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Notes

CHROM. 5551

Gas chromatographic separation of diastereoisomeric haloalkanes and o-,
m- and p-isomers of monosubstituted halobenzenes with Igepal CO-880

For a study of the stereochemical course of hot substitution reactions on asyme-
metric carbon atoms?!, it was necessary to separate diastercoisomeric haloalkanes,
labelled with short-lived radiohalogens, such as SI° (half-life, 77 = 110 min), #Cl
(7" == 37 min) and ¥ (7" == 25 min). The separation therefore had to be relatively
fast in order to achieve a quantitative radioactivity measurement with a reasonable
statistical error. A good resolution was also desirable, since small activities of one
diastercoisomeric form had to be determined in the presence of large activities of
the opposite diastercoisomeric haloalkane, For the same reason, large sample volumes
(up to 100 ul) of the reaction mixture had to be injected, and hence capillary columns
were not applicable. A similar problem, though less pronounced, arose with respect
to the separation of o-, - and p-isomers of monosubstituted halobenzenes, the radio-
activity of which had to be quantitatively determined by a discontinuots radio gad
chromatographic technique? after recoil halogenation,

Very little information is available on the gas-liquid chromatographic (GLC)
separation of diastercoisomeric haloalkanes. The liquid phases which have been used
so far, such as Carbowax 2o M (ref. 3) and Carbowax 300 (ref. 4) or tritoly] phosphate?,
were unsatisfactory for our purpose with respect to retention times and/or resolution,

The GLC separation of o-, m- and p-isomers of substituted halobenzenes is a
simpler problem and a number of useful columns have been deseribed®-12, TPor multi-
component systems in the presence of an excess of a monosubstituted substrate or
solvent, it seemed desirable to have a more versatile column, which could even be
used on a semi-preparative scale.,

In the present note, we report on the application of Igepal CO-880 (Nonyl-
phenoxypolyoxyethylene ethanol), a versatile and effective liquid phase for both the
separation of diastercoisomeric haloalkanes and monosubstituted isomers of halo-
benzenes. ;

Experimental :

All GLC analyses have been carried out with a Hewlett-Packard Research
Chromatograph 5750, using o thermal conductivity detector, Glass columns of 3.5-5
mm LD, with lengths of 4, 8, 12 and 20 m were filled with cither 30 9%, Igepal CO-880
on Chromosorb P-NAW, 60-80 mesh (column 1) or 20 %, Igepal CO-880 on"Chromo-
sorb W-AW-DMCS, 60-80 mesh (column I1)., Igepal CO-880 was obtained from
Scrva International, and the solid support was coated with it by the rotating eva-
porator method, using dichloromethane as solvent. The data given in Tables T and 11
were obtained by injecting about 0.006 gl of solution containing 0.0z 4l of cach
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isomer. For the actual analyses during our Kinctic studies, reaction mixtures of
20-100 ul were used, containing 510 gl of each isomer in a solvent such as #-pentane,
cyclohexane or carbon tetrachloride. The samples were injected directly into the
column in order to avoid thermal decomposition on hot metal inlet ports, particularly
in the case of the bromo and iodo compounds. Helium was used as carrier gas at a
flow-rate of 100 ml/min. All other parameters are given in the tables,

Results and discussion

The results obtained for the separation of diastercomeric haloalkanes are given
in Table 1. The most difficult case is the separation of meso and racemic 1,2-dichloro-
1.2-difluorocthane (b.p. 59.4° and 59.9°, respectively). PALINO aAND RowLaND?! have
separated these diastercoisomers by using a 15-m column with Carbowax 300 as
liquid phase. At 65°, retention times of 4oo and 375 min, respectively, were necessary
to obtain resolution (tailing factor 209). [t can be scen from Table 1 that Igepal
CO-880 on Chromosorb P-NAW under our experimental conditions leads to a con-
siderably faster separation (08 and 72 min, respectively) with a resolution of about
g2 v, corresponding to an impurity level of about 0.69;. Chromosorb P has been
used as solid support because of its large surface arca and high capacity for the liquid
phase. As expected, it exhibits considerably better resolution than Chromosorb W,
but a longer retention time. The height equivalent to a theoretical plate (HETP) was
higher for the Chromosorb W (0.9 mm) than the Chromosorb P column (0.5 mm).
The relatively: small inertness of Chromosorb P did not cause any problems, mainly
due to the heavy loading with Igepal (30 95). Also, the tailing factor was reasonably
good (8o 9,) and decomposition of the haloalkanes could not be observed.

A fast and 100 Y%, separation of diastereoisomeric 2,3-dihalobutanes could also

TABLET

DATA FOR GLU SEPARATION OF DIASTEREOISOMERIC 1,2-DICHLORO- 1, 2-DIFLUOROKETHANES AND
2, 3-DIHALOBUTANES WITH [arPpaL CO-880

Column T glass, 5 mm LD, 309, Tgepal CO-880 on Chromosorb =N AW, 0o-8o mesh (0.5 mm

FHEED), Column T glass, 5 mm 1D, 20, Tgepal CO-880 on Chromosorb W-AW-DMCOS, 6o-So
mesh (0.9 mm HET.

