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Abstract

The effective treatment for dengue virus infection continues to be a challenge. We herein reported 

our continued SAR exploration on the spiropyrazolopyridone scaffold. Introducing different 

substituents at the 3´- or 5´-site of the pyrazolopyridone core or moving the benzyl chain to 

the adjacent nitrogen led to a significant loss of potency on DENV-2. While a narrow range 

of substitutions were tolerated at the para-position of the phenyl ring, di-substitution on the 

phenyl ring is beneficial for DENV-2 potency and has variable influences on DENV-3 potency 

depending on the exact compound. Among these molecules, compounds 22 (JMX0376) with 

4-chloro-3-fluorobenzyl and 24 (JMX0395) with 2,4-bis(trifluoromethyl)benzyl showed the most 

potent and broadest inhibitory activities against DENV-1 to -3 with nanomolar to low micromolar 

EC50 values.
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Dengue is a febrile disease that is caused by any one of the four closely related serotypes 

of dengue viruses (DENV-1, -2, -3 and -4) with asymptomatic, mild or severe symptoms. 

Common symptoms are flu-like with patients experiencing high fever, headaches, retro-

orbital pain, joint/bone/muscle pain, vomiting, rash and fatigue. In most cases, DENV 

infection is self-limiting, but sometimes it can develop into life-threatening illnesses, 

dengue hemorrhagic fever (DHF) or dengue shock syndrome (DSS).1 Dengue has become 

a major public health threat throughout tropical and sub-tropical regions of the world, 

putting about 3.9 billion people in 128 countries at risk.2, 3 Over the past 50 years, 

there is an unprecedented increase in the incidence of dengue and 390 million people are 

estimated to get infected with dengue annually, 96 million of which experience clinical 

symptoms (with any severity of disease), including 500,000 cases of severe dengue and 

22,000 deaths worldwide.4–6 Infection confers life-long immunity to that particular serotype 

while cross-immunity against other serotypes is only partial and temporary.7, 8 However, 

a second infection with a different DENV increases the probability of severe dengue 

through a process known as antibody-dependent enhancement (ADE).9–12 As a result, 

an ideal dengue antiviral or vaccine should be equally effective against all four DENV 

serotypes. Recently, the first dengue vaccine (CYD-TDV from Sanofi Pasteur) has been 

approved by regulatory authorities in about 20 countries with limited efficacy and safety 

issues.13–15 It requires a three-dose regimen and is targeted for persons aged 9–45 years 

old who were previously infected by DENV. Moreover, according to the recommendations 

of World Health Organization (WHO) regarding the use of CYD-TDV in September 2018, 

seronegative vaccine recipients suffer an excess risk of hospitalized and severe dengue 

compared to seronegative unvaccinated individuals.16 While numerous efforts were made 

towards anti-dengue drug discovery by different research groups, there remains no specific 

therapy for dengue illness.17 Therefore, there remains an urgent need to develop effective 

and safe antiviral agents for the treatment of dengue infections.

Through a DENV-2 high-throughput phenotypic screening, spiropyrazolopyridone 1 (Figure 

1) was identified as a novel potent DENV inhibitor.18–20 The R enantiomer 1a was then 

separated by chiral high-performance liquid chromatography (HPLC) and confirmed to 

be far more potent than the corresponding S enantiomer of racemate 1. Genetic analysis 

showed that mutations in DENV-2 NS4B conferred resistance to compound 1a inhibition, 
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suggesting that this class of compounds likely targets viral NS4B protein. To improve the 

physicochemical properties, compound 2 with 3-pyridyl was discovered with good in vivo 
pharmacokinetic profiles and efficacy in DENV-2 infected AG129 mice. However, this class 

of compounds lacks potency against DENV-1 and DNEV-4. Our group previously directed 

the structure-activity relationship (SAR) exploration mainly on the amide of the indolone 

moiety of this series and found that a wide range of substitutions were well tolerated at 

this position. Compound 3 with an isopentyl chain showed the most potent and broadest 

inhibitory activities, effective against DENV-1 to -3 with nanomolar to submicromolar EC50 

values, while exhibiting promising efficacy in the A129 mouse models.21 These good in vivo 
results suggest that this spiropyrazolopyridone scaffold is worthy of further optimization 

efforts to elucidate the chemical space for the potential to identify pan-serotype DENV 

inhibitors. As part of our ongoing antiviral drug discovery and development program,21–26 

we herein report our continued SAR investigation of this series, mainly focused on the 

pyrazolopyridone moiety.

