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(1993) for Co and Foulds (1990) for Ni. The structures 
of the title compounds are described in more detail in 
this paper. 
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Abstract 
2-Aminopyrimidine complexes of aqueous CO Il, Ni I1 
and Cu II sulfate have been prepared and their struc- 
tures determined by X-ray diffraction. Co II forms a 
dimeric complex, [Co(SO4)(CaH5N3)(H20)312.2H20, 
(1), and Ni n and Cu n form polymeric complexes, 
[Ni(SOn)(CnHsN3)2(H20)2].CnHsN3, (2), and [Cu(SO4)- 
(C4HsN3)2(HzO)].2H20, (4). The sulfate ion acts as a 
bridging moiety between the metal atoms in these three 
complexes. The Ni II ion also forms an ionic complex, 
[Ni(CnHsN3)(H20)5]SOn.CaHsN3, (3). The coordination 
of 2-aminopyrimidine to the metal is always through the 
ring N atom. 

Comment 
This investigation forms part of a study on the re- 
lationship between structures of transition metal com- 
plexes formed with biologically significant heterocyclic 
ligands and their physicochemical properties (Lumme 
& Mutikainen, 1980; Lumme, Mutikainen & Lindell, 
1982, 1983). Preliminary reports on several 2-amino- 
pyrimidine complexes (Lumme et al., 1981) and on 
the crystal structure of di-#-sulfato-O:O'-bis[2-amino- 
pyrimidinetriaquacobalt(II)] dihydrate (Lumme, Knuut- 
tila, Knuuttila & Valkonen, 1983) have been published. 
Recent reviews of coordination compounds and their 
structures can be found in Murphy (1993) for Cu, Davies 
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In compound (1), [Co(SO4)(C4HsN3)(H20)312.2H20, 
two [Co(CnH5N3)(H20)3] 2÷ moieties are bridged 
through two sulfate anions to form a centrosymmetric 
dimer (Fig. 1). The coordination sphere around the Co 
atom is octahedral, with three water molecules [O1, 02 
and 03] and one sulfate O atom [o5i; symmetry code: 
(i) -x ,  -y ,  -z ]  situated in the basal plane and the 2- 
aminopyrimidine ring (N1 coordinated) and one sulfate- 
O atom (04) situated in the apical positions. The crystal 
packing shows partial stacking of the pyrimidine rings 
in the a direction. The three coordinated water mol- 
ecules of the asymmetric unit probably form three inter- 
nal (03 . . .07 ,  0 3 . . . 0 8  and 0 8 . . . 0 3 )  and four external 
[O1.. .O7 i, O1. . .O6 ii, 02---O8 iii and 02 . .  "o4ii; sym- 
metry codes: (ii) 1 -x ,  -y ,  -z ;  (iii) 1 + x, y, z] hydrogen 
bonds to sulfate O atoms and one external [08..-N2'V; 
symmetry code: (iv) -x ,  1 - y ,  -z]  hydrogen bond to the 
cyclic N atom in the neighbouring pyrimidine ring. In 
total, three different types of hydrogen bond are present. 
The two uncoordinated water molecules exist as free lat- 
tice water. 

Acta Crystallographica Section C 
ISSN 0108-2701 ©1996 



52 S O  4 COMPLEXES OF Co, Ni AND Cu WITH 2-NH2-C4H3N~ 

c 06 6k~ 

o ,  

<'~ kNi i /F~.~° 4' -'~ '~ ,_ 

'~ O-2 i 07 '  . N3 )V N2 

06 ~ 

Fig. 1. Molecular  structure o f  c o m p o u n d  (1). Disp lacement  ell ipsoids 
are drawn at the 50% probabi l i ty  level. S y m m e t r y  codes:  as in 
Table 2. 

In compound (2), [NiSO4(C4HsN3)2(H20)2].C4HsN3, 
the octahedral coordination sphere around the Ni" atom 
may be considered to be formed from two water (05 and 
O6) and two 2-aminopyrimidine molecules (chemically 
equivalent N1 and N4) in the basal plane with the O 
atoms [O1 and o2i; symmetry code: (i) x -  1, y -  1, z] of 
separate sulfate ions situated in the apical  positions 
(Fig. 2). The sulfate anions bridge the Ni u moieties to 
form - - N i - - O - - S - - O - - - N i - -  chains in the a direction. 
The third (uncoordinated) 2-aminopyrimidine molecule 
forms separate columns between the chains in the a 
direction. Five types of hydrogen bond probably exist, 
four internal [from amino N atoms to a sulfate O atom 
(N3-.-O1 and N6. . .O1) ,  from a ring C atom to a sulfate 
O atom (C8 . . . 02 )  and from a water O atom to a ring 
N atom (05 . . .N8) ]  and seven external {from amino N 
atoms to ring N atoms [N3. . .N7 i, N6-- .N5",  N9...N2iv; 
symmetry codes: (ii) - x ,  1 - y, 1 - z; (iv) 1 +x, 1 +y, z], 
from an amino N atom to a sulfate O atom [N9. . -04" ;  
symmetry code: (v) 1 +x, y, z] and from water O atoms to 
sulfate O atoms [05 . . .O3  iii, 0 6 . - - O 3  iii and 0 6 . .  "o4iii; 
symmetry code: (iii) - x ,  1 - y , - z ]  }. 

