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Ferrocene derivatives are relatively stable organometallic compounds and have 
been analysed by means of thin-layer (TLC)‘-‘, gas-liquid (GLC)J*5 and high-per- 
formance liquid chromatography (HPLC)+“. Some methods for the separation of 
ferrocene compounds from reaction mixtures have been proposed’-‘.6*8. 

We have been investigating the application of chromatographic methods to the 
separation of oxygen- and sulphur-containing ferrocene derivatives’. in this paper we 
discuss the separation of seIected ferrocene osathiolanes and dithiolanes by means of 
TLC and GLC 

ESPERIhlENT_AL 

Prepamriorz of ferrocene contporinds 
Series of ferrocenyl diosolanes, osathiolanes and dithiolanes (see Table I j were 

prepared by reaction of formylferrocene and fenocene ketones with 1.2-dials, 2- 
mercaptoethanol and 1.2-dimercaptoethane9. All of the derivatives were purified by 
column liquid chromatography_ The glass column (40 x 3 cm I.D.) was filled with 
silica gel 60 (7&230 mesh) (E. Merck. Darmstadt. G-F-R_). The mobile phase \vas II- 
hesdne-acetone (9:l). 

Purtition thin-luger chroinutogruph~ 
The sample substances were separated using pre-coated giass TLC plates cov- 

ered with silanized silica gel 60-F1,, (E. Merck) and impregnated with 20:/ trieth- 
yIene glyco1 in acetone. On these plates. _ 3 ,A of a solution of the ferrocene derivatives 
in chloroform (5 mgjml) were developed using lz-hexane-carbon tetrachloride-ben- 
zene ( 12: 1: I) as the mobile phase_ The chromatograms were examined under UV light 
(254 nm). 

Gus-Ziqrrid c-hronmtogruph> 
A Perkin-Elmer 900 chromatograph with a flame-ionization detector was used, 

equipped with a glass column (6 ft_ x 3 mm I.D.). The siationary phase was 3”/:. 
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EGSP-2 on Gas-Chrom Q (100-120 mesh) (Applied Science Labs., State College, 
PA, U.S.A.). The operating conditions were as follows: detector temperature, 220°C; 
injection chamber temperature, 260°C; hydrogen flow-rate, 35 ml/min; air flow-rate, 
180 ml/min; argon flow-rate, 40 ml/min. Isothermal analysis was performed at 220°C. 

RESULTS AND DISCUSSION 

Results of the partition TLC separation of the ferrocene derivatives are given 
as R, values in Table I. The conditions used (non-reversed phase) gave more satisfac- 
tory separations than adsorption TLC. 

The results show that substitution of oxathiolane or dithiolane rings with 
methyl or phenyl groups in the 2-position increases the RF values. 

The qualitative separation achieved by TLC was confirmed by the results ob- 
tained by GLC. The results of isothermal separation on EGSP-Z as the stationary 
phase are given in Fig. 1 and Table II. The separations dbtained are also given in the 

TABLE I 

CHEMICAL CONSTITUTION AND R, VALUES OF FERROCENE COMPOUNDS 

Contpottttd 

Fornttrh R 
~___~___._____ 

2-Ferrocenyl-l-methyldioxolanc-1,3 

l,l’-Ferrocene-bis(dithiolane-1,j) H 0.47 
l.l’-Ferrocene-bis(t-methyldithiolane-1.3) CH, 0.53 
l.l’-Ferrocene-bis(3-phenyldithiolane-1.3) GH, 0.58 

2-Ferrocenyloxathiolane-1.3 H 
2-Ferrocenyl-2-methyloxathiolane-1.3 CH, 
2-Ferrocenyl-2-phenyloxathiolane-1.3 GHs 

2-Ferrocenyldirhiolane-I.3 H 
2-Ferrocenyl-2-methyldithiolane-1.3 CH, 
2-Ferrocenyl-2-phenyldithiolane-1.3 GH, 

0.2s 

0.56 
0.61 
0.67 

0.60 
0.65 
0.71 
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Fig. 1. Separation of a mixture of fermcene orrathiolanes and dithiolanes using a 3 % EGSP-2 column. 
Peaks: 1 = 2-ferrocenyl4methyldioxoIane-I.3; 2 = internal standard (1,3_diphenylacetone); 3 = 2- 
ferrocenyloxathiolane-1.3; 4 = 2-ferrocenyl-2-methyloxathiolane-1.3; 5 = 2-ferroceny!dithioIane-1.3; 
6 = 2-ferrocenyi-2-methyIdithiolane-1,3; 7 = 2-ferrocenyl-2-phenyloxathiolane-1.3; 8 = t,I’-ferrocene- 
bis(dithioIane-1.3); 9 = I,l’-ferrocene-bis(2-methyldithiolane-1,3); IO = 2-fkrmcenyl-2-phenyldithiolane- 
1,3; I I = I.l’-ferrocene-bis(2-phenyIdithioIane-1.3). 

TABLE Ii 

GLC RETENTION VALUES OF FERROCENE DERIVATIVES 

Compound separated Rerenrion value 

I, (min) 2 

Inm-na~ standard: 
i.3-DiphenyIacetone 

Dioxolane-I ,3: 
2-FerrocenyI4methyIdioxoIane-I.3 

Bisdirhiofanes: 
I,I’-Ferrocrne-bis(dithioIane-1.3) 
I, I’-Ferrmne-bisi2-methyhyldithiolane-1,3) 
I.l’-Ferrocene-bi(2-phenyldithiokme-1.3) 

Oxarhiolanes: 
l-FerrocenyIoxathioIane-1.3 
2-Ferrocenyl-Zmethylo_xathiolane-1.3 
2-Ferrocenyl-2-phenyIo.xathioIane-1.3 

Di~hiolanes: 
7--FerracenyIdithiolane- 1.3 
2-Ferrccenyl-2-methyidirhiolane-1.3 
2-Ferrenyl-2-phenyldithiotane-I.3 

4.8 1.00 

4.0 0.84 

33.5 7.05 
37.0 7.78 

IOLO 21.05 

10.5 2.21 
12-O 2.52 
28.5 6.00 

20.5 4.31 
22.8 4.78 
74.8 15.58 
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form of retention times (CR) and relative retention times (z), determined relative to the 
retention time of the internal standard, 1,3-diphenylacetone. 

Application of the Polar stationary phase EGSP-Z (McReynolds constant EAI 
= 2278) permits the isothermal separation of the sample substances. Silicone 
stationary phases of the OV or SE type did not give efficient separations. 
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