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Summary 

Ferrocenedithiocarboxylic acid and various derivatives have been prepared 
and characterized. The molecular extinction coefficients for the n + n* transi- 
tion of the thiocarbonyl group in the visible spectra of these derivatives are 
10-15 fold greater than expected for aromatic dithio acids. 

Introduction 

Although the preparation of ferrocenecarboxylic acid (I) has been reported 
[l-3], ferrocenedithiocarboxylic acid (II) and its derivatives have not yet been 
described. It is well known that dithio acids are unstable; their sodium and potas- 
sium salts are oily substances containing small amounts of water, while their 
crystalline heavy metal salts (Zn, Pb, etc.) do not react with ordinary electrophilic 
reagents such as alkyl bromides and iodides. Recently, however, it was found that 
the crystalline ammonium salts of dithio acids are anhydrous. They react readily 
with electrophiles, and are very suitable for the purification of the acids [4-53 _ 

In this paper we describe the preparation of a variety of ferrocenedithio- 
carboxylic acid derivatives and report their spectral data. 

Fe Fe 

0 ,--_ . 
.__P 

Results and discussion 

Preparation 
Ferrocenedithiocarboxylic acid and its ammonium salts were prepared by the 
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reaction sequence shown in eqn. 1. The preparation of ferrocenylmagnesium 
bromide is according to the previously reported method of Shechter and Helling 
C61*, except that we used diethyl ether as the solvent and 1,2_dibromoethane as 

Mg -2 HCl NaOHHCI 
FcBr - FcMgBr - 

amines Qr) 

Ether THF 
FcCs*MgBr - - - - 

(CHz)2Bq - .c HCI 
FcCSzXH - FCC&H (11 

<In 
initiator in order to keep the reaction temperature below 35”. In addition, we 
found it essential to use tetrabydrofuran as solvent in the carbon disulfide in- 
sertion reaction, and to extract the dithio acid with sodium hydroxide solution 
in order to remove the by-products (ferrocene, diferrocenyl) and excess carbon 
disulfide. These modifications repeatedly gave over 50% yields of ferrocenedi- 
thiocarboxylic acid ammonium salts, confirmed by elemental analysis and spectra 
data (see Tables 1, 3 and 4). 

The ammonium salts obtained were fairly stable and remained unchanged 
on being left in the atmosphere for five days_ However, when the salts were 
heated to above their melting point, IIIa decomposed to give reddish brown ferro- 
cenethiocarboxypiperidide (m-p. 83-84”) in 56% yield with the evolution of 
hydrogen sulfide, while 111~ decomposed to ferrocenedithiocarboxylic acid and 
trimethylamine. The salts were relatively soluble in chloroform, acetone, and. 
ethanol, and readily reacted with a variety of usual electrophilic reagents (alkyl 
bromides, and chlorides having an electron-withdrawing group in the &-position, 
etc.) to give the corresponding esters in excellent yields. In addition, they readily 
underwent salt exchange reaction in water with various heavy metal halides or 
acetates, except mercuric acetate and chloride, to give the corresponding salts 
in quantitative yields (see Tables 2-4). Moreover, usual acidolysis of the salts 
(IIIa) with concentrated hydrochloric acid gave ferroceneditbiocarboxylic acid 
(II) (98% yield) as blackish granular crystals having a definite melting point of 
?5-76”**:. The solid dithio acid is relatively stable and did not change over 10 
days on storage at O-5”. However, it decomposed in solution (CDCI, ) and 
the absorption due to the SH proton at 6 5.45 ppm disappeared completely 
after 3 days. Interestingly, although the pKa value (ca. 6.2) of ferrocenedithio- 
carboxylicacidis thesameasthat(6.20)[7] oftheoxygenanalogue (FcCO,H), 
the dithio acid readily reacted with phenyl isocyanate to give crystalline phenyl- 
carbamoyl ferrocenedithiocarboxylate (VI) in good yield**‘*. 

Spectral data 
IR spectra. Ferroceneditbiocarboxylic acid and its salts (amine and metal) 

obtained have two characteristic, intense absorption bands near 1270 and 1000 
cm-’ _ The latter band may be assigned to the dithiocarboxylate group (CS;), 
since various salts of aromatic and ahmhatic dithio acids without exception show 

* Shechter and Helling investigated in detail the preparation of fenocenyl Grignard reagents in tetra- 
hydrofuran. In our laboratory. however, the preparation of ferrocenylmagnesium bromide according 
to their method repeatedly gave yields of below 20%. 

