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A New Schiff Base Complex: {N-[3-(2- 
Aminoethylamino)propyl]salicylidene- 
aminato-O,N,N',N"}bromozinc(II) 

Comment 
There are two reasons for this study. Firstly, the 
cation environments in related Zn complexes, i.e. 
in [ Zn (saden) H20 ] Br, (I) (Kratochvfl, Ondr:46ek, 
Novotn)~ & Haber, 1991) and [Zn(naden)Br], (II) 
(Ondrd(:ek, Kratochvfl & Haber, 1994) are highly 
distorted { saden = N- [ 2- (2- aminoethylamino) ethyl ] - 
salicylideneaminato-O,N,N',N" and naden = 1-[2- 
(2-aminoethylamino)ethylimino]methyl-2-naphtholato- 
O,N,N',N"}. The distortion is caused at least partly 
by the short N--N bite distances which manifest them- 
selves by rather acute N- -Zn - -N '  and N ' - - Z n - - N "  an- 
gles (79-82°). The longer trimethylene chain between 
two of the N atoms in the present ligand should partly 
relieve this strain and so lead to more regular arrange- 
ment around the central atom. Secondly, from stability 
studies of complexes with multidentate ligands, it has 
been deduced that complexes with adjacent five- and 
six-membered chelate rings are more stable than those 
where pairs of either six- or five-membered rings are 
joined (Hancock, 1992). The present complex can form 
two isomers, (III) and (IV). From Hancock's conclu- 
sions, it can be predicted that (III) would be more stable 
than (IV). In the solid state the isomeric form proves, 
rather surprisingly, to be (IV) rather than (III). The struc- 
ture is depicted in Fig. 1. 
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Abstract 
[Zn(satnen)Br], where satnen = H2N(CH2)2NH(CH2)3- 
N==CHC6H40 - ,  is the first example of a complex 
containing a tetradentate Schiff base derived from 1,6- 
diamino-3-azahexane. The Zn atom is bonded to five 
atoms (Br, O and three N atoms) and its coordination 
polyhedron can be described either as a distorted 
trigonal bipyramid (the Br atom being situated in the 
equatorial plane) or as a distorted tetragonal pyramid 
(with the Br atom at the apex). The Zn--Br  bond is 
unusually long [2.4812 (7) A]. The bonding distances 
within the phenyl ring vary between 1.34(2) and 
1.42 (1),~. The longer distances involve those C atoms 
which are connected either to O or to the C ( H ) : N -  
fragment. There are two intermolecular N--H. . .X,  X = 
Br, O, hydrogen bonds; the X = O bond is extremely 
weak. 

All the atoms of the pseudo-aromatic chelate and 
phenyl rings [O, N(3), C(6)-C(12)] lie approximately 
in a plane (X 2 = 48.38). The adjacent six-membered 
ring [Zn, N(2), C(3), C(4), C(5), N(3)] has a chair 
conformation. The atoms N(2), C(3), C(5) and N(3) are 
nearly coplanar (X 2 - 1.11). The conformation of the 
five-membered ring is between a half chair and a C(2) 
envelope: the deviations of C(1) and C(2) from the plar]e 
of Zn, N(1) and N(2) are 0.138 (7) and -0 .529 (8)A, 
respectively, and the value of the N(1)- -C(1)- -C(2)- -  
N(2) torsion angle is 53.9 (5) °. 

When compared with the related naden and saden 
Zn complexes, the present structure is closer to a 
trigonal bipyramidal arrangement with N(1) and N(3) 
in axial positions. In contrast, both N(1) and N(3) are 
in equatorial positions in (II) (Ondrd(~ek, Kratochvfl & 
Haber, 1994) and (I) (Kratochvfl, Ondrd~ek, Novotn2~ & 
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~ : - : ~ _ ~ H 1  ~ C7 / ~ - ? " - ~ ¢ " ~  
; C4 ~ c 6 ~ C 8  c 9 ~  H 

H2 -"):C3 N3 ~ \--~ '~ ,  
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K Ht~ ---j_: H2 HI,.;." 

