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Analytical and Synthetic Studies on Designer Drugs of the Piperazine Class
Abstract:
This project has addressed issues of resolution and discriminatory capabilities in controlled
substance analysis with the goal of providing additional reliability and selectivity for forensic
evidence and analytical data on analytes of the piperazine class. A number of piperazine-
containing compounds have appeared on the illicit drug market in recent years including
N-benzylpiperazine (BZP), 1-(3-trifluoromethylphenyl)piperazine (3-TFMPP), 1-(3-
chlorophenyl)piperazine (mCPP), 1-(3,4-methylenedioxybenzyl)piperazine (3,4- MDBP)
and 1-(4-bromo-2,5-dimethoxybenzyl)-piperazine (BrDMBP). While some of these
piperazines are still commercially available others are designer analogues that can be

synthesized in clandestine labs.

Exploration and designer development in the piperazine drugs using models based on
substituted amphetamines and related phenethylamines is likely to continue for many years.
Current clandestine recipes/procedures used for amphetamine-type molecules can be applied
directly for piperazine synthesis. Thus, clandestine labs will not need to learn any new
synthetic techniques. Restricting the availability of piperazine would require placing
dozens of substances from commercial sources around the globe under federal control.
Therefore, legal control of the key precursor substance, piperazine, will not prevent the
further clandestine/designer exploration of this group of compounds. The forensic chemist

must identify the compound in order to know if it is an analogue of a controlled substance.
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The overall goal of this project was a comprehensive analytical study of those
benzylpiperazines, phenylpiperazines, benzoylpiperazines and designer
phenethylpiperazines of significance in forensic drug chemistry. The initial phase of this
work was the organic synthesis of regioisomeric piperazines and more than 100 substituted
piperazines of potential forensic interest were evaluated. Chemical characterization has
included tools common to forensic science labs such as MS and IR. The chromatographic
separation for each series of isomers has been accomplished and structure-retention

relationship in the regioisomers and isobaric piperazines has been evaluated.

The general structural categories evaluated in this study are shown in Figure 1. The
availability of all the necessary compounds to establish and prove the structure-retention,
structure-fragmentation and other structure-property analytical experiments is the first
step in this research. The project has completed the following: 1) Synthesis of aromatic
ring substituted benzylpiperazines (Series I in Figure 1) focusing on those aromatic ring
substituents (Aromatic Groups A and B) commonly found in ring substituted phenethylamines
drugs of abuse and the most significant substituents of isobaric equivalence (such as methoxy,
dimethoxy, methylenedioxy, methoxymethyl, ethoxy, trifluoromethyl, methyl, chloro, bromo,
fluoro, and bromodimethoxy). 2) Synthesis of aromatic ring substituted phenylpiperazines
(Series 11, Figure 1) following the same general protocol. 3) Synthesis of substituted benzoyl-
piperazines (Series I1, Figure 1) and focusing on aromatic ring substituents of designer
interest (Aromatic Group B and C in Figure 1). 4) Synthesis of selected phenethyl-piperazines
(Series 1V, Figure 1). 5) GC-MS evaluation of the regioisomeric and isobaric piperazines. 6)

Evaluation of GC methods for the separation of all isomers producing equivalent mass spectra.

11

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



7) Evaluation of chemical derivatives of these isomers for differential mass spectral properties.
8) Evaluation of GC-MS and IR data for specific differentiation of all isomers producing

equivalent mass spectra.

SERIES Ar
/ \ X
N N-H I 2 A X=0CH,, CHs, Cl, Br, CF,
Af __/ —
/\ X=0CH;, Y=OCH,
Ar—N N-H II X(/\/ \ g X-Y=OCH,0
Y X=0CH;, Y=CH,
N /T X=OCH3;, Y=Br
>*N N-H I
Ar / X\/ \
Ar —\ v C  X=OCHj;, Y=OCHs;, Z=OCHj
_>7N NCH IV = X=OCH3;, Y=OCHj, Z=Br
__/

Figure 1. General structures for the piperazines in this project.

Additionally, the commercial availability of N-methylpiperazine has allowed us to investigate
some tertiary amine piperazines from Series | and 111 in which the NH is replaced by N-methyl.
These substances would be logical designer extensions of known piperazine related
compounds. A number of isotope labeling studies were done which required the synthesis of
deuterium and carbon-13 labeled substances. These studies included labeling the aromatic side

chain groups as well as the piperazine ring. This report details the results of those studies.
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Summary:

The purpose of this project was to develop regioisomer specific analytical methods for
the identification of ring substituted benzyl-, phenyl-, benzoyl- and designer phenethyl-
piperazines. This was accomplished by the chemical synthesis of all regioisomeric forms
of selected aromatic ring substituted piperizines; generation of MS and IR analytical
profiles; chromatographic studies on all regioisomeric piperazines having overlapping
analytical profiles; design and validation of confirmation level methods to identify each
compound to the exclusion of other regioisomeric forms. A number of piperazine-
containing compounds have appeared on the illicit drug market in recent years and these

compounds may represent a new class of designer drugs.

Piperazine and piperazine derivatives are synthetic substances and do not occur naturally.
Benzylpiperazine (BZP) has been investigated previously as a potential antidepressant
drug however it was never marketed due to its’ amphetamine-like stimulant side effects.
A mixture of BZP and other piperazine derivatives have been described as yielding
pharmacological effects similar to that of MDMA although these effects require higher
doses than MDMA.. BZP appears to exert effects primarily on the dopamine receptor
system and serves to potentiate the effects of other piperazines such as TFMPP acting
primarily on the serotonergic system. Thus, the combination dosages of BZP and TFMPP

yield behavioral effects similar to MDMA.
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The initial phase of this work involved the organic synthesis of over 100 isomeric
piperazine derivatives and related compounds. We prepared compounds from four
structural categories which included phenylpiperazines, benzylpiperazines,
benzoylpiperazines and phenethyl-piperazines. All these secondary amines were also
studied as the various perfluoroacyl derivatives (TFA, PFPA and/or HFBA). In addition
to the secondary amine piperazines, several series of 4-N-methyl piperazines of the
benzyl and benzoyl categories were synthesized from the commercially available
precursor substance, N-methylpiperazine. Piperazine is also a commercially available
substrate as are some of the more likely ring substituted benzene substrates
(benzaldehydes, benzoic acids and anilines). We focused on those aromatic ring
substituents which have already been used as designer modifications in other series of
drugs of abuse such as the substituted amphetamine/phenethylamine, cathinone (bath salt),
N-BOMe, cannabinoids and perhaps others. When all the synthetic precursor substances are
commercially available, the preparation involves one synthetic step. This is the case for
numerous examples in the benzyl and benzoyl series of compounds in this project. We
evaluated the phenylpiperazines and the benzylpiperazines since some examples of these
series have already appeared in clandestine samples and designer modifications are likely to
continue. We examined the benzoylpiperazine series as logical next generation designer
modifications based on the structural similarity to the benzylpiperazine series as well as
similarity with the bk-type substances related to the cathinone/bath salt materials. The
phenethylpiperazines are also potential extensions based on the popularity of amphetamine
related substances as well as the commercially availability of piperazine as a substitute amine

in some of the more common synthetic pathways.
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The detailed portion of this report is divided into four major sections for each of the four
structural categories in this project: phenylpiperazines, benzylpiperazines,
benzoylpiperazines and phenethylpiperazines. Each of the four sections then contains
individual chapters based on the aromatic ring substituents for each structural category.
For example, in the phenylpiperazine section the reader will find a chapter on the
dimethoxyphenylpiperazines, etc. Each chapter will give the analytical details and
include the collected spectra for this group of compounds. The spectra include EI MS of
the parent piperazine as well as derivatives, IR and chromatographic separation of each
set of regioisomers. A discussion of the details of the analytical properties can be found
in each chapter and includes an evaluation of the EI MS fragmentation processes,
comparison of the IR spectra and a chromatographic separation of the regioisomers in the
series. In many of the chapters, unique experiments are described that were carried out in

order to validate MS fragmentation processes and other structure-property relationships.

In addition to the four structural categories we proposed in the application for this
project, we indicated a fifth category for validating observed structure-analytical property
relationships. In this category a number of stable isotope labelled compounds were
prepared to add support to the proposed MS fragmentation products and mechanisms.
This work included the synthesis of numerous deuterium labelled piperazine derivatives
and a few examples of carbon-13 labelled isomers. The studies are often conducted in
concert with GC-TOF-MS analysis for exact mass measurements on the EI fragments to

confirm the structural assignments and mechanisms.
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The benzylpiperazine series includes a number of monosubstituted aromatic ring
products; the three regioisomeric methyl-, fluoro-, chloro-, bromo-, trifluoromethyl-, and
methoxy-substituted piperazines. For the disubstituted aromatic ring derivatives the six
dimethoxy and the two methylenedioxypiperazines were evaluated. We prepared all
seven of the trisubstituted bromo-dimethoxybenzylpiperazines. One of these isomers, 4-
bromo-2,5-dimethoxybenzylpiperazine has already appeared in a clandestine street drug
sample. However, the other regioisomeric derivatives have not been reported or evaluated
as yet. In this project all seven possible isomers were prepared in order to evaluate
analytical specificity for this series. The 4-bromo-2,5-dimethoxybenzyl-piperazine has
been called 2C-B-BZP in some forensic drug data bases and drug websites. The 2C-B-
BZP drug has been reported as a component of street drug samples in Europe. In addition
to the above isomers we have prepared the 4-N-methyl derivatives of the monomethoxy

and dimethoxybenzylpiperazines and a few other example compounds.

The EI mass spectra were collected for each of the benzylpiperazines prepared in this
project and they are presented in the specific chapters in this report. The major mass
spectral fragments are identified and their mechanisms of formation described. These
fragmentation studies make use of deuterium and carbon-13 labeling experiments as well
as exact mass fragment analysis and some product ion spectra. The fragmentation process
generally yields ions for the substituted benzyl portion of the structure as well as ions
common for the piperazine ring at m/z 85 and m/z 56. The mass spectra are similar for

each of the substituted aromatic ring regioisomeric series. Once the compound is
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identified by mass spectrometry as a member of a specific regioisomeric series, infrared
studies allow us to differentiate among the individual isomers to provide a specific
identification. In some cases derivatization provides some additional structural
information for these piperazines, however, derivatization is less helpful in the
piperazines than it is in other series of compounds such as the phenethylamines. The
significant intramolecular distance between the secondary amine nitrogen site of
derivatization (acylation) and the regioisomeric variations in these structures diminishes
the likelihood of unique fragmentation among the acylated regioisomeric derivatives. The
gas chromatographic peak shapes for the acylated derivatives of each set of regioisomeric
compounds were significantly better than the underivatized seconday amines. The
underivatized parent secondary amine molecules showed significant GC peak tailing on a

number of stationary phases.

The substituted phenylpiperazine series of isomers were prepared in a synthetic process
which involves the formation of the piperazine ring as the last step in the procedure. The
source for the substituted phenyl groups in these compounds as well as the N-1 nitrogen
of the piperazine ring are the substituted anilines and a number of these are commercially
available. The synthetic formation of the remaining components of the piperazine occurs
by dual alkylation of the primary aniline nitrogen to yield the cyclic final product. We
focused our efforts in this series on those commercially available aniline isomers likely to
be incorporated into the continued designer exploration of this series of compounds. We
prepared the monosubstituted chloro- methyl and methoxy-phenylpiperazines and the

disubstituted methylenedioxy-, dimethyl- and dimethoxy-phenylpiperazines. A number of
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other regioisomeric substituted phenylpiperazines such as TFMPP have already appeared

in street drug samples and have been described in the forensic drug analysis literature.

The EI mass spectra for this series of phenylpiperazine compounds are characterized by a
much higher relative abundance of the molecular ions. The substituted phenyl cations are
much less stable than the benzyl cations and thus do not fragment as readily. A number of
unique ions characteristic of fragmentation within the piperazine ring have a high relative
abundance in these spectra. lons occurring at (M-42)" indicate the loss of CoHN from the
molecular ion. Exact mass analysis confirmed this species as occurring from cleavage
within the piperazine ring. The mass spectra are similar for each of the substituted
aromatic ring regioisomeric series. Once the compound is identified by mass
spectrometry as a member of a specific regioisomeric series, infrared studies allow us to
differentiate among the individual isomers to provide a specific identification. In some
cases we have ATR generated FT-IR spectra and in other cases the spectra are vapor
phase GC-IR generated. The acylated sets of regioisomeric equivalents were resolved by

GC and the relative elution order described in some cases based on structural features.

The benzoylpiperazines can be viewed as more closely related to the carbonyl containing
amines such as the cathinone or bath salts type compounds. While the amide structural
feature in these benzoylpiperazines eliminates basicity for the N-1 nitrogen the N-4
nitrogen remains unmodified and allows these molecules to continue to show appropriate
basicity. This series of compounds are prepared via monoacylation of piperazine with a

reactive carboxylic acid equivalent such as an ester or acylhalide. In this work the
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benzoylpiperazines were synthesized from piperazine and a ring substituted benzoyl
chloride. Many of these benzoyl chlorides are commercially available and others can be
prepared from appropriately ring substituted benzoic acids, aldehydes or benzyl alcohols.
The benzoylpiperazine series includes a number of monosubstituted aromatic ring
products; the three regioisomeric methyl-, trifluoromethyl-, and methoxy-substituted
piperazines. For the disubstituted aromatic ring derivatives the six dimethoxy and the two
methylenedioxypiperazines were evaluated. In addition we prepared a series of tertiary
amines, the N-1-benzoyl-N-4-methylpiperazines, based on the commercial availability of
the precursor, N-methylpiperazine. The secondary amines were also evaluated as the
perfluoroacyl derivatives however the tertiary amines do not form stable acylated

products.

The additional site for ionization at the carbonyl oxygen in the El fragmentation for these
compounds adds some unigqueness to the mass spectra for this series. A number of
significant fragments occur as a result of bond migration and rearrangements across the
piperazine ring from the N-4 nitrogen to the carbonyl oxygen of the amide group. These
ions and the potential mechanisms for their formation were determined by deuterium
labeling of multiple sites within the molecules. The benzoyl cation and the protonated
primary amide are characteristic fragments in this series. The specific mass for these
fragments depends on the nature of the aromatic ring substituents. The primary amide
occurs via multiple hydrogen migrations from the piperazine ring to the amide functional
group. This series of compounds also shows unique IR bands due to the carbonyl feature

of the amides for these benzoylpiperazines. The acylated sets of regioisomeric
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equivalents were resolved by GC and the relative elution order described in some cases

based on structural features.

The phenethylpiperazines contain a combination of molecular features and can be viewed
as derivatives of either piperazine or the more common phenethylamines. Essentially this
Is a series of compounds in which the amino group of a phenethylamine has been
replaced by a piperazine moiety. The synthesis of compounds in this series essentially
follows the various methods for amphetamine/phenethylamine compounds with
piperazine or N-methylpiperazine serving as the source for the amino group. This is
series IV in Figure 1 and we have prepared and evaluated a series of the general
phenethylamine structural backbone and a series of the aminoketone cathinone-like
compounds. The aromatic ring substituents include methyl-, fluoro-, chloro-, bromo-,
trifluoromethyl-, methoxy- and methylenedioxy-groups. The necessary molecular
framework for the phenethyl group was prepared based on available precursor materials

prior to the introduction of the piperazine groups.

The EI mass spectra for this group of compounds is dominated by the immonium cation
containing the piperazine ring with both nitrogen atoms and occurring at an odd mass
since two nitrogens are a part of the structure. These immonium cations result from loss
of the substituted aromatic ring species as either the benzyl or benzoyl radical depending
on the structural features of the parent molecule. As is the case for most phenethylamines,

the immonium cation species is by far the most abundant ion in the El mass spectrum.
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The IR spectra clearly differentiate the carbonyl containing aminoketones from the

classical phenethylamines.

The overall goal of this project was a comprehensive analytical study of those
benzylpiperazines, phenylpiperazines, benzoylpiperazines and designer
phenethylpiperazines of significance in forensic drug chemistry. The availability of all
the necessary compounds to establish and validate the structure-retention, structure-
fragmentation and other structure-property analytical experiments was the first step in
this research. In this work over 100 compounds belonging to these four series were

synthesized and evaluated. The following individual chapters provide the analytical

profiles and discuss the correlations of these structural features with the analytical results.

Many of the spectra generated in this project will be available in electronic format at the

website http://forendex.southernforensic.org/.
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SECTION I Benzylpiperazines

N  NH
2N,

The benzylpiperazine series includes a number of monosubstituted aromatic ring
products; the three regioisomeric methyl-, fluoro-, chloro-, bromo-, trifluoromethyl-, and
methoxy-substituted piperazines. For the disubstituted aromatic ring derivatives the six
dimethoxy and the two methylenedioxypiperazines were evaluated. We prepared all
seven of the trisubstituted bromo-dimethoxybenzylpiperazines. One of these isomers, 4-
bromo-2,5-dimethoxybenzylpiperazine has already appeared in a clandestine street drug
sample. However, the other regioisomeric derivatives have not been reported or evaluated
as yet. In this project all seven possible isomers were prepared in order to evaluate
analytical specificity for this series. The 4-bromo-2,5-dimethoxybenzyl-piperazine has
been called 2C-B-BZP in some forensic drug data bases and drug websites. The 2C-B-
BZP drug has been reported as a component of street drug samples in Europe. In addition
to the above isomers we have prepared the 4-N-methyl derivatives of the monomethoxy

and dimethoxybenzylpiperazines and a few other example compounds.

The EI mass spectra were collected for each of the benzylpiperazines prepared in this
project and they are presented in the specific chapters in this report. The major mass
spectral fragments are identified and their mechanisms of formation described. These
fragmentation studies make use of deuterium and carbon-13 labeling experiments as well

as exact mass fragment analysis and some product ion spectra. The fragmentation process
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generally yields ions for the substituted benzyl portion of the structure as well as ions
common for the piperazine ring at m/z 85 and m/z 56. The mass spectra are similar for
each of the substituted aromatic ring regioisomeric series. Once the compound is
identified by mass spectrometry as a member of a specific regioisomeric series, infrared
studies allow us to differentiate among the individual isomers to provide a specific
identification. In some cases derivatization provides some additional structural
information for these piperazines, however, derivatization is less helpful in the
piperazines than it is in other series of compounds such as the phenethylamines. The
significant intramolecular distance between the secondary amine nitrogen site of
derivatization (acylation) and the regioisomeric variations in these structures diminishes
the likelihood of unique fragmentation among the acylated regioisomeric derivatives. The
gas chromatographic peak shapes for the acylated derivatives of each set of regioisomeric
compounds were significantly better than the underivatized seconday amines. The
underivatized parent secondary aminemolecules showed significant GC peak tailing on a

number of stationary phases.

23

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



Chapter 1

Differentiation of Methylenedioxybenzylpiperazines (MDBPs)
By GC-IRD and GC-MS

The substituted benzylpiperazine, 3,4-methylenedioxybenzylpiperazine and its
regioisomer 2,3-methylenedioxybenzylpiperazine have almost identical mass spectra.
Perfluoroacylation of the secondary amine nitrogen of these regioisomeric piperazines
gave mass spectra with differences in relative abundance of some fragment ions.
However the spectra did not yield any unique fragments for specific identification of one

regioisomer to the exclusion of the other compound.

Gas chromatographic separation coupled with infrared detection (GC-IRD) provides
direct confirmatory data for structural differentiation between the two regioisomers. The
mass spectrum in combination with the vapor phase infrared spectrum provides for
specific confirmation of each of the regioisomeric piperazines. The underivatized and
perfluoroacyl derivative forms of the ring substituted benzylpiperazines were resolved on

a 30-meter capillary column containing an Rxi-50 stationary phase.

24

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



Mass spectral studies of the underivatized and perfluoroacylated derivatives of
Methylenedioxybenzylpiperazines

Mass spectrometry is the primary method for confirming the identity of drugs in
forensic samples. Figure 1-1 shows the EI mass spectra of the two regioisomeric
methylenedioxybenzylpiperazines (Compounds 1 and 2). The ions of significant relative
abundance common to the two regioisomers likely arise from fragmentation of the
piperazine ring. The mass spectra of both regioisomeric methylenedioxybenzyl-
piperazines show the fragment ions at m/z 178, 164, and 135 as well as other ions of low
relative abundance. The proposed structures of these fragment ions are shown in Figure
1-2 and are based on the work of de Boer et al [de Boer et al, 2001]. This previous work
described the fragmentation of the unsubstituted benzylpiperazine [de Boer et al, 2001]
and the structures for the fragment ions in the two methylenedioxybenzyl- regioisomers
are likely equivalent. The relative abundances for the ions in the spectra for the two
regioisomeric MDBPs are also equivalent. These results indicate that very little structural
information is available for differentiation among these isomers. Thus, the mass spectra
alone do not provide specific identity confirmation for the individual isomers.

The second phase of this study involved the preparation and evaluation of
perfluoroacyl derivatives of the regioisomeric methylenedioxybenzyl piperazines, in an
effort to individualize their mass spectra and identify marker ions that would allow
discrimination between these two compounds. Acylation lowers the basicity of nitrogen
and can allow other fragmentation pathways to play a more prominent role in the
resulting mass spectrum [Peters et al, 2003]. However, acylation of the secondary

nitrogen in the piperazine ring does not alter the basicity of the tertiary amine nitrogen.
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Fig. 1-1: EI Mass spectra of the two methylenedioxybenzylpiperazines.
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methylenedioxybenzylpiperazine under El (70eV) conditions.
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The trifluoroacetyl, pentafluoropropionyl and heptafluorobutryl derivatives were
evaluated for their ability to individualize the mass spectrum of 3,4-MDBP to the
exclusion of the 2,3-regioisomer. The mass spectra of the perfluoroacyl amides of the
two compounds are shown in Figures 1-3, 1-4 and 1-5. The molecular ions for TFA,
PFPA and HFBA amides yield peaks of high relative abundance at m/z 316, 366 and 416,
respectively. The major fragment ion in these spectra occurs at m/z 135 and corresponds
to the methylenedioxybenzyl cation. Furthermore, an additional fragment ion series
occurring at m/z 181, 231 and 281 for the TFA, PFPA and HFBA amides respectively
corresponds to the (M-135)" ion for each amide. The ion at m/z 219 was observed in the
spectra of all derivatives and is likely formed by the elimination of the acyl moiety.
Those ions occurring at m/z 69, 119 and 169 are the perfluoroalkyl cations
trifluoromethyl, pentafluoroethyl or heptafluoropropyl from the appropriate amides.
These studies further indicate that no ions of significance were found to differentiate

between the two regioisomers.
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Fig. 1-3: MS spectra of trifluoroacetyl derivatives of the two piperazine compounds.
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Vapor-phase Infra-Red Spectrophotometric Studies of the
Methylenedioxybenzylpiperazines

Infrared spectrometry is often used as a confirmatory method for drug
identification in forensic drug analysis. Gas-chromatography with infrared detection (GC-
IRD) was evaluated for differentiation among the two regioisomeric MDBPs. Infrared
detection should provide compound specificity without the need for chemical
modification of the drug molecule. The vapor-phase infrared spectra for the two
methylenedioxybenzylpiperazines are shown in Fig. 1-6. The spectra were generated in
the vapor-phase following sample injection into the gas chromatograph. Each compound
shows a vapor-phase IR spectrum with transmittance bands in the regions 700 —-1700 cm*
and 2700 — 3100 cm™. In general, variations in the position of the methylenedioxy group
on the aromatic ring results in variations in the IR transmittance in the region 700 — 1700
cm® [Awad et al, 2009]. Since the two piperazines share the same degree of nitrogen
substitution, they have almost identical IR transmittance spectra in the region 2700 —
3100 cm™. However, they can be easily differentiated by the positions and intensities of
several IR peaks in the region of 750 — 1620 cm™.

The 2,3-MDBP regioisomer is characterized by the medium intensity band at
764 cm™ which is split into doublet peaks of weak and equal intensity at 760 and 810
cm? in the 3,4-MDBP regioisomers. Also the IR spectrum of the 2,3-isomer shows other
weak doublet peaks at 957 and 999 cm™* which are shifted to a singlet at 942 cm™ for 3,4-
MDBP. The 2,3-MDBP regioisomer has a relatively strong IR band at 1069 cm™ which is
shifted to a medium intensity peak at 1050 cm™ in the 3,4-regioisomer. The vapor-phase

IR spectrum of the 3,4-MDBP regioisomer can be distinguished from that of the 2,3-
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Fig. 1-6: Vapor phase IR spectra of (1); 2,3-methylenedioxybenzyl piperazine and (2);

3,4-methylenedioxybenzyl piperazine.
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regioisomers by at least three IR bands of varying intensities. The first of which is the
peak of strong intensity appearing at 1242 cm™ compared to the peak of intermediate
intensity at 1246 cm™ in the 2,3-isomer. The second is the doublet absorption peak of
weak intensity at 1331 and 1362 cm™ which appears as a very weak doublet at 1297 and
1343 cm in the 2,3-isomer. The third is the strong doublet absorption peak for 3,4-
MDBP appearing at 1443 and 1489 cm™. The former is of nearly half the intensity of the
latter. This was equivalent to the very strong singlet appearing at 1459 cm™ in the 2,3-
regioisomer with no equivalent band at 1443 cm™.

In summary, vapor phase infrared spectra provide distinguishing and
characteristic information to determine the position of ring attachment (2,3- vs 3,4-

MDBP) for the methylenedioxy-group in these substituted piperazine regioisomers.
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Gas Chromatographic Separation of the Methylenedioxybenzylpiperazines

Chromatographic separations were carried out using two stationary phases. Column
one was a 30 m x 0.25 mm i.d. capillary coated with 0.50 um of 50% phenyl — 50%
methyl polysiloxane (Rxi-50). The temperature program consisted of an initial
temperature of 100°C for 1 minute, ramped up to 230°C at a rate of 20°C per minute
followed by a hold at 230°C for 15 minutes. Column two was a 30 m x 0.25 mm i.d.
capillary coated with 0.5 um of 100% trifluoropropyl methyl polysiloxane (Rtx-200). The
separation was performed using a temperature program consisting of an initial hold at
100°C for 1.0 min, ramped up to 180°C at a rate of 9°C/min, held at 180°C for 2.0 min
then ramped to 200°C at a rate of 10°C/min and held at 200°C for 5.0 min. Both GC
capillary columns used in this study were purchased from Restek Corporation
(Bellefonte, PA).

