Journal of Chromatography, 268 (1983) 437-446
Elsevier Science Publishers B.V., Amsterdam — Printed in The Netherlands

CHROM. 16,038
GAS-LIQUID CHROMATOGRAPHIC ANALYSES

XVIII*. SEPARATION OF ALIPHATIC C,-C;3 »-ALKYL ESTERS OF BU-
TANOIC, 2-CHLOROBUTANOIC, 3-CHLOROBUTANOIC AND 4-CHLORO-
BUTANOIC ACIDS WITH THE CORRESPONDING ALCOHOLS

ILPO O. 0. KORHONEN
Department of Chemistry, University of Jyviskyld, Kyllikinkatu 1-3, SF-40100 Jyviskyli 10 (Finland)
(Received June 8th, 1983)

SUMMARY

The gas chromatography of mn-alcohols (ROH) and n-alkyl butanoates
(CH,CH,CH,COOR), 2-chlorobutanoates (CH3;CH,CHCICOOR), 3-chlorobutan-
oates (CH;CHCICH,COOR) and 4-chlorobutanoates (CH,CICH,CH,COOR),
where the alcohol chain length (R) varied between 1 and 18, was studied on SE-30
and OV-351 quartz capillary columns with temperature programming. The separa-
tion of a mixture of the above compounds with n-tetradecane (76 components in all)
was complete on SE-30. Generally, the following compounds are eluted in turn:
C,+s-alcohol < C,,,-alkyl butanoate < C,-alkyl 4-chlorobutanoate < C,-alkyl
2-chlorobutanoate < C,, ;-alkyl 3-chlorobutanoate (# = 2). On OV-351, however,
four complete and some partial overlappings occurred, the components generally
being eluted in the sequence C,; 4-alkyl butanoate < C, . -alkyl 3-chlorobutanoate
< C,4s-alcohol < C,-alkyl 4-chlorobutanoate < C,. ,-alkyl 2-chlorobutanoate (n
= 3). With chain lengths of » = 12 and 14 4-chloro and 2-chloro esters overlapped,
whereas octadecyl 2-chlorobutanoate eluted earlier than hexadecyl 4-chlorobutan-
oate at n = 16.

INTRODUCTION

In Part XVII! I dealt with the separation of primary straight-chain C,—C,s
alcohols and their propanoyl, 2-chloropropanoyl and 3-chloropropanoyl derivatives
on non-polar and polar capillary columns with temperature programming. SE-30
proved to be more efficient than QOV-351, separating the mixture completely.

This paper describes the gas chromatographic (GC) retention behaviour of
C,-C, 3 n-alkyl butanoates and the corresponding monochlorinated isomers. The
retention data of the compounds are given relative to the corresponding n-alcohols
and n-tetradecane. The retentions are also expressed as the ratios of the retention

* For Part XVII, see ref. 1.
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times of the compounds on OV-351 divided by those on SE-30. The order of elution
of the components is discussed.

EXPERIMENTAL

Samples

Primary C;-C,¢ alcohols were commercial products (Fluka, Buchs, Switzer-
land). n-Alkyl butanoates and the corresponding monochlorinated isomers were syn-
thesized from aliphatic alcohols -and acid chlorides as described earlier?. Butanoyl
chloride was prepared by the reaction of benzoyl chloride with commercial butanoic
acid (Fluka)3, 2-chlorobutanoyl chloride by chlorination of butanoyl chloride* and
3-chlorobutanoy! chloride from the corresponding acid® with thionyl chloride. 4-
Chlorobutanoyl chloride was a commercial product (Merck-Schuchardt, F.R.G.) and
was used after redistillation.

Gas chromatography

Analyses were performed on a Perkin-Elmer Sigma 3 instrument under the
following operating conditions: injector and flame-ionization detector temperatures,
280°C; nitrogen carrier gas flow-rate, 1 ml min—; splitting ratio, 1:30; and chart speed,
10 mm min~!. The columns used were a vitreous silica SE-30 wall-coated open-tubular
(WCOT) column (25 m x 0.33 mm L.D.), supplied by SGE (North Melbourne,
Australia), and a fused silica OV-351 WCOT column (25 x 0.32 mm L.D.), supplied
by Orion Analytica (Espoo, Finland). The following column temperatures were used:
on SE-30, programmed from 50 to 320°C at 6°C min™*; and on OV-351, programmed
from 50 to 230°C at 6°C min™! and held at 230°C until elution of peaks had ceased.

