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Abstract

Beyond its conventional role as an industrial and energy resource, crude oil may also hold promise
for drug discovery. This article seeks to provide a conceptual framework for reconsidering crude oil
as a reservoir of pharmacologically relevant scaffolds and to outline methodological approaches for
their systematic assessment. Its rigid sp*-rich frameworks, together with sterane/hopane biomarkers,
porphyrins, and functional aromatics, overlap structurally and pharmacologically with established
therapeutic classes and are naturally present in crude oil in suitable abundance, offering
opportunities to reduce synthetic effort and expand the chemical space accessible to drug discovery.
Advances in petroleomics and in silico methodologies now enable petroleum-derived constituents to
be characterized in terms of drug-likeness, bioactivity, and toxicity, providing a framework to
reconsider crude oil as an unconventional but scientifically tractable resource for pharmaceutical
innovation.

Keywords: petroleum-based medicine; Naftalan crude; petroleum biomarkers; sp® scaffolds;
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1. Introduction

The pharmaceutical industry is undergoing a profound strategic transformation, as tightening
regulatory requirements for evidence-based efficacy of new products, evolving healthcare business
models, and the surge of personalized medicine compel a fundamental rethinking of the drug
development paradigm — from molecular design to real-world application. Amid global
demographic transition, including population aging, and the growing burden of chronic diseases,
pharmaceutical companies are being forced to diversify both their R&D portfolios and feedstock
strategies, accelerating the shift toward alternative platforms for therapeutic approaches to address
long-term, complex healthcare demands [1-4].

For decades, conventional “drug-likeness” filters- such as Lipinski’s Rule of Five, lead-like, and
fragment-based criteria - have severely constrained the accessible chemical space, excluding many
promising scaffolds due to solubility, permeability, or molecular weight cut-offs [5-7]. Meanwhile,
the synthetic toolbox in drug discovery has changed little for decades: amide coupling, Suzuki-
Miyaura cross-coupling, and SNAr still dominate keeping most small-molecule synthesis confined
to flat sp? scaffolds often associated with limited bioavailability, low metabolic stability, and toxicity
[8]. Together, these practices have contributed to a nearly 90% attrition rate between preclinical and
clinical stages and have slowed innovation in small-molecule drug discovery [9]. Against this
backdrop, concepts such as “escape from flatland” (greater sp?/3D character), metabolite-likeness,
and endogenite-orientation have entered the mainstream, accompanied by renewed interest in
natural sources of bioactive compounds as drivers of novel therapeutic modalities that meet modern
expectations for sustainability, safety, and efficacy [10-13].
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Within this rationale, petroleum— traditionally viewed only as an industrial and energy
resource —emerges as a vast, underexplored reservoir of rigid, sp*rich scaffolds and biogenic
derivatives for drug design, which is the central focus of this study.

2. Petroleum in Medicine: Practical Insights

Petroleum is a multicomponent system, generated through microbial and thermocatalytic
conversion of ancient organic matter (algae, bacteria, higher plants, plankton, microbial biomass,
etc.). During the early stages of petroleum formation (diagenesis), under anoxic depositional
conditions, anaerobic microorganisms predominantly mineralize protein and carbohydrate
components, releasing O, N, and S as CO2, NH«*, H2S, and CH4, while lipid and aromatic frameworks
are preferentially preserved and transformed, leading to the formation of kerogen—a high-
molecular-weight residue of organic matter. In the subsequent stage (catagenesis), as burial
continues, within the so-called “oil window” (~60-120 °C, 2-5 km depth) and under increasing
pressure, kerogen is transformed into a hydrocarbon-dominated mixture characterized by the
prevalence of C-C/C-H skeletons. In practical petroleum chemistry, the vast diversity of components
has been conveniently summarized by the SARA taxonomy —saturates (S), aromatics (A), resins (R),
and asphaltenes (A). More fundamentally, the composition of petroleum is determined by the nature
of organic precursor (marine algae, terrestrial plants, microbial biomass), depositional setting (marine
vs. lacustrine, carbonate vs. siliciclastic), inorganic input from sediments and formation waters, and
the degree of thermal maturity [14]. Under such harsh geological conditions, labile functional groups
and reactive side chains are progressively eliminated, yielding relatively thermodynamically stable
hydrocarbon structures. Yet, several fundamental molecular backbones—such as steroidal,
hopanoid, and porphyrin structures—are selectively retained and serve as biomarkers, widely
applied in crude oil fingerprinting [15].

In fact, the pharmaceutical and petroleum industries have a long history of operational synergy
through established production chains. Although the pharmaceutical sector consumes only about 3%
of global oil extraction, yet this amount covers almost 99% of its feedstock demand, including
aromatics, C2-Cs olefins/methanol for API synthesis, and polymers (PEG, polypropylene, PVC) for
excipients and packaging [16].

To date, the industrial-utilitarian narrative has overshadowed petroleum’s centuries-old role in
traditional medicine. Ancient medical sources — from Mesopotamia and Rome to the medieval
Middle East and Europe — contain numerous references to how petroleum, long before it became a
pillar of the energy sector, was esteemed as a natural remedy. The medicinal use of crude oil was
geographically clustered around natural seeps and although mentioned only intermittently, was
included in authoritative pharmacopoeias, while its industrial and energy value ultimately came to
dominate on a global scale [17-19]. Through this lens, petroleum has been defined largely by
environmental discourse, which has limited evidence-based evaluation of its potential for drug
discovery.

