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The preparation and crystal structures of (4,11-dibenzyl-

1,4,8,11-tetraazabicyclo[6.6.2]hexadecane-�4N)copper(I) hexa-

¯uorophosphate, [Cu(C26H38N4)]PF6, and acetonitrile(4,11-

dibenzyl-1,4,8,11-tetraazabicyclo[6.6.2]hexadecane-�4N)-

copper(II) bis(hexa¯uorophosphate), [Cu(C2H3N)(C26H38-

N4)](PF6)2, are described. The CuI ion is tetracoordinated in

a very distorted tetrahedron, while the CuII analogue is

pentacoordinated in a square pyramid.

Comment

Ethylene cross-bridged tetraazamacrocycles have recently

gained popularity as proton sponges (Weisman et al., 1990;

Bencini et al., 1994; Miyahara et al., 1999) but have been less

well exploited as ligands for the coordination of transition

metal ions (Weisman et al., 1996; Hubin et al., 1998). The short

two-carbon cross-bridge imparts additional rigidity as well as

topological constraints (Busch, 1993) to the parent macrocycle

ligand. The resulting ligands are strongly basic, which causes

coordination to transition metal ions to be dif®cult (Hubin et

al., 1998). However, these same attributes give the complexes

valuable properties, such as remarkable kinetic stability in

harsh aqueous conditions (Hubin et al., 1998) and useful

oxidizing ability (Busch et al., 1998).

In further investigations of the properties of these inter-

esting ligands, the copper(I) and copper(II) complexes of the

benzyl disubstituted cross-bridged cyclam 4,11-dibenzyl-1,4,-

8,11-tetraazabicyclo[6.6.2]hexadecane, i.e. (4,11-dibenzyl-1,4,-

8,11-tetraazabicyclo[6.6.2]hexadecane-�4N)copper(I) hexa-

¯uorophosphate, (I), and [acetonitrile(4,11-dibenzyl-1,4,8,11-

tetraazabicyclo[6.6.2]hexadecane-�4N)]copper(II), (II), were

prepared and then examined by X-ray crystallography, and

their crystal structures are presented here.

In the CuI complex, (I) (Fig. 1), the Cu+ ion was found to

coordinate to all four tertiary N atoms of the bicyclic ligand, in

what is best described as octahedral geometry with two vacant

positions; the pendant benzyl groups appear to block the

approach of ligands to these positions, with comparatively

short Cu� � �C distances (Cu� � �C18, C19, C25 and C26 in the

range 3.24±3.37 AÊ ). The trans angle at Cu, N8ÐCu1ÐN1, is

171.85 (5)�, with the other NÐCuÐN bond angles in the

range 85.17 (5)±97.96 (5)�. The N1ÐCu1 and N8ÐCu1 bond

lengths [2.0204 (13) and 2.0105 (13) AÊ ] are short compared

with the other CuÐN bond lengths [N4ÐCu1 2.1608 (13) and

N11ÐCu1 2.1715 (13) AÊ ] and with the average four-coordi-

nate copper(I) to tertiary-N bond length of 2.139 AÊ (Orpen et

al., 1989; Allen & Kennard, 1993). This short bond length

indicates how dif®cult it is for the ligand cavity to accomodate

Cu+ in something approaching its preferred tetrahedral

geometry.

Finally, it should be noted that (I) is the ®rst structure of an

ethylene cross-bridged cyclam in which the metal ion is

completely enclosed within the ligand cavity (the Cu atom lies

inside the N atoms subtending 172�), as opposed to the many

other complexes (Hubin, 1999) with this size of cross-bridged

ligand and small metal ions, such as Mn2+, Fe2+, Co2+, Ni2+,
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Figure 1
View of the cation of (I) showing the atomic numbering. Displacement
ellipsoids are drawn at the 50% probability level and H atoms are shown
as spheres of arbitrary radii.
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Zn2+, Mn3+ and Fe3+, in which the metal ion is situated outside

the ligand cavity (axial NÐMÐN bond angles < 180�, bent

away from the ligand cavity). We believe the geometric

preferences of the various metal ions underlie this difference.

The product of the air oxidation of (I) in acetonitrile is the

green Cu2+ complex, (II), in which an acetonitrile molecule

takes up a ®fth position around the metal. This complex is

similar to previous Cu2+ complexes of ethylene cross-bridged

ligands, which tend to have square pyramidal coordination

geometries, as does (II) (Fig. 2). The acetonitrile ligand and

three of the macrobicyclic N atoms are the equatorial ligands,

with one bridgehead N of the ligand acting as the axial ligand.

The ¯exibility of the benzyl groups of this ligand is demon-

strated in this structure, as one has been forced to rotate,

folding away from the CuII ion, in order for the acetonitrile

ligand to coordinate. In the Cu+ complex, (I), both benzyl

groups are folded towards the metal ion, essentially occupying

the empty ®fth coordination site. Similarly, complex (II) has

the metal ion completely engulfed, with an N1ÐCu1ÐN8

bond angle of 177.34 (9)�.

