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Twelve new substituted thiosemicarbazones have been prepared from formylferrocene and 2- and 
4-monosubstituted and 4,4-disubstituted thiosenlicarbazides. The infrared spectra of these conlpounds 
are discussed in some detail. Copper complexes of three of them were synthesized and their structures 
established. They were found to be strongly paramagnetic. The electronic absorption spectra of the 
thiosemicarbazones and the copper complexes are reported. 
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Introduction 
There have been numerous publications, in 

recent years, dealing with the chemistry of 
ferrocene and with the many derivatives which 
can be prepared from it (e.g. ref. 1). Considerable 
interest has been shown in the reactions of 
formylferrocene. It  is easy to synthesize and 
many additional ferrocenes may be derived from 
it. Both the semicarbazone (1) and the simple 
thiosemicarbazone (2) of formylferrocene have 
been synthesized. 

In the present work, the preparation and some 
properties of forrnylferrocene thiosemicarba- 
zones are described. The syntheses involved the 
reaction of formylferrocene with thiosemicar- 
bazide and substituted thiosemicarbazides. This 
method produced a set of compounds which 
have not been reported previously, except for 
forrnylferrocene thiosemicarbazone (A; R = R, 
= R, = H), mentioned by Boichard et al. (2). 
The structure of A was deduced from infrared 
spectra and from analytical data. 

Soine be~lzoylferrocenes have been shown (3) 
to retard the actinic degradation of polymer 
films and the photodecomposition of ferrocenes 
in hydroxylic (4) and alkyl halide (5) solvents has 
been reported. However, very little use has 
been made of particular ferrocene derivatives 
as protective ultraviolet absorbers in spite of the 
fact that ferrocenes absorb strongly in the 
important, near-ultraviolet region. The electronic 
absorption spectra of the new compoullds 
reported here were measured in order to indicate 
the potential effectiveiless of them as photo- 
protective agents. 

I t  is known that copper will form 1 :1 complexes 
(B) with thiosemicarbazones (6) and a different 
type of 1 :1 complex (C) with dithiosemicar- 
bazones (7). Copper complexes of three of the 
ferrocene thiosemicarbazones reported here 
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were prepared using cupric acetate. These are 
interesting organometallic - metal - chelate com- 
pounds, somewhat analogous to the copper 
complexes of diacylferrocenes reported pre- 
viously (8). 

Experimental 
Methods and Materials 

Formylferrocene was prepared by the method of 
Broadhead and co-workers (9), and was purified by 
recrystallizing from aqueous ethanol. 

2-Methylthiosemicarbazide was prepared by the 
method of Greer and Smith (10) and was recrystallized 
from water. 
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TABLE I 

Formylferrocene thiosemicarbazones* 

Analysis (%) 
Melting Yield 

Compound Substituents point ("C) (%) Formula Calculated Found 

1 R = CH3 185 521 C13H15N3SFe C, 51.82 C, 52.19 
R l  = Rz = H H, 4.98 H, 4.98 

N, 13.95 N, 13.75 
S, 10.63 S, 10.62 

Fe. 18.61 Fe. 19.1 
c; 53.33 
H, 5.39 
N, 13.33 
S, 10.16 

Fe, 17.78 
C, 59.50 
H, 4.68 
N, 11.57 
S, 8.82 

Fe, 15.42 
C, 63.92 
H. 4.60 

H; 5.38 
N, 13.20 
S, 9.94 

Fe, 18.1 
C. 59.59 

N, 11.41 
S, 8.52 

Fe, 16.0 
C, 63.66 
H. 4.60 

N; 10.17 
S, 7.74 

Fe, 13.56 
C, 61.38 
H. 5.37 

S: 7.80 
Fe, 13.7 
C, 61.09 
H, 5.38 
N .  10.69 

s; 8.18 
Fe, 14.32 

Cl~H16NJOZSFe C, 52.94 
H. 3.92 

S; 8.05 
Fe, 14.7 
C, 52.77 
H, 3.98 
N: 13.80 
S, 8.02 

Fe, 14.3 
C, 52.25 
H,  4.07 
N, 13.95 
S; 7.99 

Fe, 14.0 
C, 52.16 
H, 5.05 
N, 14.05 
S, 10.38 

Fe, 18.3 
C, 53.38 
H, 5.51 
N, 12.94 
S, 9.95 

Fe, 18.3 
C, 55.53 
H, 5.43 
N, 13.00 
S, 9.74 

Fe, 17.6 
C, 58.88 
H, 7.09 
N, 10.85 
S, 8.55 

Fe. 14.7 

~ e ;  13.73 
C13H15N3SFe C, 51.82 

H, 4.98 
N, 13.95 
S, 10.63 

Fe. 18.61 

C15H17N3SFe C, 55.05 
H, 5.19 
N, 12.84 
S, 9.78 

Fe, 17.13 
C1gHz7N3SFe C, 59.22 

H. 7.01 

*The structural formula may be represented by: 

