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The crystal and molecular structure of biacetylbis( mercaptoethylimine)nickel( 11) has been established by a single crystal 
three-dimensional X-ray study, The complex forms orthothombic crystals in the space group Pna2l with four molecules in a 
unit cell of dimensions a = 16.50, b = 8.93, and c = 7.29 A. The molecule was found to be a tetracoordinated nickel com- 
plex which deviates significantly from planarity. 

Square-planar complexes are formed by metal ions 
with a d8 configuration, p , g . ,  nickel(I1) and platinum- 
(11), and the magnetic properties and ligand field 
splittings of these complexes have been used to confirm 
their stereochemistry. X-Ray crystallographic studies 
have shown, however, that in a number of presumably 
square-planar complexes, the donor atoms and the 
metal ion do not lie on one plane and that the angle 
formed by the metal ion and two neighboring bonding 
atoms differs significantly from 90". It is only recently 
that conclusive evidence has been obtained for the 
existence of a square-planar complex of nickel(I1) ; the 
crystal structure determination of the nickel(I1) chelate 
of the dianion of maleonitriledithiol has shown that the 
complex is square-planar.* Since then a number of 
nickel(I1) chelates, formed with ligands containing one 
or more sulfur donor atoms, have been reported to be 
square-planar. One such compound, biacetylbis(mer- 
captoethylimine)nickel(II) (I), was prepared by 
Thompson and Busch by the reaction of biacetyl with 2- 
aminoethanethiol in an ethanol solution in the presence 
of nickel a ~ e t a t e . ~  The complex was diamagnetic and 
showed a ligand field transition that is consistent with 
that predicted for cis-planar nickel(I1) complexes. On 
this evidence it was postulated that compound I is 
square-planar.3 Moreover, the nickel(I1) ion was 
assumed to act as a template in the formation of the 
square-planar complex since, in the absence of nickel 
acetate, the reaction of biacetyl and 2-aminoethanethiol 
resulted in the formation of a thiazolidine (111). In a 
related study it was found that, in general, thiazolidines, 
e.g., IV, could be induced to undergo a rearrangement 
reaction in the presence of transition metal ions, e.g., 
nickel(II), zinc(II), and cadmium(II), to compound 11, 
but the rearrangement of the thiazolidine I11 to the 
nickel chelate I did not take place to any appreciable 
e ~ t e n t . ~  It is of importance therefore to establish the 
structure of this nickel chelate. 
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structure rather than a square-planar structure and 
that it can form a compound mith four fused rings by 
undergoing ring closure a t  the two sulfur donor atoms 
with CY, ~~'-dibromo-o-xylene.~ Steric effects that are 
involved in this important type of ring closure can be 
best understood if the structure of the nickel chelate I is 
known. 

Experimental 
Biacetylbis(mercaptoethylimine)nickel( 11) was prepared by the 

reaction of 2-aminoethanethiol and biacetyl in the presencc of 
nickel acetate in an ethanol solution.3 The nickel(I1) complex 
was obtained in the form of dark green needles which were found 
to  be orthorhombic. The cell dimensions obtaincd from oscilla- 
tion a!d Weissenberg photograph: with Cu KCI radia$ion (A 
1.542 A.)  are: a = 16.50 k 0.02 A., b = 8.93 =t 0.02 A., c = 

7.29 f 0.02 A. The systematic absence of the O t l  reflections 
with ( K  + I )  odd and h01 with h odd characterize the space group 
as Pna2l or Pnam. The density of the crystals, dcterniined by 
flotation, was found to  be 1.64 g./ml., and calculation of the 
molecular weight (265 observed, 261 theoretical) showed the 
presence of four molecules in the unit cell. 

The structure was deduced from intensities collected from two 
needles, the largest dimension of which mas 0.13 mm. No 
correction was made for absorption ( p  = 57.3 cm.-l). The in- 
tensities of the diffracted spectra were obtained by means of the 
multiple-film technique from equi-inclination Weissenberg photo- 
graphs. Reflections from the zeroth through fourth levels 
around [ b ]  and [c] were recorded with unfiltered Cu K radiation 
and estimated visually with a calibrated scale; 895 independent 
reflections were obtained. Lorentz and polarization corrections 
were applied in the normal manner and values of 1 F, 1 averaged for 
the common reflections. 

