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6 ABSTRACT: Highly active antiretroviral therapy (HAART) has
7 revolutionized human immunodeficiency virus (HIV) healthcare,
8 turning it from a terminal to a potentially chronic disease, although
9 some patients can develop severe comorbidities. These include
10 neurological complications, such as HIV-associated neurocognitive
11 disorders (HAND), which result in cognitive and/or motor
12 function symptoms. We now describe the discovery, synthesis,
13 and evaluation of a new class of N-phenyl-1-(phenylsulfonyl)-1H-
14 1,2,4-triazol-3-amine HIV-1 non-nucleoside reverse transcriptase
15 inhibitors (NNRTI) aimed at avoiding HAND. The most
16 promising molecule, 12126065, exhibited antiviral activity against
17 wild-type HIV-1 in TZM cells (EC50 = 0.24 nM) with low in vitro
18 cytotoxicity (CC50 = 4.8 μM) as well as retained activity against clinically relevant HIV mutants. 12126065 also demonstrated no in
19 vivo acute or subacute toxicity, good in vivo brain penetration, and minimal neurotoxicity in mouse neurons up to 10 μM, with a 50%
20 toxicity concentration (TC50) of >100 μM, well below its EC50.

21 ■ INTRODUCTION
22 Human immunodeficiency virus (HIV) infection, the virus-
23 causing acquired immune deficiency syndrome (AIDS), is one
24 of the most important pathogens affecting mankind. Finding
25 new treatments to cureHIV is therefore one of themost pressing
26 challenges in contemporary virology and medicinal chemistry.
27 The WHO reports that HIV has claimed more than 40.1 million
28 (33.6−48.6million) lives globally since the start of the epidemic,
29 with approximately 650,000 (510,000−860,000) people dying
30 from HIV-related illnesses in 2021 alone. The numbers of new
31 global HIV infections are still immoderate, with 1.5 million
32 (1.1−2.0million) new cases in 2021. As of 2021, 38.4million are
33 living with HIV, and among them, 2.73 million (2.06−3.47
34 million) were children between 0−19 years of age, with 850 new
35 daily infections in children.1−3 HIV is prevalent in the
36 developing world, representing two-thirds of current infections
37 (25.6 million) in the WHO African Region, but it is also
38 resurfacing in wealthy countries, with the CDC reporting 30,635
39 newly diagnosed cases in the United States in 2020 with a 2019
40 estimate of over 1.04 million living with HIV in the USA.2,4

41 While these statistics are grim, there is a reason for cautious
42 optimism as HIV can bemanaged primarily with a cocktail of 3−
43 4 antiretroviral drugs that need to be taken regularly.
44 The implementation of combination antiretroviral therapy
45 (cART) or the synonymous highly active antiretroviral therapy
46 (HAART) can delay the progression of the most severe

47symptoms of HIV for decades by restoring the immune system
48and controlling viral load.5 cART/HAART is a cocktail of
49multiple HIV-targeting drugs, with the most common regimens
50being comprised of nucleoside reverse transcriptase inhibitors
51(NRTI), non-nucleoside reverse transcriptase inhibitors
52(NNRTI), integrase strand transfer inhibitors (INSTI), and/
53or boosted protease inhibitors. Prior to the initiation of cART/
54HAART, genotypic drug-resistance testing is recommended
55based on the current rates of the transmission of drug-resistant
56HIV, and it focuses on finding mutations in HIV reverse
57transcriptase, protease, and integrase that are known to imbue
58resistance. The initial combination drug regime includes two
59NRTI and a third compound from one of the previously
60described classes.6 When multiple drugs are available, therapies
61are often tailored to the patient’s needs based on virological
62efficacy, drug−drug interactions, and treatment cost. cART/
63HAART is a common intervention in HIV-infected children as
64well, with approximately 54% of children living with HIV
65receiving cART/HAART in 2018 globally.2 It has been well

Received: December 15, 2022

Articlepubs.acs.org/jmc

© XXXX The Authors. Published by
American Chemical Society

A
https://doi.org/10.1021/acs.jmedchem.2c02055

J. Med. Chem. XXXX, XXX, XXX−XXX

* Unknown * | ACSJCA | JCA11.2.5208/W Library-x64 | manuscript.3f (R5.2.i3:5013 | 2.1) 2022/08/03 13:05:00 | PROD-WS-118 | rq_1039716 | 4/17/2023 09:15:58 | 25 | JCA-DEFAULT

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Thomas+Lane"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Vadim+Makarov"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Julie+A.+E.+Nelson"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Rick+B.+Meeker"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Giuseppina+Sanna"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Olga+Riabova"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Olga+Riabova"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Elena+Kazakova"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Natalia+Monakhova"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Andrey+Tsedilin"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Fabio+Urbina"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Thane+Jones"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ashley+Suchy"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Ashley+Suchy"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sean+Ekins"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.jmedchem.2c02055&ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
pubs.acs.org/jmc?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acs.jmedchem.2c02055?urlappend=%3Fref%3DPDF&jav=AM&rel=cite-as
https://pubs.acs.org/jmc?ref=pdf
https://pubs.acs.org/jmc?ref=pdf


66 established that early cART/HAART in children improves their
67 immune reconstitution, drastically reducing AIDS-related
68 mortality.7,8 While cART/HAART has overall been effective,
69 low-level viremia (LLV) is common even among those
70 undergoing cART/HAART, though this prevalence is strongly
71 variable between populations (0.4−38.7%)9−12 and with the
72 added complexity of no standard definition of LLV. LLV has
73 clinical relevance because it leads to an increased risk of
74 virological failure, transmission, and antiviral resistance.13 This
75 is exacerbated in individuals with persistent LLV, specifically
76 regarding an increased risk of virological failure.14,15 Some
77 recent publications have further analyzed the relationship
78 between LLV and/or virological failure with the appearance of
79 drug-resistant mutants in 42.6% (Northern Taiwan), 70.2%
80 (Cameroon), and 92% (Northern Tanzania) of patients with
81 either LLV or virological failure. These clinical isolates were
82 found to have at least one drug-resistant mutation.16−18 Many of
83 these mutations had resistance to NRTI(s) and/or NNRTI(s).
84 Mutations imbuing resistance against NNRTIs were the most
85 common, with K103N occurring with the highest frequency,
86 followed by Y181C. These are common clinical HIV I reverse
87 transcriptase (RT) mutations that are resistant to established
88 drugs, with K103N, Y181C, and G190A accounting for more
89 than 90% of NNRTI resistance in the United States.19

90 Side effects are also an important concern for drugs that need
91 to be taken for decades.20 A large number of patients develop
92 HIV-associated neurocognitive disorders (HAND), which result
93 in symptoms from minor problems with memory to severe
94 dementia-like symptoms. Autopsy studies have been reported to
95 show white matter changes and demyelination in these cases.21

96 Even though small-molecule treatments are highly effective in
97 the periphery, the virus can remain in the central nervous system
98 (CNS) and replicate, which then results in neurological
99 disorders. This may, in some cases, be due to the inability of
100 HIV medications to cross the blood−brain barrier (BBB)22 and
101 inhibit HIV in the brain. Several reasons may explain why cART
102 is inefficient at preventing HAND, such as poor CNS
103 penetration and incomplete inhibition of HIV replication in

104this anatomical compartment, drug resistance, cART neuro-
105toxicity, or irreversible brain damage prior to initiation of cART.
106So far, the data is mixed on CNS-targeted cART,23,24 and there
107have been several studies assessing CSF concentrations of drugs
108and viral suppression in adults25 and children,26 showing
109adequate viral suppression for some drugs and suboptimal CSF
110concentrations for others. High CNS penetration of cART is
111also important to limit tissue injury and recovery in those at risk
112of cerebrovascular disease.27 NNRTIs such as efavirenz (EFV)
113are well documented from the perspective of CNS effects, which
114may be due to multiple mechanisms.28 Macrophages, partic-
115ularly in the CNS, are likely components of the persistent
116reservoir that resist HIV eradication. However, cART has
117limited effect in macrophages due to their scarce phosphor-
118ylation activity, which limits the activity of nucleoside analogues,
119and the expression of P-gp transporters,29 which pump out
120protease inhibitors. There are also issues relating to drug−drug
121interactions between HIV treatments (due to P450’s30) or other
122CNS side effects.28,31−36 It is therefore our aim to optimize novel
123NNRTI that cross the BBB20 and are safe and effective at
124preventing viral replication in the brain and the periphery. New
125anti-HIV compounds, selected specifically for their ability to
126overcome the growing list of HIV-RT strains (e.g., K103N,
127Y181C, and G190A19) that are resistant to established drugs, are
128beginning to populate a small pipeline of potential future
129drugs.19,37,38 We therefore need to have more diversity in the
130types of chemical structures assessed in order to stand the best
131chance of addressing both drug resistance and HIV CNS
132dysfunction in the future.
133To date, six 1st and 2nd generation NNTRI have been
134approved by the FDA (nevirapine (NVP), efavirenz (EFV),
135delavirdine (DLV), etravirine (ETR), doravirine (DOR), and
136rilpivirine (RPV); Figure S1).39 This class of drug binds in an
137allosteric pocket of HIV RT, inhibiting the progression of viral
138DNA synthesis.40 Since these drugs target a protein not found in
139eukaryotes, off-target interaction is likely reduced as compared
140to nucleoside analogue class of inhibitors (NRTIs). Currently,
141the three NNRTIs, DOR, EFV, and RPV, are recommended by

Figure 1. General synthetic scheme. (A) TheN-phenyl-1-(phenylsulfonyl)-1H-1,2,4-triazol-3-amine scaffold used in this study. (B) (a) EtOH, reflux
and (b) hydrazine hydrate, EtOH, reflux; (c) PhSO2Cl, tetrahydrofuran (THF), Et3N. (C) (a) toluene, dimethylthiocarbamoyl chloride; (b) NaOEt,
EtOH, NH2CN, MeI, boiling; (c) hydrazine hydrate, EtOH, boiling; and (d) PhSO2Cl, THF, Et3N.
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142 the Panel on Antiretroviral Guidelines for Adults and
143 Adolescents for use in cART therapy.6 The selection of a drug
144 regime is based on multiple factors, including but not limited to
145 the presence of drug-resistant mutations. In 2021, the FDA
146 approved the first extended-release, injectable drug Cabenuva
147 (cabotegravir and RPV), which requires monthly injections in
148 lieu of daily oral dosing, providing an alternative treatment
149 option. While potentially a revolutionary treatment option,
150 recent recommendations by the same panel have suggested that
151 those taking Cabenuva or who may have been infected by an
152 individual taking Cabenuva undergo genotypic resistance testing
153 to probe for resistance against the integrase strand transfer
154 inhibition class, suggesting that more treatment options are still
155 needed.6

156 First-generation NNRTIs have a low genetic barrier to
157 resistance and only require one mutation to confer resistance,
158 while second-generation NNRTIs have a higher genetic
159 barrier.41 These compounds are highly potent with low toxicity
160 yet are still hampered by rapid viral drug resistance, as HIV is
161 highly prone to develop mutational-based drug resistance due to
162 the lack of proofreading activity of RT.42 Individual clinical
163 isolates have been identified which have resistance to one or
164 more of each of the FDA-approved NNTRIs,39 strongly
165 supporting the need for future compounds which retain
166 effectiveness against these drug-resistant mutants.
167 We have identified the N-phenyl-1-(phenylsulfonyl)-1H-
168 1,2,4-triazol-3-amine scaffold as possessing potent activity as
169 an NNRTI. Based on an initial hit found through phenotypic
170 screening, we have developed >100 analogues using a classical
171 medicinal chemistry structure−activity relationship (SAR) to
172 optimize activity against wild-type, A17 mutant (K103N/
173 Y181C) as well as other common mutant strains resistant to
174 approved NNRTIs. This has led to the discovery of a series of

175optimized compounds with picomolar activity against wild-type
176HIV that retain activity against these clinically relevant mutants.

177■ RESULTS
178Synthesis.We explored the optimization of theN-phenyl-1-
179(phenylsulfonyl)-1H-1,2,4-triazol-3-amine scaffold via a classi-
180cal SAR, where we made a detailed study of the role and
181 f1importance of atoms from fragments “A”, “B”, and “C” (Figure
182 f11). The target compounds were synthesized by the reaction of
183aminotriazole with corresponding aryl sulphonyl chloride to
184yield a mixture of sulfonamides. The major product resulted
185from the reaction of the triazole NH with a minor product
186resulting from sulfonylation of the adjacent nitrogen. This
187mixture is a common result with 3-amino-1,2,4-triazoles, with
188selectivity resulting from the increased acidity of theN−Hgroup
189due to inductive effects from the neighboring amino
190moiety.43−46 Essential atoms, as well as positions for future
191derivatization, were identified.
192SAR. The N-phenyl-1-(phenylsulfonyl)-1H-1,2,4-triazol-3-
193amine scaffold was investigated by initially testing a panel of
194synthetic derivatives against a wild-type (IIIB) and K103N/
195Y181C (A17) mutant serially using TZM-bl cells. A
196 t1representative group of compounds is displayed in Table 1.
197The N1-sulfonamide (fragment “A”) group was modified by
198introducing substituents of various sizes, polarities, and
199positions. A variety of structurally diverse heterocycles were
200well tolerated, including 6-chloro-imidazothiazole (IMTZ), 2,4-
201dimethylthiazole, and substituted naphthalenes (Nap), without
202significant loss in activity against wild-type; however, simple
203methylsulfonamide, larger aliphatic, or cycloaliphatic sulfona-
204mides were completely inactive. In general, the replacement of
205the phenyl fragment “A” by a naphthalene ring resulted in a
206sharp increase in activity. This led us to investigate various
207substituents on the naphthalene fragment. Compounds

Table 1. Representative Sampling of the Tested Compounds Exemplifying a Substantial Change in Activity, Either in Wild-Type
(WT), A17, or Both, With Functional Group Substitutions at Positions R1 and R2

a

aAll EC50 values are displayed in nM.
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208 containing cyano, acetonitrile, or acrylonitrile groups in the 6-
209 position had the highest activity against at least wild-type. Many
210 such compounds, including 12126055, 12126065, and
211 12126066, exhibited improved potencies relative to 11626007.
212 Sterically bulky, electron-deficient rings at this location also
213 seemed to be required for retaining potent activity against the
214 A17 mutant.
215 Among the tested 1,2-substituted triazoles (modified frag-
216 ment “B”), only 8 displayed activities against the wild-type, with
217 three derivatives exhibiting an EC50 below 100 nM (11826370,
218 11926095, 11926104). Of these active compounds, there was no
219 general trend for activity with regard to structure. Moreover, all
220 of the active 1,2-substituted triazoles displayed no activity
221 against the A17 mutant, leading us to focus our efforts on the
222 1,3-substituted triazoles.
223 In general, electron-deficient aromatics in the aniline fragment
224 “C” were found to be more active against wild-type, with the

225exception of 2-chloro substituents, which resulted in a complete
226loss of activity. The introduction of one or two additional
227methylene groups between the nitrogen atom and the aryl rings
228in fragment “C” resulted in compounds that were inactive or
229much less active. Removal of the 4-chloro substituent in
23011626007 led to a substantial (>10−40 fold) reduction in
231potency, while 4-cyano or 4-acetonitrile groups increased
232activity significantly. Finally, the addition of a 3-chloro
233substituent resulted in a small increase in potency in the wild-
234type and a dramatic increase in potency against the A17 mutant
235when paired with a bulky, electron-deficient ring in domain “A”.
236The compounds that retained activity against the A17 mutant
237(11726152, 12126055, and 12126065) were also tested against
238 f2other clinically relevant NNRTI-resistant mutants (Figure 2).
239While all three tested compounds retained high potency in most
240of these mutants, the inhibition of only 12126065 was not
241drastically mitigated in the L100I, K103N mutant. We attribute

Figure 2. Structure and dose−response versus WT, A17 (K103N/Y181C), Y181C, L100I/K103N, and K103N HIV mutants and toxicity in TZM-bl
cells for 11726152, 12126055, and 12126065. (D) Calculated IC50/CC50 (±SD) and (E) fold difference versus wild-type using a 3-parameter fit in
GraphPad Prism 9.2. Min/Max values were constrained to be shared for each mutant dataset as full inhibition was not reached for all compounds in
some mutants. A minimum of 6 replicates were performed for each HIV mutant and cytotoxicity. Error bars represent SD.
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242 this retained potency to the extra vinyl group between the
243 naphthalene ring and the nitrile group.
244 Antiviral Screening. Preliminary screening was performed
245 versus HIV I (IIIB) in TZM-bl cells, and RT activity (details
246 below) was confirmed for selected compounds. Qualitative
247 cytotoxicity was also assessed for each compound in the ranges
248 used to test inhibition using an MTT assay. Concentration
249 ranges for TZM-bl were 0.05−500 nM. Dose−response curves
250 identified potent HIV inhibitory activity in TZM-bl cells as well
251 as in RT for an initial hit, 11626007, with whole-cell (EC50) and
252 RT (IC50) inhibition of 9.3 ± 2.3 nM and 0.28 ± 0.1 μM,

t2 253 respectively (Tables 2, S1, and S2). No observable toxicity was

254 indicated using an MTS assay in TZM-bl cells within the dose
255 range tested (data not shown). Our early screening also assessed
256 the inhibition of an NNRTI-resistant double mutant (K103N/
257 Y181C; A17). No appreciable inhibition was seen for this
258 compound in cells infected with the HIV-1 A17 mutant (Table
259 S1), so we continued to evaluate analogues of this compound.
260 Many of these have nearly equivalent or improved activity versus
261 the EFV control with a comprehensive list of all of the IC50’s
262 from these in vitro inhibition experiments against the wild-type
263 (IIIB) and Y181C/K103N (A17) IIIB variants (Table S1). As
264 the potency was high for many of our best compounds, an
265 “extended concentration range” was also performed against both
266 wild-type and A17 in order to reach plateaus for each normalized
267 inhibition extreme. These “extended concentration ranges” were
268 performed with concentrations between 0.028 and 5000 nM (15
269 points). This confirmed each of these compounds as potent
270 inhibitors of both wild-type and A17 HIV. Cytotoxicity was
271 assessed more rigorously, and CC50’s were determined when

t3 272 possible (Table 3 with individual curves shown in Figure S2).
273 The compounds that retained potent A17 activity (11726152,

27412126055, and 12126065) were also followed up with additional
275testing versus clinically relevant NNRTI-resistant mutants
276Y181C, L100I/K103N, and K103N. All mutants, including
277A17, were (re)tested at a concentration range of 0.05−500 nM,
278with a minimum of 6 replicates performed over multiple days
279(Figure 2).
280NNRTI Assay.Our results confirm HIV reverse transcriptase
281 f3as a target of this series of compounds (Table 2, Figures 3 and
282S3). We found nM inhibition, on par with RPV, for the
283compounds that retained potent A17 inhibition using a
284PicoGreen dsDNA quantitation reagent (Table 2). This
285confirmed that the target for these select compounds is HIV
286RT (Table 2). Interestingly, we had initially discovered a
287significant disparity in the EC50’s between cell (TZM-bl) and
288reverse transcriptase HIV I inhibition using a colorimetric
289absorbance assay, so we expanded our testing using this assay to
290include several clinically used NNRTIs. This observation was
291also confirmed in nearly all NNRTI tested apart from nevirapine
292and doravirine (Figure S4). The fold difference varied from
293∼50−8500, with both 12126065 and RPV having over a 3000-
294fold difference. This suggests that this large difference is not
295unique for multiple bonafide NNRTIs, but it is assay dependent.
296This trend was identified previously by us during a large-scale
297comparison of HIV I whole-cell and RT inhibition AC50’s using
298literature data.47 We also found that as compounds displayed
299increased potency, either in the RT or whole-cell assay, the
300significance of this correlation was reduced, and compounds
301often showed orders of magnitude differences in potency. In
302addition, the physiochemical properties were also calculated for
303each compound using Chemaxon software, but no relationship
304was found that would explain the difference in assay potency
305(Figure S4).
306In Vitro Absorption, Distribution, Metabolism, Ex-
307cretion (ADME)/Tox. We assessed the in vitro ADME
308properties for our lead compound 12126065 (Table S3).
309Apart from the poor solubility, which is common for NNRTI’s
310and does not appear to impact the mouse pharmacokinetics
311(PK, described below), this compound had good metabolic
312stability in mouse and human liver microsomes, relatively low
313levels of CYP inhibition compared to expected required clinical
314levels (CYP2C9 IC50 1.42 μM), high protein binding, and no
315indication of efflux in Caco-2 cells. While weak hERG inhibition
316was suggested for 12126065 (IC50 11.52 μM) based on a
317fluorescence polarization assay (Figure S5 and Table S2), the
318controls suggest that this may be due to nonspecific, non-hERG
319binding. This inhibition was also less potent than the RPV
320control (IC50 3.31 μM).

