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The title compound crystallizes in space group P21/c with a= 8.467 (4), b= 23"529 (12), c= 8"920 (4) A, 
fl= 116"42 (6) °, Z=4.  The structure has been determined by Patterson and Fourier methods with 
R1=0-066, R2=0.070 from diffractometer data (1624 observed reflexions). The molecule consists of 
discrete [Co(en)2AP] + cations and I- anions. The acetylpyruvate ion is bonded in the keto carboxylate 
form with the O of the acetyl group involved in intermolecular hydrogen bonding. The slightly distorted 
octahedral Co-O,N4 coordination has Co-O lengths of 1.91 (2) and 1.89 (2) A, and the averaged Co-N 
length is 1-95 (2) A. 

Introduction 

During a study of the reactions of coordinated acetyl- 
pyruvic acid and its derivatives (Hughes & O'Connor, 
1974) it was found that reaction of the bis(ethylene- 
diamine)carbonatocobalt(III) ion with the Na salt of 
acetylpyruvic acid in water at 80°C for 2 h gave pre- 
dominantly the bis(ethylenediamine)oxalatocobalt(lll) 
species. 

However, when this reaction was carried out at 
room temperature, an orange-red crystalline product 
containing the acetylpyruvate ion was isolated. The 
structure of this material could be reasonably con- 
sidered to be either (a) or (b) (N-N=ethylenedi -  
amine). 
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(a)  (b)  

The structure (a) was postulated because treatment 
of the crystalline material under conditions which 
initially formed the oxalato species caused no further 
reaction. It might be envisaged that hydrolysis of (b) 
could readily give rise to oxalate formation. 

The present study was initiated to obtain structural 
information on the compound. 

Experimental 

Crystal data 
Well formed orange tabular crystals (Hughes & 

O'Connor,  1974) were obtained by slow crystallization 
from a warm aqueous solution. 

C 9 H / 2 N 4 O s I C o  , M =  452" 1, monoclinic, a =  8.467 (4), 
b=23.529 (12), c=8.920 (4) A, /?=116.42 (6) °, U= 
1585.9~k 3. Dm=l '90  (1) (by flotation), Dc=1"89 g 
cm -3, Z = 4 .  F(000)=224, p=31 .3  cm -~ for Mo K~ 
radiation (2=0.7107A).  Space group P21/c from 
systematic absences: hOl, l odd; 0k0, k odd. 

The standard Philips PWII00 X-ray diffractometer 
computer program was used to determine the cell 
parameters. 

bTtensity measurements 
Intensities were collected from a single crystal 0.20 x 

0.13×0.10 mm on the diffractometer with MoK~ 
radiation. The crystal was mounted on a quartz fibre 
and centred from selected high-angle data obtained 
from an initial rapid data collection. A unique data 
set of 2776 reflexions was collected out to 20 (Mo K~) = 
50 ° by the 0-20 scan technique. 1624 reflexions satisfied 
the condition I >  3o-(1) and were used in subsequent 
calculations. Three standard reflexions measured at 
intervals of 2 h showed insignificant intensity variation. 

The data were processed with a program written for 
the PW1100 diffractometer (Hornstra & Stubbe, 1972). 
Values of I and o'(I) were corrected for Lorentz and 
polarization effects but not for absorption. 

Structure determination and refinement 

The coordinates of the I and Co atoms were determined 
from an unsharpened Patterson synthesis. A structure- 
factor calculation based on these atomic positions 
with an isotropic thermal parameter of 2.0 A, ~ gave R1 
and R2, 0.332 and 0.417 respectively for the 1624 sig- 
nificant reflexions; R~=llFol-IFcll/YlFol] and R2--- 
[~w(IFol-IFcl)Z/Ywlfol2] ~/z. In all least-squares calcu- 
lations the function Y w(IFol- IFcl) z was minimized. 

A difference synthesis at this stage revealed all other 
non-H atoms and inclusion of these with isotropic 
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the rmal  pa rame te r s  of  3.0 A 2 gave R~=0.271 .  The 
coord ina tes  of  all a toms  were refined by ful l -matr ix  
least squares  to give R1 = 0.186. Fu r the r  ref inement  with 
isotropic  thermal  p a r a m e t e r  var ia t ion  gave R1 = 0.123. 