The chromatographic data were analysed with a Hewlett-Packard Model
3390A reporting integrator using standard programs.

RESULTS AND DISCUSSION

The retention data of the compounds studied are presented in Table I. Figs.
1 and 2 give the chromatograms of the mixture analysed on SE-30 and OV-351,
respectively.

Fig. 1 shows that complete separation of the individual components could be
achieved on a SE-30 capillary column, as previously reported for a mixture of n-
C,—C,3 alcohols and their propanoyl derivatives'. Four lower alcohols are eluted
earlier than methyl butanoate and six lower alcohols before monochlorinated methyl
butanoates. Methyl 2-chloro and 3-chloroisomers are eluted earlier than propyl
butanoate, methyl 4-chlorobutanoate appearing between ethyl 2-chloro and 3-chlo-
ro isomers. After that the following retention order of the compounds is observed:
C,+s-alcohol < C,,,-alkyl butanoate < C,-alkyl 4-chlorobutanoate < C,, ;-alkyl
2-chlorobutanoate < C, . ;-alkyl 3-chlorobutanoate (n = 2).

As shown, n-tetradecane is eluted between octyl butanoate and hexyl 4-chlo-
robutanoate (Fig. 1). Table I shows that on SE-30 the relative retention times, relative
to n-tetradecane, varied from 0.11 to 1.98. By assigning the retention times relative
to the alcohols, it becomes evident (Fig. 3) that the retention is maximized with butyl
butanoate (2.83) and propyl 2-, 3- and 4-chlorobutanoate (4.06, 4.18 and 4.80, re-
spectively).
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TABLE I

RETENTION DATA FOR PRIMARY C,-C;s STRAIGHT-CHAIN ALCOHOLS AND THEIR BUTANOYL,
2-CHLOROBUTANOYL, 3-CHLOROBUTANOYL AND 4-CHLOROBUTANOYL DERIVATIVES ON SE-30
AND OV-351 QUARTZ CAPILLARY COLUMNS

Conditions as in Figs. 1 and 2.

Compound Column

SE-30 ov-351

ART* RRT** RRT** RRT® ART* RRT™ RRT*™ RRT' RRTS

Methanol 243  0.11 1.00 0.53 285 027 1.00 081 1.17
Ethanol 270 0.13 1.00 0.44 3.08 029 1.00 0.77 1.14
1-Propanol 3.04 0.14 1.00 0.36 391 037 1.00 0.77 1.29
1-Butanol 390 0.18 1.00 0.35 531 050 1.00 0.79 1.36
1-Pentanol 543 025 1.00 0.39 7.20 0.68 1.00 0.83 1.33