The chromatograms in Figures 1-7 and 1-8 are representative of the results
obtained for all samples on the two columns. The chromatograms in Figure 1-7 show the
separation of the piperazines on the Rtx-200 and the Rxi-50 stationary phases. The two
isomers are well resolved and 2,3-MDBP elutes before the 3,4-isomer on both columns.
The separations shown in Figure 1-8 are representative of the results obtained for all the
perfluoroacylpiperazines evaluated in this study. The TFA, PFPA, and HFBA derivatives

yielded similar chromatograms with the 2,3-isomer eluting first in every case.
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Fig. 1-7: Gas chromatographic separation of (1) 2,3-methylenedioxybenzyl piperazine

and (2) 3,4-methylenedioxybenzylpiperazine. Columns: Rxi-50 (A) and Rtx-200 (B).
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Fig. 1-8: Gas chromatographic separation of the trifluoroacetyl (A) and
pentafluoropropionyl ~ (B)  derivatives using  Rxi-50  column. (1) 2,3-

methylenedioxybenzylpiperazine and (2) 3,4-methylenedioxybenzylpiperazine.
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Conclusion

The two regioisomeric methylenedioxybenzyl piperazines have the same
molecular formula and nominal mass and yield the same fragment ions in their EI mass
spectra. Perfluoroacylation did not offer any unique marker ions to allow differentiation
between these isomers. GC-IRD analysis yields unique and characteristic vapor phase
infrared spectra for these two regioisomeric piperazines allowing discrimination between
them. This differentiation was accomplished without the need for chemical derivatization.
The two piperazines as well as their perfluoroacyl derivatives were successfully resolved

via capillary gas chromatography on two stationary phases.
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Chapter 2

Differentiation of Methylenedioxybenzylpiperazines (MDBPs) and
Ethoxybenzylpiperazines (EBPs) by GC-IRD and GC-MS

The substituted benzylpiperazines, 3,4-methylenedioxybenzylpiperazine (3,4-
MDBP), its regioisomer 2,3-methylenedioxybenzylpiperazine (2,3-MDBP) and three
isobaric ring substituted ethoxybenzylpiperazines (EBPsS) have equal mass and many
common mass spectral fragment ions. The mass spectra of the three
ethoxybenzylpiperazines yield a unique fragment at m/z 107 that allows the
discrimination of the three ring substituted ethoxybenzylpiperazines from the two
methylenedioxy isomers. Perfluoroacylation of the secondary amine nitrogen of these
isomeric piperazines gave mass spectra with differences in relative abundance of some
fragment ions but acylation does not alter the fragmentation pathway and did not provide

additional MS fragments of discrimination among these isomers.

Gas chromatography coupled with infrared detection (GC-IRD) provides direct
confirmatory data for the structural differentiation between the five isomers. The mass
spectra in combination with the vapor phase infrared spectra provide for specific
confirmation of each of the isomeric piperazines. The perfluoroacyl derivatives of the
ring substituted benzylpiperazines were resolved on a stationary phase of 50% phenyl and

50% methylpolysiloxane (Rxi-50).
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Gas chromatography coupled with time-of-flight mass spectrometric detection
provides an additional means of differentiating between the isobaric compounds 3,4-
methylenedioxybenzylpiperazine and 4-ethoxybenzylpiperazine which have similar
nominal masses but are different in their calculated exact masses.

Mass spectral studies of the underivatized and perfluoroacylated derivatives of
Methylenedioxybenzylpiperazines (MDBPs) and Ethoxybenzylpiperazines (EBPS)

Mass spectrometry is the primary method for confirming the identity of drugs in
forensic samples. Figure 2-1 shows the EI mass spectra of all five isomeric substituted
benzylpiperazines (Compounds 1-5). These spectra show fragment ions at m/z 178, 164,
and 135 as well as other ions of low relative abundance. The proposed structures of these
fragment ions are shown in Figure 2-2 and are based in part on a previous report
describing the fragmentation of the unsubstituted benzylpiperazines [de Boer et al, 2001].
The isobaric ethoxy benzyl (CoH110)* fragments have the same nominal mass as the
methylenedioxybenzyl (CsH702)* cation occurring at m/z 135. However, the relative
abundances for the ions in the spectra for the five isomeric benzylpiperazines are slightly
different. The mass spectra for the ring substituted ethoxybenzylpiperazines (Compounds
1-3) have almost identical mass spectra compared to the methylenedioxy isobars
(Compounds 4 and 5) except for the unique ion at m/z 107. This ion at m/z 107 represents
the loss of 28 mass units (ethylene, C2Hs4) from the ethoxybenzyl cation at m/z 135 as
presented in Figure 2-3 [Awad et al, 2007]. The relative abundance of this marker ion at
m/z 107 is highest in the mass spectrum of the 4-ethoxy isomer likely due to the

conjugation of the 1,4-ring substituents. Thus, these mass spectra provided some
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discrimination of the ethoxybenzylpiperazines from their isobaric methylenedioxy

compounds.
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Fig. 2-1: EIl mass spectra of the methylenedioxy and ethoxybenzylpiperazines in this
study.
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The second phase of this study involved the preparation and evaluation of
perfluoroacyl derivatives of the isomeric benzylpiperazines, in an effort to individualize
their mass spectra and identify additional unique marker ions for these five compounds.

The trifluoroacetyl, pentafluoropropionyl and heptafluorobutryl derivatives of the
secondary nitrogen were evaluated for their ability to individualize the mass spectra of
this series of substituted benzylpiperazines. Figure 2-4 shows the mass spectra of the
trifluoroacetyl amides of the five studied compounds as representative spectra for all the
perfluoroacyl piperazines. The molecular ions for TFA, PFPA and HFBA amides yield
peaks of high relative abundance at m/z 316, 366 and 416, respectively. The major
fragment ion in these spectra occurs at m/z 135 and corresponds to the ring substituted
benzyl cation. Furthermore, an additional fragment ion series occurring at m/z 181, 231
and 281 for the TFA, PFPA and HFBA amides, respectively corresponds to the (M-135)"
ion for each amide. The ion at m/z 219 was observed in the spectra of all derivatives and
is likely formed by the elimination of the acyl moiety. Those ions occurring at m/z 69,
119 and 169 are the perfluoroalkyl cations trifluoromethyl, pentafluoroethyl or
heptafluoropropyl from the appropriate amides. The mass spectra for the perfluoroamides
of the ring substituted ethoxybenzylpiperazines (Compounds 1-3) continued to show the
unique ion at m/z 107 with the highest relative abundance in the mass spectrum of the 4-
ethoxy isomer. In addition, the fragment cations at [M-15]" appeared at m/z 301, 351 and
401 in the mass spectra of the TFA, PFPA and HFBA derivatives of the 2-ethoxy isomer,
respectively. These studies show that chemical derivatization (perfluoroacylation) does
not offer any additional unique marker ions to allow identification of one compound to

the exclusion of the others in this study.
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Fig. 2-4: Mass spectra of the trifluoroacetyl derivatives of the five piperazine compounds

in this study.

49

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



Gas chromatography coupled with time-of-flight mass spectrometric detection
provides an additional means of differentiating between the isobaric compounds 3,4-
methylenedioxybenzylpiperazine and 4-ethoxybenzylpiperazine which have similar
nominal masses but are different in their calculated exact masses. The ethoxybenzyl
(CoH110)" fragments have the same nominal mass as the methylenedioxybenzyl
(CgH702)* cation occurring at m/z 135 but are different in their elemental composition
and accordingly different in their calculated masses. Figure 2-5 shows the GC-TOF-MS
exact mass analysis of the 3,4-methylenedioxybenzyl cation (m/z=135) for compound 5.
The upper panel (5A) shows the expected/calculated mass for the CgH7O. elemental
composition. The lower panel (5B) shows the experimental results and the degree of
agreement (0.8 mDa, 5.9 ppm) with the calculated mass. Thus, confirming the m/z 135
ion in compound 5 as the elemental composition CgH7O». These results can be compared
to the exact mass analysis for the m/z 135 ion (4-ethoxybenzyl) in compound 3. Figure
6A and 6B confirms the elemental composition as CoH1:0 with a mass deviation of 0.1
mDa (0.7 ppm). Thus, exact mass measurements distinguish between these isobaric forms
of the m/z 135 ion. Panels C and D in Figure 2-6 confirm the elemental composition
C7H-O for the unique rearrangement ion at m/z 107 seen in the ethoxybenzylpiperazine

compounds.
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Fig. 2-5: GC-TOF mass spectral analysis of the m/z 135 ion for 3,4-
methylenedioxybenzylpiperazine. 5A= calculated mass for CgH;O,; 5B= experimental
results.
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Fig. 2-6: GC-TOF mass spectral analysis of the m/z 135 and m/z 107 ions for 4-
ethoxybenzylpiperazine. 6A= calculated mass for CoH1:10; 6B= experimental results. 6C=
calculated mass for C7H7O; 6D= experimental results.
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Vapor-phase Infra-Red Spectrophotometric Studies of the
Methylenedioxybenzylpiperazines (MDBPs) and Ethoxybenzylpiperazines (EBPSs)

Infrared spectrometry is often used as a confirmatory method for compound
identification in forensic drug analysis. Gas chromatography coupled with infrared
detection (GC-IRD) was evaluated for differentiation among the five isomeric
benzylpiperazines. Infrared detection should provide compound specificity without the
need for chemical modification of the parent molecule. The vapor phase infrared spectra
for the five benzylpiperazines are shown in Figure 2-7. The spectra were generated in the
vapor phase following sample injection into the gas chromatograph. Each compound
shows a vapor phase IR spectrum with transmittance bands in the regions 650 —1700 cm™
and 2700 — 3100 cm™. In general, variations in the substitution pattern on the aromatic
ring results in variations in the IR transmittance in the region 650 — 1700 cm™ [Awad et
al, 2009]. Since the five piperazines share the same degree of nitrogen substitution, i.e.
the same side chain, they have almost identical IR spectra in the region 2700 — 3100 cm™,
However, they can be easily differentiated by the positions and intensities of several IR
peaks in the region of 650 — 1700 cm™,

The infrared spectra and results for the two MDBPs have been previously

discussed in details in Chapter 1.
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Fig. 2-7: Vapor phase IR spectra of the five methylenedioxy and
ethoxybenzylpiperazines.
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The three regioisomeric ethoxybenzylpiperazines share almost the same IR features
in the region of 2700 — 3100 cm™. However, they can be differentiated by the positions
and intensities of several IR peaks in the region of 650 — 1610 cm™. Compound 3 shows a
strong peak at 1509 cm™ which is shifted to two medium intensity doublets at 1480 cm™
, 1455 cm™ and at 1486 cm™, 1447 cm™ in compounds 1 and 2, respectively. Compound
2 shows a strong peak at 1258 cm™® which is shifted to peaks at 1235 cm™ and 1239 cm?
in compounds 1 and 3, respectively. Compound 2 also has a characteristic peak at 1601
cm™ which is almost absent in compound 1 and shifted to a weak singlet at 1609 cm™ in
the IR spectrum of compound 3.

This provides an excellent illustration of the value of vapor phase IR confirmation
for isobaric substances where the generated IR spectra show significant differences in the
major bands for these five compounds. Furthermore, vapor phase infrared spectra provide
distinguishing and characteristic information to determine the aromatic ring substitution

pattern in these substituted piperazine regioisomers included in this study.
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Gas Chromatographic Separation of the Methylenedioxybenzylpiperazines
(MDBPs) and Ethoxybenzylpiperazines (EBPs)

Chromatographic separation was carried out using a capillary column 30 m x 0.25 mm
i.d. coated with 0.50 um of 50% phenyl — 50% methyl polysiloxane (Rxi-50). The
temperature program consisted of an initial temperature of 70°C for 1 minute, ramped up
to 250°C at a rate of 30°C per minute followed by a hold at 250°C for 15 minutes.

Several temperature programs were evaluated and the chromatogram in Figure 2-8
is a representative of the results obtained for all samples on this stationary phase. In
Figure 2-8 the HFBA derivatives of the ethoxybenzylpiperazines are less retained than
their isobaric methylenedioxybenzylpiperazines. The controlled substance 3,4-MDBP
eluted last in all experiments in this limited series of compounds. The perfluoroacylated
derivatives did not provide any additional mass spectral discrimination among the five

isomers in addition to no advantage in chromatographic resolution.
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Fig. 2-8: Gas chromatographic separation of the heptafluorobutyryl derivatives of the five
piperazine isomers using Rxi-50 column. The number over the peak corresponds to the
compound number.
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Conclusion

The three ethoxybenzylpiperazines have an isobaric relationship to the controlled
substance 3,4-MDBP and its regioisomer 2,3-MDBP. The three regioisomeric ethoxy
compounds yield a unique fragment ion at m/z 107 in their ElI mass spectra which
allowed for discriminating them from the isobaric methylenedioxy compounds.

Chemical derivatization (perfluoroacylation) did not offer any additional unique
marker ions to allow identification of one compound. GC-IRD offered unique and
characteristic IR spectra that allowed the discrimination among these compounds in the
region between 650-1700 cm™. The five TFA and PFPA derivatives were successfully
resolved on the stationary phase Rxi-50.

Gas chromatography coupled with time-of-flight mass spectrometric detection
provides an additional means of differentiating between the isobaric compounds 3,4-
methylenedioxybenzylpiperazines and 4-ethoxybenzylpiperazines which have similar
nominal masses but are different in their calculated masses. However, exact mass
techniques do not provide any additional data for differentiation among regioisomeric

fragments of the same elemental composition.
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Chapter 3

Differentiation of Methylenedioxybenzylpiperazines (MDBPs) and their
corresponding ring substituted Methoxymethylbenzylpiperazines (MMBPs) “at 2,3
and 3,4 positions” by GC-IRD and GC-MS

The substituted benzylpiperazines, 3,4-methylenedioxybenzylpiperazine (3,4-MDBP), its
regioisomer 2,3-methylenedioxybenzylpiperazine (2,3-MDBP) and four isobaric ring
substituted methoxymethylbenzylpiperazines (MMBPs) have almost identical mass
spectra. Perfluoroacylation of the secondary amine nitrogen of these isomeric piperazines
gave mass spectra with differences in relative abundance of some fragment ions.
However the spectra did not yield any unique fragments for specific identification of one

isomer to the exclusion of the other compounds.

Gas chromatography coupled with infrared detection (GC-IRD) provides direct
confirmatory data for the structural differentiation between the six isomers. The mass
spectra in combination with the vapor phase infrared spectra provide for specific
confirmation of each of the isomeric piperazines. The underivatized and perfluoroacyl
derivative forms of the ring substituted benzylpiperazines were resolved on the polar

stationary phase Rtx-200.

Gas chromatography coupled with time-of-flight mass spectrometric detection
provides an additional means of differentiating between the isobaric compounds 3,4-
methylenedioxybenzylpiperazine and 4-methoxy-3-methylbenzylpiperazine which have

similar nominal masses but are different in their calculated exact masses.
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Mass spectral studies of the underivatized and perfluoroacylated derivatives of
Methylenedioxybenzylpiperazines (MDBPSs) and their corresponding ring
substituted Methoxymethylbenzylpiperazines (MMBPs) “at 2,3 and 3,4 positions”

Mass spectrometry is the primary method for confirming the identity of drugs in
forensic samples. Figure 3-1 shows the EI mass spectra of all six isomeric
benzylpiperazines (Compounds 1-6). The base peak in all these spectra occurs at m/z 135
and this ion corresponds to the mass equivalent regioisomeric/isobaric ring substituted
benzyl cations. The additional high mass ions of significant relative abundance common
to the six isomers likely arise from fragmentation of the piperazine ring. The mass spectra
of the six benzylpiperazines show fragment ions at m/z 178, 164, and 135 as well as other
ions of low relative abundance. The proposed structures of these fragment ions are shown
in Figure 3-2 and are based in part on a previous report describing the fragmentation of
the unsubstituted benzylpiperazines [de Boer et al, 2001]. However, the relative
abundances for the ions in the spectra for the six isomeric benzylpiperazines are slightly
different and these results indicate that very little specific structural information is
available for differentiation among these isomers. Compounds 3 and 6 even show very
similar relative abundance pattern for the major fragment ions. Thus, the mass spectra
alone do not provide specific confirmation of identity for any individual isomer to the
exclusion of the others.

An additional fragmentation pathway which is characteristic for all the ortho-
methoxy ring substituted compounds is described in Figure 3-3. Those

methoxymethylbenzylpiperazines with the methoxy group in the ortho position relative to
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the side chain are characterized by a significant m/z 105 ion. This ion likely arises from
the loss of mass 30 (CH20) from the initial methoxymethylbenzylic cation at m/z 135.
The m/z 105 ion is a significant fragment only when the methoxy group is ortho to the
piperazine side chain and therefore the site of initial benzylic cation formation as in
Compound 1. This m/z 105 ion can be formed by 1,6-hydride shift (ortho effect) from a
hydrogen of the ortho-methoxy group to the benzyl cation followed by the loss of
formaldehyde as in Figure 3-3. This fragment occurs in all the mass spectra of the
underivatized and TFA, PFPA and HFBA derivatives of the ortho-methoxy MMBPs.
This suggested mechanism for the loss of CH20 from the ortho-methoxy benzyl cations
was previously described from our lab [Awad et al, 2007].

The second phase of this study involved the preparation and evaluation of
perfluoroacyl derivatives of the isomeric ring substituted benzylpiperazines, in an effort
to individualize their mass spectra and identify unique marker ions that would allow
discrimination between these six compounds. Acylation of an amine lowers the basicity
and can often allow other fragmentation pathways to play a more prominent role in the
resulting mass spectra.

The trifluoroacetyl, pentafluoropropionyl and heptafluorobutryl derivatives were
evaluated for their ability to individualize the mass spectra and provide data for the
individualization of the isomers. Figure 3-4 shows the mass spectra of the
heptafluorobutyryl amides of the six studied compounds as representative spectra for all
the perfluoroacyl amides. The molecular ions for TFA, PFPA and HFBA amides yield
peaks of high relative abundance at m/z 316, 366 and 416, respectively. The major

fragment ion in these spectra occurs at m/z 135 and corresponds to the aromatic ring
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Fig. 3-4: EIl mass spectra of the heptafluorobutyrylamides for the six substituted
benzylpiperazines in this study.
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substituted benzyl cation. Furthermore, an additional fragment ion series occurring at m/z
181, 231 and 281 for the TFA, PFPA and HFBA amides, respectively corresponds to the
(M-135)" ion for each amide. The ion at m/z 219 was observed in the spectra of all
derivatives and is likely formed by the elimination of the acyl moiety. Those ions
occurring at m/z 69, 119 and 169 are the perfluoroalkyl cations trifluoromethyl,
pentafluoroethyl or heptafluoropropyl from the appropriate amides. These studies further
indicate that no ions of significance were found to differentiate between the six isomers.
The HFBA derivative of compound 3 again shows essentially the same fragment ions in a
very similar pattern of relative abundance with that of the HFBA derivative of 3,4-

MDBP, compound 6.

Gas chromatography coupled with time-of-flight mass spectrometric detection
provides an additional means of differentiating between the isobaric compounds 3,4-
methylenedioxybenzylpiperazine and 4-methoxy-3-methylbenzylpiperazine which have
similar nominal masses but are different in their calculated exact masses. The
methoxymethylbenzyl (CoH1:0)* fragments have the same nominal mass as the
methylenedioxybenzyl (CsH702)" cation occurring at m/z 135 but are different in their
elemental composition and accordingly different in their calculated masses. Figure 3-5
shows the GC-TOF-MS exact mass analysis of the 3,4-methylenedioxybenzyl cation
(m/z=135) for compound 6. The upper panel (A) shows the expected/ calculated mass for
the CgH7O> elemental composition. The lower panel (B) shows the experimental results
and the degree of agreement (0.8 mDa, 5.9 ppm) with the calculated mass. Thus,
confirming the m/z 135 ion in compound 6 as the elemental composition CgH70.. These

results can be compared to the exact mass analysis for the m/z 135 ion (4-methoxy-3-

72

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



methylbenzyl) in compound 3. Figure 6A and 6B confirms the elemental composition as
CgH110 with a mass deviation of -3.1 mDa (-22.9 ppm). Thus, exact mass measurements

distinguish between these isobaric forms of the m/z 135 ion.

as is
Clark_3_4-MDBP_110210 5 (3.095) Is (1.00,1.00) C8H702 TOF MS El+
g 135.0446 9.10e12
100
(A)
[ IS
136.0480
0-—
Clark_3_4-MDBP_110210_5 248 (12.152) Cm (226:266-370:408x2.000) TOF MS El+
~ 135.0454 1.08e6
100
(B) (O CgH-02
S ® . 0.8 mDa
2] CH; 5.9 ppm
0\7
155.0629
1 121.0284 131.0612 136.0510 149.0280 157'075653 0661
S0 wggssg | 2ok T | P s | e

T I ‘ —
110 115 120 125 130 135 140 145 150 155 160

Fig. 3-5: GC-TOF mass spectral analysis of the m/z 135 ion for 3,4-
methylenedioxybenzylpiperazine. A= calculated mass for CgH;O2; B= experimental
results.
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as is

Clark_4-ethoxyBP_110210_1 (3.095) Is (1.00,1.00) COH110 TOF MS El+
135.0810 9.02e12
100+
"
| 136.0844
o |
Clark_4-ethoxyBP_110210_1 136 (8.046) Cm (136-25x2.000) TOF MS El+
135.0811 9.93e4
100+
] HC CoH1,.0
1 (B) 3 © -3.1mDa
<] —> -22.9 ppm
] H4CO CH,
| 136.0859
o 1261443, -0 1300788 133.0653 P859137.0851 141 1674 142:1730146.0404 147.0636_
T T T T T T T T T T T T T T T T T T T T T T T
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Fig. 3-6: GC-TOF mass spectral analysis of the m/z 135 ion for 4-methoxy3-

methylbenzylpiperazine. A= calculated mass for CgH110; B= experimental results.
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Vapor-phase Infra-Red Spectrophotometric Studies of the
Methylenedioxybenzylpiperazines (MDBPs) and their corresponding ring
substituted Methoxymethylbenzylpiperazines (MMBPs) “at 2,3 and 3,4 positions”

Infrared spectroscopy is often used as a confirmatory method for compound
identification in forensic drug analysis. Gas chromatography coupled with infrared
detection (GC-IRD) was evaluated for differentiation among the six isomeric substituted
benzylpiperazines. Infrared analysis should provide compound specificity without the
need for chemical modification of the parent molecule. The vapor phase infrared spectra
for the six benzylpiperazines are shown in Figure 3-7. The spectra were generated in the
vapor phase following sample injection into the gas chromatograph. Each compound
shows a vapor phase IR spectrum with bands in the regions 650 —1700 cm™ and 2700 —
3100 cm™. In general, variations in the substitution pattern on the aromatic ring results in
variations in the IR spectra in the region 650 — 1700 cm™. Since the six piperazines share
the same degree of nitrogen substitution, i.e. the same side chain, they have almost
identical IR bands in the 2700 — 3100 cm™ region. However, these compounds can be
easily differentiated by the positions and intensities of several IR peaks in the region of
650 — 1700 cm'L,

The infrared spectra and results for the two MDBPs have been previously

discussed in details in Chapter 1.
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Fig. 3-7: Vapor phase IR spectra of the six underivatized methylenedioxy and
methoxymethylbenzylpiperazines.
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The four regioisomeric methoxymethylbenzylpiperazines share almost the same IR
features in the region of 2700 — 3100 cm™ and can be differentiated by the positions and
intensities of several IR peaks in the region of 650 — 1610 cm™. Compound 3 shows a
strong peak at 1501  cm™ which is shifted to a weak one at 1505 cm™ in compound 4
and to a medium peak at 1466 cm™ in both 1 and 2. Compound 4 shows strong peaks at
1262 cm™ and 1131 cm™ which are shifted to peaks at 1250 cm™ and 1131 cm™ of nearly
equal intensity in compound 3, very weak peaks at 1258 cm™ and 1138 cm? in
compound 1 and a singlet at 1254 cm™ in compound 2. The six isomers share a medium
intensity peak in the 760 cm™ range with all three of the 3,4-substituted isomers showing
the absorption band at 760 cm™ and this band shifts to slightly higher values at 764 and
768 cm! for the 2,3-substituted isomers.

Figure 3-8 provides an excellent illustration of the value of vapor phase IR
confirmation for isobaric substances. The region from 1800 to 650 cm™ is compared for
3,4-MDBP (compound 6) and 4-methoxy-3-methylbenzylpiperazine (compound 3)
showing significant differences in the major bands for these two compounds. Thus, these
two compounds which yield almost identical mass spectra in the underivatized and
derivatized forms show significant differences in their vapor phase IR spectra in this
expanded region of their spectra. Furthermore, vapor phase infrared spectra provide
distinguishing and characteristic information to determine the aromatic ring substitution

pattern in the substituted piperazine regioisomers included in this study.
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Gas Chromatographic Separation of the Methylenedioxybenzylpiperazines
(MDBPs) and their corresponding ring substituted
Methoxymethylbenzylpiperazines (MMBPs) “at 2,3 and 3,4 positions”

Gas chromatographic separation of the underivatized and derivatized piperazines was
accomplished on a capillary column of dimensions 30 m x 0.25 mm and 0.5-um film
depth of the relatively polar stationary phase, 100% trifluoropropyl methyl polysiloxane
(Rtx-200). The temperature program consisted of an initial temperature of 100°C for 1
minute, ramped up to 180°C at a rate of 12°C per minute followed by a hold at 180°C for
2 minutes then ramped up to 200°C at a rate of 10°C/min and held at 200°C for 5.0 min.
The chromatogram in Figure 3-9 is a representative of the results obtained for all samples
on this stationary phase.

