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ABSTRACT

Aminotadalafil, formally (6R,12aR)-2-amino-6-(1,3-benzodioxol-

5-yl)-2,3,6,7,12,12a-hexahydropyrazino[1',2':1,6]pyrido[3,4-

b]indole-1,4-dione (CAS 385769-84-6), is a synthetic structural

analog of tadalafil, the selective cyclic guanosine monophosphate

(cGMP)-specific phosphodiesterase type 5 (PDE5) inhibitor

marketed as Cialis for the treatment of erectile dysfunction,

pulmonary arterial hypertension, and benign prostatic

hyperplasia. The single structural modification that distinguishes

aminotadalafil from the parent drug is the replacement of the N-

methyl substituent on the 2-position of the piperazinedione

(diketopiperazine) ring with a primary amino group (NH2), a

change that alters hydrogen-bonding capacity, basicity, and

physicochemical properties while preserving the core beta-

carboline-fused diketopiperazine scaffold responsible for PDE5

active-site recognition. Aminotadalafil retains inhibitory activity

at PDE5 and exhibits greater than 100 percent cross-reactivity

with anti-tadalafil polyclonal antibodies, confirming close

structural and immunochemical homology with the parent

compound [1]. The compound has not undergone formal

preclinical toxicology, human pharmacokinetic characterization,

or clinical efficacy evaluation in any regulatory jurisdiction, and it

is not approved for human use by any national medicines

authority. Its principal significance in the biomedical literature

arises from its repeated identification as an undeclared adulterant

in dietary supplements, herbal products, and electronic cigarette

liquids marketed for sexual enhancement, where it poses

uncharacterized risks to consumers who are unaware of its

presence and who may be concurrently taking nitrate-containing
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medications or other agents that interact with the cGMP-nitric

oxide signaling pathway [2, 3, 4, 5].

The analytical chemistry literature on aminotadalafil is

substantial. The compound has been identified and structurally

characterized by proton and carbon-13 nuclear magnetic

resonance spectroscopy, electrospray ionization mass

spectrometry, Fourier transform infrared spectroscopy, and

ultraviolet spectrophotometry in dietary supplement matrices

across multiple continents, including reports from Latin America,

Asia, Europe, and North America [2, 6, 7]. Validated high-

performance liquid chromatography with diode array detection

(HPLC-DAD) and liquid chromatography-tandem mass

spectrometry (LC-MS/MS) methods permit simultaneous

identification and quantification of aminotadalafil alongside other

PDE5 inhibitor analogs (hydroxythiohomosildenafil,

thiosildenafil, dimethylsildenafil, thiodimethylsildenafil) in

complex supplement matrices [3, 8]. A dimeric interaction product

of aminotadalafil has also been isolated from adulterated health

food products, suggesting that the compound undergoes

degradation or condensation reactions under storage conditions

encountered in supplement manufacture [9].

The pharmacological characterization of aminotadalafil is limited.

No peer-reviewed study has reported a direct IC50 determination

for aminotadalafil against recombinant human PDE5, and no

selectivity panel across the eleven mammalian phosphodiesterase

families has been published. The compound's activity is inferred

from its structural homology to tadalafil (IC50 approximately 1.8

to 5.0 nanomolar against PDE5) and from the immunochemical

cross-reactivity data. Structure-activity relationship studies of the

broader tadalafil analog series indicate that modifications at the 2-
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position of the diketopiperazine ring modulate PDE5 affinity, and

that the (6R,12aR) stereochemistry derived from L-tryptophan is

essential for potent inhibition [10, 11]. Aminotadalafil preserves

this stereochemistry. No human pharmacokinetic, dose-response,

or safety data exist; toxicological risk assessment must therefore

rely on extrapolation from tadalafil and on the general

pharmacology of the PDE5 inhibitor class. This monograph

reviews the chemistry, structural pharmacology, inferred

pharmacokinetics, regulatory history, detection methodology,

sourcing considerations, and comparative assessment of

aminotadalafil against five alternative PDE5 inhibitor analogs

encountered in the adulterated supplement landscape.
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1. Compound Identification

1.1 Names, synonyms, and registry identifiers

Preferred name: Aminotadalafil.

Common synonyms: Amino tadalafil, amino-tadalafil, 2-aminotadalafil.

Chemical Abstracts Service registry number: 385769-84-6.

PubChem compound identifier (CID): 10178467.

International Union of Pure and Applied Chemistry name: (6R,12aR)-2-amino-6-

(1,3-benzodioxol-5-yl)-2,3,6,7,12,12a-hexahydropyrazino[1',2':1,6]pyrido[3,4-

b]indole-1,4-dione.

Development codes: None assigned. Aminotadalafil has not entered formal phar-

maceutical development. The compound first appeared in the patent literature de-

scribing tadalafil structure-activity relationships and was subsequently identified

in the analytical chemistry literature as a dietary supplement adulterant [10, 12].

Regulatory classification: Aminotadalafil is not a scheduled substance, not a reg-

istered pharmaceutical ingredient, and not an approved active pharmaceutical in-

gredient in any jurisdiction. Regulatory agencies including the United States Food

and Drug Administration (FDA), the European Medicines Agency (EMA), the

Therapeutic Goods Administration (TGA) of Australia, and the Korea Food and Drug

Administration (KFDA) have identified it as an undeclared ingredient in consumer

products and have issued warnings or recall orders for products found to contain it

[4, 5, 13].

1.2 Structural class and chemistry

Aminotadalafil belongs to the beta-carboline-fused diketopiperazine structural

class, the same chemical scaffold that underlies tadalafil. The core structure con-

sists of a tryptoline (1,2,3,4-tetrahydro-beta-carboline) ring system fused to a 2,5-

diketopiperazine (piperazine-2,5-dione) ring, with a 1,3-benzodioxol-5-yl (piper-

onyl) substituent at the 6-position of the tryptoline. This tricyclic fused system is

the pharmacophore for PDE5 active-site binding, with the planar indole moiety oc-
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cupying the hydrophobic clamp region of the PDE5 catalytic domain and the dike-

topiperazine carbonyl groups forming hydrogen-bond contacts with invariant glu-

tamine residues [10, 14].

