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Abstract
Purpose Since the appearance of fentanyl followed by its many kinds of analogues around 1988, North America has been 
exposed to fierce synthetic opioid pandemic resulting in more than 130,000 deaths due to their overdoses until May 2019, 
when China declared to prohibit the licit fentanyl analog production. However, the Chinese announcement did not go into 
force in USA due to the adroit strategies of tough traffickers. Thus, contrary to the expectation, the number of synthetic opioid 
products and their poisoning cases in USA has increased by about 30%; especially, various benzimidazole synthetic opioids 
have revived on the illicit drug market during a recent few years. In this article, the recent abrupt changes in the situations 
of illicit synthetic opioid market and their current abuses are described.
Methods Various databases, such as SciFinder, Google, and Google Scholar, were utilized to collect relevant reports refer-
ring old but newly appearing synthetic opioids.
Results At the present time, there are several families of new synthetic opioids, which are not fentanyl derivatives; MT-45 
and its analogs, benzamide and 2-phenylacetamide opioids (U-series opioids), and benzimidazole opioids. Most of the above 
substances had been developed in 1950s to 1970s, but had never been used as analgesic medicines, because of their severe 
adverse effects, such as respiratory depression, physical dependence, and resulting deaths. However, there is possibility that 
these drugs will become main illicit synthetic opioids in place of the fentanyl analogs during coming several years from 
this time.
Conclusions All of the above non-fentanyl-derived families had been developed 50–70 years ago to establish them as analge-
sic medicines, but had been unsuccessful. These drugs largely appeared in the illicit drug markets in North America, Europe, 
and Australia, during recent years. Pharmacological, toxicological, and metabolic studies are insufficient for benzamide and 
2-phenylacetamide opioids, and are very scant especially for benzimidazole opioids. This time we should start studying 
pharmacotoxicology of the newly emerging synthetic opioids to alert forensic toxicologists in the world and to suppress 
their rapid and wide spread in the world.

Keywords Non-fentanyl synthetic opioids · Benzimidazole opioids · Benzamide and acetamide opioids · U-series opioids · 
MT-45 and its analogs · Chinese generic legislation in 2019

Introduction

Fentanyl was first synthesized by Paul Janssen in 1959 [1] 
and approved for medical use in USA in 1968 for severe 
pain treatment. This drug partly extended to be used as 
a heroin-like recreational drug soon after 1968. The first 
medical examiner case of fentanyl poisoning appeared in a 

journal in 1980s [2]. Fentanyl analogs (FAs) also began to 
be synthesized in the early 1970s for the purposes of clinical 
analgesia and research, but fentanyl and FAs have been mis-
used in place of heroin due to their cheaper costs [3]. Most 
of synthetic opioids began to be synthesized in China after 
1980s, and more than 90% of them were shipped to the USA 
[4]. Fentanyl and FAs had been controlled under Schedule I 
of the 1961 UN Single Convention on Narcotic Drugs since 
1964. Since 2013, a number of new FAs started emerging 
on the drug market to circumvent drug prohibition laws [1]. 
Nowadays, more than 1400 FAs have been described in sci-
entific and patent literature [5].
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In May 2019, China has postulated generic legislation 
which includes about 1400 of fentanyl-related substances 
in the supplementary list of controlled narcotic drugs and 
psychotropic substances with non-medical use [6]. This 
means that China has prohibited a majority of the produc-
tion of previously legal FAs, resulting in possible inability of 
shipping most of dangerous FAs to the USA. Also, in USA, 
fentanyl core-structure scheduling by the U.S. Drug Enforce-
ment Administration (DEA) has been established in 2018 
[7]. Both Chinese and USA Acts should have effectively 
controlled a majority of FAs. In spite of such scheduling 
situations in the USA, especially during the recent 5 years 
(2016–2020), fentanyl and its analogs have been said to be 
associated with more than 130,000 deaths in North America 
[8], far exceeding the number of the fallen of Americans 
(estimated as 58,000) in the Vietnam War. Therefore, a large 
void of FAs should have suddenly appeared on the North 
American illicit drug market. In response to such a situation, 
alternative opioid drugs belonging to different drug families 
has begun to appear, but many scientists may usually think 
that it will take a few years to fill such a large void; how-
ever, contrary to such anticipation, a number of such drugs 
are rapidly growing on the illicit drug market mainly in the 
North America very recently; they are not newly synthesized 
compounds, but the synthetic opioids developed as long as 
60–70 years ago, which had failed to become licit medical 
analgesics, because of severe side effects, such as respiratory 
depression and physical dependence, have revived to appear 
the drug market.

According to the definition proposed by UNODC, such 
drugs, which was developed in 1960s–1970s, but have 
recently become available on the illicit market again can 
belong to the new psychoactive substances (NPS) [9].

In this article, we discuss non-fentanyl-derived synthetic 
opioids by dividing them into the below groups shown in 
two tables.

1. U-compounds (most of them developed by the Upjohn 
Company in 1970s; benzamides and 2-phenylaceta-
mides) plus MT-45 and its related compounds (devel-
oped by Dainippon Pharmaceutical Co. Ltd. in 1970s) 
(Table 1)

2. Benzimidazole opioids (developed by CIBA Aktienge-
sellschaft in the late 1950s–1960s) plus brorphine 
(invented by Paul Janssen in 1967) (Table 4).

The chemical structures, molecular weight, and formal 
names are shown in the supplementary material section of 
this article.

U‑compounds including AH‑7921

Many of the drugs included in this group already started 
appearing in public for recreational purpose before May 
2019 when China stopped production of fentanyl and FAs 
(see Table  1). The AH-7921, a benzamide compound 
belonging to the U-compounds, developed by Allen and 
Hanburys Ltd. in the mid-1970s, has been very active in 
this group. Before the postulation of generic legislation 
by China for fentanyl-related substances in 2019 [6], the 
synthetic opioids sometimes appeared as the combination 
of FA and U-compounds [10]. Although the U-compounds 
and AH-7921 were developed in 1970s by Upjohn Com-
pany and Allen and Hanburys Ltd., respectively, the ear-
liest appearance of AH-7921 was 2012 in the UK [11], 
and the most recent one found in public was U-51754 dis-
played online in 2021 (Table 1). No generic scheduling has 
been conducted legally for the family of the U-compounds 
at this time (Table 2) [12–16], but U-47700 and AH-7921 
are controlled in many countries [12–14].

Analgesic potencies of the U-compounds are generally 
not high (0.9–7.5) [11–13, 15, 16]. The characteristics of 
these compounds are that some of them are acting to dif-
ferent type(s) of opioid receptor(s). The analgesic recep-
tors are mu (μ), kappa (κ), and delta (δ) opioids recep-
tors [17]. The receptors do not exist as a complex, but are 
located separately in the brain, spinal cord, and peripheral 
sensory neurons; for μ opioid receptor, it is located even 
in the intestinal tract. The most typical opioid receptor 
is the μ type one. The μ type receptor functions to pro-
voke analgesia, physical dependence, respiratory depres-
sion, miosis, and euphoria; the κ type receptor functions 
to provoke analgesia, anticonvulsant effects, depression, 
dissociative/hallucinogenic effects, diuresis, miosis, and 
dysphoria; the δ type receptor functions to provoke anal-
gesia, antidepressant effects, convulsant effects, physical 
dependence, and respiratory depression [18, 19]. The most 
typical U-compound U-47700 largely acts on the μ opi-
oids’ receptor [20]; its euphoric action and psychological 
and physical dependence are the causes for its repeated 
abuse, which lead many of its users to respiratory depres-
sion and deaths. U-48800, U-50488, and U-51754 have 
similar 2-phenylacetamide structures (see supplemen-
tary material Fig. S1), and are active ligands of κ opioid 
receptor [11]; but the users of 2-phenylacetamides suffer 
from the symptoms such as dysphoria and auditory hal-
lucination [16, 17, 20]. These three 2-phenylacetamides 
are uncontrolled at this time. U-49900 [9] is a structural 
benzamide analog of U-47700, and appeared online in 
2016; thus, it may have an activity as a μ opioid receptor 
agonist, but no deaths have been reported being involved 
in the intake of U-49900.
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There was a report [21] describing the in vitro-binding 
ability expressed as  EC50 of target U-47700 and AH-7921 
using human μ opioid receptor which was produced by 
recombinant techniques using morphine as the standard 
agonists. The U-47700 and AH-7921 gave  EC50 values of 
8.8 and 26.9 nM, respectively (Table 1).