Structure Determination 
From the great strength of the 002 reflection it was 

clear that the molecular d a n e  must be, at least amxoxi- 

Thompson and Busch have subsequently reported 
that the nickel chelate I, which has three fused five- 
membered chelate rings, probably has a trapezoidal 

mately, normal to the c axis. If the space group is 
Pnam the molecule must wobsess a mirror DlaIle which 
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The hk0, hk2, and hk4 layers were indeed very similar, 
but a careful search showed some significant discrepan- 
cies. The space group was, therefore, taken to be the 
noncentrosymmetric Pna21, and refinement has con- 
firmed that the molecule departs from strict planarity. 

The structure was solved in projection down [c]. 
The nickel atom in the asymmetric unit was located 
from a Patterson synthesis and the coordinates were 
used to phase the structure factors. A Fourier synthe- 
sis yielded approximate positions for all the remaining 
atoms, except hydrogen atoms which were ignored 
throughout. The coordinates were refined by succes- 
sive Fourier and difference syntheses until R had 
dropped to 14.8% for the 161 hkO reflections. 

The z coordinates were estimated from the known 
x and y coordinates and a molecular model, and refine- 
ment with all 895 reflections was commenced by dif- 
ferential Fourier synthesis. The positional parame- 
ters refined smoothly until R was 30.1%. It was then 
evident that  the molecular motion was highly aniso- 
tropic, the direction of maximum motion being approxi- 
mately along [c] . Accordingly anisotropic thermal 
parameters of the form 

exp - [&h2 + B22k2 + B33P + 
were introduced, and refinement continued until R 
had fallen to its final value of 17.9%. The scattering 
factors were taken from the International Tables, 
with the nickel figures corrected for the real part of the 
dispersion. 

Results and Discussion 

B122hk + B232kZ + Bi32hZI 

The final coordinates are shown in Table I, and the 
Table 111 shows the ob- 

Bond lengths 
All standard 

thermal factors in Table 11. 
served and calculated structure factors. 
and angles are given in Tables IV and V. 

TABLE I 
ATOM COORDINATES (w.) 

Atom X Y Za 
Ni 1.197(5) 0 563(6) 1 738 (7) 
s1 3.034 (9) 1.708 (10) 1.872(14) 
sz - 0.155 (10) 2.227 ( 11) 1,651 (14) 
Ni -0.244(21) -0.604(25) 1.683 (23) 
Nz 2.175 (28) - 1.010 (26) 1.765 (30) 
c1 4.114(35) 0.289 (57) 2.275 (51) 
cz 3.672 (36) -0.953 (35) 1 981 (45) 
cs - 1.606 (39) - 0.157 (79) 1.773 (48) 
c4 - 1.737 (33) 1.340 (42) 1.554 (44) 
CS 1.448 (30) -2.136 (34) 1.765 (32) 
C6 0.028 (32) -1.900(35) 1.721 (38) 
CI 2.052(48) -3.508 (67) 1.967 (69) 
C8 -1.021 ($0) -2.919(48) 1.842 (64) 

Since not all the z parameters are independent, the errors 
quoted for these parometers in the above table are applicable 
to the calculation of molecular parameters. 

deviations are given as units in the last place. The 
bond lengths involving the nickel atom and the label- 
ing of the atoms are shown in Figure 1. 