Conditions

Compotnd Meso orveryvtlo Racemie or threo
() r Lot » Neso- Tewmp. Tulet Length  Colionn
(miin) (miin) lution (°C) pressurve ()
(“'u) (/\'/’/('I}lu)
1. 2-Dichloro-1,2- 08,38 1.000 22,00 1.054 ar.o 110 fd. 5 12 l
ditlnorocthane q2.15 1.000 g2 1.050 SHho3 ottt ew. O 20 11
2-Chloro-3-tluorobhutane  11.09 0,497 15.75 0.705 100 QO 2.20 S I
2-13romo-3-luorobutiane 22,34 1.000 3O.88 1.383 100 Qo 2,20 S I
‘ .1t 1.000 11.95 1.312 100 125 2045 S It
2, 3-Dichlorobutane 37.38 1.074 g2 1.979 100 Qo 2.0 S It
1443 1.584 16.53 1.81.4 100 125 2.45 N It
2-Chloro-g-bromobutane  25.93 2.8.45 28,90 3.171 toe 125 2045 S I
2, 3-Dibromohutane 45.27 €$.008 40.58 5.441 100 125 2,45 S It
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be achieved with an 8-m column of Igepal CO-880 on Chromosorb W-AW-DMCS
(¢f. Table 1). Compared with Carbowax 20 M (ref. 3) and tritolyl phosphate?,
which have been used previously for the separation of 2,3-dichlorobutanes, the present
separation is considerably faster.

Igepal CO-880 on Chromosorb W-AW-DMCS is also an efficient liquid phase
for the separation of a variety of monosubstituted halobenzenes. The results
obtained for the o-, m and p-isomers of fourteen different monosubstituted haloben-
zenes are listed in Table I The first two columns show the two variable substituent
groups (Y the halogen introduced and X the substituent group of the substrate
CyH X to be halogenated).

It can be seen from Table 11 that 100 9%, (or almost 1oo ;) resolution can be
achieved for most of the fourteen isomer triplets with retention times ranging from
about 6 to 50 min, at temperatures between 75 and 195°. The lgepal column, however,
fails to resolve o-, mi- and p-isomers of monohalogenated toluenes. FFor the separation
of monochloro- and monobromotoluene we used liquid crystals as stationary phase,
as described by KELKER® and DEWAR AND SCHROEDERT for the separation of dihalo-
benzenes. A 100 %, resolution was obtained when using a 4-m column of 209, 4,4'-
azoxydianisole on Chromosorb W-AW-DMCS, 60o-80 mesh, at 100° within about
12 min. But for most of our purposes, columns with liquid crystals could not be used
because they often drastically restricted sample capacities, their limited tempera-
ture range caused too long retention times for high-boiling compounds, and because
occasionally they made the separation of the o-isomer from the other isomers difficult.

TADLE 1

DATA FOR GLC SEPARATION OF -, - AND p-I1SOMERS OF
Taupan CO-88o

SUBSTITUTED HALOBENZENES WITH
Column: glass, 3.5 mm 1.1, 209, Tgepal CO-880 on Chromosorh W-AW-DMCS, 60--80 niesh
(0.7 mm HETP).

Para

Ortho

Mela

Conditions

¥ N Reso-
e v . e e 1“11‘”" .:_‘..4.,.“...._...‘., B e T e—
[ ’ et v Lot 14 m=p Temp,  Tnlet
(i) (1in) (min) (") (") pressure
‘ {heplein®y
I 17.04 1..420 12.01 1.000 10,83 1.353 So 75 3.25
B Cl 37-8¢9 1.508 25.13 1.000 32.08 1.277 1oo 75 2.75
13 10,2, 1.415 118 1.000 13.48 LI B 100 120 3.25
1 22.00 1.3906 10.0.4 1.000 18.32 1.125 100 120 3.25
NO, 32,00 1.308 23.44 1.000 20,37 1.125 1O 180 3.70
CHy 11,24 1.945 5.78 1.000 0.40 tora2s 100 o 2.05
Cl CCly 31.50 1.030 19.25 1.000 21,30 1107 100 195 3.70
i (& 1HO3 1.308 12.15 1.000 13.47 .10y 30} 130 3.37
Br 2414 1.350 17.88 1.000 10,30 1.085 oS 140 345
1 472t 1,288 37.04 1.000 3N.52 1042 N2 170 e
NO, 30.24 1.307 3.1 1.000 15.78 111y 100 195 3.50
3¢ N a8t 3 1.415 109.87 1.000 22.17 1115 103y tos 3.70
Br 32.00 1.331 24.72 1.000 20.40 1.008 92 150 3.50
| 24,20 e 19.35 - 105 3.70 '
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[t should be pointed out thiat a comparable separation of the monosubstituted
halobenzenes listed in Table 11 has been obtained® with o 2-m column of 5%, poly-
cthylene glycol on Chromosorb G-AW-DMCS, 8o-100 mesh, at temperatures between
0o and 135°, but the retention times were generally considerably longer.

Depending on the individual application and problem, Igepal CO-880 is probably’
not always the best choice for the separation of disubstituted benzences, but it seems
to be one of the most versatile and fast phases.
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