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CoS4024C32Hss, or Co(H20)6(HOOC-C6H4-SS-C6H4-COO)2(H20)6(CHaOH)4, triclinic, PT, a = 7-549 (1), 
b= 12.988 (2), c= 13.073 (2) A, ct= 107.06 (1) °, fl=97-19 (1) °, 7=94-30 (1) °, V= 1207.2 .~a at 19°C, 
D.~ = 1.400 g cm -3, Dobs = 1"41 (2) g cm -a. The structure consists of one hexaaquocobalt(II) cation at 
the origin and two C14H9820 4 anions, all linked together in a hydrogen-bonding scheme involving six 
additional waters and four methanol molecules, two of which are disordered. NiS4024Ca2Hss is iso- 
structural: a=  7.545 (1), b= 12.946 (5), c= 13.050 (2) A, ct= 106.96 (2), fl=97.08 (1), y=94.12 (3) ° and 
V= 1202-1 A 3. 

Introduction 

Transition metal ions such as mercury(II) (Challenger, 
1959), palladium(II) (Kawanishi, Yokoyama & Tanaka, 
1972; Boschi, Crociani, Toniolo & Belluco, 1970) and 
copper(I) (Ottersen, Warner & Serf, 1973) function as 
electrophiles in the cleavage of the sulfur-sulfur bond 
in organic disulfides. Also, transition metal ion-organic 
disulfide interactions can behave 'non-innocently' in 
the functioning of metaUoenzymes (Hemmerich, 1966). 
Thus, the study of transition metal ion-organic disul- 
fide complexes is of some importance. 

When aqueous methanol solutions of Co(II) or 
Ni(II) salts and 2,2'-dithiobisbenzoic acid are mixed in 
the presence of the hindered base 2,6-dimethylpyridine, 
and the solutions slowly concentrated, pink crystals 
of the Co(II) title compound or green crystals of the 
Ni(II) homologue are produced. The compositions of 
the crystals, and their stability relative to loss of sol- 
vent and the accompanying crystal degradation and 
color change, depend upon the water: methanol ratio 
of the mother liquor. When this ratio is approximately 
3 : 1, the crystals are the most stable. (Solvent exchange 

* Present address: Department of Pharmacy, University of 
Oslo, Oslo 3, Norway. 

or loss in flotation liquids prevented an accurate den- 
sity measurement.) The structure determination was 
carried out to study the disulfide, i.e. the CSSC dihedral 
angle and the S-S bond length, and to investigate pos- 
sible interactions between the metal ion and the disul- 
fide anion. Although spectral evidence indicated no 
direct interactions, it was hoped that a structural in- 
vestigation might help in explaining the spectral 
changes which indicated alterations in the Co(ll) co- 
ordination environment upon loss of solvent. 

A computer-controlled Syntex P I  automated dif- 
fractometer with graphite-monochromated Mo Ks ra- 
diation (Kcq, 2=0.70926 A; K~2, 2=0.71354 A) and a 
pulse-height analyzer was used to study the Co(II) 
complex further. A crystal approximately 0.4 x 0.3 x 0.1 
mm in size was used. Diffraction intensities were col- 
lected by the 0-20 scanning mode with scan speed 
variable from 1 ° to 24 ° min -1, depending on the peak 
intensity of the reflection. Three check reflections re- 
measured after every 100 during data collection showed 
no systematic variations, so no decay correction was 
applied. Standard deviations of the individual reflec- 
tions were taken as the square root of the total counts 
with a 2 % addition for instrumental instability. Of the 
3176 symmetry independent reflections measured, all 
those for which 20 < 45 °, 2512 had intensities greater 
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t h a n  three t imes their  s t anda rd  devia t ions ;  only  these 
were used in s t ructure  so lu t ion  and  ref inement .  