Table 2. In Vitro Inhibition of HIV Reverse Transcriptase for
Selected Compoundsa

name EC50 (μM)
EFV 0.03 ± 0.01
RPV 0.16 ± 0.06
nevirapine 0.40 ± 0.14
11626007 0.28 ± 0.1
11726152 0.7 ± 0.22
12126055 0.35 ± 0.13
12126065 0.23 ± 0.07

aEC50 was calculated using 10-fold dilutions in GraphPad Prism 9.2.1,
and “±” represents the standard error of the mean (SEM).

Table 3. Inhibition of HIV (IIIB) and HIV (A17) in TZM-bl Cells Using an Extended Dosing Range (0.028−5000 nM; 15
Points)a

WT A17 cytotoxicity

compound EC50 (nM) SI EC50 (nM) SI CC50 (μM)
11726152 0.35 ± 0.05 2.2 × 104 49 ± 7.8 1.6 × 102 7.8 ± 5.2
11826116 0.34 ± 0.04 1.7 × 104 25 ± 6.6 2.4 × 102 6.0 ± 1.1
12126055 0.21 ± 0.01 1.3 × 105 49 ± 9.5 5.7 × 102 28 ± 66
12126065 0.47 ± 0.05 1.0 × 104 3.4 ± 1.1 1.2 × 103 4.8 ± 1.2
12126066 0.22 ± 0.03 4.1 × 103 24.5 ± 5.1 3.7 × 10 0.91 ± 0.08
RPV 0.35 ± 0.03 >1.4 × 104 2.5 ± 1.9 >2.0 × 103 >5
EFV 0.68 ± 0.03 >7.3 × 103 18 ± 4.5 >2.7 × 102 >5

aCytotoxicity dilution range exceeded the maximum inhibition range with a concentration of 0.062−5.0 μM. Individual data points and curve fits
are shown in Figure S1 (SI = selectivity Index (CC50/IC50)).
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321 In Vitro Neurotoxicity Studies. MAP-2 Staining. Neuro-
322 nal toxicity was determined by the dose-dependent changes in
323 MAP-2 staining in primary mouse neurons and was quantified
324 using two methods: using relative MAP-2 intensity or area. Both
325 approaches yielded very similar TC50’s, suggesting that these are
326 essentially equivalent. There was an exception with 12126065,
327 where a TC50 was only able to be determined for the relative
328 area, but the deviation from the mean suggests that there is very
329 little confidence in this value regardless. Of the compounds
330 tested, 3 showed a dose-dependent response: 11726152, RPV,
331 and EFV with TC50’s of 1.0 ± 0.5, 4.4 ± 1.5, and 1.5 ± 0.9 μM,
332 respectively, as measured byMAP-2 intensity. Some toxicity was
333 also shown in the other compounds tested, but these were

t4 334 significantly less than 11726152, RPV, and EFV (Table 4,
335 representative images shown in Figure 3, and curve fits shown in
336 Figure S6). Using the methods previously described,48 no
337 treatments resulted in complete loss of MAP-2 staining at the
338 concentrations tested. As a complete loss of MAP-2 staining was
339 not observed, an independent, semi-quantitative approach was
340 also completed to assess neuronal damage (Figure S7). As
341 neuronal density can vary significantly between experiments and
342 within a well, samples chosen for imaging highlighting these
343 differences are shown (Figure S8).
344 To rigorously quantify neurotoxicity potential, we introduce a
345 “safety index” (s-index) metric (Table 4). First, the TC10 is the
346 estimated concentration where we would see an estimated 10%
347 loss of MAP-2. The s-index looks at whether a drug at its

348maximum therapeutic concentration (assume 100 × EC50) may
349begin to have some toxic effects, as suggested by the TC10, which
350stringently shows the likelihood of toxicity. An s-index ≤1
351indicates that there is some risk of toxic effects, assuming full
352penetration of the blood−brain barrier (i.e., plasma conc = brain
353conc). By this measure, both EFV and 11726152 suggest a
354neurotoxic risk potential, while the other tested compounds
355(>1) do not fall within the range. The TC10 could not be
356determined for 12126065 as there is little confidence in any
357neuronal toxicity within the concentrations tested.
358Calcium Accumulation Assay. The calcium accumulation
359shows the average for all neurons and indicates whether the
360compounds activate calcium signaling (acute stage) and/or
361provoke a delayed rise. All compounds were tested at 1 μM. In
362the delayed phase, EFV showed a pronounced increase in
363 f4calcium accumulation (Figure 4A). For reference, a toxic
364challenge that affects calcium regulation would provoke a
365delayed increase of about 800−1000 or more. Anything under
366about 200 would be considered in the normal range. Overall,
367only EFV seemed to have some toxic effects by this measure.
368In addition to calcium accumulation for the entire population,
369a more sensitive approach was also taken. Calcium spiking shows
370the calcium transients for individual neurons, which gives an
371indication of signaling activity that may not necessarily translate
372to changes in the average calcium accumulation in the entire
373population, though this can help elucidate less pronounced
374effects. Due to the variability in the neuron activity by

Figure 3. Representative images showing the dose-dependent changes inMAP-2 staining. Compounds were arbitrarily chosen as the representative of
each experiment, as indicated by the controls.

Table 4. Summary of Neurotoxicity of Selected Moleculesa

compound
TC50 (μM) relative
MAP-2 intensity

estimated TC10 (μM) relative
MAP-2 Intensity

safety
index

TC50 (μM) relative
MAP-2 Area

estimated TC10 (μM)
relative MAP-2 area

IC50 (nM)
HIV IIIB

safety
index

11626007 23 ± 18 6.1 6.5 N.C. 9.3 N.C.
11726152 1.0 ± 0.5 0.17 5.4 0.050 0.32 1.6
12126055 50 ± 140 4.5 140 N.C. 0.32 N.C.
12126065 >10 >10 N/A N.C. 0.31 N.C.
RPV 4.4 ± 1.5 0.93 27 0.60 0.35 17
EFV 1.5 ± 0.9 N.C. N.C. 0.07 0.66 1.1

aTC50 = median toxic concentration (±SD), TC10 is the estimated concentration where we would see a 10% loss of MAP-2, and the “safety index”
(s-index) attempts to quantify potential neurotoxicity. More specifically, the s-index looks at whether a drug at its maximum therapeutic
concentration (assume 100 × EC50) may begin to have some toxic effects, as suggested by the TC10, which stringently shows the likelihood of
toxicity. An s-index ≤1 indicates that there is some risk of toxic effects, assuming full penetration of the blood−brain barrier (i.e., plasma conc =
brain conc). S-index = TC10/(100*EC50). An s-index was unable to be estimated for 12126065 as the TC10 could not be calculated due to low and
no predicted toxicity for the relative MAP-2 area and intensity, respectively. N.C.= Not able to be calculated due to low confidence.
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375 preparation, comparisons were made between their respective
376 controls. The average number of spikes in total (acute + delayed
377 phases) shows that there is no statistically significant overall
378 elevated calcium signaling (Figure 4B). From the patterns
379 shown in the raw spike summaries, there is an acute suppression
380 in RPV and EFV spiking frequency in the acute phase, which also
381 led to increases in the delayed phase (Figure 4B). Based on
382 previous data from our lab, the normal range is typically about
383 2−4 calcium spikes per neuron, so these increases are relatively
384 minor though statistically significant. This suggests that the
385 compounds are not totally benign, but the effects are small
386 (Figure S9).
387 In Vivo Studies. Pharmacokinetics. An intragastrically
388 administered 250 mg/kg single-dose PK study in mice with
389 12126065 showed a T1/2 of 7.7 ± 1.57 h and a Cmax of 81.4 ±

f5 390 26.16 ng/mL (Figure 5). Our data also suggests high
391 concentrations of the compound in the brain (Cmax ∼ 40.3 ±
392 9.43 ng/100 mg) and a similar half-life (11.5 ± 8.14 h),
393 suggesting that it can readily penetrate the BBB.
394 Acute Toxicity Study. No visible signs of intoxication were
395 observed with mice in the 2000 mg/kg oral dosing group over
396 the course of the experiment. Over the 14-day timeline, there

397were not any deviations in the appearance, coat condition,
398excretion patterns, or behavioral response of the experimental
399animals. The dynamics of weight gain of the experimental mice
400group also did not differ from the control animals (Figure S10).
401The statistical analysis of the measured results of the weight
402dynamics of these animals was performed using the Šid́aḱ’s
403multiple comparisons test in Prism for Mac 9.3.1. The acute
404toxicity study showed no visible sign of toxicity with a 2000 mg/
405kg dose over a 14-day period.
406Subacute Toxicity Study.Neither experimental group (25 or
407250 mg/kg) had any deviations in the appearance, coat
408condition, or excretion compared to the control group (each
409group n = 10) following the 30-day study. The macroscopic
410examination of the internal organs (heart, lungs, liver, kidneys,
411spleen, stomach, intestinal canal) showed that the experimental
412group had no visible pathological changes compared to the
413control group, apart from the liver. The heart, liver, kidneys, and
414spleen had a normal color and were moderately full-blooded.
415Lungs were of pink color at the section, and adrenal glands were
416of normal size and moderately full-blooded. The stomach and
417intestinal canal were normal. The liver phenotype exception was
418found in the 250 mg/kg group only, with the majority of these

Figure 4.Calcium accumulation in primarymouse neuron cultures. Panel (A) shows the increase in the average calcium signaling for all neurons with a
segmented x-axis indicating the signaling stage (acute stage; depicted as an axis with no additional ticks). (B) Calcium spiking shows the calcium
transients for individual neurons and indicates whether the compounds activate calcium signaling. Average spikes are assessed in the acute or delayed
phase as well as a summation average. All compounds were tested at 1 μM. Due to variability in control spiking, the tested compounds were compared
to their corresponding control. Statistical significance was determined by a one-way ANOVA test (Brown-Forsythe andWelch) followed by Dunnett’s
T3 multiple comparison tests as performed in Prism 9.2.0 for Mac OS (GraphPad; San Diego, CA). Error bars represent SEM (A) or SD (B) (n ≥ 23).
SEM is shown to enhance visibility.
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419 animals having multiple microfocal and inflammatory infiltrates
420 in their liver tissue. Expanded descriptions of each pathological
421 analysis are shown in the Supplementary Text. Additional results
422 presented in Figure S11 also show that this compound had no
423 influence on the dynamics of weight gain or patterns of
424 behavioral response in the experimental mice at either dosing
425 regimen. The distribution of behavioral response did appear to
426 show some variation between the groups, but this was not shown
427 to be statistically significant (Dunnett’s multiple comparisons
428 and Kolmogorov−Smirnov tests within Prism for Mac 9.3.11).
429 The analysis of the results comparing multiple biochemical
430 and peripheral blood factors, differential blood count, and
431 relative organ weight found only one significant difference
432 between the groups (n = 7/group). These groups were
433 compared statistically as a whole (i.e., biochemical factors,
434 peripheral blood factors, etc., for 25 or 250 mg/kg versus
435 control), and no significant differences were found for any of the
436 categories apart from GOT (aminotransferase) differing in the
437 250 mg/kg dosing group only. This is based on a “Mann−
438 Whitney rank comparisons test” using a Holm-Šid́aḱ method”
439 with a statistically significant threshold of p < 0.05 done within
440 Prism for Mac 9.3.11 (Figure S12). Total protein levels, alanine
441 aminotransferase, and alkaline phosphatase in the blood serum,
442 which characterize the functional condition of the liver in the
443 mice, did not differ from the same factors in the control animals
444 (Figure S12). No differences were found in the urea or
445 creatinine levels, suggesting normal kidney function. In addition,
446 no significant differences were shown in either the peripheral
447 blood or differential blood counts between these groups. The
448 performed morphological analysis also did not reveal any
449 differences in the relative weight of the internal organs of
450 animals.
451 Docking.Docking was done in several of the numerous HIV-
452 RT protein structures deposited in the PDB to elucidate the

453improved activity of the most potent compound. Initially, we
454docked 11626007 in a HIV-RT (PDB 3MEC) crystal structure
455using the commercial software LibDock (Biovia, San Diego,
456CA). 11626007 was shown to fit very well (Figure S12C;
457LibDock score 140.36) and overlapped onto RPV with similar
458predicted interactions (Figure S13A). Docking of 12126065 also
459showed similar positioning as RPV in both wild-type (PDB
4603MEC) and the K103N/Y181C mutant (PBD 4G1Q) with
461LibDock scores of 180.457 and 160.344, respectively, with the
462proposed interacting residues shown in Figures S13B,E and
463S14B. As a control, docking studies were also performed with
464RPV in the wild-type RT structure (PBD 4G1Q)with a LibDock
465score of 142.101 (Figure S12D) and with a similar pose to
46612126065. For 12126065, it was found that several important
467residue interactions were conserved between the docking pose
468and those found in the crystal structure with RPV, including
469hydrophobic interactions between the acrylonitrile group and
470residues W229, Y188, F227, and L234, π-stacking with Y181/
471Y188, and a hydrogen bond with the main chain of K101.49 Our
472docking studies suggest that these same types of interactions
473may also be formed by 12126065 and RTase, even though they
474are structurally distinct. Superimposition of RPV and 12126065
475also show a significant overlap of π-systems, hydrogen bond
476donor and acceptor, as well as hydrophobic functional groups
477(Figure S14C). In addition, the docking of 12126065 in the
478K103N/Y181C mutant shows that in the absence of Y181, a
479counterbalancing interaction is formed with Y183 in a manner
480similar to RPV in the same mutant.49

481t-SNE Visualization. A visualization technique, which
482compressed molecular descriptors (ECFP6) to a lower-dimen-
483sional space, was used to assess the novelty of the chemical
484property space explored by the NNRTI molecules in this study.
485We have compared the chemical property space of two large
486libraries of compounds tested for HIV inhibition that had been

Figure 5. Pharmacokinetic data for mice dosed with 12126065 via intragastric intubation administration (250 mg/kg) in either plasma (left) or brain
(right). Pharmacokinetic parameters were calculated with a Noncompartmental Pharmacokinetics Analysis method. LLOQ= 5 ng/mL; any calculated
values below LLOQ were set to 2.5 ng/mL or 2.5 ng/100 mgLLOQ

2
= . Error bars represent SD.
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487 previously assembled from multiple sources (primary literature,
488 ChEMBL, NIAID dataset).47 These compounds assessed

f6 489 general HIV inhibition (Figure 6A) or HIV reverse transcriptase
490 inhibition (Figure 6B). The t-SNE plots suggest that our tested
491 compounds occupy a unique property space as compared to the
492 dataset compiled in 2019 from various sources. The whole-cell
493 and RT datasets have ∼19,000 and ∼5700 compounds,
494 respectively. We have also highlighted all of the currently
495 FDA-approved NNRTIs in these plots, which do not overlap
496 with our novel molecules.

497 ■ DISCUSSION AND CONCLUSIONS
498 HIV remains a pronounced global threat, with the prevalence of
499 drug-resistant mutations representing a significant portion of
500 infections.While current therapies are transformative in terms of
501 life expectancy and quality of life, the need for additional
502 treatments in preparation for drug-resistant strains remains of
503 utmost importance. Additionally, current therapies have yet to
504 eradicate the prevalence of HAND; therefore, this still
505 represents an important therapeutic goal.
506 One of the current therapies for HIV includes a cocktail of
507 multiple HIV-targeting drugs with regimens including but not
508 limited to a nucleoside RT inhibitor (NRTI), a non-nucleoside
509 RT inhibitor (NNRTI), and/or protease inhibitors.50 While
510 cART therapy has drastically changed the survivability and
511 quality of life for those infected with HIV, a significant portion
512 (10−30%) is still unable to control viral replication
513 completely.51,52 This has led to a myriad of drug-resistance
514 mutants, with the most common being associated with approved
515 NNRTIs. It is also common for cART naiv̈e infected individuals
516 to also have drug-resistant mutations, suggesting that the virus is
517 often drug-resistant prior to infection.17

518 Several groups have focused on developing new
519 NNRTI’s.53−71 Substituted imidazoles were developed by
520 GSK (cpd 43, EC50 0.1 nM) and progressed to the clinic.

