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Chiral macrotricyclic cage amines have been synthesized;
their X-ray structures have revealed that the asymmetric frame-
work has been formed by adding a single chiral carbon into
methylene skeleton of cage amine. The 1HNMR spectra have
shown the stable and rigid conformation in solution.

The pure enantiomorphorous crystals are prepared from an
enantiomer. While a chiral molecule necessarily crystallizes
only a chiral crystal, the inverse at this statement is not true.1,2

It appears that 70 to 90% of enantiomers crystallize in space
group P212121 or P21.

1,3

The presence of a chiral carbon in methylene skeleton of
macrotricyclic cage amine (MCA) will provide a chiral MCA;
it should most likely crystallize in an enantiomorphous system.
It is much more interesting to reveal the effect of a (R)- or (S)-
carbon of a MCAmolecule on its own three-dimensional confor-
mation and rigidity of the MCA skeleton made of methylenes in
solution. The chiral conformation may contribute as chiral rec-
ognition center to discriminating the (R)-substrate from (S)-sub-
strate and to separating racemate to pure enantiomorphous crys-
tal.4 If the presence of chiral carbon enhances the rigidity of a
chiral MCA conformation, the enhanced rigidity may be expect-
ed to promote the action of the above-mentioned chiral discrim-
ination and separation.

MCA with four nitrogen bridgeheads is known as receptors
for cationic guests5 and can be transformed by alkylation to qua-
ternary ammonium ions (MQA4þ) just for anion receptor.6–8

Among the reported MCAs of various cavity sizes a cage amine
N4(C5H10)2(C6H12)4 (3)7 has been found to be of the racemic
crystal which consisted of equimolar enantiomeric conformers.
We report the successful preparation and crystal structure of
the novel chiral MCA; (R)- and (S)-N4(C5H10)(CH2

�CH(CH3)-
C3H6)(C6H12)4 (1 and 2).

1 and 2 were synthesized using (R)- and (S)-2-methylpen-
tanediol dichloride, respectively, at the final cyclization step of
the synthetic procedure of 3 (Scheme 1).7,9,10
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The molecular structures of 1 and 2 were determined using
single crystal diffraction method.11 Each crystal consists of only
one conformer of MCA as in (a) or (b) in Figure 1. Both 1 and 2
showed the enantiomorphous crystals of the same space group
P212121, which is typical for crystalline enantiomers, and almost

identical cell dimensions.1,3 Each unit cell consists of four homo-
chiral molecules that are related to one another by three binary
screw axes. The packing diagrams of the two enantiomorphous
crystals are shown in Figure 2. The �-methyl group at chiral site
faces outside the molecular cage and is located along one of
three screw axes parallel to c axis (half-arrows in Figure 2). This
methyl group is surrounded by four neighboring MCAs that may
determine the structure of the crystal. The single crystal of achi-
ral [566]MCA 3 with no chiral carbons7 showed the racemic
crystal of space group Pbca which consists of two enantiomeric
conformers. The molecular structures of 1 and 2 are perfect mir-
ror images of each other, as shown in Figure 1. In the homochiral
crystal of 1 or 2 the direction of each (R)- or (S)-enantiomeric
conformer has alternatively turned by 180� along a–b plane
and showed the zigzag configuration (Figures 2a, 2b). The crys-
tal structures of the antipodal enantiomers 1 and 2 are also the
mirror images of each other. The racemic crystal of cage amine
3 consists of equimolar enantiomeric conformers without any

N N

N

N

N N

N

N

R1

Cl Cl

O O

R1 R2

HO OH

O O

R1 R2

R2

(BH3)2 / THF

1)

2)

9 steps

H2N (CH2)5 COOH

Br (CH2)5 COOH

H2N (CH2)5 NH2

1 R1 = H,
2 R1 = CH3,

(COCl)2
benzene

R2 = CH3

R2 = H

*

*

*

4

H

H

(R -MCA)
(S -MCA)

Scheme 1. Syntheses of 1 and 2.

Figure 1. ORTEP drawings of molecular structures, (a) and (b), of 1 and
2with thermal ellipsoids at the 50% level. Hydrogen atoms have been omit-
ted for clarity. Asterisk in each isomer indicates the asymmetric carbon.
N–N distances are in the range of 5.327 to 7.384 �A for 1, 5.333 to 7.361
�A for 2.
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optically active carbons (Figure 2c).
We have observed the 1HNMR spectra of 1–3 in CDCl3 to

examine the rigidity of the framework of MCA in solution
(Figure 3). The racemic 3 showed the three bands with symmet-
rical Lorentzian profile. Since (R)- and (S)-enantiomers can not
be distinguished by 1HNMR spectra, the spectra of 1 and 2 were
identical each other. The �-H shift was split into the ratio 2:1 for
integrated intensities of two bands at 2.4 and 2.2 ppm (�1 and �2

in Figures 3a and 3b). �1 band has a shoulder (�1
0) at lower field

side. The C–C rotations around chiral center are restricted by the
steric effect of additional �-methyl group. The three �-H bands
are characterized in terms of the directions of C–H bonds in anal-
ogy with the previous NMR analysis8 for MQA4þ; �1 and �1

0

bands correspond to the equatorial protons facing partially inside
the cavity (i.e., H1, H2, H3, and H5 in Figure 4) and �2 band cor-
responds to the axial protons facing perfectly outside the cavity
(H4 and H6 in Figure 4).12 The large magnetic anisotropy split
the signals of geminal �-protons (H3-H4, H5-H6) into �2 and
�1

0 bands. The split indicates that steric hindrance caused by ad-
ditional �-methyl group prevents C–C rotations (i.e., the axial -
equatorial conversions). Two weak doublet signals seen at 2.1
and 2.0 ppm (�3) were assigned to the geminal protons at �-car-

bon next to the chiral center.
In conclusion, new types of chiral MCA have been prepared

by introducing a methyl group-bonding asymmetric carbon to
methylene framework of MCA. The conformation of chiral
MCA is stable and invariant/rigid in solution at room tempera-
ture.
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Figure 3. 1HNMR spectra of (a) 1, (b) 2 and (c) 3. All the spectra were
measured in CDCl3 at room temperature.

Figure 4. Directions of C–H bonds at �-CH2 (typical case without a chiral
carbon at �-positions). The geometry was given by the molecular structure
of 1.

Figure 2. Packing diagrams of (a) 1, (b) 2, and (c) 3. Molecules on the first
and second layers are distinguished with full- and half-tone graphics, re-
spectively.
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