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Gas chromatographic separation of chiral 2-hydroxy acids and 2-alkyl-substi-
tuted carboxylic acids
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Gas chromatographic methods are preferentially applied for the determina-
tion of the configuration of optically active compounds, especiatly when only small
and irmpure samples are available. Besides the biological relevance of a certain con-
figsuration, the quantitative measurement of epantiomer composition in asymmetric
syntheses has increasing importance.

Direct enantiomer resolution on chiral stationary phases has been used as the
most elegant method for stereochemical assignments in the field of amino acids and
amines' ™, based on the fundamental investigations of Gil-Av and co-workers. Only
recently the enantiomers of 2-hydroxy acids could be separated on special chiral sta-
tionary phases as O-trifiuoroacetyl-hydroxy acid isopropyl esters®.

Alternatively, chiral compounds may be separated as diastereomeric derivatives
on achiral stationary phases. As in amino acids two functional groups are available
in hydroxy acids for introducing a chiral substituent. Both techniques have been used
befores—1°. For amino acids (<-)-3-methylbutan-2-ol proved to be an excellent reagent
to form diastsreomeric esters, which could be very well resolved as N-pentafluoro-
propionyl derivatives.

In this paper we report on the separation of the (4)-3-methyl-2-butyl esters
of O-triflucroacttylated (O-TFA) or O-trimethylsilylated (O-TMS) 2-hydroxy acids
and of branched carboxylic acids.

EXPERIMENTAL

Materials

(-+)-3-Methylbutan-2-0l was prepared, as described by Halpern and Westley®?,
by esterification of L-valine with racemic 3-methylbutan-2-ol and fractional crystal-
lization of the p-toluene sulphonic acid salt. After two crystallizations and alkaline
hydrolysis of the ester, (4)-3-methylbutan-2-ol was obiained in 98.5 %] optical purity
and 359 overall yield. '

Esterification of 2-hydroxy acids and 2-alkyl(aryl)-carboxylic acids

Amounts of 100 uzg of the acid were heated for 2 h at 80°C with 50 ul of
(+)-3-methylbutan-2-0l-HCl gas (7 N) in a screw cap vial with a PTFE lining in the
cap. Excess reagent was removed with a current of dry N..
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O-TFriftluoroacetylation

To the residue of ({-)-3-methyl-2-butyl esters, 200 g1 of CH,Cl, and 50 gl of
trifluoroacetic anhydride were added and kept at room temperature for 30 min. After
removal of the excess reagent with nitrogen, the residue was dissolved in 200 ul of

CH,CL and investigated by gas chromatography.

O-Trimethylsilylation
Alternatively 50 gl of N-methyl-N-trimethyisilyl-trifluoroacetamide (MSTFA,
Macherey, Nagel & Co, Diiren, G.F.R.) were added to the esters and kept at room

temperature for 1 h.

Gas chromatography

The preparation of glass capillaries has been described in a previous publica-
tion". The SE-30 capillary was purchased from Franzen Analysentechnik (Bremen,
G.F.R.). Gas chromatographic investigations were ren on a Carlo Erba Model 2101
gas chromatograph with inlet split system (split ratio 30:1), hydrogen as carrier gas,
and flame ionization detector.

RESULTS AND DISCUSSION

Previous investigations of diastereoisomeric 2-hydroxy acid derivatives in most
cases were performed on long steel capillaries or on packed columns with peak shapes,

I

o
3 o
g 2
o
z prs
g >
g g B .
¢
> a 2 2 5 g
5 2 g a g 8o o
S 2 S cg o a ,_g‘ =
S es
z 2 8 g8 2 22 Zo
< S 8 o293 o £2
f 3 5 gz gz % E g
; g g 8292 o5 B xg =
- s E—JE > 2 25 =
; > x =& xS - ©a
g & Lad E =X }
b3
S gye g i3
r . e Q
0 o~ > =
o x E3
o« e

) £} F3 10 MIN 2

Fig. 1. Gas chromatogram of prL-2-O-TFA-carboxylic acid (4-)-3-methyl-2-butyl ssters and pe-2-
alkyl(aryl}carboxylic acid (+)-3-methyi-2-butyl esters on a 25-m glass capillary comumn (SE-30, 0.3
mm LD.). I = N-TFA-z-valine-0-{+)-2-methyl-2-butyl ester (internzl standard). Deactivation,
Carbowax 20M; colunm temperature, 80°C; temperature programme, 3°C/min to 240°C; carrier
gas, 0.7 bar hydrogen; split ratio, 1:30.



NOTES

007 - 610°Y pamudag jou 1121 ov1 €0’y 110’1 PIou SHOPUSA-HOb
00T 007 110°1 00y 007 00T T00'1 €201 IO S[OpUBAYOIINHHOE
00t 00T c10'1 £0'1 00t 007 9%0°'1 £20'1 PIov 9J[3pUBWAXOYIAE-HO-
okl (1141 s10't o1o't ov1 obl o't Te0'1 PIOU OOpUBIA
oSl ovl §20'Y 910'1 oyt ob1 970°'Y £10'1 provajedosy,
061 ovy €01 0f0'1 ovbl obl 670°'Y 620'1 Plou spau[IAoyd-¢
05t _ obl 0T L00'T ovl oyl LE0'1 o't Plau anav)Ausy -z
1121 obt L1'01 910°'t ob1 ovt 620'1 120'1 DIdY Ol
061 061 0y 810°'1 0601 061 870'1 L7V PIOL S{OUBRPINIH-HO-T
0461 061 020'§ 610'1 06! 061 U0l 970't PIoB dJOUBNRPYINI-HO-T
061 061 610°'1 L10°'T 061 061 (A48 £20'7 Plow djourddpoI-HOT
of7 (1171 Ty o'y 0¢T 1121 peo'y §£0'1 PIoB 2[0UBIO-HO-C
001 001 $40°1 101 001 0 £50°'1 $H0'1 PIOV S[OUVKOH-HO-C
00! 001 9¢0°1 LEO'T 001 0071 9b0'1 050'1 Pl djouuxoyos[-HO~Z
001 001 6£0°1 peo'y 00t 001 o't 670'Y PI3Y S[JVAOS[-HO-T
001 007 ' 1 w't 001 001 9¢0'1 0 prov oANY-HOT
001 001 ££0°l LYot 001 0071 610°7 s10'1 Plow opdw
guunpp)  puumpo)y g uuno) yuumoe)  gumo)  yuune) g uunpey  y uuno)
uvaldp SW.I-0 S8IVMN P VoA L0
(D, ) eamvaadurd anug-n (D.) dampwaodiay amuA-n punoduwo)

