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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 data base of
sorts for the analysis of these compounds. Unfortunately, many of these compilations contain a
number of unauthenticated “standards” acquired over a long period of time using various techniques
and, perhaps, several generations of instrumentation. Some of the information contained in Instru-
mental Data for Drug Analysis is available in the literature; however, there is no single source that
contains timely, quality data of this type presented in a large, easily usable format. This four volume
set is the result of our desire to provide each laboratory in our own system with an authentic, up-to-
date data base for the instrumental analysis of drugs.

These volumes are neither a text nor a cookbook. They contain no analytical methods. They do
provide the trained chemist with a single source of accurate instrumental data on twelve hundred drug-
related compounds. We have included what we feel are the six currently most popular analytical tech-
niques: ultraviolet (UV) spectrophotometry, infrared (IR) spectrophotometry, proton nuclear mag-
netic resonance (NMR) spectrometry, mass spectrometry (MS), gas chromatography (GC), and high
pressure liquid chromatography (HPLC). As we felt that the quality of data presented was of para-
mount importance in a reference source, we generated all of our data in our laboratory under uni-
form, reproducible conditions using state-of-the-art technology and verified chemical standards.

In the second edition, we have included several new appendixes. A collection of supplemental
infrared and nuclear magnetic resonance spectra comprises two of these appendixes. In these appen-
dixes we have included many useful spectra not included in the main text. For those users who do
not have the assistance of computer search systems, we have compiled an infrared peak table index.
Another new appendix is the molecular formula index. All of the NMR data has been revised using
a 300 MHz FTNMR system. The MS data has been replotted in a more readable format.

We hope that this book will be as helpful to all analytical chemists as it is to us.

Terry Mills IIT
J. Conrad Roberson
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INTRODUCTION

This reference book consists of chromatographic and spectral data on twelve hundred selected com-
pounds. 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 the back of
the book.

CHEMICAL STANDARDS

Every effort was made to secure chemical standards of the highest purity available. Where possible,
the data presented in this book were obtained from samples secured as “pure” drug standards from
the Drug Enforcement Administration (DEA), Applied Sciences Laboratories, United States Phar-
macopeial Convention, Inc., Sigma Chemical Company, or various pharmaceutical companies. When
necessary samples were purified by extraction methods followed by recrystallization to constant liter-
ature 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

Each 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 common name. The molecu-
lar weights are based on the current acceptable [IUPAC convention to the nearest hundredth of a dec-
imal 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 1986 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.
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GAS CHROMATOGRAPHY

The gas chromatography data are presented in the monographs in the form of Kovats indexes calcu-
lated by the following formula
log T /T,

I =100 (2
log 7T,

+X)

I = Kovats index
= Retention time of the drug
= Retention time of an even numbered normal hydrocarbon whose carbon number is X

,= Retention time of an even numbered normal hydrocarbon whose carbon number is ¥
where Y =X + 2

and
T2 T=T,

Each retention index is presented in the monograph with the temperature at which its T,T,and T,
values were measured. All retention times were measured from the time of injection. A Hewlett-
Packard 5830A gas chromatograph was used with an 18850A terminal, FID detector, and a 4’ x '4”
column of 3% OV -1 Chromosorb WHP 80/100 mesh. The carrier gas was nitrogen at a flow rate
of 32 ml/min. Large samples of drugs were used (10-100 ug) for injection. At these levels, a moder-
ate change in the amount injected does not change the retention time significantly. To reproduce the
results obtained in this book, the same temperature, column packing, carrier gas, gas flow rate, and
column length should be used. A table of retention indexes appears in Appendix G.

