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-0 .20  e A -3. Atomic scattering factors from Inter- 
national Tables for X-ray Crystallography (1974, Vol. 
IV). 

Discussion. Atomic fractional positional parameters 
are given in Table 1.* Bond lengths and angles are 
given in Table 2. The molecular structure and atomic 
numbering of potassium hydrogen diethylmalonate is 
illustrated in Fig. 1 (PLUTO; Motherwell & Clegg, 
1978). 

The C - - C  bond lengths and the C - - C - - C  angles 
are in good agreement with the values found in our 
previous study (Dubourg et al., 1988). However, the 
conformation of the potassium hydrogen diethyl- 
malonatc around the atom C(1) is quite different 
from that of the acid. Indeed, in the acid salt, the 
carboxylic and carboxylate groups are in the same 
plane, nearly perpendicular [82.2 (5) ° ] to the chain 
plane (XANADU; Roberts & Sheldrick, 1975); more- 
over, we observed a mirror plane perpendicular to 
the carboxylic group that passes through the atom 
C(1). The C - - O  single and double bonds are exactly 
the same in the carboxyl and carboxylate groups 
(Table 2), as was found previously in the potassium 
hydrogen 1,1-cyclopropane malonate acid (Dubourg, 
FabrSgue, Maury & Declercq, 1990). Therefore, we 
concluded that these two acids salts, KH 1,1- 
cyclopropane dicarboxylate and KH diethylmalonate 
have a similar chelated ring with a short O--H. . .O 
intramolecular hydrogen bond. The crystals are also 
stabilized by two intermolecular hydrogen bonds 
(Table 3). K + is coordinated to eight O atoms at 

* Lists of structure factors and anisotropic thermal parameters 
have been deposited with the British Library Document Supply 
Centre as Supplementary Publication No. SUP 54595 (7 pp.). 
Copies may be obtained through The Technical Editor, Inter- 
national Union of Crystallography, 5 Abbey Square, Chester CH1 
2HU, England. 

Table 3. Hydrogen-bond parameters: distances (A) 
and angles (°) 

H(Ow)---O(w) 0.900 (5) H(Ow)---O(Y) 1.98 (5) 
H(Ow)'--O(w) 0.951 (7) 0(2)...0(4) 2.39 (5) 
H(O2)---O(2) 1.086 ( 1 4 )  O(w)-..O(2) 2.80 (5) 
H(O2)...O(4) 1.66 (5) O(w)...O(3 ~) 2.75 (6) 
H(Ow)'.-.O(2) 1.95 (5) 

C(2)---O(1)---H(O2) i10.8 (8) O(w)---H(Ow)'..-O(2) 149 (7) 
H(O2).-.O(4)--C(3) 105 (9) O(w)--H(Ow)...O(Y) 142 (7) 
O(2)--H(O2)...O(4) 119 (8) 

Symmetry: no code assymetric unit; (i) 1 + y, 1 - x, 0.75 + z. 

distances less than 3.10 A as shown in Table 2. Six of 
the atoms, O(3i), O(liii), O(wiii), O(liv), O(3 v) and 
O(4V), form a distorted tri.g.onal prism; the other two 
O atoms, O(w ii) and O(2'"), face two of the lateral 
sides (Fig. 2) as in the anion complex [PtL2H] (LH2 
= 5-oxoproline) (Viossat, Rodier, Nguyen-Huy & 
Guillard, 1986). 
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Abstract. 1,8-Naphthyridinium tetrachlorofer- 
rate(III)-l,8-naphthyridine (1/1), C8H7N~-.FeCla.- 
C8H6N2, M, = 458.9, monoclinic, Cc, a = 10.698 (2), 

b = 25.533 (4), c = 7.315 (2) A,, /3 = 101.83 (I) °, V :  
1955.67 (72) ,~3, Z = 4, Dx = 1.5588 Mg m -3, 
A(Cu Ka) = 1.5418 A,/z  = 11.4 m m -  1, F(000) = 924, 
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626 C8H7N~-. FeC14. C8H6N2 

room temperature, final R = 0.0704 for 929 reflec- 
tions. The structure consists of discrete tetrahedral 
FeCI4 anions, protonated (NNH) + and unpro- 
tonated (NN) 1,8-naphthyridine molecules. 

Introduction. In the course of studies designed to 
synthesize model compounds for catechol 1,2- 
dioxygenase enzymes containing Fe as the cofactor 
(Que, 1983), the title compound has been found to be 
an active catalyst precursor for the oxidation of 
cathecols to o-quinones and muconic acids. The 
compound in question was obtained by adding a 
solution of 1,8-naphthyridine (0.26 g, 2 mmol) to 
anhydrous FeC13 (0.16 g, 1 mmol) dissolved in etha- 
nol (10 mL) under nitrogen atmosphere. Recrystalli- 
zation in the air from a THF (10mL)/n-BuOH 
(5 mL) mixture gave yellow crystals in 73% yield. 

