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Table 2. Hydrogen-bonding geometry (,4, °) 

D - - H .  • .A 
N3--H01. • .OI0 
N5--H05. - -09' 
N8--H012. • .O12 
NI0---H016. • .OI 1 'z 
N3--H01- .Ol'ii 
N3--H02- -06 ~v 
N4--H03. .08" 
N4---H04- .04'  
N6-- -H07. .03  
N6--H08. .O1 ,i, 
N7--H09. .07 
N7--H010- -04 
N8--H011 • .02 
N8--H011. .05 vi 
N8--H012. .05 v' 
N9--H013. .N99 
N9--H014- -O5"* 
NI0--H015. • .N99 
N I 0~H016. - • O7 ii 

D - - H  H- • .A D- • .A 
0.839 (16) 2.36 (3) 3.083 (4) 
0.839 (16) 2.20 (2) 2.971 (4) 
0.833 (16) 2.159 (19) 2.963 (4) 
0.842 (16) 2.49 (3) 3.062 (4) 
0.839 (16) 2.50 (3) 2.957 (4) 
0.840 (16) 2.19 (2) 2.980 (4) 
0.831 (16) 2.118 (19) 2.924 (4) 
0.828 (15) 2.186 (18) 2.992 (4) 
0.850 (15) 2.25 (2) 2.996 (4) 
0.831 (15) 2.220 (17) 3.047 (4) 
0.836 (15) 2.066 (19) 2.881 (4) 
0.840 (16) 2.23 (3) 2.970 (4) 
0.838 (15) 2.109 (19) 2.909 (4) 
0.838 (15) 2.60 (3) 2.864 (4) 
0.833 (16) 2.60 (4) 2.864 (4) 
0.836 (16) 2.22 (2) 3.024 (5) 
0.834 (16) 2.123 (18) 2.944 (4) 
0.851 (15) 2.63 (3) 3.328 (6) 
0.842 (16) 2.34 (3) 2.970 (4) 

D- -H-  • -A 
144 (3) 
53 (3) 
62 (4) 
26 (3) 
15 (3) 
57 (3) 
63 (3) 

165 (3) 
146 (3) 
173 (3) 
165 (4) 
147 (4) 
160 (3) 
100 (3) 
100 (3) 
160 (4) 
168 (4) 
140 (3) 
132 (3) 

Symmetry codes: (i) 1 - x, - 1  - y, 1 - z; (ii) ½ - x, ½ - y, 1 - z; 
(iii) l - x , y ,  3 - z ; ( i v )  I - x , l - y , i - z ; ( v )  1 - x , - y , l - z ; ( v i )  
x , l - Y ,  ½ +z. 

NH were freely refined but with N--H bond lengths restrained 
as equal (command SADI; Sheldrick, 1997); methyl-H atoms 
were located from difference syntheses, idealized and refined 
as rigid groups allowed to rotate, but not tip. 

Data collection: XSCANS (Fait, 1991). Cell refinement: 
XSCANS. Data reduction: XSCANS. Program(s) used to solve 
structure: SHELXS97 (Sheldrick, 1990). Program(s) used to 
refine structure: SHELXL97 (Sheldrick, 1997). Molecular 
graphics: XP (Siemens, 1994b). Software used to prepare 
material for publication: SHELXL97. 
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Abstract  

The title compound, [Ag(CI3H9N3)]NO3, is an infinite 
one-dimensional polymer. Each Ag atom is coordinated 
by three N atoms, with Ag--s-N bond distances in the 
range of 2.246 (3)-2.413 (3) A. 
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C o m m e n t  
Much effort has been devoted recently to the design of 
metal complexes exhibiting helical or polymeric archi- 
tectures which have particular relevance to biological 
systems and asymmetric catalysis. Several silver(I) 
polymer helices have been reported (Tong et al., 1998; 
Hester et al., 1997; Carlucci et al., 1998; Psillakis et al., 
1997). In this paper, we report the crystal structure of a 
silver(I)-2-(2-pyridyl)quinoxaline complex, (I). 

(I) 

Each Ag atom is, as expected in a three-coordinate 
environment, linked to three N atoms from two differ- 
ent 2-(2-pyridyl)quinoxaline molecules, resulting in trig- 
onal coordination distorted toward Y-shaped geometry 

1 I [ N 3 - - A g I - - N 2 ( x -  ½, - y +  3, z -  3) 141-2(1)°, N 1 - -  
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2 0 3 6  [ A g ( C 1 3 H 9 N 3 ) ] N O 3  

C3 C2 

c 4 ~ C 1  

C 7 ~  - ~ _ Ag i 

O3 
Fig. 1. The structure of the title compound showing 30% probability displacement ellipsoids and the atom-numbering scheme. [Symmetry 

codes: (i) l I 1 .. , l . I . x--  Z, ~ - - y , z - - ~ ; ( u )  ~ + x ,  ~ - - ) ,  ~+,, .]  

