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e Fiction? No—unless it’s in the genre
“science fiction”

e Reality? ‘%

Now here’s why...
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* STEM = Science, Technology, Engineering and Medicine PLUS Mathematics



Sources of Sciencé*=formation

; ';'S

* Magazines # S
v’ Popular Science
v’ Scientific American
v’ Science (aka Science Magazine)
v' Chemical & Engineering News

* Books
v’ textbooks

v’ science monographs
v handbooks

* In this presentation “science” and STEM will be used interchangeably
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Sources of Sciencé"nfermation (cont)

T

» Abstracts'and indexes
v’ Biological Abstracts
v’ BIOSIS
v Chemical Abstracts Service*
v’ Index Medicus/Medline
v’ PubMed

* A division of the American Chemical Society



Chemical Abstracts*Service™

“"Wt‘ "o

* Approximately 1,400 employees

e Covers ~8,000 journals plus technical reports,
dissertations and conference proceedings

e Patents from 27 countries and two
international organizations

* [n 50 languages

e For more information see @ @

* Established in 1907


https://www.cas.org/
https://www.cas.org/support/documentation/references/corejournals

ources of Science"in

e Patents

v international in scope e
v’ primarily legal documents
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United States Patent @ 3,668,226
Quintana, et al. June 6, 1972

STRAIGHT CHAIN ALIPHATIC CARBOXYLIC ACID MONOESTERS OF 13-
DIHYDROXY-2-PROPANONE

Abstract

This invention relates to perdurable insect repellent compositions comprig a precursor molecule
which includes a moiety with dermal anchoring properties linked to a moiety with insect repellent
properties. There are also described six new compounds, illustrative of the perdurable insect repellent
structure. The six compounds are monoesters of 1,3-dihydroxy-2-propanone and the straight-chain
aliphatic carboxylic acids--propanoic acid, pentanoic acid, hexanoic acid, heptanoic acid, octanoic
acid, and undecanoic acid.

Inventors: Quintana; Ronald P. (Memphis, TN), Garson; Lorrin R. (Memphis, TN), Lasslo;
Andrew (Memphis, TN)

Assignee: The United States of America as represented by the Secretary of the Army (N/A)
Family ID: 21765359

Appl. No.: 05/014,417

Filed: February 26, 1970

Current USS. Class: 554/227; 514/919; 560/264; 549/379
Current CPC Class: CO7C 69/28 (20130101); AOIN 37/12 (20130101); Y10S

514/919 (20130101)
Current International AOIN 37/12 (20060101); CO7C 69/00 (20060101); CO7C
Class: 69/28 (20060101); CO7c 069/28 (); AO1n 009/24 ()

Field of Search: ;260/410.6,488]J
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https://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=3,668,226.PN.&OS=PN/3,668,226&RS=PN/3,668,226

Sources of Science*int

,Qlé;tlon (cont.)

* Conferences and congresses \m
* Internal seminars

* Information exchange between
individuals ACS Spring 2022

March 20 - 24
San Diego, CA and Online



https://www.acs.org/content/acs/en/meetings/acs-meetings/about/future-meetings.html

Science Journmals—the=Primary Source

T

* The established record of science

e Contain articles written by active scientists (not
journalists)

* First science journal published in 1665 [l

v’ Journal des scavans [}

v’ Philosophical Transactions of the Royal Society [@)

e For more information see [ [ [ [
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https://www.sciencealert.com/science-journal
https://en.wikipedia.org/wiki/Scientific_journal
https://www.visionlearning.com/en/library/Process-of-Science/49/Understanding-Scientific-Journals-and-Articles/158
https://www.omicsonline.org/science-journals.php
https://blogs.scientificamerican.com/information-culture/the-mostly-true-origins-of-the-scientific-journal/
https://en.wikipedia.org/wiki/Philosophical_Transactions_of_the_Royal_Society
https://en.wikipedia.org/wiki/Journal_des_sçavans

Who Publishes Sciencé"mfermation?

I l B
e Commercial publishers (~90-95% of chemistry)

v Elsevier [@
v’ John Wiley [@
v’ Springer/Macmillian [@ [

* Not-for-profit publishers (~5-10% of chemistry)

v American Chemical Society [@
v’ Gesellschaft Deutscher Chemiker [ [@
v’ Royal Society of Chemistry [@

* For lists of science journals see [@ (@] [
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https://en.wikipedia.org/wiki/List_of_scientific_journals
https://en.wikipedia.org/wiki/List_of_chemistry_journals
http://www.sciencepublishinggroup.com/journal/journallist
https://www.elsevier.com/
https://www.springer.com/gp
https://www.wiley.com/en-us
https://us.macmillan.com/publishers/
https://www.gdch.de/home.html
https://www.gdch.de/
https://www.rsc.org/
https://www.acs.org/content/acs/en.html
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Journal ranking

From Wikipedia, the free encyclopedia

Journal ranking is widely used in academic circles in the evaluation of an academic journal's impact and quality. Journal
rankings are intended to reflect the place of a journal within its field, the relative difficulty of being published in that journal,
and the prestige associated with it. They have been introduced as official research evaluation tools in several countries.

Are some science journals
more prestigious than others?

Part of a series on

Citation metrics
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Traditionally, journal ranking "measures" or evaluations have been provided simply through institutional lists established by academic leaders or through committee vote.
These approaches have been notoriously politicized and inaccurate reflections of actual prestige and quality, as they would often reflect the biases and personal career
objectives of those involved in ranking the journals; also causing the problem of highly disparate evaluations across institutions.!'![2] Consequently, many institutions have
required external sources of evaluation of journal quality. The traditional approach here has been through surveys of leading academics in a given field, but this approach
too has potential for bias, though not as profound as that seen with institution-generated lists.2] Consequently, governments, institutions, and leaders in scientometric
research have turned to a litany of observed bibliometric measures on the journal-level that can be used as surrogates for quality and thus eliminate the need for
subjective assessment.["]

Consequently, several journal-level metrics have been proposed, most citation-based:

» Impact factor and CiteScore — reflecting the average number of citations to articles published in science and social science journals.

« SCIimago Journal Rank — a measure of scientific influence of scholarly journals that accounts for both the number of citations received by a journal and the importance
or prestige of the journals where such citations come from.

¢ h-index — usually used as a measure of scientific productivity and the scientific impact of an individual scientist, but can also be used to rank journals.

o h5-index — this metric, calculated and released by Google Scholar, is based on the h-index of all articles published in a given journal in the last five years.[!
o Expert survey — a score reflecting the overall quality or contribution of a journal is based on the results of the survey of active field researchers, practitioners and
students (i.e., actual journal contributors or readers), who rank each journal based on specific criteria.[*]
» Publication power approach (PPA) — the ranking position of each journal is based on the actual publishing behavior of leading tenured academics over an extended
time period. As such, the journal's ranking position reflects the frequency at which these scholars published their articles in this journal.[516]


https://en.wikipedia.org/wiki/Journal_ranking
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Prestigious Medical Journals
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Top 15 Chemistry Journals/@®

Rank Title Publisher
1 Chemical Reviews American Chemical Society
2 Journal of the American Chemical Society | American Chemical Society
3 Angewandte Chemie—International Edition | John Wiley & Sons
4 Chemical Society Reviews Royal Society of Chemistry
5 Nano Letters American Chemical Society
6 Nature Materials Nature Publishing Group
7 Accounts of Chemical Research American Chemical Society
8 Environmental Science & Technology American Chemical Society
9 Chemistry of Materials American Chemical Society
10 Chemical Communications Royal Society of Chemistry
11 Journal of Agricultural and Food Chemistry | American Chemical Society
12 Nature Communications Nature Publishing Group
13 Carbon Elsevier
14 Chemistry—A European Journal Wiley-VCH
15 Chemosphere Elsevier

See also @ @ @ @
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https://countryofpapers.com/search-journals/top-15-journals-chemistry-miscellaneous
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Science & Engineering—Published Papers*

Rank Region, country, or economy 2008 2018

- World 1,755,850 2,555,959 é 45% growth
1 China 249,049 528,263
2 United States 393,979| | 422,808
3 India 48,998 135,788
4 Germany 91,904 104,396
5 Japan 108,241 98,793
6 United Kingdom 91,358 97,681
7 Russia 31,798 81,579
8 Italy 56,157 71,240
9 South Korea 44,094 66,376
10 France 66,460 66,352
11 Brazil 35,490 60,148
12 Canada 53,296 59,968
13 Spain 44191 54,537
14 Australia 37,174 53,610
15 Iran 17,034 48,306
- EU 528,938 622,125

EU = European Union.