53

521 Substituted pyridinones (MK-1439 Doravirine, IC50 11 nM)
522 were developed by Merck,54 demonstrated good activity in
523 combination with other drugs,55 and showed activity against
524 mutant forms of HIV RT (FDA approved in 201856). Other
525 classes of compounds include 2,4,5-trisubstituted thiazole
526 derivatives (compound 24, IC50 0.046 μM),57 diarylnicotina-
527 mide derivatives (compound 6b11, EC50 0.027 μM),58 diary-
528 ltriazine derivatives (compound 1, Ki 9 nM),59 triazine
529 derivatives (compound DSC-a4, EC50 7.8 nM),

60 piperidin-4-

530yl-aminopyrimidine derivatives (EC50 single digit nM),
61

531bicyclic arylaminoazines (e.g., compound 8f, EC50 1.1 nM),
62

532aryl-phospho-indole (IDX899, EC50 1 nM),
63 arylazolyl-

533(azinyl)thioacetanilides derivatives (LAD-8, EC50 0.78 μM),64
534diarylnicotinamide 1,4-disubstituted 1,2,3-triazoles (3b9, EC50
5350.02 μM),65 and diarylbenzopyrimidines (12z, EC50 3.4 nM).66
536These are selected examples of the earlier extensive efforts in
537NNRTI chemistry.67−71 In the last few years, we have also
538identified several studies focused on NNRTI (including 2,4,5-
539trisubstituted pyrimidines,72 hydroxyl-substituted biphenyl-
540diarylpyrimidines,73 thiophene-biphenyl-DAPY,74 biphenyl-
541substituted diarylpyrimidines,75 hydrazone-substituted
542thiophene[3,2-d]pyrimidines,76,77 diarylpyrimidines,78−82 indo-
543lylarylsulfones,83,84 dihydrofuro[3,4-d]pyrimidines,85 tria-
544zoles,86 3-(1,3,4-thiadiazol-2-yl)thiazolidin-4-one,87 rilpivirine
545analogues,88 2-(((5-akly/aryl-1 H-pyrazol-3-yl)methyl)thio)-5-
546alkyl-6-(cyclohexylmethyl)-pyrimidin-4(3H)-ones,89 morpho-
547line-substituted diarylpyrimidines,90 (2-hydroxyethoxy)-
548methyl-6-(phenylthio)thymine (HEPT) analogues,91 biphenyl
549-substituted pyridone analogues,92 and indolylarylsulfone (IAS)
550analogues93).
551In the course of this work, we focused on optimizing the
552antiviral activity of a N-phenyl-1-(phenylsulfonyl)-1H-1,2,4-
553triazol-3-amine core with various substituents on fragments “A”
554and “C” (Figure 1). From these data, we can now generalize the
555requirements of this scaffold to retain its activity: (1) the
556secondary amine in the linker to fragment “C” was required, (2)
557the fragment “C” phenyl group requires a halogen, cyano or
558acetonitrile substituent, (3) naphthalene in fragment “A” is
559responsible for higher antiviral activity, and (4) the naphthalene
560containing a cyano, acetonitrile, or acrylonitrile group in the 6-
561position substantially enhanced the potency and was the most
562effective substituent. Our data agrees with essentially all known
563RT inhibitors, which are comprised of a central azaheterocycle
564core between substituted arenes, with the vast majority of active
565compounds also having a cyano group as a substituent.
566In the process of this work, we also identified other
567heterocycles that are well tolerated in the “A” fragment,
568including imidazothiophene (11926331), 1,3-thiazole
569(11926332), thiophenes (11926333), etc., with these com-
570pounds showing both excellent RT and whole-cell virus activity
571(Table S1). Further, the replacement of the phenyl ring with a
572heterocyclic moiety provides new possibilities for the future

Figure 6. t-SNE plots of a previously compiled dataset of compounds tested against HIV in vitro versus the dataset of “new compounds from this
study”. The “public” datasets are assembled from multiple sources (primary literature, ChEMBL, NIAID dataset (ca. 2017)). These compounds were
assessing (A; blue) general viral inhibition or (B, green) in assays, specifically looking at HIV reverse transcriptase inhibition (various methods). As a
reference, FDA-approved NNRTIs (red) are highlighted to show a completely distinct chemical space for the new compounds from this study. The
new compounds are shown in yellow. A black box encompasses all of the new compounds from this study except for the structure indicated in the lower
righthand side of each graph, which is a different structural class.

Journal of Medicinal Chemistry pubs.acs.org/jmc Article

https://doi.org/10.1021/acs.jmedchem.2c02055
J. Med. Chem. XXXX, XXX, XXX−XXX

I

https://pubs.acs.org/doi/suppl/10.1021/acs.jmedchem.2c02055/suppl_file/jm2c02055_si_003.pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
https://pubs.acs.org/page/pdf_proof?ref=pdf
pubs.acs.org/jmc?ref=pdf
https://doi.org/10.1021/acs.jmedchem.2c02055?urlappend=%3Fref%3DPDF&jav=AM&rel=cite-as


573 design of analogues with promising biological and physico-
574 chemical properties.
575 We also discovered that the cyano-substituted naphthalene
576 rings in the ″A” position resulted in the most potent activity
577 against the tested mutants, with the most potent compound
578 having an extra vinyl group between the naphthalene ring and
579 the nitrile group. We propose that the extra flexibility in the
580 domain of the molecule likely enables a more favorable steric
581 interaction within the binding site in these mutants than the aryl
582 nitriles, which is a similar hypothesis for the retained potency of
583 RPV and ETR.94,95

584 It has been well established that EFV, a clinically used
585 NNRTI, has negative neurological side effects in patients,28 so
586 one focus of this study was to assess neuronal toxicity of our new
587 class of NNRTIs to avoid this clinical pitfall. Primary murine
588 neuronal cell toxicity, assessed by both a reduction in MAP-2
589 staining and effects on calcium signaling, confirmed the toxicity
590 of EFV (TC50 = 0.99−1.57 μM with a significant reduction of
591 acute signaling). Recommended intake for adults for EFV
592 typically results in plasma levels of between 3.17 and 12.67 μM,
593 though variability in quantified plasma levels varies substantially,
594 and concentrations of 30−50 μMare common, and up to 80 μM
595 has been recorded. EFV also readily passes the BBB with typical
596 median EFV CSF levels of between 35−90 nM with
597 recommended intake.28 Our in vitro data shows an estimated
598 TC10 of 70 nM in primary neurons, which coincides with typical
599 EFV CSF levels, suggesting that a TC10 may represent levels
600 associated with neurotoxicity. Interestingly, RPV also showed in
601 vitro neurotoxicity, with a TC10 of ∼600−930 nM and
602 statistically significant reduced acute signaling at 1 μM. Since
603 there is an in vitro potency difference of RPV over EFV, this
604 translates to a reduced in vivo effective concentration require-
605 ment for RPV, with a proposed plasma target concentration of
606 12.1 ng/mL or 33 nM (protein binding-adjusted EC90). There
607 are recorded CSF concentrations of up to 2.9 ng/mL (7.9 nM)
608 for RPV,96 well below the estimated TC10 found in our study.
609 Nonetheless, neurological adverse events are also common in
610 RPV-treated patients,28 though this frequency is lower than with
611 EFV. Based on this, it is ambiguous if the in vitro toxicity directly
612 relates to the recorded neurological events or not, but the
613 correlation is still there. Regardless, 12126065 showed much
614 lower in vitro neurotoxicity as compared to EFV or RPV,
615 suggesting that at therapeutic levels, based on an estimated EC90
616 of 19 nM, neurotoxicity is not expected.
617 Previously, RPV has been shown to inhibit hERG in vitro with
618 a relatively low concentration (300 nM) and an IC50 of 3.1 μM
619 in cardiac myocytes.97 In addition to this in vitro data, a
620 prolonged QT interval was seen prior to Phase 3 clinical trials,
621 prompting a change in the proposed therapeutic dosing regimen
622 from 75 to 25 mg (qd). A follow-up QT study suggested that 25
623 mg qd did not demonstrate a substantial effect on the QT
624 interval and did not present a cardiac risk. Current RPV dosing is
625 close to a threshold that may prevent increased doses required to
626 treat future novel NNRTI drug-resistant mutants. We have
627 independently assessed hERG binding for RPV and several of
628 our compounds (Figure S5 and Table S2). RPV (IC50 3.31 ±
629 0.29 μM) was similar to the value calculated from the patch
630 clamp assay (IC50 3.1 μM). Our lead compounds show
631 significantly reduced in vitro hERG inhibition compared to
632 RPV (Figure S5 and Table S2), suggesting the potential benefit
633 of increasing the dose without subsequent cardiac risks.
634 Like other NNRTIs, these molecules have low solubility, but
635 pharmacokinetics results show that this does not completely

636mitigate oral bioavailability as they have high stability in plasma
637and microsomes (Table S3) with an in vivo half-life of 7.7± 1.57
638h (Figure 6). 12126065 has also shown significant brain
639penetration following oral administration, suggesting that this
640NNRTI readily passes the BBB and may be used to target HIV
641that has permeated this compartment. 12126065 also
642demonstrated a significantly lower in vitro neurotoxicity as
643compared to RPV and EFV and therefore may avoid the
644neurotoxic effects observed with these earlier NNRTI’s.
645Our acute and subacute in vivo studies have shown no
646apparent toxicity at the concentrations tested. For the acute
647study, no deviations from the control group were shown after the
648single oral administration of a 2000 mg/kg dose in a 14-day
649study. For our subacute studies, we evaluated two daily dosing
650concentrations of 25 and 250 mg/kg. Over this 30-day study,
651only one of the measured metrics showed a significant difference
652between the experimental groups as compared to the control
653group, which was a reduced aspartate aminotransferase activity
654in the 250 mg/kg group only. As far as we are aware, a reduced
655aspartate aminotransferase activity is not related to any type of
656pathogenesis. Overall, these studies suggest that toxicity is
657unlikely to be observed even with chronic treatment in humans,
658as the therapeutic dose is likely to be significantly lower.
659In summary, we have described the synthesis of a series of
660potent HIV-1 inhibitors with an N-phenyl-1-(phenylsulfonyl)-
6611H-1,2,4-triazol-3-amine core, many with picomolar activity
662(EC50) against HIV I in TZM-bl cells as well as low cytotoxicity
663producing high SIs (typically exceeding 160). A t-SNE analysis
664showed that these compounds are distinct from both the current
665FDA-approved NNRTIs and from other compounds assessed
666previously (Figure 6). Several of our compounds retained
667activity against a K103N/Y181C double mutant (Figure 2D),
668with the most potent of these, 12126065, having an EC50 1.33±
6690.16 nM, which is comparable with RPV. 12126065 also retained
670activity against additional clinically relevant mutants (Y181C,
671L100I/K103N, K103N).
672In conclusion, we have developed a class of NNRTIs with
673supporting data suggesting potency against drug-resistant
674mutants, no apparent neurotoxicity, BBB-penetration, and no
675subacute toxicity, thus potentially representing an important
676addition to the catalogue of compounds used in the treatment of
677HIV (Figure S15). Following future in vivo efficacy confirmation
678in mouse,98 this body of work shows that these N-phenyl-1-
679(phenylsulfonyl)-1H-1,2,4-triazol-3-amines may provide an
680additional class of molecules to help combat drug resistance as
681well as comorbidities for this on-going global threat.

682■ EXPERIMENTAL SECTION
683Chemistry Synthesis. An effective method for synthesizing
684derivatives of N-phenyl-1-(phenylsulfonyl)-1H-1,2,4-triazoles was
685developed, enabling the introduction of targeted replacements into
686the molecule structure. The key intermediate for the preparation of the
687final compound was substituted methyl N′-cyano-N-phenylimidothio-
688carbamate, which can be prepared by different methods. One method is
689based on the reaction of anilines with dimethyl cyanothioimidocar-
690bonate with the elimination of methylmercaptane. This method works
691for anilines having either electron donors or neutral substitutes.
692All reagents and solvents were purchased from commercial suppliers
693and used without further purification. 1H and 13C Spectra were
694measured on Bruker AC-500 (500 MHz, 1H) or Bruker AC-200 (75
695MHz, 13C). Chemical shifts were measured in DMSO-d6 or CDCl3,
696using tetramethylsilane as an internal standard, and reported as units
697(ppm) values. The following abbreviations are used to indicate the
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698 multiplicity: s, singlet; d, doublet; t, triplet; m, multiplet; dd, doublet of
699 doublets; brs, broad singlet; and brm, broad multiplet.
700 HRMS: spectra were recorded on an Agilent 1290 Infinity II HPLC
701 system coupled to Agilent 6460 triple-quadrupole HRMS: a
702 spectrometer equipped with an electrospray ionization source. The
703 chromatographic separation was carried out on an Agilent Eclipse Plus
704 C18 RRHD column (2.1 mm× 50 mm, 1.8 μm) at 40 °Cwith a sample
705 injection volume of 0.2 μL. The mobile phase comprising 0.1% formic
706 acid/water (A) and 0.1% formic acid and 85% acetonitrile/water (B)
707 was programmed to do a gradient elution (0.0−3.0min, 60%B; 3.0−4.0
708 min, 60−97% B; 4.0−6.0 min, 97% B; 6.0−6.1 min, 97−60% B) at a
709 flow rate of 0.4 mL/min. The HRMS: spectrometric detection was
710 operated in a positive ion mode. Optimal parameters were capillary
711 voltages of 3500 V, a nebulizer pressure of 35 psi, a gas temperature of
712 350 °C, and a gas flow rate of 12 L/min.
713 Purity was measured by analytical high-performance liquid
714 chromatography (HPLC) on an Elute HPLC system (Bruker Daltonik)
715 equipped with an Azura UVD 2.1S UV detector (Knauer) using an
716 AcquityHSST3 column (2.1mm× 100mm, 1.3 μm, 100 Å) at 30 °C, 2
717 μL injection, 250 μL/min gradient elution 30�95% B (A: 0.1% FA in
718 H2O, B: 0.1% FA inMeCN) over 9 min with 1 min gradient delay and 1
719 Hz acquisition rate at 254 nm. Data were processed with Compass
720 DataAnalysis 5.1 (Bruker Daltonik). Purity is >95% of all final
721 compounds.
722 Melting points were determined by Electrothermal 9001 (10 °C per
723 min) and uncorrected. Merck KGaA silica gel 60 F254 plates were used
724 for analytical thin-layer chromatography. Column chromatography was
725 performed on Merck silica gel 60 (70−230 mesh). Yields refer to
726 purified products and are not optimized. The starting materials and the
727 intermediates of the synthetic reaction schemes were also isolated and
728 purified as desired using conventional techniques, including but not
729 limited to filtration, distillation, crystallization, chromatography, etc.
730 Such materials were characterized using conventional means, including
731 physical constants and spectral data.
732 In order to synthesize the compounds having an electron-
733 withdrawing group in the aniline fragment, we successfully developed
734 two alternative methods. Both these methods are based on the initial
735 reaction of an aniline, which is independent of whether it contains
736 either electron-donor or electron-acceptor substituents. In one case, we
737 used dimethylaminothiocarbamoyl chloride in an anhydrous medium.
738 The corresponding aryl isothiocyanate is obtained in quantitative yield,
739 which is subsequently reacted with cyanamide in the presence of
740 sodium ethoxide, followed by treatment with methyl iodide, forming
741 the key intermediate N′-cyano-N-phenylimidothiocarbamate. The
742 same intermediate can be synthesized by the reaction of different
743 substituted anilines with thiophosgene under alkaline conditions. For
744 example, the presence of triethylamine, diisopropylethylamine, sodium
745 methoxide, calcium carbonate, etc., in an anhydrous solvent causes the
746 formation of the corresponding isothiocyanate and its following
747 conversion to N′-cyano-N-phenylimidothiocarbamate by the reaction
748 with cyanamide. All 3 methods work well with the high yield and purity
749 of the target compounds.
750 The reaction of the resulting methyl N′-cyano-N-phenylimidothio-
751 carbamate with hydrazine hydrate leads to the closure of the 1,2,4-
752 triazole ring. The last step is the reaction with an arylsulfonyl chloride,
753 which usually leads to a mixture of the two isomers. However, we were
754 able to select the conditions for the reaction and crystallization of the
755 resulting mixture at which the concentration of the desired isomer N3-
756 phenyl-1- (phenylsulfonyl)-1H-1,2,4-triazole-3,5-diamine significantly
757 prevails. Alternatively, we can separate the isomers by chromatography.
758 All compounds were synthesized according to Figure 1, with details
759 described below.
760 Step (a): A mixture of the corresponding aniline (1.0−1.2 mmol)
761 and dimethyl cyanodithioiminocarbonate (1.0mmol) in a small volume
762 of n-butanol was refluxed for 3−4 h. The reaction mixture was cooled,
763 and the formed precipitate was filtered off and then washed with
764 hexane. The desired methyl N′-cyano-N-R-phenylimidothiocarbamate
765 was recrystallized from ethanol.
766 Step (b): A solution of the aniline derivative (1.0 mmol) in dry
767 toluene or benzene was treated with solid dimethylthiocarbamoyl

768chloride (1.0−1.1 mmol) and was refluxed for 2−3 h. The reaction
769mixture was cooled, dissolved in hexane, and the resulting solid was
770filtered off. The mother solution was evaporated in a vacuum, and the
771desired isothiocyanate derivative was used without additional
772purification.
773Step (c): A mixture of substituted anilines (1.0 mmol) with the
774addition of a suitable alkali, such as triethylamine, diisopropylethyl-
775amine, calcium carbonate, potassium carbonate, etc., (1.8−2.2 mmol)
776in either toluene, benzene, or CH2Cl2, was treated with thiophosgene
777(1.0 mmol) and stirred for 2 h at room temperature or refluxed for 4−6
778h. The reaction mixture was diluted with water, and the organic phase
779was separated, concentrated in a vacuum, and then chromatographed
780(preferably benzene) to give the desired isothiocyanate derivative as a
781light yellow or white solid.
782Step (d):Amixture of sodium ethoxide (2.0−2.2 mmol) in 20mL of
783ethanol and cyanamide (2.0 mmol) was stirred at room temperature for
78430−40 min. The corresponding isothiocyanatobenzene (2.0−2.2
785mmol) was added to the reaction mixture and stirred for 1.5 h,
786followed by the addition of iodomethane (4.0−4.5 mmol) and finally
787refluxed for 1−2 h and stored overnight at room temperature. The
788resulting residue was filtered off and dried to give the methylN′-cyano-
789N-R-phenylimidothiocarbamate.
790Step (e): A solution of hydrazine in water (3.0−5.0 mmol) was
791added to a solution of methyl N-4-bromo-3,5-dichlorophenyl-N′-
792cyanocarbamimidothioate (1.0−1.5 mmol) in ethanol and heated at 70
793°C for 3−4 h. The reaction mixture was cooled to room temperature
794and suspended in ice water. The precipitate was collected and
795recrystallized from ethanol to give the N5-phenyl-1H-1,2,4-triazole-
7963,5-diamine as an off-white solid.
797Step (f): A high-quality sulfonyl chloride derivative (1.0−1.2 mmol)
798was added to the suspension of the correspondingN5-phenyl-1H-1,2,4-
799triazole-3,5-diamine (1.0 mmol) in a small volume of pyridine. The
800reaction mixture was stored overnight at room temperature, diluted
801with water, and cooled to 4 °C for 6−24 h, and then the precipitate was
802filtered off. The desired N3-(4-phenyl)-1-(2-R6-sulfonyl)-1,2,4-tria-
803zole-3,5-diamine isomer was separated from the byproduct by
804recrystallization (EtOH or EtOH/N,N-dimethylformamide (DMF))
805or chromatography (often chloroform:methanol 10/1).
806Examples of synthesis and spectra are provided in the Supporting
807Information. Analytical data is only presented for 53 of the most
808relevant compounds described herein. Additional synthetic details for
809the additional compounds are available upon request.
810Analytical Data of Synthesized Compounds. Figure S16 shows
811HPLC traces of 6 representative compounds, and Figure S17 describes
8121H and 13C NMR for all tested compounds.
813N3-(4-Chlorophenyl)-1-(2-naphthylsulfonyl)-1,2,4-triazole-3,5-di-
814amine 11626007.

