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INTRODUCTION

The class “acids"" includes vanous types of compounds
with active hydrogen atoms usually having pK, < 7.
The most important group of organic acids 1s the com-
pounds with carboxyl fragment ~COOH. Some other
compounds can be classified not only as O-acids [e.g.,
hydroxamic acds, -CONHOH = -C{OH)=NOH],
but C-H acids [with the presence of structural frag-
ments “CH{NO: )y, -CH(CN)s. etc.]. Well-known sub-
stances of this class for GC analysis are semivolatile
fatty acids of triglycenides and lipids, numerous non-
volatile polylunctional biogenic compounds (including
such phenol carboxylic acids like gallic, vanillic, and
syringic acid), different acidic herbicides (for example,
24-D, 24.5-T, MCPB, MCPA, fenoprop, haloxylop,
etc.), and many other substances. Strong inorganic acids
like volatile hydrogen halides (HHal) and nonvolatile
H,S0,, H;PO,, etc. can be objects of GC analysis too.
The simplest monofunctional carboxylic acids have
boiling points at atmospheric pressure without decom-
position and, hence, can be analyvzed directly by GC,
However, owing to the high polanties of carboxyl
compounds, a typical problem of their GC analysis
with standard nonpolar phases is the nonlinear sorp-
tion 1sotherm. As a result, these compounds yield
broad nonsymmetncal peaks, which leads to poor
detection limits and unsatisfactory reproducibility of
their retention indices. The recommended stationary
phases for direct analysis of free carboxylic acids are
polar polvethylene glyeols (Carbowax 20M, DBWax,
SP-1000, FFAP, etc.). However, these phases have
lower thermal stability compared with polydimethyl
stloxanes (ca. 225-250 vs. 300-350°C). This means that
the upper limit of GC columns with these polar phases
in Retention index (R1) units 1s not more than 3000-
3500 UL High homologs even of monocarboxyhic acids
cannol be eluted wathin this R1 window (this is con-
firmed by the absence of RI data for palmitic acid,
CysHy COOH, on the mentioned types of polar phases),

Compound ph, T C L1 F—— [} —
Acetic acd 478 118 biI8 4+ 10 1428 + M)
Palmutic acsd 49 3515 16 + 7 No data
Benzowe acid 4.2 250 12001 + 24 2387 = §
Phenvlacetic acad 42 266 1290 + 44 No data

All Rls wath standand deviations are randomued mierlaboratory data.
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Some dicarboxylic acids can also be distilled with-
out decomposition under reduced pressures. This 1s
at least the theoretical grounds for the possibility
ol their direct GC analysis. Few successive attempls
have been described, but these analvtes require “on-
column®” injection of samples and extremely high inert-
ness of chromatographic systems. Many types ol
polyfunctional carboxylic acids (hydroxy-, mercapto-,
amino-, ¢t¢.) cannot be analyzed in free, undenvatized
form owing to either nonvolatility and/or absence
of thermal stability. These features are the principal
reasons for the conversion of carboxylic acids before
their GC analysis into less polar derivatives without
active hydrogen atoms.

METHODS OF ACID DERIVATIZATION

The general method of carboxylic acid derivatization is
their esterification with the formation of alkyl (arylalkyl,
halogenated alkyl) or silyl esters:!"

XCO:H + RY — XCO;R + YH
XCO;H + ZSi(CHy); — XCOSi(CHy); + ZH

Some of the most widely used reagents for the syn-
thesis of alkyl carboxylates are listed in Table 1. The
general recommendations lor the silylation of mono-
and polyfunctional carboxylic acids [trimethylsilyl
(TMS)** and more stable rerr-butyldimethylsilyl
(TBDMS) derivatives' "] are the same as those for other
hydroxy containing compounds,

