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Abstract 
The crystal structures of dichlorobis(3,5-diphenylpyra- 
zole-N2)copper(II), [CuClz(C15HI2N2)2], (I), dichloro- 
bis(5-phenylpyrazole-N 2)copper(II), [CuC12 (C9 H8 N2)2 ], 
(II), and dichlorobis(1-phenylpyrazole-N 2)copper(II), 
[CuC12(C9H8N2)2], (III), have been determined from 
X-ray diffraction data. There are significant differences 
in the coordination of the C1- ions to the Cu 2+ ion. The 
coordination of the Cu 2+ ion is distorted square pyra- 
midal in compounds (I) and (II), and distorted tetrahe- 
dral in (III). All available N - - H  groups form hydrogen 
bonds, which are intra- and intermolecular in (I), and 
intramolecular in (II). An N - - H  group in (I) forms 
a bifurcated hydrogen bond. Intermolecular intereac- 
tions between neighbouring molecules form dimers and 
chains in (I) and (II), respectively. 

Comment 
This paper deals with X-ray crystal structure studies on 
copper(II) chloride complexes of phenylpyrazoles. Pre- 
vious studies on copper(II)-substituted pyrazole com- 
plexes were undertaken on their protolitic properties 
and on the influence of the nature and position of sub- 
stituents on metal complexation (Kostka & Strawiak, 
1982; Goslar et al., 1987, 1988; Nasiadek, 1985). 

The X-ray structure analyses of dichlorobis(3,5-di-  
phenylpyrazole) copper(II), (I), dichlorobis (5 - phenyl- 
pyrazole)copper(II), (II), and dichlorobis(1-phenylpyra- 
zole)copper(II), (III), were undertaken to elucidate the 
geometry around the Cu 2+ ion. 

R 1 
]~ R 2 

+ 2 N ~  CuCI2.2H20 
f 

R 3" 

Ethanol 
v c/,CuN/ R, .2.20 

\ N ~ . ~  R2 

R 3 ~ -  

(I) R 1 = H:R 2 = R 3 =Ph 
(If) R 1 = R 3 =  H ' R  2 = P h  
(III) R 1 = Ph:R 2 = R 3 =  H 

In (I), there is a five-coordinated Cu 2÷ ion with dis- 
torted square-pyramidal coordination. The basal plane 
is defined by two cis-N atoms of two phenylpyrazole 
ligands and two CI-  ions, with the apical CI1 i lig- 
and being shared by two adjacent complexes [symme- 
try code: (i) - x ,  1 - y ,  -z ] ;  thus, the molecules form 
dimers. Moreover, an intermolecular N2 l - -H21 .  • .C12 ~ 
hydrogen bond also leads to dimerization. The N21 atom 
is also involved in an intramolecular N 2 1 - - H 2 1 . . . C l l  
hydrogen bond, but this three-centre interaction is weak, 
as indicated by the long H...C1 distances. A stronger 
intramolecular hydrogen bond is formed by the H l l  
atom ( N l l - - H l l . . . C 1 2 ;  see Table 2 and Fig. 1). The 
base of the distorted square pyramid is not planar; the 
deviations of the N12, N22, Cll and C12 atoms from 
their weighted least-squares plane (Nardelli, 1996) are 
-0 .374(3) ,  0.530(4), - 0 . 038 (1 )  and 0.052 (1) A,, re- 
spectively, and -0 .226  (1),~, for Cul.  The C255 atom 
is disordered over two positions, the most populated site 
having an occupation factor of 0.68 (5). 

In (II), the geometry around the Cu > ion is best de- 
scribed as square pyramidal with the basal plane formed 
by the two trans-N atoms of the phenylpyrazole lig- 
ands and two C1- ions; the fifth apical site is occupied 
by one C1 ii ion from a neighbouring molecule [sym- 
metry code: (ii) x 1 1 2, 2 y, z]. Thus, the molecules 
form chains running along the a axis. The base of 
the pyramid is not planar; the deviations of the N I2, 
Cll ,  N22 and C12 atoms from their weighted least- 
squares plane (Nardelli, 1996) are 0.463 (4), -0 .050  (1), 
0.451 (4) and -0 .062  (1).~,, respectively, with Cul dis- 
placed by 0.359 (1).~,. The N l l  and N21 atoms form 
intramolecular hydrogen bonds ( N l l - - H I 1 . . - C I 2  and 
N21--H21. . .C12;  see Table 4 and Fig. 2). 

