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Figure 2. Crystal conformation (top) and 1H 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 pATaj > 13.5, since they cannot be measured by 
aqueous titration.14 Moreover, 3-H+ and 4-H+ strongly resist 
protonation, as indicated by the low values of their second acid 
dissociation constants: pKi2 = 4.4 and 4.9 for 3 and 4, respectively. 
Thus, pKaj - pA â2 is at least 8.6 pATa units, whereas this value is 
only 5.05b or 5.84 pKE 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.2 The exceptional stability of 3-H+ suggests that bi-
cyclization could be a proton-templated process, as has been 
observed in cryptand synthesis.15 Unlike many bridgehead bicyclic 
diamines,716 3 and 4 immediately form internally protonated salts 
when trifluoroacetic acid is added to the CDCl3 solutions. Alder 
et al. have reported that l,5-diazabicyclo[6.3.3]tetradecane must 
be heated overnight in trifluoroacetic acid to obtain the inside 
protonated species [5(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"17 and receptors for other ions. 
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(14) The pH of 0.1 M solutions of these bases are approximately 13. 1H 
NMR experiments have established that in Me2SCW6 3 is slightly more basic 
than l,5-diazabicyclo[4.3.0]non-5-ene (DBN), which has an aqueous pATa of 
approximately 13.5: Barton, D. H.; Eliot, J. D.; Gero, S. D. J. Chem. Soc, 
Perkin Trans. 1 1982, 2085-2090. 
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For a few years, we have participated to the efforts to design 
molecular compounds ordering ferromagnetically.1'5 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 
complexes6 but we have not been able yet to extend it to three-
dimensional lattices. Recently, we have proposed an alternative 
strategy3 consisting to polarize local spins 5/2 (Mn2+ or Fe3+) along 
the same direction through antiferromagnetic interactions with 
local spins Y2 (Cu2+). That approach already led us to a 
Mn2+Cu2+Mn2+ trinuclear species with a spin 9 /2 ground state7 

and to Mn2+Cu2+ ordered bimetallic chains exhibiting one-di
mensional ferromagnetic-like behaviors in the low-temperature 
range.3,8 However, all those compounds display a three-dimen
sional antiferromagnetic ordering at very low temperature. 
MnCu(pba)(H20)3-2H20 (1) where pba denotes 1,3-propylene-
bis(oxamato) is a recently described chain compound of this kind.3,9 

The variation vs. the temperature T of the product X M ^ XM 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.9 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 a direction are as shown in I with Cu---Cu = 6.545 A and 
Mn---Mn = 6.997 A as shortest interchain metal-metal separa
tions in this direction. In the c direction, the shortest interchain 
separations are also Cu---Cu = Mn---Mn = 5.2105 A. This 
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Figure 1. Perspective view of three neighboring chains in 2. The origin 
of the unit cell is in the upper left hand corner; the a axis runs top to 
bottom and the b axis left to right. 

situation leads to a cancellation of the spin if, as is most likely, 
the Mn2+Mn2+ and Cu2+Cu2+ interchain interactions are anti-
ferromagnetic. If we are able to displace every other chain by 
half a repeat unit along b as shown in II, a ferromagnetic order 
may be expected, provided that the Mn2+Cu2+ interchain inter
action is antiferromagnetic. 
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Mn 
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Mn Mn 

We have succeeded in synthesizing the chain compound 
MnCu(pbaOH)(H20)3 (2), in which the relative orientations of 
the chains are close to II. Chemically, 2 differs from 1 only in 
the replacement of the central methylene group of the propylene 
chain by CHOH.10 2 crystallizes in the orthorhombic system, 
space group /»2,2,2, with a= 12.351 (7) A, i = 21, 156(11) A, 
c = 5.073 (10) A, and Z = A MnCu units. The structure of the 
chains in 2 is very close to that found in 1, with the same sur
roundings for the Mn2+ and Cu2+ ions. The arrangement of 
neighboring chains in the a direction is illustrated in Figure 1. 
The shortest interchain metal-metal separation in this direction 
is Mn---Cu = 5.751 A. In 2, as well as in 1, the chains closest 
to one another are those related by a unit cell translation along 
c, Cu-- -Cu = Mn---Mn being 5.073 A in 2. 

