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Introduction

A new synthesis of N-chloro aldimines (N-chloroben-
zenemethanimines) 1 from hydrobenzamides (1-phenyl-
N,N′-bis(phenylmethylene)methanediamines) 2 has been
developed. The starting materials 2 are readily available
from the reaction of the corresponding aromatic alde-
hydes and ammonia.1 In general, hydrobenzamides 2 are
crystalline compounds which can be stored without
decomposition and, therefore, should be convenient pre-
cursors for the synthesis of N-chloro aldimines.

N-Chloro ketimines have been used for the synthesis
of substituted imines2a and diaziridines3 from which
diazirines4 are made, but not much is known about the
corresponding N-chloro aldimines. This is due to their
instability when compared with theN-chloro ketimines.2
Elimination of hydrogen chloride to produce the corre-
sponding nitriles is facile, and decomposition can occur
even violently. N-Chloro ketimines could be obtained by
different methods, such as the elimination of hydrogen
chloride from secondary N,N-dichloroamines5 or chlorina-
tion of imines.6 In contrast, only one convenient method
for the preparation of N-chloro aldimines has been
reported thus far. According to Forster7 and Raschig,8
aldehydes are treated with chloramine in aqueous solu-
tion. Later this method was developed into a general
synthesis for the preparation of substituted N-chloroben-
zenemethanimines 1 by Hauser and co-workers.9 The
parent compound, the unsubstituted N-chlorobenzen-
emethanimine (1a), however, could not be isolated and
identified, since it readily decomposed into benzonitrile
and hydrogen chloride.10

Results and Discussion

Hydrobenzamides 2, the starting materials for the
synthesis ofN-chloro aldimines, are easily obtained from

the reaction of the corresponding aromatic aldehydes
with aqueous ammonia1 in nearly quantitative yields.

We have found that hydrobenzamides 2 react with tert-
butyl hypochlorite in methanol to form a mixture of the
correspondingN-chloro aldimines 1 and dimethyl acetals
4. According to the mechanism depicted below, the
assumed intermediate 3 can either solvolyze completely
in the alcoholic solution (Scheme 1, path a) or react again
with tert-butyl hypochlorite to form an equimolar mixture
of N-chloro aldimine 1 and acetal 4 (path b).
If methanol is replaced by nonprotic solvents such as

methylene chloride, the reaction starts very slowly even
at room temperature but gets vigorous after a few
seconds to a few minutes. In this case, N-chloro aldi-
mines 1 are obtained, albeit in low yield. Instead of
acetals, aldehydes are produced as side products after
aqueous workup. The vigorous reaction might be due to
the hydrogen chloride evolved from the decomposition of
the N-chloro aldimine formed. The observation that
added acetic acid initiates the exothermic reaction sup-
ports this. The mechanism of the reaction in nonprotic
solvents needs to be studied in more detail.
N-Chlorobenzenemethanimine (1a), N-chloro-4-meth-

oxybenzenemethanimine (1b), and N-chloro-4-methyl-
benzenemethanimine (1c) were synthesized according to
the new procedure (Table 1).
For the synthesis of 1a and 1c, it is possible to carry

out the reaction at room temperature. This causes only
slightly lower yields of N-chloro aldimines 1a and 1c. In
the reaction with hydroanisamide (1-(4-methoxyphenyl)-
N,N ′-bis[(4-methoxyphenyl)methylene]methane-
diamine) (2b), however, at room temperature, instead of
N-chloro-4-methoxybenzenemethanimine (1b), p-chloro-
anisole was obtained.