In (III) (Fig. 3), the four-coordinated Cu 2÷ ion lies 
on a twofold axis, with a distorted tetrahedral geometry, 
being bonded to two C1- ions and two N atoms of two 
phenylpyrazole ligands. The dihedral angle between the 
N12/Cul/CI1 plane and its symmetry related plane at 
(2 - x, 1 - y, z) is 123.0 (1)°. 
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C135 

C 1 3 6 ~  TM 

CI31i  ~ C 1 3 3  
c153 c152 c.L4 ~ 

~ ~ 1 3 2  C256 ~C255 

C 1 5 4 ~  ~ ~15 ~:7 ~ C 2 3 2  ~ m ~ ~ . ~  C254 
WY ~ I C234/v  ~ ~ C 2 5 1 / \ \ ]  - ) .  ~Y 

~ C u l  / ; 

WCII 

Fig. 1. The molecular structure and atomic numbering scheme of  compound (I) [only the major occupancy C255 atom is shown; occupancy 
0.68 (5)]. Displacement ellipsoids are drawn at the 40% probability level. [Symmetry code: (i) -x,  1 - y, -z.] 

CII i 

C ~  NI2 CI~I ? C23 C24 C256 

C154 C155 C12 C252 C253 

Fig. 2. The molecular structure and atomic numbering scheme of  compound (II). Displacement ellipsoids are drawn at the 40% probability 
1 1 level. [Symmetry code: (ii) x - 2, ~ - y ,  z.] 

C14 

Fig. 3. The molecular structure and atomic numbering scheme of  
compound (Iil). Displacement ellipsoids are drawn at the 40% 
probability level. 

Bond distances and angles in the phenyl and pyrazole 
rings of the three structures are in good agreement with 
expected values (Allen et  al. ,  1987; Orpen et  aI., 1989). 

Experimental  

The title compounds were obtained according to Nasiadek 
(1985) by mixing hot ethanolic solutions of CuCI2.2H20 and 
the appropriate phenylpyrazole in a molar ratio of 1:2. On 
cooling to room temperature, the crystalline compounds began 
to separate. The complexes were filtered and washed three 
times with cold solvent and dried in vacuo over phosphorus 
pentaoxide. 

Compound (I) 
Crystal data 

[CuCI2(CIsHI2N2)2] Cu Ka radiation 
Mr = 574.97 A = 1.5418 



1772  [CuC12(CIsH12N2)2 ] ,  [ C u C 1 2 ( C 9 H s N 2 ) 2 ]  A N D  [CuC12(C9HsN2)2 ]  

Monocl in ic  
PZl/n 
a - 13.380 (2) .~, 
b = 15.140 ( 3 ) / k  
c = 13.634 (1) A, 
/3 = 109.46 (1) ° 
V = 2604.1 (7) ,~3 
Z = 4  
Dx = 1.467 Mg m -3 
D m =  1.469 Mg m -3 
D,, measured  by flotation in 

te t ra l in / iodomethane 

Cell parameters  f rom 25 
reflections 

0 = 36 .18-39 .87  ° 
/z = 3.302 m m - i  
T = 293 (2) K 
Plate 
0.30 × 0.15 × 0.10 m m  
Brown 

Monocl in ic  
P21/a 
a = 8.041 (2) ,~ 
b = 15.768 (3) ,~, 
c = 14.549 (2) A, 
/3 = 91.73 (2) ° 
V = 1843.7 (7) .~3 
Z = 4  
Dx = 1.523 Mg m -3 
D,, = 1.635 Mg m -3 
D,, measured  by flotation in 

te t ra l in / iodomethane 

Cell parameters  f rom 25 
reflections 

0 = 23 .00-28 .63  ° 
tt = 4.398 m m -  
T = 293 (2) K 
Needle  
0.40 × 0.16 × 0.10 m m  
Green 

