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Preface

Almost everyone engaged in the analysis of drug-related compounds, whether in the forensic, clinical, or university
laboratory, has an accumulation of analytical data and thus has acquired a database for the analysis of these compounds.
Some of the information contained in the Third Edition of Instrumental Data for Drug Analysis is available in the
literature; however, there are a limited number of sources that contain timely, quality data of this type presented in a
large, easily usable format.

As in our previous editions, in Volumes 1 through 4 we have included the six popular analytical techniques:
ultraviolet (UV), infrared (IR) spectrometry, proton nuclear magnetic resonance (NMR) spectrometry, mass spectrometry
(MS), gas chromatography (GC), and high pressure liquid chromatography (HPLC). As the quality of data presented
was of paramount importance in a reference source, we generated all of our data in our laboratories under uniform,
reproducible conditions using state-of-the-art technology and verified chemical standards.

In Volume 5 of the third edition of IDDA, we have included additional analytical data on selective drugs and
techniques: a section of over 800 RAMAN spectra of drugs, sections of analytical data especially designed for
toxicologists containing mass spectra of over 200 pesticides and mass spectra of over 280 derivatives of drug compounds,
and a section of over 600 GC/FTIR spectra of many of the drugs found in volumes 1-4 of IDDA.

Volume 6 contains sections of additional IR and NMR spectra of interest to the analytical chemist. Appendices A
through I and a Cumulative Index include all data from Volumes 1 through 5 with the corresponding page and volume
number given after each entry.

Terry Mills III
J. Conrad Roberson

vii
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Introduction

This reference book consists of chromatographic and spectral data on 1638 selected drug compounds as well as over
600 GC/FTIR drug spectra, 800 RAMAN drug spectra, over 200 pesticide mass spectra, and over 280 derivatized drug
mass spectra. Each monograph is accompanied by UV, NMR, IR, and MS spectra and tabulation of GC and HPLC data
where available. The information on a specific compound should be located by using the alphabetical index, the GC,
IR, and MS tables or the UV maxima indexes found in Volume 6 of IDDA. In the Cumulative Index, Raman data only
is designated by [RAMAN], GC/FTIR data by [GC/FTIR], supplemental IR and NMR data by [IR ONLY] AND [NMR
ONLY] respectively following the compound name.

CHEMICAL STANDARDS

Every effort was made to secure chemical standards of the highest purity available. Where possible, data presented in
this book were obtained from samples secured as “pure” drug standards from the Drug Enforcement Administration
(DEA), Applied Sciences Laboratories, Sigma Chemical Company, or various pharmaceutical companies. The pesticides
were obtained from Chem Service or the former EPA-Pesticides and Industrial Chemicals Repository and were in excess
of 95% purity. When necessary, samples were purified by extraction methods followed by recrystallization to constant
literature melting points and verified by thin layer chromatography. In almost all cases, the data presented on each
compound were obtained from one sample. The sample purity was usually greater than 95% and, in many cases, greater
than 99%. Where available, each spectrum generated was confirmed by previously published data.

DRUG MONOGRAPHS

The monograph chiefly consists of the chemical title, molecular formula and weights, synonyms and trade names, usage,
and structure. In most cases the chemical title, which appears above each spectrum, either is listed in the Federal Drug
Code, Title 21, or is the most commonly used name. The molecular weights are based on the current acceptable IUPAC
convention to the nearest hundredth of a decimal place. The value in parentheses represents the weight using the most
abundant naturally occurring isotope of each element.

Generally, the first name listed as the synonym is the uninverted form of the Chemical Abstracts’ name. Other
alternate names such as common chemical or trivial names follow the Chemical Abstracts listing. The trade names
include those that are currently available as listed in the 1999 or later Physician’s Desk Reference (PDR). The major
therapeutic actions of the drugs are listed in the use section. The structure presented on each compound is, in most
cases, not intended to represent spatial configuration. Many of the structures were drawn by using the Chemwindow
program from SoftShell International.