The 2-aminopyrimidine molecules are planar within 
experimental error and the amino N atoms lie approxi- 
mately in the corresponding molecular planes. The angle 
between the rings containing N1 and N4 is 79.4 (5) ° and 
the angles these tings make with the ring containing N7 
are 24.8 (5) and 104.2 (5) ° , respectively. 
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Fig. 2. Molecular  structure o f  c o m p o u n d  (2). Disp lacement  ell ipsoids 
are drawn at the 50% probabi l i ty  level. H a toms have been removed  
for  clarity. S y m m e t r y  codes: (vi) x - 1, y, z; and as in Table 4. 

In compound (3), [Ni(C4HsN3)(H20)5]SO4.C4H5N3, 
the absolute configuration (for the crystal used) is 
that shown (see Experimental). The substitution of 
one 2-aminopyrimidine molecule by three water mol- 
ecules changes the structure completely [i.e. compound 
(2) to compound (3)] and results in a change to 
non-centrosymmetric orthorhombic (P212121) symme- 
try. The coordination sphere around the Ni" atom is still 
octahedral (Fig. 3). Four water molecules (O1, 03 ,  0 4  
and 05)  may be considered to be situated in the basal 
plane and the fifth water molecule (02) and a 2-amino- 
pyrimidine molecule (N1 coordinated) to occupy the 
apical positions. The second 2-aminopyrimidine mol- 
ecule and the sulfate ion lie between the metal moieties. 
Stacking between the pyrimidine rings to some extent 
seems obvious. 

N6 N4 

~ . /~5  ~ . Z  -;ca , _ 
N5 ~ L  ,) 

,~.._'Y C7 . . . .  , ~ -; 
O 9 ~  .</C-6 r . 2 ¢ ~ - ~ =  , , ?  
Y ~ X /  , ~ o 2  

~. ! N3 " N I % / /  " '%--, 
a ak " 07 ~:~?;,. NI ~ " 

. . .  "~,~ ~ L I  

0 6  - %<~'"~,.<~,:-,  - ~ . "  I i -  " - ' 1 .  

C2 

Fig. 3. Molecular  structure of  compound  (3). Disp lacement  ell ipsoids 
are drawn at the 50% probabil i ty  level. 

A strong hydrogen-bond net stabilizes the crystal 
structure of (3). Five different types of hydrogen bond 
are postulated: from water O atoms to three differ- 
ent sulfate O atoms [ O 1 . . . 0 9  i', O1 . . . 08" ;  0 2 . . . O 6  v, 
0 2 . . o 9 v i ;  0 4 . . O 6  iv, 04.  O8 vi" 03- O7 vi and 

. . . .  9 " " 

1 3 05 . -  .O7V; symmetry codes: (iv) 1 - x, i + y, i - z; (v) 
1 1 3 1 - x , l - y , ~ + z ;  (vi) ~ - x , l - y ,  5 + z ] ,  from water 

O atoms to ring N atoms [ 0 3 . . . N 5  'v and 05.-.N4vii;  
symmetry code: (vii) x, 1 +y,  z], from an amino N atom 
to a water O atom [N3. - .03 '  and N6.--o2iii; symmetry 

1 3 g ] ,  from a n  codes: ( i )  x ,  y - 1, z; ( i i i )  1 - x , y  2 ,  2 

amino N atom to a sulfate O atom IN3..-o7ii;  symme- 
1 i try code: (ii) i + x, i - y, 1 - z] and from an amino N 

atom to a ring N atom (N6..-N2iii). Altogether there are 
fourteen external hydrogen bonds. 

The ring containing the N1 atom is slightly chair 
like in the coordination direction and the amino N 
atom N3 is displaced 0.350 (8)/~ from the pyrimidine 
plane. The uncoordinated pyrimidine ring is planar 
within experimental error, with the amino N atom (N6) 
displaced only -0 .039  (9)J,  from the plane. The angle 
between the two 2-aminopyrimidine planes is 22.4 (1)°. 

