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others (Aquino, Clegg, Liu & Sykes, 1995; Couldwell, 
Prout, Robey, Taylor & Rossotti, 1978; Henderson & 
Nicholson, 1995) have shown that the first-row transi- 
tion metal cations tend to crystallize as hexaaqua com- 
plexes in the presence of a variety of organosulfonate 
anions. The resulting structures have alternating lay- 
ers of hexaaqua cations and organosulfonate anions. 
The anions are usually interleaved, having the sulfonate 
groups directed to both faces of the layer, though double 
layers are also sometimes observed. The layers are held 
together by hydrogen bonding between the coordinated 
water molecules and sulfonate O atoms. One sulfonate 
which does readily coordinate to transition metal cations 
is sulfanilate (4-aminobenzenesulfonate), which forms 
structures in which the anion layers are linked by direct 
bonding between the metal and both sulfonate O and 
amine N atoms (Shakeri & Haussuhl, 1992a; Gunder- 
man, Squattrito & Dubey, 1996). Consequently, we were 
interested in the reactions of other amino-substituted 
benzenesulfonic acids and the possibility of obtaining 
structures similar to those of the sulfanilate salts. 

H20 -]2+ [- NH 2 -] 

20/I ~OH21 o3s CH 
H20 .-] 2 
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Abstract 

The title compound, [Co(H20)6](C7H8NO3S)2, has a 
structure built of segregated layers of hexaaquacobalt(II) 
cations and 2-aminotoluene-4-sulfonate anions. The 
Co atom is in a fairly regular octahedral coordina- 
tion environment of water molecules [Co---O range 
2.046 (3)-2.111 (3) ,~,]. The anions are arranged with the 
sulfonate groups directed to opposite faces of the layer 
in an alternating fashion. The layers are held together by 
a series of O---H.. .O hydrogen bonds between the water 
molecules and sulfonate O atoms [H.. .O range 1.89 (4)- 
2.10 (4) ,~,]. The Mn and Zn salts are isostructural. These 
features are similar to those of other divalent metal 
organosulfonate salts. 

Comment 
The title compound, (I), was prepared and characterized 
as part of a larger study (Shubnell, Kosnic & Squattrito, 
1994) of the coordination behavior and structural trends 
of transition metal organosulfonate salts. Our studies 
(Kosnic, McClymont, Hodder & Squattrito, 1996) and 

The cobalt 2-aminotoluene-4-sulfonate salt has no 
direct bonding between the Co atom and the O or N 
atoms of the anion (Fig. 1). The cation rests on a center 
of inversion in a fairly regular octahedral environment 
of water molecules. Although there is some variation in 
the Co--O bond distances (Table 2), they are all within 
the reported range for [Co(H20)6] 2÷ complexes (Cotton, 
Daniels, Murillo & Quesada, 1993). The geometry of the 
sulfonate anion is as expected and similar to that of the 
parent acid (Shubnell & Squattrito, 1994). The extended 
structure of this salt (Fig. 2) has its essential features in 
common with the previously reported structures of non- 
coordinating sulfonates. The hexaaqua complexes form 
planar layers in between slabs of anions. The phenyl 
rings of the anions are approximately perpendicular 
to the plane of the layer. Alternating anions have the 
sulfonate group directed to the opposite face of the 
layer, with the long axes of the anions canted slightly in 
opposite directions. This packing affords the formation 
of a short almost linear O--H.  • "Osulfonate hydrogen bond 
involving each water H atom (Table 3). The amine 
groups are somewhat in the interior of the layer and 
the H atoms have no short contacts (< 2.3 ,~) with the 
O atoms. The Mn and Zn salts are isostructural with 
the Co salt on the basis of their unit-cell parameters 
[Mn: a = 7.095(2), b = 6.301 (2), c -- 24.715(8),~,, 
/3 = 90.07(2)0; Zn: a = 7.012(2), b = 6.271 (2), c = 
24.455(5)A, /3 = 90.17(2) °] and Laue symmetry as 
determined in this laboratory. 
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18 [C0(H20)6 ] (C7H8NO3 5)2 

H(7) 
H(10) N H(1) 0(3) 

C ~  O(4) ~a,_ C P ' 4  ~ I c ( 3 ) ~ , ~ t )  O_(2) 

~ ( 1 1 )  yC(2) ~ " ~ S  

• ~ H(4) H(2) 
~" O(6) ~ O  H(14' ~C{,,, ~ ' ~ ) " % O  H (2) 

H(13) H(5) H(3) 

Fig. 1. An ORTEPII diagram (Johnson, 1976) showing the 2-amino- 
toluene-4-sulfonate, the coordination sphere around the Co atom 
and the atom-labelling scheme. The displacement ellipsoids of the 
non-H atoms are shown at the 50% probability level. 