815White solid in 55% yield. Mp 211−2 °C. HRMS: calcd for
816C18H14ClN5O2S [M]+ 399.8550, found 399.8552. Mp = 88.7 °C. 1H
817NMR (500 MHz, DMSO-d6) δ 9.28 (s, 1H, NH), 8.72 (s, 1H,
818HC(1′)), 8.23 (d, J = 7.8 Hz, 1H, HC(8′)), 8.18 (d, J = 8.8 Hz, 1H,
819C(4′)), 8.05 (d, J = 8.0 Hz, 1H, HC(5′)), 7.90 (dd, J = 8.7, 1.8 Hz, 1H,
820HC(3′)), 7.82−7.67 (m, 2H, HC(6′, 7′)), 7.45 (d, J = 8.9 Hz, 2H,
821HC(3″, 5″)), 7.40 (s, 2H, NH2), 7.26 (d, J = 8.9 Hz, 2H, HC(2″, 6″)).
822

13C NMR (75 MHz, DMSO-d6) δ 159.12 (C-3), 156.89 (C-5), 139.64
823(C-1″), 134.89 (C-4a′), 133.10 (C-2′), 131.65 (C-8a′), 129.76 (C-3′),
824129.86 (C-4′), 128.97 (C-5′), 128.35 (C-3″, 5″), 128.25 (C-1′), 127.97
825(C-6′), 123.69 (C-4″), 122.12 (C-7′), 121.65 (C-8′), 118.12 (C-2″,
8266″).
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827 5-[[5-Amino-3-(4-cyanoanilino)-1,2,4-triazol-1-yl]sulfonyl]-
828 naphthalene-2-carbonitrile 11726152.

829 White solid in 47% yield. Mp 268−9 °C. HRMS: calcd for
830 C20H13N7O2S [M]+ 415.4292, found 415.4291. Mp = 88.7 °C. 1H
831 NMR (200MHz, DMSO): δ 9.79 (s, 1H, NH), 9.12 (d, J = 9.1 Hz, 1H,
832 HC(4′)), 8.76 (d, J = 1.7 Hz, 1H, HC(1′)), 8.64 (d, J = 7.2 Hz, 1H,
833 HC(6′)), 8.50 (d, J = 8.0 Hz, 1H, HC(8′)), 8.15 (dd, J = 9.1, 1.9 Hz,
834 1H, HC(3′)), 7.92 (t, J = 7.9 Hz, 1H, HC(7′)), 7.67 (d, J = 8.8 Hz, 2H,
835 HC(3″), HC(5″)), 7.56 (s, 2H, NH2), 7.51 (d, J = 8.9 Hz, 2H,
836 HC(2″), HC(6″)). 13C NMR (50 MHz, DMSO): δ 158.51 (C-3),
837 156.33 (C-5), 144.53 (C-1″), 136.98 (C-5′), 135.32 (C-1′), 133.56 (C-
838 4a′), 133.01 (C-3″, C-5″), 132.86 (C-8a′), 132.28 (C-3′), 128.92 (C-
839 8′), 126.77 (C-6′), 126.55 (C-7′), 126.31 (C-4′), 119.49 (CN-C2′),
840 118.12 (CN-C4″), 116.61 (C-2″, C-6″), 110.18 (C-1′), 101.60 (C-4″).
841 4-[[5-Amino-1-(2-naphthylsulfonyl)-1,2,4-triazol-3-yl]amino]-2-
842 chloro-benzonitrile 11726158.

843 White solid in 45% yield. HRMS: calcd for C19H13ClN6O2S [M]+
844 424.8645, found 424.8646. 1H NMR (500 MHz, DMSO): δ 10.09 (s,
845 1H, NH), 8.75 (s, 1H, HC(1′)), 8.35−7.32 (m, 11H). 13C NMR (126
846 MHz, DMSO): δ 158.58 (C-3), 157.26 (C-5), 145.82 (C-4″), 135.96
847 (C-2″), 135.10 (C-4a′), 134.94 (C-6″), 132.88 (C-2′), 131.37 (C-8a′),
848 130.03 (C-3′), 129.96 (C-4′), 129.57 (C-5′), 128.18 (C-1′), 127.97
849 (C-6′), 121.65 (C-8′), 116.64 (CN), 116.35 (C-3″), 115.37 (C-5″),
850 101.77 (C-1″).
851 N3-(3,4-Dichlorophenyl)-1-(1-naphthylsulfonyl)-1,2,4-triazole-
852 3,5-diamine 11726159.

853 White solid in 43% yield. HRMS: calcd for C18H13Cl2N5O2S [M]+
854 434.2997, found 434.2997. 1H NMR (200 MHz, DMSO): δ 9.54 (s,
855 1H, NH), 8.72 (d, J = 2.0 Hz, 1H, HC(2″)), 8.21 (d, J = 8.2 Hz, 1H,
856 HC(2′)), 8.18 (d, J = 8.5 Hz, 1H, HC(4′)), 8.06 (d, J = 8.9 Hz, 1H,
857 HC(8′)), 7.90 (dd, J = 8.7, 1.9 Hz, 1H, HC(5′)), 7.82−7.65 (m, 3H,
858 HC(3′, 5′, 6′)), 7.48 (s, 2H, NH2), 7.43 (d, J = 8.8 Hz, 1H, HC(5″)),
859 7.36 (dd, J = 8.8, 2.0 Hz, 1H, HC(6″)). 13CNMR (50MHz, DMSO): δ
860 158.90 (C-3), 157.00 (C-5), 141.05 (C-1″), 135.36 (C-1′), 132.77 (C-
861 3″), 131.16 (C-4a′), 130.65 (C-8a′), 130.04 (C-2′), 129.57 (C-5″),
862 129.27 (C-4′, C-5′), 127.79 (C-8′, C-6′), 127.70 (C-4″), 121.52 (C-
863 3′), 121.12 (C-7′), 117.43 (C-6″), 116.54 (C-2″).
864 5-[[5-Amino-3-(4-cyano-2-methyl-anilino)-1,2,4-triazol-1-yl]-
865 sulfonyl]naphthalene-2-carbonitrile 11826114.

866 White solid in 61% yield. HRMS: calcd for C21H15N7O2S [M]+
867 429.4558, found 429.4558. 1H NMR (200 MHz, DMSO) δ 9.12 (s,
868 1H, NH), 9.08 (d, J = 9.1 Hz, 1H, HC(4′)), 8.74 (d, J = 1.7 Hz, 1H,
869 HC(1′)), 8.62 (d, J = 7.2 Hz, 1H, HC(6′)), 8.48 (d, J = 8.0 Hz, 1H,
870 HC(8′)), 8.10 (dd, J = 9.1, 1.9 Hz, 1H, HC(3′)), 7.93 (t, J = 7.9Hz, 1H,
871 HC(7′)), 7.60 (d, J = 8.2 Hz, 1H, HC(6″)), 7.52 (s, 2H, NH2), 7.43
872 (dd, J = 1.2, 8.2 Hz, 1H HC(5″)), 7.40 (d, J = 1.2 Hz, 1H, HC(2″)),

8732.30 (s, 3H, CH3). 13C NMR (50 MHz, DMSO) δ 158.71 (C-3),
874156.43 (C-5), 141.43 (C-1″), 136.28 (C-5′), 135.62 (C-1′), 133.86 (C-
8754a′), 134.71 (C-3″), 132.66 (C-8a′), 132.48 (C-3′), 131.21 (C-5″),
876128.91 (C-2″), 128.72 (C-8′), 126.87 (C-6′), 126.45 (C-7′), 126.51
877(C-4′), 120.21 (C-6″), 119.49 (CN-C2′), 116.12 (CN-C4″), 110.18
878(C-2′), 105.60 (C-4″), 17.81 (CH3).
8795-[[5-Amino-3-(3-chloro-4-cyano-anilino)-1,2,4-triazol-1-yl]-
880sulfonyl]naphthalene-2-carbonitrile 11826116.

881White solid in 74% yield. Mp 236−7 °C. HRMS: calcd for
882C20H12ClN7O2S [M]+ 449.8741, found 449.8742. Mp = 88.7 °C. 1H
883NMR (500 MHz, DMSO): δ 10.07 (s, 1H, NH), 9.04 (d, J = 9.0 Hz,
8841H, HC(4′)), 8.79 (d, J = 1.8 Hz, 1H, HC(1′), 8.65 (d, J = 7.5 Hz, 1H,
885HC(6′)), 8.52 (d, J = 8.2 Hz, 1H, HC(8′)), 8.11 (dd, J = 9.0, 1.8 Hz,
8861H, HC(3′)), 7.94 (t, J = 7.9 Hz, 1H, HC(7′)), 7.78 (d, J = 8.7 Hz, 1H,
887HC(5″)), 7.66 (s, 2H, NH2), 7.64 (d, J = 2.2 Hz, 1H, HC(2″)), 7.41
888(dd, J = 8.7, 2.2 Hz, 1H, HC(5″)). 13C NMR (126 MHz, DMSO): δ
889158.15 (C-3), 156.40 (C-5), 145.60 (C-1″), 137.12 (C-3″), 135.93 (C-
8905′), 135.47 (C-5″)), 134.91 (C-1′), 133.77 (C-6′), 132.79 (C-8a′),
891132.01 (C-4a′), 129.17 (C-8′), 129.08 (C-3′), 126.64 (C-7′), 125.72
892(C-4′), 118.11 (CN-C4″), 116.62 (CN-C2′), 116.26 (C-2″), 115.32
893(C-6″), 110.16 (C-2′), 101.90 (C-4″).
894N3-(4-Chlorophenyl)-1-[[5-(dimethylamino)-1-naphthyl]-
895sulfonyl]-1,2,4-triazole-3,5-diamine 11826313.

896White solid in 52% yield. HRMS: calcd for C20H19ClN6O2S [M]+

897442.9228, found 442.9226. 1H NMR (200 MHz, DMSO): δ 9.28 (brs,
8981H, NH), 8.59 (d, J = 8.2 Hz, 1H, HC(2′)), 8.55 (d, J = 8.3 Hz, 1H,
899HC(4′)), 8.43 (d, J = 7.3 Hz, 1H, HC(8′)), 7.72 (t, J = 8.2 Hz, 1H,
900HC(3′)), 7.66 (t, J = 8.1 Hz, 1H, HC(7′)), 7.41 (d, J = 8.8 Hz, 2H,
901HC(3″, 5″)), 7.40 (s, 2H, NH2), 7.23 (d, J = 8.8 Hz, 2H, HC(2″, 6″)),
9022.80 (s, 6H, N(CH3)2). 13C NMR (50 MHz, DMSO): δ 158.47 (C-3),
903156.07 (C-5), 151.31 (C-5′), 139.49 (C-1″), 132.39 (C-1′), 131.96 (C-
9048a′), 130.57 (C-4′), 129.26 (C-2′), 128.99 (C-7′), 128.53 (C-4a′),
905128.14 (C-3″, 5″), 123.47 (C-3′, C-4″), 118.83 (C-8′), 117.86 (C-2″,
9066″), 115.58 (C-6′), 44.91 (N(CH3)2).
907N-[4-[[5-Amino-3-(4-cyanoanilino)-1,2,4-triazol-1-yl]sulfonyl]-
908phenyl]-N-methyl-prop-2-enamide 11826317.

909White solid in 47% yield. HRMS: calcd C19H17N7O3S [M]+

910C19H17N7O3S 423.4497, found 423.4498. 1H NMR (200 MHz,
911DMSO): δ 9.86 (brs, 1H, NH), 8.03 (d, J = 8.6 Hz, 2H, HC(3′, 5′)),
9127.65 (d, J = 8.5 Hz, 2H, HC(3″, 5″)), 7.60 (d, J = 8.5 Hz, 2H, HC(2′,
9136′)), 7.59 (d, J = 8.6Hz, 2H, HC(2″, 6″)), 7.46 (brs, 2H, NH2), 6.18 (d,
914J = 4.5 Hz, 1H, (Z)-HC=), 6.17 (d, J = 7.8 Hz, 1H, (E)-HC=), 5.61 (dd,
915J = 7.7, 4.8 Hz, 1H, HC=CO), 3.30 (s, 3H, NCH3). 13CNMR (50MHz,
916DMSO): δ 164.42 (C=O), 158.90 (C-3), 156.99 (C-5), 148.60 (C-1′),
917144.69 (C-1″), 133.71 (C-3″, 5″), 132.98 (C-4′), 128.67 (C-3′, 5′),
918128.55 (H2C=), 128.04 (CCO), 127.43 (C2′, 6′), 119.37 (CN), 116.64
919(C-2″, 6″), 101.45 (C-4″), 36.50 (N(CH3)2).
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920 1-[(6-Chloro-2-naphthyl)sulfonyl]-N3-(4-chlorophenyl)-1,2,4-tria-
921 zole-3,5-diamine 11826320.

922 White solid in 62% yield. HRMS: calcd for C18H13Cl2N5O2S [M]+
923 434.2997, found 434.2997. 1H NMR (200 MHz, DMSO): δ 9.32 (brs,
924 1H, NH), 8.77 (d, J = 1.9 Hz, 1H, HC(1′)), 8.29 (d, J = 8.7 Hz, 1H,
925 HC(4′)), 8.19 (d, J = 1.9 Hz, 1H, HC(5′)), 8.16 (d, J = 9.2 Hz, 1H,
926 HC(8′)), 7.95 (dd, J = 8.7, 2.0 Hz, 1H, HC(3′)), 7.71 (dd, J = 8.8, 2.1
927 Hz, 1H, HC(7′)), 7.45 (d, J = 8.9 Hz, 2H, HC(3″, 5″)), 7.41 (s, 2H,
928 NH2), 7.24 (d, J = 8.9 Hz, 2H, HC(2″, 6″)). 13C NMR (50 MHz,
929 DMSO): δ 159.57 (C-3), 157.33 (C-5), 139.56 (C-1″), 135.80 (C-
930 4a′), 134.62 (C-2′), 133.47 (C-6′), 131.68 (C-8a′), 129.92 (C-8′),
931 129.49 (C-7′), 129.07 (C-3′), 128.65 (C-5), 128.34 (C-3″, 5″), 126.74
932 (C-4′), 123.73 (C-4″), 123.10 (C-1′), 118.15 (C-2″, 6″).
933 N-[4-[[5-Amino-3-(4-chloroanilino)-1,2,4-triazol-1-yl]sulfonyl]-
934 3,5-dimethyl-phenyl]prop-2-enamide 11826322.

935 White solid in 57% yield. HRMS: calcd for C19H19ClN6O3S [M]+
936 446.9115, found 446.9113. 1H NMR (500 MHz, DMSO): δ 10.42 (s,
937 1H, NHCO), 9.33 (s, 1H, NH), 7.60 (s, 2H, HC(2′, 6′)), 7.39 (d, J =
938 8.9 Hz, 2H, HC(3″, 5″)), 7.25 (s, 2H, NH2), 7.21 (d, J = 8.9 Hz, 2H,
939 HC(2″, 6″)), 6.42 (dd, J = 17.0, 10.1 Hz, 1H, (E)-HC=), 6.30 (dd, J =
940 17.0, 2.0 Hz, 1H, (Z)-HC=), 5.81 (dd, J = 10.1, 2.0 Hz, 1H, HCCO),
941 2.65 (s, 6H, 2CH3). 13C NMR (126 MHz, DMSO): δ 163.74 (CO),
942 158.56 (C-3), 155.69 (C-5), 143.29 (C-1′), 141.82 (C-3′, 5′), 139.78
943 (C-1″), 131.26 (=CCO), 128.25 (C-4′), 128.22 (C-3″, 5″), 128.08
944 (H2C=), 123.45 (C-4″), 120.82 (C-2′, 6′), 117.87 (C-2″, 6″), 22.80
945 (2CH3).
946 N3-(4-Chlorophenyl)-1-(1-methylimidazol-4-yl)sulfonyl-1,2,4-tri-
947 azole-3,5-diamine 11826369a.

948 White solid in 32% yield. HRMS: calcd for C12H12ClN7O2S [M]+
949 353.7884, found 353.7884. 1H NMR (200 MHz, DMSO): δ 9.28 (s,
950 1H, NH), 8.15 (s, 1H, HC(5′)), 7.81 (s, 1H, HC(2′)), 7.45 (d, J = 8.8
951 Hz, 2H, HC(3″, 5″)), 7.23 (d, J = 8.6Hz, 2H, HC(2″, 6″)), 7.14 (s, 2H,
952 NH2), 3.72 (s, 3H, NCH3). 13C NMR (50MHz, DMSO): δ 158.87 (C-
953 3), 157.17 (C-5), 140.45 (C-2′), 139.74 (C-1″), 135.13 (C-4′), 128.19
954 (C- 3″, 5″), 127.46 (C-5′), 123.40 (C-4″), 117.95 (C-2″, 6″), 33.67
955 (NCH3).
956 1-[(5-Bromo-6-chloro-3-pyridyl)sulfonyl]-N3-(4-chlorophenyl)-
957 1,2,4-triazole-3,5-diamine 11826371.

958 White solid in 45% yield. HRMS: calcd C13H9BrCl2N6O2S [M]+
959 464.1252, found 464.1251. 1H NMR (300 MHz, DMSO): δ 9.50 (s,
960 1H, NH), 8.93 (d, J = 2.2 Hz, 1H, HC(2′)), 8.72 (d, J = 2.2 Hz, 1H,
961 HC(4′)), 7.49 (d, J = 8.9 Hz, 2H, HC(3″, 5″)), 7.48 (brs, 2H, NH2),
962 7.30 (d, J = 8.9 Hz, 2H, HC(2″, 6″)). 13C NMR (50 MHz, DMSO): δ
963 160.09 (C-3), 157.36 (C-5), 155.41 (C-6′), 146.32 (C-2′), 141.05 (C-

9641″), 139.31 (C-4′), 132.19 (C-3′), 128.51 (C-3″, 5″), 124.01 (C-4″),
965120.67 (C-5′), 118.31 (C-2″, 6″).
9661-(4-tert-Butylphenyl)sulfonyl- N3-(4-chlorophenyl)-1,2,4-tria-
967zole-3,5-diamine 11826372.

