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co scans 
Absorption correction: 

empirical via ~ scans 
(North et al., 1968) 
Train = 0.463, Tmax = 0.520 

7090 measured reflections 
6024 independent reflections 

Refinement 

Refinement on F ~ 
R[F 2 > 2o-(F:)] = 0.061 
wR(F 2) = O. 100 
S = 1.015 
5938 reflections 
339 parameters 
H-atom parameters 

constrained 

Table  1. Selected 

Rint = 0.081 
0 m a x  = 25 ° 
h = - l l  --~ I1 
k = - I  --*27 
1 = - 1 - - , 1 8  
3 standard reflections 

frequency: 60 min 
intensity decay: <2% 

w =  l/[o'2(F,~) + (0.0207P) 2] 
where P = (F,} + 2F,?)/3 

(A/o-) .... = -0 .014  
Ap .... = 0.811 e ,~-3 
Apmin = -0 .744  e , - 3  
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

geometric parameters  (A, °) 

Pt~(71 2.1(}6 (10) PI--NI 1.632 (9) 
Pt--P2 2.213 (3) P1---C6 1.827 (10) 
Pt--PI 2.289 (3) P2--N3 1.648 (9) 
Pt--CII 2.391 (3) P2--N2 1.667 (9) 
CI2--P1 2.088 (4) P2--C7 1.840 (10) 

C1--Pt--P2 95.2 (3) NI--PI--Pt 118.6 (4) 
CI--Pt--PI 178.6 (3) C6--Pl--Pt 108.1 (3) 
P2--Pt--PI 85.39 (ll) CI2--PI--.-Pt 113.7 {2) 
C1--Pt--Cll 87.7 (3) N3--P2--N2 102.4 (5) 
P2--Pt--CI1 170.37 (11) N3---P2--C7 109.8 (5) 
Pl--Pt~ ' l l  91.51 (11) N2.--.P2--(77 1(12.9 (51 
N1- -P I~6  105.5 (5) N3--P2--Pt 116.2 (3) 
NI--PI~C12 107.2 (3) N2--P2--Pt 122.4 (4) 
C6~PI---(.,'12 102.2 (4) C7--P2--Pt 102.1 (4) 

All non-H atoms were located by direct methods and subse- 
quent alternate cycles of difference Fourier synthesis and full- 
matrix least-squares refinement. The resulting structural model 
was refined to convergence with allowance for anisotropic 
thermal motion of the non-H atoms. H atoms were included in 
geometrically idealized positions employing appropriate riding 
models with is©tropic displacement parameters constrained to 
1.3 times the U~q of their carrier atoms. According to some of 
the U 0 values of the tertiary butyl C atoms, rotational disorder 
about the C1- -C2  bond was suggested for this substituent, but 
was not accounted for during refinement. The highest  peaks 
in the final difference map were located less than 1.0 A from 
the Pt atom. 

Data collection: CAD-4-PC (Enraf-Nonius, 1995). Cell re- 
finement: CAD-4-PC. Data reduction: MoIEN (Fair, 1990). 
Program(s) used to solve structure: SIR92 (Altomare et 
al., 1992). Program(s) used to refine structure: SHELXL93 
(Sheldrick, 1993). Molecular graphics: XP (Siemens, 1990). 
Software used to prepare material for publication: SHELXL93. 

Suppor t  by the D e u t s c h e  F o r s c h u n g s g e m e i n s c h a f t  
(Bonn) ,  the Fonds  der  C h e m i s c h e n  Indust r ie  (Frank-  
fur t /Main)  and the Degussa  A G  (Hanau)  is g ra te fu l ly  
a c k n o w l e d g e d .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SKI 171 ). Services for accessing these 
data are described at the back of the journal. 
. . . . . .  
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Abstract  

