258

S =0932
4385 reflections

Extinction correction:
SHELXL97 (Sheldrick,

438 parameters 1997)
H atoms treated by a Extinction coefficient:
mixture of independent 0.0069 (5)

and constrained refinement
w = 1/[oc3(F2) + (0.0917P)%]
where P = (F2 + 2F2)3

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (A °)

Cl1A—C24 1.735 (3) CiiB—C28 1.738 (3)
C8A—0%A 1.214 (3) C85—09%B 1.223(3)
C8A—CI10A 1.521 4) C88—C10B8 1.510(4)
C10A—NI11A 1.446 (3) C10B—NI11B 1.441 (4)
N11A—C124 1.377(3) N118—CI12B 1.377(3)
NI1A—Cl1A 1.455 (4) N11B—CI18B 1.448 (4)
C7A—C2A—Cl1A 119.1 (2) C7B—C2B—CIl1B 119.5(3)
C3A—C2A—Cl1A 119.2(2) C3B—C2B—Cl1B 119.5(2)
C4A—CSA—CBA 122.6 (2) C4B—C5B—C8B 119.2(2)
C6A—C5A—CBA 118.7 (2) C6B—C5B—C8B 122.1(2)
09A—C8A—C5A 120.6 (2) 09B—C8B—C5B 119.9 (2)
09A—C8A—C10A 120.0 (3) 09B—C8B—CI10B 120.6 (2)
C5A—C8A—C10A 119.4 (2) C5B—C8B—CI10B 119.6 (2)
N11A—C10A—C8A 114.1 (2) N11B—C10B—C8B 113.7(2)
CI12A—NI1A—C10A 120.0 (2) CI12B—N11B—CI10B 119.6 (2)
CI2A—N11A—C184 119.03) C12B—N11B—CI18B 120.2 (3)
CI10A—N11A—C184 116.8 (3) C10B—N11B—C18B 117.9 (3)
N11A—C12A—C134 121.8 (3) N11B—C12B—C17B 122.1(3)
N11A—C12A—C174 1219 (2) N11B—C12B—C13B 121.0(3)

Scattering factors, dispersion corrections and absorption coef-
ficients were taken from International Tables for Crystallog-
raphy, Vol. C, Tables 6.1.1.4, 4.2.6.8 and 4.2.4.2, respectively.

Data collection: Seifert diffractometer software. Cell refine-
ment: LSUCRE (Appleman, 1971). Data reduction: XRAY80
(Stewart et al., 1980). Program(s) used to solve structure:
MULTAN80 (Main et al., 1980). Program(s) used to refine
structure: XRAY80; SHELXL97 (Sheldrick, 1997). Molecular
graphics: Xral3.0 (Hall & Stewart, 1990). Software used to
prepare material for publication: SHELXL97.

This work was supported by the DGICYT PB96-
0001.

Supplementary data for this paper are available from the I[UCr
electronic archives (Reference: KA1278). Services for accessing these
data are described at the back of the journal.
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Abstract

There are two independent molecules in the asymmetric
unit of the title compound, C,yH,>N,0,4. The main
difference between the independent molecules is that
while one of them is nearly planar, the other has
the furyl substituents at 24.1 (1) and 16.1 (1)° to the
central furan ring. The near planarity of the molecules
introduces steric strain and distortions of the exocyclic
bond angles around the central furan ring. Each mol-
ecule contains a strong intramolecular O—H- - -N hydro-
gen bond.

Comment

Although Schiff bases have been widely used as ligands
in the formation of transition metal complexes and
structurally characterized, a relatively small number of
the free Schiff bases have been similarly characterized
(Calligaris & Randaccio, 1987). Schiff base compounds
show photochromism and thermochromism in the solid
state by proton transfer from the hydroxyl O atom to
the imine N atom (Hadjoudis er al., 1987).