The single structural modification that distinguishes aminotadalafil from

tadalafil is at the 2-position of the diketopiperazine ring: tadalafil bears an N-methyl

group (NCH3), whereas aminotadalafil bears a primary amino group (NH2). This

substitution removes one carbon atom and three hydrogen atoms from the molecu-

lar formula, introduces a hydrogen-bond donor (the NH2 group), and increases the

basicity of the 2-position nitrogen relative to the tertiary amine in tadalafil. The

modification is expected to alter aqueous solubility, crystal packing, plasma pro-

tein binding, and potentially metabolic susceptibility, though none of these param-

eters has been experimentally determined for aminotadalafil.

Molecular formula: C21H18N4O4.

Exact mass: 390.1328 g/mol (monoisotopic).

Molecular weight: 390.39 g/mol.

Physical properties: White to off-white crystalline powder. Soluble in dimethyl

sulfoxide; sparingly soluble in methanol and ethanol; poorly soluble in water at

neutral pH. Specific optical rotation, melting point, and partition coefficient have

not been reported in peer-reviewed literature. The (6R,12aR) stereochemistry is as-

signed by analogy to tadalafil and is confirmed by the synthetic route proceeding

from L-tryptophan [10].

Stereochemistry: Aminotadalafil contains two stereocenters at C-6 and C-12a of

the tryptoline-diketopiperazine fusion. The compound as encountered in adulter-

ated products is the (6R,12aR) diastereomer, corresponding to the cis-fused ring

junction that is the pharmacologically active configuration in the tadalafil series.

The (6R,12aR) configuration is derived from L-tryptophan through a Pictet-Spengler

condensation with piperonal (3,4-methylenedioxybenzaldehyde) followed by dike-

topiperazine ring closure. Structure-activity studies of the tadalafil series have es-

tablished that this configuration is essential for PDE5 inhibitory potency; the corre-

sponding trans-fused diastereomers and the enantiomeric (6S,12aS) series are sub-

stantially less active [10, 11].
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1.3 Synthesis

The synthesis of aminotadalafil proceeds through the same Pictet-Spengler ap-

proach used for tadalafil and its congeners. The general route involves three stages:

(a) Pictet-Spengler condensation of L-tryptophan methyl ester with piperonal to

yield a tetrahydro-beta-carboline amino acid ester with the (1S,3R) relative configu-

ration (corresponding to the (6R,12aR) numbering in the final product); (b) acyla-

tion of the secondary amine with a suitable activated amino acid derivative bearing

a protected amino group at what will become the 2-position; and (c) intramolecular

cyclization to form the diketopiperazine ring, followed by deprotection of the

amino group to yield the free 2-amino product [10, 11, 15].

In tadalafil synthesis, the acylation step uses chloroacetyl chloride followed by

reaction with methylamine to install the N-methyl group. For aminotadalafil, the

corresponding step uses a protected glycine derivative (for example, N-Boc-glycine

or N-Cbz-glycine) to introduce a primary amine at the 2-position, with subsequent

acidolytic or hydrogenolytic deprotection. Alternative routes employing direct ami-

nation or reductive amination at the 2-position of a preformed N-unsubstituted

diketopiperazine (nortadalafil) have been described in the patent literature [12, 15].

The synthesis of dimeric tadalafil analog adulterants, including products derived

from aminotadalafil condensation reactions, has been independently verified and

structurally revised by Lee et al. (2017), confirming the synthetic accessibility and

chemical reactivity of the 2-amino functional group [16].

Research-grade aminotadalafil is supplied by multiple chemical vendors

(MedChemExpress, Cayman Chemical, Sigma-Aldrich, APExBIO, LGC Standards) at

stated purities of greater than 98 percent by HPLC, typically as the free base.

Analytical reference standards for regulatory and forensic laboratories are sup-

plied by LGC Standards and Cerilliant at certified purities.
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2. Abstract

Aminotadalafil (CAS 385769-84-6) is a synthetic, unapproved phosphodiesterase

type 5 (PDE5) inhibitor analog derived from tadalafil by replacement of the piper-

azinedione N-methyl substituent with a primary amino group. The compound has

not undergone formal pharmaceutical development, preclinical toxicology assess-

ment, or clinical evaluation in any jurisdiction [1, 2]. Its biomedical significance

arises almost entirely from its identification as one of the most frequently encoun-

tered undeclared PDE5 inhibitor analogs in dietary supplements, herbal remedies,

and novel consumer products (including electronic cigarette liquids) marketed for

sexual enhancement [3, 4, 5, 6].

The analytical chemistry literature on aminotadalafil is extensive and spans

multiple continents. Validated LC-MS/MS and HPLC-DAD methods have been devel-

oped for its detection and quantification in complex matrices, and it is included in

the screening panels of most national regulatory laboratories tasked with supple-

ment adulteration surveillance [3, 7, 8]. The compound has been detected in prod-

ucts marketed in Argentina, Brazil, South Korea, Japan, Singapore, the Netherlands,

the United States, and multiple other jurisdictions, frequently in combination with

other undeclared PDE5 inhibitor analogs such as hydroxythiohomosildenafil,

thiosildenafil, and dimethylsildenafil [2, 3, 6, 7].

The pharmacological characterization of aminotadalafil is incomplete. No direct

IC50 measurement against recombinant PDE5 has been published. No selectivity

profile across the phosphodiesterase family has been reported. Immunochemical

cross-reactivity with anti-tadalafil polyclonal antibodies exceeds 100 percent, con-

firming close epitope homology [1]. Structure-activity analysis of the tadalafil dike-

topiperazine series indicates that modifications at the 2-position modulate but do

not abolish PDE5 affinity, and that the (6R,12aR) stereochemistry retained in

aminotadalafil is the principal determinant of active-site recognition [10, 11].

