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Di-/~-chloro-bis[chloro(6,7,8,9,10,11,18,19- 
octahydro-5H,17H-dibenzo[f ,o][1,5,9,13]- 
dioxadiazacyclohexadecane)copper(II)] 

Comment 
In recent years, various macrocyclic ligands have been 
the subject of an intense research effort because of their 
high selectivity towards metal ions. From the investiga- 
tion of the interaction of N202-donor macrocycles with 
Cu II and high-spin Ni H, Anderegg, Ekstrom, Lindoy & 
Smith (1980) reported that one of the major parame- 
ters affecting the metal-ion specificity for Ni n is the 
hole size in the macrocyclic ligand. It has been con- 
firmed by X-ray studies of Ni n analogues (Adam et al., 
1979) that the nickel ion sits in the hole of the macro- 
cycle and a clear correlation between macrocyclic hole 
size and thermodynamic stability has been observed. In 
contrast, such a correlation was not observed for Cu H 
complexes (Adam et al., 1980). In an effort to elucidate 
the difference in behaviour for Cun complexes, we have 
determined the structure of  title complex, (I). 
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Abstract 

The title complex, [CuC12(C20H26N202)]2, has a cen- 
trosymmetrical dimeric structure linked by a pair of 
chloride bridges. Each Cu atom has the five-coordinated 
geometry of a distorted square pyramid. The axial sites 
are occupied by the bridging chlorides which are bound 
asymmetric~ly to Cu at distances of 2.8288(14) and 
2.2963 (12) A. The Cu-..Cu distance of 3.4294 (13) ,& 
is too long to suggest a Cu--Cu bond in the dimeric 
unit. 

]" Alternative name: di-/z-chloro-bis{chloro[2,6-dioxa- 14,18-diaza- 
tricyclo[ 18.4.0.07,12 ]tetracosa- 1 (20),7( 12),8,10,21,23-hexaene-N, N ~ ]- 
copper(II)}. 
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Fig. 1. Displacement ellipsoid plot (50% probability level) for the 

title complex with the atom-numbering scheme. H atoms have been 
omitted for clarity. 
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Each Cu atom has the five-coordinated geometry of 
a distorted square pyramid. The Cu atom is bound to 
two secondary amine N atoms in cis positions, to a ter- 
minal C12 and a bridging Cll  atom in the basal plane 
of a square-planar geometry. The C u - - N  distances are 
2.025 (4) and 2 .044 (4 )A ,  and the Cu--C1 distances 
in the basal plane are 2 .2963(12)  and 2.2949 (14) ,4,. 
The axial site is occupied by the other bridging chlo- 
ride [Clli; symmetry code: (i) - x ,  1 - y , o - Z ]  which 
is at a muchogreater distance [2.8288 (14)A]  than CI1 
[2.2963 (12)A]  in the basal plane. The Cu-- .Cu i sep- 
aration of 3 .4294(13)k ,  is similar to those of related 
dimeric Cu II complexes which have no Cu- -Cu  bond 
(Bailey, Fenton, Williams & Winter, 1989). 

Experimental  

The title complex was prepared by adding a solution of the 
ligand in methanol dropwise to a hot methanolic solution of 
copper(II) chloride. The resulting precipitate was recrystallized 
from acetonitrile by slow evaporation of the solvent at room 
temperature. 

Crystal data 

[Cu2C14(C20H26N202)z] M o  Kc~ radia t ion 
Mr = 921.78 A = 0 .71069 ]k 
Monoc l in i c  Cell  parameters  f rom 25 
P21/ c ref lect ions  

a = 7.529 (2) ,4, 0 = 11 .34-12 .67  ° 
b = 13.278 (2) ,~ /z = 1.348 m m  -~ 
c = 20.457 (3) a, T = 293 (2) K 
/3 = 92.14 (2) ° B lock  
V = 2043.7 (7) ,~3 0.25 x 0.20 × 0.20 m m  
Z = 2 L igh t  green 

D,  = 1.498 M g  m -3 

Dm not  measu red  

Data collection 

E n r a f - N o n i u s  C A D - 4  
d i f f r ac tomete r  

co~20 scans  
Absorp t ion  correct ion:  none  
3152 measu red  ref lect ions  
3152 independen t  ref lect ions 
2414 ref lect ions wi th  

I > 2o'(/) 

0m,x = 24.98 ° 
h = - 8 - - , 8  
k = 0 - +  15 
l = 0 - - - + 2 4  
3 s tandard  ref lect ions 

f requency:  180 min  
in tens i ty  decay:  < 2 . 3 %  

Refinement 

Ref inemen t  on F 2 
R[F 2 > 2o.(F2)] = 0 .050 
wR(F 2) = 0.100 

S = 1.062 
3152 ref lect ions 
276 parameters  
All  H a toms  ref ined 
w = 1/[o.2(Fo z) + (0 .0392P)  2 