1-Hexanol 7.65 035 1.00 0.47 930 088 1.00 0.86 1.22
1-Heptanol 10.39 048 1.00 0.56 11.54 1.09 1.00 0.88 1.11
1-Octanol 13.19 0.61 1.00 0.63 1378 131 1.00 0.91 1.04
1-Nonanol 1579  0.73 1.00 0.68 1580 1.50 1.00 0.92 1.00
1-Decanol 1823 0.85 1.00 0.72 17.74 1.68 1.00 0.93 0.97
1-Undecanol 20.59 095 1.00 0.76 19.67 1.87 1.00 0.94 0.96
1-Dodecanol 2281 1.06 1.00 0.78 21.50 2.04 1.00 095 0.94
1-Tetradecanol 2694 125 1.00 0.82 2497 237 1.00 0.95 0.93
1-Hexadecanol 30.80 1.43 1.00 0.86 2820 268 1.00 0.96 0.92
1-Octadecanol 3428 1.59 1.00 0.88 3141 298 1.00 0.96 0.92
Methyl butanoate 461 021 1.90 1.00 350 033 1.23 1.00 0.76
Ethyl butanoate 609 0.28 2.26 1.00 400 038 1.30 1.00 0.66
Propyl butanoate 840 039 2.76 1.00 511 048 1.31 1.00 0.61
Butyl butanoate 11.05 0.51 2.83 1.00 671 0.64 1.26 1.00 0.61
Pentyl butanoate 1379 0.64 254 1.00 869 082 1.21 1.00 0.63
Hexyl butanoate 1629 0.76 2.13 1.00 10.84 103 1.17 1.00 0.67
Heptyl butanoate 18.65 0.86 1.79 1.00 13.05 1.24 1.13 1.00 0.70
Octyl butanoate 2090 097 1.58 1.00 1511 143 1.10 1.00 0.72
Nonyl butanoate 23.10 107 1.46 1.00 17.11  1.62 1.08 1.00 0.74
Decyl butanoate 2515 117 1.38 1.00 19.04 181 1.07 1.00 0.76
Undecy! butanoate 27.14  1.26 1.32 1.00 2091 198 1.06 1.00 0.77
Dodecyl butanoate 29.07 135 1.27 1.00 2271 215 1.06 1.00 0.78
Tetradecyl butanoate 3269 1.52 1.21 1.00 26.15 248 1.05 1.00 0.80
Hexadecyl butanoate 3597 167 1.17 1.00 2930 2.78 1.04 1.00 0.81
Octadecyl butanoate 3905 181 1.14 1.00 3264 310 1.04 1.00 0.84
Methy! 2-chlorobutanoate 7.80 036 3.21 1.69 7.80 0.74 2.74 223 1.00
Ethyl 2-chlorobutanoate 9.70 045 3.59 1.59 848 0.80 2.75 2.12 0.87
Propyl 2-chlorobutanoate 12.34  0.57 4.06 147 10.16 096 2.60 1.99 0.82
Butyl 2-chlorobutanoate 1492  0.69 3.83 135 12.19 1.16 2.30 1.82 0.82
Pentyl 2-chlorobutanoate 17.38 0.81 3.20 1.26 1422 135 1.98 1.64 0.82
Hexyl 2-chlorobutanoate 19.71 091 2.58 1.21 16.20 1.54 1.74 1.49 0.82
Heptyl 2-chlorobutanoate 2196 1.02 2.11 1.18 18.16 1.72 1.57 1.39 0.83
Octyl 2-chlorobutanoate 2411 112 1.83 1.15 2005 190 1.46 1.33 0.83
Nonyl 2-chlorobutanoate 2620 121 1.66 1.13 2191 208 1.39 1.28 0.84

