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ABSTRACT

A lipase-catalyzed double monoaminolysis of dimethyl malonate by (±)-trans-cyclopentane-1,2-diamine allows the sequential resolution of the
latter compound, affording an enantiopure bis(amidoester), which is subsequently transformed into an optically active polyamine. As an
alternative, both enantiomers of the diamine can be obtained from enantiopure (+)- or (−)-2-aminocyclopentanol, prepared by enzymatic
resolution.

Many biologically valuable products contain a 1,2-diamino
moiety.1 In recent years, chiral synthetic diamine derivatives
have been employed as medicinal agents, in particular in
chemotherapy.2 Their use in organic synthesis has also
increased considerably, especially in the field of catalytic
asymmetric induction.3 The easy availability of both enan-
tiomers of the target compound in very high ee is one of the

limitations for the use of some optically active diamines.
Related to this, nonracemictrans-cyclopentane-1,2-diamine
(1) has been synthesized through a multistep sequence, and
high ees are obtained only after several recrystallization steps,
which lead to a low overall yield.4 It is, therefore, of
considerable interest to develop an efficient method for
preparing optically activetrans-cyclopentane-1,2-diamine (1)
that minimizes the number of synthetic steps and maximes
the yield and ee of this important compound. Lipase-
catalyzed kinetic resolution of racemates is one the most
frequently used strategies for the preparation of optically
active compounds.5 Moreover, when the substrate structure
allows the coupling of two sequential kinetic resolutions, the
second step can improve the enantiomeric purity of the
product.6 Racemic diamines are very interesting bifunctional
substrates that can undergo a sequential biocatalytic resolu-
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tion. This strategy has been successfully used for the
preparation of optically activetrans-cyclohexane-1,2-di-
amine.7 With a suitable acyl donor, the appropriate enzyme
can catalyze the enantioselective monoacylation of the
diamine and subsequent enantioselective acylation of the
resulting optically enriched monoamide, thus affording an
enantiomerically pure diamide. The potential importance of
trans-cyclopentane-1,2-diamine (1) led us to explore the
resolution of this diamine8 by means of two sequential
aminolysis reactions, using dimethyl malonate (2) as the acyl
donor andCandida antarcticalipase (CALB) as the catalyst.
The selection of the acyl donor is associated to the synthetic
utility of the resulting products for the preparation of optically
active polyamines and macrocycles.9 It is remarkable that,
although (()-trans-cyclohexane-1,2-diamine is commercially
available, the (()-trans-cyclopentane-1,2-diamine is not.
Therefore, it has been scarcely studied, and it would be of
great interest to find an efficient procedure for obtaining
enantiopuretrans-cyclopentane-1,2-diamine.

Commercially available (()-trans-cyclopentane-1,2-diol
was transformed into (()-trans-cyclopentane-1,2-diamine (1)
using a procedure described in the literature.10

A one-pot double-acylation reaction (Scheme 1) using an
equimolecular mixture of (()-trans-1 and 2 with CALB11

in 1,4-dioxane (9 h) afforded enantiopure bis(amidoester)
(R,R)-3. The unreacted (S,S)-1 was isolated as its diammo-
nium salt, (S,S)-4, formed by treatment of the reaction
mixture with 2 N HCl. To determine the optical purity of
(S,S)-1, its salt (S,S)-4 was converted into theN,N′-bis-

(benzyloxycarbonyl) derivative (S,S)-5, whose chiral HPLC
analysis showed an 87% ee. In this case, we obtained a very
high apparent enantioselectivity (E > 200)12 calculated from
both ee values.

The formation of (R,R)-3 involves two biocatalytic steps
[diamine to mono(amidoester) to bis(amidoester)] and,
therefore, the above-mentioned enantiopurity of (R,R)-3 has
to be clearly determined by the enantioselectivities of both
steps. To study the enantioselectivity shown by the CALB
in each step, we have calculatedE1 andE2 values. The lability
of 1 toward oxidation, as well as the final persistence of
trace amounts of mono(amidoester) (detected in the deriva-
tization process of4), made the accurate determination of
the reaction conversionc difficult. For these reasons,E1 was
determined when a 2:1 molar ratio of diamine:acyl donor
was used and the reaction stopped at the mono(amidoester)
stage (Scheme 1). In this process, substrate1 and product6
were isolated as their benzyl carbamates (S,S)-5 and (R,R)-
7, with 83 and 66% ees, respectively. The enantioselectivity
(E1 ) 21) and conversion (c ) 44%) were determined from
these values.12 This enantioselectivity value is not high
enough to get the product in enantiopure form, so the second
aminolysis step must also be enantioselective.