* From the National Science Foundation


https://ncses.nsf.gov/pubs/nsb20206/publication-output-by-region-country-or-economy
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Manuscript*Submissten.Process

- Manuscripts are written when something
new or important to report™

* Authors select appropriate and most
prestigious journal

* Manuscript is to be submitted to only
one journal at a time



Manuscript Review

» Manuscript read by editor-in-chief or
associate editor*

* Editor accepts for consideration or
rejects outright

e Editor selects 2-6 reviewers**

* JACS has 30 editors {4
** Reviewers are not identified to authors


https://pubs.acs.org/page/jacsat/editors.html

Manuscript Review:=Peer Reviewers

+ Practicing’sCientists with expertise in the
field relevant to the manuscript

* Reviewers carefully scrutinize manuscripts

* Reviewers comment on:
v’ deficiencies in the science
v’ correct minor errors and style
v’ suggestion further work if needed



eer Revi ‘ rS (cont.)™

* Reviewers port to editor to cgndi 'if’-onall'y
accept or reject |
* Editor communicates with the author

35



Communication Cycle

» Reviewer & Editor <> Author

* |f manuscript to be published everyone is
to be satisfied (usually)...

v editor
v reviewers
v author

* Journal editor makes the final decision
whether to publish



Work of
production
editor

Communicated
to
author

Edit Trace of Manuscript 10.1021/acs.langmuir.6b03367

Competitive and-synergistie-interaetionsSynergistic Interactions
between-pelymermieeHesPolymer Micelles, -drsgsDrugs, and
-eyeledextrnsCyclodextrins:-the-impertanee The Importance of drag-
-setubihsatenteensDrug Solubilization Locus

Author, please respond to the following questions:
Author: If references are cited 1n the Abstract, the full reference must be given. The Abstract

will be available online separate from the main article, and the citations will not

link to the reference list, making the citations appear out of context : 2
Author: Please verify whether the labels for footnotes b and ¢ are in the correct locations n

lable 3 ; 8
Author: Please dluk that the citation for ref 20 is correct. What does “D p. u N.a."

mean? .. 22

Margarita Valero ,* »* B Franca w ¢ B Andrea MIglé [l Marcelo A @ S . B Gustavo
2 ? 0 A !lM Cecile A m u!

# Dpto. Quimica Fisica, Facultad de Farmacia, Universidad de Salamanca , Campus Miguel de Unamuno, s/n,
37007 Salamanca, Spamn

¥ Department of Chemistry, Materials and Chemical Engineering “G. Natta”, Politecnico di Milano , Piazza
L. Da Vinci 32 | 1-20133Milano, ltaly

! Institute of Pharmaceutical Science, King’s College Londonm , Franklin-Wilkins Building, 150 Stamford Street,
London SEI 9NH, E-5-United Kingdam

¥l Departamento de Quimica, Universidad de Navarra , 31080 Pamplona, Spain

| CorrespandiagauthersE-mail: 10000 0] s sesiedinas el el
*E-mail; cecile dredssid kel s uk,

Polymeric micelles, in particular PEO-PPO-based Pluronic, have emerged as promising drug
carriers, while cyclodextrins, cyclic oligosacchandes with an apolar cavity, have long been
used for their capacity to form inclusion complexes with drugs. Dimethylated fi-cyclodextnin
(CD) has the capacity to fully-beesk—spbreakup F 127 Pluronic micelles, while this effect is sub-
stantially hindered 1f drugs are loaded within the micellar aggregates. Four drugs were studied
at physiological temperature: lidocaine (LD), pentobarbital sodium salt (PB), sodium naproxen
(NP), and sodium salicylate (SAL); higher temperatures shift the equilibrium-tewardstoward
higher drug partitioning and lower-drieEBdrug/ CD binding compared to 25 *C (Valero, M ;

troscopy. lmylub ﬂl.s..?ﬁogy&l—lml )+ The impact of drugs on micellar structure was
-eharastessedcharacterized by small-angle neutron scattering (SANS), while their-sefubiss—
~sieasolubilization locus was revealed by 2D NOESY NMR. UV and fluorescence spectroscopy,

Dynamic and Static Light Scattering were employed to measure a range of micellar proper-
ties and drug:CD interactions: binding constant, drug partitioning within the micelles, critical
micellar concentration of the loaded micelles, aggregation number (V o). Critically, time-re-
solved SANS (TR-SANS) reveal that micellar-break—spbreakup in the presence of drugs is
substantially slower (100s of seconds) than for the free micelles (< 100 ms) (Valero, M.; Gnllo,



What Does a Publishéd=A«ticle Look Like?

* Sample article: J. Med. Chem 2021, 64;
16425-16449
* Note: Article is 25 pages in length

* Note: Over 16,000 pages published in
this journal as of October 29, 2021



Journal name =

Article title =»
Authors =»

Citation =»

Abstract =

Introduction=>»
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Made available for a limited time for personal research and study only License. B
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Featured Article

Discovery of Modified Amidate (ProTide) Prodrugs of Tenofovir with

Enhanced Antiviral Properties

Filip Kalcic, Michala Zgarbov4, Jan Hodek, Karel Chalupskj, Martin Dracinsky, Alexandra Dvofékovi,
Timotej Strmen, Jaroslav Sebestik, Ondrej Baszczynski, Jan Weber, Helena Mertlikovd-Kaiserovd,

and Zlatko Janeba*

Cite This: J. Med. Chem. 2021, 64, 16425-16449

I: I Read Online

ACCESS ‘ [l Metrics & More | Article Recommendations ‘ © Supporting Information

ABSTRACT: This study describes the discovery of novel prodrugs
bearing tyrosine derivatives instead of the phenol moiety present in
FDA-approved tenofovir alafenamide fumarate (TAF). The syn-
thesis was optimized to afford diastereomeric mixtures of novel
prodrugs in one pot (yields up to 86%), and the epimers were
resolved using a chiral HPLC column into fast-eluting and slow-
eluting epimers. In human lymphocytes, the most efficient tyrosine-
based prodrug reached a single-digit picomolar ECg, value against
HIV-1 and nearly 300-fold higher selectivity index (SI) compared
to TAF. In human hepatocytes, the most efficient prodrugs
exhibited subnanomolar ECy, values for HBV and up to 26-fold
higher SI compared to TAF. Metabolic studies demonstrated
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markedly higher cellular uptake of the prodrugs and substantially higher levels of released tenofovir inside the cells compared to
TAF. These promising results provide a strong foundation for further evaluation of the reported prodrugs and their potential utility

in the development of highly potent antivirals.

Bl INTRODUCTION

Both nucleoside phosphates and nucleoside phosphonates are
deprotonated at physiological pH, and their ionic character
significantly reduces their ability to penetrate through
biomembranes. Many types of prodrugs have been developed
to address this issue (for comprehensive reviews, see refs 1—4).
Prodrug moieties mask the ionic character of the parent
molecule and substantially enhance its delivery into the target
cell. Once inside the cell, the masking moiety is cleaved off,
thus releasing the parent active compound (Figure 1).

The prodrug approach proved to be extremely useful as it
significantly enhanced the antiviral activity of the parent
nucleotide analogues. For instance, in a cell-based assa; 2'
tenofovir (TFV, used in the treatment of retroviral infections”)
exhibits single digit micromolar potency against human
immunodeficiency virus (HIV-1), while the first generation
prodrug that utilizes carbonate esters, tenofovir disoproxil
fumarate (TDF), exhibits 100-fold higher potency and the
second generation prodrug that utilizes the amidate approach,
tenofovir alafenamide fumarate (TAF), exhibits 1000-fold
higher potency (Figure 2).”

The efforts to develop efficient phosphate prodrugs started
with the application of simple alkyl groups but evolved into the
current design, so-called ProTides, a subclass of the
phosphoramidate/phosphonamidate prodrugs.® The ProTides
were initially developed by McGuigan's group in the early

® 2021 American Chemical Society

~ ACS Publications

1990s to deliver nucleoside monophosphates,” and they are
utilized in the FDA-approved drugs, sofosbuvir and remdesivir,
and the same approach was also applied to nucleoside
phosphunate tenofovir leading to the aforementioned
TAE.10-12

The clinical dose of TDF to achieve the desired efficacy was
300 mg daily due to its low plasma stability.'* However, this
led to high levels of TFV circulating in plasma, which has now
been associated with nephrotoxicity and bone toxicity.”'* TFV
toxicity is promoted by the imbalance between its rapid uptake
from plasma (mediated by organic anion transporters (OAT) 1
and 3) and slow efflux into urine (mediated by multidrug
resistance protein type 4 (MRP4)), which leads to TFV
accumulation in proximal-tubule cells and thus to nephrotox-
icity.'® The mechanism of bone toxicity (reduction of mineral
density) is not fully clarified yet, however; no direct effect of
TFV on osteoblasts was observed in vitro.'®

The above-mentioned drawbacks of TDF were substantially

reduced i ProTide of tenofovir, which was more
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Scheme 1. Synthesis of the First Series of Prodrugs 3¢
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“Reagents and conditions: (a) for 1a: CH,O, Na,5O,, AcOH, NaBH,CN, MeOH, 25 °C, 1 h; (b) for 1b: 1,4-dibromobutane, NaHCO,, toluene,
115 °C, 3 b; (c) for lc: Ac,0, Na,CO,, acetone/H,0, 25 °C, 30 min; (d) for 1d: (CF,CO),0, pyridine, DCM, 25 °C, 5 min; (e) for le
PhCOOH, HATU, DIPEA, DMF, 25 °C, 1 b; (£) (5)-tyrosine methyl ester, EDC, Et,N, H,0, 40 °C, 16 h; (g) compound 2, the corresp
(S)-tyrosine derivative 1a—1f, Et,N, PPh,, 2,2"-dipyridyl disulfide, pyridine, 65 °C, 16 h; (h) H,, Pd/C, phosphate buffer (pH 7.4), 25 °C, 1 h

evidence of the proposed cyclic intermediates in the ProTide
activation until recently when Prochézkova et al.* were able to
confirm such cyclic species using NMR spectroscopy and mass
spectrometry coupled with infrared spectroscopy, supporting
the proposed mechanism.