In Figure 3-9 the methoxymethylbenzylpiperazines are less retained than their
isobaric methylenedioxybenzylpiperazines. The drug substance 3,4-MDBP eluted last in
this limited series of compounds in all chromatographic experiments. The TFA
derivatives of the six isomers were resolved on the same stationary phase. However, in
the case of PFPA and HFBA derivatives compounds 2 and 5 coeluting even with fairly
long analysis times in the 30 to 40 minutes range. Thus, perfluoroacylation did not
provide any additional mass spectral discrimination among the six isomers in addition to

no advantage in chromatographic resolution.
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Fig. 3-9: Gas chromatographic separation of the six underivatized benzylpiperazines on
Rtx-200 column. The numbers over the peaks correspond to the compound numbers.
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Conclusion

The four methoxymethylbenzylpiperazines have an isobaric relationship to the
potential drug of abuse 3,4-MDBP and its regioisomer 2,3-MDBP. All six compounds
show the same fragment ions in their EI mass spectra. Chemical derivatization
(perfluoroacylation) did not offer any unique marker ion to allow identification of one
compound to the exclusion of the others. GC-IRD offered unique and characteristic IR
spectra that allowed for discrimination among these compounds in the region between
650-1700 cm™. The six underivatized isomers were successfully resolved by gas
chromatography on the polar stationary phase Rtx-200.

Gas chromatography coupled with time-of-flight mass spectrometric detection
provides an additional means of differentiating between the isobaric compounds 3,4-
methylenedioxybenzylpiperazines and 4-methoxy-3-methylbenzylpiperazines which have
similar nominal masses but are different in their calculated masses. However, exact mass
techniques do not provide any additional data for differentiation among regioisomeric
fragments of the same elemental composition.e.g. 4-methoxy-3-methylbenzyl and 4-

ethoxybenzyl cations.
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Chapter 4

Differentiation of Methylenedioxybenzylpiperazines (MDBPs) and
Methoxymethylbenzylpiperazines (MMBPSs) by GC-IRD and GC-MS

The substituted benzylpiperazines, 3,4-methylenedioxybenzylpiperazine (3,4-MDBP), its
regioisomer 2,3-methylenedioxybenzylpiperazine (2,3-MDBP) and all ten possible
isobaric ring substituted methoxymethylbenzylpiperazines (MMBPs) have almost
identical mass spectra. Perfluoroacylation of the secondary amine nitrogen of these
isomeric piperazines gave mass spectra with differences in relative abundance of some
fragment ions. However the spectra did not yield any unique fragments for specific

identification of one isomer to the exclusion of the other compounds.

Gas chromatography coupled with infrared detection (GC-IRD) provides direct
confirmatory data for the structural differentiation between the twelve isomers. The mass
spectra in combination with the vapor phase infrared spectra provide for specific
confirmation of each of the isomeric piperazines. The underivatized and perfluoroacyl
derivative forms of the ring substituted benzylpiperazines were resolved on the polar

stationary phase Rtx-35.
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Mass spectral studies of the underivatized and perfluoroacylated derivatives of
Methylenedioxybenzylpiperazines (MDBPs) and Methoxymethylbenzylpiperazines
(MMBPs)

Mass spectrometry is the primary method for confirming the identity of drugs in
forensic samples. Figure 4-1 shows the EIl mass spectra of all twelve isomeric
benzylpiperazines (Compounds 1-12). The mass spectra of all of the compounds are
almost identical to each other and produce the same fragments described in the previous
chapter. The base peak in all these spectra occurs at m/z 135 and this ion corresponds to
the mass equivalent regioisomeric/isobaric ring substituted benzyl cations. The additional
high mass ions of significant relative abundance common to the twelve isomers likely
arise from fragmentation of the piperazine ring. The mass spectra of the twelve
benzylpiperazines show fragment ions at m/z 178, 164, and 135 as well as other ions of
low relative abundance. The proposed structures of these fragment ions are shown in
Figure 3-2 and are related to a previous report describing the fragmentation of the
unsubstituted benzylpiperazines [de Boer et al, 2001]. However, the relative abundances
for the ions in the spectra for the twelve isomeric benzylpiperazines are slightly different
and these results indicate that very little specific structural information is available for
differentiation among these isomers.

The fragmentation pathway that was discussed in chapter 3 which is characteristic
for all the ortho-methoxy ring substituted compounds and was described in Figure 3-3
before is still occurring in those methoxymethylbenzylpiperazines with the methoxy
group in the ortho position relative to the side chain. Those compounds are characterized
by a significant m/z 105 ion. This ion likely arises from the loss of mass 30 (CH20) from

the initial methoxymethylbenzylic cation at m/z 135. The m/z 105 ion is a significant
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fragment only when the methoxy group is ortho to the piperazine side chain and therefore
the site of initial benzylic cation formation as in Compounds 1, 2, 3 and 4 as previously
discussed in chapter 3.

The second phase of this study involved the preparation and evaluation of
perfluoroacyl derivatives of the isomeric ring substituted benzylpiperazines, in an effort
to individualize their mass spectra and identify unique marker ions that would allow
discrimination ~ between  these  twelve  compounds. The trifluoroacetyl,
pentafluoropropionyl and heptafluorobutryl derivatives were evaluated for their ability to
individualize the mass spectrum of 3,4-MDBP and provide data for the exclusion of the
other eleven isomers. Figure 4-2 shows the mass spectra of the pentafluoropropionyl
amides of the twelve studied compounds as representative spectra for all the
perfluoroacyl amides. The molecular ions for TFA, PFPA and HFBA amides yield peaks
of high relative abundance at m/z 316, 366 and 416, respectively. The major fragment ion
in these spectra occurs at m/z 135 and corresponds to the aromatic ring substituted benzyl
cation. Furthermore, an additional fragment ion series occurring at m/z 181, 231 and 281
for the TFA, PFPA and HFBA amides, respectively corresponds to the (M-135)* ion for
each amide. The ion at m/z 219 was observed in the spectra of all derivatives and is likely
formed by the elimination of the acyl moiety. Those ions occurring at m/z 69, 119 and
169 are the perfluoroalky! cations trifluoromethyl, pentafluoroethyl or heptafluoropropyl
from the appropriate amides. These studies further indicate that no ions of significance

were found to differentiate between the twelve isomers.
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Vapor-phase Infra-Red Spectrophotometric Studies of the
Methylenedioxybenzylpiperazines (MDBPs) and Methoxymethylbenzylpiperazines
(MMBPs)

Infrared spectroscopy is often used as a confirmatory method for compound
identification in forensic drug analysis. Gas chromatography coupled with infrared
detection (GC-IRD) was evaluated for differentiation among the twelve isomeric
substituted benzylpiperazines. Infrared analysis should provide compound specificity
without the need for chemical modification of the parent molecule. The vapor phase
infrared spectra for the twelve benzylpiperazines are shown in Figure 4-3. The spectra
were generated in the vapor phase following sample injection into the gas
chromatograph. Each compound shows a vapor phase IR spectrum with bands in the
regions 650 —1700 cm™ and 2700 — 3100 cm™. In general, variations in the substitution
pattern on the aromatic ring results in variations in the IR spectra in the region 650 —
1700 cm™. Since the twelve piperazines share the same degree of nitrogen substitution,
i.e. the same side chain, they have almost identical IR bands in the 2700 — 3100 cm™
region. However, these compounds can be easily differentiated by the positions and
intensities of several IR peaks in the region of 650 — 1700 cm™. In the preceding chapter,
we have already discussed the differentiation of compounds 11 and 12 from compounds
1,5, 6 and 9. Now we will discuss the differentiation of compounds 11 and 12 from the
other 6 compounds.

The 2,3-MDBP regioisomer is characterized by the medium intensity band at 764
cm* which is split into doublet peaks of weak and equal intensity at 760 and 810 cm™ in
the 3,4-MDBP regioisomers. Also the IR spectrum of the 2,3-isomer shows other weak

doublet peaks at 957 and 999 cm™ which are shifted to a singlet at 942 cm for 3,4-
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Fig. 4-3: Vapor phase IR spectra of the 12

methoxymethylbenzylpiperazines.
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MDBP. The 2,3-MDBP regioisomer has a relatively strong IR band at 1069 cm™ which is
shifted to a medium intensity peak at 1050 cm™ in the 3,4-regioisomer. The vapor phase
IR spectrum of the 3,4-MDBP regioisomer can be distinguished from that of the 2,3-
regioisomer by at least three IR bands of varying intensities. The first of which is the
peak of strong intensity appearing at 1242 cm™ compared to the peak of intermediate
intensity at 1246 cm™ in the 2,3-isomer. The second is the doublet absorption peak of
weak intensity at 1331 and 1362 cm™ which appears as a very weak doublet at 1297 and
1343 cm™ in the 2,3-isomer. The third is the strong doublet absorption peak for 3,4-
MDBP appearing at 1443 and 1489 cm™. The former is of nearly half the intensity of the
latter. This was equivalent to the very strong singlet appearing at 1459 cm™ in the 2,3-

regioisomer with no equivalent band at 1443 cm™.

The ten regioisomeric methoxymethylbenzylpiperazines share almost the same IR
features in the region of 2700 — 3100 cm™ and can be differentiated by the positions and
intensities of several IR peaks in the region of 650 — 1610 cm™. Compound 3 shows a
strong peak at 1501 cm ™ which is shifted to a weak one at 1586 cm™ in compound 4 and
to a strong peak at 1597 cm™ in compound 7. Compound 8 shows a medium peak at
1254 cm™* which is shifted to 1154 cm™ in compound 7, strong peak at 1250 cm™ in
compound 3 and a singlet at 1258 cm™ in compound 4. The twelve isomers share a
medium intensity peak in the 760 cm™ range with all three of the 3,4-substituted isomers
showing the absorption band at 760 cm™ and this band shifts to slightly higher values at

764 and 768 cm™! for the 2,3-substituted isomers.
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Gas Chromatographic Separation of the Methylenedioxybenzylpiperazines
(MDBPs) Methoxymethylbenzylpiperazines (MMBPS)

Gas chromatographic separation of the underivatized and derivatized piperazines was
accomplished on a capillary column of dimensions 30 m x 0.25 mm and 0.5-um film
depth of the relatively polar stationary phase, 35% diphenyl/65% dimethylpolysiloxane
(Rtx-35). The temperature program consisted of an initial temperature of 70°C for 1
minute, ramped up to 150°C at a rate of 7.5°C per minute followed by a hold at 150°C for
2 minutes then ramped up to 250°C at a rate of 10°C/min and held at 250°C for 15 min.
The chromatograms in Figures 4-4 — 4-7 are representatives of the results obtained for all
samples on this stationary phase.

In Figure 4-4 the ten methoxymethylbenzylpiperazines are less retained than their
isobaric methylenedioxybenzylpiperazines. The drug substance 3,4-MDBP eluted last in
this limited series of compounds in all chromatographic experiments. Those isomers
having the methoxy group in the ortho position relative to the side chain (compounds 1,
2, 3 and 4) were the first to elute out of the column. As we kept on trying different
temperature programs and stationary phases, we could not resolve compounds 5, 8 and 9
from each other as illustrated in Figure 4-4. Therefore, the ten regioisomeric
methoxymethylbenzylpiperazines were divided into three subgroups based on the
position of the methoxy group relative to the side chain. The first subgroup includes those
compounds with the ortho methoxy group (compounds 1-4) in addition to compounds 11
and 12 and their chromatographic separation is in Figure 4-5. The second subgroup

includes those compounds with the meta methoxy group (compounds 5-8) in addition to
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Fig. 4-4: Gas chromatographic separation of the pentafluoropropionyl derivatives of the
12 piperazine isomers using Rtx-35 column. The number over the peak corresponds to
the compound number.
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Fig. 4-5: Gas chromatographic separation of the pentafluoropropionyl derivatives of the
MMBPs with o-methoxy group and methylenedioxypiperazines using Rtx-35 column.
The number over the peak corresponds to the compound number.

109

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



compounds 11 and 12 and their chromatographic separation is in Figure 4-6. Finally, the
third subgroup includes those compounds with the para methoxy group (compounds 9
and 10) in addition to compounds 11 and 12 and their chromatographic separation is in

Figure 4-7.

110

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



1e+07

9000000

8000000

7000000

6000000

5000000

4000000

3000000

2000000

1000000

TIC:110705-10.0 \data.ms

6
85

11 12

/10—

20‘00 22‘00 24‘00 26‘00 28‘00 30‘00 32‘00 34‘00

Fig. 4-6:
MMBPs
The num

e+07
407
e+07
+07
e+07
+07
+07

Ev e h e e N ®ooN RN e

e+07

1e+07
9000000
8000000
7000000
6000000
5000000
4000000
3000000
2000000
1000000

Gas chromatographic separation of the pentafluoropropionyl derivatives of the
with m-methoxy group and methylenedioxypiperazines using Rtx-35 column.
ber over the peak corresponds to the compound number.

TIC:110705-11.D\data.ms

9

11

12
10

Fig. 4-7:
MMBPs

T T T T T T T T T
23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00

Gas chromatographic separation of the pentafluoropropionyl derivatives of the
with p-methoxy group and methylenedioxypiperazines using Rtx-35 column.

The number over the peak corresponds to the compound number.

111

This document is a research report submitted to the U.S. Department of Justice. This report has not

been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



Conclusion

The ten methoxymethylbenzylpiperazines have an isobaric relationship to the
potential drug of abuse 3,4-MDBP and its regioisomer 2,3-MDBP. All twelve compounds
show almost the same fragment ions in their EI mass spectra. Chemical derivatization
(perfluoroacylation) did not offer any unique marker ion to allow identification of one
compound to the exclusion of the others. GC-IRD offered unique and characteristic IR
spectra that allowed for discrimination among these compounds in the region between
650-1700 cm™. The twelve pentafluoropropionyl isomers were partially resolved by gas

chromatography on the polar stationary phase Rtx-35.
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Chapter 5

GC-MS and GC-IRD Studies on the Six Ring Regioisomeric
Dimethoxybenzylpiperazines (DMBPs)

Gas chromatography with infrared detection (GC-IRD) provides direct confirmatory
data for the differentiation between the six regioisomeric dimethoxybenzylpiperazines.
These six regioisomeric substances are resolved by GC and the vapor phase infrared
spectra clearly differentiate among the six dimethoxybenzyl substitution patterns. The
mass spectra for the six regioisomeric dimethoxybenzylpiperazines are almost identical.
With only the 2,3-dimethoxy isomer showing one unique major fragment ion at m/z 136.
Thus mass spectrometry does not provide for the confirmation of identity of any one of
the six isomers to the exclusion of the other compounds. Perfluoroacylation of the
secondary amine nitrogen for each of the six regioisomers gave mass spectra showing
some differences in the relative abundance of fragment ions without the appearance of

any unique fragments for specific confirmation of structure.
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Mass spectral studies of the underivatized and perfluoroacylated derivatives of the
Dimethoxybenzylpiperazines (DMBPs)

Mass spectrometry is the primary method for confirming the identity of drugs in
forensic samples. Figure 5-1 shows the EI mass spectra of the six regioisomeric
dimethoxybenzylpiperazines (Compounds 1-6). The mass spectra in Figure 5-1 indicate
that very little structural information is available for differentiation among these isomers
since all the major fragment ions occur at equal masses. The common fragment ions
observed for the regioisomeric dimethoxy groups substituted on the aromatic ring likely
indicate that the piperazine ring is the initial source for most of the fragmentation. The
dimethoxybenzyl cation m/z 151 is the base peak in all these spectra. The structures for
the fragment ions in the unsubstituted aromatic ring for benzylpiperazine BZP have been
described by [de Boer et al, 2001]. Applying these fragmentation pathways to
dimethoxybenzylpiperazines (DMBPs) yield the fragment ions at m/z 194, 180, 179, 178,
151, 121, 85 and 56 as shown in Figure 5-2. The structures for the fragmentation in the
six DMBP regioisomers are likely equivalent. These data indicate that mass spectrometry
does not provide confirmation of identity for an individual DMBP regioisomer except for
the characteristic high relative abundance ion at m/z 136 which appears to be specific for

the 2,3-regioisomer.
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Fig. 5-1: EI mass spectra of the six dimethoxybenzylpiperazines.
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Exact mass analysis using GC-TOF-MS confirmed the m/z 136 ion as the
elemental composition CgHgO>. Figure 5-3 shows the exact mass measurement results for
the m/z 136 ion in the 2,3-isomer. The upper panel (A) shows the expected/calculated
mass for the CgHsO» elemental composition and the lower panel (B) shows the
experimental results along with the degree of agreement (0.1 Da, 0.7 ppm) between the
calculated and experimental results.

The proposed structure and mechanism for the formation of the m/z 136 CgHgO>
ion is shown in Figure 5-4. The suggested structure for this fragment involves loss of a
methyl group from one of the methoxy-substituents of this crowded 1,2,3-trisubstituted
aromatic ring. The proposed structure for the m/z 136 ion is supported by the mass
spectra of the mono-, tri-, and hexa-deutero labeled forms of this compound.

The mono-deuterium labeled compound was prepared by reducing the imine
formed between 2,3-dimethoxybenzaldehyde and piperazine with sodium cyanoboro-
deuteride. The precursor aldehydes for the de- and ds-forms of Compound 1 were
prepared by treating 2,3-dihydroxybenzaldehyde and 2-hydroxy-3-methoxybenzaldehyde
respectively with ds-methyliodide in the presence of potassium carbonate. The resulting
deuterium labeled aldehydes were reductively aminated with piperazine in the presence

of sodium cyanoborohydride.
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The mass spectra for the three deuterium labeled forms of Compound 1 are shown in
Figure 5-5. The spectrum in Figure 5-5.A shows that the single deuterium label at the
benzylic position remains a part of the ion in question since the mass increased by 1 Da
to m/z 137 in this example. These results confirm that the benzylic carbon is a component
of the m/z 136 ion observed in the mass spectrum for Compound 1. These results indicate
that one methyl group from the 2- and 3-methoxy substituents must be eliminated in
order to reach the CgHsO elemental composition.

The proposed loss of a methyl group from one of the crowded methoxy-groups is
confirmed by the mass spectrum for the ds-form of Compound 1 (Figure 5-5.B). The
methyl groups of both methoxy substituents are labeled with deuterium (di-OCD3) in this
form of Compound 1. The spectrum in Figure 5-5.B shows the ion in question now at m/z
139, indicating the presence of three deuterium species in the resulting fragment.
Furthermore, these data confirm the loss of a CD3 moiety to yield the m/z 139 from the
de-form of Compound 1.

The mass spectrum in Figure 5-5.C provides information which suggests the methyl
group loss to yield the m/z 136 species is from the methoxy substituent at the 3-position
as described in the fragmentation scheme in Figure 5-4. The mass spectrum in Figure
5-5.C is for the 2-trideuteromethoxy-3-methoxybenzylpiperazine and indicates the
majority of the label remains in the ion in question yielding the m/z 137, 138, 139 cluster
of fragment masses. This cluster of ions is likely the result of some scrambling of
hydrogen/deuterium between the adjacent methoxy groups before the fragmentation

process is complete. The fragmentation mechanism suggested in Figure 5-4 shows the
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migration of the methyl group from the 3-methoxy substituent to the piperazine nitrogen

to yield a quaternary
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Fig. 5-5. Mass spectra for di, ds, and dsz-2,3-dimethoxybenzylpiperazine.
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nitrogen as the initial step in the process. Thus, the electron donating 2-methoxy group is
in conjugation with the side-chain to participate in the elimination step yielding the m/z
136 ion. If, on the other hand, the methyl group from the 2-substituent migrates in the
first step to yield the quaternary nitrogen then the remaining 3-methoxy group is not
capable of efficiently participating in the elimination step.

As a further proof to this mechanism, we prepared the ortho *C- isotope of
compound 1. We prepared the precursor aldehyde for this *C- isotope by treating 2-
hydroxy-3-methoxybenzaldehyde with 3C-methyliodide in the presence of potassium
carbonate. The resulting *C-labeled aldehyde was reductively aminated with piperazine
in the presence of sodium cyanoborohydride. The mass spectrum in Figure 5-6 provides
confirmation that the methyl group loss to yield the m/z 136 species is from the methoxy
substituent at the 3-position as described in the fragmentation scheme in Figure 5-4. The
mass spectrum in Figure 5-6 is for the 2-*Cmethoxy-3-methoxybenzylpiperazine and
indicates that all the '*C label remains in the ion in question yielding the m/z 137

fragment.
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Fig. 5-6. Mass spectrum for the 2-3Cmethoxy-3-methoxybenzylpiperazine.
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The 2,3-dimethoxybenzylpiperazine (Figure 5-1) shows a second unique ion at m/z
205 (M-31)+ likely from the direct loss of a methoxy group from the molecular ion. The
mass spectra in Figures 5-5.B and 5-5.C for the deuterated forms of Compound 1 confirm
that the m/z 205 specifically results from loss of the methoxy group at the 2-position.

An additional fragmentation pathway which is characteristic for all the ortho-
methoxy ring substituted compounds is described in Figure 5-7. Those
dimethoxybenzylpiperazines with the methoxy group in the ortho position relative to the
side chain are characterized by a significant m/z 121 ion. This ion likely arises from the
loss of mass 30 (CH20) from the initial dimethoxybenzylic cation at m/z 151. The m/z
121 ion is a significant fragment only when the methoxy group is ortho to the piperazine

side chain and therefore the site of initial benzylic cation formation as in Compounds 1-4.
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Figure 5-7. Mechanism for the formation of the m/z 121 ion in the mass spectra of the
underivatized and derivatized 2-methoxy regioisomers of the
dimethoxybenzylpiperazines.

This m/z 121 ion can be formed by 1,6-hydride shift (ortho effect) from a hydrogen
of the ortho-methoxy group to the benzyl cation followed by the loss of formaldehyde as
in Figure 5-7. This fragment occurs in all the mass spectra of the underivatized and TFA,
PFPA and HFBA derivatives of the ortho-methoxy DMBPs. This suggested mechanism
for the loss of CH2O from the ortho-methoxy benzyl cations was previously discussed

[Awad et al, 2007 and Maher et al, 2009].
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The mass spectra for the six heptafluorobutyryl amides are shown in Figure 5-8 as
representatives of the perfluoroacylated piperazines. The trifluoroacetyl,
pentafluoropropionyl and heptafluorobutryl derivatives were all evaluated for their ability
to individualize the mass spectra of each regioisomer to the exclusion of the other
regioisomeric compounds. From these spectra, a common peak with high relative
abundance occurs at m/z 332, 382 and 432, which corresponds to the molecular ions for
TFA, PFPA and HFBA amides, respectively. Fragment ions occurring at m/z 194, 181,
121 and 56 seen in all mass spectra of the piperazine amides are due to different patterns
of cleavage reactions in the piperazine ring as previously described for acyl derivatives of
BZP. Fragment ions at m/z 235 seen in all derivatized spectra are likely formed by the
elimination of the acyl moiety from the corresponding derivative. A similar pathway
yields ions at (M-151)* from loss of the dimethoxybenzyl fragment from the other
piperazine nitrogen. Those ions occurring at m/z 69, 119 and 169 are formed as a result
of the formation of trifluoromethyl, pentafluoroethyl or heptafluoropropyl cations from
the TFA, PFPA and HFBA amides, respectively. There is no significant difference
between the spectra of the six compounds except for the characteristic high relative
abundance ion at m/z 136 specific for the perfluoroacylated 2,3-DMBP. Thus, even
acylation of the six piperazines does not give characteristic fragments that help to

discriminate among the six regioisomers.
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Fig. 5-8. MS spectra of heptafluorobutyryl derivatives of the
dimethoxybenzylpiperazine compounds.
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Vapor-phase Infra-Red Spectrophotometric Studies of the
Dimethoxybenzylpiperazines (DMBPs)

The vapor-phase infrared spectra for the six underivatized piperazines are shown
in Figure 5-9. The spectra were generated in the vapor-phase following sample injection
into the gas chromatograph. Each compound shows a vapor-phase IR spectrum with
absorption bands in the regions 700 — 1700 cm™ and 2700 — 3100 cm™. In general,
variations in the ring substitution pattern with no change in the side chain composition
results in variations in the IR spectrum in the region 700 — 1700 cm™. Because the six
piperazines share the same side chain, they share almost the same IR features in the
region 2700 — 3100 cm™. However, they can be easily differentiated by the positions and
intensities of several IR peaks in the region of 750 — 1620 cm™.

The 2,3-DMBP regioisomer is characterized by the medium intensity band at
1474 cm™ which is split into doublet peaks of medium and equal intensity at 1609 and
1505 cm™ in the 2,4-DMBP regioisomer. This isomer also has another medium intensity
band at 1273 cm™ shifted to a medium singlet at 1289 c¢cm™ in the IR spectrum of the 2,4
isomer. Finally, the IR spectrum of 2,3-DMBP shows a weak doublet peak at 1015 and
1080 cm™ which is shifted to a doublet at 1154 cm™ and 1208 cm™ in 2,4-DMBP. The
3,5-DMBP regioisomer can be distinguished by the relatively strong IR band at 1597 cm’
L which is shifted to a strong intensity peak at 1509 cm™ in the 3,4-regioisomer, a strong
intensity peak at 1497 cm™ in the 2,5-regioisomer and a medium intensity doublet at
1474 and 1594 cm? in the 2,6-regioisomer The vapor-phase IR spectrum of the 3,4-
DMBP regioisomer can be distinguished by a singlet of strong intensity appearing at

1273 cm™ co compared to a peak of strong intensity at 1154 cm™ in the 3,5-isomer, a
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Fig. 5-9. Vapor phase IR spectra of the six dimethoxybenzylpiperazines.
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strong singlet at 1240 cm™ in the 2,5 isomer and a doublet of medium intensity at 1104
and 1250 cm™ in the 2,6-isomer.