The appearance of U- and AH- compounds in public 
started from 2012; therefore, these new compounds have 
been occasionally coexisting from 2012 up to the present 
time mainly in the North America, Europe, Australia, 

and other countries, although the amounts of FAs directly 
shipped from China have been decreased dramatically since 
2019 [6].

Among U- and AH- compounds, only U-47700, U-48800, 
and AH-7921 were reported to cause human deaths (Table 1) 
[14, 20, 22].

As shown in Table 2, some U- and AH- compounds are 
controlled legally. U-47700 is being controlled in nine coun-
tries; AH-7921 in eight countries; U-47931E (bromadolin) 
in two countries; U-51754 in one country.

Table 1  Analgesic potencies, binding affinities, first appearance, human deaths, and analyses for U-compounds and MT-45 with its related com-
pounds

The reference numbers are shown in brackets
EC50 half maximal (50%) effective concentration, KOR κ opioid receptor, MOR μ opioid receptor, na data not available
a Analgesic potencies were estimated using rodents by hot plate test or tail-flick method (morphine or fentanyl was tested simultaneously as con-
trol)
b Although the parameters were all for human MOR, but the each experimental condition was not the same; the values cannot be exactly com-
pared with each other. The data give only broad approximation
c The abbreviations for instrumental methods are used very commonly; thus, the explanation of the abbreviations has been skipped

Compound Analgesic potencies 
in animal behavio-
ral  studiesa (mor-
phine = 1)

In vitro-binding 
affinities  (EC50) to 
human MOR (nM)b

First appearance in 
public

Human deaths (conc. 
in peripheral blood)

Analysisc

1. AH-7921 1.7 [11], 0.9 [13] 26.9 [21] July 2012 in Norway 
and Sweden [11]

At least 18 [14] LC–MS/MS [26]
GC–MS [26]

2. U-47700 7.5 [11, 12] 8.8 [21] Appearance on the 
recreational drug 
market in 2014, 
USA [20]

At least 32 [20]
(7.8–3040 ng/mL 

[20])

LC–MS/MS [26, 28]
LC–QTOF-MS [26]
GC–MS [26]

3. U-49900 na [15] na Appearance in 2016 
on a popular online 
forum [11]

na (1.0–3.5 ng/mL 
[22])

UHPLC–HRMS/MS 
[23, 24]

GC–MS [24]
4. 3,4- Methylenedi-

oxy-U-47700
na na Detected in a single 

sample in 2018, 
Poland [16]

na LC–QTOF–MS/MS 
[29]

5. U-47931E (bro-
madoline)

na na Started to be sold on 
web sites in 2017 in 
Europe [16]

na UPLC–MS/MS [22]

6. U-48800 7.5 [11] (acts on KOR 
[11])

na Included in seized 
material in 2018, 
USA [20]

At least 8 [22]
(0.27–6.2 ng/mL 

[22])

UPLC–MS/MS [22]

7. U-50488 na (acts on KOR [11]) na na na UPLC–MS/MS [25]
8. U-51754 0.75 [16] (acts on 

KOR [16])
na Appearance in online 

illicit vendor sites in 
2018 [16]

na UHPLC–MS/MS [27]

9. MT-45 (racemic) 0.8 [39] 525 [40] First detected in a 
seizure in 2013 in 
Japan [38]

At least 30 in Sweden 
and USA [37]

UPLC–QTOF-MS [37]
GC–MS [26]

10. AD-1211 ((S)-
enantiomer)

15 [44] na na na na

11. Diphenpipenol
((S)-enantiomer)

105 [46] na na na NMR [46]
LC–QTOF-MS [46]

12. 2F-MT-45 na 200 [48] Detected in a tablet in 
2016, UK [37]

na NMR [37]
UPLC–QTOF-MS [37]
GC–MS [37]
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Analytical methods for the U-compounds have been well 
studied [22–29] including pretreatments and instrumental 
analyses by liquid chromatography (LC)–tandem mass spec-
trometry (MS/MS), ultra-high-performance liquid chroma-
tography (UHPLC)−MS/MS, UHPLC−high-resolution mass 
spectrometry (MS), LC−quadrupole time-of-flight-MS, and 
gas chromatography−MS. The pretreatments are mainly 
conventional liquid-liquid (L-L) extraction and solid-phase 
extraction (SPE). For details for the pretreatment procedures 
for seized materials and biological samples, please refer to 
each reference of the “analysis” column shown in Table 1.

AH-7921, U-47700, U-49900, U-50488, and MT-45 were 
generally stable over a 36-week period when blood samples 
were stored in the refrigerator or freezer. Most analytes were 
stable for at least 2 weeks at room temperature [30].

Except for U- and AH- compounds listed in Table 1, there 
were some additional U-compounds and the related com-
pounds identified in seized materials and a biological fluid, 
which were not circulated widely [31–36] (Table 3). Since 
all of them are not controlled, some of them will be detected 
in place of the controlled U-compound opioids.

MT‑45 and its related compounds

As stated before, MT-45 was developed in 1970s by Dai-
nippon Pharmaceutical Co., Ltd. in Japan. The chemical 
structure of MT-45 is quite different from U- and AH- 
compounds except for the presence of a cyclohexyl ring 

Table 2  Legal status of the U- 
compounds and MT-45

Compound Country Legal status References

U-47700 USA
Canada
UK
Australia
Germany
Sweden
Finland
China
Japan

Schedule I
Schedule I
Class A
S9 (Prohibited Substance)
Anlage II
Illegal
Illegal
Controlled
Narcotic

[12]

AH-7921 USA Schedule I [13, 14]
Canada Regulations amending the food 

and drug regulations
UK Class A
Australia S9 (Prohibited Substance)
Germany Anlage II
Sweden Illegal
Norway Illegal
Japan Narcotic

U-49900 and U-77891 State of North Caro-
lina (USA)

Schedule I (no federal law) [15]

U-47931E (bromadoline) Canada
Sweden

Schedule I
Illegal

[16]

U-51754 Latvia Controlled [16]
MT-45 USA Schedule I [37, 39, 42, 43]

Canada Regulations amending the food 
and drug regulations

UK Class A
Germany Anlage II
Sweden Illegal
China Controlled
Japan Narcotic

Table 3  List of novel U-compounds found in seized drug materials or 
biological fluid reported recently (modified from Ref. [20])

a Contains a U-compound-like core structure, but not pharmacologi-
cally active

U-compound Sample type Date of report References

Isopropyl-U-47700 Biological fluid May 2018 [31]
Furanyl UF-17a Seized material Jun 2019 [32]
UF-17a Seized material Jun 2019 [33]
N-Methyl U-47931E Seized material Nov 2019 [34]
3, 4-Difluoro-U-47700 Seized material Mar 2020 [35]
N-Ethyl-U-47700 Seized material Mar 2020 [36]
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moiety in common. The whole feature of MT-45 is some-
what similar to fentanyl, but a piperazine ring is present 
at the central part of this compound (see Fig. S1), while 
in fentanyl, a piperidine ring exists at the central part of 
the compound. The structure of MT-45 is said to be rela-
tively similar to diphenidine, an N-methyl-d-aspartic acid 
(NMDA) receptor agonist [37]. The compound was first 
detected in seized samples in Japan [38]. Racemic MT-45 
has about 0.8 of the in vivo analgesic potency of mor-
phine [39] and in vitro affinity to human μ opioid recep-
tor at  EC50 of 525 nM [40]. In spite of both in vivo and 
in vitro relatively low potencies, MT-45 caused as many 
as 30 deaths [40]; we could find two and one monographs 
on MT-45 published by European Monitoring Centre for 
Drug and Drug Addiction and World Health Organization, 
respectively [41–43].