The mean value of the Ni-S distance (2.157 A.) agrees 
well with the value (2.156 8.) obtained by Eisenberg 

TABLE I1 
ANISOTROPIC THERMAL FACTORS ( A.z) 

Atom Bn Bzz Baa Biz BZS 
Ni 2.84 2.38 7.89 -0.07 -0.15 
Si 3.02 2.47 9.79 -0.72 -0.28 
Sz 3.96 2.30 10.18 0.76 -0.19 
Ni 2.55 2.45 5.12 -0.20 -0.09 
Nz 2.90 1.93 7.34 -0.05 0.12 
Ci 1.05 2.86 7.88 -0.30 0 .28  
Cz 3.72 3.80 8 .69  0.60 -0.08 
Cf 5.11 5.62 8 .03  -1.73 -0.81 
Cq 3.37 2.11 6.06 0.26 -0.83 
C5 2.99 5.27 5.89 -0.90 -0.97 
Ca 3 .58  1 .73  7.40 -0.28 -1.90 
C, 5.58 4.88 10.29 0.62 0 .61  
Cs 7.19 3.25 10.18 -2.29 -0.02 

BIB 

-0.04 
0.34 

-0.15 
-0.24 
-1.54 

0.18 
0 .07  
0.12 
0.15 
0 .27  
0.57 
1.21 

-1.79 

Figure l.-Bondxlengths and bond angles in biacetylbis(mercapto- 
ethylirnine)nickel( 11). 

and Ibers.' The mean value of the Ni-N distance 
(1.85 8.) agrees with values found in other diamagnetic 
nickel(I1) complexes.8 In the rest of the molecule 
bonds adopt the expected  value^,^ although the stand- 
ard deviations are rather high. 

The N-Ni-S angles are both equal to 90", within 
experimental error. The N-Ni-N angle is appreciably 
less than 90°, the S-Ni-S angle is appreciably greater 
than 90°, and, to a first approdmation, the four atoms 
coordinated to the nickel atom form a trapezium as 
predicted by Thompson and Busch.6 However, the 
four donor atoms and the nickel atom are not coplanar. 
The S-Ni-N angles are 173" with a standard deviation 
of less than 1". The distortion from planarity is not 
great although i t  is highly significant and is tetrahedral 
rather than square-pyramidal: N1 and SI lie on one 
side of the nickel atom and Nz and Sz on the other. 

The best least-squares plane was calculated through 
all thirteen atoms and, apart from the deviation men- 
tioned above, i t  was evident that  a number of sig- 
nificant deviations occurred in other parts of the mole- 
cule. Least-squares planes were calculated through 
(7) R. Eisenberg and J. A. 'Ibers, Inorg. Chem., 4, 605 (1965). 
(8) J. M. Stewart and E. C. Lingafelter, Acta Crysl , 12, 842 (1959). 
(9) "Interatomic Distances," Special Publication No. 11, The Chemical 

Society, London, 1958. 
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TABLE I11 
OBSERVED AND CALCULATED STRUCTURE FACTORS ON AN ABSOLUTE SCALE 

h k l  

0 0 2  

'ob.. 
279.6 

h h 1 

2 3 4  

2 3 6  
2 3 5  

l obs  . 
16.8 
8.6 
il.1 

FCalC. 

14.1 
8.6 
6.6 

h h l  F m .  Fca1c. 
14.6 
14.8 
5.1 
4.2 

h k l  
6 4 4  
6 5 0  
6 5 1  
6 5 2  
6 5 3  
6 6 1  

2 2 l  
6 7 0  
6 7 1  
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6 7 3  
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6 9 0  
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6 1 0 0  
6 l O 2  

6 9 1  

F,bs. , Fca1c. h k l  Fobs. h k l  lobs. 
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FCalI. 

6.3 

h k 1 'obba. Fcalc. 
8 8 4  e 9 1  
E 1 0  1 
7 1 0  
9 1 1  
9 1 2  
9 1 3  
7 1 4  

