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FREFACE

Paychoactive drugs have been part of human life since ancient times,
First, drugs of natural origin or “vegetable" drugs such as opium, cannabis and
coca leaves were used. During the first half of the 20th century "classical®
synthetic drugs such as pethidine, methadone, LSD, amfetamines and depressants
were added. Most of these drugs were placed under international contrel under
ejther the Single Convention on Narcotic Drugs of 1961 or the Convention on
Peychotropic Substances of 1971.

Since the late 1970s, new typeg of synthetic druge have emerged, Thay are
similar to controlled substances Iin chemleal strueture and pharmacological
activity, but different enough to aveid legal control applicable to the "mother”
compounids. These analogues of contrelled substances are often referred teo as
‘"designer drugs", because they are "designed" by chemists in clandestine
laberatories in an attempt to circumvent drug control laws.

Some of these designer drugs are extremely potent, and have claimed many
lives in overdose cases. Some can ecause sarious damage to the brain function,
When the risk they presemt to the health of iIndividuals and society was
documented, the United Nations Commission on Narcotie Drugs, based on
recommendations by WHO, decided to place them under Iintermational control.
Therefore, many of the known designer drugs are no longer "controlled substance
snalogues" since they have become controlled substances themselves.

The abuse of designer drugs was virtually confined to the United States of
Ameriea throughout most of the last decade. In the late 1980s, however, there
were indications that some of them were beginning to reach Europe and Asia. At
the meeting on clandestinely produced drugs held in Rabat, Morocce in 1987, it
was recommended that an information manual on designer drugs be made available
to national health and forensic laboratory personnel, so that they would be
better prepared to face the problem, should these drugs begin to spread in otheyx
countries.

This mamial has been prepared te respond to the above recommendation with
the finanecial support of the United Nations Fund for Drug Abuse Control (UNFDAC,
which recently became an element of the United Nations Drug Control Programme)
in collaboration with the group of scientists listed on the following page.
Their contribution to the designing, drafting and editing of the manual is
cordially acknowledged.

March 1991, Geneva, Switzerland

Hans Emblad

Director

Programme on Substance Abuse
World Health Organization
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INTRODUCTION
1

The manual is intended for wuse by health and forenslc laboratory perscmnel
as a source of information on "designer drugs”. Health ministry officials may
find the general informatiom in the manual useful to be better prepared for the
eventwality of these drugs appearing Iin the national drug abuza zcene, Hospital
staff will find the pharmacologiecal and elinical infeormation useful when they
come across a patient intoxiecated with an unknown drug, Forensic chemizts may
use the chemical and analytical information as a practical guide for laboratory
testing of these substances should they be encountered in the Lllieilt traffic.

This manual is divided into five chapters - two om analogues of fentanyl
and mepexidine controlled under the Single Conventlon on Narcotic Drugs, followed
by three chapters on analogues of amfaetamines, phencyclidine and aminorex
controlled under the Convention on Psychotropie Substances. Each chapter begins
with a general statement of the problem followad by a section dezeribing thh
general histery of the group of drugs in question. Then, pharmacologliec and
toxicological information iz given, followed by a section on clandestine
synthesis and analytical chemistry intended mainly for forensic chemists, At the
end of this zection, data sheetsz of indlvidual substances are provided.

In the data sheets, information on international control is provided in
gbbreviation; the number of the Schedule containing the substance followed by the
abbreviated name of the convention. For example, *I, 1961 Convention" means thar
the substance is included in Schedule I of the Single Convention on Narcorie
Drugs, 1961. "1971 Convention" refers to the Convention on Psyahutrcpiﬁ
Substances, 1971. In compesite drug names containing both chemical prefixes and
INNs (Intexnational Nem-preprietary Names), the INN is often distinguished by
being italicized or underlined. This wethod of distinguishing INNs in composite
drug names was not employed in this manual.

References are given at the end of each chapter under two headings: general
and chemistry. General references are these which are used but not cited in the
text. In the analytical chemistry section, however, all references listed under
the chemistry reference heading are cited se¢ that the original papers can bg
readily identified when more details are needed.

Even with detailed information on experimental conditions and substance
data sheetz, actual confirmatory testing may not he possible without the use of
a reference standard of the drug in quaestion. Should the need arise, more
information about the possible source of reference standards is avallable from
either the Narcotics Laboratery of the United Natlons Drug Control Programme o
the ©Special Testing and Research Laboratory of the Drug Enforcement
Administration of the United States of America.

The substances it this manual represent only some of the analogues which
have been encountered in the illlieit traffic. Analytical chemistry data on other
similar analogues are avajlable from the following sources: CND Analytical)
Inc., P.0. Box 1527, Auburn, Alabama 36831-1527, USA; United States Drug
Enforcement Administration Speclal Testing and Research Laboratory, MeLean,
Virginia 22101, USA; and Narcotics Laboratory, UN Drug Control Programme, Viennﬂ
International Centre, P.0. Box 500, A-1400 Vienna, Austria,
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FENTANY]. ANALOGUES

GENERAL STATEMENT OF THE FROBLEM

Fentanyl and its analogues are a class of designer drugs which have Dbeen
synthesized in clandestine labeoratories using commen, commercially available
chemicals and simple laboratery equipment. The biclogical effects of the
fentanyls are indistinguishable from those of heroin with the exception that the
fentanyls may be hundreds of times more potent. There are hundreds of fentanyl
gnalogues with each differing only In potency and duration of action, The high
potency, thenca lew dosage requlired for producing effect, and the multiplicity
of active, structural analogues possible make it difficult te detect the
fentanyls in the illicit traffic. To date, over 12 different c¢landestinely
produced fentanyl analopgues have been identified in the U.5. Illicit drug
traffic, Over 100 deaths have been attributed to the abuse of these drugs.
Although the elandestine synthesis, distribution and abuse of the fentanyls have
been confined te the U.5. up to this time, their extremely high potency and
relative ease of synthesis make them serious drug abuse threats internationally.

GENERAL HISTORY
Legitimate Use

The parent drug fentanyl was first synthesized by the Janssen Pharmaceutical
Company of Belgium in the late 1950‘s. 1t was introduced inte ¢linical medicine
under the tradename Sublimaze in the 1960's as an intravenous apesthetic and as
pre- and post-operative medication. Shortly thereafter, two other fentanyl
analogues were developed: =alfentanil, an ultra-shert (5-10 minuctes) acting
analgesic, and sufentanil, an exceptionally potent analgesic for use in heart
surgery. Today these fentanyls are extensively used for surgical procedures and
for the eontrel of pain. Other fentanyl analegues which were developed for
legitimate use are carfentanil, a very potent analogue used in eapture guns for
immobilizing wild animals, and lofentanil, an analogue with a very long duration
of action, which may be used in trauma centers for the coentrel of severe pain,

Illicit Use

111icit use of fentanyl waz identified in the mid-1970's when 1t was
teported that pharmaceutical fentanyl was being used as & doplng agent In
horseracing. There were alse reports that the pharmaceutical fentanyls were
being diverted smd used by physicians, pharmacists and nurses. This continues
to be a small, but significant problem in the U.S.

The clandestinely produced fentanyls first appeared in 1979 vhen alpha-
methylfentanyl was f£inally identified as the cause of & vumber of unusual
overdose deaths in Califernia. Autopsy findings were similar to theose found for
heroin overdose. It was reported that the vietims had used a drug called either
"China White" or "synthetic heroin". In retrespect, the vietums had been
unprepared for the large Increase in potency of alpha-methylfentanyl over herein.
Over the next decade, at least 10 different fentanyl anaslogues appeared on the
street and aver 100 overdose deaths were linked to the fentanyls. Illicit use of
the fentanyls peaked in 1925, then declined gradually. The most reeent outbreak
of fentanyl deaths occurred in Pittsburgh, Pennsylvania In the fall of 1988.
These overdose deaths resulred from the production and distribucion of
3-methylfentanyl by & clandestine chemist.
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PHARMACOLOGY
General Effects

The pharmacological effects of pharmaceutical fentanyls in humans have been
studied in some detail. Unfortunately, thers is virtually nothing knowm about
the effects on humans of 1llicit analogues since they have never been adminis-
tered to human subjects under controlled conditions, The little we khow about
the pharmacology of 1llicit fentanyls comes from studies with laboratory animals.
However, these studies suggest all the fentanyls are qualitatively similar in
their pharmacologlcal action and rthe wvarlous analogues differ only in their
potencies and durxation of actiom. g

Fantanyls produce pharmacelogical effects characteristic of opiates. They
produce all che affects of haroin ineluding analgesia, euphoria, pin-point pupils
and respiratory depression. Due to their high lipid solubility fentanyls,
regardless of route of administration, raach the brain quickly thus providing for
a vary fast onset of action., The fast onset of action i1s considered a highly
desirable trait by heroin users, Fentanyl users report experiencing the firsc
effects within 90 seconds after intravenous adminlstration and by 2 minutes they
are in a relaxed, euphorie state. In non-tolerant individuals, spontaneous
breathing can stop at this time, and overdose deaths are likely to ocecur very
rapidly with these drugs. :

The duration of the pharmacological effects will vary depending upon the
fentanyl analogue used. Opiate-like effects can persist for as little as five
minutes, as is the case with alfentanil, or last for one-half hour as is the case
for fentanyl. 3-Methylfentanyl has & duration of action of about 4 hours whlch
is similar to that of heroin,

Structure Actlvity Relationships

With respect to structure-activicy relationships, over 200 pharmacologically
active fentanyl analogues have been synthesized and studied Iin experimental
animals and various test systems, Mony modifications in the basic fentanyl
structure (See fentanyl data sheet) result in retention of pharmacological
activity. Structural changes generally result only in changea of potency or
duration of action, not in intrinsic opiate-like character. For example, potency
can be increased by simple substitutions at the alpha and beta positions of the
phenethyl side chain; thus, with vrespect to analgesic potency alpha-
methylfentanyl is approximately twice as potent as fentanyl or 200 times as
potent as morphine. Greater increases in potency can be achieved by simple
substitutions at the 3-position of the piperidine ring, as evidenced by 3-
methylfentanyl which iz over 6000 times more potent than morphloe and is one of
the most potent fentanyl analegues. In addition, the benzene ring in the
phenethyl side chaln <¢an be replaced by thiophene or furan without lesing
activity. The structure activity relatlonshlps for the fentanyls seem to be well
understood by the clandestine chemists because at least 10 analogues have been
found on the streets. These anzlogues include 3-methylfentanyl, alpha-
methylfentanyl, acetyl-alpha-methylfentanyl, beta-hydroxyfentanyl, thiofentanyl;,
alpha-methylthiofentanyl, para-fluorefentanyl andbeta-hydrozy-3-methylfentanyl.
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Routes of Administration and Dozage Forms

The fentanyls are most commonly used by intravenous administracion, but like

heroin, they may be smoked or "snorted”. In fact, some users prefer the
intranasal route and there are reports that the drugs are available in two forms:
one fox "shooters" and ome for "anorters". Illiecit fentanyls are generally

diluted (cut) with very large amounts of lactose or mannltol and occasionally are
mixed with cocaine or heroin, Because street ssmples contain only a small amount
of active drug, generally less than 1%, they do not usually have a distinective
colour, odor, or taste, The colour of fentanyl samples may range from pure white
(in which case it may be sold as "Persian White"), to an off-white or light tan
(sold as "China White", "Synthetle Hercin", or “"Fentanyl"), te light or dark
brown (sold as "Mexican Brown"). The brown colour iz thought to come from
lactoce which has been heated unril it becomes slightly carmalized. Similarly,
the texture of the samples may range from light and finely powdered to somewhat
coarse, cake-like and erumbly, resembling powdered milk. Oceasionally, fentanyl
samples may have a medicinal or chemical odor, but this 1s neot characteristic.
There is nothing about the appearance of fentanyl samples that is unique, and it
is impossible to distinguish them from heroin except by chemical analysis.

Pharmacokinetics

Current information on the pharmaccokineties of fentanyls has been derived
from studies using pharmaceutical fentanyls. Although there is general agreement
on the hasic way in which the pharmaceutical fentanyls are distributed,
metabolized and eliminated, there is considerable disagreement on the
quantitative description of these processes. Quite different pharmacokinetic
values have been reported by various investigators and whether these differances
are due to an intrinsically large biclegical variability of these drugs or to
differences in analytical methods has not been determined., Unfortunately, there
iz very little known about the pharmacokinetics of the illicit analogues since
they have baen tested to a very limited extent in laboratery animals.

The fentanyls are usually administered intravenously or intramuscularly,
thus there is no clinical data available on their gastreintestinal, intranasal
or pulmenary absorption. Fentanyls are very lipid soluble and therefore should
move easily and rapidly across any membrane barrier and should be efficiently
absorbed by any route of administration. Fellowing intravenous administration,
the fentanyls rapidly disappear from the bloodstream and are extensively
distributed throughout the body where they are bound to peripheral tissues,
plasma proteins and red bleed cells. Within 5 minutes of administration, over
90% of a dose of fentanyl will be eliminated from the plasma via sequestration
in peripheral tissues. Because of this rapid redistribution, the resulting
fentanyl concentrations in blood and other body fluids are extremely low and thus
very difficult to detect,

Tentanyls are cleared from the body via metabellism followed by uripary
exeretion of metabolites. The fentanyls are rapidly and extensively metabolized,
generally to more polar metabolites that are pharmacologically inactive. The
major metabollc route is oxidative N-dealkylation to normetabolites. Amlde
hydrolysis to the despropionyl metabolite eoeccurs to & lesser extent and
hydroxylation of the piperidine xing, the phenyl rings, or the proplonyl
sldechaln occurs to a miner extent. The fentanyls are eliminated as thelr more
polar metabolites primarily in urine. Clinical studies have shown that nearly
one-half of an administered dose of fentanyl is exersted within the firstr 8 hours
and about 70% of the total dose will be eliminated by 72 hours. Less than 10%
of an administered dose will be eliminated as unchanged parent drug. This also
adds to the difficulty in detecting fentanyl use.
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An exceptionally wide range of pharmacokinetic values has been reported for
the fentanyls. There is general agreement that the half-life of the initial
phase (which deseribes the distribution of drug from plasma to the tiszues) is
short, approximately 15 minutes; however, rhera is litrle consensuz on the valués
for che later elimination phase{z). This disagreement may be related to the
difficuley of accurately measuring the very low concentrations of drug (generally
10 ng/ml or less) present in blood and urine, Consequently, these investigators
whe report detectiom limits for fentanyl at subnanogram levels, also report
longer terminal half-lives and slower clearance rates, However, the largée
discrepancies in values reported by many investigators seem too great te bhe
attributed to differences in analytical .precision or accuracy. For exampls,
reported half-1ife values for fentanyl range from 2.4 to 14.2 hours, while values
for volume of distribution range from 150 te 38l L and clearance values range
from 150 te 991 mg/min., It is possible that these differencez reflect true
biologiecal wvariahility rather than differences in analytical techniques
Fentanyl elimination may ba influenced by dose and age.

TOXICOLOGY
Toxic CGlinical Manifestatlons of Drug Usa and Qverdose

Fentanyls produce all the effects and side effects of the classical narcotic
analgesics. They are among the most potent respiratory depressants and
analgesics discovered to date and can produece profound pain relief at remarkably
low doses. Other effects include euphoria, pin-point pupils, nausea and an
increase in muscle tone commonly called "Wooden Chest" ox "lead-pipe rigidicy".
4 transient drop in heart rate and blood pressure, affects not usually found with
heroin use, are observed in surglical patients receiving fentanylz. Respiratory
depression and coma are the most serious adverse effeets of the fentanyls:
Fentanyl plasma levels above 2-3 ng/ml are associated with respivatory depr3551on
which may be life threarening.

Chronic use of fentanyls does not typically produce any damage to organs or
tissues. Bacterial and wiral infections may develop from the use of infectad
needles. When used regularly, the fentanyls produce narcotic-like tolerance and
physiclogical dependence. Experienced heroin users report that the effects of
the fentanyls are similar to, and are an acceptable substirute for, heroin.
Fentanyls thus appear to have an abuse liability equivalent to herain, 1

Forenzic Toxicology

In the U.5. over 100 overdose deaths have been linked to the use of the
illicit fentanyl analogues with perhaps 1/10 that number associated with the
abuse of the pharmaceutical fentanyls. The latter cases involved health
professionals who were apparently able to divert pharmaceutical drugs for their
OWIl use,

Demographic studies of fentanyl-related deaths in Californmia suggest that
the typical fentanyl overdese victim is similar to the typical heroin user in
nearly all respects, This person is likely to be male (78% compared with 27%
female)}, 32 years of age (range, 19-57 years), and Caucaslan (50% compared with
29% Hispanic, 20% Afro-American, and 0.9% Asian). A large portion of thé
fentanyl-related deaths occurred in suburban and rural areas of California, ndt
in large matropolitan areas.

o
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Autopsy Findings

Pulmonary edema and congestion are found in nearly all cagesz of fentanyl
overdoge deaths. 0ld needle puncture scars and new Injection sites are also
common £indings. Autepsy findings and cireumstances surrounding fentanyl deaths
are similar to the "sudden deaths" reported for heroin. Those autopsy findings
generally assoclated with death from respiratory depression, such as broncho-
pneumonla, or aspiration of gastric contents inte the lungs, are rarely found in
fentanyl deaths. In addition, there is no evidence of amaphylaxis or allergic
reaction from contaminants in the syringe. The most likely cause of death is
simply a very rapid cessation of respiration which is quite consistent with the
known pharmacological propertiez of the fentanyls. These highly lipophyllie
drugs can reach the brain very rapidly after intravenous administration. It hag
been observed that maximum respiratory depression occurs within 2-5 minutes In
gurgical patients receiving fencanyl. Interestingly, although most of the
fentanyl victims had a long histery of intravemous drug use, there was very
little pathology observed at autopsy. Even c¢hronic liver inflammation or
cirrhosis was rare. The use of ethyl alecohel iz thought te be a significant risk
factor in increasing the probability of overdese. Ethanel was found in a
surprisingly large number of overdose cases and was often present at intoxicating
levels,

Blood and Tissue levels

Alpha-methylfentanyl and 3-methylfentanyl are the analogues that have been
most commonly associated with fentanyl analogue overdoses. Since 1985, overdoses
have involved 3-methylfentanyl almest exclusively. The concentrations of the
fentanyls in the body fluids and tissues are extraordinarily low, generally in
the low nanogram range. The mean fentanyl concentration found in the bleod of
overdose vietimz, as measured by a radiocimmuncassay highly specific for the
fentanyls, was approximately 3.0 ng/ml, but ranged from 0.2 to greater than 50
ng/ml. The mean urine concentration of drug found was approximately 4.0 ng/ml
with a ranpge of 0.2 ro greater than 800 ng/ml. Similar drug concentrations in
body fluids have been reported in overdose cases in which the individuals
adminjstered phatmaceutical fentanyl. Curiously, very few other drugs were found
during texicological analysis. Although mest of the fentanyl victims were known
heroin users, morphine or codeine was rarely found.

In summary, fentanyl overdose cases may seem a paradox at the post mortem
examination. Autopsy findings of pulmonary edema and needle marks clearly point
to a narcotic overdese; however, using routine toxicelogical metheds no drug, or
tnly trace levels of drug, will be detected. Only threugh the use of analytical
procedures specific for the fentanyls will the labeoratory be able to detect the
fentanyls.

CLINICAL MANAGEMENT

Respiratory depression is the most serious toxic effect of the fentanyls.
This can be quickly and effectively reversad by naloxone (Narcan). Naloxone is
a specific opiate antagonist and is the antidote of cholce; however, because the
fentanyls are so extraordinarily potent, higher doses than are normszlly used may

be required (e.g., milligrams rather than micrograms). Naloxone mpust be
administered gquickly, because life-threatening respiratery depression occurs
within mioutes after administration of the fentanyls. Repeated naloxone

administration may be necessary when dealing with a long acting fentanyl
analogue .
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CLANDESTINE SYNTHESIS
Synthesis I

Fentanyl and many of 1lts analogues can be synthesized through either
norfentanyl or 3-methyl-norfentanyl intermediates which are prepared from the
appropylate l-bemzyl-4-pipexidone. The appropriate piperidone is reductively
aminated with aniline, acylated with an anhydride and hydropenated to form the
nerbage, Fentanyl and the specific analogues are then prepared by alkylacion of
the piperidine nitrogen., Variation of the aniline, acyl and alkylating groups
allows the preparation of a wide vaiety of fantanyl analogues.

Synthesis II

Fentanyl and some analogues may be prepared directly by the condensation of
commercially available 1-(beta-phenethyl)-4-piperidone with aniline followed by
reduction and acylation.

Synthesis IIY

Alternative syntheses involve the preparation of appropriate 4-piperidones
through addition of an alkylamine resulting in acrylate or methacrylate esters
followed by ring closure through a Dieckman condensation and subsequent
hydrolysis and decarboxylation. Reductive amination with aniline followed by
acylation with an anhydride yields fentanyl or the desired analogue.

Precursars and Essential Chewmicals

1-Benzyl-4-piperidone or 1l-benzyl-3-methyl-4-piperidone (I)

1-(beta-phenethyl) -4-piperidone (II)

Methyl acrylate or methyl methacrylate (III1)

Alkylamine such as phenethylamine or amfetamine or phenylethanolamine (III)
Aniline or p-fluareaniline (I,II,IIL}

Propionic anhydride or acetie anhydride (I,II,IIT) :
2-Phanyl-1-bromoethane or 2-phenyl-l-bromopropane or 2-(2-thienyl)-ethanol
tosylate or 1-(2-thienyl)-2-propancne or styrene oxide (I,II) .
Sodium cyanoborohydride, sodium borohydride or lithium aluminum hydride
(I1,1I,I11)

Sodium methoxide (III)

P-Teluenesulfonic acid (I,I1I,III)

ANALYTICAL CHEMISTRY
Body Fluids

Generally speaking, fentanyls are difficult to detect in biological fluids,
They do not react with commercially available screening reagents for the opiates,
Because they are normally present in such small amounts in body fluids, very
sensitive assayss are required to detect and quantitate fentanyl and its
metabolites and analogues. A review of analytical methods utilized for the
determination of fentanyl and its metabolites and anelogues has recently been
written by Watts and Caplan (1989).
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Extrgction

A number of extraction procedures for fentanyl and its metabolites and
analogues have been described in the literature (Gillespie et al. 1981; Van Rooy
et al. 1981; Goromaru et al., 1984; Hammargren and Henderscon, 1988). Use of
teflon-lined caps on extraction tubesz and silanization of all extractieon
glassware allows for higher recovery of fentanyl,

Impunosssay

Radioimmunoassay techniques have been developed for the detection of
fentanyl and its analegues (Henderson et al., 1975; Michiels et al., 1977; Phipps
et al,, 1983; Schuttler and White, 1984). Antisers have been produced which are
specifie for the 4-monosubstituted piperidine analogues such as fentanyl and all
the known illicit analogues. Other antisera have been developed which are
gspecific for the 4,4-disubstituted piperidine analogues which include sufentanil
and alfentanil. The respective antisera are highly specifiec and there is litle
cross reactivity between the two basic types of fentanyl analeogues., TIn addition,
neither of the antisera cross react with common drugs of abuse or with most of
the known metabolites. Radioimmunoassays wusing these antisera are quite
sensitive and have detection limits in bielegical fluids in rthe plcogram per
milliliter range. Also, a solid-phase fentanyl immunoassay has been developed
which can be used to rapidly screen powder and paraphernalia samples for the
illicit fentanyls (Hendersom et al., 1990).

