldehyde 2
(4.7mg, 0.025mmol) was added to the mixture over a period
of 1.5 h. The mixture was then stirred for 12 h, and toluene
(1.1mL), a 1M toluene solution of i-Pr2Zn (0.2mL) and
aldehyde 2 (18.8mg, 0.10mmol) in toluene (0.5mL) were
added. After a period of 3 h, toluene (7.2mL), a 1M toluene
solution of i-Pr2Zn (0.80mL), and 2 (75.3mg, 0.4mmol) were
then added over a period of 1 h at 0 °C, and the mixture was
stirred for a period of 1.5 h. The reaction was quenched using
a mixture of 30% aqueous ammonia and a saturated aqueous
ammonium chloride (2/1, v/v) solution (10mL). The mixture
was extracted three times using ethyl acetate. 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, v/v)
gave (R)-5-pyrimidyl alkanol 3 with an 85% ee in an 87%
yield. bAs to the ee of the initiators, see the Supporting
Information and refs. 14b, 15, and 16. eIsolated yield. dThe ee
value was determined by HPLC on a chiral stationary phase
(Daicel Chiralcel IB). eReduced amount of chiral initiator
(0.0025mmol) was submitted to the reaction. fAdditional rounds
of asymmetric autocatalysis were performed for the purpose of
further amplification of ee. See also ref. 11.
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