9 1  
9 2 0  
9 2 1  
9 2 2  
9 2 3  
9 2 4  
9 2 5  
9 2 6  

7 1 5  

l l 3 4  
l l 3 5  
l l 4 0  
U 4 1  

b 3 5  
4 3 6  
4 3 7  
4 3 8  

15.b 
19.6 
5.1 
5.8 

e.5 
11.1 
23.0 
4.7 

11.0 
13.7 
5.9 
3.1 

21.8 
19.8 
11.8 
9.8 
6 . 1  

24.8 
22.9 
13.7 
10.8 
6.1 

19.4 
12.5 
9.8 
8.3 
5.3 

13.5 
8.3 

53.5 
9.6 
31.0 
5.3 

17.4 
7.5 

38.6 
58.3 
18.1 
31.6 

9.6 
16.5 
3.1 
6.9 

31.9 
30.7 
15.7 
14.6 
9.6 
4.8 
5.4 
2.2 

43.5 
36.6 
17.5 
19.5 
6.6 
10.8 
4.9 
22.1 
25.3 
11.1 
14.6 

5.2 
6.2 

32.5 
4.5 

16.0 
3.1 

11.9 
8.2 

17.8 
5.8 

13.6 
14.6 
9.5 
4.8 

18.5 
18.8 
14.6 
11.4 
7.1 

17.6 
22.1 

17.2 
26.6 
12.3 
25.5 
37.8 
3.2 

23.8 
L.2 
8 . 3  
4.9 

51.5 
45.3 
28.9 
21.9 
14.1 
8.2 
6.3 
4.8 
2.7 

13.0 
12.2 
7.7 
4.0 

10.1 
10.3 
8.5 
5.2 
6.1 
3.4 
3.9 
2.5 

25.9 
26.8 
15.9 
13.9 
8.7 

26.0 
31.5 
13.0 
16.7 
6.4 

24.7 
3.7 

10.4 
14.7 
4.2 

15.7 
10.3 
62.1 
78.9 
37.6 

E:! 
$2 

17-3 

21.2 
34.0 
11.2 

3.5 
32.e 
3.5 

24.8 
2.5 

12.7 
4.6 

35.9 

30.0 
25.6 
17.4 
ll.7 

39.6 

14  3 1 
14 3 2 
14 3 3 
14 3 4 
14 3 5 
14 3 6 
1 4  5 1 
14 5 3 
14 6 0 
14 6 2 
14 6 4 
15  1 o 

15 i 6 
15 2 o 

15  1 2  
15 1 4  

15 2 1 
15 2 3 
15 2 5 
15 3 0 
15 3 1 
15 3 2 
15 3 3 
15 3 5 
15 4 0 
15 4 1 
15 4 2 
15 4 3 
15 4 4 
15  4 5 
15 5 0 
15  5 1 
15 5 2 
15 5 3 
15 5 4 
15 6 1 
15 6 3 
15 7 0 
15 7 1 
15 7 2 
16 0 0 
16 o I 
1 6  o 2 
16  o 3 
16 o 4 
16  o 5 

16 1 1 
16 i 3 
16 1 5 
16 2 o 
16 2 2 
16 2 3 
16 2 4 
16 2 5 
16 3 o 
16 3 2 
16 3 4 
16  4 1 
16 4 3 
16 5 o 
16  5 1 
16 5 3 
16 5 4 
16 6 o 
16 7 o 
17 1 1 