This study shows that vapor phase infrared spectra provide useful data for
differentiation among these regioisomeric piperazines of mass spectral equivalence. Mass
spectrometry establishes these compounds as having an isomeric relationship of equal
molecular weight and equivalent major fragment ions. Infrared absorption bands provide
distinguishing and characteristic information to individualize the regioisomers in this set
of uniquely similar compounds. Thus, GC-IRD readily discriminates between the

members of this limited set of regioisomeric dimethoxybenzylpiperazine compounds

Gas Chromatographic Separation of the Dimethoxybenzylpiperazines (DMBPs)

GC-MS chromatographic separation was carried out on a column (30 m x 0.25 mm
i.d.) coated with 0.5 um 100% trifluoropropyl methyl polysiloxane (Rtx-200). The
separation of the underivatized and pentafluoropropionyl derivatives was performed
using a temperature program consisting of an initial hold at 100°C for 1.0 min, ramped up
to 180°C at a rate of 9°C/min, held at 180°C for 2.0 min then ramped to 200°C at a rate
of 10°C/min and held at 200°C for 5.0 min. The separation of the trifluoroacetyl and
heptafluorobutyryl derivatives was performed using a temperature program consisting of
an initial hold at 70°C for 1.0 min, ramped up to 180°C at a rate of 7.5°C/min, held at
180°C for 2.0 min then ramped to 200°C at a rate of 10°C/min and held at 200°C for 15.0

min.
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The representative chromatogram in Figure 5-10 shows the separation of the PFPA
derivatives of the dimethoxybenzylpiperazines. This separation requires an analysis time
of over fifty minutes and the elution order appears related to the degree of substituent
crowding on the aromatic ring. Compounds 1 and 4 elute first and these two isomers
contain substituents arranged in a 1,2,3-pattern on the aromatic ring. Three isomers
(Compounds 2, 3 and 5) have two groups substituted 1,2 with one isolated substituent.
The 1,3,5-trisubstituted pattern in Compound 6 provides minimum intramolecular
crowding and elutes last in this group of compounds. The elution order was the same for
the underivatized and all derivatized dimethoxybenzylpiperazines evaluated in this

project.
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Fig. 5-10. Gas chromatographic separation of the pentafluoropropionyl derivatives of the
DMBPs using Rtx-200 column. The number over the peak corresponds to the compound
number.
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Conclusion

The six regioisomeric dimethoxybenzylpiperazines yield the same fragment ions
in their mass spectra even after perfluoroacylation. GC-IRD analysis yields unique and
characteristic vapor phase infrared spectra for these six regioisomeric piperazines. These
spectra allow discrimination among the six regioisomeric compounds included in this
study. This differentiation was accomplished without the need for chemical
derivatization. Mixtures of the six piperazines were successfully resolved via capillary
gas chromatography using a relatively polar stationary phase and temperature

programming conditions.
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Chapter 6

GC-MS Analysis of the Six Ring Regioisomeric Dimethoxybenzyl-N-
methylpiperazines (DMBMPs)

The complete series of regioisomeric dimethoxybenzyl-N-methylpiperazines were
synthesized and evaluated in GC-MS studies. The EI mass spectra show fragment ions
characteristic of both the dimethoxybenzyl and the N-methylpiperazine portions of the
molecules. These characteristic fragments include the dimethoxybenzyl cation and radical
cation at m/z 151 and m/z 152 as well as the m/z 99 N-methylpiperazine cation and the
low mass ion at m/z 56 for the C3HsN* seen in almost all piperazine El spectra. The 2,3-
dimethoxybenzyl-N-methylpiperazine yields a regioisomer specific fragment at m/z 136
and the elemental composition for this radical cation CgHsO was confirmed by exact
mass analysis. Deuterium labeling studies provided evidence for the proposed structures
for a number of the major fragment ions in the mass spectra of these regioisomeric
compounds. Gas chromatographic separation of this series of compounds was
accomplished on an Rtx-200 stationary phase and retention appears related to the degree
of steric crowding of the aromatic ring substituents. The most crowded patterns of
substitution elute first while the more symmetrical 1,3,5-substitution pattern has the

highest retention time.

142

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



Mass spectral studies of the Dimethoxybenzyl-N-methylpiperazines (DMBMPs)

Mass spectrometry is the primary method for confirming the identity of drugs in
forensic samples. Figure 6-1 shows the EI mass spectra of the six regioisomeric
dimethoxybenzyl-N-methylpiperazines (Compounds 1-6) in this study. All six
regioisomers show molecular ions at m/z 250 and these ions are of significant relative
intensity. Major fragment ions of equivalent mass occur in the spectra for these six
compounds with only the relative intensity of the individual ions as the major spectral
variation. Fragmentation of the bond between the benzylic carbon and the adjacent
piperazine nitrogen provides the base peak in all six spectra. The dimethoxybenzyl cation
at m/z 151 is the base peak for compounds 2, 3, 4, and 5 while the dimethoxybenzyl
radical cation (m/z 152) resulting from a hydrogen migration rearrangement pathway is
the base peak for compound 6. Fragmentation of the same bond between the benzylic
carbon and the adjacent piperazine nitrogen with charge retention on the N-
methylpiperazine group yields the cation at m/z 99, the base peak for compound 1. The
structures for the base peaks in the mass spectra for these regioisomeric
dimethoxybenzyl-N-methylpiperazines are shown in Figure 6-2.

The internal fragmentation within the piperazine ring produces a number of
unique ions in the mass spectra of these dimethoxybenzyl-N-methylpiperazines. The low
mass ion of highest relative abundance in these spectra is the m/z 56 cation. This ion is a
characteristic fragment for the piperazine ring and is almost universal in all N-1

monosubstituted piperazines (N-4 substituent is hydrogen). This m/z 56 ion was shown
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by exact mass measurements to have an elemental composition C3HsN™ in previous

studies [Abdel-Hay et al, 2013]. Furthermore this ion yielded a mass shift of +6 Da

Abundance

Average of 5.238 to 5.267 min.: 120730-11.D\data.ms

oot OCHs

280000
260000

H3CO /N
240000 1860 8 N N—-CHs
—/

179.1

220000 (1)

200000 56.0
180000
160000
140000
120000
100000

80000

60000 72.1

40000

206.1
20000

118.0
HHHHH Ll }\M Al ] 22zt ]
0

“ L : ‘M
0 80 10 120 140 160 180 200 220 240

1, L
b

4 6

m/z-->

Abundance

Average of5.547 to 5.622 min 120801-02.D\data.ms
15 1
1500000 ]

1400000 ] 99 .1

1300000 ]

@
1100000 ] H3CO

1000000
900000 ]
800000 ]

179 .1
700000 ]

121 .1
600000 ]

250 .2
500000 ]

400000 ]
300000 ]

200000 ]

100000 ]

77.0
5l “\‘ m‘m H H\‘ T “ i
6 0 8 0 100

144

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



Abundance

m

1200000

1100000

1000000

900000

800000

700000

600000

500000

400000

300000

200000

100000

Abundance

m/z--

7000000
6500000
6000000
5500000
5000000
4500000
4000000
3500000
3000000
2500000
2000000
1500000
1000000
500000
0

Average of 5.488 to 5.506 min
15

:120801-03.D\Vdata.ms
.1

OCH;

250.2
051 N  N-CHg
179.1
3
OCH;
56 .1
121.1
77.1
‘ ‘ ‘ ‘ 206.1
403 Jull |, “‘\ ul MHHM \\\‘u\ ‘H ‘\H“ \ MH‘ 1 — Lo 22z
0 60 80 100 120 140 160 180 200 220 240
Average of 5.069 to 5.448 min.: 120904-04.D\data.ms
151.2
] 99.2 OCH;
] N  N-CH,
] 179.2 4) \__/
] OCH;
] 56.1
250.3
] 77.1
‘ ‘ ‘ 121.1 ‘ ‘ 207.2 ‘
. ?OM% ‘MW\“M\M ‘\‘nﬁ‘l M\‘Mh‘w il m\d alll L HM“ | J\ M ‘M \w\ 2333
e B L B LI e o o e e R e T M e e
40 60 80 100 120 140 160 180 200 220 240

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)

and do not necessarily reflect the official position or policies of the U.S. Department of Justice.

145



Abundance
Scan 418 (5.523 min): 120904-05.D\data.ms
151 .1
95000
90000
HsCO /N

85000 N N_CH3
80000 (5)\_/
75000 H,CO

70000
65000
60000
55000 250.3
168 .2
50000
45000
99 .1
40000
35000
30000
25000
20000

15000

56 .1
—_—
135‘1‘
\‘ |
e i L AL | | L
O Ll ulll T T e L, l uly I
o ob 8 b Tos D 1 T i ‘

IR—I
T
40

10000

°

mz-->

Abundance
Scan 395 (5.389 min): 120904-06.D\data.ms
152.2
5500000
5000000
HsCO N\
4500000 N N—(:H3
/
4000000 (6)
3500000 OCH3 250.3
3000000
2500000
2000000
179 .2

1500000

1000000

77 .1 206 .2

‘ 1o D oo T T fla 1l Ul ‘ i
1 1

L
s b T t T T t T

500000

| 222 .2

“H\H‘\‘ M‘m\ I
60 20 140 160 180 200 220 240

Fig. 6-1: Mass Spectra for the six regioisomeric dimethoxybenzyl-N-methylpiperazines.
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when ds-piperazine was used to label all the four carbons of the piperazine ring. Thus, the
m/z 56 ion was confirmed to contain six hydrogen atoms and three of the carbons from
the original piperazine portion of these molecules, this confirmation was based on studies
in the dimethoxybenzylpiperazines (N-4=H). The formation of the m/z 56 ion in the
previous series of dimethoxybenzylpiperazine (N-4=H) regioisomers involved an initial
migration of the hydrogen on nitrogen at N-4 to the tertiary N-1 nitrogen followed by a
radical site alpha cleavage initiated by the N-4 nitrogen to break the carbon-carbon bond
of the piperazine ring. The last step in the formation of the m/z 56 ion is the heterolytic
breaking of the N-1 to carbon bond to yield the CsHeN" cation. The equivalent
mechanistic pathway is illustrated for the N-4=CHs compounds in this study in Figure 6-
3.

The formation of the CsHsN™ m/z 56 ion for the N-4=CHs series of regioisomers
involves methyl group migration from N-4 to N-1 of the piperazine ring. The N-4=CDs
labeled form of 2,3-dimethoxybenzyl-N-methylpiperazine was prepared by reacting the
monosubstituted dimethoxybenzylpiperazine (N-4=H) with CDzsl. The mass spectrum for
this labeled compound is presented in Figure 6.4.A and shows that the m/z 56 species did
not undergo a mass shift as a result of the N-CDz group. Thus, the N4 methyl group is not
a part of the m/z 56 ion and indicates that the methyl group migration is consistent with
the N-H migration in the monosubstituted series [Abdel-Hay et al, 2013]. The use of
piperazine-Dg in the monosubstituted series produced a mass shift of +6 Da for the ion in
question yielding the C3DeN* cation at m/z 62. The mass spectrum for 2,3-
dimethoxybenzylpiperazine-Dg is shown in Figure 6-4.B. When the N4-methyl (CHz3)

group is added to the 2,3-dimethoxybenzylpiperazine-Ds the resulting mass spectrum
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Fig. 6-3. Mechanism for the formation of the m/z 56 cation in the six regioisomeric
dimethoxybenzyl-N-methylpiperazines.
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Fig. 6-4. Mass spectra for deuterium labeled 2,3-dimethoxybenzyl-N-methylpiperazines.
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(Figure 6-4.C) continues to show a mass shift of +6 Da for the C3DsN™ cation at m/z 62.
The mass spectrum for the 2,3-dimethoxybenzyl-N-CDs-piperazine-Dg in Figure 6.4.D
also shows the +6 Da mass shift for this ion further confirming the structure for this
characteristic fragment. The mass shifts for the molecular ions in Figure 6-4.A-D provide
validation of the structures of the labeled species. Furthermore, the fragment ions for the
individual piperazine species at m/z 102, 93, 107 and 110 in Figures 6-4.A-D respectively
confirm the position of the deuterium labels in the model compounds.

The mass spectrum for the 2,3-dimethoxybenzyl-N-methylpiperazine regioisomer
in Figure 6-1 as well as all the deuterium labeled derivatives of this compound in Figure
6-4 show a unique fragment at m/z 136. This ion does not undergo any deuterium
initiated mass shifts thus this fragment does not come from the piperazine portion of the
molecule. Exact mass analysis shows this ion to be CgHgO», a radical cation species. This
ion essentially represents the molecular equivalent of a methyl group loss from the m/z
151 cation to form a peak of intensity approximately equal to the base peak for 2,3-
dimethoxybenzyl regioisomer. Previous deuterium labeling studies in the
monosubstituted (N-4=H) dimethoxybenzylpiperazines [Abdel-Hay et al, 2013] showed
that the methyl group lost to form the m/z 136 species is from the methoxy group at the
3-position of the aromatic ring. The resonance stabilizing effects of the 2-methoxy group
favor the loss of the methyl group from the 3-position. A possible pathway for the
formation of the m/z 136 ion is shown in Figure 6-5. The mass spectrum in Figure 6-6
provides support that the fragmentation pathway for these N-methylpiperazines in this
study is equivalent to  the previously  reported monosubstituted

dimethoxybenzylpiperazines. The mass spectrum in Figure 6-6 is for the deuterium
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Fig. 6-6: Mass spectrum the benzylic carbon deuterium labeled 2,3-dimethoxybenzyl-N-
methylpiperazines.
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labeled benzylic carbon of 2,3-dimethoxybenzyl-N-methylpiperazine and the results
show a mass shift of +1 Da at m/z 137. These data indicate that the benzylic carbon
remains a part of the ion in question and leaves only the methyl group from one of the
two methoxy ring substituents as the source for the elimination fragmentation. Thus the
formation of the m/z 136 radical cation in this N-methylpiperazine series is the same as
the previously reported [Abdel-Hay et al, 2013] 2,3-dimethoxybenzylpiperazine series.
The deuterium labeling of the benzylic carbon followed the synthetic method for the six
N-methylpiperazines using sodium cyanoborodeuteride (NaBD3:CN) as the reducing
reagent.

The spectra for these six regioisomeric dimethoxybenzyl-N-methylpiperazines in
Figure 6-1 show two major high mass fragment ions at m/z 179 and m/z 192 of variable
relative abundance. A comparison of the fully deuterium labeled 2,3- dimethoxybenzyl-
N-methylpiperazine-D1: in Figure 6-4.D with the spectrum for the equivalent unlabeled
isomer in Figure 6-1 supports the proposed structures for the m/z 179 and m/z 192
fragments in Figure 6-2. Furthermore, the spectrum in Figure 6-4.D for the D11 derivative
supports the proposed structures for the minor high mass ions at m/z 206 and m/z 221

observed in many of the spectra in Figure 6-1.
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Gas Chromatographic Separation of the Dimethoxybenzyl-N-methylpiperazines
(DMBMPs)

Gas chromatographic separation of the dimethoxybenzyl-N-methylpiperazines was
accomplished using an Rtx-200 (100% trifluoropropyl methyl polysiloxane) stationary
phase in a capillary column (30m x 0.25mm) of 0.5-um film thickness. Several
temperature programs were evaluated and the most efficient program was used to
generate the representative chromatogram in Figure 6-7. The separations of the six
regioisomers was performed using a temperature program consisting of an initial hold at
100°C for 1.0 min, ramped up to 180°C at a rate of 9°C/min, held at 180°C for 2.0 min
then ramped to 200°C at a rate of 10°C/min and held at 200°C for 5.0 min. This
chromatogram shows the separation of the six dimethoxybenzyl-N-methylpiperazine
regioisomers in this study. The elution order appears related to the degree of substituent
crowding on the aromatic ring. Compounds 1 and 4 elute first and these two isomers
contain substituents arranged in a 1,2,3-pattern on the aromatic ring. Three isomers
(Compounds 2, 3 and 5) have two groups substituted 1,2 with one isolated substituent.
The 1,3,5-trisubstituted pattern in Compound 6 provides minimum intramolecular
crowding and elutes last in this group of compounds. The two compounds with maximum
crowding substituted in a 1,2,3 manner on the aromatic ring show the 2,3-dimethoxy
substitution pattern to elute first followed by the 2,6-dimethoxy isomer eluting second.
The relative position of the methoxy groups appears to determine the elution order in the
three compounds having two groups substituted in a 1,2 pattern. Within this group of

three compounds the first to elute is the 1,4-relationship for the two methoxy groups in
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compound 3. This is followed by the 1,3-pattern for compound 2 and lastly the 1,2-
pattern for compound 5.

In previous studies on the chromatographic properties of the monosubstituted
piperazines (N4=H), these secondary amines showed severe chromatographic tailing on a
number of stationary phases. This issue was overcome by acylation of the secondary
amine nitrogen with perfluoroacyl groups such as the pentafluoropropionyl group and
others. Adequate peak shape and resolution were obtained for these tertiary amines

(compounds 1-6) in this study.
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Fig. 6-7: Gas chromatographic separation of the six regioisomeric dimethoxybenzyl-N-
methylpiperazines.
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Conclusion

The six regioisomeric dimethoxybenzyl-N-methylpiperazines yield the same
fragment ions in their mass spectra. Deuterium labeling was successful in confirming the
elemental composition of the characteristic fragments in the mass spectra of all the
dimethoxybenzyl-N-methylpiperazines. ~ Mixtures of the dimethoxybenzyl-N-
methylpiperazines were successfully resolved via capillary gas chromatography using a
relatively polar stationary phase and temperature programming conditions. The elution
order appears related to the degree of substituent crowding on the aromatic ring with the
most crowded 1,2,3 substitution patterns eluting first and the highest retention for the

compound with minimum intramolecular crowding (the 1,3,5-trisubstitution pattern).
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Chapter 7

Regioisomeric Bromodimethoxybenzylpiperazines Related to the Designer
Substance 4-Bromo-2,5-dimethoxybenzylpiperazine:GC-MS and FTIR Analysis

A series of seven regioisomeric bromodimethoxybenzylpiperazines including
the designer benzylpiperazine (4-bromo-2,5-dimethoxybenzylpiperazine)  were
synthesized and their analytical profiles evaluated using GC-MS and FT-IR. The mass
spectra for the seven regioisomeric bromodimethoxybenzylpiperazines are almost
identical with only the two 2,3-dimethoxy isomers showing one unique major fragment
ion at m/z 214/216. Thus mass spectrometry alone does not provide for the confirmation
of identity of any one of the seven compounds to the exclusion of the other isomers.
Perfluoroacylation of the secondary amine nitrogen for each of the seven regioisomers
gave mass spectra showing some differences in the relative abundance of fragment ions
without the appearance of any unique fragments for specific confirmation of structure.
Attenuated total reflection infrared spectroscopy provides direct confirmatory data for the
differentiation between the seven regioisomeric aromatic ring substituted
bromodimethoxybenzylpiperazines. Mixtures of the seven piperazine PFPA derivatives
were successfully resolved via capillary gas chromatography using the relatively polar

stationary phase composed of 100% trifluoropropyl methyl polysiloxane.
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Mass spectral studies of the Bromodimethoxybenzylpiperazines

Mass spectrometry is the primary method for confirming the identity of drugs in
forensic samples. Figure 7-1 shows the El mass spectra of the seven regioisomeric
bromodimethoxybenzylpiperazines (Compounds 1-7). The mass spectra in Figure 7-1
indicate that very little structural information is available for differentiation among these
isomers since all the major fragment ions occur at equal masses. The common fragment
ions observed for the regioisomeric bromodimethoxy groups substituted on the aromatic
ring likely indicate that the piperazine ring is the initial source for most of the
fragmentation. The bromodimethoxybenzyl cation m/z 229/231 is the base peak in all
these spectra. The structures for some of the fragment ions in the unsubstituted aromatic
ring for benzylpiperazine BZP have been reported [de Boer et al, 2001] and labeling
experiments using ds-piperazine have provided additional confirmation for fragment ion
structures [Abdel-Hay et al, 2012]. Equivalent fragmentation pathways for the
bromodimethoxybenzylpiperazines (BrDMBPs) yield the fragment ions at m/z 272/274,
258/260, 257/259, 256/258, 229/231, 199/201, 85 and 56 as shown in Figures 7-1 and 7-
2. The structures for the fragments in the seven BrDMBPs regioisomers are likely
equivalent. These data indicate that mass spectrometry does not provide confirmation of
identity for an individual BrDMBP regioisomer except for the characteristic high relative
abundance ion at m/z 214/216 which appears to be specific for the two 2,3-dimethoxy
regioisomers (Compounds 1 and 2).

The proposed structure and mechanism for the formation of the unique m/z

214/216 CgH7BrO2 ion is shown in Figure 7-3. The suggested structure for this fragment
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Fig. 7-1: El mass spectra of the seven bromodimethoxybenzylpiperazines.
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involves loss of a methyl group from the meta methoxy-substituent of this crowded 1, 2,
3-trisubstituted aromatic ring. This characteristic fragment ion is equivalent to the m/z
136 ion in the mass spectrum of 2,3-dimethoxybenzylpiperazine. The proposed structure
and mechanism of formation of the characteristic m/z 136 ion was described in detail in a
previous report from our laboratory [Abdel-Hay et al, 2013]. The proposed structure for
the m/z 136 ion was supported by the mass spectra of the mono-, tri-, and hexa-deutero
labeled forms of this compound in addition to the exact mass analysis using GC-TOF-
MS. The ortho 3C- labeled form of the 2,3-DMBP confirmed that the methyl group loss
to yield the m/z 136 species is from the methoxy substituent at the 3-position as described

in the fragmentation scheme in Figure 7-3 [Abdel-Hay et al, 2013].

An additional fragmentation pathway which is observed for some of the ortho-
methoxy ring substituted compounds is described in Figure 7-4. Those
bromodimethoxybenzylpiperazines with the methoxy group in the ortho position relative
to the side chain often show a significant m/z 199/201 ion. This ion likely arises from the
loss of mass 30 (CH20) from the initial bromodimethoxybenzylic cation at m/z 229/231.
The m/z 199/201 ion only occurs in isomers having the methoxy group ortho to the
piperazine side chain and therefore the site of initial benzylic cation formation. These
ions are most prominent for compounds 4 and 7. This m/z 199/201 ion can be formed by
1,6-hydride shift (ortho effect) from a hydrogen of the ortho-methoxy group to the
benzylic cation followed by the loss of formaldehyde as in Figure 7-4. This fragment

occurs in all the mass spectra of the underivatized and PFPA derivatives of the ortho-
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methoxy BrDMBPs. This suggested mechanism for the loss of CH.O from the ortho-

methoxy benzyl cations was previously discussed [Maher et al, 2009].

HycO

HCHO

[Ty < S

HCO

[ :j/CHZ
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Fig. 7-4: Mechanism for the formation of the m/z 199/201 ion in the mass spectra of the

underivatized and derivatized 2-methoxy

bromodimethoxybenzylpiperazines.
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The second phase of this study involved the preparation and evaluation of
acylated derivatives of the seven regioisomeric bromodimethoxybenzylpiperazines in an
effort to individualize their mass spectra and identify marker ions that would allow
discrimination between these compounds.

The mass spectra for the seven pentafluoropropionyl amides are shown in Figure 7-
5. The pentafluoropropionyl derivatives were all evaluated for their ability to
individualize the mass spectra of each regioisomer to the exclusion of the other
regioisomeric compounds. The proposed fragmentation pathways for the PFPA
derivatives of the seven bromodimethoxybenzylpiperazines (BrDMBPs) are shown in
Figure 7-6. From these spectra, a common peak with high relative abundance occurs at
m/z 460/462, which corresponds to the molecular ions for these PFPA amides. Fragment
ions occurring at m/z 429/431 from the loss of a methoxy group from the molecular ion
and the (M-Br)" ion at m/z 381 are seen in many of the spectra in Figure 7-5. The ions at
m/z 229/31, 199/201 and 56 seen in the mass spectra of the parent piperazine species are
also present in these PFPA derivatives [Abdel-Hay et al, 2013]. Fragment ions at m/z
313/315 seen in all derivatized spectra are likely formed by the elimination of the acyl
moiety (M-C2FsCO)" from the corresponding derivative. A similar pathway yields ions at
(M-229)" from loss of the bromodimethoxybenzyl fragment from the other piperazine
nitrogen. Those ions occurring at m/z 119 are formed as a result of the formation of
pentafluoroethyl cations from the PFPA amides. The characteristic high relative
abundance ion at m/z 214/216 specific for the perfluoroacylated brominated 2,3-DMBPs
continue to be characteristic for this ring substitution pattern. Furthermore, the m/z 245

immonium cation fragment is present in a subset of these compounds but not apparently
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Fig. 7-5: MS spectra of pentafluoropropionyl derivatives of the seven piperazine
compounds.
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correlated with a specific structural feature. Thus, even acylation of the seven piperazines
does not give characteristic fragments that help to discriminate among the seven

regioisomers.

FTIR Spectroscopic Study of the Bromodimethoxybenzylpiperazine

Attenuated total reflection fourier transform infrared spectroscopy (IR) was evaluated
for differentiation among the seven regioisomeric BrDMBPs. This method has the
possibility of yielding compound specificity without the need for chemical modification
of the drug molecule. The IRs for the seven underivatized piperazines are shown in
Figure 7-7. Each compound shows an IR spectrum with absorption bands in the regions
700 — 1700 cm®and 2700 — 3100 cm™. In general, variations in the ring substitution
pattern with no change in the side chain composition results in variations in the IR
spectrum in the region 700 — 1700 cm™ [Kempfert, 1988 ]. Because the seven piperazines
share the same side chain, they share almost the same IR features in the region 2700 —
3100 cm™®. However, they can be easily differentiated by the positions and intensities of
several absorption bands in the region of 750 — 1750 cm™.