The XMT VS. T plot for 2 between 300 and 4.2 K is shown in 
Figure 2. Down to about 60 K, the magnetic behavior of 2 is, 
within the experimental uncertainties, identical with that of 1, 
with a minimum of X M ^ about 115 K. The minimum is the 
signature of the antiferromagnetically coupled bimetallic 
chains.8,1112 Below 60 K, on the other hand, the increase of X M ^ 
upon cooling down is much more abrupt in 2 than in 1. At 4.2 

(10) 2 was synthesized as follows: the action of 1 mol of 2-hydroxy-l,3-
propylenediamine on 2 mol of ethyl oxamate affords the 2-hydroxy-l,3-
propylenebis(oxamide). This compound reacts with 1 mol of Cu(N03)2-3H20 
in the presence of 4 mol of OH" to give after hydrolysis of the primary amine 
groups Na2[Cu(pbaOH)]. Blue single crystals of 2 were obtained by slow 
diffusion of aqueous solutions of Mn(C104)2-6H20 and Na2[Cu(pbaOH)]. 
Anal. Calcd for C7H12N2O10CuMn: C, 20.88; H, 3.00; N, 6.96; Cu, 15.7; 
Mn, 13.64. Found: C, 20.95; H, 3.18; N, 6.97; Cu, 16.01; Mn, 13.79. 

(11) Drillon, M.; Gianduzzo, J. C; Georges, R. Phys. Lett. A 1983, 96 A, 
413-416. 

(12) Verdaguer, M.; Julve, M.; Michalowicz, A.; Kahn, O. Inorg. Chem. 
1983, 22, 2624-2629. 
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Figure 2. Temperature dependence of XMT for MnCu(pbaOH)(H20)3 

(2) in the 300-4.2 temperature range. In the inserted frame, we ex
panded the XMT axis in the 50-200 K temperature range to give evidence 
of the minimum of XMT. 
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Figure 3. Temperature dependence of the magnetization M for MnCu-
(pbaOH)(H20)3 (2) in the 6-3.5 K temperature range and a field of 3 
x 10~2 G: (•) sample cooled in the field (FCM); (O) sample cooled in 
zero field and then heated in the field applied at 3.5 K (ZFCM). 

K, X M ^ f° r 2 reaches the extraordinary high value of about 100 
cm3 mol"1 K, which strongly suggests that a ferromagnetic order 
occurs in the liquid-helium temperature range. To confirm this, 
we have studied the variation vs. T of the magnetization M in fields 
between 3 X 10"2 and 10 G with a SQUID magnetometer.13 The 
field-cooled magnetization (FCM) at 3 X 10~2 G shows the usual 
feature of a ferromagnetic transition, i.e., a rapid increase of M 
below 4.8 K and a break in the curve around Tc ^ 4.6 K (see 
Figure 3). The ferromagnetic transition is distroyed when the 
field reaches a few Gauss. We have also measured M by cooling 
the sample down to 3.5 K in zero field, then applying the field 
of 3 X 10"2G and heating up (zero field cooled magnetization, 
ZFCM). The ZFCM below T1. is much smaller than the FCM, 
owing to the fact that the applied field is too weak to move the 
domain walls. The ZFCM exhibits a maximum around Tc, as 
is usual in polycrystalline ferromagnets.14 

MnCu(pbaOH)(H20)3 (2) may be considered as one of the 
first genuine molecular ferromagnets. When examining carefully 
the arrangement of the chains in Figure 1, one notices that the 
displacement of every other chain in the b direction is slightly less 
than half a repeat unit, so that the ideal structural situation is 
not yet reached. It follows that in the frame of our strategy, one 
may expect to shift the ferromagnetic transition toward the higher 
temperatures. 