(L1“AO) € ANY (0£-8S) V ANVTIAVO
mmaSO w6z NO SUILST TALOE-TIAHIAN-E-() IOV OITAXOHUVDSWL-O-T ANV *VAL-0-7 ¥O:d (9) SYOIDVA NOILVUVIHS

1374V



NOTES 35

analysis times and sensitivities not comparable with modern standards. The excellent
results with amino acid derivatives!? encouraged us to apply the same technique to
2-hydroxy and other chiral carboxylic acids. Although (4-)-3-methyl-2-butl esters
of 2-hydroxy acids with free hydroxy groups are sufficiently volatile for gas chro-
matography, the peak shapes of acylated or silylated derivatives are better. Both types
of derivative are sufiiciently stable over several days. The O-TFA derivatives (Fig. 1)
are more volatile and show slightly larger separation factors (¢) than the O-TMS
derivatives (Fig. 2). The results are summarized in Tables I and [I. The order of elu-
tion of diastereoisomers was proved as far as pure enantiomers were available. In
these cases (lactic acid, malic acid, mandelic acid) the L-cnaatiomers have the longer
retention time. i

The derivatives of 3-hydroxybutyric acid could not be separated. It seems to
be mecessary that the carboxy group, which is esierified with the chiral alcohol, is
directly attached to the asymmetric center. Similar results have been obtained by Rose

and co-workers'®. .
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Fig. 2. Gas chromatogram of pL-2-O-TMS-carboxylic acid (+)-3-methyl-2-butyl esters. Same condi-
tions as in Fig. 1. (* = 2-hydroxydodecanoic acid with underivatized hydroxy group).
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TABLE IT

SEPARATION FACTORS (a) FOR 2-ALKYE(ARYL}CARBOXYLIC ACID (4-)-3-METHYL-
2-BUTYL ESTERS CN 25-m GLASS CAPILLARY A (SE-30) AND B (OV-17)

Compound a-Value : Temperature (°C)

Colurnr: A Columr: B Column A Column B
2-Methylsuccinic acid 1.061 1.057 140 140
2-Phenylsuccinic acid 1.032 1.022 190 150
2-Phenylbutyric acid” 1.027 1.027 100 120

* Enantiomeric 2-pheaylbutyric acid amides have been separated on optically active stationary
phascs by Weinstein and co-workess®,



296 NOTES

Although all methods based on the formation of diastereoisomers are inac-
curate principally because of the different reaction kinetics in the formation of the
diastereomeric derivatives and because of the lack of enantiomer reagents with 1009
optical purity!’, the described procedure can be recommended for the assignment of
the configuration of carboxylic acids with an asymmetric centre at C-2.

REFERENCES

1 E. Gil-Av, B. Feibush and R. Charles-Sigler, in A. B. Littlewood (Editor), Gas Chromatography
1966, Institute of Petroleumn, London, 1966, p. 227.
2 W. A. Kéaig and G. J. Nicholson, Aral. Chem., 47 (1975) 951.
3 S. Weinstcin, B. Feibush and E. Gil-Av, J. Chromarogr., 126 (1976) 57.
4 H. Frank, G. J. Nicholson ard E. Bayer, J. Chromatogr., 146 (1973) 197.
5 W. A. K3aig, S. Sicvers and U. Schulze, Argew. Cker., in press.
6 J. W. Westley and B. Halpem, J. Org. Ckem., 33 (1968) 3978.
7 S. Hammarstrom and M. Hamberg, Anal. Biockem., 52 (1973) 169.
8 E. Gil-Av, R. Charles-Sigker, G. Fischier and D. Nurok, J. Gas Chromatogr., £ (1366) 51.
9 G. E. Pollock and D. A. Jermany, J. Gas Chromatogr., 6 (1968) 412,
10 J. P. Kamering, G. J. Gerwig, J. F. G. Viiegenthart, M. Duran, D. Ketting and S. K. Wadman,
J. Chromazogr., 143 (1977) 117.
11 W. A. Konig, W. Rabn and J. Eyem, J. Chromatogr., 133 (1977) 121,
12 B. Halpem and J. W, Westley, Aust. J. Chernt., 19 (1966) 1533.
13 K. Kruse, W. Fraocke and W. A. Kénig, 7. Chromarogr., 170 (1979) 423.
14 H. C.Rose, ez al., in A. B. Littlewoed (Editor), Gas Crromatography 1956, Institute of Petroleum,
Loadon, 1966, p. 240.
15 C. Wiecek, B. Halpern, A. M. Sargeson and A. M. Duffield, Org. Mass Spectrom., 14 (1979) 281



