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Abstract New groups of synthetic “designer drugs” have
increased in popularity over the past several years. These
products mimic the euphoric effects of other well-known
illicit drugs but are advertised as “legal” highs and are sold
over the internet, at raves and night clubs, and in head shops.
The 2C series drugs are ring-substituted phenethylamines that
belong to a group of designer agents similar in structure to 3,4-
methylenedioxy-N-methylamphetamine (MDMA, Ecstasy).
Understanding the pharmacology and toxicology of these
agents is essential in order to provide the best medical care
for these patients. This review focuses on the pharmacology,
pharmacokinetics, clinical effects, and treatment of 2C drug
intoxication based on available published literature. Multiple
names under which 2C drugs are sold were identified and
tabulated. Common features identified in patients intoxicated
with 2Cs included hallucinations, agitation, aggression, vio-
lence, dysphoria, hypertension, tachycardia, seizures, and hy-
perthermia. Patients may exhibit sympathomimetic symptoms
or symptoms consistent with serotonin toxicity, but an excited
delirium presentation seems to be consistent amongst deaths
attributed to 2C drugs; at least five deaths have been reported
in the literature in patients intoxicated with 2C drugs. 2C
drugs are a group of designer intoxicants, many of which are
marketed as legal, but may carry risks that consumers are
unaware of. These drugs may be characterized by either
serotonergic toxicity or a sympathomimetic toxidrome, but a

presentation consistent with excited delirium is consistent
amongst the reported 2C-related deaths. Treatment of 2C
intoxication is primarily supportive, but immediate action is
required in the context of excited delirium, hyperthermia, and
seizure activity.
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Introduction

The general public has long been aware of traditional illicit
drugs such as cocaine, marijuana, and methamphetamine.
Designer drugs were created in the 1960s to avoid the pro-
visions of existing drug laws by preparing analogs or de-
rivatives of currently available drugs. Designer drugs
including the 2C class discussed in this article are not new
but have been increasing in popularity. Manufacturers of
designer drugs purposely change the structure of these
drugs to stay ahead of drug laws, making it difficult for
clinicians to stay informed. Structure manipulation to
produce new compounds, advertisement of these com-
pounds as “legal” highs, and ease of access of designer
drugs from the internet, raves, night clubs, and sale in
head shops have rejuvenated and promoted the current
designer drug resurgence [1, 2].

The 2Cs are just one of the designer drug classes cur-
rently being promoted and disseminated on the internet and
at raves. The phenethylamine-based structure is actually
shared among amphetamines, catecholamines, cathinones,
and many other drugs. The terminology “2Cs” is in refer-
ence to an acronym invented by Alexander Shulgin to
describe the two carbons between the amino group and the
benzene ring in the chemical structure (Fig. 1) [3, 4]. In this
article, we will continue to use “2C” to refer to the group of
newly substituted designer hallucinogens with methoxy
groups at the 2 and 5 positions on the ring, rather than the
larger group of phenethylamine-based compounds that
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would include epinephrine, dopamine, bupropion, MDMA,
methamphetamine, cathinones, and a multitude of other
commonly known similarly structured agents.

Designer substitution to the 2C structure can result in
increased hallucinogenic activity. For example, additions of
methoxy groups at the 2 and 5 positions on the base struc-
ture ring or the substitution of iodine or bromine at the 4
position results in increased hallucinogenic effects [3, 5]. In
1974, 4-bromo-2,5-dimethoxyphenethylamine (2C-B), the
first of the 2Cs, was synthesized by Alexander Shulgin as
he was exploring homologs from 2,5-dimethoxy-4-
bromoamphetamine [3]. 2C-B was manufactured in the
1980s and early 1990s under the names Nexus, Erox,
Performax, Toonies, Bromo, Spectrum, and Venus and
marketed as MDMA’s replacement after MDMA became
scheduled in the USA [6, 7]. 2C-B was initially intended
for psychotherapy use due to its short 1-h duration of action
[3]. Due to 2C-B’s significant gastrointestinal effects and
lack of empathogenic effects as compared to MDMA, it
rapidly fell out of favor for psychotherapy. In 1995, 2C-B
was placed on Schedule I of the Controlled Substances Act
by the Drug Enforcement Agency (DEA) [6, 7]. However,
following the scheduling of 2C-B, other 2C analogues were
made available by suppliers as legal alternatives [8].