Experimental. Philips PW 1100 diffractometer, lattice 
parameters determined using 20 reflections in the O 
range 10-20 °, scan rate 0.04 ° s-~, scan width (0.7 + 
0.15tan0) °, 1126 measured reflections, 5 ___ 20 ___ 105 °, 
- 1 0 _ < h _ 1 0 ,  0 _ < k _ 2 5 ,  0___l<7; 929 unique 
reflections with I_> 3tr(/); three standard reflections, 
no appreciable variation of their intensities; Lp 
correction, no absorption correction because of the 
small size of the crystal which had a prismatic shape 
with dimensions 0.1 × 0.05 × 0.2 mm; scattering 
factors for non-H atoms from International Tables 
for X-ray Crystallography (1974, Vol. IV) and for H 
atoms from Stewart, Davidson & Simpson (1965). 
Patterson and Fourier methods, full-matrix least- 
squares refinement, Y.w([Fol- IF~I) 2 minimized, 
anisotropic thermal parameters for Fe and C1 atoms, 
isotropic for the remaining atoms. Final R = 0.070, 
wR = 0.070, w = 1/tr(Fo)2; maximum shift/e.s.d, was 
< 1.0; maximum height in final AF map 0.19 e/~-3. 
SHELX76 (Sheldrick, 1976) and PLUTO 
(Motherwell, 1978) programs adapted for the HP 
Vectra 386/25 computer. 

Discussion. Atomic parameters for the compound 
(NN)(NNH)FeC14 are given in Table 1" and a selec- 
tion of bond distances and angles is reported in 
Table 2. Fig. 1 shows the contents of the unit cell. 
The oxidation state + 3 of the metal is consistent 
with the magnetic moment of the complex (/x = 
5.9 BM), corresponding to five unpaired spins. An 
analysis of the structural parameters confirms this 
point and allows the NN protonated molecule to be 
distinguished from the unprotonated one. The tetra- 

* Lists of  structure factors, anisotropic thermal parameters  and 
H-a tom coordinates have been deposited with the British Library 
Document  Supply Centre as Supplementary Publication No. SUP 
54669 (9 pp.). Copies may  be obtained through The Technical 
Editor, International  Union of  Crystallography, 5 Abbey Square, 
Chester CH1 2HU,  England. [ C I F  reference: GE0274] 

Table 1. Atomic coordinates (× 104) and thermal 
parameters (A2 x 103) for the structure of 

(NN)(NNH)FeC14 

Equivalent isotropic thermal parameters for the Fe and CI atoms: 
Uo, is defined as one third of the trace of the orthogonalized 
displacement tensor. Isotropic thermal parameters for N and C 
atoms. 

x y z U o r  U~q 
Fe(1) 5971 (0) 1608 (1) 2120 (0) 48 (1) 
CI(1) 7418 (4) 2118 (2) 3715 (8) 68 (3) 
C1(2) 5338 (5) 1961 (2) -651 (8) 80 (3) 
C1(3) 6758 (5) 826 (2) 1855 (8) 72 (3) 
C1(4) 4382 (5) 1504 (2) 3543 (10) 98 (4) 
N(1) 10768 (12) 1263 (6) 10558 (21) 62 (4) 
N(2) 9670 (I 1) 545 (5) 9314 (17) 48 (3) 
N(3) 1660 (12) 5 (5) 6026 (18) 54 (3) 
N(4) 380 (12) 677 (5) 4983 (17) 51 (3) 
C(1) 10835 (20) 1774 (9) 10776 (29) 77 (5) 
C(2) 9844 (18) 2127 (8) 10031 (26) 76 (6) 
C(3) 8787 (21) 1945 (8) 8903 (28) 79 (5) 
C(4) 8666 (17) 1393 (8) 8599 (26) 66 (5) 
C(5) 7604 (16) 1134 (7) 7426 (23) 61 (4) 
C(6) 7610 (17) 603 (8) 7300 (25) 71 (5) 
C(7) 8654 (16) 339 (7) 8234 (23) 57 (4) 
C(8) 9699 (14) 1077 (6) 9495 (19) 45 (3) 
C(9) 195 (18) 1209 (7) 4871 (25) 68 (5) 
C(10) 1116 (17) 1567 (7) 5750 (25) 66 (5) 
C(11) 2244 (17) 1415 (7) 6664 (24) 64 (4) 
C(12) 2503 (17) 870 (7) 6763 (25) 62 (4) 
C(13) 3672 (17) 640 (7) 7620 (23) 66 (5) 
C(14) 3790 (17) 115 (8) 7724 (25) 69 (5) 
C(15) 2758 (16) -200 (8) 6934 (26) 69 (5) 
C(16) 1524 (14) 534 (6) 5958 (21) 50 (4) 