The title compound, (I), has two crystallographically
independent molecules in the asymmetric unit. The ex-
tent of the planarity differs; in one the angles be-
tween the planar moiety A (O1, 02, N1, N2, C1-C9,
C19, C20) and the planar moieties B (03, C11-C13)
and C (04, C15-C18) are 2.3 (1) and 7.1 (1)°, respec-
tively, whereas in the other molecule they are 21.4 (1)
and 16.1(1)°. The near planarity of the molecules re-
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C4A

Cs5A

Fig. 1. The molecular structure and atomic labelling scheme of the title compound. Displacement ellipsoids are plotted at the 50% probability
level for non-H atoms. H atoms are shown as spheres of an arbitrary radius.

sults in large differences in the exocyclic angles at C9,
C10, C14, C15 and C19 of 22.4(2), 15.8(2), 7.8(2),
8.8(2) and 6.6(2)°, respectively, due to the close in-
tramolecular contacts between O4---H13 [2.257 (2)A]
and HI18..--C20 [2.526 (3) A] There is also a simi-
lar effect in the other molecule where the exocyclic
angles at C94, C10A, Cl4A, C15A and C19A differ
by 20.9(2), 18.6(2), 6.6(2), 8.3(2) and 5.1(2)°, re-
spectively, and the corresponding intramolecular con-
tacts are O4A---H13A [2.389(2) A] and HI8A-.--C20A
[2.563 (2) Al.

Strong intramolecular hydrogen bonds occur between
Ol and N1 and between OlA and NIA (Table 2).
The sum of the van der Waals radii of O and N
(3.07 A; Bondi, 1964) is significantly longer than the
O---N hydrogen-bond length, which is similar to the
corresponding bond lengths in N-(2-hydroxyphenyl)-
salicylaldimine [2.625 M A; Elerman et al., 1995], 2,2'-
azinodimethyldiphenol [2. 611(6)A Xu er al., 1994]
and 2-salicylideneamino-4,5,6,7- te[ra.hydrobenzo[b]lhlo—
phene-3-carbonitrile [2.626 (2)A Elerman & Elmali,
1998].

Apart from the intramolecular hydrogen bonds, there
are also significant intra- and intermolecular C—H- - -O
and C—H---N contacts (Taylor & Kennard, 1982;
Berkovitch-Yellin & Leiserowitz, 1984; Sharma & De-
siraju, 1994), which are listed in Table 2.

Experimental

The title compound was obtained from the reaction of 2-
amino-4,5-bis(2-furyl)furan-3-carbonitrile (0.001 mol) in 40 ml
of hot ethanol with a solution of salicylaldehyde (0.001 mol)
in 30 ml of hot ethanol. The precipitate was recrystallized for
2 to 3d using 1.5g of Schiff base in 100 ml of chloroform

solution.

Crystal data

C20H12N,04

M, = 344 .32
Triclinic

Pl )
a=9.0243) A
b=11442(2) A
c=17.506(3) A

a = 86.12(1)°
B8 = 79.10 (2)°
v = 68.33 (2)°
= 1649.5(7) A’
Z=4

D, = 1.386 Mg m~?
D, not measured

Data collection

Enraf-Nonius CAD-4
diffractometer
6/26 scans
Absorption correction: none
6634 measured reflections
5744 independent reflections
3792 reflections with
I > 20()

Refinement

Refinement on F?
R[F? > 20(F%)] =
wR(F?) = 0.162

0.047

Mo K« radiatgon

A=0.71069 A

Cell parameters from 25
reflections

0 =6-15°

p = 0.099 mm™~'

T=2932)K

Needle

0.45 x 0.15 x 0.10 mm

Red

Rin = 0.045

Omax = 25.99°

h=—-10—11

k=-14 — 14

1=0-—-21

3 standard reflections
frequency: 120 min
intensity decay: 3.4%

w = U[o*(F}) + (0.07P)
+ 0.31P]
where P = (F} + 2F2)/3
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S =1.092

5744 reflections

475 parameters

H-atom parameters
constrained

(A/0)max < 0.001

Apmax = 0.186 ¢ A7

Apuin = —0.188 ¢ A~3

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

Table 1. Selected geometric parameters (A, °)