A th ree-d imens iona l  Pa t te r son  func t ion  indicated 
tha t  the s t ructure  was centric,  and  a l lowed the Co(II)  
and  the two sulfur posi t ions  to be located.  Successive 
cycles of  Four ie r  ref inement ,  coupled  with least- 
squares,  served to reveal the entire structure,  which 
was in good  agreement  with e lemental  analysis.  A tomic  

scat ter ing factors  o f  Doy le  & Turne r  (1968) were used. 
Four ie r  func t ions  were generated with a modif ied  ver- 
sion of  ALFF (Hubbard ,  Quicksal l  & Jacobson ,  1971). 
Two  m e t h a n o l  molecules,  whose  oxygen a toms  are 
located at  special posi t ions ,  are d isordered  and  have 
created d isorder  a m o n g  their  neighbors .  This  d isorder  
gives some unacceptab le  n o n - b o n d i n g  distances,  some 
as shor t  as 1.7/~, a m o n g  the solvent  molecules.  The  sol- 

Table  1. Positional and thermal parameters (all × 104) with estimated standard deviations 

The e.s.d.'s are in the units of the least significant digit given for the corresponding parameter. The anisotropic temperature factor 
is of the form exp [ -  ( p l l h  2 -[-/~22k 2 -[-fl33l 2 "q-flx2hk q-fl13hl+ ~23k1)]. 

Co(I) 0 0 0 109 (3) 39 (1) 39 (1) 18 (2) 27 (2) 30 (1) 
0(2) 9719 (10) 1558 (5) - 5 6  (5) 357 (17) 56 (4) 68 (4) 110 (13) 126 (14) 66 (7) 
0(3) 7276 (7) 9722 (5) 84 (5) 132 (10) 81 (4) 71 (4) 3 (10) 23 (10) - 7 (7) 
0(4) 469 (7) 644 (4) 1703 (4) 173 (10) 53 (4) 44 (3) 29 (9) 27 (9) 34 (5) 
S(5) 8709 (2) 4368 (2) 2212 (1) 132 (3) 54 (1) 50 (1) 3 (3) 50 (3) 24 (2) 
S(6) 8940 (3) 5923 (2) 2133 (1) 236 (5) 66 (2) 42 (1) - 5 4  (4) - 1 5  (4) 55 (2) 
0(7) 5639 (9) 1235 (5) 1467 (6) 182 (12) 55 (5) 109 (6) 2 (12) - 1 7  (13) - 2 2  (8) 
0(8) 8262 (7) 2264 (4) 1885 (4) 129 (11) 48 (4) 64 (4) 31 (9) 21 (10) - 5 (6) 
0(9) 100 (18) 7828 (6) 1809 (6) 846 (43) 68 (5) 63 (6) -183 (23) - 8 5  (22) 88 (10) 
O(10) 153 (33) 9350 (9) 2922 (10) 1803 (111) 115 (9) 141 (10) 649 (55) 714 (59) 203 (17) 
C(l l )  6562 (9) 4167 (6) 2623 (6) 119 (13) 59 (6) 40 (4) 40 (13) 13 (12) 37 (8) 
C(12) 5717 (9) 3113 (6) 2393 (13) 113 (13) 46 (5) 39 (4) 3 (12) 8 (12) 29 (8) 
C(13) 4033 (11) 2959 (7) 2688 (7) 146 (15) 65 (6) 68 (6) 16 (15) 28 (15) 56 (10) 
C(14) 3230 (12) 3842 (8) 3253 (9) 155 (17) 93 (8) 108 (9) 74 (19) 127 (19) 77 (14) 
C(15) 4102 (13) 4874 (8) 3489 (9) 175 (18) 85 (8) 99 (8) 87 (19) 78 (19) 28 (13) 
C(16) 5727 (11) 5034 (6) 3162 (7) 158 (16) 52 (5) 73 (6) 59 (14) 71 (16) 29 (9) 
C(17) 6593 (10) 2127 (6) 1857 (6) 146 (16) 42 (5) 47 (5) 16 (14) -11  (13) 4 (8) 
C(18) 9863 (9) 6789 (6) 3456 (6) 126 (13) 61 (6) 43 (5) 13 (13) 20 (12) 52 (8) 
C(19) 287 (10) 7899 (6) 3619 (6) 148 (14) 49 (5) 58 (5) 36 (13) 60 (13) 56 (9) 
C(20) 890 (12) 8573 (7) 4666 (7) 206 (17) 57 (6) 63 (6) 3 (15) 62 (16) 34 (10) 
C(21) 1107 (12) 8176 (7) 5553 (7) 213 (18) 76 (7) 55 (6) - 1 9  (17) 45 (16) 32 (10) 
C(22) 719 (10) 7080 (7) 5373 (6) 153 (14) 74 (6) 48 (5) - 2 (15) 17 (13) 54 (9) 
C(23) 89 (10) 6394 (6) 4351 (6) 162 (14) 55 (5) 46 (5) 15 (13) 16 (13) 53 (8) 
C(24) 174 (12) 8380 (7) 2703 (8) 223 (18) 61 (6) 75 (8) 50 (16) 109 (17) 83 (12) 
0(25) ½ ½ 0 308 (32) 201 (17) 51 (7) 148 (36) - 1 2  (28) 49 (17) 
0(26) ½ 0 ½ 258 (30) 85 (12) 383 (37) 91 (28) 36 (49) 126 (29) 
0(27) 2476 (22) 4164 (12) 565 (11) 554 (42) 173 (13) 128 (10) - 2 2  (36) 14 (35) 87 (19) 
0(28) 5874 (32) 9593 (19) 2655 (19) 688 (65) 227 (21) 236 (22) 64 (56) 113 (59) 139 (34) 
0(29) 6304 (27) 8327 (17) 1204 (19) 546 (49) 229 (20) 277 (25) - 64 (48) 124 (53) 204 (37) 
0(30) 3565 (23) 6629 (19) 973 (11) 541 (39) 415 (29) 126 (11) 690 (59) 91 (33) 12 (28) 
C(31)* 3729 (25) 5264 (18) 496 (14) 148 (34) 112 (17) 37 (10) 63 (39) 17 (35) 50 (21) 
C(32)* 5442 (20) 9130 (13) 4846 (16) 297 (30) 92 (12) 200 (18) 36 (30) 99 (36) 123 (22) 
C(33) 3822 (31) 3895 (19) 65 (15) 257 (45) 112 (19) 50 (12) 27 (46) 60 (39) 59 (25) 