Fig. 1. View of the molecule of [Zn(satnen)Br] showing 50% 
probability ellipsoids. 

Haber, 1991). In these complexes the bonds from Zn 
to axial donor atoms are somewhat longer than those to 
corresponding atoms in equatorial positions, e.g. in (IV), 
(II) and (I) the Zn--N(1) bond lengths are, respectively, 
2.122 (5), 2.089 (6) and 2.079(4)A, and the Zn--N(3) 
bond lengths are, respectively, 2.082 (6), 2.020 (7) and 
2.035 (3)A. Finally, the value of the N(2)--Zn--N(3) 
bond angle is much greater in (IV), namely 88.6 (2) ° 
compared with 79.0(3) and 81.1 (1) ° in (II) and (I), 
respectively, presumably due to the longer trimethylene 
chain between N(1) and N(2) in satnen. 

Complex (IV) contains an extraordinarily long 
Zn--Br  distance [ 2.4812 (7) A, ]. Among the Z n - -  
Br distances found in the Cambridge Structural 
Database (Version 5.06 from 1993, 115931 entries; 
Allen, Kennard & Taylor, 1983) only one is longer: 
2.497 (2) A, in [(C8H7N2)2NCH3ZnBr2].C2HsOH, bis- 
[ ( 2 - benzimidazolyl ) methyl ] methylaminedibromozinc 
ethanol solvate (Wirbser & Vahrenkamp, 1992), where 
Zn is coordinated by three N and two Br atoms in a 
trigonal bipyramid. The longer Zn--Br  bond is formed 
by an axial Br atom while the significantly shorter one 
[2.315 (2)A] is formed by a Br atom in an equatorial 
position. In (II), the Zn--Br  bond length is 2.425 (1)/~. 

The Inorganic Crystal Structure Database (Bergerhoff, 
Hundt, Sievers & Brown, 1983) yielded two reliably 
determined structures with similar Zn--Br  distances: 
[Mg(H20)6][Zn2Br6] (Duhlev, Faggiani & Brown, 
1987b) and [Zn(H20)6][Zn2Br6] (Duhlev, Brown & Fag- 
giani, 1988b); in each of these isostructural compounds 
there are bridging #-Zn--Br  distances of 2.483 (2) A. 

Zn--Br  distances in the [ZnBr4]-  anion can 
vary from 2.378 to 2.438A,, as was observed in 
[Ca(H20)5][ZnBr4], where the distances are affected by 
hydrogen bonding (Duhlev, Brown & Faggiani, 1988a). 

The bond lengths within the phenyl ring show an 
interesting variation: the distances between C atoms 

adjacent either to O or C(6) are significantly longer than 
those in the C(8)--C(9)--C(10)--C(11) sequence. In 
Table 3 these distances are compared with those found 
in the Cambridge Structural Database. It follows from 
this comparison that the distribution of the observed 
distances within the benzene ring is not exceptional in 
the present structure. A correlation was found between 
the distances D(2) and D(9), and between D(2) and 
D(4) (GSTAT; Allen, Kennard & Taylor, 1983): D(2) 
= -0 .52  (5) x D(9) + 2.05 (7) and D(2) = -0.51 (5) 
x D(4) + 2.04(7)A, However, no clear correlation 
between D(4) and D(9) was found. 

It should be noted, however, that the longer axes 
of the displacement ellipsoids of the ring C atoms 
(ORTEPII; Johnson, 1976) are not perpendicular to the 
phenyl ring as might be expected, but on the contrary, 
suggest that the whole molecule undergoes a librational 
movement about an axis nearly coincident with the Zn- -  
Br bond. 