In compound (4), [CuSO4(C4H5N3)2(H20)].2H20, 
the Cu II atom is pentacoordinated by two 2-amino- 
pyrimidine molecules [N1 and Nli;  symmetry code: 
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1 (i) x, i - Y ,  z], one water molecule (04)  and two 

sulfate O atoms [O1 and o3ii;  symmetry code: (ii) 
x -  1 ,y,z]  (Fig. 4). The coordination sphere around 
the central Cu n atom is a distorted square pyramid 
where the two O atoms (O1 and 04 )  and two N atoms 
(N1 and N1 i) form the basal plane and the O atom 
O3 ii occupies the apical position. The two coordinated 
sulfate anions form bridges between the neighbouring 
Cu It atoms resulting in chains in the a direction. The 
amino group forms hydrogen bonds with sulfate O 
atoms ( N 3 . . . O 2  ii and N 3 . . . O 3  ii) and a ring N atom 
[N3.. .N2iii ;  symmetry code: (iii) - x ,  1 - y , - z ] .  The 
uncoordinated water molecule forms external hydrogen 
bonds with the neighbouring sulfate O atoms [ 0 5 . . . O 2  iv 
and O5.. .O2V; symmetry codes: (iv) x -  1,y,  1 + z; 
(v) x, y, 1 + z] and an internal hydrogen bond with the 
coordinated water ( 0 4 . . . 0 5 ) .  Altogether there are four 
types of  hydrogen bond, one internal and five external. 
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Fig. 4. Molecular structure of compound (4). Displacement ellipsoids 
are drawn at the 50% probability level. H atoms have been removed 

I for clarity. Symmetry codes: (vi) x + l,y, z; (vii) x - 1, i - y, z; 
I (viii) 1 + x, ~ - y, z; and as in Table 8. 

The 2-aminopyrimidine ring is planar within exper- 
imental error. The Cu l ,  S1, O1, 0 3  and 0 4  atoms 
are also planar. The coordination about Cu 1I is remark- 
ably similar to that found around Cu in catena-poly[tri- 
aquacopper(II)-#- 1,3,5-benzenetricarboxylato(2-)] (Pech 
& Pickardt, 1988). 

The bond distances and angles around the central 
metal atoms are quite normal with M - - O  and M - - N  
distances ranging 1.94-2.17 and 2.05-2.20.4,, respec- 
tively. The coordination polyhedra in compounds (1)-  
(3) are distorted octahedra, whereas in compound (4) it 
is a distorted square pyramid. 

The bond distances and angles of  2-fiminopyrimidine 
in all four complexes are similar to those found in 
other complexes (O'Reil ly,  Smith & Kennard, 1984; 
Kennard, Stewart, O'Rei l ly ,  Smith & White,  1985; Etter, 
Adsmond & Britton, 1990; Zanchini  & Willett, 1990) 
and for the free ligand (Scheinbeim & Schempp, 1976; 
Furberg, Grogaard & Smedsrud, 1979). 

In all four compounds the hydrogen-bond net sta- 
bilizes the overall crystal structure. The tendency to 
form polymeric  sulfato-bridged structures seems to in- 
crease among the present compounds in the order 
Co < Ni < Cu. 

Exper imenta l  

The syntheses, composition analyses, density measurements 
(flotation) and preliminary X-ray studies of the compounds 
have been described (Lumme et al., 1981; Lumme & Knuut- 
tila, 1995). The crystals of (2) and (3) were placed in Linde- 
mann glass capillaries. 

Compound (1) 
Crystal data 

[ C o ( S O 4 ) ( C 4 H s N 3 ) ( H 2 0 ) 3 1 2 . -  Mo Ka radiation 
2H20 A = 0.71069 ~, 

Mr = 644.31 Cell parameters from 21 
Monoclinic reflections 
P21/c 0 = 4.47-19.98 ° 
a = 6.814 (2) A # = 1.73 mm -1 
b = 12.083 (6) ~, T = 296 (2) K 
c = 13.762 (7) A Prism 
/3 = 96.15 (3) ° 0.20 x 0.12 x 0.12 mm 
V = 1126.6 (9) ~3 Red 
Z = 2  
Dx = 1.906 Mg m -3 
Dm = 1.922 Mg m -3 

Data collection 
Nicolet P3F four-circle Rint = 0.025 

diffractometer 0max = 27.5 ° 
w-20 scans h = 0 ~ 10 
Absorption correction: k = 0 ~ 17 

~b scan l = -21 ~ 21 
Tmm = 0.70, Tmax = 1.00 2 standard reflections 

2908 measured reflections monitored every 48 
2576 independent reflections reflections 
1545 observed reflections intensity decay: not 

[F > 6cr(F)] significant 

Refinement 

Refinement on F 
R = 0.061 
wR = 0.055 
S = 2.44 
1545 reflections 
154 parameters 
w = lhr(F) 
(A/o')max = 0.11 

Aprnax = 1.61 e/~,- 3 
Aprnin = -1 .40 e ,~-3 
Extinction correction: none 
Atomic scattering factors 

from International Tables 
for X-ray Crystallography 
(1974, Vol. IV, Tables 
2.2B and 2.3.1) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters ( k  ) for  (1) 

Ueq = (I ~3)El ~jUija 7 a'~ ai.aj. 

