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Abstract: The authors demonstrated a Hf(OTf)4–Me3SiCl-system-
catalyzed aminomethylation of an aromatic compound, such as a

heterocycle or an electron-rich arene, with several new types of

N,O-acetals having both a cyano group and a cyclic amino moiety.

This method permits the facile synthesis of artificial aromatic amino

acid precursors.
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Since the Friedel–Crafts-type reaction is one of the most
efficient methods for carbon–carbon bond formation be-
tween an aromatic compound and a carbon electrophile, a
large number of approaches to establishing synthetic
methods have been developed by organic/medicinal
chemists.1 Among these, aminoalkylation is a powerful
tool used to directly introduce a nitrogen-containing func-
tional group, specifically an aminomethyl group, onto an
aromatic ring. However, most of the electrophilic sources
employed have been limited to an imine or an imino
ester,2,3 and the use of an acyclic N,O-acetal as an ami-
nomethyl group precursor has not been extensively exam-
ined.4 Hafnium-catalyzed aminomethylation of electron-
rich aromatic compounds with an N-silyl-N,O-acetal
leading to the production of aromatic primary amine
derivatives was previously reported.5,6 During ongoing
investigations of aminomethylation of aromatic com-
pounds, the preparation of a new class of an N,O-acetal
having both a cyano group and a cyclic amino moiety was
then attempted. In particular, a cyano group was convert-
ed into a formyl group and a carboxylic group with a sim-
ple operation.7 In addition, the nitrogen-containing rings,
such as piperidine, piperazine, and morpholine, are widely
found in the key structure of a number of natural products
and biologically active substances.8 Consequently, devel-
opment of aminomethylation of an arene with this class of
N,O-acetal would enable a facile approach to producing
an aromatic amino acid precursor, which would be ex-
pected to show potent biological activity. This report doc-
uments the results of Hf(OTf)4-doped Me3SiCl-catalyzed
aminomethylation of an electron-rich arene with an N,O-
acetal having a cyano group leading to the synthesis of an
aromatic amino acid precursor. This catalytic system also
permitted the facile preparation of an underivatized in-

dolylglycine derivative with another type of N,O-acetal,
such as hydroxyglycine.

Initially, to find the best catalytic system, the amino-
methylation of 1-methylindole (1a) with N,O-acetal 2a

using a variety of Lewis acids in the presence of trimeth-
ylchlorosilane (Me3SiCl) as an additive was conducted in
CH2Cl2 as a model reaction.9 The results are listed in
Table 1. For example, when the reaction ran using a
typical Lewis acid, such as BF3·OEt2, AlCl3, ZnCl2, and
Cu(OTf)2, the desired product 3a was obtained in good
yield (entries 1–4). With the exception of using a stoi-
chiometric amount of BF3·OEt2, however, most cases
required a long reaction time (20–24 h) to complete
aminomethylation. Group IV metals also showed a similar
effect for the reaction (entries 5–8). In previous work it
was noted that when the reaction was conducted using 0.2
equivalent of Hf(OTf)4, the desired indole 3a was
obtained in nearly quantitative yield within five minutes
(entry 9). Even when the amount of the hafnium catalyst
was decreased to 0.05 equivalent for the acetal, the
catalyst showed high catalytic activity and the product 3a

was produced in good yield (entry 11). On the other hand,
the reaction without a Lewis acid did not afford the
desired product in practical yield (entry 12), and the
reaction without Me3SiCl did not form the product at all
(entry 13). Consequently, from the viewpoint of cost,
CH2Cl2 solution using 0.1 equivalent of Hf(OTf)4 in the
presence of Me3SiCl showed the best conditions for
aminomethylation.

To extend the general process of aminomethylation onto
an indole skeleton, reactions of indoles having several
substituent groups with three types of N,O-acetal 2a–c

were carried out under the optimized conditions. The re-
sults are summarized in Table 2. For example, when reac-
tions of indoles having an electron-donating group with
acetal 2a were examined using the hafnium catalyst, the
reactions reached consumption within 10 minutes to pro-
duce the 3-substituted amino acid precursors 3a–c in good
to excellent yields (entries 1–3). Employment of indoles
1d,e having an electron-withdrawing group, such as an
ester group and a halogen substituent, also underwent the
desired aminomethylation in good yield (entries 4 and 5).
Moreover, when introduction of an aminomethyl group
onto an indole ring by acetals 2b,c with N-phenyl-
piperazine or morpholine moiety was conducted, the
desired products were also obtained in excellent yields
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(entries 6–9). By contrast, when a similar reaction was
examined with the N,O-acetal containing an N-methyl-
piperazinyl group, the desired product did not form, and
the starting indole was recovered. The hafnium catalyst
seems to be coordinated on the tertiary amino group rather
than the activation of the methoxy substituent.