During the ProTide activation, an alcohol, amino acid, and
aromatic compound are released. The influence of the amino
acid ester was studied by McGuigan et al” Their work
indicated that more lipophilic ester may increase the antiviral
activity via higher cellular uptake, however, lipophilicity was
not the sole determinant of the biological activity. The
substrate activity of the compounds toward esterases also
played an important role. In particular, t-butyl ester was
hydrolyzed significantly slower compared to methyl, ethyl, or
isopropyl esters. As another example, phenyl ester was cleaved
faster compared to more lipophilic alkylphenyl amlogues.u

The role of the amino acid was also studied. It has been
shown that cathepsin A was not able to hydrolyze bulkier
amino acids’’ and that (S)-alanine was the most suitable
option.””*" Regarding the aryl moiety, the effects of its
substitution were studied on phosphoramidate prodrugs
derived from the antiretroviral drug stavudine (d4T) by
Siddiqui et al.*> While mainly electron-withdrawing groups
increased the activity of the drug, the toxicity was higher
compared to that of the original ProTide that releases
phenol.** This is one possible reason why phenol is found in
the approved amidate prodrugs sofosbuvir and remdesivir.
Nevertheless, the release of phenol has been recogmzed as
potentially problematic due to its apparent toxicity.”

In this study, we focused on replacing the phenol moiety
with tyrosine, a natural amino acid, or its derivatives, in order
to increase the selectivity index (SI), i.e., toxicity/potency ratio,
of the prodrugs. Strikingly, only two tyrosine derivatives of
ProTides are known in the literature as a part of an effort to
increase the aqueous solubility of d4T (stavudine) by Siddiqui
et al.”® Substitution of phenol for tyrosine methyl ester indeed
increased aqueous solubility 100-fold; however, it also
decreased the lipophilicity (most likely due to protonation of
the free amino group at physiological pH).”® As a
consequence, the potency of d4T was reduced dramatically.

The same compound protected with ¢-butyl carbamate (BOC)
on the nitrogen exerted the lowest toxicity in the study and
partially recovered the activity, which was approximately 10-
fold lower than that of the original prodrug bearing phenol.”
To date, no subsequent study of phenol replacement with
tyrosine derivatives has been reported.

This study explores the influence of phenol replacement
with tyrosine derivatives on tenofovir with respect to potency,
toxicity, and ADME profile. Variations in the amide part of
ProTides along with the aryl part would generate a vast
number of combinations, which would exceed the scope of this
study. Previous studies have shown that (§)-alanine isopropyl
ester is efficiently cleaved by cathepsin A and is constant
between sofosbuvir, remdesivir, and TAF.2"?* For these
reasons, we kept (S)-alanine isopropyl ester as the invariable
amide part of the prodrug throughout the whole study and
only modified the aryl part of the prodrug with various tyrosine
derivatives.

= resurs €= Results section

At first, the final prodrugs were prepared sequentially to reduce
complexity and potential formation of possible side products
(Scheme 1b). However, it was certainly desirable to synthesize
prodrugs in a one-pot manner, and during the study the one-
pot synthesis was optimized which allowed us to obtain the
desired prodrugs in up to 86% yield.

The first series of target prodrugs consisted of (§)-tyrosine
methyl esters modified on the N-terminus (Scheme 1).
Compounds la—le (Scheme la) were prepared from (S)-
tyrosine methyl ester using standard procedures: compound 1a
was obtained via double reductive amination with form-
aldehyde, compound 1b was prepared via double nucleophilic
displacement of 1,4-dibromobutane, compounds lc and 1d
were obtained by the treatment with acetic anhydride and
trifluoroacetic anhydride, respectively, under basic conditions,
and compound le was obtained via amide coupling with
HATU. Compound 1f was available commercially.

Compound 2 was prepared starting from tenofovir (TFV)
according to gpreviously reported procedure with EDC
(Scheme 1b).** The introduction of the modified tyrosine

16427 https: f/dmarg/ 0.1021/acs jmedchem.1c01444
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Scheme 2. Synthesis of Final Prodrugs in the Second Series”
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“Reagents and conditions: (a) for 4b: SOCl,, iPrOH, 25 °C, 72 h, 79%; (b) for 4d—4l: ROH, PPh,, DIAD, THF, 0—25 °C, 30 min; (c) compound
2 (Scheme 1), Et;N or DIPEA, PPhy, 2,2"-dipyridyl disulfide, pyridine, 65 °C, 16 h.

Table 2. Second Series of Prodrugs, Their Activity Against HIV-1, and Cytotoxicity

_— . Yie ECso[uM] CCaoluM]
(%] FEE mix® SEE FEE mixt SEE
TAF - - - - 0.0064¢ - - 35¢
3h s 3 0.02 0.017 0.0033 13 1 1
3 ~ 24 0027 00016 0.0006 13 9.4 10
3 "P\|/ 23 0.013 6.6
3k W 19 0.011 0.0004  0.00056 24 8.4 8.0
3l f@ 37 0016 00009  0.00007 17 83 10
3m A 37 0.0018 8.4
3n ‘KC 53 0.023 wa 0.016 17 wa 13
30 &L 56 0.021 na 0.0084 14 n/a 9.1
3p P ) 0.036 0.038 0.050 38 27 38
3q Ag~O~o 32 0.47 =50
3r @ 40 0.009 10
3s L 10 0.0034 8.2

“Isolated yield of the epimeric mixture. "Data for the mixture of epimers. “Data for Sp-epimer (TAF).

Isolated yield of the epimeric mixture. Data for the mixture of epimers. “Data for Sp-epimer (TAF).

final prodrugs 3h—3s (Scheme 2, Table 2) in 10—56% yields.
Again, chiral HPLC was employed in order to separate the fast-
eluting epimer (FEE) and the slow-eluting epimer (SEE) of
the selected prodrugs (Table 2).

In order to prepare target prodrugs on larger scales, the one-
pot synthesis was optimized using the preparation of prodrug
3l as the model reaction (Scheme 3; for details, see the
Supporting Information). The best yield of 31 (86%) was
obtained when TFV (1.0 equiv) in pyridine was stirred with

(S)-alanine isopropyl ester hydrochloride (1.0 equiv), (S)-
tyrosine derivative (1.8 equiv), and DIPEA (10 equiv) at 65
°C, and subsequently, a mixture of PPh, (4.0 equiv) and 2,2"-
dipyridyl disulfide (4.0 equiv) in pyridine was added. The yield
of 31 prepared by the one-pot procedure (86%) was superior to
that reached by the sequential method (37%).

No obvious correlation between potency and lipophilicity
and/or bulkiness of the (S)-tyrosine ester group was observed
(Table 2): ethyl ester 3h and t-butyl ester 3j exhibited 1 order

16429 https://doi.org/10.1021/acs jmedchem.1c01444
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SEE

Figure 12. Intracellular metabolization of prodrug 3w demonstrating the sharp differences in the metabolism of FEE and SEE.

Table 5. Observed Metabolites of FEE and SEE of Prodrug 3w

metabolite most possible transformation change exact mass most possible formula FEE/SEE abundance
M1 tyrosine cleavage = CyuHyNO 400.162 CysHysN,OsP 5-fold 1 in FEE
M2 (2) iPr ester cleavage — cyclization — hydrolysis — CyH;NO 358.116 Cp,H NP 11-fold 1 in SEE
M3 (TEV) (8)-alanine cleavage — CyHuN,0, 287.078 C,H,,N,O,P 6-fold 1 in SEE
M4 reduction + H, 749.403 CyH N,OP 13.5-fold T in FEE
Ms reduction +H, 749.403 CysHyN,OP 1.5-fold 1 in FEE
Mé desaturation, oxidation —H,+0 761.367 CygH,N,0,P 7-fold 1 in FEE
M7 desaturation, oxidation ~H,+0 761,367 CyHN,0,P only in FEE

M8 desaturation, oxidation -H,+0 761.367 CjHyN,0-P only in FEE

M9 desaturation, oxidation ~H,+0 761.367 CisHiyN,OP only in FEE

M10 oxidative deamination —NH+0 748,371 CiHoNOP only in FEE

M11 oxidation +0 763.382 CjHgyN,0-P only in FEE

MI12 oxidation +0 763.382 CisHeyN,OP only in FEE

mechanism of ProTide activation. Moreover, 3w-FEE metab-
olism resulted in a considerably higher number of observed
metabolites (Figure 12, Table 5). This could be explained by
the evidently slower cleavage of 3w-FEE to TFV which leaves
higher levels of intact prodrug available for sideways metabolic
transformations by other enzymes as opposed to 3w-SEE,
which is rapidly cleaved to the parent TFV thus reducing
competition with unproductive metabolism pathways.