Dainippon Pharmaceutical Co., Ltd. also created MT-45 
analogs AD-1211 [44, 45] and diphenpipenol [46, 47] in 
1970s. The (S)-enantiomers of both compounds showed 
15 and 105 of the in vivo analgesic potencies, respectively, 
which were much more potent than that of MT-45 (Table 1). 
Moreover, McKenzie et al. [37] detected a tablet in Man-
chester, UK, in October 2016, in which 2F-MT-45 was iden-
tified. Whether or not 2F-MT-45 was synthesized together 
with MT-45 by Dainippon Pharmaceutical Co., Ltd. in 1970s 
is unknown. 2F-MT-45 showed a higher in vivo analgesic 
potency and a smaller in vitro  EC50 value; it was a μ opioid 
receptor agonist [48]. Among MT-45 and its related com-
pounds, only MT-45 is being controlled in several countries 
(Table 2).

Benzimidazole opioids

Benzimidazole opioids are not newly developed compounds; 
they were developed in the late 1950s–1970s by CIBA 
Aktiengesellschaft in Switzerland, just a little bit earlier 
the time of development of U- and AH- compounds and 
MT-45. Wikipedia have mentioned as many as 39 kinds of 
benzimidazole opioids together with their in vivo analgesic 
potencies [49]. The top 14 substances with highest in vivo 
potencies are listed in Table 4. Their in vivo analgesic poten-
cies [49] are obviously higher than those of the U- and AH- 
compounds and MT-45 (Table 1), but generally comparable 
to those of fentanyl analogs such as sufentanyl, remifentanil, 
α-methylfentanyl, trans-3-methylfentanyl, cyclopropylfen-
tanyl, furanylfentanyl, and ocfentanil; only carfentanil was 
exceptional because its in vivo potency is about 10,000 times 
higher than that of morphine potency [50]. The rest 25 ben-
zimidazole opioids with lower analgesic potencies (in vivo) 
are shown in Table S3.

The experiment measuring in  vitro affinity /binding 
 (EC50) to human μ opioid receptor shown in Table 4 has 

been conducted by a single research group [51]. Therefore, 
their values can be compared with each other; they are con-
sistent with the reciprocal values of in vivo analgesic poten-
cies (Table 4).

Although the development of the benzimidazole opioids 
was performed in the oldest period (late 1950s–1970s), their 
appearance in public is very recent (2019–2021) [52–57]; 
exceptionally, etonitazene was found at illegal drug market 
in 1998, Moscow [58].

The fatalities involved in the benzimidazole opioids were 
reported mainly for in etonitazene [59], isotonitazene [60, 
61], and metonitazene [55]; top fatalities are found for iso-
tonitazene (Table 4). On the “Human deaths” column of 
Table 4, there are many compounds without fatality data 
available (“na”), implying that deaths involved in other com-
pounds of benzimidazole opioids will appear in the near 
future.

In Table 5, the legal status of this type of compounds is 
shown [53, 58, 62–64]. Isotonitazene, etonitazene, metoni-
tazene, and etodesnitazene are controlled currently. Isotoni-
tazene is controlled by several countries in USA, European 
countries, and Japan.

The analytical procedures are also described in each refer-
ence of Table 4 [51, 53–55, 57, 65, 66]. The pretreatments 
of compound products or biological samples such as L–L 
extraction and SPE methods are usually described in the 
references. The most reliable tools for instrumental quan-
tification are MS techniques. These analytical methods are 
essentially the same as described for U- and AH- compounds 
and MT-45 shown in Table 1.

Brorphine

Brorphine was synthesized back in 1967 by Paul Janssen. It 
appeared online that this compound was circulating in 2019, 
USA [67]. It had the in vitro affinity  (EC50) of 30.9 nM, 
which was a μ opioid receptor agonist more potent than mor-
phine [67]. However, the in vivo analgesic potency had not 
been investigated at this time. Brorphine is one of the most 
recent synthetic opioids, resulting in more than 100 deaths 
in a few months in USA [68]. Because of many deaths asso-
ciated with brorphine, it has been designated as Schedule 1 
in the USA, and also controlled in the UK [69] (Table 5).

Discussion

It is surprising that most synthetic opioids were developed 
many years ago (1950s–1970s) by several companies. At 
beginning, the pharmaceutical companies aimed to apply 
the developed drugs to effective analgesics, but most of them 
had been unsuccessful for medical contribution, mainly 
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because of severe side effects potentially resulting in deaths 
as described before. Among the synthetic opioids developed, 
fentanyl was modified to more than 1400 FAs, which were 
manufactured at clandestine laboratories in China to ship 
the products to North America. Many kinds of FAs began 
to appear on the USA illicit drug market since around 2013. 
This resulted in more than 130,000 deaths of people in North 
America [8].

At almost the same time, the U-compounds including 
AH-7921 were manufactured in China and began to appear 
on drug markets largely in the USA together with in Euro-
pean countries, but their pharmacotoxic effects were gener-
ally much lower than those of FAs, resulting only 100 deaths 
(Table 1).

As described before, China pledged to the USA to place 
all forms of fentanyl and FAs on the regulatory schedule in 
May 2019 [6]; this means stopping of the production of FAs 

Table 4  Analgesic potencies, binding affinities, first appearance, human deaths, and analyses for benzimidazole compounds and brorphine 
aligned according to analgesic potency

For abbreviations, see the footnote of Table 1
a The  EC50 values were obtained from a single study [51]; the values can be compared with each other

Compound Analgesic potencies 
in animal behavioral 
studies [49]
(morphine = 1)

In vitro-binding 
affinities  (EC50) to 
human MOR (nM) 
[51]a

First appearance in 
public

Human deaths (conc. 
in peripheral blood)

Analysis

1. Etonitazene 1000 0.661 Found at illegal drug 
material in 1998, 
Moscow [58]

na LC–QTOF-MS [51]
GC–MS [51]

2. N-Desethylisotoni-
tazene (metabolite of 
isotonitazene)

 ~ 1000 0.614 Identified as a 
metabolite of iso-
tonitazene in 2019, 
USA [52]

na LC–QTOF-MS [51]
GC–MS [51]

3. Isotonitazene 500 1.63 Found at Europe drug 
market in 2019 [53]

At least several 
hundred fatali-
ties in Europe and 
North America [61] 
(0.59–2.28 ng/mL 
[61])

LC–QTOF-MS [65]
GC–MS [65]

4. Protonitazene 200 3.95 Identified in blood 
sample in 2021, 
USA [54]

na GC–MS [53]
LC–QTOF-MS [54]

5. Metonitazene (main 
metabolite of 5-ami-
nometonitazene)

100 8.14 Identified in a white 
powder seized in 
2020, USA [55]

At least 20 deaths 
(0.52–33 ng/mL 
[55])

LC–TOF–MS [55]
LC–MS/MS

6. Etonitazepipne 100 na na na na
7. Etonitazepyne Around 100 na Identified in a toxi-

cology case in May 
2021, USA [56]

na LC–HRMS/MS [66]
GC–MS [66]
NMR [66]