Compound 1 is characterized by the strong intensity band at 1471 cm™ which is split
into peaks of equal intensity at 1593 and 1456 cm™ in compound 2. This isomer also has
another medium intensity doublet at 1286 and 1273 cm shifted to a singlet at 1249 cm™*
in the IR spectrum of compound 2. Finally, the IR spectrum of compound 1 shows a
strong band at 1128 cm™* which is shifted to 1028 cm™ in compound 3 and to 1035 cm*

in compound 4. Compound 7 can be distinguished by the relatively strong IR band at
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1519 cm™ which is shifted to a strong intensity peak at 1486 cm™ in compound 6, a
strong doublet at 1506 and 1471 cm™ in compound 5. The IR spectrum of compound 5
can be distinguished by a singlet of strong intensity appearing at 1127 cm™ compared to a
peak of strong intensity at 1035 cm™ in compound 4, a strong singlet at 1185 cm™ in
compound 6 and a band of medium intensity at 1190 cm™ in compound 7.

This study shows that infrared spectra provide useful data for differentiation among
these regioisomeric piperazines of mass spectral equivalence. Mass spectrometry
establishes these compounds as having an isomeric relationship of equal molecular
weight and equivalent major fragment ions. Infrared absorption bands provide
distinguishing and characteristic information to individualize the regioisomers in this set
of uniquely similar compounds. Thus, FTIR readily discriminates between the members

of this limited set of regioisomeric bromodimethoxybenzylpiperazine compounds.
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Fig. 7-7: ATR FTIR spectra of the seven bromodimethoxybenzylpiperazines.
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Gas Chromatographic Separation of the Bromodimethoxybenzylpiperazines

Gas chromatographic separation of the derivatized piperazines was accomplished
on an Ritx-200 (100% trifluoropropyl methyl polysiloxane) stationary phase using a
capillary column (30m x 0.25mm, 0.5-um film thickness). Several temperature programs
were evaluated, and the best compromise between resolution and analysis time was used
to generate the final chromatogram in Figure 7-8. This chromatogram shows the
separation of the PFPA derivatives of the seven bromodimethoxybenzylpiperazines. This
separation required an analysis time of over forty minutes. The elution order of the seven
bromopiperazines is related to the degree of substituent crowding on the aromatic ring.
Compound 1 elutes first and this regioisomer has the most crowded ring with the four
substituents arranged in a 1,2,3,4 pattern on the ring. Three isomers (Compounds 2, 5 and
6) have three groups substituted 1,2,3 with one isolated substituent. Both compounds 2
and 6 have bromine as the isolated substituent and elute after compound 1. Compound 5
follows compounds 1, 6 and 2 in the elution order and has the piperazine-containing side
chain as the isolated substituent. The 1,2,4,5-substituted pattern in Compounds 3, 4 and 7
provides minimum intramolecular crowding and elute last in this group of compounds. In
this final group, compound 3 elutes earlier than the two compounds (4 and 7) and these
latest eluents have in common the bromine ortho to a methoxy group or the aromatic ring.
Compound 4 shows chromatographic elution properties most similar to the known street
drug of abuse; compound 7. Under some experimental conditions these compounds could
display very similar retention (i.e. coelution). The mass spectra for the PFPA forms of
these two compounds show some ions which could be used for differentiation.

Compound 7 shows a higher relative abundance for (M-31)" loss of a methoxy group as
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well as a much more significant ion at m/z= 245 for the immonium cation. These ions are
not observed in appreciable abundance for compound 4 as well as the next closest eluting

isomer; compound 3.
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Fig. 7-8: Gas chromatographic separation of the pentafluoropropionyl derivatives of the
bromodimethoxybenzylpiperazines using Rtx-200 column.
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Conclusion

The seven regioisomeric bromodimethoxybenzylpiperazines vyield the same
fragment ions in their mass spectra even after perfluoroacylation with only the two 2,3-
dimethoxy isomers showing one unique major fragment ion at m/z 214/216.
Perfluoroacylation of the secondary amine nitrogen for each of the seven regioisomers
gave mass spectra showing some differences in the relative abundance of fragment ions
without the appearance of any unique fragments for specific confirmation of structure.
ATR FTIR analysis yields unique and characteristic infrared spectra for these
regioisomeric piperazines. These spectra allow discrimination among the seven
regioisomeric compounds included in this study. This differentiation was accomplished
without the need for chemical derivatization. Mixtures of the seven piperazines were
successfully resolved via capillary gas chromatography using the relatively polar

stationary phase (Rtx-200) composed of 100% trifluoropropyl methyl polysiloxane.

182

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



References

D. de Boer, 1. J. Bosman, E. Hidvégi, C. Manzoni, A. A. Benkd, L. J. A. L. dos Reys, R.
A. A. Maes, Piperazine-like compounds: a new group of designer drug-of-abuse on the
European Market, Forensic Science International 121 (2001) 47-56.

Abdel-Hay, K.M., DeRuiter, J. and Clark, C. GC-MS and GC-IRD Studies on the Six
Ring Regioisomeric Dimethoxybenzylpiperazines (DMBPs). Drug Testing and Analysis,
5 (2013) 560-572. DOI:10.1002/dta.1417

Abdel-Hay, K.M., DeRuiter, J. and Clark, C. Differentiation of methylbenzylpiperazines
(MBPs) and benzoylpiperazine (BNZP) using GC-MS and GC-IRD. Drug Testing and
Analysis 4(6) (2012) 441-448.

Maher, H.M., Awad, T., DeRuiter, J. Clark, C.R. GC-MS and GC-IRD studies on
Dimethoxyamphetamines (DMA): Regioisomers Related to 2,5-DMA, Forensic Sci. Int.
192 (2009) 115-125.

Kempfert, K. Forensic Drug Analysis by GC/FT-IR. Applied Spectroscopy 42 (1988)
845-849.

183

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



Chapter 8

GC-MS Studies on the Ring Regioiomeric Fluorobenzylpiperazines (FBPs)

Three ring substituted fluorobenzylpiperazines (FBPs) have equal mass and many
common mass spectral fragment ions. Perfluoroacylation of the secondary amine nitrogen
of these isomeric piperazines gave mass spectra with differences in relative abundance of
some fragment ions but acylation does not alter the fragmentation pathway and did not

provide additional MS fragments of discrimination among these isomers.

The underivatized and perfluoroacyl derivatives of these three piperazines were

resolved on a stationary phase of 100% trifluoropropyl methyl polysiloxane (Rtx-200).
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Mass Spectral Studies of the Fluorobenzylpiperazines (FBPs)

Figure 8-1 shows the EI mass spectra of all three isomeric piperazines (Compounds
1-3) in this study. The ions of significant relative abundance common to the three isomers
likely arise from fragmentation of the piperazine ring. The mass spectra of the three
piperazines show fragment ions at m/z 152, 138, 109, 85 and 56 as well as other ions of
low relative abundance. The proposed structures of these ions are shown in Figure 8-2
and are based in part on a previous report describing the fragmentation of unsubstituted
benzylpiperazine [de Boer et al, 2001]. The mass spectra for the ring substituted

fluorobenzylpiperazines (Compounds 1-3)
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Fig. 8-1: EIl mass spectra of the three fluorobenzylpiperazines.
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are essentially identical. The trifluoroacetyl, pentafluoropropionyl and heptafluorobutryl
derivatives of the secondary nitrogen were all evaluated for their ability to individualize
the mass spectra in this series of substituted piperazines. Figure 8-3 shows the mass
spectra of the heptafluorobutryl amides of the three compounds as representatives of all
the perfluoroacylated piperazines. The molecular ions for TFA, PFPA and HFBA amides
yield peaks of high relative abundance at m/z 290, 340 and 390, respectively. The major
fragment ion in these spectra occurs at m/z 109 and corresponds to the fluoro substituted
benzyl cations. Furthermore, an additional fragment ion series occurring at m/z 181, 231
and 281 for the TFA, PFPA and HFBA amides respectively corresponds to the (M-109)*
ion for each amide. The ion at m/z 193 was observed in the spectra of all derivatives and
is likely formed by the elimination of the perfluoroacyl moiety. Those ions occurring at
m/z 69, 119 and 169 are the perfluoroalkyl cations trifluoromethyl, pentafluoroethyl or
heptafluoropropyl from the appropriate amides. These studies show that chemical
derivatization (perfluoroacylation) does not offer any major additional marker ions to
allow identification of one compound to the exclusion of the other in this series of

isomeric piperazine compounds.
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Fig. 8-3: Mass spectra of heptafluorobutryl derivatives of the three
fluorobenzylpiperazine compounds.
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Gas Chromatographic Separation of the Fluorobenzylpiperazines (FBPs)

Gas chromatographic separation of the underivatized and derivatized piperazines was
accomplished on a capillary column of dimensions 30 m x 0.25 mm and 0.5-um film
depth of 100% trifluoropropyl methyl polysiloxane (Rtx-200). The separation of the
HFBA derivatives was performed using a temperature program consisting of an initial
hold at 100°C for 1.0 min, ramped up to 180°C at a rate of 12°C/min, held at 180°C for
2.0 min then ramped to 200°C at a rate of 10°C/min and held at 200°C for 5.0 min. The
chromatogram in Figures 8-4 is a representatives of the results obtained for all samples
on this stationary phase.

In Figure 8-4 the HFBA derivatives of the three fluorobenzylpiperazines eluted in
the order of 2, 3, 4-fluorobenzylpiperazine. The perfluoroacylated derivatives did not
provide any additional mass spectral discrimination among the three isomers. However,
perfluoroacylation offered marked improvement in the chromatographic resolution

compared to the underivatized piperazines.
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Fig. 8-4: Gas chromatographic separation of the heptafluorobutyryl derivatives of FBPs
using Rtx-200 column. The number over the peak represents the compound number.
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Conclusion

The three regioisomeric fluorobenzylpiperazines have a regioisomeric relationship
to each other. These three piperazines yield very similar fragment ions in their mass
spectra. Chemical derivatization (perfluoroacylation) did not offer any additional unique
marker ions to allow identification of one compound to the exclusion of the others. The

three piperazines were successfully resolved on the GC stationary phase Rtx-200.
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Chapter 9

Differentiation of the Chlorobenzylpiperazines (CIBPs) by GC-IRD and GC-MS

Three ring substituted chlorobenzylpiperazines (CIBPs) have equal mass and many
common mass spectral fragment ions. Perfluoroacylation of the secondary amine nitrogen
of these isomeric piperazines gave mass spectra with differences in relative abundance of
some fragment ions but acylation does not alter the fragmentation pathway and did not

provide additional MS fragments of discrimination among these isomers.

Gas chromatography coupled with infrared detection (GC-IRD) provides direct
confirmatory data for the structural differentiation between the three isomers. The mass
spectra in combination with the vapor phase infrared spectra provide for specific
confirmation of each of the isomeric piperazines. The underivatized and perfluoroacyl
derivatives of these three piperazines were resolved on a stationary phase of 100%

trifluoropropyl methyl polysiloxane (Rtx-200).
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Mass Spectral Studies of the Chlorobenzylpiperazines (CIBPS)

Figure 9-1 shows the EI mass spectra of all three isomeric piperazines (Compounds
1-3) in this study. The ions of significant relative abundance common to the three isomers
likely arise from fragmentation of the piperazine ring. The mass spectra of the three
piperazines show fragment ions at m/z 168, 154, 125, 85 and 56 as well as other ions of
low relative abundance. The proposed structures of these ions are shown in Figure 9-2
and are based in part on a previous report describing the fragmentation of unsubstituted
benzylpiperazine [de Boer et al, 2001]. The mass spectra for the ring substituted

chlorobenzylpiperazines (Compounds 1-3)
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Fig. 9-1: EIl mass spectra of the three chlorobenzylpiperazines.
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are essentially identical. The trifluoroacetyl, pentafluoropropionyl and heptafluorobutryl
derivatives of the secondary nitrogen were all evaluated for their ability to individualize
the mass spectra in this series of substituted piperazines. Figure 9-3 shows the mass
spectra of the pentafluoropropionyl amides of the three compounds as representatives of
all the perfluoroacylated piperazines. The molecular ions for TFA, PFPA and HFBA
amides yield peaks of high relative abundance at m/z 306, 356 and 406, respectively. The
major fragment ion in these spectra occurs at m/z 125 and corresponds to the chloro
substituted benzyl cations. Furthermore, an additional fragment ion series occurring at
m/z 181, 231 and 281 for the TFA, PFPA and HFBA amides respectively corresponds to
the (M-125)" ion for each amide. The ion at m/z 209 was observed in the spectra of all
derivatives and is likely formed by the elimination of the perfluoroacyl moiety. Those
ions occurring at m/z 69, 119 and 169 are the perfluoroalkyl cations trifluoromethyl,
pentafluoroethyl or heptafluoropropyl from the appropriate amides. These studies show
that chemical derivatization (perfluoroacylation) does not offer any major additional
marker ions to allow identification of one compound to the exclusion of the other in this

series of isomeric piperazine compounds.
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Vapor-phase Infra-Red Spectrophotometry of the Chlorobenzylpiperazines (CIBPS)

Infrared spectrometry is often used as a confirmatory method for drug identification
in forensic drug analysis. Gas-chromatography with infrared detection (GC-IRD) was
evaluated for differentiation among the three piperazines. Infrared detection should
provide compound specificity without the need for chemical modification of the drug
molecule. The vapor-phase infrared spectra for the three underivatized piperazines are
shown in Figure 9-4. The spectra were generated in the vapor-phase following sample
injection into the gas chromatograph and each compound shows a vapor-phase IR
spectrum with absorption bands in the regions 700 — 1700 cmtand 2700 — 3100 cm™.
In general, variations in the ring substitution pattern with no change in the side chain
composition results in variations in the IR spectrum in the region 700 — 1700 cm™.
Because the four piperazines share the same side chain (piperazine ring), they share
almost the same IR features in the region 2700 — 3100 cm™. However, they can be easily
differentiated by the positions and intensities of several IR peaks in the region of 750 —
1620 cm™.

The three ring substituted chlorobenzylpiperazines share almost the same IR
features in the region of 2700 — 3100 cm™. However, they can be differentiated by the
positions and intensities of several IR peaks in the region of 650 — 1700 cm™. Compound
3 shows a strong singlet at 1493 cm™ which is shifted to a weak intensity singlet at 1447
cm* in compound 1. Compound 2 shows a medium peak at 1134 cm™ which is shifted to
a peak at 1138 cm™ in compound 1 and to a doublet at 1131, 1096 cm™ in compound 3.

These results provide an excellent illustration of the value of vapor phase IR confirmation

201

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



for the isobaric and regioisomeric compounds in this study. The generated IR spectra

show significant differences in the major bands for these three compounds.
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Fig. 9-4: Vapor phase IR spectra of the three chlorobenzyl piperazines.
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Gas Chromatographic Separation of the Chlorobenzylpiperazines (CIBPs)

Gas chromatographic separation of the underivatized and derivatized piperazines was
accomplished on a capillary column of dimensions 30 m x 0.25 mm and 0.5-um film
depth of 100% trifluoropropyl methyl polysiloxane (Rtx-200). The separation of the TFA
and PFPA derivatives was performed using a temperature program consisting of an initial
hold at 100°C for 1.0 min, ramped up to 180°C at a rate of 12°C/min, held at 180°C for
2.0 min then ramped to 200°C at a rate of 10°C/min and held at 200°C for 5.0 min. The
chromatograms in Figures 9-5 and 9-6 are representatives of the results obtained for all
samples on this stationary phase.

In Figures 9-5 and 9-6 the TFA and PFPA derivatives of the three
chlorobenzylpiperazines eluted in the order of 2, 3, 4-chlorobenzylpiperazine. The
perfluoroacylated derivatives did not provide any additional mass spectral discrimination
among the three isomers. However, perfluoroacylation offered marked improvement in

the chromatographic resolution compared to the underivatized piperazines.
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Fig. 9-5: Gas chromatographic separation of the trifluoroacetyl derivatives of CIBPs
using Rtx-200 column. The number over the peak represents the compound number.
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Conclusion

The three regioisomeric chlorobenzylpiperazines have a regioisomeric relationship
to each other. These three piperazines yield very similar fragment ions in their mass
spectra Chemical derivatization (perfluoroacylation) did not offer any additional unique
marker ions to allow identification of one compound to the exclusion of the others. GC-
IRD offered unique and characteristic IR spectra that allowed the discrimination among
these compounds in the region between 650-1700 cm™. The three piperazines were

successfully resolved on the GC stationary phase Rtx-200.
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Chapter 10

GC-MS Studies on the Ring Regioiomeric Bromobenzylpiperazines (BrBPs)

Three ring substituted bromobenzylpiperazines (BrBPs) have equal mass and many
common mass spectral fragment ions. Perfluoroacylation of the secondary amine nitrogen
of these isomeric piperazines gave mass spectra with differences in relative abundance of
some fragment ions but acylation does not alter the fragmentation pathway and did not

provide additional MS fragments of discrimination among these isomers.

The underivatized and perfluoroacyl derivatives of these three piperazines were

resolved on a stationary phase of 100% trifluoropropyl methyl polysiloxane (Rtx-200).
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Mass Spectral Studies of the Bromobenzylpiperazines (BrBPs)

Figure 10-1 shows the EI mass spectra of all three isomeric piperazines
(Compounds 1-3) in this study. The ions of significant relative abundance common to the
three isomers likely arise from fragmentation of the piperazine ring. The mass spectra of
the three piperazines show fragment ions at m/z 212/214, 198/200, 169/171, 85 and 56 as
well as other ions of low relative abundance. The proposed structures of these ions are
shown in Figure 10-2 and are based in part on a previous report describing the
fragmentation of unsubstituted benzylpiperazine [de Boer et al, 2001]. The mass spectra

for the ring substituted bromobenzylpiperazines (Compounds 1-3)

208

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



Abundance

m/z-->

7000000
6500000
6000000
5500000
5000000
4500000
4000000
3500000
3000000
2500000
2000000
1500000
1000000
500000
0

Abundance

m/z-->

6500000
6000000
5500000
5000000
4500000
4000000
3500000
3000000
2500000
2000000
1500000
1000000

500000

0

56.1

4001 H
i il

Br

Average of 4.701 to 4.830 min.:

N NH
@ —

118.1

146.2

169.1

120904-15.D\data.ms

212.1

254.2

40

)
40 60

Br
o

56.1

1
[N}

74.1
pllpdll

90.1

L it

‘J”NWW“JMJ
80

100

A
120

140

Average of 4.754 to 4.894 min.: 120904-16.D\data.ms

90

N N
2)

H

169.1

212.1

Jih, 237:2
5ty

254.2

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)

4

I
0 60

220

240

and do not necessarily reflect the official position or policies of the U.S. Department of Justice.

209



Abundance

Average of 4.835 to 4.870 min.: 120904-17.D\data.ms

7500000 169.1

212.1
7000000

6500000 N/ \NH
6000000 //[::::r?;; \ /
5500000 Br

5000000
4500000
4000000
3500000
3000000 56.1 90.1
2500000
254.2
2000000

1500000

500000

1000000
1 ‘ |

133.2 196.i
117.1
. 74.1
0 40\\\]\'\ Il HH \“\ TR . m i M‘ 152.1 M L. H‘H\ H‘ M\ 287,1 “‘
—— e S B S B bl s e S B e T

I I
40 60 80 100 120 140 160 180 200 220 240

m/z-->

Fig. 10-1: EI mass spectra of the three bromobenzylpiperazines.
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are essentially identical. The trifluoroacetyl, pentafluoropropionyl and heptafluorobutryl
derivatives of the secondary nitrogen were all evaluated for their ability to individualize
the mass spectra in this series of substituted piperazines. Figure 10-3 shows the mass
spectra of the heptafluorobutryl amides of the three compounds as representatives of all
the perfluoroacylated piperazines. The molecular ions for TFA, PFPA and HFBA amides
yield peaks of high relative abundance at m/z 350, 400 and 450, respectively. The major
fragment ion in these spectra occurs at m/z 169/171 and corresponds to the bromo
substituted benzyl cations. Furthermore, an additional fragment ion series occurring at
m/z 181, 231 and 281 for the TFA, PFPA and HFBA amides respectively corresponds to
the (M-169)" ion for each amide. The ion at m/z 253 was observed in the spectra of all
derivatives and is likely formed by the elimination of the perfluoroacyl moiety. Those
ions occurring at m/z 69, 119 and 169 are the perfluoroalkyl cations trifluoromethyl,
pentafluoroethyl or heptafluoropropyl from the appropriate amides. These studies show
that chemical derivatization (perfluoroacylation) does not offer any major additional
marker ions to allow identification of one compound to the exclusion of the other in this

series of isomeric piperazine compounds.
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Fig. 10-3: Mass spectra of heptafluorobutryl derivatives of the three
bromobenzylpiperazine compounds.
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Gas Chromatographic Separation of the Bromobenzylpiperazines (BrBPs)

Gas chromatographic separation of the underivatized and derivatized piperazines was
accomplished on a capillary column of dimensions 30 m x 0.25 mm and 0.5-um film
depth of 100% trifluoropropyl methyl polysiloxane (Rtx-200). The separation of the
HFBA derivatives was performed using a temperature program consisting of an initial
hold at 100°C for 1.0 min, ramped up to 180°C at a rate of 12°C/min, held at 180°C for
2.0 min then ramped to 200°C at a rate of 10°C/min and held at 200°C for 5.0 min. The
chromatogram in Figures 10-4 is a representatives of the results obtained for all samples
on this stationary phase.

In Figure 10-4 the HFBA derivatives of the three bromobenzylpiperazines eluted in
the order of 2, 3, 4-bromobenzylpiperazine. The perfluoroacylated derivatives did not
provide any additional mass spectral discrimination among the three isomers. However,
perfluoroacylation offered marked improvement in the chromatographic resolution

compared to the underivatized piperazines.

214

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



Abundance
8500000 TIC:130415-18.D\data.ms
8000000
7500000
7000000 1
6500000
6000000
5500000
5000000
4500000
4000000
3500000
3000000 2
2500000
2000000 3
1500000

1000000
500000

—— T T T T T T T T T T e
14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00
Time-->

Fig. 10-4: Gas chromatographic separation of the heptafluorobutyryl derivatives of
BrBPs using Rtx-200 column. The number over the peak represents the compound
number.
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Conclusion

The three regioisomeric bromobenzylpiperazines have a regioisomeric relationship
to each other. These three piperazines yield very similar fragment ions in their mass
spectra. Chemical derivatization (perfluoroacylation) did not offer any additional unique
marker ions to allow identification of one compound to the exclusion of the others. The

three piperazines were successfully resolved on the GC stationary phase Rtx-200.
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Chapter 11

Differentiation of the Methoxybenzylpiperazines (OMeBPs) by GC-IRD and GC-
MS

Three ring substituted methoxybenzylpiperazines (OMeBPs) have equal mass and
many common mass spectral fragment ions. Perfluoroacylation of the secondary amine
nitrogen of these isomeric piperazines gave mass spectra with differences in relative
abundance of some fragment ions but acylation does not alter the fragmentation pathway

and did not provide additional MS fragments of discrimination among these isomers.

Gas chromatography coupled with infrared detection (GC-IRD) provides direct
confirmatory data for the structural differentiation between the three isomers. The mass
spectra in combination with the vapor phase infrared spectra provide for specific
confirmation of each of the isomeric piperazines. The underivatized and perfluoroacyl
derivatives of these three piperazines were resolved on a stationary phase of 100%

trifluoropropyl methyl polysiloxane (Rtx-200).
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Mass spectral studies of the underivatized and perfluoroacylated derivatives of
Methoxybenzylpiperazines (OMeBPs)

Mass spectrometry is the primary method for confirming the identity of drugs in
forensic samples. Figure 11-1 shows the EI mass spectra of all three isomeric piperazines
(Compounds 1-3) in this study. The ions of significant relative abundance common to the
three isomers likely arise from fragmentation of the piperazine ring. The mass spectra of
the three piperazines show fragment ions at m/z 164, 150, 121, 91, 85 and 56 as well as
other ions of low relative abundance. The proposed structures of these ions are shown in
Figure 11-2 and are similar to a previous report describing the fragmentation of
unsubstituted benzylpiperazine [de Boer et al, 2001]. The mass spectra for the ring
substituted methoxybenzylpiperazines (Compounds 1-3) have almost identical mass
spectra to each other. An additional fragmentation pathway similar to that described
before in chapter 3 which is characteristic for the ortho-methoxy ring substituted
compound (compound 1) is described in Figure 11-3. This compound with the methoxy
group in the ortho position relative to the side chain is characterized by a significant m/z
91 ion. This ion likely arises from the loss of mass 30 (CH20) from the initial
methoxybenzylic cation at m/z 121. The m/z 91 ion is most abundant when the methoxy
group is ortho to the piperazine side chain and therefore the site of initial benzylic cation
formation in Compound 1. This m/z 91 ion can be formed by 1,6-hydride shift (ortho
effect) from a hydrogen of the ortho-methoxy group to the benzyl cation followed by the

loss of formaldehyde as in Figure 11-3.
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regioisomers of the methoxybenzylpiperazines

The second phase of this study involved the preparation and evaluation of
perfluoroacyl derivatives of the isomeric piperazines, in an effort to individualize their
mass spectra and identify additional unique marker ions for differentiation among these
three compounds. The trifluoroacetyl, pentafluoropropionyl and heptafluorobutryl
derivatives of the secondary nitrogen were all evaluated for their ability to individualize
the mass spectra in this series of substituted piperazines. Figure 11-4 shows the mass
spectra of the trifluoroacetyl amides of the three compounds as representatives of all the
perfluoroacylated piperazines. The molecular ions for TFA, PFPA and HFBA amides
yield peaks of high relative abundance at m/z 302, 352 and 402, respectively. The major
fragment ion in these spectra occurs at m/z 121 and corresponds to the methoxy
substituted benzyl cations. Furthermore, an additional fragment ion series occurring at
m/z 181, 231 and 281 for the TFA, PFPA and HFBA amides respectively corresponds to
the (M-121)" ion for each amide. The ion at m/z 205 was observed in the spectra of all
derivatives and is likely formed by the elimination of the perfluoroacyl moiety. Those

ions occurring at m/z 69, 119 and 169 are the perfluoroalkyl cations trifluoromethyl,
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pentafluoroethyl or heptafluoropropyl from the appropriate amides. These studies show
that chemical derivatization (perfluoroacylation) does not offer any major additional
marker ions to allow identification of one compound to the exclusion of the other in this

series of isomeric piperazine compounds.
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This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.

