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Ferrocene-modified porphyrins were synthesized via the reductive amination reaction of ferrocenylpyrazole-
carboxaldehydes and tetraphenylporphyrinamine. The steric hindrance of the ferrocene moiety was found to play the 
key role in this reaction.
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Introduction 

For many years, porphyrins has been used 
in photodynamic tumor therapy.[1] They can act as 
radiosensitizers in thick tumors.[2] At the same time, 
bioconjugates containing ferrocene represent a new class 
of biomaterials, with the organometallic unit serving as 
a molecular scaffold, a sensitive probe, a catalytic or 
redox-active site and so forth.[3] Ferrocenyl heterocyclic 
compounds have been found to exhibit biological activities 
(e.g. antitumor[4] and antimicrobial[5]). Noteworthy, pyrazole 
motif makes up the core structure of numerous biologically 
active compounds.[6] Some pyrazole compounds have affinity 
for the human CRF-1 receptor,[7] exhibit anti-viral/anti-
tumor,[8] antibacterial,[9] anti-parasitic,[10] antipyretic,[11] anty-
flammatory,[9,11,12] analgesic,[12] fungistatic,[13] fungicidal,[14] 
and anti-hyperglycemic activity.[15] 

Ferrocene and porphyrins have already been associated 
by means of various methods. These include direct 
connection,[16,17] linkage through conjugated spacers,[18] 
linkage through saturated spacers.[19] Besides, there are 
β-pyrrole-linked ferrocene-porphyrins[20,21,22] and ferrocene-
porphyrin analogues.[23] 

The difference of bounding ways in the ferrocene-por-
phyrin assemblies suggests the variety of application. Their 
donor-acceptor properties have been employed to study pho-
toinduced electron transfer processes and to simulate photo-
synthesis active sites.[24,25] Thus, such structures have been 
employed as molecular sensors[26] and for an increase of mem-
ory density that allowed multibit information storage.[27]

In our work we aimed to obtain ferrocene-porphyrins, 
containing pyrazole moiety. 

Previously, we have studied the reductive amination 
reaction of ferrocenylpyrazolecarboxaldehydes with primary 
and secondary aliphatic and aromatic amines. Therefore, we 
used this reaction to produce ferrocene-porphyrins.

Experimental 

The solvents were dehydrated by conventional methods 
directly before use. Mass spectra (MS) were obtained on a 
“FINNIGAN POLARIS” Q spectrometer using electron ionization 
method and on a “LCQ Advantage” spectrometer using electro 
spray ionization. NMR spectra were registered on an “AVANCE” 
spectrometer with operational frequency 300 MHz and on a “Bruker 
DRX-500” spectrometer with operational frequencies 500.13 MHz 
and 125.76 MHz for protons and 13С nuclei respectively, in CDCl3 
and DMSO-d6. Two-dimensional spectra COSY, HSQC and HMBC 
were registered using the gradient method. The UV-vis spectral 
measurements were carried out with a “Carl Zeiss Jena” model 
Specord M40 spectrometer in 200-1000 nm region.

Starting ferrocenyl-(1-phenyl-5-ferrocenyl-3-formylpyra-
zole[28] 2a, 1-phenyl-5-ferrocenyl-4-formylpyrazole[29] 2b, 
1-phenyl-3-ferrocenyl-4-formylpyrazole[30,31] 2c, formylferrocene[32] 
2d) and phenylformylpyrazoles (1-phenyl-5-ferrocenyl-4-
pyrazolecarboxaldehyde[33] 4a, and 1-phenyl-3-ferrocenyl-4-
pyrazolecarboxaldehyde[34] 4b) were obtained by methods described 
in literature. 