* The occupancy parameter for these atoms, which are bonded to oxygen atoms at inversion centers, is 0"5. 

CO(Ill 2.2 '-DICARBOXYDIPHENYLDI SULF IOE CO(II) 2,2 ' -Ol  CARBOXYDIPHENTLO I SULF I DE 

Fig. 1. A stereo view, prepared with ORTEP (Johnson, 1965), of part of the crystal structure. The hydrated Co(II) cation and one 
anion are shown. Ellipsoids of 15 % probability are used. 
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vent region is continuous (see Fig. 3) and some loss of 
solvent might have occurred during data collection, 
although no indications of this were found in the varia- 
tions of the check reflection intensities. Nevertheless, 
the inclusion of all ten solvent molecules in ordered 
positions, except for two methyl carbons (those whose 
oxygen atoms are placed at inversion centers) which 
were each refined as two half-carbon atoms, and with 
anisotropic temperature factors, lowered the error in- 
dices by approximately 0.08. A more careful treatment 
of the disorder has not been undertaken. 

Large-block diagonal least-squares refinement (al- 
ternately refining different groups by full-matrix meth- 
ods) using anisotropic temperature factors converged* 
at R1--0"104 and R 2 (weighted)=0.103. The least- 
squares program utilized (UCLALS4) was that of 
Gantzel, Sparks & Trueblood [ACA Library (old) no. 
317], modified. The assigned weights were the reciprocal 
squares of o-, the standard deviation of each observa- 
tion. The final difference Fourier function showed two 
peaks of 0.6 and 0.4 e A -3 in the vicinity of the solvent 
molecules; these are probably due to the inadequate 
treatment of the disorder. Otherwise, the highest and 

* A table of observed and calculated structure factors has 
been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 30249 (16 pp., 1 micro- 
fiche). Copies may be obtained through the Executive Secretary, 
International Union of Crystallography, 13 White Friars, 
Chester CH1 1NZ, England. 

Table 2. lnteratomic distances and angles 
Estimated standard deviations are in the units of the least 

significant digit given for the corresponding parameter. 