We also verified the eligibility of prepared prodrugs for
hepatocytes. The prodrugs were evaluated for their anti-HBV
activity in HepG2-hNTCP cells (Table 6). Thirteen prodrugs
(either as separated epimers or as mixtures) exhibited higher
efficacy compared to TAF, and in most cases the prodrugs did
not exert any cytotoxicity. The most promising anti-HBV
compounds with subnanomolar ECy, values were 3k (ECg, =
0.20 nM) and 3f (ECy, = 0.60 nM) as epimeric mixtures and
3d-SEE (EC,, = 0.27 nM) as the single epimer. Compounds
3k and 3d-SEE exhibited more than 26-fold and 20-fold higher
SI, respectively, compared to TAF.

m concusions anp oiscussion ‘€= Conclusions...

Based on the classic ProTide technology, modified prodrug
moieties were developed replacing phenol with (S)-tyrosine, in
order to increase potency and/or selectivity index (SI, ie.,
toxicity/potency ratio). Tenofovir was selected as a convenient
parent compound for this study, and the anti-HIV-1 activity of
the novel prodrugs was compared to the ProTide prodrug of
tenofovir, ie, tenofovir alafenamide fumarate (TAF). The
synthesis was performed sequentially at first; however, it was
considered highly desirable to synthesize the desired prodrugs
in a one-pot manner. Hence, a one-pot reaction methodology
was developed reaching up to 86% yield which was
considerably higher than the yield of sequential synthesis
(31% in average over the two steps, 59% the best yield).
During the synthesis, a new chiral center was formed on the
phosphorus atom. The two created epimers were resolved
using a chiral HPLC column, thus affording a fast-eluting
epimer (FEE) and a slow-eluting epimer (SEE). It has been
suggested (based on CD spectra, HPLC data, prodrug
metabolism) that the more potent SEE derivatives have the

16435 https://doi.org/10.1021/acs jmedchem. 101444
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Table 6. Anti-HBV Activity and Cytotoxicity of Studied
Prodrugs in HepG2-hNTCP Cells

ECyo [uM] CCyo [pM]
prodrug  FEE ‘mix* SEE FEE  mix*  SEE
TAF” 0.0053 >50
3c 0.0072 0.0032 >50 >50
3d 0.0016 0.00027 >50 >50
3f 0.0006 15
3h 0.0036 >50
3i 0.0042 >50
3k 0.0002 >50
31 0.0007 >50
3m 0.0014 >50
v 0.0034 0.0028 >50 >50
3x 0.0014 0.0044 >50 >50
3y 0.0040 0.0190 >50 >50
11 0.0013 46
15 0.0012 >50

“Data for the mixture of epimers. bData for S,-epimer (TAF).

same phosphorus stereochemistry as TAF (i.e., Sp-epimer), but
numerous attempts (X-ray, cryo-EM) to determine the
absolute configuration of the epimers have failed so far.

The first series of prodrugs was modified on the N-terminus
of tyrosine, while the second series was modified on the C-
terminus of tyrosine. The anti-HIV-1 data showed the SEEs to
be the more potent epimers. The promising prodrug 31-SEE
was discovered with a double-digit picomolar ECs; value and
26-fold higher SI compared to TAF. Prodrug 3I-SEE was
therefore thoroughly evaluated. It was observed that the chiral
center on tyrosine played an important role as the analogous
prodrug to 31 bearing (R)-tyrosine, i.e., compound 3t, exhibited
1 order of magnitude lower efficacy. The water-solubility of 31-
SEE was increased 2-fold and 4-fold via the formation of
fumarate and hydrochloride salts, respectively. Prodrug 31-SEE
was further evaluated with respect to its chemical and
metabolic stability. While exhibiting similar chemical stability
profiles as TAF, 3I-SEE proved to be slightly more stable
within the pH range of 1.5—10. The plasma stability of 31-SEE
was substantially higher than that of TAF. Nevertheless,
prodrug 31-SEE degraded almost immediately in human
hepatic microsomes. The major metabolite was identified as
the compound lacking the cyclopentyl moiety on the (S)-
tyrosine carboxyl group. Therefore, the ester function was
replaced by an isosteric amide or ketone moieties to address
this issue. While the substitution of the ester with amide (3u)
led to a dramatic drop of efficacy, the substitution of the ester
with ketone (3v) resulted in a single-digit picomolar EC, and
nearly 300-fold increase of SI compared to TAF. Prodrug 3v-
SEE reached ECs, = 6 pM and a SI over 1500000 and thus
represents the most potent anti-HIV-1 ProTide ever reported.

The most promising prodrugs in the whole study (3v, 3w)
also proved to be significantly more stable in plasma compared
to TAF. More importantly, the microsomal stability was
increased; however, it remained considerably lower compared
to TAF. Further studies aimed at increasing the microsomal
stability of these prodrugs are in progress.

The reason for the outstanding potency of the prodrugs was
also investigated. The tyrosine residues which are released
during the prodrug activation exhibited no activity against
HIV-1 and therefore could not explain any increase in antiviral
potency. Faster metabolization by cathepsin A was also

excluded as a potential reason, since the novel prodrugs
proved to be comparable substrates for cathepsin A as TAF.
The reason for the exceptional potency appears to be a very
high cellular uptake of the prodrugs and their rapid cleavage
resulting in high levels of free tenofovir in the target cells.
Subsequent metabolic studies further revealed substantial
differences in the metabolism of FEE and SEE.

The prepared prodrugs were also studied against HBV in
human hepatocytes. Thirteen prodrugs demonstrated higher
potency compared to TAF while showing no cytotoxicity. The
most efficient prodrug in the study against HBV proved to be
3k, exhibiting over 26-fold higher SI compared to TAF.

These promising results support further development of next
generation (S)-tyrosine-based prodrugs with the aim to
increase microsomal stability while retaining the extraordinary
potency.

m exeerivenTALSECTION 4G The details

Chemistry. General Information. All solvents and reagents were
purchased from cial suppliers and were not further purified.
TAF was donated by Gilead Sciences, Inc, Foster City, CA, USA.
Reactions were monitored using thin-layer chromatography (TLC)
on silica gel 60 F254 plates (Merck KGaA, Germany) and/or
ultrahigh performance liquid chromatography with mass spectrometry
(UPLC-MS Acquity Waters, USA, H-Class Core System with Waters
Acquity UPLC BEH Cjg 1.7 gm, 2.1 X 100 mm column, Waters
Acquity UPLC PDA detector, and mass spectrometer Waters SQD2,
linear gradient elution with 0—100% MeCN in water with 0.1%
HCOOH). Column and flash chromatography (ISCO Teledyne,
USA) were performed on 60 A silica gel (Acros Organics, Belgium).
Solvents were evaporated using rotary evaporator at 40—70 °C/2
mbar.

NMR spectra were measured using a Bruker Avance III HD 400
MHz instrument equipped with a Prodigy cryoprobe operating at 9.39
T or a Bruker Avance IIl HD 500 MHz instrument equipped with a
cryoprobe operating at 11.74 T in DMSO-d; solution. Using the 400
MHz spectrometer, the 'H, 13C, ¥F, and *'P spectra were acquired at
400, 100, 377, and 162 MHz, respectively. Using the 500 MHz
spectrometer, the 'H, ®C, “F, and *'P spectra were acquired at 500,
125, 470, and 202 MHz, respectively. Two-dimensional spectra "H'H
COSY, 'H"C HSQC, 'H"C HMBC were acquired for assignment
purposes. Chemical shifts () are listed in ppm, and coupling
constants (J) in are given in Hz. NMR multiplicities are abbreviated as
follows: singlet (s), doublet (d), triplet (t), quartet (q), septet (sept),
doublet of doublets (dd), doublet of doublets of doublets (ddd),
doublet of doublets of doublets of doublets (dddd), doublet of triplets
(dt), doublet of quartets (dq), doublet of pentets (dp), triplet of
doublets (td), and multiplet (m). All spectra were referenced to the
residual signal of DMSO (2.50 ppm for 'H and 39.52 ppm for *C).
For numbering of final compounds, see Figure 13. High-resolution
mass spectra were obtained using a LTQ_Orbitrap XL instrument
(Thermo Fisher Scientific, USA) for ESI ionization.

10 NH,

6
5N
=
N De
2L/N
N74 0
R

Figure 13. Template used for numbering of final prodrugs used for
assignments of NMR spectra. Specific numbering for each prodrug is
given in the Supporting Information.
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740 (m, 3H), 7.13—7.05 (m, 2H), 6.69—6.61 (m, 2H), 4.58 (ddd, J =
99, 7.8, 5.4 Hz, 1H), 3.63 (s, 3H), 3.09—2.93 (m, 2H). *C NMR
(101 MHz, DMSO-d,) § 172.39, 166.50, 155.96, 133.74, 131.52,
130.04, 128.32, 127.72, 127.43, 115.08, 54.73, 51.92, 35.55. HRMS
(ESI) m/z [M + HJ" caled for C;H,;;O,N 300.12303, found
300.12298. [@]*p = +6.0 (c 0.252 g/100 mL, CHCl,/MeOH 1/1).

