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Treatment ofN-tosylaldimines with acetophenone at room
temperature in the presence of BF3 3OEt2 as a catalyst
furnished the corresponding N-tosyl β-amino ketones in
high yields (77-86%) within 6-9 h. Subsequent reduction
and cyclization of these compounds afforded 2,4-disubsti-
tuted N-tosylazetidines, comprising a three-step, high-
yielding synthesis starting from aldimines.

β-Amino carbonyl compounds possess various important
biological properties including hypoglycemic, antiketogenic,
and antifungal activities.1 They are also useful synthetic
intermediates for various valuable pharmaceuticals and
bioactive natural products,2 Taxol, a highly potent antitu-
mor agent, contains a β-amino acid in its side chain.3

β-Amino carbonyl compounds can also be converted into
γ-amino alcohols which are structural units in various
natural nucleoside antibiotics.4 The Mannich-type reactions
involving aldehydes, amines (or directly imines), and enoliz-
able ketones are widely applied for constructing β-amino

carbonyl compounds, and various methods have been deve-
loped on the basis of these reactions for preparation of these
compounds.5 However, many of these methods suffer
from different drawbacks such as application of expensive
catalysts, longer reaction times, use of toxic reagents, and
harsh reaction conditions. Here we report an easy access
to N-tosyl β-amino ketones and also their conversion into
2,4-disubstituted N-tosylazetidines.

In continuation of our work6 on the development of useful
synthetic methodologies using N-tosylaldimines, we have
observed that these compounds, when treated with aceto-
phenone in the presence of BF3 3OEt2, afforded the corre-
sponding N-tosyl β-amino ketones at room temperature
(Scheme 1). The previous methods for preparation of these

compounds are limited.7 Moreover, N-tosylaldimines were
not directly converted previously into N-tosyl β-amino
ketones by treatment with enolizable ketones.

Initially, the reaction ofN-tosylbenzaldimine (1a, R1=Ph)
with acetophenone was carried out by the use of various
catalysts (Table 1).

Considering the reaction time and yield, BF3 3OEt2 was
found to be the most effective catalyst for this conversion.
Subsequently, a series of N-tosyl β-amino ketones were
prepared (Table 2) using this catalyst following the above
procedure (Scheme 1). Many of these products are new
compounds.7 The N-tosylaldimines were derived8 from
aromatic, heteroaromatic, and aliphatic aldehydes. The
aromatic aldehydes contained electron-donating as well as
electron-withdrawing groups. The products were formed in
high yields (77-86%) within 6-9 h. Different functional
groups such as halogen, ether, carbonyl, and nitro remained
unchanged. The N-tosyl group of the products can easily be
deprotected to genarate β-amino ketones.9 The free amine
group can be utilized to prepare various analogues of the
compounds.

In some recent reports, the synthesis of N-tosyl β-amino
carbonyl compounds has been described, but interestingly, in
any of these reports the preparation of 1,3-diaryl analogues has

SCHEME 1. Synthesis of N-Tosyl β-Amino Ketones from

N-Tosylaldimines
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not been mentioned.10 The ring-opening of N-tosylaziridines
with 2-lithiodithianes followed by hydrolytic desulfurization
afforded the protected β-amino ketones in varient yields.10a

However, the azridine derived from phenylglycine was un-
reactive. The reductive cleavage of the C(2)-N bond of
N-tosyl-2-benzoylaziridines using Mg in methanol was also
unsuccessful to produce the corresponding N-tosyl β-amino
ketones.10d The reduction of these aziridine derivatives by
SmI2 was not mentioned, though other 2-acylaziridines
were reported to be reduced at 0 �C.10b,c N-Tosyl β-amino
carbonyl compounds have also been prepared by aza-
Micheal addition of P-TsNH2 to enones in the presence
of different Lewis acids, but the conversion times were high
and yields of some products were unsatisfactory.10e,f

A CAN-mediated oxidative cleavage of N-tosyl 4-aryl-
3,4-dihydroxypiperidines to β-amino carbonyl compounds
has also recently been developed,10g but the conversion was
conducted under reflux and N-formyl β-amino ketones
were the major products. The products contained no
aryl/alkyl substrates at the β-position.

N-Tosyl β-amino ketones have subsequently been con-
verted into N-tosylazetidines. Azetidines are four-mem-
bered nitrogen-containing heterocyclic compounds, and
they possess various important biological properties.11

They exhibit significant anti-influenza virus A activity

and anti-HIV and anti-HSV-1 and HSV-2 properties.12

The azetidine moiety has also been found in some natural

TABLE 1. Evaluation of the Catalytic Activity of Different Catalysts

for the Preparation of N-Tosyl β-Amino Ketonesa

aReaction conditions: N-tosylaldimine (1.0 mmol), acetophenone
(1.2 mmol), catalyst (25 mol %), CH2Cl2 (3 mL), rt, N2 atmosphere.
bIsolated yield. cNo reaction.

TABLE 2. Synthesis of N-Tosyl β-Amino Ketones by the Reaction
ofVariousN-Tosylaldimines andAcetophenone in thePresence ofBF3 3OEt2

a

aReaction conditions: N-tosylaldimine (1.0 mmol), acetophenone
(1.2 mmol), BF3 3OEt2 (0.25 mmol), CH2Cl2 (3 mL), rt, N2 atmosphere.
bIsolated yield.
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bioactive molecules.13 In addition, ring-opening reactions
of azetidines have been utilized to construct various nitro-
gen-containing compounds.14 However, the methods for
the preparation of 2,4-disubstituted N-tosyl azetidines are
limited.15 We have observed that the prepared N-tosyl β-
amino ketones can conveniently be converted into 2,4-
disubstituted azetidines by reduction followed by cycliza-
tion (Scheme 2).