**‘To our knowledge, this is the first example of a ditbio acid having a melting p&t OMI 30~. 

*** Reaction of ferrocenecarboxylic acid with phenyl isocyanate did not afford the corresponding car- 
bamoyl ester [FcC02C<O~NHPhl. 
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TABLE3 

ELEMENTALANALYSES 

Compound Empirical Analysis found(caIcd.)(%) 
formuIa 

C H N S Br 

II 

IIIa 

IIIb 

IIIC 

IVa 

IVb 

IVC 

IVd 

IVe 

IVf 

Va 

Vb 

VC 

Vd 

Ve 

Vf 

VP 

Vh 

Vi 

Vj 

Vk 

VI 

VI 

50.50 
(50.40) 
55.30 
(55.33) 
53.82 
(53.73) 
52.51 
(52.34) 
50.01 
(49.71) 
48.99 
(48.77) 
61.32 
<61.57) 
56.93 
(56.99) 
51.47 
(51.35) 
50.63 
(50.59) 
45.83 
(45.77) 
50.73 
(50.59) 
45.63 
c45.46) 
45.53 
C45.49) 
45.32 
<45.10) 
45.12 
(44.95) 
43.21 
(43.07) 
42.34 
(42.02) 
41.77 
(41.63) 
40.22 
(40.06) 
36.19 
(36.22) 
43.06 
(42.91) 
56.78 
(56.69) 

3.92 
(3.84) 
6.03 
(6.10) 
6.44 
(6.31) 
5.90 

(5.96) 
3.31 

(3.29) 
3.85 
(3.77) 
4.44 
(4.55) 
4.01 
(3.96) 
3.61 
(3.55) 
3.51 
(3.47) 
3.09 
(3.14) 
3.50 
(3.47) 
3.08 
(3.12) 
3.06 
(3.12) 
3.06 
(3.10) 
3.13 

(3.09) 

3.06 
(2.96) 
2.86 

(2.89) 
2.83 
(2.86) 
2.76 
(2.75) 
2.44 

(2.49) 
2.87 

(2.95) 
4.03 
(3.97) 

4.09 
(4.03) 
4.11 

(Z-Z' 
(4:18) 

. 

3.75 
(3.67) 

24.56 
(24.46) 
-18.33- 
(18.46) 
19.36 
<lS.lz.) 
20.03 

(19.96) 
14.02 17.52 
(13.96) (17.40) 
20.43 
(20.03) 
18.26 
(18.11) 
10.52 

(10.40) 

16.51 
(16.13) 
24.59 
(24.55) 
22.46 

~22.22~ 
-24.83- 
(24.55) 
22.21 
(22.06) 
22.11 
(22.07) 
21.77 
(21.89) 
21.36 
c21.82) 
20.68 
<2"-90) 
20.51 
(20.40) 
20.64 
<20.20) 
19.73 
<X9.44) 
17.36 
(17.58) 
20.52 
<20.83) 
16.91 
(16.82) 

absorption in the 1120-950 cm-’ region [4]. Bak et al. [s] have shown by a 
simplified force-constant calculation that the C=S frequency should be in the 
vicinity pf 1200 and the C-S frequency at about 700 cm-’ , and in a series of 21 
carboxymethyl dithioesters, the values of v(C=S) were found to he between 1190 

1240 cm-’ . Our esters (IVa-IVf) a.U showed a relatively intense band in the 
1300-1250 cm-’ reigon, which can be attributed to v(C=S). The thiocarbonyl 
stretching bands of t~oacyloxytrimethyI$Ianes [RC(S)OSiMe, , R = aIkylJ were 
observed in the same region [9]_ 

