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imine N atom, which may be reversible. Molecular 
switches may also be based on proton transfer. In the 
molecular systems, with proton transfer, the charge 
transport occurs through overlapping intermolecular 
I7" orbitals. The electrical properties depend heavily 
on the intermolecular interactions. Thus, a thermo- 
chromic Schiff base may be a candidate for con- 
struction of a novel type of conductive organic 
material in which the proton motion is essentially 
correlated to the electron conduction (Hadjoudis, 
Vittorakis, Moustakali-Mavridis, 1987; Inabe, 1991). 
These phenomena may be related to the molecular 
packing in the lattice (Bregman, Leiserowitz & 
Schmidt, 1964). In this paper, the structure of the 
title compound, (I), is described. 

~CH~N--N~CH'Ho ~ 
(I) 
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Abstract 
The X-ray single-crystal structure determination of 
the title compound reveals a trans planar structure in 
which the molecules stack in columns parallel to the 
c axis of the unit cell. Each molecule contains intra- 
molecular O-..N hydrogen bonds [2.611 (6) A]. 

Comment 
Proton transfer, accompanied by a configurational 
change of the ¢r-electron structure, is one of the key 
reactions in many proposals for molecular-electronic 
devices. Schiff base compounds undergo photochro- 
mism and thermochromism in the solid state by 
proton transfer from the hydroxyl O atom to the 
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The molecular geometry is illustrated in Fig. 1. 
The molecule is located on the centre of inversion so 
that only one half of the molecule is crystallo- 
graphically independent. The N---C(7) [1.285 (7)A] 
and N- -N '  [1.386 (9) A] distances indicate that these 
correspond to double and single bonds, respectively. 
Although the bond length O---H(O) is typical of a 
hydroxyl group, the distance between the O and N 
atoms, which are intramolecularly hydrogen bonded, 
is 2.611 (6)A, and is comparable to those observed 
for thermochromic N,N'-disalicylidene-l,6-pyrenedi- 
amine [2.614 A (Inabe, Hoshino, Mitani & Maru- 
yama, 1989)] and photochromic 2-chloro-N- 
salicylideneaniline [2.609 A (Bregman, Leiserowitz & 
Osaki, 1964)]. The O---C(1) bond length [1.364 (8) A] 
is in the range observed for other N-salicyli- 
deneanilines (Inabe, Hoshino, Mitani & Maruyama, 
1989; Bregman, Leiserowitz & Osaki, 1964; 
Bregman, Leiserowitz & Schmidt, 1964). The torsion 
angles N--C(7)---C(6)---C(1) [-2.61 (7) °] and 
N--C(7)---C(6)---C(5) [179.51 (7) °] indicate that the 
molecule is practically planar. The maximum devia- 
tion from the mean plane is 0.016A for non-H 
atoms. The molecules stack tightly to form columns 

cA' 

Fig. 1. A view of the title molecule with the atomic numbering 
scheme. 
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parallel to the c axis (See Fig. 2). In thermochromic  
Schiff base compounds ,  this p lana r  structure makes  
it possible for  the p ro ton  to t ransfer  th rough the 
hydrogen bond  in the g round  state with a small 
energy requirement  (Bregman,  Leiserowitz & Osaki,  
1964; Bregman,  Leiserowitz & Schmidt,  1964). 

I 

Fig. 2. A view o f  the unit  cell o f  the crystal. 

Exper imen ta l  

The title compound was prepared by condensation of hydrazine 
hydrate and salicylaldehyde in a 1:2 molar ratio in ethanol. 