Data collection 
Rigaku  AFC-5S  diffractom- 

eter 
od SCanS 

Absorpt ion  correction: 
analytical (de Meulenaer  
& Tompa,  1965) 
Tmi, = 0.525, Tma~ " 0.737 

4053 measured  reflections 
3868 independent  reflections 

2633 reflections with 
I > 20-(/) 

Rint = 0.032 
0max = 6 0 - 0 9  ° 

h = 0 --, 15 
k = 0 --, 17 
l = - 1 5  ~ 14 
3 standard reflections 

every 150 reflections 
intensity decay: < 2 %  

Data collection 

Rigaku AFC-5S  diffractom- 
eter 
s c a n s  

Absorpt ion  correction: 
analytical (de Meulenaer  
& Tompa,  1965) 
Tmio = 0.204, ?'max = 0.659 

2963 measured  reflections 
2736 independent  reflections 

1632 reflections with 
I > 20-(/) 

Rint = 0.082 
0max = 60.07 ° 
h = 0---~ 9 
k = 0 ~  17 
1 = - 1 6 - - ~  16 
3 standard reflections 

every 150 reflections 
intensity decay: < 2 %  

Refinement 

Ref inement  on F 2 
R[F 2 > 20.(F2)] = 0.044 
wR(F 2) = 0.119 
S - 0.896 
3868 reflections 
366 parameters  
H a toms treated by a 

mixture  of  independent  
and constra ined ref inement  

w = 1/[0.2(Fo z) + (0.0740P) 2] 
where  P = (Fo z + 2F] ) /3  

(m/O' )max = 0.021 
Z~pmax = 0.648 e ,~-3 
Apmin  = - 0 . 6 6 7  e ,~-3 
Ext inct ion correction: 

SHELXL97 
Extinct ion coefficient: 

0.00017 (10) 
Scattering factors f rom 

International Tables for  
Crystallography (Vol. C) 

T a b l e  1. Selec ted  geometr ic  parameters  (,4, o) f o r  (I) 

Cul - -N22  2.011 (3) Cu 1--C12 2.327(1) 
C u l - - N I 2  2.040 (3) C u l - - C I I '  2.587 (I) 
Cul--CI1 2.297 (1) 

N 2 2 - - C u I - - N  12 89.96 (12) CI1---CuI~-C12 89.46 (4) 
N 2 2 - - C u l - - ~ l l  87.97 (9) N 2 2 - - C u l - - C I I '  114.74 (10) 
N 12--Cul- -CI1  177.92 (9) N 1 2 - - C u l - - C I I '  92.80 (9) 
N22--Cul- -C12 151.03 (11) C I I - - C u l - - C I I '  87.85 (4) 
N12- -Cu l - -CI2  92.47 (9) C12- -CuI - -CI I '  93.97 (4) 

S y m m e t r y  code:  (i) - x ,  i - y, - z .  

T a b l e  2. Hydrogen-bond ing  geometry  (A, o ) f o r  (I) 
D - - H .  . . A  D - - H  H .  • . A  D .  • .A  D - - H .  • . A  

N I I - - H I I . . - C I 2  0.89(4) 2.22(4) 2.971 (4) 142(3) 
N21--H21. • .CII 0.93 (5) 2.93 (5) 3.220 (3) 100 (3) 
N21--H21. - -C12 i 0.93 (5) 2.52 (5) 3.441 (4) 174 (4) 

S y m m e t r y  code:  (i) - x ,  1 - y, - z .  