Chromatography

Gas Chromatography

Fentanyl and its metabolites have been measured in human plaesma, whole bleod
and/or urine using gas chromatography coupled to either a flame ionization
detector (GC-FID) or a nitrogen phosphorus detector (GC-NPD) (Gillespile et al,,
1981; Van Roey et al., 198%; Phipps et al., 1983; Bjorkman and Stanski, 1988;
Watts and Caplan, 1988: Kintz et al,, 1989). The more sensitive GC-NPD technique
detects fentanyl concentrations in the picogram/ml range. The GC-FID haz a
higher fentanyl detection limit of around 3 nanograms/ml of plasma. Using GC-NPD
and GC-FID, the fentanyl metabelites, 1-(2-phenethyl)-4-N-anilinepiperidine and
4-N- (N-propionylaniline)piperidine, have been detected in picogram amounts in
human plasma {Van Rooy, 1981; Kintz et al., 1989). Hammargren and Henderson
{1988), using capillary column gas chromategraphy with an electron capture
detector (GC-ECD), measured norfentanyl levels in urine. Fellowing differential
pH extraction, norfentanyl was derivatized with pentafluoroproprionic anhydride
prior to measurement with the GC-ECD, The detection limit for this assay was 2
nanegrams/ml of urine sample.

Gas chromatography has alse been used to measure selected fenteny!
analogues. GC-NPD has been used to measure plasma levels of alfentanil,
sufentanil and lofentanil in plasma. This same techinque was used by Gillespie
et al, (1982) to quantitate alpha-methylfentanyl levels in human blood, bile and
liver tissue, Hammargren and Henderson (1988) recently reported the use of
capillary column GG-ECD for the determination of nor-3-methylfentanyl in human
urine. This compound igs the N-dealkylated metabolite of 3-methylfentanyl. Nor-
3-methylfentany)l was extracted from urine using a differential pH extractien
technique and subsequently derivatized with pentaflueroproprionic anhydride. The
limit of sensitivity of this technique was 2 nanograms/ml of urine.




WHO/PSA/90.5
page 9.

High Performance Liquid Chromatography (HPLG)

Kumar et al, (1987) developed an HPLC technique for measuring levels of
fentanyl and alfentanyl in plasma. Detection was accomplished wsing an
wlrravielet detector. The detection limit for the azsay was 1.0 ng/ml for both
fentanyl and alfentanil, thus making its sensitivity somewhat comparable to gas
chromatographic technlgues.

EEEC Lrometry

Mass apectrometry techniques may be used as confirmatory tests for fentanyl
and its metabelites and anslogues., Gas chrematography/mass spectrometry (GC/MS)
has been wsed to measure fentanyl in human plasma and whole bleood (Van Rooy et
al., 1981; Lin et al,, 1981; Watts and Caplan, 1988). Detection limits ranged
Erom 0.05 to 0.25 nanogram/ml of sample. The GC/MS was used by Goromaru et al.
(1984) to quantitate human urine levels of fentanyl and three of its metabolites
4-N- (N-propionylanilino)piperidine, 4-N-(N-hydroxypropienylanilino)piperidine and
1-(2-phenethyl)-4-N- (B-hydroxypropionylaniline)piperidine. Fentanyl and
metabolites were isolated from urine using a differental pH extraction technique
and subsequently derivatized with trimethylsilylacetamide. Identification and
quantitation of the TMS derivatives of fentanyl and its metabelites were made
using selected ion monitering (SIM).

S0lld Dosage Forms

Melting Point Determinations

Melting points of fentanyl, a-methylfentanyl, 3-methylfentanyl and para-
flurofentanyl were cbtained from Gumm. Melting points of a-methylthiofentanyl,
B-hydroxyfentanyl, B&-hydroxy-3-methylfentanyl, thiofentanyl and (+)-cis-3-
methylthiofentanyl were obtalned from NIDA (1988).

Colour Tests

Fantanyl and a-methylfentanyl were examined using the Marquis colour
reaction test (Allen et al., 1981; Moffar, 1986).

Chromatography

Thin-Layer Chromatography.
The following thin layer chrematography systems were used,

System A: Hexane : isopropyl aleohol : diethylamine (30:3:0.5), Silica
gel (Whatman Ké). Visualization using iodine vapors. (Allen et al., 1981)

System B: Methanol : strong ammonia solution (100:1.5), silica gel G/0.1M
potassium hydroxide. Visualization with acidified iodoplatinate. (Moffac,
14986)

System C: Cyclohexane : toluene : diethylamine (75:15:19), zilica gel
G/0.1M potassium hydroxide. Visualization with acidified fodoplatinate.
{(Moffat, 1986) .

System D: Chloroform : methanel (9%0:10), silica gel G/0.1M potassium
hydroxide. Visualization with acidified iodoplatinate., (Moffat, 1986)
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Syztem E: Acetone ! chloroform (1:2), silical gel F. Detection with UV
light (254 mm) and 1% iodine in wmethanol or Dragendorff reagent or
iodeplatinate. (Suzuki et al.,1986)

System F: Benzene : chloroform : methanol (2:10:1), silical gal F,
Detection with UV light (254 nm) and 1% iedine in methanol or Dragendorff
reagent or iodoplatinate. (Suzuki et al., 1986)

System G: Chloroferm : hexane : methanol (10:2:1), =silical gel F.
Detection with UV light (254 nm) and 1% iodine in methawol or Dragendorff
reagent or icdoplatinate. (Suzuki et al., 1986)

3ystem H: Chloroform : methanel : concentrated ammonium hydroxide
(90:10:4 drops per 100 ml), silica gel (E. Merck analytical plates).
Visualization with iodine. (NIDA, 1988)

System I! Chloroform : methanol : concentrated ammonium hydroxide (96:4:4
drops per 100 ml) silica gel (E. Merck analytical plates). Visualization
with iodine, (NIDA, 1988)

System J: Methylene chloride : methanel : concentrated ammeonium hydroxide
(85:15:1), silica gel (E. Merck analytical plates). Visualization with
iodine, (NIDA, 1988)

System K: Methylene chloride : methanel (9:1), silica gel (E. Merck
analytical plates). Visualization with iodine. (NIDA, 1988)

System L: Chloreform : methanol (9:1), silica gel (E. Merck anmalytical
plates). Visualization with iodine. (NIDA, 1988)

Additional References: Heagy (1986)
Casz Chromatography

Gas chromatographic (GC) data were obtained from Cooper et al., (1986).
Data are expressed as the relative retention time (RRT) of the substance relative
to fentanyl (fentanyl retentlion time (RT) - 16.68 minutes). The following
parameters were used.

Golupn. 12 m by 0.20 mm inside diameter fused-silica capillary column
coated with 5E-54 (Hewlett-Packard, Avondale, PA, USA) at a film thickness
of 0.24 um,

Column Temp. Programmed as follows: initial temperature, 210# C; initial
hold, 2 min; temperature programme rate, 2# C/min; final temperature, 280%
C; and final hold, none,

n emp. 300# C,

Carrier Gas. Hydrogen at a flow rate of 50 em/s.
er ard. mn-Triacontane.

Detector. Flame ionization detector.

Detectoy Tepp. 300# C.

Addltional References: Allen et al., 1981; Allen and Lurie, 1984; Moffat, 1986
Cooper et al,, 1981; Gunn; Mills and Reberson, 1987; Moore et al., 1986: Suzuki
et al., 1986; Watts and Caplan, 1988,
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High Performance Liquid Chromategraphy

High performance liquid chromatography (HPLC) data were obtained from Lurle
et al. (1984). Data are expressed in termws of the relative retention time {(RRT)
and correctad 215/230 absorbance ratie (RAR) of the compound relative to those
of fentanyl, Corrected absorbance ratios obtained by peak height for the
individual analogues were determined by dividing the aksorbance ratiec for a
compound by the absorbance ratie of the internal standard, fentanyl. The
following parameters were used.

Colump., Prepacked 4.6mm x 25cm stainless steel column, with 10 um C18
packing material (Partisil 10-0D5-3, Whatman}.

Mobile Phase. 8l% phosphate buffer (99 parts water, 3 parts 2N sodium
hydroxide and 1 part phosphoric acid), 4% methancl, 10% acetonitrile and
5% tetrahydrofuran.

Internal Standard. Fentanyl

Detector. Variable UV detector set at 215 nm or 254 rm containing a 2.5
ul flow cell, either alone or in series with a second variable W detector
set at 230 nm and containing a 1.5 ul flow cell (Perkin-Elmer).

Additional References: Allen and Lurie, 1984; Cooper et al., 1981; Gunn: Kumar
et al., 1987; Mills and Roberson, 1987; Wilson ar al., 1988,

Spectroscopy/Spectrometry

Intrared Spectroscopy.

Infrared (IR) speetrra of the hydrochlorides of fentanyl and its analogues
were obtained from Cooper et al. (1986). Infrared spectra were recorded in
potassium bromide with a Beckman model 4240 spectrophotometer,

Additional References: Allen et al., 1981; Allen and Lurie, 1984; Moffat, 1986;
Cooper et al., 1981, Gunn; Heagy, 1981; Mills and Roberson, 1987; Suzuki, 1989;
Suzuki et al., 1986. 3

Ultravieclet Spectroscopy.

Ultra-violet (UV) spectral data were obralned from Mills and Roberson
(1987). Spectra were obtained using a Hewlert-Packard 8450A or 8451A diode array
spectrophotometer. Transmittance was determined over a wavelength range from 220
to 340 nm. Data is expressed as the wavelengths showing maximum absorbance in
acidic and basic soluticons.

Mass Spectrometry

Mass spectral data on fentanyl and its analogues were obtained from the U.§;
Drug Enforcement Administration Special Testing and Research Laboratory. The
mass spectrometers employed utilized quadrupole mass analyzers (Finnigan 4000 and
4600) and were operated under electron lonization conditions at 70 aV.

Addirional References: Allen et al., 1981; Allen and Lurie, 1984; Cheng et al.,
1982; Moffat, 1986; Cooper et al., 1981; Cooper et al., 1986; Gumn; Mills and
Roberson, 1987, Suzuki et al., 1986, :
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FENTANYL

CAS Registry Wumber: 437-38-7; 990-73-8 (Citrate)
IUPAC HName: HN-(l-Fhenethyl-4-piperidyliproplonanilide

CA Index Names: Phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]propanamide

N-
N-({1-Phenethyl-4-piperidyl)propionanilide

Other Names: 1-FPhenethyl-4-piperidinyl)-N-phenylpropanamide

N-(
N-(l-FPhenethyl)-4-(N-propananilide)piperidine
1-(2-Phenylathyl)-4-({N-propananilido)piperidine
R 4263

International Control: I, 1961 Convention

Chemical Structure:

M.F.: CEzHZBNZO ! M.W.: 336.46
CaaHpgNzO . G HaO7 {Citrate) 528.60 {Citrate)

Physical Appearance: Fentanyl base exists as crystals. Fentanyl citrate is a
crystalline powder.

Chemical /Physical Properties:
M.P.: 83-84 °C (Base); 149-151 #C (Citrate)

Solubility: Fentanyl eitvate is seluble 1 in &40 of water, 1 in 140 of

ethanel, 1 in 350 of chloroform and 1 in 10 of methanol; slightly soluble
in ether.

Stereochemistry: No sterecisomers
Colour Tests. Marquis - orange.

Thin-layer Chromatography. System B - Rf 0.70 (Ref: Codeine — 0.06); System G -
Rf 0.45 (Ref; Pothidine = 0.37); System D - Rf 0,74 (Ref: Caffein — 0.58),

Gas Chromatography. RT-16.68 minutes. RRT-1.00
High Performanece Liquid Chromatography. RRT-1.00, RAR-1.00

Ultraviolet Spectroscopy.

Acidic Solutions - 251 om, 256 nm, 262 um
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ALPHA-METHYLFENTANYL

CAS Reglstry Numbers: 79704-88-4; 53757-42-9 (Racemate)

IUPAC Name: N-[1-(2-Phenylisopropyl)-4-piperidyl]propicnanilide

CA Index Name: N-[1-(2-Fhenyliscpropyl)-4-piperidinyl]-N-phenylpropanamide

Other Names: N-[1-(Alpha-methylphenethyl)-4-piperidyl]propionanilide
1-(1-Methyl-2Z-phenylethyl)-4-(N-propananilido)piperidine
R 4481; NIH 9%61; UM 1324; MCV 4287; China White; Methylfentanyl;
Syntheric Heroin

International Control: I & IV, 1961 Convention

Chemical Structure:

o) CH,

el

M.F.: CogHyghla0 M.W.: 350.46
CasHzyC1N-0 (HCI) 386.96 (HCL)

Chemical /Fhyslcal Properties.
M.P.: 266-270 °C w/decomposition (HC1)
Stereochemistry: 2 Enantiomers and 1 racemate
Golour Tests. Marquis - weak orsnge

Thin Layer Chromatography. System A - Rf 0.60; System E - Rf 0.25; System F -
Rf 0.62; System G - Rf 0.60.

Gas Chromatography. BRRET-1.082

High Performace Liguid Chromatography, RRET-1.22, RAR-1.08
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ACETYL-ALPHA-METHYLFENTANYL

CAS Registry Number: 101860-00-8

IUPAC Name: N-{1l-(1-Methyl-2-phenylethyl)-4-piperidinyl]-K-phenylacetamide
CA Tndex Name: N-[1-{a-Methylphenethyl)-4-piperidyl]acetanilide
International Gontrol: T & IV, 1961 Convention

Chemical Structura:

9]

O

M.F.: CpaHapll20 M.W.: 336
Chemical /Physical Properties.
Stereochemistry: 2 Enantionmers and 1 racemate.

Gay Chromatography. RRET-1.003
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ALPHA-METHYLTHIOFENTANYL

CAS Ragistry Number: 103963-66-2
IUPAC Name: N-[1-{Methyl-2-(2-thienyl)ethyl]-4-piperidyl]propionanilide

CA Index Name: N-[1-[Methyl-2-(2-thienyl)ethyl]-4-piperidinyl]-N-
phenylpropanamide

Other Names: -{1-{1-Methyl-2-(2-thienyl)ethyl) -4-piperidyl] -N-phenylpropanamide

N
a-Methylthiofentanyl; NIH 10538; MCV 4583
International Gontrol: I & IV, 1961 Convention

Chemlcal Structure:

o CH,
s >_/
HaC
M.F.: GCpHzglNz05 : M.W.: 356.53
CayHxgN2C10S8  (HC1) i92.99 (HCL) '

Physical Appearance: The hydrochleride is a white selid powder.
Chemical /Physical Properties.

M.P.: 243-245 °C (HCL)

Stereochemistry: 2 Enantiomers and 1 racemate,
Thin-Layer Chromatography. System H - Rf 0.87.

Maszs Spectrum.
198.8 - 58 .
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J-METHYLFENTANYL
CAS Ragistry Number: 42045-86-3; individual isomers have CAS numbers as follows:

78995-19-4; 53758-16-0; 78995-17-2; 53758-18-2; 53758-22-8; 53758-20-6;
65814-07-5

IUPAC Name: N-{3-Methyl-l-phenethyl-4-piperidyl)propionanilide

CA Indax Name: N-[3-Methyl-1-(2-phenylethyl)-4-piperidinyl]-N-phenylpropanamide
Othar Names: Mefentanyl; F 7209. NIH 10456 and MCV 4522 are specific names
for racemic cis-3-methylfentanyl, NIH 10457 and MCV 4523 are
specific names for racemic trans-3-methylfentanyl.
International Cemtrol: 1 & IV, 1961 Convention

-

Chemical Structure:

CH,

M.F.: 023}1301*120 M.¥W.:
Chemical /Physical Properties,
M.P.: 151-161 °C (Base)

Sterecchemistry: 2 Sets of diastereomers each of which contaling an
enantiomeric pair.

Thin-Layer Ghromatography. System E - Rf 0.35; System F - Rf 0.69; System G -
Rf O0._68

Gas Chromatography. RRT-1, 065

Mass Spectrum.
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PARA - FLUOROFENTANYL

CAS Ragistry Number: 90736-23-5
IUFAG Name: 4'-Fluoro-R-(l-phenethyl-4-piperidyl)propionanilide
CAIndexName: N- (4-Fluorophenyl)-N-[1-(2-phenylethyl)-4-piperidinyl |propansmide

Other Names: Para-fluorofentanyl; p-Fluorofentanyl; NIH 10022; MCV 4323;:
NiH 10491

International Control: T & IV, 1961 Convention

Chemical Structure:

M.F.: CapllayFN-0 M.W.: 354.47
CaaHzgFCINGG (HCL) 390.93 (BC1)

Physical Appearance: Para-Flusrofentanyl hydrochloride is a white solid.

Chemlcal /Physical Properties,

M.P.: 248-251 °C w/decomposition (HCL)
Stereochemistry: No stereoisomers.
Thin-layer Chromatography. System I - Rf 0, 69

Gasz Chromatography, RRT-0,951

High Performance Liquid Chromatography, RRT-1 24, RAR-1.42
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Infrared Spectrum.
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BETA-HYDROXYFENTANYL

CAS Registry Number: 78995-10-5

IUPAC Name: N-[1l-(k-Hydroxyphenathyl)-4-piperidyl]jproplonmanilide

CAIndex Name: ﬂ-[l—(2—Hydroxy-?-phenylethyl)-4—piperidinyl]—E—phEnylpropanamide
Other Names: B&-Hydroxyfentanyl; NIH 10506; MGV 4568

International Control: T & IV, 1961 Coﬁvention

Chemical Structure:

Q CH,

M.F.: CaHaglNa0s ‘ M.W.: 352.48
CaaHagCIN20s  (HC1) 388.94 (HC1)

Physical Appearance: B-Hydroxyfentanyl hydrochloride 1s a white solid.
Chemical /Physical Properties.

M.P.: 226-228 *C (HCI)

Strersochamicstry: 2 Enantiomers and one racemate,
Thin-Layer Chromatography. System J - REf 0.84.

Mass Spectrut,
Trimethylsilyl derivative

168.8 = 243

8.0 -
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BETA-HYDROXY- 2 -METHYLFENTANYL

CAS Reglstry Number: 78995-14-9
IUPAC Name: N-{1-(A&-Hydroxyphenethyl)-3-methyl-4-piperidyl]propionanilide

CA Index Name: N-[l-(2-Hydroxy-2-phenylethyl)-3-methyl-4-piperidinyl]-N-
phenylpropanamide

Other Names: RA-Hydroxy-3-mathylfentanyl; Ohmefentanyl; F 7302; NIH 10551; OMF
Internatiomal Contrel: I & IV, 1961 Convention

Chamical Structure:
:::: OH o§>__4//
N N

M.F.: GCazHzplNa02 M.W.: 366,31
CazH3C1N202  (HC1) 392.97 (HCL)

Physleal Appearance: (+)-Gls-R-Hydroxy-3-methylfentanyl hydroehloride.l/4 Hp0
is a white solid.

Chemlcal/Physical Properties.
M.P.: 178-180 °C (HCL)

Stereochemistry: 4 sets of diastereomers each of which contains an
enantiomeric pair.

Thin-Layer Chromatography. System K - Rf (.72,

Mass Spactrum.
180.8 - B
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s
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THIOFENTANYL

CAS Reglstry Number: 1165-22-6&

IUPAC Name: N-[1-[2-(Thienyl)ethyl]-4-piperidyl]propionanilide

CA Index Name: .E-Phanyl-ﬂ-[1-[2-(2-thieny1)ethyl]-A-piperidinyl]prupanamidel
Other Names: Thiofentanyl; NIH 10305; MCV 4567

International Control: I & IV, 1961 Convention

Chemical Structure:

M.F.: CpoHagN208 M.W.: 342.51
CapHp7CLNR08  (HCL) 3179.00 (HCL)

Fhysical Appearanca: Thiofentanyl hydrochloride is a white powder.

Chemical /Physical Properties.
M.P.: 62-63 °C (Base); 249-251 ¢ (HCL) .
Stereochemistry: No stereoisomers.

Thin-Layer Chromatography. System L - Rf 0.69.

Mazs Spectrum,
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3-METHYLTHIOFENTANYL

CAS Registry Number: B86052-04-2
IUPAC Name: N-[3-Methyl-1-{2-(2-thienyl)ethyl]-4-piperidyl]propionanilide

C4 Index Name: N-[3-Mechyl-1-[2-(2-thienyl)ethyl]-4-piperidinyl]-N-
phenylpropanamide

Other Names: 3-Merhylthiofentanyl; NIH 10546; MCV 4591

International Control: I & IV, 1961 Convention

Chamical Structure:

s CH,
s >_/
mm N
HeC
M.F.: CquzaNzOS M.W.: 356,53
CaiH2gC1N;05  (HCL) 393.00 (HC1)

Fhysical Appearance: (+)-Cis-3-Methylthiofentanyl hydrochloride.l/2 Ha0 is a
white solid.

Chemical/Physical Properties.
M.P.: 181-182 *C (HC1)

Stereochemistyy: 2 sets of diastereomers each of which containz an
enantiomeric pair.

Thin-Layey Chromatography. System K - Rf 0.65,




Mass Spectyum.

Cls Isomer

WHO/BSA/90.5
page 25

19‘3.9'}
58.8 =
14z
37
a7
. 11, I
we 5

Trans Isomer

132

7

-.-lt Tl‘“‘" 172
2t :

239
i-|-1-|'|-|-'-|-|-|-]'1-|'|-|"'l"!"1"!
238 Jea s
i _

243

180.8 1
59,8 -
1 a2
g
84
J !
e 59

_._..._—l-o

l'l‘l‘l [ t LML M LR N I B I T L B DM N I I Il A I

8 3ua ke

483




WHO/PES5A/90.5
page 26

GENERAL REFERENCES

Baum, K. Chem. Enrineer. News , 9: 7-16, 1985.

Gillespie, T.J., A.J. Gandolfi, T,P. Davis and R.A. Morane. J, Anal. Toxicol, ,
B: 139-142, 1982,

Henderson, G.L. J_ Forens. Sci., 33: 569-575, 1988.

LaBarbera, M. and T, Welfe. J. Psvechosct, Drugs, 15(¢4): 293-301, 1983,
Matejezyk, R. J. Anal, Toxicol., 12: 236-238, 1988.
Mather, L.E. Clin., Pharmacokin., 8: 422-446, 1983.