x y z Ueq 
Co 0.2458 (2) 0.16570 (8) 0.03148 (7) 0.0202 (3) 
Ol 0.3201 (7) 0.1509(5) -0.1136 (3) 0.032(2) 
02 0.5378 (7) 0.1414 (4) 0.0883 (4) 0.031 (2) 
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03 0.1251 (8) 0.1736 (4) 0.1635 (3) 0.028 (2) Refinement 
04 0.2367 (8) -0 .0136 (4) 0.0364 (4) 0.025 (2) 
N1 0.2746 (9) 0.3467 (5) 0.0434 (4) 0.024 (2) R e f i n e m e n t  o n  F 
Cl 0.234 (1) 0.4232 (6) -0.0275 (6) 0.024 (2) R = 0 . 0 9 2  
N3 0.188 (1) 0.3860 (6) -0.1193 (5) 0.038 (2) wR = 0 . 0 6 9  
N2 0.238 (1) 0.5331 (5) -0 .0134 (4) O.O28 (2) S = 3 .02  
c2  0.287 (1) 0.5697 (7) 0.0779 (7) 0.039 (3) 
C3 0.337 (1) 0.4981 (7) 0.1532 (6) 0.035 (3) 1648  r e f l e c t i o n s  
C4 0.332 (1) 0.3859 (7) 0.1337 (6) 0.033 (3) 2 6 2  p a r a m e t e r s  
S 0.1539 (3) -0.0955 (1) 0.1019 (1) 0.0188 (5) w = 1 / t r (F)  
05 0.0413 (7) -0 .1794 (4) 0.0401 (3) 0.024 (2) ~.a//tA/O%nax 

0 . 6 4 5  06  0.3151 (7) -0.1513 (4) 0.1615 (3) 0.028 (2) 
07 0.0250 (7) -0.0401 (4) 0.1673 (3) 0.025 (2) 
08 -0.2068 (8) 0.3005 (4) 0.1536 (4) 0.030 (2) 

o 

Table 2. Selected geometric parameters (A, o) for ( 1 ) 
Co--O3 2.075 (5) Co--4)1 2.119 (5) 
Co---O2 2.080 (5) Co---O4 2.169 (5) 
Co---O5 i 2.100 (5) Co- -NI  2.201 (6) 

O3---Co--O2 97.5 (2) O2---Co--O1 91.5 (2) 
O3---Co--4)1 170.3 (2) O5L--Co--OI 82.5 (2) 
O3- -Co- -O4  90.2 (2) o 5 i - - C o - - N  1 91.6 (2) 
O3---Co---N 1 86.0 (2) O1--Co---O4 87.4 (2) 
O2---Co---O5' 173.3 (2) (M---Co---N 1 173.4 (2) 

D - - H .  • .A D - - H  H- • -A D. • .A D - - H . .  -A 
O1--H1.  • .O7 i 0.743 (5) 2.063 (5) 2.738 (7) 151.1 (4) 
OI - -H2 .  • .O6 ii 0.893 (5) 1.896 (5) 2.639 (7) 139.4 (4) 
O2--H3.  • -O8 iii 0.743 (5) 2.049 (5) 2.683 (7) 143.4 (4) 
O2--H4- • .04i i  1.006 (5) 2.291 (5) 2.873 (8) 115.6 (3) 
O3--H5.  • .07 0.951 (5) 1.725 (5) 2.673 (7) 174.6 (4) 
O3---H6. • .08 0.741 (5) 1.985 (5) 2.723 (7) 174.2 (4) 
O8---H12. • .03 0.863 (5) 2.122 (5) 2.723 (7) 126.4 (4) 
O8---Hi3- • .N2 ~v 1.043 (5) 1.863 (6) 2.779 (8) 144.4 (3) 

S y m m e t r y  codes:  (i) - x , - y , - z ;  (ii) 1 - x , - y , - z ;  (iii) 1 + x ,y ,  z; 
(iv) - x ,  1 - y, - z .  

C o m p o u n d  (2)  

Crystal data 

[ N i  ( 5 0 4 ) ( C 4 H 5  N3 )2 (H2 0 ) 2  ].- 

C a H s N 3  
Mr - 4 7 6 . 1 0  

T r i c l i n i c  

PT 
a = 6 . 4 2 6  (3)  ]k 

b = 11 .027  ( 6 ) / ~  

c = 13 .68  (1)  ,~. 

a = 9 3 . 1 1  (6)  ° 

/3 = 9 0 . 6 4  (6)  ° 

"7 = 9 5 . 0 6  (4)  ° 
V 9 6 4  ( I )  /k 3 

Z = 2  
Dx = 1 .646  M g  m - 3  

D,,, = 1 .700  M g  m - 3  

Data collection 

N i c o l e t  P3F f o u r - c i r c l e  

d i f f r a c t o m e t e r  

w-20 s c a n s  

A b s o r p t i o n  c o r r e c t i o n :  

n o n e  

4 1 4 3  m e a s u r e d  r e f l e c t i o n s  

3 7 4 5  i n d e p e n d e n t  r e f l e c t i o n s  

1648  o b s e r v e d  r e f l e c t i o n s  

[ F  > 6 t r ( F ) ]  