224



Vapor-phase Infra-Red Spectrophotometric Studies of the the
Methoxybenzylpiperazines (OMeBPs)

Infrared spectrometry is often used as a confirmatory method for drug identification
in forensic drug analysis. Gas-chromatography with infrared detection (GC-IRD) was
evaluated for differentiation among the three piperazines. Infrared detection should
provide compound specificity without the need for chemical modification of the drug
molecule. The vapor-phase infrared spectra for the three underivatized piperazines are
shown in Figure 11-5. The spectra were generated in the vapor-phase following sample
injection into the gas chromatograph and each compound shows a vapor-phase IR
spectrum with absorption bands in the regions 700 — 1700 cm™ and 2700 — 3100 cm™. In
general, variations in the ring substitution pattern with no change in the side chain
composition results in variations in the IR spectrum in the region 700 — 1700 cm™.
Because the three piperazines share the same side chain (piperazine ring), they share
almost the same IR features in the region 2700 — 3100 cm™. However, they can be easily
differentiated by the positions and intensities of several IR peaks in the region of 750 —
1620 cm™,

Compound 3 shows a strong singlet at 1513 cm™ which is shifted to a weak
intensity doublet at 1489 cm™, 1455 cm™ in compounds 1 and 2. Compound 2 shows a
medium peak at 1164 cm™ which is shifted to a peak at 1134 cm™ in compound 1 and to
peak at 1173 cm™ in compound 3. Compound 2 also has a medium intensity peak at 1609
cm* which is absent in compounds 1 and 3. These results provide an excellent illustration

of the value of vapor phase IR confirmation for the three regioisomeric compounds in this

225

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



Transmittance

study. The generated IR spectra show significant differences in the major bands for these

three compounds.

IRDATA.SPC: 9.03 minutes: AVE (8.96: 9.82) Ref. (6.24: 6.82) of
100129-JDMIRDATA.CGM

1004 '*H"W‘\'*'_"_"_‘\ P Ty N\ “\r
L 14
' ] /\ |
58 S g| L
e - % ||g
H <&
8 Y EH
§ 96— § =
= 3 S |
2 &
S [{e]
E OCHs | 0
94 I\ N
(1) N NH I
| \ / i
N
92 &
N
T T T T
4000 3000 2000 1000
Wavenumbers
IRDATA.SPC: 9.35 minutes: AVE (9.22: 9.68) Ref (7.26: 9.10) of
100129-K.DIRDATA.CGM
100~ e [
A4 ™
~
o
[gp]{e)
o
o
904 «
—
~ o
i [{e)
o] —
N |
804 HaCO /N8
A G
__/
N
wn
(o]
[9V]
T T T T
4000 3000 2000 1000

Wavenumbers

226
This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



Transmittance

IRDATA.SPC: 9.36 minutes: AVE (9.32: 9.89) Ref. (6.97: 9.25) of
100129-L.DNIRDATA.CGM

1004 W-"W"‘"‘""—‘"—'_“\\\] ,,fr__‘“_‘ _'“-—"_“"'\‘NW { "\
N
s el g 2
< | 5 S o
| 1= F
!
2
N
96—
| 3 N NH |
% 3) /©/\ / -
HyCO |
—
S
94 N
T T T T
4000 3000 2000 1000

Wavenumbers

Fig. 11-5: Vapor phase IR spectra of the three methoxybenzylpiperazines.
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Gas Chromatographic Separation of the Methoxybenzylpiperazines (OMeBPs)

Gas chromatographic separation of the underivatized and derivatized piperazines
was accomplished on a capillary column of dimensions 30 m x 0.25 mm and 0.5-pum film
depth of 100% trifluoropropyl methyl polysiloxane (Rtx-200). The separation of the TFA
and PFPA derivatives was performed using a temperature program consisting of an initial
hold at 100°C for 1.0 min, ramped up to 180°C at a rate of 12°C/min, held at 180°C for
2.0 min then ramped to 200°C at a rate of 10°C/min and held at 200°C for 5.0 min.

In Figures 11-6 and 11-7 the TFA and PFPA derivatives of the three
methoxybenzylpiperazines eluted in the order of 2, 3, 4-methoxybenzylpiperazine. The
perfluoroacylated derivatives did not provide any additional mass spectral discrimination
among the three isomers. However, perfluoroacylation offered marked improvement in

the chromatographic resolution compared to the underivatized piperazines.
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Conclusion

The three regioisomeric methoxybenzylpiperazines have a regioisomeric
relationship to each other. These three piperazines yield very similar fragment ions in
their mass spectra Chemical derivatization (perfluoroacylation) did not offer any
additional unique marker ions to allow identification of one compound to the exclusion of
the others. GC-IRD offered unique and characteristic IR spectra that allowed the
discrimination among these compounds in the region between 650-1700 cm™. The three

piperazines were successfully resolved on the GC stationary phase Rtx-200.
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SECTION Il Benzoylpiperazines

The benzoylpiperazines can be viewed as more closely related to the carbonyl containing
amines such as the cathinone or bath salts type compounds. While the amide structural
feature in these benzoylpiperazines eliminates basicity for the N-1 nitrogen the N-4
nitrogen remains unmodified and allows these molecules to continue to show appropriate
basicity. This series of compounds are prepared via monoacylation of piperazine with a
reactive carboxylic acid equivalent such as an ester or acylhalide. In this work the
benzoylpiperazines were synthesized from piperazine and a ring substituted benzoyl
chloride. Many of these benzoyl chlorides are commercially available and others can be
prepared from appropriately ring substituted benzoic acids, aldehydes or benzyl alcohols.
The benzoylpiperazine series includes a number of monosubstituted aromatic ring
products; the three regioisomeric methyl-, trifluoromethyl-, and methoxy-substituted
piperazines. For the disubstituted aromatic ring derivatives the six dimethoxy and the two
methylenedioxypiperazines were evaluated. In addition we prepared a series of tertiary
amines, the N-1-benzoyl-N-4-methylpiperazines, based on the commercial availability of
the precursor, N-methylpiperazine. The secondary amines were also evaluated as the
perfluoroacyl derivatives however the tertiary amines do not form stable acylated

products.
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The additional site for ionization at the carbonyl oxygen in the EI fragmentation for these
compounds adds some uniqueness to the mass spectra for this series. A number of
significant fragments occur as a result of bond migration and rearrangements across the
piperazine ring from the N-4 nitrogen to the carbonyl oxygen of the amide group. These
ions and the potential mechanisms for their formation were determined by deuterium
labeling of multiple sites within the molecules. The benzoyl cation and the protonated
primary amide are characteristic fragments in this series. The specific mass for these
fragments depends on the nature of the aromatic ring substituents. The primary amide
occurs via multiple hydrogen migrations from the piperazine ring to the amide functional
group. This series of compounds also shows unique IR bands due to the carbonyl feature
of the amides for these benzoylpiperazines. The acylated sets of regioisomeric
equivalents were resolved by GC and the relative elution order described in some cases

based on structural features.
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Chapter 12

Differentiation of Methylbenzylpiperazines (MBPs) and Benzoylpiperazine (BNZP)
using GC-IRD and GC-MS

Three ring substituted methylbenzylpiperazines (MBPs) and their isobaric
benzoylpiperazine (BNZP) have equal mass and many common mass spectral fragment
ions. The mass spectrum of the benzoylpiperazine yields a unique fragment at m/z 122
that allows its discrimination from the three methylbenzylpiperazine regioisomers.
Perfluoroacylation of the secondary amine nitrogen of these isomeric piperazines gave
mass spectra with differences in relative abundance of some fragment ions but acylation
does not alter the fragmentation pathway and did not provide additional MS fragments of

discrimination among these isomers.

Gas chromatography coupled with infrared detection (GC-IRD) provides direct
confirmatory data for the structural differentiation between the four isomers. The mass
spectra in combination with the vapor phase infrared spectra provide for specific
confirmation of each of the isomeric piperazines. The underivatized and perfluoroacyl
derivatives of these four piperazines were resolved on a stationary phase of 100%
trifluoropropyl methyl polysiloxane (Rtx-200). Gas chromatography coupled with time-
of-flight mass spectrometry provides an additional means of differentiating between the
isobaric methylbenzylpiperazine and benzoylpiperazine which have equivalent nominal

masses but are different in their elemental composition and exact masses.
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Mass spectral studies of the underivatized and perfluoroacylated derivatives of
Methylbenzylpiperazines (MBPs) and Benzoylpiperazine (BNZP)

Mass spectrometry is the primary method for confirming the identity of drugs in
forensic samples. Figure 12-1 shows the EI mass spectra of all four isomeric piperazines
(Compounds 1-4) in this study. The ions of significant relative abundance common to the
four isomers likely arise from fragmentation of the piperazine ring. The mass spectra of
the four piperazines show fragment ions at m/z 148, 134, 105, 85 and 56 as well as other
ions of low relative abundance. The proposed structures of these ions are shown in
Figures 12-2 and 12-3 and are related in part on a previous report describing the
fragmentation of unsubstituted benzylpiperazine [de Boer et al, 2001]. The isobaric
benzoyl (C7Hs0)* fragment has the same nominal mass as the methylbenzyl (CgHo)*
cations occurring at m/z 105. The mass spectra for the ring substituted
methylbenzylpiperazines (Compounds 1-3) have almost identical mass spectra to each
other and to the benzoylpiperazine (Compound 4) except for the characteristic high
relative abundance ion at m/z 122 which appears to be specific for the benzoylpiperazine.
In addition to that, the mass spectrum of the benzoylpiperazine shows high relative

abundance of the fragment ion m/z 69.
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Fig. 12-1: Mass spectra of the four underivatized piperazines in this study.
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The proposed structure for the m/z 122 (C7HgNO)™ ion is shown in the fragmentation
scheme in Figure 12-3 and the equivalent ion has been confirmed by exact mass GC-
TOF-MS analysis for the ring substituted methoxybenzoylpiperazines [Abdel-Hay et al,
2012]. The suggested structure for this fragment involves the formation of the protonated
primary benzamide and the structure for this m/z 122 ion is supported by the mass
spectrum of the octa-deutero labeled form of benzoylpiperazine (benzoyl-dg-piperazine).
This octa-deuterium labeled compound was prepared by slowly adding benzoyl chloride
to a solution of ds-piperazine in dichloromethane in an ice-bath. The mass spectrum for
the deuterium labeled form of Compound 4 is shown in Figure 12-4. The mass spectrum
in Figure 12-4 shows that two deuterium atoms remain as a part of the ion in question
since the mass increased by 2 Da to m/z 124 in this case. The structure of this
characteristic fragment was also confirmed by the mass spectrum of the penta-deutero
labeled benzoylpiperazine (d5-BNZP). The protonated benzamide ion mass increased by

5 Da to m/z 127 as shown in Figure 12-5.
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Fig. 12-5: Mass spectrum of the d5-benzoylpiperazine.
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The mechanism of formation of the characteristic ions at m/z 122 and m/z 69 in the
benzoylpiperazine is illustrated in Figure 12-6. It starts with a migration of the piperazine
proton to the carbonyl oxygen followed by a 1,4-hydride shift to form the hydrogen
rearranged molecular ion in Figure 12-6 which can either transform to the protonated
benzamide ion at m/z 122 or the fragment ion at m/z 69. This mechanism can also be
confirmed by the mass spectrum of N-methylbenzoylpiperazine (Figure 12-7). This
compound is prepared using the same procedure used to prepare benzoylpiperazine using
1-methylpiperazine instead of piperazine. The mass spectrum of N-
methylbenzoylpiperazine does not show the fragment ion at m/z 122 which indicates that
substituting the piperazine proton on nitrogen with a bulkier group prevented the
proposed hydrogen migration from happening and forming the protonated benzamide ion.
The chemical structure of the m/z 69 ion (CsH7N) is further confirmed by the mass
spectrum of the benzoyl-ds-piperazine in Figure 12-4 as the corresponding fragment is

shifted 7 Da higher to become m/z 76.
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Fig. 12-6: Mechanism of the formation of the m/z 122 and m/z 69 ions in the

benzoylpiperazine (BNZP).

242

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



Abundance

Average of 5.244 to 5.506 min.: 110906-20.D\data.ms
70.1

2000000
1900000
1800000 O
1700000
1600000 / \
1500000 N N_CH3
1400000 \_/
1300000
1200000
1100000
1000000
900000
800000 83 .1

105.0
700000

600000
500000
400000

300000

100000

200000 ‘

‘ ‘ 160.1
‘ L.

0

mlz-->

Fig. 12-7: Mass spectrum of the N-methylbenzoylpiperazine.
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The second phase of this study involved the preparation and evaluation of
perfluoroacyl derivatives of the isomeric piperazines, in an effort to individualize their
mass spectra and identify additional unique marker ions for differentiation among these
four compounds. Acylation lowers the basicity of nitrogen and can allow other
fragmentation pathways to play a more prominent role in the resulting mass spectra. The
trifluoroacetyl, pentafluoropropionyl and heptafluorobutryl derivatives of the secondary
nitrogen were all evaluated for their ability to individualize the mass spectra in this series
of substituted piperazines. Figure 12-8 shows the mass spectra of the heptafluorobutryl
amides of the four compounds as representatives of all the perfluoroacylated piperazines.
The molecular ions for TFA, PFPA and HFBA amides yield peaks of high relative
abundance at m/z 286, 336 and 386, respectively. The major fragment ion in these spectra
occurs at m/z 105 and corresponds to the methyl substituted benzyl or benzoyl cations.
Furthermore, an additional fragment ion series occurring at m/z 181, 231 and 281 for the
TFA, PFPA and HFBA amides, respectively corresponds to the (M-105)" ion for each
amide. These ions have higher relative abundances in the mass spectra of the derivatized
methylbenzylpiperazines compared to the mass spectra of the derivatized
benzoylpiperazine. The ion at m/z 189 was observed in the spectra of all derivatives and
is likely formed by the elimination of the perfluoroacyl moiety. Those ions occurring at
m/z 69, 119 and 169 are the perfluoroalkyl cations trifluoromethyl, pentafluoroethyl or
heptafluoropropyl from the appropriate amides. These studies show that chemical
derivatization (perfluoroacylation) does not offer any major additional marker ions to
allow identification of one compound to the exclusion of the other in this series of

isomeric piperazine compounds.

244

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



Abundance

1050000
1000000
950000
900000
850000
800000
750000
700000
650000
600000
550000
500000
450000
400000
350000
300000
250000
200000
150000
100000
50000
0

Abundance

1900000
1800000
1700000
1600000
1500000
1400000
1300000
1200000
1100000
1000000
900000
800000
700000
600000
500000
400000
300000
200000
100000
0

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)

Scan 787 (7.674 min): 110224-16.D\data.ms

132.0 160.

1)

CHj3

N N

/

281.1

0]

_C-C3F7

319.7 346.8

386 .2

t T
120 140 160

Scan 781

132.0 ‘

(7.639 min):

(2) HsC

189.1

110224-17.D\data.ms

281.1

T T T T
300 320 340 360

N-C-CsF;

317.1 347.0

380

386.2

t
120 140 160

T T T
300 320 340

and do not necessarily reflect the official position or policies of the U.S. Department of Justice.

245



Abundance

540000
520000
500000
480000
60000
40000
20000
00000

0
0
0
0

4 0

4 0

4 0

4 0

3800000

3600000

3400000

3200000

3000000

2800000

2600000

2400000

2200000

2000000

1800000

1600000

1400000

1200000

1000000

800000
600000
400000
200000

Scan 787 (7.674 min)

®3)

H3C

1809 .1

110224-18.D\data.ms

Q
N-C-C,F;

281 .1

386 .2

miz-->

Abundance

4200000
4000000
3800000
3600000
3400000
3200000
3000000
2800000
2600000
2400000
2200000
2000000
1800000
1600000
1400000
1200000
1000000
800000
600000
400000
200000
0

‘\‘\ \m“\‘m‘u “‘MH‘ “hlu
) 60 80

100

10

77.0

120

Scan 892 (8.286 min): 110224-19.D\data.ms

(4)

0]

254.0

o)
N-C-C,F;

317.1

358.2 |

386.1

t T
240 260

T
300 320 340

T
360

380

Fig. 12-8: Mass spectra of heptafluorobutyryl derivatives of the four piperazine
compounds in this study.
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Gas chromatography coupled with time-of-flight mass spectrometric detection
provides an excellent means of differentiating between the isobaric
methylbenzylpiperazines and benzoylpiperazine which have similar nominal masses but
are different in their exact masses. The isobaric benzoyl (C7Hs0)* fragment has the same
nominal mass as the methylbenzyl (CsHq)* cation occurring at m/z 105 but are different
in their elemental composition and accordingly different in their calculated masses.
Figure 12-9 shows the GC-TOF-MS exact mass analysis of the 4-methylbenzyl and
benzoyl cations (m/z=105) for compounds 3 and 4, respectively. The upper panel (A)
shows the expected/calculated mass for the CgHg elemental composition. The lower panel
(B) shows the experimental results and the degree of agreement (-0.5 mDa, -4.8 ppm)
with the calculated mass. Thus, confirming the m/z 105 ion in compound 3 as the
elemental composition CgHg. These results can be compared to the exact mass analysis for
the m/z 105 ion (benzoyl cation) in compound 4. Panels C and D confirm the elemental
composition as C7HsO with a mass deviation of (-0.6 mDa, -5.7 ppm). Thus, exact mass

measurements can distinguish between these two isobaric forms of the m/z 105 ion.
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Fig. 12-9: GC-TOF mass spectral analysis of the m/z 105 ion for 4-
methylbenzylpiperazine and for benzoylpiperazine. A= calculated mass for CgHo; B=
experimental results. C= calculated mass for C7HsO; D= experimental results.

248
This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



Vapor-phase Infra-Red Spectrophotometric Studies of the the
Methylbenzylpiperazines (MBPs) and Benzoylpiperazine (BNZP)

Infrared spectrometry is often used as a confirmatory method for drug identification in
forensic drug analysis. Gas-chromatography with infrared detection (GC-IRD) was
evaluated for differentiation among the four piperazines. Infrared detection should
provide compound specificity without the need for chemical modification of the drug
molecule. The vapor-phase infrared spectra for the four underivatized piperazines are
shown in Figure 12-10. The spectra were generated in the vapor-phase following sample
injection into the gas chromatograph and each compound shows a vapor-phase IR
spectrum with absorption bands in the regions 700 — 1700 cmtand 2700 — 3100 cm™.
Because the four piperazines share the same side chain (piperazine ring), they share
almost the same IR features in the region 2700 — 3100 cm™. However, they can be easily
differentiated by the positions and intensities of several IR peaks in the region of 750 —
1620 cm™,

The benzoylpiperazine shows a characteristic strong singlet IR band at 1671 cm™
corresponding to the carbonyl group stretching which can distinguish this
benzoylpiperazine from the three ring substituted methylbenzylpiperazines. In addition,
this compound shows other strong characteristic singlets at 1412 cm™, 1281 cm™ and
1015 cm™ that are absent in the IR spectra of the three methylbenzylpiperazines.

The three ring substituted methylbenzylpiperazines share almost the same IR
features in the region of 2700 — 3100 cm™. However, they can be differentiated by the
positions and intensities of several IR peaks in the region of 650 — 1700 cm™. Compound
3 shows a medium intensity doublet at 1513 cm™, 1455 cm™ which is shifted to a weak

intensity doublet at 1489 cm™, 1455 cm™ in compounds 1 and 2.
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Fig. 12-10: Vapor phase IR spectra of the four piperazine compounds in this study.
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Compound 2 shows a medium peak at 1134 cm™ which is shifted to a peak at 1131 cm™
in both compounds 1 and 3. Compound 2 also has a medium intensity peak at 1609 cm™
which is absent in compounds 1 and 3. These results provide an excellent illustration of
the value of vapor phase IR confirmation for the isobaric and regioisomeric compounds
in this study. The generated IR spectra show significant differences in the major bands

for these four compounds.
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Gas Chromatographic Separation of the Methylbenzylpiperazines (MBPs) and
Benzoylpiperazine (BNZP)

Gas chromatographic separation was accomplished on a capillary column of
dimensions 30 m x 0.25 mm and 0.5-um film depth of 100% trifluoropropyl methyl
polysiloxane (Rtx-200). The separation of the underivatized and pentafluoropropionyl
derivatives was performed using a temperature program consisting of an initial hold at
100°C for 1.0 min, ramped up to 180°C at a rate of 9°C/min, held at 180°C for 2.0 min
then ramped to 200°C at a rate of 10°C/min and held at 200°C for 5.0 min. and the
chromatogram in Figure 12-11 is representative of the results obtained for all samples on
this stationary phase.

In Figure 12-11 the PFPA derivatives of the three methylbenzylpiperazines are less
retained than their isobaric benzoylpiperazine. The three benzylpiperazines eluted in the
order of 2, 3, 4-methylbenzylpiperazine and the benzoylpiperazine eluted last in all
experiments in this limited series of compounds. The perfluoroacylated derivatives did
not provide any additional mass spectral discrimination among the four isomers.
However, perfluoroacylation offered marked improvement in the chromatographic

resolution compared to the underivatized piperazines.
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Fig. 12-11: Gas chromatographic separation of the four pentafluoropropionyl derivatives
using Rtx-200 column. The number over the peak corresponds to the compound number.
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Conclusion

The three regioisomeric methylbenzylpiperazines have an isobaric relationship to
benzoylpiperazine. These four piperazines yield very similar fragment ions in their mass
spectra with only the benzoylpiperazine showing one unique major fragment ion at m/z
122. Chemical derivatization (perfluoroacylation) did not offer any additional unique
marker ions to allow identification of one compound to the exclusion of the others. On
the other hand the GC-TOF-MS proved to be an excellent discriminatory tool to
differentiate between the isobaric forms of the m/z 105 base peak in these compounds.
GC-IRD offered unique and characteristic IR spectra that allowed the discrimination
among these compounds in the region between 650-1700 cm™. Additionally, the strong
carbonyl absorption bands clearly differentiate the benzoylpiperazine from the three
methylbenzylpiperazines. The four piperazines were successfully resolved on the GC

stationary phase Rtx-200.
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Chapter 13

Differentiation of Methoxybenzoylpiperazines (OMeBzPs) and
Methylenedioxybenzylpiperazines (MDBPs) by GC-IRD and GC-MS

The designer drug 3,4-methylenedioxybenzylpiperazine (3,4-MDBP), its positional
isomer 2,3-methylenedioxybenzylpiperazine (2,3-MDBP) and three regioisomeric ring
substituted methoxybenzoylpiperazines (OMeBzPs) have identical elemental composition
and no marked differences in their mass spectra with only the three
methoxybenzoylpiperazine regioisomers showing one unique major high mass fragment
ion at m/z 152. Perfluoroacylation of the secondary amine nitrogen of these isomeric
piperazines gave mass spectra with differences in the relative abundance of some
fragment ions but did not alter the fragmentation pathway to provide unique ions for
discrimination among these isomers. Exact mass determination using gas
chromatography coupled to time of flight mass spectrometry did not provide any
discrimination among these compounds since the main fragment ions are of identical

elemental composition.

Gas chromatography coupled to infrared detection (GC-IRD) provides direct
confirmatory data for the identification of the carbonyl containing compounds and the
differentiation of the psychoactive designer drug 3,4-MDBP from its direct (2,3-MDBP)
and indirect (OMeBzPs) regioisomers. The mass spectra in combination with the vapor
phase infrared spectra provide for specific confirmation of each of the isomeric
piperazines. The underivatized and perfluoroacyl derivative forms of the five piperazines
involved in this study were resolved on a stationary phase of 100% trifluoropropyl

methyl polysiloxane (Rtx-200).
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Mass spectral studies of the underivatized and perfluoroacylated derivatives of
Methoxybenzoylpiperazines (OMeBzPs) and Methylenedioxybenzylpiperazines
(MDBPs)

Figure 13-1 shows the EI mass spectra of all five isomeric piperazines (Compounds
1-5). The ions of significant relative abundance common to the five isomers likely arise
from fragmentation of the piperazine ring. The mass spectra of the five piperazines show
the fragment ions at m/z 178, 164, 135, 85 and 56 as well as other ions of low relative
abundance. The proposed structures of these fragment ions are shown in Figures 1-2 and
13-3 and are related to a previous report describing the fragmentation of the unsubstituted
benzylpiperazines [de Boer et al, 2001]. The regioisomeric methoxybenzoyl (CsH70-)*
fragments have the same nominal and exact masses as the methylenedioxybenzyl
(CsH702)* cations occurring at m/z 135. The mass spectra for the ring substituted
methoxybenzoylpiperazines (Compounds 1-3) have almost identical mass spectra to each
other and to the methylenedioxybenzylpiperazine isomers (Compounds 4 and 5) except
for the characteristic high relative abundance ion at m/z 152 which appears to be specific
for the three regioisomeric methoxybenzoylpiperazines. In addition to that, the mass
spectra of the three methoxybenzoylpiperazines show high relative abundance of the
fragment ion m/z 69.