8. Isotodesnitazene  ~ 75 34.8 na na LC–QTOF-MS [51]
GC–MS [51]

9. Etodesnitazene (eta-
zene)

70 54.9 Identified from gray 
powder in 2020, 
Poland [57]

na LC–MS/MS [57]
GC–MS/MS [57]

10. Propylnitazene 50 na na na na
11. Etoetonitazene 50 na na na na
12. 

α-Methylmetonitazene
50 na na na na

13. Metonitazene phene-
thyl homolog

50 na na na na

14. Methylthionitazene 50 na na na na
15. Brorphine na 30.9 [67] Mentioned on drug 

fora that brorphine 
was circulated in 
2019, USA [67]

At least 100 [68] 
deaths in USA  
(0.1–10 ng/mL 
[68])

LC–MS/MS [68]
LC–HRMS [67]
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in China. However, illicit FAs from China remain widely 
available, especially in the USA. Chinese traffickers are too 
tough using various strategies to circumvent the new regula-
tion, focusing on developing new chemical precursors, relo-
cating some manufacturing places to India, rerouting precur-
sor shipments through the third countries, and changing the 
market schemes not to be detected by judicial authorities. 
Insufficient supervision of Chinese Government and some-
times mild regulations of the chemicals and pharmaceutical 
industries also might enable such evasion and circumven-
tion. Due to the operations of the Chinese traffickers, there is 
more than 30% increase in opioid-overdose cases in 2020 as 
compared to those in 2019 in USA [70]. In addition to such 
circumventing operations of traffickers, especially under a 
couple of recent years during the global pandemic of corona-
virus (SARS-CoV-2), it is also suggested that various stress-
ors such as stay-home orders, disruption of social activities, 
and economic hardships due to the pandemic contributed 
to increasing the number of abuse cases of illicit opioids in 
USA [70]. After massive scheduling of FAs proposed by 
Chinese Government was enacted, the increase of recrea-
tional abuse and deaths due to FAs could be observed at 
almost the same time; it should also be pointed out that the 
same phenomenon was also observed as for benzimidazole 
synthetic opioids; after enacting of massive scheduling made 
by Chinese Government [5], there was a possibility that it 
contributed an opportunity of the revival of old but much 

more potent benzimidazole synthetic opioids. The Wikipe-
dia has mentioned 39 kinds of benzimidazole opioids [45]. 
Only about ten of them have appeared on the illicit drug 
market (Table 4) especially in USA just after the enforce-
ment of the Chinese massive generic scheduling of fentanyl 
and FAs; many of the rest potent benzimidazole opioids are 
probably ready to appear on the markets of North America 
and Europe, together with other countries.

According to the lists shown in Tables 1 and 4, the human 
death rates caused by U- and AH- compounds, MT-45, ben-
zimidazole compounds, and brorphine were not in good 
parallel with their in vivo analgesic potencies or in vitro 
bindings to human μ opioid receptors; there may be various 
factors to cause deaths due to the synthetic opioids regarding 
the toxicities (potencies), the uses such as overdoses, mental 
and physical conditions, and individual constitution [71]. 
Table 1 shows that U-47700, AH-7921, and MT-45 caused 
relatively many deaths, although all toxicities/potencies were 
not so high. It should be mentioned that U-48800 caused at 
least 8 deaths despite the action as a κ opioid receptor ago-
nist [22]. MT-45 is less potent than morphine (Table 1), but 
it caused at least 30 deaths; although MT-45 is less potent 
than morphine as a μ opioid receptor agonist, its metabolic 
product M1 was reported to antagonize N-methyl-d-aspar-
tate receptor with the risk of fatality [48]. The numbers of 
deaths caused by compounds seem to strongly affect the 

Table 5  Legal status of some 
benzimidazole opioids and 
brorphine

Compound Country Legal status References

Etonitazene USA
Canada
UK
Germany
Japan

Schedule I
Schedule I
Class A
Anlage I
Designated Substance

[58]

Isotonitazene USA Schedule I [53, 62]
UK Under Psychoactive Substances Act
Australia Regulations amending the food and drug 

regulations
Germany Anlage II
Sweden Illegal
Belgium Illegal
Poland Illegal
Estonia Illegal
Latvia Illegal
Lithuania Legislation on Medicine
Norway Legislation on Medicine
Japan Designated Substance

Metonitazene USA
UK
Sweden

Schedule I
Under Psychoactive Substances Act
Illegal

[63]

Etodesnitazene (etazene) UK Under Psychoactive Substances Act [64]
Brorphine USA

UK
Schedule I
Under Psychoactive Substances Act

[69]



241Forensic Toxicology (2022) 40:234–243 

1 3

legislative status; U-47700, AH-7921, MT-45, etonitazene, 
and isotonitazene are controlled in many countries (Tables 2, 
5).

In Japan, the suppression of NPS abuse has been suc-
cessfully conducted by shortening the interval between the 
first drafting of the NPS-controlling bill and time when 
the law came  in force down to only about 1 month since 
2015. Before 2015, it took about 1 year to the enforcement 
of a new NPS law. Therefore, the NPS retailors had a suf-
ficient time of 1 year to sell new NPS legally; they used 
to do good business during the 1 year. The shortening of 
business time from 12 months to only 1 month gave a fatal 
blow to each retailor; almost all head shops selling NPS 
disappeared from that time in Japan. However, the online 
deals of the illicit NPS are still surviving. The scale of 
dealing NPS via the darknet was estimated to be relatively 
smaller than the licit head shop NPS deals before enacting 
regulations to such head shop deals. On the other hand, it 
was reported that only 2.1% of distributed NPS is being 
purchased from head shops, while 50.7% from the Inter-
net nowadays, according to the whitepaper published by 
National Police Agency (NPA) in Japan [72]. As a result, 
about a half of NPS deals seems suppressed in Japan; this 
kind of strategy was very effective currently, except that 
the abuses of classical methamphetamine and cocaine are 
still being serious problems to our society. This kind of 
suppression strategy enacted by the governmental level 
should be used for synthetic opioids also in the USA and 
other countries.

Conclusions

In this review, we have discussed non-fentanyl derived syn-
thetic opioids, which would consist of U-compounds (ben-
zamides and 2-phenylacetamides), MT-45 together with  its 
related compounds, benzimidazole opioids, and brorphine, 
also showing their pharmacological and toxicological infor-
mation. Although above non-fentanyl derived families had 
been developed 50–70 years ago as analgesic medicines, 
these drugs largely appeared in the illicit drug markets in 
North America, Europe, and Australia increasing the num-
ber of fatalities, during recent years; social disruptions due 
to global pandemic of coronavirus could also contribute to 
abuse of the drugs especially during a couple of recent years.

This time, it should be necessary to study pharmacotox-
icology of the newly emerging synthetic opioids to alert 
forensic toxicologists in the world and to observe carefully 
their trend of abuse, and to suppress their rapid and wide 
spread in the world.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11419- 022- 00624-y.

Declarations 

Conflict of interest There are no financial or other relations that could 
lead to a conflict of interest.

Ethical approval This article does not contain any studies with human 
participants or animals performed by any of the authors.