16 1 0 

16 2 1 

17 1 2 

14.9 
21.9 
12.1 
u . 9  
8.8 
6.0 

28.6 
15.8 
53.9 
19.6 

9.9 
19.8 
12.9 

7.4 
4.0 

11.9 
ll.2 
6.5 
3.4 
6.9 

l2.3 
3.4 
8.3 
L.3 

25.7 
18.1 
18.1 
u . 5  
11.8 
6.7 

11.7 
17.2 

5.7 
7.1 
4.7 
7.9 
5.2 

16.3 
6.0 
7.9 

37.4 
8.9 

25.4 
5.6 

12.5 
3.6 

182 
10.1 
3.7 
7.8 

22.9 
6.4 

12.9 
3.1 
6.6 

j8.6 
26.8 

13.1 
22.3 
10.8 
13.1 
6.6 

312.1 4.4 
29.4 
7.9 

23.1 
11.5 

3.8 
25.6 

5.0 

0 0 4  
0 0 6  
0 0 8  
0 1 1  
0 1 3  
0 1 5  
0 1 7  
0 2 0  
0 2 2  
0 2 4  
0 3 1  
0 3 3  
0 3 5  
0 3 9  
0 4 0  
0 4 2  
0 4 4  
0 5 1  
0 5 3  
0 6 0  
0 6 2  
0 6 4  
0 7 1  
0 7 3  
0 8 0  
0 8 2  
0 8 4  
0 9 1  
0 9 3  om 0 
010 2 
010 4 
011 1 
1 1 0  
1 1 1  
1 1 2  
1 1 3  
1 1 4  
1 1 5  
1 1 6  
1 1 7  
1 1 8  
1 2 0  
1 2 1  
1 2 2  
1 2 3  
1 2 4  
1 2 5  
1 2 6  
1 2 7  

1 3 2  
1 3 3  
1 3 4  
1 3 5  
1 4 0  
1 4 1  
1 4 2  
1 4 3  
1 4 4  
1 4 5  
1 4 7  

1 3 :  

134.2 
53.1 
16.2 
J6.4 
25.8 
12.2 
4.h 

.~ 
120.1 
37.0 
9.5 

49.3 
28.0 
11.2 
2.9 

24.? 

3519 
4.0 

P . 6  
10.8 
6.6 

29.0 
8.0 

16.9 

2 3 7  
2 3 8  
2 4 0  
2 4 1  
2 4 2  

4.7 
3.8 

53.3 
18.7 
29.5 

6.6 
16.4 

3 .7  
2.3 

42.0 
15.0 
33.7 
8.6 

6.3 6.8 
5.4 1.7 

49.5 36.2 
39.7 37.3 
27.3 29.0 

18.2 4 4 8 

l l 4 2  
11 4 4 
11 4 6 
11 5 0 
l l 5 1  
11 5 2 
11 5 3 5.2 
11 5 4 8.9 
11 6 0 19.2 
11 6 2 10.5 
u 6 4 4.6 
11 7 o 19.0 
11 7 1 18.2 

11 7 3 12.3 
u 7 4 5.9 
u 9 o 10.6 
11 9 1 u.1 
U 9 2  4.7 
U 9 3  2.4 
12 0 0 74.1 
1 2 0 1  j6.2 
12 o 2 40.6 

12 0 4 21.1 
12 0 5 9.5 
12 o 6 9.3 
12 0 7 5.9 
12 1 0  8.4 
12 11 29.3 
1 2 1 2  5.3 
12 1 3 16.1 
12 1 4  3.1 
1 2 1 5  
1 2 2 0  
1 2 2 1  
1 2 2 2  