GAS CHROMATOGRAPHY

The gas chromatography data are presented in the monographs in the form of Kovats indices calculated by the following
formula:

I =100 [2 (log T/ Ty ) / (log Ty / Ty) + X]

where
I = Kovats index

T, = Retention time of the drug

T, = Retention time of an even numbered normal hydrocarbon whose carbon number is X

T, = Retention time of an even numbered normal hydrocarbon whose carbon number is Y where Y = X+2 and
T, <Tp < Ty

Xi
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For compounds eluting between dotriacontane and hexatriacontane, the “2” in the above equation was changed to
a “4” to calculate indices between 3200 and 3600. The C34 hydrocarbon standard was not available . The chromatograph
used was a Hewlett-Packard (HP) 5890 Series II model attached to an HP 5988 mass spectrometer, which was used to
verify the identity of the spectral peaks used to produce the data presented here. The column used was an HP1 capillary
column with an inside diameter of 0.2 mm and a 0.33 micron film thickness of methyl silicone stationary phase. The
carrier gas was helium at a flow rate of 0.9 ml/min. All measurements were made with isothermal temperature programs.
The data are presented as Kovats indices followed by the column temperatures, in degrees Centigrade, used to produce
the data. To reproduce the results presented in this book, the same temperature, stationary phase, carrier gas, gas flow
rate, and column dimensions should be used. The Kovats indices presented here cannot be compared with indices
measured with a packed column. A table of retention indices appears in Appendix I in Volume 6 of IDDA.

MASS SPECTROMETRY

The mass spectra were acquired on a Hewlett-Packard 5970 and 5973 GC/MS operating in the electron impact (EI)
mode with an electron energy of 70 ev. Unless otherwise noted, samples were introduced via a methyl silicone column
into the MS source, which was maintained at 200° C.

Every effort was made to standardize the sample size and mass spectrometer tuning to ensure consistent spectra
throughout this collection. When it was necessary to manipulate the spectra, e.g., to remove traces of the injection
solvent or column background, due care was exercised to avoid distorting the data. Mass calibration was checked several
times a day, and the inertness of the interface was demonstrated daily by the analysis of cholesterol, which produced
a 386/368 ion ratio of greater than 2:1.

Most of the mass spectra were plotted on a HP 7550A graphics plotter. Although prominent ions in each spectrum
are labeled, the user should be aware that these masses were selected on the basis of abundance and may not indicate
the most significant fragments for each compound.

Several cumulative indices of the mass spectra sorted by base peak, by exact molecular mass, and by alphabetical
order for both drugs and pesticides are included as Appendices F and G of Volume 6 of IDDA.

The abbreviation “OA” within a name on the pesticide mass spectra refers to the “oxygen-analog” of the organo-
phosphate pesticide.

MASS SPECTRA OF DERIVATIZED DRUGS
INTRODUCTION

There are several reasons why the derivatization of a drug may be desirable. The primary reason is, doubtless, to
enhance the drug’s volatility and thus markedly improve the chromatographic presentation. However, there are also
several other reasons why it may be necessary to derivatize a drug. A derivatized drug might have the potential to be
used as an internal standard. Derivatization of a drug might offer useful, noninterfering ions for GC/MS in the selected
ion monitoring mode. Derivatization of drugs can also provide one more means for the positive identification of a drug.
Last, but not least, derivatization and analysis of one drug might cause other derivatized drugs or metabolites to
unexpectedly appear in the chromatogram which may require further identification. For these reasons, the data presented
herein might be useful to the analyst.

The wide array of derivatizing agents available and the variety of drugs that can undergo derivatization presents
almost limitless possibilities. Most of the drugs and derivatizing reagents selected were those that are commonly
encountered in the toxicology laboratory. Many more drugs than are represented in this volume were selected for
derivatization. However, for one reason or another, some drugs could not be successfully derivatized with a particular
derivatizing reagent, even after repeated attempts. For example, one drug might react easily with PFPA but meet with
total failure when reacted with HFBA; whereas, another drug might do the exact opposite or react with both or react
with neither.

It might be presumed, then, the drugs contained in this volume are those which lend themselves most easily to
derivatization with a particular derivatizing reagent. We caution, however, that the absence of a derivatized drug should
not infer that in other hands and/or using different laboratory conditions that a particular drug would not be capable of
derivatization. Furthermore, the derivatization reagent we employed for a particular drug should neither be considered
as the only means nor the preferred means of obtaining the derivatized drug.