Af te r  addi t ional  ref inement  with anisot ropic  thermal  
pa rame te r s  for  I and  Co (R~ =0 .077 ,  R2 =0 .085)  a dif- 
ference synthesis clearly revealed all H a toms  except 
those associa ted with the water  molecule.  The H 
a toms  with isotropic thermal  pa rame te r s  of  5.0 A 2 
were included at idealized posi t ions ( te t rahedra l  dis- 
posi t ion,  C - H  1.05 A;  t r igonal  disposit ion,  C - H  1.0, 
N - H  0.95 A) and  ref inement  of  all n o n - H  a tom 
posi t ional  and  anisot ropic  thermal  pa rame te r s  by 
b lock-d iagonal  least squares  gave convergence  with 
Rt = 0.066, R2 = 0.070. ( F o r  all reflexions, RI = 0.120, 
R2=0.085 . )  Scat ter ing factors  for  n o n - H  a toms  were 
those of  C r o m e r  & W a b e r  (1965); those of  Ibers (1962) 
were used for  the H a toms.  

A final difference synthesis showed no significant 
features  except for  one peak  ( m a x i m u m  2.3 e A -3) 
which was associated with the I a tom.  The final pa ram-  

eters are given in Table  1" and  the number ing  system in 
Fig. 1. (The wate r  molecule,  I -  ion and H a toms  are 
omit ted. )  The idealized posit ions for  H a toms  are 
given in Table  2. 

The ma jo r  p r o g r a m s  used dur ing  ref inement  were 
modif ied versions of  ORFLS (Busing, Mar t in  & Levy, 
1962), a b lock-d iagonal  leas t -squares  p r o g r a m  by 
Shiono (1968) and  the Four ie r  s u m m a t i o n  p r o g r a m  of  
Whi te  (1965) (see also Rollett ,  1961). The d iag rams  
were d rawn  with ORTEP ( Johnson,  1965). 

Results and discussion 

The s t ruc ture  consists of  discrete [Co(en)2AP] + ( A P =  
ace ty lpyruva te )  and  I -  ions (Figs. 1 and 2). Relevant  

* A list of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publica- 
tion No. SUP 31898 (14 pp., 1 microfiche). Copies may be ob- 
tained through The Executive Secretary, International Union 
of Crystallography, 13 White Friars, Chester CH1 1NZ, 
England. 

Table  1. Final positional parameters ( × 104) and an&otropic thermal parameters of  non-hydrogen atoms 

For Co and I, the thermal parameters are x 103; for the rest, x 102. Estimated standard deviations are given in parentheses. 
The temperature factor is of the form: exp [ -  2n2(Ul~h2a .2 + . . .  + 2 U23b*c*kl+...)]. 

x y z U11 U22 /-/33 U12 U13 U2s 
Co 1803 (4) 3480 (1) 2756 (4) 30 (2) 22 (2) 23 (2) 3 (2) 16 (2) 0 (2) 
I 5020 (2) 1495 (1) 4412 (3) 46 (1) 51 (1) 80 (2) 1 (1) 39 (1) 15 (1) 
N(1) - 188 (26) 3105 (8) 991 (25) 4 (1) 3 (1) 4 (1) 1 (1) 3 (1) 0 (1) 
N(2) 1926 (26) 3948 (8) 1003 (25) 4 (1) 4 (1) 4 (1) 0 (I) 3 (1) 0 (1) 
N(3) 3481 (24) 2916 (8) 2696 (26) 3 (1) 4 (1) 4 (1) I (1) 2 (1) 1 (1) 
N(4) 3883 (29) 3835 (8) 4563 (26) 5 (1) 3 (1) 3 (1) - 1  (1) 1 (1) - 1  (1) 
O(1) 1444 (21) 3055 (6) 4404 (20) 5 (1) 3 (1) 3 (1) 1 (1) 3 (1) 1 (1) 
0(2) 265 (21) 4025 (6) 2947 (20) 5 (1) 3 (1) 4 (1) 0 (1) 3 (1) 0 (1) 
0(3) - 5 0  (25) 3127 (7) 5936 (21) 7 (1) 3 (1) 4 (1) I (1) 4 (1) 1 (1) 
0(4) -3249 (28) 4951 (9) 4249 (26) 8 (1) 8 (2) 7 (1) 3 (1) 5 (1) 0 (1) 
O(HzO) 2962 (26) 5102 (8) 2491 (25) 7 (1) 5 (1) 6 (1) 0 (1) 3 (1) 0 (1) 
C(I) -289  (33) 3264 (11) -673  (29) 5 (2) 5 (2) 2 (1) 1 (1) 1 (1) 0 (1) 
C(2) 253 (34) 3895 (11) -540  (31) 4 (2) 5 (2) 3 (2) 0 (1) 1 (1) 0 (1) 
C(3) 5313 (36) 3070 (13) 3780 (44) 3 (2) 5 (2) 9 (3) 1 (1) 1 (2) - 1 (2) 
C(4) 5311 (32) 3382 (16) 5131 (41) 2 (1) 13 (3) 6 (2) 0 (2) 1 (2) 1 (2) 
C(5) 413 (31) 3323 (9) 4909 (20) 4 (1) 2 (1) 2 (1) 0 (1) 1 (1) 0 (1) 
C(6) -233  (33) 3888 (10) 4097 (30) 5 (2) 3 (1) 3 (1) 0 (1) 2 (1) - 1 (1) 
C(7) -1345 (34) 4211 (10) 4505 (32) 5 (2) 4 (2) 4 (2) 0 (1) 3 (1) - I  (1) 
C(8) -2283 (33) 4716 (11) 3702 (33) 4 (2) 4 (2) 5 (2) 1 (1) 3 (1) 0 (1) 
C(9) -2225 (40) 4952 (12) 2166 (36) 7 (2) 4 (2) 6 (2) 1 (1) 4 (1) 1 (1) 