Co(1)-O(2) 2.079 (7) A O(2)--Co(1)-O(3) 90.6 (5) ° 
Co(1)-O(3) 2-082 (7) O(2)--Co(1)-O(4) 92.4 (5) 
Co(1)-O(4) 2.109 (7) O(3)--Co(1)-O(4) 92.0 (5) 
S(5) --S(6) 2.047 (3) S(6) --S(5) --C(11) 105-4 (2) 
S(5) --CO1) 1.795 (7) S(5)--C(ll)-C(12) 119.3 (5) 
C(11)-C(12) 1-397 (10) S(5) --C(l l)-C(16) 121.4 (6) 
C(12)-C(13) 1.391 (10) C(11)-C(12)-C(13) 119.3 (7) 
C(13)-C(14) 1.395 (13) C(12)-C(13)-C(14) 120.5 (8) 
C(14)-C(15) 1.379 (14) C(13)-C(14)-C(15) 119.3 (8) 
C(15)-C(16) 1.369 (13) C(14)-C(15)-C(16) 120.4 (9) 
C(16)-C(11) 1.383 (11) C(15)-C(16)-C(ll) 121-1 (8) 
C(12)-C(17) 1-511 (10) C(16)-C(ll)-C(12) 119.3 (7) 
C(17)-O(7) 1.248 (10) C(11)-C(12)-C(17) 122.1 (6) 
C(17)-O(8) 1.254 (9) C(13)-C(12)-C(17) 118.6 (6) 
S(6) --C(18) 1-784 (7) C(12)-C(17)-O(7) 118.5 (7) 
C(18)-C(19) 1.399 (10) C(12)-C(17)-O(8) 116.6 (6) 
C(19)-C(20) 17389 ( l l )  O(7)--C(17)-O(8) 124.7 (7) 
C(20)-C(21) 1.397 (12) S(5) --S(6) --C(18) 107.2 (2) 
C(21)-C(22) 1.374 (12) S(6) --C(18)-C(19) 119.3 (6) 
C(22)-C(23) 1.373 ( l l )  S(6)--C(18)-C(23) 121.5 (6) 
C(23)-C(18) 1.407 (10) C(18)-C(19)-C(20) 118.5 (7) 
C(19)-C(24) 1.501 (12) C(19)-C(20)-C(21) 122.1 (8) 
C(24)-O(9) 1.170 (12) C(20)-C(21)-C(22) 118.5 (8) 
C(24)-O(10) 1.209 (14) C(21)-C(22)-C(23) 120-9 (7) 
O(25)-C(31) 1-24 (2) C(22)-C(23)-C(18) 120.9 (7) 
O(26)-C(32) 1.17 (2) C(23)-C(18)-C(19) 119.1 (6) 
O(27)-C(33) 1.30 (3) C(18)-C(19)-C(24) 122.6 (7) 

C(20)-C(19)-C(24) 118-2 (7) 
C(19)-C(24)-O(9) 120.6 (9) 
C(19)-C(24)-O(10) 117.7 (14) 
O(9)--C(24)-O(10) 121.6 (15) 

lowest points were 0.2 and -0 .1  e A -a, approximately 
the same as the e.s.d, of the electron density, 0.2 e A -3. 
The final parameters are given in Table 1. 

Discussion 

Part of the structure is shown in Fig. 1. The CoOl) ion 
is at an inversion center, taken to be the origin, and 
is octahedrally coordinated by six water molecules. 
The average Co(II)-oxygen distance is 2.09 A (see Table 
2). This value compares favorably with the Co01)- 
oxygen distance (2.11 A) in the water octahedron of 
cobalt sulfate hexahydrate (Zalkin, Ruben & Temple- 
ton, 1962). 

The dibasic anion, one per asymmetric unit, is neu- 
tralized at only the 0(7), C(17), 0(8) end (see Fig. 2). 
At the other (acid) end of the anion, the bond lengths 
(Fig. 2) and thermal parameters (Fig. 1) indicate the 
effects of disorder. The angle between the planes of the 
two phenyl rings of a single anion, as defined in Table 3, 
is 75.0 ° . 