References

 1. Brunetti P, Pirani F, Carlier J, Giorgetti R, Busardò FP, Lo 
Faro AF (2021) A 2017–2019 update on acute intoxications 
and fatalities from illicit fentanyl and analogs. J Anal Toxicol 
45:537–554. https:// doi. org/ 10. 1093/ jat/ bkaa1 15

 2. Henderson GL (1991) Fentanyl-related deaths: demograph-
ics, circumstances, and toxicology of 112 cases. J Forensic Sci 
36:422–433 (PMID: 2066723)

 3. Rothberg RL, Stith K (2018) Fentanyl: a whole new world? 
J Law Med Ethics 46:314–324. https:// doi. org/ 10. 1177/ 10731 
10518 782937

 4. Pardo B (2018) Evolution of the U.S. overdose crisis: under-
standing China’s role in the production and supply of synthetic 
opioids. https:// www. rand. org/ conte nt/ dam/ rand/ pubs/ testi mon-
ies/ CT400/ CT497/ RAND_ CT497. pdf. Accessed 15 Aug 2021

 5. Wikipedia (2021) List of fentanyl analogues. https:// en. wikip 
edia. org/ wiki/ List_ of_ fenta nyl_ analo gues. Accessed 15 Aug 
2021

 6. Bao Y, Meng S, Shi J, Lu L (2019) Control of fentanyl-related 
substances in China. Lancet Psychiatry 6:e15. https:// doi. org/ 
10. 1016/ S2215- 0366(19) 30218-4

 7. DEA (2018) 21 CFR Part 1308. Schedules of controlled sub-
stances: temporary placement of fentanyl-related substances in 
Schedule 1. https:// www. deadi versi on. usdoj. gov/ fed_ regs/ rules/ 
2020/ fr0410_ 2. htm. Accessed 11 Aug 2021

 8. Lamy FR, Daniulaityte R, Barratt MJ, Lokala U, Sheth A, Carl-
son RG (2021) “Etazene, safer than heroin and fentanyl”: non-
fentanyl novel synthetic opioid listings on one darknet market. 
Drug Alcohol Depend 225:108790. https:// doi. org/ 10. 1016/j. 
druga lcdep. 2021. 108790

 9. UNODC (2021) What are NPS? https:// www. unodc. org/ LSS/ 
Page? NPS. Accessed 12 Aug 2021

 10. Mohr ALA, Friscia M, Papsun D, Kacinko SL, Buzby D, 
Logan BK (2016) Analysis of novel synthetic opioids U-47700, 
U-50488 and furanyl fentanyl by LC-MS/MS in postmortem 
casework. J Anal Toxicol 40:709–717. https:// doi. org/ 10. 1093/ 
jat/ bkw086 (open access articles)

 11. Solimini R, Pichini S, Pacifici R, Busardò FP, Giorgetti R 
(2018) Pharmacotoxicology of non-fentanyl derived new syn-
thetic opioids. Front Pharmacol 9:654. https:// doi. org/ 10. 3389/ 
fphar. 2018. 00654 (open access article)

 12. Wikipedia (2021) U-47700. https:// en. wikip edia. org/ wiki/U- 
47700. Accessed 13 Aug 2021

 13. Wikipedia (2021) AH-7921. https:// en. wikip edia. org/ wiki/ AH- 
7921. Accessed 19 Aug 2021

 14. Katselou M, Papoutsis I, Nikolaou P, Spiliopoulou C, Atha-
naselis S (2015) AH-7921: the list of new psychoactive opioids 
is expanded. Forensic Toxicol 33:195–201. https:// doi. org/ 10. 
1007/ s11419- 015- 0271-z

https://doi.org/10.1007/s11419-022-00624-y
https://doi.org/10.1093/jat/bkaa115
https://doi.org/10.1177/1073110518782937
https://doi.org/10.1177/1073110518782937
https://www.rand.org/content/dam/rand/pubs/testimonies/CT400/CT497/RAND_CT497.pdf
https://www.rand.org/content/dam/rand/pubs/testimonies/CT400/CT497/RAND_CT497.pdf
https://en.wikipedia.org/wiki/List_of_fentanyl_analogues
https://en.wikipedia.org/wiki/List_of_fentanyl_analogues
https://doi.org/10.1016/S2215-0366(19)30218-4
https://doi.org/10.1016/S2215-0366(19)30218-4
https://www.deadiversion.usdoj.gov/fed_regs/rules/2020/fr0410_2.htm
https://www.deadiversion.usdoj.gov/fed_regs/rules/2020/fr0410_2.htm
https://doi.org/10.1016/j.drugalcdep.2021.108790
https://doi.org/10.1016/j.drugalcdep.2021.108790
https://www.unodc.org/LSS/Page?NPS
https://www.unodc.org/LSS/Page?NPS
https://doi.org/10.1093/jat/bkw086
https://doi.org/10.1093/jat/bkw086
https://doi.org/10.3389/fphar.2018.00654
https://doi.org/10.3389/fphar.2018.00654
https://en.wikipedia.org/wiki/U-47700
https://en.wikipedia.org/wiki/U-47700
https://en.wikipedia.org/wiki/AH-7921
https://en.wikipedia.org/wiki/AH-7921
https://doi.org/10.1007/s11419-015-0271-z
https://doi.org/10.1007/s11419-015-0271-z


242 Forensic Toxicology (2022) 40:234–243

1 3

 15. Alzghari SK, Amin ZM, Chau S, Fleming SW, Cho K, Fung V 
(2017) On the horizon: the synthetic opioid U-49900. Cureus 
9:e1679. https:// doi. org/ 10. 7759/ cureus. 1679 (open access 
article)

 16. Sharma KK, Hales TG, Rao VJ, NicDaeid N, McKenzie C 
(2019) The search for the “next” euphoric non-fentanyl novel 
synthetic opioids on the illicit drug market: current status and 
horizon scanning. Forensic Toxicol 37:1–16. https:// doi. org/ 10. 
1007/ s11419- 018- 1454-5 (open access article)

 17. Wikipedia (2021) Opioid receptor. https:// en. wikip edia. org/ wiki/ 
Opioid_ recep tor# Addit ional_ recep tors. Accessed 11 Aug 2021

 18. Bautista DL, Asher W, Carpenter L (2005) Development of the 
human mu, kappa and delta opioid receptors and docking with 
morphine. J Kentucky Acad Sci 66:107–117. https:// doi. org/ 10. 
3101/ 1098- 7096(2006) 66[107: DOTHMK] 2.0. CO;2

 19. Duarte ML, Devi LA (2020) Post-translational modification of 
opioid receptors. Trends Neurosci 43:417–432. https:// doi. org/ 
10. 1016/j. tins. 2020. 03. 011

 20. Baumann MH, Tocco G, Papsun DM, Mohr AM, Fogarty M, 
Krotulski AJ (2020) U-47700 and its analogs: non-fentanyl syn-
thetic opioids impacting the recreational drug market. Brain Sci 
10:895. https:// doi. org/ 10. 3390/ brain sci10 110895 (open access 
article)

 21. Hsu T, Mallareddy JR, Yoshida K, Bustamante V, Lee T, Krste-
nansky JL, Zambon AC (2019) Synthesis and pharmacological 
characterization of ethylenediamine synthetic opioids in human 
μ-opiate receptor 1 (OPRM1) expressing cells. Pharmacol Res 
Perspect 7:e00511. https:// doi. org/ 10. 1002/ prp2. 511 (open 
access article)

 22. Fogarty MF, Mohr ALA, Papsun DM, Logan BK (2021) Anal-
ysis of the illicit opioid U-48800 and related compounds by 
LC-MS-MS and case series of fatalities involving U-48800. J 
Anal Toxicol. https:// doi. org/ 10. 1093/ jat/ bkaa1 80 (open access 
article)

 23. Fabregat-Safont D, Carbón X, Ventura M, Fornís I, Guillamón 
E, Hernández F, Ibáñez M (2017) Updating the list of known 
opioids through identification and characterization of the new 
opioid derivative 3, 4- dichloro-N-(2-(diethylamino)cyclohexyl)-
N-methylbenzamide (U-49900). Sci Rep 7:6338. https:// doi. org/ 
10. 1038/ s41598- 017- 06778-9 (open access article)

 24. Marchei E, Pacifici R, Mannocchi G, Marinelli E, Busardò FP, 
Pichini S (2018) New synthetic opioids in biological and non-bio-
logical matrices: a review of current analytical methods. Trends 
Anal Chem 102:1–15. https:// doi. org/ 10. 1016/j. trac. 2018. 01. 007