Previous studies showed a narrow range of para-substitutions were tolerated on the 

phenyl ring while meta- or ortho-substitutions resulted in a significant loss of potency 

on DENV-2.18 Based on these results, we first attempted to introduce different functional 

groups at the para-position and investigated the effect of di-substitutions on the phenyl 

ring as well. Compounds 16-24 were prepared as outlined in Scheme 1. Substitution of 

3-aminopyrazole with different substituted benzyl bromide or benzyl chloride afforded 

the final products as two isomers, which were then successfully separated by column 

chromatography to give 1-benzyl-5-aminopyrazole derivatives 5a-13a. The subsequent three 

component condensation of aminopyrazoles 5a-13a, 5-chloroisatin and Meldrum’s acid 

provided a series of spiropyrazolopyridone analogues 16-19 and 21-24.27 Acid analogue 20 
was accessed from ester 19 via hydrolysis. As shown in Table 1, 4-flurobenzyl substitution 

(16) resulted in a significant loss of potency against DENV-2 (EC50 = 4.2 μM), while 

functional groups cyano (17), sulfonyl (18), ester (19) and acid (20) on the para-position 

of the phenyl ring were all unfavorable for potency, not effective against DENV-2 up 

to 5 μM.28 These results are consistent with the trend observed before. Interestingly, 

di-substitutions analogues 21–24 displayed similar or improved potency against DNEV-2 

compared to mono-substitution analogue 1. Compound 21 with 3,4-dichlorobenzyl exhibited 

improved potency against DENV-1 and DENV-2 (EC50 = 1.8 μM and 0.062 μM, 

respectively) meanwhile displaying a dramatic loss of potency against DENV-3 (EC50 > 5 

μM). Remarkably, replacing 3-Cl with 3-F (22) maintained the same level of potency against 

DENV-1 (EC50 = 1.8 μM) and DENV-2 (EC50 = 0.019 μM), while it regained potent activity 

against DENV-3 with an EC50 value of 0.019 μM as compared with compound 21. Moving 

the 3-F group to the ortho position (22) resulted in a 20-fold loss of potency against DENV-3 

(EC50 = 0.39 μM) and slightly decreased activities against DENV-1 (EC50 = 2.3 μM) and 

DENV-2 (EC50 = 0.14 μM). Notably, compound 24 with 2,4-bis(trifluoromethyl)benzyl 

showed the most potent and broad inhibitory activities against DENV-1 to -3 with EC50 

values of 1.6 μM, 0.038 μM and 0.017 μM, respectively. Unfortunately, all these compounds 

did not show obvious inhibitory activities against DENV-4 at the concentration up to 5 μM.
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Next, we turned to explore the SAR around the pyrazolopyridone core. These modifications, 

as shown in Scheme 1–3, yielded compounds 25-32 (Table 2). To this end, compounds 

25-28 were prepared in a similar manner to that described above for compounds 16-24. 

Benzylation of aminopyrazole derivatives 4a-c was followed by a three-component 

condensation to afford derivatives 25–28 (Scheme 1). Cyclization of succinonitrile, ethyl 

formate and 4-chlorobenzylamine provided aminopyrrole 34 via multiple procedures, which 

was then treated with 5-chloroisatin and Meldrum’s acid to produce spiropyrrolopyridone 29 
(Scheme 2). Substitution of 4-chlorobenzyl chloride with hydrazine provided substituted 

hydrazine 36, which was condensed with (E)-ethyl 2-cyano-3-ethoxyacrylate to give 

aminocarboxylate 37. Hydrolysis of ester 37 gave the sodium salt, which was directly 

used for the subsequent three component reaction with Meldrum’s and ethyl acetoacetate or 

methyl cyanoacetate or methyl malonamate to yield derivatives 30-32, respectively (Scheme 