McClain, D.A. and J.C.C. Hug. Clin, Pharmacol. Ther., 28: 106-114, 1980.

Pare, E.M., J.R, Monforte, R. Gault and H. Mirchandani. J Anal, Toxicel,, 11:
272-275, 1987.

Sileby, H.D., D.J. Kruzich and M.R. Hawkins, Militarv Med., 149: 227-228, 1984,

Van Bever, W.F.M., C.J.E, Niemegeers and P.A.J. Janssen. J, Med. Chem,, 17:1047-
1051, 1974,

Van Bever, W.F.M., C.J.E. Riemeegers, K H.L, Sehellekens and F.A.J, Janssen.
Arzneim, Forsch,, 26: 1548-1551, 1976.

Van Wijngaarden, I. and W. Soudijn. Life Sei., 7: 1239-1244, 1968.

CHEMISTRY REFERENGES
Allen, A.C., D.A. Cocper and T. Kram. Microgram, 14 ¢3): 26-32, 1981.
Allen A.C, and I.5. Lurie, Microgram, 17 (1): 8-14, 1984,

Bjorkman, §. and D.R. Stanski. J. Chromatogr., 433: 95-104, 1988.

Cheng, M.T., G.H, Kruppa, F.W. McLafferty and D.A. Cooper. Anal. Chem,, 54:
2204-2207, 1982,

Cooper, D.A., A.C., Allen and 1.8, Lurle. Microgram, 14 (11): 154, 1981.
Cooper, D.A., M. Jacob and A.G. Allen, J,_ Foreps, Sci., 31: 511-520, 1986,

Garriett, J.C., R. Rodriquez and V.J. DiMaio, J,_ Anal, Toxicol,, 8: 28B-289,
1984,

Gillesple, T.J., A.J. Gandolfi, R.M. Morano and R.W. Vaughan. J._Anal, Toxicol,,
5: 133-137, 1981.

Gillespie, T.J., A.J. Gandolfi, T.P., Davis, R.A. Morano. J. Anal, Toxicol., 6&:
139-142, 1982,

Goromaru, T., H, Matsuura, N. Yoshimura, T. Miyawaki, T. Sameshima, J. Miyao, T.
Furuta and 5. Baba. Anesthesioleogy, £1: 73-77, 1984,




WHO/PBA/90.5
page 27

Gunn, J.W. DEA Analytieal Manual, U.S5. Drug Enforcement Administration,
Arlington, VA 22202, p. 177,

Hammargren, W.R. and G.L. Henderson, J. Anal. Toxicol., 12: 183-191, 1988.
Heagy, J.A. Microgram, 14 (53): 61-64, 1981.

Heagy, J.A. Microgram, 19 (7): 91-93, 1986.

Hendersen, G.L. Summary Repert. uating Analyrical Method
Alpha-Methylfentanvl (China Whire). Contract Number D-035308-A-1, submitted to

the California Department of Aleohol and Drug Programmas.

Hendersen, G.L., J. Frincke, GC.Y, Leung, M. Torten, and E. BEénjamini.
Pharmaecel. Exp, Ther., 193: 489-496, 1975,

J.

Hender=son, G.L., M.R. Harkey amd D.A. Jones. J_ Anal. Toxicel , 1l4: 172-175,
1990.

Kintz, P., P. Mangin, A A, Lugnier, A J. Chaument, J, Chromatogr., 489: 459-461,
1989.

Kapar, K., D.J. Morgan and D,P, Grankshaw. J. Chromatogr,, 419: 464-468, 1987.

Lin, §., T.F. Wang, R.M. Caprieli and B.P.N. Mo. J. Pharm. Sei., 70: 1276-1279,
198%.

Lurie, T.5., A.C, Allen and H.J. Issaq. J. Lig, Chromatopr., 7. 463-473, 1984,

Michiels, M., R, Hendriks and J. Heykants. Eur, J. Glin., Pharmacel., 12: 153-
158, 1977,

Mills, T. ITI and J.C. Reberson. Instrumental Data for Drug Analysis. 1 and 2:
2nd Ed4., Elsevier Science Publishing Co., Inc., New York, NY (1987).

Moffar, A.C. (ed). Clarke's Isolatiopn snd Jdepntlificatio; £ Drugs. The
Pharmaceutical Press, ?nd Ed., London, UK. 19386.

Meoore, J.M,, A.G, Allen, D A. Cooper and §.M. Carr. Anal. Chem,, 58: 1656-1660,
1986,

NIDA (United States Nationmal Institute on Drug Abuse) 1988. Chemical Data Sheets
generated by Research Triangle Institute, North Carolina, USA, for NIDA Research
Technology Branch, Division of Research, Rockville, Maryland,

Phipps, J.A., M.A. Sabourin, W. Buckingham and L. Strumin. Capn, Anaesth., Soe,
J., 30: 162-165, 1983.

Schuttler, J. and P.F. White., Anestheclology, 61: 315-320, 1984,

Suzuki, 5, Forens. 5ci, Imt., 43: 15-1%, 1989

Suzuki, 5., T. Inoue and C. Kashima. he Fharmaco 11l
1986.

. 34 1360-1343,

Van Rooy, H.H., N.P.E, Vermeulen and J.C. Bovill. J. Chromatepr., 223: 85-93,




WHO/PSA/90.5
paga 28

1981,

Watts, V.W. and ¥, Caplan. J, Anal, Toxicel,, 12: 246-254, 1988.

Watts, V.W, and Y.H. Caplan. Ady, Anal, Toxicol,, 2: 263-297, 1989,

Wilson, T.D., T. Maloney and W.B. Amsden, J. Chromatogy. , 445: 299, 1988,




WHO/F5A/50,5
page 29

MEPERIDINE ANALOGUES

GENERAL STATEMENT OF THE FROBLEM

Several reversed ester analogues of meperidine have been ¢lande5t1nely
produced, distributed and abused as heroin substitutes in the United States and
Canada since the late 1970's. This class of synthetic narcotic analgesics, also
called prodine analogues because of their structural relationship to prodine,
containzg substances which are wp to 3200 times more potent than meperidine as
analgesics, The analegues ldentified in the illicit drug traffic to date are 1:
methyl-4-phenyl-4-proplonoxypiperidine (MPFP), 1-(2-phenethyl)-4-phenyl-4-
acetoxypiperidine (PEPAT) and 1-{3-oxo-3-phenylpropyl)-4-phenyl-4-
propionoxypiperidine (OPFPPP). Clandestine production of MPPP produced the
neurotoxic by-produet, l-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTE). As
& result, a number of cases of saevere Irreversible Parkinsonism, a central
nervous system disorder affecting meovement, have been reported im MPPPR/MPTP
abusers. )

GENERAT, HISTORY
Legitimate Uza

Meperidine was originally prepared and introduced as a potent analgesic in
the 1930's. Currently it is used for the relief of mederate to severe pain
particularly in obstetrics and post-eperative situations,

Reversed ester analegues of meperidine were synthesized in the 1940's and
found to be more active analgesles than their meperidine counterparts. Alpha-
ptodine which is intermedlate in analgesic potency between meperidine and
morphine is used iInfreguently as an analgesic in obstetrics, urologic
examinations and procedures and precperatively in major and minor surxgery. Nome
of the clandestinely produced analogues (MPPP, PEPAP, OPPPP) have been used
elinically. MPTP, the neurotoxic by-product of the synthesis of MPPP, is used
ag an Intermediate in chemical gynthesis and is available commercially (Aldrlch
Chemical Company, Milwaukee, Wisconsin, USA, Cat. #19,991-5 and #14,219-0).

Illicit Use

Fharmaceutical preparations of meperidine and its elinfically useful reverséd
ester analogues have been diverted and abused for many years, most frequently by
members of the medical profession.

The clandestine synthesis and abuse of prodine amalopgues were first noted
in 1976 when a 23 year old naxcetle addict synthesized MPPP for personal use.
Intravenous self-administration of MPTP-contaminated MPPP produced Paxkinsonlsm
in this individual. Treatment with anti-parkinson medications (1-dopa/carbidopa
and bromecryptine) was successful in reducing his symptoms until his drug
overdose death a few years later. Purther spisodes of MPPP/MPTP abuse occurred
in the Western United States and Canada in the 1980's. Abusers developed
irreversible Parkinsonism in both situations.
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The identification of clandestinely produced 1-phenechyl-4-phenyl-a4-
acetoxypiperidine (PEPAP) was reported in 1984, Clandestine laboratories
producing 1-(2-oxo-3-phenylpropyl) -4-phenyl-4-propionoxypiperidine (OPPPF) were
reported in Canada and the United States in 1988. MPTP analogue by-products
formed during the synthesiz of PEPAP and OPPPP have heen identified but do not
produce MPTP-like neurotoxicity. There have been no repoxts of the clandestine
synthesls or abuse of prodine analogues since 1988. The number of possible
analegues, thalr ease of synthesis and relatively high potency, however, make
recurrence a distinet possibilicy.

PHARMACOLOGY
General Effects

Meperldine produces characteristic morphine-like analgesia in humans witch
60-100 mg equally effective te 10 mg moxphine depending on the route of
administration. It differs from morphine In Lts sheorter duration of action and
reduced antitussive and ancidiarrheal actionz. Meperidine produces respiratory
depression, euphoria, tolerance and physical dependence and is recognized as a
morphine-like oplate by narcotic addicts, Alphaprodine exhibits similar
properties to those of meperidine in man but with increased analgesic potency and
shorter duration of action. Both substances bind to opioid receptors apd are
predominantly mu-agonlsts,

The pharmacology of the reversed ester analogues, including MPPF, PEPAP and
QFPPP, has not been studied in man, Animal studies, however, show that each is
4 moyYe potent analgesic than merphine but with a shorter duration of action.
MPPP and PEPAP substitute completely for morphine in morphine dependent monkeys
and naloxone challenges precipitate withdrawal,

Structure-Activity Relatlonzhips

Both meperidine and its reversed esters (prodines} belong te the 4.
phenylpiperiding class of substances. The reversed ester structure {(0C0alkyl
on the 4-position of the piperidine ring) of the prodines inmcreases analgesic
potency relative to the comparable meperidine compounds {CO0alkyl on the 4-
position of the piperidine ring) several fold. Otherwise the structure-activity
relationships are comparable for meperidine and prodine analogues. A phenyl group
at the 4-pozition of the piperidine ring is essential for morphine-like
analgesia, The propionoxy ester compounds have the greatest analgesic aetivity
in the reversed ester series. Substitution of an alkyl group into the 3-position
of the piperidine ring further enhances analgesic activity. Analgesic potency
increases with methyl, ethyl, butyl and allyl substituents but analgesic activity
is abolished with large groups such as benzyl. BSubstitutions on the nitrogen of
the piperidine have yielded analogues with analgesiec potencies several thousand
timaes that of meperidine.

Routegs of Administration and Dosage Forms

Clandestinely produced prodine analogues are generally self-administered by
intravenous injection., There has been one report of intranasal administration
by an individual in Caneda. These analogues have been distributed under the name
"synthetie heroin" and are packaged in the same manner as heroin (eg., plastic
bags, foil packets, balloons, capsules, etc.). The material ranges from a white
crystalline powder te a brown granular substance. Samples are usually diluted
{("cut") with lactose or other sugars. Concentration of the active analogue has
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ranged from 0,3% te 27%. A few samples of almost pure MPTP have been identified
in the illiecit drug traffie. These have been associated with the most severe
cases of Parkinsonism,

FPharmacokinetics

The following information is derived from studles Involving meperidine and
alphaprodine. Because of structural and chemical similarities, the analogues are
likely to exhibit related pharmacokinetic profiles,

Meperidine and alphaprodine are rapidly absorbed from parenteral sites.
Peak plasma concentrations of meperidine are obtained in 12 minutes after
intravenous administration, and between one and two hours after oral
administration. The half-life for meperidine after intravenous administration
is between 2.4 and 4 hours for a therapeutic dose and wp te 11 hours in
individuals with cirrhosis of the liver. Peak plasma levels of alphaprodine are
obgerved very quickly after Intravenous administration with a half-life of 2.2
hours. Both meperidine and alphaprodine are rapidly distributed from plasms Inte
the liver, kidney and muscle., The rapid initial decline in plasma concentration
is followed by a slewer distributien with a half-time of about 3 hours for
meperidine,  Approximately 60-75% of meperidine in plasma is protein bound.
Alphapredine disappears from plasma at a faster rate than meperidine.

Meperidine is metabolized primarily in the liver. It is hydrolyzed to
meperidinie acid which is partially conjugated., It is also N-demethylated to the
active metabolite normeperidine which may also be hydrolyzed and comjugated. The
tremors, musele twitches, hyperactive reflexes and convulszions seen aftg:
repeated administration of large dozes of meperidine are associated with the
accumulation of normeperidine. Very little iz known about the wmerabolism of
alphaprodine in man. In dogs, it is rapidly demethylated to noralphaprodine.
The pharmacological activity of this metabolite has not been reported.

Very little meperidine (5-7 %) and normeperidine (5-17 %) are excreted
unchanged in the urine; acidie (65 %) and other metabolites account for the
remainder. The eliminatien half-life of alphaprodine is approximately 2 hours
compared with approximately & hours for meperidine.

TOXKICOLOGY

There have been relatively few reports of deaths from acute overdose of
meperidine and alphaprodine and nene due to the abuse of the clandestinely
produced analogues of meperidine. Of particular concern, however, is the
development of drug-induced Parkinsonism in individuals who have self-
administered MPFP conteminated with MPTE.

Toxic Glinical Manisfestatlioms of Drug Use and Qverdose

Classical signs and symptoms of narcotic overdese (comstricted pupils,
respiratory depression, coma) are seen after acute peisonlng with meperldlne
alphaprodine and thelr analogues. Convulsions, particulaxly from meperidine, are
more common than with other opiates, Death is nearly always due to respiratory
failure. Accumulation of the normeperidine metabolite after repeated large doses
of meperidine may produce twitching, tremors, mental confusion, hallucinations
and tonic-clonie seizures. Daily doses of 3 grams or more of meperidine are
assoclated with myoclonic jerks or generalized comvulsiens,
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Individuals whe have used MPPP contaminated with MPTF may exhibit zome or
all of the major clinical features of Parkinson’s disease: generalized slowing
and difficulty in moving, rigidity, resting tremor, flexed posture, and loss of
postural reflexes. Some cases of MPTP-induced Parkingonism have been
misdiagnosed as catatemic schizophrenia. Early symptoms after use of MPTP
include burning sengation on injection, visual hallucinations, jerking of limbs,
stiffness, facial seborrhea and drooling. Cerebrospimal fluid in patients with
MPTP-induced Parkinsonizm cantains markedly depresced levels of homovanillic acid
(IVA) and normal or slightly elevated levels of 5-hydroxyindelacetic acid (5-
HIAA) and 3-methoxy-4-hydroxyphenylethylene glycol (MHPG). These findings are
consistent with & selective destructien of dopaminergic neurons.

MPTP through its conversion into l-methyl-4-phenylpyridine (MPP+) by the
enzyme moncamine oxidase "B" (MAD "B") is responsible for the development of this
drug-induced Parkinsonism. MPP+ acts to deplete dopamine in dopaminergic
neurcns and selectively destroys these neurons in a region of the substantia
nigra.

Ironically MPTP was investigated for possible clinical use asz an
antiparkinsonism agent in the 1930s. Clinfical trials were abandoned after two
of the six human subjects died, MPTP was implicated in the early development of
Parkinsonism in an organie chemist who synthesized the substance for zeveral
years as an intermediate. This case iz particularly noteworthy since it may
represent an example of MPTP toxicity through cutaneous absorption or vapor
inhalation. MPTP may ¢nter the body via absorptiem through the skin or eyes,
injection, inhalation ¢f vaper, powder, or contaminated particles and ingestion.
Formation of a non-velatile, ¢rystalline salc (bitartrate is good) is desirable
te minimize handling of MPTP In laberatory settings.

The first case of MPTP toxicity due to abuse of the meperidine analogue MPPP
occuryed in 1976, During a six-month period in 1982 in northern Califernia,
seven individuals who were intravenously abusing "synthetic heroin" (MPPF wlth
MPTP by-ptoduct) were seen by emergency room physicians with symptoms consistent
with Parkinson's disease. It has been estimated that at least 400 individuals
have used MPPP ¢ontaminated with MPTP., There is concern that these individuals
who are currently asymptomatic may not be sble to tolerate normal aging and will
become gsymptomatic in time.

A study of the known users of MPPP/MPTP in nerthern California in 1982-3
showed that the average age was 28.2 (range of 21-48) years. Average daily usze
was 0.85 g (range of {.1-2.0 g). Total ameunts used tanged from an estimated
0.5 g (only 1-2 injeetions) to 240 g.

Forvenzle Toxicology

Autopsy Findings

Autopsy findings in meperidine snd prodine overdose vietims are similar to
those of heroin and other narcotic overdose victims. Evidence of scarring at the
injection sites and severe fibrosis of wmuscle tissues from repeated
administration are possible, Neuropathological examinations of individuals whe
have used MPTP may show neuronal lezz and gliesis in the zona compacta reglon of
the substantia nlgra. Rounded "Lewy" body structures may be seen.
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Blood and Tissue levels

The estimated lethal dose of meperidine in man is one gram, Blood lewvels
of maperidine in meparidine overdose victims have been reported to be between 1.0
ng/L and 8,0 mg/L after intravenous adminlstration; normeperidine levels ranged
up to 7.0 mg/L, Both meperidine and normeperidine contribute teo the toxic
effects of the drug; both should be measured. Normeperidine has one-half the
analgesic aectivivy of meperidine, is more active as am anti-comvulsant and
appears te be two to three times more toxic. The identification of significant
quantities of normeperidine in the blood suggests that meperidine was taken some
time before the analysis. Combined meperidine/normeparidine bleod concentratiors
greater than 3.0 mg/L coupled with substantisl concentrations in other specimens
are a good indication of a meperidine overdose.

Liver comcentrations of meperidine in acure averdose victims have been
reported as low as 2.0 mg/kg but are generally above 5.0 mg/kg. Normeperidine
concentrations again should also be considered and have been reported up to
12.0 mg/kg. Several meperidine fatal overdose vietims had between 2 and 10 mg
of meperidine in their gastrie contents.

Urine specimens of meperidine overdese victims also contain both meperidiné
and normeperidine. Meperidine and nermeperidine concentrations ranged from
2.0 mg/L to over 60 mg/L.

An individual who died of an acute alphaprodine overdose had the following
concentrations of alphaprodine: blood (3.3 mg/L); brain (10 mg/kg); liver
(12 mg/kg); urine (21 mg/L); and gastric contents (0,15 mg). ‘

CLINICAL MANAGEMENT

Treatment of acute overdose of wmeperldine and its analogues includes
administration of oxygen and a naxeeotic antagonist (naloxone) and respiratory
supportive measures. Naloxone may precipitate an acute withdrawal syndrome in
patients who are physically dependent on narcotics and should be administered
with caution. Naloxone sntagonizes the opiate effects (sedation, respiratory
depression, coma) but it does not antagonize the tremors or seizures caused by
accumulation of normeperidine. Seizures and hallucinations may be treated with
anticonvulsants (dlazepam, phenytoin). Treatment of MPTP-induced Parkinsonism
includes L-dopa and carbidopa (Sinemet) therapy. Additional dopamine agonists
{e.g., bromoeryptine) are also effective,

CLANDESTINE SYNTHESIS »

For the purpose of dizcussing synthetic pathways, it is more efficlent co
think of the substancas in rhis section as analogues of alpha-prodine, a reversed
ester of meperidine, There are twe general schemes for the synthesis of these
substances, both of which proceed through a 4-hydroxy-4-phenyl-N-alkylpiperidine
intermediate, For MPPP this intermediate 1s 4-hydroxy-4-phenyl-N-
methylpiperidine. Both the intermediate and final products in the synthesis of
MPPP are easily dehydrated by excess heat or acid to form MPTP (N-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine). CAUTION!!! MPTP produces an irreversible
Farkingon-1like syndrome in humans after exposure to small quantities. It has
been Iimplicated as a cause of Parkinsonism in drug abusers who have self-
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administered MPTP intravenously (Langston et al., 1983). There have also been
at least two case reports of industrial chemists who developed symptoms of
Parkinson’'s disease at unusually early ages after prelonged exposure to MPTY
(Markey and Burms, 1984),

Synthesis 1T

An appropriate N-substituted-4-piperidone is treated with a Grignard reagent
(arylmagnesium halide) te obtain the 4-piperidinel which is purified by
distillation and recrystallizatiom. The resulting intermediate is esterified
with an acid anhydride or acid chloride to give the 4-phenyl-4-acyloxy ester.
The appropriate 4-piperidones may be prepared by the addition of an alkylamine
into acrylate or methacrylate esters followed by ring elosure through a Dieckman
condensation and subsequent hydrolysis and decarboxylation,

Synthesls II

Alpha-methylstyrene, formaldehyde and the appropriate alkylamine are reacted
to form the intermediate 4-piperidinol which is esterified to produce the final
product. OPPPP has been synthesized from 4-phenyl-4-piperidinel hydrochloride,
paraformaldehyde and acetophenone via a Mannich reaction followed by aeylation
with propionyl chloride,

Precursors and Egsential Chemiecals

N-Methyl-4-piperidone or 1-(2-phenylethyl)piperidone (I)

Propionic anhydride/propionyl chloride or acetic anhydride/acetyl chleride (I,
II)

Alpha-methylstyrene (I1)

Formaldehyde or paraformaldehyde (II)

Methylamine or 2-phenethylamine (II)

4-Phenyl-4-piperidinel (IT)

Acatophenone (II)

Phenylmagnesium bromide (Grignard reagent) or phenyl lithium (I)

S8odium methoxide (1)

ANATYTICAL CHEMISTRY
Body Filulds

No reports describing the identification of prodine analegues in body fluids
were found in the literature.

Chromatography

Thin-Layer Chormatography

Analysis of meperidine and normeperidine in bielegical f£luids and bedy
tissues after extraction was reported by Siek (1%78). It was suggested that
dichloromethane be used in place of chloroform in final extractions of body
fluids or tissues containing normeperidine due to the formatiom of an artifact
normeperidine ethylcarbamate from normeperidine and ethyl chloroformace (Siek,
1978).
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Gas chromatography

Gas chromatographie maethods of analysic of meperidine apd its normetsbolite
In bicological specimens using flame ionization have been reported by Chan et al,
(1974), Mather and Tucker (1974), Wainer and Stambaugh (1978) and Siek (1978) ..
Use of nitrogen-phosphorus detection was reported by Jaceb et al. (1982) and the
use of electron capture detection was reported by Harvvig and Fagerlund (1983).
Derivatization of the normeperidine metabolite prior to gas chromatographic
analysiz is common (Slek, 1978; Hartvig and Fagerlund, 1983).

Liquid Chromatography

The use of high pressute liquid chrematography in the analysis of meperidiné
#nd normeperidine in seyum amd urine has been described by Meatherall et al.
(1985).

