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ABSTRACT

An amine, an aldehyde, and methanol can be readily assembled in one pot under very mild conditions through a free-radical multicomponent
reaction by using an aqueous acidic TiCl3/t-BuOOH system to afford 1,2-amino alcohols in fair to excellent yields.

The �-amino alcohol motif is a common structure present in a
wide range of bioactive natural products.1 Moreover, 1,2-amino
alcohols are suitable intermediates for the synthesis of unnatural
amino acids, �-blockers, insecticidal agents, and antibiotics.2

In addition, they are successfully employed in asymmetric
synthesis as chiral auxiliaries or chiral catalysts.3

For this reason, much effort has been devoted to the
development of new effective methods for the enanctiose-
lective synthesis of these compounds, and a variety of
catalytic procedures has been reported,4 including the ring

opening of racemic terminal epoxides,5 the nucleophilic
addition to sulfinyl imines,6 and the use of metallorganic
catalysts.7

Nevertheless, most of these syntheses often require mul-
tistep procedures, expensive reagents, long reaction times,
and highly controlled operating conditions.

Nucleophilic radical addition to imines often represents
an important alternative to classical ionic procedures for the
synthesis of a wide range of derivatives, and in the past
decade, many protocols have been reported based on this
convenient approach.8,9
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Following the radical route to 1,2-amino alcohols, both
enantiomers (whose configuration may be easily assigned by
NMR)10 would be obtained in their pure forms by employing
one of the several methods reported in the literature.11

Very recently, Tomioka and co-workers reported a new
multistep procedure for the synthesis of 1,2-amino alcohols in
good yields via nucleophilic radical addition to imines by means
of acyloxymethyl radicals, generated from the corresponding
iodomethyl esters by action of dimethylzinc or triethylborane.12

This tin-free methodology operates under very mild conditions
(air at room temperature), but it requires long reaction times,
the aldimine preformation, the employment of halogenated
derivatives, and further hydrolysis of the acyloxy moiety with
potassium hydroxide in aqueous methanol.

In the past years, we have outlined a new procedure for
the synthesis of polyfunctional derivatives mediated by the
TiCl3/hydroperoxide system. Employing this methodology
a radical version of the Mannich reaction through the
aminoalkylation of ethers (Scheme 1, a)13 and a radical

version of the Strecker synthesis by direct carbamoylation
of imines (Scheme 1, b)14 have been developed.

In this paper, we report a new route to obtain 1,2-amino
alcohols in one pot in good yields and high selectivity by
readily combining three commercial products (an amine 1,
an aldehyde 2, and methanol) through a radical domino

multicomponent reaction promoted by the aqueous acidic
TiCl3/t-BuOOH (TiCl3/TBHP) system (Scheme 2).

To the best of our knowledge, this represents the first
example of direct radical hydroxymethylation of imines
generated in situ under aqueous conditions.

Tables 1 and 2 report the results obtained in the presence
of primary and secondary amines, respectively.

Both aliphatic and aromatic amines (Figure 1) and alde-
hydes (Figure 2) were suitable for this protocol, thus
confirming the general applicability of the present procedure.

The reactions with primary amines were carried out by
adding dropwise TiCl3 (ca. 8 mmol of a 15% aqueous acidic
solution) over 30 min at room temperature to a solution
containing 1a-d (2 mmol), 2 (7.5 mmol), and TBHP (5
mmol) in 10 mL of methanol under N2 atmosphere until a
pale blue color was barely maintained to ensure the complete
decomposition of the peroxide. Thus, the procedure looks
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Scheme 1. Radical Version of the Mannich Reaction (a) and of
the Strecker Synthesis (b)

Scheme 2. Synthesis of 1,2-Amino Alcohols Mediated by the
TiCl3/t-BuOOH System

Table 1. Radical Addition of Methanol to In Situ Generated
Imines from Primary Aminesa

entry amine aldehyde 4: yieldb (%) 5: yieldb (%)

1 1a 2a 4a: 30 (37) 5a: 15 (16)
2 1a 2b 4b: 66 (75)
3 1b 2a 4c: 35 (37) 5b: 14 (15)
4 1b 2b 4d: 62 (67)
5 1b 2c 4e: 46 (50)
6c 1b 2d 4f: 82 (89)d

7 1c 2a 4g: 35 (37) 5c: 20 (21)
8 1c 2b 4h: 64 (75)
9 1d 2a 5d: 18 (19)

10 1d 2b 4i: 60 (65)
a Unless otherwise stated, the molar ratio of 1/2/TBHP/TiCl3 was

1:3.75:2.5:4. b Yields of isolated products are based on the starting amine;
yields based on converted amines were always g90%; yields in parentheses
were determined by 1H NMR with an appropriate internal standard added
to the crude reaction mixture. c The molar ratio of 1/2 was 1:0.625. d Yield
is based on the starting aldehyde.
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like a simple titration and occurs under very mild conditions.
A similar procedure was followed in the presence of
secondary amines 1e-h, but in this case no benefit was
observed by operating with an excess of the TiCl3/TBHP
system. Thus, a lower amount of TiCl3 (ca. 4 mmol) and of
TBHP (2.5 mmol) was sufficient in order to obtain the
desired products.