Human pharmacokinetic data do not exist; inferred pharmacokinetics are extrapo-

lated from tadalafil (CYP3A4-mediated metabolism, approximately 17.5-hour termi-

nal half-life, approximately 80 percent oral bioavailability) with the caveat that the

amino-to-methyl substitution may alter metabolic susceptibility and protein bind-

ing [17, 18].
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The public health concern surrounding aminotadalafil centers on its undeclared

presence in products consumed by individuals who may have contraindications to

PDE5 inhibitor therapy, particularly concurrent nitrate use, where the synergistic

cGMP elevation can produce life-threatening hypotension. The absence of dose

standardization, purity control, and safety monitoring in adulterated products

compounds this risk. Regulatory agencies have responded with product recalls, im-

port alerts, and expanded screening programs, but the pace of novel analog appear-

ance continues to outstrip detection capacity [4, 5, 13, 19].
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3. Discovery and Development History

3.1 Origin in the tadalafil medicinal chemistry program

Aminotadalafil was first described in the patent literature associated with the struc-

ture-activity exploration of the tadalafil (IC-351) scaffold at ICOS Corporation and

Eli Lilly. The discovery of tadalafil itself, reported by Daugan et al. (2003) in the

Journal of Medicinal Chemistry, involved systematic exploration of the beta-carbo-

line-diketopiperazine scaffold derived from Pictet-Spengler chemistry on trypto-

phan [10]. The medicinal chemistry program evaluated hundreds of analogs with

modifications at the diketopiperazine nitrogen, at the 6-position aryl substituent,

and at the tryptoline ring system. Aminotadalafil (the 2-amino analog) was among

the compounds disclosed in patent filings but was not selected for development,

presumably because the N-methyl analog (tadalafil) offered a superior combination

of potency, selectivity, and pharmacokinetic properties for the intended clinical in-

dications [10, 12].

3.2 Emergence as a dietary supplement adulterant

The earliest published identification of aminotadalafil in a consumer product ap-

peared in the mid-2000s, coinciding with the broader emergence of designer PDE5

inhibitor analogs in the global supplement market. Zou et al. (2006) described the

use of Fourier transform ion cyclotron resonance mass spectrometry for structure

elucidation of designer drug analogs of tadalafil, vardenafil, and sildenafil in herbal

and pharmaceutical matrices, establishing the analytical framework that would be

applied to aminotadalafil detection [20]. By 2008, aminotadalafil had been identified

in products seized in East Asia, and by 2010 its detection had been reported across

multiple regulatory jurisdictions [6, 7, 21].

3.3 Proliferation and regulatory response

The Venhuis and de Kaste (2012) review, covering approximately a decade of PDE5

inhibitor analog detection in food supplements, catalogued at least 46 distinct

analogs of sildenafil, tadalafil, and vardenafil that had been identified in consumer

products [19]. Aminotadalafil was among the most frequently detected tadalafil
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analogs. The intellectual origin of most analogs, including aminotadalafil, was

traced to patent literature that described structure-activity relationships during the

drug discovery process; the patents provided synthetic instructions that facilitated

manufacture by clandestine or unregulated laboratories [19].

Regulatory responses have included product recalls by the FDA, KFDA, and TGA;

import alerts and detention without physical examination orders for products from

identified manufacturers; and the inclusion of aminotadalafil in expanded LC-

MS/MS screening panels operated by national regulatory laboratories [4, 5, 13].

Despite these measures, the detection of aminotadalafil in consumer products has

continued through the most recent reporting periods, reflecting the compound's

synthetic accessibility and the economic incentive to adulterate sexual enhance-

ment products with pharmacologically active ingredients [19, 22].

3.4 Current status

Aminotadalafil has not entered formal pharmaceutical development. No investiga-

tional new drug application, clinical trial authorization, or marketing authorization

has been filed for this compound in any jurisdiction. Its status remains that of an

unapproved pharmaceutical analog with no characterized safety profile and no le-

gitimate therapeutic application. Research-grade material is commercially avail-

able for analytical, forensic, and in vitro pharmacological investigation.



12
© Kodiac biolabs · kodiac.org · RESEARCH USE ONLY · NOT FOR HUMAN OR VETERINARY

CONSUMPTION

4. Mechanism of Action

4.1 PDE5 inhibition (inferred)

The mechanism of action of aminotadalafil is inferred from its structural homology

to tadalafil and from the general pharmacology of the PDE5 inhibitor class. No di-

rect enzymological characterization of aminotadalafil against recombinant PDE5

has been published in the peer-reviewed literature.

Phosphodiesterase type 5 (PDE5) is a cGMP-specific cyclic nucleotide phosphodi-

esterase expressed at high density in the smooth muscle of the corpus cavernosum,

in pulmonary vascular smooth muscle, and at lower density in platelets, vascular

endothelium, visceral smooth muscle, and selected neuronal populations. The en-

zyme catalyzes the hydrolysis of cGMP to 5'-GMP, terminating the second-messen-

ger signal initiated by nitric oxide (NO)-stimulated soluble guanylate cyclase activa-

tion. Inhibition of PDE5 elevates intracellular cGMP concentration, prolonging

smooth muscle relaxation and vasodilation in tissues where the NO-cGMP pathway

is active [14, 23].

Tadalafil inhibits PDE5 with an IC50 of approximately 1.8 to 5.0 nanomolar

against recombinant human enzyme, with greater than 700-fold selectivity over

PDE1 through PDE4, PDE7 through PDE10, and approximately 40-fold selectivity

over PDE11A [14, 17]. The binding mode, characterized by X-ray crystallography of

the PDE5 catalytic domain with tadalafil and analogs, involves the planar indole

ring system occupying the hydrophobic clamp formed by Phe820, Val782, and

Leu804; the diketopiperazine carbonyls forming hydrogen bonds with the invariant

Gln817; and the methylenedioxy ring of the piperonyl substituent occupying a hy-

drophobic pocket adjacent to the metal-binding site [14].

Aminotadalafil preserves the indole ring system, the diketopiperazine carbonyls,

the piperonyl substituent, and the (6R,12aR) stereochemistry. The sole modification

(NH2 replacing NCH3 at the 2-position) is located on the diketopiperazine ring at a

position that is oriented away from the deepest contacts in the PDE5 active site but

that participates in solvent-exposed interactions and potentially in secondary hy-

drogen-bonding contacts with the protein surface. The immunochemical cross-re-
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activity of aminotadalafil with anti-tadalafil polyclonal antibodies at 105.2 percent

of the tadalafil response confirms that the three-dimensional epitope presentation

is closely conserved [1].