A g l - - N 3  7 0 . 9 ( 1 )  ° a n d  N 1 - - A g l - - N 2 ( x -  ½, - y +  ½, 
z - ½ )  1 3 9 . 2 ( 1 ) ° ] .  T h e  A g - - N  b o n d  d i s t a n c e s  l ie in  

t he  r a n g e  o f  2 . 2 4 6 ( 3 ) 7 - 2 . 4 1 3  (3),~,,  c o m p a r a b l e  to  t he  
r a n g e  o f  2 . 2 1 1 - 2 . 5 2 0 A  f o u n d  in  A g { b i s [ 3 - ( 2 - p y r i d y l ) -  

p y r a z o l - l - y l ] p h o s p h i n a t e } . 2 H 2 0  (Ps i l l ak i s  et al., 1997) .  
S u c c e s s i v e  A g  a t o m s  a n d  q u i n o x a l i n e  m o l e c u l e s  are  
g l i d e - p l a n e  r e l a t e d ,  r e s u l t i n g  in  in f in i t e  p o l y m e r i c  c h a i n s  

p a r a l l e l  to  t he  ac d i a g o n a l .  
T h e r e  are  w e a k  i n t e r a c t i o n s  b e t w e e n  the  A g  I a t o m  a n d  

a n i t r a t e  ion .  T h e  A g l . . . O 1  a n d  A g l . . . 0 2  d i s t a n c e s  
a re  2 . 6 8 4  (5)  a n d  2 . 7 3 9  (7) ,4,, r e s p e c t i v e l y ,  r a t h e r  l o n g e r  
t h a n  a o t y p i c a l  i n t e r a c t i o n  b e t w e e n  A g  I a n d  n i t r a t e  

( 2 . 0 9 3  A;  T o n g  et al., 1998) .  T h e  n i t r a t e  i o n s  are  a l so  
l i n k e d  b y  C - - H . . . O  i n t e r a c t i o n s  to  n e i g h b o u r i n g  A g -  

q u i n o x a l i n e  c h a i n s .  W i t h i n  e a c h  l i g a n d  m o l e c u l e ,  t he  

p y r i d y l  a n d  q u i n o x a l i n y l  g r o u p s  m a k e  an  i n t e r p l a n a r  

a n g l e  o f  18.9 (2) ° . 

E ~ e r ~ e n ~  

The  title c o m p o u n d  was prepared by adding a methanol ic  
solut ion of  2-(2-pyr idyl)quinoxal ine  (Kasselouri  et al., 1993) 
to a stirred methanol ic  solut ion of  AgNO3 at 323 K to give a 
clear mixture.  After  several days, yel low single crystals were 
obtained by slow evaporat ion at room temperature.  

Crystal data 

[Ag(CI3H9N3)]NO3 
Mr = 377.11 
Monocl in ic  
Cc 
a = 14.1570 (2) 
b = 12.9188 (2)otk 
c = 7.2671 (1) A 
/3 = 104.776 (1) ° 
V = 1285.14 (3) .~.3 
Z = 4  
Dx = 1.949 Mg m -3 
Om not measured  

Mo Kcz radiat ion 
A = 0.71073 a, 
Cell parameters  f rom 3747 

reflections 
19 = 2 .17 -28 .32  ° 
/.t = 1.585 m m -  
T = 293 (2) K 
Paral lelepiped 
0.32 x 0.18 x 0.10 m m  
Yellow 

Data collection 

Siemens  S M A R T  C C D  area- 
detector  d i f f ractometer  

oa scans 
Absorp t ion  correction: 

empir ical  (SADABS; 
Sheldrick,  1996) 
Tm,n = 0.631, Tma~ = 0.858 

4401 measured  reflections 
1594 independent  reflections 

(plus 1243 Friedel-related 
reflections) 

Refinement 

Ref inement  on F 2 
R[F 2 > 2or(F2)] = 0.032 
wR(F 2) = 0.078 
S = 0.968 
2837 reflections 
190 parameters  
H a toms constra ined 
w = 1/[cr2(Fo 2) + (0.0356P) 2] 

where  P = (F} + 2F,2)/3 
(A/O')max - -  0.001 

2490 reflections with 
I > 2or(/) 