3-(5-(p-Aminophenyl)-10,15,20-triphenylporphyrin)-5-
ferrocenyl-1-phenylpyrazole, 3a. Violet powder. Yield 63% (0.03 
g). 1Н NMR, 500 MHz (CDCl3) δ ppm: 4.14 (s, 5Н, Cp), 4.23 (s, 
4Н, Cp), 4.70 (s, 2Н), 6.68 (s, 1H, Pz), 7.14 – 7.16 (d, 2H, o-Ph-
NH, J = 10 Hz), 7.76 – 7.80 (s, 9H, Ph, J = 20 Hz), 8.09 – 8.11 
(d, 2H, m-Ph-NH, J = 10 Hz), 8.26 – 8.27 (d, 6H, Ph, J = 5 Hz), 
8.88 (s, 6H,), 9.02 (d, 2H, J = 5 Hz). 13C NMR, 126 MHz (CDCl3) 
δ, ppm: 42.5, 68.7, 69.9, 75.0, 105.4, 111.5, 119.6, 119.9, 121.3, 
126.6, 127.6, 128.1, 128.9, 131.5, 134.6, 135.8, 140.4, 142.3, 142.4, 
142.9, 147.8, 150.9. ESI/MS (m/z): 969.3154 [M+H]+. Calculated: 
M = 969.3242.

1 , 5 - D i p h e n y l - 4 - ( 5 - ( p - a m i n o p h e n y l ) - 1 0 , 1 5 , 2 0 -
triphenylporphyrin)pyrazole, 5a. Yield 40% (0.017 g). UV-vis 
(CH2Cl2) λmax nm: 278, 420, 516, 556, 648. 1Н  NMR, 300 MHz 
(CDCl3) δ ppm: 4.47 (s, 1H, CH2), 6.99 (d, 2H, 2CH, o-Ph – NH, 
J = 3 Hz), 7.34 – 7.48 (m, 10H, 10CH, Ph) 7.83 (m, 9H, 9CH, Ph), 
8.07 (d, 2H, 2CH, m-Ph-NH, J = 3 Hz), 8.09 (с, 1H, Pz), 8.27 (d, 
2H, 2CH, Ph, J = 3 Hz), 8.89 (s, 6H, 6CH), 9.01 (d, 2H, 2CH, J = 3 
Hz). 13C NMR, 126 MHz (CDCl3) δ ppm: 34.6, 112.1, 117.2, 119.8, 
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120.0, 124.5, 126.0, 127.3, 127.9, 128.7, 129.2, 130.2, 130.7, 131.0, 
133.0, 134.4, 135.6, 139.7, 141.0, 142.3, 146.6, 148.5, 149.7. ESI/
MS (m/z) (Ire %): 862.5 (100) [M+H]+. 

1 , 3 - D i p h e n y l - 4 - ( 5 - ( p - a m i n o p h e n y l ) - 1 0 , 1 5 , 2 0 -
triphenylporphyrin)pyrazole, 5b. Yield 44% (0.019 g). UV-vis 
(CH2Cl2) λmax nm: 279, 420, 515, 556, 649. 1Н  NMR, 500 MHz 
(CDCl3) δ ppm: 4.64 (s, 2H, CH2), 6.99 (d, 2H, o-Ph – NH, J = 5 
Hz), 7.34 (t,1H, p-Ph, J = 10 Hz) 7.46 (t, 1H, p-Ph, J = 10 Hz), 7.51 
(t, 2H, m-Ph, J = 5 Hz), 7.55 (t, 2H, m-Ph, J = 5 Hz), 7.73 (s, 9H, 
Ph), 7.84 (d, 2H, o-Ph, J = 5 Hz), 7.94 (d, 2H, o-Ph, J = 5 Hz), 8.05 
(d, 2H, m-Ph-NH, J = 10 Hz), 8.17 (s, 1H, Pz), 8.23 (d, 6H, o-Ph, J 
= 10 Hz), 8.85 (s, 6H, 6CH), 8.97 (d, 2H, 2CH, J = 5 Hz). 13C NMR, 
126 MHz (CDCl3) δ, ppm: 30.0, 111.5, 119.0, 126.5, 126.7, 127.6, 
127.7, 127.8, 128.2, 128.8, 129.5, 130.8, 134.0, 135.9, 142.4 ESI/
MS (m/z) (Ire %): 862.5 (100) [M+H]+.