tRecrystallized from ethanol-utater. 
%Recrystallized from ethanol. 
$Recrystallized from chloroform-hexane. 
IlRecrystallized from isooctane. 
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TABLE I1 

Infrared absorption bands for Formylferrocene thioscmicarbazoncs 
-~~ ~~ ~ - ...... . - .. - -~ . ~ ~~ ~ 

-- .. ~~ ~ 

Conlpound number* 

*The numbers 1 to 16 at the head of  this table refer to  the compounds havins the same numbers in Table 111. 
?The letters following the \i8ave nuniher in the table refer to  the hand intensity o r  shape: w, weak; In, rnedinm; vw, very weak; s, strong; sh. shoulder; br, broad. 
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substituted thiosemicarbazones. Evidence that 
this structure does, in fact, represent the pro- 
ducts reported here, was obtained from the 
infrared absorption spectra of these compounds. 
The bands observed in the 3500 to 700 cm-' 
frequency region are listed in Table 11. 

The absorptions characteristic of the expected 
functional entities for the eleven substituted 
thiosemicarbazones (Table I), for formylfer- 
rocene thiosemicarbazone, and for ethylene 
di(formy1ferrocene thiosemicarbazone), are as 
follows. The bands arising from NH stretching 
vibratidns occur in the 3380 to 3120 cm-' region 
for all of these compounds. In the 1600 to 1615 
cm-' region, the medium to strong band arising 
from y(C==N) is observed in all cases. Strong ab- 
sorption occurs in the 1535 to 1550 cm-' region 
for compounds 2 to 13 and may be related to 
the fact that these are N-substituted thioamides. 
The CNH vibration, involving NH bending 
and C-N stretching (IS), gives rise to strong 
absorption in this region; this has been observed 
previously in the case of some dithiosemi- 
carbazones of aliphatic and aromatic aldehydes 
(7). In the spectrum of compound 1, formyl- 
ferrocene-2-methylthiosemicarbazone, a strong 
band appears at 1585 cm-'. This shift to higher 
frequency has been observed before (19) in a 
comparison of 2- and 4-substituted thiosemi- 
carbazones. The band which is observed at 
1510 or 1500 cm-' in the spectra of compounds 
3 to 7 may be attributed to aromatic ring 
absorptions (see, for example, ref. (20)). 

Several absorption bands were observed, in 

all the spectra shown in Table 11, which are 
characteristic of formylferrocene or other sub- 
stituted ferrocenes. Peaks in the vicinity of 
1460 (f 20) cm-' and 1410 (f 10) cm-' 
presumably correspond to the transitions in the 
ferrocene part of formylferrocene, at 1456 and 
1412 cm-', as described by Rubalcava and 
Thomson (21). The bands at  11 10 cm-' and at 
1005 cm-' are also reported for formylferrocene 
(21) and are described by Rosenblum (22) as 
characteristic of "ferrocene derivatives posses- 
sing an unsubstituted [cyclopentadienyl] ring". 

Some of the bands which are observed for the 
various compounds in the 1030 to 1090 cm-' 
region presumably represent a contribution from 
N-C-N stretching vibrations which may be 
coupled with a small amount of y(C=S) (23). 
However, the largest contribution from C=S 
stretching vibrations gives rise to a band in 
830 to 805 cm-' region of the spectra of 
thiosemicarbazones (23, 24) and presumably 
accounts for an appreciable proportion of the 
peaks at 825 to 815 cm-' in the spectra of 
compounds 1 to 13 (Table 11). Superimposed on 
this in all cases is a contribution from the 
ferrocene moiety (21). 