968White solid in 56% yield. HRMS: calcd for C18H20ClN5O2S [M]+

969405.9026, found 405.9026. 1H NMR (200 MHz, DMSO): δ 9.36 (brs,
9701H, NH), 7.89 (d, J = 8.2 Hz, 2H, HC(2′, 6′)), 7.67 (d, J = 8.2 Hz, 2H,
971HC(3′, 5′)), 7.49 (d, J = 8.2, 2H, HC(2″, 6″)), 7.35 (brs, 2H, NH2),
9727.26 (d, J = 8.2 Hz, 2H, HC(3″, 5″)), 1.27 (s, 9H, (CH3)3). 13C NMR
973(50 MHz, DMSO): δ 159.31 (C-3), 158.03 (C-4′), 157.02 (C-5),
974139.68 (C-1″), 133.46 (C-1′), 128.35 (C-3″, 5″), 127.31 (C-2′, 6′),
975126.50 (C-3′, 5′), 123.69 (C-4″), 118.12 (C-2″, 6″), 35.08 (CMe3),
97630.60 (CH3).
977N3-(4-Chlorophenyl)-1-[4-(4-fluorophenyl)phenyl]sulfonyl-1,2,4-
978triazole-3,5-diamine 11826378.

979White solid in 41% yield. HRMS: calcd for C20H15ClFN5O2S [M]+

980443.8827, found 443.8828 1H NMR (200 MHz, DMSO): δ 9.35 (brs,
9811H, NH), 8.02 (d, J = 8.5 Hz, 2H, HC(2′, 6′)), 7.90 (d, J = 8.5 Hz, 2H,
982HC(3′, 5′)), 7.76 (dd, J = 8.8, 5.5 Hz, 2H, HC(3‴, 5‴)), 7.49 (d, J = 8.9
983Hz, 2H, HC(3″, 5″)), 7.38 (s, 2H, NH2), 7.28 (d, J = 8.8 Hz, 2H,
984HC(2‴, 6‴)), 7.26 (d, J = 8.9 Hz, 2H, HC(2″, 6″)). 13C NMR (50
985MHz, DMSO): δ 165.9 (d, J = 98 Hz, (C-4‴)), 159.45 (C-3), 157.17
986(C-5), 145.05 (C-4′), 139.53 (C-1″), 134.61 (C-1′), 134.41 (d, J = 11
987Hz, C-1‴), 129.30 (d, J = 21.5 Hz, C-3″, 5″), 128.28 (d, J = 38 Hz, C-
9882‴, 6‴), 127.97 (C-3′, 5′), 127.55 (C-2′, 6′), 123.67 (C-4″), 118.06
989(C-2″, 6″), 115.80 (d, J = 53 Hz, (C-3‴, 5‴)).
9901-(4-Bromo-3-methyl-phenyl)sulfonyl-N3-(2,4,6-trimethylphen-
991yl)-1,2,4-triazole-3,5-diamine 11926099.

992White solid in 64% yield. HRMS: calcd for C18H20BrN5O2S [M]+

993450.3539, found 450.3539. 1H NMR (300 MHz, DMSO): δ 8.52 (s,
9941H, HC(1′)), 8.18 (d, J = 8.6 Hz, 1H, HC(8′)), 8.18 (d, J = 8.5 Hz, 1H,
995HC(3′)), 8.08 (d, J = 7.8Hz, 1H,HC(5′)), 7.83−7.68 (m, 3H,HC(6′),
996HC(7′), HC(4′)), 7.66 (brs, 1H, NH), 7.23 (brs, 2H, NH2), 6.75 (s,
9972H, HC(3″, 5″)), 2.18 (s, 3H, C(2″)-CH3, C(6″)-CH3), 1.79 (s, 6H,
998C(4″)-CH3). 13C NMR (50 MHz, DMSO): δ 162.51 (C-3), 158.82
999(C-5), 135.26 (C-1″), 134.92 (C-2′), 134.62 (C-4a′), 134.07 (C-8a′),
1000132.91 (C-3′), 131.37 (C-4′), 129.70 (C-5′), 129.45 (C-2″, 6″), 129.32
1001(C-4″), 128.19 (C-3″, 5″), 127.95 (C-1′), 127.89 (C-6′), 121.70 (C-
10028′), 20.40 ((C-4″)-CH3), 17.58 (C(2″)-CH3, C(6″)-CH3).
1003N3-(4-Chlorophenyl)-1-[1-[5-(trifluoromethyl)-2-pyridyl]-
1004imidazol-4-yl]sulfonyl-1,2,4-triazole-3,5-diamine 11926103.
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1005 White solid in 37% yield. HRMS: calcd for C17H12ClF3N8O2S [M]+

1006 484.8438, found 484.8439. 1H NMR (200 MHz, DMSO): δ 9.39 (brs,
1007 1H, NH), 9.28 (s, 1H, HC(5′)), 8.93 (d, J = 2.2 Hz, 1H, HC(6‴)), 8.44
1008 (dd, J = 8.7, 2.5 Hz, 1H, HC(4‴)), 8.39 (s, 1HHC(2′)), 8.14 (d, J = 8.7
1009 Hz, 1H, HC(3‴)), 7.52 (d, J = 8.8 Hz, 2H, HC(3″, 5″)), 7.40 (brs, 2H,
1010 NH2), 7.26 (d, J = 8.8 Hz, 2H, HC(2″, 6″)). 13C NMR (50 MHz,
1011 DMSO) δ 159.75 (C-3), 157.24 (C-5), 151.80 (C-2‴), 145.95 (q, J = 5
1012 Hz, C-6‴), 141.29 (C-2′), 139.50 (C-1″), 137.69 (q, J = 6 Hz, C-4‴),
1013 130.25 (C-5′), 128.28 (C-3″, 5″), 125.10 (q, J = 265 Hz, CF3), 124.43
1014 (q, J = 30 Hz, C-5‴), 123.73 (C-4″), 121.01 (C-4′), 118.18 (C-2″, 6″),
1015 113.22 (C-3′).
1016 N3-(4-Chlorophenyl)-1-[1-[4-(trifluoromethyl)pyrimidin-2-yl]-
1017 imidazol-4-yl]sulfonyl-1,2,4-triazole-3,5-diamine 11926105.

1018 White solid in 55% yield. HRMS: calcd for C16H11ClF3N9O2S [M]+

1019 485.8319, found 485.8319. 1H NMR (500 MHz, DMSO): δ 9.42 (brs,
1020 1H, NH), 9.29 (s, 1H, HC(5′)), 9.28 (d, J = 5.0 Hz, 1H, HC(6‴)), 8.39
1021 (s, 1H, HC(2′)), 8.09 (d, J = 5.0 Hz, 1H, HC(5⁗)), 7.52 (d, J = 8.9 Hz,
1022 2H, HC(3″, 5″)), 7.44 (brs, 2H, NH2), 7.28 (d, J = 8.9 Hz, 2H, HC(2″,
1023 6″)). 13C NMR (126 MHz, DMSO): δ 163.39 (C-2‴), 159.89 (C-3),
1024 157.41 (C-5), 155.40 (q, J = 48 Hz, C-4‴), 154.50 (C-6‴), 141.58 (C-
1025 2′), 139.52 (C-1″), 132.66 (C-4′), 128.39 (C-3″, 5″), 123.82 (C-4″),
1026 121.19 (C-5′), 118.89 (q, J = 274 Hz, CF3), 118.24 (C-2″, 6″), 116.88
1027 (C-5‴).
1028 1-[5-[[5-Amino-3-(4-chloroanilino)-1,2,4-triazol-1-yl]sulfonyl]-
1029 indolin-1-yl]ethanone 11926106.

1030 White solid in 37% yield. HRMS: calcd for C18H17ClN6O3S [M]+

1031 432.8849, found 432.8849. 1H NMR (200 MHz, DMSO): δ 9.32 (brs,
1032 1H, NH), 8.16 (brd, J = 8.6 Hz, 1H, HC(7′)), 7.79 (d, J = 8.6 Hz, 1H,
1033 HC(6′)), 7.77 (brs, 1H, HC(4′)), 7.47 (d, J = 8.9Hz, 2H, HC(3″, 5″)),
1034 7.28 (brs, 2H, NH2), 7.26 (d, J = 8.9 Hz, 2H, HC(2″, 6″)), 4.13 (t, J =
1035 8.67 Hz, 2H, H2C(2′)), 3.18 (t, J = 8.7 Hz, 2H, H2C(3′)), 2.17 (s, 3H,
1036 CH3CO). 13CNMR (50MHz, DMSO): δ 169.51 (CO), 159.25 (C-3),
1037 157.07 (C-5), 148.09 (C-7a′), 139.62 (C-1″), 133.41 (C-3a′), 129.25
1038 (C-5′), 128.25 (C-3″, 5″), 128.11 (C-4′), 123.90 (C-6′), 123.55 (C-
1039 4″), 117.99 (C-2″, 6″), 115.13 (C-7′), 48.64 (C-2′), 26.79 (C-3′),
1040 23.91 (CH3CO).
1041 2-[2-[[5-Amino-3-(4-chloroanilino)-1,2,4-triazol-1-yl]sulfonyl]-
1042 ethyl]isoindoline-1,3-dione 11926108.

1043 White solid in 64% yield. HRMS: calcd for C18H15ClN6O4S [M]+

1044 446.8684, found 446.8685. 1H NMR (500 MHz, DMSO): δ 9.26 (s,
1045 1H, NH), 7.77−7.72 (m, 4H, HC(4′, 5′, 6′, 7′)), 7.43 (d, J = 8.9 Hz,
1046 2H, HC(3″, 5″)), 7.25 (d, J = 8.9 Hz, 2H, HC(2″, 6″)), 7.11 (s, 2H,
1047 NH2), 4.07−3.99 (m, 4H, 2CH2). 13C NMR (126 MHz, DMSO) δ
1048 167.03 (CO), 159.00 (C-3) 156.31 (C-5), 139.62 (C-1″), 134.23 (C-
1049 4′, 5′), 131.37 (C-3a′, 7a′), 128.23 (C-3″, 5″), 123.56 (C-4′, 7′),
1050 122.93 (C-4″), 118.12 (C-2″, 6″), 49.30 (CS), 31.68 (CH2N).

1051N3-(4-Chlorophenyl)-1-(2,4-dimethylthiazol-5-yl)sulfonyl-1,2,4-
1052triazole-3,5-diamine 11926109.

1053White solid in 57% yield. HRMS: calcd for C13H13ClN6O2S2 [M]+

1054384.8663, found 384.8664. 1H NMR (200 MHz, DMSO): δ 9.42 (s,
10551H, NH), 7.51 (d, J = 8.9 Hz, 2H, HC(3″, 5″)), 7.39 (brs, 2H, NH2),
10567.26 (d, J = 8.9 Hz, 2H, HC(2″, 6″)), 2.65 (d, J = 1.8 Hz, 6H, 2CH3).
105713CNMR (50MHz, DMSO): δ 171.73 (C-2′), 159.79 (C-3), 158.88
1058(C-4′), 157.15 (C-5), 139.41 (C-1″), 128.25 (C-3″, 5″), 124.61 (C-5′),
1059123.85 (C-4″), 118.09 (C-2″, 6″), 19.09 (CH3-C(2′)), 16.54 (CH3-
1060C(4′)).
10611-(2,1,3-Benzoxadiazol-4-ylsulfonyl)-N3-(4-chlorophenyl)-1,2,4-
1062triazole-3,5-diamine 11926110.

1063White solid in 24% yield. HRMS: calcd for C14H10ClN7O3S [M]+

1064391.7933 found 391.7933. 1HNMR (500MHz, DMSO): δ 9.36 (s, 1H,
1065NH), 8.49 (d, J = 9.0 Hz, 1H, HC(7′)), 8.44 (d, J = 6.8 Hz, 1H,
1066HC(5′)), 7.85 (dd, J = 9.1, 6.9 Hz, 1H, HC(6′)), 7.50 (brs, 2H, NH2),
10677.35 (d, J = 8.9 Hz, 2H, HC(3″, 5″)), 7.20 (d, J = 8.9 Hz, 2H, HC(2″,
10686″)). 13C NMR (126 MHz, DMSO): δ 159.51 (C-3), 157.14 (C-5),
1069149.22 (C-3a′), 143.80 (C-7a′), 139.38 (C-1″), 137.49 (C-6′), 131.52
1070(C-5′), 128.27 (C-3″, 5″), 124.58 (C-4′), 123.77 (C-4″), 123.69 (C-
10717′), 118.09 (C-2″, 6″).
10721-(4-Bromo-2-fluoro-phenyl)sulfonyl-N3-(4-chlorophenyl)-1,2,4-
1073triazole-3,5-diamine 11926326.

1074White solid in 26% yield. HRMS: calcd for C14H10BrClFN5O2S [M]+

1075446.6828, found 446.6827.
10761H NMR (200MHz, DMSO): δ 9.35 (brs, 1H, NH), 7.96 (d, J = 8.4
1077Hz, 1H, HC(6′)), 7.88 (d, J = 9.2 Hz, 1H, HC(3′)), 7.72 (d, J = 8.4 Hz,
10781H, HC(5′)), 7.41 (d, J = 8.7 Hz, 2H, HC(3″, 5″)), 7.33 (brs, 2H,
1079NH2), 7.21 (d, J = 8.6 Hz, 2H, HC(2″, 6″)). 13C NMR (50 MHz,
1080DMSO): δ 159.46 (C-3), 158.03 (d, J = 262.0 Hz, C-2′), 156.92 (C-5),
1081139.42 (C-1″), 131.96 (C-4′), 130.17 (d, J = 9.3 Hz, C-6′), 128.66 (d, J
1082= 4.0 Hz, C-5′), 128.21 (C-3″, C-5″), 123.73 (C-4″), 123.53 (d, J =
108313.8 Hz, C-1′), 121.17 (d, J = 24.3 Hz, C-3′), 118.05 (C-2″, C-6″).
10841-(5-Chloro-2-methoxy-phenyl)sulfonyl-N3-(4-chlorophenyl)-
10851,2,4-triazole-3,5-diamine 11926323.

1086White solid in 40% yield. HRMS: calcd for C15H13Cl2N5O3S [M]+

1087414.2670, found 414.2671. 1H NMR (200 MHz, DMSO): δ 9.33 (s,
10881H, NH), 7.89 (d, J = 2.6 Hz, 1H, HC(6′)), 7.76 (dd, J = 9.0, 2.6 Hz,
10891H, HC(4′)), 7.36 (d, J = 9.1 Hz, 2H, HC(3″, 5″)), 7.28 (d, J = 9.0 Hz,
10901H, HC(3′)), 7.22 (s, 2H, NH2), 7.20 (d, J = 9.1 Hz, 2H, HC(2″, 6″)),
10913.82 (s, 3H, OCH3). 13C NMR (50 MHz, DMSO): δ 158.97 (C-3),
1092157.95 (C-2′), 155.79 (C-5), 139.66 (C-1″), 136.22 (C-4′), 129.56 (C-
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1093 5′), 128.22 (C-3″, 5″), 125.73 (C-6′), 124.14 (C-1′), 123.54 (C-4″),
1094 117.91 (C-2″, 6″), 115.33 (C-3′), 56.62 (OCH3).
1095 N3-(4-Chlorophenyl)-1-(2,3,4-trifluorophenyl)sulfonyl-1,2,4-tria-
1096 zole-3,5-diamine 11926328.

1097 White solid in 38% yield. HRMS: calcd for C14H9ClF3N5O2S [M]+

1098 403.7677, found 403.7677. 1H NMR (200 MHz, DMSO): δ 9.44 (s,
1099 1H, NH), 8.02−7.83 (m, J = 2.3, 5.6, 8.1, 9.3 Hz, 1H, HC(6′)), 7.62
1100 (tdd, J = 9.3, 6.7, 2.1 Hz, 1H, HC(5′)), 7.45 (s, 2H, NH2), 7.43 (d, J =
1101 8.7 Hz, 2H, HC(3″, 5″)), 7.23 (d, J = 8.8 Hz, 2H, HC(2″, 6″)). 13C
1102 NMR (50MHz, DMSO): δ 159.72 (C-3), 156.94 (C-5), 151.00 (ddd, J
1103 = 152.0, 8.0, 3.0 Hz, (C-4′)), 145.57 (ddd, J = 4.6, 12.0, 146.0 Hz, (C-
1104 2′)), 142.26 (dt, J = 255.0, 15.0 Hz, (C-3′)), 139.47 (C-1″), 128.31 (C-
1105 3″, 5″), 125.94 (dd, J = 4.6, 9.0 Hz, C-6′), 123.92 (C-4″), 121.90 (dd, J
1106 = 3.0, 12.0 Hz, C-1′), 118.22 (C-2″, 6″), 113.90 (dd, J = 3.0, 19.0Hz, C-
1107 5′).
1108 1-[(5-Bromo-2-thienyl)sulfonyl]-N3-(4-chlorophenyl)-1,2,4-tria-
1109 zole-3,5-diamine 11926329.

1110 White solid in 47% yield. HRMS: calcd C12H9BrClN5O2S2 [M]+

1111 434.7211, found 434.7211. 1H NMR (200 MHz, DMSO): δ 9.47 (s,
1112 1H, NH), 7.72 (d, J = 4.1 Hz, 1H, HC(3′)), 7.53 (d, J = 9.0 Hz, 2H,
1113 HC(3″, 5″)), 7.44 (brs, 2H, NH2), 7.42 (d, J = 4.1 Hz, 1H, HC(4′)),
1114 7.29 (d, J = 9.0 Hz, 2H, HC(2″, 6″)). 13C NMR (50 MHz, DMSO): δ
1115 160.18 (C-3), 157.61 (C-5), 139.41 (C-1″), 135.38 (C-2′), 135.26 (C-
1116 3′), 131.68 (C-4′), 128.37 (C-3″, 5″), 123.97 (C-4″), 122.58 (C-5′),
1117 118.28 (C-2″, 6″).
1118 N3-(4-Chlorophenyl)-1-[(2,5-dichloro-3-thienyl)sulfonyl]-1,2,4-
1119 triazole-3,5-diamine 11926330.