Spectrometyy

Electron impact mass spectral analysis of meperidine and its metabolites
after gas chromatographic separation has been reported by Lindberg et al (1975},
Siek (1978), Todd et al. (1979) and Verbeeck et al. (1980).

Quantiteion

Quantitation of meperdine and normeperdine using gas chromatography equipped
with a flame ionization detector and utilizing mepivicaine as an internal
standayd was reperted by Siek (1978). A similar method using benzphetamine as
the internal standard was reported by Stambaugh ar al (1976). The identification
and quantitation of MPTP and MPP+ in brain tissue by combined gas chromatography
and mass spectrometry were reported by Shih and Markey (1986).

Solid Dosage Forms

Melting Point Detexminations

The melting points of the base and HCl forms of meperidine were obtained
from Merck (1989). The melting points of the HCl forms of MPPP and PEPAP were
reported by Gunn. Fries et al. (1986) provided melting points for MPTP HCL.

Colour Tests

The Marquis reagent can be used to sereen for meperidine and MPPP (Moffat,
1986 and Gunn). The Macke and cobalt thioceyanate reagents may be used to screen
for MPPP while Liebermann’s reagent may be used to screen for meperidine (Moffat,
1986 and Gunn). '

Chromatography
Thin-Layer Chromatography
The following thin-layer chromatography systems were used:

System A. Chloroferm : methanol (4:1), Merck Silica gel 60 F254.
Visualization with iodoplatinate apray. (Heagy, 1982)
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System B. Chloroform : Methanol (4:1), Merck S5ilica gel &0 F254.
Vigualization with marquis reagent streaked on plate. (Heagy, 1982)

Powders were extracted with methylene chloride for spotting. Rf walues were
measured to the centexr of the spot or streak and may vary with cencentration
(Heagy, 1982).

Additcional References: Welngarten, 1988,

Gas Chromatography

The following GC systems were reported by Gunn:
System A

Colump. & ft x 4 mm glass column packed with 3% 0V-1 on 100/120 mesh Gas
Chrom Q.
Column Temp. 190 °C.

Injector Temp. 260 °C.
Carrier Gaz. Nitrogen at a flow rate of 4% ml/min.

Detector. Flame ionization,

Detector Temp, 312 °G.

System B

Column - & £t ® 4 mm glass column packed with 3% 0V-17 on 100/120 mesh Gas
Chrom Q,

Column Temp, 190 °C,

Injection Temp, 260 °C,
Carrier Gas - Nitrogen at a flow rate of 51 ml/min

Detector - Flame ionization
Detector Temp., 312 °G.

Additional References: Heagy (1982), Mills (1987) and Weingarten (1988).
High Performance Liquid Chromategraphy
The following HPLC systems was used:

Syatem A (Gunn)

Column - 3.9 mm x 30 cm stainless steel (Waters Part No. 27477) packed
wlth Microporasil 10 m silica particles.

Mobile Phase - Solvent of cyclohexane 2520 ml, cenc. ammenia 1.1 ml,
methanol 216 ml, water-washed chloreform B&3 ml with a flow rate of 1.0

ml/min
Detector - UV {254 tm)

Svatem B (Gunn)

Column - Perkin Elmer HSSC1E column
Mobile Phase - 40% methanol and 60% phosphate buffer

Detecter - UV (254 nm)
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Spectros tromet
Ultravielat Spectroscopy

Ultraviolet spactral data were obtained in acidic and neutral solutions
(Mills and Roberson, 1987). Values were reported as wavelengths of maximum
absorbance recorded cver a range of 220 to 340 mm, :
Infrared Spectroscopy

The infrared spectrum of meperidine recorded from potassium bromide pellets
was obtained from Mills and Roberson, (1987). ‘“The infrared spectra of the
hydrochlorides of MPPP and MPTP were recorded from potassium bromide pellets
{Gunn),
Additional References: Heagy (1982) and Weingarten (1988).
Mags Spectrometry

Electron impact (70 &V) mass spectra were obtained after gas chromatographic
separation of the substances. The instruments (Firnnigan 4000 and 4600) utilized
4 quadrupole mass analyzer. Mass spectrum of meperidine was obtained from Mills

and Roberson (1987). The mass spectra of MPPP and MPTP were obtained from Guun.

Additieonal References: Moffet (1986), Heagy (1982}, Langston et al. (1983), and
Weingarten (1988).
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MEFERIDINE

CAS Registry Number: 57-42-]
IUPAC Name: l-Methyl-4-phenylpiperidine-4-carboxylic acid ethyl ester

CA Index Name: 1.-Methyl-4-phenyl-4-piperidinecarboxylic acid ethyl ester
l-Methyl-4-phenylisonipecotic acid ethyl ester

Other Names: N-Methyl-4-phenyl-4-carbethoxypiperidine
Ethyl l-methyl-4-phenylpiperidine-d-carbethoxypiperidine

Isonipecaine
Pethidine

International Gontrol: T, 1961 Convention

Chemical Structura:

HaC—N N—CH,

M.F.: CygHaqNO» M.W.: 247.35
C15HazC1N0,  (HCL) 283,80 (HCL)

Physical Appearance: Meperidine HCl exists as minute crystals.
Chemical /FPhysical Properties
M.P.: 186-18%9 °C (HC1)

Solubility: HCl is soluble in water, acetone, and ethyl acetate; slightly
goluble in alcohel and isopropancl; and inseoluble in benzene and ether.

Stereochemistry: No diasteriomers or enanticmers

Colour Tests, Lisbermanm’'s Test - red-orange
Marquis - orange

Gas chromatography. System A - RT 2.42 min; System B - RT 2.59 min
High Pressure Liquid Chromatography. System A - RT 5.77 min
Ultraviolet Spectroscopy,

251 nm, 257 nm, 263 nm (acidic and basic selutions)
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Infrared Spactrun
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Reprinted by permission of the publisher from T. Mills and J.C.
Roberson, Instrumental Data for Drug Analysis, Vol. 3, pp. 1769.
Copyright 1987 by Elsevier Science Publishing Co., Inc.

Maszss Spectrum.
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Reprinted by permission of the publisher from T. Mills and J.C.
Roberson, Instrumeptal Data for Drug Analvsis, Vol. 3, pp. 1769.

Copyright 1987 by Elsevier Science Publishing ¢o., Inc.
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1-METHYL-4-PHENYL- 4 - PROPTONOXYPYPERIDINE

CAS Reglstry Number: 13147-09-6&
IUPAC Hama: 1-Methyl-4-phenyl-4-piperidinel propionate (ester)
CA Index Name: 1-Mathyl-4-phenyl-4-piperidinel propionate (ester)
Other Names: l-Methyl-4-phenyl-4-piperidyl proplonate
1l-Methyl-4-phenyl-4-proplonoxypiperidine
3-Demethylprodine
Desmethylprodine
MPFF

International Control: I & IV, 1961l Convention

Chemical Styucture:

HyC—N CH,CH,

M.F.: CygHNO; M.W.: 247.35
Chemical /Physical Properties
M.P.: 185-187 °C (HCL)
Solubility: HCLl is soluble in methylene chloride.
Stereochemistry: No diascereomers or enantiomers
Colour Testsz. Marquis - red-vieolet to blood-ted, dependant on concentration
Mecke - no celour

Cobalt thiocyanate - blue (chloroform soluble)

Thin Layer Chromatopraphy. System A - RT 0.4 purple to purple brown (on drying),
System B - RT 0.4 brown to red

Gas Chromatography., System A - RT 2,52 min; System B - BT 2.65 min

High Prassura Liqufid Chromatoegraphy. RT 5,97 min
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Infrared Spectrum.
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1-METHYL-4-FHENYL-1,2,5,6-TETRAHYDROPYRYDINE

CAS Reglstry Number: 28289-54-5
TUPAC Nama; 1,2,5,6-Tetrahydro-l-methyl-4-phenylpyridine
CA Indax Name: 1,2,5,6-Tetrahydro-1l-methyl-4-phenylpyridine

Othar Namaes: l-Methyl-4-phenyl-1,2,5,6-cetrahydropyridine
METF

Internatlional Control; HNot controlled

Chemical Structura;

M.F. CyaHysN M.W.: 173,26
Physical Appearance: Base and HCl are erystalline materlals
Chemlcal/Physical Propertles.

M.P.: 40-42 °C (base)
250 °C (HCL)

Thin Layear Chromatography. System A - RT 0.29 blue-black te purple (on drying},
system B - RT 0.29 brown to red

Gas Chromatography, System A - RT 1.32 min.; System B - RT 1.25 min.
High Pressure Liquid Chromatography. RT 5.36 min.
Ultraviolet Spectroscopy.

Acid selution - 242 nm
Basic solution - 248 nm
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Infrared Spectrum.
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1-(2-PHENETHYL) - 4~ PHENYL-4-ACETYLOXYFPIPERTDINE

CAS Registry Numbar: 64-52-8
IUPAC Name: l-Phenethyl-4-phenyl-4-piperidinel acetate (ester)

CA Indax Nama: 4-Phenyl-1-(2-phenylethyl)-4-piperidinel acetate (ester)

Other Names: 1-Phenethyl -4 -phenyl-4-piperidyl acetate
PEPAP

International Control: 1 & IV, 196 Convention

Chemical Structura:

@KN °‘<O

CHy

M.F.: C3z1HasNDs M.W.: 32344

Phiysleal/Chemical Properties.
M.P.: 214 - 215.5 °C (HCL)
Selubility: HCL is soluble in methylene chlovide.
Stereochemistry: No diasztersomers or enantiomers
Gas Chromatography. System A - BT 3.91 min; System B - RT 5.02 min
High Fressure Ligquid chromateography. RT = 10.4 min
HMass Spectrometry.

GCMS (electron impact) of PEPAP shows the base peak at 172, strong peak at
232, and smaller peaks at 105, 77, 91, 190, 56, 128 and 263 ami,
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1-(3-0X0-3-PHENYLPROFYL) - 4- PHENYL- 4 -PROPTONOXYPIFPERIDINE

Chemical Name: 1-(3-Oxo-3-phenylpropyl)-4-phenyl-4-proplonoxypiperidine

Other Names: QFPPFF
International Control: HNot eontrolled.

Chemical Structure:

M.F.:  CagHayOsN M.W.: 365.48
Fhyzleal Apperance The HCl is a crystalline material.
Chemical /Physical Properties.

M.P.: 157.4-1539 % (HCL)
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AMFETAMINE AWALOGUES

GENERAL STATEMENT OF THE PROBLEM

Dependlng on how the molecular structure of amfetamine is modified, it can
act as a potent psychemotor stimulent (e.g. methamfetamine), as a powerful
hallucinogen (e.g. 4-bromo-2,5-dimethoxyamfetamine, DOB) or as a psychedelie
agent (e.g. 3,4-methylenedioxymethamfetamine, MDMA). In recent years,
clandestine chemists have attempted to exploit each of these possibilities. The
result has been the appearance of a nwmber of illicit "designer® synthetie
amfatamine snalogues on the street. Examples of such anslogues include N,N-
dimethylamfetamine (N,N-DMA), para-methoxymethamfetamine (PMMA), 3,4-methylens-
dioxy-N-ethylamfatamine (MDEA), N-hydroxy-3},4-methylenedioxyamfetamine (N-OH
MDA), and 4-bremo-2, 5-dimethoxyphenethylamine (2-CB). ‘

Potentially, these amfetamine analogues pose a significant internationszl
public health problem. The reason for this is several fold. First, when
manufactured 1llieitly, such analogues seldom, if ever, underge potency testing.
Hence, risk of human overdose is ever present. Second, underground chemists
rarely test the purity of the drugs they manufacture with any rigor. Thus, risk
of intoxication by & contaminant is real (as oceurred with MPPP and MPTP - ses
Meperidine Analogue chapter). Third, & number of amfetamine analogues (e.gl,
some of the ring-substituted amfetamine derivatives as well as methamfetaming)
have recently been shown to be toxic to brain dopamine and serotonin nerve cells
in animals. Humans experimenting with such analogues may therefore run the risk
of incurring neurclogical impairment. :

GENEFAL HISTORY
Legitimate Use

Amfetamine, the parent compound for virtually all of the analogues to be
discussed, was synthesized around the turn of the century, Throughout the world,
amfatamjne has been used (with variable success) to treat narcolepsy, depression,
obesity, hypne-sedative drug overdose and minimal brain dysfunction or
hypexkinesis in childran. It has also been used in an effort te improve human
cognitive performance. A number of legitimate amfetamine derivatives are now in
use as nasal decongestants {(a.g., phenylpropancleamine) and appetite SuUppressants
{e.g., fenfluramine). o

With regard to synthetic anmfetamine analogues, particularly ring-
substituted amfetamines such as MDA and MDMA, they have no widely accepted
medical utility. MDMA is said to have undergome trials as an anorectic agent.
However, thesa reports are difficult to substantiate. More recently, a small
mumber of mental health professionals in the United States and Europe have
suggested that MDMA may be useful as a psychotherapeutic adjunct. To date,
however, this suggestion has not been validated through the use of double-blind,
placebo-controlled studies. ;

Iliicit Use

Nonmedical use of amfetamine and its various congeners began almost as soon
as their therapeutic use. To both physicians and patients alike, it quickly
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became apparent that the mood-elevating or stimulant effects of amfetamines were
subject to expleoitation. By 1960, an epidemic of methamfetamine abuse had taken
place in Japan. Similar widespread methamfetamine abuse oceurred inm the United
States in the 1960s and early 1970z, Illicit use of amfetamines, particularly
dextroamfetamine and methamfetamine, continues to be a problem not only in Nerth
America and the Orient, but alsc in Europe and Australia. Recently, a novel form
of methamfetamine sbuse has appeared in Hawaii and California. It invelves the
inhalation of the dextro isomer of methamfetamine HCl, which on the strreet is
being called "Ice™.

Another amfetamine analegue that has recently been identified in the drug
culture of the United States iz the N-methylated form of methamfetamine.
Clandestine laboratory operators, with some difficulties in obtaining ephedrine
because of precursor regulation, purchased N-methylephedrine and used it in place
of ephedrine in their methamfetamine synthesis. This analogue, N,N-dimethyl-
amfetamine (N,N-DMA), appears to be approximately 5-10 times less potent than
methamfetamine, at least in animal studies. While there is some indication that
on the stxeet N,N-DMA may be used at higher doses than methamfetamine ( to
compensate for its reduced potency), further confirmation of this peint is
needed. Law enforcement officials in Japan have also identified N,N-DMA in drug
evidence submissions,

Another group of amfetamine derivatives frequently being identified in the
illieit drxug market is the so called "ving-substituted® group of amfetamines.
This group consists of MDA (known as the "love drug" in the 1970s), MDMA
("Ecstasy", "ADAM"), and 3,4-methylenedioxyethylamfotamine (MDEA, "Eve"), N-
hydroxy-3,4-methylenedioxyamfetamine (N-OH-MDA) , para-methoxymethamfetamine
(PMMA) and 4-bromo-2,5-dimethoxyphenethylamine (2-CB). A notable feature of some
or moat of these drugs is that in addition to variable amounts of psychometor
astimulation, they induce psychotemimetic effects (for example 2-CB, DOM). MDA
and MDMA are said te induce a psychedelic state characterized by expanded
emotional insight and empathy. Chemically, ring-substituted amferamines such as
MDA and MDMA ¢an be viewed as hybrids of amfetamine, the prototypic stimulant,
and mescaline, the prototypic hallucinogen. Illicit use of MDA, MDMA and relared
compounds has been reported in North America, South America, Furope, Australia
and Japan. It is important te note that these are only a few of the many active
amfetamine analogues which may be sasily produced in clandestine laboratories.

PHARMACOLOGY
General Effecets

Like amfatamine, almost all of the amfetamine analogues can he regarded as
"sympathomimetic amines". The reason for this is that many of their
pharmacoleogical effects result from activation of the sympathetic portion of the
autonomic nervous system. In partiecular, most amfetamine analogues increase
heayt rate, stimulate respiration, enhance locomotor activity, reduce thirst,
diminlsh appetite, decrease fatigue and elevate mood and cause insomnia. In
addition, many of the ring-substituted amfetamines such as DOB and DOM also
induee hallucinations. Finally, the psychedelic effectz of MDMA and related
ring-substituted amfetamines (MDA and MDEA} have been mantionad above. Trismus
or jaw clenching is a frequent side-effect of many of these drugs.

Most, if net all, of the pharmacological effects of "stimulanc” amfatamine
analogues such as N,N-DMA are thought to be mediated by brain moncamines
(dopamine, norepinephrine and serotonin). These drugs augment monoaminergic
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neurotrangmisaion by: 1) releasing wencsmlnes inte the synaptic elefr, 2)
blocking their re-uptske inactivation and 3) inhibiting monoamine oxidase (Ma0},
the enzyme that normally degrades monocamines, It iz only recently that the
pharmacology of MDMA apd other ring-substituted amfetamines has come under
careful scrutiny, To date, the bulk of the evidence sugpests that the
sympathomimetic effeets of these drugs are also likely to be mediated by
catecholamines in the brain and In the periphery. In addition, there 1s evidence
to suggest that serotonergic systems may be invelved in the central effects &fF
thesa drugs. A unique mechanlsm or central site of acrion for MDMA and related
drugs (MDA, MDEA) has alzo been postulated,

Structure Activity Relationships

To discuss the structure activigy relationships (SAR) of illieit synthetic
amfetamine analogues, 1t is helpful to reecall that the key structural
determinants of amfetamine’s activity are its; 1) unsubstituted phenyl ring, 2)
alpha methyl group, 3) primary amlhe group and &) two-carbon side- chain
(connecting the phenyl ring and the primary amino group).

N-alkylarien of amfetamine with anything other than a methyl group (as in
N-methylamfetamine or methamfetamine) tends to attenuate its psychomotor
stimulant activity. Thus, N-ethylamfatamine and N-propylamfetamine are less
potent psychomotor stimulants than amfatamine or methamfetamine, Di-alkylation
of amfetamine’'s primary amino group (as in N,N-DMA) appears to cause a similar
effect since, in animels at least, N, N-DMA is 5-10 times less potent than
methamfetamine, Other alterations which reduce the psychomotor stimulant
actlvity of the amfetamine molacule include 1) removal of its alpha methyl group
{as in 2-CB), 2) deamination or 3) multiple ring substitutions.

Multiple substitutions on the phenyl ring of anfetamine not only attenuate
its psychomotor stimwlant activity, they also tend to confer hallucinogenic
activity onte the molecule. Thus, 4-methyl-2,5-dimethoxyamfetamine (DOM), &4-
brome-2,5-dimethoxyamfetamine (DOR) and  3,4,5-trimethoxyphenethylamine
(mesealine) are all potent hallucinogenic agents. 4-Chloro-2,5-dimethoxyamphet-
amine, a drug that hag recently been identified in the Unired States’' illicit
drug market, may also have this property. In animals, phenylalkylamines lacking
or having only one substituent on the phenyl ring (such as para-methoxy-
anfetamine, PMA) do not substitute for DOB in animal drug discrimination
paradigms, suggesting that they do not have hallucinogenic activity, Ring-
substitutad amfetamines lacking the alpha methyl growup (such as 2-CB) also tend
to have reduced hallucinogenic or DOB-like activity in animals.

Placement of a methylenedioxy moiety on the 3 and 4 positions of
anfetamine’s phenyl ring gives risc te 3,4-methylenedioxyamfetamine or MDA, :a
compound which (as alluded to above) appears to have a unique
psychopharmacoleogical profile of action, Whethar this profile results fromia
blend of pasychomotor stimulant and hallucinogenic effects, or whether it is due
to some other drug action ls not yet known. Other amfetamine analogues with MDA-
like properties include 3,4-methylenedicxymethamfetamine (MDMa), 3,4-
mathylenedioxyethylanfetamine (MDEA) and N-hydroxy-3,4- methylenadmxyamfatamme
(N-OH-MDA). Of these MDA and MDMA appear to be the most potent,

When optical iszomers are considered, the dextro izomers of amfersmine
analogues tend to have greater psychomeotor stimulant szctions than the levo
lsomers. By contrast, the leve iscmers of DOB, DOM and other such congeners tend
to have greater hallucinogenic potency than the dextroe isomers.
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Dozage Forms and Routes of Administration

Most amfetamine analogues on the street consist of the racemic mixture of
the drug. They are usually sold as white or off-white powders, and sometimes
come in tablet or capsule form. Amfetamine and methamfetamine are generally
taken at a dose of 3-10 mg orally. N,N-DMA, which is less potent, is said to be
taken in higher doses., MDA, MDMA and other ring substituted amfetamines are
available &3 powders, tablets and capsules. The usual psychotropic dose of MDMa,
MDA and N-OH-MPA ranges from 80 te 125 mg. Most often these drugsz are tagken
orally, Howevey, they can also be inhaled and injected intravenously,
"Hallucinogenic” amfetamines such as DOM and DOB are generally taken by mouth and
used in lower doses (13-25 mgs). "Ice" or (4)-methamfetamine HCL is typically
self-administered by means of inhalation. Dosages are uncertain.

It is important to emphasize that dose will wvary depending on the
particular amfetamine analogue in question, irg dozage form, the route of
administration, and the drug history of the imdividual. For example, in a drug
naive subject, 100-125 mg dose of MDMA may have profound subjective effects, By
contrast, In a teolerant individual, the same dose may be without muech effect.
Often ftolerant subjects can ingest extremely high doses of MDMA (300-500
milligrams), doges which might prove lethal im a drug naive subject.

Pharmacokinetics

Because of their high lipid solubility (or predicted pKa), most amferamine
analegues, when taken orally, are veadily absorbed from the gastreintestinal
tract, Once In the bloodstream, they quickly distribute to the various body
compartments and cross the blocod brain barrier. Within minutes of
administration, the central effects of most amfetamine derivatives are reliably
identified. The half-life of amfetamine amalogues in human plasma will depend
on its dosage form, how much was taken and how it was administered. For a 5-10
mg dose of dextroamfetamine taken orally, the plasma half-life is approximately
8-10 hours. The plasma half-life for most illicit synthetic amfetamine
derivatives has not been determined.

