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Note 

Gas chromatographic separation of mono- and disubstituted benzene deriv- 
atives and of diastereoisomeric halogenoalkanes with Beneone-38 

(Received May ZOth, 1975) 

The halogenation of benzene and its monosubstituted derivatives gives rise to 
a mixture of the unchanged substrate, the mono-halogenated compound and its 
halogenated ortlto-, n~ela- and para-isomers. In the course of our studies on electro- 
philic and hot homolytic substitution reactions by nucleogenic recoil atoms, the 
halogenated derivatives are formed in carrier-free amounts labelled with the respective 
radioactive halogen atom1-5. The label was a short-lived radiohalogen such as ‘lrF 
(t., = I 10 min), 3W (t+ = 37 min) and “OBr (l+ = 18 min). Therefore, a fast separation 
method had to be developed in order to allow radioactivity measurements with a 
reasonable statistical error. Gas-liquid chromatographic (GLC) techniques provide 
rapid analytical methods for the separation of compounds having similar boiling 
points. Besides fast separation, a good resolution of the peaks is also desirable. In 
our experimental work, the halogenated products were injected into the column in 
the presence of large quantities of the unchanged substrate and a solvent (carbon 
tetrachloride). The total volume of the reaction mixture was <40O,~l, which could 
not be separated with capillary columns. 

In the literature, separations of isomeric substituted benzenes by GLC tech- 
niques are described”-I4 and our laboratory has recently reported” a fast method for 
the separation of disubstituted benzenes and diastereoisomeric halogenolkanes using 
Igepal CO-880 on a stationary phase. In some of the papers11-*5 the application of 
solid Bentone- (dimethyldioctadecylammonium bentonite) in a mixture with liquid 
silicone oil or dinonyl phthalate is mentioned as an appropriate stationary phase for 
the separation of such aromatic compounds. Mortimer and Gent” suggested from X- 
ray studies that the selectivity found for the various isomers is based on the expansion 
of the basal spacing of the organoclay in Bentone from 12.3 to 38.5 A caused by the 
silicone oil, the Bentone thus being present as a thixotropic gel. Most of these studies, 
however, had the disadvantages of long retention times, incomplete separations.or the 
necessity of small sample sizes t4-16. Similar problems occur in GLC separations of 
diastereoisomeric halogenoalkanes. The liquid phases used so far, ,e,g., Carbowax 20 
MI’, Carbowax 3001H or tritolyl phosphate 19, did not yield satisfactory’results with 
regard to retention time and/or resolution. 

When looking for a versatile column, combining the advantages of rapid sepa- 
ration and good resolution, we found Bentone- to be a good material for our analyt- 
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ical problems, also being useful on a semi-preparative scale. Here we report the appli- 
cation of Bentone-38-silicone oil DC 200 as a phase for the separation of both 
mono- and disubstitutecl aromatic compoundsand diastereoisomeric halogenoalkanes. 
The results of these investigations are summarized and compared with previous separa- 
tions described in the literature. 

EXPERIMENTAL 
. . . 

All GLC analyses were performed with a Hewlett-Packard Research Chroma- 
tograph 5752, using a thermal-conductivity detector. The columns used (glass: length 
4 m, 3.5 mm I.D.) were filled with 60/;: Bentone- (highly purified montmorillonite. 
A1203-4Si02-HZ0 + nH,O, dried at 150” to give A12(0H)2(SiO10) and then treated 
with dimethyldioctadecylammonium chloride) and 20% silicone oil DC 200 on 
Chromosorb W-AW-DMCS (60-80 mesh). Bentone- and silicone oil DC 200 were 
obtained from E. Merck, Darmstadt, G.F.R. The material was prepared by mixing 
the compounds with the solid support in dichloromethane and then removing the 
solvent by the rotating-evaporator method. 

The experimental data in Tables 1 and II were obtained after injecting a mixture 
of the isomeric compounds and the standard (co. 0.2,~l of each compound). Because 
of larger amounts of the unchanged substrate and the solvent (carbon tetrachloride), 
the actual temperature conditions of analysis had to be varied and therefore differ 
somewhat from the given data. In all cases, helium was used as carrier gas with a 
flow-rate of 100 ml/min. 

