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PREFACE

In the past two decades, remarkable progress has been made in the analysis
of drugs, pharmaceuticals, and related toxicological materials. In great
measure, these notable advances can be attributed to technological ad-
vancements in two specific types or areas of analytical instrumentation;
namely, gas chromatography and integrated gas chromatography-mass
spectrometry.

Since James and Martin revealed to the scientific community their gas
chromatographic technique which permitted the separation of fatty acid
mixtures into their individual components, the rapid growth of gas chro-
matography has been very evident. This remarkable progress can be
directly correlated with the improvements that we have witnessed over the
years in gas chromatographic stationary phase, carrier gas, column, and
temperature- and pressure-controlling technology. Furthermore, it has
assumed a position of even greater analytical significance since the advent
of highly specific, rapid, sensitive detection systems.

On the other hand, the integrated GC-MS analytical system is rather
unique and exceptional in that it combines the mass spectrometer's unex-
celled identification potential with the gas chromatograph's separation
capabilities. Although the integration of GC and MS was first reported in
1957 by Holmes and Morrell, it nevertheless remained a dormant, costly,
and seemingly unappreciated technique until 1970. Since then, with im-
proved instrumentation at a more reasonable price and newly developed
operating techniques, numerous publications have appeared in the literature
showing its applicability to a wide variety of difficult analytical problems,
thus opening up new horizons for analytical research in toxicology, bio-
chemistry, pharmacology, forensics, medicine, etc. To be able to monitor
a drug, its persistence and metabolic fate in biological fluids of man via
mass fragmentography at picogram concentration levels provides the re-
searcher with a tool of immeasurable significance.
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Because much has been written over the years about the analysis of
drugs and their metabolites by either or both techniques, the objectives of
these volumes are several-fold: (1) to compile from existing literature in
a chronological manner the various GC and/or GC-MS procedures available
for the analysis of specific drugs and their metabolites, (2) to describe
with as much detail as possible all procedures (qualitative and quantitative)
in order that they might be reproduced faithfully in one's laboratory, and
(3) to indicate, wherever possible, not only the results, precision, accu-
racy, and limits of detection achieved by a given procedure, but also its
applicability to pharmacokinetic studies. For this reason, in addition to
the text, which is well referenced in each section, many illustrations of
actual applications and tables of data for each instrumental technique are
included as aids to the analyst for his greater appreciation and understand-
ing of the limitations as well as potentials ascribed to each method. As
stated in the past, from an analytical chemist's point of view, it is hoped
that this deliberately combined visual and factual approach will find ac-
ceptance by the reader who would otherwise rely only on his interpretation
of the written word relative to some published procedure.

Without wishing to be repetitious, in retrospect it must be again stated
that this volume really represents the end result of many tedious and ar-
duous investigations by numerous eminent scientists whose research efforts
have appeared in the literature throughout the world. We are indeed humbly
indebted to them, and to those journals, publishers, and organizations that
granted special copyright permission to the authors.

Benjamin J. Gudzinowicz
Michael J. Gudzinowicz
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Chapter 1

ANTIPSYCHOTIC AND ANTIEMETIC DRUGS: PHENOTHIAZINE,
BUTYROPHENONE, AND THIOXANTHENE DERIVATIVES

In the category comprising drugs with antipsychotic (psychosedative)
and antiemetic activity belong for the most part the neuroleptic phenothia-
zine, butyrophenone, and thioxanthene derivatives. As noted by Jucker [1],
"the great success of chlorpromazine and reserpine has resulted in tre-
mendous interest in phenothiazine derivatives and reserpine analogues. In
the last few years, thousands of new phenothiazine compounds have been
synthesized and tested pharmacologically and to some extent clinically;
this has resulted in the development of a considerable number of practi-
cally applicable drugs. . . . The success of phenothiazine derivatives in
the treatment of psychic disturbances suggested substitution of the pheno-
thiazine tricyclic system with analogous three-ring systems. A series of
thioxanthene derivatives resulted. Their activity is strongly reminiscent
of the phenothiazine neuroleptics with antidepressant activity.' Although
substituted butyrophenones have been used as major tranquilizers, partic-
ularly in psychiatry, the tranquilizing (so-called neuroleptic) butyrophen-
ones are used also in anesthesiology in combination with some potent
narcotic analgesic [2].

I. PHENOTHIAZINE DERIVATIVES

Of the three drug species noted above, the largest single group is com-
prised of phenothiazine derivatives. Since the introduction in 1952 of the
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first synthetic tranquilizer, chlorpromazine, the phenothiazines synthe-
sized can be divided into three main subdivisions: (1) compounds resemb-
ling chlorpromazine that contain a three-carbon chain grouping attached to
the nitrogen of the phenothiazine nucleus, (2) compounds that contain a
piperazine ring on the three-carbon chain, and (3) compounds that have a
piperidine group on the side chain. Within themselves, all groups differ
only by the nature of the substituent at the 2-position of the phenothiazine
nucleus, as illustrated in Table 1.1, which contains the structures of some
of the more common phenothiazine therapeutic agents.

TABLE 1.1

Structures of Some Phenothiazine Drugs
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TABLE 1.1 (continued)
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TABLE 1.1 (continued)
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TABLE 1.1 (continued)
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TABLE 1.1 (continued)
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In recent years, gas chromatography has assumed a position of greater
analytical significance for both the detection and quantitative determination
of complex compounds of pharmacological importance. Relative to the
analysis of psychoactive phenothiazines, the normal methods for determin-
ing these drugs and their metabolites in biological media, that is, urine,
blood, and feces, have been based on a variety of analytical techniques
such as paper chromatography [3-9], fluorescence [10,11], 14C and 358
labeling [12], electrophoresis [13-15], color reactions [16], and electron
spin resonance [17]. In most instances, the methods are nonspecific, in-
sensitive to low concentrations, or time consuming.



