
1542 ClsH21NO7 

Data collection 

Enraf -Nonius  CAD-4  
diffractometer  

20/w scans 
Absorption correction: none 
3850 measured  reflections 
2033 independent  reflections 

(plus 1259 Friedel-related 
reflections) 

3120 reflections with 
I > 2tr(/) 

Refinement 

Refinement  on F 2 
R[F 2 > 2a(F2)] = 0.036 
wR(F 2) = 0.103 
S = 1.075 
3292 reflections 
234 parameters  
H atoms treated by a 

mixture of  independent  
and constrained ref inement  

w = 1/[o'2(F 2) + (0.0604P) z 

+ 0.1628P] 
where  P = (Fo z + 2F2)/3 

(A/if)max - 0.089 

eint = 0.016 
0max = 76.47 ° 
h = - 1 1  ----' 11 
k = - 12 ~ 12 
l = - 2 2  ---, 22 
3 standard reflections 

frequency:  120 min 
intensity decay: 1% 

Apmax = 0.141 e ,~-3 
Apmin = - 0 . 1 4 8  e ,~-3 
Extinction correction: 

SHELXL97 
Extinction coefficient: 

0.0053 (5) 
Scattering factors from 

International Tables fo r  
Crystallography (Vol. C) 

Absolute structure: 
Flack (1983) 

Flack parameter  = 0.02 (18) 

Table 1. Hydrogen-bonding geometry (A, o) 
D--H. • .A D--H H. • .A D. • .A D--H. . .A 

C2--H2- - -O21 i 0.98 2.34 3.199 (2) 146 
C22--H22- • - O 5  ii  0.98 2.58 3.516 (2) 160 
C22--H22- • -O11 0.98 2.51 2.848 (2) 100 
C13IH133. • .O11 iii  0.96 2.49 3.424 (2) 164 
C24---H242- • .O23 iv 0.97 2.59 3.543 (2) 170 
C25--H252- • .04 ~v 0.96 2.58 3.410 (2) 145 

Symmetry codes: (i) x - ½, ½ - y, - z ;  (ii) x, 1 + y, z; (iii) x, y - 1, z; (iv) 
1 - x ,  ½+Y, ½ - z .  

Friedel opposites were collected, were  regarded as symmet ry  
independent  and were  thus not merged.  The absolute structure 
was also determined by ref inement  of  the Flack enant iomorph 
parameter  (X) which refined to 0 .02(18)  (Hack,  1983). H 
atoms were included using a riding model  (SHELXL97; 
Sheldrick, 1997), but their displacement  parameters  were 
refined freely; rigid methyl  groups were al lowed to rotate but 
not tip, thus contributing one additional parameter  each. 

Data collection: CAD-4 EXPRESS (Enraf-Nonius ,  1994). 
Cell refinement:  CAD-4 EXPRESS. Data reduction: CAD- 
SHEL (Kopf, 1987). Program(s)  used to solve structure: 
SHELXS97 (Sheldrick, 1990). Program(s)  used to refine 
structure: SHELXL97 (Sheldrick, 1997). Molecular  graphics: 
ORTEPIII (Burnett & Johnson, 1996). Software used to pre- 
pare material  for publication: PLATON96 (Spek, 1990). 
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Abstract 
In the centrosymmetric formula unit of the title complex, 
C8 H 1604" 2C4 H9N3 S, the 1,4,7,10-tetraoxacyclododecane 
molecule adopts the biangular [66] conformation and 
the thiosemicarbazone molecules are linked to the 
macrocycle via a long and appreciably bent N - - N - -  
H..-O hydrogen bond [N-..O 2.992 (2),~, and N - -  
H. . .O 158 (2)°]. These units are associated into sheets 
by two additional hydrogen bonds, N - - H . - . O  and N - -  
H.. .S,  originating from the NH2 group and utilizing 
the thioureido S atom or the second crystallographically 
independent ether O atom as acceptors. 