 25. Moody MT, Diaz S, Shah P, Papsun D, Logan BK (2018) Analysis 
of fentanyl analogs and novel synthetic opioids in blood, serum /
plasma and urine in forensic casework. Drug Test Anal 10:1358–
1367. https:// doi. org/ 10. 1002/ dta. 2393

 26. Tabarra I, Soares S, Rosado T, Gonçalves J, Luís Â, Malaca S, 
Barroso M, Keller T, Restolho J, Gallardo E (2019) Novel syn-
thetic opioids-toxicological aspects and analysis. Forensic Sci 
Res 4:111–140. https:// doi. org/ 10. 1080/ 20961 790. 2019. 15889 
33 (open access article)

 27. Qin N, Shen M, Xiang P, Wen D, Shen B, Deng H, Qiang H, 
Song F, Shi Y (2020) Determination of 37 fentanyl analogues 
and novel synthetic opioids in hair by UHPLC-MS /MS and its 
application to authentic cases. Sci Rep 10:11569. https:// doi. org/ 
10. 1038/ s41598- 020- 68348-w (open access article)

 28. Nordmeier F, Doerr AA, Potento S, Walle N, Laschke MW, 
Menger MD, Schmidt PH, Meyer MR, Schaefer N (2021) Peri-
mortem distribution of U-47700, tramadol and their main metabo-
lites in pigs following intravenous administration. J Anal Toxicol. 
https:// doi. org/ 10. 1093/ jat/ bkab0 44

 29. Popławska M, Bednarek E, Naumczuk B, Kozerski L, 
Błażewicz A (2021) Identification and structure characteriza-
tion of five synthetic opioids: 3, 4-methylenedioxy-U-47700, 

o-methyl-acetylfentanyl, 2-thiophenefentanyl, benzoylfentaynl 
and benzoylbenzylfentanyl. Forensic Toxicol 39:45–58. https:// 
doi. org/ 10. 1007/ s11419- 020- 00539-6 (open access article)

 30. Truver MT, Swortwood-Gates MJ (2020) Long-term stability of 
novel synthetic opioids in blood. Forensic Sci Int 308:110175. 
https:// doi. org/ 10. 1016/j. forsc iint. 2020. 110175

 31. Drug Enforcement Administration, US Department of Justice 
(2018) Isopropyl U-47700. https:// www. swgdr ug. org/ Monog 
raphs/ Isopr opyl-U- 47700. pdf. Accessed 9 Sep 2021

 32. Drug Enforcement Administration, US Department of Justice 
(2020) Furanyl UF-17. https:// www. swgdr ug. org/ Monog raphs/ 
Furan yl% 20UF- 17. pdf. Accessed 9 Sep 2021

 33. Cayman Chemical (2021) UF-17 (hydrochloride). https:// 
www. cayma nchem. com/ produ ct/ 27925/ uf- 17- (hydro chlor ide). 
Accessed 9 Sep 2021

 34. NMS Labs (2019) N-Methyl U-47931E. https:// www. npsdi 
scove ry. org/ wp- conte nt/ uploa ds/ 2019/ 11/N- Methyl- U- 47931E_ 
112219_ NMSLa bs_ Report. pdf. Accessed 9 Sep 2021

 35. CFSRE (2020) 3, 4- Difluoro- U-47700. https:// www. npsdi 
scove ry. org/ wp- conte nt/ uploa ds/ 2020/ 03/ 34- Diflu oro-U- 47700_ 
031120_ Report. pdf. Accessed 9 Sep 2021

 36. CFSRE (2020) N-Ethyl-U-47700. https:// www. npsdi scove ry. org/ 
wp- conte nt/ uploa ds/ 2020/ 03/N- Ethyl-U- 47700_ 032420_ Report. 
pdf. Accessed 9 Sep 2021

 37. McKenzie C, Sutcliffe OB, Read KD, Scullion P, Epemolu O, 
Fletcher D, Helander A, Beck O, Rylski A, Antonides LH, Riley 
J, Smith SA, Daeid NN (2018) Chemical synthesis, characteriza-
tion and in vitro and in vivo metabolism of the synthetic opioid 
MT-45 and its newly identified fluorinated analogue 2F-MT-45 
with metabolite confirmation in urine samples from known drug 
users. Forensic Toxicol 36:359–374. https:// doi. org/ 10. 1007/ 
s11419- 018- 0413-1 (open access article)

 38. Uchiyama N, Matsuda S, Kawamura M, Kimura-Hanajiri R, 
Goda Y (2014) Identification of two new-type designer drugs, 
piperazine derivative MT-45 (I-C6) and synthetic peptide Noo-
pept (GVS-111), with synthetic cannabinoid A-834735, cathi-
none derivative 4-methoxy-α-PVP, and phenethylamine deriva-
tive 4-methylbuphedrine from illegal products. Forensic Toxicol 
32:9–18. https:// doi. org/ 10. 1007/ s11419- 013- 0194-5

 39. Wikipedia (2021) MT-45. https:// en. wikip edia. org/ wiki/ MT- 45. 
Accessed 19 Aug 2021

 40. Vandeputte MM, Cannaert A, Stove CP (2020) In vitro functional 
characterization of a panel of non-fentanyl opioid new psychoac-
tive substances. Arch Toxicol 94:3819–3830. https:// doi. org/ 10. 
1007/ s00204- 020- 02855-7

 41. EMCDDA (2014) MT-45: EMCDDA-Europol Joint Report on a 
new psychoactive substance: 1-cyclohexyl-4-(1, 2-diphenylethyl) 
piperazine (‘MT-45’). https:// doi. org/ 10. 2810/ 54074

 42. EMCDDA (2015) MT-45: report on the risk assessment of MT-45 
in the framework of the Council Desicion on new psychoactive 
substances. https:// doi. org/ 10. 2810/ 59253

 43. WHO (2015) MT-45: critical review report. Agenda item 5.1. 
https:// www. who. int/ medic ines/ access/ contr olled- subst ances/5. 
1_ MT- 45_ CRev. pdf. Accessed 19 Aug 2021

 44. Nakamura H, Ishii K, Yokoyama Y, Imazu C, Shimoda A, 
Kadokawa T, Shimizu M (1985) Central actions of AD-1211, 
an analgesic lacking common opiate features. Eur J Pharmacol 
106:345–356. https:// doi. org/ 10. 1016/ 0014- 2999(84) 90722-2

 45. Wikipedia (2021) AD-1211, https:// en. wikip edia. org/ wiki/ AD- 
1211. Accessed 19 Aug 2021

 46. Cannaert A, Hulpia F, Risseeuw M, Van Uytfanghe K, Deconinck 
E, Van Calenbergh S, Blanckaert P, Stove C (2021) Report on a 
new opioid NPS: chemical and in vitro functional characterization 
of a structural isomer of the MT-45 derivative diphenpipenol. J 
Anal Toxicol 45:134–140. https:// doi. org/ 10. 1093/ jat/ bkaa0 66

