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SULMMARY 

The retention behaviour of methyl, chloromethyl and the isomeric methyl 
monochioro esters of rz-carbosylic acids and of the branched-chain C, carboxylic 
acids on Carbowax 20M and SE-30 capillary columns has been examined. The effect 
on retention of the position of the chlorine substituent and of branching in the acid 
chain is discussed and the results are compared with those of other studies of aliphatic 
esters. 

INTRODUCTION 

Several recent papers have described the retention behaviour of the methyl. 
methyl Z-chloro and chloromethyl esters of C,-C,, n-carboxylic acids’, the isomeric 
methyl monochloro esters of C&,, lr-carboxylic acids’, the isomeric chloromethyi 
monochloro esters ofX,-C,, rz-carboxylic acids3 and the methyl, chloromethyl and 
the corresponding monochloro esters of pivalic, 2-methylbutyric. isovaleric and va- 
leric acid?. The data were obtained using Carbowax 20M giass capillary columns’-3 
or a vitreous silica SE-30 wall-coated open tubuIar coIumn4. The studies were con- 
ducted using linear temperature programming and with modest programming rates 
the data for homologues showed an incremental effect with the variation of a struc- 
tural parameter being readily apparent_ 

The retention behaviour of aliphatic ester series that have been studied5-” 
where the influence of chain branching” and unsaturation6*” have heen considered. 
This paper considers the situation where the substituent, i.e., chlorine, possesses an 
acknowledged acceptor character. This is ir complete contrast to the earlier series 
studied where the secondary interactive group present, either a double bond6*“, an 
alkyl gro~p~~‘*~*” or another carbonyl group’, is of a donor character and com- 
plementary to the ef5iit of the ester carbonyl group. 

* Put XV: J. K. Haken 2nd D. Srisukb, 1. Chromarogr., 219 (1981) 45. 
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EXPERIMEXTXL 

A Varian Model 2400 instrument with a flame-ionization detector was used. 
Three columns were employed: (1) a 90 ft. x 0.012 mm I.D. glass capillary column 
coated with 5 y& Carbowas 2OM; (2) a 50 m x 0.3 mm I.D. glass capillary column 
coated with 3 ‘6 Carbowas 20M; and (3) a 25 m x 0.22 mm I.D. vitreous silica SE-30 
SCOT column (Scientific Glass Engineering. Melbourne, Australia). 

The data in Table I were obtained using the first Carbowax ZOM column with 
isothermal operation at 4OC for 4 min and then temperature programmed from 40 to 
235°C at S’C/min’. The data in Tables II and III were obtained using the second 
Carbowas 20M column with temperature proSramming from 50 to 190°C at 
IzC;min”l. The data were not corrected for dead volume. 

RESULTS .&SD DISCUSSION 

The retention times of the methyl, the methyl 2-chloro and the chloromethyl 
esters of the C2-C,, tr-a!iphatic acids from the work of Korhonen’ are shown in 
Table I. Fig. 1 shows plots of the data, three curvilinear plots being observed; data for 
several of the lower homologues have been omitted as elution was carried out under 
isothermal conditions rather than with temperature programming. As expected, the 
retention times of the chlorinated esters are higher than those of the iz-alkyl esters, 

TABLE I 

RETENTION TIMES OF METHYL, METHYL 2-CHLORO AND CHLOROMIETHYL ESTERS OF 
C,-Co n-CXRBOXYLIC ACIDS 

n-Carcio.ryfic 
acid 

Chlorotnerhj 1 
esler 

G! 
C3 
C, 
G 
C.S 
c? 
C, 
C9 
C to 

C*, 
C 12 

C 
C:: 
C IS 

C 16 

C 13 

C 18 

G9 

C 20 

1.95 
LIO 
I?_39 
3.09 
4.53 
6.61 
s.74 

10.70 
12.43 
14.04 
15.54 
16.91 
1823 
19.48 
20.73 

21.88 
77-98 
24.05 
25.12 

5.92 

4.65 
6.03 
7.57 
9.40 

11.23 
12.95 
14.51 
15.95 
17.32 

18.63 
19.86 
21.10 
77 76 --- 
23.31 
24-40 

25.45 
26.44 
27.41 

3.93 
5.35 
6.57 
8.85 

IO.57 
12.27 
13.83 
15.33 
16.70 
IS.00 

19.27 
20.3s 
21.68 
22.79 
23.85 
24.89 
25.9 1 

26.82 
27.96 
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Fig. 1. Plot showing retention of methyl esters (tune 3). methyl Z-chloro esters (tune 2) and chloromethyl 
esters (curve 1) of C2-Go n-aliphatic acids. 

and also the chloromethyl ester series show slight and consistently greater retention 
times the methyl 2chloro esters. This effect is as previously observed with alkyl esters, 
where a methylene group’.‘, a methyl substituent’l or a double bond6*ro had a 
greater effect on retention when in the alcohol rather than in the acid chain. In these 
series donor effects due to the carbonyl group, unsaturation or methyl groups are 
significant and greater retention, as observed, is associated with the position of the 
ether link. With the chlorinated esters the substituent with an acknowledged acceptor 
character might be expected to reduce the overall polar effect when associated with 
the alcohol chain; however, this does not occur and the retentions follow the pattern 
previously observed. 