Naftalan serves as a rare exception. This crude oil deposit near the Naftalan settlement,
Azerbaijan, has been known from antiquity to the present day as a petroleum-based healing site.
Initially integrated into official sanatorium/rehabilitation medicine in the former USSR and later
adopted in Croatia, Naftalan’s therapeutic properties also prompted the development of medical
preparations and are now re-emerging as an empirical platform for early-stage drug discovery [20-
23].

With a century-long history of therapeutic application across various modalities—whether
through ointments, cosmetic products, therapeutic baths, or other topical procedures—a substantial
body of clinical evidence has been accumulated to empirically validate the efficacy of Naftalan crude
oil in the management of complex, chronic conditions such as inflammatory skin diseases (e.g.,
psoriasis, eczema), autoimmune and degenerative joint disorders (e.g., rheumatoid arthritis,
osteoarthritis), neuropathic syndromes (e.g., polyneuropathies, post-injury pain), and vascular
complications of metabolic disease [22-27].
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The ability of Naftalan crude to target multiple pathophysiological pathways—including
nociceptive signaling, inflammatory cascades, neurodegenerative processes, and endothelial
function—is inherently connected to crude oil’s diverse organic makeup and is increasingly viewed
as a legitimate asset for pharmaceutical R&D, akin to plant-derived alkaloids or marine biopolymers

that have driven modern drug development [28,29]. (Adigozalova et al., 2019; Newman and Cragg,
2020).

While efforts to understand the mechanisms behind crude-oil-based therapies have been
undertaken, they were largely constrained by the analytical tools available at the time. Numerous
experimental studies were nevertheless conducted in the Soviet Union and later in post-Soviet
countries, but most were published locally and remained largely inaccessible to the wider
international community. Among the most conceptually ambitious was the so-called “precursor
theory,” proposed by Yusif Mamedaliyev in the early 1940s and still referenced today. This theory
suggested that steranes present in crude oil could be metabolized into biologically active compounds
within the human body [30]. Although intellectually compelling, the hypothesis lacked experimental
validation, primarily because technologies capable of tracing such biochemical transformations at the
molecular level did not yet exist. For the pharmaceutical sector, however, this remains a critical issue:
elucidating the metabolic fate of crude-oil constituents is a prerequisite for assessing both their
therapeutic potential and their safety.

Today, advanced analytical-chemistry techniques enable comprehensive compositional
analysis, including heavy petroleum fractions, serving as a critical first step in identifying previously
inaccessible molecular structures of significant pharmaceutical potential. When integrated into a
comprehensive pipeline—from advanced computational modeling and virtual screening to in vitro
and in vivo evaluation—these methods enable systematic exploration of bioactivity profiles,
accelerating the identification of drug-like candidates within complex hydrocarbon matrices.

3. Pharma Matrix of Crude Oil: Structure Insights

Naftalan crude oil represents a distinctive class of biodegraded heavy crudes, with
physicochemical properties setting it apart from conventional fuel-grade petroleum. It is
characterized by high density (0.910-0.960 g/cm?), extreme viscosity, and, most notably, a near-total
absence of alkanes. In their place, it contains an unusually high proportion of naphthenic
hydrocarbons —approximately 59.4-77.0% depending on stratigraphic horizon and processing
method—and a remarkable enrichment in hydrogenated cyclic compounds, particularly
decahydronaphthalenes (~59.7-60.1%). In addition, Naftalan oil shows elevated levels of trace
elements (Ba, Fe, Ni, Ti, Zn) and even noble metals (Au, Pd, Pt, Rh, Te) [28,31].

Critically, such specific chemical profile grants access to a variety of non-flat, sp3-rich rigid
hydrocarbon frameworks—from simple mono- and bicyclic rings to more elaborate fused or bridged
polycycles—that were long overlooked but are now emerging as a new trend in drug-discovery
scaffold design. This paradigm shift, often described as the “escape from flatland”, emphasizes the
transition from flat aromatic systems to three-dimensional architectures [10,11]. Sp*-rich frameworks
provide structural and functional advantages: they improve shape complementarity with
hydrophobic protein cavities, enhance metabolic stability, and can increase lipophilicity, facilitating
membrane permeability. In contrast, planar aromatic systems are intrinsically rigid and
conformationally restricted, often prone to rapid metabolic oxidation and associated with genotoxic
risks due to their ability to intercalate with nucleic acids. Moreover, the sp3-rich frameworks present
in petroleum frequently retain stereogenic centers inherited from their biological precursors inherited
from their biological precursors—steranes (from sterols), hopanes (from bacterial triterpenoids),
chiral isoprenoids such as pristane and phytane, and a range of diterpenoid and triterpenoid
derivatives—thereby introducing chirality that enhances selective interactions with biological
targets. Together, these features provide advantages over planar plant-derived alkaloid frameworks
and position them as ready-made bioisosteric replacements for classical functional groups [32,33].
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The most widely recognized and clinically validated petroleum-derived scaffolds are the
adamantanes, also known as diamondoids: fully sp*-hybridized hydrocarbon cages based on the
adamantane framework (tricyclodecane, CioH that have a diamond-lattice-like carbon skeleton and
exceptional stiffness and rigidity. First identified by Mobil Oil Corporation as problematic deposits
clogging pipelines, diamondoids were later recognized as valuable molecular building blocks for
pharmacologically active compounds [34,35]. Characterized by high symmetry (Td), complete
saturation, and a compact three-dimensional cage architecture, these features account for their
effectiveness in pharmacology and medicine—either as the so-called “lipophilic bullet,” providing
critical lipophilicity when appended to known pharmacophores, or through intrinsic activity linked
to the modulation of ion channels, in particular NMDA receptors and viral proton channels. The rigid
lipophilic cage further enhances membrane permeability and metabolic stability, and may
preferentially partition into lipid rafts, thereby influencing membrane organization and associated
signaling pathways. Adamantane itself has become the most extensively studied and clinically
validated scaffold, forming the structural core of approved drugs such as rimantadine (antiviral),
amantadine (anti-Parkinson’s), and memantine (anti-Alzheimer’s) [36]. More complex members of
the family and their derivatives (amines, carboxylic acids, esters, anilines) have been investigated and
show promising antiviral, anticancer, and neuroprotective activities, although none have yet reached
clinical application [34,35]. Importantly, petroleum and natural gas condensates contain an even
richer diversity of higher diamondoids, most of which remain unexplored as potential scaffolds for
future drug discovery.

