BIBLIOGRAPHIC INFORMATION SYSTEM

Journal Full Title: Journal of Biomedical Research & Environmental Sciences . DOI: 10.37871 (CrossRef)

Journal NLM Abbreviation: J Biomed Res Environ Sci i Plagiarism detection software: iThenticate IndexCopernicus
Journal Website Link: https://www jelsciences.com Managing entity: USA ICV 2020:
Journal ISSN: 2766-2276 Language: English 53.77
Category: Multidisciplinary Research work collecting capability: Worldwide

Subject Areas: Medicine Group, Biology Group, General, Environmental Sciences Organized by: SciRes Literature LLC

Topics Summation: 130 License: Open Access by Journal of Biomedical Research & Environmental Sciences is
Issue Regularity: Monthly : licensed under a Creative Commons Attribution 4.0 International License. Based on a

. ¢ work at SciRes Literature LLC.
Review Process: Double Blind :

. — Manuscript should be submitted in Word Document (.doc or .docx) through
Time to Publication: 21 Days :
Indexing catalog: Visit here Online Submission

Publication fee catalog: Visit here . form or can be mailed to support@jelsciences.com

<% Vision: Journal of Biomedical Research & Environmental Sciences main aim is to enhance the importance of science and technology to the scientific community and also to provide an equal opportunity to
seek and share ideas to all our researchers and scientists without any barriers to develop their career and helping in their development of discovering the world.


https://portal.issn.org/resource/ISSN/2766-2276
https://www.jelsciences.com/assets/img/subjects.php
https://www.jelsciences.com/archive.php
https://www.jelsciences.com/peer-review-process.php
https://www.jelsciences.com/indexing.php
https://www.jelsciences.com/publication-fee-2021.php
https://search.crossref.org/?q=%22Journal+of+Biomedical+Research+%26+Environmental+Sciences%22&from_ui=yes
https://www.jelsciences.com/crossref-similarity-check.php
https://www.jelsciences.com/submit-form.php
https://www.jelsciences.com/
https://journals.indexcopernicus.com/search/journal/issue?issueId=all&journalId=67615

JOURNAL OF

BIOMEDICAL RESEARCH

issn: 27662276 CENVIRONMENTAL SCIENCES

)
=
=
=
=
=
=
=
&=
=~
=
@

OPINION

PHARMACEUTICA ANALYTICA ACTA | PHARMACOLOGY

Importance of Organophosphorus
Compounds in Medicinal Chemistry

Field

Petri A Turhanen*

School of Pharmacy, University of Eastern Finland, Kuopio, Finland

INTRODUCTION

Organophosphorus chemistry has a crucial role in the field of drug research
[1]. As generally well known, the Adenosine Triphosphate (ATP) plays a key role
in the energy processes in all living cells of mammals. There are also natural
phosphorus containing organic compound, Phosphocitrate (PC), found in
mammalian mitochondria, likely produced by cytosolic phosphorylation of citrate,
and which has important role in calcium metabolism, e.g. inhibiting hydroxyapatite
precipitation in cells [2-4]. Phosphonates are analogs of natural phosphates,
having characteristic C-P bond(s) and phosphonic acid moiety (R—PO3HZ). These
compounds present as analogs of carboxylic acids, amino acids and peptides [5]. An
interest related to these compounds has increased tremendously because of their
potential as drugs (also pro-drugs). Phosphonate compounds were observed to
have e.g. antibacterial, anticancer and antiparasitic activity [6]; they can be used
in medical imaging and diagnostics, and they have phosphoantigen properties [7].
Several compounds containing phosphonate group are already in use as antiviral
drugs, like for the treatment of hepatitis B virus (Adefovir or its pro-drug Adefovir
dipivoxil), cytomegalovirus (Cidofovir) and HIV/AIDS (Tenofovir or its pro-drug
Tenofovir disoproxil) (Figure 1) [6,8]. There is also at least one organophosphorus
compound, Remdesivir, under investigation for the treatment of COVID-19 [9].

