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ACETHYLFERROCENE-2-THENOYLHYDRAZONE 
COMPLEXES WITH TRANSITION METAL IONS 
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HUANG GUOSHENG and MA YONGXIANG* 

Department of Chemistry, Lanzhou University, Lanzhou 730000, China 

(Received March 19, 1994; in final form June 11, 1994) 

Complexes of acetylferrocene-2-thenoylhydrazone with Cu(II), Ni(II), Co(I1) and Hg(I1) have been 
prepared and characterized by elemental analyses, IR, NMR, electronic spectra, ESR, molar 
conductivity and thermal analyses. All results show that the ligand coordinates to the metal ion 
through the enolic oxygen and the azomethine nitrogen atoms as a bidentate donor. 
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INTRODUCTION 

Hydrazide chelates with transition metals have been reported to be biologically 
active'-4 and to have antitubercular activity. Preparation of metal complexes of 
hydrazides and and factors influencing their isolation have been the 
subject of many  report^.^**.^ Since 1975, many authors have reported that ferrocene 
derivatives exhibit biological activity and also behave as P-lactamase inhibitors. o,l ' 
The present article describes the isolation of acetylferrocene-2-thenoylhydrazone 
(HAfth) chelates with some transition metal(I1) ions. Probable structures have been 
proposed on the basis of elemental analyses, IR, NMR, electronic spectra, ESR, 
molar conductivity and thermal analyses. 

EXPERIMENTAL 

Materials 
All chemicals were of analytical grade. Solvents were used as supplied. Acetylfer- 
rocene and 2-thenoylhydrazine were prepared following literature methods. l 2 , I 3  

Preparation of the ligand 
Acetylferrocene-2-thenoylhydrazone (HAfth) was prepared by refluxing an ethanolic 
solution of acetylferrocene and 2-thenoylhydrazine in a mol ratio of 1:1, in the 

* Author for correspondence. 

295 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



296 S. YAOCHENG et al. 

presence of a few drops of acetic acid, for 6h. After cooling, the resulting orange red 
precipitate was filtered, washed with ethanol and recrystallized from acetone. Yield: 
87%. 

Preparation of complexes 
The complexes M(Afth), . nH,O(M=Cu(II), Ni(II), Co(I1) and Hg(I1)) were prepared 
by the following method. A solution of metal acetate in acetonitrile was mixed with 
an acetonitrile solution of the ligand in a 1 :2 mol ratio and the mixture was refluxed 
for 8-1Oh. for Cu(II), Ni(I1) and Co(II), but the mixture containing mercury was 
stirred for 3h at room temperature. The product was filtered, washed with hot 
ethanol and acetone, then dried in vacuo. Yield >80%. 

Physical measurements 
Elemental analyses were carried out in the microanalytical laboratory of Lanzhou 
University. IR spectra were obtained with a Nicolet-5DX spectrophotometer using 
KBr discs in the 200-4000 cm-' region. Electronic spectra were recorded on a 
Shimadzu UV-240 spectrophotometer in the range 190-750 nm using a solution in 
DMF. 'H NMR spectra were obtained using an FT-80A spectrometer with CDCI, 
and DMSO (d6) as solvents and TMS as internal standard. Conductivity measure- 
ments were performed with a DDS-1lA conductometer at 25°C in DMF at 
3.2 x 10-4M concentration. TG analyses were carried out on a DuPont 1090 
thermal analyzer between room temperature and 700°C in an atmosphere of 
nitrogen. ESR spectra were obtained on ER 200D-SRC spectrometer. 

RESULTS AND DISCUSSION 

Analytical and physical data for the ligand and its complexes are listed in Table 1. 
The data indicate that only complexes of enolic form, M(Afth), .nH20, were isolated. 
All complexes are slightly soluble in common polar organic solvents, but soluble in 
DMF and DMSO, Low values of molar conductivities, 1 .5-4.8R-'cm2mol-', show 
that they are nonelectrolytes in DMF solution.*4 Complexes of Zn(II), Cd(I1) and 
UO,(II)) could not be prepared. In all cases, the ligand acts as a bidentate and 
coordinates to metal ion via one azomethine nitrogen and one enolic oxygen after 
deprotonation. 