P-((((R)-1-(6-Amino-9H-purin-9-yl)propan-2-yl)oxy)methyi)-N-
((S)-1-isopropoxy-1-oxopropan-2-yl)phosphonamidic Acid (2).
Tenfovir (500 mg, 1.74 mmol), (S)-alanine isopropyl ester hydro-
chloride (1.46 g, 8.71 mmol), and DIPEA (1.52 mL, 8.71 mmol) were
mixed in H,0 (20 mL). EDC (1.35 g 8.71 mmol) was added, and the
mixture was stirred at 40 °C for 24 h, concentrated, and separated
using C,greversed phase flash ch hy (linear gradi
elution 0—100% MeOH in water) to afford 2. (558 mg, 80%) as a
white solid. "H NMR (500 MHz, D,0) & 8.22 (s, 2H, H2, H8), 4.69
(sept, J = 6.3 Hz, 1H, H19), 4.36 (dd, ] = 14.8, 3.0 Hz, 1H, Hila),
420 (dd, J = 14.8, 79 Hz, 1H, H11b), 3.95—3.88 (m, 1H, HI2),
3.62-3.57 (m, 2H, Hl4a, HI16), 331 (dd, J = 12.6, 9.7 Hz, 1H,
H14b), 1.21-1.05 (m, 12H, H13, HI7, H20). *C NMR (126 MHz,
D,0) & 17713 (4, J = 3.3 Hz, C18), 156.12 (C6), 152.91 (C2),
149.85 (C4), 144.11 (C8), 118.90 (C5), 76.34 (4, ] = 12.4 Hz, C12),
7041 (CI9), 67.19—66.01 (m, Cl4), 50.66 (CI6), 49.02 (CI1),
21.30 and 21.28 (C20), 21.01 (d, J = 5.4 Hz, C17), 1637 (C13). *'P
NMR (162 MHz, D,0) 6 19.69. HRMS (ESI) m/z [M + H]* calcd
for C15HyOsNgP 401.16968, found 401.17043.

Methyl (25)-3-(4-((((((R)-1-(6-Amino-9H-purin-9-yl)propan-2-yl)-
axy)methyl)(((S)-1-isopropoxy-1- oxopropan-)-yl)ammo)-
phosphorylloxy)phenyl)-2-(dimethyi 0)prop ate (3a). Fol-
lowing standard procedure C, 2 (300 mg, 0.75 mmol), 1a (301 mg,
135 mmol), DIPEA (1.05 mL, 6.00 mmol), PPhy (787 mg, 3.00
mmol), and 2,2"-dipyridyl disulfide (661 mg, 3.00 mmol) were stirred
in pyridine (7 mL) to afford 3a (94 mg, 21%) as a white solid. 'H
NMR (401 MHz, DMSO-d,, mixture of epimers) & 8.14 and 8.14 (s,
1H, H2), 8.11 and 8.11 (s, 1H, H8), 7.22 and 7.21 (bs, 1H, HI0),
7.18=7.09 (m, 2H, H23), 7.03—6.93 (m, 2H, H22), 5.62 and 5.49
(dd, J = 12.0, 10.4 and 12.3, 99 He, 1H, HIS), 490-4.78 (m, 1H,
HI9), 4.32—4.10 (m, 2H, H11), 401-3.71 (m, 4H, H12, H14, H16),
3.54 (s, 3H, H29), 3.44—338 (m, 1H, H26), 2.93—2.77 (m, 2H,
H25), 2.25 (s, 6H, H27), 1.18—1.00 (m, 12H, H13, H17, H20). “*C
NMR (101 MHz, DMSO-d, mixture of epimers) & 173.05 and
172.93 (d, ] = 4.0 and 4.0 Hz, C18), 171.13 (C28), 156.01 and 155.99
(C6), 152.45 (C2), 149.87 and 149.83 (C4), 148.70-148.49 (m,
C21), 141.49 and 14144 (C8), 13438 and 134.30 (C24), 130.00
(€23), 12044 and 12024 (d, ] = 4.3 and 4.4 Hz, C22), 11842 and
118.36 (CS), 75.75-75.41 (m, CI2), 6823 (C26), 67.94 (CI9),
64.21 and 64.14 (d, ] = 155.1 and 154.8 Hz), 50.75 (C29), 49.11 and
49.03 (CI6), 46.84 and 46.74 (Cl1), 41.27 (C27), 3421 (C25),
21.48-2139 (m, C20), 20.28 and 19.91 (d, ] = 5.1 and 5.5 Hz, C17),
16.76 and 16.65 (C13). *'P NMR (DMSO-d, mixture of epimers) &
25.53 and 24.73. HRMS (ESI) m/z [M + H]* caled for Cy,H,,0,N,P
606.27996, found 606.27982.

Methyl (25)-3-(4-((((((R)-1-(6-Amino-9H-purin-9-yl)propan-2-yl)-
oxy)methyl)((($)-1-isopropoxy-1-oxopropan-2-yl)amino)-
phosphoryl)oxy)phenyl)-2-(pyrrolidin-1-yl)propanoate (3b). Fol-
lowing standard procedure C, 2 (188 mg, 0.47 mmol), 1b (209 mg,
0.84 mmol), DIPEA (655 4L, 3.76 mmol), PPh, (493 mg, 1.88
mmol), and 2,2'-dipyridyl disulfide (414 mg, 1.88 mmol) were stirred
in pyridine (5 mL) to afford 3b (160 mg, 54%) as a white solid. 'H
NMR (401 MHz, DMSO-d;, mixture of epimers) & 8.14 and 8.13 (s,
1H, H2), 8.1 and 8.10 (s, 1H, H8), 7.22 and 7.20 (bs, 2H, H10),
7.17=7.06 (m, 2H, H23), 7.03—-6.92 (m, 2H, H22), 5.62 and 5.48
(dd, J = 12.0, 10.4 and 12.4, 10.0 Hz, 1H, HI5), 4.89—4.78 (m, 1H,
C19), 4.31-4.09 (m, 2H, H11), 3.99-3.72 (m, 4H, H12, H14, H16),
3.50 (s, 3H, H30), 3.47—344 (m, 1H, H26), 2.93—2.87 (m, 2H,
H25), 2.66—2.55 (m, 4H, H27), 1.68—1.62 (m, 4H, H28), 1.18—1.02
(m, 12H, HI3, H17, H20). *C NMR (101 MHz, DMSO-d,, mixture
of epimers) § 173.03 and 172.90 (d, ] = 4.1 and 3.9 Hz, CI8), 171.69
(C28), 155.99 and 15597 (C6), 152.43 (C2), 149.85 and 149.81
(C4), 148.84—148.54 (m, C21), 14146 and 141.41 (C8), 134.14 and
134.05 (C24), 129.94 (C23), 120.44 and 12020 (d, J = 4.3 and 4.5

Hz, C22), 118.40 and 11835 (C5), 75.75—75.31 (m, Ci2), 67.91
(C19), 66.34 (C26), 64.18 and 64.12 (d, | = 154.4 and 155.1 He,
C14), 50.86 (C30), 49.28 (C27), 49.09 and 49.00 (CI6), 46.82 and
4671 (C11), 3583 (C25), 23.11 (C28), 21.48—21.36 (m, C20),
2024 and 19.89 (d, ] = 5.2 and 5.5 Hz, C17), 16.76 and 16.62 (C13).
3P NMR (162 MHz, DMSO-dg, mixture of epimers) & 25.52 and
2467. HRMS (ESI) m/z [M + H]" caled for CpHyO.NP
632.29561, found 632.29538.

Methyl (25)-2-Acetamido-3-(4-((((((R)-1-(6-amino-9H-purin-9-
y)propan-2- yl)oxy)methyl)(((S) i-isopropoxy-1-oxopropan-2-yl)-
amino)phosphoryl)oxy)phenyl)prop (3c). Following standard
procedure C, 2 (120 mg, 0.30 mmol), Lc (85 mg, 0.36 mmol), Et,N
(335 L, 2.40 mmol), PPh, (315 mg, 1.20 mmol), and 2,2'-dipyridyl
disulfide (264 mg, 1.20 mmol) were stirred in pyridine (5 mL) to
afford 3¢ (55 mg, 30%) as a white solid. "H NMR (500 MHz, DMSO-
dg, mixture of epimers) & 8.35 and 8.33 (bs, 1H, H27), 8.13 and 8.13
(s, 1H, H2), 8.11 and 8.10 (s, 1H, H8), 7.26=7.12 (m, 4H, HI10,
H23), 7.04—6.95 (m, 2H, H22), 5.68—5.60 and 5.55—5.46 (m, 1H,
HIS), 4.90-4.78 (m, 1H, HI9), 445-4.37 (m, 1H, H26), 4.31-4.10
(m, 2H, HI1), 4.00-3.89 (m, 1H, H12), 3.87-3.71 (m, 3H, H14,
HI6), 3.58 and 3.56 (5, 3H, H31), 3.00-2.79 (m, 2H, H25), 1.78 and
1.78 (s, 3H, H29), 1.19—1.01 (m, 12H, H13, H17, H20). *C NMR
(126 MHz, DMSO-dj, mixture of epimers) § 173.07 and 172.93 (d, J
= 4.1 and 4.0 Hz, CI8), 17223 (C30), 169.36 (C28), 156.00 and
155.98 (C6), 152.46 and 15244 (C2), 149.85 and 149.81 (C4),
149.09—148.72 (m, C21), 141.47 and 14143 (C8), 133.35 and
133.25 (C24), 130.09 (C23), 120.53 and 120.25 (d, J = 4.1 and 4.6
Hz, C22), 118.38 and 11834 (C5), 75.82—75.31 (m, Cl2), 67.94
(C19), 6421 and 64.13 (d, J = 1548 and 155.2 Hz, Ci4), 53.64
(C26), 51.85 (C31), 49.09 and 49.00 (C16), 46.79 and 46.68 (C11),
36.00 (C25), 22.25 (C29), 21.48—21.41 (m, C20), 20.28 and 19.92
(d, J = 5.2 and 5.4 Hz, CI7), 16.82 and 16.67 (CI3). *'P NMR (202
MHz, DMSO-d;, mixture of epimers) § 22.90 and 22.03. HRMS
(ESI) m/z [M + Na]* caled for C,;H;30N,NaP 642.24117, found
642.24054.

