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perrhenate ions in hydrochloric acid results in the for- 
mation of many coloured Re v complexes. The blue 
[ReO(H20)C12tu2]C1 (1) was obtained first, and green 
ReO(HEO)C13tu (2) and orange ReOCl3tu 2 (3) were 
precipitated with increasing concentration of HCI. It was 
observed that thiourea was a reducing agent, and that 
the presence of  strong reducing agents such as SnCl 2 is 
not necessary to obtain thiourearhenium(V) complexes 
from Red4 ions. In (1) the R e - H 2 0  bond of  2.23 A is 
quite strong and therefore the C1- ions replace thiourea 
molecules (with increasing concentration of  HC1). 
However, in (2) this bond is lengthened to 2 . 2 9 / i  and 
therefore the water molecule could be replaced by 
thiourea molecules. It is interesting to note that in (3) 

thiourea molecules trans to O atoms are nitrogen- 
bonded with Re atoms. 

On the basis of  this and the previous investigations it 
seems that the coordination around the Re atoms in 
other thiourea complexes can be determined from the 
X-ray data only. 
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Abstract. (FCH2.COO)- .Na+;  P2~; a = 9.32 (1), b = 
5.33 (1), c =  3.65 (2) A, /~ = 99.4 (5)°; Dm = 1-79 
(flotation); Dc = 1.86 g cm-3; Z = 2. The Na ÷ ion is 
coordinated by five O atoms and a F atom which form 
a distorted octahedron. The average value of  the 
Na. • • O distances in the octahedron is 2.46 (2) A and 
the N a . . .  F distance is 2.56 (2) •. By including also a 
long N a - . - O  distance of 2.98 (2) ./k in the Na coor- 
dination, the polyhedron becomes seven-cornered with 
the F atom centring a face of  the distorted trigonal 
prism formed by the O atoms. In the fluoroacetate ion, 
the F atom is cis to one of the carboxylate O atoms. 

Introduction. A very tiny, transparent crystal of 
sodium fluoroacetate, about 0.2 x 0.2 x 0.3 mm, was 
obtained by slow evaporation from aqueous solution. 
Efforts to obtain larger crystals by the same and differ- 
ent procedures were not fruitful. Hence, the one tiny 
crystal was used for data collection. Intensity data 
from reciprocal levels hkl, l = 0 to 2, were recorded on 
multiple films by the equi-inclination Weissenberg 
method with Cu Ka radiation. The diffraction pattern 
was generally weak. When the second-level data were 
recorded, the spot shape of the reflexions was beginning 
to change, indicating deterioration of  the sample, and 
soon after the recording of that level, the specimen lost 
its crystallinity and acquired a chalky appearance. The 

intensities of  207 observed reflexions were measured by 
comparison with a calibrated strip and were corrected 
for Lp and spot-shape effects. 

The structure was solved by direct methods followed 
by Fourier methods. MULTAN (Germain, Main & 
Woolfson, 1971), as modified by S. Ramakumar and 
N. Murthy for the IBM 360/44 computer, was used 
with 84 E's greater than 1-0. From the E map cor- 
responding to the best solution of  MULTAN, the 
positions of the Na + ion and the two acetate O atoms 
could be obtained. From a subsequent difference 
electron density map, the positions of  the rest of  the 
atoms in the structure were derived. The structure was 
refined by an iterative, block-diagonal structure-factor 
least-squares procedure. Anisotropic thermal param- 
eters were employed and Cruickshank's weighting 
scheme with the  c o n s t a n t s  a = 2 . 9 5 ,  b = 0 . 5 3  and  c = 

0.030 was used. When the least-squares refinement 
converged, R, defined as r, IFol-  IfcIVrIFol, for 207 
observed reflexions was 0-127. The least-squares pro- 
gram used was originally written by R. Shiono and later 
modified by B. S. Reddy. The scattering factors were 
those of  Cromer & Waber (1965). 