The m o n o h e l i c a l  m o n o n u c l e a r  title c o m p l e x ,  ( 6 , 6 ' " ' - d i -  
I I I /  I I  I l l  I I I  I l l l  m e t h y l - 2 , 2 : 6 , 2 : 6  ,2 :6 ,2 - q u i n q u e p y r i d i n e - ~ - N ) -  

b is (ni t ra to)cobal t ( I I ) ,  [Co(NO3)2(C27H21N5)],  was  ob- 
ta ined by the reac t ion  o f  the q u i n q u e p y r i d i n e  l igand 
( d m q p y )  wi th  hyd ra t ed  cobal t  nitrate,  Co(NO3)2(H20)4 .  
In the complex ,  the coo rd ina t i on  g e o m e t r y  o f  the Co  n 
a tom is a d is tor ted  pen tagona l  b ipy ramid ,  wi th  the 
d m q p y  l igand twis ted  about  the equator ia l  p lane  and 
the two N O F  ions o c c u p y i n g  the apical  posi t ions.  
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Comment 
Oligopyridines have aroused much interest, due to 
their ability to form helical complexes with the first 
row transition metals (Constable, 1992). 2,2':6',2": 
6",2"':6'",2'"'-Quinquepyridine (qpy) is a typical lig- 
and that can form both homo- and hetero-dinuclear dou- 
ble helicates (Barley & Constable, 1988; Constable & 
Walker, 1992). We have previously found that dmqpy 
forms double helical complexes with silver(I) (Fu et al., 
1996), while unsubstituted qpy produces only a mononu- 
clear near-planar pentacoordinated complex under the 
same conditions (Constable et al., 1988). We now report 
that 6,6""-dimethyl-2,2':6',2":6",2"':6'",2'"'-quinque- 
pyridine (dmqpy) forms only a monohelical  complex 
with cobalt(II) nitrate, in which the NO3- ions occupy 
apical positions. 

Both enantiomers of the monohelicate [Co(dmqpy)-  
(NO3)2], (I), are present in the centrosymmetr ic  crystal 
structure. The helical configuration of  the ligand is 

NO 3 

NO 3 

(I) 

achieved by a series of  twists about the C - - C  bonds 
between adjacent pyridine rings, to avoid the significant 
steric effect that would be arise if the terminal methyl 
groups were in a completely coplanar conformation.  
The dihedral angles are 9.4 (3) and 15.1 (4) ° for rings 
1 and 2, and 2 and 3, respectively (using the N atom 
numbers).  Cobalt(II)  is heptacoordinate,  with a distorted 

03 ~ 02 

Ol ~ 

('13 i CI2 i ~ 

C14 ~ N 3  Nf  ~ 1  

C I o ~ - - ~ ' ~ ~ ~  

C9 

Fig. 1. The molecular structure of (I), showing 50% probability 
displacement ellipsoids. H atoms have been omitted for clarity. 

pentagonal bipyramidal  geometry;  the dmqpy molecule 
twists about the equatorial plane and the apical positions 
are occupied by two monodentate N O r  anions (Fig. 1). 

Experimental 

The title complex was prepared by refluxing a suspen- 
sion of dmqpy (0.072 mmol, 30 mg) in methanol containing 
Co(NO3)2(H20)4 (0.074 mmol, 20mg) for about 2h. After 
filtration, suitable crystals were obtained by slow vapour dif- 
fusion of diethyl ether. Satisfactory chemical analyses were 
obtained. 

Crystal data 

[Co(NO3)2(C27Hzl Ns)] Mo Ka radiation 
Mr = 598.4 A = 0.71073 .~ 
Monoclinic Cell parameters from 25 
C2/c reflections 
a = 17.380(3) ,~ 0 = 6-15 ° 
b = 11.600 (2) ,~, # = 0.739 mm -~ 
c = 13.418 (3) ,~ T = 292 (2) K 

= 110.92 (3) ° Needle 
V = 2527 (1) ,~3 (I.60 x 0.20 × 0.05 mm 
Z = 4 Yellow 
De = 1.573 Mg m -3 
O,, not measured 