Drimanes are a family of bicyclic sesquiterpenes (CisHzs) based on a trans-decalin core, with
homo-drimanes representing extended variants of this skeleton. First isolated as drimenol from
Drimys winterii, these frameworks are widespread in plants, fungi, and marine organisms, and were
also detected in petroleum as early as the 1970s [37]. They are thought to originate from the
degradation of higher plant triterpenes or bacteriohopanoids during diagenesis, giving rise to
characteristic 8B(H)-drimane and homodrimane isomers. Pharmacologically, drimane-type
sesquiterpenoids have demonstrated a broad spectrum of experimental activities, including
anticancer, anti-inflammatory, antiviral, antifungal, neurotrophic, and enzyme-inhibitory effects [38].
Although diverse drimane and homo-drimane derivatives have been identified in crude oils, their
evaluation as scaffolds for drug discovery remains limited.

Decalins (decahydronaphthalenes, CioHis) are simple saturated bicyclic hydrocarbons
composed of two fused cyclohexane rings in cis- or trans-configuration. They represent one of the
most fundamental rigid sp? scaffolds, occurring both as synthetic models and as structural motifs in
a wide range of bioactive terpenoids and steroids [39]. In petroleum, decalins are characteristic
constituents of naphthenic crudes, such as Naftalan oil (Azerbaijan), where decahydronaphthalenes
account for up to ~60% of the hydrocarbon fraction, making them a structural hallmark of this crude
and a plausible contributor to its reported therapeutic effects. While petroleum-derived decalins
themselves have not yet been systematically investigated in clinical medicine, decalin motifs are
widely represented in natural products and synthetic scaffolds of pharmacological relevance.
Notable examples include decalin-tetramic acid hybrids such as equisetin and zopfiellamides with
broad-spectrum antibacterial and antifungal activity, macrolides such as nodusmicin effective
against drug-resistant pathogens, and synthetic decalin-based scaffolds for FKBP51 inhibitors
currently under investigation as potential treatments for depression, obesity, and cancer [40].

Steranes and hopanes are polycyclic hydrocarbons derived from steroids and pentacyclic
triterpenes during diagenesis and catagenesis. Steranes contain the tetracyclic steroid nucleus
(gonane, cyclopentanoperhydrophenanthrene), directly homologous to the core of cholesterol and
human steroid hormones (e.g., androstane-, estrane-, and cholestane-type derivatives), and are
intrinsically chiral, with multiple stereogenic centers controlling biological specificity. In contrast,
hopanes possess the pentacyclic skeleton derived from bacterial hopanoids, reflecting prokaryotic
membrane architecture. Both classes are essential to membrane organization, contributing to the
formation and stabilization of lipid rafts—nanodomains that modulate receptor clustering, signal
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transduction, and viral entry —so petroleum-derived sterane and hopane frameworks may provide a
basis for biomedical applications targeting membrane-associated signaling [41-44]. Traditionally
considered solely as geochemical biomarkers, these compounds have only recently been evaluated
for their pharmacological potential, with Naftalan oil representing one of the first systematic case
studies. Calculated reactivity descriptors and PASS-based screening predicted anti-inflammatory,
antimicrobial, antiviral, hepatoprotective, immunomodulatory, and antitumor activities, while
QSAR models suggested low to moderate toxicity (LDso = 750-1400 mg/kg). This integrated virtual
pipeline provides a rationale for prioritizing petroleum-derived biomarkers as candidate scaffolds
(1451.

Heavy crude oils may host nanostructures of pharmaceutical relevance. In 2020, researchers at
the Max Planck Institute for Coal Research (MPI fiir Kohlenforschung, Miilheim) reported the
presence of a broad spectrum of fullerenes in the asphaltene fraction of heavy oil, including classical
buckminsterfullerenes and buckybowls—hemispherical aromatic structures with unique reactivity
and potential applications in biomedicine, catalysis, and drug development [46].

Naphthenic acids—mixtures of cycloaliphatic carboxylic acids abundant in naphthenic crudes
such as Naftalan—combine lipophilicity and polarity through sp®-rich cyclic cores and a carboxyl
group. Their structural analogy to prostaglandins suggests possible roles as bioisosteres in
inflammatory and age-related processes, though biomedical data remain limited and at times
contradictory [47].