Collectively, the absorption band assignments 
described above provide strong evidence that the 
compounds prepared in this work are indeed the 
thiosemicarbazones that the analytical data have 
suggested, and that A represents the correct 
structure for compounds 1 to 12. It follows that 
compound 13, ethylene di(formy1ferrocene thio- 
semicarbazone) could be depicted as 

Additional evidence is obtained from the 
experiments to form copper complexes of some of 
the thiosernicarbazones. Attempts to prepare 
copper complexes with 2-substituted thiosemi- 
carbazones failed; only starting materials were 
recovered from the reaction mixtures. This is 
in agreement with previous work on copper 
complex formation with a variety of substituted 
thiosemicarbazones (19). Copper complexes 
(2:l) were prepared from compounds 3, 4, and 
5 (4-substituted compounds) and the infrared 
spectra of these complexes are given in Table I1 

(spectra 14 to 16). Comparison with the spectra 
of the uncomplexed, parent compounds leads to 
the following observations. The two bands in 
NH region of the spectrum have been replaced 
by a single band in the vicinity of 3410 cm-', 
on copper complex formation. In addition, the 
intensity of the C=N band at about 1600 cm-' 
has increased, whereas the CNH band at 1550 
cm-' has disappeared. Finally, the absorption 
at 820 cm-' has an appreciably lower intensity. 
It is reasonable to conclude that complex forma- 
tion is associated with a reduction in the number 
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TABLE 111 

Electronic spectra of formylferrocene thiosemicarbazones 
-- -- -. -- - 

Absorption band maxima (mp) 
Compound* (molar extinction coefficient x Solvent 

Acetonitrile 
Acetonitrile 
Acetonitrile 
Acetonitrile 
Acetonitrile 
Acetonitrile 
Acetonitrile 
Acetonitrile 
Isooctane 
Isooctane 
Isooctane 
Acetonitrile 
p-Dioxane 
p-Dioxane 
p-Dioxane 

*(I) Formylferrocene-2-methylthiosernicarbazone: (2) formylferrocene-4,4-dimethylthiosemicarhazone; 
(3) formylferrocene-4-phenylthioremicarbazone; (4) formylferrocene-4(I-naphthyl)thiosemicarbazone; (5) 
forrnylferroczne-4-phenethylthiosemicarbazone; (6) formylferrocene-4lp-nilrophenyl)thjosemicarbazone: (7) 
formylferrocene-4(nr-nitrophenyl)thiosemicarbazone; (8) formylferrocene-4-methylth~osemicarbazone; (9) 
formylferrocene-4-ethylthiosemicarbazone' (10) formylferrocene-4-allylthiosemicarbazone. (11) formylfcr- 
rocene-4-beptylthiosemicarbazone; (I?) fo;rnylferrocene thiosemicarbazone; (13) ethylene d~(formy1ferrocene 
thiosemicarbazone); (14) copper complex of compound 4; (15) copper complex of compound 5; (16) copper 
complex of compound 3. 

of NH groups, an increase in the number of 
C=N groups and elimination of the C==S group. 

On the basis of this evidence, and in the context 
of previously proposed structures for copper 
complexes of analogous compounds (6, 7), 
it is reasonable to suggest the following 
general structure for compounds 14, 15, and 16. 

In such a 2:l  complex, copper would be para- 
magnetic. The copper complexes prepared in 
this work are all strongly paramagnetic, having 
an electron spin resonance signal intensity of the 
same order of magnitude as that from an 
equimolar quantity of CuS04.5H20. The g 
value for compound 15, for example, is 2.066. 
Thus, there is good reason to believe that the 
Structure D proposed for the copper complexes, 
and the Structure A proposed for the thiosemi- 
carbazones, are valid. 

The important bands in the electronic absorp- 
tion spectra of most of the compounds prepared 
in this work are listed in Table 111. together with , " 
the relevant molar extinction coefficients. The 
compounds are all colored and many of them 
absorb strongly in the important, near-ultraviolet 
region. However, the requirements for a useful 
ultraviolet protective substance include, in 
in addition to a high molar extinction coefficient, 
such considerations as inherent stability, a 
relatively low volatility and minimal absorption 
of visible wavelengths. On this simplified basis, 
it may be suggested that compounds 13, 6, and 
3 (in that order) could be useful as retarders of 
the photooxidation of polymeric materials. 

Since some organometallic and many thio- 
carbonyl-containing compounds have antifungal 
properties, the formylferrocene thiosemicarba- 
zones and the three copper complexes were eval- 
uated as potential fungicides. Below 1000 p.p.m. 
none was found effective, in tube dilution tests. 
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