Financial support from the Fonds der Chemischen 
Industrie is gratefully acknowledged. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: JZ1359). Services for accessing these 
data arc described at the back of the journal. 

Comment 
According to a search of the October 1998 version 
of the Cambridge Structural Database (Allen & Ken- 
nard, 1993), the number of metal-free crystal structures 
in which 1,4,7,10-tetraoxacyclododecane (12-crown-4) 
has been found to interact directly with uncharged mol- 
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ecules is small. Apart from a ternary clathrate involv- 
ing -),-cyclodextrin and water (Kamitori et al., 1986), 
and a binary adduct with the zwitterion +H3N--SO3- 
(Simonov et al., 1993), only three adducts with un- 
charged molecules have been characterized by X-ray 
diffraction. These binary compounds, of general for- 
mula 12-crown-4.2D, where D is Ph3SiOH (Babaian 
et al., 1990), (PhSO2)2NH (Wijaya et al., 1998) or 
(EtSO2)2CH2 (Michalides et al., 1995), form a series 
displaying O- -H . . .O ,  N - - H . . - O  or C - - H . . . O  interac- 
tions between the respective substrate and the macro- 
cyclic polyether. We now describe the solid-state struc- 
ture of the title complex, (I), which was discovered 
adventitiously (see Experimental )  and which represents 
only the second example of a binary adduct between 
12-crown-4 and uncharged molecules connected by N - -  
H. . .O  interactions. 

S%/NH 2 
C 

c'O/~'~)~ .2 @N H 

Q ,  / C ~ 
Me/\Me 

(1) 

The centrosymmetric formula unit of (1) is shown in 
Fig. I and selected intramolecular geometric data are 
listed in Table I. The macrocycle in (1) adopts the Ci 
symmetric and biangular [66] conformation, which also 
occurs in pure 12-crown-4 (Groth, 1978), in the afore- 
mentioned molecular 1:2 complexes and in a number 
of structures containing metal cations [for systematic 
conformational analyses of 12-crown-4 complexes see 
Raithby et al. (1997) and Hay et al. (1995)]. For the 
bond lengths and angles of the twelve-membered ring, 
the following normal ranges and mean values were ob- 
served: C---O 1.424 (2)-1.429 (2) ,~ [mean 1.427 (2) .~], 
C---C 1.499 (3)-1.501 (3) A [mean 1.500(3) A], C -  
O C 112.33(14)-114.89(14) ° [mean 113.6(I) °] and 
O--C---C 107.58 (14)-112.06 (16) ° [mean 110.3 (2)°]. 
The torsion angles of the ring are given in Table I. 

The bond distances and angles of the acetone thio- 
semicarbazone molecule (Table I) are in reasonable 

c ,  

"7 c 

(~ c~s 

o '~b 

HO3 
C12~ S ~  N3/O 

,~3 N2 C1 HO2 

0 
Fig. 1. The structure of (I) in the crystal. Displacement ellipsoids 

rcpresent 50% probability levels and H-atom radii are arbitrary. 
Only the asymmetric unit is numbered. One H atom at C3 and one 
at C15 i are obscured. [Symmetry code: (i) 1 - x ,  2 - y ,  1 - z . ]  

agreement with less precise data obtained for the pure 
compound by X-ray diffraction at room temperature 
(final R1 value = 0.070; Palenik et al., 1974); for 
convenience, the original atom-numbering scheme of the 
thiosemicarbazone moiety has been retained in Fig. 1. 
The molecules adopt identical conformations in the two 
structures, and relevant torsion angles for (I) are listed 
in Table 1. 