https://doi.org/10.7759/cureus.1679
https://doi.org/10.1007/s11419-018-1454-5
https://doi.org/10.1007/s11419-018-1454-5
https://en.wikipedia.org/wiki/Opioid_receptor#Additional_receptors
https://en.wikipedia.org/wiki/Opioid_receptor#Additional_receptors
https://doi.org/10.3101/1098-7096(2006)66[107:DOTHMK]2.0.CO;2
https://doi.org/10.3101/1098-7096(2006)66[107:DOTHMK]2.0.CO;2
https://doi.org/10.1016/j.tins.2020.03.011
https://doi.org/10.1016/j.tins.2020.03.011
https://doi.org/10.3390/brainsci10110895
https://doi.org/10.1002/prp2.511
https://doi.org/10.1093/jat/bkaa180
https://doi.org/10.1038/s41598-017-06778-9
https://doi.org/10.1038/s41598-017-06778-9
https://doi.org/10.1016/j.trac.2018.01.007
https://doi.org/10.1002/dta.2393
https://doi.org/10.1080/20961790.2019.1588933
https://doi.org/10.1080/20961790.2019.1588933
https://doi.org/10.1038/s41598-020-68348-w
https://doi.org/10.1038/s41598-020-68348-w
https://doi.org/10.1093/jat/bkab044
https://doi.org/10.1007/s11419-020-00539-6
https://doi.org/10.1007/s11419-020-00539-6
https://doi.org/10.1016/j.forsciint.2020.110175
https://www.swgdrug.org/Monographs/Isopropyl-U-47700.pdf
https://www.swgdrug.org/Monographs/Isopropyl-U-47700.pdf
https://www.swgdrug.org/Monographs/Furanyl%20UF-17.pdf
https://www.swgdrug.org/Monographs/Furanyl%20UF-17.pdf
https://www.caymanchem.com/product/27925/uf-17-(hydrochloride
https://www.caymanchem.com/product/27925/uf-17-(hydrochloride
https://www.npsdiscovery.org/wp-content/uploads/2019/11/N-Methyl-U-47931E_112219_NMSLabs_Report.pdf
https://www.npsdiscovery.org/wp-content/uploads/2019/11/N-Methyl-U-47931E_112219_NMSLabs_Report.pdf
https://www.npsdiscovery.org/wp-content/uploads/2019/11/N-Methyl-U-47931E_112219_NMSLabs_Report.pdf
https://www.npsdiscovery.org/wp-content/uploads/2020/03/34-Difluoro-U-47700_031120_Report.pdf
https://www.npsdiscovery.org/wp-content/uploads/2020/03/34-Difluoro-U-47700_031120_Report.pdf
https://www.npsdiscovery.org/wp-content/uploads/2020/03/34-Difluoro-U-47700_031120_Report.pdf
https://www.npsdiscovery.org/wp-content/uploads/2020/03/N-Ethyl-U-47700_032420_Report.pdf
https://www.npsdiscovery.org/wp-content/uploads/2020/03/N-Ethyl-U-47700_032420_Report.pdf
https://www.npsdiscovery.org/wp-content/uploads/2020/03/N-Ethyl-U-47700_032420_Report.pdf
https://doi.org/10.1007/s11419-018-0413-1
https://doi.org/10.1007/s11419-018-0413-1
https://doi.org/10.1007/s11419-013-0194-5
https://en.wikipedia.org/wiki/MT-45
https://doi.org/10.1007/s00204-020-02855-7
https://doi.org/10.1007/s00204-020-02855-7
https://doi.org/10.2810/54074
https://doi.org/10.2810/59253
https://www.who.int/medicines/access/controlled-substances/5.1_MT-45_CRev.pdf
https://www.who.int/medicines/access/controlled-substances/5.1_MT-45_CRev.pdf
https://doi.org/10.1016/0014-2999(84)90722-2
https://en.wikipedia.org/wiki/AD-1211
https://en.wikipedia.org/wiki/AD-1211
https://doi.org/10.1093/jat/bkaa066


243Forensic Toxicology (2022) 40:234–243 

1 3

 47. Wikipedia (2021) Diphenpipenol. https:// en. wikip edia. org/ wiki/ 
Diphe npipe nol. Accessed 19 Aug 2021

 48. Baptista-Hon DT, Smith M, Singleton S, Antonides L, Daeid NN, 
McKenzie C, Hales TG (2020) Activation of μ-opioid receptors 
by MT-45 (1-cyclohexyl-4-(1, 2-diphenylethyl) piperazine) and its 
fluorinated derivatives. Br J Pharmacol 177:3436–3448. https:// 
doi. org/ 10. 1111/ bph. 15064 (open access article)

 49. Wikipedia (2021) List of benzimidazole opioids. https:// en. wikip 
edia. org/ wiki/ List_ of_ benzi midaz ole_ opioi ds. Accessed July 26, 
2021

 50. Wilde M, Pichini S, Pacifici R, Tagliabracci A, Busardò FP, 
Auwärter V, Solimini R (2019) Metabolic pathways and poten-
cies of new fentanyl analogs. Front Pharmacol 10:238. https:// doi. 
org/ 10. 3389/ fphar. 2019. 00238 (open access article)

 51. Vandeputte MM, Van Uytfanghe K, Layle NK, St. Germaine 
DM, Iula DM, Stove CP (2021) Synthesis, chemical characteri-
zation, and μ-opioid receptor activity assessment of the emerging 
groups of “nitazene” 2-benzylbenzimidazole synthetic opioids. 
ACS Chem Neurosci 12:1241–1251. https:// doi. org/ 10. 1021/ acsch 
emneu ro. lc000 64

 52. Krotulski AJ, Papsun DM, Kacinko SL, Logan BK (2020) Isotoni-
tazene quantitation and metabolite discovery in authentic forensic 
casework. J Anal Toxicol 44:521–530. https:// doi. org/ 10. 1093/ jat/ 
bkaa0 16 (open access article)

 53. WHO (2020) Critical review report: isotonitazene. https:// www. 
who. int/ docs/ defau lt_ source/ contr olled- subst ances/ 43rd- ecdd/ 
isoni tazene- 43rd- final- compl ete-a. pdf? stvrsn= c98d9 c9_2. 
Accessed 2 Aug 2021

 54. CFSRE (2021) NPS discovery: protonitazene. https:// www. npsdi 
scove ry. org/ Proto nitaz ene. Accessed 14 Aug 2021

 55. Krotulski AJ, Papsun DM, Walton SE, Logan BK (2021) Metoni-
tazene in the United States-forensic toxicology assessment of a 
potent new synthetic opioid using liquid chromatography mass 
spectrometry. Drug Test Anal 13:1697–1711. https:// doi. org/ 10. 
1002/ dta. 3115 (open access article)

 56. CFSRE (2021) New high potency synthetic opioid N-pyrrolidino 
etonitazene (etonitazepyne) linked to overdoses across United 
States. https:// www. npsdi scove ry. org/ wp- conte nt/ uploa ds/ 2021/ 
06/ Public- Alert_N- Pyrro lidino- Etoni tazene_ NPS- Disco very_ 
061721. pdf. Accessed 12 Sep 2021

 57. Siczek M, Zawadzki M, Siczek M, Chłopaś-Konowałek A, Szpot 
P (2021) Etazene (N, N-diethyl-2-{[(4-ethoxyphenyl)methyl]-
1H-benzimidazol-1-yl}-ethan-1-amine (dihydrochloride)): a novel 
benzimidazole opioid NPS identified in seized material: crystal 
structure and spctroscopic characterization. Forensic Toxicol 
39:146–155. https:// doi. org/ 10. 1007/ s11419- 020- 00552-9 (open 
access article)

 58. Wikipedia (2021) Etonitazene. https:// en. wikip edia. org/ wiki/ Etoni 
tazene. Accessed 15 Aug 2021

 59. Toronto’s Drug Checking Service (2021) Etonitazene identified 
in Toronto’s unregulated drug supply. https:// www. drugc hecki ng. 
cdpe. org/ alert/ etoni tazene/. Accessed 14 Aug 2021

 60. Ujváry I, Christie R, Evans-Brown M, Gallegos A, Jorge R, 
de Morais J, Sedefov R (2021) DARK classics in chemical 

neuroscience: etonitazene and related benzimidazoles. ACS Chem 
Neurosci 12:1072–1092. https:// doi. org/ 10. 1021/ acsch emneu ro. 
1c000 37