(13) Beauvillain, P.; Chappert, C; Renard, J. P. J. Phys. E: Sd. lnstrum. 
1985, 18, 839-845. 

(14) Hitzfeld, M.; Ziemann, P.; Buckel, W. Phys. Rev. B 1984, 29, 5023. 
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The study of the interactions between "host" and "guest" 
molecules is an area of continuing activity. Previous investigations 
of this type have dealt with organic hosts, including crown ethers,1 

cyclophanes,2 and calixarenes,3 as well as with cyclic nitrogen 
donors that can accommodate both transition-metal ions and 
small-molecule guests.4 We have recently studied the formation 
and properties of cofacial binuclear transition-metal complexes 
based on bis(/3-diketone) ligands. Our first complexes M2(m-
XBA) 2 , with the general structure 1 shown below, utilized the 

w-xylylene bridging group.5 We have now synthesized a new 
bis(|3-diketone) ligand, which we call NBAH 2 , based on the larger 
2,7-naphthalenediylbis(methylene) bridge. The resulting com
plexes M 2 (NBA) 2 (2) have significantly larger cavities. We report 
herein the preparation and structural characterization of Cu2-
(NBA) 2 , its affinity for mono- and difunctional Lewis bases, and 
its selective intramolecular reaction with the guest molecule 
l,4-diazabicyclo[2.2.2]octane (Dabco). 

The new ligand N B A H 2
6 is readily converted to Cu 2 (NBA) 2 

by treatment with aqueous Cu(NH 3 ) 4
2 + . The structure of Cu2-

(1) Cram, D. J.; Trueblood, K. N. In Host Guest Complex Chemistry: 
Macrocycles; Springer: Berlin, 1985; pp 125-188. For an example of a 
flexibly bridged bis(crown ether) enclosing a bifunctional ammonium ion, see: 
Goldberg, I. Acta Crystallogr., Sect. B 1977, 33, 472-479. 

(2) Elschenbroich, C; Mdckel. R.; Zenneck, U. Angew. Chem., Int. Ed. 
Engl. 1978, 17, 531-532. Miller, S. P.; Whitlock, H. W.. Jr. J. Am. Chem. 
Soc. 1984, 106, 1492-1494. 

(3) Gutsche, C. D. In Host Guest Complex Chemistry: Macrocycles; 
Springer: Berlin, 1985; pp 375-421 and references therein. 

(4) Meade, T. J.; Busch, D. H. Prog. Inorg. Chem. 1985, 33, 59-126. 
Coughlin, P. K.; Lippard, S. J. Inorg. Chem. 1984, 23, 1446-1451. Agnus, 
Y.; Louis, R.; Weiss, R. J. Am. Chem. Soc. 1979, 101, 3381-3384. Drew, 
M. G. B.; McCann, M.; Nelson, S. M. J. Chem. Soc, Chem. Commun. 1979, 
481-482. 

(5) Maverick, A. W.; Klavetter, F. E. Inorg. Chem. 1984, 23, 4129-4130. 
(6) Alkylation (Martin, D. F.; Fernelius, W. C; Shamma, M. J. Am. 

Chem. Soc. 1959, 81, 130-133) of the 2,4-pentanedionate ion by 2,7-bis-
(bromomethyl)naphthalene (Katz, T. J.; Slusarek, W. / . Am. Chem. Soc. 
1979, 101, 4259-4267) afforded NBAH2. Anal. Calcd for C22H24O4 
[NBAH2; 3,3'-[2,7-naphthalenediylbis(methylene)]bis(2,4-pentanedione)]: C, 
74.98; H, 6.86. Found: C, 75.12; H, 6.86. 