A TLS refinement (Pefff~ek, 1988) in which Zn 
and Br atoms were treated independently and the rest 
of the molecule as a rigid body, yielded R = 0.0518 
(on observed reflections only), wR = 0.0811 (on all 
reflections) and S = 2.73 for 87 parameters. The R-factor 
ratio is 0.0811/0.0777 = 1.0438; R(94,3354,0.005) = 
1.0363 (International Tables for X-ray Crystallography, 
1974; Hamilton, 1965). Thus, the model with the 
independently moving atoms is to be preferred. The 
corrections of bonding distances for libration did not 
exceed 0.01 A, and, therefore, the variation of the bond 
lengths in Table 3 seems not to be attributable to thermal 
motion. 

Each molecule interacts via hydrogen bonds with 
two others. The H atoms involved are those bonded 
to N(1), while the acceptor atoms are O and Br 
Icf. [Mg(H20)6]2[CdBr6] Duhlev, Faggiani & Brown 
1987a) and [Mg(H20)6][Zn2Br6] (Duhlev, Faggiani 
& Brown, 1987b)}. The hydrogen bond to oxygen 
is extremely weak. The short O.. .N(1) intramolecu- 
lar distance (Table 2) is not a hydrogen bond; the 
O...H(2N1) distance is too long for it to be so. 

Experimental 
An equivalent amount of the Schiff base solution, which also 
contained NaOH, was slowly added to 1.12g (0.5 mmol) of 
ZnBr2 dissolved in methanol. When the resulting solution was 
allowed to stand in air for several hours, tiny yellowish crystals 
(up to 0.5 mm) appeared. The yield was 1.1 g (60%). The 
crystals have a pseudohexagonal habit; the specimen chosen 
for analysis displayed faces 001 00i, 210, 2.10, 210 and 210. 
The density Dm was measured by flotation in bromoform/tetra- 
chloromethane. 

Prior to the diffractometer experiment, a rather large crystal 
was aligned along e and oscillation, Weissenberg (hkO and 
hkl) and precession photographs (Okl hOl) were obtained. No 
unusual features were found on the photographs. 



886 [ZnBr(C12HmsN30)] 

Crystal data 

[ZnBr(CIzHI8N30)] 
Mr = 3 6 5 . 5 8  

Orthorhombic 
Pbna 
a = 19.951 (6) ,4, 
b = 7.170 (2) ~, 
c = 19.761 (8) ,~, 
V = 2827 (2) ,~3 
Z = 8  
Dx = 1.717 Mg m -3 
Dm = 1.71 Mg m - 3  

Data collection 
Hilger & Watts diffractom- 

eter 
0/20 scans 
Absorption correction: 

analytical (Templeton & 
Templeton, 1978) 
Tmin = 0.516, Tmax = 
0.707 

6913 measured reflections 
3535 independent reflections 
2564 observed reflections 

[I > 3o'(/)1 

Refinement 

Refinement on F 
R[I > 3~r(/)] = 0.0486 
wR = 0.0777 
S = 2.65 
3535 reflections 
181 parameters 
w = 1/[o'2(Fo) + ( 0 . 0 1 F o )  2] 

(A/tY)max = 0 .01 

Ag Ka radiation (Pd filter) 
A = 0.56087 ,~ 
Cell parameters from 46 

reflections 
0 = 8 .01-15.93 ° 
# = 2.441 mm -1 
T = 2 9 1  K 
Hexagonal prism 
0.55 x 0.45 x 0.30 m m  
Yellow-brown semi- 

transparent 

Rim = 0 . 0 3 4 4  

0max = 22  ° 

h = 0 ---~ 26 
k = 0 ---, 9 
1 = - 2 4 - - - , 2 4 ( 0  < 24 ° ) 
l = 0 ~  26 (20 < 0 < 22 ° ) 
3 standard reflections 

monitored every 30 
reflections 

intensity decay: 5% 

A p m a x  = 0 .88  e ~ - 3  
mpmin  = - 0 . 9 7  e A-3  
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Zn--N(2) 2.158 (6) 
Zn--N(3) 2.082 (6) 
N( i )----C( 1 ) 1.469 (5) 
C( 1 )----C(2) 1.476 (7) 
C(2)---N(2) 1.502 (6) 
N(2)---C(3) i.469 (8) 
C(3)---C(4) 1.506 ( 1 i ) 
C(4)---C(5) 1.541 (11) 
C(5 }----N(3) 1.458 (9) 
N(3)----C(6) !.302 (9) 
C(6)--C(7) 1.409 ( I I ) 