1120 White solid in 34% yield. HRMS: calcd for C12H8Cl3N5O2S2 [M]+

1121 424.7145, found 424.7144. 1HNMR (200MHz, DMSO) δ 9.47 (s, 1H,
1122 NH), 7.53 (s, 1H, HC(4′)), 7.50 (d, J = 8.8 Hz, 2H, HC(3″, 5″)), 7.42
1123 (s, 2H, NH2), 7.25 (d, J = 8.7 Hz, 2H, HC(2″, 6″)). 13C NMR (50
1124 MHz, DMSO) δ 159.69 (C-3), 156.96 (C-5), 139.47 (C-1″), 133.53
1125 (C-3′), 131.86 (C-2′), 128.34 (C-3″, 5″), 127.28 (C-5′), 126.43 (C-
1126 4′), 123.88 (C-4″), 118.21 (C-2″, 6″).
1127 4-[[5-Amino-1-(6-chloroimidazo[2,1-b]thiazol-5-yl)sulfonyl-
1128 1,2,4-triazol-3-yl]amino]-benzonitrile 11926331.

1129 White solid in 49% yield. HRMS: calcd for C14H9ClN8O2S2 [M]+

1130 420.8587, found 420.8588. 1H NMR (200 MHz, DMSO): δ 9.86 (brs,
1131 1H, NH), 8.23 (d, J = 4.4 Hz, 1H, HC(3′)), 7.78 (d, J = 4.4 Hz, 1H,
1132 HC(2′)), 7.65−7.50 (m, 4H, HC(2″, 3″, 5″, 6″)), 7.49 (brs, 2H, NH2).
1133

13CNMR (50MHz, DMSO) δ 159.27 (C-3), 156.75 (C-5), 151.69 (C-
1134 7a′), 144.41 (C-4″), 139.07 (C-6′), 132.83 (C-2″, C-6″), 120.85 (C-

11355′), 119.33 (C-3′), 117.67 (C-3″, C-5″), 116.69 (CN-C1″), 115.18 (C-
11362′), 101.63 (C-1″).
11375-[[5-Amino-3-(2,4,6-trichloroanilino)-1,2,4-triazol-1-yl]-
1138sulfonyl]naphthalene-2-carbonitrile 12026108.

1139White solid in 54% yield. HRMS: calcd for C19H11Cl3N6O2S [M]+

1140493.7540, found 493.7542. 1H NMR (200 MHz, DMSO): δ 8.81 (s,
11411H, NH), 8.77 (d, J = 8.10 Hz, 1H, HC(4′)), 8.54 (s, 1H, HC(1′)),
11428.49 (d, J = 7.9Hz, 1H, HC(8′)), 7.90 (m, 2H,HC(7′, 3′)), 7.55 (s, 2H,
1143HC(3″, 5″)), 7.45 (s, 2H, NH2).
114413C NMR (126 MHz, DMSO): δ 160.49 (C-3), 157.76 (C-5),
1145136.56 (C-1″), 135.09 (C-5′), 134.65 (C-4a′), 133.98 (C-3″, C-5″),
1146133.31 (C-8a′), 132.72 (C-2″, 6″), 131.10 (C-8′), 128.51 (C-4″),
1147128.19 (C-3′), 128.03 (C-3″, 5″), 128.19 (C-4″), 127.72 (C-6′),
1148126.44 (C-7′), 126.05 (C-4′), 118.21 (CN), 109.83 (C-1′).
11493-[[5-Amino-3-(4-cyanoanilino)-1,2,4-triazol-1-yl]sulfonyl]-
1150benzonitrile 12026109.

1151White solid in 56% yield. HRMS: calcd for C16H11N7O2S [M]+

1152365.3705, found 365.3706. 1H NMR (200 MHz, DMSO): δ 9.88
1153(brs, 1H, NH), 8.48 (brs, 1H, HC(2′)), 8.25 (d, J = 7.7 Hz, 2H,
1154HC(4′), HC(6′)), 7.90 (t, J = 7.7 Hz, 1H, HC(5′)), 7.72−7.56 (m, 4H,
1155HC(2″, 3″, 5″, 6″)), 7.53 (s, 2H,NH2). 13CNMR (50MHz, DMSO): δ
1156159.33 (C-3), 157.24 (C-5), 144.63 (C-1″), 138.41 (C-6′), 137.01 (C-
11573′), 133.07 (C-3″, 5″), 131.74 (C-2′), 131.25 (C-4′), 131.04 (C-5′),
1158119.43 (CN-C1′), 116.91 (CN-C1″), 116.82 (C-2″, 6″), 113.03 (C-
11591′), 101.72 (C-4″).
11603-[[5-Amino-3-(2,4,6-trichloroanilino)-1,2,4-triazol-1-yl]-
1161sulfonyl]benzonitrile 12026111.

1162White solid in 76% yield. HRMS: calcd for C15H9Cl3N6O2S [M]+

1163443.6953, found 443.6954. 1H NMR (200 MHz, DMSO): δ 8.70 (brs,
11641H, NH), 8.26 (t, J = 2.1 Hz, 1H, HC(2′)), 8.24 (d, J = 2.1 Hz, 1H,
1165HC(6′), 8.13 (dt, J = 8.2, 1.5 Hz, 1H, HC(3′)), 7.88 (t, J = 8.1 Hz, 1H,
1166HC(5′)), 7.62 (s, 2H, HC(3″, 5″)), 7.41 (brs, 2H, NH2). 13CNMR (50
1167MHz, DMSO): δ 161.63 (C-3), 158.75 (C-5), 137.93 (C-1″), 136.89
1168(C-6′), 134.71 (C-2′), 133.95 (C-3′), 131.58 (C-4′), 131.32 (C-5′),
1169130.94 (C-2″, 6″)), 128.15 (C-3″, 5″, 4″), 116.89 (CN), 112.77 (C-1′).
1170N-[5-[[5-Amino-3-(2,4,5-trichloroanilino)-1,2,4-triazol-1-yl]-
1171sulfonyl]-4-methyl-thiazol-2-yl]acetamide 12026113.
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1172 White solid in 48% yield. HRMS: calcd for C14H12Cl3N7O3S2 [M]+
1173 496.7806, found 496.7808. 1HNMR (200MHz, DMSO): δ 12.79 (brs,
1174 1H, CONH), 8.45 (brs, 1H, NH), 8.29 (s, 1H, HC(6′)), 7.70 (s, 1H,
1175 HC(3′)), 7.45 (brs, 2H, NH2), 2.62 (s, 3H, CH3Ar), 2.18 (s, 3H,
1176 CH3CO). 13C NMR (50 MHz, DMSO): δ 169.70 (CO), 161.42 (C-
1177 2′), 158.85 (C-3), 156.99 (C-4′), 156.87 (C-5), 136.71 (C-1″), 130.01
1178 (C-3″), 129.92 (C-5″), 122.97 (C-4″), 120.79 (C-2″), 120.13 (C-6″),
1179 116.97 (C-5′), 22.21 (CH3CO), 16.67 (CH3-C-4′).
1180 4-[[5-Amino-1-[[6-(trifluoromethyl)-3-pyridyl]sulfonyl]-1,2,4-tria-
1181 zol-3-yl]amino]-3-chloro-benzonitrile 12026116.

1182 White solid in 41% yield. HRMS: calcd for C15H9ClF3N7O2S [M]+
1183 443.7918, found 443.7918. 1HNMR (200MHz, DMSO): δ 9.33 (d, J =
1184 2.3 Hz, 1H, HC(2′)), 8.73 (s, 1H, NH), 8.68 (dd, J = 8.4, 2.5 Hz, 1H,
1185 HC(4′)), 8.25 (d, J = 8.4 Hz, 1H, HC(5′)), 8.16 (d, J = 8.8 Hz, 1H,
1186 HC(5″)), 7.92 (d, J =2.0 Hz, 1H, HC(2″)), 7.75 (dd, J = 8.8, 2.0 Hz,
1187 2H, HC(6″)), 7.70 (s, 2H, NH 2). 13C NMR (50 MHz, DMSO): δ
1188 159.18 (C-3), 157.21 (C-5), 151.19 (q, J = 74 Hz, C(6′)), 148.17 (C-
1189 2′), 140.83 (C-4″), 138.42 (C-4′), 135.56 (C-3′), 132.77 (C-2″),
1190 131.89 (C-6″), 122.06 (C-5′), 121.8 (q, J = 260 Hz, CF3), 121.34 (C-
1191 3″), 119.25 (C-5″), 117.82 (CN), 103.81 (C-1″).
1192 5-[[5-Amino-3-[4-[(E)-2-cyanovinyl]anilino]-1,2,4-triazol-1-yl]-
1193 sulfonyl]naphthalene-2-carbonitrile 12026118.

1194 White solid in 62% yield. HRMS: calcd for C22H15N7O2S [M]+
1195 420.8587, found 420.8587. 1H NMR (200 MHz, DMSO): δ 9.57
1196 (brs, 1H, NH), 9.09 (d, J = 9.0 Hz, 1H, HC(4′)), 8.78 (d, J = 1.7 Hz,
1197 1H, HC(1′)), 8.63 (dd, J = 7.5, 1.2 Hz, 1H, HC(6′)), 8.50 (d, J = 8.2
1198 Hz, 1H, HC(8′)), 8.11 (dd, J = 9.0, 1.8 Hz, 1H, HC(3′)), 7.93 (t, J = 7.9
1199 Hz, 1H, HC(7′)), 7.55 (s, 2H, NH2), 7.50 (d, J = 8.7 Hz, 2H, HC(2″,
1200 6″)), 7.48 (d, J = 16.5 Hz, 1H, (HC=)Ph), 7.40 (d, J = 8.7 Hz, 2H,
1201 HC(3″, 5″)), 6.20 (d, J = 16.5 Hz, 1H, (HC=)CN). 13C NMR (50
1202 MHz, DMSO): δ 158.76 (C-3), 156.39 (C-5), 150.20 (PhC=), 143.01
1203 (C-1″), 136.94 (C-5′), 135.41 (C-1′), 133.62 (C-4a′), 132.78 (C-8a′),
1204 132.16 (C-3′), 129.22 (C-8′), 128.71 (C-3″, C-5″), 128.00 (C-4″),
1205 126.64 (C-6′), 126.16 (C-7′), 125.83 (C-4′), 119.33 (CN-C2′), 118.16
1206 (CN-C=), 116.42 (C-2″, C-6″), 110.06 (C-1′), 92.68 (=CCN).
1207 4-[[5-Amino-1-[(2-chloro-5-quinolyl)sulfonyl]-1,2,4-triazol-3-yl]-
1208 amino]-3-chloro-benzonitrile 12026122.

1209 White solid in 33% yield. HRMS: calcd for C18H11Cl2N7O2S [M]+
1210 460.2973, found 460.2972. 1HNMR (200MHz, DMSO): δ 8.63 (d, J =
1211 8.4 Hz, 1H, HC(6′)), 8.62 (d, J = 8.9 Hz, 1H, HC(8′)), 8.50 (brs, 1H,
1212 NH), 8.49 (d, J = 8.7 Hz, 1H, HC(3′)), 7.91 (t, J = 7.8, 1H, HC(7′)),
1213 7.84 (d, J = 8.4, 1H, HC(4′)), 7.81 (d, J = 2.0Hz, 1H,HC(2″)), 7.78 (d,
1214 J = 8.7 Hz, 1H, HC(5″)), 7.58 (dd, J = 8.7, 2.0 Hz, 1H, HC(6″)), 7.44
1215 (brs, 2H, NH2). 13C NMR (50 MHz, DMSO): δ 157.85 (C-3), 157.66

1216(C-5), 151.69 (C-2′), 142.16 (C-8a′), 141.23 (C-5′), 140.75 (C-4″),
1217135.92 (C-4′), 134.24 (C-7′), 132.68 (C-2″), 132.41 (C-6′), 131.62
1218(C-6″), 127.32 (C-4a′), 126.38 (C-8′), 124.22 (C-3′), 120.72 (C-3″),
1219118.27 (C-5″), 117.91 (CN), 103.06 (C-1″).
12204-[[5-Amino-1-(6-chloroimidazo[2,1-b]thiazol-5-yl)sulfonyl-
12211,2,4-triazol-3-yl]amino]-2-chloro-benzonitrile 12026123.

1222White solid in 76% yield. HRMS: calcd for C14H8Cl2N8O2S2 [M]+
1223455.3034, found 455.3034. 1HNMR (200MHz, DMSO): δ 10.16 (brs,
12241H, NH), 8.21 (d, J = 4.4 Hz, 1H, HC(3′)), 7.85−7.69 (m, 3H,
1225HC(5″), HC(2″), HC(2′)), 7.62 (brs, 2H, NH2), 7.40 (dd, J = 8.7, 2.1
1226Hz, 1H, HC(6″)). 13C NMR (50 MHz, DMSO): δ 158.88 (C-3),
1227156.84 (C-5), 151.90 (C-7a′), 145.53 (C-4″), 139.41 (C-6′), 136.04
1228(C-2″), 134.74 (C-6″), 120.58 (C-5′), 118.12 (CN-C1″), 116.58 (C-
12293″), 116.43 (C-3′), 115.52 (C-2′), 115.00 (C-5″), 101.99 (C-1″).
12304-[[5-Amino-1-(2,4-dimethylthiazol-5-yl)sulfonyl-1,2,4-triazol-3-
1231yl]amino]-2-chloro-benzonitrile 12026124.

1232White solid in 79% yield. HRMS: calcd for C14H12ClN7O2S2 [M]+
1233409.8758, found 409.8758. 1H NMR (200 MHz, DMSO): δ 10.18 (s,
12341H, NH), 7.89 (d, J = 2.0 Hz, 1H, HC(3″)), 7.76 (d, J = 8.7 Hz, 1H,
1235HC(6″)), 7.54 (brs, 2H, NH2), 7.46 (dd, J = 8.7, 2.2 Hz, 1H, HC(5″)),
12362.67 (s, 6H, 2CH3). 13C NMR (50 MHz, DMSO): δ 172.16 (C-2′),
1237159.27 (C-3), 158.90 (C-4′), 157.00 (C-5), 145.69 (C-4″), 136.09 (C-
12382″), 134.71 (C-6″), 124.61 (C-5′), 116.49 (C-3″, CN-C1″), 115.52 (C-
12395″), 102.02 (C-1″), 19.18 (CH3-C2′), 16.55 (CH3-C3′).
12404-[[5-Amino-1-(2-chloro-4-cyano-phenyl)sulfonyl-1,2,4-triazol-
12413-yl]amino]-3-chloro-benzonitrile 12126046.

1242White solid in 45% yield. HRMS: calcd for C16H9Cl2N7O2S [M]+
1243434.2600, found 434.2602. 1HNMR (200MHz, DMSO): δ 10.16 (brs,
12441H, NH), 8.38 (d, J = 1.6 Hz, 1H, HC(3′)), 8.36 (d, J = 8.4 Hz, 1H,
1245HC(5′)), 8.16 (dd, J = 8.34, 1.6 Hz, 1H, HC(6′)), 7.70 (d, J = 8.8 Hz,
12461H, HC(5″)), 7.66 (d, J = 2.2 Hz, 1H, HC(3″)), 7.59 (brs, 2H, NH2),
12477.35 (dd, J = 8.7, 2.1 Hz, 1H, HC(6″)). 13 C NMR (50MHz, DMSO):
1248δ 158.42 (C-3), 157.03 (C-5), 145.71 (C-4″), 138.14 (C-1′), 135.98
1249(C-2″), 135.71 (C-2′), 134.70 (C-6′), 132.63 (C-5′), 132.34 (C-2″3′),
1250132.03 (C-6″), 118.46 (C-4′C-5″), 116.49 (CN-C1″), 116.36 (C-3″),
1251115.94 (CN-C4′), 115.39 (C-5″), 101.91 (C-1″).
1252N-[5-[[5-Amino-3-[4-(cyanomethyl)anilino]-1,2,4-triazol-1-yl]-
1253sulfonyl]-4-methyl-thiazol-2-yl]acetamide 12126052.

1254White solid in 19% yield. HRMS: calcd for C16H16N8O3S2 [M]+
1255432.4824, found 432.4823. 1H NMR (200 MHz, DMSO): δ 12.74 (s,
12561H, CONH), 9.31 (s, 1H, NH), 7.51 (d, J = 8.5 Hz, 2H, HC(3″, 5″)),
12577.33 (brs, 2H, NH2), 7.20 (d, J = 8.3 Hz, 2H, HC(2″, 6″)), 3.89 (s, 2H,
1258CH2), 2.61 (s, 3H, CH3Ar), 2.17 (s, 3H, CH3CO). 13CNMR (50MHz,
1259DMSO): δ 169.67 (CO), 161.12 (C-2′), 159.72 (C-3), 157.06 (C-5),
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1260 156.42 (C-3′), 140.05 (C-4″), 128.22 (C-3″, 5″), 122.37 (C-1″),
1261 119.21 (CN), 117.15 (C-1′), 116.91 (C-2″, 6″), 22.22 (MeCO), 21.64
1262 (CH2), 16.70 (CH3-C-4′).
1263 4-[[5-Amino-1-(6-chloroimidazo[2,1-b]thiazol-5-yl)sulfonyl-
1264 1,2,4-triazol-3-yl]amino]-phthalonitrile 12126053.

1265 White solid in 67% yield. HRMS: calcd for C15H8ClN9O2S2 [M]+

1266 445.8682, found 445.8683. 1H NMR (200 MHz, DMSO): δ 10.37 (s,
1267 1H, NH), 8.24 (d, J = 4.5 Hz, 1H, HC(3′)), 8.03 (d, J = 2.2 Hz, 1H,
1268 HC(3″)), 7.91 (d, J = 8.2 Hz, 1H, HC(6″)), 7.80−7.69 (m, 2H,
1269 HC(2′), HC(5″)), 7.62 (brs, 2H, NH2). 13C NMR (50MHz, DMSO):
1270 δ 158.66 (C-3), 156.69 (C-5), 151.87 (C-7a′), 144.78 (C-4″), 139.50
1271 (C-6′), 134.62 (C-6″), 120.53 (C-3″), 120.42 (C-5″), 120.34 (C-5′),
1272 118.00 (C-3′), 116.33 (C-2′), 115.88 (CN), 115.24 (CN), 114.9 (C-
1273 2″), 104.05 (C-1″).
1274 5-[[5-Amino-3-[4-(cyanomethyl)anilino]-1,2,4-triazol-1-yl]-
1275 sulfonyl]naphthalene-2-carbonitrile 12126054.