Metabolizm of N-substriruted amfetamines (such as N,N-DMA)proceeds largely
by one of two routes. The first invelves para hydrozylation of the phenyl ring;
the second invelves N-dealkylation, deamination and subsequent oxidation of the
amferamine's side chain. 1In man, the second pathway predominates. Little i=
known about the metabolism of MDMA and other ring-substituted amfetamines in
either experimental animals or man, Some recent preliminary findings suggest
that MDMA, like methamfetamine, undergoes N-dealkylation and is converted to MDA,
The latter then undergoes oxidative cleavage of its methylenediexy ring
gubstituent and O-dealkylation and is eventually converted largely to alpha-
methyldopamine and 3-methoxy-alpha-methyldopamine. To what extent these and
other metabolites such as 3-hydromy-4-methoxymethamfetamine, 4-hydroxy-3-
methoxymethamfetanine and 3, 4-dihydroxymethamfetamine contribute to the activity
of MDMA and MDEA is not yet clear,

Elimination of amfetamine and methamfetamine {and probably N,N-DMA) is
chiefly by remal excretion, which varies with urine flow and pH. N-alkylated
smfetamines are also excreted in saliva and sweat, though in small amounts.
Acidification of the urine and vigerous hydration (so as to promete Inereased
urine output) increase the renal exeretion of N-alkylated amfetamines,
Elimination of ring-substituted amfetamines alse appears to be by renal
excretion. The hydroxylated metabolites of MDMA are excreted in the urine as O-
glucuronide or O-sulfate conjugates.
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TOXICOLOGY

Toxic Clinical Manisfestations of Drug Use and Overdose

In large part, the toxie effects of amfetamine analogues can be viewed as
an exaggeration of their pharmacological actions, As such, they largely reflect
over-stimulation of the peripheral sympathetic and central nervous systems.
Signs and symptoms of acute amfetamine intoxication typically include flushing,
sweating, tachycardia (sometimes resulting in life-threatening arrhythmias),
hypertension (ececasionally resulting in intracerebral hemorrhage) and scmetimes
convulsions and severe hyperthermia. The larter is said teo be the most common
cause of death in amfetamine overdese. Hyperactivity, restlessness, bellicosity
and confusion are also often observed, particularly with the "stimulant®
amfetamines such as (+)-methanfetamine. Not uncommonly, acute intoxicatiom with
amfetamine and some of its analogues results in paranoid ideation, a mental state
which some have likened to paranoid schizophrenia. In general, psychosis elears
soon after the drug is discontinued. Monoamine oxidase inhibitors potentiate the
toxlc effects of amfetamine and its various analogues,

The manifestations of chronie intoxication with amfetamine snd relared
drugs regsemble those of acute amfetamine overdose. However, marked weight loss
and persistent psychiatric disturbance may develop. o

The toxicology of N-substituted and ring-substituted amfetamines tends to
parallel that of the parent compounds, probably because they retain much of their
pharmacologlcal activity. Inm the case of PMA, MDA, MDMA and MDEA, a number of
deaths have been reported. In some of these cases, high levels of the drug have
been found atr the time of autopsy. In other instances, there has been
insufficient elinical or forensic information to permit accurate ascertainment
of the immediate cause of death. Severe intoxication with MDMA in a patient
taking a monoamine oxidase inhibitor (phenelzine) has been reported. It is not
yet known if the serctonergic neurotoxic effects of MDA, MDMA and MDEA which have
been well documented in animals also ocour in humans. Of note, however, is the
fact that the neutrotoxic dose of MDMA in nonhuman primates closely approaches
that typically taken by man.

Forensic Toxicology

The most consistent pathologic finding at autopsy of cases of amfetamine
overdose is cerebrovascular hemorrhage, In a limited number of cases there is
evidence of left ventriecular failure with pulmonary edema. In these cases, it
is often surmised that the drug induced a cardiac arrhythmia (ventricular
fibrillation). Other less consistent findings at autopsy include cerebral
hyperemia, necrotizing angiitis, cerebral edema, hydrocephalus, hepatie¢ and renal
damage. How many of these findings are coincidental, and how many are related
to aseptie drug use is unelear, :

With regard to the forensic toxicology of ring-substituted amfetamine
analogues, relatively little is known. In the cases thus far reported, there
have been no consistent pathologic findings. The most common cause of death
invoked is cardiae arrhythmia, though definitive proof is often lacking., Tissue
levels of MDA, MDMA and related drugs determined at autopsy have a wide range.
For exsmple, in an MDA fatality, tissue levels of MDA ranged from 0.23 mg/ 100.
ml in bleod to 17.5 mg/ 100 m1 in urine. In five faralities associated with the
use of MDEA and MDMA, blood levels ranged from 0.09 mg/ 100 ml to 0.2 mg/100 ml,
The highest levels of MDEA were found in the kidney (4.5 mg/kg of tissue).
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CLINICAL MANAGEMENT

In the emergency room, the management of intoxication with amfetamine and
related psychomotor stimulant druge is symptomatic and invelves the use of a
dopamine receptor antagonist (e.g., chlorpromazine or haloperidol) to combat the
central effects of the drug. It alse invelves the usze of a peripheral slpha-
receptoy blecketr (e.g., phentolamine) to counteract the drug’s hypertensive
effecta. TImn addition, the patient should be hydrated and the urine should be
acidified by adminlstering ammonium chleoride to promote excretion of the drupg in
the urine. Measures to lower body temperature should alse be implemented,
Gastrie lavage is sometimes recommended, but of doubtful urility because most
amfatamines are rapidly absorbed from the gastrointestinal traer,

The management of MDA, MDMA, MDEA overdose should proceed along similar
linez. Recently, the suggestion has been made that serotonin uptake inhibiters
such as fluoxetine might al=o be of use in cases of MDMA intoxication {to protect
central serotonin neurons). However, at present there iz insuffiecient ¢linical
experiance with thls mede of intervention te warrant its routine implementation.

CLANDESTINE SYNTHESIS
Synthesis of Methylenedioxyamfatamines
Synthesis I

The HN-substituted wmethylenedlioxysmfetamines can be syntheslzed by the
reductive amination of 3, 4-methylenedionyphenyl-2-propanone (piperonylacetone)
using sodium cyancborohydride as the reducing agent, Plperonylacetone can be
syntheslzed from iscosafrole, hydrogen peroxide and formic acid er from safrole,
mercuric chloride and hydrobromic acid. Variation of the amine provides for the
synthesis of several N-substituted compounds.

Synthesis Il

Condensation of piperonal with nitroethane forme 3 4-methylenedioxyphenyl-2-
nitropropene which is reduced to MDA with lithium aluminum hydride. Acylatien
of MDA followed by hydride veduction results In other MDA analogues,

Precursors and Ezgential Chemicals

3, 4-Mathylenedloxyphenyl-2-propanone (I)
Formamide/ammoniium formate or methylamine or ethylamine or hydroxylamine (1)
Safrole (1)

Isosafrole (1)

Piperonal (II)

Nitroethane (II1)

Formie acid or acetle anhydride (I1)
Sodium eyancborohydride (T)

Lithium aluminum hydride (II)

Hydrogen peroxide (1)

Hydrogen bromide (I)

Mareurle chloride (I)

Ammonium acetata (I1)

Acetic aecid (IT)
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Synthesis of Para-Methoxymethamfetamine (PMMA)
Synthesgisg I

PMMA can be prepared via a Leuckart reaction using 4-methoxyphenylacetone
and N-methylformamide followed by hydrolysis of the N-formyl intermediate.

Synthesis 1II

Another method invelves the acylation of PMA with ethyl chloroformate in the.
presence of triethylamine followed by reduction of the carbamate.

Fracurszo zential Cha

4-Methoxyphenylacetone (I)
N-Methylformamide (I)
4-Methoxyanfetamine (IT)
Ethyl chloroformate (II)
Hydrochloric acid (I}
Triethylamine (IT)

Sodium cyanaborohydride (IT)

Synthesis of 4-Brome-2,5-dimethoxyphenethylamine (2-GCB)

4-Bromo-2,5-dimethoxyphenethylamine is prepared by the condensation of 2, 5-
dimethoxybenzaldehyde with nitromerhane te form Z-nitro-1-phenylpropene (2,5-
dimethoxy-beta-nitrostyrene) followed by reduction with litchium aluminum hydride-
and bromination with bromine in acetic acid, Direct bromination of 2,5-
dimethoxyphenethylamine using bromine in acetie acid has also been reported,

Precursers and Essentiasl Chemicals

2,5-Dimethoxybenzaldehyde

Nitromethane

Rromine

Lithivm aluminum hydride )
Acetic acid :r

Synthesis of N N-Dimethylamferamine (N,N-DMa)

N N-dimethylamfecamine is prepared by the reduction of N-methylephedrina .
with hydriodic acid in the presence of red phesphorus. This is & modification of
2 commonly used methamfetamine synthesis. The diasteriomers (-)-ephedrine and
{+) -pseudoephedrine reduce to (+)-N,N-dimethylamfetamine. The diasterecmers (+)-
ephedrine and (-}-pseudoephedrine reduce to (-)-N N-dimethylamfetamine while the
racemic mixture of either ephedrine reduces te racemic N.N-dimathylanfetamine,

Precursors and Essential Chemicale

N-Methylephedrine or N-methylpseudoephedrine
Hydriedie acid
Red phosphorus
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ANALYTICAL CHEMISTRY
Body Flufids

Urine should be the biological sample of cholice for testing purposesz. Tt
is generally the most easily accessible biological fluid in which drugs and thelr
metabolites are exereted and/or concentratad, thus inereasing the chanees for
their detection. For all the drugs considered in this chapter, a significant
ameunt of the administered dese is excreted unchanged in urine; therefore,
detection of their use by urinalysis will normally invelve analysis fer the
parent drug,

Schemes for the extraction of substances considered in this chapter have
been described by Hornbeck and Czarry (1989), Gubitz and Wintersteiger (1980},
Shimosato et al, (1986), Logan et al. (1990) and Chen et al., (1990).

Immunosssay

Most immunoassays for amfetamine-like drugs are designed for the detection
of amfetamine and/or methamfetamine. However, some of the immuncassays (used
according to the manufacturer's instructions) show significant cress-reactivity
with some of the ring-substituted amfetamine analogues (Ruangyuttikarn and Moody,
1988; Kunsman et al,, 1990: Cody, 1920). PRecause jmmuncassays are not compound
specific, positive results must always be confirmed by a second more specific
method.

Cut-off levels and detection limits have not been established for the ring-
substituted amfetamines. However, some cross-reactivity data have been reported
and these data can be compared to cross-reactivities and cut-off levels for
snfetamine and methamfetamine to estimate cut off levels of some of the ring-
substituted analogues,

1Ak Lograph

MDA has been detected and measured in human plasma and urine samples using
gas liquid chromategraphy with either flame-fonization detection or electron
capture detection {(Cimbura, 1973; Midha et al., 1976; Midha et al., 1979).
Following extraction MDA and MDMA are converted to derivatives such as
triflucreoacetates, heptafluorobutyrates or N-pentaflucrcbenzamides for analysis
by gas chromatography. GC with electron capture detection can measure MDA and
MDMA levels in the low nanogram range (Midha et al., 197%). Flame ionization
detection allows levels of 0.125 ug of MDA frxrom plasma to be determined with a
precigsion of + 3.16%,

Spectyoscony

Cimbura (1973} and Lukaszewski (1979) used ultraviolet (UV) spectroscopy to
megsure MDA levels in urine, blood, bile, stomach contents and liver tissue from
overdose victims.

Spectiometyy

Gas chromatography/mass zpectrometry (GC/MS) has been used to confirm the
prasence of MDA and MDMA in plasma, urine, bile and liver (Lukaszewskil, 1979
Midha et al., 1976; Midha et al., 1979; Fitzgerald et al., 1989). Following
extraction, both drugs were converted te such derivatives as trifluoroacetates,
isothiecyanates, heptafluorobutyrates or H-pentafluorobenzamides for analysis by
GC/MS.
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Mass spactrometry has been used to examine the metabolism of MDMA in rats.
Yousif et al. (1990), using high pressure liquid chromatography in conjunction
with GC/MS identified the MDMA metabolites, MDA and N-methyl-1-(4-hydroxy-3-
mathoxyphenyl)-2-aminopropane in rat urine. Che et al, (1990) used capillary gas
chromatography linked to mass spectroscopy to identify MDA in the plasma of rats
previously injected intravenously with MDMA.

Lim and Foltz (1989} recently reported the detection of MDMA and a number
of MDMA metabolites in a urine sample from a fatally injured motoreyelist knewn
to have ingested MDMA. Following extraction from urine and derivatization with
trifluorecacetate, metabollites were analyzed by capillaxy gas chromatography/mass
spectrometry under both electron impact and positive ion chemical ionizatiom,
Metabolites detected ineluded 3-hydroxy-4-methoxymethamfetamine, 4-hydroxy-3-
methoxymethamfetamina, 4-hydroxy-3-methoxyamfetanine, 3,4-dihydroxymeth-
amfetamine and 3,4-(methylensdioxy)phenylacetone,

Solid Dosage Forms
Melting Point Det 1

The melting points for the HCl forms of MDA, MDMA, MDE and N-OH-MDA were
obtained from Braun et al. (1980). Shulgin and Carter (1975) determined the
melting point of 2-CB HCl. The melting points of the PMMA HCl and N,N-DMA HGl
were acquired from NIDA (1988).

Colour Tests

Various colour tests used can be found in the United Nations Marual,
ST/NAR/12-13 (1988),

Additional References: Churchill, 1985; Gastom and Rasmussen, 1972 Roverman,
1986. ‘

Chromatogravhy

Thin-Layer Chromatography

Deseriptions of the test conditlons used in the four cthin-layer
chromatographic systems are provided balow.

System A: Methanol : concentrated ammonia (100:1.5), Silica gel GF.
Afrer thorough drying visualization was done with ninhydrin or/and fast
black K reagents. (United Nations Manual, ST/NAR/12, 1988).

System B: Ethyl acetate : methancl : concentrated ammonia (85:10:5),
silical gel G. Afrer thorough drying visualization was performed with
ninhydrin or/and fast black K reagents. {(United HNations Manual,
ST/NAR/12, 1988).

Syatem C: Chloroform : methanel : concentrated ammoniz (90:10:1), 5iliea
Gel G. Visualization with lodine. (NIDa, 1988)

System D: Chloroform : methanel : concentrated ammonla (80:18:2), Silica
Gel G. Visualization with ledine. (NIDA, 1988)

Additional References: Churchill, 1985; Eoverman, 1986.
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Gas-Chromatography

Gas chromatographic (GC) data were obtained from the United Natiens Manual
(1988), Experimentsal conditions of the packed column technique and the capillary
column technique are given below,

Packed Column Technique

Column. Glags ¢olumn of 2 m length and 2 mm I.D. packed with 3% OV-17 on
Supelcoport or 3% SE-30 or OV-1 on Supeleoport or Chromosorb W-HFP,
CGolumn Temperatuge. Programmed frem 130 °C to 260 °C at 16 °G/minute.
Carrier Gas., Nitrogen at a flow rate of 30 nl/minute.

Internal Standard. n-Tetradecane or other n-alkanes.

Detector. Flame Ionization Detector

Injector/Detectoy Temperature. 280 °C,

Capillary Column Technigqus

Column. Fused silica length 50 m, 1.D. 0,32 mm, coated with Ultra 2
Crosslinked 5% Phenyl metrhyl silicone at a film thickness of 0.52 um.
Columpp Femperature. Programmed from 150 °C to 280 °C at 5 °C/minute with
a hold of 2 minutes.

Injector Temperature, 250 °C,

Carrier Gas. Nicrogen flow rate of 40 cm/sec.

Internal Standard. n-Tetradecane or other n-alkanes

Detector. Flame Ionization Detector

Detector Temperature. 280 °C,

Split RBario. 40:1

Neote thar N-hydtoxy-3,4-methylenadioxvamfetamine undergoes pyrelytic
dispropertionatien to yleld MDA and an oxime under gas chromatographic analysis
conditions and muzt therefore be analyzed as a derivative (Braun et al., 1980
Dal Cason, 1987; Noggle et al., 1988). 1In this context, with the exception of
N,N-dimethylamfetamine, the substances dealt with under this chapter can also be
analyzed as derivatives (Wallace et al., 1977; Rafla and Epstein, 1979; Verebey
and De Pace, 1989).

Additional References: Gaston and Rasmuggen, 1972,
High Performance Liquid Chromatography.

High performance liquid chromatography (HFLL) data were obtained from the
Unjited Nations Manual (1988)., Conditions for normal phase and reverse phase
chromatography are given below,

Normal Phase

Column. 125 mm by 4.9 mm ¥ D, stainless szteel, packed with Silica HPLC
grade, 5 um diameter (Spherisorb S5W or equivalent).

Mobile Phase. Methanel:aqueouz smmonium nitrate buffer sclutien (90:10
v/v). To prepare buffer szolution add 94 ml of concentrated ammonia and
21.5 ml concentrated nitric seid to 884 ml water and then adjust the pH to
10 with ammonia,

Flow Rate. 2.0 ml per minute.

Internal Standard. Phenethylamine or other analogue.

Detector. Ultravielet at 254 nm.
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&
Feversed-FPhaze

Column. 250 mm by 4 mm I.D. stainless steel, packed with octadecyl-silica
HPLC, 5 um diameter (Lichrosorb RP-18 or equivalent) ..
Mcbile FPhase. Acetonitrile:1% aqueous ammonium acetate:2.5%agquecus
diethylamine (40:45:15). The pH is adjusted to §-9 by additon of ammonia
or acetliec aclid,

Flow Bate. 1.5 ml per minute
Temperature. 35 °C

Internal Standard. Phenathylamine or other analogue
Betector. Ultravielet at 254 mm,

Kote: These substances, with rthe exception of N,N-dimethylamfetamine can also
be analyzed under reversed-phase conditfonz as derivatives (United Nations
Document, 1990).

Additional References: Peek and Wells, 1986; Noggle et al,, 1986; Noggle et al.,
1988.

Spectroscopy/Spectrometry

Ultravielet Spectroscopy.

Spectral data were obtained by dissolving an appropriate amount of the
substances undex conslderation In the desired solvent and by recording trans-
mittance ovexr a wavelength range from 220 to 340 mm. Data is presented as
wavelengths of mexlmum absorbance. Ultravielet speetral data for 2-CB and PMMA
were obtained fxem Ragan et al. (1985) and Bailey et al. (1973), respectively.
The ultravielet spectral data of N,N-DMA was obtained from Alvarez and Goldsten
(1979). Ultravielet spectral data for MDA, MDMA, MDE and N-OH-MDA were obtained
from the Unlted Nations Narcotiec Laboratery in Vienna, Austria.

Addirional References: Gaston and Rasmussen, 1972; Koverman, 1986; Churchill,
1985; Tacketr et al., 1988,

Infrared Spectroscopy.

Spectra of the bases were recorded on neat thin film ¥KBr disks. Spectra of
the hydrochlorides were recorded on KBr disks obtained by mixing an appropriate
amount of the hydrechleride to potassium bromide, The infrared spectra of DL-N-
OH-MDA HCl, N,N-DMA HCl1 and 2-CB were obtained from DEA Special Testing and
Research Laboratery. The infrared spectrum of MDE HCl was obtained from Mills
and Robersom, 1987. The infrared spectra of MDA HCl and MDMA HCl were obtained
from trhe United Natlons Manwal (1988). The infraraed spectrum of PMMA was

obtained from Analvtieal Profiles of Amphetamines and Related Plienethylamines

published by CND Analytiecal Ine,

Additional References: Churchill, 1985; Noggle et al., 1986: Koverman, 14984
Vallejeo, 1982; Hugel and Weaver, 198B; Dal Cason, 1987; Noggle et al.,, 1988,
Tackett et al., 1988.
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Maze Spectrometry

Mass spectra were recorded under electron lotizationm at 70 eV. The mass
spectra of N, N-DMA, PMMA and 2-CB were acquired from the DEA Special Testing and
Research Laboratory. Mass spectra of MDA, MDMA and MDE were acquired from Mills
and Roberson (1987), The mass spectrum of N-OH-MDA was obtained from Noggle et
al. (1988).

Additlonal References: Gaston and Rasmussen, 1972; Vallejo, 1982; Churchill,
1985; Dal Cason, 1987; Hugel and Weaver, 1988; Noggle et al,, 1988; Tackert et
al., 1988.
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3, 4-METHYLENEDYOXYAMFETAMINE

CAS Regilztry Number: 4764-17-4

IUPAC Name: a-Methyl-3,4-(methylenedioxy)phenathylamine

CA Index Name: a-Methyl-l,3-benzodioxole-5-ethanamine

Other Names: 3,4-Methylenedioxyphenylisopropylamine
1-(3,4-Methylenedioxyphenyl) -2 - aminopropane
3,4-Methylenadioxy-a-methyl -benzeneethanamine
3,4-(Methylenedioxy)amfatamine
Tenamfetamine; Tenanfetamine; SKF-5%; MDA i

International Comtrol: I, 1971 Convention

Chemlcal Structure:

o NH,
$ I
M.F.: CyoHysNO2 MW.: 179.2
Crol14C1ROz:  (HCL1) 215.7 (HCL)

Physical Appearance. Base is a colourless oil. HCL is a white powder.
Chemical /Physical Properties.

M.P.: 187-188 °C (HCl)

Solubility: Base iz soluble in ethanmol, diethyl ether, chloroform and

orther organie solvemts. HCl is soluble in ethanol, water and slightly
soluble in chloroform.

Sterecchemistry: 2 Enantiomers and 1 racemate.
Colour Tests. Marquis - dark blue --> black
Mecke - green --> dark blue
Gallic Acid - dark green

Thin-Layer Chromatography. System A - Rf 0.39; System B - Rf 0.53; System G -
REf 0.37; Syztem D - Rf 0.67.

Gas Chromatography.

Packed Column - without derivatization: RT 4.77 min.
- with derivatization: RT 2.01 min.
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Capillary Column - without derivatization: RT 11.00 mim.
- with derivatization: RT 19.00 min.

High-Performance Ligquid Chromatography

Nogmal-Phase - RT 2.02 min.
Reversed-Phase - RT 6.63 min.

Ultraviolet Spectroscopy

Acidic Solution - 233.8 nm, 285 nm.
Alkaline Solution - 232.4 nm, 285.2 nm.
Neutral Sclution - 236.4 nm, 286.8 nm,

Infrared Spectrum.
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Reprinted by permission of the publisher from T. Mills and J.C.

Roberson, Instrumental Dats for Drug Analvsis, Vol. 2, pp. 1460,
Copyright 1987 by Elsevier Science Publishing Co., Inc.
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3,4-METHYLENEDIOXYMETHAMFETAMINE

CAS Reglstry Number: 42542-10-9

IUPAC Name: N,a-Dimethyl-3,4-(methylenadioxy)phenethylamine

CA Index Name: N-a-Dimethyl-1,3-benzodioxole-5-ethanamine

Other Names: N-Methyl-3,4-methylenedioxy-a-methylbenzeneethanamine
5-(¥,a-Dimathyl)ethanamine-1,3-benzodioxole
N-Methyl-3,4-methylenedioxyamfetamine
1-(2,4-Methylenadioxyphenyl) -N-methyl-aninopropane
Methylenedioxymethamfetamine
MDMA; MDM; Ecstasy; XTC; ADAM: ESSENCE

International Gontrol: I, 1971 Convention

Chemical Structure:

NHCH,

SO

M.F.: CyqHysNOa M.W.: 193.2
Ctl14CLNG2  (HCL) 229.7 (HC1)

Physzical Appearance: Base is a colourless oi). HCL iz a white selid,
Chemical /Physical Properties.

