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Abstract 
In this paper was presented a way of identifying and determining the structure of 1-benzylpiperazine (BZP) from 
biological samples based on its metabolic products. The structure identification of each metabolite of BZP (PYP, 
BZA and BA) has been done by analyzing the mass spectra and fragmentation reactions of all these compounds. 
A retrosynthetic analysis for reconstruction of BZP molecule from its metabolic fragments, is presented. This 
method is general and could be used, in principle, for all drugs and toxics. 
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Introduction 

In forensic toxicology, the separation, 
identification and structure determination 
of various substances, acquired a decisive 
importance both in the case of illicit drugs 
and in the case of poisons (introduced 
accidentally or with criminal purposes). 
During the last decades, GC (Gas 
Chromatography), MS (Mass 
Spectrometry) and GC-MS couple, have 
become the most important, performant 
and used methods in criminology, allowing 
both separation and identification of how 
various classes of drugs / toxics (Liu 1997). 

Once a drug / toxicant is exposed to a 
biological system, it will suffer a 
biotransformation process which consist in 
metabolic and degradation processes 
(chemical and enzymatic reactions). These 
proceses occurs in certain organs and body 
systems and could be considered as a 
selfdefense process of the body, through 
which   the   parent   drugs  /  toxics   are  

 transformed into less toxic substances called 
metabolites (the structure of metabolites is 
much simple that the parent compound). 
Some authors consider these proceses as a 
detoxifyfing procedures of the human body. 
Nevertheless, in some cases the metabolits 
may be more toxic than the parent 
compound. Currently, for the gratest 
majorty of drugs in use, their metabolites 
and degradation pathways as well as the 
structure of metabolic products, are known.  

Drug metabolism could be divided 
into two stages:  
- metabolic phase I or metabolic phase 
reactions, which include hydrolysis, 
oxidation and reduction;  
- metabolic phase II or conjugation reactions 
phase, which includes the processes of 
conjugation of substances with various 
compounds presented in the body, such as 
amino acids (glutathione, glutamine, etc.) 
and glucuronic acid.  
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Usually the functional groups 
produced in phase I are needed for 
conjugation reactions in phase II. These 
biotransformations can stop to the level of 
functional groups or conjugating agents of 
drug / toxic, and/or may be more profound, 

 

 leading to much simpler products. 
For these reasons, in forensic 

toxicology, the identification and structure 
determination of the metabolites and 
degradation products of drugs/toxics is 
crucial (Liu 1997, Mangalagiu 2000). 

 
Results and discussions  
 

Opiates (Greek ὄπιον and εἶδος - 
opium-like) are a heterogeneous class of 
chemicals, natural and synthetic, referred to 
N,N-heterocyclic compounds, which are 
related to morphine. For these reasons, 
synthetic derivatives of morphine are called 
morphine-like compounds. The action 
spectrum of opiates is very complex and 
different, but the most important role of 
opiates is their analgesic action, especially 
in intense pains, which make them 
irreplaceable in treatment of pain of various 
aetiologies. At the same time, the greatest 
majority of morphine-like compounds 
possess and intense psychotropic effect, 
that manifests itself through the hypnotic, 
anxiolytics, hallucinogens and euphoria 
effects (the action of the drug). For all 
these latter actions, opiates are considered a 
high-risk category of drugs (Maurer 2007). 

1 - Benzylpiperazine or BZP, could 
be considered a morphine-like compound 
(Staacka 2002) its structure being 
presented below: 

 

(BZP)

N NH

1-Benzylpiperazine

 
 

  
 
 

Once introduced into body, BZP 
undergoes metabolic biotransformations 
which are schematically represented in 
Figure 1. Thus, hydroxylation of BZP or 
double hydroxylation leads to metabolites 1, 
2 and 6. These metabolites undergo an 
enzymatic methylation catalyzed by enzyme 
catechol-O-methyl-transferase (COMT), 
leading to 4'-hydroxy-3'-methoxy-BZP, 7. 
All the hydroxylation byproducts of BZP (1, 
2 and 7) are transformed into the O-
glucuronides, 8. This process is performed 
under the action of coenzyme UDP-
glucuronic acid (acid uridine 5'-phospho-α-
D-glucuronide) and is catalyzed by the 
enzyme UDP-glucuronide-transferase. 
Metabolic oxidation of BZP leads initially 
to benzoic aldehyde (9), which is oxidized 
further to benzoic acid, 10. Benzoic acid can 
also result by oxidative desamination of 
amines 4 and 5 (benzaldehyde is initially 
obtained).  

These metabolic products are 
eliminated through urine, together with 
BZP, and can be determined by GC-MS. 
For these reasons knowing how 
fragmentation took place, the identification 
of each fragment and finally identification 
of the structure of these metabolites, 
constitute strong evidence in forensic 
medicine and have to be known by the 
specialists working in this field. 
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Fig.1. Metabolic pathway of BZP 
 

Mass spectra of BZP, piperazine 
(PYP), benzylamine (BZA) and benzoic 
acid (BA) are presented in Figures 2-5, are 
easily to be recognized and interpreted, 
being founded in all databases (Mangalagiu 

 2000, McLafferty 1993). 
Because the fragmentation reactions 

and correlations between them do not exist 
in these databases, we will introduce them 
next. 