1276 White solid in 57% yield. HRMS: calcd for C21H15N7O2S [M]+

1277 429.4558, found 429.4558. 1H NMR (200 MHz, DMSO): δ 9.18 (s,
1278 1H, NH), 9.12 (d, J = 9.1 Hz, 1H, HC(4′)), 8.73 (d, J = 1.7 Hz, 1H,
1279 HC(1′)), 8.61 (d, J = 7.5 Hz, 1H, HC(6′)), 8.47 (d, J = 8.2 Hz, 1H,
1280 HC(8′)), 8.05 (dd, J = 8.9, 1.8 Hz, 1H, HC(3′)), 7.91 (t, J = 7.8Hz, 1H,
1281 HC(7′)), 7.44 (s, 2H, NH2), 7.37 (d, J = 8.6 Hz, 2H, HC(2″),
1282 HC(6″)), 7.18 (d, J = 8.4 Hz, 2H, HC(3″), HC(5″)), 3.87 (s, 2H,
1283 CH2CN). 13CNMR (50MHz, DMSO): δ 159.09 (C-3), 156.30 (C-5),
1284 139.86 (C-1″), 136.71 (C-5′), 135.20 (C-1′), 133.44 (C-4a′), 132.77
1285 (C-6′), 132.37 (C-8a′), 129.30 (C-3′), 128.62 (C-8′), 128.24 (C-3″,
1286 5″), 126.46 (C-7′), 126.34 (C-4′), 122.39 (C-4″), 119.19 (CN-CH2),
1287 118.06 (CN-C(2′)), 116.88 (C-2″, 6″), 110.03 (C-2′), 21.70 (CH2).
1288 4-[[5-Amino-1-[(6-cyano-1-naphthyl)sulfonyl]-1,2,4-triazol-3-yl]-
1289 amino]phthalonitrile 12126055.

1290 White solid in 51% yield. Mp 287−8 °C. HRMS: calcd for
1291 C21H12N8O2S [M]+ 440.4387, found 440.4387. Mp = 88.7 °C. 1H
1292 NMR (200 MHz, DMSO): δ 10.27 (s, 1H, NH), 9.06 (d, J = 9.1 Hz,
1293 1H, HC(8′)), 8.78 (d, J = 1.7 Hz, 1H, HC(5′)), 8.66 (d, J = 7.5 Hz, 1H,
1294 HC(2′)), 8.52 (d, J = 8.2 Hz, 1H, HC(4′)), 8.10 (dd, J = 9.1, 1.7 Hz,
1295 1H, HC(7′)), 7.98−7.86 (m, 2H, HC(3′), HC(6″)), 7.88 (d, J = 2.4
1296 Hz, 1H, HC(3″)), 7.75 (dd, J = 8.8, 2.3 Hz, 1H, HC(5″)), 7.66 (brs,
1297 2H, NH2). 13C NMR (50 MHz, DMSO): δ 158.00 (C-3), 156.33 (C-
1298 5), 144.88 (C-4″), 137.17 (C-1′), 135.47 (C-6″), 134.84 (C-5′),
1299 133.79 (C-8a′), 132.90 (C-4a′), 132.10 (C-2′), 129.25 (C-7′), 129.01
1300 (C-4′), 126.60 (C-3′), 125.81 (C-3″), 120.24 (C-5″), 120.22 (C-8′),
1301 118.05 (CN-C6′), 116.45 (CN-C1″), 116.07 (CN-C2″), 115.27 (C-
1302 2″), 110.29 (C-6′), 104.00 (C-1″).
1303 4-[[5-Amino-1-(2-methylthiazol-4-yl)sulfonyl-1,2,4-triazol-3-yl]-
1304 amino]benzonitrile 12126056.

1305White solid in 37% yield. HRMS: calcd for C17H13N7O2S3 [M]+

1306443.5291, found 443.5291. 1H NMR (200 MHz, DMSO): δ 9.90 (s,
13071H, NH), 8.10 (s, 1H, HC(5′)), 7.75−7.57 (m, 4H, HC(2″, 3″, 5″,
13086″)), 7.49 (brs, 2H, NH2), 2.68 (s, 3H, CH3). 13C NMR (50 MHz,
1309DMSO): δ 166.88 (C-2′), 159.39 (C-3), 157.45 (C-5), 145.96 (C-2′),
1310144.66 (C-4″), 135.92 (C-4′), 133.01 (C-2″, 6″), 123.83 (C-5′),
1311119.42 (CN), 116.76 (C-3″, 5″), 101.60 (C-1″), 18.55 (CH3).
13124-[[5-Amino-1-[[6-(cyanomethyl)-1-naphthyl]sulfonyl]-1,2,4-tri-
1313azol-3-yl]amino]benzonitrile 12126058.

1314White solid in 47% yield. HRMS: calcd for C21H15N7O2S [M]+

1315429.4558, found 429.4556. 1H NMR (500 MHz, DMSO): δ 9.79 (s,
13161H, NH), 8.97 (d, J = 8.9 Hz, 1H, HC(8′)), 8.49 (d, J = 4.4 Hz, 1H,
1317HC(2′)), 8.41 (d, J = 9.7 Hz, 1H, HC(4′)), 8.08 (s, 1H, HC(5′)), 7.80
1318(d, J = 8.9, 1H, HC(7′)), 7.78 (t, J = 7.7 Hz, 1H, HC(3′)), 7.66 (d, J =
13198.8 Hz, 2H, HC(2″, 6″)), 7.56 (s, 2H, NH2), 7.52 (d, J = 8.7 Hz, 2H,
1320HC(3″, 5″)), 4.27 (s, 2H, CH2). 13C NMR (126 MHz, DMSO): δ
1321158.36 (C-3), 156.40 (C-5), 144.55 (C-4″), 136.31 (C-1′), 133.07 (C-
13222″, 6″), 132.92 (C-8a′), 132.02 (C-4a′), 131.42 (C-2′), 131.02 (C-4′),
1323129.99 (C-6′), 127.73 (C-5′), 125.38 (C-3′), 125.01 (C-7′), 123.34
1324(C-8′), 119.49 (CN(CH2)), 118.56 (CNAr), 116.50 (C-3″, 5″),
1325101.50 (C-1″), 23.32 (CH2).
13264-[[5-Amino-1-[[7-(cyanomethyl)-1-naphthyl]sulfonyl]-1,2,4-tri-
1327azol-3-yl]amino]-2-chloro-benzonitrile 12126059.

1328White solid in 45% yield. HRMS: calcd for C21H14ClN7O2S [M]+

1329463.9005, found 463.9004. 1H NMR (500 MHz, DMSO) δ 10.07 (s,
13301H, NH), 8.81 (s, 1H, HC(8′)), 8.49 (d, J = 7.7 Hz, 1H, HC(2′)), 8.43
1331(d, J = 8.0 Hz, 1H, HC(4′)), 8.19 (d, J = 8.4 Hz, 1H, HC(5′)), 7.80 (t,
13321H, J = 7.81 Hz, HC(3′)), 7.73(d, 1H, J = 8.7 Hz, HC(6′)), 7.68 (dd,
13331H, J = 1.4, 8.5Hz, HC(6″)), 7.66 (s, 2H,NH2), 7.60 (d, J = 2.0Hz, 1H,
1334HC(3″)), 7.49 (dd, J = 8.5, 2.0 Hz, 1H, HC(5″)), 4.27 (s, 2H, CH2).
1335

13C NMR (126 MHz, DMSO): δ 157.96 (C-3), 156.41 (C-5), 145.70
1336(C-4″), 136.42 (C-2″), 135.83 (C-1′), 134.98 (C-6″), 132.92 (C-8a′),
1337132.18 (C-4a′), 131.67 (C-2′), 131.29 (C-7′), 130.12 (C-5′), 127.60
1338(C-6′), 127.55 (C-4′), 125.00 (C-3′), 123.05 (C-8′), 118.49 (CN-
1339CH2), 116.63 (CN-C1″), 116.30 (C-5″), 115.14 (C-3″), 101.78 (C-
13401″), 23.29 (CH2).
13414-[[5-Amino-1-[[6-(cyanomethyl)-1-naphthyl]sulfonyl]-1,2,4-tri-
1342azol-3-yl]amino]-2-chloro-benzonitrile 12126060.

1343White solid in 23% yield. HRMS: calcd for C21H14ClN7O2S [M]+

1344463.9005, found 463.9006. 1H NMR (500 MHz, DMSO) δ 10.04 (s,
13451H, NH), 8.80 (s, 1H, HC(8′)), 8.48 (dd, J = 7.5, 1.2 Hz, 1H, HC(2′)),
13468.42 (d, J = 8.2Hz, 1H, HC(4′)), 8.18 (d, J = 8.6Hz, 1H, HC(5′)), 7.79
1347(t, J = 8.0 Hz, 1H, HC(3′)), 7.76 (d, J = 8.6 Hz, 1H, HC(6″)), 7.63 (s,
13482H, NH2), 7.60 (d, J = 2.2 Hz, 1H, HC(3″)), 7.48 (dd, J = 8.7, 2.2 Hz,
13491H, HC(5″)), 4.26(s, 2H, CH2).
135013C NMR (126 MHz, DMSO): δ 157.99 (C-3), 156.45 (C-5),
1351145.72 (C-4″), 135.85 (C-1″), 135.00 (C-6″), 132.93 (C-8a′), 132.21
1352(C-4a′), 131.31 (C-7′), and 130.14 (C-5′), and 127.61 (C-6′), 127.57
1353(C-4′), 125.02 (C-3′), 123.05* (C-8′), 118.63* and 118.50 (CN-
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1354 CH2), 116.65 (CN-C1″), 116.33 (C-5″), 115.30 (C-3″), 101.82 (C-
1355 1″), 23.31 (CH2).
1356 4-[[5-Amino-1-(5-chloro-1,3-dimethyl-pyrazol-4-yl)sulfonyl-
1357 1,2,4-triazol-3-yl]amino]-2-chloro-benzonitrile 12126061.

1358 White solid in 59% yield. HRMS: calcd for C14H12Cl2N8O2S [M]
+

1359 429.4558, found 429.4559.
1HNMR (200MHz, DMSO): δ 10.13 (brs,

1360 1H, NH), 7.92 (d, J = 2.4 Hz, 1H, HC(3″)), 7.74 (d, J = 8.7 Hz, 1H,
1361 HC(6″)), 7.41 (dd, J = 2.4, 8.7 Hz, 1H, HC(3″)), 7.39 (brs, 2H, NH2),
1362 3.79 (s, 3H, NCH3), 2.43 (s, 3H, CH3-C(3′)). 13C NMR (50 MHz,
1363 DMSO): δ 158.21 (C-3), 156.27 (C-5), 148.81 (C-3′), 145.78 (C-4″),
1364 136.07 (C-2″), 134.56 (C-6″), 130.89 (C-5′), 116.52 (C-3″), 116.31
1365 (CN), 115.45 (C-5″), 111.85 (C-4′), 101.75 (C-1″), 36.74 (NCH3),
1366 13.36 (CH3-C3′).
1367 2-[4-[[5-Amino-1-[[6-(cyanomethyl)-2-naphthyl]sulfonyl]-1,2,4-
1368 triazol-3-yl]amino]phenyl]-acetonitrile 12126062.

1369 White solid in 35% yield. HRMS: calcd for C22H17N7O2S [M]+

1370 429.4558, found 429.4558.
1H NMR (500 MHz, DMSO): δ 9.20

1371 (brs, 1H, NH), 8.96 (d, J = 8.9 Hz, 1H, HC(8′)), 8.45 (d, J = 4.4 Hz,
1372 1H, HC(2′)), 8.39 (d, J = 9.7 Hz, 1H, HC(4′)), 8.07 (s, 1H, HC(5′)),
1373 7.77 (d, J = 8.9, 1H, HC(7′)), 7.75 (t, J = 7.7 Hz, 1H, HC(3′)), 7.45
1374 (brs, 2H, NH2), 7.37 (d, J = 8.8 Hz, 2H, HC(2″, 6″)), 7.18 (d, J = 8.7
1375 Hz, 2H, HC(3″, 5″)), 4.26 (brs, 2H, H2C-C(6′)), 3.87 (brs, 2H, H2C-
1376 C(1″)). 13C NMR (126 MHz, DMSO): δ 159.01 (C-3), 156.47 (C-5),
1377 139.97 (C-4″), 136.11 (C-1′), 133.80 (C-8a′), 132.89 (C-2′), 130.64
1378 (C-4a′), 129.89 (C-4′), 128.29 (C-2″, 6″), 127.68 (C-6′), 126.99 (C-
1379 3′), 125.31 (C-5′), 124.95 (C-7′), 123.52 (C-8′), 119.46 (CN(CH2-
1380 C(1″))), 118.68 (CN(CH2-C(2′))), 116.79 (C-3″, 5″), 122.43 (C-
1381 1″), 22.35 (CH2-C(6′)), 21.63 (CH2C-1″).
1382 4-[[5-Amino-1-(5-chloro-3-methyl-benzothiophen-2-yl)sulfonyl-
1383 1,2,4-triazol-3-yl]amino]benzonitrile 12126063.

1384 White solid in 53% yield. HRMS: calcd for C18H13ClN6O2S2 [M]
+

1385 444.9198, found 444.9198.
1HNMR (200MHz, DMSO): δ 10.19 (brs,

1386 1H, NH), 8.15 (d, J = 9.0 Hz, 1H, HC(7′)), 8.13 (s, 1H, HC(4′)), 7.87
1387 (d, J = 2.4 Hz, 1H, HC(3″)), 7.77 (d, J = 8.7 Hz, 1H, HC(6″)), 7.66 (s,
1388 2H, NH2), 7.64 (d, J = 2.2, 9 HC(6′)), 7.41 (dd, J = 2.4, 8.7 Hz, 1H,
1389 HC(3″)), 2.78 (s, 3H, CH3-C(3′)). 13C NMR (50 MHz, DMSO): δ

1390 158.90 (C-3), 157.12 (C-5), 145.63 (C-4″), 141.26 (C-3a), 139.77 (C-
1391 5′), 138.11 (C-7′), 136.13 (C-3′), 134.87 (C-2″), 131.76 (C-7a),
1392 130.95 (C-6″), 128.85 (C-5′), 124.94 (C-6′), 124.31 (C-4′), 116.66
1393 (CN), 116.42 (C-3″), 115.52 (C-5″), 101.93 (C-1″), 12.76 (CH3-
1394 C3′).

13954-[[5-Amino-1-[[7-[(E)-2-cyanovinyl]-1-naphthyl]sulfonyl]-1,2,4-
1396triazol-3-yl]amino]-2-chloro-benzonitrile 12126064.

1397White solid in 67% yield. HRMS: calcd for C22H14ClN7O2S [M]+

1398463.9005, found 463.9004. 1H NMR (200 MHz, DMSO): δ 10.05 (s,
13991H, NH), 8.89 (d, J = 1.6 Hz, 1H, HC(8′)), 8.54 (d, J = 7.6 Hz, 1H,
1400HC(2′)), 8.42 (d, J = 8.2 Hz, 1H, HC(4′)), 8.20 (d, J = 8.7 Hz, 1H,
1401HC(5′)), 8.01 (dd, J = 8.7, 1.6 Hz, 1H, HC(6′)), 7.85 (d, J = 16.7 Hz,
14021H, CH=(Ar)), 7.78 (s, 1H), 7.74 (s, 2H,NH2), 7.63 (d, J = 2.1Hz, 1H,
1403HC(3″)), 7.45 (dd, J = 8.7, 2.2 Hz, 1H, HC(4″)), 6.64 (d, J = 16.7 Hz,
14041H, HC=(CN)). 13C NMR (126 MHz, DMSO): δ 158.03 (C-3),
1405156.43 (C-5), 149.66 (ArC=), 145.59 (C-4″), 136.30 (C-2″), 135.87
1406(C-7′), 134.89 (C-6″), 134.60 (C-1′), 133.76 (C-4′), 132.21 (C-5′),
1407131.94 (C-4a′), 130.17 (C-2′), 127.38 (C-8a′), 126.14 (C-3′), 125.03
1408(C-6′), 124.37 (C-8′), 118.21 (CN(C=)), 116.52 (CN-C4″), 116.26
1409(C-3″), 115.25 (C-5″), 101.87 (C-1″), 99.56 (CN(C=)).
14104-[[5-Amino-1-[[6-[(E)-2-cyanovinyl]-1-naphthyl]sulfonyl]-1,2,4-
1411triazol-3-yl]amino]-2-chloro-benzonitrile 12126065.

1412White solid in 24% yield. Mp 279−80 °C. HRMS: calcd for
1413C22H14ClN7O2S [M]+ 463.9005, found 463.9003. Mp = 88.7 °C. 1H
1414NMR (200 MHz, DMSO): δ 10.06 (brs, 1H, NH), 8.88 (d, J = 9.1 Hz,
14151H, HC(8′)), 8.52 (d, J = 7.5 Hz, 1H, HC(2′)), 8.42 (d, J = 8.1 Hz, 1H,
1416HC(4′)), 8.34 (d, J = 1.7 Hz, 1H, HC(5′)), 8.10 (dd, J = 9.2, 1.8 Hz,
14171H, HC(7′)), 7.84 (d, J = 16.6 Hz, 1H, HC=(CN)), 7.67 (d, J = 2.1 Hz,
14181H, HC(3″)), 7.65 (brs, 2H, NH2), 7.38 (dd, J = 8.7, 2.1 Hz, 1H,
1419HC(4″)), 6.69 (d, J = 16.6 Hz, 1H, HC=(CN)). 13C NMR (50 MHz,
1420DMSO) δ 157.99 (C-3), 156.33 (C-5), 149.25 (ArC=), 145.65 (C-4″),
1421137.25 (C-2″), 136.04 (C-7′), 134.86 (C-6″), 133.62 (C-1′), 132.59
1422(C-4′), 132.17 (C-5′), 131.83 (C-4a′), 130.17 (C-2′), 128.56 (C-8a′),
1423125.98 (C-3′), 125.86 (C-6′), 124.89 (C-8′), 118.46 (CN(C=)),
1424116.70 (CN-C4″), 116.19 (C-3″), 115.27 (C-5″), 101.78 (C-1″),
142599.05 (CN(C=)).
1426(E)-3-[5-[[5-Amino-3-[4-(cyanomethyl)anilino]-1,2,4-triazol-1-
1427yl]sulfonyl]-2-naphthyl]prop-2-enenitrile 12126066.

