
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 21 February 2013, At: 10:49
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Synthesis and Properties of
Conducting Bridged Macrocyclic
Metal Complexes
Michael Hanack a , Wolfram Kobel a , JÜRgen Koch
a , Josef Metz a , Otto Schneider a & Hans-Joachim
Schulze a
a Institut für Organische Chemie der Universität
Tübingen, Auf der Morgenstelle 18, D-7400,
Tübingen, West-Germany
Version of record first published: 17 Oct 2011.

To cite this article: Michael Hanack , Wolfram Kobel , JÜRgen Koch , Josef Metz ,
Otto Schneider & Hans-Joachim Schulze (1983): Synthesis and Properties of
Conducting Bridged Macrocyclic Metal Complexes, Molecular Crystals and Liquid
Crystals, 96:1, 263-270

To link to this article:  http://dx.doi.org/10.1080/00268948308074709

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268948308074709
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

0:
49

 2
1 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Cryst.. 1983, Vol. 96, pp. 263-270 
0026-8941/83/9604-0263/$18.50/0 
0 1983 Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

SYNTHESIS AND PROPERTIES OF CONDUCTING BRIDGED 

MACROCYCLIC METAL COMPLEXES 

MICHAEL HANACK , WOLFRAM KOBEL, JURGEN KOCH, JOSEF 
METZ, OTTO SCHNEIDER and HANS-JOACHIM SCHULZE 

Institut fur Organische Chemie der Universitat 

Tubingen, Auf der Morgenstelle 18, D-7400 Tubingen, 
West-Germany 

Abstract The synthesis and the properties of poly- 
meric phthalocyaninatometal complexes of the type 
shown in figure 1 are described. In addition to 
pyrazine (pyz) and 1,4-diisocyanobenzene (dib) the 
cyano-group is used as a bridging ligand for the 
first time such leading to p-cyanophthalocyaninato- 
cobalt(II1) (10). 10 shows a conductivity of 
S.crn-l (powder, compressed pellets) at room tempe- 
rature without iodine-doping. 

- -  

Recently we presented a new type of phthalocyaninatometal 

polymers (Figure 1) in which, in contrast to the known 
type of bridged stacked metallophthalocyanines CPcMO] 

with M = Si4+, Ge4+ and kcMXIn with M = A 1  , Ga , 
X = F - )  the central metal M now is a transition metal, 

e.g. Fe , Co2+ or Co3+ and L is an organic bridging 

ligand, containing n-electrons which are delocalisable. 

Ligands of this type are e.g. pyrazine (pyz), 4,4'-bi- 

pyridine (bpy) or 1,4-diisocyanobenzene (dib)' (Figure 1). 

3+ 3+ 

2+ 
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264 M. HANACK et al. 

M = Fe, Co. Ra 

FIGURE 1 A new type of conducting bridged macro- 

c y c l i c  metal  complexes. 

W e  became i n t e r e s t e d  i n  t h i s  type of polymer, con- 

cerning t h e i r  conduct iv i t ies ,due  t o  the  fol lowing reasons:  

Bridging l igands  conta in ing  n - e l ec t rons  i n  com- 

b ina t ion  with a t r a n s i t i o n  metal allow a pathway f o r  t he  

e l ec t rons  along the  c e n t r a l  a x i s ,  which i s  n o t  t he  case 

f o r  the  oxygen- and F-bridged polymers [ PcMO] and 

[ PcMF In.  Here the  conduction pathway a f t e r  doping i s  

pr imar i ly  connected with the  macrocyclic l i gands ,  from 

which a conduction band i s  formed by n-n-overlap. From 

the  polymers shown i n  f i g u r e  1 t h e r e f o r e  we expected 

conduc t iv i t i e s  i n  s p i t e  of the  f a c t  t h a t  the  i n t e r p l a n a r  

d i s t ances  of t he  phthalocyanine r i n g s  wi th in  the  cha in ,  

due t o  the  length  of the  organic  br idging  l i gands  pyz o r  

dib, prevent  a n-n-overlap of t he  p a r a l l e l  Pc-r ings.  