3). The structures and purity of all synthesized compounds were confirmed by 1H and 13C 

NMR, HR-MS and HPLC analysis.29

As shown in Table 2, moving the benzyl chains to the adjacent nitrogen position (25 and 

26) led to a sharp decrease in activity against DENV-2 in comparison with compounds 

1 and 21, respectively. Interestingly, introduction of one methyl group at the 3´-site of 

the pyrazolopyridone core (27) retained the same level of potency against DENV-1 (EC50 

= 2.5 μM) and DENV-3 (EC50 = 0.025 μM) while diminishing the antiviral activity 

against DENV-2 (EC50 = 1.8 μM) in contrast to compound 1. Substitution of 3´-methyl 

of compound 27 with 3´-cyclopropyl produced compound 28 with similar potency against 

DENV-2 (EC50 = 1.9 μM). Compound 29 with 3´-cyano pyrrolopyridone core were inactive 

against DENV-2 up to 5 μM. The 5´-position of the pyrazolopyridone core (α-carbonyl 

carbon) was also investigated and introduction of different substituents yielded compounds 

30-32. These changes resulted in a dramatic loss in activities against DENV-2, and only 

compound 32 with carbamoyl moiety exhibited low micromolar potency against DENV-2 

with an EC50 value of 3.2 μM.

In summary, a series of spiropyrazolopyridone derivatives was synthesized to explore the 

SAR around the pyrazolopyridone core. Introducing different substituents at the 3´- or 5

´-site or moving the benzyl chain to the adjacent nitrogen led to a significant loss of potency 

on DENV-2. While a narrow range of substitutions were tolerated at the para-position of 

the phenyl ring, di-substitution on the phenyl ring is beneficial for DENV-2 potency and 

has variable influences on DENV-3 potency depending on the exact compound. Among 

these molecules, while compounds 22 (JMX0376) and 24 (JMX0395) displayed similar 

potency profiles, compound 24 with 2,4-bis(trifluoromethyl)benzyl showed the most potent 

and broadest inhibitory activities against DENV-1 to -3 with EC50 values of 1.6 μM, 0.038 