In 1991, Alexander Shulgin, along with his wife Ann,
published PIHKAL, A Chemical Love Story (PIHKAL is an
acronym representing “Phenethylamines I Have Known And
Loved”). This book detailed synthesis instructions for over
200 psychedelic compounds including bioassays, dosages,
and other commentaries [5]. In this book, Shulgin describes
the synthesis of 2,5-dimethoxy-4-ethylphenethylamine (2C-E,
Europa), 2,5-dimethoxy-4-ethylthiophenethylamine (2C-T-2),
2,5-dimethoxy-4-(n)-propylthiophenethylamine (2C-T-7,
Blue Mystic, T7, Beautiful, Tripstay, Tweety-Bird
Mescaline), 4-iodo-2,5-dimethoxyphenethylamine (2C-I, i),
and many others [3, 4, 8, 9]. It is no surprise that after the
publication of Alexander Shulgin’s book, 2C use saw an
increase in popularity.

The 2Cs are considered “drugs or chemicals of concern”
by the DEA [10]. Substances listed by the DEA as “drugs or
chemicals of concern” are Scheduled 1 or II substances
under the Controlled Substances Act of 1970 (CSA) and
its subsequent amendments or are compounds currently
being considered for scheduling under the CSA. Until the
summer of 2012, the following were the only 2Cs classified
as Schedule I controlled substances: 2,5-dimethoxy-4-
bromophenethylamine (2C-B) and 2,5-dimethoxy-4-(n)-
propylthiophenethylamine (2C-T-7) [10]. Recently, 2C-E,
2C-D, 2C-C, 2C-I, 2C-T2, 2C-T4, 2C-H, 2C-N, and 2C-P
also joined the Schedule 1 restricted list [11]. Under the
Analogue Statute of the Controlled Substances Act, it is also
illegal to traffic any compounds that are analogous to sched-
uled phenethylamines, which would include many other

previously synthesized and currently available agents [10,
11]. This act, however, does not preclude the possession and
use of unscheduled 2Cs [10, 11].

There is scant literature available on the clinical effects of
acute 2C intoxication or long-term sequelae of 2C ingestion.
Sound medical treatment is predicated on an accurate diag-
nosis, which in turn requires detailed knowledge of the signs
and symptoms associated with specific conditions. To this
end, we report a detailed description of the 2C toxidrome
with an emphasis on an excited delirium syndrome in 2C
fatalities.

Methods

Comprehensive reviews of published literature were
conducted using PUBMED and Ovid Medline databases.
Reviews were limited to literature published in the English
language. Searches were also completed using Google to
search for online sources. Any relevant online sources identi-
fied were included. Search terms included: phenethylamine,
phenylethylamine, designer drug, 2C-B, 2C-I, 2C-E, 2C-T-7,
2C-T-4, 4-bromo-2,5-dimethoxyphenethylamine, 2,5-
dimethoxy-4-(n)-propylthiophenethylamine, 4-iodo-2,5-
dimethoxyphenethylamine, hallucinogen, hallucinogenic 2C,
epidemiology, pattern of use, drug use, drug abuse,
clinical presentation, treatment, death, and case report.
Bibliographies of the accepted articles were screened for
additional literature. Literature was selected based on
whether phenethylamines were among the drugs of
abuse discussed and whether there was information
about the pharmacology, pharmacokinetics, clinical ef-
fects, or treatment.