Results and Discussion 

The reductive amination reaction was carried out in 1,2-
dichloroethane using NaB(OAc)3H as a reductive reagent. 
In the interactions of ferrocenylpyrazolecarboxaldehydes 
with 5-(p-aminophenyl)-10,15,20-triphenylporphyrin 1 
the product, 3a, was obtained only from the reaction with 
1-phenyl-5-ferrocenyl-3-formylpyrazole 2a. 

The variation of the reaction time and conditions for 
1-phenyl-5-ferrocenyl-4-formylpyrazole 2b and 1-phenyl-
3-ferrocenyl-4-formylpyrazole 2c didn’t lead to the target 
products. We assumed that the bulky ferrocene moiety near 
carbonyl group played the key role preventing the attack of 
reducing agent. The same effect was observed in the case of 
reaction with formylferrocene 2d, and the Shiff base was the 
mostly formed.

To confirm our suggestion about the steric hindrance 
caused by the ferrocenyl group, we carried out the 
reaction of aminoporphyrin with 1-phenyl-5-ferrocenyl-4-
pyrazolecarboxaldehyde 4a, and 1-phenyl-3-ferrocenyl-4-
pyrazolecarboxaldehyde 4b. 

In contrast to the ferrocene analogues, phenylaldehydes 
entered into this reaction. Noteworthy, in the absence of the 
ferrocene moety the reaction proceeded more easily. Thus 
we isolated corresponding amines 5a,b in 40 and 44% yields, 
respectively.

Conclusions 

We have first obtained the ferrocenylheterocyclic 
porphyrin by means of the reductive amination reaction and 
optimized the reaction conditions. It was revealed that the 
reaction proceeded only with those ferrocenylformaldehydes, 
that lacked steric hindrances between substituents in the 
pyrazole unit. Biological tests of obtained ferrocene-
porphyrin 3a are carrying out. 

Acknowledgements. This work was partially supported 
by the Russian Academy of Sciences (Presidium Program 
“Fundamental Sciences – for Medicine”), by the department 
of Chemistry and Materials science (Project OX-09), and by 
the Russian Foundation for Basic Research (RFBR No 09-
03-00535).

References 

1.	 Kalka K., Merk H., Mukhtar H. J. Am. Acad. Dermatol. 2000, 
42, 389-413.

2.	 Schwartz S., Absolon K., Vermund H. Univ. Minnesota Med. 
Bull. 1955, 27, 7-13.

3.	 Moriuchi T., Hirao T. Top. Organomet. Chem. 2006, 17, 143-
175.

4.	 Snegur L.V., Simenel A.A., Nekrasov Yu.S., Morozova E.A., 
Starikova Z.A., Peregudova S.M., Kuzmenko Y.V., Babin V.N., 
Ostrovskaya L.A., Bluchterova N.V., Fomina M.M. J. 
Organomet. Chem. 2004, 689, 2473-2479.

5.	 Damljanović I., Vukićević M., Radulović N., Palić R., 
Ellmerer E., Ratković Z., Joksović M., Vukićević R. Bioorg. 

Figure 1. The preparation of ferrocenylheterocyclyc porphyrins and their phenyl analogues.



126 Макрогетероциклы / Macroheterocycles 2011 4(2) 124-126

Ferrocene-Modified Porphyrins

Med. Chem. Lett. 2009, 19, 1093-1096.
6.	 Elguero J., Goya P., Jagerovic N., Silva A.M.S. Targets 

Heterocycl. Syst. 2002, 6, 52-98.
7.	 Wustrow D., Capiris T., Rubin R., Knobelsdorf J., Akunne H., 

Davis M., MacKenzie R., Pugsley T., Zoski K., Heffner T., 
Wise L. Bioorg. Med. Chem. Lett. 1998, 8, 2067-2070.

8.	 Park H.-A., Lee K., Park S.-J., Ahn B., Lee J.-C., Cho H., 
Lee K.-I. Bioorg. Med. Chem. Lett. 2005, 15, 3307-3312.

9.	 Bekhit A., Fahmy H., Rostom S., Baraka A. Eur. J. Med. Chem. 
2003, 38, 27-36.

10.	 Rathelot P., Azas N., El-Kashef H., Delmas F., Di Giorgio C., 
Timon-David P., Maldonado J., Vanelle P. Eur. J. Med. Chem. 
2002, 37, 671-679.