Cl ~ C2 
N3C N23~ 

C4C 4 ~ C 6 0 2 ~  oCI109 

4 
Fig. 1. A stereoscopic view of the molecule showing the labelling scheme. (The water molecule, iodide ion and hydrogen atoms 

are omitted for clarity.) 
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bond lengths and angles are given in Tables 3 and 4. 
The acetylpyruvate ion is bonded to Co in the keto 

carboxylato form represented as (b) in the Introduction. 
The Co-O lengths, Table 3, are similar to those found 

Table 2. Idealized hydrogen atom positions (x  10 a) 

x y z 
H(N1) -66  270 113 
H'(N1) -126 321 103 
H(N2) 151 433 92 
H'(N2) 308 396 101 
H(N3) 322 255 306 
H'(N3) 329 287 156 
H(N4) 423 417 415 
H'(N4) 361 396 545 
H(CI) -28 289 - 135 
H'(CI) - 148 348 - 140 
H(C2) 114 308 - 56 
H'(C2) -22  362 - 169 
H(C3) 613 271 420 
H'(C3) 581 335 310 
H(C4) 509 310 594 
H'(C4) 655 358 583 
H(C7) - 152 407 550 
H(C9) 302 533 178 
H'(C9) -95 505 238 
H"(C9) - 277 465 117 

Table 3. Selected bond lengths (A) with estimated 
standard deviations in parentheses 

Co--O(1) 1-91 (2) C(4)-N(4) 1-52 (4) 
Co--O(2) 1.89 (2) C(5)-O(1) 1.31 (3) 
Co--N(1) 1.93 (2) C(6)-O(2) 1.31 (4) 
Co--N(2) 1.95 (2) C(5)-O(3) 1-24 (4) 
Co--N(3) 1.96 (2) C(5)-C(6) 1.50 (3) 
Co--N(4) 1.97 (2) C(6)-C(7) 1.38 (4) 
C(1)-N(1) 1.49 (4) C(7)-C(8) 1.42 (3) 
C(2)-N(2) 1.48 (3) C(8)-C(9) 1.50 (5) 
C(1)-C(2) 1.55 (4) C(8)-O(4) 1.25 (4) 
C(3)-C(4) 1-41 (5)* Co--O(H20) 3.97 (2) 

motion: 1.53 (3). * Corrected for thermal 

Table 4. Bond angles (o) with estimated standard devia- 
tions in parentheses 

O(1)-Co--O(2) 86 (1) O(1)-C(5)-C(6) 115 (2) 
N(1)-Co--N(2) 87 (1) O(2)-C(6)-C(5) 115 (2) 
N(3)-Co--N(4) 85 (1) O(2)-C(6)-C(7) 125 (2) 
Y(1)-Co--Y(4) 178 (1) O(1)-C(5)-O(3) 124 (2) 
Y(2)-Co--O(1) 174 (1) C(6)-C(5)-O(3) 122 (2) 
N(3)-Co--O(2) 177 (1) C(5)-C(6)-C(7) 121 (2) 

C(9)-C(8)-O(4) 119 (3) 
Co--O(1)-C(5) 112 (1) O(4)-C(8)-C(7) 119 (3) 
Co--O(2)-C(6) 112 (1) C(7)-C(8)-C(9) 122 (2) 

in several oxalatocobalt(III) species (Butler & Snow, 
1971 ; Couldwell, House & Penfold, 1975). Bond lengths 
and angles within the O(1)-C(5)-O(3)-C(6)-O(2) unit 
are in agreement with those normally found in coor- 
dinated oxalate groups (Lethbridge, Glasser & Taylor, 
1970; Stephens, 1969; Couldwell, House & Penfold, 
1975). The chelate ring containing the Co and coor- 
dinated O atoms is almost planar (Table 5, planes I 
and II). 

