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Abstract. C14HI6C12N403, M r =- 359.24, monoclinic, 
C2/c, Z = 4, a = 7.154(3), b = 12.663(5), c = 
18.348 (5)A, fl = 98.07 (4) °, dc,~c = 1.45 Mg m-3; 
/~(Cu Ka) = 3-73 mm-l;  R w = 0-06 for 756 reflections. 
The structure was solved by conventional techniques. 
The compound, a potent antidote against nerve agents 
and organophosphate pesticides by reactivation of 
phosphylated acetylcholinesterase, has the (E,E) con- 
figuration at the oxime moieties. The possibility of n 
localization in the pyridinium rings is discussed. 

Introduction. Some pyridinium oximes are potent 
reactivators of the enzyme acetylcholinesterase 
(AcChoE) inhibited by organophosphates, thereby 
restoring the normal transmission of nerve impulses 
after intoxication with these anticholinesterases. Hence, 
pyridinium oximes are used or considered for use as 
antidotes against poisoning with organophosphates both 
of the pesticide and of the nerve-agent type (Ellin & 
Wills, 1964; Sidell, 1974). 

The efficacy of the reactivation reaction depends in 
each case on the specific combination of the structure 
of the oxime and of the organophosphate moiety on the 
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enzyme. For example, monoquaternary 1-benzyl-2- 
[(hydroxyimino)methyl]pyridinium bromide (benzyl- 
P2 A bromide) and the bisquaternary 1,1'-[oxybis- 
(methylene) lbis { 4- [ (hydroxyimino)methyl]pyridinium } 
dichloride (obidoxime, Toxogonin ®) are highly effective 
reactivators of AcChoE inhibited with ethyl di- 
methylphosphoramidocyanidate (tabun; de Jong, 
Benschop, Van den Berg, Wolring & de Korte, 1981), 
whereas 4'-carbamoyl-2-1 (hydroxyimino)methyl]- 1, l '- 
[oxybis(methylene)]dipyridinium dichloride (HI-6) is 
effective against the enzyme inhibited with 1,2,2- 
trimethylpropyl methylphosphonofluoridate (soman; de 
Jong & Wolring, 1980). In a previous paper we 
reported the structure of benzyl-P2A salts (Van Havere, 
Lenstra, Geise, Van den Berg & Benschop, 1982). We 
now report the structure of obidoxime. 

Obidoxime [m.p. 484.5-485 K (dec.)] was obtained 
from E. Merck, Darmstadt, Federal Republic of 
Germany. Colourless single crystals were obtained by 
slow evaporation at room temperature of an aqueous 
solution of the product. 

The structure has been determined from data 
obtained at room temperature on an Enraf-Nonius 
CAD-4 diffractometer using Ni-filtered Cu Ka 
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1636 OBIDOXIME CHLORIDE 

Table 1. Positional parameters as fractions of  the cell 
edges, with e.s.d.'s in parentheses, and thermal 

parameters 

Isotropic temperature parameters (A 2) of non-hydrogen atoms are 
calculated from anisotropic thermal parameters according to 
Lipson & Cochran (1968) IBis,, = 8rr2(U'(t  U~2 U~3)'"I, assuming 
equal volume of the 50% probability region. E.s.d.'s are ca  0.2 A 2. 
All anisotropic thermal parameters were physically acceptable. H 
atom H~(x) withj = 1, 2 is attached to atom x. 

x y z Bis o 

El 0.2070 (3) 0. 1449 (1) 0. 1592 (1) 4.24 
O(1) -0 .5000  0.6485 (5) -0 .2500 3.85 
0(2)  -0 .0839(7 )  0.3141 (3) 0.1399(2) 3.91 
N(1) -0 .3040  (7) 0.5464 (4) -0"  1611 (3) 3"00 
N(2) -0"  1077 (7) 0"3369 (4) 0"0657 (3) 3.26 
C(2) -0 .343  (1) 0.6028 (5) -0 .1043 (4) 3.45 
C(3) -0 .3096 (9) 0"5646 (5) -0 .0336 (3) 3"00 
C ( 4 )  -0.2323 (9) 0.4653 (5) -0.0211 (3) 2.82 
C(5) -0.189 (I) 0.4074 (5) -0.0812 (3) 3.20 
C(6) -0.228 (1) 0.4491 (5) -0. 1499 (4) 4.01 
C(7) -0.1949 (9) 0.4252 (5) 0-0518 (3) 3.27 
C(8) -0.333 (1) 0.5903 (5) -0.2378 (3) 3.76 
H(O1) -0.011 (7) 0.251 (4) 0.132 (3) 3.70 
H(C2) -0.376 (7) 0.657 (4) -0.103 (3) 3.70 
H(C3) -0.371 (7) 0.603 (4) 0.003 (3) 3.70 
H(C5) -0.112 (7) 0.342 (4) -0.066 (3) 3.70 
H(C6) -0.229 (7) 0.425 (4) -0.178 (3) 3.70 
H(C7) -0.239 (7) 0-461 (4) 0.081 (3) 3.70 
HI(C8) -0.352 (7) 0.528 (4) -0-278 (3) 3.70 
H2(C8) -0.234 (7) 0.637 (4) -0.236 (3) 3.70 