+ 1.0274P] 
where  P = (F~ + 2Fc2)/3 

(z~/o.)max < 0.001 
Apmax = 0.416 e ,4,- 3 
Apmin = -0 .247  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
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o 
Table 1. Selected geometric parameters (A, 

Cu--N9 2.025 (4) C64---C7 
Cu--N 13 2.044 (4) C7---C8 
Cu---CI2 2.2949 {14) C8--N9 
Cu----CI I 2.2963 (12) N9--C I 0 
Cu----C1 I' 2.8288 (14) CI0----CI 1 
OI--C16 1.355 (6) C11---CI2 
O 1 ~ 2  1.417 (6) CI2--N13 
C2--C3 1.483 (8) N13--C14 
C3~C4 1.488 (8) C 1 ~ 1 5  
C4---O5 1.429 (6) C 15~C 151 
O5---C6 1.367 (6) C15---C16 
C6--C7 1.381 (6) CI51--C152 
C6--C61 1.391 (6) CI52--CI53 
C6 I---C62 1.369 (7) CI53--C154 
C62---C63 1.347 (8) C I 5 ~ 1 6  
C63---C64 1.380 (7) 
N9---Cu--N 13 91.2 (2) C ~ 7 - - - C 8  
N9---Cu--CI2 87.5 ( I ) C6-477--C8 
N 13--Cu---C12 176.7 ( I ) N9~C8---C7 
N9--Cu---CI 1 164.4 (1) C 10--N9----C8 
N 13--Cu--CI 1 87.6 (I) C 10--N9---Cu 
CI2----Cu---CI 1 94.48 (4) C8--N9---Cu 
N9---Cu---C11 i 98,8 (1) N9---4710---C 11 
N 13----Cu---CI 1 ' 88.0 (1) C 12----C 11 ----C I 0 
CI2--Cu---CI 1' 89.20 (5) N 13--4712--C11 
CI I---Cu--CI 1' 96.69 (4) CI2--N13---CI4 
Cu---CI 1---Cu' 83.31 (4) C12--N 13---Cu 
C 16---O 1--C2 118.5 (4) C14--N 1 3 ~ u  
O 1 ----C2----C3 111.0 (5) N 13---C14----CI 5 
C2~3----C4 118.0 (6) C 15 I---C 15---4716 
O5---C4---C3 109.6 (5) C151 ~C15---4214 
C6---O5--C4 118.1 (4) C16---C15---C 14 
O5--C6--C7 116.3 (4) CI 5--C151--47152 
O5---C6---4761 122.6 (5) C153~152--C151 
C7--C6--C61 121.1 (5) C 154---C 153--CI 52 
C62~C61--C6 119.1 (5) C153--C154--C16 
C63--C62---C61 121.1 (5) O I----C 16--CI 54 
C62--C63---C64 119.1 (6) O1--CI 6-4715 
C7---C64----C63 122.4 (5) C] 54----CI 6--C 15 
C64--C7---C6 117,2 (4) 

Symmetry code: (i) - x ,  1 - y , - z .  

o) 

.371 (6) 

.516 (6) 

.492 (6) 

.475 (6) 

.500 (6) 

.499 (6) 

.482 (5) 

.493 (5) 

.498 (6) 

.369 (7) 

.400 (7) 

.382 (9) 

.371 (I0) 

.360 (10) 

.393 (7) 

21.1 (4) 
21.7 (5) 
14.4 (4) 
15.2 (4) 
17.1 (3) 
11.2 (3) 
12.8 (4) 
13.8 (4) 
13.6 (4) 
14.6 (4) 
15.5 (3) 
12.7 (3) 
13.6 (4) 
18.0 (5) 
20.8 (5) 

121.1 (5) 
121.5 (7) 
119.1 (7) 
121.5 (7) 
118.9 (7) 
123.1 (6) 
116.2 (4) 
120.7 (6) 

The  title s t ructure  was  so lved  by  direct  m e t h o d s  and ref ined by  
fu l l -mat r ix  least  squares  wi th  anisot ropic  d i sp l acemen t  factors  
for  the non -H atoms.  The  C-bonded  H - a t o m  pos i t ions  were  
ca lcu la ted  geomet r i ca l ly  (aliphatic:  0.97; phenyl :  0.93 A) and 
cons t ra ined  to r ide on the re levant  C a toms.  The  posi t ions  o f  
the N-bonded  H a toms  were  found  f rom a d i f fe rence  Four ie r  
synthes is .  All  H a toms  were  ref ined isotropical ly.  