Pharmacology and Pharmacokinetics

There is little information available about the pharmacol-
ogy of hallucinogenic 2Cs. It has been shown that 2Cs
have an affinity for 5-HT2 and alpha-adrenergic recep-
tors, but these compounds can be either agonists or
antagonists, which is dependent on the specific receptor
subtype [12–14]. The structure of 2Cs responsible for the
hallucinogenic effects consists of a primary amine sepa-
rated by two carbon atoms from the phenyl ring,
methoxy groups at positions 2 and 5 on the phenyl ring,
and a hydrophobic substituent at position 4 on the phe-
nyl ring (Fig. 1) [3, 15, 16]. It is possible to create new
hallucinogenic 2Cs by placing different substituents on
the aromatic ring at positions 2, 4, or 5 [5, 16].

Studies examining the pharmacokinetics and pharmaco-
dynamics of 2Cs are limited. The 2Cs are generally avail-
able in tablet, capsule, powder, or liquid form, depending on
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the 2C, and they are ingested orally or insufflated [3, 6–9,
17]. According to reports from the DEA, insufflating the
compound produces more rapid and intense effects [8]. For
example, oral administration of 2C-T-7 has an onset of 1–
2.5 h and duration of action of 5–7 h, whereas insufflation of
2C-T-7 has an onset of 5–15 min and a duration of action of
2–4 h [17].

Shulgin provides anecdotal accounts of onset and
duration of euphoric effects after oral ingestion of
phenethylamines in PIHKAL, and other anecdotal ac-
counts are available on websites such as www.erowid.
org. Table 1 lists some 2Cs and dosages and durations
of effect according to Shulgin. However, pharmacoki-
netics and pharmacodynamics may vary between users,
and some users may be more susceptible to toxicity
[18]. Also, it is important to emphasize that drugs
currently sold on the internet frequently do not contain
the substance or dosage for which they are labeled or
given when purchased [19].

O-demethylation at positions 2 and 5 is the main method
of 2C metabolism. The compound is deaminated and then
oxidated to either the corresponding acid or base [18, 20,
21]. MAO-A and MAO-B are the major enzymes involved
in the deamination of 2Cs [22]. Studied 2Cs have a
greater affinity for MAO-A versus MAO-B; MAO-A
has a larger binding pocket and can accommodate larger
substituents at the 4 position on the phenyl ring
[21–23]. Due to the involvement of MAOs in 2C me-
tabolism, there are potential drug–drug interactions with
monoamine oxidase inhibitors, which can increase se-
rum 2C concentrations and increase risk for 2C toxicity
[22]. CYP2D6 plays a minor role in the metabolism of
the following compounds: 2C-D, 2C-E, 2C-T-2, and 2C-
T-7 [20, 22]. Limited information suggests that 2C
drugs also inhibit reuptake of monoamines including
norepinephrine, dopamine, and serotonin [24].

Clinical Effects

Reported effects of 2Cs are a combination of hallucinogenic
and stimulating effects [20]. Patients with 2C intoxication
will likely present with either a sympathomimetic syn-
drome, serotonin toxicity, a hallucinogenic picture, or some
combination thereof. Signs and symptoms include halluci-
nations, euphoria, empathy, nausea, vomiting, agitation,
tachycardia, hypertension, respiratory depression, and sei-
zures [1, 2, 6]. Users claim increased tactile, visual, audito-
ry, and olfactory sensations [3–9]. Effects from use of 2C-E
are reportedly more intense compared to 2C-B and 2C-I [3].

At low doses, 2Cs generally have stimulating effects and
increased visual, auditory, and tactile sensations [3]. At
moderate doses, hallucinations may be produced. At higher
doses, users may experience unpleasant hallucinations and
sympathomimetic signs such as tachycardia, hypertension,
and hyperthermia [3, 25]. Seizures and delirium have been
reported with 2C-T-7 [3, 8].

In PIHKAL, Shulgin notes that during an experience with
25 mg of 2C-E, he became “anxious and sweaty” within a
few minutes of taking the substance [3]. He also experi-
enced “toxic psychosis,” and hearing voices talk to him
about his worst fears. Symptoms were reported to have
lasted for approximately 20 min [3]. Another user notes an
“intense” experience after ingesting 16 mg of 2C-E in an
oral solution [3, 9]. At the peak of the high, the user
experienced “extreme hallucinations” and suicidal thoughts,
lasting for approximately 30 min [3, 9].