Aromatic hydrocarbons—planar conjugated m-systems ranging from simple benzenes to
polycyclic aromatic hydrocarbons (PAHs)—are ubiquitous in petroleum, where low-molecular-
weight compounds (phenol, cresols, chlorocresols) constitute an important feedstock for medicinal
chemistry. By contrast, polycyclic fractions within asphaltenes are generally regarded as waste and a
source of environmental concern. Pharmacologically, aromatic scaffolds engage targets via m—m
stacking with aromatic residues and hydrophobic interactions in receptor binding sites;
heteroaromatics add hydrogen-bonding capacity and electronic modulation. Notably, extended
PAHs can intercalate into DNA, a mechanism underlying the activity of anthracyclines and related
agents, but also their genotoxic liabilities. In addition, PAHs partition into lipid bilayers, where they
may influence membrane fluidity, lipid raft stability, and receptor clustering. From a druggability
perspective, however, increasing aromatic ring count correlates negatively with oral bioavailability
and aqueous solubility and raises safety risks through high plasma-protein binding and CYP/hERG
liabilities [48]. Even so, heteroaromatic and fused aromatic systems remain foundational in drug
discovery —forming the backbone of many antibiotics, antivirals, antipsychotics, and anticancer
agents—provided planarity and polarity are carefully optimized [4,49-52].

Petroporphyrins —naturally occurring metalloporphyrins in crude oil —are structurally related
to biological tetrapyrroles such as heme and chlorophyll. These macrocyclic compounds, primarily
nickel- and vanadium-complexes, were first identified in petroleum in the 1930s. Like their biological
counterparts, petroporphyrins are essentially planar, a conformation that supports m-conjugation,
metal coordination, and characteristic optical properties. Their porphyrin scaffold includes
chemically accessible meso- and p-positions, making them promising substrates for structural
modification. Recent structural studies (UV-vis, FT-ICR MS, AFM) have shown that petroporphyrins
preserve their geometric substitution patterns even in more complex forms, highlighting their
stability and potential as modifiable scaffolds [53]. While porphyrin derivatives are already approved
in photodynamic therapy (e.g., temoporfin, verteporfin) and are being explored as antioxidants,
radioprotectors, and antimicrobial agents, petroleum-derived porphyrins remain an underexplored
resource in pharmaceutical chemistry, despite their ready availability and inherent structural
diversity [54-56].

Organosulfur compounds are abundant in petroleum and generally seen as toxic, but Ichthyol
(ammonium bituminosulfonates), derived from sulfur-rich shale oil, represents a notable exception.
Used in dermatology for over a century, it demonstrates antiseptic, anti-inflammatory, and
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immunomodulatory effects, now supported by modern studies confirming activity even against
resistant strains of Staphylococcus aureus [57,58].

4. Translational Perspectives of Crude Oil — Derived Drug Discovery

The data reviewed in this article emphasize that crude oil is more than a petrochemical
feedstock: it can be regarded as a structurally intricate mixture comprising molecular motifs that
range from flat aromatic units to rigid, three-dimensional architectures. Many of these structures
display drug-like features and may serve as direct templates for medicinal chemistry and rational
drug design, thus opening new translational opportunities. Identified biological activities of
petroleum-derived scaffolds align with pressing unmet medical needs, including oncology (over 30%
of global R&D efforts), cardiometabolic disorders, antimicrobial and immunomodulatory therapies,
and the fast-growing neuroscience field addressing neurodegeneration and psychiatric conditions
[4]. Advances in chemical biology and in silico technologies now enable these components to be
positioned not merely as generic leads but as sources of first-in-class molecules with novel
mechanisms of action, a paradigm highly relevant given the stagnation of conventional drug
discovery [59]. Importantly, biomarkers from Naftalan oil show predicted low toxicity and multi-
target potential, a strategy increasingly adopted by the pharmaceutical industry to address
multifactorial diseases and reduce polypharmacy [60,61].

Moving from concept to practical application will require considerable multidisciplinary effort,
integrating expertise from chemistry, pharmacology, toxicology, and computational sciences. Unlike
botanical or microbial natural product databases, there is no integrated pharmacological resource
covering oil-derived molecules. Petroleomics — ultrahigh-resolution mass spectrometry of crude oils
— has revealed thousands of individual components (23000 identified, potentially tens of thousands
with isomers) across Cio—Css0 hydrocarbons and heteroatom-containing derivatives, with dedicated
workflows for classification [62,63].

Yet, while such approaches have established powerful databases for geochemistry and
ecotoxicology, they remain largely disconnected from pharmacological contexts. A translational
framework would require systematic annotation of descriptors —including sp? fraction, lipophilicity,
polar surface area, chirality, and quantum-chemical reactivity indices—to transform petroleomic
fingerprints into pharmacologically meaningful data streams [64,65]. Once such datasets are
established, they could be feed into the classical drug-discovery pipeline: starting with in silico
approaches (virtual screening, molecular docking, QSAR modeling, structure-based optimization),
extending to in vitro functional assays (receptor binding, enzymatic and cell-based systems), and
culminating in vivo validation studies to assess pharmacokinetics, efficacy, and safety.