Methyl (25)-3-(4-((((((R)-1-(6-Amino-SH-purin-9-yl)propan-2-yl)-
oxy)methyl)(((5)-1-isopropoxy-1-oxopropan-2-yl)amino)-
phosphoryljoxy)phenyl)-2-(2,2,2-trifluoroacetamido)propanoate
(3d). Following standard procedure C, 2 (150 mg, 0.37 mmol), 1d
(216 mg, 0.74 mmol), Et;N (413 uL, 2.96 mmol), PPh, (388 mg
1.48 mmol), and 2,2"-dipyridyl disulfide (326 mg, 1.48 mmol) were
stirred in pyridine (6 mL) to afford 3d (13 mg, 5%) as an off-white
solid. "H NMR (500 MHz, DMSO-d,, mixture of epimers) & 9.90 (bs,
1H, H27), 8.13 and 8.13 (s, 1H, H2), 8.10 and 8.09 (s, 1H, HS),
7.24—7.16 (m, 4H, H10, H23), 7.05—6.99 (m, 2H, H22), 5.68—5.60
(m) and 5.48 (dd, J = 12.4, 10.0 Hz, 1H, HIS), 4.88—4.78 (m, 1H,
HI9), 4.63—4.55 (m, 1H, H26), 430—4.11 (m, 2H, H11), 3.99-3.89
(m, 1H, H12), 3.88—3.72 (m, 3H, H14, H16), 3.67 and 3.67 (s, 3H,
H31), 3.19-3.13 and 3.01-2.95 (m, 1H, H25), 1.18—1.02 (m, 12H,
HI3, HI7, H20). ®C NMR (126 MHz, DMSO-d, mixture of
epimers) & 173.02 and 172.86 (d, ] = 4.3 and 4.0 Hz, CI8), 170.38
(C30), 156.32 and 156.30 (g, ] = 36.6 and 36.2 Hz, C28), 155.97 and
155.96 (C6), 152.43 and 15241 (C2), 149.84 and 149.80 (C4),
149.20—148.77 (m, C21), 14144 and 14140 (C8), 132.88 and
132,73 (C24), 130.09 (C23), 120.61 and 12023 (d, ] = 4.2 and 4.6
Hz, C22), 11837, 11833 (CS), 11565 (q, J = 288.0 Hz, C29),
75.78—75.39 (m, CI2), 67.89 (CI9), 64.21 and 64.11 (d, J = 155.0
and 154.9 Hz, C14), §3.91 (C26), 52.42 (C31), 49.06 and 48.97
(C16), 46.75 and 46.67 (C11), 34.80 (C25), 21.46-2132 (m, C20),
20.18 and 19.83 (d, ] = 5.1 and 5.2 Hz, C17), 16.77 and 16.63 (C13).
F NMR (470 MHz, DMSO-dg, mixture of epimers) § —74.26 and
—74.28. 3P NMR (202 MHz, DMSO-d,, mixture of epimers) § 22.93
and 22.02. HRMS (ESI) m/z [M + Na]* caled for C,,H;;0;N,F,;NaP
696.21290, found 696.21216.

Methyl (25)-3-(4-(((({(R)-1-(6-Amino-9H-purin-9-yl)propan-2-yi)-
oxy)methyl)(((5)-1- 450propoxy 1-oxopropan-2- -yl)amino)-
phaosphoryl)oxy)phenyil)-2-ben. (3e). Foll
standard procedure C, 2 (188 mg, 047 mmol), Ie (251 mg, 084
mmol), DIPEA (655 uL, 3.76 mmol), PPh, (493 mg, 1.88 mmol),
and 2,2'-dipyridyl disulfide (414 mg, 1.88 mrnol) were stirred in
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guard, 40 °C, flow rate 1 mL/min, modified gradient 5—100% of
MeCN in H,0), this vial was used to measure an 8-point calibration
curve (based on the UV absorption at 254 nm) ranging from 1.35 to
150 uM via different injection volumes.

From the stock solution of the studied compound (0.5 mM in
DMSO), 50 uL was pipetted in a vial containing 950 uL of
appropriate buffer affording a 25 uM concentration. Each sample was
incubated at a given temperature (4 °C, 22 °C, or 37 °C) for 24 h
while analyzing the sample every 3 h. Each experiment was conducted
in triplicate at three temperatures and five different pHs, thus resulting
in 45 experiments for each compound.

Plasma and Microsomal Stability Assay. To determine plasma
stability of studied prodrugs, 5 uM of these were incubated with
human pooled plasma from 50 donors (Biowest) for 120 and 240 min
at 37 °C. The reactions were terminated by adding four volumes of
ice-cold methanol, and the samples were then mixed vigorously and
left at =20 °C for 1 h. After that, the samples were centrifuged and the
supernatant was analyzed by means of an ECHO-MS System (Sciex).
Zero time points were prepared by adding ice-cold methanol to the
compound prior the addition of the plasma.

Microsomal stability assay was performed using the 0.5 mg/mL
human pooled microsomal preparation (Thermo Scientific) and S uM
compounds in 90 mM TRIS-Cl buffer pH 7.4 containing 2 mM
NADPH and 2 mM MgCl, for 5, 10, and 30 min at 37 °C. The
reactions were terminated by the addition of four volumes of ice-cold
methanol and further processed using the same procedures as
described above.

Enzymatic Hydrolysis. Purified cathepsin A (22 ug/mL) was
incubated with 30 uM of the studied prodrugs and TAF at 37 °Cin a
reaction buffer containing 25 mM 2-(N-morpholinoethanesulfonic)
acid (MES), 100 mM NaCl, 1 mM DDT, and 0.1% NP40 (pH 6.5) in
40 pL aliquots. At set time points, the reaction was stopped by adding
40 pL of ice-cold 100% methanol. The samples were incubated at =20
°C for 30 min and centrifuged at 13 000g for 30 min at 4 °C to
remove denatured proteins. The supernatant aliquots (10 xL) were
injected onto a C18 reverse phase Acquity UPLC HSS T3 column
(1.8 pm; 2.1 X 150 mm; Waters, Milford, MA, USA) equilibrated
with buffer A (25 mM potassium phosphate, pH 6.0). Linear gradient
elution was used (0—90% acetonitrile in 10 min in buffer A) with flow
rate 0.25 mL/min.

Intracellular Uptake and Tenofovir Release Assay. CCRF-CEM
cells were washed by centrifugation (250g, S min) in PBS and
resuspended in RPMI medium without any additives. The cell
suspension was distributed into microtubes in 500 uL aliquots, and
2.5 L of the 10 mM DMSO solutions of the prodrugs was added to
reach a concentration of 50 uM. Samples were incubated for 45 min
at 37 °C in a CO, incubator using a rotary stirrer. Blank samples
without the presence of the cells were also prepared and used for the
estimation of the initial concentration of the compounds at time zero
and compound recovery. The uptake process was terminated by
centrifugation at 900g for 5 min, and the medium was stored at —20
°C for further analysis of extracellular concentration of the prodrugs.
The cells were washed two times in PBS (900g), and the final pellet
was stored at —20 °C for subsequent analysis of the intracellul

chiroptical vibrational spectra of 3l, specific numbering
for assignments of NMR signals, copies of spectra of the
prepared compounds (PDF)

Molecular formula strings (CSV)
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TFV, tenofovir; TFVpp, tenofovir diphosphate
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A PROPOSED STRUCTURE FOR THE NUCLEIC ACIDS

By LINUSs PAULING AND ROBERT B. COREY @

GATES AND CRELLIN LABORATORIES OF CHEMISTRY,* CALIFORNIA INSTITUTE OF
TECHNOLOGY

Communicated December 31, 1952

The nucleic acids, as constituents of living organisms, are comparable in
importance to the proteins. There is evidence that they are involved in
the processes of cell division and growth, that they participate in the trans-
mission of hereditary characters, and that they are important constituents
of viruses. An understanding of the molecular structure of the nucleic
acids should be of value in the effort to understand the fundamental phe-
nomena of life.

We have now formulated a promising structure for the nucleic acids, by
making use of the general principles of molecular structure and the avail-
able information about the nucleic acids themselves. The structure is not
a vague one, but is precisely predicted; atomic coordinates for the principal
atoms are given in table 1. This is the first precisely described structure for
the nucleic acids that has been suggested by any investigator. The struc-
ture accounts for some of the features of the x-ray photographs; but de-
tailed intensity calculations have not yet been made, and the structure can-
not be considered to have been proved to be correct.