On the basis of these structural considerations, aminotadalafil is predicted to re-

tain PDE5 inhibitory activity. The magnitude of the IC50 shift relative to tadalafil

cannot be precisely estimated without direct enzymological data, but the conserva-

tion of all primary pharmacophoric elements suggests that the potency is within an

order of magnitude of the parent compound. Structure-activity relationship studies

of related 2-position modifications (nortadalafil, chloropretadalafil, hydroxypre-

tadalafil) indicate that this position tolerates diverse substituents with retention of

PDE5 activity, though with variable effects on potency and selectivity [10, 11, 15,

24].

4.2 Selectivity considerations

Tadalafil exhibits measurable cross-reactivity with PDE11A (IC50 approximately 73

nanomolar, roughly 40-fold over the PDE5 IC50) [17]. PDE11A is expressed in the

prostate, testis, skeletal muscle, and pituitary gland; the clinical significance of

PDE11A inhibition by tadalafil has not been clearly established, though it has been

investigated in the context of spermatogenesis and testicular function. Whether

aminotadalafil retains, loses, or gains PDE11A cross-reactivity relative to tadalafil is

unknown. The same uncertainty applies to the other phosphodiesterase isoforms

(PDE1 through PDE10), for which no aminotadalafil inhibition data exist.

The Medsafe (New Zealand) classification report on PDE5 inhibitor analogs noted

that some analogs are likely to be considerably more potent than the parent in-

hibitor and that any loss of selectivity in PDE inhibition invoked by structural mod-

ification may result in an increase in the severity of known off-target adverse ef-

fects [13]. This general caution applies to aminotadalafil in the absence of selectiv-

ity data.

4.3 Downstream pharmacology

If aminotadalafil inhibits PDE5 at pharmacologically relevant concentrations (a rea-

sonable inference from the structural analysis), the downstream pharmacological

consequences are expected to parallel those of tadalafil: elevation of intracellular

cGMP in smooth muscle cells where the NO-cGMP pathway is active, resulting in
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smooth muscle relaxation and vasodilation. The principal physiological conse-

quence in erectile tissue is facilitation of penile erection in response to sexual stim-

ulation (which provides the NO signal). The principal physiological consequence in

pulmonary vasculature is reduction of pulmonary arterial pressure. Systemic va-

sodilation produces the characteristic adverse-event profile of the PDE5 inhibitor

class: headache, flushing, nasal congestion, dyspepsia, and back pain [17, 23].

The critical pharmacological interaction is with organic nitrates (nitroglycerin,

isosorbide mononitrate, isosorbide dinitrate) and other NO donors. Concurrent ad-

ministration of a PDE5 inhibitor and an organic nitrate produces synergistic and

potentially fatal hypotension through dual amplification of the cGMP signal (in-

creased synthesis by NO-stimulated guanylate cyclase plus decreased degradation

by PDE5 inhibition). This interaction is the basis for the absolute contraindication

of approved PDE5 inhibitors in patients receiving nitrate therapy and is the princi-

pal acute safety concern with undeclared aminotadalafil in consumer products [17,

23].
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5. Pharmacokinetics

5.1 Absence of direct data

No pharmacokinetic study of aminotadalafil has been conducted in humans or in

animal models. All pharmacokinetic discussion in this section is inferred from the

known pharmacokinetics of tadalafil, with qualitative adjustments for the struc-

tural modification at the 2-position of the diketopiperazine ring.

5.2 Inferred absorption

Tadalafil is well absorbed after oral administration, with an absolute bioavailability

of approximately 80 percent and a time to maximum plasma concentration (Tmax)

of approximately 2 hours [17, 18]. Absorption is not affected by food. The high

bioavailability reflects moderate first-pass metabolism and favorable physicochem-

ical properties (molecular weight 389.4, moderate lipophilicity, adequate aqueous

solubility as the formulated product).

Aminotadalafil (molecular weight 390.4) has a similar molecular size and retains

the core lipophilic scaffold. The introduction of a primary amino group at the 2-po-

sition increases hydrogen-bonding capacity and may modestly increase aqueous

solubility at acidic pH (where the amino group would be partially protonated), po-

tentially favoring gastric absorption. Conversely, the increased polarity could re-

duce passive membrane permeability. In the absence of experimental data, oral

bioavailability is provisionally estimated as comparable to tadalafil, though this es-

timate carries substantial uncertainty.

5.3 Inferred distribution

Tadalafil has a steady-state volume of distribution of approximately 63 liters and is

94 percent bound to plasma proteins, predominantly albumin [17, 18]. The intro-

duction of a primary amino group may alter protein binding through additional

ionic interactions with acidic residues on albumin; however, the effect is expected

to be modest given the preservation of the overall molecular topology.
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5.4 Inferred metabolism

Tadalafil is predominantly metabolized by cytochrome P450 3A4 (CYP3A4), with the

principal metabolic transformation being the formation of a catechol metabolite

through demethylenation of the methylenedioxy ring, followed by methylation and

glucuronidation to produce the methylcatechol glucuronide conjugate [17, 18]. The

terminal elimination half-life of tadalafil is approximately 17.5 hours, and the mean

oral clearance is approximately 2.5 liters per hour.

The CYP3A4-mediated demethylenation occurs on the piperonyl ring, remote

from the 2-position modification in aminotadalafil. The principal metabolic path-

way is therefore expected to be preserved. However, the primary amino group at

the 2-position introduces a potential site for additional metabolic transformations,

including N-acetylation (by hepatic N-acetyltransferases NAT1 and NAT2), oxidative

deamination, and conjugation with glucuronic acid or sulfate. These additional

metabolic routes could either accelerate or retard overall elimination depending on

their kinetic contribution. In N-acetyltransferase rapid acetylators, the amino

group might be efficiently acetylated to yield what would effectively be a nor-

tadalafil-N-acetyl metabolite, potentially with altered pharmacological activity.

5.5 Inferred elimination

Tadalafil and its metabolites are excreted predominantly in the feces (approxi-

mately 61 percent) and urine (approximately 36 percent), with less than 0.1 percent

of the administered dose recovered unchanged in urine [17]. The renal and fecal

elimination proportions for aminotadalafil are unknown but are expected to be

broadly similar given the preserved core structure and the predicted preservation

of the CYP3A4-mediated metabolic pathway.