HIGH PRESSURE LIQUID CHROMATOGRAPHY

High pressure liquid chromatography was carried out on either a Varian 5000 or Varian 6000 HPLC
instrument. Most of the samples were chromatographed on a 30 cm x 4 mm SI-10 porous silica col-
umn (10 u particle size) with a 2-in. guard column filled with Porasil A. The remaining samples were
runon a 13 cm x 4 mm Lichrosorb NH, (LiNH,) column with a 2-in. Co:Pell ODS guard column.
The flow rate used was 2 ml/min with a column “dead volume” of 4 ml. A fixed wavelength (254 nm)
UV detector was used to detect UV absorbing compounds. A refractive index detector was used for
the remaining compounds. The eluted compounds were verified on a Hewlett-Packard 8451 A diode
array spectrophotometer. The following list of solvents were used

Solvent A: Methanol with 1 % NH OH
Solvent B: Methylene chloride

Solvent C: Cyclohexane

Solvent D: Acetonitrile

Solvent E: Deionized water

All organic solvents were purchased as HPLC grade solvents from Fisher Scientific Company.
The HPLC data are presented in the monographs in the form of Column Packing; Solvent; Reten-
tion time in minutes.

ULTRAVIOLET SPECTROPHOTOMETRY

The absorption spectra were obtained with either a Hewlett-Packard 8450A or 8451A diode array
spectrophotometer and plotted as a wavelength versus transmittance from 220 nm to 340 nm. Sam-
ple 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 0.2NH,SO, solu-



tion and by a dashed line for strongly basic solutions. Other solvents, when used, are identified on
the individual spectra. A matched pair of Fisher-brand Suprasil ultraviolet cells were used for the refer-
ence and sample solutions. The solutions were made basic by the addition of several drops of con-
centrated sodium hydroxide solution.

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

MASS SPECTROMETRY

The mass spectra were acquired on a Hewlett-Packard 5985B GC/MS operating in the electron impact
(EI) mode with an electron energy of 70 ev. Unless otherwise noted, the samples were introduced
viaa 5 % phenylmethyl 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. Where 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 dis-
torting 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.

Ina few cases, the only appropriate means of introducing a sample was by direct insertion probe,
also called solid probe or DIP. These spectra are identified where they occur in the book.

Finally, the mass spectra were plotted on a HP 7550A graphics plotter using a routine written
especially for this work. 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 sig-
nificant fragments for each compound.

A cumulative index of the mass spectra, sorted by base peak, is included as Appendix E.

NUCLEAR MAGNETIC RESONANCE SPECTROMETRY

The proton nuclear magnetic spectra were recorded on a General Electric QE-300 Superconducting
FTNMR spectrometer 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/'*C 5-mm probe.

Samples were prepared by dissolving the compound in the appropriate solvent (Aldrich deuteroch-
loroform 99.5 % containing 0.03 % 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 con-
centration (less than 5 mg of compound was available in many instances) has resulted in spectra show-
ing 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. Most spectra were recorded at a spinning rate of 15 to 25 1ps, 32 acquisitions with quad-
rature 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 psec (30 deg). Most spectra include
0.03 % TMS as a reference. Precautions were taken in handling all NMR solvents to minimize con-
tamination with atmospheric moisture.

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

The nuclear magnetic resonance spectra presented in this book as well as Carbon-13 and stan-
dard APT (Attached Proton Test) experimental data are available in computer library form from
General Electric NMR Instrument Division.

INFRARED SPECTROPHOTOMETRY

The infrared spectra were produced using a Nicolet 170SX Fourier Transform Infrared spectrome-
ter. This infrared spectrometer is equipped with a laser-referenced Michelson interferometer with
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an absolute wavenumber accuracy specified better than +0.01 cm~!. As many grating and prism
spectrophotometers are currently in use, the constant spectral resolution was kept at 4 cm~! by col-
lecting 64 one-second scans (4096 data points/scan). Because the FT-IR 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 were 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, as many times both the sample as well as the KBr were
hygroscopic, 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.
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 with an accuracy of +0.1 cm~!, is included in
Appendix F. Example of a blank KBr pellet at various transmittance values can be found in Appen-
dix A.

The infrared spectra presented in this book are also available in computer library form from Nicolet
Instrument Corporation, Bomem, Inc., Brucker/IBM Instrument Corporation, Digilab Instrument
Corporation, Analect Instruments, Mattson Instruments, and Perkin-Elmer Corporation.
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