N-Tosyl β-amino ketone 3a were reduced first with
NaBH4 in MeOH at room temperature to form the corres-
ponding N-tosyl γ-amino alcohols 4a and 4b in excellent
yields with a diastereomeric ratio of 76:24. The reduction
was completed within 1 h, and the diastereomers were
separated by column chromatography. The major amino
alcohol 4a was then treated15a,b with TsCl/KOH under
reflux for 45min to produce 2,4-diaryl-N-tosylazetidine 5a
in three steps (overall yield 64%) (Table 3). Following a
similar method (Scheme 2), β-amino ketones 3g and
3i were converted into the corresponding N-tosylazeti-
dines 5b (overall yield 57%) and 5c (overall yield 61%),
respectively. Thus, the synthesis of these azetidines
was accomplished in three high-yielding steps starting
from N-tosylaldimines. The structures of azetidines were
deduced from the mode of their synthesis (Scheme 2) as
well as spectral [IR, 1H and 13C NMR, ESIMS and
HRMS(ESI)] data.

In conclusion, we have developed a simple, mild, and
efficient method for synthesis of N-tosyl β-amino ketones
and also converted these compounds into the corresponding
2,4-disubstituted N-tosylazetidines. These amino ketones
and azetidines can be utilized for bioevaluation as well as
for preparation of various nitrogen-containing molecules of
biological importance.

Experimental Section

General Experimental Procedure for Synthesis of N-Tosyl
β-Amino Ketones. To a solution of N-tosylaldimine (1.0 mmol)
in CH2Cl2 (3mL)was added acetophenone (1.1mmol) underN2

atmosphere, and BF3 3OEt2 (0.25 mmol) was added to this
mixture. The mixture was stirred at room temperature, and
the reaction was monitored by TLC. After completion, the
reaction mixture was washed with cold water (2 � 5 mL) and
subsequently extractedwithCH2Cl2 (3� 5mL). The extract was
dried and concentrated. The residue was subjected to column
chromatography (silica gel, hexane-EtOAc) to obtain pure
N-tosyl β-amino ketone.

4-Methyl-N-(3-oxo-1,3-diphenylpropyl)benzenesulfonamide (3a).
IR: 3336, 1677, 1593, 1444, 1328 cm-1. 1H NMR (200 MHz,
CDCl3): δ 7.81 (2H, d, J=8.0 Hz), 7.62 (2H, d, J=8.0 Hz), 7.55
(1H, t, J=8.0 Hz), 7.40 (2H, t, J=8.0 Hz), 7.24- 7.10 (7H, m),
5.86 (1H, brs), 4.89 (1H, m), 3.59 (1H, dd, J= 17.0, 5.0 Hz), 3.42
(1H, dd, J = 17.0, 6.0 Hz), 2.36 (3H, s). 13C NMR (50 MHz,
CDCl3): δ 198.0, 143.7, 140.0, 137.2, 136.4, 133.7, 129.9,
129.2, 128.6, 127.5, 127.3, 126.4, 126.2, 54.8, 40.9, 20.6. HRMS
(ESI): m/z calcd for C22H21NO3SNa (M þ Na)þ 402.1139, found
402.1127.

General Experimental Procedure for Synthesis ofN-Tosylaze-

tidines. N-Tosyl β-amino ketones were reduced with NaBH4

in MeOH at room temperature for 1 h following the usual
procedure to form N-tosyl γ-amino alcohols. These com-
pounds were subsequently utilized for the preparation of
N-tosylazetidines.

To a suspension of powdered KOH (3.1 mmol) in dry THF
(10 mL) was added TsCl (1.2 mmol). To this mixture was added
an N-tosyl γ-amino alcohol (1.1 mmol) dropwise at room
temperature. The mixture was refluxed for 45 min when the
reaction was completed. Cold water (10 mL) was added to the
mixture, and it was extracted with EtOAc (3 � 10 mL). The
extract was washed with brine (3 � 10 mL) and water (3 �
10 mL), dried over anhydrous Na2SO4, and concentrated under
reduced preassure. The crude product was subjected to column
chromatography (silica gel, hexane-EtOAc) to obtain pure
2,4-disubstituted N-tosylazetidine.

SCHEME 2. Synthesis of a 2,4-Disubstituted N-Tosylazetidine

from an N-Tosylaldimine

TABLE 3. Synthesis of 2,4-Disubstituted N-Tosylazetidines from

N-Tosylaldimines

aOverall yield starting from N-tosylaldimines, after column chroma-
tographic purification.
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2,4-Diphenyl-1-tosylazetidine (5a). IR: 1600, 1455, 1341, 1156
cm-1. 1H NMR (200MHz, CDCl3): δ 7.61 (2H, d, J=8.0 Hz),
7.48 (2H, d, J=8.0 Hz), 7.40- 7.22 (10H, m), 4.92 (2H, t, J=
7.0 Hz), 2.81 (1H, m), 2.41 (3H, s), 2.13 (1H, m). 13C NMR (50
MHz, CDCl3): δ 144.9, 141.2, 129.5, 128.6, 128.5, 127.5, 126.4,
62.1, 35.7, 21.0. HRMS (ESI): m/z calcd for C22H21NO2SNa
(M þ Na)þ 386.1190, found 386.1200.
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