5.6 Drug interactions (inferred)

By analogy to tadalafil, the following drug interactions are predicted for

aminotadalafil:

Strong CYP3A4 inhibitors (ketoconazole, itraconazole, ritonavir, clarithromycin):

predicted to substantially increase aminotadalafil exposure, as demonstrated for

tadalafil where ketoconazole 400 mg daily increased tadalafil AUC by 312 percent

[17].
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Strong CYP3A4 inducers (rifampin, carbamazepine, phenytoin, phenobarbital):

predicted to substantially decrease aminotadalafil exposure, as demonstrated for

tadalafil where rifampin 600 mg daily reduced tadalafil AUC by 88 percent [17].

Organic nitrates: absolute contraindication by class mechanism, as discussed in

Section 4.3.

Alpha-adrenergic antagonists: potential for additive hypotension, as docu-

mented for tadalafil with doxazosin, tamsulosin, and alfuzosin [17].

5.7 Special population considerations

No data exist for aminotadalafil in any special population (pediatric, geriatric, he-

patic impairment, renal impairment, pregnancy, lactation). The compound is not

approved for human use, and no dose adjustment guidance can be provided.
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6. Preclinical Pharmacology

6.1 In vitro characterization

Formal in vitro pharmacological characterization of aminotadalafil is limited to im-

munochemical cross-reactivity studies. Amino tadalafil can be specifically detected

by anti-tadalafil polyclonal antibodies, with a cross-reactivity of 105.2 percent rela-

tive to tadalafil, indicating that the antibody-binding epitope encompassing the

core beta-carboline-diketopiperazine scaffold is preserved [1].

No published study has reported IC50 values for aminotadalafil against recombi-

nant PDE5, PDE1 through PDE4, PDE6 through PDE11, or any other enzyme or re-

ceptor target. No radioligand displacement, functional cGMP accumulation, or

smooth muscle relaxation assay data have been published.

Diketopiperazine-based tadalafil analogs with modifications at the 2-position

have been evaluated for PDE5 inhibitory activity and for anticancer activity in

broader analog series. Abuo-Rahma et al. (2016) and related groups have synthe-

sized novel tadalafil analogs and evaluated them as phosphodiesterase inhibitors

and colon tumor cell growth inhibitors, demonstrating that the diketopiperazine 2-

position tolerates a range of substituents while retaining measurable PDE5 activity

[11, 25]. These studies did not specifically evaluate aminotadalafil but provide indi-

rect support for the prediction that the 2-amino modification preserves PDE5

inhibition.

6.2 In vivo pharmacology

No in vivo pharmacology studies (efficacy, toxicology, or pharmacokinetics) of

aminotadalafil in animal models have been published in the peer-reviewed litera-

ture. The compound has not undergone the preclinical safety assessment (acute

toxicity, subchronic toxicity, genotoxicity, reproductive toxicity, carcinogenicity)

required for investigational new drug applications.
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6.3 Interaction products and degradation

Uchiyama et al. (2010) isolated and structurally characterized an interaction prod-

uct of aminotadalafil from an illegal health food product, demonstrating that the

compound undergoes chemical degradation or condensation under the uncon-

trolled manufacturing and storage conditions characteristic of adulterated supple-

ments [9]. Lee et al. (2017) subsequently synthesized and structurally revised

dimeric tadalafil analog adulterants, including species formed from aminotadalafil,

confirming the formation of dimeric condensation products through the reactive

primary amino group [16]. These degradation and interaction products have un-

known pharmacological activity and represent an additional layer of safety uncer-

tainty for consumers of adulterated products.
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7. Clinical Evidence Base

7.1 Absence of clinical trials

No clinical trial of aminotadalafil has been conducted, registered, or reported. The

compound has not been administered to human subjects under controlled condi-

tions with prospective safety monitoring, efficacy assessment, or pharmacokinetic

characterization. No investigational new drug application or clinical trial autho-

rization has been filed for aminotadalafil in any jurisdiction.

7.2 Indirect human exposure data

Human exposure to aminotadalafil occurs exclusively through inadvertent con-

sumption of adulterated dietary supplements and related products. The scale of

this exposure is difficult to quantify but is inferred to be substantial on the basis of

the widespread detection of aminotadalafil in products sold across multiple conti-

nents and the estimated volume of the sexual enhancement supplement market

[19, 22].

Tucker et al. (2018), in a JAMA Network Open analysis of unapproved pharma-

ceutical ingredients in dietary supplements associated with FDA warnings, docu-

mented that PDE5 inhibitors and their analogs were the most frequently identified

class of undeclared pharmaceutical ingredients in sexual enhancement supple-

ments [4]. Aminotadalafil was among the analogs identified. In a cross-sectional

survey of adulterated sexual enhancement products sold in the Sacramento area of

California, 67 percent of tested products were found to be adulterated with at least

one PDE5 inhibitor or analog [22].

7.3 Adverse event reports

No published case reports specifically attribute adverse events to aminotadalafil ex-

posure as distinct from exposure to the parent compound tadalafil or to other co-

present adulterants. Adverse event reports associated with adulterated sexual en-

hancement supplements generally describe the PDE5 inhibitor class effect profile

(headache, flushing, visual disturbances, priapism) and, in serious cases, synergis-



21
© Kodiac biolabs · kodiac.org · RESEARCH USE ONLY · NOT FOR HUMAN OR VETERINARY

CONSUMPTION

tic hypotension with concurrent nitrate therapy [4, 5, 23]. Attribution to a specific

analog is rarely possible because most adulterated products contain multiple unde-

clared active ingredients.