Experimental Section
1H and 13C NMR spectra were recorded on a 360 (90.6)-MHz

spectrometer. IR spectra were obtained on a FT-IR instrument.
Analytical gas chromatography was performed using a 25 m ×
0.272 mm (i.d.) OV 101 glass capillary column. Preparative
chromatography was done on a short column using silica gel 60
(230-400 mesh).
tert-Butyl hypochlorite was prepared according to Organic

Syntheses.11
Synthesis of Hydrobenzamides 2a-c (General Proce-

dure).1 Freshly distilled aldehyde was added to a ca. 10-fold
excess of an aqueous solution of NH3 (∼29%). After the solution
was stirred for 1 day, the liquid was poured off and the clumps
were crushed and dried in a desiccator. The products 2a-c can
be recrystallized from ethanol which is, however, not necessary
for the next step.
Synthesis of N-Chloro Aldimines 1a-c (General Proce-

dure). Hydrobenzamides 2a-c (10 mmol) were suspended in
15 mL of methanol. After the solution was cooled to -65 °C,
2.2 g (20 mmol) of tert-butyl hypochlorite was added within ca.
5 min with stirring (exothermic reaction). Over the next 10 min,
the mixture was allowed to warm up to almost room tempera-
ture. The solution was poured into ca. 60 mL of aqueous
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ammonia (5%), and the product was extracted with ether. After
the solution was dried over Na2SO4, it was decanted and
evaporated under reduced pressure. The residue consisted of a

mixture ofN-chloro aldimine and dimethyl acetal. PureN-chloro
aldimine was obtained by column chromatography using hex-
anes as eluent.
The acetals can be washed out with polar solvents such as

ethyl acetate. These compounds are usually contaminated with
their hydrolysis products, i.e., hemiacetals and aldehydes.
a. Reaction with hydrobenzamide (2a) to give N-

chlorobenzenemethanimine (1a): yield; 1.5 g (10.6 mmol),
yellowish liquid; 1H NMR (CDCl3) δ 7.37-7.53 (m, 3 H), 7.66
(d, 2 H), 8.78 (s, 1 H); 13C NMR (CDCl3) δ 128.0 (2 C), 129.0 (2
C), 132.1 (1 C), 133.2 (1 C), 172.7 (1 C); IR (neat, cm-1) 1599,
1563, 1215.
Benzaldehyde dimethyl acetal (4a): yield 2 g (12.8 mmol).
b. Reaction with p-hydroanisamide (2b) to giveN-chlo-

ro-4-methoxybenzenemethanimine (1b): yield 1.4 g (8.2
mmol) (this compound was already prepared by Hauser9a); 1H
NMR (CDCl3) δ 3.83 (s, 3 H), 6.92 (d, 2 H), 7.59 (d, 2 H), 8.68 (s,
1 H); 13C NMR (CDCl3) δ 55.4 (1 C), 114.4 (2 C), 129.3 (1 C),
129.7 (2 C), 162.7 (1 C), 171.8 (1 C); IR (neat, cm-1) 1607, 1260.
p-Anisaldehyde dimethyl acetal (4b): yield 2.4 g (13

mmol).
c. Reaction with p-hydrotoluamide (1-(4-methylphe-

nyl)-N,N′-bis[(4-methylphenyl)methylene]methane-
diamine) (2c), to give N-chloro-4-methylbenzenemetha-
nimine (1c): yield 2.44 g (15.8 mmol) (this compound was
already prepared by Hauser et al.9d); 1H NMR (CDCl3) δ 2.37 (s,
3 H), 7.21 (d, J ) 8.0 Hz, 2 H), 7.54 (d, J ) 8.0 Hz, 2 H), 8.73 (s,
1 H); 13C NMR (CDCl3) δ 21.6 (1 C), 128.0 (2 C), 129.6 (2 C),
130.6 (1 C), 142.7 (1 C), 172.5 (1 C); IR (neat, cm-1) 1607, 1593,
812.
p-Tolualdehyde dimethyl acetal (4c): yield 1.1 g (6.4

mmol).
Caution:N-chloro aldimines (N-chlorobenzenemethanimines)

can decompose suddenly, evolving a cloud of hydrogen chloride.
This decomposition happens upon heating,9a,d or might even take
place upon standing at room temperature (N-chloro-4-methoxy-
benzenemethanimine, (1b)!). In hydrocarbon solution, however,
N-chloro aldimines seem to be safe to work with.
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