E x p e r i m e n t a l  

An aggregate of large red slab-like crystals with irregular 
six-sided faces grew upon evaporation of solvent from a 
water-methanol (80:20 by volume) solution of 4.98 g cobalt 
acetate tetrahydrate and 3.75 g 2-aminotoluene-4-sulfonic acid 
monohydrate. A total of 4.80 g of (I) was isolated from this 
reaction. 

Crystal data 

[Co(H20)6](CvHsNO3S)2 Mo Ka radiation 
Mr = 539.43 A -- 0.7107/~, 
Monoclinic Cell parameters from 24 
P21/ n reflections 
a - 7.046(4) ,~, 0 = 11.6-17.7 ° 
b = 6.287 (4) k, # = 1.034 m m - t  
c = 24.486 (5)/k T = 296 K 
/3 = 90.04 (4) ° Slab 
V -  1084.7 (8)/~3 0.30 x 0.25 x 0.20 mm 
Z = 2 Dark red 
De = 1.651 Mg m -3 
Om not measured 

Data collection 
Rigaku AFC-6S diffractom- 

eter 
~o scans 
Absorption correction: 

empirical via ~b scans of 
three reflections (North, 
Phillips & Mathews, 
1968) 
Train = 0.704, Tmax = 
0.813 

2280 measured reflections 
2098 independent reflections 

1349 observed reflections 
[I > 3rr(/)] 

Rim = 0.035 
0max = 25 ° 
h = 0---+ 8 
k = 0 ----, 7 
1 = - 2 8  ---* 28 
3 standard reflections 

monitored every 150 
reflections 

intensity decay: 0.30% 

Fig. 2. An ORTEPII diagram (Johnson, 1976) showing the crystal 
packing as viewed down the a axis with the c axis vertical. Hydro- 
gen bonds are shown by narrow lines. The displacement ellipsoids 
of the non-H atoms are shown at the 50% probability level. 

A compar i son  o f  (I) wi th  the structures o f  hexaaqua-  
cobalt(H) benzenesu l fona te  (Kosnic  et al., 1996) and 
h e x a a q u a m a g n e s i u m  sulfani late  (Shaker i  & Haussuhl ,  
1992b) shows  that all have  the same space group 
and a lmost  the same a and b cell  lengths.  Moreover ,  
a p rogress ive  l eng then ing  in the c axis cor responds  
to an increase  in the inter layer  spacing (benzene-  
sulfonate  11.21, sulfani late  12.08 and 2 -amino to luene-4 -  
sulfonate 12.24,4,) due to the subst i tut ion o f  the pheny l  
ring. These  observat ions  indicate  that the layers are 
essent ial ly  the same in these  compounds .  The  packing  
wi th in  the layers is ev iden t ly  dr iven  pr imari ly  by the 
wa te r - su l fona te  interact ions and is not  s ignif icantly 
affected by the p resence  o f  re la t ively small  substi tuents 
on the pheny l  rings. 

Refinement 

Refinement on F 
R = 0.032 
wR = 0.030 
S = 1.76 
1349 reflections 
184 parameters 
Only coordinates of H atoms 

refined 
w = 4F,2/crZ(Fo 2) 

(A/cr)ma~ = 0.0011 
/~pmax = 0.34 e /~ -3  
mpmin = -0 .34  e ~ - 3  
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,2t2) 

Ueq = ( 113)EiEj Uija,* a~ ai.a). 

x 3' Z Ueq 
Co 1 0 1/2 0.0235 (2) 
S 1.0168 (I) 0.1042 (2) 0.09493 (4) 0.0250 (3) 
O( I ) 0.8543 (3) 0.0143 (4) 0.06654 (9) 0.0327 (7) 
0(2) I. 1966 (3) 0.0162 (4) 0.07542 (9) 0.0344 (7) 
0(3) 1.0168 (3) 0.3370 (4) 0.09380 (10) 0.0329 (8) 
0(4) 1.1793 (4) 0.1024 (4) 0.4362 (1) 0.0375 (9) 
0(5) 0.7552 (4) 0.0981 (5) 0.4593 ( I ) 0.0457 (10) 
0(6) 0.9812 (4) -0.2953 (4) 0.4653 (I) 0.0351 (8) 
N 1.0895(5) 0 .2326(7 )  0 . 3 0 1 7 ( I )  0.047(I) 
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C(I) 0.9750(5) -0.1129(7) 0.2718(2) 0.030(1) 
C(2) 1.0424 (5) 0.0921 (7) 0.2602 (2) 0.030 ( 1 ) 
C(3) 1.0534 (5) 0.1594 (6) 0.2057 (2) 0.029 (1) 
C(4) 0.9965 (5) 0.0244 (6) 0.1643 ( 1 ) 0.0246 ( I 0) 
C(5) 0.9313 (5) -0.1788 (6) 0.1752 (2) 0.032 (I) 
C(6) 0.9209 (5) -0.2426 (7) 0.2293 (2) 0.034 ( 1 ) 
C(7) 0.9568 (7) -0.1862 (8) 0.3304 (2) 0.043 ( I ) 