I 
I 

6~ \ - -  -/ 
/c32c2 \ [ c2--c3 

HO2__N2//C7 Cz.\ ( ) /N I C 8 
I C5--C6 

l 
CL- 

3.7 A 2. The refinement converged to R w = 0.06, with 
R w defined as ix  w(iFol _ iFcl)2/~ WlFo1211/2 for 
observed reflections. The maximum noise level in the 
final difference Fourier map was 0.15 e A -3. Refined 
parameters are listed in Table 1, and the numbering of 
atoms is given in Fig. 1.* 

Discussion. The two chemically equivalent parts of the 
molecule are related through a twofold axis which also 
renders them crystallographically equivalent. 

Substituents around the C = N  bonds in obidoxime 
are arranged in the (E) configuration (also called syn in 
older literature). This result confirms a recent assign- 
ment of the (E,E) configuration of obidoxime based on 
13C NMR spectroscopy (Waysbort, Balderman & 
Amitai, 1981; see also Lfittringhaus & Hagedorn, 
1964). The (Z,Z) isomer of obidoxime, supposedly 
isolated by Russian workers (Leitis, Shimanskaya & 
Varslavans, 1969), seems to be more toxic and a less 
effective antidote than the (E,E) isomer. It has also 
been shown that the (Z) isomer of monoquaternary 
4-[(hydroxyimino)methyl]- 1-methylpyridinium iodide 
is a less potent reactivator in vitro than the (E) isomer 
(Poziomek, Kramer, Mosher & Michel, 1961). Inter- 
estingly, the (E) configuration also occurs in other 
pyridinium oximes with antidotal activity against 
intoxication with organophosphates, e.g. in 2-[(hy- 
droxyimino)methyl]- 1-methylpyridinium chloride (prali- 
doxime chloride: Carlstr6m, 1966), and in 1-benzyl-P2A 
salts (Van Havere et al., 1982). 

Bond distances, valence angles and some torsion 
angles are listed in Table 2. The bond length 
C(4) -C(7)  (1.422 A) seems rather short for a 'normal' 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Lending Division as 
Supplementary Publication No. SUP 36622 (6 pp.). Copies may be 
obtained through The Executive Secretary, International Union of 
Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. 

Fig. 1. Structural formula with numbering of the atoms. 

radiation (2 = 1.54184 A). All 1219 unique reflections 
with 0 < 60 ° were measured by ~o scans. Cell 
parameters were evaluated by a least-squares pro- 
cedure using 20 reflections. The data were corrected for 
absorption and 756 gave I _> 3a(I). 

Since the asymmetric unit contains half a molecule, 
only one C1 atom had to be located in the Patterson 
map. All other non-hydrogen positions were obtained 
using the heavy-atom Fourier technique. H positions 
were found from difference electron density maps. The 
refinement was performed with the Gauss-Seidel block 
method (Sparks, 1974) giving each reflection a weight 
based on counting statistics. The Debye-Waller tem- 
perature factor of the H atoms was kept fixed at 

Table 2. Bond distances (A), valence angles (o) and 
some selected torsion angles (o) for  obidoxime, with 

e.s.d.'s in parentheses 

N(1)-C(2) 1.324 (3) C(4)-C(7) 1.422 (4) 
C(2)-C(3) 1.373 (4) C(7)-N(2) 1.288 (3) 
C(3)-C(4) 1.381 (3) N(2)-O(2) 1-379 (3) 
C(4)-C(5) 1.393 (3) N(1)-C(8) 1.501 (3) 
C(5)-C(6) 1.359 (5) C(8)-O(1) 1.392 (3) 
C(6)-N(1) 1.351 (4) 

N(1)-C(2)-C(3) 121.7 (3) C(3)-C(4)-C(7) 120.0 (3) 
C(2)-C(3)-C(4) 119.4 (3) C(5)-C(4)-C(7) 121.6 (3) 
C(3)-C(4)-C(5) 118.4 (3) C(4)-C(7)-N(2) 121.2 (3) 
C(4)-C(5)-C(6) 119.3 (3) C(7)-N(2)-O(2) 111.5 (2) 
C(5)-C(6)-N(1) 121.4 (3) C(2)-N(1)-C(8) 121.4 (2) 
C(6)-N(1)-C(2) 119.8 (3) C(6)-N(1)-C(8) 118.7 (2) 
N(I)-C(8)-O(I) 110.5 (2) C(8)-O(1)-C(8') 116.1 (3) 

N(2)=C(7)-C(4)-C(5) 4.7 (5) N(1)-C(8)-O(1)-C(8 ~) 76.6 (5) 
C(2)-N(1)-C(8)-O(1) 40.1 (5) 

Symmetry code: (i) - 1 - x.  y ,  - z  - ½. 
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C s p 2 - - C s p  2 bond (1.466 A). Also, there could be a 
short-long-long-short pattern in the C ( 2 ) - C ( 3 ) -  
C(4) -C(5) -C(6)  section of the pyridinium ring. 
These phenomena are suggestive of n localization of 
type (Ib). Carlstr6m (1966) has invoked the same 
rationale to explain certain features in pralidoxime 
iodide. On the other hand, there are arguments against 
it. First, it would be expected that a similar n localiz- 
ation (type IIb) would occur in the closely related 
1-benzyl-2-[ (hydroxyimino)methyllpyridinium bromide 
and methanesulphonate. In these compounds, however, 
the bonds C(2)-C(7) are normal (1.454 and 1.472 Jk), 
and the distances in the C(2 ) -C(3 ) -C(4 ) -C(5 ) -C(6 )  
part of the pyridinium ring show little of type (IIb) 
alternation. 