B r - -Zn- -O  121.4 (2) 
Br - -Zn- -N(  1 ) 96.5 (2) 
Br--Zn--N(2)  107.9 (2) 
Br--Zn--N(3)  98.2 (2) 
O---Zn--N(I ) 88.1 (2) 
O--Zn--N(2)  130.4 (3) 
O---Zn--N(3) 89.5 (2) 
N( 1 )---Zn--N(2) 81. I (2) 
N( 1 )---Zn--N(3) 164.1 (3) 
N(2)---Zn--N(3) 88.6 (2) 
Zn--N(I)---C(1) 110.9 (3) 
N( 1 )----C( I }---C(2) 109.4 (4) 
C( I )--C(2)---N(2) 109.9 (4) 
C(2)---N(2)---Zn 105.2 (3) 
C(3)---N(2)---Zn 113.8 (4) 
C(2)--N(2)----C(3) 112.0 (4) 
N(2)----C(3)----C(4) 113.1 (6) 
C(3)--C(4)---C(5) 115.9 (7) 

Symmetry codes: (i) ½ - x, y 

C(I 0)---C( 11 ) ! .367 (i 4) 
C(I 1)---C(12) !.398 (14) 
C(7)----C(12) 1.407 (13) 
C( 12)---O 1.307 (10) 
Br. • .N( I i) 3.593 (5) 
Br. • .H(2N 1 i) 2.677 (8) 
O . . . N ( I " )  3.233 (8) 
O. • .H(INI")  2.319 (7) 
O. • .N(I) 2.839 (9) 
O. • .H(2N1) 2.602 (6) 

C(4)----C(5)---N(3) 111.6 (6) 
C(5)---N(3)---Zn 117.0 (5) 
C(5)---N(3)--C(6) 118.8 (6) 
C(6)---N(3)--Zn 124.2 (5) 
N(3)--C(6)--C(7) 127.5 (8) 
C(6)----C(7)---C(12) 124.2 (8) 
C(6)---C(7)----C(8) 117.2 (7) 
C(8)---C(7)---C(12) 118.7 (7) 
C(7)---C(8)----C(9) 122.1 (6) 
C(8)----C( 9 )----C( 10 ) 118.8 (7) 
C(9)---C( 10)----C( 11 ) 121.7 (10) 
C( I 0)----C( I 1 )----C(12) 122.0(10) 
C( 11 )--C(12)---C(7) 116.6(9) 
C(7)--C( 12)--O 124.1 (8) 
C( 11 )----C( 12)--O 119.2 (9) 
C( 12)---O---Zn 130.5 (5) 
Br. • .H(2Nli)---N(1 i) 162.1 
O. - .H(INI")---N(I")  161.1 

- ½, ½ - z; (ii) ~ - x ,  ½ +y, ½ - z .  

Table 3. Comparison of the distances (~,) within the 
fragment - O - - - ( C 6  H 4 ) - - ( C H ) ~ N -  from the Cambridge 
Structural Database for structures with R <_ 0.05 with 

those in ( IV)  

D8 D9 D2 0 

D6 ~D5 D.'~ DI 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~ 2) 

Ueq = ( 1 / 3 ) E i ~ j U i j a ~ a f a i . a j .  