The combination of clinical effects and the mechanisms
of action may give us insight into possible mechanisms of
toxicity or death. One clinical effect, which can lead to death
and appears to be linked to 2C intoxication, is excited
delirium. Although first described in the mid 1800s, excited
delirium has only recently been formally recognized as a
unique syndrome by the American College of Emergency
Physicians [25, 26]. Excited delirium is characterized by the
following sequence of events: delirium with agitation, vio-
lence, hyperactivity, and in many cases, hyperthermia. This
syndrome often results in a sudden and unexpected cardio-
pulmonary arrest. The pathophysiology of excited delirium
is believed to primarily involve dopamine and has been
previously described with cocaine use [27]. Chronic cocaine
use may cause abnormal dopamine processing in the
mesolimbic pathway, resulting in hyperactivity and hyper-
thermia [28, 29]. Dopamine processing, however, appears to
be different in patients exhibiting excited delirium as com-
pared to non-psychotic cocaine users. Recent research has
identified several possible explanations for this critical dif-
ference. The primary mechanism is believed to result from
the inability of the brain to increase the number of drug
transporters, which pump dopamine out of the brain.
Chronic cocaine users have increased dopamine transporterFig. 1 General structure of 2C with labeled positions [3, 4]
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binding sites. However, excited delirium victims lack these
compensatory changes. Thus, excited delirium victims are
unable to compensate for rapidly elevating dopamine levels
after cocaine use, potentially overstimulating the post-
synaptic receptors [30–32]. Similar aberrant dopamine pro-
cessing has been found in schizophrenic patients suggesting
a similar mechanism for excited delirium in these patients
[33]

Fatalities have been attributed to 2C overdose. Three
deaths have been linked to 2C-T-7, one death to 2C-T-21,
two deaths to 2C-I-NBOMe, and one death to 2C-E
[34–41]. Table 2 lists the corresponding deaths and their
clinical findings. It should be noted that there are recent
reports of poor clinical outcomes after exposure to
unconfirmed 2Cs, including presumed 2C-I-NBOMe (25i).
Other published case reports of 2C intoxication are listed in
Table 3 [41–43].

Treatment

There are currently no antidotes available for 2Cs.
Management of acute 2C intoxication consists of focused,
symptom-based supportive care. Initial treatment must con-
sist of maintaining airway, breathing, and circulation.
Patients with apparent intoxication should have an intrave-
nous line and be placed on a cardiac monitor. Patients
presenting with dysphoria should be placed in a calm and

quiet environment until signs and symptoms of intoxication
are minimized [44]. Rapid sedation, fluid resuscitation, and
reduction of hyperthermia are the foundation of excited
delirium treatment. If autonomic hyperactivity secondary
to abnormal dopamine processing is to blame for the clinical
presentation of excited delirium, then rapid sedation of the
patient and attenuation of catecholamines is the goal.
Benzodiazepines, neuroleptics, or both in combination are
commonly used to treat agitated patients. However, to date,
there are not published double-blind, randomized, placebo
controlled trials comparing the efficacy and safety of ben-
zodiazepines to neuroleptics or the combination of benzodi-
azepines and neuroleptics in 2C intoxication or excited
delirium. Benzodiazepines can be used to treat agitation,
hypertension, tachycardia, and hyperthermia [44, 45].
Neuroleptics can be used in the setting of hallucinogen-
induced agitation, although some controversy exists regard-
ing their use. Although droperidol, haloperidol, risperidone,
and ziprasidone can be used to treat agitated patients, they
are purported to potentially exacerbate panic and visual
symptomatology [46]. Some excited delirium deaths have
been thought to be due to ventricular dysythmias and sud-
den cardiac death related to QT prolongation. However,
most excited delirium deaths that occur while on a mon-
itor have shown asystolic or ventricular escape rhythms
and have not been secondary to prolonged QT syndrome
degenerating to ventricular tachycardia or ventricular fi-
brillation [47]. However, given the black box warning