μM and 0.017 μM, respectively.
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29. Spectra data of other representative compounds: 5-Chloro-1’-(4-chloro-3-fluorobenzyl)-5’,7’-
dihydrospiro[indoline-3,4’-pyrazolo[3,4-b]pyridine]-2,6’(1’H)-dione (22). Yellow solid. HPLC 
purity 98.9% (tR = 16.41 min). 1H NMR (300 MHz, DMSO-d6) δ 11.07 (s, 1H), 10.60 (s, 
1H), 7.59 (t, J = 8.1 Hz, 1H), 7.34 – 7.27 (m, 2H), 7.24 (dd, J = 10.2, 1.8 Hz, 1H), 7.08 (dd, 
J = 8.4, 1.5 Hz, 1H), 6.91 (d, J = 8.1 Hz, 1H), 6.82 (s, 1H), 5.34 (d, J = 16.2 Hz, 1H), 5.27 
(d, J = 15.9 Hz, 1H), 3.13 (d, J = 15.9 Hz, 1H), 2.57 – 2.50 (m, 1H). 13C NMR (75 MHz, 
DMSO-d6) δ 178.4, 168.8, 157.0 (d, J = 245.3 Hz), 140.8, 140.5, 138.6 (d, J = 6.6 Hz), 134.5, 
133.7, 130.8, 128.6, 126.1, 124.8 (d, J = 3.5 Hz), 124.0, 118.6 (d, J = 17.3 Hz), 115.9 (d, J 
= 21.4 Hz), 111.3, 100.4, 49.7, 45.8. HRMS (ESI) calcd for C20H14Cl2FN4O2, 431.0478 (M 
+ H)+; found, 431.0476. 5-Chloro-1’-(4-chloro-2-fluorobenzyl)-5’,7’-dihydrospiro[indoline-3,4’-
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pyrazolo[3,4-b]pyridine]-2,6’(1’H)-dione (23). Yellow solid. HPLC purity 95.9% (tR = 17.26 
min). 1H NMR (300 MHz, DMSO-d6) δ 11.07 (s, 1H), 10.59 (s, 1H), 7.47 (dd, J = 9.9, 
1.8 Hz, 1H), 7.37 – 7.24 (m, 3H), 7.07 (t, J = 8.1 Hz, 1H), 6.91 (d, J = 7.8 Hz, 1H), 
6.80 (s, 1H), 5.38 (d, J = 15.9 Hz, 1H), 5.29 (d, J = 15.9 Hz, 1H), 3.12 (d, J = 15.9 Hz, 
1H), 2.54 (d, J = 15.9 Hz, 1H). 13C NMR (75 MHz, DMSO-d6) δ 178.4, 168.7, 159.7 (d, 
J = 248.5 Hz), 140.8, 140.7, 134.5, 133.7, 133.2 (d, J = 10.3 Hz), 130.8 (d, J = 5.1 Hz), 
128.6, 126.1, 124.8 (d, J = 3.6 Hz), 124.0, 123.2 (d, J = 14.9 Hz), 116.0 (d, J = 24.8 
Hz), 111.3, 100.3, 45.8, 44.7. HRMS (ESI) calcd for C20H14Cl2FN4O2, 431.0478 (M + H)
+; found, 431.0474. 1’-(2,4-Bis(trifluoromethyl)benzyl)-5-chloro-5’,7’-dihydrospiro[indoline-3,4’-
pyrazolo[3,4-b]pyridine]-2,6’(1’H)-dione (24). Yellow solid. HPLC purity 97.9% (tR = 18.63 
min). 1H NMR (300 MHz, CD3OD + CDCl3) δ 7.94 (s, 1H), 7.80 (d, J = 8.1 Hz, 1H), 7.26 (dd, 
J = 8.4, 2.1 Hz, 1H), 7.20 (d, J = 1.8 Hz, 1H), 6.99 (s, 1H), 6.92 (d, J = 8.4 Hz, 1H), 6.84 (d, J 
= 8.4 Hz, 1H), 5.64 (d, J = 17.7 Hz, 1H), 5.56 (d, J = 17.7 Hz, 1H), 2.96 (d, J = 16.2 Hz, 1H), 
2.80 (d, J = 16.2 Hz, 1H). 13C NMR (75 MHz, CD3OD + CDCl3) δ 180.0, 170.3, 142.5, 140.6, 
139.9, 136.5, 133.7, 130.9 (q, J = 33.5 Hz), 130.1 – 129.9 (m), 129.9, 129.0, 128.9, 128.6 (q, J 
= 32.0 Hz), 124.5, 124.1 (q, J = 272.2 Hz), 124.0 – 123.6 (m), 123.8 (q, J = 270.4 Hz), 112.2, 
101.9, 48.5 (q, J = 3.9 Hz), 47.0, 41.1. HRMS (ESI) calcd for C22H14ClF6N4O2, 515.0709 (M 
+ H)+; found, 515.0707. 5-Chloro-1’-(4-chlorobenzyl)-3’-methyl-5’,7’-dihydrospiro[indoline-3,4’-
pyrazolo[3,4-b]pyridine]-2,6’(1’H)-dione (27). Yellow solid. HPLC purity 96.7% (tR = 17.19 
min). 1H NMR (300 MHz, DMSO-d6) δ 11.02 (s, 1H), 10.66 (s, 1H), 7.46 – 7.38 (m, 2H), 7.33 
– 7.28 (m, 2H), 7.27 – 7.21 (m, 2H), 6.95 – 6.89 (m, 1H), 5.23 (d, J = 15.9 Hz, 1H), 5.16 (d, J 
= 15.9 Hz, 1H), 3.05 (d, J = 15.9 Hz, 1H), 2.59 (d, J = 15.9 Hz, 1H), 1.42 (s, 3H). 13C NMR 
(75 MHz, DMSO-d6) δ 178.2, 168.6, 142.6, 140.6, 140.6, 136.1, 133.5, 132.1, 129.4 (2C), 128.6, 
128.5 (2C), 126.0, 124.0, 111.3, 97.1, 49.6, 46.1, 11.8. HRMS (ESI) calcd for C21H17Cl2N4O2, 
427.0729 (M + H)+; found, 427.0725.
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Figure 1. 
The previously reported spiropyrazolopyridone derivatives as potent dengue virus inhibitors.
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Scheme 1. 
Synthetic route of compounds 16-28. Reagents and conditions: (a) NaH, various substituted 