Crystal data 

CI4H12N202 
Mr = 240.26 
Monoclinic 
P21/n 
a = 8.518 (1) ,Z, 
b = 6.305 (1)/~, 
c = 11.812 (2) A 

= 107.92 (1) ° 
V = 603.6 A 3 
Z = 2  
Dx = 1.32 Mg m - 3  

Data collection 
Enraf=Nonius CAD-4 

diffractometer 
w-20 scans [1-10 ° rain-l; 

width (0.50 + 0.140tan0) ° 
in ¢o] 

Absorption correction: 
empirical (~b scan) 
T~i~ --- 0.985, Tmax = 
0.998 

1111 measured reflections 
849 independent reflections 

Cu Ka radiation 
A = 1.5418 A 
Cell parameters from 22 

reflections 
0 = 8 - 1 9  ° 
# = 0.7 mm -1 
T = 296 K 
Needle 
0.20 x 0.20 x 0.20 mm 
Pale yellow 

795 observed reflections 
[I > 3~(0] 

Rim = 0 .014  
0rex = 64 ° 
h--- - 9 - - - , 9  
k = 0---, 7 
l = 0---, 13 
2 standard reflections 

frequency: 90 rain 
intensity variation: 0.9% 

Refinement 

Refinement on F 
R = 0.071 
wR = 0.073 
S = 0.67 
795 reflections 
102 parameters 
H atoms refined with fixed 

B ~  = 5.0 A 2 

( A / o ' ) m x  = 0.45 
Apmax = 0.41 e .~-3 
Apmin = --0.32 e A -3 
Atomic scattering factors 

from International Tables 
for X-ray Crystallogra- 
phy (1974, Vol. IV, Table 
2.213) 

Table 1. Fractional atomic coordinates and isotropic or 
equivalent isotropic displacement parameters (A 2) 

Biso for H atoms; B~ = (l/3)~i~jBiia'~aTai.ai for N, C and O. 

x y z B~/Beq 
N 0.4973 (4) 0.4167 (6) 0.4612 (3) 4.10 (8) 
C(1) 0.5150 (6) 0.0514 (7) 0.3225 (4) 4.6 (1) 
C(2) 0.5321 (6) -0.1308 (8) 0.2600 (4) 5.2 (1) 
C(3) 0.6654 (7) -0.2559 (8) 0.3029 (4) 5.7 (1) 
C(4) 0.7883 (6) -0.2114 (8) 0.4080 (5) 5.3 (1) 
C(5) 0.7690 (6) -0.0319 (7) 0.4716 (4) 4.7 (1) 
C(6) 0.6339 (5) 0.1021 (7) 0.4283 (3) 3.96 (9) 
CCO 0.6191 (6) 0.2877 (7) 0.4979 (4) 4.21 (9) 
O 0.3794 (5) 0.1753 (7) 0.2746 (3) 3.91 (9) 
H2 0.437 (8) -0.15 (1) 0.192 (5) 5.0 
H3 0.676 (8) -0.39 (1) 0.257 (5) 5.0 
H4 0.888 (8) --0.35 (1) 0.385 (5) 5.0 
1-15 0.835 (8) 0.00 (1) 0.545 (5) 5.0 
1-17 i 0.700 (9) 0.32 (1) 0.576 (5) 5.0 
H(O) 0.3898 0.3225 0.2785 5.0 

Symmetry code: (i) 1 - x, I - y, 1 - z. 

Table 2. Selected geometric parameters (A, °) 
N--N'  1.386 (9) C(3)--C(4) 1.38 (2) 
N--C(7) 1.285 (7) C(4)--C(5) 1.396 (9) 
C(1)--C(2) 1.398 (8) C(5)--C(6) 1.393 (9) 
C(1)--C(6) 1.382 (8) C(6)--C(7) 1.457 (7) 
C(1)--O 1.364 (8) N . . . O  2.611 (6) 
C(2)--C(3) 1.35 (2) 

N--N~--C(7) 113.4 (6) C(3)--C(4)--C(5) 117.7 (6) 
C(2)--C(1)--C(6) 120.1 (6) C(I)--C(6)--C(5) 119.1 (5) 
C(2)--C(1)--0 117.7 (5) C(1)--C(6)--C(7) 121.9 (6) 
C(6)--C(1)--0 122.2 (6) C(5)--C(6)--C(7) 119.0 (6) 
C(1)--C(2)--C(3) 119.8 (7) N--C(7)--C(6) 121.3 (5) 
C(2)--C(3)--C(4) 122.4 (7) 

The structure was solved by direct methods and a difference 
Fourier synthesis and refined with unit weights by full-matrix 
least-squares methods with anisotropic displacement parameters 
for all non-H atoms and fixed isotropic displacement parameters 
for H atoms. All calculations were performed on a PDP 11/44 
computer with the Enraf-Nonius SDP program package (Frenz, 
1978). PLUTO (Motherwell & Clegg, 1978) was used for gen- 
eration of molecular graphics. 