Table 2. Selected geometric parameters (,4, 
Co--O(4) 
Co--O(5) 
Co--O(6) 
S--O( I ) 

O(4)--Co---O(5) 
O(4)----Co---O(6) 
O(5)--Co--O(6) 
O( I )--S---O(2) 
O( 1 )---S--O(3) 
O( 1 )--S--C(4) 
O(2)--S--O(3) 

o) 

2.111 (3) S---O(2) 1.463(2) 
2.085 (3) S---O(3) 1.464 (2) 
2.046 (3) S---C(4) 1.776 (3) 
1.454 (2) N----C(2) 1.387 (5) 

92.9 ( 1 ) O(2)--S---C(4) 106.0 (2) 
90.5 ( I ) O(3)--S--C(4) 107.5 (2) 
90.9(I) N--C(2)---C( 1 ) 121.1 (4) 

II 2.3 (2) N---C(2)---C(3) II 9.5 (4) 
II 2.3 (2) S--C(4)--C(3) 120.3 (3) 
106.5 (2) S--C(4)--C(5) I18.2 (3) 
111.8 ~2) 

Table 3. Hydrogen-bonding geometry (fi, o) 
D---H. • -A D----H H. • .A D. • .A D--H. • -A 

O(4)--H(9). • .O(T) 0.84 (4) 1.97 (4) 2.813 (4) 176 (4) 
O(4)---H(10). • .0(2") 0.80 (4) 1.97 (4) 2.759 (4) 168 (4) 
O(5)--H(I 1)...O(1'") 0.71 (4) 2.10(4) 2.800(4) 173(5) 
O(5)--H(12). • .O(3") 0.86 (4) 1.98 (4) 2.838 (4) 174 (4) 
O(6)--H(13). • .O( I i~) 0.88 (4) 1.89 (4) 2.762 (4) 174 (3) 
O(6)--H(14)...O(2') 0.83 (4) 1.92 (4) 2.749 (4) 172 (4) 

Symmetry codes: (i) ~ - x ,y  - ½, ½ - z; (ii) ~ - x, ½ + y, ½ - z; 
( i i i ) ~ - x ,  ½+Y, ½ - z ; ( i v ) ~ - x , y -  ½ , ½ - z .  

A statistical comparison of the intensities of 18 hkl/-hkl 
pairs prior to data collection revealed the absence of a 
mirror plane perpendicular to a, confirming the crystal system 
as monoclinic. Phenyl C--C distances were in the range 
1.375 (5)-1.403 (5), with a mean of 1.389 (5).A,. All H atoms 
were located on difference electron-density maps and their 
positions refined with fixed isotropic B values equal to 1.2 
times those of the attached atoms at the time of their 
inclusion. Bond distances were C--H 0.89 (3)-1.02 (4), N- -  
H(7) 0.96 (4) and N--H(8) 0.85 (4),~,. 

Data collection: MSC/AFC Diffractometer Control Software 
(Molecular Structure Corporation, 1988). Cell refinement: 
MSC/AFC Diffractometer Control Software. Data  reduct ion:  
TEXSAN (Molecu la r  Structure  Corpora t ion ,  1991). Program(s)  
used  to solve structure:  MITHRIL (Gi lmore ,  1983). Program(s)  
used  to refine structure:  TEXSAN. Sof tware  used  to prepare  
mater ia l  for  publ icat ion:  TEXSAN. 
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Abstract 

The title compound, bis[(1,10-diaza-4,7,13,16,21,24-hexa- 
oxabicyclo[8.8.8]hexacosane)sodium(+)] decacarbonyl- 
dichromate ( C r - -  Cr) ( 2 -  ), [ Na ( CI 8H36N2 06 ) ]2 [ Cr2 - 
(CO)10], has been prepared by the reduction of 
[Cr(CO)6] with Na2T1 in dimethylformamide followed 
by the addition of  the macrobicyclic ligand 2 ,2 ,2 -  
crypt in ethylenediamine (en) solvent. The geometric 
parameters observed for the anion in the title salt dif- 
fer significantly from those reported previously for the 
DME-solvated (DME = 1,2-dimethoxyethane) K ÷ and 
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