Data collection 
Rigaku AFC-7R diffractom- 

eter 
,; scans 
Absorption correction: 

empirical via (,, scans 
(Kopfmann & Huber, 
1968) 
Train = 0.841, Tma× = 0.964 

2997 measured reflections 
2904 independent reflections 

2995 reflections with 
IF,,[ > 4cr(IFo[) 

Rint = 0.045 
0ma x = 2 5 . 5  ° 

h = - 2 2  ~ 22 
k = 0 - ,  15 
l = 0 ~  17 
3 standard reflections 

every 150 reflections 
intensity decay: none 

Refinement 

Refinement on F 
R = 0.054 
wR = 0.061 
S = 1.25 
2904 reflections 
188 parameters 
H atoms riding, Ui~,, fixed 
w = l/[cr2(Ifo[) 

+ 0.00041Fo]21 

(A/O')m~x = 0.059 
Apmax = 0.31 e ,~-3 
Apmin = -0 .23 e ,~-3 
Extinction correction: none 
Scattering factors from Inter- 

national Tables for X-ray 
Crystallography (Vol. IV) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,2t2) 

Ueq = (1/3)~_~i~.iUiJaiaJai.aj. 

X y 7,, Ueq 
Col I/2 0.23 I(X) (l) 1/4 0.0364 (3) 
NI 0.4065 (2) 0.38(14 (3) 0.1782 (3) 0.041 (1) 
N2 0.4156 (2) 0.1769 (3) 0.0991 (3) 0.040 ( I ) 
N3 112 0.(1461 (4) 114 0.043 (1) 
C I 0.4347 (3) 0.4906 (4) 0.3438 (4) 0.058 (2) 
C2 0.3952 (3) 0.4784 (4) 0.2255 (4) 0.047 (2) 
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C3 0.3461 (3) 0.5683 (4) 0.1661 (5) 
C4 0.3078 (3) 0.5561 (4) 0.0582 (5) 
C5 0.3153 (3) 0.4540 (4) 0.{X)99 (7) 
C6 0.3650 (3) 0.3680 (4) 0.0723 (3) 
(?7 0.3722 {3) 0.2544 (4) 0.0269 (3) 
C8 0.3357 (3) 0.2248 (5) -0 .0813  (4} 
(?9 0.3440 (3) 0.1147 (5) - 0 .  I 117 (4) 
C10 0.3853 (3) 0.0338 (4) - 0 .0364  {4) 
C 1 I 0.4190 (3) 0.0672 (4) 0.0684 (4) 
CI2  0.4616 (3) -0 .0108  (4) 0.1591 (4) 
(713 0.4610 (3) - 0 .1304  (4) 0.1560 (5) 
C14 I/2 -0 .1893  (6) I/4 
N4 0.6548 (3) 0.2077 (4) 0.1865 (3) 
O1 0.5772 (2) 0.2202 (3) 0.1460 (3) 
02  0.6996 (3) 0.2646 (4) O. 1542 (4) 
03  0.6839 (2) 0.1334 (3) 0.2573 (3) 

Table 2. Selected geometric parameters" (A, 
C o l - - N I  2.336 (3) C o l - - N 3  
C o l - - N 2  2.127 (3) Col---O1 

N I ~ - C o I - - N 2  71.6 (I N 1 - - C o l - - N I '  
N 1 - - C o  1 - - N  3 137.9 ( I N 2 ~ o  I - - N  1' 
N 2 ~ ' o  1--N 3 72.8 ( 1 O I - - C o l - -  -N I ~ 
N 1 - - C o  1 - - O  I 105.4 ( 1 N 4 - - C o  I - - N 2 '  
N 2-~(?o 1 ---() I 75.9 ( 1 O 1 - - C o  I ---N 2' 
N 3--(2o 1 --O 1 86.8 ( I O 1 --Co 1---O 1' 

Symmetry code: (i) 1 - x ,  y, ½ - z. 