In general, the simplest methyl esters of carboxylic
acids are more stable than TMS-esters to hydrolysis
and, hence, they are the preferable derivatives lor their
GC analysis/™™ The most available esterification
rcagents are the corresponding alcohols, ROH, them-
selves. Different esters have been used as the analytical
derivatives of carboxylic acids: Me, Et, Pr, iso-Pr,
isomeric Bu (excluding rerr-Bu esters owing to their
poorer synthetic yields), and so forth. This method
requires the use of excess of dry alcohol and acid
catalysis by BCl,, BF,, CH,COCI, SOCl;, etec. Other-
wise, the alcohol used can be saturated by pgascous
HCl, which must then be removed by heating the
reaction mixtures after completion of the reaction.
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Table 1 Physwochermical and GC properties of some alkylating dervatization reagents

Ackse Derivatization for GC Analysis

Reagent (abbreviation) MW . 'C | S———— By-products (R e
Methanol /BCl,, BF,, HCL, DCC, elc. 32 6d.6 gl £ 15 -
Diazomethane (in ethyl ether solution) 42 -23 Nong —
(unstable)
Methyl iodide/ DMFA, K-CO, 142 428 515 £ 7 CH:OH (381 = 15)
Dimethyl sulfate/rertiar-amines 126 188.5 §53 £+ 22 CHyOH (381 £ 13)
| -lodopropane/ DMFA, K.CO, 170 102 i £+ 11 C H-0OH (552 = 13),
(CyH:):0 (680 + &)
2-Bromopropane, LiH, DMSO 122 594 5T1 £ § (CH;CHOH (456 + 9),
(fso-Pr)=0 (398 £ §)
Methyl chloroformate Y4 71 582 + 17 CH,0OH (381 = 15)
Ethyl chloroformate 108 — 640 £+ 12 C:HsOH (452 £ 18)
Butyl chloroformate 136 = 832 + 10 CyHyOH (658 £ 12)
Pentalluorobenzyl bromide 260 174-175 9ol 4+ 11" CeF«CHOH (934 = 16)*
(PFB-Br)
3.5-biv{ Triluoromethyl)benzyl 306 — 1103 + 9¢ (CF i hCeHyCHLOH (146 £ 15)°
bromide (BTB-Br)
Tetramethylammonium hydroxide 74 — Nonvolatile (CH:):N (418 4 9)
(MMAH; in 25% aqueous solution)
Trmethylanilinium hydroxide 136 - Noavolatile CoHyN(CH3); (1065 £ 9)
(TMPAH: in 0.2 M methanol solution)
3.5-bis{ Tnfluoromethylbenzyl) 258 — Nonvolalile 33HCF ), CaHsCHN(CH )2
dimethylanilinium fluorkle (BTBDMA-F) (no data), CGHsN(CH,); (1065 £+ 9)
2-Bromoacetophenone (phenacyl bromide) 198 264} 1321 £ 4 CoH(COCH,OH (1118)"

Silylating reagents®

*Estinuted K1 valuss
"Single experimental value.

“Sce Hyvdraty Compaunds: Derivanization for GC Analveis in this volume.

The same procedures are used for the synthesis of
2-chlorocthyl (RCO,CH,CH-CI), 2.2 2-trifluorocthyl
(RCO:CHLCF4), 2,2, 2-trichloroethyl (RCO.CH.CCl,),
and hexafluorosopropyl esters [RCO,CH(CFy);) for
GC analysis with selective detection. Instead of acid
catalysis of this reaction, some reagents for the cou-
pling ol lformed water were recommended, namely
1.1'-<carbonyldiimidazole (I) and 1.3-dicyclohexylcarbo-
ditmide (DCC, 1)

The application of any additive reagents usually
leads 1o the appearance of additional peaks on the
chromatograms (including the peaks of by-products,
for example imidazole, Rl qnoiar 1072 £ 17), which
must be reliably identified and excluded from data
mterpretation, The by-product from compound (1) —
1.3-dicyclohexylurea—is nonvolatile for GC analysis.