' H  NMR spectra 
NMR data for the ligand and complex IV are given in Table 2. The NMR spectrum 
of the ligand in CDC1, shows the unsubstituted cyclopentadienyl is observed at 4.15 
ppm as a singlet. The proton signal due to the 3 and 4 positions of the substituted 
cyclopentadienly group at 4.35 ppm and the other two proton signal at 4.7 ppm 
appear as two multiplets. NH appears at 9.8 ppm (lH), and is exchanged with D20. 
Martin et al., have studied NMR spectra of 2-thenoyl derivatives and found that the 
chemical shift order of hydrogen on the thiophene ring is 6a>6c>6b.'5,16 This order 
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may qualitatively be explained as follows (only charge-separated structures are 
represented below), 

0- 0- 
I 

e C - R  - C-R 
+ 

Figure 1 Resonance formulae of the 2-thenoyl group. 

where R=H, CH,, C1, OEt, efc. Sulfur is electron-releasing and shows an ability to 
stabilize positive charge. Thus position a has a greater formal charge than position c. 
Position b has no positive formal charge. The order of electron density is b>c>a; 
therefore, the order of chemical shifts of hydrogens on the thiophene ring is 
6,>6,>6,. According to this order, the proton signals at 7.1, 7.6 and 8.1 ppm may be 
attributed to H,, H, and H, of the thiophene ring (stated in Table 2), respectively. 
CH, is observed at 2.15 ppm as a singlet(3H). The spectrum of complex IV in 
DMSO(d6) solution shows that the signal at ca 9.8 ppm due to the NH disappears. 
Signals assignable to the methyl group and C,H, appear at 2.5 (3H, s) and 4.2 ppm 
(5H, s), respectively. Signals of the substituted cyclopentadienyl group appear at 4.5 
(2H, m) and 4.75 ppm (2H, m). Protons on the thiophene ring of complex IV are 
observed at 7.15 (m), 7.65 (m) and 7.95 ppm (m), assigned to H,, H, and Ha of the 
thiophene ring, respectively. Thus the ligand coordinates to the metal ion in the 
enolic form. In addition, all signals in the complex are shifted downfield. This maybe 
due to decrease of the electron density after forming the complex. l 7  

IR spectra 
Principal absorptions of the ligand and its complexes are given in Table 3. Bands 
in the ligand spectrum at 3257, 1626 and 1033 cm-' are assigned to u(N-H), u(C0) 
or u(C=N) and u(N-N) modes, respectively.I8 Characteristic IR bands of the 
ferrocenyl group appear at about 3090, 1105, 820 and 490 cm-' in the ligand and 
all c~mplexes. '~ Bands at 1430, 1390, 1002, 730 and 557 cm-' in the spectrum of 
HAfth are attributable to ring stretching, C-H bending, Cring-Cexo stretching, 
in-plane and out-of-plane ring deformation modes of the thiophene ring, respec- 
tively, and remain almost unchanged in the spectra of the complexes. This 
observation is commensurate with non-involvement of the sulfur of the thiophene 
ring in bonding.20 In the complexes, u(N-H) disappears and five new bands are 
observed at ca 1570, 1536, 1275, 370 and 310 cm-' arising from u(C=N-N=C), 

Table 2 'H NMR chemical shifts of the ligand and complex IV (6, ppm). 

Thiophene ring* GH.3 C,H, NH CH3 
Ha Hc Hb 3.4 2.5 
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Table 3 Characteristic IR data for the ligand and its complexes*. 

u(0H) u(NH) u(C=O) u(C=N-N u(NCO) o(C-0) u(N-N) u(M-0) u(M-N) 
= C) 

HAfth 3257111 1626vs 10331x1 
I 3374br 1578s 1537s 127511-1 1023m 371w 318w 
11 3370br 1572s 1540s 1273111 1028m 372w 319w 
111 3372br 1565vs 1538vs 1276111 1023111 372w 310w 
IV 3380br 1580s 1536s 1276111 1029111 370w 308w 
* S: strong; vs: very strong; m: medium; w: weak; br: broad. 

u(NCO),*' u(C-0), u(M-0) and u ( M - N ) , ~ ~  respectively. All the above indicates 
ligand coordination to the metal ion via an azomethine nitrogen and an enolic 
oxygen after deprotonation. In the high frequency region, a broad band centred at 
3370 cm-' is attributed to the presence of coordinated water  molecule^.^^*^^ This 
is further supported by thermal analyses. 