This simple one-pot selective hydroxymethylation would
proceed by the sequence (i-V) reported in Scheme 3, where
titanium species play a multiple key role.

In the lower (III) oxidation state, titanium acts as a radical
initiator inducing the decomposition of TBHP to the corre-
sponding alkoxyl radical (path i), which is responsible for
the formation of the hydroxymethyl radical by hydrogen
abstraction from methanol (path ii); Ti(III) also acts as a
radical terminator in the reduction of the final aminium
radical intermediate (path V).

In the higher (IV) oxidation state, titanium behaves as a
strong Lewis acid promoting the formation of the imine in
aqueous medium (path iii) and its activation toward the
hydroxymethyl radical addition by increasing the electro-
philicity of the carbon atom of the CdN bond (path iV).

Steric effects seem to have a crucial role in the process,
affecting both the yields and the selectivity in the desired
products.

When primary amines (Table 1) were employed in the
presence of formaldehyde, a mixture of mono- (4) and
disubstituted (5) �-amino alcohols was obtained (entries 1,
3, 7, and 9) due to the competition between the starting amine
1a-d and the corresponding product 4 in the imine forma-
tion. However, the use of an aldehyde bearing an alkyl or
an aryl substituent allowed us obtain monosubstituted
products in good yields and with complete selectivity because
the enhanced steric hindrance around the CdN bond inhibits
the further reaction of 4 to afford 5. As a representative
primary amine we tested p-methoxyaniline (PMP-NH2) 1b
with a wider range of aldehydes, since the protective PMP
group can be further removed according to different meth-
odologies.15

For the same steric reasons, secondary amines, which
cannot undergo disubstitution, showed opposite reactivity
affording the highest yields in the presence of formaldehyde
(Table 2, entries 1, 5, and 7). When crowded aldehydes were
employed in place of 2a, yields decreased because of the
concomitant presence of two additional substituents on the
CdN bond.

The relatively low yields observed in the presence of 1h
and 2a (entry 9) may also be ascribed to an enhanced steric
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Table 2. Radical Addition of Methanol to In Situ Generated
Imines from Secondary Aminesa

entry amine aldehyde 6: yieldb (%)

1 1e 2a 6a: 83 (87)
2 1e 2b 6b: 65 (73)
3 1e 2c 6c: 50 (55)
4c 1e 2d 6d: 30 (33)d

5 1f 2a 6e: 95 (95)
6 1f 2b 6f: 17 (22)
7 1g 2a 6g: 80 (82)
8 1g 2b 6h: 23 (22)
9 1h 2a 6i: 30 (36)

a Unless otherwise stated, the molar ratio of 1/2/TBHP/TiCl3 was
1:3.75:1.25:2. b See footnotes b-d of Table 1. c See footnotes b-d of Table
1. d See footnotes b-d of Table 1.

Figure 1. Representaive amines 1a-h.

Figure 2. Representative aldehydes 2a-d.

Scheme 3. Reaction Mechanism
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hindrance due to the long aliphatic chains directly bonded
to the nitrogen atom. In fact, no side products were detected,
and the starting reagents were quantitatively recovered.

When the reactions were conducted in the presence of 2d,
the side acyl radical addition occurred because hydrogen
abstraction from the aldehyde competed with the hydroxym-
ethyl radical formation. However, when an excess of amine
was used, it significantly increased the selectivity and avoided
side product formation (entry 6 of Table 1 and entry 4 of
Table 2).

In conclusion, we have developed a new general and
convenient one-pot multicomponent reaction for the synthesis
of aliphatic and aromatic 1,2-amino alcohols, utilizing cheap
and commercially available starting materials. The reaction
does not require either the preformation of the imine or the
protection of the amino group and may be easily conducted
under aqueous conditions.

Future efforts will focus on the extension of the methodol-
ogy on a wider range of alcohols, whose behavior, from
preliminary results, seems to be quite different from metha-
nol.
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