M. P, : 152-153 °C (HC1)

Solubilicy: PBase is soluble in ethanol, diethyl ether, chloroform and

other organie solvents., HCl i soluble in ethanol, water and slightly
soluble in chloreform.

Stereochemistry: 2 Enantiomers and 1 racemate,

Colour Tests. Marquis - dark blus
Simon - blue
Mecke - greem --> dark blue
Gallic Acid - dark green

Thin-Layer Chromatography. System A - Rf 0.29; System B - Rf 0.4B; System C -
Rf 0_34; System D - Rf 0,64,

Gas Chromatography.

Packed Column - without derivatization: RT 5.02 min.
- with derivatizacion: RT 8.53 min.

Capillary Golumm - without derivatization: RT 12.01 min.
- with derivatization: RT 20.85 min.
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High-Performance Ligquid Chrematography

Normal-Phase - RT 2.09 min.
Reversed-Phase - RT 12.70 min.

Ultraviolet Spectroscopy

Acidic Solution - 2342 nm, 285 nm, l
Alkaline Solution - 232.6 nm, 285.4 nm.
Neutral Solution -~ 236.2 nm, 287 nm.

Infrared Spectrum.
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Reprinted by permission of the publisher from T. Mills and J.C.
Roberson, Instrumental Data for Drug Analysis, Vol. 2, pp. 1464. '
Copyright 1987 by Elsevier Science Publishing Co., Inc.
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N-ETHYL-B.4-HETHYLENEDIDIfAHFETAHINK

CAS Reglstry Numbers: 14089-52-2 (Base); 743&1-73-9 {HC1)
IDPAC Name: N-Ethyl-a-methyl-3 4-(methylenedioxy)phenethylamine
CA Index Name: MN-Ethyl-a-methyl-l,3-benzodioxole-5-ethanamine

Other Names:; 3,4-Methylenedioxy-N-ethylamfetamine
3,4-Methylenedioxyethamfetamine
3,4 -Mathylenedioxyathylamfatamine
N-Ethyltenamfetamine
N-Ethyl-3,4-methylenedioxyamfetamine i
N-Ethyl-3,4-methylenedioxyphenylizoprepylamine '
1-(3,4-Methylenedioxyphenyl) -2-ethylaminopropane
MDEA: MDE; Eve

Internatlonal Control: I, 1971 Convention

Chemical Structure:

o HOH,CHy
<Q CH,

M.F.: CagHNOz M.W.: 207.27
CqzHygCINO; (HCL) 243.74(HCYL)

Physical Appearance: Base 1s a vizeouz colourless oil. HC1 consists of fiﬁ#
white needles.

Chemical /Fhysical Properties,
M.P.: 201-202 °C (HC1)
Selubility: Base iz soluble In ethancl, diethyl aether, chloroform and
other organle solventa. HCl is soluble in ethanol, water and slightly
soluble in chloroform.
Stereochemistry: 2 Enantiomers and 1 racemate
Colour Tasta., Marquis - dark blue --> black
Simon - blue
Mecke - green --> dark blue

Gallic Aeid - dark green --> brown

Thin-Layer Chromatography. System A - Rf 0.44; System B - Rf 0.68; System C -
Rf 0.45; System D - Rf 0.74. N

Gaz Chromatography.

Packed Column - without derivatization: RT 5.29 min. . v
« with derivatization: RT 8.7] min. "
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Capillary Column - without derivatization: RT 12.94 min.
- with derivatization: RT 21,68 min.

High-Performance Ligquid Chromatography.

Nermal-Phaze - RT 2,20 min,
Raversed-Phase - RT 11.32 min.

Ultraviolet Spectzoscopy.
Acldle Solution - 234.2 pm, 285.2 nDm.
Alkaline Solution - 233 nm, 285.4 nm.
Neutral Solution - 236 nm, 287.2 nm,

Infrared Spectrum.
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Reprinted by permission of the publizher from T. Mills and J.C. Robersen,
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N-HYDBOXY-3, 4-METHYLENEDIOXYAMRETAMINE

CAS Reglstry Number; 74698-47-8B (Base); 74341-83-6 (HC))
IUPAG Name: N-[a-Methyl-3,4-(methylenedioxy)phenethyl]hydroxylanine
CA Index Name: N-Hydroxy-a-methyl-1,3-benzodioxcle-5-ethanamine

Other Names: 3,4-Methylenadioxy-N-hydroxyamfetamine
N-Hydroxy-3,4-methylenadioxyamfetamine
N-Hydroxytenamfetamina
N-Hydroxy-3,4-methylenadioxyphenylisopropylamine
1-(3,4-Methylenadioxyphenyl) -2 -hydroxyaminopropane
N-Hydroxy-a-mathyl-3,4- (methylenedioxy)phenethylamine
R-Hydroxy-MDA
H-0H-MDA

International Control: I, 1971 Convention

Chemical Structure:

NHOH
[o) CHy
M.F.: CypllyzN0g M.W.: 193.22
Cioll14C1lNOs  (HC1) 231.68 (HCL)

Physical Appearance: BRBase is a white solid. HCl is a white crystalline powder.
Chemical /Physical Properties.
M.P.: 149-150 °C. (HCL)
Solubility: Base is soluble in methylene chloride and slightly soluble in
isopropyl alcohol. It is also soluble in ethanol, diathyl ather,
chloroform and other organic solvents, HC) iz soluble in erhansl and
water and slightly soluble in chloroform,

Stereochemistry: 2 Enantiomers and 1 racemara.

Golour Tests, Marquis - dark blue --> black
Mecke - green -->» dark blue --»> black
Gallie Acid - dark green --> brown

Thin-Layer Chromatography. System A - Rf 0.84; System B - Rf 0.76; System C -
Rf 0,54; System D - Rf 0.75.

Gas Chromatography.

Packed Columm - with derivatization: RT 9.35 min.
Capillary Column - with derivatization: RT 22.66 min.
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High Performance Liquid Chromatography

Normal-Phase - RT 1.23 min,
Reversed-FPhase - RT 4.56 min,

Ultraviolet Spectroscopy

Acidie Solution - 234.2 nm, 285.2 nm,
Alkaline Selutiom - 219.6 nm, 285.4 nm,
Neutral Solution - 234_.6 nm, 287 nm,

Infrared Spectrum.
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4 -METHOXYMETHAMFETAMINE

CAS Registry Number: 22331-70-0

JUPAC Name: p-Methoxy-N,a-dimethylphenethylamine

CA Index Name: 4-Methoxy-N,a-dimethylbenzeneethanamine

Other Names: 1-(4-Methoxyphenyl)-2-methylaminoprepane
(4-Methoxyphenyl)isopropylmethylamine
4-Methoxy-N, a-dimethylphenethylamine
4-Methoxy-N-methylamfetamine
N,a-bimethyl-p-methoxy-phenethylamine
M,a-Dimethyl-4-methoxy-phenethylamine
N,a-Dimethyl-p-methoxypropananine
Para-Methoxymethamfetamine
PMMA

International Control: Net Contrelled.

Chemical Structure:

NHCH;
H3

CH,

M.F.: C1-|H.-|7ND M.V.: 179.3
CyyHygC1NG  (HC1) 215.8  (BCL)

Physical Appearance: HCl iz a white solid.

Chemical /Fhyzical Properties,
M.P.: 177-179 °C (HCl)
Solubility: Base is soluble in ethanel, diethyl ether, chloroform and
other organic solwents. HCL is soluble in ethancl and water and slightly
soluble in chlereoferm.
Stereocchemistry: 2 Enantiomers and ] racemate

Colouy Tests, Mecke - yellow --> yellow orange

Thin-Layer Chromatography. System G - Rf 0.31

Cas Chromatopgraphy.
Capillary Golumn - without derivatization: RT 5.84 min,

Ultraviclet Spectroscopy.

Neutral Solution - 276 nm, 282 nm,
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4-BROMO-2 5 -DIMETHOXYPHENETHYLAMINE

CAZ Reglstry Number: 6£6142-81-2

TUPAC Name: 4-Bromo-2,5-dimethoxyphenethylamine

CA Index Name; 4-Bromo-2,5-dimethoxybenzeneethanamine
Other Wames: 2?-CB; BDMPEA; MFT

International Control: Not Controlled.

Chemical Structure:

CH, NH,
ar OCH,
M.F.: GCipH14BxNO5 M.W.: 260.1
CqgHysBrC1NO,  (HCI) 296.6

Physicsl Appesrance: HCl is a white solid.
Chemical/Physical Properties:

M.P.: 237-239 %C (HCL)

Solubility: Base is soluble in ethanel, diethyl ether,
organiec solvents. HCl is soluble in ethanol and water and slightly

soluble in chleroform.

Colour Tests. Marquis - orange --> brown
Mecke - green --> yellow --» blue

Thin-layer Chromatography. System D - Rf 0,58
Gas Chromatography.

Packed Column - without derivatization: Rt 6.10 min.
Ultzaviolet Spectroscopy.

Acidie Selution - 256 tm, 294 nm.

chloraform and
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N,N-DIMETHYLAMFETAMINE

CAS Registry Number: 4075-96-1
IUPAC Name: N N,a-Trimethylphenethylamine
CA Index Name: N,N,a-Trimethylbenzeneethanamine

Other Names: N,N-Dimethyl-a-methyl-benzeneethanamine
N,H-Dimethyl-a-methyl-phanecthylamine
N,N-a-Trimethyl-benzenathanamine
1-Phenyl-2-dimethylaminopropane
{Phenylisopropyl)dimethylamine
Dimetamfetamine
Dimephenopan
Dimephencpane
Dimethamfetamine
Dimethylpropanine
Dimethylamphetamine
Metromin
Metrotonin
H!E_DMA

International Control: Not Controlled.

Chemjcal Structure.

CH,

M.F.: GyHypN M.V.:
CqqHaC1IN (HCL)

Physical Appearance: HC]l is a white solid.
Chemical /Physical Properties.

M.P.: 181-183 °C (HCL)

199.7 (HCL)

chloroform and

Solubility: Base iz soluble in ethanol, diethyl ether,
organic solvents. HCl is soluble in ethanol and water and slightly soluble

in chloreform.

Stereochemistry: 2 Enantiomers and 1 racemate.
Thin-Layer Chromatography. System D - RE 0.74
Ultraviolet Spectroscopy.

Acidic Solution - 251 mm, 257 nm, 263 nm
Alkaline Solution - 258 nm, 268 nm
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PHENCYCLIDINE ANALOGUES

GENERAL STATEMENT OF THE PROBLEM

A number of phencyclidine (PCP) analogues have appeared in the illicit drug
traffic in the United States, These analogues Include N-athyl-l-phenyleyelo-,
hexylamine (PCE), 1-(1-(2-thienyl)eyelohexyl)plperidine (TCP), 1-(l-phenyleyclo-,
hexyl)pyrrolidine (PCPy) and 1-(1-(2-thienyl)eyeclohexyl)pyrrolidine (TCPy). Like
pheneyelidine, the parent compound, they are readily synthesized in ¢landestine
laberatories from readily available chemicals using simple laboratory techniques,
A limited number of studies have provided evidence that these analogues produce
psychotomimetic effects and other pharmaceoleogical effects similar to those
produced by PCP. The psychotomimetic effects of PCP cause changes in behavier
which pose a health threat to the user and to individuals associated with the
user, Although PCP and its analogues have been synthesized, distributed and
abused primarily in the U.§., their powerful psychotomimetic effects and ease of
clandestine synthesiz make them a serious health threat worldwide.

GENERAL HISTORY
Legitimate Use

PCP was synthesized and developed as a general anesthetic for use in humans.
in the latter half of the 1950= by rhe Parke Davis Co. in the U.5. It was first
marketed under the trade name Sexrnyl. PCP produced excellent surgical anesthesia.
without respiratory or cardiovascular depression. Unfortunately, by 1959
evidence had accumulated te indicate that a small percentage (10 to 20%) of
patients emerging from anesthesia induced by PCP experienced deliyium and
hallucinogenic-like effects. The occurrence of these effects resulted in PCP
being removed from the U.5. market in 1965, In the early 1960s various .
laboratory studies showed that PCP was an effective anesthetie and immobilizing
sgent for various animals. 1In 1967 PCP was first marketed in the U.5. under the.
tradename, Sernylan, as a vetarinary anesthetic, particularly for primates. Use
of Sernylan was discontinued in 1979,

In the early 1960s Parke Davis Co. synthesized and patented a number of PGP
analogues including PCE, PCPy and TCP. Parke Davis attempted to develop PCE and-
TCP as adjuncts to surglcal anesthesia but eventually abandoned the idea. To
date none of the PCP analogues hava been used for legitimate medical purposes..

Illicit Use

PCP first appeared in the illicit drug market in California in 1967. At
that time PCP was primarily distributed as capsules or tablets under such street
names as "Peace PI11l" and "Hog." Frequent use of high doses resulted in a
proliferacion of reports of unpleasant experiences associsted with the use of
PCP. These reports lead t¢ & transient decline in the popularity of PCP use.
Within several years, however, PCP was again on the street initially being sold
as other drugs (i.e. LSD, THC, mescaline} or as an adulterant of other drugs.
Abusers started wixing PCP powder and crystals (street name "angel dust") with
various leafy matexjals (i.e. marijuana, tobacce, parsley and mint leaves) which
were subsequently smoked. In the early 1970z PCP use spread rapidly inte many
U.5. urban centers. PCP abuse in the U.5, peaked in the middle to late 1970s and




WHO/PSA/90.5
page B8O

early 1980s. Over the last few year PCP use has declined te relatively low
levels,

A number of PCP anslogues have been identified in the illicit drug traffic
in the U.§. PCE was first identified in 1969 in California. This potent
analogue of PCP was available as a brownm, purple, pink or off-white powder or
tablet. It waz sold as PCP under the street name "Rocket Fual." TCP and PCPy
were flrst identified in the early 1970s, Both analogues were widely distributed
as PCP in powder or tablet form during the 1970s. Beginning around 1981 the use
of PCE, TCP and PCPy started to decline rapidly. Since approximately 1984, these
analogues have seldom been detected in the illicic drug traffic in the U.5. In
1988 TCPy was briefly detected in powdered samples sold as PCP.

PHARMAGOLOGY
General Effects

A number of reports have described the pharmacologiecal eoffects of
psychoactive doses of PCP in human velunteers and surgical patients. At single,
law intravenouz doses of 0,075 to 0.1 mg/kg PCP causes estrangement, thought
disorganization, perceived changes in body image, negativism, drowsiness, aparhy
and feelings of inebriation. At higher doses effeects inelude analgesia,
dizziness, strange and unusual physical sensations, and thought diserganization.
Concentration, learning and memory are impaired. At the highest doses (1 mg/kg),
anesthesia with catatonia and muscle rigldity 1s observed. Following emergence
from anesthesia, a small percentage of individuals emperience a reemergence
syndrome consisting of agitation, wiolent reactions, convulsions, diplepia,
dizziness and nystagmus.

A limited number of clinical studies have shown that TCP and PCE produce

effects gimilar te those of PCP. At low doses these analogues produce a
generalized numbness, sensations characterized as "going away" or "drifting" and
general inebriation, At sufficiently high deoses analgesia and anesthesia

asgociated with catateonia and generalized rigidity ceccur. Fellowing emergence
from anesthesia, some individuals display proncunced adverse effects zuch asz
agitation, vielent behavior or hallucinations.

In laboratory animals PCP and its analogues produce a wide range of
pharmacological effects ineluding anticonvulsant effects, analgesla, catatonia,
anesthesia and ataxia. The exact mechanisme whereby PGP produces these effects
and the psychotomimetic effects observed in humans are not known. Animal studies
have shown that PCP alters the function of a variety of transmitter systems
including the noradrenergic, serotonergiec and cholinergic systems. In addition,
PCP alters physiologicel processes Iinvolving gamma-aminobutyric acid and
excitatory amine scids. Many of these effects result from the activation of
putative PCP receptors. TCP, PCPy, PCE and TCPy also bind to these putative PCP
treceptots,

Animal studies suggest that PCP and its analogues have a significant abuse
liability. Telerance and physical dependence develop with chronic administration
of PCP. PCP, TCP, PCE, PCPy and TCPy have reinforcing properties as indicated
by theilr abllity to support self-administration behavier in laberatery animals.
TCP, PCE, PCPy and TCPy share discriminative stimulus properties wich PCP.
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srructure Activity Relationships

Structure actrivity relationships of PCP-like compounds have been examined
in animals, but not humans, These studies have examined the effects of-
alterations of PCP structure on such effects as rota-red activity and PCP-like
drug diserimination in laboratory animala. These studies show that selected
changes in the structure of PCP cause changes in pharmacologleal activity,
Replacing the plperidine ring with an ethylamine group to yleld PCE causes a 6
fold inerease in petency. Potency is also inereased by the replacement of the
benzene ring with a 2-thlenyl to give TCP. Replacement of the piperidine ring
of either PCP or TCP with a pyrrolidine ring te yield PCPy or TCPy reduces
potency only slightly from the parent compound. Contraction, expansion or
cleavage of the cyclohexane ring causes a dramatic reduction in potency.

Routes of Administration and Doszage Forms '

PCP and its analogues have been distyibuted in a variety of forms including
tablets, capsules, gums, liquids and powders. A common dosage form is a powder
sprinkled on leafy marerial (i.e. tobaceco, marijuana, parley, mint leaves)
intended for smoking. Alternatively the leafy material may be dipped in a liquid
PCP sclutien prior te smeking. Less commonly encountered dosage forms are
tablets and capsules which have been reported to contain between 1 and 7 mg of
PCP,

PCP and its analogues are administered orally or via inhalation. Due to g
more efficlent titration of dose rthe preferred route of administration is
inhalatien of smoke from burned leafy material containing the drug. This route
of administratien results in the intake of PCP and inactive, pyrolytic .
degradation products of PCP such as l-phenylcyclohexane, piperidina and N-
acetylpiperidine. PCP and its analogues are seldom administered intravenously. -

Pharmacokinetics

Human pharmacokinetic studies have been performed with PCP, but pot with any -

of the PCP analogues. Considexing the close similarity of structure and'
pharmacelogical activity between PCP and its analogues, it is 1likely thar they -
all display somewhat similar pharmacokinetic properties. Due to ethical

consideratjong of experimental design, the pharmacokinetics of PCP has primarily
been examined In either volunteers receiving oral or intravenous subthreshold
pharmacological doses of PCP or in individuals presenting to the eMergency room
with PCP-induced intoxicatien,

PCP is readily absorbed and is widely distributed to peripheral tissues.
It is well absorbed by oral, percutaneous, pulmonary or nasal routes. Following
oral administration of 1 mg of PCP to human volunteers, oral bicavailability
averaged 72% with & range of 50 te 90%. Due to pyrolytic breakdown of PCP inte
1-phenyleyclohexane and plperidine, approximately one third of a dose of PCP from
a cigarette is available for sbsorption. Once in the lungs absorption of PCP is
nearly complete. Due to high lipid solubility, PCP has & large volume of .
diztribution. Following oral administration of a 1 mg dose the volume of
distribution is approximately 6.2 + 0.3 liters/kg. Blood/plasma ratios
approximate 1 and protein binding is about 65%. The large volume of distribution
reflects the extensive loss of PCP from blood into various tissues, psrticularly
those with high lipid content such as the liver and brain. Plasma eliminstion
half-1life of PCP has been estimated to range from 7 to 46 hours and, in cases of
severe intoxication, 1 to 4 days., The extended half-life observed with
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severe poisoning may reflect the prolonged slow releasze of PCP into the bleod
from tissue stores,

The major route of metabolism of phencyclidine in humans invelves oxidative
hydroxylation via the cytochrome P-430 enzyme system. Hydrexylation of the
piperidine and cyclohexyl groups yield the predominate urinary metabolites 1-(1-
phenyleyelohexyl)-4-hydroxypiperidine and 1-(1l-phenyl-4-hydroxycycleohexyl)-
piperidine, respectively. The dihydroxy metabolite, 4-(4'-hydroxypiperidine)-4-
phenyleyelohexanol is also detectable in human urine. All three hydroxylated
metabolites are excreted ss conjugates in the urine. 3-(N-(l'-Fhenylecyclo-
hexylamino)valeric acid 1s a minor metabelite found in human urine.

A given dose of PCP is exereted primarily in the urine as conjugated,
hydroxylated metabolites, Following intravencus administration of a single 1 mg
dose, 30% to 50% of the dose is excreted within 7 days and 77% is excreted within
10 days. Only about 2% of the dose is excreted In the feces. Excretion of PCP
iz highly dependent om the pH of the urine. Acidification of the urine promotes
the excretion of PCP.

TOXTCOLOGY
Toxic Clinical Manifestations of Drug Use and Overdose

Clinical Presentation

Individuals with acute low-to-moderate dose PCP intoxicatlen fellowing the
smoking or snorting of 5 to 15 wg PCP display major behavioral and physiological
disturbances. Symptomatology is often similar to functional psychosis. Vigual,
auditory and tactile misperceptions are commonly observed. Psychotic reactions
may last only a few hours or for as long as 1 to 4 weeks. Various signs of
catatonia such as mutism, grimacing, repetitive posturing and rigidity may be
present, Mental disorientatien is often accompanied by alternating periods of
lethargy and fearful agitation. Behavioral abnormalities such as bizarre or
ohscene acts, vielence, agitation, snxiety or euphoria may occur. Obgerved
physiological effects may include tachyeardia, tachypnea, hypertension,
diaphoresis {sweating), salivatioen, fluching, lacrimation, vomiting, miosis,
nystagmus, ataxia, blurred vision, tremers, muscle weskness, rhabdomyolysis,
chotesathetosis and renal failure.

Individuals experiencing acute high dose PCP intoxication following
administration of 25 mg or more of PCP usually become comatose and fail te
respond to painful stimuli. Coma may occur abruptly or following the sudden
onset of vielent or bizarre behavior. The duration of coma is usually from 2 ta
24 hours and rarely as leng as 5 to 7 days. Coma may rarely be associated with
respiratory depression and apnea. A decreased deep tendon reflex, convulsions,
opisthotonos and arrhythmias may also occasionally be observed concomitantly with
coma. Following emergence from coma, fluctuating states of consclousness and
behavioral and physiological effects seen In low-to-moderate dose FPCP
intoxication are usually cbserved,

Prolonged abuse of PCP is associated primarily with persenality chamgesz, not
adverse physical effects. With continued use tolersnce develops to the effects
of PGP, thus resulting in a gradual increase in the amounts of PCP administered.
With time individuale tend to display increased irritability, bellicose and
antisocial behavior, depressed mood and increased frequency of PCP-induced
dysphoric experiences. Memory, judgement and cognitive funetion may also be
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adversely affected during chronic abuse of PCP. Upon abrupt discontinuation of
chrenie PCP use, a mild withdrawal syndrome i= occasionally observed. 4
withdrawal syndrome has also been reported in the neonates of women chronieally

abusing PCP while pregnant,

There has been one case report of an overdose involving PCP analogues, An
Individual presented to the emergency room approximately 3 to 4 hours following
the ingestion of an unknown amount of PCPy. The individual displayed toxic signs
simjlar to those caused by toxic doses of PCP including herizontal nystagmus,
resting tremor of the upper limbs, agitation, hestilirty, suspiciousness, panic
and thoughts of impending doom. Toxicologieal enalysis failed te find any other
substance In the wrine. The individual was treated with physostigminae and
released 48 hours later.