 61. Mueller F, Bogdal C, Pfeiffer B, Andrello L, Ceschi A, Thomas 
A, Grata E (2021) Isotonitazene: fatal intoxication in three cases 
involving this unreported novel psychoactive substance in Swit-
zerland. Forensic Sci Int 320:110686. https:// doi. org/ 10. 1016/j. 
forsc iint. 2021. 110686 (open access article)

 62. Wikipedia (2021) Isotonitazene. https:// en. wikip edia. org/ wiki/ 
Isoto nitaz ene. Accessed 19 Aug 2021

 63. Wikipedia (2021) Metonitazene. https:// en. wikip edia. org/ wiki/ 
Meton itaze ne. Accessed 19 Aug 2021

 64. Wikipedia (2021) Etodesnitazene. https:// en. wikip edia. org/ wiki/ 
Etode snita zene. Accessed 15 Aug 2021

 65. Blanckaert P, Cannaert A, Van Uytfanghe K, Hulpia F, Deconinck 
E, Van Calenbergh S, Stove C (2020) Report on a novel emerging 
class of highly potent benzimidazole NPS opioids: chemical and 
in vitro functional characterization of isotonitazene. Drug Test 
Anal 12:422–430. https:// doi. org/ 10. 1002/ dta. 2738

 66. Blanckaert P, Balcaen M, Vanhee C, Risseeuw M, Canfyn M, 
Desmedt B, Van Calenberg S, Deconininck E (2021) Analytical 
characterization of “etonitazepyne”, a new pyrrolidinyl-contain-
ing 2-benzylbenzimidazole opioid sold online. Drug Test Anal 
13:1627–1634. https:// doi. org/ 10. 1002/ dta. 3113

 67. Verougstraete N, Vandeputte MM, Lyphout C, Cannaert A, Hulpia 
F, Van Calenbergh S, Verstraete AG, Stove C (2020) First report 
on brorphine: the next opioid on the deadly new psychoactive 
substance horizon? J Anal Toxicol 44:937–946. https:// doi. org/ 
10. 1093/ jat/ bkaa0 94 (open access article)

 68. Krotulski AJ, Papsun DM, Noble C, Kacinko SL, Logan BK 
(2021) Brorphine-investigation and quantification of a new potent 
synthetic opioid in forensic toxicology casework using liquid 
chromatography-mass spectrometry. J Forensic Sci 66:664–676. 
https:// doi. org/ 10. 1111/ 1556- 4029. 14623

 69. Wikipedia (2021) Brorphine. https:// en. wikip edia. org/ wiki/ Brorp 
hine. Accessed 15 Aug 2021

 70. Greenwood L, Fashola K (2021) Illicit fentanyl from China: an 
evolving global operation. U.S.-China Economic and Security 
Review Commission: issue brief. https:// www. uscc. gov/ sites/ 
defau lt/ files/ 2021- 08/ Illic it_ Fenta nyl_ from_ China- An_ Evolv ing_ 
Global_ Opera tion. pdf. Accessed 18 Sep 2021

 71. WHO (2021) Opioid overdose. https:// www. who. int/ new- room/ 
fact- seets/ detail/ opioid- overd ose. Accessed 28 Nov 2021

 72. National Police Agency of Japan (2021) White paper on organized 
crimes in Japan, 2021. National Police Agency, Tokyo. https:// 
www. npa. go. jp/ sosik ihanz ai/ kikak ubuns eki/ sotai kikak u09/ R02so 
taijy ousei. pdf (in Japanese) Accessed 24 Dec 2021

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://en.wikipedia.org/wiki/Diphenpipenol
https://en.wikipedia.org/wiki/Diphenpipenol
https://doi.org/10.1111/bph.15064
https://doi.org/10.1111/bph.15064
https://en.wikipedia.org/wiki/List_of_benzimidazole_opioids
https://en.wikipedia.org/wiki/List_of_benzimidazole_opioids
https://doi.org/10.3389/fphar.2019.00238
https://doi.org/10.3389/fphar.2019.00238
https://doi.org/10.1021/acschemneuro.lc00064
https://doi.org/10.1021/acschemneuro.lc00064
https://doi.org/10.1093/jat/bkaa016
https://doi.org/10.1093/jat/bkaa016
https://www.who.int/docs/default_source/controlled-substances/43rd-ecdd/isonitazene-43rd-final-complete-a.pdf?stvrsn=c98d9c9_2
https://www.who.int/docs/default_source/controlled-substances/43rd-ecdd/isonitazene-43rd-final-complete-a.pdf?stvrsn=c98d9c9_2
https://www.who.int/docs/default_source/controlled-substances/43rd-ecdd/isonitazene-43rd-final-complete-a.pdf?stvrsn=c98d9c9_2
https://www.npsdiscovery.org/Protonitazene
https://www.npsdiscovery.org/Protonitazene
https://doi.org/10.1002/dta.3115
https://doi.org/10.1002/dta.3115
https://www.npsdiscovery.org/wp-content/uploads/2021/06/Public-Alert_N-Pyrrolidino-Etonitazene_NPS-Discovery_061721.pdf
https://www.npsdiscovery.org/wp-content/uploads/2021/06/Public-Alert_N-Pyrrolidino-Etonitazene_NPS-Discovery_061721.pdf
https://www.npsdiscovery.org/wp-content/uploads/2021/06/Public-Alert_N-Pyrrolidino-Etonitazene_NPS-Discovery_061721.pdf
https://doi.org/10.1007/s11419-020-00552-9
https://en.wikipedia.org/wiki/Etonitazene
https://en.wikipedia.org/wiki/Etonitazene
https://www.drugchecking.cdpe.org/alert/etonitazene/
https://www.drugchecking.cdpe.org/alert/etonitazene/
https://doi.org/10.1021/acschemneuro.1c00037
https://doi.org/10.1021/acschemneuro.1c00037
https://doi.org/10.1016/j.forsciint.2021.110686
https://doi.org/10.1016/j.forsciint.2021.110686
https://en.wikipedia.org/wiki/Isotonitazene
https://en.wikipedia.org/wiki/Isotonitazene
https://en.wikipedia.org/wiki/Metonitazene
https://en.wikipedia.org/wiki/Metonitazene
https://en.wikipedia.org/wiki/Etodesnitazene
https://en.wikipedia.org/wiki/Etodesnitazene
https://doi.org/10.1002/dta.2738
https://doi.org/10.1002/dta.3113
https://doi.org/10.1093/jat/bkaa094
https://doi.org/10.1093/jat/bkaa094
https://doi.org/10.1111/1556-4029.14623
https://en.wikipedia.org/wiki/Brorphine
https://en.wikipedia.org/wiki/Brorphine
https://www.uscc.gov/sites/default/files/2021-08/Illicit_Fentanyl_from_China-An_Evolving_Global_Operation.pdf
https://www.uscc.gov/sites/default/files/2021-08/Illicit_Fentanyl_from_China-An_Evolving_Global_Operation.pdf
https://www.uscc.gov/sites/default/files/2021-08/Illicit_Fentanyl_from_China-An_Evolving_Global_Operation.pdf
https://www.who.int/new-room/fact-seets/detail/opioid-overdose
https://www.who.int/new-room/fact-seets/detail/opioid-overdose
https://www.npa.go.jp/sosikihanzai/kikakubunseki/sotaikikaku09/R02sotaijyousei.pdf
https://www.npa.go.jp/sosikihanzai/kikakubunseki/sotaikikaku09/R02sotaijyousei.pdf
https://www.npa.go.jp/sosikihanzai/kikakubunseki/sotaikikaku09/R02sotaijyousei.pdf

	Non-fentanyl-derived synthetic opioids emerging during recent years
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	U-compounds including AH-7921
	MT-45 and its related compounds
	Benzimidazole opioids
	Brorphine
	Discussion
	Conclusions
	References