Although this strategy offers a pathway for incorporating petroleum into pharmaceutical R&D,
significant challenges remain—and many are not entirely unique to petroleum. Natural products
from plants and microbes likewise present issues of chemical complexity, inherent toxicity, and the
need for scalable purification [66,67]. Crude oil, however, is an extraordinarily complex mixture, with
many constituents occurring as unresolved isomeric ensembles, complicating isolation and structural
elucidation. Certain fractions, such as PAHs and naphthenic acids, are well known for their toxicity
and ecotoxicological impact, underscoring the need for early toxicity prediction and rigorous filtering
before pharmacological exploration. Technical barriers also persist and reproducible separation
methods, scalable purification strategies, and integration of advanced analytics with machine
learning will be essential to navigate this chemical complexity.

5. Conclusion

The medicinal use of petroleum is not a new or regionally confined concept: crude oil derivatives
have occasionally entered medical practice, often through the repurposing of by-products. The
evidence reviewed here demonstrates that crude oil harbors a broad spectrum of biologically relevant
scaffolds, ranging from rigid sp3-rich frameworks such as adamantanes, steranes, and hopanes, to
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planar m-systems including porphyrins and functional aromatics, several of which overlap
structurally and pharmacologically with established therapeutic classes. Importantly, these motifs
occur in petroleum at industrial scale, offering an opportunity to reduce synthetic effort while
simultaneously expanding the chemical space accessible to drug discovery. Yet, petroleum-derived
pharmacology is not a clearly defined field: while petroleomics has revealed extraordinary molecular
diversity for geochemical purposes, its integration into drug discovery remains limited. Bridging this
gap—through safety assessment, biological profiling, and cheminformatics-driven scaffold design—
could lay the groundwork for a distinct field of petroleum-based pharmacology.

Author Contributions: U. Hashimova has conceptualized research and have made substantive contributions to
the final review and editing of the manuscript A. Gaisina collected the data and drafted the initial version of the
article A. Gaisina and Kh. Safikhanova performed the formal analysis and data curation and contributed to
writing the manuscript. All authors have read and approved the final version of the manuscript.

Data Availability Statement: All data used in this article are available within the main text. Further inquiries
should be directed to the corresponding author.

Acknowledgments: The author(s) declare that no Generative Al was used in the creation of this manuscript.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any commercial or
financial relationships that could be construed as a potential conflict of interest.

References

1.  International Pharmaceutical Federation (FIP). (2024). Policy statement of the International Pharmaceutical
Federation on medicine shortages. The Hague: FIP. https://www.fip.org/file/4953 [ cited 2024].

2.  Bayer, A.G. (2024). Addressing Growing Healthcare Demand.
https://www .bayer.com/en/investors/pharmaceutical-industry-megatrends

3. Buntz, B. (2024). Biotech in 2025: Precision medicine, smarter investments, and more emphasis on RWD in
clinical trials. Drug Discovery Trends https://www.drugdiscoverytrends.com/biotech-in-2025-precision-
medicine-smarter-investments-and-more-emphasis-on-rwd-in-clinical-trials/

4. Emst & Young LLP. (2024). Beyond Borders: EY Biotechnology Report 2024.
https://www.ey.com/en_us/life-sciences/biotech-outlook

5. Doak, B.C., Over, B., Giordanetto, F., Kihlberg, J. Oral druggable space beyond the rule of 5: insights from
drugs and clinical candidates. Chemn Biol. 2014, 21(9):1115-42. doi: 10.1016/j.chembiol.2014.08.013. PMID:
25237858

6. Zhu, W,, Wang, Y., Niu, Y., Zhang, L., Liu, Z. Current Trends and Challenges in Drug-Likeness Prediction:
Are They Generalizable and Interpretable? Health Data Sci. 2023, 3:0098. doi: 10.34133/hds.0098. PMID:
38487200; PMCID: PMC10880170.

7.  Kattuparambil, A.A., Chaurasia, D.K., Shekhar, S., Srinivasan, A., Mondal, S., Aduri, R., Jayaram, B.
Exploring chemical space for “druglike” small molecules in the age of Al Front Mol Biosci. 2025, 12:1553667.
doi: 10.3389/fmolb.2025.1553667. PMID: 40166082; PMCID: PMC11955463.

8. Brown, D. G. & Bostrom, J. Analysis of Past and Present Synthetic Methodologies on Medicinal Chemistry: Where
Have All the New Reactions Gone? Journal of Medicinal Chemistry. 2016, 59(10), pp. 4443-4458.
doi:10.1021/acs.jmedchem.5b01409

9.  Waring, M.J., Arrowsmith, J., Leach, A.R., Leeson, P.D., Mandrell, S., Owen, R.M. ef al. An analysis of the
attrition of drug candidates from four major pharmaceutical companies. Nat Rev Drug Discov. 2015, 14(7),
475-486. doi: 10.1038/nrd4609. Epub 2015 Jun 19. PMID: 26091267.

10. Lovering, F., Bikker, J., Humblet, C. Escape from flatland: increasing saturation as an approach to
improving clinical success. | Med Chem. 2009, 52(21):6752-6. doi: 10.1021/jm901241e. PMID: 19827778.