Discussion. Sodium fluoroacetate is well known for its 
protective action against ionizing radiation (Bacq, 
Fischer & Herve, 1958). This analysis forms part of a 
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Table 1. Final atomic coordinates in fractional units 
(x 103) with e.s.d.' s in parentheses 

x Y z 

Na 115(1) 
O(1) 121 (1) 
0(2) 186 (2) 
C(1) 206 (2) 
C(2) 358 (2) 
F 363(1) 

947 

Table 3. N a . - . O  and N a . . . F  distances (~) in the 
coordination polyhedra 

599 330 (2) 
288 (3) -154 (5) Na...O(li.) 2.43 (2) 

-112(3) -188(5) Na. • • O(2'.'.) 2-61(2) 
103 (5) -77 (6) Na...O(l'") 2.50(2) 
159 (4) 140 (8) Na-..O(2 iv) 2.35 (2) 
401 (3) 296 (4) 

Symmetry code: (i) x,y,z; (ii) x, y + 1, z ;  (iii) x ,  y,  z + 1; ( iv) x ,  y + 1, 
z+I;(v)~½+Y,Z. 

Na. • O(1 v) 
Na. • O(2 v) 
Na. -F i 

2.41 (2) 
2.98 (2) 
2.56 (2) 

Table 2. Final bond lengths (A) bond angles (o) and 
dihedral angles (°) in the fluoroacetate ion, with e.s.d.'s 

in parentheses 

O(1)-C(I) 1.27 (3) O(l)-C(l)-O(2) 127 
O(2)-C(1) 1-22 (3) O(I)-C(1)-C(2) 117 
C(1)-C(2) 1.54 (3) O(2)-C(1)-C(2) 116 
C(2)-F 1.41 (3) C(I)-C(2)-F I l l  

O(2)-C(1)-C(2)-F - 172 (2) 
O(I)-C(1)-C(2)-F 15 (3) 

programme of X-ray structural investigations on radio- 
protectants (Vijayan, Mani, Vedavathi & Ramaseshan,  
1975; Vijayan & Mani, 1977). 

The final positional coordinates are given in Table 1, 
with the e.s.d.'s.* The interatomic distances and 
valency angles are presented in Table 2. These values 
a r e  comparable within experimental error (A < 30) to 
the molecular dimensions observed in the crystal struc- 
tures o f  ammonium trifluoroacetate (Cruickshank, 
Jones & Walker, 1964), Cs and K hydrogen di(tri- 
fluoroacetate) (Goli6 & Speakman, 1965) and Ag 
trifluoroacetate (Griffin, Ellett, Mehring, Bullitt & 
Waugh, 1972). The dihedral angles presented in Table 
2 describe the conformation of  the acetate ion. Even 
though the seemingly sterically favoured position for 
the F atom is one in which it is nearly equidistant from 
the O atoms, it is found to be cis with respect to the O 
atom O(1). A similar molecular conformation has been 
observed in the crystal structure of  monofluoroacetic 
acid (Kanters & Kroon, 1972). The N a - . . O  and 
N a . . .  F distances in the coordination polyhedron of  
the Na t ion are listed in Table 3. The Na  t ion is sur- 
rounded by five O atoms and a F atom which together 
form a distorted octahedron. The Na-  .. O distances in 
the octahedron range from 2.35 (2) to 2.61 (2) A, the 
average value being 2.46 (2) A. In addition to these six 
atoms, there is another O atom situated 2.98 (2) 
from the Na t ion. Similar long Na.  • • O distances have 
been observed in the crystal structures of  monosodium 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 32332 (3 pp.). Copies may be 
obtained through The Executive Secretary, International Union of 
Crystallography, 13 White Friars, Chester CH1 1NZ, England. 
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Fig. 1. A view of the crystal structure along the 1010] direction. 

inosine-5'-monophosphate octahydrate (Rao & Sun- 
daralingam, 1968) and the hydrated disodium salt of  
adenosine triphosphate (Kennard et al., 1970), where 
the O atom is reported to coordinate to the Na ÷ ion. In 
sodium fluoroacetate, the six O atoms surrounding the 
cation form a distorted trigonal prism. However, the 
coordination polyhedron formed by the six O atoms 
and the F atom is seven-cornered with the F atom 
centring a face of  the trigonal prism. 

A view of  the structure as seen along the [0101 direc- 
tion is given in Fig. 1. In the ac plane, the fluoroacetate 
ion is so oriented that the Na ÷ ion is sandwiched be- 
tween two pairs of  O atoms. The Na t ions related by 
the 2, screw axis and their respective coordination 
polyhedra repeat along e to form an infinite column. The 
forces between neighbouring columns are mainly of  the 
non-bonded van der Waals  type. Along b, the Na + and 
fluoroacetate ions are arranged alternately and the Na t 
ion is again sandwiched by two pairs of  O atoms. 