UVand visible spectra The absorption maxima (L,) are listed in Table 4. 
Ferrocenedithiocarboxylic acid and its derivatives have three or four character- 
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istic maxima at 240-260 (E 6000-20000), 305-340 (E 6000-20000), 335- 
380 (E 8000-20000) and 530-580 (e 1900-3000), respectively. The former 
two or three bands can be ascribed to the x + n* and the third to the n --f ?r* 
transition of the thiocarbonyl group. Interestingly, the molecular extinction 
coefficients for the n + x* transition of thiocarbonyl group are without excep- 
tion lo-15 times greater than expected eitlner for an aromatic dithio acid and 
its derivatives [4, lo] &for ferrocenecarboxylic acid [ll] and its derivatives 
111,123 as is seen in Table 4. These enhanced extinction coefficients can be 
interpreted either in terms of through space interaction between the iron and 
thiocarbonyl sulfur atoms (Fig. l), or by a conjugative effect of the ferrocenyl 
moiety through the bond to the thiocarbonyl group. In a later paper we will 
present X-ray data, which we hope will shed some light on the unusually high 
molecular coefficient of the thiocarbonyl group in these ferrocenedithiocar- 
boxylic acid derivatives. 

Experimental 

IR spectra were measured on a Jasco Grating IR spectrophotometer IR-G. 
UV spectra were recorded on a Hitachi 124 spectrophotometer. NMR spectra 
were recorded on a Hitachi R-22 (90 MHz) instrument, with tetramethylsilane 
as internal standard. Analyses were carried out by the Elemental Analysis Center 
of Kyoto University_ The acid constant was measured in 20 voiume % of methanol/ 
water (l/l) in dioxane, essentially according to the method described by Roberts 
Cl33 using a Horiba F-‘IDE pH meter. 

Maferials 
Ferrocene [14], bromoferrocene ]I53 and dichlorodiphenylstannane and 

chlorotriphenylstannane [16] were prepared according to procedures described 
in the literature. The other reagents used were commercial materials. The solvents 
were rigorously dried. Some typical procedures are given below. The new com- 
pounds were identified by their elemental analyses and spectral data. The data 
are summarized in Tables 1-4. 

Preparation of piperidinium ferrocenedithiocarboxylate (IIIa) 
An ethereal solution of ferrocenyl bromide (20 mmol) was added dropwise 

to a suspension of 20 mmol of magnesium metal and 10 mmol of 1,2-dibromo- 
ethane in anhydrous ether (20 ml) at 25”. Reaction commenced immediately 
and the mixture was stirred for 3 h. To the resulting ferrocenyhnagneSium 
bromide solution carbon disuifide (20 mmol) in anhydrous THF (20 ml) was 
slowly added at 0”. After about 15 h at room temperature, this reaction mixture 
was poured into 20 ml of 15% HCl at 5” ; then 300 ml of ether was added and 
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the mixture was shaken. The ether layer was separated and extracted with 100 
ml of 15% NaOH solution. The dark purple aqueous layer was acidified with 
200 ml of 15% HCl, then extracted three times with 300 ml of ether at 5”. 
The combined ether extract was washed with water, then dried over anhydrous 
magnesium sulfate and treated with 16 mm01 of piperidine. Filtration of the 
resuiting precipitate gave a 54% yield of dark reddish needles (IIIa) having a 
definite melting point (125-1260)- 

Preparation of ferrocenedithiocarboxylic acid (II) 
Concentrated HCl(30 ml) was added to a suspension of piperidinium ferro- 

cenedithiocarboxylate (IIIa) 10.20 g, 0.63 mmol] in ether (100 ml) and the mix- 
ture was shaken vigorously. The ether layer was separated, washed with water, 
then dried over anhydra-ls MgSO, . Removal of the solvent in vacua gave 0.16 g 
(98%) of pure ferroceneditbiocarboxylic acid as blackish &an&r crystals, m-p. 
75-76”. 

Thermolysis of the ammonium salts (III) 
Piperidinium ferrocenedithiocarboxylate (IDa)). The salt IIIa CO.20 g, 0.6 

mmol] was heated at 150” for 5 h in a glass ampoule filled with nitrogen. When 
the ampoule was opened, the presence of hydrogen sulfide was confirmed by the 
color&&ion of lead acetate paper. The decomposition products were extracted 
with ether using a Soxhlet extractor. Concentration of the extract and filtration 
of the resulting precipitate gave 0.10 g (56%) of pure ferrocenethiocarboxy- 
piperidide as dark brow-n crystals, which was identified by ‘elemental analysis 
and spectral data, m.p. 83-84”. (Found: C, 61.48; H, 6.29; N, 4.53; S, 10.41. 
C16H19NSFe calcd.: C, 61.36; H, 6.11; N, 4.47; S, 10.23%. IR spectrum (KBr) 
3160 v(CH) s, 2940 and 2850 Y(C&) s, 1563 s, 1440 s, 1240 Y(C=S) s, 1105 m, 
1000 s, 810 Y(~~-C,H,) s, 480 s cm -I . The ether insoluble residue was a blackish 
solid, having a melting point over 300”_ The IR spectrum was analogous to that 
of bis(thiocarboxyferroceny1) disulfide. 