The Formulation of the Structure.—Only recently has reasonably complete
information been gathered.about the chemical nature of the nucleic acids.
The nucleic acids are giant molecules, composed of complex units. Each
unit consists of a phosphate ion, HPO,~—, a sugar (ribose in the ribonucleic
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captain and officers of R.R.S. Discovery II for their

part in making the observations.

'Yol(l;lgéol;. B., Gerrard, H., and Jevons, W., Phil. Mag., 40, 149

* Lo ueM'H ins, M, 8., Mon, Not. Roy. Astro. Soc., Geophys. Supp.,
G‘f 285 (IEOEID). i

. \'mzu,)xr(;ibg\é.) 8., Woods Hole Papers in Phys, Oceanog. Meteor,, 11
4¥kman, V, V\:., Arkiv, Mat. Astron, Fysik. (Stockholm), 2 (11) (1005).

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest a structure for the salt

of deoxyribose nucleic acid (D.N.A.). This
structure has novel features which are of considerable
biological interest.

A structure for nucleic acid has already been
proposed by Pauling and Corey!. They kindly made
their manuscript available to us in advance of
publication. Their model consists of three inter-
twined chains, with the phosphates near the fibre
axis, and the bases on the outside. In our opinion,
this structure is unsatisfactory for two reasons :
(1) We bolieve that the material which gives the
X-ray diagrams is the salt, not the free acid. Without
the acidic hydrogen atoms it is not clear what forces
would hold the structure together, especially as the
negatively charged phosphates near the axis will
repel each other. (2) Some of the van der Waals
distances appear to be too small.

Another three-chain structure has also been sug-
gested by Fraser (in the press). In his model the
phosphates are on the outside and the bases on the
inside, linked together by hydrogen bonds. This
structure as described is rather ill-defined, and for
this reason we shall not comment
on it.

We wish to put forward a
radically different structure for
the salt of deoxyribose nucleic
acid. This structure has two
helical chains each coiled round
the same axis (see diagram). We
have made the usual chemical
assumnptions, namely, that each
chain consists of phosphate di-
ester groups joining B-pD-deoxy-
ribofuranose residues with 3,5
linkages. The two chains (but
not their bases) are related by a
dyad perpendicular to the fibre
axis. Both chains follow right-
handed helices, but owing to
the dyad the sequences of the
atoms in the two chains run
in opposite directions. Each
chain loosely resembles Fur-
berg’s® model No. 1; that is,
the bases are on the inside of
. the helix and the phosphates on
l{x';i,;’r.?},“‘muf’w.‘.’é'iﬁi tho outside. The configuration
ribbons symboiize the Of the sugar and the atoms
two phosphate—sugar  near jt is close to Furberg’s
chaips, and the hori- | Y >
zontal Tods the pairs of standard configuration’, the
bases holding the chains sugar being roughly porpendi-

AP ical
:ﬁn‘eeg::ks e%.ﬁ"n%’féiﬁs cular to the attached base. There
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is & residue on each chain every 3-4 A, in the z-direc
tion. We have assumed an angle of 86° between
adjacent residues in the same chain, so that the
structure ropeats after 10 residues on each chain, that
is, after 3¢ A, The distance of a phosphorus atom
from the fibre axis is 10 A. As the phosphates are on
the outside, cations have easy access to them.

The structure is an open one, and its water content
is rather high. At lower water contents we would
oxpect the bases to tilt so that the structure could
become more compact.

The novel feature of the structure is the manner
in which the two chains are held together by the
purine and pyrimidine bases. The planes of the bases
are perpendicular to the fibro axis. They are joined
together in pairs, a single base from one chain being
hydrogen-bonded to a single base from the other
chain, 8o that the two lie side by side with identical
z-co-ordinates. One of the pair must be a purine and
the other a pyrimidine for bonding to occur. The
hydrogen bonds are made as follows : purine position
1 to pyrimidine position 1; purine position 6 to
pyrimidine position 6.

If it is assumed that the bases only occur in the
structure in the most plausible tautomeric forms
(that is, with the keto rather than the enol con-

figurations) it is found that only specific pairs of

bases can bond together. These pairs are : adenine
(purine) with thymine (pyrimidine), and guanine
(purine) with cytosine (pyrimidine).

In dther words, if an adenine forms one member of
a pair, on either chain, then on these assumptions
the other member must be thymine ; similarly for
guanine and cytosine. The sequence of bases on a
single chain does not appear to be restricted in any
way. However, if only specific pairs of bases can be
formed, it follows that if the sequence of bases on
one chain is given, then the sequence on the other
chain is automatically determined.

It has been found experimentally®* that the ratio
of the amounts of adenine to thymine, and the ratio
of guanine to cytosine, are always very close to unity
for deoxyribose nucleic acid.

It is probably impossible to build this structure
with & ribose sugar in place of the deoxyribose, as
the extra oxygen atom would make too close a van
der Waals contact.

The previously published X-ray data®® on deoxy-
ribose nucleic acid are insufficient for a rigorous test
of our structure. So far as we can tell, it is roughly
compatible with the experimental data, but it must
be regarded as unproved until it has been checked
against more exact results. Some of these are given
in the following communications. We were not aware
of the details of the results presented there when we
devised our structure, which rests mainly though not
entirely on published experimental data and stereo-
chemical arguments,

It has not escaped our notice that the specific
pairing we have postulated immediately suggests a
possible copying mechanism for the genetic material.

Full details of the structure, including the con-
ditions assumed in building it, together with a set
of co-ordinates for the atoms, will be published
elsewhere.

We are much indebted to Dr. Jerry Donohue for
constant advice and criticism, especially on inter-
atomic distances. We have also been stimulated by
a knowledge of the general nature of the unpublished
experimental results and ideas of Dr. M. H. F.
Wilkins, Dr. R. E. Franklin and their co-workers at
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http://dosequis.colorado.edu/Courses/MethodsLogic/papers/WatsonCrick1953.pdf
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King’s College, London. One of us (J.D. W.) has been
aided by a fellowship from the National Foundation
for Infantile Paralysis.
J. D. Warson
F. H. C. Crick
Medical Research Council Unit for the
Study of the Molecular Structure of
Biological Systemns,
Cavendish Laboratory, Cambridge.

April 2.
1 Pauling, L., and Corey, R. B., Nature, 171, 846 (1058) ; Proc. U.S.
Nat. Acad. Sei., 39, 84 (1953).

* Furberg, 8., Acta Chem. Scand., 6, 634 (1052),

? Chargaff, K., for references sce Zamenhof, S., Brawerman, G., and
Chargaff, E., Biochim. et Biophys. Acta, 9, 402 (1952).
¢ Wyatt, G. R., J. Gen, Physiol., 368, 201 (1952).

* Astbury, W. T., Symp. Soc. Exp. Blol. 1, Nucleic Acid, 66 (Camb.
Univ. Press, 1047).

¢ Wilkins, M. I, F., and Randall, J. T., Biochim. et Biophys. Acta,
10, 102 (19563).

Molecular Structure of Deoxypentose
Nucleic Acids

WaILE the biological properties of deoxypentose
nucleic acid suggest a molecular structure con-
taining great complexity, X-ray diffraction studies
described here (cf. Astbury!) show the basic molecular
configuration has great simplicity. The purpose of
this communication is to describe, in a preliminary
way, some of the experimental evidence for the poly-
nucleotide chain configuration being helical, and
existing in this form when in the natural state. A
fuller account of the work will be published shortly.

The structure of deoxypentose nucleic acid is the
same in all species (although the nitrogen base ratios
alter considerably) in nucleoprotein, extracted or in
cells, and in purified nucleate. The same linear group
of polynucleotide chains may pack together parallel
in different ways to give crystalline!-3, semi-crystalline
or paracrystalline material. In all cases the X-ray
diffraction photograph consists of two regions, one
determined largely by the regular spacing of nucleo-
tides along the chain, and the other by the longer
spacings of the chain configuration. The sequence of
different nitrogen bases along the chain is not made
visible.

Oriented paracrystalline deoxypentose nucleic acid
(‘structure B’ in the following communication by
Franklin and Gosling) gives a fibre diagram as shown
in Fig. 1 (cf. ref. 4). Astbury suggested that the
strong 3-4-A. reflexion corresponded to the inter-
nucleotide repeat along the fibre axis. The ~ 34 A.
layer lines, however, are not due to a repeat of a
polynucleotide composition, but to the chain con-
figuration repeat, which causes strong diffraction as
the nucleotide chains have higher density than the
interstitial water. The absence of reflexions on or
near the meridian immediately suggests a helical
structure with axis parallel to fibre length.