Data  col lect ion:  SDP (Frenz,  1985). Cel l  re f inement :  SDP. 
Data  reduct ion:  SDP. Program(s )  used to solve structure:  
SHELXS86 (Sheldr ick,  1985). P rogram(s )  used  to refine struc- 
ture: SHELXL93 (Sheldr ick ,  1993). Molecu la r  graphics:  OR- 
TEPII ( Johnson,  1976). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: TA1126). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The title compound, bis[(methyl 8,13-diethyl-2,21,22,23- 
tetrahydro-3,7,12,17-tetramethyl-23 -oxo-3H-benzo [at] - 
porphyrin- 18- carboxylato- ~;4M) zinc (II) ], [Zn(C33 H34- 
N403)]2,  has similar structural characteristics to the 
naturally occurring factor F430 and forms dimers that 
are held together by axial interactions between the 
zinc(II) center and the cyclohexanone carbonyl O atom 
of a neighboring macrocycle [Zn--O3 2.204 (3) ,A]. 
These dimers form infinite stacks in the crystal stabilized 
by 7r-Tr interactions between the aromatic ring systems. 

Comment 
The structure of the cofactor F430 of methyl coenzyme 
M reductase involved in methanogenesis has been 
determined unambiguously as a nickel hydrocorphin 
(F~il'ber et al., 1991). The structure is characterized 
by a high degree of saturation of the basic porphyrin 
system and the presence of a fused cyclohexanone ring. 
The latter structural feature is also found in derivatives 
of the anhydro-meso-porphyrin-XV series, which can 
be chemically synthesized from chlorophyll derivatives 
(Smith & Simpson, 1987). 

The zinc(H) complex of anhydro-meso-rhodochlorin 
methyl ester, (I), shows the same trans arrangement 
of the H atoms at C17 and C18 as found in cofac- 
tor F430, with a C17---C18 single bond of 1.451 (7),~. 

The structural characteristics of the macrocycle system 
are typical for chlorins (Scheidt & Lee, 1987). The 
ring system shows a moderate degree of ruffling, i.e. 
a non-planar macrocycle distortion with tilting of the 
pyrrole rings against the mean plane (Scheidt & Lee, 
1987). The average deviation of the 24 atoms compris- 
ing the teotrapyrrole system from their least-squares plane 
is 0.132 A. The largest deviations from planarity are ob- 
served for some Cb positions and the meso-C atoms, the 
latter being displaced alternately above and below the 
mean plane by 0.2-0.3 A. The structure of the corre- 
sponding nickel(II) isobacteriochlorin [(anhydro-meso- 
rhodoisobacteriochlorinato)nickel(II)] shows a signifi- 
cantly higher degree of $4 ruffling (Renner et al., 1991). 

0) 

Interestingly, the presence of the fused cyclohexanone 
ring leads to the formation of a bischlorin structure, 
consisting of two macrocycles, related to each other 
by an inversion center and held together using the 
carbonyl O atom of the cyclohexanone ring of one 
macrocycle as an axial ligand to the zinc center of 
another (Fig. 1). Thus, the core geometry is similar to 
that of pentacoordinate zinc(II) porphyrins, with the zinc 
center located 0.22 A above the mean plane of the mol- 
ecule and a Zn---O bond length of 2.204 (3) ,~. 

This bond length is comparable to that found in 
monomeric pentacoordinate zinc(II) porphyrins with 
water or alcohols as axial ligands (Scheidt & Lee, 
1987), but is shorter than those found in the polymeric 
(2,3,7,8,12,13,17,18-octaethyl-5,10,15,20-tetranitro- 
porphyrinato)zinc(II), where a nitro O atom serves as 
an axial ligand [Zn--O 2.485 (5)A; Senge & Smith, 
1994], and in a cyclophane-type zinc(II) porphyrin 
benzoquinone, which has a oquinone O atom as an 
axial ligand [Zn--O 2.532 (3)A; Staab, Krieger, Anders 
& Rtickemann, 1994]. Axial coordination of carbonyl 
O atoms to metal centers of neighboring macrocycles 
is often found in chlorophyll aggregates (Abraham 
& Rowan, 1991) and in the solid-state structures of 
covalently linked zinc(II) porphyrin quinones (Staab, 
Krieger, Anders & Rtickemann, 1994; Senge & Kurreck, 
1997). 

The bischlorin is further characterized by weak 7r-Tr 
interactions. The interplanar separation (i.e. the distance 
between the centers of the planes defined by the four N 
atoms) of the ring systems in a given dimer is 3.95 (1) A. 
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