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or pyrolysis, and in investigating the structures of potential alkanol
dehydration catalysts.
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Macrocyclic polyamines have proven to be useful cation re-
ceptors in which multiple pairs of nonbonded electrons stabilize
a charged guest.I”* The high basicity of 1,5,9-triazacyclododecane
(1)% suggests that when three nitrogen atoms are linked in pairs
by three-atom bridges the monocation may be stabilized by a
hydrogen bonding network, as shown in 1.H*. Nitrogen lone pairs
are even more rigidly organized in diazabicyclo[n.3.3]alkanes for
which n > 4. For example, Alder et al. have shown that in
1,8-diazabicyclo[6.3.3]tetradecane (2) the internally protonated
species is very stable, but it forms extremely slowly by an intra-
molecular redox process, apparently because the protonation site
is shielded from external attack.” In this paper we describe a
combination of the structural features of 1 and 2 that leads to
a potent proton receptor in which an exposed basic site provides

a pathway for rapid protonation.

M

N N N, N
']‘.
N N
.
1 1.-H*
‘N
2

The target system of this study, triamine 3, contains a 2-
methylene-1,3-propanediyl bridge, which serves as an easily in-
troduced conformational marker and as a potential site for further
functionalization. Thus, 1,5,9-triazacyclododecane® and 3-iodo-
2-(iodomethyl)-1-propene® were added simultaneously to K,COj;
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Figure 1. Synthesis of 11-methylene-1,5,9-triazabicyclo[7.3.3.]pentade-
cane (3) and N-methyl derivative 4: (a) K,COj, isopropyl alcohal, reflux
(83%); (b) KOH, distillation at 110 °C, | mmHg (74% overall); (c)
HCO,H, CH,0, H,0, 120 °C, 6 h; distillation at 100-110 °C, 0.3
mmHg (60%).

in isopropyl alcohol (Figure 1). The high basicity and lipophilicity
of the product became apparent when the pH of the reaction
mixture was adjusted to 10-11 by using aqueous NaOH and
chloroform was used to extract the product. Hydriodic acid was
sequestered from this basic, iodide-containing solution, for re-
crystallization of the chloroform extract afforded 83% of pure
3-HI' as colorless prisms, mp 199-200 °C. Deprotonation may
be accomplished by repeatedly washing a chloroform solution of
3.HI with 2 N aqueous NaOH or by distillation of the salt from
powdered KOH. For comparison purposes, the N-methyl de-
rivative 4'0 was prepared by Eschweiler—-Clarke methylation of
3.10

Single-crystal X-ray diffraction!' and solution NMR studies
of 3-HI confirm the presence of an internal hydrogen bonded
network. In the crystal conformation of 3-HI, the smaller bridges
are oriented anti to the large bridge, which adopts a chairlike
conformation. One N-H proton was located in an “axial” ori-
entation, whereas the internal proton could not be located by
difference Fourier maps. The nitrogen atoms form an approximate
equilateral triangle with an average interatomic distance of 2.75
A. The internal proton, which was fixed at a bridgehead nitrogen
for calculation purposes, probably exchanges rapidly between the
three sites. Proton NMR spectroscopy,'? in combination with
various two-dimensional NMR methods (COSY, CSCM, and
NOESY), indicates that 3-HI adopts a very similar conformation
in CDCl; solution. As expected from the crystal conformation
of 3-HI, the exocyclic methylene protons (H,, é 5.00) are sig-
nificantly coupled only to the out-of-plane allylic protons (Hy, &
3.90, J,, = 1.7 Hz). Their geminal partners (Hy', 6 3.05, J,,' =
13.5 Hz) are expectedly shielded by the anti-directed bridgehead
lone-pair electrons.!® A significant 2D NOE correlation is ob-
served between H, and H, (Figure 2).

(10) All new compounds gave 'H NMR, '*C NMR, IR, and microana-
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Figure 2. Crystal conformation (top) and '"H NMR features of 3.-HI
(bottom). Two-dimensional NOE correlation indicated by arrow.

We estimate that the acid dissociation constants for 3 and 4
correspond to pK, > 13.5, since they cannot be measured by
aqueous titration.'™ Moreover, 3-H* and 4-H* strongly resist
protonation, as indicated by the low values of their second acid
dissociation constants: pK,, = 4.4 and 4.9 for 3 and 4, respectively.
Thus, pK,, — pK,, is at least 8.6 pK, units, whereas this value is
only 5.0%° or 5.8* pK, units for macrocycle 1. This phenomenon
has been observed for bridgehead diamines in which protonation
relieves strain and indicates that 3-H* and 4-H* are stabilized
species.” The exceptional stability of 3.H* suggests that bi-
cyclization could be a proton-templated process, as has been
observed in cryptand synthesis.!* Unlike many bridgehead bicyclic
diamines,”'® 3 and 4 immediately form internally protonated salts
when trifluoroacetic acid is added to the CDCl; solutions. Alder
et al. have reported that 1,5-diazabicyclo[6.3.3]tetradecane must
be heated overnight in trifluoroacetic acid to obtain the inside
protonated species [6(NH) = 17.25].7

In summary, we have found that bicyclization of a macrocyclic
triamine can enhance the conformational organization of three
basic sites. In contrast to bicyclic diamines that protonate slowly,
bicyclic triamines in which a third site is positioned on a flexible
bridge are protonated very rapidly. This “proton relay” concept
should prove to be of considerable utility in the design of rapid-
acting “proton sponges”™'” and receptors for other ions.
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For a few years, we have participated to the efforts to design
molecular compounds ordering ferromagnetically.'* Our first
strategy has been to impose ferromagnetic interactions between
nearest-neighbor metal centers owing to the orthogonality, strict
(symmetry imposed) or accidental, of the magnetic orbitals. This
approach allowed us to design ferromagnetically coupled dinuclear
complexes® but we have not been able yet to extend it to three-
dimensional lattices. Recently, we have proposed an alternative
strategy’ consisting to polarize local spins °/, (Mn** or Fe**) along
the same direction through antiferromagnetic interactions with
local spins '/, (Cu®*). That approach already led us to a
Mn?*Cu?*Mn?* trinuclear species with a spin °/, ground state’
and to Mn?*Cu?* ordered bimetallic chains exhibiting one-di-
mensional ferromagnetic-like behaviors in the low-temperature
range.>® However, all those compounds display a three-dimen-
sional antiferromagnetic ordering at very low temperature.
MnCu(pba)(H,0);2H,0 (1) where pba denotes 1,3-propylene-
bis(oxamato) is a recently described chain compound of this kind.»®
The variation vs. the temperature T of the product xu 7T, xu being
the molar magnetic susceptibility per MnCu unit, increases upon
cooling down below 115 K in a ferromagnetic-like fashion but
exhibits a sharp maximum at 2.3 K due to the antiferromagnetic
ordering of the ferrimagnetic chains.® In 1, the chains run along
the b axis of the orthorhombic system and are linked together
through hydrogen bonding, which provides an interchain inter-
action pathway. The relative positions of two adjacent chains in
the @ direction are as shown in I with Cu-..Cu = 6.545 & and
Mn.«-Mn = 6.997 A as shortest interchain metal-metal separa-
tions in this direction. In the ¢ direction, the shortest interchain
separations are also Cu.--Cu = Mn...-Mn = 5.2105 A. This

~ Mn |
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