Diffraction by Helices

It may be shown® (also Stokes, unpublished) that
the intensity distribution in the diffraction pattern
of a series of points equally spaced along a helix is
given by the squares of Bessel funetions. A uniform
continuous helix gives & scries of layer lines of spacing
corresponding to tho helix pitch, the intensity dis-
tribution along the nth layer line being proportional
to the square of Jp, the nth order Bessel function.
A straight line may be drawn approximately through
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Fig. 1. Fibre diagram of deoxy})cntose nucleic acid from B. coli.
Fibre axis vertical

the innermost maxima of each Bessel function and
the origin. The angle this line makes with the equator
is roughly equal to the angle between an clement of
the helix and the helix axis. If & unit repeats n times
along the helix there will be a meridional reflexion
(J,?) on the nth layer line. The helical configuration
produces side-bands on this fundamental frequency,
the effect® being to reproduce the intensity distribution
about the origin around the new origin, on the nth
layer line, corresponding to C in Fig. 2.

We will now briefly analyse in physical terms some
of the effects of the shape and size of the repeat unit
or nucleotide on the diffraction pattern. First, if the
nucleotide consists of & unit having circular symmetry
about an axis parallel to the helix axis, the whole
diffraction pattern is modified by the form factor of
the nucleotide. Second, if the nucleotide consists of
a series of points on a radius at right-angles to the
helix axis, the phases of radiation scattered by the
helices of different diameter passing through each
point are the same. Summation of the corresponding
Bessel functions gives reinforcement for the inner-
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Fig. 2. Diffraction pattern of system of hellces corresponding to
structure of deoxypentose nucleic acid. The squares of Besse]
functions arc plotted about 0 on the equator and on the first,
second, third and fifth layer lines for half of the nucleotide mass
at 20 A. dlameter and remainder dlstributed along a radius, the
mass at a given radius being proportional to the radius, About
C on the tenth layer line simflar functions are plotted for an outer
diameter of 12 A.
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Rosalind Franklin’s X-ray diffraction of DNA @ @
Photo #51

54


https://en.wikipedia.org/wiki/Photo_51
https://www.bbc.com/news/health-18041884

Rosalind Franklin
1920-1958

Age 25

Ph.D. Cambridge University
(physical chemistry)

100 “Women of the Year issue”
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https://time.com/5793551/rosalind-franklin-100-women-of-the-year/
https://info.umkc.edu/unews/celebrating-women-in-stem-dr-rosalind-franklin/
https://en.wikipedia.org/wiki/Rosalind_Franklin
https://www.biography.com/scientist/rosalind-franklin

The Nobel Prize in Physiology or
Medicine 196210

Photo from the Nobel Foundation Photo from the Nobel Foundation Photo from the Nobel Foundation
archive. archive. archive.

Francis Harry James Dewey Watson  Maurice Hugh
Compton Crick Prize share: 1/3 Frederick Wilkins

Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Physiology or Medicine 1962 was
awarded jointly to Francis Harry Compton Crick,
James Dewey Watson and Maurice Hugh Frederick
Wilkins "for their discoveries concerning the
molecular structure of nucleic acids and its
significance for information transfer in living
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https://www.nobelprize.org/prizes/medicine/1962/summary/

Cold Fusion

»

~__  (Nuclear)




Nuclear Fusion In Our Sun

2H Deuterium* Q) 0 1n Neutron
@ —» Energ

3H Tritium** p Fusion @ 4He Helium

* 2H occurs naturally on earth; 1 atom 2H to 6420 atoms 'H

** Trace amounts 3H in earth’s atmosphere and ground water
3H is radioactive; half-life of 12.3 years
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https://www.energy.gov/science/doe-explainsnuclear-fusion-reactions

What About Cold*Fusien?

e Martin Fleischmann and Stanley Pons
held a Press conference—March 23, 1989 [i

v’announced they had accomplished nuclear
fusion under normal laboratory conditions

v'public announcements prior to peer-review
publication are considered unethical

v’announcement immediately met with great
skepticism


http://newenergytimes.com/v2/library/2009/2009Krivit-S-ANewLookAtLENR.pdf

What About Cold"Fusien? (cont)

* Subsequently Fleischmann and Pons™
published: J. Electroanal. Chem. 261,
301-307 (1989) @

e Claimed...

v’ “excess heat” had been produced in the
experiment

v’ detected neutrons

v’ subsequently errata published in J.
Electroanal. Chem. 263, 187 (1989)


http://newenergytimes.com/v2/library/1989/1989FPH/1989FPH.shtml
http://www.tuks.nl/pdf/Reference_Material/Cold_Fusion/Fleischmann%20and%20Pons%20-%20Electrochemically%20induced%20nuclear%20fusion%20of%20deuterium%20-%201989.pdf

What About Cold"Fusien? (cont)

 Millions $ spent on research on cold fusien

 Scientific community now considers the
original claims unsupported by the
evidence

* Cold fusion is widely considered to be
discredited @@

e Pursuit of the dream continues, see [@ @@


https://spectrum.ieee.org/cold-fusion-or-low-energy-nuclear-reactions-us-navy-researchers-reopen-case
https://science.howstuffworks.com/environmental/energy/cold-fusion.htm
https://en.wikipedia.org/wiki/Cold_fusion
https://www.nature.com/articles/d41586-019-01673-x
https://www.ans.org/news/article-2743/us-navy-researchers-dive-into-cold-fusion-debate/

How Is Erroneous STEM Tnformation Corrected?

- "

» Tends to be self-correcting:

v'replication of experimental procedures
affirms conclusions or identifies errors

v’ additional data and study leads to new
conclusions

v' advances in instrumentation leads to more
accurate information



Correctionstand Rétractions

e Corrections of “minor errors” made in
subsequent publication (e.g. errata)

* Retractions of publications are made
when:

v’ “major” errors made in the original
publication

v’ fraud or misconduct has occurred

v’ retractions can be made by the author or
editor



Science Misconduct®*

NO. € [over

Discipline Incidents ;:grs
Biology and Biomedical Sciences 43
Chemistry Leo Paquette 2
Computer Science and Mathematics 2
Philosophy 4
Physics and Engineering 3
Plant Biology 1
Social Sciences 8
Other 4

As reported in Wikipedia |@
(as of Dec 30, 2021)

Note: 2.6 million papers
published in 2018 alone


https://en.wikipedia.org/wiki/List_of_scientific_misconduct_incidents

Leo Paquette

e Author of 1200 papers[@ and ~17 books @

* Plagiarized sections from an unfunded NIH
grant application for which he was a reviewer

* No federal funding for 2 years

* Prohibited from serving on Public Health
Service Advisory Committees, Boards, or
review groups for 10 years

See


https://www.thriftbooks.com/a/leo-a-paquette/1024348/
https://academictree.org/chemistry/publications.php?pid=55614
https://en.wikipedia.org/wiki/Leo_Paquette#Scientific_misconduct

More Examples of*Seience Fraud

Scott Reuben' (US) falsified and fabricated™
clinical trials data &

Eric Poehlman (US) convicted of grant fraud
and falsifying data (went to prison) [@

Martin Stone (Ireland) plagiarized in more
than 40 publications

Karl-Theodor zu Guttenberg* (Germany)
plagiarized in doctoral dissertation

* German Minister of Defense—forced to resign


https://en.wikipedia.org/wiki/Guttenberg_plagiarism_scandal
https://www.science.org/content/article/poehlman-sentenced-1-year-prison
https://www.scientificamerican.com/article/a-medical-madoff-anesthestesiologist-faked-data/
https://retractionwatch.com/2016/06/08/philosopher-earns-13th-retraction-for-plagiarism/

How Many “Bad™Papers Published?

* Roughly 20'million STEM papers published
from 1970 to 2013 @ or 12-14 million 1970
to 2020

e “Bad” papers include retractions and
papers stemming from science misconduct

* 67 instances of “Bad? papers reported
1970 to 2020 @ (Wikipedia)


https://www.researchgate.net/figure/Number-of-papers-each-year-in-period-1970-2013_fig3_310613579
https://en.wikipedia.org/wiki/List_of_scientific_misconduct_incidents

Consequenees of Miseenduct

Loss of position (fired)
Loss of reputation (become a pariah)

Banned from...
v’ publishing in wronged journals
v’ receiving research funding

v’ reviewing publication and grant
submissions

Civil lawsuits
Criminal prosecution

- "



Science Information-fer.the Ordinary

Person
- >

 Nature of STEM journal articles £
v’ written for scientists, engineers, etc. ¥
v’ stodgy prose (written in third person)
v’ specialized vocabulary*
v highly detailed and frequently long
v’ largely unavailable to the general public

* Consequently—the importance of science writers
and reporters

* Like reading a legal document!
69



Science Informationsier.the Ordinary
Person (cont.)

<k

* Translating technical prose into everyday
language is hard

v’ simplification leads to inaccuracies
v’ technical vocabulary is challenging to explain
v’ of necessity details must be omitted

* Many people lack basic science knowledge
and understanding

v’ there is a difference between astrology and
astronomy




Competition to STEM=laformation

o - o,

* |naccurate or completely false information
from:

v’ the Internet (the good, the bad and the ugly)

v’ advertising products and services

v’ celebrity endorsements

v’ newscasters seeking notoriety and market share
v’ politicians (reflecting constituents’ views)



An Opinion:®
 Lack of understanding of science information-in
the general population is a serious problem—e.g.

v’ COVID-19— deep mistrust of STEM information

v mistrust of science information related to climate
change
 The nature of science information should be taught
in undergraduate introductory science courses

e Also, should be taught in high school science courses



Get off your soapbox, Lorrin!




Thanks for listening!
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