benzyl bromide or benzyl chloride, DMF, 0 °C to r.t., 12 h, 5a-14a, 5b and 9b. (b) K2CO3, 

4-chlorobenzyl chloride, CH3CN, 60 °C, 12 h, 15a. (c) 5-chloroisatin, Meldrum’s acid, 

AcOH, 100 °C, 12 h. (d) NaOH, MeOH/H2O, r.t., 2 h.
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Scheme 2. 
Synthetic route of compound 29. Reagents and conditions: (a) i. t-KOBu, THF, 0 °C to 

r.t., 30 min; ii. H2O, r.t.; iii. AcOH, 100 °C, 10 min; iv. NaOEt, EtOH, r.t., 60 min. (b) 

5-chloroisatin, Meldrum’s acid, NH4OAc, AcOH, 100 °C, 12 h.
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Scheme 3. 
Synthetic route of compounds 30–32. Reagents and conditions: (a) N2H4·H2O, EtOH, r.t., 

48 h. (b) (E)-ethyl 2-cyano-3-ethoxyacrylate, EtOH, 80 °C, 8 h. (c) i. NaOH, EtOH/H2O, 

reflux, overnight; ii. 5-chloroisatin, ethyl acetoacetate or methyl cyanoacetate or methyl 

malonamate, AcOH, 100 °C, 6 h.
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Table 1.

Antiviral Activity and Cytotoxicity of Compounds 16–24
a

Compd R1
EC50 (μM)

CC50(μM)
D-1 D-2 D-3 D-4

1 2.4 0.11 0.006 >10 >10

16 NT 4.2 NT NT NT

17 NT >5 NT NT NT

18 NT >5 NT NT NT

19 NT >5 NT NT NT

20 NT >5 NT NT NT

21 1.8 0.062 >5 >5 >10
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Compd R1
EC50 (μM)

CC50(μM)
D-1 D-2 D-3 D-4

22 1.8 0.050 0.019 >5 >10

23 2.3 0.14 0.39 >5 >10

24 1.6 0.038 0.017 >5 >10

a
EC50 values were determined on Huh7 cells stably expressing DENV-1 to -4 replicon; CC50 values were measured using Huh7 cells stably 

expressing DENV-2 replicon; D-1: DENV-1; D-2: DENV-2; D-3: DENV-3; D-4: DENV-4; NT: not tested.
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Table 2.

Antiviral Activity and Cytotoxicity of Compounds 25–32
a

Compd R2 R3
EC50 (μM)

CC50(μM)
D-1 D-2 D-3 D-4

25 NT 4.4 NT NT >10

26 NT 1.1 NT NT >10

27 CH3 H 2.5 1.8 0.025 >5 >10

28 H NT 1.9 NT NT >10

29 NT >5 NT NT NT

30 H NT >10 NT NT >20

31 H CN NT 8.6 NT NT 50

32 H NT 3.2 NT NT 50

a
EC50 values were determined on Huh7 cells stably expressing DENV-1 to -4 replicon; CC50 values were measured using Huh7 cells stably 

expressing DENV-2 replicon; D-1: DENV-1; D-2: DENV-2; D-3: DENV-3; D-4: DENV-4; NT: not tested.
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