Rim = 0.037 
0ma~ = 28.29 ° 
h = - 1 8  ~ 18 
k = - 1 3 - - 0  17 
l = - 9 ~ 9  

Apmax = 0.691 e ,~-3 
Apmin = - 0 . 2 4 3  e ,~-3 
Ext inct ion correction: none  
Scattering factors f rom 

International Tables for  
Cr3,stallography (Vol. C) 

Absolute  structure: 
Flack (1983) 

Flack parameter  = 0.02 (3) 

T a b l e  1. Se lec ted  geometr ic  parame te r s  (A, °) 

AgI--N1 2.315 (3) N I---C5 1.348 (5) 
AgI--N3 2.413 (3) N2---C7 1.299 (5) 
OI--N4 1.232 (7) N2--Agl I 2.246 (3) 
O2--N4 1.226 (6) N3---C6 1.314 (5) 
O3--N4 1.226 (7) N 3 ~ I  3 1.357 (5) 
N I---C 1 1.329 (5) 
NI--AgI--N3 70.9 (I) C6----N3--Agl 113.8 (3) 
CI--N1--Agl 123.4 (3) CI3--N3--Agl 125.0 (2) 
C5--N l--Agl 117.7 (2) 
Symmetry code: (i) 4 + x, ½ - y, ½ + z. 

T a b l e  2. Hydrogen-bond ing  geome t ry  (A, o) 

D--H. • .A D--H H. . .A D. • .A D--H. • .A 
C3--H3A. • .02' 0.93 2.54 3.434 (7) 162 
CI0--H10A. - .02" 0.93 2.50 3.227 (7) 136 
CI 1--HI IA. • .O1'" 0.93 2.56 3.459 (7) 164 

Symmetry codes: (i) ½ + x, 4 + y, z; (ii) 4 + x, y - 4, z; (iii) x, - y ,  z - ½. 
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Data collection: SMART (Siemens, 1996). Cell refinement: 
SAINT (Siemens, 1996). Data reduction: SAINT. Program(s) 
used to solve structure: SHELXTL (Sheldrick, 1997). Pro- 
gram(s) used to refine structure: SHELXTL. Molecular graph- 
ics: SHELXTL. Software used to prepare material for publica- 
tion: SHELXTL and PARST (Nardelli, 1995). 
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Abstract 

The crystal structure of the title complex, [ W O 2 ( C 9 H 6 -  

NO)2], a hexacoordinated molecule, has distorted octa- 

hedral geometry with 6"2 site symmetry. There are two 
terminal O ligands with a short W---O bond length 
[1.722 (4) ~,] and a large O--W----O angle [106.6 (3) °] 
in the molecule. The two terminal O ligands are in cis 
positions. The molecules join to form a two-dimensional 
network parallel to (001) through C - - H . . . O  hydrogen 
bonds. 

Comment 

8-Quinolinol has been used widely to determine the 
quantity of tungsten and molybdenum (Marcel & Rene, 
1950). The complexes of 8-quinolinol with niobium, 
molybdenum, tungsten and hafnium emit interest- 
ing fluorescence (Schneider & Roselli, 1970). Photo- 
catalyzed synthesis, characterization and thermal be- 
havior of tungsten(IV) complexes with oxine has been 
studied (Ali & Yunhir, 1993). Although dioxotungsten 
complexes with oxine were prepared by various meth- 
ods, so far, the hydrothermal treatment of carbonyl tung- 
sten, 8-quinolinol and methanol has not been reported. 
Moreover, the crystal structure of the title compound, 
(I), to the best of our knowledge, has not been reported 
previously. 

(I) 

The bond angles in the aromatic ring system are 
found to be between 118.2(5) and 121.7(5) ° . In the 
8-quinolinolate ligands, the absence of any unusually 
long bonds and the marginally longer carbonyl bond 
[1.355 (6) A versus 1.28 A], shorter than the normal 
single bond in ether and alcohols (> 1.4 A), suggest that 
the delocalization extends over the entire molecule and 
will therefore withdraw more negative charge from the 
cation (Barton et al., 1983). 

The two bidentate ligands are arranged at an angle of 
83.2 (1) ° with respect to one another in a cis geometry, 
and the W atom therefore represents a center of chirality. 
The cis topology is in agreement with several examples 
of hexacoordinate complexes with bidentate ligands like 
o-phenanthroline, bipyridine or 8-quinoline (Sawitzki 
et al., 1978; Bellavance et al., 1977; Klebe & Tran 
Qui, 1984), and can be explained in stereochemical 
terms: the cis geometry of the ligands minimizes the 
steric interference between the H atoms in the 2 and 
4 positions of the different ring systems. In the title 
complex, the chelate ligands are connected to the central 
W atom through a W--O single bond and a W--N 
coordinative bond. The two W---O (02) bonds form 
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