7.4 Regulatory pharmacovigilance

The FDA maintains a MedWatch database of adverse events associated with dietary

supplements. PDE5 inhibitor analog-adulterated products have been the subject of

multiple safety communications, though individual analog-level attribution is typi-

cally not provided in public safety alerts. The FDA, KFDA, and other regulatory

agencies have issued specific warnings naming aminotadalafil as an identified adul-

terant [4, 5, 13].
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8. Sourcing and Quality Verification

8.1 Research-grade material

Research-grade aminotadalafil is supplied by multiple chemical and pharmaceuti-

cal research suppliers, including MedChemExpress (catalog HY-13673), Cayman

Chemical (catalog 20876), APExBIO, Sigma-Aldrich, LGC Standards (catalog

MM1271.00), and others. Stated purities are typically greater than 98 percent by

HPLC. Material is supplied as the free base in milligram quantities as a crystalline

or lyophilized powder [1].

Certified reference standards for regulatory and forensic analytical work are

supplied by LGC Standards and Cerilliant (a Sigma-Aldrich subsidiary), with certifi-

cates of analysis documenting identity confirmation by NMR, mass spectrometry,

and HPLC purity determination.

8.2 Analytical verification

Investigators acquiring research-grade aminotadalafil should confirm compound

identity and purity on every lot through:

High-performance liquid chromatography area-percent purity (target: greater

than 98 percent)

Electrospray ionization mass spectrometry confirmation of molecular ion

([M+H]+ at m/z 391.14)

Proton nuclear magnetic resonance spectroscopy comparison against pub-

lished spectral data [2, 6]

Chiral HPLC or optical rotation measurement to confirm the (6R,12aR) stereo-

chemistry, particularly for lots intended for stereospecific PDE5 binding

studies

Residual solvent analysis for common synthesis solvents
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8.3 Stability and storage

The solid material is stable at room temperature under dry conditions. Refrigerated

storage (2 to 8 degrees Celsius) with desiccant protection is recommended for long-

term archival. Solutions in dimethyl sulfoxide are stable at minus 20 degrees

Celsius for at least 6 months. Aqueous solutions at neutral pH should be used

within 24 hours of preparation owing to the potential for hydrolytic degradation of

the diketopiperazine ring and the documented formation of dimeric interaction

products from the reactive amino group [9, 16].
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9. Reconstitution and Handling

Aminotadalafil is supplied as a crystalline or amorphous solid. For in vitro research

applications, the compound is typically dissolved in dimethyl sulfoxide (DMSO) to

prepare stock solutions at 10 to 100 millimolar concentration. The DMSO stock is

then diluted into aqueous assay buffer to the desired working concentration, main-

taining a final DMSO concentration of less than 0.1 percent (volume/volume) to

avoid solvent effects on enzyme or cell-based assays.

For analytical reference preparation, the compound is dissolved in methanol or

acetonitrile at 1 mg/mL and serially diluted for calibration curves in LC-MS/MS or

HPLC-DAD assays.

Light protection is not specifically required but is reasonable practice for solu-

tions used in spectrophotometric assays. The compound should be handled with

standard laboratory precautions for pharmacologically active research chemicals:

gloves, eye protection, and fume hood use during weighing and dissolution.

Aminotadalafil is a pharmacologically active PDE5 inhibitor analog, and inadver-

tent exposure through skin contact or inhalation of powder should be minimized.

Parenteral formulations have not been developed. The compound is not ap-

proved for human use and should not be formulated for administration to human

subjects outside of a properly authorized clinical investigation with appropriate

regulatory and ethical oversight.
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10. Stack Interactions and
Combinations

10.1 Pharmacokinetic interactions

By analogy to tadalafil, the principal pharmacokinetic interaction pathway for

aminotadalafil is CYP3A4-mediated metabolism. Strong CYP3A4 inhibitors (azole

antifungals, macrolide antibiotics, HIV protease inhibitors, grapefruit juice in large

quantities) are predicted to increase aminotadalafil exposure substantially. Strong

CYP3A4 inducers (rifamycins, certain anticonvulsants, St. John's Wort) are pre-

dicted to decrease exposure [17, 18].

The primary amino group at the 2-position introduces a potential substrate for

N-acetyltransferase (NAT1, NAT2) polymorphic metabolism, a pathway not relevant

to tadalafil. If N-acetylation contributes meaningfully to aminotadalafil clearance,

then NAT2 slow acetylator phenotype (approximately 50 percent of European-an-

cestry populations, approximately 10 to 15 percent of East Asian populations) could

result in elevated aminotadalafil exposure, analogous to the well-characterized iso-

niazid and hydralazine acetylation polymorphisms. This interaction pathway is hy-

pothetical and has not been experimentally evaluated.

10.2 Pharmacodynamic interactions

Organic nitrates and NO donors: Absolute contraindication by class mechanism.

Concurrent administration produces synergistic and potentially fatal hypotension

through dual amplification of cGMP signaling [17, 23].

Alpha-adrenergic antagonists: Additive hypotensive effect predicted, particu-

larly with non-selective alpha-1 antagonists (doxazosin, terazosin, prazosin).

Tadalafil labeling recommends caution with alpha-blockers and suggests initiation

at the lowest dose [17].

Other PDE5 inhibitors: Concurrent use with sildenafil, vardenafil, avanafil, or

their analogs is pharmacologically additive and increases the risk of PDE5 class ad-

verse events (hypotension, priapism, visual disturbances). Adulterated supple-
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ments frequently contain multiple PDE5 inhibitor analogs simultaneously, com-

pounding this risk [3, 19, 22].

Antihypertensive agents: Additive blood pressure reduction predicted with all

antihypertensive classes, particularly with agents that act through the NO-cGMP

pathway or through vascular smooth muscle relaxation.

Riociguat and other soluble guanylate cyclase stimulators: Contraindicated by

mechanism; concurrent use with PDE5 inhibitors produces excessive cGMP eleva-

tion [23].

Alcohol: Additive vasodilation and hypotensive effect; tadalafil labeling notes

modest additive blood pressure reduction with alcohol consumption [17].

10.3 Research combination considerations

In research settings, aminotadalafil is used primarily as an analytical reference

standard rather than as a pharmacological tool compound. Investigators conduct-

ing in vitro PDE5 inhibition studies should be aware that the reactive primary

amino group may form covalent adducts with aldehyde-containing buffer compo-

nents, with activated esters in assay reagents, and with itself (dimeric products) un-

der extended incubation conditions [9, 16].
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11. Adverse Events and Safety Signal

11.1 Absence of systematic safety data

No systematic safety assessment of aminotadalafil has been conducted in humans

or animals. No preclinical toxicology package, no clinical safety database, and no

postmarketing pharmacovigilance system exists for this compound. All safety dis-

cussion is inferred from the PDE5 inhibitor class pharmacology and from the ad-

verse event literature associated with adulterated dietary supplements.