Table 2. Selected bond distances (A) and angles (°)for 
the structure of (NN)(NNH)FeC14 

Fe(l)--Cl(1) 2.170 (4) N(2)--C(7) 1.32 (2) 
Fe(1)--C1(2) 2.194 (6) N(2)---C(8) 1.36 (2) 
Fe(1)---Cl(3) 2.192 (5) N(3)--C(15) 1.33 (2) 
Fe(1)--CI(4) 2.183 (7) N(3)--C(16) 1.36 (2) 
N(1)---C(1) 1.31 (3) N(4)---C(9) 1.37 (2) 
N(1)---C(8) 1.33 (2) N(4)--C(16) 1.34 (2) 

CI(3)--Fe(1)---CI(4) 106.4 (2) N(1)--C(1)---C(2) 125 (2) 
CI(2)--Fe(1)--CI(4) 111.6 (2) N(1)--C(8)--C(4) 124 (3) 
CI(2)---Fe(I)--CI(3) 110.1 (2) N(1)---C(8)---N(2) 114 (1) 
Cl(1)--Fe(1)--Cl(4) 110.8 (2) N(2)---C(7)---C(6) 127 (2) 
Cl(1)--Fe(1)--Cl(3) 110.5 (2) N(2)---C(8)---C(4) 121 (1) 
CI(I)--Fe(1)---CI(2) 107.5 (2) N(3)---C(15)---C(14) 122 (2) 
C(1)---N(1)---C(8) 116 (2) N(3)--C(16)--C(12) 112 (2) 
C(7)--N(2)--C(8) 117 (1) N(3)----C(16)--N(4) 112 (1) 
C(15)--N(3)---C(16) 119 (1) N(4)---C(9)--C(I0) 123 (2) 
C(9)--N(4)--C(16) 114 (1) N(4)---C(16)---C(12) 126 (1) 

chloroferrate group is known to exist either as a 
monoanion or as a dianion and both structures have 
been reported (Lauher & Ibers, 1975). A comparison 
leads to the conclusion that the title compound 
contains the monoanion FeC14 In fact, the average 
Fc C1 distance is 2.185 (9)AI a value ca 0.14/1, 
shorter than that found for the FeCI~- group. 

Concerning the nature of the two naphthyridine 
molecules in the asymmetric unit, there is only 
indirect evidence that one of them is protonated. In 
fact, it was not possible to locate with precision all of 
the H atoms in the structure and only those attached 
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Fig. 1. A perspective view (down the c axis) of the contents of the 
unit cell. 

to the C atoms were introduced at calculated posi- 
tions. It has been proposed (Bacci, Dei & Morassi, 
1973) that in protonated naphthyridine the proton 
could be symmetrically bridging between the two N 
atoms, but this is unlikely on account of the 
unfavourable energy predicted by molecular orbital 
calculations (Pacinotti, 1981). Thus, it is likely that 
only one of the two N atoms is protonated. The 
location of the proton is suggested from a compari- 

son of all of the C - - N - - C  angles in the title com- 
pound and in the structure of the free NN molecule 
at 163 K (Dapporto~ Ghilardi, Mealli, Orlandini & 
Pacinotti, 1984): the average C - - N - - C  angle is 
117.0 (2) ° in the latter case. The angle in question 
should increase if the N atom is bound to an acid 
(either a proton or a metal atom in a donor-acceptor 
relationship). This is normally observed for pyridine 
molecules as well. In the title compound, the angles 
at N(1) and N(2) of the first NN molecule are 116 (1) 
and 117 (1) °, respectively, while those at N(3) and 
N(4) of the second NN molecule are 119 (1) and 
114 (1)°; N(3) is therefore the most probable host site 
for the proton. 
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Abstract. [Sn(C4H9)2(C7HI4NS2)2], Mr=585.6 ,  tri- 
clinic, Pi ,  a=9 .7836(7) ,  b =  12.3437(6), c =  
13.2950 (8) A, a = 101.750 (4), fl = 103.606 (5), y = 
94.872 (5) °, V =  1512.9 (2)A3, Z =  2, Dm = 1.28, Dx 
= 1.29 Mg m -3, A(Mo Ka) = 0.71069 A, /z = 
1.12 mm-1,  F(000)= 612, room temperature, final R 
= 0.044 for 5055 unique observed reflections. The 
dithiocarbamate (dtc) ligands are anisobidentately 

* To whom correspondence should be addressed. 
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chelated to tin(IV), with one longer and one shorter 
Sn--S bond. The overall geometry at the Sn atom is 
highly distorted from trans octahedral. Four S atoms 
are nearly coplanar but are greatly distorted from 
square-planar geometry (cis S- -Sn - -S  angles range 
from 63.9 to 148.6°). 

Introduction. Crystallographic studies of organotin 
dithiocarbamato complexes have revealed a variety 
of coordination geometries around the Sn atom. 

© 1992 International Union of Crystallography 


