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Abstract

C2-Symmetric 1,2-diamines are useful precursors to numerous reagents used in asymmetric synthesis
and catalysis. We report here an efficient protocol for converting the two most commonly used
trans-1,2-diamines to N,N-disubstituted derivatives, a transformation that simplifies the preparation of
non-C2-symmetric diamines. Central to the method is the high-yielding conversion of the diamines to the
corresponding monoacetylated derivatives via imidazoline intermediates. © 2000 Published by Elsevier
Science Ltd.

C2-Symmetric 1,2-diamines are important precursors to chiral reagents for asymmetric
synthesis and catalysis.1 These diamines have seen widest use in the preparation of C2-symmetric
chiral auxiliaries, such as those shown in Fig. 1, since differentiating the two nitrogen centers
typically requires the use of substoichiometric amounts of a derivatizing agent followed by
separation of the resulting mixture of diamine, monofunctionalized diamine and difunctional-
ized diamine.2,3 We report here an efficient two-step method for preparing monoacylated
derivatives of two common C2-symmetric diamines via imidazoline intermediates (Scheme 1),
and show that these monoacylated diamines can be conveniently transformed to N,N-disubsti-
tuted 1,2-diamines (Scheme 2). We anticipate that the convenience of this method will facilitate
further exploration of non-C2-symmetric diamine derivatives as chiral auxiliaries and ligands.

Figure 1.
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Scheme 1.

Scheme 2.

Condensation of (1R,2R)-cyclohexane-1,2-diamine (1) or (1S,2S)-1,2-diphenylethylenediamine
(2) with the Pinner salt derived from acetonitrile conveniently provides the corresponding
imidazolines 3 and 4.4,5 After evaluating acidic and basic hydrolysis conditions, we have found
refluxing a solution of 3 or 4 in neutral ethanol–water mixtures for 12–24 hours to be the best
method for effecting conversion to the corresponding monoacetyl diamines 5 and 6.6,7

The Pinner salt of benzonitrile also performs acceptably for cyclohexanediamine, providing
the corresponding N-benzoyl derivative in good yield after hydrolysis of the phenyl imidazoline.
However, the phenyl imidazoline prepared from diphenylethylenediamine resisted hydrolysis
under all conditions tried. Application of this method to straight-chain diamines such as
ethylenediamine led to significantly lower yields (<50%), presumably because oligomerization
competes with imidazoline formation.

In a representative procedure, dry acetonitrile (1.0 mL, 19.0 mmol, 2.0 equiv.) was dissolved
in dry ethanol (ca. 6 mL). Gaseous HCl was passed through the solution for 1.5 hours, after
which residual solvent was removed under a stream of dry N2. The crude imidate hydrochloride,
obtained as a white solid, was redissolved in dry ethanol and cooled to 0°C under N2.
Cyclohexanediamine (1.1 g, 9.6 mmol, 1 equiv.) was added in one portion and the solution
allowed to stir at room temperature for 8–10 hours. 1 M NaOH (aq., 75 mL) was added, and
the mixture extracted with 5% CH3OH–CH2Cl2 (3×50 mL). The combined organic phases were
dried over Na2SO4 and concentrated to afford crude 3 (>95% purity by 1H NMR). Compound
3 so obtained (1.3 g, 9.6 mmol) was heated to reflux in 1:1 EtOH–H2O for 12 hours,8 whereupon
evaporation of the solvent afforded pure 5 (1.4 g, 8.6 mmol) in a 90% yield for two steps.

The monoacetyl diamines can be converted to N,N-dialkyl derivatives by reductive amina-
tion,9,10 followed by acidic cleavage of the acetamide (Scheme 2). In a typical procedure, 5 (0.6
g, 3.7 mmol, 1 equiv.) and aqueous formaldehyde (37% w/w, 1.5 mL, 18.6 mmol, 5.0 equiv.)
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were combined in CH3CN (20 mL) and stirred for 15 minutes. NaBH3CN (0.5 g, 7.4 mmol, 2.0
equiv.) was added, followed 15 minutes later by AcOH (1 mL). After 2 hours, the reaction
mixture was diluted with 2% CH3OH–CH2Cl2 (50 mL), washed with 1 M NaOH (3×50 mL),
dried over Na2SO4, and concentrated to afford pure 7a as a white solid in quantitative yield (0.7
g, 3.7 mmol). Hydrolysis of 7a to 9a was effected by refluxing for 12 hours in 4 M HCl. After
cooling to ambient temperature, the reaction was made basic by addition of 4 M NaOH (30 mL)
and extracted with 5% CH3OH–CH2Cl2 (3×50 mL). The combined organic fractions were dried
over Na2SO4 and concentrated to afford pure 9a as a colorless oil (0.4 g, 2.5 mmol, 68%).11

In summary, the procedures described provide convenient access to N,N-disubstituted deriva-
tives of the two most widely-used trans-1,2-diamines. This methodology is complementary to
that previously developed,2,3,12 and should prove useful to researchers involved in asymmetric
synthesis and catalysis. We have found the diamine derivatives described here to be convenient
precursors to tridentate ligands such as 11 and 12 (Scheme 3),13 which are the focus of ongoing
study in our laboratories.

Scheme 3.
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