Aminomethylations of other heterocycles 5, such as pyr-
role and furan, with several types of N,O-acetal 2 were
then investigated with the hafnium–Me3SiCl catalytic sys-
tem. The results are summarized in Table 3.10 Although
lowering the nucleophilicity in the pyrrole ring tends to
slightly decrease the product yield (entries 1–3), most
reactions using a pyrrole derivative produced the corre-
sponding amino acid precursors in good yields. When the
reaction using 2-methylfuran (5) was conducted under
similar conditions, all reactions were completed within
three hours to give the corresponding product in satisfac-
tory yields (entries 8–10). Interestingly, when the reaction
was carried out with the substrate involving a pyrrole and
furan moiety, the desired reaction proceeded with high
regioselectivity to yield only the amino acid precursor 8,
where the aminomethyl group was regioselectively intro-
duced onto the pyrrole skeleton. Moreover, amino-
methylation of acetal 2 with an electron-rich arene, such

as N,N-dimethylaniline, under optimized conditions also
yielded the aminomethylated product 9 (Figure 1).

Table 1 Examinations of Lewis Acids

Entry Lewis acid (equiv) Time (h) Yield (%)a

1 BF3·OEt2 (1.0) 0.1 98 (84)b

2 AlCl3 (0.2) 24 86

3 ZnCl2 (0.2) 24 84

4 Cu(OTf)2 (0.2) 20 84

5 TiCl4 (0.2) 24 63

6 Ti(Oi-Pr)4 (0.2) 24 75

7 ZrCl4 (0.2) 24 73

8 HfCl4 (0.2) 24 82

9 Hf(OTf)4 (0.2) 0.1 94

10 Hf(OTf)4 (0.1) 1 97

11 Hf(OTf)4 (0.05) 24 82

12 – 24 39

13c Hf(OTf)4 (0.2) 24 trace

a NMR yield.
b Yield using 0.2 equiv of BF3·OEt2 is in parentheses.
c Reaction was carried out without Me3SiCl.

N
Me

N
CN

N
Me

MeO CN

N+

Lewis acid
Me3SiCl (1.2 equiv)

CH2Cl2, r.t.

1a 3a2a

Table 2 Aminomethylation of Indoles with N,O-Acetals

Entry R1 R2 Acetal Time (h) Yield (%)a

1 H Me (1a) 2a 0.1 92 (3a)

2 H H (1b) 2a 0.1 94 (3b)

3 MeO H (1c) 2a 0.1 85 (3c)

4 MeO2C H (1d) 2a 0.5 89 (3d)

5 Br H (1e) 2a 5 78 (3e)

6 H Me (1a) 2b 0.5 79 (3f)

7 H H (1b) 2b 0.3 86 (3g)

8 H Me (1a) 2c 0.5 85 (3h)

9 H H (1b) 2c 0.1 86 (3i)

a Isolated yield.
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Table 3 Aminomethylation of Heterocycles with N,O-Acetals

Entry Arene Acetal Time (h) Yield (%)a

1 4a 2a 0.3 82 (6a)

2 4b 2a 0.2 74 (6b)

3 4c 2a 0.5 66 (6c)

4 4a 2b 1 85 (6d)

5 4b 2b 1 82 (6e)

6 4a 2c 1 82 (6f)

7 4b 2c 1 94 (6g)

8 5 2a 0.5 86 (7a)

9 5 2b 3 63 (7b)

10 5 2c 3 83 (7c)

a Isolated yield.

+

Hf(OTf)4 (0.1 equiv)
Me3SiCl (1.2 equiv)

CH2Cl2, r.t.

6, 7

YR1
N

X

CNMeO

2a: X = CH2
2b: X = O
2c: X = NPh

4a: R1 = H, Y = NH
4b: R1 = H, Y = NMe
4c: R1 = H, Y = NPh
5:  R1 = Me, Y = O
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Figure 1

Finally, to illustrate the utility of the Hf–Me3SiCl catalytic
system for an N,O-acetal, the aminomethylation of N-
methylindole 3a with another type of the N,O-acetal
(hydroxyglycine)11 10 was examined under optimized
conditions, leading to production of the underivatized
indolylglycine derivative 11 in 75% yield (Scheme 1). In
case using 2-methylfuran (5), desired furylglycine deriva-
tive 12 was also obtained, but the yield (34%) was not
practical, due to low solubility of the product in a typical
solvent.

Scheme 1

A plausible mechanism for the aminomethylation of aro-
matic compounds is shown in Scheme 2. First, the coordi-
nation of hafnium triflate to an oxygen atom of acetal 2
forms an iminium complex. Although there is no clear ex-
planation for the role of Me3SiCl at present,12 it may trap
the in situ generated methoxy ion, thus driving the equi-
librium to completion. Finally, the arene would attack the
iminium intermediate to produce the corresponding ami-
nomethylated product.

Scheme 2 Plausible reaction path for aminomethylation

In conclusion, it has been demonstrated that the Hf(OTf)4-
doped Me3SiCl system catalyzes the aminomethylation of
an aromatic compound, such as a heterocycle or an elec-
tron-rich arene, with a new class of N,O-acetal having a
cyano group and leads to the production of an amino acid
precursor. This catalytic system was also found to be ef-
fective in the one-step preparation of an indolylglycine
derivative.
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