OH "OH 
r i[ H N ~ C ~  H ~ c ~ N  

I 

I I H2C--O-- H2C O-- 
(Ia) (Ib) 

~ c ~ N % H  ~ - N / ~ c  ~ -,-OH 

I " 
CH2Ph CH2Ph 

(IIa) (IIb) 

Second, indices of aromaticity (A) do not give 
convincing evidence. Julg & Franqois (1967)and Julg 
(1971) have developed a criterion, the index of 
aromaticity, to assess relative degrees of delocalization 
from bond-length data through the equation: 

A = l - - - - ~ n  = 1 -  

where d t is the ith bond length and ) is the average of 
the n bond lengths. On this scale, benzene has A -- 1 
and a hypothetical Kekul~ form of benzene (C=C: 
1.34 A; C - C :  1.47 A) has A = 0.59. With hetero- 
aromatic rings one has to take into account the inherent 
inequivalence of CC and C X  bonds. For example, we 
use different ) values for CC (1.395 A) and CN 
(1.340A), determined by Bak, Hansen-Nygaard & 
Rastrup-Andersen (1958) for pyridine. This modifi- 
cation gives A = 0.95 (3) for the pyridinium ring of the 
title compound, indicating that there is no significant 

Table 3. Short  O - H . . .  C1 interaction in obidoxime 

D - H  A . . . H  D . . .A  D - H . . . A  
D-H. . .A (A) (A) (A) (o) 

O(2)-H(O2)...Cl* 0.98 (2) 2.0 (2) 2.973 (2) 153 (2) 

* Transformation x,y,z. 

difference in n delocalization between this pyridinium 
ring and pyridine. 

The pyridinium and oxime parts of the molecule are 
almost planar. Relative orientations of these parts can 
be seen from the torsion angles (Table 2). The two 
pyridinium rings within one molecule are at an angle of 
42 (1) °. The cation forms extra links to two symmetry- 
related C1- anions through two symmetry-related 
hydrogen bridges (Table 3). 

WVH thanks the Belgian Organization IWONL for 
financial support. 

References 

BAK, B., HANSEN-NYGAARD, L. & RASTRUP-ANDERSEN, J. 
(1958). J. Mol. Spectrosc. 2, 361-368. 

CARLSTROM, D. (1966). Acta Chem. Scand. 20, 1240-1246. 
ELLIN, R. I. & WILLS, J. H. (1964). J. Pharm. Sci. 53, 

995-1007. 
JONG, L. P. A. DE, BENSCHOP, H. P., VAN DEN BERG, G. R., 

WOLRING, G. Z. & DE KORTE, D. C. (1981). Eur. J. Med. 
Chem. 16, 257-262. 

JONG, L. P. A. DE & WOLRING, G. Z. (1980). Biochem. 
Pharmacol. 29, 2379-2387. 

JULG, A. (1971). Jerusalem Symp. Quantum Chem. Bio- 
chem. 3, 383. 

JULG, A. & FRANgOIS, P. (1967). Theor. Chim. Acta, 7, 
249-259. 

LEms, L., SHIMANSKAYA, M. V. & VARSLAVANS, A. (1969). 
LaW. PSR Zinat. Akad. Vestis Kim. Ser. pp. 249-250; 
Chem. Abstr. 71, 81098d. 

LIPSON, H. & COCHRAN, W. (1968). The Determination of 
Crystal Structures, p. 301. London: Bell. 

LOTTRINGHAUS, A. & HAGEDORN, I. (1964). Arzneim. 
Forsch. 14, 1-5. 

POZIOMEK, E. J., KRAMER, D. N., MOSHER, W. m. & 
MICHEL, H. O. (1961).J. Am. Chem. Soc. 83, 3916-3917. 

SIDELL, F. R. (1974). Clin. Toxicol. 7, 1-17. 
SPARKS, R. A. (1974). Least-squares tutorial. Am. Crystal- 

logr. Assoc. Meet., Berkeley, CA, p. 99. 
VAN HAVERE, W., LENSTRA, A. T. H., GEISE, H. J., VAN 

DEN BERG, G. R. & BENSCHOP, H. P. (1982). Acta Cryst. 
B38, 469-472. 

WAYSBORT, D., BALDERMAN, D. & AMITAI, G. (1981). Org. 
Magn. Reson. 16, 7-10. 