Rim = 0 .051  

M o  K a  r a d i a t i o n  

A = 0 . 7 1 0 6 9  

Ce l l  p a r a m e t e r s  f r o m  24  

r e f l e c t i o n s  

0 = 4 . 8 9 - 1 8 . 7 2  ° 

# = 1 .16 m m  - I  

r = 2 9 5  (1)  K 

P r i s m  

0.2 x 0.2 x 0.2 mm 
Green 

0max = 27 .5  ° 

h = 0---, 9 
k = - 15 ~ 15 

l = - 1 8  ~ 18 

2 s t a n d a r d  r e f l e c t i o n s  

m o n i t o r e d  e v e r y  50  

r e f l e c t i o n s  

i n t e n s i t y  d e c a y :  no t  

s i g n i f i c a n t  

m p m a x  = 2 .78  e , ~ - 3  

mpmin = - 2 . 5 9  e , ~ - 3  

E x t i n c t i o n  c o r r e c t i o n :  n o n e  

A t o m i c  s c a t t e r i n g  f a c t o r s  

f r o m  International Tables 
for X-ray Crystallography 
( 1 9 7 4 ,  Vol .  IV, T a b l e s  

2 . 2 B  a n d  2 .3 .1 )  

Table 3. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2 ) for (2) 

Ueq = (1/3)Ei EjUija 7 a; a,.aj. 
x y z Ueq 

Ni 0.1578 (3) 0.3318 (2) 0.1543 (1) 0.0318 (7) 
S -0.3313 (5) 0.3885 (3) 0.1123 (3) 0.042 (I) 
O1 -0 .166  (1) 0.3389 (7) 0.1715 (6) 0.038 (3) 
02 0.473 (1) 0.3176 (7) 0.1347 (7) 0.037 (3) 
03 -0.287 (2) 0.363 (1) 0.0065 (8) 0.074 (5) 
04  -0.341 (2) 0.5157 (9) 0.134 (1) 0.088 (6) 
05 0.194 (I) 0.5221 (6) 0.1634 (6) 0.035 (3) 
06  0.120 (1) 0.3382 (7) 0.0056 (6) 0.041 (3) 
NI 0.116 (2) 0.1379 (9) 0.1405 (9) 0.039 (4) 
C1 -0 .015 (2) 0.059 (!) 0.186 (1) 0.046 (6) 
N2 -0 .014 (2) -0.0623 (9) 0.1808 (8) 0.044 (4) 
C2 0.120(2) -0 . I11  (1) 0.119(1) 0.055(6) 
C3 0.250 (2) -0 .040  (1) 0.062 (i) 0.077 (8) 
C4 0.239 (2) 0.083 (I) 0.072 (1) 0.045 (5) 
N3 -0.145 (2) 0.1083 (9) 0.2530 (9) 0.051 (5) 
N4 0.223 ( ! ) 0.3276 (9) 0.3072 (8) 0.035 (4) 
C5 0.134 (2) 0.393 (1) 0.382 (1) 0.034 (5) 
N5 0.211 (2) 0.408 (1) 0.4721 (9) 0.050 (5) 
C6 0.380 (2) 0.353 ( 1 ) 0.495 ( I ) 0.054 (6) 
C7 0.471 (2) 0.280 ( ! ) 0.423 ( ! ) 0.059 (7) 
C8 0.384 (2) 0.269 (1) 0.330 (1) 0.050 (6) 
N6 -0.041 (2) 0.446 (1) 0.3589 (9) 0.056 (8) 
N7 0.495 (2) 0.913 ( ! ) 0.336 (1) 0.059 (5) 
C9 0.475 (3) 0.797 (I) 0.295 (1) 0.059 (7) 
N8 0.304 (2) 0.716 (1) 0.308 (1) 0.050 (5) 
CI0 0.161 (3) 0.753 (1) 0.363 (1) 0.067 (7) 
CII  0.167 (3) 0.867 (1) 0.408 (1) 0.064 (7) 
C ! 2 0.343 (3) 0.942 ( 1 ) 0.389 ( ! ) 0.066 (7) 
N9 0.634 (2) 0.759 (1) 0.243 (1) 0.071 (6) 

Table 4. Selected geometric parameters (,~, °)for (2) 

Ni--O6 2.051 (9) Ni---Ol 2.102 (8) 
Ni----4)2 2.063 (8) Ni - -N!  2.13 (1) 
Ni--O5 2.088 (7) Ni--N4 2.13 (1) 

O6---Ni----O! 90.0 (3) O5- -Ni - -N  1 178.2 (4) 
O6---Ni--NI 89.9 (4) O5- -Ni - -N4  90.8 (4) 
O6----Ni--N4 175.5 (4) O I - - N i - - N 1  90.3 (4) 
O2--Ni---O1 177.6 (3) N I - - N i - - N 4  91.0 (4) 
O2- -Ni - -N  1 87.5 (3) 

D - - H .  • .A 
N3--H4.  • .O1 
N3--H5.  • .N7' 
C8--H8.  • .02 
N6---H9. • .O1 
N6--H 1 0 . . N 5  ii 
O5- -HI  !. "O3 i'i 