Exact mass analysis using GC-TOF-MS confirmed the unique m/z 152 ion in the
regioisomeric benzoylpiperazines (Compounds 1-3) as the elemental composition
CgH10NO». Figure 13-3 shows the exact mass measurement results for the m/z 152 ion in
the 4-methoxybenzoylpiperazine. The upper panel (A) shows the expected/calculated

mass for the CgH10NO- elemental composition and the lower panel (B) shows the
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Fig.13-1: Mass spectra of the underivatized methylenedioxybenzylpiperazines and
methoxybenzoylpiperazines in this study.
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Fig. 13-3: GC-TOF mass spectral analysis of the m/z 152 ion for 4-

methoxybenzoylpiperazine. A= calculated mass for C8H10NO2; B= experimental
results.
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experimental results along with the degree of agreement (0.0 mDa, 0.0 ppm) between the
calculated and experimental results.

The proposed structure for the m/z 152 CgH10NO:z ion is shown in Figure 13-3. The
protonated primary methoxybenzamide (m/z 152) is supported by the mass spectrum of
the octa-deutero labeled form of 4-methoxybenzoylpiperazine (4-methoxybenzoyl-ds-
piperazine). This octa-deuterium labeled compound was prepared by slowly adding 4-
methoxybenzoy! chloride to a solution of dg-piperazine in dichloromethane in an ice-bath.
The mass spectrum for the deuterium labeled form of Compound 3 is shown in Figure
13-4. The mass spectrum in Figure 13-4 shows that two deuterium atoms remain as a part
of the ion in question since the mass increased by 2 Da to m/z 154 in this case. The
mechanism of formation of the characteristic ions at m/z 152 and m/z 69 in the
methoxybenzoylpiperazine is similar to that illustrated for benzoylpiperazine in Figure
12-6. It starts with a migration of the piperazine proton to the carbonyl oxygen followed
by a 1,4-hydride shift to form the hydrogen rearranged molecular ion which can either
transform to the protonated methoxybenzamide ion at m/z 152 or the fragment ion at m/z
69. The chemical structure of the m/z 69 ion (C4H7N) is further confirmed by the mass
spectrum of the 4-methoxybenzoyl-ds-piperazine in Figure 13-4 as the corresponding

fragment is shifted 7 Da higher to become m/z 76.
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Fig. 13-4: Mass spectrum of the 4-methoxybenzoyl-ds-piperazine.
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The second phase of this study involved the preparation and evaluation of
perfluoroacyl derivatives of the isomeric piperazines, in an effort to individualize their
mass spectra and identify additional unique marker ions for differentiation among these
five compounds. Acylation lowers the basicity of nitrogen and can allow other
fragmentation pathways to play a more prominent role in the resulting mass spectra.

The trifluoroacetyl, pentafluoropropionyl and heptafluorobutryl derivatives of the
secondary nitrogen were all evaluated for their ability to individualize the mass spectra of
this series of substituted piperazines. Figure 13-5 shows the mass spectra of the
heptafluorobutryl amides of the five studied compounds as representatives of all the
perfluoroacylated piperazines. The molecular ions for TFA, PFPA and HFBA amides
yield peaks of high relative abundance at m/z 316, 366 and 416, respectively. The major
fragment ion in these spectra occurs at m/z 135 and corresponds to the ring substituted
benzyl or benzoyl cations. Furthermore, an additional fragment ion series occurring at
m/z 181, 231 and 281 for the TFA, PFPA and HFBA amides respectively corresponds to
the (M-135)" ion for each amide. These ions have higher relative abundances in the mass
spectra of the derivatized methylenedioxybenzylpiperazines compared to the mass
spectra of the methoxybenzoylpiperazines. The ion at m/z 219 was observed in the
spectra of all derivatives and is likely formed by the elimination of the perfluoroacyl
moiety. Those ions occurring at m/z 69, 119 and 169 are the perfluoroalkyl cations
trifluoromethyl, pentafluoroethyl or heptafluoropropyl from the appropriate amides.
These studies show that chemical derivatization (perfluoroacylation) does not offer any
additional unique marker ions to allow identification of one compound to the exclusion of

the other in this set of compounds.
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Fig. 13-5: Mass spectra of the heptafluorobutyryl derivatives of the five piperazine
compounds in this study.
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The isomeric methoxybenzoyl (CsH702)" fragments have the same nominal and
exact masses as the methylenedioxybenzyl (CgH-O2)* cation occurring at m/z 135.
Figure 13-6 shows the GC-TOF-MS exact mass analysis of the 4-methoxybenzoyl and
3,4-methylenedioxybenzyl cation (m/z=135) for compounds 3 and 5, respectively. The
upper panel (A) shows the expected/ calculated mass for the CgH;O> elemental
composition. The lower panel (B) shows the experimental results and the degree of
agreement (-0.2 mDa, -1.5 ppm) with the calculated mass. Thus, confirming the m/z 135
ion in compound 3 as the elemental composition CgH7O». These results can be compared
to the exact mass analysis for the m/z 135 ion (3,4-methylenedioxybenzyl cation) in
compound 5. Figures 13-6C and 13-6D confirm the elemental composition as CgH-O-
with a mass deviation of 0.8 mDa or 5.9 ppm. Thus, exact mass measurement does not
distinguish between these indirectly regioisomeric forms of the (CgH-02)* m/z 135 ion
and did not provide any discriminatory advantage over the conventional GC-MS

technique.

269

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



as is

Karim_samplel_135_152 060611 1 (4.095) Is (1.00,1.00) C8H702 TOF MS El+
135.0446 9.10e12
100-
(A)
s
136.0480
O I I I I I I I I I I I I I I I I I I I I I I I I I I I I
Karim_samplel_135_152 060611 1 256 (13.409) Cm (254:256-234:236x2.000) TOF MS El+
100- 135.0444 7.17e4
] CsH-02
(B) @ -0.2 mDa
] Haco@czo > -1.5 ppm
]
136.0485
o 1210659 1265264 1300719 °493821 141.0032 1460666

T T T T T T T T T T T T T 1 1 T T T T T T T T T T T 1
120 122 124 126 128 130 132 134 136 138 140 142 144 146 148

as is
Clark_3_4-MDBP_110210_5 (3.095) Is (1.00,1.00) C8H702 TOF MS El+
g 135.0446 9.10e12
100
] ©)
RS
136.0480
0-—
Clark_3_4-MDBP_110210_5 248 (12.152) Cm (226:266-370:408x2.000) TOF MS EI+
135.0454
100+ 5 35.045 CeH/0, 1.08e6
1 (D) ( o 0.8 mDa
> 5.9 ppm
7 © CH,
K
155.0629
7 121.0284 131.0612 136.0510 149.0280 157'078653 066
1108.0571 122.0368 ' 163.0661
L L A A A A A L A A R
110 115 120 125 130 135 140 145 150 155 160

Fig. 13-6: GC-TOF mass spectral analysis of the m/z 135 ion for 4-
methoxybenzoylpiperazine and 3,4-methylenedioxybenzylpiperazine. A= calculated mass
for C8H702; B= experimental results. C= calculated mass for C8H702; D= experimental
results.
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Vapor-phase Infra-Red Spectrophotometric Studies of Methoxybenzoylpiperazines
(OMeBzPs) and Methylenedioxybenzylpiperazines (MDBPS)

Infrared spectroscopy is often used as a confirmatory method for compound
identification in forensic drug analysis. Gas chromatography coupled with infrared
detection (GC-IRD) was evaluated for differentiation among the five isomeric
piperazines. The vapor phase infrared spectra for the five piperazines are shown in Figure
13-7. The spectra were generated in the vapor phase following sample injection into the
gas chromatograph and each compound shows transmittance bands in the regions 650 —
1700 cm™ and 2700 — 3100 cm™. In general, variations in the substitution pattern on the
aromatic ring results in variations in the IR region from 650 — 1700 cm™. However,
variations in the side chain composition leads to variations in the 2700 — 1700 cm™
region. Since the five piperazines share the same degree of nitrogen substitution, i.e. the
same side chain, they have almost identical IR spectra in the region 2700 — 3100 cm™.
However, they can be easily differentiated by the positions and intensities of several IR
peaks in the region of 650 — 1700 cm™.

The three regioisomeric methoxybenzoylpiperazines share a characteristic strong
singlet IR band at 1671 cm™ corresponding to the carbonyl group stretching which can
distinguish these three benzoylpiperazines from the two
methylenedioxybenzylpiperazines. The three ring substituted benzoylpiperazines share
almost the same IR features in the region of 2700 — 3100 cm™. However, they can be
differentiated by the positions and intensities of several IR peaks in the region of 650 —
1700 cm™®. Compound 3 shows a strong peak at 1246 cm™ which is shifted to a medium

intensity doublet at 1289 cm™ |, 1242 cm™ in compound 1 and a strong singlet at 1289
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cmin compound 2. Compound 1 shows a strong peak at 1420 cm™ which is shifted to a
peak at 1408 cm™ in both compounds 2 and 3. Compound 3 also has a medium intensity
peak at 1003 cm™ which is shifted to a peak at 1015 cm™ in compound 1 and a weak
singlet at 1019 cm™ in compound 2.
The infrared spectra and results for the two MDBPs have been previously
discussed in details in Chapter 1.
These results provide an excellent illustration of the value of vapor phase IR
confirmation for the indirectly regioisomeric substances in this study. The generated IR

spectra show significant differences in the major bands for these five compounds.
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Fig. 13-7: Vapor phase IR spectra of the five piperazines involved in this study.
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Gas Chromatographic Separation of Methoxybenzoylpiperazines (OMeBzPs) and
Methylenedioxybenzylpiperazines (MDBPs)

Chromatographic separation was carried out using a capillary column 30 m x 0.25
mm i.d. coated with 0.50 pum of 100% trifluoropropyl methyl polysiloxane (Rtx-200).
The separation of the pentafluoropropionyl and heptafluorobutyryl derivatives was
performed using a temperature program consisting of an initial temperature of 70°C for 1
minute, ramped up to 250°C at a rate of 30°C per minute followed by a hold at 250°C for
15 minutes.

The chromatograms in Figure 13-8 are representatives of the results obtained for all
samples on this stationary phase. In Figure 13-8A and 13-8B the PFPA and HFBA
derivatives of the three methoxybenzoylpiperazines are less retained than their
regioisomeric methylenedioxybenzylpiperazines. The three benzoylpiperazines eluted in
the order of 2, 3, 4-methoxybenzoylpiperazine. The controlled substance 3,4-MDBP
eluted last in all experiments in this limited series of compounds. The perfluoroacylated
derivatives did not provide any additional mass spectral discrimination among the five
isomers. However, perfluoroacylation offered marked improvement in the

chromatographic resolution compared to the underivatized piperazines.
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Fig. 13-8: Gas chromatographic separation of the (A) pentafluoropropionyl derivatives
and (B) heptafluorobutyryl derivatives of the five piperazines using Rtx-200 column. The
number over the peak represents the compound number.
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Conclusion

The three methoxybenzoylpiperazines have an indirect regioisomeric
relationship to the controlled substance 3,4-MDBP and its regioisomer 2,3-MDBP. The
five regioisomeric piperazines yield very similar fragment ions in their mass spectra with
only the three methoxybenzoylpiperazine regioisomers showing one unique major high
mass fragment ion at m/z 152. Chemical derivatization (perfluoroacylation) did not offer
any additional unique marker ions to allow identification of one compound to the
exclusion of the others. In addition, the GC-TOF did not offer any discrimination among
these compounds. GC-IRD offered unique and characteristic IR spectra that allowed the
discrimination among these compounds in the region between 650-1700 cm™.
Additionally, the strong carbonyl absorption bands clearly differentiate the
methoxybenzoylpiperazines from the methylenedioxybenzylpiperazines. The five PFPA

and HFBA derivatives were successfully resolved on the stationary phase Rtx-200.
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Chapter 14

Differentiation of Trifluoromethylbenzylpiperazines (TFMBZPs) and

Trifluoromethylbenzoylpiperazines (TFMBOPs) by GC-MS

Two series of regioisomers — the TFMBZPs and the TMFBOPs - were synthesized
and analyzed as potential “hybrid” derivatives of the BZP and TMFPP piperazine drugs
of abuse. The TFMBZPs are readily differentiated from TMFBOPs by their mass spectra
based differences in their mass, the base peaks in their mass spectra as well as several
other unique fragment ions. However the mass spectra of each regioisomer in each of
these two series have fragment ions of identical mass and thus cannot be differentiated by
this analytical method alone. Furthermore, chemical derivatization by perfluoroacylation
did not offer any additional unique marker fragment ions in the mass spectrum to allow
identification of one regioisomer in a series to the exclusion of the other two
regioisomers. The perfluoroacylamides of the regioisomers in the TFMBZP series and
the regioisomers in the TMFBOP series were readily separated by GC on the stationary
phase Rtx-200 and eluted in an order similar to other perfluoroacyl-derivatives of other

benzyl- and benzoylpiperazine compounds reported earlier.
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Mass spectral studies of the underivatized and perfluoroacylated derivatives of
Trifluoromethylbenzylpiperazines (TFMBZPs) and
Trifluoromethylbenzoylpiperazines (TFMBOPS)

Mass spectrometry remains the primary method for confirming the identity of drugs
in  forensic samples. The mass spectra of the three regioisomeric
trifluoromethylbenzylpiperazines in this study are shown in Figure 14-1. All three of
these compounds show fragment ions at m/z 202 (M-42, ethylene-
trifluoromethylbenzylamine), 159 (M-85, trifluoromethylbenzyl), 85 (piperazine) and 56
(methylene, ethyleneamine). These are the same major fragment ions observed in the
mass spectra of the methylbenzylpiperazines and other ring substituted benzylpiperazines
reported earlier [Abdel-Hay et al, 2012]. The fragmentation pathways for the
trifluoromethylbenzylpiperazines and the corresponding methylbenzylpiperazines are
outlined in Figure 14-2 for comparison (mass spectra for the methylbenzylpiperazines not
shown). The spectra in Figures 14-1 also show several fragment ions unique to the
trifluoromethyl substituent including ions at m/z 225 from loss of a single fluorine from
the molecular ion, a m/z 140 from loss of fluorine from the trifluoromethylbenzyl
fragment (m/z 159), and m/z 109 from loss of CF, from the trifluorobenzyl fragment.
However, all three of the trifluoromethylbenzylpiperazines have nearly identical mass

spectra, and thus cannot be differentiated using this methodology.

In an effort to individualize the mass spectra and identify additional unique marker
ions for differentiation among the three isomeric trifluoromethylbenzylpiperazines, the

heptafluorobutyryl (HFBA) amide derivative of each isomer was prepared and analyzed.
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Acylation lowers the basicity of nitrogen and can allow other fragmentation pathways to

play a more prominent role in the resulting mass spectra. Figure 14-3 shows the mass
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Fig. 14-3: Mass spectra of the TMFBZP-HFBA regioisomers.
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spectra of the HFBA amides of the three trifluoromethylbenzylpiperazines. The
molecular ions for these amides yield peaks of high relative abundance at m/z 440, and a
major fragment ion at m/z 159 which corresponds to the trifluoromethylbenzyl cation
(Figure 14-4). Additional significant fragment ions in the spectra of all three
regioisomers occurred at m/z 295 for the methylene-HFBA-piperazine ion, m/z 281 for
the HFBA-piperazine ion, m/z 243 for the trifluoromethylbenzylpiperazine ion, m/z 214
for the trifluoromethylbenzylpiperazine ring fragmented ion, and m/z 109 for the
fluorobenzyl ion, presumably resulting from loss of CF2 from the trifluoromethylbenzyl
cation. However, since these ions are present in the mass spectra of all three
regioisomeric ~ HFBA-trifluoromethylbenylpiperazines, = chemical  derivatization
(perfluoroacylation) did not offer any additional unique marker ions to allow

identification of one regioisomer the exclusion of the others in this set of compounds.
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Fig. 14-4: Mass spectral fragmentation pattern of the TMFBZP-HFBA regioisomers
under EI (70 eV) conditions.
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The mass spectra of the regioisomeric trifluoromethylbenzoyl piperazines are shown
in Figure 14-5. The ions of significant relative abundance common to all of the benzoyl
piperazines appear to arise from fragmentation of the piperazine ring as shown in Figure
14-6. These include the methylene-ethylene ion at m/z 228 (M-30), the methylene ion at
m/z 202 (M-56), the protonated amide ion at m/z 190 (M-68), the benzoyl ions at m/z 173
(M-85) and the aromatic ion at m/z 145 (M-113). The spectra for all three
trifluoromethyl benzoyl piperazines also include three piperazine fragments of relatively
high abundance at m/z 85, 69 and 56. This fragmentation pattern is consistent with
results obtained in our earlier studies with benzoyl-, methoxybenzoyl, dimethoxybenzoyl-
and methylenedioxybenzoylpiperazines, as shown in Figurel4-6 [Abdel-Hay et al, 2012].
In these earlier studies the identity of the primary amide (M-68) and benzoyl (M-85) ions
were confirmed by exact mass analysis using GC-TOF-MS and deuterium labeling
studies [Abdel-Hay et al, 2012]. The trifluoromethylbenzoyl piperazines do contain
several fragments in their mass spectra not present in the methylbenzoylpiperazine series
due to the loss of fluorine from the molecular ion (m/z 239) and apparent loss of HF (m/z
125) or F> (m/z 107) from the benzoyl ion (m/z 145). However, all three of the
trifluoromethylbenzoylpiperazines have nearly identical mass spectra, and thus cannot be

differentiated using this methodology.

As was done in the trifluoromethylbenzylpiperazine series described above, the
pentafluoropropionyl (PFPA) amide derivative of each trifluoromethylbenzoylpiperazine

isomer was prepared and analyzed in an effort to individualize the mass spectra and
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identify additional unique marker ions for differentiation among these three regioisomers
(Figure 14-7). The molecular ions for these three amides yield peaks of high relative
abundance at m/z 404, and a major fragment ion at m/z 173 which corresponds to the
trifluoromethylbenzoyl cation (Figure 14-8). Additional significant fragment ions in the
spectra of all three regioisomers occurred at m/z 285 (M-119) for the
trifluorobenzoylpiperazinylcarbonyl ~ cation, m/z 257 (M-147) for  the
trifluoromethylbenzoylpiperazinyl  cation, and m/z 145 (M-259) for the
trifluoromethylphenyl cation. Unfortunately since these ions are present in the mass
spectra of all three regioisomeric PFPA-trifluoromethylbenzoylpiperazines, chemical
derivatization did not offer any additional unique marker ions to allow identification of

one regioisomer the exclusion of the others in this set of compounds.
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Gas Chromatographic Separation of Trifluoromethylbenzylpiperazines (TFMBZPs)
and Trifluoromethylbenzoylpiperazines (TFMBOPS)

Gas chromatographic separation of the perfluoroacyl-derivatized piperazine series was
accomplished on a capillary column of dimensions 30 m 0.25 mm and 0.5-mm film depth
of 100% trifluoropropyl methyl polysiloxane (Rtx-200). Several temperature programs
were evaluated and the chromatograms in Figure 14-9 and 14-10 are representative of the
results obtained for all samples on this stationary phase. The separation of the
pentafluoropropionyl and heptafluorobutyryl derivatives was performed using a
temperature program consisting of initial hold at 100°C for 1.0 min, ramped up to 180°C
at a rate of 9°C/min, held at 180°C for 2.0 min then ramped to 200°C at a rate of
10°C/min and held at 200°C for 60.00 min. Under these conditions, the three
regiosiomeric heptafluorobutyryl-TFMBZPs were readily resolved and eluted in the order
of the 2-regioisomer followed by the 3-regioisomer and lastly the 4-regioisomer (Figure
14-9). The pentafluoroproprionyl-TFMBOPs were also well resolved under these
conditions and gave the same elution order for the regioisomers (2 < 3 < 4) (Figure 14-
10). Furthermore, these elution orders are consistent with results obtained with other
benzylpiperazines and benzoylpiperazines reported earlier [Abdel-Hay et al, 2012]. Thus
while the perrfluoroacylated derivatives did not provide any additional mass spectral
discrimination among the regioisomers in each series, it did offer a method for marked
improvement in the chromatographic resolution compared to the underivatized
piperazines and for specific regioisomer discrimination. However, specific
discrimination would require reference materials in order to confirm the complete

chromatographic ~ resolution  for all the regioisomers in each  series.
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Fig. 14-9: Gas chromatographic separation of the TMFBZP-HFBA regioisomers using a
Rtx-200 column.
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Fig. 14-10: Gas chromatographic separation of the TMFBOP-PFPA regioisomers using a
Rtx-200 column.
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Conclusion

Two series of regioisomers — the TFMBZPs and the TMFBOPs were synthesized
and analyzed as potential “hydrid” derivatives of the BZP and TMFPP piperazine
drugs of abuse. The TFMBZPs are readily differentiated from TMFBOPs by their
mass spectra based differences in their mass, the base peaks in their mass spectra as
well as several unique fragmentation ions. However the mass spectra of the
regioisomers in each of these two series have virtually identical fragment ions and
thus cannot be differentiated by this analytical method. Furthermore, chemical
derivatization by perfluoroacylation did not offer any additional unique marker
fragment ions in the mass spectrum to allow identification of one regioisomer in a
series to the exclusion of the other two regioisomers. The perfluoroacylamides of the
regioisomers in the TFMBZP series and the regioisomers in the TMFBOP series were
readily separated by GC on the stationary phase Rtx-200 and eluted in an order
similar to other perfluoroacyl-derivatives of other monosubstituted benzyl- and

benzoylpiperazines.
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Chapter 15

GC-MS and GC-IRD Studies on the Six Ring Regioisomeric
Dimethoxybenzoylpiperazines (DMBzPs)

Gas chromatography with infrared detection (GC-IRD) provides direct
confirmatory data for the differentiation  between the  regioisomeric
dimethoxybenzoylpiperazines. These six regioisomeric substances are well resolved by
GC and the vapor phase infrared spectra clearly differentiate among the six
dimethoxybenzoyl substitution patterns. However, the mass spectra for these
regioisomeric  dimethoxybenzoylpiperazines are almost identical. Thus, gas
chromatography with mass spectrometry detection (GC-MS) does not provide for the
confirmation of identity of any one of the isomers to the exclusion of the other
compounds. Perfluoroacyl derivatives of the six regioisomers were resolved by GC and
their mass spectra showed some differences in relative abundance of fragment ions

without the appearance of any unique fragments for specific confirmation of structure.
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Mass spectral studies of the underivatized and perfluoroacylated derivatives of
Dimethoxybenzoylpiperazines (DMBzPs)

Mass spectrometry is the primary method for confirming the identity of drugs in
forensic samples. Figure 15-1 shows the EI mass spectra of the six regioisomeric
dimethoxybenzoylpiperazines (Compounds 1-6). The mass spectra in Figure 15-1
indicate that very little structural information is available for differentiation among these
isomers since all the major fragment ions occur at equal masses. These common fragment
ions are from the regioisomeric dimethoxy group substitution on the aromatic ring as well
as fragment ions generated by the piperazine ring. The base peak in all these mass spectra
is the dimethoxy benzoyl cation occurring at m/z 165. The structures for the major
fragment ions in these isomers are shown in Figure 15-2. The low mass ions at m/z 85, 69
and 56 come from fragmentation of the piperazine ring while the ions at m/z 122 and 137
represent fragments of the dimethoxybenzene portion of these isomeric [de Boer et al,
2001]. While the relative abundances are slightly different for the fragment ions in these
compounds, mass spectrometry does not provide confirmation of identity for an
individual DMBZzP regioisomer based on unique ions present only for a single compound.

These benzoylpiperazines show a common ion for the protonated primary benzamide
and this ion occurs at m/z 182 for these dimethoxybenzoylpiperazines. The proposed
structure for the m/z 182 is shown in Figure 15-2. The m/z 182 ion involves the
formation of the protonated primary amide, dimethoxybenzamide and this process has
been described for the monomethoxybenzoylpiperazines in a previous report from our lab

[Abdel-Hay et al, 2012]. The proposed structure for the m/z 182 ion is supported by the
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Fig. 15-1: Mass spectra of the underivatized six dimethoxybenzoylpiperazines.
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mass spectrum of the corresponding octa-deutero labeled form of 3,4-
dimethoxybenzoylpiperazine (3,4- dimethoxybenzoyl-dg-piperazine). This octa-
deuterium labeled compound was prepared by slowly adding 3,4-dimethoxybenzoyl
chloride to a solution of dg-piperazine in dichloromethane solvent cooled in an ice-bath.
The mass spectrum for the deuterium labeled form of Compound 5 is shown in Figure
15-3. The mass spectrum in Figure 15-3 shows that two deuterium atoms are a part of the
ion in question since the mass increased by 2 Da to m/z 184 in this case.

The mass spectrum in Figure 15-3 also supports the structural assignments for the low
mass ions shown in Figure 15-2. The m/z 56 ion shifts to m/z 62 in the spectrum of the
dg-labelled derivative indicating six deuterium atoms remaining in the m/z 62 ion.
Similarly the shift of m/z 69 to m/z 76 shows seven deuterium atoms in this ion and the
m/z 85 to m/z 93 for all eight deuterium atoms in the intact piperazine cation. The ions at
m/z 122, 137 and 165 show no mass shifts in the spectrum in Figure 15-3 as expected
based on their formation pathways.

The other higher mass fragment in Figure 15-3 occurs at m/z 197 and this ion
represents a mass shift of 3 Da from the m/z 194 ion for the unlabelled isomer. This mass
data also supports the assigned structure for this ion shown in Figure 15-2. A similar

structure was described by de Boer et al [de Boer et al, 2001] for the benzylpiperazines.

The second phase of this study involved the preparation and evaluation of acylated
derivatives of the six regioisomeric dimethoxybenzoylpiperazines, in an effort to
individualize their mass spectra and identify marker ions that would allow discrimination

between these isomeric compounds.