This work was supported by a grant for a Key Research 
Project from the State Science and Technology Commis- 
sion and National Nature Science Foundation of China. 

Lists of  structure factors, anisotropie displacement parameters, H-atom 
coordinates and complete geometry have been deposited with the IUCr 
(Reference: LI1074). Copies may be obtained through The Managing 
Editor, International Union of Crystallography, 5 Abbey Square, Chester 
CH1 2HU, England. 
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Commentaire 
Le produit attendu, au terme de la pr6paration re- 
pr6sent6e par le sch6ma ci-dessous [compos6 (4)], 
r6sulte de l'action de l'ac&yl6ne dicarboxylate de 
dim&hyle (DMAD) sur le 4,4,4-trichloro-3-&hoxy- 
carbonylamino-2-diazobutyrate d'&hyle (3) lui- 
m~me obtenu ~, partir du diazoac&ate d'&hyle (1) 
et de la N-&hoxycarbonyl-N-(2,2,2-trichloro&hy- 
lid6ne)amine (2). La mol6cule de (4) contient deux 
atomes de C asym&riques. Aussi l'objectif assign6 fi 
l'&ude cristallographique fut-il de d&erminer les 
conformations relatives de ces deux atomes. En fait, 
ce travail a montr6 que le produit soumis fi l'analyse 
structurale est le compos6 (5) dont la mol6cule con- 
tient un seul centre d'asym&rie. I1 a aussi permis de 
proposer un m6canisme pour expliquer sa formation 
~t partir de (4) via une transposition sigrnatropique 
[1,5] du groupe 2,2,2-trichloro-l-&hoxycarbonyl- 
amino&hyle. 
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Abstract 
The part of the molecule of 5-ethyl 3,4-dimethyl 
l-[2,2,2-tfichloro-l-(ethoxycarbonylamino)ethyl]- 
pyrazole-3,4,5-tricarboxylate containing the pyrazole 
ring, the 5-ethoxycarbonyl and the 3-methoxycar- 
bonyl substituents is approximately planar. The 
least-squares plane of the pyrazole ring makes angles 
of 90.5 (2) ° with the 4-methoxycarbonyl group and 
111.0 (2) ° with the plane of the carbonylamino 
group. An intramolecular N--H.. .CI hydrogen bond 
[3.003 (4) A, 103 (3) °] forms a pseudo-cycle. The 
crystal structure is composed of dimers, the mol- 
ecules of a dimer being linked to~ether by two 
N--H. . .O hydrogen bonds [3.034 (5) A, 163 (4)°]. 
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N2CH - CO2Et + ClaC - CH = N - CO2Et 

(1) (2) 

MeO2C~__~ CO2Me 

EtO2C---~N/N 

I 
C13C - CH - NH - CO2Et 

(5) 

D C13C - CH - NH - CO2Et 
I 

N2C - CO2Et 
(3) 

DM.AD 

/ 
"N"~" / 13C" H~ ~ / 

NH - CO2Et / 

(4) 

Les coordonn6es atomiques relatives et les facteurs 
de temp6rature isotropes 6quivalents sont rapport& 
dans le Tableau 1, les longueurs et les angles des 
liaisons dans le Tableau 2. Les noms des atomes sont 
indiqu6s sur la Fig. 1. 

o,0 

N 7 ~ 7 / . L h ' - " f l q  L ~-Jr'-~t,~,~ ~ C22 _ 

5 

Fig. 1. Dessin de la mol6cule vue en perspective et num6ros 
attribu6s fi ses atomes. 
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