11.	 Eid A., Kira M., Fahmy H. J. Pharm. Belg. 1978, 33, 303
12.	 Menozzi G., Mosti L., Fossa P., Mattioli F., Ghia M. J. 

Heterocycl. Chem. 1997, 34, 963-968.
13.	 Sridhar R., Perumal P., Etti S., Shanmugam G., Ponnus- 

wamy M., Prabavathy V., Mathivanan N. Bioorg. Med. Chem. 
Lett. 2004, 14, 6035-6040.

14.	 Rich S., Horsfall J. Phytopathology 1952, 42, 457.
15.	 Bebernitz G., Argentiery G., Battle B., Brennan C., Balkan 

B., Byrkey B., Eckhardt M., Gao J., Kapa P., Strohschein R., 
Schuster H., Wilson M., Xu D. J. Med. Chem. 2001, 44, 2601-
2608.

16.	 Loim N.M., Abramova N.V., Sokolov V.I. Mendeleev Commun. 
1996, 46-47.

17.	 Wollmann G., Hendrickson D. Inorg. Chem. 1977, 16, 3079-
3089.

18.	 Schmidt E., Calderwood T., Bruice T. Inorg. Chem. 1986, 25, 
3718-3720.

19.	 Beer P., Kurek S. J. Organomet. Chem. 1987, 336, C17.
20.	 Burrell A., Campbell W., Officer D. Tetrahedron Lett. 1997, 

38, 1249-1252.

21.	 Burrell A., Campbell W., Officer D., Scott S., Gordon K., 
McDonald M. J. Chem. Soc., Dalton Trans. 1999, 3349.

22.	 Bucher C., Devillers C., Moutet J.-C., Royal G., Saint-Aman E. 
Chem. Commun. 2003, 888-889.

23.	 Bucher C., Devillers C., Moutet J.-C., P´ecaut J., Royal G., 
Saint-Aman E., Thomas F. Dalton Tran. 2005, 22, 3620.

24.	 Wasielewski M. Chem. Rev. 1992, 92, 435-461.
25.	 Gust D., Moore T., Moore A. Acc. Chem. Res. 1993, 26, 198-

205.
26.	 Beer P., Gale P., Chen G. Coord. Chem. Rev. 1999, 185-186, 

3-36.
27.	 Liu Z., Yasseri A., Lindsey J., Bocian D. Science 2003, 302, 

1543-1545.
28.	 Rodionov A.A., Simenel A.A, Korlyukov A.A., Kachala V.V., 

Peregudova S.M., Zherebker K.Ya., Osipova E.Yu. J. 
Organomet. Chem. 2011, 696, 2108-2115.

29.	 Rodionov A.N., Anufrieva N.V., Simenel A.A., Korlyukov A.A. 
Appl. Organomet.Chem. 2011, in press.

30.	 Joksovi M., Ratković Z., Vukiėević M., Vukiėević D. Synlett. 
2006, 16, 2581-2585.

31.	 Rodionov A.A., Simenel A.A., Nekrasov Yu.S., Kachala V.V., 
Osipova E.Yu., and Zherebker K.Ya. Russ. Chem. Bull., Int. 
Ed. 2010, 59, 405-410.

32.	 Perevalova E.G., Reshetova M.D., Grandberg K.I. Metody 
Elementoorganicheskoy Khimii. Zhelezoorganicheskie 
Soedineniya. Ferrotsen [Methods of Elementoorganic 
Chemistry. Organoiron Compounds. Ferrocene]. Moskva: 
Nauka, 1983, pp. 544 (in Russ.). 

33.	 Menozzi G., Mosti L., Fossa P., Matiolli F., Ghia M. J. Chet. 
Chem. 1997, 34, 963-968.

34.	 Rathelot P., Azas N., El-Kashef H., Demas F., Di Giorgio C., 
Timon-David P., Maldonado J., Vanelle P. Eur. J. Med. Chem. 
2002, 37, 671-679.

Received 30.04.2011
Accepted 13.06.2011