Thermal analysis 
TG data for the ligand and its complexes are also listed in Table 1. The ligand loses 
8.0% of its weight at 190"C, which corresponds to the loss of one molecule of 
nitrogen (calculated value 8.0%). Then it loses 27.1% of its weight, corresponding 
to the loss of (C4H4S + C) (calculated value 27.3%). All complexes show similar 
thermal behaviour. For I, I1 and IV, loss of two molecules of water begins at ca 
100-120°C; this is indicative of the presence of coordinated water and in accord 
with IR data and elemental analyses.24 Complex I11 loses about 2.4% of its weight 
at 50"C, which corresponds to the loss of one molecule of water (calculated value 
2.2Yo). Then it loses 4.5% of its weight at 11 5"C, corresponding to another two 
molecules of water. The former is crystal water and the latter is coordinated water.25 
Complex 111 decomposes continuously between 210 and 400°C. The above facts 
suggest that each complex contains two molecules of coordinated water. 

Electronic spectra 
Data for the ligand and its complexes in DMF are given in Table 4. Generally 
speaking, the ligand and its complexes show three absorption bands. That at 267 
nm arising from the B band of the cyclopentadienyl group show a hypsochromic 
shift compared with that of the ligand.26 Owing to slightiy enhanced bonding of the 

Table 4 Electronic spectra of the ligand and its complexes.* 

Characteristic absorption bands (A,,,,,) 
1 2 3 

E~i(xlO4) Eh~(x104) EW 

HAfth 271.9 299.3 446br 1.75 1.49 27 1 
I 266.5 333.4 t 2.66 1.44 
I1 270.3 301 454hbr 2.66 2.34 306 
111 266.7 345 452br 1.39 1 .o 444 
Iv 270.6 358 448br 2.29 0.9 620 
* ~;i: molar extinction coefficient; concentration of each compound is 3 x lO-'M in D M F  br, broad. 

The third band is obscured by the second broad band. 
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cyclopentadienyl group in the complexes, the energy difference between n and X* 
orbitals of the cyclopentadienyl group becomes larger. This fact leads to a 
hypsochromic shift of the B band of the cyclopentadienyl group in the complexes.27 
The band at 330 nm which is assigned to an intraligand X-R* transition shows a 
bathochromic shift. Covalent bonding should be taken into account in order to 
explain bathochromic shifts of A-IT* transitions of complexes. In view of the large 
conjugated system (0-C=N-N=C-R) being formed,28 according to FMO theory, 
the HOMO or LUMO of the 0-C=N-N=C-R group and HOMO or LUMO of 
the metal ion mix with each other, (approximately, HOMO-HOMO, LUMO- 
LUMO) to make the energy of the new HOMO higher and the energy of the new 
LUMO lower. The energy difference between the new HOMO and the new LUMO 
is smaller than that of the 0-C=N-N=C-R group. The above result in a 
bathochromic shift of the K band. In the visible region, the absorption at 446 nm 
in the ligand shifts to longer wavelength (ca 450 nm) in the complexes. The third 
band of complex I is obscured by the second broad band. Because d-d transitions 
an usually weak, absorptions of the ligand and its complexes in the visisble region 
may be attributed to d-d transitions of the transition metal ions.29 One absorption 
of the ferrocenyl group in the visible region obscures other d-d transitions of the 
complexes. Information on stereochemistry is thus precluded. 

ESR spectra 
ESR spectra of complexes have been recorded for powdered samples and in DMF. 
ESR spectra of complexes, I, I1 and I11 show one broad signal at room temperature. 
Hyperfine splitting was not observed on changing concentration or by measuring at 
223 K. Complex IV shows no signal and is diamagnetic as expected. 

In conclusion, HAfth acts as a bidentate ligand, which coordinates to the metal ion 
in the enolic form through one azomethine nitrogen and one enolic oxygen after 
deprotonation. Each complex has two molecules of coordinated water to give a 
coordination number of six. Because one negative charge of Afth- may be 

I / \ 

G H 3  d 

(n-mIH20 mH20 

Figure 2 Proposed structure for the complexes; M = Cu, Ni, Hg, n = 2, m = 0; M = Co, n = 3, m = 1 .  
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delocalized, Afth- is a soft base. Therefore, excellent chelating properties for 
mercury(I1) can be explained as the result of a soft acid-soft base reaction.25 
Proposed structures for the complexes are shown in Figure 2. 