Whenever possible, mass spectral data were confirmed using alternate literature sources. Such references, however,
showing the complete mass spectrum of derivatized drugs are relatively rare. Consequently, many spectra included in
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this volume have not been confirmed and are spectra which in our best judgment represent those of a particular derivatized
drug. Such efforts were often complicated by the fact that many drugs have multiple sites available for which
derivatization may occur. The correctness of some of the spectra represented herein may therefore have to stand the
test of time. A caveat emptor admonition to the user may be appropriate. As with many works of this kind, errors of
commission or omission are usually unavoidable. We would be grateful if such errors could be brought to our attention
so they might be corrected in future editions. For the less commonly encountered drugs, acetic and trifluoracetic
anhydrides were the derivatizing reagents most often employed. However, commonly found drugs were derivatized, or
at least derivatization was attempted, with a variety of derivatizing reagents. When a drug had multiple sites available
for derivatization, the most acidic proton was considered to have been replaced first by the derivatizing reagent, with
the second most acidic proton being replaced next, and so on. Thus, carboxylic acid groups are derivatized (if stable)
before phenolic groups, phenols are derivatized before amino groups, and amines are derivatized before hydroxyl groups.
Even so, some drugs gave derivatives of uncertain or unknown structures. These are noted where applicable. When a
drug yielded more than one derivative from the same reagent, usually the mass spectrum of the most abundant derivative
is shown. Exceptions to this are such commonly encountered drugs as morphine, amphetamine, ephedrine, etc. Some
drugs yielded almost an equal amount of mono- and di-derivatives. In these cases, both spectra are included.

Rather than referring to the derivatized drugs by their sometimes complex and often cumbersome chemical names,
we have elected to refer to them simply as their derivative. Thus, acetylated codeine would be referred to as “codeine,
acetyl derivative”. Also, if the drug is capable of being derivatized more than once by the same derivatizing reagent,
the derivative is referred to simply as its “mono-", “di-“ or tri-“ derivative, as the case may be. Thus, the trifluoro-
acetylated derivative of the phenolic group of morphine would be referred to simply as “morphine, mono-TFA derivative”.
Since it is capable of being derivatized twice, the name “morphine, di-TFA derivative” refers to when both the phenolic
and hydroxyl groups are derivatized.

The mass spectra data for the derivatized drugs can be found in Volume 5.

PROCEDURES

The procedures for derivatization using the various anhydrides and silylation reagents basically involved the combining
of approximately 100 micrograms of drug with 200 microliters of reagent in a 1 milliliter Reacti-Vial (Pierce Chemical
Company). The vial was capped and placed in a 60° C water bath for approximately 30 minutes, after which the reagent
was taken to dryness using a gentle stream of nitrogen. Approximately 200 microliters of methylene chloride was added
to each vial and 1 to 2 microliters injected into the gas chromatograph/mass spectrometer (GC/MS). The temperature
program employed was an initial temperature of 80° C, holding for 1 minute, than ramping up to 120° C at 50° C per
minute and holding for 0 minutes. The temperature was then ramped to 285° C at 20° C per minute with a final hold
time of 12 minutes for a total run time of 22 minutes. The analytical column employed was a 25 meter Hewlett-Packard
HP-1 having an inside diameter of 0.32 millimeters and a film thickness of 0.52 microns. The drugs were scanned
from 40 amu to 800 amu using a splitless injection on a Model 5988A Hewlett-Packard GC/MS instrument in the
electron impact mode (70 EV).

For the TMAH alkylation procedure, 100 micrograms of drug were combined with 200 microliters of a 50/50
mixture of dimethyl sulfoxide and 0.2M TMAH in methanol and 100 microliters of the appropriate alkyl halide. The
mixture was allowed to stand at room temperature for 4 minutes and then heated for 4 to 6 minutes in a 60° C water
bath. After the mixture was allowed to cool to room temperature, 3 milliliters of hexanes were added, vortexed briefly,
and then 1 milliliter of 0.1 N potassium hydroxide was added and vortexed once again. After centrifugation, the top
hexanes layer was transferred to a clean test tube and the hexanes layer was concentrated to approximately 200
microliters. Approximately 1 to 2 microliters were injected into the GC/MS instrument using the conditions described
above.