Table 1 Reported dosages and
duration of action for 2Cs per
Shulgin [3]

2C Chemical name Dosage Duration (h)

2C-B 4-Bromo-2,5-dimethoxyphenethylamine 12–24 mg 4–8

2C-C 4-Chloro-2,5-dimethoxyphenethylamine 20–40 mg 4–8

2C-D 4-Methyl-2,5-dimethoxyphenethylamine 20–60 g 4–6

2C-E 4-Ethyl-2,5-dimethoxyphenethylamine 10–25 mg 8–12

2C-G 3,4-Dimethyl-2,5-dimethoxyphenethylamine 20–35 mg 18–30

2C-G-3 3,4-Trimethylene-2,5-dimethoxyphenethylamine 16–25 mg 12–24

2C-G-5 3,4-Norbornyl-2,5-dimethoxyphenethylamine 10–16 mg 32–48

2C-I 4-Iodo-2,5-dimethoxyphenethylamine 14–22 mg 6–10

2C-N 4-Nitro-2,5-dimethoxyphenethylamine 100–150 mg 4–6

2C-P 4-Propyl-2,5-dimethoxyphenethylamine 6–10 mg 10–16

2C-SE 4-Methylseleno-2,5-dimethoxyphenethylamine ∼100 mg 6–8

2C-T 4-Methylthio-2,5-dimethoxyphenethylamine 60–100 mg 3–5

2C-T-2 4-Ethylthio-2,5-dimethoxyphenethylamine 12–25 mg 6–8

2C-T-4 4-Isopropylthio-2,5-dimethoxyphenethylamine 8–20 mg 12–18

2C-T-7 4-Propylthio-2,5-dimethoxyphenethylamine 10–30 mg 8–15

2C-T-8 4-Cyclopropylmethylthio-2,5-dimethoxyphenethylamine 30–50 mg 10–15

2C-T-9 4-(t)-Butylthio-2,5-dimethoxyphenethylamine 60–100 mg 12–18

2C-T-13 4-(2-Methoxyethylthio)-2,5-dimethoxyphenethylamine 25–40 mg 6–8

2C-T-15 4-Cyclopropylthio-2,5-dimethoxyphenethylamine >30 mg Several hours

2C-T-17 4-(s)-Butylthio-2,5-dimethoxyphenethylamine 60–100 mg 10–15

2C-T-21 4-(2-Fluoroehtylthio)-2,5-dimethoxyphenethylamine 8–12 mg 7–10
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regarding neuroleptics causing QT prolongation and small
risk for ventricular dysrhythmias, if a patient is known to
have QT prolongation, neuroleptics may be avoided.
Despite this, neuroleptics have a long clinical history of
safe use for chemical restraint in undifferentiated agita-
tion and may offer a mechanism by which to regulate
dopamine in excited delirium [46, 48–50]. Studies by
Battaglia and Bieniek et al. showed superior efficacy
with a combination of haloperidol and lorazapam as
compared to either drug alone for psychotic agitation
[49].

Despite established efficacy of benzodiazepines and
neuroleptics, they have a slow onset of action via the
intramuscular (IM) route. Studies examining time to

adequate sedation for IM droperidol or IM haloperidol
administered for control of acute agitation have demon-
strated delays of approximately 15–30 min until peak
sedation was achieved [49–51]. Excited delirium pa-
tients may not have this amount of time to spare.
Burnett et al. suggest ketamine as an alternative chem-
ical restraint agent for patients in excited delirium, and
they are not alone in this suggestion [52, 53]. Benefits
of ketamine include rapid onset, predictable ability to
induce a dissociated state, and lack of cardiovascular or
respiratory depression. However, ketamine may result in
airway compromise, including laryngospasm and hypox-
ia, or have stimulatory cardiovascular effects resulting in
increased tachycardia and hypertension.