Acknowledgements 

The authors are grateful to the Chinese National Foundation of Sciences for 
financial support. 

References 
1. H.H. Fox, J.T. Gibas and A. Metchane, J. Org. Chem.. 21, 356 (1956). 
2. C. Graig, D. Willis, S.D. Rubbo and J. Edgeer, Nature 176, 34 (1955). 
3. F.A. French and E.J. Blanz, Cancer Res., 28, 2419 (1968). 
4. K.C. Aganval, B.A. Booth and A.C. Sartorelli, J. Med. Chem. 11, 700 (1968). 
5. M. F. Iskander and A.M. El-Aggan, Inorg. Chzm. Acta, 14, 167(1975). 
6. R.L. Dutta and A.R. Sarkar, J. Inorg. Nzicl. Chem., 43, 57 (1981). 
7. Y.M. Temerk, A.A.M. Aly, M.M. Kamal and S.A. Ibrahim, J. Prakt. Chemie, 328, 285 (1986). 
8. L. Sacconi, J. Am. Chem. SOC., 74, 4503 (1952). 
9. H. Ohta, Bull. Chem. SOC. Japn., 33, 2 (1960). 

10. E. I. Edwards, R. Epton and G. Marr, J.  Organometal. Chem.. 85, C23 (1975). 
11. M. Cais, Nature, 270, 534 (1977). 
12. P.J. Graham, R.V. Lindsey, G.W. Parshall, M.L. Peterson and G.M. Whitman, J. Am. Chem. Soc.. 

13. H.L. Yale, K. Losee, J. Martins, M. Hoking, F.M. Perry and J. Berstein, J.  Am. Chem. Soc. 75, 

14. W.J. Geary, Coord. Chem. Rev., 7, 81 (1971). 
15. M.L. Martin, G. Andrieu and G.J. Martin, Bull. SOC. Chim. Fr. 2, 703 (1968). 
16. J.A. Zoltewica and H.L., Jacobson, J. Heterocycl. Chrm., 8, 331 (1971). 
17. Y.X. Ma and G. Zhao, Polyhedron. 7, 1101 (1988). 
18. R. C. Agganval and K. K. Narrang, Indian J. Chem., 9, 14 13 (1 97 1). 
19. D. Hartley and M.J. Ware, J. Chem. Soc., A, 138 (1969); K. Nakamoto, Injrared Spectra qf 

20. S. Burman and D.N. Sathyanarayana, Indian J.  Chem., ZOA, 57 (1981); A. K. Rana and J. R. 

2 1. C.N.R. Rao, Chemical Application of Infiared Spectroscopy, (Academic Press, New York, 1970), 

22. B. Singh and A.K. Srivastav, Synth. React. Inorg. Met.-Org. Chem., 21, 513 (1991). 
23. R.C. Mishra, B.K. Mohapatra and D. Panda, J. Indian Chem. SOC. 58, 80 (1983). 
24. P. R. Sukla, V.K. Singh and J. Bharava, J. Indian Chem. SOC., 59, 620 (1982). 
25. B. Singh, P.L. Maurya, B.V. Agrawala and A.K. Dey, J. Indian Chem. SOC., 59, 29 (1982). 
26. S.I. Goldberg, D.W. Way0 and J.A. Afalford, J. Org. Chem., 28, 1708 (1963). 
27. Y.C. Shi, Q.B. Song, X.L. Wu and Y.X. Ma, Polyhedron, in press. 
28. J. Sandstrom, Acta Chem. Scand., 17, 937 (1963). 
29. A.B.P. Lever, Inorganic Electronic Spectroscopy, (Elsevier, Amsterdam, 1968); B.N. Figgis, 

79, 3416 (1957). 

1933 (1953). 

Inorganic and Coordination Compounds, 2nd Edn. (Wiley Interscience, New York, 1970). 

Shah, ibid., 2OA, 143 (1981). 

p. 265. 

Introduction to Ligand Fields, (Wiley, New York, 1976). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