11 7 2 10.3 

12 0 3 21.3 

4 4 0  
4 4 1  
4 4 2  

t i :  
59.1 
11.6 
28.7 
3.4 

13.3 
3.9 

52.9 
24.1 
30.4 

6.5 
16.1 
25.2 
39.7 
1L.6 
25.9 
7.6 

29.0 
18.1 
3.1 

14.1 
12.7 
6.5 
3.1 

25.8 
12.5 
15.8 
18.1 
7.6 
6.2 

14.5 
30.3 
51.1 
18.5 
23.0 
12.8 
8.0 
5.7 

19.5 
39.7 
15.3 
a . 5  
12.0 
11.5 
7.3 
4.6 
2.4 

65.9 
20.5 
37.0 
13.5 
18.7 

7.6 
7.7 

53.7 
53.4 
49.4 
33.8 
27.7 
17.4 
12.2 
5.6 

33.6 
22.2 
19.7 
11.0 
10.4 
18.8 

50.8 
5.5 

36.8 
3.6 

1.4 
37.2 
19.0 
30.3 
8.9 

16.7 
22.7 
40.7 
19.6 
26.9 
11.8 
28.1 

15.8 

21.9 
4.1 

11.0 
8.1 
8.5 
3.4 

5.6 
26.1 
19.3 
31.5 
25.5 
13.8 

13.4 
8.3 
3.8 

15.8 

22.2 
11.7 

2 4 3  
2 4 4  
2 4 6  
2 4 8  
2 5 0  
2 5 1  
2 5 2  
2 5 3  
2 5 4  
2 6 0  
2 6 1  
2 6 2  
2 6 3  
2 6 4  
2 7 0  
2 7 1  
2 7 2  
2 7 3  
2 7 4  
2 8 0  
2 8 1  
2 8 2  
2 8 3  
2 9 0  
2 9 1  
2 9 2  
2 9 3  
2 9 4  
2 10 
2 10 1 
2 10 2 
2 1 0 4  
2 1 1 0  
3 1 0  
3 1 1  
3 1 3  
3 1 4  
3 1 5  
3 1 7  
3 2 0  
3 2 1  
3 2 2  
3 2 3  
3 2 4  
3 2 6  
3 2 8  
3 3 0  
3 3 1  
3 3 2  
3 3 3  

3 3 ;  
3 3 7  
3 4 0  
3 4 1  
3 4 2  
3 4 3  
3 4 4  
3 4 5  
3 4 6  
3 4 7  
3 5 0  
3 5 1  
3 5 2  
3 5 3  
3 5 4  
3 6 0  
3 6 1  
3 6 2  
3 6 3  
3 6 4  
3 7 0  
3 7 1  
3 7 2  
3 7 3  
3 7 4  
3 8 0  
3 8 1  
3 8 3  
3 9 0  
3 9 1  
3 9 3  
3100 
3 1 0 2  
3 10 3 
3 u 4  
3 11 (1 

2i.o 
5.0 

11.8 
13.9 
10.5 
4.4 

20.7 
10.3 
21.1 
8.9 
1.8 

5 
24.6 

3.5 
25.4 
3.2 
3.1 
1.4 

29.6 
15.0 

7.8 
60.4 

58.9 
35.7 
20.7 
27.2 
11.4 
30.1 
17.0 
9.4 

32.1 

5 . 5  

14.5 
19.3 
12.3 
13.8 
7.6 
9.0 

10.8 
7.4 
7.4 

54.2 
33.0 
k . 5  
23.7 
21.6 
12.7 
8.2 
5.2 
4.5 

24.7 
7.3 

14.7 
7.0 
5 2 
5.5 

28.9 
7.5 

20.4 
6.3 

10.5 

18.0 
3.9 

12.7 
2.7 
6.3 
j6.0 
28.3 
14.1 
4.8 

23.7 
19.3 
19.2 
10.5 

19.2 
29.0 
16.6 
19.2 
10.5 
10.0 
8.0 

10.3 
8.0 
8.8 

13.5 
24.4 
16.3 
20.1 
15.1 
u . 6  
9.6 
4.8 
4.0 

11.7 
9.6 
5.5 

2l.8 

17.6 
4.5 
9.4 
3.3 
5.7 

35.2 
5.4 

23.7 
3.9 

10.9 
21.2 
17.2 
16.9 
11.5 

E. / 

E 

10.1 

3.e 

3.1 
8.2 
5.8 
3.0 
4.0 

14.5 
14.4 
8.1 

14.2 
9.0 

26.5 
15.6 
72.6 
9 . 5  
39.7 

26.5 
15.7 
55.3 
31.0 
44 .3  

m . 5  20.4 
2Q.2 23.6 
62.1 43.6 
34.6 38.2 
34.7 35.6 

7.0 4 6 1  18.6 
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Atoms 

NiSl 
NiSz 
NiNl 
NiNz 
CIS1 

ClCZ 
C8C4 

c4sZ 

Atoms 

SIN& 

N1NiN2 

NINiSl 
NzNiSz 

N1NiS2 
NzNiS1 

NiSlCl 
N i S G  

NiNICa 
NiNzCz 

NiN1C6 
NiNG, 

TABLE IV 
BOND LENGTHS (A.) 