C1—ol 1361 (3)  Cla—0lA 1.349 (3)
C7—NI 1283(3)  CTA—NIA 1.298 (3)
C8—02 1334(2)  CBA—O24 1341 (2)
C8—NI1 1384(2)  C8A—NIA 1374 (2)
Cco—Cl4 1378(3)  C9A—Claa 1.370 (3)
C9—02 1386(2)  C9A—024 1391 2)
C9—C10 1419(3)  C94—Cl04 1430 (3)
C10—03 1.346(3)  CI0A—CI3A 1.349 (3)
C10—CI13 1350(3)  Cl10A—03A 1.349 (2)
Cl1—C12 13144)  CllIA—CI24 1313 (4)
C11—03 1362(3)  Cl1A—034A 1.389 (3)
C12—C13 1406 4)  C12A—CI3A 1.451 (4)
C14—C19 1420(3)  Cl4A—Cl194 1.434(3)
Cl14—C15 1438(3)  Cl14A—Cl5A 1.445 (3)
C15—C18 1335(3)  CI5A—04A 1.343(3)
C15—04 1338(3)  Cl5A—Cl8A 1.343 (3)
Cle—Cl7 1313@)  Cl6A—Cl7A 1317 (4)
Cl6—04 1376(3)  Cl16A—04A 1.383 (3)
C17—CI8 1458(3)  Cl174—ClgA 1.463 (3)
01—C1—C6 1221(2)  OlA—ClA—C6A 1216 (2)
01—C1-—C2 1159(2)  OlA—ClA—C24 1149 )
02—C8—NI 1222(2)  024—C84A—NI14 121.3(2)
C19—C8—NI 1278(2)  CI9A—C84—NIA 1285 (2)
C14—C9—CI10 1367(2)  Cl44—C9A—C104 1358 (2)
02—C9—C10 1143(Q2)  02A—C94—C104 1149 (2)
03—C10—C9 1173(2)  CI34—CI10A—C94A 134.1 ()
C13—C10—C9 133.1(2)  03A—CI10A—C94 1155 (2)
C9—C14—Cl15 131.3(2)  C9A—Cl44—Cl154 1305 (2)
C19—C14—C15 1235(2)  CI9A—CI44—CISA  1239(2)
C18—CI5—Cl4 1209(2)  O44—CISA—Cl4A  1208(2)
04—C15—C14 121.1(2)  CIBA—CISA—Cl4A4  129.1(2)
C8—C19—C20 1226(2)  C8A—CI9A—C20A 123.7(2)
C14—C19—C20 1292(2)  C20A—CI9A—Cl4A  1288(2)
N2—C20—C19 177.6 (2) N2A—C20A—CI194  1759(2)
Table 2. Hydrogen-bonding geometry (A, °)
D—H...A D—H H--A D..A D—H.A

Ol—HI. . -NI 0.82(4)  1.88(4) 259 (2) 147 4)
OlA—HIA- - -N1A 081(4) 191(3)  2.605(3) 142 (4)
C3A—H34. - -N2! 0.96 2.53 3.385(4) 149

CI2—HI12- - -N2" 0.96 2.41 3341 (4) 163

CI13—HI3- .04 0.96 2.26 2,962 (3) 130

CI3A—HI3A---044 096 2.39 2.993 (3) 121

C4—H4- - -034 0.96 2.83 3.406 (4) 120

C16A—H164- - -03 0.96 2.74 3.337(4) 121

CI7A—HI7A. - -03 0.96 2.88 3.399 (4) 15

C16—HI6- - -N24' 0.96 2.68 3354 (4) 128

Symmetry codes: (i) x—1, 1+y,z— 1; (ii) x, l+y, z; (iii)) 1 —x, 1 —y, 1 —2z.

The structure was solved by direct-phase determination. The *

parameters of the complete structure could be refined by full-
matrix least-squares methods including anisotropic displace-
ment parameters for non-H atoms. H atoms bonded to C atoms
were refined using a riding model and H-atom displacement
parameters were restricted to be 1.2U,q of the parent atom. The
hydroxyl H atoms were located in a difference electron-density
map and their positions were allowed to refine, but their dis-
placement parameters were also constrained to be 1.2U.q of
the parent atom.

Data collection: Nonius Diffractometer Control Software
(Nonius GmbH, 1993). Cell refinement: Nonius Diffractometer
Control Software. Data reduction: REDU4 (Stoe & Cie, 1991).

© 1999 International Union of Crystallography
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- Program(s) used to solve structure: SHELXS86 (Sheldrick,

1990). Program(s) used to refine structure: SHELXI93
(Sheldrick, 1993). Molecular graphics: ORTEPII (Johnson,
1976). Software used to prepare material for publication:
SHELXL93.

This work was supported by grant TBAG-1597 of the
Scientific and Technical Research Council of Turkey.

Supplementary data for this paper are available from the IUCr
electronic archives (Reference: LN1070). Services for accessing these
data are described at the back of the journal.
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Abstract

In the title compound, N-(4-ethyl-5-thioxo-1,2,4-di-
thiazolidin-3-ylidene)ethylammonium chloride, C¢H;;-
N,S$-Cl, the five-membered C,;NS, ring is essentially
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