RESULTS AND DISCUSSION 

The results of the separation of the ortllo-, rneta- and pnra-isomers of fluoro-, 
chloro-, bromo- and iodobenzenes are shown in Table 1 together with data for the 
monosubstituted compounds. The retention times are given on an absolute scale (min) 
and relative to an internal standard (mcm-isomer, relative retention time = I). Also, 
an aliphatic substrate (dodecane) was added as a standard compound. All the separa- 
tions could be performed in less than 38 min, less than the hitherto shortest retention 
times of a similar analysis using lgepal CO-880 on Chromosorb W-AW-DMCP. In 
all cases, the resolution was loo’;/,. The tailing peaks in the case of or,/to-chloronitro- 
benzene and ortllo-bromobenzonitrile were possibly due to partial decomposition of 
the compounds; in this case the retention times were determined from the minimum 
amounts (cu. 0.02,~l) of the isomers. 

Bentone- is also well suited for the separation of diastereoisomeric halogeno- 
alkanes. Analysis data for 1,2-dichloro-I ,2-difluoroethane, 2-bromo-3-fluorobutane, 
2,3-dichlorobutane, 2-bromo-3-chlorobutane and 2,3-dibromobutane are summarized 
in Table II, showing absolute and relative retention times (racemic- and fltreo-com- 
pound, relative retention time = 1). In all cases, decane was present as an internal 
standard. In contrast to separations with other columns described4s18a19 the analysis 
of all the diastereoisomeric compounds can be performed in less than 5 min and has 
a resolution of 100 “4. Especially in the difficult case of I ,Zdichloro-I ,2-difluorethane 
(b.p. 59.4 and 59.9”, respectively), an excellent separation can be achieved within 5 
min. 
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TABLE II 

DATA FOR GLC SEPARATION OF DIASTEREOISOMERIC 1 ,2-DICHLORO-1.2.DIFLUOROETHANES 
AND 2-3.HALOGENOBUTANES 
Column as in Table 1. 
. _....... -_-.. ._.. _. .._ ..-.-.. ..-..--_. ..-- - . -._.. .-_-..-.... ----- . . -._. ._..__. .._. ._.. -- _.._ -- ._._._.. 
Corrlporrrrr/ 111cs0 or crytlrro raccmic or the0 Decaue s?am/ard Tcrtrp. h/et 

---- ..- . --.- -... . 
I,ro I 

i%!i) 
tncr 

‘. (“C) 
r r 

presstrre . 

(nritr) (nritr) 
(kgjcru2) 

_.-._._-_._ -_-- . . ..___ .._. ..-------...-.. ..-_.-..... --.- -.-. -.-- ..--. -...-. _ _,._ -_ ._..._ .__.. _ __.. ..__ .._ _... 
1,2-Dichloro-1.2.difluorocthanc 3.99 0.819 4.87 ’ 1 .OOo 50 2.17 
2-Bromo-3-fluorobutanc 2.08 0.614 3.39 1.000 7.95 2.345 120 2.67 
2,3-Dichlorobutanc 2.34 0.692 3.38 1.000 5.93 1.754 130 2.73 
2-Bromo-3-chlorobutanc 2.90 0.749 3.87 1.000 4.45 1.150 140 2.79 
2,3-Dibromobutanc 3.05 0.784 3.89 1 .ooo 2.85 0.733 160 2.91 
_ . - . .._. .- .__ . _ . -. -...--... . -.._-. .--.. . .- -. .._. . __. _ _ 

In conclusion, for separation of mono- and disubstituted halogenobenzenes and 
diastereoisomeric halogenoalkanes, Bentone- (with silicone oil DC 200) on Chro- 
mosorb W-AW-DMCS is an efficient material with short retention times and very 
good resolution properties. The only disadvantage is the maximum temperature (I 80”). 
usage being limited to lower boiling substances (boiling points less than CU. 250”). 
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