11.2 Inferred class adverse events

On the basis of PDE5 inhibitor class pharmacology, the following adverse events are

predicted at pharmacologically active doses:

Headache (the most common PDE5 inhibitor class effect, reported in 10 to 15

percent of tadalafil users)

Flushing (3 to 10 percent with tadalafil)

Dyspepsia (5 to 10 percent with tadalafil)

Nasal congestion (2 to 5 percent with tadalafil)

Back pain and myalgia (5 to 10 percent with tadalafil, relatively specific to the

tadalafil series and attributed to PDE11A cross-reactivity)

Dizziness (1 to 3 percent with tadalafil)

Visual disturbances (rare with tadalafil; more common with sildenafil and var-

denafil due to PDE6 cross-reactivity)

11.3 Serious safety concerns

Nitrate interaction: The synergistic hypotension produced by concurrent PDE5 in-

hibitor and organic nitrate use is the principal acute life-threatening risk. This in-

teraction is pharmacologically predictable and is the basis for the absolute con-

traindication in approved PDE5 inhibitor labeling. Consumers of adulterated sup-
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plements containing aminotadalafil are particularly vulnerable because they are

unaware of PDE5 inhibitor exposure and may not inform healthcare providers of

supplement use when nitrate therapy is prescribed [4, 5, 23].

Priapism: Prolonged erection (greater than 4 hours) requiring medical interven-

tion is a rare but serious PDE5 inhibitor class effect. Risk is increased in individuals

with anatomical deformation of the penis, in patients with conditions predisposing

to priapism (sickle cell disease, multiple myeloma, leukemia), and potentially at

supratherapeutic doses.

Cardiovascular events: Tadalafil and other approved PDE5 inhibitors carry

warnings regarding use in patients with cardiovascular disease, particularly those

in whom sexual activity is inadvisable. The same concerns apply to aminotadalafil,

compounded by the absence of dose control in adulterated products.

Hearing loss: Sudden sensorineural hearing loss has been reported with ap-

proved PDE5 inhibitors as a rare class effect [23].

11.4 Additional risks specific to aminotadalafil

Unknown toxicology: The absence of preclinical toxicology data means that organ-

specific toxicities, genotoxicity, reproductive toxicity, and carcinogenic potential

have not been assessed. The amino group modification could introduce toxicologi-

cal liabilities not present in tadalafil, including reactive metabolite formation or

off-target receptor interactions.

Degradation products: The documented formation of dimeric and other interac-

tion products from the reactive amino group under storage conditions introduces

exposure to chemical species with completely unknown toxicological profiles [9,

16].

Dose uncertainty: Adulterated products lack dose standardization. Analytical

surveys have documented wide variability in the quantity of undeclared PDE5 in-

hibitor analogs present in individual dosage units, ranging from subtherapeutic to

supratherapeutic concentrations of the parent compound equivalents [19, 22].

Polypharmacy in adulterated products: Most adulterated sexual enhancement

supplements contain multiple undeclared active ingredients (PDE5 inhibitor

analogs, sibutramine, phenolphthalein, yohimbine), compounding the unpre-

dictability of the pharmacological and toxicological response [4, 22].
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12. Comparative Assessment

This section presents a structured comparative assessment of five PDE5 inhibitor

analogs frequently encountered in the adulterated dietary supplement landscape,

evaluated against aminotadalafil on five competency standards: structural novelty,

inferred potency, detection prevalence, safety characterization, and regulatory re-

sponse. The five comparators were selected as the principal tadalafil and sildenafil

analogs co-detected with aminotadalafil in supplement screening programs.

12.1 Hydroxythiohomosildenafil

Structural class: Sildenafil analog with hydroxyl and thio modifications on the sul-

fonamide and piperazine moieties.

Structural novelty: Moderate. The compound represents a double modification

of the sildenafil scaffold (thio substitution plus hydroxyl addition plus homologa-

tion), producing a structure that is not directly interconvertible with sildenafil by

simple single-step chemistry. The structural distance from the parent compound is

greater than that of aminotadalafil from tadalafil.

Inferred potency: No published IC50 data. Inferred PDE5 inhibitory activity from

sildenafil structural homology. The thio modification at the sulfonamide may alter

selectivity between PDE5 and PDE6.

Detection prevalence: High. Hydroxythiohomosildenafil is among the most fre-

quently co-detected PDE5 inhibitor analogs in screening studies alongside amino-

tadalafil [3, 8].

Safety characterization: No preclinical or clinical safety data. Risk profile in-

ferred from PDE5 inhibitor class pharmacology with additional uncertainty from

the thio and hydroxyl modifications.

Regulatory response: Included in FDA, KFDA, and TGA screening panels. Subject

to product recalls and import alerts [4, 5].
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Comparison to aminotadalafil: Both compounds are frequently co-detected in

the same adulterated products. Hydroxythiohomosildenafil is derived from the

sildenafil scaffold (pyrazolopyrimidine) rather than the tadalafil scaffold (beta-car-

boline-diketopiperazine), producing a structurally distinct pharmacophore.

Neither compound has published IC50 data. Both carry equivalent levels of safety

uncertainty.

12.2 Thiosildenafil

Structural class: Sildenafil analog with a sulfur atom replacing the oxygen in the

sulfonamide carbonyl.

Structural novelty: Low. The single thio-for-oxo substitution is a minimal struc-

tural modification.

Inferred potency: Thiosildenafil has been reported to inhibit PDE5 with potency

comparable to sildenafil in at least one published assessment. The thio modifica-

tion is a bioisosteric replacement that generally preserves target binding.

Detection prevalence: High. Among the most commonly identified PDE5 in-

hibitor analogs globally [3, 8, 19].

Safety characterization: Minimal. No systematic preclinical or clinical data. The

thio modification introduces a potential for different metabolic activation

pathways.