Of interest, and worthy of comparison, is the geom- 

Table 3. Deviations from least-squares planes (A x 10 a) 

Boldface deviations indicate the atoms used to define the least- 
squares plane. A negative deviation from a plane indicates that 
the atom with the coordinates given in Table 1 lies between 
that plane and the origin. The direction cosines (x 104), q, are 
with respect to orthogonal axes. The r.m.s, deviation (A x 103) 
of the boldface atoms from the plane is 6. D is the distance 
(in/~,) from the plane to the origin. 

Plane 1 Plane 2 
C(11) - 2  C(18) 4 
C(12) -11  C(19) 4 
C(13) 15 C(20) - 10 
C(14) 4 C(21) 7 
C(15) - 17 C(22) 4 
C(16) 11 C(23) - 8  
S(5) - 10 S(6) 106 
C(17) 90 C(24) - 77 
0(7) -187 0(9) - 409 
0(8) 495 O(10) 226 

qbx(a×b) 3215 --9743 
qb -- 3663 1782 
qaxn 8731 1377 
D 2"78 A, --4"76 A 
t~ 11 7 

C(14) C(21) 

? .o,, 7 
o(e)~ sis) s(6} 'o(9) 

Fig.2. The disulfide anion, schematically drawn, indicating the 
numbering system and the bond lengths. 
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iv" 

, j '  ,, 

U" 

COtII) 2.2'-OICQRBOXTOIPHENTLOISULFIDE C0[II) 2.2'-DICRRBOXYDIPHENYLDISULFIDE 

Fig. 3. A stereo view of the packing within the unit cell using ellipsoids of 15 % probability. Three-atom 'molecules' are methanol 
oxygen atoms with two disordered half-carbon atoms. Two-atom molecules are methanol, and a water molecule is represented 
by only its oxygen atom. The view is nearly along c, with b horizontal and a vertical in the plane of the page. 

etry of the disulfide linkage. The C( 11)-S(5)-S(6)-C(18) 
dihedral  angle is 86.7 ° and the S(5)-S(6) bond is 
2.047 (3) A. These values can be compared to those of 
90.5 ° and 2.060 (3) A found in an analogous compound,  
2 ,2 ' -diaminodiphenyl  disulfide (Lee & Bryant, 1970), 
(to illustrate the similarity, the present anion may be 
named hydrogen-2,2 '-dicarboxylate diphenyl  disul- 
fide), as well as to many  other organic disulfides (Hord- 
viA, 1966; Lee, 1972). A stereo view of  the packing is 
shown in Fig. 3. 

This work was supported by the Nat ional  Institutes 
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debted to the Nat ional  Science Foundat ion  for their 
assistance (grant no. GP-13213) in the purchase of the 
diffractometer, and to the University of  Hawaii  Com- 
puting Center. 
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The 2:1 Crystal Complex of 5,5-Diethylbarbituric Acid (Barbital) and Caffeine 
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Triclinic, PI ;  a =  14.627 (4), b=  14"160 (4), c= 6.902 (2)/~, ct=92-25 (4), fl=92.80 (4), y= 100"75 (4)°; 
Z = 2  for 2C=HI2N203.CsH~oN402; D . . . .  = 1"344 g cm -3, D== 1"334 g cm-3; m.p. 142°C; p(Cu K~)= 
8.67 cm-1. The crystal structure was determined by direct methods from 4665 intensity data which 
were measured with a computer-controlled four-circle diffractometer and nickel-filtered Cu Kct radiation. 
Refinement by a block-diagonal least-squares procedure gave a final R index of 0.053. Bond lengths 
and angles are similar to those observed in related crystal structures. 

Introduction 

The crystals were prepared as described by Higuchi 
& L a c h  (1954). Integrated intensity data were col- 

* Present address: The University of Alabama Medical 
Center, Birmingham, Alabama 35233, U.S.A. 

lected f rom a crystal elongated along c and exhibit- 
ing the forms {100}, {010}, and {001}. The crystal 
was mounted  with the c* reciprocal axis along the 
diffractometer ~0 axis. 4665 independent  reflections in 
the range sin 0/2_<0.59 ,~-1 were scanned in the 0-20 
mode at a rate of  2 ° m i n - k  A variable 20 scan width 
was used, based on a m i n i m u m  of  1-5 °. Stationary 

A C 30B - 5 


