
THE SYNTHESIS OF 3-FERROCENYL PHTHALONITRILE AND FERROCENYL SUBSTITUTED PHTHALOCYANINES 

Poly(ferrocenyl) porphyrins and phthalocyanines have an array of 
unique abilities that promote exciting applications, including dye-
sensitized solar cells and electronic memory systems.1-3 
Poly(ferrocenyl) porphyrins and phthalocyanines have become a 
major area of interest for research in the past few decades due to 
their many desirable characteristics suitable for molecular 
electronics including multibit information storage elements and 
molecular modules that mimic photosynthetic active sites.1-3 The 
applications are due to their mixed-valence states, multiple 
ferrocene-based redox processes, and unpaired electron density 
migration.1 Previous work similar to this project has constructed 2(3), 
9(10), 16(17), 23(24) tetrakis(ferrocenyl) phthalocyanine from 4-
ferrocenyl phthalonitrile but this has limited charge transfer across 
the molecule which hopefully will be mitigated by the use of 3-
ferrocenyl phthalonitrile.4 

 

Introduction: 

Overview: 
Nitrophthalonitrile, (1) was reduced to form aminophthalonitrile (2) 
which was then combined with a ferrocene-ferrocinium chloride 
mixture (3) in a diazotization reaction to form 3-ferrocenyl 
phthalonitrile (4) with an overall yield of 5% in Scheme 1. 

Results: 
The production of pure compound 4 (verified by NMR and 
elemental analysis) was a successful part of this project. Its 
production was essential to completing Scheme 2. The results 
from Scheme 2 were disappointing in that none of the 
reactions produced the desired phthalocyanines. Only 
unreacted 3-ferrocenyl phthalonitrile and a mass of unknown 
byproducts were produced. These products were insoluble in 
common organic solvents (DCM, acetone, toluene, hexane, 
ethanol, ethyl acetate, and chloroform). Since the initial 
reactant was pure from the NMR data, the only logical 
outcome is that the products simply cannot be produced by 
these pathways. After the pathways described in Scheme 2 
were found to be unsuccessful, the alternative method of a 
microwave -irradiated reaction was attempted to produce 
1(4), 8(11), 15(18), 22(25) tetrakis(ferrocenyl) phthalocyanine  
under the conditions of 180oC for 1 hr. This process produced 
a phthalocyanine but the presence of ferrocenyl substituents 
was unverified. Modifications will be made to the Scheme 2 
reactions to include MAOS in hopes of producing ferrocenyl 
substituted phthalocyanines.    
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3- ferrocenyl phthalonitrile 
was hypothesized to create 
ferrocenyl phthalocyanines 
of different sizes based on 
the reaction conditions, 
organic solvents, and metal 
salts used. The 4 proposed 
macrocycles are as follows: 
1(4), 8(11), 15(18), 22(25) 
tetrakis(ferrocenyl) 
phthalocyanine (5); 1(4), 
8(11), 15(18), 22(25) 
tetrakis(ferrocenyl) 
phthalocyaninato nickel (6); 
mono-, bis-, tris-, tetrakis-
(ferrocenyl) 
phthalocyaninato nickel (7); 
and Cloro[trisferrocenyl 
subphthalocyaninato] 
boron(III) (8). The attempted 
production of these 
phthalcyanines followed 
routes A-D in  Scheme 2.  

 

The 3-ferrocenyl phthalonitrile was characterized by 1H-NMR-, 13C-
NMR-, COSY, HMQC, IR-spectroscopy, X-Ray, melting point and 
elemental analysis. The proton NMR was taken before and after the 
reactions to test the stability of the 3-ferrocenyl phthalonitrile.  

The following reaction was the only variation attempted that 
produced a substituted phthalocyanine although we could 
not confirm the presence of ferrocenene in the R positions 
according to Scheme 3. 

Figure 2:  1H-NMR spectrum of 4 in CDCl3 

Figure 3:  13C-NMR spectrum of 4 in CDCl3 
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Figure 4:  IR spectrum of 4 

Figure 1:  I is the 
crystal structure of 4, 
with II, III, and IV 
being the a-, b-, and c- 
formations of the unit 
cells respectively 
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