O5--HI2 .  .N8 
O6---H ! 4- .O3"i 
N9----H ! 8- .N2 iv 
N9---H 19. .O4 ~ 
O6---H13. .04"' 

D - - H  H. • .A D. • -A D - - H .  • -A 
0.99 (1) 1.999 (9) 2.84 (i) 141.9 (8) 
1.00 (1) 2.30 (!) 3.28 (2) 168.6 (8) 
1.01 (i) 2.336 (9) 2.81 (2) 107.8 (9) 
0.98 (I) 1.935 (8) 2.84 (1) 151.2 (7) 
1.03 (1) 1.99 (i) 3.02 (2) 174.5 (7) 
1.05 (1) 1.98 (1) 2.75 (1) ! 28.0 (5) 
0.993 (7) 2.23 (!) 2.87 (1) 120.7 (6) 
1.020(8) 2.40 (1) 3.39(1) 162.1 (5) 
1.01 (I) 2.04 (1) 3.02 (2) 164.6 (9) 
1.00 (!) 2.04(1) 3.02(2) 165.6(9) 
1.005 (9) 2.36 (!) 2.87 (1) !10.4 (5) 

1 - y ,  - z ;  S y m m e t r y  codes: ( i ) x -  1, y -  1, z; (ii) - x ,  1 - y ,  1 - z ;  (iii) - x ,  
(iv) l + x , l + y , z ; ( v )  l + x , y , z .  
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C o m p o u n d  (3) 

Crystal data 

[Ni(C4HsN3)(H20)5 ]SO4.- 
C4HsN3 

Mr = 435.05 
O r t h o r h o m b i c  

P21212, 
a = 7 .280 (2) ,~, 
b = 10.391 (3),~, 
c = 22.329 (7) 
V = 1689.1 (9) ,~3 

Z = 4  
Dx = 1.717 M g  m -3 
Dm= 1.730 Mg m -3  

Data collection 
Nicole t  P3F four-ci rc le  

d i f f r ac tomete r  

w-20 scans 
Absorp t ion  correct ion:  

~/, scan 
Train = 0 . 8 2 ,  Tmax = 1.00 

2275 measu red  ref lect ions  
2249 independen t  ref lect ions 
1948 observed  ref lect ions  

[F > 6or(F)] 

Refinement 

Ref inemen t  on F 
R = 0.034 
wR = 0.036 
S = 2.48 
1948 ref lect ions 
226 parameters  
w = l/or(F) 
(A/at)max = 1.154 

M o  Ka radia t ion 
A = 0 .71069 ~, 
Cel l  parameters  f rom 16 

ref lect ions 
0 = 5 . 3 5 - 1 5 . 7 0  ° 
# = l . 3 3 m m - '  
T = 295 (1) K 
Needle  
0.2 x 0.2 x 0.2 m m  
Green  

Rint = 0.0305 
0max = 27.51 o 

h = 0---~ 9 
k = 0 ---~ 13 
l = 0 ---, 28 
2 s tandard  ref lect ions 

mon i to red  eve ry  48 
ref lect ions 

in tensi ty  decay:  not  
s ignif icant  

Apmax = 0.77 e ,~-3 
Apmi,  = - 1 . 1 8  e , ~ - 3  

Ext inc t ion  correct ion:  none  
A t o m i c  scat ter ing factors  

f rom International Tables 
for X-ray Crystallography 
(1974, Vol. IV, Tables  
2.2B and 2.3.1) 

T a b l e  5. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A 2) for (3)  

Ueq = ( 1 / 3 ) E i E j U i j a ~ a  7 ai.aj. 
x y z 

Ni 0.73680 (8) 0.94826 (4) 0.89449 (2) 
O1 0.5416 (4) 0.9616 (5) 0.9622 (1) 
O2 0.7395 (5) 0.7472 (2) 0.9016 ( 1 ) 
03  0.9347 (4) 0.9227 (4) 0.8286 (1) 
04  0.9359 (4) 0.9695 (4) 0.9584 ( I ) 
05  0.5306 (4) 0.9250 (4) 0.8322 (1) 
N1 0.7269 (6) 1.1504 (3) 0.8834 (!) 
N2 0.6769 (6) 1.3433 (3) 0.8273 (2) 
N3 0.7337 (8) 1.1535 (3) 0.7799 (1) 
C1 0.7151 (6) 1.2161 (4) 0.8315 (2) 
C2 0.6546 (9) 1.4050 (5) 0.8782 (3) 
C3 0.6791 (9) 1.3485 (4) 0.9337 (2) 
C4 0.7144 (7) 1.2191 (4) 0.9337 (2) 
S 0.2543 (2) 0.29052 (8) 0.40903 (4) 
O6 0.0947 (4) 0.3558 (5) 0.4347 (2) 
O7 0.2325 (7) 0.2742 (4) 0.3451 (1) 
O8 0.2651 (6) 0.1616 (3) 0.4363 (2) 
0 9  0.4232 (4) 0.3629 (4) 0.4231 (2) 
N4 0.2779 (6) 0.1272 (3) 0.8311 (2) 
N5 0.1663 (6) 0.3075 (4) 0.7751 (2) 
N6 0.254 (1) 0.1198 (4) 0.7283 (2) 
C5 0.2319 (7) 0.1868 (4) 0.7794 (2) 
C6 0.1433 (7) 0.3713 (5) 0.8258 (2) 
C7 0.1804 (8) 0.3175 (5) 0.8811 (2) 
C8 0.2516 (9) 0.1941 (4) 0.8807 (2) 