Figure 1. ORTEP7 drawings for C U 2 ( N B A ) 2 ^ C H C I 3 , with thermal ellip
soids at the 33% probability level. Hydrogen bonds (Cl3CH---O) shown 
in single lines; other hydrogen atoms omitted for clarity, (a) Side view, 
including atom labeling scheme. Primed and unprimed atoms are related 
by the crystallographic inversion center, (b) End view, showing orien
tation of hydrogen-bonded chloroform molecules. 

Table I. Binding Constants for Cu2(NBA)2 with Lewis Bases B" 

y N . , - N ^ , N ^ - - N . 

@ Cg] QD CO 
3 4 5 6 

B AT/M-' B K/M-' 

pyridine (3) 0.5 ± 0.2 quinuclidine (5) 7 ± 2 
pyrazine (4) 5 ± 1 Dabco (6) 220 ± 20 

"Determined spectrophotometrically in CHCl3 solution, 20 ± 1 0C. 

(NBA)2-2CHC13 (see ORTEP7 drawing in Figure l ) 8 a contains 
centrosymmetric binuclear units ( C u - - - C u 7.349 (1) A). The 
"Cu(acac) 2" (acacH = 2,4-pentanedione) and bridging naph
thalene planes make an angle of 82.3°, giving the complex ap
proximate C2h symmetry. 

Two weak interactions are evident in the Cu 2(NBA) 2-2CHCl 3 

structure. First, the chloroform molecules lie approximately 
symmetrically between two /3-diketone O atoms, with Cl3CH- - -O 
distances (2.32 and 2.40 A) indicative of weak hydrogen bonding. 
The resulting bifurcated hydrogen bond, shown in Figure 1, 
confirms the association between chloroform and /3-diketone 
complexes which was previously proposed on the basis of 'H N M R 
line-broadening data.5 ,9 The second weak interaction in the 
Cu 2 (NBA) 2 -2CHCl 3 structure is a 7r-stacking arrangement of 
adjacent Cu 2 (NBA) 2 molecules.10 

(7) Johnson, C. K. ORTEP-II: A Fortran Thermal-Ellipsoid Plot Program 
For Crystal-Structure Illustrations, Report ORNL-5138; National Technical 
Information Service, U. S. Department of Commerce: Springfield, VA, 1976. 

(8) Nicolet P3 diffractometer, Mo Ka radiation, oi scan, variable scan rate; 
VAXSDP program system; solution via Patterson map and subsequent difference 
Fourier syntheses; full-matrix least-squares refinement. Satisfactory micro
analyses for the complexes could not be obtained because of solvent loss, (a) 
C U 2 ( N B A ) 2 ^ C H C I 3 , crystallized from chloroform by layering with aceto-
nitrile. Space group C2/c; a = 19.942 (5) A, b = 10.371 (2) A, c = 26.656 
(9) A; 0 = 116.85 (2)°; V = 4919 (2) A3; Z = A; 3050 reflections (/ > 3(7(7)); 
372 parameters; R = 0.038; Rw = 0.056. (b) Cu2(NBA)2(M-Dabco> 
2CH2C12-2H20, crystallized from dichloromethane by layering with hexane. 
Space group Pnma; a = 22.771 (6) A, b = 22.326 (5) A, c = 11.621 (3) A; 
V = 5908 (2) A3; Z = 4; 1490 reflections (/ > 2<r(/)); 281 parameters; R = 
0.105; /?„ = 0.135. 

(9) Kitaigorodskii, A. N.; Nekipelov, V. M.; Zamaraev, K. I. J. Struct. 
Chem. (Engl. Transl.) 1978, 19, 686-693. 

(10) An ORTEP7 diagram illustrating these interactions (Cu- - -C and C- - -O 
distances 3.20-3.25 A) is available as supplementary materia!. For a dis
cussion of aggregation in mononuclear copper(II) complexes, see: Chikira, 
M.; Yokoi, H. J. Chem. Soc, Dalton Trans. 1977, 2344-2348. 
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