The distorted octahedral arrangement of donor 
atoms around the Co atom is completed by the two 
ethylenediamine chelate rings. The Co-N lengths 
[average 1.95 (2),~] may be compared with similar 
systems (Anderson, Buckingham, Gainsford, Robert- 
son & Sargeson, 1975; Aoki, Matsumoto, Ooi & 
Kuroya, 1973). 

There is appreciable thermal motion of C(3) and 
C(4) (Fig. 1) which is responsible for the rather short 
bond length observed (1.41/~,). Correction for thermal 
motion gives a value of 1.53 A which is similar to the 
corresponding length in the other ethylenediamine 
ring. 

The ethylenediamine rings have opposite confor- 
mations and the results shown in Table 5, planes IV 
and V, indicate that C(2) and C(4) are displaced 0.59 
and - 0.52 ,~ respectively from the mean plane through 
the chelate rings containing the Co atom and coor- 

O 

g 

o 

f 

O J 

Fig. 2. Stereoscopic packing diagram of bis(ethylenediamine)acetylpyruvatocobalt(III) iodide monohydrate. 
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dinated e thylenediamine.  The N ( 1 ) - C ( 1 ) - C ( 2 ) - N ( 2 )  
and  N ( 3 ) - C ( 3 ) - C ( 4 ) - N ( 4 )  torsion angles in these rings 
are 50.2 and  46.4 ° respectively. 

Table  5. Equations of least-squares planes and distances 
of  individual atoms (~) from the planes 

x, Y,Z are orthogonal coordinates related to the fractional 
coordinates x,y,z in the crystal system by the matrix equa- 
tion: 

(8" i65523.5290 -3.96781 ( i )  = ( Z  ~ )  
0 7.9872/ 

(I) Plane through Co, O(i), 0(2), C(5), C(6) 
0.4736X+ 0.5642 Y -  0.6763Z- 3.3145 = 0 

Co -0.015 (3) C(5) 0.00 (2) 
O(1) 0.01 (2) C(6) -0 .02 (3) 
O(2) 0.02 (2) 

(II) Plane through O(1), O(2), C(5), C(6) 
- 0.5484X- 0.4531 Y -  0.7029Z+ 5.4342 = 0 

O(1) -0.01 (2) C(5) 0.01 (2) 
0(2) 0.01 (2) C(6) -0.01 (3) 
Co - 0.060 (3) 

(III) Plane through O(1), O(2), C(5), C(6), C(7), 0(3) 
- 0.5320X- 0"4463 Y -  7196Z+ 5"4471 = 0 

O(1) -0.01 (2) C(7) -0"01 (3) 
0(2) 0.03 (2) 0(3) 0.03 (2) 
C(5) -0"01 (2) Co -0"022 (3) 
C(6) - 0"02 (3) 

(IV) Plane through N(I), N(2), C(1), Co 
- 0.7535X+ 0.6574 Y -  0-0076Z- 5. I 151 = 0 

N(I) 0"10 (2) C(I) -0"08 (3) 
N(2) 0-06 (2) Co -0"075 (4) 
C(2) 0-59 (3) 

(V) Plane through N(3), N(4), C(3), Co 
0.4376X + 0-5710 Y -  0.6946Z - 3.2959 = 0 

N(3) -0-05 (2) C(3) 0"04 (3) 
N(4) -0.03 (2) Co 0.039 (3) 
C(4) - 0-52 (3) 

Table  6. Bond lengths between atoms invoh,ed hi 
hydrogen bonding of  the water molecule 

Symmetry operation* 
N(2) O(H20) 2.98 (3) 
O(H20)-O(4') 2.82 - x ,  l - y ,  l - z  
O(H20)-O(4"') 2.94 1 -t- x, y, z 

* To transform 0(4) to 0(4') and 0(4"). 

The molecule of  water  of  crystal l izat ion is not  
coord ina ted  to the Co a tom [ C o - O ( H 2 0 )  3.97 A] but  
the bond  distances shown in Table  6 and the cri teria 
for  hydrogen  bonding  (Hami l ton  & Ibers, 1968) 
indicate that  it is involved in hydrogen  bonding  which 
links the cat ions in the unit cell. 

Financial  suppor t  f rom the Aus t ra l i an  Research  
G r a n t s  Commi t t ee  is gratefully acknowledged .  
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