Ueq 
0.0216 (1) 
0.032 ( 1 ) 
0.0321 (8) 
0.030 ( 1 ) 
0.029 ( 1 ) 
0.031 (1) 
0.027 ( 1 ) 
0.042 ( 1 ) 
0.043 (1) 
O.03O ( 1 ) 
O.O56 (2) 
0.O52 (2) 
0.035 ( 1 ) 
0.0260 (2) 
0.048 (1) 
0.065 ( ! ) 
0.064(1) 
O.O35 (i) 
0.041 (!) 
0.037 (1) 
O.O6O (2) 
0.036 ( 1 ) 
0.041 (2) 
0.048 (2) 
0.044(1) 

T a b l e  6. Selected geometric parameters (,4, o) for (3)  

Ni- -O4  2.045 (3) Ni--4)l  2.080 (3) 
Ni---O5 2.061 (3) Ni---O2 2.096 (3) 
N i - 4 ) 3  2.077 (3) N i - -NI  2.116 (3) 

O4---Ni----O5 178.2 (1) O 5 - - N i - - O 3  90.7 (I) 
O4---Ni--<)3 90.9 ( 1 ) O3--Ni--4)1  176.3 (2) 
O 4 - - N i - - O I  88.3 (1) O 3 - - N i - - O 2  85.4 (1) 
O4---Ni--O2 92.8 ( 1 ) O 3 - - N i - - N  1 93.9 ( 1 ) 
O4---Ni--N 1 89.9 (2) O 2 - - N i - - N I  177.2 (1) 

D--H.  • -A D - - H  H. • .A D. • .A D--H. • .A 
N3--H4. • -O3' 0.937 (4) 2.208 (4) 3.011 (5) 143.2 (2) 
N3--H5. • .07" 0.918 (3) 2.016 (3) 2.890 (4) 158.4 (3) 
N6---H9. • .N2 m 0.919 (4) 2.386 (4) 3.170 (5) 143.1 (4) 
N6~HI0. • -02'" 1.076 (4) 2.118 (3) 3.189 (5) 173.5 (2) 
O I--HII.  • .09 iv 0.937 (3) 1.848 (4) 2.769 (5) 166.8 (4) 
OI--HI2- • .08 ~ 0.881 (4) 1.758 (4) 2.638 (5) 177.7 (3) 
O2--H13. • .09 v~ 0.951 (3) 1.836 (3) 2.752 (5) 160.9 (2) 
O2--H14. • .06 v 0.849 (3) 1.931 (4) 2.759 (5) 164.5 (2) 
O3--H15- • .07 vi 0.953 (3) 2.243 (5) 3.193 (6) 175.3 (2) 
O3--H16. • .N5 iv 0.832 (3) 1.891 (4) 2.707 (5) 166.7 (3) 
O4---H17. • .08 ~' 0.854 (3) 1.810 (4) 2.614 (5) 156.4 (3) 
O4--H18. • .06 ~ 0.979 (3) 1.705 (4) 2.673 (6) 169.8 (3) 
O5--HI9. • .07 ~ 0.950 (4) 1.889 (4) 2.835 (6) 174.4 (3) 
O5--H20. • . N 4  vii 1.065 (4) 1.746 (4) 2.793 (6) 166.6 (2) 

S y m m e t r y  codes :  (i) x , y  - l , z ;  (ii) ½ + x, ½ - y,  1 - z; (iii) 1 - x, 
y - ½,-~ - z; (iv) 1 - x, ½ + y , ~  - z; (v) ½ - x, 1 - y,  ½ + z; 
( v i ) ~ - x , l - Y ,  ½+z;(vi i )  x , l + y , z .  