The authors wish to thank Dr S. Ramaseshan for his 
kind interest in the problem. One of  us (BMV) thanks 
the Council of  Scientific and Industrial Research, India, 
for the award of  a junior research fellowship. 
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Abstract .  C32H37N202C1 , Mr = 517.1;  monoclinic,  
P2~/n; a = 14.247 (3), b = 15.847 (3), c = 12.430 (3) 
A,/3 = 90.71 (2)°;  25 ° C ;  Z = 4, Each  molecule is con- 
nected to two neighbours  by hydrogen  bonds. 

Introduction. Transparen t  colourless crystals  were ob- 
tained by cooling a solution in ethanol.  The space 
group was determined from Weissenberg  photographs .  
The experimental  condit ions used for data  collection 
are given in Table 1. 

* Charg6 de Recherches du Fonds National de la Recherche 
Scientifique. 

Table 1. Experimental conditions 

Instrument: Syntex P2~ diffractometer 
Source: Cu K/-~, t[ = 1.5418 A; graphite monochromator 
09--20 scan; 0max = 50°; confidence level 2.5 
Total number of independent reflexions: 2895 
Total observed: 2471 

C(26) C (271X"---N 
\ \ c(~2 cH3) 
~. ~c l25)  ~ ctt.) C(3l 

C(23}"~-~, " C1351 / ~ /C121 
..... "~y~.=~ C115)~ IC[Sl .... ~ 7 )  

/~ct~ ~-~I,, N / C(6I ~'- 

' ( 2 ° X  I \ _. 

C(37 C (321 

C(33) 

Fig. I. The conformation and numbering scheme of 
C32H37N202Cl. 

Table 2. Final positional parameters (x104) with 
standard deviations in parentheses 

X y Z 

CI(1) 6194 (I) 3431 (1) 9467 (1) 
C(2) 6286 (2) 2456 (2) 10092 (3) 
C(3) 5977 (2) 2341 (2) 11118 (3) 
C(4) 6044 (2) 1538 (2) 11608 (3) 
C(5) 6421 (2) 860 (2) 11054 (2) 
C(6) 6736 (2) 994 (2) 10003 (3) 
C(7) 6682 (3) 1792 (2) 9531 (3) 
C(8) 6463 (2) -21 (2) 11554 (2) 
C(9) 7450 (2) -415 (2) 11469 (3) 
C(10) 7467 (2) -1335 (2) 11862 (2) 
N(ll) 6768(2) -1820(1) 11236(2) 
C(12) 5813 (2) -1499 (2) 11421 (3) 
C(13) 5745 (2) -593 (2) 10976 (2) 
O(14) 6171 (1) 19(1) 12652(2) 
C(15) 6873 (2) -2742 (2) 11362 (2) 
C(16) 6398 (2) -3192 (2) 10406 (2) 
C(l 7) 7060 (2) -3546 (2) 9523 (2) 
C(I 8) 7521 (2) -4368 (2) 9963 (2) 
O(19) 7451 (2) -4525 (1) 10941 (2) 
N(20) 7987 (2) -4882 (2) 9327 (2) 
C(21) 8134(3) -4802(2) 8137(3) 
C(22) 8474 (2) -5624 (2) 9805 (3) 
C(23) 6413 (2) -3792 (2) 8563 (2) 
C(24) 6437 (2) -3388 (2) 7560 (3) 
C(25) 5816 (3) -3633 (2) 6727 (3) 
C(26) 5148 (3) -4265 (2) 6902 (3) 
C(27) 5119(2) ---4661 (2) 7896(3) 
C(28) 5750 (2) ---4425 (2) 8728 (2) 
C(29) 7827 (2) -2897 (2) 9276 (2) 
COO) 7560 (2) -2088 (2) 8962 (2) 
C(31) 8233 (3) -1454 (2) 8778 (3) 
C(32) 9182 (3) -1642 (2) 8949 (3) 
C(33) 9461 (3) -2440 (2) 9280 (3) 
C(34) 8769 (2) -3066 (2) 9458 (3) 
C(35) 6483 (2) -3074 (2) 12451 (3) 
C(36) 8858 (3) -5480 (3) 7919 (3) 
C(37) 8778 (3) -6110 (2) 8785 (3) 