The three independent H atoms bonded to N are well 
ordered and all of them are involved in hydrogen bonds, 
leading to the formation of sheets perpendicular to 
[10i] (Fig. 2 and Table 2). Within the centrosymmetric 
formula unit, the long and appreciably bent N2- -  
H- - .Ol l  bond (and its symmetry equivalent) links the 
hydrazine NH donors to the crown ether. Translation- 
related formula units are then associated into chains by 
weak N3--H. . -O14 bonds originating from the amide 
functions and utilizing the second pair of equivalent 
ether O atoms as acceptors. Finally, interchain cross- 
linking is achieved via pairs of resonance-induced 
N- -H- . .S  hydrogen bonds (Allen et al., 1997). The 
centrosymmetric R22(8) motif (Bernstein et al., 1995) 
created by the latter interactions is also present in the 
structure of pure acetone thiosemicarbazone. 

b 

°!,/2 

Fig. 2. The packing diagram for (I). H atoms not involved in hydrogen 
bonding have been omitted for clarity (see text). Hydrogen bonds 
are indicated by dashed lines. 

Some additional features occurring in the hydrogen- 
bond network are noteworthy. First, the N 2 - - H . . . O l l  
bond in (I) is far less pronounced than the corresponding 
hydrogen bond in the 1:2 complex between 12-crown-4 
and the stronger NH acid (PhSO2)2NH (Wijaya et 
al., 1998), where the relevant geometric parameters 
are H.--O 1.98 (2), N.--O 2.771 (2)A and N - - H . . - O  
170(2) °. Secondly, the N 2 - - H . . - O l l  bond appears to 
be assisted by a C3--H..-O11 interaction that might be 
classified as a hydrogen bond (Desiraju, 1996). Thirdly, 
the catenating N3--H. . .O14 contact probably belongs 
to a three-centre hydrogen bond, the second branch of 



1544 C 8 H I 6 0 4 . 2 C 4 H 9 N 3  S 

w h i c h  f o r m s  an  i n t r a m o l e c u l a r  N 3 - - H . . . N 1  m o t i f  o f  

g r a p h - s e t  S(5) .  F o r  c la r i ty ,  the  C 3 - - H . . . O l l  a n d  N 3 - -  

H . . - N 1  c o n t a c t s  a r e  n o t  i n d i c a t e d  in F igs .  1 a n d  2, bu t  

t he i r  g e o m e t r i c  d a t a  h a v e  b e e n  i n c l u d e d  in Tab l e  2. 

Experimental 

The crystal used for X-ray diffraction was obtained for- 
tuitously during an attempt to cocrystall ize [Na(12-crown- 
4)2](MeSO2)2N with thiosemicarbazide,  when acetone was 
used inadvertently as a solvent component .  Bulk quantities 
of  (I) are readily prepared by dissolving 12-crown-4 (0.22 g, 
1.25 mmol)  and thiosemicarbazide (0.23 g, 2.5 mmol)  in an- 
hydrous acetone (5 ml) and storing the solution at 243 K for 
several days [typical yield: 66%, 0 .36g;  m.p. 416--418 K; 
for comparison,  the m.p. of  pure 12-crown-4 is ca 273 K 
(Groth, 1978) and of  acetone thiosemicarbazone is 454 K (Gin- 
gras et al., 1960)]. A satisfactory elemental  analysis was ob- 
tained. IH N M R  (CDC13, 2 0 0 M H z ;  6, p.p.m.): 1.91 (s, 6H, 
cis-Me), 2.02 (s, 6H, trans-Me), 3.71 (s, 16H, 12-crown-4); 
6(NH) not detected. For I H N M R  resonances of  acetone thio- 
semicarbazone,  see Karabatsos et al. (1964). 