304

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



Abundance

550000

500000

450000

400000

350000

300000

250000

200000

150000

100000

50000

m/z-->

Scan 587 (6.508 min): 120925-18.D\data.ms

0 5’4
H5CO /N
N NH
\_|J
®
H,CO Dy o
93. H3CO
62 7152 ND2
1221 197 > H3CO
137 258.3
107 |
ol ‘\HH“‘\\“‘\‘MJ\H‘ ‘mw“““ . } ‘\‘1 . “u‘ ‘ . \“m ‘21‘\(\)\‘\.2‘ el 28208 H‘
Fig. 15-3: Mass spectrum of the 3,4-dimethoxybenzoyl-ds-piperazine
305

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



The trifluoroacetyl, pentafluoropropionyl and heptafluorobutryl derivatives were
evaluated for their ability to individualize the mass spectra of each regioisomer to the
exclusion of the other regioisomeric compounds. The mass spectra for the six
trifluoroacetyl amides are shown in Figure 15-4 as representatives of the mass spectra of
all the perfluoroamides. From these spectra, a common peak with high relative abundance
occurs at m/z 346, 396 and 446, which corresponds to the molecular ions for TFA, PFPA
and HFBA amides, respectively. Those ions occurring at m/ z 69, 119 and 169 are formed
as a result of the elimination of trifluoromethyl, pentafluoroethyl or heptafluoropropyl
moiety from the TFA, PFPA and HFBA amides, respectively. There are no unique
fragment ions providing significant difference between the MS spectra of the six
compounds. Thus, even acylation of the six piperazines does not give characteristic

fragments that help to discriminate among the six regioisomers.
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Vapor Phase Infrared Spectrophotometric Studies of the
Dimethoxybenzoylpiperazines (DMBzPs)

Infrared spectrometry is often used as a confirmatory method for compound
identification in forensic drug analysis. Gas-chromatography with infrared detection (GC-
IRD) was evaluated for differentiation among the six regioisomeric DMBzPs. Infrared
detection should provide compound specificity without the need for chemical
modification of the drug molecule. The vapor-phase infrared spectra for the six
underivatized piperazines are shown in Figure 15-5. The spectra were generated in the
vapor-phase following sample injection into the gas chromatograph. Thus the sampling of
a chromatographic peak assures a high level of compound purity for the IR spectrum.
Each compound shows a vapor-phase IR spectrum with absorption bands in the regions
700 — 1700 cm®and 2700 — 3100 cm™. In general, variations in the ring substitution
pattern with no change in the side chain composition results in variations in the IR
spectrum in the region 700 — 1700 cm™. Because the six piperazines share the same side
chain, they share almost the same IR features in the region 2700 — 3100 cm™. However,
they can be easily differentiated by the positions and intensities of several IR peaks in the
region of 750 — 1620 cm™.

The IR spectra of the six regioisomers share a common IR absorption band at
1667 cm corresponding to the carbonyl group stretching of the tertiary amide. The 2,3-
DMBzP regioisomer is characterized by the medium intensity band at 1269 cm™ which is
split into doublet peaks of medium and equal intensity at 1292 and 1265 cm™ in the 2,4-
DMBzP regioisomer. This isomer also has another medium intensity band at 1420 cm™

shifted to a strong singlet at 1427 c¢cm™ in the IR spectrum of the 2,5 isomer. The 3,5-
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Fig. 15-5: Vapor phase IR spectra of the six dimethoxybenzoyl piperazines.
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DMBzP regioisomer can be distinguished by the relatively strong IR band at 1289 cm™
which is shifted to a medium intensity peak at 1277 cm in the 3,4-regioisomer, a strong
intensity peak at 1223 cm™ in the 2,5-regioisomer and a medium intensity doublet at
1296 and 1248 cm™ in the 2,6-regioisomer The vapor-phase IR spectrum of the 2,6-
DMBzP regioisomer can be distinguished by a singlet of medium intensity appearing at
1107 cm™ compared to a doublet of weak intensity at 1046, 1019 cm™ in the 2,5-isomer,
a weak singlet at 1019 cm™ in both the 3,4 and 3,5 isomers.

These results show that vapor phase infrared spectra provide useful data for
differentiation among these regioisomeric piperazines of mass spectral equivalence. Mass
spectrometry establishes these compounds as having an isomeric relationship of equal
molecular weight and equivalent major fragment ions. Infrared absorption spectral data
provide distinguishing and characteristic information to individualize the regioisomers in
this set of uniquely similar compounds. Thus, GC-IRD readily discriminates between the

members of this set of regioisomeric dimethoxybenzoylpiperazine compounds.
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Gas Chromatographic Separation of the Dimethoxybenzoylpiperazines (DMBzPs)

Gas chromatographic separation of the derivatized piperazines was accomplished using
an Rtx-200 (100% trifluoropropyl methyl polysiloxane) stationary phase in a capillary
column (30m x 0.25mm) of 0.5-um film thickness. Several temperature programs were
evaluated and the representative chromatogram in Figure 15-6 shows the separation of
the PFPA derivatives of the dimethoxybenzoylpiperazines. The separation of the
pentafluoropropionyl derivatives was performed using a temperature program consisting
of an initial hold at 70°C for 1.0 min, ramped up to 250°C at a rate of 30°C/min then held
at 250°C for 20 min.

The elution order appears related to the degree of substituent crowding on the
aromatic ring. Compounds 1 and 4 elute first and these two isomers contain substituents
arranged in a 1,2,3-pattern on the aromatic ring. Three isomers (Compounds 2, 3 and 5)
have two groups substituted 1,2 with one isolated substituent. The 1,3,5-trisubstituted
pattern in Compound 6 provides minimum intramolecular crowding and elutes last in this
group of compounds. The elution order was the same for the underivatized and all

derivatized dimethoxybenzoylpiperazines evaluated in this project.
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Fig. 15-6: Gas chromatographic separation of the pentafluoropropionyl derivatives using
Rtx-200 column.
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Conclusion

The six regioisomeric dimethoxybenzoylpiperazines yield the same fragment
ions in their mass spectra even after perfluoroacylation. GC-IRD analysis yields unique
and characteristic vapor phase infrared spectra for these six regioisomeric piperazines.
These spectra allow discrimination among the six regioisomeric compounds included in
this study. This differentiation was accomplished without the need for chemical
derivatization. Mixtures of the six piperazines were successfully resolved via capillary
gas chromatography using a relatively polar stationary phase and temperature

programming conditions.
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Chapter 16

GC-MS and FTIR Analysis of the Six Ring Regioisomeric

Dimethoxybenzoyl-N-methylpiperazines (DMBzMPs)

The complete series of regioisomeric dimethoxybenzoyl-N-methylpiperazines were
synthesized and evaluated in GC-MS and FTIR studies. The EI mass spectra show
fragment ions characteristic of both the dimethoxybenzoyl and the N-methylpiperazine
portions of the molecules. These characteristic fragments include the dimethoxybenzoyl
cation at m/z 165 as well as the m/z 99 N-methylpiperazine cation and the low mass ion
at m/z 56 for the CsHsN* seen in almost all piperazine El spectra. Attenuated total
reflection infrared spectroscopy provides direct confirmatory data for the differentiation
between the six regioisomeric aromatic ring substituted dimethoxybenzoyl-N-
methylpiperazines. Gas chromatographic separation of this series of compounds was
accomplished on an Rtx-200 stationary phase and retention appears related to the degree
of steric crowding of the aromatic ring substituents. The most crowded patterns of
substitution elute first while the more symmetrical 1,3,5-substitution pattern has the

highest retention time.

319

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



Mass spectral studies of the Dimethoxybenzoyl-N-methylpiperazines (DMBzMPs)

Mass spectrometry is the primary method for confirming the identity of drugs in
forensic samples. Figure 16-1 shows the EI mass spectra of the six regioisomeric
dimethoxybenzoyl-N-methylpiperazines (Compounds 1-6) in this study. All six
regioisomers show molecular ions at m/z 264 and these ions are of significant relative
intensity. Major fragment ions of equivalent mass occur in the spectra for these six
compounds with only the relative intensity of the individual ions as the major spectral
variation. Fragmentation of the bond between the benzoylic carbon and the adjacent
piperazine nitrogen provides the base peak in all six spectra. The dimethoxybenzoyl
cation at m/z 165 is the base peak for compounds 2, 3, 4, and 5. Fragmentation of the
same bond between the benzoylic carbon and the adjacent piperazine nitrogen with
charge retention on the N-methylpiperazine group yields the cation at m/z 99. The
structures for the base peaks in the mass spectra for these regioisomeric
dimethoxybenzoyl-N-methylpiperazines are shown in Figure 16-2.

The internal fragmentation within the piperazine ring produces a number of
unique ions in the mass spectra of these dimethoxybenzoyl-N-methylpiperazines. The
low mass ion of highest relative abundance in these spectra is the m/z 56 cation. This m/z
56 ion was shown by exact mass measurements to have an elemental composition
C3HeN™ in previous studies [Abdel-Hay et al, 2013]. Furthermore this ion yielded a mass

shift of +6 Da
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when dg-piperazine was used to label all the four carbons of the piperazine ring. Thus, the
m/z 56 ion was confirmed to contain six hydrogen atoms and three of the carbons from
the original piperazine portion of these molecules, this confirmation was based on studies
in the dimethoxybenzylpiperazines (N-4=H). The formation of the m/z 56 ion in the
previous series of dimethoxybenzylpiperazine (N-4=H) regioisomers involved an initial
migration of the hydrogen on nitrogen at N-4 to the tertiary N-1 nitrogen followed by a
radical site alpha cleavage initiated by the N-4 nitrogen to break the carbon-carbon bond
of the piperazine ring. The last step in the formation of the m/z 56 ion is the heterolytic
breaking of the N-1 to carbon bond to yield the CsHeN" cation. The equivalent
mechanistic pathway is illustrated for the N-4=CHs compounds in this study in Figure

16-3.
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Fig. 16-3. Mechanism for the formation of the m/z 56 cation in the six regioisomeric
dimethoxybenzoyl-N-methylpiperazines.
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FTIR Spectroscopic Study of the Dimethoxybenzoyl-N-methylpiperazines
(DMBzMPs)

Attenuated total reflection fourier transform infrared spectroscopy (IR) was evaluated
for differentiation among the six regioisomeric DMBzMPs. This method has the
possibility of yielding compound specificity without the need for chemical modification
of the drug molecule. The IRs for the six underivatized piperazines are shown in Figure
16-4. The IR spectra of the six regioisomers share a common IR absorption band at 1667
cm™ corresponding to the carbonyl group stretching of the tertiary amide. The 2,3-
DMBzMP regioisomer is characterized by the medium intensity band at 1265 cm™ which
is split into doublet peaks of medium and equal intensity at 1278 and 1259 cm™ in the
2,4-DMBzMP regioisomer. This isomer also has another medium intensity band at 1420
cm? shifted to a strong singlet at 1431 cm™ in the IR spectrum of the 2,5 isomer. The
3,5-DMBzMP regioisomer can be distinguished by the relatively strong IR band at 1292
cm™t which is shifted to a medium intensity peak at 1277 cm™ in the 3,4-regioisomer, a
strong intensity peak at 1223 cm™ in the 2,5-regioisomer and a medium intensity doublet
at 1296 and 1248 cm™ in the 2,6-regioisomer The FTIR spectrum of the 2,6-DMBzMP
regioisomer can be distinguished by a singlet of medium intensity appearing at 1105 cm*
compared to a doublet of weak intensity at 1046, 1019 cm™ in the 2,5-isomer, a weak
singlet at 1019 cm™ in both the 3,4 and 3,5 isomers.

These results show that FTIR spectra provide useful data for differentiation
among these regioisomeric piperazines of mass spectral equivalence. Mass spectrometry
establishes these compounds as having an isomeric relationship of equal molecular

weight and equivalent major fragment ions. Infrared absorption spectral data provide
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distinguishing and characteristic information to individualize the regioisomers in this set

of uniquely similar compounds.
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Gas Chromatographic Separation of the Dimethoxybenzoyl-N-methylpiperazines
(DMBzMPs)

Gas chromatographic separation of the dimethoxybenzoyl-N-methylpiperazines was
accomplished using an Rtx-200 (100% trifluoropropyl methyl polysiloxane) stationary
phase in a capillary column (30m x 0.25mm) of 0.5-um film thickness. Several
temperature programs were evaluated and the most efficient program was used to
generate the representative chromatogram in Figure 16-5. The separations of the six
regioisomers was performed using a temperature program consisting of an initial hold at
100°C for 1.0 min, ramped up to 180°C at a rate of 9°C/min, held at 180°C for 2.0 min
then ramped to 200°C at a rate of 10°C/min and held at 200°C for 25.0 min. This
chromatogram shows the separation of the six dimethoxybenzoyl-N-methylpiperazine
regioisomers in this study. The elution order appears related to the degree of substituent
crowding on the aromatic ring. Compounds 1 and 4 elute first and these two isomers
contain substituents arranged in a 1,2,3-pattern on the aromatic ring. Three isomers
(Compounds 2, 3 and 5) have two groups substituted 1,2 with one isolated substituent.
The 1,3,5-trisubstituted pattern in Compound 6 provides minimum intramolecular
crowding and elutes last in this group of compounds. The two compounds with maximum
crowding substituted in a 1,2,3 manner on the aromatic ring show the 2,3-dimethoxy
substitution pattern to elute first followed by the 2,6-dimethoxy isomer eluting second.
The relative position of the methoxy groups appears to determine the elution order in the
three compounds having two groups substituted in a 1,2 pattern. Within this group of

three compounds the first to elute is the 1,4-relationship for the two methoxy groups in
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compound 3. This is followed by the 1,3-pattern for compound 2 and lastly the 1,2-
pattern for compound 5.

In previous studies on the chromatographic properties of the monosubstituted
piperazines (N4=H), these secondary amines showed severe chromatographic tailing on a
number of stationary phases. This issue was overcome by acylation of the secondary
amine nitrogen with perfluoroacyl groups such as the pentafluoropropionyl group and
others. Adequate peak shape and resolution were obtained for these tertiary amines

(compounds 1-6) in this study.
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Fig. 16-5: Gas chromatographic separation of the six regioisomeric dimethoxybenzoyl-
N-methylpiperazines.
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Conclusion

The six regioisomeric dimethoxybenzoyl-N-methylpiperazines yield the same
fragment ions in their mass spectra. ATR FTIR analysis yields unique and characteristic
infrared spectra for these regioisomeric piperazines. These spectra allow discrimination
among the six regioisomeric compounds included in this study. This differentiation was
accomplished without the need for chemical derivatization. Mixtures of the
dimethoxybenzoyl-N-methylpiperazines were successfully resolved via capillary gas
chromatography using a relatively polar stationary phase and temperature programming
conditions. The elution order appears related to the degree of substituent crowding on the
aromatic ring with the most crowded 1,2,3 substitution patterns eluting first and the
highest retention for the compound with minimum intramolecular crowding (the 1,3,5-

trisubstitution pattern).
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Chapter 17

Differentiation of Methylbenzoylpiperazines (MBOPSs) by GC-MS

A series of regioisomeric methylbenzoylpiperazines were synthesized and
analyzed as potential piperazine drugs of abuse. The mass spectra of each regioisomer in
this series have fragment ions of identical mass and thus cannot be differentiated by this
analytical method alone. Furthermore, chemical derivatization by perfluoroacylation did
not offer any additional unique marker fragment ions in the mass spectrum to allow
identification of one regioisomer in a series to the exclusion of the other two
regioisomers. The perfluoroacylamides of the regioisomers in the MBOPs series were
readily separated by GC on the stationary phase Rtx-200 and eluted in an order similar to

other perfluoroacyl-derivatives of other benzoylpiperazine compounds reported earlier.
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Mass spectral studies of the underivatized and perfluoroacylated derivatives of
Methylbenzoylpiperazines (MBOPS)

Mass spectrometry remains the primary method for confirming the identity of drugs in
forensic samples. The mass spectra of the regioisomeric methylbenzoyl piperazines are
shown in Figure 17-1. The ions of significant relative abundance common to all of the
benzoyl piperazines appear to arise from fragmentation of the piperazine ring as shown in
Figure 17-2. These include the methylene-ethylene ion at m/z 174 (M-30), the methylene
ion at m/z 148 (M-56), the protonated amide ion at m/z 136 (M-68), the benzoyl ions at
m/z 119 (M-85) and the aromatic ion at m/z 91 (M-113). The spectra for all three
methylbenzoyl piperazines also include three piperazine fragments of relatively high
abundance at m/z 85, 69 and 56. This fragmentation pattern is consistent with results
obtained in our earlier studies with benzoyl-, methoxybenzoyl, dimethoxybenzoyl- and
methylenedioxybenzoylpiperazines, as shown in Figurel7-2 [Abdel-Hay et al, 2012]. In
these earlier studies the identity of the primary amide (M-68) and benzoyl (M-85) ions
were confirmed by exact mass analysis using GC-TOF-MS and deuterium labeling
studies [Abdel-Hay et al, 2012]. All three of the methylbenzoylpiperazines have nearly

identical mass spectra, and thus cannot be differentiated using this methodology.

The pentafluoropropionyl (PFPA) amide derivative of each methylbenzoylpiperazine

isomer was prepared and analyzed in an effort to individualize the mass spectra and
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Fig. 17-2: Mass spectral fragmentation pattern of the MBOP regioisomers under EI (70
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identify additional unique marker ions for differentiation among these three regioisomers
(Figure 17-3). The molecular ions for these three amides yield peaks of high relative
abundance at m/z 350, and a major fragment ion at m/z 119 which corresponds to the
methylbenzoyl cation (Figure 17-3). Additional significant fragment ions in the spectra
of all three regioisomers occurred at m/z 231 (M-119) for the benzoylpiperazinylcarbonyl
cation, m/z 203 (M-147) for the methylbenzoylpiperazinyl cation, and m/z 91 (M-259)
for the methylphenyl cation. Unfortunately since these ions are present in the mass
spectra of all three regioisomeric PFPA-methylbenzoylpiperazines, chemical
derivatization did not offer any additional unique marker ions to allow identification of

one regioisomer the exclusion of the others in this set of compounds.
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Fig. 17-3: Mass spectra of the MBOP-PFPA regioisomers.

341

This document is a research report submitted to the U.S. Department of Justice. This report has not
been published by the Department. Opinions or points of view expressed are those of the author(s)
and do not necessarily reflect the official position or policies of the U.S. Department of Justice.



Gas Chromatographic Separation of the Methylbenzoylpiperazines (MBOPS)

Gas chromatographic separation of the perfluoroacyl-derivatized piperazine series was
accomplished on a capillary column of dimensions 30 m 0.25 mm and 0.5-mm film depth
of 100% trifluoropropyl methyl polysiloxane (Rtx-200). Several temperature programs
were evaluated and the chromatogram in Figure 17-4 is a representative of the results
obtained for all samples on this stationary phase.  The separation of the
pentafluoropropionyl derivatives was performed using a temperature program consisting
of initial hold at 100°C for 1.0 min, ramped up to 180°C at a rate of 9°C/min, held at
180°C for 2.0 min then ramped to 200°C at a rate of 10°C/min and held at 200°C for
60.00 min. Under these conditions, the pentafluoroproprionyl-MBOPs were well resolved
and gave same elution order for the regioisomers (2 < 3 < 4) (Figure 17-4). Furthermore,
these elution orders are consistent with results obtained with other benzylpiperazines and
benzoylpiperazines reported earlier [Abdel-Hay et al, 2012]. Thus while the
perrfluoroacylated derivatives did not provide any additional mass spectral discrimination
among the regioisomers in each series, it did offer a method for marked improvement in
the chromatographic resolution compared to the underivatized piperazines and for
specific regioisomer discrimination. However, specific discrimination would require
reference materials in order to confirm the complete chromatographic resolution for all

the regioisomers in each series.
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Fig. 17-4: Gas chromatographic separation of the MBOP-PFPA regioisomers using an
Rtx-200 column.
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Conclusion

The series of regioisomeric methylbenzoylpiperazines were synthesized and
analyzed as potential piperazine drugs of abuse. The mass spectra of each regioisomer in
this series have fragment ions of identical mass and thus cannot be differentiated by this
analytical method alone. Furthermore, chemical derivatization by perfluoroacylation did
not offer any additional unique marker fragment ions in the mass spectrum to allow
identification of one regioisomer in a series to the exclusion of the other two
regioisomers. The perfluoroacylamides of the regioisomers in the MBOPs series were
readily separated by GC on the stationary phase Rtx-200 and eluted in an order similar to

other perfluoroacyl-derivatives of other benzoylpiperazine compounds reported earlier.
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SECTION |11 Phenylpiperazines

()

The substituted phenylpiperazine series of isomers were prepared in a synthetic process
which involves the formation of the piperazine ring as the last step in the procedure. The
source for the substituted phenyl groups in these compounds as well as the N-1 nitrogen
of the piperazine ring are the substituted anilines and a number of these are commercially
available. The synthetic formation of the remaining components of the piperazine occurs
by dual alkylation of the primary aniline nitrogen to yield the cyclic final product. We
focused our efforts in this series on those commercially available aniline isomers likely to
be incorporated into the continued designer exploration of this series of compounds. We
prepared the monosubstituted chloro- methyl and methoxy-phenylpiperazines and the
disubstituted methylenedioxy-, dimethyl- and dimethoxy-phenylpiperazines. A number of
other regioisomeric substituted phenylpiperazines such as TFMPP have already appeared

in street drug samples and have been described in the forensic drug analysis literature.

The EI mass spectra for this series of phenylpiperazine compounds are characterized by a
much higher relative abundance of the molecular ions. The substituted phenyl cations are
much less stable than the benzyl cations and thus do not fragment as readily. A number of
unique ions characteristic of fragmentation within the piperazine ring have a high relative

abundance in these spectra. lons occurring at (M-42)" indicate the loss of CoHsN from the
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molecular ion. Exact mass analysis confirmed this species as occurring from cleavage
within the piperazine ring. The mass spectra are similar for each of the substituted
aromatic ring regioisomeric series. Once the compound is identified by mass
spectrometry as a member of a specific regioisomeric series, infrared studies allow us to
differentiate among the individual isomers to provide a specific identification. In some
cases we have ATR generated FT-IR spectra and in other cases the spectra are vapor
phase GC-IR generated. The acylated sets of regioisomeric equivalents were resolved by

GC and the relative elution order described in some cases based on structural features.
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Chapter 18

GC-MS Studies on the Three Ring Regioisomeric Chlorophenylpiperazines (CIPPs)

The complete series of regioisomeric chlorophenylpiperazines were synthesized and
evaluated using GC-MS. The EI mass spectra show fragment ions characteristic of both
the chlorophenyl and the piperazine portions of the molecules. These characteristic
fragments include the chlorophenyl aziridinium cation at m/z 154 and chlorophenyl
cation at m/z 111 as well as the m/z 138, 139 and 140 frgament cluster. In addition to that
the low mass ion at m/z 56 for the C3HgN™ was observed in all piperazine EI spectra.
Perfluoroacylation of the secondary amine nitrogen for each of the three regioisomers
was done in an effort to individualize their mass spectra. The resulting derivatives were
resolved by GC and their mass spectra showed some differences in relative abundance of
fragment ions without the appearance of any unique fragments for specific confirmation.
Gas chromatographic separation of this series of compounds was accomplished on an
Rtx-200 stationary phase and the elution was in the order of ortho, meta followed by para

CIPPs.
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Mass spectral studies of the underivatized and perfluoroacylated derivatives of
Chlorophenylpiperazines (CIPPs)

Mass spectrometry is the primary method for confirming the identity of drugs in
forensic samples. Figure 18-1 shows the El mass spectra of the three regioisomeric
chlorophenylpiperazines (Compounds 1-3). The mass spectra in Figure 18-1 indicate that
very little structural information is available for differentiation among these isomers since
all the major fragment ions occur at equal masses. The common fragment ions observed
for the regioisomeric chloro group substitution on the aromatic ring likely indicate that
the piperazine ring is the source for most of the fragmentation. The structures for the
fragmentation product ions are summarized in Figure 18-2. The ions of significant
relative abundance common to all three regioisomers likely arise from fragmentation of
the piperazine ring. The chlorophenyl aziridinium cation at m/z 154 is the base peak in all
these spectra. The structures for the fragment ions in the unsubstituted aromatic ring for
phenylpiperazine have been described by de Boer et al [de Boer et al, 2001]. Equivalent
fragmentation pathways for the chlorophenylpiperazines (CIPPs) yield the fragment ions
at m/z 154, 140, 139, 138, 111 and 56 as shown in Figures 18-1 and 18-2. The structures
for the fragments in the three CIPPs regioisomers are likely equivalent. These data
indicate that mass spectrometry does not provide confirmation of identity for an

individual CIPP regioisomers.
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Fig. 18-1: EI mass spectra of the three chlorophenylpiperazines in this study.
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Fig. 18-2: ElI mass spectral fragmentation pattern of the underivatized
chlorophenylpiperazines.
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The second phase of this study involved the preparation and evaluation of acylated
derivatives of the regioisomeric chlorophenyl piperazines, in an effort to individualize
their mass spectra and identify marker ions that would allow discrimination between
these compounds. The heptafluorobutryl derivatives were evaluated for their ability to
individualize the mass spectra of CIPPs.  The mass spectra for the three
heptaflourobutyryl amides are shown in Figure 18-3. From these spectra, a common peak
with high relative abundance occurs at m/ z 392 which corresponds to the molecular ions
for HFBA amides. Fragment ions occurring at m/ z 140, 139, 138, 111 and 56seen in all
MS spectra of piperazine acyl amides are due to different patterns of cleavage reactions
in the piperazine ring, analogous to those found in the underivatized compounds.
Fragment ions at m/ z 195 seen in all derivatized spectra are likely formed by the
elimination of the acyl moiety from the corresponding derivative. Those occurring at m/ z
169 are formed as a result of the elimination of heptafluoropropyl moiety from the HFBA
amides. There is no significant difference between the mass spectra of the three
compounds. Thus, even acylation of the three piperazines does not give characteristic

fragments that help to discriminate among these regioisomeric compounds.
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Fig. 18-3: MS spectra of heptafluorobutyryl derivatives of the three
chlorophenylpiperazines.
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