Regulatory response: Included in standard screening panels across multiple ju-

risdictions [4, 5, 13].

Comparison to aminotadalafil: Thiosildenafil is sildenafil-derived and therefore

inhibits PDE5 through a different structural class than aminotadalafil. Both are

commonly detected adulterants. Thiosildenafil may have slightly better-character-

ized potency owing to the minimal nature of the structural modification and the di-

rect bioisosteric relationship with sildenafil.

12.3 Nortadalafil (Demethyltadalafil)

Structural class: Tadalafil analog with the N-methyl group at the 2-position of the

diketopiperazine replaced by hydrogen (NH).
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Structural novelty: Low. The demethylation at the 2-position is a minimal struc-

tural modification and is, in fact, the expected Phase I metabolic product of

tadalafil.

Inferred potency: Nortadalafil retains PDE5 inhibitory activity. The demethyla-

tion removes a hydrophobic contact but does not introduce new functionality.

Potency is inferred to be modestly reduced relative to tadalafil.

Detection prevalence: Moderate. Nortadalafil is detected in adulterated products

but less frequently than aminotadalafil or the sildenafil analogs [19, 24].

Safety characterization: Minimal. As a Phase I metabolite of tadalafil, nor-

tadalafil has been characterized in metabolic studies but not in independent safety

evaluation.

Regulatory response: Included in screening panels in some jurisdictions [13, 19].

Comparison to aminotadalafil: Nortadalafil and aminotadalafil are closely re-

lated; both are 2-position modifications of tadalafil. Nortadalafil replaces NCH3

with NH; aminotadalafil replaces NCH3 with NNH2. Aminotadalafil has the addi-

tional amino hydrogen-bond donor that nortadalafil lacks. Both are expected to re-

tain PDE5 activity. Aminotadalafil has the unique reactivity of the primary amino

group that produces the dimeric interaction products not observed with

nortadalafil.

12.4 Chloropretadalafil

Structural class: Tadalafil analog with a chloro substituent on the piperonyl ring

and modifications to the diketopiperazine nitrogen.

Structural novelty: Moderate. The chloro substitution on the aromatic ring mod-

ifies the electronic and steric properties of the piperonyl pharmacophore.

Inferred potency: No published IC50 data. The chloro substitution is expected to

modulate aromatic ring electron density and potentially alter the hydrophobic con-

tacts in the PDE5 active-site pocket.

Detection prevalence: Low to moderate. Chloropretadalafil has been detected in

products subject to FDA recalls [5, 24].
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Safety characterization: No preclinical or clinical data. The chloro substituent

introduces a potential metabolic liability (reductive dehalogenation, reactive me-

tabolite formation).

Regulatory response: Named in specific FDA recall communications [5].

Comparison to aminotadalafil: Chloropretadalafil modifies a different region of

the tadalafil scaffold (the piperonyl aromatic ring rather than the diketopiperazine

nitrogen). The two compounds represent orthogonal structure-activity probes of

the tadalafil pharmacophore. Aminotadalafil is more frequently detected in global

surveillance.

12.5 Dimethylsildenafil (Homosildenafil)

Structural class: Sildenafil analog with additional methyl groups on the piperazine

nitrogen, extending the side chain.

Structural novelty: Low. The homologation of the piperazine N-methyl to N,N-

dimethyl is a minimal modification.

Inferred potency: Dimethylsildenafil has been reported to retain PDE5 in-

hibitory activity. The extended alkyl chain modestly alters the steric environment

near the solvent-exposed face of the sildenafil binding pose.

Detection prevalence: High. Among the most commonly detected sildenafil

analogs in dietary supplement screening [3, 8, 19].

Safety characterization: No systematic safety data. Risk profile inferred from

sildenafil class pharmacology.

Regulatory response: Included in standard screening panels. Subject to product

recalls [4, 5].

Comparison to aminotadalafil: Both are frequently co-detected adulterants rep-

resenting modifications to different parent PDE5 inhibitor scaffolds. Both lack sys-

tematic safety data. Both are synthetically accessible from patent-disclosed

intermediates.
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12.6 Comparator summary

The five comparator analogs and aminotadalafil share a common profile: they are

unapproved PDE5 inhibitor analogs derived from patent literature, synthesized for

illicit incorporation into dietary supplements, lacking systematic pharmacological

and toxicological characterization, and presenting unquantified safety risks to con-

sumers. The principal differentiating features are structural class (tadalafil-derived

versus sildenafil-derived), frequency of detection in global surveillance, and the

specific chemical reactivity introduced by the structural modification.

Aminotadalafil occupies a position of moderate structural novelty (single-atom

substitution with the addition of a reactive functional group), high detection preva-

lence, and average safety uncertainty within this comparator group. Its unique fea-

ture is the reactive primary amino group, which produces documented dimeric in-

teraction products of unknown toxicological significance. Among the tadalafil

analogs in the panel, aminotadalafil is more frequently detected than nortadalafil

or chloropretadalafil, reflecting either greater synthetic accessibility, greater com-

mercial availability of starting materials, or preferential selection by manufactur-

ers of adulterated products.

The overarching finding of this comparative assessment is that none of the com-

pounds in the panel, including aminotadalafil, has been subjected to the preclinical

and clinical evaluation required for any assessment of safety and efficacy. The ana-

lytical chemistry literature is the primary evidence base for all six compounds. The

pharmacological characterization for each is inferred from structural analogy to

the approved parent compounds rather than from direct experimental data.
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This monograph is provided for research use only. Not for medical, diagnostic, or

therapeutic purposes. Not for human consumption. Aminotadalafil is not approved

for human use in any jurisdiction. The compound is encountered principally as an

undeclared adulterant in dietary supplements; consumers of products containing

undeclared aminotadalafil face uncharacterized risks including potentially fatal in-

teractions with nitrate-containing medications. The pharmacological characteriza-

tion presented in this monograph is largely inferred from structural analogy to

tadalafil and from PDE5 inhibitor class pharmacology; direct experimental data for

aminotadalafil are limited to analytical chemistry and immunochemical cross-reac-

tivity studies. Investigators should treat all inferred pharmacological parameters as

estimates requiring experimental confirmation.


