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Abstract—The synthesis of novel 27- and 30-membered macrocycles of the trianglimine and trianglamine type is described, based
on a [3+3] cyclocondensation between an enantiomerically pure 1,2-diamine and aromatic dicarboxaldehydes. © 2002 Published
by Elsevier Science Ltd.

1. Introduction

The development of supramolecular chemistry has been
mainly driven by the availability of suitable macrocyclic
receptors. Once a class of macrocyclic receptors with a
unique shape, distinct architecture and set of functional
groups becomes widely available from natural or syn-
thetic sources, they start to inspire the imagination of
supramolecular chemists to devise and synthesise novel
sophisticated receptors, molecular machines and
devices. Starting with Curtis’ seminal synthesis of
polyaza macrocycles,1,2 continuing with Pederson’s
crown ethers and cryptands,3,4 the cyclodextrins,5 cal-
ix[n ]arenes,6–9 and curcubiturils,10,11 any new class of
macrocycle has led to a rapid development of innova-
tive supramolecular chemistry and a considerable
advancement of the subject. The main requirement for
a macrocycle suitable to make an impact on
supramolecular chemistry is its ease of synthesis in
sufficiently large quantities combined with a unique
molecular architecture and a particular set of functional
groups that allow further elaboration into more sophis-
ticated structures. Gawronski and co-workers12 have

recently introduced a new synthetic strategy for the
synthesis of large poly-imine meta- and para-
cyclophane type macrocycles using a [3+3] cycloconden-
sation strategy. Diastereomeric structures of this type
of macrocycle have recently been reported by the group
of Hodacova.13 Other isolated examples of [3+3] cyclo-
condensation strategies have been reported.14 Intrigued
by this approach we started investigating the scope and
limitation of the concept and would like to report in
this short communication on significant extensions of
Gawronski’s basic scheme introducing novel unusual
macrocycles. Due to their unique triangular shape we
would like to suggest this new class of macrocycles be
named trianglimines or trianglamines, respectively.

2. Results and discussion

In this communication we report on the extension of
the [3+3] cyclocondensation concept to alkyl substituted
dialdehydes 2–5. These dialdehydes are challenging sub-
strates for the [3+3] cyclocondensation, due to the
decreased reactivity of the aldehyde functionalites for

Table 1. Yields of macrocycles 6–11 and 15–17 and MS data

LSIMS m/z Isolated yield (%)Compound LSIMS m/z Isolated yield (%) Compound

692.31116 8997708.3615

667.2 697 all-(R)-15 932.4 17
667.3 758 all-(S)-15 19932.4
748.4 Crude yield: 209 932.31690
692.3 9410 17 944.4 92

* Corresponding author.

0040-4039/02/$ - see front matter © 2002 Published by Elsevier Science Ltd.
PII: S0040 -4039 (02 )00523 -3



N N

N N

NN

N N

N N

NN

N N

NN

N N
1

2

1 1
2

(2R, 3R, 12R, 13R, 22R, 23R)-6 (2R, 3R, 11R, 12R, 20R, 21R)-7

2

(2R, 3R, 11R, 12R, 20R, 21R)-8

NH2

NH2

O

O

O

O

O

O

O

O(1R, 2R)-1 2 4 5 3

NH
H
N

NH HN

HNNH

NH
H
N

NH HN

HNNH

NH NHH
N

H
N

HN NH

(2R, 3R, 12R, 13R, 22R, 23R)-9 (2R, 3R, 11R, 12R, 20R, 21R)-10 (2R, 3R, 11R, 12R, 20R, 21R)-11

Ar

ArAr

N N

N N

NN

Ar

ArAr

NH
H
N

NH HN

HNNH

NaBH4

MeOH

6-9 9-11

1
2

1
2 1

2

N. Kuhnert, A. M. Lopez-Periago / Tetrahedron Letters 43 (2002) 3329–33323330

both electronic and steric reasons. Additionally, the
substituents on the dialdehyde moiety would allow
formation of various conformers of the resulting
macrocycle.

Cyclocondensation between (1R,2R)-1 and methyl sub-
stituted dialdehydes 3–5 gave, under standard condi-
tions at 0.05 M concentration in dichloromethane, the
macrocyclic trianglimines 6–8.

Trianglimine 615 was formed in quantitative yield,
whereas compounds 7 and 8 were formed in very good
yield along with some ‘dimeric structures’ (according to
the crude MS at m/z 462) and some unidentified by-
products (for yields see Table 1). They could be
obtained in analytically pure form after recrystallisation
from toluene or ethyl acetate. Dialdehyde 2 failed to
give any macrocyclic product. All trianglimines display
the predicted spectroscopic features, most importantly

one set of NMR signals due to their inherent C3 or D3

symmetry, respectively, for the preferred conformation
adopted in solution. They all show the expected molec-
ular ion in the LSIMS mass spectra. There was no
evidence obtained on alternative conformers devoid of
any symmetry element.

Reduction of the trianglimines 6–8 with NaBH4 in
MeOH gave the trianglamines 9–11 in excellent yields
(see Table 1). Due to their additional alkyl groups the
novel macrocycles are reasonably soluble in chloro-
form. Again the macrocycles isolated show NMR spec-
tra that are in agreement with a perfect C3 symmetric
conformation for 10 and 1116 and a D3 symmetric
conformation for 9. The LSIMS mass spectra show the
expected molecular ions exclusively.

Next we turned our attention to the condensation
between an open chain 1,2-diamine and aromatic
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dialdehydes 13 and 14. (R,R)- and (S,S)-12 seem to be
ideal candidates since both enantiomers are commer-
cially available. The cyclocondensation between (R,R)-
12 and (S,S)-12 and terephthalaldehyde 13 yielded the
two enantiomeric macrocycles 15 in moderate yields
along with some linear oligomers as judged by a crude
LSIMS-MS spectrum.

Reaction of (S,S)-12 and isophthalaldehyde 14 gave
macrocycle 16, which we failed to obtain analytically
pure.

After repeated column chromatography macrocycles 15
could be isolated in pure form. Similar to Gawronski’s
trianglimines the ‘trimeric’ cyclisation precursor (three
diamines+three dicarbonyls) seems to adopt a minimum
energy conformation, in which cyclisation competes
with linear extension.13

Due to the increased conformational flexibility of the
alicyclic diamine (S,S)-12, the yields for the macrocy-
cles 15 and 16 are reduced in comparison to those
obtained with the cyclic conformationally more
restricted diamine 1. However, on standing in solution
the trianglimine 15 decomposes after 2 days in CDCl3
to give linear oligomeric products, suggesting that the
trianglimine is the kinetic product of the reaction.
Reduction of 15 with NaBH4 gave trianglimine 17
allowing the synthesis of a stable derivative.

3. Conclusion

In conclusion we have shown that the [3+3] cyclocon-
densation strategy can be applied to a range of sub-
strates including substituted dialdehydes and open
chain enantiomerically pure 1,2-diamines. In this out-
standing reaction six new carbon nitrogen bonds are
formed. All compounds synthesised are highly useful
intermediates and building blocks for macrocyclic

chemistry and will turn out to be valuable receptor
molecules in supramolecular chemistry.
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