Blood and Tiszue levels

Concentrations of PCP observed in bleod and serum samples from FCP-
intoxicated individuals range from <5 ug/liter up to abeut 0.8 to 1.0 mg/liter.
The pgenerally low concentrations of PCP observed in bloed during periods of
intoxicatien have been attributed to the high lipid solubilirty of PCP resulting
in rapid distribution of the drug out of the blood and into peripheral tissues.
Concentration ¢f PCP in blood has not been observed to correlare with physical
findings of PCP intoxication.

In PCP intoxication, levels of PGP in urine range from 0.4 to 18 mg/liter.
In comatose individuals urine PCP concentrations may range from 0.2 re 142
mg/liter. Urine concentration of PCP depends heavily on the urine pH, with
acidic urine shewing the highest levels of PCP, Urinary PCP levels do not appear .
te correlate with the severity of PCP intoxication.

Forensic Toxicology

Fatalities sssociated with the use of PCP may be divided inte two Eroups.
One group invelves fatalities in which PCP intoxicatiom is the primary cause of
death. In these cases individuals generally ingest enormous amounts (120 to 200 -
mg) of PCP either accidentally or for purposes of suicide and subsequently die
from the toxic effects of the drug. The second group invelves fatalities due to
trauma received while under the influance of PCP, Most fatalities associated
with PCP fall within this group. Trauma results from bizarre, often agitated or
vielent, behavior and from alterations in mental Judgemant induced by PCP.
Within this group of fatalities examples of causes of death would include stab
wounds, gunshot wounds, sutomobile accidents, drowvning or asphyxiatien due to
smoke inhalation.

Autopsy Findings

Post-mortem examinations of a total of 16 fatalities, attributed directly
te PCP intexication, have been reported, Collectively, these examinations failed
to show any pertinent or unusual findings that would specifically indicate BCP
involvement. Findinge reported ineluded pulmonary edema, moderately te markedly
congested liver and, in one case, anoxic petechial hemorrhages in the lungs. 1In
4 separate cage, pulmonary embolism was detected in an individual who died while
being treated for rhabdomyolysis and remal insufficiency, probably indirect
effects of PCP intoxication.
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Post-mortem examinations of ? fatalities purportedly involving PCE have been
described, In one victim, with the exception of lung adhesions, no abnormalities
of the organs were ohserved during macroseopic or microscopic examination, In
the second fatality, congestion and edema of the lungs were noted. In the two
fatalities bleood levels of PCE were 1.0 and 3.1 mg/liter.

Blood ppd Tissue levels

In fatalities due to lethal intoxication with PCF, blood PCF cencentrations
have remged from 0.3 to 25 mg/liter. Blooed PCP concentratlons of 2.0 mg/liter
and sbove have been reported te be uniformly fatal. In these fatalities high
levels of PCP were detected in liver amd/or brain tissue, Bloed concentrations
of PCP in fatalities in which PCP teuieity was not the immediate cauce of death
have been reported to range from a trace amount to 1 mg/liter.

CLINICAL MANAGEMENT

There are no antidotes for rhe treatment of overdoses of PCP or Iits

analogues. Treatment of PCP analogue intoxication will be similar to the
treatment of PGP intoxication and will involve taking steps for supportive care
and for promoting the excretion of the toxic drug. Treatment will differ

depending on whether the patient presents with low er high overdese,

Patients suffering low-to-moderate deose PCP-like intowxication are uzually
brought to the emergency roem because of behavioral disturbances. Such patients
should be placed in a controlled envirerment to minimize evoking agltated or
violent behavior. Diazepam in divided doses may be administered to keep the
patient calm. Ammonium chloride or ascorbie acid should be administered to
acidify the urine and thus promote the excretion of PCP. Patlents experiencing
psychotic episodes should be given haloperidel or chleorpromazine. It may be
necessary to administer propranolel and a cholinomimetic agent to treat any
sympathomimetic and anticholinergic effects.

Patients suffering high overdose will usually be comatose and unresponsive
to deep paln upon arrival in the emergency room, Therapy must initially be
directed at maintenance of vital life processes. Orotracheal intubation should
be performed to prevent ventilatory inadequacy. If ingestien was fairly recent,
gastric lavage with setivated charcoal may be beneficial. An intravenous line
should be established to administer drugs and monitor cardiac and other vital
signs. Selzures should be treated with intravenous diazepam. In the absence of
myoglobinuria, ammonium chloride and ascorbic acid administered intravenously and
followed by furosemide may improve the clinical symptems by promoting drug
excretion. Rare hypertensive crises jay be treated with intravenous propranolol
or diazoxide. Hyperthermia may be controlled by ice baths. Once the individual
has regained consciousness, diazepam and chlorpromazine ox haloperidol should be
available to control agitated behavior and psychotic reactions.

CLANDESTINE SYNTHESIS
Synthesis I

Phencyclidine and several of its analogues are prepared by the replacement
of the ecyano group of the e¢orresponding cyeloalkylamineeyelohexanecarbonitrile

using a Grignard reagent. The carbonitrile intermediate is prepared from an
alkylamine, cyclohszanone, hydrochloric acid and sodium or potassium cyanide,
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Variation of the cyclic amine (piperidine, pyrrolidine, moxpholine) and/or the
Grignard reagent (phenyl- or 2-thienyl magnesium bromide) allows the preparatien
of several analogues.

Synthesis II

FCE is prepared through the intermediate N-cyclohexylidene ethylamine which
is formed by the reaction of ethylamine and cyclohexanone followed by the
addition of potassium hydroxide and subsequent distillation. The intermediate
is then reacted with phenyllithium to form PGE.

Frecursors a

Alkylamine such as piperidine or pyrrolidine or ethylamine (I,1I) o
Cyclohexanona (I,II) '
Fhenylmagnesium bromlde or 2-thienylmagnesium bromide (1)

Phenyllithium (II)

Sodium or potassium cyanide (I) :
Hydroechlorie acid (ID it
Sodium bisulfite (I)

ANALYTICAL CHEMISTRY
Body Fluilds

The analysis of PCP and its analogues in body fluids requires sensitive snd
specific techniques. Due to its relatively high lipid solubility, PCP rapidiy
distributes from the blood to the peripheral tissues, This rapid distribucicn
results in low concentrations (usually below 100 ng/ml) of PCP detected in blood
at the time of PCP intoxlecation. In addition, the concentrations of PCP in the
urine are highly dependent on urine acidity. When the urine is alkaline, low
levels of PCP may be messured in urine. '

.me;oassay

Radioimmunoassays have been used to measure PCP in blood, urine and saliva
(Rosenberg and Vunakis, 1979; Welngarten and Trevias, 1982: McCarren et al.,
1984). For the assay, sensitivity ranges from 0.5 to 5 ng/ml PCP. Cross
reactivity oceurs with TCP and, to a lessor extent with FCPy and the morpheline
derivative of PCP. There is no eross reactivity with other drugs of abuse.

Enzyme immunoassay techniques provide a rapid method for rhe gqualitation and
quantitation of PCP in serum and urine (Walberg and Gupta, 1982; Walberg et al.,
1983; Welngsrten and Trevias, 1982). Depending on the particular enzyme
immuineassay used, the sensitivity of detection ranges from 5 te 75 ng/ml. For
this assay cross reaction with other PCP metabolites and analogues does occur;
thus, the presence of PCP analogues would yield a false pesitive test for PCP in
this assay. Suspected analogue administration would have to be verified using
GC or GC/MS analysis,

Chromatography

Thin-layer chromatography techniques (Jain et al., 1977; Finkle, 1978) are
primarily used for the qualitative analysis of PCP, particularly in urine
samples. This method, with a lower detection limit of approximate 0.2 to 1 mg,/mL
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of sample is relatively less sensitive than othexr available analytical
rechniques,

Analytical techniques utilizing gas chromatography with flame ionization
detectors (GC-FID) and nitrogen phosphorus detectors (GC-NPD) have been developed
to quantitatively analyze PCP in blood, serum, urine, CSF, saliva and various
tissues including the brain, liver, kidney, ete. (Gupta et al., 1975, Reynolds,
1976; Balley and Guba, 1980a,b; Lewellen et al., 1979; Micelli et al., 1981;
Woodwarth et al,, 1984 and Holsztynska and Domino, 1986). The lower level of PCP
detection using the GC-FID iz approximately 75 to 100 ng per ml of sample, thus
making it less sensitive than GC-NPD which has a lower limit of detection arcund
5 ng/ml or less per sample, GC-NPD may be used to detect and quantitate PCP
metabolites and analogues in body fluids and tissues.

Spectyometry

Gas chromatography/mass spectrometry is a confirmatery, analytical technique
for the detection and quantitatlen of PCP in blood, serum, urine, CSF, saliva,
and varfous tissues including brain, liver, kidney, ete¢. (Lin et al., 1975;
Mcleod et al., 1976; Wong and Biemann, 1976). 1In general, this technique has a
sensitivity vanging from 0.1 to 5 ng/ml of PCP in original sample. Mass
spectrometry allows one to make structural determinations ¢f PCP metabolites and
analogues and thus is used to detect and quantitate these substances in wvarlous
body fluids and tissues.

Solid Dozage Form

Melting Point Determinations

The melting points for PCP were obtained from the Merck Index (1989).
Bailey and Legault (1979) provided the melting point for the HCl of PCE. The
melting points for the base forms of TCF, PCPy and TCPy were obtained from Balley
et al. (1976). Alvarez (1977) provided the melting peint for the HCl of TCE.

Colour Tests

Colour tests performed on the pure hydrochleride of TCF and PCP lncluded the
Marquis test, Mecke's test and Mandelin’s test (Alverxez, 1977, Plecard, 19783 .

Additional References: Heagy, 1972,
Chromatography
Thin-Layer Chromatography

The fellowing thin-layer chromatography systems are referenced in the data
sheetz for PCP and its analogues.

System A. Methylene chleride : n-butanel : aquecus ammenia (85:15:0.2),
gilica gel (Merek =silica gel 60). Visualization using potassium
iodoplatinate, (Cone et al., 1979)

System B, Methylene chloride : n-butanel : agueocus ammonia (85:15:0.2),
silica gel (Quanta Gram). Visualization using potassium fodoplatinate.
{Cone et al., 1979)
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System C. Ethyl acetate : methanol : - agqueous ammonia-water
(29:1:0.25:0.5), glass fiber plates impregnated with silicic acid {Gelman
ITLC-5A). Visualization using potaszsjum ilodoplatinate. (Cone et al:,
1979)

System D. Ethyl acetate : methanol : dimethylamine (40% aqueous
solutlen) (90:10:1.6), silica gel (Merck silica gel 60). Visualizatlon
using potassium iodoplatinate. (Cone et al., 1979)

System E. Ethyl acetate : methancl : diethylamine (90:10;1.6), =silica gel
(Mexck silica gel 60). Visualization using potassium iodoplatinate, (Cone
et al., 1979) 'w
System F. Methanol : ammonia (100:1.3). Visualization with potassium
iodoplatinate and ninhydrin. (Rao and Soni, 1983) N
System G, Benzene : acetene : pyridine (16:8:1). Visualization with
ninhydrin reagent and iodoplatinate. (Rao and Soni, 1983)

Additional References: Alvarez, 1977; Bailley et al., 1976; Picard, 1976; Shulgin
and Helisten, 1975; White and Graves, 1978. .

Gas Chromatography o

Gas chromarographic data is expressed in terms of either retention time (RT)
in minutes or retention time relative to phencyclidine (RRT). Below is a
description of the GLC systems used. Systems A&, B apd C were obtained from Cene
et al., (1979) and System D from Legault (1980},

System A.

Golwmim. 1.8m x 2mm I.D, glass column packed with 3% SE-30 pm Gas-Chrom Q
(100-120 meshy,

Column Temp., 170 °C.

Injection Temp. 160 °C

Carrier Gas: WNitrogen at a flow rate of 30 ml/min
Detectror: Flame icenization.

Detector Tempn, 250 °C,

System B,
Columpn, 1.8m x Zmm I.D. glass column packed with 3% OV-225 on Gas- i
Chrom ¢ (100-120 mesh). i
o emp. 180 °C,

Temp. 180 °C.
Cayrier Gas: Nitrogen at a flow rate of 30 ml/min.
Deteector: Flame ionization.
Betector Temp. 250 °C.

System G,

Colupm., 1.8m x Zmm I.D. glass coluwnn packed with 3% silar 5 CP en Gag-
Chrem Q (100-120 mesh).

Column Tegp. 180 °C.
Injection Tewp. 250 °C.

Cprxier Gas. Nitrogen at a flow rare of 30 wl/min.




WHO/PSA/90 .5
page 88

Detector., Flame ionization.
Datector Temp. 250 °C.

System D.

Column. 4 ft glass column packed with 3% OV-7 (acid treated) on 80-100
mesh Chromosorb W.

Column Temp. 150 °C.

Injection Temp, 250 °C.

Carrier Gas., Helium at a flow rate of 30 ml/min.

Detectoy Temp. 275 °C.

Additional References: Alvarez, 1977; Bailey et al., 1976; Picard, 1976, Ra¢ and
Sonl, 1983%; Rao et al,, 1980; Tycer and Finalet, 1977.

Spectroscopy/Spectrometry

Infrared Spectroscopy

The infrared (IR} spectra of the base and hydrochloride salts of PCP and icts
analogues were obtained from Rao et al. (1980). Infra-red spectra were recorded
in potassium bromide.

Additional References: Alvarez, 1977; Bailey et al., 1976; Dobres, 1975; Heagy,
1972: Morris, 1977; Picard, 1976; Rao and Soni, 1983; Tycer and Finalet, 1977.

Ultravielet Spectroscopy

Ultraviclet data for PCF, TCP, PCPy and TCPy were obtained from Balley et
al. (1976). Data for the HC1l form of PCP and its analogues in an ethanol
solution were recorded using a Beekman BD GT spectrophetometer, Ultraviolet data
for PCE was obtained from Bailey and Lepgault (1979). Data for the HCl form of
PCE in a methanel solution were recorded using a Beckman Acta CTII spectro-
photometer. Data from both studies are expressed in terms of maximum absorbance
wavelengths (in nm) wich melar absorptivities provided in parentheses,

Additional References: Alwvarez, 1977, Dobres, 1975; Heagy, 1972; Morris, 1977;
Picard, 1976; Rao and Soni, 1983; Rac et al., 1980; Tycer and Finalet, 1977.

Mass Spectrometry

Mass spectra were obtained from Rao et al., (1%80). using & Du Pent 21-490
mass spectrometer operating at 70 eV and interfaced with a gas chrematographie
system.

Addirienal References: Bailey et al., 1976; Clark, 1987; Cene et al., 1973;
Dobres, 1%75; Heagy, 1972; Legault, 1980; Morris, 1977; Picard, 197é; Rac and
Soni, 1983; Tycer and Finalet, 1977.




WHO/PSA/90.'S
page €9

PHENCYCLIDINE

CAS Reglstry Numbers:; 77-10-1 (Base); 936-90-1 (HC1)
IUPAC Name: 1-(1-Phenyleyclohexyl)piperidine
CA Index Name: 1-{1-Fhenylecyclohexyl)piperidine

Other Names: FPCP: CI-395; GP 121; CLl; Hog; Peace Pill; Angel Dust; Crystal;
Black Dust; Clickers; Sherms '

International Control: II, 1971 Convention

()

Chemlcal Structure:

M.F.: Gy7HasN M.W,: 243,38
Ci7HzCIN  (HCL) . 279.85 (HCL)

Physical Appearance: Phencyclidine HCl is a white crystalline powder.
Chemical /Physical Properties.
M.P.: 46-46.5 °C (base); 233-235 °C (HCL)

Solubility: HCL form is soluble 1 in 6 of water, 1 im 7 of ethanol, 1 in
2 of ehloroform and very slightly soluble in ether. (Moffat, 1986)

Colour Tests, Marquis - faint salmon with gasz evolved.

Thin-Layer Chromatography. System A - Rf 0.27; System B - Rf 0.33; Systede -
RE 0.94; System D - BRf 0.70; System E - Rf 0.72; System ¥ - Rf 0.55; System G -
RE 0.41. :

Gas Chrometography. System A - RT 4.28; System B - RT 3.38; System C - RT 4.41;
System D - RT 18.3.

Ultraviclet Spectroscopy.

Neutral Solutiom - 251 nm (301}, 236 nm (371), 261 nm (413), 268 nm (322)
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Infrared Spectrum.
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N-ETHYL- 1 -PHENYLCYCLOHRERYLAMTNE

CAS Reglstry Number: 2201-15-2

IUPAC Name: N-Ethyl-l-phenyleyclohexylamine

CA Index Name: N-Ethyl-l-phenylcyclohexylamine

Other Names: Etleyclidine
Cyclohexanaming .
Ethylphencyclidine b
PCE; CLA5; CI1-400; Rocket Fuel i

International Control: I, 1971 Convention

Chemical Structure:

NHCH,CH,

M.F.: CyuHnN M.W.: 203.3
Chemical /Physical Properties.
M.P.: 233-236 °C  (HC1)

Thin-Layer Chromatography. System A - Rf 0.25; System B - Rf 0.45; System.C -
Rf 0. 80; System D - Rf 0.60; System E - Rf 0.43; System F - 0.44,

Gas Chromatography. System A - RRT 0.29; System B - RRT 0.30; System C - RRT
0.31.

Ulcraviolet Spectroscopy. :

Neutral Solution - 231 nm (160), 257 rm (215), 261 nm (186), 267 nm (127)
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Infrared Spectrum.
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N-(1l-(2-THRIENYL)CYCLOHEXYL) PIFERIDINE

CAS Reglstry Number: 21500-98-1
IUPAC Name: N-(l-(2-Thienyl)}eyelohexyl)piperidine
GA Index Name: N-(l-(2-Thienyl)ecyclohexyl)piperidine
Other Names: Tenoeyclidine

Thienylphencyelidine

TCP; CL-13; CN-26; CI-421
Internaticnal GCentreol: I, 1971 Convention

Chemical Structure.

||D

8

M.F.: CysHpgNS M. W.: 249.4)
CyHo CINS 285.85 (HCL)

Physical Appearance: Base is a viscous, light yellow oil. HCl appesrs as a
fine, white, ecrystalline powder, '

Chemlcal /Physical Properties.

M.P.: 200-203 °C (Base, sublimatien); 233-236 °C (HCl) (With transition
at 182-183 °C),

Selubility: Base is soluble in chloroform, ether and hexane. HCl is
soluble in chloroform and water, but inasoluble in hexane and ether.

Colouy Tests. Marquis - faint pink to grey brown or grey orange.
Mecke's - yellow greenm --» blue-green --» deep blue.
Mandelin - grean,
Thin-Layer Chromatography. System A - Rf 0.54; System B - Rf 0.7%; System G -

Rf 90, System D - Rf 85; System E - Rf 0.84; System F - Rf 0.63; System C - Rf
Q.42

Gaz Chromatography., System A - RRT 0.17; System B - RRT (.22: System C -BRT
0.26; System D - RT 18,3,

Ultraviolet Spectrum,

Neutral Solution - 232 rm (7933)
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Infrared Spectrum.
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1-(1-PHENYLCYCLOHREXYL)FYRROLIDINE

CAE Reglstry Number: 2201-39-0
IUPAC Mame: 1-(l-Phenyleyclohexyl)pyrrolidine
CA Imdex Name: 1-{l-Phenylcyclohexyl)pyrrolidine

Other Names: Beolicyclidine
PCPy, PHP

International Control: I, 1971 Convention

(>

Chemical Structite:

M.F.: GygHnN M.W.: 229.3s%

Chemical/Physical Properties.
M.P: 221-222 °C (sublimation)

Thin-layer Chromatography, System A - Rf 0.11; System B - Rf 0.23; System ¢ -
Rf 71; System D - Rf 40; System E - RF 26; System ¥ - Rf 0,31

Gas Chromatography. System A - BRT 0.74; System B - BRT 0.77; System C -RRT
0.78; System D - RT 12,6,

Ultraviclet Spectroscopy.

Neutral Solutien - 251 nm (247), 256 nm (327), 261 nm (373), 268 nm (293)
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Infrared Spectrum.
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1-¢1-({2-THIENYL)CYCLOHEXYL) FYRROLIDINE

CAS Registry Wumber: 22912-13-6
TUPAC Name: 1-(1-{2-Thienyl)ecyelohexyl)pyrrolidine
CA Tndex Name: 1-(1-(2-Thienyl)cyclehexyl)pyrrolidine

Other Names: N-(1-(2-Thienyl)cyclohexyl)pyrrolidine
TCRy

International Control: Not Scheduled.

Chemical Scructure:

O

5

M.F.: CqHaqNS M.W.: 235.40
Chemical /Physical Properties.

M.P.: 187-188 °C
Thin-ILayer Chromatography, System F - Rf 0,48; System G - Rf 0.27.
Gas Chromatography. System D - RT 11.9 min,
Ultraviclet Spectroscopy.

Neutral Solution - 232 nm (7837)
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AMINOREX AND 4-METHYLAMINOREX

GENERAL STATEMENT OF THE FROBLEM

Aminorex and 4-methylaminerex are two new designer drugs that are easily
made in clandestine laboratories from readily available chemicals. Both drugs
are central nervous system gtimulants with pharmacelogical properties similsr to
the amfetamines. They are promoted in the illicit drug market as new drugs which
produce effects between cocaine and amfetamine. These drugs have appeared
sporadically in the United States and Canada and have been associated with a few
cases of suspected overdose. Because these substances gre easily synthesized,
they ¢ould become low cost substitutes for other stimulants such as cocaine or
methamfetamine Iin the international iiliecit drug market. o

GENERAL HISTORY
Tegitimate Uze

Aminerex and 4-methylaminorex belong to & clasa of compounds called
oxazolines which were fivst synthesized by McNeil Laboratories im the early
1960's, They were found to be Polent appetite suppressants and central nervous
system (CNS) stimulants, After extensive testing in animals and human subjects,
aminorex was introduced in Burope in 1965 as a prescription drug (Menoeil and
Apiquel) for weight reduction. Three vears later the drug was withdrawn from
elinical use because it caused Ffatal pulmenary hypertension in some subjects,
Since that time, neither aminorex nor 4-methylaminerex have been further
developed as pharmaceuticals, ‘

Illicie Use

4-Methylaminorex was firsc reported in the illicit drug traffie in Florida
in 1985 and 1986, It 1987 it was detected in parsphernalia and bedy fluids
associated with & drug overdese victim in Flerida, Since 1986, law enforcement
officials in the U.§. have seized the drug in California, Florida, Indiana, New
Jersey and Pennsylvania., 4-Methylaminorex has also been identified in drug
evidence submiscions in Canada. Four clandestine laboratories were seized which
ware manufacturing 4-methylaminerex from phenylpropanclamine., 4-Methylaminorex
produced In this way is the racemic cis isomeric form,

4-Methylaminorex is occasionally sold as "speed”, but more often is sold under
the rather unique names "EU4EA™, "U4EA". or "U4Euh" . There have been recent
reports that the drug is being sold as "Ice” or "Blue Ieg", street names glso
assoclated with dextro-methamfetamine hydrochloride. Aminorex has also been
identified by forensic laborateries in the U.S. the last few years., Analysis of
recently seized drugs revealed they sometimes contained both amincrex and
4-methylaminorex,
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PHARMACOLOGY
General Effects

Aminorex and 4-methylaminerex produce all the effects of central nervous
system stimulants. With respect to central nervous system activity, they have
approximately one-half to one third the potency of d-amfetamine and a slightly
shorter durationm of action. Restleszsness and inereased alerinesz are the first
behavioral signs noted. Other effects observed include dry mouth, lozg of
appetite, insommia and analgesia. At higher doses there is an increase in motor
accivity which may be followed by ataxia, tremers and seizures.