Experimental

To prepare complex (I), Cu(CH3CN)�PF6 (0.373 g, 0.001 mol)

dissolved in pyridine (10 ml) was added to the ligand (0.406 g,

0.001 mol) dissolved in pyridine (10 ml) under a nitrogen atmos-

phere. The reaction mixture was stirred for 20 h, giving a clear pale-

yellow solution. Filtration followed by solvent evaporation yielded

pale green±yellow crystalline blocks of (I). To prepare complex (II), a

solution of complex (I) in MeOH (15 ml) was stirred overnight while

air was gently bubbled through it. The solution quickly turned dark

green. Filtration followed by evaporation of the solvent yielded a

dark-green crude product. Pure (II) was obtained on addition of

excess NH4PF6 to an acetonitrile solution of the crude product. Ether

diffusion into this solution yielded X-ray quality crystals.

Compound (I)

Crystal data

[Cu(C26H38N4)]PF6

Mr = 615.11
Monoclinic, P21=n
a = 9.5684 (2) AÊ

b = 11.7898 (2) AÊ

c = 24.294 (1) AÊ

� = 90.684 (1)�

V = 2740.4 (7) AÊ 3

Z = 4

Dx = 1.491 Mg mÿ3

Mo K� radiation
Cell parameters from 5967

re¯ections
� = 3±20�

� = 0.920 mmÿ1

T = 180 (2) K
Irregular block, pale green±yellow
0.6 � 0.5 � 0.4 mm

Data collection

Siemens SMART diffractometer
! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.544,Tmax = 0.692

15 900 measured re¯ections
6434 independent re¯ections

5449 re¯ections with I > 2�(I)
Rint = 0.020
�max = 28.6�

h = ÿ12! 11
k = ÿ11! 15
l = ÿ27! 32

Re®nement

Re®nement on F 2

R[F2 > 2�(F2)] = 0.030
wR(F2) = 0.078
S = 1.023
6434 re¯ections
344 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.036P)2 + 1.26P]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max = 0.003
��max = 0.515 e AÊ ÿ3

��min = ÿ0.373 e AÊ ÿ3

Extinction correction: SHELXL97
(Sheldrick, 1997a)

Extinction coef®cient: 0.0023 (2)

Compound (II)

Crystal data

[Cu(C2H3N)(C26H38N4)](PF6)2

Mr = 801.14
Triclinic, P1
a = 9.9695 (4) AÊ

b = 10.5610 (5) AÊ

c = 17.7607 (8) AÊ

� = 101.236 (1)�

� = 101.105 (1)�

 = 109.157 (1)�

V = 1664.83 (13) AÊ 3

Z = 2
Dx = 1.598 Mg mÿ3

Mo K� radiation
Cell parameters from 7334

re¯ections
� = 3±20�

� = 0.849 mmÿ1

T = 180 (2) K
Block, dark green
0.4 � 0.2 � 0.2 mm

Data collection

Siemens SMART diffractometer
! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.774,Tmax = 0.881

10 176 measured re¯ections
7384 independent re¯ections

6457 re¯ections with I > 2�(I)
Rint = 0.015
�max = 28.53�

h = ÿ12! 13
k = ÿ14! 13
l = ÿ20! 23

Re®nement

Re®nement on F 2

R[F2 > 2�(F2)] = 0.055
wR(F2) = 0.146
S = 1.051
7384 re¯ections
434 parameters

H-atom parameters constrained
w = 1/[�2(Fo

2) + (0.0648P)2

+ 3.3905P]
where P = (Fo

2 + 2Fc
2)/3

��max = 1.087 e AÊ ÿ3

��min = ÿ0.882 e AÊ ÿ3

Figure 2
View of the cation of (II) showing the atomic numbering. Displacement
ellipsoids are drawn at the 50% probability level and H atoms are shown
as spheres of arbitrary radii.



For both compounds, data collection: SMART (Siemens, 1994); cell

re®nement: SAINT (Siemens, 1995); data reduction: SAINT.

Program(s) used to solve structure: SHELXS97 (Sheldrick, 1990) for

(I); SHELXTL (Sheldrick, 1997b) for (II). Program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997a) for (I); SHELXTL for (II).

For both compounds, molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL.
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Table 2
Selected geometric parameters (AÊ , �) for (II).

Cu1ÐN31 2.049 (3)
Cu1ÐN8 2.056 (3)
Cu1ÐN11 2.088 (2)

Cu1ÐN1 2.116 (2)
Cu1ÐN4 2.142 (3)

N31ÐCu1ÐN8 88.19 (10)
N31ÐCu1ÐN11 173.04 (10)
N8ÐCu1ÐN11 86.28 (10)
N31ÐCu1ÐN1 91.98 (10)
N8ÐCu1ÐN1 177.33 (10)

N11ÐCu1ÐN1 93.35 (9)
N31ÐCu1ÐN4 97.76 (10)
N8ÐCu1ÐN4 95.25 (10)
N11ÐCu1ÐN4 86.96 (10)
N1ÐCu1ÐN4 87.37 (10)

Table 1
Selected geometric parameters (AÊ , �) for (I).

Cu1ÐN8 2.0105 (13)
Cu1ÐN1 2.0204 (13)

Cu1ÐN4 2.1608 (13)
Cu1ÐN11 2.1715 (13)

N8ÐCu1ÐN1 171.85 (5)
N8ÐCu1ÐN4 97.96 (5)
N1ÐCu1ÐN4 88.12 (5)

N8ÐCu1ÐN11 89.04 (5)
N1ÐCu1ÐN11 96.92 (5)
N4ÐCu1ÐN11 85.17 (5)