Refinement 

Ref inement  on F 2 
R[F z > 2o-(F:)] = 0.045 
wR(F 2) = 0.1 t0  
S = 0.824 
2736 reflections 
246 parameters  
H a toms treated by a 

mixture  of  independent  
and constra ined ref inement  

3 

w =  I/[0.'(F,;) + (0.0536P) 2] 
where  P = (F,~ + 2F,?)/3 

( /~ /0 . )max = 0.017 
Apmax = 0.402 e ,~-3 
Apmin = - 0 . 4 1 8  e ,~-3 
Extinct ion correction: 

SHELXL97 
Extinct ion coefficient: 

0 .00002 (8) 
Scattering factors f rom 

International Tables for  
Co'stallography (Vol. C) 

T a b l e  3. Selec ted  geometr ic  parameters  (A, O ) f o r  (II) 
CuI- -N12  1.995 (4) Cul - -CI2  2.3211 (15) 
CuI - -N22  2.003 (4) Cul---CII '  2.8741 (16) 
C u l  Cll 2.2675 (14) 

N12----CuI--N22 174.3 (2) CII---Cu I~-C12 159.2 (1) 
N 1 2 ~ u l ~ l l  91.6(I)  N 1 2 - - C u l ~ C I I '  92.4(1) 
N22--Cu I~CI1 90.2(I)  CII~-Cu 1-~11 '  105.6(I) 
N 12--Cu I---C12 89.6(1) N22--Cu l---C11' 81'.9(1) 
N22--Cu 1--C12 90.6(1) C12--Cu 1--CI I' 95.1 (1) 

S y m m e t r y  code:  ( i ) x  - ½, ½ - 3, z. 

T a b l e  4. Hydrogen-bond ing  geometr3' (A, O) f o r  (11) 

D--H. . .A D--H H. . .A D. . .A D--H. . .a 
NII--Hll. .-CI2 0.78(5) 2.32(5) 2.981 (4) 143(5) 
N21--H21..-C12 0.89 (5) 2.35 (5) 2.994 (4) 129 (4) 

Compound (lI) Compound (III) 
Crystal data Crystal data 

[CuCI2(C9H8N2)2] Cu Ka radiation [CuC12(C9H8N2)2] Cu K a  radiation 
Mr = 422.79 A = 1.5418/~, Mr = 422.79 A = 1.5418 ,~, 



M A G D A L E N A  M A L E C K A  et al. 1773 

Tetragonal 
14j cd 
a =  14.795(1) ,~  
c = 16.634 (2) 
V = 3641.2 (6) ~3 
Z = 8  
D, = 1.542 Mg m -3 
O,,, not measured 

Data collection 

Rigaku AFC-5S diffractom- 
eter 

w scans 
Absorption correction: 

analytical (de Meulenaer 
& Tompa, 1965) 
Train = 0.318, T,,,,,,, = 0.634 

9986 measured reflections 
1354 independent reflections 

Cell parameters from 25 
reflections 

0 = 31.59-39.73 ° 
/_z = 4.454 m m -  
T = 293 (2) K 
Prism 
0.40 x 0.16 x 0.10 mm 
Brown-red 

1099 reflections with 
I > 20-(/) 

R,,t = 0.070 
0m,,,, = 60.07 ° 
h =  -16- - - ,  16 
k = - 16 ~ 16 
1 = - 1 8  ----, 18 
3 standard reflections 

every 150 reflections 
intensity decay: <2% 

Goslar, J., Szczaniecki, P. B., Strawiak, M. M. & Mrozifiski, J. (1988). 
Transition Met. Chem. 13. 81-84. 

Kostka, K. & Strawiak, M. M. (1982). Pol. J. Chem. 56, 895-901. 
McArdle, P. (1995). J. Appl. Crvst. 28, 65. 
Meulenaer, J. de & Tompa. H. (1965). Acta Crxst. 19. 1014--1018. 
Molecular Structure Corporation (1989a). MSC/AFC Diffractometer 

Control Software. MSC, 3200 Research Forest Drive, The Wood- 
lands. TX 77381, USA. 

Molecular Structure Corporation (1989b). TEXSAN. Single Crystal 
Structure Analysis Software. Version 5.0. MSC, 3200 Research 
Forest Drive, The Woodlands, TX 77381, USA. 

Nardelli, M. (1996). J. Appl. Crvst. 29, 296--300. 
Nasiadek, M. (1985). Diploma thesis, Institute of Chemistry, Faculty 

of Pharmacy, Medical University of L6dL Poland. 
Orpen, A. G., Brammer, L., Allen. F. H., Kennard, O., Watson, D. G. 