1428White solid in 38% yield. Mp 275−6 °C. HRMS: calcd for
1429C23H17N7O2S [M]+ 455.4931, found 455.4931. Mp = 88.7 °C. 1H
1430NMR (500MHz, DMSO): δ 9.20 (s, 1H, NH), 8.94 (d, J = 9.1 Hz, 1H,
1431HC(4′)), 8.48 (dd, J = 7.6, 1.2 Hz, 1H, HC(6′)), 8.36 (d, J = 8.2 Hz,
14321H, HC(8′)), 8.29 (d, J = 1.8 Hz, 1H, HC(1′)), 8.09 (dd, J = 9.2, 1.9
1433Hz, 1H, HC(3′)), 7.83−7.78 (m, 2H, HC(7′), HC=(Ar)), 7.48 (s, 2H,
1434NH2), 7.34 (d, J = 8.6 Hz, 2H, HC(2″, 6″)), 7.16 (d, J = 8.7 Hz, 2H,
1435HC(3″, 5″)), 6.68 (d, J = 16.7 Hz, 1H, HC=(CN)), 3.88 (s, 2H, CH2).
143613C NMR (126 MHz, DMSO) δ 156.38 (C-5), 149.20 (ArC=),
1437139.90 (C-1″), 136.88 (C-5′), 134.60 (C-1′), 133.57 (C-4a′), 132.50
1438(C-1′), 132.17 (C-6′), 131.90 (C-8a′), 129.96 (C-3′), 128.69 and
1439128.29 (C-3″, C-5″), 126.14 (C-7′), 125.76 (C-4′), 122.46*(C-4″),
1440116.86 (C-2″, C-6″), 99.01 (CN(C=)), 21.66 (CH2).
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1441 Cells and virus culture. TZM-bl cells,99 HIV-1 IIIB virus,100−102

1442 HIV-1 IIIB (A17 variant) virus,103 and the NNRTI-resistant mutants
1443 (p5485, pNLGRINFQ, and p7324-1, all based on strain NL4-3)104

1444 were obtained from the NIH HIV Reagent Program. H9 [derivative of
1445 HuT 78] cells (ATCC HTB176) and 293T cells (ATCC CRL-3216)
1446 were obtained from the American Type Culture Collection. The IIIB
1447 and A17 viruses were grown in H9 cells to high titer, which was
1448 quantified using a HIV p24 (high sensitivity) AlphaLISA Detection Kit
1449 (PerkinElmer,Waltham,MA). The p5485, pNLGRINFQ, and p7324-1
1450 virus plasmids were transfected into 293T cells using FuGene6
1451 (Promega, Madison, WI) and then grown to high titer in H9 cells.
1452 The viruses were concentrated using a Lenti-X Concentrator as needed
1453 (Takara Bio USA, Inc., Mountain View, CA). Infections of TZM-bl
1454 cells with these viruses were facilitated with 15 μg/mL DEAE-dextran
1455 (Sigma-Aldrich).
1456 Inhibition and Toxicity Assays.Compounds were serially diluted
1457 starting with 10mM stocks in DMSO.DMSO concentrations were kept
1458 the same for all dilutions used within an assay (either 0.005 or 0.05%,
1459 depending on the highest concentration of compound used). Duplicate
1460 96-well plates were set up with 25 μL of compound dilution, 25 μL of
1461 virus, and 50 μL of TZM-bl cells (2× 105/mL) with DEAE-dextran and
1462 incubated at 37 °Cwith 5%CO2 for 48 h. All compounds were tested at
1463 minimum in triplicate twice, over multiple days, with single wells of
1464 EFV dilutions on each plate as a positive control. All plates had 3−5
1465 control wells without compound, 1 control well with no cells, and 1
1466 control well with a highly toxic level of DMSO (9%). Inhibition assays
1467 were set up in clear tissue-culture-treated plates with lysates moved to
1468 black assay plates or were set up in black tissue-culture-treated plates.
1469 The medium was removed, and the cells were lysed with Glo Lysis
1470 Buffer (Promega). The Luciferase Assay System reagent (Promega)
1471 was added to cells, and relative light units (RLU) were measured using
1472 an EnSpire instrument (PerkinElmer). Toxicity assays were set up in
1473 clear tissue-culture-treated plates. The CellTiter-Blue Cell Viability
1474 Assay reagent (Promega) was added to the wells after 46 h incubation,
1475 followed by 2 h incubation. Sodium lauryl sulfate was added to 1.5% to
1476 stop the reaction, and the plates were measured for fluorescence (560
1477 nmEx/590 nmEm) using an EnSpire instrument.
1478 Chemicals and Reagents. The DEAE-dextran (Sigma-Aldrich)
1479 CellTiter Glo kit and the Luciferase Assay System reagent are from
1480 Promega (Madison, WI).
1481 NNRTI Assay Methods. Inhibition of HIV I RT was assessed
1482 through two different methods.
1483 The fluorescence method was performed using an EnzChek reverse
1484 transcriptase assay kit purchased fromMolecular Probes (Eugene, OR)
1485 with a modified manufacturer’s protocol. In short, compounds were
1486 serially diluted starting with 10 mM stocks in DMSO. DMSO
1487 concentrations were kept the same for all dilutions used within an
1488 assay (0.1%). The final compound concentrations ranged from
1489 10,000−0.1 nM with six 10-fold serial dilutions. 96-well plates were
1490 set up with 20 μL of the reaction mixture (poly(A) ribonucleotide
1491 template/oligo d(T)16 primers), 4 μL of diluted RT purchased from
1492 Calbiochem (San Diego, CA), and 1 μL of the compound or 0.1%
1493 DMSO control. The reaction mixture was incubated at room
1494 temperature for 30 min, followed by the addition of 125 μL of
1495 PicoGreen dsDNA quantitation reagent. This was incubated for 2−5
1496 min, and then RTase activity was quantified based on the formation of
1497 dsDNA (excitation 480 nm, emission 520 nm) using a Spectramax ID5
1498 plate reader from Molecular Devices (San Jose, CA). A minimum of 4
1499 positive controls and blanks were included for each plate, with a
1500 minimum of 6 replicates per compound.
1501 An additional HIV-1 RT colorimetric assay was performed using a kit
1502 from Roche (Indianapolis-Marion County, Indiana) using the
1503 manufacturer’s protocol (500 pM final RT reaction amount). In
1504 short, compounds were serially diluted starting with 10 mM stocks in
1505 DMSO.DMSO concentrations were kept the same for all dilutions used
1506 within an assay (0.05%). Final compound concentrations ranged from
1507 5000−0.05 nM with 10-fold serial dilutions. 96-well plates were set up
1508 with 20 μL of compound dilution, 20 μL of RT, and 20 μL of template/
1509 nucleotides and incubated at 37 °C 5% CO2 for 1 h in a reaction plate.
1510 Then, 50 μL of each reaction mixture was transferred to a streptavidin-

1511conjugated 96-well plate, and an ELISA assay was run based on the
1512manufacturer’s protocol. All compounds were tested in sextuplicate,
1513with single wells of EFV dilutions on each plate. All plates had 8 control
1514wells without compounds, 2 control wells with no RT, and 2 control
1515blank wells.
1516In Vitro ADME/Tox Assays. In vitro ADME studies, excluding
1517HERG binding, were performed by BioDuro (San Diego, CA). Studies
1518were done using standard methods, with full protocols described in the
1519Supplementary Methods.
1520In Vitro Neurotoxicity Studies. Primary Cultures of Mouse
1521Cortex and Hippocampus. All animal and cell culture work was
1522performed in accordance with IACUC animal welfare guidelines and
1523was approved by the University of North Carolina-Chapel Hill
1524Institutional Animal Care and Use Committee. Timed gestational
1525embryonic day 16 (E16) pregnant female CD1 mice (Charles Rivers)
1526were anesthetized with the isoflurane drop method until breathing and
1527heart stopped. A thoracotomy was then performed, the uterus was
1528removed, briefly rinsed with ice-cold 70% ethanol, and rinsed twice in
1529ice-cold, sterile HEPES-bufferedHank’s balanced salt solution (HBSS).
1530The brain was dissected from each fetus, extensively washed, and
1531cleaned of dura-arachnoid membrane and visible vessels. The cortex/
1532hippocampus was dissected from each brain, minced, and transferred to
1533a 15 mL tube containing 5 mL HBSS + 2.4 U/mL dispase + 2 U/mL
1534DNase I and incubated for 25−30 min at 36 °C. Tissue was triturated,
1535and pieces were allowed to settle for 2 min. The suspended cells were
1536transferred to a 50 mL culture tube containing 25 mL of Neurobasal
1537Plus medium with added B27 Plus supplement, Glutamax, 5% fetal
1538bovine serum, and 20 μg/mL gentamicin. After several rounds of
1539trituration in 2−3 mL of calcium−magnesium-free HBSS, the
1540dissociated cells were seeded at a density of 20,000 cells/cm2 in 48-
1541well-plates coated with poly-D-lysine (0.1 mg·mL at 36° C, overnight)
1542or on poly-D-lysine-treated 18mm round coverslips. After 24 h, cultures
1543were transferred to Neurobasal Plus medium with added B27 Plus
1544supplement and Glutamax. The resulting cultures were >95% neurons
1545at day 4 after seeding.
1546Neuronal Cell Toxicity of Primary Mouse Cultures. Methods were
1547described previously,48 but in short: compounds were added to primary
1548cultures of mouse neurons at 20 days in vitro. A 10× stock dilution series
1549of each drug was made up in artificial cerebrospinal fluid to be
1550compatible with the medium but lack protein supplements. A range of
1551final concentrations from 0.1 to 10,000 nM was tested. Then, 25 μL of
1552each dilution was added to each well of a 48-well plate containing 225
1553μL of Neurobasal Plus medium with the B27 Plus supplement. After 48
1554h, the cells were fixed in methanol:acetic acid (97:3) and stained for
1555microtubule-associated protein-2 (MAP-2). Neuron number and
1556morphology were then quantified with the aid of Metamorph image
1557analysis software. Details regarding the calculation of the 50% toxic
1558concentration (TC50) are detailed in the Supplementary Methods.
1559Calcium Imaging. The direct effects of the antiretroviral
1560compounds on calcium homeostasis were tested on primary mouse
1561neurons cultured on coverslips, as described previously.48 In short,
1562neurons at 14−18 days in vitro were loaded with the calcium indicator,
1563Fluo-4 AM (2 μM, Molecular Probes, Inc., Eugene, OR) in aCSF
1564(aCSF: NaCl 137 mM, KCl 5.0 mM, CaCl2 2.3 mM, MgCl2 1.3 mM,
1565glucose 20 mM). After 30 min of dye loading, the coverslip was
1566transferred to a specialized stage for imaging. Cells were maintained in
1567aCSF, and time-lapse digital images were automatically captured on an
1568Olympus IX71 microscope using Metamorph Software. Images were
1569captured with a 40ms exposure every 6 s for 6min to assess acute effects
1570and every minute for 40 min to assess delayed effects. Three
1571prestimulation measurements were taken to establish basal levels of
1572fluorescence at the beginning of each experiment. After collection of the
1573third image, the antiretroviral compound or vehicle diluted from the
1574stock vial into aCSF was added to the neurons at the indicated final
1575concentration. Baseline fluorescence was subtracted to correct for cell-
1576to-cell differences in dye loading and intrinsic fluorescence. Changes in
1577fluorescence at each time point were averaged across all cells from at
1578least triplicate runs to provide an indication of the “typical” response. In
1579some cases, individual cell response patterns are shown where the
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1580 average masked important cell-specific profiles. All compounds were
1581 tested at 1 μM.
1582 In vivo Studies. All in vivo pharmacokinetics and toxicity work was
1583 conducted under protocols approved by the Federal Research Center
1584 Fundamentals of Biotechnology RAS (protocol #112-2020) according
1585 to the institution’s guidelines for animal use, the state industry
1586 standards GOST 33215-2014 and GOST 33216-2014 (in harmo-
1587 nization to the European Directive 2010/63/EC). All animal work was
1588 approved by the Bioethics Committee at Research Center of
1589 Biotechnology RAS (Protocol N◦103/4, July 12th, 2022) and was
1590 carried out according to the corresponding guidelines for animal use.
1591 Pharmacokinetics. The pharmacokinetics of compound 12126065
1592 was studied in BALB/Cmale mice aged 5 to 6 weeks (Central Research
1593 Institute of Tuberculosis, Academy of Medical Sciences (Moscow,
1594 Russia)). Twenty-four animals with an average body weight of 20 g
1595 were selected for the study. Before the experiment, the animals were
1596 kept on standard vivarium dry pelleted feed. All of the test animals had
1597 free access to water but were deprived of food for 1 h before
1598 administration of the compound. This regimen was continued for
1599 another hour after the administration. 12126065 (250 mg/kg of body
1600 weight) was administered as 0.5 mL of suspension in 1% CMC and
1601 0.05% Tween 80 by intragastric intubation. The animals were
1602 euthanized by decapitation for blood and brain sampling. Blood,
1603 brain, and liver samples (3 animals per time point) were taken at 0.5, 1,
1604 2, 3, 5, 8, and 24 h after administration for pharmacokinetic evaluation.
1605 Blood was collected in heparinized tubes and centrifuged at 3500 rpm.
1606 Plasma was separated from formed elements and immediately frozen at
1607 −20 °C in a freezer. This storage continued before transferring plasma
1608 for analysis. Mice brains were immediately frozen at −120 °C. Details
1609 for tissue-specific separation are given in the Supplementary Methods.
1610 HPLC-MS quantitative analysis.UPLC-MS analysis was performed
1611 using an Impact II QqTOF high-resolution HRMS:-spectrometer
1612 (Bruker Daltonik, Germany) equipped with an Apollo II ESI ion source
1613 (Bruker Daltonik, Germany) coupled to Elute UPLC (Bruker Daltonik,
1614 Germany) on an Intensity solo C18-2 1.8 μm2.1mm× 100mm reverse
1615 phase column (Bruker Daltonik, Germany) with the following
1616 conditions: gradient elution at 0.3 mL/min from 5 to 95% B in 8 min
1617 (A: 0.1% formic acid in water, B: 0.1% formic acid in acetonitrile),
1618 column at 40 °C, 10 μL injection volume, ion source in positive mode,
1619 HV capillary at 4.5 kV, spray gas: nitrogen at 2.0 bar, dry gas: nitrogen at
1620 6 L/min 220 °C, full spectra scan range m/z 50−1500 at a 3 Hz scan
1621 rate, and automatic internal calibration with sodium trifluoroacetate
1622 solution. Spectra were processed with Compass DataAnalysis 5.1
1623 (Bruker Daltonik, Germany). The target compound peak area was
1624 measured by automatic integration of the EIC chromatogram (m/z
1625 476.0691 ± 0.01). Standards were run in a blood plasma matrix, and
1626 these standards were used for both blood plasma and brain
1627 quantification of compound 12126065. Pharmacokinetic parameters
1628 were calculated using Noncompartmental Pharmacokinetics Analysis
1629 (NCA) with open-source software,105 which uses standard calculation
1630 methods.
1631 In vivo Acute Toxicity Study. 12126065 (2000 mg/kg) was
1632 administered to BALB/C male mice, aged 5 to 6 weeks (Central
1633 Research Institute of Tuberculosis, Academy of Medical Sciences
1634 (Moscow, Russia)), intragastrically. Before the experiment, 1.5−2 h
1635 prior to injecting the product, mice were deprived of food and water.
1636 Animals weighing 19−21 g only were chosen for these tests. Just before
1637 administration, the solutions were prepared, and 0.5 mL/20 g of the
1638 animals’ weight was administered intragastrically. The control animals
1639 received 1% starch gel intragastrically in the amount of 0.5 mL. The
1640 experimental and control groups included 5 mice each. The condition
1641 of the animals was observed for 14 days.
1642 In vivo Subacute Toxicity Study. Two doses of compound
1643 12126065 were chosen for the intragastric, subacute toxicity experi-
1644 ments: 25 and 250mg/kg. Following the administration of 12126065 to
1645 male, BALB/C mice (Central Research Institute of Tuberculosis,
1646 Academy of Medical Sciences (Moscow, Russia)) daily for 30 days qd,
1647 various biological activities/functions were recorded. Each experimen-
1648 tal and control group included 17 animals with initial weights of 20.9 ±
1649 0.8 g. The tested product was diluted with 1% starch gel with final

1650suspensions of 2.5 and 25 mg/mL. The volume given to the animals
1651equaled 0.2 mL per 20 g of the animal’s weight. The mice in the control
1652group received 1% starch gel in the amount of 0.2 mL per 20 g of the
1653animal’s weight. During the experiment, changes in the animals’ weight
1654were registered, and their coat and mucus membranes conditions and
1655excretion patterns were also recorded.
1656Following the final injection, the animals’ blood was taken for
1657analysis. Two hours prior to blood sampling, the animals were deprived
1658of food with free access to water. The serum was prepared from the
1659blood using standard practices (incubation at room temperature for 30
1660min and centrifugation at 3500 rpm). The blood serum was then
1661analyzed for the content of the total protein, urea, creatinine, aspartate
1662aminotransferase, alanine aminotransferase, and alkaline phosphatase
1663activity. Measurements were performed with the help of a standard
1664agent kit and biochemical analyzer BAYER EXPRESS PLUS (semi-
1665automatic, manufactured in 2004 by Bayer HealthCare, USA).
1666While studying the pattern of the peripheral blood, the content of
1667hemoglobin and the level of hematocrit, the amount of red and white
1668blood cells, reticulocytes, and differential blood count were assessed.
1669Twenty-four hours following the last administration, the level of the
1670orientation motor activity of the mice was estimated. This was done by
1671registering the estimated number of rearings (upright component)
1672within a 3-min timeframe. For this purpose, one animal at a time was
1673placed into a nontransparent cylinder with a diameter of 160mm, which
1674was lighted above with an electric bulb of 60 W and placed 1 m above
1675the floor prior to recording.
1676Following experimental completion, the animals were euthanized,
1677and a macroscopic examination of internal organs was performed,
1678followed by a morphometric analysis to determine the absolute and
1679relative weight of internal organs. For the histologic examination, parts
1680of organs were taken and preserved in a 10% formaldehyde solution.
1681The sections of organs were prepared by common methods with
1682paraffin-embedding and hematoxylin and eosin stain.106

1683DockingMethods.We performed structure-based drug discovery by
1684docking molecule designs in the numerous HIV-RT protein structures.
1685Compounds were docked into the HIV I RT wild-type (PDB: 4G1Q)
1686and K103N/Y181C double mutant (PDB: 4RW4) using Discovery
1687Studio (Biovia, San Diego, CA) LibDock (rigid docking). The docking
1688sphere was chosen based on the position of the crystalized ligands of
1689RPV and JLJ494 for the wild-type and the K103N/Y181C double
1690mutant, respectively. The docking protocols were all performed with
1691the default settings.
1692t-SNE Visualization. t-SNE107 embeds data into a lower-dimensional
1693space. 1024 ECFP6 fingerprints were generated for all compounds. The
1694ECFP6 fingerprints were then embedded into a two-dimensional vector
1695using t-SNE. All t-SNE values were generated using the scikit-learn
1696library in Python with default hyperparameters (n_components = 2,
1697perplexity = 30, early exaggeration = 12.0, learning rate = 200, n_iter =
16981000).
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