( Continued on p. 440)
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TABLE I (continued)
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Compound Column
SE-30 OV-351
ART* RRT** RRT*** RRT® ART* RRT** RRT*™ RRT' RRT®

Decyl 2-chlorobutanoate 28.15  1.31 1.54 1.12 23.70 225 1.34 1.24 0.84
Undecyl 2-chlorobutanoate 30,09 1.39 1.46 1.11 2542 241 1.29 1.22 0.84
Dodecyl 2-chlorobutanoate 3190 1.48 1.40 1.10 27.10 257 1.26 119  0.85
Tetradecyl 2-chlorobutanoate 3530 1.64 1.31 1.08 30.29 287 1.21 1.16 0.86
Hexadecyl 2-chlorobutanoate  38.46 1.78 1.25 1.07 3398 322 1.20 1.16 0.88
Octadecy! 2-chlorobutanoate 41.37 192 1.21 1.06 39.18 3172 1.25 1.20 0.95
Methyl 3-chlorobutanoate 795 037 327 1.72 8.69 0.82 3.05 248 1.09
Ethyl 3-chlorobutanocate 10.01 046 17 1.64 9.55 091 3.10 2.39 0.95
Propy! 3-chlorobutanoate 1272 0.59 4.18 1.51 1142 1.08 2.92 2.23 0.90
Butyl 3-chlorobutanocate 1530 071 3.92 1.38 13.50 1.28 2.54 2.01 0.88
Pentyl 3-chlorobutanoate 17.75  0.82 327 1.29 1549 147 2.15 1.78 0.87
Hexyl 3-chlorobutanoate 20.09 0.93 2.63 1.23 1745 1.66 1.88 1.61 0.87
Heptyl 3-chlorobutanoate 22,31 103 2.15 1.20 1938 1.84 1.68 1.49 0.87
Octyl 3-chlorobutanoate 2446 1.13 1.85 1.17 21.22 2.0t 1.54 1.40 0.87
Nonyl 3-chlorobutanoate 2651 1.23 1.68 1.15 23.05 2.19 1.46 1.35 0.87
Decyl 3-chlorobutanoate 2846 1.32 1.56 1.13 2480 235 1.40 1.30 0.87
Undecy! 3-chlorobutanoate 3037 141 1.47 1.12 26.50 2.51 1.35 1.27 0.87
Dodecy! 3-chlorobutanoate 32,19 . 149 1.41 1.11 28.12  2.67 1.31 124 0.87
Tetradecyl 3-chlorobutanoate  35.56 1.65 1.32 1.09 3136 298 1.26 1.20 0.88
Hexadecyl 3-chlorobutancate  38.71 1.79 1.26 1.08 3543 336 1.26 1.21 0.92
Octadecy] 3-chlorobutanoate 41.60 1.93 1.21 1.07 4142 393 1.32 1.27 1.00
Methy! 4-chlorobutanoate 9.80 0.45 4.03 2.13 11.296 107 3.96 3.23 1.15
Ethyl 4-chlorobutanoate 11.92  0.55 441 1.96 12.19  1.16 3.96 3.05 1.02
Propyl! 4-chlorobutanoate 1460 0.68 4.80 1.74 1405 1.33 3.59 2.75 0.96
Buty! 4-chlorobutanoate 17.06  0.79 4.37 1.54 16.01 1.52 3.02 2.39 0.94
Pentyl 4-chlorobutanoate 19.41 0.90 3.57 1.41 1799 1711 2.50 2.07 0.93
Hexyl 4-chlorobutanoate 2169 1.01 2.84 1.33 19.89 1.89 2.14 1.83 0.92
Heptyl 4-chlorobutanoate 23.89 1.11 2.30 1.28 21.76  2.06 1.89 1.67 091
Octyl 4-chlorobutanoate 2595 1.20 1.97 1.24 2359 224 .71 1.56 0.91
Nonyl 4-chlorobutanoate 2795 1.30 1.77 1.21 2535 241 1.61 1.48 091
Decyl 4-chlorobutanoate 29.88 1.39 1.64 1.19 27.04 257 1.52 1.42 0.90
Undecyl 4-chlorobutanoate 31.72 147 1.54 1.17 2869 272 1.46 1.37 0.90
Dodecyl 4-chlorobutanoate 3348 1.55 1.47 1.15 30.29 287 1.41 1.33 0.90
Tetradecyl 4-chlorobutanoate  36.77 1.70 1.36 1.12 3398 322 1.36 1.30 0.92
Hexadecyl 4-chlorobutanoate  39.82 1.85 1.29 1.1 3928 373 1.39 1.34 0.99
Octadecy] 4-chlorobutanoate 4265 198 1.24 1.09 4762 4.52 1.52 1.46 1.12
n-Tetradecane 21.57  1.00 0.80 0.66 10.54 1.00 0.42 0.40 0.49

* Absolute retention times (min) were measured from sample injection (Figs. 1 and 2).

** Relative retention time for n-tetradecane taken as 1.00.
*** Relative retention time for the corresponding n-alcohol taken as 1.00.
§ Relative retention time for the corresponding n-alkyl butanoate taken as 1.00.

8 Relative retention time for the corresponding compound on SE-30 taken as 1.00.
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Fig. 3. Relative retention times (RRTs) for C,-Cg n-atkyl butanoates (curve 2), 2-chlorobutar'10ate.s (curve
3), 3-chlorobutanoates {(curve 4) and 4-chlorobutanoates (curve 5) on SE-30. Relative retention times for
the corresponding n-alcohols (curve 1) taken as 1.00 (Table I).

Fig. 2 shows the separation of the mixture on a highly polar OV-351 capillary
column. As can be seen, the following compounds overlapped completely: pentyl
butanoate with methyl 3-chlorobutanoate, ethyl 4-chlorobutanoate with butyl 2-chlo-
robutanoate, dodecyl 4-chlorobutanoate with tetradecyl 2-chlorobutanoate and tet-
radecyl 4-chlorobutanoate with hexadecyl 2-chlorobutanoate. In addition, some par-
tial overlappings are also observed, as is evident in Fig. 2.

