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A novel hindered macrocyclic tetramine containing two bispidine
units. A new type of proton sponge
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Abstract—A novel cyclam-like macrocyclic tetramine 1a was synthesized via coupling of bispidine and its bis(a-chloroacetamide)
followed by reduction. Strongly basic but encrypted nitrogens of 1a were found to abstract a proton from chloroform to form
dichlorocarbene. © 2001 Elsevier Science Ltd. All rights reserved.

Hancock et al. mentioned in their review that macro-
cyclic tetramine 1a had been their target molecule as an
ultimate extension of their work on cyclam chemistry in
anticipation that the four tertiary nitrogens in the very
rigid framework would lead to in-plane ligand field
with unprecedented strength.1

We became interested in this molecule in our studies on
systems where nitrogen lone pairs are located in close
proximity as in Tröger base-derived chiral diamine 2.2

In view of putative isolation of a copper complex of the

tetraphenyl derivative 1c,3 and ready availability of
1,5-diphenylbispidine 3b, however, we first synthesized
its tetraphenyl derivative 1b.4 Unfortunately, the solu-
bility of 1b in organic solvents was unexpectedly low
for detailed investigation of its properties. Here we
report synthesis of the parent 1a whose high solubility
allowed us to examine its peculiar properties due to the
rigid and encrypted tetramine system.

Since the existing methods for the synthesis of bispidine
3a are impractical, because many cumbersome steps are

Scheme 1.
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involved5 or long reaction times are required,6 we devel-
oped a new convenient route starting from allyl amine.7

With quantities of 3a at hand, the rest of the synthetic
route was the same as that for 1b, as shown in Scheme
1. The coupling of 3a and its bis(chloroacetamide) 4
was remarkably efficient, affording 5 in 83% yield, if
care was taken to minimize exposure of the base-sensi-
tive 4 to Na2CO3.8 Reduction of 5 with i-Bu2AlH
readily provided the desired macrocyclic tetramine 1a
(bp 203–206°C/1.0 mmHg, mp 78–79.5°C) in 68%
yield.9

As we hoped, 1a is readily soluble in solvents ranging
from nonpolar hexane to highly polar water, with the
exception of dipolar aprotic solvents like CH3CN,
DMSO and DMF. This solubility profile resembles that
of cyclam and appears to be reflecting the outer
aliphatic surface of the molecule towards nonpolar
solvents and the inner nitrogens which can interact with
hydroxylic solvents.

To be avoided, however, are halogenated solvents.
When 1a was dissolved in CDCl3, the initially colorless
solution immediately turned yellow and the resultant
solution gave complex signals in the 1H NMR spectrum
and, on standing, colorless crystals deposited.

Upon recrystallization of the crystals from CHCl3 one
of the crystals was suitable for X-ray crystallographic
analysis.10 As shown in Fig. 1, a deuteron resides in
each bispidine unit with 50% probability in a stepped
structure like those found in cyclam disalts.11 Namely,
DCl was eliminated from CDCl3 to provide a mono
DCl salt of 1a. After the proton abstraction, the resul-
tant CCl3− was broken down to dichlorocarbene, which
could be trapped with cyclohexene to afford 7,7-
dichloronorcarane.12 Actually, mono HCl salt of 1a was

best prepared by allowing 1a to react with CHCl3
containing a large excess of cyclohexene for 20 h at
room temperature (72% yield). On the other hand, 1b
did not show any sign of elimination of DCl from
CDCl3, probably because the large phenyl groups shield
the nitrogen lone pairs and/or rigidify the ring system.4

Since similar rapid decomposition also took place in
CH2Cl2, the basicity of 1a appeared to be very high.13

We estimated the basicity from competition experi-
ments using the well-known strong base DBU (pKa

24.32).14 A solution containing 1a, DBU and CF3CO2H
in a molar ratio of 1:1:1 in CD3CN exhibited 13C
signals as exchange-averaged peaks for both DBU–
DBU·H+ and 1a–1a·H+ systems. Because free 1a is
insoluble in CD3CN, the pKa value of 1a was estimated
from the downfield shifts observed for the DBU car-
bons. By comparison with predetermined linear plots
obtained by titrations of DBU with CF3CO2H, the
population of DBU·H+ in this equilibrium mixture was
determined as 33.2%, which corresponds to a pKa value
of 24.9 for 1a. Therefore, the basicity of 1a is slightly
higher than that of DBU and the same as Weisman’s
transannular ethylene bridged cyclam 6 (pKa 24.9).15

It is interesting to note that, while free 1a has little
propensity to pick up a proton(s) even in rather wet
C6D6 or DMSO-d6, once converted to H+@1a·Cl−, a
proton of residual water in the solvent becomes
entrained in the cavity exhibiting a peak at d 9.18 ppm
for two protons, instead of one, in DMSO-d6. This
entraining effect may be interpreted as a result of
shortening of the N–N distances of the bispidine units
on protonation at one of the bispidine units, as well as
polarization of the molecule. A similar entrainment
effect was observed for 1b, where its mono Li+ complex
always took a proton from the NMR solvent, whereas
free 1b did not show any protonation.4 In this respect,
it should be mentioned that the crystal of D+@1a·Cl−

contained two molecules of CHCl3 hydrogen bonded to
the chloride ion (Cl−···H-C10=3.382 A, , Cl−···H-C11=
3.586 A, ), as shown in Fig. 1. Once the CHCl3 molecules
were lost on standing in the air, the resultant powder
was very hygroscopic.

The included proton in 1a rapidly shifts its position
between the two bispidine units at room temperature in
solution because the 1H NMR spectrum (600 MHz,
toluene-d8) of H+@1a·(CH3)3CCO2

− consists of simple
averaged peaks for the bispidine units and ethylene
bridges. This rate process became slowed down on
cooling and the peaks were extremely broad at ca.
−30°C. Although at −70°C the spectrum was comprised

Figure 1. The ORTEP drawing of D+@1a·Cl−·2CHCl3 (ther-
mal ellipsoids are drawn at the 50% probability level).
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of complex but well-resolved peaks, suggesting fixation
of the included proton to one of the two sites, we could
not fully analyze the proton-transfer process because the
peaks started to broaden again on further cooling,
indicating the presence of another rate process.

It should be mentioned that, in contrast to the immediate
reaction with CDCl3 for 1a, almost no change was
observed in the cases of DBU and proton sponge,16

except for gradual increase in the intensity of the CHCl3
signal in the solvent due to base-catalyzed D–H exchange
of CDCl3 with residual water. Since the basicity of 1a is
only slightly higher than DBU, this remarkable differ-
ence may be ascribed to strike factors. Namely, while
such bases as DBU and proton sponge having readily
accessible nitrogen atoms are incapable of separating a
proton completely from CHCl3,17 the sterically hindered
nitrogens of 1a can separate and withdraw the proton
into the molecular cavity, allowing the resultant free
CCl3− to liberate Cl− to form dichlorocarbene. Therefore,
1a behaves as a real proton sponge and will find
applications as a non-nucleophilic base.

Probably for the same steric reasons, lithium was so far
the only metal to form a stable complex with 1a.
However, interaction of 1a with transition metal ions is
evident from immediate color changes on mixing with the
metal salts. Searches are underway to find suitable
conditions for complexation.
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