Table 2 Deaths from 2C reported in the media

Age/sex Agent Route Dose Symptoms

20-year-old male
[35]

2C-T-7 Snorted 35 mg Vomiting, hallucinations, agitation, violence/
aggression, nasal bleeding, possible seizure
activity, pulmonary edema, cardio/pulmonary arrest

17-year-old male
[36]

2C-T-7 Snorted Unknown Agitation, violence, aggression, possible
hyperthermia (removal of clothing), rigidity,
Cardio-pulmonary arrest

Unknown male [37] 2C-T-7 and MDMA unknown Unknown amount of
2CT-7; 200 mg MDMA

Agitation, aggression, violence, seizures,
hallucinations, cardio/pulmonary arrest, cerebral
hemorrhage

22-year-old male
male [38]

2C-T-21 ingestion Unknown (dipped
tip of tongue into powder)

Hyperthermia (108 °C), seizures, coma

19-year-old male
male [34, 44]

2C-E Snorted Unknown Aggressive/agitation, hyperthermia, DIC,
multi-organ failure

17-year-old male
male [39, 40]

2C-I-NBOMe Ingestion Unknown, mixed with
chocolate

Hyperventilation, foaming at the mouth

18-year-old male
[39, 40]

2C-I-NBOMe Unknown Unknown Unknown

Information is taken from that reported in the media and therefore accuracy cannot be verified

Table 3 Case reports of 2C intoxication

Age (years) Agent used Clinical effects Outcome Agent confirmed by
laboratory analysis

40-year-old male [42] Vanilla aroma Delirium, incoherent Treated with neuroleptic,
symptoms resolved after
17 h

Confirmed as 2-(2,5-
dimethoxy-4-
isopropylsulfanylphenyl)-
ethanamine (2C-T-4)

27-year-old male [43] 2C-B used 2 days
prior to effects

Acute psychosis/
hallucinations/
paranoid delusions

Onset of symptoms not
consistent with
pharmacokinetics of 2C-B.
Most likely acute
psychotic break

No confirmatory testing done

10 individuals ranging
in age from 16–23
[34]

Product marketed as
2C-I bought over
the internet and
distributed at a
party

Tachycardia, 2 patients with
hypertension with BPs
over 220 systolic, eight
patients with severe
agitation, delirium and
hallucinations

Various outcomes, most
minor; 1 death, 1 major,
8 minor

Confirmed by analysis as
2C-E
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Hyperthermia (temperature ≥40 °C) can be treated with
sedation and rapid cooling. Controlling excessive muscle
activity is important in treating hyperthermia [54]. For se-
verely hyperthermic patients, sedation, intubation and ex-
tended paralysis with rocuronium or veronium may be
necessary [54]. Use of these non-depolarizing agents and
intubation with mechanical ventilation can be supplemented
with external cooling [54]. Antipyretics have no place in the
treatment of drug-induced hyperthermia as they work by
lowering the hypothalamic set point in febrile patients.
There is some concern that hyperthermia occurring in excit-
ed delirium results from specific dopamine transport de-
rangements as occurs in neuroleptic malignant syndrome
[47]. Therefore, using neuroleptics could be argued as
contraindicated. However, as mentioned previously, neuro-
leptics have a long history of safe use in undifferentiated
agitation, and it is felt their benefit of use outweighs this
risk.

Conclusion

Ring-substituted phenethylamines, commonly known as
2Cs, are designer drugs that are emerging as new drugs of
abuse. Currently, the amount of published literature
concerning 2Cs is limited. There are a few 2Cs that have
been studied, i.e., 2C-T-7, 2C-B, and 2C-E, so information
about the pharmacology, pharmacokinetics, and pharmaco-
dynamics, while low in volume, is becoming available. A
syndrome consistent with excited delirium including severe
agitation, aggression, violence, seizures, and hyperthermia
is consistently depicted in lethal 2C cases. There are cur-
rently no antidotes for 2C intoxication. Treatment is limited
to supportive care but should include rapid sedation and
aggressive treatment of severe hyperthermia in 2C cases
presenting with signs and symptoms consistent with a syn-
drome of excited delirium.
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