11. Wei, W,, Cherukupalli, S, Jing, L., Liu, X., and Zhan, P. Fsp* A new parameter for drug-likeness. Drug
Discovery Today 2020, 25(10), 1839-1845. doi:10.1016/j.drudis.2020.07.017

12. Dobson, P.D., Patel, Y., Kell, DB. ‘Metabolite-likeness’ as a criterion in the design and selection of
pharmaceutical drug libraries. Drug Discov Today 2009, 14(1-2):31-40. doi: 10.1016/j.drudis.2008.10.011.
Epub 2008 Dec 26. PMID: 19049901.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.0629.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 November 2025 d0i:10.20944/preprints202511.0629.v1

8 of 10

13. World Health Organization. (2023). Global Summit on Traditional Medicine: Advancing Science,
Innovation, and Well-being. https://www.paho.org/en/news/6-9-2023-who-global-summit-traditional-
medicine-highlights-scientific-evidence-and-integration

14. Hunt, ].M. (1996) Petroleum Geochemistry and Geology, 2nd ed. W. H. Freeman and Co. New York. p. 743.

15. Hsu, C.S., Walters, C.C,, Isaksen, G.H., Schaps, M.E., Peters, K.E. (2003). Biomarker Analysis in Petroleum
Exploration. In: Hsu CS, editor. Analytical Advances for Hydrocarbon Research. Boston (MA): Springer. p.
223-245. doi:10.1007/978-1-4419-9212-3_9

16. Hess, J., Bednarz, D., Bae, J., and Pierce, ]. Petroleum and health care: evaluating and managing health
care’s vulnerability to petroleum supply shifts. American Journal of Public Health 2011, 101(9):1568-1579.

17. McDonald, G. (2011). Georgius Agricola and the invention of petroleum. Bibliotheque d’"Humanisme et
Renaissance, 73(2), 351-363.

18. Polo, M. (1871). The Book of Ser Marco Polo, the Venetian: Concerning the Kingdoms and Marvels of the
East. Translated and edited by Yule H. London: John Murray. Available at Internet Archive

19. Rosenbaum. (1899). Naftalan. Int Dent J (Phila). 1:27-29. PMCID: PMC10139374.

20. Nesterov, LI (2015). Perechen’ innovatsionnykh tekhnologii, v tom chisle proryvnykh tekhnologii, ne
imeyushchikh analogov za rubezhom. Tyumen: Perechen’ innovatsionnykh tekhnologii. 73 p.

21. Vtorushina, E.A., Kulkov, M.G,, Salakhidinova, G.T., Butyrin, R.I., Aliyev, A. E., Nigametzyanov, L. P. et al.
Comparative Analysis of High-Viscosity Oils from the Khanty-Mansi Autonomous Okrug and the Naftalan Oil Field
to  Assess Their ~ Balneological ~ Potential. Petroleum Chemistry 2023,  63(5):640-653.
https://doi.org/10.31857/50028242123050027

22. Vrzogi¢, P., Ostrogovi¢, Z., and Alajbeg, A. (2003). Naphthalan—a natural medicinal product. Acta
Dermatovenerol Croat. 11(3):178-184.

23. époljaric’ Carevi¢, S., Hrabad, P., Marici¢, G., Tomi¢ Babi¢, L., Ivkovi¢, J., KinjevicPezi¢, G. et al. The Clinical
Characteristics of Psoriatic Arthritis: A Cross-Sectional Study Based on the Psoriatic Arthritis Cohort of
Special Hospital for Medical Rehabilitation - Naftalan, Croatia. Reumatizam 2023, 70(1):27.
https://doi.org/10.33004/reumatizam-supp-70-1-27

24. Musaev, A.V., Guseinova, S.G. Neurophysiological and neurohumoral mechanisms of naftalan therapy for
nervous system diseases. Azerbaycan Kurortologiya, Fizioterapiya va Reabilitasiya Jurnali 2012, 2, 13-22.

25. Farajova, A.L Study of the effects of Naphthalan oil, White Naphthalan oil, and Artra ointment on blood
lipoproteins in rats with experimental osteoarthritis. Azerb. J. Physiol. 2024, 39(2):11-18. d0i:10.59883/ajp.103

26. Gulieva, S.A, Gashimov, Sh.R. Complex treatment of patients with psoriasis at the Naftalan health resort.
Vestn Dermatol Venerol. 1987, 11, 68-70. PMID: 2964153

27. Abramovich, S.G., Drobyshev, V.A., Koneva, E.S., Makhova A.A. The Efficacy of the Comprehensive Use
of Naphthalan and Non-Selective Chromotherapy in the Treatment of Patients with Gonarthrosis. Drug Res
(Stuttg) 2020, 70(4):170-173. doi.org/10.1055/a-1113-7062

28. Adigozalova, V.A., Hashimova, U.F., Polyakova, L.P. Composition and Properties of the Unique Oil from
Azerbaijan’s Naftalan Oil field. Russ | Gen Chem. 2019, 89, 631-640. doi: 10.1134/S1070363219030459

29. Newman, D.J., Cragg, G.M. Natural products as sources of new drugs over the nearly four decades from
01/1981 to 09/2019. ] Nat Prod. 2020, 83(3):770-803. doi.org/10.1021/acs.jnatprod.9b01285

30. Mamedaliev, Y. G. On the theory of the mechanism of action of Naftalan oil, Proceedings of the Academy
of Sciences of the Azerbaijan SSR, 1946, 5:560-562.