As w e  have shown e a r l i e r , '  polymers of t he  type 

shown i n  f i g u r e  1 wi th  0 = Pc , L = 
2- 2+ , M = Fe2+ and C o  
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BRIDGED MACROCYCLIC METAL COMPLEXES 265 

pyz, bpy and dib, can be prepared. They are stable up to 

240°C (for M = Fe and L = pyz) and up to 120°C for M = Co 

and L = pyz. The polymeric structure for kcFepyz1 (1) n -  
for example has been proven by TG-DTA-measurements, 

MoiRbauer - spectroscopy and magnetic measurements (the 

compound is diamagnetic). From IR-studies the degree of 

polymerisation was estimated to be >20. For [PcCopyzl 

the polymeric structure was deduced from its IR-, NIR- 

and ESR-spectra,' which clearly showed hexacoordination 

for Co. 
-1 

at room temperature with an activation energy of 0.40 eV 

(pressed pellets). As shown in table 1 the conductivity 
of - 1, which is l o 7  times higher than the conductivity of 
PcFe(pyz)2, does not change considerably if the phthalo- 

cyanine ring is substituted in the peripherical positions 

as in 2 and 3 .  

CPcFepyzIn (1) shows a conductivity of S-cm 

- - 

TABLE 1 Conductivities at RT of differently 

substituted [PcFepyzIn polymers 

Assuming parallel chains in the polymer 1,which was 

proven for a similar compound [(DMGH)2Fepyz In, in 1 
exists a possibility for interleaving leading to II - x  -over 

- 

lap of macrocycles of different chains. In 2 and 3 which - - 
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266 M. HANACK el al. 

e x h i b i t  t h e  same range of c o n d u c t i v i t i e s  (without  doping) 

due t o  the  s t e r i c  requirements of t h e  s u b s t i t u e n t s  i n t e r -  

leaving i s  unl ike ly .  Therefore  t h e  conduct iv i ty  of - 1 

cannot be r e l a t e d  t o  t h i s  e f f e c t .  

The conduct iv i ty  does not  change e i t h e r  i f  ins tead  

of pyz ( lead ing  t o  a d i s t ance  of 700 pm i n  between the  

Pc-rings) d i b  i s  used a s  t h e  br idging  l igand (d i s t ance  

Pc-Pc % 1150 pm). [PcFedibIn (4)  shows a conduct iv i ty  i n  
-1 

the  same order :  u = 2 * l c 5 -  S -cm . These da t a  were RT 
in t e rp re t ed  with a conduction pathway along t h e  c e n t r a l  

a x i s  of polymers 1, 2, 2 and 4. 
PcFe r e a c t s  wi th  1 ,4-d iazabicyc lo  [ 2.2.2 1 oc tane  

(dabco) i n  t h e  m e l t  t o  form t h e  monomer PcFe(dabco)* (A) o r  

i n  a so lvent ,  (CHC13), wi th  formation of t h e  polymer 

[PcFedabcoIn (6). - I n  c o n t r a s t  t o  t h e  polymers 2, 2 and - 4 ,  

6 conta ins  a br idging  l igand  without  n-e lec t rons .  I t s  

conduct iv i ty  was measured t o  be 4 powers of t en  lower (aRT 

= 1-10  S-cm-') than t h a t  of 1, 2 ,  3 and - 4 bu t  p r a c t i -  

tally the  same as t he  conduct iv i ty  of t h e  monomer 

- 
-9 - - -  

PcFe(dabco)2 (5) .  (aRT = l * l O ' l o  S -cm -1 ). 

In add i t ion  t o  F e  and Coy Ru was a l s o  used f o r  t h e  

f i r s t  t i m e  a s  t h e  c e n t r a l  metal  atom. 

[PcRupyzln (1) shows a room temperature conduct iv i ty  

, t he re -  

(1). 
-1 

(powder, pressed p e l l e t s ,  1 kbar )  of 1*10'5 S-cm 

wi th  no t  exceeding the  conduct iv i ty  of [PcFepyz] n 
Table 2 shows t h e  c o n d u c t i v i t i e s  of t h e  polymers 

[PcMpyzln and t h e  monomers P ~ M ( p y z ) ~  f o r  d i f f e r e n t  meta ls :  

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

0:
49

 2
1 

Fe
br

ua
ry

 2
01

3 



BRIDGED MACROCYCLIC METAL COMPLEXES 261 

TABLE 2 Conductivities of [PcMpyzl and P~M(pyz)~ n 
(room temperature, compressed pellets, 

1 kbar) 

~ ~~~~ 

M = Fe 2.10-~ M = Fe 2. 10-l2 
M = RU 1.10-~ M = RU l.lo-ll 
M = CO 1.10'~ M = CO 2. 