Enantioselectivity of the second step (E2) was also
determined from the single-step aminolysis reaction between
racemic mono(amidoester)6 and dimethyl malonate2
(Scheme 2).

Compound6 was prepared from (()-trans-1 by mono-
protection with benzyloxycarbonyl group, treatment with
malonyl chloride monomethyl ester, and finally removal of
the Cbz group (50% yield). Enzymatic aminolysis of (()-
trans-6 and2 (molar ratio) 2:1) yielded a mixture of (S,S)-
6, isolated as its carbamate (S,S)-7, and the bis(amidoester)
(R,R)-3 both in enantiomerically pure forms (ee> 99%).
Conversion (c ) 49%) and enantioselectivity (E2 > 200)
were also determined from these values.12

In this biocatalytic process, CALB clearly shows the same
stereochemical preference toward the (R,R)-enantiomer of
the substrate in both steps. This fact and the strategy of the
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Scheme 1a

a Reaction conditions: (a) 1:1 molar ratio of (()-trans-1/2,
CALB, 1,4-dioxane, 30°C; (b) 2 N HCl; (c) CbzCl, Na2CO3, H2O;
(d) 2:1 molar ratio of (()-trans-1:2, CALB, 1,4-dioxane, 30°C, 1
h; (e) NH3, MeOH; (f) BH3‚THF, 6 N HCl, 4 N NaOH.

Scheme 2a

a Reaction conditions: (a) 1:0.5 molar ratio of (()-trans-1/CbzCl,
Na2CO3, CH2Cl2; (b) ClC(O)CH2CO2Me, Et3N, CH2Cl2; (c) H2,
Pd-black, MeOH; (d) 2:1 molar ratio of (()-trans-6/1, CALB, 1,4-
dioxane, 30°C, 3 h; (e) CbzCl, Na2CO3, H2O.
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sequential resolution are the keys to the successful prepara-
tion of enantiopure (R,R)-3. As can be deduced from the
above results, enantiopure products cannot be obtained with
the first aminolysis reaction (E1), but the second biocatalytic
process (E2) is sufficiently enantioselective to produce bis-
(amidoester)3 and mono(amidoester)7 both in enantiomeri-
cally pure forms. This conclusion is extracted after mea-
surement of the two enantioselectivity values from the
sequential aminolysis reactions.

On the other hand, we have previously reported a practical
and efficient procedure for the resolution of (()-cis-N-Cbz-
2-aminocyclopentanol.13 In this case, the product and the
substrate were recovered in 99% ee. We carried out an
alternative synthesis using these enantiomers as starting
material (Scheme 3).14 First, mesylation of hydroxycarbamate
8 led to product9, which was then substituted using NaN3

in DMF for obtaining10, which was followed by hydroge-
nation with Pd/C to give the corresponding diamines (R,R)-1
or (S,S)-1, both isolated asN,N′-bis(benzyloxycarbonyl)
derivatives (91% yield).

Finally, the enantiopure (R,R)-3 is easily transformed into
the polyamine11 (Scheme 1). Polyamines are polycationic
compounds, which are essential for cell growth and divi-
sion.15 These compounds have wide-ranging therapeutic
applications in neurological diseases,16 in development of

new antidiarrheals in AIDS-related cases,17 and as anticancer
agents.18 Polyamine 11 is a C6-C10-fused N,N′-bis(3-
aminopropyl)cadaverine. This spermine analogue has been
found to be formed inSaccharomyces cereVisiae19 and
mycorrhizal and phytopathogenic fungi.20 Moreover, the
introduction of a chiral rigid cyclic moiety in the structure
could confer novel and interesting properties to the com-
pound.21 Treatment of (R,R)-3 with ammonia in methanol
and subsequent reduction of the resulting tetraamide with
BH3‚THF afforded polyamine (R,R)-11 with 80% yield,
calculated from the starting bis(amidoester) (R,R)-3. Synthetic
and biological applications of these compounds are currently
under investigation.
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Scheme 3a

a Reaction conditions: (a) MsCl, Et3N, CH2Cl2, 0 °C; (b) NaN3,
DMF, 60 °C; (c) H2, Pd-C, MeOH; (d) CbzCl, Na2CO3, H2O.
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