Two lower alcohols are eluted earlier than methyl butanoate, butyl butanoate
and 1-pentanol appearing before methyl 2-chlorobutanoate. As a consequence of the
relatively long retention times of the w-chloro isomers, methyl 4-chlorobutanoate is
eluted between hexyl butanoate and propyl 3-chlorobutanoate. Generally, the fol-
lowing compounds are eluted in turn: C, ;4-alkyl butanoate < C,-alkyl 3-chlo-

robutanoate < C,,s-alcohol < C,-alkyl 4-chlorobutanoate ¢ C,.+2-a]](y1 ). chlo-

robutanoate (n > 3). The compounds are eluted closer together with

length, partial overlapping of dodecyl 3 increasing chain

-chlorobutanoate with 1-hexadecanol and of
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Fig. 4. Relative retention times (RRTs) for C,-C g n-alkyl butanoates (curve 2), 2-chlorcbutanoates (curve
3), 3-chlorobutanoates (curve 4) and 4-chloerobutanoates (curve 5) on OV-351. Relative retention times
for the corresponding r-alcohols (curve 1) taken as 1.00 {Table I).

tetradecyl 3-chlorobutanoate with 1-octadecanol being detected. Additional overlap-
pings occurred with the 4-chloro and 2-chloro isomers (n > 8), the order of elution
of the compounds (» = 12) not being in accordance with that given above, i.e., with
chain lengths of # = 12 and 14, the isomers are coincident and octadecyl 2-chloro-
butanoate eluted slightly earlier than hexadecyl 4-chlorobutanoate (n = 16), as
shown in Fig. 2.

The retention times relative to n-tetradecane varied from 0.27 to 4.52 (Table
I), being clearly higher than those observed on SE-30. Fig. 4 shows that lower reten-
tion times relative to the alcohols on a polar column are observed. Retention is
maximized within propyl butanoate (1.31), ethyl 2-chlorobutanoate (2.75), ethyl 3-
chlorobutanoate (3.10) and methyl and ethyl 4-chlorobutanoate (3.96).

Fig. 5 and Table I show that under the same operating conditions, only the
methyl 3-chloro isomer and the methyl and ethyl 4-chloro isomers showed greater
retention times on OV-351 in addition to the lower alcohols, methyl 2-chlorobuta-
noate appearing at the same time on both columns.

By comparing the results given here with those reported earlier?, the following
retention order for #-alkyl propanoates and butanoates on SE-30 is observed: pro-
panoate < butanoate < 2-chloropropanocate < 3-chloropropanoate < 2-chloro-
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Fig. 5. Relative retention times (RRTs) for C;—C,3 n-alcohols (curve 1), n-alkyl butanoates (curve 2), 2-
chlorobutanoates (curve 3), 3-chlorobutanoates (curve 4) and 4-chlorobutanoates (curve 5) on OV-351.
Relative retention times for the corresponding compounds on SE-30 taken as 1.00 (Table 1).

butanoate < 3-chlorobutanoate < 4-chlorobutanoate. On OV-351, however, the
w-chloro isomers are eluted in turn, the sequence being propanocate < butanoate
< 2-chloropropanoate < 2-chlorobutanoate < 3-chlorobutanoate < 3-chloropro-
panoate < 4-chlorobutanoate. As previously reported®, methyl chloroacetate is
eluted on SE-30 earlier than methyl 2-chloropropanoate, the compounds being eluted
in the reverse order on a polar column. The retention behaviour of C,-Cg n-alkyl
chloroacetates'® and the corresponding 2-chloropropanoates! indicates the same
phenomenon with higher esters also.

ACKNOWLEDGEMENTS
This work was supported financially by the Foundation for Research on Nat-
ural Resources in Finland and the Leo and Regina Wainstein Foundation. This aid

is gratefully acknowledged.

REFERENCES
1 L. O. O. Korhonen, J. Chromatogr., 268 (1983) 229.



L O. 0. KORHONEN

3

. Edwards, W. Gerrard and M. F. Lappert, J. Chem. Soc., (1957) 353.

. Brown, J. Amer. Chem. Soc., 60 (1938) 1325,

. Harpp, L. Q. Bao, C. J. Black, R. A. Smith and J. G. Gleason, Tetrahedron Lett., (1974) 3235
. Eliel and J. T. Traxler, J. Amer. Chem. Soc., 78 (1956) 4049.

Korhonen, J. Chromatogr., 209 (1981) 96.

Korhonen, J. Chromatogr., 211 (1981) 267.

Korhonen, Chromatographia, 15 (1982) 505.

Korhonen, J. Chromatogr., 246 (1982) 241,

Korhonen, J. Chromatogr., 248 (1982) 69.

(== =R-RES s NV N )

oooooﬁzoc

. O.
. O.
. O.
. 0.
. 0.

—