The aminorex compounds, like the amfetamines, stimulate both the central and
the peripheral nervous systems; howsver, these two classes of drugs may have
somewhat different mechanisms of action, The amfetamines stimulate both rhe
central and peripheral nervous systems indirectly by triggering the release from
nerve terminals of endegenous catecholamines like epinephrine and norepinephrine
which, in turn, produces the pharmacolegical effects. Aminorex and its
derivatives stimulate the peripheral nervous system in 2 zimilar menmer by
cauzing the releaze of catechelamines; however, studies im ewperimental animals
supggest that the aminorex compounds stimulate the central nervous cystem
directly.

The addiction 1liability of the aminerex compounds appears to be

qualitatively s=similar to that of the amfetamines. Animals trained to
discriminate d-amfetamine from saline recognize 4-methylaminorex as heing
amfetamine-like. Animals toleramt to amfetamine are cros:z tolerant to 4-

methylaminorex, Animals trained to lever-press for cocaine will self adminlister
4-methylaminorex, thus providing evidence of positive reinforcing effects.

Structure Activity Relationships

4-Methylaminerex is structurally similar te other CN5 stimulants, such as
amfetamine, pemoline and aminerex in that they all contaln a bata-
phenylethylamine moiety. a basic structure for the production of eentral nerveous
system stimulation by sympathomimetic amines. Thus, they all share a common CHNS
etimulant action. In fact, the structure activity relationships for the aminorex
compounds appear te be similar to those for the amfetamines. Preliminary
pharmacoleogical data for over twe dozen aminorex analogues have been reported.
The greatest potency is achieved when halogens, such as bromine, chlorine, and
fluorine are substituted on the phenyl ring of aminorex. Para-fluorcaminerex is
the most potent analogue found teo date. 1t is approximately four times more
potent than aminorex or slightly more potent than amfetamine. Unlike amfetamine,
in which the d isomer is significantly more active than the 1 isomer as a
stimulant, all stereoisomers of the aminorex compeunds appear to be active. The
importance of the amine versus the iminc tautomer is noti known. An earlier
repart suggested that the amine tautemer is the most gtable form, but a mere
recent paper suggests the imino tautomer predominates.

Routes of Administration and Dosage Forms

Little is known about how aminorex and 4-methylaminerex are actually used
on the street. Since they are most likely used as substitutes for smfetamine or
cogalne, they are probably taken erally, intranasally {"snorting"), and via
inhalatloen (smoking). Intravenous use is less 1likely because of the low
solubility of the bases in water. Because aminerex and 4-methylaminorex are sold
in free base form, they can be smoked without comversion from the salt to free
base form (as must be done with methamfetamine and cocaine).
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Aminorex was prescribed as an appetite suppressant at doses of 10 to 20
milligrams per day. It is likely that street doses are higher - perhaps 25 ﬁo
30 milligrams - so as to produce the desired stimulant effect, Also, becausq
tolerance can develop rapidly to these drugs, much higher doses are likely to be
ingested by some individuals.

FPharmacokinetics .

Aminorex and 4-methylaminorex were developed before sophisticated methodé
for pharmacokinetic analysis were available; thus, the data available on their
absorption, distribution, metabolism and elimination are limited. Although these
twe drugs are pharmacologically similar to the amfetamines, their chemical
structures are perhaps mere similar to stimulants like pemoline. The limited
data avallable suggests that their bjological fate may be similar to beth
pemoline and amfetamine. .

In humans the abserption of aminorex is relatively rapid with most of the
drug being absorbed by 3 to 4 hours. Early clinical studies showed that a single
15 mg oral dose of aminorex, produces a peak plasma concentration of areund 40
ug/ml within two hours. Subsequently, the concentration declines slowly, with
drug still being detectable at a concentration of around 5 ug/ml at 24 hours,
The absorption of 4-methylaminorex inm humans has net been examined; however, it
is likely that the absorption of 4-methylaminorex will be gimilar to that of
aminorex. .

Studies in experimental animalz do not reveal any unusual accumulation of
aminorex in any tissue. The organs of elimination, the liver and kidneys, have
the highest concentration of drug. Some drug is retained in the gastrointestinal
tract, probably the result of incomplete absorption. '

The metabolic fate of aminorex and 4-methylaminorex has been examined only
to a limited extent. Available evidence indicates that these drugs are
metabolized via oxidative deamination and aromatie hydrexylation, two pathways
typical of amfetamines. In man oxidation of the amine Functienal group of
aminorex produces an oxXazolidinene metabolite, which is subsequently converted
te & beta-hydroxyphenyl urea by cleavage of the ring. In laboratery animals, &4-
methylaminerex underpoes deamination to produce a 2-oxazolidinone metabolice,
aromatie hydroxylation te produce 2-amine-5- (p-hydroxyphenyl) -4-methyl-2-
oxazeline and hydrolysis to yield phenylpropanelamine. The metabolic fate of &4-
methylaminorex in humans is not known.

Aminorex and 4-methylaminorex sre eliminated from the blood by a combination
of liver metabolism and excretion by the kidneys. Elimination via the bile jnto
the intestines seems to be a relatively miner route. Both drugs are eliminated
in urine primarily as unchanged drug. The reported half-life for aminorex in
humans is 7.7 hours. There is no available data on the half-life of 4=
methylaminerex in humans. o

TOXYCOLOGY
Toxic Clinlcal Manifestations of Drug Usze and Overdose
The acute toxicity of aminorex and 4-methylaminorex should be qualitativel&z

similar to that of amfetamine and would result from overstimulation of the'
central nervous system, Low doses produce mental alertness and loss of appetite,
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while higher doses produce restlessness and increased motor movement. Further
incresses in the dose will cause agitation, increased heart rate, rapid
bresthing, tremers and possible convulsions. Convulsive episodes may be followed
by loss of consciousness, depressed respiration and death. Studies in
experimental animals suggest that aminorex and 4-methylaminorex, in contrast to
amfetamine, have a low therapeutic index relative to the production of seizures,
If aminorex and amfetamine toxlelty are gimilar, then a delayed set of toxie
signs may appear a few days later. In these later stages of acute intoxicatlon,
hallucinations, hyperthermia and fluctuations in blood pressure may occur which
may be lifethreatening,

Prolonged use of high doses of aminorex compounds may lead te "amfetamine
paychosls" and lung texicity. Signs and symptoms typleal of "amfetamine
psychogis" include extreme agitation, hallucinations and paranoia. Lung toxieity
characterized as pulmonary hypertension, 1ls potentially the preatest health risk
since it may result from chreonic use of low doses, When aminorex was first used
ag an appetite suppressant, the ineidepnee of lung toxieity was rare
(approximately 1/1000) but oftem fatal. The risk may be greater when the drug
iz used at higher doses as a stimulant or when it iz ingested by smoking.
Dyspnea following exertion was the earliest symptom reported by individuals who
suffered pulmonary hypertension after taking the prescription drug aminorex.
Thiz was followed by angina pectoris (shooting pains in the upper arm and
gshoulder) and fainting spells. These conditions may worsen for months, even
yaarg, with some patients dying of heart fallure or pulmonary thromboembolism
(bluod clot in the lung). Clinical and animals studies have failed to elucidate
the mechanlsm(s) by which aminerex produces pulmonary hypertension. It is not
known whether 4-methylaminorex also causes pulmonary hypertension.

Forensic Toxicology

There have been two suspected casesg of overdeose from 4-methylaminorex with
one of these cases reported in the literature. No details of the autepsy
findings were given but a description of the scene suggested that death was the
result of an acute drug overdese. The concentration of 4-methylaminorex found
in blood was 21.3 ug/ml compared with 12.3 ug/ml found in urine.

CLINICAL MANAGEMENT

Until there is mere informationm on the pharmacology and toxicelogy of the
aminorex compounds, or mere ¢linical experience in treating overdese cases, It
seems prudent to econsider them as amfetamine-like compounds and ftreat
accordingly.

The prevention and control of seizures should be the initial objective in
treating the acute toxicity of aminerex snd 4-methylaminorex. This should be
followed by efforts to prevent the delayed toxicity; that is, maintaining normal
body temperature {external cooling with ice packs if necessary) and maintaining
normal blood pressure (fluid replacement, and possibly medications to control
blood pressure).

Treatment of aminorex-induced toxic psychosis requires leng-term care by
specialiste experienced in the medical management of psychiatric patients.
Similarly, treatment of pulmonary toxicity from the aminorex compounds requires
long-term treatment by specialists in cardiovascular medicine,
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CLANDESTINE SYNTHESIE
Synthesis I

A variety of aminorex-like compounds (oxazolines) can be prepared quite
easily by reacting a suitable amine aleohol with cyanogen bromide. 4-
Methylaminorex can exist as four stereolsomers and two racemates. Each can be
prepared by condensation of the respective 2-amino-1-phenylpropanel with cyanogen
bromide. The eis racemate is the form identified in illieit drug seizures and
is produced from phenylpropanclamine (norephedrine). The trans iscmers are
prepared from norpseudoephedrine. dl-2-Amino-l-phenylethansl is used as the
starting material for dl-aminorex.

Synthesiz I1

An alternative synthesis utrilizes the reaction of the appropriate aming
aleohol with a suitable isocyanate to produce a hydroxyurea. The hydroxyurea 1d
then converted to a chlorourea with thienyl chloride which is then cyclized ro
the oxazoline by boiling in water. This is a more complicated process, but
useful for producing aminorex analogues substituted at the 2-amine position. -,

Precursors and Essential Chemicals

2-Amino-1-phenylpropanol (phenylpropanolamine} or 2-Amino-1-phenylethanol (I,171)
Cyanogen bromide (I}

Sodium acetate (1)

Hydroxyurea (II) ‘ Y
Thionyl chloride (II) Y

ANALYTICAL CHEMISTRY

Body Fluids

Immunoagsay

Neither aminorex or &4-methylaminorex are detectable using availsble
radiolmmunoassays (RIA), the fluorescence pelarization assay (TDX), or the enzyme
multiplied immunoassay technique (EMIT)) for amfetamine-like substances (Smith
and Kidwell, 1989),

Chromatography

Davis and Brewster (1988) deseribed a blood and urine extraction procedure
for 4-methylaminorex. Gas chromatographic analysis was performed using a Hewlett
Packarxd 5890 gas chromatograph equipped with a capillary ecolumn and a flame
ionizatien detector,

Spectrometry

Davizs and Brewster (1988) described a GC/MS method for analyzing 4-
methylaminorex in urinme obtained from an overdese victim, After an acid/base
eitraction, an aliquot of the chloroform extract was analyzed using & Hewlett
Packard 3830 gas chromategraph equipped with a 10 m methylsilicone narrow bore
capillary column interfaced with a mass selective detecror.
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Smith and Kidwell (1989) have described a method for the GG/MS analysis of

4-methylaminorex using pentafluoropropanyl anhydride derivatization. The limit
of detection for this methed is reported to be 30 ng/ml.

Quantitation
The gas chromatography procedure described by Davis and Brewster (1988)
using methaqualone as an internal standard has been used for the quantitation of
4eomethylaminorex after extraction from blood and urine,
Solid Dosage Forms
Since only the cis-4-methylaminorex 1is controlled wunder the 1971

Convention, it is critical for the forensic chemist te differentiate between the
cisz and trang forms,

Melting Point Determipations

The melting point of aminorex was obtained from Klein and Morello (1990).
The melting points of various 4-methylaminerex sterecisomers were obtained from
Klein et al. (1989) and Poos et al. (1963). Melting points of other
stereoizomers of 4-methylaminorex have been reported by Wollweber et al. (1280).

Colour Tests

The addition of the free bases of aminorex and 4-methylaminorex im 0.3 ml
of ethanol to 2 % agueous cobalt thiocyanate (Co(SCN)z) gives a pozlitive colour
reactlon (Klein and Meorelle, 1990; Klein et al., 1989). 4-Methylaminorex
hydrochloride will produce a pesitive colour reaction only after additien of

saturated agueous sodium carbemate (Klein et al., 1989).

Additional References: Inaba and Brewer (1987).
Chromatogranhy
Thin-Layer Chromatography
The following solvent systems were used to attempt to separate the free base
cis-(48, 5R) and trans- (4R, 3R) isomers of 4-methylaminorex. Hydrochlorides

produced multiple spots and streaking (Klein, 1989).

System A: Ethyl acetata : ethancl : ammonium hydroxide (86:10:4), silica
gel IB-F plates (Klein et al., 1989)

System B: Ammonium hydroxide saturated chlereferm methanal (9:1),
silica gel IB-F plates (Klein et al., 1989)

System ¢: Ethyl acetate : ethanel : ammonium hydrexide (86:10:4), alumina
1B-F plates (Klein et al., 1989)

System D: Ammonium hydroxide saturated chlereform : methanel (9:1),
alumina IB-F plates (Klein et al., 1989)

System E; Isopropanel : water : ammonium hydrexide (72:24:4), Cqg reverse
phase plates (Klein et al., 1989)
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Gas Chromatography

Gaz chromatographic analyses of the bases and hydrochlorides were performed
on a Perkin-Elmer Sigma 2000 Capillary Chromatograph (Klein, 1989). Values are
axpressed as actual retention times in minutes., Klein (1989) presents G¢ data
for the four sterecisomers and two racemates of 4-methylaminerex; however, only
data for the dl-cis and dl-trans isomers are provided in this manusl. The dl-oig
form of 4-methylaminorex is the one found in the illicit traffic. The
hydrochlorides undergo extensive thermal decomposition and produce more complex;
and thus, less useful, chromatograms. The free bases are still apparent in the
chromatograms. The following conditlens were employed:

Column. DB-1 30 wm by 0.25 mm capillary column ceated with a 0.25 um £ilm
thickness (J & W Scientific)

Temperatures. Column - 140 °C initial (held 1 minute), programmed increase
of & °C/min. to 200 °C; Injecter - 280 °C.

Carrier Gas. Hydrogen at a flow rate of 46.5 em/sec.

Detector. Flame ionizatiom

Additienal References: Davis and Brewster (1988); Inaba and Brewer, 1987.

Spectroscopy/Spectrometry

Ultraviolet Spectroscopy

Ultravielet spectroscopy data for aminorex and 4-methylaminorex in methanol
and sulfuric acid solutlons are reported as wavelengths of maximum absorbance
(CND, 1990; bavis and Brewster, 1988).

Additional References: By et al., 1989
Infrared Spectroscopy

Infrared spectra of aminorex and the bases and hydrochlorides of the cis and
trans stereoisomers of 4-methylaminerex were recorded from KBr discs using a
fourier transform spectrophotometer. The infrared spectrum of the dl-base of
aminerex was obtained from Klein (198%). The cis and trans stereoisomers of the
base and HCl forms of 4-methylaminorex were obtained from Analvtieal Profiles of

Methyleminorex and Dezigner Analogues published by CND Analytical Inc. The cis

and trans stereoisomers of 4-methylaminorex display similar but distinet spectra.

Additional References: By et al., 1989; Davis and Brewster, 1988: Inaba and
Brewer, 1987; and Klein and Morelle, 1990.

Mass Spectrometry

The mass spectrum of aminorex was obtained from Analycical Profiles of
Methylamiporex and Desjpmer Analogues published by CHD Analytical. The mass
spectum was recorded using an electron impact instrument at 70 eV interfaced with
a GC equipped with 2 12 m x 0.31 mm inside diameter column using a 0.52 um
thickness of OV-). The column temperature was programmed,

The mass speetra of 4-methylaminorex were obtained using a Finnigan-MAT 8320
Mags Spectrometer at 70 eV (resolution = 7500; 5% valley)(Klein et al., 1989).
Samplés were run using the solid probe inlet.
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Tt should be noted that the eis and trans isomers give nearly identical
spectra.

Additional References: Inaba and Brewer, 1990; Davis and Brewster, 1988 and By
et al., 1989,

NMR {(Klein et al., 1989; By et al., 1989) may also be used to differenciate
the els- and trans- isomers of 4-methylaminerex, Microcrystalline tests
{platinum chloride and gold chloride) are also effective provided that direet
compatrison to standards are made (Klein et al., 1989),
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AMINOBREX

CAS Reglstry Number: 2207-30-3
IUPAC Name: 2-Amino-5-phenyl-delta®-oxazoline

CA Index Name: 4,5-Dihydre-5-phenyl-2-oxazolamine

Other Names: 2-Amino-5-phenyl-2-oxazoline
Aminoxaphen; McNeil 742

International Centxrel: Not controlled

Chemical Structure:

ad

M.F.: CgHygNz0 M.W.: 162.19

FPhysical Appearance: Free base iz a white, crystalline powder (recrystallized
from carbon tetrachloride/ethyl acarare (5:1)) or white iridescent Fflakes
(recrystallized from water). Hydrates are not formed.

Cheuical /Fhy=zical Properties.

M.P.: 136-138 °C (broad melting range; i.e., gradual breakdown of erystal

structure observed over final 10 °C with complete dissolution occurring
over the final 2# C).

Stereochemistry: Aminorex has one asymmetric carbon and may exist as two
enantiomers and a racemate,

Colour Tests: Cobalt thiocyanate - instantanecus deep blue
Gas Chromatography. RT 6.23 min

Ultraviolet Spectrescopy.

Neutral and acidic solutions - 251 nm, 257 nm, 262 nm, 268 rm
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Infrared Spectrum.
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Reprinted by permission of the publisher from Analytjical Profiles

of Methylaminorey and Designer Analogues, p. 33. Copyright 1989 by
CND Analytical, Inc.
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4-METHYLAMINOREX,
CAS Registry Number: 3568-94-3; individual isomers have specific CaS registry’’
numbers as follow: 29493-77-4; 27780-30-9; 75493-87-7; 42510-77-0; 2077-59-0 ..
IOPAC Name: 2-Amine-4-methyl-5-phenyl-2-oxazoline
CA Index Name: 4&,5-Dihydro-4-waethyl-5-phenyl-2-oxazolamine
Other Names: 2-Amino-4-methyl-5-phenyl-delta?-oxazoline
d.1-¢i5-2-Amino-4-methyl-5-phenyl-2-oxazoline
d.1-erythro-2-Amino-4-methyl-5-phenyl-2-oxazeline
NeN-822; Buphoria; U4Euh; ICE; Blue Ice; 4-MAX

International Control: I, 1971 Convention (Only cis-4-mechylaminorax ig
contralled.)

Chemical Structure.

NH,

i

Hy

M.F.: CypHyalNz0 M.W.: 176.22

Physical Appeatance: Bases (recrystallized from chloroform/earbon tetrachloride
(1:1)) are white crystalline powders. Hydrochlorides (reerystallized from
isopropanel/chloroform/diethyl ether (1:1:1)) are white erystalline powders
except the dl-trans hydrochloride which is hygroseoplc and is an amorphous solid.
Chemical/Physical Properties.
M,P.: d,l-cis base (hydrate) - 154-156.5 °C
d,l-cis free hase - 139-142 °C
d,1-cis HCL - 178-180 o :
d,1-trans free base - 148-150 °C; 150-152 °C
d,1l-trans HCL - 132-136 °C (amorphous solid)
Solubility: Sparingly soluble in watey,

Stereochemistry: 4-Methylaminorex has two asymmetriec carbon atoms and may
exist as four possible grereoisomers (trans- (4R, SR), trans- (4%, 55), ciz-
(4R, 58) and c¢is-(45, 5R)) and two racemates (dl-cis and dl-trans).
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Colour Tests: Cobalt thisceyanate - instanraneous deep blue (basze);
Cobalt thiocyanate - ne colour change (HCl) - addition of one drop
of saturated aqueous sodium carbenate precipitates a blue solid

Thin-Layer Chromatography. System A - Rf 0.42 (trans), 0.40 (eis): System B -
Rf 0.57 (trans), 0.50 (cis); System C - Rf 0.55 (trans), 0.5l {(¢is); SystemD -
Rf 0.66 (trans), 0.64 (cis); System E - Rf 0.59 (trans), 0.39 (cis)

Gas Chromatography. RT 5.67 (trans base), 5.62 (trans HCl) {with decempesirion);
RT 6.10 (cis base), 6.04 (cis HC1) (with decomposicion).

Ultraviclet Spectroscopy:
Neutral and acidiec solutions - 251 rm, 257 nm, 262 nm, 268 nm

Infrared Spectya,
Racemic ¢cis-base

ax=109.96 T
w““m“
- j
: K v
i c £
D
- : 8=2023
B=1753 B
i C=1415
b= 9%
MHin=0,86 T £= £32
ahin 3508 009 2598 2009 1504 1008 tH-1 568

Reprinted by permission of the publisher from Analytical Profiles
of Methvlaminorex and Designer Analogues, p. 56. Copyright 1989 by
CND Analytical, Inc.
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Raecemic trans base
HAX=166.48 T

S
iy
==f:}

f

fe34d2 E'l'.‘
- B=169%
(=673
L D=1485
E=
MIH=9. 69 T - 33?
o8 508 3680 25e0  2opd 1580 1908 -1  5be

Reprinted by permission of the publisher from Analvitical Profiles
of Methylaminorex and Designer Analogues, p. 56. Copyright 1989 by
CND Anaiytical, Inc.

Racemle cis Hydrechloride
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Reprinted by permission of the publisher from Analvtical Profiles
. of Methylaminorex and Designer Analogues, p. 49. Copyright 1289 by
CND Analytical, Inc.
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Racemie trans Hydrochloride
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Reprinted by permission of the publisher from Anglythal FProfiles
of Methylaminorex and Designer Analoques, p. 42. Copyright 1989 by
CND Analytical, Inc.
Mass Spectra.
Racemic trans
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Reprinted from the Journal of Forensic Sciences by parmission of
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Racemic cis .
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