The effect of the position of the chlorine atom in the acid chain may be ob- 
served by considering the retention of methyl and chloromethyl esters of isomeric 
monochioro aliphatic acids (Table II). The isomeric monochloro esters are elutcd in 
order of increasing distance of the substituent groups from the carbonyl group al- 
though, as is evident from Fig_ 2, a significant increase in retention occurs with the o- 
chioro isomers. This is as observed with terminal unsaturation, which has been exten- 
sively studied with unsaturated fatty esters “-” However, with the fatty acid esters a _ 
double bond adjacent to the carbonyl group, i-e., equivalent here to the 2-chioro 
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Fig. 2. Piot showing eiution sequence of isomeric monochloro esters. 1, cr) - 3; 2, w - 2; 3, w - 1; 4, o_ 

TABLE III 

RETENTION TIMES OF METHYL. CHLOROMETHYL AND METHYLMONOCHLORO 
ESTERS OF -4LIPHATIC C,-CARBOXYLIC ACIDS 

CO??lpOWl& Rerenrion rime (min j 

SE-30 column 

Mi pivalate 4.15 3.55 
Cl-Me pivalate 5.73 8.40 
Me chloropivalate 6.74 10.45 
We Zmethylbutyrzte 4.34 4.70 
Me 2chloro-2-methyIbut4Tate 6.03 9.69 
Me 3-chloro-2-methylbutyrate (e)” 6.91 10.6s 
Cl-Me 2-methylbutyrate 7.20 11.07 
Me 3chioro-2-methylbutyrate (t)** 7.56 il.60 
Me 2chloromethylbutyrate 8.51 12.72 
Me 4-chloro-2-methylbutyrate 9.30 13.68 

Me kovalerate 4.36 A74 
Me 2chIoroisovalerate 6.53 10.55. 
Me 3chloroisovaIerate 6.55 9.49 
CI-IUe isovalerate 7.70 11.07 
Me rlchloroisovaterate 10.20 14.22 

Me valet-ate 4.60 5.91 
Me 2chIorovalerzte 7.70 12.15 
Me 3-chIorovalerate 9.15 13.05 
Cl-Me vakrate 9.37 13.63 
Me 4chlorovaIerate 10.13 14.05 
Me schlorovderate 15.60 !S.O4 
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isomer. or in close proximity, ix., equivalent here to the 3chloro isomer, also pro- 
duces a significant enhancement of retention owing to donor-donor effects. Such an 
effect is not observed with the chloro esters, as is evident in Fig. 2, where little 
separation occurs between the o - 1 and o - 2 esters or any of the other series 
which are partly overlapped with the area shown in the figure. Similarly, no signifi- 
cant reduction in retention of these two isomers would appear to occur due to the 
close proximity of the acceptor group to the carbonyl group_ 

The same effect is observed with the chloromethyl monochloro esters where 
some general increase in retention of all esters with the additional chlorine atom 
occurs; however, it does not appear that any undue enhancement of retention is 
experienced because of the additional substituent- 

The retention times of chloromethyl and methylmonochloro esters of branched- 
chain C, esters are shown in Table III; in common with other simple esters, little 
variation of the elution order occurs with variation of the polarity of the stationary 
phase. The esters are assembled in Table IV according to the structure of the parent 
acids. Elution of the simple esters followed the established trend, with the most highly 
branched species, i.e., the pivalate ester, having the lowest retention time. The four 
chloromethyl esters follow the same trend as the 2chloromethyl esters which, as 
previously indicated, have lower retention times than the esters with substituents in 
the alcohol chain. Table III suggests a variation of this trend, as chloromethyl pi- 
valate has a lower retention time than methyl chloropivalate; however, the structures 
of the two compounds are not equivalent and when the latter compound is compared 
(Table IV) with methyl 2chloromethylbutyrate the expected trend is observed. The 3- 
chloro esters have greater retention times than the 2chloro esters, although an 
anomaly occurs with methyl 3chloro-Zmethylbutyrate, where both the erythro and 
three forms eshibit a higher retention time than expected owing to branching of the 
acid chain and a lower retention than expected owing to the position of the chlorine 
substituent. The 4-chloro esters follow the common pattern and have higher retention 
times than the 3chloro esters, although the retention of the iso- and normal acids are 
very similar, while the 5-chlorovalerate ester with a terminal chlorine atom has a 
substantially higher retention time than any of the other esters. 
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