O.058 (2) 
0.0(~ (2) 
0.051 (2) 
0.041 (2) 
0.O40 (2) 
O.O52 (2) 
0.061 (2) 
0.057 (2) 
O.O44 (2) 
O.O46 (2) 
0.063 (2) 
0.076 (4) 
O.O52 (2) 
O.O53 ( I ) 
o.(}91 (2) 
(}.069 (2) 

o) 

2.144 (5) 
2.259 (4) 

84.2 (2) 
138.9 (11 
79.4 ( I ) 

145.7 (2) 
102.2 ( I ) 
173.7 (2) 

Although voids of about 1350 A, were identified by PLATON 
(Spek, 1998), no significant residual electron density was 
found. 

Data collection: MSC/AFC Diffractometer Control Software 
(Molecular Structure Corporation, 1988). Cell refinement: 
MSC/AFC Diffractometer Control Software. Data reduction: 
TEXSAN (Molecular Structure Corporation, 1985). Program(s) 
used to solve structure: TEXSAN. Program(s) used to refine 
structure: TEXSAN. Molecular graphics: TEXSAN. Software 
used to prepare material for publication: TEXSAN. 

This work was supported by the China Postdoctoral 
Science Foundation, the National Science Foundation 
and Hong Kong Research Grants Council Earmarked 
Grant CUHK 311/94P. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: CFI249). Services for accessing thesc 
data are dcscribed at the back of thc journal. 
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Abstract 

The title compound, [HPMe3][GeC13], features pseudo- 
tetrahedral [HP(CH3)3] ÷ and trigonal-pyramidal G e C l f  
units that form a strongly distorted perovskite structure. 
The Ge" centre shows a distorted octahedral environ- 
ment with three short Ge--C1 bonds [average Ge---CI = 
2.3071 (9),~,] and three much longer interionic Ge.--CI 
distances [average Ge. . .CI  = 4.1372 (12).4,]. 

Comment  
[HPMe3][GeC13], (1), was originally obtained as a by- 
product in the course of the attempted crystallization of 
GeC12(PMe3), (2). Compound (2) was prepared from 
GeCl2(1,4-dioxane) and P(CH3)3 in benzene and in- 
vestigated as an intermediate in the reaction of CpM- 
(CO)3GeCI2H (Cp = C5H5; M = Mo, W) with P(CH3)3 
to give trans-CpM(CO)2[P(CH3)3]GeC12H (Filippou et 
al., 1997). Compound (1) was then selectively obtained 
as a yellow solid from (2) and HC1, and was fully 
characterized. Compound (1), with its nearly cubic lat- 
tice constants, crystallizes in a strongly distorted per- 
ovskite structure similar to the low-temperature mod- 
ification of [N(CH3)4][GeCI3], (3) (Depmeier et al., 
1980). The Ge u centre has a distorted octahedral envi- 
ronment with three short Ge--C1 bonds [average G e - -  
CI -- 2.3071 (9),~,] and three much longer Ge. . .CI  con- 
tacts [average Ge. . .C1 = 4.1372 (12) A]. The tendency 
of Ge II to form trigonal-pyramidal GeC1; units is thus 
clear. The non-bonded Ge. . .C1 distances are similar 
to those in (3) [4.069(8),  4 .122(8)  and 4.322 (4) ,~,]. 
However, in (1), the presence of a cation with different 
substituents leads to a distortion, as is reflected in the 
different non-bonded Ge. . .C1 distances; two of these 
are slightly shorter and one is slightly longer than in 
(3) (Table 2). Fig. 1 shows compound (1) as the dis- 
torted perovskite structure type. Another orthorhombic 
example of this structure type is given by the pow- 
der structure of [HN(CH3)3][GeC13] (M611er & Felsche, 
1982). A rhombohedral variation of  the perovskite struc- 
ture type is demonstrated by the low-temperature form 
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