Crystal data 

C8H1604-2C4H9N3S 
Mr = 438.61 
Triclinic 
PT 
a = 7.847 (3) ,~, 
b = 8.594 (3) ,~, 
c = 9.867 (3) ,~, 
c~ = 115.612 (14) ° 

= 98.079 (15) ° 
7 = 104.033 (16) ° 
v 558.8 (3) ~3 
Z = I  
Dx = 1.303 Mg m -3 
Dm not measured 

Mo Kcz radiation 
)~ = 0.71073 ,~ 
Cell parameters  from 48 

reflections 
0 =  10.0-11.5 ° 
# = 0.271 mm -1 
T = 143 (2) K 
Block 
0.4 × 0.3 × 0.3 mm 
Colourless 

Data collection 

Stoe Stadi-4 diffractometer  
w/O-scans 
Absorption correction: none 
3225 measured reflections 
1975 independent  reflections 
1780 reflections with 

I > 2tr(/) 
Rint = 0.041 

Refinement 

Refinement  on F 2 
R[F 2 > 2or(F2)] = 0.036 
wR(F 2) = 0.093 
S = 1.059 
1975 reflections 
141 parameters  
H atoms: see below 
w = 1/[cr2(Fo 2) + (0.0361P) 2 

+ 0.2808P] 
where  P = (Fo 2 + 2Fc2)/3 

0max = 25.02 ° 
h =  - 9  ---' 9 
k = - 10 ~ 10 
l =  - 1 1  ---, 11 
3 standard reflections 

frequency:  90 min 
intensity decay: none 

(A/o')max = 0.001 
Apmax = 0.24 e ,~-3 
Apmin = - 0 . 2 8  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables f o r  
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o 

Tab le  1. Se l ec t ed  g e o m e t r i c  p a r a m e t e r s  (A, °) 

s- -cI  1.6958 (18) N3--CI 1.326 (2) 
N 1---C2 1.280 (2) C2---C4 1.493 (2) 
N I--N2 1.388 (2) C2--C3 1.497 (3) 
N2--C 1 1.342 (2) 

C2--NI--N2 117.30(14) N2---CI--S 119.36(13) 
CI--N2--NI 119.28(15) N1--C2--C4 117.14(16) 
N3---CI--N2 118.15 (16) N 1---C2--423 126.07 (16) 
N3---C1--S 122.48 (14) C4---C2--C3 116.79 (16) 

C2--N I--N2--CI 176.18 (16) 
N 1--N2----CI--N3 - 1.2 (3) 
N I--N2--C 1 --S 177.90 (12) 
N 2--N 1 ---C 2-----<74 178.24 (15) 
N 2 - - N  I - - C 2 ~ 3  - 1.2 (3) 
O l  1 - - C 1 2 ~ 1 3 - - O 1 4  75.21 (17) 
C 1 2 - - C 1 3 ~ 1 4 - - - C I 5  - 164.26 (15) 
C 1 3 - - O I 4 ~ C I 5 ~ 1 6  96.55 (19) 
O 14---C 15---C16---O11' -73.6 (2) 
CI 5 - - - C 1 ~ I  I'---C 12' 150.52 (15) 
C 16---OI I'----CI 2 ' ~ 1 3 '  -90.90 (17) 

Symmetry code: (i) 1 - x, 2 - y, 1 - z. 

Tab le  2. H y d r o g e n - b o n d i n g  g e o m e t r y  (A, o) 

D--H. • .A D--H H. • ,A D.. .A D--H. • .A 
N2--HOI...Oll 0.86(2) 2.18(2) 2.992(2) 158(2) 
N3--HO2. • .OI4' 0.87 (2) 2.35 (2) 3.036 (2) 136 (2) 
N3--HO2. • .NI 0.87 (2) 2.31 (2) 2.647 (2) 103 (2) 
N3--HO3. • .S" 0,85 (2) 2.54 (2) 3.380 (2) 169 (2) 
C3--H3A. • .O11 0.98 2.54 3.238 (2) 128 

Symmetry codes: (i) - x ,  1 - -  y ,  - - Z ;  (ii) - x ,  - y ,  -z .  

Hydrazine H atoms were  freely refined. Methyl  H atoms were 
located from difference syntheses, and were idealized and 
refined as rigid groups allowed to rotate but not tip. All other 
H atoms were treated as riding. 