Another class of esterification reagents are haloge-
nated compounds (alkyl iodides, substituted benzyl''"!

and phenacyl bromides. etc.), which need basic media
for their reaction [K2COs or DMFA (dimethyl for-
mamide) s used usually for the neutralization of
HBr or HCI as acid by-product]. For methylation
of carboxylic acids, some tetra-substituted ammonium
hydroxides or halides can be used, namely tetra-
methylammonium hydroxide (in agueous solutions)
or trnimethylanllinium hydroxide (m methanol solu-
tion). The mtermediate ammonium carboxylates are
thermally unstable and can produce methylalkanoates
durmg the following heating of reaction mixtures or
even their introduction into the hot imjector of the
gas chromatograph (flash methylation):

RCOsH + XNMe;OH
— [RCO; NMej] — RCO;Me (X = Me, Ph)

The possible by-products of these reactions are the
corresponding amines (Me;N or PhNMes). A similar
method has been proposed for the butylation of
organic acids."*! If the appearance of any volatile
by-products is undesirable, the methylation of
carboxylic acids by diazomethane is recommended.
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This reagent (warning: highly toxic) is synthesized by
alkaline cleavage of N-methyl-N-nitrosourea (I11) or N-
methyl-N-nitrosotoluenesulfamide (IV) and owing to its
low boling point (-23 " C) can be used only indicthyl ether
solutions prepared immediately before use,

/ CH
CHs :;O}sa,—u 2

H:N CON._
NO i

In the absence of acid catalysis, diazomethane reacts
only with carboxylic acuds (pA, 4-5) and phenols (pK,
9-10), but has no influence on aliphatic OH- groups.
Besides CH.N-, some more complex diazocompounds
(diazocthane, diazotoluene) have been recommended
for the synthesis of other esters (ethyl and benzyl,
respectively). For the synthesis of benzyl (or substi-
tuted benzyl) esters, some special reagents have also
been proposed, [or example, NN -dicyclohexyl-0Q-benzyl-
urea (V) and 1{(4-methylphenyl)-3-benzyltriazene (VI):

7~ OCH;Ph
{( )N=c

\—/ NH CHy ——{Q}u-u NH-CH;Ph

— (V) 1)

The estenfication of carboxylic acids can also be
accomplished using synthetic equivalents of acetals of
alkanols RCH(OR')y (by acid catalysis), ortho-esters
RC(OR")s (by acid catalysis), and dialkvicarbonates
CO(OR); (by base catlalysis). The series of bifunctional
reagents of this type—dimethylformamide dialkyl-
acetals (CH;3)N-CH(OR);—is commercially avail-
able. Besides the estenification of carboxyl groups.,
these compounds react with primary ammo groups
used for GC analysis of amino acids:

C
R-CH o

NHz L (CH L NCH(OCH,),

H
FI-E'.HEDIG 3

~ | NSCHNICHa: | DA + CHYOH

A “sandwich” technigue (flash methylation) can
also be wsed in this case. It implies the injection of
the combined sample and reagent in the same syringe
mto the gas chromatograph. e.g.. successively placed
I mL of denvatization reagent, | pL of pyndine with
internal standard. and 1 mL of the solution of analytes
in the same solvent.

Alkyl chloroformates, CICO.R (R = Me, Et, Bu),
have been proposed as convenient alkylating reagents

for carboxylic acids:!"Y

RCO;H + CICO;R" + B
— RCO;R" + CO; + BH'CI”

Two-stage single-pot derivatization of carboxylic
acids (with intermediate formation of chloroanhy-
drides with thionyl chloride followed by their
conversion into amides) was recommended preferably
for HPLC analysis, but the simplest dialkylamides
and anilides!'” are volatile enough for GC analysis
also (the mixture of PhyP and CCl; can be used n
this reaction instead of SOCI;). Morcover, the same
procedure is used for the synthesis of diastereomeric
derivatives of enantiomeric carboxylic acids (see
below):

RCO;H + SOCl; — RCOCI + 50, + HCI

RCOCI + R'R"NH + B
— RCONR'R" + BH'CI”

The reactivities of carboxy and hydroxy groups in
the polylunctional hydroxy- and phenol carboxyhe
acids are different. This indicates the possibility of an
independent two-stage derivatization of these com-
pounds, for example:

COuH
RCH
OH e 1) MoOH/BF, 2) Ac,0/Py
CO,CH;
R-CH
OCOCH,

i

=
HO Y COsH
—\(j - 1) BuOH/BF, 2) TFAA

:r:.cu:—/\@—co:r:h

If these functional groups are located in vic (alipha-
tic series) or ortho positions (arenecarboxylic acids).
methyl or butyl boronic acids are convenient reagents
for their one-step denvatzation with the formation
of cyclic methyl{(butyl) boronates:

—

c
R-CH OaH R :
OH < Me(Bu)B(OH); — —

A similar method for simultaneous derivatization
of two functional groups is the formation of cvclic




silylene denivatives for the same types of com-
pounds:'¥

o
O J\"

[ T Siert-8u
leu (XO.NR) , ;s\t Bup, —= (L o0l

A special type of carbonyl group derivatization is
aimed at GC/MS determination of double bond
(C=C) positions in unsaturated long-chain acids. The
analytical denvatives for the solution of this problem
are nitrogen-containing heterocycles. These compounds
can be synthesized by high temperature condensation
ol carboxylic acids with 2-amino-2-methyl-1-propanol
(2-substituted 4.4-dimethyloxazolines), 2-aminophenol
(2-substituted benzoxazoles), and so forth.

HzN
0 K AE"S“
| e 4 A R
OH =0 = O
HaMN
..-*.':"I “‘--.-@ 'JATFH:\ =
H_h:‘. -"'"‘q'"‘\.\ O |
OH N HO ‘ o ~0

Methyl esters of carboxyhie acids form the same
denivatives, but this also requires the heating of reac-
tion mixtures up to 180 °C and, hence, scems inconve-
nient in analytical practice '

GC separation of enantiomeric carboxylic acids on
nonchiral phases 15 based on the formation of
their esters or amides with optically active alcohols
[for example, (=)-menthol, VII] or amines (z-methyl-
benzenemethancamine, VIII), wsually through the
intermediate chloroanhydrides, These diastereomeric
products are not so volatile as other acid denvatives
but, owing to the presence of two chiral carbon atoms
(*) in the molecule, can be separated on nonchiral
phases:

B ﬁm
R'COH = |[R'COCI} + —— (Vi) —

R'COMH = [R'COCI] + CyHC HICHJINH, (VII)

-+ F"CONHC"H{CH,)CHs

A problem closely related to the denvatization of
free carboxylic acids is the determination of their com-
position in biogenic triglycerides, lipids, and so forth.
The sample preparation includes the re-esterification

Acids Derivativation for GO Analysis

(preferably with formation of methyl esters) of these
compounds in acid (MeOH/BF:, MecOH/AcCl, etc,)
or basic (MeONa, MeOH/KOH, etc,) media. Methyl
esters of fatty acids are a group of compounds well
characterized by both standard mass spectra and GC
retention indices on standard phases. The combination
of these analytical parameters provides their reliable
identification.

The general method of GC analysis of anions of
inorganic acids is their silylation. The values of
retention indices on standard nonpolar phases (SE-
30) are known for TMS denvatives of the most impor-
tant among them:"

Anbon Volatile derivative for GC analysis 1§ -
Borute BOTMS), 1010
Carbonate CONOTMS ), (1]
Phosphite POTMS), 1118
Sulfate SOAOTMS 1148
Arsenite As{OTMS) 1149
Phosphate POYOTMS K 1273
Vanadae VOHOTMS) 1301
Arsenale AsC{OTMS ), 1353
CONCLUSIONS

Both strong inorgamc and weak organic acids usually
need dervatization prior to GC analysis. The existence
of active hydrogen atoms in the molecules explains the
significant contribution of ionic structures, which are
responsible for the high polarity and low volatility of
these substances.

Most universal methods of dernvatization of acids
are silylation (TMS and TBDMS) and alkvlation (the
simplest methyl esters are preferable). Other methods
have an auxiliary predetermination and can be recom-

mended for the solution of special analytical problems.

ARTICLES OF FURTHER INTEREST

Amines, Amino Acids, Amides, and Imides:
Derivatization for GC Analysis, p. 57.

GC Svstem Instrumentation, p. 682,

Hydroxy Compounds: Derivatization for GC
Analysis, p. 809,
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