Distances Atoms 

2.168 (11) C2” 
2.146 (11) CzNz 
1 .86(2)  CsNi 

1.82 ( 5 )  CeHs 
1.85(3) C5NZ 

1.82 ( 5 )  c5c7 

1.52(7) 
1 .35(6)  C5C6 

TABLE V 
BOND ANGLES 

Angle, deg. Atoms 

97.3 (4) CZClSl 
c3c4sz 

NiC3C4 
172.7 (9) NzCzCi 
172.6 (9) 

C3NiCs 
89 .8(9)  CzNzCs 
90.0(9) 

NiCeHs 
96 (2) NzC& 

100 (2) 

123 (2) NZCSCT 
120 (2) 

82 .9  (1 1) 

NlC6cS 

c6C6cS 
117 (2) c6c5c7 
115 (2) 

Distances 

1.44(6) 
1.51 (4) 
1.33(4) 
1.34(4) 
1.47 (6) 
1 .51(7)  
1.44 (5) 

Angle, deg. 

119 (3) 
114 (3) 

112 (3) 
113 (3) 

120 (3) 
125 (3) 

111 (3) 
113 (3) 

122 (3) 
123 (3) 

126 (3) 
123 (3) 

The departures from this plane are Ni, +0.009; N1, 

4-0.174; Cs, 4-0.152 A. 
It will be observed that none of the five atoms in the 

ring departs significantly from the plane, which is evi- 
dence for the delocalization of electrons in this chelate 
ring. The two methyl groups, however, both lie out 
of this plane and on the same side. No suitable planes 
can be constructed through the other two five-mem- 
bered rings without significant departures of the methyl- 
ene groups. Accordingly, planes through N1-Ni-s~ 
and N2-Ni-S1 were constructed. The equations of 
these planes and the departures of the carbon atoms are 

NzNiS2: -0.0482X + 0.0129Y + 0.99872 = 1.6855 
Ca, + O .  161; C4, - 0.032 8. 

NaNiS1: - 0.0604X - 0.0202 Y + 0.99802 = 1.6509 

-0.011; Nz, -0.009; c5, +0.004; C6, +0.006; c,, 

C1, $0.348; Cz, -0 .1248 .  

All van der Waals contacts less than 4 8. were calcu- 
lated. There are 28 such distances, the two shortest 
being 3.48 A. between N2 and C4 and 3.54 A. between 
C4 and C5. The closest approaches to a nickel atom 
from a neighboring molecule are 3.65 8. for CS and 3.71 
A. for N1. It can therefore be concluded that the 
nickel atom is four-coordinate in this complex in the 
solid state. 
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selected portions of the molecule. The only satis- 
factory plane through a five-membered ring was 
through the ring containing the two nitrogen atoms. 
The equation to this plane is 

-- 
-0.0316X + 0.0092Y + 0.99952 = 1.6954 knowledged. 
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A three-dimensional X-ray diffraction study has verified the dimeric structure of (CF,)ZCZSZCOS,CZ( CF3)2, which has pre- 
viously been shown to be diamagnetic and dimeric in solution. Dimerization occurs through the unusual Co-S linkages of 
2.38 A. in length which require the Co atom to be 0.37 A. out of the plane of the S4 group within each monomer unit. One 
dimeric molecule is present in the unit cell having parameters a = 7.98, b = 9.89, c = 10.12 A,, O( = 103.0, p = 98.5, and 
y = 100.8O. The space group is Pi. 

The discovery first by Schrauzer and Mayweg2 and 
by Gray, et ~ l . , ~  of cis-1,2-disubstituted ethylene-1,2- 
dithiolate complexes 

(where z is 0, -1, or -2 ,  R is CFB, CN, or C6H5, and 
M iS a transition metal) has been followed by extensive 

(1) National Science Foundation Predoctoral Fellow, 1963-1965. 
(2) G. N. Schrauzer andV. Mayweg. J. Am. Chem. Soc., 84,3221 (1962). 
(3) H. B. Gray, R. Williams, I. Bernal, and E. Billig, ibid., 84, 3596 (1962). 