ABBREVIATIONS

The abbreviations used are as follows: TMAH = trimethylanilinium hydroxide, Bul = 1-iodobutane, PrI = 1-iodopropane,
Etl = iodoethane, Mel = methyl iodide, AA = acetic anhydride, HFB — heptafluorobutyrl, HFBA = Heptafluorobutyric
anhydride, TFA = trifluoroacetyl, TFAA = trifluoracetic anhydride, PFP = pentafluorpropanyl, PFPA = pentfluoroprip-
ionic anhydride, BSTFA = N, O-bis (timethylsilyl trifluoroacetamide), MSTFA = N-methyl-N-trimethylsilytrifluoroac-
etamide, MBTFA = N-methyl-bis (trifluoroacetamide), TMCS = trimethylchlorosilane, TFAP = (S_-(-)-N(trifluoroacetyl)
prolyl, PBA = phenylboronic acid, and CB Chloride = 4-carbethoxyhexafluorobutyryl chloride.



xiv Instrumental Data for Drug Analysis, Third Edition

ACKNOWLEDGMENTS

The authors gratefully acknowledge Cecil Hornbeck of the Navy Drug Screening Laboratory, San Diego, California for
his generous contribution of the CB derivatives.

HIGH PRESSURE LIQUID CHROMATOGRAPHY

High pressure liquid chromatography was carried out on an HP 1090 Series II liquid chromatograph with the Chemstation
and diode array detector. On-the-fly ultraviolet spectra were taken to verify the identity of the peaks used to generate
the retention time data presented here. A Hewlett-Packard 4.6 by 100 mm column containing 5 micron ODS Hypersil
was used with the corresponding Brownlee Newguard precolumn. The flow rate was either 0.5/min with a column “Dead
Volume” of 1.5 ml or 1 ml/min with a column “dead volume” of 0.75 ml. The following solvents were used:

Solvent A: Fisher Optima grade methanol and ethanol.
Solvent B: aqueous 0.01M KH,PO, with sufficient 85% phosphoric acid to make the pH=3.5.
Solvent C: aqueous 0.01M KH,PO, with 30 drops/liter of reagent grade Fisher triethylamine. The pH was 7.

The KH2PO4 and phosphoric acid were ACS grade chemicals from Fisher Scientific Company. Data are presented
as ratios of solvent used followed by retention times in minutes.

ULTRAVIOLET SPECTROPHOTOMETRY

The absorption spectra were obtained with a Hewlett-Packard 8451A or 8453 diode array spectrophotometer and plotted
as a wavelength versus transmittance from 220 nm to 340 nm. Sample solutions were prepared by dissolving an
appropriate amount of chemical into the proper solvent. In the printed spectrum, the solvent solutions are represented
by a solid line for the 0.2N H2SO4 solution and by a dashed line for a strongly basic solution. A few of the acid
solutions were prepared as 0.IN HCL. A dotted line represents ethanolic solutions. Fisher-brand Suprasil ultraviolet
cells were used for the sample solutions. The solutions were made basic by the addition of several drops of concentrated
sodium hydroxide solution.

A listing of compounds with their respective UV maxima values can be found in Appendix D in Volume 6 of IDDA.

NUCLEAR MAGNETIC RESONANCE SPECTROMETRY

The proton nuclear magnetic spectra were recorded on a General Electric QE-300 Superconducting FTNMR spectrometer
or a Bruker Ultrashield 330 MHz FTNMR spectrometer. Both instruments were operating at 300 MHz. This NMR
spectrometer is equipped with a 70.5 KG NB-Ti superconducting magnet, a magnet bore of 44 mm and a dual 'H/ 3C
5-mm probe.