Data collection: DIF4 (Stoe & Cie, 1992a). Cell refinement: 
DIF4. Data reduction: REDU4 (Stoe & Cie, 1992b). Pro- 
gram(s) used to solve structure: SHELXS97 (Sheldrick, 1990). 
Program(s)  used to refine structure: SHELXL97 (Sheldrick, 
1997). Molecular  graphics: XP (Siemens,  1994). Software used 
to prepare material for publication: SHELXL97. 

K W  g r a t e f u l l y  a c k n o w l e d g e s  a D o c t o r a l  S c h o l a r -  

sh ip  f r o m  the  D e u t s c h e r  A k a d e m i s c h e r  A u s t a u s c h d i e n s t  

( D A A D ) .  T h e  a u t h o r s  t h a n k  the  F o n d s  d e r  C h e m i s c h e n  

I n d u s t r i e  fo r  f inanc ia l  s u p p o r t  a n d  M r  A. W e i n k a u f  fo r  

t e c h n i c a l  a s s i s t ance .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BMi332). Services for accessing these 
data are described at the back of the journal. 
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Abstract 

The conformation of the title molecule, C31H32N40452,  
in the solid state is strongly influenced by intramolecular 
hydrogen-bond interactions (N--H. . .N) ,  which proba- 
bly minimize the steric hindrance of the tosyl groups. 
The molecule is not planar and with long distances be- 
tween aminic N atoms [7.724 (3),~], a major change in 
conformation will be required for it to act as a tetraden- 
tate ligand via its four N atoms. 

t Alternative name: N,N'-{ 1,3-propanediylbis[2-(nitrilomethylidyne)- 
p-phenylene] }bis(toluene-4-sulfonamide). 

Comment 

In recent years, it has been recognized that Schiff 
base ligands derived from 1,3-diaminopropan-2-ol and 
salicylaldehyde, pyridine, pyrrole or imidazole (Butcher 
et al., 1986a,b; Borer & Sinn, 1988; Mazurek et 
aI., 1985; Nishida & Kida, 1986) play an important 
role in the synthesis of model complexes for copper- 
containing metalloproteins. We are interested in obtain- 
ing secondary amides, in particular dianionic N4 lig- 
ands like the title compound, H2L, derived from the 
condensation of 1,3-propanediamine and 2-tosylamino- 
benzaldehyde. These could act as polydentate ligands 
through their N and O atoms. The molecular structure 
of the mononuclear complex [N,N'-bis(2-aminobenzyl- 
idene)-l,3-propaneamine]nickel(II), which contains a 
similar ligand without tosyl groups, has been reported 
previously (Bailey & McKenzie, 1974). 

H , " N ' ~  

I 

H2L 

To our knowledge, no X-ray crystal structure of ei- 
ther the uncoordinated or the coordinated H2L ligand 
has been reported previously. Therefore, we have de- 
termined the crystal structure of H2L so that subsequent 
changes upon the coordinated form may be investigated. 

In this molecule, the N2==C14 and N3==C18 dis- 
tances of 1.266(3) and 1.271 (3),A, respectively, are 
consistent with C ~ N  double bonding. Both bond angles 
of 117.8 (2) ° around the N2 and N3 atoms confirm their 
sp 2 character. 

The disposition adopted by the 2-tosylaminobenzyl- 
idene groups in the solid state is conditioned by 
two strong N I H . . . N  interactions. The distance be- 
tween the N atoms are 2.666 (2) and 2.674 (3),~, for 
N1---N2 and N3.. .N4, respectively (H1A...N2 = 2.05 
and H4A...N3 = 2.11 ,~). As expected, these intramolec- 
ular hydrogen-bond interactions strongly influence the 
conformation of the molecule, forming N1---C8-- 
C13---C1/I N2--H1A and N4 C2 A, C19---C18 1 
N3--H4A six-membered tings, with almost perfect 
plane deviations of 0.0936 and 0.1119 ,~,, respectively. 
There is also an intermolecular C- -H- . -O  interaction 
with C12. . .O2 i = 3.362 (3), H12A...O2 i = 2.57,~ and 
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