Reaction of piperidinium ferrocenedithiocarboxylate (IIIa) with p-bromo- 
phenacyl bromide 

The mixture of the piperidinium salt (IIIa) 10-2 g, O-58 mmol] and p-bromo- 
phenacyl bromide (0.17 g, 0.61 mmol) in methanol (10 ml) was stirred for 5 h 
at room temperature. Filtration of the resulting precipitate, then washing with 
water and methanol, gave 0.23 g (87%) of pure p-bromophenacyl ferrocenedithio- 
carboxylate (IVa). 

Reaction of the piperidinium salt (111~) with n-butyl chloride 
An equimolar amount of the salt (IIIa) IO.20 g, 0.6 mmol] and n-butyl 

chloride (0.056 g, 0.6 mmol) was stirred for 48 hat 50”. After removal of the 
solvent in vacua, washing of the residue (crystals) with small portions of ether 
gave 0.19 g (95%) of the starting salt @Ha). 

Reaction of diethylammonium ferrocenedithiocarboxylate (IIIb) with 
chlorotriphenyiktannane 

The mixture of the diethylammonium salt IIIb 10.2 g, 0.6 mm01 J and 
chIorotriphenylstann;ane (0.23 g, 0.6 mmol) was stirred in dichloromethane 
(10 ml) for 3.5 h at room temperature. After removal of the solvent in vacua, 
the residue was extracted with petroleum ether (b-p. < 40°) using a Soxhlet 
extractor- Vacuum evaporation of the extract, then recrystallization of the solid 
from ether/petroleum ether, gave 0.22 g (61%) of triphenylstannyl ferrocene- 
dithiocarboxylate (IVd)_ 
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Reaction of piperidinium ferrocenedithiocarboxylate (IIIa) with benzene- 
sulfonyl chloride 

To a suspension of the piperidinium salt IIIa CO.35 g, 1 mmol] in ethanol 
(5 ml) was added four drops of benzenesulfonyl chloride, and the mixture was 
stirred for 1 h at room temperature. Filtration of the insoluble crystals, then 
washing with water and ethanol, gave 0.22 g (84%) of pure bis(ferrocenethio- 
carboxyl) disulfide (IVf). The melting po;Jlt and IR spectra exactly coincided 
with those of an authentic sample prepared by treatment of the piperidinium 
salt (IIIa) with iodine. 

Reaction of diethylammonium ferrocenedithiocarboxylate (IIIb) with zinc 
chloride 

The mixture of the diethylammonium salt IIIb 10.20 g, 0.6 mmol] and 
zinc chloride (0.20 g, 3 mmol) in water (10 ml) was vigorously stirred for 5 days 
at room temperature. Filtration of the crystalline solid, then washing with water 
and methanol, gave 0.15 g (84%) of zinc ferrocenedithiocarboxylate (Vf). 

Reaction of ferrocenedithiocarboxylic acid (II) with phenyl isocyanate 
Phenyl isocyanate (0.06 g, 0.5 mmol) was added dropwise to ferrocenedi- 

thiocarboxylic acid (0.13 g, 0.5 mmol) in anhydrous ether (40 ml) and the 
mixture was stirred for 2 h at room temperature. After concentrating the 
reaction mixture in vacua, filtration of the resuhing crystalline precipitate, 
washing with small portions of ether/petroleum ether (l/l) gave O-16 g (84%) of 

phenylcarbamoyl ferrocenedithiocarboxylate (VI). The IR spectrum of VI 
showed no N-H stretching absorption band in the expected range (3100-3400 
cm-’ ); instead, we observed a new band near 2900 cm-’ , considered to be due 
to the N-H stretch. Such an unusual shift in Y(N-H) suggests a structure con- 
taining an intramolecular hydrogen bond between sulfur and hydrogen. The 
NMR spectrum (NH, 6 11.7 ppm) further supported structure VI. 

//S---H\ 

Fc-C N-Ph 
's-c< 

0 
(VI) 
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