31. Martynova, G.S., Nanajanova, R.G., Velimetova, N.I., Zeinalov, S.Q., Babayeva, N.I,, Muradkhanova, L.R.
On some aspects of Naftalan oil properties. Chem Probl. 2022, 2(20), 122-132. doi.org/10.32737/2221-8688-
2022-2-122-132

32. Bauer, M.R,, Di Fruscia, P., Lucas, S.C.C., Michaelides, I.N., Nelson, J.E., Storer, R.L et al. Put a ring on it:
application of small aliphatic rings in medicinal chemistry. RSC Medicinal Chemistry 2021, 12(4):448-471.
doi: 10.1039/DOMDO00370K

33. Tajabadi, F.M., Campitelli, M.R., and Quinn, R.J. (2013). Scaffold Flatness: Reversing the Trend. Springer
Science Reviews. 1:141-151. doi.org/10.1007/s40362-013-0014-7

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.0629.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 November 2025 d0i:10.20944/preprints202511.0629.v1

9 of 10

34. Schwertfeger, H., Fokin, A.A., Schreiner, PR. (2008). Diamonds are a chemist’s best friend: diamondoid
chemistry beyond adamantane. Angew Chem Int Ed Engl. 47(6):1022-36. doi: 10.1002/anie.200701684.
PMID: 18081112

35. Dane, C., Cumbers, G.A., Allen, B.,, Montgomery. A.P., Danon, J.J., Kassiou, M. Unlocking therapeutic
potential: the role of adamantane in drug discovery. Aust ] Chem. 2024, 77:CH24075. d0i:10.1071/CH24075.

36. Wanka, L., Igbal, K., and Schreiner, P.R. The lipophilic bullet hits the targets: medicinal chemistry of
adamantane derivatives. Chem Rev. 2013, 113(5):3516-3604. doi: 10.1021/cr100264t

37. Alexander, R., Kagi, R.I,, Noble, R.A. Identification of the bicyclic sesquiterpenes drimane and eudesmane
in petroleum. Journal of the Chemical Society, Chemical Communications 1983, 5, 226-228.
doi:10.1039/C39830000226.

38. Jansen, B.J.M., de Groot, A. Occurrence, biological activity, and synthesis of drimane sesquiterpenoids.
Natural Product Reports 2004. 21(4), 449-477. doi:10.1039/b311170a.

39. Watanabe, K., Sato, M. & Osada, H. Recent advances in the chemo-biological characterization of decalin
natural products and unraveling of the workings of Diels-Alderases. Fungal Biol Biotechnol. 2022, 9 (9).
https://doi.org/10.1186/s40694-022-00139-6

40. Feng, X, Sippel, C., Knaup, F.H., Bracher, A, Staibano, S., Romano, M.F., Hausch, F. A Novel Decalin-Based
Bicyclic Scaffold for FKBP51-Selective Ligands. Journal of Medicinal Chemistry 2020, 63(1):231-240. doi:
10.1021/acs.jmedchem.9b01157.

41. Mara, P, Nelson, RK., Reddy, C.M. et al. Sterane and hopane biomarkers capture microbial
transformations of complex hydrocarbons in young hydrothermal Guaymas Basin sediments. Commun
Earth Environ. 2022, 3, 250. https://doi.org/10.1038/s43247-022-00582-8

42. Levental, I, Levental, K.R., Heberle, F.A. (). Lipid rafts: controversies resolved, mysteries remain. Nat Rev
Mol Cell Biol. 2020, 21:353-374. doi: 10.1016/j.tcb.2020.01.009

43. Warda, M., Tekin, S., Gamal, M., Khafaga, N., Celebi, F., Tarantino, G. (). Lipid rafts: novel therapeutic targets
for metabolic, neurodegenerative, oncological, and cardiovascular diseases. Lipids Health Dis. 2025, 24 (1):147.
doi:10.1186/s12944-025-02563-0.

44. Mitchison-Field, L.M., Belin, B.J. Bacterial lipid biophysics and membrane organization. Curr Opin
Microbiol. 2023, 74:102315. doi: 10.1016/j.mib.2023.102315. Epub 2023 Apr 13. PMID: 37058914; PMCID:
PMC10523990.

45. Kolchina, G.Y., Bakhtina, A.Y., Movsumzade, M.M., and Loginova, M.E. Calculations and determination of
the parameters of Naftalan-oil components and assessment of their state and putative activities. Oil & Gas
Chemistry 2022, 1-2:30-35. doi: 10.24412/2310-8266-2022-1-2-30-35

46. Farmani, Z., Vetere, A., Poidevin, C., Auer, A.A.,, and Schrader, W. Studying Natural Buckyballs and
Buckybowls in Fossil Materials. Angew Chem Int Ed. 2020, 132(35): 15118-15123. doi:
10.1002/anie.202005449

47. Huseynov, D.A., Martynova, G.S., and Zeinalov, S.G. About naphthenic oil and aspects of its healing
properties. Azerbaijan Chemical Journal 2024, 2:114-126. doi.org/10.32737/0005-2531-2024-114-126

48. Ritchie, T.J., Macdonald, S.J., Young, R.J., & Pickett, S.D. The impact of aromatic ring count on compound
developability: further insights by examining carboaromatic, heteroaromatic, and aliphatic ring types.
Drug Discovery Today 2011, 16(3—4), 164-171. https://doi.org/10.1016/j.drudis.2010.11.014

49. Taylor, R.D.,, MacCoss, M., Lawson, A.D.G. Rings in drugs. | Med Chem. 2014, 57(14):5845-5859.
doi:10.1021/jm4017625

50. Menzikov, S.A., Zaichenko, D.M., Moskovtsev, A.A., Morozov, S.G., and Kubatiev, A.A. Phenols and
GABAareceptors: from structure and molecular mechanisms action to neuropsychiatric sequelae. Front
Pharmacol. 2024, 15:1272534. doi: 10.3389/fphar.2024.1272534