Samples were prepared by dissolving the compound in the appropriate solvent (Aldrich deuterochloroform 99.5%
containing 0.039% TMS unless otherwise noted on the NMR spectrum). Where possible, the sample concentration was
maintained at a level judged to be the best compromise between solute interactions and instrument response. In some
instances, low solubility or low sample concentration (less than 5 mg of compound was available in some instances)
has resulted in spectra showing high noise level or trace contamination. All spectra were observed at a constant
thermostated probe temperature. Sample solutions were equilibrated to the probe temperature before the spectra were
recorded. Using the QE-300, most spectra were recorded at a spinning rate of 15 to 25 rps, 32 acquisitions with quadrature
phase detection, observed frequency of 300.151851 MHz, spectral width of 6024 Hz, 32768 data size resolution, no
line broading, and a pulse width of 2.33 sec (30°). Using the Bruker 330, most spectra were recorded with 16 acquisitions.
Rest of the Bruker parameters are DS2, SWH 6172.839 Hz, FID resolution of 0.094190 Hz, AQ 5.3084660 sec, RG
57, DW 81 mcsec, DE 6.00 mcsec, TE 300.0K, and D1 of 1.0000000 seconds. Most spectra include 0.03% TMS as a
reference. Precautions were taken in handling all NMR solvents to minimize contamination with atmospheric moisture.

Spectra of the various Aldrich NMR solvents used can be found in Appendix A in Volume 6 of IDDA.



Introduction XV

INFRARED SPECTROPHOTOMETRY

Most of the infrared spectra were produced using a Nicolet 170SX Fourier transform infrared spectrometer. This infrared
spectrometer is equipped with a laser-referenced Michelson interferometer with an absolute wavenumber accuracy
specified better than = 0.01 cm™'.

The constant spectral resolution was kept at 4 cm™!' by collecting 64 one-second scans (4096 data points/scan).
Because the FTIR spectrometer is a single beam instrument, some of the spectra may have small absorption bands due
to CO , present in the sample chamber when the data was collected. This doublet can be found at 2360 cm™ and 2340 cm™.

Unless otherwise stated, the compounds were prepared for spectral analysis by using potassium bromide (KBr)
pellets. The KBr powder was oven dried and then kept in a desiccator. Every effort was made to remove water, however,
many times both the sample as well as the KBr was hygroscopic, and water bands may have appeared in some of the
spectra. It must be noted that spectra reproducibility may be difficult to regulate without careful weighing of both the
KBr and the sample. In addition, there may be KBr interactions with the sample, especially amine compounds. Although
these complications exist, KBr pellets generally give much better resolution than other techniques. In most cases, each
spectrum was expanded to give full-scale presentation of the data. Representative peaks as listed on each spectrum are
intended to aid the user. They were determined by a Peak-Picker Program and should be used only for approximate
values. A cumulative index of the infrared spectra, sorted by prominent peaks identified by a computer program can be
located in APPENDIX E in Volume 6.

RAMAN SPECTROSCOPY

The Raman spectra were collected on a Thermo Nicolet FT-Raman 960 spectrometer with a 1064 nm NdY VO, excitation
laser and a cryogenic germanium detector. All spectra were collected with 16 scans at 4-wavenumber resolution. The
raw data comes from the Stokes band of Raman scattering observed from 9294 nm-5693 nm with a 1064 nm excitation
laser. The data is then shifted into wavenumbers relative to the excitation laser.

The collection of Raman spectra can be found in Volume 5.

GAS CHROMATOGRAPHY/INFRARED SPECTROSCOPY

All gas chromatography/Fourier transform infrared spectra (GC/FTIR) were obtained using a Hewlett-Packard 5965B
IRD in combination with a Hewlett-Packard 5970 MSD. Samples were introduced into the system via a Hewlett-
Packard 5890 gas chromatograph using He as a carrier gas. Temperature programming was used ranging from 80° C
to 320° C. The column was a DB5SMS 0.32 mm column in the IRD and a DBSMS 0.2 mm column in the MSD. All
GC/FTIR spectra were verified by their corresponding mass spectra. This collection of GC/FTIR spectra can be located
in Volume 5. The GC/FTIR spectra were collected by the Pinellas County Forensic Laboratory in Largo, Florida, and
by the Denver Police Department Crime Laboratory Bureau in Denver, Colorado.
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