One very interesting group of organophosphorus compounds are,
Bisphosphonates (BPs), which are analogs of natural pyrophosphate formed by
hydrolysis of ATP and found in cells [10]. BPs are active drugs in many kinds of
bone or calcium metabolism related diseases like osteoporosis and Paget’s disease
[10,11]. They can also be used as bone targeting agents. BPs can be classified as
non-nitrogen BPs (non-NBPs) and nitrogen containing BPs (NBPs); they are also
categorized to different generations. In figure 2, structures of three different kind
of BPs are presented: etidronic acid (1 generation, non-NBP), alendronic acid (2"
generation, NBP) and zoledronic acid (3™ generation, NBP) [12]. BPs present rich
chemistry and biology. Applications of BPs cover much more than just medicinal
chemistry field; and that is because of their very high affinity to almost any metal
cations (alkali metal cations are exception because of their oxidation state +1); so
they are potential compounds e.g. for removing/adsorbing metals from different
kinds of water solutions [13-16]. Metal contaminated waters can be purified using
BPs. As we know, pure water is crucial for all life on earth, and it is definitely health
issue also.

When NBPs are used as drugs, they will induce to formation of ATP analogs
Apppl and ApppD (Figure 3) in cells. Non-NBPs will be metabolized also in cells but

()

Check for
updates

articles/jbres1421.pdf

D0l: (10.37871

*Corresponding author

Petri A Turhanen, School of Pharmacy,
University of Eastern Finland, Kuopio, Finland

E-mail: petri.turhanen@uef.fi

DOI: 10.37871/jbres1421

Submitted: 11 February 2022
Accepted: 21 February 2022
Published: 24 February 2022

Copyright: © 2022 Turhanen PA. Distributed
under Creative Commons CC-BY 4.0 @®

OPEN ACCESS
Keywords

» Organophosphorus

A\

Phosphonate
ATP
Anti-viral

Y

Y Vv

Bisphosphonate

MEDICINE GROUP

PHARMACEUTICA ANALYTICA ACTA | PHARMACOLOGY

VOLUME: 3 ISSUE: 2 - FEBRUARY, 2022

How to cite this article: Turhanen PA. Importance of Organophosphorus Compounds in Medicinal Chemistry Field. J Biomed Res
Environ Sci. 2022 Feb 24; 3(2): 195-197. doi: 10.37871/jbres1421, Article ID: JBRES1421, Available at: https://www.jelsciences.com/



Lif&¥4ture

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES Issn:

NH,
N/
NH, 4¢L\ | NH,
O N o] N X
</N | o \O II:I’ HO o </ | )N
"R N N) ) vcl);OH ¥ oo ™ N
—P_ 0 HO™ "\
HO
NN, on
Adefovir Cidofovir Tenofovir
Figure 1 Examples of anti-viral phosphonate drugs in medicinal use.
r
OH v OH N \)
W\ /
HO “pL o 1o P~on
HZN\/\)<
— HO OH
,R-OH RO _P pC
0" OH O OH HO g OH(I_I) OH

Etidronic acid

Figure 2 Examples of bisphosphonate drugs in medicinal use.

Alendronic acid

Zoledronic acid

NH, NH,
N| \ N\> N| \ N\>
kN/ ¥ kN/ ¥ )
HO : o [¢] o] (o] HO : o [¢] (o] o
I | | I | I
/P\o/ T\o/ T\o /P\o/ T\o/ T\o
1d =" b7 on o 7+ Hd Yy 0 z*  OH o 7+
Apppl ApppD
Figure 3 ATP analogs Apppl and ApppD induced by NBPs.
little bit different way to form adenosine monophosphate ACKNOWLEDGMENT

(AMP) attached to non-NBP used (ATP analogs also) [17].
These ATP analogs have observed to inhibit cell signaling
pathways [18]. Nowadays, ATP analogs can be chemically
synthesized, so more options for further research are
available [18-20].

CONCLUSION

As a conclusion, it that
organophosphorus chemistry and compounds are very
important in medicinal chemistry field and they offer
an extremely fascinating “world”, which is constantly
expanding. Organophosphorus compounds can be found in
our bodies either as natural compounds (like ATP and PC) or
induced by other compounds; and we really still do not know
much of their biological functions and possibilities e.g. as
drug LEADs.
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