Polymers of the type shown in figure 1 with pyrazine 
as the bridging ligand L can also be prepared using 

instead of phthalocyanine other planar macrocycles e.g. 

dihydrodibenzo [b, il -1,4,8,11-tetraaza C14I annulene (taa) 

as shown for 8. 8 is formed as an insoluble, diamagnetic 
airstable solid by reacting Fetaa with pyrazine under 

various conditions. 

- -  

4 

FIGURE 2 [Fetaapyzl (8) .  n 
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268 M. HANACK er al. 

- 8 also shows a room temperature conductivity which 
is in the same order as the conductivity of the polymers 

- 1, 2, 2 and - 7 .  Beside phthalocyanine comparatively high 
conductivities of such polymers also can be reached using 

taa as a macrocycle. 
All the polymers described so far with L = pyz and 

dib as bridging ligands (see figure 1) are coordination 
polymers. In addition to coordinative bonds the bridging 

ligand L can be linked to the central transition metal M 
in figure 1 also by a) two a-bonds or b) by one 0 -  and by 

2-  one coordinative bond. For the type a)-polymer an C3C 

could be used as the bridging ligand, for type b) the 
CN--group would be a possible candidate. 

We have not been successful in preparing a phthalo- 
cyaninatoiron(I1) polymer with L = C3C . The monomer 

5 Li [PCF~(CZC~BU)~I - 7 THF (9 )  - could be synthesized, 
though 2 is highly sensitive to moisture and oxygen. 

2- 

2 

In contrast to the type a)-polymer we expected a 
higher stability for polymers using the CN--group as a 

bridging ligand. For this type of polymer cobalt was used 
as the central metal-atom in combination with Pc as the 

macrocycle: 
The displacement of the axial anion X- by CN-, in a 

coordinatively unsaturated compound of the type PcCoX 
should be a direct reaction path to the polymeric 
[PcCoCN In (10). - 

The reaction described for the synthesis of PcCoCl 
was found to lead to the peripherally chlorinated 
complex ClPcCo. The published data for the iodine-com- 

2- 3+ 1- pound proposed as Pc Co I also agree with the 
formulation Pc Co I or a nonstoichiometric oxidation 1- 2+ 1- 
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BRIDGED MACROCYCLIC METAL COMPLEXES 269 

of the phthalocyanine moiety. Further compounds of the 

described type are to our knowledge not reported. 

Dichlorophthalocyaninatocobalt(II1) is a suitable 
2- precursor of the Pc 

build up the described polymer. When PcCoC12 is heated 

for three days under reflux in ethanol with an excess of 

sodium or potassium cyanide, it is converted to 

M[PcCO(CN)~] (11) - (M = Na,K). This compound was characte- 

rized by IR, FIR, TG/DTA, NMR and elemental analysis as a 
monomeric complex salt with terminal cyano groups. When 

11 was heated in water in an inert atmosphere for three 
days under reflux, NaCN was split off and the polymer 

[PcCoCNln (10) formed. The same compound was isolated by 
the reaction of PcCoC12 with NaCN in water. 

Co3+-unit which is necessary to 

- 

CN 

FIGURE 3 CPcCoCNln (10 - ) . 

CN 

Evidence for the polymeric structure of 10 was 

obtained from IR- and FIR-spectra, magnetic measurements 

and thermogravimetric and microanalytic analysis. 

- 
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210 M. HANACK et at. 

This proposal was confirmed by the synthesis of the mono- 

meric complexes PcCo(L)CN, L = pyridine, methylpyrazine, 
n-butylamine, piperidine. 

The complex [PcCoCN] (10) exhibits electrical 

conductivities around 10 S-cm without iodine-doping, 

which are comparable with values obtained for doped 
samples of known v-0x0 and p-fluoro polymers. When the 

polymeric structure was decomposed by treatment with a 
competing ligand to form PcCO(L)CN the conductivity was 

diminished by 6-10 orders of magnitude. 

-2 -1- 
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