& Taylor, R. (1989). J. Chem. Soc. Dalton Trans. pp. S1-83. 
Sheldrick, G. M. (1990). Acta Co'st. A46, 467--473. 
Sheldrick, G. M. (1997). SHELXL97. Program fi)r the Refinement of 

Crystal Structures. University of G6ttingen, Germany. 

Refinement 

Refinement on F 2 
R[F 2 > 20-(F2)] = 0.027 
wR(F 2) = 0.063 
S = 0.923 
1354 reflections 
122 parameters 
H atoms constrained 
w = 1/[o-2(F,~) + (0.0432P) 2] 

where P = (F,} + 2F,2)/3 
(A /o ' )m.~  = 0.010 
Ap  ..... = 0.229 e ,~-~ 
Ap~m = -0 .206  e ,~-3 

Extinction correction: 
SHELXL97 

Extinction coefficient: 
0.00015 (4) 

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

Absolute structure: Flack 
(1983) 

Flack parameter = -0.01 (2) 

Table  5. Selec ted  geometr ic  parame te r s  (A, O ) f o r  (III) 

CuI - -NI2  2.020{3) C u l ~ l l  2.214¢I; 

NI2~uI--NI2 '  97.73 (15) N 12--Cu 1~'11 96.12 (8) 
NI2~?uI--CII' 138.42(8) CI I'--Cu I---CI I 98.97(71 
Symmetry codc: (i) 2 - x, 1 - y, - 

For all compounds, data collection: MSC/AFC Diffractometer 
Control Sofm,are (Molecular Structure Corporation, 1989a); 
cell refinement: MSC/AFC Diffractometer Control Software; 
data reduction: TEXSAN (Molecular Structure Corporation, 
1989b); program(s) used to solve structures: SHELXS86 
(Sheldrick, 1990); program(s) used to refine structures: 
SHELXL97 (Sheldrick, 1997); molecular graphics: ORTEX3.1a 
(McArdle, 1995); software used to prepare material for publi- 
cation: PARS797 (Nardeili, 1996). 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: NA 1369). Services for accessing these 
data arc described at the back of the journal. 
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Abstract 

The  s t ructure  o f  the title c o m p o u n d ,  [NH2(CH3)2]2- 
[SbCls] ,  was  d e t e r m i n e d  at 295 and 85 K. It consis ts  
o f  p o l y m e r i c  ( S b C l 2 - ) n  chains  c o m p o s e d  o f  d e f o r m e d  
SbCI~,- oc t ahed ra  c o n n e c t e d  by corners  and d ime thy l -  
a m m o n i u m  cat ions .  The  t empera tu re  d e p e n d e n c e  of  the 
S b - - C I  bond  lengths  is d iscussed .  It is a rgued  that 
the d e f o r m a t i o n  o f  the oc tahedra l  coo rd ina t ion  o f  the 
Sb Iu a tom is c aused  by e lec t ros ta t ic  in t e rac t ion /hydro-  
gen bonds .  

Comment 
A l k y l a m m o n i u m  c h l o r o a n t i m o n a t e s  are ob ta ined  by 
mix ing  a m i n e  h y d r o c h l o r i d e  and a n t i m o n y  t r ich lor ide  
in an organic  so lvent  or  aqueous  h y d r o c h l o r i c  acid.  De-  
pend ing  on the rat io of  the reactants  used,  the type 
o f  cat ion,  the so lvent  and the expe r imen ta l  cond i t ions  
one  or  m o r e  p roduc t s  of  d i f ferent  s to i ch iomet r i e s  m a y  
be obta ined.  T h e y  are def ined  by the genera l  fo rmula  
R,,SbbC1,. (R = a l k y l a m m o n i u m  cat ion,  c = 3b + a).  
These  c o m p o u n d s  are a t t ract ing g r o w i n g  a t tent ion s ince  
m a n y  salts o f  this g roup  unde rgo  n u m e r o u s  phase  tran- 
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