51. Paez-Martinez, N., Ambrosio, E., Garcia-Lecumberri, C., Rocha, L., Montoya, G.L, and Cruz, S.L. Toluene
and TCE decrease binding to mu-opioid receptors, but not to benzodiazepine and NMDA receptors in
mouse brain. Ann N Y Acad Sci. 2008, 1139:390-401. doi: 10.1196/annals.1432.031

52. Pajouhesh, H., and Lenz, G.R. Medicinal chemical properties of successful central nervous system drugs.
NeuroRx. 2005, 2(4):541-553. doi: 10.1602/neurorx.2.4.541

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.0629.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 November 2025 d0i:10.20944/preprints202511.0629.v1

10 of 10

53. Zhang, Y., Schulz, F., Rytting, B.M., Walters, C.C., Kaiser, K., Metz, ].N. et al. Elucidating the Geometric
Substitution of Petroporphyrins by Spectroscopic Analysis and Atomic Force Microscopy Molecular
Imaging. Energy Fuels 2019, 33(7):6088-6097. doi: 10.1021/acs.energyfuels.9b00816. Epub 2019 Jun 12. PMID:
31354183; PMCID: PMC6647966.

54. Amos-Tautua, B.M., Songca, S.P., and Oluwafemi, O.S. Application of Porphyrins in Antibacterial
Photodynamic Therapy. Molecules. 2019, 24(13):2456. doi:10.3390/molecules24132456

55. Chen, J., Zhu, Y., Kaskel, S. Porphyrin-based metal-organic frameworks for biomedical applications.
Angew Chem Int Ed. 2021, 60(11):5010-5035. doi:10.1002/anie.201909880

56. Tazeev, D., Musin, L., Mironov, N., Milordov, D., Tazeeva, E., Yakubova, S. et al. (). Complexes of
Transition Metals with Petroleum Porphyrin Ligands: Preparation and Evaluation of Catalytic Ability.
Catalysts 2021, 11:1506. doi.org/10.3390/catal11121506

57. Gayko, G. Cholcha, W. Kietzmann, M. (2000) Zur antientziindlichen, antibakteriellen und
antimykotischen Wirkung von dunklem sulfonierten Schieferdl (Ichthammol) [Anti-inflammatory,
antibacterial and antimycotic effects of dark sulfonated shale oil (ichthammol)]. Berl Munch Tierarztl
Wochenschr. 113(10):368-73. German. PMID: 11084753.

58. Heuser, E. Becker, K. Idelevich, E.A. Bactericidal Activity of Sodium Bituminosulfonate against
Staphylococcus aureus. Antibiotics (Basel). 2022, 11(7):896. doi: 10.3390/antibiotics11070896. PMID:
35884150; PMCID: PM(C9311858.

59. Makhoba, X.H., Viegas, C.Jr., Mosa, R.A., Viegas, F.P.D., and Pooe, O.]. Potential Impact of the Multi-Target
Drug Approach in the Treatment of Some Complex Diseases. Drug Des Devel Ther. 2020, 14:3235-3249.

60. Ma, X.H,, Shi, Z.,, Tan, C,, Jiang, Y., Go, M.L., Low, B.C. et al. In-silico approaches to multi-target drug
discovery: computer aided multi-target drug design, multi-target virtual screening. Pharm Res. 2010,
27(5):739-749. doi: 10.1007/s11095-010-0065-2

61. Talevi, A. Multi-target pharmacology: possibilities and limitations of the “skeleton key approach” from a
medicinal chemist perspective. Front Pharmacol. 2015, 6:205. doi: 10.3389/fphar.2015.00205

62. Marshall, A.G., Rodgers, R.P. Petroleomics: The next grand challenge for chemical analysis. Acc Chem Rem.
2004, 37(1):53-9. doi: 10.1021/ar020177t. PMID: 14730994.

63. Palacio Lozano, D.C., Thomas, M.]., Jones, H.E., Barrow, M.P. (2020). Petroleomics: Tools, Challenges, and
Developments. Annu Rev Anal Chem (Palo Alto Calif). 13(1):405-430. doi: 10.1146/annurev-anchem-
091619-091824. Epub 2020 Mar 20. PMID: 32197051.

64. Xu, ], Hagler, A. Chemoinformatics and Drug Discovery. Molecules 2002, 7, 566-600.
https://doi.org/10.3390/70800566

65. Chen, Y., Kirchmair, J. Cheminformatics in Natural Product-based Drug Discovery. Mol Inform. 2020,
39(12):2000171. doi: 10.1002/minf.202000171. Epub 2020 Sep 6. PMID: 32725781; PMCID: PMC7757247.

66. Atanasov, A.G., Zotchev, S.B., Dirsch, V.M. et al. Natural products in drug discovery: advances and
opportunities. Nat Rev Drug Discov. 2021, 20, 200-216. https://doi.org/10.1038/s41573-020-00114-z

67. Conrado, G.G., da Rosa, R., Reis, R.D. et al. Building Natural Product-Based Libraries for Drug Discovery:
Challenges and Opportunities from a Brazilian Pharmaceutical Industry Perspective. Rev. Bras. Farmacogn.
2024, 34, 706-721. https://doi.org/10.1007/s43450-024-00540-9

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.0629.v1
http://creativecommons.org/licenses/by/4.0/