x y z Ueq 
Zn 0.17337 (3) 0.33766 (8) 0.19157 (3) 0.0406 (2) 
Br 0.15464 (3) 0.01938 (7) 0.14605 (3) 0.0554 (2) 
O 0.1685 (2) 0.3892 (6) 0.2888 (2) 0.051 (1) 
N(1) 0.2788 (2) 0.3148 (7) 0.2022 (2) 0.052 (2) 
N(2) 0.2034 (3) 0.5145 (6) 0.1086 (2) 0.058 (2) 
N(3) 0.0761 (2) 0.4386 (7) 0.1805 (3) 0.056 (2) 
C(1) 0.3135 (4) 0.4398 (I0) 0.1549 (4) 0.070 (3) 
C(2) 0.2739 (4) 0.4563 (11) 0.0920 (4) 0.078 (3) 
C(3) 0.1590 (5) 0.5026 (10) 0.0494 (4) 0.084 (3) 
C(4) 0.0884 (4) 0.5644 (9) 0.0642 (4) 0.080 (3) 
C(5) 0.0480 (4) 0.4382 (9) 0.1124 (4) 0.079 (3) 
C(6) 0.0395 (3) 0.5010 (8) 0.2302 (4) 0.066 (3) 
C(7) 0.0572 (3) 0.5125 (7) 0.2991 (4) 0.057 (2) 
C(8) 0.0084 (4) 0.5853 (9) 0.3441 (5) 0.092 (3) 
C(9) 0.0200 (6) 0.6012 (12) 0.4115 (6) 0.106 (4) 
C(10) 0.0795 (6) 0.5463 (11) 0.4361 (5) 0.097 (4) 
C(I 1) 0.1280 (4) 0.4725 (9) 0.3954 (3) 0.069 (2) 
C(12) 0.1191 (3) 0.4530 (7) 0.3256 (3) 0.050 (2) 

Table 2. Selected geometric parameters (,4,, o) 

Zn--Br  2.4812 (7) C(7)--C(8) 1.419 i l l )  
Zn----O 1.958 (5) C(8)--C(9) 1.355 (11) 
Zn--N(I )  2.122 (5) C(9)---C(10) 1.342 (10) 

D1 D2 D3 
Minimum 1.108 1.252 1.393 
Maximum 1.487 1.379 1.518 
Mean 1.292 (44) 1.321 (18) 1.441 (19) 
Observations 463 466 466 
This work 1.302 (9) 1.307 (10) 1.409 (11) 

D6 D7 D8 
Minimum 1.319 1.315 1.319 
Maximum 1.432 1.448 1.438 
Mean 1.369(16) 1.386(17) 1.376(15) 
Observations 464 463 463 
This work 1.355 i l l )  1.342 (10) 1.367 (14) 

The structure was solved 
syntheses (Peth'~ek & 

D4 D5 
1.351 1.351 
1.455 1.458 
1.411 (14) 1.407(15) 
464 464 
1.407(13) 1.419(11) 

D9 
1.368 
1.457 
1.407 (15) 
465 
1.398 (14) 

by Patterson and subsequent Fourier 
Mal3), 1988). Only the H atoms 

belonging to N(I) were found in the low-angle difference 
synthesis. Nevertheless, the positions of all H atoms [including 
those bonded to N(1)] were calculated assuming X--H (X 
= N, C) = 0.95.4,. H atoms subsequently rode on their 
parent N or C atoms but their individual U,so parameters 
were refined. Inclusion of H atoms into the structural model 
caused a decrease of the R factor by about 0.004. The 
extinction correction (Becker & Coppens, 1974) turned out 
to be insignificant. 

Data collection, cell refinement and data reducton: HW 
(Pet~(zek & Mal2~, 1992). Absorption program: AGNOSTIC 
(Templeton & Templeton, 1978). Structure solution and refine- 



H A B E R ,  F A B R Y  A N D  PETI~ICEK 887 

ment: SDS Program Package (Petf'f6ek & Mal3), 1988). Molec- 
ular graphics: ORTEPII (Johnson, 1976); PICTUR (Dugek, 
1993). 

This  work  was suppor ted  by the grant  203/93/0154 
p rov ided  by the Grant  A g e n c y  o f  Czech  Republ ic .  Thei r  
help  is grateful ly  a c k n o w l e d g e d .  

Lists of structure factors, anisotropic displacement parameters and 
H-atom coordinates have been deposited with the IUCr (Reference: 
MUI129). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CHI 
2HU, England. 
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