G. ZBANCIOC et al.  
 

International Journal of Criminal Investigation, 1, 1, 17-24 20

(m ainlib) 1-Benzylpiperazine
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190

0

50

100

15
28 42

51

56

65
71 77

85

91

104
120

134

146

176

N

NH

 
Fig. 2. BZP mass spectra 

 
Data analysing furnished by mass 

spectra of BZP reveals the following:  
- the molecular ion, M+, appears at 

m/z = 176 with an intensity of 19%, 
characteristic for cyclic amines;  
- the base peak (BP) is tropiliu cation, 
which appears at m/z = 91 (100%) and 

 could be explained through an α 
fragmentation of tertiary amine functional 
group (N1), followed by a tropilic 
rearrangement; the same fragmentation 
explains the peak at m/z = 85 (14%); further 
fragmentation of tropiliu cation is 
generating the peaks from 77 (1%), 65 
(3%), 39 (1%);  
 

"tropiliu" cation

CH2 CH2

N
NH

N
NH

-
m/z= 91m/z= 85  

- a significant peak could be observed 
at m/z = 30 (6%), characteristic for “oniu" 
type fragmentation as well as for cyclic 
amines fragmentation; the same fragment 
could  result by an α-type fragmentation on 
the level of amino functional group: 

CH2=NH2
+ → m/z = 30 

the same fragmentation reaction explain 
and the peak from m/z =146 (3%);  

- the peaks from m/z =134 (85%) and 
m/z = 42  (4%)  are characteristic peaks for 
the  fragmentation  of  cyclic  amines   [as  

 

 well as the peaks from m/z =56 (25%) and 
m/z =120 (6%)]; the most likely 
fragmentation reaction which explain the 
above peaks is a β- fragmentation to the 
nitrogen atoms from the piperazine ring. 

BZP fragmentation reaction scheme is 
shown in Figure 3; in order to make this 
scheme more comprehensible, we have 
shown only the most probable 
fragmentation reactions; the subsequent 
fragmentation of the piperazine moiety is 
shown in Figure 5, in the case of PYP. 
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Fig. 3.  Fragmentation scheme for BZP 

 
Similarities and differences 

between the spectra of BZP (parent 
compound) and its metabolits  
Common features:  

- all the spectra of amines (BZP, PYP 
and BZA) contains a significant peak at 
m/z = 30, which is characteristic for “oniu” 
type fragmentation; 

- the spectra of cyclic amines (BZP 
and PYP) containing specific peaks at M-
42, M-56 and, obviously, at 56 and 44 (in 
the case of PYP, 44 is base peak), which 
are characteristic fragments for α and β 
type fragmentation of the amino functional 
group; we may also notice that molecular 
ion (M+) have a significant intensity;  

- the spectra of compounds containing 
phenyl nucleus (BZP, BZA and BA) contain 
characteristic aromatic peaks: 77, 65, 51, 
39; 
Differences:  

- while the primary amine (BZA) have 
a very intense molecular ion (75%) and M-1 
is the base beak, in cyclic amines (PYP and 
BZP) the molecular ion is just intense (19% 
and 22%) and M-1 peak is even less intense 
(1% and 21% respectively);  

- while cyclic amines give specific 
peaks at M-42, M-56, the primary amine 
(BZA) do not give such of peaks (or their 
intensity is very low). 
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Fig. 4. Piperazine (PYP) mass spectra 
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Fig. 6. Benzylamine (BZA) mass spectra 
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Fig. 7.  Fragmentation scheme for BZA 
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Fig. 8. Benzoic acid (BA) mass spectra  
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Fig. 9.  Fragmentation scheme for BA 

 
Having in view the above 

considerations, and knowing the way of 
fragmentation of these substances, even if 
the parent drug is completely metabolized 
and can not be detected in the biological 
sample, we may deduced its structure by 
retrosynthetic analysis, on the basis of its 
fragments.  Thus,  if  our case is considered 

 (the BZP case),  and  assuming  that  all the 
BZP drug from biological sample was 
completely metabolized, then the metabolits 
will be analyzed by GC-MS. If analysis of 
the mass spectra, performed as above, 
proves the existence of PYP, BZA and BA, 
than the basic structure of the parent drug 
have to contain these graphs, Figure 10. 
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Fig. 10.  Retrosynthetic analysis  for BZP molecule reconstruction 

 
 Taking into account the 
fragmentation reactions mentioned above, 
and the fact that in principle the way of 
drug metabolisation into the body are 
known  (and  subsequently  the  resulting  

 

 metabolites are known, Figure 1), then the 
retrosynthetic analysis leads to the 
conclusion that parent drug resulting by 
assembling PYP, BZA and BA, will be just 
BZP, Figure 10. 
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Conclusions 
 

In this paper a way of identifying 
and determining the structure of 1-
benzylpiperazine (BZP) from biological 
samples based on its metabolic products 
was presented. The structure identification 
of each metabolite of BZP (PYP, BZA and 
BA) have been done by analyzing the mass 
 

 spectra and fragmentation reactions of all 
these compounds. A retrosynthetic analysis 
for reconstruction of BZP molecule from its 
metabolic fragments, is presented. This 
method is general and could be used, in 
principle, for all drugs and toxics. 
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