C o m p o u n d  (4) 

Crystal data 

[Cu(SO4)(C4H5 N3)2 (H20)] . -  
2 H 2 0  

Mr = 403.86 
Monoc l in i c  
e21/m 
a = 4.927 (2) ,~, 
b = 19.119 (9) ,4, 
c = 7.930 (4) ,~, 
/3 = 94.77 (3) ° 
V = 744.4 (6) ,~3 
Z = 2  
Dx = 1.808 M g  m -3  
Dm = 1.842 M g  m -3 

Data collection 
Nicole t  P3F four-ci rc le  

d i f f rac tomete r  
0,,-20 scans  
Absorp t ion  correct ion:  

none  
1355 measu red  ref lect ions 
1238 independen t  ref lect ions  
860 observed  ref lect ions  

[F > 6 o ( F ) ]  
Rim = 0.036 

Refinement 

Ref inemen t  on F 
R = 0.039 
wR -- 0.035 
S = 2.06 
860 ref lect ions 
112 parameters  
w = 1 /o (F)  
(A//cr)max = 0.009 

M o  K a  radia t ion 
A = 0 .71069 ,~ 
Cell  parameters  f rom 16 

ref lect ions  
0 = 4 . 2 6 - 1 8 . 7 2  ° 
# = 1.65 m m -  
T = 295 (1) K 
Pr ism 
0.4 × 0.1 × 0.1 m m  
Dark green 

0max = 2 7 . 5  ° 

h = 0--- ,  8 
k = 0 ~ 1 2  
l = - 2 8  ----, 28 
2 s tandard  ref lect ions  

mon i to red  every  48 
ref lect ions  

in tensi ty  decay:  not  
s ignif icant  

mpmax = 0.655 e ,~-3  
mpmin  = - 0 . 8 0 7  e ,~-3  
Ext inc t ion  correct ion:  none  
A t o m i c  scat ter ing factors  

f rom International Tables 
for X-ray Crystallography 
( 1974, Vol. IV, Tables  
2.2B and 2.3.1) 
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Table 7. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (/(2) for (4) 

Ueq = (1/3)Ei~jUija~ a 7 ai.aj. 

x y z Ueq 
Cul 0.2306 (2) 1/4 0.1580 (1) 0.025 (4) 
SI 0.6009 (3) 1/4 -0.1249 (2) 0.0212 (7) 
O1 0.3103 (8) 1/4 -0.0786 (5) 0.026 (2) 
02 0.6394 (6) 0.3139 (2) -0.2235 (4) 0.033 (2) 
03 0.7840 (8) 1/4 0.0323 (5) 0.027 (2) 
NI 0.3341 (7) 0.3527 (2) 0.1965 (4) 0.018 (2) 
C3 0.643 (1) 0.4304 (4) 0.3492 (6) 0.033 (2) 
N3 0.0071 (9) 0.3998 (2) 0.0034 (5) 0.035 (2) 
C2 0.511 (!) 0.4852 (4) 0.2634 (6) 0.037 (2) 
C4 0.5497 (9) 0.3644 (4) 0.3116 (6) 0.031 (2) 
CI 0.2182 (9) 0.4093 (4) 0.1194 (5) 0.021 (2) 
N2 0.2976 (8) 0.4761 (3) 0.1514 (5) 0.031 (2) 
O4 0.1031 (9) 1/4 0.3825 (5) 0.032 (2) 
05 0.1168 (6) 0.3520 (2) 0.6096 (3) 0.034 (1) 

Table 8. Selected geometric parameters (,4, o)for (4) 
Cul--O4 1.937 (4) Cul--NI' 2.045 (5) 
Cul--O1 1.948 (4) Cul--NI 2.045 (5) 

O4---Cul----Ol 172.7 (2) O1----Cul--N1 94.4 (I) 
O4--Cul--N1 i 87.6 (1) NIi----CuI--NI 147.5 (1) 
O4---Cu 1--N 1 87.6 (1) 

D---H. • .A D- -H H. • -A D. • .A D--H. • .A 
N3--H4. .02 ~ 0.881 (5) 2.312 (3) 2.946 (5) 135.4 (3) 
N3---H4..03" 0.881 (5) 2.468 (2) 3.083 (5) 133.5 (3) 
N3--H5..N2 iii 0.835 (5) 2.193 (5) 3.015 (7) 167.8 (3) 
O5---H8- .OT v 0.879 (3) 2.078 (3) 2.887 (5) 152.6 (2) 
O5--H9- -02 v 1.024 (3) 1.880 (3) 2.889 (4) 167.6 (2) 
(M---H6. -05 0.894 (4) 2.166 (4) 2.652 (5) 113.5 (1) 

Symmetry codes: (i) x, ½ - y,z; (ii) x - 1,y, z; (iii) - x ,  1 - y , - z ;  
(iv) x - 1, y, 1 + z, (v) x, y, 1 + z. 
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Abstract 
The title complex, catena-poly[copper-di-#-iodo-copper- 
# - { bis ( 1 - pyrazolylmethyl ) ( 2 - pyridylmethyl ) amine } - 
N,N':N2,N2'], [Cu212(CIaH16N6)], is reported. The 
BPPA ligand, bis(1-pyrazolylmethyl)(2-pyridylmethyl)- 
amine, acts as a bis-bidentate ligand reacting with cop- 
per(I) iodide in acetonitrile to form the title complex. 
In the repeat unit of the title complex, one Cu I atom is 
ligated by two pyrazole groups from one ligand and the 
other Cu I atom is ligated by one pyridine group and an 
amine from another ligand; The Cu ÷ ions are separated 
by a distance of 2.587 (1) A. 
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